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1 INTRODUCTION  

1.1 Purpose 

This deliverable is the output all the implementation of the first demonstrator of the MCMS 

(Multimedia Content Management System) and the evolution of that system in the ADAMANTIUM 

life time. 

This deliverable includes all the information related to the second year version of the demonstrator, 

with all design decisions, and describes the multiprocessing version of the Action Engine Module 

(AEM) and the interfaces between AEM and the Monitoring and Adaptation modules. 

Initially a description of the problem to be solved is presented, all data to be compiled is described and 

finally some basic logic algorithms based on an Expert System has been specified. The deliverable D 

4.4 is used as the input for the generation of the inference rules used in AEM. 

1.2 Audience 

This deliverable targets all people involved in the set-up and implementation of the ADAMANTIUM 

modules and in the design of related tests scenarios. Especially, technical staff of ADAMANTIUM 

partners uses this document as describing the results of the second year version of AEM contained in 

the MCMS and as an input for designing and implementing the different modules of the second 

version of AEM and interfaces. 

1.3 Scope of the document 

The scope of the document is the overall definition and description of all design decisions of the 

second year version of the ADAMANTIUM AEM (Action Engine Module) included in the MCMS 

module, as well as the data (input and output) AEM exchanges with the Monitoring and Adaptation 

Modules. 

Chapter 1: Introduction.  The first chapter gives the key objectives and main items of this document. 

Chapter 2: AEM Functionality . The second chapter describes briefly the core of the MCMS module, 

i.e. AEM, and the two threshold alarms used for starting the monitoring process. The purpose is to 

provide the reader with the basic AEM knowledge to later understand the functionality implemented 

for the current prototype. Additionally, the high level functional restrictions to be applied for the final 

prototype are specified. 

Chapter 3: Expert System Technologies. The third chapter provides a description of the 

technologies and algorithms used for implementation of AEM decision logic.  

Chapter 4: AEM Internal Architecture.  The fourth chapter describes the target architecture for 

AEM module and the multiprocessing version implemented for the second year demonstrator. 

Chapter 5: AEM Input and Output Data.  The fifth chapter describes the information AEM receives 

from the different Monitoring Modules and the commands that it can send to the Adaptation Modules. 

The subset of parameters to be exchanged in the second year MCMS implementation phase are also 

specified. 

Chapter 6: Implementation details. The sixth chapter describes important aspects regarding the 

implementation of the second version of AEM, such as the process view, the programming language 

and tools, and the database technology selected. Class diagrams for the interfaces between AEM and 

the rest of MCMS modules are also included. 

Chapter 7: Conclusions. Finally, the seventh chapter includes the conclusions to the implementation 

of AEM and interfaces. 
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2 AEM FU NCTIONALITY    

The ADAMANTIUM project proposes an innovative IMS-compatible Multimedia Content 

Management System (MCMS) focused on performing a dynamic cross layer adaptation for the 

optimization of the user experience in terms of the delivered PQoS (Perceived Quality of Service) 

level for IPTV (Internet Protocol TeleVision) and VoIP (Voice over Internet Protocol) servicesï two 

of the most important multimedia services with the potential to create significant wealth for Europe. 

This multimodal management system is applied in an integrated and coherent way across all the 

network layers and delivery-chain nodes based on a user/customer-centric approach rather than the 

traditional network QoS-oriented one. Towards this, the proposed management system makes use of 

advanced IMS-compatible PQoS and NQoS monitoring and adaptation mechanisms across the 

network delivery-chain, thereby significantly enhancing the current IMS management functions by 

providing necessary perceptual awareness capability. Novel perceptual mapping frameworks between 

the NQoS-related monitored parameters and the delivered PQoS level have been be researched for 

both IPTV (live IPTV and VoD) and VoIP (voice/video call) services. Based on the monitoring data, a 

decision engine (the Action Engine Module, or AEM) initiates a dynamic cross layer adaptation 

procedure, which extends from the service generation entity to the user terminals. 

The Action Engine Module (AEM) is responsible for making optimal adaptation decisions based on 

the monitoring of network and perceptual statistics, gathered by IMS-based monitoring and adaptation 

modules. After obtaining the monitoring data, AEM, exploiting theoretical mapping frameworks 

between NQoS and PQoS, processes all the collected statistics and defines a perceptually optimal 

cross layer adaptation action. Figure 2-1 shows the different modules of MCMS. 

 

 

Figure 2-1 MCMS modules 

 

For monitoring purposes three modules are considered: 

¶ The Multimedia Service Monitoring Module (MSMM). 

¶ The Transport Network Monitoring Module (TNMM). 

¶ The Access Network Monitoring Module (ANMM).  

 

For adaptation purposes, ADAMANTIUM considers the following three modules: 

¶ The Multimedia Service Adaptation Module (MSAM). 

¶ Transport Network Adaptation Module (TNAM). 

¶ Access Network Adaptation Module (ANAM). 
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The adaptation and monitoring modules are in idle state waiting for orders from AEM, except the 

MSMM module which is also listening for any session event or alarm triggered by the the TAM 

(Terminal Adaptation Module) interface from the User Terminal. 

The initialization of a session through the TAM interface of the terminal starts a passive monitoring of 

the session in each layer: 

¶ Service layer: The monitoring of the service layer is responsibility of the MSMM 

through the TAM. The TAM collects QoS session statistics in the terminal continuously 

and monitorizes the defined threshold of some parameters. If a PQoS degradation below 

one of these thresholds, for a given duration, is observed the TAM triggers one alarm 

back to the MSMM. The MSMM is responsible for sending the alarm to the AEM 

which requests specific actions. 

Sometimes the AEM orders one or several modules to start the monitoring actions. 

This means that the MSMM must be ready for receiving monitoring data requests and 

for asking this monitoring data to the TAM. 

The MSMM internally is divided into two processes to realize these two tasks, one 

process to wait for alarms from the TAM and another process to wait monitoring data 

requests from the AEM. 

This process is shown in Figure 2-2 and Figure 2-3. 

¶ Network layer: The monitoring of the network layer is responsibility of the TNMM 

through the EMM. 

The EMM (External Monitoring Module) collects QoS statistics from the Transport 

Network continuously and then sends them to the AEM across the TNMM module 

when it would be requested. In this case, the EMM does not send alarms to AEM, the 

EMM only sends monitoring data of the network layer when it is requested by the 

AEM. So, the TNMM is not listening continuously the EMM. 

This process is shown in Figure 2-2 and Figure 2-3. 

¶ Link layer : The monitoring of the link layer is responsibility of the ANMM  through the 

EMM. 

The Access EMM (Access network External Monitoring Module) collects continuously 

QoS statistics from the Access Network that are sent to the AEM across the ANMM  

module when it is requested. As in the network layer, the EMM does not send alarms, 

so, the ANMM is not either listening continuously the EMM. 

This process is shown in Figure 2-2 and Figure 2-3. 

 

While the passive monitoring occurs, the MCMS waits in an idle mode which changes to active as 

soon as the TAM triggers an Alarm event to the MSMM. A two alarm method is chosen for more 

flexibility in experimenting and minimising the amount of data exchanged. The alarms considered are: 

¶ Alarm or warning alarm : 

It is triggered through the TAM interface of the terminal when the PQoS degradation is 

below the first defined threshold with longer duration than a specified time. This 

prevents false alarm activations. 

The alarm captured by the MSMM is delivered to the AEM, which in turn starts the 

monitoring stage, interrogating those monitoring modules whose QoS statistics are 

useful for selecting the adaptations if a red alarm is triggered. These modules are 

selected by the expert system depending on the rules used and the alarm data provided. 

The monitoring data is stored in the database for further use. 

A possible example of a warning alarm reception is shown in Figure 2-2. 
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Figure 2-2 Example Reception Warning Alarm  

 

In the case of Figure 2-2, the TAM is collecting continuously QoS session statistics in 

the terminal if the PQoS is below the first defined threshold for enough time. The TAM 

sends a warning alarm to the MSMM which forwards it to the AEM. The AEM asks the 

Expert System for orders. The Expert System suggests asking the ANMM and the 

TNMM for monitoring data. Then the ANMM and the TNMM ask their respective 

EMM for monitoring data and forward it to the AEM which stores that monitoring data 

into the database. 

In Figure 2-2, the yellow arrows symbolize the warning alarms sent by the TAM, 

while the orange arrows symbolize the monitoring data requests and the green arrows 

symbolize the monitoring data returned. 

¶ Red alarm: 

It is triggered through the TAM interface of the terminal when the PQoS level at the 

user terminal decreases enough and gradually reaches the second defined threshold. 
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Once the red alarm reaches the AEM, the previous stored data and the alarm data is 

evaluated by the Expert System and some adaptations are selected in order to improve 

the deteriorated Perceived QoS. 

An example of warning alarm reception is shown in Figure 2-3. 

 

Figure 2-3 Example Reception Red Alarm 

 

In the case of Figure 2-3, the TAM is collecting continuously QoS session statistics in the terminal if 

the PQoS is below the second defined threshold for enough time. The TAM sends a red alarm to the 

MSMM which forwards it to the AEM. The AEM asks the Expert System for orders. The Expert 

System suggests asking the database for the stored monitoring data. When the AEM gets the stored 

monitoring data it asks the Expert System for orders. Then the Expert System suggests ordering 

adaptations to the respective adaptation modules, ANAM, TNAM and/or MSAM. 

In Figure 2-3, the red arrows symbolize the red alarms sent by TAM, while the orange arrow 

symbolizes the monitoring data requests, the green arrow symbolizes the monitoring data returned 

from database and the blue arrows symbolize the adaptation requests. 

Once the MCMS has been switched to active mode because of a warning alarm or red alarm, the 

current QoS relative statistics across the network delivery chain (i.e. from the core and access 

network) are reported to the AEM via the ANMM  and the TNMM modules. Also, reports from the 
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encoder about the coding parameters, the content dynamics of the multimedia service, the current FEC 

scheme (if applied) and the decoding parameters at the terminal (i.e. buffer scheme) are reported to the 

AEM via the MSMM. If a VoIP session is considered, then the session monitoring takes place at both 

end-user terminals that participate in the session, where the voice is encoded and decoded at the sender 

and receiver terminal respectively. All the collected statistics are further exploited by the MCMS, 

through a sophisticated processing procedure and a decision algorithm. This sophisticated algorithm is 

implemented in the Expert System, which decides the appropriate actions and adaptations across the 

network delivery chain, in order to optimize the delivered PQoS, but maintaining constant the total 

service traffic. 

After the monitoring phase of the network statistics across the delivery chain has been completed, the 

adaptation phase is following. This is performed through the adaptation action modules of the MCMS 

(i.e. MSAM, TNAM and ANAM). Towards this, the AEM processes all the received statistics from 

the ANMM , the TNMM and the MSMM in order to define the adaptation actions across the network 

delivery chain, aiming at the optimization of the NQoS, which leads to maximization of the user 

satisfaction and the delivered PQoS level, without altering the total service traffic of the bearer. 

The System Expert executes a sophisticated processing procedure and a decision algorithm, and it 

decides the appropriate actions and adaptations across the network delivery chain, in order to optimize 

the delivered PQoS. 

The AEM needs to have some intelligence to process the information coming from the different 

Monitoring Modules, and make decisions about the best way to improve the PQoS, sending 

instructions to the Adaptation Modules. 

As described above, input data is collected from the different monitoring modules, and it is used by 

the AEM to make some decisions to be sent as adaptation commands to the adaptations modules. 

In the following sections the input data coming from the different monitoring modules are listed. 

All the MCMS modules communicate with the AEM using a communication library which 

implements a tail of POSIX messages. This tail is created and destroyed by the MSMM and the rest of 

modules only use it. 

2.1 Prototype scope 

The current prototype is the evolution of the first year version developed and tested with the AEM 

functionality previously described. The purpose is demonstrating the whole monitoring and adaptation 

cycle and the effects of the AEM decisions in case of IPTV and VoIP sessions. Some simplifications 

regarding the decision rules to be applied have been assumed, although a simple implementation of the 

cross-layer adaptation has been done. The AEM is prepared to allow the insertion of new more 

complex rules. 

The characteristics of this version of the AEM are the following: 

¶ Each warning or red alarm reported to the AEM could generate monitoring or adaptation 

commands depending on the set of rules used. Cross-layer adaptation is allowed (for example 

TNMM monitoring in VoIP sessions could produce adaptations in terminal across MSAM 

module). 

¶ The information coming from several monitoring modules could be used to make one or more 

decisions, so combination of monitoring information could be used depending of the rule set 

used. 

¶ In general the warning alarm phase is only used to collect monitoring data from the selected 

modules and the red alarm one requests the monitoring data stored in the data base and it is 

used for generating the output for the adaptation modules. If adaptation process is required 

during the warning phase, specific rules can be easily added in the AEM. 

¶ The system does not learn from preceding behaviour, the system (AEM) does not adapt future 

actions depending on present actions and therefore, AEM rules are fixed and not modified 

according to previous experiences (so no Machine Learning has been included). 
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This version has started being tested in Athens, Greece at N.C.S.R Demokritos. Once this version will 

be fully integrated in the IMS infrastructure, the system will be tested to verify the results generated, 

and therefore possible evolutions for further research could be defined. 
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3 EXPERT SYSTEMS TECHNOLOGIES  

In this chapter the Artificial Intelligence (AI) technology selected for implementing the AEM decision 

algorithm is briefly described. This technology consist on the use of one Expert System with a set of 

rules obtained of the evolution from the first simple set of rules used in the test of the previous 

prototype. 

3.1 Expert systems  

Expert Systems (also known as Knowledge-based Systems) are computer programs that are derived 

from a branch of AI (Artificial Intelligence). An Expert System is software that attempts to reproduce 

the performance of one or more human experts, most commonly in a specific problem domain, and is 

a traditional application and/or subfield of A.I. A wide variety of methods can be used to simulate the 

performance of the expert however common to most or all are, 

1. The creation of a so-called ñknowledge baseò which uses some knowledge representation 

formalism to capture the Subject Matter Experts (SME) knowledge and, 

2. A process of gathering that knowledge from the SME and codifying it according to the 

formalism, which is called knowledge engineering. 

 

As a first application of computing and Artificial Intelligence, the topic of expert systems has many 

points of contact with general systems theory, operations research, business process reengineering and 

various topics in applied mathematics and management science. 

Expert Systems may or may not have learning components but a third common element is that once 

the system is developed, it is proved by being placed in the same real world problem solving situations 

as the human SME, typically as an aid to human workers or a supplement to some information system. 

The area of human intellectual endeavour to be captured in an expert system is called the task domain. 

Task refers to some goal-oriented, problem-solving activity. Domain refers to the area within which 

the task is being performed. Typical tasks are diagnosis, planning, scheduling, configuration and 

design. Building an expert system is known as knowledge engineering and its practitioners are called 

knowledge engineers. The knowledge engineer must make sure that the computer has all the 

knowledge needed to solve a problem. The knowledge engineer must choose one or more forms in 

which to represent the required knowledge as symbol patterns in the memory of the computer ï that is, 

he (or she) must choose a knowledge representation. He must also ensure that the computer can use 

the knowledge efficiently by selecting from a handful of reasoning methods. 

There are two main methods of reasoning when using inference rules: backward chaining and forward 

chaining. 

¶ Forward chaining starts with the data available and uses the inference rules to conclude more 

data until a desired goal is reached. An inference engine using forward chaining searches the 

inference rules until it finds one in which the if-clause is known to be true. It then concludes 

the then-clause and adds this information to its data. It would continue to do this until a goal is 

reached. Because the data available determines which inference rules are used, this method is 

also called data driven. 

¶ Backward chaining starts with a list of goals and works backwards to see if there is data which 

will allow it to conclude any of these goals. An inference engine using backward chaining 

would search the inference rules until it finds one which has a then-clause that matches a 

desired goal. If the if-clause of that inference rule is not known to be true, then it is added to 

the list of goals. 

 

One advantage of expert systems over traditional methods of programming is that they allow the use 

of ñconfidencesò (or ñcertainty factorsò). When a human reasons he does not always conclude things 
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with 100% confidence, the human reasoning can be imitated by using numeric values called 

confidences. These numbers are similar in nature to probabilities, but they are not the same. They are 

meant to imitate the confidences humans use in reasoning rather than to follow the mathematical 

definitions used in calculating probabilities. 

In the ADAMANTIUM project, the AEM is in charge of interfering in the media delivery process 

when PQoS degradation occurs at the end user by performing real time cross layer adaptation across 

the media delivery chain, aiming at enhancing and optimizing the delivered PQoS level of the 

degraded service session. For this task, the AEM includes an Expert System that selects the best cross 

layer adaptation in order to optimize the delivered PQoS level. 

3.2 CLIPS 

CLIPS is a productive development and delivery Expert System tool which provides a complete 

environment for the construction of rule and/or object based expert systems. 

It was created in 1985, and its key features are: 

¶ Knowledge Representation. CLIPS provides a cohesive tool for handling a wide variety of 

knowledge with support for three different programming paradigms: rule-based, object-

oriented and procedural. 

¶ Portability . CLIPS is written in C for portability and speed and can be ported to any system 

which has an ANSI compliant C or C++ compiler. Also there is a version written y Java. 

¶ Integration/Extensibility . CLIPS can be embedded within procedural code, called as a 

subroutine, and integrated with languages such as C, Java, FORTRAN and ADA. CLIPS can 

be easily extended by a user through the use of several well-defined protocols. 

¶ Interactive Development. The standard version of CLIPS provides an interactive, text 

oriented development environment, including debugging aids, on-line help, and an integrated 

editor. Interfaces providing features such as pulldown menus, integrated editors, and multiple 

windows have been developed for the MacOS, Windows XP, and X Window environments. 

¶ Verification/Validation . CLIPS includes a number of features to support the verification and 

validation of expert systems including support for modular design and partitioning of a 

knowledge base, static and dynamic constraint checking of slot values and function arguments, 

and semantic analysis of rule patterns to determine if inconsistencies could prevent a rule from 

firing or generate an error. 

¶ Fully Documented. CLIPS comes with extensive documentation including a Reference 

Manual and a User's Guide. 

¶ Low Cost. CLIPS is maintained as public domain software. 

 

CLIPS has been chosen because some consideration of the system environment. 

¶ C++ programming is required. CLIPS can be easily integrated into a C++ source code. 

¶ CLIPS is maintained as public domain software. 

¶ There is much more documentation on Internet about CLIPS. 

¶ A C++ interface library has been developed for integrating CLIPS in AEM. Also this library 

hides the Expert System used. 

¶ A strong tool is not required for developing the ADAMANTIUM prototype. 

3.3 CLIPS and ADAMANTIUM AEM  

The final prototype of the MCMS includes a sophisticated AEM which integrates an Expert System 

(CLIPS) that allows the use of a set of complex rules that can decide the monitoring or adaptation 

necessary task in order to maintain the best Perceived QoS in each multimedia session. 
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The AEM uses the latest stable version of the CLIPS engine from http://clipsrules.sourceforge.net/. 

This version is the 6.30, where can be compiled and integrated in different systems. The version used 

had been modified by Ericsson in order to obtain a library fully integrated in the prototype easily. This 

library is integrated within the AEM across an interface class located in the Inference Engine with 

provide some basic primitives for managing and hiding the Expert System used. The selected 

primitives are described below: 

¶ Initiate the Engine. Starts the CLIPS engine in order to be ready for making decisions. 

¶ Add rules: adds the ADAMANTIUM rule set into the engine. 

¶ Add facts: adds the data (alarms, session and monitoring data) used by Expert System for 

selecting the actions to be taken. 

¶ Retrieve results: gets the best adaptations selected by the Expert System, for improving the 

PQoS of the deteriorated multimedia session  

 

 

Figure 3-1 Detail of the integration of the Expert System in ADAMANTIUM  

 

The AEM behaviour is completely controlled by CLIPS and the rules inserted by the operator. The 

rules are read from the database, added to the CLIPS rule engine and will not be modified until the 

restart of the AEM module. 

The Forward Chaining  is chosen as the method of reasoning used in CLIPS so the inference rules 

and the knowledge representation have been designed with the following characteristics: 

¶ Session, monitoring and adaptation data are used in CLIPS as knowledge templates. The 

AEM is able to exchange data with CLIPS across some conversion methods designed in 

the interface. 

¶ Inference rules based in forward chaining method, implements the output knowledge from 

the researches done in the Workpackages 3 and 4. The rules can be summarized into three 

groups depending on the action selected: 

a) Monitoring . Some monitoring modules are selected and requested for monitoring 

data. This data is stored into the AEM database. 

b) Requesting data. Request AEM the previous monitoring data in order to evaluate 

the cause of the PQoS degradation and select the best adaptation actions. 

c) Adaptations. Select the best adaptations commands to be performed by the 

adaptation modules 
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Figure 3-2 AEM expert system data sources  

 

¶ The Figure 3-2 shows the data sources used by the Expert System for making the decisions. 

Data from database are taken by the Expert System in order to decision making. The 

database is divided into several tables described into section 4.1 of this document. The 

different needed data are scored into each one of the tables. When a warning alarm referred 

to one session is received by the AEM, the Expert System is asked what to do. The Expert 

System can suggest generating a request monitoring data. The monitoring action is 

executed by monitoring modules, MSMM, ANMM and TNMM, and the monitoring data 

are scored into the database by the AEM. When the Expert System receives the referred 

alarm, it can also suggest generating a request adaptation. In this case, the AEM uses the 

monitoring data scored previously, and it applies the rules to get any adaptation which will 

be performed by the adaptation modules, MSAM, ANAM and TNAM. 
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4 AEM INTERNAL ARCHITE CTURE 

In this section the target AEM architecture is described, followed by the considerations for the final 

prototype. 

In ADAMANTIUM, the Expert System resides within a network functional entity interacting with 

other network entities. There are some implemented interfaces to obtain the case-specific input data 

and to communicate the output decision. In ADAMANTIUM, the modules providing the case-specific 

information to the AEM are the MCMS monitoring modules, while the modules receiving the expert 

system output are the MCMS adaptation modules. 

Additionally, the base Expert System architecture has been extended to take into account other 

ADAMANTIUM specific tasks, such as the handling of IMS sessions. 

In general, the AEM is decomposed into the following main components: 

¶ AEM logic, which is the main component containing the system intelligence 

¶ the database where all data required by the logic is stored 

¶ the adapter between the logic and the database 

¶ the interf ace between the logic and the rest of MCMS modules 

 

Figure 4-1 shows the four AEM high level blocks and their connection with the rest of the MCMS 

components. 

 

Figure 4-1 AEM high level architecture 

 

The general design principle is to provide a modular architecture whose modules are decoupled from 

each other. The main advantages of such an approach are higher scalability and maintainability. A 

clear example is the case of a later change in the system, where only the affected software modules 

would have to be modified. The use of interfaces also simplifies the development process, allowing 

the use of stubs for module testing. 

The detailed description of each of the high level AEM components is provided in the following 

subsections and is depicted in Figure 4-2. 
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Figure 4-2 AEM detailed architecture 

 

The four components previously mentioned are decomposed into their low level sub-components and 

the relationship used between them is represented by the arrows that connect each other. More 

specifically, the four components are sub-divided in: 

¶ Database: divided into the static (rules and configuration data) and dynamic (session and 

monitoring data). 
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¶ Adapter: interface between AEM and the database which represent the same structures as 

the database. 

¶ Interface: provide inter-module communication between the different MCMS modules 

using the CommLib developed in the project. 

¶ AEM logic:  manage the database access, communication with other modules, alarm 

messages, request of monitoring data and include the Expert System used for making 

adaptation decisions. Further information will be found in the next chapters. 

4.1 Database 

Going into a more detail, the database component is divided into two subcomponents: 

¶ Static database, where provisioning and configuration data is stored. 

¶ Dynamic database, where temporal session data is kept. 

 

Moreover, the static database can be further decomposed into the following elements: 

¶ Knowledge Base 

Within the static database, the most important set of provisioning data is that which constitute 

the knowledge base of the expert system. The rules stored in this database will be used by the 

rule-based expert system implemented in AEM. Only the operator will be allowed to modify 

these rules in order to change AEM behaviour depending on the set of rules used. 

¶ Subscriber Information 

Additionally, subscriber information should be provisioned, to distinguish AEM behaviour 

depending on the user who establishes the IMS session. Although the subscriber table had 

been included, it has not been used in the prototype for simplicity reasons.  

¶ Configuration Data 

The database also contains the set of configuration parameters for proper functioning of the 

AEM system. 

¶ Provisioning Server 

An additional subcomponent considered within the static database is the provisioning server. 

This module provides to the operator an external interface for remote provisioning of the static 

data required by AEM to work, and stores such data for future retrieval from AEM logic 

modules. The server also provides the interface for specification of the system configuration 

data, such as default constant values. 

Note that, in contrast to static data, dynamic data is not editable by an operator. 

 

There are several options for system data storage, such as LDAP Directory Servers or SQL Databases, 

but for simplicity a MySQL database has been selected for the ADAMANTIUM prototypes. 

For simplicity, one single database has been considered for ADAMANTIUM to store all sets of data. 
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Figure 4-3 Relations Database detailed (part 1) 
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Figure 4-4 Relations Database detailed (part 2) 
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Figure 4-3 and Figure 4-4 show the relations between tables of the ADAMANTIUM  database. 

Tables belonging to static database are named with the prefix REP_, while tables belonging to 

dynamic database are named with the prefix DDT_. Dynamic tables are dependent on the session 

while static tables are used to store data. This is more detailed in the section 6-5-1. 

4.2 Database Adapter 

The database adapter provides the AEM logic access to the static and dynamic data. It hides the details 

of the database technology employed, as well as the communication mechanism between the AEM 

manager and the database or the database location. 

The Database Adapter is implanted as an abstract class which contains all necessary methods to 

communicate with any database manager. Each specific implementation has a specific class following 

the methods described in the interface. 

The adapter, following the same structure as the database, is also divided into different pieces, 

depending on the type of data to be accessed: 

¶ Subscriber Data Interface 

¶ Rule Data Interface 

¶ Configuration Data Interface 

¶ Session Data Interface 

The real database structure, engine and connection specifications are hidden, and for AEM view, the 

only way to store and retrieve data from/to the database is object exchange. 

The current prototype contains two different database engines: mysql and database file; the AEM 

behaviour is independent from the database used, which can be selected in the configuration 

parameters when the AEM starts. 

This guarantees a more modular design, with associated higher flexibility and maintainability and it 

allows changing the database manager very easily. This class can be adapted so it can work with a new 

manager. 

4.3 MCMS Monito ring and Adaptation Interface 

The interface between the AEM and the MCMS monitoring and adaptation modules is the component 

that allows the exchange of information between the central AEM and the rest of MCMS modules. 

Figure 4.5 gives an overview of the MCMS modules with their interactions with the different nodes in 

the network and the central AEM. It is divided into a series of components, distinguishing between: 
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Figure 4-5 MCMS detailed architecture with interactions 

 

¶ Outgoing interfaces, which cover the specification of the interfaces for communication from 

the AEM towards the monitoring and adaptation modules. 

Note that these outgoing interfaces are specified as part of the AEM module, but implemented 

by the corresponding MCMS module. They guarantee that AEM logic is not affected by 

changes in the monitoring and adaptation modules implementation. 

¶ Incoming interfaces, which cover the specification of the communication interfaces from the 

MSMM module towards the AEM. It is the communication API with the AEM. 

The most important events to communicate include IMS session related events and PQoS 

alarms. 

These events can be notified to the AEM asynchronously, but in this new version of the 

prototype they are sequentially processed by the AEM. This behaviour is provided by the 

communication interface with must ensure that no event is lost. 

Note that the incoming interfaces are not only specified as part of the AEM module, but also 

implemented by it, in the ñAdapterò components as mentioned in Deliverable D2.2. 

¶ Adapters for the incoming interfaces, which, as previously mentioned, provide the 

implementation of those interfaces. 

They distribute the incoming events towards the appropriate AEM logic module. From the 

MSMM, the adapter receives IMS session related events, PQoS alarms and monitored VoIP or 

video (IPTV or VoD) client and server parameters. From the ANMM, the adapter receives 

monitored access network QoS parameters. And from the TNMM, monitored transport 

network QoS parameters are received. 

All monitored parameters are delivered to the Monitoring Info Collector, IMS Session Events 

to the IMS Session Handler, and PQoS alarms to the PQoS Alarm Handler. 
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The adapters hide the details of the internal communication mechanism used between the 

different MCMS monitoring modules and the AEM, and conceal deployment issues such as 

whether the MCMS system is distributed in one or multiple processes or if it is deployed into a 

single host or multiple hosts. Although the communication between the AEM and the MCMS 

Monitoring & Adaptation modules is very simple in principle, the adapters provide a flexible 

enough architecture to support more complex communication mechanisms in a future. 

The different MCMS modules are composed of a communication layer (SIP or Socket 

Communication), a message adaptor in order to prepare the information to dialog with the AEM and 

finally a IPC Agent to enable the interaction between different processes. 

The MSAM and MSMM modules interface with the IMS core network. They are acting then as SIP 

Application Servers and generating and/or terminating SIP dialogs. SIP messages are decoded, 

formatted and sent to the AEM through an IPC agent to enable the interaction between different 

processes. 

4.4 Internal Logic Manager 

The Internal Logic Manager AEM is responsible for receiving alarms, communication with the 

Expert System and asking monitoring data to monitoring modules and ordering adaptations to 

adaptation modules. In this section the functionality Manager is explained. The information about the 

Expert System has already been explained in section 3. Beside a description of Manager is detailed 

from the PQoS aspect of the AEM in the D4.3. 

 

Within the AEM Manager component, the following elements can be distinguished. 

 

Figure 4-6 Internal Logic Manager detailed architecture 
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¶ IMS Session Handler 

The Manager module that takes care of the IMS session related events. In principle, these 

events just include the session creation and termination, although IMS session modifications 

could be handled in a future. 

Upon IMS session establishment, the available session data is stored for future decision 

making. Upon IMS session termination, the data is removed. 

It is important to receive IMS session termination notifications from the network, for 

liberation of internal AEM resources. 

The AEM is in idle mode waiting for a new init session or alarm. If a new init session arrives, 

the IMS session handler is responsible for storing the IMS session data. This component is the 

responsible for adapting the init session data for valid data to database. Beside, this component 

is responsible for using database adapter to store the data and to get data from database. 

¶ PQoS Alarm Handler 

This is the logic module that processes the PQoS alarms triggered from the terminal 

equipments. It takes care of determining whether any action must be taken and which one. 

As mentioned above, a two threshold PQoS alarm approach has been implemented in 

ADAMANTIUM, distinguishing between ñwarningò alarm and ñred-alarmò. Besides, the time 

that a threshold is violated is also considered when deciding the action to take. Anyway, the 

final algorithm is determined by the conclusions of work package 4, where the end user 

behaviour upon PQoS degradation, including how long he/she would tolerate a low PQoS 

level, is being studied. 

Regarding the possible actions to take, at least a preventive start of the monitoring of the 

different parts of the service delivery chain should be considered, in order to be ready for 

adaptation in case the PQoS degradation continues and the start of the adaptation process 

itself. In the first case, the PQoS Alarm Handler would interact with the Monitoring Info 

Collector, while in the second case, with the Inference Engine. 

¶ Monitoring Info Collector  

It is the module in charge of requesting the monitoring information to the service delivery 

chain components, through the usage of the appropriate outgoing interfaces. 

It also takes care of receiving the monitored parameters, including those received through 

asynchronous calls, and of storing them for further processing. 

¶ Inference Engine 

This is the piece responsible for the communication with the Expert System which has the 

intelligence to take the adaptation actions. It executes the reasoning algorithm to determine the 

most appropriate action for each situation. For this, it takes into account both the knowledge 

base provisioned by the operator and the case-specific data, which correspond to the collected 

session information. This piece is the responsible for adapting the alarms for understandable 

facts by CLIPS. These facts are introduced into Expert System which is able to generate 

orders using the rules. 
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5 AEM INPUT AND OUTPUT  DATA  

This chapter describes the information coming from the different Monitoring Modules and the 

commands to be sent to the Adaptation Modules. The complete set of exchangeable data is presented, 

followed by a subsection indicating the parameters used in the final prototype. 

5.1 AEM and MSMM  

This module collects all the information coming from multimedia sessions. 

Below the more detailed flowchart is shown. 

 

 

Figure 5-1 Protocol signalling for IMS session init. 

 

 

Figure 5-2 Protocol signalling for IMS end session 

 

 

The information to be considered for managing initializations (message 1 of Figure 5-1 Protocol 

signalling for IMS session init. 
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¶ SessionID. Multimedia session identification. 

¶ FlowID. Multimedia flow content identification associated to the session. The flowID is 

optional in alarm messages as it is not included when the operation applies to all flows in a 

session. It is a string including the following information in a 5-tupla
1
: 

o Source IP 

o Source Port 

o Destination IP 

o Destination Port 

o Protocol 

¶ Send Uri: Uniform Resource Identifier of the sender user. 

¶ Receive Uri: Uniform Resource Identifier of the receiver user. 

 

The previous data are required in both procedures. However the following data only are required in the 

init procedure (message 1 of the Figure 5-1 Protocol signalling for IMS session init. 

). 

¶ For each media component/subcomponent: 

¶ Media Type: Media type of the multimedia session component 

¶ Application Type: Application type of the multimedia session component 

¶ Uplink Bandwidth: maximal uplink Bandwidth requested 

¶ Downlink Bandwidth: maximal downlink Bandwidth requested  

¶ RR Bitrate: maximum required bandwidth for RTCP receiver reports  

¶ RS Bitrate: maximum required bandwidth for RTCP sender reports. 

¶ Codec Type: Codec type used by the terminal 

¶ Codec Mode: Codec mode used within the current codec type selected (VoIP). 

¶ An array of codec and mode supported by the terminal: necessary for making the 

appropriate adaptation decision by AEM. 

 

When the terminal monitoring data is required by the AEM, the MSMM sends the following data 

(message 2 of the Figure 5-3): 

¶ SessionID. Multimedia session identification to be monitorized. 

¶ FlowID. Multimedia flow content identification associated to the session. The flowID is 

optional as it is not included when the operation applies to all flows in a session. 

¶ Send Uri: Uniform Resource Identifier of the sender user. 

¶ Receive Uri: Uniform Resource Identifier of the receiver user. 

¶ qPSNR (quality Perceived Signal to Noise Ratio). An estimation of the perceived video 

quality for IPTV, averaged over a time period, with a range from 0 (very bad quality) to 100 

(excellent video quality). 

                                                      

1
  flowID  will be considered for all interfaces. If some elements cannot provide so detailed information 

the interfaces will be modified during project lifetime. 
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¶ MDIDF (Media delivery Index Delay Factor): Used in IPTV Session as the metric for input 

buffering required for jitter-free processing over a time period. 

¶ MDIMLR (Media delivery Index Media Loss Rate): Used in IPTV sessions as the number 

of times that any packet is lost or incorrectly sequenced over a time period, 

¶ RTPIJ (Real Time Packet Interarrival Jitter): Used in IPTV sessions. It represents the 

variance of the RTP data arrival time over a time periord. 

¶ cqiValue. The measured Channel Quality Information (CQI) value measured with a range 

between 1 and 30, and possible averaged over a time period. 

¶ PQoS. An estimation of the PQoS (MOS) in VoIP sessions, averaged over a time period, with 

a range from 0 (very bad quality) to 100 (excellent quality). This data would be obtained if a 

low-processing demanding alternative where selected, where only the perceived quality of 

service by time would be calculated by packet. 

¶ timePeriod.  The time period (in seconds) used to average the monitored data. 

 

 

Figure 5-3 Protocol signalling for request Terminal monitoring data 

 

In the case of IPTV services over UMTS, the statistics and/or error data information from the IPTV 

test terminal to be considered are: 

¶ SessionID. Multimedia session identification to be monitorized. 

¶ FlowID. Multimedia flow content identification associated to the session. The flowID is 

optional as it is not included when the operation applies to all flows in a session. 

¶ qPSNR (quasi Peak Signal to Noise Ratio). The qPSNR measurement value is calculated on 

the R&S protocol analyser platform by a single-ended algorithm and provides a good estimate 

of the perceived video quality for IPTV. The measurements are averaged over a time period, 

typically 1 second, and are given in dB. 

¶ MDIDF (Media Delivery Index Delay Factor): Used in IPTV Session as the metric for input 

buffering required for jitter-free processing over a time period. 

¶ MDIMLR (Media Delivery Index Media Loss Rate): Used in IPTV sessions as the number 

of times that any packet is lost or incorrectly sequenced over a time period, 

¶ RTPIJ (Real-time Transport Protocol Interarrival Jitter): Used in IPTV sessions. It 

represent the variance of the RTP data arrival time over a time periord. 

¶ timePeriod.  The respective time period (in seconds) used to average the monitored data. 
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The following data/ parameters are also available from the IPTV test terminal: 

¶ Source IP Address. The IP address of the streaming server from which the IPTV test terminal 

receives the video stream. 

¶ Destination IP Address. The IP address of the IPTV test terminal that receives the video 

stream from the streaming server. 

¶ Destination Port. The port number on the IPTV test terminal to which the video is streamed. 

¶ TS Packets in IP Packet. The number of TS packets (188 byte) per IP packet. 

¶ Data Length. Number of bytes in one IP packet. 

¶ IP Bit Rate. Measured IP Bit Rate of the received UDP/ RTP stream. 

¶ TS Bit Rate. Measured TS Bit Rate including video, Service Information etc. 

 

 

Figure 5-4 List of additional parameters/data as shown on the display of the R&S protocol 

analyser 

 

The session and data flow from the IPTV server to be considered are: 

¶ SessionID. Multimedia session identification to be monitorized. 

¶ FlowID. Multimedia flow content identification associated to the session. The flowID is 

optional as it is not included when the operation applies to all flows in a session. 

¶ Send Uri: Uniform Resource Identifier of the sender user. 

¶ Receive Uri: Uniform Resource Identifier of the receiver user. 

¶ Video sessions characteristics 

o bitrate.  Encoding video bitrate. 

o codec. Codec(s) used for video encoding. 

o width.  Video width. 

o height. Video height. 

o framerate. Video frame rate. 

o deliveredBitrate. Mean delivered bitrate. 

o contentType. Type of video. 

 












































































