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by the WAP Forum 1o pro
terminals such as pagers
and information service
work with all wireless ne

rotocol (WAP) js 4 universal, o
vide mobile yse

. Pen standard develope
SRl rs va .ywrefcss phoneg and other wircfess
| pu_.sonal digital assistants (PDAs) access to telephon
S including the Internet and the Web, WAP is des; ned tg
twork technologies (e.g, GSM, CDMA, and TDMA).%VAP is
, SU _ P, XML, HTML, and HTTP, as much as

established the WAP Forum in 1997, which n
time of this writing, the current release of th

@p_ngly a_ffepting the use of mobile phones and terminals for data services are
the 51gmflcant. limitations of the devices and the networks that connect them. The
devices have limited processors, memory, and battery life. The user interface is also
limited, and the displays small‘kq_hr@ wireless networks are characterized by relatively °
low bandwidth, high latency, and unpredictable availability and stability compared
‘to-wired connections. Moreover, all these features vary widely from terminal device
1o terminal device and from network to network. Finally, mobile, wireless users have
different expectations and needs from other information systems users. For
instance, mobile terminals must be extremely easy to use, much easier than worksta-
tions and personal computers.W@P is designed to deal with these challenges.

The WAP specification includes

A programming model based on the WWW Programmipg Mo;l.a:l
Lo "A mérkﬁp language, the Wireless Markup Language, adhering to }_(ML
e A specification of a small browser suitable for a mobile, wireless terminal

o A lightweight communications protocol stack
_~4 A framework for wireless telephony applications (WTAs)
i The WAP specification consists of a number of different protocols and modules,
e . ] .
whose relationship is depicted in Figure 12.8.

e elements: the client, the gateway,

12.9). HTTP is used between the gateway and the
e 12.5). 111 22w

. i er (Figure 12.7). 112 2 roxy server for the
dnd the gRgia’ B (fer content, The gateway acts as 2 dpthesiimited capabili-
original server 0 iieat? provide services that offloa  ouy ptovides
wireless domain: eless terminals. For examp_if’ t\l;ve\?sf\l)v stack (HTTP
{ies of the hand-hel WAP protocol stack and the  hat
DNS services, conver

¢l is based on thre

Its pmccssor@)
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ts between
s information from th

A int
athI’ly and’ :
inimi i communi¢ ication co
izes wireless Hmmunic
glmtmcli form into standard Web oM
acte

‘nformation.
caches frequently requested inf b

e Web into a more compact fohr[‘ at
he other direction, decodes the -
nventions. The gateway @
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Wircless Application Environment l\\'.A\I‘I}' LI
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SRR
I

! Wircless Session Protocol l\'\'.\'l‘) I
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r Wircless Transaction Protocol (WTP) j

r Wircless Transport Layer Security (WTLS) j

I ¥
r 1y J r Wireless Datagram Protocol (WDP)
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[ osm | [ pamrs | [ s | N Im

Figure 128 WAP Protocol Stack

Fieure 12.10 illustrates key components in a WAP environment.Using WAP
a mobile user can browse Web content on an ordinary Web server. The Web server
provides content in the form of HTML-coded pages that are transmitted using the stane
dard Web protocol stack (HTTP/TCP/IP). The HTML content must go through
an HTML filter, which may either be colocated with the WAP proxy or in a separate
physical module. The filter translates the HTML content into WML content. If the filteris
separate from the proxy, HTTP/TCP/IP is used to deliver the WML to the prow
The proxy converts the WML to a more compact form known as binary WML and delv-
ers it to the mobile user over a wireless network using the WAP protocol stack.

If the Web server is capable of directly generating WML content, then the
WML is delivered using HTTP/TCP/IP to the proxy, which converts the WML 0

~binary WML and then delivers it to the mobile node using WAP protocols.

Cligh Gateway Original server
: v
L Encoded requests o l Requests
L

Encoders
and
decoders

~
CGl1

Seripts

ete.

WAE
user
agent

@ ‘
Encoded response 1 Response (content) | (Content

]

Figure 129 The WAP p

I
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ML-capable :
'\‘:'cb scr\'l:r - HTTP/TCP/IP
WML over
HTTP/TCPAP
Bmary WML
over WAP
Mobile
terminal WAP
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wireless [l
palmtop /g Binary WML
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Figure 12.10 WAP Infrastructure

The WAP architecture is designed to cope with the two principal lirmtatllonst o;
wireless Web access: the limitations of the mobile node (small sc}r{ee}r% Slzesw:&“t‘;e
input capability) and the Ic jow data ratc§_9§ wlreless digital nelwt())r ?j Clvten g
introduction of 3G w1reless lﬁfv’v—orks ~which will provide broadban . 3 a 1.1"“ i
small hand-held mobile nodes will continue to have limited input an 155 y caps
bility will be needed for the indefinite future.

bilities. Thus WAP or a similar capa

1. Wireless Markup Language
1 mat for presenting data on devices
| @ML‘ o e dfsm;ltlzed igfggﬁts?;; '1;?11;1 Iumtedpuser input capability. It is
Wll|_1 i panglmdth | lmhone Kkeypads, styluses, ¢ and other input devices common
g ol s ication. WML permits the scaling of (llsplavs lor ux.:i
E)O rtmblllc erelbs‘; Fgﬁ?l‘l: bnmc small devices, as well as the larger T screens foun
n two-line screen

on smart phonés.
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s AU TILE LTSS SO ATTONS PROYIOY ()
browser Provy ides contentin the form of Wel,

W Markup Fanguage (HETANI ) To translate 4 I!'i“" .
11 with content and format hlplnhlr for wireless ) o)
iy praphics andd animation, must be SUippe
iformation that attempts to capture g
| fOr casy aeeess [or users ol maobile ¢, w‘; 4

For an ordimarny PO Wl

coded with the Hyperte
coded Web page inty WA
much of the miprmation, espect
WAL presents maindy text based
of the Web pape and that is organizes o
| features of WML include the followimg:

Formatting and lavout commands are Provideq ¢
d [

«  Importan

¢ Text and image support:
text and himited image ¢

\

pabihty.
« Deck/eard organizational metaphor: WML documents are subdivig, "
interaction called cards, Userg Navigar, }n

Pl by

amall. well-defined units of user i ¢
moving back and forth between cards. A card specilies one or more units of
“ |

interaction (a menu, a screen of lext, or a text-entry ficld). A WML eqp x-
<imilar to an HTML page in thatitis identified by a Web address (URy 'm;
e . . { “J (
is the unit of content transmission.
Support for navigation among cards and decks: WML includes provisions ,{”

event handling, which is used for navigation or executing, scriplss

[}

In an HTML-based Web browser, a user navigates by clicking on links, Ay ,
WAL -capable mobile device, a user interacts with cards, moving forward and hnci\-
throygh the deck.

i WML is a tagged language. similar to I-I'I’M?‘;. in which individual langyype
clements are delincated by lowercase tags enclosed in angle ln'uckct:{"’[ypicali- [}:L
WML definition of a card begins with the nonvisible portion, which cun‘l.uint‘
executable elements, followed by the visible content.JAs an example, consider thb
following simple deck with one card, from [MANNYY|: ‘ :

<wml>
<card id='cardl's
<p>
Hello WAP World.
<p>
</card>
</wml>

The tags < ) _
tively.Like IéTiM'T'Tl ;;::TI:?‘.‘W ::p;» enclose the deck, card, and paragraph, respec
starting tag with ”"—“'ldd.i[' ements end with a terminating tag that is identical to the
code, it will displav I ‘ M.ll.l of the character "\ " When a wirceless device receives (his

"y the message “Hello WAP World” on the terminal’s screen.

Table 12.3 lists ,
‘ i <3 lists the full set of W , _
tional groups, set ol WML tags, which are divided into cight fus*

3 WMLScripg
f

“-'M[_SL.”PI ia

defining seripy { for

ascripting Iy )
nRlage w T IR ) ] o

£e with similarities (o JavaSeript. 1t s designed 1

RIS

“IYpe progy :
’ 2rams in a yser ) :
0auser device with limited hl'uccssillg power

|
J!
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123 WML Tags

“hh'

memory. Table 12.4 shows valid WMLScript st
WML Script include the following:

_»~Check the validity of user input
e facilities and peripherals.

e Access devic
ser without introduci

e Interact with the u
(e.g., display an erTOT Message):

/«"Key WMLScript featurcs includ

Janguage: W MLScrip

¥ . JavaScript-based scripting
some extensions.

_/* Procedural logic:
less Application EnV

__+ Event based: WMLScript may

ronmental events.

WMLScript
ironment (
be invoked in re

adds the power of
WAE). discussed subsequ
sponse to cett

Tag Desceription s
— Deck Structure —ﬂ'_— Deseription —]
’:‘::;\" Access control — ] - User Input
—ord> Card definition 'trltlllscls Data entry items !“"“F““?~H_
el Deck-level information - <amput> Data entry
access, template) : <oplgroup> Subset of a choice list
etas Meta information <option> Single choice in a list
“emplate> Deck-level event bindines it Chalcn list
—aml> Deck definition . Variables
i Content <postfield> Set an http request variable
ame> Image selvars Set a variable in a task
3 Paragraph. visible content Timers
Table> Table <Timer> Set a timer
> Table data Tasks
pre Table row <go> GotoaURL
Formatting <noop> No action
e Bold <prev> Go to previous card
hig> Large font <refresh> Screen redraw
g Line break Task/Event Bindings
o> Emphasis <a> Abbreviated anchor
ST Italic <anchor> Anchor
csmall> Small font <do> Response o user button press
<strong> Strong font <onevent> Intrinsic event binding
<> Underline

procedur

atements. Important capabilities of
before it is sent to the content SEIVET.

ng round trips to the origin server

¢ the following [WAPFS]:
tis a subset of JavaScript. with

al logic to the Wire-
ently.
ain user or envi-
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Tuble 12.4  WMLSeript Statements
Statement Description
Assignment
break Terminate the current loop
continue Current loop iteration
for Indexed loop
function Function declaration
if..clse Conditional test
return Exit the current function
var Variable declaration
while Boolean-controlled loop

.+ Compiled implementation: WMLScript can be compiled down to a mo
cient byte code that is transported to the client. e eff

. lnt'egraled into WAE: WMLScript is fully integrated with the WML brqw
This allows authors to construct their service using both WML and WMLg‘:;er.
pt.

= Efficient e:.:tensible_ library support: WMLScript can be used to expos
extend device functionality without changes to the device softwaré px “o

_ Wireless Application Environment

The WAE specifies an application frame i
n work for wireless devices such i
telephones, pagers, and PDAs. In €ssence, the WAE consists of toOIS‘anzsfglr?:;Ites-

that are intended to ease the task of developi icati
| i ' oping applications and devices supy
by WAP. The major elements of the WAE model are as follows (Figvul;:: i;lllfii)’f)md

WML user agent )

WTA user agent )

Other
applications
and
services

WAP protocol stack and services

Device OS/services

Figure 12,1

WAE Clicnt Comnponente

Mira menas i
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o WAL user agente: Sofiwar, that execigos "

pm\uh s speafic functionalin {« .[!. rhf. ‘41 T” K

» Content reneratorsy Applications .[r oyl
senpts) that producdstandard content. forms:
user agents m the mobile ferminal’ AE doon
“mh?l\]'l*-}:lvlm'w‘njnlj but expects that there Will be  variety acaiias
‘jn typical HTTP oripin servers commonly used in \"‘:r‘.ll'; rjrj-'-m"’r:? o

« Standard content encoding: Defined 1o : —
to convemently navigate Web conte

I services) on otigin

‘A SPONse 1o tec
I} f r]r;r', ot ,_;“ f,lf',

Tuests from

any standard
) Wiard

Al o t1/
allow a WAF user agent (e 2.8 browser}

nt.

« Wireless telephony applications (WTA

. _ )2 A collection of teleph
extensions for call ; W i 1 telephony-specific
r call and feature control mechanisms that provide a*ur"‘r:--‘

advanced mobile network services(Using WTA, applications develo ;
us¢ the microbrowser to originate e
from the telephone network. /-

—

Wireless Session Protocol

pers can
ephone calls and to respond to events

-‘\.\".SP PI'O\’ldC.S apphcz‘ltions with an interface for two session services. The connection-
b_ncntcc! session service operates above the reliable transport protocol WTP and the
connectionless session service operates above the unreliable transport protocol WDP.
In essence, WSP is based on HTTP with some additions and modifications to optimize.
its use over wireless channels. [The principal limitations addressed are low data rate
and susceptibility to loss of connection due to poor coverage or cell overloading

WSPisa transaction-oriented protocol based on the concept of a request and
a reply. Each WSP protocol data unit (PDU) consists of a body, which may contain
WML, WMLScript, or images, and a header, which contains information about the
data in the body and about the transaction. WSP also defines a server Push opera-
tion, in which the server sends unrequested content to a client device. This may be
used for broadcast messages Of for servicés;such as news headlines or stock quotes,

that may be tailored to each client device™

WSP Service In general,a connection-mode WSP provides the following services:

« FEstablish a reliable session from client to server and release that sessionn an

orderly manner.
« Agree on a common lev
1 « Exchange content between
' ' Suspend and resume a session.
/ t from server 10 clien

¢l of protocol functionality using capability negotiation.

client and server using compact encoding.

—

tin an unsynchmnizcd manncr.)
- & Push conten

o

e level, WSP is defined in wrms.n‘f a co!lcftion nt sutxm
M lhc. g "L d ‘ arameters. These gervice primitives define lh';_‘ I)HF”. f;‘
primitives, with ASSOCCS (el e WAE.! At the protoce Jovglihe HEL AR
bel.wce‘;: \plSl‘ an#[;lfﬂ:;’mﬂl .usc J 1o exchange data between peer WSP entities.
cation defines a

Aers
pt of service primutives and parameter

———

: i e CONCE]
. i 120 for a brief discussion of the €
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(a) Successful session estahlishment

Client Provider Server

S-Suspend.rvg S-Sus 1ind

i T (Reason)

SoSuapend.ind
(Hemson !

[
i
/

/

1
/
]

S-Resume.reg

AT b~ $-Resume.ind
Te~a | _ACA)
S-Resume.res
S-Resume.cnf o

(c) Session suspend and resume

Client Provider Server
$-Push.req
(PH, PB)
S-Push ind e
(PH, PB) —-

L/) Nonconfirmed data push

Figure 12,12 Wireless Session Protocol Primitives and Parame

Figure 12.12 shows the key WSP

uuq‘_par;unulcrs that are exchange
sulficient to give

Session establishme
12.12a). A WSP user ac

vIRELES

transaction types in terms of the .
g F 3 :s¢ 3l
tare ~There are other transaction types, but these
a leel for the operation of WSP

lent involves the exchange of S-Connect primitives ¢
ting as a client (mobile node side of the transaction) et

APPLICATION PROTOCO!

—
lient Provider Setver
kl»ﬂrmnnl.nq !
: LER
IFI.R'A,FN.L” ‘\rw‘m-rm'
L‘Fr‘ﬁ\,‘ .
v
G-Ik‘-mnnnlktd l
tkl.ll“.ll\.l'".lﬂl \
I

(h) Active session termination

Client Provider Server
S-Methodlmvoke.req
~ ] L RB)
ACLMRURILRD | - S-Methadlnvoke.ing
==~ _| (SLM.RURH, gy,
b-\lelh.-ﬂm..hm
STy
S-MethodInvoke.cnf e T
(CD L~
- S-MethadR
(SL.S.RH, RB:
S-MethodResult.ind o
(CL, S, RH,RB) -
—
S-MethodResult.res
(CI, AH) .
S~ S-MethodResult caf
S~ _| SLAH
(d) Completed transaction
Client Provider Server
S-ConfirmPash.rey
(SL PH.PB)
5-ConfirmPush.ind o
(CI, PH, PB) i
— 1 -
S-ConfirmPush.res
(Cl, Al
. N~ S-ConfirmPush.cel
e (SL AN

_
Mnﬁrmcd data push

ters

p:‘il‘lli[i\l‘s

Jeure
Juest
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d server W
cb Serve
our parar ( Server) on 4 e
ameters accompany[ mote system hy

rver ad 2 i > re
e Se dress: The peer with which the sessi e reauost
« Client address: The originator of the ses; 10N is 10 be ¢
it . . _ ssion.
+ Client headers: Contain attribute information il
LN

level parameters to b

‘ 1er ¢ communicated to t

; . th is i

without modification by WSP and is not PI‘oie[:;eeé' This information is passed

. R_equested capabilities: A set of ca e
client; these are listed in Table 12 5

 session with a WSP user acting

a 8¢t il

ssuing a0 S-Connect.req to WSP
s

stablisheq,

atcan be used for application-

pabilities for this session requested by the
The client’s WSP then o
rc EO
vey the request to the peer %Js%a;istﬁxif\rg? %Contalmng H1ese parameters focon:
et S . The server address, cli
igglll) heae roiiggshanﬁed. However, the WSP service provider atlfllll; ggggfsgﬁ;d
3t thltja i a't the seerr, or both, may modify the set of requested ca abilie
ies ¢ o lh}j’ not.lmplyamg-her level of functionality than the provider calf‘i su d
port. Wi lis possible modification, an S-Connect.ind containing the sanllae
parameters as In the request is delivered to the WSP user at the server side. If the WSP
user at the server ac'ce:pts the session request, it responds by invoking WSP with an
S-Connect.ISp containing server headers and negotiated capabilities. The negotiated

Wireless Session Protocol Capabilities

Table 12.5
e
Name Class Type Description
Aliases 1 List of Indicates which alternative addresses the peer
addresses may use to aceess this session service User.
Can be used to facilitate a switch to a news
bearer when a session is resumed.
Client SDU size N Positive The size of the largest transaction service data
integer unit that may be sent to the client during the
session.
- . ] /
Extended methods N Set of method The set of extended methods (beyond an_d
names HTTP/L.1) that are supported by both client

server peers.
of extension header code pages that are

R
de The set
Set of co 4 by both client and server pects

LA
Header code pages N
i 5 page names supporte
| ] of of method invocations

The maximum numb : :
he same time during the

-__‘_-*———'_—-'—_—_,_———'—'- .,
aximy ve .
T pee N -P(ﬁ,“;r that can be acuive att
. n _
r: b e juies session.

‘—-—Cw—?s—t.s——-—-—-——-___._——- - The maximum number of confirmed push Fhe
Maximum N Positive nvocations that can be active at the same 1me
Outstanding push integer during the "

i __———// May include Push, Confirmed Push, Session

3 Get of facilities y : Head
Totocol options N Seto Resume, and Acknowledgment Headers.

: ‘ tures ’ _

P IR afd 13 The size of the largest transaction SDU that
Server SDU sive N !’C:SCI;:: may be sent (0 the server during the session.

T in
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1:’-“:‘_-“"‘“[ 1o the satellite, and a transmission from a satellite can be received by many
stations. ) 3

Broadeast Radio
Physical Deseripti The nrine i :

I._‘ Rinve "LI cription The principal difference between broadeast radio and
microwave is that the former is omnidirectional and the latter is directional. Thus

roadeast radi 'S S S 1y p———
bre f‘lf st radio does not require dish-shaped antennas, and the antennas need not
be rigidly mounted 10 a precise alignment

:\];I’th'“l“‘:“ ljmﬁu i1s a peneral term used 1o encompass frequencies in the range
of : Hz to ~’_Uﬂ GHz. We are using the informal term broadcast radio 1o cover the
VHF and part of the UHF band: 30 MH~z to 1 GHz. This range covers FM radio and

UH}? il"_d VHF television. This range is also used for a number of data networking
applications.

Transmission Characteristics The range 30 MHz to 1 GHz, is an effective one
for broadcast communications. Unlike the case for lower-frequency electromagnetic

ves. the ionosphere is transparent to radio waves above 30 MHz. Thus transmission
> limited to the line of sight, and distant transmitters will not interfere with each other

due to reflection from the atmosphere. Unlike the higher frequencies of the microwave
region, broadcast radio waves are less sensitive to attenuation from rainfall.

As with microwave, the amount of attenuation due to distance for radio obeys
Equation (2.2), namely 10 log (4nd/A)* dB. Because of the longer wavelength, radio
wavessuffer relatively less attenuation.

A prime source of impairment for broadcast radio waves is multipath interfer-
ence. Reflection from land, water, and natural or human-made objects can create
multiple paths between antennas. This effect is frequently evident when TV recep-
tion displays multiple images as an airplane passes by.

Infrared

Infrared communications is achieved using transmitters/receivers (transceivers)
that modulate noncoherent infrared light. Transceivers must be within the line of
sight of each other either directly or via reflection from a light-colored surface such
as the ceiling of a room.

One important difference between infrared and microwave transmission is
that the former does not penetrate walls. Thus the security and interference prob-
lems encountered in microwave systems are not present. Furthermore, there is no
frequency allocation issue with infrared, because no licensing is required.

In both local and wide area communications, it is almost always the case that
the capacity of the transmigsion medium exceeds the capacity required for the trans-
mission of a single signal. To make efficient use of the transmission system, it is
desirable to carry multiple signals on a single medium. This is referred to as
multiplexing,
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