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Efficient WISH in an Indoor Environment

M. Angelaccio, B. Buttarazzi, R. Giuliano, and G. Guidoni

Abstract—With the diffusion of wireless connections to In-
ternet, the number of complex operations carried out from mobile
usersisincreasing. To cope with bandwidth limitations and with
disconnections, data caching isthe most used technique. However
for complex operation like dynamic searching a better solution is
to take advantage of the multichannel property offered by CDMA
protocol. In this case, cached documents can be allocated on dis-
tinguished channelsin a dynamic way to obtain a better utilization
of the radio communication links. We study a particular caching
strategy suitable to be integrated with a radio-channel palicy.
We consider a semantic caching for intranet queries (or intranet
searching) that takes advantage of data semantics by caching
query answers instead of pages in order to exploit similarities
between different queries. In fact, in a WLAN scenario, I nternet
activity is frequently composed by intranet searching operations
characterized by local queries that aim to explore documents
stored in a neighbor of the home site. We study benefits from a
channel allocation strategy applied to intranet searching with
semantic caching. Simulation experimentsare carried out by con-
sidering an indoor scenario model where mobile clients perform
keyword-based queries answered by local Web servers running
application we refer to as WISH (Wireless Intranet SearcHing),
an intranet searching tool based on semantic caching. Theresults
show a 12% improvement in radio channel usage for 20% of users
that share cached documents.

I. INTRODUCTION

ITH the convergence of wireless communications and

the Internet, the number of wirel ess connectionsto Web-
sites is growing, thus demanding a broadband wireless access
for Web queries [7]. Page caching at client level is an effec-
tive way of reducing network traffic and Web latency [1], [5].
However, even if traditional proxy caching efficiently also sup-
ports mobile clients that browse through Web documents, a dif-
ferent approach is needed when the Web is viewed as a data-
base. In fact, in this case, mobile clients tend to submit queries
instead to specify page URL directly and with the growing dif-
fusion of wireless Internet, is becoming important to keep into
account this different Web view. In the mobile database liter-
ature [6], [9], semantic caching has been proposed as an al-
ternative to traditional caching. The idea of semantic caching
is to maintain in mobile client cache both semantics descrip-
tions and results of previous queries. This enforces aquery pro-
cessing that aims to determine what data are locally available
and what data are needed from the server. Recently, semantic
caching has been proposed for Web queries like Web databases
wrappers [8] and meta-search engine queries [10]. Instead, dif-
ferent types of Web queries often have been submitted by wire-
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less clients. In fact, as shown in [4], mobile clients usually ask
for local queriesthat are restricted to asite or to its neighbor in-
stead to perform global search engines queries. We call thistype
of searching intranet searching and we study its performancein
amultichannel (CDMA) wireless scenario. Asasearching plat-
formwe use WISH (Wireless Internet SearcHing System) [3] as
an exampl e of intranet searching toll based on semantic caching.
Itisawireless access protocol proxy for local Web queries man-
aged by a Java search engine. We study how the wirelessinternet
searching efficiency is improved by using WISH as a wireless
internet searching for WLAN-based intranets.

Il. INTRANET SEARCHING

We consider a WLAN-based intranet where mobile clients
performs Internet searching restricted to the intranet (or its
neighbor sites). For instance, let us consider as intranet a
university campus area with a local Website for each faculty.
Users ask for documents through clients connected to a local
WLAN network. We assume a typica distributed searching
scheme composed by alocal site searching tool for each faculty
server. However, it may happen that a client wants to ask for
extra-faculty documents by submitting a query in a different
way. He perhaps might use a global search engine or a local
search tool that points out of the faculty subintranet. If this
type of extra-site searching is not well supported by a caching
scheme, it may hold that excessive extraaWLAN connections
can reduce the query-performance.

A. Semantic Query Caching

The main feature of WISH is the semantic caching mecha-
nism which allows reuse of answers to previous queries, thus
reducing the delivery time of answers and the traffic on the net.
Semantic caching is based on the representation of cached data
as semantic regions and the processing of queries by construc-
tion of probe queries for retrieving cached data and remainder
queriesfor fetching datafrom remote servers. Semantic caching
is considered a support for intranet query caching. The query
scope could go beyond alocal Web server as shown in the sec-
tion above.

The detailed description of semantic caching for WISH is
given in [3]. Fig. 1 shows two cases of partially answered
queries that arise when the answers returned by WISH go
beyond the spidering boundaries that have cached in a previ-
ously query. The cache is organized in semantic regions called
query maps [Fig. 1(a)] and the way each query is split (query
trimming) [Fig. 1(b)].

When aquery isposed at a server with a semantic cache, the
query issplit into two pieces: 1) probe query, which retrievesthe
portion of the answer available in the cache and 2) remainder
query, which retrieves the missing data from the I nternet. When
anew guery comesin, 1) (cache-hit) the result of the new query
could be contained in the cache; 2) (query trimming) it could
intersect with the cache, or; 3) (cache-miss) it could be disjoint
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Fig. 1. Partially answered queries.

Fig. 2. Wireless architecture.

from the cache. Query trimming happens when similar queries
are submitted. In this case, semantic caching can be used.

Using theterminol ogy from semantic caching, the query eval-
uated over the cache is the probe query, whereas the difference
guery sent to the Internet is the remainder query. We want to
take advantage of thistype of caching by introducing a channel
allocation policy based on this semantic caching scheme sup-
ported by WISH.

Ill. SYSTEM MODEL

To study the benefits obtained by using WISH, we use a
suitable scenario. We consider a WLAN hosting a Web-based
application composed of Web servers and clients querying for
documents by using WISH as example of semantic caching in-
tranet searching system. We report a complete description of
the system. In particular, the indoor environment where WISH
isconsidered and the pathl oss and traffic model used in this sce-
nario are described. At the communication level, the system is
composed of Master (Ms) and Slave (Sv). The Msis the access
point (AC) totheinternal network or intranet (and to the external
network) and the Sv are the intranet users, connected to the Ms
in awireless mode

InthewirelessLAN (Fig. 2), we havefive components. 1) AP
or BTS (basetransceiver station) or Ms; 2) Client or Sv; 3) NAS
(network access server); 4) accounting database; 5) authentica-
tion server (RADIUS). The main components of the NAS server
are firewall server, Web with support to SSL Client, RADIUS
services of system, and script server DHCP.

A. Indoor Environment Description

Our scenario is an indoor environment [13]. The analyzed
areais large 5000 m?(50 x 100 m?). It represent an office en-
vironment with some square rooms of side 10 m and corridors
large 100 x 5 m?2. In the system, three floors are considered
with a height of 3 m. Statistics should only be collected in the
middle floor to reduce the boundary effects. The number of Ms
(the black bullet in Fig. 3) are less than the number of the Sv.

The Sv are deployed in the area uniformly. The mobility of
the Sv is not considered. That is, a generic Sv starts a session

Fig. 3. Indoor office environment.

in aroom (or corridor) connecting to the closest Ms and after
a period of time he finishes at the same position. The antenna
of both devices (Ms, Sv) is omnidirectional. For spectrum effi-
ciency evaluation, quality statistics should only be collected in
the middle floor.

B. Path Loss Model for Indoor Office Environment

Dueto air separation distance between Ms and Sy, the signal
undergoes losses in its propagation path. Our scenario is atyp-
ical floor (i.e., offices) with hollow pot tiles, reinforced con-
crete, and wall thickness less than 30 cm. The walls are medi-
ated taking into account the numbers of holes (e.g., windows).
Under the simplifying assumptions of the office environment,
theindoor path loss model, based on the COST 231 model, has
the form (in dB) [12]

Lap = 37+10 7 - Logio(R) +18.3 - n(35°4) 4 ¢ (1)

wheren isnumber of the floor met by thesignal inthe path, Ris
transmitter—receiver separation in meters, and -y is propagation
coefficient set to 3. In (1), a Gaussian random variable, ¢, has
zero mean and standard deviation, o, equal to 12 to take into
account the slow variation of the shadowing effect.

C. Traffic Model

In the intranet, most of offered traffic concerns on nonreal
time services, so we do not consider work speech traffic. The
typical intranet request is a browsing session. In general, a
packet service session contains one or several packet calls
depending on the application. The user initiates a packet call
when reguesting an information entity. After the document
arrives at the terminal, the user consumes a certain amount of
time to study the information (reading time).

User request to start a session has an exponential distribution
withmean A. Number of packet call requests per session, V.., is
ageometrically distributed random variable with a mean juy, ..
Reading time between two consecutive packet call requestsin
asession, D,., is a exponentialy distributed random variable
with mean 4. p, . Data volume for a single packet call is alog-
normal random variable with mean and standard deviation j:y-
and o, respectively [11], [13].

IV. CHANNEL ALLOCATION STRATEGY

Simulation is carried out by modeling a channel allocation
scheme based on the semantic caching scheme of WISH.

In atypical intranet, type of access to the internal server is
correlated both in time and requested information. WISH allows
us to reduce the duplication of the information to be sent. The
probability, P(k) that k users require the same part of informa-
tion (equal to p,,) if n users are simultaneously connected to the
Ms at a certain time is

P(k) = (k) PR (1= pa) R @)
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pr, isnot fixed. The probability that auser requires the samein-
formation (or part of it) of another user increases as the amount
of connected usersincreasesat the sameMs. For thisprobability,
pn = (a + bn + en?)po Where the coefficients are taken as-
sumlng that p(l) = pr(nMAX/Z) = 30% and p(TLMAx) =1
and where np;4x 1S maximum number of active connections
that asingle M's can manage and p isthe probability that a user
requires the same information (or part of it) of another user if
the njs 4 users are connected at the same Ms.

Therest of then — & users could require the same information
(or part of it) different from the previous k& users. The recursive
algorithm is described in the following way.

CDMA- W SH Channel al | ocation al gorithm

For each sinulation step and for each Ms in the considered
scenario, do:

1st step:
At Master,
W SH appl i cation,

n Sl aves are connected. The Master, thanks to
is able to know the k; Slaves which
have cormmon infornmation between them (cache-hit or query
trimming).
2nd step:

If Ky is >1,
wi t hout considering WSH caching schene. Then,

at Master, n — k; Sl aves are connected

appl yi ng
WSH to them the Master is able to know the k; Sl aves
whi ch have common information between them and con-
tinues with 2nd step changing k1 with % and n — ki with
n — ki — ke, and so on
If k¢ is equal to 1, the algorithmexits fromthe inner
| oop and the Master transmits using just the useful

codes, w thout duplicating the information.

In order to take into account the duplicate information, found
by WISH, the Ms is able to transmit the part of common in-
formation exploiting the same channel toward all interested Sv.
This provides areduction in system interference, better quality,
and larger number of available simultaneously active Ms-Sv
connections.

V. SIMULATION RESULTS

A complete system simulator has been implemented to eval-
uate the performance of the CDMA-WISH alocation strategy.
The scenario is that described in Section I11-A. The consid-
ered service is an HTTP session with the parameters reported
in the following: exponentia distribution for the reading time
with ytp,. = 30 ms, lognormal distribution for data volume
with py = 7.47 bit, and 0%, = 3.76 bit. We suppose that the
available connection between Ms and Sv is of 144 kb/s with a
(C/I)peq = —16.18 dB.

A. Simulation Outputs

System quality has been evaluated by plotting the outage
probability as function of the number of users per cell at the
connection speed of 144 kb/s and reading time of 30 ms. Fig. 4
showsthe plots obtained for different values of pg that measures
the percentage of users submitting similar or equivalent queries
that are answered by using WISH cache regions. When pg = 0,
it holds that the semantic caching of WISH is not applied.
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Fig. 4. Users per cell versus outage probability for different value of pq in
HTTP service.

If we assume that the value of outage probability P under
which system quality would be acceptable is equal to 5%, then
we have that in absence of WISH (py = 0) a most 25 users
per cell must be considered. On the contrary, when WISH is
adopted with values of pg = 10% and pg = 20%, respectively,
the maximum number of users for cell increases up to 26 and
28, respectively. Therefore, we obtain a gain of 4% and 12%,
respectively, for the two cases. In the third case of py = 30%
the obtained gain is beyond 60%.

VI. CONCLUSIONS

We have presented the experimental performance evaluation
of aCDMA channel alocation strategy used in combination of
semantic caching schemefor awirelessintranet searching appli-
cation called WISH. Theanalysisiscarried out by considering a
common scenario of wireless connected clients submitting Web
queriesinanindoor environment. Theresultsshow that for more
than 25 users per cell, the improvement in the quality of the
system is obtained even for a small percentage (10%) of users
that find documentsin the cache. This can be used as motivating
reason to include this type of caching as support for intranet
searching in a wireless indoor office scenario like campus or
similar environments that are logically associated to intranets.
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