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Problem Statement and 
Research Goal
Helping End-Users in Customizing Their
IoT Devices and Services
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“ The Internet of Things is a recognized 
paradigm that already helps society in 
many different ways, through applications 
ranging in scope from the individual to the 
planetary, as well as across ventures in a 
variety of industries.

Vint Cerf and Max Senges, Google Research
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HUMAN-COMPUTER INTERACTION IN THE IoT

However, the increasing complexity of 
the IoT ecosystem raises new 
challenges, especially in the interaction 
with final users:

▰TECHNOLOGY DEPENDENCY
▰ INTEROPERABILITY
▰ INFORMATION OVERLOAD
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END USER DEVELOPMENT IN THE IoT

In the context of the Internet of Things, End User 
Development empowers end-users with and without 
programming skills to customize their own IoT devices and 
service on the basis of their personal needs.

Typically, third-party EUD interfaces allow users to define 
simple TRIGGER-ACTION rules
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! Too many rules

ISSUES

John, a manager of an important company, 
is always hot, especially in summer. He 
loves air conditioning, and he would like to 
set a low temperature wherever it is 
possible. 

At home, John has an intelligent Nest 
thermostat, that he controls through his 
Android smartphone. John goes to work by 
his BMW smart car. There, all the offices 
are equipped with a Samsung air 
conditioner.

! Too many technologies

! Too many contexts
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Abstraction

Two IoT devices that provide 
equivalent or identical functions 
(e.g., set the indoor 
temperature) but differ in 
brands are treated like 
separated entities.

Adaptation

Contemporary end-user 
programming environments 
work only with well-know IoT 
devices and services, 
associated to a specific user.



RESEARCH GOAL
Using the Sematic Web to assist end-users in customizing 
their Internet of Things systems and services, with a 
particular focus on End-User Development solutions for 
Trigger-Action Programming.

Context-Awareness

High Level of Abstraction

User Centered Design

Semantic Web Optimization Methods
User Preferences
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End-User Development



EUPont
A High-Level Approach Towards End 
User Development in the IoT
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HOW CAN WE HELP JOHN?
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Programming 
by 

Functionality

Higher Level 
of Abstraction

Context-
Dependent 

Rules



13

!
IF

I enter any defined location,
THEN 

set its temperature to 20 Celsius degree



Place your screenshot here

EUPont
End User Programming Ontology

GOALS:
▰Higher level of abstraction
▰Programming by functionality
▰Context dependent rules
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EUPont is available at 
http://elite.polito.it/ontologies/eupont.owl

It has been integrated in a user 
interface for composing trigger-
action rules, and has been 
evaluated in multiple user 
studies. 
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IF I enter any defined location, THEN  set its temperature to 20 Celsius degree

Trigger-Action Programming Layer
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Trigger-Action Programming Layer
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IoT Ecosystem Layer
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NEST_HOME ACTION_247
EUPont:allowTo

SWRL 
RULE

REASONING



EUPont in Practice
Enriching Contemporary EUD Solutions 
with Semantic Features
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RecRules: Recommending IF-THEN Rules to End Users

The goal is to recommend by 
functionality , i.e., suggesting 
trigger-action rules on the basis of 
the final behaviors users would like 
to define, thus abstracting any 
technological details such as 
brands or manufactures.
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Collaborative Path
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Technology Path



35
Functionality Path
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if my Nest detects a 
smoke alarm, then send 
me an Android
SMS

Training Set
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if my Nest detects a 
smoke alarm, then send 
me an Android
SMS

if my Nest detects a 
carbon monoxide alarm, 
then send me a 
notification on my 
Google Glasses

if my Nest detects a 
smoke alarm, then turn 
the Philips Hue on

Training Set

Recommendation Set



Training Set

Recommendation Set
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if my Nest detects a 
smoke alarm, then send 
me an Android
SMS

if my Nest detects a 
carbon monoxide alarm, 
then send me a 
notification on my 
Google Glasses

if my Nest detects a 
smoke alarm, then turn 
the Philips Hue on

LET ME KNOW IF SOMETHING IS WRONG IN MY HOME...
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EUDdebug: Empowering End Users to Debug IF-THEN Rules

The goal is to properly warn users 
when they are defining any 
troublesome or potentially 
dangerous behavior, (i) by assisting 
them in identifying rule conflicts, 
and (ii) by helping them simulate 
and foresee the run-time behavior 
of their rules. 
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▰ IF I post a photo on Facebook, THEN save the 
photo on my iOS library

▰ IF I add a new photo on my iOS library, THEN
post the photo on Instagram

▰ IF I post a photo on Instagram, THEN post the 
photo on Facebook

Loops
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▰ IF I play a new song on my Amazon Alexa, 
THEN post a tweet on Twitter

▰ IF I play a new song on my Amazon Alexa, 
THEN save the track on Spotify

▰ IF I save a track on Spotify, THEN post a tweet 
on Twitter

Redundancies
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Inconsistencies

▰ IF my Android GPS detects that I exit home, 
THEN lock the SmartThings entrance door

▰ IF my Android GPS detects that I exit home, 
THEN set the Nest thermostat to Away mode

▰ IF the SmartThings entrance door is locked, 
THEN set the Nest thermostat to Manual mode
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EUPont Ontolgy

REDUNDANCIES

LOOPS

INCONSISTENCIES Client

Server
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THANK YOU!
alberto.monge@polito.it

http://elite.polito.it
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