What is Haskell Used For?

Functional vs Conventional
Languages

Functiona languages resemble Haskell: others are
ML, OCAML, Scheme, Erlang.
Long history in Universities, often used for
teaching.
Relatively new in industry (1990s) -- still unusual.
Strengths: rapid devel opment, symbolic
processing, few bugs.
In Goteborg: 600(?) educated in Haskell, 100 to an
advanced level.

Business Idea: Web Site
Management Tools
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What are Functional Languages
Used For?
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Initiva arbetar med saval utveckling
som webbproduktion...
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Kleidi: Data Integration for

Bioinformatics

The Human Genome Project, among others, has accumulated a

vast amount of genetic information.

Internet

But it is stored in many databases, each with their own access

method.

CPL Query Language

*Must be sufficiently general to express query that any

database can support!

{x * x| \x <= S, odd(x)}

{(#title: x.#title, #feature: x.#feature)

| \x <- DB,

X.#title string-islike "% yrosine%}
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Galois Connections, Oregon

«Converting legacy C-code to work with a modern operating
system.

*Customer sells test equipment with an obsolete Sun
workstation inside -- must upgrade software to work with
current workstations instead.

*An ML program converts C-code automatically -- typical
example of where functional languages
are very strong.

Data Integration
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How it Works

» CPL: functional language with
comprehensions expresses queries
succinctly.

* Query optimiser uses functional laws to
reexpress queries in more efficient forms.

* Drivers send sub-queries to fetch data from
individual databases.

» Resultsareintegrated by the Kleisli system.



Impact Viaweb (1995 startup)

Kleisli is 45000 lines of ML. Compare
1000000 lines of C in commercia database

» Softwareto let end users build online stores.
» Ranon Viaweb's server, using ordinary

?/stem; ble . ibleinaf Web pages as the interface.
”rr]‘negoss € quenes expressbiein atew » Thefirst Web-based application program.
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* Now acommercial product.

Using Lisp Customer Growth

« "When you're writing software that only has to run our 1996: 70 online stores
your own Sefvers, you can use any language you want.” 1997: 500

i . Sold to Yah
+ "We were always far ahead of the competition in features. mid1998: 1070

Sometimes, in desperation, competitors would try to early 2001  14000?
introduce features that we didn't have. But our

development cyclewas so fast that we could sometimes

duplicate anew feature within aday or two of a competitor

announcing it. By the time journalists called us, we would

have the new feature too.”
: Erlang: Ericsson’s Own
Final Quote :
Functional Language
”A new competitor seemed to emerge every month or so. The
first thing | would do was ook at their job listings. After a *Haskel|-like (has lists, list comprehensions, recursion, higher-
couple years | could tell which companiesto worry about and order functions, etc)
which not to. T
The safest kind were the ones that wanted Oracle *Adds features for and
experience. You never had to worry about those. Y ou were also . L .
safeif they said they wanted C++ or Javadevelopers. If | had *Designed for applications with
ever seen ajob posting looking for Lisp hackers, | would have (e.g. Telephone exchanges!).

been really worried.

| used to wish everyone understood Lisp. But whenwe
started Viaweb, | wanted everyone to understand it except our
competitors!”

eLearn it in " Parallel programmering”

Read , Paul Graham.



Erlang at Ericsson

Erlang at Bluetail

“Ericsson AXD 301, a «Startup early 1999, by 20 Erlang developers.

new ATM switch. *Products: internet applications based on Erlang server
software.

*Product development times of months.

«Controlled by a
functional program,
mMLOC!

(fewer errors)

Erlang Today

*Hundreds of Erlang programmers in Ericsson, used in
numerous products.

*Used around the world for telecommuni cations apps.

*Erlang User Conference in Stockholm attracts >100
enthusiasts.

FL: A functional language for
hardware description

FL adds :
> |let a = variable
a :: Boo
> a==not a
Fal se
> (a & & variable "b”) || not a

” i

a’

+4-10 times better quality

*Bought mid 2000 by Alteon Websystems.

$160 million!

Forte: Hardware Verification at
Intel
* Intel isworld's largest manufacturer of
Mi Croprocessors.

» The’Pentium bug’ some years ago cost
$450 million in replacements.

« Estimated cost of arepeat: $5 hillion!

* Processor complexity is growing fast.

» Simulation is enormously costly, but cannot
guarantee correctness!

Checking hardware in FL

Model a half-adder by a function:
> let half a b =
> (a&&b, a’xor’h)

Check propertiesfor ~ arguments at once:
> half a Fal se == (Fal se, a)
True



Verification inthe Large I mpact

Theorem proving
to scaleup to
larger components

Hundreds of engineersuse FL as part of
Intel’ s verification effort.

Led (in Portland, Oregon) by a Chalmers
graduate, who learned functional

‘Spec‘ ‘Spec‘ ‘Spec‘ ‘Spec‘ Thousands of programming here!
ﬁ ﬁ ﬁ ﬁ veriS;incitlions
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Overview

* Aug. 26: task published

» Teams have 72 hoursto finish the task.
» Any team composition.

» Any programming language.
 Correctness counts.

* Features count.

« Efficiency counts.

A Timdine The Task: A Ray Tracer

* Aug 23: Web site up -- 70 teams registered
¢ Aug 24: Slashdot advertises the contest.
« Aug 26: 800 teams! The contest begins...




Implement a Simple Functional

L anguage to Describe Scenes Three Tiers

o Tier 1: GML ops, planes, spheres, unions, &
directiona lights

 Tier 2: cones, cubes, cylinders, & point
lights.

 Tier 3: difference, intersect, & spotlight.

A Tier-2 Image

A Tier-3 Image

Adrenaine [Harley]




Ka eldoscope [ Schmitt] Fractal [Doligez & Harley]

Example Bugs Hmmm...

Snowgoon [Smith & Yang]

Subtle... Some Statistics

* Number of teams registered: > 800
» Number of entries submitted: 39

 Countries represented:

— USA(18), Germany(4), Canada(3),
Australia(3), New Zealand(3), France(2),
UK (2), Poland, Switzerland, Belgium, Sweden,
Netherlands

e Teamsize: 1-13



C/C++
Clean
Dylan
Eiffel
Haskell
Java

L anguages Used

Mercury
ML

Perl
Python
Scheme
Smalltalk
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Judges’ Prize Image

A Mercuria Image
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The Rankings

Judges Prize (best image)

— ($100 + books, journds, registration)
4th place

3rd place

2nd place

— ($400 + books, journds, registration)
1st place

— ($1000 + books, journals, registration)

4th Place

13 team members!

Australia, Belgium, and UK members
Tier-3 entry

Bounding boxes

coded in....Mercury!

Congrats to the Merry Mercurians!

3rd Place

5 team members
Tier-3 entry
Bounding boxes
100x faster on Chess than 4th place
coded in...
Haskell!
Congrats to Team Gd ois Connections!



Cubist Gaois

A Go game [Doligez & Cuoq]

1st Prize

4 team members
Tier-3 entry
Bounding spheres, GML optimization
4 different implementations!!!
8x faster on Snowgoon than 2nd place
Coded in...
O’ Caml!
Congrats to Team PLClub!!!

2nd Place (Prize Winner)

7 team members
e Tier-3entry
Bounding spheres, BSP-trees
* 5.5x faster on Chess than 3rd place
» Codedin...
O’ Caml!
» Congratsto Team Camis‘R Us

The Judges Proclaim:

O'Camlisa___ programming tool for
many applications.

(and the INRIA team can run the contest next
year...)

The Judges Exclaim:

O’'Caml is__ programming tool of choice for
the discriminating hacker.



ThisY ear's Contest

*Compressing HTML pages without changing their
appearance. (Speeds up downl oads).
*Winner: aHaskell program (best compression in al tests).

«2nd: Dylan, =3rd: OCAML, C.

The 80-20 Rule

"80% of the time is spent in 20% of the code”

Optimising Programs

*A better algorithm can be tens or hundreds of times faster than
apoor one.

A better compiler can only give 2-5x improvement.
‘Makea and program first: economise on effort!
*Find dowest part and choose a !

*Asalast resort, when the d owest part already uses the best
agorithms, reprogram it in a faster programming language.

*What happened to C++?

*C/C++ compilers usually generate better code than Haskell or
ML compilers (factor 2-5x).

*C/C++ permits fine control of datalayout in memory (can be
wortha ).

*Why were C++ solutions slower?

Consequence of 80-20

Code Time
Speed this up
4 10x and whol

Time spent program
optimizing becomes 5x

thisis faster.

largely 7

wasted.

Two Situations

Fastest solution obtainable using a programming language
which compilesto best code.

Fastest solution obtainable using a programming language
which , SO more attention can be
paid to optimisations.
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Want to Know More?

*Part B of this course teaches Java, part C covers more
advanced algorithms and data structures, in both Haskell and
Java

eHaskell is used asatool in many courses.

«3rd year course teaches
much more Haskell, how to get the most from it.

«4th year specialisation " Datorsprak” goes deeply into
programming languages, Haskell included.

*Y ou could always do your 3rd year project in Haskell...

Finaly...

in the exa

Good L uck




