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1 INTRODUCTION
1.1 Purpose

This deliverableis the output all the implementation of the fst demonstrator of the MCMS
(Multimedia Content Management System) and the evolution of thinsya the ADAMANTIUM
life time.

This deliverable includes all the information related to gbeond yeaversion of the demonstrator,
with all design decisia and describes thmaultiprocessingversion of the Action Engine Module
(AEM) and the interfaces betwe&iM and the Monitoring and Adaptation modules.

Initially a description of the problem to be solisghresented, all data to be compiisdlescribedand
finally some basic logic algorithms based on an Expert Syktenbeerspecified.The deliverable D
4.4is used as the input for the generation of the inference rules uséin

1.2 Audience

This deliverable targets all people involved in theugeandimplementation of the ADAMANTIUM
modules and in the design of related tests scenarios. Especially, technical staff of ADAMANTIUM
partners usethis document as describing the results ofdbeond yeaversion of AEM contained in

the MCMS and as an inpubif designing and implementing the different modules of the second
version ofAEM 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 yeaversion of the ADAMANTIUM AEM (Action Engine Module) included in the MCMS
module, as well as the data (input and outEM 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 utatetsthe functionality implemented

for the currentprototype. Additionally, the high level functional restrictions to be applied fofinae
prototype are specified.

Chapter 3: Expert System Technologies. The third chapter provides description of the
technologies and algorithnosedfor implementation oAEM decision logic.

Chapter 4: AEM Internal Architecture. The fourth chapter describes the target architecture for
AEM module and thenultiprocessingersion implemented for treecond yeademonstrato

Chapter 5: AEM Input and Output Data. The fifth chapter describébe informationAEM receives

from the different Monitoring Modules and the commands that it can send to the Adaptation Modules.
The subset of parameters to be exchanged isdgbend yeaMCMS implementation phasare also
specified.

Chapter 6: Implementation details. The sixth chapter describes important aspects regarding the
implementation of theecondversion ofAEM, such as the process view, the programming language
and tools, and thdatabase technology selected. Class diagrams for the interfaces between AEM and
the rest of MCMS modules are also included.

Chapter 7: Conclusions.Finally, theseventhchapter includes the conclusions to the implementation
of AEM and interfaces.
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2 AEM FUNCTIONALITY

The ADAMANTIUM project proposes an innovative IM®mpatible 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 (Rerd@uality of Service)
level for IPTV (Internet Protocol TeleVision) and VolP (Voice over Internet Protocol) seiiees
of the most important multimedia services with the potential to create significant wealth for Europe.
This multimodal management $gm is applied in an integrated and coherent way across all the
network layers and deliverghain nodes based on a user/custecestric approach rather than the
traditional network Qo%riented one. Towards this, the proposed management sysikes use
advanced IMSompatible PQoS and NQoS monitoring and adaptation mechanisms across the
network deliverychain, thereby significantly enhancing the current IMS management functions by
providing necessary perceptual awareness capability. Novel perceppmihghérameworks between
the NQoSrelated monitored parameters and the delivered PQoS hHavel beerbe researched for
both IPTV (live IPTV and VoD) and VolP (voice/video call) services. Based on the monitoring data, a
decision engine (the Action Enginedslule, or AEM) initiate a dynamic cross layer adaptation
procedure, which extesdrom the service generation entity to the user terminals.

The Action Engine Module (AEM) is responsible for aking optimal adaptation decisions based on
the monitoring of nievork and perceptual statistics, gathered by IMSed monitoring and adaptation
modules. After obtaining the monitoring dataEM, exploiting theoretical mapping frameworks
between NQoS and PQoS, processes all the collected statistics and defines taghgrogpimal
cross layer adaptation actidrigure2-1 shows the different modules of MCMS.

TNMM _l |_. TNAM

ANAM SAM

ANMM SMM

Figure 2-1 MCMS modules

For monitoring purposes three modules are considered:
1 The Multimedia Service Monitoring Module (MSMM).
1 The Transport Network Monitoringlodule (TNMM).
1 The Access Network Monitoringlodule (ANMM).

For adaptation purposes, ADAMANTIUM considers the following three modules:
1 The Multimedia Service Adaptation Module (MSAM).
9 Transport Network Adaptation Module (TNAM).
1 Access Network Adaptation diule (ANAM).

Copyright E ADAMANTI UM
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The adaptation and monitoring moduke® in idle state waiting for orders froMAEM, exceptthe
MSMM module which is also listening for any session event or alarm triggered by the TAM
(Terminal Adaptation Module) interface from the USerminal.

The initialization of a sessiahrough the TAM interface of the termingtars a passive monitang of
the session in each layer:

)l

Service layer: The monitoring of the service layeis responsibility of theMSMM
throughthe TAM. The TAM collects QoS session statistics in therminal continuously
and monitorizeshe definedthreshold of some parametelfsa PQoS degradatidrelow
one of these thresholds, for a given duratismbservedhe TAM triggers onealarm
back tothe MSMM. The MSMM is responsible for sending the alarm to the AEM
which request specific actions.

Sometimes theAEM ordeis one or several modules start the monitoring actions
This means that th®ISMM must be ready for receiving monitoring data regsiasd
for asking thismonitoring data tehe TAM.

The MSMM internally is divided into tw@rocesseso realize these twtasks one
process to wait for alarerfrom the TAM and arotherprocesgo wait monitoring data
requests fronthe AEM.

This process is shown Figure2-2 andFigure2-3.

Network layer: The monitoring of the network layer is responsibility of th& NMM
throughthe EMM.

The EMM (External Monitoring Module)ollects QoS statisticsfrom the Transport
Network continuously and then sais themto the AEM acrossthe TNMM module
when it would be requesteth this casethe EMM daesnot send alarms to AEM, the
EMM only send monitoring data of the network layer when it is requested by the
AEM. So, the TNMM is not ligningcontinuouslythe EMM.

This process is showin Figure2-2 andFigure2-3.

Link layer : Themonitoringof the link layer is responsibility of theNMM throughthe
EMM.

The Access EMM (Access network Exterridbnitoring Module) collectscontinuously
QoS statisticsfrom the AccessNetwork that aresent tothe AEM acrossthe ANMM
module when iis requestedAs in thenetwork layer, th&eMM does not send alarms
so, the ANMM is notitherlisteningcontinuousiythe EMM.

This process is showin Figure2-2 andFigure2-3.

While the passivenonitoring occurs, the MCMS waits in an idle mode whidmangedo activeas
soon aghe TAM triggers an Alarm event tihe MSMM. A two alarm method is chosen for more
flexibility in experimenting ad minimising the amount of data exchanged. The alarms consatered

1

Alarm or warning alarm :

It is triggered through the TAM interface of the terminddenthe PQoSdegradation is
below the first defined thresholdith longer duration than a specified e This
prevents false alarictivations

The alarm captured bthe MSMM is delivered tathe AEM, which in turnstars the
monitoring stage, interrogatinthose monitoring moduleswhose QoS statisticsare

useful for selecting the adaptations if a red ralas 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 possibleexampleof awarning alarnreceptioris shownin Figure2-2.

Copyright E ADAMANTI UM
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——

WARNING

ALARM
WARNING

ALARM

Monitoring AE M ﬂ
PQoS
Continuously I

—

EMM

W

Monitoring
QoS
Transport
and Access
Network

.<

DATABASE

Figure 2-2 Example ReceptionWarning Alarm

In the case oFigure2-2, the TAM is collectingcontinuouslyQoS session statistics in
thetermind if the PQoS is below the first defined threshold for enough. fiine TAM
sendsawarning alarm tahe MSMM which forwards it tahe AEM. The AEM askghe
Expert System for orders. Thé&xpert System suggests askirthe ANMM and the
TNMM for monitoring dé. Thenthe ANMM and the TNMM asktheir respective

EMM for monitoring data anébrwardit to the AEM which stores tat monitoring data
into the database.

In Figure 2-2, the yellow arrows symbolize the warning alarms senthieyTAM,
while the orange arrows symbolize the monitoring data requests and the green arrows
symboliz the monitoring data returned.

il Red alarm:

It is triggered through the TAM interface of therrinal whenthe PQoSlevel at the
user terminatlecreases enougimd gradually reaches the secaiefined threshold

Copyright E ADAMANTI UM
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Once the red alarm reaches ®EM, the previousstored data and the alarm data is
evaluated by th&xpert System and somadaptations areelected in order to improve
the deteriorated Perceived QoS.

An exampleof warning alarnreceptions shownin Figure2-3.

Monitoring
PQoS ALARM

Continuously

EMM

Monitoring
QoS

Transport

and Access
Network -
DATABASE

Figure 2-3 Example Reception Red Alarm

In the case oFigure2-3, the TAM is collectingcontinuouslyQoS session statistics ihe terminal if
the PQoS is below the second defined threshold for enoughTmed AM sendsared alarm tahe
MSMM which forwards it tothe AEM. The AEM asksthe Expert System for orders. Th&xpert
System suggests askinge database fothe stored moitoring data. Wherthe AEM gets the stored
monitoring datait asks the Expert System for orders. Thethe Expert System suggests ordering
adaptations to the respectizdaptation modules, ANAM, TNAM anat MSAM.

In Figure 2-3, the red arrows symbolize the red alarms sent by TAMie 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 mioeleause of a warning alarm or red alatheg
current QoS relative statistics across the network delivery chain (i.e. from the core and access
network) are reported tthe AEM via the ANMM andthe TNMM modules.Also, reports from the

Copyright E ADAMANTI UM
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encoder about the coding parameters, the content dynamics of the multimedia service, the current FEC
scheme (if applid) and the decoding parameters at the terminal (i.e. buffer scheme) are reptinted to

AEM via the MSMM. If aVoIP session is considered, thbe sessiomonitoring takes place at both
enduser terminals that participate in the session, where the voice is encoded and decoded at the sender
and receiver terminal respectively. All the collected statisdiesfurther exploited by the MCMS,

through a sophisticated processing procedure and a decision algorithm. This sophisticated @gorithm
implemented in th&xpert Systemwhich decide the appropriate actions and adaptations across the
network delivery chain, in orddp 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 adaptattion modules of the MCMS

(i.,e. MSAM, TNAM and ANAM). Towards thisthe AEM procesesall the received statistidsom

the ANMM , the TNMM and the MSMM in order to define the adaptation actions across the network
delivery chain, aiming at the optimizan of the NQoS, which leado maximization of the user
satisfaction and the delivered PQoS level, without altering the total service traffic of the bearer.

The System Experexecuts 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 decisionpoat the best way to improvéhe PQoS, sending
instructions to the Adaptation Modules.

As described above, input ddgacollected from the different monitoring modules, angs used by
the AEM to make some decisions to be sent as adaptation awsrathe adaptations modules.

In the following sections the input data coming from the different monitoring moargésted.

All the MCMS modules communicatewith the AEM using a communication librarywhich
implements a tail o0POSIX messages. This tail iseated and destroyed lye MSMM and the rest of
modules only use it.

2.1 Prototype scope

The currentprototypeis the evolution of the first year versialevelopedand testedvith the AEM
functionality previously described. The purpose is demonstrating thiewlonitoring and adaptation
cycle and the effects @he AEM decisions in case of IPTV and VoIP sessid@m@sme simplifications
regarding the decision rules to be applied have been assaithedigha simple implementation of the
crosslayer adaptation lsabeen doneThe AEM is prepared to allow the ind®n of new more
complex rules.

Thecharacteristicsf this version othe AEM are the following:

1 Each warning or red alarm reported tte AEM could generate monitoring or adaptation
commands depending dne set of rules used. Creasyer adaptation is allowed (for example
TNMM monitoring in VoIP sessions could produce adaptations in terminal adi&sM
module)

1 The information coming from several monitoring modules could be used to make one or more
decsions, so combination of monitoring information could be used depending of the rule set
used.

1 In general he warning alarm phase only used to collect monitoring data from the selected
modulesandthe red alarm one requesthe monitoring data stored ithe data base artlis
used for generating the output for the adaptation modlileslaptationprocess is required
duringthe warningphasespecific ruleanbe easily added ithe AEM.

1 The systendoes notearnfrom preceding behaviour, the systeAEM) doesnot adapt future
actions depending on present actions and therefd®) rules are fixed and not modified
according to previous experiendss no Machine Learning has been included)

Copyright E ADAMANTI UM
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This versionhas started beingstedin Athens, Greece at N.6&.R DemokritosOnce this versiomwill
be fully integrated in the IMS infrastructurthe system will be tested to verify the results generated,
and therefore possible ewtibns for furtheresearciktouldbe defined.

Copyright E ADAMANTI UM
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3 EXPERT SYSTEMS TECHNOLOGIES

In this chapter théArtificial Intelligence(Al) technologyselectedor implementinghe AEM decision
algorithmis briefly described This technology consisin the useof one Expert Systemwith a set of
rules obtained of the evolution from the first simple detubes used in the test of the previous
prototype.

3.1 Expert systems

Expert Systems (also known as Knowletigesed Systems) are computer programs that are derived
from a branch of Al (Artificial Intelligence). AExpert System is software that attempts @produce

the performance of one or more human experts, most commonly in a specific problem domain, and is
a traditional application and/or subfield Afl. A wide variety of methods can be used to simulate the
performance of the expert however common tatao all are,

1. The creatonofasoal | ed fAknowledge based which wuses
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 arkttificial Intelligence, the topic of expert systems has many
points of contact with generaystems theoryperations researchusiness process reengineerangl
various topics irapplied mathematicandmanagement 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 solviogsituati
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 geatiented, problersolving 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
knowledje 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 memorgahihger 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 inferatese backward chaining and forward
chaining.

1 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 untit finds one in which the itlause is known to be true. It then concludes
the therclause 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 areisiseethbd is
also called data driven.

1 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 ralantil it finds one which has a therause that matches a
desired goal. If the itlause 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 programmiag tiseth allow the use
of Aconfidencesd (or Acertainty factorso). When

Copyright E ADAMANTI UM
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with 100% confidence, the human reasoning can be imitated by using numeric values called
confidences. These numbers are similar in neatoprobabilities 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 intdering 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 sessiomrFhis taskthe AEM includes an Expert System that selgtie best cross

layer adaptation in order to optimithe delivered PQoS level.

3.2 CLIPS

CLIPS is a productive development and delivery Expert System tool which provides a complete
environment for th construction of rule and/or object based expert systems.

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

1 Knowledge Representation CLIPS provides a cohesive tool for handling a wide variety of
knowledge with support for three different programming gdigmas: rulebased, objeet
oriented and procedural.

9 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.

1 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&filed protocols.

1 Interactive Development The sandard version of CLIPS provides an interactive, text
oriented development environment, including debugging aidfinerhelp, and an integrated
editor. Interfaces providing features such as pulldown menus, integrated editors, and multiple
windows have éen developed for the MacOS, Windows XP, and X Window environments.

9 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
knowledye 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.

1 Fully Documented CLIPS comes with extensvdocumentation including a Reference
Manual and a User's Guide.

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

CLIPS has been chosen because some consideration of the system environment.
1 C++ programming is required. CLIPS can be easily intedraito a C++ source code.
1 CLIPS is maintained as public domain software.
9 There is much more documentation on Internet about CLIPS.
1

A C++ interface library has been developed for integrating CLIPSEM. Also this library
hides the Expert System used.

I 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 integrateExpertSystem
(CLIPS) that allows the use of a set of complex rules that can dethe 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 hibpw/clipsrules.sourceforge.net/

This version is the 6.30, where candmmpiled 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 withinthe AEM across an interface class located in the Inferdficgine with
provide some basic primitives for managing and hiding the Expert Syssemh The selected
primitives are described below:

1 Initiate the Engine. Starts theCLIPS engine in order to be ready foaking decisions.
1 Add rules: adasthe ADAMANTIUM rule set into the engine

1 Add facts: adds the data (alarms, session and monitoring dasad by Expert System for
selecting the actions to be taken.

1 Retrieve results: gdsthe best adaptatiorselected by the Expert System, for improving the
PQoS of the eteriorated multimedia session

- Y

AEM

Interface

CLIPS
\ library

Figure 3-1 Detail of the integration of the Expert System inADAMANTIUM

The AEM behaviour is completely controlled by CLIPS and the ridesrtedby the operator. The
rulesareread from the databasadded to the CLIPS rule engi and will not be modified until the
restart othe 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:

1 Sessionmonitoring and adaptation data areed inCLIPS as knowledge template$he
AEM is able toexchangedatawith CLIPS across some conversion methods designed in
the interface.

1 Inference rules based farward chaining methqgdmplements the output knowleeidrom
the researches done in theokkpackages 3 and Zhe rules can be summarized into three
groups dependingdhe action selected:

a) Monitoring . Some monitoring modules are selected and requested for monitoring
data. This dat#s stored intahe AEM daiabase

b) Requestingdata. RequestAEM the previous monitoring data in ordey 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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AEM uses an Expert System
for selecting the best adaptation

Session

Adaptations
Data

=

\ |/

Monitoring

Request Only Rules remain constant in
data the Expert system

Figure 3-2 AEM expert systemdata sources

Data

1 TheFigure 3-2 shows the data sources used by the Expert Systamafong the decisions.
Data from database are taken by tBepert §stem in order to decision making he
database is dividethto several tableslescribed into section 4.1 of this documérte
different needed datre scored intogeh oneof the tablesWhen a warningalarm refered
to one session is received the AEM, the Expert §stemis asked what to dd.he Expert
System cansuggestgeneranhg a requestmonitoring data The monitoring action is
executed by monitoring modules, MSMM, ANMM and TNMM, and the monitoring dat
are scored into the databasgthe AEM. Whenthe Expert §stemreceivesthe referred
alarm,it canalsosuggest generating a request adaptation. In this case, theus&dthe
monitoringdatascoredpreviously, and it appgs the rules to get any adaptation which will
be performedby the adaptation madules, 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 finalthe
prototype

In ADAMANTIUM, the Expert System reside within a network functional entity interang with
other network entities. Themme someimplementednterfaces to obtain the caspecific input data
and to communicate the output decision. In ADAMANTIUM, the modules providing thespasgic
information tothe AEM are the MCMS monitoring modtks, whilethe modules receiving the expert
system outpuarethe MCMS adaptation modules.

Additionally, the base Expert System architecture has been extended tmtalkaccountother
ADAMANTIUM specific tasks, such as the handling of IMS sessions.

In general,the AEM is decomposed into the following main components:
1 AEM logic, which is the main component containing the system intelligence
1 thedatabasewhere all data required by the logic is stored
1 theadapter between the logic and the database
91 theinterf 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 regtediCMS
components.

)
)
A
MCMS o
Monitoring <« | If P
& e
Adaptation f
\\‘ AEM 4//
__

Figure 4-1 AEM high level architecture

The general design principle is to provide a modalahitecture 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 haveto 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
subsectionsind is depicted ifigure4-2.
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Information

Subs. Data
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Engine
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DatabaséDirectory
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Base (Rules)

Rule Data
Adapter
Engine

Inference

Configuration SessiorData

Data

Conf. Data
Adapter
Engine

SessiorData
Adapter
Eraine
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Info
Collector

Session
Handler

A A i

MSMM
Adanoter

MSMM
In If

MSAM| |ANAM | [ TNAM

Outlf H Outlf H OutIf

MSMM HANMM H TNMM

Figure 4-2 AEM detailed architecture

The four components previoustyentionedare decomposed into their low level stamponents and
the relaionship used between them is represented by the arrows that connect each other. More
specifially, the four components are sdlvided in:

1 Database divided into the static (rules and configuration data) and dynamic (session and
monitoring data).
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1 Adapter: interface between AEM and the databegech represent the same structures as
the database.

1 Interface: provide intermodule communication betwedhe differentMCMS modules
using the CommLib developed in the project.

| AEM logic: manage the database accessmmunication with other modules, alarm
messages, request of monitoring data and include the Expert System useakifuy
adaptation decisions. Further information will be found in the next chapters.

4.1 Database

Going into a more detail, the database conepbis divided into two subcomponents:
i Static database where provisioning and configuration data is stored
1 Dynamic database where temporal session data is kept.

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

Within the static database, the most important set of provisioning data is that which constitute
the knowledge base of the expert systéhe rules stored in this database will be used by the
rule-based expert system implementedAiaM. Only the @erator will be allowed to modify
these rules in order to chan§EM behaviour depading on the set of rules used.

9 Subscriber Information

Additionally, subscriber information should be provisioned, to distingdlBM behaviour
depending on the user who a@sishes the IMS sessioAlthough the subscriber table had
been included, it has not been used in the prototype for simplicity reasons.

1 Configuration Data

The database also contsitie set of configuration parameters for proper functioninthef
AEM system.

9 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 byAEM to work, and storesuch data for future retrieval froMEM logic
modules. The server also providbe interface for specification of the system configuration
data, such as default constant values.

Note that, in contrast to static data, dynamic datet editable by an @pator.

There are several options feystem datatorage, 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 AMATIUM to store all sets of data.

Copyright E ADAMANTI UM



D3.1: Design and Development of the MCMS Action Engine Module

" | REP_BUFFER_ALGORITH™

"] REP_TRANSPORT_NETWORK_CLASS » 1

1 1

1

_0 __________

1,.*

" | DDT_TN_MONITORING _DATA »

1,.%

|

|
1* 1%

|

Page20 of 66

1,

1,.*

| DDT_MSTERMINAL_DATA >

1,.*

1.%

] REP_YIDED_SIZE
] DDT_AN_MONITORING_DATA »

*

1.

1 1 1 1 1

"] REP_CONTENT_DYNAMICS » " | DDT_SESSION _DATA »

[
#
1. |

:<>'

| REP_KNOWLEDGE _RULES » | REP_APPLICATION_TYPE »

"] REP_CONFIGURATION_DATA »

Figure 4-3 Relations Database detailed (part 1)
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Figure 4-3 and Figure 4-4 show the relations between tables of tABAMANTIUM database.
Tables belonging to static database are named tiéhprefix REP, while tables belonging to
dynanic database are named with the prefix DDDynamic tables are dependent on the session
while static tableare used to stomata.This is more detailed in the secti6b-1.

4.2 Database Adapter

The database adapter providesAEM logic access to the statand dynamic data. It hides the details
of the database technology employed, as well as the communication mechanism ltedwided
managernd the database or the database location.

The Database Adapter is implanted asadstract class which containd akcessary methesdo
communicate with any databasmnagerEach specific implementatidmasa specific class following
the methods described in the interface.

The adapter, following the same structure as the database, is also divided into differesit piec
depending on the type of data to be accessed:

9 Subscriber Data Interface

1 Rule Data Interface

1 Configuration Data Interface
9 Session Data Interface

The real database structuesmgine and connection specifications are hidded for AEM view,the
only wayto store and retrieve data from/to the datalimebject exchange

The current prototype contains two different database engines: mysql and databdke AV
behaviour is independent from the database used, which can be selected in the configuration
parameters whetine AEM starts.

This guarantees a more modular design, with associated higher flexibility and maintainability and it
allowschangingthe database manager very eadilyis classanbe adaptedo it canwork with anew
manager.

4.3 MCMS Monito ring and Adaptation Interface

The interface betweethe 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 MIS modules with their interactions with the different nodes in
the network and the central AEM.is divided into a series of components, distinguishing between:

Copyright E ADAMANTI UM



D3.1: Design and Development of the MCMS Action Engine Module Page23 of 66

P\gent SOcA. of

IPC Agent

()

Figure 4-5 MCMS detailed architecture with interactions

1 Outgoing interfaces which cover the specification of the interfaces for communication from
the AEM towards the monitoring and adaptation modules.

Note that these outgoingterfaces are specified as partteé AEM module, but implemented
by the corresponding MCMS module. They guarantee ABa¥ logic is not affected by
changes in the monitoring and adaptation modules implementation.

1 Incoming interfaces, which cover the spdatation of the communication interfaces from the
MSMM module towardshe AEM. It is thecommunicatiorAPI with the AEM.

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

The® events can be notified to ti&EM asynchronously, but irthis new version of the
prototype theyare sequentiallyprocessed byhe AEM. This behaviouris provided by the
communication interface with muehsurethat no event is lost.

Note that tle incoming interfaces are not only specifiedpast ofthe AEM module, but also
i mpl emented by it, in the fAAdapterodo component

1 Adapters for the incoming interfaces, which, as previously mentioned, provide the
implementation of those interfaces.

They distribute the irmming events towards the appropriate AEM logic module. Rioen
MSMM, the adapter receigdMS session related events, PQoS alarms and monitored VolP or
video (IPTV or VoD) client and server parameters. FibmANMM, the adapter receige
monitored accessietwork QoS parameters. And frothe TNMM, monitored transport
network QoS parameteasereceived.

All monitored parameteraredelivered to the Monitoring Info Collector, IMS Session Events
to the IMS Session Handler, and PQoS alarms to the PQoS Alardidra
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The adapters hide the details of the internal communication mechanism used between the
different MCMS monitoring modules artie AEM, and conceal deployment issues such as
whether the MCMS system is distributed in one or multiple processes o dgployed into a

single host or multiple hosts. Although the communication betwe=AEM and the MCMS
Monitoring & Adaptation modules is very simple in principle, the adapters provide a flexible
enough architecture to support more complex communicat@shanisms 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 betwdiferent processes.

The MSAM and MSMM modules interfacavith the IMS core network. They are acting then as SIP
Application Serves and generating and/or terminating SIP dialogs. SIP messages are decoded,
formatted and sent tthe AEM through & IPC agentto enable the interaction between different
processs

4.4 Internal Logic Manager

The Internal Logic ManageAEM is responsible for receiving alarms, communication with the
Expert System and asking monitoring data to monitoring modules amfring adaptationsto
adaptation modules. In this section the functionality Manapgexplained. The information abotite
Expert Systemhasalready been explained in sectionBsidea description of Manager is detailed
from the PQoS aspect tife AEM in the D43.

Within the AEM Managercomponent, the followinglementsan be distinguished

DATABASE
INIT ALARM

PQoS
Session Alarm
Handler Handler

Monitoring
modules

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

The Managermodule that tkes 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 sessioniglai@red for future decision
making. Upon IMS session termination, the dat@moved.

It is importantto receive IMS session terminatiamotificatiors from the network, for
liberation of internal AEM resources.

The AEM is in idle mode waiting for a new init sesesi or alarm. If a new init session arrives,
the IMS session handler is responsible for storing the IMS sedatarThis component is the
responsible for adapting the init session data for valid data to database. Bésictenponent
is responsible fousing database adapter to store the data and to get data from database.

T PQoS Alarm Handler

This is the dgic module that processes the PQoS alarms triggered from the terminal
equipments. It talscare of determining whether any action must be taken arzhwehie.

As mentioned above, a two threshold PQoS alarm apprbastbeen implementedin
ADAMANTI UM, distinguishing ba&ltarm®h. fABeagind eng,0
that a threshold is violated also considered when deciding the action to takgway, the

final algorithmis 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, attleapreventive 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 casethe PQoS Alarm Handler would interact with the Monitoring Info
Collector, while in the second case, with the Inference Engine.

9 Monitoring Info Collector

It is the module in charge of requesting the monitoring information to the service delivery
chain compaents, 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.

1 Inference Engine

This is the piecegesponsible for the communication with tBgpert System which hashe
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 tedgm®

base provisioned by the operator and the-sagseific data, which correspond to the collected
session informationThis piece is the responsible fadapting the alarms famderstandable

facts by CLIPS. These facts are introduced iBipert Systan which is able to generate
ordersusing 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 exchangeaisi@rmsented,
followed by a subsectioimdicatingthe parametengsedin thefinal prototype.

5.1 AEM and MSMM

This module collects atheinformation coming from multimedia sessions.
Below the more detailed flowchart is shown.

MSMM AEM

@ INIT SESSION IMS

M=l

0 (OK) / -1 (ERROR)

Figure 5-1 Protocol signalling for IMS session init.

MSMM AEM

@ END SESSION IMS

@ | 0(OK) / -1 (ERROR)

Figure 5-2 Protocol signalling for IMS end session

The information to be considered for mgmay initializations (message 1 &figure 5-1 Protocol
signalling for IMS session init.

) and terminations of sessions (message 1 dfidn@e5-2) is:
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M SessionID.Multimedia session idetfication.

9 FlowlD. Multimedia flow content identification associated to the session. The flowID is
optionalin alarm messagess itis not included when the operation applies to all flows in a
session. It is a string including the following informatioraiBtupla:

o Source P
Source Port
Destination IP

Destination Port

O O O o

Protocol
9 Send Uri: Uniform Resource Identifienf the sender user.

I Receive Uri: Uniform Resource ldentifienf the receiver user.

The previous data are required in both procedures. Howsxdollowing data only are required in the
init procedure (message 1 of thigure5-1 Protocol signalling for IMS session init.

).

1 For each media component/subcomponent:

1 Media Type: Media type of the multimedisession 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 receivgports
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 (VolP).

= =4 4 -4 A -8 -2 -2

An array of codec and mode supported by the terminalnecessaryor making the
appropriateadaptation decision by AEM.

When the érminal monitoring data is required by the AEM, the MSMM sends the following data
(message 2 of theigure5-3):

I SessionlD Multimedia session identification teebmonitorized.

1 FlowID. Multimedia flow content identification associated to the session. The flowID is
optional as iis not included when the operation applies to all flows in a session.

Send Uri: Uniform Resource ldentifienf the sender user.
Receive Ur: Uniform Resource Identifieof the receiver user.

gPSNR (quality Perceived Signal to Noise RatiAn 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

! flowID will be considered for all interfaces. If some elements cannot providetaibed information

the interfaces will be modified during project lifetime.
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1

MDIDF (Media delivery Index Delay Factor): Used in IPTV Session akdmetric for input
buffering required for jittefree processingver a time period.

MDIMLR (Media delivery Index Media Loss Rate): Used in IPTV sessions aset number
of times thatry packet is lost or incorrectly sequenaeer a time period,

RTPIJ (Real Time Packet Interarrival Jitter): Used in IPTV sessions. It represetie
variance of the RTP data arrival time over a time periord.

cqgiValue. The measured Channel Quality Infornoati(CQI) value measured with a range
between 1 and 30, and possible averaged over a time period.

PQoS.An estimation of the PQo@/10S) in VoIP sessionsaveraged over a time period, with

a range from 0 (very bad quality) to 100 (excellent quality). Thia deuld 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.

MSMM AEM

@ REQUEST MONITORING DATA

=

@ MONITORING 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 cortktred are:

)l
T

SessionlD Multimedia session identification to be monitorized.

FlowID. Multimedia flow content identification associated to the session. The flowID is
optional as iis not included when the operation applies to all flows in a session.

gPSNR (quasi Peak Signal to Noise Ratjo The gPSNR measurement value is calculated on
the R&S protocol analyser platform by a singleded algorithm and provides a good estimate
of the perceived video quality for IPTV. The measurements are averaged over ariode pe

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 jittefree processing over a time period.

MDIMLR (Media Delivery Index Media Loss Rate): Used inIPTV 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 tirwgge

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

1 Source IP Address The IP address of the streaming server from which the IPSi\tetieminal
receives the video stream.
I Destination IP Address The IP address of the IPTV test terminal that receives the video
stream from the streaming server.
9 Destination Port. The port number on the IPTV test terminal to which the video is streamed.
1 TS Packets in IP Packet The number of TS packets (188 byte) per IP packet.
1 Data Length. Number of bytes in one IP packet.
1 IP Bit Rate. Measured IP Bit Rate of the received UDP/ RTP stream.
1 TS Bit Rate. Measured TS Bit Rate including video, Service Infororagtc.
@IS UL a9 10P 7 —MDI Media Loss Rate
=@ Psys| E 0 Packets/s
MPAT (PID 0) g Peak 0 Packets/s |
+H PMT 8P Limit 9999 Packets/s
S NIT (PID 16) ° scala
LS Actual Network 2004 1 e e ilZIil _Rescale |
#E@ 50T (PID 17) 20s A6 s “12s -8s 4s to = 00:00:00 :l':f:;l
* W EIT (PID18) Network Parameter Stream Characteristic
i~ ERST (PID 19)
©T0T (PID 20) Source IP Address 172.29.200.120 Data Length 1356 Bytes
3 Destination IP Address 172.29.200.88 IF Bit Rate 0.245189 Mbit/s Input
Fr@Senvice 1 [CH1) Destination Port 1234 TS Bit Rate 0.237956 Mbit/s Contig.
-@Video AVC ISOEC ... Nominal TS Bit Rate 0.238195 Mbit/s
- @3 Audio ADTS ISO/NEC 1.. Data Type MPEG-2 TS UDP/RTP  IP Bandwidth Utilisation 0.02 % —
NuII Packets (PID 8191) TS Packets in IP Packet 7 Interarrival Jitter 112 ps = (rwan
‘ I N Cunrlg..|
i "
ption KO expires in 9 months | [ [History Indicator; Unlimited |Active User Level; Administrator
@ D @ & -- LY £
Topology Signal Interface Manitaring Interpreter Advanced Data Broadcast Streaming A\ Decoder

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:

SessionlD Multimedia session identification to be monitorized

FlowID. Multimedia flow content identification associated to the session. The flowID is
optional as iis not included when the operation applies to all flows in a session.

Send Uri: Uniform Resource Identifiesf the sender user.
Receive Uri: Uniform Resource Identifieof the receiver user
Video sessions characteristics
0 bitrate. Encoding video bitrate.
codec.Codec(s) used for video encoding.
width. Video width.
height. Video height.
framerate. Video frame rate.

deliveredBitrate. Mean delivered bitrate

O O o o o o

contentType.Type of video.
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