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hand they delay response time and increase weler&erv

Dynamic content has dominated the Web nowadayspProcessing load. Presently, mobile devices are rogp
Although much work has been carried out to adagh we more and more popular, such as Handheld PCs,

pages for displaying on small-screen mobile deyicese
of them has taken the prevalent dynamic web patgean
special consideration. Dynamic pages have to bewedly
generated and transmitted over wireless networksn ev
when a small portion changes. Since the adaptat@mnhas
to be performed on whole pages, this leads to dersble
user-perceived delay. In this paper, we proposeified

SmartPhones and PDAs. Though it is convenient ¢tessc
the Internet from the portable mobile devices ewdren
users are on the move, there are still many hurdledged to
be crossed, such as small display, limited bandwadid
poor computing power. Small display will greatlygdade
the readability of web pages which are usuallyl&mge for
small-screen mobile devices. Besides, limited badithw

framework based on fragment-based technologies hwhic @hd poor computing power will increase user-peeiv
have been commonly applied in web caching. In ourdelay. Therefore, a challenging problem is how to

framework, a novel page adaptation method callecstcai-
ned page splitting is used to improve readabilftgdynamic
pages, then split results rather than original eatst are
saved to cache in fragment granularity. Our apgrozan
simultaneously improve readability and user-pemegiv
delay when browsing dynamic web pages on mobilécdsy
In the evaluation, we use a representative Web Hreark

efficiently improve the browsing experience of pknt
dynamic web pages on mobile devices.

Since currently most web pages are mainly desiguith
desktop computers in mind, readability is usuatgrihded
because they are too large to display on smalkscngobile
devices. Many adaptation methods [3, 4, 5, 7, §,18]
have been proposed to adapt web pages to be thilore

to measure the performance of our framework. Thesmall-screen mobile devices. Among them, pagetisgiits

experimental results point out that our approacéffisctive
in improving the mobile browsing experience.
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a basic technique to divide a web page into taidrecks,

which can fit into the small display size in mobdevices.

In prior work, Chen[5] proposed an efficient pagéitsng
algorithm based on analyzing the position and shafpe
HTML elements. However, the main difficulty of page
splitting algorithms is how to effectively extratdilored
blocks from low level HTML tags without destroyimgage
structure and causing information losing. In additiuser-
perceived delay is also largely increased sincesethe
adaptation methods are usually time-consuming. Atiaog

to our practices, adaptation costs on mobile deviem't be

ignored for the poor computing power of mobile desgi
Speeding up the delivery of dynamic pages remaihsta

topic in recent years. Conventional approachestwbéche

in page granularity can not work effectively forndynic

Constrained page spliting, dynamic web page, fexgm Web pages, because they should be renewedly gederad
caching, Fragment Cache Hit Ratio, readability, ruse transmitted even whenasmall_portlon within théranges.
perceived delay, mobile browsing experience, mobileA few other caching strategies have been proposed t

device, web page adaptation.

1. INTRODUCTION

address this problem [1, 6, 9, 10, 14, 15, 16]. Agthese

methods, encoding web pages with fragments andirgach
in fragment granularity proved to be an effectivayywvhich

Dynamic web pages become increasingly dominanhén t Can accelerate the delivery of web pages and attewieb

personalized and flexible services to users, buthernother

and caching options has been made in [15]. An aubrdo



enable fragment caching at the network edge wasogexl

in [16], which requires only simple modificatiores existing
applications. However, it can’t benefit mobile watowsing,
because the download time of web pages is detednige
the last mile, i.e. the slow dial-up link that miebdevices
use to access the Internet. Based on this fack,poposed
to push ESI (more detailed information can be reférto
[6]) to the ultimate network edge — the client siddich
can accelerate download time of web pages for tslien
While for mobile devices, it still does not suffiteimprove
user browsing experience due to the poor readahlit
large web pages on the small-screen mobile devides.
adaptation is then performed independently, vakiabl
semantic information indicated by fragments has bet
used, and user-perceived delay will still be def@rby the
time-consuming adaptation cost
methods have not considered to cache adaptatiahsies

In our proposed framework, we comprehensively irettg

and conclude that deploying our framework at cleEde is
the best approach. We provide implementation detail
Section 7. Our calculation method of Fragment CddHi
Ratio FCHR) is presented in Section 8. In section 9, we
give the experimental results and discussions. lligjnae
conclude this paper and introduce our future wamk i
Section 10.

2. FRAGMENT-BASED TECHNOLOGIES
Fragment caching is a promising technology to @éil the
problem of delivering dynamic web pages recently.
According to current existing fragment-based tebbgies
such as ESI [6] and Proxy+ [16], a web page is éado
with additional semantic tags which indicate theheable
characteristics of its included fragments. Eaclgrfrant is

since these cachingreated as a separate object in a web page, anitsh@sn

cache and access profile which may be set in dgroation
file. For instance, content providers may want ache the

caching and adaptation together. In the framework,€mplate of a page for several days, but only caghe

constrained page splitting is presented to improve
readability of dynamic web pages by utilizing seti@n
information indicated by fragments; then split lesuather
than original contents are saved to cache in fragme
granularity, which is an extension to current caghi

particular fragment (such as a stock quote) foradten of
seconds or minutes. If a web page composed of fatgms
considered as an individual whole, its lifetimdiisited to
the minimal lifetime of fastest changing fragmentide.

As for an example of a web page composed of catdheab

methods. As a consequence, split results of cachedragments, consider a personal home page, whishasn

fragments can be directly fetched from cache tadatioe
repeated transmission and adaptation costs inrfedgrests.

in Figure 1 below. In this paper, an HTML unit &ferred
to an HTML content portion within a web page, whie

Afterwards, a request to the same page or otheespag fragment can be deemed as an HTML portion with ifipelc
containing the same fragments will benefit from our cacheable properties. In the figure, “activity” graent 3

approach. In the evaluation, a famous Web apptioati
namely IBuySpy, is used as a representative benthtoa
measure the performance of our framework. Experiaten
results point out that our approach is effectivémproving
mobile browsing experience.

The main contributions of this paper include:
« User-perceived delay and page readability are testm
important factors for mobile web browsing. Our

and “career” unitl are included in “news” fragmeif@; f2
and “diary” fragmentfl are included in the template
fragmentfO, which also includes “favorite” unit2. The
fragments within the page liki®, f1, f2and f3 have their
own lifetimes which range from one day to more tl@an
hundred days. This example also demonstrates ae ibat

a fragment can include one or more other fragmervtig;h
means that fragments can be recursively defined. Fo

framework integrates caching and adaptation togetheinstance, the fragmentd andf2 are included by the outer

to deal with both problems simultaneously.

« We propose constrained page splitting algorithm to

utilize the higher level semantic information iratied

by fragments to improve the adaptation performance

instead of analyzing only low level HTML tags in
conventional ways.

template fragmentO which maintains the template of the
page, andf3 is also encircled by2. Therefore, a space
occupied by a fragment may be overlapped by other
fragments. This will add complexity to our page tdsion

ralgorithm, as we will discuss in detail later.

In this case, when there is a client request toeh page
encoded with cacheable fragments, web server walinéne

* The details of our prototype implementation are ihe cache status of each fragment within the regdesage.

provided. Our implementation experience will befuke
for readers who implement other functionality ajudy
fragment-based technologies or web page adaptation.

The rest of this paper is organized as follows.tiSec2
introduces fragment-based technologies. We promase
unified framework in Section 3. In section 4, wérdauce
constrained page splitting method. Section 5 pteseuar
approach on how to save split results to cach&elgtion 6,
we compare three different mainstream deploymergrses

Only changed fragments need to be generated bysersior.
After fetching other unchanged fragments from cache
whole page is then completely assembled to ansher t
client request. As a consequence, this approach can
accelerate response time and lighten web servet lga
processing only changed fragments, instead of whafges

in conventional approaches. The results in [15Mwslizat
under typical user browsing patterns and networdimns,

2~3 folds of latency reduction can be achievedtieumore,
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My Diaries: _ Template
Sunday Feb,1th | Monday Feb,2th | Tuesday Feb 3 ||| RECENt Activities: fragment

TTL List: :

f0: 180 days Saccer League.

f1: 01 day 4 Travel.

- o7 comeback o Reading.
f2: 60 days {:dayThe‘;a;e}:isﬂne K
fs: 30 days st mren T Rt moren Others <mare ..>

= .[\,] y Fa \,l,aoriteg: E .................... -
agmer i il: My Career: .

HEML Unit P HE
CEETTT T, = Ilike play soccer and watch matches, Read more... HE Study Experiences.

I Novels: HH i i

H - . o: work E: 5
: Dlike reading novels when I get relaxed. Read more... 1]: orking buperlences

H i <more ..:
. Internet HH

+ I also like to surfing in Internet, Read more...

Figure 1. Two fragments named f1 and f2 are recursively contained in the outer template fragment fO, which includes
aHTML unit named c2.f2 includes a fragment f3 and aHTML unit c1.

over 70% server requests can be processed byrfgtfriom It is known to us that page adaptation targetsngiroving
cache, resulting significant server load reduction. web page readability, and caching targets at actéig

Generally, current fragment-based technologiesnaamly ~ Page delivery. To improve mobile browsing expereit
focused on web caching strategies. Actually, anfrargg is a  dynamic web pages, we found that adaptation antimgc
relatively independent unit containing semantioinfation ~ Should work cooperatively. If they are treated safey, it
within a web page. Based on this, in this papeiprapose will incur some _problems tq degrade th.e overall
constrained page spliting method to use semantid’€rformance. The first problem is that adaptatl_cnt_yrbe
information indicated by fragments to improve page °ft€n repeatedly executed on same pages or sipaiges,
adaptation performance. The details of our appredittbe ~ Which can be potentially saved. The reasons aréotuo
introduced later. In this paper, we assume thaadjmweb  Firstly, popular pages visited frequently will bepeatedly
pages mentioned later are acquiescently thoughbeto adapted even within the_|r lifetimes; Sgcondly, same
encoded with cacheable fragments. Generdtiggment ragments shared among different pages will be ateuky
mentioned later is not limited to a specified fragn 2dapted too. Another problem is the difficulty fpage
definition, for it is generic enough to be appliatio adaptation process to extract tailored semantickisldy

various fragment-based technologies. only analyzing low level HTML tags. This may resthiat
adaptation results are not consistent with usesisgption
3. A UNIFIED FRAMEWORK of web page structure, while higher level semantic

information indicated by fragments has not beerd use
improve adaptation effects. Based on these probtamsed
by treating caching and page adaptation separatekpis
) paper, we propose a unified framework which
Currently, web servers in the Internet commonly il comprehensively integrates caching and adaptatigether.
provide page adaptation service to improve web pagfp this framework, a new page adaptation approatiec
readability for small-screen mobile devices. Assume constrained page splitting is presented to improive
scenario where a user browses a dynamic web page onyeadapility of dynamic web pages, then split resudtther

small-screen mobile device capable of page adaptati than original contents are saved to cache in fragme
functionality. The browsing process goes like thigst, the  gyanylarity.

requested dynamic web page is generated by remele w
server and then transmitted over wireless networketich
the mobile device. Second, local page adaptationgss is
invoked to adapt the received page to fit the ss@tten in

User-perceived delay and page readability are twyg k
factors determining mobile browsing experience. this
paper, our goal is to improve both.

By using higher level semantic information indichtby
fragments instead of low level HTML tags, the rdziliy
of dynamic web pages can be improved because aidepta

the mobile device. From the process we can condhate results processed by_ our appm"?‘Ch can corresporath mu
user-perceived delay of dynamic web pages is heavil better to user perception. By caching split req@tser than

increased, and page adaptation also imposes mucﬂorg]‘g‘I contents, donlydmlsi:?mg :Tgmel:]ts W'thi:n pzrflrgeed
processing load on mobile devices. to be transmitted and split, while other cachedyrfrants

can be fetched directly from cache to save the atege
processing. Therefore, user-perceived delay of mymaveb



pages can be reduced. Thus, our framework simulteshe IF;, whethelSegis a fragment

improves readability and user-perceived delay. The IC;, whether the split result &fegis cached
experimental results demonstrate that our approach N, the total number of independent segments
effective in improving mobile browsing experienagelr. Five properties are assigned to an independentesgigHC,

As shown in Figure 2, our framework contains twoirma SR, DF, IF and IC. HC is used to represent the
processes. First, constrained page splitting isl usesplit ~ corresponding HTML content &eg SRstands for the split
dynamic web pages to be adaptable for mobile deviceresult of an independent segmebf- is defined as the
(discussed in Section 4). Second, the split resutissaved ~ fragment whichSeg directly belongs to. Especially, 8eg

to cache in fragment granularity (described in Becs). is included by multiple upper-level fragments,iis will be
the fragment that directly contains it. For insentthough3

is included byf2 andfO, its DF is f2. According to our
definition, a DF itself should not be an independent

1----Constrained Page Splitting - -

| Independent Splitting

Dynamia | segment independen}_i__,,| Caching fragment. For the root fragment in a page, or datlee
pages generation segment split result template fragment, itBF will be set tonull since it is not

included by any fragment. For instance, in Figur®E of

f1 andc2 is f0, DF of f3 andcl is f2, and DF of fO is null.

IF andIC are two Boolean variables which indicate whether
an independent segment is a fragment and whethepiit

4. CONSTRAINED PAGE SPLITTING result has been cached, respectively.

From Figure 2, we can see that constrained pag&irgpl 4 1 2 Detection Algorithm

method is comprised of two steps. First, we analyge |, the aigorithm for detecting independent segmevitisin
fragment structure within a dynamic web page antkgee pages requested, we first use a typical HTML pateer

a set of independent segments. Then each inderiendeaenerate a HTML DOM (Document Object Model) tree
segment is split into blocks which can fit wellarthe small .5 the web page. Then the DOM tree is traverseth f

screen of mobile devices. the rootnode to its leaves until all independent segments
4.1 Independent Segment Detection have been detected. Figure 3 shows the structurineof
As mentioned in the example (Figure 1), fragmerithinva HTML DOM tree for fragmentO in Figure 1.

page can be recursively defined. Therefore, a feagroan

also include one or more other fragments. This adds f0

complexity to adaptation algorithms since the space
occupied by recursive fragments is overlapping. iQimsly,

a splitting algorithm should avoid repeated operstion
the overlapping spaces.

Figure 2. Thework flow of our framework.

In this section, we define an independent segment a

HTML content unit that does not include any fraginen
within its area. It per se can be a fragment ofT&/H unit. | f3 | | cl |
As shown in Figure 1, the independent segmentsicHm .
two fragments1 andf3 and two HTML unitcl andc2 To ~ Figure3. Thestructure of the HTML DOM tree for the

eliminate fragment overlapping within a dynamic wetge,  teémplatefragment f0 in Figure 1.

an algorithm to detect all the independent segments  Actually the detection of independent segments ban

page will be presented. considered as a problem to find leaf nodes withiree. It is
based on a depth-first traversal in the HTML DOMetr

4.1.1 Independent Segment which starts from the root node in the tree. We séiscribe

To facilitate the description of our algorithms, wesign iy the following steps on how to detect independent

five properties to an independent segment as faligw segments and set their properties:

Definition 1: An independent segment within a dynamic 1) For each child node of the current node, go to atep
web page is assigned five properties: ] o
2) Check whether the node contains any fragment within
Seg ={(HC;,SR,DF;,IF,,IC)}1<i<N (1) its scope. If it contains fragments, return to sfep
Otherwise, it is considered as an independent seigme
where . .
perform steps 37 to set its properties.
Seg, thei™" independent segment within the page . .
HC, the corresponding HTML content 8tg 3) H_C is copied from the content o_f _the node_, _wfﬁlE
SR, the split result oSeg will be generated later by the splitting algoritimthe

DF;, the fragment whicleg directly belongs to next section.



4) The value ofDF can be set to the identifi@f the the fragmentfl (Figure 1). After handled by the splitting

fragment which the node directly belongs to. algorithm, f1 is split into four blocks labeled by numbers

5) Examine whether the node is a fragment. If it hagpe from 1to 4,as is shown in Figure 4(b).

to be a fragment, set its to 1. Otherwise, set it§ to In order to save the split results, in our framewaere insert

0. delimiting tags into the original content to dendtee

) . boundary of each block split by our approach. Tioees

6) Ifthe node is a fragment, the valuelGfwill be Set 0 |yter requests can retrieve the blocks directlymfrthe

1 when cached or 0 when not cached. Otherwiseneyiously inserted tags to avoid repeated spijttithe split
continue checking whether i is cached and set the (egyjts inserted with delimiting tags will be saveedthe

correspondindC value. property ofSRin each missing independent segment, which

7) Insert the independent segment into a queue. will be saved to cache in the latter caching precEgure 5

) ) ) ) shows an example of the split resfalt f1. In the example,
After using this algorithm, a queue of independ®gments  5ur blocks are wrapped by delimiting tags (estag>) to
will be obtained within a dynamic web page. In thext indicate their boundaries.

step, a splitting algorithm will be performed tongeate the
value of SRfor each independent segment.

4.2 Splitting I ndependent Segments

Our goal in this step is to split the independergnsents

into a series of semantic blocks that can fit itite small

screen of mobile devices. Here the relationshipthoée
granularities mentioned in this paper will be expda, they

are fragment, segment and block respectively.rim &f our
definitions, a fragment may include one or more o
independent segments, and an independent segmgritema 11 DIalles:
split into one or more blocks. According to our giiees,

we found that most independent segments usuallypotbe

further split. Thereby, the time complexity of opege

splitting algorithm is greatly reduced.

Our splitting algorithm is a depth-first traversaf the
HTML DOM tree based on analyzing the position and
shape of each node, which starts from the root wd@ach
independent segment. Note in our splitting alganitiwe M‘{ Diaries: 1
use different methods to process missing segmedt an
cached segment.

As for the missing independent segments whose reglitlts
have not been cached (il€=0), the splitting algorithm can

Sunday Rb,1th | | Monday Bb,2th | | TuesdayAb,3th

Thave comme back home

be summarized as the following pseudo code: iy Thowasn s ou

and ] just came ovi for 2 walk
Read more...

BlockSet =@ /I the set of split blocks initiated as null
SplitMissSeg (S) // S is a missing independaheat
{

Figure 4. (a) The DOM structure of the fragment f1. (b)

For (each child nods, 0'S) { flissplit into four blocks by the splitting algorithm.
If (Fit-Display(s )==TRUE or <TABLE><TBody>
Not-Splittable§; )==TRUE) <tag><TR>...</TR></tag>

BlockSet = BlockSk}s <TR>
<tag><TD>...</TD></tag>

Else Spl|tM|s.sSGQiO;. . _ <tag><TD>...</TD></tag>
/I Recursively splitting child nodes &f <tag><TD>...</TD></tag>
} <ITR>
} </TBody></TABLE>

After being split by our algorithm, each missing

independent segment will be split into a set otkéowhich . L .
can fit into the display size of mobile devices.s An inserted delimiting tags (e.g. <tag>) denote boundaries

example to split a missing segment, consider thgnfient1 of the split blocks. _ _
shown in Figure 1Figure 4 (a) shows the DOM structure of As for the cached independent segments I€e0), using

Figure 5. The cached split result of f1 within which the



the inserted delimiting tags which indicate thebaries of 1) For each independent segment which has not been
split blocks, we present the following pseudo cdde cached (i.elC=0) in the queue (obtained in the prior
describe the algorithm to split them: step), go to step 2.
BlockSet =@ Il the set of split blocks initiated asInul 2) Check the value of ittF. If it is a fragment, savéR
SplitCachedSeg (S) // S is a cached independentestg directly to its cache (e.l in Figure 6), and go to step
{ ) 3. Otherwise, savBRto the cache of itBF, continue
For (each boundary-tagged child noget S) processing the next independent segment.
BlockSet = BlockSéy S 3) Examine whether it®F is null. If its DF is not null,

}

Compared to the splitting algorithm of missing segts,
we can see that time complexity of splitting cached
segments can be greatly reduced.

5. SPLIT RESULTSCACHING

Current fragment caching strategies only save malgi
contents. Though they can speed up the delivedyadmic
web pages by saving the transmission costs of dache
fragments, they still do not suffice to improve rieb
browsing experience since readability problem hasheen
addressed. In our unified framework, the split lsstather
than the original contents of each fragment areedao
cache. Therefore, in later requests they can lohddtfrom

insert special tags (e.gtagl> in Figure 6 (a)) into its

DF to indicate the split result of the fragment.
Otherwise, continue processing the next independent
segment.

As for an example, the cached split resulflofs shown in
Figure 5. Figure 6 (a) shows the cached split tesiufo
within which <tagl> is inserted to indicate the split result
of f1.

When this page is requested later, Figure 6 gives a
example on how to split the cached fragmé&ht When
begging to split the page, we start from the otgenplate
fragmentf0. After fetching its split result from cache, a
special tag (e.g<tagl>) is detected which indicates its
included fragmentl. Then the tag will be replaced with the

cache to save both the transmitting and splittiogt As a
result, user-perceived delay can be
simultaneously improving readability.

The technical problem behind is how to efficierthche the
split results of a fragment. As described previgusliter

reduced whilecorresponding cached split result far With the delimiting

tags previously inserted in the cached split regaly.
<tag> in Figure 5), we can easily detect the boundasfes
four blocks to splifl, shown in Figure 6 (b).

splitting, we can get a queue of adapted indepdndeng DEPLOYMENT TRADEOFFE

segments which are tagged with block boundary médion.
Though the split results are in block granularibe caching
should be in fragment granularity to accord withrreat
fragment caching mechanisms. Therefore, we shoeld
able to save all the adapted independent segmaéitiis &
fragment as a whole to cache. Note that our cacherg
only operates on missing independent segmentdC=.
For cached independent segments, liG=1, since their
split result has been already cached, it's unnacgs®
cache them again.

Monda@Feb, 2th

Sunday Beb,1th Tuesdayeb, 3th

Iheve cone backhome
tadag, The westheris fne

and Ljustcame outforawalk. | | Todsy s a vy ice cy.

Read more...
(b)

Figure 6. (a) The cached split result of fO within which
<tagl>isinserted to indicate the split result of f1. (b) f1
is split into four blocks according to the inserted
delimiting tags.

The caching algorithm is illustrated in the follogi

As aforementioned, our framework is mainly desigted
use constrained page splitting to make a web paigred
for small-screen mobile devices, and then save sihli

bresults of missing fragments to avoid repeated gBsiag

afterwards. There are a number of possible placegploy
our framework: web server, network edge or cligide.
We should choose from the three possibilities tectehe
best scheme to provide a better service to moleiNécds.

The most common way is to deploy it at web serkrethis
case, web server responses a mobile client witadapted
page instead of an original page. By reusing se#tilts of
cached fragments within pages requested, the welerse
can avoid their generation and adaptation costs. tBe
outbound traffic from the web server has not bestuced
since the full web page still needs to be transmitiver the
limited bandwidth network that mobile devices cartne
access the Internet. Therefore, the user-percelety has
not been improved in this deployment scheme. Whnatee,
the web server load will also be heavily increased.

The second possibility is to deploy our framewotledge
servers which are located at the network edge ctose
clients. Edge server assembles an original pagettzem
adapts it to return a tailored version to mobilemds. By
reducing the bandwidth consumption on the proxgewver
link and possibly the web server load, deployingedge
servers seems to be an acceptable strategy. Howe\ars



case, the delivery of web pages for mobile devices
hardly be accelerated because the bottleneck impéme
delivery turns out to be the last mile, i.e. thewsldial-up
link. Security issues also become a critical probkEince
the edge server has the ability to substitute odifyahe
original content without authorization.

What's more, both schemes discussed above willlerieo
the problem of caching storage explosion. Thisuis tb the
fact that different characteristics of mobile degclike
display size will result in different adapted verss of the
original web page even for same fragments or pages.
will greatly increase the size of cached data obh servers
or edge servers. Situations become even worse wen
dynamic pages are personalized for each user, vidiotry
common recently. Therefore, caching storage expiois a
critical problem which restricts the performance toése
two deployment schemes. In addition, edge serverseb
servers must be smart enough to detect charaatsrist
client devices to provide the right cached versibadapted
pages.

In this paper, we propose to directly push our fremrk
directly to mobile client. In this case, when mebdlients
begin to request a fragment-composed web pagedraeb
server, the request header will be modified to doaah
only missing fragments instead of the whole pageusT
when fragment-aware web server receives such asggt
only returns the missing fragments within the ptgelients.
By assembling downloaded and cached fragments,cdewh
page is composed at mobile client. After the as$etnbage
is handled by our splitting method, an adapted page
finished to display on mobile devices. To our knedge, to
deploy at the client side has at least three nmédwartages:

The caching storage explosion problem can be adoide
for the configuration of a mobile client is usudafiyed
during a certain period of time.

User-perceived delay can be accelerated sincaléas
needs to be transmitted over the slow dial-up bifik
mobile devices.

It containsWeb Forms page@spxfiles), Web Forms user
controls (ascxfiles) and theircode-behindclasses. Similar

to the ASP and JSP page, Web Forms pages represent
dynamic web pages. The Web Forms user controlesept
portions of Web Forms pages. While the aspx and filss
contain the visual representation, the code-bekiadses
contain processing logics. When a request arriths,
specified Web Forms page and Web Forms user centrol
are loaded. The corresponding code-behind objects
responsible for generating responses will initzals to the
request processing. If the processing does notireequ
database interaction, results are returned righayaw
Otherwise, the processing will generate databasriapl
through a series of specific database access slggse
namespacePor t al CSVS. Conponent s). But this may
cause some response latency to requests. Therdfone,
generated content has already been stored in cache,
response latency can be greatly reduced by fetatinegtly
from cache instead of generating them.

Besides caching the entire page, ASP.NET also al\Meb
Forms user controls to be cached separately. ASP.NE
provides duration control for each cached enti(fégeb
Form and Web Form user contril Duration specifies the
life time of a cached page or user control.

7.2 TheFragment-Based Technology

We select one of current fragment-based technology
proposed in [16] to use in our prototype. In thise, after
all web pages within the site are decomposed nagnients,
the number of fragments ranges from one to nine.

When a client requests a web page in the site, seeter
only generates missing fragments to return thercliémts.
When the response arrives, client needs to contjumt
things. One is to save the missing fragments talloache,
and the other is to fetch cached fragments to nplge
composition.

We can conveniently write or access local cacheguaPls
(provided by Microsoft Windows Internet platform Rp
As an explanation, the time cost spent on retripvin
specified fragment from cache is quite small and ba

The edge server commonly used to speed up thégnored. In our implementation, the cache size &b te

delivery of web pages is not necessary any more forl6MB and it is automatically maintained by Micrasof
mobile devices. This greatly reduces the deploymentinternet Explorer cache management mechanism.

complexity.

7. IMPLEMENTATION

The implementation details of our approach areudised in
this section. We use a famous Web application, hame
IBuySpy Portal, as a representative benchmark &duate
the performance of our framework.

7.1 ThelBuySpy Benchmark
In order to evaluate the performance of our appgroae
use Microsoft.Net IBuySpy Portal as the benchmgvieb

7.2.1 Web Application Modifications

Its a common approach to re-encode web pages with
specially defined tags to indicate the cachealdggnties of
their included cacheable fragments. In our protetyp
implementation, all dynamic web pages (aspx fileghin
IBuySpy are to be encoded with fragment definitiags in
[16]. In web server, we replace the fragment's glexdder
with a special tag that indicates to the client ihé to be
expanded with the content of a fragment.

Our implementation currently targets ASP.NET aggdlans

sites like this are among the most common Weband assumes programmers have used ASP.NET Web Forms

applications in the Web. IBuySpy Portal is impleteeh
using ASP.Net, and the source code is freely availat [2].

Page and UserControl class to implement fine-gdaine



dynamic content caching on server side. To endidekind
of output tagging for such applications, it is &iént to
avoid regeneration of cached content. The modi6icato
the application must satisfy two requirements. Tieav
application should be able to recognize the ligteftifiers

of cached fragments sent from clients and avoid

regeneration of corresponding content. It also setx
insert additional special tags as described to lenti®
client to do fragment caching and page assembburgi7
provides an example for the generated tagged coofd?
(Figure 1) in two kinds of different cache hit sitIn the
figure, the tag <subst> means that a fragmentdhezhand

its content can be fetched from cache by retrieviisg
identifier indicated by the propertikey While the tag
<cache> means that a fragmest a missing fragment
needed to be cached and its lifetime is indicatgdit®

propertyttl.

As for the detailed algorithm to generate spedajstfor
fragments within ASP.Net dynamic web pages, it ban
referred to [16]. As the modification of web applions to
be encoded with fragments in ASP.Net web serverstout,
the changes are very minor, and even trivial ifpguts are
built into ASP.NET.

<cache name="f2" key="id2" tt|="60d">

<subst name="f2" key="id2">

<Table ><TBody>

<tr><td>...</td>
<td>...</td></tr>

<tr><td>...</td>

<Table><TBody> T T T T T T T TS

<td>...</td></tr>

1
1
<td>...</td></tr> |
<tr>...</tr> :

1
!
L <tr><td>...</td>
|
1
1
1

</cache> </cache> |
</TBody></Table> = | toecmmmm e | | e 1
<tr>...</tr>
</TBody></Table >
(a) Original content of2
</cache> </subst>

(b) Tagged content whe8 andf3 are missing (¢) Tagged content whe is missing andi3 is cached

Figure 7. Tagged content with specified tags which indicate the cacheable properties of fragments.

7.3 Our Prototype

Our framework is to provide a mechanism for assemgta
web page and adapting it to present adaptatioritsetu
small-screen mobile devices. The implementationtrbes
able to download page fragments, process themstndse
the page, and make page adaptations to displasethts.
The implementation details of our prototype canseen
from Figure 8. When a mobile client begins to resjue
web page, cache retrieval module is invoked to éxairthe
cache hit status of fragments within the requegiade.
According to whether all fragments are validly stbrin
local cache, two different phases may happen.

1) If fragments are all validly stored in local cacliee

Reg

adaptation module using our constrained page igglitt
method is activated to adapt page. Finally, thé sp
results of missing fragments will be saved to local
cache.

&

Cache Retrieval

N Fragment
Downloac

Y

Page Composition [«

2)

request to remote web server will be canceled. Page ¢
composition module is called to assemble a whole Page Adaptation
page by fetching all fragments from local cache.
Finally, page adaptation module using our constdhin
page splitting method is activated to adapt theedfag ~ As aforementioned, fragment download module shdned
tailored display on small-screen mobile devices. able to download missing fragments instead of wipalges.

If fragments are partially or completely missing in We achieve this by adding the identifiers of cached
local cache, fragment download module will be fragments to request headers like this:

activated to download the missing fragments withim X-CachedFrags: id1, id2, ..., idn

requested page. After the missing fragments areNote thatidl, id2, idnand so on represent the identifiers of
returned from web server, page composition modille i already cached fragments within requested pageggUs
called to combine downloaded fragments and cachedhese attached headers, the download module requage
fragments to assemble a whole page. Then pagdragments using the code snippet below:

Local cache

Figure8. Theimplementation details.




try {
httpDoc = HttpOpenRequest("GET", url);
/[Attach identifiers of cached fragmenthi&aders
HttpAddRequestHeaders(httpDoc, XCachedFrags);
InternetReadFile(httpDoc);

} catch (Exception e) {<Exception Processing>}

When web server receives such a request, it omgrgées
missing fragments other than cached fragments ateticby
the request header and returns them to client side.

8. FRAGMENT CACHE HIT RATIO

In traditional caching approaches, cache hit r&ibiR) is
defined as the ratio of the number of pages foundaiche
and the total number of pages requested. It isrpoitant
performance criterion for conventional caching altons

which are based on page granularity. However, our

approach is based on fragment granularity. In mifiad
framework, only missing fragments within a dynamieb
page need to be generated, transmitted and spld, a
processing costs of other cached fragments carabeds
Therefore,CHR is no longer a validly efficient criterion to
evaluate the performance of our framework.

In this paper, we use another measure, namely Fnagm
Cache Hit Ratio KCHR) to evaluate our framework. It is
defined as the ratio of the number of fragments$ kiiain

cache and the total number of fragments within page

requested. In order to better differentiate thenteICHR,
we will call traditionalCHR Page Cache Hit Rati®CHR.
In this case, cache hit for a fragment means tmatsplit
result of the fragment has been cached, while chitHer a
page indicates that split results of all fragmenithin that
page have been cached. In our implementation, ttead
to calculate oFCHR and PCHR of dynamic web pages is
listed in Section 8.1. Their impacts on user-pexgidelay
will be discussed in Section 8.2.

8.1 FCHR and PCHR

Suppose there are a collection mfdynamic web pages
P={P}(1<i<n), for example, the dynamic web pages
requested within a web site during a period timastF
FCHR andPCHRwill be defined for each individual page,
and then define the averaB€HR and the averageCHR
for the page collection.

Definition 2: For a dynamic web pagg;, its Fragment
Cache Hit RatioRCHR) is defined as:
Nix

Niy +Niyg

Ny
xN;

)

FCHR = =

visit

where
Nysi, number of visits t&,
Ni, number of fragments containedAn
Ny,  total number of cached fragment$din
N'ms, total number of missing fragmentsRn

Note that a page may be requested more than ondé, s
and N',;are respectively the sum of cached fragments and
the sum of missing fragments for each page request.

Definition 3: For a dynamic web pad®, its page cache hit
ratio PCHR) is defined as:

PCHR=N.N+AL‘ =:.I“” (3
where
Nyis, ~ number of visits t&,
N'hp, number of cache hit fd?;
N'mp, number of cache miss fer
Definition 4: For a collection of n web pages

P={P;}(1<i<n), the averagéCHRis defined as:

FCHRayg = 7;‘:1'%' 4)
Do (Nl xNp)
The averag®CHRfor P is defined as:
PCHRyg = Dt 5)

i
=1 Nuisit

whereNisi, N'w, Ni, N'y, are defined as same as Definition 1
and Definition 2.

In our later experiments, the calculation BEHR and
PCHRare based on the definition in this section.

8.2 User-Perceived Delay

User-perceived delay is one of the key factorsrdeténg
web browsing experience. However, in our framework,
user-perceived delay can be reduced by directighiiet
split results of cached fragments from local cache.
Therefore, user-perceived delay is related to tehe hit
status of fragments, i.ECHR

Actually network latency will cause additional iéince on
the performance of our approach too. Especiallyerwh
latency becomes relatively great, fragment-based
technologies is not beneficial to reducing useceied
delay any more. In such case, only fully cachedepatan
avoid the time-consuming latency over the network.
Therefore, conventional caching methods based @e pa
granularity are enough to deal with such case. But
current mobile network, network latency is commosityall
compared with transmission costs of pages requesgd
FCHR plays a key role in deciding user-perceived deifiy
requested pages, as will be shown later in therérpatal
results.

Eventually, our approach can save the processists af
processing cached fragments within a page requebted
consequence, it is evident that user-perceivedydefaa
requested page can be reduced when it has moreattl
fragments stored in cache. Our experimental reswills
approve this point later.



9. EXPERIMENTS
In this section, the test bed used in our experiand its

experimental results for readability and user-pgezk
delay and their corresponding analysis will be enésd. In
the end of this section, we also provide stratedies
improveFCHRand PCHRfor dynamic web pages.

9.1 TheTest Bed

We use two machines in our experiment: a web seméra
simulated mobile client. The configurations of theb
server are listed in Table 1. Since the underlgimgport for
developing applications on mobile devices is dtillited

our experiments, we implemented the client web besw
capable of our approach, and its size is set 40240 to
configurations will be introduced first. Then the Simulate the small screen of mobile devices.

Table 1. Configurations of the web server.

Hardware Intel Xeon CPU 3.06GHz, 2GB RAM
Web Server 1IS 6.0 + ASP.NET
DBMS SQL Server 2000

Operating System

Microsoft Windows Server 2003

Network Emulator | Shunra\Cloud

Table 2. Confi

igurations of the simulated mobile client.

and hard currently, in our experiments we use a lo

performance desktop computer to simulate the matidet.

Shunra\Cloud [12] is used to emulate the limitedelgiss

network bandwidth and network latency. It residesttie

web server and only imposes minor additional loda@dle

2 shows the configurations of the simulated motdilent. In
IBuySpy Portal
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Figure 9. The split results of two web pages within 1BuySpy Website. In (a), the denoted blocks labeled by numbers
from 1 to 8 are actually eight fragments contained by the template fragment of the home page. In (b), the denoted
blockslabeled by numbersfrom 1to 5 arefive fragments contained by the template fragment.



9.2 Readability

After being processed by our constrained page tisglit
method, a dynamic web page is split into a seridailored
blocks which can fit well into the small screenrobbile
devices.

In our experiments, we have split a series of retpeepages

their contents. This reminds us of applying othdmation
methods together with ours, such as changing thlin
layout of these blocks to be tailored for the srdaplay.

9.3 User-Perceived Delay

9.3.1 User Browsing Pattern
In order to measure the general benefits of usereped

within 1BuySpy. According to our observation in the delay reduction using our approach, we need to aget

experiments, we found it a common phenomenon thoet m

eneral browsing pattern of visiting IBuySpy. Thusing

independent segments (detected in the first step ofye pattern, we can emulate a general client réqaeseb

constrained page splitting method) do not neecetéulther
split. This affirms to us that the time complexi§ page
adaptation is greatly reduced by using semantarindtion
indicated by fragments.

Figure 9 provides an example of the split resuitsvo web
pages generated by our approach. In the figured¢heted
blocks are actually the included fragments withia pages
except for their template fragments. Our approasdsthe
higher level semantic information of fragments éast of
only low level HTML tags. As a consequence, theultss
correspond much better to user’s perception.

70%

60% —

50% —

40% —

30% —

20% —

Percentage

10% —
0%

Perfec Gooc Bac

Figure 10. The distribution of the performance evaluation
based on thethree categories: perfect, good, and bad.

We conducted a user study to evaluate the reatyabflour

approach. We use web pages within IBuySpy as aatr te

data. Eight participants are asked to give themroents on
the adaptation results of our approach. The adaptegsult
of each web page is presented to testers, andtéshinis to
evaluate our adaptation results. Each evaluatigruisnto
one of the following three categories: perfect,djaad bad.
Perfect means that the page splitting is perfetttout any
error. Good means that the page splitting resuttoisect
but there are minor errors and those errors daffett the
overall viewing of results. Bad means that theeearors in
page splitting, contradicting user’'s perceptioncausing a
browsing problem in losing information. Figure 18ow/s
the distribution of our performance evaluation lohea the
three categories. About 65% in average assumeesuitts
are perfect. Note that more than 90% of our resaits
either perfect or good. The “bad” category is maitlie to

the poor readability of wide blocks (e.g. the banne

fragment labeled by 5 and 8 respectively in Figu(a) and
(b)) displaying on the narrow width of browser. Hewer,
these blocks can’t be further split for the indivikty of

pages within IBuySpy.

It can be achieved by learning from a set of usgs.l
Before beginning to record their log, six participa are
firstly asked to get familiar with the structure dtlfie
IBuySpy site. Then they begin to visit the siteading to
their own interests. Their visiting experiences aeorded
into a log file in this time. Our objective is t@quire a
common browsing pattern based on user visiting. [dgble
3 provides the average user browsing distributaom we
think it corresponds to a general user browsingepatfor
the web site. Our later requests are based orbtbissing
distribution.

Table 3. The average browsing distribution.

Activity Fragments Number Per centage
Home page 9 20%
Employee Info 6 15%
Product Info 8 20%
Discussion 6 22%
About 9 7%
More Detail 3 11%
Register page 1 5%
9.3.2 Results

As for an example of the time costs for browsingatyic
web pages when no split results have been cachedh s
the common case for current page adaptation appesac
take a look at Figure 11. In the figure, we listeth pages
within IBuySpy as an example to display the usecg@eed
delay, adaptation cost and transmission cost (urder
25kbps bandwidth). Note that our approach only ictans
dynamic contents within web pages, and other stdtjects
(e.g. image, etc.) are thought to have already lseehed,
time costs listed in Figure 11 includes dynamic teots
other than static objects. Though the adaptatiatsco the
table are somehow lower than the transmission ceosts
believe that real adaptation cost are much largeabse the
poor computing power of mobile devices cant be
completely emulated by our simulated client. In reabile
environment, we believe it will furthermore suppdinat
our approach can save the large adaptation costs.

User-perceived delay of browsing dynamic web pames
mobile devices is mainly caused by the time-consgmi



transmission and adaptation, which can be poténtial
saved. In our experiments, using the time costheffirst
visit to web pages as baselines where no fragnserached,
the saved percentage of user-perceived delay s$&pted to
evaluate the performance of our framework. We measu
the saved percentage of user-perceived delay aed th
corresponding-CHR under three kinds of network latencies
and two types of bandwidths. Note hef€HR andPCHR
are calculated based on the method described t8et1.
The results under three network latencies are shimwn
Figure 12, where the bandwidth is 25kbps whichypcal
for a GPRS connection. Each point in the figuredsafor
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an individual request to a page (iM,i=1 described in

Section 8). The data indicates that the saved p&rge of Fi

gure 12. User -perceived delay vs. FCHR (25kbps).

user-perceived delay increases VIHBDHR as expected.
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Figure 13. User-perceived delay vs. FCHR (56kbps).

Figure 11. User-perceived delay, transmission cost and
adaptation cost for three example pages.

In addition, the saved percentage of user-perceailedaly is
more dependent oRCHR when the network latency is O,
and it becomes deviated froFCHR when the network
latency gets larger. The figure also shows thatethare
some little differences betweeRCHR and the saved
percentage of user-perceived delay. This is mailulg to
the fact that the processing time of each fragrtieotuding
generation, transmission and splitting costs) i¢ fudly
equal to each other. From Figure 12, we also fotlnad
even under a network latency of 2000ms, which iglya
large in current wireless networkCHR still has a non-
negligible impact on the user-perceived delay. &foze,
fragment-based technologies will be beneficialhiis tase.
Figure 13 shows the results for the bandwidth whigh
56kbps, which is a common case for ordinary modem
connection. The data also tells us tR&@HR can greatly
influence the user-perceived delay.
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Figure 14. User-perceived delay vs. PCHR (25kbps).
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We also compare the saved percentage of user-pedcei

10. CONCLUDING REMARKS

delay with PCHR under the network latencies and In this paper, we proposed a unified framework wWwhic

bandwidths used above. In the test, we assign ‘hege

considers improving both readability and user-pesze

FCHR to be around 0.2 (Wthh can be achieved by Settin%e|ay for browsing dynamic web pages on mobile cksyi

the cache status of fragments included in pagesested),
and measure the saved percentage of user-percaglay

In our framework, constrained page splitting wasspnted
to split a dynamic web page to improve the readgbil

with PCHRvarying from 0 to 0.8. The results under 25kbps Then the split results were saved to cache in feaggm

and 56kbps bandwidths are respectively shown iorgEig4
and 15.

The results in both figures indicate that the sgyedtentage

granularity. We provided implementation details adr
framework. The performance of our approach was oreds
by a representative Web benchmark. Experimentalltees

of user-perceived delay is independenP@HR The saved point thatFCHR plays a key role rather than the traditional
percentage of user-perceived delay is close to thecriterion PCHR Finally, we provided strategies on how to
prearranged averagBCHR (around 0.2), which further improveFCHRandPCHRfor dynamic web pages.
supports that-CHR rather thanPCHR determines user-
perceived delay in mobile browsing experience. Véa c
also see from this figure that there is a roughdréor the
saved percentage of user-perceived delay to geercclto  Another promising direction is to extend our franoekvto
PCHR with the increase of network latency. This &&n  cooperate with existing server or edge caching meisms
extended to that when network latency becomes largen order to improve the overall performance. Wit t
enough, fragment caching is no longer beneficial tosatisfactory simulation results, we are also caeriig
accelerate user-perceived delay. For instance, lenobi puilding our work into web browser in mobile devégsuch
network becomes overly jammed or unconnected. as Pocket IE. We will continue to investigate these

9.4 Improving FCHR and PCHR directions in our future work.
From the experimental results, we can see REiiR is the
key factor determining user-perceived delay. Howgeve
PCHR can better measure user-perceived delay only whe
the latency of wireless network is large accordiagour
deduction in Section 8.2. Here we present our égpees
on how to improve both theCHR and FCHR for dynamic
web pages.

When wireless network latency becomes relativelgda
improving PCHR is a critical issue to accelerate response
time. Since the lifetime of a whole page dependsttmn
minimal lifetime of fragments within the page, wandry to ~ [3] Buyukkokten, O., Garcia-Molina, H. and Paepcke, A.
make a web page composed of fragments with similar ~ Seeing the Whole in Parts: Text Summarization for

We are planning to apply our framework to a wideriety
of existing fragment-based technologies, which withke
our approach more compatible with current cachirsgesns.
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