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; : ; Ask user to enter a number. Write a program which repeatedly
Rewrite your pay computation to give the reads numbers until the user enters “done”.
employee 1.5 times the hourly rate for hours
worked above 40 hours. Once “done” is entered, print out the total, count, and average
of the numbers.
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1. Create an array: x=[1,5,6,7]
2. Calculate the summation of the elements in the array

3. Calculate the average of the elements in the array ; ”
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Find the largest number in the array by using for

| _loop and_if statement.
Array elements are 10, 30, 15, 5, 60 and 15.
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* Find the first positive integer that is divisible by both 11 and
47.
* OUTPUT: 517 is divisible by 11 and 47.

* Forloop or while loop?

We dond know where to exit the loop , sO
while loop 1s more oppropriate
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— QOptimizoadion. Problems (Alaorﬂhm)

* Aimis to learn principles of computational thinking within the
context of operations research.

solve optimization problems
simulate complex systems
analyze large sets of data

Ofy}‘:’mia:ce_ﬁm Mode/

MUathematical Analdsjs e e o
9 Constramts

= k.napsack_ Probblem

+ Burglar wants to steal a bunch of stuff C,Dﬂd'i" cafls «

* The burgler carries a knapsack
= The knapsack has a capacity

+ How do the burglar choose which stuff to take and Total M‘f/ Q}Jlm (CO’\"I ex CEdJ
which to leave behind?
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> o
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* A vector, L, of .lenﬂ-lh n, represents +he set ol avadilable items Each element of Hhe

vector is oNn  item.

* A Nector, \&, of _lenﬂi'h n, is wsed o indicate whether or not Ttems are token
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Write a code of brute-force algorithm to solve the knapsack
problem we defined in previous slide.

We'll define a tuple. Our tuple includes the names of the menu,
total calorie and total value of the menu.
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* The simplest way to find an approximate solution to this
problem is to use a greedy algorithm.

+ The thief would choose the best item first, then the next
best, and continue until he reached his limit.

* First, thief would have to decide what “best” should

mean. Ru 2 "be&‘I- b{.ﬂLd-n S@C.@l&g?fﬂ@’\-

* |s the selected best item the most valuable, the Icast-_“i__‘_:_:—.,-
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* By given order _.J

» By highest profit ——————» Highest \0lue ‘alor. bagiporol
* By lowest weight Siralariz. o mrctﬂrc

sk+ By highest profit-weight ratio
¥ atob?Borsd:. almzya baslariz

What else?

'3'3' Giuinca, Orde(  (eandom Order)
Bemaini

Value Weight V/w Taken or not c:apacflg Total uolue
Clock 175 10 i bo [
Painting 90 9 g 1 295
Radio 20 4 0 n =
Vase 50 2 o I
Book 10 1 4 o
Computer 200 20 0 o
W
utordot Qscﬁlda LCqP&Cﬂ'grz_Q.o }:5)
bu siralamayla gr'd?P
alp alo cegina
Lpat,zoorsun .
»  \alue /wejcahf Patio
Value Weight \/w
Clock 175 10 LO
Painting 90 9 19,5 = nexd volwble (2) kaPaS"?dgfso dv’u\'db N
. : 1 e (a‘- !
Radio 20 1 (o > ol e gl
Vase 50 2 25 —mosd valuable (1) o ()
Book 10 1 5 "*;qz\“’d |
Computer 200 20 10
Eemami
g“};\oﬁ &l Value. Welght v/ w Theen or e coc _‘;O:?JQ_
e 2 \ase 50 Lo 25 Ha (8
2 X 55
-EE}'O ClﬂCk 175 {0 1'}5 ‘ﬁosc\;‘ j— 2 2-?-
b _J%b &\d'
0 Compute” 200 20 10 “Ka 0 =
i@w’ Painfing: 90 3 o | o |2
TG Bosk 1o L 10 | 4 i
N\
LA\ 2adio 20 1 = 2 3




"_P,tdf Jowest we@n-f—r lowest +o hT@hes-f- seklinde uz’:cdhf leri  siralosn.
Capoc’ﬁna‘m BYere kador alirsin.

"E%, 8—Tui‘n%, Orales  kod Cdotimd

Write greedy algorithm to solve the burglar example.
« Define a function called knapsack

Arguments: item_list, capacity

Check the weights of the items in the item list

If the weight i is less than capacity:
Add the item to the knapsack, decrease the capacity by weight |
Increase the profit

* The loop ends when all items are checked
« | Call the function _, At +he. end
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Write greedy algorithm to solve the burglar example.

el  krapsack [Tem \Bt, cap) £

= Define a function called knapsack_by_profit
: . . ruv\.n-“’«g_ - o)
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def knapsack_by_profit(item_list, capacity): / v L)J 1&-"
sorted_items = sorted(item_list, key=lambda x: x[1), scdéece. bu bisim d(\}l}”
reverse=True)
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def lknopsack —by - profd - per_ wei?h'f (Fem_list, Capacﬂié) s / a 5
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+ New data: 200 items % \ecilesin old. excel dosaasmt \e sqwder kodund (dqsdamm)
+  We'll get item _list from Excel
* Import pandas:

+ import pandas as pd GU!"IJ (ujm kvfﬂ.‘f“ c':'mce. (_MSQI‘.}S*} VS) S0nro. I:odar.

“pandas is a Python package that provides fast,

flexible, and expressive data structures designed to make e)(cej ’de_u \{er‘]-b"i (ﬁar@abm@m .

working with data both easy and intuitive, It aims to be the
=
=* @‘ read _excel
—  —

fundamental high-level building block for doing
practical, real world data analysis in Python.”

/ Excel d N1 ok
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import  pandas oS pd
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df = pd. read_excel (" kpData. xlsx“)
Hem _1ist = list (d,@. itectuples (index = False , name = Nme.))
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(Grophs  (shartest Paths .- -)

# Undirected graph

@

1.Accuracy: While greedy algorithms often provide approximate
solutions, optimization tools can guarantee optimality.
2.Complexity: For smaller problems, optimal solutions can be
found quickly. For large data, we use heuristics algorithms like
greedy.

3.Test: Test the performance of your heuristic algorithm with
smaller data

Node O

® ©®

Arc 1

Trees: An Important Special Case

* Aspecial kind of directed graph in which any pair
of nodes is connected by a single path

QOrganizational Chart

"
. - ﬁoﬂw
Part "&bdf =
.';. £ ‘.' I'. : . .."\

Leonhard Euler’s Model

Each island a node
Each bridge an undirected edge m{-h,
Model abstracts away irrelevant details
Size of islands
Length of bridges
Is there a path that contains each edge exactly
once?
* Meo!

— large dota se+lesrde de Tyt

* Directed  graph

What’s a Graph?

* Set of nodes (vertices)
Might have properties associated with them

* Set of edges (arcs) each consisting of a pair of nodes
* Undirected (graph)
= Directed (digraph)
* Source [parent) and destination {child) nodes
*  Unweighted or weighted

* Why grophs awe so Useful s

Why Graphs Are So Useful

*  World is full of networks based on relationships
* Computer networks
* Transportation networks
Financial networks
Sewer or water networks
= Political networks
Criminal networks
«  Social networks
= Analysis of "Wizard of 0z":
= size of node reflects number of scenes
in which character shares dialogue
= color of clusters reflects natural
interactions with each other but nat
athers

"bu sekilde claka ne+"



Shoclest  Path  Problems
® Shortest path  from  nl o n2
® Shortest sequence of edges such thed
-Source node off Lirst edge is nd

- Destination  of last edae. is nZ

- For sdtaes ,el ond e2 |, in the sequence . i| e2 {ollous

is the desfinakon of ed

* Shortest we.rcahmd path

el in the sequerce. the source

o) ez

- Minimize.  the sum of +he ux.a'(ahfs of the ea'ﬂes in the path
« Digraph is a directed graph
*  Edges pass in one direction only
* Adjacency matrix
. Rows: source nodes e e IR l 2 a L{ —2SoulCe ndc‘s
*  Columns: destination nodes ﬂ ! 1 ©
+  Cellls, d] = 1ifthere is an edge fromsto d 2
. =0 otherwise 2-3 neolelon
* Note that in digraph, matrix is not symmetric 3 arasini
* Adjacency list Lr\y secmis
* Associate with each node a list of destination nodes destination
hades
£xp8 "Depth - First Searck Alraorﬁhm s
.f\ni;.;;;..‘_\_ﬂ
: ocr-ue-—.r-hnf-.-i.,n;:::ﬁ lp;e_u;;é- ;‘g-;'f';;;lr-—
P o " e * Groph might have cacfe.s, 50 we Mmust keep +ract of
hicaj .'_‘- »{ ._n v } =
‘fi'-‘?'_ '_r-’fT"’ the nodes we have Visted ,+o avoid aoing, in infinite Imp;_
.'__Bh:-n‘l);' N | | | [
=i ( };snm‘;;:_‘
K Steps &
. Source node: Chicago

Start at an initial (source) node

* Consider all the edges that leave that node, in

some order
c |

«  Continue until either find goal (destination)
node, or run out of options

Follow the first edge, and check to see if we are at
goal (destination) node

If not, repeat the process from new node

When run out of options, backtrack to the
previous node and try the next edge, repeating
this process

Exp

Destination nade: Baston

(Phoanis
5 {(Los Angeles
Crnens DFS pafr Chicagy —

iragn->Prarnix
There & no path from Chicago 1o Boston



: g R s
€ Source node: Boston |r +heze QCS ol UJLI-%“@ L e won 40 MiNimile e sum
ei Destination node: Phoenix :...:;w ! ! Cl.c .u.ld%h‘]s.

Current BFS path: Boston —{Frovdunce) (oo York

Current DFS path: Boston->Providence ) ___‘ -d___

oy vld Boston G ) Single-Source Shortest Path Problem
Current OF S path: Boston- >Prosidence—>New York - -

Current DFS path: Bosten-»Providence>New Yisrk- Chitagn ( ;.,',:,,,.J

Current OFS jath: Boston=>Providenca>Now York->Chicaga->Denmver '- p [;;M.;!-‘. Single-Source Shortest Path Problem - The problem of finding
Current DFS path: Boston-»Frovidence-> New York->Chicaga-»Denyer- rBhosnix Fousd peth ~— shartest paths from a source vertex v to all other vertices in the
Aipw sy visited Nmw Yerk graph.

Currend OF S path: Boston- =Providence-=New Yok -=>Chicago->Phoenie | ound

) Currens OF 5 path: Bostan-=Hew ork
Current DFS path: Boston->Hew York->Chicago o
Current DFS pathi: Boston-»Hew York- »Chicago-»Deaver o e
Current DFS path: Bostan-»New York - »Chicage- *Denver->Phoenin Found a3 “shorter” path T
Alteady vislted New York

Current DFS path: Boston- »Mew York - *Chicago-*Phasnix Found & shorter path e
Shortest path fram Boston to Phoenix is Bostan - >New York- >Checago- » Denwver- >Phoenix + 4 : +

- Dijkstra’s. Algorithm -
is o solution 4o the single -source shortesi path problem in amph. .+heor3.
% Worls on both directed and undirected graphs. However, all edges must have nonnegative weights.
Approach = Greedy Algorthm
- Tnput = Weigirted groph &= $E,VE and soure veriex VEV, such that ol edge weights  ave nonnegative.

> Output-= .Lcrq:f‘hs of shortes! poths (or the shortest parths .Melues) ..ﬂ-om a aium source  Jertex JEV 4o all other
i = \ertces.

i r)

Dijestra  Animated Example

e e e e € B A e

Initialize:

—

{4} .
_EZG.* of visited

wertices

¥ . i

ByY—— D — D movhlsin elde o zmn
-&‘I‘d‘e' e, s'arme.d e 'Ofocja
da lbatolin~ ‘l

( It diug arthradin qunkd imal:l. I
odimda daha ks 3?“"! ‘yﬂw\u bulmusum 2"



gxp°

0
(1] oo ac - o
. 10 3 = o
11 & ¢ 11 =
7 11 7 11
©) S:{A4.C, E.B) 9 )
L(':mcw*u o
; inder. gAM2
| ~ope B el Sl |
84 2
’E}} Find +he shoctest path betweer the nodes O-T
o A B g IN | E | T
(s} o2 e Qo Q0o oo oo
o 2¥ 5 4 &e 00 of wn'c e
o a2 | (¥ 9 Ge o "5 " olafot fﬂm hw_'dgf
i I I L I conkdk .
o 2 4 (J ¢ || co pa S
0 2 q (.f\/ g\/ ?_%/ ; % } |
[ S o 2 4 4 [B) P (W
S =§0,A,'&,C,E,b_2) 12
Solutne p-A-R-E-D-F \_’/_\k’,/
!Tﬁpfam rnaa!f}ﬁf-ﬁ/ . ‘Mesela  O'dor D'ye € kiso
v do:' g " mis.
| -Trquel['m%/ Salesman Problem (TSP) - 2
= What is the shortest possible route that visits each city exactly once and
returns to the origin city?
* Aim: Minimize the total distance
* Constraint: Each visit must be visited exactly once
= Applications in routing, logistics, and scheduling.
* Solving TSP can be extremely complex, as the number of possible routes ‘A
increases
* NP-hard problem -
510
=
'
% From/To
Rbses neighbor Distance B c D
bﬁé U-IC,')"‘Q Q ABCD D (0 A 20 30 1.0
mﬂ:‘d ) ABC A (1) B 20 30
s ® 0 w8 @ :
c c () 9
C

40
2.0
3.0
1.0



- WEEk 5- st

3%
(ﬂ A w it w1 v
. a * So .ﬂor, we ve seen deteministic oP'I"rh':aa‘hm
Definition of stochastic
problems z
Stochastic refers to a variable process whewe
involves some randomness and has some(uncertainty> it is — kn
contrasted to the idea of “deterministic.” SRS OC = ‘:ProHern

= Grephs

L sonug olasil bazglidit e s
¥ rostgde deqjskedik gosiic

¥ X (stochastik)
s‘g&\g‘*“"{
s

# import — 1Ge alktarmak

— Pandom Medule in Python - Exompless

S
random eﬂ.ﬂﬁﬁﬂ“’fym"' -+ o-1 arasi herlhong!
module i \a"-'o, b s N+
P rgs P i
1) priet (ranalo_m_ran om()) eales =  x=random.rondom()
Print (x)
random numbess betweer i—‘lao{in*eaef)
~J
) X= random. rana@u.foo) 1 ve 100 dahil 1
sode e ‘W'E‘j‘
list
2) print (random. chotce f1281) » 12,8 en binni
m[ ranolom dozdurcacr

L t_) Y= {231

x= Yandom . cholce (&3‘)

print (x)

o~
lf) %" [’er él. 3 ?f;] C,Ad\?\‘b*bd
A
%= random. choices ( Y- k=5)
priad (" Jive numbess Jrom a liste £ K)

fo
oy secedVt

— ,E'N'e numbesrs Lo a I3t [m,Z,SJ

5) items = ['Alissa’, ‘Alice!, ‘Marco’, ‘Uelissa |

S
[rat der

print ( x)

— [“Alissa’, /Mcxrco']
Sl
A serfler

(j aedirm adofa"
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2

impord  rondem

def roliDie() s et
r'"'_'\._./k_-—\_
return random . choice ([12.3,4.5,61)

print (rotlbie_())

'y &
= Zar 5 kere G.'[‘!Itda'c

impoct rovdom
ded rollDie (n)3
die. = El;'z.,'&.h.s;f:’:l

resuld = random. choices (d’-.e , k.:n)

i asagide tekro”

> |
import  ranolom g2 e
) W 8
1= de_L rolldie () & A
x= random /rendint (4, b)

r€+ur_n X

print (coliDie 1)

retucn demeden dmdtrrrscm
"x" D\e)g‘eﬁ'\'\.' Wic, bir L_'jefd&
kullermodinig di\.je, L{jt‘rl vesiva.

pont“nu qqgtfdglmdﬂ retud)
dledigim 1Padey  cemIrmis

olurum @l nda

X = rollDie. (5) ¥ Tslemde  Kulloumak
Isterser  fredurn" Etullodalisn.

print (x)
— Reftum

mador Sadeec print

derser €krodo LgErJr.sJo. Bu da Otﬂg ku exp.icin.

— (1Le5/65]) S @;)&

e iy

* Yukaridobd deneﬁde Ruwer .se+—r@ (dotal um.of Combmotions)

Lhej zar atiminda | b elosilik  Nar,

5 keve thorum Zaf(t,

wl



u
OE, & ASimulation of Die Rolling
——  Example3

* Actual probability
+ Actual probability of having 111117

* Estimated probabili

£10000 trialy and 2 of the outcome

is 11111 then estiphated probability is 2/10000

fork bu tado Lez
Gagrile

#num. o) +rials= (00 olsun

cle)

N Simn (800.\, num‘l?“('o.fs) £
+0.+c|l =0
for 4

X = rollDe Ll

in ranqe an’{‘n'als)e

))

i x=e 800.1 &
tota( +=41
total /num Trials

estProb

estProb =

Neturn

qoal=[11.14,47]

X= runSim (caoa!,{oo)
Prr’(ﬂ' ("Es+mated prob * . K)
L

print ("Actual prob & " * len(caoal))

Write a function called runSim
This rU““r on aims to calculate
and estimated probability

cf rolling dice

'——r Rt “aun ende tjafl.oc‘_clL .Por‘c.lrne'N"L’w
1 Goal (this is the cutcome of
Rolling a dice for 5 times, ex.
(11111)
2. numTrials (how many trials you
have, if it is 10, you will have 10
trials with 5 sets.)
D‘GN Lo, (
‘\Qf éi& u: icﬁTldéy
3 o' 4
AT S o Mm\ o>
q T B e
| o' kdb
0 AV
ol
7\

—  ‘Direk jombObﬂﬂﬂgz 'heSoPZer

N/ = of +rials  actrilolitca
@

estimated . Qctualla
C?bb(ayr‘_/

@J.J.J.i c
e s {
e L = [+
Selm;. ool | 5 A= do%l%%] b-\
5
\cvmseam J&5 | @1 g i T e e
Sy nt d '-n - s %ﬂt
i o - aqrmmj? QKES Z?l, i ST i ?SZ\T ' ' '
& i, _n_ B 4 k‘rﬂbﬁmgzdai
Bl o ey’ @m
& 8/ _ m b‘.ivtav7
o t"ﬂ:\.tSlm PUJ e s I =
2 el b b LUsmm
: ol,ac:,ffv.p
s
= =]

g6s a‘brdw rodom =ecicem
hertese (

bualo~dor en ez 2's
e} | Clkos=

gk | b

has o bFYMO?

da:{f =) dczjz —



Y %‘,thq,a, EXOmPFe_ IZE& Cizide. en o Z bidinin  dg e oyt 8{«1 olma oba{far

import random

def sameDate (numfeople , numsame) =

Raxto 265 gunder hw@

* 1 ~
bir+hdo-.i;- [0]1 " 35 = initally [Ze.? ‘e dmdm "0 yarmig ‘a%‘ JLISCM)( i s

for ¢ in range (numPeople) 2 AR B e S R
) rowvler  Sagi .chﬂ(’yor'
bil"'H'\d-o-"['E = mndofn rQﬂdlﬁ-r {O, gbLf) herkese e d%/ a_ﬂwagr (ﬂ&-h:n auknkﬂn geqilme ola.aﬂ@ es‘n

kobul edilir

birihdau.s [bic#date 1+ =4  — Easn'cng;am ‘0" olor birthdey¥ secien hes gurde, o Shna'i "L arthripc.
return max(bw-hdavS) >= npumSame — BU kosul saglmt{jor.sq "True"  donddrir

print (sqmr_'bn-lt (2.3,9_))

— False run  ertstce bl-';a(z l‘
ce waps & Aurur

— Truée

|
I
I
|

+ kodun Deuml ®
def br’r+hda¢5,.?rob ( num Pecple, numSame, numTrials) #
total = O
.for £ in cange (numTevals) s
if someDota (numPeople . numSame ) == True ¢
total += 4
return  Hotel /numTrials | =  Estimated - Sample ‘Pmbabmg,

pniﬂf{birﬁda?ﬂ—nb (23,2, !oo))_J, 22 kis0e  1ao sindds  cveck | ediyorue . B sinfto
ayn! da’a'. olor insor ver mif)

2+ (rue
0.55
— Faflse
0.51{ 8;1.91 sonuclar”
\eric
— False

0-506Yy



X 20 Pe_pP le. mm 8 LC.'E{'I l/
D)

for numPeople in

print{'For’', le,

~>f a shared birthday is’',
e, 2, 10000))

£ Al models are wrong. but some are useful /
- -

onl
appmximﬁon

1-D  Random (Walk. Exp

. Jor lo e el is sayilginde
> i d

aerc,et.le,gecgt senexyolar 8drﬂcaz-

Tl pesthion
« A drunk man leaves a bar late I T C \-)
Saturday Night. He doesn’t 1/2 1/2 (pestd 4 -+ RS ‘e'kw
know where home is and he is = o
on a street. F N D bims g
* He can go either UP or DOWN. @ dq a
4 Orgm N
* On the average where does this = - - 1" n ¥ » n Q. pos
man wake up Sunday morning? I | I I % Directon % UQUQ -1 = deéTE‘Hfdm
rn deh) : n-1 n n+l A k} -'/ en sonki
3_'- olasiliklor AHon Im
= neresi olur?
ke8!
ice
pon %
import  rondom L (- O T L

It Lo(
def random_ wolk — {D(n) s

posiHon =0
ﬁnr‘ i in range (") =
dlireckion = candom . cnoice. (L 1, —1])
— Dicecton "-1"se meselo position "' qikorilip update olecat

Po:ﬁ-im += direction

retum Pusﬂ-‘oﬂ — en sondeg nbdl bulmak Ts-f—{jor_so{—_

n=foo
.cmol.. position = random_walk _ 1D (n)

print ( "Posiion efter End steps = £ final- posi#ons f

Output &

—2 Posiion efter {oo steps s6

T Positin after foo steps e -\ run ettitge



= Usteki sorunun  Simulation ke s [Gstiexs  kedo devon ed:ﬁwmﬁ

" Su kodo kez deney gopilicsa avergge ne olur " o Expecied TrobV
Sonunde amag average bulmok |
del simulate _ random _ woles (num_+rials , a) s

SUmmocton =0

lor i in range (num_+rials) =
X= rondom _walk. 1D (n)
Summartion + = X

return  summation /num trials — Auerage) retum’un iGinde bulabilicim

(Probabily )

X= simulate _ random _ walks (10000, foa)

print (x)

i’g aum. o} rialsT . somple mean'e (gercer probaiigde’) yetlaslir.

L Centrol Lim@ Theonem (CLT)

2-D  Pandom Walk (x-(d o.x75>

)/
S
2D Random Walk ;T Sy

— 1
Ex. 7 I |

(I ¥

Lo

- Imag me a drunkard ma I and his
. What is the

(n--{oo . num.of trials= {00cO olaua)

N e~ o f

import random gheps

def random _ wale_2D (n) ¢
% =0
y=°
for i in range (n) s
dlrection = random. cheice. ([ 'up’. llown’, ‘right". e t4'])
il direction == 'up's
gt
il direcfon == 'dowsn’ ¢
g

Deyoni var! oere siculation

probability of th|s man reachmg the point (5,5)?

« Construct a 2-d random walk function.

+ If drunkard man reaches that point, then return True

+ Construct a simulation function to count True's and
calculate the probability

step vor!
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» Monte Carlo Simulation

4
Inferential statistics 'E}‘

5 * Population: Entire students in the universti
= Population: a set of examples P ¥

* Sample: Some students who are selected randomly to represent all
= Somple: a proper subset of a population students in the university

+ Key fact: a random sample tends to exhibit the same properties as * Date collected: Their age
the population from which it is drawn * The aim: Finding the average age

2 é
%pping a Coin Twice %ﬁ .oEéE—

Flipping a Coin 100 times Flipping a Coin 100 times

Do you think that
the probability

iy Vo g ol ! oy e oy vy by g i ! v ey’ ke e (e iy i)

of the next flip
s o ey e coming up heads
Now do you is 52/100?
think that the
next flip will

come up heads?

Do you think that the next flip will come up heads?

= Why the Difference in Conlidence
callidence. in our esfimafe depends upon two things &
% Sie of somple (oo vs 2)

# Vociane of Somple (all heads vs. 52 heads out of [00)
7
gﬂb the Varioe!] | we need !arBer samples to have the same de.area od conlidence

Poulette (Game

* Numbers from 0 to 36
ers = For the simplicity, you can only bet one number in each turn and
+ Half of them red and half of them black i assume you have an infinite budget.

= 0is not red or black = If your lucky number equals to the number came up on Roulette
wheel, it means that you win, otherwise you lose.

= Each time after wheel spin a ball stops one number.
* You bet on one number (your lucky number)

g

2 = .
E‘—-EP * Assume you play roulette one hand, and bet on one number. Assume you play roulette 190 hands, and you bEF on one number.
* What is the probability that you win? * On the average, how many times do you expect to win?

- | L |
V foox 4
2F =

1. Expected number of winning

* Assume you play roulette 100 hands, and you bet on one
number.

* Define two functions:
1. Calculates total number of winning if a player plays 100 hands Eau leHe 8“6"
* Return a number of winning, eg, 0,1,2,3... c,d‘n.ﬂt MI:II 3
2. Calculates the average number of winning for n trials
* Get the number of winnings from the first function and average them
* Return the average



Koo +oresi benn tuttugln - o0
D) radie e MY o, 2) Ave/age num. o) wimand b N Hrials
_ fo? %”:,:Qu L ;:;:f:_&q,

RouleA+e  (ame.
impor+ random h’wt‘ ;‘:’:&:
del numof Winning,. (fuct?num . pli;,)
count =0
for i in range(play):
if !ucl:gnum == rondom.randint (O.Qb)
count += 4

return count — Lac \‘ere kaiond QgIm' d&)ﬂdu’w@m

(Rurda oy karondmgh artk | T statement Toinde)

A bsim (Simulotion knamr)

de.(l S1mn Num of.uxnnin% (ludu%nunr\, plcua., numTr*ial‘s.) e

countwin=9©
Poc i in range (rumTrials) ¢
countwin += nwno#wrmhg, (Iucbdmm, Plﬂup
retur  countwin / numTrals
X= it Num o |- Winniag. (13, 10. 1000)

print (" expected number of wioning. 1s" x )

=t Wwin
whm
wim
win

expected rumber of wining- s 2.HE




k \V\-H ﬂdl""‘d\} ‘f\.‘
foo ogunun en ar 1 kere korowme olasilgy (‘5 SCC'HQ.;CV’;}NS s

E\‘ 8 Roulette
} 2. Probability of winning at least once in n games
. . 26
* Prob. o} not wining- in one gome —( -

* Assume we play roulette 100 times, and we selected our number, 3?
« Wihat is the probability Ehat we win at izast L time out of 100 times?

Without simulation let's calculate it

S = a6
» First, we n2ed to find the probability of fosing all 100 games, x Prob. ‘°'p win "‘ma = |4- (E;

Determme 0 #unc*ﬁOﬂS:

Lurasi Sndect.

impor+ random m"‘“"%‘k > Determine il +here is ot least one win out of (0o games 'DH
A *Return 4 or D, or +rue or .faln b Umdmlcal:.

def  numol winning{luckynum, 6'./5;/‘.‘) =

,uacdﬁo = W saysine kasted ye” | Estimate the prob. of is al leasi one win
«Use +he firs+ func. Ho count number of winnmgs.. then find tre probalsiPy.

for i in range (pln%)l
i} luckgum= rondom.rodint (0.26)¢
-ﬂhﬂ- 1
return hqg, — win or lose
O} atleastoneProb (luceynum, play. AumTrials ) &
count =o
for i in range (oumTrials)
il numof Mndaﬂr{luchimum ,play)==4 2
counl +=4
retun  count [ numTriels

print (a-l-l eastoneProb (13, 100, fnco))

Expe Loulette 3

Roulette — v sayige boWa epmes 3
3. Probability of winning at Ieast once in n

lov

games with limited budget _elimd )

+To bet one number is 51 and you have on_h'and $10) Lo
« For the simplicity, you can only bet one number in each turn.

* If your lucky number equals to the number came up on Roulette
wheel, it means that you win 536.

* Define a new function called
* rouletteBudget(luckynum,budget,trials):

Question to be answered:
1. What is the budget at the end of 10 trials?

2. What is the probability of leaving the game with more money than
the beginning?

3. What is the probability of losing all your money?



import rondom J . sorunun cevdpl e
de} rouletteBudget (fuck.tfnum . budﬂe# ={0, .Plaa= ID)

budcaeklncmase =0

Ludsai'InH-im‘ = budget T
o
_)Eof i in rma"- (P[mﬂ:

budﬂtf -= 4
if luCluanum = random .randint (0,26) * OQutput #
buda.g;l- += 836 - budﬂe'l' is decreased
(4]

if budaef <=0 ¢

brealk — Poe toff‘fla:'ta:o (=) nodm otk = bddag'f s iﬂO"fQFQJ

if budget > budgetTnitial ¢ 1

budaei Increase = 4

print ( '.Ludad Is Increased "_)
elig budaef == budadrnfﬁol c
Prim—f'budad is the same")

else

print ( 'budad is decreased ')

return buafgefl'nc rease

print (ro:.u'eﬂc 3udae’r(% 10, 40))

.

del budﬂafstm(_l'uctﬁnum, budae‘t, ploay, num'l"r‘ia!'s)

ount =0

for iin range (oum Trials) =
O&do B

s U, _
resdlt+ = roulef-[ae.’Budae:i' (luctﬂrym, budee-}, pto:d,) Simulation Paﬁ

i pesult == 4 =
count += 4

return coun'r/ numTrials



r.lpi denek vecip bu Gambler's

Fnll'QCb(. mi dl'dg,_ sorobilir |

(ambles s T-"aﬂocy, +sorel sorul

Past experience 'lardor doloan insankrin - proboloil]

-+ 40 4one leirmizi koA cektim

hesaplarker.  elistugdl

ofuhal[ot

= 44. de buﬁbt. Thetimol  birmez! ©lur.

T 14, grhle kirouzt cibmoz .

In 1913, at a casino in Monte Carlo, a game of roulette attracted a crowd because
the ball landed on black twenty-six times in @ row. People started placing bets on
red, and their bets became bigger and bigger since they thought that the ball was
bound to land on a red, as they'd all previously landed on black.

Despite everyone's intuition that the next spin of the wheel would land on red, it

didn't, and people lost a lot of money on the gamble.

The gamblers likely didn’t realize it at the time, but they were committing an error
in their logical reasoning known as the Gambler's Fallacy.

In a nutshell, this illustrates the flaw of reasoning with the Gambler’s fallacy.

Game op G‘OPS

* In the game of Craps, a player rolls two dice.

= If the first roll yields a sum of 2, 3, or 12, the player
loses. — £ Aml

» If the first roll yields a sum of 7 or 11, the player wins,
* In other cases(4,5,6,8,9,10), your sum is referred to as IP;L
your “point”, You get the dice again. Nqw, you
rolling the dice until the sum 1z eithe( 2 which case
you lose, or the sum is equal to your EI_ %, in which
case you win. =

= hitps:/fwww.mscs,dal.ca/~hoshino/book/ch Zbrlaps.de

“2 zar vor 4oplamignina (ab'ﬁg

koaovp k.nzauwdorm £

impoct  random

del rollDie()s
diel = random.randint(41.6)
die 2 = random. condint (1.6)

return  died + diel

def plagcraps ()«
resalt = " "
4(rsi' Roll = roudie ()
@ Liestloll ==%F o
result =" win"
elif

result< “lose"

< e p

#frsH?oll ==2 or ]tlrs-rEoll'a---S or

- seget Uc[m vitesinde [

Define a function that returns summation of two
rolled dice.

Define a function that returns either “Win" or
Lose". Also, return the total number of rolls
reached until the game finishes,

Define a function to simulate this game for
several times. Print the winning probability. Print
the average number of that the game ends.

~ Shnd lohon ped

Note: The game ends only the game is won or
lost.

f(‘rsﬂ’,oll == 4{{ ¢

Lrestloll == 12 5

TThe question is =

would o ke +o play the
gome @nsiden’n?, +he winning- and
los'm%, probabilities

( U-Jinﬂh'\z, Pfobﬂbﬂﬂ'{( ?)



else e
while True ¢

second Boll = roll Die ()

il second Roll == ficstRoll ¢
result = “win"
brealk

elif secondloll=="% s
result == "Jose"

break

return result

Vil
bureye kedo 'fjj‘f,, dazdfr“’
print [pln&Cmps I]) :

def crapsStmu (numTrials)
Count =0
!or tin roge (num T?—m!s) €
result = piagﬁrogs()
i resutt == "win®
Count += L

return  count/ numTrials

Prinf("Prob. of w.‘nninﬂ, the Qame is S“,Crﬂ,OS'Simu ({009))

Oufput &
- in

prob- of winning- the pere iss O.3503

— IDBE'..

prob. of winnmg. the gene ise 0.4



The. Pros and Cons | of Gmea&a(,
- &asy to mplement

= Computationally ellicieat

’\’g Mot alwoys yield Hhe best solutn, but appoximation 15 goed.

Jaw of Lorge Numbess

e« As a somple sie 8”“"’5‘ s mean %e,{'s closer 2 +he owe.ra_a(_ o.{
the whole population . (:H: o} drials] . the observed outomes unl cleses ot

" actual” proloaivy )
+ Actual %-obab}lﬂa-—- The +rue. or observed value o} he P“Obﬁbﬂfy_ o.ﬂ an eveat

% Estimated %ol:d::ﬂ&a= The predicted value of +he probabldy of an evert.

Whea e wuse  simulations e

- To meadel stj.sfcms +hat are maHaermHCthj, harder.

- To  extract wuselul intermediate results
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r) SimulatoN
——

-%iue.n
NewsNenodor Problem = A
Srb ot Order Amount 25
* A bookstore must Qetermtne how many 2024 comic Demands Demands Cost of a piece 100
calendars to order in September of 2023. 03 %0 Sales Price 150
i - Unmet cost 3
* It costs $100 to order each calendar, sell each one for a . Recycle value 5
$150. After January 1, 2023, any unsold calendars can be 0.2 20
recycled of $5 each.
M * Revenue is the total amount of money that is produced by selling the goods
v or services to the customers.
* The best guess is that the number of calendars M. + Selling the soods recycle pasast gelr cinsinden
demanded is governed by the following probabilities: O(&d J&%lﬁw{ » Recvcille theggoods ¢ = 8 )
- by - b
Demand: 50, 25,20 b4 » Cost is the amount of money needed to buy a product
* Probability: 0.3, 0.5, 0.2

* Buying the goods
* Unmet demand (shortage cost) % Demegnd %in  kacin: x unmt.;_
* Profit: Revenue-Cost tufgiivamdim o

* Order quantity is 25

Lwhm T the expected .prsﬂi'i? Conduct

* Expected profit: Expected revenue-Expected cost

a simuletian by hand for 90 trials.

Step 1: Define a function called get_demand()
* Returns a random demand

Step 2: Define function called profit_calculation()
= Calculate the profit by getting the demand from step 1
+ Returns profit

_!) G erate  a rand o( 2 s EUF\C Step 3: Define function called expected_profitinumTrials)

* Simulate it for 1000 times and calculate expected profit
* Get the profit fram step 2 for 1000 times

2) Calaulate  prolty Junc. (and retucn)

Q1: What is the expected profit based on the simulation?

i Q2: Order amount was given as 25. But what is the optimal order amount that
33 E.XPQ C—“l'f.d ?fQ.P-G _Eu.ﬂc X ( simu Lﬂhm\ maximizes the total profit?

1:_—-( - Jtoe <oy se
oD o=
Cumu (otive e Yok
\Mport  candom
del %ﬁ_demandf) 2
?’, procabites - 02,05, 04]
e
< demands = (50, 25, 20
2 demand I /\ﬁ]
demand = random. choices (olemads, probabiiites, k=4) @ Demad degerledn! sohip oldutlen dlasilit. degeine

agu dondariyor. k=4 de
"1t soy ondur  demek.

cetucn  demand (hepsini sanda v )
veturn etl

del prold. caleutation () ¢

order_ amount =95 gurdﬂ I3k o look

sonoledigi - tam 'v={ de

onun "0 elemouni
almek fs-{z'jorum bef-'

cost. per_plece = (00
Sales_price = {50
dunmet.cost = 2
m:ddé_coﬁ =5

d:ae.f_dcmand(} _, hesaplons sqopabiimet e Penleun Teine
Jdemand = dilol] oet. Somod fontsijonnu da Gagindie



Sold - pleces = min (order- amaunt, demand)
“— * de Gllabilir
unsold_ pieces = max (Geder amount - demord, 0)

unmet_ demand = max (demowd— oraler_amount, o)

F
reveaue = Sold_ pieces

cost = ordes_amount * coyt— per_ piece + unmet- clemand

returl revenue — Cost

nt et
Pri unmm

print (pro.ﬁﬂ'._ caleu laction (.})

2 Simulation  Part
def expected _ prolm (num_trials)
total_ prodi =0
Jor 1
fotol —profit += proft_ calalartion ()

total_ prolit /num_-l-r'iqfsx"'—)

in raf\ﬂe (num - trials) =

ceturn

print (erecﬁ ed - profit ((oooo))

¥ Demo~d > Ocrder

sales_price + uynsold— pieces

A Orde > Demo~d

L sale, ordes kadd Lisale, demand kado

1 rchcle_. cost

x
unmet_ cost

@ Order sizee 23,71L,75,26.2% —

@ Sib/ Sayilo vermesy denediy.
25n Sonmre fonk ordmo
:gﬂrm’-hde devna et
o du'ui% “raex prefi} " ordcd‘ = 0%

old. oldw .

ort QLGYUQ‘S

3 A a3)

T xpecimental Dota

* Introduction to Data Analysis
= Understand the basics of statistical data analysis.
« Different types of dataan
* Data Collection and Processing
* Learn about various data collection methods
* Practical Analysis with Python
» Analysis using Python libraries like Pandas and NumPy.
+  Apply these tools to real datasets to extract meaningful insights.

* Decision Making
» Utilize statistical data to make informed decisions.

* Explore how data-driven decisions can optimize outcomes in various
operational contexts.

* Mean (Average): The sum of all data points divided by the number of
points. Example: Calculating the average test score of a closs.

* Median: The middle value when data points are ordered in ascending
order. Example: Finding the median income in a survey to understand the
typical income level

*  Mode: The most frequently occurring data point. Example: Identifying the
shoe size that is the most common in a sample of customers.

* Variance: The average of the squared differences from the Mean.
Example: Assessing the variance in test score of a class.

* Standard Deviation : The square root of the variance. £xample:
Calculating the standard deviation of investment returns to measure
volatility.

- Pandas Library: A powerful Python library for data analysis.

quottitative clatas
quortiterrve o7

Yas'loin  oldugju
v dato seh

qualitatve (quolfy)

nonnumesical dodas
(amow' ve—)

+ Quantitative Data: Data that can be measured and expressed
numerically. It is further divided into discrete (counts) and
continuous (measurements) data.

* Qualitative Data: Non-numerical data that can be observed but not
measured. Includes nominal (categories) and ordinal (ordered
categories) data.

« Collecting Data:

V" Surveys: Tools for collecting quantitative and gualitative data through
questionnaires or interviews.
Experiments: Controlled methods to gather data by manipulating variables
to observe effects.
ata Mining: Techniques for extracting patterns from large datasets using
algorithms and statistical methods.
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import pandas as pd

data = [7, 15, 17, 18, 20, 32, 42, 42, 44, 45, 46, 49, 50, 60, 65, 70, 82, 83, 87, 88, 93]

series = pd.Series(data) s Data listY [;ﬂﬁe- series

. + e
Ien_seneszlentdata)" cingine conver

mean = series.mean() 6
std_dev = series.s'(d{]l"’L

Data Manipulation with Python (Pandas)

* Pandas Library: A powerful Python library for data analysis.
+ Data Loading: Importing data from CSV and Excel files.

+ Data Cleaning: Removing missing values and correcting
erroneous data.

median = series.median() * « Data Organizing: Grouping, filtering, and sorting data for
mode = series.mode( )y analysis.

result = { I__, Suramzjla hurdati ,5+ep‘}erde/z. 8ec,er~&£.
"Number of data points": len_series, ng-{ | |l
"Mean": mean, e eceﬁﬂ
"Standard Deviation": std_dev, (7 =
"Median": median,
"Mode": mode.tolist(),

}

result
print{result)

—

Example: electric_vehicle_population_data — (ae’ain adi (datalon
olaluﬂ'd)

1 Data Loading:
. Load the electric_vehicle population data.csv file into Python using Pandas and convert it into a DataFrame.

- 2 Data Exploration:
. Examine the dataset using head(), info(), and describe() functions to understand its structure and summary

statistics
3. Data Cleaning: 2
1.  Handling Missing Values: L ﬂ‘rr}\\\ 6&0
identify and display the columns with missing values ﬁCP 18 M;"aﬁrﬂ

REmove rows with missing w;a!ufl"'c\lr Code')

Show how to fill missing values with the average for the 'Electric Range’ column,
2. Correcting Data Types:
. Convert the 'Postal Code’ column from float to integer f applicable.

4. Data Organization and Grouping:

*  Summarize the number of vehicles for each ‘Make'.
*  Print the highest make and number of vehicles
= Print the second highest make and number of vehicles
Summarize the number of vehicles for each "Electric Vehicle Type
Summarize the number of vehicles for each ‘City’
Summarize the number of vehicles for each ‘Model’
Find the number of Tesla vehicles of the model '"Model Y' from the year 2023 in your dataset (Filtening)

[

u N
¥Once spyder dosynl [[e » save as = masaciStine
pyder clogyrs [ it

.1- = o
1) Data !dim% Step s % Dote’larn e aldigi do_g(-jab'f do - masedstune of

import- pandas  as  pd.

df = pd.read_csv (’eler_ﬁ{c_um‘cta-PoPul&hm_da%a-csv‘) - Dafa_sefnipkudy ve. “data
Prame

clsine convert ettr]!  (df)

ismi

Bglzsm&

2D)Data Fxploration ;

print (d9.head ()) —= small ifos, and Sumircy. aboutt <pur (a? dato (meselz, data mn ﬂt{&m&r};

déndurar fixic ©
"?rin*l'(_d.g.iﬂ-eﬂ())r—a hakkinde bﬂai ~eric [object Sonucu UE‘Zme o olata hem int  hem :Eloa.i'
- non -null Sonutu ue._r}r.)
Prin'l'(dﬁ-de.scribe()) - some statistics ,ﬂar numerica| columas onl

column’larin isimied, non-aul, object| float grei el
bilgileadirme uapar.



2) Data Cleantng. ;
— Handlm%, Missing Values «—

a it find the mising volues
(3] tE +8
priﬂ‘f(dﬂ-isn_a (). Sum) — total number of NAS .ﬂor each column — sSu columnda - .-

kado~ bos sotir
Vo

%‘Q remoue rows with m.ss?ng, volues  in one specf(c Column
af= |ol . o (subsat s TSI ik cottnn'n o, |, BAEB A HaN e et i
g OchUOr.

{ekrar d{l.sna

Le_n ustte tanmiaddim ol e halme convert ediyorum.
Bk

Cnkl data wexkNeAmle oUnamam ladimn.

print (df.isna (). Sum()) —  column'un younda '0" goriiia cunkl:
o column'de NA lkalmadc

ci*"*“"{’Jé*f‘:’WL column smi bo“dlz (jan.lhr.
2 Show how o [0 missing. alues wrh th averqge -por the  'Electric 208&1 e

averoge - electric _ cange = df [ Electric 2cm34‘] .meon() = column'un meoun: buldub once.

ol [Electric Pange 1 dﬂ ["Electric E’anﬂa‘] _P’Hna (auuasf_ electric_ ranﬂe.)

Ls d
bu columndalc Buroge das.dtf).'m éetjla dloldurur.
na'lari — dolduracak &d yasrsam .rsaa yla * doldurar

i
o |Q\9’o%qp\
/9 \

— Correcting. Docta “Types <—

Postal Cedle column?im .(‘_locu-
j bir degerd: . © deged int
\ . ; bir de? gisHcdXx.
d ['Postal Code' | = d0 ['Postal Code]. os%dpe,(mg e clegesle. deRistic

.pr’nn-l-(d_f'. 'mﬂol)) - 'mﬂodu tecor gagiroak. Postal Cedeun int olarck revize edildigini

86'( k.

J—D Data Oram‘t zo0ton  and Gmup‘lr\.ﬂ,

wer e Jrofuz.
coVhe Columnur\df’ su lkada

ke
=+ (1) Disploy. Hhe counts 1Eor each mabe(bmnd)j ngdf =l kado | bea> e

mn e both \odo. @ 2,1'\/

L
print (mau.._cwn-ts) —Nel(fes\ed“ =

X 4" dersem 2 Soyisl A Got olov morkaal séafef.

%"I‘bp- make _Count = make_counts - iloc [@/f) ‘Sadm en cpk olan markerin “Seohip old. syt

pﬁﬂ't('i-op brand is s ", hp_mau) » output 3 +op brod s Tesla
orind (“+op quortity  sod 1S e", 4op.make _cournt) +op quartily sold is ¢ BOR{3

\ie/:'Y



L hes birindea ne kedd”
old- chu'

& Summarize. e num. ol |Nehicles {.or each 'Electric \ehicle "iape.‘_.%u column o

hogi sUtunw pacrso ordals ver' gesAleand

+Upe_cwm5 = ol ["Elec’rric \ehicle poé'] . Nalue _ counds () Output e
'Ba:l*l'efg, Elee. Vehiele — 14932

Pr\n+ L+Ldp{’_‘_. Csaun"tS) I?\qﬂ-i(\ Hdbrfof vehrele - Ig‘a'L;Z

b { lea

U‘.\o, T&jpﬁ Jerd :+
3(@'\ S "Lp/ 0 old
%\ N *”'\a\d x

‘-&Flnd +he  number ﬁ Tesla venics of +he  moded 'ModelM' from the O 2023,
\/ Prered-df = olQ[(df['Model']== ‘Mode| Y. e (d,ﬁ[ Model Mear] == 2022 )]

d. crifeda 2. eiefa

Pﬁn‘i'(-p(Herd_dﬂ) ~J Hadel?lardor Medel Ylen ve 202274 olanloini SCUd'

Example: electric_vehicle_population_data 3 —E(

5. Statistical Calculations: E

@+ Calculate and display basic statistical values (mean, median, mode) for

the 'Electric Range' of Audi vehicles. > ‘Q‘UM bua"
b. Calculate and display basic statistical values (mean, median, mode) for &

the 'Electric Range’ of Tesla vehicles.

€ » Calculate mean ‘Electric Range’ for Tesla models and compare these
figures across different years.

6. Data Visualization:
Visualize the number of Tesla per year using a line graph
Create a bar chart to show the distribution of electric vehicle types.

7. Analvsns Results:
Summarize the key findings from the statistical analysis and visualizations.

Determine which years saw the most significant increase in the electric
vehicle population.

Identify and list the most popular makes and models based on the data. Ld‘\ml
M&Oﬂ“ NQ—
_F;'Her onha. us brod /l
5-0) Audi owraclon (make columnw) , Electric fange'led (eormdel heseplama

(fiter) (data frameimde ackic Aud‘n"ale. TlgNi Ve
settedm UO()

ool velwicle. =df [ (e4[' take 1== ‘Audl’) & (df ['Electric Lange|] >0)[ 2 S=pece T S0 e

'\*Elchrlc. rogeln DdoL 'oJ—

u tled

—)-5k audi_mean = audi _velicle ['Efedric Eonﬂe ] . mean y - print Luuol:_mem_) Electrc raaag e
rif.

- median () g

5~
)TL ¥ £ lectric rwae‘!erinw\

ki C) Tesla  aracinin gl grupledirp 0 Qruplorn mean’ii
d L< o I e B T compare i i

tesla.- sales - by -year = dP[dP["uate']==Tala | . qroupby. ("Model Year") [Electric Pange’] .mean ()

L
print (+esla_.sal¢s_b|d -aear) CD.qu}c;%‘a



6- Data \lisuali2ation

import pandos as  pd
Runun erlermesi

N
¥ mport  matplotib - pgplo‘f‘ as plt =
..(?'ira-i .{hfef
4 num. of Tesla per year using. @ line groph.
tesla_ dff = df [df[Make’] == 'Tesla']
2020 e SU todo
ehicle - counts_ per-year = tesla_df. amupbg,('HndeJ Year') .size) - " uar.. gl

hepshi Sayt
P Sfu'tgaacr

rint ( vehicle — counts- pes_ r) ~J i ydda kaq tone Tesla olduguau
i 2 R o

PH. ﬂi%um () bu ow\emnm '(lkb 1 : ex i 2.bismin ald; (Sayrsol Eumf)

- —
plt. plot (vehicle _counts pergear . index. (f_e.h'ucie_coun‘rs..?ef_d-zar‘-\Jo(ue&)

('-loblonun X e Y ekseninder. bahsSettik

pit-Xlabel (num of vemele™) N Cisonome

isin
PH' Ld.lﬂ.bd (_":jem’ .‘) / wveril

Pl‘l'-’l"l'He.C"l‘cs[o. sales ba amf ey Ly am#%e, bic tiHe Verdik!

=% creote o bar chart alistribution of electric vehicles

ev- type — Counts = dl. qroupby Ce_lechric vehicle) . &2&(]

d tric veiCle’a g0 odtr L s
PH‘. -citaure.u afra -?er& =i v € §;\€S‘§éﬁmm O|MdedM

e -type— counts. plot (kind- 'bac)

PH’- show — En son bunu ¢yap celistrd e

\Q

1. Line Graph of Average Electric Range by Year: Plot a line graph to
visualize the trend in the average electric range over the years

2. Bar Chart of Average MSRP by Make: Create a bar chart to - \
compare the average(fBase MSRPfor different makes, ——__ &xcel 'delei  oolumnlodor

3. Bar Chart of Average MSRP by Make: Desired makes are TESLA b
and AUDI. Create a bar chart to compare the average 'Base MSRP'
for desired makes,

Hoﬁs\r\’éd}'?@ﬂ:’] {
I) aueroge _electric range. per—year = df- aroupha,(rHodd ‘fear') [‘Eledric En.nﬂe'] . mean “?b*‘k

pH. plot(aver_elec _ror_per yeor .index, ove.elec_ran_ per. year . \mlucs)
X ecseni Y etseu

’/_J elsenlere Tsim  vermeden
pH- show direk olustw olemts .




Average loaim!

; A% Wegle prink edesel; ot tarafte l
llerint | mag ta owrage’lon
2) aue.roae__ MSrp = _dle.%roupb% ('MQIL&‘J [’Base HJET-"‘J .mean — ediad ] s ﬂm&. 3&%&1.'
aweroge _m.srp(tind= ‘bar")
Pl'l'. shaw”

. ‘_GwS . Bir tn.‘l’ignr'ndm..
1 yook ﬁ[m ‘:;jd.‘ bg-'tv"' C .Q-MO’LBEF seq’:j:r

Xz{gﬁlﬁirw- models = dl. [['Malu.'] ) {sin ([’Te.slc:'. ‘Audi*] )]

Querage _msrp _ _@or TA = desired_models . amupb\d— ('Make') ['Bme MseP’ 1 .mean ()

Querape. — Msrp - Lor TA . plot (kind = 'bar')

pl’\'. show

WEEL 12 (Al = Actibicial Iﬂ'l'd'\(aencc)

Machine '\7V Al uses "Machine le.nm‘m% techalques |
leacrnrrui, ©

Examples of

Hadunz,
Machine Another example of | Learnt
: Machine Learning : %
Learning - requings

ast dota’len kullowyer -
* Email & spam filtering — P U %.‘..

* AlphaGo is the first * Emails are filtered automatically when we receive any new Dﬂ:{'QS |
computer program to - email ' .

defeat a profession:-_nl * We always receive an important mail in our inbox with the DQ."’Q
human Go player, the first important symbol and spam emails in our spam box, and the J&I‘S)
to defeat a Go world i technology behind this is Machine learning. :
champion + Below are some spam filters used by Gmail:

* Netflix/Spotify _ * Content Filter

+ Self-driving cars * Header filter

* Waymo « General blacklists filter
Gncetd outputiors bakool prediction Yopllpyer- +ahmnleme degil gruplama var]
r vedimizin input ve outputunu biliyordz. {_7 output'u bilmiyoruz , verimiu clusicr(-sruplo’td:m:qo)
1 r . . e A gty ; ;B 7 r; k cal lsldﬂ'ﬂl
§ machine is trained using ‘labeled’ data. Datasets are o

said to be labeled when they contain both input and output parameters. In other 2 It refers to the tramlng SyStem using

words, the data has already been tagged with the correct answer, information that is not classified or labelled. What this ideally means is
- _ : that the algorithm has to act on the information without any prior
[American, President, 193 em tallly — tatel d n
[American, PresToent, 18 om tall],"n” [Anardcan, Prasident; 189 cx.) jp guidance.

riiia; srectoucts 106 ou it B ome hand-written digit data into 10 classes.

[American, Presidenmt, 163 cm tall], B

[French, President, 169 cn tall], B 6rup!a- * Customer segmentation or understanding different customer groups
mal  around which to build marketing or other business strategies.

Is this image a cat, dog, car, house? Features
Is this email spam? | | |
Is this blob a supernova? {C bu sorule
A “loloel " olmug olyr
oY '

* A model for predicting the risk of cardiac disease may have features such as
the following: —
* Age
* Gender
= Weight
* Whether the person smokes
* A model forﬁredictin whether the person is suitable for a job may have
features such as the following:
* Educational qualification
= Number of years of experience
= Experience working in the field etc.

* A model for predicting the size of a shirt for a person may have features
such as age, gender, height, weight, etc.

Supervised or Unsupervised Learning?

= Scenario 1: Facebook face recognition = Supw'\sd
= Scenario 2: Netflix/spotify movie or song recommendation = 5UP€’fU|5d

* Scenario 3: Document Clustering —» Un.supervise.d 4 tahminleme.

ot
P

» Sen  msin o'leén misin d{ae. .sorulfr‘ | ﬁ&m,

Inputioio biwdor ald @

wHola  outputllo elde
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Classific nxm Ragressbn o?
. : "'\++ F ." {j
Supervised Learning s il ISP : :
o3, . o ve Unsupervised Learning
. g
1. Regression £od 2

- Predict a real number associated with afeature vector>

* E.g., use linear regression to fit a curve to data

= Predict a person's weight based on their height

Classification

+ Predict a discrete value (label) associated with a feature vector

* The difference between Regression and Classification is only
due to the output value. While Classification divides the

dataset into classes, Regression is used to output continuous
values.
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1. Regression

* Linear regression:

relationship een a dependent variable and one or more
independent variables.

* Dependent variable is being predicted or explained by the
independent variable(s).

* Linear regression is a useful tool for understanding the relationship between
two continuous variables.

* Dependent variable is predicted from the other by fitting a linear equation to
the data.

* This equation can be used to make predictions about the value of the
dependent variable based on known values of the independent variable.

3. Clustering

* Process of grouping similar entities together. =
= Aim: Find similarities in the data point and .
group similar data points together. o= Pl L,
= Algorithms: ' .‘ * S
* K-mean Clustering = .° ¥ o
* Hierarchical Clustering el
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Some real-life examples
1. In economics, a linear regression model can be used to study the
relationship between inflation and unemployment

2. In the field of meteorology: sea surface temperature and wind
speed.

3. In the field of medicine: person’s age and their risk of developing a
particular disease.
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4. In the field of marketing: company's advertising spending and its
sales revenue.

5. In the field of education: number of hours studied and their grades
in school.

6. In the field of sports: performance athlete based on factors such as
their experience.

7. In the field of public health: person's exercise habits and their
weight
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import pondas as pd
import  mortplob . pyplot o plt | = plt. scatter \usmi iein eklead

import nUMPY @S Np best regression. et olusturmak.. iean. " min. sum o.ﬂ total ecror for eoch doda set”

d_a.‘h:i. = Pd r_emi_ excel (_'ramﬂaﬂ—crops,xlsx‘) - Excel dcgda&m otudu |basta

print (data)
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Evaluate the performance of a regression model
~ MSE and R? values

* Mean Squared Error (MSE) is a measure of the average squared
difference between the predicted and true values of a regression

model.
__+ A smaller MSE indicates a better fit, as it means that the modelis _—» butdugumue
making more accurate predictions of the response variable. sonuglo ne o Y
oo lea ke
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1 5 43 14,26 99,2514 \42,066 d
2 10 16,7 149 3,15062 2 0
3 15 233 15,5 59,4822 i $ Lr‘[ o
4 20 10,3 16,2 35,4025 B ' - ’I
5 3 124 16,9 20,35 . Ll’T’I
6 30 26 : I - 70,98 [/
7 35 17 18,23 1,531 5
8 40 27 18,9 65,61 r T —— ——
9 45 12 19,5 57,191 Ramtaimen)
10 50 23 20,2 7,70062
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MSE in Python 3
y ”SE:%,Z«‘Y‘ -P) de [1 mean _squared _ecrac (3—0"5”“‘“*‘3‘ P"d) ¢

def mean_squared_error(y_observed, y_pred):

# Calculate the difference between the true and predicted values di E(I = 8— Obsffu'e.d = S‘Pmd

diff = y_observed - y_pred

# Square the differences Squ‘a{‘td 1 d‘[ H‘_ = d'lep ‘Fﬂ-l

squared_diff = diff ** 2

# Calculate the mean of the squared differences man _Sq ua{‘gd_ d'[(_’,? = Jquangd_d'}@ . mmn ()

mean_squared_diff = squared_diff. mean()

# Return the mean squared errar Ceturn meaf . Squml _d i e-c

return mean_squared_diff

print (mean_ squaed _effor (lﬂ, g_ur\e))
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def r_squared(y, y_pred):

# Calculate the correlation coefficient between the observed and | Corf - CD&P = n_P . CorrcCoée f [ld,vd.-PrP_d] [0, ‘l-] !
predicted values

corr_coef = np.corrcoef(y, y_pred)[0,1] s
r-squared = Corr_coe] *T2
# Calculate R-squared as the square of the correlation coefficient
r_squared = corr_coef ** 2

retum - squared
return r_squared

print U.squamd(ud,.ud_uc\eg |
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Classifing and Clustering Teainingse
construct

* In machine learning, data is typjcally split into two sets:
« Training data — madel +rom edlir (cefUntde ou)

* Test data - Moo\ 4es1 edli (ueole( Ne taslor acwra‘}t)

* Training data is used to train a model, while test data is used to evaluate the
performance of the trained model.

« The main difference between training data and testing data is that training
data is the subset of original data that is used to train the machine
learning model, whereas testing data is used to check the accuracy of
the model.

* The training dataset is generally larger in size compared to the testing
dataset.
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*Here ar n the New England Patriots
{(Name, height, weigh

- Unlabeled Docta -

sedece dato
pemtieim var.
N Ll

»

Distribution of height vs. weig

* Labeled by type Of AU 350 Labeled case: we know their
=Receivers: e ° positions(labels)
edelman:—-['edelman' 70, 200] P + Are their characteristics that
hogan = ['hogan’, 73, 2"10]‘ 300 I i b distinguish the two classes
gronkowski = ['gronkowski', 78, 265] b from one a”_‘“her?
« amendola = ['amendola’, 71, 190] = : Unlabeled case: All we have are
* bennett = ['bennett’, 78, 275) @ 250 Just a set of examples
_ g * Can we separate this
=Linemen: distribution into two or more
cannon = ['cannon’, 77, 335] | ® natural groups
solder = ['solder’, 80, 325] 200 % N
mason = ['mason’, 73, 310] i . i
thuney = ['thuney', 77, 305] 60 5 70 75 80 85 90
A karras = ['karras’, 76, 305] Height
\
2 tene Jutbol postHon't va” |
_ . | P . .  fu kagll noktalor rasil 19 8ruba
acablivim 4
aunlgd gore
d 3 SFUPIUJOM 350 Distribution of height vs. weight sodece
Clustering examples into groups *. = “weightle
300 * - 8*\,_
=Want to decide on of examples, with goal of separating into ‘5, 3 e mplm‘ilmfs
distinct, “natural”, groups e S e
» Similarity is a distance measure I | L o
(=0 -]
*Suppose we know that there are k different groups in our training data, but up - e %e
don't know labels (here k = 2)~5 putput bﬂmbdum ama su kado gfup 6 & T0 5 8 & 50
; londirme im  dli .
° Pick k samples (at random?) as exemplars assume iyorum. Height
» Cluster remaining samples by minimizing distance between samples in same
cluster{objective function) - put sample in group with closest exemplar 150 Distribution of height vs. weight |
 Find fnedian example in each cluster as new exemplar &R Il Sadece
' Repgat until no change | '| 1 u 300 .:i oo h"-iﬂth _
= MM the distoce bttweer oo, 3 I | gare
Samples M e same cuske,” g
: . . 200 . .
Cluster into Two Groups Using Both Attributes !
60 65 70 75 80 85 90
350 Distribution of height vs. weight Any new example: Height
- - if above the line, red cluster
e . 1f below the line, green cluster
; e ;
i e A Jf' !“d} ‘ ¥ , . o
300 [~ H L . QL’__//QMM, weight: 300, height 80, what is
ey 1 : T the best cluster to place the player?
% E ~~ * Iftold that there are
= two different classes
@ 250 i
= of objects, then here L
: “s.__ are best clusters e he.l ?L'l' mm
= E’ % ’ - ]I _.?hu.l-ﬁl l M@L ore PlO'Y\@
60 65 7O ¥ 80 85 20 | ] | ! ! |
“e---Height
! up ]
we have ond gro 2.
215 ferputs - Yoprlya Selelgo
/) -
| C _ Supervised  ond. unsggerglsed, ,Legrnihgy _
@ L, we \nave
data set, we know input and output{labef)
— |Mackine J_eam'm% Methad$
*  We will see some examples of machine learningmethods: A” M L Methods Req u ire.
* Learn models based on unlabeled data, by clustering training
data into groups of nearby points
Resulting clusters can assign labels to new data Choosing training data and evaluation method ot T i S 4 2

Learn models that separate labeled groups of similardata from
other groups T

May not be possible to perfectly separate groups,without "over
fitting” 4

But can make decisions with respect to trading off "false
positives” versus “false negatives”

Resulting classifiers can assign labels to new data
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* Feature selection 1~

Representation of the features (e, height and weight but what about the dpeed or
arm length of a player) L ,f_"q_a fwre g ;‘,uu‘f\:&
Distance metric for feature vectors

Objective function and constraints
Optimization method for learning the model

S &)

« Feature engineering I

* Deciding what are the features | want to measure that I'm going to put together
* How do | decide relative ways to weight it?



Feature selection

« If you work for the New England Patriots,

* What are the right features? Features Label
* |t's probably some other combination of things. I \
* Feature engineerin Scales | Poisonous | Cold- ‘ #legs | Reptile
+ Decidinglwhat are the featureésy want to measure that I'm going to put blocdad
together Cobra True True True True 0 Yes
* How do | decide relative ways to weight it? Initial model:
g z = * Not enough information to generalize ]E-Q.Cf
= Maximize those features that carry the most information, and remove ¢ Su’PUU
the ones that don't ! | |
Features Label @ Features Label
| 1 r
Scales | Poisonous | Cold- i " e
SN e e e
Cobra True True True True 0 Yes Cobra True True True True o Yes
Rattlesnake  True True True True Rattlesnake  True True True True o Yes
Initial model: Boa False True False True 0 Yes
* Egglaying b" constrictor
* Has scales Current model:
" .
* |s poisonous O[UﬂCﬂ qu,eJ wnlZ ¢ Hosiciles N,‘[ﬂ( |
« Cold blooded " d [durdu + Cold blooded Boa doesn't fit model, but is labeled as l( [ﬂz‘h ama
+ Nolegs L arale 0 * Nole reptile.
eg (SR ®] &
L\j | Need to refine model
el den eﬂlef 03"“‘”‘”‘“
@ Features Label @ Features Label
S| il P | o =] s i I
I blooded
Cobra True True True True 1] Yes
Cobra True True True True (1] Yes
Rattlesnake  True True True True Q Yes
Rattlesnake  True True True True 0 Yes
Ros i fom e (B L 9 = 8oa Fake True  Fake True 0 Yes
B constrictor
Eces il i) The T = Ho —_ Chicken True True False False 2 No
Current model: (’— Almtor | (rae S [ Tru
+ Has scales Dfru Senua T . ¢
* Cold blooded rEFM! | urrent model: {
* Nolegs \iefrh'l.} 0 2amn * Has scales Alligator doesn't fit model, but is fcp’rﬂ&—
EW gﬂ[{_ Oot * Cold blooded labeled as reptile. d’egﬂ
* HasOordlegs Need to refine model
Mmode ™ _ L W Jes d.em"S
@ Features Label @ Features Labdl
| —
] _ Egg-laying Scales Polsonous  Cold- ¥legs Reptile
Name Egg-laying | Scales | Polsonous | Cold- #legs m blooded
et Cobra True True True True o Yes
Eotiy hie e i e u s Rattlesnake  True True True True 1] Yes
Rattlesnake  True True True True 1] Yes @‘ Boa False S False True 0 Yes
Boa False True False True o Yes 3 censtrictor
constrictor Chicken True True  Fale False 2 No
1
Chicken True True False False 2 No All s e Fake True 4 Yes Smlwd,k?
woo kod
Alligator  True True  False True 4 Yes D-n!m; True Fale  True False 4 No _/' vodel o
Dart fr T Fal T False 4 N
o8 . e e b g X True True  False True 0 No “yes UM‘
Current model: 35 Pvthon True Tue  False True 0 Yes im ame 2
= Has scales 1= v Wna-
+ Cold blooded Current model: No (easy) way to add to rule that will correctlf classify
« HasOordle * Has scales salmon and python (since identical feature vflues) ft F_a 13&€
& * Cold blooded u
* HasOordlegs Postv
| ther
no 9muem
i Features Label P-
‘]’ﬂ& - |+
Name Egg-laying | Scales | Polsonous | Cold- #legs Reptile No perfect way to 6?
- Nk seperate the data nof - Eep-h’\e. - -
Cobra True True True True L] Yes Iways!
Hattlesnake  True True True True 0 Yes alwayst
Boy False True False True 0 Yes - No de
SRS Roa Isse;lphﬁa so i
Chicken True True False False 2 No
™ |[blse ng.sﬂiff-
Alligator True True  False True 4 Yes ‘h gwndu
Dart frog True False Trus False 4 No
<Famon  True True  False True 0 PO
Python True True False True [] Yes
Good model: Not perfect, but no false negatives (anything dlassified |
* Has scales as not reptile is correctly labeled); some false positives
* Cold blooded

{may incorrectly label some animals as reptile)

An Example-Label animals as reptile or not




Classification approaches

*Want to find boundaries in feature space that separate different
classes of labeled examples

° Look for simple surface (e.g. best line or plane) that separates
classes

' Look for more complex surfaces (subject to constraints) that
separate classes

© Use voting schemes
Find k nearest training examples, use majority vote to select label

*|ssues:
° How do we avoid over—fitting to data?
' How do we measure performance?
> How do we select best features?
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> Classtiacen
Confusion Matrices (Training Error)
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*You will also see "sensitivity” versus "specificity” | percentage @ glwmﬂ s
o trne positive correctly ! . | Do |
sensitivity = found
trne positive + false negative
e trne negative Percentage
specificity = -
trne negative + false positive correctly
rejected
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