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Abstract

We provide an architecture for future wireless
information services as a collection of autonomous
cells which offer information services of widely
varying geographic scope. Each MSS (Mobile
Support Station) has the freedom to decide how
to allocate different information services to its
bandwidth and in which form to offer them.
Two basic forms of delivery of information service
are identified : periodic publishing mode on a
publication subchannel and on-demand mode on
the on-demand subchannel. We describe, how
each MSS makes the decision about which form
of service delivery to use and how to structure its
publication subchannel by varying the frequency
of publication of individual data items depending
on the frequency of requests. In this way we
improve packet efficiency and power efficiency
of the client-server protocols by maximizing the
number of queries per Hz and queries per Wait.
Each mobile client has to be able to interoperate
in this environment. This is assured by making
cells selfezplantory about their service allocation.

We describe how the presented concepts can be
implemented by proposing an extension of WWW
protocol, called adaptive WWW. We also show
how to implement the proposed protocol along the
lines of CDPD.

1 Introduction

Wireless technology is gaining popularity very
rapidly. Many predict a new emerging, gigan-
tic market with millions of mobile users carry-
ing small, battery powered terminals equipped
with wireless connection. Mobile users will be
in constant need of information such as traffic
information, local directory, weather informa-
tion, local sales, etc. In this paper, we discuss
the general issues and provide some specific al-
gorithms to design future wireless information
services.

Wireless Information services will be char-
acterized by their geographic scope. Wide area
services such as Stock Market Information will
be offered on a national scale. Macroservices
such as weather would be provided on a re-
gional basis: regions extending to tens, if not
hundreds, of miles. The geographic scope of
Microservices such as traffic conditions will
range through the areas comparable in size to
the current cells: a few miles in diameter. Fi-
nally, one could imagine picoservices in an area
corresponding to future picocells: a few hun-
dred meters in diameter. For example, park-
ing lot availability is the information that can
be provided within this scope. We assume the
hierarchical cellular organization with macro,
micro and possibly picocells. The granularity
of services may not directly correspond to the
cell granularity (macrocells, microcells) and
should not be confused with it.

Wireless Bandwidth and Battery Power on
the client side will be two most scarce resources
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which will have to be efficiently handled by the
proposed solutions. This translates to packet
efficient and power efficient solutions, as de-
scribed later. Mobility of the clients and their
interoperability with different cells and differ-
ent air interfaces will have to be actively sup-
ported by designing suitable handoff protocols.
Finally, new families of services such as ac-
tive services (like triggers) will have to be sup-
ported. In general, our goal is to be able to ad-
equately support ezisting Internet services as
well as provide ways to support new services.
With new significant resource restrictions this
is a challenging task.

In the next section, we describe the physical
system environment, define an abstract con-
cept of an information service and sketch the
proposed solutions. In section 3, we describe
the publishing mode and show one example
of organization of the publication channel and
demonstrate how in that particular case the de-
cision is made about “publishing” a data item
and the publication frequency. In section 5, we
describe the adaptive algorithm for providing
the information services. Later, we follow it up
with the general model of a server and describe
a possible wide spectrumn of solutions in which
the server (MSS) uses different scheduling algo-
rithms to accommodate possibly widely vary-
ing performance criteria. Section 6 provides
a direction for the implementation of the pro-
posed concepts and finally section 7 concludes
the paper.

2 Basic Notions

We begin with the sketch of the underlying
system architecture.

2.1 Systems Architecture

The mobile wireless environment consists of
the set of wireless cells possibly of varying
sizes.” Current cell sizes are few miles in di-
ameter but, in the future, cells may have much
smaller size (so called picocells) due to the bet-
ter frequency reuse. Each cell is managed by
a base station called Mobile Support Station

(MSS). There are outdoor and indoor cells.
Cells may vary widely by the type of the wire-
less links which they use. The indoor cells
may use higher bandwidth wireless LAN such
as Wavelan or range LAN as well as infrared
based LANs. The typical bandwidth on wire-
less LANs ranges from 1 Mb/s to possibly a
few Mb/s for the future products. The outdoor
cells typically have and will continue to have
far more restricted bandwidth. Current solu-
tions based on CDPD provide 19.2 Kb/s. With
the recent allocation of new bandwidth for PCS
(Personal Communication Services) by FCC,
the situation may improve, but it is reasonable
to assume that the outdoor bandwidth will be
more scarce than the indoor one. Therefore,
cells will vary both in terms of size as well as
in terms of wireless links. Tariffs will also vary,
ranging from the fees based on connection time
to the fees which are proportional to the num-
ber of packets sent/received.

Figure 1 shows the structure of a hypothet-
ical system which provides mobile users with
information services. The wireless informa-
tion servers (denoted by tall antennas) will
be equipped with wireless transmitters capa-
ble of reaching thousands of clients (denoted by
small dark rectangles) residing in macrocells’.
Clients equipped with small palmtops with
wireless connections, will move freely between
cells and query information provided by the
wireless information servers [12].

Wireless Information Services

Most of the current wireless information ser-
vices are “receive only.” Only recently, new
services are emerging which in fact offer two
way wireless communication. Motorola’s Em-
barc is one of the first such information services
provided on the market. The user equipped
with the HP95 LX palmtop and Embarc’s pager
can receive and buffer news services including
newsbites, financial services, ete, by satellite

las opposed to the microcells which are expected

to facilitate applications such as e-mail, macrocells of
a bigger size will be used for wider area information
services



Figure 1: Wireless Information Servers

using one of Motorola’s paging channels. In-
formation is multicasted on a specific address
which is matched by the client’s terminal.

Radiomail provides wireless e-mail capabili-
ties in the areas covered by RAM Mobile net-
work. ARDIS, a joint venture of IBM and Sears
offers numerous wireless services in a number
of metropolitan areas. Thereis a number of ap-
plications dealing with a particular niche mar-
ket such as navigation and information services
for a truck fleet (such as Quolcomm’s system).
Gifford in [6] describes a community informa-
tion system which uses FM band to broad-
cast wireless information to PCs equipped with
wireless modems.

In general, however, these are isolated and
application specificinformation services. There
are still far away from the vision of using exist-
ing Internet services and defining new services
for wireless and mobile environments.

Future Wireless Information Services :
Below, we list a few examples of possible future
wireless information services:

¢ Picoservices

— Local Parking Lot availability
— Layout of a Building/factory

- — Empty seats in a stadium/ restaurant/
concert hall

— Items in a store

— Shopping mall advertising?
¢ Microservices

— Airport Information
— Train and Bus Station Information
— Local Traffic Information

— Local Directions
e Macroservices

— Weather Information
— Regional Maps
— Local News Services

~ Local Telephone Directory Services
¢ Wide Area Services

— Stock Market Information

— General News (financial, sports, com-
modity prices etc)

These services may be offered in many different
forms.  For example, active services may
enable the user to be alerted when some
particular conditions become true.  Stock
reaching a particular level, traffic congestion
on a particular street, a plane departure
delayed can all be examples of events which
a mobile user may be alerted about.
Motivation for Energy savings : ,
The lifetime of a battery is expected to increase
only 20% over the mext 10 years [20]. A
typical AA cell is rated to give 800 mA-Hr
at 1.2 V (0.96 W-Hr). The constraint of
limited available energy is expected to drive
all solutions to mobile computing on palmtops.

2A user who is passing through a shopping area may
receive advertising information about local sales and
events which are local with respect to his/her current
location.



Assuming that the power source of the palmtop
to be 10 AA cells with a CD-ROM and a display,
the constant power dissipation in a CD-ROM
{for disk spinning itself) will be about 1.0
W. The power dissipation for display will be
around 2.5 W. Thus the assumed power source
will last for 2.7 Hrs. Thus to increase the
longevity of the batteries, the CD-ROM and
the display may have to be powered off most
of the time . Apart for CD-ROM and display,
the CPU and the memory of the palmtops also
consuime power.

There is a growing pressure on hardware
vendors to come up with the energy efficient
processors and memories. The Hobbit chip
from AT&T is one such processor which con-
sumes only 250 mW in the full operation mode
(active mode). The power consumption in doze
mode is only 50 W (the ratio of power con-
sumption in active mode to doze mode is 5000).
When the palmtop is listening to the channel,
CPU must be in active mode for examining
data packets (finding, if they match the pre-
defined data). CPU is a much more significant
energy consumer than the receiver itself and
since it has to be active to examine the in-
coming packets it may lead to waste of energy,
especially if on an average only a very few data
packets are of interest to the particular unit.

Therefore, it is definitely beneficial if palm-
tops can slip into doze mode most of the time
and come into active mode only when the data
of interest is expected to arrive. This requires
the ability of selective funing, which is dis-
cussed in detail in [13] and [14].

The power needed for transmission from the
mobile client to the MSS is proportional to the
fourth power of the distance between the two.
As the distance increases, the power required
is very high. Moreover, a number of factors
like the terrain, the landscape, the height of
the trees, the foliage, the kind of trees, the
season, rain, etc, play an important role in the
determining the power required by the client
in transmitting to the MSS [21]. Power being
one of the scarce resources in the mobile client,

it would be beneficial if the client can avoid
transmission to a lot of extent and still get the
required data.

Energy efficient solutions are important due to
the following reasons :

e Energy efficient solutions make it possible
to use smaller and less powerful batteries
to run the same set of applications for the
same time. Smaller batteries are important
from the portability point of view since,
palmtops can be more compact and weigh
less.

e With the same batteries, the unit can run
for a very long time without the problem of
changing the batteries ever so often. This
can result in substantial monetary savings
and avoids recharging. Recharging can be
cumbersome especially if the client is on
the move. With energy efficient solutions
batteries may have to be recharged only
every few days, rather than every few
hours.

e For environmental consideration. Every
battery that is disposed is an environmental
hazard.

In the next subsection, -we describe more
formally the concept of information server
which we are going to use in the rest of the
paper.

2.2 Information Servers

An information server is a collection of pages
which are connected by links as in World Wide
Web (WWW) protocol. In WWW protocol
each page has its address which is a pair
consisting of a port number and an IP address
of the server offering this page. Mosaic and
Gopher are both graphical interfaces to WWW.
In Mosaic, links are associated with individual
words of the page. URL (Universal Resource
Locator) provides a mapping between pages
and their addresses. Below, we show the two



top pages of the Rutgers University’s INFO
system implemented using gopher.

INFO: Rutgers University Pilot Campus-Wide
Information System

Each menu entry is an IP address of a server
which may, in turn provides a tree of services
structured as a sub-menu. The leaves of the
menu tree provide specific information pages
such as documents, telephone numbers etc.
For example, the About_Rutgers entry in the
top level menu will lead to another menu ask-
ing the user to select a sub-menu corresponding
to information about the university, Calendar
of events, the directions to the university etc.

Command Purpose

About_Rutgers General Information
about the University
Courses, Schedules,
Registration,

Special programs
Activities and events on
the Camden campus
Computing facilities,
services and network
information
Phone directories, Faculty
research info., Univ. Forms
<<What is INFO, how to
use it, how to send
 suggestions>>
Libraries, information
resources, reference
material
Courses and events in
Newark Campus
Newsn Events News, Weather

Academics

Camden

Computing

Directories

Using INFO

Library

Newark

Services Students,Faculty/Staff
services, police info
University University , Community

General Information about the University
Menu Commands...

Command Purpose

Rutgers About the University

Calendar Academic calendar and
staff holidays

Directions Directions to various
campuses

View Maps  Maps for campuses - view
on X workstation

FTP Maps Maps for campuses - where

to get online
Recruitment Rutgers presence at
Recruitment Events

WWW and its graphical interfaces are ex-
tremely popular on the fixed network. In this
paper, we would like to investigate the possibil-
ity of extending the use of WWW like services
on wireless networks for mobile users carrying
small battery powered terminals.

Let us make a distinction between two
different types of activities of a user of an
information service.

¢ Browsing

In browsing activity the user is traversing a
hypelink style structure from page to page.
The directory of information is fully inte-
grated into the data representation - indi-
vidual links between pages are associated
with addresses.

¢ Ad Hoc, Free Querying

In ad hoc querying, the user is interested
in specifying a keyword or a value without
browsing through the complex hyperlink
structure.  Here, the explicit form of
directory is necessary to provide the user
with the proper address of the requested
data item.

We argue that WWW protocols in its current
form are not appropriate for the mobile and
wireless environments since they are neither
packet nor power efficient. By packet efficiency,
we will mean the ability of the protocol to



minimize the total number of packets sent on
wireless link. By power efficiency, we mean
the ability to minimize the energy spent by the
battery powered client using this protocol.
The WWW protocol is not packet efficient

since, regardless of the number of requests for -

a particular page, the server will download the
page in response to each individual request.
A Dbetter solution would be to periodically
multicast such a page to avoid a large number
of uplink messages as well as a large number
of downloads of the same page. Additionally,
each page requires the wireless client to make
a separate TCP/IP connection with the server
using a 3-way handshake protocol. In this way
many extra packets are sent on the narrow
wireless link.

The WWW protocol is not power efficient
for a very similar reasons that it is not packet
efficient. Uplink requests require energy con-
suming transmissions which are particularly
hard on batteries when the distance between
the mobile station and the MSS grows. Peri-
odic multicasting seems to be a good solution
in both of the above cases, since the client is
only required to listen to the channel without
expensive uplink transmission and one packet
can satisfy a large number of requests.
Queries per Watt?, Queries per Hz?

In cellular telephony one of the most impor-
tant performance criteria is the cell capacity:
the number of telephone calls which may be
handled by the cell per unit of time. In the fu-
ture - a query - a single request for a page will
be an analog of a telephone call. Consequently,
we believe that future cell capacity will be mea-
sured as a number of queries which the local
MSS can handle per unit of time as well as a
number of queries which a mobile client can is-
sue before it runs out of batteries. This leads
us to two major performance indexes: queries
per HZ® and queries per Wait which measures
a number of queries which a given client can

3Maximizing the number of queries which the
wireless link with a given bandwidth can handle in a
unit of time

process from a 1 Watt battery. We propose
an algorithm in which periodic multicast of a
subset of pages (data items) will help us in im-
proving both performance criteria : queries per
Hz and queries per Wait.

Two modes of delivery - instead of one
The communication channel consists of a down-
link channel and an uplink channel. Each wire-
less cell will have a choice of two basic forms
of information dissemination and clients access
information using the communication channel
in the following two modes:

o Publishing Mode: Data is multicasted pe-
riodically, on the downlink channel. Ac-
- cessing multicasted data does not require
uplink transmission and is “listen only.”
Querying involves simple filtering of the
incoming data stream according to a user
- specified “filter” [4].

e On-Demand Mode: The client requests a
piece of data on the uplink channel and the
server responds by sending this data to the
client on the downlink channel.

- While the second mode of interaction is the

traditional client-server approach, the first
mode is different [5] - here the server either pe-
riodically broadcasts information or just sends
it on a specific channel (say a multicast ad-
dress). This is analogous to the way informa-
tion is disseminated via newspapers and reg-
ular TV broadcasting. Such published data
will eventually be filtered by the client using
a directory which is provided along with the
data, by the server. There are many advan-
tages of the publishing mode: broadcasting the
most frequently accessed data items (hot spot)
saves bandwidth since it cuts down the number
of separate but identical requests, therefore it
is packet efficient. It also saves client’s energy
by avoiding energy consuming uplink transmis-
sions and thus is power efficient. Providing the
directory helps the client to selectively tune
only to the relevant information and remain
in the doze mode for the rest of the time. This



strategy saves considerable amount of energy
as demonstrated in [13] and [14].

In terms of bandwidth allocation, we may
view each cell’s bandwidth in terms of three
channels: the uplink channel, the on-demand
downlink channel and the publishing downlink
channel. How much bandwidth is allocated to
each channel is cell dependent and is a function
of the cell population and the pattern of re-
quests in each cell. One cell may carry or “syn-
dicate” stock market information on its broad-
casting channel, another cell may decide, due
to the limited interest, to provide this informa-
tion only on-demand. The allocation of infor-
mation services to the physical bandwidth will
vary from cell to cell pretty much in the same
way as radio and TV programs are mapped
to different frequencies in different geographic
areas. The analogy with TV stations can be
carried even further by treating the publishing
(broadcasting) channel of the MSS as its prime
time information offering. This decision will
be based on the frequency of requests which is
analogous to the concept of T'V rating. How-
ever, by contrast with local TV stations, which
may not “carry” certain TV productions, MSS
will usually provide (on-demand) access to all
public domain information services on Internet
(assuming it provides Internet access). Ser-
vices which require high bandwidth such as
some of the Mosaic based multimedia services
may have to be presented differently on nar-
row bandwidth cells. Moreover, the MSS may
decide not to carry some of the commercial ser-
vices or may only carry them in a very limited
fashion.

Cell Autonomy

In general, cells will differ in the type of
radio infrastructure and consequently by the
amount of available bandwidth. Consequently,
the form of presentation and access to a
particular service will be location dependent.
There is an obvious need for a protocol suite
which would make this dependency hidden
from the user who relocates between such cells.
There is a need for service handoff in a way

similar to, how cellular handoff is handled
now in order to assure continuity of voice
conversations. Some of the services will have
to be continued upon crossing cell boundaries
with minimal service disruption. Since mobile
clients will cross cells, interoperability with
services offered in different cells is of utmost
importance. Therefore, each cell should be
selfezplanatory providing the description of
the “directory of the services”, their mapping -
to the physical bandwidth and the form of
their delivery: broadcast, multicast, or on-
demand. The exact map between services and
their addresses will not be visible to the user
but simply allow the system to “rebind” the
services according to the allocation used in the
new cell.

Summarizing, the mobile user will see the
same interface regardless of his/her location.
Some of the services, though (such as location
dependent, pico or microservices), will change
along with the location of the user. The
“binding” of the services will vary from cell
to cell but will be transparent to the user.
Client’s interoperability with individual cells
will be achieved by assuring this transparency.

The above described infrastructure of wire-
less information services poses many important
questions: assuming such widely varying envi-
ronment, how do we structure the information
servers to offer a wide area service on several
cells? How do we assure transparent access
to information resources for the mobile user,
i.e., how do we provide the service handoff?
How do we provide the data items, so that the
clients can access it with minimal energy con-
sumption? How is the bandwidth allocated be-
tween the uplink channel broadcasting channel
and on-demand channel in a way that adap-
tively reflects the pattern of usage in each cell?
We concentrate on providing solutions for the
last two questions and give directions in which
to proceed for solutions for the other two ques-
tions.

We want to avoid changing the software at
the server in order to accommodate mobile and



wireless clients in different cells. Such clients
may be using different wireless environments
by residing in cells with varying air interface.
The local MSS should have autonomy to de-
cide how a particular remote service is going
to be presented to users registered in its cell.
Consider the example of a stock information
service: the MSS may decide to publish (broad-
cast) stock quotes for the S&P100 stocks, ev-
ery minute, broadcast stock quotes for the
S&P500 stocks, every 5 minutes and provide
other quotes on-demand with a cache invalida-
tion service [2] which periodically broadcasts
reports only about significant (say more than
1 point) changes of the stock values. MSS may
also decide that special events such as a stock
reaching a new high requires a special broad-
cast message which should be sent to sub-
scribers. The remote stock server will not, and
should not, be aware of this autonomous deci-
sion of the MSS. In fact, different MSS may de-
cide to “carry” the stock information services
differently in order to best utilize its own re-
sources and perhaps also maximize the profit*.
Each MSS will know best the local character-
istics of its local population and consequently
will know which modes of service delivery is
the best.

Below, we discuss the publishing mode in more
details.

3  Publishing Mode - Energy
Saving Access

Before demonstrating the energy saving advan-
tages of the publishing mode let us explain the
distinction between the active and doze modes.
Active and Doze modes

We assume that the client’s CPU has the
ability to operate in at least two major modes:
the active mode and the doze mode. The doze

“No one knows what the tariff structure will be
for the future wireless services but one may assume
that the MSS will have to pay the remote server for
syndicating its service and will generate a profit by re-
selling this service to its local residents

mode describes a low power operation mode
where CPU performs only a very limited set
of operations. In the AT&T’s Hobbit chip the
doze mode requires 5,000 times less power than
the active mode. By a low power operation we
mean, an operation which can be performed by
the client in the doze mode. We are interested
in maximizing the use of low power operations
in client-server interactions. Below, we list
some of the operations which can be provided
without involving (waking up) the CPU:

o Filtering by matching multicast addresses:

Assuming that the client is equipped with
an Ethernet Card or a pager, such as
the one used by Embarc or the new Inflo
receiver ° it can match the predefined set
of packet addresses without waking up the
CPU and utilizing only the low energy
consuming circuits of Ethernet card or the

pager.
e Filtering by matching a specific timestamp

Since clock can be operated as a low energy
circuit, matching a predefined timestamp
can be performed entirely in a doze mode
without waking up the CPU. In this way
the client can wake up at the specific time
to receive relevant information.

¢ Storing in a buffer

Receivers used in pagers such as Embarc
and the recently announced Inflo are ca-
pable of storing up to 120 Kbytes of data
(Inflo). This buffer is built as a low energy
circuit, which does not require CPU to op-
erate in active mode.

We will structure the client server interac-
tions in a way which maximizes the use of low
energy operations and minimizes such energy
consuming tasks as client’s initiated transmis-
sions. This in turn, will lead to a different
structuring policy for a server which, at least

®*Recently announced by Motorola and NewsPager
Corporation of America



for the most frequently accessed data items
will operate in publishing mode rather than
in on-demand mode. In publishing mode, the
server periodically publishes information with-
out waiting for the explicit request for it. Pub-
lishing mode is currently used by all major me-
dia such as TV, radio and newspapers. Pub-
lishing mode requires no transmission from the
client, but may require continuous tuning for
the client which wants to locate a data item it
is interested in. Thus, in order to further min-
imize the energy it is necessary to provide the
client with the ability of low power filtering op-
erations. This can be accomplished by making
sure that the client remains in the doze mode
and wakes up only when the “relevant” data is
being published.

Summarizing, the low energy information sys-
tem will be structured using the following prin-
ciples:

o The server periodically publishes the most
frequently accessed data items. The rest of
the data items are provided “on demand”
in the usual client-server mode of operation
This minimizes the number of transmis-
sions from the client, since accessing pub-
lished data items requires only “listening.”

¢ The client has the ability of selectively lis-
tening to the published information by re-
maining in a doze mode and waking up
only when relevant information is pub-
lished. This avoids excessive energy con-
sumption on the client’s side due to contin-
uous tuning to the published information
in the active mode.

The published information can be viewed as
a cache or cache on the air [15]. The client
first tries to locate the item it is looking for
on the cache and only upon cache miss, does
it submits a request to the server. Hence,
transmission from the client takes place only
upon cache miss. Additionally, the cache
itself is addressable in order to enable selective
listening on the client’s side. The addressing

of server’s published information should be
done in such a way that address matching is a
low power operation, i.e., address matching is
performed in the doze mode without engaging
the CPU.

This can be implemented using two basic
operations which can be performed while in
doze mode: '

The publishing channel can be viewed as a
virtual memory which is addressable in such
a way that address matching is a low power
operation. Technically, the address of a page
on the network is an element of the cartesian
product:

TIME+«CHANNEL

The TIME domain is the set of timestamps
and the CHANNEL domain is the set of
multicast addresses®. For example, the IBM
stockquote may be published at 11:30 AM on
the multicast address 255.6.4.2. For selective
tuning it is imperative to provide a directory
information to the clients. The directory
provides the mapping between the pages and
their addresses.

In [13], [14] and [15] a number of methods
have been proposed to multiplex the directory
(index) information together with the data on
the same channel, in case the address refers
simply to the time of the publication of a
data item. One can extend these methods to
the situations when the address is a hybrid
of temporal and multicast addressing. The
mapping between the data items and the
addresses can be performed by a hashing
function, which when applied to a data item
returns the multicast address. .

For instance, in a stock market information
service, each stock quote can be mapped to a
multicast address. There are 28 bits available
for multicast groups, which provide an address

.space of 2%® addresses. A hashing function

which is known to the receiving client is applied
to the name (or its three letter abbreviation) of
the stock that it is interested in, to obtain the

®In IP, this constitutes all 32 bit addresses starting
with 1111. -



multicast address. This is the finest possible
granularity of indexing which leads to non-
efficient use of packets since usually a single
packet can carry numerous stock quotes, not
just one. In case numerous stock quotes are
“packed” into one packet only one multicast
address is needed for every (such) group of
stocks. Hashing into buckets rather than single
addresses can accomplish this goal.

The client then, joins such a multicast
group and is able to filter the relevant packets
using Ethernet card only, without waking up
the CPU and the whole IP protocol stack.
This protocol has actually been implemented
and the details are reported in an upcoming
technical report. It also ‘describes how more
complex events (triggers) such as “New High”
or stock going up by more than a predefined
threshold can be implemented.

3.1  Publishing Algorithms

Clearly, there are a number of ways of struc-
turing the publication of a set of data items
(pages). We will first list a few possible ways
and then discuss one of these in detail.
Publishing is simply a periodic downloading
of data items by the MSS. As discussed earlier,
data items can have addresses which can be
either multicast addresses, temporal addresses
or combinations of both. Given a list of data
items to be published and their addresses the
MSS will have to act essentially as a scheduler
to decide which items to download in the
next frame. Temporal addressing introduces
additional very specific constraints in which
the MSS must simply download a particular
page at a specific time (or in case of a more
flexible temporal addressing within a particular
temporal interval). Additionally, the questions
of directory publication have to be addressed.
In the browsing mode, the directory is built
in into the hyperlink structure of the server,
where the pointers are simply associated with
links. To accommodate a free style, ad hoc
mode of querying, the directory has to be
explicitly published as well. In [13], [14]

and [15] we discuss in detail how the index
information (directory) can be multiplexed
together with the data on the downlink channel
in case, temporal addressing is used. For
multicast addressing, a hashing function which
maps the keys of data items (or pages) to the
multicast addresses has to be provided to the
clients. ’

Since the hashing function takes much less
space than the full directory it can be pro-
vided to the clients on a “one to one” basis
upon crossing a cell boundary (as part of the
registration).

In this paper, we concentrate on the multi-
cast addressing. The proposed algorithm for
publication scheduling is one instance from a
possibly broad range of protocol. It is moti-
vated by differences in the relative frequency
of page access. In the proposed method,
the pages are published depending on their

~ demand”. The more popular pages are pub-

lished more frequently than the less popular
ones.

Consider k pages Dy, ..., Dy , all of the same
length § which are requested with the fre-
quencies Ag, ..., Ax. We assume that published
pages are assigned to multicast addresses using
some predefined hashing function. In the fol-
lowing we concentrate on the decision mecha-
nism for the MSS to output the next page. We
describe a randomized algorithm for minimiz-
ing the access time® for the pages. In the ran-
domized algorithm that we suggest, the page
that will be published next will be determined
by a random function. This random funciion
# 1s determined apriori, based on the demand

for the various pages. Let n(7),2=1,...,k, be
the probability that page 7 is demanded in a
unit time slot, 7(i) = <2t— .

Z,_ Aj

=1
Initially, the most frequently page is chosen
to be published in the publishing channel.

7Section 5.1 describes some of the ways of gathering
statistics regarding the demand for various pages.

8The access time for a data item is defined as the
time elapsed from the point the clients wants the data
item to the point when it retrieves the same.



After the multicast of a page, the next page
to be multicasted is determined by the random
function g. The multicast of each page can be
considered as a slot in the publishing channel
and the page that will be multicasted in that
slot will be determined by the function p.
The access time of a page will be determined
by the function g. A judicious choice has
to be made for selecting i so that the access
time is minimum. The probability that a data
item D; is scheduled in the next publication® is
(7). The probability that data item D; is not
scheduled in the next publication is (1 — p(2)).
If D; is not scheduled to be published in the
next slot, the access time for this page is
increased by the duration of the publication for
the page scheduled in that slot. The duration
of the publication of a page of size S, on

a publication channel with bandwidth By is .

equal to B% units of time.
If D; is scheduled in the j th slot from the
current slot then the access time for this item
1s

(1—p@)y™

*p,(i)*j*%

Thus, the expected access time ¢; for an item
D; 1s:

b= (1= pF ) x5 e o

[N
O

[¥5)

= o) £ (1 - @)Y

=0

Using elementary calculus, Y52, (1— (7))~ %5
can be reduced to W

1 S

ti= —— % —

@) By

The overall expected access time for all the k
pages is :

Snext publication refers to the next page which will
be downloaded on the publication channel

tb—zm)(z (1 - @)y

=1

T eien)

Using the 1 st order optimality condition
in Non-Linear Programming, the minimum
overall expected access time is obtained when
the random function g is as follows:

(i) = —————km

F=1 7(5)

Hence, the minimum expected access time for
the pages using the above random function is:

= (L@

4 On-demand Access Mode

This is the conventional client-server model
where the client makes a request to the server
for a particular item and the server sends that
item to the client. We consider a 1/M/M
queuing model. If a bandwidth of B, is
allocated for the on-demand service then the
expected access time for an item is:

1
to - [L _ /\ (I I)
where p is the service rate of the requests and
A is the arrival rate or the demand for some
item in the on-demand group. The service rate
o= ﬁ-_ﬂﬁ, where S is the size of the page and
R is the size of the message for requesting the
pages. A is the sum of the arrival rate for all
the data items in the on-demand group.

5 Adaptive Access Protocol

Having introduced the basic two modes of
information dissemination - on-demand mode



and publishing mode we will now discuss how to
use both modes for efficient information access.
How do we decide whether a particular page is
to be published or provided on demand? How
often should the pages (that have been selected
for publishing) should be published? Below,
we provide one solution and follow it up with
a more general discussion describing the whole
spectrum of possibilities.

The MSS’s pages are partitioned into two
groups namely, the publication group and the
on-demand group. The pages in the publica-
tion group are periodically multicasted by the
MSS on the publication subchannel. The pages
in the on-demand group are provided on the
on-demand subchannel.

Since different pages may have different
access frequencies it makes sense to publish
more frequently accessed pages more often.
The proposed solution critically depends on
the overall performance criterion. In the
following algorithm, we are interested in :

o Minimizing the number of transmissions
per query while making sure that the ez-
pected access time does not exceed a certain

predefined threshold T.

Clearly, without setting up any threshold on
the expected access time the server could sim-
ply publish all pages, periodically. No trans-
mission (uplink request) would be necessary
from the client and thus with an adequate di-
rectory, the overall energy per query would be
minimal. The access time, however, could be
unacceptably large. Thus, there is a need for
a tradeoff - only a subset of pages can be pub-
lished - the k most frequently accessed ones.

The cutoff point k, is chosen as the largest in-

teger such that the overall expected access time
for any page does not exceed T'.

Scheduling Algorithm for the MSS :
Consider the information server with n pages
(D1y...,Dy) all of the same size S. Let )
denote the number of requests for the page
D; per unit time. Arrange the pages in the

decreasing order of the demand. Let the
resulting sequence be Dy, ..., D,.

The idea is to publish pages that are most
popular and provide the rest of the pages on
demand. This requires the partitioning of all
the pages into two groups. One consisting
of the pages that are published according to
the Publication Scheduling and the other group
consisting of the pages that are provided on de-
mand. Let aninteger k (1 < k < n), be chosen
and all the pages: Dj,..., Dy constitute the
publication group and Dgyy, ..., D, constitute
the on-demand group
The expected access time for any page is:

k n

Z’\i*tb =+ Z A,’*to

i=1 i=k41
where ¢, denotes the access time of an page in
the publication group and t, denotes the access
time of an page in the on-demand group. Sub-
stituting the values of ¢, (from equation (1))
and t, (from equation (II)) we get :

t = 11)‘*(2;-—1\/7"(7’ )2*""

+ Tilep Aixg; 3T /\,*(S-(—R)

(I1I)
jmk41
If the overall bandwidth of the communication
channel is B. Then, this bandwidth can be
divided into two parts: B, (the bandwidth
allocated for publishing channel) and B, (the
bandwidth allocated for on-demand service).
Thus, the communication channel is divided
into two logical channels: the publishing
channel and the on-demand channel.

B = B, + B, (IV)

Substituting equation (IV) in equation (I1I)
we get :

b= Th k( z,_lﬁ?)’*—

+ Xk A% 5T B.,—E, - +1*:*(5+R)

We differentiate the above equation, equate
it. to zero and evaluate the value of B;.
This gives the optimum way in which the



communication bandwidth has to be split into
the publication bandwidth and the on-demand
bandwidth in such a way that the access time
is the minimum.

ca+y/a%c? — c?ala—b
B, = ( ) (V)

=)

where a = E?:l Ap o ( Zf-_—l *y/ )2 %S
b = E?=k+1 Ai* (S + R)
c = B"E?:kﬂ’\i*(s"'R)

To minimize energy consumption per query, we
have to publish as many pages as possible. It
may not be possible to provide the required ac-
cess time if all the pages are published, hence
the most popular pages will be published and
the rest provided on demand. Now, we give an
algorithm for getting the minimum power con-
sumption per query, given a communication
channel of bandwidth of B and an expected
access time requirement of 7.

ALGORITHM : Consider the sequence
Dy,...,D,.
e For k = n downto 1 do:
begin
~ Classify Dy,..., Dy as the
publication group

~ Classify Diyq,...,D, as the
on-demand group

— Compute By using Formula (V)
— Compute B, using Formula (IV)
— Compute t using Formula (I1])

—If( t < T ) Then break

end

e All the items in the publication group are
published on the channel according to the
Publication Scheduling.

o All the items in the on-demand group are
provided in the on-demand mode.

Access Protocol for the Client :

The client upon entering a cell sends a greeting
packet to the MSS and in response, receives
the address of the root page. The address of
the root page could either be an IP address
which the client has to connect to in order to
receive the root page or in case the root page
is published, the publication address for this
page. The publication address is a multicast
or temporal address or, possibly a combination
of both. We assume that each page contains
information about the status of its children
- whether they are provided on demand (in
which case the IP address is specified) or, if
they are published (in which case the temporal
address is specified). Notice, that once a
page is provided on demand, all its children
are provided on demand as well. Hence,
the client upon first tuning to the publishing
channel simply “follows the pointers” in the
successively accessed pages. By following the
pointer, we mean that if the address of the
page is an IP address, then the client will
request the MSS for the page else, (the address
is a'multicast address) the client will download
the page from the publication subchannel as
follows: The client, first listens to the channel,
using the multicast address of a requested
page. If that page is not provided within a
specific period L then the client submits an
uplink request.

5.1 Gathering Statistics for
Dynamic Scheduling

The adaptive scheduling algorithm described
for the MSS is a dynamic scheduling algorithm.
Given the frequencies of access for the various
pages we can use publication scheduling for
the publishing group. The key difficulty is
how to obtain the frequency of access numbers
for the pages which are published rather
than provided on demand? Obtaining such
feedback is comtradictory to the nature and



motivation of publishing which assumes no
uplink activity from the clients regarding the
published material. Gathering statistics for
the pages which are obtained on demand is
straightforward. Hence, in the following we
concentrate solely on statistics gathering for
publishing mode.

Different methods depend on how much “up
to date” the MSS wants to be regarding the
distribution of requests. Here are a number of
possible solutions:

e When the client sends a request to the
server for accessing a page provided by the
on-demand model, it piggybacks an ad-

“ditional message. The piggybacked mes-
sage will include the number of times each
page belonging to the publication group
was downloaded between the last access of

- a page belonging to the on-demand group
and the current request.

e If the information service is organized as
a tree (WWW) then, it is usually the
case that the top few levels belong to the
publication group and. the rest especially
the leaves belong to the on-demand group.
Hence, the request for each leaf goes to the
MSS. The frequency of access for each of the
other pages in the interior of the tree can
be extrapolated. The frequency of access
of a page (in the interior of the tree) is
equal to the sum of frequency of access of
its children.

e In case the client informs the MSS just be-
fore disconnection (of its impending discon-
nection), then it can piggyback a message
indicating the number of pages of the pub-
lication group that it accessed in the dura-
tion of its registration under that MSS.

¢ The demand for published pages can be
measured periodically by dropping a page
from the publication group and providing it
on-demand for a while, thereby estimating
as to how frequently that page is requested.

This frequency for a page is maintained till
the next time that page is dropped again
from the publication group. Depending on
how accurately the MSS has to be informed
of the frequency of access for various pages,
the pages can be dropped often or just once
in a while.

It has to be noted that while gathering the
statistics regarding the frequency of access for
a particular page, frequency of access has to
be measured as the average of the number of
requests for that page from the point it was
sent last (either by publishing or on-demand
mode) to the current moment. If the frequency
of access is measured only locally then, the
correct statistics is not obtained. All of the
above solutions also depend on the ability of
clients to send uplink information (which may

‘not be the case for one way pagers).

Publishing Events _
Publishing mode can also be used for publish-
ing events which inform the clients about data
changes. This is very useful in implementation
of active services as well as in handling cache
invalidations in the presence of frequent dis-
connections. For example, in [2] we describe
a protocol in which the MSS periodically pub-
lishes an invalidation report which for any data
item contains the last timestamp when that
item changed!®. The client, determines if its
cache is valid by listening first to the published
report and going uplink only if the cache valid-
ity is no longer guaranteed. The number of up-
link requests is reduced and the MSS does not
need to maintain any state information about
the clients residing in its cell. This method al-
lows for the clients to disconnect and still be
able to use their caches provided that the item
has not changed and that disconnection was
not too long (less than a certain predefined pa-
rameter).

The most frequently requested triggers can

100nly the most recent changes are included, so if the
item did not change for a long time it is not included
in the report



be published as well. For example, the delay
of a large plane can be published periodically
instead of sending separate unicast messages
over narrow wireless band.

5.2 General Model of a Server

We can generalize the above discussed concepts
of the information server as follows:

There 1s one downlink channel which consists
of frames. The MSS at any point of time has
to schedule the next frame to be downloaded
on that channel. For that, the MSS can use
a scheduling algorithm from a wide range of
algorithms developed in the literature {3]. In
general, there are two basic queues: the on
demand queue and the publication queue. The
MSS’s scheduler at any point of time ¢ selects
one page to be downloaded on the channel'.
The basic questions to be addressed are :
Which pages are to be put in which queue?
In what order will each queue be processed?
How will be bandwidth be split between the
two queues? :

Below, we list some of the possible scheduling
algorithms which the MSS can follow:

¢ Exclusive On-demand

All the pages go into the on-demand queue
and the scheduling is by the 1/M/M queu-
ing model. The queuing model can be var-
ied.

This method can only handle up to a cer-
tain number of queries per umit of time,
beyond which the system will simply be
blocked and the access time becomes infi-
nite. Publishing mode avoids this blocking
phenomenon completely. The power effi-
ciency - queries per Watt is poor - any re-
quest requires a power consuming uplink
request.

This solution is desirable in case energy
efficiency is not an issue and the volume

" Note that two subchannels which we use in this pa-
per can be easily modeled by one channel with frames
(time slots) preassigned to-individual subchannels.

of queries is not very high. For example, if
the mobile terminals are powered from car
batteries.

Exclusive On demand mode is currently
used in WWW protocols in the Internet.

Batching

The on-demand requests are not handled
immediately even if the channel is available.
Instead, each request is delayed by L slots
before it is downloaded. In this way, other
requests for the same page which come
during these L slots can be served by the
same single download.

The packet efficiency (queries per Hz) is
better than in case of the exclusive on de-
mand model. The power efficiency, how-
ever, remains the same as in the previous
method. The recommendations are similar
as in the previous case.

Exclusive Publication

All the pages go into the publication queue
and the scheduling is simple - the pages are
broadcasted one after another, periodically.
All the pages are broadcasted equal number
of times. '

For small number of queries this methods
has very low packet efficiency. However,
no matter what the number of queres
is, there is no blocking at all. If the
directory is provided then this method has
the best queries per Wait, since uplink
transmissions are totally avoided.

Wireless broadcasting services such as ra-
dio and TV wuse this publishing mode.

This mode is useful when dealing with one
way communication, for instance it is a
good solution for one way pagers and pager
based communication. As indicated before,
this mode is highly useful for dissemination
of data “hotspots”. Amnother possible use
is in situations when uplink transmission is
possible but requires high énergy due to the



long distance between the mobile terminal
and the base station.

¢ Frequency Based Exclusive Publica-
tion
The pages belonging to the publication

queue are broadcasted in the ratio of their
frequencies.

This has a better packet efficiency than Fz-
clusive Publication and still as good power
efficiency queries per Watt. Recommenda-
tions are similar as in the previous mode.

The next two strategies mix publishing and

on demand modes and strikes a compromise’

between the best queries per Hz and best
queries per Waitt.

¢ Greedy Publication

The on-demand traffic has a higher priority
than “publishing” traffic and consequently,
the publishing frames are downloaded by
the MSS only when there is no on-demand
traffic. Multicast addresses are still used by
the MSS to address published pages. The
client, before submitting the uplink request
for a page listens first to the channel, using
a multicast address of a requested page.
Only if that page is not provided within
a specific period L then the client submits
the uplink request. Below, we sketch how
the decisions as to which frame is to be
downloaded next are made.

Consider an information service with ‘n’
pages. Let the frequency of demand of each
page D; (per unit time) be denoted by ;.
The idea is to publish pages during the
unused slots between on-demand retrieval
of pages by the clients. During the unused
time slots, pages have to be published in
such a way that the number of uplink
transmissions are minimized (in order to
conserve power). Let 7; denote the time
period for which pages D; hasn’t been sent
(either by publishing or by on-demand).

The algorithm is to publish page D; such
that the following inequality is satisfied :

/\J'*Tj >= /\,*T,, A

This protocol uses the bandwidth very ef-
ficiently but the blocking problem, charac-
teristic for the pure, demand based, solu-
tions cannot be avoided. Power efficiency
is inferior to the power efficiency of pure
publishing methods, since uplink transmis-
sions cannot be completely avoided.

e Adaptive Publication

This is basically the algorithm which we
have described in the previous section.
There are two basic queues: on demand and
publication queues. The decision about
the bandwidth allocation between these
two queues is made on the dynamic basis
based on the request patterns (according
to the adaptive algorithm). Publication
scheduling is used for the publishing group.
This protocol has the best power efficiency
for a required packet efficiency.

The above list is by no means exhaustive
and there is a broad range of other possible
solutions for the server to schedule its services
between publishing and on demand modes.
Consider figure 2, which shows a hypothet-
ical service near an airport. The root page of
the service, will have a number of options. The
user can navigate through the tree by selecting
the required hyperlinks. The pages with dark-
ened background (like the root page) are pub-
lished and the rest of the pages are provided
on demand. Consider a leaf page of the flight
information link (at the root). This page has
various information about a particular flight,
like the terminal it is expected to depart from,
the gates it will be accessible from, the time
of arrival etc. Some of these pages could be
provided on demand throughout the day, but 2
hours before the time of departure of the flight,



Figure 2:
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they will be published. As the time for depar-
ture draws nearer, the frequency of publication
of that page will increase and eventually after
a few minutes of the departure of the flight,
this page will be no longer published and pro-
vided on demand again. Thus, the publishing
address of a page changes through the duration
of the day. Most of the time it is a specific IP
address, with which a client can get the page
by on-demand mode. A couple of hours before
the departure of the flight, the address is a
combination of the multicast address and tem-
poral address, the client can get the page by
listening to that multicast address say at ev-
ery 10 th minute of the hour. Just 15 minute
before the departure of the flight, the publish-
ing address is just a multicast address which
the client can listen and get the required page.
Thus, the page has a number of publishing ad-
dresses over a period of time.

Note that if the client is familiar with the
layout of the information services, it can avoid
going through the root and accessing all the
pages along the path down to the leaf. For
example, if the user knows the flight number
and needs to get the flight’s arrival time s/he
can just specify the flight number followed by
the required information.

Influence of Low Powered Buffer Space

Several pagers on the market are equipped
with low powered buffer ranging up to 120
Kbytes. In such a case, the client does not
have to filter the data “on line” but rather
can temporarily store it, and filter it later.
Transferring data from the pager’s buffer to
the computer’s memory can be energy consum-
ing especially if it involves standard serial port
connection. Thus, the data transfer between
the pager and the computer is no longer a low
power operation. Consequently, it is very im-
portant to provide the pager’s stored data with
the directory which would help CPU to make
a decision whether the buffer’s content is to be
ignored (and simply overwritten by the new
information which comes subsequently). This
can be done by providing addressing which is



hierarchical in nature. The first level of the
hierarchy would constitute a rough granular-
ity, multicast based addressing. Only pack-
ets matching a predefined multicast address
would be buffered. The second level of hierar-
chy would allow further data filtering in order
to avoid expensive data transfers between the
pager’s buffer and the computer’s memory.

The second level of filtering can be provided
by preceding each buffer sized batch of packets
with the directory packet which summarizes
the content of the buffer. The CPU, makes
the decision about downloading a buffer on
the basis of the content of the directory. In
this way, the multicast addressing space can
be significantly reduced. If B is the size of
the buffer, then only every B sized batch of
data has to have a separate multicast address.
This allows for a fine degree of indexing and
consequently finer granularity of low energy
information filtering.

For example, a given edition of financial
news may be addressed using just one mul-
ticast address. The more specific directory
can carry the precise description of the finan-
cial news content so that the CPU can decide
whether the buffer’s content matches the pre-
defined set of keywords.

6  Implementing Wireless
Information Services

In this section, we will present some ideas
on how to extend the currently used proto-
cols such as WWW to implement concepts de-
scribed in the previous sections. We will also
describe possible implementations of such ex-
tended WWW protocols on the top of emerging
air link protocols such as CDPD.

6.1  Extending WWW Protocols

The proposed family of Adaptive World Wide
Web protocols will have to support autonomy
of local cells in terms of different forms of ser-
vice delivery, support seamless service contin-
uation upon client’s relocation,.active and lo-

cation dependent services, and finally the con-
cept of adaptive links which are available only
if predefined resource constraints are satisfied.
Thus, in the provided description we go well
beyond the set of issues described in the pre-
vious sections.

We start by listing some of the disadvan-
tages of the current URL (Universal Resource
Locator) protocol used in WWW which make
it largely inadequate for mobile and wireless
environment:

o No flexibility in terms of the form of
delivery of a service: In particular no
support for the publishing mode of selected

pages.
¢ Fixed page addressing.

In URL each page has a fixed IP address.
Each client has to make an uplink TCP/IP
connection to that address in order to ac-
cess this page. Thus, there is only one ad-
dress and one access mode (“on-demand”)
which is currently supported. This is inad-
equate if the same page is to be provided
“on-demand” in one cell, while periodically
multicasted with specific multicast address
in another cell. Additionally, the multicast
addresses and the periodicity of the mul-
ticast may vary from cell to cell. Conse-
quently, there is a need for a dynamic ad-
dressing schemes in which the address of a
page can vary from cell to cell.

Finally, indexing of varying levels of gran-
ularity may be used in different cells; in
this way a page which is a “leaf” in one
cell may actually have children in another.
Thus, certain pages may simply be unavail-
able from certain locations.

¢ No distinction between the id of a page and
its address.

This is a consequence of fixed addressing
scheme. Consequently, if the same page
has two different addresses in different cells
it will be treated as different pages. This



is unacceptable in the situations when we
want to show the same page with possibly
location dependent content to the the client
moving across cells. For example a traffic
page may have different content in different
cells and we would like to simply “refresh”
it on the users’ screen while s/he moves
across the cell borders.

Here, we have a loose analogy between
IP support of mobile and static users.
Mobile users may reside at different IP
addresses and protocols like MobileIP have
to provide a binding between the IP address
of the mobile user and his current location.
Similarly, our pages become “mobile” with
the same page being bound to different
addresses at different locations. This is why
we need a page id, since the page address
can no longer play a role of an identity.

Inability to specify active services: the
WWW servers are stateless that is they do
not keep any information related to the
state of their clients.

No ability to specify, adaptive links (de-
pending e.g. on the current load on the
network)

Fach service can have different presenta-
tions which depend on the load of the net-
work and on the client’s platform. For ex-
ample, links with certain broadband type of
information such as multimedia (video, au-
dio) may only be provided to clients which
are sufficiently powerful and only if there
is enough wireless bandwidth on the ra-
dio link. Consequently, authoring tools for
the future WWW should offer capabilities
of adaptive specifications which will depend
on the available resources: each link should
have resource prerequisites associated with
it and only links which are “eligible” for
the current environment (that is a client
plus the network) should be displayed on
the client’s machine. In this way different
clients may see different views of the same

service. In fact, even the same client may
see different views of the same service at
different times in the same cell due to the
varying load on the network.

Lack of Mobility Support

Currently, WWW does not support mobil-
ity. If a client is logged on in one cell, ac-
cessed a page and moved into another cell,
then such a client has to restart the ser-
vice. Despite of having been using a par-
ticular page of WWW 1in its previous cell,
in the new cell the client has to start at the
root page. One simple solution is to main-
tain the state of the client in its previous
cell at the MSS (of the previous cell) and
transfer this state information, as a part
of the handoff protocol, to the MSS of the
new cell. This way, the client can take off
from where it left off in the previous cell.
If MobileIP is supported then this feature
can be taken care of at the network level.
This solution is fine if the page’s content
was not location dependent. If the page
is location dependent then the new MSS
has to do some extra work. As the client
enters the new cell and registers itself by
completing the handoff protocol, the new
MSS can take into account that the state
information of the client contains a location
dependent page of an information service.
The new MSS then automatically “binds”
the relevant page for the current location
and then lets the client start off from that
point. This whole process is transparent to
the client.

The proposed adaptive WWW protocol, should
provide all the missing features listed above,
along the following directions:

e Different Page Delivery Methods repre-

sented by the generalized page address

— On Demand at a specific IP address

In this case, the IP address is the page’s
address. '



— Periodic Multicast at a specific multicast
address and possibly with specific time
and periodicity of delivery
This mode of delivery is appropriate for
very frequently requested information. It
saves bandwidth and client’s energy by
avoiding battery draining uplink trans-
missions.

The combination of the multicast address
and the periodicity of its delivery be-
comes the page address.

The client will be capable of recognizing
whether a given page has to be explicitly
requested by making uplink request or it
can simply be passively received at a given
multicast address and possibly at a specific
time without making an uplink request.

Pages will have page identifiers

The page address will no longer serve as
a page identifier. In this way the “same”
page can be linked to different addresses in
different cells. It may also have different
content depending on the location of the
MSS.

Stateless and Stateful Pages

Stateful pages will be associated with active
services and any service where the request-
ing client’s ids have to be stored. If the
uplink request from the client is made for
a particular service than the id of the re-
questing client will be stored by the server
which is in charge of that page.

For a popular service, the server may de-
cide to multicast rather than provide a uni-
cast delivery. For example a new high for
a popular stock may be announced by mul-
ticasting on a predefined multicast address
rather than provided on a one to one ba-
sis. Similarly, a delay of the departure of
a large plane will be better announced by
multicasting than by a sequence of unicasts.
In the case when multicasting is used there

is no need for storing the state information
about requesting clients.

State information may also have to main-
tained occasionally on behalf of the clients
who are disconnected. Consider a Parking
Lot picoservice, if a user parked his/her car
and leaves, on re-entering the picocell, the
user has to be directed to his/her car. This
requires maintaining the state information
about the users who have parked their car
in that picocell.

Service Hand Off

If the user is viewing a particular page,
upon crossing a cell border, s/he should be
able to continue to view that page. The
following cases are to be considered:

— The same page is provided in both cells
with the same content

— The same page is provided in the new cell
but with different content

— This page is not provided in the new cell

In the first case, the page 1s simply cached
on the client’s machine and the cached
page 1s not invalidated by the move. In
the second case the page is invalidated by
the move: the client may perhaps get a
message informing him about page content
invalidation. In the first two cases if the
client wants to follow any further links from
that page this would have to be the links
in the new cell.

If the currently viewed page is not provided
in the new cell, the user should be informed
about its unavailability but perhaps keep
the connection to the page via the old cell.

If the client starts using an information
service in a new cell the root page is
provided to him as a part of the cell
greeting protocol. In this protocol, the
client sends an uplink greeting message to
the MSS and the MSS responds with the
address of the root page. The root page



may be periodically multicasted on a given
multicast address or may be provided on-
demand. In the first case, the client simply
tunes to a particular multicast address
while in the second case, it makes a TCP/IP
connection to the specified IP address (and
port).

Finally, we should also mention support for
continuous services such audio/video. In
this case the service handoff is much more
sophisticated and requires maintaining con-
tinuity as a quality of service requirement.

s Adaptive Links

It is important to provide the ability to
specify resource prerequisites which are nec-
essary to access a particular page. This will
be related not only to the local features of
the client (such as CPU type, memory, pixel
resolution, etc.) but also to the network-
ing environment, current link characteris-
tics etc. Consequently, different views of
the same service may be provided even to
the same client at different times and even
more often to the same client in different
cells and finally to different clients. The
resource prerequisites can be provided as a
part of the service authoring environment
and will include: bandwidth, energy (if the
unit is on batteries) etc.

In this way the MSS will drop some expen-
sive services if the load on the network is
too high. The order in which the services
will be temporarily unavailable will be a
function of the resource prerequisites.

6.2 Cellular Digital Packet Data
(CDPD)

CDPD was developed by a consortium con-
sisting of several leading telecommunication
companies'?. It is intended to provide digital

2McCaw cellular, GTE, and five of the seven
regional Bell operating companies : Ameritech, Bell
Atlantic Corp, Nynex Corp, Pacific Telesis Group and
Southwestern Bell Telephone Co
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data transmission using ezisting cellular infras-
tructure and thus is likely to be a strong com-
petitor for the existing outdoor packet radio
solutions such as RAM Mobile Data etc.

CDPD piggybacks onto (overlays) the cellu-
lar network and hence carriers don’t have to
license additional frequencies from the FCC.
CDPD involves adding gear to cellular network
to enable them to carry packetized data along
with voice. CDPD is attractive mainly because
it allows data to be transmitted over much
of the current cellular infrastructure, which is
mostly analog. It also allows channel hoping,
which makes it possible for data transmission
to utilize idle cellular voice channels. Any cel-
lular provider is free to offer CDPD based ser-
vices and several have announced plans to do
so. CDPD is expected to grow rapidly over the
next year [16]. :

In CDPD, packet data is sent on unused
voice channels on the cellular network. The
CDPD subscriber device segments, encrypts
and formats the data from the transmitting
device (a palmtop or a laptop). The frames
are 138 bytes in length and are sent over 30
kHz channels in the cellular network using a
protocol called Digital Sense Multiple Access
with Collision Detection (DSMA/CD), which
is similar to the CSMA/CD protocol used in
ethernet. A CDPD subscriber device is an
integrated modem and radio. CDPD provides
a raw bandwidth of 19.2 Kbps.

The client of a data service in CDPD ob-
tains a connection on a logical channel The
logical channel is mapped into a physical chan-
nel which can be any cellular channel which is
currently not used for voice. Data has lower
priority than voice, therefore the logical chan-
nel may be reassigned to a new physical chan-
nel at any time, in case its previously assigned
physical channel was taken by voice connec-
tion. Thus, a mapping between logical chan-
nels and physical channels (called hoping ta-
ble) can change very frequently. How does the
client, which is communicating with a MSS on
a particular logical channel, know that it has



to “hop” to a new physical channel? CDPD
informs such a client with a special message
sent down on the “old” physical channel, about
what the new assignment of the physical chan-
nel is. If the client misses this information 1t
has to sniff (hop) on all physical channels to
find the one which is currently mapped to the
logical channel which this client uses.

In this section, we discuss a way of imple-
menting the publication mode on CDPD. Since
there is no way to reserve a particular set of
physical channels for publishing, we must pro-
vide a robust solution which would avoid such
reservation but which would still appear to the
client as if a reservation was in fact made. For
that to take place, the client should be able to
know for each multicast address, what logical
channel is being used for this address and how
this logical channel is mapped to the physical
channel.

The proposed solution generalizes the way
cellular calls are handled today. The MSS,
before publishing a given data item under a
specific multicast address, sends on the paging
channel ® a short message which has the
same multicast address but contains only the
physical channel address (i.e. the pointer) of
the channel on which the real data item will
be sent. The client, upon receiving such a
message, tunes to the proper physical channel
where the given data item is downloaded. In
case, the temporal addressing is used, the
temporal address is provided in the initial short
message. If multicast addresses are not used
(but only a conjunction of temporal addressing
on logical channels) then the initial short
message is broadcasted on the paging channel
(i.e., instead of specific multicast address it has
broadcast address). The Greedy Publication
algorithm described in section 5.2 is used

for scheduling the data items that are to be
published.

13The paging channel in cellular telephony is used
to alert the recipients of the incoming telephone call.
All cellular terminals listen all the time to the paging
channel.

7 Conclusion

We have provided an architecture for future
wireless information services. The architecture
will consists of a collection of autonomous cells,
each offering information services of widely
varying geographic scope. The allocation of
bandwidth to various services and the form
in which to present them, is at the discre-
tion of the MSS. Two basic forms of delivery
of information service are available: publish-
ing mode and on-demand mode. We described,
how each MSS makes the decision about which
form of service delivery to use and how to
structure its publication subchannel by varying
the frequency of publication of individual data’
items depending on the frequency of requests.
In this way we improve packet efficiency and
power efficiency of the client server protocols
by maximizing the number of gqueries per Hz
and queries per Watt. By making cells self-
ezplantory about their service allocation, all
mobile clients can 1nteroperate in this environ-
ment. A randomized dynamic algorithm for
scheduling data items for optimal publishing
has been proposed. Another algorithm for op-
timal allocation of the network bandwidth be-
tween the data items to be published and the
data items to be provided on demand has been
described. ’

We identify the short comings of WWW
which make it inadequate for mobile and
wireless environment and propose steps to
rectify the defects. We described how the
presented concepts can be implemented by
proposing an extension of WWW protocol. We
also showed how to implement the proposed
protocol along the lines of CDPD.
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