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Resume
I denne rapport præsenterer vi vores arbejde gennem spe ialet. Dette arbejde ligger i forlængelse af vores Dat5 arbejde. Vi arbejder med Web udviklingen indenfor programmeringssproget S heme med LAML bibliotekerne.

I modsætning til den gængse måde, hvor ere

sprog kombineres for at opnå den ønskede eksibilitet, tillader en programmatisk tilgang
til Web udvikling, at både præsentation og dynamik foregår i det samme sprog. I løbet af
Dat5 udviklede vi et modul til Apa he Web serveren.

Dette modul bruges som en del af

konteksten til dette arbejde.
Vi begynder med en analyse af nogle ofte forekommende problemer man støder på som Web
udvikler. Et af disse problemer er Tilstands håndtering, som består af to delproblemer. Det
første delproblem er data håndtering mellem klient og server. Et andet delproblem omhandler kontrol-owet af en Web applikation. Mulige løsninger der ndes i dag bliver analyseret
og vurderet. Det andet ofte forekommende problem i Web udvikling er Input validering. Der
er to alternativer som oftest bruges. Enten klient side validering ved hjælp af JavaS ript eller
server side validering ved hjælp af det sprog som Web applikationen er skrevet i. Fordele og
ulemper ved de to alternativer overvejes og vurderes. Det tredje problem der analyseres og
beskrives er problemet med opbygningen af Komplekse strukturer på serveren, samt manglen
af samme struktur når den har været vist til klienten. Det sidste problem der bliver behandlet
er Genbrugeligheds problemet. Som udvikler er man vant til en vis grad af genbrugelighed,
men primært på funktionalitet niveau. Ved fremkomsten af side

entrerede teknologier som

PHP, ASP og JSP er en lille grad af genbrugelighed blevet kutyme, men det er ikke noget
der nder sted i stor stil. Ønsket om en øget grad af genbrugelighed er fremsat.
Efter præsentation og gennemgang af problemerne kigger vi nærmere på relateret arbejde.
Formålet med dette er todelt. Både at nde inspiration til løsninger til problemerne, og nde
teknologier som allerede har løst dele af problemerne. På baggrund af analysen af problemer
og det relaterede arbejde, fremsættes et antal hypoteser, der ligger til grund for det videre
arbejde.
Efter analysen præsenteres designet, hvor vi med udgangspunkt i det enkelte problem præsenterer vores overvejelser omkring dette problem. Ud over overvejelser præsenterer vi også den
designede løsning som skal ligge til grund for en implementation. Vi begynder med problemet omkring Tilstands håndtering.

Vi præsenterer tre forskellige løsninger, og konkret

vælges at designe en løsning inspireret af Bigwig.

Denne løsning involverer introduktion

af et primitiv der pauser evalueringen af Web applikationen når en side vises til klienten.
Løsningen involverer også introduktionen af et primitiv der introdu ere et leksikalsk s ope i
et program. Disse to primitiver er den del af sessions begrebet som også medfører en løsning
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til Genbrugeligheds problemet.
Til behandling af problemet omkring Komplekse strukturer, overvejes både en tilgangsvinkel
der involverer spe ikation af nestede lister, samt introduktion af et indlejret domæne spe ikt sprog til løsning af problemet. Da vi nder en objekt orienteret tilgangsvinkel til problemet er den bedste, designes en løsning baseret på objekt orienterede prin ipper. Composite
design patternet bruges som inspiration til introduktion af forskellige klasser, der repræsentere forskellige elementer i en objekt struktur. Denne objekt struktur indeholder mulighed
for asso iering af en præsentation med det enkelte objekt i strukturen. Ydermere kan den
indeholde data som er asso ieret med de enkelte objekter i strukturen. Slutteligt behandles
problemet omkring Input validering.

Server side validering betragtes som den rigtige vej

frem, selvom visse ulemper ndes. Derfor designes en løsning til validerings problemet der
passer sammen med resten af den designede løsning. Dette tillader validering både på enkelte
sider, samt på komplekse strukturer.
Dernæst præsenteres overvejelser og problemer som vi har arbejdet med på det lave niveau
(omkring server modulet) i forbindelse med implementationen. På det lave niveau kommer
vi også med enkelte anbefalinger for teknologier som vi mener kan bruges til en endelig implementation.

Nogle begrænsninger bliver truet, for at forhindre at vores arbejde skulle

skifte fokus fra det høje niveau (S heme, LAML) til det lave niveau (Apa he/C). Efterfølgende introdu eres nogle proof of

on ept applikationer, hvilket illustrerer og motiverer

den designede løsning. Disse bliver gennemgået for at give læseren en forståelse af den implementerede løsning. På baggrund af erfaringer med disse præsenteres vores overvejelser
med hensyn til brugbarheden af den designede løsning. Anbefalinger, og ting der efter vores
mening skal laves anderledes, bliver gennemgået og diskuteret, så videre arbejde indenfor
dette område kan drage nytte af vores arbejde.
Slutteligt konkluderes der på de fremsatte hypoteser og de designede løsninger.

Vi vur-

derer i hvor høj grad vi har opfyldt vores mål for dette projekt, og eventuelle afvigelser er
forklaret. Vi konkluderer at introduktionen af sessions begrebet, generelt set løser problemerne med Tilstands håndtering. Introduktionen af et sessions primitiv tillader udvikleren
at få et overblik over hele applikationen, da ere interaktioner med klienten foregår i det
samme leksikalske s ope ved hjælp af

slaml-show

primitivet. Genbrugeligheds problemet

formodes løst. Vi må konkludere at en længere periode til evaluering at dette er nødvendig.
Problemet omkring Komplekse strukturer er løst fornuftigt ved brug af objekt orienterede
prin ipper. Selvom de objekt orienterede prin ipper ikke passer godt i konteksten af dette
arbejde (S heme og funktionel programmering) så er det rimeligt let og eksibelt at arbejde
med objekter til repræsentation af komplekse strukturer. Med hensyn til Input validerings
problemet så kan vi konkludere, at vi har lavet et validerings apparat der passer godt sammen med sessions apparatet. At bygge validering på sessions apparatet sikrer, at det at få
data og validere det er en atomar handling, i modsætning til CGI hvor det er to separate
handlinger.

Prefa e
This report do uments our Dat6 semester proje t at the Department of Computer S ien e,
Aalborg University, Denmark. The Dat6 semester is the semester where we

omplete our

master thesis. Preparatory work for the master thesis is our Dat5 proje t, where we worked
in the area of Web appli ation development using LAML.

Report Conventions:
Throughout this report all referen es to the bibliography are shown as [referen e℄. Spe ial
on epts are written in abbreviation followed by a full length name in parenthesis, the rst
time en ountered. Through the remainder of the report the abbreviation is used. Referen es
to gures and tables are written like x.y where x is the number of the
number of gure or table in the given

hapter.

hapter and y is the

E.g. Figure 2.3 is gure three in

hapter

two. Text in gures are written in a spe ial font to make it distinguishable from the normal
text. An example of this font is this senten e. When referring to spe i

itali

notation is used, like this senten e. Itali

ontents of gures an

notation is also used when referring to the

named problems throughout the report. Primitives that are part of the SLAML framework
are written in

this font

to distinguish them from the rest of the text.

Throughout the

report the word he, will refer to he or she. A gray box is used to give the implementation
onsiderations regarding the various primitives in the design. The

ontents of this is targeted

at the reader familiar with S heme. The rst time a primitive is introdu ed a parenthesis
will follow with a page number. This page number refers to the page in the SLAML referen e
- in Appendix A -

ontaining a detailed des ription of the primitive.

The proje t period began February 4, 2002 and lasted to June 14, 2002.
Aalborg University, June 14, 2002.

Mikael M. Hansen

Paw Iversen

Jimmy Jun ker
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Introdu tion
The task of developing Web appli ations has be ome more important during the re ent years,
as the use of Web appli ations has be ome more

ommon. Following the in rease in use of

Web appli ations, fo us has in reased on inventing te hnologies and pra ti es for improving
the e ien y of a Web appli ation developer.

At the same time fo us on expanding the

possibilities of the te hnologies used today has in reased. This ongoing task of improving,
and expanding the possibilities in the domain of Web appli ations development is possibly
one of the fastest growing areas in

omputer s ien e today.

Some of the most interesting tenden ies in Web appli ations development is the use of
XML[W3C02a℄ as a uniform way of sharing and distributing data. Other important aspe ts
of the elds of Web appli ations development is the J2EE[In 01℄ ar hite ture introdu ed by
Sun Mi rosystems.

J2EE in ludes several new te hnologies that are intended to aid Web

appli ations developers in their task of

reating Web appli ations.

Apart from the mainstream tenden ies people work on various ni hes that better suit their
needs. Ni hes that rely on more spe ialized te hnologies for Web development. Examples
of su h ni hes is the Bigwig language, or the WASH/CGI library[Pet℄ for Haskell[JO02℄.
Another ni he is introdu ed by Kurt Nørmark, as he has
for the S heme

+
programming language[KCR 98℄.

reated the LAML libraries[lam01℄

This is done sin e he nds that the fun -

tional paradigm ts well into the development of Web appli ations[Nør00℄. Furthermore the
synta ti al nature of lisp languages t well with Web development
During the preparatory work[MPJ02℄ for this master thesis we worked in the area of Web
appli ations written in LAML. Server side LAML (SLAML) was introdu ed, as the possibility to exe ute LAML appli ations on the server without using CGI. This was a hieved by
reating an Apa he server module, whi h we named mod_laml. mod_laml allow exe uting
Web appli ation written in S heme using the LAML libraries roughly twi e as fast as it is
done by relying on CGI[ gi01℄. The work

ondu ted during the preparatory work for this

thesis was mainly on a low level. Most of the work

onsisted of

reating the Apa he module,

in luding various features often present in an Apa he server module.

A se ond aspe t of

the preparatory work was to dis over new ideas and prin iples that help to make Web development easier. We

on luded that we would

ondu t a further analysis of some of these

on epts and possibly implement them using mod_laml. As a

ontinuation of this strategy,

the fo us has been shifted from the low level to a higher level, namely from the C level to
the S heme level. In this proje t we fo us on providing new aspe ts into the area of Web
appli ations development by using mod_laml as the basis for further development relying
on S heme and the LAML libraries.

2

CONTENTS

This proje t addresses some of the often en ountered problems in Web appli ations development relying on todays te hnologies. This is done in four steps. First, often en ountered
problems when working with Web development are found.
lems and possible solutions are

Se ond, analysis of the prob-

ondu ted, while at the same time

onsidering aspe ts of

new te hnologies used for Web appli ations development. Third, solutions to the problems
are dis ussed and designed to integrate with the
preparatory work for this master thesis.

ontext

reated and motivated during our

Fourth, a number of example Web appli ations

are developed to illustrate the solutions to the problems in Web appli ations development.
The example appli ations are used as the motivation for dis ussions and ree tion on the
problems, their solution and re ommendations for further development in the area of Web
appli ations development in LAML and mod_laml are presented last.
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ondu ted. Next is

an introdu tion to dierent approa hes to Web development. Following this is an analysis
of work related the problems des ribed.

The solutions used in related work - in the area

of session based approa hes - are presented and dis ussed.

Finally a problem denition

in luding hypothesis regarding the goals of this proje t is presented.

1.1 Problems in Web Development
We

on luded our previous work with the fa t, that we will attempt to make Web develop-

ment easier for the developer. Making Web development easier for the developer, is done
by introdu ing abstra tions in the language used for development, and by introdu ing tools
that supports the developer when solving often en ountered problems. This se tion presents
problems that are en ountered when developing Web appli ations. Four problems have been
identied based on our knowledge with the development of Web appli ations, and they are:
1. State handling
2. Input validation
3. Complex forms
4. Reusability

4

CHAPTER 1.

ANALYSIS

The following will give a short introdu tion to the problems. In addition ea h of the problems are presented and dis ussed in greater detail in its own se tion, see Se tion 1.1.1, 1.1.2,
1.1.3 and 1.1.4.
The rst problem (State handling ), is based on the

hara teristi s that a Web appli ation

must underlay the stateless nature of the HTTP proto ol.

An appli ation build on CGI,

a tually exist of an amount of small appli ations. Ea h small appli ation

orresponds to

the exe ution of a single CGI s ript, whi h results in the presentation of a single page. This
observation is build on the fa t that the pro essing of a single request to a CGI based Web
appli ation

orresponds to exe ution of one CGI s ript. The developer of Web appli ations

will be aware that more requests

orresponds to more CGI s ripts. He will therefore have to

on entrate on the development of many small appli ations that must intera t with ea h
other, instead of fo using on the whole Web appli ation as one unit. If data and information
about state must survive more requests, it must be handled expli it by the developer. The
reason for this is the stateless nature of the HTTP proto ol. The need to expli it handle data
and information about state is seen as a problem. This problem is named State handling,
and it is dis ussed in greater detail in Se tion 1.1.1.
The se ond problem is named Input validation and is about validating data submitted by a
lient. When a

lient submits data to a CGI s ript, it has to be validated in order for the

data to be valid in the

ontext it is used. The problem is present be ause all data submitted

to a s ript is re eived as strings. Sin e not all operations are done on strings (e.g. adding
two numbers), it is often ne essary to perform
in most

he ks on the input from the user. This is

ases done expli itly by the developer. However, validation imposes problems, sin e

the validation pro ess is error prone if the developer is not systemati . Input validation is
dis ussed in greater detail in Se tion 1.1.2.
The third problem is related to the way data is stru tured in HTML. When writing CGI
s ripts, data

an be pla ed in data stru tures to raise the level of abstra tion. This is done

by using primitives available in the programming language used to write the CGI s ript
(e.g. arrays, tree stru tures, hash tables). A similar stru ture
HTML (an array of re ords

an be modeled as layout in

an e.g. be modeled as a table with ea h re ord presented as a

row), but a problem exist when data is re eived from the

lient. The developer

an present

omplex stru tures in HTML forms, with respe t to layout, but when data is re eived from
the

lient, the data stru tures are lost. This is the

form is en oded as a string
large and

ase, sin e information from an HTML

ontaining key/value pairs. The relation between re reation of

omplex stru tures and forms based on a key/value pairs, is seen as a problem. We

have named this problem Complex forms and it is dis ussed in further detail in Se tion 1.1.3.
The fourth problem

onsidered is the problem of reusability of program units that are larger

than one page. In CGI, the developer

an

reate fun tionality, whi h

an

reate parts (often

single pages) to a Web appli ation. However, in order to reuse a whole Web appli ation, all
pages related must be in luded. The problem is that a Web appli ation in CGI is not equal
to a single unit, but instead a series of pages. We see the la k of

onsidering an appli ation

as a single unit as a problem, whi h we have named the Reusability problem. Reusability is
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dis ussed in Se tion 1.1.4.
To summarize, four problems - State handling, Input validation, Complex forms and Reusabil-

ity - that are present when developing large Web appli ations have been identied.

The

following se tions spe ies the problems in greater details and gives examples that presents
the nature of the spe i
onsiderations and

problem. Current solutions to the problems will be presented, but

hoi es regarding the solutions are presented in the Design

hapter (see

Chapter 2).

1.1.1 State Handling
When a developer uses the CGI proto ol to write Web appli ation, di ulties regarding the
CGI proto ol arises. The main problem with the CGI proto ol is that it is stateless (be ause
of the stateless nature of the underlying HTTP proto ol). This means that state information
have to be handled expli it by the developer in order to maintain state. A se ond problem is
that the CGI proto ol di tates that a program written using CGI must end after a response
is send to the

lient. There is no possibility of writing the Web appli ation as one program

and rely on the intera tions with a user returning

ontrol to the surrounding

done in non-Web related programming. This has some

ode, as it is

onsequen es that are explained in

this se tion.
The State handling problem

an be divided into two subproblems.

presented below. After the presentation of the two subproblems,

The subproblems are

urrent solutions are pre-

sented.
1. Data ow handling
2. Control ow handling

Data ow handling

on erns the need for the developer to expli it handle the data (values)

already re eived from the

lient. Consider an appli ation, that

onsists of three pages. The

rst two pages ea h take an input, and the third page presents the input entered. Sin e the
HTTP proto ol is stateless, the data from the rst page must expli it be stored - or sent
to the next page - by the developer.

This is needed for the data to be present after the

request to the se ond page, so it is available when the third page is presented. The problem
is illustrated in Figure 1.1.
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Client
Request

1
Get A

CGI

HTML
A?

A=1

2
HTML
B?

Get B

CGI

B=2

3
Show A and B

Figure 1.1:

The

Data ow handling

a single request, the data

problem.

HTML
A = ??
B=2

Sin e ea h of the CGI s ripts are handled as

annot survive more requests. In this example, the

present after the response from the se ond CGI s ript (CGI

2 ).

A

value is not

The Control ow handling problem is also (like Data ow handling ) related to the stateless
nature of the HTTP proto ol. Figure 1.2 presents an example, where multiple
be made through the exe ution of a Web appli ation.
it is not possible to determine the

hoi es

an

When the appli ation is running,

urrent position, of all the positions in the appli ation.

Considering the gure, it is e.g. not possible to determine if D has been visited if the

urrent

page is C. The reason for this is, that ea h page is presented by the exe ution of a single
s ript, and ea h s ript terminates after ea h request. This means, that ea h page is presented
without returning to the spe i

point in the appli ation from where it was

alled. Informa-

tion needed to maintain the intera tion between the dierent parts of the appli ation, must
therefore be handled expli itly by the developer. This is typi ally done by asso iating the
next s ript to be invoked with a button or a link on the

urrent page.
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A

B

D

C

DONE

E

Figure 1.2: Ea h node in the tree represents a page (e.g.
symbols a possible sele tion. The

a single CGI s ript) and an edge

olle tion of all the pages is the entire appli ation and a path

through the tree stru ture, represents a possible exe ution of the appli ation.

The two subproblems related to State handling have been presented. Current solutions to
these problems are presented and dis ussed in the following.

Current Solutions to Data Flow Handling
The Data ow handling problem

an be solved by either storing the data on the

lient or

on the server. The two alternatives are presented in Figure 1.3, whi h is based on Figure 1.1.

Server
CGI

Client
Request

CGI

Get A

CGI

A=1

Get B

CGI

B=2

A=1

A = 1, Get B

CGI

HTML
B?

A = 1, B = 2

3

(A)

data to the

HTML
B?

3
Show A and B

Figure 1.3:

CGI

HTML
A?

2

Storage

Get A

Request

Get A

HTML
A?

2

A=1

Client

1

1

Store A

Server

HTML
A=1
B=2

Show A and B

HTML
A=1
B=2

(B)

(A) relies on the possibility to make data persistent on the server, whereas (B) sends
lient.
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The solution presented in Figure 1.3 (A) relies on the possibility to store data on the server.
This

an e.g. be in les on the lo al server's lesystem.

distinguish between the dierent
the server,

However, it must be possible to

lients. If this is not possible, the information stored on

annot be related to a spe i

lient. Many page

entered approa hes to Web

development (PHP [The02℄, JSP [SM02℄, ASP[asp01℄ et .) let the developer spe ify whi h
variables must be a

essible at a later point in the dialog with the

an id to identify it from the other

lient. The

lient is given

lients. The id is the only information sent to the

the end of ea h request (by storing it in a hidden

input

lient at

element in a way des ribed later).

All the registered variables are serialized and written to a le on the server without the
developer having to know about it.
A problem with the solution presented in Figure 1.3 (A), is that the
intera tions with the server and bookmark the
days or even longer) a

lient

lient

an return - by using the bookmark - in order to

appli ation on e left. There is no way to determine how long the
exe ution of the appli ation, or if the

an stop his

urrent page. After a while (minutes, hours,
omplete the

lient will be idle in the

lient will ever return. If the

lient never returns, data

related to the intera tions with the server will take up spa e even if it is never used. If large
appli ations are running on a Web server, storing never used informations is a problem, that
must be

onsidered.

Figure 1.3 (B) presents a solution to Data ow handling, where data is send to the
in hidden

input

elements when needed later. This means, that data

the HTML page in the same way as data from other
is that data in hidden

input

input

element for ea h value.

input

generate URL strings or hidden
an be sent to the

an be extra ted from

elements. The only dieren e

elements are not shown in the layout of the HTML page. If

many values are needed at a later point, it is a
a hidden

input

lient

umbersome task for the developer to

reate

Persistent.pm [Pra02℄ is a Perl module that

an

elements from variable names. In this way the data

lient and ba k in the normal way, but the developer just has an easier

task of doing it. We nd this abstra tion useful, sin e the developer

an a

ess the values in

the variables, without the need to handle the data from the HTML form expli it.
Sending data to the
to the
A

lient in hidden

input elements is a problem, sin

e the data is a

essible

lient. It is not presented on the HTML page, but it is present in the page sour e.

lient

an modify the values in the hidden

input

elements and submit them. This

an

result in the server re eiving unexpe ted or invalid information. Se urity is also an issue
here. Imagine that the developer
to distinguish between

hanges the unique id whi h identies the

lients, so data

knows) the unique id of another
to information not related the

an be stored on the server). If a

lient, it

an pretend to be that

lient ( reated

lient guesses (or

lient. This allows a

ess

lients own intera tions with the server.

Current Solutions to Control Flow Handling
This se tion presents two solutions to handle the ow in a Web appli ation. The rst solution
is based on primitives in the programming language used. The entire appli ation (or larger
parts of it) is pla ed in a single le, and when a request is re eived, a variable (maintained
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by the developer) determines whi h page to show. Figure 1.4 shows how a
from S heme

ond spe

ial form

an be used for this.

( ond
((string=? page
(display
(html
.
.
(input 'name
((string=? page
(display
(html
.
.
(input 'name
;et
)

"page1")

"page" 'type "HIDDEN" 'value "page2"))))
"page2")

"page" 'type "HIDDEN" 'value "page3"))))

ow of a CGI program.

ond spe ial form from S heme an be used to ontrol the
page is a string extra ted from the HTML form. The "page1",

and

strings are used to determine the parts of the appli ation and

Figure 1.4: An example of how the

"page2"

"page3"

is maintained by the developer.

By using the above solution, the developer has overview of all pages (and the ow between
them) in the Web appli ation. However, if a large appli ation is

reated, the gathering of all

pages in the same le, will make it di ult for the developer to maintain the overview. This
is the

ase, both be ause of the amount of lines of

ode present in the le, but also be ause

there exists no grouping of pages whi h are related to a spe i

part of the appli ation. In

an online bookstore, for instan e, the login page is not related to the page where a user
sear h for a spe i

book.

The se ond solution to the
HTML

form element.

ontrol ow problem is to rely on the

a tion

attribute of the HTML

form

the pages presented in Figure 1.2

form

attribute from the

Instead of pla ing the appli ation in a single le, it is pla ed in a num-

ber of les (e.g. one le for ea h page in the appli ation). The pages

a tion

an

an then - by using the

element - be linked together. The

onne tions between

an then be establish if page A (a single le)

ontains a

element that links to page B. It will look like:

(form 'a tion "B. gi" ... )
Page B must then

ontain two

form

elements: one that links to page C and one that links

to page D. By following this pattern, the entire
1.2

an be

reated.

onne tion between pages shown in Figure
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reate a splitting of the ap-

pli ation (e.g. one s ript per page). The ow of the program is di ult to maintain, sin e it
requires the developer to open various les in order to follow a spe i

series of a tions (one

le has a referen e to one or more of the other les related to the appli ation, whi h again
has one or more referen es et .).
In this se tion approa hes to the two subproblems of the State handling problem, namely
the Data ow handling and the Control ow handling problem were presented. The Data

handling problem

an be solved by storing the data on either the server or the

lient. The

Control ow handling problem an be solved by using primitives in the language or by linking
small appli ations together using the

a tion

attribute of HTML

form

elements. The next

se tion fo us on the Input validation problem and possible solutions to it.

1.1.2 Input Validation
In this se tion the Input validation problem is analyzed. In order to get information from
a

lient in a Web appli ation, input elements are used. These input elements are added to

an HTML page by using HTML elements - often the HTML
the

textarea

element,

types of the HTML

an also be

input

input

onsidered input elements).

element [W3C02b℄, and the

element (others, like

There exists ten dierent

ontent of ea h element is in HTML

handled as textual input. This means, that the representation of all values - regardless of
the input type - are string values when extra ted from an HTML form.
To see the problem with the la k of types in HTML,

onsider the following example, whi h

input elements (see Figure 1.5). The HTML input
same way (the name attribute will dier):

onsists of two HTML pages with HTML
elements are

reated in basi ally the

(input 'type "TEXT" 'value "" 'size "5" 'name "a")
As seen, the type of the HTML

input

element used is

TEXT.

elements are used to gather information about numbers.
takes two numbers as input, and it

ontains a submit

This means, that text

input

In this example, the rst page

input element (Figure 1.5 (A) ). The

se ond page presents the sum of the two numbers entered in the rst page (Figure 1.5 (B) ).
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Calculate two numbers!

Calculate two numbers!

This page calculates two
numbers! Enter them below
and press submit

Number A

This page calculates the
sum of the two numbers
entered on the previous page.

Number B

10

11

Result

20

30

Submit

(A)

(B)

Figure 1.5: An example of input elds. The sum of the two numbers entered in
in

(B).

The problem in this example, is that it
the

input elements on the rst page.

as strings, the

lient

annot be assured, that the

Sin e information from the

(A)

is presented

lient enters numbers in

input elements are handled

an enter e.g. "asdf" as the rst number. This gives the developer of a

Web appli ation the need to perform

he ks on input, sin e it will not - in the example used

- make sense to add a string to a number.
On the basi

HTML/CGI level, there is no way of

he king for spe i

input types.

If

validation is needed, the developer must use other te hnologies. The validation part of an
appli ation

an be handled on two dierent levels; on the

Generally, validating input on the
data will stay on the
be send between

lient or on the server.

lient side will mean faster validation. The reason is, that

lient until it is valid. If validation is handled by the server, input must

lient and server, until it has been validated. A problem with

validation is, that a spe i

lient side

te hnology (su h as JavaS ript[Net02℄) must be present on the

lient. If the te hnology is not present, a validation will not be a
side validation, however, it is not required for the

omplished. With server

lient to have spe i

te hnologies present.

Instead, te hnologies present on the server are used for validation.

Client Side Validation
Often used te hnologies for

lient side validation are JavaS ript

1

and JS ript[Mi 02b℄ (we

fo us on JavaS ript), whi h are s ripting languages developed by Nets ape and Mi rosoft,
respe tively. Both are standardized as ECHMAS ript[ECH02℄, whi h is a standard for s ripting in a host environment. JavaS ript

an be used inside HTML do uments, and the Web

browser will exe ute the s ript immediately or at a later event (e.g. when a
1 Server

lient submits

side JavaS ript exist, but when we use the term JavaS ript we mean lient side only
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input element). This gives the developer many
of input elements. The rst page from the ex-

ontent in an

possibilities, and one of them is validation

ample above, is shown in Figure 1.6, with JavaS ript in luded (body text and layout is not
in luded).

<html>
<head>
<title>Cal ulate two numbers!</title>
<s ript type="text/javas ript">
fun tion he kNumbers() {
var anum = do ument.sum.a.value //value from 'a' input field
var bnum = do ument.sum.b.value //value from 'b' input field
// he k if any is not a number .. '10' is the radix
if (isNaN(parseInt(anum, 10)) || isNaN(parseInt(bnum, 10))) {
alert("You must enter valid numbers!"); //Show error alert
return false; //the user must try again
}
else
return true; //a epted .. ontinue
}
</s ript>
</head>
<body>
<!-- body text and layout is not in luded! -->
<form name="sum" type="GET" onSubmit="return he kNumbers()"
'a tion="result.html">
<input type="text" value="" size="5" maxlength="5" name="a">
<input type="text" value="" size="5" maxlength="5" name="b">
<input type="submit" value="submit">
</form>
</body>
</html>
Figure 1.6: An example of input validation in JavaS ript. The result page is not

alled unless

the information entered is validated as numbers.
As seen in the gure, the

input

elements are pla ed inside a

possible to spe ify in the JavaS ript (in luded in the

s ript

are of interest (as it is done in the rst two lines of the

form

element. This makes it

element), whi h values that

he kNumbers fun tion).

The

example also shows, that there is a problem related to the need to master two te hnologies;
a s ripting language with a C/Java like syntax together with HTML. Another problem with
JavaS ript is, that some fun tionality diers between dierent browsers (e.g. Nets ape and
MS Internet Explorer). This means, that some fun tionality must be browser spe i

and

therefore written twi e.

Server Side Validation
Leaving input validation as a server task, means that input from the

lient is sent to the

server in order to be validated. If the input is not valid, appropriate errors messages must
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be presented. There is no spe ial te hnology used for server side validation (like JavaS ript
is used for

lient side).

Instead, the programming language used to generate the HTML

ontent is also used for validation (like VBS ript [Mi 02 ℄ in ASP, Java[In 02b℄ in JSP et ).

The following example is implemented in JSP, and is - like the

lient side validation example -

an implementation of the rst page in the initial example. The idea is, that we are interested
in

reating a loop between server and

Su h a loop

an be

lient, that runs until the

lient submits valid input.

reated by using a wrapper page, whi h performs the needed validation.

If the input is valid, the

lient is dire ted to the next page. Otherwise, the

ba k to the original page, so input values

lient is send

an be entered again. Another possibility is to

embed the validation into the presentation. The latter is used in the example, whi h

2

an be

seen on Figure 1.7 .

<html>
<head>
<title>Cal ulate two numbers!</title>
</head>
<body>
<form a tion="" name="sum" method="GET">
<%
// if parameter is not present, getParameter returns null
String astring = request.getParameter("a");
String bstring = request.getParameter("b");
// the initial request (no paramters exist), will result in both being null
if (astring == null || bstring == null)
; //dont do anything
else {
try {
int anum = Integer.parseInt(astring);
int bnum = Integer.parseInt(bstring);
response.sendRedire t("result.html?a="+anum+"&b="+bnum);
} at h (NumberFormatEx eption e) {
%>
<b>You must enter valid numbers!</b>
<%
} // end of try- at h
}
%>
<input type="text" value="" size="5" maxlength="5" name="a">
<input type="text" value="" size="5" maxlength="5" name="b">
<input type="submit" value="submit">
</form>
</body>
</html>
Figure 1.7: An example of server side validation. Here the server side language is embedded in
the page.
2 The

example is very basi , and no spe i strengths from JSP are used.
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As seen on this gure, the error message and the validation are embedded in the HTML.
Spe ial tags are used -

<%

and

%>

- to es ape from HTML into the programming language

used (Java in this example). The server

onverts the entire page into a small Java program,

whi h is exe uted when requested (and

ompiled at the very rst request). The appropriate

HTML page is then

reated by a series of

System.out

statements. Just as with

lient side

validation, the developer must master both a programming language and HTML. However,
the programming language available on the server, will in most
than the s ripting language used for

ases be more

omprehensive

lient side validation.

This se tion has presented two dierent approa hes to the Input validation problem. The
rst is

lient side validation whi h requires spe ial te hnology on the

lient. The se ond is

server side validation, where the programming language for generating Web pages are used
to perform
but the

he k on the input from the user. Client side validation yields faster evaluation,

lient

an disable the fun tionality, that validates the input. In order to perform

server side validation, a

lient/server loop must be maintained by the developer. However,

server side validation ensures validation of

lient data. The next Se tion presents the Com-

plex forms problem.

1.1.3 Complex Forms
In this se tion the Complex forms problem is dis ussed. The problem
forms exists whenever the developer has a
lled with data entered by a

an be presented as layout in HTML (an

lient has entered the information wanted, the

HTML form is submitted. When the information is submitted it is
pairs string.

omplex

omplex stru ture, that it is of interest to get

lient. The stru ture

example is given in Figure 1.9). After the

on erning

onverted to a key/value

This makes it di ult to re reate the stru ture as it was presented on the

HTML page. The reason for this is, that the string does not

ontain any information about

omposition of elements in the stru ture, but only information about values from the basi
input elements in the HTML form.
Consider the following example of a person stru ture, whi h must be lled with information
from the

lient.

The person stru ture

an be

onsidered a re ord stru ture from the S heme programming

language. As seen, the person has nested re ords, like e.g. the street-name. A street-name is
part of a street, whi h again is part of an address, whi h again is part of a person. In order
to get su h a stru ture lled with information from the

lient, the developer must

omplete

two steps:
1. Present the stru ture in an HTML form
2. Re onstru t the stru ture from a key/value pairs string
The rst step - presenting the stru ture in a
elements.

omplex form -

an be handled by using HTML

Various possibilities exist, like labels, input elements, various fonts, tables et .
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(person
(name
(first-name "")
(last-name ""))
(address
( ountry "")
( ity
( ity-name "")
(postal-number ""))
(street
(street-name "")
(house-number ""))
)
(email "")
(phone "")
(age "")
)
Figure 1.8: A stru ture representing a person.

The address part from the stru ture shown in Figure 1.8

an be presented in an HTML

table like illustrated in Figure 1.9.

(table
(tr ( enter "Address")
(td "Country" (br) (input 'type "TEXT" 'name " ountry") 'align " enter")
(td
(table
(tr ( enter "City")
(td "City-name" (br)
(input 'type "TEXT" 'name " ity-name") 'align " enter")
(td "postal-number" (br)
(input 'type "TEXT" 'name "postal-number") 'align " enter")
)
'border "1")
)
(td
(table
(tr ( enter "Street")
(td "Street-name" (br)
(input 'type "TEXT" 'name "street-name") 'align " enter")
(td "House-number" (br)
(input 'type "TEXT" 'name "house-number") 'align " enter")
)
'border "1")
)
)
'border "1")
Figure 1.9: The HTML layout of an address from a person re ord.
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reate a tree presentation of the person

elements, that the

lient

an ll with information.

The di ulties emerges when the developer re eives the form information submitted by the
lient and must re onstru t the person stru ture (the se ond step).

person being build in a similar way as the address part. When the
button, the information from the

input

Consider the entire

lient presses the submit

elements are gathered in a key/value pairs string.

All information from the HTML form will be the string (// is added as a line break for
readability):

first-name=ni k&last-name=hansen& ountry=denmark& ity-name=thy&postal-number=1234& //
street-name=highroad&house-number=42&email=ni k%40freemail. om&phone=12345678&age=42
And as an asso iation list in S heme:

(urlparms (age . "42") (phone . "12345678") (email . "ni k%40freemail. om") //
(house-number . "42") (street-name . "highroad") (postal-number. "1234") //
( ity-name . "thy") ( ountry . "denmark") (last-name . "hansen") //
(first-name . "ni k"))
All the basi

information from the

input

elements are present in the data from the HTML

form re eived, but there are no information telling the developer anything about the stru ture. The following se tion, will present possible ways to handle the re reation of the

omplex

stru ture.

Rebuilding the Stru ture
When form parameters are submitted by the

lient, all information about the

omposition of

the elements are lost. There are e.g. no information telling, that the rst-name and the last-

name are a tually parts of the omposite element name in the person stru ture. Information
about the

omposition

solve this, a hidden
an be

ould be handled by hidden

input

input

elements in the HTML form. To

element named name, whi h has the value rst-name+last-name

input elements are in luded in the inforhidden input element name will result in the

reated. The information from the hidden

mation from a submitted HTML form, so the

string name=rst-name+last-name when re eived from the

lient. This tells the developer

the value of name, but it will be on the same level as all the other information from the input
elds. This means, that the only way to distinguish between the information representing
lient input and information representing stru ture, is the key (name in this example) in the
re eived data from the HTML form.
To re reate the stru ture on behalf of a parameter string, where information about the stru ture is mixed with data from the

lient is di ult. First, the developer must know the names

of all the keys representing the stru ture, in order to rebuild it. Se ond, the developer must
be sure, that names related to a data
to a hidden

input

input

element are not in

stru ture element. Third, fun tions that

behalf of strings must be

reated.

oni t with names related

reate

omplex stru tures on
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Instead of giving ea h part of the stru ture its own hidden
an be stored in a single hidden

input

input element, the entire stru

element. This requires the developer to rst

a template of the stru ture, and then pla e it in a hidden

form element is

reated. The person stru ture

input

ture
reate

element when the HTML

an e.g. be pla ed in a hidden

input element

named form-stru ture. When the data from the HTML form are submitted, the developer
only needs to nd the value of the form-stru ture key in order to have a representation of
the stru ture. When having the stru ture at hand, it

an be updated with the data from the

lient. Using this way of handling HTML forms, the developer is required to perform three
steps. These steps are illustrated in Figure 1.10.

HTML page
A

A

A

C

D

B

C

B

1

E

C

B

D

2

E

3

D

E

c=1&d=2&e=3

1

2

Figure 1.10: In step

(1)

the developer

stru ture as an HTML form.

3

reates the stru ture wanted. Step

The stru ture

element (the dashed box in the bottom of

reated in step

(2)).

In step

(3)

HTML form, and updated with the values entered by the

The stru ture template from step (1) - in Figure 1.10 presented.

(1)

(2)

presents a similar

is stored in a hidden

input

the stru ture is extra ted from the

lient.

an be the person stru ture already

By doing the layout in HTML as done in Figure 1.9 and storing the person

stru ture in a hidden

input element, step (2)

an be a hieved. Updating the stru ture (step

(3) ) is done by rst extra ting the stru ture, and then in turn handle ea h key in the data
from the HTML form. If a key is present in the stru ture, update the stru ture with the
keys value. Otherwise
mation about the

ontinue to the next key. The above two alternatives (hidden infor-

omposition or the entire stru ture) are self

ontained, sin e information

about the stru ture are available in the data re eived from the

lient. Instead of storing the

entire stru ture in a hidden

stru ture=person ). This

input

element, a referen e to the template

an be handled in the same way, as data are stored on the server.

This results in the stru ture not being self
data re eived from the
When

an be stored (like

ontained, as it

annot be re onstru ted from the

lient. Information about the stru ture is needed from the server.

reating an HTML form based on a template or dire tly in the language, it is di ult

to see the relation between the representation of the stru ture and the stru ture itself. A
relation is made, if fun tions that

an

reate an HTML form on behalf of a stru ture exists.
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stru ture that is presented as an HTML form, and if the stru ture is

modied, it is mirrored in the HTML form. A similar relation is a hieved if the developer
has the possibility to spe ify the HTML layout of a stru ture, e.g. by spe ifying the layout
of ea h of the elements.
The Complex forms problem was presented in this se tion. First, it was seen, how information about a stru ture

an be stored in hidden

input elements.

This allows the developer to

re reate the stru ture presented as an HTML form, and ll it with the data entered by the
lient. Instead of re reating a stru ture on behalf of information in hidden
it was presented how the developer
approa h

input

elements,

an work with a template of a stru ture. The latter

onsisted of three steps, namely

reating, representing and updating a stru ture.

1.1.4 Reusability
During the advan es in programming te hnologies the

on epts of modularity and reusability

has be ome natural to developers. A developer will have an instin t that ensures reusability
of some of the

ode by applying modularity to it.

veloper need fun tionality that performs a spe i
stru ture, or perform

omputations, based on a

During the programming task the detask, be it extra ting data from a data

ertain algorithm.

Rather than

reating

the fun tionality on the spot a fun tion is written, that - based on parameters - performs
the

omputation and returns a result. By the use of this fun tion reusability emerges. The

fun tion

an be used again in dierent ontexts, where that parti ular fun tionality is needed.

This is the reusability that developers has be ome a

ustomed to, namely reusability in terms

of general purpose fun tionality. The same amount of reusability has not been introdu ed
in Web development, when not
that ideas and

onsidering general purpose fun tionality. It is of interest,

on epts as modularity and reusability from non-Web development

an be

used in Web development. Likewise, is the prin iple of information hiding - often employed
in relation to the module
Often a Web developer

on ept - of interest.
reates a fun tion that performs a task and thus use this fun tion

as an abstra tion over more detailed a tions. An example is e.g.

writing a fun tion that

outputs a header of an HTML page. This kind of reusability is on parts of pages. Reusability
in terms of pages does also exist, in te hnologies su h as PHP and ASP - see Se tion 1.2 due to the template like nature of the pages developed. It is interesting to

onsider if it is

possible to extend this kind of reusability to entire sequen es of intera tions with a

lient

(inspired by sessions in Bigwig). Imagine a situation where a number of pages have been
developed for one Web appli ation, but on the next proje t the developer needs some pages
that represents the same task. Most likely the developer will
edit them to fulll the needs in the

opy the prior made pages and

urrent proje t.

An example of a series of pages that is subje t to modularization is a login sequen e.
number of pages responsible for getting

redentials from the

have any, then oer the opportunity to re eive
the

lient, or if the

A

lient does not

redentials, by performing a registration of

lient. This is fun tionality that is appli able in many Web appli ations. Imagine the
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developer having dened a module and having dened a exible interfa e - in terms of parameters - to the module. Then the developer

an use that module, spe ifying the values for

the various parameters.
In this se tion the Reusability problem has been dis ussed. This problem is related the interest of introdu ing some of the programming

on epts only present in non-Web development.

The possibility to dene a series of pages as a module is sought, sin e it allows the developer
to reuse a module in dierent

ontexts.

The module

an be

reated to take parameters,

whi h e.g. spe ify information about the layout of the pages it in ludes. Creating modules
also makes for information hiding possible.

1.1.5 Summary
Se tion 1.1 introdu ed four problems in Web development. These are the State handling,

Input validation, Complex forms and Reusability problems. The State handling problem is
split into two sub-problems, namely Data ow handling and Control ow handling.

Data ow handling problem,
from the

on erns the need for the developer to handle data re eived

lient expli itly, in order for data to survive multiple intera tions. This

by storing the data in hidden

The

input

elements, or storing data on the servers lesystem. The

Control ow handling problem is the problem, that
tera tions between server and

an be done,

on erns the need to maintain the in-

lient. Possible solutions to maintain information about the

intera tions were presented. The rst is to use primitives from the programming language,

ond spe ial form
HTML form element.

a tion

like the

in S heme. Another possibility is to use the

attribute on

the

Both sub-problems in the State handling problem, are rooted in

the stateless nature of the HTTP proto ol.
The Input validation problem is related the need to validate data from the
tion
a

an be handled on the

lient. Valida-

lient or on the server. If validation is handled on the server,

lient/server loop must be maintained. However, server side validation ensures that data

submitted by the
dation, sin e the

lient is validated. This is not ne essarily the
lient

e.g. JavaS ript. Validation on the
maintain a

ase with

lient side vali-

an disable the te hnology used for validation. Su h a te hnology is
lient yields faster validation, sin e it is not needed to

lient/server loop, whi h uses bandwidth.

A Web developer

an present a

omplex stru ture in an HTML form, by using HTML ele-

ments. Information about this stru ture is lost, when the

lient submits the data entered in

the HTML form. This is seen as a problem, whi h is named the Complex forms problem.
Possible solutions to how the stru ture presented as an HTML form
the HTML form is submitted are presented.
in hidden

input

an be rebuild after

The HTML form stru ture

elements (by spe ifying information about the

an be spe ied

omposition of the indi-

vidual elements) or by using a template approa h. Three steps must be performed if the
template approa h is used. These are

reating, presenting and updating a omplex stru ture.

The nal problem presented is the Reusability problem. It is of interest, that the developer
an dene series of pages as a module. By letting the module take parameters, the pages
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ustomized in the way dened by the developer. Su h a

ustomization

an e.g. be a style sheet.

1.2 Approa hes to Web Development
During the preparatory work we found related work that might hold a solution to some of
the problems just analyzed. We adapt the line of thought presented by Bigwig, that Web
development

an be divided into three dierent approa hes or paradigms; namely the s ript-

entered, page- entered and the session- entered approa h. The s ript- entered approa h is
by Bigwig

hara terized as follows:

"The s ript- entered approa h builds dire tly on top of the plain, stateless HTTP/CGI
proto ol. A Web servi e is dened by a
s ript is exe uted upon request from a

olle tion of loosely related s ripts. A
lient, re eiving form data as input and

produ ing HTML as output before terminating. Individual requests are tied together by expli itly inserting appropriate links to other s ripts in the reply pages."
[CAM02℄
In the s ript- entered approa h the individual s ripts are in fo us.

Normally traditional

languages are used for writing the s ripts, i.e. not languages written or

reated espe ially

for this purpose. Examples of these languages in lude Perl and C. It is the program

ode

that is the essential part here, HTML is written as the output from the s ript. Therefore
the HTML pages are generated in a top-down manner using print-like statements, requiring
the developer to be more stru tured in his development style. One of the disadvantages by
this is the la k of exibility in the generation of the pages. For example on e the HTML

title
A

element has been written it is to late to write the

ording to Bigwig the page- entered approa h

head

element.

onsiders Web development in quite a

dierent manner:

"The page- entered approa h is overed by language su h as ASP, PHP, and JSP,
where the dynami

ode is embedded in the HTML pages. In a sense, this is the

inverse of the s ript- entered languages where HTML fragments are embedded
in the program

ode.

When a

lient requests a page, a spe ialized Web server

interprets the embedded ode, whi h typi ally produ es additional HTML snippets
while a

essing a shared database. In the

ase of JSP, implementations work by

ompiling ea h JSP page into a servlet using a simple transformation." [CAM02℄
In the page- entered approa h, the Web developer designs the page layout with graphi s
et . The parts of the page where dynami s are needed, the developer es apes the design or
HTML and writes the program that generates the wanted dynami s. This make the Web
development pro ess more fo used toward the design of the nal look of the page, unlike the
s ript- entered approa h whi h is more like non-Web programming. It helps to in rease the
overview of the Web development for the developer if only small amounts of dynami s are
needed. But if a page is lled with program fragments it

lutters the developers overview in
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the same way as the s ript- entered approa h does. Therefore there is a trade o between
simpli ity and dynami s in this approa h. It is often simple pages that are written in this
style. The developer still has to expli it link various pages together to

reate the illusion of

oheren e between a number of pages. The page- entered approa h to Web development also
introdu es sessions. This is done, by maintaining a global state, whi h
about data re eived from
A

lients. This is e.g. done by PHP [The02℄.

ording to Bigwig there is in the session- entered approa h a

pages shown to the

ontains information

oheren e of the individual

lient. The developer writes a session as one program, that en apsulates

the presentation of the individual pages. This program is exe uted and represents the session.

"A servi e is here viewed as a

olle tion of distin t sessions that a

ess some

shared data. A lient may initiate a session thread, whi h is on eptually a pro ess
running on the server. Intera tion with the
alls from the server, as known from

lassi al

lient is viewed as remote pro edure
onstru tion of distributed systems

but with the roles reversed." [CAM02℄
By writing the entire intera tion between the server and the

lient as one program the de-

veloper obtains a better overview of the development pro ess. Writing several pages as part
of a session (a program) it is possible to share data between the individual pages without
having to expli itly transfer the data between the individual pages.
This se tion has presented three dierent approa hes to Web development, namely the s ript-

entered, the page- entered and the session- entered approa h. It is

hosen, that fo us is

pla ed on the session- entered approa h to Web development, when solutions to the four
problems - State handling, Input validation, Complex forms and Reusability - are designed.
The reason for this is, that a session introdu es en apsulation of pages, whi h is a solution
to the Reusability problem. Ea h session is then equal to a module of pages. If a module
be

ustomized with parameters (e.g. a style sheet) when a tivated, it

ontexts.

lient data to be shared between pages. Handling data and ow in a Web

appli ation, are the two subproblems in the State handling problem.
problem.

an be used in various

Furthermore, does a session represent the ow of pages in the Web appli ation

and allows for
session

an

This means, that a

on ept in Web development solves both the Reusability and the State handling
To identify possible approa hes to session- entered Web development, the next

se tion presents work related to sessions.

1.3 Related Work
Based on the problems presented, related work in the area of Web development has been
analyzed, to nd existing solutions to problems similar to those des ribed in Se tion 1.1.
There exists few examples of te hnologies that relies on the session

entered approa h to

Web development. Bigwig, and its an estor Mawl[DJ01℄ were the rst en ountered. Mawl
will not be dis ussed, sin e Bigwig

overs the same aspe ts as Mawl in relation to our

problems. WASH/CGI also adhere to the session

entered approa h to Web development
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and it does so with basis in the fun tional language Haskell. Furthermore, a library
PAKCS/HTML for the language Curry[Mi 02a℄, is analyzed.

3

alled

PAKCS/HTML is shipped

with the PAKCS Curry implementation[Han02℄ and implements sessions as an optimization
of plain CGI. These te hnologies are analyzed in the following se tions, to un over their
relation to the session
the

entered approa h to Web development and to nd ideas usable in

ontext of our problems.

1.3.1 Bigwig
The session

on ept - and the session- entered approa h to Web development, whi h is the

motivating fa tor behind the session
guage.

on ept - was originally presented by the Mawl lan-

In essen e both Mawl and Bigwig handles sessions the same way.

They operate

with the session- entered approa h to Web development as an alternative to the page and
s ript- entered approa h. An important fa tor behind the session- entered approa h is that
the developer thinks in sessions (whole series of intera tions with the
individual pages that makes up a whole appli ation.

lient) rather than

Furthermore these intera tions are

written as one large program sin e this gives a better overview of the development pro ess
and therefore helps to produ e more stru tured and

oherent Web appli ations. The reason

for this is, that the developer has the overview to spend more time on the ow of the appliation, rather than linking the individual pages together.

Bigwig is a framework that rely on

ompilation and stati

he ks, rather than what is nor-

mally used in Web programming, namely interpretation. Compiling the Web servi e enables
type

he king and stati

servi e.

analysis whi h ensures - to some degree - the

Bigwig rely on stati

otherwise o

type

he king, be ause it

orre tness of the

at hes many of the errors that

ur at run-time. Bigwig is a C and Java-like skeleton language that binds to-

gether a number of domain spe i

languages. Servi es written in Bigwig an by the

ompiler

be translated into standard Web te hnologies su h as HTML, CGI, JavaS ript, Java applets
and elements of HTTP. Bigwig see the use of only standard te hnologies as an advantage as
these do not require spe ial language support from the

lient.

A session in Bigwig is part of a servi e. The Web developer writes a servi e and
number of sessions as part of this servi e. A servi e

reates a

orresponds essentially to a sequential

program. The Web developer therefore writes a servi e as any other program and in ludes
sessions as part of this program. For an example of this pra ti e see Figure 1.11. A servi e
is

reated whi h

pages. It also
to the

ontains denitions of HTML pages, here the Please and Greeting HTML

ontains sessions, here the Hello session whi h shows the Please HTML page

lient and re eives the name entered by the

lient in the string variable s. Next the

Greeting HTML page is shown with the just re eived data (pla ed in s ) as part of the page.
Noti e the show fun tion used to display the page. This fun tion takes the page and shows
it to the
3 We

lient. The program is

ontinued like show is a normal pro edure

all.

will refer to this as PAKCS/HTML. The a tual name is not known but when downloading the
PACKS Curry system the library is in luded as HTML.
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servi e {
html Please = <html> Please state Your name:
<input type=text name=handle> </html>;
html Greeting = <html>Hello <[moniker℄>, how are you?</html>;
session Hello() {
string s;
show Please re ieve[s=handle℄;
show Greating<[moniker=s℄>;
}
}
Figure 1.11: An example of how a servi e and a session are related and how a program is written
in Bigwig [CAM02℄.
Using sessions in Web development makes the

ommuni ation between the

server running the session - roughly similar to remote pro edure

lient - and the

alls (see [AB84℄), or as

Bigwig state it:

"Communi ation is performed by showing the

lient an HTML page, whi h im-

pli itly is made into a form with an appropriate URL return address.
the

While

lient browses the given do ument, the session thread is suspended on the

server. Eventually the

lient submits the form, whi h

to be resumed and any form data entered by the

auses the session thread

lient to be re eived into program

variables." [CAM02℄
To get a better understanding of this way of handling sessions, Figure 1.12 illustrates the
lient and the session thread during the ow of a session. The session begins with the
requesting the URL mat hing the session. The session thread
rst page is shown to the
server. The

lient

omputes the session until the

lient. Then the session thread is suspended and goes idle on the

lient re eives the page and submits data. When the

lient is done the result

of the page is send ba k to the server. On e the server re eives the result it reinvokes the
session thread and the

omputation is

ontinued.

Client

Server

service {
html PLease
PLease
<input type=text name=var
</html>
html Greating = <html> Hello
session hello() {
String s;
show Greating reciece
show greating
}
}

session
html
begin

session
html
begin

Thread suspended

Figure 1.12: An illustration of the ow of a Bigwig session[CAM02℄.
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on ept as introdu ed by Bigwig makes it possible to share data between the

individual sessions that belongs to a given servi e.

This is a hieved by

reating variables

et . with the shared modier. The ability to share data between sessions allows sessions to
ommuni ate with ea h other.
Bigwig see a problem in the limitation that all

ommuni ation between the

lient and the

server must be handled by presenting and submitting pages with HTML forms. Their example is a

hat room. In a

hat room the

reload the page. Therefore Bigwig has
limited session running on the
then be used to

lient re eives new messages without having to

reated the

on ept of seslets. Basi ally seslets is a

lient with permission to

onta t the server. This seslet

onta t the server and retrieve new messages in the

an

hat forum at a regular

interval.
Bigwig also introdu e a

on ept, that is used when validating input.

They have named

this Powerforms[BMRS01℄, whi h is a de larative way of handling validation. The developer
spe ies valid input to an
by a JavaS ript that is

input

element and the validity of the

input

element is ensured

reated automati ally.

A number of interesting ideas has been used in Bigwig, some of whi h will be used to solve
the problems des ribed in Se tion 1.1. The most noti eable is the idea of sessions. Bigwig
relies on the session

on ept for two things. First it is an entirely dierent way to develop

Web appli ations, a way that more resembles non-Web development than CGI development.
The se ond benet with sessions is the ability to introdu e persisten e on the server, thus
eliminating the need for sending data between the

lient and the server, for the data to be

available at a later time during the session. To introdu e fun tionality - in the form of the

show

ommand - that represents sending a page to the

seems like a good idea. This

an help to

lient and re eive data submitted,

on eptualize the intera tive nature of Web appli-

ation for the developer.
Bigwig have problems regarding stepping ba k and bookmarking a page in a session. The
problem is that if any of these two event happens, the session is started from the beginning.
The reason for this behavior is that Bigwig sees it as dangerous to step ba k in a session,
sin e some a tions might
- to undo.

hange the state and this state

hange is hard - if not impossible

Example of su h a tions are le writing and database updates.

opinion is that stepping ba k in a session

However, our

an by dangerous, but reasonable to support. The

reason is that the ba k button supports an explorative nature, when the

lient is browsing the

appli ation. If a ba k button instead is a link on the Web page, it is sometimes

umbersome

to nd.

1.3.2 WASH/CGI
Another session

entered approa h is WASH/CGI. WASH/CGI is a library - for Haskell -

providing help when developing Web appli ations. Programs written in WASH/CGI are ompiled. WASH/CGI

onsiders the session

of the Web development pro ess, and it

on ept as a stru ture that improves the overview
onsiders a session in the following way:
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"A session is a dynami ally evolving sequen e of

ask

and

io

a tions (in the CGI

monad). Ea h of these a tions queries the external world, either by displaying a
form on a Web browser or by performing and IO a tion, and re eives a response."
[Pet℄

Just as with Mawl and Bigwig the Web developer thinks of sessions, when developing Web
appli ations. Like Bigwig, WASH/CGI uses a primitive for displaying a page to the
WASH/CGI relies on the ask fun tion
ask and re eive data from the

lient.

all - just as Bigwig relies on the show fun tion - to

lient.

WASH/CGI does not suspend the pro ess on the server - like Bigwig does it - when a page
is send to the

lient. Instead exe ution of WASH/CGI appli ations are ended after a page

has been shown to the

lient, as done in traditional CGI programming. Therefore some way

of re eiving the data and resume exe ution of the session with the appropriate data has to
be used. To remember the data already asked from the
On e a session is invoked and exe uted, it
the inparm list, and if so, the

lient a list,

alled inparm, is used.

he ks if the data asked for, are already present in

lient is not asked for it again. Instead the data in the list is

used. The data in the inparm list are stored with an asso iation to the individual ask. This
means, that the data re eived from ea h intera tion with the
list. Thus the inparm list
a ts as a session status.
ea h page shown to the

lient, are added the inparm

ontains all data already re eived from the

lient, and therefore

Persisten e of this list is obtained by passing the list data with
lient in the form of a hidden HTML

in the entire session being

input

element. This results

omputed up to the point of the page that is requested, at ea h

request. It seems to be a waste of time to start the appli ation from the beginning every
time. But sin e the data needed from the
used to

lient is retrieved from the inparm list, the time

ompute the page to be shown next time is minimal. Not only data from the

lient

are stored in the inparm list, but also IO a tions are stored in the list, sin e these must be
undone if the

lient steps ba k in the

omputation.

Figure 1.13 illustrates the steps taken in exe ution of a WASH/CGI appli ation. The
requests a WASH/CGI appli ation whi h is exe uted.
tera tions (one page for ea h intera tion) with the

The appli ation

lient. First the inparm list is

to determine if Page1 is already present. If not, Page1 is shown to the

lient

ontains three inhe ked

lient. Sin e the

appli ation has just been started, inparm is empty, and Page1 is shown to the

lient. The

lient enters data on the page and submits it to the appli ation on the server. The server
starts the appli ation again and asso iates the data re eived from the
in the inparm list for Page1. The inparm list is

lient with an entry

he ked to determine if it

ontains the data

for Page1. This time it does and the next step is taken. Again the inparm list is
see if it

ontains an entry asso iated with Page2. It

appli ation or the

lient stops submitting pages.

he ked to

ontinues like this until the end of the
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Client

Application
Is Page1 present in inparm?
Page 1

Response
No
Yes
Page1

Page 2

Request

Page 3

Application inparm: Page1
Is Page1 present in inparm?
Page 1

Page 2

Yes

Is Page2 present in inparm?

Response

No
Yes

Page2

Page 3

Figure 1.13: An illustration of the usage of the

Having the inparm list present in every page sent to the

inparm

list in WASH/CGI.

lient and relying on it when reestab-

lishing the state of the session, it is possible to step ba k in a session. This works sin e the
lient pressing the ba k button results in re-sending an old form and the server reestablishing
the state from the inparm list present in this page.

WASH/CGI in ludes interesting work involving HTML forms.

WASH/CGI relies on an

abstra tion in the form of fun tions to generate HTML. It also has fun tions to generate

form and input elements. The fun tion that generates the HTML form automati ally
en type, method and a tion attributes on the form element. The
en type attribute is used to spe ify the en oding of the ontents of the HTML form when it is
send to the server. The method attribute is used to identify whether the GET or POST method
is used when submitting the HTML form. The a tion attributes spe ies the fun tionality
HTML

sets the appropriate

that re eive the data from the HTML form. By setting these attributes automati ally the
Web developer is alleviated from this responsibility, and it is ensured that the attributes
are always
inputs,

orre t. The fun tion used for generating HTML

input element.
input element has been shown to the

he k boxes et . - returns a handle to the

on e the page
into the

input

ontaining the

input element.

The developer

an then a

elements - e.g. textual
This handle

ontains -

lient - the value entered

ess this data using either the value or the

string fun tion returning the parsed value or the unparsed value respe tively. To asso iate
these handles with the data entered by the

lient, the submit

input

element - whi h is

generated from a fun tion as any other HTML element - is used. It is dened by passing it

1.3.
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fun tionality whi h is a tivated on e the submit button is pressed. This a tion asso iates
the data entered by the

lient with the handlers re eived when dening the

The fun tion generating the

input

input

elements.

elements automati ally provides naming. It also has a

means for presenting default values based on a log of previously re eived input.

Server

Client

ask
handle1
handle2
function

value1
value2

function (handle1, handle2) {
tell
You entered:
string{handle1}
string{handle2}
}
You entered:
value1
value2

Figure 1.14: An illustration of form handling using all ba k fun tions and handlers in WASH/CGI.
Figure 1.14 illustrates how HTML forms are handled in WASH/CGI. First the developer
spe ies an HTML page and states - for ea h
this

input

input

element - that the values entered into

element is asso iated with a given handler, here handle1 and handle2. Next the

developer asso iates a

input element.

all ba k fun tion - here fun tion - with the

Then the page is shown to the

a tion

of the submit

lient with the ask fun tion. The

lient enters

data into the HTML form and presses the button. This results in the data being submitted
to the server. When the server re eives the data from the HTML form it a tivates the

all

ba k fun tion fun tion and the handles are passed as parameter to this fun tion. The

all

ba k fun tion extra t the values from the handlers with the string fun tion and presents
them - with tell - to the

lient in a new HTML page.

WASH/CGI does not provide a solution to the problem with

omplex stru tures as it is

not possible to re eive the data from an HTML form in a dened stru ture. It is possible
to represent a stru ture at the

lient, sin e the developer

an

onstru t

omplex stru tures

based on HTML elements, but the stru ture does not survive an intera tion with the
Relying on a list to

ontain the data already re eived from the

of the session resuming its
the

lient.

lient.

lient, allows for a simulation

omputation from the point it stopped, when sending a page to
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1.3.3 PAKCS/HTML
By relying on the mixed paradigm language Curry, Mi hael Hanus des ribes in [Han01℄ how
solutions to the problems with the plain CGI approa h to Web development
This is done by implementing a library for the Curry language.
mixed paradigm language and its
logi al and the

an be solved.

Curry is des ribed as a

onstituents in lude elements from the fun tional, the

on urrent programming paradigm. When used for Web development the

developer does not write the HTML

ode as text strings in print-like statements in the lan-

guage. Rather Web programming with PAKCS/HTML is done by relying on an abstra tion
layer above plain CGI, where HTML do uments are

onstru ted using a spe i

HTML data

type representing the HTML (also referred to as an HTML expression). A wrapper fun tion
is responsible for translating the HTML data type to a textual representation, when the
page is shown to the

lient. The introdu tion of this abstra tion above plain CGI introdu es

a number of benets whi h are des ribed in the following.

The wrapper fun tion is responsible for more than

onstru ting the textual representation

of the HTML data type. The wrapper fun tion is also responsible for retrieving the data
entered into HTML forms by the
data type that the developer
the developer

lient. This is done by introdu ing elements of an abstra t

an use when

onstru ting the HTML page. The idea is that

an spe ify an element of the abstra t data type, and use a logi al variable

input element in the HTML page. Ininput element is done, sin e the variable is

that is part of the data stru ture as referen e to an
trodu ing a logi al variable as referen e to the

not instantiated until after the HTML page has been shown to the

lient. A logi al variable

is a way to express the delayed instantiation of a variable. When the HTML expression is
pro essed by the wrapper, the textual representation is generated. At the same time, the
wrapper instantiates variables, whi h are used as referen es to the
HTML page. When the

input

lient submits the HTML form, the data from the

elements on the

input

elements

are asso iated with the variables instantiated by the wrapper. Data from the HTML form
an then be a

essed by using the variables.

Another element of the abstra tion is that the program that generates the HTML form whi h is shown to the

lient - is also the program that is a tivated when the

lient submits

the form and the wrapper has done its work. This allows a sequen e of intera tions to take
pla e based on the

ontrol abstra tions of the Curry language.

an event handler with ea h submit

input

The idea is to asso iate

element that is shown to the

lient.

On e the

wrapper has re eived the data from the HTML form, it a tivates this event handler passing
a CGI environment as parameter. The CGI environment is a mapping from the names of
the

input

elements present in the HTML form to the strings entered by the

requiring an event handler to return a new HTML page,

lient.

By

ontaining a new HTML form, the

on ept of sessions has raised. The result of exe uting the event handler is to show a new
page to the

lient. This allows nesting of event handler and thereby series of intera tions

an be obtained. This resembles the session- entered approa h to Web development, sin e
the developer is able to spe ify the entire intera tion between the
one large program.

lient and the server, as
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It is also possible to obtain the session- entered approa h to Web development without relying on nesting of event handlers. Sin e the various
language is available the developer

on re ursion to repeatedly show a page until the
sele t statement

ontrol stru tures of the entire Curry

an rely on these. For example, the developer might rely
lient has entered the

orre t data. Or a

an be used to determine - on basis of just re eived data - whi h page to

show next.
For an illustration of how the intera tions between the

lient and server is handled in

PAKCS/HTML see Figure 1.15. The intera tion begins with the evaluation of a fun tion
- here

fun tion

the server is

- on request from the

lient.

onsidered the session that the

The entire box surrounding everything in

lient a tivates. The server then exe utes the

fun tion fun tion, whi h generates an HTML page ontaining two text input elements and
a submit input element (here the hat hed box on the gure). As seen the two text input
elements are asso iated with the logi al variables (here logi al_var and logi al_var1 ). The
generated HTML page is shown to the

lient, lled with data and submitted again. After

this, the event handler asso iated with the submit button (here eventHandler ) is a tivated
and an environment (here env ) is passed as parameter. The event handler then generates
an HTML page

ontaining the values entered by the

lient. These values are obtained by

applying the environment on the logi al variables. The resulting HTML page is shown to
the

lient and the session is terminated.

Server

Client

function {
logical_var
logical_var1
eventHandler
}
value1
value2

eventHandler (env) {
You entered:
(env logical_var)
(env logical_var1)

}
You entered:
value1
value2

Figure 1.15: An illustration of handling an HTML form using event handlers and logi al variables
in PAKCS/HTML.

A problem with traditional CGI programming is the la k of state on the server due to the
stateless nature of the HTTP proto ol. Normally this is solved by pla ing the state on the
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annot be two pages/event handler on the outer level. There must be one fun tion whi h
is responsible for the rst intera tion with the

lient, and the fun tionality representing fol-

lowing intera tions must be nested inside it.
A number of interesting ideas has been used in this work. The idea of having a wrapper
fun tion de oding the parameters from the

lient and making them available is bene ial.

However, it is not possible to have stru ture on the data, sin e the value of ea h
element is mapped to the value of a variable in the programming language.
that no information about the

omposition of

input elements are maintained.

input

This means,
Furthermore,

it is impossible to uniquely identify the value of variable to be equal to the value entered in
a spe i

input

input

element. The reason for this is, that the same name

an be used to identify

elements in dierent HTML forms.

The idea of allowing

ontrol stru tures of the Curry language to be used when developing a

series of intera tions seems natural, as it resembles non-Web related programming. However,
sessions in PAKCS/HTML is dierent from sessions in Bigwig, as there
than one top-level fun tion.
from a

annot be more

Initially an exe ution of an appli ation is done on request

lient by lo ating the appropriate s ript (the one that generates the rst page in

the appli ation) and exe ute it. But the following exe utions in the appli ation is done by
alling the asso iated event handler (the one bound to the submit button that the

lient

presses). Therefore, pla ing two fun tions in the same s ript, does not result in both being
exe uted. Pla ing several fun tions on the top-level might be bene ial, sin e it introdu es
an overview of the ow of the appli ation. The developer

an spe ify a number of fun tions

and rely on these being evaluated one by one, until the session terminates.

1.3.4 Summary
Se tion 1.3 introdu ed work related to the session- entered approa h to Web development.
This was done, sin e a session

on ept solves two of the four problems identied, namely

the State handling and the Reusability problem. The related work analyzed were Bigwig,
WASH/CGI and PACKS/HTML. Bigwig introdu e sessions by a primitive in the language.
This primitive results in a lexi al s ope forming an en apsulation of a sequen e of pages.
WASH/CGI and PACKS/HTML uses a nested handler approa h to spe ify the sequen e of
pages represented by a session.
A third approa h was found in the page- entered approa h to Web development, namely
sessions by global state. This approa h was identied in Se tion 1.2.

1.4.
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1.4 Problem Denition
Following the analysis four problems in Web development exists. These are: the State han-

dling problem, the Complex forms problem, the Input validation problem and the Reusability
problem. These problems are formulated as three hypotheses.
The rst problem is State handling, whi h - during analysis of related work - have been seen
dealt with by Bigwig, WASH/CGI and PAKCS/HTML. We expe t to solve the State han-

dling problem and Reusability problem, by introdu ing a session
The reason is, that it is possible to let intera tions with a
s ope. This makes it possible to let intera tions with a

on ept inspired by Bigwig.

lient, happen in the same lexi al

lient share data. This is the solution

to the State handling problem. The Reusability problem is solved sin e this lexi al s ope
an be a tivated and thereby do intera tions with a
is possible to regard more than one intera tion with a

lient. Be ause of the lexi al s ope, it
lient as a unit. This is formulated in

the following hypothesis:

Hypothesis 1:

A session- entered approa h to Web development in SLAML solves the
State handling problem of a Web appli ation. Furthermore, a session
on ept makes a ess to several HTML pages as a single unit possible.

This hypothesis is general and three problems are in luded in it. These three are the Control

ow handling, the Data ow handling problem and the Reusability problem. To be more preise, the hypothesis is spelled out in three sub-hypotheses, ea h involving one of the subje ts.
With respe t to

ontrol ow:

Hypothesis 1.1:

The Control ow handling problem is solved by introdu ing a session
on ept, where a primitive in the language displays an HTML page to
a lient and returns as a regular fun tion.

With respe t to data ow:

Hypothesis 1.2:

The Data ow handling problem is solved by introdu ing a session
on ept to SLAML, where intera tions inside the same lexi al s ope
(session) an share data.

With respe t to reusability:

Hypothesis 1.3:
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The Reusability problem is solved by introdu ing a session primitive
that an a tivate a series of intera tions with a lient and rely on
parameters at all time.
The Complex forms problem is the se ond problem dis ussed.
from having a framework that when
present them to the

onstru ting

A developer will benet

omplex data stru tures on the server

lient as an HTML form and update them with data from the

an

lient.

This lead to the se ond hypothesis.

Hypothesis 2:

It is possible to onstru t a framework that helps the developer to build,
present and update omplex stru tures.
The last problem is the Input validation problem. By
validation of data from the

onstru tion a validation framework,

lient is done simple. This is formulated in the third hypothesis.

Hypothesis 3:

It is possible to onstru t a validation framework that helps the developer to validate data from the lient.
Relying on mod_laml, a session- entered approa h to Web development in SLAML will be
developed. This framework is

alled the SLAML framework. As a part of the SLAML frame-

work is the session framework and a solution to the Complex forms problem. Furthermore,
a validation framework that t within the SLAML framework will be developed.
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hapter three main se tions dis usses and presents the de isions made in the de-

sign phase of this proje t.

The rst se tion explains how the session

and what alternatives are possible.

on ept is designed

The se ond se tion explains the design of the exten-

sions to the session framework to make

onstru tion, presentation and updating of

omplex

stru tures possible. Last is the design of validation of data in the SLAML session framework.
Throughout this

hapter new primitives are introdu ed and explained.

des ription of the primitives a referen e to Appendix A is given. To get a
standing of ea h primitive the reader is requested to
we use a number of

For a

omplete

omplete under-

onsult this appendix.

Furthermore

on epts, throughout the rest of this report. In the following box it is

des ribed what we mean by these

on ept.
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Attribute:

By attribute we mean a key/value pair

An example is type = "TEXT" from an HTML

DESIGN

onsisting of a name and a string.

input

element. The whole is addressed

as the attribute. type is addressed as the attribute name, and TEXT as the attribute value.

Elements:

An element refers to an element as it is known from the SGML family of

languages.

An element

onsists of

ontent and attributes.

An example is; <element

attributes-name attribute-value ..> Contents </element>.

Content:

Content refers to everything inside a double tagged element. The

one element

Tag:

ontents of

an be other elements.

By tag we refer to a symbol from S heme present in a list. I.e. a tagged list is a list

ontaining a symbol as the rst element.

Primitive:

By a primitive we refer to the name binding of a fun tion or a spe ial form.

Form parameters:

Is the term used for the data entered by the

lient into an HTML

form and submitted to the server.

The overall goal of this

hapter is to present and dis uss the

onstru ted framework that

solves the problems presented in the problem denition in Se tion 1.4.
framework is designed to work in a server

Furthermore, the

ontext where mod_laml is used as an implemen-

tation platform. Therefore, it is not ne essary that the framework ts with CGI. Part of
the

ontext of this proje t is S heme and the LAML libraries. Therefore the solutions will

adhere to the XML like syntax used in LAML. But as the framework makes use of sending
fun tions as parameters to other fun tions, XML syntax will not always be possible. Where
the syntax of XML is not followed dire tly a noti e will explain why it is

hosen to deviate

from the LAML syntax.

2.1 Session Framework
In the problem denition (see Se tion 1.4) a hypothesis is presented regarding the use of
sessions to solve the problems of State handling and Reusability. Three sub-hypotheses are
presented to expand the rst hypothesis. The sub-hypothesis state that introdu ing a session
on ept

an solve the Data ow handling problem as well as the Control ow handling prob-

lem. Furthermore, allowing sessions to rely on parameters, sessions
problem. The goal is to design a session

an solve the Reusability

on ept in SLAML that solves the problems from

the three sub-hypotheses and thereby the rst hypothesis.
In this se tion the design of the session

on ept in SLAML is explained. First is

tions regarding the design of sessions in SLAML. Se ond,

onsidera-

hoi es made regarding the design

2.1.
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is explained. Third, the ow of a session is explained, followed by an example.

2.1.1 Design Considerations
Three ways of

onstru ting the session

Sessions by Global State :

on ept is found in related work (see Se tion 1.3).

This is the approa h used by various page

entered approa hes

to Web development. This in ludes PHP, ASP and JSP. Roughly a session is dened
by a global state asso iated with a

lient.

Sessions by Nesting Event Handlers :
lers thereby a hieving a session
handler present a page

This approa h to sessions is to nest event hand-

on ept. Event handlers are nested by letting one event

ontaining a referen e to another event handler.

Sessions as Lexi al S opes :

This approa h relies on lexi al s ope rules of the language

to represent a session. All intera tions taking pla e in the same lexi al s ope (session)
share data.
These three approa hes for
se tions.

onstru ting sessions are explained in details in the following

Ea h of the three approa hes are dis ussed in relation to data ow and

ontrol

ow.

Sessions by Global State
This is the

on ept of sessions used when most page

entered approa hes implements ses-

sions. In this approa h sessions are a hieved by maintaining a global state on the server,
so intera tions with a

lient

an a

ess shared data. In this way the s ripts

a ross invo ations. The global state

an share data

an be lo ated on either the server or the

maintenan e of the global state is often handled in the language. The
this strategy is that all pages share the same data.
se uring the data from other pages that must a

lient. The

onsequen e of using

This means that there is no way of

ess the data (unless it is done expli itly by

the programmer).
This approa h to sessions is illustrated in Figure 2.1.
from a

lient all a

this request

an a

esses the same global state.

If a new page is requested by the

ess the global state as the others.

to prote t the global state from being a

Here it is seen that four requests

essed by e.g. Page 1 and Page 2. There exists

no en apsulation to indi ate that the global state must only be a

essible from Page 3 and

Page 4. This is the rst problem with this solution. There exists solutions where the
- based on an unique id (session id) -

lient,

In this approa h it is not possible

an get a

ess or is denied a

lient

ess to global state. This

is usually done by asso iating the global state with the session id. The se ond problem is
that the ow of the appli ation is spread a ross several s ripts. The ow of the entire appliation is not pla ed

entrally, allowing the developer to qui kly overview the session. Rather

the ow of the appli ation is represented by the a tivation of various smaller parts one by one.
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Client

Request

Page 1
Response

Request
Page 2

Response
Global state

Request
Page 3

Response

Request
Page 4

Response

Figure 2.1: An example of how global state is used to share data between intera tions with a
lient.

Introdu ing global state on the server results in in reased requirements for the server in terms
of memory. The amount of memory required depends on the amount of

lients using the

server. It does not in rease drasti ally sin e session state is moved to disk after an amount
of time. Regarding disk spa e there is in reased requirements so there must be an expire
time for session state. It is hard to determine the amount of time that a session must be on
disk before it is expired. It is advisable to run the server with the sessions in a period (for
example six months) and during this time gather statisti s about the usage of the sessions
on disk. This provides su ient information to make a qualied de ision.

Sessions by Nesting Event Handlers
The event handling approa h to sessions is the approa h used in WASH/CGI (see Se tion
1.3.2) and PACKS/HTML (see Se tion 1.3.3). The idea is to let the submit button in an
HTML form on an HTML page be asso iated with an event handler. When the HTML form
is submitted, the event handler is
sequen e by letting the

alled. In this way it is possible to

reate an intera tion

alled event handler generate a new HTML form and asso iate this

HTML form with another event handler. This makes it possible to share data among pages
as these

an be sent as parameters to the

alled event handlers. As the WASH/CGI and

PACKS/HTML solutions rely on the CGI proto ol, the s ript being exe uted as part of the
appli ation program has to end after having pro essed the request.
to be send with the response to the

The parameters have

lient, for them to be available at the next page. Fur-

thermore, the ow of the appli ation is spread a ross several event handlers. It is therefore

2.1.
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di ult to get an overview of a whole session.
This approa h is illustrated in Figure 2.2. Here it is seen how the submission of one HTML
form a tivates another event handler.
Server

Client
Request
Page 1

Event handler 1

Response

Form 1

Submit
Request

Page 2
Response
Form 2

Event handler 2

Submit
Request

Page 3
Event handler 3
Response

Figure 2.2: An example of how nested event handlers is used to do intera tions with a

lient.

Sessions as Lexi al S opes
An intera tion sequen e in Bigwig is en apsulated in a session. A session is a lexi al s ope
where intera tions that are performed inside the same s ope share data. This makes it possible for the developer to see whi h intera tions with the

lient, that share data. This is not

possible when a session is implemented as global state, due to the la k of a

entral overview

of the entire appli ation. Likewise it is not possible when event handlers are used for sessions.

The reason is that the intera tions with a

spread a ross event handlers. In Bigwig sessions
denes a lexi al s ope that

lient is not gathered at one pla e, but
an be dened inside a servi e. A servi e

onsists of sessions. The reason for introdu ing the servi e is to

en apsulate related sessions. Two sessions dened inside the same servi e
ea h other and share data. Sessions in dierent servi es

an intera t with

annot interfere with ea h other or

share data.
In Figure 2.3, this approa h to sessions is shown. Here it is seen that the program is ontinued
from the pla e where it left with the last response. In Figure 2.3 it is shown that Page1 and

Page2 share data. In the same way it is illustrated that Page3 and Page4 share data. The
pages in the gure represents intera tions with the
to be noted from this gure.

lient.

There are two essential things

First, intera tions in one session

annot a

ess data from
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other sessions. Se ond, intera tions within the same session share data and the ow of the
intera tions with the

lient are pla ed in the same program le.
Server

Client
Request

Service

Response
Show page1

Page1
Request
Page1 and Page2
share data
Response

Show page2

Page2
Request

2 sessions
Response
Show page3
Request

Page3
Page3 and Page4
share data

Response
Show page4
Request

Page4

Figure 2.3: An example of how lexi al s ope is used to intera t with a

lient.

Introdu ing sessions as a lexi al s ope requires more server pro esses. Sin e several intera tions with a lient is

ondu ted as part of the a tivation of one SLAML session, the evaluation

of su h a session takes longer. Thereby it will use a server pro ess for a longer period of
time.

A need for more server pro esses results in in reased requirements for CPU power

and memory usage.
determined by

The amount of extra CPU power and memory usage needed

an be

onsidering the amount presently used for a server pro ess.

2.1.2 Design of the Session Framework in SLAML
In the above, three dierent session
the session

on epts have been dis ussed.

on ept in SLAML on the session

en apsulate the intera tions with a

It is de ided to base

on ept from Bigwig (i.e.

lient by the use of lexi al s ope).

a new primitive
The main reason

for this is that the developer is able to see the whole ow of a session. Another reason for
hoosing Bigwig's

on ept of sessions, is that the developer is able to share data between the

en apsulated intera tions with the

lient. This gives the developer a better overview of a

session. The reason for not hoosing the approa h found in WASH/CGI and PACKS/HTML
is that the ow of an appli ation is not expressed as

learly in these approa hes as in session

as lexi al s ope. The idea of having the ow of a session in one en apsulation - rather than
as global state or separate event handlers - makes it expli it whi h pages share data.

Sessions in SLAML
In order to en apsulate an intera tion sequen e with a
This primitive is
wig.

Intera tions

lient, a new primitive is

slaml-session (page 113), inspired by
inside the same slaml-session an share

alled

onstru ted.

the session primitive in Bigdata, by using variables in
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S heme. The lexi al s ope inside a session represents the ow of an intera tion with a

lient.

slaml-session, the slaml-a tivate-session (page 115) primitive
slaml-a tivate-session a tivates a session, and thereby starts the intera tion

In order to a tivate a
is used.
with the

lient.

In some

ases it is ne essary to send parameters to a

slaml-session.

Imagine a session

where the name of the person - who is logged in - is pla ed on the top of ea h page in a
session.

In su h an example the possibility of sending parameters to a session is a great

advantage. To obtain exibility on a session, as is needed for sessions to be reusable, it is
important that sessions

an take parameters. Parameters are passed to

slaml-sessions

in

the way seen in Figure 2.4

(slaml-a tivate-session
(slaml-session (sessionparm)
; ontents of the session
)

) 'sessionparm person-name

Figure 2.4: An illustration of how a

slaml-session

is de lared and a tivated.

slaml-session. De laration of a slaml-session
Figure 2.4. A slaml-session always takes one parameter. Parameto a slaml-session by evaluating slaml-a tivate-session with the

In this example person-name is passed to the
is also shown in
ters

an be send

sessionparm attribute.
sion. A slaml-session

The attribute value is the parameter passed to the a tivated sesreturns the last expression evaluated in the session. The reason for

this is, that this is how return values are spe ied in S heme. Sessions in the language are
rst

lass obje ts allowing the same possibilities with sessions as with fun tions.

Implementation slaml-a tivate-session

is implemented as a fun tion that extra ts

slaml-a tive-session. The slaml-session
slaml-a tivate-session is exe uted with the optional
supplied. slaml-a tivate-session is dened as follows:

session parameters for the optional attributes to
whi h is required as a parameter to
session parameters if any where

(define (slaml-a tivate-session sessionfun . args)
(let ((parms (slaml-get-sessionparm-parm args)))
(sessionfun parms)
)
)
It always takes one parameter and possible more.
ters from the optional parameters.
parameters.

First is extra ts the session parame-

Then it a tivates the sessionfun

with the optional
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Client Intera tion in SLAML
In order to intera t with a
return the data from the
SLAML this primitive is
page to the

lient a primitive is needed to show a page to the

lient.
alled

In Bigwig this is done by the primitive

slaml-show

(page 115). What

lient and re eive the data submitted - by the

returned from the

lient, the

slaml-session

that showed the page to the

is

alled show.

In

does is to send a

lient - from that page. The data

lient is passed as a list of key/value pairs. When

with a request from the

slaml-show

slaml-show

lient and

slaml-show

returns

ontinued from the pla e where the

lient is issued.

A page in SLAML is represented by a primitive

alled

slaml-page

(page 114).

must take one argument and return the HTML string to be presented to the

slaml-page

lient. This

an

be done by writing the HTML string manually. But a more appropriate way is to use the

html

onvenien e fun tion from the LAML mirror available from [lam01℄ for generating the

HTML string. A

slaml-page

an be written as a

lambda

fun tion from S heme, sin e this

allows for passing parameters to the page. Parameters are however not passed in this way.
Instead parameters to a page are passed as a list. This list is spe ied with the
attribute - with an asso iated parameter list - to the

slaml-show

pageparm

primitive. The reason for

passing parameters in this way, is that this makes it possible to send more parameters by

slaml-page rather than a lambda is to
slaml-page is less in doubt
lambda fun tion. For an example onsider the

wrapping them in a list. The reason for using the

get a better understanding of a program. A developer seeing a
of the nature of the fun tion than if it was a
following:

(slaml-show
(slaml-page (pageparm)
(html
(head (title "The title"))
(body
"The page parameter: " ( ar pageparm)
(br)
)
)
) 'pageparm (list "Parameter one" "Parameter two"))

Figure 2.5: An example of how a
In this example it is seen how a

slaml-page

slaml-page

is de lared and shown.

is shown to the

lient. Noti e the

whi h takes a list of parameters. How data is returned from the

slaml-page

lient is dis ussed in Se tion

2.1.3.
To allow for dening sessions and pages in SLAML two new primitives are introdu ed.

slaml-define-session

slaml-define-page
primitives are similar to the define primi-

(page 114) is used to dene sessions. Likewise

(page 114) is used to dene pages. Both of these
tive in S heme. They have been

reated to allow the developer to better dierentiate between

the denition of pages or sessions and fun tions. This is useful if the developer has written
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slaml-define-page

or

slaml-define-session

is seen the

developer is not in doubt of what is being dened.

Implementation

The

slaml-show

primitive is implemented as a fun tion that a tivates

a primitive in the mod_laml server module.
handles the

ommuni ation with the

slaml-show a

This primitive - named

lient. On e

slaml-display

-

ontrol is returned from this primitive,

tivates a fun tion that generates a key/value pairs list of the form parameters

re eived from the

lient.

The implementation of

slaml-show

is shown in the following.

Note that fun tionality for validation is also in luded in this implementation. Validation is
des ribed in Se tion 2.3.

(define (slaml-show pagefun . args)
(slaml-display (pagefun (slaml-get-pageparm-parm args)))
(let ((parms (slaml- reate-parm-lst (slaml-get-args)))
( he k (slaml-get- he kfun -parm args)))
(if he k
( he k parms (slaml-get- he kparm-parm args))
parms
)))

SLAML Sessions Compared With Bigwig
Comparing this idea with the session

on ept in Bigwig, one dieren e is that Bigwig has a

servi e layer - represented by the servi e primitive - that en apsulates one or more sessions.
This servi e layer is not introdu ed as a primitive in SLAML, be ause a servi e in SLAML
is represented by the entry point (represented by a single le) to an appli ation initially
requested by a

lient. This means that if sessions wants to share data they must be dened

in the le representing the entry point.
A tivation of sessions in Bigwig
servi e

an be done in two dierent ways. Either by requesting a

ontaining the session to be exe uted, or by passing a parameter in the URL indi-

ating the name of the session to be a tivated. When a servi e is a tivated it is expli itly
stated in the servi e whi h session to start. When the session is passed as URL parameter
ea h session - dened inside a servi e -

an be a tivated individually. Only the rst approa h

is supported by SLAML, the se ond is not. The latter approa h requires a
server of the sessions available to

ounting on the

lients.

In Bigwig the show primitive is used to show an HTML page to a

lient, and a similar prim-

itive is present in SLAML (slaml-show). The session primitive (slaml-session) is similar
to session in Bigwig. However, the way that values are re eived from the

input

elements

in an HTML form, is dierent. In Bigwig the developer spe ies whi h variables the form
parameters must be bound to. In SLAML all value are returned in a list, whi h
key/value pairs of the attribute names and the attribute values entered by the

ontains

lient. The
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umbersome to

input elements in an HTML

form. Another and more important reason for this solution has to do with the way SLAML
handle

omplex forms. Complex forms are des ribed in Se tion 2.2.

2.1.3 Flow of a Session in SLAML
In this se tion the ow of sessions in SLAML is des ribed. This is illustrated in Figure 2.6.
Server

Client

Service

Request

Response
Page1

slaml−show Page1
Request

Page1 and Page2
share data
Response
Page2

slaml−show Page2
Request
two slaml−sessions

Response
slaml−show Page3

Page3

Request

Page3 and Page4
share data

Response
slaml−show Page4
Page4

Request

Figure 2.6:

An illustration of the

ow of two

slaml-show's.
When the

slaml-session's,

ea h

ontaining two

lient requests a SLAML program it is a tivated and evaluated. In the example

in Figure 2.6 the SLAML program
a tivated and Page1 is shown to the

ontains two

slaml-sessions. Here the rst
slaml-show primitive. The

lient with the

session is
lient

an

then send a new request to the server (by submitting the form on the HTML page), and the
SLAML program will
the

lient (the

ontinue from where it was left when the last response was send to

slaml-show

primitive returns

ing this, Page2 is shown to the
the

slaml-show

ontrol to the surrounding program). Follow-

lient in a similar manner. On e

ontrol is returned from

the rst session is ended. Control is returned to the SLAML program and

the se ond session is a tivated. This ow of
view several intera tions (a session) with a

ontrol gives the developer the possibility to

lient as one program rather than small separate

programs.
The data - from a submitted HTML form - belongs to the lexi al s ope that the
was issued in.

slaml-show

This gives an overview of the data ow in a program, as the data from a

page is returned to the same pla e in the program ow as the page was send from. This
gives the possibility to issue a
the

slaml-show

fun tion

slaml-show

an be

as a way to get data from the

lient. In this way

ompared to other fun tions in the program.

Whenever
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lient to pro eed the

al ulation, the

lient is asked for

an resume. As the developer builds the HTML page to show to

lient, it is known what data is returned from the user.

2.1.4 Example of the SLAML Session Framework
In this se tion a small example of the session framework is presented and explained. Additional and more

omplex examples are presented and dis ussed in Chapter 3. Figure 2.7

shows an example of how the various elements in the session framework are used.

(slaml-define-session
simple-session
(slaml-session (sessionparm)
(let* (
(simple-page1
(slaml-page
(pageparm)
(html
(head (title "The page 1 title"))
(body
"The page parameter: " pageparm (br)
"The session parameter: " sessionparm (br)
(form
(input 'type "TEXT" 'name "inputdata")
(input 'type "SUBMIT")
)))))
(page1-data
(slaml-show
simple-page1
'pageparm "Parameter to page1"))
)
(slaml-show
(slaml-page (pageparm)
(html
(head (title "The page 2 title"))
(body
"The page parameter: " pageparm (br)
"The session parameter: " sessionparm (br)
"Data from page1 before is: "
(slaml-formparms-key->value 'inputdata page1-data)
)
)
) 'pageparm "Parameter to page2"))))
(slaml-a tivate-session
simple-session
'sessionparm "Parameter to session")
Figure 2.7: An example of using the elements in the session framework.
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This example shows a simple session. The session dened is named simple-session and is
a tivated in the last expression. Note that parameters are passed to simple-session as spe-

'sessionparm attribute. When the session
slaml-page expression to simple-page1. simple-page1

ied by the
a

is a tivated, it starts by binding
represents an HTML page with

information about the session parameter, the page parameter and it

ontains one input ele-

ment. The next step in the evaluation is to show the simple-page1 page, and bind the data
returned to the variable

alled page1-data. Noti e that simple-page1 is passed a parameter

'pageparm
slaml-page that

slaml-show

spe ied by the

attribute to the

fun tion. The last thing done is

to show a

also takes a parameter. On this page the page parameter, the

session parameter and the value that is entered on simple-page1 are shown. Noti e the use
of the

slaml-formparm-key->value

(page

117), whi h is used for extra ting the value of

the inputdata attribute from the page1-data list.

2.1.5 Solution to the State Handling Problem
In this se tion it is dis ussed how sessions in SLAML solve the State handling and the

Reusability problem dis ussed in Se tion 1.1.1 and Se tion 1.1.4. The reason for introdu ing
the session

on ept in SLAML, is to solve these problems.

Solution to the Control Flow Handling Problem
The solution to the Control ow handling problem is inspired by Bigwig and the ideas
introdu ed there, where it is a primitive in the language that presents a page to a
primitive is

alled

slaml-show

lient. This

in SLAML. Furthermore Bigwig inspired us to let program

ontrol return to the pla e in the program where the

slaml-show primitive is a

tivated. This

results in the developer being able to see the ow of an appli ation in the program
the appli ation. As a primitive is introdu ed to show a page and return data from the
the program
a tivated. A

ontinues from the pla e in the program where the

slaml-show

in the program

an be

slaml-show

ode of
lient,

primitive is

onsidered as any other fun tion in terms

of understanding the program. It is a fun tion that is evaluated and returns the result of
the evaluation, whi h is a list

ontaining the information re eived from the

lient.

Solution to the Data Flow Handling Problem
The Data ow handling problem is solved along with the Control ow handling problem, as
parameters already re eived from the
handling that is ne essary is to ask the

lient

an remain on the server. The only parameter

lient for data and re eive the parameters. On e the

parameters have rea hed the server they exist when the next request
This means that the

omes from the

lient.

hosen solution relies on storing state on the server side. This results

in easier parameter handling than in CGI. The reason is that the developer does not need
expli itly to send all the parameters to the

lient and re eive them on the server to maintain

state. There is also problems with this solution as it requires spa e on the server for storing

2.2.

COMPLEX FORMS FRAMEWORK

the state. Furthermore there is a se urity

45

on erns to be

on the server. It must not be possible for one

onsidered when storing the state

lient to a

ess the state of another

lient.

2.1.6 Solution to the Reusability Problem
The problem of being unable to reuse a number of related pages as one unit has been solved
by introdu ing sessions as rst

lass obje ts. In SLAML it is possible to dene a session and

later a tivate it, thereby allowing the developer to a tivate a session on demand. This means
that the developer is able to exe ute a number of pages following ea h other and re eive data
from the session. Being able to re eive information from a session on the same level as it is
possible from a page means that there are little dieren e between invoking a session and
a page to return some data. As an example the developer
session or a page to re eive some spe i

data from the

an freely

hoose to develop a

lient.

2.2 Complex Forms Framework
As presented in the Analysis (see Se tion 1.1.3) there is no good solution to maintain data
in a

omplex stru ture when it has been send to the

lient. This lead us to our hypothesis:

Hypothesis 2:

It is possible to onstru t a framework that helps the developer to build,
present and update omplex stru tures.
Three possible ways of representing an HTML form as a

omplex stru ture has been identi-

ed:
1. A data stru ture
2. A language
3. A paradigm
A nested lists approa h is used to represent a
sent a

omplex stru ture as a data stru ture. To repre-

omplex stru ture as a language, an embedded domain spe i

language is

onsidered.

Last, an obje t oriented approa h is used to represent the paradigm way of representing a
omplex stru ture. Ea h approa h is presented in the following se tion. Note that the following se tion serves as a presentation of possible solutions to the Complex forms problem.
The de isions made in order to design the a tual solution to the Complex forms problem are
presented in Se tion 2.2.2.

2.2.1 Design Considerations
In this se tion, solutions to how a
as an HTML form are

omplex stru ture

an be

reated in order to be represented

onsidered. The solution must t well in the

ontext of this proje t,

namely S heme, LAML and mod_laml. Re all that the Complex forms problem is split into
three steps (see Figure 1.10 on page 17). These steps are:
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omplex stru ture as an HTML form

omplex stru ture with data from the

omplex stru ture means, that the developer

lient
reates a

omplex stru ture in the

programming language. This is the stru ture, that it is of interest to get lled with data
from the

lient. Representing the

omplex stru ture as an HTML form is the se ond step.

This is done, in order to re eive the data from the
the

lient. The third step, updating, is where

omplex stru ture is updated with the information from the HTML form. Updating the

omplex stru ture is done on behalf of the form parameters, whi h are pla ed in a key/value
pairs string.

Ea h of the three possible ways of handling an HTML form - nested lists,

embedded domain spe i

language and obje t orientation - is

onsidered in relation to the

three steps, that makes up the Complex forms problem. These are the steps just presented,
namely

reating, representing and updating.

Nested List Approa h
This rst approa h relies on lists in S heme. The reason for

onsidering a nested list ap-

proa h, is that both data and program are represented as lists in S heme.

This means,

that a developer working with S heme, is familiar with lists and list syntax. Furthermore,
any rst- lass value

an be a list element, so there are only few requirements to list elements.

The rst step in the Complex forms problem,

on erns the

in the programming language used (S heme in the

reation of the

omplex stru ture

ontext of this proje t).

The person

stru ture from Se tion 1.1.3, is in the following written by the use of nested lists:

(person
(name
(first-name "")
(last-name ""))
(address
( ountry "")
( ity
( ity-name "")
(postal-number ""))
(street
(street-name "")
(house-number "")))
(email "")
(phone "")
(age "")
)

This is an example of a nested list stru ture, whi h it is of interest to get lled with information from the

lient. Three types of elements exists in the list; symbols, other lists and

strings. The strings represent the values lled into the HTML form by the

lient. The strings

2.2.
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are empty (""), sin e the nested list stru ture has not been lled with information from the
lient. The symbols (the rst element in ea h of the lists) are used to spe ify information
about the other elements in the list. E.g. the symbol name indi ates, that the following elements in the list, makes up a name. Using symbols, strings and lists as elements, a
stru ture

an be

omplex

reated.

The next step in solving the Complex forms problem is to represent the nested list stru ture
as an HTML form. To make the task of getting the HTML string representation of a nested
list stru ture simple, a fun tion is used. This fun tion takes the nested list stru ture as a
parameter, and returns the HTML form representation. However, there are no elements in
any of the nested lists in the person stru ture, that spe ies how the stru ture is represented
as an HTML form. Two possible ways in handling the HTML layout of a nested list stru ture
have been identied. These are, layout by:
1. attributes
2. a style sheet
Layout spe ied by attributes, means that the HTML layout information about the dierent lists in the nested list stru ture is added as attributes to a list. Consider the list tagged

ity-name (the list, whi h has the symbol

ity-name as the rst element). By adding an

attribute named type, the HTML representation of

( ity-name 'type "TEXT") spe ify, that the

input

element of the type

TEXT.

ity-name

an be spe ied. E.g. does

ity-name list must be presented as an HTML

By spe ifying a type attribute to all of the lists, HTML

layout information is embedded in the nested list stru ture. Sin e HTML layout information
is embedded in the nested lists, the nested list stru ture is mixed with data and information
about the HTML layout.
By using a style sheet instead of attributes to spe ify the HTML layout of a nested list
stru ture, the nested list stru ture is separated from the HTML layout information. The
style sheet is dened external to the nested list stru ture; e.g.
sheet list,

in another list. The style

an be an asso iation list, where ea h symbol from the nested list stru ture is as-

so iated HTML layout information. This means, that the list tagged

ity-name has an entry

in the asso iation list. This entry looks like ( ity-name . "text-input"). Using a style sheet
supports separation between data and layout, sin e the data is represented in the nested list
stru ture whereas layout is spe ied in an external style sheet list.
The last step in the Complex forms problem is to update the nested list stru ture with the
information re eived from the HTML form. In order to update a nested list stru ture with
data from an HTML form, both the stru ture and the data from the

lient must be present

at the server. Be ause of the session framework already designed, the S heme environment
will survive intera tions with the

lient. This means, that the nested list stru ture does not

need to be stored in an hidden HTML element or on the servers le system, in order to be
present after a request. By

omparing the keys - in the key/value pairs re eived from the

lient - with the names in the nested list stru ture, the nested list stru ture is updated with
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the values. This task is handled by a fun tion, and when given a nested list stru ture and
the

orresponding form parameters, the fun tion returns the updated nested list stru ture.

A great advantage with the nested list approa h is, that mu h fun tionality for doing list
manipulation is present in the S heme programming language. This

ar

dr respe tively) together with fun tionality
lists (like list, ons, append, map and length). This

get the head and the tail of a list (
that supports

reating and extending

fun tionality helps the developer to

overs fun tionality to

and

reate and work with lists.

A problem with the nested lists approa h is the way HTML layout is handled. The HTML
layout information is spe ied by type information, whi h is used by the fun tion that generates the HTML layout. This makes it impossible for the developer to spe ify a
HTML layout, e.g.

spe ify that the

input

ustomized

elements must be pla ed in an HTML

The reason this is a problem, is that a type does not

table.

ontain information about the relation

between elements. Instead, type information is only related to a single element.

Embedded Domain Spe i Language
Instead of using a nested list approa h to solve the Complex forms problem, an embedded
domain spe i

language

an be used. This approa h is inspired by the paper, Little Lan-

guages and their Programming Environment [CGKF02℄. A domain spe i
programming language, that is developed to solve problems in an spe i
ontext of this proje t, the domain is

language, is a
domain. In the

omplex stru tures and HTML forms. The problem

in this domain, is the Complex forms problem. That a language is embedded, means that it
is implemented inside another language (a host language). This means, that the interpreter
in the embedded language

an rely on features in the host language when it is implemented.

The embedded domain spe i

language used to solve the Complex forms problem, is named

s (Small Form Language), and the host language is S heme. s is in the following
ered in relation to
To

reating, representing and updating a

omplex stru ture.

reate a stru ture by using s, means to write a program in s. A s program must

be interpreted by the s interpreter.

Therefore, a primitive must exist in S heme, whi h

es apes from the S heme interpreter into the interpreter for s.

sfl,

onsid-

This primitive is named

and an example of how to write a program in s is presented below:

(let (( omplex-stru ture
(sfl
(sfl- olle tion "person"
(sfl- olle tion "name"
(sfl-text-input "first-name")
(sfl-text-input "last-name")
)
(sfl- olle tion "address"
(sfl-text-input " ountry")
(sfl- olle tion " ity"
(sfl-text-input " ity-name")
(sfl-text-input "postal-number")

2.2.
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)
(sfl- olle tion "street"
(sfl-text-input "street-name")
(sfl-text-input "house-number")
)
)
(sfl- he kbox-input "email")
(sfl- he kbox-input "phone")
(sfl-text-input "age")
))))
; omplex-stru ture an now be used

The above example is in the following dis ussed in relation to the syntax, the return value
and the primitives in s. The syntax of a s program, is similar to the list syntax used in
S heme. Alternatively a syntax with inx notation (instead of S heme's prex) and
bra kets (instead of parenthesis)
is seen.

an be used. However, no reason for

urly

hanging the syntax

It will only be an irritating requirement, that the developer must

hange syntax

in the middle of a S heme program. However, another syntax indi ates that the developer
is using s, but this

an easily be seen be ause of S heme's prex notation (the rst word

en ountered when using s is the

sfl

primitive).

Sin e a s program is embedded in a

S heme program, the surrounding S heme program expe ts to get a return value from s. In
the above example, this value is stored in a variable named
-

omplex-stru ture - indi ate, a
omplex stru ture

omplex-stru ture. As the name

omplex stru ture is returned from a s program.

This

an be a nested list stru ture or an abstra t syntax tree. The primitives

in s are dis ussed in the following, in relation to the HTML representation.
Spe ifying the HTML representation of a
by using the primitives in

sfl.

omplex stru ture programmed in s, is done

In the nested list approa h the developer has to spe ify

HTML layout of the nested list stru ture, by the use of attributes or a style sheet.

s, the HTML layout information is indi ated by the names of the primitives.

In

E.g., the

primitive slt- he kbox-input indi ates, that an email (from the example above) is an HTML

input element of the CHECK type.

However, the s- olle tion primitive, does not spe ify any

information about HTML layout. A solution to this problem, is to extend the interpreter
in s, to re ognize LAML like fun tions. This means, that there is a mapping between s
primitives, and LAML mirror fun tions. E.g. s-br maps to the

br mirror fun

tion in LAML.

The reason for adding s to the names of the LAML mirror fun tions, is to spe ify that it
is not possible to use LAML - and S heme - fun tions dire tly in the embedded language.
The following example illustrates how a s- olle tion
if the HTML layout spe i ation is embedded:

(sfl
.
.
(sfl- olle tion "street"
(sfl-table
(sfl-tr
(sfl-td

an be presented as an HTML

table,
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(sfl- olle tion " ity"
(sfl-text-input " ity-name")
(sfl-br)
(sfl-text-input "postal-number")
))))

Sin e HTML layout information is not

onne ted to the way the

sented in S heme, the return type from

sfl is

and the
the

DESIGN

omplex stru ture is repre-

hanged. Both the HTML layout information

omplex stru ture is present in the s program. Therefore, a s program returns

omplex stru ture (without HTML layout information) and its HTML representation.

Updating a

omplex stru ture returned from a s program, is handled in the same way

as with the nested list approa h. Re all, that this was done by sending both the

omplex

stru ture and the form parameters to an update fun tion. This fun tion returns a

omplex

stru ture,

ontaining the values from the form parameters.

An advantage with an embedded domain spe i
solve a spe i

language, is that a language is

reated to

problem. In this proje t the problem is the Complex forms problem. The

introdu tion of spe i

primitives allows the developer to use spe ial designed fun tionality,

whi h has the purpose of

reating a

omplex stru ture. This makes it possibility to spe ify

olle tions of elements, but also information about the HTML layout of the stru ture. A
problem with the embedded language approa h is, that the same embedded program
not be

hanged after it has been evaluated. This results in the impossibility to

omplex stru ture

an-

hange the

reated by the embedded program. Another problem is, that the HTML

layout is in luded in the embedded program. If the embedded program is large, it makes
it di ult for developer to maintain the overview of what is HTML layout information and
what is stru ture.
The possibility to spe ify the HTML layout by using LAML like fun tions, is an advantage
in relation to the nested list approa h. In the nested list approa h, the developer

annot

ustomize the HTML layout relation between the dierent elements, sin e HTML layout is
spe ied by type information. However, a nested list stru ture

an be bound to a variable

in the S heme environment, whi h allows the developer to manipulate the stru ture when
wanted. This is not possible in the embedded language approa h, sin e a variable bound to
an embedded program will result in the variable being set to the return value of the program.
Thus the stru ture (in the form of a program)

annot be manipulated when wanted.

Obje t Oriented Approa h
Instead of
ture

an be

reating a stru ture as nested lists or in an embedded language, an obje t stru reated. Just as with the other approa hes, an obje t stru ture must

information about the

omposition of elements. Su h a stru ture

ontain

an be handled with the

2.2.
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Composite Design Pattern[ERRJ95℄, as this is used to represent part whole hierar hies. An
example of an obje t stru ture based on the Composite Design Pattern is seen in Figure 2.8.
Two types of
leaf

lasses exist in the Composite Design Pattern, namely the

omposite and the

lass.

aComposite

aLeaf

aLeaf

aComposite

aLeaf

aLeaf

aLeaf

Figure 2.8: An example of an obje t stru ture based on the Composite Design Pattern[ERRJ95℄.

aComposite
A

is an instan e of the

omposite obje t

omposite

an represent a

lass, and

olle tion of

olle tion from the embedded language approa h
elements. A leaf

is an instan e of the leaf

stru ture. Here a

an represent other

olle tions or basi
entity in the

omposite stru ture is used to represent an HTML form, so a leaf must

input

element.

lasses introdu ed, it is possible to

with data from a

lass.

omposite and leaf obje ts, like a s-

annot represent other obje ts, but instead represent the basi

represent a single HTML
With the

aLeaf

reate an obje t stru ture, whi h must be lled

lient. Su h an obje t stru ture, is

This is done by using nested
following example,

reated by linking obje ts together.

onstru tors, when the obje ts are

reated. Ea h name in the

orresponds to the initialization of an obje t.

(aComposite (aLeaf) (aLeaf) (aComposite (aLeaf) (aLeaf)) (aLeaf))
The above is an initialization of the obje t stru ture presented in Figure 2.8.
element has four
omposite

hildren, where one is a

hild has two

The root

omposite obje t and the others are leafs. The

hildren, whi h are leafs. The relation between the obje ts in the

above obje t stru ture is spe ied at initialization time, namely by the use of

onstru tors.

An obje t stru ture

umbersome,

an also be spe ied by message passing. This approa h is

sin e all the obje ts must be linked together by passing individual obje ts as arguments to
fun tions on other obje ts. An example is presented below.

(define root (aComposite))
(add (aLeaf) root)
(add (aLeaf) root)
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The add fun tion takes two obje ts as argument, and the rst argument is added as a
of the se ond. aLeaf returns a leaf obje t, and aComposite returns a
seen in the above example, it is more
than if a

onstru tor is used. To

omprehensive to

hild

omposite obje t. As

reate an obje t stru ture in this way,

reate the same obje t stru ture by using a

onstru tor,

the developer writes: (aComposite (aLeaf ) (aLeaf )).

To

reate an HTML form representation of the obje t stru ture, a fun tion that re ursively

traverses the obje t stru ture and performs the layout is used. On behalf of the type of an
obje t (a

omposite or a leaf ), it is determined how an obje t is presented in an HTML form.

To represent the various types of HTML

input

elements, spe ialization is used on the leaf

obje ts. This allows the leaf obje t to map to an HTML

input element.

By using the obje t

types to determine the way an obje t is presented as HTML layout, it is not possible to
perform HTML layout on

omposite obje ts. The reason for this is, that a

omposite obje t

does not map to an HTML element. A solution to this problem is to spe ify HTML layout
as a property of an obje t. This allows the developer to spe ify HTML layout of a
obje t. When the HTML representation of the obje t stru ture is
property on ea h obje t is
leaf obje ts, that

omposite

reated, the HTML layout

onsidered instead of the type of the obje t. However, it is only

an be represented as HTML

input

elements in an HTML form.

Updating the obje t stru ture is done on behalf of the form parameters. By the introdu tion of the session framework, the obje t stru ture is present on the server after a request
has nished. The information from the form parameters are added the obje t stru ture by
setting it on the individual obje t. When information from the obje t stru ture is needed,
the value of the data property

an be obtained from the individual obje ts.

When using the obje t oriented approa h the developer is given two possible ways of
an obje t stru ture. This
allows the developer to

an be done by using message passing or the

reate some of the stru ture by using the

reating

onstru tor. This

onstru tor, and afterward

add elements when wanted by using the message passing me hanism. This is e.g. beneial, when the obje t stru ture is extended with more obje ts after is has been

reated and

used. Furthermore, the developer is not for ed to in lude HTML layout information when
spe ifying the obje t stru ture.

This information

an be

reated external, and added the

individual obje ts afterward. This allows a separation between HTML layout spe i ation
and the

reation of the obje t stru ture.

In the nested list approa h, it is possible to modify the nested list stru ture by using fun tions
available in the S heme language. This is not possible in the obje t oriented approa h, sin e
obje t oriented programming is not supported by standard S heme. However, by spe ifying
the HTML layout property on the

lasses, it is possible to

is also possible in the embedded domain spe i
list approa h.

ustomize the HTML layout. This

language approa h, but not in the nested

2.2.
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2.2.2 Design of the Complex Forms Framework in SLAML

It is

hosen to use an obje t oriented approa h in the

omplex form framework. This might

seem odd, as S heme is mainly a fun tional language. The reason for

hoosing the obje t

oriented approa h is that it allows for division of spe i ation of the layout and spe i ation
of the stru ture. This division allows for easy addition or removal of obje ts representing
elements in the obje t stru ture. This means that it is easy to modify and reuse the stru ture
throughout an appli ation.

The reason for not

hoosing the domain spe i

language, is that on e the embedded inter-

preter returns a result it is impossible to mutate this result to t into another page. The
exibility to

ontinue to use the

omplex stru ture throughout the appli ation is not present.

Another reason is that when the embedded interpreter is
LAML fun tionality.

onstru ted, it needs a

However LAML fun tionality is not a

interpreter unless the interpreter is told how to handle it.

ess to the

essible from the embedded

There are two possibilities to

support LAML fun tionality in an embedded interpreter. The rst is to mirror the fun tions
from LAML to the embedded interpreter.

This

an be done by mapping fun tions from

the LAML library to the embedded language. Thereby, LAML fun tionality is available in
the embedded language. The se ond possibility is to es ape from the embedded interpreter
and let the S heme interpreter handle exe uting of the LAML fun tionality. But on e the
embedded interpreter is left, the S heme interpreter do not know how to exe ute the domain
spe i

language. Therefore there is a need for having all the domain spe i

language fun -

tionality outside the embedded interpreter, to enter the embedded interpreter again. This
means there is a need for having a mix of fun tionality both outside the interpreter and
inside the interpreter. By

hoosing an obje t oriented approa h it is not ne essary to es ape

to another interpreter to have fun tionality exe uted.

This se tion starts with a presentation of the three steps -

ing - that are performed, when using the
an introdu tion of the

reation, presentation and updat-

omplex forms framework in SLAML. Se ond is

lasses needed in the

omplex forms framework. Third, is a presen-

tation of how obje t oriented programming is simulated in S heme. This is in luded for the
S heme interested reader. Fourth, it is presented how
are performed in the

reation, presentation and updating

omplex forms framework in SLAML. Last, is an example of how the

omplex forms framework is used.

The steps that are taken when using the
2.9.

omplex forms framework are presented in Figure
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Client

Create object structure
A
Step 1

B

C
D

E
Client is shown a
graphical representaion

Send representation of
structure to client

Step 2

String representaion
of the structure

HTML page

Knowledge of
structure remains
on the server

A
B
C

A
B

D

C
D

E

E
Client enters data

Update the object
structure with the
data from client

B

D

E

Presses the submit button

A

Step 3
B

C
D

E

Figure 2.9: An illustration of the a tions involved in handling the
it to the

Step 1

lient and updating it with the form parameters from the

on erns the

omplex form, when presenting
lient.

reation of the obje t stru ture. This involves the spe i ation of the re-

lation between the obje ts and the spe i ation of the HTML layout of the obje t stru ture.

Step 2

overs the HTML representation of the obje t stru ture as an HTML form. While

the HTML form is being presented to the

lient, the information about the obje t stru ture

is present on the server. Step 3 is related to updating the obje t stru ture with the form
parameters re eived from the

lient. Re all, that the form parameters, is a key/value pairs

string (an asso iation list in S heme).
The obje t model used in the

omplex forms framework has three

lasses. The rst

lass is

slaml-basi -element (page 118) and represents a leaf in an obje t stru ture. The
se ond lass is alled slaml-element (page 117) and represents a omposition of obje ts.
The last lass is alled slaml-form-element (page 119) and represents the root obje t in
an obje t stru ture. An instan e of the slaml-form-element lass is also a omposite obje t.
alled

A reason for only introdu ing three
layout, when

lasses is the fo us on the stru ture rather than HTML

reating the obje t stru ture. This is due to the in reased abstra tion obtained

by separation of

on ern between the stru ture and the HTML layout of the stru ture. The

reason for fo using on the stru ture is that layout is only asso iated with the stru ture and
not part of the stru ture. Had fo us been equally on layout and stru ture, the approa h used
in DOM[WG02℄ might be more appropriate. The reason is that all elements from HTML is
available in DOM and thereby the layout of a page

an be

reated using DOM.

2.2.
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Having separated the layout from the presentation the fo us is on the
reate the stru ture.

lasses needed to

There are three dierent expe tations to the obje ts in the obje t

stru ture. Sin e the obje t stru ture must be able to re eive data, its representation must
be rooted in an HTML form. This rst expe tation is a

lass representing the root of the

obje ts stru ture. This is represented by the

slaml-form-element.

stru ture is

lass named

reated with an expe tation of re eiving some data from the

represent the data from the

lass must

input elements. Therefore
alled slaml-basi -element.

lient. This is the dierent HTML

lass must represent an expe tation of data. This

lass is

The last expe tation regarding the stru ture is representation of the
With the above two

lient, a

Sin e the

omposite elements.

lasses the root and the leaf of the obje t stru ture are

omposite obje t as seen in the Composite Design Pattern

a

overed.

A

an be used to represent the

omposition of several obje ts. Su h an obje t allow addressing a group of obje ts as one.
This

lass is

no additional

alled

slaml-element.

No additional expe tations are present, and therefore

lasses are introdu ed.

On e the stru ture has been build the layout fun tionality is

reated and asso iated with the

individual obje t in the stru ture. In this way the stru ture is in fo us. The presentation is
a property on the individual obje ts. Ea h of the three

lasses are des ribed in more detail

in the following.

2.2.3 Complex Forms Framework in SLAML
To use the Composite Design Pattern to represent the
SLAML operates with three

lasses in the

omplex HTML form,

lasses. These are explained in the following.

Slaml Basi Element Class
input elements (see [W3C02d℄). In the
slaml-basi -element. Do umentation

The leaf element in SLAML, represents the HTML
omplex forms framework, the leaf

lass is

alled

1

and default values of this lass are found in Appendix A.

An obje t of this type

ontains the

input element (for a omplete list see [W3C02d℄). This means,
that all attributes of the HTML input element are represented by the slaml-basi -element

attributes from the HTML
lass.
As

slaml-basi -element

orresponds to the HTML

tation of this element is given. This is the

element are present as instan e variables in the
is possible to
obje t of the

1 Please

input

element, the HTML represen-

ase, sin e all attributes from the HTML

slaml-basi -element

onstru t an HTML input element from the
slaml-basi -element type.

input

lass. Therefore, it

instan e variables available in an

note, that the implementation of slaml-basi -element only supports the HTML input element,
so there is no possibility to e.g. represent a textarea with an instan e of the slaml-basi -element lass.
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The

subje t to spe ialization.

a

a number of dierent HTML elements.

ples in ludes submit buttons, input elements,
[W3C02d℄). Two alternatives are
of spe ializations of the

he k boxes et . (for a

This is possible sin e
Exam-

omplete list refer to

onsidered. Either the developer is provided with a number

slaml-basi -element

lass, or we provide updateable state on the

obje ts representing its HTML type.

Providing a number of spe ializations is disregarded, as the dieren e between the spe ialized obje ts is the representation (the HTML

input

element represent by the obje ts). But

sin e presentation is not part of the stru ture - but rather asso iated with the individual
elements in the stru ture - there is no dieren e between the spe ialized

lasses. This sug-

gests that spe ialization is not appli able. If the stru ture and the representation has not
been separated the

slaml-basi -element

lass is subje t to spe ialization. An additional

argument for not relying on spe ialization is that the alternative allows for an already instantiated obje t to

hange its HTML element type. This mutation makes it easy to

hange

the HTML element type of obje ts already inserted into an obje t stru ture.

Slaml Element Class
The

slaml-element

slaml-element type an
ts (of the types slaml-basi -element and slaml-element).

lass is the

ontain referen es to other obje

omposite

lass. Obje ts of the

This makes it possible to make hierar hies of obje ts, that represents the stru ture shown
as an HTML form to the

lient. This

lass is used when grouping obje ts.

The HTML presentation of an obje t of the
of its

slaml-element type,

onsists of the presentation

hildren. However, it is not satisfa tory to present the HTML form as a

HTML

input

elements. Instead, exibility is needed to build a spe i

olle tion of

layout of the HTML

representation of the obje t stru ture. Therefore, the HTML layout of a

slaml-element

is

spe ied by a template where it is possible to pla e - in the relation to HTML layout - the
hildren of the

slaml-element as wanted. To represent the template of an obje t, a fun tion
slaml-element is reated. This fun tion is added as
the slaml-element it represents. The HTML layout fun tion is dis ussed in

representing the HTML layout of the
a property on
Se tion 2.2.5.

Slaml Form Element Class
The

slaml-form-element

lass is the root of an obje t stru ture in the

framework. The reason that this

omplex forms

slaml-element lass ontains no
form element. This information is present
slaml-form-element annot be a hild of other ob-

lass is needed is that the

information about the data related to the HTML
in the

slaml-form-element

lass. A

je ts, and must therefore be the root of an obje t hierar hy.
HTML

form

element are present in the

slaml-form-element

All the attributes from the
lass.
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slaml-form-element,

is the HTML layout spe i a-

form element surrounding
slaml-form-element also onsists of properties that spe ify the
form element. This is dis ussed in further details in Se tion 2.2.5.

hildren together with the spe i ation of the HTML

them. This means that the
attributes to the HTML

The next se tion (Se tion 2.2.4) presents underlying S heme

ode, that is needed in order to

simulate obje t oriented programming in S heme. This is in luded for the S heme interested
reader and

an be ignored if simulation of obje t oriented prin iples in S heme is not of

interest.

2.2.4 Obje t Oriented Programming in S heme
It is possible to program obje t oriented in S heme and dierent frameworks with support
for obje t oriented programming in S heme exists.

Some of these frameworks are general

and works with most S heme systems. Others are written to a spe i

S heme system.

Examples of obje t oriented frameworks that are used with a spe i

S heme systems are

Goops (The Guile Obje t Oriented Programming System)[LDJ02℄ and MzS heme's obje t[Fla02℄.
basi

Goops is a framework for the Guile interpreter and is an extension to the

Guile interpreter. MzS heme also

ontains an obje t framework whi h is part of the

interpreter. An example of a more general obje t oriented framework is Meroon [Que02℄,
whi h

an be used in various S heme systems.

Another possibility to program obje t oriented in S heme is to use fun tions to represent
lasses and obje ts in S heme (shown by Kurt Nørmark [Nør90℄). This approa h is the most
portable as it is supported in all S heme systems. The reason for this is, that it is build on

lambda
It is

expressions.

hosen to simulate

lasses and obje ts in SLAML with fun tions, as this gives the best

portability. The reason that portability is important, is that LAML is usable in many different S heme systems and by making SLAML interpreter independent it is possible to use
the SLAML framework on the same S heme systems that LAML

an be used.

this approa h might not be as e ient as an obje t system written for a spe i
system. This is not

onsidered a problem as the

However,
S heme

omplex form framework is more a proof of

on ept than it is a framework used for produ tion. Another

on ern is the readability of the

programs written in the SLAML framework. The programs written with pre-made obje t
systems have a higher synta ti al abstra tion and therefore the programs are easier to read.
When simulating obje t orientation this

an be a hieved by making synta ti al abstra tions

on top of the simulation. The last problem

onsidered with the

hosen approa h, is that all

the me hanisms used in obje t oriented programming (inheritan e, message passing, et .)
has to be implemented when needed. This is not a big problem in the SLAML framework,
as only

lasses, message passing and a

onstru tor are needed.

In the following it is explained how to dene

lasses and

more it is explained how to use message passing to

reate obje ts in S heme. Further-

hange the state of obje ts and how a
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onstru tor is used to instantiate obje ts with others than the default values.

Classes and Obje ts in S heme
Classes

an be simulated in S heme, by dening a fun tion from whi h obje ts

an be

instantiated. When an obje t is instantiated it returns a fun tion obje t, that serves as an
interfa e to the obje t. An example of a simple

lass is the following:

(define (test- lass)
(letre ((x 0)
(get-x (lambda () x))
(set-x (lambda (new-x) (set! x new-x)))
(type-of (lambda () 'test- lass))
)
(lambda (message)
( ond ((eq? message 'get-x) get-x)
((eq? message 'set-x) set-x)
((eq? message 'type-of) type-of)
(else (error "Message not found"))))))
Here the fun tion test- lass represents a

lass. An instan e of the

lass is instantiated by

evaluating the fun tion. Evaluation of this fun tion makes it return a fun tion obje t. This
fun tion obje t serves as an interfa e to the obje t. The interfa e is a dispat her that

an

all methods on the obje t. This dispat her is a tivated by message passing.

Message Passing in S heme
On e an obje t is instantiated, its state
messages that

an be

hanged by sending messages to it.

The

an be send to the obje t are spe ied in the dispat her fun tion, whi h

serves as an interfa e to the obje t. Messages are send to the obje t in the following way:

(define new-obje t (test- lass))
((new-obje t 'set-x) 10)
The rst thing that happens in this example is that the test- lass is instantiated and the resulting dispat her fun tion is bound to the name new-obje t. Next, the dispat her is invoked
with the message set-x. This results in the fun tion asso iated with the set-x property of

new-obje t to be returned. This fun tion is evaluated with the value 10 as input. All this
results in

reation of an obje t and setting the x property to the value 10.

It is preferable to

reate a fun tion (often named send ) to send messages to the obje ts.

The reason this is preferred is that it provides a synta ti al abstra tion. This results in the
following way to send messages to obje ts:

(send 'get-x new-obje t)
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Here the get-x message is send to the obje t new-obje t. The result is the same; the fun tion
asso iated with the get-x property on new-obje t is returned.
on message passing to
me hanism is

It is

hange values on the individual obje ts.

umbersome to rely

Therefore a

onstru tor

reated whi h allows for spe ifying values at instantiation time.

Instantiation of Obje ts in S heme
By

reating a

onstru tor it is possible to spe ify arguments when an obje t is instantiated.

In SLAML, XML syntax is used when instantiating the obje ts with others than the default
values. An example is the following:

(define new-obje t (test- lass 'x 10
'y 11))

In this example an obje t is instantiated and bound to the name new-obje t. new-obje t has
two instan e variables. One is
other is

alled x whi h value is set to 10 at instantiation time. The

alled y and is assigned the value 11. The reason for

hoosing this syntax, is that

this is a XML like syntax, whi h is similar to LAML syntax.

Another possible syntax is

to rely on positional parameters, but this is not a good solution if there are many instan e
variables in the obje ts, espe ially if it is possible to spe ify all of them at instantiation time.

In this se tion it is shown that a
stantiation of obje ts from
individual obje ts.

onstru tor me hanism is

reated to allow a exible in-

lasses. Message passing is introdu ed as a way to modify the

Furthermore it is illustrated how a fun tion obje t - returned from a

fun tion representing a

lass - a ts as an obje t.

2.2.5 Creating, Presenting and Updating Obje t Stru tures
In this se tion it is explained how an obje t stru ture from the three basi
in Se tion 2.2.3) is

lasses (explained

reated. Next, is a des ription of how to add HTML layout to the obje ts

in the obje t stru ture. Last, is des ribed how the obje t stru ture is updated with the data
re eived from the HTML form shown to the

lient.

Creating an Obje t Stru ture
To

reate an obje t stru ture to represent an HTML form, the rst thing to do is linking

the obje ts together. This

an be done in two ways. The rst is to

reate all the obje t in

the obje t stru ture and afterward link them together by using message passing. This
be done by invoking the

add

method on an obje t. The

whi h is the obje t to add as a
instantiation time by using the

hild. Another way to

add

an

method takes one parameter,

reate the stru ture, is to do it at

onstru tor. This is done in the following way:

60

CHAPTER 2.

DESIGN

(define person-form
(slaml-form-element
'name "person- omposite"
'elements
(slaml- reate-obj-lst
(slaml-element
'name "name- omposite"
'elements
(slaml- reate-obj-lst
(slaml-basi -element
'name "first-name-leaf")
(slaml-basi -element
'name "last-name-leaf")))
(slaml-basi -element
'name "have- ar-leaf")
(slaml-basi -element
'name "submit-button-leaf"))))

This expression

reates the stru ture in Figure 2.10 (see page 60).

In this example three

slaml- reate-obj-lst

things are added to the SLAML elements.

The rst is the

121) primitive.

reate a list of obje ts to be added to another

This primitive is used to

obje t. The se ond thing added in this example is the
used to spe ify the
be

reated with the

elements

attribute. This attribute is

hildren of an obje t. The list of obje ts - to be added as

slaml- reate-obj-lst

(page

hildren - must

primitive. In this way it is possible to

reate

an obje t stru ture.

person−form

name

first−name

have−car

submit−button

last−name

Figure 2.10: The person-form hierar hy.

The third thing added to the example is the name attribute. This attribute sets the name
instan e variable of the obje t. This serves to a

ess an obje t on e it is added as a

hild

to another obje t. If the name attribute is not present, there is no way of identifying the
obje t and dis riminate it from other

hildren with the same parent. Therefore, by giving
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all obje ts of the same parent dierent names, this property is used to refer to a spe i
obje t. This is used when the HTML layout information is added to the obje ts. If the

hild

obje ts have no names it is impossible to tell whi h element is to be pla ed where in the
layout. This is

ondu ted later in this se tion.

The last thing des ribed in this se tion is the

id

of an obje t. An

id

is set on the obje ts

slaml-basi -element. The id on an obje t serves as the name attribute of the
input element when the obje t is presented - in an HTML form - to the lient. The
reason for having the id is to asso iate ea h HTML input element with an obje t of the type
slaml-basi -element. The dieren e between the id property and the name property of an
obje t is that the name is used when the programmer refers to an given hild of a parent in
the program. The id is used when the input from the user is pla ed in the obje t stru ture in
of the type

HTML

order to update it. By letting ea h of the leaf obje ts in the obje t stru ture have an unique
id and let the same id represent the name of an input element in HTML, it is possible to traverse the obje t stru ture and pla e the

lient data in the obje t stru ture. This is done by

mat

input element with the id attribute on the obje t. If they
h, the data from the HTML input element is pla ed as data in the mat hing leaf obje t.

The

id

omparing the name of the HTML

obje t is

an be set by hand when the obje t is
reated, an obje t is given a unique

the unique

id

is that sometimes it is

name instead of using the obje ts to a
in the HTML element

name attribute
hange the id.

to the

annot be

reated. If no

id.

hange

ess the form parameters dire tly by

ess them. This is not possible if the

input

ied when the

The reason for letting the developer

onvenient to a

hanged. And as the

on an HTML

id attribute is spe

id

name

property of an obje t

attribute

orresponds

element, it is ne essary to allow the developer to

Adding HTML Layout to Obje t Stru tures
After the obje t stru ture is build, the HTML layout is added. This is done by asso iating
a template to ea h obje t.

The template represents the HTML layout of the obje t it is

asso iated to. This means that a way to spe ify HTML layout information on ea h of the
three

lasses in the SLAML framework must be present. This is dis ussed in the following.

Templates for the

omposite

lasses (slaml-element and

slaml-form-element)

are spe i-

ed as a fun tion. The reason for using fun tions to represent templates is that fun tions
an return an HTML string representing the HTML layout of a given node in the obje t
stru ture. Furthermore, it is possible to send parameters to the fun tion telling whi h node
in the stru ture to do layout on. This node serves as the parent node and by referring to
the names of the
an

hildren it is possible to pla e them in the layout. Beside this a fun tion

ontain additional HTML information and thereby represent more than the layout of

the hildren. It

an also

ontain HTML elements used for formatting the HTML form layout.

Another possibility is to let the HTML layout be represented by a list of

hildren and let

the order of the list be the order in whi h the elements are presented in the HTML form. In
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omposite nodes

hosen.

the layout is represented by setting attributes on

The reason is that the leaf obje ts represents an HTML

an be no HTML layout inside an HTML

input

element and

input element as it is a single tag.

Therefore,

all formatting information is the surrounding of these elements and this layout information
is present in the

omposite elements.

Another possibility is to let ea h
as done with

slaml-element

and

slaml-basi -element
slaml-form-element.

have a template asso iated to it
Then the developer will need to

spe ify a template for the leaf elements and asso iate the HTML layout with a leaf node in
the obje t stru ture. The rst approa h is

hosen sin e it requires less asso iations between

templates and nodes. The reason is that the leafs are self

ontained as the instan e variables

of the obje ts spe ies the HTML layout.
A layout fun tion for the name- omposite obje t from the obje t stru ture on page 60 is
presented in the following.

(define name-layout
(slaml-layout (self args)
(table
(tr (td "Name" ' olspan "2"))
(tr (td "First name")
(td (slaml-do-layout- hild self "first-name-leaf")))
(tr (td "Last name")
(td (slaml-do-layout- hild self "last-name-leaf")))
'border "1")))
Figure 2.11: An example of a

In this example the
be thought of as a

slaml-layout

fun tion.

slaml-layout (page 123) primitive is introdu ed. slaml-layout an
lambda expression. A slaml-layout takes two arguments. The rst

parameter is a referen e to the obje t to whi h this HTML layout fun tion is asso iated.
The se ond parameter

an be send to the layout fun tion when it is a tivated (when the

slaml-do-layout- hild

slaml-do-layout (page 122) is alled). To asso
layout attribute is used at instantiation time.

(page 122) or

a layout fun tion with an obje t the

(slaml-element
'name "name- omposite"
'elements
(slaml- reate-obj-lst
(slaml-basi -element
'name "first-name-leaf")
(slaml-basi -element
'name "last-name-leaf"))

iate
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'layout name-layout
'layoutparm "simple string")
In this way the name- omposite is spe ied to be presented by the
bound to the name name-layout. When the name-layout is

slaml-layout

fun tion

alled it is passed the string "sim-

layoutparm in
slaml-layout fun tion in

ple string" as its se ond parameter. This is done by in luding the attribute
the instantiation of the obje t. This parameter is not used in the
Figure 2.11.
In Figure 2.11 a fun tion
- is introdu ed.
of its

alled

slaml-do-layout- hild

omposite element like name- omposite is responsible for layout

Sin e a

hildren, it needs a primitive to express this.

slaml-do-layout- hild.
the obje t in whi h the

This is done by the fun tion

This fun tion takes two arguments.
hild is lo ated.

slaml-do-layout- hild

alled

The rst is a referen e to

In the example in Figure 2.11 this is self.

se ond parameter is a string representing the name of the
of

- performing the HTML layout

The

hild to layout. The return value

is a string representing the HTML layout of a given

hild.

slaml-form-element must represent an HTML form it needs more than a slaml-layout
tion to present itself. Besides a slaml-layout fun tion, a slaml-form-element also

As a
fun

needs attributes spe ifying the various properties (see [W3C02 ℄), to be able to represent
itself. These attributes

an be set on the

To present an obje t of the

slaml-form-element

slaml-basi -element

obje t at instantiation time.

type variable must
HTML input element the

type, the value of its

be set. The reason is that this attribute spe ies what type of

obje t is representing (examples in lude hidden, text and password. For a
to [W3C02 ℄).
type

he kbox.

In Figure 2.10 the submit-button is of type
This

submit

omplete list refer

and the have- ar is of

an be spe ied in the following way.

(slaml-basi -element
'name "have- ar-leaf"
'type "CHECKBOX")
(slaml-basi -element
'name "submit-button-leaf"
'type "SUBMIT")

When the HTML layout has been spe ied for ea h element the HTML layout on the root
obje t is a tivated in order to generate the HTML layout for the
fun tionality of the root obje t is a tivated by the fun tion

hildren. The HTML layout

alled

slaml-do-layout.

This

fun tion takes one argument, whi h is the root obje t of the obje t stru ture to present.

slaml-do-layout

returns a string representation of the HTML form, whi h

of an HTML page, as shown in the following.

(slaml-show
(slaml-page (parm)
(html

an be a part
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(head (title "A title"))
(body
(slaml-do-layout person-form)))))
Here a

slaml-page

is presented where the person-form is in luded in the body of the page.

slaml-layout fun tion is asso iated with ea h obje t
slaml-form-element. This fun tion allow generation of

In this se tion it is des ribed how a
of the types;

slaml-element

and

a exible HTML representation of the individual obje ts. It is furthermore explained how
the fun tions

slaml-do-layout

and

slaml-do-layout- hild

fun tion to a tivate the layout fun tionality on

is used in a

slaml-layout

hild obje ts.

Updating Obje t Stru tures
When the obje t stru ture is presented to the

lient as an HTML form the

lient

an ll data

input elements. As explained, the HTML input elements in the HTML form
the slaml-basi -elements at the server. When the lient submits the HTML

in the HTML
represents

form, key/value pairs are returned to the server. These key/value pairs are used to update
the obje t stru ture. As ea h of the HTML
the

slaml-basi -elements

the values entered by the
fun tion

alled

input

elements has a unique id as name - and

has the same ids - the obje t stru ture

lient

an be traversed and

an be assigned to the stru ture. This is done by using the

slaml-update-obje t!

(page 123).

This fun tion takes two parameters.

The rst is the root of the obje t stru ture, presented to the
is the key/value pairs returned from the

lient.

lient. The se ond parameter

Given these two parameters, the obje t

stru ture is updated with the values from the request and the developer

an then query the

obje ts for data.
To allow operation on list stru tures rather than obje t stru tures, the

slaml-update-obje t!

returns a list representing the obje t stru ture as a tagged list. The reason for returning
a list when the obje t stru ture is updated is that lists are the general data stru ture in
S heme. The resulting list stru ture is shown here.

(slaml-form-element
(obj-name . person- omposite)
(slaml-basi -element
(submit-button-leaf . ""))
(slaml-basi -element
(have- ar-leaf . ""))
(slaml-element
(obj-name . name- omposite)
(slaml-basi -element
(last-name-leaf . "my last name"))
(slaml-basi -element
(first-name-leaf . "my first name"))))
This example shows the list stru ture returned from

slaml-update-obje t!

person- omposite obje t as rst parameter and the key/value pairs - returned from

given the

slaml-show
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- as se ond parameter.
The list stru ture returned from

slaml-update-obje t!

represents the obje t stru ture

with person- omposite as root element. The list is tagged with the name of the type of ea h of
the three

lasses in the SLAML framework. The

tagged list stru tures

slaml-form-element

and

slaml-element

onsist of a key/value pair list as the rst element. The key is obj-

name and the value is the name of the obje t that is represented by this list. The rest of
the list is the

hildren of this obje t. These

an be of the types

slaml-element.
The

slaml-basi -element

list stru ture

slaml-basi -element

and

onsist of a key/value pair, where the key is the

name of the obje t that the list represents. The value of the list is the string entered into
the HTML

input

element by the

lient.

The list is tagged with the type of obje t that the list stru ture represents. It is not always
satisfa tory to use the type of the obje t as the tag. The reason is that the rst symbol in
a tagged list spe ies the type of the

ontent of the list. And as the

ontent of the list is

more than an element in SLAML, it is bene ial to allow the developer to spe ify a
tag. This is done by introdu ing a property named

tagtype

ustom

to the obje t stru ture. This is

illustrated in the following.

(define person-form
(slaml-form-element 'name "person- omposite"
'tagtype "person"
'a tion ""
'elements
(slaml- reate-obj-lst
(slaml-element 'name "name- omposite"
'tagtype "name"
'elements
(slaml- reate-obj-lst
(slaml-basi -element 'name "first-name-leaf"
'tagtype "first-name")
(slaml-basi -element 'name "last-name-leaf"
'tagtype "last-name"))
'layout name-layout)
(slaml-basi -element 'name "have- ar-leaf"
'tagtype "have- ar"
'type "CHECKBOX")
(slaml-basi -element 'name "submit-button-leaf"
'tagtype "submit-button"
'type "SUBMIT"))
'layout person-layout))
Figure 2.12: Creation of the

person- omposite

obje t stru ture with a tagtype for ea h obje t.

In Figure 2.12 it is spe ied that the list representing the person- omposite obje t must be
tagged with person.

The name- omposite must be tagged with name and so forth.

The
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resulting list is seen in the following.

(person
(obj-name . person- omposite)
(submit-button
(submit-button-leaf . ""))
(have- ar
(have- ar-leaf . ""))
(name
(obj-name . name- omposite)
(last-name
(last-name-leaf . "my last name"))
(first-name
(first-name-leaf . "my first name"))))

This list is tagged in the way spe ied, and thereby the tagging is more spe i
ase where no

than in the

ustom tagging is used.

2.2.6 Example of the Complex Forms Framework
In this se tion an example of how to use the

omplex forms framework in SLAML is shown

and explained. The example presents the use of the prin iples already introdu ed and will
therefore not be des ribed in all details. The example is split into three steps. First is the
binding of

slaml-layout

fun tions to names. Se ond is the

reation of the obje t stru ture

and third is the presentation and updating. A larger example of the
work

omplex forms frame-

an be seen in Chapter 3.

The rst thing done is to dene two layout fun tions, whi h represents the HTML layout of

person-form and name- omposite.

(define person-layout
(slaml-layout (self args)
(table
(tr (td "Person Information" ' olspan "2"))
(tr (td (slaml-do-layout- hild self "name- omposite")))
(tr (td (string-append "Do you have a ar?"
(slaml-do-layout- hild self "have- ar-leaf"))))
(tr (td (slaml-do-layout- hild self "submit-button-leaf")))
'border "1")))
(define name-layout
(slaml-layout (self args)
(table
(tr (td "Name" ' olspan "2"))
(tr (td "First name")
(td (slaml-do-layout- hild self "first-name-leaf")))
(tr (td "Last name")
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(td (slaml-do-layout- hild self "last-name-leaf")))
'border "1")))
The HTML layout of the person-form is the HTML layout of the two
in the HTML

form

omposite obje ts

(person- omposite and name- omposite ). The rst layout is the HTML

layout of the person-form. This layout is bound to the name person-layout in the above example. The person-form obje t is responsible for doing HTML layout of the name- omposite,

have- ar-leaf and submit-button-leaf obje ts. The se ond layout fun tion is the layout fun tion for the name- omposite obje t. This layout is bound to the name name-layout. The

name- omposite obje t is responsible for doing HTML layout on the rst-name-leaf and
last-name-leaf.
The HTML presentation of the person-form is shown in Figure 2.13.

Figure 2.13: S reen shot of the

omplex HTML form example

The next step is to build the person-form obje t stru ture to present to the

lient. The ob-

je t stru ture is seen in Figure 2.12 (on page 65). This gure shows how the obje t stru ture
is build and that it is bound to the name person-form. The layout is also added to the obje t
stru ture, by the use of the
to the

layout

attribute. Next step is to present the obje t stru ture

lient. This is shown in the following.

(define page-data
(slaml-update-obje t!
person-form
(slaml-show
(slaml-page (parm)
(html
(head (title "A title"))
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(body
(slaml-do-layout person-form)))))))
(slaml-show
(slaml-page (parm)
(html
(head (title "A title"))
(body
(table
(tr (td "Name" ' olspan "2"))
(tr (td "First-name")
(td (get-first-name-from-form page-data)))
(tr (td "Last-name")
(td (get-last-name-from-form page-data)))
(tr (td "Car ?")
(td (get-have- ar-from-form page-data))))))))
The rst thing that happens in the above is that the HTML page with person-form is
shown to the

lient. When the

by the fun tion

lient submits the HTML form, the person-form is updated

slaml-update-obje t!,

whi h returns a tagged list representing the ob-

This list is bound to the name page-data.

je t stru ture.

that page-data is shown on a new HTML page.

The last thing that happens is

The de laration of the sele tor fun tions

alled: get-rst-name-from-form, get-last-name-from-form, and get-have- ar-from-form are
not shown in this example. They are used to get data from the tagged list returned from

slaml-update-obje t!.

2.2.7 Solution to Complex Forms Problem
In this se tion it is dis ussed how the SLAML

omplex form framework solves the Complex

forms problem dis ussed in Se tion 1.1.3. The Complex forms problem is divided in three
parts. The rst

on erns building the

omplex stru ture and the last

omplex stru ture the se ond

on erns updating the

on erns presenting the

omplex stru ture with data from the

lient.
Building the

omplex stru ture is done by

reating obje ts using a

onstru tor me hanism.

By adding obje ts to other obje ts an obje t stru ture is build. The individual obje t in this
stru ture

ontains a referen e to its

form that is to be presented to the

hildren. This obje t stru ture represents the HTML

lient. A message passing me hanism is developed whi h

allow a tivation of methods on the individual obje ts. This fun tion is named
Presenting the

slaml-send.

omplex stru ture is done by assigning the individual obje t a layout fun -

tion that is responsible for generating the HTML representation of that parti ular obje t.

These layout fun tions are

is introdu ed, whi h

reated with the

slaml-layout

an a tivate the layout fun tions on its

slaml-do-layout- hild.

A spe ial fun tion named

the layout fun tion on the root element.

fun tion.

hildren.

slaml-do-layout,

A fun tion

This is named

is used to a tivate
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omplex stru ture is done by invoking

obje t and the form parameters re eived for the
data entered by the

slaml-update-obje t!
lient as parameters.

with the root

This inserts the

lient into the appropriate obje ts in the obje t stru ture. As an ad-

ditional feature a nested list representation of the obje t stru ture is returned from the

slaml-update-obje t

fun tion.

This gives the developer possibility to perform the three steps in the Complex forms problem.

2.3 Validation Framework
As shown in the analysis, input validation is not supported dire tly in HTML/CGI. It is of
interest to build validation into the SLAML framework. Giving the developer the possibility
to write validating fun tions in the same language as the HTML is generated, makes it
possible to remove the need of external te hnologies. The design of validation is made on
behalf of hypothesis three, from the problems denition:

Hypothesis 3:

It is possible to onstru t a validation framework that helps the developer to validate data from the lient.
The goal is to give the developer the possibility to use a validation framework together with
the SLAML session framework. In this validation framework, two possible levels of validation
have been identied.

1. Page level

2. Obje t level

Page level validation is related to validation of a
by using the

slaml-show

fun tion.

slaml-page,

whi h is presented to a

lient

Obje t level validation is related to validation of the

omposite and non- omposite obje ts presented in the solution to the Complex forms problem. The reason for introdu ing validation on both the obje t level as well as the page level
is the independent nature of the two frameworks. A developer relying on the

omplex form

framework does not have to use the session framework and vi e versa. If validation is not
supported on both levels, then validation is impossible in some situations. In the following
the design of the validation framework is presented.

The

onsidererations regarding the

design are presented as alternatives to the a tual solutions. The reason for not in luding
a

onsiderations se tion as in the rest of the design is, that mu h of the design is given,

sin e it is almost di tated by the session framework and the
the validation framework must be designed.
approa hes among the dierent frameworks.

This is the

omplex forms framework, how

ase, sin e we aim for

onsistent
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2.3.1 Design of the Validation Framework in SLAML
The following presents the

hoi es made, regarding the design of the validation framework.

Ea h of the two levels is handled individually. However, a general de ision

on erning

lient

side or server side validation has been taken. The validation on both levels is handled on
the server. Two reasons exist for this

hoi e. First, the needed te hnology (S heme) is not

available as a s ripting language that

an be exe uted by the browser. Se ond,

lient side

validation does not ensure HTML form input to be validated. We are aware, that server side
validation

an be ome a problem regarding bandwidth usage if many users are interested in

validating information at the same time. A solution to this problem
on both the server and

an be to validate input

lient as it is done with Powerforms in Bigwig.

Page Level Design
It has been de ided, that validation of a page, is done by extending the

slaml-show fun

tion.

The reason for not using a de larative manner as done by Powerforms, is that Powerforms
relies on already dened types. A de larative fashion of spe ifying valid types does not t
well in a weakly typed fun tional oriented programming language as S heme. Powerforms
also rely on JavaS ript for evaluation, sin e a format is translated to JavaS ript. Translating
S heme

ode to JavaS ript seems to

slaml-show means,
slaml-show must be

Extending
fun tion,

omprehensive, to allow

that if a

slaml-page

lient side input validation.

must be validated a

ording to a

he k

alled in the following way:

(slaml-show a-page ' he k he k-page)
he k attribute spe ies, that the

The

he k-page fun tion must be used to validate the

page a-page. Here the syntax diers from XML like syntax, sin e

he k-page is a fun tion

and not a string. All HTML form information from the presented page (a-page ) must be
validated with the

he k fun tion

alled

he k-page. For the

he k fun tion to validate the

data returned from a-page it must take the data as parameter. Before the form parameters
are used as an argument to the
The

he k fun tion, they are

slaml-formparms-key->value

(page 117)

onverted to a key/value pairs list.

an be used to extra t the value of a key

given the form parameters.
If a

he k fun tion is spe ied with the

returned by the
value from

#t/#f

he k

attribute to

slaml-show,

it returns the value

he k fun tion. This gives the developer the exibility to dene the return

slaml-show, whi

h means, that a he k fun tion is not ne essary limited to return

(true or false). The following is an example of a

he k fun tion, whi h veries that a

number is between two values (iname is the name of the input element) whi h are spe ied
by the developer.

(define (is-between? form-parms limits)
(let ((num (slaml-formparms-key->value 'iname form-parms))
(min (get-min limits))
(max (get-max limits)))
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( ond
((not-a-num? num) #f)
((and (< (string->number num) min) (> (string->number num) max)) num)
(else #f))))
As seen the

he k fun tion takes two parameters, the form parameters and an additional pa-

rameter (a list with two numbers, named limits ). The
entered in the HTML

input element named iname

he k fun tion rst extra ts the value

with the

slaml-formparms-key->value

fun tion and stores it in the num variable. Furthermore, the minimum and maximum values
are needed.

These are extra t from the limits parameter (the parameter spe ied by the

developer), by using the get-min and get-max fun tions.

The values returned from these

fun tions are stored in the variables min and max, respe tively.
handled in the

ond

is returned. Otherwise the value from the HTML
Parameters to
or a

input

he k fun tions are spe ied in a similar way, as parameters to a

slaml-session,

#f

element is returned.

slaml-page

namely by spe ifying an attribute with the parameter as value.

the page level validation framework, the attribute is named

is-between?

The a tual validation is

spe ial form: if num is not a number or not between min and max,

he kparm.

In

To a tivate the

he k fun tion with 50 as the minimum value, and 100 as maximum, the values

are wrappend in a list and spe ied as the value of the

he kparm

attribute:

(slaml-show a-page ' he k is-between? ' he kparm (list 50 100))
This example illustrates how a

he k fun tion take parameters. An example of how to use

he k fun tions on the page level is presented in Se tion 2.3.3. This example also presents
how validation of dependen ies is performed.

Obje t Level Design
Con erning validation of a
alternatives are

omplex form

reated by using the

omplex forms framework, two

onsidered. The rst possible solution is to give the whole obje t stru ture to

a fun tion and let this fun tion traverse the obje t stru ture to validate the obje t stru ture.
In this approa h the developer need to traverse the obje ts stru ture expli itly in order to
validate the stru ture. The se ond, and the
the

hosen solution is to add a

he k property to all

lasses. This allows performing validation on ea h obje t in the stru ture and thereby

the obje t level validation framework ts well with the

omplex stru ture represented by the

obje ts. In this solution the traversing of the obje t stru ture is done impli itly by letting
ea h node in the obje t stru ture be responsible for validating itself and the subtree it

on-

sists of.
The de ision to extend the obje ts with information about validation, means that all types
of obje ts must have fun tionality to set and get a

he k fun tion. Furthermore, ea h

lass

valid) spe ifying if the obje t is valid. The attribute value
used for the valid property is either #t or #f. The valid property value is determined by
the he k fun tion assigned to the obje t. The default value is #t. Fun tionality to set
(slaml-set-valid (page 125)) and get (slaml-get-valid (page 125)) the valid property
must

ontain a property (named
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also exist. This allows the developer to query ea h obje t for the status of the validation
performed on the obje t. Instead of using message passing when assigning information about
validation to obje ts, the

A

he k fun tion

onstru tor is extended to allow this.

an be assigned to an obje t by using message passing or by using the

onstru tor. By using the

onstru tor it is done as follows:

(slaml-element 'name "obj-name" ' he k he k-fun )

In this example it is stated that the
the fun tion bound to the name
updated the

valid

instan e variable is set to

obje t data was invalid a

Sin e

slaml-element

he k-fun .

he ked with

#t

if the validation went well and

#f

if the

he k-fun .

ording to

he k fun tions are used to set the

to the

named obj-name must be

When this obje t is returned and has been

valid

property on obje ts, there are requirements

he k fun tions. They must always return either

#t

of

#f,

whereas a

he k fun tion

on the page level does not have requirements to the return value. Likewise, a

he k fun tion

used on the obje t level, must always take exa tly one parameter. If the obje t is of the
type

slaml-basi -element,

the parameter will be the string entered in the

orrespond-

slaml-form-element or a
slaml-get-element-from-list

ing input element in the HTML form. If the obje t is either a

slaml-element, the parameter is a list
is a fun tion that

ontaining the hildren.

an extra t an obje t from the list on behalf of a name.

To see an example of validation on the obje t level,

onsult Se tion 2.3.3.

2.3.2 Flow of Validation
This se tion will in turn present ow of both the page level validation as well as obje ts level
validation.

Page Level Flow
The ow of the page level validation
the

ontains two steps. First, get the form parameters from

lient. Se ond, validate the parameters a

presented in Figure 2.14.

ording to the

he k fun tion.

This ow is
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slaml−show

Server

Client

Step one
An HTML page

(slaml−display pagefunc (slaml−get−pageparm−parm args)))))

Step two
(let (formparms (slaml−create−parm−lst (slaml−get−args)))
(check (slaml−get−checkfunc−parm args)))
(if check
(check formparms (slaml−get−checkparm−parm args))
formparms
)
)

Figure 2.14: This gure presents two steps from the
presents the string representation of a page to the

slaml-show

lient. The

the evaluation to pause, until a new request is issued by the

all to

slaml-display
slaml-display will ause

fun tion.

lient.

Showing a page to the

lient, means that the appli ation pauses on the server. The appli a-

tion will wait until the

lient submits information (Step one on Figure 2.14). The rst thing

done in Step two, is to
with the

reate a key/value pairs list

the variable formparms. Next, the
ters to

ontaining the form parameters (done

all: (slaml- reate-parm-lst (slaml-get-args)) ). The form parameters are stored in

slaml-show

he k fun tion is extra ted from the optional parame-

and stored in the variable

he k. This is done, by using the fun tion

he k attribute and #f if none
in the if expression), formparms is rebran h in the if expression), the he k

slaml-get- he kfun -parm, whi h returns the value of the
was spe ied.
turned.

If a

fun tion is

If

he k is false (the false bran h

he k fun tion is spe ied (the true

alled with the return value of (slaml-get- he kparm-parm args) as a parameter.

slaml-get- he kparm-parm

returns the value of the

list if none is spe ied. Re all, that the

he kparm

he kparm

attribute, and the empty

attribute is used to spe ify parameters

slaml-show is alled. All this means, that if a he k fun tion
is spe ied when slaml-show is alled, slaml-show returns the return value from the he k
fun tion. Otherwise, slaml-show returns the form parameters.
to the

he k fun tion, when

Obje t Level Flow
Before an obje t stru ture

an be validated, the obje ts in the stru ture must be assigned

validation fun tions and the related form parameters must be present. Assigning validation
fun tions to obje ts is done by message passing or by the

onstru tor me hanism when the

obje t stru ture is instantiated. In order to get the form parameters related to an obje t

74

CHAPTER 2.

DESIGN

stru ture, a page where the stru ture is represented as an HTML form must be presented
to a

lient. This is done by

alling

form as a parameter. When the
returned from

slaml-show.

stru ture. This is done, by

slaml-show

These form parameters

slaml-basi -element

element.

Furthermore, a

an then be used to update the obje t

slaml-update-obje t! with the obje t stru ture and the
slaml-update-obje t! a tivates the validation fun tions

in relation to the obje t stru ture.

slaml-element)

ontaining the related HTML

alling

form parameters as parameters.
the

with the page

lient submits the HTML form, the form parameters are

This means, that a

he k fun tion on an obje t of

input
(slaml-form-element or

type is a tivated with the value entered in the related
he k fun tion on a

is a tivated with the obje ts

omposite obje t

hildren. This means, that a

is responsible for validating the subtree it represents.

By setting the

omposite obje t

valid

property of

ea h obje t in the obje t stru ture to the return value of its asso iated validation fun tion,
the entire obje t stru ture is validated. Furthermore, information about the validation is
added to the individual elements in the list returned from
means, that it
from

slaml-update-obje t!.

This

an be determined if an obje t is valid, by either sear hing the list returned

slaml-update-obje t!

or by querying the individual obje t for the value of its

valid

property.

2.3.3 Example of Validation Framework
This se tion gives a small example on how to use validation on the page level and the
obje t level. The s enario used in the examples is a single HTML page

ontaining two input

elements. The value entered in both elements must be numbers, and the value entered in
the se ond input element must be the double of the value entered in the rst. This yield
for validation on single input elements, but also validation on the dependen ies between the
input elements. Additional examples

an be found in Chapter 3.

Page Level Validation Example
The rst thing done, is to
elements.

input

There are three

reate the HTML page (named enter-double ) with the input

input

elements (two textual

element) inside a form:

(slaml-define-page enter-double
(slaml-page (parms)
(html
(head (title "Number test"))
(body
(form 'a tion ""
(p "Enter a value:")
(input 'type "text" 'name "value1")
(p "Enter the double:")
(input 'type "text" 'name "value2")
(input 'type "submit")
))) ; end html
))

input

elements and one submit
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To he k, if the values entered in the input elements are numbers, a fun tion alled is-number?
is

reated. This fun tion is

alled from the validation fun tion (named double-value? ), that

is assigned to the enter-double page.

(define (is-number? str)
(integer? (string->number str)))
(define (double-value? form-parms extra)
(let ((val1 (slaml-formparms-key->value 'value1 form-parms))
(val2 (slaml-formparms-key->value 'value2 form-parms)))
(if (and (is-number? val1) (is-number? val2))
(let ((num1 (string->number val1))
(num2 (string->number val2)))
(if (equal? num2 (+ num1 num1))
form-parms
#f ;not the double size
)
)
#f ;not both numbers)))
(slaml-show enter-double ' he k double-value?)
The double-value? fun tion takes the form parameters as input (and the additional se ond
input, whi h is not used here). The values entered in the two input elements are extra ted,
and stored in lo al variables (val1 and val2 ).
numbers.

If not,

#f

is returned.

It is veried if ea h of the two values are

Otherwise, the dependen y is

he ked.

If the number

entered in the se ond input element is not the double of the number entered in the rst,

#f

is returned. If the dependen y is fullled, the form parameters are returned.

Obje t Level Validation Example
This se tion will des ribe how validation is handled on the obje t level.

The is-number?

fun tion from the previous example is used in this example also. The obje t stru ture onsists
of a
basi

slaml-form-element whi h has three slaml-basi -elements as hildren.
elements are text input elements, and the third is a submit button.

Two of the
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(define double-form
(slaml-form-element
'layout (slaml-layout (parm)
(string-append
(p "Enter a value: ") (slaml-do-layout- hild parm "value1")
(p "Enter the double: ") (slaml-do-layout- hild parm "value2")
(slaml-do-layout- hild "send-button")))
' he k he k-stru ture-double?
'a tion ""
'elements (slaml- reate-obj-lst
(slaml-basi -element 'name "value1"
' he k is-number?)
(slaml-basi -element 'name "value2"
' he k is-number?)
(slaml-basi -element
'type "SUBMIT"))))
Figure 2.15: Creating the obje t stru ture. Noti e, that a
he k fun tion - here

is-number?

As shown in Figure 2.15, two of the

he k

attribute is used to spe ify the

- when an obje t is

slaml-basi -elements

reated.

are assigned a

he k fun tion.

This is done by the is-number? fun tion from the page level validation example. There is
also assigned a

he k fun tion to the

slaml-form-element,

namely

he k-stru ture-double?.

This fun tion has the responsibility to validate the dependen y between the
reation of the last

hildren. The

he k fun tion and the presentation of the page is presented below:

(define ( he k-stru ture-double? hildren)
(let ((obj1 (slaml-get-element-from-list hildren "value1"))
(obj2 (slaml-get-element-from-list hildren "value2")))
(if (not (and (slaml-get-valid obj1) (slaml-get-valid obj2)))
#f ;they are not both numbers!
(let ((num1 (string->number (slaml-get-data obj1)))
(num2 (string->number (slaml-get-data obj2)))
(equal? num2 (+ num1 num1)))))))
(slaml-update-obje t! double-form
(slaml-show
(slaml-page (parms)
(html
(head (title "Number test"))
(body
(slaml-do-layout double-form))))))

he k-stru ture-double? fun tion and the presentation of the
stru ture to the lient. Re all, that slaml-show returns the form parameters, and
that slaml-update-obje t! takes the obje t to update and the form parameters

Figure 2.16: The denition of the

as input.
The

he k-stru ture-double?

fun tion takes the

hildren element list as argument. It rst

extra ts the obje t representation of the two input elements.

These obje ts are stored
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in the lo al variables obj1 and obj2.

Next, it is

put elements (validated by the is-number?

slaml-get-valid

the

he ked if the data entered in the in-

fun tion) are numbers. This is done, by using

fun tion, whi h returns the value of the

valid

property from an

obje t (re all, that the value of the valid property is determined by the
on the obje t, and it is set when

slaml-update-obje t!

is

alled).

he k fun tion

If either is invalid,

#f is returned. Otherwise the data (the values entered in the input elements) from the
slaml-basi -elements are extra ted with the slaml-get-data (page 127) fun tion, and it
is

he ked if the value from input element two is the double of the value from input element

one.
The

slaml-update-obje t!

the

he k fun tions assigned to the obje ts. To validate the HTML form a

dependen ies,
the

valid

fun tion updates the double-form obje t, and a tivates all

slaml-get-valid is

attribute set by

ording to the

alled with double-form as the argument. This will return

he k-stru ture-double?.

2.3.4 Solution to Input Validation Problem
In this se tion it is dis ussed how the validation framework solves the Input validation problem des ribed in Se tion 1.1.2. The Input validation problem is

onsidered on two levels, the

page level and the obje t level.

slaml-show.
tion must be supplied as the attribute value to the attribute named he k.

Page level validation is done by supplying a validation fun tion as parameter to a
The validation fun

The validation fun tion must always a
entered by the
the

he kparm

ept two parameters. The rst is the form parameters

lient. The se ond is an additional parameter whi h

slaml-show fun
he kparm attribute, and

attribute with the

eter is the value of the

tion. The value of the additional paramthe empty list if none is spe ied.

return value of the validation fun tion on this level
and is returned by

slaml-show.

an be supplied by using
The

an be freely de ided by the developer

Obje t level validation is done by adding validation fun tionality to ea h obje t. A validation
fun tion on the obje t level must take one parameter. A valid property
of the validation is introdu ed on the

lasses in the

ontaining the status

omplex forms framework. The validation

is performed on e the obje t stru ture is updated with the form parameters. This is done

slaml-update-obje t! fun tion. It is a requirement that
level returns a #t or #f value indi ating if the data is valid.

with the
on this

the validation fun tion

2.4 Summary
In this

hapter the design of the solutions to the problems mentioned in Se tion 1.1 is

du ted. Three se tions are presented whi h ea h

on-

orresponds to a hypothesis.

During the design of the SLAML session framework it is de ided to base the SLAML session
framework on the session

on ept from Bigwig (sessions as lexi al s ope), as this makes the
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slaml-show,

slaml-session,
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is introdu ed

slaml-page

ontrol ow of the appli ation is maintained as the data entered by the

slaml-show

lient is returned from the

primitive. A tivation of a session is done with the

slaml-a tivate-session

primitive.

During the design of the

omplex forms framework it is de ided to rely on obje t orienta-

tion, as this allows exible mutation of the

omplex stru ture. Three dierent

introdu ed to represent obje ts in the obje t stru ture.

slaml-element

and

slaml-basi -element.

exible instantiation of the

A

lasses. Layout

These are

lasses are

slaml-form-element,

onstru tor me hanism is

reated to allow a

on erns of the obje t stru ture is handled by

assigning layout fun tionality to the individual obje ts in the obje t stru ture. This layout
fun tionality must be
stru ture to the

reated with the

slaml-layout

primitive.

Representing the obje t

lient is done by a tivating the assigned layout fun tionality on ea h obje t

in the stru ture. On e the

lient submits the form - representing the obje t stru ture - the

data are asso iated with the individual obje ts in the obje t stru ture. This asso iation is
done with the fun tion

slaml-update-obje t!.

The individual obje t

an be queried for

the value of its data instan e variable.
Design of the validation framework is divided into two levels, page level and obje t level.
This makes validation available on both the

omplex forms framework and the session frame-

work. On the page level a validation fun tion is passed to the
value of the

he k

slaml-show

primitive as the

attribute. A validation fun tion must take two parameters. The rst is

the form parameters entered by the
be supplied by passing the

lient. The se ond is an additional parameter whi h

he kparm

an

slaml-show primitive. On the obje t
slaml- he k fun tion. They are asso iated
ture. A slaml- he k fun tion on the obje t

attribute to the

level validation fun tions are written using the
with the individual obje ts in the obje t stru

level must always take one parameter, namely the string value entered by the
ated with the parti ular obje t. The return value must always be
performed when

slaml-update-obje t!

#t

or

#f.

lient asso iValidation is

is used to update the obje t stru ture.

This has resulted in three dierent frameworks solving the problems mentioned in Se tion
1.1.

3

Example Appli ations
Contents

This
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hapter introdu es two appli ations, whi h use the SLAML framework (designed and

implemented to solve the problems identied during the analysis see Chapter 1). Ree tions
are made after the presentation of ea h appli ation.

The rst appli ation is a Guess a

number appli ation. The se ond example presented, is a Student

lass appli ation.

3.1 Guess a Number Appli ation
The rst appli ation implemented in order to show, how the SLAML framework
is Guess a number. The idea behind the appli ation is that a
number. When a

lient enters a guess that is invalid, a hint is shown to help the

validation is done on the server, a
the

an be used,

lient must guess a random

lient/server loop is maintained, until the

lient. Sin e
lient enters

orre t number. The appli ation is divided into two parts. The rst part presents the

way, that obje ts, layout,

he k fun tions and pages are dened and handled. The se ond

presents the denition of a session, and the ow of the appli ation is des ribed. The
presented in this se tion is almost

omplete; the denition of two - almost stati

ode

- pages and

a single validation fun tion is not in luded. The entire implementation of the appli ation
is found in Appendix B. For readability, all fun tions, obje ts and pages are dened globally.
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3.1.1 Obje ts, Layout, Che k Fun tions and Pages
The "Guess a number" appli ation

onsists of three pages. First a wel ome page, se ond the

game loop page and third the end page. The three pages are presented in Figure 3.1.

(A)

(B)

(C)

Figure 3.1: The three pages in the Guess a number appli ation. Page
Page

(B)

is the page, where the

or the text shown in

(B)

lient

(A) is the wel

an enter a guess. The top of the page, presents a hint,

(C)

(if it is the rst time the page is shown). The last page -

the number of guesses used, when the

ome page.
- presents

orre t number has been guessed.

The rst and last page are simple and does not use obje ts to represent stru ture.
game loop page (Page B )

onsists of two parts. One part that gives the

perform the next guess, and one part that

ontains the HTML

input

The

lient a hint to help

element and a

submit

button. The denition of the guess loop page, is seen in Figure 3.2.

(slaml-define-page guess-page
(slaml-page (guess-information)
(html
(head (title "Guess a number!"))
(body
(get-hint guess-information)
(hr)
(slaml-do-layout guess-form)))))
Figure 3.2: The denition of the guess loop page. The page takes a single parameter -

information- whi h is used
information is a list, whi h

when getting a hint (the

get-hint

ontains the guess made by the

fun tion).

guessguess-

lient, the number of

guesses used and the right number to guess.

This page builds up the two parts needed.
all to get-hint and the se ond part (the

The rst part (the hint) is

input

slaml-element,

whi h again

onsists of two

obje t stru ture is seen in Figure 3.3.

elements) is done by doing the layout of

slaml-form-element, whi
slaml-basi -elements. The

guess-form. guess-form is an obje t of the type

reated with a
h

onsists of a

reation of the

General for all the obje ts used, is that they are

assigned a tagtype. The tagtype is used when the obje ts in the stru ture are updated with
the data entered by the

lient (after a request). Similar, all obje ts are given a name. The
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reason for giving the obje ts a name, is to identify them when the HTML layout fun tionality is spe ied. This is shown later.

(define guess-input
(slaml-basi -element
' he k slaml-is-integer?
'name "input-field"
'tagtype "input-field-guess"))
(define submit-guess-button
(slaml-basi -element
'name "submit-button"
'tagtype "submit-button-guess"
'type "SUBMIT"
'value "Guess"))
(define guess- omposite
(slaml-element
'layout guess- omposite-layout
'elements (slaml- reate-obj-lst guess-input submit-guess-button)
'name "guess- omposite"
'tagtype "guess- omposite"))
(define guess-form
(slaml-form-element
'layout guess-form-layout
'name "guessform"
'a tion ""
'method "GET"
'tagtype "guess-form"
'elements (slaml- reate-obj-lst guess- omposite)))
Figure 3.3: The

slaml-basi -element named
slaml-is-integer?. Re all, that fun -

reation of the obje t stru ture. Noti e, that the

input-eld

is assigned a

he k fun tion named

tions, obje ts and pages are dened global for readability.

The rst obje t

reated - guess-input - represents the HTML input element on the se ond

page in the appli ation (see Figure 3.1 (B) ). The default value of the type property on the
slaml-basi -element lass is TEXT. Sin e the type of the HTML input element must be
TEXT, the type is not spe ied when guess-input is instantiated, as TEXT is the default value.

guess-input is assigned a

he k fun tion named slaml-is-integer?

denition), whi h veries if the value entered in the HTML
Next, the submit button is
is of the type

reated.

(see Appendix B for its

input

element is an integer.

Like the guess-input obje t, the submit-guess-button

slaml-basi -element.

A

omposite obje t of the type

reated, and it is used to represent the two basi

elements.

slaml-element

A layout fun tion - guess-

omposite-layout - is assigned to the obje t (the layout fun tions are shown later).
two basi

is

The

elements are added to the guess- omposite obje t. The elements must be gath-

ered, by using the

slaml- reate-obj-lst

fun tion. The guess- omposite obje t is added
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A layout fun tion (guess-form-layout ) is

also added to the guess-form obje t. Even though the guess-form obje t is only added a
single

hild (guess- omposite ),

slaml- reate-obj-lst

slaml- reate-obj-lst

is used. The reason for this, is that

adds a spe ial tag to the list of elements it returns.

In order to present the obje t stru ture in an HTML form, it is needed to spe ify the
layout of the individual obje ts in the stru ture.

Layout fun tions have been

reated to

the guess-form and the guess- omposite obje t. The following presents the layout fun tions

guess- omposite-layout and guess-form-layout, whi h are the layout of the guess- omposite
and guess-form obje ts respe tively:

(define guess-form-layout
(slaml-layout (self parms)
(slaml-do-layout- hild self "guess- omposite")))
(define guess- omposite-layout
(slaml-layout (self parm)
(string-append
"Enter your guess:"
(table
(tr (td (slaml-do-layout- hild self "input-field")))
(tr (td (slaml-do-layout- hild self "submit-button")))))))

The purpose of the guess-form-layout, is to a tivate the HTML layout fun tion on its
As seen, the name of the
layout. The
the

submit

hild obje t (set in Figure 3.3) is used to spe ify whi h

guess- omposite-layout

layout fun tion, spe ies that the

hild.

hild to

input element and

button are pla ed in an HTML table.

The following se tion presents the se ond part of the Guess a number appli ation. This
in ludes the denition of the session used in the appli ation.

3.1.2 Flow and the Session Denition
The ow of the appli ation is modeled as a session

ontaining three steps. One step handling

the presentation of ea h of the pages dened. The denition of the guess session is seen in
Figure 3.4.
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(slaml-define-session guess-session
(slaml-session (session-param)
(slaml-show start-game) ;say hello - step one
(letre ((guess-loop
(lambda (guess guesses right-number)
(if (equal? guess right-number)
guesses ; Return the number of guesses used
(let
((obj-stru t
(slaml-update-obje t! guess-form
(slaml-show
guess-page 'pageparm (list guess guesses right-number))))
)
(if (slaml-get-valid guess-input)
(guess-loop
(string->number
(slaml-get-data guess-input)) (+ 1 guesses) right-number)
(guess-loop
NaN (+ 1 guesses) right-number)
)
)))))
(let* ((right-number (get-random-number))
(guesses (guess-loop 0 0 right-number)) ;do loop - step two
)
(slaml-show end-game 'pageparm guesses) ;say bye - step three
guesses ; return the number of guesses used
)
);end letre
))
(slaml-a tivate-session guess-session) ; it starts

Figure 3.4: The denition of the
that is

guess-session. The name guess-session
slaml-session primitive.

is bound to a session

reated with the

The guess-session is a tivated with the primitive

slaml-a tivate-session,

and as seen, the

session takes a single parameter (it must always take exa tly one parameter). The parameter
to a session must be spe ied when the session is a tivated (with

slaml-a tivate-session).

This is not done in this example, so session-param is equal to the empty list. The rst thing
done in the session, is to

all

slaml-show

with start-game as parameter. The page shown is

the hello page (bound to start-game ) and as seen, the page is given no parameters. Next, is
the denition of the guess-loop fun tion. The guess-loop takes three arguments: the guess,
the number of guesses and the right number the
the loop, is to

he k if the

of guesses is returned.

lient must guess. The rst thing done in

lient has made the right guess. If this is the

If the

ase, the number

lient has not made the right guess, the guess-form obje t

stru ture is updated with the information gained from showing the guess-page (already presented in Figure 3.2) and the obje t stru ture is stored in a variable named obj-stru t. All
information needed to present the page ( reate the hint to the
to the page. The page

lient), are send as parameters

an only take one parameter (spe ied with the

pageparm

attribute),
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so the information is wrapped inside a list. None of the information used to maintain the
loop is needed to be send to the

lient in hidden elds, but are instead handled as variables

and parameters as shown.
A

he k fun tion is assigned to the guess-input obje t, and after the obje t stru ture has

been updated (by the
a

ording to its

slaml-update-obje t!

fun tion), it is asked if an obje t is valid

he k fun tion. This is done on the guess-input obje t, to see if the

entered a number. If this is the

ase, the game loop is

lient

alled, with the entered number, the

number of guesses in reased by one and the right number. Else, the game loop is

alled with

NaN - Not a Number - as a guess (NaN is bound to the value -1 ), the number of guesses
in reased by one and the right number, as arguments.
After the denition of the loop, a lo al variable named right-number, holding the random
generated number (in the example it is generated by the fun tion get-random-number ), is
reated.

Another variable - guesses - is set to represent the return value of a

guess-loop.

The

all to the

all to the loop means, that a number of intera tions with the

lient is

arried out. After the right number is guessed (the loop returns), the nal page (end-game )
is presented. The number of guesses used is send as a parameter to the page. The session
returns the number of guesses used.
As shown in the example, information and fun tions needed to handle the ow of the session
is maintained and dened lo ally to the session. This allows for en apsulation (in the form
of lexi al s ope) of fun tionality and information. If needed, all the pages, obje ts and help
fun tions (seen in Appendix B)

an be

reated lo ally to the session (in a similar way as it

is done with the guess-loop ). The session
be done with all libraries), and

an be loaded when the server is started (as it

an be a tivated whenever wanted, by performing the

an
all:

(slaml-a tivate-session guess-session).
In the example, a validation fun tion is added to the guess-input obje t.
omprehensive to rst

It is somewhat

reate a validation fun tion, add it to the obje t and ask the obje t

if it is valid, when only a single HTML

input

element exist on the HTML page. Sin e the

only information from the guess-page is the value entered in the input element, page level
validation

an be used.

This eliminates the need to query an obje t to determine if the

input is a number. However, it is still our opinion that obje t level validation is bene ial
when more than a single input element exist on the HTML page.
that a page level validation fun tion gets

omplex (many

The reason for this is,

if and ond statements), if it must

validate many input values.

3.2 Student Class Example
To show that the SLAML framework is appli able in real world appli ations, a large example appli ation (about 1000 lines of

ode) is developed. This appli ation is des ribed in this

se tion. The appli ation is not des ribed in every detail but instead an overview is given
of the system. The reason is that the software is large and giving a detailed des ription of
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the whole appli ation, is not ne essary to understand how the SLAML framework is used in
this appli ation. The pla es where the SLAML framework is used, is des ribed in details to
give an indi ation of the usability of the SLAML framework in this appli ation. The entire
sour e

ode of the program is found in the folder ExampleAppli ations/StudentClass on the

CD distributed with this report.

3.2.1 Overview of the Appli ation
The appli ation is a student
for tea hers to add new
the

lass registration appli ation. In this appli ation it is possible

ourses to a list of

ourses. Furthermore, students are able to sele t

ourses they want to attend from the list of all

ourses.

Ea h student have a prole,

where details about the presentation of the pages for the student is set. Last, a
available where a

ourse

an be s heduled.

Flow of the Appli ation
The ow of the Student

lass appli ation is seen in Figure 3.5.
Start

Login screen

No

Login ok?

Yes

Teacher?

Yes

If teacher

Show a
course calendar

No

Teacher menu

Add new course

If student

Student Menu

Add to/remove
from course

Edit profile

Show calendar

Figure 3.5: The ow of the Student

Exit

Goodbye page

lass appli ation.

alendar is
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The appli ation starts with a login s reen where the user is asked for username and password.
If the username and password is in orre t, the login s reen is shown again. If the username
and password is

orre t, the type of user is examined. There exist two types of users in the

appli ation, students and tea hers. The dieren e between these two types lays in what they
are allowed to do. The next step in the appli ation is to see if the user who is logged in, is
a tea her. If this is the

ase, the tea hers menu is shown, otherwise the students menu is

shown. Tea hers are shown a menu with ve items:



Edit prole



Add to/remove from



Add new



Show a



Exit

ourse

ourse
ourse

alendar

Students are shown a menu with three items:



Edit prole



Add to/remove from



Exit

ourse

As it is seen the two menus are the same, ex ept that a tea her has two additional menu
items (Add new

ourse and Show a

ourse

alendar ). Depending on whi h item is hosen in

the menus, a new page is shown where an HTML form is present. In the following ea h of
the menus are des ribed.
The rst menu item is Edit prole. Here the user
ba kground

an

hange his prole, this in ludes the

olor, the wel ome message and the title. The Edit prole page has three

elements in the HTML form, and the page is shown in Figure 3.6.

Figure 3.6:

Edit prole

page from Student

lass appli ation.

input
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The next menu item is Add to/remove from
to attend. All the

ourse. Here the user

ourses in the appli ation are available and a

if the user wishes to attend a given

an spe ify whi h

he ked

ourse. The Add to/remove from

ourses

he k box indi ates

ourse page is shown

in Figure 3.7.

Figure 3.7:

Add to/remove from ourse

page from Student

The third menu item is only available to tea hers and is
an add a
a new

ourse to the list of already existing

lass appli ation.

alled Add new

ourse. Here tea hers

ourses. The details that are needed to

reate

ourse, is shown in an HTML form on this page. The tea her then enters information

about the new

ourse. When the submit button is pressed, the

ourse is added to the list of

ourses. This page is shown in Figure 3.8.

Figure 3.8:

Add new ourse

page from Student

The fourth menu item is also available only to tea hers and is
The only purpose for this

lass appli ation.
alled Show a

alendar is as a demonstration of the use of

ourse

alendar.

omplex HTML forms,

where more than one item of the same type is shown on a page. Therefore this

alendar do
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not update the global state in the program, neither is the
ourse. This intera tion

alendar asso iated to a spe i

onsists of two pages. The rst page shows a

he k boxes. Here it is possible to mark days in a

alendar

onsisting of

alendar. This page is shown in Figure

3.9.

Figure 3.9:

Show ourse alendar

page from Student

lass appli ation.

When the submit button on this page is pressed a new page is shown where the days - that
was marked on the previous - is marked in a new

alendar. This page is shown in Figure

3.10.

Figure 3.10:

Show alendar

page from Student

lass appli ation.

3.2.2 Use of the Session Con ept
In this se tion it is explained how the session
This appli ation



ontains ve sessions:

main-session

on ept is used in the Student Class appli ation.
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login-session



student-session



tea her-session



exit-session
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The ow of the sessions is illustrated in Figure 3.11. main-session is the rst session a tivated
when the appli ation is started. main-session is responsible for a tivating the login-session.

login-session is the session asking for the username and password and returning a re ord with
the data representing this user.

student-session and tea her-session are almost identi al.

Depending on the type of user (tea her or student) one of the sessions is started on e the
user has logged in. The reason for having two sessions that are nearly identi al, is to show
that it is possible to have two sessions and on behalf of the type of the user,

hoose whi h

alled exit-session and is a tivated when a user logs

session to a tivate. The last session is

out. It shows a goodbye page and a tivates main-session again.

login−session
show username/password page
recieve username and password
is username and password valid?
main−session

yes
no

activate login−session
type of person:
teacher−session

student
activate student−session

student−session

teacher
activate teacher−session

show general−menu−page
if next−page == edit−profile
show edit−profile page
update "database"
activate student−session
if next−page == add−to/from−course
show add−to/from−course page
update "database"
activate student−session
if next−page == exit
activate exit session

exit−session
show goodbye page

show general−menu−page
if next−page == edit−profile
show edit−profile page
update "database"
activate teacher−session
if next−page == add−to/from−course
show add−to/from−course page
update "database"
activate teacher−session
if next−page == add−course
show add−course page
update "database"
activate teacher−session
if next−page == show−course−calendar
show build−a−course−calendar page
show show−course−calendar page
activate teacher−session
if next−page == exit
activate exit−session

activate main−session

Figure 3.11: The session ow of the Student

lass appli ation.

In the following login-session and student-session are explained.
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Login-session
The rst session that is dis ussed is the login-session.

The login-session illustrates the

usefulness of using re ursive sessions. Furthermore it shows how a session

an be used to

return a value.

(slaml-define-session
login-session
(slaml-session (lst)
(let ((app-user
(slaml-show
login-page
' he k login- he k
' he kparm people-lst)))

;
;
(if app-user
;
app-user
;
(slaml-a tivate-session login-session))))) ;

The login-session shows login-page to the
or password, the login-page return
for the person with the

#f

he k if the person is valid
this is page level validation
is the user valid ?
yes : return the users information
no : rea tivate the login-session

lient. If the user enters an non-valid username

else it return the re ord stru ture - named app-user -

urrently entered username and password. This is done with a

fun tion, that is explained later. The last

if expression in the login-session,

he k

he ks if a valid

username and password is entered. If it is a valid user, the users re ord is returned from the
session. If it is not a valid user (the login-page returned

#f)

the login-session is a tivated

again. This illustrated the usefulness of re ursion of sessions.

Student-session
Other sessions that make use of re ursion are student-session and tea her-session. Furthermore these sessions rely on session parameters.

The session parameter is used to send a

person re ord to the session and in this way make it possible to

ustomize the layout of the

pages as spe ied in the users prole. The student-session and the tea her-session are also
used to show the right page based on the link in the tea her-menu or student-menu. Ea h
of the links in the menu is

reated as follows:

(a "Edit profile" 'href "?page=edit-profile-page")
The href attribute sets the page url parameter to the value of the next page to display. As
the student-session and tea her-session are alike, only the student-session is shown.
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(slaml-define-session
student-session ; the student-session
(slaml-session (lst)
(let* ((app-person ( ar lst))
(next-page (slaml-formparms-key->value ; show general-menu-page
'page
; and get the "page" parameter
(slaml-show
general-menu-page
'pageparm (list app-person))))) ; show the menu page for the student
( ond ; based on the page parameter submitted hoose a page
((string=? "edit-profile-page" next-page) ; edit profile
;"show the edit-profile-page"
;"when the form is submitted, update the onfiguration"
;"a tivate the student session again"
)
((string=? "add-remove-page" next-page) ; add to or remove from ourse page
;"show the add-remove-page"
;"when the form is submitted, update the ourse list"
;"a tivate the student session again"
)
((string=? "exit" next-page) ; the exit session
;"a tivate the exit session")))))

Figure 3.12: The denition of

In the above example some of the

student-session.

ode has been repla ed with text. This is done to make

it easier to read. This example shows the denition of the student-session. In this example
next-page is bound to the value of the page form parameter (from the link in the menu),
whi h is set by the link in the general-menu-page. Based on the page parameter the wanted
a tion is performed (edit prole, add to/remove from
performed, the student-session is a tivated again.

ourses or exit ). After ea h a tion is

This approa h looks like the approa h

taken in CGI, but this is ne essary to bran h to the right a tion.

This approa h diers

however from the CGI approa h as here it is expli itly stated to restart the session. This is
dis ussed in details in Se tion 4.3.

3.2.3 Use of Complex Forms
Complex HTML forms are used in four pla es in the appli ation (Edit prole, Add to/remove

from

ourse, Add new

ourse and Show a

ourse

omplex HTML forms are used on Add new
The reason for
the appli ation.

alendar ). In this se tion it is shown how

ourse page and Show a

hoosing these two is that these are the two most

ourse

alendar page.

omplex HTML forms in
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Add New Course
When adding a

ourse to the list of

ourse re ord. A

ourses, it is ne essary to spe ify all the entries in a

ourse re ord stru ture look as follows:

( ourse
(name . "S heme le ture")
(tea her . "1")
(modules . "5")
(pla e . "E0-001")
(student-info (min-students . "2") (max-students . "10"))
(id . "a1"))
The rst entry is the name of the

from

ourse. This is the string shown on the Add to/remove

ourse page. The next entry is the tea her entry, whi h spe ies the id of the tea her

that will be tea hing the

ourse. modules spe ies how many modules (lessons) the

onsists of. pla e, is the name of the pla e where the

ourse

ourse is held. student-info is a new

re ord stru ture, spe ifying what the minimum and the maximum number of students are
for this

ourse.

Last is the id of the

ourse, this is a unique id used to relate

ourses to

students.
To present a form where these informations
reason for building a form to handle the new
build to mat h the list returned from the
easy to mutate the global list - where all
When the list is returned from

an be entered, a

ourse is that the

slaml-update-obje t!

ourses to the list of

ourse re ord stru ture is
fun tion. This makes it

ourses are present - to in lude the new

slaml-update-obje t!

shown above and it is then added to the global list of
new

omplex form is build. The

it is made to t the

ourse.

ourse re ord

ourses. This makes it easy to add

ourses.

Show a Course Calendar
Another pla e where a
This HTML form

omplex HTML form is used, is in the Show a

onsists of four weeks where ea h week

alendar page.

onsists of seven days. To generate

a week obje t with seven days a fun tion is used.

(define ( reate- ourse- alendar-days-obje
(slaml- reate-obj-lst
(slaml-basi -element
'value "present" 'tagtype "day" 'name
(slaml-basi -element
'value "present" 'tagtype "day" 'name
(slaml-basi -element
'value "present" 'tagtype "day" 'name
(slaml-basi -element
'value "present" 'tagtype "day" 'name
(slaml-basi -element
'value "present" 'tagtype "day" 'name
(slaml-basi -element
'value "present" 'tagtype "day" 'name

ourse

ts) ; reates a week
"Mo" 'type "CHECKBOX")
"Tu" 'type "CHECKBOX")
"We" 'type "CHECKBOX")
"Th" 'type "CHECKBOX")
"Fr" 'type "CHECKBOX")
"Sa" 'type "CHECKBOX")
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(slaml-basi -element
'value "present" 'tagtype "day" 'name "Su" 'type "CHECKBOX")))
This fun tion takes no parameters, but returns an obje t-list (whi h is a tagged list used
inside the obje ts to represent referen es to other obje ts) of seven

slaml-basi -elements

representing a week. The reason for using a fun tion instead of binding the list to a name,
is that a new instan es of the week is needed.

As it is seen ea h day is tagged with

day

and the name of the obje ts are the names of the days of a week. The reason for tagging
the list with day is that thereby it is possible to spe ify that ea h of the lists returned from

slaml-update-obje t!

represents a day. The list representing one week is then added to

ea h of the four weeks in the

alendar HTML form.

(define reate- ourse- alendar-weeks-obje t ; a
(slaml- reate-obj-lst
(slaml-element
'name "week1"
'tagtype "week"
'elements ( reate- ourse- alendar-days-obje
'layout week-layout
)
(slaml-element
'name "week2"
'tagtype "week"
'elements ( reate- ourse- alendar-days-obje
'layout week-layout
)
(slaml-element
'name "week3"
'tagtype "week"
'elements ( reate- ourse- alendar-days-obje
'layout week-layout
)
(slaml-element
'name "week4"
'tagtype "week"
'elements ( reate- ourse- alendar-days-obje
'layout week-layout)))

month of obje ts

ts)

ts)

ts)

ts)

Here the weeks are tagged with week and the name of the obje ts are the name of the
weeks (here week1, week2, week3 and week4 ).
the

To get the elements (days) for ea h week,

reate- ourse- alendar-days-obje ts fun tion is

bound to the name

alled. The list representing four weeks is

reate- ourse- alendar-weeks-obje t as only four weeks are needed in the

appli ation. The list representing four weeks

an now be added as elements to the

HTML form.

(define ourse- alendar-form ; alendar form
(slaml-form-element
'a tion ""
'elements (append
reate- ourse- alendar-weeks-obje t

alendar
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(list (slaml-basi -element
'name "submit-button"
'tagtype "submit-button"
'type "SUBMIT"
'value "Submit alendar")))
'layout month-layout))

Here it is seen that the new

slaml-form-element

is bound to the name

form. Furthermore a submit button is added to the HTML form. The
is then shown to the

lient whi h

he ks the

ourse- alendar-

ourse- alendar-form

he k boxes that represents the days where a

ourse is held. When the HTML form is submitted, the data returned from the HTML form
is used to update the

ourse- alendar-form obje t stru ture. How this is done is illustrated

in the following.

(let ((page-data
(slaml-show
show- ourse- alendar-page
'pageparm (list app-person))))
(slaml-show
show- ourse- alendar-result-page
'pageparm (list app-person page-data))
(slaml-a tivate-session tea her-session 'sessionparm lst))
First is the show- ourse- alendar-page shown to the

lient. The resulting form parameter list

is then bound to the name page-data. The re ord representing the

urrent user is bound to

the name app-person. The reason for sending this re ord to all pages is that it
prole of the person. This information is used to e.g. set the ba kground

ontains the

olor of the page.

Next step in the appli ation is to show the page bound to the name show- ourse- alendar-

result-page.

This page is given a list

ontaining app-person and page-data as parameter,

as this data is used to build the resulting

alendar.

Last the tea her-session is a tivated

again. The lst parameter, whi h is passed as parameter to the tea her-session is passed as
parameter to the session from whi h the above example is taken.

3.2.4 Use of Validation
Both page level validation and obje t level validation is used in the appli ation. Page level
validation is used in the login-session when the login-page is
is used to

he k the ba kground

alled. Obje t level validation

olor on the Edit prole page. Both of these are explained

in this se tion.

Login Che k
When the login-page is shown, a

he k fun tion is used to

he k the username and password

against a list of persons (whi h ea h has a username and a password).
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(define login- he k ; fun tion used to do page level he k on the login form
(lambda (form-parms all-persons-lst)
(let ((username (slaml-formparms-key->value 'username form-parms))
(password (slaml-formparms-key->value 'password form-parms)))
( he k-user-and-password username password (get-persons all-persons-lst)))))
In the above the

he k fun tion used with the login-page is seen. It is seen that the form-

parms parameter is asked for the username and password. This is done with the fun tion

slaml-formparms-key->value.

The username and the password is bound to the variables

alled username and password, respe tively.

These two values are passed to the fun tion

he k-user-and-password, whi h takes a username, a password and a list of persons as parameter. Based on these parameters the person that mat hes the username and password
is returned. If no person mat hes the username and password,

#f

if returned. The se ond

parameter to the login- he k fun tion is the list of all persons in the system.
returns what the

login- he k

he k-user-and-password returns.

Ba kground Color Che k
An example of obje t level validation is in the Edit prole menu, where the submitted
ba kground

olor is

he ked.

The reason for

user submits bla k as the ba kground
is bla k too. The following

he king the ba kground

olor the user

olor is that if the

annot see the text on the s reen as this

he k fun tion is used for

he king the ba kground

olor:

(define ( he k-ba kground- olor str)
(not (string=? str "bla k")))
This

he k fun tion is simple, but it is useful sin e it makes it impossible to sele t the same

ba kground

olor as the text

olor.

Another possibility to this problem is to add a menu to the page where the
sele ted from.

Thereby, it is unne essary to do

hoose a wrong
Che k on

an be

he k on this value as it is impossible to

olor.

oheren e of two

the Add new

olors

input

elements is useful in the student-info re ord stru ture in

ourse page. Here it must always be the

ase that the minimum number of

students is lower than the maximum number of students. But as validation on obje ts of
the type

slaml-elements

is not implemented it is not used in this appli ation.

3.3 Summary
Two appli ations based on the SLAML framework is dis ussed in this

hapter. First a small

appli ation - Guess a number - is dis ussed. Se ond, a larger appli ation - Student

lass

- is dis ussed. Based on the experien es gained during the implementation of these example
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appli ations, the following

EXAMPLE APPLICATIONS

on ludes on usability of the frameworks.

The session framework in SLAML gives the developer the possibility to think of a Web
appli ation as one program. The result is that the ow of the Web appli ation is like the
ow of a non-Web appli ation. This means that the ow of the program is gathered in a
single le. This gives an overview of the ow of the appli ation. That a session en apsulates
intera tions with a
a single page.

lient means that responsibility

an be delegated on a higher level than

By this we mean that intera tions sharing the same responsibility

an be

gathered in a session. An example is a login session where more than one page is responsible
for ensuring a user is logged in. By doing this it is possible to a

ess all the pages responsible

for logging the user in, as a unit.
The

omplex forms framework, gives the developer possibility to

reate an obje t stru ture

on the server and rely on this obje t stru ture to query for data returned from the
Therefore, the obje t stru ture send to the

lient.

lient is also the obje t stru ture that is queried

for data. Building the obje t stru ture and pla ing the layout on the obje ts in the stru ture
is a

onsiderable amount of work, but on e this has been done it is straight forward to update

the obje t stru ture and query the obje ts in the stru ture for data.
The validation framework is designed to work on both the page level and the obje t level.
This means that it is possible to do validation when using the

omplex forms framework as

well as the session framework. The validation framework is not implemented on
and

slaml-form-element.

as parameter to the
be
the

On the page level the form parameters from the

slaml-element
lient is send

he k fun tion. Thereby, all data from the submitted HTML form

an

he ked. This is an advantage sin e it thereby is possible to build HTML forms without
omplex forms framework and still get the data validated. However, if both the

forms framework and the session framework is used it is redundant to
page level and the obje t level.

omplex

he k on both the
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hapter the ree tion of the designed and implemented frameworks are given. This
onsists of four se tions.

The rst se tion gives an overview of the problems that were en ountered during the implementation of the SLAML framework. These problems are related to the Apa he server.
The se ond se tion is about the limitations to the implemented framework in relation to
the design. The limitations are

on erned with the implementation done in S heme as well

as limitations by the problems en ountered when implementing the session framework in
Apa he.
The third se tion is ree tions on the experien es gained when implementing the example
appli ations (from Chapter 3) with help from the SLAML framework.
Last is a summary where the limitations and ree tions are summarized.

4.1 En ountered Problems
During the implementation problems were en ountered. These are des ribed in the following
two se tions. The nature of the en ountered problems is mainly on a low level i.e. involving
mod_laml and the server. The reason for not solving the problems is the de ision to pla e
our fo us on S heme level implementation.
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4.1.1 New Apa he Module
During the implementation of the designed solutions a problem
urred.

on erning mod_laml o -

The reason for this problem is the intended implementation of the

primitive. We de ided to let the

slaml-show

appli ation and display a page to the
the program

ontrol is returned to the

slaml-show

primitive halt the evaluation of the SLAML

lient. Upon submission of the page from the

slaml-show

lient,

primitive in the SLAML appli ation.

The solution is based on a signal/wait situation in the Apa he server.

By a signal/wait

situation we mean that on e the rst request - for a Web appli ation - is handled by the
server, the server will spawn a new thread (named session thread ) to run the S heme program
in. This means that two threads are present in the server after the rst request (the Apa he
pro ess that handles the request is also seen as a thread, the main thread ). This is seen in
Figure 4.1.

Server

Client

session thread

main thread
Request

(3)

(1)

Spawn session thread
Wait main thread
(2)

(5)
(4)

Signal main thread
Wait session thread

Response

Signal session thread
Wait main thread

Request

(slaml−show ...
(7)

(6)

(slaml−show ...

Figure 4.1:

Signal main thread
Wait session thread

Response

An illustration of the two threads running in the server and the

ommuni ation

between them.
To handle requests by using threads, the server module must handle seven steps, whi h are
explained below.

Ea h number in the following,

orresponds to the same number in the

gure:
1. When a

lient requests a SLAML appli ation, it is handled by the main thread. The

main thread represents the Apa he
2. The main thread

hild that re eives the request.

he ks if the session thread is present ( he ked by a global state in the

module). Sin e this is not the
and the main thread waits.

ase at the rst request, the session thread is spawned
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3. The session thread starts evaluating the S heme program requested by the

lient, by

using the embedded interpreter.
4. When the session thread rea hes a

slaml-show

in the appli ation, it signals the main

thread and waits.
5. The main thread sends the page - spe ied as a parameter to

slaml-show

- to the

lient and ends the request. This results in the main thread going idle.
6. When the

lient submits the HTML form from the page presented, the main thread

is resumed. Like step 2, the main thread
he king the global state in the module).

he ks if the session thread is present (by
Sin e this is not the rst request to the

appli ation, the session thread is already present. Therefore it is signaled (instead of
spawned) and the main thread waits.
7. When re eiving the signal, the session thread resumes its
in

slaml-show

forward are

to return the data entered by the

omputation. This results

lient. The steps from step 4 and

ontinued until the appli ation is ended.

The problem related to this approa h is that mod_laml is unable to use threads as it uses the
Apa he server version 1.3 [apa01℄. We tested the pthread library with mod_laml, but were
unable to

reate threads in mod_laml. Additional small modules indi ated that threads are

not allowed in a module for the Apa he server version 1.3. Version 2.0 of the Apa he server
is

reated to allow better portability and better support for threads, as the pro ess model

in this version is

hanged. This motivated us to implement a module using threads under

Apa he 2.0, and it worked. Therefore we repla ed Apa he version 1.3 with Apa he version
2.0 and

reated mod_laml for this version of the server.

By using Apa he version 2.0 it is possible to use threads in a server module. But it is not
possible to use Apa he version 2.0 together with MzS heme. The reason for this is unknown,
but small tests indi ates that it is impossible to start a MzS heme interpreter inside Apa he
2.0. Therefore we
of a module

hanged the S heme interpreter to Guile[gui01℄. This resulted in

ontaining only the ne essary features to perform a proof of

reation

on ept implemen-

tation of the designed solution to the problems presented during the analysis.

4.1.2 Handling Data on the Server
During the beginning of this semester experiments with handling data sharing on the server
were

ondu ted. This was motivated by two requirements.

First a way to share data between the individual server pro esses are needed. The reason
is that Apa he starts several pro esses to handle requests from the
annot share data, so if a

The pro esses

lient sends a request to one pro ess this pro ess must also serve

the following requests for the data to be a
arbitrary pro ess

lient.

essible. This is not the

an respond to a request. But if the pro esses

ase in Apa he, sin e an

an share data it is unne es-

sary to ensure that a given pro ess always handles requests from a given

lient. Se ondly it
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an a

ess the data re-

lated to the sessions. This is impossible if data related to the session is kept in main memory.
Another reason for

onsidering persisten e of sessions is the memory usage on the server.

If all sessions are kept in main memory and not moved to disk, the memory requirement
will in rease

ontinuously. These two problems are dis ussed and possible solutions are given.

We found a library that is used by other Apa he modules (e.g. mod_ssl [Eng02b℄) whi h
solves the problem of sharing data between pro esses in an Unix system.
alled MM [Eng02a℄ and is a exible way to
various server pro esses. This is done by

reate memory that

The library is

an be shared between the

reating a memory segment and give ea h server

pro ess a referen e to it. This memory segment is - dependent of the platform - lo ated in
a le on the hard-disk or in main memory, so using this memory segment is not always as
e ient as main memory.

The problem with persisten e of sessions is to store the
The

ontents of a S heme environment.

ontents of the embedded S heme environment is all the name bindings in the

instan e of the interpreter. In general the

urrent

ontent is all the information needed to rea ti-

vate the S heme interpreter, as if it has never been dea tivated. Making sessions persistent
has been done by Queinne

in [Que℄.

interpreter in Java, whi h allows

Queinne

has implemented a server and a S heme

ontinuations to be stored on the disk. By implementing

both the server and the S heme interpreter in Java, Queinne
serialization in Java [In 02a℄ to store

relies on the possibility for

ontinuations. Serialization allows writing obje t to

les on disk, and to re reate the obje ts from the les. Unfortunately this is not possible
when relying on Apa he and Guile as these are written in C and serialization is not as easy
in C as it is in Java.

The implementational task of solving data sharing requires a substantial amount of work,
and will pla e fo us of the proje t on the C level instead of the S heme level. As fo us is on
the S heme level in this proje t, it is

hosen to rely on a server module where data is kept

in main memory and not written to disk. Therefore it is not

onsidered any further. This

results in a number of limitations whi h are stated in the following se tion.

4.2 Current Limitations
In the implemented framework there are limitations in relation to the designed framework.
Some of these limitations are related to the implementation of mod_laml. Others are limitations made during work at the S heme level.
implementation of the

slaml-show,

Limitations in mod_laml are related to

sharing data between pro esses and making S heme en-

vironments persistent. Limitations in the SLAML framework are made when no new insight
is expe ted by implementing the fa ility.
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4.2.1 Mod_laml Limitations
Due to the problems des ribed in Se tion 4.1 a new implementation of mod_laml is made.
It is de ided that a basi

implementation is su ient for the purpose of this proje t. The

module need to be able to evaluate S heme programs - with
server. Sin e this

slaml-show

primitives - on the

annot be done with the old mod_laml the solution was to dis arding the

module implemented during the preparatory work, and

reate a new module for the Apa he

server version 2.0, using the Guile S heme interpreter. In the following it is presented what
is lost and what is still present from the old mod_laml when using the new mod_laml.
In the old module it is possible to load les into mod_laml when the server is started and
thereby de rease the exe ution time spend on the request. This is still possible in the new
mod_laml, but in the new version a S heme le is used for loading the libraries, whereas
the old version relies on a spe ial

onguration le.

In the old version of mod_laml it is possible to have as many
ware allowed. The reason is that the S heme environment is

lient

onne ted as the hard-

leaned after ea h request. This

is not possible in the new version of mod_laml as information about the sessions are needed
at a later time. Furthermore, sin e it is not possible to share data between Apa he pro esses,
ea h

lient needs its own Apa he pro ess. It is impossible to ensure that a

same Apa he pro ess at the next pro ess so only one Apa he pro ess
server.

This is done be ause it must be ensured the

lient gets the

an be present at the

lient gets the same Apa he pro ess

at the next request. As the S heme environment in the Apa he pro ess is dedi ated to one
lient, only one

lient

an a

ess the server.

The old version of mod_laml has a possibility to use dierent interpreters. This is not possible in the new version of mod_laml. The reason is that the implementation of this requires
mu h work on the implementation of S heme in Apa he, and this is not the fo us of this
proje t. But implementing support for more than one interpreter is designed in our Dat5
report and

an be implemented a

ording to this design.

In order to make the new version of mod_laml work with more than one

lient it is ne essary

to make data sharing and data persisten e available on the server. This is the rst thing
to be done in order make this module usable as a produ tion server. By produ tion server
we mean a server that is stable enough to be used for other than proof of on ept appli ations.

4.2.2 HTML Elements
slaml-basi -element type is reated to
input element. In the implementation
the possible HTML elements are limited to the HTML input element. This is hosen as the
In the design of the

represent basi

omplex forms framework the

HTML elements, su h as the HTML

implementation of the additional HTML elements does not bring new insight. To implement
the additional HTML elements a new property on obje ts of the

slaml-basi -element

type

indi ating the element type of the element, must be added. Possible values for this are:
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input
sele t
textarea
button
slaml-basi -element

Besides introdu ing the element type property, the fun tionality of the

fun tion must be extended to in lude possible attributes and default values of the properties
from the new HTML elements. For a

omplete referen e of the elements and the attributes

of the elements please refer to [W3C02b℄.
The above list

ontains only a subset of the HTML elements that

HTML form. The above list is
by the

an appear as part of an

hosen as these are the ones that allows input to be entered

label element is also a valid HTML element inside
slaml-basi -element, as it annot
the lient. Instead the HTML label element is part of the layout
ts of the slaml-form-element and slaml-element types.

lient. As an example the HTML

an HTML form. But it must not be represented as a
represent data entered by
fun tions written on obje

We suggest to implement the new elements as a property on the

slaml-basi -element

lass, indi ating the type of the HTML element. An example of a property name

element-type. As part of this, fun tionality on the

slaml-basi -element

an be

must be extended

to support the attributes present with the new element type.

4.2.3 Error Messages
The initial goal of this proje t is to help the developer in the development pro ess. Part of this
help, is to provide suitable and pre ise error messages when an error is en ountered. The task
of writing des riptive error messages has not been a design goal for the SLAML framework.
Writing error messages is something that must be done, before software is released.
spe ial

onsiderations to the quality of the error messages in the

been given. This is

No

urrent implementation has

hosen sin e the implementation is not intended as a produ t for release,

but rather as a proof of

on ept.

4.2.4 Validation on slaml-element and slaml-form-element
A validation framework has been developed for both the session framework and the

omplex

forms framework, but the implementation of the validation is not

omplex

forms framework. Validation on obje ts of the

slaml-element

omplete in the

and

slaml-form-element

type is not implemented, as it is not ne essary to show that validation on the individual obje ts is possible.

Furthermore, by proving the idea of a validation fun tion on the

slaml-basi -element type we expe t this to work on slaml-element and
slaml-form-element too. Validation on obje ts of the slaml-element and slaml-form-element

obje ts of the

type must be implemented for the validation in the

omplex forms framework to be

omplete.
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4.3 SLAML Framework
In this se tion the experien es with the SLAML framework are
framework,

onsidered.

The session

omplex forms framework and validation framework are ree ted upon in turn.

The ree tions are based on the experien es gained during the implementation of the Guess
a number example and the Student

lass example.

4.3.1 Session Framework
By using the session framework we are able to share data between intera tions with a

lient.

This is seen as a strength

ompared to a CGI approa h, where data sharing is usually done

by sending data between

lient and server. In the session framework, data is present on the

server when the next request is re eived. This ensures a de reased use of bandwidth, sin e
lient input are not send between server and

lient in order to be available at a later point.

However in CGI there is also a possibility to store data on the server, but this has to be
done expli itly by the programmer. Furthermore, CGI appli ations uses les or databases
for sharing data sin e data in main memory are lost after a request. Using les to share data
means that the state of the program is a

essible from all other s ripts in the CGI appli a-

tion. In the session framework the data re eived from an intera tion is part of a lexi al s ope
and thereby prote ted from other unrelated intera tions. Furthermore, the data is kept in
main memory, whi h means that the programmer does not need to expli itly take
storing the

are of

lient data to disk.

The session framework introdu es a new way to view a Web appli ation. As the
primitive is used to ask the

slaml-show

lient for data, the view of an appli ation is turned around. By

this we mean, that in a CGI approa h the Web appli ation is mostly programmed in a way
where the

lient asks the server to generate a page based on input. In the session framework

the server asks the

lient for data and based on this data, it

the appli ation. By requesting data from the server, the
appli ation. However, the opposite seems the
it seems as if the
From the Student

lient still has the

lass example it is experien ed that the ow of the appli ation is more
lient submits data,

example is the menu in the Student

ond

ontrol of the

ase from the developers point of view, sin e

like non-Web appli ations ( ompared to a CGI approa h).

is taken.

ontinue the evaluation of

lient is asked for data.

a tion to be performed when the
sented to the

an

The reason is, that the next

an be seen in the program.

An

lass example. In the example the menu page is pre-

lient, and based on the link

At rst sight this looks like the

hosen in the menu a bran h of the program
ontrol needed in the CGI approa h, where a

spe ial form is used to determine the page to show. The dieren e between the two

approa hes is, that it is not possible to maintain an overview of various intera tions with
the

lient in a CGI s ript. This is possible in the session framework sin e the

returns like a normal fun tion and ea h

slaml-show represents an intera

slaml-show

tion with the

lient.

In Bigwig it is possible to a tivate a session from the URL. This means that a menu like
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onstru ted of links to new sessions.

But

lass example shows, that when a tivating a link only one or two pages are

shown in sequen e.

To make sessions that only

onsists of one or two pages spreads the

ow of the appli ation. The reason for this is, that it results in a similar approa h as CGI,
where a single page in an appli ation
ea h page then

orresponds to a single s ript. In the session approa h,

orresponds to a session, whi h is a tivated by a link. This approa h seems

mu h like the approa h used in WASH/CGI and PACKS/HTML, where event handlers are
asso iated to submit buttons on an HTML page. Pressing a submit button results in the
presentation of a single page from a Web appli ation. Sin e an event handler is equal to
a page, whi h is equal to a single s ript, the entire appli ation is split into a number of s ripts.

4.3.2 Complex Forms Framework
In this se tion the
One way to

omplex forms framework is

ompared to a solution based on CGI.

ome around the Complex forms problem in CGI, is to use data stru tures in

the CGI program.

Based on these data stru tures, fun tions that

an take a data stru -

ture as input and return the HTML representation of the stru ture, must be

reated by the

developer. In this way ea h stru ture needs an asso iated fun tion to generate the HTML
representation. When data are submitted from the
the stru ture based on a spe i
information to the

lient, a fun tion is needed to re reate

key/value pairs string. Therefore it is ne essary to send

lient spe ifying what type of stru ture is submitted (see Se tion 1.1.3).

This approa h means that two fun tions are needed for ea h stru ture. The rst is responsible for presenting the stru ture and the se ond is responsible for rebuilding the stru ture.
We

an think of two optimizations to this approa h. The rst is to make a general fun tion

that
must

an take any given stru ture and

reate the HTML presentation. Sin e the fun tion

ontain information about the presentation of ea h individual stru ture, it is di ult

- if not impossible - to a hieve su h general fun tionality.
Another solution is to build substru tures and let two fun tions handle presentation and
re reation of ea h substru ture.
these substru tures. This
tation of substru tures.

Large

an be done by

omplex stru tures

an then be

ombining fun tions that generate HTML presen-

By aggregating HTML presentation of substru tures, the HTML

presentation of a larger stru ture is a hieved. Re reating a large and
done by
In

reated based on

omplex stru ture is

ombining the appropriate re reation fun tions used on substru tures.

ontrast to the CGI solution, the

omplex forms framework

onsists of three phases. The

rst is to build the obje t stru ture. This is similar to building a stru ture in CGI, ex ept
when programming CGI in S heme a list stru ture is more appropriate than the obje t oriented approa h used in the framework. The reason for this is, that in CGI it is

omprehensive

to rebuild an obje t stru ture after ea h request, whereas an obje t stru ture

reated in the

framework is persistent (in main memory) and survives intera tions with the
next step is to present the stru ture. In the

lient.

The

omplex forms framework this is done by adding

4.3.
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HTML layout to the individual obje ts and

all

slaml-do-layout

to generate the HTML

representation. In CGI this is done by writing fun tionality, that based on a spe i

stru -

ture generates the HTML representation. The last step is to update the obje t stru ture.
In the

omplex forms framework this is done by

alling

slaml-update-obje t!

re eived data and the obje t stru ture to update. In CGI, this is done by
that

reates a

with the

reating a fun tion

omplex stru ture on behalf of the substru tures.

Comparing the CGI approa h with the

omplex forms framework two large dieren es are

seen. The rst is, that in the CGI approa h a new fun tion has to be
ture to present. Sin e the fun tion that presents a stru ture also
a new fun tion has to be

reated for ea h stru -

ontains the HTML layout,

reated for ea h representation of a stru ture.

forms framework the layout of the obje t stru ture

an be

In the

omplex

hanged sin e it is a property on

the obje t. Furthermore there are general fun tionality to generate the layout of an obje t
stru ture (slaml-do-layout).

The se ond dieren e when

omparing the

omplex forms

framework with a CGI approa h is re reation of a data stru ture. In CGI, this is done by
writing a re reation fun tion for ea h stru ture. To re reate a stru ture, the server needs to
know whi h stru ture is submitted. This is needed in order to
based on data from the

lient re reates the stru ture. In the

all the right fun tion that

omplex forms framework all

this is done by passing the obje t stru ture - present on the server - and the data re eived
from the

lient to

slaml-update-obje t!.

dated with the values re eived from the

This results in the obje t stru ture being up-

lient. However, if two HTML forms are present on

the same page, information about ea h stru ture must also be present. The reason for this
is, that both stru tures send to the

lient are present on the server. The problem here is,

that the server does not know whi h of the two HTML forms is submitted. This information
an be pla ed on the submit button in the HTML form and based on whi h submit button
is pressed, the appropriate stru ture

an be send as parameter to

slaml-update-obje t!.

4.3.3 Validation Framework
In this se tion the experien es with the validation framework are ree ted upon. The validation framework works on both the obje t level and the page level. Both of these levels are
ree ted upon in the following.
On the obje t level, validation on
it is possible to add a

slaml-basi -element is implemented. This means that
slaml-basi -element type and after

he k fun tion to obje ts of the

the obje t stru ture is updated the obje ts

an be queried for their status (valid or invalid).

This gives the developer the possibility to validate the data from the

input

elements in an

HTML form.
Validation on

omposite obje ts has also been designed, but not implemented. Our opinion

is that validation on

omposite elements is useful sin e it gives the developer a way to vali-

date the dependen ies between elements in the stru ture. An example is a page where two
lists of

input

elements are presented. One

onsists of person names and the other

onsists

of person emails. In this example it must be ensured, that all persons have an email, i.e.
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essful validated, there are an equal amount of names and emails.

Validation on the page level gives the developer possibility to verify that the HTML form
submitted from a page is valid a

ording to a

sin e the form parameters from the
the s ript.

lient

he k fun tion. This

an also be done in CGI,

an be passed to a validation fun tion dened in

The dieren e between the CGI approa h and the approa h in the validation

framework is, that validation of the

lient data is done as one a tion in the validation frame-

work. This is possible sin e the server has knowledge of whi h fun tion to use for validating
the data returned from the

lient (it is spe ied when

The approa h used in the validation framework,

slaml-show

is

alled).

hanges the semanti s of the

slaml-show,

sin e the returned value from this fun tion indi ates if the data re eived from the
valid or not. Thereby
the

slaml-show

has a semanti

he k fun tion return the return value of the

that states: If data is valid a

lient is

ording to

he k fun tion else return false.

4.4 Summary
This

hapter presents the problems en ountered during the implementation of the design. A

number of limitations has been presented and des ribed. These are the mod_laml module
only being able to handle one
HTML

input

lient.

The

slaml-basi -element

element. The error messages, not being

validation on obje ts of the types

slaml-form-element

implementation of the two proof of

only representing the

onsidered. And nally the la k of
and

slaml-element.

Based on the

on ept appli ations - des ribed in Chapter 3 - ree tions

on the designed solutions to the problems are given. The ree tions also in ludes
with the CGI approa h.

omparison

5

Con lusion
The purpose of this proje t was to

ontinue work made during the preparatory proje t

(Dat5). In the previous proje t, mod_laml was developed, whi h de reased the evaluation
time of the average LAML s ript by 45%.

Furthermore, existing work in the Web world

was analyzed in order to identify ideas and prin iples that
mod_laml.

The Dat5 proje t

ould be used together with

on luded, that we wanted to make Web development in

SLAML (Server side LAML in mod_laml) easier. Therefore, the rst task in this proje t,
was to spe ify how to do Web development easier. To make Web development easier we
needed to identify often en ountered problems in Web development. Therefore the fo us of
this proje t has been to identify problems in Web development and to design and implement
solutions to these problems. Four problems were identied (see Se tion 1.1):
1. State handling
2. Input validation
3. Complex forms
4. Reusability
The State handling problem had two dierent aspe ts, namely Control ow handling and

Data ow handling. During the analysis, the four problems were explained in detail, and
possible solutions to the problems were presented. After the spe i ation of the problems,
the session

on ept was introdu ed as a possible solution. Three possible ways of using ses-

sions were identied, and they were presented through an analysis of Bigwig, WASH/CGI
and PACKS/HTML. The Analysis ended in a problem denition, whi h presented three hypotheses. In the following, the results of this proje t is related to ea h of these hypotheses.
The rst hypothesis is related to two of the identied problems in Web development, namely

State handling and Reusability. The rst hypothesis is presented below:

Hypothesis 1:
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A session- entered approa h to Web development in SLAML solves the
State handling problem of a Web appli ation. Furthermore, a session
on ept makes a ess to several HTML pages as a single unit possible.
The rst hypothesis was split into sub-hypotheses as it in ludes two problems, namely the

State handling and Reusability problems. Re all, that the State handling problem had two
aspe ts: Control ow handling and Data ow handling. This resulted in three hypotheses.
The rst of the three sub-hypotheses regards the Control ow handling problem and is
presented below:

Hypothesis 1.1:

The Control ow handling problem is solved by introdu ing a session
on ept, where a primitive in the language displays an HTML page to
a lient and returns as a regular fun tion.
In this hypothesis we state that the Control ow problem is solved by introdu ing a primitive
in the language that
ular fun tion

an show a page to the

lient and return

ontrol to the program as a reg-

all. This primitive was designed and implemented and is

This solution is inspired by Bigwig and the primitive in Bigwig

alled

slaml-show.

alled show. In relation to

CGI, this primitive solves the problem that the developer has to take

are of the

ontrol

ow expli itly (by linking between les or use sele tion statements) as des ribed in Se tion
1.1.1. This helps the developer to see a Web appli ation as one appli ation rather than small
appli ations linked together.

slaml-show primitive is designed and impleslaml-show will have mu h of the same ee t

In relation to the Control ow problem, The
mented like show is in Bigwig.

Therefore

on SLAML programs as show has on Bigwig programs.
intera tion with a

This results in simplifying the

lient. This was mu h as expe ted sin e Bigwig states that:

"...the session

on ept greatly simplies the programming of

ow with multiple

ontrol

lient intera tions ." [CAM02℄

In our opinion we have solved the Control ow problem, sin e
fun tion

ompli ated

all in a non-Web appli ation.

slaml-show

is

slaml-show works as a regular

alled when data is needed from the

lient and it returns the form parameters to the surrounding program.

Hypothesis 1.2:

The Data ow handling problem is solved by introdu ing a session
on ept to SLAML, where intera tions inside the same lexi al s ope
(session) an share data.
The Data ow handling problem is solved along with the solution to the Control ow problem. This is so, sin e the
a

slaml-show

primitive ensures that sequential intera tions with

lient are performed without the S heme environment on the server is lost after ea h in-

tera tion.

slaml-show

was designed and implemented to return the data re eived from a
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lient, and this data

an be stored in variables in the S heme environment. This means that

the data are present at a later time, and

an therefore be used without the developer having

to handle data expli itly (e.g. store it in hidden
The introdu tion of the

slaml-show,

input elements or on the servers lesystem).

resulted in the developer being able to see a Web ap-

pli ation as one program and thereby as a non-Web appli ation. This has the ee t that all
data re eived in an appli ation
at a later time.

an be bound in the S heme environment and be available

This was expe ted as this is the

ase in Bigwig.

Sin e it is possible to

program a SLAML appli ation as a non-Web appli ation, data is present on e it is bound
in the S heme environment.
We mean that the Data ow handling problem is solved, by introdu ing the

slaml-session

primitive. The reason is that this primitive en apsulates intera tions with a

lient and allows

the intera tions to share data.

Hypothesis 1.3:

The Reusability problem is solved by introdu ing a session primitive
that an a tivate a series of intera tions with a lient and rely on
parameters at all time.
Reusability has been obtained by implementing a session primitive that relies on parameters.
A

slaml-session

in the SLAML framework, is a rst

lass obje t in the S heme environ-

slaml-session primitive en apsulates
represented by slaml-shows. In order to fully

ment. This ts well with the S heme language. The
a number of intera tions with the

lient,

evaluate the level of reusability gained by introdu ing sessions, a number of general sessions
must be

reated and evaluated in a

ordan e to the reusability.

We have implemented relatively few appli ations with the SLAML framework and
fore not

on lude if the Reusability problem is solved. However, a

sulates more than one intera tion with a
an a tivate intera tions with a
a tivate a session in dierent

lient and

an there-

slaml-session

en ap-

an therefore be used as a module that

lient. Sin e a session

an take arguments, it is possible to

ontexts.

The se ond hypothesis is related to the Complex forms problem. It in ludes the three steps
present in the problem:

Hypothesis 2:

It is possible to onstru t a framework that helps the developer to build,
present and update omplex stru tures.
The Complex forms problem was inspired by the need to:



Build



Send the data stru tures to the

omplex data stru tures on the server.
lient as an HTML form and get it lled with data.
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Re eive the data and maintain the data stru tures.

This is not possible in plain CGI as there is no solution to build an HTML form from a
stru ture and re eive the data in the same stru ture as it was presented to the

lient. No

solutions were found that solves this problem. Motivated by this we designed and implemented a framework as part of the SLAML framework, to handle
It was

omplex forms.

hosen to rely on obje ts to represent data stru tures. Other alternatives were pre-

sented. These were a embedded domain spe i
reason for

language and a nested list approa h. The

hoosing an obje t oriented approa h is that it gives a exibility to easily

hange

the stru ture.
Sin e the session framework is part of the SLAML framework, it was possible to rely on
features from the session framework when the

omplex forms framework was designed and

implemented. The reason for relying on the session framework in the design and implementation of the

omplex forms framework is that sessions makes it possible to store the obje t

stru ture on the server and update it with data submitted from the
the session framework
run with many

lient. However, sin e

annot be used as a produ tion framework (is not stable enough to

lients), there are two possibilities to make the

omplex forms framework

ready for produ tion. First, the underlying problems of the session framework
and thereby use the
the

an be solved

omplex forms framework as it is now. Another possibility is to base

omplex forms framework on CGI. Implementing the

omplex forms framework in a CGI

environment means that it is possible to use the framework without having to install a new
Apa he server module.
In our opinion the obje t oriented approa h solves the Complex forms problem. This is so,
sin e the

omplex forms framework supports the developer to

reate, present and update a

omplex stru ture.
The third and nal hypothesis, spe ies how the Input validation problem was to be solved:

Hypothesis 3:

It is possible to onstru t a validation framework that helps the developer to validate data from the lient.
This hypothesis stated that it is possible to solve the Input validation problem by
ing a validation framework. Sin e two frameworks were
the

onstru t-

reated (the session framework and

omplex forms framework) to handle data, two approa hes to validation existed. In the

session framework the data handling
data to the server. In the

the obje ts with the data from the
framework and the

onsists of asking the

lient for data and return the

omplex forms framework the data handling
lient.

onsists of updating

By supporting validation on both the session

omplex forms framework it is possible to use validation on the two

frameworks independent of ea h other.
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If the validation framework must work under CGI, the validation fun tions must instead be
handled expli itly by the developer. The reason for this is, that a

he k fun tion must be

dened in the s ript where it is used. A solution to this problem, is to
library whi h is in luded in all s ripts. This library

an then

reate a validation

onsist of

olle tions of vali-

dation fun tions available.
By extending the obje ts in the

omplex forms framework to

ontain validation fun tionality,

we have made validation on the obje t stru ture possible.
developer to dene a

This is done by allowing the

he k fun tion to ea h of the nodes in an obje t stru ture.

These

he k fun tions are then a tivated when the obje t stru ture is updated, thus setting the

valid property on the obje

ts in the obje t stru ture. Validation in the session framework is

obtained by validating information re eived from individual intera tions with a
is done, by spe ifying a

he k fun tion as a parameter to ea h

slaml-show

lient. This

where validation

is wanted.

5.1 Future Work
This last part of the
SLAML framework

on lusion presents possible areas where fo us for future work with the
an be set. In order to use the SLAML framework in a broader

ontext,

it is needed to solve the problems related to the Apa he module. If these problems are not
solved, it is not possible to serve more than a single

lient at a time (see Se tion 4.2). This

is not adequate for produ tion use.
An aspe t of the session

on ept, has not been

onsidered in detail in this proje t.

is related to the possibility to step ba k in a session.
intera tions with a
session to

ounting of how far the individual

is pressed. This is a subje t that

This must be

lient

an go ba k in a

Stepping ba k in a session means that the server
lients has rea hed in their sessions.

Furthermore, it is ne essary to undo a tions performed by the

A problem not

onsists of an amount of

lient and we nd it bene ial to allow, that a

hange information entered.

will need to do a

A session

This

lient when the ba k button

an be investigated further.

onsidered in details in this proje t, is the need to make sessions persistent.
onsidered, sin e a

lient

an pause the session (stop sending requests) for

an amount of time. It is not known when - or even if - the

lient returns to

ontinue the

session. The problem with persistent sessions have two aspe ts. The rst is to share the data
between the Apa he pro esses. This is not possible in the
of the Apa he pro ess model. This problem

urrent implementation, be ause

an be solved by the MM library, whi h allows

data to be shared between Apa he pro esses. The other aspe t of the persisten e problem is
to store sessions to disk. A possible solutions is to make the S heme environment persistent,
as e.g. done by Christian Queinne
In Bigwig it is possible to a

[Que℄.

ess sessions dire tly by spe ifying their name as an URL param-

eter. This is done by letting the server have knowledge of all the sessions in a given servi e.
In the

urrent session framework this is only supported if handled expli it by the developer.
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An example of this is shown in the student-session in the Student Class appli ation. The
solution in Bigwig is better sin e this approa h requires no expli it
the developer. Thereby it is possible to a

ontrol of the ow by

ess a session by a link on a page.

To use the fun tionality from the old mod_laml it is ne essary to implement all the features
again. This in ludes support for more than one interpreter, registration of whi h libraries
are loaded and logging fa ilities et . This is a suggestion to future work in whi h the design
from our Dat5 proje t

an be used.

The last aspe t that is

onsidered, is how the use of a session

view on developing Web appli ations. This

on ept

hanges the developers

an be examined by performing an analysis of

the dieren e between an appli ation written in CGI and the same appli ation based on the
session

on ept. Aspe ts su h as e ien y, lines of

ment time and exe ution time

ode, readability, reusability, develop-

an also be in luded here.

A

SLAML Referen e
This appendix presents the primitives from the SLAML library. For ea h primitive the various

hara teristi s are presented. The

hara teristi s on ea h primitive is:

Name

The name of the primitive

Des ription

A des ription of the primitive

Form

The form in whi h the pro edure is a tivated

Returns

The return value of the pro edure

Required Parameters

The required parameters to the pro edure

Optional Parameters

Optional parameters in form of named parameters

First fun tionality asso iated with the session framework are presented. Next fun tionality
asso iated with the obje t framework are presented.

A.1 Session Framework
This se tion presents the primitives used in the session framework. This in ludes primitives
for dening pages and sessions as well as primitives for a tivating sessions and showing pages.

Name:

slaml-session

Des ription:

[Spe ial form℄

A fun tion used to represent a session in SLAML. It is similar to a
one parameter. The body of this fun tion
the

lambda fun

tion, taking

ontains the various pages and intera tions with

lient.

Form:

(slaml-session (args ) body )

Returns:

A fun tion representing the body of the slaml-session.
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Required Parameters:
Name

Des ription

args

A parameter to be used during the a tivation of the session.

Name:

slaml-page

[Spe ial form℄

Des ription:

A fun tion used to represent a page in SLAML. It is similar to a

lambda

fun tion with

one parameter. The body of this fun tion must evaluate to a string representation of an
HTML page.

Form:

(slaml-page (args ) body )

Returns:

A fun tion representing a HTML page.

Required Parameters:
Name

Des ription

args

A parameter to the page.

Name:

slaml-define-page

Des ription:

A fun tion used to dene a

Form:

[Spe ial form℄

slaml-page

in the S heme environment.

(slaml-dene-page name slaml-page )

Returns:

unspe ied

Required Parameters:
Name

Des ription

name

The name to bind the slaml-page to.

slaml-page

The

slaml-page

to bind to name.

Name:

slaml-define-session

Des ription:

A fun tion used to dene a

Form:

[Spe ial form℄

slaml-session

(slaml-dene-session name slaml-session )

Returns:

in the S heme environment.

A.1.
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unspe ied

Required Parameters:
Name

Des ription

name

The name to bind the slaml-session to.

slaml-

The

slaml-session

to bind to name.

session

Name:

slaml-show

Des ription:

[Pro edure℄

Shows a page to the

lient and returns form parameters entered by the

programs to ask or query a

to the point just after the a tivation of
the

lient. Used in the

lient for data. Control ow of the appli ations will return

slaml-show.

If a

he k attribute is supplied

he k fun tion passed as attribute value is a tivated on the form parameters and the

return value of the validation fun tion be omes the return value of the

Form:

he k fun tion.

(slaml-show slaml-page . attributes )

Returns:

The data entered by the

Required Parameters:
Name
slaml-page

lient, or the return value of the optional validation fun tion.

Des ription
The page to be shown to the

slaml-page

lient.

primitive. It must be a

The page is

slaml-page

reated with the

fun tion.

Attributes:
Name
he k

Des ription
An attribute indi ating the validation fun tion to be exe uted on the
data returned from the

pageparm

lient.

An attribute indi ating that parameters are passed to the page. The attribute value is the parameters to be passed. If more than one parameter
is required, the attribute value is send as a list

ontaining the parameters.

Name:

slaml-a tivate-session

Des ription:

A tivates a session on the

[Pro edure℄
urrent lo ation of the program. The value of the last expression

is returned.

Form:

(slaml-a tivate-session slaml-session . attributes )

Returns:
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The value of the last expression in the slaml-session

Required Parameters:
Name

Des ription

slaml-

The session to be a tivated.

session

slaml-session

The session must be spe ied with the

primitive.

Attributes:
Name

Des ription

sessionparm An attribute indi ating that a parameter is passed to the slaml-session. If
more than one parameter is required a list of parameters is the attribute
value.

Name:

slaml- reate-parm-lst

[Pro edure℄

Des ription:

A fun tion to

reate the appropriate representation of the data re eived from the

in an url en oded string.

The string

ontaining the keys and values - representing the

ontents of the HTML form presented to the
is

lient,

lient - are pro essed and a asso iation list

reated.

Form:

(slaml- reate-parm-lst form-parameter-string )

Returns:

A list of key/value pairs, tagged with the

Required Parameters:

formparms

Name

Des ription

form-

A string in url en oded format

symbol.

parameterstring

Name:

slaml-key->value

Des ription:

[Pro edure℄

A fun tion for sear hing asso iation lists. Based on a key it extra t the asso iated value.

Form:

(slaml-key->value key a-lst )

Returns:

The value that

orresponds to key from a-lst or

Required Parameters:

#f

is key is not found.
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Des ription

key

The key to sear h for in a-lst. key must be a symbol.

a-lst

The list to sear h for key. The list must be an asso iation list.

Name:

slaml-formparms-key->value

Des ription:

[Pro edure℄

A fun tion for extra ting values asso iates with a key from a list tagged with
The list of data entered into an HTML form by a

formparms

Form:

symbol. If the key is not found,

#f

formparms.

lient is returned tagged with the

is returned.

(slaml-formparms-key->value key lst )

Returns:

The value that

orresponds to key from lst or

Required Parameters:

#f

if key is not found.

Name

Des ription

key

The key to sear h for in lst. key must be a symbol.

lst

The asso iation list tagged with

formparms

to sear h for key.

A.2 Obje t Framework
This part of the appendix presents fun tionality asso iated with the
work. First primitives asso iated with the

omplex stru ture frame-

lasses are presented. Next various

onvenien e

fun tionality are presented. Then fun tionality for presentational tasks are presented. Finally a message passing primitive are presented.

A.2.1 Classes
This se tion des ribes the fun tions used to represent the dierent
forms framework. The
senting and updating

omplex forms framework
omplex HTML forms.

Name:

slaml-element

Des ription:

[Class℄

lasses in the

omplex

onsists of fun tionality for building, pre-

118

APPENDIX A.

The fun tion representing the
a

slaml-element

lass.

omposite obje t. A tivating this fun tion will
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slaml-element

is used to represent

reate an obje t and return a referen e

to it.

Form:
(slaml-element . attributes )

Returns:

A referen e to the newly

Required Parameters:

reated obje t.

None.

Instan e Variable:
Name

Default Value

Des ription

name

"unique name"

The name of this obje t. Must be a string.

layout

""

The layout fun tion of this obje t.

Must be a

string.

he k

(lambda (str) #t)

The

elements

()

A list of obje ts rooted in this obje t.

he k fun tion asso iated with this obje t.

tagtype

"slaml-element"

The tag identifying this obje t.

It is used when

the obje t stru ture is returned in list format from
the

slaml-update-obje t!

fun tion.

Name:

slaml-basi -element

[Class℄

Des ription:

The fun tion represents the

slaml-basi -element

lass, whi h represents basi

HTML

elements. It is used to represent HTML elements, e.g. input[W3C02b℄. A tivating this
fun tion will

reate an obje t and return a referen e to it. Information present on the

obje ts that is not related to the parti ular type, is ignored when
an example the maxlength attribute is not used if the type is

Form:

(slaml-basi -element . attributes )

Returns:

A referen e to the newly

Required Parameters:
None.

Instan e Variables:

reated obje t.

dolayout

he kbox.

is

alled. As
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Name

Default Value

Des ription

name

"unique name"

The name of this obje t. Must be a string.

type

"TEXT"

The type of input eld from HTML [W3C02b℄.
Possible values are TEXT, PASSWORD, CHECKBOX, RADIO, SUBMIT, RESET, FILE, HIDDEN, IMAGE, BUTTON. Must be a

apitalized

string.

size

"15"

The size of an texteld. Must be a string.

maxlength

""

The maximum length of an texteld. Must be a

"false"

Indi ates whether or not a

string.

he ked

he k box is

he ked

("true" or "false"). Must be a string.

value

""

The default

ontents of this texteld. Must be a

string.

he k
tagtype

(lambda (str) #t)

The

"slaml-basi -element"

The tag identifying this obje t.

he k fun tion asso iated with this obje t.
It is used when

the obje t stru ture is returned in list format from
the

slaml-update-obje t!

fun tion. Must be a

string.

Name:

slaml-form-element

[Class℄

Des ription:

The fun tion represents the
A tivating this fun tion will

slaml-form-element

lass, whi h represent an HTML form.

reate an obje t and return a referen e to it. Obje ts of this

type represents the root element in an obje t stru ture.

Form:

(slaml-form-element . attributes )

Returns:

A referen e to the newly

Required parameters:
None

Instan e Variables:

reated obje t.
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Name

Default Value

Des ription

name

"unique name"

The name of this obje t. Must be a string.

a tion

"http://lo alhost"

The a tion asso iated with the form. Must be a
string.

method

"GET"

Method of the a tion (either GET or POST). Must
be a string.

en type
a

ept-

"appli ation/x-www-

The type of the HTML form en oding. Must be a

form-urlen oded"

string.

"UNKNOWN"

The

"text/html"

A

""

The layout fun tion asso iated with this obje t.

harset
a

ept

layout

hara ter-set a

epted in the form. Must be

a string.
epted

ontent type. Must be a string.

Must be a string.

elements

()

A list of referen es to other obje ts, rooted in this

tagtype

"slaml-form-element"

The tagtype identifying this obje t.

obje t. It must be a obj-lst.
It is used

when the obje t stru ture is returned in list format from the

slaml-update-obje t!

fun tion,

represent the type of this obje t. Must be a string.

A.2.2 Convenien e Fun tionality
In this se tion

onvenien e fun tionality used to

in ludes fun tionality for

reate obje t stru tures are des ribed. This

reating obje ts as well as fun tionality for

reating a list of obje ts.

Name:

slaml- reate-basi -element

Des ription:
A

onvenien e fun tion used to

slaml-basi -element

Form:

[Pro edure℄
reate an obje t of the

represents a basi

HTML

input

(slaml- reate-basi -element name )

Required Parameters:

slaml-basi -element.

element [W3C02d℄.

Returns:

A referen e to the newly

lass

reated obje t.

Name

Des ription

name

The name of the obje t. It must be a string.

A.2.
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Name:

slaml- reate-element

[Pro edure℄

Des ription:
Used to

slaml-element. slaml-element

reate an obje t of the type

represents a

om-

posite obje ts used to address a group of obje ts as one.

Form:

(slaml- reate-element name )

Returns:

A referen e to the newly

Required Parameters:

reated obje t.

Name

Des ription

name

The name of the obje t. It must be a string.

Name:

slaml- reate-form-element

[Pro edure℄

Des ription:
Used to

reate obje ts of the type

slaml-form-element. slaml-form-element represents

an HTML form. An obje t of this type must be the top level obje t in the obje t stru ture.

Form:

(slaml- reate-form-element name )

Returns:

A referen e to the newly

Required Parameters:

reated obje t.

Name

Des ription

name

The name of the obje t. It must be a string.

Name:

slaml- reate-obj-lst

Des ription:

[Pro edure℄

A fun tion that given a list of obje ts returns a list in the format required as the at-

elements attribute. Obje
slaml-form-element has the elements instan e
slaml-obj-lst symbol.
tribute value to the

ts of the types
variable.

slaml-element

and

The list is tagged with the

Form:

(slaml- reate-obj-lst . lst )

Returns:

A spe ially formatted obje t list that is used as attribute value to the
name when

reating SLAML obje ts.

Required Parameters:
None

Optional Parameters:

elements

attribute
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Name

Des ription

lst

A list of obje ts that

SLAML REFERENCE

an be in luded in the spe ial formatted obje t list

whi h is returned.

A.2.3 Fun tionality for Generating HTML
This se tion in ludes fun tionality for presenting the

omplex stru ture to the

lient. It also

in ludes fun tionality used for working with the stru ture on e data has been re eived from
the

lient.

Name:

slaml-do-layout

Des ription:

A fun tion that
as parameter.

[Pro edure℄

an be used to a tivate the layout of the obje t whose referen e is passed
This fun tion is used when generating the representation of an obje t.

slaml-form-element
used in the slaml-layout

This fun tion is used when the layout of a
to

slaml-do-layout- hild,

on the spe ied

Form:

whi h is

is needed. In

ontrast

fun tions to do layout

hild.

(slaml-do-layout obj )

Returns:

A string representing the intended representation of the obje t in HTML terms.

Required Parameters:
Name

Des ription

obj

A referen e to an obje t of the

slaml-form-element

lass, on whi h the

layout fun tion is to be a tivated.

Name:

slaml-do-layout- hild

[Pro edure℄

Des ription:

A tivate the layout fun tion of a

slaml-layout

fun tion to

hild obje t to a given parent obje t.

Is used in the

all the layout fun tion of other obje ts. This allows for re-

ursively generating the layout of all obje ts in the obje t stru ture.

slaml-layout fun tions to all the layout
slaml-do-layout is used when a slaml-form-element

used inside

Form:

(slaml-do-layout- hild parent

hildname )

on a spe i
is presented.

This fun tion is
hild.

In

ontrast

A.2.
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Returns:
An HTML string of the obje t with

Required Parameters:

hildname present in the parent obje t.

Name

Des ription

parent

A referen e to the parent obje t of the obje t to layout.

hildname

The name of the

hild to layout. It must be a string.

Name:

slaml-update-obje t!

[Pro edure℄

Des ription:

A fun tion to update the obje t stru ture - rooted in obj - with the data entered by the
lient. This fun tion must be used expli itly to update the obje t stru ture. The format
of the parms parameter must be the same format as the data returned by the

slaml-show

fun tion. Besides updating the obje t stru ture it returns a nested list representation of
the obje t stru ture. This list in ludes the following instan e variables from the various
obje ts as attributes; tagtype, data, valid.

Form:

(slaml-update-obje t! obj parms )

Returns:

A list representation of the obje t stru ture rooted in obj.

Required Parameters:
Name
obj

Des ription
A referen e to the obje t that is the root of the obje t stru ture whi h
is updated with the data from the

parms

The

form

reated by

lient.

parameters to be inserted into the obje t stru ture. Must be

slaml-show.

Name:

slaml-layout

Des ription:

[Spe ial form℄

A fun tion used to a tivate layout fun tionality in the self obje t.
This fun tion is equivalent to

lambda.

Form:

(slaml-layout (self parm ) body )

Returns:

A referen e to a fun tion representing the layout.

Required Parameters:

124

APPENDIX A.

SLAML REFERENCE

Name

Des ription

self

The obje ts that

parm

A parameter to be supplied to the a tivation of the layout fun tion on

ontains this layout fun tion.

self.

A.2.4 Message Parsing Fun tions
This se tion presents the get and set methods implemented for easy a

ess to the obje ts

instan e variables and methods. Common to all of these are that the same fun tionality
be a hieved by message passing with the

slaml-send

an

primitive.

Name:

slaml-send

Des ription:

[Pro edure℄

A fun tion used to a tivate fun tionality in the various obje ts.

Form:

(slaml-send method obj . parm )

Returns:

The result of evaluating method on obj.

Required Parameters:
Name

Des ription

method

The fun tionality that must be invoked on obj.

obj

The obje ts that

ontains the method to be a tivated.

Optional Parameters:
Name

Des ription

parm

A parameter to be supplied to the a tivation of method on obj. Must be
a symbol.

Name:

slaml-get-elements

Des ription:

[Pro edure℄

A fun tion for extra ting the elements lists from the obje t passed as parameter. The list
returned is tagged with the

Form:

slaml-obj-lst

tag.

(slaml-get-elements obj )

Returns:

The element list of obje ts rooted in this obje t.

Required Parameters:

A.2.
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Des ription

obj

The

obje t

to

extra t

slaml-form-element

or

the

elements

slaml-element.

list

from.

Must

be

a

Name:

slaml-get-name

Des ription:

[Pro edure℄

A fun tion used to extra t the value of the name instan e variable from the obje t passed
as parameter.

Form:

(slaml-get-name obj )

Returns:

The value of the name instan e variable of obj.

Required Parameters:
Name

Des ription

obj

The obje t to extra t the value of the

name

instan e variable from as a

string.

Name:

slaml-get-valid

Des ription:

[Pro edure℄

A fun tion used to extra t the value of the valid instan e variable. The result is either

#t

or

#f,

indi ating whether the data entered by the

lient and validated with a supplied

validation fun tion is valid. The valid instan e variable is used to indi ate whether an
eventual validation on the obje ts failed.

Form:

(slaml-get-valid obj )

Returns:

A boolean value

Required Parameters:
Name

Des ription

obj

The obje t to extra t the value of the valid instan e variable from.

Name:

slaml-set-valid!

Des ription:

[Pro edure℄

A fun tion for setting the valid instan e variable on an obje t. The valid instan e variable
is used to indi ate whether an eventual validation on the obje ts failed.
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Form:
(slaml-set-valid! obj valid )

Returns:
Nothing

Required Parameters:
Name

Des ription

obj

The obje t to set the valid instan e variable on.

valid

The value to be set on obj. It must be a S heme true or false (#t,

#f).

Name:

slaml-get-type

Des ription:

[Pro edure℄

A fun tion for extra ting the type of an obje t. The return value is a string representing
the type of the obje t. Possible value are

Form:

he k, text, radio et .

(slaml-get-type obj )

Returns:

The type of the obje t as a string.

Required Parameters:
Name

Des ription

obj

The obje t to extra t the value of the type instan e variable from. obj
must be of the type

slaml-basi -element.

Name:

slaml-get-tagtype

Des ription:

[Pro edure℄

A fun tion used to extra t the values of the

tagtype

instan e variable of an obje t. The

tagtype is used as identi ation of the obje t, when a nested list representation of an
obje t stru ture is returned from

Form:

slaml-update-obje t!.

(slaml-get-tagtype obj )

Returns:

The tag type of an obje t, as a string.

Required Parameters:
Name

Des ription

obj

The obje t to extra t the tag type from.

Name:

A.2.
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[Pro edure℄

Des ription:

A fun tion used to retrieve the validation fun tion asso iated with the obje t passed as
parameter.

Form:

(slaml-get- he k obj )

Returns:

A referen e to a fun tion obje t.

Required Parameters:
Name

Des ription

obj

The obje t who's

he k fun tion is wanted.

Name:

slaml-set-data!

Des ription:

A fun tion to set the
set on the

Form:

data

[Pro edure℄

data instan

e variable of the obje t passed as parameter. The value

instan e variable is the supplied value.

(slaml-set-data! obj value )

Returns:
Nothing

Required Parameters:
Name

Des ription

obj

The obje ts who's

value

The value to be set on the

data

instan e variable is set to value.

data

instan e variable of obj. It must be a

string value.

Name:

slaml-get-data

Des ription:

[Pro edure℄

A fun tion used to retrieve the value of the

Form:

data

instan e variable.

(slaml-get-data obj )

Returns:

The value of the data instan e variable in obj.

Required Parameters:
Name

Des ription

obj

The obje t who's data value is wanted.

B

Small Example
This appendix

ontains the fun tionality of the Guess a number appli ation, presented

in Se tion 3.1.

First various fun tionality is dened.

asso iated layout fun tions used in the example are

Then the various obje ts and their

reated. This also in ludes the denition

of three HTML pages. Last is the session in the example.

Utils
The dierent utilities used in the Guess a number appli ation.

;======== Utils to the Guess a number appli ation ============;
(define NaN -1) ;Not a Number
;return 42, sin e no fun tion exist for generating a random number in S heme
(define (get-random-number) 42)
(define (slaml-is-integer? str)
(integer? (string->number str))
)
(define (get-guess lst)
( ar lst)
)
(define (get-guesses lst)
( adr lst)
)
(define (get-right-number lst)
( addr lst)
)
(define (get-hint guess-info) ;; he ks information in order to set the orre t hint
(let ((guess (get-guess guess-info))
(guesses (get-guesses guess-info))
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(right-number (get-right-number guess-info)))
(string-append
( ond
((equal? 0 guesses) "Enter your first guess.") ;first time, no guess yet
((not (slaml-get-valid guess-input)) "HINT: Try a number next time.")
(else (string-append "HINT: Your guess was: "
( ond
((> guess right-number) "too high... try a lower.")
((< guess right-number) "too low... try a higher.")
)))
)
)
)

Layout
The denition of the obje ts and their asso iate layout fun tions. This se tion also presents
the denition of the HTML pages.

(load "utils.slaml")
;;====== The obje ts needed in the Guess a number appli ation ==========;
(define guess-form-layout
(lambda (self parms)
(slaml-do-layout- hild self "guess- omposite")
)
)
(define guess- omposite-layout
(lambda (self parms)
(string-append
"Enter your guess:"
(table
(tr (td (slaml-do-layout- hild self "input-field")))
(tr (td (slaml-do-layout- hild self "submit-button")))
)
)
)
)
(define guess-input
(slaml-basi -element
' he k slaml-is-integer?
'name "input-field"
'tagtype "input-field-guess")
)
(define submit-guess-button
(slaml-basi -element
'name "submit-button"
'tagtype "submit-button-guess"
'type "SUBMIT"
'value "Guess")
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)
(define guess- omposite
(slaml-element
'layout guess- omposite-layout
'elements (slaml- reate-obj-lst guess-input submit-guess-button)
'name "guess- omposite"
'tagtype " omposite-guess")
)
(define guess-form
(slaml-form-element
'layout guess-form-layout
'name "guessform"
'a tion ""
'method "GET"
'tagtype "guess-form"
'elements (slaml- reate-obj-lst guess- omposite)
)
)
;;======================== Simple pages =============================;
;say hello
(slaml-define-page start-game
(slaml-page (lst)
(html
(head (title "Guess a number"))
(body (h1 "Wel ome to guess a number... ")
(p "This appli ation is written in SLAML.")
(hr)
(p "You must guess a number between 1 and 100")
(a " ontinue" 'href "http://lo alhost/laml/guess-app/guess-number.slaml")
)
)
)
)
; say goodbye
(slaml-define-page end-game
(slaml-page (guesses)
(html
(head (title "Guess a number"))
(body (h1 "Congratulations")
(p "You made it in " (number->string guesses) "guesses!"))
)
)
)
(slaml-define-page guess-page
(slaml-page (parameter-list)
(html
(head (title "Guess a number!"))
(body
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(get-hint parameter-list)
(hr)
(slaml-do-layout guess-form)
)
)

Main
The denition of the session in the example. The nal line a tivates the session.

(load "layout.slaml")
;;============================================================
;; Guess a number appli ation
;;============================================================
(slaml-define-session guess-session
(slaml-session (session-param)
(slaml-show start-game) ;say hello - step one
(letre ((guess-loop
(lambda (guess guesses right-number)
(if (equal? guess right-number)
guesses ; Return the number of guesses used
(let
((obj-stru t
(slaml-update-obje t! guess-form
(slaml-show
guess-page 'pageparm (list guess guesses right-number))))
)
(if (slaml-get-valid guess-input)
(guess-loop
(string->number
(slaml-get-data guess-input)) (+ 1 guesses) right-number)
(guess-loop
NaN (+ 1 guesses) right-number)
)
)))))
(let* ((right-number (get-random-number))
(guesses (guess-loop 0 0 right-number)) ;do loop - step two
)
(slaml-show end-game 'pageparm guesses) ;say bye - step three
guesses ; return the number of guesses used
) ;end letre
)))
(slaml-a tivate-session guess-session) ; it starts
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