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Abstract

In this paper, we propose an automated software
development methodology. The methodology is
conceptualized with the notion of agents, which are
autonomous goal-driven software entities. They coordinate
and cooperate with each other, like humans in a society to
achieve some goals by performing aset of tasksinthe system.
Initially, the requirements of the newly proposed system are
captured from stakeholders which are then analyzed in goal
oriented model. Finally, the requirements are specified in the
form of goal graph, whichistheinput to the automated system.
Then this automated system generates MAS (Multi Agent
System) architecture and coordination of the agent society to
satisfy the set of requirements by consulting with the domain
ontology of the system.

Keyword: Agent, Multi Agent System;Agent Oriented
Software Engineering, Domain Ontology, MAS Architecture,
MAS Coordination, Goal Graph.

1. Introduction

1.1 Agent and Multi agent system

Anagent[1], [2] isacomputer system or softwarethat can act
autonomoudly inany environment, makesitsown decisionsabout
what activitiesto do, when to do, what type of information should
be communicated and to whom, and how to assimilate the
information received. Multi-agent systems (MAS) [1], [2] are
computational systems in which two or more agents interact or
work together to perform aset of tasksor to satisfy aset of goals.

1.2 Agent Oriented SoftwareEngineering

The advancement from assembly level programming to
procedures and functions and finally to objects has taken
placeto model computing in away weinterpret theworld. But
thereareinherent limitationsin an object that makesit incapable
of modeling areal world entity. It was for this reason that we
move to agents and Multi agent systems, which model areal
world entity in abetter way. As agent technology has become
more accepted, agent oriented software engineering (AOSE)
also has become an important topic for software developers
who wish to develop reliable and robust agent-based software
systems [3], [4], [5]. Methodologies for AOSE attempt to
provide a method for engineering practical multi agent
systems. Recently, transformation systems based on formal

model s to support agent system synthesis are emerging fields
of research. There are currently few AOSE methodologiesfor
multi agent systems, and many of those are still under
development.

2. Related Work

Recent work has focused on applying formal methods to
develop a transformation system to support agent system
synthesis. Formal transformation systems|[6], [7], [8] provide
automated support to system devel opment, giving the designer
increased confidence that the resulting system will operate
correctly, despiteitscomplexity. In[9] authors have proposed
a Goal oriented language GRL and a scenarios oriented
architectural notation UCM to help visualize theincremental
refinement of architecture from initially abstract description.
But the methodol ogy proposed isinformal and dueto thisthe
architecturewill vary from devel oper to devel oper. In[10], [11]
amethodology for multi agent system devel opment based on
goal model is proposed. Here, MADE (Multi Agent
Development Environment) tool has been devel oped to reduce
the gap between design and implementation. The tool takes
the agent design as input and generates the code for
implementation. The agent design hasto be provided manually.
Automation has not been shown for generation of design
from user requirements. A procedure to map the requirements
to agent architecture is proposed in [12]. The TROPOS
methodology for building agent oriented software system is
introduced in [13]. But the methodologies proposed in both
[12] and [13] areinformal approaches.

3. Scope Of Work

There are very few AOSE methodologies for automated
design of the system from user requirements. But, most of the
work follows an informal approach due to which the system
design may not totally satisfy the user requirements. Also the
system design varies from devel oper to developer. Thereisa
need to reduce the gap between the requirements specification
and agent design and to develop a standard methodol ogy
which can generate the design from user requirements
irrespective of the developers. In this work we have
concentrated on devel oping a standard methodol ogy by which
we can generate the design of software from user requirements
which will be devel oper independent.
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In this paper, we devel op an automated system which takes
the user requirements as input and generates the MAS
architecture and coordination with the help of domain
knowledge. The basic requirements are analyzed in a goal
oriented fashion [14] and represented in theform of goal graph
while the domain knowledge is represented with the help of
ontology [15]. The output of the developed system is MAS
architecture which consists of a number of agents and their
capabilitiesand MAS coordination represented through Task
Petri Nets. The Task Petri Netstool can model the coordination
among the agents to maintain the inherent dependencies
between the tasks.

4. Proposed M ethodology

Figure 1 represents the architecture of our proposed
automated system. The basic requirements aretaken from the
user as input. Since Requirements Analysis is an informal
process, theinput requirements can be captured from the user
in the form of atext file or any other desirable format. These
requirementsare further analyzed and represented in theform
of aGoal Graph. Thedomain knowledgeisalsoaninputandis
represented in the form of ontology. The automated system
returns the MAS Architecture and MAS Coordination as
output. The MAS Coordination is represented in the form of
Task Petri Nets. Thus, the automated system takes the
requirements and the domain knowledge asinput and generates
the MAS Architecture and MAS Coordination as output. So,
we can say,

Domain ontology
(Input to the system)

Perform requirement
andysisand represent
It asgod graph
(Input to the system)

Takebasic requirement
from user asmain
goal (unprocessed input)

MAS coordination
(Output)

MAS architecture
(Output)

Figure 1. Architecture of the proposed automated system

MASAr chitecture=f (Requirements, Domain ontol ogy)

MAS Coordination =f (Requirements, Domain ontology, MAS
architecture)

The architecture of the proposed automated system is
described in the following sub-section.

4.1 Requirementsrepresented by Goal Graph

Agents in MAS are goa oriented i. e. dl agents perform
collaboratively to achieve some goa. The concept of goal has
been used in many areas of Computer Science for quite some
time. InAl, goashave been used in planning to describe desirable
states of theworld sincethe 60s. More recently, goals have been
used in Software Engineering to model requirements and non-
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functional requirementsfor asoftware system. Formally we can
define Goal GraphasG=(V, E), consisting of
e AsttofnodesV={V,V,...,V } whereeachV isagod to
beachievedinasystem,1 < i< n.

o A st of edgesE. Therearetwo typesof edges, represented
by —» and —< .

e Afunction, subgod : (VxV) - Bool. subgod (V,, Vj) =true
if v, isanimmediatesub goal of V..

e Function hb: (VxV) = Bool. hb(V,, Vj) =trueif the user
specifies that goal represented by V, should be setisfied
before the goal represented by \Z issatisfied.

e An ——< edge exists between two vertices V, and \% if
subgoal (Vi,VJ.) =true,V,,V e V.

e An —» edge exists between two vertices V, and v,
if hb (Vi,VJ.) =true,V,,V,e V.

4.2 Domain Knowledger epresented by Ontology

A domain ontology [15] defined on adomain M is atuple
O=(Ty Teor I, cONf, <, B, IR), wherewe have extended thetuple
definition by adding another function IR asper our requirements.

e T={c,cC,....c}, istheset of concept types defined in
domainM. Here, T ={task, goal} . Indiagram, aconcept
isrepresented by ]

e T_.= {consists of, happened_before}. In diagram, a
relationisrepresented by

o |istheset of ingtancesof T,

e conf: 1 > T,
concept type.

o <I(TXTYuU(T XT,) > {true, fase}, <(c,d) = true
indicates c is a subtype of d

o from the domain M.

it associates each instance to a unique

o BT, > po(T)whereV T_B(r)={cl,..cn}, wherenisa
variableassociated withr. Theset { cl1,..,cn} isan ordered
set and could contain duplicate elements. Each ci iscalled
an argument of r. The number of elements of the set is
called the arity (or valence) of the relation.
B(consists) ={god,...,god, task,...,task}

e IRT 2 p(l),whereV ge g(l),if g istheithelement of
# (1), thenconf(a) =t, wheret istheithelement of B(T ).

4.3 Semantic Mappingfrom requirementsto Ontology
Concepts

The process by which the basic keywords of the leaf node
sub goal are mapped into concepts in the Ontology is caled
Semantic Mapping. Inthis paper, theaim of semantic mappingis
tofind out tasksfrom Domain Ontology, required to be performed
to achieve a sub-goa given as input from the Goal Graph. Let
there be a set of task concepts T = {t t,...t } associated with a
consists of relation in an ontology. Let there be set of goal
concepts G={g,,9,...9,} aso associated with that consists of
relation. Now let from user siderequirementscomeof which after
Requirements Analysis goal graph consists set of leaf node sub
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gods G={G,G,G.,..G p} . Let ky beafunctionthat mapsasub-
god to its set of keywords. The set of keywords for sub goal
G, * G,canberepresented by ky(G) ={ky,ky,...ky }. Now theset
of tasks T will be performed to achieve sub goal G, iff either the
mapping

f:ky(G) - GisabijectivemappingwhereG, « G, or there
existsasubsetof G, { G, Gj - G} € G, suchthat

frky(G)U ky(Gj) U...Uky(G,) - Gisabijectivemapping.

4.4 MAS Architecture

MAS architecture consists of set of agents with their
capability setsi.eset of tasksthat an agent can perform. Formally
we can define agent architecture as,
<AgentlD, { capability set} >

whereAgentl D isuniqueidentification number of agent, and
capability setisset of tasks{t,, t,,......,t } that the corresponding
agentisableto perform. MASarchitecture can be defined asaset
of agents with their corresponding architectures.

4.5 MAS Coordination represented by Task Petri Nets

A Task Petri Netsisan extended Petri Netstool that can mode the

MAS coordination. Itisasix tuple, TPN=(P TR, I, O, TOK, F.)
where

o Pisafinite set of places. There are 8 types of places,

P=Ptu Phu Pcu Peu Pfu Pru Pau Pd. PlacesPh, Pc,

Pe, Pf exist for each task aready identified by theinterface

agent. The description of the different types of placesis.

1 P.:Atokeninthisplaceindicatesthat thetask represented
by thisplacecanrun, i.e. al thetasksthat wererequired to
be completed for thistask to run are compl eted.

2 P Atokenin this place indicates that an agent has been
assigned for this task.

3. P, A token in this place indicates agent and resources
have been allocated for the task represented by the place
and the task is under execution by the allocated agent.

4. P:Atokeninthisplaceindicatesthat thetask represented
by this place hasfinished execution.

5. P: such aplace exists for each type of aresource in the
system,Vr 3P re R, 1<i<q

6. P such aplaceexistsfor each instance of an agentin the
system,VadP,ae A, 1<i<p

7. P:itistheplacewherethetasksidentified by theinterface
agentinitialy reside.

8. P such place is created dynamically after the agent has
been assigned for the task and the agent decidesto divide
the tasks into subtasks. For each subtask, anew placeis
created.

o TRistheset of transitions. Thereare5typesof transitions
TR=thutcuteutf utd, whereth, te, tf exist for every
task identified by the interface agent.

1 t: Thistrangtion firesif the task it representsis enabled
i.e. dl thetaskswhich should be completed for thetask to
start arecomplete.
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2 t: Thistranstion firesif thetask it representsis assigned
an agent whichis capable of performingiit.

3. t; Thistransition firesif the all resources required by the
task it represents are allocated to it.

4. t: This transition fires if the task represented by the
transitioniscomplete.

5.t Thistransition is dynamicaly created when the agent
assigned for the task it represents decidesto split the task
further into sub-tasks. The subnet that is formed
dynamicaly consistsof placesandtransitionsall of which
are categorized asP, or t, respectively.

| isthe set of input arcs, which are of the following types
I,.=P, X t.: task checked for dependency

I,=P X 1. request for resources
| .=P_Xt.: task completed

N

|,=P, Xt interrupt to successor task

5 I=PXt,u PXt,uPXt,uPXt:input arcs of the subnet
formed dynamically

o Oisthe set of output arcs, which are of the following
types:

O,: t XP,; task not dependent on any other task

O, t XP_: agent assigned

O,: t XP,;: resource alocated

O,: tXP: resourcereleased

O,: tXP,: Task completed by agent

O, tXP,; agent released

O,: t XP,: output arcs of the subnet formed dynamically

N o oA w N P

TOK is the set of color tokens present in the system,
TOK={TOK,TOK,,...,TOK },whereeachTOK|, 1<i<x,
is associated with afunction assi_tok defined as:

ass_tok: TOK - Category X TypeX N, where, Category = set of
all categoriesof tokensinthesystem={ T, R,A}, Type=set of all
typesof each category, “ Categoryi.e. Type=TURUA, Nisthe
set of natural numbers. Let assi_tok(TOK,)=(category,, type, n).
Thefunction assi_tok satisfies the following constraint:

V TOK, (category,=R) = { (type € R) A (1< n<inst_R(type))}
VTOK, (category=A) = {(type € A) A (1<n<inst_A(type))}
V TOK, (category=T) = {(type € T) A(n=1)}

ass_tok defines the category, type and number of instances of
each token.

« F isafunction associated with each place and token. It
is defined as:
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F:PXTO- @(TIMEX TIME). Foratoken TOK, € TOK,
1<k<x,andplaceP,e PF (P,TOK,)={(a, a})} ,a istheentry
timeof TOK, toplaceP, and a istheexittimeof TOK, fromplace
P. For a token entering and exiting a place multiple times,

IF (P, TOK,)|=number of timesTOK, enteredtheplaceP.

S o

@ A

9.

Represent the requirment as Goal Graph.
Find out leaf Jevel sub goals.
Map the leaf level sub—goals to concepts in the ontology

by using semantic mapping.
Find our all the tasks required 10 be performed to achieve
all mapped subgoals from ontology.
Find out happend—before relationship between those rasks
from ontology. N -
From happenéd—before relationshipmong these tasksfind
maximun number of concurrent tasks at any level.Let the
set of such rasks be T at jthlevel.
The minimun number of agents required to satisfy the requ—
—1rment 15
The rasks are added to the capability set of ITI agents,
and the mapping from T set to the Capability set of ITI
agents is bijective.
Start pégcessmg either successor or predecessor of the
€.

tasks of jth Jevel one at a tim

10. d=j:depth=Depth of task graph,depth siarts from "0" from rool

Add 1asks of jib level
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The process by which MAS architecture and MAS
coordination is generated from requirements is shown as a
flowchartin Figure 2.

o T

M?‘ve'lf asks of
liTml aving single
redecessor SUCCESsOr
1o the set T1,move rest
tasks of Trn 10 T2

For 1ask seL T1 decompose it imo

"m" subseis where each subsel consists
jof those tasks having same predeces—
—sor or  successor

[]

For each "n" subsel add predecessor/

successor lask 10 the capability set

of any one of the agents performing
the 1asks of that subsel

are all the preds

Allocate those tasks of Tb
only Lask [i] as a successor/
predecessor

havin;

# successors  of lask [i]

yes
processed??

to the capability se1 of
agent having task [i] inits
capability set.
Add rest of the 1asks 1o seL Te

Ts there
one predecessorfsuccessor
of lask [i]

et unprocessed

Let Th=set of all unproces—
—sed task.

]

for each tasks of Tc add it 1o
the capability sel of any one of
those agenis who have its suce—

Add thal unprocessed predecessor
feuccessors of lask [i]
1o the capability set of

agent having lask [i] in its.
capability sel.

—essor/predecessor in their
capabilily sels.

were predece—

—ssor processed
firs1?

PrOCESS SUCCESSOTS yes
of jth level

no

All 1asks.
are processed?
i€ added 10
capabilily set

of agenis?,

yes _ | process predecessors
of jih level

All 1asks.
are processed?
i.e added 1o
apability sel

of agent

process successors |
of jih level

=

MAS archilecLure

is created

]

process
of jih level

Generate MAS coordination
from MAS archileciure snd

task graph using Task petri—
—nels

Figure 2. Flowchart of the proposed methodology
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5. Case Sudy

Let us start with the case study by applying our proposed
methodology. We take “Library system” as our case study
application. Figure 3 shows the ontology of a Library System.
The ontology consists of some concepts and relations. Thereis
aTASK concept type in the ontology which describes the task
that should be performed to achieve some goal. There are other
conceptsthat collectively describe some sub-goal to beachieved
in the library system. For e.g. the concept types “Check”,
“Validity”, “Member”, collectively describethe sub-goal “Check
the membership validity”. There are two types of relations i)
consists_of and ii) happened_before. Here we denote
“happened before” relationship by “H-B”. The “consists of”
relation exists between some set of concepts describing a sub-
goal and a set of instances of TASK concept. The
“happened_before’ relation exists between two instances of
TASK concept. In the figure, the “consists of” relation has
incoming arcs from the concepts types “Check”, “Validity,
“Member” and outgoing arcs to TASK concepts “Get library
identity card of member”, “ Check for validity of that ID card”. It
means that these two tasks haveto be performed to achieve sub-
god described by concepts“ Check”, “Vaidity”, “Member” i.e.
tasks“ Get library identity card of member” and“ Check for validity

Automated Software Development Methodology:An agent oriented approach

of that ID card” haveto be performed to achieve sub-goal “ Check
the membership validity”. The happened_before relationship
exi sts between these two taskswhich meansthat task “ Check for
validity of that ID card” cannot start until task “Get library
identity card of member” iscompleted. Now consider from user
sderequirementscomeas* De eteaccount of member with member
id <i> and book with book id <j> from database.” It isthe main
goal.

Step 1. We have to perform goal oriented Requirements
Analysis of main requirements. It is an informal process
performed by the Requirements Analysts and after
RequirementsAnalysis, it isrepresented by Goal Graph shown
inFigure4.

Sep 2: The leaf node sub goals are given as input to the
automated system. By semantic mapping [16], [17] system
maps each basic keyword of |eaf sub goalsto thegoal concepts
of ontology, and finds out set of tasksrequired to be performed
to achieve those sub-goals. Thisis shown in Figure 5.

Sep 3: Thetasksthat we get from step 2 are used to form task
graph. Dependency between these tasks is known from
ontology. The task graph is shown in Figure 6 where task A
implies*“ Check that requirement of book id <j> < threshold, if
yes then continue, else stop.

i book itk FBrowse desied
Buy book H- & book -
uy stamp on boo! i pryp—
H- comsist of mew book
contitl of
check both mermber
daizbase and book ore book. F‘r;“mwﬁr!:;} H make eniry of provided
daizbase, wheiher any <hork_Id> eonsis of ook comes—ponding 1o
wember <rnem_IT> hapot retumed inlibrary Py wser acoound
any bock onfand any bock <book,_| ¥
i 0 member
H TEMRYE zomsist of
d:'\e:‘ h
i comssl of eniry, with lease
comsists of H-| - g =
censig of ;
sore st o eniry the lease
clearance lime for heeping
delete members consssol ihe book comesponding
Loim consisisof search 10 user 3¢
Book daighase |————s) consis of
H
gel Tdenlily cheek Bock
cadof library
provide update rnemibErship
w7 e
consisls
of
check for / rembershap
He] walidity of requen wilhout Lease nssls
10 card i o
validiy memberfuser
H- - sk
Approval él ige ;‘r’“ * creze
consiss esion memnber's.
B of accouml
H-]
congists _
Tea of g::)p mkvmshp
check library freck book requirment p
samp on Haibase of book fgrm deleielease
wheiber book. - irne eniry of eonos—
belomgs or nol cm;us ing user
comsisls consisls
of check capacily B
of s ambx:“zr . = check applizanis
of beyond capgcity voter TD card
then siop else delele eniry
conlinge of rewmed book
check tha H-] from cormosponding
rEquirmeni<ibre- @ provide library H-] ST accoumi
-sheldif yes check that 1Diudls
then comlingg glse requirmEn| > tre—
. =shold.if yes
them continee gl se
siop
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Delete

Update
book
database

member
1D

Check
requirment
of book_ID

o

Check
clearance
For
Mem_ID

Update
member
ship
database

Remove
book_ID
up

clearanc
efor
book_ID
i

Set of leaf
node sub goal

== Semantic
mapping
ﬁ e N \
——
Clearance SEEEET atabase
fohack both bosk & marhbn Talate sniry
[#atabare whether mem 10 Dolate Ch_ﬂk that [ — of ID
e -y i raquiroment of baak_ID “f }"""_n =
ey bosk aed whather mem_ID “I"'s Boak_I0 | <thra- = {"from
10 %[ i ot redurnad from lil
iy account sholdif yos then database
continue ols stop.

Part of entelogy of library system

Figure 5. Procedure for Semanic Mapping

Task B implies” Check both book & member database whether
member id <i> has not returned book, and any book <j>isnot
returned by any member.”

i. e., intask B two checking operations are there.

Task Cimplies” Delete member id <i> account.”

Task D implies*Removebook id <j> from library”

Task Eimplies” Delete entry of book id <j> from database”

Figure6. Task Graph for the set of tasks found from Semantic
Mapping

{17 8 a1iufi 2 nangnaa - Suanaw 2555
Vol.8, No.2, July - December 2012

. Automated Software Development Methodology:An agent oriented approach

Sep 4: Using Task Graph of Figure 6, we find out the number
of agents and their capability set following the methodol ogy
shown as a flowchart in Figure 2. The maximum number of
concurrent agents at any level is 2, so we create 2 agents- A
andA,. Let Cbeassigned toA,'s capability set and D toA,'s
capability set, <A, {C}>, <A, { D}>. BothCand D havesingle
predecessor, B. So, B isadded to the capability set of either A,
or A,. Let it be added to the capability set of A,. So, we have
<A, {B, C}>. Now, B has asingle predecessor, A. So, A is
added to the capability set of A,. So, wehave<A ,{A, B, C}>.
There are no other predecessors at level higher than A. D has
asingle successor, E. So, E isadded to the capability set of A,
So, wehave<A,, { D, E}>. Thetotal number of agentsdeployed
is 2 and the MAS architectureis<A , {A, B, C}>, <A, {D,
E}>.

Sep 5: Using the Task Graph of Figure 6 and MASarchitecture
developedin step 4, MAS coordinationisformedi.e. to satisfy
user requirements, how aset of required agents (A, A,) will
perform aset of required tasks (A, B, C, D, E) collaboratively
can be represented by Task Petri Nets shown in Figure 7.

"t A T WV
Yy Lo Tt i A} A,k P
t eSS 2L e ey [
. Ih _Ih hl . Ih \ /
b, v, 0, y
Pl A )8 ¢ D E ) A | f
\ha, ha; ‘ha.{ ha, | /
A f Iy )%
—— =% ha

f c)(p) [E.
t o == — == =
AN el | "
N P A B cl(o 3
\\ ¥
— — [— — | = t,
A B (¢ D E P

Figure 7. Task Petri Nets representation of MAS coordination

6. Conclusion

In this paper, we have developed an automated system to
generate MAS architecture and coordination from the user
requirements and domain knowledge. It is a formal
methodology which is developer independent i.e. it produces
same MAS architecture and coordination for the same set of
regquirements and domain knowledge. The future work isto
include averification modul e to check whether the devel oped
architecture satisfies the requirements. The module can work
at twolevels, firstly after RequirementsAnalysis, it can check
whether the analysi s sati sfies main requirements, and secondly,
it can verify whether the MAS coordination satisfies main
requirements.
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