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irrespective of location and the end-device they might be
Abstract currently using.

Future access to web-based content is ||ke|y to be domwell'underStOOd solutions exist in isolation for imprOV'
inated by two trends: (a) increasing amounts of dy-iNg web access latency and coping with device hetero-
namic, personalized content, and (b) a significant growtteneity; however, these solutions do not work well with
in “on-the-move” access using various mobile resource€ach other, particularly in light of the above trends.
constrained devices. These trends point to a situatiofraching and content distribution are popular solutions
where a user would have ubiquitous access to contenfor the first problem and have the effect of moving con-
but require that content be efficiently delivered to thetent closer to the client. However, these typically do
user irrespective of location, and in a form most suitednot work well with dynamically generated and person-
to the user’s end device. Unfortunately, classical cachingtlized content. In the AT&T study mentioned earlier,
and transcoding solutions do not work well together,caches can only achieve object hit ratios around 35% and
necessitating a new caching architecture built from thedyte hit ratios around 30% [2]. Transcoding is a popular
ground-up to handle problems caused by dynamic consolution to resolve server-client mismatches, but is un-
tent, transcoded versions of objects, and the nomadic nable to benefit from caching in general, with the result
ture of users. This paper describes the goals and archibat clients see larger access times. Furthermore, neither

tecture of such a system: CONCA, an architecture fortechnique provides particularly good solutions for cop-
Consistent Nomadic Content Access. ing with user mobility: caches are effective only when

there is reuse, which may or may not apply in the user’s
. new location, particularly when the latter is geographi-
1 Introduction cally and culturally different from the origin location.

Future patterns for web content access are likely to bélthough there does not appear to be any way to re-
dominated by two growing trends. First, there has beersolve the above situation, this outlook is more a reflec-
a shift towards dynamically generated content, which istion of current architectures for caching and transcod-
increasingly personalized to users as exemplified by seing as opposed to a fundamental limitation. In particu-
vices such adly Yahoo! [29] andMyCiti.com .Re- lar the following two observations can be made. First,
cent studies of proxy cache effectiveness have showdespite the dynamically generated and personalized na-
that dynamic content accounts for over 50% of all re-ture of web content, at the underlying level a relatively
quests [40]. A related study of HTTP traces from AT&T large amount of such content can in fact be shared. For
WorldNet Internet service provider has revealed that 30%example, even on personalized views of the Yahoo portal
of all user requests carry cookies, header elements tygmy.yahoo.com), different users end up sharing the same
ically indicating that a request be personalized [2]. Thenews headlines and TV program guides. In fact, a recent
second trend has been a significant increase in on-thetudy shows that approximately 75% of the bytes in dy-
move access to web content using a variety of mobilerxamic responses from a set of popular web sites could in
resource-constrained devices. The growing popularity ofact be reused from a previous retrieval of the page [39].
web-enabled PDAs and cellular phones as well as the exFhe second observation pertains to user access patterns.
plosive growth in Internet startups trying to “mobilize” Most users exhibit a relatively static access pattern, often
web content is a testament towards this trend. Togethegtarting from a set of popular documents and following
the two trends raise the potential of ubiquitous (anytime the links contained therein. Modern caching and content-
anywhere) access, but require some way of ensuring thatistribution networks already exploit this observation to
users have access to content in the most efficient fashiosome extent, biasing resource management decisions in



favor of “hot” documents. which are personalized to a specific usef @ndP2).
These two observations suggest a solution to our prob‘_l'he document template identifies these different kinds of

lem: caching architectures should be designed to reusPiects and tags them with additional information such as
the shared portions of dynamic content exploitingthe"time to live. In the example, the news headline and

knowledge of user content access preferences to effil ¥ Program objects are reusable across multiple users,
ciently support transcoding and nomadic access (e.g., byyhile some of the other objects (stock quotes, regional
prefetching). However, fully exploiting these observa- Weather) are less so. Thus, the document template en-
tions requires fundamental changes not only in cachin@‘bles efficient construction of a pe_rsonallzed view 01_‘ the
architectures but also in the nature of client requests angocument for other users by fetching only those objects
server responses. This paper presents a novel architelat are unique, reusing to the extent possible the shared
ture forCOnsistenNomadicContentAccess (CONCA), objgcts alr(.aady.p_resent in the cache (taking into consid-
which attempts to support, from the ground up, cachinggration their validity).

of dynamic personalized content for mobile users. ReMWe must note that document templates need to refer to
search on CONCA has just begun: this paper presentiner-granularity objects than are currently identified us-
the underlying motivation and goals of the architectureing hyperlinks in top-level documents (e.g., the HTML
and identifies issues that we intend to focus on as part diREF tag). The latter are already amenable to sharing
this project. using conventional caching architectures. More appro-

The rest of this paper is organized as follows. We idenQPriate for our purpose are sub-document entities such as
tify the key enablers for CONCA in Section 2. Section 3 HTML frames, tables, paragraphs, etc. Also relevant are
presents a high-level description of the CONCA archi-6Merging standards such as the XSL Formating Object
tecture, and Section 4 describes a qualitative analysis ciPecification [20], which could provide an appropriate
benefits resulting from CONCA-like architectures in the l2nguage in which to express document templates.
context of two personalized web portals. Section 5 dis- . ) )

cuss challenges and outstanding issues, Section 6 survegs? ~ Cliént Information: Personal Assistants

related efforts, and we conclude in Section 7. To support efficient transcoding from cached objects

and support nomadic users, the CONCA architecture re-
2 Enablers: Additional Server-Side and quires additional information from users. This infor-
Client-Side Information mation, captured in a “personal assistant” identifies the
kinds of devices the user has access to, the templates
CONCA relies on two key enablers: additional server-for each of these devices, transcoding information about
side information about content structure, and additionahow the original content must be converted for display
client-side information about user content preferenceson a particular device, and additional information such
Fundamental to the CONCA system is the decouplingas (consistency) linkages between transcoded content
between content supplied by a server and that provided and original objects, etc. These user preferences allow
client: CONCA automatically bridges the semantic gapthe CONCA architecture to (a) maintain consistency be-
between the two by relying upon these additional piecesween an original document and its transcoded versions;
of information. Exposing such information, which has (b) decide how best to realize a user request for content
traditionally been kept implicit at the server and client, access taking into consideration the end-device charac-
enables the CONCA architecture to enhance the effecteristics; and (c) concisely define the notion of a “per-
tiveness of proxy caches. user state” in the cache, allowing efficient reconstruction
of the latter in a different cache to support nomadic users.

Continuing with our example in Figure 1, the informa-
All content supplied by servers in the CONCA architec- tion contained in the user’s personal assistant is depicted
ture is assumed to be associated with a “document tensn the right. The information describes how the content
plate” which defines both the structure and form of themust be transcoded and structured for each of the user's
content. The former refers to layout, the latter to se-end devices (in this case, a desktop, a laptop, and a PDA).
mantics, such as the object type, whether the object idlote that similar to the document template, user pref-
sharable or personalized, its time-to-live (TTL) charac-erences also contain information about both layout and
teristics, information about server update protocols, etcform. For example, the template associated with the PDA
Figure 1 shows an example of the kind of information device indicates both that the content must consist of four
contained in a document template. The original personebjects §2' throughS4’ andP1’ ), and makes explicit
alized document consists of objects, some of which carthe linkage between the original objec&2(throughS4

be shared among other use® (throughS5) and some andP1) as well as how the transcoded objects are gener-

2.1 Server Information: Document Templates
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Figure 1. An example of a document template, differentiating between shared and personalized content.

ated (not shown). and @) elimination of some of the transcoding opera-

We next describe how the CONCA architecture takes adlions. In more detail, the cache performs the follow-
vantage of these two pieces of information. ing six operations in response to a client request: (1)
looks up the personal assistant associated with the user,

) (2) according to the description in the personal assis-

3 CONCA Architecture tant, figures out what "device” to transcode content for
and how to perform the transcoding on the content, (3)

Figure 2 shows an overview of the CONCA architec- examines what shared/personalized objects need to be
ture. CONCA uses a distributed client-side proxy cache&gtched (based on what is already present in the cache),
architecture, similar to NSF's IRcache project [14] and(4) fetches the necessary obje}() transcodes as re-
other recently proposed projects [43, 26]. Such architecquired, while storing the intermediate objects, and (6)
tures, which are complementary to server-side solutiongonstructs the response appropriate for user's device ac-
such as reverse proxy caches and content delivery netording to the related templates. These operations de-
works [23, 8], attempt to reduce network traffic aSSOCi-pend upon the cache having access to both the document
ated with a miss in the local cache; ideally, such SCheme’ﬁamplates and user personal assistants. The personal as-
would service the miss from a “near” proxy as opposedsistant associated with the user can be either preloaded
to requesting the object from the original server. In(e_g_, when the user registers with tsme cachgor
CONCA, as we shall see below, distributed proxy cacheg)ptained on demand (e.g., from the home cache when
are the key to providing scalability. the user moves to a new location). We defer discussion
Each CONCA node consists of cache storage and threef the home cacheotion to Section 3.2. Similarly, the
modules—emote control unijtlocal control unitandre-  cache can have the document templates preloaded or ob-
source management uriwhich manage the node’s in- tain them on demand from either the server itself or from
teractions with other cache nodes, with users, and intera third party. Note that dynamically obtaining the tem-
nal storage policies respectively. The information de-plate from the server needs modifications in the protocol
scribed in Section 2 is leveraged by each CONCA nodeébetween servers and caches.

to provide two broad kinds of supporta)(consistent  Figure 3 shows the logical organization of cache stor-
caching of dynamic personalized content, even Wherhge, which consists of two separate porticstsaredand
some of the content needs to be transcoded prior t0 dgsersonalized The shared portion contains static content
livery to the client; andlf) support for nomadic users, by (e.g., objects associated with the URw.nyu.edu )
enabling efficient recreation of per-user cache state.  5nd the sharable subset of dynamic content (e.g., the ob-
jectsS1 throughS5 in our previous example associated
with the URLmy.yahoo.com ). The personalized por-

CONCA cache nodes service client requests for dynamidion stores the per-user state, both for “home” users as
content, transcoding the latter to suit the client's end deWell as other (nomadic) users who are temporarily us-

vice. Their pe_rformance advant'?‘ge stems frméuse INote that the cache can (and should) prefetch contents that a user
of shared portions of the dynamically generated contents likely to access, guided by the user’s personal assistant.

3.1 Caching of Dynamic, Transcoded Content
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Figure 2. CONCA architecture: distributed proxy caches receive data from multiple server replicas (R).
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ing this cache. This consists dod)(the user’s personal Object views permit explicit specification of conflicts
assistant, which contains information about the userssmong multiple object representations, permitting effi-
profile, devices, and transcoding preferencbsdpwn-  cient maintenance of consistency.

loaded personalized objects (e.B1 andP2 from our )

earlier example), anct) (intermediate) transcoded ver- 3-2 Support for Nomadic Users

sions of these objects. Note that although the figureaCONCA cache nodes support nomadic users by exploit-
shows transcoded versions of all objects as being storeifg the fact that the cache storage conveniently identi-
in per-user storage, in general we may be able to sharfes per-user state. This allows the state to be efficiently
intermediate transcoded versions of the shared objectgecreated on another proxy node that the user is currently
In response to a user request, the cache first looks uglose to. More specifically, each user associates a fixed
the personal assistant associated with the user to detgsroxy cache as hisome cach@én CONCA, defined as the
mine the objects of interest, then acquires the missing obeache that maintains his per-user state persistently. The
jects, transcodes them as required, and finally delivers t@ser has the freedom to any cache as his home cache,
the user a document assembled from the various pieceslthough for performance reasons one might choose the
Each of these operations—content fetching, transcodingne closest to the user's residence. All of the users that
and assembly—can be done in an anticipatory fashiomssociate a particular cache as their home cache are col-
using the information in the document templates and thgectively referred to akome users

personal assistants, further reducing client-perceived Ia\’l\/hen a user travels away from his home cache, requests

tency. from client applications are routed to whichever cache is
We must note that the reuse of shared objects in CONCAearest to the user’s current location. We plan to leverage
can save more bandwidth than tielta encodingech-  the Web Proxy Auto-Discovery (WPAD) protocol [7] re-
nique proposed in HTTP/1.1 [31]. For example, if a cently reviewed by IETF to help nomadic users locate
shared object is part of many pages at a site, delta emear proxy caches. This new cache contacts the user’s
coding will require a separate retrieval for each changethome cache to obtain information about the state asso-
page, while only one retrieval is required in CONCA.  ciated with the user. It can then satisfy the user’s re-

The CONCA architecture relies on transcoding to copeduests more efficiently by reusing any locally cached
with device heterogeneity. However, transcoding raisesontent and prefetching personalized content from the
a consistency problem in having multiple representationgiser's home cache. Information about the home cache
of the same object. The CONCA architecture ensure§an be provided either explicitly, as part of the protocol
consistency among the various representations by ass€mployed when connecting to a new cache, or implicitly
ciating a TTL with each transcoded version (which de-by looking up a directory.

pends upon its creation time and the TTL and creatiorsupporting nomadic users introduces two consistency
time of its root object), and maintaining linkages be- problems:inter-proxy cache consistency for shared ob-
tween an object and its transcoded versions. While thisects (a consequence of the distributed cache architec-
scheme works, it has the shortcoming that the granularture), andconsistency of personalized objec®ur ini-

ity of consistency is the entire object. Thus, a transcodedial solution to the first problem is to maintain a directory
version of an object might get invalidated even whenstructure for each shared cache item using-thase bit-
updates to the object do not affect the transcoded pofyector method10]: a bit represents a group of neighbor-
tion. To capture such finer-grained and object-specifidng caches. When an invalidation message is received
relationships, we plan to leverage the notion of ob-from the original server or higher-level caches, the in-
ject views [28] developed by the authors in prior work. validation message is sent out to each group of sharers.
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Figure 3. Detailed structure of a CONCA cache node, showing shared and personalized portions of the cache.

We intend employing a home-based eager update protaisers to fit different needs and interests.

Figure 4(a)

col to maintain consistency of personalized data betweeshows a screen snapshot of the dynamically generated
a user's temporary cache and his home cache. Eagend personalized NYUHome page. Different resources,

update means that the latest version of per-user conte

such as news, courses management, reference searches

stored in the remote proxy’s temporary cache is sent backnd/or a schedule of campus events, are provided through
to the user’s home cache either periodically or when theehannels, and the user can choose which channels he
user explicitly disconnects from the cache. As such, avants to display on his screen. Currently NYUHome
strong consistency model is provided for personal consupports 20 channels as shown in Figure 4(b).

tent. The underlying assumption with this scheme ispomong these 20 channels, 9 of the channels are for ob-
that network transmission is faster than people MOViNGjects that are sharable by everyone that has selected a

which is reasonable.

4 Case Studies

To assess the benefits likely from CONCA-like architec-
tures when accessing dynamic and personalized conte

particular channel. These include event listings for the
NYU campus, news headlines, research tools linking to
the NYU library pages, movie listings, sports headlines,
web search interface, and form-based interfaces to the
NYU directory and an instant messaging system. Note
that users can still choose to locate these channels at dif-

from web sites, we qualitatively examined two represenferent positions within their page; however, exposing this

tative portal sitesNYUHomandMy Yahoo! . The first
is used by the relatively localized New York University

layout information via server-supplied document tem-
plates would enable an intermediate CONCA-like cache

community, while the second caters to geographicallyarchitecture to construct responses to user requests by

distributed clients who exhibit larger diversity. We are
currently in the process of quantifying the qualitative ob-
servations discussed here.

4.1 NYUHome Portal

NYUHome is a portal for information, collaboration,
interaction and communication for all students, faculty
and staff of New York University (NYU), and is being
widely used by the NYU community. Using any web

browser, NYUHome account holders are able to obtai
news and stock information, access their e-mail, regis

ter for courses, participate in web forums, access clas

reusing cached data. Two (2) other channels are made up
of a common sharable part and a personalized part. For
example, the finance channel comprises a portion that
shows headlines from financial newspapers and a second
part that provides information about user-selected stocks.
The document template would identify for this channel,
the part that was shared and the part that was personal-
ized. Two (2) more channels exhibit more diversity in
their object contents but can still be thought of as be-
ing sharable in a large user population. For example, the

rhoroscope channel can be shared among the subset of the

gser pool that shares the same zodiac sign.

pages, research tools, and more. The NYUHome screeh'€ rémaining 7 channels provided by NYUHome re-
is customizable, and can be personalized by differenfer to truly personalized objects, such as a user’s Email,



4.2 My Yahoo! Portal

Yahoo! was one of the first sites on the Web to use per-
sonalization on a large scale, most notably withNtg
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place them on one or more Web pages. Figure 1(a) shows
an example of a personalized My Yahoo! page of one of
the authors.

eadlines
o Bush duighter uced doholingiders, yoice s37-Mey| |y yigns

= L
Search NEDETE A 00 ey 30 301
z . . 3

Mg 30,201

elossedoor tiels - ay 30, 2001

link to

Like the NYUHome portal, My Yahoo! users can bene-
fit from module-level sharing because several user pages
contain general modules sharable in their entirity. For
example, every user (at least those within geographical
proximity) see the same content for channels such as the

“top health news”, “new movie releases”, etc. Unlike

CNMLcom| [

Bl b ol oo s the small-scale NYUHome portal, the My Yahoo! portal
sometimes customizes the context of these general mod-
¥ s Lk ules based on a user’s location. Such customized content
b i e still lends itself to caching as long as a significant frac-
o o tion of users using the same proxy cache are subject to
e Eiees similar customization. As with the NYUHome portal,
E o truly personalized My Yahoo! modules supporting per-
sonal information management such as Email, calender,
and weather information can benefit from prefetching.
(b) However, an important difference between NYUHome

and My Yahoo! is that the latter provides many more
content modules to satisfy the diverse needs of a larger
user base, each of which is associated with a relatively
large number of alternatives. For example, the news
headlines of My Yahoo! can be customized to user-
selected news sources, such as Reuters and New York
Times, and the channels in the TV listings can choose
enrolled classes, personal files, personal web page(s), ifrom different cable companies, etc. Although it is un-
teresting links and forums, messages, and a personal Myikely that a significant subset of the user population
HTML channel. Although these personalized channelsvould have the samenodule-levelpersonalization for
cannot be shared among different users, note that theguch channels, there is a high likelihood of being able to
identification as part of the document template and theeuse individuaitems(e.qg., the New York Times head-
user’s personal assistant permits their prefetching. lines) among a moderately-large user base. Thus, unlike

The benefits of using a CONCA-like architecture in the channel-level sharing in the NYUHome portal, the My
NYUHome context are clear. In addition to the fact Yahoo! pages benefit from item-level sharing, requir-
that there is significant reuse of traditionally uncacheabldnd that the document templates supplied by the server
content, CONCA would also enable efficient consistency"de”tify this hierarchical structure. Note that effective
maintenance between the server and the cache. In cofXPloitation of such reuse requires the cache to store
trast to treating the entire page as a single consistencynd manage individual items on the page. Whether or
unit, which has the consequence that the page must Jeot the overheads of such fine-grained management out-
updated every time any of its objects change, CONCAWweigh potential benefits is one of the issues we intend to
permits different objects to be updated according to theifnvestigate in this project.

individual TTL settings. This has the potential of pro-

viding a big performance advantage over the traditiona  Challenges and Outstanding Issues

scheme because objects with longer TTLs (e.g., linksto a

user’s courses) need not be refetched everytime an obje@ONCA is a novel architecture which attempts to sup-
with a shorter TTL (e.qg., stock information) is updated. port, from the ground up, caching of dynamic personal-

Figure 4. NYUHome portal: (a) a screen shapshot of
a personalized page, (b) a listing of all 20 channels
whose contents can be personalized by users.



ized content for nomadic users. Whether or not an archinode takes responsibility for determining how best to
tecture such as CONCA is successful depends on solwebtain a required type trading off concerns of qual-
tions to several concerns, specifically how to obtain docity against resource usage. Dynamic creation of such
ument templates and personal assistant information anlanscoding paths has recently attracted a fair bit of atten-
how to manage cache node resources so as to achieve &on, including in the context of the CANS system [16]
overall performance benefit. Our research is investigatdeveloped by the authors.

ing these issues, discussed in additional detail below. o ]
5.3 Communication versus Computation

5.1 Obtaining Document Templates Tradeoffs

As described in Section 2, document templates are estranscoding operations are often time consuming, there-
sential to caching dynamic and personalized content bjoré the cache node may sometimes have to decide be-
facilitating the reuse of shared objects. We anticipate thatveen (re)transcoding an object locally and fetching the
document templates will be obtained in one of two ways.franscoded object from a neighbor cache, even when the
The first, relies on servers making available information©riginal version is available locally. Similar issues crop
about document structure that they already possess. Suélp in trying to decide between fetching content from a
CONCA-friendly servers, for example along the lines of cache node 'connected with a slow link that qlreqdy has
fragment-based publishing systems proposed in [5], ma)t,he content in transcoded _form, versus fetching it from
be willing to share information that they already maintain@ ¢ache node reachable via a faster link but where one
internally (at either the XML/XSL level or other similar has to spend time transcoding the content. More gen-
forms) to ensure that they continue to exert control overerally, it is possible to treat the fetch and transcode op-
the content seen by the user. Since the CONCA architec®rations as components along the path, each with their
ture is primarily concerned with presentation of the final oSt and effect on response time or throughput. There-
content to the user, servers do not need to expose any afft'e: the tradeoff between computation and communica-
plication logic. The second scheme relies on a third party!On becomes an optimization problem, with the objec-
to infer the document template either via automatic anal{iVe b€ing minimization of response time or maximiza-
ysis or through human assistance. Several services sué'ﬁ’n.Of throughput. Th|s.problem IS very similar to our
as Avant Go, Spyglass, Yodlee, and EveryPath are aearlier work on automatic path creation and reconfigu-

ready employing a similar strategy to “mobilize” legacy ration in the context of the CANS system [17], where
web content for various devices. the goal was to select and map appropriate components

along network-aware access paths.

5.2 Capturing User Content Access Profiles In

Personal Assistants 5.4 Resource Management Issues

. . Several resource management aspects of the cache node
Logically, CONCA personal assistants capture the fol- . anag P .
will end up determining overall performance benefits.

lowing three pieces of information: (1) the information ; .
. . . These include questions such as how should the cache
about the home cache of this user, (2) information about O X
: . space be divided up between shared and personalized
the kinds of devices the user has access to, the templaté .
ontent, and between home and temporary content, is

for each of these devices, transcoding information abouﬁ

- . it possible to further reuse personalized objects by mi-
how the original content must be converted for display _ " .. : X
. : . . .7 grating some of the server-side processing to the caches,
on a particular device, and (3) additional information

. ) what are the best cache placement/replacement algo-
such as (consistency) linkages between transcoded con- . :

- ) rithms, and how to efficiently support multiple home
tent and original objects, etc. caches

An important question here is what is the “right” level
at which such information must be expressed? Shoul
the personal assistants be mobile code that on behal

of the user explicitly handle sensing the user's context r work on CONCA builds on a large body of related

(pre)fetching, cache lookups, transcoding, and constructyq . in the general area of web caching. The interested

ing the response content, or should they just be highze,er is referred elsewhere [1, 38] for good surveys of

level specifications? The latter for instance could SPeCyifferent technologies. Instead of describing each sep-
ify transcoded forms for various devices at the 'evelarately, we group related efforts into four broad cate-
of MIME types (e.g., Text+Image for a laptop ver- 4 es: commercial, dynamic content generation and de-
susText for a PDA), relying upon a preexisting set livery, transcoding, and prefetching.

of transcoding components (e.g. different ICAP ser-

vices [19]) to convert one type into another. The cacheCommercial efforts Commercial caching and edge

Related Work and Discussion



server products, most notably IBM’s WebSphere [9] andbased page generation [5], and the class-based page clas-
Akamai’'s Edgesuite [22] are beginning to incorporatesification scheme used in the Cachuma page caching sys-
functionality that can be viewed as necessary infrastructem [45]. The common thread uniting each of these
ture for CONCA-like architectures. Specifically, both of mechanisms is that they all maintain dependence infor-
these products support use of XML as a means to encodmation between dynamically generated pages and the un-
document semantics in a presentation-independent faslerlying data (typically fields in a database). This ex-
ion, combined with tools that convert XML-based docu- plicit dependence information enables servers to cache
ments to formats such as HTML and WML to cope with or incrementally update previously generated dynamic
device heterogeneity. More recently, these products havpages, reducing the cost of generating dynamic content.
also been extended to enable execution of server applimaintaining its consistency (at caches). CONCA extends
cation logic on edge servers within a content-distributionsuch server-side work by proposing similar functional-
network. Doing so lowers client-perceived latency for ity in cache nodes (away from the server) where depen-
dynamic and personalized content since user requestience information not only reduces the cost of maintain-
are now intercepted by edge servers, which dynamicallyng consistency for dynamic content [42] but also facili-
assembles appropriate responses instead of being fotates reuse of fragment objects among multiple users to
warded to origin servers. reduce access costs of personalized content as well.

CONCA builds on the infrastructure provided by such Researchers have also suggested extending cache-side
efforts but differs from them in focusing on orthogo- functionality to better handle dynamic content generation
nal issues that are currently beyond their scope. Firstand caching. Active Cache proposed by Cao et al. [3] and
unlike the server-oriented focus of the above solutiongnore recently the Gemini system proposed by Myers et
(e.g., permitting application logic to be shifted to edgeal. [33] require web servers to provide both content and
servers), CONCA focuses on intermediary cache-levekpecialized code (applets in Active Cache, Java classes in
support. This focus is complementary to that adopted byGemini) that can be executed by proxy caches to produce
content distribution networks and is worthwhile pursu-a new version of a cached document. This mechanism
ing because it provides the advantage that cache policida effect requires content providers to relinquish control
can be better tailored to the supported user base. Thever part of the application logic, leading one to question
encoding of user preferences for prefetching and docuwhether such schemes will see widespread use. CONCA
ment layout envisioned in CONCA personal assistants iss closer in spirit to two other efforts, which retain con-
an example of this. However, supporting caching of dy-trol of application logic with the content provider instead
namic and personalized content in intermediate cacheselying upon additional information about the document
requires a well-defined interface for exchanging informa-structure. Douglis et al. in their HPP work [11] propose
tion between servers and caches that continues to mairseparating a document into a cacheable static portion and
tain content rights with the server, which is somethinga dynamic portion that must be obtained on every access.
that the above efforts have not needed to look at. Secondflikhailov and Wills recently proposed content assem-
CONCA emphasizes the notion of per-user cache statehly techniques [30], which enable construction of pages
using it as the basis for managing sharing and prefetchfrom individal components cached in proxy caches closer
ing of personalized content as well as coping with no-to users with future access to similar pages being able to
madic users. Current commercial products provide lit-share components from previous ones. In both cases, the
tle support for this category of users. Finally, CONCA primary goal is to reduce the amount of dynamic content
makes explicit the linkages between multiple transcodedhat must be retrieved from the origin server. CONCA
versions of the same logical object in a cache. This pertakes a more general view of such mechanisms, relying
mits us to efficiently maintain consistency among thesaupon richer document templates and user-supplied per-
versions, and is something that as far as we know is nosonal assistants to additionally support personalization,
supported in either of the products mentioned above. transcoded content delivery for multiple devices, and no-

. . _ madic access.
Dynamic content generation and delivery The

CONCA nation of splitting up a dynamically generated Transcoding There is a large amount of prior work on
and personalized document into sharable and personaranscoding architectures [15, 18, 32, 35, 41], infrastruc-
ized components to improve cache effectiveness buildsures for their effective deployment [16, 24, 34, 36, 37],
upon previous work done both at the server-side [4, 5, 45hnd lightweight protocols, such as IETF's ICAP [19]
and at the cache [3, 11, 30, 39, 33] to enable efficienend W3C consortium’s SOAP [6]. CONCA intends to
generation and delivery of dynamic content. leverage several of the underlying ideas in these works.

Representative examples of server-side mechanisms iffowever, a notable difference in CONCA is the attempt
clude data update propagation (DUP) [4], fragment-to reuse intermediate objects along the transcoding path
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