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Learning Objectives

O|H WeekO|AM{= Machine Learning2| 7}%&f 7| 22X 9ol 22 b2 ST}

un
L
ror

Learning Goals

Rule-based Programi} Machine Learning2| X}0|E 0|5l StCt.
Data, Feature, Label2| 2|0| & O|aH StC}.

Training™} Model2| 2|O0|E O|sHSIC}.

MZ& Dataof| CH3H Prediction0| BFEO{X| = TtX™ £ o|af BiC}.

Training Datal} Test DataZ FE& %= QlC}.

Regression} Classification2| X}0|E O|al Bt}

Prediction Error2} Model Evaluation2| E M & 0|5l Stct.
Overfitting2| 7|2 7§ 4 & 0|35l StCt.

r
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1. From Rules to Learning

RIk WeekOl A= AFZIO| B Rule BHS

39
xl

Source Code

if temperature >= 30:
print("Hot")
else:
print("Normal")

0{7|M E28 HE2 TSt Z/UACH
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1-1. Can a Computer Learn the Rule?

O|10ll = ALZHO| Ruleg XF ZEX| 4=Ctn WZish 2}

CHAl Computerof| 7| 22 Example2 M| Z8tcCt.

Study Hours | Exam Score

1 52
2 58
3 65
4 73
5 81

Computer7} 0| Datad| M Pattern2 3t== sict.

Data — Learning — Pattern

Machine Learning0f| A= AtZ0| 2= Rule2 ZF ZMSH= CiAl, ComputerZ} Data
Oil A Pattern& &t&BiCt
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1-2. What is Machine Learning?

Machine Learninge| 7|&2 == Cf

Training Data
4
Learning Algorithm

4
Model

New Data — Model — Prediction

T EA7E Uch= Ho| S 25t

» Training: Data 2 2E{ Model2 BHELC}.

» Prediction: BFS0{Zl Model2 M2

2 Datadf| AF28Ict.

st

Machine Learning2 Data 2 E2E{ Model& st 71 Modelg 0|8235}0] A2 Data

of| cH &t Predictiong 2H=C}.
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2. Everything Starts with Data

Machine Learning2 DataOf|A A|&tEiCE

ol S0f stae] AlE F+8 ol S5t

H>

\C} 1 SHX}.

Study Hours | Exam Score
1 52
2 58
3 65
4 73
5 81

22| 0| Dataof| M CHS 2|2 &7 Alct

Study Hours —» Exam Score

Machine Learning2 Data0i| &x{5t= 27| 2} Pattern2 &t= DFEO|AM A|AFSHCE
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2-1. Feature and Label

Machine Learning0fl M= Datao| oi&tg FE25ict

Study Hours | Exam Score
52
58
65
73
81

1
2
3
4
5

0471M,

» Study Hours: Feature
» Exam Score: Label / Target

UX O Chg 7|2 & BIO| AIBEICH

Feature: X

Label / Target: y

Feature= Prediction0i| AF23H= 212 ME0|1, Label2 2|7} 0| &35}
o|ct.

K
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o
0
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2-2. More Than One Feature

Size ‘ Age ‘ Distance ‘ Price

84 5 21 420
59 | 12 53 270
102 | 3 15 550

Size: Feature

Age: Feature
Distance: Feature
Price: Label / Target

vyvyy

Features — Model — Price

SiLt| Prediction2 2|5 0121 Feature S SA|0f AFRE %= QUCH.
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3. What Does Training Mean?

Training2 Data& 0|&3}0f ModelE Bt=& nH™olct.
Training Data
4
Learning Algorithm
I

Find a Pattern

4
Model

Study Hours2} Exam Score AtO|0f| EF2 1} 22 PatternO| QUCtD A ZbsH H X},

More Study Hours
I

Higher Exam Score

h

t b

Training2 Dataof| Z St= Pattern EE= 2| E Modelo|

il
I
o

r
In
rir
i

=M

A
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3-1. What is a Model?
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>

Score =~ 7 x Study Hours + 45

2™ Study Hours7t 6A| ZkQl A2 2 StAof| CH 5l

S

7x 6445 =87

£ Predictiong £ QIC}.

Study Hours = 6
12
Model

12
Predicted Score = 87

Model2 Training Data0i| A St 6t PatternS 0| 235104 Af 22 Dataof| tH &t Prediction
g oHeCh
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3-2. (£t11) Linear Model

y=wx+b

2} 7|52 ojoj chgnt 2ot

Symbol | Meaning

X Input Feature
1% Predicted Value
w Weight / Slope
b Bias / Intercept
ol& £01
§=7x+45

2tH w=17,b=450|Ct

Training Dataf & B= wek bE &= BYO 2 243t 4 ek

B
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4. From Training to Prediction

Training0| ZLtH Model2 A Z2 Dataoi| AFRE 5= QUL

Training Data
4
Training

4
Model

New Data

12
Model

4
Prediction

0§ S0{ Training Dataoll= AT 6AI2H ST & s 2 HE Predictiond == UEf.

pad

0| OfL|2}, AfZ & Dataof| CH3H

Machine Learning2| £X 2 Training Data & 2|R&=
= 7

Z2 Predictiong 2t
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4-1. Generalization

Machine Learning0f|A{ Of 2

.

Sl
ok

0| & Generalizationo|2}

Seen During Training

U
Model Learns Pattern

New, Unseen Data

{
Good Prediction

te A2 S235Hx| gt

Training Dataof| A2+ &

Z2 Model2 Training Data¥¥ OtL|2} XS
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5. Training Data and Test Data

Modelg M|t 2 H7I5t2{™ Training0f| AF25HA| 242 Data7t = RSt}

All Data
U
Training Data Test Data
U U
Train Model Evaluate Model

> Tralmng Data ModelO| OFQ%E i N3=4

Test Data’= ModelO| Training ZtM 0| M O|2| EX| 242 Data0{o} BT},
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5-1. Why Do We Need Test Data?

A 2XIE ol2] 2T B oS SIS WS 2L

Known Questions
I

Memorize Answers

I
100 Points

SHXIRF MZ2 2H7t L2 H?

New Questions
+

Cannot Solve

4

Low Score

Machine Learning= Z+2 2|7t &gt = QlC}.

Training Data2| 45022 = Modelo| M2 Datao| M= & SZfst=X| & &= Qict.
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5-2. Train-Test Split

AlX| Machine Learning0f| A= DataZ Training} Test2 LI50{ AF23IC}.

0| £ £0{ 1007H2| Data7} UCtH,

100 Samples

4

80 Training Samples 20 Test Samples

80% Training / 20% Test

Train-Test Split2 Modelo| EX| 942 DataOf|A{ HoOlL} & SASH=X
gro|ct

1
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N
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|'_(3I_
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6. Two Common Machine Learning Problems

Machine Learning0fl & Ctst 2X|7F UX|T, HAN F JHX| CHE

X

10l EXME Hu=ct

il

==X} ZtE Prediction it CategoryE PredictionStCt.
off: o :

» Exam Score » Spam / Normal

» House Price » Cat / Dog

» Temperature » Normal / Attack

» Energy Consumption » Disease / Normal

Regression2 ==XAIE 0| £5}11, Classification2 CategoryE 0| &8

FCF.

=
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6-1. Regression

Regression2 1570l
0| £ S0{ Study Hours2 Exam ScoreZ of

Study Hours
¥
Regression Model

2

Exam Score

2
L]
n
2

6 Hours — Model — 87 Points

CHE of:

» House Information — House Price
» Weather Data — Temperature
» Sensor Data — Remaining Battery Time

Regression2| Output2 £ ©l Numerical ValueO|C}.
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Classification2 Data7} O{t& Categoryof| &8+=X| Predictiont= 2|0|C}.

Ol € S0f Emailg 2R/ BtCt 3L

Email

4

Classification Model

I
Spam / Normal

CHE off:

Image — Cat / Dog

Transaction — Fraud / Normal
Sensor Data — Normal / Attack
Medical Image — Disease / Normal

vvyyy

Classification2| Output2 0|2| M 2|Zl Category EE= ClassO|C}.
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6-3. Regression vs. Classification

Regression1} Classification 2 H| wsH £ X}.

Problem Input Output
Exam Score Study Hours 87.3

House Price House Information | 420 million
Spam Detection Email Spam
Image Recognition | Image Cat

Attack Detection Sensor Data Attack

What do we want to predict?

» Number — Regression
» Category — Classification

Machine Learning 2| E & 2|& i X Predictiondtaf= Outputo] LUK A2¢
aifoF Bict.
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7. Predictions Are Not Always Correct

Machine Learning Model2| Prediction At X &+5}X| o4Ct.

0| £ S0{ AIX| Exam Score7} 80 21| ModelO| 76 S Prediction3iCt T St}

Actual Value
80

i

Prediction
76

Prediction} AIX| Zt Ato|of|= XtO|7} Z=XHBIC}.

Prediction Error = 4

Modele| M52 ZH715t2{™ Predictionn} AK| AnswerZ} YOfL} CHEX| EHOI5H0F S
ct.
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7-1. Why Do We Need Evaluation?

= 7§2| Modelo| RICtDT A4 Zt5H £ Kt

AlX| Score= 80K 0|C}.

Model ‘ Prediction ‘ Error

78 2

Model A

Model B 65 15

0{fH ModelO| & £&7}?
0| 42 Model A2| PredictionO| AIX| Ztol| & 7pZCt.

SHA|OF AX| Z = StLte| DataBt 210 Model2 H715HK| @=L}

024 Test Dataoi| CH St Prediction ErrorE AH|AH5H0] Modele| M52 HIEtCt.
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7-2. Evaluating Multiple Predictions

012 Test Dataof| CH3H Prediction2 it SHA}.

Actual | Prediction | Difference
50 52 2
60 57 3
70 74 4
80 79 1
90 85 5

Modelo| o{tH DataOliM = =3 2|10, 0™ Dataof|ME= 20| EE %= QUCt

wh2tM 042 ErrorE Stte| RALZ 2o5h= ol E23SICt
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7-3. Mean Absolute Error (MAE)

RegressionOf| A AFREH 4= Ql= ZHEL

St Evaluation MetricO| MAEO]|LC}.

MAE= PredictionO| M| gt M HZ A= Aol HO{AN U=XE LIEHHE,

QF9| Error7t CHS 1t ZQUCEH

2+3+4+1+5

=3
5

O|Ct.

h2tA MAES 30|Ck,

MAEZ} 2242 Prediction0| AIX| Ztoll RS =2 o 712ct.

_|
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7-4. (£+11) MAE Formula

MAEE= Mean Absolute Error2| 2FXto|Ct.

1< .
MAE = =3 7|y; = il

i=1

2t 7|32l 20| 23 2

Symbol ‘ Meaning

n Number of Data Samples
Vi Actual Value
Vi Predicted Value

lvi — ¥i| | Absolute Prediction Error

Absolute ValueE AIR3H= 0| = U 24 Error7t M2 AME|X| Q=2 517
2IsiAolct.

MAEE Zf Prediction2| Absolute ErrorE #|AHSH £ 1 gtE2| B# 2 T8t
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7-5. (£t11) Why Absolute Va

Absolute ValueZt GiCtH ofE 2|7t M Z7t?

5 Prediction2 M ZtsH £ Xt.

Actual | Prediction | y—y
80 +5
80 -5

ad Bae Aldst,

5+(=5)
3 0
o|ct.
X2 & Prediction 25 5XA S3ict
Absolute Value S AR5+
15l +1-5] _
5 =5

7} St

Prediction Errore| &St CEErrore| 37|18 HI5t7| 2I5H Absolute Value & A SICEH
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8. How Do We Evaluate Classification?

Classification0| AM{= Errore| o|O|7} =2 ct=cC}.

o| & E0{ AA| Answer2} Prediction2 H| mStC}.

Actual ‘ Prediction ‘ Result

Normal Normal | Correct

Spam Spam Correct

Normal Spam Wrong

Spam Spam Correct
7hEh Zickeh e 2 MA B E IHE WA =X] Aldkst= Aol

Correct Predictions =+ Total Predictions

Classification|A{ = Accuracy 2} Z+2 ¥ = 9| Evaluation MetricZ A8t}
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8-1. Accuracy

Accuracy= ®X| Prediction & MEte atsl H|go|Ct.

Ol £01100702| Emailg 2

u
]
ul
El
ol
>

100 Emails
I

90 Correct

10 Wrong

J2{™ Accuracy=

90
0= 0.9 =90%

o|C}.

Accuracy= Classification Model2| Msg 7IHA Rl BA o2 EHsH= W = 5HLto|
c}.
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8-2. Is Accuracy Always Eno

AccuracyZ}t =S H Bt £2 Model Y7t?

1007H2| Data7t

;O
5
0z
o
o
HL
bS]

» Normal: 99
» Attack: 1

ModelO| 2= DataZ NormalO|2}1 PredictionstH?

99 Correct
1Wrong

Accuracy = 99%

SHX| 2t Attack2 SHLtE REX| REYCH

ccuracy?Zt gt E2 Model 2 2[0|5HX| = 4=Ct. Data2| Sdat 2H|2| 55

o

A
7H 2{sH o Bict.
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. Other Classification Metrics

Classification0f| M= Accuracy 0| 2|0f| = C}FSt Evaluation MetricS AR SHC}.

CHEZ{ QI Metric2 TS 2T}

Precision
Recall

F1 Score
ROC Curve
AUC

vyVYyVYVYY

0| £ £0f Attack DetectionOf| M=

How many attacks did we detect?

How many alarms were actually attacks?

pd 3

ze gzol 528 + AUk

=3
=

Classification Evaluation2 CF2 Weekd| A Confusion Matrix2} A XtM|S| Atm £C}.
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9. What is Overfitting?

ModelO| Training DataOf|A{= O & SAFSIX|OF A 22 Datadij A= & S&H6HR| 42
= Act.
PN

0|Z Overfittingo|2}1 it

Training Data
Very Good Performance
U

New Test Data

Poor Performance

OverﬁttlngE ModelO] Training Datad{| X|L}X|A| & X A2 Datadi| Generalized}
x| Rst= d&o|ct.
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9-1. Memorization vs. Understanding

Student B
7|E2X 2l Ee Ol 2 2| 2ct M E sl Z2st= |I2|E olaH Bt
> 7|E2AM:100H > 7|E2H: 0™
> MER2 ZA|: 408 > ME2 ZH: 85F
Memorization Understanding

Machine LearningO| M = H|Z:8t 2|7} 2f SHC}.

Training DataE Chd| & Qbx= ZAHCH A2 DatadME & SEHH= 40| &2
ShCt.
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9-2. Training Performance vs. Test Performance

Model2| &L Training Data®} Test DataOf|A{ z+2} &0lsh 4= QIC}.

Model ‘ Training Error ‘ Test Error

Model A Small Small
Model B Very Small Large
Model B= Training DataE O & StF=X|0F A2 2 Test Dataof|M= 2 ErrorE EQIC}.

Very Low Training Error

+

High Test Error

1
Possible Overfitting

Training M50t EH=

N
°
o
T
o
o'
1
jw)
[
5
=2
=
1o
0x
or
)
19
3
Jo
ro
&
°
|'_(')E
Il
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9-3. What is Underfitting

wicol 2RI E LA 4 Uk

of

ModelO| L4 Et=5104 Datal| &R 6t Pattern =X} M|CH 2 SH&5HA| 28 4= UCh.

Training Data
I
Model Cannot Learn the Pattern
3
Poor Training Performance
+

Poor Test Performance

0| & Underfittingo|2t 1 &tct.

Underfitting@ Modelo| L2 ChadHLE S 23| 8H&3HX| 235 Training Data2| Pat-
tern = M2 MHSIX| Rot= S 4to|ct.
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9-4. Underfitting vs. Overfitting

Model2 42 chesl =, 12 Training Dataof| W XN = 2x| 7t Elct.

Case ‘ Training ‘ Test

Underfitting Poor Poor
Good Fit Good Good
Overfitting | Very Good | Poor

Good Performance on New Data

olct.

Machine Learning?| 2 E = Training DataE 2 SH| 2= Z10| ofL|2}, A2
DataOf| M= & S&st= Modelg 2= & Zi0|C
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9-5. (£t11) Model Complexity

Overfitting@} Underfitting2 Model Complexity2} Zt#AE =~ QUC}.

Too Simple

4
Underfitting

Appropriate Complexity
4

Good Generalization

Too Complex

4
Possible Overfitting

Model2 Training Data2| =L &t Pattern2 SHEIHM = 22 25t Noise7HX| 2| K|
Q40}OF Btet.
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10. The Machine Learning Workflow

X SR v 2 LHE S Stitel Atgoz A= AL

Data
[
Features / Labels
I
Train-Test Split
[
Training
I
Model
[

Prediction

&

Evaluation

ol =

Model0| &2} = Machine Learning2| 7|2 Workflows 3 A Y2tX|X| =Lt

mr
Ho

© 2 C}ekst Machine Learning Model 2 B2 i 7|5 BH= St
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10-1. Step 1: What Do We Want to Predict?

Machine Learning& A|Z617| Mof| HAN 2| E Holsfof Sict.

o E S04,

Problem Prediction Target

Exam Score Prediction | Score

House Price Prediction | Price

Spam Detection Spam / Normal

Attack Detection Attack / Normal
It A e A2

What do we want to predict?

[o] =S

Machine Learning2 Algorithm2 A MEHSH= Zd0| ofL|2}, 5§ A5t2{ = ProblemE
X HolSh= XoilAM A|ZfEC
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10-2. Step 2: Prepare the Data

2X|E ™Mo|gHCtH Modelo| AH2 & DataE ZH|iC}.
0| & S0{ Exam Score Prediction0j| M=

Feature ‘ Label

Study Hours ‘ Exam Score

J2|1 Datag Lb=Ch.

All Data
I

Training Data Test Data

O{tH DataE Feature?} Label 2 A2 &HX| ZA5}1, TrainingD} Test Datas

38/48



10-3. Step 3: Train the Model

Training DataZ 0| 23}0{ Model S st&8ict.

Training Features X

+

Training Labels y

I
Learning Algorithm

4
Trained Model

PythonOiMi= 0| & LIS ot Z2 =S ARSI Bt

Source Code

model. fit(X_train, y_train)

fit() Training Data& 0|&35+0f ModelS &&A|7|= nH&o|Ch.
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10-4. Step 4: Make Predictions

Training0| Lt Modelofl {22 DataE & 5trt.

New Feature

4
Trained Model

I

Prediction

PythonOfl M= Chgat 22 Z=E At8E

Source Code

prediction = model.predict(X_test)

predict()= &4 E Model2 0|23510{ A E22 Dataoi| i &t Prediction2 Tt
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10-5. Step 5: Evaluate the Model

O}X|2t2 2 Prediction} AX| AnswerZ H| W StCt.
Prediction
Vs,
Actual Answer

4

Evaluation Metric

4

Model Performance

ZA|ofl 2t MZ BHE Metricg AHSE 5= ATt

» Regression: MAE S
» Classification: Accuracy, Precision, Recall, F1 &

Machine Learning2 Model & Trainingste A2 2 ZLIX| =Lt A2 Datadfl A

ModelE H7I5H= ntEo0| BtEA| 2 23|}
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11. One Complete Example

Exam Score Prediction 2§ XS FE Z7HX| CtA| A EH At

Study Hours and Exam Scores
1
Feature: Study Hours
Label: Exam Score
1
Train-Test Split
13
Regression Model Training
13
Predict Test Scores
1
Compare with Actual Scores

13
Calculate Error

Data0i| M A|Zt5104 Training, Prediction, Evaluation7}X| 3tLt2| Machine Learning
Pipeline2 T iCt.
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11-1. What Does the Computer Actually Learn?

Machine Learning& “Computer7} AAZ M Z5tC}”

3]
o
o
_Uﬂ
1)
Fo
rir
Q
ul

0|t Regression Example®f|A{= Computer?} Datadi| & St= 24 E &=C|.

Training Data
I

Find Parameters

4
Model

I

Prediction

o8 Sof Linear Modelofl A= EIMo| 7|27|9} 9IXIE AHste 2t Stert

Learning2 OFH 0| OfL|2}, Dataof| & St= Model2| ParameterE &= N}HOZ 2

UEt
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o

y=1x;0)

oy

S

Model2| Prediction2

% Qlck

g

2t kX
0§7|A 9= Model2| Parameter0|C}.
4448

PredictionD} A1A| Zte| X}0|Z Loss Function L2 &
L(y.y)

X Loss7} ZtO}X| =2 Parameter § £ &t= Zo|C}.

n
6" = argmin 3 LY. fx;:6))

Traininge| 2= A
i=1

g £ UCh

Machine Learning2| Training2 Prediction ErrorE X7 2t= &= ParameterE = Op-

timization 8|2




11-3. (£t1) Linear Regression and Squared Error

AIX| 2t y; 2 Prediction y; AbO|2] ErrorE M| 25t01 SHE 4= UCt.

(yv _91)2

| Dataof| Chsil M=

Linear Regression2 Datal} &M AL0|2| Squared Error7} ZHOIX|E2 2ME FH=

2
LHo= ol + Ut
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12. What We Learned

0|t WeekOf| M= Machine Learning2| 7|2 X E AT EQUCt.

Machine Learning2 DataOi|A{ PatternE st& S}
Featuree= Model 2| InputO|Ct.
Label2 Predictionstd 42 TargetO|C}.
Training2 DataE& 0|&235}01 Model g Bt=&= T O0|C}.
Prediction2 st& =l ModelE2 M2 Datadf| AF23H= nf™o|Ct.
Training Data2} Test Data= 24&t0| Ct2C}.
Regression2 NumberE Prediction &tC}.
Classification2 CategoryE Prediction StCt.
Evaluation Metric2 2 Model2| Mg =X sict.
MZ 2 DatadiM & S&f5H= A0| 52350t

VVVyVYVYVYVYYVYYVYY

Machine Learning?| SX 2 Training Data& 2|2+= ZA 0| ofL|2}, Datag| Pattern&
u} =

&t45H01 Al 2 Dataof| CHSH = PredictionE Bt== Z{0|C}.
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12-1. The Core Machine Learning Pipeline

2o 2 7% A8 & Machine Learning®| 7|& Pipeline2 7|{5tx}.

Data
I
Feature X / Label y
4
Train-Test Split

U

Training
I

Model
1

Prediction

4

Evaluation
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12-2. Three Important Questions

Machine Learning 2ME EM HX M| 7}X| F 22 M2 2 X}

1. What is the Input?

O{tH FeatureE Modeld]| IE4&t ZdoIT}?

2. What do we want to predict?

O{tH Label EE= Target& Predictionar ZdQ17+?

3. How do we evaluate the prediction?
Modelol él- %Kl-of.'—xl O-II:EI}” =S+ H |7|-’P

[0}
o= A .

t, Prediction Target, Evaluation2 & 2|5t=
= %%* 10|t

»

0| Machine Learning 28| £ o|sli5}
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Thank You

Questions?



