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Design cycle

describe and analyze the problem
what should the program do ?

what is the input, and what is the expected output ?

design an algorithm (pseudocode)

how do achieve to the result?

convert algorithm into source code

following syntax rules of chosen programming language
compile source code into machine language
execute the program

trace potentional errors (debugging)
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Quantifiers

a sequence of numbers
a number of years

a heap of books

a list of names

o a stack of pancakes
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Lists

list: mutable sequence of objects

objects that make up a list are called its elements

sequences are ordered

lists, tuples and strings are examples of sequences ‘
elements in a list are identified by their index ’
: simplest way to create a new list

enclose the elements in square brackets

separate the elements using comma's

}.‘) >>> gases = ['He', 'Ne', 'Ar', 'Kr']
'}} >>> print (gases)
o

['He', 'Ne', 'Ar', 'Kr']

S Tl
>>> print(gases|[(], gases[-1])

% UNIVERSITEIT

I GENT He Kr
f 14




list: mutable sequence of objects

“Think of lists as 1 -dimensional
arvays or vectors, that resize
automatically if needed.”

>>> gases = ['He', 'Ne', 'Ar', 'Kr']
>>> print (gases)

‘%#%ﬁgit\ ['He', 'Ne', 'Ar', 'Kr']

>>> print(gases[(], gases[-1])
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.+ list: mutable sequence of objects

ﬁ

" ~ "mutable" means that elements can be changed in place

~ this is not possible for strings

© strings are immutable

>>> gases = ['He', 'Ne', 'Ar', 'Kr']
>>> gases[(0] = 'Xe'

>>> gases[-1] = 'Rn'

>>> print (gases)

['Xe', 'Ne', 'Ar', 'Rn']




list: mutable sequence of objects

"of objects" means that lists can hold objects of any type
even elements of mixed types

even lists of lists (nested lists)

o “Strings are homogeneous,
lists are heterogeneous.”

*‘* >>> gases = ['He', 'Ne', 'Ar', 'Kr']

K} } >>> atomicNumber = [Z, , , ]

‘IIIIIII >>> atomicMass = | , , , ]

\UN‘IVERSITEIT >>> helium = ['He', 'Helium', , ]

IGEN >>> gases = [['He', 2], ['Ne', ], ['Ar', 11
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- Lists

list: mutable sequence of objects

[]1 represents an empty list

like the numeric value 0 and the empty string ' ',
the empty list is False in a boolean expression

)

frw >>> gases = []

¥« >>> if gases:

Y f_.fl . . print ('There are gases in the list.') ’,
!}} ... else: f.'vl
‘ﬁTﬁ 5. . print ('There are no gases in the list.') §4
W UNIERSITEIT | * - %)
“N} There are no gases in the list. '

' 7




Lists

list: mutable sequence of objects

lists contain objects and are objects themselves
can be assigned to variables
can be returned as the result of a function

can be passed as an argument to a function

od

* >>> gases = ['He', 'Ne', 'Ar', 'Kr']

'3L‘ >>> def reversed(list):

' . return list[::-1] |
g (;
% Tmi &
& \rera >>> reversed (gases) :
W UNIVERSITEIT 11

.

GEN;T ['Kr', 'Ar', 'Ne', 'He']
.i d




List methods

string methods return a new string (immutable)

ri
s

list methods modify an existing list (mutable)

>>> metals = ['gold', 'iron', 'lead', 'gold']

method functionality example result
append add to the end of the list metals.append('tin') ['gold', 'iron', 'lead',
'gold', 'tin']
count count how often object appears in list metals.count('gold') 2
index find position of first occurrence of object metals.index('iron') 1
in list (raises ValueError if not found) metals.index('sulphur') ValueError
insert insert object into the list metals.insert (2, 'silver') ['gold', 'iron', )
l 'silver', 'lead',6 'gold']
W remove remove first occurrence of object from metals.remove ('gold') ['iron’, 'lead', 'gold'] |
the list
“ 4
. reverse reverse the list in place metals.reverse () ['gold', 'lead', 'iron', '1
, 'gold']
sort sort the list in place metals.sort() ['gold', 'gold', 'iron',

'lead’']



f' List methods

1 ;
L index () method raises an error if object was not found ‘
all methods work in place
they modify the original list (except count () and index ())
they return None as a result (except pop () ) |
>>> metals = ['gold', 'iron', 'lead', 'gold']
>>> metals.index('sulphur')
| ValueError: list.index(x): x not in list
A >>> metals.sort ()
' >>> print (metals) A
[T
~f* ['gold', 'gold', 'iron', 'lead'] U
'4|wu >>> metals = metals.reverse () # error !! g
CUNIVERSITEIT | >>> print (metals) T
GENT e
- 7
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https://dodona.be/en/exercises/222376018/
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Accessing elements

same as for accessing characters of a string (bracket operator)

indexing: access individual elements

integer expression between square brackets

>>> gases =

['He', 'Ne', 'Ar', 'Kr']

>>> print (gases)

['He' , 'Ne'

'Ar' , lKrV]

>>> print (gases[0])

He

>>> print(gases[-1])

Kr

>>> print (gases[4])

IndexError:
>>> gases|
IndexError:

list index out of range

]

list index out of range

k‘

J 1
\(’




Accessing elements

same as for accessing characters of a string (bracket operator) ‘

indexing: access individual elements

integer expression between square brackets

>>> gases = ['He', 'Ne', 'Ar', 'Kr']
>>> gases[Y - ]

lNel

>>> gases| ]

TypeError: list indices must be integers, not float

L >>>

>>> gases = [['He', 2], ['Ne', 10], ['Ar', 18]]

 }} >>> gases|[1] g
~A 'Ne' 10] r‘l
“m ['Ne', \‘.."

W UNIERSITEIT | >>> gases[1]1[0]

l

GENT 'Ne'
A %

g




Accessing elements

same as for accessing characters of a string (bracket operator) w

indexing: access individual elements
integer expression between square brackets
list[i] = obj
assigns object obj to position i in 1list

lists are mutable!!

| >>> gases = ['He', 'Ne', 'Ar', 'Kr']
{0 >>> print (gases)

,"'I‘\‘} ['He" 'Ne|’ lAr|’ lKr|]
!}W@ >>> gases[0] = 'H'

—_ >>> gases = 'Xe'
9 T g [-1]

'MEENHBHHT >>> print (gases)

3

GENT ['H', 'Ne', 'Ar', 'Xe']
I"r 7




Accessing elements

]
| | |
L same as for accessing characters of a string (bracket operator) ‘
indexing: access individual elements
integer expression between square brackets
list[i] = obj |
append () method: add element at the end of the list
>>> gases = ['H', 'He', 'Ne', 'Ar']
&J >>> gases.append('Kr')
’L“ >>> gases.append('Xe')
'}a >>> gases.append('Rn') g
. J 1
1@ >>> gases.append('Uuo') @
“fﬁE;HBHHT >>> print (gases) ‘W
: ‘GENT [le, 'He', 'Ne', 'Ar', 'Kr', 'Xe', an|, lUuol] '
I.'T 7




f" Accessmg elements

* ;
it L
- same as for accessing characters of a string (bracket operator) ‘

indexing: access individual elements

slicing: generate subsequence of elements from list

>>> gases = ['H','He','Ne','Ar','Kr','Xe','Rn'] |
| >>> gases|[1: 2]

[ 'He' , 'Ne' ]

>>> gases|[:4]

['H'[ 'He|, 'Ne|, 'ArV]
&J >>> gases|[4:]

['Krl’ 'xe', anl]
'”a >>> gases|[:] ;
gf y |
“"”“I ['H', 'He|, |Ne" 'Ar|, lKr|, |xe|, anV] "i

L UNIVERSITEIT | >>> gases[::2] T

GENT ['H', 'Ne', 'Kr', 'Rn']

I.' | 4




Traverse list elements
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W Traverse list elements
,}1;1

list traversal: processing pattern that iterates over the
elements of a list one by one

gases = ['H','He','Ne','Ar"','Kr','Xe','Rn','Uuo']

i=

while i <
print (gases[i])
i+=




Traverse list elements

list traversal: processing pattern that iterates over the
elements of a list one by one

built-in function 1en () determines the number of
elements in a list

>>> len(['spam!', 1, [1, 2, 3],
['Brie', 'Roquefort', 'Pol le Veq'l]l])

A >
§;‘ §' gases = ['H','He','Ne','Ar"','Kr','Xe','Rn','Uuo']
, 3
!}} ] N=— 4
|
while i < len(gases): [
4|||||| .y g[.]) &
rin ases |1 :
% UNIVERSITEIT I,’ & '*1
GEN 1 += |
k 2




Traverse list elements

8]
list traversal: processing pattern that iterates over the %
elements of a list one by one

built-in function 1en () determines the number of
elements in a list

od

; , >
* | § gases = ['H','He','Ne','Ar','Kr','Xe','Rn', 'Uuo’']
¥y %

o >
" < =l for i in range(len (gases)) :

. € ) .

— rint (gases [1])
‘% | g

UNIVERSITEIT

GENT
h 2
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Traverse list elements

ﬁﬂ'" :

list traversal: processing pattern that iterates over the w
elements of a list one by one

built-in function 1en () determines the number of
elements in a list ‘

lists are iterable objects |

elements can be traversed using a for loop

W >
§; §' gases = ['H','He','Ne','Ar"','Kr','Xe','Rn','Uuo']
'u =8 for gas in gases:
Wi -
4||||||| print(gas)
UNIVERSITEIT

GENT
Ii 2
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r Traverse list elements

b list traversal: processing pattern that iterates over the

elements of a list one by one
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built-in function 1en () determines the number of

elements in a list

lists are iterable objects

numbers = [, 2,

for index in range (len (numbers)) :

numbers |[index]

print (numbers)

numbers[index] ** 2




Traverse list elements

.
. | | |
L list traversal: processing pattern that iterates over the ‘
elements of a list one by one
built-in function 1en () determines the number of
elements in a list |
lists are iterable objects |
built-in function enumerate () returns an iterator
that both gives the index and the value of an element
)
) © numbers = [1, ’ ’ ’ ]
¥\ 2
N g
'} [ Y for index, number in enumerate (numbers) : .
1/_\ numbers[index] = number ** 2 [ l
I,
% UNIVERSITEIT T

GENT print (numbers)
. I 4
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List membership

object in list

boolean expression is True if the object occurs in the list

>>> from category import category
>>> category('Po')

'semiconductor'’

>>> category('Cr')

'metal’

def category(element) :

if element in ['He',6 'Ne','Ar','Kr','Xe','Rn','Uuo']:
return 'noble gas'

elif element in ['B','Si','Ge','As','Sb','Te','Po','At','Uus']
return 'semiconductor'

elif element in ['H','C','N','O','F','P','S','Cl','Se','Br',"'1I]
return 'non-metal'

else:

return 'metal’

~
- 4
I W N WY
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List membership

object in list

boolean expression is True if the object occurs in the list

>>> from category2 import category
>>> category ('Cl'")

'non-metal'’

>>> category('Xe')

'noble gas'

def category(element) :

if element in 'HeNeArKrXeRnUuo':
return 'noble gas'

elif element in 'BSiGeAsSbTePoAtUus':
return 'semiconductor'

elif element in 'HCNOFPSClSeBrl':
return 'non-metal'

else:

return 'metal’




List operations

5

i operator +: concatenates lists }

operator *: repeates a list a given number of times

>>> element = 'carbon' |
>>> mass = '14'

>>> print(element + '-' + mass)
carbon-14

. >>> lanthanides = ['Ce', 'Pr', 'Nd']
&f) >>> actinides = ['Th', 'Pa',6 'U']
';N» >>> all = lanthanides + actinides
‘JZEL >>> print (all)

‘m ['Ce', 'Pr', 'Nd', 'Th', 'Pa', 'U']

< TNV >>> print (actinides *
%, UNIVERSITEIT print(actinides )

GENT ['Th', 'Pa', 'U', 'Th', 'Pa', 'U', 'Th', 'Pa', 'U']
h’ 7




List operations

*."'1”
i |
L operator +: concatenates lists
operator *: repeates a list a given number of times
list (string): creates a list with characters of the string
>>> actinides + 'NP' l
TypeError: can only concatenate list (not "str") to list
>>> actinides + ['NP']
[lThl, 'Pa|’ IUI, INPI]
‘ >>> water = 'H20'
?fu >>> print(list(water))
'._r. ['H', '2', '0'] ¢
w?’é >>> actinides J 1
—
% T ['Th', 'Pa', 'U']
I:WNERSITE'T >>> -1, JOln (actinideS)
e GENT 'Th-Pa-U'
.’ Z




" Integer iterators

w range () function

negative step size - value of first argument should
be greater than value of second argument

>>> list(range(l, 5))
[1, 2, 3, 4]
>>> list(range (10))

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

&:« >>> list(range(1l, , 2))

g [1, 3, 5, 7, 9]

!};ﬁ' >>> list(range (20, 4, )) i
& [20, 15, 10, 5] ((
1KEEEHBHHT >>> list(range (10, , )) ii

.

GENI []
A 14




Chocolate bars



https://dodona.be/en/exercises/790384696/
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i Mutability

strings are immutable

lists are mutable

item assignment: assignment to an element of a list

>>> element = 'cesium'

>>> element[”’] = 'r'

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: 'str' object does not support item assignment

>>> element = list(element)

>>> print (element)

['c', 'e', 's', '"1', "u', 'm']

>>> element[”’] = 'r'

>>> print (element)

['c', 'e', 'x', '1', '"u', 'm']

>>> ''_ join(element)

'cerium'




Mutability

W - strings are immutable

lists are mutable

slice assighment: assignment to a list slice

>>> print (element)

['e', 'e', 'xr', '"i', "u', 'm']
: >>> element[l] = 'h'

>>> element[Z:5] = ['o', 'o']
>>> print (element)

v ['e', 'h', 'r', 'o', 'Oo', 'm']

;;K >>> '' join(element)

b
‘g
& i

—
I
QL
"L UNIVERSITEIT | >>> ''.join(element)

)

GENI 'chromosoom'
‘ 4

'chroom'
>>> element[4:4]
>>> print (element)

I
5
J
J
J

[lcl, lh', 'r', 'O', |m|, 'o', 's', lo|, 'ol, lm']

4
L
B W 3




- Delete elements

W | replace slice by empty list
keyword del

>>> element = list('ytterbium')
>>> element[:2] = []
>>> print (element)
'. ['t', 'e', 'x', 'b', 'i', 'u', 'm']
>>> element[:1] = []
>>> print (element)
W ['e', 'x', 'b', 'i', 'u', 'm']
-'fx >>> element = list('ytterbium')
& > >>> del element[:2]
" >>> print (element)

/fg\ ['t', 'e', '', 'b', 'i', 'u', 'm']
‘@ >>> del element[:1]
"k:UN'IVERSITEIT >>> print (element)

)

IGEN;[- ['el’ 'r', lbl’ lil’ 'u" lml]

4
L
B W 3
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% HAs DESIGNATED
S ~ YTTERBY MINE
AN H}STORICAL‘ I.ANDMARK ;
Four periodic elements ‘= Yftrium, Terblum, Erblum,
and Yiterblum — were Isolated from the black stone

gadolinite mind% here, and were named after the
Yiterby Mine. ST %5

Ytterby, the village in Sweden which has 4 elements in
the Periodic Table named after this one single town —
yttrium(Y), erbium(Er), terbium(Tb) and ytter . (Yl?)




Circadial permutator



https://dodona.be/en/exercises/647869370/

Homework (next lecture)

course book

> read chapter 8 (modules)

read problem description of demo exercises
> Manhattan

> Hermit crabs

> Minesweeper

N
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https://dodona.be/en/exercises/700506801/
https://dodona.be/en/exercises/863170715/
https://dodona.be/en/exercises/1825323228/

Homework (hands-on sessions)

Python help
> read through list methods: help(list)

hands-on session next week

> Monday: finish mandatory exercises (series O5)

N
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