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* APYLTEKTOVIKT] OLKTVOV
* Movtélo KV TIKOTNTOG
* Awyeipion 0éong: Registration
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‘ Agyrtextovinn 2G PCS
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MSC : Mobile Services Switching Center

BTS : Base Transmitter StationVLR : Visitor Location Register
BSC : Base Station Controller
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‘ IIepteyopeva

* ApYITEKTOVIKT] OTKTVOV
e MovTéha KIVIITIKOTNTOS
* Awyeipion 0éong: Registration

16-19/11/2015 TuRpa HMMY, Mavemiothuio @scoaliog



Tonoloyieg dixtvov (1/2)

Regular / I'eopetpikd

(b)

(c)

B Figure 3. Regular cell topology: (a) mesh; (b) hexagonal; (c)
linear.
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Tonoloyieg dixtvou (2/2)

Irregular / Zoppoiika

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

M 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 L.As.
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Movtelo Fluid Flow

 H mBoavotta otn 0€om X 610 ¥povo t evdc Kivntod mov Eekiva
and tn B€omn X, 6T0 Ypovo t, elvar:

l x—x, —v(t—t,)]
P,l_(,l’|}.’“,f)= CXp _h L W “)J ) fzf{]ﬂ
J2rD(1 —1,) 2D(t ~t,)

« omov D 1 otabepd didryvonc (length?/time), mapduetpog mov
OVOTTOPLOTA TNV EMLTAYVVOT TNG Kivnong, V etvon n drift taydnra
(length/time) mov avamapiotd T HEGT TAYVLTINTU TOV KIVITOV

* YynAn D ka1 V onuaivouv moAd evepyn kivnon, evo younin D
Kot V onuoaivouv ukprn aAlayn otn 0€omn 6e oyEon pe aAlayEg
GTO YPOVO

e XT0 LOVTEAO OWTO, N KATELOLVVGT 0EV LOVTEAOTOELTOL

* KoatdAinio yio kivnon oynudtov
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Movteho Random Walk

e MovtéAo oloKplTov YPOVOoL
* O ypovog daipeital o€ Slots

« Y& kabe slot To kivntd emAéyet Toyaio kKatevHVVOT Kol TNV
aKOAOLOET

* Mio pévo xivnon og kde slot

o Agv &yel pvnun, n eroduevn Béon eCaptdtonl LOVO amd TNV TOPIV

e [0 LOoVoOldGTUTN TOTOAOYIO OTKTVOV

— Me mboavotnrta P Tapauével 6To 1010 KEAL
— Me mbavomta (1-p)/2 petaxkiveiton o€ yertoviko kel i+1 1 i-1.

e T1o owtdotatn (E€aymvikn) TOToAOYio OIKTVOV
— Me mboavotnrta P Tapauével 6To 1010 KEAL
— Me mbavotta (1-p)/6 petaKiveitonl 6 KATO10 YEITOVIKO KEM.

» KatdAAnio ywa picocells ko microcells, oni., yio meovg pe
cuyvn aAlayn Koatevbuvong
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Movteio Markov Walk

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

e IIpotdOnke yio LOVOOLAGTATN TOTOAOYiO, OTKTVOV
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Movteho Gauss-Markov

e Ikavo vo TePTypAWYEL T GLGYETIOT TNG TAYVTNTOS GTO
YPOVO

* [0 kuyehoeldn kar ad hoc diktva

* H cvoyétion petadd ovo 01000y IKOV TaYLTHTOV Eivat:

2
e Ol oVTIGTOLYES GLVTETAYUEVEG ELVOL:
X, =x,_,+v,_,cos0,_,

Vi =V tvsmb,
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‘ ITepreyopeva

* ApYITEKTOVIKT] OTKTVOV
* Movtélo KV TIKOTNTOG
« Awoyeipion 0éong: Registration
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‘ To mpoBAinpa g Otayeiprong Osomg

TToU givai 0 97532468?

ATtooToAR broadcast

/ ‘ UNVUPATWY o€ KAB¢e
oTaduo pdaonc?
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Koot Inmnpata

* Evnuépmon 0€ong (Location update)
— Exteleitarl amd tov kKivnto meldn
— Evnuepavel to diktvo yio v tpéyovca BEcon tov
« Avalnmon (Paging)
— Exteleitarl amod 10 diKTLO
— Avalntmon o€ O0ha ta Thavd kKeld puexpt va Ppebet
— O apBuoc tov keAwv, 6mov Ba avalntnOel, eCaptaton amd TN dOIKaGia,
evnuepwong Béomne
« Tradeoff-1: Xvyvn evnuépmon 0€ong Vs. Arydtepo cuyvi
evnuépmon BEonc

— Muwpn afefardotnro Oéone (Lkpd paging k6otog) & Meydho kootog (traffic) oto
uplink xovait

— Meydin afepordotnra 6éong (ueydho paging kéotoc) & Mikpo kdéotog (traffic) oto
uplink kavéit

« Tradeoff-2: Paging ko6ctoc vs. KabBvotépnon
— Tovtdypovo paging dAmv TV KeA®v => pikpn kabvoetépnon
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‘ Tradeoff-1

Never Update Xynua

[Toté evnuépmon Béong (kaborov
KOGTOC).

Avayxn avalnmong o€ kabe kel
(uéyioto KO6GTOC).

Always Update Zynuo

Evnuépmwon 0éong o€ kabe
KeM (Léyloto KOGTOC).
Avalntnon o€ éva Lovo KeM
(eldy1oTO KOOTOG).
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‘ Tradeoff-1
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Katnyolonoiney twv oynuitmy

evnuewaong Beong

o KaBoAiwkd (G Iobal): OAOL 01 KIVNTOL TEAATES EVIUEPDVOLV Y1a. TN
0€om T0VC 670 1010 GHVOLO KEAMWV
— TIl.y., Location Areas, Reporting Centers

« Tomkd(Local) 1 Individualized ny Per-User: kaoe

KWWNTOG TEAATNG ENMTPENETAL VO AmOPaGilel TOTE Ko OV O EVIIUEPDGEL
yia, 11 B€omn tov
— Time-based, Movement-based, Distance-based

o 2TOTIKA (Static): To oVVOAO TV KEMODV OOV TPOLYLOTOTOLEITON
evnuépmon Béon eivou mpokabopiouévo
— TIl.y., Location Areas

. AUVOL]VLIK(SL (Dynamic): H evnuépmon B€onc mpayuatorotsital
GE€ OTOLOONTTOTE KEM avAAOYQ LE TNV KIVITIKOTOTO TOV KIVNTOU
— Il.y., Time-Varying Location Areas, LeZi-Update
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‘ H 1eyviun twv Location Areas (1/2)

Niapépion Tne ep1oxAc
kKAdAuyng o diakpiTéC(?)
Location Areas (LA).

1111111111111



8

H 1eyvien twv Location Areas (2/2)

e KdaBe otabuog Baonc exnéumnet 1o ID e LA Omov avnkel

e To ktvnto evnuepwvel v tn véa B€on tov (onA., to ID
™G véog LA) omoteonmote eloépyeton o€ véa LA

* [0 va PBpebeil To Kivnto, TO diKTLO GTEAVEL paging

unvopata o€ OAa to keAd e LA, 0mov avapEpOnke
televtaio 1 O€om Tov

e LAS: KaBoAkd ko 6tatikd oynua otoyeipionc BEonc

o TTopoaAirayn =>Two Location Areas (TLA): to kivnto
amoOnkeveEL TIC Ovo TelevTaiec LA mov £yel emokePTed.
AvVTIKOTACTOON TNEC TAAMOTEPNC N UE LIKPOTEPO YPOVO
otapovnc, K.1.A. KatdAAnio yia:

— Muwpo Call-to-Mobility Ratio
— MeyaAo location update k6ctoC
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‘ Evnuepwon Oeong

Evnuépwaon Béong
EKTEAEITAI OTAV
diaoxieTal ouvopo.

No location / \ ,
ﬁ @ TTw¢ va
<pdam >< / >np006 10piOOUNE

LocaTion\L{da’re TO uéyeeoc Kai

>oxr'\ua Hiac LA?
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‘ Location Databases

AuTéc o1 duo DB

ETMIKOIVWVOUV HeTAU .
A Home Database (HLR)

authentication ka - KdBe kivnté axeTileTal
Evniepwan vid Tnv uovipa pe pia home database

O&on Tou KivnTOU. .
- Kpard To profile Tou kivnToU
* Mobile ID, authentication
GSM Opohoyia: keys, B¢on, xpéwon, K.T.A.

Home Location ° VISITIHQ Database (VLR)
Register (HLR)

- . - Kpatd Tn ©éon Tou KivhToU
Visitor Location SIKF .
Register (VLR) oTh OIKN TNG service area.
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HLR

* H otatikn (uoviun) ntinpoeopio tov HLR
etvou:

— 0 aP1OUOC KANGNE TOV KIVNTOU GLVOPOUNTH
(Mobile Subscriber Number, MSN)

— 1 01eBVNC TAVTOTNTO TOV GLVOPOUNTH
(International Mobile Subscriber ldentity,
IMSI)

— TO KAELO1 EAEYYOV aVOEVTIKOTNTOC

— Ol TANPOPOPIEC V1o TIS PAGTKES KOl
ocvumAnpouotikeg vanpecieg (profile)
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HLR

* H ovvauwn maAnpoeopio tov HLR
weptlauPaver:
— TIC TOPOUETPOVS EAEYYOL AVOEVTIKOTNTUC KO
KPURLTOYPAPNONG
— 1OV aplOUO TEPLOYOYNC KIVNTOV GTOOUOV

(Mobile Station Roaming Number, MSRN), 1

— 11 oevbvvon tov VLR 1 avticTorya tnv
tovtotnTa TG LA

— TNV KATAOTOON TOV KIVNTOU TEPLOTIKOD

— TPOCWPIVEG TANPOPOPIEC GYETIKES LUE TIG
VIINPEGLEC TTOV YPTCULOTTOLEL
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VLR

* OVLR mepié€yel 6TaTikn Kot OUVOULIKN
TAnpoopia avaroyn ue exeivny tov HLR

* TEPLEYEL EMUTAEOV KO TNV TPOCMPIVN
TOVTOTNTO KIvNTOL cuvopountn (Temporary
Mobile Subscriber Identity, TMSI)
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‘napdéa'\/ua GSM:

y .
|

(6)
MSC ~

/>\N o e g \

SWItchlng
Center

/\/\\
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Awbinaaioa evnpeowang Beong

1.

6.

To xivnto petadidel Eva unvoua Location Update
(LU) oto véo Z1abu6 Bdonc (ZB)
O 2B npowbei to onua LU oto MSC
To MSC otéhvel LU oty HLR ko evnuepmvet
VLR
H HLR xdaver ta e€nc:

— authenticates to ktvntd

—  Koataypdeet 1o ID ¢ véag VLR

—  Xtéhvel ACK ot véa VLR

H HLR otéiver pivopa registration cancellation
otnv moAld VLR

H nmoAd VLR owypdoeel v €yypoaen yio to Kivnto
Ko emotpEépel edv ACK ot HLR
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Mapadeiypa GSM:
Alavopun kKAnong
)

3

\< )
(4)
(2) (6) . [Msc .

i~ o\

| / Mobile

Switching
Center
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AroSiaaior Slavouns ¥ANemg

1.

2.

3.

16-19 /11/2015

To xarovv (calling) kivntd otédver uvopua, call
Initiation oto MSC Swopécov tov BS

To MSC otélver aitnon location otnv HLR tov
kaiovuevov (called) kivntoo

H HLR npocowopilel tnv avtictoryn VLR tov
KOAOVLEVOL KIVNTOV KOl GTEAVEL urpvouo, route
request 6to KvnTo

To MSC deopevel mpocwpivo ID 610 2B ko
otéAvel owto to ID ot HLR

HLR forwards the ID to MSC of the calling MS

To xarovv MSC outiyton call set up oo kaAovuEVO
MSC

Paging unvouoto 6téAvovTal 6€ OA0 TOL KEALL TNG
cvykekpuevne LA

TuApa HMMY, MNavemiothpio Osocoaliag
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H 1eyvien 1wv Reporting Cells (1/2)

e "'Evo vToovvorlo TV KeAmV £yovv emagyel o¢ reporting cells 1
reporting centers (RC)

* O otaBuoc Pdong kabe TETO10V KEAIOD EKTEUTEL GTILLAL VIO VO
oNUOTO00TNGEL OTL TO KeM elval RC

* H yarrovid evoc RC 1 elvon to keAid, wov dgv sivar RC, ko givat
npocBaciuo oo To | Yympic va mepdoovue oo Evo aAio RC
e To xivntd evnuepmvel yio. T 061 TOV OTOTEONTOTE TEPAGEL
and v RC
* H teyvikn RC glvatl kaBoAkn Kol 6TaTIK
e "Exel 000 aKpoieg TEPUTTOOCELG
— Olo ta keAd etval RCs, kot
— kavéva keAl ogv etvan RC.
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29
H 1eyvuem 1wv Reporting Cells (2/2)
*H yertovid tov C anoteAeiton oo ta kead: A, C kou F.

“Eva kivnto mov akolovOel tn owdpoun) B> A—C, Ba evnuepmoet
v, TN 0€om Tov OTay QTdcel oto C.

*To cvotnua otéAvel paging unvopatoa ot yertovid tov RC 6mov
ELPUVIOTNKE TEAEVTOLO TO KIVNTO.
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‘ Xynpo Time-based (1/2)

* 'Eva katooi T ypdvov

 Evnuépmon yio Béon
Kd0e T oTryuéc

e Avalnnon Tov Kivntov
6€ £va, OUKTOAO OV
KkaBopiletar amd 1+ ko
I-], 6o 1 givon ) Oéon
Omov teAgvTOia
EKTEAECE EVNUEPMOT) TO
Kvnto

16-19 /11/2015 TuRua HMMY, MNavemoTtipio Osocoaliag
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Xynpo Time-based (2/2)

e Eivou dovvouiko oynua

* Edv 10 kat®@A TpoGolop1oTEL avd Kivnto, TOTE £lvol Kot TOmIKO
GYNUQ, ETIONC

e Agv AauPdaver vIOYN TOL TNV KIVNTIKOTNTO

e ITleovéktnua
— Am\o

* Melovektnua
— IToAV doynun enidoon 6tn YEPOTEPT TEPITTOON

16-19 /11/2015 TuRpua HMMY, MavemiotApio Osooaliag
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2ynpa Movement-based

e To xivntd datnpet Evav pHeTpnt mov apykonotleital 6to 0

« Kd&bOe popd mov mepvdiel To GVVOPO dVLO KEMMDV, AVEAVEL TO
LETPN TN KATA EVA

* Edv o petpnmcg yivel icoc ue M (mpoxkabopiouévn otabepd), to
KIVNTO EVNUEPMOVEL Vi TN BEoN TOV

e XVVEMMC, LILAPYEL EYYLNOT OTL TO KIvITO PPpicKeETUL GE OUKTVUALO
aktivac M+1, ue kévipo 10 TEAEVTOLO KEM OOV EVNUEPDTE Yo
M 0€om 10V

e To katmeAl pmopel va 1e0el d1apopeTIKo Yo KAOE Kivntod

 ToO oynuo avutd €ivor OUVOLUIKO KO TOTIKO
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‘ ITepadetrypa Movement-based

Koatopi: M =4

Enhancement: Otav
EAVOPTACEL OTO KEM,
Omov £KOvE TNV TEAELTAIN
evnuépmon B€omng, va unv
exteAéoEl Caval
EVIUEP®OT, ONA., VU
Oécel Tov peTpN TN GTNV
Tun 0.
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Xynpo Distance-based (1/2)

e To xivntd dwatnpet o LETaPANTI) TOL KPATA TNV OTOGTAGCT
OV £YEL O1OVVGEL
 H amdotaomn perpiéton og aplOuod kelwv

e Edv n dwavuBeica amdctaon Eemepdoet Eva katweAitl D, to
KIVNTO EVNUEPMOVEL Y TN BEoN TOV

e XVVETMOC, VILAPYEL E€YYLNGT OTL TO KIvITO PpioKeTl OE
anootaon D amd to keAl, dOmov evnuEépmaoe yia teAevTaic opa
yio. TN 0€om Tov

* To kat®@EAL umopel va, Teel O1POoPETIKO Y10 KAOE KIvnTo

 ToO oynuo avto €ivor OUVOUIKO KO TOTIKO

 Melovektnuato
— Eivai d0vokoro va vroroyilovue v andctocn LETOED OVO KEMMDV
— Agv glvan e@1Kto Vo, amonkevcel To Kivntd OAa ta (edyn amosTAcE®VY
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‘ Xynpo Distance-based (2/2)

Katoeh: D =3

16-19 /11/2015 TuRua HMMY, MNavemoTtipio Osocoaliag
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‘ ITegreyopeva

* Awyeipron 0éong: Paging

16-19 /11/2015 TuRua HMMY, MNavemoTtipio Osocoaliag
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2Npavtind {ntnpote 610 paging

e A€OOUEVNC UOG KOTAVOUNG TTOOVOTNTOC Y10 TNV
TOPOVGIO TOL KIVNTOV GE O10POPa “KEALR”

e Ilowx etvon n eAdyiotn ueEon mpoomdbela (ap1Ouog
avalnToOUEVOV ToToBeGIMV) uEYPL va. Ppebel to
Kivnto;
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[IeoLMpa paging (1/3)

16-19 /11/2015

AmoapiOuovpue Tic paging locations pe 1,2,..., étot
OGTE TO KvnTto eival ot B€on | pe mbavotnta p;
2voyetiCoovue 1N €61 TOL KIVNTOL UE TUY OO
uetaPint X, térown mwote P{X =1} = p;

Xwopic PAaPN g yevikdtntog, n location area n
OTOTEAELTOL OO VTOTEPLOYES (TTOV TIC
cvuPoArilovpue pe A,), mov 6Aeg Ba yivouv paged
TOLTOYPOVOL.

H cardinality tov A, cuoppoAileton pe K,

H otpotnywn paging A givo pio dtotetoryuévn
akorovBia (A, A,, ...) and location areas mov Oa
vyivovv paged

TuApa HMMY, MNavemiothpio Osocoaliag
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[IooLMpa paging (2/3)
* H mBavoémta 611 10 Kivntd eivon ot location area A eivau:

dn = Zpi .
icA,

* Edv to xtvnto eivan o location area A, 10te 0 ap1Buoc twv
O¢cewv dmov avalntmOnke eivat:

M
Sn —_— E k} .
=1

* Opilovue t0o k60TOC L TOL paging ¢ tov apiud tmv location
mov avalnoinkav uéypt va Ppebei to kivnto. Ioapatnpodpue
ot P{L =s,} = g, kot ow1o:

E[L] = is,,qn ,

n=1
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[IooLMpa paging (3/3)

* A@o¥ 6Aec o1 Oéaeic péca o o location area yivovton paged
TavTtoypova, 1 paging delay D icovton e tov aptOud twv
location areas mov avalntovvtai Tptv pedel To K1vNnTod.
Enuewwvoope 60tt P{D = n}=q, ko1 avtd:

E[D| = inq,,.

n=1

* To mpdPfAnua eivon n ehayiotomoinon tov E[L] vrokeiuevo
otov mepropiopd tov E[D] yia 6Aeg Tic paging otpotnyikéc.
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To Bootno Oewonpa 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 (A4, 4,,...) that minimizes
either E[D| or E[L] must satisfy i € 4; and j € 4,, for
some ! < m.

16-19 /11/2015 TuRpua HMMY, MavemiotApio Osooaliag
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A7no6e1éy Pacinod Oswenpatog (1/2)

Suppose the set (A4;,A3,...) is optimal but there
exists i € 4; and j € 4,, with p; <p; but ! > m. Let
(4,45, ...) 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 . We note

that
E|D] - E[D'] = lp; + mp; — (Ip; + mp;)
= ({{ —m)(p; — pj)
> 0.
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A7no6e1éy Baonov Oswonpatog (2/2)

This 18 a contradiction of the assumed optimality of
{A,}. Likewise for E[L| we have

E[L| — E[L'] = sip; + smpj — (s1pj + SmPi)
= (51 — Sm) (P —Pj)
> 0,

which also contradicts the assumed optimality. O

16-19 /11/2015 TuRpua HMMY, MavemiotApio Osooaliag



Katnyogromoinen teyvirmy

Update Schemes
(defines the update criteria)

When ‘exit’ the database

(LA boundary assignation) When ‘reach’ the database

16-19 /11/2015

Static Dynamic Threshold assignation Individual computation
(same LA shapes (varying LA shapes) (decision finalized (evaluation at
for all) Ying P at registration) each movement)
GSM/GPRS standard Directional-based Time—based Probability—based
TLA Profile—based Movement-based State—based
TrLA Distance—-based LeZi update
Prediction—based

TuApa HMMY, MNavemiothpio Osocoaliag
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‘ 2 0vodn sLEEGNG AHIVNTMV

T1 (granularity), wov (availability) note (currency) vo amonkevtet

o¢ OAa Ta onueia

A

o€ EMAEYPEVA ONUEia
(11.X., O€ ouxvouc callers)

Avallability

4

[MouBeva

AkpIBA
eon o0 BiopEPo
' Curr
\ (sra““\ar Moté ency _—
evnuépwon Mavra evnuépwon (o€

KAOe Kivnon)
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‘ H 1eyvien LeZi-Update (1/15)

* Movtéha TomTOAOYIOC OIKTVOV
— YEMUETPIKA LOVTEAQL
— ovufoika povréia
* To yeouetpikd poviEro
— EvkoAa
— TI'evika

— Emutpémovv mpofieyn

16-19 /11/2015 TuRua HMMY, MNavemoTtipio Osocoaliag
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‘ H 1eyvien LeZi-Update (2/15)

® e
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H teyvinn LeZi-Update (3/15)

User movement between 9:00 a.m. and 9:00 p.m.

Time a.1m. p.m.
11:04 11:32 I1:57 318 4:12 4:532 313 611 6:33 6:54
Crossing a—6h b—a a—h h—sua a—=bhb b—=v¢ c¢—=d d—=c¢ c¢c—=b bh=a

AxolovBia avaeopmv O10pOpOV GYNUAT®V EVNUEP®GNC BEong

Time-based (T =1 hr) aaabbbbacdaaa . . .

Time-based (7 = 1/2 hr) aaaaabbbbbbbbaabeddcaaaaa . . .
Movement-based (M = 1) abababcdcha . . .

Movement-based (M = 2) aaaccd . ..

Time- and movement-based (T = 1hr. M = 1) aaababbbbbaabccddchbaaaa . . .
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H teyvien LeZi-Update (4/15)

Definition 1. The movement history of a user is a string
“viv2vz...7 of symbols from the alphabet ©}, where 1 is the
set of zones under the service area and v; denotes the zone-id
reported by the ith update. Consequently, v;’s are not neces-
sarily distinct.

Definition 2. The mobility model of a user is a stationary sto-
chastic process V = {V;}, such that V; assumes the value
v; € 1 in the event that the /th update reports the user in
zone v;. The joint distribution of any subsequence of V;’s is
invariant with respect to shifts in the time axis, 1.e.,

PI"[V] =V, Vg =V, ..., V” — L-‘J.-;]

=PrlVig=vi.Vou=v2.....Vypy = v, (1)

for every shift / and for all v; € . The movement history is a

trajectory or sample path of V.
16-19 /11/2015 TuRpua HMMY, MavemiotApio Osooaliag
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H teyvinn LeZi-Update (5/15)

o tv axoivdio avagopav: aaababbbbbaabccddcbaaaa

=P [onorant model.| The ignorant model disbelieves and disre-
gards the information available from movement history. Due
to the lack of knowledge, it assigns equal residence proba-
bilities to all the eight zones in figure 1. In other words,
Tg =Tp =T =g =T =Tf =T =7 = 1/8 =
0.125. The assumption of uniform probability distribution
suffers from the consequence that no single paging strategy
can be adjudged better than another in terms of average paging cost

===>'/ID model.| The IID model assumes that V;’s are indepen-
dent and 1dentically distributed. Using the relative frequen-
cies of the symbols as estimates of residence probabilities, we
obtain the residence probabilities as 7, = 10/23 ~ 0.435,
mp, = 8/23 ~ 0348, 7, = 3/23 ~ 0.13, ny = 2/23 =~
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‘ H 1eyviun LeZi-Update (6/15)

(€oen Oanc 0D}

| Mty model.

The simplest possible Markov model as-

sumes that the process § 1s a time-mvariant Markov chain.

defined by

PriVi=uv | VI =1, . ... Vi1 = vi—1]
= Pr[Vi = v | Vi1 = w1 (2)
= Pr[Vi = v | Vi1 = vi—1] (3)
for any arbitrary choice ol k and 1.
— -"‘} .'"% 'I Illl.-"'%
- , , | 3/8 12
[A%04 N0 nt@avornr(nv HS’C(XB(IGT[Q. P = [] [ /3
L () ()
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H teyvinn LeZi-Update (7/15)
* Oporoyia

— Markov povtélo — Markov povtéio taéng 1
— 11D povtého — Markov povtého taénc 0

— Ignorant povtého — Markov povtélo tédéng —1

— Yyniotepng TaENg povréla ? Acite tov mapoxdro mivorko

Contexts of orders 0, I and 2 with frequencies.

Order-0 Order-1 Order-2
a(10) a | a(o) blec(l) alaa(3)y alba(2)y alcb(l)
H(8) b |a(3) cle(l) blaa(2) b ba(l) d | ce(l)
c(3) al|b(3)y d|c(l) alab(ly a|bb(l)y d|ecd(l)
d(2) b | b(4) c|ld(ly blab(ly b|bb3) b|dc(l)
c | b(l) d | d(l) c|ab(l) c| be(l) c | ddil)

16-19 /11/2015
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‘ H 1eyviun LeZi-Update (8/15)

To trie (digital search tree) yio 6Aa. Ta contexts uéypt
TAENC 2 Yo T akoAovBic TOL TOPAOETYUATOC

*AvEnon ™¢ TdENG eumAovTiCel To LOVTEAD?
«2€ o0, TAEN oTOMATAUE?
* X PNGLOTOLOVUE UOVO TN LEYOAVTEPT TAEN N KOl OAEC TIC EVOLAUETES?
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H teyvinn LeZi-Update (9/15)

* Auecan éupeca (Kdmola amd) To oynuoto evnuEpmong 0Eong kpatovcay
otnv cache tovg 1o (ta) cell (1 location area) 1D ko pe Bdon avtr v
TPNPOPOPLa EKOVAV TNV EVIUEPWOOT

* O akyopBuoc LeZi-Update Aettovpyei mapopota, otéAvovtoc opddeg ID
LOVO OTOV QTN 1 OUAOO OEV £XEL EAVOEUPAVIOTEL

¢  Oewprvrag tnv akolovdio: aaababbbbbaabccddcbaaaa

« Tnv kdvel parsing oce epdoeic o¢ EENG: a, aa, b, ab, bb, bba, abce, ¢, d, dc,
ba, aaa, . .

OunxavioUuésc Eival O TAPAUKAT W:

The algorithm LZ78 parses the

input string “vy, va, ..., v, . Where v € %, into ¢(n) distinct
substrings wy, wa, ..., We, such that for all j = 1, the pre-

fix of substring w; (i.e., all but the last character of w;) is
equal to some w;, for 1 < i < j. Because of this prefix prop-
erty, substrings parsed so far can be efficiently maintained ina trie
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‘ H 1eyvien LeZi-Update (10/15)

Trie yio Tov KAoo1kd aAyop1Ouo LZ78
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H 1eyviun LeZi-Update (11/15)

Trie ywo tov emowénuévo alyopiduo LZ78: T
KéOe ppdion elcaydyovue 6 ta embEpotd (Suffixes) e
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‘ H 1eyvien LeZi-Update (12/15)

57

initialize dictionary
initialize phrase w
loop

null
null

walt for next symbol v

if(w.v 1in dictionary)
W
else

encode <index(w),v>

add w.v to dictionary
" null

endif

forever

W.V

Figure 4. Encoder at the mobile.

initialize dictionary
loop

null

walt for next codeword <i1,s>
decode phrase dicticnary
add phrase to dictionary

increment frequency for every

prefix of phrase
forever

= [1]

s

Figure 5. Decoder at the system.

initialize dictionary :
loop

null

walt for next codeword <i, s>
decode phrase dictionary [1]
add phrase to dictionary

increment frequency for every prefix of

every suffix of phrase
forever

LS

16-19 /11/2015

Figure 7. Enhanced decoder at the system.
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‘ H 1eyvien LeZi-Update (13/15)

Result 4. The symbol-wise model created by the incremen-
tal parsing asymptotically outperforms a Markov model of
any finite order and attains the finite-state predictability. At
any point, the effective number of states in the incremental
parsing model is O(c(n)) and the equivalent Markov order is
O(logc(n)). Moreover, for stationary ergodic sources, it at-
tains the predictability of the universal model.
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H teyviun LeZi-Update (14/15)

16-19 /11/2015

YnoOétovpe OTL TPEMEL VO TOPAOMGOVLE KANOT Y10, TO KIVNTO KO 1
teALTOLO YVOoT ToL £yovue Yo T B€on Tov glval: aaa

Ta contexts mov umopovue va, ypnoipomomcovpe ivor ta Suffixes
TOL a0 (EKTOC amd TO 1010 PLGIKA), ONA., ao. (TAEn 2), a (td&n 1) ko
10 A (TéEN 0)

[Ipota wpémel va Bpovpe 0Aa ta ThovE LOVOTTATIO TTOV UTOPOVV VO
wpoPAe@TOVV LE avTd TOL CONtexts:

Phrases and their frequencies at contexts “aa’. “"a” and A",

aa (order-2) a (order-1) A (order-0)

alaa(l) ala(2) aid) ba(2) d(l)
A aa(2) aa | a(l) aa(2) bb(1) de(l)
bla(l) ab(l) bba(l) A(l)
be | a(l) abe(l) be(l)
A a(d) b(3) c(3)
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H teyvinn LeZi-Update (15/15)

«  Kotomy, va vmoloyicovpe tig unconditioned mbavotrec eppdviong avtmv
TV ppacenv pe blending (n uébodoc vworoyiouov e€nyeitan otn ddAeén):

Probabilistic prediction of individual symbols on path until next update.

Phrase Pr|Phrase] a b c d

a Ly 2t L) =053 05391 00000 0.0000  0.0000
aa i +3(55)) =00957 00957 0.0000  0.0000  0.0000
ab {3 (35)) =0.0145 00073 0.0073  0.0000  0.0000
abe 25 (H)) —0.0145 00048  0.0048 00048  0.0000
b 2L+ L)) =01104 00000 01104 0.0000  0.0000
ba ${3(%)} =0.0290 00145 0.0145  0.0000  0.0000
bb 3 (3%)) = 0.0145  0.0000 0.0145  0.0000  0.0000
bba 3 (%)) =0.0145 00048  0.0097  0.0000  0.0000
be 25+ 3(H)] =00812 00000 0.0406  0.0406  0.0000
¢ 3 (3] =0.0435  0.0000  0.0000 0.0435  0.0000
d 2{1(%)} =0.0145 00000  0.0000  0.0000  0.0145
dc 23 (H)) =0.0145  0.0000  0.0000  0.0073  0.0073
Sum 0.0662  0.2018  0.0962  0.0218
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