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Cellular Network Architecture

MSS: Mobile Switching Center
BS: Base Station

MH: Mobile Host

PSTN: Public Switched Telephone Network
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Wireless Systems, Services, and Characteristics

Wide Area Mobile Communications

Global Mobile Communications

Local Area Mobile Communications

(ARDIs, CDPD, MOBITEX, Metricom)

(CT-2, DECT, Radio LANs)

(PCS, UTP, FPLMTS, Satellite-Based Sys. GSM)

FAX

VOICE

PAGING
MESSAGING

DATA

VOICE
FAX MULTI-MEDIA

DATA

Decreasing
Coverage

Data Rates
Increasing

Decreasing Wireless
Cell Size

Decreasing
Rate of
Mobility
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Mobile Computing

� Low-cost, low-power portable computing devices (laptops,

PDAs).

� Computing while on move, Anytime and anywhere computing.

� Computing = word processing, database retrieval,

mathematical calculation ...

Aware

Computing
Aware

Context

Location
Aware

Computing

Connectivity

Computing

Neighbor
Aware

Computing

Mobile
Computing

Real-Time

Location Tracking
and Querying.

Navigation,
Teleporting

Ad-Hoc Mobile
Collaborative
Computing.

Multimedia
Applications.

Mobile WWW.
Hyper-media
Retrieval,
Information
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Challenges in Mobile Computing

Transport Layer

Network Layer

Physical/ Link Layer

Application Layer
Resource Discovery
- File servers

Profile Management

New Multimedia Applications- Print servers

Flow and Congestion Control
End-to-end Quality-of-Service (QoS) 

QoS Cotrolled Handoff
Authentication

Addressing and Routing

Location Mangement

Power Control
Channel Access 

- TDMA, CDMA, FDMA

Signal Modulation

Encryption/ Compression
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Mobile IP

Protocol for delivering datagrams to Internet mobile users.

Internet
Host

MH

Packets from Internet Host

Tunnel

routed using home adress of MH

Care-of address
of MH is tunnels
endpoint

Packets to Internet Host
routed directly

FA decapsulates and sends 
original datagram to MH

HA encapsulates
the original datagram

Home
Agent
(HA)

Foreign
Agent
(FA)



'&

$%

D
a
ta
M
a
n
g
e
m
e
n
t
Issu
e
s
in
M
o
b
ile
E
n
v
iro
n
m
e
n
t

�

D
a
ta
m
a
n
a
g
em
en
t
co
n
cern
s
w
ith
:

1
.
m
o
d
elin
g
a
n
d
e�
cien
t
sto
ra
g
e
o
f
in
fo
rm
a
tio
n

2
.
retriev
a
l
a
n
d
m
a
n
ip
u
la
tio
n
o
f
in
fo
rm
a
tio
n

�

N
eed
fo
r
n
ew
m
o
d
elin
g
co
n
cep
ts
a
n
d
tech
n
iq
u
es
fo
r
m
o
b
ile

en
v
iro
n
m
en
ts,
e.g
.

{
T
ra
ck
in
g
o
f
m
o
v
in
g
o
b
jects:
n
ew
lo
ca
tio
n
m
a
n
a
g
em
en
t

sch
em
e
to
d
ea
l
w
ith
ra
p
id
ly
u
p
d
a
ted
lo
ca
tio
n
in
fo
rm
a
tio
n

{
C
a
ch
e
m
a
in
ten
a
n
ce
sch
em
es
fo
r
m
o
b
ile
en
v
iro
n
m
en
t

{
C
o
n
cu
rren
cy
co
n
tro
l
sch
em
es
fo
r
tra
n
sa
ctio
n
p
ro
cessin
g



'
&

$
%

Mobile Computing Environment

LAN/WAN/Internet/ATM etc.

Application
Nodes

Static
Network

Access
Network

MSC

Database Servers

Mobile
Clients

BS

LR

MSC: Mobile Switching Center
BS: Base Station
LR: Location Registrar
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Broadcasting Invalidation Reports

queries answered
after next invalidation
report

LMSC

Mobile
Client

: : : : : : : :

w = kL

all invaludations
in last w time units

� uses stateless server and synchronous broadcast

� A query is satis�ed after receiving the next invalidation report

� Each invalidation report carries all items that changed in a

window of time w. Client's entire cache is invalid if it is

disconnected for more than w time units.
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System Architecture

Cache
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Satisfying Query at a Client

data request
for item x

x in cache?

reply first_request?

first_waiting?

request HA for
invalidation
report

wait till 
invalidation
report arrives

first_waiting = true
make uplink
request

hit miss

truefalse

false true

� first request is set to true on reconnection.
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Handling of Messages at Client

update cached
data and
cache timestamp

cache the data
and update 
cache timestamp

received message

type

IR Data

first
after wakeup?

discard

yes no
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An Example Scenario

2) add (y, t2) to HLC
3) fwd y to client

1) fetch y from server;

t0
x

t1 t2

z
y

t2

z
y

x changed

t1

(x,t1) (y,t1)

t2

(y,t2)

cache

z z

t4

(z,t4)

z changed

t3

(y,t3)

y changed

lost

(y,t1)

ignored

first query for y
after wakeup

t5

t5

timestamp

data

(y,z,t5)
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Query-Update Model

ba

:
:
:
:
:
:
:

1

M
Database

1/ M

(size = bq )

µ

µ
µ

queries

λ

1

2

i

N

Mobile Clients
in a Cell

updates
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Client Sleep Model

� Sleep = The client is unreachable e.g. due to link failure

� Awake = The client can receive messages (includes both active

and doze CPU modes)

t

Awake Sleep

wakeup

(1-s)t st

� s is the fraction of time a client sleeps.

� Inter-wakeup time: exponential distribution with mean 1=!.
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Estimating Miss Probability

� Scenarios for miss (need for uplink request):

i-th query
for x

(i+1)-th query
for x

# invalidation for x > 1

(a) Miss due to absence of valid data item in cache

(b) Miss due to diconnections.

last wakeup for item x
first query afterquery for x wakeup

no query or 
wakeups

atleast one
wakeup

t

t-t1 t1

� Pmiss = P [Event a] + P [Event b]:



'&

$%

E
stim
a
tin
g
M
iss
P
ro
b
a
b
ility
(C
o
n
t.)

�

q
u
ery
ra
te
fo
r
a
�
x
ed
d
a
ta
item

=
�
x

=
�
e =M
.

�

P
ro
b
a
b
ility
o
f
m
iss
d
u
e
to
a
b
sen
ce
o
f
v
a
lid
d
a
ta
item
in
ca
ch
e:

P
[E
v
en
t
a
]
= Z
1

0

(�
x
e
�

�
x

t)(1
�

e
�

�
t)d
t

=

�
�
x

+
�
=

M
�

(1
�

s
)�
+
M
�
:

�

P
ro
b
a
b
ility
o
f
m
iss
d
u
e
to
d
isco
n
n
ectio
n
:

P
[E
v
en
t
b
]
= Z
1

0

(P
[n
o
IV
s
a
n
d
Q
s
fo
r
x
d
u
rin
g
tim
e
t]

�

P
[th
e
q
u
ery
(fo
r
x
)
is
1
st
a
fter
w
a
k
eu
p
)d
t

= Z
1

0

�
x
e
�

�
x

te
�

�
t( Z
t

0

e
�

�
e
t
1!
e
�

!
t
1(1
�

e
�

!
(
t
�

t
1
))d
t
1 )d
t



'&

$%

E
stim
a
tio
n
o
f
D
e
la
y

�

E
stim
a
tio
n
o
f
a
rriv
a
l
a
n
d
serv
ice
ra
te
o
f
q
u
eries
req
u
irin
g

u
p
lin
k
s

�

E
stim
a
tio
n
o
f
a
rriv
a
l
a
n
d
serv
ice
ra
te
o
f
in
v
a
lid
a
tio
n
s

�

E
stim
a
tin
g
th
e
a
v
era
g
e
d
ela
y
T
q

fo
r
a
q
u
ery
w
h
ich
req
u
ires

u
p
lin
k

�

A
v
era
g
e
q
u
ery
p
ro
cessin
g
d
ela
y
=
P
m

i
s
s T
q .



'
&

$
%

Arrival and service rate of queries experiencing

cache miss

� �q: average arrival rate of queries requiring uplinks

� �q: service rate of queries requiring uplinks (deterministic)

Mobile Clients
in a Cell

Pmiss eλλq=N µ q
b + bq       a

= C

(size = bq )

1

2

i

N

responsequeries
(size = )ba
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Arrival and service rate of invalidations

� �i: average arrival rate of invalidations

� �i: service rate of invalidations (deterministic)

ba

λi =Mµupdates

µ
µ

µ

:
:
:
:
:
:
:

1

M
Database

invalidations
(size = bi )

=µ i
bi

C
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Modeling the E�ect of A Single Wireless Channel

� Combine the previous two M/D/1 queues into a single M/D/1

queue

�

~�i: Adjusted arrival rate of invalidations

Pmiss eλλq= N

(size = bq )
queries µ q

b + bq       a

= Mλi

invalidations
(size = bi )

µ i

µ

=
bi

C

µ q
b + bq       a

= Cλq

µ q

µ i
iλ,iλ,~

iλ,~

= C

+

=
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Query Delay vs Sleep
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Number of Uplinks vs Sleep
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Comparison: Delay vs Sleep
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Comparison: Uplinks vs Sleep
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Comparison: Dealy vs Sleep
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Comparison: Uplinks vs Sleep
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