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| IotooeAibo Tov podnpoatog
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— books/
+ Xovropa: “Handbook of Wireless Networks and Mobile Computing”
— lectures/
- papers/
— proj_papers/

B0 TonoHeTOVVTAL Ol SLPAVELEG TOV EXOUEVOV HAONUATOG

Tadakd 0o tomobetBobdv kot To research papers Tov avTIGTOYOVV
o¢g KGO drdreln
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| ITegieyopeva

* Yuvairayég

* ApylTEKTOVIKY SIKTOOV

* Movtéha KIVNTIKOTNTOG

* Awyeipton 0éong: Registration
* Awyeipton 0éong: Paging
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IToeddetrypo
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ITeQrygagpy mofMpatog

* Enelepyacia cuvarlayov o Mobile
Computing cuotipoTo
— Katavepnpévo mepipdiiov
— [MoAlomhéd DBMS
— Etepoyevi) DBMS
— Kwnrot ypnoteg
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Tttt etvort SroepoeTind?

* H katdotaon pog cuvarlayng “ekteivetor”
6€ TOAAOVG oTafpoie Pdong kot faocelg
dedopévav

— To kw16 (iowg) evyet amd éva kel Tpv
oAoKANP®OEL 1 suvorrayn

— To kw16 iomg YpelaoTel vo, kKGver commit 1)
abort Tig Aettovpyleg 1| cuvaAlayEg, oL omoieg
dev etva oTov TpéYovta oTabud Phong

— [Ip6PAnua recovery
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I610tn1eg ouvadiaywv ACID

* Atomicity:
— Eite n cuvalrayn ohokAnpdvertat, 1| dev cupPaiver
tinote
* Consistency:

— Muw cuvorhayn Tpémel va, apyicel o€ consistent
KOTAGTAOT KOl VO Ap)GEL TO GOGTNIO GE consistent
KotdoToon

* Isolation:
— Ot cuvoAdoyég eivol ATOHOVOUEVES OTO TAVTOYPOVEG
Sdikacieg
* Durability:
— A@o¥ o cvvodrayf olokAnpwbei (committed), to
amoteAéopatd g etvan Durable
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Kowég ovvadharyés (1/2)

* TMapadooiakn eneEepyacio GUVOALAYDV

Base Station 3
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Kowég ovvadhayés (2/2)

* I'vootn database (Tvmikd puo)

* Ileplopiopévn didpketa (o cVYKPLON UE
long transactions)

* Alyeg 1 kaBOAov aAMNAETIOPACELS [LE GALDL
TavTdYPOVO YEYOVOTA

* 011310t 1eg ACID eivan €bkoAo va
emtevyodv
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Xovadlayég oe Multi-Database

* Agrtovpyodv oe dedopéva dtapdpav Phoewmv
(YVOOT®OV 1 ayvACTOV)
— Awtnpotdv Multi-database Directory yia tnv gdpeon
TOV GYNHATOV TV Bdcenv
* Ot Bdoeig iowg dev yvapilouv 1 pwo v GAAn
— Ot Baoeig eivar avtovopeg
— To GDBS (Global Data Base System) cuvtoviletot pie
SapopeTikég Paocelg

« GDBS kpatd v apyiki} database aOuctn, kot £T61 dev vdpyet
global lock, obte two-phase lock, ovte two phase commit

e Orwotteg ACID givan 600K0A0 Vo emttevyfovv
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DwMAOPEVEG GUVAAAAYES

¢ Muw polocpévn covoriayn eivat Eva 3Evpo cuvarlaydv, To vITodévapa
oV 07oioV gival £iTe POAAGHEVEG 1) EMIMEdEG CUVOALOYEG

Top-level transaction Sub-transactions Sub-transactions Sub
RO Tk 1
BEGIN WORK Tkl .- { BEGIN WORK
. [BEGNWORK |-~
A 47 [RoLLBACK WORK

invoke sub-TA

invoke sub-TA - invoke sub-TA I Tk12 ThI2I

. RS " TBEGIN WORK .
- | COMMIT WORK . |invoke sub-TA <[] [BEGIN woRK
T *Lcommir work <[commiT work
invoke sub-TA - “[BEGIN WORK
".[LCOMMIT WORK
T3
invoke sub-TA - - [BEGIN WORK
N .- [B
1 |invoke sub-TA ~
"~ _L.commiT work
|COMMIT WORK. | commiT work

24/11/2005 Tpijpa Moxavikev H/Y, TRAETIKovwvidV kai AikTowy, TavemioTiuio Osooahia




Avoryteg puMAGUEVEG GUVAANLYEG

» Y16y0c: H Beltimon tov throughput
* [3éa: Eykotdieyn g dtotrag Isolation
— H tponomoinon piog vro-cuvariayng Oo etvor
opat o€ OAeg TIg GLVOALAYEG
» Avom: Compensation Function
— H Aerrovpyia abort 6o eravaepépet v
Tpomonoinon
* IIpopAquata: H Compensation dev givat
OPKETN

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Long Transaction

» Avernionuog optopds: Ot cuvaAlayég Tov
Sloprovv tov “i610” ypdvo 0G0 gival o
Héaog xpovog anotuyiog (mean time failure)
TOV GUOTILOTOG OTOV EKTELOVVTOL

* Tapdderypa:

— Xvvorrayég CAD/CAD, cvvarhayés VLSI
Layout
* TIpopipata:
— Fvrafeic ota Crash
— Concurrency Bottleneck
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Split Transaction

* Xto)0¢:
— Enilvon tov tpofAnpdtev tov long
transactions
» [déa:
— Alaipgon TOV TPEYOVGMY GLVUAAIYDV GE dVLO
serializable cuvalhoyéc

— Commit TV d€00UEVOV TOV dEV TPOKELTOL VO
oAlaEovv

* ITheovéxktnpuo:

— [pocappolopevn recovery, added concurrency
kau Serializable Tpoomélacn 6Tovg TOPOVG
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ITooamattovpeva Y Split

Transaction

* YnoOéote 6t 1 cuvarrayn T omdet og A
kot B kot 6T1 1 A mponyeitor g B

1. AWriteSet N BWriteSet — BWritelast
2. AReadSet MBWriteSet =1

J. BReadSet MAwriteSet — ShareSet
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Zovadrayég Kangaroo
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Ogoloyia (1/2)

I == o=

"Evog Base Station 1} Mobile Support Station ‘
"Eva kwvité (Mobile Unit) ‘
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| Ogoloyia (2/2)

» Source System

— ZVAAOYN CLUGTNUATOV TTOV TOPEYOVY TANPOPOPiES
GTOVG KIVNTOVG YP1OTEG
— Hapaderypo: Mo katovepnuévn paon dedopévmv
« Data Access Agent (DAA)
— 'Eva mpdypappo 6toug otafpovg aong mov mapéyet
GTOVG KIVNTOVG XpNoTeS TPOSPacT GTO source system
* Mobile Transaction Manager (MTM)

— Zvviot®oa Tov DAA mov dwoyerpileton Tig Kivntég
cuvorrayég
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| Local »at Global suvadhoyeg

D

24/11/2005

Tus

a Mnxavikev HIY, TnAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

20

| ITposmioxonmon Aong

Cell 1 Cell 2

A=

A A =

{a) Movement of Mobile Unit through Cells

Base HandolT Base HandolT Base HandolT Base
Statlon | Suation 2 Station 3 Station 4
(b} Hopping from Base Station to Base Station
kT D
T - - - ¢ I e I e L
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| Zovadrayn Kangaroo

24/11/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| Ogtopog suvarrayns Kangaroo (1/2)

Definition 1. A Local Transaction LT is 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 is any sequence of
global transactions &; and local transactions L ;.

Definition 3. A Joey Transaction JT is a sequence of zero
or more global transactions (7, and local transactions Ly,
followed by either a commit ¢y, abort ay, or split s, oper-
ation.
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| Ogptopog ovvarrayng Kangaroo (2/2)

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

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

Definition 6. Two Kangaroo Transactions are said to be
Equivalent Kangaroo Transactions 1f they have exactly the
same pouch.
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Modes snte€epyaoioc GuVAANLYNG

» 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
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Encegyaoio ovvadiayng (1/5)

¢ Transaction Initialization

— MTM creates a Kangaroo Transaction and a unique
KTID

— BTKT -> MTM Transaction Log

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

— JT entry -> Transaction Status Table

— Increase Joey Transaction Number
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Encegyaoio oovadiayng (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
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Encegyaoio oovadiayng (3/5)

» Handoff Process

— At Original Base Station

« Original DAA starts split operation (Problem?
Possibility? How does it know?)

« HOKT -> Log
« Flash Log to Disk (Checkpoint)
— At Destination Base Station
¢ CTKT -> Log
* KT entry -> Transaction Status Table
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Encegyaoio oovadiayng (4/5)

¢ Transaction Commit

— A sub-transaction commits
« ETST -> Log
« If compensating mode -> Update ST List
« If split mode -> Delete ST entry

— Ifno active ST for a JT, commit JT
« ETIT -> Log
« Update Transaction Status Table

— User specifies the end of KT, change KT to

Committing

— Ifno active JT, commit KT

* ETKT -> Log
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Encegyaoio oovadiayng (5/5)

» Transaction Abort

— A doubly linked list is 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?

30
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‘Adldeg Maoseig?

* Edv amobnkevcovpe mAnpopopio 6to
Kivnto?
— Tryperdleran va amobnkevtel
« To Transaction ID
— Tu Ao yperaleton?
* M vinpesio GDBS
— ITotwo givan o TAeovékTnHa 68 oyéon pe Tig KT?

* Management Complexity? Deployment Complexity?
Scalability?
« Avvovv 1o handoff mpoBAnpa

24/11/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kot Awrdwy, Mavemotiuo Osogahiag

Kortin
* YyetiKd mepimlok
* Tlov Bpioketor n vanpecio GDBS? Iaog
Aettovpyel?

* Apnivetal apKeTH TOAVTAOKOTNTA GTO
GDBS

* H Swdwacio Handoff (mov ivon {otikng
onpaciog) £xel TpoPANUa
— Split Transaction prerequisites not guaranteed
— O ypdévog Handoff dev mpocdiopiletan
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ZVVTOPOYQUPIES

* 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

» KTID: Kangaroo Transaction ID

» JTID: Joey Transaction ID

24/11/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kat Awrdwy, Mavemotiuio Osogahiag
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| ITegieyopeva

o YuvolhoyEg

* ApYLTEKTOVIKI] OIKTVOV

* Movtéhao KIVNTIKOTNTOG

* Awyeipton 0éong: Registration
* Awyeipion 0éong: Paging
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| Agyt. Personal Comm. Sys. (PCS)

VLR
Database
Radio Network,
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‘ Agytextovinn 2G PCS

R IN N
M IN 7 N
GOQUAY ﬂA\&«"\;\f‘“’\o

BTS : Base Transmitter Station VLR : Visitor Location Register
BSC : Base Station Controller
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| ITegieyopeva

o Yuvolhoyég

o ApYLTEKTOVIKT OIKTHOL

* Movtého KIvTIKOTNTOG

* Awyeipton 0éong: Registration
* Awyeipion 0éong: Paging

24/11/2005

‘Tonoko teg Suetvov (1/2
Y

Regular / I'eoperpika

(a)

[-[3]2]1]o]1]2]3].]

©
M Figure 3. Regular cell topology: (a) mesh; (b) hexagonal; (c)
linear.
24/11/2005 Tpiua Mnxavikwv HIY, TnAemrikoivwviwv Kai Aiktowyv, MNavemioTiuio Osgoalia
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Tomoloyieg Sixtdov (2/2)

Irregular / Zvppoika

Location areas (LAs)

W Figure 1. A represenrarion of an acieal cellular nenwork ropology by a graph:
a) the cell and 1A twopelogy in a cellular network; b) a grapl model showing
the interconnections of the LAs.
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Movtého Fluid Flow

* HmBavémrta otn 0£om X 610 1poVo t EVOS KIvnTod Tov EEKIVA
ano6 Tt Béom X, 610 XPOVO t, Elvar:

| x=x,—v(t =)
) E e Ul 1) | (RS

P x|x,10)= exp
J2rD(r —1,) 2D(1 —1,)

onov D 1 otabepd didvong (length?/time), nopdpetpos mov
avamaploTd TNV EMLTALVON TG Kivnong, v eivon n drift toydtnta
(length/time) mov avaTOPIGTA TN HEGT) TOXVTNTE TOV KIVNTOV

Yynii D kot v onpaivouv mold gvepyn kivnon, eved yoaunin D
Kot v onpaivouy pkpn oAlayf otn 0€on oe oyéon pe oAlayég
GTO XPOVO

210 povtélo avtd, 1 katedbBuvon dev povighomoteitan

KatdAinko yio kivnon oynuatov
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Movtého Random Walk

* Movtého drakptrov ypdvou
* O ypovog drupeiton og slots
e Xg ka0e slot o kivntd emiéyet Tuyoio katedBuvon kot v
axolovBet
* Mo povo kivnon og k@ slot
o Agv éyet pviun, n emdpevn O€on €aptdton povo amd TV TOPVY
* To povodidortotn tomoloyio dikthHov
— Me mbavomta p Tapopével 6To 810 kel
— Me mbavomra (1-p)/2 petakiveiton og yerrovikd kel i+l 1 i-1.
* To dwidotat (e€aywvikn) Tomoloyia StkTvov
— Me mbavomta p Tapopével 6To 810 kel
— Me mbavomra (1-p)/6 petakveitor o€ KATOO YEITOVIKO KEAL.
* KatdMnio yo picocells kot microcells, dnA., yio telovg pe
ouyvn aAlayn katevBuveng

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Movtého Markov Walk

* 'Eyer pviun, n tpéxovca kivnon e&aptdtot amd Tponyovuevn
* TIpotdbnke ywo povodidotatn Tomoroyia Stktvov

24/11/2005 Tpijpa Moxavikav H/Y, TRAETIKovwvIdV kai AikTowy, TavemioTiuio Osooahia

Movtého Gauss-Markov

o [kavo va TeptypayeL T CLGYETION TNG TAYLTNTAS GTO
xpovo

* o xoyeloedn kot ad hoc diktva

* H ovoyérion petagd dvo Sradoyikdv tayvtTov eivot:

2
v =av,_ +(1-o)p+vl-a‘u,_
* Ot avtiototyeg cvvtetaypéveg sivat:
X, =x,_,+v,_,cos0,

Y=Vt sind,

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

ITegieyopeva

o Yuvolhoyég

o ApYLTEKTOVIKT OIKTHOL

* Movtéha KIVNTIKOTNTOG

* Awoyeipion 0¢ong: Registration
* Awyeipion 0éong: Paging

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag

15



46

| To nofinpa g droryeigiong Ocong

TTou eival 0 97532468?

ATooToAR broadcast
UNVUPATWY o€ KABe
oTabué pdong?
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| Koot Entnpoto

* Evnuépoon 0éong (Location update)
— Exteheiton omo tov Kivnd meddt
— Evnuepdvet 1o diktvo yia v tpEyovca BEon Tov
*  Avalfimon (Paging)
— Exteheiton omd o diktvo
— Avalymon og Ao ta TOave ked péypt va Ppedet
— O apBpdg tov kelmv, 6mov Ho avalnmOsei, e&aptdrat omd ) dedikacio
evnuépmong 0éong
« Tradeoff-1: Zuyvn evnuépmon Béong vs. Aydtepo cuyvn
gvnuépmaon Béong

— Mupn afeardmra B€ong (uikpd paging k6ot0g) & Meydho kootog (traffic) oto
uplink kavéiu

— Meydhn afePardtnra 0éong (neydro paging k6ot0g) & Mikpd kdotog (traffic) oto
uplink kavéit

* Tradeoff-2: Paging k6ctog vs. Kabvotépnon
— Tavtdypovo paging 6oV TeV kKeldv => pikpn} kabvotépnon

24/11/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

‘ Tradeoff-1

Never Update Xxnua Always Update X xrpa

TToTé evnuépwon Béong Evnuépwon Béong oe kAOe KeAi
(kaBdAou kéaTOC). (uéyioTo K6OTOC).

Avdykn avalAtnong oe AvalATnon oe éva povo Kehi
KaBe KeAi (pévioTo KOOTOG). (eAdx10T0 KOOTOG).

24/11/2005 Tui
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Katnyogromoiney twv oynpatwy
evnpepwoang Beong

¢ Kaboiwd (Global) 6)OL 01 KN TOi TELATEG EVILEPDVOLV Yo TN}

B€om Tovg 67O 1810 GVVOAO KEMDY
— ILy., Location Areas, Reporting Centers

* Tomwd(Local) 9| Individualized 1| Per-User: Kae
Kvntdg mehdTng emtpénetal va, anopacilet mote kat ol fo evnuepmoet
v ™ 6éom oV

— Time-based, Movement-based, Distance-based

o Ztotkd (Static): To sovoro tav kehdv dmov mpaypatonotsitat

svnuépoon Béon givon tpokabopiopévo
— ILy., Location Areas

. AUV(I]J.le (Dynamic): H evnuépwon Béong mpaypotomoteitan

G& OMOLOdNTOTE KEAL AVAAOYQL e TNV KIVNTIKOTOTO TOL KIvi|ToD
— ILy., Time-Varying Location Areas, LeZi-Update

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag
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H teyvinn twv Location Areas (1/2)

Aiapépion Thg TEpIoXAC
kdAuyng oe 8iakpiTég(?)
Location Areas (LA).

24/11/2005 Tpijpa Moxavikev H/Y, TRAETiKovwvidy kai AikTowy, TavemioTiuio Oooahia

51

H teyvinn twv Location Areas (2/2)

* KdbBe otabuog Paong exméumet o ID g LA dmov ovriket

* To kwvntd evnuepdvet yuo m véa Béon tov (dnA., to ID
™G véog LA) omotednnote gioépyetan o€ véa LA

* T va Bpedet To Ktvntd, to dikTvo GTéEAVEL paging
punvopata o 6o ta kehd e LA, 6mov avapépOnke
tedevtoia 1 0éon tov

* LAs: KaBolio ko ototikd oynua dwyxeipiong 0éong

e IMoparroy =>Two Location Areas (TLA): to kwvnto
amoOnkevet Tig dvo televtaieg LA mov éxel emokeprtei.
AvtikatdoTtooT TG ToAdTEPNG N UE HIKPOTEPO XPOVO
Stopovig, k.t.A. KatdAinio yio:
— Muwpo Call-to-Mobility Ratio
— Meydho location update k06TOg

24/11/2005 T u a Mu‘avlkmv H/Y, Tu)\inlxmvmvlﬁ)v Kal AIKTOWV, I'IuvtTntnn' 10 Biccm\ius
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| Evnpéowonr 0gong

Evnuépwon Béong
LA-1 ekTeAeiTal 6Tav
diacyiCeTal auvopo.

TTwg va

Tpoodiopicoupe
To WéyeBog Kai
oxhua piag LA?

24/11/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

‘ Location Databases

Autég o1 duo DB
ETIKOIVWVOUV HETAEU + Home Database (HLR)

TOUG YId va KAvouv
authentication kai - KdBe kivntéd oxeTileTal

evhuépwan yia Thv .
Bom 10U KIVITO. uovmfz He pia home dm‘abas?
- Kpard 1o profile Tou kivntoU
+ Mobile ID, authentication

GSM Opohoyia: keys, B¢on, xpéwon, K.T.A.
Home Location ° VisiTing Database (VLR)
Register (HLR) L . .
- ) 7 - Kpard tn ©¢on Tou KivntoU
Visitor Location SIKF s .
Register (VLR) — oTh 3IKA ThG Service area.
24/11/2005 T u a Mu‘qvlm&jv H/Y, TuA:anolvwvlwv Kal AIKTOWY, I'IuvzrrlUYu'Hlo BEO‘O‘w\ius

Mapdderyua GSM:
Evnuépwon 6éong
(5)

Mobile
Switching
Center

24/11/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia




Awxdiraoio evpepwaong 0gong

1. To kwntd petadidet éva privopa Location Update
(LU) oo véo Xtabpd Baong (XB)
O B mpowbei to oo LU oto MSC
3. To MSC otéhvel LU otnv HLR kot evnuepmvetl
VLR
4. H HLR «dvet ta e&ng:
— authenticates T0 KtynTo
—  Koartaypdaeet to ID g véag VLR
—  ZXtéhevit ACK ot véa VLR
5. HHLR otélvel pvopa registration cancellation
otnv mahd VLR
6. H moAd VLR doypdget Tnv eyypam yio To Kvntd
kot emotpépet eav ACK ot HLR

N

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Mapdderyua GSM:

Aiavopr] KAjong ‘

Switching
Center

Calling
Ms

24/11/2005 Tpijpa Moxavikev H/Y, TRAETiKovwvidy kai AikTowy, TavemioTiuio Oooahia

Awxdiraoio Stvopng ¥Aneng
1. To kolovv (calling) kivntd otéhver unvopa call
initiation oto MSC dwapécov Tov BS

2. To MSC otéhvel aitnon location otnv HLR tov
kahodpevov (called) kivntov

3. H HLR npocdiopiler v avrtiotoyyn VLR tov
KOAODHEVOD KIVIITOV KOl GTEAVEL VoL route
request cto kivntod

4. To MSC deopevel mpocmpivo ID oo EB Kot
otélvel avtd to ID ot HLR

5. HLR forwards the ID to MSC of the calling MS

6. To kodobv MSC artiton call set up oto kokovpevo

MSC
7. Paging pnvopoto otélvovtol 6€ OAN T0, KEAME TG
ouykekpévng LA
24/11/2005 T u a Mu‘avlkmv HIY, Tn)\inlxmvmvlmv Kal AIKTOWV, I'IuvtTrltnu' 10 Bicca)\ins
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| H teyvinn twv Reporting Cells (1/2)

* "Evo vmoohvoro tov keldv éyovv emdeyei wg reporting cells 1
reporting centers (RC)

* O otobpog Baong kGbe TETO10V KEAMOV EKTEUTEL GO YL0L VOL
onpatodotioet 0Tt 1o ke givan RC

e H ysrrovia gvog RC i givar ta kehd, mov dev givar RC, ko givar
npooPacipa amd To i xwpic va mepdoovpe and £vo dAlo RC

* To kw1 evnuepdvet yio T BEon TOL 0TOTEINTOTE TEPATEL
and eév RC

* H teyvucn RC eivon kabolikr| kot oToTiKn

* "Exet dvo akpaieg mepmtOoelg
— Ok ta keMd givor RCs, kat
— koavéva kel dev givor RC.

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

59
| H teyvinn twv Reporting Cells (2/2)
*H yertovid tov C anoteleiton and to kehd: A, C ko F.

“Eva kivntd mov akoiovdei t dwadpopn) B> A—C, Oo evnuepdoet
Yo T 0€0m TOV OTOV PTACEL 5TO A.

*To chotnpo oTédvel paging unvopato otn yerrovid tov RC émov
eppaviotke TeEAevTOio TO KvnTo.

24/11/2005 Tudua Mnxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| Zynpe Time-based (1/2)

* "Eva kotodeit T gpdvov

* Evnuépwon ywo Béon
Kka0e T otrypég

* Avalfinon tov Kvntod
o€ éva S0KTOALO0 TOV
kabopiletar and i+j kot
i-j, 6mov i givar ) Béom
omov Tehevtaio
EKTEAESE EVNUEP®OOT) TO
Kwnto

24/11/2005 Tui

a Mnxavikev HIY, TnAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| Zynpe Time-based (2/2)

*  Eivou duvapukd oyfipo
* Edv 10 xatdeAt Tpoodioplotel avé kvnto, TOTe givar kot Tomkd
oyYNLa, ETioNg
e Agv Aapfaver vTOyn TOL TV KIVNTIKOTNTO
o ITkeovéxktnpa
— Amho
¢ Mewovékmmua
— ITohd doynun enidoon o1 YEPOTEPN TEPITTOOT

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| Zynpoe Movement-based

* To kw16 dotnpei Evav petpnti mov apykonoteital 6to 0

* Kdabe popd mov mepvaet 1o chHvopo dvo keldv, avEAVEL TO
peTpnT Kot £vo

e Edv o petpnmg yivet icog pe M (tpokabopiopévn otabepd), To
Kwnto evnuepdvet yio. t H€om tov

o Xuvendg, vrapyet eyydnon 01t to kvnto Ppicketar oe SaKTOALO
axtivag M+1, pe kévtpo 1o televtaio keki Omov EVUEPOGE YL
™ 0éon tov

e To katdeM pmopei va tedei Srapopeticd yio kdbe Kvntd

* To oynpo avtd £ivar SLVOUIKO KOt TOTKO

24/11/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

| ITaeddetypox Movement-based

Kotooh: M =4

Enhancement: Otav
Eavaptaoel 6To Ke,
Omov éKave TNV TEAELTALN
evnuépoon Oéomg, vo unv
ekteréoet Eova
evnuépmor, M., va
0éoet Tov petpnT otV
i 0.

24/11/2005 Tui

a Mnxavikev HIY, TnAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

21



| Zynpo Distance-based (1/2)

* To kivntd drotnpei o petafAnTi ToL KpaTd TV 0ITOCTUCN
oL £xet Stovdoet
* H andotaon petpiétor o€ aplipd keMdv
* Edv n duavvobeion andotaon Eenepdoet éva katdeit D, to
Kwnto evnuepdvet yio. t H€om tov
o Zovendg, vmapyet £yyonon 01t to kwvnto Ppicketat g
andotaon D and 1o ke, 6mov evuépmoe yio TeAvTaio popa
v T 0€om TOV
e To katdeM pmopei va tebei Srapopeticd yio kdbe Kvntd
e To oyipo avtd £ivar SLVOUIKO KOt TOTKO
* Meovektipota
— Eivat dvokoro va vroroyiCovpe Ty amdctocn Hetad dvo keMdv
— Agv givar gikto va omofnkedoet To kKivnto Ola tor {evyn omooTdcEmV

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| Zynpo Distance-based (2/2)

Kotogh: D=3

24/11/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

| H teyvinn LeZi-Update (1/11)

* Movtéha Tomoroyiag diktHov
— YEOUETPIKG LOVTELDL
— ovpPolKd povTELD
* Ta yeopetpuch poviéia
— Evxola
— I'evika
— Emutpénovv mpofreyn

24/11/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| H teyvinn LeZi-Update (2/11)
1 -.-'d.

Mt it o tontage
[ K [ :

Bei Ly -
. " —
- -
et 0 b Comider I
At .
- - |
l.
Rrdreem Potrem Lining.
" I L
L - Lim - ot

Kivnon: ajkkoojhhaajkkoojaajkkoojaajkk...

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| H teyvien LeZi-Update (3/11)

A

24/11/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

| H teyvinn LeZi-Update (4/11)

* Opdhon:
ajkkoojhhaajkkoojaajkkoojaajkk...
o Ytadwokd parsing tng kivnong
a, j, k, ko, o, jh, h, aa, jk, koo, ja, aj, kk, oo, jaa, jkKk, ...

* [MBava “copppaldueva” (context)
Jjk (order-2), j(order-1), A (order-0)

4/11/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag




| H teyvixn LeZi-Update (5/11)

» Probability of jaa:

Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

Jk tarder-2) | J ovder-10 A forder-lj )
T Wi o = Ahsence in nr.dul
Al i) qagen | it escape probabifity in each order:
" JA{I) jiedd)  Afd) Tt .. - 1
Bith L”r imra, u{r'l * Probability of fua in order-0: 1730
KRl (1) -
afdl wel2) W2 — i oF ;
i # Combined probability of phrase joa :
] AL} ed | p j
Aty Frad s i 130 — 00048

70

| H teyvien LeZi-Update (7/11)

Phrase [ Probability Phrase | Frohah
k 505 Ja (00148
kk L0809 Joa 000E
ke [IRLIERS Jk IRLINE
Kirr 0048 il L%
@ ares i {5
e LS i RIATHY
] s af i NHE
i 00093

adding up all such frequencies for a particular symbol (location)
Total probability for location 4 is:

0.5905 + 0.0809 + 0.0048/2 + (0.0048/3 = 0.6754
24/11/2005 o Mxaviky HIY, ToAemrikovwviiy kai Aiktowy, MavemoTipio Oeooahiag

Probabilities of individual locations can be estimated by dividing the phrase
probabilities into their constituent symbols according to svmbaol-fiequency and

‘ 71
\ .
H teyvinn LeZi-Update (6/11)
ik furdir-2) | j ferder- 1) A forder-i)
Kljk (1) ajth aid) autll wil)
Ak 1) aali (1) | ) juatty
Kith JRELY hilh Rid
P Kef b Koofi} REE2H
Wi a4l a2 B2
e Al
. . Ajid
» Probability of &
= i at the context of order-2
caping into next lower order (order-1) with probability: %
* Probability of & at the order-1 {context of “kk"): il+1) -~ %
= Probability of escape from order-1 to lowest order (order-0): %
* Probability of k at order-0 (context of A ): 4/30
o Combined probability of phrase k = %+ % 3+ 16 (d30) = 0.509
24/11/2005 T u a Mu‘uvlm&jv H/Y, TuAEWIKovaVIwV Kal AIKTOWY, I'IquTrIUYu'HIO BEO‘O‘G)\iUS
72
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| H teyvinn LeZi-Update (8/11)

Location | Probability g

& 0.6754 ‘o

a 0.1794 -

I 00833 .. Ly
o 0.0346

i 0.0207 ). 3

» Bob's movement profile:ajkkoofhhaajkkoojaajkkoojaajkk
= 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 o

* Prime Adva of Lempel-Ziv type compression — most likely

location is predicted

= Prediction star

‘rom & and proceeds along a, f, o and §

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

‘ 74
\ .
H teyvinn LeZi-Update (9/11)
~ Movement history: A string “v,v,v;..." of symbols from alphabet &
~ Inhabitant mobility model: /= {V;}, a (piece-wise) stationary,
ergodic stochastic process where 1] assumes values vie #
# Stationarity: {15} is stationary if any of its subsequence is invariant
with respect to shifis in time-axis
3 f — - ! — v — P 4 =1 r =1 4 — 1
Ir[i,—1, = VsV, =V, ]—Ir[l,_l-nl,f_‘._-—l_ o Voy =V, ]
~ Essentially the movement history “ v, v, ... v, reaches the
system as Cfw ), Ciw,), ... Cfw ) where w; s are non-overlapping
segments of history v, and Cyw,J s are their encoded forms
# Minimizes HiX) and asympiotically outperforms any finite-order Markov model
H(X)=—p(x)log p(x)
“ ” n
# The number of phrases is bounded by the relation:  ¢(n) fi —_—
. \logn—logloga )
2 2005 T DHG Mu‘uvlm&lv H/Y, TuAEWIKovaVIu'JV Kal AIKTOWY, I'IuVETrIUYH'HIO BED'D'GNUS
75

| H teyvien LeZi-Update (10/11)

~ Bob's movement profile: ajkhkoojhhaajhkboojoajhkoojaujhk ..

~ For a particular depth  of an LZ trie, let H{V) represent entropy at # level

ng-average of overall entropy is: (1) = —{z I.h‘[l FiVyiia¥y)
q =

5

HV )+ HV, V)
H) = - <1.789
2 2005 Tuiua Moxavikov HIY, ToAsmikovwvidv kat Aiktowy, MavemoTiuio Osooakiag
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H teyvinn 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

Decoder

Initialize dictionary := empty

loop

wait for next codeword<i, s>

decode phrase : ary[i].s

add phrase to dic

increment frequency of every prefix

L < X (W)
on of every suffix of phrase
forever
24/11/2005 T u a Mu‘avlkmv H/Y, Tu)\inlxmvmvlmv Kal AIKTOWV, I'IuvtTrlaYu' 10 Bic'c'a)\ins

ITegieyopeva

o Yuvolhoyég

* ApylTEKTOVIKY SIKTOOV

* Movtéha KIVNTIKOTNTOG

* Awyeipton 0éong: Registration
* Awoyeipion 0éong: Paging

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag

77
[] ’
Katnyogptomoinon teyvinwy
Update Schemes
(defines the update criteria)
VU A G de_ abase When ‘reach’ the database
(LA boundary assignation)
Static T Threshold il ivi
LA - ision final luati
(samefor ;I;wpes (varying LA shapes) (d:;:slop inal ized e((i:;‘a luation at
GSM/GPRS standard Directionak-based Time-based Probability-based
Profile-based Movement-based State-based
TrLA Distance-based Lezi update
Prediction-based
24/11/2005 Tuiua Mxavikioy HIY, ToAemikovwviiy kai Aikrowy, Mavemaripio @cggaiag
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Inpovtind {ntnpate oto paging

o Agdopévng g KoTavoung mhovotntag yo mv
TOPOLGiK TOL KvNToD GE S1APopa “KeAMd”

* [ow givon n eddyyrot péon mpocnddeia (aptOpods
avalnrodpevov tomobeciav) puéxpt va Ppebel to
Kivnto;

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

ITofMpa paging (1/3)

* AmopiBpovpe T1¢ paging locations pe 1,2,..., étot
®oTe T0 Kivnto givon otn B€om 1 pe mbovotTo p;
YvoyetiCovpe ™ B€om Tov KivnTod pe Tuyoio
petafinm X, tétoo dote P{X =1} =p;

* Xopic PAGPN g yevikdtnTag, 1 location area n
AmOTELELTOL OO VTOTEPLOYEG (TTOL TIG
cvpPoriCovpe pe A)), mov 6Aeg Ba yivouy paged
TOVTOYPOVAL.

 H cardinality Tov A, copBoAiletan pe k,

* H otpatnywm paging A eivor pua Stetetoypévn
akorovbdia (A}, A,, ...) and location areas mov Oa.
yivouv paged

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag
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ITeofMpa paging (2/3)
* H mBavotra 6Tt To Kivntd givon otn location area A eivou:
qn = ZP( .
iEA,

* Edv 1o xivnt6 eivar ot location area A, 10te 0 apBudg TV
Oécemv omov avalnmonke eivat:

5y = Z kj B
=
* Opilovpe 10 K606TOG L TOV paging wg tov apBud tmv location
mov avalnthbnkav péypt va Ppedei to kivnto. Mopatmpovpe
ot P{L =s,} = q, Ko aT6:

E[L] = sugn-

24/11/2005 Tpijpa Moxavikev H/Y, TRAETIKovwvidV kai AikTowy, TavemioTiuio Osooahia
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ITeoBMpa paging (3/3)

*  A@ov Oheg o1 Béoerg péoa og a location area yivovtot paged
Tawtoypova, N paging delay D tcodtar pe tov aptOpd tov
location areas mov avalnrovvrat mpwv Bpedel To KvnTo.
Inpewdvoope 61t P{D = n}=q, kot avto:

o0
E[D] = Zlnq,..

¢ To mpoPinua eivor n eroyiotonoinon tov E[L] vrokeipevo
otov meplopiopd Tov E[D] yio 0Aeg T1g paging otpotnytkés.

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

To Baoto Bewpnpa Tov paging

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;, A5, ...) that minimizes
either E[D] or E[L] must satisfy i € 4; and j € 4,y for
somel < m.

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Anobeiéy Baowod Bewonpatog (1/2)

Suppose the set (4;,4,...) is optimal but there
exists i € 4; and j € A, with p; <p; but />m. Let
(A1, 43, .. .) denote a new paging sequence derived from
(A1, 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 IY. We note
that

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

>0.

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Anobeiéy Baorod Oemonpatog (2/2) |

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

E|L) — E[L'] = sipi + smpj — (s1pj + SmP:)
= (5 — 5m)(Pi — 1y)
>0,

which also contradicts the assumed optimality. O

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Location databases

o ApyITEKTOVIKEG BVO EMTEIDV
— Per user location caching
— Replication
— Forwarding pointers
o APYITEKTOVIKEG TTOAAOTADV EMUTEOMV (Aey Oat pag
UTUGYOAG0VV 6TO padnpa avTo)
— Caching
— Replication
— Forwading pointers
— Partitions
» Call-to-Mobility ratio (CMR) [Local CMR]
CMR = Call Arrival Rate ~ 4

LA Crossing Rate B 7,

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Per User Location Caching

» Kdbe popd mov kaieiton to kivntd X
9

0éon Tov X yivetar cached ot VLR g LA
TOV KAAOVVTOG

* OnodNmOTE UETEMELN KAON Y10 TOV X TTOV
TPOKOTTEL Ao TN cvykekpuévn LA, pmopel
VOl YPNCULOTOUGEL QLTI TV TANPOPOPIa
— Agv ypewaleton emkowvmvio pe v HLR Tov X.

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag




Cache Invalidation

» Eager Caching
— Omotedmote To Kvntd pmaivel og véa LA, Oheg ot
cache entries yio T 8éom AV TOV TOL KIVNTOD
EVILLEPAOVOVTOL
— To kdéot0g TG evnuépwaong B€ong aw&dvet v to
KWWNTO HETOKIVEITOL GUYVE
e Lazy Caching
— Aev extedeiton evnuépwon g cache
— Avo meputtdoelg pmopet va tpokvyouv: hit 1§ miss
— X1 nepinTOON TOL Miss:
* Emwowaevia pe v HLR

* Xvvendyeton emmhéov k66T0G, 0oV 1 cached VLR mpénet va
epwtnOei TpdTOL

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

User Profile Replication (1/2)

* Topatrpnon:

— Kébe ypriomg (cuvibmg) emucotvavel cuyva pe
Hkp6 apdud mnyov

* [log pmopodie va 0EI0TOMGOVIE VTN TNV
mopatipnon?

* Ta profiles t@v kivntov are replicated oe
emleyuéveg location Bacelg yuo va
EAOTTOGOVV TO KOGTOG epdTNonG s HLR

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag
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User Profile Replication (2/2)

* Otav yiveton pua kAnon amod kamow LA, to
avtiotoyo MSC mpocdiopilel ebv
replica (ovtiypogo) tov profile tov
KAAOVUEVOL KIV|TOU €lval O100EG1UN TOTTIKE.
— Edv vou, dev epotdror 1 HLR tov kivnton

* Otav 1o KvnTo peTaxveital o€ GAAN
TEPLOYN, TO SIKTVO EVNUEPDVEL OAEG TIG
replicas

24/11/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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| Pointer Forwarding

* KdBe popd mov 10 kvt petakveiton og véa LA,
évag forwarding pointer dnpiovpyeitol oty oA
VLR ko deiyvel ot véa

* KMoegig oto kivntd npdta potovv ) HLR yo va
nmpocdropicovv v mpdt VLR kot kotdmv
aKoAoLOoOV TV “arvcida” uéxpt va pTdoovv
otV tpéyovca VLR

* To punkog g alvcidag Tmv pointers meplopileTon
oe péyotn Ty N

o Avti 1 péBodog pumopet vo ELoTTMOGCEL TO KOGTOG
evnuépmong e HLR

24/11/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag
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| IMxpaderypa Forwarding Pointers
\“H\-‘
" Forwarding Pointer ! T~
level m ..o onanng _‘i"l“f'_,_.,__ (‘:j’/ @
1 N\
@ ® - ® ®
oy \ 1 /
I\ 5 \ /N I\
FARY /f ‘ \\ \ / \ ;.l’ A\
/LA Ol /oAl / \ / A
PO OB ® OO OO GO
4 userx k ugerx
old location new location ——» gld entries for x
== = = new entries for x
24/11/2005 Tpua Mnxavikiv H/Y, ThAeTikovwviwy Kal AikTowy, lMavemoTiuio Osooalia
I

| ZOYAQLOY| TV CYNUIATWY

Variathns Applicable when:

Method
. Cache update overhead
Cuching Eager caching occurs al moves Large LCMR
When x is called by v, Call Stahility
coche 1™ location at Lazy eaching Cache update overhead
¥°8 pone weeurs at calls
Replication Additional constraints ane sel
Per-ier Profile o the number of replicas per

Selectively replicae
%'s address ai the

Replic site and o the aumber

af replicas per user

rones from which Large LCMR
it receives the most Adaptive and distribated Call Stahiliay
calls Wasrking Ser: the replication sitcs are computed

) b

)y by each
mobile host Jocally

Forwarding Painters

When & moves,
Restrict the length of the chain of forwanding
add a forwarding isifict e leaph af hacha - Small LOMR

pinters
puinter from its old P
10 its new adress
24/11/2005 T n a Mu‘qvmmv H/Y, TnAEWIKOIVwVIu')V Kol AIKTOWY, nuvil’rlUYﬂHlO BEUUUNUS
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2uvor eDEECNG AIVNTWY

T (granularity), o0 (availability) ndote (currency) vo anofnkevtel

'\ o€ OAa Ta onpeia

ot emAeyuéva onpeia
(11.X., O€ ouxvoug callers)

MouBeva
\ ) Currency

{\b
a“\l\a“ Y Moté —
evnuépwon Navta evnuépwon (o€
K@Be kivnon)

6Ao 10
SikTuo

Availability

AxpiBry .
6éon KaTOS Bt

pon
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