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e type: list

object (instance): /

>>> 1=[1,2,3]

>>> m=[4,5,6]

>>> 1.extend ([4,5])
>>> 1

[1, 2, 3, 4, 5]

>>> m

[4, 5, 6]

>>> s="This is a boat"
>>> 1l=s.split ()

>>> 1

['This', 'is', 'a', 'boat']

@ type: str
object (instance): s

Methods are type-specific, their calls are instance-specific.

Yue Zhang
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Attribute

>>> c=1+2j
>>> ¢
(1+23) @ type: complex
>>> type(c) . .
<class 'complex'> object (instance): ¢
>>> c.real

1.0

>>> c.imag

2.0

>>> c.conjugate ()
(1-2)

Attributes are instance-specific.
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Types and Instances

@ Attributes and methods are interfaces.
e Types decide interfaces.
@ Instances decide the values.
e Custom types
- custom type — class
- instance — object
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Classes and Instances

>>> class Account:
pass # empty statement

>>> a=Account () # new instance

>>> a

<__main__.Account object at 0x1027919d0>
>>> type(a)

<class '__main__.Account'>
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Attributes

>>> class Account:
pass

>>> a=Account ()
>>> b=Account ()

>>> a.name="'John'

>>> b.name='Marina' .
>>> a.balance=1000 @ set attribute
>>> b.balance=0

>>> a.balance

1000 .

>>> b.name @ get attribute
'Marina'

>>> del a.name

>>> a.name

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

AttributeError: 'Account' object has no
Wect|ake
attribute 'name’ Qf WestlakeNLP

o del attribute
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>>> class Account:
def deposit(self,amount):
self .balance += amount

>>> a=Account ()

>>> a.balance=10000
>>> a.balance

10000

>>> a.deposit (1000)
>>> a.balance
11000

>>> Account.deposit(a,1000)
>>> a.balance
12000

>>> b=Account ()
>>> b.deposit (1000)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in deposit
AttributeError: 'Account' object has no

attribute 'balance'

Yue Zhang Westlake University
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passing a as self

@ the navie explicit form
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Constructor

A special method called when a new instance is constructed.

>>> class Account:
def __init__(self,name,balance=0):
self .name=name
self .balance=balance
def deposit(self,amount):

self .balance+=amount

>>> a=Account ('Tim')

>>> b=Account ('Marina' ,2000)
>>> a.deposit (1000)

>>> a.balance

1000

>>> b.balance

2000
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Constructor

e Class attributes

>>> class Account:

total=0

def __init__(self,name,balance=0):
self .name=name
self .balance=balance
self.account_num=Account.total+l
Account.total+=1

def deposit(self,amount):
self .balance+=amount

>>> a=Account ('Tim')

>>> b=Account (' Marina',2000)
>>> a.account_num

1

>>> b.account_num

2
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Execution

@ The execution of class

>>> class Account:

total=0 statement:
def __init__(self ,name,balance=0):
self.name=name - execute the class body

self .balance=balance
self.account_num=Account.total+1
Account.total+=1

def deposit (self,amount):

statement by statement.

- attach variables as class

self.balance+=amount attributes.
>>> a=Account (' Tim') - attach functions as class
>>> b=Account ('Marina' ,2000) methods
>>> a.account_num ’
1 - similar to module import
>>> b.account_num
2 to some extent.

Yue Zhang Westlake University August 1, 2023 13/53



Execution

>>> class Account: @ Execution of instance
. total=0 X
def __init__(self ,name,balance=0): construction:
self .name=name
self .balance=balance - caH constructor
self.account_num=Account.total+1 i
Account .total+=1 - return new Instance
def deposit (self,amount): .
self.balance+=amount e Constructors are automatically
>>> a=Account ('Tim') t”ggered'
>>> b=Account ('Marina',2000) - Are there other speC|a|
>>> a.account_num
1 methods?
>>> b.account_num
2
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Special Methods

>>> class A:
pass

>>> class B:
def __str__(self):
return "I am a B instance

>>> a=A()
>>> str(a)
'<__main__.A object at 0x102bae820>' @ use str
>>> print(a)

<__main .A object at 0x102bae820>

>>> b=B()
>>> str(b) .
'I am a B instance' @ triggers  str
>>> print (b)

I am a B instance
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Special Methods — Other Special Methods

e built-in functions and many operators

Method Trigger
_int_ (self) int(x)
__float  (self)  float(x)
__nonzero__(self)  bool(x)
~len (self) len(x)
__neg__(self) — X
__abs  (self) abs(x)
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https://www.informit.com/articles/article.aspx?p=453682&seqNum=6

Special Methods — Other Special Methods

e binary operators

Method Trigger
__add___ (self,other) X4y
__sub_ (self,other) X-y
__mul__ (self other) x ¥y
_div__ (self,other) x/y

__floordiv__ (self,other) x//y
~_mod___ (self,other) x %y

__pow___(self,other) xkky
__eq__ (self,other) x ==y
gt (self,other) X >y
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Special Methods — Other Special Methods

e more binary operators

Method Trigger
__contains__ (self)y) y in x
_getitem _ (self,i) x(i]
__setitem__ (self,i,y) x[i] =y
_getslice (self,b,e) x[b:e]

__setslice (self,b,ey) x[be] =y
__call_ (self,args) x(args)
__getattr__ (self,name) x.name
__setattr_ (self,name,value) x.name = value
__delattr __ (self,name) del x.name
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Special Methods — Example

>>> class Matrix:
def init__(self,1=[]1):

import copy

>>> m=Matrix
(rrt,2,31,04,5,61,07,8,911)

self.x = copy.deepcopy (1) >>> n=Matrix
def __add__(self,other): (rr1,0,01,00,1,01,00,0,111)
import copy >>> print (m)
r = copy.deepcopy(self.x) 1 2 3
for i in range(len(r)): 4 5 6
for j in range(len(r([i])): v 8 8

r[il[j] += other.x[i]l[j]

. >>> i
return Matrix(r) fstlic ()

1 0 0
def __str__(self): 0 1 o
s="" o o 1
for i in range(len(self.x)):
for j in range(len(self.x[i])): >>> y=m+n
s += str(self.x[il[j]) >>> print (y)
s += '\t' 2 2 3
& += '\a' 4 6 6
7 8 10

return s
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Inheritance

account.py

def

def

def

class Account:
total = 0

__init__(self ,name,balance=0):

self .name=name

self .balance=balance

self.account_num=Account.total+1

Account.total+=1

deposit (self ,amount):

assert amount >0

self .balance+=amount

withdraw (self ,amount) :

assert amount >0

if amount>self.balance:
print(”Error:insufficient fund.")
return

self .balance -=amount
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Inheritance

>>> import account
>>> class CreditAccount (account.Account):
pass

>>> a=account.Account ('Tim')

>>> b=CreditAccount ('Jack')

>>> a

<account.Account object at 0x10269a160>
>>> type(a)

<class 'account.Account'>

>>> b

<__main__.CreditAccount object at 0x1027bff40>
>>> type(b)

<class '__main__.CreditAccount'>

>>> b.deposit (1000)

>>> b.account_num

2

>>> b.balance

1000

>>> b.withdraw (2000)

Error:insufficient fund.
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Inheritance

account.py

class Account:
total = 0

def

__init__(self ,name,balance=0):
self .name=name
self .balance=balance
self.account_num=Account.total+1
Account.total+=1
deposit (self ,amount):
assert amount >0
self .balance+=amount
withdraw (self ,amount):
assert amount >0
if amount>self.balance:
print ("Error:insufficient fund.")
return
self .balance -=amount

credit_account.py

from account import Account

class CreditAccount (Account):
def __init__(self ,name,balance=0,1limit=0):
Account . init__(self ,name,balance)
self.limit=1imit
def withdraw(self, amount):
assert amount >0
if amount>self.balance+self.limit:
print ("Error:insufficient limit.")
return
self .balance -=amount

Westlake University
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Inheritance

e overrding methods

>>> from account import Account

>>> from credit_account import CreditAccount
>>> a=Account ('Jack')

>>> b=CreditAccount ('Rose’',1imit=500)
>>> a.balance

0

>>> b.balance

0

>>> a.withdraw (100)
Error:insufficient fund.

>>> a.balance

0

>>> b.withdraw (100)

>>> b.balance

-100
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Object Oriented Programming

@ Three important elements of object oriented programming:
e encapsulation
- attribute, method
e inheritance
- subclass
e polymorphism
- operator, overrding
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Overview

© Exception and Files

P \westlakeNLP

Yue Zhang Westlake University August 1, 2023 25 /53



Exception Handling

@ Exception: runtime error that prevents nomal control flow.

e division by zero
e type error
e value error
e index error
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Exception Handling

e Subclasses

TypeError \ Warning / ValueError

Stoplteration «—— Exception ———

T

ArithmeticError LookupError
FloatingPointError ZeroDivisionError OverflowError IndexError KeyError
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Exception Handling

e control flow

>>> def f(x):
print (1/x)
print ('Done. ')

>>> £(0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 2, in f

ZeroDivisionError: division by zero

o control flow terminates
P \WestlakeNLP
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Exception Handling

>>> def f(x):
print (1/x)
print ('Done. ')
>>> def g():
.. return f (0)+1
>>> g()
Traceback (most recent
File "<stdin>", 1line

File "<stdin>", line
File "<stdin>", 1line

ZeroDivisionError: division by zero

call last):

1, in <module>
2, in g

2, in f

Yue Zhang

Westlake University

August 1, 2023

29/53



Exception Handling

>>> def f(x):
print (1/x)
print ('Done. ')
>>> def g():
.. return f (0)+1
>>> g()
Traceback (most recent
File "<stdin>", 1line
File "<stdin>", line

File "<stdin>", 1line
ZeroDivisionError:

division by =zero

call last):

1, in <module>
2, in g

2, in f

Yue Zhang
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Exception Handling

>>> def f(x):
print (1/x) .
print ('Done. ') main g f

>>> def g(O): 80 ~—

return f(0)+1 0 \‘Print(l/O)

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

File "<stdin>", line 2, in g e
File "<stdin>", line 2, in f

ZeroDivisionError: division by zero

e can catch the exception in the exception control flow
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Exception Handling

>>> def

>>> def
>>> g()

Error.
0

f(x):
try:
print (1/x)
print ('Done. ')
except:
print ('Error."')
return -1

g
return f(0)+1

Yue Zhang
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Exception Handling

>>> def f(x):

try: .
print (1/x) main g f
print ('Done. ')

except: go \\\\\* KO)
print ('Error."') erﬁ 1/0

return -1

return f(0)+1

>>> g() @ < mtchhere

Error.
0

555 aet 50 //%
@
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Exception Handling

>>> def f(x):
print (1/x)
print ('Done. ')
return f (0)+1
>>> def g():
‘e try:
return f(0)+1
except:
return O
>>> g()
0
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Exception Handling

>>> def f(x):

a5 print (1/x) )
print ('Done. ') main g f
return f (0)+1

>>> def g():
try:

return f(0)+1 %
except: (/
L~

pnntl/O

return O

5 e ohd

0 catch here
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Exception Handling

>>> def f(x):
print (1/x)
print ('Done. ')
return £(0)+1
>>> def g():
return £ (0)+1
>>> try:
g
except:
pass # do nothing
Yue Zhang
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Exception Handling

>>> def f(x):
print (1/x) )
print ('Done. ') main g f
return f (0)+1

>>> def g():
return f(0)+1

>>> try: catch here /%
e

- g {l -

... except: e

e pass # do nothing

pnntl/O
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Exception Handling

>>> def f(x):

try:
print (1/x)
print ('Done. ')
return x

except ZeroDivisionError as e:
print ('Error in f')
raise e

>>> def g():
try:
return £ (0)
except Exception as e:
print ('Error in g')
raise e
>>> g()
Error in f
Error in g
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 6, in g
File "<stdin>", line 3, in g
File "<stdin>", line 8, in f
File "<stdin>", line 3, in £
ZeroDivisionError: division by zero

Yue Zh

Westlake University
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Exception Handling

>>> def f(x):

try:
print (1/x)
print ('Done. ')
return x

except ZeroDivisionError as e:
pr%nt(‘Error in f') main g f
raise e

>>> def g(): g() \\ f(O)
.o try:
return f (0) pI'll’It 1/0
except Exception as e:
print ('Error in g')
raise e A//

. /
|
E) > g (? ) ﬁ catch raise
rror :f-n catch raise

Error in g
Traceback (most recent call last):
File "<stdin>", line 1 in <module>
File "<stdin>", line 6, in g
File "<stdin>", line 3, in g
File "<stdin>", line 8, in £ e
File "<stdin>", line 3, in £
ZeroDivisionError: division by zero

>stlakeNLP

Westlake University ust 1, 2023 39 /53




Exception Handling

e catching specific types of exceptions

>>> def f(x):

try:
return 1/x

except ZeroDivisionError:
print ('zero division')
return -1

except (TypeError,ValueError):
print ('type or value error')
return -2

except:
return -3

>>> £(0)

zero division
-1

>>> f('abc')
type or value error
-2

Yue Zhang Westlake University
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Exception Handling

e finally

>>> def f(x):

try:
return 1/x

except ZeroDivisionError:
print ('zero division')
print (1/x)

except (TypeError,ValueError):
print ('type or value error')
print (1/x)

except:
print (1/x)

finally:
print ('Done')

>>> £(0)

zero division
Done

>>> £(1)

Done

1.0
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Manipulating Files

o Text files

~/Desktop/abc.txt

abc
def
ghi
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Manipulating Files

o Text files

~/Desktop/abc.txt

e Reading in a batch

abc
def
ghi

Yue Zhang

>>> file=open('./Desktop/abc.txt')
>>> type(file)

<class '_io.TextIOWrapper'>
>>> s=file.read()
>>> s

"abc\ndef\nghi'

>>> file.close ()

>>> file=open('./Desktop/abc.txt"')
>>> l=file.readlines ()

>>> 1

['abc\n', 'def\n', 'ghi'l

>>> file.close ()

P \WestlakeNLP

Westlake University August 1, 2023

43/53



Manipulating Files

e Reading incrementally & save memory

e Text files >>> file=open('./Desktop/abc.txt')
>>> s=file.readline ()

>>> i g
~/Desktop/abc.txt while s

print (s)
abc . s=file.readline ()
def
ghi abc
def
ghi

>>> file.close ()
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Manipulating Files

e Reading incrementally

e Text files >>> file=open('./Desktop/abc.txt"')
>>> for line in file:

~/Desktop/abc.txt print(line)

abc k@

def

ghi def
ghi

>>> file.close ()
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Manipulating Files

o Text files

~/Desktop/abc.txt

e Appending content

abc
def
ghi

Yue Zhang

>>> file=
>>> file.

3

>>> file.

1

>>> file.

4

>>> file.

3
>>> file

open('abc.txt','a')
write (' jkl ')

write('\n')
write('mno\n')

write('pqgr')

.close ()

Westlake University
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Manipulating Files

o Text files

~/Desktop/abc.txt

e Appending content

abc
def
ghi

Yue Zhang

>>>
>>>
3
>>>
1
>>>
4
>>>
3
>>>

file=
file.

file.

file.

file

file

open('abc.txt','a"')
write (' jkl')

write('\n")

write ('mno\n')

.write('pqgr')

.close ()

o Result

~/Desktop/abc.txt

abc
def
ghi
jk1
mno
par

Westlake University
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Manipulating Files

e Text files e Rewriting content

~ /Desktop/abc. txt >>> file=open('./Desktop/abc.txt','w')

>>> file.write('1234567")
abc 7
et >>> file.close ()
ghi
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Manipulating Files

e Text files e Rewriting content

>>> file=open('./Desktop/abc.txt','w"')

~ /Desktop/abc . txt
/Desktop/abc. tx >>> file.write (' 1234567 ')

abc 7
def >>> file.close ()
ghi

e Result

~/Desktop/abc.txt
1234567
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Manipulating Files

o Files and Data Structures

~/Desktop/scores.txt

1000101 95 90 70 90 85 65
1000103 99 90 77 85 97 55
1000208 70 35 52 56 60 51

>>> s1="123 456 789"
>>> s1.split ()
['123', '456', '789']
>>> s2="abc$def$ghi"
>>> s2.split('$")
['abc', 'def', 'ghi'l

Yue Zhang

>>> def load_scores(path):

d={}

file=open(path)

for line in file: # one student item
line=line.split() # split into list
d[line[0]]=1ine[1:]

file.close ()

return d

>>> scores=load_scores('./Desktop/scores.txt"')
>>> scores

{'1000101': ['95', '90', '70', '90', '85', '65'],
'1000103': ['99', '90', '77', '85', '97', '55'],
'1000208': ['70', '35', '52', '56', '60', '51'1}
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Manipulating Files

o Files and Data Structures

>>> def save_scores(d,path):
file=open(path, 'w')

for k in

file.
file.
file.
file.

d:
write (k)
write(' ')

write(' '.join(d[k]))

write('\n')

file.close ()

>>> d={'1000101':['95','90','70','90"','85"','45",
70']1,'1000103':['99','90"','77','85"','97"',"'55"

,'71'1,'1000208"':['70','35','52"','56"','60","

51','40'1}

>>> save_scores(d,'./Desktop/scores.txt"')

~/Desktop/scores.txt

1000101 95 90 70 90 85 65
1000103 99 90 77 85 97 55
1000208 70 35 52 56 60 b1

Yue Zhang
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Manipulating Files

o Files and Data Structures

>>> d={'1000101"':['95','90','70','90"','85"','65'],
'1000103':['99','90','77','85','97"','55"'],"

1000208':['70','35"','52','56"','60"','51']}
>>> import pickle
>>> file=open('./Desktop/scores.txt','wb')

>>> pickle.dump(d,file)

>>> file.close ()

>>> file=open('./Desktop/scores.txt','rb')

>>> d=pickle.load(file)

>>> d

{'1000101': ['95', '90',

11000103 ': ['99',

55'], '1000208':
', '51'1}

>>> file.close ()

'70', '90',
190", '77',
['70', '35',

185", '65'],
851, 1971,
'52', '56', '60

~/Desktop/scores.txt

This file is binary or uses
an unsupported text
encoding, so it cannot be
displayed in a text editor.
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