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The ratz ihat a serviee handedf is forced o wrminate is called
the service deapping rare (abbrevinned as SDR).

I ARALYTICAL AN TEARSCODING MODELS
A, Aralviicel Mede!

I this subsection. we derve the worst case of the average
aecess time of QTPF and wse the derived resulis o guide
the wversion decision policy ard the server admission conrol
scheme propoessd in Section IV, To facilivae the following
disgussion, we meake the following assumptions,

1 The employed seleduling selseme of the scheduler 1s

FCFS (standling for frst come., fist servel

2y Mo request merge oocurs in the d#ta request gquene of
e scheduler.

One transmission of a dacg object in the brosdeast
chanmel is received by exactly one client,

The messages of registration, de-registration and handoff
are negligible.

Aasumplions I oand 3 oceur when 1he users’ inlemoesis are
leighly diverse, and henoe the elect ol on-demand broadoast 1s
elinanatid. We make thiss Dwo assumplxns smoe we focus on
Lhie worst civse Of e ransoodimg prosy. Assumplion 4 s malde
sigee we focus on the e situation el the number of dala
requests bs muoch higher than the umber of control messages
(he.. registration, de-reglamatbon, handoff and serviee wermi-
matbon). These assumptions will be relaned in ous simulation
mode] described an Seetion V. For bewer readabilitg, a lse of
wsed symbols is shown in Table 1L

W model QT as a queveing network as shown i Figure 3.
Qe 2 i3 a pliysical queve which s located in the schedaler.
On e contrary, Quewse 1 oand Croeve 3 are logical guenes
which are only used o medel the contral and  brosdcast
clsannels inorder wo denve the average waiting tinwe of a daca
reguest an the comtrol and broadeast chamnels, respectively.
Suppose that the data requests submitted by 8 mobile user
in servics follew a Poisson process with rate A, and Nero,
is the mumber of mebile vsers inservice in the cell. To
tacilitare the following discussion. we numiber the mobile users
in e cell as user 1, 20 o, Wi, Due o the charscieristic
of the Poisson process, the aggregote data requests of all
mobile users in the cell follow o Poisson process with mie
Ao, = Tl a. Denote the sizes of daa requests and
request acknowledpements a5 s and &0, respectively.

3

4

Cluewe 2
MET -
Dau 1
Scheduler ALK t| | Aoruemt
o
+ o % .
Gusua 3 £ 2 El Queue 1
= -
2 d =
ig £
E] g i
[ Ak [P D
" w Hoquasi

Fig. % The analytical model of the pragosed iranscoding prasy

Wz also let £, be the bandwidith of the contrd chemnel, and
let the watling time of the conirol channel for a dala request
falenited as H'.;-..r] b the nme imlerval Belween the user
serling @ data request and the user recemving thi seknm lecize.
Then, we have the following lenuma.
Lemma I: The average wailing lime of the control channel
can be formulated 2s hebew.

1

thope,
PTG o e

Wen, = P
= Actird.

Let the waiting time of the scheduler for 2 daola regquest
ddenvied as We,, 1 e the Bme inderval Trom the amival of the
data reguest Troan the scheduler™s perspeclive o the lme that
the reguested data object has been oblxined by the schedoler.
Mole that the service time of a cache manager is affected by
several fictors such as coched slatw ol reguired data shjects,
the employied replacement scheme, the charsclenstic ol the
inpul jobs, aml sooon, The secvice time of the coche manager
canid be modeled by a particular mathenatical distributzon.
Taerefone, we model the average servies mme of the cache
mamager asoan arbitrary disiribotion wath mea —— and

P . P
variance 7z .. . Suppose that peg. — ﬁ{_‘{;_h is the koad of
the scheduler, We then have the following lemmn,

Lemma 2: The average waiting tinse of the scheduler is

Biitie, 2
Wt L L a2
#Ezhe, A1 = e )

Les the waiting time of the broadeass channel for a data
redpest bie the timee incerval between the time thit the requesied
datn object has begn obtained by the schedoler and the time
that the wser hos received it Then, we have the following
lernma.,

Lemma 3 The average waiting tme of the broadeast channe]
can be formalaed s
1

H"_r Capt = =,
it RBcasll — Ta)

K3
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The rate tsat a service handgd# s foroed o weominae is called
the service drppdng Tabbreviated as SDR).

L ARNAYTICAL AN RARSCODING MODELS
A Aralvidal Model

I this subsection, we derivegthe worst cose of the avernge
access time of OTF amd wsy the derived results o guide
thee version decision policy argl the server admission contral
seheme proposed e Secton WY, To facilface the Tollowing
discussaon, we make g assumplions.

13 The emploved sc

FCFS (standing for

I Mo requesl merge oo

the scheduler.

3 One tpanemission of oot ohiect in the brondeast

channd i i exgetly one client.
i, de-registration aml handoff

in ihe data nequest queue of

wsed symbals is

We moude] QTP as a queuein twark as shown im Figune 3.
Quewe 2 is a physical gqueue which is localed in the scheduler.
On the contrary, Queue 1 anl Quese 3 are hgical gquewes
whech are only used o moedel the control and broadcast
channels in order 1o derive thefaverage waaning tme of a data
request on the control and bjeadeast channels, respectively.

L]

g 3. The malytical medel of the propoasd tratscoding provy

We also bl Hy o be the bandedih of the contrsl chanpel, and
Tet tbe waiting tse of the cofirel channel for a data request
(demated & Wiee b be the tfme inserval between the user
sending a data requess and ser receiving the acknowledpe.
Then, we have th rwving Ikmma

Lemmea 1:
can b fremn

average wailigg time of the contred chanmel
ed ns hebow,

W, = —g—

Let the waiting ime of the)scheduler for a dala requeest
fdemated a8 Weone ¥ be the wimd interval from the arval of the
data request from the schedulgr's perspective s the time that
the requested dota object has Been obtained by the scheduler.
Note that the service time of § cache manager is affected by
severnl faciors such os cached [status of required data ohjects,
the emplwved replacement sceme, the characleristic of the
ice time of the coche manager
lar mathematacal distribution.

input jobs, and so on. The se
caniol be imedebed by a parti
Thenefore, we model the avedige service time of the cache
manager as an arhiary diswjbuton with mean L and
varianee HEJ Suppase thibys.n,. = {00 is the load of
the scheduler. We then the following lemma.

Lemma 2z The average walling time of the scheduler is

1 e 4 ACIFL TR,

g M. T 21 - pgene)

Let ihe waiting time of the roadenst channel for o datn

K 4
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