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A B S T R A C T

This paper presents Everything-as-a-Resource (*aaR) as a paradigm for designing collaborative
applications on the Web. Abstracting these applications’ various physical and logical entities, resources
are defined in a way that permits their discovery, composition, and participation in business scenarios.
Compared to Everything-as-a-Service (*aaS), resources are categorized into computational, consumed,
and produced, have trackable lifecycles as per their respective category, and are customized in order to
consider the characteristics of future resource-based collaborative applications to develop. From a
capacity perspective, a computational resource processes data, a produced resource abstracts data, and a
consumed resource captures data. Along with their capacities, resources expose methods that other
resources and/or applications’ stakeholders call. The proper call of methods is ensured through
restrictions like limited and non-shareable. This paper exemplifies the *aaR paradigm with a case study
that revolves around the use of Internet-of-Things (IoT) in the healthcare domain. The case study is
implemented in a RESTful fashion along with some standard Web technologies and protocols. The
evaluation of IoTR4HealthCare system is benchmarked against two existing systems using cost and
latency criteria.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

In the Information & Communication Technologies (ICT)
community, *aaS is a well-known acronym standing for Every-
thing-as-a-Service [12]. Everything (i.e., thing as a general term)
could be software, platform, infrastructure, communication, data,
just name it.1 Exposing things as services has different advantages
such as abstracting the complexity of the digital and physical
worlds, complying with the separation-of-concerns principle [35],
and shifting the burden of managing things internally to external
bodies (e.g., cloud providers) in-return of a fee. In this paper, we
promote a broader vision of things by treating them as Resources
(Everything-as-a-Resource *aaR). Contrarily to services that act as
proxies over things independently of these things’ characteristics

like types and roles, we (i) make resources the pillars of an
ecosystem that capture stakeholders’ needs, requirements, and
concerns, (ii) categorize (specialize) resources into computational,
consumed, and produced, (iii) associate resources with separate
lifecycles that stress out their differences from an operation
perspective, and finally, (iv) customize the ecosystem's resources
and stakeholders with respect to the characteristics of the future
resource-based applications that can be developed upon this
ecosystem. Resources are more than proxies but active compo-
nents that can be specialized and customized. The connection
between the three categories of resources is straightforward: a
computational resource that is invoked at run-time, could
consume (existing) resources and/or produce (not necessarily
new) resources. Examples of resources include REpresentational
State Transfer (RESTful) service as a computational resource, XML
document as a consumed resource, and txt file as a produced
resource.

The concept of resource is not new in the literature and has been
used in different disciplines like distributed artificial intelligence
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1 Software, platform, and infrastructure are the essence of cloud computing.
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(e.g., resource logic for multi-agent planning [10]) and service
computing (e.g., RDF for interoperability [41] and REST for building
applications (Web, Intranet, and Web services) [13]). While some
disciplines consider that resources (whether logical or physical)
are abundant, we argue the opposite. According to Dimick, all
resources are expected to decline [11]. To deal with the non-
abundance concern and to ensure proper use of resources, we
define restrictions over resources and specialize these restrictions
into limited (versus unlimited), non-shareable (versus shareable),
and non-renewable (versus renewable). Restrictions permit to
differentiate resources from services further and to have a better
control over resource engagement in future resource-based
applications. In this paper, our objectives are: (i) develop an
*aaR framework that provides the necessary guidelines for setting-
up and managing an ecosystem of resources, (ii) define both
resources and restrictions regardless of the applications to deploy
over this ecosystem, and (iii) exemplify the *aaR framework with a
resource-based Internet-of-Things (IoT) case-study.

There are no doubts that Mark Weiser's statement about
ubiquitous computing, “The most profound technologies are those
that disappear. They weave themselves into the fabric of everyday life
until they are indistinguishable from it” [46], has become a reality
thanks to IoT and other forms of computing like ubiquitous [3].
Network high-connectivity and -bandwidth have allowed various
digital devices, whether wearable or not, to form an ecosystem that
includes other non-digital devices like white goods and medical
equipment. According to Gartner,2 6.4 billion connected things
were in use in 2016, up 3% from 2015, and will reach 20.8 billion by
2020. In response to IoT intrinsic characteristics like ubiquitous
sensing, thing diversity, dynamicity, and integration of the
physical- and cyber-worlds together [2], we demonstrate how
our ecosystem of resources transparently accommodates these
characteristics. To this end, we propose a three-layer representa-
tion for the *aaR framework: application, resource, and infrastruc-
ture. The layers feature building blocks and operation modules that
are necessary for setting-up and functioning both the ecosystem
and the future IoT applications. It is worth mentioning that non-IoT
applications could be considered without impact on the *aaR
framework's concepts and principles.

The remainder of this paper is organized as follows. Section 2 is
an overview of the fields of resource and IoT. Section 3 details the
*aaR framework in terms of representation, resource categories,
and restrictions over resources. Section 4 implements the *aaR
framework through a healthcare-driven case study and evaluates
the implemented system against two IoT healthcare systems.
Finally, Section 5 concludes the paper along with discussing some
future work.

2. Background

This section provides an overview of the concept of resource
along with some definitions and examples of IoT uses. Then, it
concludes with some highlights of the *aaR framework.

2.1. What is resource?

In ICT disciplines like computer science, information technolo-
gy, and software engineering, resource means different things. It
refers to hardware and software (e.g., network, server, storage,
application, and service) in cloud computing [37], person/machine
who execute tasks in business processes [32], Web content in the
(Semantic) Web architecture [4,13], etc. Despite the multiple uses
of resources, they abstract some entities, whether physical or

logical, that could be discovered, composed, and consumed so that
certain business goals are achieved. It is worth noting that such
entities might not be abundant and thus, restrictions on their use
are deemed necessary.

Fielding proposes REST as a style for designing and developing
distributed hypermedia systems like the Web that would comply
with Resource-Oriented Architecture (ROA) principles [13].
According to Lucchim et al., resources are directly-accessible
components handled through a standard common interface [27].
This interface is a set of stateless operations (e.g., HTTP methods).
Systems that comply with Fielding's REST style are called RESTful.
Resource has become prevalent when RESTful services have
overtaken SOAP-based Web services [1,36]. The former expose
their operations as resources that are accessed through Uniform
Resource Identifiers (URI)s and thus, are better suited for the adhoc
deployment of systems over the Web. The latter suffer from the
complexity of their protocol stack (UDDI/WSDL/SOAP to facilitate
discovery/publication/invocation) and excessive number of stand-
ards (WS-*) [43]. According to Richardson and Ruby, ROA allows
different representations of a resource through different URIs. This
allows clients and servers to communicate through these
representations [38].

Xu et al. adopt REST principles and service-oriented architec-
ture3 to use resources in business processes [47]. For instance, they
model business processes, instances, tasks, and states as URL
identifiable resources, also model control flows and state
transitions as links between connected resources, and finally
use micro-formats and URL templates for dynamic process
coordination. For Xu et al., resources increase process visibility
and interoperability, and links could represent control/data flows
for possible next-step actions.

Karkkäinen et al. propose an approach for managing informa-
tion on products using a peer-to-peer architecture in association
with a centralized data repository [23]. Data (seen as a consumed
resource) gathered from different stakeholders is processed into
information on products and then, shared with the whole supply
network of partners. However, building a centralized repository to
integrate a wide variety of data could become costly along with
using a lot of (computational) resources.

2.2. What is Internet of Things?

Connecting the Web and physical objects together is not new.
For instance, attaching physical tokens (e.g., bar-codes) to objects
allows to redirect users to a specific page(s) that contains object-
related information [45]. The pages were first available on static
Web servers, then developed further to enable low-power devices
to be part of wider networks, so that gateway systems can access
these pages [40]. Mapping physical objects onto virtual counter-
parts makes these objects accessible from and controllable over
the Web [17]. Främling et al. propose first, a globally unique
product identifier [16] to identify product items during their
lifecycles and second, a dedicated product agent [15] to manage
these items. In a similar vein, managing IoT devices requires unique
identification and interfacing. As stated in Section 2.1, ROA adopts
objects’ URIs in a bid to build a reference model that would make
each resource a directly accessible distributed component via a
standard uniform interface [27]. This interface facilitates interac-
tion with physical objects, connected to resources in the Web,
through four primitives – create, read, update, and delete – which
are mapped onto HTTP methods: PUT to create a resource, GET to
read a resource, POST to update a resource, and DELETE to delete a
resource [34].

2 https://www.gartner.com/newsroom/id/3165317. 3 Micro-services could also be represented as resources.
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