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‘ Iotooehido Tov pabnuatog

e http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05.htm

* http://skyblue.csd.auth.gr/~dimitris/courses/mpc_tall05/

— books/
« Yvvropa: “Handbook of Wireless Networks and Mobile Computing”

— lectures/
- papers/
— proj_papers/

Ba TonobeTovVTOL 01 OTUPAVELEC TOV ETOUEVOD OO LLOITOC

taolokd Oo tomoBetnBovv Kat ta research papers mov avtioTOlrYOVV
o€ kKaBe o1areln
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‘ Ilepteyopeva

e YUVOAAOYES

* ApPYITEKTOVIKY] OIKTVOV

* Movtédla KIVNTIKOTNTOC

* Awoyeipion B¢onc: Registration
* Awoyeipion 0Eong: Paging
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‘ Katnyogromoinon twv DBMS

A
Distribution
Mobile
Mobile H. Multidatabase
D g A;’;s OMmOgENcous Distributed System |
\‘-.\ Homogeneous Y,
e - jl ‘,..-'"‘

) f‘f s N
Mobile » ¥ Distributed
Heterogeneous Multidatabase
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Distributed — T T
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Multidatabase
Distributed
Heterogeneous
Heterogeneity Multidatabase
System
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ITaxpaderyuo

L

Ratabase Server 2

Database Server 1

Base Station 3

+ Base Station 1

1| Base Station 2 _

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



[Teguyguyn mooBMpatog

* Enecepyacia cuvarraynv ce Mobile
Computing cuotuota
— Kotaveunuévo mepipariov
— IHoAhomAd DBMS
— Etepoyeviy DBMS
— Kwnrot ypnotec
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Ittt sivat StopoEeTino?

* H xatdotaon uioc cuvarlloyng “ekteivetor”
o€ TOALOVC 6Tadove Pdong kot PAcels
OEOOUEVOV
— To Ktvnto (icmg) evYEL amo Eva KEAL TPLV

OAOKANPp®OEL | GUVOAAQYN

— To Ktvnto 1om¢ YpeOCTEL Vo KAVEL commit 1)
abort T1¢ Aettovpyiec 11 GLVOALAYEC, Ol OTTOIES
o€V glvan 6ToV TpEYOVTA 6TAdUO Pdong

— IIpoPAnua recovery
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I6t0tnteg ocuvadiaywyv ACID

e Atomicity:

— Eite n ouvaddaoyn ohokAnpoveltat, 1 0ev cvuPaivel
TIMOTE

Consistency:

— Mo cuvaAAdoyn TpEMEL va, apyicel e consistent
KOTAGTOOT] KOl VO, PT|GEL TO GUGTNUN GE consistent
KOTAGTOOM

 [solation:

— Ot GuVOAAOYEC €Vl OTTOLLOVOUEVEG OTTO TOTOYPOVEC
OL0O1KOGTES

Durability:

— AoV g cuvairoyr ohokAnpwOel (committed), Ta
amoteAEécuatd g etval Durable
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Koweg auvarhayesg (1/2)

e [Tapadoolakn eTECEPYUGIO CUVOAAAYDV

Database Server 2

Database Server 1

e Server 0

Base Station 3

« Base Station 1

7| Base Station 2
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Koweg auvadhayesg (2/2)

24/11/2005

I'voot database (Tumikd o)

IIepropiouévn oldpkela (o€ GUYKPIOT UE
long transactions)

Atyec 1] KaBOAOL AAANAETOPAGELS PE AALDL
TOLTOYPOVA YEYOVOTOL

O 1010t teg ACID givon ed0koAo vo
EMLTELY OOV

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag



2uvadloyeg o Multi-Database

* Agrtovpyodv Ge oedoouEVAL OPOPwV PAcEDV
(YVOOTOV 1] 0yVOGTOV)
— Awatnpovv Multi-database Directory yio tnv ebpeon

TOV oYNUATOV TOV BAcemv

* O1Bdoceic icmg ogv yvopiCovv 1 (o tnv AAAN
— Ot Bdoeig etvarl avtdvoueg
— To GDBS (Global Data Base System) cuvtoviCeton e
OLPOPETIKES Pdoelc
* GDBS kpatd v apyikn database d0uctn, Kal £161 0V VTAPYEL
global lock, ovte two-phase lock, ovOte two phase commit

e Ot teg ACID givarl 00GKOAO Vo, emiTevyHovv
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D HMAUGUEVEG GLVULANLYEG

* M poAtacuévn cuvarlayn eival Eva 0EVOPO GLVAALAYDV, TOL VITOOEVOPL

TOV OTO10V €lval €iTe POAOGUEVES ] EMITEOEC GUVAAAXYEC

Top-level transaction
Tk

BEGIN WORK

invoke sub-TA

invoke sub-TA

invoke sub-TA

COMMIT WORK

Sub-transactions

Tkl

‘| BEGIN WORK

"~ . |COMMIT WORK

invoke sub-TA
invoke sub-TA

Tk2

Sub-transactions

Tkl11

Sub-transactions

BEGIN WORK

ROLLBACK WORK

Tk12

BEGIN WORK
invoke sub-TA

"~ .| COMMIT WORK

| BEGIN WORK

.| .COMMIT WORK

Tk3

BEGIN WORK

invoke sub-TA -~ _‘

.| COMMIT WORK

24/11/2005

<

-

Tk31

’

Tk121

BEGIN WORK

COMMIT WORK

BEGIN WORK

. | .COMMIT WORK

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Avoryteg QMAGUEVEG GUVUAAXYEGS

e 210Y0¢: H Bertimwon tov throughput
* [oca: Eykatdietyn tc 1010trtac Isolation

— H tpomomoinon uoc vmo-cuvaiiayng Oa etvarl
0pOTN GE OAEC TIC GLVAAANYEC

* Avon: Compensation Function

— H Aertovpyia abort Oa emavapépel tnv
TPOTOTOING

* [IpoPAnuata: H Compensation ogv givan
OPKETY

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Long Transaction

o Avemionuog opiouog: O1 cuvaAlayEG TOL
OLOPKOVV TOV “1010” ¥pOVO OGO VoL O
HEGOC ¥pOVOC amoTtuyiog (mean time failure)
TOV GUGTNUATOG OTTOL EKTEAOVVTOUL

* [Tapaoctypa:

— Xvvorlayéc CAD/CAD, cuvaAiiayéc VLSI
Layout

* IIpoPBAnuarta:
— EvnaBeic ota Crash
— Concurrency Bottleneck

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Split Transaction

¢ 2TOYOC:

— Enilvon tov tpofAnudtov tov long
transactions

e [0

— A0UPECT] TOV TPEYOVG WOV GUVUALAYDV GE OVO
serializable cuvalloyéc

— Commit TV 0£00UEV®V TOV OEV TPOKELTO VO,
aALACOVV

» [TAeovékTnua:

— IIpocapuoloupevn recovery, added concurrency
Ko Serializable tpoonéAacn otovg TOPOLE

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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ITgoamautodpeve yroe Split
Transaction

* YnoOéote 011 | cuvarrayn T ondel og A
Ko B ko 0t1 ) A ponyeiton tne B

1. AWriteSet N BWriteSet — BWriteLast
2. AReadSet MBWriteSet =1()

3. BReadSet M AwriteSet — ShareSet

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ 2uvadrayeg Kangaroo

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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Ogolroyia (1/2)

- atabase Server 2

Database Server 1

ase Stati | —| Router

(Eun}

outer

il

tabade Servgr 0

Base Station 3

= Base Station 1

R /

‘Evog Base Station 1 Mobile Support Station

Base Station 2

i

‘Eva kivntd (Mobile Unit)
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Ogpolroyia (2/2)

* Source System
— 2VAAOYT GLOTNUATOV TOL TOAPEYOVLY TANPOPOPIES
GTOLE KIVNTOVG YPNOTES
— IMapdoerypo: Mio kataveunuévn Pdomn ocoousEvmv
« Data Access Agent (DAA)
— "Eva tpoypappa 6toug otalfpove Pdonc mov mapeyEl
GTOVC KIVNTOVC ¥PNOTEC TPOGPOGT GTO source system

* Mobile Transaction Manager (MTM)

— 2vviotwoa Tov DAA mov owayelpiletal Tig Kivntég
GUVAAAOYEC

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Local »ot Global guvahdoysg
Car D

(b) Global Transaction view

C.LTD ans

|

(a) Limited Global Transaction view

a/
o
’

@
5
®

Cop 1D
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‘ IIgosmiononmoy Aong

Cell 1 Cell 2 Cell 4

{a) Movement of Mobile Unit through Cells

Base Handoff Base Handoff Base Handoff Base
S—

" R a
Stiation 1 Station 2 Station 3 Station 4

(b) Hopping from Base Station to Base Station

{c) Kangaroo Transaction

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ 2uvadroyn Kangaroo

24/11/2005

TuRpa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOWV,

MavemoTApio Oscoaliag
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‘ Optopog ovvarrayng Kangaroo (1/2)

Definition 1. A Local Transaction LT 1s a sequence of read
(r;) and write (w;) operations ending in either a commit(c;)
or abort(a;) operation.

Definition 2. A Global Transaction GT 1s any sequence of
global transactions (-; and local transactions L ;.

Definition 3. A Joey Transaction JT 1s a sequence of zero
or more global transactions (7, and local transactions L,

followed by either a commut ¢y, abort ay., or split s, oper-
ation.

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ Optopog suvarrayns Kangaroo (2/2)

Definition 4. A Kangaroo Transaction KT 1s a sequence of
one or more Joey Transactions ./;. The last Joey Transaction
must end n a commit ¢; or abort a;. All Joey Transactions
other than the last one must end in a split ;.

Definition 5. The sequence of local and global transactions
which belong to a Kangaroo Transaction 1s called its Pouch.

Definition 6. Two Kangaroo Transactions are said to be
Equivalent Kangaroo Transactions 1t they have exactly the
same pouch.

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



Modes eme€e@yonaior GLYOUANLYNG

* Compensating Mode
— One JT fails -> all JTs undone

— Users provide compensating functions for committed
JTs. (Difficult Problem)

— Atomicity Provided, Isolation Violated (Author’s Claim)

* Split Mode
— One JT failure -> No more new LT or GT for that JT

— Committed JTs are not affected

« Neither guarantees KT serializability

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Encgeoyaatio suvarroyng (1/5)

e Transaction Initialization

— MTM creates a Kangaroo Transaction and a unique
KTID

— BTKT -> MTM Transaction Log

— MTM creates first Joey Transaction and a unique JTID
— BTIJT -> MTM Transaction Log

— JT entry -> Transaction Status Table

— Increase Joey Transaction Number

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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Encgepyaaio cuvairayns (2/5)

 Transaction Execution

— Translate JT operations to global and local
transactions

— ST entry -> transaction table
— BTST -> MTM Log
— Send native transaction to DBMS or GDBS

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Encgepyaatio cuvarrayns (3/5)

« Handoff Process

— At Original Base Station

* Original DAA starts split operation (Problem?
Possibility? How does 1t know?)

« HOKT -> Log
 Flash Log to Disk (Checkpoint)
— At Destination Base Station
 CTKT -> Log
* KT entry -> Transaction Status Table

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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Encgesoyaaia auvarhayns (4/5)

e Transaction Commit

— A sub-transaction commits
« ETST -> Log
 If compensating mode -> Update ST List
 If split mode -> Delete ST entry
— If no active ST for a JT, commit JT
« ETJT -> Log
» Update Transaction Status Table
— User specifies the end of KT, change KT to
Committing
— If no active JT, commit KT
« ETKT -> Log

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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Encgesoyaaia auvarhayns (5/5)

 Transaction Abort

— A doubly linked list 1s maintained between base

stations by transaction log. User provide head of the
linked list.

— Go forward the linked list to restart interrupted
transaction. Go backward along the linked list to abort
or compensate JTs.

— What causes JT abort? LT and GT abort? KT abort?
What’s the relation between JT and LT, GT?

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Adleg Mostg?

* Eav amoOnkedoovue TAnpo@opia 6To
Kivnto?
— Tvyperdletal va amodnkevtel
e To Transaction ID
— Tv dAAo yperdleton?
* Mo vmpecioa GDBS

— ITowo elval to mAeovekTnua o€ oyeon ue tic KT?

e Management Complexity? Deployment Complexity?
Scalability?

* Avvouv to handoff TpoAnua

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



Kottinn

o 2YETIKA TEPITAOK
* IToV Bpioketron n venpecsio GDBS? I1mg
AELTOVPYEL?

o AQMvETO OPKETN TOAVTAOKOTNTO GTO
GDBS

* H owowkacioo Handoff (mov eivon {mTikng
onuaciog) £xel TpoOPANUQ

— Split Transaction prerequisites not guaranteed

— O ypovoc Handoff oev mpocolopiletan

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag

32



2 LVTOUOYQAUPLEG

24/11/2005

GDBS: Global Database System

BTKT: Begin Kangaroo Transaction
HOKT: Handoff Kangaroo Transaction
CTKT: Continuing Kangaroo Transaction
BTJT: Begin Joey Transaction

ETJT: Commit (End) Joey Transaction
BTST: Begin Sub-Transaction

ETST: End Sub-Transaction

KT

: Kangaroo Transaction

JT

: Joey Transaction ID

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ ITegteyopeva

24/11/2005

2VVOAAOYEC

APYLTEKTOVIKI] OLKTVOV
Movtérla KIVNTIKOTNTOC
Awoyeipion B¢onc: Registration
Awoyeipion 0€ong: Paging

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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‘ Agyrtentovinn ®vnTon 61%TLOY

Wireless Radio Cell Wl[‘ﬂ]ﬂ“ Radio Cells

Hasn_a S
Station

K — - .:- .' : TN : B L e e

Yo
- [ALARRTR

| Base }
Statmn K

) | . _____ :
) . \ . Mohile WIIE:]'E:SS
b .‘ Unites Links
Wireless LAN Cell
24/11/2005 TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ Agytt. Personal Comm. Sys. (PCS)

VLR
Database

;

Mobile Switching Center

VLR
Database HLR

Radio Network, Database

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTowy, MavemoTtipio Osooaliag



‘ Agyrtextovinn 2G PCS

MSC MSC
T~/

BSC BSC BSC BSC BSC

/ \\\ \\\ BTS | MS )\\\ ‘

AR N B TIN R

alododetasnrons
S

‘\7

MS : Mobile Station MSC : Mobile Services Switching Center
BTS : Base Transmitter Station VLR : Visitor Location Register
BSC : Base Station Controller

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ ITegteyopeva

24/11/2005

2VVOAAOYEC

APYITEKTOVIKN OIKTVOV
MoOVTELD KIVIITIKOTNTOS
Awayelpion B€onc: Registration
Awoyeipion O¢onc: Paging

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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Tonoloyieg dixtvov (1/2)

Regular / I'eoperpika

24/11/2005

39

S08ag020%

(a)

(c)

W Figure 3. Regular cell topology: (a) mesh; (b) hexagonal; (c)
linear.

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag



Tonoloyieg SuxtdoL (2/2)

Irregular / Xopupoirka

Location areas (LAs)
a b C
L
& &
d e f g
(@) Cells (b)

B Figure 1. A representation of an actual cellular network topology by a graph:
a) the cell and LA topology in a cellular network; b) a graph model showing
the interconnections of the LAs.

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Movteio Fluid Flow

 H mbBavotmta otn 0€om X 670 ¥pOVO t EVOC KIvNTOL TOL EEKIVA
aro 1 0€on X, 670 YPOVO t, ivar:

x—x, —v(t—t,)]’
J2rD(t —1,) 2D(t —1,)

« o0mov D 1 otabepd didyvong (length?/time), TopdpneTpoc mTov
AVOTOPLOTA TNV EMLTAYVVON TNC Kivnong, v elval 1 drift tayvtnta
(length/time) mov avamapioTd TN LECT TOYVTNTO TOV KIVNTOU

* YynAn D kot v onuaivovv moAd evepyn kiviion, evo younin D
KOl V onUoivouy Likprn aAdayn otn 0€om 6€ oyeon Ue aAAayEC
GTO YPOVO

e X710 LOVTEAO OWTO, 1 KatevOLVVoN 0gv Lovielomoleital

* KoatdAAnAio yia kivnon oynudtov

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Movteio Random Walk

e Movtédo OLoKptTov YPOVOL
e O ypovoc dwapeital oe slots

e X¢g kAOe slot To KivnTo emA€yel Tvyoia KatevBVVGN Kot TNV
aKoAoVOET

* Mia uovo xivnon oe kdOe slot

e Agv &yel pvnun, n emopevn Beon e€optdtal LOVO amd TNV TOPIVY

e [0 povooldGTa T TOTOAOYIO OTKTVOV

— Me mbovotnrta p TapaUeEVEL 6TO 1010 KEAL
— Me mbBoavomra (1-p)/2 petaxkiveital o€ yertoviko kehl 1+1 1 1-1.

e T owidotatn (eCaymvikn) TOTOAOYiO OUKTVOV
— Me mbavotnrta p TapaUeEVEL 6TO 1010 KEAL
— Me mbavora (1-p)/6 petaxiveital 6 KATO10 YEITOVIKO KEA.

* KoatdAAnio ywa picocells ko microcells, onA., yio meCovg e
LYV OAAOYT] KATELOBLVONC

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



MovieAo Markov Walk

e 'Exer pvnun, n tp€yovca kivnon €Coptatol amd mponyoOuUEVT

e IIpotdOnke yio LOVOOIAGTATN TOTOAOYIOL OTKTVOV

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Movteho Gauss-Markov

e [KOVO va TEPLYPAYEL TN CLGYETION TNG TAYVTNTOC GTO
YPOVO

* T kuyeloeion kot ad hoc olktva

* H ocvoyétion petad ovo o100y IK®V TaYLTNTOV EIVOL:

2
e O1 0VTIOTOLYEC GLUVTETAYUEVEG EIVOL:
X, =Xx,_,+v,_,cos0,_,

Vi =V v, sl

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ ITegteyopeva

24/11/2005

2OVUAAOLYEC

APYITEKTOVIKN OIKTVOV
Movtéla KivnTikOTnToC
Awayeipron 0éong: Registration
Awyeipion O¢ong: Paging

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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‘ To meoBApa g Otaryeiplong Beong

TTouU eivai 0 97532468?

|
< ‘ ATto0TOAR broadcast

‘ UNVUPATWY o€ KAB¢e
| .
<o

ya

\

<l e
e

.

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTowy, MavemoTtipio Osooaliag
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Kopta Intrpacta

 Evwnuépmon Béong (Location update)
— Exteleiton amd Tov Kivnto mTeEANTN
— Bvnuepavel to diktvo yio v tpéyovca BEon tov
* Avalntmon (Paging)
— Exteleiton amd 10 dikTvo
— Avalnon o€ OAa ta Tavd kKeMd peypt va Ppebet
— O ap1Budc TV keAmv, 0mov Ba avalntOel, eSaptator amd TN dadKaGia
evnuépmong Beomng
e Tradeoff-1: Zvyvn evnuépmwon B€onc vs. Atydtepo Guyvn
evnuépmon 0éonc
— Muwpn apeparotnta 0éong (Likpod paging k66toc) & Meydho kdotog (traffic) oto
uplink kovaat
— Meydin afePorotnta 0Eong (ueydro paging k66t0og) & Mikpd kdoto¢ (traffic) oto
uplink xovat
* Tradeoff-2: Paging k6ct0¢ vs. KabBvotépnon

— Toavtdypovo paging OA®V TOV KEAOV = LKp1 Kabvotépnon

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Tradeoff-1

Never Update 2 xnua Always Update 2 xnua

TToTé evnuépwon Béong Evnuépwaon Béonc oc KAOe KeAi
(kaBdAou KOOTOC). (uéyioTo KOOTOC).

Avaykn avalntnong oe AvalnTtnon oe €va PHOvo KeAi
KAdOe keAi (éyioTo KOOTOC). (eAdx10To KOOTOC).

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



Kotnyoplomoiney twv oynpatmy
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evnueomaong fsong

24/11/2005

KaBoAiwkd (G lobal): OAO1 O1 KIvNTOl TEAATES EVIILLEPDOVOLYV Y10 TN
0€om T0VC 6TO 1010 GLVOLO KEMMDV
— Il.x., Location Areas, Reporting Centers

Tomucd(Local) ) Individualized 1) Per-User: Kaoe

KWWNTOG TEANTNG EMTPENETAL VO AmoPaGilel TOTE Ko TOL Oo EVIUEPOGEL
yio. T €01 10V
— Time-based, Movement-based, Distance-based

2TOTIKG (Static): To shvoro tov kehbv 6mov TpaypaTomotsital
evnuépmwon Béon eivan mpokabopiouévo
— Il.yx., Location Areas

ADVOLLLIK(SL (Dynamic): H evnuépwon Béong npaypatonoteital
G€ OTTOLOONTOTE KEM aVAAOYW LUE TNV KIVITIKOTOTO TOV KIVNTOU
— Il.x., Time-Varying Location Areas, LeZi-Update

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag



0

‘ H teyvixn twv Location Areas (1/2)

Niapépion Tne eploxXhc
kdAuync oe d1akpITéC(?)
Location Areas (LA).

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



H teyvixn twv Location Areas (2/2)

« Kd&Be otabuoc Baonc exnéumnet 1o ID g LA 0mov avnkel

* To kKivnto evnuepmvel yia 1N véa BEon tov (oM., to 1D
¢ véog LA) omoteonmote eioépyeton o€ véa LA

* o va Bpebel To kivnto, TO OIKTLO GTEAVEL paging

unvoupata o€ OAa ta keMd tc LA, 0mov avapEpOnke
televtoio N 0Eon Tov

* LAs: KaBoAko kot otatikod oynua otoyeipione 0Eonc

e ITaparrayn =>Two Location Areas (TLA): to kivnto
amoOnkevel TIc Ovo tedevtaicc LA mov £yl emokeTet.
AVTIKOTAOTOOT TNE TOAOTEPNG 1 LE ULIKPOTEPO YPOVO
olapovnc, K.17.A. KatdAiAnio yia:

— Muwkpo Call-to-Mobility Ratio
— Meydho location update KkOGTOC

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



‘ Evnueowaon Ocong

Evnuépwon Béong
eKTEAEITAI OTAV

diaoxileTal ouvopo.

LA-2

N
update

o location

<

. TPo0dI0piooUHE
Locationypdate To HéyeOoc Kai

-

7
/

24/11/2005

/ >oxr’u.|a uiac LA?

>\A><\

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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‘ Location Databases

AUTEG 01 duo DB
ETIKOIVWVOUV HETALU - Home Database (HLR)

TOUG YId vd KAVOUV
authentication kai - KaBe kivnto oxeTileTal

EVNUEPWON Yid ThV poviga pe pia home database

©£on Tou KivnToU. , . ,
- Kpatd 7o profile Tou kivhToU

* Mobile ID, authentication

GSM Opohoyia: keys, B¢on, xpéwon, K.T.A.

Home Location » Visiting Database (VLR)
Register (HLR)

Visitor Locati /' - Kpard tn 6éon Tou KivnTou
isitor Location , )
Register (VLR) ath dIKA TN service area.

24/11/2005 Tunpa Mnxavikwv H/Y, TnAemikoivwviwy kal AIKTOwv, MMavemoTipio O@ecoaliog



‘I‘Iapdéalypa GSM:
Evnuépwaon B€ong

Mobile
Switching
Center

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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Awxdiracto evnpegwaong Osong

1. To xkuvmto petaoioel Eva punvoua Location Update
(LU) 610 véo Xta00ud Baong (£B)

2. 0O 2B npombel to onua LU oto MSC

3. To MSC otéAvel LU otv HLR kou evnuepwvel
VLR

4. H HLR xdver ta eENc:

— authenticates to kivnto
—  Koataypdaeet 1o ID ¢ véag VLR
—  21éAevi ACK ot véa VLR

5. H HLR otékver piyvopa registration cancellation
otnv ToAMd VLR

6. H moid VLR owypdeel tnv €yypaoen yio To Kivnto
Kot emotpepel eav ACK otn HLR

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘I‘Iapdéalypa GSM:
Alavopun kAnong

(5)

Mobile
Switching
Center

W
caling y VAN ; Called
/\ MS

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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Arodiraaio Stoevopng xANoMG

1.

2.

3.

24/11/2005

To kaAovv (calling) kivntd otélver uivoua call
Initiation oto MSC dwopécov tov BS

To MSC otéAlverl aitnon location otnv HLR tov
KoAovuevov (called) kivntov

H HLR mpoocolopiCetl tnv avrtictoryyn VLR tov
KOAODUEVOL KIVNTOL KO GTEAVEL unvoua route
request oto Kvnto

To MSC oeopevel mpocmpivo ID 610 2B ko
otéAvel ovto to ID ot HLR

HLR forwards the ID to MSC of the calling MS

To xarovv MSC outiyron call set up oto kaAovuEVO
MSC

Paging unvouoata 6TEAVOVTOL GE OAOL TO KEALQ TNG
cvykekpluevng LA

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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H teyvixn twv Reporting Cells (1/2)

* 'Eva vmooivolo TV KeEAOV £yovv emAeyel ¢ reporting cells 1
reporting centers (RC)

e O otaBuog Pdong kabe TETO10V KEAIOD EKTEUTEL GTILLAL VIO VOL
ONUOTO00TNGEL OTL TO KeM lval RC

 H yarrovid evoc RC 1 givan ta keAd, wov ogv eival RC, kat givon
npocPdoiua and 1o 1 yopic va tepdcovue and Eva dAAo RC

e To xivntd evnuepmvel yio tn B€om TOV OTOTEONTOTE TEPACEL
amo eav RC

* H teyvikn RC givarl kaboikr) kot 6Tatikn
* 'Eyxel 0vo akpaiec mepntdGELC
— Oha to keMa etval RCs, kon

— Kovéva keal ogv stvor RC.

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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H 1eyvin 1wv Reporting Cells (2/2)
*H yertovid tov C anoteieitanl and ta kemd: A, C ko F.

“Eva Ktvnto mov akoilovdel tn owdpoun B—> A—C, Ba evnuepmaoet
vio, TN €01 Tov OTOY PTAGEL GTO A.

*To cOotTnUa 6TEAVEL paging unvouata 6tn yertovia Tov RC 6mov
euPavioTnKe TEAELTOLN TO KIVNTO.

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



‘ Xynue Time-based (1/2)

* 'Eva katoei T ypdvov

 Evnuépmon yio Béon
KO T otryuég

* Avoalntnomn tov Kwntov

o€ &va,

KoBopiletar and 1+] Ko
1-], 6oV 1 gtvon 1 B€on
0oL TEAELTOLO!
EKTELEGE EVIUEPMOT) TO

KIVNTo

24/11/2005

OUKTVUALO TTOV

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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Xynue Time-based (2/2)

Eivot ovvopiko oynua

* Edv 1o katmeA mpocolopiotel avd Kivnto, TOTE Eivar Kot TOTIKO
oMK, ETiong
* Agv AapuPdvel voOYN TOL TNV KIVNTIKOTNTO,

e ITAeovéktnua
— AmAO

 Melovektnua
— IToAV doymun enidoomn 61N YEPOTEPT TEPITTOON

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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2ynpo Movement-based

e To xvntd dwatnpel Evav HeTpnT) TOL apyKomoleital 6to 0

o Kd&bBe popd mov mepvdiel To cLVOPO OVO KEAWDV, AVEAVEL TO
LETPNTN KATA EVA

* Ed&v o petpntg yivel icog ue M (mpokabopiouévn otabepd), 1o
KIVNTO EVNUEPWVEL Y TN BEON TOV

e 2VVEMM®C, LILAPYEL E€YYLNOT OTL TO KIvITO PPicKETUL GE OUKTVUALO
aktivac M+1, ue k€vipo 10 TEAEVTOLO KEM OTTOV EVIUEPDGE Yia
M 0€om T0V

* To kat@eM umopel va, tebel O1POoPETIKO Yo KADE KvnTo

e To oynua avtd givor SVVOLKO Ko TOTIKO

24/11/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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‘ Ixpadetypa Movement-based

Kotoem: M =4

Enhancement: Otav
EOVOPTACEL OTO KEAL,
OmoL £KOVE TNV TEAELTAIN
evnuépmwaon BEonc, va unv
EKTEAEGEL EOvAL
EVNUEPMGT], ONA., VO,
O¢oel Tov petpnn 6TV
Tiun 0.

24/11/2005 TuRua Mnxavikwy H/Y, ThAsmikoivwviwy Kai AIKTuwy, MavemoTtipio Osooaliog

63



Yynue Distance-based (1/2)

* To xvntd Jwtnpet o LeTaPANT TOL KPATA TNV OITOGTAGC
OV £YEL O10LVVGEL

 H amdctaomn perpiéton og aptduod kemwmv

* Edv n owavvcOeica andotaon Eemepaocel Eva KatweAl D, 1o
KvNnTto evnuepveL yia tn BEon tov

e XVVEMMC, LILAPYEL E€YYLNOT OTL TO KIvI|TO PpioKeTal OE
arnootacn D amd to keAl, Omov evnuUEPMOGE Y10 TEAVTOLN POPQ
v, T €01 TOL

* To katoeM umopel va tebel O1POoPETIKO Y10 KADE KIvNnTo

e To oynua avtd givor SVVOLUIKO Ko TOTIKO

* Melovektnuoto
— Eivai dvokoro va vroroyilovue v amdcTocT LETAED OVO KEADV

— Agv glvan e@kto vo, amronkevcet 1o kKivntd OAa ta (edyn omosTacE®mV

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



‘ Xynue Distance-based (2/2)

Kotoem: D=3

65



H teyvixn LeZi-Update (1/11)

* Movtéha TomoAOYiOG OTKTDOV
— YEMUETPIKA LOVTEAQ
— oVUPorIKA povTELT
* Toa yeouetpikd LoviEro
— EdYxolo
— I'evika
— Emutpénovv mpofieyn

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ H teyvixn LeZi-Update (2/11)

=I - 0 dw
L . i —d
. LY | ol -
Master L Kitchenl] . Dining earazr
Hedieum 1 (K Hoom {0
& [= = l maf I ia
.. w) d : B
} (B Lamgy h—
B [~ ]
f— 9 t
dhart |C) b Coidor |
) [1:4] 1
dm I[:‘ -..' i
- N - Sofa
. | ; .
[
d !
Bedroom Bedroam Livimg
Roam
i {1 I
e ol Takde
il L 2 e Lamgt . A Chatedon
— . — T - | —x— {5

Kivnon: ajhkkoojhhaajkkoojaajkkoojaajkk...

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ H teyvuem LeZi-Update (3/11)

121

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ H teyvuem LeZi-Update (4/11)

 Opaon:
ajkkoojhhaajkkoojaajkkoojaajkk...

e XTOOL0KO parsing Tng Kivnomg

a, J, k, ko, o, jh, h, aa, jk, koo, ja, aj, kk, oo, jaa, JKKk, ...

e ITBavd “coueppaloueva’ (context)
jk (order-2), j(order-1), A (order-0)

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



H teyvixn LeZi-Update (5/11)

G aqb CGep God Co
GGG Gad G Gep

» Probability of jaa:

Fk (order-2) | j (order-1) A (order-0)) _

Wik (] i (D wd) aed) @ * Absence in order-2 and order-1;

Ak 'f 7 m:_,-; 0 ) jatl) jaa(l) escape probability in each order: 7

' o k(1) jhil) k(4 . e .
ki (1) ’;”{;} J;:;;” A-.ﬁ-:’J * Probability of jaa in order-0: 1/30
KKj (1) ' ) .
Wi (1) ofd) oo(2)  h(2) » Combined probability of phrase jaa :
A A1) - :
Alj(2) (5) (s 1300 — (00048
24/11/2005

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ H teyvixn LeZi-Update (6/11)

Jjk forder-2) | j (order-1) A forder-0)

kijk (1) ajil) afd) aa(2) aj(l)
Aljk (1) aalf (1) G20 jafl)  jaa(l)
Kj (1) (D) jh(l) k()

. ko(l} Keafl) KK(Z)
WKy (D ofd) oof2)  h(2)

hij (1) A1)
Aj(2)

» Probability of &
= /% at the context of order-2
» Escaping into next lower order (order-1) with probability: %
= Probability of k at the order-1 (context of “k&"): 1/(1+1) =%
* Probability of escape from order-1 to lowest order (order-0): %
* Probability of k at order-0 (context ot A ): 4 /30

» Combined probability of phrase k = 1+ e+ 15 (4/30) ) = 0.509

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



H teyvixn LeZi-Update (7/11)

PPhrase | Probability Phrase | Probability
k (.59035 ja (0.0048

kk (LOSOY jaa (0048

ko (10048 Jk (.0048
koo ().0048 jh (0048

0 ().(11935 i (L0905

00 (1.00935 aa (10509

fi ().050Y aj 0. 0048

] (1001935

Probabilities of individual locations can be estimated by dividing the phrase
probabilities into their constituent symbols according to svmbaol-freguency and
adding up all such frequencies for a particular symbol (location)

Total probability for location A is:

(0.3905 + 0.0809 + 0.0048/2 + 0.0048/3 = 0.6754

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ H teyvixn LeZi-Update (8/11)

Location | Probability fr g ™ LT
k 0.6754 e |

a 0.1794

h 0.0833

0 0.0346

J 0.0207

» Bob’s movement protile:ajkkoojhhaajkkoojaajkkoojaajkk
» Phrases: a, J, k, ko, o, jh, h, aa, jk, koo, ja, aj, kk, oo, jaa, jkk, ...

» Probabilistic prediction of locations (symbols) based on their ranking

* Prime Advantages ol Lempel-Ziv type compression — most likely
location 1s predicted

* Prediction starts from & and proceeds along a, h, 0o and j

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ H 1eyvuem LeZi-Update (9/11)

» Movement history: A string “v,v,v;..." of symbols from alphabet 4

~ Inhabitant mobility model: /= {V,}, a (piece-wise) stationary,
ergodic stochastic process where V; assumes values v, 9

~ Stationarity: {V.} 1s stationary 1f any of its subsequence 1s invariant
with respect to shifts in time-axis

2 — — — — P — — —

I r[VI = Vi VZ = Vyseens Vn =V, ] =1 r[VI—r’ = Vi VEH = Vyseen Vu—r’ =V, ]

» Essentially the movement history “ v, v,, ..., v, " reaches the
system as C(w,), C(w,), ..., C(w,) where w;s are non-overlapping
segments of history v. and C(w,) s are their encoded forms

» Minimizes H(X) and asymptotically outperforms any finite-order Markov model

H(X)=—p(x)log p(x)

| n
» The number of phrases is bounded by the relation:  ¢(n) = U( ]
logn—loglogn

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ H teyviun LeZi-Update (10/11)

~ Bob’s movement profile: ajkkoojhhaajkkoojaajkkoojaajkk...

~ For a particular depth d of an LZ trie, let H(V) represent entropy at i’ level.

I <«
Running-average of overall entropy is: /7()) =; f

2 5 2

23 712 5 2 | 2. 4 2 4
HlV, [ 1)=—|=log—+—=log3 +—| =log—+—log—+—log5 |+ —| —log—+—log —
211 _Maimz IR YY) I R I R 3003 527 %3
~ 0.9361
HWV)Y+HWV, | V)
H(V)=— 5 212 ~1.789

24/11/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ H teyvixn LeZi-Update (11/11)

» Encoder: Collects symbols and stores in the dictionary in a compressed form

Decoder: Decodes the encoded symbols and update phrase frequencies

Encoder

loop
wait for next symbol w

if (w.v in dictionarvy)

W 1= W.V
else
encode <index(w), v>

add w.v to dictionary
w = null

forever

Init dictionary, phrase w

Decoder

76

Initialize dictionary := empty
loop
walt for next codeword<i, s>
decode phrase := dictiocnary[i].s
add phrase to dictionary
increment frequency of every prefix
of every suffix of phrase

forever

24/11/2005
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Katnyopromoiney teyvixmy

Update Schemes
(defines the update criteria)

When ‘exit’ the database

When ‘reach’ the database

77

Threshold assignation
(decision finalized
at registration)

Individual computation
(evaluation at
each movement)

24/11/2005

(LA boundary assignation)
Static Dynamic
same LA shapes .
( for all) P (varying LA shapes)
GSM/GPRS standard Directional-based
TLA Profile-based
TrLA

Time-based
Movement-based
Distance-based
Prediction-based

Probability-based
State-based
Lezi update

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag



‘ ITegteyopeva

24/11/2005

2VVOAAOYEC

APYITEKTOVIKN OIKTVOV
Movtérla KIVNTIKOTNTOC
Awoyeipion B¢onc: Registration
Awayeipion 0éong: Paging

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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2Npavtind CNTNpuaTe 6To paging

e A€OOUEVNC U0 KOTAVOUNG TOOVOTNTOC Y10l TNV
TOPOVGIO TOV KIVNTOU GE O1POoPa “KEALL

e Ilowx etvon n eAdylotn uEon mpoomddela (ap1Ouog
avaCntovuevmv Tomobecimv) ueypt vo Ppebel to
Kivnto;

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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[TeofMnpa paging (1/3)

24/11/2005

AnapiBuovue tic paging locations pe 1,2,..., £&to1
OOTE TO Kvnto glvon 11 0€om 1 pe mbavotnta p;
2voyetiCovue TN BEom TOL KIvNTOL UE TLY OO
uetapAnt X, tétowa wote P{X =1} =p,

Xopic BAAPN ¢ yevikotntac, N location area n
ATOTEAELTAL OO VTTOTEPLOYES (TTOV TIC
cvpPoriCovpe pe A ), mov 6Aeg Ba yivouy paged
TOVTOYPOVAL.

H cardinality Tov A, cvopPoriCeton pe k|

H otpatnyikn paging A €ivorn o, OlteTaryléEVD
axoAovOia (A, A,, ...) amo location areas mov 0o
vivouv paged

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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[TeoRMnpa paging (2/3)
* H mBavotta 0Tt T0 Ktvnto givarl otn location area A givou:
n = Zpi .
icA,
* Edv to xivnto givan ot location area A, t0t€ 0 aplOpOS TOV
O¢cewv dmov avalntmOnke eivou:

n
5y = ij .
j=1
e OpiCovpue 10 KO6TOC L TOVL paging ¢ tov apuod tov location
mov avalntOnkav ueypt va Ppedei 1o kKtvnto. Iapatnpoovue
ot P{L =s_} =q, ko1 avto:

E[L] = iann :

n=1

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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ITeofMnpa paging (3/3)

* A@oV Olec 01 Bécelc néoca o€ o location area yivovtou paged
TavtOYpova, M paging delay D tcovtan pe tov aptOud tov
location areas mov avalntovvtal pwv Ppebet 1o KvNnTo.
Xnpewwvovpe 0t P{D =n}{=q, kot avto:

E[D| = inq,, :

* To npdPAnua eivar n ehayiotonoinomn tov E[L] vrokeipevo
otov meplopiopd Tov E[D] yia 0Aeg TI¢ paging GTpatnyikec.

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



To Bootno Oewonpa Tov paging

24/11/2005

Theorem 1. To minimize E[L] or E[D|, more probable
locations must not be searched after less probable loca-
tions. Formally, if i and j are locations with p; > p;, then
the location area sequence (A;, 45, ...) that minimizes
either E[D| or E[L] must satisfy i € 4; and j € 4,, for
some/ < m.

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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A7nodeén Baood Oswonpoatog (1/2)

24/11/2005

Suppose the set (A4;,A43,...) is optimal but there
exists i € A; and j € 4, with p; <p; but / >m. Let
(47, A5, ...) denote a new paging sequence derived from
(41, A2, ...) in which i and j are swapped so that i € 4],
and j € A4). For the modified paging sequence, we define
the paging cost and paging delay by L' and D’. We note
that

E[D] - E[D'] = Ip; + mp; — (Ip; + mpi)
= ({-m)(pi — p))

> 0.
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A7nodeén Baowod Oswornpotog (2/2)

This is a contradiction of the assumed optimality of
{A4,}. Likewise for E[L]| we have

E[L] — E[L'] = sip; + smp; — (81p; + Smpi)
= (81 — Sm) (D -Pj)
>0,

which also contradicts the assumed optimality. O
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Location databases

e ApYITEKTOVIKEG OVO EMITEOMV
— Per user location caching
— Replication
— Forwarding pointers

e  APYITEKTOVIKEG TOAAATADV ETTEOM®V (Asv Oa pag
0TO.GYOA|GOVY 6TO ndONHa avTo)

— Caching

— Replication

— Forwading pointers
— Partitions

e Call-to-Mobility ratio (CMR) [Local CMR]

CMR = Call Arrival Rate i

LA Crossing Rate - u
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Per User Location Caching

« Kd&bBe popa mov kaAgitar To Kivnto X, 1M
0¢on tov X yivetou cached otn VLR ¢ LA
TOV KOAOVVTOG

* OmoLONTTOTE UETETMELN KAT|ON Y10, TOV X TOV
TPOKVTTEL OO TN GLYKEKPIUEVT LA, pmopet
VOl YPNOILOTONGEL QT TNV TANPOPOPin

— Agv yperdleton emkotvovia pe tnv HLR tov X.

24/11/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog

87



Cache Invalidation

« Eager Caching

— Omoteonmote to Kivntod umaivel e véa LA, OAec o1
cache entries yio ™ 0€omn avTOL TOL KIVNTOL
EVIULEPOVOVTOL

— To k066710C¢ TNC evnuUEPmONC BEoNC avEavel edv To
KIWNTO UETOKIVEITOL GUYVA
* Lazy Caching
— Agv exteleiton evnuépmon ¢ cache
— AVOo TEPIMTOGELC UTOpEL va TpoKLWoLV: hit | miss
— XTN MEPIMTOOT) TOV MISS:
e Emkowovia pue tmv HLR

e Xvvenmayetal eMmALOV KOGTOG, apov N cached VLR mpémel va,
epotOel mpodTOL
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User Profile Replication (1/2)

e ITapatnpnon:

— Kdbe ypriomc (cuvnbme) entkotvovel cuyva ue
UKpO aplOpd Tnymv

* [Iog pmopodue va aSlomoGOVUE QTN TNV
Topatpnon?

* Ta profiles tov xivntov are replicated ce
emAeyuéveg location Bacelc yo va
eEAATTMOGOVV TO KOGTOC epmtnonc s HLR
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User Profile Replication (2/2)

* Otav yivetal uia kANon and kamwowo LA, t0
avtictolyo MSC wpocolopilel edv Lo
replica (avtiypago) tov profile tov
KOAOVUEVOL KIvNTOL €ival OldEGIUN TOTIKA

— Eav va, ogv epmtdton 1 HLR tov Ktvnton

* Otav 1o KIvntd LETOKIVELITOL GE GAAN
TEPLOYT], TO OIKTLO EVNUEPDVEL OAEC TIC
replicas
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Pointer Forwarding

24/11/2005

Kd&0e popd mwov 1o xivnto petokiveitol o€ véa LA,
evac forwarding pointer onuovpyeitonl 6TV ToALd
VLR «on ogtyvel otn véa

KAnceig 6to kivnto npowta potovy t HLR yia va
tpocolopicovy tnv mpwtn VLR kot katomy

aKoAoVOOLV TNV “aAlvcion” pHEypL va @TAGOUV
otnVv tpeyovco VLR

To punkoc ¢ aAvcioog Twv pointers meplopileTon
o€ uEyrotn tiun N

Avti N uEBOOOC pmopel v EAUTTOCEL TO KOGTOC
evnuepmwong tc HLR
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‘ IToapaderypo Forwarding Pointers

\
/L\ /\ /\

O

level m

@@ @. WP 3@ O

user x user x
D]d location new location — = old entries for x

- - - = new entries for x
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‘ 20Y%QLOY TWY GYYVILTWV

Method Variations Applicable when:

Cachi E hi Cache update overhead
A lﬂg WEFEr CAacning. oceurs at moves T.arge ]{:MR

Call Stability

When x is called by vy,
Cache updatc overhead

cache x’s location at Lazy caching:
y’'s zone ' occurs at calls
Replication Additional constraints are set
. i Per-user Profile on the number of replicas per
Selectively replicate Replication: site and on the number
x's address at the of replicas per user
Large LCMR

zones from which
it receives the most
calls Working Set:

Adaptive and distributed: Call Stability
the replication sites are computed
dynamically by each

mobile host locally

Forwarding Pointers
When x MOVES, Restrict the length of the chain of forwarding
add a forwarding ) Small LCMR

pointer from its old
1o its new address

pointers
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‘ 2.0vodr] eDEEONG X IVNTWY

T1 (granularity), mo¥ (availability) note (currency) va amoOnkevtel

o€ OAa Ta onpeia

A

o€ €TMAEYUEVA oNUEia
(171.X., O€ ouxvouc callers)

OAo TO
OIKTUO

Availability

[MouBeva

AkpIBA
Béon
\d Curr
\< Gfa“u\a“ Y Moté ency —
EVNUEPWON [Mavta evnuépwon (o€

KAOe Kivnon)
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