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Values and Types

= | "\ ¥ d” 1 =
* 1% Python NTEWAVBNANKI W aeldaddszinnaa
{ 1 1 1 U,
wuuf lddssaudsdasasldladn (atomic, scalar) 3 4
KA LA LA
o int — UNWITWIBLAN 17 3, -8
e float — LNWINWINIII LB 2.36
- bool — WNWAINIAITINEG True (339) ®3a False (119)
. None — Lﬂ%%ﬁﬂﬁaa&aﬁﬁdnﬁ% None laagLhan
;:' 1 1 U 1
wuuNaINIsandddagad il le

° str — §199nVIL LBW 'hello’ "n" K30 " (ﬂﬂlﬂ@l
Lﬂ?ﬂx‘i‘lﬁi&l’]ﬂﬂ']‘ﬂﬂ) mmsmmmwaa«au,smﬂawanmwvlﬂ

e complex — ﬁ]’]%?%t%d"ﬁa% ﬂﬁzﬂaﬂﬂ?ﬂ ﬂ')% Real LLag
&% Imaginary 3% 1 + 23
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Values and Types | 2]

° AILAY %I §183NYIL (NDLITHINLATDINNILAINA)
@) 1 { .
Twlidsunsula 9 Dallwaraeh (Literals)

* 1FIFEINIINATIVAD UL AV Literals (1Laz Variable) T
Python Lalaain13 1% Wenzw type ()

>>> type('Hello, World!") python shell
<class 'str'>

>>> type(17)

<class >

>>> type(3.2)

<class >

>>> type('17")

<class >

>>> type(071)

<class >
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Some Built-in Types

01
02
05
06
07
08
09
10
11
12
13
14
15

16
17

# Some Builtin Types
import math

.def f(O):

print("This is a user-defined function")

print("Some basic types in Python:")

print(type(2)) # int

print(type(2 ** 500)) # leng int

print(type(2.2)) # float

print(type("2.2")) # str (string)

print(type(2 < 2.2)) # bool (boolean)

print(type(math)) # module

print(type(math.tan)) # builtin function or method
print(type(f)) # function (user-defined function)
print(type(type(42))) # type
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Some Built-in Types [ 2]

23
24
25
26
27
28
29
30
31
32
33
34
35
36

print("Later in the course..."

print(type(Exception()))
print(type(range(5)))
print(type([1, 2, 3]))
print(type((1, 2, 3)))
print(type({1, 2}))
print(type({1: 42}))
print(type(2 + 3j))

H H OB B R KB R

# Some Builtin Constants
print("Some builtin constants:
print(True)

print(False)

print(None)

)

Exception

range

List

tuple

set

dict (dictionary or map)
complex (complex number)

")
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Variables

* Variable (au1l3) iiluzeflzgorstiszaya (Data Object)

U . o < Yo A
* N19&319 Variable T Python vinlalagnisasanlvnuza
lagnislaaTasmangy = (1M1Nw)

pi = 3.14
radius = 11
area = pi * radius * radius

Q

a [~
* Auils area Nxazayariln ?

1 1
o w A

¥ Y . 43’ Y Q 7 | Q d”
°* A&INLTEI19 Variable ZwnIaa 9 NUTHA Lba nuabeih

p= | 1

138N Assignment Statement
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Aside |

Expressions and Statements

® An expression is a combination of values, variables, and
operators.

An expression can be evaluated to a value
) 1 ¥
1318 NI U LAV DY Expression 16]

¢ A statement is a unit of code that the Python interpreter can

execute.

Statement ﬁa%ﬁ%ﬂﬁaﬂwadqmﬁ’)%ﬁ Python Interpreter

o ) v

ﬂ’]l,%%ﬂ’lilﬂ
For example, >>> X = 3 # statement
assignment statement >>> X == 3 # expression

True
¢ ExpreSSion has Value; >>> X # expr\ession
a statement does not. 3
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Variables [2]

>>> theSum = © Twa11 Programming
>>> theSum Rang 9 AB LK
0 Python #hauadsnuils
>>> theSum = theSum + 1 sansmlaswudasla
>>> theSum : :
1 (Dynamic Typing)
>>> theSum = True theSum
>>> theSum ‘ 1
True V
theSum 1 Figure 1.3: Variables Hold References to Data Objects
2
True

Figure 1.4: Assignment changes the Reference



Variable Names

* ANLI LNDING
i 1 o o (W g:
* lxlauanranes @A wazta3Iadnang Underscore
o o { . v ®) v o &
° ANVITAIUINVDIBD Variable Aadlilan 10 nBIN1WH (AT
Yo A ¢ &
THaINuNLAN)
' : N o <
* %@ Variable (%38 Identifier 81 ) wihd ALl Case

g m 1 -~ p=| [~
Sensitive Na13A8 value Value vAlue WA valUE nati
Variable ﬂ%azﬁ%ﬁ%

° 9@ lNBIN  Keyword 1 Python

. mmmumma%a Variable Tw Python s lzaadanian
m%umtaywmsmﬁm{l% Underscore A%3£1I9AL NN
T a1sN8 8 18% max_score
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Python Keywords

Aside

False None True and

as assert break class
continue def del elif
else except finally for

from global if import
in is lambda honlocal
not or pass raise
return  try while with
yield

° L1FIEINITOLARY list D29 keyword LAALNITITAHY

>>> import keyword
>>> keyword.kwlist

10



204217: Computer Programming Languages (Python)

Variable Names [2]

o ﬁmsmmﬂﬁ'\ﬁaﬁmdw

a = 3.14159 pi = 3.14159
b =11.2 VS diameter = 11.2
c=a*b*hb area = pi * diameter * diameter

Q? o Qa' = = Q/

o ‘l%agmuaawaa Python Interpreter NY&2IANHINAIMNANILHN DN

1 L1 o o U U = o VN ~o a\
o Lm‘lumﬂmgm% BAAIFIN WA BB Qtﬁuauﬂﬂaﬂulﬂtﬂ%ﬂnm

~ o o Y, AaAY Aa
o ‘l%mmsm;ﬂmaamam'mmq 21VNVAHNANAA
1 o < . [ P .
ramndsaistidu radius unwnazitils diameter?
#I0AITN diameter H1KBITNLY 2 RO LUK INBN?

q?‘:i (%7 c:';:: 1 o ¥ ¥ 1 Y A
° p1TIBaaLlIng ‘ﬁ'JEl‘n']sl‘Vi Code Lmqiﬂﬂqﬂllagaﬂﬂawﬂwa'\ﬂ
vangwma Tunsassamulsilsiuailaannsiaianwaadns 9 i asiinsszywibaslngada

uils o ANATAL® Wi len_km, speed_mph, weight 1b 11
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Numeric and Boolean Operators

Arithmetic +, -, *, [/, //s, **, %, - (unary), + (unary)

Relational <, <=, >=, >, ==, =,

Bitwise <<, >>, &, |, Ao~

Assignment lf’ :’ Y=, [=5 []=5 *F=, %=, <K=, 3=, &=,
=, A=

Logical and, or, not

Note

e / 1is normal division 3/ 2 ==1.5

« // is floored division 3//2-==1
-3 // 2 == -2

e ** js power

12

Think Python: How to Think Like a Computer Scientist
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Types Aftect Semantics

>>> print(3 * 2)
6

>>> print(3 * "abc")
abcabcabc

>>> print(3 + 2)
5

>>> print("abc" + "def")
abcdef

>>> print(3 + "def")
TypeError: unsupported operand type(s) for +: 'int' and
"str'

13



Operator Precedence

* Operator lunwadiaeanslu Python iluldaangnis
dwamnd (PEMDAS) Tnafisaunmsaniinnisaai

Parentheses
Exponentiation
Multiplication and Division
Addition and Subtraction

= | d' 1 o (-9 p=| (W 1 LY o
* Tunsdii operator agluaautAgIN 15 + uaz - LAY
Operation 9B LB [555 20395 o (2+%3) %5

5
e 237 Sanrianuwials | >>> 29%3%%5 == 2%x(3%%5)

15
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Operator Precedence [2]

Operator

(expressions...), [expressions...],
{key: value...},{expressions...}

x[index], x[index:index],
x(arguments...), x.attribute

Description

high
Binding or tuple display, list display, dictionary display, set display g

Subscription, slicing, call, attribute reference

ok Exponentiation Mathematical Operators
+X, -X, VX Positive, negative, bitwise NOT

11/l % Multiplication, division, remainder

+, - Addition and subtraction

<<, >> Shifts

& Bitwise AND

n Bitwise XOR

| Bitwise OR

in, not in, is, is not, <, <=, >, >=, I=, ==
not x

and

or

if — else

lambda

Comparisons, including membership tests and identity tests

Boolean NOT

Boolean AND

Boolean OR

Conditional expression low
16

Lambda expression
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Boolean Expressions

° Boolean Expression Aa Expression TEY ’ll,le% True

A (~
(39) 330 False (LNQ)

>>> 5 ==
True

>>> 5 == 6
False

1 [~ 1 a
® @1 True #38 False WwANANIZNNIINTRAVAYA bool

(ua 2 1aila string)

>>> type(True)
<class 'bool'>
>>> type(False)
<class 'bool'>

17
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http://www.cs.cmu.edu/~112/notes/notes-data-and-exprs.html

Boolean Expressions [ 2]

A @) = v o ¢
® LAYDININNY == LfIJ%‘Vi%\‘iGl% Operator NMIANNANNWD

(Relational Operator)

Relational Operator 8% ) Taun

x I=y # x is not equal to y
X >y # x is greater than y
X <y # x is less than y
X >= Yy # x is greater than or equal to y
X <=y # x is less than or equal to y
U d . v o o
° YINAINILY YW Expression 21ANUIINGA ﬁ’l&ﬂ‘iﬂ‘l{l’]lﬁ[ﬂﬁlﬂ’li
Y ] <
1#@I09%a18 Backslash \ ¥3a291au ()

>>> X = 8 >>> X = 8
>>> (x + 4 < 10 and >>> X + 4 < 10 and \

X% 2 1=1) X %2 1=1
False False

18
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http://www.cs.cmu.edu/~112/notes/notes-data-and-exprs.html

Boolean Expressions [ 2]

® Floating-point Number Comparisons

>>> print(0.1 + 0.1 == 0.2)
True # True, but...

>>> print(0.1 + 0.1 + 0.1 == 0.3)
False

>>> print(0.1 + 0.1 + 0.1)
0.3 # seems oR

>>> print((0.1 + 0.1 + 0.1) - 0.3)
5.55111512313e-17 # (tiny, but non-zero!)

1 -~ o a [~ 1
o anulwaandssiie float tlwardszaos!

19
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http://www.cs.cmu.edu/~112/notes/notes-data-and-exprs.html

Floating-Point Numbers and almost_equal()

09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

di =0.1 +0.1 + 0.1

d2 = 0.3
print(dl == d2) # still False, of course
epsilon = 10 ** -10

print(abs(d2 - dl1) < epsilon) # True!

# Once again, using an almostEqual function
# (that we will write)

def almostEqual(dl, d2, epsilon=10 ** -10):
return (abs(d2 - dl) < epsilon)
dl =0.1 +0.1 + 0.1

d2 = 0.3
print(dl == d2) # still False, of course
# True, and now packaged in a handy reusable function!

print(almostEqual(dl, d2))

20



Logical Operator

* Twn111 Python & @201 %1A15N19AIINE (Logical Operator) 3

AL@LLA and, or LAY not

* @NKRNIYVDYI Operator NIFINAINTINUAINNANY L1

N¥IDINY I aansalian§uiietsilidenlus et
o . . * (x> 0) and (x < 10)
¢ GI'JE]EJ'IGL%% ° (n % 2 == @) or (n % 3 == @)

[~ A @1 PR 1 v 1
x > @ and x < 10 L TWAI9NABLAD x ¥1NNI1 0 LAz waundn 10
dg = v
(lwnsaianisaiane < x < 10 ba)
[<f a { { v ¥ ¢ <
N%2==0o0rn%3==0 3Wa39Lia LWaW A2 LAAINWI (WIDN9

¥ [~ a
2 @7) L1139

Taan2liua Operands a9 Logical Operator >>> 17 and True
True

[ . 1
@731l Boolean Expression W IA1B1 Python

Truth Value 223a2ta21a 9 naanlaivdn 0 azdianin True 51
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Operator Precedence [2]

Operator

(expressions...), [expressions...],
{key: value...},{expressions...}

x[index], x[index:index],
x(arguments...), x.attribute

Description

Binding or tuple display, list display, dictionary display, set display

Subscription, slicing, call, attribute reference

* ¥ Exponentiation
+X, -X, X Positive, negative, bitwise NOT
11/l % Multiplication, division, remainder
+, - Addition and subtraction
<<, >> Shifts
& Bitwise AND
N Bitwise XOR
| Bitwise OR
in, not in, is, is not, <, <=, >, >=, =, == Comparisons, including membership tests and identity tests
not x Boolean NOT
and Boolean AND
ior Boolean OR
if — else Conditional expression
lambda Lambda expression

high

low
22



204217: Computer Programming Languages (Python)

Short-Circuit Evaluation

° 1NN Truth Table 289 Expression p or g

P g pVag
° WU nsaLAeaN Expression zfianiw False dansdh 1 1 1
9 puazqin False n9Q T TEl T
AIWIAIN UINNLIN Operand AILIN (p) dendw True  F T T
151831 1A%1 Expression #az Evaluate \Jlw True laglad [F F ¢
sndudasfionsaneduas g
S A t:i b o\ 1
N3t p Aedu False iwnsdbfgiNaasNaIsean g
1 A 1 1 {io &
° 19 Evaluate a1lagNa1541 Operand UN9&@1LN97111%
0 - A ' . : p g9 pANgq
WA lAHAANSN WA 138171 Short Circuit Evaluation
T T T
° 7111 Programming %ag 9 111 12119 Evaluate 11 o
aniabsib
F T F
1 = o o a .
° WAL INWAVNIININIW Expression p and g P

111 Short Circuit Evaluation lanufitdanuin p 8@
& ] &
11 ILazde Evaluate Expression Ll

23
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http://www.cs.cmu.edu/~112/notes/notes-data-and-exprs.html

Short-Circuit Evaluation [2]

>>> x =1

>>>y =0

>>> print((y !'= 0)
False

>>> print(((x / vy)

ZeroDivisionError:
>>> print((y == 0)
True

>>> print(((x / vy)

ZeroDivisionError:

and ((x / y) 1= 0))

1= 0) and (y != 0))

division by
or ((x /y)
== 0) or (y

division by

Zero

0))

0))

Zero

# Works!

# Crashes!

# Works!

# Crashes!

24
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http://www.cs.cmu.edu/~112/notes/notes-data-and-exprs.html

Short-Circuit Evaluation [ 3]

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

def isPositive(n):
result = (n > 0)
print("isPositive(", n, ") =", result)
return result

def isEven(n):
result = (n % 2 == 0)
print("isEven(", n, ") =", result)
return result

print("Test 1: isEven(-4) and isPositive(-4)")
print(isEven(-4) and isPositive(-4)) # Calls both
print("---------- ")

print("Test 2: isEven(-3) and isPositive(-3)")
print(isEven(-3) and isPositive(-3)) # Calls only one

25



Truth Value Testing

* Twnun Python, Object vmmad Truth Value ‘n\‘i‘Vi&lﬂ
(8731950 Evaluate L‘i_l% True ‘Ir‘iia False 16\)

[~
* Value nacalilih Evaluate 151w False (m‘namﬂ% True)

None
False

zero of any numeric type, for example, 0, 0.0, 0j.
any empty sequence, for example, '', (), [].
any empty mapping, for example, {}.

instances of user-defined classes, if the class defines a
__bool_ () or__len__ () method, when that method
returns the integer zero or bool value False.

26
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Truth Value Testing | 2]

1 1 “
* Operation LazWenzw Built-in 1a ¢ NANsARALTH
Boolean azAuaasna lilfhivingin

[~ PN
1 %158 True 21139 LA
[~ (~1
0 %58 False LWL LAND

"% "% p=Y 1 [~ LY
° 98N Operator and LA or =AKALLW Operand a1

Taa%ibe (W219WLUL Short Circuit Evaluation)

>>> 23 and 35 >>> False and 5

35 False

>>> 0 and -23 >>> (1 and 2) or 42

%] 2

>>> True and 5 >>> (1 and ©) or 42

5 42 |

27
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Boolean Arithmetic

02 # In numeric expressions...

03 # True 1s treated as 1
04 # False 1s treated as ©
05

06 # So...

07 print(5 * True) # 5
08 print(5 * False) # ©
09 print(5 + True) # 6
10 print(5 + False) # 5

* Taia251% Boolean Arithmetic 13429311711 1% Code 811810 U@
o @ a o 1
#1NTnAI5ANTT Cast 310 A2aWIAT® int () naw

07 print(5 * int(True)) # 5
08 print(5 * int(False)) # @
09 print(5 + int(True)) # 6
10 print(5 + int(False)) # 5

28
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Bitwise Operations

M22819

* 1% a=[0110] waz b =[1100]

* 1n19711 bitwise operationa & b,a | b, a " b, wag ~b

2 lauaansasih
(i1 0110 0110

& 11_'Oﬁ | 1100 ~ 1100 ~ 1100
0ilo0 1110 1010 0011

11 Operation & n

LARTARNBYNN

29
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Bitwise Operations |2]

#0110=4+2=6
#0101=4+1=5
>>> print("6 & 5 =", (6 & 5))

6 & 5 =

>>> print("6 | 5 =", (6 | 5))

6 | 5 =

>>> print("6 ~ 5 =", (6 ~ 5))

6 » 5 =

>>> print("6 << 1 =", (6 << 1))
6 << 1 =

>>> print("6 << 2 =", (6 << 2))
6 << 2 =

>>> print("6 >> 1 =", (6 >> 1))
6 > 1 =

30
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Python bitwise ~ Operator

* Python 1ZN1SUNBAIAIAVUUL two's complement
RGN UINLA 9 Ha1 MST 1w 0
ImnLaaavla g a1 MST Ll 1

* #15041@1 3 (11) lsn111 Python
n1sunwAd9ad ugil [011] {3l MST = 0

* eavb ~3 T Python S9&i@n [100]

p=| . LV~
AANALUY two's complement 1At -4

>>> ~3
-4

32
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Python bitwise ~ Operator | 2]

° L HWLAYIN LHNTINWIWALY LT - 35

LU two's complement

- 35 = 0100011] Aovas
- -35 = 1011101] nséiblaidasifias MST
~-35 3@ 0100010] = 34

>>> ~-35

34

>>> int('0100010"', 2)

34

° AN ~X EHAUNINY -X - 1 NI + - LAz 0

o Fanamslawsizu int() ivauiasiaugin 2 1ilu integer

° a2 21iu optional parameter (default Aa 37% 10)

33
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Python Script Mode

* 11 bash prompt @519 file @ (A9 touch) wadalWaan edit aae
IDLE

$ touch hello.py bash shell
$ idle hello.py &

. o &) .
° Python script @33dn13seyusINALIALIY #! /usr/bin/env

(Y a 3 @ A 1
python3 (vlamaawa\lmawuswﬂ) Lwaszm'nffl% Script 2@3 Python 3

01 #!/usr/bin/env python3 hello.py
02

°* INWWIRUEAS String 'Hello World!!' laglaWenzsw print()

01 #!/usr/bin/env python3 hello.py
02
03 print("Hello World!!"™)

36



Python Script Mode [2]

* Save ka2 NA F5 1131619 IDLE i@ run script

>>>
Hello World!!

>>>

* 137814130 run script 3NKWHIATI bash shell TALAWNA

$ python hello.py
Hello World!!

{ & o &
* wsailaawilszianlna lriilw executable AY8ANFI chmod +x
(11NATILALI) WA run aguzalwa (Aaeld path lwniaa . /)

$ chmod +x hello.py

$ ./hello.py
Hello World!!

Cygwin, Linux and 0S X only

37



Python Script Mode [3]

>>> X = 'hello’
>>> y = 'world’
>>> X + Yy
"helloworld"’

* I Interactive Mode LilaWan Expression In ) a9 1l Python
Shell 9zLL@8AIA1VDI Expression i ¢)

08 x = 'hello’ hello world.py
09 y = 'world’
10 X + vy

° WANINLIT Run Script AwUHENUI1 1318 Output 1o

$ python hello_world.py

* T Script mode ¥INABINTIIIARNN1ISUEAINA Expression 1@ 9 151

IndwaaslaWenaw print() |10 print(x + y)

38
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® https://docs.python.org/3/library/stdtypes.html
® https://docs. Python.org/3.4/reference/expressions.html
® https://docs. Python.org/3.4/tutorial/inputoutput.html

® https://docs. Python.org/3.4/library/stdtypes.htmli#old-
string-formatting

® http:/lwww.cs.cmu.edu/~112/notes/notes-data-and-
exprs.html

® Miller, B., and Ranum, D. Problem Solving with Algorithms
and Data Structures Using Python,

® Guttag, John V. Introduction to Computation and
Programming Using Python, Revised
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