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Abstract. We describe a UMC model of the credit request scenario
from SENSORIA’s Finance case study and verify a number of properties
expressed in the service-oriented logic SocL.. The UMC model is a faithful
translation of the scenario’s specification in UML4SOA, which is a profile
for UML that defines a high-level domain-specific modelling language for
behavioural service specifications.

1 Introduction

Service-Oriented Computing (SOC) has emerged as a new paradigm for dis-
tributed computing, evolving from object-oriented computing by allowing au-
tonomous, platform-independent computational entities (called services) to be
built (described, discovered, composed) using object-oriented techniques. Service-
Oriented Architectures (SOA) are then used to implement the SOC paradigm
in areas like e-commerce and e-government. The work described in this report
was performed in the context of the EU project SENSORIA [6], whose aim was
to develop a comprehensive and pragmatic—but theoretically well-founded—
approach to software engineering for service-oriented systems. We refer to [10]
and the references therein for details on SENSORIA.

2 Credit Request Scenario

Our starting point is the credit request scenario from the Finance case study. It
has been provided by S&N [5], which is one of SENSORIA’s industrial partners and
a leading IT company of the financial services industry. The scenario has been
specified in UML by using the profiles SoaML [7], which defines a metamodel for
designing the structural aspects of SOA, and UML4SOA [2], which defines a high-
level domain-specific modelling language for behavioural service specifications.
Figure 1 shows the scenario’s overall configuration. Its main services are
the CreditRequest and—to a lesser degree—Rating. The remaining components
are web services that serve to interact with clients, save the information they
provide, calculate ratings, and the like. Portal, Credit Management, Customer
Management, Security Analysis, Balance Analysis, and Rating Calculator are
self-contained services used by the Credit Request and Rating services.

* This work was funded by the EU project SENSORIA (IST-2005-016004).
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Fig. 1. Overall configuration of the Credit Request scenario.



The Credit Request service is depicted in Fig. 2. It describes a bank service
that offers clients the possibility to ask for a loan and subsequently orchestrates
the steps needed to process this request, which may involve an evaluation by a
clerk or a supervisor before a contract proposal is sent to the client. The scopes
Initialize and Finalize handle a client’s login and log off. The loan workflow is
represented in the scope Main, whose initial activity is to service the request.

b
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Fig. 2. Service Credit Request.

Figure 3 shows the Creation scope, which starts with a call from the Portal.
The data involved is stored in the Credit Management service and a confirmation
is sent to the Portal. In case of a fault, the compensation handler removes the
request from the Credit Management service.
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Fig. 3. Scope Creation.

The retrieval of the client’s balances and securities is handled by the Han-
dleBalance&SecurityData scope, depicted in Fig. 4, and these are stored in
the Balance and Security services, respectively.
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Fig. 4. Scope HandleBalance&SecurityData.

Upon completion of the request, the Rating service calculates the rating of
the client’s request after being asked to do so through the RatingCalculation
scope depicted in Fig. 5.
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Fig. 5. Scope RatingCalculation.

The Rating service calculates a rating, which implies whether the request
can be accepted automatically or a clerk or a supervisor needs to decide this.

[ratingData resut == L4047

[elze]

==serviceActivity==
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[ratingData result == "A48" or ratingData manualfcceptance==true] [edse]

==sarvicedctivity==
: Accept
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I‘|1 : Decline |‘|1

P
|\. )

Fig. 6. Scope Decision.

Figure 6 depicts the Decision scope. Rating AAA automatically leads to an
offer to the client. In any other case, the Approval scope, depicted in Fig. 7,
is used for a decision by an employee, based on which an offer or a decline is
generated, according to the Accept and Decline scopes depicted in Fig. 8.
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Fig. 7. Scope Approval.

Rating BBB means that the request has some risk, but can be decided by a
clerk, while CCC indicates a much more risky request that needs a supervisor
to decide. The decision is sent to the Portal. An offer is saved in the Credit
Management service and sent to the Portal, allowing the client to see it and
decide to accept or decline it through interaction with the Portal. In case of a
decline, the client is allowed to update the data and restart the request. At any
moment, the client may want to abort the request, in which case the request
data needs to be deleted. This requires the execution of compensation activities
to semantically rollback the action of storing the request data performed by the
involved services, preventing services to keep information of aborted requests.
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Fig. 8. (a)-(b) Scopes Accept and Decline.



3 A UMC Model

Appended to this report, we provide a UMC model of the scenario described in
the previous section. This model has been obtained by translating the specifi-
cation provided by S&N. In the specification discussed in the previous section
only the CreditRequest and Rating services are described as UML4SOA activ-
ity diagrams, while the other components used by these services (the Portal,
Credit Management, Customer Management, Security Analysis, Balance Anal-
ysis, and Rating Calculator services) are described by UML4SOA protocol state
machines. Since UMC needs a closed model, we have moreover modelled a single
Client (interacting with a single instance of the Portal) that can make up to two
credit requests. The translation of the main CreditRequest and Rating services
has been performed in a rather general way, in order to be able to serve as a
blueprint for an automatic translation tool from UML4SOA specifications into
UMC code. This explains the at times long-winded organizational structure. The
UMC enconding of the other components, originally specified by protocol state
machines, has been done by hand.

It is outside the purpose of this paper to try to present the rationale and the
rules according to which the UML4SOA activity diagrams have been translated
into UML statecharts. We just hint here that in general a UML4SOA activity
diagram is mapped into a corresponding UML statechart with a single state.
Each progression step during the execution of a UML4SOA activity diagram
is modelled by one (or sometimes more) transitions in the statechart model,
which implement the corresponding semantics. In general, the UML statechart
transitions modelling the execution of an activity node have the following form,
where tau represents an internal signal of the statechart:

sl -> s1 -- actually no state change
{ tau [enabling conditions for incoming edges] /
resetting of enabling conditions;
execution of specific node activity;
setting of enabling conditions for outgoing edges;
self.tau;

}

As a specific example, we consider the <send> node shown in Fig. 9. The cor-
responding specific UMC transition rule modelling the execution of this node is
as follows:

sl > si
{ tau [N1_Finalize_DefaultInitialOUT = true] /
N1_Finalize_DefaultInitialOUT := false;
LNK_portalService.goodbye([self],
VAR_CreditRequest_customerData) ;
N2_Finalize_Send_goodbyeOUT := true;
self.tau;



<<send>>

goodbye ink| portalService
(PortalProvider::)
/snd customerData : CustomerData

Fig. 9. A <send> node from scope Finalize.

Since UML4SOA is a high-level modelling language, some details of the spec-
ification are voluntarily underspecified. The UMC model is therefore sometimes
forced to make some specific assumption on some details of the underlying exe-
cutable model, and such assumptions can often be explicitly specified and cus-
tomized by the user.

For instance, the default UMC choice adopted in our translation is that
messages which arrive at a time at which they cannot be accepted are never
discarded. This specific choice can be reversed by simple avoiding to declare as
‘Deferred’ the corresponding events.

Moreover, the order in which events are removed from an object queue is by
default supposed to be random in our translation. This specific choice can be
reversed (even on a per-object basis) by changing the object queue policy from
‘RANDOM’ to ‘FIFO'’.

Finally, in our translation all objects are by default assigned the same priority
(thus modelling the maximal degree of nondeterminism in their scheduling).
This choice can be reversed by assigning to each entity its own priority, thereby
modelling more deterministic schemas.

4 Verification with UMC

We have analyzed the UMC model of the previous section (appended to this
report) with the on-the-fly model checker UMC [1, 3] (its current prototype can
be experimented via a web interface [9], which also includes a user guide [4]).
UMC allows the efficient verification of SocL formulae over a set of communicat-
ing UML state machines. SocL [3] is an event- and state-based, branching-time,
efficiently verifiable, parametric temporal logic that was specifically designed to
capture peculiar aspects of services. Below are some examples of the properties
that we have verified, inspired by the Patterns of service properties listed in [3].



“The CreditRequest service is available”
The formula:

AF (accepting_requests(initialize))

is TRUE (11 states generated and 22 computation fragments generated).
This formula means that in every state the CreditRequest service may even-
tually accept (the initialization of) a credit request.

“The CreditRequest service is responsive”
The formula:

AG laccept(createNewCreditRequest))
AF {response(declineToClient) OR response(offerToClient) OR

receive(cancel)} true

is TRUE (39530 states generated, 79060 computation fragments generated).
This formula means that whenever the CreditRequest service accepts a credit
request, it always eventually provides a (successful or unsuccessful) response
to the credit request or (unless) the credit request is cancelled by the client.

“The CreditRequest service is cancelable”
The formula:

AG [accept(createNewCreditRequest))
A laccepting_requests(cancel) {true} U
{response(declineToClient) OR response(offerToClient) OR

receive(cancel)} true]

is TRUE (39530 states generated, 79060 computation fragments generated).
This formula means that whenever the CreditRequest service accepts a credit
request, it always is ready to accept a cancellation of the credit request by the
client until it provides a (successful or unsuccessful) response to the credit
request or the credit request is indeed cancelled.

“The CreditRequest service is compensable”
The formula:

AG [request(calculateRating)] AG [receive(cancel)]
((AF {send(clearData)} AF {send(clearData)} true) AND
AF {send(removeData)} true)

is TRUE (39530 states generated, 190970 computation fragments generated).
This formula means that whenever the CreditRequest service asks the Rating
service to calculate the client’s rating and whenever subsequently the client
asks to cancel the credit request, the CreditRequest service always eventually
clears both the client’s balance and security data and removes the credit data
(amount, type, monthly installment, etc.) of the client’s credit request.



— “The CreditRequest and Rating services are well-orchestrated”
The formula:

AG (([response(declineToClient)| true) IMPLIES
NOT rating_evalutation(AAA))

is TRUE (39530 states generated, 197650 computation fragments generated).
This formula means that whenever the CreditRequest service declines the
client’s request for a credit, this implies that the Rating service did not
evaluate the client’s rating to be AAA.

5 Conclusions and Future Work

We have translated a UML4SOA design of the Credit Request scenario from
SENSORIA’s Finance case study into a formal operational UMC model. This
has provided us with many useful insights into a possible automatization of the
translation from UML4SOA designs into UML statecharts. A feasibility study
has been initiated with the purpose of achieving such a mechanical translation
of a UML4SOA design into an operational UMC model. This has resulted in
an early prototype of a translator (based on the standard Eclipse EMF for-
mat and its transformation capabilities) to validate the approach. This work is
still in progress. Furthermore, a new graphical interface for UMC, which allows
one to directly draw a UMC model in terms of graphical nodes and edges, has
been experimented in the context of the Eclipse environment, and a preliminary
presentation of the approach has been presented in [8].
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A Complete UMC Model of the Credit Request Scenario

We append the complete UMC model discussed in Sect. 3. It is also listed among
the example models on the UMC web interface [9] as 0-0-CreditPortal.umc.

Once loaded, this model consists of 39, 530 states. Moreover, its system classes
are CreditRequest, CreditManagementService, CustomerManagement-
Service, Client, PortalService, BalanceService, SecurityService, Rating
and CalculatorService, while its active system objects are TheCredit:Credit-
Request, TheCreditManagement:CreditManagementService, TheCus-
tomerManagement: CustomerManagementService, TheClient: Client,
ThePortal:PortalService, TheBalanceService:BalanceService, TheSec-
urityService:SecurityService, TheRating:Rating and TheCalculator:
CalculatorService.

UMC allows its users to specify an observation mode of the system under
analysis, in which one explicitly specifies a set of hiding and renaming rules that
precisely define the structural information or events one is interested to observe,
possibly reshaping them to fit a standard format, hiding the rest (cf. [1] for more
details). This is done by adding to the model’s UMC encoding an Abstractions
section containing this list of abstraction rules. Example abstractions that are
relevant for the fomulae verified in Sect. 4 are as follows:

Abstractions {
State TheCredit.N1_Initialize_DefaultInitialOUT = true ->
accepting_requests(initialize)
State TheCredit.MainTOK > O -> accepting_requests(cancel)
State TheRating.VAR_Rating_Evaluation = $1 -> rating_evaluation($1)
Action TheCredit:ThePortal.createNewCreditRequest ($x) ->
accept (createNewCreditRequest)
Action TheCredit:accept(declineToClient) -> response(declineToClient)
Action TheCredit:accept(offerToClient) -> response(offerToClient)
Action TheCredit:ThePortal.cancel($*) -> receive(cancel)
Action TheCredit:accept(calculateRating) -> request(calculateRating)
Action TheCredit:accept(clearData) -> send(clearData)
Action TheCredit:accept(removeData) -> send(removeData)
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