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Real Time Traffic Forecast has been identified by the Atos Scientific
Community as vital for intelligent traffic systems extending today’s
solutions by proactive decision support. It is designed for a PatternBased Strategy approach and was therefore selected by the Atos
Scientific Community to build the scope of a Proof-of-Concept
(PoC) project. The results of the PoC are outstanding and clearly
demonstrate the power of patterns and their exploitation in the
domain of proactive traffic management.
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This white paper was developed by the members of the Atos Scientific
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Safont, Almudena Alonso, Dr. Wolfgang Thronicke.

About the Atos Scientific Community
The Atos Scientific Community is a network of some 100 top scientists,
representing a mix of all skills and backgrounds, and coming from all
geographies where Atos operates. Publicly launched by Thierry Breton,
Chairman and CEO of Atos, the establishment of this community highlights the
importance of innovation in the dynamic IT services market and the need for a
proactive approach to identify and anticipate game changing technologies.
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Introduction
Concept of Pattern-Based
Strategy

Mission of the Atos
Scientific Community

Pattern-Based Strategy (PBS) is a concept
introduced by Gartner in 2009 as a result
of research that demonstrated the need of
business leaders for proactive management.
In a nutshell, PBS states that neither raw data,
nor aggregated and distilled information are
sufficient to cope with the expectations of
decision makers. In contrast, patterns that
predict future outcomes based on current
inputs or identify unlikely events with a
significant potential impact on the business,
provide a high value tool for their requirements.

Once the scope of a rather broad and elusive
concept like PBS was agreed, the Atos Scientific
Community decided to take on the challenge
of translating and applying it to real case
scenarios in the form of a Proof-of-Concept
(PoC). The motivation for this approach was
to deepen the insight and be able to derive
work methodologies and practical business
solutions based on lessons learned and handson experience. For the PoC, the traffic operation
management in a large city was selected as
the test scenario as it represents a commonly
known and very intelligible use case for PBS to
demonstrate its value.

To articulate a PBS practice, several knowledge
disciplines need to be considered, such as
predictive analytics, data mining, complex
event processing, business intelligence, big
data, decision support, social network analysis,
etc. Although complex at first glance and
considered as a meta-practice, PBS can be
reduced to two main goals: the early discovery
of emerging patterns and translating such
patterns into predictive models that can be
used to define a proactive strategy to face real
situations. Therefore, applying PBS means:

``
Capturing data, identifying new patterns
and their effects
``
Modeling the effect of these patterns and
creating what-if scenarios to predict their
impact
``
Planning a strategy to act according to the
identified patterns
``
Providing operation systems with
embedded decision support that can detect
the patterns as they appear and recommend
a suitable course of action.

The following sections describe the business
and technical aspects of the Real Time Traffic
Forecast (RTTF) PoC, as well as the challenges
we encountered during the solution design, its
benefits and the next steps to further explore
PBS applicability. For additional information
on PBS, you may check the Atos Scientific
Community White Paper “Expecting the
Unexpected”1 or the Atos vision presented in
“Ascent Journey 2016”2

1 http://atos.net/en-us/home/we-are/ascent-thought-leadership/ascent-white-papers.html
2 http://atos.net/en-us/home/we-are/ascent-thought-leadership/ascent-journey-2016-enterprise-without-boundaries.html
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Executive summary
Scoping the traffic domain
There are several restrictions to be considered
when scoping a PoC. As in any Atos Scientific
Community PoC there are two main constraints
to be taken into consideration: the PoC has
to meet certain criterion that ensures sound
studies and conclusions, and there has to be a
concrete application and business value behind
it. In our case several potential scenarios where
considered to build the PoC, but it was the traffic
domain that was finally selected. There were
strong reasons for it:
``
High business value as proactive traffic
management is a key element for future
intelligent traffic management systems to
deal with exponentially increasing traffic
volume;
``
Traffic by nature covers various expected but
also unexpected patterns which are good
testing fields to demonstrate a pattern-based
approach;
``
Value is a topic of interest not only for traffic
operation management but also for people
who participate in the traffic.

Objectives of the Proof-ofConcept
The overall goal of the PoC is the successful
demonstration of a Pattern-Based Strategy
approach in the field of proactive traffic
management. Patterns within traffic sensor data
shall be utilized to create forecasts to determine
upcoming incidents (e.g. traffic clusters, traffic
speed drops, etc.) in the near future. These
forecasts are giving a substantial time span of
several hours to act on incidents even before
they appear. This enables an overall strategy
for proactive traffic management which is
explored in two different ways within the PoC.
The first one through Traffic Operation Centers
(TOC) which can interact with their intelligent
traffic systems in advance to avoid or reduce
congestions or slow moving traffic. The second
one is through individual traffic participants
providing navigation solutions which include
predicted traffic information in the near future.
With this solution, expected heavy traffic
can be bypassed in advance, which has a
strong potential to mitigate predicted traffic
agglomeration.

Participants and partners
Several partners have participated in the Real
Time Traffic Forecast PoC:
``
Atos Scientific Community (PBS track)
to define the principles of Pattern-Based
Strategy to be applied in the PoC;
``
Atos C-LAB as project leader and responsible
of the system and solution design,
solution development, integration and
implementation;
``
Siemens Corporate Technology providing
a solution kernel with a forecasting model,
developed using their widely proved Neuron
Network-based system SENECA;
``
VMZ Berlin (Traffic Management Central for
the city of Berlin) as users of the final system.
They provided historical data from their
city sensor infrastructure and supported
the project with their profound domain
knowledge.

© Atos, 2013, all rights reserved. The contents of this white paper is owned by Atos. You may not use or reproduce it in any type of media, unless you have been granted prior written consent thereto
by a competent person authorized to represent Atos for such purpose.
Ascent / Real Time Traffic Forecast

5

Proof-of-Concept - Real
Time Traffic Forecast
With the increasing number of people living
in cities and urban areas, traffic management
has become a serious issue. Traffic and citizen’s
mobility have a strong impact on the quality
of life and the development potential of a
city. Noise, pollution, infrastructure planning
and maintenance are all impacted by it. Even
the economy and growth can be boosted or
neglected by traffic conditions.
If we consider cities as living organisms, traffic
is their bloodstream; if it is inefficient, slow, or
collapses, the city is likely to die. No wonder
that it is high on the agenda of every major
city. As a consequence most cities are already
well equipped with sensor infrastructure to
monitor traffic intensity, volume and flow rates
in real time. In order to enable intelligent traffic
systems, cities are equipped with controllable
field units (e. g. traffic lights, variable message
signs, etc.) to influence the current traffic
situation. Thus almost all vital components
exist today to face the traffic challenges in
major cities. But there is still one building
block missing which is vital for proactive
management of traffic. This component is
identified by the Atos Scientific Community
as Real Time Traffic Forecast (RTTF). RTTF
enables a prediction of sensor data streams
for the immediate future (up to four hours) and
provides traffic condition classification for the
upcoming time period based on the forecasted

data. Both computational processes are
executed within less than one minute and are
therefore rated as real time operations from the
perspective of the traffic management domain.
The forecast provides a suitable time span for
proactively managing upcoming incidents even
before they appear. Combined with a suitable
strategy to handle the predicted incidents, the
PBS approach is perfected. Instead of reacting
to emerging incidents, RTTF enables the Traffic
Operation Center as well as the drivers to take
a decision in advance of upcoming incidents.
The PoC comprises several phases, aligned
with our understanding of the PBS concept.
The following chapters of the White Paper
present them in more detail, indicating the most
relevant topics for each phase, which can be
considered for similar studies and PoCs about
PBS.

Initial data collection

Data acquisition and
processing

To facilitate data analysis in the later phases and
to ensure consistent modeling results, the initial
data went through a data cleansing process.
This step is mandatory to avoid unwanted
information resulting from missing or corrupted
data caused by malfunctioning sensors or its
deployed telemetry. Data cleansing was mainly
achieved by filtering and interpolating values
when necessary.

One of the initial challenges for the PoC is the
availability of data for building and operating
the system. Instead of incorporating real time
data streams from sensor based telemetry
systems with the insupportable constraints
of its continuous availability for the PoC
demonstration, historical data was deployed to
simulate real time data streams.

Figure 1: City map of Berlin with deployed traffic sensors sites

Data for the PoC was obtained from the city
of Berlin, comming from its traffic sensor
infrastructure (e. g. inductive loop and infrared
technology) installed at traffic-intensive
locations. These sensors provide structured
data including traffic speed, flow rate and
occupation rate over time, with various refresh
cycles down to 60 seconds. The PoC used
historical traffic data collected from 100 out
of 1200 sensors during a defined time period
of 90 days in summer months. The selected
sensor locations are depicted in
Figure 1. Red dots indicate inductive loop traffic
sensors buried within the concrete of the roads
and the blue dots are representing infraredbased sensors mounted above the roads.

Data cleansing

Data usage
The obtained data (ca. 296Mbyte) was finally
divided into two different sets:
``
Modeling Sample: Covering 60 days of
historical data, used for pattern detection and
forecast system training
``
Control Sample: 30 days of data used to
simulate real traffic conditions and to test
the system response for proactive traffic
management.
All these initial steps were necessary to
eliminate the complexities related to accessing
traffic sensor infrastructures and link
connections during the PoC, completing the
research in lab conditions. Nevertheless, the
data samples are good enough for our initial
investigation purposes and provide a true
simulation of actual city traffic conditions.

Pattern identification and
modeling
Traffic is a familiar and well-studied topic subject
to long term statistical analysis and modeling.
As a matter of fact, the finding of patterns
is what actually makes traffic management
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possible. But it is in environments like this PoC,
with a large variety of data and several types of
interdependencies, where seeking meaningful
patterns of data which influence the behavior of
the environment, becomes a challenging task.
In striking contrast with other scientific
endeavors, PBS is not about formulating a
hypothesis and then validating it through
experiments. Here data is used to craft the
initial hypothesis in the form of patterns. Only
once they have been discovered, will a classical
scientific experiment be constructed to validate
them. It is for this reason that data scientist
support can be very helpful at this point, as
they can identify the essential data types and
variables that could lead to patterns, through
comprehensive data mining and statistical
analysis. This is always a good choice if neither
experience nor domain-specific knowledge is
available. This is not to say that having domain
experts is expendable. On the contrary, having
a domain expert on board can speed up the
process by giving some initial hints on the likely
data types and possible patterns that have to be
considered to reduce the time consuming data
mining process. So the preferred approach is to
include both domain experts and data scientists
in any project related to PBS for optimal analysis
results and efficiency. In this PoC, the two
different approaches were explored to reveal
traffic patterns.

Domain expert support: Traffic status
determination
At a very high level, traffic modeling can
be associated with vehicle speed. If speed
varies, triggering certain specific thresholds
the traffic status will change. But the obvious
is sometimes misleading and of course it is
not that simple. Traffic speed is only half the
story which the “grandma” example illustrates
nicely – “if old grandma is driving down an
empty highway at low speed at night, the traffic
speed will be a poor indicator of traffic status
(e. g. slow moving instead of free flow) …”. The
example demonstrates that a more complex
pattern based on further data types and their
correlation is needed to determine the traffic
status.
During the PoC project traffic domain experts
from the Berlin Traffic Management Center
provided expert knowledge to improve
the traffic status understanding. Based on
their insights and experience, an additional

parameter was incorporated to search for
patterns: the traffic flow rate which determines
the number of vehicles passing a traffic sensor
per hour. The values of the combination of
these two data types – speed and flow - were
used to adapt the traffic status definition
and model patterns. There are other traffic
influencing parameters too (e. g. road capacity,
speed limits, etc.) which vary specifically at each
sensor point. The patterns also accounted for
their impact when the models were created
with the assistance of the domain experts.
Finally, a simplified model combining speed
and flow rate, accompanied by additional
parameter adjustments for each sensor point
was achieved by interpretation and validation
supported by domain expert knowledge. The
derived traffic status model provides the traffic
status at any sensor point by an easy to use
look-up table system.
The model provides four states for traffic
status: free flow, slow moving, congestion and
undefined. By deploying the look-up table
within a complex event processing engine, the
incoming sensor data streams for speed and
flow rate are evaluated to identify characteristic
patterns to determine the related traffic status
continuously.

Data scientist: Artifical neuron
network
However, being able to determine the traffic
status from data streams using a pattern
related, complex event processing was just one
part of the story. With the ability to forecast
sensor data streams, the PoC complements the
demands of RTTF. Due to the complexity of real
traffic environments with their multiple external
(e. g. weather condition, accidents, social events,
etc.) and internal dependencies (e.g. tailbacks,
congested bypasses, etc.) an algorithmic
approach for predicting traffic behavior is
neither practical, nor sustainable.
For scenarios like this one, artificial neuron
networks are a much better choice for nearterm prediction systems, which fall into the
realm of data scientist. Instead of simply
predicting the traffic status (limited to the four
states previously mentioned), the PoC went
one step further and forecasted sensor data
streams for the speed and flow rate parameters.
This approach allows the direct comparison of
incoming real time sensor data with predicted

data, enabling an online forecast quality
monitoring. Furthermore this approach enables
the deployment of the pattern-based, complex
event processing engine to classify the traffic
status from forecasted data streams in the
same manner as introduced for real time data
streams.
Additionally, the approach had to be highly
scalable, with a minor increase in required
computing power in case of a significant
increase in the number of sensors to be
considered. In order to do so, the forecast was
based on a pattern model built on vectors that
could aggregate information of sensors in a
varying time scale.
Data feed
In the scope of the PoC, pattern-based forecast
of traffic data predicts traffic speed and flow rate
for each of the 100 sensors of the experiment,
for an immediate future period of four hours
based on the data of the previous four hours,
updating the forecast periodically every 300
seconds. Thus, in this case the pattern was
represented by two vectors (one for the traffic
speed and one for the flow rate) containing the
values of a four hour data stream at discrete
points in time with a ∆t=60 seconds sampling
rate. As depicted in Figure 2 this leads to an
input vector
for the artificial neuron
network with N=240 data entries for each data
type and sensor.
Data output
The two input vectors containing the data
streams of speed and flow rate for the last
four hours, are feed into the input layer of the
artificial neuron network, which produces two
corresponding vectors
at its output
layer, representing the forecast data streams of
speed and flow rate for the next four hours.
Training and results
Before the artificial neuron network can be
deployed, it needs to be modeled and trained
properly. The modelling efforts mainly consist
of identifying a suitable network topology of
connected neurons accepting sensor data
streams at the input layer and providing
forecasted data streams at the output layer.
Once the topology of the network is settled,
a training process needs to determine the
weights
of each neuron to ensure a precise
prediction operation.
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Figure 2: Schematic presentation of an Artificial Neuronal Network topology

Navigation was identified as a likely working
base for common strategy developments,
which could provide benefits for both
stakeholder groups applying the previously
identified patterns and their forecasted impact.
Unfortunately the navigation strategy is a bit
self-defeating for our PBS approach as it will
influence the future traffic situation which
cannot be foreseen by the forecast of the
neuron network. By the time the navigation
solution is created its future influence on traffic
is not considered for the routing optimization
as the traffic forecast is only based on present
sensor data.

The initial training process itself is a high
computation power and time consuming
optimization process and is based on a large
set of training sequences consisting of related
input and output vectors. Based on a back
propagation training procedure the input
vector is propagated through the network
and the deviation between the obtained result
at the output layer and the desired output
vector of the test sequence is determined. This
deviation represents the error vector which
is then back propagated from the output to
the input layer while optimizing the weights in
terms of a minimized error vector. This task was
completed in a closed collaboration with neuron
network experts from Siemens Corporate
Technology. The training of the neuron network
was completed by deploying the first 60 days
traffic data block.

In order to quantify the forecast quality we
averaged the deviation of 100 sensors over a
30-day time period which unveiled a forecast
precision of 93% for the traffic speed and
86% for the flow rate parameter. Keeping in
mind that the training sequence covering a
60-day period is quite short and no additional
information (e. g. social events, road closures,
etc.) has been fed into the neuron network
so far, the obtained results are more than
promising.

The evaluation of the neuron network was
done by deploying the second data block of 30
days and comparing its sensor data (speed and
flow rate data) with predicted data delivered
by the trained neuron networks. As visualized
for one sensor in Figure 3, the real time sensor
data (green curves) is quite oscillating but on
average matching well to the predicted ones
(blue curves). Comparing the real time and
predicted data of the derived traffic status
represented by the level-of-service value the
matching is even better.

Being able to identify patterns out of the
existing data, model them into patterns and
come up with a system that can provide reliable
predictions is a remarkable achievement in
itself, but the true value of PBS is being able to
apply such capabilities to strategy definition and
decision making.

Enhancing the training with longer time periods
and adding further information (e. g. weather
condition, social events, road closures, etc.) into
the existing neuron network, should drive a
further improvement in prediction results.

Strategy development

In traffic modeling scenarios, there are two
obvious stakeholders who could obtain direct
benefits from traffic modeling and prediction:
Traffic Operation Centers and individual drivers.

This feedback loop can become unstable if a
high amount of drivers will anticipate in the
traffic-related navigation based on predicted
data. A solution to this could be an adaption of
the forecasted sensor data by consideration of
traffic flow changes based on offered routing
suggestions. This could be achieved by a
computer-based simulation approach. If the
routing is known and supposed to be accepted
by the driver, the future changes of the traffic
data at sensor points can be simulated and
superimposed with the predicted ones. This
will revise the future manipulation of expected
traffic conditions and is obligatory to face the
feedback loop dilemma.

Strategy for Traffic Operation Centers
The strategy for Traffic Operation Centers
(TOCs) is focused on the visualization of past,
current and future traffic situations to provide
an overview about the current state of traffic in
the city and how it will develop in the next few
hours. The provisioning of previous data for the
last 24 hours will additionally give hints on data
trends and insights into how incidents have
been originated. Based on this comprehensive
overview being offered to an operating agent
and extended by a suitable decision support,
the agent can proactively interact with the
traffic management system through operational
field devices (e. g. Traffic lights, variable
message signs, etc.) in a secured, controlled
and predictable way to improve traffic flow in
advance.

Strategy for Individual Traffic
Participants
The strategy for individual traffic participants
is focused on strategic navigation support
based on past, present or future traffic
conditions in the city. This strategy does
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Figure 3: Real time and forecasted sensor streams exemplarily visualized for one sensor

by the artificial neuron network in less than
one minute. All results are pushed back into
the traffic management server where they are
stored next to the captured real time sensor
data.
The traffic monitor client can connect to the
central traffic management server via a TCP/
IP network connection and retrieves traffic
data updates in near real-time. Each time a
new traffic data set is ingested into the traffic
management server, it is classified, stored and
pushed to all registered traffic monitor clients.

not only support the individual drivers by
optimized route provisioning but also the
TOC, as traffic-related navigation is supporting
the avoidance or reduction of heavy traffic
build-up. By connecting to a central traffic
management system, drivers can request a
best strategic navigation route at a given time
in the future from a certain departure point to
a defined destination. Aligning the individual
routing solutions to each other via a serverbased, centralized navigation support avoids
unintended concentrations of traffic and thus
supports an overall optimized traffic flow.

System implementation
In order to demonstrate the feasibility of our
pattern-based strategy approach in proactive
traffic management, we implemented a
distributed real-time system consisting of a
traffic management server (TMS), traffic forecast
server (TFS) and a rich desktop-based traffic
monitor client (TMC).

the traffic status and stores the captured traffic
sensor data streams enriched by derived traffic
status for each of the 100 sensors temporarily
over the last 24 hours.
Every five minutes the traffic management
server pushes a real-time traffic data update
(traffic speed and flow rate) into the traffic
forecast server which contains the artificial
neuron network. Based on the update, the traffic
forecast server provides a prediction for traffic
speed - and flow rate data streams for each
of the 100 sensors with a time scope of four
hours and a sampling rate of 60 seconds. The
prediction of the traffic data streams is executed

The latency of this event is less than minute
which is more than acceptable for real-time
traffic management. The client itself provides
digital map support in order to visualize the
location and traffic status of each sensor by
colored icons. By applying a time slider, a client
can adjust the observation’s point in time over
the past 24 hours to see how the traffic operator
status has changed. Charts representing the
curves of the traffic speed, flow rate and derived
traffic status over the last 24 hours give an
insight into the evolution of the traffic condition
for chosen sensors. To see future predictions,
the client can request a forecast update from
the traffic operator management server, which
triggers the server to push the latest forecast
data and information into the client. As this
data is plotted into the real time data charts, a
comparison of the forecasted - and real time
data can be done.

Figure 4: Building blocks of the distributed real time system

For the PoC we used historical traffic data
instead of real-time sensor infrastructure
data and implemented a traffic data stream
generator. This generator simulates real time
data streams from the sensor infrastructure by
producing a traffic data set from the historical
data for each sensor every 60 seconds,
simulating effectively incoming real- time data.
The traffic management server represents the
central processing unit of the entire system. It
collects and pre-processes raw data streams
from the (simulated) city sensor infrastructure,
classifies the obtained data by complex event
processing-based pattern detection to derive
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Figure 5: Traffic Monitor Client (Microsoft Windows 8 application with re-configureable user interface)

Summary
The solution built as a result of the PoC is
realized by a distributed real-time system with
a central processing server analyzing incoming
sensor data such as traffic flow rate and speed
to determine traffic status in the city of Berlin.
A forecast server extends the sensor data in
the central processing server by periodically
forecasting sensor data for the next four hours.
A client application provides the visualization of
past metered (-24h) and future predicted traffic
data to see trends and detect anomalies. It also
evaluates the accuracy of the forecasts through
graphs that show the deviations between
real values and its prediction. To facilitate the
decision making of the final users, the system
also includes the integration of digital maps
to support the visualization of real-time and
forecasted traffic data, and a routing service
based on shortest path extended by additional
routing costs related to real-time - or forecasted
traffic condition.

In order to realize a common strategy
support for both the TOCs as well as for
individual drivers, a central navigation solution
considering real time and predicted traffic data
was chosen and realized. Based on this kind
of smart navigation traffic, participants can
avoid congested routes which also support
the potential avoidance of heavy traffic load
amplification. As the latter also serves the
objectives of TOCs, it represents a strategic
support for them as well.
Of course, for the solution to be practical, route
advice for each vehicle has to be processed in
parallel, as the expected behavior of vehicles
based on navigation advice can change the
overall traffic pattern, rendering it useless or
even creating new traffic-jams unintentionally in
new areas (e. g. TMC messaging of congestion
on a motorway or interstate can induce drivers
to leave - running in new congestion). In order
to avoid this, the individual routing solutions
must be aligned to each other to perform an
overall optimized traffic flow. For this reason the
navigation solution has been integrated into the
traffic management server which provides this
navigation service centralized to all connected
clients.

In order to demonstrate the navigation strategy
concept, an extended A*-routing algorithm was
implemented which can temporarily attach
additional routing costs to roads with heavy
traffic. Therefore the algorithm incorporates real
time - or the forecasted traffic condition of the
sensor points and adjacent road network (geofenced circular area around the sensor point)
into the routing calculation. By clicking into the
map of the client a departure and destination
site can be set which requests a navigation
solution from the server.

The server-based architecture can be scaled
and extended with further client technology
(e.g. on-board units in vehicles, smart
phones, etc.). Also new data sources can
be incorporated into the server to improve
the detection of traffic patterns (i.e. weather
conditions, city events, calendar, etc.)

Using the time slider to adjust the departure
time will complete the set of information for
the routing algorithm. The individual navigation
solution is computed in real-time conventionally
by shortest path and can be parameterized by
the user to consider the specific traffic situation
at a given time.
The alignment of the individual navigation
solution is not yet covered by the PoC but
represents an essential upgrade to demonstrate
the potential of PBS in the traffic challenges in
urban regions of the future. Intelligent swarming
behavior, crowd-sourced information enriched
by social media and weather information are
very promising upgrade concepts as well for
the intelligent proactive traffic management.
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Conclusion
Real Time Traffic Forecast being developed
within the scope of an Atos Scientific
Community PoC has clearly demonstrated
that pattern-based technologies have a great
potential to solve today’s emerging challenges
in urban traffic management. It revealed two
approaches to face the challenge of identifying
unknown patterns based on the involvement
of data scientists and domain experts and
showed up synergies for both approaches. With
the modeling of an artificial neuron network
and its integration into a predictive analytics
service, the PoC demonstrated strong forecast

capabilities enabling a precise time-series
prediction of traffic sensor data with a time
horizon of four hours. With the predictive
analytics service and the ability to identify
patterns to derive traffic conditions based
on real-time and forecasted sensor data, the
cornerstone for proactive traffic management
has been set. Strategies being developed in
the PoC to exploit the results obtained are
completing the approach of pattern-based
strategies and thus demonstrate its application
and utility very well in the domain of traffic
management.

RTTF is an excellent example of how data
sources and identified patterns can be exploited
to gain insights and to develop proactive
strategies to deal with upcoming events and
incidents. It enables a short term view into the
future which is long enough to act on predicted
incidents rather than react on occurring ones.
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