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Abstract—Today, professional documents, created in applications such as PowerPoint and Word, can be shared using
ubiquitous mobile terminals connected to the Internet. GoogleDocs and EasyMeet are good examples of such collaborative Web
applications dedicated to professional documents. The static adaptation of professional documents has been studied extensively.
Dynamic adaptation can be very useful and practical for interactive multimedia applications, because it allows the delivery of
highly customized content to the end-user without the need to generate and store multiple transcoded versions. In this paper, we
propose a dynamic framework that enables us to estimate transcoding parameters on the fly in order to generate near-optimal
adapted content for each user. The framework is compared to current dynamic methods as well as to static adaptation solutions.
We show that the proposed framework provides a better trade-off between quality and storage compared to other static and
dynamic approaches. To quantify the quality of the adapted content, we introduce a measure of the quality of the experience
based on its visual quality of the adapted content, as well as on the impact of its total delivery time. The framework has been
tested on (but is not limited to) OpenOffice Impress presentations.

Index Terms—Dynamic content adaptation, image transcoding, interactive multimedia applications, mobile device, OpenOffice,
presentations, professional documents, SSIM, XHTML.
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1 INTRODUCTION mobile terminals will not support the PowerPoint

ODAY, Web content can be accessed by PCs, as

well as by a wide variety of mobile devices
(mobile phones, smartphones, etc.) under many brand
names, and with varying features. With the frequent
introduction of new devices to the market [1], their
number and diversity is constantly growing. There
is also a great diversity among the communication
networks used by these devices. Depending on its
location, the same device could use different net-
works (e.g., Wi-Fi, GPRS, or UMTS). Such diversity
has changed the logic behind Web content authoring,
with the result that new patterns of Web content
presentation have been designed [2]-[5]. At the same
time, Web content is becoming richer, and is using
various formats (XHTML, JPEG, GIF, SVG, Flash, etc.)
and styles.

In a collaborative environment such as hosting a
conference meeting comprising PCs and mobile de-
vices, the presentation slides should be shared and
presented synchronously to all participants. The ob-
vious solution is to send the PowerPoint presentation
to the participants before the meeting. However, many
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format (or any other Office document format). Those
that support the format still face the problem of
downloading a potentially large document (often sev-
eral MB). This operation is not only time-consuming,
but drains the battery of units, and is often costly.
Finally, the problem of synchronization with the host
remains; participants lose track of which slide is be-
ing presented at any given time. This causes serious
usability problems. Web technologies represent an
attractive alternative because since they only require
that the terminal be equipped with a browser (widely
supported), they can customize the content to each
participant and ensure constant synchronization with
the presentation by sending the slide only when it is
presented (slides are sent one by one).

In this paper, we focus on the customization or
adaptation of slide documents for each participant.
However, in a collaborative meeting context, it is
very important to keep the original layout and all
embedded images, i.e., the same view should be
shared between all the meeting participants. A similar
problem has been studied regarding the delivery of
Web pages to be shared in a collaborative manner.
This context is known as co-browsing or escorted
browsing [6]. In this context, when it is not possible
to keep the original layout, an extra view is added
for PCs that reflects what mobile users are seeing.
That way, PC users can refer to that extra view to
collaborate with mobile users. In our approach, we
propose to keep the original layout intentionally, since
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in such meeting contexts, the content can be accessed
by mobile devices as well as by PCs. In fact, the pro-
posed solutions which completely change the content
(shrinking it, converting it to text or audio, etc.) were
dedicated to limited mobile devices. Nowadays, more
sophisticated devices, such the Apple iPhone, the
Nokia Lumia, etc., have been introduced to the mar-
ket. With these new devices, it is possible to preserve
the original layout of the content and consequently
deliver rich content that is visually identical to the
original. The current tend is to deliver content that fits
the target mobile device’s resolution and allows the
user to adapt its view by zooming and/or panning.

In recent years, we have witnessed the emergence
of context-aware systems [7], which bridge the gap
between a diversified and technologically limited
clientele and richer Web content. Generally, a context-
aware system involves several steps of content anal-
ysis and transcoding operations to tailor the content
to meet the target mobile device’s constraints, user
preferences and role (e.g., attendee or host). Two ma-
jor trends (static and dynamic) in content adaptation
have been studied extensively, with a great deal of
work done in the area of static content adaptation [8]-
[10], where different versions of the original content
are created and stored on the server. At runtime, when
the content is requested, the best of those versions
is selected to be delivered. In dynamic adaptation, a
customized version is created on the fly, based on
the contextual data gathered mainly at the user’s
request [5], [11], [12].

There are advantages and disadvantages to using
either one of these two strategies. The static approach
leads to high processing complexity in generating
all the versions, and a great deal of storage space
is required to save them. Therefore, to avoid huge
response times when content is requested, the pro-
cessing is often performed offline. In this case, the is-
sue of granularity becomes important, and determines
the compromise between the quality of the delivered
content and its associated processing complexity and
available storage space [13]. The more versions there
are available, the better the quality. With the dynamic
strategy, the content adaptation is typically performed
on the fly, when the terminal’s context is known, while
the end-user is waiting. In this case, the server could
easily be overwhelmed when the number of requests
becomes significant [11], [14]. In such a situation, the
user himself might lose interest in that content, owing
to an unreasonable wait time.

In both content adaptation strategies, selecting the
right format is crucial as well. Current solutions, such
as the Nokia EasyMeet [15] and GoogleDocs Mo-
bile [16], convert PowerPoint presentations into JPEG
images that can be rendered by mobile Web browsers.
However, raster formats such as these have major
limitations in interactive applications, as they do not
allow text editing or keyword searching. The XHTML

format could be more suitable in these situations,
since instead of converting the whole slide into an
image, only embedded images are adapted and the
text is resized. In fact, making the dynamic choice
between JPEG and XHTML is a challenging task, with
the best depending on the rasterized resolution and
the amount of text relative to the number of images
on a slide.

In this paper, we propose a dynamic framework
that enables us to perform an on-the-fly estimation
of near-optimal format and transcoding parameters
prior to performing transcoding in order to reduce
computational complexity, while improving the user
experience. In this framework, we predict the visual
quality of the adapted content and the amount of
time it takes to reach the end-user (delivery time). The
framework we propose has been applied to OpenOf-
fice Impress presentations. It is designed to be quite
general, but future work can be carried out to vali-
date its applicability to other professional documents
types, such as Word (text) and Excel (spreadsheets).

The paper is organized as follows. We begin by
stating the transcoding problem in section 2. In sec-
tion 3, we show how the visual quality and the quality
of the experience are evaluated. The experimental
setup comparing the static and dynamic approaches
is presented in section 4. The experimental results
are presented in section 5. Section 6 presents the
computational complexity of the proposed dynamic
framework. Finally, section 7 concludes the paper.

2 PROBLEM STATEMENT

Let C be a professional document, referred to here as
the original document or content, composed of a set
of pages ¢, made up of various components c;, ;. We
can write this formally as follows:

C = c1,c, ..., ¢, Where n is the total number of pages
in C.

Ck = Ck1,Ck;2,--+Chm(k), Where m(k) is the total
number of components of the k" page.

For instance, C' could be a PowerPoint presentation
and ¢, the k'" slide composed of various components
¢k,i- Theoretically, a component can be any object. For
instance, in a slide ¢; composed of a text box and
a JPEG image, ci 1 represents the text box and cy 2
represents the JPEG image.

Given a page ¢, let W(cy) and H(cy) be its width
and height, in pixels, respectively.

For a page ci, let hi1, hg2,..., him be sets of
characteristics that can be adjusted to adapt that
page’s components ¢ 1, Ck.2,. - -, Ck,m respectively. For
example, for a JPEG image (represented by ci2)
embedded in a presentation, we may have the set
hi,2={resolution, quality factor}.

To be rendered by the target mobile device, the
original document must be adapted. To achieve this,
various adaptation operations can be used. Concep-
tually, different transcoding parameter combinations
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can be used by the adaptation operations for each
page. Let P be the possible transcoding parameters
that can be used to adapt the original document’s
pages and their components, that is:

P={fzQF}

where:

o [ € {JPEG,XHTML} is the output format into
which the original page is transcoded,

e 0 < z<100% is a scaling factor that defines the
output resolution of the adapted page, and

e 0 < QF <100 represents the quality factor of the
outputted JPEG images on the adapted page.

These parameters are applied as follows:

« If, for a given page cy, the selected output format
is JPEG, the whole page is rasterized into a JPEG
image and wrapped in an XHTML skeleton. As
a result, the whole page is converted into a Web
page that contains only one JPEG image. In this
case, the parameters z and QF' are used to create
that JPEG image.

o If the selected output format is XHTML, the
whole page is transformed into an XHTML file,
which may include both text and images. As a
result, the output XHTML file will contain the
same number of components (text and images)
as the original document. In this case, to preserve
the initial intentions of the author of the original
document, the same z is used for all the compo-
nents of the original pages and the same QF for
all the embedded JPEG images. By preserving the
author’s intentions, the adapted page will have
the same layout (relative sizes and positions of
embedded components) as the original one.

Our formulation of the problem is inspired from
the work presented in [17]-[19]. Let D be the target
mobile device and W (D), H(D), F(D), S(D), BR(D)
and N L(D) be its maximum permissible image width,
image height, supported formats, file size (in bits),
bitrate and latency of the network in use, respectively.

We define T (ck, f,2,QF) as the operation that
transforms the original page c; using the transcoding
parameters f, z and QF. Let ti’z’Q be the adapted
content created by T (¢, f, z, QF).

We say that the adapted content ti’z’QF is renderable
by D if the following relations are true:

S(t=9") < S(D)
W (t[*9F) = 2W (ex) < W(D)
H(t[*%") = 2H(cy) < H(D)
feF(D)
where S(tﬁ’z’QF), W(ti’z’QF) and H(ti’z’QF) are the
file size, the width and the height of the adapted
content generated by 7T respectively.

The set of transcoding parameter combinations that
can be used by 7T to transform original content c;, into

adapted contents that are renderable by D is given by:
R(ck, D) = {(f, =, QF)\ti’Z’QF is renderable by D}

Since there could be multiple transcoding parame-
ter combinations leading to versions renderable by D,
we are interested in the combination that maximizes
the quality of the user’s experience. Let f*(c, D),
z*(cg, D) and QF*(cy, D) be this combination, which
is given by:

(f*(cx.D), 2" (cx, D), QF*(cx, D)) =
argmax 9, (ti’Z’QF, D) @
(f,z,QF)eR(ck,D)
where, Q,, is a function that evaluates the quality of
the user’s experience. When (1) returns more than
one combination, the one that presents the best visual
quality is arbitrarily selected. The following section
shows how the visual quality and the quality of the
experience are evaluated.

3 AQUALITY OF EXPERIENCE EVALUATION

The quality of the delivered content, as experienced
by the end-user, called the name quality of experience
(Q,), is affected by three factors [20]:

1) The quality of the content at the source, that
is, the quality of the adapted content before
delivery.

2) The quality of service QoS, which is affected
by the delivery of the adapted content over the
network.

3) The human perception regarding the adapted
content.

In other words, Q,, is affected by the visual quality
and the transport quality (quality associated with
the total delivery time). The first expresses how the
content is appreciated visually, and the second ex-
presses the impact of the total delivery time on the
appreciation of the content. Based on these qualities,
we propose to evaluate the @, of the adapted content
as follows:

For an adapted content tg’z’QF and a target mobile
device D, we propose to evaluate the quality of
experience Q,, as follows:

Q,(th*°". D) = 9, (t)**", D)0, (t1*°".D) (2)

where 0 < Q, < 1and 0 < Q, < 1 represent the
visual quality and the transport quality respectively.
This is not the only way of evaluating the quality
of experience, and as explained in [20], @, as well
as QoS evaluation represent a completely separate
research topic. In our framework, we propose the
product of Q,, and Q, rather than the sum to prevent
large disparities in Q,, and Q. from being able to pro-
duce a high Q. In this context, the product is more
appropriate than the sum, since @, and Q, are not
compensatory attributes. When two or more attributes
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are combined to produce a single attribute to repre-
sent a given problem, the attributes are classified into
compensatory and non-compensatory attributes. The
former (compensatory) can be summed whereas the
others cannot. This is the fruit of research performed
particularly in the marketing and decision making
fields [21], [22]. In the problem at hand, when a JPEG
image is aggressively transcoded, its Q. will be close
to 1 (very lightweight image) and its Q, close to 0
(very distorted image). If Q,, and Q, are summed, the
resulting @, will be close to 1, which is misleading.
Contrary to the sum, the product will be close to 0,
which seems more reasonable.

Note that the Q, measure we propose is used to
illustrate the benefits of our prediction-based dynamic
content adaptation over existing methods when a
trade-off between the visual quality of the adapted
content and its delivery time is considered. However,
the framework applies to other quality measures as
well.

3.1 Visual Quality Evaluation

Let ¢ = {ck1,Cr2,-- -, Chmk)} e an original page.
Let t{:’z’QF = T(ck, f,z,QF), be the adapted version
of ¢;, composed of the adapted components. We can
write t/*“", for page ¢, as:

[2,QF _ [ 1f,2,QF Lf, 7QF fz,QF

ty " = {tki 2 B, f)}

where tf 2@F js the " transcoded component and
m(k, f) is the total number of its components. It is

given by (ignoring the XHTML wrapper, which has

no impact on quality, for both cases):

o py [ S = XHTML
= if f = JPEG

Using the SSIM [23] (or any other reliable visual
quality index), it is possible to evaluate the visual
quality of the adapted content. The later depends
on the visual quality of its components, but also on
the area occupied by each component (the larger the
area, the larger the weight on quality it should have).
Therefore, we propose to compute the visual quality
as a weighted sum of its components’ visual quality,
the weights being the area occupied by each. Thus,
we have:

Z A9 0, (t7°. D)

Qv (ti,z,QF’ D) = m(k,f) (3)

A"

2, QF .o f,2,QF - .
Q. ¢]*@F py_ Q, (tfj @r D) if tif @F js an image
ML 1 if 29" is text

4)

where:

o Q, is a metric that measures the image quality.

o We assumed that the text is rendered perfectly,
and without loss of generality, the visual quality
of text boxes is set to 1. However, more sophisti-
cated metrics could be used to take into account
the text size, the color and even the font.

. A(tf ’Z’QF) is the visible (not hidden) area occu-
pied by t{29F. We always have A(t]9F) <
H(tf’z QF)W(tﬁ’f’QF) since two components are
allowed to partially overlap one another. For
instance, a text region can completely or partially
overlap an image region. However, if two images
overlap, the hidden regions of an image should
not be considered neither for computing its re-
gion A nor its quality Q,. This is particularly
important when the page contains a background.

o When the adapted content ti’Z’QF comprises one
image (e.g., JPEG), its visual quality is reduced
to the visual quality of that image, as is the case
when the output format to be used is f = JPEG.

3.2 Visual Quality Estimation

If adapted content were available, it would be
straightforward, using (3), to compute its visual qual-
ity. The challenge, with the dynamic content adapta-
tion system we propose, is to be able to estimate the
visual quality of components subject to transcoding
parameters without having to perform any transcod-
ing operation. This estimation process is the key to
the proposed system’s reduced computational com-
plexity.

The adapted content’s areas can be known at run-
time (when the content is requested). That is, if
f = XHTML, these areas can be computed by scaling
the areas of the original content’s components using
the scaling parameter z and when f = JPEG, the
area of the whole of the original content is scaled
using z. From (4), the visual quality of the adapted
components is set to 1 for text, and for images it
is defined as the adapted image’s quality using a
given quality metric (e.g., SSIM). It is hoped that
the image quality can be predicted using a solution
proposed in [17], in which it is shown to be possible
to estimate the SSIM of JPEG images (characterized
by QF;,, their actual QF) subject to changing their
scaling parameter (z) and quality factor (QFp,:) and
for a viewing conditions (z,). For original content ¢ ;
the value of z, controls the resolution, z,W(ck;) X
zyH (ck,;), at which the original and the transcoded
images should be scaled for comparison, in order
to compute their SSIM. For instance, when 2, = 1,
the two images are compared at the resolution of
the original one; when z, = z, the two images are
compared at the resolution of the transcoded one;
when z, = min(W(D)/W(cx;), H(D)/H(ck,;),1), the
two images are compared at the maximum resolution
supported by the terminal or the original size of the
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TABLE 1
Sub-array of predicted SSIM values,
SSIM(zU,QFm,z QF,ut), computed for QF;,, = 80
and z, = 40% (from [17].

Scaling, z,%

QFout | 10 20 30 40 50 60 70 80 90 100

10 025| 043 | 055| 0.62| 0.69| 0.73| 0.76| 0.79| 0.80 | 0.82
20 030 | 0.52| 0.65| 0.73| 0.79| 0.82| 0.85| 0.87| 0.88 | 0.89
30 033 | 056 | 0.69| 0.77| 0.83| 0.86| 0.89| 090 | 091 | 0.92
40 0.35| 0.58| 0.72| 0.80| 0.85| 0.88| 0.90| 0.92| 0.92| 0.94
50 0.36| 0.61| 0.74| 0.82| 0.87| 090 | 092 | 093 | 0.94| 0.95
60 038 | 0.63| 0.76| 0.84| 0.89| 0.92| 093 | 094| 0.95| 0.96
70 039 | 0.65| 0.78| 0.86| 0.90| 093 | 094| 095| 0.95| 0.97
80 042| 0.68| 0.81| 0.89| 093 | 095| 096 | 096 | 0.97 | 1.00
90 045| 0.72| 0.85| 0.92| 095| 096 | 097 | 097 | 098 | 0.99
100 049 | 0.78| 091 | 097| 098] 098] 099 | 099 | 0.99 | 1.00

image, whichever is the smaller. In practice, this value
can be set by the maximum resolution of the target
terminal.

In other words, when a JPEG image is transcoded
using a scaling parameter z and quality factor QF),
the SSIM of the transcoded image can be estimated
using the predicted data that are tabulated in [17],
and which are indexed by QF;,, z,, z and QF. For
instance, Table 1, which is extracted from [17], shows
a sub-array of predicted SSIM values of transcoded
JPEG images characterized by their actual QF;,, = 80,
transcoded using z and QF and evaluated under
viewing conditions of z, = 40%. As commercial
products generally use a QF value between 75 and 85
to encode documents (or re-encode images) into JPEG
images to preserve their visual quality, in Table 1, we
presented a sub-array for QF;, = 80. OpenOffice, for
instance, proposes a default value of QF = 75.

According to this table, we predict that SSIM=0.90
when an image encoded with Q) F;,, = 80 is transcoded
using z = 50%, QF,, = 70, and viewed at z, = 40%.

Note that these predicted SSIM values were com-
puted by training and clustering, in which only the
QF (QF;,) of the original image, and the transcoding
parameters z, QF, and z, were considered. A more
sophisticated clustering method, taking into consid-
eration two additional features (the original image’s
number of bits per pixel and QF,,: — QF;,), was
proposed in [24] to improve the prediction accuracy.
Tables such as those in [17] can be used to estimate
the visual quality of the adapted content as follows:

o When the format to be used is f = XHTML, the
adapted content will comprise the same number
of comﬁonents as the original one. In this case,
using the SSIM index, the visual quality of the
adapted content’s components (4) becomes:

Q. (t.D) =

SSIM(t; tXHTMLZQF ) i 20) if ¢ is an image
1 if ¢k, is text

XHTML z,QF .

where i, is the transcoded version of

The SSIM of the embedded images of the adapted
content can be estimated using the predicted

Ck

Embedded Images QF Embedded Text
and Area Size Extraction || Area Size Extraction

QF’,‘,,(L‘/\V,') ‘

Predicted SSIM
Values Extraction

SSIM(Z“, QF,, z, QF)L QV Estimation

<Qv (t Ij{HTML,z,QF , D)

z, 2, QF Aley))

Fig. 1. XHTML Q,, estimation

SSIM values [17], and thus, the estimated visual
quality of the adapted components becomes:

A ,2,QF
Q, (tL;°", D) =

m(zv,QFm(ck,i),z,QF) if ck,s is an image
1 if cg,; is text

where QFm(ck ;) represents the quality factor of
¢k, and SSIM(ZU,QFm(cm) z,QF) is the esti-
mated SSIM value that can be extracted from the
predicted SSIM arrays [17] using z,, QFix(ck,:), 2
and QF. Thus, the visual quality of the whole of
the adapted content can be estimated using (3).
This process is illustrated in Fig. 1.

e When the format to be used is f = JPEG, the
adapted content will comprise only one JPEG im-
age. Let t‘]PEG #9F pe this image transcoded at z

and QF, and tJPEG 100%.80 pe the image created
using z = 100% and QF = 80. The latter is used
as a reference image. Note that in estimating the
visual quality, the image t‘]PEG 100%.80 j5 not actu-
ally created. It is mentloned here only to illustrate
the visual quality computing process. However,
from [18], the reference image (tJPEG 100%, 80y is
needed to estimate the file size of the adapted
content, as described in section 3.4. Now, using
the SSIM index, the visual quality of the adapted
content (3) becomes:

Q, (tf,z,QF7D) =0, (tJPEG,z,QF D)
= SSIM(t]PEG=QF tileG 100%.80 3
This visual quality can be estimated using the
predicted SSIM values computed for various z,
and QF;, as illustrated in Fig. 2. For example,
Table 1 represents such values for z, = 40% and
QF;, = 80. The estimated visual quality is:

Q, (t[*°". D)

where SSTM (2v, 80, z, QF) is the estimated SSIM
value that can be extracted from the predicted
SSIM arrays [17] using z,, QFiy, (t,{li EG,100%, 80)
80, z and QF'. For example, using Table 1, we
obtain: SSTM (40%, 80, 50%, 80) = 0.93.

= m(zv, 80, z, QF)



IEEE TRANSACTIONS ON MOBILE COMPUTING, TMC-2011-03-0150.R1

2, 2, QF

QF;,,=80 ; SSIM(z, 80, z Q.
Predicted SSIM ( F)

Values Extraction
<—i Q_ Estimation
S, (thPEG,z,QF ) D) v

Fig. 2. JPEG Q,, estimation

3.3 Transport Quality Evaluation

No doubt, the longer it takes to deliver the adapted
content, the less it is appreciated by the end-user. As
the total delivery time increases, its associated quality
is reduced accordingly. Therefore, transport quality is
inversely proportional to the total delivery time of the

adapted content. For an adapted content tf #QF and
a target mobile device D, the total dehvery time is
given by:

tdt(t* %)=

S(t=9F) ®
#(D)+NL(D)+SL(D)+TL(%,LZ,QF)

where

o S(t/79) is the file size in bits of t{*“".

e D is the target mobile device and BR(D) and
NL(D) its bitrate and the latency of the network
to which the mobile device is connected respec-
tively.

o SL(D) is the server latency. For a device D, it rep-
resents the time spent by the request in the server
(e.g., in the queue) waiting to be processed. This
value evaluates the performance of the server.

o TL(cy, f,z QF) is the transcoding latency. It rep-
resents how long the adaptation operation takes
to complete. It depends on the original content ¢y,
and the transcoding parameters f, z and QF in
use. It can be estimated based on past transcoding
operations. On high-end computers, this value
should be small.

We propose to evaluate the transport quality using a
normalized Z-shaped built-in membership function [25]
as illustrated in Fig. 3. This was inspired by the
work of [3], [4], in which the authors used sigmf
and gaussmf membership functions to map various
parameters, such as the network’s bandwidth and
latency, to quality values between 0 and 1. By varying
the values of a and f, it is possible to create a family
of curves that have the same behavior. According to
different research works performed to estimate the
waiting time that users can tolerate when accessing
Web content [26], the values of o and S can be set
to model the user’s behavior regarding the waiting
time. These values can be determined by experience
or defined by the end-user. The value of o expresses
the period of time in which the end-user is fully
satisfied with the response time. The value of (a+4)/2
expresses the period of time, in which that apprecia-
tion is reduced to 50%, and when the total delivery
time reaches the value S, the user’s appreciation is

© o o o
o N B O B =
[=3 —

Transport quality

5 10 15
Total delivery time (seconds)

Fig. 3. Transport quality behavior for « = 5 and g = 10

nil. Thus, the transport quality can be formulated as
follows:

Q, (t/*°F D) = Zmf (tdt(ti’z’QF, D),a, 5) ®)
with:
1 if z<a
2

1—2(z=2 if @ <z<otf

Zmf(z, o, f)= T_gﬂfa) 1 i_;; =
(5==) if H5-se<p
0 if ©>p

3.4 Transport Quality Estimation

In (5) and (6), all the parameters used in computing
the total delivery time and its associated transport
quality must, if unknown, be estimated at run-time.
Various algorithms have been proposed to estimate
the network bitrate at run-time [27]. The network
latency is generally estimated by “pinging” the target
mobile device at run-time or taking a mean value of
previous probings that could have been performed
when the user was registered [28].

We propose to estimate the adapted content file size
as well, using the method proposed in [18]. That is,
when a JPEG image c;,; (characterized by its QF,
denoted QFj;,) is transcoded into another JPEG image
(tJP EG.zQF) using a scaling parameter z and quality
factor QF (QF,,;), the relative file size between them,
denoted (1] PECHRF ¢ 1y = (t/PECHQF) 15 (¢ ),
can be predlcted by the method presented in [18].
As explained in section 3.2, these predictors were
computed by training and clustering, where QFj,,
z, QF were considered as features (in [24], they
proposed two new features to increase the prediction
accuracy). Table 2 shows predicted relative file sizes
for QF;, = 80 and various values of z and QF (or
QFout). The predicted relative file size can be used to
compute the total delivery time (¢dt) and its associated
quality (Q,.) as follows:

o When the format to be used is f = XHTML, the
file size of the adapted content can be computed
by summing the file sizes of its embedded images
and text boxes and adding an additional size
related to the XHTML wrapper as follows:

m(k)

Z T t)ifITA'{L’Z’QF,Ck-,z')S(Ck,z') +v
=1

tszF
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TABLE 2
Sub-array of predicted relative file sizes
7, (QFn, z, QF,.:) computed for QF;,, = 80 (from [18]).

Scaling, z,%

QF,u:| 10 20 30 40 50 60 70 80 90 100
10 0.03 | 0.04| 0.05| 0.07| 0.08| 0.10| 0.12| 0.15| 0.17 | 0.20
20 0.03| 0.05| 0.07| 0.09| 0.12| 0.15| 0.19| 022 | 0.26 | 0.32
30 0.04| 0.05| 0.08| 0.11| 0.15| 0.19| 024 | 0.21| 0.34 | 041
40 0.04| 0.06| 0.09| 0.13| 0.17| 0.22| 0.28| 0.34| 0.40 | 0.50
50 0.04| 0.06| 0.10| 0.14| 0.19| 0.25| 0.32| 0.39| 046 | 0.54
60 0.04| 007| 011| 0.16| 0.22| 0.28| 0.36| 0.44| 053 | 0.71
70 0.04| 0.08| 0.13| 0.18| 0.25| 0.33| 042 | 0.52| 0.63 | 0.85
80 0.05| 0.09| 0.15| 0.22| 0.31| 041| 052| 0.65| 0.78 | 0.95
90 0.06| 0.12| 0.21| 0.31| 044| 059| 0.75| 093 | 1.12| 1.12
100 0.10| 024 | 047 | 0.75| 1.05| 1.46| 1.89| 234 | 2.86| 2.22

where S(cy,;) represents the file size of the com-
ponent ¢ ; and r(tXHTML #QF ,Ck,i) the relative
file size between ¢ ; and its transcoded version
ti(HTML 2.QF

Usmg the predicted relative file sizes [18] (e.g.,
Table 2), the adapted content’s file size can be
estimated as illustrated in Fig. 4. For instance,
Table 2 shows that an image transcoded using
QFou: = 80 and z = 80% will occupy 65% of its
original file size. Formally, the estimated file size
is given by:

m(k)
S«(ti,z,QF) _ Z (tXHTML,z,QF cr.i)S(cis) +
i=1
A(ti(:iHTJML,z,QF7Ck7i) _

if ¢x,; is an image

{ (QFin(cki), 2 QF)
1

if ¢ ; is text

where:

- QF,(ck;) is the QF of original image c ;.

- 7, (QFin(cky), 2, QF) is the estimated rela-
tive file size between the ima e ¢k, and its
transcoded version tXHTML #@F "which can
be extracted from the predicted relatwe file
sizes arrays tabulated in [18] (Table 2 shows
such an array for QF;, = 80 and various
values of z and QF = QF,.;).

- 1) represents the added size of the XHTML
wrapper. Typically, the file size of the
XHTML wrapper for one slide is equal to
1 KB. Therefore, we set 1) = 1KB.

It is interesting to note that although the file size
prediction model does not use explicit statistics
related to the compressed form of the input image
(such as the number of zeroed DCT coefficients),
it implicitly takes into account the compressibility
of the original image through its file size, S(cy,;)-
e When the format to be used is f = JPEG,
using the reference JPEG image created before
(tJP EG,100%, 89 the file size of the adapted con-

7
Ck
v v
Embedded Images QF Embedded Text |
and File Size Extraction File Size Extraction
2z, QF
v¢ QFi(cxi) S(exs)
Predicted Relative S(er)
File Size Extraction !
(4 XHTML,2QF
r{ QFin(cti),2, QF) L» Imbedded Image S(t,m. )
v File Size
XHTML,zQF v
D:BR,NL, SL 8t ) File Size
TI(c, XHTMLzQF) yy | Estimaton [+
Total Delivery Time
Estimation
1 1 T
9, Estimation t&lt (thHTMLYzyQF)
A XHTML,z,QF
& (B )
Fig. 4. XHTML Q,. estimation
tent becomes:
[,z,QF\ _
St =
JPEG,z,QF ,JPEG,100%,80 JPEG,100%,80
r(tea st TSt ) 4+

The file size of the adapted content can be esti-
mated using the predicted relative file sizes [18]
as illustrated in Fig. 5. Formally, the estimated file
size of the adapted content is given by:

S’(tf7Z7QF) —
JPEG,z,QF ,JPEG,100%,80 JPEG,100%,80
(t e sten )S(tkl )+
JPEG,z,QF ,JPEG,100%,80
e )
_ T,(QFm(t,g};EG 100%, 80) 2 QF)

=7,(80,z,QF)

where:

JPEG,100%,30
- QFm (tk 1 )
of tJPEG ,100%,80
- 7, (8 0 z,QF) is the estimated relative file

size between the two images tJPEG #9F and

t,fP BG100%80 Tt can be extracted from Ta-
ble 2

- 1), as before, is the XHTML wrapper size.

= 80 is the quality factor

Finally, using the proposed dynamic framework,
the visual quality, the transport quality and the quality
of experience can be estimated on the fly. Using (2),
the estimated quality of experience becomes:

Q (67", D) =

where Q,, (t/*%F, D) and 9, (t{*°", D) are two func-
tions that estimate the visual and transport qualities
using the prediction arrays of SSIM and relative file
sizes [17], [18] as illustrated in Figs. 1, 2, 4 and 5.

9, (>, D)0, (t[*?", D)
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Fig. 5. JPEG Q.. estimation

3.5 Use of the Estimation Method

To estimate the optimal combination of format and
transcoding parameters that should be used to adapt
an original content ¢;, we compute, using all com-
binations of f, z and QF, two arrays Qv(ti’z’QF,D)
and f(ti’Z’QF). Based on these arrays, we compute the
estimated quality of experience array Q, (ti’Z’QF , D)
and solve (1) to determine the best feasible solution
(i.e., best transcoding parameters combination). We
expect the solution to be near-optimal.

4 EXPERIMENTAL SETUP

4.1 Slides Corpus

To test and validate the proposed framework, a large
corpus of documents (presentation slides) was re-
quired. Such slides could have been searched and
collected from the Web. However, to test and analyze
the proposed system on a wide range of slide types,
we preferred creating slides composed of components
with various sizes and positions in the slide. The
images, as well the text, however, were collected from
the Web in order to be representative of existing
content. We developed a Java-based application that
uses OpenOffice APIs (UNO) to create a set of Impress
slides [29]. Note that a slide is allowed to contain
text and images sharing the same area (overlap). The
background was set to none (no master style), but an
inserted image could represent 100% of the slide, and
therefore be considered as a background. The created
slides’ file sizes varied between 12 KB and 122 KB. The
images were collected from Internet Web sites such
as [30]. The positions of the text boxes and images on
the slides were set randomly by a random number
generator that is part of the same application. Since
the dimensions of the images and text boxes could be
continuous, and to avoid context dilution, quantized
values, representing the percentage of areas occupied

by images and text boxes, were used as follows:

I € {0%,10%,20%, . ..,100%}
T € {0%,10%, 20%, ..., 100%}

For instance, I = 40% and T = 30% mean that the
area occupied by the images represents 40% of the
slide and that occupied by the text boxes 30%. An
example of a slide composed of I = 40% and T' = 25%
is shown in Fig. 7(a).

To facilitate the validation, each document was
composed of one slide. This restriction, which can be
removed later, does not affect the credibility of the
validation, since each slide can be seen as separate
content, and so is converted and sent separately. Let
V be this validation set.

4.2 Transcoding Methodology

To compare the quality of the transcoded content,
each slide from V was transcoded using OpenOffice
JPEG and XHTML filters, which produce JPEG- and
XHTML-based Web pages, respectively. The first filter
converts the whole slide into an image and wraps it in
a skeleton Web page. In the proposed dynamic frame-
work, to be able to estimate Q,, and 7 of any adapted
content when the format used is JPEG, the created
JPEG image t,{f;EG’loo%’SO was used as a reference
image from which the other images (¢; 7> %" were
created using ImageMagick command line tools [31].
These images replaced those created by the JPEG-
based filter. We could thus use the predicted SSIM and
relative file sizes computed by [17], [18] to estimate
QV and 7 of the adapted contents.

Note that, the native OpenOffice XHTML filter ca-
pability was very limited, however, and it was found
to have numerous bugs. For instance, the layout was
not preserved in the output XHTML Web page, and
all the components (text boxes and images) were
aligned on the left-hand side. Only one font (the
default OS font) was used for the entire presentation.
Moreover, it was not possible to embed images in
the traditional fashion, which consists in including
the image URL in the XHTML text and saving the
image in a specific folder. The implemented solution
involved converting the embedded images into base-
64 encoding, and then include them directly on the
Web page (which resulted in larger images). Also,
no graphic possibilities were allowed, meaning that
all the embedded graphics were simply ignored in
the XHTML version. Furthermore, it was not possible
to change the embedded images’ characteristics, such
as the resolution and the quality factor. Ultimately,
we improved the filter by fixing these important
bugs and limitations, and adding the possibility of
manipulating images and their characteristics (with
proper URL support), as well as using graphics. After
this extension, the modified OpenOffice XHTML filter
was able to convert the slide into a standard XHTML
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Fig. 6. An example that summarizes the extensions
performed on the native OpenOffice XHTML filter: (a)
a slide as exported by the native XHTML filter, (b) as
exported by our extended XHTML filter

file, which could include both text and images. Fig. 6
summarizes the majority of the fixed bugs; Fig. 6(a)
shows the Web page version of a slide as outputted by
the native OpenOffice XHTML filter, while Fig. 6(b)
shows the Web page version created by our modi-
fied filter (which visually corresponds exactly to the
original slide). An example of a slide as exported by
the extended OpenOffice XHTML filter is shown in
Fig. 7. Fig. 7(a) shows the original slide as rendered
by OpenOffice, while, Figs. 7(b), 7(c) and 7(d) show
its exported versions with the extended XHTML filter
using z = 30% and QF = 80, z = 80% and QF = 80,
and z = 50% and QF = 60, respectively.

The following are the sets of transcoding parame-
ters used by these filters, as explained in section 2:

f € {JPEG, XHTML}
z € {10%, 20%, 30%, . . ., 100%}
QF € {10,20,30, ...,100}

Let W be the set of adapted contents created from
the original contents of V using the transcoding pa-
rameters f, z and QF.

4.3 Validation Methodology

The OpenOffice (or MS-Office suite) XHTML filters,
which produce JPEG-based XHTML pages, offer the
possibility of selecting the target resolution and JPEG
quality factor. Thought few parameters are offered
via their graphical interfaces, high, low and medium
quality, more precise parameters can be used pro-
grammatically via their APIs, which is what com-
mercial dynamic solutions use [15]. These techniques
do not use any quality of experience measure. They
typically adjust the JPEG resolution to the maximum
resolution supported by the device and use a fixed
JPEG quality factor (e.g., 80) to provide good visual
quality regardless of the transfer time incurred. This
dynamic system will be denoted below as a fixed-
QF system. On the other hand, with static solutions,
since different versions of the content are created,
the quality of experience of each can be taken into
account.

Content adaptation

Static adapt

c adaptation

(@ (b)

Content adaptation

ny =A

(o) (d)

Fig. 7. Aslide as exported by our extended OpenOffice
XHTML filter: (a) the original slide, (b) transcoded using
z = 30% and QF = 80, (c) transcoded using z = 80%
and QF = 80, (d) transcoded using z = 50%, QF = 60

Therefore, we propose to compare our method with
a typical dynamic system (fixed-QF system) and var-
ious static systems using different granularity levels.
Most static transcoding systems create different ver-
sions to suit various target mobile devices [3], [4],
[8]. When the content is requested by the mobile
device, the best adapted version among those created
in advance is selected for delivery. The granularity of
the created versions should be adequate enough to
deliver the best user experience possible. However, in
practice, it is not always possible to reach that level
of granularity, owing to numerous constraints, such
as storage space or CPU processing time limitations,
for example. Thus, we propose to compare our solu-
tion with the following hypothetical static transcoding
systems, which are inspired from realistic needs:

o Exhaustive system: This system creates the max-
imum possible number of adapted content ver-
sions. We can say it uses all combinations of these
quantized values: z = {10%, 20%, . ..,100%} and
QF = {10,20,...,100} for both the JPEG and
XHTML formats. As a result, it creates 200 ver-
sions for each slide. We assume that this system
provides a high enough granularity content, and
therefore constitutes a good benchmark for com-
paring the best adapted content provided by each
system.

o Granularity-based systems: In practice, it is not
always possible nor desirable to transcode con-
tent into 200 versions, and so we may consider
using only a limited number of values for z and
QF. For instance, for an Impress presentation
composed of 30 slides, 6000 versions should be
created. For a server dedicated to organizing
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TABLE 3

Static transcoding systems used in the validation.
N Systems Scaling parameter, z, %
1 100
2 100| 50
3 100] 50 | 70
4 Granularity-based 100( 50 | 70 f 30
5 100] 50 | 70 | 30 | s0

systems o
6 - 100| 50| 70| 30| 80| 60
7 (QF = 80) 100| 50 | 70 | 30 | 80 | 60 | 40
8 100| 50| 70 [ 30| s0 | 60 [ 40 | 90
9 100| 50| 70| 30| 80| 60| 40| 00| 20
10 100] 50| 70| 30|80 [s0[40]|0o0]20]10
11 |Exhaustive system|z e{10%, 20%. ..., 100%} and QF ={10, 20, ..., 100}

meetings for example, the number of versions
that should be created could be very high, and
so would be the processing time and storage
space needed for that purpose. Since the most
widely used quality factor is 80, we propose to
compare our solution with ten systems based
on that quality factor and different quantized
values of z (see Table 3). From the first system to
the tenth, the granularity is enriched gradually,
always building from the previous system (i.e.,
system i + 1 adds one more version on top of
system i, whose characteristics are selected to
cover the parameters set). For instance, the first
system creates only one version (using z = 100%)
for each format, while the next system creates two
versions (using z = 100% and 50%) and so on, as
shown in Table 3. This schema is not the only
one possible, and, depending on the available
resources, other sets of systems could be used,
such as varying QF around 80 (e.g., 70 or 60).

Note that the proposed static systems are actually
more sophisticated than those that are commonly
used. Typical static systems select the highest resolu-
tion content supported by a device regardless of the
delivery time. But the proposed static systems, using
the same Q, metric, will lead to a fairer comparison
between the full potential of static and dynamic ap-
proaches.

The comparison focuses on two aspects. First, we
compare the performance of the proposed dynamic
system, in terms of quality of experience, to the
dynamic fixed-QF system and a static system with IV
versions (i.e., how many versions must a static system
generate to match our system). We also compare this
quality with that of the exhaustive static system to
measure how far we are from optimality. Secondly, we
compare the storage space re(}uired by each system.

Each adapted content t/*°" in W, which is in fact
a Web page, is parsed, and its actual Q, (t/:*9F, D)
and r(t{;»“") values are computed. We then compute,
for the desired mobile device D, Q, (t/:*“F, D) and
Q, (t1:»@F D). On the other hand, for each slide ¢
in V, its Q, (t{:»@F, D) and #(t/;»?") are computed
using the proposed dynamic framework. We then

compute, for the same mobile device, Q, (t/:*?F, D)
and 9, (t£-QF D). The SSIM index exhibits a highly
non-linear relationship with the DMOS (Differential
Mean Opinion Score), and therefore cannot be used
directly as a measure of the human perception of
quality. Consequently, to address the third require-
ment regarding the Q, design [20] (see section 3),
the SSIM values are mapped, using a logistic function
and regression, to their corresponding subjective MOS
(Mean Opinion Score) values [32]. In other words, we
compute or estimate the SSIM, but then map it to
the corresponding MOS value. As a result two arrays
were created:

QE i [ex, .2 QF, Q. (t[9, D), Q, (t§;%", D)]
QE: e, f, 2 QF, 0, (t579F. D). O, (t°", D)

The best adapted contents obtained by the
previously mentioned transcoding systems are
computed as follows:

o Exhaustive static system: the best adapted con-
tent is identified by solving (1) on the QF array
for each slide cy.

o Granularity-based systems: first, a sub-array is
obtained from QFE by selecting the rows corre-
sponding to the values of z and QF that define
each system (see Table 3). Then, the best adapted
content, for each slide ¢, is identified by solving
(1) on that sub-array.

o Fixed-QF system: first, a sub-array is obtained
from QFE by setting the value of z according to
the resolution of the target mobile device and
QF = 80. Then, the best adapted content, for each
slide ¢y, is identified by solving (1) on that sub-
array.

o Proposed dynamic system: the best transcoding
parameters (f*(ck., D), z*(c, D), Eﬁj\(ck, D))) are

estimated by solving (1) on QE for each

slide c;. Using these optimal parameter esti-
mates, the actual quality of experience is re-
trieved from the QE array, which corresponds to

Q. (tz*(ck’D)’z*(ck’D)’QF (C’“’D),D). The latter rep-

resents the actual quality of experience obtained

by the proposed dynamic system, which is com-
pared to those obtained by the other transcoding

systems.

5 EXPERIMENTAL RESULTS

To compare the performance and precision of our
method with the transcoding systems mentioned in
the previous section, the Q, average deviation be-
tween the best adapted content obtained by each sys-
tem and that of the exhaustive system was computed.
Since the computed data are too numerous to be pre-
sented here, we arbitrarily selected one scenario that
uses the mobile device and network communication
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options found in the marketplace. Based on estimated
user tolerable waiting times [26], the values of «
and S which represent the behavior of the transport
quality (see section 3.2) are set as follows: a« = 5s
and f = 10s. In this scenario, the proposed mobile
device D is a Nokia N8, which has a resolution of
640 x 360, and is connected to a GPRS network that
has a bitrate BR(D) = 50 kbps and network latency
NL(D) = 488 ms [28]. Since the default resolution of
the slide, as rendered on a PC by the OpenOffice JPEG
filter, is 1058 x 794, the maximum viewing conditions
are min (3%, 389) ~ 45%, which suggest, from [17],
a comparison of images at z, = 40%. These mobile
device and network characteristics are tested using the
validation set V. It should be pointed out that similar
conclusions are reached with other mobile devices
and network conditions when a compromise between
visual quality and transfer time must be achieved.
First, the average quality of experience is computed,
for various bitrate values for the proposed and the
fixed-QF dynamic system, the static exhaustive sys-
tem as well as the static systems with one and five
versions. The results are presented in Fig. 8 for JPEG,
and in Fig. 9 for XHTML. As expected, the Q,
increases with the bitrate up to a point of saturation
(quite visible for XHTML and occurring at higher
bitrates for JPEG). The average Q, values obtained
for the proposed dynamic solution are close to those
of the exhaustive system for JPEG and very close

for XHTML. When f = JPEG, our dynamic solution
performs better than the static system with up to five
versions and very close to it when f = XHTML.

The Q, average deviation (which shows the preci-

sion of each system), as computed for this example,
is plotted in Fig. 10 for BR(D) = 50 kbps and
NL(D) = 488 ms. This figure shows the difference
between our dynamic system, a fixed-QF dynamic
system and the static systems (those with NV versions
and the exhaustive one with 200 versions). Further, it
shows the precision of the adapted content achieved
for each system by computing the average deviation
of the Q, for each system from that of the exhaustive
one. For this mobile device, when the format used is
XHTML, our dynamic system provides better qual-
ity than the granularity-based system with N = 3
and slightly lower quality compared to the other
granularity-based systems (although when [V is small,
larger fluctuations in quality are observed). All are
very close to the optimum. When the format used is
JPEG, seven versions are needed by the granularity-
based systems to reach the quality obtained by the
proposed dynamic system (this number depends on
the bitrate, and increases for lower bitrates).
As shown in Figs. 8, 9 and 10, although the Q,, of our
dynamic solution is, on average, significantly better
than that of the fixed-QF system for XHTML, the
fixed-QF system can be better under some conditions
for JPEG. However, these results hide a defect of the
fixed-QF system. For a sub-set of documents (slides),
we computed the optimal solution provided by our
dynamic method, the fixed-QF system and the ex-
haustive static system. As shown in Figs. 11 and 12,
overall, our dynamic method has the same behavior
as that of the exhaustive static one. On the other hand,
the @, results provided by the fixed-QF system are
highly variable. As shown in these figures, the curves
follow a certain periodicity due to the nature and
order of the documents submitted to the test. Actually,
the documents are created by varying the areas taken
up by images and text boxes. That is, in the first ten
documents, the area of images represents 10% of the
slide and the areas of text boxes vary from 10% to
100%. In the second ten documents, the area of images
is augmented to 20% and the areas of text boxes are
varied form 10% to 100%, and so on.

Of course the dynamic system’s performance is
highly dependent on the accuracy of the SSIM and
file size estimates. With more accurate estimates (and
a higher granularity of these estimates, limited here
to 10 x 10 tables from [17], [18]), the proposed system
could perform even better. We can also observe that
the estimated XHTML data are more precise than the
JPEG data (average deviation of about 1% for XHTML
compared to 6% for JPEG), and this is explained by
the fact that, in the XHTML solution, only the SSIM
of the embedded images and the relative file size are
estimated (not the textual parts, for which quality and
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size are known rather than estimated), whereas in the
JPEG solution, the estimated data are computed for
the whole slide.

It is important to note that we have been very
conservative in the performance evaluation of static
systems by assuming that the terminal could render
every received image. For example, in this scenario, it
was assumed that the static system with N = 1 would
send a 1058 x 794 JPEG image which, upon reception,
would then be scaled by the terminal to fit its screen
resolution. However, in reality, it is possible that none
of the versions generated by a static system will be
supported by the terminal (especially for low values
of N), providing another significant advantage to the

10 ——JPEG with static exhaustive system 4
JPEG with fixed-QF system
—JPEG with proposed dynamic system

~
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Fig. 13. Total delivery time computed for BR = 50
kbps, NL = 488 ms and a sub-set of slides. f = JPEG
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Fig. 14. Total delivery time computed for BR = 50
kbps, NL = 488 ms and a sub-set of slides. f =
XHTML

proposed system, as it sends only content the terminal
can support.

Although the fixed-QF dynamic system usually
provides good visual quality by setting QF = 80,
it has no control over the file size, which affects
the total delivery time, and therefore the Q,. This
aspect has been tested on the same set of slides
by computing, for each system, the total delivery
time. Figs. 13 and 14 show the total delivery time
required by each slide to be delivered when the format
used is JPEG and XHTML, respectively. In these two
figures, the proposed dynamic system provides a total
delivery time very close to that of the exhaustive
static system, whereas the fixed-QF system exhibits a
highly variable delivery time (more than 10s in some
instances).

Let us now examine the behavior of the stor-
age space needed for the versions created for each
transcoding system. To do so, the average file size
of the versions created by each system is computed
and plotted. Fig. 15 shows the average storage space
for the JPEG and XHTML versions. As expected, the
XHTML solution is very lightweight, as compared to
the JPEG. This is because only the embedded images
are rasterized in the XHTML solution, and not the
whole slide, as is the case with the JPEG solution.
As shown by the curves, our solution becomes in-
creasingly competitive as the granularity of the static
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transcoding systems increases. In this example, we
stated that when JPEG is used, seven versions are
needed to reach our estimated optimal adapted con-
tent. If the seventh system is used, the total storage
space that should be available is 487 KB on average,
whereas in our solution, only one version is created,
and only 55.5 KB is needed on average. This means
that nearly 9 times more space should be available to
accommodate the seventh transcoding system. In the
XHTML solution, three versions are needed to achieve
our estimated adapted content. In this case, the total
space needed is 75.8 KB. The latter is reduced relative
to that needed by the JPEG solution, but it is still
far more than what is needed by our solution (16.9
KB on average for only one version). Finally, for the
same example, ten versions (seven JPEG versions and
three XHTML ones) should be created by the static
transcoding systems, whereas using our solution, only
one version (JPEG or XHTML) is created.

Transcoding many versions is CPU-intensive, and
should be performed off-line, which is not always pos-
sible. In contrast, our dynamic solution provides near-
optimal adapted content on the fly, while the end-user
is still on-line. Overall, the proposed solution is very
attractive compared to the static transcoding systems
previously presented. It achieves a good compromise
between performance (little storage space and less
processing time) and good quality (close to that of
the exhaustive system).

In summary, when the bitrate is very high, there
is no significant advantage in terms of quality of
experience to select XHTML over JPEG for any of
the systems presented. However, XHTML is increas-
ingly attractive as the bitrate becomes smaller since
it always ensures crisp and readable text. For static
systems, XHTML requires, for a given Q, average
deviation, significantly fewer versions than JPEG and
less storage space. It also offers other advantages, such
as being able to edit text. Therefore, it is clear that
XHTML is, on average, a better format for sharing
presentations than JPEG. Even for the proposed dy-
namic framework, XHTML leads to more accurate Q,,
prediction and overall system performance. On a final

note, the proposed system is not only superior for
low bitrate connections, but for any situation where
a compromise between transport time and visual
quality is required (e.g., high definition content over
3G networks). Yet, it performs competitively in other
situations.

6 COMPLEXITY OF THE PROPOSED METHOD

In contrast with the exhaustive static system, which
requires 200 transcoding operations, the proposed
dynamic framework requires a single transcoding op-
eration (performed after estimation of the transcoding
parameters). To that, we must add the computation
of the @, array, which can be computed off-line;
QT and QE arrays, that are Performed at runtime,
and a look-up search in the Q, array. These added
computations are very light compared to a single
transcoding operation, and can be negligible on high-
end servers. The fixed-QF system also requires a
single transcoding operation, but, as shown, exhibits
a highly variable quality. The granularity-based sys-
tems require more than one transcoding operation
and are thus more complex. The proposed system
offers exceptional quality at minimal computational
complexity.

7 CONCLUSION

In this paper, we presented a novel dynamic content
adaptation framework applied to professional docu-
ments shared using Web technologies. The method
estimates, on the fly, near-optimal transcoding pa-
rameters based on the original content and its com-
position (areas occupied by text and images). We
have proposed a measure of the quality of experience
taking into account the visual aspect of the transcoded
content, in addition to the total delivery time. The
proposed measure, although useful, is mostly illustra-
tive, as the proposed framework is general, and can be
used with other quality measures. The validation re-
sults show that dynamic content adaptation based on
accurate prediction can provide a good compromise
between quality and delivery time, and drastically re-
duce storage requirements. Even though the proposed
framework is quite general, future research can be
performed to show and validate its applicability to
other professional documents such as Word and Excel.
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