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Abstract

Puppeteer is a system for adapting component-based ap-
plications in mobile environments. Puppeteer takes ad-
vantage of the component-based nature of the applica-
tions to perform adaptation withoutmodifying the appli-
cations. We illustrate the power of Puppeteer by demon-
strating adaptations that would otherwise require signif-
icant modifications to the application.

Our initial prototype supportsMicrosoft PowerPoint and
Internet Explorer 5 without requiring any changes to the
applications. It supports delayed data and image trans-
mission as well as progressive image refinement. We
measure our system’s effectiveness with a large number
of PowerPoint documents and Web pages. We measure
user-perceived latencies for a variety of adaptation poli-
cies and over a variety of different network bandwidths.
Our results show that Puppeteer can achieve average re-
ductions in user latency of up to 84.22% for PowerPoint
documents loaded over a 384 Kb/sec link and 76.42%
for HTML documents loaded over 56 Kb/sec link.

1 Introduction

The need for application adaptation in mobile and wire-
less environment is well established [3, 10, 11, 18, 30,
29]. Users want to use the same tools in a mobile envi-
ronment as they do in their well-connected office. Users
want to access the same files, even in cases where the
files are quite large and the bandwidth is limited, lead-
ing to long latencies for file upload and download.

Many approaches to adaptation have been proposed be-
fore. We divide them into roughly two categories:
application-based [12, 13, 16] and system-based adap-
tation [19, 24, 25]. With application-based adaptation,
the application is modified or rewritten, allowing any

adaptation strategy to be implemented, but offering no
benefit to users of a non-adapted application. With
system-based adaptation, the system uses its interposi-
tion between the client and the remote data to perform
the adaptation. System-based adaptation works with a
wider range of applications but is limited in the adapta-
tion strategies it can take. We have designed a system to
adapt existing applications by taking advantage of their
component-based nature: these applications already ex-
port a number of APIs allowing them to be used as com-
ponents in a larger system, and we use these APIs to
adapt them to low-bandwidth environments.

Puppeteer is a new systemwe have built to support a new
form of adaptation we call component-basedadaptation.
Puppeteer takes advantage of the modular component-
based structure, consistent file formats, and exposed
APIs of modern productivity applications. By remotely
“pulling strings” on these applications, Puppeteer can
add a wide variety of adaptation policies to pre-existing
applications without modifying them in any way.

Consider the example of loading a Microsoft Power-
Point file across a slow link with a protocol like FTP or
HTTP. PowerPoint files can be several megabytes long,
yet PowerPoint loads the entire file before it returns con-
trol to the user. Our goal is for PowerPoint to access a
file over a slow link and return control to the user as fast
as possible. One possible adaptation would be to load
only the data associated with the first slide, return con-
trol to the user, and then load the remaining slides in the
background. With component-based adaptation, we can
fetch slides individually and ‘paste’ them into the doc-
ument as the user is working. And, if the user prefers,
we can transcode the images within the document, trad-
ing off image fidelity for compression, allowing the user
to begin working immediately with low fidelity images
in the document. While system-based adaptation could
certainly perform image transcoding, component-based
adaptation can dynamically respond to higher available
bandwidth (which can vary over time in mobile environ-
ments) and refetch an image with higher fidelity.



Component-based adaptation is by nature restricted to
adapt only component-based applications with exported
APIs. While certainly a limitation, we observe that
many desirable candidate applications for adaptation are
already component-based: the Microsoft Office Suite,
the KDE Office Suite, Microsoft Internet Explorer, etc.
Recognizing the advantages of component-oriented soft-
ware construction – independent of adaptation – we fore-
see an increasing number of such applications being de-
veloped as components with exported APIs. The more
fundamental question about component-based adapta-
tion is: to what extent can it support the adaptation
mechanisms that a customized application-based ap-
proach can achieve? Furthermore, we wish to under-
stand precisely how portable a component-based adap-
tation system can be. Clearly, the system will need
“drivers” for each application it wishes to support. If
these drivers could be small, that would demonstrate the
portability of the adaptation system.

In this paper, we demonstrate that a large number of
desirable policies can be implemented easily and effi-
ciently with component-based adaptation. This paper
describes the implementation of the Puppeteer system
on Windows NT using Java, and our experiences using
this implementation to adapt two applications – Power-
Point and Internet Explorer – for low bandwidths.

The rest of this document is organized as follows. Sec-
tion 2 describes the requirements that application must
meet to be adapted by Puppeteer. Section 3 presents the
architecture of the system. Section 4 introduces the ap-
plications we use to evaluate the prototype. Section 5 de-
scribes the documents we use in our experiments. Sec-
tion 6 describes the experiments platfrom. Section 7
presents our experimental results. Section 8 discusses
future directions. Section 9 discusses related work. Fi-
nally, section 10 discusses our conclusions.

2 Background

In this section we examine the requirements that an ap-
plication has to meet in order to be adapted by Pup-
peteer. This discussion is technology independent as
the required features can be implemented in a variety
of component systems.

Strictly speaking, Puppeteer only requires that an appli-
cation exposes a run-time interface that allows the sys-
tem to view and modify the data the application operates
on. We will refer to this feature as the Data Manipu-

lation Interface (DMI). Puppeteer, however, can benefit
greatly from two extra features: a parsable file format
and an event notification mechanism.

When the application only exposes a DMI, but has an
opaque file format, Puppeteer adapts the application by
running an instance of the application on the server and
using the DMI to uncover the structure of the data; in
some sense using the application as a parser. It also
runs an instance of the application on the client and uses
the client’s DMI to update it with newly fetched com-
ponents. This configuration allows for a high degree of
flexibility and makes porting applications to Puppeteer
more straightforward as programmers need not under-
stand the application’s file format. This configuration,
however, has a larger overhead on the proxy server and
results in lower overall system performance and scala-
bility. Moreover, it requires both the client and server
to run the environment of the application, which in most
cases amounts to having to run the same operating sys-
tem in both servers and clients.

In contrast, when the file format is parsable, either be-
cause it is human readable (e.g., XML) or there is suf-
ficient documentation to write a parser, Puppeteer can
parse the file (or files) directly to uncover the structure of
the data. In our experience this results in better through-
put and enables clients and server to run on different
platforms. (The Puppeteer client runs on Windows NT
while the Puppeteer server runs on Linux.) In the course
of constructing our prototype and in a previous study
that evaluated Microsoft Office file formats [9] we have
built several parsers for both text and binary formats.
In our experience, writing parsers for text formats, like
HTML and XML, is much simpler than creating parsers
for binary formats, even when appropriate documenta-
tion is available.

Finally, Puppeteer tracks the users as she uses the ap-
plication to tailor the adaptation to the user’s behavior.
We implement tracking by either polling the application
for modifications (e.g., checking where the user focus is
several times per second), or when available, by register-
ing for events with the application’s event mechanism.
Events are usually call-back functions that get executed
as a side-effect of well-defined operations such as the
user opening a new document, changing focus, or click-
ing the mouse. While Puppeteer requires DMI, it does
not strictly need an event notification mechanism. Event
notification, however, greatly simplifies the job of writ-
ing a Puppeteer driver for the application.
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Figure 1: Puppeteer architecture.

3 Puppeteer

Figure 1 shows the four tier Puppeteer architecture. It
consists of the application to be adapted, the Puppeteer
client proxy, the Puppeteer server, and the data server,
which stores the data that the user wants to work on. The
application and data server are completely unmodified.
The Puppeteer client proxy and server work together to
adapt the system to the available bandwidth.

The client proxy is in charge of bandwidth adaptation
and resource management. It acts as a single point of
control for managing all communication between appli-
cations on the client and the server. It is also in charge of
remotely controlling the applications and adapting them
to the available bandwidth.

The Puppeteer server is assumed to have strong connec-
tivity with the Internet and with the data server. The
Puppeteer server is responsible for parsing documents,
exposing their structure, and transcoding components as
requested by the client proxy.

Data servers can be arbitrary repositories of data such
as Web servers, file servers or data bases. In the design
of our prototype we assume that the servers are not over-
loaded and that the latency between the Puppeteer server
proxy and the data server is small compared to the la-
tency between the Puppeteer client proxy and Puppeteer
server.

In order for Puppeteer to support a new application, a
client and server driver must be written for the applica-
tion and its file format. The server driver understands
the file format used (e.g., XML, OLE archives) and can
fetch specific components from a file. In the case of spe-
cific component types we wish to transcode, such as im-
ages, the server has support for this as well. The client

Location Functionality Description
Client
Driver

Close Closes the application,
performs cleanup.

Update Inserts new data into
the running applica-
tion.

Monitor Tracks the user and
tells Puppeteer what to
fetch.

Server Close Performs cleanup.
Driver Parse Parses the component

and creates a skeleton.
Transcode Returns the compo-

nent at a requested fi-
delity level.

Table 1: Client and Server driver interfaces.

drivers must support inserting new components into a
running application, tracking which components are be-
ing viewed by the user, and must be able to intercept
load and save requests. Table 1 summarizes the Server
and Client driver interfaces.

In practice, the drivers are only a small part of the over-
all system. For instance, the PowerPoint and IE5 drivers
require just 1412, and 611 lines of code, respectively.
The remainder of the Puppeteer system is approximately
8000 lines of general-purpose code. Moreover, pro-
ductivity suites like Microsoft Office use many of the
same components across applications, and have similar
file formats and DMIs, allowing reuse of code from one
driver to the next.



3.1 Adaptation process

The adaptation process in Puppeteer is divided into three
stages: parsing the document to uncover the structure
of the data, fetching selected components at specific fi-
delity levels, and updating the applicationwith the newly
fetched data. We describe next each of these steps in
more detail.

3.1.1 Parsing and skeleton creation

The first step in adapting an application is constructing
a skeleton that captures the structure of the data used
by the application. The skeleton has the form of a tree,
with the root being the document, and the children be-
ing pages, slides or any other element in the main doc-
ument. The skeleton is a multi-level data structure as
components in any level can be themselves subdivided
into sub-components. For instance a PowerPoint docu-
ment is composed of slides that may contain images or
OLE-based embedded objects, which can have further
structure.

For most applications, we construct the skeleton by stat-
ically parsing the document at the Puppeteer server,
which we assume has fast access to the whole docu-
ment. However, static parsing at the server does not
work well for pages that choose what data to fetch and
display by executing a script, or by other dynamic mech-
anisms. Dynamic HTML (DHTML) [14] Web pages are
a good example of this case. The browser fetches the
initial HTML page, which can contain JavaScript. When
the script is executed it instructs the browser to load im-
ages and other components. Because the structure of
DHTML pages changes dynamically, the server cannot
statically determine a document’s skeleton. Even if the
server interpreted the JavaScript as if it were a client, the
document structure may still not become fully visible as
certain events, such as moving a mouse over a button,
will not necessarily be triggered. Instead, Puppeteer re-
lays on a sniffing mechanism, implemented in the Pup-
peteer client proxy, that traces Web requests. The Pup-
peteer client proxy intercepts URL requests from within
a page, allowing it to dynamically add new images and
components to a Web page’s skeleton. Regardless of
whether the skeleton is built or modified in the proxy
or the server, any changes to the skeleton are reflected in
both ends. This is necessary because the skeleton is the
main mechanism by which Puppeteer client proxies and
servers communicate to exchange components.

3.1.2 Fetching components

Policies running on the client proxy control the fetch-
ing of components. These policies traverse the skele-
ton, choosing what components to fetch and with what
fidelity level to fetch them.

Puppeteer provides supports for two types of policies:
general purpose policies implemented by the system;
and component specific policies implemented by the
component driver.

Typical policies choose components based on available
bandwidth and user specified preferences (e.g., pre-fetch
all text first), while other policies track the user as she
runs the application and try to anticipate her needs (e.g.,
fetch the PowerPoint slide that currently has the user’s
focus and pre-fetch subsequent slides in the presenta-
tion).

Regardless of whether the decision to fetch a component
is made by a general purpose policy or by a component
specific one, the actual transfer of component’s data is
performed by Puppeteer, relieving the component driver
from the intricacies of communication.

3.1.3 Application update

When the user opens a document, the client proxy’s pol-
icy selects an initial set of components from within the
component to fetch. It then supplies this set of compo-
nents to the application as though it had the full docu-
ment at its highest level of fidelity. The application, be-
lieving that it has finished loading the document, returns
control to the user. Meanwhile, Puppeteer knows that
only a fraction of the document has been loaded and will
use the techniques described above to fetch or upgrade
the fidelity of the remaining components. Puppeteer also
hooks into the application to track the user’s movements
through the document. If the user skips pages, the client
proxy can drop components it was fetching and focus the
available bandwidth on fetching components that will be
visible to the user.

To update the application with new or higher fidelity
components, the Puppeteer client proxy drivers in our
system use the DMI interfaces exposed by the appli-
cation. Puppeteer supports two update modalities that
match the way most applications function. For applica-
tions that support a cut-and-paste mechanism (e.g., Pow-
erPoint, Word, Excel) the driver uses the ClipBoard to
insert new versions of the components. On the other



hand, for applications that must explicitly to read every
item they display (e.g., MS IE5), the proxy instructs the
application to reload the component (i.e., asking IE5 to
refetch a URL).

4 Prototype applications

We chose to support Microsoft PowerPoint (a presenta-
tion graphics system) and Microsoft Internet Explorer 5
(a Web browser, hereafter “IE5”) as the first two appli-
cations for our prototype because these two applications
comply with all or most of the requirements for DMI,
parsable file formats, and event notification stated in sec-
tion 2. Moreover, these applications are widely popular
and would likely be used in mobile environments. Most
important, PowerPoint and IE5 have radically different
DMIs. By supporting both, we are more likely to ac-
curately design the interfaces between the portable por-
tions of Puppeteer and its application-specific drivers.
These drivers are discussed in more detail in section 3.

Next, we discuss how, and to what extent, PowerPoint
and IE meet the requirements stated in section 2, and the
techniques Puppeteer uses to adapt the applications.

4.1 Data manipulation interface

PowerPoint and IE5 DMIs are based on the Component
Object Model (COM) [5] and the Object Linking and
Embedding (OLE) [6] standards. The interfaces they
provide are reasonably well documented [23, 28] and
have traditionally been used to extend the functionality
of third party applications.

COM enables software components to export well-
defined interfaces and interact with one another. In
COM, software components implement their services as
one or more COM objects. Every object implements one
or more interfaces, each of which exports a number of
methods. COM components communicate by invoking
these methods.

OLE is a set of standard COM interfaces. Among the
manyOLE technologies, we are most interested in its ca-
pacity to enable third party applications to remotely con-
trol instances of running applications; usually referred to
as Automation. Puppeteer adapts applications by invok-
ing their Automation interfaces to modify their runtime
behavior.

The PowerPoint and IE5 Automation interfaces provide
excellent access to compose and modify their internal
data structures. Through calls to these interfaces Pup-
peteer can uncover the structure of the data or modify
it by adding or removing elements (e.g., cut and paste
within PowerPoint), or by forcing an element to reload
itself (e.g., reloading within IE5).

4.2 File formats

PowerPoint

OLE also defines a structured binary file format [20, 21]
(hereafter, an “OLE archive”) for storing a hierarchy
of components. The structure of an OLE archive re-
sembles a directory tree with files at the leaves. OLE
archives are used for all Microsoft’s Office applications.
However, Office 2000 introduced a newXML-based for-
mat [22], providing a more browser-friendly option for
storing documents. While an OLE archive appears as
a single file, an XML document appears as an entire di-
rectory of XML files, approximately one per component,
image, or slide. The data for all embedded components
is, however, stored in single compressed OLE archive.
We choose to base the Puppeteer prototype on the XML
representation because it is semantically comparable to
the OLE archive and the human readable nature of XML
makes it easier to parse and manipulate the document.
Moreover, XML is also used by KDE’s KOffice and
many newer tools.

Another issue with PowerPoint is its pre-existing sup-
port for incremental document loading. When the file
format is an OLE archive and it’s on a filesystem that
supports random access (e.g., a local hard disk CIFS, or
NFS), PowerPoint will delay image loading. However,
if the filesystem is not random (e.g. HTML) access or
the file format is XML, PowerPoint will load the entire
document before returning control to the user.

HTML and Dynamic HTML

While HTML is straightforward to parse, the introduc-
tion of JavaScript has allowed for documents whose
structure can change dynamically. This makes it impos-
sible for Puppeteer to statically determine all the com-
ponents that make up a given Web document. Even if
the server interpreted the script as if it were a client, the
document structure may still not become fully visible as
certain events, such as moving a mouse over a button,
will not necessarily be triggered.



Puppeteer implements a hybridmechanism that that tries
to uncover statically as much of the document’s structure
by parsing the HTML and falls back on a sniffing mech-
anism that traces Web requests and identifies any new
elements added by scripts.

4.3 Event notification

PowerPoint’s event notificationmechanism is very prim-
itive and encompass just a handful of large-granularity
events like opening or closing of document, making it
inappropriate for tracking the behavior of the user. Pow-
erPoint DMI, however, provides functions for determin-
ing the location of the current focus. By polling on these
interfaces Puppeteer can tracks the user.

In contrast, IE5 supports a rich event mechanism that al-
lows third-party applications to register call-back func-
tions for any event. Puppeteer uses this interface to de-
tect when the user enters a URL and to track the location
of the mouse. Puppeteer uses this information to drive
image fetching and fidelity refinement.

5 Data sets

We selected the set of PowerPoint documents used in
our experiments from a collection of Microsoft Office
documents that we characterized earlier [9]. The full
collection includes 2167 documents downloaded from
334Web sites with sizes ranging from 20 KB to 21 MB.

We obtained our HTML documents by re-executing the
traces ofWeb client accesses collected and characterized
by Cunha et. al. [7]. These traces include access from
2 user groups made during a period of 7 months from
November 1994 through May 1995. These traces have
46,830 unique URLs corresponding to 3026 Web sites.
For every URL that we were able to access (many pages
had either disappeared or were corrupted), we down-
loaded the HTML file and any images referenced by
them. We did not download any documents linked from
these pages. In this manner we acquired 3796 HTML
files and 15,329 images, comprising 89 MB of data
downloaded from 1009 sites. Documents ranged in size
from a few bytes to 773 KB, including images.

Because these data sets are so large, transmitting them
at low bandwidth without transcoding would take a pro-
hibitive amount of experimental time. We chose to run

our experiments on just 92 PowerPoint documents and
182 HTML documents to limit the running time of tests.
In the slowest network configuration the selected sets re-
quires 138 minutes for PowerPoint and 55 minutes for
HTML to complete the longest test. For completeness,
however, we ran one test over the full sets of both docu-
ment types over a high bandwidth network. The full sets
and the selected documents produce similar plots.

For our PowerPoint experiments, we selected 92 docu-
ments by sorting all documents larger that 32 KB into
buckets with sizes increasing by powers of 2. We
then randomly selected 10 documents from each bucket.
The largest bucket, consisting of documents with sizes
greater than 16 MB had only 2 documents. Thus, our
experimental set has 9 10 2 92 members.

For our Web experiments, we selected 182 HTML docu-
ments from the downloaded set by sorting all documents
larger that 4 KB into buckets with sizes increasing by
powers of 2. We then randomly selected 25 documents
from each bucket. The largest bucket, consisting of doc-
uments with sizes greater than 512 KB had only 7 docu-
ments. Thus, our experimental set has 7 25 7 182
members.

6 Experiment environment

Our experimental platform consists of two Pentium III
500 MHz machines running Windows NT 4.0 that com-
municate via a third PC running the DummyNet network
simulator [27]. This setup allows us to control the band-
width between client and server to emulate various net-
work technologies.

All our experiments access data stored by an Apache 1.3
Web server. For the experiments where we meassure the
latency of loading the documents using the native appli-
cation, Apache is the only process running on the server.
For the Puppeteer experiments, the Apache server and
Puppeteer server run on the same machine.

7 Experimental results

In this section we experimentally explore two questions:
how much benefit can be derived from using Puppeteer
to load documents over various network speeds; and
what overhead is incurred by using Puppeteer in terms



of both latency and bytes transmitted.

For each of the prototype applications, we consider three
network configurations that shift the operational bottle-
neck from the client’s CPU to the network. In all exper-
iments we compare downloading the documents using
only the native application to downloading them with
Puppeteer support.

7.1 Latency reduction

Puppeteer reduces user perceived latency, the time users
wait before they can start work on a document, by
changing the application’s policies in two basic ways:
(1) changing the order and time when components are
fetched; and (2) changing the fidelity of fetched compo-
nents. In this section we explore the impact of these two
adaptation strategies. First we explore the use of fetch-
ing components on demand for PowerPoint documents.
Second, we explore the use of progressive JPEG com-
pression and rendering for Web pages.

7.1.1 Fetch order

Loading the first slide

In this experiment we measure the latency for loading
the first slide in a PowerPoint presentation. Figures 2, 3,
and 4 show the latency measurements for loading the
documents over 384 Kb/sec, 4 Mb/sec, and 100 Mb/sec
network links. Figure 5 shows the data transfered to
load the documents. The figures show results for na-
tive PowerPoint (PPT), and Puppeteer runs that load all
the components of a presentation (Full), just the com-
ponents of the first slide (Slide), and the components
of the first slide plus the text for the entire presenta-
tion (Prefetch). For each document, the plots contain
four vertically aligned points representing the latency to
transmit the document in each system configuration.

Full is included to measure the overhead of using Pup-
peteer. This configuration represents the worst possible
case as it incurs the overhead of uncovering the docu-
ment’s skeleton but does not benefit from any adapta-
tion. Full shows that the Puppeteer overhead is not sig-
nificant in cases with low bandwidth but becomes no-
ticeable as bandwidth increases; documents experience
median overheads of 5.02%, 17.05%, and 49.13% for
the 384 Kb/sec, 4 Mb/sec, and 100 Mb/sec respectively.
The larger differences in latency only occur in smaller

documents. The amount of data transfered by Full is
comparable to PPT with most documents experiencing
overheads smaller than 2.72%.

Slide shows the large potential of Puppeteer to reduce la-
tency. While we expected to save latency with the slower
384 Kb/sec and 4 Mb/sec networks, the savings over the
100 Mb/sec network came as a surprise. While Pup-
peteer achieves most of its savings in the 384 Kb/sec
and 4 Mb/sec networks by reducing network traffic, the
transmission times over the 100 Mb/sec are too small
to account for the savings. The savings result instead,
from reducing the initial parsing/rendering time. On
average, Slide achieves latency reductions of 84.22%,
66.97%, and 56.71% for documents larger than 1 MB
on 384 Kb/sec, 4 Mb/sec, and 100 Mb/sec, respectively.

Also, the data in figure 5 shows that, for large docu-
ments, it is possible to return control to the user after
loading just a small fraction of the total document’s data
(about 4.5% for documents larger than 3 MB).

An interesting characteristic of the figures is the large
variation in user-perceived latency at high network
speeds and the alignment of data points into lines as the
network speed decreases. The high variability over high
network speeds results from the experiment being CPU-
bound. With high bandwidth, user-perceived latency is
mostly dependent on the time that it takes for Power-
Point to parse and render the presentation. This time is
not only dependent on the size of the presentation, but
is also a function of the number of components (such as
slides, images, or embedded object) in the presentation.
In contrast, as we slow the network speed, the process
becomes network bound and user-perceived latency be-
comes dependent on the overall size of the document.
This observation is supported by the similar shapes of
figures 2 and 5.

Prefetching

We explore the effects of prefetching by extending the
Slide experiment of the last section to prefetch the text
elements of the rest of slides of the presentation. The
Prefetch runs in figures 2, 3, 4, and 5 show the results of
this experiment.

When comparing the data point of the Prefetch run to
Small, we see that the latency has moved up slightly.
The latency is still significantly lower lower than the la-
tency for PPT, achieving savings in averages of 73.37%,
54.94%, and 45.18% over 384 Kb/sec, 4 Mb/sec, and
100 Mb/sec, respectively. Moreover, the increase in
the amount of data transfered, especially for documents
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larger than 4 MB, is small, amounting to only an extra
6.42% above original document size. These results are
consistent with the findings of [9] where text accounted
for a small fraction of the total data in large PowerPoint
documents. These results suggest that text should be
prefetched in almost all situation and that the lazy fetch-
ing of components is more appropriate for the larger im-
age and OLE objects that appear in the documents.

7.1.2 Fidelity

JPEG compression

In this experiment we explore the use of lossy JPEG
compression and progressive JPEG technology to reduce
user perceived latency for HTML pages. Our goal is to
reduce the time required to render a full version of the
page by lowering the fidelity of some of the page’s ele-
ments.

Our prototype converts, at run time, GIF and JPEG im-
ages embedded in the HTML document into progressive
JPEG format1 using the PBMPLUS [26] and Indepen-
dent JPEG Group [1] libraries. We then transfer only
the first 1 7 bytes of the resulting image. In the client
we convert the low fidelity progressive JPEG back into
JPEG format and supply it to the browser as though it
comprised the image at its highest fidelity. Finally, the
prototype only transcodes images that are greater than a
user specified threshold. The results reported in this pa-
per reflect a threshold of 8 KB, below which it becomes
cheaper to simply transmit an image rather than run the
transcoder.

Figures 6, 7, and 8 show the latency for loading the
HTML documents over 56 Kb/sec, 384 Kb/sec, and
10 Mb/sec network links. Figure 9 shows the data trans-
fered to load the documents. The figures show latencies
for native IE5 (IE), and for Puppeteer runs that load all
the images at their original fidelity (Original), load only
the first 1 7 bytes of transcoded images (ImagTrans),
and load transcoded images and gzip-compressed text
(FullTrans).

Original is included to measure the overhead of Pup-
peteer. This configuration represents the worst possible
case as it incurs the overhead of uncovering the docu-
ment’s skeleton but does not benefit from any adapta-

1A useful property of a progressive image format, such as progres-
sive JPEG, is that any prefix of the file for an image results in a com-
plete, albeit lower quality, rendering of the image. As the prefix in-
creases in length and approaches the full image file, the image quality
approaches its maximum.

tion. Original shows that the Puppeteer overhead is not
significant for slower networks, with documents larger
than 128 KB experiencing median overheads of 3.38%,
13.77%, and 125.81% in the 56 Kb/sec, 384 Kb/sec, and
10 Mb/sec respectively. Moreover the amount of data
transfered by Original is comparable to IE with most
documents larger than 128 KB experiencing overheads
smaller than 2.53%.

ImagTrans shows that on 10Mb/sec networks, transcod-
ing is always detrimental to performance. In contrast, on
56 KB/sec and 384 KB/sec networks, roughly 2 3 of the
documents larger that 128 KB experience an average re-
duction in user-perceived latency of 73.81% and 49.58%
for 56 KB/sec and 384 KB/sec, respectively. A closer
examination revealed that the remaining 1 3 of the doc-
uments, those seeing little improvement from transcod-
ing, are composed mostly of formated HTML text and
have little or no image content. To reduce the latency
of these documents we added gzip text compression to
the prototype. The FullTrans run shows that with image
and text transcoding, Puppeteer achieves average reduc-
tions in latency for all documents larger than 128 KB,
at 56 KB/sec and 384 KB/sec, of 76.42% and 50.13%,
respectively.

The IE figures are similar to the plots of the previous sec-
tion in that they show large variations in user-perceived
latency at high network speeds and an alignment of data
points into lines as the network speed decreases. This is
again a result of the transition from experiments that are
CPU bound (10 Mb/sec) to network bound (56 Kb/sec).
As in PowerPoint, in the 10 Mb/sec case, user-perceived
latency is highly dependent on parsing and rendering
time. The large variations in latency result from the dif-
ferences in content types in HTML documents. We ob-
serve that IE5 takes considerably longer to format large
text sections than it takes to load images of comparable
size. Consider the two document in figure 8 that have
the labels A and B. While A is smaller than B (539 KB
vs. 757 KB) it takes considerably longer to render. A
closer examination revealed that A it is composed of
only HTML text, while B has little text (5 KB) and its
size is accounted for by several images.

Incremental rendering

In this section we extend the FullTrans method ex-
plained earlier by incrementally increasing the fidelity
of the images displayed by the browser. This experi-
ment comprises a significant departure from the original
browser policy that loads single images incrementally,
but fetches images in order, with at most four images
being loaded at one time. Instead, Puppeteer loads all
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Figure 6: Load latency for HTML documents over 56
Kb/sec. Shown are latencies for native IE5 (IE), and
Puppeteer runs that load all the images at their origi-
nal fidelity (Original), load only the first 1 7 bytes of
transcoded images (ImagTrans), load transcoded images
and text (FullTrans).
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Figure 7: Load latency for HTML documents over 384
Kb/sec. Shown are latencies for native IE5 (IE), and
Puppeteer runs that load all the images at their origi-
nal fidelity (Original), load only the first 1 7 bytes of
transcoded images (ImagTrans), load transcoded images
and text (FullTrans).
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Figure 8: Load latency for HTML documents over 10
Mb/sec. Shown are latencies for native IE5 (IE), and
Puppeteer runs that load all the images at their origi-
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Figure 10: Incremental rendering of HTML documents
over 56Kb/sec.

images at their lowest fidelity first and only then begins
to increase image fidelity. fidelity level.

In this experiment we assume that images have 3 fidelity
levels, which we will refer to as low, medium, and high.
We chose these levels to correspond to the first 1 7, next
2 7, and last 4 7 of the bytes in the progressive JPEG
representation. For GIF images, we first convert them to
JPEG. Low and medium are then the same as avoe. For
high, however, we transmit the original GIF image. This
will support GIF features not present in JPEG, such as
animations and transparency.

Figure 10 shows the results of this experiment. For ev-
ery document, it displays three aligned points with the
latency required to load the document at its lowest fi-
delity (e.g., point A in the plot) and then refined twice
(e.g., point B and C).

7.2 Puppeteer characterization

In this section we characterize the execution time and
data transfers of Puppeteer. We first explore where Pup-
peteer spends its time. We then determine how much
protocol data is transfered between the server and the
client to adapt documents.

7.2.1 Time

Figures 11 and 12 show the breakdowns of execution
time for PowerPoint and IE5. The PowerPoint plot
shows results for 100 Mb/sec and 384 Kb/sec for load-
ing all components in the documents (Full), and just the

components of the first slide (Slide). The IE plot shows
results for 384 Kb/sec and 56 Kb/sec for loading with
(Trans) and without (Orig) image and text transcoding.

Each figure plots for various document’ sizes the time
spent transferring data (Network), parsing (Parse), and
transferring the skeleton (Skeleton). The PowerPoint
plot also shows the time spent rendering the document
(Render), while the IE plot displays the time spent
transcoding (Transcode) images and text.

The data for the Full and Orig runs show a clear trend
where as we increase the size of the documents and de-
crease the speed of the network, the time spent trans-
ferring data becomes the prevalent contributor to user
perceived latency. Overall the time spend by Puppeteer
parsing, transmitting the skeleton, and transcoding var-
ied for PowerPoint documents from 54.60% of total exe-
cution time on small documents on 100Mb/sec to 2.53%
on 384 Kb/sec for large documents; and for HTML doc-
uments from 37.38% over 384 Kb/sec for small docu-
ment to 1.63% over 56 Kb/sec for large documents.

Figure 11 shows that the latency reduction achieved by
the Slide run over 384 Kb/sec results mainly from a large
reduction in network time. In contrast, over 100 Mb/sec
the reduction in rendering time is the dominant factor in
reducing overall latency.

Figure 12 shows that performing image and text
transcoding on the fly is a good technique for reducing
network latency. Overall transcoding time 11.5% to less
than 1% of execution time. Moreover since Puppeteer
overlaps image transcoding with data transmission, the
overall effect on execution time diminishes as network
speed decreases.

7.2.2 Data

Figure 13 plots the data breakdown for PowerPoint and
HTML documents. We divide the data into application
data and Puppeteer overhead, which we further decom-
posed into data transmitted to fetch the skeleton (skele-
ton) and data transmitted to request components (fetch).
For this experiment we only consider the worst case sce-
nario, which corresponds to requesting each component
separately at its highest fidelity.

The data shows that the Puppeteer data overhead be-
comes less significant as document size increases. Over-
all the overhead varied for PowerPoint documents from
20.28%on small documents to just 2.94% on large docu-
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Figure 11: Breakdowns of execution time for Pow-
erPoint with Puppeteer support for 100 Mb/sec and
384 Kb/sec for loading all components in the documents
(Full), and just the components of the first slide (Slide)
for local and remote documents.
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Figure 12: Breakdowns of execution time for IE with
Puppeteer support for 384 Kb/sec and 56 Kb/sec for
loading with (Trans) and without (Orig) image and text
transcoding.
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Figure 13: Data breakdowns for loading PowerPoint and
HTML documents. The plot shows the proportion of
application data, skeleton, and fetch data sent.

ments; and for HTML documents from 24.65% on small
documents to 1.32% on large documents.

8 Future work

The Puppeteer project is just in it early stages. In the im-
mediate futurewe plan to extend the prototype by adding
support for writes and the ability to dynamically adapt to
to the dynamically changing bandwidths that may occur
in mobile computing environments.

The component-based approach of Puppeteer shows
good promise for supporting writes. Puppeteer already
tracks the fidelity of each component and should be able
to support modifications, at least to components that
have been transfered at high fidelity. If a document
containing a low-fidelity component is edited, and the
component is left unchanged, we expect we can make
efficient use of network bandwidth by only saving the
changes to the document, and allowing the server to
reconstruct the final document from its original high-
fidelity parts.

We also plan to explore the suitability of component-
based adaptation for applications beyond those that arise
in low-bandwidth environments. In particular, we are
interested in using Puppeteer to adapt applications to
collaborative work environments. We intend for Pup-
peteer’s application drivers to stay relatively simple
while adding new features to the adaptation logic. Our
long-term goal is that, by simply writing a new appli-
cation driver, a wide variety of adaptation behaviors be-



come immediately available.

9 Related work

Transcoding has been used for some time now to cus-
tomize information to the user’s preferences [4, 8], re-
duce server load [2], or support thin clients [12].

Much work has gone into extending the system archi-
tecture to better support mobile clients [19] and to cre-
ating programming models that incorporate adaptation
into the design of the application [15]. The project that
most closely relates to Puppeteer is Odyssey [25], which
splits the responsibility for adaptation between the ap-
plication and the system. Puppeteer takes a similar ap-
proach, pushing common adaptation tasks into the sys-
tem infrastructure and leaving the application-specific
aspect of adaptation to application drivers. The main
difference between the two systems lays in Puppeteer’s
use of existing run-time interfaces to adapt existing ap-
plications, whereas Odyssey requires applications to be
modified to work with it.

Another project that uses similar ideas to Puppeteer is
Dynamic Documents [17]. This instrumentation of the
Mosaic Web browser uses Tcl scripts to set the policies
for individual HTML documents. While Puppeteer uses
the external interfaces provided by the application, Dy-
namic Documents use an internal script interpreter in the
browser.

10 Conclusions and discussion

We presented the design and measured the effectiveness
of Puppeteer, a system designed to adapt component-
based applications, such as the Microsoft Office suite,
to run in low-bandwidth conditions. Without modify-
ing the application, Puppeteer supports complex adapta-
tion policies that traditionally require significant modifi-
cations to the applications.

We demonstrated that a significant number of policies
can be implemented efficiently using the run-time in-
terfaces already supported by component-based applica-
tions. Our results show that for our two prototype ap-
plications, Puppeteer can achieve average reductions in
user perceived latency of up to 84.22% for PowerPoint
documents loaded over a 384 Kb/sec link and 76.42%

for HTML documents loaded over 56 Kb/sec link.

Puppeteer’s reliance on application specific drivers to
provide tailored adaptation raises the question of port-
ing new application to the system. In our experience ap-
plications drivers are not large, requiring just 1412 and
611 lines of Java code for PowerPoint and IE5. As these
line counts suggest the size of the drivers and their de-
velopment time is strongly related to the complexity of
the application. Moreover, in our experience the bulk
of the development time is spent understanding the ap-
plication’s file format and DMI. We estimate that a per-
son already familiar with these features, for instance the
application developer, could write a Puppeteer driver in
just a couple of weeks.
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