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“One of the greatest challenges for the 21st-century is how to respond to this new
era of data intensive science. This is recognized as a new paradigm beyond
experimental and theoretical research and simulation of natural phenomena – one
that requires new tools, techniques and way of working."
--- Douglas Kell, University of Manchester.

Synopsis:
Technical Foresight Report on Data management and analytics for digital cities. The
report includes scenarios, trends, challenges and recommendations for further TDCT
activities and carrier project proposals. The content is input to the TDCT Foresight
Study lead by professor Magnus Boman (EIT ICT Labs catalyst leader for Innovation
Radars).

Executive summary
This foresight report aims to identify trends, challenges and recommendations in
regard of data management and analytics for Digital Cities of the future. The purpose
is to identify areas with high potential and to create a common outlook on the future.
Trends
1.
2.
3.

Exponential increase in data volume, velocity and complexity.
Open data. More data from companies and governments will be available
via open API: s.
Linked data towards the real world of heterogeneous networks. Linked
data will be treated as the real world networks i.e. heterogeneous.

Challenges
1.
2.
3.
4.
5.

Understanding data. The volume and complexity of the data requires new
methods to interact with and present data.
Data integration. The large number of platforms, frame works tools and
programming languages creates inefficiency.
Scalability. Cost efficient solutions that can handle the increased data
volume and complexity will be required.
Accelerate time to insight.
To monetize on new types of data.

Recommendations
1.
2.
3.
4.
5.
6.

Real time stream data mining. By analyzing data in real time the need to
store data is reduced and since the models can be updated in real time
new types of analysis can be performed.
New data management and analytics architectures.
Combine real time streaming- with historical- data mining.
User controlled privacy.
Integrating analytics with data storage.
New ways of presenting information.
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Figure 1: Overview of trends, challenges and recommendations.
The trend of exponential increase in volume and diversity of data creates new
challenges and opportunities in management and analysis of the data. The value of
the information in the data is significant but the cost involved obtaining it using
current technology is inhibitive.
Consequently new technologies will be required to leverage the value from the data.
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Foreword
This report is written from the perspective of the explosion of data volumes that is
taking place and the opportunity to gain knowledge from data but also the challenges
involved in processing data.
Cities and big cities or Megacities can benefit a lot from data collection and the
analysis of data as well as making it open for different use in form of open data and
linking data across different applications sectors.
Ericsson has performed studies around megacities and challenges for the
management of the cities and where big data and analytics can play an important
role in solving these challenges.
People, devices and things are constantly generating massive volumes of data. At
work people create data, as do children at home, students at school, people and
things on the move, as well as objects that are stationary. Devices and sensors
attached to millions of things take measurements from their surroundings, e.g.
measuring the air, water and other environmental qualities
supporting the
management of the city, traffic data can be compiled to be stored for later use to
analyse traffic jams and also be used for other applications, e.g. for environmental
purposes.
These factors lead to varying types of data being collected, aggregated and
transported by networks. Data sets are irregular and may be unstructured, they can
contain ambiguities, they are time- and location-dependent, and are constantly being
updated by capture equipment such as mobile devices, sensors and RFID readers.
Solutions to manage and taking the wealth of data to information and knowledge will
be very important and a means to create better management of cities.
--------------------------------------------------Henrik Abramowicz
Ericsson AB
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1

Introduction

This technical report is part of EIT ICT Labs Foresight Study and innovation Radar
within the action line of Digital Cities of the Future (TDCT) 2012. It is related to other
technical reports within EIT ICT Labs, regarding Digital Cities and Future Media.
The report identifies key trends, challenges and recommendations in regards of data
management and analytics for digital cities. This foresight will help to expose future
themes with high innovation and business potential. The purpose is to create a
common outlook on the future of ICT and to establish a strong community across EIT
ICT Labs nodes and partner organizations.

1.1 Outline
Chapter 1 gives the background.
Chapter 2 presents trends, challenges and recommendations.
Chapter 3 draws conclusions for future EIT ICT Labs activities.

1.2 Background
The ability to create data is no longer limited by where people are or what they are
doing. Now, anyone with a connected device can create data, store it and share it
within a few moments.
People, devices and things are constantly generating massive volumes of data. At
work people create data, as do children at home, students at school, people and
things on the move, as well as objects that are stationary. Devices and sensors
attached to millions of things take measurements from their surroundings, providing
up-to-date readings over the entire globe – data to be stored for later use by
countless different applications.
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2

Foresight Results

2.1 Trends
1.

Exponential increase in data volume, velocity and complexity.

We are talking about a data explosion happening. We know that data is constantly
increasing but how much data are we really talking about. It is difficult to quantify
because there is so much data available and constantly changing.
Today only a few types of devices are communicating through the network. To get a
better understanding about the volume of data that will be sent through the network
when most devices start to communicate, we used publicly available figures from
one city. We used Beijing as an example of a megacity [1]. The potential data
generation from usage was estimated for the following sectors:
•
•
•
•

Public Transportation
Private Transportation
Utility (energy) consumption
Retail

For each sector an estimate was made by combining an assumed usage of the
devices and the network traffic it may generate.
As an example the following estimations was made for the private transport sector:
By June 2010 there were 4.3 million cars in Beijing. Each car is in traffic 3 hours per
day on average. This means that there on average will be approximately 540000
cars on the road at any given time [17]. Assume that every car will be equipped with
a GPS that has an update frequency of 6 times per minute. This will equate to:
•
•

6×60×24×540000 = 4,666   Billion GPS updates per day.
32×4,666 Billion = 149 TB of data per day assuming each update has a size
of 32 bytes.

It is the number of updates that sting out although the size is of big data proportion
as well if it is accumulated over longer time.
Sector

Daily Size (GB)

Daily Events (Million)

Public Transport

2.5

13.7

Private Transport

149

4666

Smart Metering

64.1

657.5

Retail

16

16.4

Mobile Charging Data

30.1

60.3

Table 1. Estimated data Size and number of data events for Beijing 2010/2011 in a
scenario where all devices are communicating via the network.
According to an IDC study [10], by 2020 the world will generate 50 times the amount
of information it did in 2011 and 75 times the number of “information containers” will
be needed to store it. Much of this data will be carried over mobile-broadband
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networks and Ericsson predicts that by 2017, smartphone data traffic will increase to
1,1 GB per month up from its current 250 – a 30 per cent increase [11].
There will be monetization opportunities for any company that understands scale and
can provide the solutions to support this.
Big data is characterised by the 3-V’s.
•
•
•

Volume: larger than “normal” – challenging to load/process
Velocity: Rate of arrival adds real-time constraints on the data management
and analytics
Variety: Mix of data types and varying degrees of structure.

More description of big data and how to apply it on network architecture is described
in [3].
2.

Open data

A general trend is to make more data available via open API:s. Both governments
and companies are giving access to more of their data.
ICT companies share data to enhance their services by enabling new applications to
extend and to increase the usage of their services. For example:
-

Geographical information: Maps, geographical locations.

-

Social network data: friends, communities, interests.

-

Utilities: Real time information about tariffs.

Open Government Data (OGD)
Governments will be encouraged to provide access to open data in near real time,
PSI directive [2].
OGD is information collected by governments about the public. For example: road
conditions, parking lots, weather reports, public transport location & routes, municipal
budgets, and other demographic and financial information.
ICT’s ability to compile, sort, analyse and present this data to the public opens a
large number of opportunities both for the governments, ICT providers and the public
to enable:
•
•
•
•
•

Increased participation.
Increased transparency
Increased accountability
Links from the application programmers towards the companies and
government.
New and enhanced applications.
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NYC and London open data
An example of open data legislation is the initiative from New York City and London
City to provide open access to public data generated by various agencies and other
city organizations available for public use [12][13]. A number of open data challenges
are being launched [15][16] where rewards are offered to the best new apps that
utilize the open data.
3.

Linked data towards the real world of heterogeneous networks

We are moving to a world where all data is linked. Data and information is
interconnected through machine interpretable information, for example social
networks. Real world networks are heterogeneous but most of them are today
treated as homogeneous networks with single-typed nodes, single-typed links. In
heterogeneous networks there are multiple object types and/or multiple link types.
“Homogeneous networks are information loss projection of heterogeneous networks”
- Jiawei Han KDD 2012.
Directly mining information-richer heterogeneous networks gives richer and higher
level of quality output.
One example of linked data is the Ericsson vision of the networked society, Social
Web Of Things (SWOT), where more than 50 billion things will be connected [9].

2.2 Challenges
1. Understanding data
Today we do not have a clear answer on how to present data to the end-users in
order to make sense and be of more value in different contexts. There are an
abundance of parameters to consider, such as: Visual design, credibility, trust,
scalability, interactivity, mental models, social networks and more.
•

Visualisation
Presentation of the results of sophisticated analysis of large and complex data
sets in an easy to follow and actionable format.

•

Interactivity
The user must be in control of what and how to present the data by being able
to interact with the data.

•

Credibility
There is almost always some degree of uncertainty in data values. The
challenge is how to present uncertain data without losing credibility.

2. Data integration
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Integration of systems and data is high on the agenda for most organizations. For
new applications, for new forms of reporting and analytics, for compliancy and
regulatory reasons, for improved customer support and for numerous of other
reasons, IT systems have to work together. Unfortunately today there are a
number of different frame works, tools and programming languages. The
consequence is replication of integration specifications with no or limited re-use
or sharing of HW resources. There needs to be one unified view of all the
enterprise data and systems.
3. Scalability
The expected growth of data to manage and analyse will require new scalable
and cost efficient solutions. There will be a requirement for scalable (Peta bytes),
cost efficient, data analytics and management solutions that can support a mix of
structured and unstructured data. Some reasons:
(1)
(2)

Processing speed stagnation. Moore’s law is not true anymore. Capacity
can no longer be met by vertical scaling.
The benefits of machine learning and high volumes of data. Often learners
improve by more data. The example below shows that although some
learners are more suitable for smaller data sets and other for larger data
sets the accuracy is to a large extent improved for all learners as data size
grows figure [2]. Tools for processing and analysis of massive data are
crucial.
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Figure 2: Accuracy versus training set size. “It’s not who has the best
algorithm that wins. It’s who has the most data.” [Banko and Brill,
2001]
(3) Demand for scaling up machine learning is task-specific: for some tasks it is
driven by the enormous dataset sizes, for others by model complexity or by
the requirement for real-time prediction. To select a task-appropriate
parallelization platform and algorithm requires understanding of their
benefits, trade-offs and constraints [7][8].
4. Accelerate time to insight.
The number of data sources increase, which makes it harder and in some cases
unfeasible to store every piece of data. Actually, the amount of available storage
capacity will not be enough in order to record all the digital information generated
in the world and this could become one of the main triggers for a paradigm shift.
Another aspect is that it is necessary to react instantly to meaningful changes in
data and detect complex patterns over time.
5. To monetize on new types of data
Still most of the revenue is generated from traditional structured data (voice
telephony, TV..) although the volume of data is mainly increasing in new areas;
unstructured data, Social Networks, apps, web search tools... For example
Facebook Book has 900 million members and 137.6 million visitors/month, 800
million updates per day, source Go-Gulf.com Feb. 2012. That huge amount of
data in contrast of what today is a modest online advertising business, worrying
privacy-conscious Web users. Everyone has a feeling that this unprecedented
resource will yield something big, but nobody knows quite what [6].

2.3 Recommendations
1. Real time stream data mining
The data stream paradigm was born as an answer to the continuous data
streams that cannot be stored and analysed in an efficient manner. Data Stream
mining can handle bigger data sizes than what fits in memory and can extend to
challenging real-time applications not previously tackled by machine learning
and data mining techniques performed on historical data.
Real time stream mining is the process of extracting knowledge models from
continuous streams of rapid data records. The knowledge model is continuously
updated to adapt to sudden changes.
Real time stream data mining is useful when:
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•

the concept drifts often and there is a need to react very fast to changes e.g.
using weather forecasting for prediction of electricity generation and
consumption.

•

the store everything approach combined with the increase in number of data
sources makes it harder and harder to manage with the available data
storage.
It is suitable for areas such as security, safety, health applications, location
services, weather forecast.
See reference [4].

2. Combine real time streaming- and historical- data mining.
For deeper analytics there will be a need to combine historical data and real
time streaming data. The time window that the real time stream data mining
analyses is limited both in number of data elements and the time window that
is analysed. For example sensor data and transactional data can be analysed
in real time streams to detect unexpected behaviour. This can then trigger
data mining on historical data to detect deeper understanding of the events
that caused this unexpected behaviour.
MIT has developed an algorithm that uses a combination of historical and real
time stream data mining to accurately predict what topics will trend on twitter
[14]. The algorithm may also be used in other scenarios.
3. Integrating analytics with data storage
Today data analytics and data storage is treated as separate research areas
and are many times separated in the products. Siloed research and products
can in many times lead to missed opportunities as well as performance
bottlenecks. The big data evolution with higher volumes and more
heterogeneous data makes analytics even more essential and more useful. It
makes the importance of not separating analytics from data increasingly
important. Integrated analytics and data storage will become mainstream
business requirements.
4. New data management and analytics architectures
Future data management solutions needs to:
-

transparently map multiple autonomous databases into a single federated
data base system.

-

support a mix of structured and unstructured data.

-

be scalable.

-

be cost efficient.
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-

be environmental friendly i.e. low on carbon oxide.

Super computers will not be sufficient. Increased parallelism will be required
[7].
Federated data base systems that support a mix of unstructured and
structured data with both relational and NoSQL data bases will be required
[5]. Solutions must be provided where the different frameworks can share HW
and use common APIs and documentations.
Device centric analytics
Network latency and disk reads may in some cases dominate latency for
some machine learning algorithms. One pass of data is expensive and
multiple passes may be out of the questions. Device centric solutions may in
these cases improve the end user experience and reduce the network load.
This is for example the case for sensor networks where some delay critical
execution may be better located in the sensor.
5. User controlled privacy
Privacy is one of the main concerns for ICT. If the end user knows what type
of information that is stored in the system and what information he is sharing
with others the threshold for accepting new services will be reduced. Clear
policies about what can be shared also helps to reduce the threshold for
adapting new applications. The user also needs to be able to easily control his
privacy level.
6. New ways of presenting information
In order to make the knowledge derived from the large volumes of data
valuable new methods to explain and visualize the data will be required:
•

Interactivity
The end user must be able to interact with the data by clicking, querying
and eye movements.

•

Filtering techniques
Personalized filters that can be modified and that learns from experience
what the end user needs.

•

Credibility
The credibility of the information can be improved by clearly visualize the
level of uncertainty in the information by for example confidence intervals.

•

Open APIs to data sources are increasingly important ingredients of
contemporary data visualization.
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3

Conclusions

Figure 3: Overview of trends, challenges and recommendations.
The figure shows the relations between the trends, challenges and
recommendations. Trends describe some of the recent changes that will impact the
data management and analytics area. Challenges describe areas that need to be
analyzed and requires some additional effort. Recommendations describe ideas how
to harvest on the trends and how the challenges can be met.
The increased volume of and new data types that will be available presents an
opportunity to get a business edge over other players. The value of the information in
the data is significant but the cost involved obtaining it using current technology is
inhibitive.
Consequently new technologies will be required to leverage the value from the data.
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