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‘ H teyvixn LeZi-Update (1/15)

* MovtéLao TOTOAOYIOG OTKTVOV
— YEMUETPIKA LOVTEAQ
— ovupfomkd povréha
* Ta yeouetpikd povtéAa
— EdYxolo
— I'evika
— Emtpémovv mpofieyn
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H teyviun 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 avapopOVv O10POPOV GYNUATOV 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 teyvinn 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] — U]r V2 — 1*'12.* R V?H — UH]
=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.
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H teyvixn LeZi-Update (5/15)

['lo TV akoAvBio avopopmv: 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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(€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.
— -"‘} f "% 'I Illl.-"'%
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H teyvixn LeZi-Update (7/15)

e Opoioyia
— Markov povtédo — Markov povtéro taéng 1
— 1ID povtého — Markov povtého taénc 0

— Ignorant povtého — Markov povtédo tédéng —1

— Yyniotepng taéng povréia ? Acite tov mapaxdrm mivako

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)
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‘ H teyvixn LeZi-Update (8/15)

To trie (digital search tree) yio 6Aha Ta contexts uéypt
TAENC 2 Yo TN okoAoVOia TOL TAPOOELYLOTOG

*AVEnom ¢ TdENG eUTAOVTILEL TO LOVTEAD?
«2& ol TAEN oTapoTAue?
* X PNGLUOTOLOVUE LUOVO TN LEYOADTEPT TAEN 1] KOl OAES TIC EVOLAUEGEC?
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H teyviun LeZi-Update (9/15)

Aueca 1 Eupeca (Kamolo amd) To GYNUATH EVNUEP®ONC BEoN KpaTovGay
otnv cache tovg 7o (ta) cell ( location area) ID «kai pe Bdon ovt v
TPNPOPOPIO EKOVOV TNV EVNUEPWOOT

O alyopOuog LeZi-Update Aettovpyei mapodpoia, otédvovtag opdodec 1D
LOVO OTaV QT 1 OUAdN OEV EXEL CAVOAEUPOVIOTEL

OcwpmvToc TV akoiovdia: aaababbbbbaabccddchaaaa

Tnv kdver parsing oe epdoelc o¢ EENG: a, aa, b, ab, bb, bba, abc, ¢, d, dc,
ba, aaa, . .

Ounxav:ioués Eval 0 TAPLAKAT 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 teyvixn LeZi-Update (10/15)

Trie yio Tov KAoo1ko aAyopiOuo LZ78
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H 1eyvixn LeZi-Update (11/15)

Trie yia tov emowénuévo odyoptbuo LZ78: o
ka0 ppdomn elcaydyovue 6o ta emBEuotd (suffixes) g
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‘ H teyvixn LeZi-Update (12/15)

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

Figure 7. Enhanced decoder at the system.
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‘ H teyvixn 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 teyvixn LeZi-Update (14/15)

*  YmoO&tovpe OTL TPEMEL VO TOPAOMGOVE KANON Y10, TO KIVNTO KO M
telvtoia Yvoon mov Eyovue yiao 1 B€omn tov eivat: aaa

» Ta contexts mov umopodue va ypnoipomotnoovue givor to, Suffixes
T0V a0 (EKTOC amd 10 1010 PUGIKA), ONA., aa (TAEN 2), a (Tdén 1) ko
10 A (TdEN 0)

* Tlpota tpénel va Bpovue OAa Ta TOvVE LOVOTATIO TOV UTOPOVV VO
wpoPAe@TOVV LE avTd Tow 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 teyvixn LeZi-Update (15/15)

«  Kotom, va vmoroyicovpue Tig unconditioned mbavotrec epueaviong ovtmv
Tov ppaceov ue blending (n uébodog vmoroyicuot eEnyeitar otn dS1dAeén):

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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