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Abstract  
Key architectural elements of the web, namely, 
HTTP, URL and HTML enable a very simple 
user model of the web based on hyperlinks. While 
this model allows browser-based access to a wide 
array of online content and resources, the limita-
tions in user experience provided in this interac-
tion model are increasingly apparent. Two 
decades after the birth of the web, new technolo-
gies such as Rich Internet Application, AJAX, 
and Web 2.0 seek to improve web user interfaces, 
but in general their main benefit is to individual 
server sites. Little advancement has been made to 
advance the user model of the web at a macro 
level where the interaction is driven not by the 
server but by the user. This paper proposes a 
novel approach to scientific study of the Web 
(Web science) where the traditional relationship 
between users and servers is inverted, so that web 
services are configured and integrated across mul-
tiple servers/sites in order to address the needs of 
users. The resulting interaction paradigm is re-
ferred to here as smart interaction. The Smart 
interaction approach is quite different from the 
current hyperlink-oriented user model driven from 
the perspective of the server side. Smart interac-
tions require new web infrastructure (e.g., runtime 
components) and new patterns of services and 
resource interactions and compositions. A Com-
plementary area of research is smart services; 
where the focus is on abstracting these web infra-
structures and service interaction patterns into 
appropriate web models and algorithms. The 
combination of smart interaction and smart serv-
ices will then result in a smart internet where user 
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experience is enhanced, and user productivity 
unleashed, by passing control back to users. 

1 A Copernican Transfor-
mation 

The notion of a smart internet requires a transfor-
mation in our understanding of the web and its 
architecture – a complete change of perspective, 
from a server-centric understanding to a user-
centric one.  This change will be much like the 
Copernican revolution, where the presumed struc-
ture of the solar system changed from an Earth-
centric one to a Sol-centric one.  The smart inter-
net revolution is likely to be just as controversial, 
and just as important as the Copernican revolution. 

Three major extensions are called for in this 
transformation. First, a new “Copernican” user 
model for the web is needed that is centered on the 
users’ concerns and cognition. Second, a new 
kind of session concept is required that centers on 
the user’s perspective and her situation rather than 
the server’s perspective of user interactions. 
Thirdly, the concept of dynamic social binding of 
web interactions, to turn what is currently a single 
user web interaction model into multi-users’ col-
laborative web interactions under the user’s con-
trol, is also needed.  

In essence, the smart internet supports an in-
stinctive user model of the web, one in which the 
discovery, aggregation and delivery of services 
and resources results in rendered content that is 
optimal for each user or group’s situation.  

2 Background 

In 1989, Tim Berners-Lee invented the web and 
began the modern internet era. The internet is 
viewed as an ‘irreversible innovation’ of en-
hanced digital connectivity [11]. From its incep-
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tion to the present, the Uniform Resource Locator 
(URL) has been used as the address of the specific 
web server from which users obtain resources and 
content. In this now classic model, the browser on 
the client device first makes a connection with the 
corresponding web server. The corresponding 
web server then processes the request sent in 
HTTP transfer protocol from the browser of the 
client. The web server directs and/or performs the 
requested units of functions or fetches the re-
quested resources and sends the response back to 
the browser of the client also in HTTP transfer 
protocol as an HTML format response page. When 
the connection between the user’s browser and the 
corresponding web server is no longer needed, the 
connection is closed. These connect-request-
response-close interactions between a user’s 
browser and a web server provide a simple usage 
model for the web. In spite of its simplicity, users 
have benefited greatly from having ready access 
to this massive, distributed, and loosely coupled 
network of information.  

Advancement in the first decade of the Web 
era (the 1990s) focused on overcoming practical 
issues of web application development and de-
ployment imposed by the web architecture. These 
issues included: security; scalability; performance; 
transactions and others. In the second decade of 
the Web (around 2000) technologies related to 
improvement of web user experience began to 
emerge. For example, Rich Internet Applications 
(RIA) aimed at “combining the media-rich power 
of the traditional desktop with the deployment and 
content rich nature of web applications” [1] in 
order to provide better user experience. The Web 
2.0 initiative sought to enhance user experience 
by adding social computing tools, and by allowing 
users and other less technical participants to pub-
lish, as well as consume, content through light-
weight programming models [21] and tools such 
as blogging. AJAX combined asynchronous data 
retrieval using the XMLHttpRequest object and 
data interchange in XML, with DOM and other 
standards-based presentation like XHTML and 
cascade style sheets (CSS) all bound together in 
JavaScript. The intent was to offer a web applica-
tion user experience comparable to the desktop, 
but through the browser [9]. While each of these 
technologies has enhanced the user experience for 
individual server sites, the problem of how to 
move Web interaction to a user-centric approach, 
where services and content are aggregated across 

multiple sites according to user needs, has yet to 
be addressed.  

The server-centric (users for the web) model 
of Web interaction has prevailed over the last two 
decades. While powerful, it is in need of replace-
ment as its shortcomings become increasingly 
clear. The server-centric model is onerous for 
users, forcing them to access information from 
various sites; and then manually customize the 
information acquired from these sites in order to 
accomplish a particular task or purpose. User pa-
tience with such inconvenience is starting to wear 
thin [23]. The inconvenience of the current model 
for users stems from five major shortcomings.  
 
1. The lack of integration from the user’s per-

spective, to aggregate resources and content 
from multiple web servers centering on the user, 
her tasks and the context. Technologies like 
portals and mashups provide partial solutions to 
this problem, but both lack an aggregation 
model and framework to drive service composi-
tion from the user’s perspective that can be 
handled and controlled by users themselves.  

2. The lack of individualization is increasingly 
becoming an issue as users push for a user 
model for the web that is aware and adaptive to 
the user’s real time context and situation. To-
day’s personalization technologies use ap-
proaches like user categorization, configura–
tion and customization but do not fully support 
real time, individualized requirements.  

3. The absence of server-initiated connections 
such as asynchronous connections and service 
level batch processing is another handicap in 
today’s primitive user model of the web. The 
user has to initiate and track tasks, and is pro-
vided with little to zero cognitive support both 
in terms of aiding prospective memory (remem-
ber what has to be done in the future) and in 
terms of carrying out complex tasks.  

4. The lack of any notion of service level col-
laboration, the idea that multiple users may col-
laborate on a service instance, is another 
limitation that makes it difficult for people to 
work collaboratively when interacting with the 
Web.  

5. Finally, user control over web pages is very 
limited and is primarily controlled by server 
side software programmers.  
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Research work in context-aware computing 
[5] the Semantic Web [33] and personalization 
[34] has made advances with respect to some of 
these shortcomings. However, without a cohesive 
and advanced user model of the working at a 
macro level (not  just at the individual site level), 
and without a web model to capture the concep-
tual structure of Web content and services, these 
types of incremental advances will not lead to 
significant change.  

This paper proposes an extension to the web, 
called smart internet, which includes a new user 
model of the web, smart interactions, that is cen-
tered on the perspective of the user instead of the 
server. This advanced user model is enabled by a 
new web model, referred to as smart services, that 
provides the integrated web infrastructure neces-
sary to support the technical requirements of the 
smart interaction user model.  

The remainder of this paper presents our vi-
sion for the smart internet, and outlines some of 
the research challenges posed by the two com-
plementary aspects, smart interactions and smart 
services.  The making of this vision into a reality 
will require many kinds of expertise and technical 
solutions.  It is our hope that we can inspire others 
to join us in making of this important new vision a 
reality by contributing to solving these challenges. 

3 The Smart Internet Vision 

In this section highlights the three distinct princi-
ples of smart internet that set it apart from the 
internet today: an instinctive user model, sessions 
for users and their matter of concerns, and collec-
tive and collaborative web interactions. Each of 
these principles is described below.  

3.1 Conceptual Overview  
The smart internet will be an evolving extension 
of the internet in which online services and re-
sources are discovered, aggregated and delivered 
dynamically, automatically and interactively in 
response to user or group’s evolving concerns and 
situations, which may involve real time or proac-
tive performance of tasks that address users’ goals.  
All aspects must be conducted with awareness of, 
and adaptation to, the user’s personal and group 
context, task requirements and characteristics. 
The resulting aggregation of resources and con-
tent will be delivered in a manner appropriate to 
the user’s current concerns or situation, and as a 

unified entity abstracting relevant content and 
services from a single site, or from multiple sites 
and organizations.  

To be practical, the smart internet must be an 
evolution and extension of the current internet, 
building on the existing basic architectural ele-
ments of HTML, URLs and HTTP, while hiding 
these techno-centric elements behind objects and 
interactions that are more appropriate and intui-
tive, tailored to the end user’s current domain, 
goals and concerns. Rather than the user initiating 
interactions to accomplish tasks themselves, the 
smart internet should allow the user’s current 
concerns to drive the implicit discovery and ag-
gregation of services and resources to serve the 
user and support the user’s cognition and action.  

3.2 Principle 1: 
A User-Centric Model for 
Instinctive Interaction 

The term “user model” has been used in a number 
of different ways in the literature on human-
computer interaction [4]. Norman [19] distin-
guished between three different conceptual mod-
els relating to use of interactive systems: the user 
model; the design model; the system image.  
While the latter terms represent the designer’s 
model of the system and how the system presents 
itself to the user, the term “user model” can refer 
not only to the user’s model, but also to a model 
of the user (closer to Norman’s concept of design 
model). In the present discussion, user model re-
fers to the model of the user and her tasks that is 
assumed in designing systems, methods of inter-
action, and in guiding specific interactions.  

One of the assumptions of the Smart Internet 
approach is that identifying and applying appro-
priate user models is essential, in keeping with the 
requirements of user-centered design (e.g., Nor-
man [19]). Instead of being user-centered, the user 
model of the internet today is by and large techno-
centric, exposing the fundamental components of 
the web architecture, resulting in a “one HTML 
page at a time” interactive model convenient for 
the server. The widespread use of the Internet 
should not be taken to indicate that the techno-
centric user model is sufficient. Users adapt to fit 
what the web has to offer, and in order to use val-
ued content and services, they are willing to con-
nect to myriad web sites, filtering the relevant 
information for their own context in order to ad-



4 

dress the task at hand. But this causes a great deal 
of inconvenience and wasted effect. What we seek 
instead is an alternative user-centric model that 
leads to interactions that are instinctive for the 
user, rather than being fitted to the server and 
awkward for the user. 

 
There are three critical implications of the 

principle of instinctive user model for the web.   
 
1. Metaphors as Cues for Instinctive Response 

The system image of the smart internet should 
use metaphors based on objects and operations 
from real world analogies that are familiar and 
appropriate to users and map well to the user’s 
current domain of concern. Well chosen meta-
phors hide the techno-centric elements of the 
system, while promoting a good mapping be-
tween the concerns of the user and the function-
ality of the system. 

Meaningful user interactions are driven by 
goals that are then reflected in the things that 
matter to the user when interacting with the sys-
tem. These “matters of concern” (“moc”) should 
drive the design of interactions, so that users no 
longer deal directly with URLs and logon forms 
for secured sites, not because they are not 
needed but because they are handled for them 
behind the scenes, just as people can drive cars 
without having to worry about all the details of 
how the engine is working. 

Google maps “points of interest” are an ex-
ample that illustrates the type of interaction 
envisaged, where the prime metaphor for user 
interaction is based on objects and operations 
like “Interest Category” and “Find Direction” 
that are in the user’s domain.  

 
2. Web Page Content and Control by and for 
Users.  

Another implication of instinctive interaction is 
the transfer of control of the rendered HTML 
page to end users so that individualized content 
is dynamically and adaptively aggregated for ef-
fective interaction with the user’s mocs. Content 
and services could then be placed in individual-
ized contexts based on the current collection of 
mocs applicable to the current persona (e.g., a 
user may have different personas depending on 
whether she is at home, at work, or mobile).  

a.  Aggregative Content.      

Currently online users have to deal with the one 
page per response per domain server request-
response model of web interaction. The princi-
ple of instinctive interaction requires a com-
pletely different method of interaction. 

In the smart internet, the rendered response 
is aggregated for the purpose of the user as a 
whole person with multiple current matters of 
concern. Transforming from the users for the 
web to the web for the users means providing 
moc-relevant resources and content extracted 
and abstracted from one or more servers and tai-
lored to the concerns of the individual.  

b.  Adaptive to system of interactions 

Instinctive interaction should be tailored not to 
a device for situation, but to a lifestyle and the 
user’s systems of interaction and other elements 
of context that are part of that lifestyle. Adapta-
tion to user’s multiple systems of interaction is 
not just in form factor (e.g., different devices) 
but also in function. Traditionally, mobile de-
vices provide a squeezed miniature of their 
desktop counterpart, resulting in inferior user 
interfaces. Instinctive interaction requires a dif-
ferent approach where subset units of functions 
that are optimal  for the device of interaction; 
persona in context and other factors of context 
are adapted for the user’s moc. 

3. Control. 

The control of the HTML page as rendered re-
sponse is transferred from the server to the user.  
Web application development for the smart in-
ternet enables users to control the form and con-
tent of web pages so as to suit their own 
purposes and context. For example, users can 
specify different preferences, rules and policies 
for aggregation for their various personas (per-
sonal, professional etc.) and mocs. These pre-set 
user rules and conditions then control how 
pages are put together. 

4. Calm, Instinctive, Cognitively Compatible. 

Not only should the metaphors and entities of 
smart internet interactions match key features in 
the user’s problem domain, but the methods and 
style of interaction should be compatible with 
the user’s cognition. This is in sharp contrast to 
existing internet interaction, which requires its 
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users to initiate and drive interactions with the 
web to accomplish their tasks. Such interactions 
are synchronous in nature, and users bear all the 
cognitive burden of initiating actions and re-
membering where related information is lo-
cated.   

In contrast, smart interaction, while still 
leveraging the web as a platform, provides bet-
ter support for the user’s cognition, reducing the 
amount of information that has to be held in 
prospective memory, reducing the complexity 
of tasks to be performed by the user, and so on. 

The concept of calmness has emerged as a 
key aspect of ubiquitous computing which re-
lates to how users’ attention is engaged. Human 
attention has a number of key properties (e.g., 
Wickens and Hollands [30]), including limited 
capacity, and differences in types of attentional 
resource (with a key distinction being between 
verbal and visuo-spatial attentional resources). 
In order to be calm, interactions should engage 
both the center and the periphery of the user’s 
attention moving back and forth between the 
two. Peripheral attention does not require the 
executive processing of focal attention but al-
lows a person to maintain awareness of infor-
mation in the environment. The periphery at a 
given moment may be the center of attention in 
the next and smart interaction should exploit the 
properties of cognition to provide information 
and options in a way that it easy for people to 
perceive and assimilate while going about other 
activities. By loading more processing in to the 
periphery, smart interaction informs without 
overburdening, freeing users’ cognitive capacity 
to handle more things [28] while making tasks 
calmer and less disruptive. 

Calmness in the smart internet may be 
achieved in many different ways, such as by 
adding asynchronous interfaces to allow mocs 
to move  back and forth between the periphery 
and the center of attention depending on user 
specified rules, and aggregating and adapting 
based on the user’s changing personas and con-
text.  

3.3 Principle 2:  
Session for Users and their 
Matters of Concern   

Today, the notion of session keeps track of the 
user and their interactions from the perspective of 

the server. The session ends when the user stops 
interacting with the site. Traditionally, a user ses-
sion is defined as “a series of requests issued by a 
user to a web site in a single visit to the site” [15]. 
Technically, user sessions are HTTP sessions 
used to preserve the conversational state between 
a given server site and connection with a browser 
instance of a client device. Important session in-
formation such as user account and password are 
preserved and associated with the corresponding 
client, avoiding the need to ask for the same re-
quired information in a given  request-response 
dialogue, resulting in better user experience. The 
existing concept of session, (i) is associated with 
one particular server, and (ii) is bounded by user’s 
real time synchronous interactions.  

When the web’s center of gravity is re-
focused on the user, the concept of session must 
be extended beyond the server site view of user 
initiated real time synchronous interaction. In the 
smart internet, sessions are oriented to the per-
spective of users and their matters of concern, 
rather than simply being states that the server site 
wants to keep track of. Two major implications 
follow from this shift of emphasis.   
 
1. Interactions need not be synchronous. 

Sessions centered on the user and her matters of 
concern should not be exclusively real time syn-
chronous interactions initiated by the user. To 
sufficiently support the user’s matter of con-
cerns, smart interaction needs to add, (i) asyn-
chronous interaction patterns, such as events 
and asynchronous conversations. Examples 
might include setting up of monitors; reminders 
or alerts based on certain conditions (triggers) 
or the setting up of prospective memory related 
tasks of mocs such as scheduled tasks, and (ii) 
batch processing where sequences of service in-
teractions within or across several server sites 
are remembered and repeated automatically.  

2.  Session as a Cohesive Continuum across 
multiple systems of interaction. 

Web applications in the smart internet see users, 
their concerns and tasks as a continuum of 
ubiquitous access across one or more systems of 
interaction. This revised concept of session has 
the following implications: (i) Smart internet 
sessions maintain mocs as persistent states in 
order to keep track of progress towards the 
user’s goals and sub-goals and the need for 
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user’s attention for each moc. Smart internet 
sessions will involve semantic integration of a 
relevant set of composite services and server 
site sessions to deduce and maintain (persist) 
overall state and progress of mocs. (ii) This per-
sistence means that users will not lose or change 
their state or the state of their matters of con-
cern when switching system of interactions. 
Thus users will always be able to continue 
where they last left off.  (iii) This means that 
switching personas or context does not throw 
the user into a new logon session. When re-
authentication is required, it will be done on the 
user’s behalf (without requiring the user’s in-
volvement). This also means that the user’s 
multiple systems of interaction can function as a 
cohesive unit, forming a continuum for the us-
ers and their mocs. This is very different from 
today, when each change of system of interac-
tion leads to a new session that is treated as if 
unrelated to previous sessions. 

3.4 Principle 3:  
Collaborative & Collective 
Web Interactions 

The third principle of the smart internet that dis-
tinguishes it from the current internet is that it 
explicitly supports close collaborate between us-
ers to resolve shared matters of concern. This 
principle has the following implications.  
 
1.  Dynamic Social Binding. 

Dynamic social binding is defined as the capa-
bility to select other users dynamically to share 
interaction elements for different levels of inter-
actions associated with mocs. Shared interac-
tions will occur at different levels of intensity, 
ranging from sharing of views as read-only, to 
co-execution or delegation of tasks and sub-
tasks of mocs, thereby turning web interactions 
from solitary undertakings to multi-user 
collaboration.  Online shopping can be used to 
demonstrate the application of this principle. 
Suppose a user, A, has started a matter of con-
cern relating to online Christmas shopping for 
his children. He places multiple items from the 
catalog into the shopping cart. Using dynamic 
social binding, user A selects his wife, user B, 
to co-execute different elements of interaction 
for the online Christmas shopping task as a moc. 
Now user B is enabled to participate and col-

laborate in operations of user A’s moc such as 
adding items to the shopping cart. Once the col-
laborative work has been completed, User A 
can transfer the session to user B or end the dy-
namic social binding session and continue to 
checkout himself. 

2.  Collective Intelligence. 

In Smart interaction, matters of concern become 
the major drivers of activity, explicitly center-
ing the processing on user needs and interests. 
In keeping with this focus on mocs, text and 
semantic search in the smart internet should re-
turn search results in units of mocs as a (pre-set; 
or ready-to-use as-is or with minor modification) 
purposeful composite collection of related serv-
ices and resources instead of being simply a list 
of unrelated single hyperlinks as in today’s in-
ternet. One would envision a new kind of search 
interface that enables users to locate, customize, 
consume, rate and review such type of interac-
tions as matters of concern or users themselves 
author their own. Queries such as “what do 
people with similar profile as mine do in similar 
matter of concerns (moc)?” should also be an-
swered by the collective intelligence to be of-
fered as moc-advisor for user assistance. This 
functionality can be provided by harvesting sta-
tistical data of historical behavior, user ratings, 
user reviews and feedback presented to users. 
Proactive analysis on such collective intelli-
gence can be done as batch processing.   

4 Web Science of the Smart 
Internet 

The three principles of smart internet, that set it 
apart from the current internet, were outlined in 
the preceding section. In this section a research 
agenda is outlined concerning the science of the 
smart internet. 

Web science studies the web as an empirical 
science as well as a science of synthetic formal-
ism and algorithms, with the goals being (i) to 
derive hypotheses that predict and explain the 
web and (ii) to formalize the engineering of the 
web. It is intended to be a multidisciplinary sci-
ence of the web [2]. Research on the smart inter-
net fits within the scope of web science. With 
respect to the Web science of smart internet, two 
major research activities are identified, namely: (i) 
formalizing an advanced user model of the web 
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(for smart interactions) that centers around users 
and their matters of concern and (ii) formalizing a 
web model (for smart services) including formal-
izing the algorithms required to orchestrate the 
web as a cohesive platform that enables the ad-
vanced user models required for smart interaction.   

4.1 Smart Interactions: The 
User Model for the Smart 
Internet 

The smart internet needs to be much more user-
centric and responsive to user needs for web in-
teractions to address user’s matters of concerns 
than is the current internet. The goal of the smart 
internet with respect to user modeling is not to 
have a deep psychological understanding of each 
user, but rather, to develop normative models that 
represent the broad characteristics and is optimal 
for the purpose of why user uses the web. At the 
same time, such model has to be flexible and ad-
justable (such as by filling in the details and pa-
rameterization of a normative user model) to suit 
particular context. In general, the user model will 
contain metaphors; concepts; objects; operations 
and relationships among them [14].  The baseline 
user model of the current web uses hypermedia as 
the uniform interface. It provides resource identi-
fication from the perspective of the server side 
with great simplicity [8]. In order to move from 
this baseline model to smart interactions, we pro-
pose a research agenda aimed at formulating this 
normative user model of the web that encapsulates 
the key elements of all three principles of smart 
internet, focusing on the user. One key assump-
tion in this formation is that user modeling should 
occur at a macro level across the web instead of 
occurring only at a micro level, i.e. bringing 
improvement to individual server sites.  

Empirical research is needed to determine 
how users would want to use the web at a macro 
level as a platform of services and resources to 
support them in achieving their goals and address-
ing their matters of concern. Research relating to 
smart interactions (that is the user model for the 
smart internet) should address the following is-
sues.  
 
Metaphors that elicit instinctive response to 
goals and concerns 

Appropriate metaphors allow people to more eas-
ily transfer existing knowledge and skills to new 

situations. Metaphors can exist at different levels 
of abstraction and detail. For example, bookmark 
is the most widely adopted metaphor of the cur-
rent internet well chosen to hide the techno-
centric architectural element of the web, namely 
the URL.  

One key research issues in smart interactions 
is to identify metaphors for this new user model of 
the web, that are exemplars of all three smart in-
ternet principles, in order to best elicit instinctive 
user responses towards her goals and concerns, 
leveraging services and resources from the inter-
net as her supporting platform. 

As an overall metaphor, we propose “matters 
of concern” (moc) as a way of connecting user 
needs and interests to content; resources and serv-
ices of the web. The metaphor of matters of con-
cern may entail concepts such as to-do list as a 
collection of all mental tasks related to resolve the 
concern of the matter. Such collection is struc-
tured as a flexible meta-model that is compatible 
with user’s thinking and remembering things that 
have to be done. A person’s matters of concerns 
may drift in an out of focus, and change in their 
priorities, depending on the context. One of the 
challenges for smart interactions is to translate 
metaphor of such intrinsic dynamics into cohe-
sively integrated artifacts of user interfaces as 
system images [19]. Another challenge is to build, 
manage and maintain, for the user, appropriate 
process models, state-transition diagrams, and the 
like to support detailed task interactions and com-
pletion of a given moc. Areas for future research 
may include formulating the definition of addi-
tional objects and operations of the moc metaphor, 
and translating them into user interactions arti-
facts, that are optimal for the eliciting of user’s 
response towards achieving goals or addressing 
concerns. For example, how to define these ob-
jects and operations, so that they can function as 
effective perceptual substitution (Walestein, 2002) 
such that the assessment of the states and progress 
of a moc (which can become very complex) will 
be transformed into fast operations for its user in 
order to elicit instinctive responses appropriate to 
the status of the moc.  

Additional research in the web science of 
smart interactions may also lead to additional 
metaphors to be defined and identified towards 
the goals of the smart internet. 

Another key research question is to find out 
what objects and operations in the current internet 
that users would rather not be made aware of 
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(even though they are necessary or even critical to 
the web as a system) so that they can be better 
focused on objects and operations directly rele-
vant to their goals; tasks and concerns. The follow 
on question is to ask how to make them invisible.  
Objects and operations such as logon on forms; 
input form data for personalized data that is con-
stant may exist in many to-dos (which involved 
multiple secured server sites) of a given moc. 
These result in operations that are complex and 
cognitively challenging (e.g. remembering the 
multiple account numbers and passwords or hav-
ing to look them up before keying in) operations, 
resulting in distraction of the user from her goal 
of resolving concern of the moc. A good metaphor 
for the normative user model of smart interac-
tions will make these distracting operations in-
visible.  
 
A Model that enables Task Simplification 

The advanced user model required for smart in-
teraction includes the aspect of transforming diffi-
cult tasks into simple ones. Tasks are simplified 
by making them more narrow and shallow in 
shape [19]. For instance, a given matter of con-
cern (such as booking vacation) typically involves 
multiple bookmarks (such as car rental reservation 
link; hotel reservation link; air ticketing link; 
points of interest links etc.), each maps to differ-
ent tasks related to booking vacation. Instead of 
the user mentally keeping track of all necessary 
to-dos regarding booking vacation by manually 
managing these hyperlinks for that concern, they 
can be collapsed into a moc. The user benefits not 
only by the cognitive offloading, but she can keep 
using this moc over again in the future; or share it 
with a friend, or have it rated or commented, and 
so on. In general, task simplification will lead to 
reduced cognitive effort and an increase in cogni-
tive compatibility. Task simplification requires a 
re-engineering of the web, so that no compro-
mises in efficiency or effectiveness are made in 
order to create a simpler view of the task for users.  

Research is needed to determine when and 
how tasks may be simplified. Since this is an en-
gineered solution that has to work across a wide 
range of Web interactions, user testing cannot be 
used to determine what works and what doesn’t 
on an ad hoc basis. Instead, predictive models of 
task simplification, along with rules for linking 
simplified views of tasks in the user interface with 
more detailed views of the task at the back end. 

When this process works well the user becomes a 
supervisory controller (cf. Sheridan, 2002) speci-
fying what needs to be achieved and monitoring 
the outcomes without worrying about the details. 
Task simplification for smart interaction is like 
the analogy of  autopilot, but applied to the scope 
of the web: the plane is flown in autopilot mode 
(telling it where to go and making sure that it gets 
there) rather than the manual mode, with all the 
effort and expertise that requires. In the travel 
booking example, a supervisory control type of 
interaction would allow the user to simply acti-
vate the ‘booking travel’ moc whereupon all rec-
ommended transactions would be presented to the 
user for confirmation or modification, with the 
web working behind the scene to carry out the 
details implied by the user selections.  

Service level batch processing, while still 
very new, will play a significant role in the engi-
neering of the web to fulfill the smart interactions 
requirement of supervisory controller.  

Possible future research may involve map-
ping task taxonomies identified in human factors 
and human-computer interaction research into 
patterns of  smart interactions where users can 
exercise supervisory control over a simplified 
view of the task..  
 
A Model that provides Cognitive Support 

Cognitive support may be loosely defined as the 
assistance offered by an artifact for a user to think 
and solve problems of his concern. Cognitive 
support theory is about how and why some ab-
stracted class of artifacts (and their uses) lead to 
more effective cognition [26, 27] and reduce or 
completely eliminate the possibility for error. 
User model of smart interactions exemplify the 
principle of: “knowledge in the world, not in the 
head” [19]. The less a person needs to know about 
a task she is concerned about, without compro-
mising the system’s (which is the web as a plat-
form) ability to complete the task in a way the 
user would want, the better. A key strategy in 
smart interaction is to let the system keep track of 
how things stand with regard to ongoing mocs. If 
keeping track of the states of the matter of con-
cerns is  offloaded to the system, then the user 
may be informed about task status on a “need to 
know basis” through alerts or reminders. By mov-
ing mocs in and out of the user’s awareness based 
on the user’s need to know, the interface can be 
made more calm and the task memory load of the 
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user can be reduced but with increased processing 
capacity for the user.  

Such a metaphor with the dimension of pro-
viding good cognitive support to users will drive 
new definition of session that go beyond that of 
today’s which is for the purpose of tracking only 
user initiated interactions and one server site at a 
time. Additional research is required to define 
sessions that support smart interactions require-
ments such as maintaining and managing states 
for mocs per user and often involve multiple 
server sites. One area of research in this regard is 
the role of personal agents as a means of creating 
persistent sessions that address matters of concern 
for users.  

In addition, integrative research between hu-
man-computer interfaces and web architecture at a 
macro level for batch processing (in terms of task 
completion behind the scene without user in-
volvement) and asynchronous services (in terms 
of system-initiated connections and interactions, 
only user-initiated) will be critical to enable real 
world implementation of an advanced user model 
that provides cognitive support to its users.  

Relevant future research on cognitively com-
patible user models might include the integration 
of the various cognitive support methods that 
have been proposed into a system for reducing 
cognitive complexity in smart interaction. An-
other area of research would involve how inter-
ruptions should occur. An early example of this 
type of research is the work on attentional user 
interfaces by Horvitz et al. [12]. How errors are 
prevented is also another key research area.  
 
A Model that enables Adaptive Aggregation:  

The user model for smart interaction should adapt 
dynamically to the user’s context. Context can be 
defined as any information that can be used to 
characterize the situation of an entity (a person, 
place or object) to bring the most relevant content 
to the user [5]. Adaptation can be applied to the 
presentation layer, and/or the service execution 
layer.  The goal is to bring most relevant server 
side resources from multiple sources to the user as 
an individual. Relevant research on this topic 
would include what aspects of the user model to 
adapt and when to adapt them.  One goal of such 
research might be to define a meta-model; rules 
and framework to guide aggregation of content 
enabled by technologies such as mash ups.  
 

The Concept of Dynamic Collaboration  

“Connect-request-response-close” is the basic 
interaction phases between a browser client with a 
given server site for a single user today. One di-
mension of the user model of smart internet is the 
capability for the user to dynamically bind to an-
other user who can i) share view ii) share execu-
tion iii) transfer execution. 

Dynamic binding for collaborative server side 
services is a fairly new research area. It sees col-
laboration not as an application in itself but as a 
service that can be integrated into a larger context 
of operations. Dynamic collaborative services (as 
in Service Oriented Architecture) will be a key 
research area for enabling this functionality. Pos-
sible research issues include adding objects and 
operations to start and stop dynamic collabora-
tions within a moc; the design of appropriate col-
laborative interfaces for smart interaction; 
interruption patterns in dynamic collaboration; 
access control and policy enforcement; security 
and privacy control and others.  

4.2 Smart Services:  
The Web Model for the 
Smart Internet 

Smart interactions define new and advanced user 
models of the web at a macro level gravitating 
around the user by leveraging services and re-
sources from multiple server sites. This will trans-
form client and server interactions patterns. 
Today’s client-server interactions, when ab-
stracted as a web model, can be thought of as a 
web-graph with nodes being the web pages and 
edges as hypertext links [15]. Smart interactions 
add new dimensions to client-server interactions, 
specifically (i) server-initiated connections and 
interactions; (ii) batch-processing as in complet-
ing server side services without user’s involve-
ment (iii) dynamic-binding of multiple clients into 
the same connections for service level collabora-
tive interactions and (iv) services flow such as 
sequential and parallel services; and likely others.  

In a nutshell, smart services is to transfer the 
web services from the control of the web pro-
grammer to the hands of the end users. The re-
search agenda of smart services includes the 
development of abstracted web models that cap-
ture the service interactions, and formalization of 
algorithms to engineer the necessary web 
infrastructures to support the discovery, 
aggregation and delivery of services and resources 
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and delivery of services and resources from the 
web platform under user control. Research relat-
ing to smart services (the web model for the smart 
internet) should address the following issues.  
 
Smart Services Web Models  

Smart interactions impose new requirements on 
the web as a platform. The requirements of a high 
degree of personalization and dynamic adaptation 
(to real time situations and context) of web inter-
actions for each individual user may give rise to 
new web models. Server side services needed for 
a given moc and its web interaction artifacts are 
distinctly separate and independent. For example, 
the subset of services of a given moc for a user’s 
interactions with a mobile phone that has GPS 
will be different from the services of the same 
moc when the user interacts using a workstation. 
Which subset of services for a given moc is made 
accessible on each kind of interaction device is an 
important question. The combination of mocs 
needed for each context, such as persona and type 
of interaction device, that is optimal for the user’s 
cognitive support is another important problem to 
solve. How to dynamically compute all of these 
based on a prescribed framework and rules is an-
other key research question. More experiments 
and empirical studies will be required to derive 
and define efficient web models appropriate to the 
smart internet.  
 
Base Web Infrastructure Extensions  

What new requirements for web infrastructure 
will be required to realize smart interactions is a 
key research question. User-based ervice interac-
tion patterns will require capabilities that the cur-
rent standard web infrastructure simply does not 
support, and new facilities will need to be. An 
initial set can be identified as follows:   
 
o Base web infrastructure for server-side initi-

ated connections and services: This includes 
infrastructure for event processing, and asyn-
chronous services such as reminders and 
scheduled tasks. The research agenda in this 
area includes methods and algorithms for ef-
ficient filtering and co-relations; models for 
client-side asynchronous interaction tailored 
to the user’s cognitive support; performance 
requirements (e.g. critical medical events)  
and other issues. 

 

o Other components that may need to be added 
to the base web infrastructure include col-
laborative services and data visualization.  

 
New Web Infrastructure for the Smart Internet 

Apart from the base web infrastructure to support 
the supply of services from each server site, there 
is a need for a new kind of web infrastructure that 
manages services at the macro level.  This new 
level must handle mocs in terms of their states and 
sessions, and the mapping of services from multi-
ple server sites to the dynamic context of the 
user’s device access at the time. The requirement 
is for a model of composed services that spans 
sites but is centrally managed for users as indi-
viduals.  Some key ideas we can pursue in this 
direction are: 
 
o Base web infrastructure for service level 

batch processing: Service level batch proc-
essing involves the execution of a series of 
services in a distributed fashion without hu-
man interaction, so that the selected services 
can be set up to run to completion without 
human involvement. This implies that all the 
parameters required for invocation of the se-
ries services can be pre-set and saved to be 
processed at service run time. This problem 
poses many research challenges, including 
invocation patterns for service level batches. 
For example, batch invocation could be 
schedule-based, event-based, or based on de-
tection of other user interactions. A key chal-
lenge here is the design of a programming 
model for service batches, including capture 
and collection of input parameters for service 
invocations. Service-level batch processing is 
a critical element for user cognitive support.  

 
o Infrastructure to Support Dynamic Adapta-

tion: Support of smart interactions will need a 
richer model for adapting services to context 
that supported by the current web infrastruc-
ture.  The ability specify the adaptation of 
presentation to devices and context while re-
taining the user’s mocs will be a major re-
search challenge. 

 
o Inference Engine:  A web infrastructure 

component responsible for the processing of 
dynamic user context, using user rules and 
policies to infer the most appropriate aggre-
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gation of services for the purpose of dynamic 
personalization will be needed. Research 
challenges here include rule definition, vali-
dation, and interpretation.  A model of life 
cycles of service use will be critical to the 
engineering of this component.  

 
o Practical Ontology Infrastructure: If the 

smart internet is to be sensitive to the real-
world problems and contexts of the user, 
support for semantic ontologies must be a key 
component of the new web infrastructure.  A 
framework for ontology infrastructure that al-
lows for dynamic inference and tagging of 
services and batches will be a key part of 
smart services. 

 
o Flow Engine:  In order to orchestrate user-

level services with minimal user intervention, 
we envisage the need for a service flow en-
gine which can support and manage both di-
rect user interactions and batch services in a 
consistent, efficient and secure way.  

 
o Service Registry and Self-discovery Ap-

proach for Service Semantics: Automating 
the matching of end-user intentions with 
services, batches and previous interacitons 
will require a system that can automatically 
associate semantic tags with services (e.g., in 
WSDL) and components of services (such as 
the out message).  Such a facility must work 
without involving the user directly, and might 
for example use reverse engineering tech-
niques to infer and add tags. 

 
There are many other key challenges, such as se-
curity models for the smart internet.  It is not clear 
for example how to meet server side security re-
quirements while relieving the user of her cogni-
tive burdens. What is the security model for 
server-initiated services such as events or asyn-
chronous service interfaces? What is the security 
model for service-level batch processing and col-
laborative services?  How can we hide the diver-
sity of security requirements across sites while 
simplifying the user’s tasks?   

Putting all these new web infrastructure 
components together into a consistent new web 
model and framework for web application de-
velopment in the smart internet is itself an 
exciting research challenge.  

5 Conclusion 

This is just the beginning of the research agenda 
for this Copernican transformation to a smart in-
ternet. We position this as a research agenda 
within the scope of web science; extending the 
internet towards the goal of developing a new web 
model we call smart services that views web serv-
ices at the macro level to support the user as an 
individual. We began by discussing the formuliza-
tion of a user model of the web we call smart in-
teractions. We outlined the three major principles 
that distinguish the smart internet from the web in 
its current form, namely: (i) an instinctive user 
model; (ii) a session model focusing on the user’s 
concerns, not just a single server site; and (iii) 
collective and collaborative web interactions.  It is 
our belief that the research agenda in the smart 
internet will take us on a journey of transforma-
tion in re-engineering the web to focus on the 
users rather than the servers. 
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