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A little game: try to guess a number.
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Guessing Secrets

A little game: try to guess a number.

Typical repeat until:
gener ate secret
r epeat

ask for a guess
until guess equal s secret

This game is typical for password verification.
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functions returning
functions

Instead of storing the secret explicitly, we use an oracle.

For a given input, the oracle will return True if the input
matches the secret and return False otherwise.
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functions returning
functions

Instead of storing the secret explicitly, we use an oracle.

For a given input, the oracle will return True if the input
matches the secret and return False otherwise.

Our number guessing game with an oracle:

oracle = generate_secret()
r epeat

guess = input(’give nunmber : ")
until oracl e(guess)

The function or acl e() is a function computed by the
function gener at e_secret ().
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» the password is encrypted,
» only the encrypted password is saved on file.

Password verification consists in
1. calling the encryption algorithm on user input,

2. checking if the result of the encryption equals the
encrypted password stored on file.

The encryption algorithm acts as an oracle.



MCS 260 L-15

Oracles and Trapdoor Functions

. 1 October 2007
passwo rd secu I’Ity

Guarding of passwords on Unix: e
functions

» the password is encrypted,
» only the encrypted password is saved on file.

Password verification consists in
1. calling the encryption algorithm on user input,

2. checking if the result of the encryption equals the
encrypted password stored on file.

The encryption algorithm acts as an oracle.
The oracle is typically a trapdoor function:
1. efficient to compute output for any input,
2. very hard to compute the inverse of an output.
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Lambda Forms

or anonymous functions

Lambda forms are functions without name, syntax:
| ambda < argunents > . < expression >

Often we want to create functions rapidly,

or to give shorter, more meaningful names.
For example, to simulate the rolling of a die:
>>> jnport random

>>> die = |lanbda : random randi nt (1, 6)
>>> die()

2

The function di e() has no arguments, but just as with
any other function, lambda forms can have default values,
keyword and optional arguments.

MCS 260 L-15

1 October 2007

lambda forms
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Use default arguments to extend di e() :
>>> jnport random

>>> die = | anbda a=1, b=6: random randi nt(a, b)

>S> dl e() lambda forms
2

>>> di e(0, 100)

34

>>> di e(a=-100)
-29
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computing with functions

Use default arguments to extend di e() :
>>> jnport random

>>> die = | anbda a=1, b=6: random randi nt(a, b)

>S> dl e() lambda forms
2

>>> di e(0, 100)

34

>>> di e(a=-100)

-29

Functions are also objects:

>>> type(die)

<type ’'function’ >

>>> die

<function <l anbda> at 0x40247294>
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Our application is to return a function

def make_oracl e():
"returns an oracle as a | anbda fornf
n = input(’ Gve secret nunber : ')
f = lanbda x: X == n
return f
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Recall the guessing of a secret. The secret itself is less
important than its function: we want an oracle to separate
those who know the secret from those who don't.

lambda forms

Our application is to return a function

def make_oracl e():
"returns an oracle as a | anbda fornf

n = input(’ Gve secret nunber : ')
f = lanbda x: x ==n
return f

In the main program:

oracl e = make_oracl e()
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The Guessing Game

with a lambda form

# L-15 MCS 260 Mbn 1 Cct 2007 an oracle
#
# Wth | anbda forns we can nake functions
# that return functions.
# lambda forms
def make_oracl e():
"returns an oracle as a | anbda fornf
n = input(’'Gve secret nunber : )
f = lanbda x: x ==
return f

1 October 2007
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with a lambda form

# L-15 MCS 260 Mbn 1 Cct 2007 an oracle
#
# Wth | anbda forns we can nake functions
# that return functions.
# lambda forms
def make_oracl e():
"returns an oracle as a | anbda fornf
n = input(’'Gve secret nunber : )
f = lanbda x: x == n
return f

oracl e = make_oracl e()

whil e True:
g = input(’GQuess the secret : ")
if oracle(g): break
print "wong, try again’

print 'found the secret’
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map(), reduce(), filter(), eval(), and apply()
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map() performs the same function on a sequence, syntax:

map ( < function >, < sequence > )

map(), reduce(), filter(),
eval(), and apply()

where the f unct i on is often anonymous.
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map() performs the same function on a sequence, syntax:

map ( < function >, < sequence > )

map(), reduce(), filter(),
eval(), and apply()

where the f unct i on is often anonymous.
Enumerate all letters of the alphabet:

>>> ord(’a’)
97
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mapping functions to lists

map() performs the same function on a sequence, syntax:

map ( < function >, < sequence > )

map(), reduce(), filter(),
eval(), and apply()

where the f unct i on is often anonymous.
Enumerate all letters of the alphabet:

>>> ord(’a’)
97

>>> chr (97)
"a
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The map() Function
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mapping functions to lists

map() performs the same function on a sequence, syntax:

map ( < function >, < sequence > )

map(), reduce(), filter(),
eval(), and apply()

where the f unct i on is often anonymous.
Enumerate all letters of the alphabet:

>>> ord(’a’)

97

>>> chr (97)

Yal

>>> map(chr, range(97, 97+26))
['a',’b’,’c’,..,’y’,,z,]

observe the use of range
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list processing

Adding corresponding elements of lists:

>>> a = range(0, 3)

>>> b = range(3, 6)

>>> map(l anbda x,y: x+y, a,b) sians
[31 5’ 7] eval(), and apply()
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list processing

Adding corresponding elements of lists:

>>> a = range(0, 3)

>>> b = range(3, 6)

>>> map(l anbda x,y: x+y, a,b) sians
[31 5’ 7] eval(), and apply()

Creating tuples, mapping None to lists (or use zi p() ):
>>> m = map( None, a, b)

>>> m

[(0, 3), (1, 4), (2, 5]

>>> zip(a,b)
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[ i 1 October 2007
list processing

Adding corresponding elements of lists:

>>> a = range(0, 3)

>>> b = range(3, 6)

>>> map(l anbda x,y: x+y, a,b) sians
[31 5’ 7] eval(), and apply()

Creating tuples, mapping None to lists (or use zi p() ):
>>> m = map( None, a, b)

>>> m

[(0, 3), (1, 4), (2, 5]

>>> zip(a,b)

Let us add the elements in the tuples of m
>>> map(l anbda x: x[0]+x[ 1], m
[3, 5, 7]



The reduce() Function

The function r educe() returns one single value from a
list, for example to compute the sum:

>>> r = range(0, 10)
>>> reduce(l anbda x,y: x+y , r)
45

The function given as argument to r educe() must
> take two elements on input,
» return one single element.

MCS 260 L-15

1 October 2007

map(), reduce(), filter(),
eval(), and apply()
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The function r educe() returns one single value from a
list, for example to compute the sum:

>>> r - range( o’ 10) map(), reduce(), filter(),
>>> reduce(l anbda x,y: x+y , r) el nd oo
45

The function given as argument to r educe() must
> take two elements on input,
» return one single element.

reduce() repeatedly replaces the first two elements of
the list by the result of the function, applied to those first
two elements, until only one element in the list is left
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Filters a sequence, subject to a criterium, syntax:
filter ( <criterium> , < sequence > )

where cri t eri umis a function returning a boolean,

and the sequence is typically a list. mep. e, fer)
. . . . eval(), and apply()

The list on return contains all elements of the input list for

which the criterium is True.
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Filters a sequence, subject to a criterium, syntax:
filter ( <criterium> , < sequence > )

where cri t eri umis a function returning a boolean,

and the sequence is typically a list. mep. e, fer)
. . . . eval(), and apply()

The list on return contains all elements of the input list for

which the criterium is True.

Sieve methods to compute primes:
>>> 5 range( 2, 100)
>>> s filter(lanbda x: x% !'= 0,5s)
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Filters a sequence, subject to a criterium, syntax:
filter ( <criterium> , < sequence > )

where cri t eri umis a function returning a boolean,

and the sequence is typically a list. mep. e, fer)
. . . . eval(), and apply()

The list on return contains all elements of the input list for

which the criterium is True.

Sieve methods to compute primes:

>>> s = range(2, 100)
>>> s = filter(lanbda x: x% != 0,s)
>>> g = filter(lanbda x: x¥%3 != 0,s)
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Filters a sequence, subject to a criterium, syntax:
filter ( <criterium> , < sequence > )

where cri t eri umis a function returning a boolean,

and the sequence is typically a list. mep. e, fer)
. . . . eval(), and apply()

The list on return contains all elements of the input list for

which the criterium is True.

Sieve methods to compute primes:

>>> s = range(2, 100)

>>> s = filter(lanbda x: x% != 0,s)
>>> g = filter(lanbda x: x¥%3 != 0,s)
>>> g = filter(lanbda x: x% != 0,s)
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Filters a sequence, subject to a criterium, syntax:
filter ( <criterium> , < sequence > )

where cri t eri umis a function returning a boolean,

and the sequence is typically a list. mep. e, fer)
. . . . eval(), and apply()

The list on return contains all elements of the input list for

which the criterium is True.

Sieve methods to compute primes:

>>> s = range(2, 100)

>>> s = filter(lanbda x: x% != 0,s)
>>> g = filter(lanbda x: x¥%3 != 0,s)
>>> g = filter(lanbda x: x% != 0,s)
>>> s = filter(lanbda x: x% != 0,s)

first element of the list s is always a prime



Evaluation of Expressions

with eval()

The eval () executes an expression string.

def make_fun():
S
X
f
return f

raw_ i nput (' gi ve an expression :
raw_i nput (' gi ve the variable nane :
| ambda x :

eval (s)

")

")

MCS 260 L-15

1 October 2007

map(), reduce(), filter(),
eval(), and apply()
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Evaluation of Expressions
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with eval()

The eval () executes an expression string.

def make_fun():

map(), reduce(), filter(),

s = raw_input (' give an expression : ') vl and appy0
X = raw_input(’'give the variable nane : ')
f = lanbda x : eval (s)
return f
g = make_fun()
v = input(’'give a value : ")
y =9(v)

print 'the expression evaluated at %' %v
print 'gives %% ' %y
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delayed evaluation

Running evalshow.py at the command prompt $:

$ pyt hon eval show. py S,
gi ve an expression : 2*x**6 - x + 9.9 ol and 2600
give the variable nane : x

give a value : -0.4512

t he expression evaluated at -0.451200

gi ves 10. 368075



lllustration of evalshow.py

delayed evaluation

Running evalshow.py at the command prompt $:

$ pyt hon eval show. py

gi ve an expression : 2*x**6 - x + 9.9
give the variable nane : x

give a value : -0.4512

t he expression evaluated at -0.451200
gi ves 10. 368075

With eval () we delay the evaluation of the expression

entered by the user,
till a value for the variable is provided.

MCS 260 L-15

1 October 2007

map(), reduce(), filter(),
eval(), and apply()



The apply() Function

Syntax:
apply ( < function name >, < argunents > )

Althoughy = appl y(f, x) equalsy = f(x),
the appl y is useful when not only the arguments,
but also the function is only known at run time.

MCS 260 L-15

1 October 2007

map(), reduce(), filter(),
eval(), and apply()



The apply() Function

Syntax:
apply ( < function name >, < argunents > )

Althoughy = appl y(f, x) equalsy = f(x),
the appl y is useful when not only the arguments,
but also the function is only known at run time.

Typical example: a simple calculator.

$ python cal cul ator. py
give first operand : 3
gi ve second operand : 4
operator ? (+,-,*) *
3* 4 =12

MCS 260 L-15

1 October 2007

map(), reduce(), filter(),
eval(), and apply()
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# L-15 MCS 260 Mon 1 Cct 2007 : apply
#
# apply() in a sinmple # cal cul ator e

# eval(), and apply()

fromoperator inport add, sub, mul



The Program calculator.py MCS 260L-15

apply() avoids if else elif 1 October 2007

# L-15 MCS 260 Mon 1 Cct 2007 : apply
#

# apply() in a sinmple # cal cul ator e e

# eval(), and apply()

fromoperator inport add, sub, mul

ops ={ "+ :add, '-':sub, "*': mul }



The Program calculator.py MCS 260 L-15

apply() avoids if else elif 1 October 2007

# L-15 MCS 260 Mon 1 Cct 2007 : apply
#

# apply() in a sinmple # cal cul ator e e

# eval(), and apply()

fromoperator inport add, sub, mul

ops ={ "+ :add, '-':sub, "*': mul }
a = input(’ give first operand : ')
b = input(’give second operand : ")

op = raw_i nput (' operator ? (+,-,*) ")



The Program calculator.py MCS 260 L-15

apply() avoids if else elif 1 October 2007

# L-15 MCS 260 Mon 1 Cct 2007 : apply
#

# apply() in a sinmple # cal cul ator e e

# eval(), and apply()

fromoperator inport add, sub, mul

ops ={ "+ :add, '-':sub, "*': mul }
a = input(’ give first operand : ')
b = input(’give second operand : ")

op = raw_i nput (' operator ? (+,-,*) ")

c = apply(ops[op], (a, b))



The Program calculator.py MCS 260 L-15

apply() avoids if else elif 1 October 2007

# L-15 MCS 260 Mon 1 Cct 2007 : apply
#

# apply() in a sinmple # cal cul ator e e

# eval(), and apply()

fromoperator inport add, sub, mul

ops ={ "+ :add, '-':sub, "*': mul }
a = input(’ give first operand : ')
b = input(’give second operand : ")

op = raw_i nput (' operator ? (+,-,*) ")
¢ = apply(ops[op],(a, b))
print "% % % = %d’ % (a, op, b, C)
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a functional implementation

Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
2.m:={(x,y)eP:x2+y2<1}

3. the estimate is then 4 x m/n

map(), reduce), filter(),
eval(), and apply()
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Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
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3. the estimate is then 4 x m/n

map(), reduce(), filter(),
eval(), and apply()

Main ingredients in a functional implementation:
1.u = lanbda i: randomuniform0, 1)
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Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
2.m:={(x,y)eP:x2+y2<1}

3. the estimate is then 4 x m/n

map(), reduce(), filter(),
eval(), and apply()

Main ingredients in a functional implementation:
1.u = lanbda i: randomuniform0, 1)
2. map u onrange(0, n) twice forx and y
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a functional implementation

Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
2.m:={(x,y)eP:x2+y2<1}

3. the estimate is then 4 x m/n

map(), reduce(), filter(),
eval(), and apply()

Main ingredients in a functional implementation:
1.u = lanbda i: randomuniform0, 1)
2. map u onrange(0, n) twice forx and y
3. map( None, X, y) returns list of tuples
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Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
2.m:={(x,y)eP:x2+y2<1}

3. the estimate is then 4 x m/n

map(), reduce(), filter(),
eval(), and apply()

Main ingredients in a functional implementation:
1.u = lanbda i: randomuniform0, 1)
2. map u onrange(0, n) twice forx and y
3. map( None, X, y) returns list of tuples
4.t = lanbda (x,y): x**2 + y**2 <=1
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Monte Carlo without Loops

a functional implementation

1 October 2007

Recall the Monte Carlo method to estimate :
1. generate n points P in [0,1] x [0, 1]
2.m:={(x,y)eP:x2+y2<1}

3. the estimate is then 4 x m/n

map(), reduce(), filter(),
eval(), and apply()

Main ingredients in a functional implementation:
1.u = lanbda i: randomuniform0, 1)
2. map u onrange(0, n) twice forx and y
3. map( None, X, y) returns list of tuples
4.t = lanbda (x,y): x**2 + y**2 <=1
5. f =filter(t,z)

without loops!
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Monte Carlo without loops

# L-15 MCS 260 Mon 1 Cct 2007 | anbda

#

# lllustration of lanbda forms in

# a Monte Carlo nethod for Pi.

# map(), reduce(), filter(),
i mport random v end eee0
n = input(’ Gve nunber of sanples : ")

r = range(0,n)

u = lanmbda i: randomuniform0, 1)
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Monte Carlo without loops

# L-15 MCS 260 Mon 1 Cct 2007 | anbda

#

# lllustration of lanbda forms in

# a Monte Carlo nethod for Pi.

# map(), reduce(), filter(),
i mport random v end eee0
n = input(’ Gve nunber of sanples : ")

r = range(0,n)

u = lanmbda i: randomuniform0, 1)

X = map(u,r)

y = map(u,r)

z = map(None, X, y)
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Monte Carlo without loops

# L-15 MCS 260 Mon 1 Cct 2007 | anbda

#

# lllustration of lanbda forms in

# a Monte Carlo nethod for Pi.

# map(), reduce(), fiter(),
i nport random el end 2BV
n = input(’Gve nunmber of sanples : ")

r = range(0,n)

u = lanmbda i: randomuniform0, 1)

X = map(u,r)

y = map(u,r)

z = map(None, X, y)

t = lanbda (Xx,y): X**2 + y**2 <=1

f =filter(t, z)

p =4.0*len(f)/n

print 'estimate for Pi : %' %p
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Anonymous Functions in Maple MCS 260 L15
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To simulate rolling a die in Maple:
> die :=rand(1..6):
> die();
4

The function r and returns a function, which is then
assigned to di e.

2ip(), map(), select()
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To simulate rolling a die in Maple:
> die :=rand(1..6):
> die();
4

The function r and returns a function, which is then

assigned to di e.

Sequences are made via seq or with the $: T RTRETT
> A = seq(die(),k=1..5): # throwing 5 tines

> B :="die() $5: # the quotes!



Anonymous Functions in Maple MCS 260 L15

1 October 2007
To simulate rolling a die in Maple:
> die :=rand(1..6):
> die();
4

The function r and returns a function, which is then
assigned to di e.

Sequences are made via seq or with the $: T RTRETT
> A = seq(die(),k=1..5): # throwing 5 tines
> B :="die() $5: # the quotes!

List processing: combining, selecting, and mapping:
> L :=zip((x,y) -> x+y, [A,[B]); # on lists
L:=1[975,5,8]
> select(x ->x > 5, L);
[9,7, 8]
> map(x -> x"2, L);
[ 81, 49, 25, 25, 64]
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We covered in the lecture:

» end of chapter 5 in Making Use of Python;

» pages 606-607 in The Art & Craft of Computing.
Assignments:

1. Generate the list [(1,1),(1,2),(1,3),(1,4), .. ,(1,n)], for
any given n. Use this list then to create all fractions
1.0/k, for k from 1 to n. Finally, use r ound() to Summary &
round all fractions to two decimal places.

2. The exponential function can be approximated via
Nk

Z )l(<_l Write a Python program using nmap() and
k=0

réduce( ) , to evaluate this approximation for a user
given value of x and n.

Homework will be collected on Monday 8 October.



