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0.1 Plan for week 40

• Excercise 5.14, A.14

• A new object type: dictionary

• More advanced string manipulation
(mainly for reading files)

0.2 Exercise A.14 a
Difference equations:

s0 = 0,

a0 = x

sj = sj−1 + aj−1,

aj = − x2

(2j + 1)2j
aj−1.

0.3 A dictionary is a generalization of a list

• Features of lists:

– store a sequence of elements in a single object ([1,3,-1])
– each element is a Python object
– the elements are indexed by integers 0, 1, ...



• Dictionaries can index objects in a collection via text
(= “lists with text index”)

• Dictionary in Python is called hash, HashMap and associative array in
other languages

0.4 The list index is sometimes unnatural for locating an
element of a collection of objects

Suppose we need to store the temperatures in Oslo, London and Paris.
List solution:
temps = [13, 15.4, 17.5]
cities = ['Oslo', 'London', 'Paris']
print(f'The temperature in {cities[0]} is {temps[0]}')

It would be more natural to write temps[Oslo]!

0.5 Dictionaries map strings to objects

# Initialize dictionary
temps = {'Oslo': 13, 'London': 15.4, 'Paris': 17.5}

# Applications
print 'The temperature in London is', temps['London']
print 'The temperature in Oslo is', temps['Oslo']

Important:

• The string index, like Oslo, is called key, while temps[’Oslo’] is the
associated value

• A dictionary is an unordered collection of key-value pairs

0.6 Initializing dictionaries
Two ways of initializing a collection of key-value pairs:

mydict = {'key1': value1, 'key2': value2, ...}

temps = {'Oslo': 13, 'London': 15.4, 'Paris': 17.5}

# or
mydict = dict(key1=value1, key2=value2, ...)

temps = dict(Oslo=13, London=15.4, Paris=17.5)

Add a new element to a dict (dict = dictionary):
>>> temps['Madrid'] = 26.0
>>> print temps
{'Oslo': 13, 'London': 15.4, 'Paris': 17.5,
'Madrid': 26.0}
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0.7 Looping (iterating) over a dict means looping over the
keys

for key in dictionary:
value = dictionary[key]
print(value)

Example:
>>> for city in temps:
... print(f'The temperature in {city} is {temps[city]}.')
...
The temperature in Paris is 17.5
The temperature in Oslo is 13
The temperature in London is 15.4
The temperature in Madrid is 26.0

Note: the sequence of keys is arbitrary! Use sorted if you need a particular
sequence:

for city in sorted(temps): # alphabetic sort of keys
value = temps[city]
print value

0.8 Can test for particular keys, delete elements, etc
Does the dict have a particular key?

>>> if 'Berlin' in temps:
... print 'Berlin:', temps['Berlin']
... else:
... print 'No temperature data for Berlin'
...
No temperature data for Berlin
>>> 'Oslo' in temps # standard boolean expression
True

Delete an element of a dict:
>>> del temps['Oslo'] # remove Oslo key w/value
>>> temps
{'Paris': 17.5, 'London': 15.4, 'Madrid': 26.0}
>>> len(temps) # no of key-value pairs in dict.
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0.9 The keys and values can be reached as iterators
The methods temps.keys() and temps.values() return the keys and values

as iterators, which are list-like objects that can be looped over:
>>> for city in temps.keys():
>>> print city
...
Paris
Madrid
London
>>> keys_list = list(temps.keys()) # Py 3: iterator -> list
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0.10 Caution: two variables can alter the same dictionary

>>> t1 = temps
>>> t1['Stockholm'] = 10.0 # change t1
>>> temps # temps is also changed!
{'Stockholm': 10.0, 'Paris': 17.5, 'London': 15.4,

'Madrid': 26.0}
>>> t2 = temps.copy() # take a copy
>>> t2['Paris'] = 16
>>> t1['Paris'] # t1 was not changed
17.5

Recall the same for lists:

>>> L = [1, 2, 3]
>>> M = L
>>> M[1] = 8
>>> L[1]
8
>>> M = L[:] # take copy of L
>>> M[2] = 0
>>> L[2]
3

0.11 Any constant object can be used as key

• So far: key is text (string object)

• Keys can be any immutable (constant) object (!)

>>> d = {1: 34, 2: 67, 3: 0} # key is int
>>> d = {13: 'Oslo', 15.4: 'London'} # possible
>>> d = {(0,0): 4, (1,-1): 5} # key is tuple
>>> d = {[0,0]: 4, [-1,1]: 5} # list is mutable/changeable
...
TypeError: unhashable type: 'list'

0.12 Example: Polynomials represented by dictionaries
The information in the polynomial

p(x) = −1 + x2 + 3x7

can be represented by a dict with power as key (int) and coefficient as value
(float):

p = {0: -1, 2: 1, 7: 3.5}
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Evaluate such a polynomial
∑

i∈I cix
i for some array x:

def eval_poly_dict(poly, x):
sum = 0.0
for power in poly:

sum += poly[power]*x**power
return sum

Shorter pro version:

def eval_poly_dict(poly, x):
# Python's sum can add elements of an iterator
return sum(poly[power]*x**power for power in poly)

0.13 Polynomials can also be represented by lists
The list index corresponds to the power, e.g., the data in −1 + x2 + 3x7 is

represented as

p = [-1, 0, 1, 0, 0, 0, 0, 3]

The general polynomial
∑N

i=0 cix
i is stored as [c0, c1, c2, ..., cN].

Evaluate such a polynomial
∑N

i=0 cix
i for some x:

def eval_poly_list(poly, x):
sum = 0
for power in range(len(poly)):

sum += poly[power]*x**power
return sum

0.14 What is best for polynomials: lists or dictionaries?
Dictionaries need only store the nonzero terms. Compare dict vs list for the

polynomial 1 − x200:

p = {0: 1, 200: -1} # len(p) is 2
p = [1, 0, 0, 0, ..., 200] # len(p) is 201

Dictionaries can easily handle negative powers, e.g., 1
2 x−3 + 2x4

p = {-3: 0.5, 4: 2}
print eval_poly_dict(p, x=4)
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0.15 Summary of dictionary functionality
Construction Meaning

a = {} initialize an empty dictionary
a = {'point': [0,0.1], 'value': 7} initialize a dictionary
a = dict(point=[2,7], value=3) initialize a dictionary w/string keys
a.update(b) add/update key-value pairs from b in a
a.update(key1=value1, key2=value2) add/update key-value pairs in a
a[’hide’] = True add new key-value pair to a
a[’point’] get value corresponding to key point
for key in a: loop over keys in unknown order
for key in sorted(a): loop over keys in alphabetic order
’value’ in a True if string value is a key in a
del a[’point’] delete a key-value pair from a
list(a.keys()) list of keys
list(a.values()) list of values
len(a) number of key-value pairs in a
isinstance(a, dict) is True if a is a dictionary
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