
On the formal spe
i�
ation of Ele
troni
InstitutionsMar
 Esteva, Juan A. Rodr��guez-Aguilar,Carles Sierra, Pere Gar
ia, Josep L. Ar
osArti�
ial Intelligen
e Resear
h Institute, IIIASpanish Coun
il for S
ienti�
 Resear
h, CSIC08193 Bellaterra, Bar
elona, Spain.fmar
,jar,sierra,pere,ar
osg�iiia.
si
.eshttp://www.iiia.
si
.esAbstra
t. In this arti
le we argue that open agent organisations 
anbe e�e
tively designed and implemented as institutionalized ele
troni
organisations (ele
troni
 institutions) 
omposed of a vast amount of het-erogeneous (human and software) agents playing di�erent roles and in-tera
ting by means of spee
h a
ts. Here we take the view that the designand development of ele
troni
 institutions must be guided by a prin-
ipled methodology. Along this dire
tion, we advo
ate for the presen
eof an underlying formal method that underpins the use of stru
tureddesign te
hniques and formal analysis, fa
ilitating development, 
ompo-sition and reuse. For this purpose we propose a spe
i�
ation formalismfor ele
troni
 institutions that founds their design, analysis and develop-ment.1 Introdu
tionA

ording to [19℄, human intera
tions are guided by institutions, whi
h providea stru
ture to everyday life. Institutions represent the rules of the game in aso
iety, in
luding any (formal or informal) form of 
onstraint that human beingsdevise to shape human intera
tion. Therefore, they are the framework withinwhi
h human intera
tion takes pla
e, de�ning what individuals are forbiddenand permitted and under what 
onditions. Institutions must be 
reated (f.i. theConstitution), and may evolve over time (f.i. the 
ommon law). A distinguishingfeature of institutions is the 
lear distin
tion drawn between the rules and theplayers. Establishing a stable stru
ture to human intera
tion appears as theraison d'être of institutions.At this point it is 
onvenient to refer to the 
ru
ial distin
tion between insti-tutions and organisations. Following the rational view of organisations providedby [9℄ \organisations are so
ial units (or human groupings) deliberately 
on-stru
ted and re
onstru
ted to seek spe
i�
 goals". Organisations in
lude politi-
al, e
onomi
, so
ial and edu
ational bodies (f.i. politi
al parties, trade unions,
lubs, universities). In [23℄ goal spe
i�
ity and formalization are identi�ed as thetwo main 
hara
teristi
s of organisations, meaning by formalization the attempt



to standardize and regulate the behavior of the roles intera
ting within an or-ganization. Therefore roles are understood as standardized patterns of behaviorrequired of all agents playing a part in a given fun
tional relationship in the
ontext of an organization.The way organisations are 
reated and how they evolve are fundamentallyin
uen
ed by the institutional framework, and, in turn they in
uen
e how theinstitutional framework evolves. Organisations must 
onform to the rules of in-stitutions in order to re
eive legitima
y and support.In this paper we adopt as a main goal the design and development of eÆ-
ient and robust open agent organisations. At the outset we wonder whether we
an follow a mimeti
 strategy that permits us to borrow and adapt well-knowso
ial me
hanisms and 
on
epts that have proven valuable when employed forarti
ulating human so
ieties. For this purpose, we �rstly make expli
it the ma-jor issues arising in our prin
ipal task taking inspiration on the analysis alreadypresented in [7℄.{ Heterogeneity. The so
iety must be 
apable of 
oping with and support-ing heterogeneous agents, i.e. agents developed in di�erent languages, withdi�erent purposes (obje
tives) and preferen
es, and endowed with varyingdegrees of sophisti
ation.{ Trust and A

ountability. Agents are not always expe
ted to reliably followthe rules of the so
iety due to multiple reasons (bugs, bounded rational-ity, et
.), and therefore the so
iety must be equipped with the appropriateme
hanisms for monitoring and 
onveniently managing mali
ious, fraudulentagent behavior.{ Ex
eption Handling. We must 
ontemplate the 
apability of dete
ting, pre-venting, and re
overing from failures resulting from unintended disfun
tionalbehaviors that may jeopardize the overall fun
tioning of the so
iety.{ So
ietal 
hange. Agent so
ieties are not stati
; they may evolve over time byaltering, eliminating or in
orporating rules. Hen
e the need of demanding
exible agent so
ieties 
apable of a

ommodating future 
hanges.We observe that indeed human so
ieties su

essfully deal with the issuesabove by deploying institutions that:{ determine what individuals are prohibited from doing and what are permit-ted to undertake;{ 
ostlinessly as
ertain violations and the severity of the punishment to beena
ted; and{ evolve and are altered by human beings.We uphold that agent organisations 
an be e�e
tively designed and imple-mented as institutionalized agent organisations |that hen
eforth we shall termele
troni
 institutions, or e-institutions for shorter. From this follows that one ofour main purposes will be to model the 
reation, evolution, and 
onsequen
es ofthe rules de�ning institutions and their in
orporation into agent organisations.



Noti
e that the kind of ele
troni
 institutions that we will be 
onsideringare populated by a vast amount of heterogeneous (human and software) agentsplaying di�erent roles and intera
ting by means of spee
h a
ts [24℄. In otherwords, we make the assumption that any intera
ting a
tivity taking pla
e withinour ele
troni
 institutions is purely dialogi
.Throughout this paper, we fo
us on the ma
ro-level (so
ietal) aspe
ts refer-ring to the infrastru
ture of ele
troni
 institutions, instead of the mi
ro-level(internal) aspe
ts of agents. Su
h a task is widely admitted by the multi-agent
ommunity as highly deli
ate [17℄. This fa
t makes us advo
ate for adoptinga prin
ipled, engineering approa
h founded on a formal spe
i�
ation of ele
-troni
 institutions, 
ontinuing the work presented in [21, 25℄, that founds theirdesign, analysis and development of ar
hite
turally-neutral ele
troni
 institu-tions. As the most salient result, we obtain a graphi
al spe
i�
ation languagethat is intended to be embedded into a development environment that assistse-institutions' designers at all the stages of the development 
y
le.The rest of the paper is organized as follows. In Se
tion 2 we argue on the needof a formal method that underpins the spe
i�
ation, analysis and developmentof ele
troni
 institutions. Next, in Se
tion 3 we provide a mathemati
ally sound,unambiguous, abstra
t de�nition of ele
troni
 institutions. In order to illustratehow to spe
ify in pra
ti
e ele
troni
 institutions, we o�er in Se
tion 4 an example
orresponding to the �sh market an ele
troni
 au
tion house. In Se
tion 5 wesummarize and highlight the major bene�ts arising from our 
ontribution, anddis
uss the open issues that 
an be fa
ed taking our proposal as the startingpoint.2 A Formal Spe
i�
ation Approa
hFormal methods in software building 
omprise two main a
tivities, namely formalspe
i�
ation and veri�ed design, that is the pre
ise spe
i�
ation of the behaviourof a pie
e of software, so that su
h software 
an be subsequently produ
ed, andthe proof of whether the implementation 
omplies with the spe
i�
ation. Thus,the role of any formal method is to provide a 
lear and pre
ise des
ription of whata system is supposed to do, rather than a formulation of how it operates [8℄. Thepresen
e of an underlying formal model will support the use of stru
tured designte
hniques and formal analysis, fa
ilitating development, 
omposition and reuse.In this se
tion we take su
h formal approa
h with the purpose of spe
ifyingsoftware infrastru
tures for ele
troni
 institutions. Our formal spe
i�
ation willbe based on a purposely devised spe
i�
ation language enabled to produ
e bothvisual and textual spe
i�
ations of infrastru
tures for ele
troni
 institutions.In other words, su
h spe
i�
ation language shall serve to produ
e sound anunambiguous spe
i�
ations of the rules of the game of an ele
troni
 institution.It is apparent that at a further stage the spe
i�
ation language 
an be extendedin order to allow for the spe
i�
ation of the players of the game. Su
h extensionis expe
ted to support the spe
i�
ation of mi
ro (internal) aspe
ts of agents,



i.e. their ar
hite
tures and logi
s. As a result, it would be possible the 
ompletespe
i�
ation (infrastru
ture and agents) of an ele
troni
 institution.In this work we solely fo
us on the spe
i�
ation of infrastru
tures. As a �rststep, we identify the 
ore notions on whi
h our 
urrent 
on
eption of ele
troni
institution, and so our spe
i�
ation language, is to be founded:{ Agents and Roles. Agents are the players in an ele
troni
 institution, inter-a
ting by the ex
hange of spee
h a
ts, whereas roles are de�ned as stan-dardized patterns of behaviour. The identi�
ation and regulation of roles is
onsidered as part of the formalization pro
ess of any organisation [23℄. Anyagent within an ele
troni
 institution is required to adopt some role(s). Amajor advantage of using roles is that they 
an be updated without hav-ing to update the a
tions for every agent on an individual basis. Re
ently,the 
on
ept of role is be
oming in
reasingly studied by software engineer-ing resear
hers [20, 15℄, and even more re
ently by resear
hers in the agents'
ommunity [4, 16, 27,?,5℄.{ Dialogi
 framework. Some aspe
ts of an institution su
h as the obje
ts of theworld and the language employed for 
ommuni
ating are �xed, 
onstitutingthe 
ontext or framework of intera
tion amongst agents. In a dialogi
 institu-tion, agents intera
t trough spee
h a
ts. Institutions establish the a

eptablespee
h a
ts by de�ning the ontology (vo
abulary) |the 
ommon language torepresent the "world"| and the 
ommon language for 
ommuni
ation andknowledge representation whi
h are bundled in what we 
all dialogi
 frame-work. By sharing a dialogi
 framework, we enable heterogeneous agents toex
hange knowledge with other agents.{ S
ene. Intera
tions between agents are arti
ulated through agent group meet-ings, whi
h we 
all s
enes, with a well-de�ned 
ommuni
ation proto
ol. We
onsider the proto
ol of a s
ene to be the possible dialogues agents may have.{ Performative stru
ture. S
enes 
an be 
onne
ted, 
omposing a network ofs
enes, the so-
alled performative stru
ture, whi
h 
aptures the existing re-lationships among s
enes. The spe
i�
ation of a peformative stru
ture 
on-tains a des
ription of how the di�erent roles 
an legally move from s
ene tos
ene. Agents within a performative stru
ture may be possibly parti
ipatingin di�erent s
enes, with di�erent roles, and at the same time.{ Normative Rules. Agent a
tions in the 
ontext of an institution may have
onsequen
es that either limit or enlarge its subsequent a
ting possibilities.Su
h 
onsequen
es will impose obligations to the agents and a�e
t its pos-sible paths within the performative stru
ture.Next, in Se
tion 3 we o�er a detailed analysis of the notions introdu
edabove that helps us gradually 
onstru
t a formal spe
i�
ation of an ele
troni
institution infrastru
ture.3 Ele
troni
 Institutions' Stru
tureFirst of all, and for notational purposes, we introdu
e some de�nitions that willapply hen
eforth. Let Agents = fa1; : : : ; ang be a �nite set of agent identi�ers,



and Roles = fr1; : : : ; rmg a �nite set of role identi�ers respe
tively. At thespe
i�
ation level we regard agents and roles simply as symbols and type names.Then by ai : rj we mean that agent ai is of type rj . Moreover, we de�ne the setsVA = fx1; : : : ; xAg and VR = f�1; : : : ; �Rg as a �nite set of agent variables anda �nite set of role variables respe
tively.3.1 RolesWe have already identi�ed the notion of role as 
entral in the spe
i�
ation of ele
-troni
 institutions. Roles allow us to abstra
t from the individuals, the agents,that get involved in an institution's a
tivities. In order to take part in an ele
-troni
 institution, an agent is obliged to adopt some role(s). Thereafter an agentplaying a given role must 
onform to the pattern of behaviour atta
hed to thatparti
ular role. Therefore, all agents adopting a very same role are guaranteedto have the same rights, duties and opportunities. Noti
e that we 
an think ofroles as agent types. More pre
isely, we de�ne a role as a �nite set of dialogi
a
tions. Su
h a
tions are intended to represent the 
apabilities of the role. Forinstan
e, an agent playing the buyer role is 
apable of submitting bids and anagent playing the au
tioneer role 
an o�er goods at au
tion.There are several issues 
on
erning role/role relationships. As an agent maypossibly play several roles at the same time, role/role asso
iations standing for
on
i
t of interests must be de�ned with the purpose of prote
ting the institutionagainst an agent's mali
ious behaviour.Thus, in general, the management of agent/role and role/role relationshipsbe
omes a fundamental issue for ele
troni
 institutions. Role-based A

ess Con-trol Models (RBAC) [22℄ developed in the 
omputer se
urity arena o�er well-founded me
hanisms for handling both types of relationships. Fundamentally,RBAC has been su

essfully employed for managing the se
urity administrationof organisations [3, 2℄. But more interestingly, RBAC has been a

urately for-malized [11, 13, 12℄. In order to solve the agent/role and role/role relationships,we borrow and adapt the formalisation of the rules for RBAC o�ered by theNIST RBAC model [13, 12, 11℄, whi
h extends the basi
 RBAC model by addingrole hierar
hies, 
ardinality, and 
on
i
t of interests relationships.Although RBAC manages three types of asso
iations, namely asso
iationsbetween users (agents) and roles, asso
iations between roles, and asso
iationsbetween roles and permissions[11℄, in this se
tion we solely 
on
entrate on therole/role asso
iations.When analysing human institutions we observe that the roles played by hu-mans are hierar
hi
ally organised. There are many ways of 
onstru
ting of arole hierar
hy to express di�erent types of relationships among roles. Here we
onsider that roles are organised as a partially ordered set (poset), representedas a pair R = hRoles;�i, re
e
ting a role hierar
hy. Then if r � r0 holds we saythat r subsumes r0 or an agent playing role r is also enabled to play role r0.We also realise that there are 
on
i
ting roles within an institution. Forinstan
e, in the �sh market the boss and buyer roles are mutually ex
lusive inthe sense that no one 
an ever a
t as the boss of the market and as a buyer. In



a bank, the teller and auditor roles are also 
onsidered as mutually ex
lusive.We de�ne a poli
y of stati
 separation of duty (ssd) to mean that roles spe
i�edas mutually ex
lusive 
annot be both authorised to an agent.We represent the stati
 separation of duties as the relation ssd � Roles �Roles. A pair (r; r0) 2 ssd denotes that r; r0 
annot be authorised to the verysame agent. Observe that the stati
 separation of duties will be 
onsidered whenassigning roles to an agent entering the institution and it restri
ts the possibleassignations of roles to an agent.Summarising, the adoption of a poli
y of separation of duties will allow us toexpress 
onstraints on the role/role asso
iations indi
ating 
on
i
ts of interests.It seems obvious that ssd must satisfy some 
onstraints respe
t to the relation�. Finally, we expli
itly state the requirements identi�ed so far as ne
essary formanaging the role/role relationships:(i) The stati
 separation of duties relation is symmetri
. Formally, for all ri; rj 2Roles (ri; rj) 2 ssd) (rj ; ri) 2 ssd.(ii) If a role subsumes another role, and that role is in stati
 separation of dutieswith a third role, then the �rst role is in stati
 separation of duties with thethird one. Formally, for all r; ri; rj 2 Roles; r � ri; (ri; rj) 2 ssd ) (r; rj) 2ssd.(iii) If a role subsumes another role, then the two roles 
annot be in stati
 sepa-ration of duties. Formally, ri � rj ) (ri; rj) 62 ssd.Observe that from the last requirements the following properties 
an be in-ferred:(i) For all r 2 Roles) (r; r) 62 ssd sin
e the � relation is re
exive.(ii) If (ri; rj) 2 ssd then for all r � ri and for all s � rj ) (r; s) 2 ssd.(iii) If exists r su
h that r � ri and r � rj ) (ri; rj) =2 ssd.3.2 Dialogi
 FrameworkIn the most general 
ase, ea
h agent immersed in a multi-agent environmentis endowed with its own inner language and ontology. In order to allow agentsto su

essfully intera
t with other agents we must address the fundamental is-sue of putting their languages and ontologies in relation. For this purpose, wepropose that agents share when 
ommuni
ating what we 
all the dialogi
 frame-work [18℄, 
omposed of a 
ommuni
ation language, a representation languagefor domain 
ontent and an ontology. By sharing a dialogi
 framework, we enableheterogeneous agents to ex
hange knowledge with other agents.De�nition 1. We de�ne a dialogi
 framework as a tuple DF = hO;L; I; CL;T imei where{ O stands for an ontology (vo
abulary);{ L stands for a representation language for domain 
ontent;



{ I is the set of illo
utionary parti
les;{ CL is the (agent) 
ommuni
ation language;{ T ime is a dis
rete and partially ordered set of instants.Within a dialogi
 framework the representation language (KIF [14℄, �rst-order logi
, et
.) allows for the en
oding of the knowledge to be ex
hanged amongagents using the vo
abulary o�ered by the O ontology. The propositions builtwith the aid of L, the \inner" language, are embedded into an \outer language",CL, whi
h expresses the intentions of the utteran
e by means of the illo
utionaryparti
les in I . We take this approa
h in a

ord to spee
h a
t theory [24℄, whi
hpostulates that utteran
es are not simply propositions that are true or false, butattempts on the part of the speaker that su

eed or fail.We 
onsider that CL expressions are 
onstru
ted as formula of the type�(�i : �i; �j : �j ; '; �) where � 2 I; �i and �j are terms whi
h 
an be eitheragent variables or agent identi�ers, �i and �j are terms whi
h 
an be eitherrole variables or role identi�ers, ' 2 L and � is a term whi
h 
an be either atime variable or a value in T ime. We say that a CL expression is an illo
utionwhen �i; �j are agent identi�ers, �i and �j are role identi�ers and � is a value inT ime time-stamping the illo
ution. We say that a CL expression is an illo
utions
heme when some of the terms 
orresponds to a variable. This distin
tion willbe valuable when spe
ifying s
enes in the following se
tion.During the exe
ution of a s
ene, variables in CL expressions will be boundto 
on
rete values. For the purpose of allowing to 
hange the value of a boundvariable, we will denote it di�erently. By ~t we denote that on
e bound t it 
anbe assigned new values. In this way, we provide a way of representing that thevalue of a variable 
an be overwritten.Hen
eforth we shall employ question marks to di�erentiate variables in CLexpressions, in
luding the expression 
orresponding to the 
ontents, from otherterms.Next we present examples of CL expressions:{ request(?xi : pra; ?xj : pra; appointment(?t); ?t0) is an illo
ution s
heme.{ request(KQLAT : pra;mar
 : pra; appointment(tomorrow); 5) is an illo
u-tion that instantiates the s
hema above. We interpret this CL expression asa request sent by agent KQLAT playing the pra (personal representativeassistant) role to agent mar
 playing the same pra role for arranging anappointment to meet tomorrow.Finally, we would like to stress the importan
e of the dialogi
 framework asthe 
omponent 
ontaining the ontologi
 elements on the basis of whi
h any agentintera
tion 
an be spe
i�ed as illustrated next when introdu
ing the notion ofs
ene. Thus, a dialogi
 framework must be regarded as a ne
essary ingredient tospe
ify s
enes.3.3 S
eneBefore formally de�ning a s
ene, we must pre
isely understand what a s
eneis. Re
all that the whole a
tivity within an ele
troni
 institution was des
ribed



above as a 
omposition of multiple, well-separated, and possibly 
on
urrent,dialogi
 a
tivities, ea
h one involving di�erent groups of agents playing di�erentroles. For ea
h a
tivity, intera
tions between agents are arti
ulated through agentgroup meetings, whi
h we 
all s
enes, that follow well-de�ned 
ommuni
ationproto
ols. In fa
t, no agent intera
tion within an institution takes pla
e out ofthe 
ontext of a s
ene. We 
onsider the proto
ol of ea
h s
ene to model thepossible dialogi
 intera
tions between roles instead of agents. In other words,s
ene proto
ols are patterns of multi-role 
onversation.A s
ene proto
ol is spe
i�ed by a graph where the nodes of the graph repre-sent the di�erent states of the 
onversation and the ar
s 
onne
ting the nodesare labelled with illo
ution s
hemes that make s
ene state 
hange. The graphhas a single initial state (non-rea
hable on
e left) and a set of �nal states rep-resenting the di�erent endings of the 
onversation. There is no ar
 
onne
ting a�nal state to some other state.Normally the 
orre
t evolution of a 
onversation proto
ol requires a 
ertainnumber of agents for ea
h role involved in it. Then a minimum and maximumnumber of agents for role is de�ned and the number of agents playing ea
h rolehas to be always between them.Be
ause we aim at modelling multi-agent 
onversations whose set of parti
i-pants may dynami
ally vary, s
enes will allow that agents either join in or leaveat some parti
ular moments during an ongoing 
onversation. For this purpose,we di�erentiate for ea
h role the sets of a

ess and exit states. The in
orpora-tion or exit of agents has to satisfy the restri
tion mentioned above about thenumber of agents for role. Obviously, the �nal states have to be an exit statefor ea
h role, in order to allow all the agents to leave when the s
ene is �nished.On the other hand, the initial state has to be an a

ess state for the roles whoseminimum is greater than zero, in order to start the s
ene.De�nition 2. Formally, a s
ene is a tuple 1:S = hR;DF;W;w0;Wf ; (WAr)r2R; (WEr)r2R; �; �;min;Maxiwhere{ R is the set of roles of the s
ene;{ DF is a dialogi
 framework;{ W is a �nite, non-empty set of s
ene states;{ w0 2W is the initial state;{ Wf �W is the non-empty set of �nal states;{ (WAr)r2R �W is a family of non-empty sets su
h that WAr stands for theset of a

ess states for the role r 2 R;{ (WEr)r2R �W is a family of non-empty sets su
h that WEr stands for theset of exit states for the role r 2 R;{ � �W �W is a set of dire
ted edges;1 When we need to di�erentiate the elements of two s
enes s and s0 we will use asuperindex s or s0.



{ � : � �! CL is a labelling fun
tion;{ min;Max : R �! IN min(r) and Max(r) return respe
tively the minimumand maximum number of agents that must and 
an play the role r 2 R;Noti
e that not every illo
ution s
heme is valid to label an ar
. In general, aCL expression �(�i : �i; �j : �j ; '; �) 
an label an ar
 if it satis�es:{ �i and �j are agent variables;{ �i and �j are either role variables or role identi�ers in Rs; and{ � is a time variable;These variables will be bound to 
on
rete values during the exe
ution ofthe s
ene. For example, agent variables in an illo
ution s
heme will be boundrespe
tively to the identi�er of the agent that has uttered the illo
ution and tothe identi�er of the agent who has re
eived the illo
ution. Then at ea
h momentthe bindings of the variables will be the 
ontext of the s
ene exe
ution.Next, we des
ribe an example of a s
ene extra
ted from the 
ase of studypresented in Se
tion 4, that we subsequently employ to illustrate how designers
an 
onstru
t graphi
al spe
i�
ations of s
enes.Case Study We have sele
ted as example, the s
ene representing the maina
tivity within the marketpla
e: the au
tioning of goods in the au
tion room.This s
ene is governed by the au
tioneer making use of the downward biddingproto
ol (DBP) that next we state expli
itly:[Step 1 ℄ The au
tioneer 
hooses a good out of a lot of goods that is sorteda

ording to the order in whi
h sellers deliver their goods to the sellers'admitter.[Step 2 ℄ With a 
hosen good, the au
tioneer opens a bidding round by quot-ing o�ers downward from the good's starting pri
e, previously �xed by thesellers' admitter, as long as these pri
e quotations are above a reserve pri
eset by the seller.[Step 3 ℄ For ea
h pri
e 
alled by the au
tioneer, several situations might ariseduring the open round:Multiple bids. Several buyers submit their bids at the 
urrent pri
e. Inthis 
ase, a 
ollision 
omes about, the good is not sold to any buyer,and the au
tioneer restarts the round at a higher pri
e. Nevertheless,the au
tioneer tra
ks whether a given number of su

essive 
ollisions isrea
hed, in order to avoid an in�nite 
ollision loop. This loop is brokenby randomly sele
ting one buyer out of the set of 
olliding bidders.One bid. Only one buyer submits a bid at the 
urrent pri
e. The good issold to this buyer if his 
redit 
an support his bid. Whenever there isan unsupported bid the round is restarted by the au
tioneer at a higherpri
e, the unsu

essful bidder is punished with a �ne, and he is expelledout from the au
tion room unless su
h �ne is paid o�.



No bids. No buyer submits a bid at the 
urrent pri
e. If the reserve pri
ehas not been rea
hed yet, the au
tioneer quotes a new pri
e whi
h isobtained by de
reasing the 
urrent pri
e a

ording to a pri
e step. If thereserve pri
e is rea
hed, the au
tioneer de
lares the good withdrawn and
loses the round.[Step 4 ℄ The �rst three steps repeat until there are no more goods left.Graphi
al Representation The purpose of the formal de�nition above is togive a a mathemati
ally sound de�nition of s
ene. However in pra
ti
e s
eneswill be graphi
ally spe
i�ed. For instan
e, Figure 1 depi
ts the graphi
al spe
i-�
ations of the s
ene presented above.As to the au
tion s
ene (see Figure 1), we observe that the spe
i�
ation of therole set requires the parti
ipation of exa
tly one au
tioneer(A) and, at least, twobuyers(b)(min), although up to ten buyers might be allowed to parti
ipate(Max).The graph depi
ts the states of the s
ene, along with the edges representing thelegal transitions between s
ene states, and labelled with illo
ution s
hemes of the
ommuni
ation language of the dialogi
 framework. The information 
ontents ofsu
h s
hemes is expressed in �rst-order logi
 (FOL) making use of the 
on
eptsin the e-au
tions ontology. The type of performative is spe
i�ed in the set I |whi
h 
ontains the types of performatives identi�ed in [6℄| listed in the Parti
lesarea.Noti
e that some states are identi�ed as a

ess and exit states. Apart fromthe initial and �nal states, the w1 state is labelled as an a

ess and exit state forbuyers |meaning that after either a 
ollision, san
tion or expulsion, new buyersmight be admitted into the s
ene| while !3 is uniquely an a

ess state.3.4 Performative Stru
tureThe notion of performative stru
ture is the most 
omplex and interesting of thisformalism, sin
e it models the relationships among s
enes. Noti
e that although
onversations (s
enes) are 
urrently admitted as the unit of 
ommuni
ation be-tween agents, limited work has been done 
on
erning the modelling of the rela-tionships among di�erent s
enes. This issue arises when these 
onversations areembedded in a broader 
ontext, su
h as, for instan
e, organisations and institu-tions. If this is the 
ase, it does make sense to 
apture the relationships amongs
enes. Thus, while a s
ene models a parti
ular multi-agent dialogi
 a
tivity,more 
omplex a
tivities 
an be spe
i�ed by establishing relationships amongs
enes that allow:{ to 
apture 
ausal dependen
ies among s
enes (f.i. a patient 
annot undergoan operation without being previously diagnosed by a do
tor);{ to de�ne syn
hronisation me
hanisms involving s
enes (f.i. within an ex-
hange house, we might syn
hronise traders before allowing them to starto� a negotiation s
ene);



Auction Scene


ω
2


2


1. inform(?x:a,all:b,open_auction(?n))

2. inform(?x:a,all:b,open_round(?r))

3. inform(?x:a,all:b,to_sell(?good_id))

4. inform(?x:a,all:b,buyers(?b1,...,bn))

5. inform(?x:a,all:b,offer(?good_id,?price))

6. inform(?x:a,all:b,offer(?good_id,?price))

7. commit(?y:b,x:a,bid(?good_id,?price))

8. inform(?x:a,all:b,withdrawn(?good_id,?price))

9. inform(?x:a,all:b,collision(?price))

10. inform(?x:a,all:b,sanction(?buyer_id))

11. inform(?x:a,all:b,expulsion(?buyer_id))

12. inform(?x:a,all:b,sold(?good_id,?price,?buyer_id)

13,14. inform(?x:a,all:b,end_round(?r))

15. inform(?x:a,all:b,end_auction(?n))


LABEL LIST (
λ
)


ω
3
 ω
4
 ω
5


ω
6
 9,
10

,1
1


12


3
 4
 5


14


        6


b


8


ONTOLOGY (O)


e-auctions


LANGUAGE (L)


FOL


inform

commit

request

question

refuse


PARTICLES (I)


ω
7


7


ω
8


13



DIALOGIC

FRAMEWORK


CL


ACL


A


ROLES (R)


min


Max


min


0
 10


Max

b


ω
1


15



1


w
0


A

b


b


w
f1


A

b


        7


Fig. 1. Graphi
al Spe
i�
ation of an Au
tion S
ene{ to establish parallelism me
hanisms involving s
enes (f.i. in an au
tion house,several au
tions might be run at the same time);{ to de�ne 
hoi
e points that allow roles leaving a s
ene to 
hoose their des-tination (f.i. an agent attending a 
onferen
e is expe
ted to opt for one ofvarious, simultaneous talks);{ to establish the role 
ow poli
y among s
enes, i.e. whi
h paths 
an be fol-lowed by the roles leaving a s
ene and whi
h target s
enes they 
an rea
h.In a 
onferen
e 
entre, a speaker, after �nishing o� his talk, is permitted



to leave the 
onferen
e room and make it for another 
onferen
e room toattend an ongoing talk. Noti
e that, for this parti
ular 
ase, the migrationof this speaker also involves the adoption of another role.In general, the a
tivity represented by a performative stru
ture 
an be de-pi
ted as a 
olle
tion of multiple, 
on
urrent s
enes. Agents navigate from s
eneto s
ene 
onstrained by the rules de�ning the relationships among s
enes. More-over, the very same agent 
an be possibly parti
ipating in multiple s
enes atthe same time. Hen
e, it is our purpose to propose a formal spe
i�
ation ofperformative stru
tures expressive enough to fa
ilitate the spe
i�
ation of su
hrules.From a stru
tural point of view, performative stru
tures' spe
i�
ations mustbe regarded as networks of s
enes. At exe
ution time, a performative stru
turebe
omes populated by agents that make it evolve whenever these 
omply withthe rules en
oded by the spe
i�
ation. Con
retely, an agent parti
ipating in theexe
ution of a performative stru
ture devotes his time to jointly start new s
eneexe
utions, to enter a
tive s
enes where the agent intera
ts with other agents,to leave a
tive s
enes to possibly enter other s
enes, and �nally to abandon theperformative stru
ture.At this point we must noti
e that the way agents move from s
ene to s
enedepends on the type of relationship holding among the sour
e and target s
enes.As mentioned above, sometimes we might be interested in for
ing agents tosyn
hronise before jumping into either new or existing s
ene exe
utions, or o�er
hoi
e points so that an agent 
an de
ide whi
h target s
ene to in
orporate into,and so on. Summarising, in order to 
apture the type of relationships listed abovewe 
onsider that any performative stru
ture 
ontains a spe
ial elements that we
all transition, devoted to mediate di�erent types of 
onne
tions among s
enes.Ea
h s
ene may be 
onne
ted to multiple transitions, and in turn ea
h transitionmay be 
onne
ted to multiple s
enes. In both 
ases, the 
onne
tion between as
ene and a transition is made by means of a dire
ted ar
. Then we 
an referto the sour
e and target of ea
h ar
. And given either a s
ene or a transition,we shall distinguish between its in
oming and outgoing ar
s. Noti
e that thereis no dire
t 
onne
tion between two s
enes, or, in other words, all 
onne
tionsbetween s
enes are mediated by transitions. We do not allow also the 
onne
tionof transitions.Agents will be moving from a s
ene instan
e (exe
ution) to another bytraversing the transition 
onne
ting the s
enes and following the ar
s that 
on-ne
t transitions and s
enes. Transitions must be regarded as a kind of routersthat 
ontain lo
al information about the s
ene instan
es that they 
onne
t.Therefore, instead of modelling some a
tivity, they are intended to route agentstowards their destinations in di�erent ways, depending on the type of transition.The ar
s 
onne
ting transitions to s
enes play also a fundamental role. Noti
ethat as there might be multiple (or perhaps none) s
ene exe
utions of a targets
ene, it should be spe
i�ed whether the agents following the ar
s are allowedto start a new s
ene exe
ution, whether they 
an 
hoose a single or a subset of



s
enes to in
orporate into, or whether they must enter all the available s
eneexe
utions.We de�ne a set of di�erent types of transitions and ar
s whose semanti
s willhighly 
onstrain the mobility of agents among the s
ene instan
es (the ongoinga
tivities) of a performative stru
ture. The di�eren
es between the diverse typesof transitions that we 
onsider are based on how they allow to progress the agentsthat they re
eive towards other s
enes. Let us divide ea
h transition into twoparts: the input, through whi
h it re
eives agents from the in
oming ar
s, andthe output, through whi
h agents leave following the outgoing ar
s towards others
enes. Then, the following 
lassi�
ation of transitions is based on the behaviourthat they exhibit on their input and output sides:{ And/And: They establish syn
hronisation and parallelism points sin
e agentsare for
ed to syn
hronise at their input to subsequently follow the outgoingar
s in parallel.{ Or/Or: They behave in an asyn
hronous way at the input (agents are notrequired to wait for others in order to progress through), and as 
hoi
e pointsat the output (agents are permitted to sele
t whi
h outgoing ar
, whi
h path,to follow when leaving).{ And/Or: They are a hybrid of the two types of transitions above: on the onehand, likewise and/and transitions, they for
e agents to syn
hronise on theinput side, while on the other hand, likewise or/or transitions, they permitagents to individually make the 
hoi
e of whi
h path to follow when leaving.{ Or/And: They are also a hybrid of and/and and or/or transitions. Agentsare not required to wait for others on the input side, but they are for
ed tofollow all the possible outgoing ar
s.A

ording to this 
lassi�
ation, we de�ne T = fand/and; or/or; and/or; or/andgas a set of transition types.Depending on the path followed by the agents when traversing a transition,they may either start s
enes or in
orporate to one or more ongoing s
enes. Thusthere are also di�erent types of paths, ar
s, for rea
hing s
enes after traversingtransitions. We de�ne E = f1; some; all; �g as the set of ar
 types. Followinga 1-ar
 
onstrains agents to enter a single s
ene instan
e of the target s
ene,whereas a some-ar
 is less restri
tive and allows the agents to 
hoose a subsetof s
ene instan
es to enter, and an all ar
 for
es the agents to enter all the s
eneinstan
es to whi
h the paths lead. Finally, a *- ar
 �res the 
reation of a news
ene instan
e of the target s
ene. Furthermore, ea
h ar
 will be labelled withthe 
olle
tion of roles that are allowed to follow the ar
.Within the transitions agents are informed about 
urrent a
tive s
enes andrequest for their destination. Thus they 
onstitute an intermediate state foragents that move from s
ene to s
ene. Transitions are employed by the insti-tution for brokering purposes between agents and the a
tive s
enes 
onne
tedto the transition. Thus within transitions agents will be informed about the a
-tive s
enes that they 
an rea
h so that they 
hoose their destination, i.e. eithersome a
tive s
ene to join or some s
ene to be started. Ea
h transition has an
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Fig. 2. Graphi
al Elements of a Performative Stru
tureinstitutional agent that intera
t with arriving agents. The dialogue in transition
an be spe
i�ed as the dialogue in the s
enes with the vision of the institutionalagent and one arriving agent i.e. as a 
onversation with the institutional agentand another agent. When an agent arrives it is informed about its possibilitiesthat depend on the type of the transition and the type of the ar
s 
onne
tingthe transition to the target s
ene(s). The di�eren
e between a transition and therest of the s
enes is that there is not a global state of the transition and any



agent 
an be in a di�erent state2 . For example, new agents after arrive are inthe initial state while other agents are in a middle state after been informed oftheir destination or waiting to syn
hronize with other agents or some agents 
anbe in a �nal state waiting to move to their destinations. Agents requesting tomove to a transition are always a

epted and they are in
orporated to the initialstate. After they have sele
ted their target s
enes they wait in a �nal state untilthe target s
ene(s) arrives to an a

ess state when.Figure 2 depi
ts the graphi
al representations that we will employ to repre-sent the performative stru
ture's 
omponents introdu
ed so far. From the pointof view of the modeller, su
h graphi
al 
omponents are the pie
es that serve to
onstru
t graphi
al spe
i�
ations of performative stru
tures.Before stating a 
on
rete de�nition of performative stru
ture, there is a lastelement to be 
onsidered. Noti
e that although two s
enes may be 
onne
tedby a transition, the eventual migration of agents from a sour
e s
ene instan
eto a target s
ene instan
e not only depends on the role of the agents but alsoon the results a
hieved by agents in the sour
e s
ene. Thus, for instan
e, in the�sh market, although a registration s
ene is 
onne
ted to an au
tion s
ene, thea

ess of a buying agent to the exe
ution of the au
tion s
ene is forbidden ifit has not su

essfully 
ompleted the registration pro
ess when going througha registration s
ene. In a 
onferen
e 
entre environment, two agents are notallowed to meet to talk at a meeting room unless they have previously arrangedand 
ommitted to some appointment. This fa
t motivates the introdu
tion of
onstraints over the ar
s 
onne
ting s
enes and transitions. We will require thatagents satisfy the 
onstraints, 
onditions, over the ar
 soli
ited to be followedwhen attempting to rea
h a destination s
ene. Therefore, 
onditions must alsoappear in our formal de�nition of performative stru
ture.Finally, we bundle all the elements introdu
ed above to provide a formalde�nition of a performative stru
ture spe
i�
ation:De�nition 3. Formally, given a meta-language ML, a performative stru
tureis a tuple PS = hS; T; s0; s
 ; E; fL; fT ; fS ; fE; C; �iwhere{ S is a �nite, non-empty set of s
enes;{ T is a �nite and non-empty set of transitions;{ s0 2 S is the root s
ene;{ s
 2 S is the output s
ene;{ E = EI SEO is a set of ar
 identi�ers where EI � (WES) � T is a set ofedges from exit states of s
enes to transitions whereWES = Ss2S Sr2RWEsr ,and EO � T � S is a set of edges from transitions to s
enes;{ fL : E �! 2VA�R is the labelling fun
tion;{ fT : T �! T maps ea
h transition to its type;2 Transitions 
an be seen as s
enes where the state of the s
ene is the Cartesian produ
tof the state of ea
h agent



{ fE : E �! E maps ea
h ar
 to its type;{ C : E �!MLmaps ea
h ar
 to a meta-language expression of type boolean,i.e. a predi
ate, representing the ar
's 
onstraints;{ � : S �! IN sets the upper bound on the number of allowed simultaneouss
enes for the s
ene s
heme represented by ea
h s
ene node.In order to present the requirements to be satis�ed by the elements above, someprevious de�nitions are needed. Let s 2 S be a s
ene su
h that s = hR; DF;W;w0;Wf ; (WAr)r2R; (WEr)r2R; �; L;min;Maxi. Let var and roles be two fun
-tions over ar
s, de�ned respe
tively as var : E �! 2VA and roles : E �! 2Roles,whi
h return for ea
h ar
 the set of variables and the set of roles 
ontainedin the ar
 label. Then the following requirements must be satis�ed by everyperformative stru
ture:(i) All the agent variables labelling the in
oming ar
s of a given transitionmust also appear on the outgoing ar
s of the transition: for any t 2 TS(s;t)2EI var((s; t)) = S(t;s0)2EO var((t; s0))(ii) For every s
ene there is a path from the root transition to the output s
enepassing through the s
ene. For all s 2 S there is a path s0; t1; : : : ; ; sm; tm; s
su
h that (si; ti) 2 EI ; (ti; si+1) 2 EO 8i = 0; : : : ;m � 1 and si = s forsome i.(iii) For every s
ene, the roles labelling its outgoing ar
s must belong to its roleset and for every role in its role set there is at least one outgoing ar
 labelledwith it, i.e. for all s 2 S S(s;t)2EI roles((s; t)) = Rs.(iv) For every s
ene, the roles labelling its in
oming ar
s must belong to its roleset and for every role of its role set there is at least one in
oming ar
 labelledwith it, i.e. for every s
ene s 2 S S(t;s)2EO roles((t; s)) = Rs.(v) For every s
ene, there must be at least one a

ess state for every role la-belling an in
oming ar
, i.e. for every ar
 (t; s) 2 EO , and for every roler 2 roles((t; s)) there is an a

ess state w 2 WAsr where WAsr is the set ofa

ess states for the role r in the s
ene s.(vi) For every and/and transition, every outgoing ar
 has to be 
onne
ted to as
ene 
ontaining at least one a

ess state for all the roles labelling the ar
.More formally, for every (t; s) su
h that fT (t) = and/and thenTr2roles((t;s))WAr 6=;.(vii) For every ar
 of type � the initial state of the s
ene must belong to the set ofa

ess states for ea
h role labelling the ar
. Formally, for ea
h ar
 (t; s) 2 EOsu
h that fE((t; s)) = � we require that w0 2 Tr2roles((t;s))WAr.(viii) Agents will not be allowed to progress through an ar
 of type � if the numberof instan
es of this s
ene has rea
hed its maximum.From the de�nition above, we 
an simply view a performative stru
ture asa network of s
enes inter
onne
ted by di�erent types of transitions. The spe
i�-
ation of a performative stru
ture amounts to sele
t a 
olle
tion of s
enes, andnext 
reate sound 
onne
tions among them. Complementarity, the limits on thenumber of s
enes, �, need to be de�ned. Figure 3 shows how the graphi
al ele-ments in Figure 2 are 
ombined in order to produ
e the graphi
al spe
i�
ation



of the performative stru
ture 
orresponding to the �sh market. Observe thatthe s
ene that Figure 1 represents, appears in the resulting spe
i�
ation as aparti
ular node.Noti
e that we demand any performative stru
ture to 
ontain a root and anoutput s
ene. The output s
ene does not model any a
tivity, and so it must beregarded as the exit point of the performative stru
ture. As to the root s
ene, itmust be regarded as the starting point of any agent a

essing the performativestru
ture. Departing from the root s
ene, agents will make for other s
enes withinthe performative stru
ture.3.5 Normative RulesSu
h as depi
ted, a peformative stru
ture 
onstrains the behaviour of any par-ti
ipating agents at two levels:(i) intra-s
ene: S
ene proto
ols di
tate for ea
h agent role within a s
ene what
an be said, by whom, to whom, and when.(ii) inter-s
ene: The 
onne
tions among the s
enes of a performative stru
turede�ne the possible paths that agents may follow depending on their roles.Furthermore, the 
onstraints over output ar
s impose additional limitationsto the agents when attempting to rea
h a target s
ene.And yet, we understand that an agent's a
tions within a s
ene may have
onsequen
es that either limit or enlarge its subsequent a
ting possibilities outof the s
ope of the s
ene.Su
h 
onsequen
es have e�e
t along two di�erent dire
tions. On the onehand some a
tions will introdu
e subsequent a
ting 
ommitments that have tobe interpreted as a
ting obligations. On the other hand, other 
onsequen
eso

urring lo
ally within a s
ene may vary the paths that an agent 
an follow inthe performative stru
ture be
ause they a�e
t the satisfa
tion and dissatisfa
tionof the 
onstraints labelling paths. Both types of 
onsequen
es will be requiredto be kept by an institution for ea
h agent on an individual basis. In general,for a given agent we shall refer to su
h 
onsequen
es as the agent 
ontext withinthe institution.For instan
e, a trading agent winning a bidding round within an au
tionhouse is obliged to subsequently pay for the a
quired good. Considering theperformative stru
ture in Figure 3 that implies that the trading agent has tomove at some time to the buyers' settlements s
ene to pay for the a
quiredgood. Noti
e that although the au
tion s
ene is 
onne
ted to the output s
ene,the path is disallowed to agents unless they ful�l their pending payments.In order to represent the deonti
 notion of obligation, we set out the predi
ateobliged as follows:{ obliged(x;  ; s) = agent x is obliged to do  in s
ene s.where � is taken to be, in both 
ases, an illo
ution s
heme.



Next we introdu
e a spe
ial type of rules, the so-
alled normative rules inorder to 
apture whi
h agent a
tions (illo
utions) have 
onsequen
es that needto be kept in its 
ontext. Given a performative stru
ture and a metalanguage,the normative rules will have the following s
hema:(s1; 
1) ^ : : : ^ (sm
m) ^ �1 : : : �n ) �n+1 ^ : : : ^ �rwhere (s1; 
1); : : : ; (sm; 
m) are pairs of illo
ution s
hemes and s
enes, and �1 ^: : : ^ �r are meta-language predi
ates. Noti
e that some of these rules will bedevoted to the triggering of obligations, while others will be used for inferringfa
ts that will be subsequently employed to determine the a

ess of an agent toother s
enes.Let us 
onsider the following example that will help us illustrate how nor-mative rules are spe
i�ed3:(au
tion room; 
ommit(?x : a; ?y : b; sell(?good; ?y; ?pri
e; ?round))))obliged(?y; 
ommit(?y : b; ?z : 
; pay(?good; ?pri
e; ?
ard); buyers settlements)(1)If an au
tioneer 
ommits to sell the good at au
tion at a given buyer, this isobliged to 
ommit to a buyers' a

ountant in a settlements s
ene to pay for thegood.Summarising the deployment of normative rules is motivated by the need ofan institution to infer agents' obligations as well as the 
onsequen
es of agents'lo
al a
tions (within s
enes) that have e�e
t out of the s
ope of a s
ene.3.6 Ele
troni
 InstitutionFinally, we 
an de�ne an ele
troni
 institution 
hoosing a performative stru
-ture and de�ning the rest of its 
omponents. These are the institutional roles,the hierar
hy between roles, the poli
y of duties and the normative rules. Theinstitutional roles de�ne a set of roles that 
an not be played by the externalagents. They are like the workers in a human institution. In the 
ase of the hier-ar
hy of roles and the ssd we 
an to take into a

ount that both are applied tothe set of roles of the institution whi
h are all the roles appearing in the di�erents
enes of the performative stru
ture.De�nition 4. An ele
troni
 institution is de�ned as a tuplehPS ; IR;�; ssd;NPSiwhere{ PS stands for a performative stru
ture;{ IR is a subset of roles representing the institutional roles;3 a, b, 
 stand respe
tively for the au
tioneer, buyer and a

ountant roles.



{ � stands for the hierar
hy partial order over the roles;{ ssd is the set of stati
 separation of duties between roles; and{ NPS stands for a set of normative rules.Noti
e that the spe
i�
ation of an ele
troni
 institution must be regardedas a 
ompositional a
tivity to be undertaken by the institution designer. We
an 
onsider that spe
i�
ations of dialogi
 frameworks, s
enes and peformativestru
tures are to be naturally organised into spe
i�
ation libraries.On
e 
ompleted a spe
i�
ation, it must go through a validation pro
ess that
he
ks its well-formedness. Ultimately, if su
h a spe
i�
ation proves to be 
orre
t,its equivalent textual representation must be generated in order to be manip-ulated by the agents intending to parti
ipate in the institution. Moreover, thegenerated textual representations 
an be also employed for brokering purposes.In the light of the 
omplexity of the whole pro
ess, it is apparent the needof tools that assist the institution designer through the spe
i�
ation, validation,and translation of an ele
troni
 institution into a ma
hine-readable format sothat it 
an be easily parsed by agents.4 Pra
ti
al Spe
i�
ations
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al Spe
i�
ation of the Fishmarket Performative Stru
ture.The purpose of this se
tion is to pra
ti
ally illustrate how to spe
ify ele
troni
institutions. For this purpose we 
on
entrate on the modelling of the �sh marketan ele
troni
 au
tion house, whose 
omplete graphi
al spe
i�
ation is shown inFigure 3.



If we look at the example in �gure 3 we 
an see that there are �ve s
enesapart from the root and the output s
ene. We 
an observe the di�erent pathsthat agents 
an follow depending on their role. Ea
h s
ene is 
reated by aninstitutional agent: buyer admitter, seller admitter, au
tioneer, buyer a

ountantand seller a

ountant. This agents start one of the s
enes and are in 
harge ofit. They will dialogue with the external agents 
oming to the institutions.We have two roles that external agents 
an play, the buyer and the sellerroles. Both of them and also the institutional agents go for the root s
ene whenentering the institutions. From the root s
ene we 
an see that buyers and sellershave di�erent paths. On the one hand, buyers after entering in the root s
ene they
an only go to the buyer admission s
ene. There they have to pass the admissionpro
ess that is mediated by the buyer admitter who will ask the buyer for hislogin and password. If he is admitted, then he 
an go to the au
tion s
ene. Asit 
an be some au
tion rooms at the same time, maybe ea
h one au
tioning adi�erent kind of goods, he 
an 
hoose a subset of them to go. For that reasonthe ar
 
onne
ting the transition and the au
tion room is labelled of type some.When a buyer wants to leave the au
tion room it have two possibilities, to go tothe output s
ene and leave the institution or to go to the buyer settlements. If hehas won a round he must go to the buyer settlements to pay for the goods andthe path going to the output s
ene is disabled for him. At the buyers settlementshe has to pay for the goods 
orresponding to the round(s) that he has won andthen he 
an leave the institution going to the output s
ene.On the other hand, from the root s
ene sellers 
an only go to the selleradmission s
ene. There they identify themselves with the sellers admitter anddeliver their goods for being au
tioned. From there they 
an go to the sellersettlements s
ene where they re
eive the money for their goods after they havebeen au
tioned at the au
tion s
ene. After re
eiving the money they 
an leavethe institution moving from the seller settlements s
ene to the output s
ene.5 SummaryIn agree with [10℄, although organisational design is widely admitted as a fun-damental issue in multi-agent systems, so
ial 
on
epts have been introdu
ed ina rather informal way. Hen
e the need for formally in
orporating organisationalterms and 
on
epts into multi-agent systems.In this paper we have argued that agent so
ieties 
an be e�e
tively designedand 
onstru
ted as ele
troni
 institutions. Then we have adopted a formal ap-proa
h to spe
ify ele
troni
 institutions. But why a formal te
hnique? We believethat the following tip [1℄(page 215) answers the question:Use a formal te
hnique when we 
annot a�ord to have the requirementsmisunderstood.An this is our 
ase if we 
onsider the high 
omplexity of what we have identi�ed asour main goal: the design and development of ar
hite
turally- neutral ele
troni
institutions inhabited by heterogeneous (human and software) agents. In general,



the presen
e of an underlying formal method underpins the use of stru
tureddesign te
hniques and formal analysis, fa
ilitating development, 
omposition andreuse. Thus, we defend that su

essful methodologies must rely on unambiguousformal semanti
s, though developers are not aware of the existen
e of su
h asemanti
s as pointed out in [26℄.Thus, we 
onsider that the development of an ele
troni
 institution must bepre
eded by a pre
ise spe
i�
ation that fully 
hara
terise the institution's rules.Some important advantages derive from the 
reation of spe
i�
ations (models)of ele
troni
 institutions:{ An ele
troni
 institution model is a des
ription of the modelled institutionthat 
an be used either as a spe
i�
ation or as a presentation. Su
h a modelallows to investigate a new institution before being 
onstru
ted. This possi-bility is parti
ularly useful for institutions where design errors may jeopardisese
urity or be expensive to 
orre
t.{ Graphi
al spe
i�
ations are extremely easy to understand. They are similarto the informal diagrams employed by engineers and designers while design-ing, 
onstru
ting and analysing a system.{ An ele
troni
 institution's spe
i�
ation o�ers an expli
it des
ription of bothstates and a
tions, in 
ontrast to most des
ription languages whi
h des
ribeeither the states or the a
tions.{ The behaviour of an ele
troni
 institution model 
an be analysed, either bymeans of simulation or by means of more formal analysis methods.{ The pro
ess of 
reating the des
ription and performing the analysis allowsthe modeller to gain a dramati
ally improved understanding of the modelledinstitution.6 A
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