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Abstract. The service-oriented paradigm has been established téesmaibker
development of new applications from already existing ises: Service nego-
tiation is a key technique to provide a way of deciding andosiittg the most
suitable service, out of possibly many services delivesimgilar functionality
but having different response times, resource usagegspetc. In this paper, we
present a formal approach to the clients-providers netiymtiaf distributed en-
ergy management. The models are described in our receithdirced RMES
HbcL language, with timed automata semantics that allows usgly &P PAAL-
based tools for model-checking various scenarios of semnégotiation. Our tar-
get is to compute ways of reaching the price- and reliabdjpyimal values of the
utility function, at the end of the service negotiation.

1 Introduction

Service-oriented systems (SOS) represent a promisingpapiprthat accommodates
the necessary conceptual foundation to provide quickelicgtipn development out
of loosely coupled software entities, called services. $B paradigm also provides
a way to connect new systems and services with legacy systengice negotiation
is a key technique towards deciding and choosing the mosdltdeiservice, out of
possibly many services delivering similar functionalityt lhaving different response
times, resource usages, prices, etc.

The literature describes several rather theoretical iethat tackle this topic [1-4]
but lack constructs for formal analysis. The benefit of dtitag such supportto a service
negotiation protocol is the capability of verifying if theegotiation design meets its
specified requirements. Also, formal verification allows émcompute various quality-
of-service (QoS)- optimal paths corresponding to différesgotiation scenarios.

Motivated by the above, in this paper we describe the mogelim formal analysis
of a distributed energy management in an open energy markelar to one described
by Mobach [5]. In an open energy market the traditional epengnagement does not
suffice anymore, since it is required to facilitate intei@ts between market partic-
ipants; this means that the management should be supportadvindel that allows
energy providers to establish agreements with energy coasuw.r.t. the supply of
energy. The model of the energy market is described in Seatio

Such a model involving customer-provider negotiation setedbe analyzed for
various strategies that aim at reaching an agreement biahédicboth sides, against



specified requirements. The goal of the analysis presenttds paper is also to val-
idate our service-oriented modeling and analysis framkytbat is briefly recalled in
Section 2. The framework consists of the resource-awaredtibehavioral modeling
language RMES [6], reviewed in Section 2.1, and its underlying formal miode-
scribed in terms of timed automata (TA) networks [7, 8] (seet®n 2.2). The nego-
tiation model is obtained by composin@gERES services, within a corresponding tex-
tual service composition language called Hierarchicaldgit Composition Language
(HbcL) (see Section 4), via operators that have been defined flyrmadur previous
work [9]. The salient point of the approach is the fact tha tibtained negotiation
model can be analyzed against safety, timing, and utilityst@ints, for all possible
behaviors of the parties. This can be achieved by transfayitie negotiation model
into a TA formal framework, which has a precise underlyinghaatics that allows
its analysis with WPAAL tools, for functional and extra-functional behaviors (tign
and resource-wise behaviors) [10]. We show how to compet@tite- and reliability-
optimal values of the utility function, at the end of the seevnegotiation. The analysis
of the energy negotiation process and its results are dxestim Section 5. Last but not
least, we present some relevant related work in Sectionféréoeoncluding the paper
in Section 7.

2 Background

In this section we briefly overview the preliminaries on thenv® s modeling language
and the timed automata formalism, needed to comprehenéshefrthe paper.

2.1 REMES- alanguage for behavioral modeling of SOS

To describe service behavior in SOS, we use the dense-tenarbhical modeling lan-
guage called RMES [6, 9]. The language is well-suited for abstract modelingsi
hierarchical, has an input/ouput distinction, a well-defiformal semantics, and tool
support for SOS modeling and formal analy’sj40, 11]. The formal analysis is accom-
plished by semantic transformation oERES models into timed automata (TA) [7] or
priced timed automata (PTA) [12], depending on the analygis [10].

A service in REMES can be described graphically (as a mode), or textually, ista |
of attributes (i.e.service type, capacity, time-to-serve, status, service precondition, and
postcondition) exposed at the interface of theeRES service. A REMES service can
be atomic, composite, but also employed in various typeswipositions, resulting in
new, more complex services. In order to model the syncheahizehavior of parallel
services we have previously introduced a special kind ®1Rs mode, called AND /
OR mode. By the semantics of the mode, irAD or anOR mode, the services finish
their execution simultaneously, from an external obsésymint of view. However, if
the mode is employed as &aND mode, the subservices are entered at the same time,
and their incoming edges are not constrained by any booleaniag condition, called
guard; in comparison, @R mode assumes that one or all subservices are entered based
on the guards annotated on the incoming edges. Servicebdlmatg to this type of
ReEMES mode and that have to synchronize their behavior at the etiteofexecution
communicate vidsync-ana (all Services take their respective exit edges at the sanee ti

! More information available at http://www.idt.mdh.se/semal/eep/reseide/



and mode finishes its execution),|@xnc.or (the mode finishes its execution as soon as
one service has taken an exit edge) operators, respedtbesyour previous work [9]).

In order to manipulate services,ERES supports service creation, deletion, compo-
sition, and replacement viagRESinterface operations. An example of a create service
operator is given in Eq. 1. Alongside the above operatiogsjEsis accompanied by a
hierarchical dynamic composition languagef¢i) that facilitates modeling of nested
sequential, parallel or synchronized services and thenpasitions.

[pre] : service_name == NULL
create : Type X N x N x "passive” x (X — bool) x (X — bool) — service_name 1)
{post} : service_name # NULL A capacity > 0 A time — to — serve > 0

Our system is composed ofERIES services that can be analyzed by transform-
ing them into a formal network of TA that have precise sentagind can be model-
checked against relevant properties (see the followintjos®c In our recent work, we
have introduced an analyzable negotiation model into th®Es language [13], that
is, an analyzable high-level description of the negotrabetween service clients and
service providers. The model has an implicit notion of timd aupports annotations in
terms of price, quality, etc., all modeled by the e stextual service composition lan-
guage HbcL. The crux of the modelis that it has a formal TA semantics clvihéts one
verify various model properties, for all possible execnsioFor a more thorough de-
scription of the RMESlanguage, we refer the reader to our previous work [6,9/4]3, 1

2.2 Timed automata

A timed automaton (TAN) [7, 8] is a finite-state machine emeid with a set of clocks.
All clocks are synchronized and assumed to be real-valuectiins of time elapsed
between events. In this work we use TA, as defined in tireAAL model-checker,
which allows the use of data variables [15-17].

Let us assume a finite set of real-valued varialilesnging overz, y, etc., stand-
ing for clocks,V a finite set of all data (i.e., array, boolean, or integery anfi-
nite alphabet” ranging overa, b, etc., standing for actions. A clock constraint is
a conjunctive formula of atomic constraints of the form~ n or x — y ~ n for
x,y € C,~€ {<,<,=,>,>}andn € N. The elements of5(C) are calledclock
constraintsover C'. Similarly, we useB(V') to stand for the set ofion-clock con-
straintsthat are conjunctive formulas af ~ j ori ~ k, wherei,j € V , k € Z
and~ € {<,<,=,#,>,>} We useB(C,V) to denote the set of formulas that are
conjunctions of clock constraints and non-clock constgain

Definition 1 A timed automaton A is a tupld, lo, C, V, I, Act, E) where: L is a finite
set of locations] is the initial location,C is a finite set of clocksl is a finite set

of data variables] : L — B(C) assigns (clock) invariants to locationdet = X' U

{7} is a finite set of actions, where ¢ X denotes internal or empty actions without
synchronizationf C L x B(C, V) x Act x R x L is the set of edges, where R denotes
the (clock) reset set. In the case(bfg, a,r,l') € E, we writel %" I’, wherel is the
source location]’ is the target locationg is a guard, a boolean condition that must
hold in order for the edge to be takemnjs an action, and- is a simple clock reset. m



The semantics of TA is defined in terms of a labeled transgimtem. A state of a
TAn is a pair(l, «), wherel is a location, and: : C — R, is a clock valuation. The
initial state(ly, up) is the starting state where all clocks are zero. There arekimds
of transitions: delay transitions and discrete transgion

Delay transitiors are the result of time passage and do not cause a changeof loc

tion. More formally, we havél, u) < (lbudd)ifued = I()for0 <d <d.The
assignment & d is the result obtained by incrementing all clocks of the enata with
the delayd.

Discrete transitionsare the result of following an enabled edge in a TAn. Conse-
guently, the destination location is changed from the saigcation to the new target
location, and clocks may be reset. More formally, a discaretesition(l, u) = (I’,u')

corresponds to taking an edb&%" I’ for which the guard is satisfied by:. The clock
valuationu’ of the target state is obtained by modifyingccording to updatessuch
thatu' = I(1').

Reachability analysis is one of the most useful analysietfopm on a given TAn.
The reachability problem can be defined as follows: Given $tedes of the system,
is there an execution starting at one of them that reachesttie? The reachability
analysis can be used to check that an error state is nevéregaar just to check the
sanity of the model. A network of TA4,]|...||4,, overC and Act, is defined as the
parallel compositior, ||...||A,, over C and Act. Semantically, a network describes a
timed transition system obtained from the components, wiring synchrony on delay
transitions, and discrete transitions to synchronize angtementary actions (i.eq,?
(receive synchronization) is complementaryitgsend synchronization)).

Properties of TA can be specified in the Timed Computatiore Tregic (TCTL),
which is an extension of Computation Tree Logic (CTL) witbaits. CTL is a speci-
fication language for finite-state systems used to reasoat @egquence of events. Let
AP be a set of atomic propositionsc AP. In this paper, a CTL formula is defined
as follows:

pu=TI[pl~¢|¢1 A2 |d1 = d2| EFG| AF¢ | AG

Each CTL well-defined formula is a pair of symbols. The firseigior is a path
operator, either A (“for All paths”), or E (“there Exists athd). The latter operator, a
temporal operator, is one of the following: F (“in a Futuratst), or G (“Globally in
the future”). For examplé’ F'¢ means that there exists a path such thet eventually
satisfied and it is called a reachability property. More dietan CTL and TCTL can be
found in earlier work of Alur et al. [18, 19]. In the next saxtiwe present the details of
the distributed energy management case study.

3 Energy negotiation model inREMES HDCL

The energy management system includes an energy consuengcl{ent) that creates
a request and communicates with energy providers via a toedfrequest contains
information about requested amount of energy, requirecepwer unit of energy, and
expected reliability for energy to be provided. The supglgmergy is based on a nego-
tiation carried out between consumers and providers inilplgsmore than one round,
assuming a certain strategy. The negotiation relies onrésements, where energy
providers specify the type of energy to be sold (i.e. depemdin the energy source,



diesel generators, wind turbine, etc.), available amo@ir@nergy, its reliability, and
price per unit of energy. In this paper’s negotiation modebssume an iterative form of
a Contract Net Protocol (CNP). In the CNP there exist th@falhg roles: the client (an
energy consumer), the manager (a negotiation mediatat)thencontractor (an energy
provider). The manager gets a request from a client and difireding an appropriate
contractor to fulfill the request via call for proposals (GHPased on the response from
contractors the manager decides which offers to presentlierst. Depending on the
implemented strategy in each round both the contractorgkents aim to improve on
their previous proposals and request, in order to come icloghe consensus.

The energy consumer is assumed to have a varying energy deimgrhas to be
satisfied over a period of time (i.e., certain periods of thg Have higher energy de-
mand than the others), while at the same time energy pravit@re varying energy
capacity. In this model, a single day is considered (seelfjgvith consumer requests
coming every two hours. Every two hours a new negotiatiorissend should provide
energy for two subsequent hours. A consumer initiates tigetreion just before the
moment the energy is to be claimed and used. After a requestdted, the media-
tor negotiates with the available energy providers, on belidhe consumer, creating
competition between energy providers. As a result of eaghast an agreement should
be signed covering the desired energy over a defined peritichef It might be the
case that involved parties do not reach a consensus andtinabe@ no agreement is
established, meaning that the client might be out of enevgthfat period of time.
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Fig. 1: An energy demand over a day

In our model, we have implemented three scenarios in whistoauers have en-
coded different behavior:

— Scenario 1A customer has maximum bound on the price and the final aabkpt
price cannot be more than 20 price units higher than thelniquested price;

— Scenario 2A customer has no maximum price value, the negotiation catirtue
until an agreement is conceived;

— Scenario 3A customer adapts maximum price trying to get as close asilpeso
the offered price, but at the same time not to pay more thabldanitial price. The



idea behind this scenario is to get an agreement in the shabasible number of

price negotiations.
During the negotiation process the provider is not awarekvkirategy the client uses.
In this paper, we provide aBMES - based description of the distributed energy man-
agement thatis furthermore translated to the TA formal 8awork and analyzed against
safety, timing, and utility constraints (described as aglvead sum of negotiation pref-
erences). In the following section we will provide & Res HDCL-based model of the
energy negotiation described above.

4 REMESHDCL - based energy negotiation model

To enable a systematic and analyzable way to model the emegptiation process,
as described in Section 3, we provide thenv®Es HDCL description of the model. The
model is based on the set oERES interface operations and the hierarchical textual
language HcL [9]. The model assumes that we first have to declare and iestan
all participating services usingeMEes interface operations. We model one energy con-
sumer, two energy providers and one mediator that reprefieninterests of all negoti-
ation participants as shown in Table 1 (lines 00-10). Nextnbdel the composition of

Table 1: Service declaration

00 declare Service ::= < 11 declare List ::= <[service_namey : Service, .. .,
01 service type : {web service}, 12 service_name,, : Service]>
02 capacity : N, 13 create list_request : List

03 time_to_serve : N, 14 create list_offer : List

04 status : { passive, idle, active}, 15 add Client list_request

05 precondition : predicate, 16 add Manager list_request

06 postcondition : predicate > 17 add EP1 list_offer

07 create Mediator : Service 18 add EP2 list_offer

08 create Client : Service 19 add Manager list_offer

09 create EP1: Service

10 create EP2: Service

services we need to create the lists (lines 11-14 in Tabled yad the services to the
appropriate lists (see Table 1 lines 15-19). In our appreaeimodel service negotia-
tion as a service composition via the parallel with syncization protocol modeled by
the operatof|sync.and- S€rvices that communicate Migync.ana Operator belong to the
special type of RMES mode, calledAND mode. By the semantics of teND mode,
the services connected by this operator start and finishakecution simultaneously.
Finally, our model of service negotiation is defined by thiéofeing:
DCL_req ::= (list_request, ||sync-and reqclient)
DCL_offer ::= (list_offer, ||sync-and re€dprovider )
DO
p_offer := negotiation(param,)
c_request := negotiation(paramc)
OD (c_request < p_offer))
if (c_request > p_offer) then



contract := true
else
contract := false
fi

Requirementseqqi..: andredprovicer are predicates that include both functional and
extra-functional properties of services. In our casgq... defines the client’s request
on amount of energy, price per unit of energpye), and expected energy reliability
(eng_rel). On the other handeq,.iser €nCOMpasses properties of the service that is of-
fered by a provider. Let us assume scenario 1, as descrilSsttion 3 and a negotiation
that takes place at 18 o’clock of the day. At this specific tiewg;... iS described as:
h == 18 A energy_amount == 14 A req_ppue == 15,7 A eng_rel == 0,8. The provider’s
offer for a given request i1 == 18 A energy_amount == 14 A offered_ppue == 20 A
eng_rel == 0,8. Generally, the content of the requirement might includieént nego-
tiable parameters (denoted pgram, for the provider, angiaram. for the client), such
as price, or time at which a service should be available. A s5 the requirements
are known, the negotiation can start. The provider’s offeralculated via functione-
gotiation (param,) and stored in variablg_offer similar to the approach presented by
Kumpel et al. [20]. In case that the provided offer has not thetclient’s expectation,
the requestd_request) can be updated using the same functiegotiation (paramc)
but with a different parameter (here, we abstract from tmetion details). The nego-
tiation process may continue as long as the participantsmaeested into reaching an
agreement, or in case that the negotiation model is timet@ned, as long as time
allows. The outcome of the negotiation can either be a confea request > p_offer)
or no contract_ request < p_offer). In our model, the contract will be signed only
if the client agrees with the offered energy amount, theeppier unit of energy, and
the provided energy reliability. In the example presentaolva (scenario 1 and energy
negotiation at 18 o’clock), one can notice that the requeatel offered price differ
and that the negotiation is needed. If we assume the samepéxahen the negotiation
successfully finishes with a contract signed and the finaegent of the formh ==
18 A energy_amount == 14 A final_ppue == 16 A eng_rel == 0,8.

The REMES language is accompanied with a tool support for constrgatiodels
as one described above in a graphical form [21]. In the faligwsection, we show a
formal analysis of the describedeERES negotiation model in order to check whether
the available amount of energy suffices for the client’s sesuad at what prices the
negotiation converges. Furthermore we analyze the utlitimal functions w.r.t. the
price and the energy reliability (a weighted sum of the pand the energy reliability
as the negotiation preferences).

5 Formal analysis of the negotiation model

5.1 The analysis goals

In this paper we consider a model that supports a competitween two energy
providers, available for negotiation via a mediator thas @s representative of all par-
ties involved in the negotiation process. We model the desdmegotiation model us-
ing out textual composition languagekL, and then analyze the model against several
requirements, such as price, time, and reliability, in otdeheck whether the available
energy and given prices can satisfy the client's needs., All$dinteresting to see how



much time is needed for agreement to converge. Additiona#ycalculate the value of
the optimal utility function (a weighted sum of negotiatipreferences) w.r.t. the price
and the energy reliability (modeled here by a number), andeficheck the trace (a
sequence of actions (delays and transitions)) that leasisdio state. In order to ensure
that our model has no deadlocks, we specify a safetyA4L property as followsAG
not deadlock. The given property has been verified irRAAL and our model satisfies
it. All findings presented in the following are results of neb@dhecking the described
model in UPPAAL.

5.2 A TA semantic translation of theREMES model and analysis results

We have analyzed theHRES-based energy negotiation model, by semantically trans-
lating it into a network of TA models, in the kPAAL 2 model-checker. The model con-
tains five TA connected in paralleEnergyConsumer, EnergyProvider (used to create
two providers as instances of this TAYediator, EnergyProduction1, andEnergyPro-
duction2. Due to space limitation, we present here the TA modeBnefgyConsumer,
EnergyProvider, andMediator, shown in Fig. 2.

The TA of EnergyConsumer has six locationsStart, StartEC, sentReq, received-
Offer, negotiateEC, andcheckOffer. A negotiation request is sent every 20 time units (
== 20), corresponding to every two hours as described in the m&eelding a request
for an offer toMediator, and receiving an offer frorvediator is modeled with chan-
nelsreq, andpresentOffer, respectively. In case that participants need to negatiate
the current request and offer, they communicate via thedwast channetegotiate.
When an agreement is made a boolean variednieact is set to 1 and it is propagated
via channehgreement, while on the other hand, in cases when no agreement has been
reacheddontract == 0) the channeénd is used.

The TA ofEnergyProvider consists of seven locatior&tartEP, requiredOffer, make-
Offer, availableOffer, availableUpdatedOffer, negotiateEP, andreset. A request for an
offer is received fromMediator via channehskOffer. To create an offer and to further
on propagate it tMediator channelsgreateOffer, andreturnOffer are used, respectively.
In case that a request has been updated a counter offer isgat®g vigorwardCoffer
andcngPrice broadcast channels.

The TA ofMediator has nine locationsSStartM, receivedReq, askForOffer, received-
Offer, returnedOffer, propagatedOffer, receivedCounterOffer, checkDeal, andnegotiateM.
The automaton contains a clock variatleused to keep track of the time elapsed from
the moment a request is received to the moment an agreemamagreement has been
signed.

In our analysis model, we encode the utility function for ttensumer, and the
providers, respectively, as a weighted sum of negotiati@fiepences (i.e., price per
unit of energy and reliability given as a number and not pbdlig), as follows:

utility, = wey X req_ppue + wes X eng_rel (2)
utility, = wpr x offered_ppue + wps x eng_rel

2 See the web page www.uppaal.org for more information ali@tpPAAL tool.
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Fig. 2: TA models of the negotiation participants

The function is calculated for the energy consumer, botliggngeroviders, taking
into consideration the starting request/offer and the figaéement given that they have
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Fig. 3: Utility function change over a day for scenario 2

different priorities for different preferences. In casetlué energy consumer reliability
gets higher priority{cs), while in the case of the energy providers the energy psce i
more important4{p;). In our case study, we consider the utility functions axdbsed

in Eq. 2, wherawcy, wes, andwpy, wps are client and provider’s preferences on price
and energy reliability, respectively. In the following, weesent and discuss the results
of the model verification in BPAAL model-checker.

Verification shows that in scenario 1, there exists a casehiolwno agreement has
been reached (8 o’clock), since the initially requested @ffieted prices were too far
from each other, and since the customer had an upper bour@qrite. In the same
scenario, as shown in Fig. 4a, in order to provide sufficieetrgy supply, the client is
forced to spend slightly more money that initially planedt, &till within the maximum
price bound.

Fig. 3 depicts the utility function change over a day assgrsienario 2. Based on
the history of previous request, 18 o’clock is considerethapeak hour in consumer’s
energy consumption. At this point in time, the utility fuimet is maximized for each
negotiation participant, respectively (the differencenzen initial and the final utility
value either does not exist or is insignificant), meaning tha energy market favors
them equally. Consequently, the consumer is prepared test@ reasonable price to
make sure that he gets a required amount of energy. On the Sitlee the provider’s
offered price depends on the amount of the available endrglyis, the more energy is
available the price is lower and vice versa. This means tieaptoviders are ready for
the peak hour, and have stored greater amount of energy!saictnéy are competitive
enough at the energy market. At 16 o’clock, the providerisahand the final utility
is similar, while the customer’s final utility value is slitjrlower than the initial value
since the final price is lower than the one requested by themes. At 20 o’clock the
same situation appears, but in favor of the energy provider.

In scenario 3 we have expected that in total the client wopdshd more money on
energy due to the fact that he was adapting his requests bastt offered prices.
However, the total price is relatively close to the expecied, probably due to the me-
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Fig. 4: Some illustrated analysis results

diator selecting offers on behalf of the client, which le&lshe client only receiving
the cheapest offers in the market, in each round. Also, the sipent to negotiate the
energy supply was expected to be lower than in the other t@pnas®s, but it shows
that this scenario was the most time consuming, probablytaltiee fact that the con-
sumer has to adapt his acceptance threshold all over agaistilbto keep within the
maximum available budget (see Fig. 4b). At the same timeaaheéegotiation round,
the mediator has to check all available offers, in order wvjate the client with the
cheapest and most fitting one.

It was very interesting to see who owns the market in whicmade. Based on
Fig. 4a, in scenario 1 it is obvious that the market is own leygiovider, and that even
with the introduced maximum price bound, the providers vadie to force the prices
in their favor. Similarly, in the other two scenarios we haaiced that in scenario
3, the agreed prices are in favor of the consumer, while tha finces in scenario
2 are in favor of the energy provider. Overall, the total amtoof money spent on
energy in all three scenarios is very close to the initialiessg, with an average increase
of less than 10% of the initially requested price. Beforefyarg the time needed in
negotiation, we expected that the participants would cayes/¢oward the agreement
the fastest in scenario 3. However, the results have showmpiposite, the slowest
negotiation process was recorded in this scenario, pgs#ife to the fact that the client
needed to recalculate new prices compared to the previfersodnd based on this the
mediator had to ask for the new offers, always from all prevsd One can notice that
the least time is needed in scenario 1, while scenario 2 regjglightly more time.

6 Related work

Mobach describes a negotiation framework based on the W8ehgent specifica-
tion [5], deployed in domains of distributed agent middlesvand distributed energy
management. The latter case has been simulated and edathedagh the different

strategies in which energy has been distributed to thetsligmcluding negotiation and
bidding for a suitable energy source. The simulation hasigea better insight in dif-

ferent negotiation policies, however the model lacks amess for the formal analysis
and means to provide performance analysis results. Lapatlal. provide a description
of modeling publication, discovery, negotiation, depl@amt and execution of service-



oriented applications in COWS [22], a language that candestated to CMC model-
checker for analysis purposes. In comparison to this agpraar framework includes
analysis that caters for more than one QoS attribute (peeoce and reliability), while
assuming time in the process too. Capodieci et al. proposgeant-based approach to
model and analyze deregulated energy market [23]. In theik\they adapt minority
game approach that enables better distribution of the ableilresources. The simu-
lation of the time flow and risk variations is done using stistic game design. The
resulting model has been simulated using JADE platform. @amed to our work the
presented approach is equally fit for the modeling issuest lacks a possibility to ex-
haustively analyze the given model that could uncover muii@iination on the issues
that they describe.

7 Conclusions

In this paper, we present a case study where our recenthdimted approach for auto-
mated service negotiation inERIES has been applied to model and analyze distributed
energy management. The given study has been analyzed byteatig translating
the REMEs-based models into a network of TA to enable model-checkiniipé Up-
PAAL tool. We have focused on three scenarios as described im88dby calculating
the value of the optimal utility function w.r.t. the pricedathe energy reliability and
model-checked the model to compute the traces that leadctostates. The negotia-
tion model is time constrained, which lets one get an insigtat the analysis of the
time needed to reach an agreement. As future work we plan tieham auction-based
energy management which would show the full potential ofregotiation model.

References

[1] Tamma, V., Wooldridge, M., Blacoe, I., Dickinson, |.: Amtology based approach to au-
tomated negotiation. In: Revised Papers from the Worksimoagent Mediated Electronic
Commerce on Agent-Mediated Electronic Commerce 1V, DésmgMechanisms and Sys-
tems, London, UK, Springer-Verlag (2002) 219-237

[2] Resinas, M., Fernandez, P., Corchuelo, R.: A conceptaaiework for automated negoti-
ation systems. In: Proceedings of the 7th internationafesence on Intelligent Data En-
gineering and Automated Learning. IDEAL06, Berlin, Heliolerg, Springer-Verlag (2006)
1250-1258

[3] Paurobally, S., Tamma, V.A.M., Wooldridge, M.: A frameuk for web service negotiation.
TAAS 2(4) (2007)

[4] Mu-kun, C., Chi, R., Liu, Y.: Service oriented automateefjotiation system architecture. In:
Service Systems and Service Management, 2009. ICSSSMttbthtérnational Conference
on. (2009) 216-221

[5] Mobach, D.: Agent-Based Mediated Service NegotiatidPhD thesis, Vrije University
(2007)

[6] Seceleanu, C., Vulgarakis, A., Pettersson, P.: RemegsAurce model for embedded sys-
tems. In: In Proc. of the 14th IEEE International ConferenneEngineering of Complex
Computer Systems (ICECCS 2009), IEEE Computer Societye(2009)

[7] Alur, R., Dill, D.L.: A theory of timed automata. Theoieal Computer Scienc&262)
(1994) 183-235

[8] Bengtsson, J., Yi, W.: Timed automata: Semantics, #lgms and tools, Springer-Verlag
(2004) 87-124



[9] Causevic, A., Seceleanu, C., Pettersson, P.: Modehidg-@asoning about service behaviors
and their compositions. In: Proceedings of 4th Internati@®ymposium On Leveraging
Applications of Formal Methods, Verification and Validati@SOLA 2010), Springer LNCS
(October 2010)

[10] Ivanov, D., Orlic, M., Seceleanu, C., Vulgarakis, A.efRes tool-chain - a set of integrated
tools for behavioral modeling and analysis of embeddedesyst In: Proceedings of the
25th IEEE/ACM International Conference on Automated SafewEngineering (ASE 2010).
(September 2010)

[11] Enoiu, E.P., Marinescu, R., Causevic, A., SeceleanuAGlesign tool for service-oriented
systems. In: 9th International Workshop on Formal Engingeapproaches to Software
Components and Architectures (FESCA 2012), ENTCS (Mard2p0

[12] Alur, R.: Optimal paths in weighted timed automata. ImHSCCAc01: Hybrid Systems:
Computation and Control, Springer (2001) 49-62

[13] Causevic, A., Seceleanu, C., Pettersson, P.: An aablgzmodel of automated service
negotiation. In: IEEE SOSE 2013: 7th International Sympwson Service Oriented System
Engineering, IEEE (March 2013)

[14] Causevic, A., Seceleanu, C., Pettersson, P.: Cheddngctness of services modeled as
priced timed automata. In: Proceedings of 5th Internati@yemposium On Leveraging
Applications of Formal Methods, Verification and Validatjid.NCS Proceedings (Springer
Verlag) (October 2012)

[15] Bengtsson, J., Griffioen, W.D., Kristoffersen, K.Jarken, K.G., Larsson, F., Pettersson, P.,
Yi, W.: Automated verification of an audio-control protoasing uppaal. The Journal of
Logic and Algebraic Programming (0) (2002) 163 — 181

[16] Bengtsson, J., Griffioen, W., Kristoffersen, K., LarsK., Larsson, F., Pettersson, P., Yi, W.:
Verification of an audio protocol with bus collision usingpgal. In: Computer Aided Ver-
ification. Volume 1102 of Lecture Notes in Computer Sciensgringer Berlin Heidelberg
(1996) 244-256

[17] Bengtsson, J., Larsen, K., Larsson, F., Petterssolfj,RV.: Uppaal - a tool suite for auto-
matic verification of real-time systems. In: ProceedingthefDIMACS/SYCON workshop
on Hybrid systems Il : verification and control: verificatiand control, Secaucus, NJ, USA,
Springer-Verlag New York, Inc. (1996) 232-243

[18] Alur, R., Courcoubetis, C., Dill, D.: Model-checkingifreal-time systems. In: Logic in
Computer Science, 1990. LICS '90, Proceedings., Fifth AhEEE Symposium on e. (jun
1990) 414 —425

[19] Alur, R., Courcoubetis, C., Dill, D.L.: Model-checldnin dense real-time. Inf. Comput.
104(1) (1993) 2-34

[20] Kimpel, A., Braun, I., Spillner, J., Schill, A.: (Serpiautomatic negotiation of service
level agreements. In: IADIS International Conference WMNVERNET 2010, Timisoara,
Romania (2010) 282—-286

[21] Enoiu, E.P., Marinescu, R., Causevic, A., SeceleanuAGlesign tool for service-oriented
systems. In: Proceedings the 9th International Workshdposmal Engineering approaches
to Software Components and Architectures (FESCA), Elsglziectronic Notes in Theoret-
ical Computer Science (ENCTS) (May 2013) Volume 295, Pages 9

[22] Lapadula, A., Pugliese, R., Tiezzi, F.: Service dismgvand negotiation with cows. Elec-
tron. Notes Theor. Comput. S@00(May 2008) 133-154

[23] Capodieci, N., Cabri, G., Pagani, G.A., Aiello, M.: Agent-based application to enable
deregulated energy markets. 2012 IEEE 36th Annual Com@gafware and Applications
Conference (2012) 638-647



