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Abstract—The increasing number of devices connected to mobile networks of different technologies such as Global
System for Mobile Communications (GSM), Universal Mobile Telecommunications System (UMTS) and Long Term
Evolution (LTE), is driving the growth of the network infrastructure to support them. In parallel the support systems
attached to these networks need to process increasing volumes of data, in real-time, to ensure that the infrastructure
is fully operational. A key task of those support systems is calculating Key Performance Indicators (KPIs) and Key
Quality Indicators (KQIs), from the counters provided by Network Elements (NEs). These KPIs and KQIs are essential
to understand how the network is performing. To enable Communication Services Providers (CSPs) to monitor and
react to changes in performance of their networks, Nokia offers the Service Quality Manager (SQM) product, that
calculates KPIs and KQIs in “near” real-time. To optimize SQM, for better performance and timely delivery of results, the
current calculation module needs to be re-engineered in order to handle higher data volumes with a lower latency, and
prepared for future evolution. This new module, named Real-Time Performance Management (RTPM), here described
and implemented, is based on new and more efficient tools for real-time computation, such as “Apache Spark Streaming”
for data processing and “Apache Kafka” message broker. This new implemented tool consists of two main modules, the
first one being Extract, Transform and Load (ETL) where the identification and extraction of the data from NEs is done,
i.e. the counters. The second module, Calculator, receives the counters properly handled by ETL and with these it
calculates the respective KPIs. Finally, the RTPM is evaluated where the metrics used for this purpose are the amount
of counter processing per second in the case of the ETL and the KPIs per second in the case of the Calculator. From
the results obtained it was verified that for medium and large networks it is necessary to configure the “Apache Kafka” in
asynchronous mode and the “Spark” Workers must use at least six gigabytes of volatile memory reserved for “Spark” in
the case of there being four cores for virtual machine (VM), and a number of partitions eight times the number of cores.

Index Terms—Mobile services; KQI; KPI; Message Broker; Real-time Computation System; Service assurance; Nokia;
Performance Manager (PM); SQM
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1 INTRODUCTION

NOWADAYS, operators have numerous ac-
cess technologies, mainly due to the fast

development of mobile networks. The most
common is still the third generation mobile
(3G) technology. While the fourth generation
mobile (4G) is having a significant presence in
the provision of mobile operators [1]–[3], the
fifth generation mobile (5G) is already in the
standardization phase [4].

The adoption of new access technologies
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brings some consequences, being one, the in-
crease in use of higher spectral bands (higher
frequencies), which reduces the radius of
coverage of each radio Base Station (BS),
and another, more variations in the signal
modulation–from 8 Phase-Shift Keying (PSK)
in Enhanced Data Rates for GSM Evolution
(EDGE) [5] to 256 Quadrature Amplitude Mod-
ulation (QAM) in LTE [6]–increasing enor-
mously the available bandwidth and transmis-
sion speeds (higher spectral efficiency), there-
fore leading to an increase in the number of
BSs for the same coverage area, and to the up-
grade of the network infrastructure for larger
volumes of data traffic.

Another consequence comes from the evolu-
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tion of the end-user terminals, allowing higher
bandwidths and transmission speeds, and the
increasing use of multimedia services, such as
real-time Peer-to-Peer (P2P) communications,
video and audio streaming, as well as special-
ized mobile “apps” using “Cloud” technolo-
gies, that will lead to a very large increase in
the consumption of data.

In this manner, operators have more and
more information on network equipment and
also on all the usage by customers to process,
and with increasingly tighter time constraints.
All this information is very important for the
operator business, not just in order to have
a more “real” view of the state of the net-
work, but, more importantly, to be able to pro-
vide a better experience, therefore increasing
customer satisfaction and retention (reducing
churn).

To offer this kind of service quality it is
not just enough to collect all information on
customers usage, it is also necessary to timely
process that very information to be able to take
actions in real-time.

2 BACKGROUND

Nokia is a multinational company focused
in five business areas: Mobile Networks,
Fixed Networks, Applications & Analytics, IP/
Optical Networks, and Nokia Technologies [7].
In order to provide the best architecture to
its customers, Nokia Solutions and Networks
(NSN) follows industry standards and frame-
works for its technologies, as well as for the
Applications & Analytics area, namely those
from TM Forum.

2.1 Mediation Processes and Dataflows
At this moment the collection and processing
of NEs data is done with NetAct which in turn
provides the data to the PM which in turn
supplies them to the SQM.

One of the key components in the Core,
related with Operations, corresponds to the
Mediation subsystems. Mediation has the re-
sponsibility to collect, receive and process
information (events, measurements, account-
ing records, etc.) from all NEs, regardless of

technology, as well as from probes located
at different points of the infrastructure. For
that purpose, Mediation systems use Adapta-
tion agents, i.e., mechanisms that understand
the protocols, formats, and connection modes
of each NE or probes. The NEs send event
records and measurements according to the
format defined by 3rd Generation Partnership
Project (3GPP) [8] usually called Measurement
(MEAS). These are Extensible Markup Lan-
guage (XML) files with a well defined struc-
ture and all manufacturers use this standard.
After receiving this information from the NEs
and probes, the Mediation transforms this in-
formation into Open Measurement Standard
(OMeS) XML format files that have an agnostic
source, allowing the remaining components of
the System to know how to extract information
regardless of the NE, as can be observed in
Figure 1, which depicts the current System
design.

Figure 1. Dataflows in Current System Design
with SQM.

The OMeS are then fed to an “ET Loader”
component that parses and loads them into a
database.

The “Aggregation” aggregates at level of
the objects, which is done before loading into
the database, as no previous data is needed.
It makes time Aggregations of a certain pe-
riod, where it will need the data stored in the
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database in order to carry out these Aggrega-
tions.

The database contains the raw data from
the “ET Loader” and also the temporal data
(e.g., daily, weekly and monthly) resulting from
aggregations. Depending on the type, that data
has a different period of life.

With all the data stored in the database the
PM is finally able to calculate all the necessary
KPIs. After having been calculated, the PMs
will export them to Comma Separated Value
(CSV) files. In this way, CSV collector will load
the KPIs in the SQM.

3 ARCHITECTURE

Figure 2. System Design with new RTPM Mod-
ule

The general architecture proposed for this
project is illustrated in Figure 2, which, when
compared with Figure 1, shows a new RTPM
module that will receive the OMeS files (and
other types of files in the future) from Medi-
ation, which are then loaded by an ETL com-
ponent that parses the XML files to aggregate
counters by KPIs.

As we are dealing with real-time information
that comes in streams, it will be necessary to
have a message broker to buffer the informa-
tion.

Once obtained the information in such a way
that it can be read and the counters aggregated
by KPI, the Calculator component will perform
the KPIs computation. As compound KPIs will

exist, it is also necessary to re-feed the Calcu-
lator with KPIs already computed in order to
perform aggregations at a higher level.

Between the ETL, the Calculator and the
collectors (for SQM and PM) there is a Message
Broker that will receive and send messages,
which, in this case are counters or KPIs. It
would be possible to use a simpler solution,
such as sockets, but given the system require-
ments, i.e., it must be scalable and able to
parallelize the maximum possible tasks, it was
obvious the decision for a Message Broker,
providing low latency, high throughput, scal-
ability, and reliability.

Additionally, using a well known Message
Broker tool (already used in other projects at
Nokia) the complexity of the project can be
reduced, and turns the solution modular, as
ETL and Calculator components do not need
to know who the target is, when it is avail-
able and if it has received the messages; a
method to send the data just needs to be called
and the remaining work is performed by the
Message Broker. Therefore, the Message Broker
will have the responsibility of establishing a
communication channel with the different com-
ponents (Interoperability), ensuring that the
data is received (reliability), and also ensur-
ing that the preceding operations are carried
out efficiently (performance), regardless of the
number of components and volume of data
(scalability) [9].

For the ETL and the Calculator components,
a well known real-time computation tool will
also be used (for the same reasons previously
considered for the Message Broker), in order
to provide scalable, efficient and fault-tolerant
calculations.

4 IMPLEMENTATION

From the System Design, a decision needs to be
taken in terms of the tools to be used for the
implementation of the Message Broker, the ETL
and the Calculator components, considering
that the solution will be a distributed system,
scalable, resilient, reliable, fault-tolerant and
efficient.

For the Message Brokers the tools that
were analysed are: “Apache ActiveMQ” [10],
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“Apache Kafka” [11], “RabbitMQ” [12] and
“ZeroMQ” [13].

For parsing of XML files, aggregating coun-
ters by KPI and calculation of KPIs in a large
scale, the implementation requires a cluster of
“machines” for parallel processing in a coor-
dinated manner, therefore the most promising
tools that were analysed for that purpose are:
“Apache Flink” [14], “Apache Samza” [15],
“Apache Spark Streaming” [16] and “Apache
Storm” [17].

To exchange the counters and KPIs be-
tween the modules, “Kafka” was chosen. The
“Apache Spark” tool is the choice for the ETL
and calculator modules for real-time process-
ing.

As previously explained, the new RTPM
module, illustrated in Figure 3, receive OMeS
that are XML files which are ingested by the
ETL.

Figure 3. System Architecture – Proposed Im-
plementation.

4.1 ETL

As can be seen in Figure 4, the ETL consists
of two parts: the driver program that runs on
Spark’s master node and the other part where
all the processing is done in the workers. When
the ETL starts, the driver program cleans the
database so there are no old counters through
the “Clean BD” and the “Check old counter
DB” launches a thread that clears all counters
that are older than one determined time in the
database and in the buffer that is used by the
Wait for all Counters component.

Figure 4. System Implementation – ETL.

This thread runs periodically with a pro-
grammable time interval. Then the driver pro-
gram starts monitoring the new files with
counters in the specified shared directory
with the Spark built-in component called
TextFileStream. The files are then distributed
among the workers. These are processed and
result in a list of objects called CounterData
that contain all the counters needed to calculate
a certain KPI for a given network element and
moment in time.

Each Worker consists of two parts, the first
called Parser where the useful information of
the files is identified (Identify Sources) and
extracted (Parse Files), and the second part
called Merger that groups the counters by KPI
(Split Counters by KPI) and, when it obtains all
the counters to calculate the KPI, sends them
to Kafka (Wait for all Counters).

4.2 Cassandra
Spark provides two ways of sharing infor-
mation between nodes; they are Broadcast
variables and Accumulators. Accumulators are
only meant to add objects in an associative and
commutative way, so they do not fit the need
to share incomplete CounterData’s that are
added, changed (counter addition) and deleted
(when complete) in this project. Broadcast vari-
ables are read-only objects that are replicated
by the workers, and in this way they are not
suitable because it is not possible to change or
remove CounterData’s.

Since Spark does not provide a way to
share CounterData’s as required in this project,
Apache Cassandra was chosen because it is
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a distributed database, offers linear scalabil-
ity, high availability, replicating across multiple
datacenters, lower latency and also because it
works very well With Spark [18].

4.3 Calculator

Figure 5. System Implementation – Calculator
component.

As shown in Figure 5, the Calculator consists
of two components that are executed in the
Workers, the Calculate KPI that receives coun-
ters and calculates KPIs and the Store Result
that sends the calculated KPIs to the Kafka. The
driver program in Calculator only manages
the consumption counters connections in kafka
and in this way distribute the CounterData’s
to the Workers according to the keys. The con-
nection to Kafka is performed with the ”spark-
streaming-kafka” component and the Direct
Stream approach is used. This provides simple
parallelism, 1:1 correspondence between Kafka
partitions and Spark partitions.

4.4 Network Topology
For this Proof of Concept (PoC) the network
topology is obtained internally by the Calcu-
lator, that is, the Calculator is given a set of
files that are analysed, from where the network
topology is extracted. These files are XML files
where all the network elements must be con-
tained within their hierarchy defined in <DN>
tags. The Provider used for this PoC reads all
the files with the extension ”.template”, where
it parses them and extracts all lines that contain
the <DN> tag to extract the network element

and its hierarchy. In this way all the NEs and
their hierarchies are obtained, making it easy
to identify the NEs that are of levels inferior to
a certain NE.

4.5 Adaptation / KPI Registry
The KPI Registry is an external application to
this project, provided by Nokia, using sockets
to communicate with other applications, where
it is possible to obtain the following informa-
tion:

• List of counters to calculate a KPI;
• List of KPIs used by a counter;
• Formula to calculate a certain KPI;
• How to aggregate two equal counters (av-

erage, sum, maximum or minimum);
• Whether the calculation of a KPI in a given

network level is applicable.

4.6 Kafka
Serialization: The serialization of the data
when sending it to Kafka is being performed
with a tool called Apache Avro [19], so any
application that wants to acquire the data
must use this tool and know which is the
scheme used in the objects in question.
Message key: To create parallelization in
Kafka when sending the ETL counters to
the Calculator, keys were used in sending
the messages. These keys are the first two
levels in the hierarchy of the NEs in the
case of counters (CounterData’s). Each Key
belongs to a single partition on the Kafka and
so it is guaranteed that there is only order
for messages that have the same key, since
there is no need for order in the different
second levels of the network hierarchy, so
one can parallelize the processing. This im-
poses a limit of parallelism depending on the
topology of the network, more specifically
the amount of second level of the network
hierarchy existing in the topology.

5 EVALUATION

The scenarios were performed with a VM with
Spark Master, Kafka, Zookeeper, Cassandra
and Network File System (NFS) server and
several VMs for the workers, which in the latter
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case were always in exponentials of two. In this
way we were able to evaluate if the ETL and
the Calculator have scalability close to linear.

5.1 Synchronous versus asynchronous
In this environment two virtual machines are
used, the first (VM01) with Spark Master, Kafka
server, Zookeeper server, Cassandra server and
NFS server and the second (VM02) with Spark
Worker and NFS client. In this way all the pro-
cessing of the files and counters were realized
in only one machine, having used 1, 2 and 4
cores.

Figure 6. ETL Evaluation - Burst of 5000 files, 1
VM, 16 Partitions.

Figure 7. Calculator Evaluation - Burst of
682500 CounterData, 1 VM, 16 Partitions.

What differentiated in these tests was the
amount of cores used: 1, 2 and 4 cores. The
objective of this evaluation was to discover the

number of counters and KPIs produced per sec-
ond in only one VM, the result being illustrated
in the graphs in Figure 6 and Figure 7. As can
be verified, in the case of using only one core
the result is that fewer counters and KPIs per
second were produced than with two and four
cores, that is, the more cores used the more
counters and KPIs per second are produced, for
both synchronous and asynchronous modes.

As can be seen in the graphs found in the
Figure 6 and Figure 7, when the ETL and
Calculator are operating in synchronous mode,
the results are inferior to when they are in
asynchronous mode.

5.2 Evaluation of RAM utilization
In this scenario, the environment for this per-
formance test is as follows:

• One VM for the Spark Master and four
VMs for the Spark Worker with four cores
each were used, totaling 16 cores;

• Ten Gigabyte (GB) of Random Access
Memory (RAM) was reserved for the
Spark worker on each VM;

• Sixteen partitions were used for the topics
in Kafka;

• Kafka was configured in asynchronous
mode;

• Five thousand files were sent to ETL and
682500 CounterData to Calculator.

Figure 8. Memory RAM Evaluation - Asyn-
chronous, 4 VMs, 16 Cores.

As shown in the graph of Figure 8 there is a
significant impact in the usage of less than 3 GB
of RAM in ETL and it can also be seen that
up to 6 GB of RAM the performance increases.
However, when using more than 6 GB there
is no increase in performance because RAM
memory is reserved for Spark.
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In Calculator, the impact is more significant
with the usage of less than 4 GB RAM and
it increases performance up to 6 GB and, as
with ETL, no performance improvements are
recorded when increasing to more than 6 GB
of RAM. Thus, in the following tests 6 GB of
RAM was used in ETL and Calculator.

5.3 Different input files in ETL evaluation
In this scenario, the environment for this per-
formance test is as follows:

• One VM for the Spark Master and four
VMs for the Spark Worker with four cores
each were used, totaling 16 cores;

• Six GB of RAM was reserved for the Spark
worker on each VM;

• Sixteen partitions were used for the topics
in Kafka;

• Kafka was configured in asynchronous
mode;

• ETL was fed with two different files, tem-
plate 1 and template 2, as well as with a
mixture of the two in a proportion of 50%
each.

Figure 9. Input Files ETL Evaluation - Burst of
5000 files, Asynchronous, 4 VMs, 16 Cores,
10GB RAM.

Different types of files can influence the per-
formance of the system and to evaluate this
aspect a test was performed where ETL was
fed with different files (OMeS) with different
characteristics. The result can be visualized in
the graph of Figure 9. The two files used were
template 1 and template 2.

When analyzing the graph it can be verified
that template 1 can obtain results that are much
higher than template 2. This result originates
from the fact that there is a higher density of
counters per file.

For a closer assessment to reality, a propor-
tion of 50% of each of the templates was used
in all tests. In this way, it can be verified that
the dashed line with triangles that symbolizes
the mixture of the two templates has an inter-
mediate performance.

With this graph it is also possible to verify
that ETL has an almost constant performance
and the results do not vary much in the several
repetitions with the same characteristics and
inputs.

5.4 Kafka partitions evaluation
The environment for this performance test is as
follows:

• One VM for the Spark Master and four
VMs for the Spark Worker with four cores
each were used, totaling 16 cores;

• Six GB of RAM was reserved for the Spark
worker on each VM;

• Between sixteen and 1024 partitions were
used for the topics in Kafka;

• Kafka was configured in synchronous and
asynchronous modes.

Figure 10. Kafka Partitions Evaluation in Cal-
culator - Burst of 682500 CounterData’s, Syn-
chronous, 4 VMs, 16 Cores.

The Tests were performed only on Calculator
to assess the impact of the number of partitions
on the performance of RTPM.

Sixteen partitions per topic were tested,
which is the minimum number of partitions
since the system used 16 cores, up to the
amount of 1024 partitions per topic. The result
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is illustrated in Figure 10, where it can be
seen that with the increase of partitions per
topic the performance increases significantly
up to 128 partitions, both having Kafka con-
figured in synchronous or asynchronous mode.
This means that with 128 partitions each core
performed per cycle 8 tasks on average. The
increase in performance is due to the fact that
the tasks are divided so that when a faster
core finishes a task or because it has more
resources or because the task was simpler/
faster, it prompts another new task.

With this test, it was also verified that Calcu-
lator has an almost constant functioning since
the results with the same inputs always have
very close values. Upon the analysis of this test
it was decided to use a quantity of partitions
eight times the number of cores used for the
next tests, since it is the most balanced quantity
in order to optimize the results.

5.5 Scalability evaluation in ETL and Calcu-
lator
This last evaluation test aims to answer the sec-
ond point of the objectives, which is to verify
which size of the cluster and its characteristics
required to reach the values defined by Nokia
in table 1.

In order to answer the previous question,
ETL and Calculator were tested on clusters
with various amounts of VMs always using
all available cores, with 6 GB RAM memory
for Spark per VM and with a number of par-
titions eight times the number of cores. The
number of VMs used varied, having started
with one and doubling the number for the
next clusters until reaching a cluster with 16
VMs and 64 cores. The results were obtained
with extrapolation from this cluster, given the
lack of resources to test ETL and Calculator
with a larger number of VMs. To find out the
best function to model each extrapolation a
regression analysis was used, and the analyzed
functions were exponential, linear, logarithmic,
polynomial and power.

The results from the previous scenario for
ETL are illustrated in the graph in Figure 11
where the actual results for multiple clusters
from one VM to sixteen VMs can be ver-
ified. First, only one VM was used, where

26177 counters/s and 14970 counters/s were
obtained for asynchronous and synchronous
mode respectively. Then the same test was
done using two VMs where the values 44517
counters/s and 26174 counters/s were ob-
tained for the asynchronous and synchronous
modes respectively. In this way resources were
doubled and as a result there was a perfor-
mance increase of 170% and 175% for asyn-
chronous and synchronous modes respectively.

Whenever the cluster was increased there
was always an increase in performance com-
pared to the previous cluster but with a slight
degradation. Using polynomials of the sec-
ond order, with the polynomial method least
squares for extrapolation, two equations were
obtained to model the results with more than
sixteen VMs for synchronous mode and an-
other for asynchronous mode. The equation
obtained to model the results of the ETL for
the asynchronous mode was the equation y =
5315.5x2 +2533.9x+18189. A polynomial func-
tion was chosen because, of all the functions, it
had the Multiple R (correlation coefficient) and
R squared (Coefficient of Determination) closer
to 1, that is, with greater correlation and in this
way we were able to model the results with the
smallest possible error.

These results show that for a small net-
work with a performance of 65387 counters/s,
approximately 4 VMs are required with the
characteristics used in the tests, with at least
6 GB of RAM memory reserved for Spark for
each VM and the usage of 128 partitions for
Kafka. For a performance of 268000 counter-
s/s for a medium network, approximately 64
VMs are required with a total of 256 cores
and 2048 partitions for Kafka, according to
the extrapolation used. For a large network
where 670000 counters/s have to be processed,
it is needed approximately 1024 VMs with
4096 cores and 32768 partitions, also accord-
ing to extrapolation. For synchronous mode
the equation that best models the results is
y = 233.51x2 + 11951x + 2339.1. Given this
equation in synchronous mode, we can only
obtain performance for a small network with 16
VMs within a reasonable amount of resources.

In relation to Calculator, the results are
shown in the graph in Figure 12 where it has
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Table 1
Network characteristics for evaluation of the project

Figure 11. ETL Evaluation - Burst of 5000 files.

the same format as the ETL results referred
to above. Analyzing the graph, it can be veri-
fied that to achieve the performance of 45771
KPIs/s for a small network it is necessary to
have approximately 2 VMs, and for a perfor-
mance of 187600KPI/s for a medium network
it is enough to have approximately 16 VMs.
The equation y = 5660.6x2 +8994x+13538 was
used to model the asynchronous mode. In the
case of a large network where a performance of
469,000 KPIs/s is required, approximately 256
VMs is required according to the extrapolation
carried out.

In the synchronous mode, for Calculator to
have a performance of 45771 KPIs/s for a
small network it is necessary to have approx-
imately 8 VMs. To perform the extrapolation
of results in synchronous mode in Calculator,
instead of using polynomials a power function
was used. This was used because the method
with polynomials did not model the expected
results well, creating a decreasing equation.
Thus, of the methods analyzed the method that
modeled the results with less error was an
extrapolation with the power regression model
and from it the equation y = 7094.4x0.7609 was
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Figure 12. Calculator Evaluation - Burst of 682500 CounterData’s.

obtained. For a medium and large network
the resources required are an exceedingly large
number of VMs.

6 CONCLUSION

With this project the conclusion can be reached
that it is possible to increase the performance
of current systems to ensure that operators can
monitor their growing networks and offer the
best user experience to their customers.

To get the results intended by Nokia is nec-
essary to use new tools like Kafka and Spark.
However, you need to know how to use them
and how to configure them to achieve the
intended goal.

In order to achieve the desired performance
Kafka must be configured to use the asyn-
chronous mode, because for the synchronous
mode too many resources are required.

Spark’s scalability is not exactly linear, but
it’s close. However, it suffers from a degrada-
tion whenever the number of VMs is increased

which indicates that at a certain point Spark
stops obtaining better performance with the
increase of the resources.

The lack of a way of sharing synchronized
information between different cores in Spark
workers has resulted in the use of Cassandra,
where another performance penalty is added
when queries are made that need to be an-
swered since they have to be done in syn-
chronous mode.

Another component that affects the perfor-
mance of RTPM is the KPI Registry, because
even though it has a buffer of the data per core,
this adds a relevant execution time.
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