ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/266659111

Smart Cities Data Streams Integration: experimenting with Internet of Things
and social data flows

Article - June 2014

DOI: 10.1145/2611040.2611094

CITATIONS READS
25 719
3 authors:
Athena Vakali Leonidas G. Anthopoulos
Aristotle University of Thessaloniki ' University of Thessaly
292 PUBLICATIONS 4,185 CITATIONS 111 PUBLICATIONS 1,361 CITATIONS
SEE PROFILE SEE PROFILE

Srdjan Krco
DunavNET
89 PUBLICATIONS 1,576 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project PlasticTwist View project

Project Web4City, International IEEE/WIC/ACM Smart City Workshop: Web for Smart Cities View project

All content following this page was uploaded by Leonidas G. Anthopoulos on 22 January 2015.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/266659111_Smart_Cities_Data_Streams_Integration_experimenting_with_Internet_of_Things_and_social_data_flows?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/266659111_Smart_Cities_Data_Streams_Integration_experimenting_with_Internet_of_Things_and_social_data_flows?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/PlasticTwist?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Web4City-International-IEEE-WIC-ACM-Smart-City-Workshop-Web-for-Smart-Cities?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Athena_Vakali?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Athena_Vakali?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Aristotle_University_of_Thessaloniki?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Athena_Vakali?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonidas_Anthopoulos?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonidas_Anthopoulos?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Thessaly?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonidas_Anthopoulos?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Srdjan_Krco?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Srdjan_Krco?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Srdjan_Krco?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonidas_Anthopoulos?enrichId=rgreq-b15a88c3e494c61799cedd1755d1ef92-XXX&enrichSource=Y292ZXJQYWdlOzI2NjY1OTExMTtBUzoxODg0NDgyMDM4Nzg0MDFAMTQyMTk0MDk2MTMzMg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Smart Cities Data Streams Integration: experimenting with
Internet of Things and social data flows

Athena Vakali
Informatics Department
Aristotle University
54124 Thessaloniki, Greece
+302310888415

avakali@csd.auth.gr

ABSTRACT

Smart cities are nowadays expanding and flourismngdwide
with Internet of Things (loT), i.e. smart thing&di sensors and
actuators, and mobile devices applications andllasbns which
change the citizens’ and authorities’ everyday. IBenart cities
produce daily huge streams of sensors data whilens interact
with Web and/or mobile devices utilizing socialwetks. In such
a smart city context, new approaches to integrafelata streams
from both sensors and social networks are needexgit big
data production and circulation towards offeringhdmative
solutions and applications. The SmartSantanderrastrficture
(EU FP7 project) has offered the ground for the 3ENC
experiment which has integrated sensor and soeia streams.
This presentation outlines its research and in@igterspective
and potential impact.

Categoriesand Subject Descriptors

J.1. [Computer Applications]: Administrative DataoPessing —
Government, 1.2.4. [Artificial Intelligence]: Knoetige
Representation Formalisms and Methods — Semantigories,
1.7.5. [Document and Text Processing]: Document t@ap —
Document Analysis.

General Terms
Languages, Management, Standardization, Experitiemta

Keywords
Smart City, Data Management, Data Modeling, Vission,
Smart People, Smart Government.

1. INTRODUCTION

Smart city is still a ambiguous term [4], sinceréfers to mesh
metropolitan information and communications tecbgas (ICT)
environments [15]; ICT-based urban features [9,li2]ng labs
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and large-scale testing beds [14]; while it is usedlemonstrate
the “smartness footprint” in a city, which is megsii with

variables like the inhabitants’ education level &smpeople),
government openness and accountability (smart govent) etc.
[11]. The smart city was initially appeared in 1988, 15] in

order to describe urban visualization and todaysitused to
describe various alternatives of ICT-based solufamthe urban
space (i.e., digital, virtual, ubiquitous, wirelego-cities etc.)
[4]. The above approaches address the scale anglexty of the

smart city domain, which recently has attracted ittiernational
attention by international organizations [4] and BECT vendors
(i.e., CISCO [8], IBM [13] and Alcatel [1]; the el&onics (i.e.,
Hitachi [12]); and construction industries (i.e.Alde, POSCO
and HGC Group [1]) are stressed to develop appdicaand

products that utilize this emerging market.

The paper demonstrates a real application in soigrtdomain.
More specifically, it uses the findings from the t&mprise
Architecture for Digital Cities (EADIC) project, vi¢h is funded
by the Greek Ministry of Education and investigates smart city
domain for viability features. Moreover, it is bedsen the research
project entitled SEN2SOC: bridging SENsor measurgmand
SOCial networks interactions via natural languageegation for
supporting smart city serviceswhich was implemented in the
smart city of Santandgin Spain. This project combined findings
from social media data mining and data collectednfia locally-
installed dense sensor network, in order to enhatession
making of the local administration with accuratéoimmation and
crowd sourcing. Moreover, Sophisticated softwargliaptions
can be utilized to engage crowd sourcing in loegians and to
transform local into smart communities.

This paper is organized as follows: Section 2 piesi a
background on the SEC2SOC project. Section 3 demates the
software applications, which were developed for pneposes of
this project. Section 4 highlights the potentialdustrial
exploitation of this experimental applications. &ly, section 5
ends the paper with conclusions and future direstiwhere we
are headed.

2. BACKGROUND

This paper is based on a combination of reseanchinfys, which
has performed under specific projects. In thistisecthe context
of these projects and the performed experimentagiged.

! http:/foswinds.csd.auth.gr/SEN2SOC/
2 http://www.smartsantander.eu/



2.1 Enterprise Architecturefor Digital Cities

(EADIC) Project

The purpose of EADIC project concerns the invesitga
determination and implementation of a common Emisep
Architecture, which can cover the particular neefithe most (if
not of all) the different forms of smart cities.

According to Ducet et al. [10] and to Chief Infottioa Officer
[7] the Enterprise Architecture (EA) is an impoitkmowledge
base, which describes the strategic mission ofrganization, the
information and the technologies that are necessasyicceed in
the strategic targets, and the migration procedorehandle
technological change. In simple words the Enteepfichitecture
contains the “blue prints” that describe the pptes and the
standards for the development of a new serviceadyzt. In this
context, the EA should not be considered to hafenmtion and
communications technologies (ICT) as a prerequisitealmost
all cases the EA supports the organization's stalkiens
(managers, ICT staff, marketing etc.) providingnthaith the
standards for the development of new infrastrucame of new
services; and for the process re-engineering thaecessary for
the development of new products and services, anthé change
management, which accompanies the new productsemvites.
The EA was first introduced by [20] and it has been it is
being- followed in almost all significant e-Goverent cases
around the world. Today, EA research concerns eologr
alignment and agility [10] between different prdgdhat are
implemented under the same strategic framework.

On the other hand, various forms of smart cities heing

developed around the world since 1990: Web or ¥ir@ities

such as the America on Line cities (USA) and ttgtdi city of

Kyoto (Japan); the Knowledge Based Cities the Cbpgen base
and the knowledge democracy of Blacksbourg (Scdjlathe

Broadband Cities such as Beijing (China), Hull (JKjnsterdam
(Holland) etc.; Digital Democracies and Nework &stisuch as
Eurocities (Europe) and Smart Communities; Smare€such as
Malta and Dubai; Wireless Cities such as New Yorét €hicago;
Ubiquitous Cities such as New Songdo (South Koasal) Osaka
(Japan). All of the above different approaches wagfferent ICT

solutions or they apply the same solutions in diffié manner in
order to achieve their particular targets. Howe\adl, various

digital cities face common challenges, such asrtipeovement of
everyday life in their local communities, the demhent of the
local market, new job opportunities, access tormftion and
knowledge etc.

According to [4] the smart city can be defined asl@T based
environment in a city area, which focus on thettremt of local
community’s needs. Most digital cities share comroballenges
such as: a) the availability of digital serviceattlsimplify daily
life; b) the transformation of the local community a “local
information society”; c) the direct and indirectllection of local
information in order to support the sustainableaghoof the local
community.

Today, various digital city projects are being eeal worldwide,
and in Greece too (e.g. Athens, Trikala, Patras) ettile

networks of digital cities are being structuredy(¢he “Citiesnet ”
network of eleven (11) cities in central Greecd)ese projects
have many similarities and they develop ICT infiasture and
digital services in the city area. All of these jpads concern
medium-sized to large scale investments (> €5 oni)liwhich are

complex to complete, and difficult to be maintairsel managed.

The New Songdo city project alone, has been imphéadeduring
the last thirty years, and demanded a budget of$ion, but
this project concerns not only the digital but gigsical city too.
Moreover, the ICT projects in Greece lack in staddation [6]
and this particular phenomenon leads to fault ptopesign,
management and maintenance.

2.2 SEN2SOC Experiment

SEN2SOC experiment aligned to smart people, smart
environment and smart government dimensions ofthart city
environment [11, 5]. It has promoted the interattioetween
sensor and social networking platforms in an effart offer
beneficial exploitation of data produced under3meartSantander
platform, while addressing needs of citizens antth@uities. The
sensor-to-social interaction is established thrathghcombination
of both sensor and social data into meaningful isesv or
functions. Social network behavior regarding thg of Santander
is analyzed and the respective results are offavadsers of the
SEN2SOC applications, whereas, Smart Santanderoamvéental
sensor measurements are processed and displayedleris
generation which updates citizens about the extreme
environmental conditions. At the same time, humansig is
activated and SEN2SOC applications users are ah#blexpress
their sensing on their environment (i.e., “users@ssors”) or to
share environmental alerts in real time on theadawétwork of
their preference. Thus, along with sensor or soicifdrmation
provision, the SEN2SOC experiment accommodatest ifrpm
the community [16, 17, 18].

Sensor and social data flows converge in the SEN2SO
experiment via Web and mobile application protosypech that::

* Web application essentially constitutes a monitpriool for
the Smart Santander sensor network and offersiGnscsuch
as: environmental conditions' monitoring; visudi@a of
current or historic sensor data; comparison of dea@hs for
nearby sensors; and statistical analysis resu#terbto sensor
measurements;

Mobile application presents to its users chromaéps of
various environmental parameters; suggests roatsscbon
favorable environmental conditions; shows alergmrding
extreme environmental values; and informs abouidirey
topics around Santander resulting from the socedien
content analysis.

Designing an architecture for integrating two difflet and
heterogeneous (sensor and social) data streamse@Ltailored
architecture, depicted in Figure 1, with a compa+Esed
approach which has been organized around: the EdDa@
Monitoring, the Social Data Observer, the Interfabe Statistical
Analysis, the Web Application, and the Mobile Amgaliion
components.

These components were proposed in order to medieches
posed by the two different data streams manageraedt in
particular their role is highlighted next:

¢ The Sensor Data Monitoring component retrieves sensor
data from the SmartSantander platform with primeagks:
data retrieval, data cleansing, data aggregationi data
storage. Sensor data is spatially aggregated irerotd
construct the so-called virtual nodes that corradpdo
various geographic areas that Santander is divithal.
Moreover, the Sensor Data Monitoring component
implements the alerts generation whenever enviromahe
sensor values exceed certain predefined threshflds



detection of extreme environmental conditions). risleare
published to the SEN2SOC social media accounts aard
forwarded to the SEN2SOC Mobile Application usergeal
time.

experiment results

sensor data

retrieval Sensor Data

SmartSantander Monitoring

Semes  Web Application

Statistical Analysis

back-end

Social Data
Observer

Social Networks

Mobile Application

content
analysis

front-end

sharing of alerts SEN2SOC

Figure 1. The SEN2SOC architecture

* The Social Data Observer component collects Santander
geo-located social media content and implementsngion
social networks user-generated content (TwitteickFl and
Foursquare). Social Data Observer aggregates sowdia
posts and photos based on time and geographiddocaind
identifies popular topics and photo clusters unsiemantic
similarities and geographic proximity.

TheInterface essentially constitutes the intermediary module
of the SEN2SOC platform, which: lies in between all
components; specifies services that other compenean
utilize; and allows data communication among SENZSO
components.

The Statistical Analysis component correlates and analyzes
sensor data supporting sensor data mining, staisthalysis,
sensor data anomalies detection, and it reportdtse® the
SEN2SOC Web Application. Statistical analysis mdthor
models applied pertain to: data smoothing; preaiGti
correlation between two or more sensors; and atreletion
for detection of repeating patterns.

The Web Application forms a monitoring tool for the
SmartSantander sensor network and supports thalizistion

of real-time and historic sensor data. Other festunclude
the following: detection of closest sensors to sbasor node
selected by the user and comparison of the respedtta
using line charts; prediction models for variousismmental
parameters; alerts regarding user-configurableshiuiels for
the desired time period and parameter type.

The Mobile Application offers various services such as:
chromatic maps illustrating Santander environmental
conditions in real time; route recommendations baee
favorable environmental conditions; alerts on exree
environmental conditions; suggestion of areas avidtp of
interest to city citizens and visitors; analysisulés of social
media users' activity. Furthermore, the Mobile Apgtion
implements a mechanism that allows users to exphess
perception on the present environmental parametetbeir
current location, thus in a way “validating” Sm&antander
sensor measurements.

3. APPLICATIONSUTILIZING SENSOR

AND SOCIAL DATA INTEGRATION

The SEN2SOC Web Application has facilitated result
summarization and via a user-friendly interfacerfat, selection
of a specific feature triggers data collection amhlysis from
three different sources:

i. the Sensor data monitoring database which collects
information for real-time and historic sensor data
measured by individual sensor nodes and virtuaéapd

ii. Statistical Analysis process outcome;

iii. Social data database.

An experimentation case study with Heat map reptesien for
all Santander areas is depicted in Figures 2 arfeigdure 2 has
results for the CO measurements, with the rediadieating high
level of CO, while Figure 3 has similar heat meaments for
temperature.

Sensors

Vetal | Physct

e}

o

Figure2. Heat map for CO metric

Figure3. Heat Map for Temperature metric

A data summarization example highlights the Sodidta

Observer functionality with an indicative exampkégure 4) for a
Santander virtual node which depicts photos calg¢Flickr) for

this area with capabilities given in the applicatiofor social

networks users to verify environmental conditiosgteey emerge
in the different Santander city areas.
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Figure 4. Santander area statisticsout of Flickr activity

4. SENSOR AND SOCIAL DATA
INTEGRATION: INDUSTRIAL
EXPLOITATION

Over the last several years smart cities have dasignificant
attention in both academia and industry. Seen asplex
systems, combined with the requirement to contiiougrow in a
sustainable manner, the cities represent an ertdaji@und for
deployment and utilization of various ICT basedusohs and
hence an excellent commercial opportunity.

The Smart Santander is one of the prime exampléseabenefits
of deployment ICT solutions in general, and in jcatar of
deployment of 10T based solutions. In the coursthefproject, a
number of services were deployed not just for thefit of the
research community, but also for the benefit of ¢hizens and
the city administrations. Real-time monitoring ofstreet parking
space utilization, environment monitoring (air dtyahnd noise),
adaptable street lighting, control of watering sohe in public
parks are examples of applications that were madéahle in
collaboration with the participating cities. Funthe this, services
that enable citizens to report on various everkisigaplace in the
city (overfilled waste bins, illegal parking, danealgroad and road
signs etc.) and thus facilitate faster reactiothefrelevant utility
companies as well as augmented reality based ssrtacsupport
sightseeing represent further examples of smartsetvices that
were embraced by the city administrations and ifieeas.

The commercial exploitation potential of these m@mw is huge
and the companies are approaching it from diffepamspectives.
In Smart Santander, large companies like Telefoaimh Ericsson
provided the key components of the platform engditorage and
semantic annotation of the sensor data (Telefomili2AS) and a
repository of semantic descriptions of all avakabensors in the
system thus enabling their dynamic discovery (Resou
Directory). Ericsson collaborates actively with tlities on

promotion of smart city solutions and has alreadpldyed the
ekobus service, a combination of public bus fleahagement and
environment monitoring service in the city of Par@avhere the
Resource Directory is used as one of the key emabla

collaboration with the city of Novi Sad, a partiatpry sensing
application has been released. A number of smatipemies are
specializing in development and deployment of ugibardware
components that can be used in the cities, whigelaompanies
like Intel and ARM are creating the enablers fovedepment of

small, cost and energy efficient hardware companérdt can be
used in IoT systems. At the same time, several dclbased

platforms are being developed and deployed as alame

solutions or in collaboration with the mobile opera aiming to
facilitate faster deployment and adoption of snuit services.
As the social networks have become a mainstreamanfed
interaction and collaboration, the 10T solutiong a@mcreasingly
focusing on integration of social networks featutiess making
the smart things social and at the same time emplflist and
efficient information sharing between the members @
community.

5. CONCLUSIONSAND FUTURE
THOUGHTS

This paper recognized the size, the complexity #uedpromises
of the rapidly emerged smart city market. It degicthat the
smart city term initially appeared early in 1998 amder to
describe software applications of local interesd &ter evolved
to various ICT-based solutions for the urban spatarious
attributes are used to describe smart cities @lirtbroadband,
mobile, digital, wireless, information, ubiquitows;o etc.), while
a smart city measures its “smartness footprinthwit citizens
(people); behavior and transportation (mobility)pvgrnment
openness, accountability and efficiency (governinebtisiness
innovative spirit (economy); sustainable soluti¢gesvironment);
and quality of life in general (living).

This paper demonstrates a recent experiment, whics

performed in the city of Santander, as a combinatibthe smart
Santander project’s dense sensor infrastructureten@EN2SEC
European funded research project. Moreover, thigpases the
findings from the EADIC research project, whichfusded with

Greek funds. EADIC project illustrated the size ahd market
interest for real ICT applications and solutions doban spaces,
which can secure their viability in economic andcemtance
terms. SEN2SEC project utilized the existing derssmsor
network, which was installed in the city of Santanoh Spain, in
order to combine findings from corresponding datdlection

(i.e., environmental conditions in the urban spaee}h data

collected via social networks from the Santandefmbitants in
order to enhance decision making by the local Guwent. The
experiment was performed in the city of Santanded ¢he

software applications offer variable features te thecision
makers (i.e., validation of sensors’ data with abcinedia

information, provided by inhabitants), which camrmtone smart
city infrastructure with crowd sourcing via soamatdia.

The software applications, which were developed eund
SEN2SEC appear promising for the smart city maaket able to
attract social interest for smart city capabilitiddoreover, the
experiment that was executed in Santander illiedréihat smart
cities exist and have to combine their infrastreetwith broadly
accepted applications in order to attract citizem$fio have
adopted social media in their daily routines. Authwill seek to
evolve the SEN2SEC applications and test them firerotirban
environments in Greece and in other testing betddewhey will
combine their evolution with EADIC’'s determined ess
models and findings, in order to secure viability.
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