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ABSTRACT

Web Applicationsareprogressively becoming multi-channel and
cross-channel. The“same” service should be made availablein
different delivery environments and devices. A user may invoke a
service on one device, suspend it, and completeits executionin
another one. In this paper we provide the reader with the main
conceptsandinnovativeaspectsof MC2 a design framework for
specifying M ulti/Cross Channel web application services. MC2
adoptsan high-level, end user perspective and exploits the notion
of context, to characterize who, where and how an operation can
be invoked.

Categoriesand Subject Descriptors
H.5.4 [Information Interfaces and Presentation (eg., HCI)]:
Hypertext/Hypermedia — navigation, user issues

General Terms
Design, Human Factors.

Keywords
Conceptual modelling, multi-channel, services on the Web, Web
operations, context, UML, OCL

1. INTRODUCTION

Modern web applications differ from original web sites from a
number of aspects. In the past, we had read-only, mono-channel
web sites. Today, web applications provide functionality beyond
search and navigation, offering a variety of services that allow
users modify the application state. Moreover they are
progressively becoming multi-channel and crosschanne [1]. As
a consequence, the design of web appli cations is becoming more
and more complex, and new models and methods must be
explored to support the design activities. Design can be tackled at
several levels of abstraction and from different perspectives. In
this paper, we discuss MC2, a framework for conceptual
modelling of Multi/ Cross Channel web application services, that
addresses designfrom ahigh-level, end user per spective.

The key aspects of MC2 are the following:

We take into account the intrinsic hypermedia nature of
services on the web. Users perceive the application as a
hypertext network where navigation is the primary
interaction paradigm. Services can be invoked only if the
user islocated in specific points of the hyperspace; users may
navigate while using a service; user operations required by a
service may have navigational effects, i.e., they may change
the user position inthe hyperspace.

Copyright is held by the author/owner(s).

HT 03, August 2630, 2003, Nottingham, United Kingdom.

acm 1-58113-704-4/03/0008.

162

Wedecompose services into “ elementary” user interactions
that can be either operations or navigation steps and can be
executed on a single device or on multiple devices, and may
produce effects, which are perceived on multiple devices and
by several users.

We take into account the need of providing different
“versions’ of the same application depending on the context,
i.e., on the characteristics of both the user invoking a service
and the situation of use (including the device). We
complement the service model with acontext model and a
hyperview model, which allows designer to specify how
different users perceive servicesin different situations of use.
Differently from most object-oriented web models, where
operations are modelled as methods attached to information
“objects’, or to navigation or presentation “objects’ (pages),
we associate operations and services to contexts and
hyperviews.

We adopt a notation based on UML to describe the various
models. In particular, we adopt OCL [2] model service
constraints and effects, “extending” standard OCL with some
predicates that explicitly relate to context and hyperviews.

In this paper, we shortly ntroduce the main concepts of the
overall MC2 framework, and focus on the design of operations,
which are the building blocksfor designing services.

2. Howtodesign an operation with MC2

In a user-centred perspective, we think of a service as a user
activity: a (non linear) flow of tasks that the user performs within
the application to achieve agiven goal. Tasks can be progressively
decomposed into subtasks up to elementary building blocks that
we call interactions.

Interactions in web application services have a heterogeneous
nature: they can affect the navigation position of the user (and are
typically called “navigation”) or the presentation state of the
objects on the screen (e.g., scrolling a page, playing a sound
track); they can change the application state; or they can mix all
these effects. We define operation an interaction that causes
(among other effects) a modification of the application state as
perceived by at |east one user category.

An operation is defined by the following ingredients [3]:

The conditions under which an operation can be invoked, or
pre-conditions. They are "evaluated” before the operation
execution starts.

The input parameters, i.e, the operation arguments.
Arguments can be either provided by the user (user-
arguments) or can be “calculated” by the system (system-



arguments). Arguments (and operation name) are described
in the operationsignature.

The effects resulting from executing the operation, described
by postconditions. They express application properties that
must hold after completing the operation and are evaluated
after the operation execution.

The synchronicity of the operation. This property specifies
whether the user can or cannot interact with the application
while the operation is under execution. The @eration is
synchronous if no interactions can be performed until the
synchronous operation is completed. The operation is
asynchronous if other interactions can be invoked and
executed in parallel with the operation.

The hardest problem for the operation designer is to model pre
and post conditions. In multi-cross channel web applications, they
are intrinsically complex because they have to predicate upon a
number of variables depending on the context, in which the
operation is invoked, and the state of the application. In MC2, a
context comprises the characteristics of users and of situationsof
use. In multi/cross channel web applications the situation of use
often concerns just devices and their technological features.

Depending on the application domain, it may involve additional

aspects related to location (in its geographical or logical

characteristics), time, etc. Pre conditions mostly depend on the
current state of the elements composing the hyper schema where

the operation islocated, and aspects like the user profile, the used
device, tempora and location variables, and so on like defined in

[4], but however locally to the operation. On the other hand, for
post conditions the situation tends to get worst. Executing an
operation may involve many sophisticated effects. The user
invoking the operation directly perceives some effects, other

effects are perceived also (or only) by other users. The invoker

may perceive some effects in the same situation of use where the
operation has been invoked, othersin a different situation of use.

Some effects may even change the invoker profile or the
characteristics of the situation of use (e.g., some device features),

implicitly changing the “view” that the invoker perceives of the
application. Finally, operations may affect the user navigational

state, determining a user movement in the hyperspace. To alow
operation designers take all the above aspects into account, we

provide the primitives to model contexts and hyperviews. In MC2
a hyperview represents what a user perceive about an application

in a given situation of use. An hyperview includes aspects

regarding both the information and the navigation capabilities.

We also structure the qoeration design space in a number of

dimensionsas shown in Figurel.
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Figure 1. Design Dimensions for M C2 operations.

Using MC2 concepts, we have defined a taxonomy of Pre and
Post conditions. Let's consider as example a web conference
system and the operation Submit Review. In order to write down
the Pre-Conditions, we can say the invoker must be a PC member
(user profile), then the context could include that the invoker
device must be a PC (device) and the review process must be in
the submitting reviews state (time). The effect of the operation
affectsthe hyperview perceived both from the invoker and other
users. The post conditions of this operation should, for example,
include statements like “the user is not able anymore to submit a
review for that paper” , from the invoking user point of view, and
“the review has been added to the list of a paper’s reviews’ that
can be perceived by the Program Committee of the conference (a
user with a different profile and a different hyperview of the
application. We can see this example as cross-context operation
affecting the invoker and other users. Just to provide the reader
with the idea on how the specification looks like, we report some
fragments of the specification of this operation.

Cont ext Submit Revi ew: : execut e()

inv: self.signature.operationNanme = “subnit_review
Let argl: Argunent = argl.name = “p”,
argl.type = “Paper”,
argl.category = “user-provided”,

argl. val ue -> ocl | sTypeO (Paper)
sel f.signature.arguments -> includes(argl)

Let arg2: Argument = arg2.nane = “r”,
pre:
Let C HyperVi ewContext = HyperVi ewContext.alllnstances -> any(c
| c.device = PC and c.user.state = “authenticated” and c.user.type
= “PCMenber”)

MC2cl Current View(C) and
MZ2cl Qurrent Node = Revi ewsl ndex and
Revi ews| ndex. type = “Revi ewsl ndexType”

ost :
P sel f.executes_on.|S. Paper.al |l I nstances[argl.value].reviews ->

i ncl udes(arg2. value) and

IF (sel f.executes_on.|S. Review. al | I nstances ->

argl.val ue.reviews -> includes(r)))

THEN

sel f. executes_on. | S. Paper. al | | nst ances|[ ar gl. val ue] .

reviews -> includes(r)

Let C :HyperVi ewContext = HyperVi ewContext.alllnstances ->
any(c | c.user.type = “PQvenber” and c.device = PC and
c.userID! C userlD)

MZ2cl Current View C )

IF (self.executes_on.|S. nyPapers ->
i ncl udes(argl. val ue) and

exi sts(r]

As the previous example shows, MC2 provides a semi-formal
approachto specify operations using OCL [2].
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