CS-4620 Functional Programming | 2013-2014

Lecturer:
Joseph Manning / Western Gateway 1.80 / ‘@ : 420 5909 / B : manningQcs.ucc.ie

Lectures (Period 1):

Mon : 11:00am — 12:00nn : Western Gateway G.18
Wed : 11:00am — 12:00nn : Western Gateway G.13

Labs:

This module does not have formal labs. Students are expected to complete the programming
assignments in their own time. You may use the computers in the Western Gateway G.21 lab.

Recommended Book:
“Programming in Haskell”, Graham Hutton (Cambridge University Press, 2007).

Web Sites:

www.haskell.org
www.learnyouahaskell.com
www.cs.nott.ac.uk/ “gmh/book.html
book.realworldhaskell.org

Module Overview:

This module presents an introduction to functional programming, using the language Haskell.

This style of programming has a long history, with its foundations pre-dating the development
of electronic computers, yet it offers perhaps the best prospects for taking advantage of the
emerging power and availability of multi-core processors. It is radically different from the more
conventional style of imperative programming, and functional programs are more compact,
and often considered more elegant, than their imperative counterparts.

The central theme of functional programming is to define the solution to a given problem;
the task of the computer is to evaluate this definition and find the corresponding solution.
Functional programming does without the concepts of variables and assignment. Moreover,
in some sense there is no notion of time in the execution of a functional program.

By contrast, the central theme of imperative programming is to write a list of instructions;
the task of the computer is to carry out these instructions, and thus construct the solution.
The concepts of variables and assignment, along with the progressive execution of a program
over time, are central to imperative programming,

Despite this contrast, however, the ideas encountered and the experience gained in this module

may have a significant positive impact even when reverting to imperative programming.
Grading:

70% : Summer Examination

30% : Year's Work

Year's Work consists of regular assignments, each requiring several short practice programs.
Assignments have strict due dates; late submissions will not be accepted, unless under extreme
and verifiable circumstances. All students are expected to work individually on assignments;
those found collaborating with others will receive a score of zero for their work.

Three Golden Tips:
e attend the lectures e keep up to date e do all the assignments
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“““ bmorl : O'Regan, Brian Michael ~ Assigiment#2

-- Title: Assignment 2

-- Student Name: Brian O Regan

-- Student ID: 110707163

—- Due Date: Fri 31st October 2013 @4.00pm

-- Question 1

-— Returns a list is formed by calling each functio
—- in function list ‘fs’ on item ’'Xx’ L/////94
applyAll = \fs =-> \x -> map (\f -> f x) fs

-- Question 2
-— Returns a list formed by those components of list ’‘xs’,

-— which do not satisfy predicate ‘p’

remove = \p ->‘\xs ->] filter{\x =-> not (p x))‘xs
A Dk it —1
-- Returns the nﬁég;;—of times that item ’‘x’ occurs in list ’‘xs’

count = \x -?foldr(\y -> \n -> if x == y then n+l else n)

(= o
-- Questions 4
-- Return the maximum er in the non-empty numeric list ’‘ns’
maximum = \ns -> fold \x => \y -> if x>y then x else y) (head nS}Zf’(lZu]tWS)

-- Question 5 t—/a\‘s i“edﬂ WW%”MMQ/ )

-- This returns a list formed joining ‘xs’ and ‘ts’, in that order
append = \xs -> \ts -> foldr(\x =-> \ys => X:ys) Xs ts

Higher-Order Functions p 1/1 2013-Oct-25
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‘Regan, BrianMichael Assignment #1 |

-- Title: Assignment 1

-- Student Name: Brian O Regan

-- Student ID: 110707163

—-— Due Date: Mon 14th October 2013 @10:30am

-- Null Definition
-- null = \bs -> bs == []

-- Question 1 7)%”&‘&/%‘ ?

—- Check if all items in a list to sde if they are the same.

-- Return True if all the same and ffalse otherwise.

and = \bs => not(null bs) && ((if == head bs && head(tail bs)
&& head (head(tail bs))then True else False))

-- Why?
—— This is because the first successful match is taken,
—- in this case it is True, even though there are no other elements, v

—_ it still returns True, because the first item checked is True and
- there is nothing to compare it to, so it remains True.

-- Question 2
—-— Check if any items in a list are true.
-- If they are all False then return False, otherwise return True.

or = \bs => ((if(D)==(hdad)|| head(tail bs)
&& head (head(tai bs) en True else False))
-- Why? J%ﬁud—jfs

-- Question 3

—-- Check if the numeric list is sorted in ascending order.

—— Return True if it is and False otherwise.

issorted = \ ns -> (tail ns == [] || (head ns <= head(tail ns)

&& issorted(tail ns))) T>AAU.\7;‘E, Mg == c1 (P ﬂ“\h‘;kwﬂﬂﬂu&

-- Questions 4

 -- List the range of numbers from the lowest number entered to the highest.
Primt a list of numbers from a range.

-- The user inputs the lo and hi numbers of the range v///

-ange = \lo -> \hi =-> (if hi < lo then [] else lo: (range (lo+1l) hi))

-- Question 5
-— Create a list where the user enters the number of copies,

-- it wants of an item. v///
copies = \n =-> \x -> (if n <= 0 then [] else x : (copies (n-1) x))

i s oot doer mot ac R, et A7 mdunEabion.
(322 e Qpiafwwbm ke Cote- SRt pmuad)

m&wmw@ JG,)JM ‘Jﬁm Mi)oqéz//‘twvﬁw(/ ?

Simple Core-Haskell Functions pin 2013-Oct-22



CS-4620 Functional Programming | 2013-2014

Assignment #1

Simple Core-Haskell Functions

Write definitions for each of the following Core-Haskell functions.
For each function, include a clear and concise comment to describe its purpose.
Note that the function ‘null’ is already defined in the Core-Haskell Standard Prelude.

1. and bs
Do all components of the boolean list 'bs’ equal ‘True’ ?
and ( ( 5<6 ) :not False: ( 1+2==3):[] ) = True

and ( True : True:False:True: [] ) = False
and [] = True (why?)
2. or bs

Does any component of the boolean list "bs’ equal ‘True’ 7

or ( ( 5>6 ) :not True: ( 1+2==4):[] ) = False
or ( False:False: True:False: [] ) = True
or [] = False (why?)

3. issorted ns
Is the numeric list ‘ns’ sorted in ascending order?

issorted ( 2:3:3:7:[] ) = True
issorted ( 5:[] ) = True
issorted [] = True
issorted ( 1:2:4:3:[] ) = False

4, range lo hi
The list of numbers from the number ‘1o’ up to the number ‘hi’, inclusive
range 37 = 3:4:5:6:7:1[]
range 3 3 = 3:[]
range 3 2 = []

5. copies n X
The list of ‘n' copies of item ‘x’ (assume that ‘n’ is a non-negative integer )

copies 4 7 = 7:7:7:7:[]
copies 0 True = []

Program Submission:

Store the function definitions in a file named ‘al.hs’, and turn it in for grading by typing:

submit-cs4620 al.hs

Due Date: Mon Oct 14, 10:30am



CS-4620 Functional Programming | 2012-2013

Assignment #2

Higher-Order Functions

Write non-recursive definitions for each of the following Core-Haskell functions.

For each function, include a clear and concise comment to describe its purpose.

1. applyAll fs x
The list formed by calling each function in function list ‘fs’ on item ‘x’
applyAll ( (A\n->n+1): (\n->-n):(\n->n*n):[] ) 3 = 4:-3:9: (]

2. remove p XS
The list formed by those components of list ‘xs' which do not satisfy predicate P
remove ( \n->n<0 ) (3:-2:-5:7:4:-1:[1) = 3:7:4:1[]

3. count X Xs
The number of times that item ‘x' occurs in list ‘xs’
count 5 ( 3:5:2:65:5:7:1:5:6:[] ) = 4

4, maximum ns
The maximum number in the non-empty numeric list ‘ns’
maximum ( 4:2:7:1:5:9:8:6:[] ) = 9

5. append xs ys
The list formed by joining lists ‘xs’ and 'ys’, in that order
append ( 5:8:3:[] ) (4:7:[1) = 5:8:3:4:7:[]

Program Submission:

Store the function definitions in a file named ‘a2.hs’, and turn it in for grading by typing:

submit-cs4620 a2.hs

Due Date: Fri Oct 25, 4:00pm



CS-4620 Functional Programming | 2013-2014

Assignment #3

[Infinite Lists |

Write efficient and compact definitions for each of the following Core-Haskell items.

For each item, include a clear and concise comment to describe its purpose.

1. partialSums ns
The list of partial sums of the numeric list ‘ns’

partialSums ( 3:2:4:5:2:[] ) = 3:5:9:14:16:[]
partialSums [] = []
partialSums ( from 1 ) = 1:3:6:10:15:21:28: ...

2. powers n
The list of all positive powers of the number ‘n’

take 7 ( powers 2 ) = 2:4:8:16:32:64:128:[]
take 7 ( powers (-1) ) = -1:1:-1:1:-1:1:-1:[]

3. factorials
The list of factorials of all positive integers
take 7 factorials = 1:2:6:24:120:720:5040: []

Program Submission:

Store the definitions in a file named ‘a3.hs’, and turn it in for grading by typing:
submit-cs4620 a3.hs

Due Date: Wed Nov 13, 10:30am

The Core-Haskell Standard Prelude includes the following pre-defined functions:

div mod even odd

head tail

not

null length  reverse elem

map filter foldr

sum product

and or all any

take drop takeWhile dropWhile
zipWith

from
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