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Developing a Multiagent System for
Integrating Biological Data Using JADE
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interfaces and control languages, and represefusriation
Abstract—Biological data has been rapidly increasing in using conflicting data models and formats. The gifathe
voluminous data of different data sources. To querymultiple proposed system is to hide the large variety ofllcar
data sources manually on the internet is a time ceuming task  remote biological databases and the disparity afirth
for the biologists. Therefore, systems and tools #t facilitate  jhterfaces. A user should see only one interfackkenable
searching multiple biological data sources are need. e :
Traditional approaches to build distributed or federated systems tq query the S_ystem by specifying what it W?‘”ts."‘“’)?"’
without a detailed knowledge where relevant infarorais

do not scale well to the large, diverse, and grominnumber of . . L
biological data sources. Recent Internet systemscuas World ~ l0cated, what its representation is like, and hdve t

Wide Web browsers allow users to search through lae biological databases interfaces must be handled.
numbers of data sources, but provide very limited a@pabilities Three fundamental approaches have been used tesaddr

for locating, combining, processing, and organizingnformation.  the challenges associated with the incompatisliseénong
A promising approgch t(_) this problem is to provideacces_s tothe biological databases: data warehousing integration,
large number of biological data sources through a mitiagent jnformation linkage integration, and mediator-based
technology, where a set of agents can cooperate vétach other  niaqration. Data warehousing consists of mateiiaji the
to retrieve relevant information from different biological web data from multiple data sources into a local watskoand

databases. The proposed system uses a mediator lhse . . . .
integration approach with domain ontology which use as a executing all queries on the data contained instheehouse

global schema. The proposed system is developedngsUADE ~ father than in the actual sources. Data warehousiffgrs
(Java Agent DEvelopment Framework) which is a softare  from a lack (_)f scglablllty when considering the Wﬁ”fﬂm
development framework aimed at developing multi-aget  growth of biological databases. The Informationkdige
systems and applications conforming to FIPA (Founds#on for of  integration is motivated by the fact that many afadsources
Intelligent Physical Agent) standards for intelligent. In this  on the web are browsed instead of queries. Theriatien
paper we_develop a_multiagent system th_at re_sponds different happens through links and applies to any collectibdata
usetr querleskto multlple_réztlerogenet;nis blologlcabnhbadse;.f;'rle sources which can be seen as a set of pages veth th
System works as a middieware between users an " interconnections and specific entry point. Inforioat
biological databases. . -
linkage takes advantage of distributed resourcesvender,
Index Terms— Biological data integration, Biological malntalnlng_ and updating the static links betwganous
ontology, Multiagent technology, JADE. databases is a challenge. Furthermore, the onlieguthat
can be answered by information linkage based systae
those that are within the scope of the pre-existtagjc links
. INTRODUCTION [1, 2]. _ _
The proposed system is based on the third approach,

in Rn?gsegit/jd;?r?gfr?tsm (I)?bgirgrggcgng?éoaﬁaﬁa\;erémmbagmediator-based integration, which establishes asparent
) ; . .~ access to heterogeneous data sources without sic
deposited in web databases. Clearly, access tod#iss is 9 Rty

. . ; copying them into a single data repository. Thiassl of
very important to biological researchers. However.htegration systems can be divided into two sulselss
heterogeneity among biological databases due to g . A view (LAV) and Global As View (GAV). In LK,
|dncompat|bll|t|esh|n da:]a fo_rmatz, gatﬁ represm;al;t and there is no global schema, and the user needsetifgphe
e e SSSPADEAE - component dtabeses i he query by Using a e
' 9 guery language. One of the disadvantages of LAas the

component databases are not transparent to the Tisier

_ _ _ _ approach is used by BioKleisli [3]. In GAV, a glddata
F. Maghrabi graduated in Faculty of Computer & infation Sciences

Ain Shams University, Computer science departmenmdil: bosycs@ sch_ema is constructed, and quenes are. eXpresseI(IiSIn
yahoo.com). unified schema. The global schema integrates &l th

H.M.Faheem, , Associate Professor, Computer Systdepartment, component schemas therefore, the component databese
Faculty 01; Comr(auter ?nhd Ifnfr?rmatcign Scien)ces, AimeiBs University, transparent to the user. TAMBIS [4] and BACIIS [&ie
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heterogeneous databases, some issues have toressadd This paper is organized as follows: section |l aduices

semantic and syntactic variability. Resolving setican the overview of agent technologyection Il discusses why
variability consists of adequately interpreting anorbss agent technology is a promising approach to addtess
relating information stored in different databasggntactic biological data integration problem, section IValiss JADE

variability arises from the heterogeneity of thetatbmse framework, section V introduce components of pregos
schema, data models, and query processing appactsystem, section VI presents example and resultssaation

Domain ontology has been used successfully as daomaill augments some concluding remarks.

model in several general-purpose information irdégn

systems. The domain ontology in this architecterses as a Il. OVERVIEW OF AGENT TECHNOLOGY

global schema and plays a major role in resolviothb  agent may exhibit three important general charasties:

semantic an_d_syntactlc variability. Domain onFoqugn be autonomy, adaptation, and cooperation. By “autonomy” we

used for guiding user through query formulationislialso  aan that agents have their own agenda of goalextritiit

used in data source selection utilizing mappin@se@ and o, girected behaviour. They are not simply remgtbut

in rewriting the user query into smaller subqueries oo he proactive and take initiatives as they deem
BACIIS Ontology (BAO) is an example of biological 4nropriate. Adaptation implies that agents arealipof

ontology. The ontology developed in BAO has thregganiing to the environment, which includes othgends
dimensions: object, property, and relation. Inghelogy of ;4 human users, and can learn from the experiarareler

BAO, the properties of an object are defined as®ty 5 jmprove themselves in a changing environment.

class which occupies a position in the propertydi®y cqoneration and coordination between agents is ahigh
tree. A relation refers to the association betw#en two the most important feature of multi-agent systebislike

concepts. In BAO, classes under the object andeppp yhose stand-alone agents, agents in a multi-aggsters
dimensions are arranged into a hierarchy tree basetie qjaporate with each other to achieve common gdals

relation “is-a-subclass-of.” For example, GENE suclass oiher words, these agerstwre information, knowledge, and
of the class NUCLEIC-ACID in the object hierarchy.;;q,g among themselves [7].

Similarly, “?a;e-count" is a supclass of “NUCLEICQAD— Agent programs have four major types they are: imp
SEQ-INFO" in the property hierarchy. The relatiohaS oy agents, agents that keep track of the wagdd)-based

property” is used for the object classes and ptypEasses ,gants and utility-based agents. A simple reftgana works
as in the case of the class NUCLEIC-ACID in theeabj ., finging a rule whose condition matches the aurre

hierarchy and the class “NUCLEIC-ACID-INFO” in the situation (as defined by the percept) and then gjohe

property hierarchy. The relation “is-a-subsetof'used for  5q(ion associated with that rule. An agent thapkeeack of
property classes or object classes with parenteWesmt o \yorid works by finding a rule whose conditiomthes
relationships. _The relations “regulate” an_d ‘sowofeare o current situation (as defined by the percept tre
used for object classes that are neither parents NQgreq internal state) and then doing the actisoaated
descendants_ of each oth_er [5]. ) with that rule. A goal-based agent selects anyadfirom a
The mapping schemais used to describe each databasgg; of actions) that can achieve the goal. Uthiaged agent

participating in the integration. In each mappimfiesna a sejects the best action (from a set of actionsahatachieve
mapping between data schema of web database arairdony, goal) to achieve the goal in order to maximike
ontology is made. This mapping includes conceptistarms happiness [8].

from domain ontology that are relevant to spedifitabase.
It contains metadata of how to query and extrata @®@m ||, AGENT TECNOLOGY AND BIOLOGICAL DATA
the web interface of specific web database. Eachping INTEGRATION

schema consists of the metadata which includesraene

information about the web database such as datatzese,
the input data types accepted, and the output Gatas
generated by the corresponding web database. Tdetae
types are expressed by using ontology terms. Thepimg

Three important aspects of biological data intégraare
distribution, autonomy and heterogeneiBistributions, in
most cases data sources are distributed. The eser mot
know the location and other details of each avélatata
schema also used to select the component dataistsean resource Autonomy, it is very often the case that integrated
respond to the given subquery. resources t_)elong to different or_g_anlzanons or a’eﬂe

The proposed system is based on agent technoldgy. 18TOUPS- While most people are willing to share rtlukita,

following requirements are best met within an ageged they do not want to lose control over decisionstli@ir data
environment; modularity, extensibility, flexibility and Source. Thus, the developers of an integrated myste not
declarative forms of communicationModularity allows Usually have any control over the underlying systewhich
new components to be added or removed without tiftgc are autonomousteterogeneity, in an open and diverse
the operation of other system pagstensibility allows for €nvironment it is very common that some or all fw tata
new elements to be easily added to the sysiexibility ~ SCUrces are different from each other. Integrating
provides the ability to deal with the dynamic stafethe heterogeneous databases involves extra work smesstire

system, e.g. availability of data sourcBeclarative forms e correct relationship of data between the inétiom
of communication allow the communication between SyStems. Agents naturally cover the fundamentat@spof
components into the system to deal primarily wittfiat@ integration. [9].

information and knowledge. Thus, communication pcots

based on known agent communication languages are mo

appropriate for our purpose [6].
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IV. JADE

JADE is free software and is distributed by Teleco

Italia Lab (TILAB), as open source software undex terms
of the LGPL (Lesser General Public License Verdpnt is

typically carried out within “behaviors”. Each agdeis

rifentified by an “agent identifier” representedaasinstance

of the jade.core.AID class. The getAID() method tbé
Agent class allows retrieving the agent identifian AID

implemented in Java and aims to make easier t@Pi€ct includes a globally unique name plus a nundie

development of multiagent systems by providing
comprehensive set of services and an API to suppert

development of agents in compliance with the FIP

specifications. The JADE framework provides an Ath
several classes that represent common entitiesuitiagent
system, supporting the definition of agents,
behaviours, interaction protocols, and so on. kttme of

vocabulary and semantics definition of the agent

communication content, a solution based on Javactdj

usage as the content of the messages exchanged &ingon
agents has been adopted. The JADE utilization lesh b

essential to the agents implementation, simplifyiaigd
significantly speeding up the process. JADE inctude
runtime environment where JADE agents can ‘“live”

that must be active on a given host before one orem

agents can be executed on that host. JADE alsodes a
suite of graphical tools that allow administrating and
monitoring the activity of running agents. JADE Is&veral
properties such as has good documentation, vergt Gadl,

acceptance of users, used in many developmentgspje

standard FIPA, very good security features, andowar
communication protocols[10].

A. Containers and platforms

gddresses. The name in JADE has the form
<nickname> @< platform-name> so that an agent called

MIA living on a platform calledP1 will have UIA@P1 as

globally unique name. In order to make it terminds
doDelete() method must be called. Similarly to setup()

agen{gethod that is invoked by the JADE runtime as sasran

agent starts and is intended to include agentliztitions,

dhe takeDown() method is invoked just before annage

terminates and is intended to include agent clgan-u
operations.

D. Agent behaviours
The actual job an agent has to do is typicallyiedrout

and Within “behaviours”. A behaviour represents a tésat an

agent can carry out and is implemented as an objectlass
that extends jade.core.behaviours.. In order toenaakagent
execute the task implemented by a behaviour obhjeist
sufficient to add the behaviour to the agent by meeaf the
addBehaviour() method of the Agent class. Behasgican be
added at any time: when an agent starts (in thep@et
method) or from within other behaviours. Each class
extending Behaviour must implement the action() hoet
that actually defines the operations to be perfdrmben the
behaviour is in execution and the done() methotliine a
boolean value), that specifies whether or not abielr has

Each running instance of the JADE runtime environme completed and have to be removed from the pool of
is called aContainer as it can contain several agents. Thé&ehaviours an agent is carrying out

set of active containers is calledPlatform. A single special

Main container must always be active in a platform and all

other containers register with it as soon as theyt.slt
follows that the first container to start in a fidat must be
a main container while all other containers mustrimemal”

(i.e. non-main) containers and must “be told” whierdind

(host and port) their main container (i.e. the maintainer
to register with). You don't have to know how th&DE

runtime environment works, but just need to statiefore
executing your agents. [10]

B. AMSand DF

Besides the ability of accepting registrations frother
containers, a main container differs from normattamers
as it holds two special agents (automatically sthvthen the
main container is launched). The first AMS (Agent
Management System) that provides the naming sefuiee
ensures that each agent in the platform has a enigme)
and represents the authority in the platform (fistance it is
possible to create/kill agents on remote containieys
requesting that to the AMS The second agentDIS
(Directory Facilitator) that provides a Yellow Pageervice
by means of which an agent can find other agertgiging
the services he requires in order to achieve hagsgo

C. Creating and terminating agent

Creating a JADE agent is as simple as definingaascl
extending the jade.core.Agent class and implemgritie
setup () method .The setup () method is intendeddioide
agent initializations. The actual job an agent tmglo is

ISBN: 978-988-98671-8-8

E. Agent communication

One of the most important features that JADE agents
provide is the ability to communicate. Each agerst & sort of
mailbox (the agent message queue) where the JABtETRI
posts messages sent by other agents. Wheneversageds
posted in the message queue the receiving ageotiied. If

and when the agent actually picks up the message fine
message queue to process it is completely up to the
programmer however.

Messages exchanged by JADE agents have a format
specified by the Agent Communication Language (ACL)
defined by the FIPA.international standard for dgen
interoperability. This format comprises a numberfiefds
and in particular:

» Thesender of the message.

* The list ofreceivers

e The communicative intention (also callggkfformative”)
indicating what the sender intends to achieve Inglisg the
message. The performative can be REQUEST, if thdese
wants the receiver to perform an action, INFORMthié
sender wants the receiver to be aware a fact, QUER\f
the sender wants to know whether or not a giverdition
holds, CFP  (call for  proposal), PROPOSE,
ACCEPT_PROPOSAL, REJECT_PROPOSAL, if the
sender and receiver are engaged in a negotiatidnmare.

» The content i.e. the actual information included in the
message (i.e. the action to be performed in a RERIUE
message, the fact that the sender wants to disdtosa
INFORM message ...).

IMECS 2008
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» The contentanguage i.e. the syntax used to express th@ntology developed using protégé-2000(Protégé-28Gih
content (both the sender and the receiver mustblee ta extensible, platform independent ontology and keolge-
encode/parse expressions compliant to this syrdaxhfe base editor, developed by Stanford Medical Inforcsast
communication to be effective). the Stanford University School of Medicine. Protéigé
» Theontology i.e. the vocabulary of the symbols used in thavailable as free software) and then converted ADE]
content and their meaning (both the sender andetbeiver compatible java classes usijadejessprotege (plugin for
must ascribe the same meaning to symbols for thwotégé). Fig.1 show partial structure of BAO dasi

communication to be effective). using protégeé.

» Some fields used to control several concurrenversations =i :

and to specify timeouts for receiving a reply su@® oW ¢mo oac 00 GEE A L protége
S

conversation-id, reply-with, in-reply-to, reply-by. SESUNENESESSRT B [N SRR S

el T s

|

WZZE R 20 s O

F. GRAPHICAL TOOLS

To support the difficult task of debugging multiesd
applications, some tools have been developed. Eaths
packaged as an agent itself, obeying the same thiesame
communication capabilities, and the same life cyalea
generic application agent [11]. There are fourdaet discuss
in the following sections.

nzEa-

==

» Remote Monitoring Agent: The Remote Monitoring Agent
(RMA) allows controlling the life cycle of the agen |*
platform and of all the registered agents. TheriBisted
architecture of JADE allows also remote controlliagnere
the GUI is used to control the execution of agemd their
life cycle from a remote host.

e Dummy Agent: The DummyAgent tool allows users to
interact with JADE agents in a custom way. The @lldws
composing and sending ACL messages and maintdiss a  B. Mapping schema

of all ACL messages sent and received. This list ba We initially used two biological databases SWISSHRO
examined by the user and each message can be viewedprotein) and GENBANK (Gene), we mapped each term i
detail or even edited. Furthermore, the messagedis be database to BACIIS ontology concepts. By mapping
saved to disk and retrieved later. Many instanceshe operation we solve heterogeneity between databdees.
DummyAgent can be started as and where required. example, to refer to the organism name, the databas
e DF GUI: A GUI of the DF can be launched from theGENBANK uses “ORGANISM” and the SWISSPROT use
Tools menu of the RMA. This action is actuallyOS”. The ontology is used to map all the differéatms
implemented by sending an ACL message to the Diigsk used by the remote databases to a single termHge).

it to show its GUI. Therefore, the GUI can justd®wn on Each database has its own mapping schema .we séy ea
the host where the platform (main-container) wascated. add other biological databases only by creating pimap

By using this GUI, the user can interact with the: Diew Schema and wrapper agent for this database.

the descriptions of the registered agents, registed

deregister agents, modify the description of reget agent, GO

and also search for agent descriptions.

» Sniffer Agent: As the name itself points out, the Sniffer
Agent is basically a FIPA-compliant Agent with gimi¢ v
features. When the user decides to sniff an ageatgroup ORGANGM TIANME

of agents, every message directed to/from thattagegent
group is tracked and displayed in the Sniffer Agent
Graphical User Interface (GUI). The user can viexerg
message and save it to disk.

Wlgwoa U ccate

Fig.1 Partial of BACIIS ontology designed using texge

ORGANISM

.

ORGANISM | ....oooooc | i 08 | e | e

GENBANK Database SWISSPROT Database

V. COMPONENTS OF THE PROPOSEDSYSTEM Fig.2 Mapping operation
C. Multiagent system

The proposed system consists of biological agig| As shown in Fig.3 the proposed framework includhes t
mapping schema, and multiagent system. following agents:

» The User Interface Agent (UIA) guides user to carcit

A. Biological ontology ontology based query, and then sends this quehetQuery

Due to the cost of designing the ontology we degiby Planner Agent, and receives result data from Ejimtut
BACIIS ontology as biological domain ontology. BASI Agent.
ontology is less complex than the concept of TAMBIS The Query Planner Agent (QPA) decomposes this query
ontology. Moreover, BACIIS concepts are easier tinto a list of subqueries, and then sends thesgqusules to
understand and could be modified consequently. BAClthe Mapping Agent, then receives a list of appatgri
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databases from mapping agent, then constructscdeion
path for this query (select the best execution)patid then
sends this execution path to the Execution Agent.

e The Mapping Agent (MA) prepares a list of approfia
databases using mapping schema, and then sendisttbis
databases to the Query Planner Agent.

» The Execution Agent (EA) invokes the Wrapper Agen

associated with each web database that correspionds
given subquery, and collects result data from weapp
Agents then sends to User Interface Agent whicplais
result.

e The wrapper Agents (WA) retrieves the result datenf
remote databases using mapping schema of this atatab
The mapping schema contains rules of how to exttata
from web interface of this database, and then dbede
results data to the Execution Agent. Table | shawwrief
description for each agent, percepts, actions sgaad type.

UrA
Integrated result data

\m

Execution paih

Oninlogy based query

Listof
appropriate
datahases

Domain Ontology

Mapping schema
Fig.3 Multiagent framework

VI. EXAMPLE

Consider the following user query: Find the segeeand
description of "GRAA _HUMAN" protein of "Homo
sapiens" organism, also find sequences and lerfgtheo
coding gene.

UIA guides user in constructing the query which sish
of two parts; input and output. In input part, usetects
input type (BACIIS ontology concept) and types keywv
In output part, user selects output type (BACIISotogy
concept). According to the given example , theutrguery
are " GRAA_HUMAN" of input type are PROTEIN_NAME

£ UIA

HEE

¥ | KEYWORD GRAA_HUMAN

INPUT

ONTOLOGY CONCEPT | pROTEIN_NAME

ORGANISM_NAME
PROTEIN_NAME

Homo spiens
GRAA_HUMAN

QUTPUT

ONTOLOGY CONCEPT  NUCLIEC_ACID_LENGHT ~

AMIND_ACID_ORIGIN

PROTEIN_DESCRIPTION
NUCLIEC_ACID_ORIGIN
NUCLIEC_ACID_LENGHT

SUBMIT

RESULT

AMINO_ACID_ORIGIN

KDWVL TAAHCNLNKRSQVILGAHSITREEPTKQIMLVKKEFPYPCYDPATREGDL KLL QL TEKAKINKYVTILHLPKKGDD
VKPGTMCQVAGWGRTHNSASWSDTLREVNITIDRKVCNDRNHYNFNPVIGMNMVCAGSLRGGRDSCNGDSGSPLLCE
'GVFRGVTSFGLENKCGDPRGPGVYILL SKKHLNWIIMTIKGAV

<

Fig.4 GUI of UIA

QPA receiveREQUEST message that contain the ontology
concepts from UIA and then decompose it using m@appi
schema and biological ontology. QPA then sends a
REQUEST message contains these subqueries to MA which
maps each subquery to biological database, andsteths
INFORM message includes a list of appropriate databases
to QPA which constructs the execution path (seelig

[ ]

PROTEIN_ MNAME and
ORGAMISM-MNAME

—

MNUCLIEC_ACID_A AN O ACTD FPROTEDN_DESCRIP
CCESSION MO ORIGINT TIOM

[

MNUCLEIC-ACTID-
ORIGIT

MNUCLIEC _ACID
LENGHT

[ J ]

Fig.6 Execution path

QPA sends INFORM message to EA contains the exacuti
path, The EA sends REQUEST message contains the
subquery for each WA associated with databases@diogo

to dependencies in execution path. The WA use #ygping
schema to map ontology concept to corresponding ter
database, and then submit the subquery after tnanst to

the form compatible to the web interface of specifi
database(using the mapping schema). And then sends

and "Homo sapiens” of input type ORGANISM-NAME .thelNFORM message contain result to EA which colleatsl

output query areaMINO_ACID_ORIGIN, PROTEIN_DESCRIPTION

, andNUCLIEC_ACID_ORIGIN(see Fig.4).

The UIA then sendREQUEST message to QPA such as in
Fig 5.

(REQJUEST

o osender (agent-identifier name ULA@efPddhTecadddf2:1099TADE
Biologieal 114 )

stecerver (96t agent-identifier niame dfGefD4dbT eeadBafd 1090/ TADEY )
o ocontent  "(action (agent-identifier name df@efD4dbTecadsdf2100MTADE) (search (3fagent
description services (set (service-description type V'Query Planned") (searchoconstraints max-
results -1

sconterts(" it ORGA NISM_NAME Homo sapiens,PROTEIN_NAME, GRAA HUMAN output:
AMINO_ACID_ORIGIN FROTEIN_DESCRIPTION, NUCLIEC_ACID_ORIGIN )

languwage fips-ll contology FIPA-Agent-Management protocol fips-request

eonversationdd conv-UlARefP4dbTecad24F2 1000, TADEL 120026857330-T)

L-JADE-agent-classname

Fig.5 Request message to QPA from UIA

ISBN: 978-988-98671-8-8

integrate all result received from WAs, EA then den
INFORM message contain integrated result set foA Ul
which display it to user. Fig.7 shows sniffer ag&ivi
which display message passing between agentsisifighre

a messages directed to/from DF agent. DF ageniveece
REQUEST message for information, such as agent name
about any agent registered and send INFORM message
contain this information.

VII. CONCLUSION

Agent-oriented techniques are being increasinglydui
several applications. They are ideally qualifiedr fo
developing complicated and distributed softwareesys. In
fact, agents enhance software modularity, maintdliba
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Table. | Agent description

i T B2 OIEAF Sl

Agent | Percepts | Actions Goals | Type | Explanation (rely
name RO thd
UIA Input query | Guide user| Construct | Simple | This agent Ve
sent by the| to ontology reflex | selects actiong Ve ) ) ol
user, the| construct based agent. | on basis of RSN, . 1 M- - M| e
integrated ontology query, current percept| '
result  set| based output the (input  query) ! LR
sent by the| query and| integrated only. , LR
RA. output the| result set ) PQU’_«",'
integrated | to user.
result  set :
to user. LTI
QPA Ontology Decompos | Construct Utility This agent : M G 00 0
based query| e input | the based | select the bes ' ]
sent by the| query into | execution agent. | action (best ’ IR
UIA, list of | smaller path. execution path) S
appropriate | subqueries that achieves ! . vy
databases | . the goal. 1t =
ITHeE 0 4
sent by v (U L1 ) MY
MA. I
MA Subqueries | Map each| Find list of | Agent | This agent |
sent by the| subquery | appropriat | that select  action " e @ty
QPA. to ale data| keeps | based on an . 2
specific sources track internal  state .
data that submit | of (mapping .
source subqueries | world. | schema) and . LLLTIE A
using . current percept| [ HFLOEN]
me;]pping (subquery). 'I [0
schema ' VIR 4
EA Execution | Invoke the | Invoking Simple | This agent " EERE \m—
plan sent by| WAs the WAs | reflex | selects actiong - R ITNE
the QPA. | associated | associated | agent. | on basis of ' — ]y
Result data| with each| with each current percept| -
sent by the| web web (execution .
WAS. database. | database path, result S
Collects according data) only. . g
query to , Ao
results dependenc . MRS
data from| ies in | TR
Was and | execution
send it to| path.
UIA. Collects Fig.7 Sniffer agent GUI
query
results
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