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Example: Iris flower data set W
http://en.wikipedia.org/wiki/lris_flower data_set

”
| (1) What is experience E?

i i J (2) What is task T?
* Classification \\ (3) How to measure the performance P?

— In Classification, the samples belong to two or more
classes and we want to learn from already labeled data
how to predict the class of unlabeled data.

— E.g., distinguishes the species from each other.
- Teach data

— Dataset = samples vs. features and classes - supervisory signal
- output data, Y

- Input data, X - target
- 4 features or attributes  Fisher's Iris Data -1 classin 3 classes
Sepal length ¢ Sepal width ¢ Petal length ¢ Petal width $| Species ¢
5.1 3.5 1.4 0.2 I. setosa
49 3.0 1.4 0.2 I. setosa
4.7 3.2 1.3 0.2 I. setosa
1sample 46 3.1 1.5 0.2 I. setosa
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Example boston house prices dataset

(1) What is experience E?

. P (2) What is task T?
* Regre55|0n \\ (3) How to measure the performance P?

— If the desired output consists of one or more continuous
variables, then the task is called regression.

— E.g., concerns housing values in suburbs of Boston.
— Dataset = samples vs. features and continuous variables

13 features Continuous variablg

CRIM N INDUS _ |(#B&) ILSTAT|| MEDV
6.32E-03 1.80E+01, 2.31E+00 4.98E+00  24.00
2.73E-02| 0.00E+00| 7.07E+00 9.14E+00  21.60
1 sample| 2.73E-02] 0.00E+00] 7.07E+00 4.03E+00 34.70




Example: Overview of clustering methods
https://scikit-learn.org/stable/modules/clustering.html

( (1) What is experience E?

- (2) What is task T?
* Cl USterlng (3) How to measure the performance P?

— Clustering is the task of grouping a set of objects in such a way
that objects in the same group (called a cluster) are more similar
(in some sense or another) to each other than to those in other
groups (clusters).

— Training data consists of a set of input vectors x without any
corresponding target values. ...

— Dataset = samples vs. features O Q O @ @ @ @ @
Ny A
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Terminology W

ML types
— supervised, unsupervised,
semi-supervised
— (reinforcement learning,
genetic algorithm,,,)
Task types
— classification, regression,
clustering
sample

features, attributes
— numerical value

— categorical value

— true or false
supervisory signal,
teacher, class, label,
target variable

input, output

Input types
— training data / training set
— test (for evaluation)

— validation (for hyper
params)

model

parameters

— hyper parameters

— weights, parameters
learn, fit

predict, estimate
evaluation

— open or close test
— cross validation

BIA=2T




Exercises for clustering

* Make a group of 2~4 students.

— Choose one kind of problem settings on machine
learning.
— Try to design an example under the problem
setting.
* Input? Features? Output?
* What is experience E?
* What is task T?
* How to measure the performance P?

[BlIF/AR R (regression) DFHIEEZ THED,
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EED

Models

* Represent by any formulas with (sometimes
one) parameters for the relationship between
input X’s and output Y’s.

— In machine learning, the formulas called as
“hypothesis”.

—Eg,h=a*+b !
* a, b: parameters

— Parameterized model. ‘| P

— Predictive model. (e.g., a=1, b=2)




Problem <-> Algorithm + M@

Learning Algorithm

Input X’s Estimated value’s

Linear Regression 1 (X)= 0%, +6,x, = ¥ 6,x,= ¥ 0,®,(x)
Model h,(x)= 6, +6,x

* Howdo We prebare a model?
* How do we evaluate the goodness?

* How do we choose the appropriate parameters?




Linear Regression Model W

Training datasets

- (xy) = (4,7), (8,10), (13,11), (17,14)

hy(X) = 6, + 6, x sl |

Parameters

Hypothesis 7 e

— 60, 61

Cost function o

lm i i)\2 o I
J(eo,el)=EE(hf,(x“)-y”)zo s

i=1
* Objective function (measurement of the goodness)

min J(6,,6,)

20
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Ordinary Least Squares W

h(x)=06,+06,x (xy)=(4,7),(8,10), (13,11), (17,14)

mmmmm

7=6,+46,
0=6,+46,-7
e, =6,+46,-7
e} =(6,+46,-7) : |
‘/ E=Eei220 ’ “ : - = e
=(8,+46,-7)" +(6, +86, -10)* + (6, +136, -11)* + (6, +176, -14)°
= 53867 +846,0, + 467 — 9786, -840, + 466
=(26,+216,-21)* +97(6, - 48/97)* +121/97

00=1029/194=5.28, 61=48/97=0.495

h(x) = 5.28 + 0.495x Ref., http://gihyo.ip/dev/serial/01/machine-learning/0008

TR ITPREBY. TR/ = T




Ordinary Least Squares (OLS)

y-int

V
f }

Equation of fitted Ilne;y =0.40x+0.51

Sum of areas = 0.51

https://inst.eecs.berkeley.edu/~eel127a/book/login/| ols main.html

BINZFEEF. COISICERAE(HUTIL) EFRE(ETIL) ED2FREE /I
KT BB HIBESET 510, SRBAZE A 1LRTAELIEZD KSIZIERED2FE
=MEiE1ERY . BROBRINNSKBDIIIICETIVEREET SHEEZBIELTLVS
_ELRIFTHS,
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[ 00 01 oM ]
XL x
OLS resolver (1/2) o i 1
xo| ¥ X ox
[ restdun sum o suares | MM
RSS(0)=2(yi—hg(xi))2 o0
N 1
=2(>’-90-x,~91)2 0= 9
= (Y - X6) (Y - X6) an
P cond., (X™X) is ’
g 98(0)=0 nonsigular 1
x"x0-xy | (regular matrix). | © =
o-xX"x)" Xy~ b

—fRIET B0, BHUTIXEMRTDEFERINILET B, ASARTO~MED

BFEABATEYM+EIZRZ S, 0B B DXIEINATRIBELTHIAT 510D
EM(ETOYUTILTL ET B, FDT=8 . x00~xoMMH T )L0ZE B DIHEA

GRILTHD, YT ILAN+HERESINTLSEDEL, INEFITIIXET B, BB,
ST IEERELTUONIE, T ILEIEINE (0~N-1%4Y . 1~NEGY) TRLY,
CTIXEIZEHEARIMNLDO~MELVSREIZEOE-EITTHS,

INNATRIBEOOZEE S ., RBFHEITH T H/NTA—20M+1{EDHERNIRILELTH
295,
YT ILES DBERT —RyIZ DN THHEARIMLYELTHET 5,

THIX, RTRILE, RIMWERAWTHEFAMEEZTE T ERTARELDEKSIC
155, CNERMAIZEY0L LD ARERIZEZTEL, OITOVWTEMTIEETDL
N5, - T, OLSTIEIZDITINFEEZRD L ETRBELG/INTA—FEKRHSH

ERSETRER, LALBTHREL T, (AT XD BATRIAELES B EA R ThHHHAIS
EREET 5,

HXDEBBEEZ KYFHMICHEEL TH KD,
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OLS resolver (2/2)

RSS(6) = 2@, = hy(x,))" -E(y 0, -x6,)" =(¥ - X6)" (Y - XO)

-7 - HTXT)(Y X6) = YTY 0"X"Y -Y"X0+60"X" X6

TyT
00'X"Y _ yry

0 ox’a da’ x
—RSS(6)=0, =q, =a
36 \aa ©)=0.= ax
T

90
30'X'X6 06" (X'X6) .\ O X" X)0
90 EL) 06
%RSS(H) =-2X"Y +2X"X0=0

=X'X6+@0"X"X)" =2X"X6

X'X0=X"Y
0=(X"X)"'X"Y

ASARLENEZREFANETI - NIV EETEZELE-RETHD, FHIZAM
52D EDEXNBIHDLSIEBIEIZDNT, BRI - T ILDITH - TR )L
FERICENVTHRALTHAL . ETET CENTENIL. 2TEOEHIEIZDEE
T BEEZXTULEETTHS. COADDIENSEIEEFTHFIZ OV TR
PIN0ETEB0F RO TIKIEIZH D, B, ITHEECIIREIEFICEKRLH S

RIEEEET S, CCTlIALUCERISS \Lf:/\‘t’&ﬁwc:k&)'cu(:&t‘d'
60

EHH1FBBIZOWTC, CNIZONZFHLZEIRESINTOVENWERIETHAS=5H. R
PZKYEIBRESNTLES,

HE2FEBIZCDOWNT, INIEIMH T H—2DEAEISHENTONTINVS, DK
SHIGEICIFALUOCE DR REY ., EHIENTDEFRED,
IHE3FEBHIZDOWT, cIZWMH T HL—2REILHNTONTINS, ZDKH%E5
BIZIEA LU OEEDRMEN AT 5L, Fo-IEBEDERETIINZD,
IHE4FZBBIZDOWT, oA S IFTONTEY ., B BESIZHfELED,
PERRIIINETICRBRLEARZ Y TIEOHAEITELY  KOBIENTES,

=RIZ.IEH1~BERIDBRIIN0ELDESAERET-T. 012DV TERMLELT:
0)75§3—1£0)3fo356
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Implementation of OLS resolver

18



Class design / How to use

# from numpy as np ,

#X = np.array([[1,41,[1,8],[1,13],[1,17]]) — X = [X0, x1]
#Y =np.array([7, 10, 11, 14]) _

>>> import datasets o (x)= 0%, + 61, = Eaixi
>>> X, Y = datasets.load_linear_example1() |7 (X)=6, +0,x

>>> import regression J
>>> model = regression.LinearRegression() ‘ »
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS

1.2474226804123705

https://github.com/naltoma/regression-test.git

FEFTLHERIC. AAX. BAYZE np.array BRATHET LD ET D, I scikit-
learn Z1EHL=5%5112 . EBEDT—42tvhd datasets EV 21— )L TRHETHELD
&L, EEBa—R2TICKYUX, YERZITERD, 0D/ N1 7 A D TE #(=1) 2D (X Tk
DEBYTE, ZDE=H.FIZIEHUTILIBED (1, 4] &, ERIZIZ1LRITOEF 4
FITAERFEDANTHY. LUINATRAEADA DT, ZD m 1 scikit-learn EIFE
1> TS, Scikit-learnIZRS T . CDKIG/N\A T RAADEHIAILET ILAITERE
LTHA=8. KEIIHHERIMNUIZEDHDIDLENGL, SEIZFEZELDLTTS
=12, ZOKSHEFRETEL TN,

FNDk. BEZEIBET ILE regression EL1—I)LTAHELTHEE. ETI/ILEAEL
f=8 & T model fit IZ&KYE S (FH) S5, COfitEAEB D F 5N EIERO =175
SBEIZES, T, FETEHLNTZ/ AT A—4(L model.theta [TRTFESNDEDEL
&£, FE&IL model.predict IT&YF BT HEMNETEETHY. model.score THERE
FEAFCKDRATEIRT LOITL&KD,

CDESZ VAT LEEONSEBBIZIZEDLSIZFIHTEIMNELSHRENSER
HREZZTHBERW, SEIFCDHRSTHEZTIZ. BELTLNS,

ZDRIZEFLEED2—ILTHS numpy IZTDWVTELIEBNT 5,

19



Linear Algebra with NumPy

http://www.numpy.org

* import numpy as np
* help(np)

— Provides
* 1. An array object of arbitrary homogeneous items
* 2. Fast mathematical operations over arrays
* 3. Linear Algebra, Fourier Transforms, Random Number

Generation
NumPy
Base N-dimensional
array package

TIEEICIEnumpyEDA—ILEFER S, BRIESATTDZIECERTEINMNT
Y. numpyldZFnoZEwrapperE LTHIAL TS, 1BSH TERICALIBEATHETS, 1B
BRI np ELVSZA)TRXRIFR) 23T TRAT 5,



Linear Algebra Practice 1

https://github.com/naltoma/intro_jupyter_sklearn

>>> import numpy as np
# create an array, similar to matrix.
# if you wan to use concrete matrix object, check ‘np.mat()".

>>> a = np.array([[1,2,3],(4,5,6]])
>>>a
array([[1, 2, 3],
[4, 5, 6]])
>>> type(a)
<class 'numpy.ndarray'>
>>> a.shape
(2, 3)

np.arraylXEZ [ZIZITHITIXELY, BZEIZITHIZ /RN =UL D THALIE np.matrix HY
HEIM. BBEEED 21— ILTIEKYRERBRIZIRA D np.array ZR AT HIEN BN,

CCTIE 1, 2,3] ELVSITTHIDDHUTILERLTHEY . 3RTAIMLEL TS
LTW%, INE21TH QYU TILD) DITHIELTEELI-BITH S, T—2E5H
RAATERRIZITERIME TS TULVELD, FEEETESESITLES,

21



Linear Algebra Practice 2

>>> 3 >>>aT
array([[1, 4],
arraY([[lr 2/ 3]/ [2' 5]'
(4, 5, 6]]) (3, 6]1)
>>> a*a # elementwise product
>>a+1

array([[ 1, 4, 9],
array([[2, 3, 4], [16, 25, 36]])
>>> np.dot(a,a.T) # dot product of two arrays
5, 6,71]) array([[14, 32],
>>>a*2 [32,771])
array([[ 2, 4, 6), >>> np.linalg.inv(np.dot(a,a.T))
array([[ 1.42592593, -0.59259259],
[ 8,10, 12]]) [-0.59259259, 0.25925926]])

THCERERANTFI—EREZIT L. ERNEELN TTHOND,
ggﬁﬁﬁ’ébf:b\ﬁB\ AFZAREDIIICERADEEFEHLLIEAREFESIHLED
np.Ii;aIg.inv (XFITH|ERDLEHTH D,



Numpy Tools 1

# return evenly spaced values # return evenly spaced
within a given interval. pumbers over a specified
interval.

>>> np.linspace(0,2,3)
array([ 0., 1., 2.])
>>> np.linspace(0,2,4)

>>> np.arange(0,1,0.3)
array([ 0., 0.3, 0.6, 0.9])
>>> np.arange(8)

array([0, 1, 2, 3, 4, 5, 6, 7]) array([0. , 0.66666667,
# gives a new shape 1.33333333, 2. 1)
>>> np.reshape(np.arange(6),(2,3))
array([[0, 1, 2], >>>np.zeros((2,3))
3, 4, 5]1) array([[ 0., 0., 0.],

[0, 0., 0.]])
>>> np.ones((2,3))
array([[ 1., 1., 1.],
| [1., 1., 1.]])

>>> np.reshape(np.arange(6),(3,2))
array([[0, 1],

(2, 3],

[4, 5]])

Np.arangeldstarth bstopE THstepBIZR Yo=Y TILEAET S, startF=EH B
FBE0ELY, stepZBIRT HEL1EL D=0, rangeERIETH S,

Np.reshapelITHIDBERBEEATIZ. THDORIETEERT HEMTH S,

Np.linspaceldstartibstopE TEnuMBIZE R EILI-H U T ILERET SEHTH
%o

Np.zeros(&H O4T5. oneslZ 1175 EE R T BRIZALNS,
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Numpy Tools 2

>>> np.random.seed(0) >>>
a=np.reshape(np.arange(12),(3,4))

>>> np.random.random((2,3)) >>>a
array([[ 0.5488135, 0.71518937, array([[ 0, 1, 2, 3],
0.60276338], [4, 5, 6, 7],

[ 0.54488318, 0.4236548 >»[‘_j_' 09;' 10, 1111)
0.64589411]]) array([0, 4, 8])
>>> np.random.seed(0) >>> a[:,0:2]
>>> np.random.random((2,3)) array([[0, 1],
array([[ 0.5488135, 0.71518937, {: :i])
0.60276338], 555 af: 0:3]

[ 0.54488318, 0.4236548, array([[ 0, 1, 2],
0.64589411]]) [4, 5, 6],

[8, 9,10]])

Np.random (I ELEZEHSIRIZFIAT 5, BUEL I ZEELI-LMGE [ [dseedE
BEELXD,

ATARAIEIITIDINZHEELTCERZRY LT HITHS,
a[;,0] [Z0F|ZFERYH LTS,
a[:,0:2] [%0% ~151ZEYHL TS,



Python Tips

* reloading module
— import importlib
— importlib.reload(module)

— http://docs.python.jp/3/library/importlib.html#m
odule-importlib

IDECEATT BHSMBLLAY, PythonA VAT A L TRITLAEMNSI—FIREZEL
TWBE TRELELIIZT DED 2—ILAFHHAFTNLGELD PRITIZKHRD, Sl

Python 3 MNBEIZEEARAALERICEBINDEDS 1—ILEBRAIAHRT DD ILEELT
ELVSHIERE BENTITS1=8. import module_name &R TEERL THERRIZITR
XY TEINTHEAAENGL, CNERFINICEFAASELOTHNIX, LB
@ importlib.reload £ 5,

25



[reprint] Class design / How to use

# from numpy as np

# X = np.array([[1,4],[1,8],[1,13],[1,17]])
#Y =np.array([7, 10, 11, 14])

>>> import datasets

>>> X, Y = datasets.load_linear_examplel()
>>> import regression

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS
1.2474226804123705

https://github.com/naltoma/regression-test.git

— 8.5

MO TERARE TS, CETIZEELTLNS,



prepare a repository

you can use any repositories including GitHub.

local> cd ~/GIT

local> git init --bare regression-test
local> cd ~/temp

local> git clone ~/GIT/regression-test
local> cd regression-test

N—2aV EBDOBEERNQTOAS, ATAF LTI ~/GIT/regression-test &7
JIRIOKM) EF 5651 THS, GitHubTHELIZWEEIZIXZEN THEDLLLY,

27



# testing
>>> import datasets
d ata Sets . py >>> X, Y = datasets.load_linear_examplel()
>>> X
array([[ 1, 4],
[1, 8],
[1,13],
[1,17]])
>>> X[0]
import numpy as np array([1, 4])
>>>Y
array([ 7, 10, 11, 14])

def load_linear_examplel():
X = np.array([[1,4],(1,8],[1,13],[1,17]])
Y = np.array([7, 10, 11, 14])
return X, Y

F 9 datasets.py FERIEL LS, BEBARKIL3IITIETTEER TE S, COFE. T A& doctest, pytest Z
DEATANTRET DL, TANREIFARIZT 5h ., BEEERICT AMEERL TENMERESR
SNMIELELTHEDEL, TRANEREIFAF THIRYMEL 75, SyntaxErrorZz @ (+5f=8HRD K512
pass X&xESELLVZAS,

# doctest @D 5z 5

def load_linear_examplel():
>>> X[0]
array([1, 4])

pass

passlE. AIHLETETITRDITICRET A TOHRS XD, BREZROITOVIED LIG5>
TUMDBHELLGDIRRTIZEWNTRIbG S XETR LGS, TNEARIGETIS—EE>TLE
WTFRMERITTELGL, CHEEHT AT, passEFI AL TLVS, hIZEMBARAIIZ if XX D False T

OV (ZMEBNEELEWDNIZEETRTE=OHITFESITELH S,

TANERTRLI=D, ZDOTAMESIICA—REREL TN, TRANDEESEEES1T5
DDRF1AMESHRLELD, IDEELTANRADEITHENDEZL, F—IFIL ENLRITT DR
AT AVEENDEITEDIEN S,

TFAMZKYEBNMEREZRZ IR Z =5, git add, git commit, git pushL &S, CDKIIZENMERER TEHEE
pushL TLWZEITL KD,
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. # testing (cont.)
regression.py >>> import regression

>>> model = regression.LinearRegression()
(Ve I 1) (this class returns an instance only)
>>> model.x
- >>> #nothing
import numpy as np
class LinearRegression: .
def predict(self, x):
x = None pass
theta = None
= None
Y def score(self, x, y):
ass
def fit(self, x, y): P
pass

regression.pyZRZEL TS, & #I&fit, predict, scoreBIEIE L T pass ELTHE.
ETIWVZEZONEAN-HEHE ETIVTHET REtheta2 EHELTEE (1
HifBENone) ELTWVSTEITHTE, SO &SI, FT (XMAFZITERAEL TUELITEME
FAHEIIZLEKS,

CCTIEFRMEIENS . BLIZHAES(C import LTEHEMNAEINTLS (R F
M) CEFHERTENILX, pushL LD,



reg ression # tes.ting (cqnt.) .
>>> import importlib
(Ve r.2: f|t()) >>> importlib.reload(regression)
>>> model = regression.LinearRegression()
>>> model.fit(X, Y)
>>> model.theta

array([ 5.30412371, 0.49484536])

def fit(self, x, y):
temp = np.linalg.inv(np.dot(x.T,x))
self.theta = np.dot(np.dot(temp,x.T),y)

0=X"X)'X"Y

fitB D EETH 5, TIEETRKOONDEZEN M 2I=D T, npED2—IL%E
FIALTEELLDS, &H. np.linalg.invIZ kB THIAKOH SN LEDO TS5 —0
BIIZTIEERBLTWS, £z, LTICEEOHTEVTELLD, B<AGY, REL
MNELLB=021TIZH T TEH LTS,

KEBEESDTAMNEAL LR T L, R TE=5pushEF TS,
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regression (ver.3: predict())

# testing (cont.)

>>> importlib.reload(regression)

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
def predict(self, x):
return np.dot(x, self.theta)

predictBIELIZL. fitBAEUZKY KO T/ 3T A—HRselfthetaZ ALNTFBIT 5 (1T5;E
BE93)ETTHY. EEreturn X DR TUIELTLVS,

KEBEESDTAMNEA LFHER T L, R TE=5pushEF TS,



regression # testing (cont.)

>>> importlib.reload(regression)

(Ve r.4d: score ( )) >>> model = regression.LinearRegression()
>>> model fit(X, Y)
>>> model.score(X, Y)
1.2474226804123705

def score(self, x, y):
error = self.predict(x) - y
return (error**2).sum()

scorePABIIRETEAFICKYKRD D, Yo T ILEiZEforp TIL—TSE, 1T OF
BISETHEHBZRD., . EVLVSEZTATHLEHRTESN . npTHNIL LD KIS

GUOTIERFEEOTFRISE., ZOEFERIMNVEEELTHERBEEZRDAZENT
=5, ETEEIIERMICCSELONRNUL—TXILEL) DT, npl2&kd1T5H R

IJRIVEBDEREZFITS,

KEBEESDTAMNEA LR T L, R TE=5pushEFTHAS,
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[reprint] Class design / How to use

# from numpy as np

# X = np.array([[1,4],[1,8],[1,13],[1,17]])
#Y =np.array([7, 10, 11, 14])

>>> import datasets

>>> X, Y = datasets.load_linear_examplel()
>>> import regression

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS
1.2474226804123705

https://github.com/naltoma/regression-test.git
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Linear Regression with GD

BEEIRET ILZGD (B TE) THRIRORNZBHELTH L.
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Gradient descent algorithm

Repeat until convergence {

9
6,:=6,-a 6,6,

4

ST

(1) Start with any parameters.
(2) Update the parameters
simultaneously, until

} convergence.
. * eg.,a=0.1,06=3,J(0)=9
Simple example - AR

J(6)=6%,a=0.1

(D (e )
deo
=0-0.1%20=6-0260=0.80

KB T—2IA= T

* New_6=0.8*3=24
* J(6)=2.4**2=576
2nd update
* New_0=0.8%2.4=1.92
* J(6) =1.92*%*2 =3.6864
3rd update
* New_6=1.536
* J(8) = 2.359296
4th update
* New_6 =1.2288000000000001
» J(B) = 1.5099494400000002
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Update the parameters simultaneously

0
B =09 — aa—eo](eo.eﬂ

)
0, =06, — 0‘6_91](90. 01)

" Good! BAD!

tempO = calculate new theta_0 | tempO = calculate new theta_0
templ = calculate new theta_1 | theta_0=temp0
theta_0 =temp0 temp1l = calculate new theta_1
theta_1 =templ theta_1 = templ

CDARATZARIEZOET YT T—rIBEDFTEREZRLTNS, IN\TA—2(T2DDH

ThHY. 00T/ \A T RIH, OLEIA NIRRT BEH/INTA—RTHS,

ETDEIINNSGA—ENEHITEEDHTORIE ATDELSIZI002EHER. 7
MDO0ZERAWNTOLZDWTEIFUIET S 1 ELSPYATIL, 0O1FHHIIZ00HNFEEIL
THEY.,. ZDOEENBES DO EUTHSH, (ERICEDLIIZHEEZITLDH

(FAI4RIEL THERBL TH&LD)
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Partial differentiation with theta O (intercept)

) 91 NN
8—00‘](00’91) = 360 2m ;(he(x ) —y')
1 i i O i i
ZEZ(he(m)—y)a—ao(he(-’ﬂ—y)
1=1
1 . 1 i1 6 1
=EZ(he(m)—y)a—ao(go%ﬁLﬂml—y)

1

1

INATRIEO0IE, 1RAFER y=ax + b [ZHFB U Fb(intercept) IZHEH T 5, 6012
DNWVTRMN E T BRIZIZ1EFEEHEL TR CO-OERZR T TO0AH M- T
UVEODIEIZEIBRE AL, BIBIEX0FEIT AR D, CCTOIXERIELTH =10 &=
BIICIXREEITHES,



Partial differentiation with theta 1 (slope)

%) 0 1 &
TR 7%2
1

-y )8—01(he( ') —y')

he(fv -y )551

m 2!
z he (z') 3 (Bozo + 6121 — y°)
0

OLEIAAXITH T DEH/INTA—EITHY . IRAER y=ax+b [ZH T HESalZFE
L9 B, 0L DVWVTRM A E T HEICIE00ZEHEL TR . CDF=H01h E M-
TULWEWEIFRIFRESN .. REMIZIEERZEICADZETHIZ(TELES,
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Updating formula on GD

9 1 P
5,7(©) = 1 D (hele) ~ )z
Therefore,

80,01 DR AMEICDLNTEH L=, 00IZDWTIEHEEDH . 011DV TITERE(IC
ATxZEENT BRI TUM =, 0012 DLV TEX0ZFL1ELTHITIL., 01EFFRIZTERE
[ZADxZEHTERELRY ., RUHRIZE>TWNVS, CNEMRITT—RI1Ed 5L
ASARDESIZHY  BHMEFIZREIZADZENT. NSA—2DEHA (X REHS
EICRRENEEREST D/N\A/IN—/IN\GA—RaZ T THEARIAESTH LTS,

CNTEDIZH [ AEHRALEH TEL , CNELDESITRET S/ L% BIYHE

ATHED, BEFTICEEBIZLUTIZTRY,

https://github.com/naltoma/regression-test/blob/master/regression_gd.py

Linear Regression using Gradient Descent

https://towardsdatascience.com/linear-regression-using-gradient-descent-

97a6c8700931
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TS5 2tEE DO H
BEY A+

o w
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matplotlib

L L L L L L L
10 11 12 13 14 13 10 17

http://matplotlib.or

20205 IR TP REB:. T—EA= T
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2D Graph with Matplotlib

import numpy as np

X = np.array([4, 8, 13, 17])

y = np.array([7, 10, 11, 14])

estimated = 5.30412371 + 0.49484536*x
import matplotlib.pyplot as plt
plt.scatter(x, y, color="black")

plt.plot(x, estimated, color="'blue’, linewidth=3)
plt.xlabel('x")
plt.ylabel('y')
plt.xticks(())
plt.show()

MatplotliblZ &k HEARMGHEBE I —FZHIRL TS, BERCHRERE TS0
[CIXZBHDOYUTIVEEZREL. EYUTILAICE THEEKMEEZRD . T
DEEADEERIT7ELTHEAR THEIND, CO=OHBEDIZSIZIX
np.linspace =Y THUTILERETHLEICHBEITE S5,
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3D Graph with Matplotlib

from sklearn import datasets
iris = datasets.load_iris()
data = iris.data

target = iris.target

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
fig = plt.figure(1)
ax = Axes3D(fig)
X = data[:,0] .
Y = data[:,1] 1
Z = datal:,2] . [
labels = target A Lo
ax.scatter(X, Y, Z, c=labels) ) ;;f. :3,'
ax.set_xlabel("sepal length") P
ax.set_ylabel("sepal width") ' P
ax.set_zlabel("petal length") - A w
plt.show() 40 as

petal length

5.0 B < 30 4
55 6o ~—_ < 25 &

R Sepal fg, 70 55 o
0TS gt 80 4o 15

—tuldiris flower datasetD4FHE1RITE ~3RITTBEFTEXYZERELTHEL. 1€
DiEHEBTHEEL-O—KFITH S,
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