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Abstract

This paper describes the lessons learnt when ailgrieveloping

web applications in Erlang. On the basis of thegeegences, a
framework called the Web Platform has been impleatenThe

Web Platform follows a design pattern separatinig giocessing
and formatting, allowing the construction of fleleib and

maintainable software architectures. It also dediveechanisms for
building dynamic pages and components. On top efpilatform

and components, web interfaces to commercial Edgatgms have
been built.

Categories and Subject Descriptors  D.3.3 Programming
Language$: Frameworks

General Terms Design, Reliability.
Keywords Erlang, HTTP, HTML, Web Frameworks

1. Introduction

Erlang was developed in the late 1980's by Ericésqrogram the
next generation of telecom applications. Telecomliegtions are
distributed, fault-tolerant, massively concurrentft sreal-time
systems with high availability requirements. Onadtveare level,
these requirements are similar to those put upderriet based
applications, making Erlang a good candidate foretbgment of
web based services.

A typical web application will consist of an Apa¢h#&] web server
and a MySQL[12] database back-end, glued togetlitbr Rerl[7]
and PHP[4]. These components need to be indepéndestaged
and supported, and interfaces and data formatsbatihem have
to be defined. Erlang, on the other hand, will ralh these
components within the same platform and technologgcept,
allowing them to share the same memory space.

This facilitates support of these systems, whidetioer with the
built-in ability to upgrade software during runtinean provide
systems with no downtime. Using built-in fault talece
mechanisms ensures that errors are not only isbldtet also
uniformly handled. Furthermore, what makes Erlapgc&l in
developing web applications is its extremely poulecbncurrency
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model, allowing a constant throughput of requestden extremely
heavy loads[l]. Joe Armstrong showed in one of his
presentations[8] that in a denial of service aftabk number of
parallel connections needed to crash the Erlang sesber was
about 20 times as many as an Apache web servemguon the
same hardware.

Ericsson’s computer science laboratory experimewtdtdHTTP as
early as 1994, writing an Erlang based proxy usedtudy the
HTTP protocol[13]. This proxy evolved into a simpieb server
consisting of a couple hundred lines of code, arhtially became
the first web server to be included in OTP. Thisvee often
referred to as the INETS server, was presenteleathird Erlang
User Conference in 1997[3]. With 10k lines of Edarthe
development team had achieved 80% of the Apacheerser
functionality, which at the time consisted of abd@Ok lines of
code.

After presenting INETS to the general public, diéf& platforms
and frameworks have been developed to take adnfdgrlang's
characteristics in web based contexts. One of thgy early
adopters, Eddie application[10], did what Erlangesidest. By
using distribution, a hybrid of machines and opegatsystems
would join forces to create a server farm providsgalability,
reliability and fault tolerance.

A web platform used for operation and maintenariceeoAXD301
switch dynamically developed web pages through SNMP
instrumentation functions and generic Erlang détactures[2]. It
led the way to the first documented web platforrseiolaon INETS.
Unfortunately, little information is available aliothis platform
outside of Ericsson, and it has not been released apen source.

The most powerful Erlang based web server arounthiss[9]. It
was released as an open source in 2002 and impkemest of the
features met in today’s HTTP servers. What makesedly
powerful, however, is its ability to execute dynangiages with
Erlang code.

Through OTP applications, Erlang has reached a leghl of
maturity in the telecoms market. But when compdoedther “late
majority”[6] languages for web services such as Pafid Perl,
regardless of the above examples, Erlang is stilkiclered to be in
the stage of the “early adopters”[6] (see Figure jth the
exception of the Erlang wikireleased in 1999, there have been few
reusable components commonly needed for develapahgservices

! Erlang wiki, http://erlang.sics.se:5000/



on an application level. Instead, they concentoatevhat Erlang
was originally intended for, namely the transpoalyekr and
protocols.

Late
Majority

Majority

Figure 1. Rogers' Diffusion of Innovation Curve.

In this paper, we discuss the lessons learned whiemnally
developing HTTP based Erlang services on the agijgit layer at
Erlang Training and Consulting. The results of ¢hdsvelopment
and prototyping activities resulted in a generibvadatform, tools,
and components also described in the paper. Thigerige
development had to be developed on top of an egisti
infrastructure to make Erlang a suitable languaggetelop the glue
and logic and back-ends of web based applicatioring the
language a little closer to the Early Majority gocaf users.

2. History of Erlang Training and Consulting

Until recently, Erlang Training and Consulting (ETdid not have
any in-house systems development organisation. Jtaiged to
change gradually in 2004 through its summer intémgrogram,
where second-year students were put to work orofypms and
tools needed internally within the company. On ayvbusy
schedule, the senior staff did not have the timew@ew their code
and give them the necessary feedback on a systech Wwhd an
Erlang web based interface. The result was a sysiimno clear
separation of the data model and dynamic generatiod TML.
Experienced developers will know that data, codd &TML
generation have to be separated to avoid inflexiohsupportable
code. Indeed, the prototype worked well, but anyifi@tion or
extension in the data model or change in the HTMim&t, no
matter how small, required a tedious rewrite ofdbde.

From one extreme to another, the second prototypittempt
resulted in the adoption of XSLT. XSLT is an XMLdea language
which describes XML transformations, in our casemf XML to
XHTML. Initially, XSLT with its generic way of trasforming and
formatting XML files seemed to ideally fit our reécements. Several
pages presenting dynamic data were developed, ituttime, the
transformation turned out to be too formal anddwit. Merging it
with other parts of the web page was inconveniant further
development became an uneasy task. The largeseproésulted in
very complex data transformations with multipleadsturces. This,
in turn, resulted in slow execution speed and thednof strict
HTML, something not even the most popular HTML auiing
tools produced. Our graphics designer was devejodifML that
had to be passed through a linter and manuallecid. And to

further convince us that this was not the way totlge libxslt driver
which we were using had memory leaks and no intedebug
features. We quickly realised we had reached a eledd

This is when we started developing our own webfgiat which
would fit our requirements for a scalable architeetwith dynamic
content. The framework was started off as a prpttsnd tested
internally on the erlang-consulting.com home pagely after the
successful migration of the site and extensivessttesting was the
platform refactored and included in other commémmigjects. Even
though the commercial solutions had major time taimgs and
critical time to market requirements, Erlang, witts rapid
development capability, allowed us to refactordhde and achieve
the functionality and stability required by comniarsystems.

3. The Web Platform

The Web Platform was thought as a framework forliegions

based on HTTP protocols, relieving the developeomfr
implementing behaviours frequently used in dyngmaiges. With its
simple but extensible concept of including dynarmantent in

pages, libraries of reusable components can be bug based on
the Yaws HTTP server giving high performance amdughput.

Yaws has a mechanism for generating dynamic pdgegscan be

developed as a mix of Erlang and HTML code. Thaurtgylchunks

should contain theout/1 function, which is compiled during
processing of a Yaws page and replaced with thergtsd output.

The result of compilation is saved for the futise,it can be reused
when a request to the same Yaws page occurs.

The Web Platform introduces a different approactgeaerating
dynamic pages. It allows merging XHTML code wittdedicated
XML tag called wpart. With the concept of wpartsisi possible to
develop pieces of functionality that can be retsatifferent pages,
providing solid framework for developing dynamiclwservices. A
set of frequently used patterns has been implemiergea common
library of wparts. They include:

— retrieving data

— formatting date, time and numbers
— iterating over a list of Erlang terms
— branching constructions

Having wparts defined as XML elements allows thebVidatform

to validate a page with an XML parser ensuring Wisat is sent to
the client browser is free of XHTML errors. A patséle is

converted to Erlang binary chunks kept in a Mnealde. Since
both the Web Platform and Mnesia applications amming within

the same memory space, access to the structurelwittks of code
is quick, as it also functions as a cache.

An important principle is the separation of dat@gessing and
formatting[5]. The wpart syntax forces a strict ampion of the
model and the view in applications. This allows vesigners to
focus on creating HTML markup, while the Erlang elepers can
focus on the back-end of the application. The webketbpers are
able to use any WYSIWY&G HTML editor as the wparts will be
interpreted as unknown elements. The wparts wéb dlide the
Erlang code, which would be seen in Yaws pagesn filee web
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developers. In the meantime Erlang developersnatiineed to edit
any HTML markup.

To allow data to flow between wparts, the Web Bfatf provides a
request dictionary. Yaws creates a process for BAGP request
and the Web Platform implements the request diatiphy creating
a data store which is global for each HTTP requiesigeneral,
algorithms based on global variables are hard tougleand to
follow, but at the same time it allows wparts tantounicate with
each other in a convenient manner. The data stisagdeased as
soon as the request has been handled, and thespisterminated.

Wparts allow the usage of HTML templates much & shme way
as Yaws uses Server Side Includes, but with wyatsio not have
to separate related templates into different files. this way
templates used to format data of the same kindbearategorized.

4. Erlang Training and Consulting's home page

During the development of ETC's home page four irequents
were identified. These are applicable to any wedliegtion.

— Clear separation of data, logic and presentation
— Modularity

— Common set of templates

— Common data storage

The first version of the ETC home page was not eng solution.
Unfortunately, web hosts do not provide Erlangahations. The
first version was implemented using the “traditidrigpache web
server, Perl and PHP scripting languages. Data teseyenerate
dynamic pages was stored in a MySQL database. Ewesya hew
feature had to be added, the whole applicationrbedacreasingly
more complex and the data flow became harder terstahd. As
the complexity of the home page grew, reconstroatiothe system
was necessary. At that time the Web Platform cdanceps
formulated and a new version of the home page wesigided. Using
the Web Platform and following the requirementscHjgel above
resulted in a more consistent architecture thanotiiginal PHP
solution, and easier to maintain.

The Web Platform deals with the complexity by ding the web
site into static and dynamic content. Static cantam be updated
and changed during runtime but does not need fordogessed in
any specific way by a server. This includes all Pd@#uments,
images, some CSS and HTML files. Such contentristeea client
using the transport layer of the Yaws server. Dyinatontent is
generated as a result of executing a function data kept in a
Mnesia table. The function takes GET and POST datdch
together with wpart element attributes determineatwkind of
transformation should be applied.

Sets of functions generating dynamic content areeldped as
components. A component delivers functions to foans data of
the same kind. As an example we can describe Eelegngs that are
short announcements about speeches, meetings dererores
potentially interesting for the Erlang communitgéd-igure 2).
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Figure 2. Home page with Erlang events component.

The event component consists of:
— A Mnesia table

— Two Erlang modules

— XHTML file with wparts

In the table, data like date, location and desoripis stored. The
modules implement transformation functions and &-bezk
function which is used to hook transformations tweb page. To
make a decision about which transformation to ebeeduRL of the
client request or a GET/POST variable can be ubed. XHTML
file is split into parts. Every part is used togaet a different aspect
of Erlang events or to present the same aspedffénetit ways. For
instance, we can list all events or only a shamrsary about future
events. A form, possibly password protected, allawser to create
or edit events.

To ensure a consistent appearance in a web sisedelements are
stored as generic templates (see Figure 3). Thadsvthe
maintenance issues raised by cut and paste progngnifemplates
are implemented as a set of dynamic pages thdieacluded by a
dedicated wpart element. Any data that should bedtied in a
template is passed on with a request dictionary.

5. Web Components

One of the signs of maturity within any engineeriliggipline is the
standardization of tools and components used dwa@mgtruction
and the availability of third party components,tbopen source and
commercial. Two of the most well known web develepin
languages today are PHP and Perl. One of the ayesthey have
over Erlang is the community behind them and thailability of
reusable components.
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Figure 3. A generic template reused for each estate

Taking existing Perl and PHP based components haff shelf

always results in compromises over functionalitysus time to

market. A component written in other programmingglaages
might not have all of the desirable features listethe requirement
specification, and adding them has often resutieal steep learning
curve when having to understand the code. Owniegdmponents
will ensure that they do exactly what we requireeint to do, with

the ability to adapt them to our needs and wantseapplication.

Many of the components currently used were develaengside
the Web Platform, as it was constantly evolvindwibn backwards
compatible interface changes. The components haldetanade
generic enough to cater for these changes, andtiwesaleveloped
in two layers. One layer addresses the platforntiipeassues

involved with the task that the components wasgtes! for, and
one layer which handles the generic features thaldcbe reused
throughout the development period. This ensuredctmponents
did not have to be rebuilt from scratch each timew platform was
released, future proofing our system for two-tieecsity

architecture. The two software layer approach etkatusable
components, which if not requiring different fornwdtthe output,

could be reused as they are. Two of the compoiwcesrised were the
bulletin and the content manger. These componestciarently

being used in three websites, requiring very féany changes.

The first component developed was the bulletinvds originally

only used for news announcements, but has sinceeégmnded to
be used as both an event and a job bulletin. Wiiée code

implementing the first layer of the component hlaanged to cater
for its different uses, the core remained the same.

As problems being solved required more complex datdels, the
bulletin component was not powerful enough. Thisulted in a
general content management component, which thranggxing

allows data to be accessed and sorted using diffédeys. The
complexity of the component, however, comes atieepit the

time of writing, it is still cumbersome to work Wiit, as there is no
general way of accessing its data. As the WebdPhatmatures, the
ways in which data can be retrieved from this conemd will be

addressed.

6. When Erlang Was Not Enough

The major hurdle we encountered when developing beted
applications are in Mnesia’s limitations. Our argunts on having a
web server, glue and logic and database in the szn®ry space
does not hold with complex user interfaces. Wheveldping a
graphical web front-end for a client, users werke &b define their
own entries in a generic table and given the piisgilbo sort
HTML output by any of the fields, as well as exéugitjueries with
complex logic. To avoid complex code, the develspeere forced
to migrate from Mnesia and Query Lists Comprehersito a
relational database with SQL. Due to time consisainvestigating
the open source RDBMSsolution was not an option. RDBMS is a
front-end to Mnesia developed by Ulf Wiger and RptloVan
Graan which truly makes Mnesia relational. At timaet of the
project, it was in its early days of developmenit besults and
stability recently achieved should make it a viatzladidate.

A lack of dynamic records caused flexibility isswesen front-end
features were added or removed. The whole code thalle
recompiled every time the record definition chandgeeen if this is
not a web-specific issue, dynamic record is a coastvhich would
be much appreciated in Erlang, and welcomed bgdhamunity.

Other problems included the lack of strings as dgpes. The
existing list implementation used to denote stririgs highly
inefficient and consumes too much memory, as itsdoat take
advantage of the knowledge that it is storing aayaof ASCII
characters. Workarounds converting HTML to binariés
efficiency reasons, both memory and message paséseg had to
be made in the platform.

Lastly, the regular expression parser in Erlangigbly inefficient.
If many regular expressions are used, an extemrakep has to be
interfaced to the Erlang application, either thitoagport or a linked
in driver. Having an efficient Erlang implementatiould simplify
the architecture and remove many of the issuesciassd with
interfacing external programs.

7. Benchmarks

To evaluate the overall performance of the apptinatbuilt on top
of the Web Platform, we stress-tested the erlamgudtng.com
web site. The web site is deployed on a serverppedi with
Intel(R) Pentium(R) 4 CPU 2.80GHz and 1 GB of RAMmuory.
The benchmark was executed using the TSulmad testing tool.
We ran the benchmark on the same machine as the Sewer in
order to decrease the effect of network latencyhenresults. The
results show the time needed to send a requeketserver and to
get the generated page (see Figure 4). The statiesptested

3 RDBMS, http://ulf.wiger.net/rdbms/
4 Tsung, http://tsung.erlang-projects.org/



included the index, consulting and about page. dymamic pages
included the news and jobs pages.
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aboutus.htmtonsulting.html index.html jobs.html news.html

dynamic web page

Figure 4. Request times for www.erlang-consultingam

In reality, time needed by a web browser to contaetserver and
download a page will be different for every usesdzhon network
latency, browsers and CPU power, so presentedefigsinould be
viewed with caution. The fact that the applicatimnwhich we were
running the stress tests was running on the sanuhimea will
furthermore have affected the results. What isrésteng and
important in these results is the comparison betvdsmamic pages
and static pages, and the comparison between dyrnzages that
use different components. The latter allows us valuate the
complexity and efficiency of developed modules. Fatance, the
index.html page is generated using three componertie the
jobs.html page uses only one. The number of compsnesed in a
dynamic page does not affect the performance, teitwiay the
components are built and used has. In the jobs, pagexample,
sorting and filtering of the jobs results in thgter request time
than the news page, where a similar amount ofidgst displayed
in chronological order. Also of interest is thetféltat for simple
dynamic pages, the results are very close to dtie sines.

8. Conclusions

The Erlang web servers and databases are matuiettes use of
Erlang for glue and logic. What is lacking while vdping

interfaces for operation and maintenance of netveggtems built
on Erlang/OTP, is a general framework for develgpiveb based
components, and the components themselves. It neesokd web
development framework is needed which would redirce and

efforts spent on implementing components that Yollsimilar

design patterns.

At ETC the Web Platform framework was developede Web
Platform delivers a generic concept of wparts dsednplementing
reusable web components. The next step is to fgdeygneric web
components and
framework.

The learning curve and entry costs to develop thalstand
components have been high. Now that we have redhfselkvel of
maturity within our organisation, we have the cotitipe advantage
Erlang/OTP provides over the classic web applicalamguages in
the early and late majority adopters. The same leamever be
argued over Telecom based Erlang projects in 1888n many of

implement them using the Web Piatfor

the existing predecessors of the OTP applicatioese wbeing
implemented in parallel, or did not exist at all.

9. Future Work

The Web Platform is still in its early days, antl bas a long way to
go. Planned future work includes creating more geremponents
such as billing, blog, user registration, shoppaagts and credit
card/paypal components.

In the platform itself, a type checker parsing imgrg data, both in
terms of data types and ranges, is next in lifgetonplemented. A
syntax notation is being developed at the time ritfrig which can
include type checks on data types, ranges, datespeedefined
lists. All type checking will be done based on rgjs, and
conversion to atoms will only be allowed on setspofdefined
attributes. If the element (in string format) istnfound, the
transformation will not take plate

The infrastructure to allow a two-tier securitytatecture, where the
front-end machine runs the web servers, parsesddia and
generates the HTML dynamic code, while the back+eaghines
handle the transactions and host the databasaspiade, but still

has not been implemented. The web components geebleo far
are ready for this migration thanks to the two-tredule approach.
An RPC based API, which uses sockets to communiag#tieother

nodes has already been implemented, and will be asesoon as
there is a requirement for such a level of security

Finally, a Master's Thesis is being planned to carapour web
platform with Ruby On Rails. It will give us a battunderstanding
of similarities and differences between the twaisohs, and give
us guidelines on what was done right, what coukkHzeen done
better, and what has been missed. The resultseothisis will
hopefully give assurances that Erlang, developroénteb-based
applications, is slowly moving from the group ofrigaAdopters
into the group of Early Majority users.
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