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Programming Language 2018 2013 2008 2003 1998 1993 1988
Java 1 2 1 1 16 - -
C 2 1 2 2 1 1 1
C++ 3 4 3 3 2 2 4
Python 4 7 6 1 23 17 -
C# 5 5 7 8 = - -
Visual Basic NET 6 11 - - - - -
JavaScript 7 9 3 7 20 - -
PHP 8 6 4 5 - - -
Ruby 9 10 9 18 - = =
DelphiiObject Pascal 10 13 10 9 - - -
Perl 14 8 5 4 3 11 -
Objective-C 15 3 40 56 - - -
Ada 29 19 18 15 13 ] S
Fortran 30 25 22 12 5 3 15

Lisp 31 12 16 13 7 6 2
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(PYTHON) 9L

Lo j94iS )3 1991 Jw > Guido van Rossum :gaile 4 plwly 8 9395 bwgi a5 cuwl 5L (yio

235 9 (52L3gS g 63 aiig (caoliy oYU (2Llgs slol Bad g3 1 35T T slowl dawls

Jolio 53 g Wleais 4y’ Bla s> W50 4 Ly ol Ghol 9 (g3l GlalS .l ¢ (YU sauws

h G320 &5 9 (6)95m3 smmgiaaliny 9 1)S-b alaz jl) Grmgicely alize o (gl
23S0 03wl Ligy Blobw Sy j1 oyusio E95 ()3)S pasuire (gl 9 Ao (Hluwisiny

D350 C e 0k )lj8ley Sbib gl 9 Cawldidhiaswgi jLiie g 5T (slejor KoL

https://www . python.org/
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(PYTHON) 09l

: udlS (gl d9lls
https://www.python.org/downloads/

: (U3 Rl ) edlatiwl 3y90) Anaconda gijg3 Sl
https://www.anaconda.com/downloads

: Canopy g1jg5 d9ll>
https://store.enthought.com/downloads/



https://www.python.org/downloads/
https://www.anaconda.com/downloads
https://store.enthought.com/downloads/

PYTHON

IDE

a2 LSy dewgl ko )l 4 Integrated development environment «eas. IDE

2 w5 (cly 05 (slo)lil 1 (gylads b plad a5 (;5u81S Bdac (shymo jl cawl @)be IDE
] 6340 Jagans )l 3)9).) PR L(DOT Jlacl

03D Sl GLL! jl eslaiwl Ly dis, din Oy od XS (g g islypyg @

G5 W0 4 LIS Ginles
.(Debug) C)T OWSiio (J= g )l38leyy (gl 8§) U SeS



PYTHON

ANACONDA - SPYDER IDE

D ’.- Eb EE @ ’ gl al .I' e HI :: l;E EE » . x }' [ 6 * |D:\Dommems\Dropbox‘l,ComputerProgramming

Editor - C:\Users\alireza Ghorbi\, spyder-py3\temp.py

& X Help

3 Souroe|ConsoIe v| Object|

1# -*-

5

3 Spyder Editor

4

5This is a temporary script file.

Here you can get help of any object
by pressing Ctri+1in front of it,
either on the Editor or the Console.

Help can also be shown
automatically after writing a left
parenthesis next to an object. You
can activate this behavior in
Preferences > Help.

New to Spyder? Read our tutorial

| Variable explorer I File explorer | Help |

IPython console
[ | Console 5/A ]

10:22:32) [MSC v.1900 64 bit (AMD64)]

information.

In [1]:

IPython 6.2.1 -- An enhanced Interactive Python.

Python 3.6.4 |Anaconda, Inc.| (default, Jan 16 2018,

Type "copyright", "credits" or "license" for more

IPython console History log

Permissions: RVW End-of-lines: CRLF Encoding: UTF-8 Line: & Column: 1

Memory: 59 %
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(Luisl dj=1) OBJECTS

AU (0  OBJECT Wesls (iules adgl clodyly I oS,
el=ol |y aslodac Loyl g9y 9 wadb)d |y Loosdls lod oby
D350

4 object SO Eg¢5 .35)l> salize (Type) Elgil lo OBJECT
Sl plesl 0315 (69) vlgise 1) (Sldec d> a5 3395 (50 doliyp
. Aud )0 5 4 Lo OBJECT

(10b05 pawds JB 5S26S (gloj2 @) Yl ¢

(Cawl (Gwyiwd PB a5 315 (5ig)d jlislw O) YBwl e *



PYTHON

SCALAR OBJECTS

Int S Wi . dbly 0 gaswo Slacl W20
float 3.27 Wio .2iL (50 huis dlacl Byeo
ol 45 3L dunlio S Olg > ylao L o Boolean s

.| False g True ()T yoleo

NoneType 313 1y None jlade S5 &S yols (5e9

A a>gie |y object SO E95 (ylgiso type() jgiwd ;1 eslasiwl L

In [1]: type(4)
Qut[l]: int

In [2]: type(4.0)
Qut[2]: float



In [11]:
Qut[1]:

In [2]:
Qut[2]:

In [3]:
Qut([3]:

In [4]:
Out[4]:

In [5]:
Qut[5]:

In [6]:
Qut[e6]:

In [7]:
Qut[7]:

In [8]:
Qut[8]:

In [9]:
Qut[9]:

type(5+2)
int

type(5.0+2.0)
float

type(5.0+42)
float

type(5/2)
float

type(5.0/2.0)
float

type(5.0/2)
float

type(5//2)

int
type(5.0//2.0)
float

type(5.0//2)
float

In [10]:
Qut[1le]:

In [11]:
Qut[1l]:

In [12]:

7

Out[l2]:

In [13]:
Out[13]:

In [14]:
Out[l14]:

In [15]:
Out[15]:

PYTHON

SCALAR OBJECTS

type(True)
bool

type(False)
bool

type(print(5+2))
NoneType

type(5**2)

int
type(5.0%*2,0)
float

type(5.0*2)
float



In [4]:
Qut[4]:

In [5]:
Qut[5]:

In [6]:
Qut[6]:

In [7]:

In [8]:

Out[8]:

PYTHON

JousS )3 (529> Linlas

float(5)
5.0

int(3.0)
3

3+2
5

print(3+2)

type(print(3+2))

Nonelype



5 PYTHON

> float g > int g9, y» Wlidac

i+] . ‘b i S
J &= int asud Qb int ¢ 0 )S1 U
1-] G2 Aoy Qb float g3 ,0 ,51 0
.. ’ .l float
1*j e
i/3 Auund’ Al (0 Float ddiges asyin U
/13 paws <) int asud Qawb int ¢ 0 ST U
B Cawl
1/°J (A OAJLO.A.QL) WUIRY L) float 93)@)§| O
.Cwl float

i**j

Oly3




5 PYTHON

(EXPRESSIONS) <sl)le

(5—0L) p3Ve g wlalac) Lo operator L Lo object wuS,5 L

Dl type SO dsui (ol g )ld douh SO whlic o
s Gl Wygo (1 03w &yle SO (ol)S) syntax

<object> <operator> <object>
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0dlw Oldac

2 23S e liwl Wwldac ©ad5 (gl Wil
3*5+1=16
3*(5+1)=18
F 3002 09N @ille oI5

*%

*

/

Cuwly 4 o 5l Glidec ol



a0l Lol (gl3=!



5 PYTHON

o g dyaino olwil

Do 50 odlaiwl jueie a4 )lade Clwil (gl (goluo Cuode
pi=3.14159

pli _approx=22/7



5 PYTHON

(:)Lﬂgt:(iisbu)¢lub§lé>

VS iyl @wl pdlie gl 2
o glo @ (solwl jl odlatiwl o

03] jd 35 jui (ydgr odlw
pi=3.14159
radius = 2

area = pi*(radius**2)
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ok Jilie ) (punigs 4eby

O Nbl0 pge a4 daw) EL Gungidely )

pi=3.14159

radius = 2

# area of circle

area = pi*(radius**2)

radius = radius+1



PYTHON

9‘ “Ol ““0“

D) ol 6)Lgd |y oyu2ie (solwl (ylgis0 =

(cge) handle g 3L abils )3 jeid cwl (jSao Hlade =
Ll 031> Cwwd Iy d95

I 33 =0 Hgiwd (ol 4 a5 (Siloj U cuslume Hlade pj JUo 3

pi=3.14159
radius = 2.2 radius

area = pi*(radius**2)

. 15.1976

radius = radius+1



PYTHON

= 1 > yustio Luuil

VALUE) )la80 «— Ccuwwly Crow dwlxo =
( ) ) :
(VAR|ABLE) A0 — Az Caow ahol> 3 C)T (gbu.’i.’)l) o),.g.">5 m

Do 50 (Rl LA Hlabe b L Chaw

X = X*X

Y = X+1
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|
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I 5 v
*
e
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Y Cawl Caw)d S o LI

X

y

1

2
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m PYTHON
> float ¢ > int (g9, y duwnlio R5Nc g Wldac

In [16]: 2=1
. ° 2 . Wl .. 2 oo Qut[16]: True
1>] ] )l )-AS))J 1 duwloo
In [17]: 2==2
Out[17]: True
1>=7 . lwo L HS“/ D1 duwoloo In [18]: 2>3
J J 53 - 2 ” Out[18]: False
In [19]: 3==
i(j j)l 75995 i 4 lLa.A Qut[19]: True
’ In [20]: 3'=4
OQut[20]: True
i<=j j (59'4&»0 LQ)JS?9S i c\m,gLﬁ.,o In [21]: 3<4
‘ Out[21]: True
. . In [22]: 3<=3
i::j J (59W 1 WL&'O Qut[22]: True
il=j J (g9lwnol 1 dunlio




PYTHON

> bool (g9, 2 sikie Olilac

AL kle a )51 True O
AL cuwys a ,S1 False d

In [63]: a =2

In [64]: b = 3 not a

In [65]: not a =1
Out[65]: False

In [EE]E not a > 2 a and b . bgawLQ-»O/LS'l).) .b).u)
0ut[66]: True Al gaswo 93 o 5] True U

In [67]: not a == 2

Out[67]: False b b a 4 l.a.b le)_) .b).(i\
aorb . - B2

I [EB]: t = 2 o o

0ut(68]: True b asuo e )S| True U

In [69]: 2 is not a
Out[69]: False

In [70]: 3 is not a In [73]: a>1and b <= 4

OQut[70]: True Qut[73]: True

In [71]: 2 is not b In [74]: a = 2 and b == 4
OQut[71]: True Out[74]: False

In [72]: 3 is not b In [75]: a > 2 or be= 4

Qut[72]: False Out[75%]: True
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)l—waslis (yvg) (2565 —w

Adbse by ©l)le

l_3 True) Caw) 9 d_.WL.)LQ.A X
(False

» h—=lgh— 255l So-b
A= ()9 a0 Oyg 0
(True) awslio

=1 glp 351 )il Soly
(False) awylio
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TYPES

whlc g oyu2io

int
float
bool

(3232) string

O

O

O
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STRINGS

dlacl 9 dlolo ol LgL(b).’.iSl)lS cL.éQ).? o

quotation marks or single ) 5,5 (50,1, 8" "Ly g " " (49,2

hi = “hello there”

greetings = ‘hello’

name = “alireza”

greet = hi + name

€c ¢¢

greeting = hi +

+ name

(quotes

l> string wusS,s



PYTHON

> STRING (g9, o ©llec

In [76]: "ali"™ + "reza"

= ‘ab’ + ‘cd’ = WS)J Qut[76]: 'alireza’

. % In [77]: 3 * "alireza"
3 * ‘glireza’ - (_573).3 o2 L.A-\S)J Out[77]: 'alirezaalirezaalireza'

In [78]: len("alireza")

len(‘alireza’) =2 w)be Job out[78]: 7

In [79]: 'alireza'[0]

= ‘alireza’[1l] =2 oylejl Gl outrre]: 'a

In [80]: 'alireza'l2]

‘alireza’[1:3] 2 e oy Out[80]: 'i’

In [81]: 'alireza'[l:4]

str(14) =2 [y @ dic s Out[81]: *lir'

In [82]: 'alireza'[2:]
Qut[82]: 'ireza’

In [83]: 'alireza'[:5]
Out[83]: 'alire'

In [84]: 'alireza'[:]
Qut[84]: 'alireza'
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print : 29,5

JowiS )3 529> Uil gl v

x =1 . 3:;

print(x)

Xx_str = str(x)

print(“my fav num is", x, ". x =", Xx)

print(“my fav num is " + x_ str + ". " + "x =" + x_str)
1

my fav num is 1 . x =1
my fav num is 1. x =1
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o “ o

input(“ “) : 69,9
Ao gl | 350 )8 T JBIs oS (g o

g Eloyl o W lasy a5 31> Olwdbl (gueio ) ol Glgise =

text = input("Type anything... ")
print(5*text)

“" u

3L 33 c @ L ST dsu ) Qd@d(5e SriNG (59,5 iNpUt jgiws =

3y Ras ) ol 2L
num = int(input("Type a number... "))
print(5*num)
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if <condition>:
<expression>
<expression>

PYTHON

if <condition>:
<expression>
<expression>

else:
<expression>
<expression>

a0 dunlio d oy So by (ol Hd 4S5 Wgd e )2l (Hlj Lo <expression>
b True

if <condition>:
<expression>
<expression>

elif <condition>:
<expression>
<expression>

else:
<expression>
<expression>

1> False b True ,lado <condition>
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Giwaslo 9 35 b= Jyis

D ERtuo 33 S 9392 38 b 29j 935 S sl vl Sl

X = int(input('Enter an integer: '))
1f (x % 2) == 0:

print('")

print('Even')
else:

print('")

print('0dd"')
print('Done with conditional')

:AS (5')—?‘ )’l d.39A3 9

Enter an integer: 4 Enter an integer: 5

Even 0dd
Done with conditional Done with conditional
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01Llai8lL a5 (Jloj A3 50 |y True )lado X % 2 == 0 W)lbe =
AL 0 d5ac 2 X

=5|)&§3ﬁk-59)-955(5|)99==j| d.w,gl.ii,oc_gl).gngy‘Z) 499_, o
.l 600 o lasiwl

b )51 Jbo (glp) . 3bbse lgiwd jl Sl SO s ()Lins
32 b2 ol @ boyye Oljgiws b (33995 hls ju )51
(b dolgs a5 ;1 else Sgb jl

AL 50 4ol (Semantic) Liwo 63523 ;L 45
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9 )3 9§ by ©ljgiuws

oo e S 392 3 9 2 opde 93)5 Szt Jle

S
X = 1nt(input('Enter an integer: '))
1f (x % 2) == 0:
if (x % 3) == 0:
print('Divisible by 2 and 3')
else:
print('Divisible by 2 and not by 3')
elif (x % 3) == 0:
print('Divisible by 3 and not by 2')
else:

print('Not divisible by 2 or 3')
T 3Ll Al (Blasl ds (A sdlhiwl = 5l == (gl> 4y )SI

(ol (595w «g=5) ol,S L invalid syntax) sgis 50 azlge las b AS : Sl
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9 ) 9 by ©lgiwd

XM & S se® . .

;i dS U doud diged
Enter an integer: 6
Divisible by 2 and 3

In [98]: runfile('D:/Documents/Dropbox/Computer Programming/nestedConds.py’,
wdir="'D:/Documents/Dropbox/Computer Programming')

Enter an integer: 8
Divisible by 2 and not by 3

In [99]: runfile('D:/Documents/Dropbox/Computer Programming/nestedConds.py',
wdir='D:/Documents/Dropbox/Computer Programming')

Enter an integer: 9
Divisible by 3 and not by 2

In [100]: runfile('D:/Documents/Dropbox/Computer Programming/
nestedConds.py', wdir='D:/Documents/Dropbox/Computer Programming')

Enter an integer: 11
Not divisible by 2 or 3
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o5y glodulio

:AS

X = int(input('Enter an integer: '))
y = int(input('Enter an integer: '))
z = int(input('Enter an integer: '))

z

if (x '=y) and (x !'= z) and (y !'= z):
if x <y and x < z:
print('x i1s the least')
elif y < z:
print('y 1s the least')
else:
print('z 1s the least')
else:
print('at least two numbers were equal')



PYTHON

25y (D dunlic

cu.wﬁdb.o ALY Lg)ig.) W

X = int(input('Enter an integer: '))
y = int(input('Enter an integer: '))
z = int(input('Enter an integer: '))

nd

if (x 1s not y) and (x 1s not z) a
if x <y and x < z:
print('x i1s the least')
elif y < z:
print('y is the least')
else:
print('z is the least')

(y 1s not z):

else:
print('at least two numbers were equal')
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lodils b S

ol o b a9 4_.ol3).3 3 odlw Lg)l_.wd.pl.w m

SOl (el wledd ghol 4 o cuwl ()Soe =
False AL A5 Cound

0dlw lempﬁ,g)ggl U»).WS 9 dRuwgs Oliol lodsl> =

W50 Egpid Camd g dunlio S L O

5L adgl by @ 6,Lgd g dgud 50 Lyl LSO dil> 43 AL True auwplis 51 o
33)5 (50

A5 (50 1oy asldl 594 False duglio a5 (Hloj U wldae 0

A AwlgS Lol dil> 1 G Olygiwd g 63k 2)ls> dils> Olet)“:ﬁ ®
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while gddl> L 4Lz JyiS

while <condition>:
<expression>

<expression>

awlio (pbj)l <condition> =

9,0 ©hgiwd (solel (True) aibb cuwys <condition> )51 =
g 50 plovl while Sgb

D950 sy <condition> o)Lg> =

1,55 (False) dgu ke <condition> a5 (Sloj U aigy ¢yl ®
A Aolgs
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for glpadil> L yL,o JyiS

for <variable> in range(<some_number>):
<expression>

<expression>

3850 395 @ |y (g)lade <variable> «il> ¢lysl )L 2 5> =
Do 50 £9)w HlAdo (y0yieS L <variable> (Jgl aé> =

A AolgS SO ogle 4y (LS Hlade <variable> as) aeéy @

SNSRI
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while gddl> L 4Lz JyiS

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48

WCo) e

P52 (508) 93 29 9 uswo dlacl Ll ¢ Jls

n

10

while n < 50:

print(n)
n = n+2

50 ;I
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for glpadil> L yL,o JyiS

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48

WCo) e

Y5295 (505) 93 29j 9 pruswo dlacl wlo ¢ Jls

for n in range(10,50,2):
print(n)

50 ;I
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(o;L) range )giw

sum_a = 0 Oy o d o5l 9 wd (1S ey, 6

for 1 in range(7, 10): .
sum a += i .Cwl range(start, stop, step)

print(“sum _a value 1s", sum_a) el (g isl step g start wa,es =
Ll (gyluzl stop Hlade way =i (Jg

sum b = 0
for 1 in range(5, 11, 2): .. .. .
Sum_b +=gj. (89)_.00) start )l.)_n.o as )90 ).)

print("sum_b value is", sum_b) start = 0yl agl lade 3945 3)lg
D950 4i8)S Hhas )
.))19 (|o|_§) Stepgb_o.o“ aS L’J)9JO ).) "
sum a value is 24 P step = 1l adgl Hlabo dg i
sum_b value is 21 g 5o 49,5 ,b2)
230 «awl jUL Lol g diwo 13l o5L

dguws0 gy Start jlado jl a5 (jiwe
Algs> |.)..u doldl stop - 1,lad0 U g

DS



5 PYTHON

break ,giws

S9d0 g)ls il 168
S50y Bro 313 )18 Sob (T 53 oS (Silygiws g whyle plw 51
D950 2yl dil> (50)3(99)0 1 L5
while <condition_1>:
while <condition 2>:
<expression_a>
break
<expression—b>

<expression_c>
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break ,giws

T 2bLe ()Mo 42 ) 35 (529)> 1 JUe

sum_ b = 0
for 1 in range(5, 11, 2):
sum b += 1
if sum_b ==
break
print("sum_b value 1s", sum_b)
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while Jlis s for

.Cawl .)9.)..9:.00 lpdal> dlaws

850 1) Woddls Slases

jl dcgo 5l ) 5395 ()lgT( 50 br'e~ak )9iwd b
ol O9) as]>

5l dcgo 5l y 3595 ()lgT (50 br‘e~ak 9w b
ol O as]>

9 3,5 e |y (T dlgl labe ddl> 5l S

for L |y while didl> ()lg 0 Cawl (\Sow
)5 9L

—2935L while L (ylg 350 |y for dil>

DS
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>asl>

bﬁ)°b£&°?)|°5@»|bwbxgﬁg&)ﬁsz
:AS

X = 1nt(input("Enter an integer: "))
ans = 0
itersLeft = x
while (itersLeft '= 0):
ans = ans + X
1tersLeft = 1tersLeft - 1
print(str(x) + '*¥' + str(x) + ' = ' + str(ans))

: ! :. “00’ m’ *

Enter an integer: 2
2*¥2 = 4
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>asl>

X ans itersLeft
3 0 3

3 2

6 1

9 1

X = int(input("Enter an integer: "))
ans = 0
i1tersLeft = x
while (1itersLeft !'= 0):
ans = ans + X
itersLeft = itersLeft - 1
print(str(x) + '*' + str(x) + ' = ' + str(ans))
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aal> olgs 5l (55
aal>
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ails> olgs 5l (535
4l ()9)> e 3k 085
Oldoe (L Hoaswins Gl paio Hlado il
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asls> g (bgyub) WasLis

(byiv) dwslio S (swyp jl eslaiwl L 1) A5 51 (6,50

JJ.Q).)(J.O

Ao (constant) cols ¢)loj 115 5l lodeby >

ez g bjuio Hlade 4y diwn dobyp ghol hloj Cll> (ol > >
Ll yaeie wlygiwd
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W) 9 UV VY,

(S0 azxn )l gl (el Lo 4y (Iterative) s35g4 JUSS) le.(blo.’jg)giﬂ d
D ABL (50 )R 9 U3 URY) el E95 )l LR L NBILe )
Ao Hlade was (blgs =
42D (9392 Cunyd sy Ul
03 03) w2 ydlibo (olad aSl b dgw lay Jo a5 (Jloj U dazo oa> =
ROAR

EXHAUSTIVE ENUMERATION b_.uu.liJl 4 g ol uylaw ,\uT)s ol .

J=B 25yl (LSl (6393 =0 dla el a5 (Lluo (glp (sw)p 9 (o= gy »
Cawl 83 leiwl

AbLse phie Gl ) iz 39l (gl el og) gel> )leis >
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yldo a5 cawl ol Jo oly SO X pow i) 935 1aw glp v
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W) 9 UV VY,

: dgl &S

X = int(input('Enter an integer: "))
guess = 0
while guess**3 < x:

guess = qguess + 1
if guess**3 = x:

print(x, 'is not a perfect cube')
else:

print('Cube root of', x, 'is', quess)
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GW)» 9 U= YY)
L g8 JUo (Rled 2yb anwys
...\.35(_,,0 )lS L.ALLO Slacl LS')‘? bhio ys =

lol_?zjl 9 J—= Cole O.))_Y JLod C)T odlw J = ol) D
AL (50 Cadie Clls (gl wldac
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W) 9 UV VY,

D 8 JUe pgd> 35

X = int(input('Enter an integer: '))
guess = 0
while guess**3 < abs(x):

guess = guess + 1

if quess**3 1= abs(x):
print(x, 'is not a perfect cube')
else:
if x < 0:
guess = -guess

print('Cube root of', x, 'is', qguess)
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T SLsI Algs (LBlasl Az 394 dislal > diils bgyd I (oS S

? “.io . e . ..I jl a)b)b l) nl “.“ :“.S ()é)-é D
PO ksl jd 9 @gw 50 d=lgo NameError gl L Vil =
Cawl dbdl> )> (148 5l a5 (gpaio jl &S o (A dz>gie (9

A8 o lasiwl
T @2 Huei dils> (49)d 1) dils jueie 45 A5 169 U
Ay (505 bb @ oBzud a5 @3y (50 p (soLel dil> @ =
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W) 9 UV VY,

2 8 JUe y55ae5 9 pgan 35

X = int(input('Enter an integer: '))
for guess in range(x + 1):
if guess**3 == Xx:
print('Cube root of', x,

is', quess)
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W) 9 ORI (YY)
2 8 JUo 5ol 9 pylez &S

X = int(input('Enter an integer: '))
for guess in range(abs(x + 1)):
if guess**3 >= abs(x):

break
if guess**3 1= abs(x):
print(x, 'is not a perfect cube')
else:
if x < 0:
guess = - guess

print('Cube root of', x, 'is', qguess)
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o STRING | LiaS5 1S

3)S dunlie 8yuc g ==, >, < b ylgis0 |y Lo STRING U

5l J=>1s oylue Job (5391 Cawds (gl len() joiw> O
g 50 0wl

9 sl yled gl STRING glgil )> sl ;1 U
D950 03wl Cuedge/ uudl SO Hlade ()359] Cuwy
» ‘alireza’[1] - ‘I’
> ‘ali’[-1] > i’
» len(‘alireza’) =2 7
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o STRING | LiaS5 1S

D) owp [start: stop: step] L ylgiso |y STRING =
» ‘alireza’[1:3] > ‘1i°
» ‘alireza’[1:7:2] = ‘1lrz’

» ‘alireza’[::-1] -2 fazerila’
A4S (=0 ()i i immutable a\kol )5 lo STRING =

> s = “hello”

> s[0] = Y 2 o350 >
» s = Yy + s[li] 2 cwljlo E—




5 PYTHON

for glddil> ¢ > STRING

ddl> 2o bol cwl dlacl (g9, 1,55 (glp o]y SG range =
D9 )h35 dlie I o990 (59 Vlgise for
s = 'abcdefghi’

for index in range(len(s)):

if s[index] == "i" or s[index] == "u":
print("found i or u")

for char in s:
if char == '"i' or char ==
print("found i or u")

u :
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T w5 (92,05

slaoby dbb 0 S=>g5 W)= jl string So s auS (6,9
S Olwes 1) string s )blae Wy dlael 45 Juwwgy
Awbso a, e, 1, 0, U:)blus Vg

(—=>9)> Qb s = 'azcbobobegghakl® , 51 JUie (¢lp
D39 (Sl 1) ©)g0 4 aely

Number of vowels: 5
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slaoby dbb 0 S=>g5 W)= jl string So s auS (6,9
l) 3515 3929 S ;5> ‘0K’ dalS 45 (J5Ll=od dlael a5 Jwsgu
S dawl=o

@ dolby (59,5 AL s = 'oklhgksokko® \SI Jte (gly
D39 Gl ) ©)g0

Number of times ok occurs is: 2



PYTHON

PVob a5 gy (glaelyy . dbb e S¢S gy jl string SO s auS (6,9
9 XS law 1) 2L so Lall Bgy> Cubys @ ol Yoy aS |y s 5l string yuj5 ¢p)d
(—=>9)> 3 b s = "azcbobobegghakl' , Sl JUio job 4y .35 Oz |y ol

DGl ) g0 4 doliy

Longest substring in alphabetical order is: beggh

AS wlz )y string ) oddgl Jaw)y (gl W= dlass d.g)fl 9

Longest substring in alphabetical order 1is: abc
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Cawwl (595
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S (50 3JgS ) o ywas «S>gS LsL(blolf jloslaiwl b o

S &b 93)S S gl wws o
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D (520 HAC DAL 1D PG Ay ) duwl=wo

cube = 29

epsilon = 0.001
guess = 0.0
increment = 0.0001

num_guesses = 0
while abs(guess**3 - cube) >= epsilon and guess <= cube:
guess += 1increment
num_guesses += 1
print('num guesses =', num_guesses)
1f abs(guess**3 - cube) >= epsilon:
print('Failed on cube root of', cube)
else:
print('%.4f' % guess, 'ls close to the cube root of', cube)
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15518 X 91 (SO (g9lww

(@S Egpii ) jl ) piylads gol> ©)ygo @3 &S i gl =
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g

AlgS S0 (O 651851 W Al qaudb Gl ybgs S =
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(Bisection Search) i 93 (g9svims

TS5 b 639y i3Sy = LT abls SO Al 4 )51 =

D @S (50 9o 0)Lgd g 0393 S)3 g aS @Bld 0 ¢ gF*3 > x S =

h*

new g g
aBlds 0 « g¥*¥3 < X 45 Lbb (gldigS 4 1A= g Sl Jlo jgb g ®
L EaS (50 9> 0)Lg3 9 039y 295 g &S

*

new g next g g

AS (50 1w ol J18 doye i 4) gz 6jL dl>yo oy
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. Bisection Search ybg) & (S8ie yué dic ;0 Pgw din) dwlxo

x = 29

epsilon = 0.001
numGuesses = 0

low = 0.0

high = x

ans = (high + low)/2.0

while abs(ans**3 - x) >= epsilon:
print('low = ' + str(low) + ' high = ' + str(high) + ' ans = + str(ans))
numGuesses += 1
i1f ans**3 < x:

low = ans
else:
high = ans
ans = (high + low)/2.0
print( 'numGuesses = ' + str(numGuesses))

print(str(ans) + ' is close to cube root of ' + str(x))
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(Bisection Search) i 93 (g9svims

Tho A5 (50 )51 (g9luwo ).)5)).) 3o (¢l ko 8 3uVwl A5

= ke 3o (gl 45 38 Vol (glaseS @ |y 8 35 € (05
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HLS x<1 paliéo (glp a5 auS 2ol (gldigs & |y (Ju8 35 & ()05
S
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MbLso 35l Glewd pb o
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ol cawlio S2g5 pobie gdoly gl *
Gl did) po ) S)j slosly (gl
Cawl s Ol 935 Jwy =
Ll S o (phlks> =
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9> (sugidoly

UoSie diigs 45 Gbghs daei b 09> g aely =
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L))l 8391 45 Floa s jlaiie Ly g ugidoly
394( 50

o3laiwl (golgi) Lo Function jl wleas (gain diww (gl *
S (5

bl Lo a0 ) (Slunlow )543 51 pgo )lawn diiz> 95 Rlg5
) 4oV (¥) (53,5 42525 (1) : M350
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(FUNCTIONS) gilgs

Oloie 4 33 20 o3l ol b 35 | e (yidg
&L
Vg 503 ol D3gis 635lg5 )8 a5 (Jloj U doliyy jo golgs =
&L vlhwgas =
(name) awl =

(parameters) (yiwiw L © ) (39,9 syioh)b =
(docstring) (cwl (g Lisl) Olewsgs =
(body) sy =
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Ol P92 9 &U (yigs 693

def 1s even(i):
Input: i, a positive int
Return True if 1 is even, otherwise False

print('Hi")
return 1 % 2 ==

print(is_even(3))
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Ol P92 9 &U (yigs 693

@lls_even |(I) :

Input: i, a positive int
Return True if i is even

, otherwise False

o& print('Hi")
return 1 % 2 == 0

print(is_even(3)|)

60

di;jﬁi



PYTHON

&6 43 9,0

def is even(i):

Input: i, a positive int

Return True if 1 1s even, otherwise False
0’.{,.,
yf\";& | print('Hi")] o
M &Ireturnlli % 2 =0 9” .7
S NS
e 200
o) @

print(is_even(3))
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I return O,lc (4903 G

def is_even(i):

Input: 1, a positive int
Return True 1if 1 1s even, otherwise False

1% 2==20
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print ¢ return

return

313 3,55 g ime U (y9)> ko Cawl odlaiwl (Jl8 55 U ()9,

C)T 5l ol 350 padlg 20 45 dla el o

dgid 50 ol @b (49,3 return G s axiS sl @ (99,

)h=8 return ;l y =y 45 U ()9, L;La;.\.f print joiws jl a2 L5 (49, IS
g (s Lol Alais,S Vg ol slgs 50

4 9 A& 50 poluaisl 395 @ |, L/s)l.)li.o
L5 (5laj) 3350 a5l 63 5,5 jwlal
(950 03lg21)8

= 4S5 w0 polaisl 395 @ 1) (g)lade
950 0315 (pinled JouiS (59)
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ngub.,o J.uog L,J.;ol ).wl)b L8 8—"—’ (5°9)9 )‘*'°|)L’ ‘&’U L:"|9">|)‘9 C)"’) -

(T l@/bg Q..O/Ol-\ BV B ) &)l 5 d ) 39)9 Iol_i/lm =
g0 dislw 3> (scope/environment/frame)

Global scope

(53979 yiol)ly
def f(x) : £ Some
X =X + 1 Code
print('in f(x): x ="',
return x




=

D950 Jog (shol yiohh 4 U (539)9 yiehb U (Sle=he plo;  *
—J8/ by QA/O‘-X a0 S LS54 g9 Iol_il.(b m
g0 dislw 3> (scope/environment/frame)

Global scope

def f(x): f Some
X =X + 1 F code
print('in f(x): x ="',
return Xx

X = 3

z = f(x)
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D950 Jog (shol yiohh 4 U (539)9 yiehb U (Sle=he plo;  *
—J8/ by QA/O‘-X a0 S LS54 g9 Iol_il.(b m
g0 dislw 3> (scope/environment/frame)

Global scope

def f(x): f Some
X = X + 1 code
print('in f(x): x ="',
return x

X 3

f(x) —

N




=
JEC IV QIS

9z Jog Glol yiehb 4 & (39)9 yiohb U Sle>l)s loj =
A ]l_’g’/b‘{ 'k,o/c)l-x 1L0 5 1 ) &l 5 d ) 39)9 lol_ii.(b -
g0 dislw 3> (scope/environment/frame)

Global scope

f Some
def i{f); . code
print('in f(x): x ="', X)
return x
X 3

F(x)] € Z psio & 29> laie oluil

N
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&U 39,9

D 2wl (50)9 )0 4 WDlgi e U logdgy9  ®

def func_a():
print("inside func_a")

def func_b(y):
print("inside func_b")
return y

def func_c(z):
print("inside func _c")
return z()

. 5399 V9 « func_a &b (Slg>1)$
print(func_al()) oy s
print(5 + func_b(2)) 63979 <2 « func_b G (Slgs1)8
print(func_c(func_a)) (cwwl )35 &L X 395 a5) (39,9 < « func_c g (Hlg>1)8
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def f(y): wa,=ifylae| def g{y_r}: S9di 50 835195 def h(y):

X = 1 gy 50 print (/x| X = X + 1

X += 1 print(x| + 1)

print(x) X =5

h(x)

- x{=}5 print(x)
X = g(x
f(x) print(x)
print(x) : UnboundLocalError ¢les>

Oglaie gl X

) 9 &5 (Sl (59, 1 9 v9yd X
Sdire il s3lgBlyd

9' ..ol ).l ‘}éé lxl I 4 00
Ll 834 0315 £l
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def f(y): def g(y): def h(y):

x =1 print(x) X =x+1

x += 1 print(x + 1)

print(x) X =5

h(2)
X =5 print(x)

X =5 a(2)
f(2) print{il\\ ///
print(x)

\>

3 /
40by (global) IS (lase 51 X




o
(scope) (ylase ;1 (SJlie

def g(x):

aet h(): Global scope
X = 'abc

X =X + 1 S (glasks g Some
print('in g(x): x =", Xx) code
h()
return x

X = 3 4

N
i

g(Xx)
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)

def g(x
def h(): Global scope g scope
»x =
print('in ; e
h()
return x
X 3

N
i

g(Xx)
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def g(x):
d

Global scope g scope

R e
a
(=3
(]

(X
ef h():
X
X = X
t

In g(x): x = code
h()

print(
return x

N X
i

g(Xx)
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def g(}(): Global scope g scope
def h():
X = 'abc' d— g Some
X =X + 1 code
print('in g(x): x ="
h() <—
return x
X 3

N
ol
w
>
Z
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)

def g(x
def h(): Global scope g scope
X = 'abc’
X =X+ 1 g Some
Er&nt(' g(x): x = e
return x <
X 3

N
i

g(Xx)
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def g(x):

aet h(): Global scope
X = 'abc'

X =X + 1 8 Some
Ezint( in g(x): x =", X) code
return X

X =3

zZ = g(x)
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def printName(firstName, lastName, reverse):
if reverse:
print(lastName +
else:
print(firstName, lastName)

", "+ TirstName)
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def printName(firstName, lastName, reverse):
if reverse:
print(lastName + ', ' + firstName)
else:
print(firstName, lastName)

printName('Alireza’, 'Ghorbi', False)

printName('Alireza’, 'Ghorbi', reverse=False)

printName( 'Alireza’, lastName='Ghorbi', reverse=False)
printName(lastName="'Ghorbi', firstName='Alireza', reverse=False)
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def printName(firstName, lastName, reverse=False):
if reverse:
print(lastName + ', ' + firstName)
else:
print(firstName, lastName)

printName( 'Alireza’, 'Ghorbi")
printName( 'Alireza’, 'Ghorbi', True)
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def mult_iter(a, b):

result = 0

while b > 0: iteration ¢ 1,55
[result += a | olwlsw led lade
I-m—l OJ:))LN:! L,]&.é)l.).ﬁ.o

return result
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g a*b=\a+a+a+a+a+,,,+e}
Y

450 b

m =—g+at+a+at+a+ .. +a

\ J
Y

450 b-1
| :a+a*(b_1)

def mult_recur(a, b):

1T b == 1 \ ol el
return a B

else: -
return a + mult_recur(a, b-1) sk 5
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" n! = n*(n-1)*(n-2)*(n-3) *..*1
n=1 -> ifn == 1: ol

return 1
)-8 4 Ao Gungiil Tpad (Il |) dis digSz
Py QL e lgz 4 45 (5505

n*(n-1)! - else:

return n*factorial (n-1)



def fact(n):
if n ==
return 1
else:
return n*fact(n-1)

print(fact(4))

Global scope

fact scope fact scope fact scope fact scope
(call w/ n=4) (call w/ n=3) (call w/ n=2) (call w/ n=1)

fact Some
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def factorial iter(n):

prod = 1
for 1 in range(l, n+1l):
prod *= 1

return prod
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= Females(n) = Females(n-1) + Females(n-2) 6 13
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= Females(0) = 1

= Females(1) =1

: e o S).L? 4.19).,0 m
= Females(n) = Females(n-1) + Females(n-2)

def fib(x):
"tirassumes X an int >= 0
returns Fibonacci of x"""
if X == 0 or x == 1:
return 1
else:
return fib(x-1) + fib(x-2)



5 PYTHON
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: Jbbs0 5 A5 Jolis circle.py (bld auS (0,8
pi = 3.14159

def area(radius):
return pi*(radius**2)

def circumference(radius):
return 2*pi*radius
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In [3]: import circle
In [4]: pi = 3

In [5]: print(pi)
3

In [6]: print(circle.pi)
3.14159

In [7]: print(circle.area(3))
28.27431

In [8]: print(circle.circumference(3))
18.849539999999998
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In [9]: from circle import *

In [10]: print(pi)
3.14159

In [11]: print(area(3))
28.27431
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v TUPLE

In [12]: te = ()
In [13]: t = (2, "one", 3)

In [14]: t[O]
Out[14]: 2

In [15]: (2, "one", 3) + (5,6)
Out[15]: (2, 'one', 3, 5, 6)

In [16]: t[1l:2]
Qut[1l6]: ('one',)

In [17]: t[1:3]
Out[1l7]: ('one', 3)

In [18]: t[1]

Out[1l8]: 'one'

In [19]: t[1l] = 4

Traceback (most recent call last):

File "<ipython-input-19-87b0f225887f>", line 1, in
<module=>
t[1l] = 4

TypeError: 'tuple' object does not support item
assignment
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o3laiu] W yuin yslio (louls (cly ¢lgise W Tuple I =

X =y temp = x (x, y) =

y = X X =Y ."y
SR




5 PYTHON

Tuple b & jl ;29,5 Jiz 38y

C8)S (529,35 Az U 5l (1lgie o Tuple jl eslasiwl L =

9 def quotient_and remainder(x, y):

10 q= x//y

11 r=x5%y

12 return (q, r)

13

14

15 (quot, rem) = quotient_and remainder(15.3, 3)

16
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In [5]: a_list

[]
In [6]: b_list = [2, 'a’', 4, True]
In [7]: L = [2, 1, 3]

In [8]: len(L)
Out[8]: 3

In [9]: L[O]
Out[9]: 2

In [10]: L[2] + 1
Out[l0]: 4

In [11]: L[3]
Traceback (most recent call last):

File "<ipython-input-11-28c5e42e8527>", 1line 1, in <module>
L[3]

IndexError: 1list index out of range



In [12]:
In [13]:

In [14]:
Out[14]:

L =12, 1, 3]

L[1] =5

L
[2, 5, 3]
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SO logladl Egamo (53)9] Cuwdy Vi )fl JUo job 0 =
LS 1381 5 OR9) 99 4 Elgiie Ll

sL = 1[4, 6, 1, 2] gL = 1[4, 6, 1, 2]
9 9

10 total = 0 10 total = 0

11 for 1 in range(len(L)): 1llfor 1 in L:

12 total += L[1i] 12 total += 1
13print(total) 13 print(total)

14 14

owvl len (L) -1 U o jl Cund gloplall a5 39 d>g5 =
Dgid50 (5145

Hl> aeldl n-1 G o jl range (n) =
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sledl & L.append (element) jgiwd L @ulgiso ®

In [17]:
In [18]:

In [19]:
Out[19]:

.f%&ﬁg41§L15|I) LJJLOJIQSAAU%J

(mutate) .ao350 ;ui |y Cuwd jgiwd ¢pl ®

L =12, 1, 3]
L.append(5)

L
(2, 1, 3, 5]
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L.extend (some list) ;giwd L |y Cuwdd pilgi0 =
(mutate) o> jues g wuS)s

In [19]: L
Qut[19]: [2, 1, 3, 5]

In [20]: L1 = [2, 1, 3]

In [21]: L2 = [4, 5, 6]

In [22]: L3 = L1 + L2

In [23]: Ll.extend([0O, 6])

In [24]: L1
OQut[24]: [2, 1, 3, 0, 6]
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In [27]:
Out[27]:

In [28]:

In [29]:
Out[29]:

In [30]:

In [31]:
Out[31]:

In [32]:
Out[32]:

In [33]:
Out[33]:

L
(1, 3, 6, 3, 7, 0]

L.remove(3)

L
[1, 6, 3, 7, 0]

del(L[1])

L
[1, 3, 7, 0]

L.pop()
0

L
[1, 3, 7]
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In [1]: s = "Alireza, Ghorbi”

In [2]: list(s)

Uutlz]: [IAI, I-l_l, Iil, I'_I’I Iel, IZI’I IalJI I,I, 1 IJI IGI,
Ihl, Iul, Irl, Ibl, Iil]

In [3]: s.split(',")
Out[3]: ['Alireza', ' Ghorbi']

In [4]: s.split(’ ')
Out[4]: ['Alireza,', 'Ghorbi']

In [5]: L=T["A", "L", "1"]

In [6]: "".join(L)
Qut[6]: 'Ali’

In [7]: ' '".join(L)
Out[7]: 'A 1L 1°
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sorted () g sort () jguwd L (gjlw Syo ™

reverse () jgiwd b Cund (93,5 juScy ™

A 50 (Mutate) yuss |y cuwa) reverse () g sort () =

In [8]: L =[9, 6, 0, 3]

In [9]: sorted(L)
Out[9]: [0, 3, 6, 9]

In [10]: L.sort()

In [11]: L
Qut[11l]: [0, 3, 6, 9]

In [12]: L.reverse()

In [13]: L
Out[13]: [9, 6, 3, 0]



In

In

In

In

[14]:
[15]:

[16]:

[17]:

[18]:
[19]:
[20]:

[21]:

['red',

In

[22]:

['red',

5 PYTHON

(ALIASES) i (gl

a=1
b = a

print(a)

print(b)

¢l =['red', 'yellow', 'blue']
c2 =—cl
c2.append( 'green’)

print(c2)

‘yellow', 'blue', 'green']

print(cl)

‘yellow', 'blue', 'green']

R ©)lime pb (589
L Glool jusiie puss b
RS 93,0 (ol )\iumo

LS (0



In [23]: cl

['red’,

PYTHON

Caandd S5 (995 (25) Clone

In [24]: c2 = cl[:]

In [25]:

In [26]: print(c2)

['red’,

In [27]: print(cl)

['red’,

‘yellow', 'blue’]

c2.append( 'green’)

‘yellow',

‘yellow',

"blue’,

"blue’]

‘green’]
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In [6]: L1

['red', 'blue’,

In [7]: L2 = ['grey’, 'brown']

In [8]: L1.append(L2)

In [9]: L1
OQut[9]: ['red', 'blue’,

In [10]: len(L1)
Out[lOe]: 5

‘green’,

‘green’,

"yellow',

‘yellow']

[‘grey’,

"‘brown']]
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9 def remove_duplicate(Ll, L2):
10 for el in L1:

11 if el in L2:

12 L1. remove(el)
13 return L1

14

15

16 def remove_duplicate new(L1l, L2):
17 L1 copy = L1[:]
18 for el 1n L1 _copy:

19 if el in L2:

20 L1. remove(el)
21 return L1

22

23

2411 = [1, 2, 3, 4]

25L2 = [1, 2, 5, 6]

26

2/ print(remove_duplicate(Ll, L2))
28 print(remove_duplicate _new(L1l, L2))
29

PYTHON
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In [13]: D = {} )l . .

In [14]: type(D)
Out[1l4]: dict

In [15]: grades = {'Ali1':'A+', 'Hamid':'C', 'Sara':'B', "Amin':'A"}

In [16]: grades[ 'Ali’]
Out[1l6]: 'A+'

In [17]: grades[ 'Reza']
Traceback (most recent call last):

File "<ipython-input-17-65¢c69419160e>", 1line 1, in <module>
grades[ 'Reza’]

KeyError: 'Reza’
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In [18]: grades['Reza’'] = 'D°’

In [19]: grades

Out[19]:

In [20]:
Out[20]:

In [21]:
Out[21]:
In [22]:

In [23]:
Out[23]:

{'Al1': 'A+', "Amin':

‘Sara’ 1n grades
True

‘Nima' 1in grades
False
del(grades[ 'Reza’'])

grades
{"'Ali': 'A+', 'Amin’':

"A', "Hamid':

Icl

, 'Reza': 'D’

, '‘Sara':

LIS ) Hlade SO )d9 (gl s

IAI,

L6 pwiS3 1Ak SO (93)S SU

‘Hamid':

Icl ,

'Sara’':

'B'}

'B'}
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In [24]: grades.keys()
Out[24]: dict _keys(['Ali’', 'Hamid', 'Sara’, 'Amin’'])

(0Pl )i 998) (S )3 a3lie WIS Caun)  ®

In [25]: grades.values()
Out[25]: dict_values(['A+', 'C', 'B', 'A'])
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9f = 35

10 numFibCall = 0
11

12

13 def fib(n):

14 global numFibCall
15 numFibCall += 1

16 ifn==1o0orn==2:

17 return 1

18 else:

19 return fib(n-1) + fib(n-2)
20

21

22print(fib(f))
23print(numFibCall)
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26 numFibCall = 0

27

28

29 def fib_eff(n, d):

30 global numFibCall
31 numFibCall += 1
32 if n in d:

PYTHON

3 (b8 03 b duwle pdlde JLBS (i wiS
(S PS>
4 A3 03w dewlzo 3l ie (3,5 asLsl
(S5
wSlye dlael (bl =35 (89 s (ol o

5105 &y )by &5 VP b canl il @ (Slo>l)s
Ll (60 (9L Cldls

33 return d[n]

34 else:

35 res = fib _eff(n-1, d) + fib _eff(n-2, d)
36 d[n] = res

37 return res

38

39

40d = {1: 1, 2: 1}
41print(fib_eff(f, d))
42 print(numFibCall)

43
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import pylab as plt

atplotlib
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10 samples = []
11slinear = []
12 squadratic =
13 scubic = []
ldsexpo = []
15

16 for 1 in range(0, 30):

17 samples.append(1)

18 slinear.append(1i)

19 squadratic.append(1**2)
20 scubic.append(1**3)

21 sexpo.append(2**1)

22

[
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= plt.plot(samples, slinear)
Ao Cund Oyeo L ol pols oy o
b Job @ 1L beund -



PYTHON

J16 3wl iy digas

25

20+

15 4

10 +




9

10 samples =
11slinear =
12 squadratic

PYTHON

g import pylab as plt

|| —

[1

13 scubic = []
14 sexpo = []

15
16 for
17
18
19
20
21
22
23
24 plt.
25plt.
26 plt.
27 plt.
28 plt.
29

i in range(Q, 10):
samples.append(1)
slinear.append(1i)
squadratic.append(1**2)
scubic.append(1i**3)
sexpo.append(2**1)

figure( ALL")
plot(samples, slinear)
plot(samples, squadratic)
plot(samples, scubic)
plot(samples, sexpo)

G2 03 2090 )5 ol gl
odlai___wl qu_) )Gi—and )’l

700 A
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300 A

400 +

300 4

200 A

100 +
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8 import pylab as plt

9

10 samples = []

11slinear = []

12 squadratic = []

13 scubic = []

14 sexpo = []

15

16 for 1 in range(0, 25):

17 samples.append(1i)

18 slinear.append(1i)

19 squadratic.append(1**2)
20 scubic.append(1**3)

21 sexpo.append(2**1)

22

23

24plt.figure( ' Linear’)
25plt.plot(samples, slinear)
26 plt.figure( ' Quadratic’)
27plt.plot(samples, squadratic)
28plt.figure( ' Cubic’)
29plt.plot(samples, scubic)
SOplt.figure( 'Exponential’)
Slplt.plot(samples, sexpo)
32
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25 A 600

plt.figure('Linear") plt.figure('Quadratic’) /
| plt.plot(samples, slinear) s00, PLt.plot(samples, squadratic)
400
15
300
10 A
200 1
5_
100 q
04 0-
0 5 10 15 20 25 0 5 10 15 20 25
le7
14000 | L75
12000{ PpLlt.figure( Cubic"') 1501 plt.figure( Exponential’)
plt.plot(samples, scubic) s plt.plot(samples, sexpo)
10000 - 25
8000 1 1.00 1
6000 1 0.75 1
4000 - 0.50 4
2000 4 0.25 1
0 0.00 -
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plt.figure( Linear')
plt.xlabel( Sample Points')
plt.ylabel( 'Linear Function')
plt.plot(samples, slinear)

25 4

20+

=
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I

=
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I

Linear Function

T T T T T T
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Sample Points
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plt.figure( 'Linear’)
plt.title( Linear’)
plt.xlabel( 'Sample Points’')
plt.ylabel( 'Linear Function')
plt.plot(samples, slinear)

Linear

25 4

20+

15 ~

10 ~

Linear Function

T
0 5 10 15 20 25
Sample Points
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plt.figure( 'Linear’)
plt.title( Linear’)
plt.xlabel( 'Sample Points')
plt.ylabel( 'Linear Function')
plt.xlim(0, 10) _
plt.ylim(0, 10) o Linear
plt.plot(samples, slinear)

Linear Function

Sample Points
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plt.figure( Cubic')
plt.xlabel( Sample Points')
plt.ylabel( Cubic Function')
plt.xlim(0, 10)

plt.ylim(0, 1000)
plt.plot(samples, scubic) 1000

800

600

Cubic Function

400

200

Sample Points
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10 samples = [] S @i wys g Lol 43,5 las (4l -
1lslinear = [] o )J 9 K O ¢ LS)'?

12 squadratic = [] v . . .

12 scubic = [] )9-1—&03 )l |OJJ|9_)L’A .)._).).9

ld sexpo = []

15 @S odliwl plt. figure (<arg>)

16 for 1 in range(0, 100): o

17 samples.append (i)

18 slinear.append(1i) _ )

19 squadratic.append(i**2) Linear & Quadratic

20 scubic.append(i**3)
21 sexpo.append(2**i)
22 350 4

4plt.figure('Linear & Quadratic') 300 4
25plt.title( 'Linear & Quadratic')
26 plt.xlabel( ' Sample Points')

27 plt.ylabel( 'Functions')

28 plt.xlim(Q, 20)

29plt.ylim(Q, 400)
30plt.plot(samples, slinear)
3lplt.plot(samples, squadratic) 150 -

250 ~

200

Functions

34 plt.figure( 'Cubic & Exponential') 100 7

35plt.title( 'Cubic & Exponential')
36 plt. xlabel( 'Sample Points') 50
37plt.ylabel( 'Function’)
38plt.xlim(0, 20) 0 . : : : : .
39plt.ylim(0, 10000) 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
40 plt.plot(samples, scubic) sample Points

41plt.plot(samples, sexpo)
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8import pylab as plt
9

10 samples = [] - K ve . ]
1lslinear = [] JL.UJ @A) 9 '_DL.)\L.! U'))_Y I.)..? (Sl)'?

12 squadratic = [] % . . .

13 scubic = [] ) S E— )| |°33"|9—’L3"° A=

14 sexpo = []

15 . * .0 . ' < >

16 for i in range(0, 100): |Q.).AS OJLQ'M‘UI plt flgure ( arg )

17 samples.append (i)
18 slinear.append(1i) _ )
19 squadratic.append(i**2) Cubic & Exponential

20 scubic.append(i**3) 10000
21 sexpo.append (2**i)
22

8000 A

4plt.figure('Linear & Quadratic')

25plt.title( 'Linear & Quadratic')

26 plt.xlabel( ' Sample Points')

27 plt.ylabel( 'Functions') 6000

28 plt.xlim(Q, 20) s
29plt.ylim(Q, 400) §
30plt.plot(samples, slinear) z
31lplt.plot(samples, squadratic) 4000 1
2
34 plt.figure( 'Cubic & Exponential')
35plt.title('Cubic & Exponential') 2000 7
36 plt. xlabel( 'Sample Points')
37plt.ylabel( 'Function’)
38plt.xlim(0, 20) 0 . | | . . .
39plt.ylim(0, 10000) 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
40 plt.plot(samples, scubic) sample Points

41plt.plot(samples, sexpo)
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Linear vs Quadratic
1000

S import pylab as plt — Linear
9 —— Quadratic
10 samples = [] 800 -
1lslinear = []

12 squadratic = []

13 - 600

14 for 1 in range(0, 50): =

15 samples.append(1i) 5

16 slinear.append(1i) 400 7

17 squadratic.append(1**2)

18

19 200 +

20plt.figure('Linear vs Quadratic')
21plt.title( 'Linear vs Quadratic')

22 plt.xlabel( 'Sample Points') 0 5 10 15 20 25 30 35 40
23plt.ylabel( Function') Sample Points

24plt.xlim(0, 40)

25 plt.ylim(0, 1000)

26

27 plt.plot(samples, slinear, label='Linear')
28 plt.plot(samples, squadratic, label='Quadratic’)

29plt.legend(loc="upper left')
* ~ \
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Linear vs Quadratic

1000

8 import pylab as plt _ 7

9 — Linear _ /
—-= Quadratic /!

10 samples = [] /

11slinear = [] 0 /

12 squadratic = [] 7

13 600 - ,"’

14 for i in range(Q, 50): S Y

15 samples.append(i) = el

16 slinear.append(i) " 4001 Va

17 squadratic.append(1**2) _/’

18 P

19 200 A ./'

20 plt.figure('Linear vs Quadratic') -

21plt.title( 'Linear vs Quadratic') 0 ff’/-l . . . .

22 plt.xlabel('Sample Points') 0 3 10 15 20 25 30 35

23plt.ylabel( ' Function') sample Points

24plt.xlim(0, 40)

25plt.ylim(0, 1000)

26 ."”’

27

28 plt.plot(samples, slinear, 'g-', label='Linear')

29plt.plot(samples, squadratic, 'r-.', label='Quadratic')

30plt. legend(Lloc="upper left') \

31




| character description
- s0lid line style
t-- dashed line style
'- dash-dot line style
tet dotted line style
point marker
YL pixel marker
‘o circle marker
v friangle_down marker
Lt triangle_up marker
tet triangle_left marker
"yt triangle_right marker
"1 fri_down marker
vt tri_up marker
"3 tri_left marker
tat tri_right marker
gt suare marker
' pentagon marker
et star marker
"h' hexagon1 marker
"H' hexagonz2 marker
"+ plus marker
fa ¥ marker
‘D’ diamond marker
"d! thin_diamond marker
"1 viine marker

hline marker

PYTHON

bohs Jibiwl 9 ) Jolaz

character color
i blue

v green

T red

t’ cyan

‘m' magenta
y' yellow
K black
W white
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8 impnr‘t pylab as p'L‘t 1000 Linear vs Quadratic

g — Linear /
10 samples - [] —-- Quadratic /
11l slinear = [] 800 1 /
12 squadratic = [] /
13 600 - 4
14 for i in range(0, 50): /
15 samples.append(1i)
16 slinear.append(1i) 400 /
17 squadratic.append(i**2) y
18 e
19 200 A /./'/

20 plt.figure('Linear vs Quadratic') -
21 plt.title( 'Linear vs Quadratic') 0 Sl : : ; ,
22 plt.xlabel('Sample Points') 0 > 10 15%mgf%mE25 S
23plt.ylabel( Function')

24plt.xlim(0, 40)

25plt.ylim(0, 1000)
26
27

28 plt.plot(samples, slinear, 'g-', label='Linear', Llinewidth=3.0)
29plt.plot(samples, squadratic, 'r-.', label='Quadratic’', Llinewidth=3.0)
20 plt.legend(loc="upper left')

31

Function
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g import pylab as plt
9

10 samples = [
11slinear = [
12 squadratic
13

l4for 1 in range(0, 50):

I

[1

15 samples.append(i)

16 slinear.append(i)

17 squadratic.append(1i**2)
18

19

20plt.figure( 'Linear vs Quadratic')
21 plt.title( 'Linear vs Quadratic')
22plt.xlabel( 'Sample Points')
23plt.ylabel( Function')
24plt.xlim(0, 40)

25plt.ylim(0, 1000

)
26 ,
27 plt.subplot(211)

29plt.legend()

PYTHON

W 52

20 A

2000

1000 -

= linear

T T T T T T

0 10 20 30 40 50

*
= Quadratic
#"”
L
i/
l,
- f
.
—"

—— o — —

T T T T T T

0 10 20 30 40 50

28 plt.plot(samples, sliniar, ‘g-', label='Linear', linewidth=3.0)

20plt.subplot(212)
3lplt.plot(samples, squadratic,
32plt.legend()

33

r-.

', label='Quadratic', linewidth=3.0)



g import pylab as plt

PYTHON

W 52

50 J . 2500 :
g — | inear = Quadratic I
10 samples = [] /
11 slinear = [] 40 | 2000 .
12 squadratic = [] /
13 y
14 for i in range(0, 50): % { 1500 1 /
15 samples.append(1i) /
16 slinear.append(i) | .
17 squadratic.append(i**2) 207 1000 /
18 /.
19 10 500 - .
20plt.figure( 'Linear vs Quadratic') /
21plt.title( 'Linear vs Quadratic') /'
22plt.xlabel( Sample Points') 0 - 0] ="
23plt.ylabel( Function') o -0 : 0 >0 40
24plt.xLim(0, 40)
25plt.ylim(@, 1000)
26
27 plt.subplot(121) ,
28plt.plot(samples, slinear, 'g-', label='Linear', linewidth=3.0)
29 plt.legend() /
30plt.subplot(122)
3lplt.plot(samples, squadratic, ., label="Quadratic', Llinewidth=3.0)
32plt.legend()

33
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import math



In [2]:

In [3]:
OQut[3]:

In [4]:
Out[4]:

import math

math.pi
3.141592653589793

math.e
2.718281828459045

PYTHON
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In [17]:
OQut[l7]:

In [18]:
OQut[18]:

In [19]:
Qut[19]:

In [20]:
Qut[20]:

In [21]:
OQut[21]:

In [22]:
Qut[22]:

math.fabs(-9)

9.0

type(math.fabs(-9))

float

abs(-9)
9

type(abs(-9))

int

abs(-9.0)

9.0

type(abs(-9.0))

float




In [5]:
Out[5]:

In [6]:
Out[6]:

In [7]:
Out[7]:

math.sqrt(2)
1.4142135623730951

math.sqrt(4)
2.0

type(math.sqrt(4))
float

PYTH
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In [8]:
Out[8]:

In [9]:
Out[9]:

math.factorial(4)
24

type(math.factorial(4))
int

PYTHON
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In [10]:
Out[10]:

In [11]:
Out[11]:

In [12]:
Out[12]:

In [13]:
Out[13]:

In [14]:
Out[14]:

In [15]:
Out[15]:

In [16]:
Out[16]:

math.pow(2,4)
16.0

math.pow(3,3)
27.0

type(math.pow(3,3))
float

3%*3
27

type(3**3)
int
3.0%*3
27.0

type(3.0%*3)
float

PYTHON

Oly3
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In [24]: math.ceil(9.7)
Out[24]: 10

In [25]: math.ceil(9.1)
Out[25]: 10

In [26]: math.ceil(9.000001)
Qut[26]: 10

In [27]: math.cei1l(8.999999)
OQut[27]: 9

In [28]: type(math.ceil(9.000001))
Out[28]: int
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In [29]: math.floor(9.7)

Out[29]: 9

In [30]: math.floor(9.1)
Out[30]: 9

In [31]: math.floor(9.0001)
Out[31]: 9

In [32]: math.floor(8.99999)
Out[32]: 8

In [33]: type(math.floor(9.00001))
Out[33]: int



In [34]:
Out[34]:

In [35]:
Out[35]:

In [36]:
Out[36]:

math.exp(1l)
2.718281828459045

math.exp(0)
1.0

math.exp(2)
7.38905609893065
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In [37]:
Out[37]:

In [38]:
Out[38]:

In [39]:
Out[39]:

In [40]:
Out[40]:

In [41]:
Out[41]:

In [42]:
Out[42]:

PYTHON

(e glire) (s2ub @iy Ln

math.log(2)
0.6931471805599453

math.log(3)
1.0986122886681098

math.log(4)
1.3862943611198906

math.log(5)
1.6094379124341003

math.log(6)
1.791759469228055

math.log(7)
1.9459101490553132

number

approximate natural logarithm

0.693 147 180 559 945 309 417 232 121 458

1.098 612 288 666 109 691 395 245 236 92

1.386 294 361 119 690 618 834 464 242 92

1.609 437 912 434 100 374 600 759 333 23

1.791 759 469 228 055 000 812 477 358 38

= | @[ | b | | M

1.945 910 149 055 313 305 105 352 743 44




In [43]:
Out[43]:

In [44]:
Out[44]:

In [45]:
Out[45]:

In [46]:
Out[46]:

In [47]:
Out[47]:

In [48]:
Out[48]:

math.loglO(2)
0.3010299956639812

math.loglO(3)
0.47712125471966244

math.loglO(4)
0.6020599913279624

math.loglO(5)
0.6989700043360189

math.loglO(6)
0.7781512503836436

math.loglO(7)
0.8450980400142568



In [49]:
Out[49]:

In [50]:
OQut[50]:

In [51]:
OQut[51]:

In [52]:
OQut[52]:

In [53]:
OQut[53]:

math.log(2,10)
0.30102999566398114

math.log(2,math.e)
0.6931471805599453

math.log(2,2)
1.0

math.log(3,2)
1.5849625007211563

math.log(4,2)
2.0

PYTHON
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In [58]:
Out[58]:

In [59]:
Out[59]:

In [60]:
Out[60]:

In [61]:
OQut[61]:

PYTHON

osSey 9 Oy 4 a42)d Joas
math.radians(90)

1.5707963267948966

math.degrees(math.pi/2)
90.0

math.radians(30)
0.5235987755982988

math.degrees(math.pi/6)
29.999999999999996



In [62]:
Out[62]:

In [63]:
Out[63]:

In [64]:
Out[64]:

In [65]:
Out[65]:

In [66]:
Out[66]:

In [67]:
Out[67]:

math.sin(math.pi/6)
0.49999999999999994

math.sin(math.pi/3)
0.8660254037844386

math.sin(math.pi/2)
1.0

math.sin(math.radians(30))
0.49999999999999994

math.sin(math.radians(60))
0.8660254037844386

math.sin(math.radians(90))
1.0

In [68]:
Out[68]:

In [69]:
Out[69]:

In [70]:
Out[70]:

In [71]:
Out[71]:

In [72]:
Out[72]:

In [73]:
Out[73]:

&
Ul hulg,

math.cos(math.pi/6)
0.8660254037844387

math.tan(math.pi/6)
0.5773502691896257

math.asin(0.5)
0.5235987755982989

math.degrees(math.asin(0.5))
30.000000000000004

math.degrees(math.acos(0.5))
60.00000000000001

math.degrees(math.atan(0.5))
26.56505117707799
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import numpy as np
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In [81]: R = np.array([1l, 4, 6, 10])

In [82]: print(R)
[ 1 4 6 10]

In [83]: type(R)
Out[83]: numpy.ndarray



In [84]:

In [85]:

([ 1]
[ 4]
[ 6]
[10]]

In [86]:
Out[86]:

PYTHON

NUMPY ;5 (Fgiw H1dy) oy ,25

C = np.array([[1], [4], [e]l, [10]1)

print(C)

type(C)
numpy.ndarray
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In [87]: M = np.array([[1, 4], [6, 10]])

In [88]: print(M)
[[ 1 4]
[ 6 10]]

In [89]: type(M)
Out[89]: numpy.ndarray
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In [104]: np.array([1l, 4,
Out[104]:
array([[ 1, 4],

[ 6, 10]])

In [105]: np.array([1l, 4,
Out[105]: array([[ 1, 4,

In [106]: np.array([1l, 4,
Out[106]:
array([[ 1],

[ 4],

[ 6],

[10]1)

6, 10]).reshape(2, 2)

6, 10]).reshape(l, 4)
6, 10]1)

6, 10]).reshape(4, 1)
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In [107]: np.array([l, 5, 10, 12, 3, 6, 9, 0])
Qut[107]: array([ 1, 5, 1o, 12, 3, 6, 9, 0])

In [108]: np.arrby([l, 5, 10, 12, 3, 6, 9, 0]).reshape(2, 4)
Out[108]:
array([[ 1, 5, 10, 12],

[ 3, 6, 9, 01])

In [109]: np.array([l, 5, 10, 12, 3, 6, 9, 0]).reshape(4, 2)
Out[109]:
array([[ 1, 5],

[10, 121,

[ 3, 6],

[ 9, ©]])

In [110]: np.array([1l, 5, 10, 12, 3, 6, 9, 0]).reshape(8, 1)
Out[110]:
array([[ 17,

[ 51,

[10],

[12],

[ 31,

[ 6],

[ 91,

[ 01])
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In [90]: np.eye(4)

Out[90]:

array([[1l., 0., 0., 0.],
[@., 1., 0., 0.1,
[@., 0., 1., 0.1,
[@., 0., 0., 1.11)

In [91]: np.eye(4, 4)

Out[9l]:

array([[1l., 0., 0., 0.],
[¢., 1., 0., 0.1,
[@., 0., 1., 0.1,
[0., 0., 0., 1.11)

In [92]: np.eye(3, 4)

Out[92]:

array([[1l., 0., 0., 0.],
[¢., 1., 0., 0.1,
[0., 0., 1., ©0.11)
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In [96]: np.zeros(4)
Out[96]: array([0., 0., 0., 0.])

In [97]: np.zeros([4, 4])

Out[97]:

array([[0., 0., 0., 0.]
[0., 0., ©., 0.]
[0., 0., 0., 0.]
[0., 0., ©., 0.]

Il = - -
L

In [98]: np.zeros([3, 4])
Out[98]:

array([[0., 0., 0., 0.],
[0., 0., ©., 0.7,
[6., 0., 0., 0.]1])

In [99]: np.zeros(8).reshape(2, 4)
Out[99]:
array([[0., 0., 0., 0.],

[6., 0., 0., 0.]1])



In [100]:
Out[160]:

In [101]:
Out[161]:

array([[1.
[1.
[1.
[1.

In [102]:
Out[162]:

array([[1.
[1.
[1.

In [103]:
Out[163]:

array([[1.
[1.

PYTHON

S omple

np.ones(4)
array([1l., 1., 1., 1.])

np.ones([4, 4])

R -
R -
R -

np.ones([3, 4])

, 1., 1., 1
, 1., 1., 1.
, 1., 1., 1

np.ones(8).reshape(2, 4)

-

F1'F ]F
, 1., 1., 1.11)

-
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In [112]: M = np.array([[ 1, 51, [1le, 12], [ 3, 6], [ 9, O]I)

In [113]: print(M)
[[ 1 5]

[10 12]

[ 3 6]

[ 9 0]]

In [114]: np.size(M)
Out[114]: 8

In [115]: np.size(M, 0)
Out[115]: 4

In [116]: np.size(M, 1)
Out[116]: 2

In [117]: np.shape(M)
Out[117]: (4, 2)
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In [118]: np.arange(0, 10, 2)

Out[118]: array([0, 2, 4, 6, 8])

In [119]: np.arange(0, 9, 2)
Out[119]: array([0, 2, 4, 6, 8])

In [120]: np.arange(0, 11, 2)
OQut[l20]: array([ 0, 2, 4, 6, 8, 10])

In [121]: np.arange(1l0, O, -1)
Qut[1l21]: array([l0, 9, 8, 7, 6, 5, 4, 3, 2, 1])
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In [122]: np.linspace(0, 10, 6)
Out[1l22]: array([ 0., 2., 4., 6., 8., 10.1])

In [123]: np.linspace(1l0, O, 6)
Out[1l23]: array([l0., 8., 6., 4., 2., 0.])

In [124]: np.linspace(0, 10, 5)
Out[1l24]: array([ 0. , 2.5, 5., 7.5, 10. 1)
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In [133]: M = np.array([[ 1, 5], [1le, 12], [ 3, €], [ 9, 0O]1)

In [134]: np.shape(M)
Out[134]: (4, 2)

In [135]: print(M)
[[ 1 5]
[10 12]
[ 3 6]
[ 9 0]]

In [136]: MT = np.transpose(M)

In [137]: np.shape(MT)
Out[137]: (2, 4)

In [138]: print(MT)
[[ 110 3 9]
[ 512 6 0]]

In [139]: M.T

Out[139]:

array([[ 1, 10, 3, 9],
[ 5, 12, 6, 0]1)
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In [21]: A

Out[21]:

array([[ -6, 4, -18, 11],
[ 16, -5, -18, 14],
[ -3r 6: -18r 1"1]:
[ 14, -17, -1, -16],
[ -4, 9, 17, 14]1])

In [22]: A[O,1]
Out[22]: 4

In [23]: A[1,3]
Out[23]: 14

In [24]: A[2,2]
Out[24]: -18

In [25]: A[4,2]
Out[25]: 17
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In [30]: A[:,0] In [36]: A[:,:]

Out[30]: array([-6, 15, 9, -9, -4]) Out[36]:

arra:f{[[ '61' B! 15: _3]1'
[ 15, -6, 2, -11,
[ 9; _31' 12: 15]:

In [32]: A[O,:] [ -9, -12, 6, 9],

Out[32]: array([-6, 8, 15, -3]) [ -4, -13, -12, -19]])

In [31]: A[:,2]
Out[31]: array([ 15, 2, 12, 6, -12])

In [33]: A[2,:]

Qut[33]: array([ 9, -3, 12, 15]) In [38]: A[np.arange(3),:]

Out[38]:

array([[-6, 8, 15, -3],
[151' _61' 2: _1]1'
[ 9, -3, 12, 15]1])

In [34]: A[[O,21,:]

Out[34]:

array([[-6, 8, 15, -3],
[ 9, -3, 12, 1511)

In [35]: A[:,[0,2]]

Out[35]:

array([[ -6, 15],
[ 15, 2],
[ 9, 12],
[ -911 6];
[ -4, -12]])
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g import numpy as np

9A = np.array([4, -6, 1, -6, 5, 7, 1, 7, 8]).reshape(3, 3)
10B = np.array([3, 5, 0, 5, 7, -2, 0, -2, 9]).reshape(3, 3)
11C=A +B
12D =B + A
13

ldprint('Matrix A =\n', A)
15print('Matrix B =\n', B)

16

17print('AB =\n", C)

18print('Size of matrix C 1s =', C.shape)
19print('AB =\n", D)

20print('Size of matrix C 1s =', D.shape)
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S import numpy as np

9A = np.array([4, -6, 1, -6, 5, 7, 1, 7, 8]).reshape(3, 3)
10B = np.array([3, 5, 6, 5, 7, -2, 0, -2, 9]).reshape(3, 3)
11C=A - B
12D =B - A
13

ldprint('Matrix A =\n', A)
15print(‘'Matrix B =\n', B)

16

17print('AB =\n", C)

18print('Size of matrix C 1s =', C.shape)
19print('AB =\n", D)

20print('Size of matrix C 1s =', D.shape)

® o0
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Determine the products C = AB and D = BA if

3
A=[4 -6 2] B = 1 9 import numpy as np

_5 10A = np.array([4, -6, 2]).reshape(l, 3)
11B = np.array([3, 1, -5]).reshape(3, 1)
12
13C=A@B
14D =B @ A
15

l6print('Vector A =\n', A)
17print('Vector B =\n', B)

18

19print('AB =\n", C)

20print(type(C))

21lprint('Size of matrix C is ="', C.shape)
22

23print('BA =\n", D)

2dprint('Size of matrix D 1s =", D.shape)

25
26F = D.tolist()
27 print(type(F))

28 print(F)
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Determine the products C = AB and D = BA if

3
A=[4 -6 2] B—| 1
-5

S import numpy as np

9A = np.matrix([4, -6, 2]).reshape(l, 3)
10B = np.matrix([3, 1, -5]).reshape(3, 1)
11
12C=A * B
13D=B * A
14

15print('Vector A =\n', A)
16 print('Vector B =\n', B)
17

18print('AB =\n', C)
19print(type(C))

20print('Size of matrix C is =", C.shape)
21

22print('BA =\n', D)
23print('Size of matrix D 1is =

, D.shape)
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Determine the products C = AB and D = BA if

4 —6 1 3 5 0
A= -6 5 7 B=|5 7 -2
1 7 8 0o -2 9

S import numpy as np

9A = np.array([4, -6, 1, -6, 5, 7, 1, 7, 8]).reshape(3, 3)
10B = np.array([3, 5, @, 5, 7, -2, 0, -2, 9]).reshape(3, 3)
11C=A @B

12D=B @A

13

14 print(‘'Matrix A =\n', A)
15print(‘'Matrix B =\n', B)

16

17print('AB =\n', C)

18 print('Size of matrix C is =', C.shape)
19print('AB =\n', D)

20print('Size of matrix C is ="', D.shape)
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Determine the matrix triple product C = B’AB if

C 300 —100
A:_—mo 200]

g_[ 06 08 —0.6 —08
~|-08 06 08 —06

g8 import numpy as np

9A = np.array([300, -100, -100, 200]).reshape(2, 2)

10B = np.array([0.6, 0.8, -0.6, -0.8, -0.8, 0.6, 0.8, -0.6]).reshape(2, 4)
11C = B.transpose() @ A @ B

12

13print('Matrix A =\n', A)
l4print(‘Matrix B =\n', B)

15

16 print( 'transpose(B)*A*B =\n"', ()
17print('Size of matrix C 1is ="', C.shape)




PYTHON

e yilo gy 4 Gh olKiws Jo

D s pPle gy A ) OYdleo oSiwd Jo> gl

2x1 —3x0 +x3 = —18
—9x1 +5x0 +3x3 = 18
4x1 + 7x2 — 8x3 = 53

S import numpy as np

9A = np.array([2, -3, 1, -9, 5, 3, 4, 7, -8]).reshape(3, 3)
10B = np.array([-18, 18, 531).reshape(3, 1)

11X = np.linalg.solve(A, B)

12

13print('Matrix A =\n', A)
14 print('Vector B =\n', B)
15

16print('X =\n", X)
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D s pPle gy A ) OYdleo oSiwd Jo> gl

-3, 9, 5,

2x1 —5x0 +8x3 +11x4y = 39

10x;1 +7x0 +4x3 — x4 = 127
—3x1+9x2 +5x3 — 6x3 = 58

x1 —4x) — 2x3+ 9x4 = —14

& 1lmport numpy as np

9A = np.array(
10 [2, -5, &, 11, 10, 7, 4, -1,
11B = np.array([39, 127, 58, -14]).reshape(4, 1)
12X = np.linalg.solve(A, B)
13

ldprint('Matrix A =\n', A)
15print(‘'Vector B =\n', B)
16

17print('X =\n", X)

-6, 1,

-4, -2, 9]).reshape(4, 4)
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-5 3 —47
A=| 3 8 -2
4 -2 T

S import numpy as np
9np.set _printoptions(precision=7/)

10

11A = np.array(

12 [5, 3, -4, 3, 8, -2, -4, -2, 7]).reshape(3, 3)
13 AI = np.linalg.inv(A)

14

15print(‘Matrix A =\n', A)
l6print('Inverse of matrix A =\n', AI)
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-7 -6 3 -2

—6 4 -1 d
A=

3 -1 8 9

-2 5 9 2_
19B = np.array(
20 [, -, 3, -2, -6, 4, -1, 5, 3, -1, 8, 9, -2, 5, 9, 2]).reshape(4, 4)
21BI = np.linalg.inv(B)
22

23print(‘'Matrix B =\n', B)
24 print(‘'Inverse of matrix B =\n', BI)
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8 import numpy as np
9np.set_printoptions(precision=7)

10

11A = np.array(

12 [¢, 1, 9,9, 9, 9,0,9,9, 2,4,8¢0,0,5,0,9,60, 3,9, 0,6, 0, 0,7, 0]).reshape(5, 5)
13AD = np.linalg.det(A)

14

15print('Matrix A =\n', A)
16 print('Determinant of matrix A =\n', AD)



PYTHON

omle S,

L) upile SOy s Canglho

Determine the rank of the matrix

2 5 -3 —4 8
S|4 T 4300
6 9 -5 2 4
0 -9 6 5 —6 |

g8 import numpy as np
9np.set_printoptions(precision=7)

10
11A = np.array(
al2 [2, 5, -3, -4, 8, 4,7, -4, -3, 9,6, 9, -5, 2, 4, 0, -9, 6, 5, -6]).reshape(4, 5)
13 AR = np.linalg.matrix_rank(A)
14

15print(‘Matrix A =\n', A)

16 print('Rank of matrix A =\n', AR)

17

18B = A[1:4, 1:4]

19print('Matrix B =\n', B, ‘\n')

20print(‘'Determinant of matrix B =\n', np.linalg.det(B), '\n')
21print('Inverse of matrix B =\n', np.linalg.inv(B))
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8 import numpy as np

9

10A = np.random.randint(-50, 50, (5, 5))
1lprint('Random integer matrix A is =\n', A, '\n'")
12

13A D = np.diag(A)

ldprint('Diagonal elements of matrix A is =\n', A D, '\n')
15

16A Sum C = np.sum(A, 0)

17A Sum R = np.sum(A, 1)

18print('Sum of matrix A by columns =\n', A Sum_C)
19print('Sum of matrix A by rows =\n', A Sum _R)

20

21A Sum D = np.sum(A_D)

22print('Sum of diagonal elements =\n', A _Sum D)
23

24 A max = np.max(A)

25print(‘'Max of matrix A =\n', A_max)

26 A max_C = np.max(A, 0)

27print('Max of matrix A by column =\n', A _max C)
28 A max R = np.max(A, 1)

29print('Max of matrix A by row =\n', A max R)
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S import numpy as np
9 import pylab as plt

10
11x = np.linspace(0, 2*np.pi, 100)
12y = np.sin(x)

13plt.figure( 'Plot of Sin(x) ")

ldplt.plot(x, y, 'r-', linewidth=2.0)
15plt.title('sin(x) ")

16plt.xlabel( Angle[Rad] ")

17plt.ylabel( 'sin(x)")

18plt.xlim(0Q, 2*np.pil)

19plt.ylim(-1, 1)

20plt.xticks(np.linspace(0, 2*np.pi, 5),

21 ('0", r'$\frac{\pi}{2}$', r's$\pis’,
22 r's\frac{3 \pi}{2}$', r's$2 \pis'))
23plt.yticks(np.linspace(-1, 1, 5))
24plt.rc( ' font', size=18)

25
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1.0

- /
0.0 4
054 /
-1.0
0 2m

Angle[Rad]

sin(x)
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. lSCL,&J l> | duw l=0
T[] e A
A : 3. :c

l
b
X _|B,=60.75 kN C,=60.75 kN
I
I

+_"ZF‘7:0 BA-ZO

+G2 M. =0
(%) 9)(27) @) ~B,(6)=0 B, =60.75kN 1
+12F =0

- (%) (9)(27) +60.75+ C, =0 C, =60.75 kN T
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09k b pira> 9 iy E1)SLS pa)

b ‘ é o
. lSCL,&J l> | duw l=0
T[] e A
A : 3. :c

l
b
X _|B,=60.75 kN C,=60.75 kN
I
I

+_"ZF‘7:0 BA-ZO

+G2 M. =0
(%) 9)(27) @) ~B,(6)=0 B, =60.75kN 1
+12F =0

- (%) (9)(27) +60.75+ C, =0 C, =60.75 kN T



5 PYTHON

09k b pira> 9 iy E1)SLS pa)

b | : :

i : 1> l> duw =0
e UL e et
j ! Y
AT Bl $¢
a b
x| B,=60.75 kN C,=60.75 kN
x |

I

w(x) = (§)x =3x kN/m
: cdls auolgs> BC g AB wilehs > bb g aa gblis ow) b
V= —(—)(x)(3x) =——— for0<x<3m

V:—(—)+6U.T5 for3im<x<9m
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09k b pira> 9 iy E1)SLS pa)

a & T A RV V-t Lng)ikJ duw Lo

| | 27 kN/m
j ! Y
AT Bl $¢
a b
x| B,=60.75 kN C,=60.75 kN

x |

I

w(x) = (§)x =3x kN/m
: Cdls auolgs BC g AB wilehs > bb g aa gblis ow) b

M:—G)(x)(sx)@) - —""'2_3 for 0 <x<3m

3
M:—(%)+6U.75(x—3) forIim<x<9m
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23.2

112 : IO:.))L) C10

-0.8

-12.8

Shear[kN]

—-24.8

—36.8
—48.8

—60.8

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

75.49
N
65.60
/'
55.71 / \

45.83

35.94 J// \
26.05 / \
16.16

6.28 // \

-3.61 /

Bending Moment[kN-m]

—-13.50

0 1 2 3 4 5 6 7 8 9
Length[m]
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g import sympy as sp

9 import numpy as np 9 o5iw) ,J? 8] .bg.)).o XS
10 import pylab as plt ~

11 : Ol

12 (x, y) = sp.symbols(('x", 'y')) O (49
13

ldegl =y - 0.5*x + 5

15eq2 =y - x*¥*2 + -2%x + 15
16 ans = sp.solve([eql, eq2], [x, yl)
17 print('The roots are (x, y) =\n', ans)

18

19 x = np.linspace(-6, 6, 40)
20yl = 0.5%x - 5

21y2 = x¥+¥2 + 2%x - 15

22plt.plot(x, y1, 'r')
23plt.plot(x, y2, 'g')
24plt.grid(True)
25plt.xlim(-6, 6)

26 plt.ylim(-20, 20)

27

28 ansl = ans[0]

29ans2 = ans|[1]

30 rootsX = [ansl[0], ans2[0]]
21 rootsY = [ansl[1l], ans2[1]]
32 plt.scatter(rootsX, rootsY, s=50, c='b', marker='s")
33
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*

m/2 7 sin 2 1 Letu = 1 + sin?x, du = 2 sin x cos x dx.
/ 5 x‘Cg)S);dx 2/ —3du When x = 0, u = 1.
0 (1 + sin )C) 1 U When x = 7/2,u = 2.
1 2

) _EL

8 import scipy
9 import math

10

11

12 def y(x):

13 return (2*math.sin(x)*math.cos(x)) / (1 + (math.sin(x))**2)**3

14

15

16 # y = lambda x: (2*math.sin(x)*math.cos(x)) / (1 + (math.sin(x))**2)**3
171y = scipy.integrate.quad(y, 0, math.pi/2)

18 print(1iy)

19
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*

/2 0 Let u = cotf, du = —csc> 0 db,
/ cot 0 CSC29 dg =/ u- (—du) —du = csc- 0 de.
/4 1 When 6 = 7 /4, u = cot(w/4) = 1.
o When 6 = 7 /2, u = cot(w/2) = 0.
— —/ u du
1
= __]
| 2 |,
__[©or_arl_1
| 2 2 2
& import scipy.integrate
9 import math
10
11
12 def g(theta):
13 return (1 / math.tan(theta))*(1 / math.sin(theta))**2
14
15
161g = scipy.integrate.quad(g, math.pi/4, math.pi/2)
17 print(ig)
18
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f 2x + 1 dx. fxzmsﬁdx =/cusx3-xzdx

a ]J“pﬂ rt sympy as sp — cos U - ldu ]_.L"[jf = _1-.1_;|"i1r = 3x? d,
9 3 { |,f.‘-J du = x- dx.

10 sp.init printing()
11 x = sp.symbols('x")

12 cos u du
13y = sp.sgrt(2*x + 1)

L | —

14iy = y.integrate(x) 1 .
15 Sp.pp rint( ij’) = § sinu + C Integrate with respect to u.
]. - 3 3
= 3 sinx” + C Replace u by x°.

2 import sympy as sp

9

10 sp.init printing()

11 x = sp.symbols('x")

12

15k = x**%2 * sp.cos(x**3)
141k = k.integrate(x)

15 sp.pprint(ik)

16
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Letu = x° + 1.du = 3x% dx.

1
/ 32V 4+ 1dx When x = —l,u = (-1 + 1 = 0.
—1

When x = L,u = (1 + 1 = 2.
2
= [ Vudu
0
2 2
= guyzlﬂ Evaluate the new definite integral.
- 3[2r - or] = 3[ava] - Y2

8 import sympy as sp

9sp.init printing()

10

11x = sp.symbols('x")

12

13p = (3*x**2) * sp.sqri(x**3 + 1)
141ip = sp.integrate(p, (x, -1, 1))
15sp.pprint(ip)

16
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7/2 T T— 2 1 Let u = 1 + sin®x, du = 2 sin x cos x dx.
dx = — du Whenx = 0,u = 1.
Sl A3 3
o (1 + sin“x) | u When x = 7w /2,u = 2.
2
- B
2“2 1

& import sympy as sp

9sp.init printing()

10

11 x = sp.symbols('x")

12

13h = (2*sp.sin(x)*sp.cos(x)) / (1 + (sp.sin(x))**2)**3
14 1ih = sp.integrate(h, (x, 0, sp.pi/2))

15 sp.pprint(ih)

16




PYTHON
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hf2 hf2
l’x’ — /y;zﬂ —_ yrz(bdy;) —_ bf yrz dy.r
A —h/2 —h/2
- |
I, = —bh’
X 12
- 1
1, = —hb’
Y 12

& import sympy as sp
9sp.init printing()
10

11 (x, vy,
12

13Ix = sp.integrate(y**2*b, (y,
14 sp.pprint(Ix)

15Ty = sp.integrate(x**2*h, (x,
16 sp.pprint(Iy)

17

18 print(float(Ix.subs({b: 5, h:
19print(float(Iy.subs({b: 5, h:
20

b, h) = sp.symbols(('x",

|?,|j IbI, Ihl))
-h/2, h/2))

-b/2, b/2))

10})))
10})))
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MATLAB License Number: 968398

Operating System: Microsoft Windows 10 Pro Version 10.0 (Build 16299)
Java Version: Java 1.8.0_144-b01 with Oracle Corporation Java HotSpot(TM)

MATLAB |

Simulink

Aerospace Blockset

Aerospace Toolbox

Antenna Toolbox

Audio System Toolbox
Automated Driving System Toolbox
Bioinformatics Toolbox
Communications System Toolbox
Computer Vision System Toolbox
Control System Toolbox

curve Fitting Toolbox

DO Qualification Kit

DSP System Toolbox

Data Acquisition Toolbox
Database Toolbox

Datafeed Toolbox

Econometrics Toolbox

Embedded Coder

Filter Design HDL Coder
Financial Instruments Toolbox
Financial Toolbox

Fixed-Point Designer

Fuzzy Logic Toolbox
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Global Optimization Toolbox
HDL Coder
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HOME
5‘1:' r@ EFM e & E Uizs New Variable I)&( | s Analyze Code l-h_iJ @ @ Preferences ﬁ% Q (*% Community
£ open Variable ~ {7 Run and Time [ Set Path 57 Request Support
New  New  New Open. izl Compare Import  Save Faverites Simulink  Layout Add-Ons  Help
Script Live Script v Data Workspace (7,7 Clear Workspace ~ ~ [ Clear Commands ~ ~ Il Paratel ~ - v [E] Leamn MATLAB
FILE | VARIABLE | CODE |SIMIJLIN.K | ENVIRONMENT | RESOURCES u
| EA » C: » Program Files » MATLAB » R2012a » | 2
Current Folder Ul Command Window Workspace ®
MName « f.‘{ >> | Name Value

appdata ~
bin
etc
examples
extern
help
java
lib
licenses
rmer
polyspace
remote
resources
rtw £ >
runil:|me Comrnand History ®
settings .
simulink %-- 6/21/2...
src clc
5y
toolbox
ui
uninstall

D license_agreement.tct

D MCR_licensetxt

D patents.tet

=1 trademarke tvt N
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A=
86
>> B = sqrt(2)
B =
1.4142

Jx>> |
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Command Window

anlg 5 (o Command o, = ;5> O
L uspw g diivgd |y 395 Olygine
3y9—uS 5 Enter oS (sl jL s
a3 |y Olygiws =l 2D
S 030l 6y



alue

MATLAB n

Workspace

il (i Workspace oy, =i ;5> U

Wl 00 e yei i Lio )

gl (50 031 inled



E HE

Current Folder

I O O e e I Y = 3

Mame =

appdata
bin

etc
examples
extern
help

java

liby
licenszes
mcr
polyspace
remote
rESOUrCes
rtw
runtirme
settings
simulink
ErC

Sys
toolbox
ui
uninstall

D license_agreemnent.txt
D MCR_licensetxt

D patents.tt
|_B| traderrmarks trt

Details

b C: » Program Files » MATLAE » R2018a »

Command Window

>> A = (25*3)+11
A =
86
>> B = sqrt(2)
B =
1.4142

fie >>

MATLAB n

Current Folder
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Command History
%-- 6/21/2...
clc
A=
B =

(25*3) +11
sqrt(2)
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Numeric Types Description

double Convert to double precision
single Convert to single precision

int8 Convert to 8-bit signed integer
int16 Convert to 16-bit signed integer
int32 Convert to 32-bit signed integer
int64 Convert to 64-bit signed integer
uint8 Convert to 8-bit unsigned integer
uint16 Convert to 16-bit unsigned integer
uint32 Convert to 32-bit unsigned integer
uint64 Convert to 64-bit unsigned integer




Class
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: 330350 b walides (gd3e (gl 60315 dunlin

Max value

Min Value

logical
int8
int16
int32
int64
uint8
uint16
uint32
uint64
single
double

1

127
32767
2.14E+09
0.22E+18
255
65535
4.29E+09
1.84E+19
3.4E+38
1.79e+308

0

-128
-32768
-2.14E+09
-9.22E+18
0

0

0

0
-3.4E+38
-1.79e+308

Bytes

o ~ 0O B N = 00 B DN = ==
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>> X = int8(32.6)

33
>> y = int8(3000)
y =

127

>> whos Xx
Name Size Bytes Class Attributes

X 1x1 1 1int8
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Command Window

>> intmax('int8")
ans =

127
>> intmin('int8")
ans =

-128

>> z = single(54)

54

>> whos z
Name Size Bytes Class Attributes

z 1x1 4 single
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>> realmax('double’)
ans =

1.7977e+308
>> realmax('single')
ans =

3.4028e+38

fi>>
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Command Window

3.1416

>> whos ans
Name Size Bytes Class Attributes

ans 1x1 8 double

>> whos pi
fi >> |
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Command Window

>> whos ans
Name Size Bytes Class Attributes

ans 1x1 16 double complex
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Command Window

>> sqrt(-1)

ans =

>> whos ans

Name Size Bytes Class Attributes
ans 1x1 16 double complex

>> 172

ans =

>> whos ans
Name Size Bytes Class Attributes

ans 1x1 8 double
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Command Window

>> 2507250

ans =
Inf

>> whos ans
Name Size Bytes Class Attributes

ans 1x1 8 double

>> whos inf
>> 1/0

ans =

Inf
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Not a Number ag.0 : NaN

& o 0 “
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>> 0/0

ans =
NaN

fx >> |
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Style

short (default)

long

shortE

longE

short

longz

shortEng

longEng

Result

Short fixed decimal format, with 4 digits after the decimal point.

Ifyou are displaying a matrix with a wide range ofvalues, consider using short.
See Display Large Data Range in short and shartg Formats

Long fixed decimal format, with 15 digits after the decimal point for double values,
and 7 digits after the decimal point for single values.

Zhor scientific notation, with 4 digits after the decimal point.

Integer-valued floating-point numbers with a maximum of 9 digits do not display in
scientific notation.

Long scientific notation, with 15 digits after the decimal point for doubkle values,
and 7 digitz after the decimal point for single values.

Integer-valued floating-point numbers with a maximum of 8 digits do not display in
scientific notation.

The more compact of short fixed decimal or scientific notation, with 5 digits.

The more compact of long fixed decimal or scientific notation, with 15 digits for
double values, and 7 digits for single values.

Short engineering notation, with 4 digits after the decimal point, and an exponent
thatis a multiple of 3.

Long engineering notation, with 15 significant digits, and an exponentthatis a
multiple of 3.

Example

3.

3.

3.

3.

3.

14la

1415926853589793

.1416e+00

141592653589793e+00

L1416

14159265358979

1416e+000

.14159265358979=+000



Style

bank

hex

rat

DispType

compact

loose

Result

MATLAB n

: MATLAB 2ul, (sl <aoyd
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Example

Puositive/Megative format, with +, —, and blank characiers displayed for positive, negative, and +

zero elements.

Currency format, with 2 digits after the decimal point. 3.14
Hexadecimal representation of a binary double-precision number. 400921fb54442d18
Ratio of small integers. 355/113
Result Example
Suppresses excess line feeds to show more cutputin a single screen. Contrast with loose. theta = pi/2
theta =
1.5708
Adds linefeeds to make output more readable. Confrast with compact. theta = pi/f2
theta =



>> format shorte
>> 10710

ans =

1.0000e+10

>> 6742

ans =

4.8123e+32

MATLAB n
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>> format bank
>> pl

ans =
3.14

>> format rat
>> pl

ans =

355/113
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