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Abstract: The Internet of Things (IoT) paradigm focuses on a network of objects, where devices 
communicate with human beings as well as other devices. This paper focuses on the identification of 
suitable metaphors and concepts for building IoT applications. It proposes an approach grounded on 
the contextualization of objects and their information in one or more spaces of things, defined 
according to different physical and logical spatial models. The approach promotes the seamless 
integration and interaction of heterogeneous components. The paper presents the conceptual model, 
the related software architecture and an experimental application in the logistics domain. 
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1. Introduction 
 
The Internet of Things (IoT) paradigm [2][9][14] regards the realization of a distributed environment, 
allowing devices to communicate with human beings as well as with other devices and enabling the 
development of things-oriented applications devoted to the interaction between users and the 
physical world. 

Sensing technologies like Radio Frequency Identification (RFID) [14], extensions of current 
network and Web protocols [6] and data integration techniques [8] will play a key role on building 
the IoT network. This paper focuses on the application level of IoT and, in particular, on the question: 
what metaphors and concepts are suitable for building IoT applications? 

The idea behind the proposal of this paper is that the information items that model the “real” 
world inside an ICT system should be routed and contextualized by localizing them in multiple 
spaces of things, which model in different ways both physical and logical spaces. For example, the 
cells of a grid space represent small portions of the geo-referenced “real” space. A graph space 
models a road network. Name spaces allow devices and software components to be uniquely 
identified both by symbolic names and by network addresses. 

Mappings relate different spaces of things: for example, cells of a geo-referenced grid space are 
mapped to nodes of a graph space representing a road network. 

Spaces of things and their mappings allow devices and application components to interact even if 
they reason in terms of subjective and heterogeneous spaces of things, without relying on technology-
dependent addressing mechanisms.  

Section 2 introduces a reference scenario in the logistics domain. Section 3 presents the 
conceptual layering of a things-oriented ICT system by carefully separating different issues: 
perceptive events, stateful objects and localization in multiple mapped spaces. Section 4 describes the 
components of a concrete architecture and their roles. Section 5 sketches the implementation of the 
reference example. Section 6 discusses several aspects of the proposed approach. Section 7 puts the 
proposal in the context of related works. Section 8 draws some final conclusions. 
 

© 2012 The Author; licensee SIWN Press. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/

licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, as long as the author is properly attributed.

International Transactions on Systems Science and Applications
Volume 8 ▪ December 2012 ▪ pp. 99-112
sai: itssa.0008.2012.039

ISSN 1751-1461   (print)
ISSN 2051-5642 (online)



2. Reference Scenario 
 
This section introduces a simplified case study in the logistics domain, which helps highlighting a 
couple of major problems and will be used in the rest of the paper to exemplify basic concepts and 
their exploitation. The case study derives from a concrete experimentation in the logistic domain, 
carried on in the context of the “Integrated Multimodal Platform for Urban and Extra Urban Logistic 
System Optimization" (IMPULSO) project funded by the Italian Ministry of Economic Development. 
This project aims at creating an integrated system for the management and control of transport and 
logistics. 

A logistic system is in charge of observing the movements of Parcels. Each parcel has a unique 
identifier in the logistic domain: for example, a pair <order number, item number>. An RFID Tag is 
tied to each parcel and there is a one-to-one correspondence between parcel identifiers and tag 
identifiers (for simplicity, the case of tags that are not tied to parcels is not considered). A parcel is 
either stored in a Warehouse or loaded on a Vehicle. A Warehouse has one or more gates, each 
equipped with a Transit Sensor, which is capable of recognizing the tags of the parcels flowing 
through the gate and their direction (in or out the warehouse). A Vehicle is equipped with a Proximity 
Sensor, which recognizes the tags of the parcels that are currently loaded on the vehicle, and with a 
GPS Sensor. On each vehicle there is an On Board Unit, which collects data from the proximity and 
GPS sensors of the vehicle and sends the data to a central system.  

Application components realize logistic functionalities allowing a user to monitor the 
advancement of the delivery for a specific parcel, to inspect what parcels are in a warehouse or on a 
vehicle, to be notified whenever a parcel reaches a warehouse, to check whether the state of a parcel 
is consistent (i.e., it must be either in a warehouse or on a vehicle) and so on. Most of these logistic 
functionalities rely on the answer to a basic question: where a parcel is. The question is not trivial due 
to two major semantic gaps: 

- The gap between events generated by sensors and states of the parcels; 
- The gap between the manifold ways sensors and applications localize events and parcels. 
Sensors seldom provide direct information about the localization of a parcel. For example, a 

transit sensor generates events like “a tag passed a gate in a specific direction at a given time”. 
Deriving state information like “a parcel is in a warehouse” may be a non-trivial issue. Some sensors 
seemingly generate localization data that model state information: for example, one could expect that 
a proximity sensor could be queried and would answer, “some tags are close to the sensor”. A 
problem here is that sometimes the on-board units installed on vehicles cannot be directly queried due 
to intermittent communication: for example, either the network is temporarily down or the vehicle is 
in a tunnel. Again, the sensor can be more properly viewed as a source of events like “some tags have 
been recognized in proximity of the sensor at a given time”.  

Moreover, different logistic functionalities need to localize parcels in different ways. For 
example, the delivery process of a parcel may be monitored by localizing the parcel either in 
warehouses or in vehicles, no matter “where” the parcel is in terms of geo-referenced coordinates. On 
the opposite, a parcel containing dangerous materials must be geo-referenced to capture its presence 
in a critical geographical area, no matter whether the parcel is on a vehicle or in a warehouse. In both 
cases, an application should rely on the most suitable kind of localization data, no matter what 
sensors generate them. Unfortunately, events generated by different types of sensors carry 
technology-dependent localization data, which often are not related to application needs: for example, 
an RFID sensor localizes a tag in a space of sensor names, whereas a GPS sensor localizes a vehicle 
in a geo-referenced space. 
 
3. Conceptual Model 
 
This section presents the conceptual model we propose for IoT applications. The presented spatial 
model relies on the model for ambient ecologies and smart environments proposed in [3] and [13], 
where a detailed formal definition of spatial concepts can be found.  
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3.1 From Things to Objects 
 
A thing is a real world entity, which is significant in a specific application domain. In logistics, 
parcels and vehicles are example of things. A things-oriented system (Figure 1) is able to observe the 
state of the things of interest and to act on them according to a specific, possibly user-supervised, 
behavior.  
 

 
 

Figure 1. Things-oriented system. 
 

Figure 2 sketches the conceptual layering of the system, which is discussed in this section (the 
descending software architecture will be discussed in Section 4). For simplicity, the upstream 
observation flow only is considered, but the concepts can be easily extended to the downstream 
control stream. 

A domain object is an abstraction, which models inside the ICT system the state of a thing. The 
term “state” is used here to include all the properties of a thing that are relevant in the specific 
application domain. It includes both intrinsic and relational properties, which can be either static or 
dynamic. For example, the weight of a parcel is a static intrinsic property, its temperature is a 
dynamic intrinsic property and its localization (Section 3.4) is a dynamic relational property.  

A major responsibility of a well-structured ICT system is to ensure the causal connection [4] 
between states of things in the physical world and states of the corresponding domain objects, so that 
application components can realize domain-specific functionalities by relying on the image of the 
reality provided by domain objects without dealing with issues related to sensing and communication 
technologies. Ensuring the causal connection is a complex issue due to the event-oriented nature of 
data acquisition and transmission (Section 3.2), to the presence of different abstraction levels (Section 
3.3) and to the co-existence of multiple spatial models (Section 3.4) that must be somehow related 
(Section 3.5). 
 
3.2 Events versus States 
 
Sensors translate perceptions of things’ properties into information items, which are delivered 
through the communication infrastructure. The resulting upstream information flow is intrinsically 
discrete and intermittent because sensors sample the physical properties of the things and because the 
communication protocols rely on discrete messages. Moreover, both sensors and communication 
infrastructures are unavoidably error-prone for both technological and physical reasons: for example, 
the environment is noisy, the network is temporarily down, or a tracked vehicle is inside a tunnel.  
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Figure 2. Conceptual layering for Things-oriented systems. 
 

Thus the causal connection between the state of a thing and the state of the corresponding object 
is in turn an abstraction, as a continuous causal connection is physically unfeasible. Sensors generate 
events, which carry information about the perceived state of things at given time instants. A 
perceptive event can be either solicited (i.e., as consequence of an explicit query) or unsolicited (i.e., 
at fixed times or whenever some significant condition is recognized by the sensor). 

It is up to a basic abstraction layer of the ICT system to infer from histories of perceived events 
the state of an object, which should be as representative as possible of the state of the corresponding 
thing. The basic layer typically encapsulates sampling strategies, communication issues, data filtering 
and preprocessing and should hide such issues from the applications, so that they can reason in terms 
of objects’ states. 

An application should be aware that the state of an object is an uncertain guess [1] of the state of 
the modeled thing. A good rule is to associate a (possibly dynamic) confidence degree to the states of 
the objects, so that applications can leverage domain-specific knowledge to take into account the 
intrinsic uncertainty of the states. For example, the localization of a tracked parcel can be considered 
meaningful as long as its confidence is above a given threshold, which depends on the criticality of 
the parcel in the application domain: the threshold is higher if the parcel contains dangerous materials.  

This approach de-criticizes communication issues and paves the way to the use of inexpensive 
one-way communication protocols with possible data losses, as long as this does not affect the 
confidence level of objects’ states that is required in the specific application domain.  
 
3.3 Abstraction Levels 
 
On top of the basic layer that turns events into objects’ states, upper layers of the ICT system should 
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hide from the applications the visibility of what properties of an object derive from direct sensing or 
from inference. For example, the temperature of a parcel can be directly measured if a temperature 
sensor is tied to the parcel, it can be inferred from the temperatures observed by several sensors 
distributed in a warehouse or it can even be inferred (though with low confidence) from weather 
forecasts. All the solutions could co-exist in a complex system, but an application that monitors the 
delivery of perishable goods is interested in the temperature of the parcels, no matter how 
temperatures are inferred. 

Moreover, an object may expose abstract properties, which are of use in the application domain 
but do not directly model physical properties of the corresponding thing. For example, states of a 
parcel like “waiting for shipping”, “shipping” and “delivered” are not directly observable but can be 
inferred from observable properties (in particular, localization) according to the rules of the logistic 
processes.  

Till now we dealt with concrete domain objects, which directly model physical things. 
Significant domain concepts can be also modeled by abstract domain objects that do not directly 
model physical things, though a causal connection between things and abstract objects must still be 
ensured. For example, an order is an abstract object, whose delivery state is causally connected to the 
state of a set of parcels and can be inferred from the states of the concrete objects that model the 
parcels. 
 
3.4 Spaces of Things 
 
Perceptions often mean, “something has been perceived somewhere”. The upper abstraction layers 
discussed in the previous sections must treat the localization of the objects as an essential component 
of their states, in order to answer the major question “where a thing is”. Moreover, events should be 
delivered according to their source location and to the interests of specific subscribers: for example, 
an application that tracks dangerous materials expects to be notified by an event whenever a specific 
parcel is perceived at a given location.  

Therefore the concepts of space and localization, which are of use throughout the system layers 
from devices to applications, should be modeled and managed in a uniform way. Unfortunately 
heterogeneous devices, applications and users rely on heterogeneous spatial models: geographical 
spaces, Cartesian spaces, address spaces, name spaces, topological spaces, route spaces and so on.  

The rest of this section introduces spaces of things, defined according to a basic set of spatial 
models. Section 3.5 deals with multiple spaces. A more detailed presentation of the spatial concepts 
can be found in [3] and [13]. 

A space of things is a finite, non-empty set of locations. It is organized according to a spatial 
model, which defines one or more types of locations, how locations are related in the space according 
to their types and some kind of metrics that can be applied to the locations of the space. Different 
spatial models may be exploited, for example [3][13]: 

• Graph-based spatial models, where spaces are organized as nodes and edges of a graph; here 
a suitable metric is given by the function that computes the minimum weight of a path 
between two nodes. Graph spaces may model road routes and shipping paths; 

• Grid spatial models, where spaces are organized as n-dimensional matrixes; a suitable 
metric for calculating distances between cells is the Chebyshev metric [3][13]. Grid spaces 
are very common to approximate continuous spaces; 

• Name spatial model, where the locations of a space are characterized as symbolic names, i.e., 
strings. Name space represent symbolic names, identifiers and address associated to things 
(e.g., IPv6 addresses). 

A spatial context is a non-empty subset of the locations of a space. Any information item (either 
a perception or an object) can be localized by associating it with one or more spatial contexts. 
 
3.5 Space Mappings 
 
System components, be they devices, software components or users, reason in terms of 
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heterogeneous subjective spaces. The heterogeneity stems primarily from the heterogeneity of the 
spatial models: for example, a parcel can be localized in a geo-referenced space if it is on a GPS-
localized vehicle, whereas it can be localized in a Cartesian space if is on a shelf inside a warehouse. 
Different component may reason on different subjective spaces even if they rely on homogeneous 
models: for example, components that supervise the storage of parcels inside different warehouses 
may rely on local and independent Cartesian spaces.  

Both objects and events can be localized at the same time in several subjective spaces. Different 
components should be allowed to reason in terms of their subjective spaces while interacting via 
events or via shared objects. For example, a sensor generates events that localize a parcel in a geo-
referenced space, while an application expects to be notified whenever the parcel reaches a location 
in the Cartesian space of a warehouse. The concept of mapping between spaces can help solving these 
problems.  

An explicit mapping is an ordered pair of locations belonging to different spaces of things, 
possibly defined according to different spatial models. Implicit mappings are mappings that can be 
derived according to the transitive property, excluding those involving locations in the same space. 
Explicit and implicit mappings support both a spaces-based paradigm for the delivery of events and 
the specification of spaces-based relational properties of the objects. 
 
4. Software Architecture 
 
This section sketches a software architecture, which reifies the model presented in the previous 
section. The architecture includes five macro-components. Spaces and Mappings Management 
(SMM) manages spaces and their mappings. Events Management (EM) provides spaces-based 
dispatching of events. Domain Objects Management (DOM) manages domain objects and their state. 
Sensing Objects Management (SOM) manages sensors and channel-oriented communication. Events 
Archiving (EA) regards time and spaces based storage of events. Applications (APPS) rely on the 
macro-components to realize domain functionalities. Figure 3 places SMM, EM, DOM and APPS in 
the conceptual layering. SOM and EA are not shown in Figure 3 for simplicity. 
 
4.1 Spaces and Mappings Management (SMM) 
 
SMM realizes cross-layer functionalities dealing with the organization of spaces of things and their 
mappings (Sections 3.4 and 3.5). SMM does not associate domain semantics to spaces and mappings, 
whose interpretation is up to the applications. Therefore SMM is domain-neutral and can be the core 
of a general-purpose platform that supports the development of space-aware systems. The basic 
operations exposed by SMM are summarized below. 

defSpace(modelName,spaceName,parameters) defines a space of things as an instance of a 
spatial model configured according to the provided parameters: for example, the nodes and arcs of a 
graph space or the size of a grid space. SMM relies on a set of pre-defined spatial models. There is no 
need for a dynamic meta-definition of spatial models, because they are widely agreed and stable.  

Other operations, not listed here for brevity, allow an application to add and remove locations, to 
get the description of a space and to get the distance between two locations of a space according to 
the metrics defined by its spatial model.  

A spatial context is a non-empty subset of the locations of a space, which can be specified either 
in an enumerative or in a declarative way. For example, the enumerative spatial context {(0,0), (0,1), 
(1,0), (1,1)} of a grid space may be declaratively denoted through the Chebyshev metric as the set of 
cell indexes {Ci : DChebyshev((0,0), Ci) ≤ 1}.  

map(sourceContext,targetContext) defines explicit mappings from the locations belonging to the 
source context to the locations belonging to the target context.  

getMapped(sourceContext):contexts returns a set of spatial contexts containing all of the 
locations mapped from the source context in any other space. Other operations allow to selectively 
getting the contexts mapped from or to a specific space. 
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Figure 3. Major components of the proposed software architecture vs. the conceptual layering. 
 

Although operations that modify the structure of a space and the mappings allow highly dynamic 
systems to be realized, they must be used carefully to ensure that different software components have 
a consistent view of the spaces. Therefore such operations should be reserved to the privileged 
components that are part of DOM (Section 4.3). 

SMM can be regarded as a generalization of a classical Domain Name Server (DNS) which 
manages mappings from a URL name space to an IP address space, whereas SMM treats generic 
spaces and mappings that are meaningful at the application level. 
 
4.2 Events Management (EM) 
 
EM relies on SMM only. It routes and dispatches events according to the spaces-based extension of 
the connectionless publish/subscribe paradigm proposed in [3][13]. Like SMM, EM is domain-
neutral and is the second major component of a general-purpose platform that supports the 
development of space-aware systems. 

publish(thematicInfo,publicationContexts) allows events to be published in or more spatial 
contexts. For example, RFID sensors may generate events contextualized in two name spaces that 
represent identifiers of names and of tags, meaning that a perception is localized at a specific sensor 
and at a specific tag. 

subscribe(subscriptionContexts) allows  an  application component to manifest its interest in 
events published in one or more spatial contexts.  An event is dispatched to all the application 
components whose subscriptions contexts match its publication context. If publication and 
subscription context are defined in the same space, a direct matching occurs whenever their 
intersection is non-empty.  
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Mappings enable a form of indirect routing (Figure 4): subscribers receive events if there is an 
indirect matching, according to explicit or implicit mappings, between publication and subscription 
contexts. Therefore publishers and subscribers can interact through different spaces, provided that the 
proper mappings have been defined. 

EM notifies events together with their complete spatial contextualization, i.e., all the contexts that 
are either explicitly or implicitly mapped by the publication context. Filtering mechanisms are 
available to avoid information overflow. 

subscribeMappingChange(sourceContext, targetContext) allows an application component to 
manifest its interest in mapping changes. Subscribers are notified whenever a new explicit or implicit 
mapping is created or deleted from at least one of the locations identified by the source spatial context 
to at least one of the locations identified by the target spatial context. This operation is especially 
relevant because it allows components to be notified about changes of the relational properties of 
some object, which are often modeled in terms of mappings: for example, the localization of a parcel 
can be expressed as a mapping from a location in the parcels name space to a location in a geo-
referenced space.  
 

 
 

Figure 4. Spaces-based publish/subscribe: indirect matching. 
 
4.3 Domain Objects Management (DOM) 
 
DOM relies on SMM and EM. It is in charge of inferring objects’ states from histories of events 
(Sections 3.2 and 3.3); though it plays a fundamental role, its functionalities are unavoidably domain-
dependent, so that DOM should be viewed as a container of domain-specific components. Such 
components have the right of dynamically modifying spaces and mappings. They typically subscribe 
specific localized events. Whenever activated, they modify the state of specific objects and, in 
particular, their localization.  
 
4.4 Sensing Objects Management (SOM) 
 
SOM is similar to DOM, but it provides system and network management functionalities by 
observing and managing system components (in particular, sensors and network elements) instead of 
things of the external world. In other terms, SOM performs reflective activities (see [4]). For example, 
it can observe and controls the behavior of the sensors. It can also set up direct, connection-oriented 
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communication flows between sensors and applications by exploiting dynamic mappings between 
name spaces (for example, the space of sensor names) and a network address space (for example, the 
space of IPv6 addresses). Dynamic management of spaces and mappings may be exploited to manage 
mobile sensors with unstable connection.  
 
4.5 Events Archiving (EA) 
 
EA relies on EM and SMM to perform logging activities by persistently storing events. It supports 
queries to obtain sets of events according to their generation time and spatial contextualization. EA 
subscribes to a “storage space” with proper mappings from other spaces in order to selectively define 
the events that should be stored.  
 
5. Scenario Implementation 
 
This section presents an experimental implementation of the reference scenario introduced in Section 
2. The core functionalities of SMM and EM are exposed as Web services by a platform called Space 
Integrations Services (SIS) [3][13]. DOM functionalities are implemented by application components 
exploiting SIS services. The scenario has been implemented inside an overall demonstration about the 
results of the IMPULSO project. 

Figure 5 presents the spaces and mappings exploited inside the scenario implementation. Solid 
and dotted lines represent static and dynamic mappings respectively (see below). 
 

 
 

Figure 5. Spaces and mappings for the logistic scenario. 
 

The Parcels name space defines unique parcel identifiers. Transit and proximity sensors are 
represented through the TransitSensors and ProxySensors name spaces, while the recognizable RFID 
tags through the Tags name spaces. Vehicles and warehouse are represented through the Vehicles and 
Warehouses name spaces. The TransitSensors and ProxySensors spaces are mapped to the 
Warehouses and Vehicles space respectively, in order to represent the physical (static) deployment of 
sensors in vehicles and warehouses. RFID tags are mapped to parcels. 
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A bi-dimensional grid space (GeoGrid space) models the geographical area of interest. The 
GeoGrid space is exploited to track the position of moving vehicles through GPS sensors (represented 
through the GPSSensors space). The deployment of these sensors inside vehicles is modeled by the 
mappings between the Vehicles and GPSSensors spaces. Finally, warehouse names are mapped to 
cells of GeoGrid in order to represent the static geographical localization of warehouses. 

This spatial configuration support flexible modalities to track parcel localization. Transit sensors 
publish their information via the Events Mediator component via publications like  

publish(<info=“in”, timestamp=2012-07-30:00:00:000,  
contexts=<TransitSensors, TS1><Tags, T1>) 

The published information item is the recognized transit (in/out), which is contextualized both in 
the TransitSensors space (the name of the sensor) and in the Tags space (the tag). Thanks to 
mappings and their transitive closure DOM components obtain these events via subscriptions like 

subscribe(<Parcels, P1>) 
Assuming that (Tags, T1) is mapped to (Parcels, P1), the transit information will be notified to 

DOM components as  
<info=“in”, timestamp=2012-07-30:00:00:000, spaces=<TransitSensors, 

TS1><Tags, T1><Warehouses, W1><Parcels, P1>> 
In fact the notifications includes the complete contextualization in terms of mapped contexts 

(<Warehouses, W1> and <Parcels, P1> in this example). In this way DOM components can receive 
information about a specific parcel together with its contextualization in multiple spaces. The 
previous schema may be also applied to the events from proximity sensors. 

Dynamic management of mappings may be exploited to set up dynamic mappings according to 
the sensor information. For example DOM components may subscribe to the events related to every 
parcel via 

subscribe(<Parcels, *>) 
and create proper mappings from the Parcels space to the Warehouses/Vehicles spaces when 
transit/proximity information is received. For example, when receiving 

<info=“in”, timestamp=2012-07-30:00:00:000, spaces=<TransitSensors, 
TS1><Tags, T1><Warehouses, W1><Parcels, P1>> 

a DOM component may invoke 
map(<Parcels, P1>, <Warehouses, W1>) 

Similarly, when receiving 
<info=“proximity info”, timestamp=2012-07-31:09:00:000, 

spaces=<ProxySensors, PS1><Tags, T1><Vehicles, V1><Parcels, P1>> 
the DOM component may perform 

map(<Parcels, P1>, <Vehicles, V1>)) 
Then applications can inspect the localisation of parcels through the getMapped() and 
subscribeMappingChange() primitives described in Section 4, without being obliged to receive all the 
basic flows of sensor information. For example, via: 

subcribeMappingChange(<Parcels, P1>, <Vehicles, *>) 
subcribeMappingChange(<Parcels, P1>, <Warehouses, *>) 

the application subscribes to the information on mapping changes from the Parcels space to the  
Vehicle/Warehouses. Mapping changes can be interpreted as new localizations for parcels. Moreover 

subcribeMappingChange(<Parcels, *>, <Vehicles, V1>) 
subcribeMappingChange(<Parcels, *>, <Warehouses, W1>) 

may be used to track what parcels are managed by a specific vehicle/warehouse. 
Instantaneous queries exploit the getMapped() primitive, which returns the active mappings at the 

calling time according to the given spatial contexts. 
Finally, dynamic mappings could be established also from the Vehicles space to the GeoGrid 

space starting from the events provided by GPS sensors in order to represent the dynamic positions of 
vehicles: 

map(<Vehicles, V1>, <GeoGrid, (10,10)>) 
GPS-based mappings enrich the tracking possibilities for the applications. In fact they will be able to 
track/inspect not only where a parcel is in terms of vehicles/warehouses but also in terms of a 
geographical cells via 
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subscribeMappingChange(<Parcel, P1>, <GeoGrid, *>) 
 
6. Discussion 
 
The main contribution of our approach to the Internet of Things is at the application level: spaces of 
things and mappings are key abstractions for dealing with IoT applications. They simplify the 
development of the applications giving an uniform way for managing the localization of things (in a 
broader sense) and effectively exploiting it for providing the relevant features. Spaces and mappings 
are the basis for providing rich form of communication and contextualization to the applications. As 
showed in Section 4, applications may receive the change of status of significant things by simply 
inspecting proper mappings either in an asynchronous or synchronous fashion.  

Respect to the related architecture proposed in Section 4, one may argue that it is quite classical 
because it roughly consists of an event notification system and an inference system, as adopted in 
several Smart / Intelligence applications. Actually the proposed architecture has been devised to 
support the spaces and mappings abstractions inside a well-founded (hence, classical) architectural 
style. Again, the focus of our proposal is not the proposed architecture itself, but the spaces & 
mappings abstractions, together with their reification inside a sound architecture. 

 

 
 

Figure 6. Partitioning in local and global spaces of things. 
 

One crucial point of discussion about of the proposed approach relies on scalability. Is it able to 
scale over non-trivial, truly Internet of Things applications?  

Detailed performance tests performed over the SIS platform [3] give us the evidence that single 
instances of SMM and EM components may satisfy the needs of small IoT applications only (i.e.,  up 
to 25 sensors publishing their data at 1 Hz with 50 spaces of things and 12.250 total mappings). 
Managing large IoT scenarios requires a enhanced distributed architecture including manifold, 
interacting SMM and EMM instances acting on partitioned sets of spaces and mappings. 
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We are currently working in this direction. The solution we are devising consists in a 
hierarchical partitioning of space of things (Figure 6). Local spaces models the contextualization at a 
fine-grained level. Local mappings may be set among local spaces. Global spaces model the high-
level contextualization and they could be related by global mappings. Global and local spaces may be 
connected by proper mappings (global-local mappings). The partitioning may be re-applied in a 
recursive fashion, giving a forest of space trees. 

This hierarchical organization of spaces and mappings could be exploited for devising a network 
of distributed instances of SMM and EM components, realizing a distributed, context-based 
publish/subscribe message dispatching system [10] able to scale over large IoT applications.   
 
7. Related Work 
 
The survey by Atzori, Iera and Morabito [2] summarizes three main current visions about IoT: things-
oriented, Internet-oriented and semantics oriented.  

The things-oriented perspective focuses on sensing and identifications issues. Most works of this 
area regards the RFID technology. The Internet-oriented vision focuses on how modifying/extending 
the Internet Protocol (IP) for connecting objects at large scale. The semantic-oriented vision focuses 
on data integration and processing: how to represent, store, interconnect, search, and organize 
information generated by the IoT.  

According to us, these visions highlights different important IoT dimensions and the IOT 
realization relies at their intersection. In this landscape our works proposes an alternative, 
complementary spaces-oriented view: the concepts of multiple spaces and mappings as key elements 
for building rich and high-level applications. The idea behind our work is that, even if the IoT 
network could be effectively realized thanks to unique identifiers, sensing technologies and internet 
protocols, the seamless development of IoT applications requires suitable metaphors, possibly 
centered on widespread and common concepts. Hence our spaces-based approach may be regarded as 
a particular approach inside an  “Applications-oriented” vision. 

When looking at the design IoT applications, Service Oriented Architecture (SOA) approaches 
are widely adopted in literature [2][11][12]. They consist of decomposing the application on a 
collection of simpler and well-defined software components which offer services through proper 
interfaces [7]. The final application is the result of the process of combining component’s services. 
Actually our spaces-based model could be applied to SOA approaches, though we primarily applied it 
to the event-based, publish/subscribe design approach [10]. According to this style components 
publish events and receive events of interest indicated through subscriptions. Subscription patterns 
and matching rules define the relationships between published events and components to be notified. 

Finally, our approach can be regarded as a particular way to lead applications understand 
contexts and situations of things and users, which is another key topic of IoT applications [9]. Events 
can be localized in multiple environment spaces with different semantics, such as name space, 
conceptual spaces or physical spaces. This aspect is a key concept for the realization of IoT 
applications because it supports full and rich context-based interactions, according to the definition of 
context as “any information that can be used to characterize the situation of entities (i.e., whether a 
person, place or object) that are considered relevant to the interaction between a user and an 
application, including the user and the application themselves” [5]. 
 
8. Conclusion and Future Work 
 
The paper presented a model and a related architecture for building IoT application focusing on the 
concept of spaces of things. The approach provides the basis for the development and integration of 
IoT applications that support seamless interaction among devices relying on different spatial 
metaphors. The proposed approach has been experimented in the logistic domain. 

Ongoing and future work will regard the realization of a distributed implementation for 
supporting the spaces-based dispatching of events.  
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