
COMP 144
Programming Language Concepts
Lecture 7: Python’s Built-in Types and Basic Statements

January 25, 2002

Felix Hernandez-Campos 1

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

11

Lecture 7: Python’s BuiltLecture 7: Python’s Built--in in 
Types and Basic StatementsTypes and Basic Statements

COMP 144 Programming Language ConceptsCOMP 144 Programming Language Concepts
Spring 2002Spring 2002

Felix HernandezFelix Hernandez--CamposCampos

Jan 25Jan 25

The University of North Carolina at Chapel HillThe University of North Carolina at Chapel Hill

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

22

BuiltBuilt--in Data Structures: Listsin Data Structures: Lists

•• A list is an A list is an ordered collection of objectsordered collection of objects
•• Lists can contain Lists can contain anyany type of object type of object 

•• Lists are Lists are mutablemutable

•• ExamplesExamples
[][] Empty listEmpty list
[1, ”2”, 3.0][1, ”2”, 3.0] ThreeThree--element listelement list
[1, [”2”, 4], 3.0][1, [”2”, 4], 3.0] Nested listNested list
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Lists: Accessing ItemsLists: Accessing Items

•• Syntax:Syntax: list[index]list[index]
–– Indexing from the left starts at 0Indexing from the left starts at 0
–– E.g.E.g.
>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> l[0]l[0]
11
>>> >>> l[2]l[2]
3.03.0
>>> >>> l[1]l[1]
['2', 4]['2', 4]
>>> >>> l[3] = 4l[3] = 4
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#17>", line 1, in ?#17>", line 1, in ?
l[3] = 4l[3] = 4

IndexErrorIndexError: list assignment : list assignment index out of rangeindex out of range
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Lists: Accessing ItemsLists: Accessing Items

•• Syntax:Syntax: list[list[--index]index]
–– Indexing from the right starts at Indexing from the right starts at --11
–– E.g.E.g.
>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> l[l[--1]1]
3.03.0
>>> >>> l[l[--3]3]
11
>>> >>> l[l[--4]4]
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#29>", line 1, in ?#29>", line 1, in ?
l[l[--4]4]

IndexErrorIndexError: list : list index out of rangeindex out of range
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Lists: Deleting ItemsLists: Deleting Items

•• Syntax: Syntax: del list[index]del list[index]
–– E.g.E.g.

>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> del l[2]del l[2]
>>> >>> ll
[1, ['2', 4]][1, ['2', 4]]
>>> >>> del l[2]del l[2]
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#16>", line 1, in ?#16>", line 1, in ?
del l[2]del l[2]

IndexErrorIndexError: list assignment : list assignment index out of rangeindex out of range
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Lists: LengthLists: Length

•• Syntax: Syntax: lenlen(list)(list)
–– E.g.E.g.

>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> lenlen(l)(l)
33
>>> >>> l = []l = []
>>> >>> lenlen(l)(l)
00
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Lists: Constructing Lists Lists: Constructing Lists 

•• ConcatenationConcatenation
–– Syntax: Syntax: list1 + list2list1 + list2

–– E.g.E.g.
>>> >>> l1 = [1, 2]l1 = [1, 2]
>>> >>> l1 + [3, 4, 5]l1 + [3, 4, 5]
[1, 2, 3, 4, 5][1, 2, 3, 4, 5]

•• RepetitionRepetition
–– Syntax: Syntax: list * integerlist * integer

–– E.g.E.g.
>>> >>> [1, 2] * 5[1, 2] * 5
[1, 2, 1, 2, 1, 2, 1, 2, 1, 2][1, 2, 1, 2, 1, 2, 1, 2, 1, 2]
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Lists: Constructing Lists Lists: Constructing Lists 

•• SlicingSlicing
–– Syntax: Syntax: list[i:j]list[i:j]

–– E.g.E.g.
>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> l[1:2]l[1:2]
[['2', 4]][['2', 4]]
>>> >>> l[0:l[0:--2]2]
[1][1]
>>> >>> l[1:l[1:--2]2]
[][]
>>> >>> l[1:l[1:--3]3]
[][]
>>> >>> l[1:3] = [2, 3]l[1:3] = [2, 3]
>>> >>> ll
[1, 2, 3][1, 2, 3]
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Lists: Constructing ListsLists: Constructing Lists

•• RangesRanges
–– Syntax: Syntax: range(start, end, step)range(start, end, step)

–– Default values for start (0) and step (1)Default values for start (0) and step (1)
–– E.g.E.g.
>>> >>> range(1,100,10)range(1,100,10)
[1, 11, 21, 31, 41, 51, 61, 71, 81, 91][1, 11, 21, 31, 41, 51, 61, 71, 81, 91]
>>> >>> range(1,13)range(1,13)
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13][1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]
>>> >>> range(3)range(3)
[0, 1, 2][0, 1, 2]
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Lists: MethodsLists: Methods

•• Inserting an item at a given positionInserting an item at a given position
–– Syntax: Syntax: list.insert[index, item]list.insert[index, item]

–– E.g.E.g.
>>> >>> l = [1, ["2", 4], 3.0]l = [1, ["2", 4], 3.0]
>>> >>> l.insert(0, 8.3)l.insert(0, 8.3)
>>> >>> ll
[8.3, 1, ['2', 4], 3.0][8.3, 1, ['2', 4], 3.0]

•• Adding an item at the end of the listAdding an item at the end of the list
–– Syntax: Syntax: list.append[item]list.append[item]

–– E.g.E.g.
>>> >>> l.append(“end”)l.append(“end”)
>>> >>> ll
[8.3, 1, ['2', 4], 3.0, “end”][8.3, 1, ['2', 4], 3.0, “end”]
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Lists: MethodsLists: Methods

•• SortingSorting
–– Syntax: Syntax: list.sort()list.sort()

–– E.g.E.g.

>>> >>> l = [1, 3, 2.0, 4]l = [1, 3, 2.0, 4]
>>> >>> l.sort()l.sort()
>>> >>> ll
[1, 2.0, 3, 4][1, 2.0, 3, 4]
>>> >>> l=["c", "d", "a", "b"]l=["c", "d", "a", "b"]
>>> >>> l.sort()l.sort()
>>> >>> ll
['a', 'b', 'c', 'd']['a', 'b', 'c', 'd']

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

1212

Lists: MethodsLists: Methods

•• ReversingReversing
–– Syntax: Syntax: list.reverse()list.reverse()

–– E.g.E.g.

>>> >>> l = [1, 3, 2.0, 4]l = [1, 3, 2.0, 4]
>>> >>> l.reverse()l.reverse()
>>> >>> ll
[4, 2.0, 3, 1][4, 2.0, 3, 1]
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BuiltBuilt--in Data Structures: Dictionariesin Data Structures: Dictionaries

•• A dictionary is an A dictionary is an unordered collection of objects unordered collection of objects 
indexed by keysindexed by keys

•• AAnyny object can be a keyobject can be a key

•• AnyAny object can be a item indexed by a keyobject can be a item indexed by a key

•• Dictionaries are Dictionaries are mutablemutable
•• ExamplesExamples

{}{} Empty dictionaryEmpty dictionary
{'item':'tire','price':20.99}{'item':'tire','price':20.99} TwoTwo--element dictionaryelement dictionary
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Dictionaries: Accessing itemsDictionaries: Accessing items

•• Syntax: Syntax: list[key]list[key]
–– E.g.E.g.
>>> >>> d = {'item':'tire','price':20.99}d = {'item':'tire','price':20.99}
>>> >>> d[‘price']d[‘price']

20.9920.99
>>> >>> d[item]d[item]
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#88>", line 1, in ?#88>", line 1, in ?
d[item]d[item]

NameErrorNameError: name 'item' is : name 'item' is not definednot defined
>>> >>> strstr = 'item'= 'item'
>>> >>> d[d[strstr]]
'tire''tire'
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Dictionaries: Deleting itemsDictionaries: Deleting items

•• Syntax: Syntax: del list[key]del list[key]
–– E.g.E.g.
>>> >>> d = {'item':'tire','price':20.99}d = {'item':'tire','price':20.99}
>>> >>> del d['item']del d['item']
>>> >>> dd
{'price': 20.989999999999998}{'price': 20.989999999999998}
>>> >>> del d['brand']del d['brand']
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#95>", line 1, in ?#95>", line 1, in ?
del d['brand']del d['brand']

KeyErrorKeyError: brand: brand
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Dictionaries: LengthDictionaries: Length

•• Syntax:Syntax: lenlen(list)(list)
–– E.g.E.g.

>>> >>> d = {'item':'tire','price':20.99}d = {'item':'tire','price':20.99}
>>> >>> lenlen(d)(d)
22
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Dictionaries: MethodsDictionaries: Methods

•• MembershipMembership
–– Syntax: Syntax: list.has_key(key)list.has_key(key)

–– E.g.E.g.

>>> >>> l = {'item':'tire','price':20.99}l = {'item':'tire','price':20.99}
>>> >>> l.has_key('item')l.has_key('item')
11
>>> >>> l.has_key('brand')l.has_key('brand')
00
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Dictionaries: MethodsDictionaries: Methods

•• List of keysList of keys
–– Syntax: Syntax: list.keys()list.keys()

–– E.g.E.g.
>>> >>> l = {'item':'tire','price':20.99}l = {'item':'tire','price':20.99}
>>> >>> l.keys()l.keys()
['item', 'price']['item', 'price']

•• List of valuesList of values
–– Syntax: Syntax: list.values()list.values()

–– E.g.E.g.
>>> >>> l.values()l.values()
['tire', 20.989999999999998]['tire', 20.989999999999998]
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BuiltBuilt--in Data Structures: Tuplesin Data Structures: Tuples

•• A tuple is an A tuple is an ordered collection of objectsordered collection of objects
•• Tuples can contain Tuples can contain anyany type of object type of object 

•• Tuples are Tuples are immutable immutable 

•• ExamplesExamples
()() Empty tupleEmpty tuple
1,1, OneOne--element tuple (!)element tuple (!)
(1, ”2”, 3.0)(1, ”2”, 3.0) ThreeThree--element tupleelement tuple
1, (”2”, 3.0)1, (”2”, 3.0) Nested tupleNested tuple

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

2020

BuiltBuilt--in Data Structures: Tuplesin Data Structures: Tuples

•• CommasCommas are used to define tuplesare used to define tuples
–– Parentheses around tuples are optionalParentheses around tuples are optional
–– E.g.E.g.
>>> >>> 1,('2',2.0)1,('2',2.0)
(1, ('2', 2.0))(1, ('2', 2.0))

>>> >>> (1,('2',2.0))(1,('2',2.0))
(1, ('2', 2.0))(1, ('2', 2.0))

–– The oneThe one--element list element list requiresrequires a trailing commaa trailing comma
>>> 1,>>> 1,
(1,)(1,)
>>> (1)>>> (1) ←← This is not a tuple but a numberThis is not a tuple but a number
11
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Tuples: Accessing ItemsTuples: Accessing Items

•• Syntax:Syntax: tuple[index]tuple[index]
–– E.g.E.g.
>>> >>> t = (1, 2, (3, 4, 5))t = (1, 2, (3, 4, 5))
>>> >>> t[1]t[1]
22
>>> >>> t[t[--1]1]
(3, 4, 5)(3, 4, 5)
>>> >>> t[t[--1][1]1][1]
44
>>> >>> t[3]t[3]
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#110>", line 1, in ?#110>", line 1, in ?
t[3]t[3]

IndexErrorIndexError: tuple : tuple index out of rangeindex out of range
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Tuples: No Deletion and LengthTuples: No Deletion and Length

•• No deletion!No deletion!
–– Tuples are immutableTuples are immutable

•• Length:Length:
–– Syntax:Syntax: lenlen(tuple)(tuple)
–– E.g.E.g.
>>> >>> t = (1,2,(3,4,5))t = (1,2,(3,4,5))
>>>>>> lenlen(t)(t)
33
>>>>>> lenlen(t[1])(t[1])
TracebackTraceback (most recent call last):(most recent call last):
File "<File "<pyshellpyshell#117>", line 1, in ?#117>", line 1, in ?
lenlen(t[1])(t[1])

TypeErrorTypeError:: lenlen() of() of unsizedunsized objectobject
>>> >>> lenlen(t[2])(t[2])
33
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Tuples: Constructing TuplesTuples: Constructing Tuples

•• ConcatenationConcatenation
–– Syntax: Syntax: tuple1 + tuple2tuple1 + tuple2

–– E.g.E.g.
>>> >>> t = (1,2) + (3,)t = (1,2) + (3,)
>>> >>> tt
(1, 2, 3)(1, 2, 3)

•• RepetitionRepetition
–– Syntax: Syntax: tuple * integertuple * integer

–– E.g.E.g.
>>> >>> t * 5t * 5
(1, 2, 3, 1, 2, 3, 1, 2, 3, 1, 2, 3, 1, 2, 3)(1, 2, 3, 1, 2, 3, 1, 2, 3, 1, 2, 3, 1, 2, 3)
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Hierarchy of NumbersHierarchy of Numbers

Source: Lutz & Source: Lutz & AscherAscher, , 
Learning PythonLearning Python, Figure 2, Figure 2--33
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Hierarchy of BuiltHierarchy of Built--in Collectionsin Collections

Source: Lutz & Source: Lutz & AscherAscher, , 
Learning PythonLearning Python, Figure 2, Figure 2--33
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Statements: AssignmentStatements: Assignment

•• Syntax: Syntax: reference = object reference = object oror referencereference
–– E.g.E.g.
>>> >>> a = 3a = 3
>>> >>> aa
33
>>> >>> s1, n, m = "hello", 4.0, as1, n, m = "hello", 4.0, a
>>> >>> s1s1
'hello''hello'
>>> >>> nn
4.04.0
>>> >>> mm
33
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Statements: PrintStatements: Print

•• Syntax: Syntax: print object print object oror referencereference
–– E.g.E.g.
>>> >>> print "hello", 'again'print "hello", 'again'
hello againhello again
>>> >>> print 3.0e5print 3.0e5
300000.0300000.0
>>> >>> name = "python"name = "python"
>>>>>> verver = 2.2= 2.2
>>> >>> print "This is %(name)s %(print "This is %(name)s %(verver).3f" %).3f" % varsvars()()
This is python 2.200This is python 2.200
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SelectionSelection

•• Syntax: Syntax: 
ifif test: test: 

statements statements 

elifelif test:test:

statementsstatements

elseelse::

statementsstatements

•• Conditional expressions:Conditional expressions:
–– >, <, >=, <=, ==, and, or, not>, <, >=, <=, ==, and, or, not



COMP 144
Programming Language Concepts
Lecture 7: Python’s Built-in Types and Basic Statements

January 25, 2002

Felix Hernandez-Campos 15

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

2929

SelectionSelection

•• E.g.E.g.
>>> >>> x = x = --33
>>> >>> if x < 0:if x < 0:

print "negative"print "negative"
elifelif x == 0:x == 0:
print "zero"print "zero"

else:else:
print "positive"print "positive"

negativenegative
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Sequence IterationSequence Iteration

•• Syntax: Syntax: forfor varvar inin sequence:sequence:

statements statements 
–– E.g.E.g.

>>> >>> sum = 0sum = 0
>>> >>> for i in range(1,10,2):for i in range(1,10,2):

sum = sum + isum = sum + i

>>> >>> sumsum
2525

•• Membership operator: Membership operator: inin
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IterationIteration

•• Syntax: Syntax: whilewhile test:test:

statements statements 
–– E.g.E.g.
>>> >>> sum = 0sum = 0
>>> >>> i = 1i = 1
>>> >>> while i < 10:while i < 10:

sum = sum + isum = sum + i
i = i + 2i = i + 2

>>> >>> sumsum
2525

•• Break Break andand continuecontinue are also possibleare also possible
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FunctionsFunctions

•• Syntax: Syntax: 
defdef name(parameters):name(parameters):

statementsstatements
returnreturn objectobject

–– E.g.E.g.

>>> >>> defdef incrincr(x):(x):
return x + 1return x + 1

>>>>>> incrincr(3)(3)
44



COMP 144
Programming Language Concepts
Lecture 7: Python’s Built-in Types and Basic Statements

January 25, 2002

Felix Hernandez-Campos 17

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

3333

FunctionsFunctions

•• Default valuesDefault values
–– E.g.E.g.

def ask_ok(prompt, retries=4, complaint='Yes or no!'):def ask_ok(prompt, retries=4, complaint='Yes or no!'):
while 1:while 1:

ok = raw_input(prompt)ok = raw_input(prompt)
if ok in ('y', 'ye', 'yes'): return 1if ok in ('y', 'ye', 'yes'): return 1
if ok in ('n', 'no',if ok in ('n', 'no', 'nop''nop', 'nope'):, 'nope'):

return 0return 0
retries = retries retries = retries -- 11
if retries < 0: if retries < 0: 

raise raise IOErrorIOError,, 'refusenik'refusenik user'user'
print complaintprint complaint
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FunctionsFunctions

•• Parameter passing by position and by nameParameter passing by position and by name
–– E.g.E.g.
def parrot(voltage, state='a stiff', action=def parrot(voltage, state='a stiff', action='voom''voom', , 
type='Norwegian Blue'):type='Norwegian Blue'):

print "print "---- This parrot wouldn't", action,This parrot wouldn't", action,
print "if you put", voltage, "Volts through print "if you put", voltage, "Volts through 

it."it."
print "print "---- Lovely plumage, the", typeLovely plumage, the", type
print "print "---- It's", state, "!"It's", state, "!"

>>> parrot(1000)>>> parrot(1000)
>>> parrot(action = 'VOOOOOM', voltage = 1000000)>>> parrot(action = 'VOOOOOM', voltage = 1000000)
>>> parrot('a thousand', state = 'pushing up the >>> parrot('a thousand', state = 'pushing up the 
daisies')daisies')

>>> parrot('a million', 'bereft of life', 'jump')>>> parrot('a million', 'bereft of life', 'jump')
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FunctionsFunctions

•• Functions can also have an arbitrary number of Functions can also have an arbitrary number of 
parametersparameters

–– Passed as a dictionary or as list of Passed as a dictionary or as list of remainingremaining parametersparameters
–– See documentationSee documentation

•• We will talk about lambda forms and other We will talk about lambda forms and other 
functional programming techniquesfunctional programming techniques

–– After the Haskell lecturesAfter the Haskell lectures
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Reading AssignmentReading Assignment

•• Guido van Guido van RossumRossum and Fred L. Drake, Jr. (ed.), and Fred L. Drake, Jr. (ed.), 
Python tutorialPython tutorial, , PythonLabsPythonLabs, 2001., 2001.

–– Read chapters 3 to 5Read chapters 3 to 5
–– http://www.python.org/doc/current/tut/tut.htmlhttp://www.python.org/doc/current/tut/tut.html
–– Write some simple programsWrite some simple programs

•• Eric S. Raymond, Eric S. Raymond, Why Python?Why Python?
–– http://www.linuxjournal.com/article.php?sid=3882http://www.linuxjournal.com/article.php?sid=3882


