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Abstract Any MVC web framework allows rapid
development of web application infrastructure.
This industrial paper discusses the creation of But most of these frameworks are based on classical
web framework based on XML technologies.  tree tier web application architecture: database ti
In addition to using eXist application server  (ysually relational), web server tier (object-otih or
and XRX architecture, lightweight XML-based procedural programming language) and web browser

data model is designed and XQuery generator  tier (HTML, CSS, JavaScript).
for prototyping application infrastructure is

developed. 3 Why new XRX-based framework

1 Introduction The weak point of classical tree tier web applmati
architecture is data transfer between tiers because

Nowadays XML-based information systems becomejifferent tiers uses different data formats andedént

widespread. XRX architecture allows creating Webprogramming language type systems.

application very easily using XQuery and XForms XML community invented XRX web application

standards. architecture to solve this issue. XRX architectise

Our work covers the creation of MVC web described in details in “Why XRX" section of this
framework based on native XML database and XRXpaper.

architecture. XRX approach is very convenient for web
We have used: developer. And from some point of view XRX approach

1. XForms — REST — XQuery (XRX) web application py itself is very close to be a web framework.
architecture. But some features may be added to standard XRX

2. eXist application server that has embedded nativgpproach e.g. XQuery-scripts code generation, xpli

XML database. model definition.

3. XSLTForms XForms-processor. Our goal is to develop MVC web framework to do

We have developed: XRX approach more convenient for developers.

1. Framework infrastructure.
2. Simple XML-based data model for storing 4 Why eXist
application data.
3. XQuery generator for prototyping application eXist [3] was created in 2001 as Native XML Databas

infrastructure. (NXD). eXist could store XML documents in database
We named our framework “iu5 web framework” collections and query XML with XQuery in the first
(“iu5” is a brief name of our subdepartment). releases.
Now eXist's developer team positions it as a Web
2 Related Work Application Server with embedded XML Database.

) eXist allows users to use XQuery for creating serve
There are dozens of MVC web framework exist forpages which is similar to JSP or ASP.NET, therefore
many programming languages. Probably the mosfs very easy to create web application with XQueny
known example is Ruby on Rails [6]. store application data in XML format.
Database can store not only XML documents, but

* Proceedings of the Spring Young Researcher's binary files too (e.g. images, CSS-files and etjch
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means eXist has “built in” CMS (Content Managementinterpreter and Native XML Database (applicaticer ti

System). + data tier).
XQuery-scripts also may be stored in database and _ ) o
eXist allows to run them. 5.2. Detailed architecture of XRX Web application

Thereby all components of web application may be | gt's examine detailed architecture of XRX Web
stored in database and none of them in file system. application on figure 2.

application data may be stored in database angtscri  There are tree variants of detailed architecture.

(and other files) — in the file system. Variant | is example of “shallow XRX” architecture.
In view of the aforesaid eXist is a very comfor@abl This is the case where XRX stack is simplified, for
platform for creating XQuery-based web applications  example traditional HTML forms are used instead of
XForms.
5 Why XRX Variants 1l and Ill are examples of “deep XRX”

XRX stands for XForms — REST — XQuery [2]. XRX is arc@;?gzﬁ lwgetrheef%l;;(eRx ﬁé?ld;;:sol:;?' rocessor is a
example of “zero-translation architecture”. It mgdimat ' ' w P !

; . : client solution. The most popular solutions are
there is no translation (data format conversiorjvben XSLTForms [8] and Mozilla XForms [4].

server and client data format. XML is used both on .
server and client sides and for data transfer betwe i X?LTF(:_rms basid on XSLT(;[r_a\nSformatmn._XSLT
server and client. Thus XRX architecture is simghel ransiormation may be processed In browser ormese
friendlv for developer side XQuery-script if necessary. This XSLT transier

y per. XForms-document into HTML + CSS + JavaScript.

5.1 Generalized architecture of XRX Web Resulting HTML-document provides user input,
application composes XML-fragment from inputted values and
............................................. ) sends resulting XML-fragment back to Web-server.
: < : XSLTForms technology is a very flexible solution
Web server XML Data : anditsintegratedintoexist. . ...
5 S e )
. : Web server
Web browser 1. 1.
Server side XML S : E :
XForms- - J XQuery Native XML : Web browser HTML- :
processor : script Database < form : :
: 1.HTML _ —14p] Serverside N
—e ;} g:\(J:aS\ZScript inputted XQuery script
: eXist Web Application Server | data
Mt eeta ettt ettt sy M XML Data
. . . 1L XForms 1L “—/
Figure 1: Generalized architecture of XRX Web ~————\ &HMY) N :
. . Web browser document ¢ :
application. < : Server side |« y_
. XQuery script )
Figure 1 shows tree tier architecture of XRX Web|| xrorms.

processor Database |:

application.
Presentation tier is XForms-processor. XForms

Server side ¢

processor receives XForms-document from Web-serve XQuery e
converts XForms-document to HTML+CSS+Javascript, - : -
validates user input, makes XML-fragment from ——— AN
inputted values and sends result XML-fragment kack :
Web-server. X%eur;’g:ﬁ;t ‘
Application tier is XQuery script that runs on Web- A
server and communicates with XForms-processor anfwes orowser | ML "f,(gfﬂzrff(mm”
Native XML Database. ML JavaScript) | (_\
Data tier is a Native XML Database that stores datg 2ess T A e
in XML format. ' : k_/
Data transfer between Application tier and VEE—— N
Presentation tier is XML, because XQuery scriptdsen L I
to XForms-processor XForms-documents (that's whicli | | xQuery script
is XML), default XML data and receives inputted XML A ) :
data. T I R R Y -

Data transfer between Application tier and Data tie Figure 2: Detailed architecture of XRX Web
is XML too, because Native XML Database sends an%pplication.

receives data in XML format.
On figure 1 eXist Web Application Server combines  \147jlla XForms is a plugin for Firefox and other
functions of a web server, server side XQuery $crippozilla products. To our regret it is not as matas
XSLTForms.



Because in variant Il XForms-processor is a client-
side solution it is very easy to create XForms-:
documents dynamically and transfer them to cliédt s - C:\.. \ius root

XForms-processor. This is a great advantage obmari folder

1.
generates
application
infrastructure

generator.xql

.................................................

Variant Il is the case when XForms-processor is a
web server application solution.

The most popular solutions are Orbeon Forms [5]
and betterFORM [1].

Orbeon Forms, being a Java web application, is the
most advanced XForms-processor. It is a completé

applications
root

application development framework with embedded folder
eXist Native XML Database. But this solution is too «application name,,)_‘ application
complicated. folder
betterFORM is a successor of Chiba XForms~_ additional
processor. It is also a Java web application: xQuerymodmes
betterFORM is good solution, but in current versies -
difficult to work with dynamically created XForms- : JavaScript
documents. : folder
Due to these reasons we choose variant Il of css
application architecture. And we choose XSLTForms fo,de,
XForms-processor because of its flexibility and:
simplicity to work with dynamically created XForms- : — view.xgm _|XQut_ery module
documents. : for views
6 iu5 web framework infrastructure : \— control.xql ~|§f,?‘;‘f,’,¥tfj{;‘f
6.1 File system framework infrastructure m fgg’t"gg::' modules
Framework uses collections in eXist database fof
storing data, and file system for storing XQuerigts. “module name” )—{f“;f;’e“r'e
For storing XQuery-scripts and other files in file :

system we use infrastructure shown at figure Jéd - XQuery module *
are shown with border, files are not). : [ model.xqm — f°? mz’e' :
Application folder contains “styles” subfolder for : .
CSS styles, “script” subfolder for JavaScript sesic : \— view.xgm — :‘Qu?"y module
. . Oor VIEws .
“modules” subfolder for our “data modules” and "lib
subfolder for additional XQuery scripts and modules

XQuery script is a file with “.xgl” extension which :
can be executed via HTTP request.

XQuery module is a file with “.xgm” extension. It
cannot be executed via HTTP request. It can only b&igure 3: File system framework infrastructure.
included in “.xql” file.

There is only one “executable” XQuery-script Please do not confuse our “data module” with
(controller) in application folder, and each modalso ~ XQuery-module file, which is XQuery library file.
has one “executable” controller. Other XQuery fites For web development clarity we implemented
non-executable. “classical” MVC pattern for data modules. Each mledu

We have minimized number of executable files forconsists of model, views and controller.

web development convenience and for security reason
6.3 Data module model

XQuery script

— —
control.xql for controller

.................................................

6.2 Data module definition Model consists of XML data stored in database, fdad

The main concepts of our framework is “module” (or “model.xgm” which contains functions for working
“data module”) and data module element. with module data.

The informal definition of data module — it is These are functions for selecting, inserting,
something like relational table or class in object-updating, deleting and etc. Functions are callednfr
oriented language. Data module element — it isontroller.
something like relational table data row or clalsgct.

The formal definition of data module — it is a 6.4 Data module view
combination of XML data (data module elements)rile “view.xqm” for module contains functions that

stored in database, and files “model.xqm”, *viewrXq  controller calls for generating views. In curregirsion
and “control.xql”.



we implemented two views for data module: list and:’
edit. :

List view generates table of data module elements
with buttons for editing and deleting. There isoa
button for adding new data module element. :

Edit view generates XForms-form for editing one:
data module element.

File “view.xgm” for application contains only one :
view, than generate list of hyperlinks for applicat :
modules.

database root
collection

iu5 framework

applications data
root collection

“application name”

application data
collection

application modules
data root collection

“module name”

4ce8eddc-0971-48cd-3aba-eb28551c4241.xml

6.5 Data module controller

module data
collection

File “control.xgl” is controller XQuery-script.
Controller may generate tree kinds of documents:

1. Plain HTML or XHTML documents. : :

2_ XHTML dOCUmentS Wlth embedded XFormS' 333d094e-3196-4143-3338-c0cb8c333c1f.xml
forms. - L data

3. XML-fragments with default values for XForms- : files :
forms. s 2
Controller can receive two kinds of parameters: , )

1. HTTP POST parameters from HTML-forms. Figure 4: Database framework infrastructure.

2. User inputted XML-fragments from XForms- _
forms. 7 iu5 web framework data model
Depending on parameters controller may perform

the following: _ 7.1 Why new data model

1. Call “model.xgm” functions for selecting, inserting ) i
updating, deleting XML data. We consider our framework for not very complicated

2. Call “view.xgm” functions for generating views. ~ data-centric information systems. _

3. Redirect to other modules controllers or to According to our goal we consider following data
application controller. models for our framework:

For security reasons we use only HTTP POST:: Relational-like model.
method. Therefore we do not use any URL rewriting?- Postrelational-like model.
technique, because it requires HTTP GET method. ~ 3- XML model based on XML Schema.

New versions of eXist has built in “URL Rewriting  For “Relational-like model” we consider XML
and MVC Framework” feature. This framework utilizes Structure that's have something like “tables”, s,
“controller.xql” controller script and work with UR  ‘fields” and “relations” described by XML tags.
rewriting. It allows using all kind of models anws. But this “classical” model has many restrictioner F

At first we have decided to use this framework and®X@mple, if we want to model repeated groups dddie
extend it with our model and views. But later weWe have to create new table.

understood that URL rewriting is not a useful featu ~ From our point of view “Postrelational-like model”
for our framework. is much more suitable for data-centric information

Therefore we use controller —script name Systems. We consider “Postrelational-like model” as
“control.xql” instead of “controller.xgl” in ordenot to  Relational-like model” with INF violation. Therefe

conflict with built in eXist feature. we can use groups and repeated groups of “fields” i
one “record”.
6.6 Database framework infrastructure On the other hand XML model based on XML

E toring XML data in datab i ‘ Schema is too “free-form” for our framework, beaaus
r?r S onr:gf_ 4a a II? ?a ase WG;] use m_;zr;]\sgnmd our framework is data-oriented, not document-oadnt
shown at figure 4 (collections are shown wi orae No doubts, with XML Schema we can describe very

f|IesFare not).k ¢ llecti ¢ r(l:omplicated combinations of “sequences” and
ramework - use separate collections 1or €achqpgicas” put is not easy to generate XForms-form
application and for each application module.

) ._based on XML Schema. Some experimental converters
D_ata_ module eIemenFs stores as XML files Mfrom XML Schema to XForms already developed (e.g.

appllcatlo.n module_collecuons. . xsdTransformer [7]) but it is risky to use them for
XML file name is data module element unique ID, production.

generatgd t_)y exist. . . Therefore “Postrelational-like model” is a happy
Appllcatlon module c_oIIe_ct|0n IS analogue for medium between restrictive “Relational-like model”

relational table and XML file is analogue for réaal \pich s inconvenient for developer and “XML model

table data row. based on XML Schema” which is difficult for

generating correct XForms-forms.



<g id="" n="module">
<v n="module_name">question</v>
<v n="module_list_caption">List of

7.2 Data model overview

Our “Postrelational-like” data model is very simple

contains only three XML tags: questions</v>
1. Simple value. Example: <v n="module_edit_caption">Question
edit</v>

<v n="name">value</v>
2. Reference to value in current module or in other

module. Example:

<r n="name" module="module name">value</n>

<g id="" n="list_data">
<g id="" n="list_fields">
<v n="list_field">question_text</v>

</g>
Attribute “module” not used in case of current <vgn="order field">question_text</v>
module reference. </g> B B

XPath expressions for selecting values not pointed <g id="" n="fields">
in “r" tag. These expressions pointed in applicatio  <g id="" n="group">
generator data and then generator “built in” theto i v . _ _
generated XForms-form. n= groulau_name >qu.est|"0n_ma|r.1_group</v>
3. Group element. Example: v n;/g;oup_captlon >Question
<g id="auto generated id" n="group name"> parig%:.\./.. n="fields">
Nested elements “g”, “r" or “v". <g id="" n="field">
</g> <v n="name">question_text</v>
In XML file root element “g” corresponds to data <v n="caption">Text</v>
module element. It may have nested elements “g”, “r <V n="type">xforms:string</v>
or “v". <v n="required">true()</v>

There are three types of groups: <v n="alert">This field is
1. Simple group. Used for encapsulation of “r” or “v” required</v>
. rente P <g id="" n="string_details">

elements.

2. Repeated group. Sequence of subgroups for

modelling list of values. Analogue of “sequence”
XML Schema construction.

3. Variant repeated group. Sequence of various

subgroups for modelling list of heterogeneous
values. Analogue of “sequence” of “choice” XML

<v n="width">333</v>
<v n="height">25</v>
</g>

</g>
<g id="" n="field">

<v n="name">question_time</v>
<v n="caption">Time limit</v>
<v n="default">00:00:00</v>

Schema construction. S <v n="type">xforms:time</v>
Group type pointed in application generator dath an <Ig>

then generator consider it when generating XForms- </g>
form. <lg>

<g id="" n="repeat_group">

<v n="group_name">answers</v>

<v n="group_caption">Answers
list</v>
<v n="group_formtype">list_num</v>
<g id="" n="repeat_items_group">

8 iu5 web framework application
generation

Application generator script generates XQuery web

application according to XML declaration.

There is an interesting fact that we use our data

model both for application data and for application
declaration.

Let's examine detailed example of application
generation.

8.1 Application declaration

We define sample application as test constructor fo
simple testing system. The only type of questiothia
system is question with multiple choices.

We'll declare data model for tests and questiorts an
framework will generate forms for list view and edi

Of course our framework will help us only with test
constructor. The questioning module should be emitt
by hands with “traditional” XRX.

Text of application declaration is shown below:

<g id="" n="application">

<v n="app_name">test</v>

<v n="app_caption">Test constructor</v>
<g id="" n="modules">

<g id="" n="repeat_item_group">

<v n="group_name">answer</v>
<v n="group_caption">Answer</v>
<g id="" n="fields">
<g id="" n="field">
<v n="name">answer_text</v>
<v n="caption">Answer text</v>
<v n="type">xforms:string</v>
<v n="required">true()</v>
<v n="alert">This field is

required</v>

<g id="" n="string_details">

<v n="width">333</v>

<v n="height">25</v>

</g>
</g>
<g id="" n="field">

<v n="name">answer_right</v>
<v n="caption">Right answer</v>
<v n="type">xforms:boolean</v>
<v n="default">false</v>

<v n="alert">At least one answer

should be marked as right</v>



<v n="constraint">
(count(/*[@n="answer_right' and boolean-
from-string(.)=true()]) &gt; 0) </v>
</g>
</g>
</g>
</g>
</g>
</g>
</g>

<g id="" n="module">
<v n="module_name">test</v>
<v n="module_list_caption">List of
tests</v>
<v n="module_edit_caption">Test
edit</v>
<g id="" n="list_data">
<g id="" n="list_fields">
<v n="list_field">test_name</v>
</g>
<v n="order_field">test_name</v>
</g>
<g id="" n="fields">
<g id="" n="group">
<v n="group_name">
test_main_group</v>
<v n="group_caption">Test params</v>
<g id="" n="fields">
<g id="" n="field">
<v n="name">test_name</v>
<v n="caption">Test name</v>
<v n="type">xforms:string</v>
<v n="required">true()</v>
<v n="alert">This field is
required</v>
<g id="" n="string_details">
<v n="width">333</v>
<v n="height">25</v>
</g>
</g>
</g>
</g>
<g id="1" n="repeat_group">
<v n="group_name">test_questions</v>
<v n="group_caption">Test
questions</v>
<v n="group_formtype">list_num</v>
<g id="" n="repeat_items_group">
<g id="" n="repeat_item_group">
<V
n="group_name">test_question</v>
<v n="group_caption">Question</v>
<g id="" n="fields">
<g id="" n="ref">
<V
n="name">test_question_ref</v>
<v n="required">true()</v>
<v n="alert">This field is
required</v>
<V
n="ref_formtype">select_list</v>
<v n="distinct">true()</v>
<v n="pathgroup">question</v>
<V
n="pathlabel">question_text</v>
<v n="module">question</v>
<v n="appearance">minimal</v>
<g id="" n="string_details">

<v n="width">333</v>
<v n="height">100</v>
</g>
</g>
</g>
</g>
</g>
</g>
</g>
</g>
</g>
</g>

8.2 Example of generated XML data model

Example of generated question XML data file is show

below:

<g id="12956faf-9d4e-4b79-bc5c-
9665302bc58e_2011 5 4_4 51 18F82"
n="question">
<g id="question_main_group_1 2011-05-
04T00:51:25Z" n="question_main_group">

<v n="question_text">Select XML
technologies</v>

<v n="question_time">00:00:00</v>
</g>
<g id="answers_1 2011-05-04T00:51:25Z"
n="answers">

<g id="answer_1_2011-05-04T00:51:25Z"
n="answer">

<v n="answer_text">XForms</v>

<v n="answer_right">true</v>

</g>

<g id="answer_2_ 2011-05-04T00:51:26Z"
n="answer">

<v n="answer_text">HTML</v>

<v n="answer_right">false</v>

</g>

<g id="answer_3_2011-05-04T00:51:312"
n="answer">

<v n="answer_text">XQuery</v>

<v n="answer_right">true</v>

</g>
</g>
</g>

Example of generated test XML data file is shown

below:

<g id="f8cac716-d965-4590-a189-
n="test">
<g id="test_main_group_1 2011-05-
04T01:02:32Z" n="test_main_group">
<v n="test_name">XML test</v>
</g>
<g id="test_questions_1_2011-05-
04T01:02:32Z" n="test_questions">
<g id="test_question_1_2011-05-
04T01:02:32Z" n="test_question">
<r n="test_question_ref"
module="question">12956faf-9d4e-4b79-

bc5c¢-9665302bc58e_2011_5 4 4 51 18F82</r>

</g> T
</g>
</g>



8.3 Examples of XForms-forms BUrih i e o 4 a8 55 SO e e
Examples of generated XForms-forms are showr \%ﬁ — O O “{
below.
@ Morilla Firefox. - — Pp—— —— ey =) Test params . )
D ——— i

| || httpiflocalhost80...p/test/controlxql | + | =

Test constructor

1. List of questions

2. List of tests

Fotoso €

@ Mozilla Firefox

Test questions

1. Select XML technologies

Add "Question"

Select XML technologies -
Select right XML tags

Figure 5: List of application modules form.

@ Mozils Firefox ] 5
Oeiin [paska Bua Xypwan 3axnescn Uwcrpymewts: Crpaska
@ S C X & (0w L2E -] [l Andenc Alki

| [ httpir

=[] x [l b

List of questions

(Boox | [add]

Text Actions
Select XML technologics
Select right XML tags
Totoso €

Figure 6: List of questions form.

ozila Firefox [E=E—)
LD 5 - - e s W . e e

Qain Opaoxe Bra Kypron Zvcrogen Uncipywentss Crpanea

@ » C X & ([ T | (18- Awdexc Plr

Question edit )

Question params

Sglect RE technologics
Text: S

Time limit: 00:00:00

XKFomns

.
1. Answer text: Right answer: ¥
+

Right answer: [1

* Right answer: @

2. Answer text: ¥

3. Answer text: $%SEY

Forost e

Figurg?:'EEt guestion form.

@ Mozilla Firefox o — — - — =]
®aiin [paska Bua Xypran 3aknagkm Muctpymentsi Crpaska
@ S O I exist/iu3_eng o0 T | (18~ Anderc Plk
[ [ nete sl [ x o] =
I List of tests
Bk |
Test name Actions
L s
Foros e

Figure 8: List of tests form.

Cancel

Foros e

Figufe 9: Edit test form.

9 Conclusion and future work

In this paper we introduced the first version of Gu5
web framework” based on XRX architecture and eXist
web application server.
We are going to improve our framework in the
following ways:
1. Add embedded security, which is the most critical
feature.
2. Improve views generation and user interface.
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