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Abstract. One of the most challenging problems that web-service en-
abled e-marketplaces face is the lack of support for appropriate service
request languages that retrieve and aggregate services relevant to a busi-
ness problem. We present an architectural framework for web-service
interaction based on planning and constraint satisfaction, and a web-
service request language (WSRL) developed on the basis of this frame-
work. This framework is capable of performing planning under uncer-
tainty on the basis of refinement and revision as new service-related
information is accumulated (via interaction with the user or UDDI) and
as execution circumstances necessitate change.

1 Introduction

The current phase of the e-business revolution is driven by enterprises that look
to B2B solutions to improve communications and provide a fast and efficient
method of transacting with one another. E-marketplaces are the vehicles that
provide the desired B2B functionality. An e-marketplace is an electronic trading
community that brings multiple customers, suppliers, distributors and commerce
service providers in any geographical location together to conduct business over
the Internet to produce value for end-customers and for each other.

A vertical e-marketplace, e.g., semiconductors, chemicals, travel industry,
aerospace, etc, provides value by efficiently managing interactions between buy-
ers and sellers in a specific industry. A vertical e-marketplace identifies a shared
business vocabulary, standard business processes and product categorisation tai-
lored to a particular industry. Further, the e-marketplace establishes and uses
the shared meaning of these products and business processes to facilitate trading
partner integration needs. The business interactions between organisations that



make up a business process are standardised and formally described, e.g., mod-
elled using UMM (UN/CEFACT Modeling Methodology N090), and published
via e-business directories such as the UDDI. Vertical e-marketplaces provide to
their members a unified view of sets of products and services and enable them
to transact using diverse mechanisms, such as web-services, available in the e-
marketplace. This allows companies to conduct electronic business, by invoking
web-services, with all partners in a marketplace rather with just the ones with
whom they have collaborative business agreements. Service offers are described
in such a way that they allow automated discovery to take place and offer request
matching on functional and non-functional service capabilities.

One of the most challenging problems that web-service enabled e-market-
places face is the lack of support for appropriate service request languages that
retrieve and aggregate services relevant to a business problem. To understand
this we may use an application scenario in the business domain of e-travelling and
in particular the specifications of the open travel agency [1]. OTA has specified
a set of standard business processes for searching for availability and booking a
reservation in the airline, hotel and car rental industry, as well as the purchase
of travel insurance in conjunction with these services. OTA specifications use
XML for structured data messages to be exchanged over the Internet. Business
processes like these specify how agents in an e-travelling marketplace interact
in order to satisfy a traveller’s requests. Key capability for a service request
language would be to satisfy a user request by transparently assembling service
solutions from different serviced providers in the e-marketplace dynamically, by
aggregating and composing services and by constructing an end-to-end holiday
package comprising a number of optimised flight and accommodation choices.

In this paper, we concentrate on the use of planning mechanisms for use witin
the context of web-services. In particular, our research aims is to provide higher-
level lightweight constructs for a service request language whose semantics are
based on extended temporal languages used for model based planning and on
linear constraint satisfaction. In that respect, we combine a goal language for
expressing extended goals in non-deterministic domain [6] with a system-level
planning language for interacting with composed web services [7].

The paper is organised as follows: in Section 2, we relate planning to web-
services. In Section 3, we introduce a domain for e-travelling. In Section 4, we
illustrate the proposed approach by defining a formal request language, its inter-
pretation, execution model, and a possible implementation. We show an example
of a request and its execution in Section 5.

2 Planning for web-services

The field of AI planning offers high potential for solving problems in the context
of web-enabled applications by instilling planning and scheduling capabilities
to distributed decision-making agents in order to manage resource-constrained
domains [2]. Recently, different planning approaches have been proposed (see [3—
5]), most of which focus on gathering information and on applying deterministic



planning. In our view AI planning provides a sound framework for developing
a web-services request language and for checking the correctness of the plans
that are generated by it. Our work concentrates on developing a service request
language for e-marketplaces. This request language results in the generation of
executable plans describing both the sequence of plan actions to be undertaken in
order to satisfy a request and the necessary information and constraints essential
to develop each planned action.

There are a number of requirements that web-service centred planning should
satisfy. The plans should have an “open dynamic structure” and be situated
in the context of execution. This implies that plans should deal with non-
deterministic effects of the business domain and the set of potentially exe-
cutable actions may change during the course of planning. Hence, plans should
be amenable to refinement and revision as new information is accumulated (via
interaction with the user or UDDI) and as execution circumstances necessitate
change. For instance, once a travel plan has been generated and proposed to
the user, the user may decide to change some of the parameters connected to
an action, e.g., hotel booking, by dynamically reconfiguring the plan. As plans
inevitably do not execute as expected there is the constant need to be able to
identify critical constraints and decision trade-offs, and for evaluation of alterna-
tive options. In the planning parlance, this means that it should be possible to
deal with interleaved plans, interactive plans, reactive plans that deal with ex-
ogenous events, e.g., information supplied by the UDDI, and contingency plans
that deal with uncertain outcomes of non-deterministic actions. This need for
dynamic planning capabilities is at direct odds with classical planning research
that assumes complete knowledge of the conditions in which the plan will be ex-
ecuted, deterministic execution and actions with predictable outcomes and little
space for incremental changes. In addition to these requirements, there is also
the core requisite of being able to prove the correctness of the correspondence
between a request (goal) and the plans generated by the request language as a
response to this request.

To comply with the above requirements, we have chosen to: (1) to use a model
based planner for non-deterministic domains, e.g., open travel, and a standard
constraint satisfaction solver; and (2) work with a combination of an extended
temporal language and a linear constraint satisfaction language for expressing
the goals (requests). The service request language can express information both
about the succession of activities and over the parameters of the planned actions;
while, the plans generated by the request language are capable of dealing with
non-determinism, interleaving and constraints resolution.

3 The domain of e-travelling

To describe the service-based interaction between a traveller, a travel agency and
a tour operator, we use the business process specification found in [1]. This busi-
ness process specifies the format of a user request and the replies of the service
providers in an open-travel marketplace that may offer web-service functionality.
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Fig. 1. The Package Tours/Holiday Bookings activity diagram.

We use an activity diagram to formally represent this standard business
process, Figure 1. Solid arrows in this diagram represent flows of control while
dashed arrows represent flow of messages. Each node in the diagram represents
an activity. There are three agents whose activities are described: a traveller, a
travel agent, and a tour operator. Following the UML convention we use solid
filled circles to denote initial states and circles surrounding a small solid circle
to denote end states. This formalism allows for cycles shown as outgoing arrows
from end states.

In Figure 1, the business process is initiated by a traveller by providing the
parameters necessary for a holiday package (destination, duration, nr. passen-
gers). This triggers a request activity at some travel agent, which in turn triggers
a package availability request from some tour operator. Holiday package related
information messages are exchanged until the traveller is able to choose between
rejecting, modifying or accepting the package. Potential users (travellers) can
come up with requests to book their holidays on the basis of the business pro-
cess described by this activity diagram. For instance, a traveller may desire to
travel to Rome for a specific time frame and may also require a plane ticket and



optionally a hotel reservation for exactly the same period of time in the same
city and for a given number of accompanying passengers.

Formalising the OTA specification with an activity diagram is just one of
many possible options. Here we are not concerned with which is the best formal-
ism for modelling web-service interactions, rather we are interested in presenting
an architecture for interaction with e-marketplace based web-services that is in-
dependent from the chosen modelling formalism.

4 Service planning and constraint satisfaction

When users interact with e-marketplace based web-services, ideally they wish to
specify only their goals and to obtain the desired results. Consequently, the basic
premise of our approach is to equip the user with an expressive service request
(goal) language so that he can specify his objectives clearly and unambiguously.

4.1 The request language

The services request language, described in this paper, is based on appropriate
extensions of a formal planning language for expressing extended goals called
EaGLe [6]. The EaGLe language is an extension of the well-known temporal
logic CTL [8]. It inherits from CTL the possibility of declaring properties on
the non-deterministic temporal evolutions of a system, and extends it with con-
structs that are useful for expressing complex planning goals, such as sequencing
of goals, and goal preferences. EaGLe is defined over a set of activities A and
constraint objects C' as follows:

— a(c) is a basic well formed formula (wff) if a € A and ¢ € C;

— =a1(e) | a1(c) A aa(c) | ai(e) V az(c’) (c and ¢ are different constraint
objects) and other logical combinations of basic wif are “basic” wif;

— DoReach a;(c) | TryReach a;(c) | DoMantain a;(c) | TryMantain a; (c)
are wit iff a1 (c) is a wjff if a1(c) is a basic wff;

— 91 And g5 | g1 Then g» | g1 Fail g | Repeat g, are wif if g;, g» are wil.

In the following we describe the most salient features of the EaG Le language
(see [6] for a complete description and for the full semantics of the language).

EaGLe allows for expressing conditions that are wvital to reach or to main-
tain (e.g.,“(DoReach a(c))”) or “(DoMaintain a(c))”, respectively), as well as
optional or desired conditions (“(TryReach a(c))” or “(TryMaintain a(c))”).

Moreover, it allows for expressing concatenation of goals (e.g., “((ai(c) V
as(c')) Then az(c"))” expresses the fact that activity az(¢’’) has to happen af-
ter at least one of the activities a1 (c) or ax(c’) has occurred) and for expressing
preferences between goals (e.g., “TryReach a;(c) Fail DoReach ay(c'))” ex-
presses the fact that the preferred goal is to achieve activity aq(c) but that, if
this is not possible, then it is vital to achieve at least activity a2 (c').

EaGLe is an expressively rich language to express goals over activities and
succession of activities, but it lacks the possibility of expressing quantitative



information over individual activities, such as a timeout condition over a given
activity. To overcome this limitation, we extend this language with the expres-
sive power of linear constraints [9]. We associate with each activity a constraint
object ¢ € C' that is composed of a number of variables that range over different
domains and over which one can express linear constraints. More formally, if
¢, € C are constraint objects, c.v,...c.v; a set of variables associated with
the constraint object ¢, and Dy, ... D, a set of domains equipped with operators,
then we allow formulas of three kinds: first, variable declarations c.v € Dj; sec-
ond, linear constraint within a constraint object ¢ involving variables, operators,
and constants defined for D; such that any two c variables comparing in the same
constraint range over the same domain; third, linear constraint across constraint
objects ¢ and ¢’ involving ¢ and ¢’ variables, operators and constants defined for
D; such that any two ¢ and ¢’ variables comparing in the same constraint range
over the same domain.

The combination of the EaGLe with the linear constraint language forms a
sound foundation for introducing constructs necessary for a web-services request
language (WSRL). This language is used in the first instance for experimentation
purposes and we plan to extend its functionality for completeness in the future.

4.2 The planning framework

A user can specify a request in terms of the WSRL introduced in the previous
section by supplying the destination, duration, and number of passenger input
parameters required to instantiate the formal business in Figure 2 and by attach-
ing possible constraint to the request for a holiday package, e.g., flight prices,
accommodation preferences, etc. An issue that arises is how to interpret the goal
and how to plan an execution that satisfies it. This is the responsibility of the
planning framework illustrated in Figure 2. This figure gives a high-level view
of the planning framework. In particular, it illustrates that when a user formu-
lates a request in the WSRL this is posed against a formal description of an
abstract business model and business rules (top-left), e.g., the activity diagram
of Figure 1. The parts of the formalised business process that are related to the
user’s request are then translated automatically into a state transition graph
suitable for direct execution by a planner module. The planner checks whether
the request can be satisfied. If the request can be satisfied, it returns a generic
(uninstantiated) plan for further processing. If the request cannot be satisfied,
then it furnishes an explanation of why the goal failed and prompts for refor-
mulation of the request. Note that, at this level, the planner traverses activity
paths along the formalised business process that could satisfy the request but it
is not concerned with the values of the constraint objects tied to these activities,
e.g., actual ticket prices, destinations and so on. We refer to this type of plan as
a generic plan.

If there is a succession of activities that may satisfy the goal, then the generic
plan is instantiated by interacting with UDDI registered web-services. This re-
sults in a number of instantiated plans for each generic plan. The instantiated
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Fig. 2. Approach to planning for web-services.

plans provide values for the user’s request such as different flight carrier possibil-
ities, destinations, prices, duration, etc. For each instantiated plan a constraint
satisfaction solver is invoked to check whether user specified constraints or web-
service provider specified constraints are satisfied. If these constraints can be
satisfied then the plan is considered as executable. If they are not, then the user
is prompted again with information regarding the constraints that are violated
for a particular instantiated plan. Finally, the constraint satisfaction module
”approves” the set of plan execution structures that are ready for execution. At
this point, the user has to make a choice. The user may select one plan from the
set of plan execution structures, and commit to its execution. Alternatively, he
may reject some or all the plans. The user may even choose to revise fragments
of a set of executable plans. This results in a new planning phase at the level of
the model based planner.

An experimental system for execution of service request and resulting plans is
under construction. We have represented the formal model of the e-travel domain
(activity diagram in Figure 1) in terms of NPDDL, a non-deterministic extension
of the PDDL (the standard Planning Domain Description Language, see [10]).



The domain description and the goal (request), expressed in the FaG Le language
enriched with constraints, was then fed to a Model Based Planning (MBP) soft-
ware module to check the validity of the generic plan [11]. This is an advanced
prototype system for execution of plans that either executes a plan in its entirety
or returns an explanation of why the plan failed. Solving the linear constraints of
the constraint objects coming both from the user side and from UDDI supplied
web-service instances was achieved via ECL!PSe, a standard constraint satis-
faction solver software module [12]. Communication between these two modules
is at very preliminary stage, thus input data had to be simulated.

5 Example of executing a trip request

At this stage we revisit the OTA e-travelling example and consider a traveller
that wants to travel to a destination in Italy such as Rome, Milan or Venice.
This traveller wants to use an airline carrier, leave on the 1st of June and re-
turn on the 10th, with two accompanying passengers. These are the destination,
duration, and number of passenger input parameters required by the formal
business process in Figure 1. The traveller also requires accommodation for the
same period of time and the same destination. Furthermore, the traveller finds
it vital to have a flight ticket, but would still go even if s/he did not have a hotel
reservation. Obviously the passenger does not wish to reserve accommodation
without a confirmed flight ticket. In WSRL the request may look as follows:

(DoReach (Plan_Package(a) A Receive_Confirmation(a)) Then
(TryReach (Plan_Package(8) A Receive_Confirmation(3))))

This request can be read as follows: it is vital (DoReach) that I perform the
activities in which I plan the package « (fight) and receive a confirmation for it.
Once this vital activity is achieved (Then), optionally (TryReach), I want to
plan the package 3 (hotel reservation) and receive a confirmation for it.”

a and 3 represent a set of constraints over the e-travel domain described in
the following;:

what € Services

. what € Services
arrival date € Dates .
arrival date € Dates
a. { departure date € Dates B.
. departure date € Dates
where € Cities o
where € Cities
traveller eIN
a.what = {plane_ticket} B.what = {hotel}
o.arrival date = {May 1st} B.arrival date = a.arrival date + 1
a.departure date = {May 20th} [B.departure date = a.departure date — 1
a.where € {Rome,Milan} B.where € {Rome,Venice}
a.traveller =3 B.where = a.where

In the following we simulate the execution phases of this request in terms of
the framework in Figure 2. We make the assumption that initial states generate



constraint objects that are then attached to all traversed activities or message
links in the activity diagram. The objects are consumed by the end states.

Planning. The e-travelling example of Figure 1 is modelled in NPDDL by
describing activities as actions of a non deterministic domain. The NPDDL de-
scription together with the goal of the user expressed in WSRL are to the MBP,
which returns a plan.

Instantiation via UDDI. The plan returned by the model based planner
MBP is instantiated by interacting with the UDDI registry. The same generic
plan can be instantiated against various web-service providers.

Constraint satisfaction solver. Subsequently, the constraint objects with
declarations and constrains supplied by both the user request and by interactions
with the web-services, e.g., that the flight to Rome is not available on 1st June,
need to be satisfied. The ECL!PSesoftware module is used for this purpose.
Each instantiated plan that satisfies the constraints is kept as candidate for
execution. If there are no solutions to the constraint satisfaction problem, the
user gets notified about which constraints are violated.

Plan choice. The output of the previous step is a series of plan execution
structures which the user chooses.

6 Concluding remarks and future work

We have presented an architectural framework for web-service interaction based
on planning and constraint satisfaction and a service request language developed
on the basis of this framework. The design of the planning framework is based on
coherent views of the issues arising when planning under uncertainty (as plans
inevitably do not execute as expected) in dynamic environments where there
is the constant need to be able to identify critical decision trade-offs, revise
goals and evaluate alternative options. This framework recognises that in an
uncertain and dynamic world such as that of web-services a correspondence must
be drawn between the formal representation of this world and the planer’s model
of it. Consequently, the planning framework draws a correspondence between the
formal representation of a business domain model and the planer’s model of it.
It then instantiates plans on the basis of the plan model via interaction with
the UDDI infrastructure; provides a natural account of why plans are violated;
and when necessary dynamically reconfigures plans on basis of user interaction.
These design considerations are reflected at the level of the request language
that generates plans over web-services residing in an e-marketplace.

We have given full semantics of the constructs of the WSRL that subsume
the planning composition language we proposed in [7]. There we introduced
constructs at the systems-level to support web-service composition, whereas the
WSRL includes constructs such as alternative activities, vital vs. optional ac-
tivities, preconditions, postconditions, invariants, and constraint operators over
quantitative values that can be employed at the user-level when formulating a
goal. The novelty of this approach lies in the automatic generation and verifica-
tion of plans over web-services residing in an e-marketplace once a user request is



concretely expressed and formally specified. This framework provides genericity
and flexibility and can be used as a basis for effective planning for different types
of applications dealing with interacting web-services.

A preliminary implementation of the ideas mentioned in this paper has been
constructed (as explained in section 4.2) and further tests are underway. A num-
ber of issues remain open for future investigation. First, activity diagrams are
not expressive enough to model complex web-service interactions. For instance,
they lack the ability of expressing cardinality constraints (such as that there
are many travel agents for each traveller, or that there is exactly one payment
for one e-voucher). Second, the integration between the EaG Le section and the
constraint section of the WSRL is at an experimental stage and needs to be
improved in order to be able to obtain more expressive plans. Furthermore, con-
straint formalisms especially tailored at electronic commerce can be used in place
of linear constraints such as dynamic constraints [13].
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