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Glossary of Acronyms 
 

Acronym Definition 

CDR Call Detail Record 

CEP Complex Event Processing 

CPaaS CoherentPaaS 

CQE Common Query Engine 

DDL Data Definition Language 

DML Data Manipulation Language 

DQE Derby Query Engine 

E2E End-to-End 

JDBC Java Database Connectivity 

JSON JavaScript Object Notation 

KPI Key Performance Indicator 

KQI Key Quality Indicator 

KV Key Value 

M2M Machine-to-Machine 

MSISDN Mobile Station International Subscriber Directory Number is a number used to 
identify a mobile phone number internationally. 

OLAP Online Analytical Processing 

POIs Points Of Interest 

RDBMS Relational Database Management System 

REST Representation State Transfer 

SNA Social Network Analysis 

SVN Apache Subversion subsystem 

UI User Interface 
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1  Executive Summary 
 

This document describes the –so far – validation tasks performed by the use cases, 
aiming to assess their implementations over the CoherentPaaS model. The validation 
phase is not complete yet; hence, the document prescribes mostly the testing 
methodologies and the level of their achievements at Month 30. 

Functional validation has been completed for all use cases, proving that from the 
functional point of view, the CoherentPaaS model has provided the means to 
implement the desired functionalities. CEP operators and query operators were 
adequate to server the use case needs for all required functions. Datasets have been 
generated taking under consideration the need to produce realistic data as well as 
preserve rules for data protection and privacy.  

Performance validation is ongoing; not all results are provided, and where provided, 
they are at premature stage.  
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2 Introduction 
 

The data management world has been evolving towards a large diversity of data 
management technologies. This has been motivated by an increasing demand for 
flexibility, efficiency and scalability. This blooming of data management technologies, 
where each technology is specialized and optimal for specific processing, has led to a 
“no one size fits all” situation. On one hand, traditional SQL databases have diverged 
into operational and analytical databases and then an evolution of them has led to a 
specialization for particular challenges and workloads. On the other hand, a new 
world has appeared, NoSQL data stores, where new data models and query languages 
and APIs appropriate for those data models have been proposed.  NoSQL data stores 
already targeted scalability, but it is achieved at the cost of renouncing to the data 
consistency provided by transactions, because at that point in time nobody 
transactional processing was the bottleneck.  

This trend has resulted in a large proliferation of query languages and APIs leading to 
a number of isolated silos that are creating increasing pains at enterprises due to the 
difficulties in updating these independent silos and joining data across them.  

CoherentPaaS addresses all these issues by providing a rich PaaS with a wide 
diversity of data stores and data management technologies optimized for particular 
tasks, data, and workloads. CoherentPaaS integrates NoSQL, SQL data stores, and 
complex event processing data management systems providing them with holistic 
transactional coherence and enabling correlation of data across data stores by means 
of a common query language. 

 

Figure 1 – CoherentPaaS stack – Use cases  
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This document is the first (initial) version of the validation deliverable of the 
CoherentPaaS, through its use cases, as they are illustrated on the top of the 
CoherentPaaS platform layers (Figure 1). Its main aim is to illustrate the level of 
achieved conformance to the requirements and goals, which were described through 
the requirements analysis phase. Benefits are pointed out as well as cases where 
deviations from the goals are monitored. The deliverable is Public, aiming to exhibit 
tangible and measurable achievements of CoherentPaaS model. 

Validation is ongoing on M30, and therefore, current deliverable depicts the results 
brought so far, mainly related to the functional validation. Performance validation is 
ongoing and will be finalized within Month 36 

For each use case, we describe the validation methodology and then the results of this 
process as far as concerns functional and performance behavior. 

2.1 Relation with other deliverables 

It is assumed that the reader of this document has become familiar to the use cases 
design as it has been described within previous deliverables of WP9 “ Use Cases” and 
specifically with the public deliverables D9.1 ”Use Cases Requirements Analysis” and  
D9.2 ”Use Cases Design”. This deliverable is also public, presenting the results of the 
evaluation of the prototype systems, the ones described in the prototype D9.4 “Use 
Cases Implementation (final version)” which was of restricted dissemination level. 

 D9.1 presents the main requirements and the key performance indicators 
and goals which need to be validated, as well as the functional requirements which 
are verified during validation phase.  
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3 CLOUD TELECOM/M2M USE CASE – CDR 

ANALYTICS 

3.1 Methodology 

Validation of the CDR analytics use case follows a 2-phase approach: 

1. Functional validation, where the queries applied will be tested so that to assure 
their correctness. Mainly graph queries and joins, aggregates’ calculation and 
loading of usage data are the most frequently used subqueries. Our functional 
validation methodology attempts to test first the component queries before 
getting into wider and more complex queries. 

2. Performance validation, will go over all performance indicators as set initially 
within D9.1 “User Requirements Analysis” (Public). Query execution time is 
the important metric in almost all cases.  To maximize the performance of such 
systems requires measurements and analysis to understand what are the key 
issues impacting performance in order to eliminate bottlenecks. In this sense 
the valuable insights produced by the X-Ray monitoring system will 
communicate performance issues more clearly by demonstrating key 
performance metrics. Optimizing performance through testing and monitoring 
is the means to the ultimate goal of improving user experience and providing 
aspiring users with a system that can interactively respond (baseline 
performance) to complex queries and cope successfully with large datasets.  

3.1.1 Data Validity and Protection 

Validating the CDR analytics use case requires vast amount of usage and invoicing 
data, coming from telecom providers. Data of commercial confidence, with private 
information, are not available for new product and software development and/or 
testing. Preserving data privacy and commercial confidentiality is of utmost 
importance. Telecom operators are always denying to give away data, even if they are 
asked to sign a non-disclosure agreement. It is not only private data that they are 
caring of, where an anonymity measure would be sufficient, but also statistical 
indicators of their data sets (mainly usage and charges) are remaining strictly 
confidential.  

Having reviewed the legal and ethical implications associated with the CDR analytics 
use case, we have employed synthetic data sets in order to validate the new 
implementation. A CDR generator module has been implemented which produces 
realistic CDR data based upon statistical models, applied on hypothetical contracts 
and subscriber MSISDNs.  

The CDR generator was implemented in R programming language using statistical 
models that simulate customer daily usage patterns based on the service type of 
customer sessions. For each provider/operator a charge for each session type is also 
provided. Using our generator we produced synthetic CDR traces for a number of 
contracts (up to 1.000.000 for 100.000 customers) with time varying traffic demand 
depending on the time of day and day of week.  
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Modelling of Data and Voice session types follow a Pareto distribution when it comes 
to duration, while SMS and MMS follow a Poisson distribution with a traffic rate that 
is time-varying. For this set of simulations we employ 3 different traffic rate patterns 
(high, medium, low) for each session type.  

To produce invoice lines we utilize the synthetic generated CDRs in cooperation with 
synthetic generated scenarios that describe how charges are applied based a number 
of different pricing policies. 

3.2 Functional Validation 

The initial requirements analysis, as described in the public deliverable “D9.1 User 
Requirements Analysis”, showed which will be the basic functional blocks of the use 
case. Some of these functions are realized through the implementation and execution 
of queries or subqueries. 

Below we list these functions and describe how we tested them and got preliminary 
results about their correctness and sufficiency. Some of them are not the use case 
overall functions, but they represent frequently used (elementary) functional 
components which are found in many operations. Functional testing mostly focuses 
on the output that is generated after being subjected to varying inputs and in some 
cases takes into account the internal mechanism and components involved while 
testing under the desired input conditions. 

3.2.1 Choosing a customer group/segment 

The most common subfunction is to identify and select a specific group of 
subscribers. There are various ways to make this separation and many cases where 
you need this grouping either as a customer segmentation function that is taking 
place or as subcomponent of a query that makes several calculations for these 
customers. 

The types of subscribers’ selections identified for the use case were: 

o One subscriber number 
o One customer’s subscribers’ numbers 
o A list of subscribers  
o A group of subscribers extracted from variant  usage communication 

criteria including the nature and connectivity strength of 
communication among subscribers 

It is evident that selection is easily defined based on the creation of lists of 
subscribers or list of contracts. However, to identify groups of subscribers based on 
usage communication criteria employed the graph data store structure and the 
appropriate query engine. Before, validating the overall functional correctness for the 
overall use case, it was necessary to validate the correctness of query components 
which access the graph in order to get the wanted customer data – contracts, 
subscriber numbers etc. 
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3.2.1.1 Functional Validation of Graph Query Components 

The need to consider also the relations among network users (numbers) and their 
positions within a communication graph (family graph, corporate graph, social network 
graph) has added further general functional requirements, such as:  

1. Creation of voice graph (or enriching existing graph information) based on network 
usage data of a given period  

2. Analysing  the effect of scenario change to a given contract, considering also the 
change cascading also to contracts which are strongly linked to it, based upon a 
certain graph criteria 

3. Finding the customers with the biggest “power” in terms of their ability to affect other 
number users (even non-subscribers), and make the most appropriate offer to them.  

4. Finding  the effect in operators’ revenue from current customer base when a non-
subscriber number (or group of numbers), migrates to the operators’ network under a 
specific scenario 

The trend for telecom operators is to build several graph scenarios for their customer 
and non-customer base, based upon findings of heuristic and/or statistical analysis 
on their data: communication, usage data, CRM data, social network analysis. Such 
graphs are consisting of: 

 A set of nodes, each node corresponds to a number (MSISDN), subscriber 
number or non-subscriber number.  

 Directed Edges among nodes A and B, representing communication sessions, A 
calling B,  

 Values and weights on edges, representing type of relation i.e. family, 
colleague, number of calls and duration.  

A similar graph has been created for our CDR analytics use case. Actually, and in 
order to test the graph, we created specific unit tests per query. We loaded a small 
dataset into the Sparksee datastore. We developed our queries and confirmed 
functionality using directly the Sparksee datastore. The process was repeated using 
the CloudMdsQL syntax and querying the datastore through the Common Query 
Engine. Both cases returned the expected results following a specific input. 

3.2.2 Choosing and loading CDR dataset 

Another frequently used subfunction is the loading of usage data (CDRs) based upon 
criteria such as the caller MSISDN and the billing cycle(s). The interactivity feature 
which is necessary for loading them (before passing them to re-rating stage) along 
with some performance tests led us to the decision to use the in-memory store 
facility. 

3.2.2.1 Functional Validation of Usage Data Selection 

The role of functional validation is to take the business requirements for usage data 
selection and test all of it thoroughly from a functional viewpoint. To evaluate the 
system compliance with its specific requirements we used a small controlled dataset. 
Basically we defined a small number of different subpopulations with different traffic 
patterns and a number of scenarios with bias towards specific traffic patterns. Then 
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based on expected results we were able to evaluate and verify the correctness of our 
approach, since there were well distinguished clusters of customers to test.  

3.2.3 Finding Best/Target Scenario & Comparison analysis against 
charging scenarios and upon scenario changes 

The fundamental group of functions is to find a specific scenario that satisfies a 
certain condition: 

o It is the best scenario 
o It is closest to a specific target 

Moreover, certain functions need to compare scenarios and produce ranked lists of 
scenarios or customers according to certain criteria: 

o Rank customers based on distance of each one’s actual scenario charges 
from the best scenario 

o Price Distance of actual scenario from a given scenario per customer 
o Average distance of invoices form the best per scenario 

Other functions estimate the effects on the revenue upon modifying charging 
schemes: 

o Calculate Revenue upon scenario modification – To calculate the total 
revenue which is generated, when we substitute the invoices which are 
based on a specific rating scenario with their corresponding simulated 
charges which produced based on a given new scenario.  

o Calculate Revenue upon scenario substitution for a customer segment - 
This query calculates the total revenue which is generated when we 
substitute the invoices of wanted customers with their corresponding 
simulated charges which will be produced based on a given new scenario.  

 
All these functions were addressed by the following queries (naming as in Section 
2.4.1 of restricted deliverable D9.3 Use Cases Implementation – initial version) 

1. Query “Best Scenario Finding” 
2. Query “Target Scenario Finding” 
3. Queries “Data Aggregation” 
4. Query “Calculate Revenue upon scenario modification” 
5. Query “Calculate Revenue upon scenario substitution for a customer segment” 
6. Query “Strong Customers in Risk” 

3.2.3.1 Functional Validation  

Unfolding the exact functionality behind finding best scenario, or scenarios closest to 
a specific target hinged upon the usage of a small controlled dataset. To verify the 
correctness of our approach we created extreme case with obvious expected results 
(e.g. a scenario with very low charges or great discounts), and then we iterate tests 
using more realistic synthetic data. Due to the low volume of data used during 
functionality tests and the controlled number of scenarios we were able to easily 
define the expected result and to compare it with the result produced by our system 
to validate our approach. Similar was the approach for the functional validation of 
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other queries, where revenue effects were calculated and comparison analysis was 
necessary against scenarios. 

In order to validate the outcome for Strong Customers/Subscribers in Risk we 
resorted to produce synthetic data that create well known defined subpopulations 
(weak vs strong customers, based on  hashing contractId attribute) and then 
associate them in a controlled manner with extreme scenarios that favored specific 
traffic patterns. As a result a subset of those Strong Customers/Subscribers in our 
domain were handed unfriendly scenarios. That classification of customer instances 
provided us with a clear expected result which we were able to use for functional 
validation of our use case.  

3.2.4 Interactivity functions - Loading Usage Data before re-rating 

One of the top demanding requirements of the use case was to load as quickly as 
possible usage data for certain customer cases. The need is to load them and then 
pass them to the rating engine in order to calculate new simulated invoices for these 
data. Hence, such cases are mostly employed under interactive use scenarios, and 
therefore, the need to quickly get the usage data is obvious.  

The function combines a selection of a group of subscribers with a selection of the 
relevant usage data. Sometimes, the filter that is applied to subscribers needs to 
consider also simulated invoice results.  

All these functions were addressed by the following queries (naming as in Section 
2.4.1 of restricted deliverable D9.3 Use Cases Implementation – initial version) 

1. Query “Interactive Customer Analysis” 
2. Query “Usage of off-net commuters” 

 

3.2.4.1 Functional Validation of Loading Usage Data queries 

Given the fact that we can create synthetic generated data we can adjust our 
generator to create desired traffic for a subset of our dataset in a controlled manner. 
That way we can identify specific subscribers that will fall into a specific traffic 
pattern. Armed with that knowledge we can proceed and verify if our use case 
implementation produces the desired results. Tuning parameters on generator can 
create a number of possible test cases for functional validation of our use case.   

 

3.3 Performance Validation 

Performance validation should attempt to measure the level of distance from the 
target metrics (and the acceptable ones) as set in the Table below (borrowed from 
the public deliverable D9.1.”User Requirement Analysis”) 

 

Delay 
Require

Name Brief Description Acceptabl
e Metric 

Target 
Metric 
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ments 

ReqC.01 BILLING CYCLE 

PROCESS 

Import, analyze and prepare the data for 
one billing cycle 

60  
mins 

30 
mins 

ReqC.02 ONE CONTRACT 
LOAD DATA 

Retrieve real usage, cost and billing data 
for one contract number 

15  
secs 

5 
secs 

ReqC.03 ONE CUSTOMER 
LOAD DATA 

Retrieve real usage, cost and billing data 
for a customer account of 1000 active 

contracts 

120 
secs 

60 
secs 

ReqC.04 LOAD ONE 
NUMBER BEST 

SCENARIO DATA  

Retrieve data for best alternative 
scenario for one contract number, while 

user is dynamically changing scenario 
parameters, assuming decision making 
on ~5000 scenarios and 3 billing cycles 

30 
secs 

10 
secs 

ReqC.05 LOAD ONE 
CUSTOMER BEST 
SCENARIO DATA  

Retrieve data for best alternative 
scenario for one customer account of 

1000 active contracts, while user is 
dynamically changing scenario 

parameters, assuming decision making 
on ~5000 scenarios and 3 billing cycles 

4 
mins 

2 
mins 

ReqC.06 LOAD ONE 
NUMBER TARGET 
SCENARIO DATA  

Retrieve data for a target alternative 
scenario (e.g. 10% less expensive than 
real billed amounts) for one contract 

number, while user is dynamically 
changing scenario parameters, assuming 
decision making on ~5000 scenarios and 

3 billing cycles 

40 
secs 

15 
secs 

ReqC.07 LOAD ONE 
CUSTOMER 

TARGET 
SCENARIO DATA  

Retrieve data for a target alternative 
scenario (e.g. 10% less expensive than 
real billed amounts) for one customer 

account of 1000 active contracts, while 
user is dynamically changing scenario 

parameters, assuming decision making 
on ~5000 scenarios and 3 billing cycles 

5 
mins 

2.5 
mins 

 

Currently (Month 30) we have only attempted some preliminary performance 
measurements on unit native queries (on ActivePivot and Monetdb), in order to 
attempt the applicability of data stores into certain query cases. 

 

3.4 Conclusions 

Functional validation of the CDR telecom use case was made. All the required queries 
were implemented, datasets were generated, and test cases were developed to check 
the system for expected and unexpected results in order for us to conclude for the 
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functional feasibility of the CDR analytics solution based on CoherentPaaS platform 
and using the data stores provided – Monetdb, Activepivot, SparkSee and LeanXcale.  

The validation process contributed to the identification of issues related to the 
CoherentPaaS integration.  For instance the process of evaluating the results 
produced via the integration of data-stores imposed by federation of different models 
under CQE server produced the expected results from the perspective of the intended 
use. In this stage the main focus concentrates on the accuracy of results and the 
validity of partial results produced by each data-store to ensure the correctness. 

Apart from measuring the execution time of subqueries with native query language 
for then in memory data store and the columnar store, no performance assessment 
has been performed until Month 30. Hence, final conclusions will be derived through 
performance validation. 

3.5 Next Steps 

Validation is ongoing on Month 30. Work will focus to measure performance across 
all queries, as soon as the CDR analytics use case is available on the CoherentPaaS 
cluster at UPM. The final results will be put aside to the acceptable and target metrics 
which were initially set in public document D9.1 “User Requirement Analysis”. 

In certain cases, comparable use cases in terms of size and complexity will be 
measured over the commercial product of Neurocom (named TariffSuite). To 
evaluate the software as per the specification testers have to literally think like clients 
and test the software with respect to user needs. Regression tests based on desired 
changes and modifications may be needed. Further evaluation on end to end user 
interaction with the system may uncover bugs or performance issues that need to be 
addressed. 
 
Results will be collected using X-Ray tools  and JMeter  tool that can be used as a load 
testing tool for analyzing and measuring the performance of a variety of services and 
its conclusions will be used for the fine tuning of the CoherentPaaS based solution, as 
well as for the other components of CoherentPaaS – CQE and used data stores. 

 



 

 

CoherentPaaS: CoherentPaaS Validation through Use Cases –Initial Version                                      page 16/36 

 

 

4 CLOUD TELECOM/M2M USE CASE – MACHINE-
TO-MACHINE 

4.1 Methodology 

Validation of the use case follows a 2-phase approach 

1. Functional validation, where the main functions of the application are tested so 
that to assure their correctness. Carefully selected datasets are utilized so that to 
easily track and confirm expected results. Main functions to validate include the 
CEP functionality and the dashboard creation (both data views and alarms). 

2. Performance validation, will go over all performance indicators as set initially 
within the public deliverable D9.1 “User Requirements Analysis”. A reference 
system has been constructed at early stages of the project, where initial 
measurements were taken. Metrics such as message handling throughput, 
latency, dashboard update times are the substantial criteria. Scalability is also a 
key requirement because of the growing nature of M2M business. Moreover, 
change management over the data stores will be assessed so that to prove that 
the proposed model facilitates quick adoption of data store technologies as long 
as they are integrated into CoherentPaaS platform. 
 

4.1.1 Data Validity and Protection 

Working with real mobility data is not the case; such data are strictly confidential 
within the shell of a mobility solutions provider and/or the transport operations 
owner (drivers, car owners, fleet managers). 

Henceforth, we have employed synthetic data sets in order to validate the new 
implementation. We worked with real routes and applied hypothetical vehicles, with 
realistic speed values, and other values such as latitude, longitude, altitude, event 
trigger (START/STOP/IDLE). 

Drivers, Car Owners (Companies) were all generated at random and each device was 
assigned to a specific car owned by a specific company in order to simulate a real case 
scenario. 

Various datasets were produced by the generator, and can be incremented at will in 
order to validate the system.  

4.2 Functional Validation 

The initial requirements analysis, as described in the public deliverable “D9.1 User 
Requirements Analysis”, showed that the basic functional blocks of the use case are:  

o Data stream processing (CEP) 
o Dashboard views and especially the Union operator which combines 

the real-time context data with historical data 



 

 

CoherentPaaS: CoherentPaaS Validation through Use Cases –Initial Version                                      page 17/36 

 

 

o Real-time alarming 

To be more specific, the following functional points need to be assured in terms of 
functional correctness: 

 Real Time analysis and increased interactivity with the user: fast availability of 
consolidated data’s in order to create dashboards is very important. The platform 
must be able to analyse and consolidate, in real time, data like fuel consumption, 
cumulated distance, cumulated hours, driver scoring, … : data aggregation by 
hours, days, weeks, months, years, … trends computation. Reports and dashboard 
should be adaptable on-line and refreshed in real-time. 

 Multiple Alarm Creation: The platform must also be able to generate notifications, 
multiple alerts based on different patterns: 

o Threshold reach under conditions (working hours, based on geographical 
location/zone, …); 

o Entering or leaving a geographical zone 
o Notification based on an input (on/off) under conditions. 

Below we describe how we tested them and got preliminary results about their 
correctness and sufficiency.  

4.2.1 CEP Validation 

In order to test the CEP we set-up a series of controlled experiments. In all the 
experiments we used a dedicated node to run a load generator application able to 
create tuples representing messages sent by a device on a vehicle. This load generator 
can increase the volume or the rate of transmission. The results of each experiment 
were compared with the expected results stored in a reference database. In order to 
support specific application features, new custom operator were added to the 
CoherentPaaS CEP. Namely, a Kafka operator for publishing alarms and Place of 
Interest Handler operator which used internally a Java Specific Library to determine 
whether a vehicle was entering a specific geographical region. However, during 
functionality the Aggregate Operator of the CoherentPaaS CEP was enriched in 
functionality in order to meet our application’s needs. Any application logic that could 
be decoupled outside of bolts was identified in order to unit test its functionality. 

4.2.2 Dashboard and Alarms Validation  

The machine to machine use case has a web-based user interface, “Dashboard”, which 
shows the available functionalities (mainly read only) of the application. The 
Dashboard UI is based on the AngularJs Framework whereas the business layer is 
written in JAVA using the Spring Framework. Both frameworks provide an excellent 
support for unit testing. The business layer uses the Common Query Engine through a 
JDBC driver to retrieve results shown on the dashboard. Furthermore, the WebSocket 
protocol is utilized to produce alarm notifications generated by the CoherentPaas 
CEP. 

Regarding the queries sent to the Common Query Engine (CQE) the following process 
was followed in order to check functionality: 

 Frequently used operators were identified (MAX, MIN, SUM, COUNT, IN, 

BETWEEN ,UNION) 



 

 

CoherentPaaS: CoherentPaaS Validation through Use Cases –Initial Version                                      page 18/36 

 

 

 Native queries were written and tested against each datastore (MonetDB, 

LeanXcale). 

 Native queries were  encorporated and tested against each datastore through 

Common Query Engine using CloudMdsQL. 

 Complex Queries involving two or more datastores were tested for validity 

against CloudMdsQL compiler 

 Complex Queries were run using the Common Query Engine (CQE) 

 The dataset was controlled in order that given an input the returned results would be 
those expected. Regarding alarm notification, the control dataset indicated the correct 
number of alarms which were generated by the CoherentPaaS CEP, were received and 
published. 

4.3 Performance Validation 

According to the public deliverable document “D9.1 User Requirements Analysis”, in 
terms of performance, we would like to validate the following points: 

 High traffic: to be able to grow to reach a doubling of the traffic in one year, or 
even 3 times more (which is 360.000 messages per hour) to satisfy upcoming 
requirements within forthcoming years; 

 Performances:  
o The handling, treatment of a message must be done between 1ms and 4ms; 
o The overall performances must not be impacted by the increase of the 

connected devices. The plan is to have a linear increase of 10000 connected 
devices by year. 

o Achieve the delay and throughput requirements listed in the tables below, 
strongly related to data stores 

Table 1: List of Delay Requirements – M2M Case. 

Delay 

Requirements 

Name Brief Description Acceptable 
Metric 

Target 
Metric 

ReqC.01 MESSAGE  

HANDLING 

TIME 

The handling, treatment of a 
message must be done 
between 1ms and 4ms 

 

4ms 

 

1ms 

ReqC.02 DASHBOARD 

CREATION 

UPDATE 

Availability of consolidated 
data’s in order to create 
dashboards is very important. 
The platform must be able to 
analyse and consolidate, in 
real time, data’s like fuel 
consumption, cumulated 
distance, cumulated hours, 
driver scoring, … : data 
aggregation by hours, days, 

~3 min < 1 min 
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weeks, months, years, … 
trends computation 

 

 

Table 2: List of Throughput Requirements – M2M Case. 

Throughput 
Requirements 

Name Brief Description Acceptable 
Metric 

Target 
Metric 

ReqD.01 MESSAGE 

HANDLING 

THROUGHPUT 

The platform should be 
able to handle more than 
80.000.000 messages per 
month. Day peaks should 
exceed 4.000.000 per day 
and 240.000 per hour. 

 

240.000 
msgs/hour 

 

360.000 
msgs/hour 

 

Last but not least, assessment will measure the flexibility gains, to be able to develop 
rapidly tailor made and vertical application reusing a common base (the PaaS); migration 
flexibility is also important, so that to migrate a subset of the data to another data store if 
that is necessary. 

4.3.1 Reference System 

A reference system has been deployed so that to take measurements through 
equivalent queries and compare them with the CoherentPaaS implementation. 

In order to validate objectively the benefits of the CoherentPaaS, we implemented a 
reference system based on Hbase and CEP Storm. We developed a layered system 
inspired by the Lambda architecture concepts. Streaming data are flowing through 
the endpoint of our architecture funneling into a distributed queuing system forming 
a collection mechanism which ensures that data will be forwarded to the available 
processing components that implement the speed and analytical layer respectively. 
Speed layer involves the usage of Storm a distributed computation framework used to 
process streaming data in real time coupled with an in memory key valued database 
used to store real-time views. On the other hand the analytical layer ingests data from 
the master data set and creates the resulting analytical views which will be then 
stored on the serving layer database. Accordingly the analytical views and real-time 
views are then consolidated to produce the different visualizations customizations 
needed for the various delivery systems.  

Delay and Throughput measurements: The reference system has been deployed 
onto several AWS cloud versions (of 2, 4, or 8 machines), composed by machine types 
as in the list below: 

m3.2large:  8 vCPUS, 30 Gbytes per machine 
c.3.2large:   8 vCPUS, 15 Gbytes per machine, enhanced networking 
t2.medium: 2 vCPUS, 4 Gbytes per machine 

Tests were also differentiated in respect to the SPOUT: BOLT ratio which was either 
1:1 or 1:2 
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Measurements were mainly related to  
a. Throughput which ranged from 1000 events/sec (2 machines of t2.medium 

type) to 5500 events/second (8 machines of c3.2large type) 
b. Latency which ranged from 3.6 ms (2 machines of t2.medium type) to 2.5 ms 

(8 machines of c3.2large type) 

Analytical results will be presented and enriched with many different run scenarios 
during the validation task of the project. Numbers as above will be challenged to the 
new proposed system that relies on CoherentPaaS. 
 

4.4 Conclusions 

CoherentPaaS CEP was extended with the input and output adapters for the use case. 
Some other operators as the Aggregate were extended with extra feature needed to 
realize our application needs.  Furthermore, the CoherentPaas CEP maintains certain 
flexibility allowing the developer to define custom operators. 

Some issues regarding the CloudMdSQL compiler, the Common Query Engine and 
datastore wrappers were identified and reported back to the corresponding partners.   

Regarding performance, metrics were gathered for native queries and CloudMdSQL 
queries. However, the system was tested on small load mainly focusing on 
functionally validating the machine to machine application. Since the performance 
assessment is still ongoing, metrics and final conclusions regarding the CoherentPaas 
Platform will be presented in the final validation deliverable. 

4.5 Next Steps 

Ongoing activities are evaluating the performance achievements of the new 
architecture and its implementation over Coherent PaaS. Comparison of results is 
considering measurements taken in the reference platform. 

Moreover, evaluation is also targeting to show easiness and flexibility into changing a 
data store solution with an alternative one; the declarative way of expressing data 
query through the CoherentPaaS model should enable a quick and efficient migration 
from a data technology to another. 
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5 MEDIA PLANNING USE CASE 

5.1 Methodology 

In the 9.1 deliverable, we defined a set of requirements. In this section we will 
describe the metrics to measure its progress, the types of tests applied, the data used 
and which functions has been validated. 

 

Requirement#1: The system must be able to load the daily data provided by 
specific communication channels (i.e. twitter) into a generic schema in less than 
12 hours. 

In order to measure the progress of this task we have defined an 
anonymous/generated dataset with 1M of microblogging messages, which are sent to 
the CEP and CQE and we have an integration test that contains a set of scripts to 
query the amount of data that has been inserted in each of the datastores. We will 
wait 12h before validating the number of the new rows.  

 

Requirement#2: The system must recognize which author accounts represent the 
same entity. 

We have defined a set of components that resolves this problem in the Media 
Planning use cases.  However, these components need to be adapted to be more 
generic to be referenced from the CoherentPaaS architecture. We will define and 
adapt our junit tests for such generalizations.   

 

Requirement#3: The system must infer PROPAGATION relationships among 
documents through their text similarity.  

We firstly use a basic way to calculate the document similarity and we will create a 
generic component to apply that calculus that can be easily tested with unitary tests. 
However, depending of our scheduling, we will adapt it to the last one we used in the 
Media planning project. To test how far we are of the expected propagation 
relationships, we have an open dataset of 10 documents with the expected 
propagations. 

 

Requeriment#4: The system must support incremental loading processes. 

The CEP requires an incremental loading process design. However, our current 
loading process has some algorithms that use global information of the database that 
is very expensive to calculate. In order to avoid it, the UPM has designed special 
operators to ensure that blocks of documents are processed all together and only, 
when a block is entirely processed, the next one comes. Therefore, the design of the 
final system is incremental in terms of blocks processing, and significantly more 
efficient than processing everything for each document. This functionality is also 
tested with the Requirement#1 defining blocks of size 100. 
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Requirement#5: The system must resolve which are the most influencers for a 
set of keywords. 

This is a CloudMdsQL query, which is implemented and has a web user interface. We 
have designed two versions of this query: one that instead of connecting with 
datastores, always the same rows are returned; and other with the datastores using 
the generated dataset. In that way, it is easy to know if something is wrongly 
expressed using the CQE or it is a problem of a specific datastore. 

 

Requirement#6 The system must resolve which the communities for a set of 
keywords are. 

This is a CloudMdsQL query which is implemented has a web user interface.  Like, the 
previous query, we have designed two versions: one to test the CQE functionality and 
other to test if the datastores are returning the appropriate rows. 

 

5.1.1 Data Validity and Protection 

The application can work with any client dataset and the legal responsibility belongs 
to the company that has the final dataset.  

However, in the specific case of Twitter, which we might use for demo purposes, it 
explicitly says (https://support.twitter.com/articles/20172529) that the company 
based in Ireland is currently the main responsible to manage the data produced by 
the European users according the official data protection rule of the European Union 
and it is the user who gives the grants about their personal data to external 
applications (https://twitter.com/tos?lang=en#yourrights). 

The only requirement for external applications is that these must display its own 
privacy policy, which it can't be less restrictive than the Twitter privacy policy. 

In case of having a wrong understanding of the legal issues, we have a data-
generation engine specially designed for huge social networks. 

5.2 Functional Validation 

Requirements #5 and #6 correspond to the implemented queries for this use case. All 
queries have been tested with and without datastores. In this way, it is easy to 
validate if the query has been correctly written and interpreted by the Common 
Query Engine from Junit tests.  

Moreover, for each bug found, developers could design a test case that reproduce it 
without dealing with starting every single database, insert data and afterwards, 
querying. 

The loading process implemented with CEP, cannot be validated directly with unitary 
tests through the implemented components due to the streaming nature of the data. 
Consequently, we have separated those reusable components into an external library 
and we have applied unitary and integration tests over them. 
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5.3 Performance Validation 

In the 9.1 document, we described the following data requirements and limitations: 

Main 
Require
ments 

Name Brief Description 
Acceptable 

metric 

Target 

Metric 

Req.01 
MAXIMUM_

DOCS_PER_D
AY 

The system must be able 
to load 1 million of 

documents in less than 12 
hours. 

12hs < 12hrs 

Req.02 
MAXIMUM_T
IME_PER_QU

ERY 

The system must be able 
to solve all analytical 
queries in less than 1 

minute. 

1 minute 2 sec. 

 

Currently, the raw data is loaded in at most 2 hours and thus the requirement 
MAXIMUM_DOCS_PER_DAY currently satisfied. We are still working on implementing 
the loading process with the CEP and we need to validate it after each new 
component is created. 

However, the queries currently require 8,928 seconds for the influencers and 77,300 
seconds for the communities.  The influencers query is satisfactory accepted. 
Nevertheless, the query about communities still does not satisfy our requirements. 
Nevertheless, according our discussions with INRIA about the execution plan, if we 
rewrite the query with some new operators, the execution times should improve. 

5.4 Conclusions 

Due to the complexity of the loading process algorithms, new custom operators were 
developed in the CEP. Moreover, the CQE was enriched with a new functionality 
required to execute a single transaction using different CEP components that could be 
executed from different machines in the same time. Having all the required 
components "ready" to use, the development becomes easier than managing 
connections and the consistency among them. 

5.5 Next Steps 

Once we have the loading process fully validated and the final version of the queries, 
we will decide if we replace the existing queries that implement that process with the 
new architectural platform. In that case, we will follow the next steps: 

1. Embed the implemented queries as services that are called from a monolithic 
web application. 

2. Create new services for each existing query that could be translated using the 
CloudMdsQL. 

3. Remove the Sparksee loader to only use the CEP loader. 
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6 REAL-TIME NETWORK PERFORMANCE ANALYSIS IN 

A TELCO ENVIRONMENT USE CASE 

The objective of the Real-Time Network Performance Analysis in a Telco 
Environment use case is to detect network problems before any degradation or 
unavailability of services occur, by actively supervising it. However, monitoring the 
whole network implies analyzing big amounts of data in real-time and the current 
solution does not provide the required degree of scalability that can be found in cloud 
environments. The existing end-to-end (E2E) system actively detects deterioration in 
a network using almost real-time KPIs and key quality indicators (KQIs), finds the 
cause of performance problems and the produced data is always ready to be analyzed 
through reports and dashboards to check the network’s performance.  

The plan is to use CoherentPaaS to provide a rich Platform-as-a-Service that supports 
several data stores accessible via a uniform programming model and language. Based 
on an analysis of data access patterns from the use case data store layers, different 
data store alternatives were accessed and the most adapted will be applied. The 
CoherentPaaS based platform will have to comply with demanding delay, throughput 
and data volume requirements. The use of complex event processing will be the key 
to process and correlate events before the production of the appropriate alarm, 
alongside implementing the data source the mediation process – mainly data 
enrichment and event aggregation. Additionally, CoherentPaaS will keep the needed 
traceability of performance bottlenecks and debugging of errors in applications. It 
will also enable easier addition of a new data store component or change of an 
existing component with other solution. 

The use case validation will have two phases – functional validation upon Virtual 
machine based environments and, afterwards, performance validation on a physical 
environment. In both validations, an Altaia “real” solution - using latest version of 
product and Oracle DS based – will be used as a reference environment, enabling the 
functional and performance assessment of the CoherentPaaS based Altaia adapted 
solution. 

6.1 Methodology 

To validate the CoherentPaaS project solution, the real-time network performance 
analysis in a telco environment use case will run a set of tests, first on each 
component of the Altaia system to validate them individually and then the End-to-End 
solution in a second phase. Therefore, the first validation phase will use the necessary 
components for the component testing and the second phase will use the Altaia 
system as a whole to test them together. Each test will have minimums, maximums, 
averages and other relevant metrics that may be obtainable. 

6.1.1 Logical and Physical Architecture 

Regarding the functional validation process, we used a previous validation 
environment that used the Oracle datastore as the base goal for the CoherentPaaS 
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framework and then the architectures proposed to validate the CoherentPaaS 
framework. 

Oracle 

Figure 2 shows the logical architecture used in the validation of the Oracle data store. 
The logical components are: 

 DBN0 – data store with the internal data structure used to contain the raw 

data made available by the proprietary network interfaces. 

 DBN1 – datawarehouse where the system’s key indicators are stored. 

 Altaia Framework – central component of the system that allows the 

definition and processing of metrics from the raw data collected from the 

DBN0, to create the key indicators. It uses a reporting server to store internal 

data. 

  

Figure 2 - Oracle's logical architecture. 

Figure 3 shows the physical architecture used in the functional validation testing of 
the Oracle data store. Note that the Frontend was not deployed, since it was replaced 
by web interface to ease the testing process.  
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Figure 3 - Oracle's physical architecture. 

CoherentPaaS 

Figure 4 shows the logical architecture proposed for the validation of the 
CoherentPaaS framework. The logical components are: 

 Cluster DBN0 – cluster of data stores with the internal data structure used to 

contain the raw data made available by the proprietary network interfaces, 

operating on top of the CoherentPaaS framework. 

 Cluster DBN1 – datawarehouse cluster where the system’s key indicators are 

stored, operating on top of the CoherentPaaS framework. 

 Altaia Framework – central component of the system that allows the 

definition and processing of metrics from the raw data collected from the 

DBN0, to create the key indicators. It uses a reporting server to store internal 

data. 

 

Figure 4 – CPaaS logical architecture. 
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Figure 5 shows the architecture for the initial performance testing. Again, the Altaia 
Frontend was not deployed, being replaced by the web server to ease the testing 
process. There will be a major difference between the Oracle physical testing 
architecture and the CoherentPaaS physical architecture: all reading interactions with 
the datastores will be mediated by the CoherentPaaS framework.  

 

 

Figure 5 - CPaaS physical architecture 
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6.1.2 Dataset and Functions 

A raw dataset consisting of five days of data will be used, which is a set of real 
customer data that has been anonymized. This raw data comes in the form of a CSV 
file and it is expected to be around 185GB in size. 

This dataset is, however, quite small. Thus, the data is required to span almost an 
entire week to allow some replication to be performed while keeping its weekly 
patterns as needed. This also allows to easily simulate any amount of events in a 
given timeframe. 

Once this data is inserted into the DNB0 data store, the Altaia Framework will use the 
CQE to collect the data it requires to compute the metrics and insert these metrics 
into a DBN1 data store also using CQE. Hence, the tests will mainly test quite complex 
and dynamic aggregation select statements, as well as insert statements into the 
DBN1 data store. While the selects performed by the Altaia Framework are time-
continuous, the drill-to-detail test case will also test a sparse data retrieval. 

Data Validity and Protection 

To ensure data validity, the data used for the test cases is real customer data obtained 
from the PT network. This data spans a total of five days to ensure some variability in 
the data and to help avoid optimizations to be performed due to a lot of replicated 
data. 

For data protection, any fields that could, directly or indirectly, uniquely identify a 
customer or some other relevant information about them is masked using a one-way 
function. This allows for pattern recognition at the CEP level to still function properly 
while the data is anonymized. 

6.2 Functional Validation 

An initial functional validation was carried out by adapting the database schema used 
for MonetDB, loading the database with data and executing queries on it. The results 
of these adaptations allowed us not only to ensure that the adapted queries were 
functionally correct, but also to compare their performance on MonetDB against a 
row oriented database. 

Furthermore, this query adaptation process allows us to determine which kind of 
adaptation would be needed to integrate the Altaia platform with the CoherentPaaS 
platform. The main issues found that needed to be adapted to work with 
CoherentPaaS were: 

 Casting datatypes uses a very distinct syntax between datastores. 
 Arithmetic using timestamps is not always straightforward. 

o Oracle can add and subtract directly, whereas some datastores possess 
specific functions for it (TIMESTAMPADD). 

 ROW_NUMBER function using an ORDER BY clause is not available on most 
datastores, including CoherentPaaS CQE. Thus, a costly subquery is required in 
these cases. 
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 Parameter usage in queries can differ from one data store to another 
syntactically. 

 CoherentPaaS CQE requires queries to have a specific header to create named 
tables. 

We were also able to create a list of operators needed by order of importance, to 
check which could be implemented in CoherentPaaS and which would require an 
alternative solution to work with: 

 Critical frequently used operators: 

o MAX 

o MIN  

o SUM  

o COUNT 

o CASE WHEN ... THEN ... ELSE ... END 

o NVL – not implemented but trivially replaced. 

o ISNULL – not implemented but trivially replaced. 

o IN 

o LIKE 

o ROW_NUMBER – not implemented with order by clause, requires a 
costly subquery alternative. 

 Critical non-frequently used operators: 

o NULL  

o POWER  

o LOG  

o LN  

o EXP  

o SQRT  

 Non critical operators: 

o DECODE – not implemented but trivially replaced. 

o EXISTS – not implemented but may be avoided. 

o ROUND 

o TO_DATE 

o TO_CHAR 

o BETWEEN 

o FLOOR  

o CEIL 

 DDL & DML – being implemented for CQE. 
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A set of functional tests were then designed. The main objective of the tests was to 
have a working version of Altaia adapted to use CQE to access the databases and a 
reference version of Altaia working with Oracle, and show that the metrics calculated 
on both deployments were the same. Additionally, it was shown that changing some 
value in the raw data on the DBN0 would change the associated metric in the DBN1 
layer. This functionality is illustrated in Figure 6, which shows the interface used to 
access the information required to validate the test. First we select an aggregation 
level and a metric class, as shown in 1 and 2. 

On the DBN1 tables we can see many metrics that appear in green, which shows that 
they match between them, and a yellow metric (shown in 3) which indicates that the 
metric has been found with some difference (created on purpose). We could then 
click on the yellow line to query the DBN0 layer for the raw data that was used to 
compute this metric, and we can see that the SMS_NOTNULL field is different (shown 
in 4), which justifies the different metrics. In this test, insertion through CQE was not 
tested due to the feature not being yet implemented. 
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Figure 6. Second annual review functional testing interface. 

6.3 Performance Validation 

Considering performance validation, an initial validation was carried out by adapting 
the database schema used into MonetDB, loading the database with data and 
executing queries on it. Thus allowing us, not only to ensure that the adapted queries 
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were functionally correct, but also to compare their performance on MonetDB against 
a row oriented database. The results of which can be found in Figure 7.  

 

Figure 7. Query results comparison. 

While MonetDB proved to be functionally correct, the performance was not very 
satisfactory, even for Select statements. This was discussed and the conclusion was 
that the machines being used did not have enough memory for the amount of data 
being queried by the queries. Additionally, a common function used was not 
supported by MonetDB, namely the ROW_NUMBER function with an ORDER BY 
clause, meaning that a subquery had to be used which may have affected the 
performance negatively. However, new versions of MonetDB have been released 
since these tests were carried out, so we expect better results on the upcoming 
performance tests. 

6.4 Conclusions 

Despite still lacking some features to a complete adaptation, we were able to 
functional validate the Altaia solution adapted to the CoherentPaaS platform.  

All the required the Altaia Framework adaptation issues were identified and 
implemented, enabling us to conclude for the functional feasibility of an Altaia 
solution based on a CoherentPaaS platform and using the  DS provided – LeanXcale in 
DBN0 layer and MonetDB in DBN1 layer. 

Replication of implemented framework adaptation, and in particular query 
adaptation processes, will be possible on other PTIN products based on DS 
technologies similar to the ones used in Altaia. 

Some stability issues in the interfaces with CQE and DS wrappers were identified and 
feed backed to the partners, which allowed them to evolve it. 

Final conclusions will depend on the ensuing performance tests. 
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6.5 Next Steps 

Upon deployment of the complete solution dual environment (Altaia Reference and 
Altaia CoherentPaaS based) in the cluster UPM, performance tests will be performed 
accordingly to a consolidated validation plan. 

Performance tests will be executed on both the CoherentPaaS adapted and reference 
Altaia platforms, and test will occur in three different scenarios: 

 Scenario A, which aims to test the relative performance of Altaia with the 
reference deployment, consisting of the Oracle databases and the adapted 
deployment with CoherentPaaS using LeanXcale to support the DBN0 layer 
and MonetDB to support the DBN1 layer. This scenario does not include drill-
to-detail or CEP testing. 

 Scenario B, which is essentially similar to scenario A but it will also aim to test 
the drill-to-detail queries and CEP deployment. It will also test the usage of 
LeanXcale on the DBN1 layer alongside MonetDB. 

 Scenario C, which will be a non-comparative test scenario that aims to push 
both deployments to the performance limits of the cluster, to determine 
exactly where the performance bottleneck occurs.  

Results will be collected using JMeter and X-Ray tools and its conclusions will be used 
for the fine tuning of the Altaia CoherentPaaS based solution, as well as for the other 
components of CoherentPaaS – CQE and used DS. 
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7 BIBLIOGRAPHIC SEARCH USE CASE 

7.1 Methodology 

The bibliographic use case has a web frontend which shows the available 
functionalities (mainly read only) that uses the Common Query Engine through a 
JDBC driver and a backend process that updates the new data using the Complex 
Event Processing (CEP) and the Common Query Engine (CQE). 

In order to test the functionality, we have designed a set of automatic unitary tests. 
On the other hand, we have built a set of Docker files to run integration tests. Due to 
the difficulties of testing distributed streaming processing applications with live data, 
we have created a layer that abstract the functionality, also known as Domain Layer 
and we have created unitary and integration tests only for these components. 

In order to test the application we are using generated data, but the final application 
will use open data (e.g. DBLP or PubMed). For demo purposes we will use CORDIS 
dataset, DBLP and CiteSeer. DBLP has a very clean data about computer science but 
there are only few authors with the information about their affiliation. CiteSeer will 
complement this information. 

The amount of generated data represents the same quantity of papers that will be 
processes with DBLP (1.8 millions), 1 million of authors and 40000 EU projects. 

 

7.1.1 Data Validity and Protection 

This use case works with open data for demo purposes. Specifically, DBLP and 
CiteSeer. However, the application can work with other datasets that the final client 
would like to include: among these datasets there might be Scopus. 

 

7.2 Functional Validation 

The queries that are implemented in this use case are new services that in case of 
results acceptance will appear on Sciencea.com. 

The set of queries that we have designed are the result of implementing similar 
queries for other systems. Therefore, we have defined these queries according our 
expertise in similar implemented systems. In order to validate the quality of the 
results, we have defined a set of functional tests that given an input validate that the 
returned results are those that are expected.  
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7.3 Performance Validation 

According the document 9.1, the performance requirement called MAXIMUM_TIME 
specifies that "the system must be able to solve all analytical queries in less than 1 
minute". 

We have executed the current implementation of the queries and the results are as 
follows: 

 Reviewers recommendation: 93, 562 seconds 
 Calculate the most related EU projects for a given article: 334,244 seconds 

Two queries are far from the execution time limits, but we are working on rewriting 
them using more "efficient" CloudMdSQL queries according the INRIA support. 

On the other hand, we are still working in the loading process and update, which 
includes: 

 The loading process of projects and papers  
 Add new potential reviewers. 

7.4 Conclusions 

Being able to exploit statistics from the underlying data stores has been identified as 
an important functionality in order to be able to produce more efficient query plans 
in the CQE. The bind join and scalars seem that will play an important role in bringing 
relevant optimizations. 

For the loading process, the special CEP operators developed have proven to be very 
useful to be able to perform the processing in groups with pipeline semantics. In this 
way, this batch processing has been changed into a continuous processing. 

7.5 Next Steps 

After having the final query execution times, we will decide if the most appropriate 
decision is distribute the data in a different way or continue with the current design and 
migrate the rest of the Sciencea system incrementally. 
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8 USE CASES – VALIDATION OVERVIEW 
Validation is still at early stages. The critical part that remains to be accomplished 
is the performance related task, where the CoherentPaaS value will be assessed 
and justified – positively or negatively – depending on the actual achievements in 
terms of effectiveness and performance. 

So far, validation paid attention to functional behavior; CoherentPaaS model 
should continue deliver correct and reliable results. Validation (functional and 
performance) needs realistic data sets. Open data, synthetic data, real data are 
being used throughout the validation steps through the use cases. Reference 
systems and user interface modules were utilized in most cases in order to 
facilitate testing. More details and the complete picture of validation will be 
available at the final version of this deliverable which will emphasize on 
performance, scalability and flexibility achievements.  

 


