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Research Motivation

** End users want to use mobile services simply,
conveniently, and with high quality based on their
own preferences without considering handover
(supporting Always-Best-Connected (ABC)) in the
given environment

» Common end users do not have much knowledge
about access network technologies and mobile
services

** Most end users do not want to be disturbed by
handover decisions when they are using mobile
services.

Autonomic and Personalized
Handover Decisions
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Problem Definition e

*» Current solutions lack

# Personalized handover decision, where the goal is to best
satisfy the end-user’s needs

* Flexibility for accommodating horizontal and vertical
handovers

#* Move from ABC to ABS (Always Best Satisfying) to CABS
(Context-aware ABS)
¢ Current solutions could benefit from

# An autonomic management architecture to govern
handover decisions

* An information model to enable different data to be
combined to make intelligent handover decisions

® Considering multiple service requirements for handover
decisions
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Research Goal

“*We propose a novel autonomic handover
decision method (AUHQO) for satisfying the end
user’'s demand (personalization) for different
types of services in heterogeneous wireless
networks

“» Our proposed method supports Context-aware
Always-Best-Satisfying (CABS) handover
decision as well as ABC (Always-Best-
Connected) by focusing on functional and non-
functional requirements

“*We develop a network simulator for easily
testing the quality and validity of L7 handover
decision algorithms
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HAlTUOVE

Decision (RSS-based)
Multi-criteria No Yes Yes Yes Yes (FL) Yes Yes
No (NN)
User No Low High Medium Medium High High
consideration
Efficiency Low Medium  Medium High High High High
Flexibility Low High High High Medium High High
Implementati Low Low Low Medium High Medium High
on complexity
Servicetype  Non-real- Non-real- Non-real- Non-real- Non-real-  Non-real- Multiple
supported time time and time time and time and time and type_s of
real-time real-time real-time real-time Services
Personalizati No No Yes No No No Yes
on
Feedback No No No No No Yes Yes
control loop
Objective FR FR NFR FR FR FR FR & NFR

DF: decision function, UC: user-centric, MAD: multiple attribute decision,
Al: Al-based approach, CA: context-aware,

AUHO: autonomic handover decision

FR: Functional Requirements, NFR: Non-Functional Requirements
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Solution Approach

Research Hypothesis
Assumptions

Methodology

Conceptual Approach

Context for Handover Decisions

oo~

Joon-Myung Kang, POSTECH PhD Thesis Defense 12/39



of handover decisions for different
types of mobile services In

heterogeneous wireless networks
y
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*Mobile device

e Mu

e Mu
mu

tip
tip
tip

points
s*Network

® \We can use any mobile service, regardless of
specific network operators or service providers

® Network operator will charge data used in
transferring for handover decisions

eUser

e active network-enabled applications

e network interfaces for connecting to
e available access networks and access

e Users can set their preferences by setting policies
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Methodology

*» Extend DEN-ng for representing knowledge for
handover decisions

s+ Define how to measure and evaluate end user
satisfaction

“*Use a fuzzy logic to process all available
context information which has different types
of values

*» Use utility function to calculate satisfaction

\IQlIID 'Fnr aar\h Ar~rnocco nnhl\lnrl/
1UI CaAdlil aCUCoOS 11ICWLWUI R

*» Define an adaptive feedback control loop for
autonomic management

*» Develop a network simulator for testing
efficiency of the proposed handover decision
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Conceptual Approach e
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Context for Handover Decisions b,

e )

Network location, capability,
User Preference TRV

(RSS, Quality, Cost, Lifetime) Price charging model

CONTEXT Static

INITTA\NDMNAANANTIANMNNI

Application requirements

Network status
Device Status Network traffic load

Velocity ,
\—/ - Dyna m IC
Mobile Device Network Side
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Autonomic Personalized
Handover Decision
Management

1. Policy Definition
2. Proposed AUHO algorithm
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Policy for Handover Decision =dar,

POSTECTZOZO

** Notation of User Profile (UP)
® UP = (Wg,Wg,Wc,W,)

*+ Notation of Policy (P)
* P = (Event, Condition, Action)

s Example of P

* Event=VoIP
 WHEN service starts, IF location=home, THEN UP=(0.40,0.40,0.1,0.1)

* Event=VoIP
 WHEN service starts, IF location=office, THEN UP=(0.7,0.1,0.1,0.1)

* Although we use the same service, user preference can be
different by the current context such as location.

*» Metrics for evaluating each user preference
® Cost: different cost model

* Quality: Bandwidth, Delay, Jitter, BER, Throughput, Burst err,
Packet Loss Ratio (PLR)

* Lifetime: Tx, Rx, ldle power consumption of NIC
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Proposed Algorithm (1/3) b

“* Input
* Network interface list, current application
» Output
# The best satisfying network interface and the best
satisfying AP
*» Evaluation Metrics

# AP Acceptance Value (APAV) represents suitability of a
particular AP for an end user based on a given set of user
preferences (e.g., RSS, Quality, Cost, and Lifetime) [0.0 ~
1.0]

* AP Satisfaction Value (APSV) represents how well a
particular AP satisfies the needs of the end user based on
his or her user profile. We can calculate based on APAVs
[0.0 ~1.0]

*» Goal
¢ Maximize End User Satisfaction (APSV)
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Proposed Algorithm (2/3) s
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Proposed Algorithm (3/3) b
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Development of
HMNToolSuite




HMNToolSuite e

* Emulation and Simulation System for Heterogeneous
Mobile Networks

* Open source available at http://code.google.com/p/hmntoolsuite

* Collaboration with Prof. Don Batory at UT@Austin (2008-2009)

s Main Features

* Heterogeneous mobile network map creator and emulator

» Create/modify/export network maps

« Add/modify/delete wireless access networks and mobile nodes

» Create new mobile nodes based on feature models

» Create/modify/open/save simulation scenarios

» Create/modify/delete handover decision policies for mobile nodes
* Heterogeneous mobile network simulator

* Open a network map (created by the network map creator)

» Visualize the path taken by mobile nodes

» Support the simulation of key operational characteristics of networks
defined in the network map

» Support the simulation of detecting available networks
» Support CLI-based simulation
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HMNToolSuite
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Evaluations and
Results

1.  Experimental Setup
2. Results
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Experimental Setup (1/3) ok

*Hypothesis
e Our AUHO method always maximizes end user
satisfaction of handover decisions for different

types of mobile services in heterogeneous
wireless networks

+*Method

e Compare our AUHO algorithm to other standard
algorithms: Random, RSS-based, Cost-based,
Quality-based, and Lifetime-based

*Measurement metrics
* Quality, cost, lifetime, end user satisfaction
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Experimental Setup (2/3) b

*Two case studies

e Same application with different user profiles
 Voice call with Cost and Quality
 Voice call with Quality and Lifetime
 Voice call with Cost, Quality, and Lifetime
« Streaming ...
« FTP ...

e Different applications with a same user profile
 Voice call with Cost and Quality
« Streaming with Cost and Quality

FTP with Cost and Quality

Voice call with Quality and Lifetime
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Experimental Setup (3/3) by

postecn 2020
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Results — Voice call & CQ (1/2)
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Results — Voice call & CQ (2/2) ot
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Results — Streaming & CQ (1/2)
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Results — Streaming & CQ (2/2) el
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Results — summary
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Conclusions

1.  Summary
2. Contributions
3. Future Work
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summary s

** We proposed a novel autonomic management
method for personalized handover decisions using
context information, application requirements, and
user profiles

¢ Our AUHO determined the best satisfying AP of the
best satisfying access network (both horizontal and
vertical handover decisions) for a programmable set
of user preferences and profiles

s Our method outperformed other handover decision
methods in terms of end user satisfaction

**» We also developed a unique and user-friendly L7
network simulation tool for testing handover
decisions in heterogeneous wireless networks
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Contributions e

** Provides an autonomic management architecture that
can deliver personalized handover decisions for
heterogeneous wireless networks

*» Provides a novel decision method by using a hybrid
approach of context-aware, user-centric, multiple-
attribute, and fuzzy logic based approaches.

* Optimizes end user satisfaction for personalized
handover decisions in terms of functional and non-
functional requirements

** Provides seamless personalized roaming by monitoring
the current context (e.g., location, time, and/or tasks
being performed)

** Provides a network simulator for testing handover
decision algorithms in heterogeneous wireless networks,
which anyone can use for testing and comparing other
handover decision algorithms
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Future Work

“*Fuzzy logic optimization for calculating
APAVs

“* Optimization of weight values for building
user profiles

*Enhancement of our autonomic decision
architecture using ontology and semantic
reasoning

“*More tests and optimization with considering
handover overhead and network performance
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Handover




Heterogeneous Wireless Networks =tz

P

s Different access networks
* WiFi, CDMA, HSDPA, WiBro, Bluetooth, etc.

“»* Different user premises
e Smart phone, tablet, laptop, etc.

“*Different user demands
* quality, cost, lifetime, etc.

»Different service requirements
* delay, jitter, packet loss, etc.

< Different environmental conditions
® |ocation, time, etc.
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Seamless Mobility 0

“*Simple, uninterrupted access to any
type of information desired at any time,
iIndependent of place, network, and
device

*Seamless handover protocol

ee.g. I[EEE 802.21 Media Independent
Handover, Mobile IP etc.

*Handover decision making algorithm
® E.g. received signal strength
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Handover in HWN

‘*Handover (or handoff)

® Process of transferring an ongoing call or data
session from one channel connected to the current
network to another

Horizontal

Vertical

‘*»Handover decision making in HWN
# WWhich access network (or access point) is the best (or
optimal)?
® Received signal strength based decision (traditional)
* Always-Best-Connected (ABC)
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Handover Process rrim

Mobility Scenarios A / Handover \ / Handover Decision

Horizontal Management cgtsega
Vertical y . ProceSS . Ve|OCity
~ Handover Tvoes ) User Preferences
Hard, so{:[p Han a’om'er QoS Parameters
Seamless Information Battery Status
Fast, Smooth Gathering \_ Etc. W
\ Etc JARS J
[Neg\i)’:ﬁaggg tf;ggoll—IO\ /Handover Decision\
_ Handover Strategies
Mobile-Controlled HO . . s g
Network-Assisted HO Decision Tradltlgnal (R
\_ Mobile-Assisted HO FUMEIETHIEEEE
User-Centric
(" Handover Performance - ~ Fuzzy Logic-based
HO Latency Neural Network-based
Packet Loss Rate Handover Multiple Attribute
Throughput Execution Context-Aware

Ping-Pong Effect Hvbrid
A\~ ZA
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Appendix |

Related Work Detalls




Related Work (1/5)

‘*Decision function-based strategies
[1-6]
* The general form of the cost function I
of wireless network n is [2]

‘ Mg ;
J(H — Z‘sfzf}t;sj . p S,

. Pﬁ_; . the cost in the ith parameter to carry out
service s on network n

« Wy i : the weight (importance) assigned to using
the ith narameter to perform services (with

) Y. W= |
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Related Work (2/5)

‘*User-centric strategies [7-13]
» User preference (cost, QoS)
e Utility function
e Cost function example [7]

C = Twiri - cwiri(h) + T'gprs-ccprs(h)
« 1T, :the time spent by the user in the ith access
network

« ¢{h) : the fee per unit of time (second) that the
operator of the ith access network charges to the
user

« (' :the monetary cost faced by the user for a given
communication session
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Related Work (3/5)

*Multiple attribute decision strategies
[14-18]
* AHP (Analytic Hierarchy Process)

« Decomposes the network selection problem into
several sub-problems and assigns a weight to
each sub-problem

Network
Selection

Global factors
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Related Work (4/5) b,

posTech2020

“*Fuzzy logic and neural networks based
strategies [19-22]

. decision making :

W

-

L

___________________ e
I |
I | Second component |
T I o
- . [ Criteria ¢) fuzzy dp po
Operator policies <—';:J| t el : - : : .
| ].'!l':'lSc"l.'] CDHT.'['D] I _.-5,_551511 the user to
I |
| — - . : | the
I Criteria ¢ fuzzy 2 Multiol L I selected
. I 5 Multiple criteria @
User preferences ——— = based control i I " network
|
|
|
|
|
|
|

Qo5 requirements R Criteria ¢; fuzzy d; :
! based control
I f\
|

RATs conditions :,')-: First component Genetic algorithm to

determine weights of

criteria (Wi, wa,..., w;)

[nitiation phase

|
|

|

|

|

|

|

|

|

|

Third component :
|

|

|

|

|

. |
Decision phase |
|

|

|
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Related Work (5/5) e

*Context-aware strategies [23-27]

STAGE (1) STAGE (2)
— gp—————— | o '
-SS—»  Averaging  -SS' } SS' N :
——Bandwidth 4I—Bandv.r|dlh—1+ § :
Cost I Cost » X |
System |————Reliability J_Rehab.hw_l.,. :
Latency T—-Latency—f-b- |
Battery Statu —Battery Status—» é :
Priori +—Priority——» e
- J {User's preferred segment) : : : _* HOSEN
— : | e :’ : SEGMENT
—Appllcadlc::ng Used—+ \-—JI—WB‘;%(::MU}—:-: :
- - I L] T |
User ———FPriority Segment—p mgm —'—V‘ﬁteliablllty——b E :
——Prohibited Segment—— T VWialency——+> U |
; —I—WBaﬂery Slalus—r)- = :
Terminal Type—*\_/(_'_wpnom :
— | J - [26]
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Appendix Il

Context for Handover Decisions




Context for Handover Decision

s User Metrics

® User preferences (preferred cost, bandwidth rate,
network type, power consumption , security): QoS,
Lifetime, Cost

* QoS: Bandwidth, Delay, Jitter, BER, Throughput,
Burst error, Packet Loss Ratio

* Lifetime: Tx, Rx, ldle Power consumption of
network interface card

» Cost: different cost model
“*»Application Metrics
* Bandwidth, packet error rate, delay, jitter

“»Service Classes
® Conversational, streaming, interactive, background
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Context for Handover Decision =

POSTECTZOZO

v Network context

* Network cost, coverage, bandwidth, traffic load, jitter, supported
classes of service

*Link context
® Received signal strength, SNR, SIR and BER
“*Device capabilities
* Available access networks, current power level (battery level)
= All different network interfaces have their own characteristics
* Available network interfaces are determined by context
information (location, velocity, and application)

“*Mobile node
® | ocation, velocity
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Appendix |V

Information Modeling
for Handover Decisions




Information Models e

“*DEN-ng models for handover decision

Resource
PhysicalResource PResourcesRequiredByL Resources LogicalResource
o.n 0.n }
A A
‘ _ iz
- B ConsistsOf
0.n| PhysicaDevice Hardnare | 0.n
0.1 On 90_1
o 5 I
\ MadeUpOiirdless Techndogy
NMaregedHardnare
{arderedy | PhysicaDaviceGonrposite PrysicalDavioeAtorric %
QA - PPartBinds ToDavicelnterfaces :
PrysicalPort Davicelnterface | 1-N
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1
MobileDeavice Z}
1..n 1..n
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Information Models e

*User Profile, Preference, Policy

PreferenceAtanmic PreferenceConpoosite | 0.1
I
| |
%7 HesPreferences
O.n
Preference PreferencesSdectPrdfil
PreferencesSelectSubscription 0.n e
0.n
ManegesSubscriptionPreferences : ManagesPrdfilePreferences ProfilePreference
SubsariptionPrerence a ECAPdicyRIe ' Details
i 0.n ..N 0.n
Detals
0.n O.n
NanegesPaersanRdeSubscriptions NManegesPersonRdePrdfiles
0.n 0.n
ConsurerRdeSubsariptionDetails PersorRdePrdileDetails
/ e
0.n  Subscription / S———— W 7 oun Prdfile o.n
/ PersonRdeHesPrdfile
0..n /
/ GComsunerRde
ConsumerRdleHasSubscription o.n
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Appendix V

AUHO Algorithm Pseudocode




Algorithm 1: AUHO decision making process

1 22 M e W =

- =
= o o &

[a—,
o=

_ =
[

15

16
17

18
19
20

21
22

23

24
25

input : An Network Interface list NI of size n and a current application App
output: The best satisfving NI.bestNI, and the Best satisfying AP bestAP

up < LoadPolicy (App) :
bestNI < null;
bestAP < null;
for i +— 1 ton do
if isSpeedSupported (NIJ[i]) and isSLASupported (NI[i]) then
if bestNI is equal to null then
L bestNI + NIJi] ;
AP ¢+ GetCandidateAPList (NI[i]) ;
m <— the number of AP ;
marAP < null;
for j + 1 to m do
if max AP is equal to null then
L marAP + AP[j] ;
else if CetAPSV (maxAP,up) < GetAPSV (AP[j],up) then
L marAP + AP[j] ;

if bestAP is equal to null then

L bestAP + maxAP ;

else if GetAPSV (bestAP,up) < GetAPSV (marAP.,up) then
bestAP + maxAP ;
bestNT « NIJi ;

current AP + GetCurrentAP () ;

current NI + GetCurrentNI() ;

if GetAPSV (bestAP,up) — GetAPSV (currentAP,up) < J then

// threshold for considering handover overheads
bestAP + currentAP ;

L bestNI < currentNI ;
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Appendix VI

Policy Definition




Policy for Handover Decision =dar,

posTecn2020

rulebase := rule”; <rulebase>
rule := NAME event condition* action; <rule>
event := VOICE CALL | STREAMING | FTP | VIDEO CALL | <name>voicecall_rule</name><event>Voice Call</event>

WEB BROWSER | SMS; <condition>
condition := atom?*; <atom><var>LOCATION</var><op>=</op> <value>HOME </value>
atom := var op value <value>OFFICE</value></atom>
var := LOCATION | CALLER | TIME | TEMPERATURE </condition>
op:== | < | > | <= | => | <> <action>
value :=real context information; <method>AUHO</method>
action := method userprofile; <user_profile mode="ordinary">

method := RANDOM | RSS | COST | QUALITY | LIFETIME | <user_preference>Cost</user_preference>
AUHO; <user_preference>Quality</user_preference>

userprofile := mode; </user_profile>

mode = ORDINARY userpreference_ordinary | </action>
ADVANCED user_preference_advanced,; <rule>

user_preference_ordinary = RSS? COST? QUALITY? <rule>
LIFETIME? Example (XM L)

User_preference_advanced := pref weight;
pref := RSS | COST | QUALITY | LIFETIME;

weight :=[0.0-1.0];

<action>
<method>AUHO</method>
<user_profile mode="advanced">
<user_preference><pref>Cost</pref><weight>0.7</weight>
</user_preference>
g ra m m a r <user_preference><pref>Quality</pref><weight>0.3</weight>
</user_preference>
</user_profile>
</action>
<rule>

</rulebase>
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User Profile Settings

“*User profile settings mode
* Ordinary user: pre-defined Ups
* Advanced user: manual setting mode

* Examples of pre-defined UP

b

POSTECTZOZO

User _ o Cost_ RSS & Qost
oreference RSS  Cost Quality Lifetime &Rgc?st & gﬁ;t“ ty éc Ei?ei:lr% éc S?eatli:;ye
Whss 07 01 01 01 04 0.1 0.1 0.25
Weost 01 07 01 01 04 0.4 0.3 0.25
Wauaity 0.1 0.1 0.7 0.1 0.1 0.4 0.3 0.25
Wierme 0.1 0.1 01 0.7 0.1 0.1 0.3 0.25
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User Profiling rrim

*» User profiling is typically either knowledge- or behavior-based

e The former creates static models of users and dynamically match users to
the closest model

¢ The latter uses the user’s behavior as a model, typically using machine-
learning techniques to discover useful patterns in the behavior

« Typically, this is a two-class model (e.g., like | dislike)

* Knowledge must be acquired in order to create the user profile
* Explicit knowledge is preferred, since it can supply more detailed and useful
data, but it has the drawback of interrupting the user

« Implicit knowledge acquisition is often preferred, since it has little or no impact on
the user’s normal activity

« Data is discovered over a period of time; when “complete enough”, it is used to
infer preferences

* Model is then refined by monitoring subsequent behavior

“ Typically, user profiles are organized as either

e Systems that store every user’s ratings on available items so correlation
techniques can be used to find similar users, or

e Systems that store representations of specific items of interest to a single
user so machine-learning techniques can find similar items
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AUHO System Architecture




System Architecture b

POSTECTZOZO
> Policy Manager _
Autonomic Handover
Context ‘ Decision Maker
Server Autonomic Manager
Context ¢
d Manager
System J APAV Calculator APSV
Monitor | Mamdani Fuzzy >
onito > Rule Manager Inference System Calculator
Candidate AP list #
T i
User Profile , Fuzzifior Lp METENCE | 1) oo m Defuzzifi
SLA Filter uzzifier Engine ggregator efuzzifier ”
‘ i ‘ Decision
Heler
Speed Filter function
[
\
context Available AP list
. Request the best AP Network Return the best AP
Application - Interface -
Manager Start a network selection task Manager
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Appendix VI

APAV Calculation Detalls




APAV and APSV e

* APAV
= Suitability of a particular AP to provide services for an end user

based on a given set of user preferences (e.g. RSS, Quality,
Cost, and Lifetime) [0.0, 1.0]

# APAVs are not absolute but relative values
» |f the APAV of AP, is greater than that of APF in terms of the
e

specific Upref, AP, is better than AP2 for se
AP

* Ex. If APAVq,qiy Of AP, is 0.7 and APAV 4y Of AP, is 0.4, AP, is
accepted for user preference Quality

cting the optimal

o APSV
= How well a particular AP satisfies the needs of the en
d user based on his or her user profile
= APSVs are not absolute but relative values

» |f the APSV of AP, is greater than that of AP, in terms of an
user’s UP, AP, is preferred than AP, (higher user satisfaction)

Joon-Myung Kang, POSTECH PhD Thesis Defense 70/39



Fuzzy Logic rer

“*Fuzzy logic:
= A way to represent variation or imprecision in logic
* A way to make use of natural language in logic
#* Approximate reasoning

*Humans say things like "If it Is sunny and
warm today, | will drive fast"
“*Linguistic variables:
* Temp: {freezing, cool, warm, hot}

* Cloud Cover: {overcast, partly cloudy, sunny}
® Speed: {slow, fast}

L. Zadah, “Fuzzy sets as a basis of possibility”
Fuzzy Sets Systems, Vol. 1, pp3-28, 1978.
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Mamdani Fuzzy Inference e

O/

% The most commonly used fuzzy inference technique is the so-called
Mamdani method.

&

% In 1975, Professor Ebrahim Mamdani of London University built one of
the first fuzzy systems to control a steam engine and boiler

combination. He applied a set of fuzzy rules supplied by experienced
human operators.

&

s The Mamdani-style fuzzy inference process is performed in four steps:
1. Fuzzification of the input variables
2. Rule evaluation (inference)

3. Aggregation of the rule outputs (composition)

~
e . Membership
4. Defuzzification. ( Function ) (RU'e Base )

Fuzzification f—#»| Rule Evaluation —] Aggregation |—#| Defuzzification

- -

-
( Input ) Output )
.
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Mamdani Fuzzy Inference b

*Rule

F temperature IS very cold THEN stop fan

F temperature IS cold THEN turn down fan
F temperature IS warm THEN maintain level
F temperature IS hot THEN speed up fan

e @ @9 @

cold warm hot

OIIIIII

temperature =
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APAV Calculation

+* Method

® \We calculate an APAV using fuzzy logic, which
provides the abllity to use data values that can have a
specific range of values that are resolved at runtime

**»Four APAVs according to User Preferences
» RSS: APAV,
» Cost: APAV,
» Quality: APAV,
* Lifetime: APAV,
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APAYV Calculation -0

“+APAV of RSS: APAVL

¢ Calculated using Received Signal strength
Indicator (RSSI)

* Normalize the value range from O to 1
»High RSSI is high APAVL

“+APAV of Cost: APAV.

*$/min, $/bytes, or a flat-rate charge
* Normalize the value range from 0 to 1
*High cost rate is low APAV
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APAYV Calculation

‘*Fuzzy membership functions (Output)
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APAV Calculation e

*APAV of Quality: APAV,
# Define 7 input metrics and 7 input membership functions: Delay,
Jitter, Bandwidth, BER, Throughput, BurstError, PLR

# Define different fuzzy rule sets for each application type because
each application requires different parameters to evaluate quality

# |nput fuzzy membership functions
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b

APAYV Calculation

“ Three different types of applications were used
# \oice call, streaming multimedia, and FTP

<« Example of APAV,

* Voice call: delay and jitter are important factors
® Fuzzy rule definition

RULE 1 : IF delay IS low ANDjitter ISlow  THEN APAV IS SA:
RULE 2 : IF delay IS low AND jitter IS medium THEN APAV IS WA
RULE 3 : IF delay IS low ANDjitter IShigh ~ THEN APAV IS NU:
RULE 4 : IF delay IS medium AND pitter ISlow ~ THEN APAV IS WA;
RULE 5 : IF delay IS medium  AND jitter IS medium THEN APAV IS NU:
RULE 6 : IF delay IS medium AND jitter IS high ~ THEN APAV IS WR:
RULE7:IF delayIShigh ~ AND jitterISlow ~ THEN APAV IS NU:
RULE § : IF delay IS high ~ AND jutter IS medium THEN APAV IS WR:
RULE9:IF delayIShigh ~ AND pitterIShigh ~ THEN APAVIS SR:
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APAV Calculation e

“+APAV of Lifetime: APAV,

# Define 3 input metrics and 3 input membership functions: Tx, RXx,
|dle power

# Define different fuzzy rule sets for each application type because
each application requires different parameters to measure power
consumption

* |nput fuzzy membership functions

low medium high low medium high low  medium high
1 1 H 1
0.8F 0.3 08
o (=8 o
4 o @
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o D6f o 06 06F
[= [ u E
) @ %
£ =
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Rx Power [W] Tx Power [W] ldle Power [W]
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APAV Calculation e

** Power consumption
PowerConsumption(Application) = Wrp, x Power(Tx) 4+ Wy, x Power(Rx)
+Wiae * Power(Idle)

* Three different types of applications were used
# \oice call, streaming multimedia, and FTP

< Example of APAV,

# \oice call: Tx and Rx power consumption is important factors
* Fuzzy rule definition

RULE 1: TIF txIS low AND 1x IS lowAND idle IS low THEN APAV IS SA:
RULE 2: IF tx IS low AND 1x IS lowAND 1dle IS medium THEN APAV IS SA:
RULE 3: IF txIS low AND 1x IS low AND 1dle IS high THEN APAV IS WA;

RULE 25: TFtxIShigh AND rxIShigh AND idleIS low THEN APAV IS SR;
RULE 26: IFtxIShigh AND rxIShigh AND idle IS medium THEN APAV IS SR;
RULE 27 : IF txIShigh AND rxIShigh AND idle IS high THEN APAV IS SR;
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APSV Calculation

“» Definition
* How well a particular AP satisfies the needs of the
end user based on his or her user profile [0.0, 1.0]

+* Method

* We calculate an APSV using utility theory, which is
widely used in economics for representing the ability
of goods or services to satisfy human needs

* Utility: a measure of relative satisfaction
# Utility function
U (W, X)

- X a set of observed product criteria

—

« W user preferences into a real number
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APSV Calculation e

“*Additive aggregate utility function
* Aggregate multi criteria utility of an access network

E wiui(X;)  where E w; = 1

* X :the vector ot n criteria

* W, -user preference (RSS, Cost, Quality, Lifetime)
* U APAV (APAVg, APAV:, APAV,, APAV))

. Xi : candidate AP

* Easy and comprehensible approach
* Widely used in utility theory based approaches
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APSV Calculation e

» APAVSs for all candidate APs

APAV (AP ) = (APAV, (AP, ) APAV,(AP,) APAV,(AP. ) APAV, (AP ))

AP| i denotes the ji" access point of the it" access network
“* Applying a utility function for APSV (Additive
aggregate utility)
APSV (AP, ;) =UP ¢ APAV (AP )

APAV, (AP, )

W W W W APAV, (AP, )
SURoTe e T APAVQ(APH

APAV, (AP, )
=W, - APAV, (AP, ) +W, - APAV, (AP, ) +W, - APAV, (AP, )
+W, - APAV, (AP, )

» Output
® Select the most satisfying AP for the current application
= Maximum APSV is the best satisfying AP for end user

Joon-Myung Kang, POSTECH PhD Thesis Defense 83/39



Appendix IX

HMN ToolSuite Detalils




HMNToolSuite

*Why new simulator?

* Existing network simulators focus on L2
handover protocols, our network simulator
focus on L7

*\We focus on higher-level aspects of the
handover decisions
* How to use context information
 Policies to govern handover decisions

* There is a need for a more flexible and user-
friendly simulation tool

* Anyone can test handover decision making
algorithms (or other algorithms) in
heterogeneous wireless networks
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HMNToolSuite b

«» Validation of our Simulator

Existing network simulator HMNToolSuite

L2 handover protocol L7 handover decision

Backend simulator Frontend simulator
Network trafficc mobile node, MAC Mobility, mobile device, policy
Detail protocol implementation Policy-based management

®* Our HMNToolSuite is not separate to other network simulators, it can
use network traffic traces from the existing network simulators

®= \We tested the previous handover decision algorithms on the
HMNToolSuite and we can trust it due to same results

e Qur simulator focuses on L7 mobility. We used other L2 handover

protocols from ns-2 which has well valldated protocol models

* \We used the Free Space Path Loss Model for wireless transmission
media because it is the most common model where the received signal
strength is computed assuming a perfect obstacle free environment,
wherec’;ransmlssmn losses due to multipath fading, shadowing, etc. are
ignore

* |t can be easily extended with different signal modeling. The current
version of our simulator has some limitations for applying real wireless
communication environments
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Appendix X

Experiment Detalls




Network Device Parameters

b

POSTECTZOZO

Access Network

(Access Point)

CDMA CDMA CDMA WLAN WLAN WLAN WiBro
(BS1) (BS2) (BS3) (AP1) (AP2) (AP3) (RAS1)

Coverage (meter) 1000 1000 1000 400 400 400 800
Bandwidth (kbyte) 1000 1000 1000 11000 11000 11000 2000
Delay (ms) 25 19 22 8 25 45 25
Jitter (ms) 7 6 7 4 8 10 8
Bit Error Ratio (dB)  0.001  0.001  0.001 0.00001 0.00001 0.00001 0.0001
Throughput (Mbyte/s) 1.3 1.7 1.7 25 25 25 15
Burst Error 0.6 0.5 0.5 0.2 0.2 0.2 0.1
Packet Loss Ratio 0.08 0.07 0.07 0.04 0.04 0.04 0.02
Cost Rate ($/min) 0.9 0.9 0.9 0.2 0.2 0.2 0.5
Power Tx (W) 1.4 1.4 1.4 2.8 2.8 2.8 2
Power Rx (W) 0.925 0925 0.925 0.495 0495  0.495 0.7
Power Idle (W) 0.045  0.045 0.045 0.082 0.082 0.082 0.06
Minimum Speed (km/h) 0 0 0 0 0 0 0
Maximum Speed (km/h) 300 300 300 12 12 12 80

Joon-Myung Kang, POSTECH

PhD Thesis Defense

88/39



Experimental Setup s

s Location 1
* Starting point
s Location 2

#* The delay and jitter of BS1 are higher than those of BS2, and the
speed of the MN1 is changed to 10 km/h

s Location 3

* The power consumption rate of CDMA is lower than that of
WLAN

s Location 4

* The quality of WLAN is lower than that of CDMA. However the
price of WLAN is lower than that of CDMA

s Location 5

* The speed of MN1 is changed to 40 km/h. WLAN is filtered by
the speed filter

* The quality of BS2 is higher than that of BS3
“ Location 6
# The price of WiBro is lower than that of CDMA
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Experiment Result

“*If your decision algorithm selects the different
AP compared to other previous decision
algorithms, is there any problem?

# |[n terms of functional requirements, our proposed

algorithm did not provide a good solution for handover
decisions compared to other decision algorithms.

# However, we focused on end user satisfaction based
on both functional and non-functional requirements

® \We also considered a threshold for handover
overhead to overcome degradation of performance.

® As future work, we will show that the degradation of
performance is reasonable in terms of end user
satisfaction
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Appendix Xl

Future Work Detalls




Future Work o,

** Fuzzy logic optimization for calculating APAVs
* \We will apply an Ant Colony Optimization algorithm
* Optimization of weight values for building user
profiles
* \We will apply a genetic algorithms
“* Improvement of utility function for calculating
APSVs

* We will apply a multiplicative utility function or other utility
function to overcome the limitations

“* Complete autonomic decision architecture

* We will apply ontology and semantic reasoning to infer
new data and facts that can be used to fine-tune our
decision algorithms
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Ant Colony Optimization

*Publication

»C.-F. Juang and P.-H. Chang, “Designing
fuzzy-rule-based systems using continuous
ant-colony optimization,” IEEE Transactions
on Fuzzy Systems, vol. 18, no. 1, pp. 138-
149, Feb. 2010.

* Rule generation

» Generates fuzzy rules online upon receiving
training data

* Initial path and solution construction
* New solution generation
* Ant path construction
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Genetic Algorithm

*» Publications

* Kalyanomoy Deb, Amrit Pratap, Sameer Agarwal, T.
Meyarivan, “A Fast Elitist Multi-Objective Genetic
Algorithm: NSGA-II,” IEEE Transactions on
Evolutionary Computation, vol. 6, 2000, pp. 182-197

* M. Alkhawlani and A. Ayesh, "Access Network
Selection Based on Fuzzy Logic and Genetic
Algorithms,” Advances in Artificial Intelligence, vol.
2008, pp. 1-12.

# Andres J. Ramirez , David B. Knoester , Betty H.C.
Cheng , Philip K. McKinley, "Applying genetic
algorithms to decision making in autonomic
computing systems," Proceedings of the 6th
International Conference on Autonomic Computing,
June 15-19, 2009, Barcelona, Spain.
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Utility function e

“*» Additive utility function has some serious
limitations

* \Whether the multi-criteria utility function can be
separated into independent parts where u;, the utility
of criterion 1, does not dependent on the value of
other criteria

# |f it can indeed be separated, the elementary utility
u;(x;) can simply be added to produce the aggregate
utility

¢ |[f they are not independent, we will apply a
multiplicative utility function presented in [93]

[93] Q.T. Nguyen-Vuong, Y. Ghamri-Doudane, and N. Agoulmine.
On utility models for access network selection in wireless

heterogeneous networks. In Network Operations and Management
Symposium, 2008. NOMS 2008. IEEE, pages 144-151. IEEE, 2008.
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Novel Approach? b

*» Proved from our patents

* 5 patents (2 KR, 1 EPO, 1 JP, and 1 US)
» 2 Registered (KR, JP)
» 1 will be registered soon (US)

*» Functional and Non-functional requirements
*» Different evaluation method as application types

<« End user satisfaction based on user preference
and profile

** Decision for both horizontal and vertical handover
s Scalability and flexibility
L7 handover decision

*» Easy to generalize due to technology-neutral
approaches
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Integration with Real System

*Assumptions
e Difficult to deploy the unified OSS (Operations
Supported System) to gather all available
context information due to the federation

problems in network operators and service
providers.

s+ Solution

* However, if these problems will be solved, our
approach will be directly applied to handover
decisions for personalized services.
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Practical Aspect 0

“*Our approach can apply the current
mobile device In heterogeneous wireless
networks operated by one network
operators (KT, SKT or LGT)

“*In the future, If the federation problem will
be solved among network operators, our
approach is easy to apply

*Handover overhead is a big problem, but
L2 handover should be optimized for
reducing overhead

*We have discussed with engineers from
KT, SKT, LGT, and Samsung
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