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Abstract 

In the present article we characterise a class of problems, based rm the 

solutions that can be brought to them. This class r,f problems are those 

thnt cnn be solved by systems based on Intelligent Internctive Environ­

m1mts. We first introduce the notion of Intelligent. lnteractive Environ­

ments, then we introduce the Jam Session language, which is a compact 

and simple to use conceptual tool to build systems based on the not.ion 

of Intelligent Interactive Environments. Finally, we convey our view that 

such solutions can be particularly effective for those systems which shall 

address the needs of a wide spectrum of diverse user6 - as occurs, for 

example, in the case of Electronic Government system~. In order to con­

vey more clearly this view, we present a small prototype of o system to 

address an issue related to cross-borders Electronic Government., namely, 

the issuing of vises lo enter a country for specific purposes. 

1 Introduction 

In the present article we characterise a. specific class of problems, for which a 

confluence of techniques from different areas of specialisation can he relevant. 

We ha.ve coined the solutions to t.hese problems i ntflli:gent intP-rru:ti-llP 1mm:ron­

ment8. Hence, the cl::iss of problems with which we <lm1.I in the present article 

are those problems tha.t cfln he solve<l hy mec1nR of modelling and utilisation of 

intelligent interactive environments. 
An intelligent interfl.Ctive environment is an environment in which: 

• A notion of location is relevant, either because it is an inherent featme of 

the environment (as, for example, when the displacement of objects in a 

physical environment is relevant) or because this concept can he useful to 



characterise 11nd control relevant aspects of the problem we intend to solve 
(as, for example, when we have specific services in the system that must 
be switched on or off depending on the status of circumscribed portions 
of the system - in which case we can model such portions of the system 
Mi mobile 11gents nnd their status as location·s they occupy in a virtual 
space). 

• Responsiueness is an expected feature, i.e. the environment ii; expected to 
internet with users (which can he called inhabitant.~ in this case), in order 
to generate useful actions in response to their needs, goals and intentions. 

• !ntelligrnce is 111/iO 11.11 expected feature, i.e. the environment. is expected 
to sense the behaviour of its inh11hit.11nts, reason about. the motivations, 
needs, goals and intentions that may have genP.ra.te<I that behaviom, and 
respond accordingly. 

In order to model and implement nn intelligent internctive environment, it 
is required, therefore, thM techniques and methods from at le11i;t the following 
areas he used: 

• Distributed and mobile computation, in order to capture the notions of 
mobility of software components, as well as of computational devicei; that 
mny host them. 

• Interaction design, in order to communicate effectivP.ly with inli1tbitants 
and capture their behaviour and actions with utmost efliciency. 

• Artificial intelligence, and more specifically knowledge reprP.senta.tion and 
inference, in order to respond intelligently to the motivations, needs. goals 
and intentions of inhabitants. 

In order to build II more concrete image of the class of problems that can he 
modeled and solved effectively through intelligent interactive environments, we 
present in the following paragraphs a few illustrative examples. 

• Augmented Reality: the availability of locntion awm·e portable devices 
that can communicate to each other and inform their locations (e.g. mobile 
phones and ultra,.portahle computers that e11n locate thellL~elves through 
GPS sensors or proximity to cellphone base stations, and broadcast this 
location through Wi-Fi or Bluetooth networks) , as well as provide multi­
media infonnation to their users, has enahled the possibility lo build low 
cost infrastructures for augmented reality systems, in which users provide 
input data to virtual worlds by means of interacting with each other an<l 
moving about in the physical world. and inhabit simultaneously both the 
physical and virtual worlds, in such way that these worlds Are r:onnected 
to each other through the portable <levicl'.11 carrie<l by the users. 

Applications of this sort of systems are manifold: they c1111 he used for 
entertainment, as e.g. in alternate reality games [8]; remote and semi­
automated assistance in complex engineering tasks [7]; and augmented and 
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mixed reality applications for ed11cation, tourism anrl cultural information 
(10]. 
Our propo.<;ed approach for this sort of applications is h11.<;e(( on the con­
struction of a virtual worlrl , inhabited hy proxie.<; of the hearP.rA of portable 
devices in the physical world, whose behaviour is influenced by actions and 
movements in the physical worlrl. In t11rn, the hehaviour and actions of 
these proxies in the virtual world influences back the physical worlrl, by 
communicating with sensors and RCtuators that change their status ac­
cordingly (5, 6]. 

Hence, we nee<l the appropriate resources to maintain the virtual and the 
physical worlrls synchronised, so that rea.~oning and intelligent reactions 
of the environment for RCtions of its inhabitants can he concentrnterl in 
the virtual world. 

One important feature of an intelligent interactive environmP.nt is that, 
even though it is dearly a multiagent system. in which computer con­
trolled agents must co-e.xist with h11mans and human controlled agents, 
the environment itself must react to actions that arise from its inhabi­
tants. Environments, base<l on this view, are a special sort of intelligent 
agents, which embody all relevant notions to characterise and regulate the 
a.llowe<l interactions among the agents that inhabit them. 

This sort of applications can also scale up to highly complex system<;. In 
order to he able to build reliable systems, the tools that are used to design 
and implement those systems must feat11re resources to verify and monitor 
the behaviour of the proposed designs and implementations. 

• Virtual Worlds and Computer Games: in the majority of systems 
comprising user interactions through virtual worlds, as well 11s in many 
computer games. a. simulation of a physical setting is proposed as the 11rena 
in which computer controlle<l and human controlle<l characters interact. 

Considered this wny, virtual worlds and computer g11me$ cnn he envisaged 
as a special case of augmented reality systems, in which the trRCking of 
movements and actions in the physical world is rleemed unnecessary, and 
all interactions are transported to the virtual environment. 

All features highlighted in the previous e.xample are relevant in this case, 
hence the tools that are huilt for augmented reality systems shall also be 
useful for virtual worlds and computer games. 

• Interactive Systems: in some cases, the notion of location can he used 
as an interesting metaphor to characterise context and implement con­
trol features to ensure reliability and security of systems, hy enabling or 
disabling, depending on context, specified services and modules within a 
system. 

This approach has been use<l in the development of languages and tools for 
the specification and implementation of mobile and distributed systems, 
as can he found, for example, in the Ambient Calculus (2]. 
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Most often than not, languages for algebraic specification of mobile and 
distributed computing are expres.<;ive and mathematically well grounded, 
but can also be complex and difficult to ha11dle. Additional desired fea­
tures of tools to specify, design and implement intelligent interactive en­
vironments are simplicity and user friendliness. 

In the following sections we introduce a proposed conceptual tool for intel­
ligent interactive environments. In section 2 we present II few related projects, 
which have been particularly influential in the design of our proposed concep­
tu11l tool. In section 3 we introduce the Jam Ses.<;ion language for design and 
implementation of intelligent. interactive systems. In section 4 we ilh1strntc Jam 
Se.'>sion l\t work, through a simple concrete example. Finally, in section 5 we 
draw some concl11sions and proposed future work. 

Our proposed language has been coined Jnm Sr.ssion, in refernncc to the 
stand1ml practice of jazz musicians inaugurated riming the fort;ies i11 New York 
City. "Jam .. is actually an acronym and states for "Jazz after midnight'", 11nd 
the original jam sessions were relaxed and innovative performing ses.~ions that 
profes.'>ional musicians develope<I after their d11ties in clubs and restaurants were 
over. Our Jam Se.-,sion language orchei;trates previously existing comp11tational 
resource.<; in original ways for innovative applications, hence the analogy. 

2 Related Projects 

The development of the .fam Session language has been inspired by existing 
research initiatives which account for specific subsets of the expP.ctcd features 
of this conceptual tool. 

A conceptual architecture thAt hellrS several similarities with our appro11ch 
is that of Electronic Institutions [4]. Electronic Institutions are comprised by 
agenu;, role.<;, nonnative rule$ that characterise the institntions per .~e nnd scene.q 
in which regulated dinlogue.q occur involving agents. For 1111 agent to partici­
pate in a dittlogue, it must. assume a spedtic role t.hi-1t. is romp1t1.ihlc wit.h t.hat. 
dialogue, and in order to assume a specific role the agent must ensure lhul il 
has the neces.<;nry capahililies required for that role. Once nll roles required 
for a dialogue are fulfilled by agents, the dialogue can st1trt and, if all norms 
are followed, the dialogue can run to its end, thus performing n strnct11recl and 
controlled scquence of linguistic actions. 

Our notion of location is replaced in Electronic Institutions by the notion of 
roles. Furthermore, actions in Electronic Institntions are re11tricted t.o lingnistic 
actions. It can he an interesting fnture exercise to verify whether Electronic 
Institutions and Jam Session specifications ttre forn111lly equivalent,. Cle11rly, 
however, they are not P-rgonnm.iro.lly e<]uivalent: syi,;t.ems whose most import1mt 
actions are primarily linguistic may be better modeled hy means of Electronic 
Institutions, whereas system<; inhabited hy agents th11t perform net.ions of dif­
ferent nature, e.g. physical interactions with the environment 11nd mobility 
accross physical and/or virtual space.q, may he modeled more naturally using 
Jam Se.<;sion. 
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In Jam Session, a central concept is the concept of environment, which is 
the loclltion where inhllbitant.~ meet to internet. The cApabilities of the envi­
ronment are the enablers of interactions between inhabitants as well as between 
an inhabitant and the environment itself. In the case of Electronic Institutions, 
t.he related concept is that of in.dil.11.l.inn.~, which nre abstr11ct sets of normA thllt 
specify the possible interactions that agents can perform. 

The notion of norm-mediate<l interactions -· thus pl11cing norms as a central 
notion t.o reguh1te an<l guicle agent internctions ·- hns heen pushed forward 1111d 
h11s taken central stage in other approache.~ [11]. Indeed, we have also. i11 the 
past, focused on norms to specify courses of interactions among agents in virtual 
worlds [3]. We have reused this notion in .Jam Ses.~ion, complemented with lo­
cation based situatednes.~ to control the avail11bility of resources for inhabitants. 

Another initiative in a similar vein to the ones cited above has heen the 
development of the Lightweight Coordination Calculus (LCC) [!l]. Indeed, the 
LCC is a language to build executable specifications akin t.o algf'brllic spl'dfi­
cntio11 language.~ such as the Ambient Cnlculus, similar t.o Jam Session. It has 
been proved to have similar expres.~ive power to Elect.ronic lnstit11tio11s, and it 
h11s been used extensively in a variety of 11pplic11tions. 

The main difference between the LCC and Jam Session is that. the Conner 
does not account explicitly and directly for the notion of mobility and sit11ated­
ness. Even though it is possible to simulate these notions in LCC, specifications 
of interaction protocols in which these are central notions can become a little 
terse in that language. We have designed Jam Session specifically to simplify 
the specification of interactions in this situation. 

The LCC has indeed been extended to account for situatedness explicitly, 
thus resulting in a language coined Ambient LCC, which however seems not to 
hnve used in practice, perhaps because it hns turned to he a littlt:! unfriendly 
and difficult to implement. 

Contrasting to the nppronches mentioned thus far, the Mnltilnyere<l Multi~ 
gent Situated Systems architecture (I\IMASS) [12] considers mobility as the cen­
tral notion for situnterlness and interactions in nmlti11gent systems. In MMASS 
we find the notion of locations, which aw structured by pathways forming a 
graph of sites through which agents can move to look for specific resources to 
accomplish their goali;. We have borrower! these concepts for .Jam Session. 

As will he presented in the following sections, the .JRm Session language 
combines the feature.~ of 1111 previously mentioned initiatives, to build a user 
friendly and simple language to specify, design and implement efficiently soft­
ware sol11tions based on the notion of intelligent interactive environments. 

3 The Jam Session Language 

As advancer! in the previous sections, a fundamental notion in .Jam Ses.~ion 
is the concept of lnr.atinn. Intuitively, we have services in the environment 
as a whole which are blocked or unblocked for utilisation, depending on the 
location of agents. AgenL~ have capabilities, which become active when they 
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Figure I: A graph of locations. Agents can move, for example, from loc:ation 
to location 2, but they cannot move from location 2 to location 4 

reach specified locations. Whenever we need a specific service, we must make 
sure that the agent that has the capability of furnishing that service in a specific 
location has actually moved to that location. 

Formally, we have a directe<l graph to ,:;pecify locations and their connec­
tions. The nodes of the graph are the locations, and the arrows charncterise the 
admissihle trnnsitions that agents can perform to move 11ho11t loc:a tion,; (Fig­
ure 1). 

Agent.~ are entitie$ that inhahit locations. An ngent stays in a locR.tion until 
it receives an order to move to a different location. 

An or<ler for an agent to move is a triple of the form 

mm1P.(Agenf., Locc1f.ion1, /,oml.im12). 

In this order, the agent AgP-11.t is assume<l to he in Lor:nt.i on1 ancl is heing 
requested to move to Location2. An order to move can be evaluated, in which 
case an attempt to execute it shall be performed nnd a. corresponding trnth 
value shall be 11..~signed to it, depending on the success of the execution. 
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Tru" false 

Unddinud 

Figure 2: The Belnap four lattice of truth values 

In Jam Session, we employ a four valued lattice of truth value$ known as 
BPlno.p four [l]. In this lattice, we hnve the tmth values undefined, true, false 
and inconsistent. The truth value undefined stands for a statement whose 
truth value cannot he determined. The truth vnlue.c; true 11nd false con·e.c;pond 
to the usual (clas.c;ical) notions of truth and falsity. The truth value i111:011si.~te11t 

st1mdc; for a statement whose truth value has heen determined as hoth true and 
false. The order relations in the Belnap four lattice are depicted in Figure 2. 

When an agent receives such order, two situations can occur: 

1. Something goes wrong. There are three possibilities for something to go 
wrong: 

(a) The agent may not be in Locat:ion.1 in the first place. 

(h) There may not he an arrow starting in local:imt1 and ending in 
Locatimi2. 

(c) The agent may have a registered prohibition to move to Location2 • 
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If something goes wrong (i.e. any of thfl possibilities above occurs), then 
the agent stays wherever it is and the order is evnl11nted as bearing the 
truth value undefined. 

2. Everything works fine . In other words, all t.hree conditions above are 
fulfilled. In this case, the agent is actually transported from Locat.ion.1 to 
Locat.ion.2 , nnd the order is evaluated ns hearing the truth w,lue true. 

Jnrn Session cnn he envisaged as an orchestrator of external resources. The 
constructs in this language have been designed to provide the appropriate means 
to coordinate and to regulate the triggering of availahle resources. The concep­
tual tool to perform this coordination and control of resources is the movement 
of agents through loc11tions. 

External resources are named predico.te.~ in Jam Session. Each predicate is 
associated to a pair [Agent., Location). Predicates also have parameters, which 
Me formed as classical first-order terms. Hence, a predicl\te has the form 

[Ag1m.f., Loc11/.irm]pre,lic,d.f:(Term.1, ••• ,Term,.) 

A prediCllte can he triggered , i.e. thern can he an attempt to evalw1te it. 
Ma;t typically. preclicnte.~ are used to consume extern;il resources and call ~x­
ternnl services. The predicate parameters are passed to these external resources 
and service.~, l\nd if the resources and services are successful they are expected 
to send hack appropriate instantiations of the parameters. 

When a predicate is triggered, three situations can occur: 

1. The predicate is blocked. This can occur because the agent Agent is not 
present in the location Locat.irm, or because the attempt to trigger the 
predicate is ill specified, e.g. t.he requested predir.at.e is not t1Ctu111ly ass,>­
ciatecl to the given pair [Agent., Lor.r,.f.i.011]. or the number of parnmett~rs 
that has been passed to the predicate does not correspond to its definition. 
In this case, no service.~ or resources are consumed and the predicate is 
evaluated as undefined. 

2. The predicate is triggered accordingly, and the external corresponding 
service.~ or re.~ources nm imccessfnlly. In this case, the pnrnmeters nre 
instantiated and the predicate is evaluated ns true. In this c11se, there is 
also consumption of resources and/or 11ervices. 

3. The pre<licnte iR triggered accordingly, hut t.he externnl corre.~ponding ser­
vice.~ or resources fail. In this cnse, the predicate is evnlunte<l to false. 
Notice that, in this case, since 11n attempt to execute the corre.~ponding 
external servicP.q and/or consume external resource.~ hns nct.ually oc<:11rrnd, 
the predicate parameters may he instantiated to value.~ correspon<ling to 
the partial execution of services and utilisation of externnl resources. In 
other words, when a predicate fails, there can occur side effects as a con­
sequence of its evaluation. 
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The resource we have in .Jam Ses.'iion for the orcherstration of resources is 
the construction of protocol,. A protocol is a structured chain of events, and it 
specifies who should come after who. Events can be of four types: 

1. Orders for agents to move. 

2. Triggering of predicates. 

3. Triggering of auxiliary protocols. 

4. Combination of previous events hy means of connectives, ns explained 
below. 

Protocols are linked to locf\tions. A request to trigger II protoc-.ol c:an result 
in the following alternative situations: 

1. The requested protocol is not actually defined for the spec.ifh•d location. 
In this ca.~e, the obtained truth value is undefined. 

2. The requested protocol is defined for the specified loc:ation. In this case, 
the specification of the protocol is retrieved and evaluated, basl'<l on the 
11lgehraic rules that govern the behaviour of the connectives that are used 
in the specification of the protocol. The result of the !'valuation determines 
the truth value thRt shall be assigned to the protocol. 

A protocol is denoted as 

[ LocfLtinn]protocol(Te1'm1, •• • , Tr.rmr) 

Here, Locaf.·im1. stnnds for the location to which the protocol is connected, 
fl.nd 1'erm; are first. order t.1mns as before. The expected ut.ilisttt.ion of terms 
i11 the specification of protocols is for parameter pttSsing accross predicMP.S a11<l 
Ruxili11ry protocols. 

For the specification of protocols, we employ four binary connectives, whose 
behaviour is as follows: 

1. Classical conjunction (/\) : classical conjunction builds the greatest lower 
bound of the trnth values of its operands: given two (structures of) events 
a, and /3 , and assuming that we can assess the trnth values as.'iociated to 
each of them, then the truth value of a,/\ /3 shall he the greatest lower 
bound for the truth values of a, and /3. 

2. Classical disjunction (V): clas.'iical disjunction builds the lea.'it upper hound 
of the tnith values of its operands: given two (struct.1irf'.~ of) events a, and 
/3 , and assuming that we can assess the truth values associ11ted to each of 
them, then the truth value of a, V /3 shall he the least upper hound for the 
truth values of a, n.nd /3. 
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3. Sequentifll conjunction (n): sequential conjunction evnhrntes left to right, 
and employs different rules depending on the event to the right . The basic 
irlea is to regul11te the evaluation of chains of ev1mts, by taking into account 
the succe,-.o; or failure of orrlers for 1tgents to move: 

(a) If the event to the right is an orrler to move, then the tmth value of 
the event to the left is expecterl to he true. In other words, an orrler 
to move is expecterl to he triggered only if it;; antecedents h11ve heen 
sur.cc.<;sful. Intuitively, this re.o;ource lrns heen impl1m1ent.cd in Ja.m 
Session as a tool to regulate the global behaviour anrl security of sys­
tems. When nn agent moves to a new location, previously avnilable 
services anrl resources are locked up, anrl new services and resources 
are releaserl. The sequential conjunction provides the means, in Jam 
Se.o;sion, to implement conrlitional rules for the switching of available 
services a.nrl resources. 
More sp,~ifir.l\lly, if the event. to the right of f\ seq11enti11l conjunc­
tion is nn orcler to move, ll!en we have the following table for the 
evaluation of the truth val11e of the whole expression: 

• o:nmo11r.(A,L1,L-2): 
truth vl\lue of o is 
undefined==> result is undefined. 

• on move(A, Li, L:i): 
truth value of a is either false or 
inconsistent ==> result is false. 

• anmove(A,L1,L2): 
truth value· of o is 
true ==> order to move is triggered , end trnth value is the result 
of ch1ssical conjunct.ion between what comes 011t of t.he at.tempt 
to move anrl true. 

(b) If the event to the right is any other event rlifferent from 1111 order 
to move, then the truth evnluation follows the rules of clnssicnl con­
junction. 

4. Sequential rlisjunction(U): sequential rlisjunction evl\hmte.o; left to right, 
and employs different rules depending on the event to the left. The b11Sic 
idea here is to attempt different alternative solutions only if necessary. 
When a satii,far.tory truth vfllne is I\Chieverl, the ev11hrntion is resumed. 

More spP.r.ifically, t.he evl\lul\tion of sequP.nt.ial disjunct.ion goes 11s follows: 

(a) oU/3: 

truth value of a is inconsistent ~ inconsistent. 

(h) au /3: 
truth value of a is true ==> true. 



(c) o-U/3: 
truth value of a, is either undefined or false ==> order to move is 
triggered, end truth value is the result of cl11ssical disjunction hetween 
hoth operands. 

The specification of a protocol is a chain of ev,mts li11ke<I hy connectives, 
thus forming nested pa.irs of the form (a:1 r::mm.1 a2) r.m1:n.2 0::1) ... ) c,rm.11.11 Ou+!). 

in which o; are events and cm,.nj are connectives. 
Sequential conjunction has priority over clas.~ical conjunction; both conjunc­

tions have priority over sequential disjunction; all these three connectives have 
priority over cla.~sical disjunction. 

Protocols can be threaded. This means that more th11n one single protocol 
may he running at Rny time. It shall he left t.o the programmer to 1msure that 
the resulting concmrent groups of threaded protocols generate behaviours that 
are in nccord11nce with the existing systems requirements for eHch itpplication. 

Just. to see how the specification of a protocol looks like, we consider the 
following simple protocol: 

[loci)prnt(X, Y) ::= [loc1, <Lgi]p,-erl1 (X) n move(ag1, loc1, loc2) n 
[loc2, <Lgi]prerl2( Y) U [Loe,, ag2]prerl:i(X, Y). 

In this protocol, we have two locations - loci and loc2 - and two agents -
,191 and <LY2 • There are also two varial>lt>-~ thttt act ttS placelwl<lers for spr.cific: 
values when the protocol is triggered. 

The protocol executes as follows: 

l. The predicate p1·ed1 must be defined for ag1 in loc1• If it is not, then the 
result of this evaluation is undefined, otherwise wr<l1 (X) is evahmtc<l, 
possibly producing as a side effect a value for X. 

2. If the evaluation of p1'ed1 (X) is true, then agent <Lg1 receives nn order to 
move from lor.1 to loc2 . 

3. If the attempt to move to loc1 is succP.-Gsful, then the move receives a value 
true. 

4. All results being true so far, then the predirnte ])l'crl2 is verified and 
attempted to evaluate, if this is the case. The end result of the protocol 
is the result of the cla.~sical conjunction applied to all events. 

5. If the end result of the evaluation of this branch of the protocol results in 
true, then the evahmtion rei,umes anci this is the end result. Otherwise, 
the second branch of the protocol is verified, and the end result. is r.vttluttted 
as a classical disjunction bet.WP.en the two branches. If 1.lw first. branch (i.e. 
the piece of the protocol that comes before the U c:onnective) is evaluated 
to false and the i;econd hmnch is evahmtP.<I to true, then the overall 
protocol is evaluated to inconsistent; if the first branch is evaluated to 
undefined nnd the i;econd hranch is evaluated to true, then the overall 
protocol is evaluated to true; nnci so on. 
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If we take again the illnstrntive examples of section I, we caJ1 sketch the cor­
responding protocol., that could ground the corresponding intelligent interactive 
environments that solve them. 

1. Augmented Reality: in order to hnild intelligent internctive environ­
menL~ to support augmented reality systems, we must keep tra.ck of the 
physical and the virtual location of every inhabitant of the environment, 
to ensure that the appropriate service.., and resource.~ are the only ones 
avai111hle l\t all times. We must also have the means for users to consume 
services and resources. 

These features can he implemented hy using three special sorts of proto­
cols: 

(a) Infinite loop protocols: an infinite loop protocol can be writ.ten HS a 
chnin of events connected by sequential conjunctions, in which the 
last event is a recun,ive call to the protocol itself as an auxiliary pro­
tocol. Infinite loop protocols must be c1.1refully designed, t.o ensure 
that, upon arrival to the recursive call , the global state of the envi­
ronment - lo~tions of agents, instantiations of terms etc. - has heen 
returned to the initial state that coulcl be found at the moment the 
protocol was first triggered. 

Infinite loop protocols can be employed, for example, to monitor the 
presence of agents in locations. 

(h) Threaded protocol.</: threaded protocols a.re collections of protocols 
that are triggered concurrently and compete for the consumption of 
resources nnd services. The design of threaded protocols can be quite 
complex, as we must ensure that the asynchronous consumption of re­
sources and service.-, does not lead to 1mP.xpected or unde.-,ired globfll 
states of the environment. In future work, we shall develop tools 
for the autom1tted or semi-automated verification of tlrnia<led proto­
cols, po.~sihly based on simulated execution of protocols. resorting t.o 
technique.~ similar to those employed in model checking in genernl. 

Threaded protocols can be employed, for example, to monitor the 
migrations of all agents simultaneously, as well 11s to satisfy the re­
quesL-, from e.xternal users in multiuMer scenarios. In the~e cases, the 
protocols can update persistent variables that stay as resources in 
specified locations, as if leaving messages in message boards (or clues 
in treasure hunting) for other protocols to ncce.~s. 

( c) u.~P.T r.onl.ro[lp,d protocol~: user controlled protocols arc protocols that 
c11n he triggered directly by users through appropriatP. usr.r iutr.rfoc<> • .,. 
User interfac<>.s can be also implemented as infinite loop protocols, 
who.-,e external resources can check the value of nser controlled pa~ 
rameters and trigger auxiliary protocols accordingly. 

Infinite loop, threaded and user controlled protocols can be combined to 
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implemented the necessary responsiveness of intelligent interactive envi­
ronments. 

2. Virtual Worlds and Computer Games: as referre<l to in previous 
sections, interactions throngh virtnal worl<ls can he c:omprise<l 11..c; a spe­
cial case of angmente<l reality, in which certain interactions <lo not occur. 
Therefore, similar programming rc>.c;ources to tho.c;e referred to for aug­
mented reality can be employed in order to dfor.tively huild virtual workls 
and highly imrnersive computer games. 

3. Interactive Systems: M also referre<l to in previous sections, interactive 
systems can also he envisaged as a special case of virtual worlds, in which 
the notions of location an<l mobility can he taken metapho1ically as well 
11..c; literally. Hence, the same programming resources can he employe<l for 
these systems. 

Jn the next s~t.ion we introduce a highly simplifh~I example of system for 
the <lelivery of cross border public services, hHsed on the notions Hhove. 

4 A Simple Illustrative Example 
In this section we put Jam Session to work. Our goal is to show how it can he 
use<l to orchestrate the co111mmption of external resonrces, in or<ler to compose 
complex systems. 

Our illustrative example belongs to the domnin of Electronic Government 
- more specifically, to cross borders e-GOV services. It is well known that the 
requr.c;ts for special purpose visas for individm1ls to visit foreign countrie.c; can 
be quite complicated. Significant. portions of the workflow to obtain a visa 
coul<l be automate<l and presente<l to citizens through the web, thus creating 
opportunities to simplify the correspon<ling proce<lnre.c;, as well as to make t.he 
system more user friendly llnd cost effer.tive. Furthermore, tht! web presentation 
of services and reso11rces related toe-GOV should always he highly user friendly 
an<l <lirected to the bron<lest possible spectrum of in<lividuals. 

We have implemented a simple prototype to inform Brazilian citizens about 
the required procedurns to ohtain student vis11..c; to stu<ly in Chile1• In this 
prototype, we have five locations and one agent. Depending on what location 
the agent is, different predicates are available, which trigger external resources 
that provi<le speech-h11..c;ed information about the procedures to follow, ns well 
as capture information from the user. 

There are at least two intuitive interpretations of whflt is going on when we 
use this system: 

1. The system can be envisaged 11..c; mimicking the actual physical interactions 
a user coul<l go through while at the Chilean consulate in Brazil. Each 

1 We t.hank P rof. Ro.sa Alllfcon, fro m Pontificia (Jniverside.d C 1<t.olica de Chile, for inv1<lu­
a.ble info rmation about the workflow to obtain s tudent and work visas to Chile. 
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location can be seen as the simulation of a desk, a clerk or a specific 
acitivity developed by a clerk at the consulate, and when the agent moves 
to a different location the user could have a sense of having moved to a 
different step in the process to obtain the visa. 

2. The system cnn he taken more leisurely 11s a computer game. The user 
can feel M if solving a puzzle, which happens to he IL carefully !milt one 
so that, as a side effect, once it is solve<!, the \Iser ITHW luwe lt~anwd about 
the information he/she needs to obtain the needed visa. 

In both cases, the i<lea is to build a user frien<lly, fun to use, accessible for 
all system, whose utilisation would break harriers that users may face in order 
to access complex services. 

Our prototype can only provide useful information to citizens. lt would actu­
ally be simple to extend it to perform services that could support thP. provision 
of visas to citizens. All thttt woukl he necessary would he to replace certain 
services - which at the moment only provide relevant information to citizens 
- by servkPS which coul<l effec:tively perform p11Tt.s of the rP.<Juin~:1 workflow in 
order to simplify the issuing of visas. 

A prototype for the Jam Session lang,rnge has been implemented in PRO­
LOG, to build a demo system for the provision of information t.o study in Chile. 
In this prototype, the user is advised about what to do by an animated cartoon 
character. The messages that are spoken hy the animated character are pre­
recorde<l messages2 • A screenshot of the demo, in which the animated cnrtoon 
appears providing information to the user, is presented in Figure 3. 

The five locations are organised as a trP.e, as depir.ted i11 Figure 4. 

Location 1 is the entrance door to the system (and to the virtual environment 
that provides information to the user). When a user starts to use the system, 
the agent is placed in location 1, which also hosts a predicate that can trigger 
an external resource which salutes the user, provides information about how the 
system works and asks for some hasic information. 

Depending on what the user replies, the agent is directed to either location 
2 or location 3. Once in one of these new locations, the agent c1rn trigger 
the predicates that are hosted hy that location, which shall provide the user 
with additional information and ask for additional Answers. This way, 11s the 
agent hops from location to location, different system states are characterised, 
different resources are released, and different behaviours of t.he syst.em c.11n bP. 
perceived by the user. 

2 1n order to create the spoken messages from written text, we have employed n co,nmercial 
product. called CrazyTolk@. 
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Figure 3: Screenshot of the demo system to inform 11hout how to obtain student 
visns to Chile 
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Figure 4: The structure of locations in the demo 
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In our demo, once the agent reaches one of the "leaf'' locations, the system 
halts. More sophisticated protocols could be devis1>.<l , in whir.h f!.g. paths r.on­
necting the leaf locations hack to the entrance door could he 1-Uided, and the 
protocols could loop back to the startin~ state to attend the next user. 

A set of protocols that implement this df'rno can he as below. In thr.c;e 
protocols, we use PROLOG standard n'Jtation for logical terms and vllriables. 
We also assume that the user interfac~ captures USf!r input llnd Rtore."i it as 
puhlidy acc1>.<;sihle t.r.rms, which can ht' read l,y tlrn protocols ,L~ v:il11es of t.he 
PROLOG fact lastln.pu.l.(lnp1Ll). We have added some parenthe-;r.~ to simplify 
the reading of the protocols. 

• The predicate prr.rlW t:lr.mru:( ) tri1;gers the external rnso11m: that contains 
an llnimation that greets the user, provides init.illl information to him/her 
am! captures some initilll user input. 

• The predicate 71rP-dCom7><1reSf.i'ing(X, }') rnmpares two strings, and r& 
turns true if they 11re identical or false otherwise. 

• The predicates 

- p1'(:.dShorl.8f.rty( ) , 

- prerlComplP.I.P-Dor.s( ) and 

- pmLGoToOf ficc() 

provide additional inforrnat.ions tc. the 11sf!r an<l halt. 

• The predicate pl'(;rlDor.~Pendingf ) provi<lf's R<lditional inform11tion to 
the user and waits for additimml input, which then 11pdat1>s the fact 
lasl./npuf.( lnp11t.) . 

[l]pl'of.Wclr.nme() ::= 
[!, 1]predWclr.omc() np,.ot/lfigl'(Lte2or3(lastlnpnf.(lnput.)). 

[l]prof.A1-igmf.P.2or3(lr1.~f.J11.p'u.t(lu.p11.t.1 )) ::= 
( [ 1, I ]1>1'edC omporeString( fr.put. 1 , 

I shall stay in Chile fo., 3 months or les s) n ·m011f'( I, I, 2) 
n[l , 2)JmidS'hol'tStay( )) U (mo11e(J, I , 3) n [I, 3]p1'r.cl1Joc.~Pewling( ) 
n[3jprotMigrnte4or5( la.~tlnpul,( 1 np11t.2)) ). 

- [3]p1'of.Migrnf.e4o1'5(lastlnp1 t(l117ml2)) ::= 
([l, 3]1n·erLCompm·p_Stl'ing( /1•.p,lt2, 
I still must obtain some docwnents) n mo11r,(I, 3, 4) 
n[l, 4)p,·edCmnpleteDoes( )) U (moue( 1, 3, 5) 
n[l, 5]1n·edGoToO f Jir..r.( )). 

Evidently, for n simpl1~ system AR the one depicted in this demo. mnch simpler 
solutions could he developed. We have 1,sed this ex11mplt=: only as 11n illustration 
of how Jam Session works and ca.n he used. Thfl advantages of Jnm Srssion 
over more traditiorrnl development tools becomes more evident as we scale up 
the complexity of interactions in the int.elligent interactive environment that is 
being developed. 
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5 Conclusion and Future Work 

In the present. work WP. havP. idP.ntified 11. special cl11.Ss of problmns, for which 
intere.c;ting solutions can he <levelopecl ha.c;e<l 011 what we have coine<l intelligent 
internctive environments. We h11.ve 11lso introdnce<l t.he J11m Session ifmgnage, 
which can provicie the me11ns to de$ign 11110 implement sytem solutions l111s(id 
on the notion of intelligent internctive environment,,;. 

F\irther empirical assessment of Jam Session must still he rlevelope<l, to 
ensure that the expres.~ivenes.c; of the proposed language is appropriate for the 
envisaged solutions that shall be develope<l using this conceptual tool. Moreover, 
we have founde<l many of our arguments towar<ls .Jam Ses.c;ion on tlm view that 
friendly interactive environments can be useful to improve the quality of service.c; 
provided by computational systems to broad spectrn of users, as occurs, for 
example. in the <levelopment of i;ysterns for Electronic Government .. This view 
shall 11lso, in the future, he empirically nsiw$sed. 

We have developed a small interpreter for Jam Se.c;sion, written in PRO LOG, 
which can cope wit.h one protocol llt ll time. The codfl for t.his interpreter c11n 
be accessed from the Jam Session project webpage:i. As can he apprec:iate<I by 
looking at the corle that implements this interpreter, the .Jam Session language 
is indeed simple, compact an<l easy to unrlerstanrl an,rl to use. 

This interpreter has been use<l to implement a prototype for a system that 
provides information to citizens intereste<l in obt11ining stu<lent vis11s to study 
abroad . The source code, as well as all requirerl auxili11ry resources to nm this 
prototype, can also be downloaded freely from the .Jam Ses11ion weh site. 

We are, at the moment, working on a more extensive implementation of Jam 
Session, that shall be capable of dealing with threacle<l protocols an<l multiuser, 
<listrilmte<l environments. Future implementations of interpreters for Jam Ses­
sion shall also he puhlisherl for free accP.'iS from the .Jam Session project web 
page. 
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