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Abstract—3CIXTY is a flexible and modular platform that
integrates heterogeneous data in a semantic knowledge base and
provides a full API ecosystem that affords the rapid development
of web and mobile apps. It allows answering complex queries that
combine different types of information about events, places, and
means of transportation in a city. We describe EXPLORMI 360,
the first large-scale solution based on 3CIXTY, which has been
developed to support visitors to Milan and Expo 2015. By lever-
aging services already deployed in smart cities, the application
aims to support tourists arriving in a new city in planning their
visit, exploring their surroundings, and moving around efficiently.

[. INTRODUCTION

We are living in a world in which we have access to many
online technologies and services designed to make our cities
smarter—and our daily lives easier to manage. Indeed, you
are quite unlikely to find yourself in a situation in which
technology cannot support you [1]. Let us consider a person
who is planning a visit to Milan and Expo 2015. Like most
people, either residents or tourists, she will presumably turn
to the internet to figure out what to do and where to go
during her stay. Suppose she wants to find a restaurant that
her friends have liked and that is easily reachable within 5
minutes by metro from the hotel in which she will be staying.
Or maybe she is interested in finding out which is the best
week to visit Expo if she wishes to attend events on the
theme “sustainability”. Many websites and mobile applications
are available to assist with such tasks (e.g. GOOGLE MAPS,
CITYMAPPER, TRIPADVISOR, or CITY1TAP); but putting all
this information together is not easy—it usually requires users
to open several tabs in their browser or to switch among
several apps on their smartphones. We propose a solution that
facilitates an efficient search process, transforming complex
user requests, constraints and desired services into places and
events that reflect the idea of discovering a city without having
any prior knowledge of it.

II. INNOVATIVE PLATFORM FOR DEVELOPERS AND USERS

At its core, the 3CIXTY platform consists of a semantically
integrated knowledge base (KB) and a set of services (APIs)
that enable developers of city-related applications to offer
especially comprehensive views of the city, which complement
those supported by other services (such as the GOOGLE
MaPs API) [2]. In order to achieve this goal, it collects
and aggregates information from 18 data sources, half of
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which are accessed through the EO15 digital ecosystem (http:
/Iwww.expo2015.org/en/projects/e015). This workflow has re-
sulted in the creation of a comprehensive KB that contains
information about various types of events, points of interest,
transportation modalities (e.g., public transport, bike rental,
and car sharing stations), and user reviews related to the city
of Milan and Expo 2015. Ensuring that the various entities
are recognized and linked properly, while at the same time
minimizing the number of duplicate objects, is an ongoing
effort [3]. Developers can leverage the 3CIXTY platform to
build applications that help users compare and combine these
data in novel ways. The services offered include a) a powerful
query mechanism for executing mixed-domain queries, b) a
“parallel exploration” graphical user interface, c) a social
network mining service, d) a “Wish List” service, e) a query
augmentation service, f) generic crowdsourcing mechanisms,
and g) a mobility profiling service.

To make it easier and more efficient to develop mobile
applications that run on the 3CIXTY platform, a tool has been
implemented that allows rapid, cross-platform generation of
3CIXTY applications. Using a simple drag and drop interface,
developers are able to integrate data sources and services into
their own applications quickly.

III. DEPLOYMENT IN MILAN DURING EXPO 2015

In preparation for the launch of Expo 2015, a showcase
app (consisting of a web-based and a mobile part) was
developed to highlight the potential of the 3CIXTY platform:
EXPLORMI 360.

The web-based part (https://www.3cixty.com/webApp) de-
picted in Figure 1 employs a novel user interface that extends
the “parallel faceted browsing” paradigm introduced in [4],
which allows users to construct and view the results of multiple
interrelated queries in parallel. Intermediate results can be suc-
cessively winnowed using a rich set of filters that range from
common (e.g., “date range”, “rating”, “category”) to more
advanced (e.g., which make use of particular relationships
between items such as “reachable within 5 minutes by metro™).
Result sets can be either displayed as lists or overlaid on a map.
Through a system of “bookmarks”, the current exploration
state can be saved and resumed at a later point in time or
shared with others via email or social media channels. The
most promising items found during exploration can be saved
in a “wish list” that can be accessed by different 3CIXTY apps
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Fig. 1. Snapshot of the web-based part of EXPLORMI 360 showing some of the queries and filters that a tourist planning her visit in Milan might employ.
The “wish list”, which keeps track of the most interesting items found during exploration, is open on the left-hand side.

(e.g., the web-based and mobile parts of EXPLORMI 360). For
each item on the wish list, users can set additional attributes
such as the date and time of day when they would like to
go to that particular event or place as well as their degree of
interest in it. Other 3CIXTY apps can read this information to
make decisions such as how prominently an item should be
displayed in the list or how often the user should be proactively
reminded about it.

A number of features have been implemented that are
intended to reduce the initial perceived complexity of the app
and to support tourists. Quick Start Apps embedded within
the web-based part (Figure 2) allow novice users to formulate
complex queries by simply selecting from a list of predefined
natural-language questions. Results are presented as if the user
had constructed the query tree herself. The “Zoom View”
feature hides all but the final query results, thereby allowing
the user to focus on comparing items without seeing each
intermediate step. Non-English-speaking visitors can bene-
fit from the integration with GOOGLE TRANSLATE, which
provides on-the-fly translation into more than 90 languages.
The latter feature required a novel adaptation of the user
interface to help ensure that the automatic translation retains
the original meaning as much as possible: All of the labels,
tooltips, and descriptions in the interface have been changed
from the usual terse phrasing (e.g., “Filter by Rating”) to more
natural-sounding sentences that have a better chance of being
translated accurately (e.g., “Show only places that have an
average rating of ...”).
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Fig. 2. Overview of the “Quick Start Apps” functionality in the web-based
part of EXPLORMI360: 1) available Quick Start Apps; 2) questions that

can be answered by the user-selected app; 3) presentation of the results with
tooltips that explain how the query tree can be explored and modified.
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Fig. 3. A user’s mobility profile displayed as a heat map in the mobile
part of EXPLORMI 360 mobile part. Also displayed are nearby events and
places (green icons) as well as items on the user’s wish list (orange icons).

The mobile part of EXPLORMI 360, which is currently
available for Android and iOS (see https://www.3cixty.com/),
helps users throughout their visit in the city by presenting
relevant information and media items on their smartphone
or tablet concerning events, points of interest, and mobility.
It allows the user to find nearby places and events and to
synchronize and modify the wish list that she has created
beforehand in the web-based part of EXPLORMI 360. While
walking around the city, users receive notifications about wish
list items near them as well as directions to these places or
events. Users can also authorize the application to track their
movements around the city so that the 3CIXTY platform can
understand their preferred places and modes of transportation
and recommend places or events to see. The “mobility profile”
can be displayed as a heat map (Figure 3), thereby allowing
users to review the places they have visited and also to discover
areas where they have not yet been. A long press on any point
on the map brings up more details about a specific area. A link
to GOOGLE MAPS enables the user to find the best mode(s) of
transportation to get to a given place or event. An integrated
crowdsourcing mechanism (provided by the 3CIXTY platform
but currently not included in EXPLORMI 360) lets users look
at the current situation reported by others (e.g., how crowded
a metro station is) or share their own experiences.

Tourists who wish to make the most out of their time at
Expo 2015 can benefit from the “Thematic Tours” feature,
which—given a starting point, a set of tags (e.g., “family”,
“sustainable world”, “art and craft”), and temporal constraints
(e.g., “half day”’)—suggests one or more ordered lists of things
to visit (Figure 4). Each proposed tour takes into account the
walking time between pavilions and the average visit duration
at each location.
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Fig. 4. Example of a suggested Expo 2015 tour in the mobile part of
EXPLORMI 360. Tour objectives are overlaid on a map of the Expo site.
Users may choose to remove items that they are not interested in visiting.

IV. CONCLUSION AND FUTURE WORK

The 3CIXTY platform and the associated showcase app are
being further tested and strengthened during real-world use by
visitors to Expo 2015 (May—October) and other Milan visitors
through a coordinated combination of technical strengthening
and several forms of user testing. The lessons learned during
the initial deployment will be taken into account for the
planned future transfer of 3CIXTY to other cities and venues.

ACKNOWLEDGMENTS

3CIXTY is an innovation activity funded in 2014 and 2015
by EIT Digital (as activity 14523). The authors of the present
short paper were responsible for the design and development
of the web and Android user interfaces; the other contributions
summarized here were made by numerous other members of a
six-nation consortium that comprises the partners CEFRIEL,
DFKI, EURECOM, Fondazione Politecnico di Milano, Inria,
Politecnico di Milano, Telecom Italia, TU Delft, and Univer-
sity College London, as well as the SMEs Ambientic, Evensi,
InnoValor, Localidata, and Mobidot.

REFERENCES

[1] R. Saracco, “Leveraging technology evolution for better and sustainable
cities,” Elektrotehniski Vestnik/Electrotechnial Review, vol. 79, no. 5, pp.
255-261, 2012.

[2] C. Barbu, D. Kuhn, A. Spirescu, L. Lamorte, and C. Scanu, “3cixty: A
platform for apps that offer comprehensive views to city visitors,” in Mo-
bile Software Engineering and Systems (MOBILESoft), 2015 International
Conference on. ACM, 2015.

[3] J.Plu, G. Rizzo, and R. Troncy, “A hybrid approach for entity recognition
and linking,” in ESWC 2015, 12th European Semantic Web Conference,
Open Extraction Challenge. Springer, 2015.

[4] S. Buschbeck, A. Jameson, A. Spirescu, T. Schneeberger, R. Troncy,
H. Khrouf, O. Suominen, and E. Hyvonen, “Parallel faceted browsing,”
in Extended Abstracts of CHI 2013, the Conference on Human Factors
in Computing Systems (Interactivity Track), 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


