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AbstractAbstract

his thesis analyzes the effects of saturation trends that appear
during production of web sites as their size grows and the number

of people involved increases. A simple mathematical model that much
such environment is proposed and used to identify the issues.

T
Next, the use of software design methodologies applied to work
organization backed up by a web publishing framework based on
XML technologies is presented as a solution. 

Finally, we describe the implementation of such framework and
identify a possible organization layout, indicating what technologies
can be used to enforce it in order to reduce the impact of growth
saturation and increase productivity and work quality in web site
production.
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IntroductionIntroduction

What is web publishing?

The Webster English Dictionary defines publishing as:

To make publ i c ;  t o make known t o manki nd,  or  t o peopl e i n
gener al ;  t o di vul ge,  as a pr i vat e t r ansact i on;  t o pr omul gat e
or  pr oc l ai m,  as a l aw or  an edi c t .

For many historians, the invention of writing has been one of the most important inventions for
mankind. It separates history from pre−history. This because it allowed knowledge to be
exchanged, and information to survive its creator.

This is a very important concept: oral communication is synchronous since it requires both the
speaker and the listener to be present when the communication takes place. Using writing, the
information is stored and can be used asynchronously, even if the writer is not around, or, more
important, is not even alive.

In oral communication, the concept of publishing was not present: the act of speaking automatically
involved the act of publishing information to all the listeners. With writing, this changes radically:
the act of writing and the act of publishing are well separated and generate the need for different
technologies.

In fact, the second most important invention, the press with mobile characters, does almost nothing
for writing, but it radically changes the concept of publishing. In fact, for the first time in history,
the act of publishing becomes industrialized.

This invention created another revolution: not only information can be stored and retrieved
asynchronously, but can also be copied with a fraction of the effort required. Not only the press
amplified the signal, but it allowed costs to be reduced and information to be much more widely
available to entire parts of the population that previously didn’ t have that chance.

Digital Publishing
With the advent of computers and digital technology, information could be stored in ordered
sequences of bits and it was not only limited to text, but also included sound, images, video, genetic
sequences, computer programs, etc..: everything that can be serialized into sequences of bits
becomes digital information and can be copied and published in the exact same way.

This fact greatly simplifies the concept of publishing since the same technology that is used to
publish and distribute one type of information (in this case "digital") can be used to publish every
information this broad type can convey. It creates a common denominator that can be used to
transmit all sorts of information to all sorts of media and even mixing them ("multimedia").

The other great advantage of digital information is the relatively high resistance to copy
degradation: digital copies are guaranteed to be bit−by−bit identical to the original, thus removing
the original concept of a copy which implicitly meant signal degradation.

But the most significant impact of digital information comes from the reduced marginal costs of
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copying the information. In fact, making a digital copy is a matter of creating another ordered
stream of bits using the original as instructions for the copier, which must simply turn the state of
the created bits depending on the original stream.

While it is true that digital publishing has the advantage of having reduced marginal costs for
copies, it is generally false that this, alone, allows these costs to tend to zero, even for great
volumes.

The problem is that as long as digital information is distributed on hardware supports (optical disks,
magnetic disks, magnetic tapes, etc.), these all have fixed costs that can never be removed.

Networks as Costless Support
One of the solutions to remove the need for storing local copies of the information is having direct
access to the location where this information is permanently stored. The client/server paradigm and
the existence of digital networks allowed information to be kept in a single location and copied on
request, streamed over the requesting client and consumed by the client with no fixed costs
associated with the copy.

The fixed costs were now associated with the existence of the network and the maintenance of the
information but are now independent (at least on a first approximation) on the number of copies
requested.

For the first time in history, information can be published with marginal costs per copy which tend
to zero very rapidly and present costs only on higher orders (for example, with bandwidth, memory
or computing power limitations).

While digital publishing cannot be considered by itself any different from analog publishing (in
fact, the record industry didn’ t change much from selling analog LPs to digital CDs) apart from the
quality of the copy and the reduced marginal costs, it is along with digital network and direct
streamed transport that digital publishing unleashes its full power.

The Need for a Distributed Information System
It was the ’80s when the scientific community reached the technological ability to connect all
computer networks in the world (what is now known as the internet) and allow digital information
to be published at no marginal cost per copy, but soon faced the problems associated with this new
publishing medium.

The challenge faced was new: all existing information systems were highly centralized while the
internet protocols showed that a stable and scalable solution for network systems required heavy
distribution and lack of single points of failure or growth bottlenecks.

Following these principles, in the early ’90s, a team of computer scientists lead by Tim Berners−
Lee (at that time at CERN in Geneva, Switzerland) created the what is now known as the World
Wide Web (WWW) or simply the web.

Berners−Lee and his colleagues started from the concept that in order to allow distribution to take
place, such information system should be flexible yet focused, easy to implement and easy to
deploy, both on the server side and on the client side. 

The other important concept was uniform resource identification: each source of digital information
became, for the web architecture, a resource with a unique identifier (Uniform Resource
Identifier [URI]) and each resource, given the identifier, could be retrieved using a stateless (thus
easier to implement) protocol named HTTP (HyperText Tranfer Protocol [HTTP/1.1]).

2
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These two technologies (URIs and HTTP) represent the foundation of the web because they
provide a unique and fully scalable addressing scheme along with a way to access the indicated
information.

Given this technology, publishing something on the web means to create a resource that wraps that
information and to make known its identifier.

While URI and HTTP provided the ability to publish any digital information and make it accessible
from the entire internet, alone they would have made a very poor technology from a usability point
of view: they would have been able, in fact, to create nothing but a list of unconnected resources,
making the browsing experience very poor.

The third key concept in the web architecture is hyperlinking: the ability to connect a resource, or
parts of it, with another. This is the reason for the definition of this information system: the world−
wide web is a uniformly addressable collection of digital resources which can be linked one another
and retrieved indistinguishably from all over the world.

The three concepts together create a web of information which can be browsed by everyone who
has access to the internet. The ability to hyperlink resources creates the concept of a web site: a
collection of resources which are stored in the same host.

The URI scheme, in fact, is composed by three main parts (plus other additional details which don’ t
matter in this introduction):

pr ot ocol : / / host / r esour ce 

where
� protocol indicates the protocol used to obtain the resource (for example, "http"). In short,

indicates to the retrieving agent (the browser or similar) how the resource should be
requested.

� host indicates the unique identifier of the machine which hosts the resource. This identifier
can be an internet IP address (which is a number) or a host name identifier, which can be
looked up by special internet systems (DNS) and translated in its IP address. 

� resource identifies the resource on that host.

The combination of the three elements allows URI schemes to be totally scalable because each host
name is guaranteed to be unique by the internet naming authorities which regulate both the IP
addresses and the domain names.

It is then sufficient to regulate the resource mapping scheme within the site to create a persistent
and one to one relationship between a particular digital resource and its uniform identifier.

HTML Glues the Pieces Together
The original intent of the world−wide web was to create a simple way for scientists all over the
world to publish their information and make it available to the rest of the scientific community.

In order to make the system scalable, the responsibility of updating and maintaining the
information should have been distributed as well, optimally, placed directly on the information
owner’s shoulders.

In order to do this, the web architects understood the need for a simple textual language that
allowed scientists to write and publish their information directly and have access to the
hyperlinking capabilities that the web architecture gave them.

This language was created with the name HyperText Markup Language [HTML] and was born with
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the intent of allowing non−technical people to author their own information resources (also referred
to as pages, even if this is somewhat semantically incorrect) without the need for special tools.

To meet the proposed goals, the format should have been textual, and not binary, to allow any text
editor to edit the resource. Moreover, the syntax should have be friendly and as intuitive as
possible, making it really simple for everyone to grasp the ideas behind the design without a full
understanding of network technologies or other technical details.

The choice went to the syntax already defined by an ISO standard called Standard Generalized
Markup Language [SGML] which was already used extensively in centralized information systems.
HTML started as a simple language to describe how information should be displayed on the user
screen, along with hyperlink information.

Here is an example of a simple HTML file:
<ht ml >
 <head>
  <t i t l e>Thi s i s an HTML page</ t i t l e>
 </ head>
 <body>
  <p>Thi s i s a par agr aph</ p>
  <cent er >
   <p>Thi s i s a cent er ed par agr aph</ p>
  </ cent er >
  <p>Thi s i s a <b>bol d</ b> wor d</ p>
  <p><a hr ef =" ht t p: / / mysi t e. com/ " >Thi s i s an hyper l i nk</ a></ p>
 </ body>
</ ht ml >

The syntax is very easy to grasp even without reading any manual or technical documentation and a
few tries are sufficient for people to start modifying existing pages or create new ones.

Today’s Web
Today, the World−Wide Web is the biggest and most used informative system ever known to
mankind. Millions of individuals use it for many different things that range from finding
information to shopping, from checking their bank accounts to chat with remote friends.

The web architecture has proven itself to be incredibly successful in allowing individuals and
organizations to publish and make available their content on the web by reducing their marginal
costs virtually to zero.

This allowed the number of resources available on the web to grow exponentially with time.

At the same time, the unforeseen success of the web in environments which it was not designed for,
shows design limitations and second order effects that might limit its further evolution.
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The problem of Growth SaturationThe problem of Growth Saturation

Expanding the Original Web Model

he web was designed to allow individuals or small groups of individuals to publish and
exchange their information at very little total costs and virtually no marginal cost per published

copy. The public information on the web was freely available and reflected the spirit of the
scientific community which is based on information sharing rather than information selling.

T
But as more people got connected to the internet, the web started to appear as a virgin commercial
landscape and ventures started to trying business models to make profit out of web publishing,
attracted by the virtually eliminated distribution costs.

The most used way to make a profit out of web site followed the TV business model: advertising.
Web sites started to provide services to attract people and advertise themselves as information
portals that allowed them to obtain whatever information they wanted simply going thru their site
gates.

Then, they sold themselves as advertising space to other companies.

This trend was driven by commercial needs but also increased the overall usability of the web
allowing more and more non−technical people to find what they needed on the web and helped
turning the web into the hub where all information can be retrieved and exchanged.

The original web model was designed around the notion of a highly distributed information system
where each information resource was managed by a single person or a small group of people.
HTML was designed exactly with that purpose in mind and it has proven itself great in those cases
where the information follows this distribution.

On the other hand, portal−like sites created information clusters by placing continuously more
resources into the same site in order to attract more people and show higher hit rates to increase
their commercial value.

Growth Saturation
HTML was designed for small sites and made simple to allow non−technical people to be able to
manage and author web pages directly.

For this reason, in the original HTML model there is no notion of those separate skills that are
required to author a web page: all these skills were needed, but expected to be found in the same
person that does the authoring job.

But as soon as more information is added and the complexity of the site grows, one person is not
able to manage it alone, thus more people is needed to author, update and manage that information. 

Normally, these people have different skills and search different types of satisfaction in their work,
but since most existing web technologies were designed around the original HTML model, thus
with individuals in mind, these differences are not reflected in the design of the technology that
drives web publishing.

The original HTML model was designed to scale globally, but wasn’ t designed to scale locally,
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where for local scalability we mean the ability of several individuals with different skills to
collaborate for the creation of the published information.

As early as the first commercial web sites were born, it appeared evident that three major different
skills were required: those regarding the technological details that allowed web publishing to take
place, those regarding textual content editing and those regarding visual content creation (such as
layout, style, etc.).

Since the HTML model wasn’ t designed around this concept, no architectural help was originally
designed to allow these groups to work independently from one another. Rather the opposite: in
many circumstances, they were forced to work on the very same resource, with all the problems
associated with concurrent access on the same information.

The first obstacle was found between content editors and graphic designers which shared the same
canvas to draw their information, but their contributions were intermixed in the same page.

As an example of this, the following is a page that contains virtually no style information but only
textual content:

<ht ml >
 <head>
  <t i t l e>Some News page</ t i t l e>
 </ head>
 <body>
  <h1>News</ h1>
  <p>
   <a hr ef =" ht t p: / / www. some. si t e. com/ " >
   <st r ong>Thi s i s t he f i r st  news! </ st r ong></ a> − 
   <st r ong>10 Oct  2010</ st r ong> − 
    Bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah.  
  </ p>
  <p>
   <a hr ef =" ht t p: / / www. anot her . si t e. com" >
   <st r ong>Anot her  i ncr edi bl e news! </ st r ong></ a> − 
   <st r ong>13 Feb 2120</ st r ong> − 
    Bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
    bl ah.
  </ p>  
 </ body>
</ ht ml >

and here is how is rendered by a web browser:
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and this is another page which is equivalent from a textual content point of view but much more
complex:

<ht ml >
 <head>
  <t i t l e>Some News page</ t i t l e>
 </ head>
 <body bgcol or =" #f f f f f f " >
  <cent er >
  <t abl e cel l paddi ng=" 0"  cel l spaci ng=" 0"  bgcol or =" #000000"
         wi dt h=" 100%"  bor der =" 0" >
   <t r >
    <t d>
  <t abl e cel l paddi ng=" 5"  cel l spaci ng=" 2"  wi dt h=" 100%"
   bor der =" 0" >
  <t r >
   <t d bgcol or =" #F0F0F0" >
    <t abl e cel l paddi ng=" 3"  cel l spaci ng=" 0"  wi dt h=" 100%"
           bor der =" 0" >
     <t r >
      <t d al i gn=" cent er "  wi dt h=" 100%" >
       <t abl e cel l spaci ng=" 10"  wi dt h=" 100%"  bor der =" 0" >
        <t r >
         <t d wi dt h=" 100%"  val i gn=" t op" >
          <t abl e cel l paddi ng=" 0"  cel l spaci ng=" 0"
                 bgcol or =" #000000"  wi dt h=" 100%"  bor der =" 0" >
           <t r >
            <t d wi dt h=" 100%" >
             <t abl e cel l paddi ng=" 4"  wi dt h=" 100%"  bor der =" 0" >

7
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              <t r >
               <t d al i gn=" r i ght "  bgcol or =" #C0C0C0" >
                <bi g><bi g><b>News</ b></ bi g></ bi g>
               </ t d>
              </ t r >
              <t r >
               <t d al i gn=" l ef t "  bgcol or =" #E0E0E0" >
                <a hr ef =" ht t p: / / www. some. si t e. com/ " >
                <st r ong>Thi s i s t he f i r st  news! </ st r ong></ a>
               </ t d>
              </ t r >
              <t r >
               <t d al i gn=" l ef t "  bgcol or =" #f f f f f f " >
                <st r ong>10 Oct  2010</ st r ong> − 
Bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah.
               </ t d>
              </ t r >
              <t r >
               <t d al i gn=" l ef t "  bgcol or =" #E0E0E0" >
                <a hr ef =" ht t p: / / www. anot her . si t e. com" >
                <st r ong>Anot her  i ncr edi bl e news! </ st r ong></ a>
               </ t d>
              </ t r >
              <t r >
               <t d al i gn=" l ef t "  bgcol or =" #f f f f f f " >
                <st r ong>13 Feb 2120</ st r ong> − 
Bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah
bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah bl ah.
               </ t d>
              </ t r >  
             </ t abl e>
            </ t d>
           </ t r >
          </ t abl e>
         </ t d>
        </ t r >
       </ t abl e>
      </ t d>
     </ t r >
      </ t abl e>
     </ t d>
    </ t r >
   </ t abl e>
  </ t d>
 </ t r >
</ t abl e>
</ cent er >
</ body>
</ ht ml >

which is rendered on a web browser as
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The result of forcing different people to work on the same file is that more and more time is spent
on managing the collisions due to concurrent work on the same information: the more workforce is
added to the job, the more energy is wasted in managing collisions, the less productive becomes
each single person.

This concept can be extended on the entire site information system: the more complex the site
becomes, the more people it needs to manage, maintain and extend it, the more energy is wasted on
managing the collisions.

If no management or architectural system is placed to coordinate the work of the different skilled
groups, the entire site may reach a point where marginal productivity (the productivity of a new
person added to the stuff) reaches zero.

This effect is what we indicate as growth saturation.

The graph above explains the concept in more detail: growth starts to saturate as soon as adding
more people reduces the productivity of each person. In fact, the marginal productivity can be
defined as the derivative of the people/size curve and it tends to zero as the number of people grows
to meet new production requirements.

9
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Understanding the Reasons Behind Growth Saturation
To understand the reasons behind growth saturation, we propose a simple model where the work
activity of each individual is distinguished in two efforts: direct and indirect.

The direct production effort is the work energy that is transformed into the product and makes it
possible to produce it. The indirect production effort is everything that is not directly related with
the product (it’ s not directly included in the finally shipped product) but it’ s necessary for
production to take place.

A saturating trend appears when the addition of new people increases everybody’s indirect effort.

We now introduce a simple model to show how these saturating trends appear: first, we simplify
the model by supposing that each individual that participates in production works for the same
amount of time. This time is spent in both direct and indirect production efforts. 

In order to be able to accomplish its job, each individual requires information from its environment
and obtains it by sending messages to coworkers which returns a response only if they know the
answer.

The individual that sends a message is stalled by the lack of information and cannot do anything
before the necessary information is obtained.

On the other side, the receiver of the message may ignore the message after having spent a fixed
amount of time reading it or spend a fixed amount of time processing it and returning the
information. Only one person is responsible for processing each message.

Given a working environment of 8 hours/day total work time per individual, 1 minute the average
time required to read a message, 10 minutes to process it, we analyze different people/size graphs
depending on their behaviors.

Environment with Message Broadcasting and High Overlap

In such an environment, each individual doesn’ t know who is responsible for processing his
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messages and for this reason it needs to broadcast them to everyone in the group. Moreover, the
technology used for production imposes a high degree of overlap where the number of messages
grows linearly with the amount of people involved.

The following equation yields the amount of minutes that each individual can dedicate to direct
production given the number of people in the working group:

Dt  = 8* 60 – 1* ( n–1) * n − 10* n – 10* ( n–1) * n/ n
Tot  Dt  = Dt  *  n

where
8* 60 = mi nut es of  t ot al  wor k t i me
1* ( n–1) * n = t i me spent  r eadi ng r ecei ved messages
10* n = t i me spent  i dl e awai t i ng f or  message r esponses
10* ( n–1) * n/ n = t i me spent  r espondi ng t o messages

the following table and graphs show the values for Dt and Tot Dt given n

which indicates that such an environment has a saturation point of 15 people and the maximum
direct time of the team (thus the maximum in productivity) is reached with 8 people.

Even if this is just an example given with hypothetical environment parameters, there is evidence
that such a working environment is intrinsically destined to early saturation and cannot locally
scale.

Environment with Message Broadcasting and Limited Overlap

Like in the previous environment, each individual doesn’ t know who is responsible for processing
his messages and still needs to broadcast them to everyone in the group. However, in this case, the
technology used for production enforces better separation between the work done by the individuals
and the number of messages grows only with the square root of the people in the team.

The following equation yields the amount of minutes that each individual can dedicate to direct
production given the number of people in the working group:

Dt  = 8* 60 – 1* ( n–1) * sqr t ( n)  − 10* sqr t ( n)  – 10* ( n–1) * sqr t ( n) / n
Tot  Dt  = Dt  *  n

where
8* 60 = mi nut es of  t ot al  wor k t i me
1* ( n–1) * sqr t ( n)  = t i me spent  r eadi ng r ecei ved messages
10* sqr t ( n)  = t i me spent  i dl e awai t i ng f or  message r esponses
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Figure 4 − Total Team Direct Time
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Figure 5 − Direct Time per Individual
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10* ( n–1) * sqr t ( n) / n = t i me spent  r espondi ng t o messages

the following graphs show the trends for Dt and Tot Dt given n

which yields a saturation point of 49 people and a maximum direct time point of 27 with the exact
same parameters (thus individual productivity) of the previous environment.

Environment with Direct Messaging and No Overlap

Unlike the previous environments, each individual knows who is responsible for processing his
messages and doesn’ t need to broadcast them to everybody. Moreover, the technology used for
production enforces a complete separation between the work done by the individuals and the
number of messages doesn’ t depend on the team size.

We assume an average of 5 messages a day as an example.

The following equation yields the amount of minutes that each individual can dedicate to direct
production given the number of people in the working group:

Dt  = 8* 60 – 1* ( n–1) * 5 − 10* 5 – 10* ( n–1) * 5/ n
Tot  Dt  = Dt  *  n

where
8* 60 = mi nut es of  t ot al  wor k t i me
1* ( n–1) * 5 = t i me spent  r eadi ng r ecei ved messages
10* 5 = t i me spent  i dl e awai t i ng f or  message r esponses
10* ( n–1) * 5/ n = t i me spent  r espondi ng per t ai ni ng messages

the following graphs show the trends for Dt and Tot Dt given n
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Figure 6 − Direct Time per Individual Figure 7 − Total Team Direct Time
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which yields a saturation point of 78 people and a maximum direct time point of 39.

The Economical Aspect
The figures presented so far don’ t present a direct economical value, for this reason we now add a
simple economical aspect to the model by supposing that each individual costs 100$/day. The
results are summarized in the following table:

Assuming that production power is function of direct time only, the first we note is that the third
and optimal environment is roughly 3,5 times more productive than the first, but it costs 5,6 times
more, while the second is almost 3 times more productive but it costs 3,5 times more.

Another interesting aspect is the percentage of time spent on direct production which, rather
counter−intuitively, lowers with the messaging efficiency.

But presenting data in such table may be misleading: in fact, we are comparing the values at
MDTP. The following table compares the three environments at the same people number which is
the MDTP for the first one:

The picture changes rather significantly: reducing overlap and decreasing the necessity for people
to exchange messages in order to accomplish their work has boosted their productivity by 48%.
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Figure 8 − Direct Time per Individual Figure 9 − Total Team Direct Time

Table 1 − Summary at MDTP

Env 1 Env 2 Env 3
Maximum Direct Time Point 8 26 38
Maximum Direct Time 2192 6565 7460
$/min at MDTP 2,92$ 10,3$ 19,36$
Direct/Indirect time % at MDTP 57.08% 52.60% 40.90%

Table 2 − Summary at 8 people

Env 1 Env 2 Env 3
People 8 8 8
Total Direct Time 2192 3257 2810
$/min 2,92$ 1,96$ 2,28$
Direct/Indirect time % 57.08% 84.83% 73.18%
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Conclusions on Growth Saturation
Even if the model presented is very simple and can rarely apply as is to reality, we believe it’ s
useful to show how growth saturating trends appear no matter how efficient and organized a
working group is.

We believe this is intrinsically tied to the nature of the task−force organicistic model [Law73] and
shows an evident parallel with the saturating trends shown by peer−2−peer systems [Rit00].

But the most important aspect shown by this analysis is the importance of reducing the amount of
synchronization required when there is overlap and information must be exchanged between
individuals to coordinate their access to the concurrently used resource.
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An Optimization StrategyAn Optimization Strategy

Divide et Impera

he model chosen in the chapter above to describe a team of coworkers highly resembles those
found in the description of computer networks. It is, in fact, common knowledge that a

completely connected network is economically unfeasible because the number of connections grows
with the square of the number of nodes, or precisely, as n( n−1) / 2.

T
A good parallel can be drawn between such a model and the ethernet network technology. In such a
widely popular technology used to connect local area networks of computers, each node transmits
data packets of fixed length over the wire when it is required to do so. If the wire is not used
(means: no packet is being transmitted) the packet is received and all is well. Otherwise, a collision
is detected and the two have to retransmit the packet after a random delay to reduce the case of
further collisions.

Such a technology can be modeled with the same completely connected graph that we used to
model our working environments. In fact, as all system administrators know very well, the number
of computers that can be directly connected to an ethernet cannot exceed a few decades (30−40)
without suffering extreme performance degradation (or even total loss of transmission).

In our model, collisions were represented by the necessity of working on a shared resource, which
required exchanging information and creating delays for their processing.

The most used solution to reduce these collisions and avoid severe performance degradation is the
use of special network devices called switches which are responsible for physically isolating one or
more networks and behave as filters.

The switch is capable of knowing if a packet cannot be handled by the network where it was
generated and must be switched and passed over to the other network. At this point, is important to
note that switching does not automatically reduce the chance of network collisions, but does so only
if the number of data packets to be switched is generally lower than the number of packets that are
processed in the same network where they were created.

In fact, switches are effective if they partition a network in more subnetworks that have a higher
chance of requiring communication (normally departments or rooms or floors).

This strategy reduces collisions since the switch physically isolate the two networks and if two
transmissions happen in the two networks and are handled by the same network where they were
generated from, the switch remains silent and the two networks can accomplish transmission in a
totally parallel way.

On the other hand, the two networks are physically separated, but logically connected, thus
allowing the establishing of communication between the two networks transparently, as they were a
single network.

Partitioning by Concern
The strategy used in the ethernet case can be abstracted using the software engineering concept of
separation of concerns (see Appendix A for more details).
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The act of partitioning a network in subnetworks where higher chance of requiring communication
is encountered can be more generally interpreted as the act of partitioning a given space into
concern islands.

A concern island is a set of entities that share the same concerns.

For this reason, the entities that belong to a given concern area are much more likely to require
interaction with other entities in the same concern island rather than entities that belong to other
islands, thus exhibiting different concerns.

SoC is a concept that is normally applied in software engineering to allow systems to be
componentized, minimize cross−talk and standardize the ways components collaborate to create the
system.

Noting the parallel between the topological solution used to reduce the connections in fully
connected graphs and the concept of modularization, we suggest the use of the same optimization
strategies applied to human resources, physically isolating people that share the same concerns but
allowing logical connection between these concern islands thru the use of peers that are responsible
for routing out of the concern island those connection requests that cannot be handled inside the
concern island. 

It must be noted, however, that by physical isolation between concern islands we do not mean that
people are physically located in different rooms, floors or buildings, but that the work done in one
concern area can be performed without requiring intensive interaction between other concern
islands.

While it is common practice to physically isolate working groups with different skills and concerns,
the importance of analyzing if their work is truly isolated is generally overlooked and its impact on
productivity and general work quality greatly underestimated.

For this reason, we believe that the concern analysis and the engineering of their separation must be
performed both at the human level (skills, capacities, attitudes) but also at the underlying
technological infrastructure, especially in high−tech working environments such as those required
by the creation of complex web sites.

Concern Overlap and Mismanagement Bottlenecks
Just like the use of switches doesn’ t increase network performance by itself, but it requires a wise
network partitioning that reduces the need for intra−subnetwork communication, concern overlap is
responsible for forcing one person in one group to require to communicate with another in another
group.

The equivalent of switches in our working group model are project managers (or project
coordinators) which act as connectors between working groups and are responsible for that group
with the rest of the company.

Project managers should be responsible for logically connecting the different groups together and to
route those incoming messages to the correct people that should (or simply can) process them.

While it is pretty easy to partition a company in divisions or groups which are well separated and
well balanced in the number of people and managers involved, it is generally ignored (or
underestimated) the impact of technological constraints used for production and how this
technology might impose concern overlap that are not reflected in the organization graph.

When such thing happens, the number of messages that need to be exchanged between groups is
very high and since it’ s forced to pass thru the manager, it may soon become a bottleneck for the
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work of the two groups and might be bypassed in order to required the necessary bandwidth
between the two groups.

Since these circumstances where managers become bottlenecks are easily observable, it is easy to
blame the manager’s inability and to believe that the problem is personal and not structural.

On the other hand, we have shown how a perfectly balanced organization diagram might be
misleading since the real separation of concerns happens at technological level and it’ s quite
common that this remains unnoticed at higher management levels.

In fact, having a technological architecture that forces concern overlap between different working
groups not only exhibits bottlenecks at group management level, but also shows an interaction
diagram that tends to the topology of fully connected graphs. In this case, the entire company
exhibits a saturation trend that follows those described in the previous chapter and thus show that
even if perfectly managed (which is normally not the case if high overlap exists) the productivity
cannot scale above a certain point.

Framing Concerns
We have reached an important result: one of the possible strategies to avoid the effects of growth
saturation is the application of separation of concerns at the organization level.

But we believe this is generally useless if not backed up by an equivalently well−balanced
separation at technological level which is responsible for allowing different working groups to
operate in parallel without requiring synchronization on concurrent resources or frequent updates
on their status.

We also believe that the lack of such separation enforcement at technological level is responsible
for establishing interaction requirements which are very similar to a fully connected graph, thus
making management perceived as unnecessary (since communication between groups tend to
happen at horizontal level to increase communication efficiency) and productivity exhibits the
saturation trends very similar to those exhibited by single and fully connected groups.

It is interesting to note that growth saturation starts to be perceived as a company requires more
productivity and starts employing new people. When this happens, the company organization
diagram is already established, as well as the technological assets. This is because the need for an
increased productivity reflects a previously successful behavior of the company, so that new
products/projects are to be developed.

It is at this point (normally when the maximum direct time point is reached) that the saturation
effects become effective and start reducing significantly the amount of production power and
requiring more people (and more expenses) than previously accounted for.

When this happens, it is generally considered more economically feasible to continue adding more
resources to production rather than reconsidering how the work is organized both at management
and technological level.

In those cases where high management is capable of perceiving the effect of growth saturation and
propose architectural changes, they are normally focused at the organization level (repartitioning
the working groups, changing managers, reassigning duties) rather than at the technological level. 

Moreover, in those cases where the technological level is conceived as an architectural limit to
productivity growth, technological changes are normally not reflected by proper organization
changes and may turn out to be totally ineffective due to the lack of synchronization between the
two aspects.
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For this reason, we reach the conclusion that in order to avoid the problem of growth saturation,
both the technological and the organizational architecture must be adapted to productivity needs
and to the number of people involved.

This said, it must be noted how design ideas behind current web technologies almost never take
these conclusions under consideration: this results in a continuos mismatch between organizational
solutions and technological solutions and leads to a permanent feeling of mismanagement in
production groups that become successful and need to scale.

It is obvious, at this point, to conclude that it is necessary to design a technological framework that
is centered around these abstract considerations and provides a way for the two levels
(technological and organizational) to work together and improve overall production scalability.
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Framework DesignFramework Design

Applying SoC to Web Publishing

e have seen how the application of software engineering concepts like separation of
concerns to the engineering of workgroups organizations can be used as an optimization

strategy to reduce the effect of wasted production energy and limit growth saturation.
W
Even if we believe this is a general concept and can be applied to almost all production
environments, we now focus out attention on web site production and outline the design of a
technological framework that can implement that separation at technical level which we consider
necessary in order to reduce the effect of growth saturation.

The principles of SoC applied to human resources indicate that each individual exhibits different
concerns that are normally associated with its skills, attitude or past experience.

In order to allow the separation of these concerns into different workgroups, the problem space
must be analyzed and the concerned required for the solution of the problem indicated and
explained.

Then, each concern island must be connected with the others with appropriate contracts which
must be backed up by appropriate technological solutions.

Our analysis will focus on the production of medium/big web sites where information clustering is
evident and therefore far from the original web development model of individual information
owner and maintainer.

The Flat Concern Layout
A first and rather simple analysis divides web site production in three major concern islands
depicted in a flat hierarchy and driven by skill separation:

Content

The content island gathers those concerns that regard the authoring and editing of all the human
created information that is published. 

This information can be text, audio, video or all sorts of media that requires direct human
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intervention for its creation. An example of such content is the text contained into an article, while
a news−feed that is retrieved from an external resource and does not require human intervention
from this side must not be considered content but rather raw data that is available to the system.

The typical skills required in such concern island involve the capacity to author, edit, translate,
adapt or otherwise process or create information to be published. 

In the original web model, the people working in this concern island are the equivalent of the
content owner, which was responsible for both creating, maintaining and publishing its
information.

In bigger sites, they are responsible for the creation and maintenance of the internally human
created content but should not responsible for their publishing since it involves skills and concerns
that belong to a different concern island.

The same can be said for all the raw information that is available to the web site but does not
require direct human editing.

Style

The style island is responsible for presenting the information that has to be published.

This includes the creation of all the art work and visual appeal that give both recognition to the site
and a pleasant look to the published information.

The artistic concerns of publishing involve completely different skills than those required to author
the published information and for this reason they should be kept completely separate.

In fact, those skills mainly involve drawing, esthetic sense, color matching, knowledge of human
perception and everything that requires a direct interface to the human user.

Logic

The logic islands is responsible for all the automatically generated information that can be either
directly published or given as raw information for the content authors. 

It is also responsible for implementing all the technological details that allow user interaction, data
generation, data storage and replication and all the technological details that support the act of
publishing in general.

The required skills are purely technological, ranging from direct programming to system
integration.

Crosscutting Concerns
Even if this partition of the problem space is simple, attractive and would represent itself a major
improvement over the old web model, it has a major drawback in its flatness: each concern area is
responsible for an important part of the production, but none is on top of the other.

The tree production areas operate to produce what’s required for the web site, each one in its
specific context, but there is no concern area that has a global view and drives the publishing
process.

A symptom that the above concern layout is not sufficient can be identified in the number of
crosscutting concerns: these represent concerns that are shared between different islands and all of
them can claim jurisdiction on the problem.

The presence of crosscutting concerns can rarely be avoided, but a good concern layout must try to
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eliminate the overlap between concern islands especially if it involves important production
problems.

And this is the case with the above model, in fact, a number of problems cannot be automatically
placed into one of the three areas:

Design and Maintenance of the URI Space

The importance of a good design of the URI space is generally underestimated but modern and
scalable web sites cannot avoid spending resources on this topic (see Appendix C for a deeper
analysis). Unfortunately, this is a realm that cannot be easily applied to the flat model proposed
above.

In fact, both the content and logic areas can claim jurisdiction on the problem. The first because
hyperlinking is generally considered part of content authoring and the second because the URI
space is generally managed by the web server, thus the technological infrastructure.

The implicit mistake here is that the URI space represents one of the strong contracts not only
between the different concern islands responsible for the site production, but also with the users and
with all the other sites on the web.

Content Aggregation

With the flat layout we have identified two different types of information: raw (which means
automatically generated or acquired from external resources) and cooked (which stands for
information that is created by direct human intervention). 

While information is more often divided in static and dynamic, we believe that with the advent of
complex web technologies, the different between static and dynamic doesn’ t necessarily mean
human created and machine generated as it used to be.

However, even this distinction between human edited and machine generated information is not
enough since as site complexity grew, published information started to be a mix of the two types
that were aggregated by the publishing system following some layout indications.

Following the newspaper model where the journalist is not responsible for creating the page layout
but only the content of the articles, it is intuitive that editors and page composers have different
concerns and should be hierarchically distinguished.

Flow Design

The web started as a GET−only media where people requested resources and servers served them,
but the capabilities of HTTP to POST information to a resource allowed the creation of more
complex interaction.

Such interaction is identified by the resource flow, a diagram that indicates the logic connections
between resources along with the different states that they can have.

In the flat model, the skills required for flow design and the concerns associated to it are equally
spread between the three groups. In fact, the content island might want to control the flow because
they consider it directly associated with the content published, the logic island finds it natural to
control and design the flow because intrinsically driven by the publishing system and the style
island might want to influence it as well because of esthetic reasons such as pagination or
readability.
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An Improved Concern Layout
The list of the crosscutting concerns found in the flat concern layout outlines these problems:
� A flat layout is unable to drive efficiently the production process because it doesn’ t remove

overlap for a number of important activities.
� Simply adding a management group on top to guide these overlapping activities doesn’ t solve

the issues because it doesn’ t separate the concerns and it’ s very likely to reduce efficiency by
creating bottlenecks rather than improve it.

� There is no central authority that creates and modifies the contracts and has sufficient
technological ability to shape the technological layer to match the management requirements.

For all these reasons, it becomes natural to extend the original model by adding a new concern
island that we identify as the design island that is responsible for establishing the skeleton and the
structure of the site and for establishing and controlling all the contracts that allow the other three
islands to work independently.

With this new layout, those issues that could not be solved without dealing with concern overlap,
can now be fully dealt with without requiring any concern island to work concurrently or fight over
control of the contracts.

In fact, this design island is not only responsible for creating the contracts and maintain them, but
should also guide the integration process between the work done by the other islands below.

With the introduction of such concern layout, not only a natural hierarchy is established, but it
allows the overall production activity to be able to concentrate on vital issues such as usability
which naturally crosscut all concern islands.

Therefore, the skills required in the design island should be a mix of all the skills required to
understand, design and implement the global publishing requirements. Thus it must include both
usability experts, system architects and content redactors.

A single marketing−production channel
So far we have outlined the separation of concerns required for the actual production of the site and
we haven’ t dealt with the purely economical aspects of the problems.

With the introduction of a design island on top of the other three, we have created a natural
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communication channel between the production area and the marketing area. 

With a flat hierarchy, there is no single communication channel between marketing and production.
This fact not only makes it harder to communicate ideas, issues and solutions between the two
areas, but also increases the amount of overlap between the concern islands of the production area
because there is no single referent.

This is a very important concept: both the economical and operational aspects are necessary for the
maintenance of the site but represent different souls and normally go in different directions.

A vivid example of this is the need for more advertising space required from the economical side
and the need of more pleasant user experience from the design side. In this particular example, it is
interesting to note that a more pleasant user experience is very likely to increase visits, thus
allowing the site to increase its overall advertising space as well as its visibility, but these concepts
are rarely adopted because of the difficult communication between the two areas and the lack of a
single communication channel between the two.

Limitations of This Approach
We have seen the benefits of an intrinsic hierarchical approach, but it also exhibits some
limitations:

Difficult reshaping of existing structures

It is easy to imagine that existing flat structures will have a hard time accepting a new structure
where they automatically loose their power and visibility at the expense of another level of
indirection. This is evident especially considering that all the design decisions (which are normally
considered the valuable part of the production) are removed from the existing islands.

Necessity of wider skill diversity

While the flat structure is inherently focused on separating people with different skills, rather than
reducing concern overlap, the introduction of the new design island fully separates concerns but
forces the group to be composed by people with skills previously found in different groups.

The Necessity of a Technological Foundation
So far we have identified a concern layout that allows all of the important web site production
problems to be easily associated to a precise concern island.

But it must not be forgotten that architecting separation of concerns at the organization level is not
enough to overcome the effects of growth saturation unless a solid technological foundation permits
such concern separation to remain so in practice.

This is the key point: a work organization that doesn’ t match the way the people actually operate
and interact is not only an academic exercise, but also increases costs by forcing people in a
structure that doesn’ t follow the natural way they would work if free to organize themselves.

This is somewhat equivalent to the chicken/egg problem: the work gets organized to allow people
to work the way they find natural for their skills and background. Unfortunately, the technology
around web sites wasn’ t designed for teams but for individuals and it comes out that some major
issues (that we identified as design’s concerns) don’ t appear naturally important because web
technologies don’ t guide the work in that direction.

Seen from this angle, it appears evident that in order for the proposed work organization to function
and appear natural to the people involved, the underlying technologies must be designed in order to
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give the proper result to these issues. Only in this case, a work organization based on separation of
concerns and well defined (and technology driven) contracts can both appear natural to the people
that make up the workgroup and reduce the effects of growth saturation.
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Enabling TechnologiesEnabling Technologies

The First Step Toward Implementation

The concepts outlined so far would remain purely academic if not backed up by a software
implementation.

A few constraints were identified:
� Portability: in order to achieve the maximum possible range of uses, as well as to maximize

reuse of existing technological facilities, the software should not be tied to a particular hardware
or operating system or commercial software.

� Interoperability: the implementation should allow interoperability with both existing
technologies (back compatibility with legacy applications) as well as providing future
compatibility.

� Extensibility: the software should be extensible in order to provide a mean of personalization or
enhancement without compromising the other constraints.

� Performance: the implementation should be powerful enough to replace existing web
publishing solutions even for very high end requirements. For this reason, it should be fully
scalable and carefully avoid scalability constraints.

� Simplicity: the implementation should be as simple as possible, yet without compromising the
rest of the requirements.

Software Platform
Since portability is one of the key requirements, it was decided to write the implementation on the
Java Platform. Java [Java] is a strongly typed object oriented language with provides many modern
features (such as automatic memory management, exception handling, etc...) and is based on a very
powerful set of application programming interfaces (API).

But the major portability benefits of the Java Platform are given by the fact that Java source code is
compiled into an intermediate binary format (named Java bytecode) which is then interpreted by a
Java virtual machine, an executing environment responsible for adapting the binary code to the
native platform underneath.

Such architecture allows complete separation of concerns between the software writers and the
virtual machine implementers: in fact, by coding against the standardized Java bytecode and against
the standardized set of APIs that the Java Platform provides, a compiled program can be executed
by every compliant Java Virtual Machine.

These virtual machines exists for the vast majority of currently used operating systems, making it
possible to completely eliminate the need for complex compatibility workarounds that plague other
languages such as C or C++.

Web Serving Environment
Another big portability issue comes from compatibility with web serving environments (such as
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web servers or application servers): the implementation of a web publishing framework should not
require the replacement of currently used technologies but rather integrate seamlessly with existing
solutions.

For this reason, such a publishing system should not replace but rather extend existing
functionality. Therefore, it should be implemented as a module to existing web serving
environments.

The choice went for the use of the Servlet API [Servlet/2.3] as the modular interfaces to connect to
existing solutions. These APIs were originally designed for the Java Web Server, a pure−Java web
serving solutions developed by Sun Microsystems, but were ported to all other web containers with
the creation of servlet engines, server−specific modules that make it possible to run servlets
transparently in any web server.

The Servlet API model creates a common denominator for Java server applications to connect to
web servers in order to receive client requests and be able to generate responses.

Servlet engines exist for almost the totality of web serving solutions and thus provide, together with
the portability of the Java Platform, the possibility of transparent portability across the entire range
of existing web serving environments.

Servlets are, in fact, a way to extend web server’s functionality in a completely portable way.

Data Description Languages
A publishing framework is responsible for doing all the processing required to publish some
information on the web with the requested data format.

For this reason, the data required by the framework (along with the content to be published) must
be described by a language that is expressive enough to allow contextualization of the information
described.

The Limits of HTML

The biggest limit of the HTML language is its presentation−oriented nature: in fact, HTML uses
markup mostly to add graphic and visual information to the included resources (text, images, video,
etc...). Web browsers are computer programs that read that visual information and use it to display
it on a screen.

An example for all: the <b> tag indicates that the text included in between these tags should be
rendered with a bold font face. While this doesn’ t create any problem when visualizing the
information on a computer screen, it doesn’ t have the same meaning when the information is
rendered thru a voice synthesizer. What does bold mean for voice? It means strong and in fact, in
later HTML versions the tag <strong> was introduced to create a more semantically meaningful
markup.

At first this might appear as a linguistic detail, but it’ s just the tip of an iceberg of semantical
incorrectness which surfaces more evidently when we want to search large amount of HTML−
encoded information.

Being HTML visually oriented, the real semantic meaning of the information described cannot be
algorithmically extracted but must be heuristically guessed depending on visual properties (such as
a bigger font, a centered text, or location on the page).
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There is no way to contextualize searches because there is no way for a machine to understand
what the page means, even in a very simple and mechanical form because the only contextual
information included in HTML pages along with the text is how to draw the page on a screen.

HTML includes at least other two semantic information: hyperlinking and metadata. While the first
is vital for the creation of the web (and mainly the reason for the establishment of HTML), the
second was introduced to improve the data mining experience in large sets of HTML data thru the
use of keywords which are used by metadata−aware crawlers to index the pages in a more
significant way.

While keywords and hyperlinking topology analysis provide a step forward in the searching
experience (as the Google search engine shows), the HTML model is intrinsically limited by the
fact that is not extensible by design.

In fact, the HTML specifies that interpreting programs must ignore all markup that they don’ t
recognize, without even triggering a warning or an error to the user.

This allowed browser vendors to create specific markup that is meaningful on their platform only,
starting what became known as the browser war, the attempt of software corporations to create
proprietary extensions and lock users into their platforms for monopolistic reasons.

But extensibility is a feature that was requested by many, starting from the scientific community
itself, which wanted to be able to add mathematical markup to HTML to allow scientific papers to
be easier to publish (math formulas are currently rendered as images and included in the articles,
but this is a very poor use of the technology).

Other proposals for extensions included markup for vector graphics, for chemical formulas, for
genetic sequences. The web architects soon understood that making HTML extensible was simply a
step in the wrong direction: it would have started the creation of different flavors of HTML that
worked with different users agents, making both the user experience and web publishing more
expensive in terms of time, frustration and authoring costs.

A Step Back Two Steps Forward

Since HTML borrowed the SGML syntax, it was an obvious choice for web architects to take one
step back and instead of making one language extensible, allowing the creation of a common set of
technologies, independent on the semantics of the language, making it possible to extend the
semantics of the digital resources published on the web, but without fueling incompatibilities.

Soon they realized that SGML and related languages were simply too complex and allowed many
features that the web did not require. The World Wide Web Consortium (W3C, the organism
responsible for the maintenance of the web specifications) started an SGML−4−the−web working
group that aimed to create an SGML subset that could become the foundation of all the markup
languages on the web.

The result of this effort was called eXtensible Markup Language (XML) and was recommended in
1998 and started the creation of a series of related technologies that aim to create a new foundation
for web languages to extend the HTML model without incurring in its early design faults.

The eXtensible Markup Language

The eXtensible Markup Language [XML] is today generally considered the best choice for a data
description language, along with the use of XML Namespaces [XMLNS][Cla99], for its unique
features which can be mainly listed as:
� Internationalization ready: XML is based on Unicode, a 16 bits language−neutral character
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encoding which is future compatible with all modern languages. This not only guarantees future
extendibility but allows transparent geographic portability.

� Character based: XML is based on characters rather than binary strings and it’ s therefore
editable with the use of any text editors and doesn’ t require special treatments. This removes the
need for specific authoring tools and allows the data files to be directly readable.

� Standardized: XML is a recommendation of the World Wide Web Consortium (W3C) and is
supported by the vast majority of entities in the information technology field, both commercial
and academic.

� Multidimensional: the addition of namespaces to the XML syntax allows markup to be fully
multidimensional, in the sense that different markup vocabularies can be mixed yet maintaining
their uniqueness by their association with their namespace identifier.

� Fully extensible yet validating: unlike specific markup languages such as HTML, XML is not a
language but a more properly a syntax that indicates how data can be encoded in such a way that
content and markup are fully separated. It does not specify the markup that can be used, but it
does specify a way to validate if a specific XML file follows specific rules.

There are two level of compliance with the XML specification: a file might be well−formed if it
follows the XML syntax but no document type definition (DTD) of the markup is available; or the
file might be valid if it is well−formed and it follows the rules indicated by its associated DTD.

The following is an example of a well−formed XML file:
<?xml  ver si on=" 1. 0" ?>

<page>
 <t i t l e>Hel l o</ t i t l e>
 <cont ent >
  <par a>Thi s i s my f i r st  XML f i l e! </ par a>
  <empt y−t ag/ >
 </ cont ent >
</ page>

While the following shows an example of a valid XML document:
<?xml  ver si on=" 1. 0" ?>

<! DOCTYPE page [
 <! ELEMENT page ( t i t l e?,  cont ent ) >
 <! ELEMENT t i t l e ( #PCDATA) >
 <! ELEMENT cont ent  ( par a+) >
 <! ELEMENT par a ( #PCDATA) >
] >

<page>
 <t i t l e>Hel l o</ t i t l e>
 <cont ent >
  <par a>Thi s i s a val i d XML page! </ par a>
 </ cont ent >
</ page>

where the highlighted text represents the document type definition which is responsible for
indicating what elements and attributes are considered part of this language and how they can be
used and nested. 

While the above examples do not make use of namespacing facilities, here there is an example of
this:

<?xml  ver si on=" 1. 0"  encodi ng=" I SO−8859−1" ?>

<page: page 
   xml ns: page=" ht t p: / / mysi t e. or g/ page"
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   xml ns: gr aphi cs=" ht t p: / / mysi t e. or g/ gr aphi cs" >
 <page: t i t l e>A Si mpl e Namespaced Page</ t i t l e>
 <page: cont ent >
  <page: par a>Thi s i s a t ext ual  par agr aph</ page: par a>
  <page: par a>Bel ow you see a gr aphi cal  r ect angl e</ page: par a>
  <page: f i gur e>
   <gr aphi cs: r ect angl e x=" 100"  y=" 200"  wi dt h=" 20"  l engt h=" 40" / >
  </ page: f i gur e>
</ page: page>

In this example, two namespaces are used (http://mysite.org/page and http://mysite.org/graphics)
which are used to identify two different markups, one for page description and another for vector
graphics description.

Multidimensionality becomes important as the complexity of the framework requirements grow. In
fact, the namespacing facility of XML allows the creation of specific markups which can be used
together when it makes sense to do so.

In this simple case, the figure element contains graphic information to draw the figure, while in
other cases, might be required to link a figure from an external image source. Namespace do not
only make it possible to associate a markup with a specific URI, but also make element names
unique by following the intrinsic uniqueness of URIs. This avoids names collision for elements and
attributes.

This fact has a great impact on both modularity and portability because it allows different markup
languages to be composed without requiring proprietary changes that could limit portability and
increase the risks of having to maintain and enhance these proprietary changes.

Transformation Languages
While HTML has many limitations as a data description language, it has the intrinsic capabilities to
indicate how the information must be presented to the user. The HTML source code, in fact,
remains hidden behind the browser’s curtains during the entire web browsing experience, while the
browser presents the information contained in the page to the user in the way that the resource
authors wanted.

This model fits perfectly the case were a single individual is both the owner of the content and the
one responsible for its presentation. If this is normally the case for homepages or small collections
of documents, this is almost never the case for bigger sites where content editors and graphic
designers are normally different people.

The web architects soon realized that this concern overlap was going to be a serious scalability
limitation for the web model and proposed the creation of stylesheet languages that made possible
to separate content and graphics on different files and give their ownership and responsibility to
different individuals.

The W3C has standardized two of such languages, Cascading Style Sheets [CSS2] and eXtensible
Stylesheet Language for Transformations [XSLT].

Both allow complete separation between data and its presentation information, but XSLT is a much
more general language, allowing, in fact, to transform an XML document into another with
completely different semantics.

XSLT is itself a markup language that uses the XML syntax. Here is an example:
<?xml  ver si on=" 1. 0" ?>

<xsl : st yl esheet  ver si on=" 1. 0"
   xml ns: xsl =" ht t p: / / www. w3. or g/ 1999/ XSL/ Tr ansf or m" >
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  <xsl : t empl at e mat ch=" page" >
   <ht ml >
    <head>
     <t i t l e>
      <xsl : val ue−of  sel ect =" t i t l e" / >
     </ t i t l e>
    </ head>
    <body bgcol or =" #f f f f f f " >
     <xsl : appl y−t empl at es/ >
    </ body>
   </ ht ml >
  </ xsl : t empl at e>

  <xsl : t empl at e mat ch=" t i t l e" >
   <h1 al i gn=" cent er " >
    <xsl : appl y−t empl at es/ >
   </ h1>
  </ xsl : t empl at e>

  <xsl : t empl at e mat ch=" par a" >
   <p al i gn=" cent er " >
    <xsl : appl y−t empl at es/ >
   </ p>
  </ xsl : t empl at e>
  
  <xsl : t empl at e mat ch=" empt y−t ag" >
   <! −− do not hi ng −−>
  </ xsl : t empl at e>

</ xsl : st yl esheet >

From the example, we see how every XSLT stylesheet must be a well−formed XML file and they
use namespaces to separate the transformation markup (which in this examples uses the xsl: prefix)
from the content markup that is placed into templates.

XSLT is a declarative language and it’ s based around the concept of templates which are matched
against XML Paths [XPath]: the XSLT processor scans the XML document to transform starting
from the root element and every time a matching XPath is found, the associated document is
applied in that location.

Transforming our first XML example with this stylesheet yields:
<ht ml >
 <head>
  <t i t l e>Hel l o</ t i t l e>
 </ head>
 <body bgcol or =" #f f f f f f " >
  <h1 al i gn=" cent er " >Hel l o</ h1>
  <p al i gn=" cent er " >Thi s i s my f i r st  XML f i l e! </ p>
 </ body>
</ ht ml >

which is a well−formed XML file using the XHTML markup (the HTML markup adapted for the
XML syntax).

It is interesting to note that the content of the title element in the XML file has been used twice:
unlike CSS which adds presentation information to the existing document structure, XSLT is
capable of rearranging the location of the original element tree or even create new content
procedurarely.

This is the key feature of this language because it allows to use it for general transformations and
not only styling.

For example, this other XSLT stylesheet
<?xml  ver si on=" 1. 0" ?>
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<xsl : st yl esheet  ver si on=" 1. 0"
   xml ns: xsl =" ht t p: / / www. w3. or g/ 1999/ XSL/ Tr ansf or m" >

 <xsl : t empl at e mat ch=" page" >
  <wml >
   <car d i d=" i ndex"  t i t l e=" { t i t l e} " >
    <xsl : appl y−t empl at es sel ect =" cont ent " / >
   </ car d>
  </ wml >
 </ xsl : t empl at e>
  
 <xsl : t empl at e mat ch=" par a" >
  <p al i gn=" cent er " >
   <xsl : appl y−t empl at es/ >
  </ p>
 </ xsl : t empl at e>

</ xsl : st yl esheet >

transforms the same original XML example into
<wml >
 <car d i d=" i ndex"  t i t l e=" Hel l o" >
  <p al i gn=" cent er " >Thi s i s my f i r st  XML f i l e! </ p>
 </ car d>
</ wml >

which uses the Wireless Markup Language [WML], an XML language used by the Wireless
Application Protocol (WAP) framework on modern cellular phones or personal digital assistants
(PDAs) to present content.

Presentation Languages
We have already seen how the same content can be presented using different markup languages
depending on the programs that has to visualize it.

The most used presentation language in the XML world is, rather evidently, XHTML, the XML
adaptation of HTML markup and semantics. XHTML is the perfect choice for all those presentation
requirements that mimic today’s web and it’ s very likely to remain the most used choice for both its
simplicity and power.

At this point, we must note how, with the ability to transform any XML markup into any other,
XHTML can now be used with its original design goals: as a presentation language and not as a
data description language. In fact, it is up to the transformation stage to adapt the content described
by a more semantically−specific markup language, transforming it into something that can be
visualized directly by clients that do not recognized the markup used to describe the data.

There are many presentation languages that use the XML syntax and the most important are:
� eXtensible HyperText Markup Language [XHTML]: the XML−ized version of the HTML

markup language.
� Wireless Markup Language [WML]: a presentation language for small and portable devices

characterized by small screens and limited input capabilities such as cell phones and wireless
portable digital assistants.

� Scalable Vector Graphics [SVG]: a vector−based graphical markup language with advanced
capabilities such as procedural filters, scripting−based interactivity and complete 2D graphic
capabilities.

� eXtensible Stylesheet Language Formatting Objects [XSLFO]: a markup language for advanced
typesetting and paginated presentation for both digital media and paper.
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� eXtensible 3D Markup Language [X3D]: the evolution of the Virtual Reality Markup Language
(VRML) written using the XML syntax and used to describe complex three−dimensional
environments, along with the user interactivity, animation, behavior, sounds, etc.

� Mathematical Markup Language [MathML2]: a markup language for describing and presenting
all sort of mathematical formulas using the XML syntax.

� Voice Markup Language [VoiceXML]: a markup language for presenting content and describe
interaction in voice−based environments such as automated telephone systems, answering
machines, accessibility tools for the visual impaired, etc.

Each of these languages is standardized by an organization or industry consortium and freely
available to the general public for use and implementation. There exist several implementations of
browsers, readers, or otherwise compatible programs that are capable of understanding these
formats.

The Babel Problem

With the availability of software that understands these presentation formats and the ability to
transform any XML markup into these widely recognized formats, we are now protected from the
influence of the babel problem.

This problem was raised as a critique to the generality of the XML language when it was first
introduced. In fact, even if severely limited in its semantics and expressive capabilities, the HTML
language was de−facto recognized by all sorts of devices and applications. With a more generic
language, each individual or organization could, in theory, come up with their own proprietary
semantics, creating the so−called babel effect where the web could be balkanized into several
regions depending on the markup dialect used.

With the creation of a powerful transformation language well integrated into the XML technology
framework, the risk of fragmenting the web is somewhat reduced, allowing data to be marked−up
with whatever language is found appropriate, yet allowing it to be adapted and transformed to
widely recognized markup semantics.
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The Apache Cocoon ProjectThe Apache Cocoon Project

The Design Implementation

n January 1999, we started a software project with the intent of creating a web publishing
framework that made it possible to fully separate the work done by people with different skills.

The necessity emerged after the problems the author found in creating and maintaining the
java.apache.org web site, which grew from being a single software project web site to a container
of several software projects under the flag of the Apache Software Foundation.

I

The web site was designed to reduce work duplication among the different software projects hosted
on the site and it was automatically assembled by extracting HTML documentation from the single
projects that were stored in a revision control system (CVS).

While this was much more simple and scalable than previous solutions, it became evident that a
more radical approach was needed, especially in order to allow the content that made up the
documentation to be published in different formats, depending on the user necessities, and styled
with different graphical hints to make the publishing more project−specific and portable to other
uses.

The hint to the implementation emerged with the release of the first working draft of the eXtensible
Stylesheet Language (XSL) a few months before. While the language was being designed for
client−side use, it became immediately evident to us that doing all the required transformations on
the server side would have been much easier than awaiting for an XSL−capable web browser to
appear and awaiting for a critical mass of people to adopt it.

Moreover, the availability of both a general markup syntax (XML) and a transformation language
(at that time still part of the XSL specification, later moved out into a different specification that
became XSLT) made it possible to obtain the long awaited complete separation between content
and style with the use of technologies that, once finalized and recommended by the Web
Consortium (W3C), would have automatically become standard web technologies.

Cocoon 1.0 was, in fact, just a java servlet that allowed XSLT to be performed on the server side
and thus made it possible to adapt old and XML−unaware web clients to new markup languages.
As a first example, we showed how the rather complex main page of java.apache.org (shown in the
picture below), could be marked up with a specific and much simpler language, then transformed to
both a complex and fancy graphical version and a simpler version for text−based web clients.

The HTML description of a news was
<t r ><t d bgcol or =" #E0E0E0" >
<a hr ef =" ht t p: / / j ava. apache. or g/ " ><st r ong>Apache JSer v User  mai l
l i st  r eaches 500 subscr i ber s! </ st r ong></ a></ t d></ t r >
<t r ><t d bgcol or =" #f f f f f f " ><st r ong>8 Mar  1999</ st r ong> − 
The Apache JSer v User  mai l  l i st  has of f i cal l y r eached 500 peopl e
subscr i bed.  We woul d l i ke t o t hank al l  of  you f or  bei ng ar ound and
f or  par t eci pat i ng i n t he maki ng of  such i nt er est i ng pr oj ect s.  Thi s
i ncr edi bl e amount  of  br ai n power  i s what  makes us r eal l y pr oud,
and we ar e l ooki ng f or war d t o host  mor e pr oj ect s and mor e peopl e
t o make what  open sour ce i s al l  about :  l ear ni ng,  meet i ng peopl e,
chal l engi ng our sel ves and have f un!
</ t d></ t r >
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the new XML description with a custom semantic became
  <news>
   <t i t l e>
    Apache JSer v User  mai l  l i st  r eaches 500 subscr i ber s!
   </ t i t l e>
   <l i nk>ht t p: / / j ava. apache. or g/ </ l i nk>
   <dat e>8 Mar  1999</ dat e>
   <cont ent >
    The Apache JSer v User  mai l  l i st  has of f i c i al l y r eached 500
    peopl e subscr i bed.  We woul d l i ke t o t hank al l  of  you f or
    bei ng ar ound and f or  par t i c i pat i ng i n t he maki ng of  such
    i nt er est i ng pr oj ect s.  Thi s i ncr edi bl e amount  of  br ai n 
    power  i s what  makes us r eal l y pr oud,  and we ar e l ooki ng
    f or war d t o host  mor e pr oj ect s and mor e peopl e t o make what
    open sour ce i s al l  about :  l ear ni ng,  meet i ng peopl e,
    chal l engi ng our sel ves and have f un!
   </ cont ent >
  </ news>

which is both more readable and completely style−free.

The concept was very appealing and in March 1999 the Cocoon Project was released to the public
as an open source software (thus, freely available along with its source code) and became an
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official project of the Apache Software Foundation with the following description:

Cocoon i s  a 100% pur e Java publ i shi ng f r amewor k t hat  r el i es
on new W3C t echnol ogi es ( such as XML and XSL)  t o pr ov i de web
cont ent .

The Cocoon pr oj ect  ai ms t o change t he way web i nf or mat i on i s
cr eat ed,  r ender ed and del i ver ed.  Thi s  new par adi gm i s  based
on f act  t hat  document  cont ent ,  s t y l e and l ogi c  ar e of t en
cr eat ed by di f f er ent  i ndi v i dual s  or  wor k i ng gr oups.

Cocoon ai ms t o a compl et e separ at i on of  t he t hr ee l ayer s,
al l owi ng t he t hr ee l ayer s t o be i ndependent l y  des i gned,
cr eat ed and managed,  r educi ng management  over head,  i ncr easi ng
wor k r euse and r educi ng t i me t o mar ket .

The Apache Cocoon Project was later moved under the more general Apache XML Project and is
now hosted at http://xml.apache.org/cocoon/

Main Architectural Concepts
Cocoon is based around the concept of resource pipelines. Each and every resource handled by
Cocoon is mapped to a processing pipeline that is responsible for creating it.

The pipeline is made of pipeline components which can be of three types:
� generators: are the components responsible for initiating  the pipeline activity.
� transformers: are the components responsible for transforming the result of previous

components.
� serializers: are the components responsible for terminating the pipeline activity and prepare the

resource for client consumption.

The pipeline must have at least one generator and one serializer, but may have any number (from
zero to n) of transformers.

This model implements the pipes & filters design pattern [Gam95] and resembles the processing
model of the UNIX operating system where the output of one process can be redirected as the input
of another process.

Just like it happens for UNIX, the ability to modularize processing by connecting pipeline−aware
components makes it possible to obtain a wide range of functionality with the simple creation of
pipelines with standard components.

Moreover, this modularity allows to extend functionality by creating new pipeline components and
still make it possible to connect them to processing functionality already available.
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However, there is a substantial difference between the pipeline model in UNIX and in Cocoon, and
this is given by the nature of the data sent between the components. While UNIX sends streams of
bytes, Cocoon sends streams of events.

Event Based Processing
Cocoon was originally designed around the concept of creating memory representation of the
processed documents and pass this memory model between the components responsible for its
processing.

This model presents one major advantage: programming simplicity. In fact, passing data structures
between components is a natural way of building a software system and it’ s much more natural for
programmers, especially in the Java world where object models are normally used for describing
complex data.

Unfortunately, this solution has two major drawbacks:
� high memory use: every time a document was processed by a component, a new data structure

was required and stored in memory. As the number of components involved in the resource
processing and the number of concurrent requests handled by the publishing engine grew, it
became evident that such a system would not have scaled as needed.

� high latency (thus low perceived performance): if a memory representation must be build
between each processing step, the time taken for the resource to start appearing at the client side
will be dependent on the size of the document and not only from the calculation complexity of
the processing steps required to process it.

These two issues, alone, made the entire system incapable of matching the serving capacities
required by those big and busy sites that mostly required a publishing system.

It was later decided to adopt the architectural solution of event driven processing: instead of
creating memory representations and pass them along once completed, each time a piece of a
resource was processed, an event would be fired to the next processing stage. This allows, in
theory, to deliver to the user some content with a latency time depending only on the processing
complexity triggered by that event and not from the complexity of the resource itself.

This radically reduces the latency time on the client side and makes the user perceive a much faster
response, improving its browsing experience.

Also, the event can be consumed when processed by the last stage and avoid taking up system
memory.

Even if this is not true if the event processing is not stateless and requires information on the
location of the event inside the document, it is entirely possible (and this is what was implemented)
to design an event buffer that can grow and shrink depending on the needs of the logic processing
the event.

Needless to say, such a system is much more complex to program and understand than the memory
based one, but removes all the performance scalability problems of the previous architecture.

This event−based processing model is defined by the Simple API for XML [SAX2] which is an
event−based application programming interface that standardizes what events may be fired during
XML processing and how they should be forwarded to the application responsible for consuming
them.

This said, there are two possible ways of sending data between filters in a pipe (bytes and SAX
events) and depending on this there are four possible ways of mixing them:
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1. bytes in input, SAX events for output: this is what yields a generator.

2. SAX events for input, SAX events for output: this is what yields a transformer.

3. SAX events for input, bytes for output: this is what yields a serializer.

4. bytes in input, bytes for output: this is what yields a  pipeline.

It is important to note that any SAX−enabled pipeline can be substituted by a regular byte−oriented
pipeline, but it requires a stage of parsing/serializing (marshalling/demarshalling of XML−
structured data) for each component, which results inherently less performant.

Centralized Resource Management
Cocoon produces the requested resource by dispatching the request to the appropriate pipeline
responsible for processing it.

In Cocoon’s terminology, the collection of the mapping information is called a sitemap: a sitemap
is a high level description of how the resources served by Cocoon should be processed, together
with the information on how to create the processing pipeline.

Cocoon’s sitemaps are described as XML documents, using a specific markup designed and
maintained internally by the Cocoon Project.

The sitemap represents the central point of resource management because it is possible to acquire a
complete description of the resources that make up the site and how they are produced (hence the
name sitemap).

The sitemap is inherently declarative, follows closely the programmatic model of XSLT, but it was
designed around a solid component model to allow most of its behavior to be completely
extensible.

Besides the three pipeline components, the sitemap model adds four other components types:
� matchers
� selectors
� readers
� actions

Matchers and Selectors

Matchers are sitemap components responsible for intercepting an incoming request depending on
some of its properties. While in XSLT there is only one time of matching and it’ s hardwired around
XPath, the sitemap leaves to the administrator the ability to use (or even write) its own matcher that
may well react on more information than simply the requested URI.

Selectors are responsible for selecting between different choices depending on some request
property.

Together, these components allow the creation of very complex serving behavior, without requiring
any direct programming; for example, a number of complex matching may be imagined:
� reacting on the User−agent parameter in the HTTP request allows the publishing engine to send

agent−specific information. This is mostly useful on clients where small implementation
differences on the presentation language interpretation require small adjustments. This is mostly
evident on WAP environments where several WML browser implementations are available on
the market and it becomes tricky to obtain the exact same results with the same document. With
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the ability of matching the specific device, the presentation can be tuned.
� reacting on parameters in the HTTP request allows transparent content negotiation. This may

include the natural language used, the size/type of the graphics, the compression of the response,
etc..

� reacting on time of the day might allow time−dependent processing.
� reacting on server load or available bandwidth might allow the creation of negative feedback to

stabilize the system: if bandwidth is low, redirect to the low−resolution stylesheets in order to
reduce bandwidth usage. All of this, completely automatic and transparent to the user.

Readers

Even in XML−centric environments, not all information is written using an XML syntax. Readers
provide an old−style byte−input/byte−output component that is used to read information directly to
the client.

This is mostly used on static and non−XML resources such as raster images, multimedia files
(audio, video), VRML files, Flash−encoded graphics, text files, etc.

Actions

Action are behavioral component that are able to modify the underlying application model and are
meant as extensions to the sitemap functionality. They get access to the object model containing all
objects that make up a request and make available to the other pipeline components the result of the
processing logic included in the action.
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Contract AnalysisContract Analysis

Squaring the Organization Circle

e have indicated several times that a concern layout must be matched by an equivalent
technological architecture that allows such layout to exist in practice and not only on paper.W

We will now analyze the contracts required in the proposed concern layout and identify the
technologies that allow to implement such contracts and the technological constraints that enforce
them.

The Required Contracts
A contract is the interface that is responsible for separating two concern islands, yet allow them to
work together in a complete parallel way.

Given the proposed layout of four concern islands, there are six possible unordered connections
between these groups. They are:
� design−content
� design−style
� design−logic
� content−style
� content−logic
� style−logic

We will now analyze each contract, showing the required interfaces and observing what technology
may implement and enforce it.

Design−Content

The design island is responsible for designing the site and demanding the effective implementation
of required resources to the other three groups. In order to succeed, the contracts with the other
groups must include all the information required for them to operate.

Since content aggregation and high−level publishing features are now hosted at the design level, the
only information required in this contract is the URI space (where the information will be
published) and the properties of the required content (format, language, length, type, tone, etc...).

In order to provide this information, the design group must design the URI space and make it
available to the content group. This might be automatically generated by transforming the sitemap
into an internal document with all the unnecessary information to the content group stripped out.

But the most important technological constraint must be the format in which the content group
creates content. This contract is defined by the use of a specific markup language; either a
proprietary one that must be designed with a collaboration of all the parties involved, or an existing
one that fits the required needs (for example, Docbook [DocBook])

Moreover, since no technical skills must be required in the content island, authoring tools capable
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of exporting the content in such a format must be available, either acquired from external sources
or internally developed.

At the moment of writing, a number of XML−specific WYSIWIG authoring tools are emerging
especially to fit this niche and it’ s easy to expect an increasing market for such tools that will
enlarge the offering as well as the quality of the solutions.

Misuse of such contract can lead to two different problems: broken links (hyperlinks are considered
content and normally written by the content authors) and unrecognized format. 

The former problem might be avoided with the use of link crawling techniques (such a system is
already implemented in Cocoon2) that are automatically able to scan a linked URI space and
identify and report broken links.

The second problem might be avoided with the extensive use of XML validation technology that
may identifies validity mistakes directly at authoring time or at the time of deployment in the
publishing system.

Design−Style

Just like content, the style activity requires knowledge about both the URI space and the format of
all the information that must be presented. They are responsible for providing the stylesheets, the
graphics and all the other presentation information that make it possible to visualize or otherwise
present the requested information to the client.

It must be noted that in our concern layout, the style activity must not be confused with the design
activity: the style group is responsible for adding artistic value to the presentation but it is not
responsible for designing the user experience or the location of aggregated data.

Therefore, along with the information on URI space and data formats to be presented, this activity
requires information on the data format that must be produced after the styling takes place, along
with all the problems possibly associated with multiple browsing devices incompatibilities and the
issues associated in making sure that the designed content is presented as intended to the user on the
device the production chooses to support.

In our context, the style activity is divided into the actual creation of the presented information
(normally using dummy content or templates) and the creation of stylesheets that transform content
in a specified markup language into the styled resource.

Unfortunately, creating transformation stylesheets by hand is a complex tasks and the state of
XSLT authoring tools is very limited ad the time of writing. As for content authoring, with the
adoption of these technologies we expect the establishment of a new market that will see web
authoring tools including XSLT functionality directly.

Design−Logic

The logic activity is responsible for creating and managing all the information that doesn’ t require
direct human editing.

In our model, this involves both the development of specific software components that implement
the functionality required by the design activities, as well as the creation of all those solutions that
manage the information available for publishing. 

Example of these are adaptation of newsfeeds, mail messages, news messages, weather
information, stock quotes, sport events results, info on movie shows, etc..

This group creates the software required for the publishing system to function accordingly to what
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the design group has decided. For this reason, along with the URI space and the data formats that
are required contracts just like all the other activities, another contract is the name of the software
components, together with its behavior, its parameters and its capabilities.

The sitemap is the technological solution that allows design and logic to work together
independently once the basic components are outlined and fully described between the two groups.

Without a sitemap controlled by the design activity, resource behavior and mapping would be left
to the hands of the logic activity because wrongly believed to be a concern of the logic group,
mostly because closely linked to the activities of web server maintenance.

This would evidently be a serious mistake because it would remove the previously established
contracts about URI space creating an unnecessary contract that points to the logic area which is
normally cause of friction due to the feeling of misuse of the human resources involved.

The sitemap creates a centralized location where the design activity can design and control the
entire addressing space and all the resources, enforcing complete separation of the other three
groups which are directly instructed by the design group and don’ t need to interact together any
longer.

Content−Style

The result of the introduction of the sitemap allows the complete removal of such contract because,
once all the contracts with the design area are established, these two groups don’ t need to know the
existence one of the other.

This might seem rather radical at first, but we have added the design concern island for the very
reason of allowing interaction between groups to be reduced. In fact, once the URI space and the
data formats are specified and shared between the groups, no concerns overlap between these
groups.

As an example, the choice of updating the entire web site graphic look would not impact the work
done in the content activity and the same could be said if design decided to add support for another
language.

These examples show how powerful complete separation could be, especially when it allows all
interaction needs to be removed by enforcing a few strong contracts between the groups.

Content−Logic

Even in this case, no contract is required. The two groups don’ t need to interact directly because
they don’ t base their work one on top of the other. For example, it’ s entirely possible to completely
modify the programmatic behavior of the site without affecting the work done at the content level.

Style−Logic

The exact same thing can be said for this contract.

Possible Critiques to This Analysis
The most important critique that can be moved against this analysis is the fact that the direct
interaction between the three underlying groups has not been removed but simply decoupled since
all the groups are connected to the design island as a communication hub.

While this might, at first, seem rather artificial and academic, it has a considerable importance:
since the design area is responsible for the entire site, it is the only place where a global view of the
problematic involved can be found.
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Creating direct communications between the underlying groups would bypass the area that controls
the resources of the site, thus would very likely create ad−hoc solutions to the specific problem, but
may later turn out to be a wrong decision, judged with more global information that is not available
at the two groups.

At the contrary, forcing all communication and contract establishment thru the design area makes it
possible to have a direct control on both the problems and the solutions adopted, as well as a
complete vision of what changes need to be reflected on the contracts with the other groups that are
affected by the required changes.

It is also true that such hierarchical concern layout is more subject to organization bottlenecks since
the design area is responsible for acting on requests that come from all three groups and dispatch
them when they can’ t be handled autonomously.

It must be noted, however, that the adoption of the separation of concerns paradigm allows to
drastically reduce the number of communication messages between the concern islands as long as
the contracts remain solid.

Great care must be taken in designing these contracts, otherwise, the entire system is very likely to
scale less than before.

Resulting Layout
After this analysis, the resulting layout is somewhat changed

and the routing nature of the design island is fully shown.
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Case StudiesCase Studies

n this section, we list two examples that show the industrial recognition that this research has
triggered thru the use of the Apache Cocoon publishing framework. The first is an example of

use on a public web site, the second is the integration of such XML technologies in one of the key
development environments for the enterprise.

I

Operaweb
[thanks to Dott. Gianugo Rabellino, C.T.O.,  BiBop Research, Int. S.p.a. for coauthoring this part]

Bibop Research, Int. S.p.a. is an Italian communication/web agency whose primary focus is in the
integration of different communication strategies such as television, radio, internet and printed
media. The ability to interact with different media makes Bibop Research a peculiar company in the
communication scenario, the plus being the cross media concept itself. 

The typical customer of Bibop Research is a large enterprise who asks for an all−round
communication plan that needs to be built using the latest technologies and the greatest creativity.
In the fast−paced business world of today Bibop Research has to fulfill the customer need to build
communication products that are able to react quickly to the sudden changes of today’s market.

The problem

Today’s Internet publishing is a complex and difficult job, made up from different and somewhat
incompatible skills. The HTML publishing model is showing its limits since each and every person
in the publishing supply chain has to implement parts of other’s jobs and skills. 

A quick study revealed that the odds faced by Bibop are a major problem for the whole Web
industry. There are many approaches to this but generally they rely on some kind of proprietary
technology and custom approach, the usual solution being writers that need to know the HTML
language (which they are very uncomfortable at), designers that need to care about inline (logic)
code in the HTML source and programmers that waste their skills by writing almost useless HTML
and caring about the final aesthetic result.

This model is heavily ineffective and has two major problems with serious impact on the growth of
the structure. First of all the resulting site is somewhat “frozen” in its initial state, meaning that
content is stored in a format (HTML) that does not allow for easy reuse or restyle of the site itself:
as time goes by the situation can only get worse since every document being added to the site will
turn out into a problem when refactoring is needed.

The second problem has to do with human resources and is even worse. Every actor in the supply
chain has to deal with other’s concerns as outlined before: it’s easy to imagine that writers can cope
with HTML only in a basic way and that their knowledge of the HTML techniques cannot be
standardized and is in itself error prone; designers too are not prepared to deal with embedded logic
code, and this in turn can lead to inefficiencies and errors; logic programmers do not have any
visual orientation and don’t deal well with usability and aesthetic issues: this turns out in possible
frustrations of  art direction’s guidelines and loss of user experience in the site. 
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In the end the whole structure is unable to grow and scale: every addition to the team needs to be
trained to work in a highly interconnected structure and has to learn to deal with concerns that are
stranger to his own skills and interests. Finally, when a change is needed (or, for that matter, even
when the project starts) every actor needs to take part in the project: this means that if the site
visual appearance changes even writers and programmers have to be notified and need to
participate in the process, which is time and resource consuming.

Separation of Concerns

Since the heart of the problem is the intermixing of skills and concerns it’s easy to imagine that the
solution is to separate the contexts where people work in order to let every professional do what he
does best: in other words the proposed solution was to build an environment based on the
Separation of Concerns concept and on the principle of leveraging the skills of every person of the
staff.

Those concepts, brought into a web environment, meant splitting the teams that used to work on a
site and let them work as separately as possible by using the appropriate tools.

This construction has been taken from the Apache Cocoon publishing framework, a tool based on
the Separation of Concern pattern that leverages the latest XML technologies and allows to build
strong and independent web teams. 

Structure

Adopting a technology such as Cocoon meant a total redesign of the internal structure. There is
now a sharp definition of every single task and of the actors of the supply chain. As of now a web
project is based on a strong design phase, where the leaders of every team design the requirements
and the architecture of the project, define the “storyboard” of the site, decide the XML vocabularies
to be used and forecast the steps and milestones of the project itself.

From that moment on every team can work independently, pursuing their own goals. This means,
as an example, that once the XML vocabulary has been approved and tested the designers start
working on visual appearance and user experience of the site, while programmers write the logic
that will generate the content once the site is in production. This also means that even the testing
phases are carried out independently, and that the customer can evaluate separately the
achievements of the project.

Once the site is in production, finally, concerns are still separated so that bug fixing and new
requirements are implemented by the proper team and the proper people: there is no need of
technical skills if the site has to change the way it looks, and there is no need of intervention by
designers if a technical bug is found or a new feature is requested.

All in all this means great flexibility, independence and faster time to market, together with a great
reduction of the “hidden” costs of a project, such as those coming out from the need of a huge
interaction between different teams and different people.

Case study 1: a “ legacy”  web site

Operaweb (http://www.opera.it) is one of the leading sites devoted to the Opera world. The site can
be considered a “vertical portal” for the Opera lovers, providing an entry point to the world of
Opera on the web. The site is rich of news, articles, singer biographies, discographies, agendas and
so on: born in 1996 during the last five years it reached the number of more than 2.000 articles.

The site was designed from its beginnings using a pure HTML approach. Writers used to write
content directly in HTML, using tools such as HTML editors. As an alternative for writers who
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were unable to use this kind of tools MS Word was used: in this case, though, an automatic
conversion to HTML was done, but still it required the intervention of an HTML editor to complete
the task including the article text inside the site’s HTML. Adding an article also meant manually
changing other HTML pages such as indexes and references throughout the site.

The HTML of the site during the years needed revisions not only from a graphical point of view
but also due to functional changes. When Operaweb started to do advertising the HTML code for
the banners had to be manually inserted inside every single document, and this meant manual
intervention of two people for more than two weeks. When a change in the banner management
software occurred all the work done previously was useless and needed to be done from scratch:
this happened three different times, with major costs to be paid by the management.

The site had interactive sections too, driven by logic code written using the CGI interface initially
and PHP later on. This meant that every change on the site had to be propagated also to the
dynamic parts, requiring expensive programmers to revise their code just to change the HTML
parts: the cost was so high that in occasion of a site redesign in 1999 the management decided to
change the look of only a part of the site, leaving the other parts totally untouched.

All in all the site became a babel of unmanageable different parts, with different HTML codes
heavily mixed with content and logic. It was impossible to think about a site redesign without
restarting from scratch: the launch of the new site was the occasion to test the latest achievements
in Bibop Research with Separation of Concerns. It was also a good test case for a publishing system
built internally around the Apache Cocoon framework.

Case study 2: a “ cross media”  web site built using XML technologies

The work started with the design phase: content managers pointed out that a great flexibility was
needed, especially in the field of content aggregation; as an example they needed to use some
articles such as singer’s bio, a discography or an opera plot in different parts of the site. Marketing
managers too were concerned about content aggregation: they needed to be able to adjust the
content of some side boxes that were prepared to host content such as polls, advertising, special
offers and so on. The art directors stressed the user experience point and wanted to be able to do a
basic profilation based on the idea of “skins” (different decorations for the page according to the
user choice).

All those requirements were carefully analyzed. It was clear that content aggregation was a key
point and also the only missing feature from the Cocoon framework, so this was the area were the
technical division planned to do the major part of the job. A prototype implementation of a content
aggregation engine, built as a Cocoon add−on, was prepared in a week, and this allowed the graphic
and marketing departments to prepare their templates by working on the results of the prototype
with no need to wait for the final implementation. A basic mechanism of cookies was prepared too,
so that it was easy for art directors to test out the skins approach.

All in all the work went smooth. The technical division had a working draft implementation of the
content aggregation engine shortly afterwards, while the graphic developers finished their work on
templates. The testing phase began, and writers started to fill the databases with real data. When all
the unit test were successful the technical division started to deploy the site, with no need of
intervention from graphics or writers. 

After 36 days of work by a group of six people the whole site was up and running, with all the
requirements fulfilled. Since the launch of the site (February 2001) a pool of writers is continuously
feeding the data base with articles using a common word processor which saves content using
XML, while editors decide about scheduling of the publishing material using an administrative
interface that automatically generates and updates indexes and references. Art directors are at work
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producing different skins, and they don’t need any intervention from the technical department in
order to install them on the site. Programmers, finally, do the usual bug fixing and performance
tuning with no impact at all on content or visual appearance. 

The system is now able to scale. Writers have been added to the team without any training in web
techniques. At the moment a total site restyle and redesign is undergoing, again with no impact at
all on the existing content (which is stored neutrally as XML) or on the logic used to pull articles
from the database: in order to change the site structure only a configuration file editing will be
needed. On June 16 the advertising agency changed once again the code for banner ads: this meant
only replacing the code in one template and in a matter of minutes the whole site was updated.

Today, Operaweb is one of the major players in the web arena of music sites. The architecture that
has been used allows for easy redesign, customization, scalability, syndication and cross media
presentation.

Borland JBuilder 5
Borland Software Corporation (http://www.borland.com/) is one of the leading suppliers of
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software development tools and leader in the market for Java integrated development environments.
Starting from the fifth release, Borland has decided to ship Cocoon in JBuilder [JBuilder5]
Professional and Enterprise editions.

Cocoon has been chosen as the de−facto reference implementation of a publishing framework based
on XML technologies and the Java language, something that gives big resonance to the project as
well as stating the quality of both the design and the implementation.

Other Live Sites
Cocoon is also actively used in several production web sites. Currently, the list of public sites
actively powered by Cocoon counts around 50 sites that range from corporate web sites to
museum, from news sites to trip planners.

The updated list of public sites powered by Cocoon can be found at
http://xml.apache.org/cocoon/livesites.html.
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ConclusionsConclusions

his thesis represents the results of two years of research and development in the field of web
publishing. The interest was triggered by the evidence that while existing web technologies

allowed the web as a whole to grow with no evident scalability problems, the same could not be
said for each site. 

T
In fact, personal experiences showed that with the increase of the people involved in the creation of
a web site, the productivity grew much less than linearly and suggested the possibility of a
saturating trend that would intrinsically limit the maximum size of the people involved in web
production and would have a great economical impact.

In order to show the existence of such trends, we elaborated a simple mathematical model of the
work required in web production. Results indicate that such saturation trends exists and are
intrinsically tied to the own fully connected graph nature of the workgroups involved in web
production.

Next, in order to provide a solution that would limit or otherwise reduce the impact of these trends,
we observed solutions applied to other fields that exhibited the same issues. The proposed solution
is based on the use of separation of concerns, a modern software design methodology, applied to
the organization of the human resources and their interactions.

Identified a solution, we analyzed the most used organization model and outlined its main
problems. We have also shown the importance of having a close match between the technology
used and the work organization. In fact, it was observed that separating people in different
workgroups doesn’ t reduce the number of interactions required and doesn’ t alter the saturation
trends, unless a matching technological foundation is introduced.

The effect of growth saturation is reduced only if the number of possible interacting connections
between all the people involved is reduced. To make this possible, we propose to separate the
human resources in groups that are mapped to concern islands and provide complete separation
with the establishing of solid contracts enforced by a technological framework designed around the
same model.

Then, we identified the technologies that made it possible to develop such a framework and
described the architecture of such implementation that we created in 1999 and evolved since then
with the help of the worldwide Cocoon development community.

We finalize the technological analysis along with the matching concern layout by identifying the
technologies, solutions or choices that provide and enforce the contracts needed to obtain the
complete  separation of concerns.
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Future WorkFuture Work

he Web is an extremely successful technology but it’ s still very young (around 10 years old)
and has been advancing so fast that very few technologies in this field can be said mature.T

Our work indicates that as soon as the web model is applied to environments that weren’ t included
in its original design, second order effects appear and many times, in order to eliminate them,
radical architectural and technological solutions are required.

We firmly believe that we have just scratched the surface of the evolution of web technologies as a
far reaching and well established informative system and a lot of work will have to be done both on
architectural design on one hand, and social adoption on the other hand.

Semantic Web
The availability of a solid, complete, portable and performant web publishing framework is going
to have a strong impact on the evolution of the semantic web [SemanticWeb]. In such a context, the
availability of publishing frameworks on the server side might also be very harmful: if the XML
technologies are used internally but the semantic content is not directly accessible from the outside,
such a site is not, from a global point of view, any different from a site that is hardwired with
presentation languages and for this reason doesn’ t share semantic information.

The semantic web activity focuses on creating technologies that make it possible for the web to be
more machine understandable. In order to make this possible, it appears obvious that content must
be marked up with information that drives this recognition of what the content mean directly rather
than how to display it.

In fact, while presentation languages contain information on how to present the information to the
human user to allow him/her to perform semantic analysis and understand the meaning of the
conveyed information, machines have an intrinsically poor capacity of performing automatic
semantic analysis, mostly because they lack the collection of experiences that might be identified as
common sense.

In order for machines to understand the information, this must be algorithmically certain and it
might be possible, with the use of simple inference rules, to increase considerably the information
processing capabilities of the web, which is today limited of serving resources without considering
what goes thru the wire.

This said, while it’ s evident that publishing frameworks could limit the scope of semantically
marked−up information, it is also true that they create a strong economic reason for sites to adopt
technologies that might otherwise appear academic.

The creation of semantic content is expensive and it’ s easy to estimate that web sites will not adopt
these technologies unless they have a valuable reason to do so, and the reduced production costs
associated with the reduction of the impact of growth saturation is very likely to be perceived as
such.

Notwithstanding, the semantic web is a global effort and presents the chicken/egg problem: no
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semantic−based web services will appear unless there is a critical mass of semantic information
available on the web, and the costs of creating semantic content will not be paid unless there are
semantically−meaningful web services that make use of it and provide a return on the investment.

The adoption of an XML−based publishing framework might remove this stall if semantically−
meaningful services are implemented on the local content. An example of this might be advanced
local searching capabilities: web site productions might decide to invest time and resources to use
fully semantic technologies and add all the necessary metadata information to increase the quality
of local searching experience and thus provide a better service to the site users.

The transformation from a human−oriented web to a web where humans and machines cooperate
will have to pass thru the cost/benefit analysis of the technology involved and in order to happen,
must allow incremental growth starting from local use.

Only when enough semantic content will be written and will be publicly available, such activities
will take off and show its effectiveness as a global environment, just like the original web did. We
believe that XML−based publishing frameworks will have a major role in making this happening
and we’ ll continue to work in this direction.

Extending The Study on Web Applications
If the future of publishing goes in the direction of serving machines as well as human users, the
future of information systems is heavily web−oriented and many distributed applications based on
the  client/server paradigm have, or will soon be, ported to web−friendly application environments.

Unlike publishing which is mostly a GET−based activity where resources are requested from the
server and consumed by the client without returning data back to the server, web applications
normally involve the same problematic of publishing for everything that concerns data presentation
and content publication, but have much greater needs in terms of flow control, input validation,
user authentication and  resource access authorization.

These issues are very likely to give light to architectural limitations of the current work and require
modifications of both the architecture and the technological solutions adopted. However, we fully
believe that pure publishing and data−driven web applications are the opposite ends of a range of
web solutions that spawn all possible weights of the associated concerns.

For this reason, we believe that it’ s possible to design a single architecture that is capable of
providing support for both complex publishing needs as well as complex flow needs, allowing the
best of both worlds to coexist. We believe this will be even more important in intranets/extranets
than on public web sites. Or in the new potential market that might be created by successful web
services.

We will continue to work on the creation of a technological infrastructure that would reduce
scalability problems on both web publishing, web application development and all the possible
mixes of the two.

Content Management Systems
Web servers were born as programs that allowed to publish the content of a file system folder. As
requirements and functionality grew, the use of file systems to store published information started
to appear insufficient.

Features such as revision control, persistence, resource locking and performance limitations became
evident and imposed the need for better solutions.

These solutions are called content management systems (CMS) and provide all those features that
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file systems alone don’ t provide. Most of the time, they are built on top of database management
systems that is used as persistent and transactional storage solution.

Even if it is entirely possible to use an existing CMS for XML content, the intrinsic language−
agnostic syntax of XML and its structure cry for an ad−hoc solution that would allow not only files
to be accessed and controlled (as it happens in today’s CMS), but also have a higher granularity and
be able to perform queries and extract information from inside the files.

It makes perfect sense, from an architectural point of view, to back up a XML publishing
framework with an XML−specific content management system and becomes vital if local searches
have to be performed and must interoperate with the internal semantic structure of the markup used
to describe the content.

Future work will be needed both in the design of such XML−aware CMS and its integration with
publishing systems. 
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Modern Software Engineering Concepts

esigning software is a creative process, for many an art. The act of creating is in the very
human nature and can be found in all human activities, but the realm of software design is

particular because it removes many of those material constraints that rule other forms of creation. 
D
At first, this lack of constraints boosts creativity and reduces the energy gap required to start, but
soon, it turns into a dangerous freedom. Due to time constraints and general complexity, the act of
writing software is almost always a collaborative effort. Collaboration takes place only if there is
communication and communication takes place when information is exchanged over a common
context.

The above might sound as stating the obvious, but being software development rather young
compared to other human activities, it generally suffers from the lack of widely acknowledged
guidelines that distill wisdom and experience in practices.

Software engineering’s main concern is the research and development of such practices,
methodologies, guidelines and paradigms that help software engineers to create a common
communication context that improves collaboration and offer them distilled experience and mental
processes that support the creativity effort.

The ultimate goal is to allow instant reuse of previous knowledge without requiring years of
try&fail cycles to distill the practices from personal experience. Many believe that software
development lacks a solid foundation of practices unlike many other human activities but this a
consequence of its youth rather than an endemic problem [Cha92].

This section presents the most important software engineering concepts that were used throughout
this thesis. They both provide the language context and a solid cultural background to understand
many of the design choices made.

Separation of Concerns (SoC)
The Webster English Dictionary defines concern as:

  Concer n ( n. ) :
   1.   That  whi ch r el at es or  bel ongs t o one.
   2.   That  whi ch af f ect s  t he wel f ar e or  happi ness.
   3.   I nt er est  i n,  or  car e f or ,  any per son or  t hi ng.

Here, we are interested in the third point: a concern identifies an area of interest.

The act of separating the concerns identifies the practice of:

1. performing concern analysis on a specific problem/realm given the external constraints.

2. identify the concerns that apply.

3. design the system in such a way that concerns are separated into islands that can evolve
independently.

Even if the SoC paradigm emerges from programming practices [Cha92][Hür95], the concept is
used more broadly in this thesis and is applied directly to human activities. In fact, each individual
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has different skills and this automatically translates to different concerns. The use of software
design practices that enforce separation of concerns not only improves the software, but improves
the quality of the interaction between the software and the users.

For this reason, SoC is also considered a metric for both software development and workflow
design: isolating concerns allows to reduce crosstalk and parallelize operation.

Inversion of Control (IoC)
The first concept that software developers learn is the ability to perform calls to libraries of
functions that perform complex services for them. The programmer doesn’ t need to be aware of the
actual implementation of the libraries as far as the API remains the same over time.

Even if this top/down approach allows de−coupling and increases productivity by promoting
functionality reuse, it leaves the programmer with the task of designing, developing and
maintaining the flow control of the function calls. This is what is simply referred to as direct
control.

It is common experience that just like functionality, the same parts of flow control are very likely to
appear several times across the same project or even across different projects. So, is there a way to
promote control reuse?

IoC goes in this very direction: instead of having to rewrite flow control over and over, a basic and
general flow control is implemented and customization hooks given to programmers to personalize
and modify the behavior for the different project constraints.

Some examples will clarity the situation:
� OS loader: all operating systems use IoC when they load and execute applications.

When the OS was requested to start an application, this is loaded into memory, the
execution environment is setup and the application’s entry point is called. The
application doesn’ t need to control directly these operations, thus enforcing separation
and portability across different OS implementations.

� Plug−ins: a plug−in is a component that performs some additional functionality. This is
heavily used for highly modular systems (such as multimedia players, computer graphic
applications, etc.) where personalization and extensibility are of maximum importance. A
plug−in is a software that gets called by the application using inverted control through a
defined interface. IoC greatly simplifies the creation of such plug−ins and enforces
portability since the plug−in needs to be aware only of the interface with the external
world and not about the internals of the calling program.

� Interrupt Handler: it’ s a function that needs to operate synchronously with hardware
event to manage them. Instead of wasting time polling continuously on the resource to
listen for the event to happen, the CPU is capable of freezing the state of the system,
dispatch control to the interrupt handler and reestablish the previous state at the end of
the interrupt routine. The handler program doesn’ t need to be aware of the operations that
are performed by the CPU to save its state, thus simplifying development.

From the above examples emerges the fact that IoC is a very abstract concept and can be applied on
almost all situations where flow control can be reused in different situations. This is mostly
important on serving environments where much of the flow control is shared across all servers and
it’ s implicit in the client/server model.

Object−Oriented Frameworks
The use of the Object−Oriented paradigm was aimed at improving software reusability by
decomposition, yet provide sufficient evolutionary capabilities with inheritance.
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However, the OO paradigm only provides reuse at the level of individual, often small−scale,
components that could be used as the building blocks of new applications. The much harder
problem of reuse at the level of large components that may make up the larger part of a system, and
of which many aspects can be adapted, was not addressed by the object−oriented paradigm in itself.

This lead software engineering research to the concept of Object oriented Frameworks which can
be defined [Bos97] as:

a set  of  c l asses t hat  embodi es an abst r act  des i gn f or
sol ut i ons t o a f ami l y  of  r el at ed pr obl ems.

or, in other words:

a par t i al  des i gn and i mpl ement at i on f or  an appl i cat i on i n a
gi ven pr obl em domai n.

Since software design and problem analysis occupies much of the initial software development, the
ability to reuse design for applications that belong to the same island of concern allows to reduce
software implementation costs and allow programmers to focus to specific needs instead of
reinventing the wheel every time.

Frameworks are especially effective if combined with SoC and IoC: in fact, a framework can be
designed to provide both strong separation of concerns and being the actor for the inverted control,
constituting the skeleton for the problem−specific components to work together.

Framework development is normally much more difficult than the development of a single
application [Lan95][Mat96], this is because frameworks, unlike applications, must apply to an
entire set of related problems, thus being much more abstract. Design through abstraction can lead
to design mistakes that are very difficult to estimate a−priori, especially if no metric was defined
for the problem scope.
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Appendix BAppendix B

Data Tables for the Growth Saturation Models

The following tables represent the complete data used in the growth saturation models which results
are discussed in Chapter 2.

The columns indicate:
� n is the number of people involved in the working group
� Dt (Direct Time) indicates the time of direct production (in minutes) spent by each individual

each day 
� Tot Dt (Total Direct Time) is total amount of direct time (in minutes) for the entire working

group
� %TT (Percentage of Total Time) the percentage of time per day spent on direct production by

each individual
� $/min (Dollars per Direct Time Minute) is the cost (in dollars) for a minute of direct production

activity.
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Table 3 − First Environment

n Dt Tot Dt %TT $/min
1 470 470 97.92% 0.21
2 448 896 93.33% 0.45
3 424 1272 88.33% 0.71
4 398 1592 82.92% 1.01
5 370 1850 77.08% 1.35
6 340 2040 70.83% 1.76
7 308 2156 64.17% 2.27
8 274 2192 57.08% 2.92
9 238 2142 49.58% 3.78

10 200 2000 41.67% 5
11 160 1760 33.33% 6.88
12 118 1416 24.58% 10.17
13 74 962 15.42% 17.57
14 28 392 5.83% 50
15 −20 −300 −4.17% −75
16 −70 −1120 −14.58% −22.86
17 −122 −2074 −25.42% −13.93
18 −176 −3168 −36.67% −10.23
19 −232 −4408 −48.33% −8.19
20 −290 −5800 −60.42% −6.9



56

Table 4 − Second Environment

n Dt To t Dt %TT $/m in
1 470 470 97.92% 0.21
2 457.37 914.75 95.29% 0.44
3 447.67 1343.01 93.26% 0.67
4 439 1756 91.46% 0.91
5 430.81 2154.03 89.75% 1.16
6 422.85 2537.07 88.09% 1.42
7 414.99 2904.93 86.46% 1.69
8 407.17 3257.34 84.83% 1.96
9 399.33 3594 83.19% 2.25

10 391.46 3914.56 81.55% 2.55
11 383.52 4218.68 79.90% 2.87
12 375.5 4506 78.23% 3.2
13 367.4 4776.15 76.54% 3.54
14 359.2 5028.77 74.83% 3.9
15 350.9 5263.51 73.10% 4.27
16 342.5 5480 71.35% 4.67
17 333.99 5677.89 69.58% 5.09
18 325.38 5856.83 67.79% 5.53
19 316.66 6016.46 65.97% 6
20 307.82 6156.46 64.13% 6.5
21 298.88 6276.46 62.27% 7.03
22 289.82 6376.15 60.38% 7.59
23 280.66 6455.19 58.47% 8.19
24 271.39 6513.24 56.54% 8.84
25 262 6550 54.58% 9.54
26 252.51 6565.14 52.61% 10.3
27 242.9 6558.34 50.60% 11.12
28 233.19 6529.3 48.58% 12.01
29 223.37 6477.7 46.54% 12.98
30 213.44 6403.25 44.47% 14.06
31 203.41 6305.64 42.38% 15.24
32 193.27 6184.58 40.26% 16.56
33 183.02 6039.78 38.13% 18.03
34 172.67 5870.93 35.97% 19.69
35 162.22 5677.77 33.80% 21.58
36 151.67 5460 31.60% 23.74
37 141.01 5217.34 29.38% 26.24
38 130.25 4949.52 27.14% 29.17
39 119.39 4656.26 24.87% 32.67
40 108.43 4337.29 22.59% 36.89
41 97.37 3992.35 20.29% 42.11
42 86.22 3621.15 17.96% 48.71
43 74.96 3223.44 15.62% 57.36
44 63.61 2798.96 13.25% 69.17
45 52.17 2347.45 10.87% 86.26
46 40.62 1868.66 8.46% 113.24
47 28.99 1362.32 6.04% 162.15
48 17.25 828.18 3.59% 278.2
49 5.43 266 1.13% 902.63
50 −6.49 −324.47 −1.35% −770.48
51 −18.5 −943.49 −3.85% −275.68
52 −30.6 −1591.28 −6.38% −169.93
53 −42.79 −2268.1 −8.92% −123.85
54 −55.08 −2974.18 −11.47% −98.04
55 −67.45 −3709.77 −14.05% −81.54
56 −79.91 −4475.09 −16.65% −70.08
57 −92.46 −5270.38 −19.26% −61.65
58 −105.1 −6095.88 −21.90% −55.18
59 −117.83 −6951.82 −24.55% −50.07
60 −130.64 −7838.42 −27.22% −45.93
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Table 5 − Third Environment

n D t T o t  D t % T T $ /m in
1 4 3 0 4 3 0 8 9 .5 8 % 0 .2 3
2 4 0 0 8 0 0 8 3 .3 3 % 0 .5
3 3 8 6 .6 7 1 1 6 0 8 0 .5 6 % 0 .7 8
4 3 7 7 .5 1 5 1 0 7 8 .6 5 % 1 .0 6
5 3 7 0 1 8 5 0 7 7 .0 8 % 1 .3 5
6 3 6 3 .3 3 2 1 8 0 7 5 .6 9 % 1 .6 5
7 3 5 7 .1 4 2 5 0 0 7 4 .4 0 % 1 .9 6
8 3 5 1 .2 5 2 8 1 0 7 3 .1 8 % 2 .2 8
9 3 4 5 .5 6 3 1 1 0 7 1 .9 9 % 2 .6

1 0 3 4 0 3 4 0 0 7 0 .8 3 % 2 .9 4
1 1 3 3 4 .5 5 3 6 8 0 6 9 .7 0 % 3 .2 9
1 2 3 2 9 .1 7 3 9 5 0 6 8 .5 8 % 3 .6 5
1 3 3 2 3 .8 5 4 2 1 0 6 7 .4 7 % 4 .0 1
1 4 3 1 8 .5 7 4 4 6 0 6 6 .3 7 % 4 .3 9
1 5 3 1 3 .3 3 4 7 0 0 6 5 .2 8 % 4 .7 9
1 6 3 0 8 .1 3 4 9 3 0 6 4 .1 9 % 5 .1 9
1 7 3 0 2 .9 4 5 1 5 0 6 3 .1 1 % 5 .6 1
1 8 2 9 7 .7 8 5 3 6 0 6 2 .0 4 % 6 .0 4
1 9 2 9 2 .6 3 5 5 6 0 6 0 .9 6 % 6 .4 9
2 0 2 8 7 .5 5 7 5 0 5 9 .9 0 % 6 .9 6
2 1 2 8 2 .3 8 5 9 3 0 5 8 .8 3 % 7 .4 4
2 2 2 7 7 .2 7 6 1 0 0 5 7 .7 7 % 7 .9 3
2 3 2 7 2 .1 7 6 2 6 0 5 6 .7 0 % 8 .4 5
2 4 2 6 7 .0 8 6 4 1 0 5 5 .6 4 % 8 .9 9
2 5 2 6 2 6 5 5 0 5 4 .5 8 % 9 .5 4
2 6 2 5 6 .9 2 6 6 8 0 5 3 .5 3 % 1 0 .1 2
2 7 2 5 1 .8 5 6 8 0 0 5 2 .4 7 % 1 0 .7 2
2 8 2 4 6 .7 9 6 9 1 0 5 1 .4 1 % 1 1 .3 5
2 9 2 4 1 .7 2 7 0 1 0 5 0 .3 6 % 1 2
3 0 2 3 6 .6 7 7 1 0 0 4 9 .3 1 % 1 2 .6 8
3 1 2 3 1 .6 1 7 1 8 0 4 8 .2 5 % 1 3 .3 8
3 2 2 2 6 .5 6 7 2 5 0 4 7 .2 0 % 1 4 .1 2
3 3 2 2 1 .5 2 7 3 1 0 4 6 .1 5 % 1 4 .9
3 4 2 1 6 .4 7 7 3 6 0 4 5 .1 0 % 1 5 .7 1
3 5 2 1 1 .4 3 7 4 0 0 4 4 .0 5 % 1 6 .5 5
3 6 2 0 6 .3 9 7 4 3 0 4 3 .0 0 % 1 7 .4 4
3 7 2 0 1 .3 5 7 4 5 0 4 1 .9 5 % 1 8 .3 8
3 8 1 9 6 .3 2 7 4 6 0 4 0 .9 0 % 1 9 .3 6
3 9 1 9 1 .2 8 7 4 6 0 3 9 .8 5 % 2 0 .3 9
4 0 1 8 6 .2 5 7 4 5 0 3 8 .8 0 % 2 1 .4 8
4 1 1 8 1 .2 2 7 4 3 0 3 7 .7 5 % 2 2 .6 2
4 2 1 7 6 .1 9 7 4 0 0 3 6 .7 1 % 2 3 .8 4
4 3 1 7 1 .1 6 7 3 6 0 3 5 .6 6 % 2 5 .1 2
4 4 1 6 6 .1 4 7 3 1 0 3 4 .6 1 % 2 6 .4 8
4 5 1 6 1 .1 1 7 2 5 0 3 3 .5 6 % 2 7 .9 3
4 6 1 5 6 .0 9 7 1 8 0 3 2 .5 2 % 2 9 .4 7
4 7 1 5 1 .0 6 7 1 0 0 3 1 .4 7 % 3 1 .1 1
4 8 1 4 6 .0 4 7 0 1 0 3 0 .4 3 % 3 2 .8 7
4 9 1 4 1 .0 2 6 9 1 0 2 9 .3 8 % 3 4 .7 5
5 0 1 3 6 6 8 0 0 2 8 .3 3 % 3 6 .7 6
5 1 1 3 0 .9 8 6 6 8 0 2 7 .2 9 % 3 8 .9 4
5 2 1 2 5 .9 6 6 5 5 0 2 6 .2 4 % 4 1 .2 8
5 3 1 2 0 .9 4 6 4 1 0 2 5 .2 0 % 4 3 .8 2
5 4 1 1 5 .9 3 6 2 6 0 2 4 .1 5 % 4 6 .5 8
5 5 1 1 0 .9 1 6 1 0 0 2 3 .1 1 % 4 9 .5 9
5 6 1 0 5 .8 9 5 9 3 0 2 2 .0 6 % 5 2 .8 8
5 7 1 0 0 .8 8 5 7 5 0 2 1 .0 2 % 5 6 .5
5 8 9 5 .8 6 5 5 6 0 1 9 .9 7 % 6 0 .5
5 9 9 0 .8 5 5 3 6 0 1 8 .9 3 % 6 4 .9 4
6 0 8 5 .8 3 5 1 5 0 1 7 .8 8 % 6 9 .9
6 1 8 0 .8 2 4 9 3 0 1 6 .8 4 % 7 5 .4 8
6 2 7 5 .8 1 4 7 0 0 1 5 .7 9 % 8 1 .7 9
6 3 7 0 .7 9 4 4 6 0 1 4 .7 5 % 8 8 .9 9
6 4 6 5 .7 8 4 2 1 0 1 3 .7 0 % 9 7 .2 9
6 5 6 0 .7 7 3 9 5 0 1 2 .6 6 % 1 0 6 .9 6
6 6 5 5 .7 6 3 6 8 0 1 1 .6 2 % 1 1 8 .3 7
6 7 5 0 .7 5 3 4 0 0 1 0 .5 7 % 1 3 2 .0 3
6 8 4 5 .7 4 3 1 1 0 9 .5 3 % 1 4 8 .6 8
6 9 4 0 .7 2 2 8 1 0 8 .4 8 % 1 6 9 .4 3
7 0 3 5 .7 1 2 5 0 0 7 .4 4 % 1 9 6
7 1 3 0 .7 2 1 8 0 6 .4 0 % 2 3 1 .2 4
7 2 2 5 .6 9 1 8 5 0 5 .3 5 % 2 8 0 .2 2
7 3 2 0 .6 8 1 5 1 0 4 .3 1 % 3 5 2 .9 1
7 4 1 5 .6 8 1 1 6 0 3 .2 7 % 4 7 2 .0 7
7 5 1 0 .6 7 8 0 0 2 .2 2 % 7 0 3 .1 3
7 6 5 .6 6 4 3 0 1 .1 8 % 1 3 4 3 .2 6
7 7 0 .6 5 5 0 0 .1 4 % 1 1 8 5 8
7 8 − 4 .3 6 − 3 4 0 − 0 .9 1 % − 1 7 8 9 .4 1
7 9 − 9 .3 7 − 7 4 0 − 1 .9 5 % − 8 4 3 .3 8
8 0 − 1 4 .3 8 − 1 1 5 0 − 2 .9 9 % − 5 5 6 .5 2



Appendix CAppendix C

The Importance of URI Space Design

he URI space of a web site (also known as addressing space) is the sum of all the resource
identifiers of that site. In general, it can be seen as the equivalent of the directory structure of a

file system.
T
Following the parallel, it’ s immediate to understand why such addressing structure should be
carefully designed, otherwise, as it’ s evident for file system directory structures, the system
becomes easily messy and harder to maintain.

Moreover, the URI space establishes the most important contract between the publisher and the user
because URIs are the unique address that allows a resource to be accessible and retrievable from all
over the internet using the HTTP protocol.

Good URIs Don’t change
Even if the importance of URI space design has been promoted by big names in web
design [Bar96][Bar98] and usability [Nie99], many of the issues associated in making sure that a
URI can stand the evolution of the resource they identify are normally unknown, not considered or
simply ignored.

URI represent the contract between the publisher (producer) and the user (consumer) of the
information. Such user may either be a human being or a machine program. In the first case, it is, in
general, annoying but not impossible to find a resource that is not anymore identified by the
previous known URI: it only requires to go to the home page and use local searching facilities (if
available!) of that web site.

A different story is for machine programs which have no way of going around the problem of a
404 Document Not Found error. This creates the known effect of broken links, which are
hyperlinks that terminate into URI that can’ t be mapped to a resource and give the user a bad
usability experience and generally a bad feeling about both the pointed resource and the pointing
document, even if the latter may not be responsible for it.

Since URIs are contracts, they should be designed as to remain unmodified for years, decades or
even centuries.

Even if, in theory, there is no need for web sites to modify their URI space, there are tons of
practical reasons to do so. Some examples clarify the issues involved:

Student’s Home Page

Let us suppose that a search on the university search engine yields the following result:
ht t p: / / odi no. uni pv. i t / di sk2/ home/ pl ut o/ cool −t hi ngs. ht m 

How safe is this URI from changes? How well designed is it?

In fact, the URI is pretty poor and is very likely to stop existing in the future. Let’s identify the
weak points where environmental changes may effect it.
� odino is the name of the machine that hosts the files and it’ s currently associated with the

computer science department in the advanced computer graphics lab. In case the student changes
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studies or finishes the courses associated with that lab, the resources associated with that URI
could be removed.

� disk2/home identifies the name of the disk on which the files are stored. This is another weak
point because the files might be rearranged or moved to another disk.

� pluto is the user name and might well be reassigned during later years once the student has
graduated or moved out of the lab. In this case, the new user might want to use the same URI for
something else. This is even worse than a broken link since the user might not notice that the
URI owner has changed and the information stored might not even be related to the previous
information linked and might completely change the context and/or meaning of the original
resource that pointed here.

� cool−things indicates something that is inherently time dependent. Tastes and judgment about
cool things is very likely to change frequently and force any link to this resource to be time−
dependent.

� .htm represents the extension of the resource but gives a fault indication that the resource is
written using the HTML language, while it might not necessarily be so in the future or if content
negotiation is performed by the server depending on the presentation capabilities of the user
agent that requests the page.

The parts that are likely to remain safe are:
� http:// which indicates the protocol used to access the resource and its not likely to change or it’ s

easy to adapt to future uses by providing bridges or adaptors to new protocols yet maintaining
this URI prefix.

� unipv.it is the domain name and is very likely to remain the same for a long time, at least, as
long as the institution that owns that domain survives.

Dynamic Document Server

Another interesting example is given by the following URI which may be found in a very different
context:

ht t p: / / www. st andar ds. or g/ cl i ck−wr ap. asp?doc=12424323. pdf

This URI is used to obtain a document from a standard body after reading a click−wrap license that
that gives legal information to the user and legal protection to the standard body.

Several problems can be found in this URI:
� click−wrap suggests an action that is executed by the logic that controls the publishing of the

requested resource. This can be considered a security hazard since it allows people to understand
what’s going on and allow them to circumvent these actions. Changes in such publishing
systems might require changes in the URI space in order to make it more manageable from the
technology department but has an impact on the URI space that is unnecessary.

� .asp indicates what technology is used to implement this publishing logic and it might well
change with time if better technologies are deployed in the publishing systems or simply because
the people responsible change and change the technology along with their preferences.

� ?doc=12424323.pdf is a parameter that is passed to the action implemented by that resource and
drives the retrieval process. It presents the same extension problem of the previous example but
it’ s even worse because the URI is now procedural and becomes much harder to remember and
understand directly by the users.

Another problem with this addressing scheme is more subtle: supposing the user asks for such a
resource and after accepting the license it gets redirected to

ht t p: / / www. st andar ds. or g/ specs/ 12424323. pdf
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the user will very likely be able to guess the actions taken by the server and bypass the click−wrap
scheme by directly accessing another document of which the code is known. For example, by
directly accessing:

ht t p: / / www. st andar d. or g/ specs/ 4849839. pdf

it could be able to obtain the specification without passing thru the click−wrap license and without
doing anything illegal he could pretend that this spec was accessible with no legal restrictions.

Bad URIs Do Change
As we have seen from the examples above, a considerable amount of resources must be spent in
order to design an addressing scheme that is both simple, easy to remember by the users, secure and
capable of standing evolutionary changes of the identified resources.

At least two major side effects can be observed in a hypertext system when the connection between
the identifier and its associated resource is modified over time. They are:
� broken link: happens when a resource includes an hyperlink to a resource that is no longer

available. Broken links are the most visible consequence of a badly designed URI scheme and
severely limits the ability of automatic indexers (web crawlers) to create automatic catalogs of
the information found on the web. Today, a considerable amount of resources in a search engine
are dedicated to finding and removing resources that are no longer available.

� recontextualized link: linking is a form of content and provides content contextualization by
associating it with a resource that is choose by the content author in order to provide more
information or further clarity the concepts exposed. If a URI changes owner, it is possible that
the same URI provides information that is no longer meaningful in the context where it was
originally linked. Such recontextualization can be very dangerous because it might be hardly
recognized by the user and change the meaning of the resource that includes the hyperlink.

Designing a Good URI Addressing Scheme
We have said several times that URIs represent the contract between the information publisher and
the information user. The existence of URIs made possible the creation of the fully distributed
nature of the web as a hypertext system and allowed to remove the bottlenecks associated with
centralized systems that couldn’ t scale linearly with the amount of resources involved.

In fact, URI represent the contract that implements separation of concerns between two or more
different publishers, allowing them to work in a complete independence.

This said, it is evident that such independence cannot be complete if one’s resource depends on the
availability of some other resource that is not tied to a strong and time−independent location. For
this reason, the importance of creating a good URI scheme is not different from that of publishing
good information or using compatible technologies: a highly unstable addressing scheme will very
likely force people not to create hyperlinks to your information, thus reducing visibility and
limiting  publishing power.

A few guidelines can be identified to help in the creation of address spaces. In his style guidelines
for the web, Tim Berners−Lee [Bar98] indicates a few things that should be left out of a name:
� Authors Name. Authorship can change with new versions. People quit organizations and hand

things on. 
� Subject. It always looks good at the time of creation but changes surprisingly fast.
� Status. Directories like "old" and "draft" and so on, not to mention "latest" and "cool" appear all

over file systems. Documents change status or there would be no point in producing drafts. The
latest version of a document needs a persistent identifier whatever its status is.
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� Access. Documents that are restricted might later be declassified or otherwise moved into other
access limitation schemes.

� File name extension. This is a very common one. "cgi", even ".html" is something which will
change. You may not be using HTML for that page in 20 years time, but you might want today’s
links to it to still be valid.

� Software mechanisms. Look for "cgi", "exec" and other give−away "look what software we are
using" bits in URIs.

Other good guidelines are given by a few questions that should be posed and answered during URI
scheme design:
� What events might force this URI to change?

Answering this question allows to evaluate the events that are likely to happen that might force
the people responsible for the maintenance of the URI space to modify the URI or drop it
altogether.

� How likely are these events?
It is impossible to design a URI scheme that can stand every possible environmental changes,
but it’ s entirely possible to estimate the chance of the previously identified events. For example,
every student is going to finish its studies, or every specification is very likely to be updated into
a new version. At the same time, even if possible, it’ s unlikely that the domain name of a solid
organization changes frequently. With this information is possible to design a scheme that can
stand these changes.

� Is the URI easy to guess by a user looking for that information?
This is rarely considered as a problem, given the availability of bookmark features in almost all
browsing agents, but a guessable and fully meaningful addressing scheme would not only
improve the user experience and reduce the time it takes to get to a resource, but also reduce
server load and the amount of information required by the user to get to the wanted information.
Moreover, a clean and meaningful addressing scheme gives a better impression of the internal
organization of the published information and creates positiveness in the user.

� Should this resource have a URI? does it make sense to bookmark this resource?
Likewise, this question is rarely posed and dealt with but it’ s very important. URI reference
resources and nowadays an increasing number of resources are stateful. This means that their
result depends on the history of requests made by the user. In these cases, it is completely useless
to allow to bookmark or create an hyperlink to a URI that represents part of a stateful resource
since when referenced it might yield a completely different result.

A big difference should be made between web applications and published resources since they
exhibits different behaviors and require different treatment.

In fact, web applications are normally stateful and should remove the ability for the users to
bookmark a resource that is generated out of a stateful application. An example of this is a web
mail system where the following URI

ht t p: / / www. mysi t e. or g/ webmai l / i nbox?page=3

gives completely different results depending on the status of the mailbox of the user to which the
web application is connected. For this reason, the use of parameters URL−encoding in HTTP GET
actions should be avoided in favor of the use of POST actions where parameters passed are hidden
and do not make up the URI.
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Appendix DAppendix D

Example of a Complex Sitemap

<?xml  ver s i on=" 1. 0" ?>

<! −− =============== Cocoon Si t emap Wor ki ng Dr af t  ============================

 Copyr i ght  ( C)  2000 The Apache Sof t war e Foundat i on.  Al l  r i ght s r eser ved.
 
 Redi st r i but i on of  t hi s  document  i s  per mi t t ed pr ovi ded t hat  t he f ol l owi ng 
 condi t i ons ar e met :
 
 1.  Redi st r i but i ons must  r et ai n t he above copyr i ght  not i ce,
    t hi s  l i s t  of  condi t i ons and t he f ol l owi ng di sc l ai mer .

 2.  Thi s document  i s  r ef er r ed t o and consi der ed onl y as " wor k i ng dr af t " .
 
 3.  Any sof t war e i mpl ement at i on i nspi r ed by t hi s  document  must  i ndi cat e
    i n i t s  document at i on:  

     " i nspi r ed by r esear ch and devel opment  on behal f  of  t he 
      Apache Sof t war e Foundat i on"
 
 4.  The names " Cocoon"  and  " Apache Sof t war e Foundat i on"   must  not  be used t o
    endor se  or  pr omot e  pr oduct s i nspi r ed  f r om t hi s   document  wi t hout   pr i or
    wr i t t en per mi ss i on.  For  wr i t t en per mi ss i on,  pl ease cont act
    apache@apache. or g.
 
 5.  Pr oduct s  der i ved f r om t hi s  document  may not   be cal l ed " Cocoon" ,  nor  may
    " Cocoon"  nor  " Apache"  appear  i n t hei r  name,  wi t hout  pr i or  wr i t t en
    per mi ss i on  of  t he Apache Sof t war e Foundat i on.
 
 THI S DOCUMENT I S PROVI DED ‘ ‘ AS I S’ ’  AND ANY EXPRESSED OR I MPLI ED WARRANTI ES,
 I NCLUDI NG,  BUT NOT LI MI TED TO,  THE I MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND
 FI TNESS  FOR A PARTI CULAR  PURPOSE ARE  DI SCLAI MED.   I N NO  EVENT SHALL  THE
 APACHE SOFTWARE  FOUNDATI ON  OR I TS CONTRI BUTORS  BE LI ABLE FOR  ANY DI RECT,
 I NDI RECT,  I NCI DENTAL,  SPECI AL,   EXEMPLARY,  OR CONSEQUENTI AL  DAMAGES ( I NCLU−
 DI NG,  BUT NOT LI MI TED TO,  PROCUREMENT  OF SUBSTI TUTE GOODS OR SERVI CES;  LOSS
 OF USE,  DATA,  OR  PROFI TS;  OR BUSI NESS  I NTERRUPTI ON)   HOWEVER CAUSED AND ON
 ANY  THEORY OF LI ABI LI TY,   WHETHER  I N CONTRACT,   STRI CT LI ABI LI TY,   OR TORT
 ( I NCLUDI NG  NEGLI GENCE OR  OTHERWI SE)  ARI SI NG I N  ANY WAY OUT OF THE  USE OF
 THI S SOFTWARE,  EVEN I F ADVI SED OF THE POSSI BI LI TY OF SUCH DAMAGE.
 
 Thi s document   consi st s  of  vol unt ar y cont r i but i ons made  by many i ndi v i dual s
 on  behal f  of  t he Apache Sof t war e  Foundat i on.  For  mor e i nf or mat i on on t he 
 Apache Sof t war e Foundat i on,  pl ease see <ht t p: / / www. apache. or g/ >.

==============================================================================

Thi s document  cont ai ns an exampl e used as a wor k i ng dr af t  f or  
Cocoon ar chi t ect s t o t est  and under st and t he i ssues associ at ed wi t h 
s i t emaps and XML publ i shi ng i n gener al .  I t  must  be consi der ed as a wor k i ng 
dr af t  and may be updat ed at  any t i me.

Thi s document  i s  based on i deas and desi gn pat t er ns i nspi r ed by St ef ano 
Mazzocchi  <st ef ano@apache. or g> and Pi er paol o Fumagal l i  <pi er @apache. or g>
but  gr ew as a col l abor at i ve ef f or t  t o pr ovi de a sol i d f oundat i on of
desi gn pat t er ns and usabi l i t y  gui del i nes t o t he Cocoon Publ i shi ng 
Fr amewor k.

The goal  of  t he s i t emap i s  t o al l ow non−pr ogr ammer s t o cr eat e web s i t es
and web appl i cat i ons bui l t  f r om l ogi c component s and XML document s.

I t  f i nds i nspi r at i on f r om bot h Apache’ s ht t pd. conf / . ht access f i l es as wel l
as f r om Ser v l et  API  2. 2 WAR ar chi ves.  I t  uses concept s such as Cascadi ng
f r om W3C CSS,  as wel l  as decl ar at i ve appr oaches i nt egr at ed i nt o t he W3C 
XSLT l anguage.  I t  al so uses some el ement / at t r i but e equi val ence pat t er ns
used i n W3C RDF.

The f ol l owi ng goal s wer e i dent i f i ed as engi neer i ng const r ai nt s:

 − mi ni mal  ver bosi t y  i s  of  maxi mum i mpor t ance.
 − t he schema shoul d be suf f i c i ent l y  expr essi ve t o al l ow l ear ni ng by
   exampl es.
 − s i t emap aut hor i ng shoul d not  r equi r e assi s t i ve t ool s,  but  be
   suf f i c i ent l y  f ut ur e−compat i bl e t o al l ow t hem.
 − s i t emaps must  scal e al ong wi t h t he s i t e and shoul d not  i mpose gr owt h
   l i mi t at i on t o t he s i t e as a whol e nor  l i mi t  i t s  admi ni st r at i on wi t h s i ze
   i ncr ease.
 − s i t emaps shoul d cont ai n al l  t he i nf or mat i on r equi r ed t o Cocoon t o
   gener at e al l  t he r equest s i t  r ecei ves.
 − s i t emaps shoul d cont ai n i nf or mat i on f or  bot h dynami c oper at i on as
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   wel l  as of f l i ne st at i c  gener at i on.
 − ur i  mappi ng shoul d be power f ul  enough t o al l ow ever y possi bl e mappi ng
   need.
 − basi c web−ser v i ng f unct i onal i t y  ( r edi r ect i on,  er r or  pages,
   r esour ce aut hor i sat i on)  shoul d be pr ovi ded.
 − s i t emaps shoul d not  l i mi t  Cocoon’ s i nt r i ns i c  modul ar  ext ensi bi l i t y .
 − r esour ces must  be mat ched wi t h al l  possi bl e st at e var i abl es,  not
   onl y  wi t h URI  ( ht t p par amet er s,  envi r onment  var i abl es,  ser ver
   par amet er s,  t i me,  et c. . . ) .
 − s i t emaps shoul d embed t he not i on of  " semant i c  r esour ces"  t o be
   f ut ur e−compat i bl e wi t h semant i c  cr awl i ng and i ndexi ng.
 − s i t emaps shoul d be f l ex i bl e enough t o al l ow a compl et e web s i t e t o
   be bui l t  wi t h Cocoon.
 − s i t emaps shoul d i nc l ude t he not i on of  " mul t i −di mensi onal  r esour ce v i ews"
   even i f  HTTP doesn’ t  pr ov i de t hem expl i c i t l y .
 − s i t emaps shoul d i nc l ude t he abi l i t y  t o pr ovi de r esour ce cr eat i on t r ac i ng 
   and er r or  handl i ng.

  The def aul t  namespaces ar e used mai nl y  f or  ver s i oni ng,  i nst ead of  us i ng 
  at t r i but es such as ver s i on=" 1. 0"  whi ch coul d cr eat e conf usi on.  Peopl e ar e 
  used t o wr i t i ng URI s wi t h no spel l i ng mi st akes,  whi l e ver s i oni ng coul d be 
  used f or  t hei r  own s i t emap ver s i ons and t hi s  mi ght  br eak oper at i on.
  
  The ver s i oni ng schema wi l l  be " maj or . mi nor "  wher e maj or  wi l l  be i ncr eased
  by one each t i me a new r el ease br eaks back compat i bi l i t y ,  whi l e mi nor
  i s  i ncr eased each t i me a change has been made t hat  doesn’ t  cr eat e
  back i ncompat i bl e pr obl ems.

  The synt ax
    
      <xxx map: val ue=" yyy" >
      
  i s  compl et el y  equi val ent  t o
    
      <xxx>yyy</ xxx>
      
  t hr oughout  t he ent i r e s i t emap.

============================================================================ −−>
 
<map: s i t emap xml ns: map=" ht t p: / / apache. or g/ cocoon/ s i t emap/ 1. 0" >

<! −− =========================== Component s ================================ −−> 

 <map: component s>

   <! −− 
       Gener at or s gener at e XML cont ent  as SAX event s and i ni t i al i ze t he 
       pi pel i ne pr ocessi ng.
   −−>
  <map: gener at or s def aul t =" par ser " >
   <map: gener at or  name=" par ser "  
      sr c=" c l ass: / / / or g. apache. cocoon. gener at i on. Fi l eGener at or "  l abel =" cont ent " / >
   <map: gener at or  name=" di r "     
      sr c=" f i l e: / / / home/ myst uf f / j ava/ MyDi r Gener at or . c l ass"      l abel =" cont ent " / >
   <map: gener at or  name=" ser ver pages"  
      sr c=" c l ass: / / / or g. apache. cocoon. gener at i on. XSPGener at or "  l abel =" cont ent " >
    . . .
   </ map: gener at or >
  </ map: gener at or s>

   <! −− 
       Tr ansf or mer s t r ansf or m SAX event s i n SAX event s.
   −−>
  <map: t r ansf or mer s def aul t =" xs l t " >
   <map: t r ansf or mer  name=" xsl t "  sr c=" c l ass: / / / or g. apache. cocoon. t r ansf or mat i on. XSLTTr ansf or mer " >
    <compi l e−st y l esheet s map: val ue=" t r ue" / >
   </ map: t r ansf or mer >
   <map: t r ansf or mer  name=" xi nc l ude"
         sr c=" c l ass: / / / or g. apache. cocoon. t r ansf or mat i on. XI ncl udeTr ansf or mer "  l abel =" cont ent " / >
   <map: t r ansf or mer  name=" schema"  sr c=" c l ass: / / / or g. apache. cocoon. t r ansf or mat i on. SchemaLoader " / >
   <map: t r ansf or mer  name=" r df "  sr c=" c l ass: / / / or g. apache. cocoon. t r ansf or mat i on. RDFi zer " / >
  </ map: t r ansf or mer s>
 
   <! −−  
       Reader s gener at e and ser i al i ze di r ect l y  f r om a r esour ce i n bi nar y or  char  s t r eams f or   
       f i nal  c l i ent  consumpt i on.  
   −−> 
  <map: r eader s def aul t =" bi nar y" >
   <map: r eader  name=" bi nar y"  mi me−t ype=" i mage/ svg"
        sr c=" c l ass: / / / or g. apache. cocoon. r eadi ng. Bi nar yReader " / > 
  </ map: r eader s> 
 
   <! −−  
       Ser i al i zer s ser i al i ze SAX event s i n bi nar y or  char  s t r eams f or   
       f i nal  c l i ent  consumpt i on.  
   −−> 
  <map: ser i al i zer s def aul t =" ht ml " >
   <map: ser i al i zer  name=" ht ml "  mi me−t ype=" t ext / ht ml "
        sr c=" c l ass: / / / or g. apache. cocoon. ser i al i zat i on. HTMLSer i al i zer " >
    <doct ype−publ i c  map: val ue=" −/ / W3C/ / DTD HTML 4. 0 Tr ansi t i onal / / EN" / >
    <doct ype−syst em map: val ue=" ht t p: / / www. w3. or g/ TR/ REC−ht ml 40/ l oose. dt d" / >
    <pr eser ve−space map: val ue=" t r ue" / >
    <encodi ng map: val ue=" UTF−8" / >
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    <i ndent  t ab=" 8" >1</ i ndent >
    <col or s>
     <f or egr ound map: val ue=" whi t e" / >
     <bor der s>
      <l ef t  map: val ue=" bl ue" / >
      <r i ght >r ed</ r i ght >
     </ bor der s>
     <t ext >bl ack</ t ext >
     <l i nes>
      <l ef t  map: val ue=" cyan" / >
      <r i ght >or ange</ r i ght >
     </ l i nes>
     <backgr ound>gr een</ backgr ound>
    </ col or s>
    <map: par am name=" f oo"  val ue=" bar " / >
    <map: par am name=" baz" >f oobar </ map: par am>
    <l i ne−wi dt h map: val ue=" 120" / >
   </ map: ser i al i zer >

   <map: ser i al i zer  name=" wap"  mi me−t ype=" t ext / vnd. wap. wml "
        sr c=" c l ass: / / / or g. apache. cocoon. ser i al i zat i on. XMLSer i al i zer " >
    <doct ype−publ i c>−/ / WAPFORUM/ / DTD WML 1. 1/ / EN</ doct ype−publ i c>
    <doct ype−syst em>ht t p: / / www. wapf or um. or g/ DTD/ wml _1. 1. xml </ doct ype−syst em>
    <encodi ng>UTF−8</ encodi ng>
   </ map: ser i al i zer >

   <map: ser i al i zer  name=" svg2j pg"  mi me−t ype=" i mage/ j pg"
        sr c=" c l ass: / / / or g. apache. cocoon. ser i al i zat i on. SVGSer i al i zer " >
    <f or mat  map: val ue=" j pg" / >
    <compr essi on−l evel >80%</ compr essi on−l evel >
   </ map: ser i al i zer >

   <map: ser i al i zer  name=" svg2png"  mi me−t ype=" i mage/ png"
        sr c=" c l ass: / / / or g. apache. cocoon. ser i al i zat i on. SVGSer i al i zer " >
    <f or mat >png</ f or mat >
    <col or −dept h map: val ue=" 24" / >
   </ map: ser i al i zer >
  </ map: ser i al i zer s>
  
   <! −− 
       Sel ect or s ar e c l asses t hat  cont ai n pr ogr ammi ng l ogi c t hat  per f or m
       bool ean eval uat i on based on envi r onment  s t at e dur i ng t he cal l  ( s t at e
       i nc l udes r equest  par amet er s,  machi ne st at e as wel l  as any ot her
       accessi bl e i nf or mat i on)
       
       Sel ect or s can onl y r espond wi t h t r ue/ f al se when cal l ed.
   −−>
  <map: sel ect or s def aul t =" br owser " >
   <map: sel ect or  name=" l oad"  sr c=" c l ass: / / / or g. apache. cocoon. sel ect i on. Machi neLoadSel ect or " >
    . . .
   </ map: sel ect or >

   <map: sel ect or  name=" user "  sr c=" c l ass: / / / or g. apache. cocoon. sel ect i on. Aut hent i cat i onSel ect or " >
    . . .
   </ map: sel ect or >

   <map: sel ect or  name=" i p−f i l t er "  sr c=" c l ass: / / / or g. apache. cocoon. sel ect i on. I PFi l t er Sel ect or " >
    . . .
   </ map: sel ect or >

   <map: sel ect or  name=" br owser "  f act or y=" or g. apache. cocoon. sel ect i on. Br owser Sel ect or Fact or y" >
    . . .
   </ map: sel ect or >
  </ map: sel ect or s>

   <! −−
       Mat cher s ar e c l asses t hat  ar e abl e t o t est  i f  t he r equest  par amet er s
       mat ch t he gi ven pat t er n and,  i f  t hi s  i s  t he case,  t hey ar e abl e t o
       r et ur n a Map of  t okens t hat  r esul t ed f r om t he mat chi ng or  any
       dependi ng on t he mat cher  own l ogi c ( t hi s  i s  up t o t he mat cher  i mpl ement at i on) .
   −−>
  <map: mat cher s def aul t =" ur i −wi l dcar d" >
   <map: mat cher  name=" ur i −wi l dcar d"  sr c=" or g. apache. cocoon. mat chi ng. Wi l dcar dURI Mat cher " >
    . . .
   </ map: mat cher >

   <map: mat cher  name=" ur i −r egexp"  f act or y=" or g. apache. cocoon. mat chi ng. RegexpURI Mat cher Fact or y" >
    . . .
   </ map: mat cher >

   <map: mat cher  name=" br owser "  sr c=" or g. apache. cocoon. mat chi ng. Br owser Mat cher " >
    <f oo val ue=" bar " >baz</ f oo>
    <l i nes>
     <l ef t >r ed</ l ef t >
     <r i ght >whi t e</ r i ght >
    </ l i nes>
   </ map: mat cher >
  </ map: mat cher s>

   <! −−
       Act i on ar e c l asses t hat  ar e abl e t o modi f y  t he under l y i ng appl i cat i on model  and
       ar e meant  as ext ensi ons t o t he s i t emap f unct i onal i t y .  They get  access t o t he
       obj ect Model  cont ai ni ng al l  obj ect s t hat  make up a r equest .  An Act i on can r et ur n 
       a Map of  t okens t hat  r esul t ed f r om t he pr ocessi ng l ogi c  ( t hi s  i s  up t o t he act i on
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       i mpl ement at i on) .  An Act i on i s  r ef er ences i n t he pi pel i ne sect i on wi t h t he t ype 
       at t r i but e as i t  i s  wi t h al l  t he ot her  s i t emap component s.
   −−>
  <map: act i ons>
   <map: act i on name=" sessi on−val i dat or "  sr c=" or g. apache. cocoon. act i ng. Sessi onVal i dat i onAct i on" >
    . . .
   </ map: act i on>

   <map: act i on name=" db−adder "     sr c=" or g. apache. cocoon. act i ng. DBAddi ngAct i on" >
    <db−connect i on>post gr esql −connect i on</ db−connect i on>
   </ map: act i on>

   <map: act i on name=" db−modi f i er "  sr c=" or g. apache. cocoon. act i ng. DBModi f y i ngAct i on" >
    <db−connect i on>post gr esql −connect i on</ db−connect i on>
   </ map: act i on>

   <map: act i on name=" db−del et e"    sr c=" or g. apache. cocoon. act i ng. DBDel et i ngAct i on" >
    <db−connect i on>post gr esql −connect i on</ db−connect i on>
   </ map: act i on>

   <map: act i on name=" f or m−di spat cher "  sr c=" or g. apache. cocoon. act i ng. For mDi spat cher Act i on" >
    <l ayout −descr i pt i on>somewher e/ l ayout −empl oyee−app</ l ayout −descr i pt i on>
   </ map: act i on>

  </ map: act i ons>

 </ map: component s>

<! −− =========================== Vi ews =================================== −−>

 <! −−
     t he <vi ew> el ement  i nt r oduces t he not i on of  mul t i −di mensi onal  r esour ce
     v i ews whi ch ar e an ext ensi on t o t he HTTP par adi gm of  web r esour ces.  Vi ews
     do not  i ncr ease s i t emap f unct i onal i t y ,  but  al l ow subst ant i al  ver bosi t y
     r educt i on and shoul d hel p user s i n t he cr eat i on of  compl ex s i t emaps t hat
     ar e abl e t o pr oduce di f f er ent  v i ews of  t he r esour ce t hey handl e f or  each
     " aspect "  r equest ed.

     Vi ews can be pi c t ur ed as gener at or −l ess pi pel i nes whi ch use,  as a gener at or ,
     t he r esul t  of  anot her  pi pel i ne f r om t he " l abel "  t hey i ndi cat e or  f r om t he
     posi t i on ( f i r s t / l ast )  i n t he pi pel i ne.

     Label s can be seen as non−st andar d exi t  poi nt s f r om t he nor mal  pi pel i nes
     and " f i r s t "  i dent i f i es t he posi t i on r i ght  af t er  t he gener at or  whi l e " l ast
     i dent i f i es t he posi t i on r i ght  bef or e t he ser i al i zer .

     Bot h gener at or s and t r ansf or mer s ar e al l owed t o at t ach a def aul t  l abel  t o
     t hem.  I f  no <l abel > el ement  i s  expl i c i t l y  i ndi cat ed,  t he s i t emap handl er
     wi l l  scan f or  def aul t  l abel s at t ached t o t he component s,  s t ar t i ng f r om t he
     ser i al i zer  and goi ng backwar d,  unt i l  i t  f i nds a component  t o s t ar t .
     I f  none i s  f ound,  t he gener at or  i s  assumed t o be t he v i ew gener at or .
  −−>
 <map: v i ews>

  <map: v i ew name=" cont ent "  f r om−posi t i on=" f i r s t " >
   <map: ser i al i ze t ype=" xml " / >
  </ map: v i ew>

  <map: v i ew name=" schema"  f r om−l abel =" cont ent " >
   <map: t r ansf or m t ype=" schema" / >
   <map: ser i al i ze t ype=" xml " / >
  </ map: v i ew>

  <map: v i ew name=" semant i cs"  f r om−l abel =" cont ent " >
   <map: t r ansf or m t ype=" r df " / >
   <map: ser i al i ze t ype=" xml " / >
  </ map: v i ew>

  <map: v i ew name=" hyper l i nks"  f r om−posi t i on=" l ast " >
   <map: t r ansf or m sr c=" . / s t y l esheet s/ x l i nk−f i l t er . xs l " / >
   <map: ser i al i ze t ype=" xml " / >
  </ map: v i ew>

 </ map: v i ews>

<! −− =========================== Resour ces ================================= −−>

 <! −−
     t he <r esour ce> el ement  i s  used as a pl acehol der  f or  pi pel i nes
     t hat  ar e used sever al  t i mes i ns i de t he document .  Thi s el ement
     i s  r edundant  and i t s  f unct i onal i t y  i s  not  di r ect l y  r el at ed
     t o t he s i t emap,  but  coul d be c l oned by t he use of  i nt er nal
     XI nc l ude,  f or  exampl e

         <x i nc l ude: i nc l ude hr ef =" #xpoi nt er ( r esour ce[ @name=’ Access r ef used’ ] ) " / >

     but  gi ven t he usabi l i t y  const r ai nt s and ver y speci f i c  oper at i on
     i t  i s  much easi er  t o i nc l ude such an el ement  i nst ead of  f or c i ng
     t he use of  x i nc l ude/ xpoi nt er .
 −−>
 <map: r esour ces>

  <map: r esour ce name=" Access r ef used" >
   <map: gener at e sr c=" . / er r or −pages/ r est r i c t ed. xml " / >

65



   <map: t r ansf or m sr c=" . / s t y l esheet s/ gener al −br owser . xs l " / >
   <map: ser i al i ze st at us−code=" 401" / >
  </ map: r esour ce>

 </ map: r esour ces>

<! −− ========================== Act i on Set s ================================ −−>

 <! −−
     t he <act i on−set > el ement  i s  used as a col l ect i on of  r el at ed act i ons
     t hat  ar e used ei t her  sever al  t i mes i ns i de t he pi pel i nes or  i n conj unct i on
     wi t h f or m act i ons whi ch ar e sel ect ed by t he s i t emap f or  pr ocessi ng.
     These act i on−set s ar e r ef er enced i n t he pi pel i ne sect i on by us i ng a
     set  at t r i but e i nst ead of  a t ype at t r i but e.
     Al l  t he t okens r et ur ned by t he i ndi v i dual  act i ons i n a act i on−set  ar e
     col l ect ed by t he s i t emap engi ne i nt o one bi g map whi ch can be used as
     r epl acement s i n sr c at t r i but es f r om gener at or s/ t r ansf or mer s.
 −−>
 <map: act i on−set s>

  <! −−
      The f ol l owi ng act i on−set  def i nes:
      a)  a " sessi on−val i dat or "  act i on whi ch wi l l  be execut ed whenever  t hi s
         act i on−set  i s  r ef er enced i n a pi pel i ne.
      b)  sever al  " db−* "  act i on whi ch have a addi t i onal  act i on at t r i but e whi ch t he
         s i t emap engi ne uses as a val ue t o compar e agai nst  t he act i on val ue suppl i ed
         f r om t he Envi r onment  obj ect .  Ever y act i on wi t h a mat chi ng act i on val ue wi l l
         be pr ocessed.
      c)  a " f or m−di spat cher "  act i on whi ch wi l l  t el l  t he s i t emap whi ch i s  t he
         next  r esour ce t o di spl ay ( usual l y  used f or  t he gener at or  i n char ge) .
  −−>
  <map: act i on−set  name=" empl oyee−f or m" >
   <map: act  t ype=" sessi on−val i dat or " / >
   <map: act  t ype=" db−adder "     act i on=" Add" / >
   <map: act  t ype=" db−modi f i er "  act i on=" Updat e" / >
   <map: act  t ype=" db−del et er "   act i on=" Del et e" / >
   <map: act  t ype=" f or m−di spat cher " / >
  </ map: act i on−set >

 </ map: act i on−set s>

<! −− =========================== Pi pel i nes ================================= −−>

 <map: pi pel i nes>
  <map: pi pel i ne>

   <! −−
       Mount  poi nt s al l ow s i t emaps t o be cascaded and s i t e management
       wor k l oad t o be par al l el i zed.  
     −−> 
   <map: mat ch pat t er n=" cocoon/ * " > 
    <map: mount  ur i −pr ef i x=" cocoon/ { 1} "  check−r el oad=" yes"
      sr c=" cvs: pser ver : anonymous@xml . apache. or g: / / home/ cvs/ cocoon/ xdocs/ { 1} " / > 
   </ map: mat ch> 
   
   <map: mat ch pat t er n=" bugs/ * " > 
    <map: mount  ur i −pr ef i x=" bugs/ { 1} "  check−r el oad=" t r ue"
      sr c=" j ar : / / apps/ bugs. cocoon#{ 1} " / > 
   </ map: mat ch> 

   <map: mat ch pat t er n=" di st / * " > 
    <map: mount  ur i −pr ef i x=" di s t / { 1} "  check−r el oad=" f al se"   sr c=" . / di s t / { 1} " / > 
   </ map: mat ch>

   <map: mat ch pat t er n=" f aq/ * " > 
    <map: mount  ur i −pr ef i x=" f aq/ { 1} "  check−r el oad=" no"
      sr c=" j ar : / / apps/ f aq−o−mat i c . cocoon#{ 1} " / > 
   </ map: mat ch> 

   <map: mat ch t ype=" ur i −r egexp"  pat t er n=" ^ / xer ces−( j | c | p) / ( . * ) $" >
    <map: mount  ur i −pr ef i x=" / xer ces−{ 1} / { 2} "
      sr c=" cvs: pser ver : anonymous@xml . apache. or g: / / home/ cvs/ xer ces−{ 1} / xdocs/ { 2} " / >
   </ map: mat ch>

   <map: handl e−er r or s> 
    <map: ser i al i ze t ype=" ht ml " / >   
   </ map: handl e−er r or s> 
    
  </ map: pi pel i ne> 
   
  <map: pi pel i ne>
 
   <! −− 
        Mat cher s decl ar at i ve di spat ch t he r equest s t o t he pi pel i nes t hat
        mat ch some of  t hei r  par amet er s
     −−>
   <map: mat ch pat t er n=" cocoon/ di s t / * " > 
    <map: sel ect  t ype=" i p−f i l t er " >
     <map: when t est =" al l owsAddr ess( ) " >
      <! −−
          t he <r edi r ect −t o> el ement  i s  used t o r edi r ect  one r equest ed URI  
          t o anot her .  Thi s i s  somewhat  equi val ent  t o URI  r ewr i t i ng.
        −−>
      <map: r edi r ect −t o ur i =" di s t / cocoon/ { 1} " / >
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     </ map: when>
     <map: ot her wi se>
      <map: r edi r ect −t o r esour ce=" Access r ef used" / >
     </ map: ot her wi se>
    </ map: sel ect >
   </ map: mat ch>
   
   <! −− 
        When no " t ype"  at t r i but e i s  pr esent ,  t he s i t emap i nt er pr et er  wi l l  use t he
        def aul t  one,  t hi s  al l ows a ver y compact  and user  f r i endl y synt ax as t he
        one bel ow 
     −−>
   <map: mat ch pat t er n=" pr i nt er −f r i endl y/ * " >
    <map: gener at e sr c=" { 1} . xml " / >
    <map: t r ansf or m sr c=" . / s t y l esheet / pr i nt er −f r i endl y. xs l " / >
    <map: ser i al i ze/ >
   </ map: mat ch>

   <map: mat ch pat t er n=" i mages/ l ogo" >
    <map: sel ect >
     <map: when t est =" accept s( ’ i mage/ svg’ ) " >
      <! −− 
         t he <map: r ead> el ement  i s  used t o r ead t he sr c di r ect l y  wi t hout  
         appl y i ng any pr ocessi ng.  Thi s i s  most l y  usef ul  when c l i ent s
         ar e capabl e of  handl i ng XML cont ent  di r ect l y .
        −−>
      <map: r ead sr c=" . / i mages/ l ogo. svg" / >
     </ map: when>
     <map: ot her wi se>
      <map: gener at e sr c=" . / i mages/ l ogo. svg" / >
      <map: sel ect >
       <map: when t est =" accept s( ’ i mage/ png’ ) " >
        <map: ser i al i ze t ype=" svg2png" / >
       </ map: when>
       <map: ot her wi se>
        <map: ser i al i ze t ype=" svg2j pg" / >
       </ map: ot her wi se>
      </ map: sel ect >
     </ map: ot her wi se>
    </ map: sel ect >
   </ map: mat ch>
  
   <map: mat ch pat t er n=" r est r i c t ed/ * " >
    <map: sel ect  t ype=" user " >
     <map: when t est =" i s( ’ admi ni st r at or ’ ) " >
      <map: gener at e sr c=" . / r est r i c t ed/ { 1} " / >
      <map: t r ansf or m sr c=" . / s t y l esheet s/ r est r i c t ed. xs l " / >
      <map: ser i al i ze/ >
     </ map: when>
     <map: ot her wi se>
      <map: r edi r ect −t o r esour ce=" Access r ef used" / >
     </ map: ot her wi se>
    </ map: sel ect >
   </ map: mat ch>

   <! −−
       Exampl e t o show t he not i on of  pi pel i ne l abel s f or  v i ew gener at i on.
     −−>
   <map: mat ch pat t er n=" l abel l ed/ * " >
    <map: l abel  name=" l i nks" >
     <map: l abel  name=" cont ent " >
      <map: gener at e sr c=" . / s l i des/ { 1} " / >
     </ map: l abel >
     <map: t r ansf or m sr c=" . / f i l t er s/ add−navi gat i on−l i nks. xs l " / >
    </ map: l abel >
    <map: t r ansf or m sr c=" . / s t y l esheet / s l i des2ht ml . xs l " / >
    <map: ser i al i ze/ >
   </ map: mat ch>

   <! −−
       Compl ex exampl e t o show how some xpat h−l i ke synt ax i s  used t o get  access
       t o t he pat t er n t okens gener at ed by t he mat cher s.
     −−>
   <map: mat ch pat t er n=" nest ed−mat cher s/ * " >
    <map: mat ch t ype=" br owser "  pat t er n=" name( ’ Mozi l l a ?\ \ ?* ’ ) " >
     <map: mount  ur i −pr ef i x=" nest ed−mat cher s/ { 1} "
       sr c=" f i l e: / / / home/ www/ mozi l l a−{ 1} −{ 2} / { . . / 1} " / >
    </ map: mat ch>
   </ map: mat ch>

   <map: mat ch t ype=" ur i −r egexp"  pat t er n=" ( [ 0−9] { 4} ) / ( [ 0−9] { 2} ) / ( [ 0−9] { 2} ) / " >
    <! −−
         Her e we i mpl ement  t he abi l i t y  t o i ndi cat e semant i c  i nf or mat i on
         on t he pr ocessed URI .  Thi s i s  most l y  used t o avoi d t o encode
         URI  speci f i c  i nf or mat i on i n t he XSP s i nce t he s i t emap mai nt ai ner
         i s  t he onl y one r esponsi bl e f or  managi ng t he URI  space.  Thi s r emoves
         a URI  cont r act  bet ween t he XSP wr i t er  and t he URI  space manager ,
         movi ng i t  t o par amet er  names whi ch nor mal l y  change l ess f r equent l y .
    −−>
    <map: par am name=" year "  val ue=" { 1} " / >
    <map: par am name=" mont h"  val ue=" { 2} " / >
    <map: par am name=" day"  val ue=" { 3} " / >

    <map: gener at e t ype=" ser ver pages"  sr c=" . / dai l ynews. xsp" / >
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    <map: t r ansf or m sr c=" . / s t y l esheet / { 1} / news. xs l " / >
    <map: ser i al i ze/ >
   </ map: mat ch>

   <! −−
       Her e we show t he use of  act i on−set s.  The scenar i o used i s  a f or m
       gener at ed whi ch enabl es t he v i s i t or  t o add,  modi f y  and del et e ent r i es
       i n an empl oyee dat abase
   −−>
   <map: mat ch pat t er n=" f or m/ empl oyee" >
    <map: act  set =" empl oyee−f or m" >
     <map: gener at e sr c=" f or ms/ { next −f or m} . xml " / >
     <map: t r ansf or m sr c=" f or ms2ht ml . xs l " / >
     <map: ser i al i ze/ >
    </ map: act >
   </ map: mat ch>

   <map: mat ch pat t er n=" * " >
    <map: gener at e sr c=" { 1} . xml " / >
    <map: sel ect  t ype=" l oad" >
     <map: when t est =" gr eat er Then( ’ 2. 5’ ) " >
      <map: t r ansf or m sr c=" . / s t y l esheet / l ow−gr aphi cs. xs l " / >
     </ map: when>
     <map: ot her wi se>
      <map: sel ect >
       <map: when t est =" i s( ’ Mozi l l a5’ ) " >
        <map: t r ansf or m sr c=" . / s t y l esheet / xul −enabl ed. xs l " / >
       </ map: when>
       <map: ot her wi se>
        <map: t r ansf or m sr c=" . / s t y l esheet / gener al −br owser . xs l " / >
       </ map: ot her wi se>
      </ map: sel ect >
     </ map: ot her wi se>
    </ map: sel ect >
    <map: ser i al i ze/ >
   </ map: mat ch>
 
   <map: handl e−er r or s>
    <map: sel ect >
     <map: when t est =" accept s( ’ t ext / vnd. wap. wml ’ ) " >
      <map: t r ansf or m sr c=" . / s t y l es/ Pi pel i ne2WML. xsl " / >
      <map: ser i al i ze t ype=" wap" / >
     </ map: when>
     <map: ot her wi se>
      <map: t r ansf or m sr c=" . / s t y l es/ Pi pel i ne2HTML. xsl " / >
      <map: ser i al i ze/ >
     </ map: ot her wi se>
    </ map: sel ect >
   </ map: handl e−er r or s>
  
  </ map: pi pel i ne>
 </ map: pi pel i nes>
    
</ map: s i t emap>

<! −− end of  f i l e −−>
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