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MACHINE LEARNING
TERMINOLOGY

KMJBN<H i < AP1>IDJ 1 RCD>C H<KN ARIH P 16<=@6@7? DINO<T>@N 0J >6<NN@N DN ><G6@7? < >G<NNDAD@N

>JUAPNIIT HOIDS <8WJ ><60? < >JI01BAIT 0<=69 JI GUIN H<OIDS DN PNG? 03 QNP<UE 0C8 KAIAJIH<1>8 JA <
<NNDADGH

2C0 >JGPHIN JA 0C@ H<IDS NKIGNG 10 0C@ DIND<1>EN JA 0C@ KIGD>02 >6<NNGN <12 C@ HIRN UGKNGNE 10 0C@ DIN<1>GN
JA0CA <>0P<6 >6<NN  , J0@ "0 ><I =@ 0C@ JOCAN R<T <MIP1? <N R@66

1 0C@ ><N@ JA =DI<NT >G6<NNDAD><ODJ I 0C@ 0<=6@ C<N  MIRN <1?  >JGPHIN

+ 1&",#*# 0,",%2#0+", —*-%7



#S<HKG@

Confusion
Matrix
male female
male 42 8
female 18 32

2CDN H@<IN 0C<0 0C@ >6<NNDAD@N >JMN@>06T KN@?D>00? < H<G@ KAMNIT DI ><N@N <172 D0 RNJIBCT KN@?D>00? H<G@
DINO<I>@N <N A@H<G@ "0 >JMM@>0CT KN@?0>00?  DINO<I>EN <N A@H<G®  ><N@N C<? =@@1 RUJIIBGCT KN@?0>007 <N H<G@
DINO@<? JA AGH<G@

>>PI<>T DN < NOODNOD><6 H@<NPN@ RCD>C DN 2@ADI@? <N 0C@ LPJW@I0 JA >JM@>0 KN@?D>JIIN H<?@ =T < >G<NNDAD@M
?20Q0?@? =T 0C@ NPH JA KN@?D>00J IN H<?@ =T 0C@ >6<NNDAD@M

2C(@ >6<NNDAD@M D1 JPM KN@QDIPN @S<HKG@ KN@?0>00? >IM@>06T KN@?20>00?  H<G@ DINOKISEN <12 AQH<G@ DINO<I>@
2CAMAAINE 0C@ <>>Pl<>T ><1 =@ ><6>P6<0@? =T

<>>Pl<>T

RCD>C IN

00N <NNPH@ R@ C<Q@ < >6<NNDAD@M RCD>C <GR<TN KN@?D>N AGH<G6@ S@ C<Q@ <1 <>>Pli<>T JA 01 0CDN ><N@

Confusion
Matrix
male female
male 0 50
female 0 50

50 R066 ?@HJIINON<0@ 0C@ NI ><66@? <>>Pl<>T K<l<?JS

NK<H N@>JBDIDJ 1 >G<NNDAD@M DN ?@N>WD=@7? =T 0C@ AJGIRDIB >JIAPNDI 1 H<DS
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Confusion

Matrix
spam ham
spam 4 1
ham 4 91
2C@ <>>Pl<>T JA 0CDN >G<NNDAD@M DN D@

2C0 AJGIRDIB SE<NNDADGH KIG2D>ON NJGGET C<H <12 C<N 0CQ N<HE <>>Pli>T

Confusion
Matrix
spam ham
spam 0 5
ham 0 95

200 <>>Pli<>T JA ICN <NNDAOGN DN~ @Q@1 0CIPBC 00 DN 130 ><K<=60 JA li@>JBIDUDIB <IT NK<H <0 <&

Confusion
Matrix
negative  positive
negative TN FP
positive FN TP

>>Pl<>T

N@>DNDJ 1

+ 1&",#*# 0,",%2#0+", —*-%7



0@><66

20 H<CO1@ 60<N1DIB KIJBII<H DN =J0C BIQ@I 0C@ DIKPO 2<0< <12 0C@ >JMGNKI 1 2018 6<=@6IB 2CON H@<IN 0C<0)
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EVALUATION METRICS

INTRODUCTION

,JOJIGT DI H<>CDI@ 6@<MIDIB =P0 <6NJ DI
B@ 1 @N<G GDA@ @NK@>D<GET =PNDI@NN (DA@ TJP
R0 CA<M LPENDJIIAN OOF@ &JR <>>Pli<0@ DN
TIPVKIHI?P>0  IN &JIR KN@>DN@ DN TJIPM
H<>C0I@ 5CE1 K@IK6E BAO MAKGDEN GOFE@
2CDN DN 0C@ HJINO <>>Pli<0@ KMJ?P>0 DI DON
AD@G?  JN 2CON H<>CDI@ C<N 0C@ CDBCENO
DH<BDI<=6@ KN@>ONDJ1  0C@T A@@G
AJHAIN@? =T =J0C <INR@WN 1CJIP6?10
0CaT 17?007 0C@0GNHN accurate <I1?
precise <@ Q@NT JA@I PN@?
DI0@N>C<IB@<=6T 5@ R0 BIQA @S<>0
2@ADIDODI IN G<0@M DI 0C@ 0@S0 =PO DI <
IPONC@66 R@ ><I N<T ~ >>PH<>T IN <
HA<NPN@ AJN 0C@ >CIN@TANN JA NJH@
HA@<NPN@H@ IO0N 0J < NK@>DAD> Q<6P@ RCDG@
KN@>DNDJ I DN 0C@ >6IN@I@NN JA 0C@ H@<NPM@H@ION 0J @<>C JOC@M

2CENG 0QMHN <N@ <6NJ JA @SON@H® DHKJINO<1>@ DI +<>CDI@ *@<MIDIB 5@ 1007 0COH AIM @Q<GP<MIB +*
<GBIMDOCHN JM =@00@N OC@DM MANPGON

50 R0 KN@N@10 DT 0CIN >C<K0@M JA JPI _TOCIT +<>CDI@ *@<NIDIB 2P0JND<G AJPM DHKJINMO< K0 H@WD>N 2C@N@ HEOMD>N
<l@ PN@? 0J @Q<GP<0@ 0C@ MANPGON JA >G<NNDAD><(DJIN 2C@ H@MD>N <N@

7 >>Pli<>T
Z _N@>DNDJI
7 O@><66

Z$ 1>

50 R0 DI0MI?P>@ @<>C JA 0CAN@ H@WD>N <1? R@ R0GG 2DN>PNN 0C@ KNI <1? >JIN JA @<>C JAOCEH #<>C HED>
HE@<NPHNEN NJH@ICD1B 2DAAGN@10 <=JP0 < >G<NNDAD@NN K@WAIMH<I>@ 2C@ HEWD>N R06 =@ JA IPOHINO DHKJINO<1>@ AJW
<66 0C@ >C<KO@NN JA IJPM H<>CD1@ 6@<MIDIB 0POJND<G

ACCURACY

>>PlI<>T DN < H@<NPN@ AJN 0C@ >6IN@1@NN JA 0C@ HA<NPM@H® 0N 0J < NK@>DAD> Q<6P@ RCDG@ KN@>DNDJ 1 DN 0C@
SCIN@T@ANN JA 0C@ HE<NPM@H@ION 0J @<>C JOC@M D@ 1J0 1@>@NN<NDGT 0J < NK@>DAD> Q<GP@ 2J KPO D0 DI JOCAN RJIN?N *A
R@ C<Q@ < N@0 JA ?<0< KIDION AMIH N@K@<0@? H@<NPM@H@ION JA 0C@ N<H@ LP<I00T 0C@ N@0 DN N<D? 0J =@ <>>Pi<0@ DA
0C@DM <Q@N<B@ DN >6IN@ 0J 0C@ OMP@ Q<GP@ JA 0C@ LP<I0T =@DIB HA<NPN@? —1 0C@ JOCEM C<1? R@ ><t6 0C@ N@0 0J =@
KH@>DN@ DA 0C@ Q<GP@EN <N@ >6IN@ 0J @<>C JOC@M 2C@ 0RJ >JI>@KON <N@ D1?2@K@1?@10 JA @<>C JOC@N RCI>C HE<IN
0C<0 0C@ N@0 JA <0< ><1 =@ <>>Pl<0@ JN KN@>N@ JN =J0C JN 1@D0C@N S@ NCIR OCDN DI 0C@ AJE6IRDIB 2D<Bli<H
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A: accurate and precise B: precise, but not accurate

C: neither accurate nor precise D: accurate, but not precise

CONFUSION MATRIX

@AJNG R@ >J1DIP@ RNOC 0C@ 0GMH accuracy R@ R<100J H<F@ NPN@ 0C<0 TIP PI?@NN<1? RC<0 < >JIAPNDJI
H<OWDS DN <=JP0

>JIAPNDI T H<ODS <GNJ ><G6@7? < >J10DIB@IT 0<=6@ N @MIN H<OMDS DN PN@? 0J QINP<GU@ 0C@ KEMAINH<I>@ JA <
>G<NNDAD@M

2C0 >JGPHIN JA 0C@ H<OMDS MEKN@AN@I0 0C@ DINO<I>@N JA 0C@ KN@?0>0@7? >6<NN@N <172 0C@ MIRN N@KN@N@ 10 0C@ DINO< I>@N
JAOCE <>0P<G >6<NN  , J0@ "0 ><I =@ 0C@ JOCEM R<T <MIP1? <N R@G6

"1 0C@ ><N@ JA =DI<NT >6<NNDAD><DJ I 0C@ 0<=6@ C<N MJRN <1? >JGPHIN
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50 R<100J ?@HJ INOI<0@ 0C@ >J 1>@K0 RNOC <1 @S<HKG@

#S<HKG@
Confusion
Matrix
cat dog
cat 42 8
dog 18 32

2CDON H@<IN 0C<0 0C@ >G<NNDAD@M >JWM@>0CT KM@?D>0@? < ><0 D1 ><N@N <I1? D0 RMIIBGT KN@?D>00?  ><0 DINO<I>@N <N
?JB "0 >JIME>06T KN@20>007  DENOKI>AN <N ?JB  ><N@N C<? =@@1 RMJIIBGT KH@?D>00? <N ><0 DIN0@<? JA ?JB

ACCURACY IN CLASSIFICATION
50 <@ DI0@MEN0@? DI +<>CDI@ *@<MIDIB <17? <>>Pl<>T DN <6NJ PN@? <N < NO<ODNOD><G HEA<NPN@  >>PN<>T DN <
NO<ODNOD><G H@<NPN@ RCD>C DN 2@AD1@? <N 0C@ LPJD@10 JA >JM@>0 KN@?D>0JIN =J0C 2P@ KINDIDQEN 2. <I1? 2lP@

10B<QAN 2, H<?@ =T < >6<NNDAD@M 20QD?@? =T 0C@ NPH JA <66 KN@?D>DJ IN H<?@ =T 0C@ >6<NNDAD@V D1>GP?DIB
$<EN@ KINDQEN $. <172 $<CN@ 1@B<DQEN $, 2CENEAING 0CE AINHPG< AJM LP<I0ATDIB =DI<UT <>>Pli<>T DN

2/ 6

RCOIG 2. 2WPEKINMQD $. $<NG KINDQ® 2, 2iPA 18B<QE $, <@ 10B<0QE

2C@ >JMENKIT2D1B T IIAPNDI I +<0IDS 6IJIFN CDF@ OCDN

Confusion
Matrix
negative  positive
negative TN FP
positive FN TP

50 RI66 1JR ><6>P6<0@ 0C@ <>>Pl<>T AN 0C@ ><0 <177 2JB >G<NNDAD><ODJ I M@ANPGON “INO@<? JA 20P@ <I1? $<GN@
RO N@@ CAN@ ><0 <I1? 2JB 50 ><I ><6>P6<0@ 0C@ <>>Pl<>T GDF@ 0CON
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TP = 42
TN = 32
FP = 8
FN = 18

Accuracy = (TP + TN)/(TP + TN + FP + FN)
print(Accuracy)

0.74

*@0N <NNPH@ R@ C<Q@ < >6<NNDAD@M RCD>C <6R<TN KN@?D>N ?JB

Confusion
Matrix

cat dog

cat 0 50

dog 0 50

50 C<Q@ <1 <>>Plii<>T JA DI 0CDN ><N@

TP, TN, FP, FN = 0, 50, 50, O
Accuracy = (TP + TN)/(TP + TN + FP + FN)
print(Accuracy)

0.5

ACCURACY PARADOX
50 RI66 2@HJ INOM<0@ 0C@ NJ ><G66@? <>>Pl<>T K<li<?JS

NK<H N@>JBDIDJ 1 >G<NNDAD@M DN ?@N>WD=@7? =T 0C@ AJGIRDIB >JIAPNDI T H<OIDS

Confusion
Matrix
spam ham
spam 4 1
ham 4 91
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TP, TN, FP, FN = 4, 91, 1, 4
accuracy = (TP + TN)/(TP + TN + FP + FN)
print(accuracy)

0.95

2C@ AJEIRDIB >G<NNDAD@M KN@?D>0N NJG@ET C<H <I? C<N(C@ N<H@ <>>Pli<>T

Confusion
Matrix
spam ham
spam 0 5
ham 0 95

TP, TN, FP, FN = 0, 95, 5, O
accuracy = (TP + TN)/(TP + TN + FP + FN)
print(accuracy)

0.95

2C@ <>>PH<>T JA 0CDN >G<NNDAD@M DN @Q@1 0CIPBC D0 DN 10 ><K<=6@ JA N@>JIBIDUDIB <IT NK<H <0 <66

PRECISION

-H@>DNDJI I DN 0C@ N<DJ JA 0C@ >JIWN@>06T D@ 10DAD@? KJINDIDQ@ ><N@N 0J <66 0C@ KNM@?0>087? KJINDIDQ@ ><N@N D @ 0C@
>JWN@>06T <172 0C@ DI>JM@>06T ><N@N KN@?0>08? <N positive _NE>NDJII DN 0C@ Al<>00J 1 JA N@ODEQE? ?JI>PH@ 10N
0C<0 <N@ N@c@Q<100J 0C@ LPANT 2C@ AJNHPG<

I, ———

50 R066 ?@HJI INOW<0@ 0CON RDIC <1 @S<HKG@

Confusion
Matrix
spam ham
spam 12 14
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ham 0 114

50 ><I ><t>P<(@ 0C0 precision AJN IPI @S<HKG@

TP 4
FP

11

14
e 8E; /* 81< EFK E<<;<; @E K?< =FIDL8C8

precision = TP /7 (TP + FP)

print(fprecision: {precision:4._.2f}")

precision: 0.89
#SOSING  @AINE TIP BJ J1 RIOC 0C@ 0@S0 0CDIF <=JP0 RC<0 0C@ Q<tP@ precision HE<IN *ATJP 6JJF <0 0C@

KN@>ONDJ 1 HE<NPHN@ JA JPH NK<H ADGO@N @S<HKG@ RC<0 ?JEN D0 066 TIP <=JP0 0C@ LP<GIT JA 0C@ NK<H AGOEN SC<0
?J 0C@ MENPGON JA 0C@ >J TAPNDI 1 H<OMDS JA <1 D?@<6 NK<H ADO@M 6JJIF 60F@ SC<0IN RJIING COBC $. NS, Q<CPEN

7JP RIGG ADI? 0C@ <INREMN DI2DN@>06T DI 0C@ AJG6IRDIB @SKG< <IN

"1>D?@10<66T 0C@ D?@<6 NK<H ADGO@M RJIPG? C<Q@  Q<GPEN AN =JIC $. <1? $,

2C@ KN@QDJIPN MENPG) H@<IN 0C<0  H<DGKD@>EN JP0 JA < CPI2H@? RO =@ >6<NNDAD@? <N C<H @Q@1 0CJIPBC IC@T <N@
NK<H <N@ >JIM@>06T >G<NNDAD@? <N C<H 2CON DN < KID10 RC@NE R@ NCIPG? 0<GF <=JP0 0C@ >JINON JA
HON>G<NNDAD><0DJ 1 *0 DN OMJIP=6ANJH@ RC@1 < NK<H H<6 DN 130 M@>JIBIDU@? <N NK<H <177 DN DINO@<? KN@N@10@? 0J
PN<N C<H "A0C@ K@W>@10<B@ DN 1J003J CDBC DODN <I1JTDIB =P0 130 < 2DN<NO@M *1 >JI0N<N0 RC@1 < 131 NK<H
H@NN<B@ DN RIJIBGT 6<=@6@7 <N NK<H 0C@ @H<06 R066 130 =@ NCIR T DI H<IT ><N@N JN @Q@ 1 <POJH<WD><GCT 2@6@00?

$IN @S<HKG@ 0CON ><WHDEN < CDBC MONF JA GINDIB >PNOJHQ@IN <1? AD@I?N 2C@ HE<NPI@ precision H<FON 1J
NO<0@H@10 <=JP0 0CDON 6<N0 H@100J1@? KNJ=6AH >6<NN 5C<0 <=JP0 JOC@N H@<NPNEN

50 RI66 C<Q@ < 6JIJF <0 recall <I1? Fl-score

RECALL

O@><66 <NJ FIJRT <N N@INDODQDOT DN 0C@ N<0DJ JA 0C@ >JMN@>06T D2@ 10DAD@? KINDIDQ@ ><N@N 0J <G6 0C@ <>0P<6 KINDIDQ@
><N@N RCD>C DN 0C@ NPH JAOC@ $<oN@ , @B<MQAN <I1? 2MP@ - INDIDQEN

14

T 1

F 0
"/ 8E; /* 8l< EFK E<<;<; @E K?< =FIDL8C8

recall = TP /7 (TP + FN)

print(f'recall: {recall:4_2f}")

P
N
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recall: 1.00

2C0 Q<GP@ HE<INO0C<0 13 131 NK<H H@ENN<B@ ON RUJIBCT 6<=@6@? <N NK<H "0 DN DHKINO<10 AJM < BJJ? NK<H
ADGO@M 0C<0 OCON Q<GP@ NCJIPG? =@ 5@ C<Q@ KN@QDJIPNCT 2DN>PNN@? 0CDN <GM@<?T

F1-SCORE
2C@ 6<N0 H@<NPN@ R@ RDGE @S<HDI@ DN 0C@ $ N>JN@

e+ 1)
ik, /)

/) =+

TF = 7 N< J<K K?< /IL< =8CJ< M8CL<J KF
print("® FN FP TP pre acc rec T1)
for FN 1n range(0, 7):
for FP in range(O, FN+1):
K?< JLD F= "* ", /" 8E; /, N@CC 9<
TP = 100 - FN - FP - TF
GIQEK "> ™, [/, "> ", [/, /"
precision = TP / (TP + FP)
accuracy = (TP + TN)/(TP + TN + FP + FN)
recall = TP /7 (TP + FEN)
fl score = 2 * precision * recall / (precision + recall)
print(F"{FN:6.2F}{FP:6._.2F}{TP:6.2f}", end=""")
print(f'"{precision:6.2f}{accuracy:6.2f}{recall:6.2f}{fl _sc
ore:6.2f}")
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FN FP TP pre acc rec Tl

0.00 0.00 93.00 1.00 1.00 1.00 1.00
1.00 0.00 92.00 1.00 0.99 0.99 0.99
1.00 1.00 912.00 0.99 0.99 0.99 0.99
2.00 0.00 91.00 1.00 0.99 0.98 0.99
2.00 1.00 90.00 0.99 0.98 0.98 0.98
2.00 2.00 89.00 0.98 0.98 0.98 0.98
3.00 0.00 90.00 1.00 0.98 0.97 0.98
3.00 1.00 89.00 0.99 0.98 0.97 0.98
3.00 2.00 88.00 0.98 0.97 0.97 0.97
3.00 3.00 87.00 0.97 0.97 0.97 0.97
4.00 0.00 89.00 1.00 0.98 0.96 0.98
4.00 1.00 88.00 0.99 0.97 0.96 0.97
4.00 2.00 87.00 0.98 0.97 0.96 0.97
4.00 3.00 86.00 0.97 0.96 0.96 0.96
4.00 4.00 85.00 0.96 0.96 0.96 0.96
5.00 0.00 88.00 1.00 0.97 0.95 0.97
5.00 1.00 87.00 0.99 0.97 0.95 0.97
5.00 2.00 86.00 0.98 0.96 0.95 0.96
5.00 3.00 85.00 0.97 0.96 0.94 0.96
5.00 4.00 84.00 0.95 0.95 0.94 0.95
5.00 5.00 83.00 0.94 0.95 0.94 0.94
6.00 0.00 87.00 1.00 0.97 0.94 0.97
6.00 1.00 86.00 0.99 0.96 0.93 0.96
6.00 2.00 85.00 0.98 0.96 0.93 0.96
6.00 3.00 84.00 0.97 0.95 0.93 0.95
6.00 4.00 83.00 0.95 0.95 0.93 0.94
6.00 5.00 82.00 0.94 0.94 0.93 0.94
6.00 6.00 81.00 0.93 0.94 0.93 0.93

50 ><1 N@@ 0C<0 F1l-score =@N0 N@A@>ON 0C@ RJINN@ ><N@ N>@1<WDJ 0C<0 0C@ $, Q<GP@ DN WDNDIB D@ C<H DN
B@OOD 1B >G6<NNDAD@? <N NK<H
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REPRESENTATION AND

VISUALIZATION OF DATA

+<>CD1@ GA<MIDIB DN <=JP0 <?<KIDIB

HJ?@0N 0J 2<0< $JIM 0CDN N@<NJ 1 R@ =@BD1
=T NCIRDIB CJR ?<0< ><I =@ N@KN@N@108? [~
D1 JN2@N 03 =@ P12@IN0JJ? =T 0C@ >JHKPIN |%

2

3E13

W |
T%

00C@ =@BDIIDIB JA OCDN >C<K0@M R@ LPJ0@? | =~
2JH +00>C@c6 N 2@ADIDDI T JA H<>CDI@ .
G@<NIDIB 5066 KING? *@<MIDIB -NJ=6H
>JHKPO@N KMJIBN<H DN N<D? 0J 6@<M1 AMIH
@SK@W@1>@ # RO0C NENK@>0 03 NJH® 0<NF 2
<I? NJHQ@ K@UAINH<I>@ H@<NPM@ - DA DON
K@VAINH<I>@ J1 2 <N H@<NPN@? =T .
DHKNJQEN RDIC @SK@W@I>@ # ""<0< DN 0C@
KR H<0@MD<C AJN H<>CDI@ GA<MIDIB *0
CA<MEN ANJH 2<0< "1 +D0>C@c6 N 2@ADIDIDJ 1
?<0< DN CD??@1 =@CD17? 0C@ 0@MHN
@SK@W@I>@ # <1? KENAJNH<I>@ HA<NPHNE
N H@I0J1@? @<NDeN R@ 10072 6<=@6@?
<0< 0J 6@<MT <17 0@NO JPM <6BJMDOCH

iy

(Y

L3 SE

&JR@EQEM D0 DN N@>JHH@1?2@? 0C<0 TIP
A<HDGD<NDU@ TJIPNN@CA RDOC TIPH <0< =@AIN@ -4
TJIP =@B01 QU<DIDIB TJIPM >G<NNDADEM ‘Hﬁﬁ:

ol o] il e A A

Y T e T e e Py
RS

» PHKT JAAGNN D?@<6 2<0< NOMP>0PN@N 0J

NEKNEN@ 10 TIPN 2<0< <177 +<0KG6J0GD= JAAGNN BN@<0 KINND=DGDID@N AJN QDNP<GDUDIB TJIPH ?<0<

"1 0C@ AJGEIRDIB R@ R<100J NCIR CIR 0J ?J 0CON PNDIB 0C@ ?<0< DI 0C@ sklearn HJ?PGQ

IRIS DATASET, "HELLO WORLD" OF MACHINE LEARNING

5C<0 R<N 0C@ ADNNO KMJBN<H TJIP N<R * =@0 00 HDBCO C<Q@ =@@1 < KMJIBN<H BdQDIB JP0 &@66J SIN6? DI NJH@

KIJBN<HHDIB 6<1BP<B@ -+JN0 GDF@GT * H MDBCO ~ GHJINO @QENT DIONI?P>0INT =JJF JN 0POJND<G J I KMIBN<HHDIB

NO<MON RDOC NP>C < KMJBl<H *0N < 0l<2000J 1 0C<0 BJ@N =<>F 0J 0C@ =JJF 2C@ ' _MIBW<HHDIB *<IBP<B@ =T
<1 )@IDBC<I <1? **@1 10N On0>Co@

2C(@ (DF@ECII? 0C<0 0C@ ADMNO ?<0<N@0 TJIP RDGE N@@ DT <1 DIOMI?P>0INT 0POJND<G J1 H<>CDI@ 6A<MIDIB RDG6 =@ 0C@
"MDN ?<0<N@0 DN NDHDG<MGT CDBC 2C@ *MON ?<0<N@0 >J10<DIN 0C@ H@<NPN@H@ 10N JA OVDN AGTR@VN AHIH  PDAA@N@ 10
NK@>D@N

Z NN 1@0IN<
Z "MON 4QNND>JeaN <1?

O#.0#1#,2 2'—, ,'"4'13 *'8 2'—, -$"" 2



Z "IN 4DMBD1D><

"IN L@B0IN<

"IN 4@HND>J6IM

"NON 40HBDID><

O#.O#1#,2 2'—, ,""4'13 *'8 2'—, -$" 2



2C(@ DMDN 2<0<N@0 DN JAO@ I PN@? AJM DON NOHKED>DOT 2CDN 2<0<N@0 ON >J 10<D1@? DI N>DFD0 6A<MI =P0 =@AJN@ R@ C<Q@ <
?00K@M 6JIF DI0J 0C@ *MON ?<0<N@0 R@ RDG6 6JIF <0 0C@ JOC@M ?<0<N@ON <Q<D6<=6@ DI N>DFD0 G@A<MI

O#.O#1#,2 2'—, ,""4'13 *'8 2'—, -$" 2



LOADING THE IRIS DATA WITH

SCIKIT-LEARN

$IN @S<HKG@ N>DFD0 6@<MI C<N < Q@NT NOM<DBCOAJMR<M? N@0 JA ?<0< J1 0CEN@ OVDN NK@>D@N 2C@ ?<0< >J INDNO JA 0C@
AJGCIROIB

Z $@<0PN@AN DI 0C@ *NDN ?<0<N@0

N@K<G 6@1B0C DI >H
N@K<6 RD?0C DI >H
K@0<6 6@1B0C 01 >H
K@0<6 Ro20C DI >H

Z  2<NB@0 >6<NN@EN 0J KN@?D>0
"IN L@E0IN<

"NDN' 4@NND>JG6I P
"MON 4DMBD1D><

scikit-learn @H=@?N<>JKT JAOCE DVON 214 ADG@ <6J 1B ROOC < CAGKEM AP 1>00J1 0 6J<? D0 D10J IPHKT

o L% 2&#'01 2 5'2&11')'2*# O,



<MI<TN

from sklearn.datasets import load iris
iris = load _iris()

2CO MANPGDIB ?<0<N@0 DN < Bunch J=E@>0

type(iris)
—PIKP) sklearn.utils.Bunch
7JP ><1 N@@ RC<0N <Q<06<=6@ AN 0CIN ?<0< 0TK@ =T PNDIB 0C@ H@CI? keys()

iris_keysQ

—POKPO dict_keys(["data®, "target®, "target names®, "DESCR", "featur
e _names®, “filename"])

P1>C J=E@>0 DN NDHDG<M 0J < 2D>DIDJ I<NT =P0 00 <?2D0DJ I<G6T <CCIRN <>>@NNDIB 0C@ F@TN DI <1 <00MD=P0@ NOTG@

print(iris['target_names'])
print(iris.target_names)

[ "setosa®™ "versicolor®™ “virginica“]
[ "setosa®™ “versicolor®™ "virginica-]

2C@ AG<OPNEN JA @<>C N<HKG@ ALJREN <N@ NoJN@? DI 0C@ data <0MD=P0@ JA 0C@ ?<0<N@0

n_samples, n_features = iIris.data.shape
print(“*Number of samples:®, n_samples)
print("Number of features:", n_features)
K?< J<G8C C<E>K? J<G8C N@;K? G<K8C C<E>K? 8E; G<K8C N@;K? F= K
?< =@1JK J8DGC< =@1JK =CFN<lI
print(iris.data[0])

Number of samples: 150
Number of features: 4
[5.-1 3.5 1.4 0.2]

2C0 AG<POPHAN JA @<>C ACJREM <N@ NOJN@? DI 0C@ data <0M=P0@ JA 0C@ ?<0< N@0 *@0N 0<F@ < 6JJF <0 NJH@ JA 0C@
N<HKGEN

"CFN<I1J N@K? K?< Q@QE;@:<J 8E;

o L% 2&#'01 2 5'2&11')'2*# O,



iris.data[[12, 26, 89, 114]]

—PIKR0 array([[4-8, 3. , 1.4, 0.1],
[5- , 3.4, 1.6, 0.4],
[5.5, 2.5, 4. , 1.3],
[5-8, 2.8, 5.1, 2.4]1D)

2CE DIAJNH<J N <=JP0 0C@ >6<NN JA @<>C N<HKG@ D@ 0C@ 6<=@GN DN NOJN@? DI 0C@ O0<MB@0 <0OMD=P0@ JA 0C@ ?<0< N@0

print(iris.data.shape)
print(iris.target.shape)

(150, 4)
(150,)

print(iris.target)

[DO0O0O0O000000000000000000000O0O0O0OOO
00000
00000000000001111111111111111111
11111
1111111111111111111111111122222°2
22222
22222222222222222222222222222222
22222

2 2]

import numpy as np

np.-bincount(iris.target)

~PKPY array([50, 50, 50])

3NIB ,PH.TN=DI>JPI0API>IDJN <=JQ@ R@ ><I N@@ 0C<0 0C@ >6<NN@N DI 0CON ?<0<N@0 <N@ @Q@ 16T ?DNOND=P0@?
0CQNE <M@  ACIR@NN JA @<>C NK@>DAN RDIC

Z >6<NN- DN 1@0JN<

Z >G<NN  "MDN 4@NND>JCIN
Z >6<NN  "MON 40MBDID><

2CENG@ >6<NN T<HE@N <@ NOJn@? DI 0C@ 6<NO <00MD=P0@ I<H@T target_names

print(iris.target_names)

[ "setosa® “versicolor®™ "virginica-]

Fo L% 2&# 0L 2 5'2&11°)'2*# O,



2CA DIAJMH<JI I <=JP0 0C@ >6<NN JA @<>C N<HKG@ JA JPM *MDN ?<0<N@0 DN NoJN@? DI 0C@ target <00MD=P0@ JA 0CQ@
2<0<N@0

print(iris.target)

[DO000000000000000000000000000000O
00000
00000000000001111111111111111111
11111
1111111111111111111111111122222°2
22222
22222222222222222222222222222222
22222

2 2]

@ND?@ JA 0C@ NC<K@ JA 0C@ ?<0< R@ ><I <tNJ >C@>F 0C@ NC<K@ JA 0C@ 6<=@cN D @ 0C@ target.shape

#<>C AJREN N<HKG@ DN J1@ MIR DI 0C@ ?<0< <MI<T <177 0C@ >IGPHIN A@<OPNAN NMEKN@N@ D0 0C@ ACJREM HA<NPNAH@ION
01 >@IOOHAEIN $IMDINI<I>@ R@ ><I N@KMEN@ 10 0CDN *MON ?<0<N@0 >J INDNDIB JA N<HKGEN <177 A@<OPNEN <

DHEINII<6 <MI<T JN H<OIS O 4 01 0C@ AJBEIRDIB AJNH<0

2C@ NPK@VN>IDKO 2@ 1 J0@N 0C@ §0C MIR <172 0C@ NP=N>IDK0 2@ 1 J0@N 0C@ "0C AG<OPN@ MENK@>0DQEGT

%@ 10M<GCT R@ C<Q@ + MIRN <1? ( >ICPHIN

print(iris.data.shape)

o L% 2&#'01 2 5'2&11')'2*# O,



print(iris.target.shape)
(150, 4)
(150,)

bincount JA ,PH.T>JPINC@ IPH=@N JA I>>PIN@I>@N JA @<>C Q<GP@ DI <1 <Wi<T JA 131 1@B<0DQ@ D10@BAIN
50 ><1 PN@ 0CDN 0J >C@>F 0C@ ?ONOWD=PODJ 1 JA 0C@ >G<NN@N DI 0C@ ?<0<N@0

import numpy as np

np.-bincount(iris.target)

~PKPY array([50, 50, 50])

50 ><1 N@@ 0C<0 0C@ >6<NN@N <@ ?ONOMD=P0@? P IDAJMHCT 0C@N@ <M@  ACIR@NN AWJH @<>C NK@>D@N D @
Z >6<NN  "NDN 1@0JIN<

Z >6<NN  "NDN 4@HND>J6IN
Z >6<NN- - CNDN 4DMBDID><

2CEN@ >6<NN T<HEN <@ NoJn@? DI 0C@ 6<NO <00MD=P0@ I<H@(T target_names

print(iris.target_names)

[ "setosa® “versicolor®™ "virginica-]

o L% 2&#'01 2 5'2&11')'2*# O,



VISUALISING THE FEATURES OF

THE IRIS DATA SET

2C@ A@<POPN@ ?<0< DN AJPN 2DH@INDJII<C =P0 R@ ><I QINP<GU@ J1@ N 0RJ JA 0C@ ?DHEINDJIN <0 < (DH@ PNDIB <
NDHKG@ CONOJBNM<H M N><00@M K6J0

from sklearn.datasets import load iris
iris = load_iris()
print(iris.dataJiris.target==1][:5])

print(iris.datairis.target==1, 0][:5])

[[7- 3.2 4.7 1.4]
[6.4 3.2 4.5 1.5]
[6.9 3.1 4.9 1.5]
[5.5 2.3 4. 1.3]
[6.5 2.8 4.6 1.5]]
[7. 6.4 6.9 5.5 6.5]

HISTOGRAMS OF THE FEATURES
import matplotlib.pyplot as plt

fig, ax = plt_.subplots()
x_index = 3
colors = ["blue®, "red", “green®]

for label, color in zip(range(len(iris.target _names)), colors):
ax_hist(iris.data[iris.target==label, x_index],
label=1ris.target _names[label],
color=color)

ax.set_xlabel(iris.feature_names[x_index])
ax.legend(loc="upper right*)
fig.show()

4'13 *'1',% 2&# $# 230#1 -$2&# '0'1 " 2 1#2



E sctosa
N versicolor
2 1 B irginica

1D 15
petal width [cm)

EXERCISE
*JJF <0 0C@ CONOJBN<HN JA 0C@ JOC@N A@<OPN@N D @ K@0<G 6@IBIC N@K<G RD?0 <17? NGK<G 6@ 1B0C

SCATTERPLOT WITH TWO FEATURES

2C0 <KK@<<1>@ ?D<Bli<H NCIRN 0RJ A@<OPN@N DI J1@ ?D<Bl<H

import matplotlib.pyplot as plt

fig, ax = plt.subplots()
X_index = 3
y _index = 0

colors = ["blue®, "red", "green®]

for label, color in zip(range(len(iris.target _names)), colors):
ax.scatter(iris.data[iris.target==label, x_index],
iris_data[iris.target==label, y_index],
label=1ris.target _names[label],
c=color)

ax.set_xlabel (iris.feature_names[x_index])
ax.set_ylabel(iris.feature_names[y_index])
ax.legend(loc="upper left")

plt.show()

4'13 *'1',% 2&# $# 230#1 -$2&# '0'1 " 2 1#2
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EXERCISE

1C<IB@ S;01?@S <1? T;001?@S D1 0C@ <=JQ@ N>MDKO

TC<IB@ S;D1?7@S <172 T;01?2@S DI 0C@ <=JQ@ N>NDKO <177 ADI? < >JH=DI<0DJ 1 JA 0RJ K<l<H@ENN RCD>C H<SIH<GT
N@K<H<0@ 0C@ 0CN@@ >6<NN@N

GENERALIZATION
50 R 1IR (JJIF <0 <66 AG<OPN@ >JH=DI<DJIIN DI J1@ >IH=DI1@? ?D<Bl<H

import matplotlib.pyplot as plt

n = len(iris.feature_names)
fig, ax = plt.subplots(n, n, figsize=(16, 16))

colors = ["blue®, "red", “green®]

for x in range(n):
for y i1in range(n):
xname = 1ris.feature_names[x]
yname = iris.feature_names|y]
for color_ind in range(len(iris.target names)):
ax[x, y]-scatter(iris.datairis.target==color_ind,

iris.datairis.target==color_ind, vy],
label=iris.target names[color_ind],
c=colors[color_ind])

4'13 *'1',% 2&# $# 230#1 -$2&# '0'1 " 2 1#2



ax[x,
ax[x,
ax[x,

plt.show()

y]-set_xlabel (xname)
y]-set_ylabel (yname)
y]-legend(loc=

"upper left")
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SCATTERPLOT "MATRICES

"IN0@<? JA ?JDIB D0 H<IP<GT R@ ><1 <NJ PN@ 0C@ scatterplot matrix KNIJQD?@? =T 0C@ K<1?<N HI?P6@

1><00@MKEI0 H<OMD>EN NCIR N><00@M KCION =@0R@@T <66 A@<OPNEN DI 0C@ ?<0< N@O <N R@E6 <N CONOJBI<HN 0J NCIR 0C@
PNOND=PODJ I JA @<>C AG<OPN@

import pandas as pd

iris_df = pd.DataFrame(iris.data, columns=iris.feature_names)
pd.plotting.scatter_matrix(iris_df,

c=iris.target,
figsize=(8, 8)
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11 22#0.*%-2 + 20'1#1



3-DIMENSIONAL VISUALIZATION

import matplotlib.pyplot as plt
from sklearn.datasets import load iris
from mpl_toolkits.mplot3d import Axes3D
iris = load_iris()
X =11
for iclass in range(3):
X.append([L1. [1. [1D
for 1 1In range(len(iris.data)):
if Iris.target[i] == iclass:
X[iclass][0]-append(iris.data[i][0])
X[1class][1]-append(iris.data[i1][1])
X[iclass][2]-append(sum(iris.data[i][2:]))

colours = ('r", "g", "y")
fig = plt_figure()
ax = fig.add_subplot(11ll, projection="3d%)

for iclass in range(3):

ax.scatter(X[iclass][0], X[iclass][1], X[iclass][2], c=colour
s[iclass])
plt.show()

17 22#0.*-2 + 20'1#1



DATASETS IN SKLEARN

1>DF00 6a<MT H<F@N <Q<D6<=6@ < CINO JA
?<0<N@ON AJN 0GNODB G@<NIDIB <6BJIMDOCHN
2CAT >JHE D1 0CNAG AG<QJINN

Z Packaged Data: 0CAN® NH<GG
2<0<N@ON <@ K<>F<B@? RIC
0C@ N>DFDO G@<MT DEINO<GE<0DJI
<1?><1 =0 ?2IR16J<?0?
PNDIB 0C@ 0JJGN D1

sklearn.datasets. load *

Z Downloadable Data: 0CAN@ 6<MBEM ?<0<N@ON <N@ <Q<D6<=6@ AIM 2IR16J<? <172 N>DFDO 6@<M1 DI>GP?@N
0JJGN RCD>C NOM@<HGD @ OCDN KMI>@NN 2C@EN@ 0JJGN ><1 =@ AJP1? DI
sklearn.datasets.fetch_*

Z Generated Data: 0CON@ <M@ NGQ@N<G ?<0<N@N RCD>C <N@ B@ 1@NM<0@? AWIH HJI?@N =<N@? JI < i<1?JH
N@@? 2CENG <NM@ <Q<06<=6@ DI 0C@ sklearn.datasets.make *

7JP ><1 @SKEINE 0C@ <Q<D6<=6@ ?<0<N@0 I<?@NN A@O>C@NN <172 B@I@AN<OINN PNDIB *.TOCJII N (<= >JHKGADJI
API>0DJI<ED0T  AO@N DHKJINDIB 0C@ datasets NP=HJ?Pt@ MMJH sklearn (TK@

datasets. load_<TAB>

datasets.fetch_<TAB>

datasets.make_ <TAB>
0J N@@ < GINO JA <Q<D6<=6@ AP 1>0DJ IN
STRUCTURE OF DATA AND LABELS

**<0< DI N>DFDO 6@<ME DN DI HJINO ><N@N N<Q@? <N 0RJ 20H@INDJII<6 , PHKT <Mi<TN RDIC 0C@ NC<K@ (n, m) —+<IT
<GBJIWOCHN <GNJ <>>@K0 scipy.sparse H<WD>EN JA 01CO N<H@ NC<K@

"2 1#21°, 1*# 0O,



Z n: L;N<HKGEN 2C@ IPH=@M JA N<HKGAN @<>C N<HKG@ N <1 D0@H 0J KNJI>@NN @ B >6<NNDAT
N<HKGE ><1 =@ < 2I>PH@I0 < KI>0PH@ <NJIP1? <QD?@J <1 <NOWJIJHD><6 J=E@>0 < MIR DI ?<0<=<N@
JN 114 AGE N RC<0@QEM TIP ><1 2@N>MD=@ RDC < ADS@? N@0 JA LP<1000<0DQ@ OM<DON

Z m: |;A@<0PMEN 2C@ TPH=@M JA A@<OPM@AN JM ?DNODI>0 OM<DON 0C<0 ><1 =@ PN@? 0J 2@N>MD=@ @<>C D0@H DI
< LP<1000<0DQ@ H<I1@N $@<O0PNEN <N@ B@1@N<CET M@<6 Q<6P@? =P0 H<T =@ JJ6@<I JN 2DN>N@0@ Q<6P@?
DI NJH@ ><N@N

from sklearn import datasets

@ R<MI@? H<IT JAICANG ?<0<N@ON <N@ LPDO@ 6<MB@ <17? ><1 0<F@ < 6J1B 0HE 0J ?IR16I<?

"2 1#21°, 1*# 0O,



LOADING DIGITS DATA

50 R066 C<Q@ < >6IN@M 6IIF <0 J1@ JA 0CAN@ ?<0<N@ON 5@ 6JJIF <0 0C@ ?DBNN ?<0< NGO 5@ RD0GG 63<? DO ADNNO

from sklearn.datasets import load digits
digits = load digits()

B<DI R@ ><I B@0 <1 JQENQIAR JA 0C@ <Q<D6<=6@ <00MD=PO@N =T 6JJIFDIB <0 0C@ F@TN

digits.keys()

—PIKPY dict_keys(["data®, "target®, “target_names®, "images”, "DESC
R*D

*@0N C<Q@ < 6JJIF <0 0C@ 1PH=@N JA DO@HN <1? AG<OPNEN

n_samples, n_features = digits.data.shape
print((n_samples, n_features))

(1797, 64)

print(digits.data]0])
print(digits.target)

[0O. O. 5.13. 9. 1. 0. 0. 0. 0. 13. 15. 10. 15. 5. O.
0. 3.

15. 2. 0. 11. 8. 0. 0. 4.12. 0. 0. 8. 8. 0. 0. 5.
8. O.

0. 9. 8. 0. 0. 4.11. 0. 1.12. 7. 0. 0. 2.14. 5.1
0. 12.

0. 0. O. 0. 6.13. 10. 0. 0. 0.]
[012 ...89 8]

2C@ ?<0< DN <6NJ <Q<D6<=6@ <0 7DBDON DH<B@N 2CDN DN 0C@ M<R ?<0< JA 0C@ DH<B@N DI 0C@ AJWH JA  GDIEN <1?
>JPHIN

5NC ?<0< <1 DH<B@ >JMENKII?N 0J < J1@ 2DHEINDI <6 , PHKT <Mi<T RDOC 0C@ 6@1BIC ~ <I1? DH<BEN
NEKMEN@10<ODI 1 >J10<DIN ~ 2DH@INDI <G IPHKT <WN<TN RDIC 0C@ NC<K@

print(*’'Shape of an i1tem: ', digits.data[0].shape)
print(‘'Data type of an item: ", type(digits.data[0]))
print("'Shape of an item: ", digits.images[0].shape)

*_ lll,% lll%l21 (1] 2



print(‘'Data tpye of an i1tem: ", type(digits.images[0]))

Shape of an i1tem: (64,)

Data type of an item: <class "numpy.ndarray”>
Shape of an item: (8, 8)

Data tpye of an item: <class "numpy.ndarray”>

*@0N QINP<GIU@ 0C@ ?<0< *ON 6D00G@ =D0 HIN@ DIQJEQA? 0C<1 0C@ NDHKG@ N><00@M KGJ0 R@ PN@? <=JQ@ =P0 R@ ><1 2J M0
l<0C@M LPD>FGT

J<K LG K?< =@>LI<
fig = plt_figure(figsize=(6, 6)) =@>LI< J@Q< @E @E:7<J
fig.subplots_adjust(left=0, right=1, bottom=0, top=1, hspace=0.0
5, wspace=0.05)

GCFK K?< ;@>0KJ <8:? @D8>< @J O G@O<CJ
for 1 in range(64):
ax = fig.add_subplot(8, 8, 1 + 1, xticks=[], yticks=[])
ax. imshow(digits.images[i], cmap=plt.cm.binary, interpolatio
n="nearest”)

C89<C K?< @D8>< N@K? K?< K8I><K M8CL<
ax.text(0, 7, str(digits.target[i]))

Fe TL%NTT%21 T 2
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EXERCISES

EXERCISE 1

NFGA<MT >J10<DIN < RDI@ ?<0< N@0

$01? <17 63<? 0CON ?<0< N@0

1<] TIP ADI? < 2@N>MDKODJ |

5C<0 <@ 0C@ 1<HEN JA 0C@ >6<NNEN
5C<0 <@ 0C@ A@<OPNEN

S5CEN@ DN 0C@ ?<0< <172 0CQ 6<=@6@? ?<0<

N NN NN

T1i@<0@ < N><00@M K6J0 JA 0C@ A@<OPHEN ash <I1? collor_intensity JACA RDI@ ?<0< N@0

*

- L% %21t 2



T1i@<0@ < N><00@M H<ONDS JA 0C@ A@<OPMEN JA 0C@ RDI@ ?<0<N@0

$@0>C 0CO —6DQAOD A<>@AN ?<0<N@0 <1? QINP<GU@ 0C@ A<>@N

SOLUTIONS

SOLUTION TO EXERCISE 1

*J<?DIB 0CE@ RDIE@ ?<0< N@0

from sklearn import datasets

wine = datasets.load wine()

2C@ ?ON>IDKDJ N ><1 =@ <>>@NN@? Qi< *"#110

"19:
print(wine.DESCR)

2C@ 1<HEN JA0C@ >6<NN@N <172 0C@ A@<OPHEN ><1 =@ N@0D@QE? (DF@ 0CON

print(wine.target_names)
print(wine.feature_names)

[Fclass 0° "class 1" “"class 27]

[Falcohol®, "malic_acid®, "ash®, "alcalinity_of _ash®, "magnesiu
m®, “total_phenols®, "flavanoids®, "nonflavanoid_phenols®, “proant
hocyanins®, “color_intensity®, “hue®, "0d280/0d315 of diluted wine
s®, "prolineT]

data = wine.data
labelled_data = wine.target

from sklearn import datasets
import matplotlib.pyplot as plt

*

o lll,% lll%l21 (1] 2



wine = datasets.load wine()

features = "ash®, "color_intensity”
features_index = [wine.feature names. index(features[0]),
wine.feature names. index(features[1])]

colors = ["blue®, "red", "green®]

for label, color in zip(range(len(wine.target _names)), colors):
plt.scatter(wine.dataJwine.target==label, features_ index[0]],
wine.dataJwine.target==1abel, features_index[1]],
label=wine.target names[label],
c=color)

plt.xlabel (features[0])
plt.ylabel (features[1])
plt.legend(loc="upper left")

plt.show()
® dass 0 L]
121 @ dass] .
e dass 2 * 9
. 3‘ . o’
& * '. *
-E o . ¢ ::‘ :ﬁ‘. ‘
° o %
) (Y .. ?'.b'.:.!j'. » *
r R :.} .ﬁ «*%

150 175 200 225 251 275 3p0 335
ah

import pandas as pd
from sklearn import datasets

wine = datasets.load wine()
def rotate_labels(df, axes):
:?8E>QE> K?< IFK8K@FE F= K?< C89<C FLKGLK

Fe TL%NTT%21 T 2



P C89<CJ ?FI@QFEK8C 8E; O C89<CJ M<IK@:8C
n = len(df.columns)
for x in range(n):
for y in range(n):
KF ><K K?< 80@J F= JL9GCFKJ
ax = axs[x, Y]
KF D8B< O 80@J E8D< M<IK@:8C
ax.xaxis.label .set_rotation(90)
KF D8B< P 80@J E8D< ?FIQ@QFEKS8C
ax.yaxis. label _set_rotation(0)
KF D8B< JLI< P 80@J E8D<J 8I< FLKJ@;< K?< GCFK 81<8
ax.yaxis.labelpad = 50

wine_df = pd.DataFrame(wine.data, columns=wine.feature_names)
axs = pd.plotting.scatter_matrix(wine_df,
c=wine.target,
figsize=(8, 8),
);

rotate labels(wine_df, axs)

- "L, % %21 2
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from sklearn.datasets import fetch_olivetti_faces

=<K:? K?< =8:<J ;8K8
faces = fetch_olivetti_faces()

faces_keys()

—PIKPU dict_keys(["data", "images®, "target", "DESCR"])

15
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sof

praling X0
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od2B0/pd215 of diluted wines
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n_samples, n_features = faces.data.shape
print((n_samples, n_features))

(400, 4096)
np.sqrt(4096)
faces. images.shape

—PIKPU 400, 64, 64)

faces.data.shape

—PIKPU 400, 4096)

print(np.all(faces. images.reshape((400, 4096)) == faces.data))

True

J<K LG K?< =@>LI<
fig = plt_figure(figsize=(6, 6)) =@>LI< J@Q< Q@E @E:7<J
fig.-subplots_adjust(left=0, right=1, bottom=0, top=1, hspace=0.0
5, wspace=0.05)

GCFK K?< ;@>@KJ <8:? @D8>< @J O G@O<CJ
for 1 1In range(64):
ax = fig.add_subplot(8, 8, 1 + 1, xticks=[], yticks=[])
ax. imshow(faces.images[i], cmap=plt.cm.bone, interpolation="ne
arest”")

C89<C K?< @D8>< N@K? K?< K8I><K M8CL<
ax.text(0, 7, str(faces.target[i]))

Fe TL%NTT%21 T 2



FURTHER DATASETS

1067 HIN@ TJIP ROGE ADI? HIN@ J1 0CON 1D>@ *ON0 JA

6@ A TIP NODGG

2<0<N@ON AW H<>CDI1@ GA<MIDIB MAN@<N>C <0 SDFIK@?D<

NFGA<NI C<N H<IT HIN@ ?<0<N@ON <Q<D6<

l%l21 (1] 2

lll,% (1]



DATA GENERATION

GENERATE SYNTHETICAL DATAWITH PYTHON

KMJ=6@H R00C H<>CDI@ 6a<MIDIB
ONK@>D<G6T RC@1 TJP <M@ No<MoDIB JPO <1?
R<100J 6@<Ml <=JP0 0C@ <6BJIWDOCHN DN 0C<0 “
00 DN JAO@ 1 2DAAD>PGO 0J B@0 NPDO<=G6@ 0@NO ?<0<
1IH@ >IN0 < 630 JA HIT@T JOC@WN <N@ 130
AN@AGT <Q<D6<=6@ =@><PN@ 0CAT <N@ KNJ0@>00? =
=T >JKTNDBCO 2CANMAAING <MODAD>D<GET -
B@1@N<0@? 0ANO <0< ><1 =@ < NJGPODJ 1 DI
NJH@ ><N@N

$IM OCON HA<NJI T OCON >C<KO@M JA JPM 0P0IND<G
?@<6N RDOC 0C@ <NODAD>D<G B@ 1 @N<DI 1 JA ?<(<
2CON >C<K0@M DN <=JP0 >li@<0d1B <NODAD>D<G
?<0< "1 0C@ KN@QDIPN >C<KO@WN JA JPH
0POJID<G R@ G@<MT@? 0C<0 1>DFD0 *@<il
NFG@<MI >JI0<DIN 2DAAGN@ 0 2<0< N@ON —1
0C@ J1@ C<17? 0CANE@ <M® NH<G6 0JT <0< N@ON
=P0 D0 <GNJ JAAGHN G<MB@N <0< N@ON 0C<0 <N@
JAO@T PN@? DI 0C@ H<>CDI@ GA<MIDIB
>JHHP 1T 0J 0@NO <6BINOCHN JN <GNJ NENQ@
<N < =@1>CH<NF "0 KNIJQD?@N PN RDIC ?<(0<
>JHDIB AIJH 0C@ NM@<6 RJING?

66 OCON DN BN@<0 =P0DI H<IT ><N@N 0CDN DN
NODGG 1.J0 NPAAD>D@10 +<T=@ TJP ADI? 0C@
WDBCO FOI? JA ?<0< =P0 TJP 1007 HING ?<(<
JAOCDN FDI? JN 0C@ 2<0< DN 130 >JHKG@0@6T
0C@ FOI? JA ?<0< TIP R@N@ 6JIFDIB AJM @ B
H<T=@ TJIP 1007 HIN@ >IHKGAS IM GANN
>JHKG@S ?<0< 2CON DN 0C@ KJID10 RC@M@ TJIP
NCJPG? >JIND?@M 0J >N@<0@ 0C@ ?<0<
TJPINGCA &@ANG sklearn JAA@IN CAK "0
DI>GP?@AN Q<MDIPN M<1?2JH N<HKGE@

B@ 1 @N<0JNN 0C<0 ><1 =@ PN@? 0J >M@<0@
>PNOJH H<?@ <NODAD>D<G 2<0<N@N " *<0<N@ON
0C<0 H@E@0 TJIPN D?@<N JA NDU@ <17?
>JHKG@SHT

2C@ AJGCIRDIB . TOCII >J?@ DN < NDHKG@ @S<HKGE DI RCI>C R@ >NM@<0@ <MODAD>D<6 R@<ICAN ?<0< AN NIHE %@NH<1
SIDEN S0 PN -<1?7<N <1? , PHKT 0J >li@<0@ 0C@ ?<0<

import numpy as np

"2 %#H,#0 2'-—,



import pandas as pd

cities = ["Berlin®, "Frankfurt®, “Hamburg®,
*Nuremberg®, “Munich®, "Stuttgart®,
"Hanover®, "Saarbruecken®, “Cologne-,
"Constance®, "Freiburg®, "Karlsruhe*

1

n= len(cities)
data = {"Temperature®: np.random.normal(24, 3, n),
"Humidity": np.random.normal (78, 2.5, n),
*Wind® : np.random.normal (15, 4, n)
¥
df = pd.DataFrame(data=data, index=cities)
df

—POKP0
Temperature Humidity Wind

Berlin

Frankfurt

Hamburg

Nuremberg

Munich

Stuttgart

Hanover

Saarbruecken

Cologne

Constance

Freiburg

Karlsruhe

"2 %#,#0 2'—,



ANOTHER EXAMPLE

50 RI66 >M@<0@ <MDAD>D<G 2<0< AJM AJPM 1 1@SON0@ 10 0TK@N JA AGJR@ENN *A 0C@ I<HEN N@HDI? TIP JA KUJIBI<KHHDIB
6<IBP<B@N <1? KDUU< D0 R0G6 =@ 13 >IDI>D?@1>@

Z $G6IN _TOCIIQH
7 $6IN (<Q<

7 $6IN +<IB<HDO<
Z  $6IN <MODAD>D<GDN

2C0 0% <Q<l<B@ >J6INN Q<GPEN <M@ >JNMANKJI 1 2D1BCT

N N NN

2C0 <Q@N<B@ ?D<HE@@M JA 0C@ ><CTS DN

N N NN

Flos pythonem  Flos Java

(254, 0, 0) (245, 107, 0)
Flos margarita Flos artificialis
(206, 99, 1) (255, 254, 101)

import matplotlib.pyplot as plt
Iimport numpy as np
import pandas as pd

from scipy.stats import truncnorm
def truncated_normal(mean=0, sd=1, low=0, upp=10, type=int):
return truncnorm(
(low - mean) / sd, (upp - mean) / sd, loc=mean, scale=sd)
def truncated_normal_floats(mean=0, sd=1, low=0, upp=10, num=100):
res = truncated_normal (mean=mean, sd=sd, low=low, upp=upp)
return res.rvs(num)

def truncated_normal_ints(mean=0, sd=1, low=0, upp=10, num=100):

"2 %#,#0 2'—,



res = truncated_normal (mean=mean, sd=sd, low=low, upp=upp)
return res.rvs(num).astype(np.uint8)

ELD9<I F= @K<DJ =FI <8:? =CFN<I :C8JJ
number_of_items _per_class = [190, 205, 230, 170]
flowers = {}
=CFJ ,PK?FE<D
number_of_items = number_of _items_per_class[0]
reds = truncated_normal_ints(mean=254, sd=18, low=235, upp=256,
num=number_of_1tems)
greens = truncated normal_ints(mean=107, sd=11, low=88, upp=127,
num=number_of_i1tems)
blues = truncated_normal_ints(mean=0, sd=15, low=0, upp=20,
num=number_of_1tems)
calyx _dia = truncated normal_ floats(3.8, 0.3, 3.4, 4.2,
num=number_of_1tems)
data = np.column_stack((reds, greens, blues, calyx _dia))
flowers[flos_pythonem™] = data

=CFJ &8M8

number_of _items = number_ of items_per_class[1]

reds = truncated normal _ints(mean=245, sd=17, low=226, upp=256,
num=number_of_i1tems)

greens = truncated_normal_ints(mean=107, sd=11, low=88, upp=127,
num=number_of_1tems)

blues = truncated normal ints(mean=0, sd=10, low=0, upp=20,
num=number_of_i1tems)

calyx _dira = truncated normal_floats(3.3, 0.3, 3.0, 3.5,
num=number_of_1tems)

data = np.column_stack((reds, greens, blues, calyx dia))

flowers["flos _java'] = data

=CFJ &8M8

number_of _items = number_ of items per_class[2]

reds = truncated_normal_ints(mean=206, sd=17, low=175, upp=238,
num=number_of_1tems)

greens = truncated normal_ints(mean=99, sd=14, low=80, upp=120,
num=number_of_1tems)

blues = truncated_normal_ints(mean=1, sd=5, low=0, upp=12,
num=number_of_1tems)

calyx _dia = truncated normal_floats(4.1, 0.3, 3.8, 4.4,
num=number_of_1tems)

data = np.column_stack((reds, greens, blues, calyx_dia))

flowers["flos_margarita’™] = data

"2 %H#,#O 2'—,



=CFJ 8I1K@=@:@8C@J

number_of _items = number_ of items per_class[3]

reds = truncated normal _ints(mean=255, sd=8, low=2245, upp=2255,
num=number_of_i1tems)

greens = truncated_normal_ints(mean=254, sd=10, low=240, upp=255,
num=number_of_1tems)

blues = truncated normal ints(mean=101, sd=5, low=90, upp=112,
num=number_of_1tems)

calyx _dia = truncated normal_floats(2.9, 0.4, 2.4, 3.5,
num=number_of_1tems)

data = np.column_stack((reds, greens, blues, calyx dia))

Tlowers["flos_artificialis"] = data

data = np.concatenate((flowers["flos pythonem'],
flowers["flos_java'],
Tlowers["flos_margarita'],
Fflowers["flos_artificialis']
), axis=0)

8JJ@>E@E> K?< C89<CJ
target = np.zeros(sum(number_ of items per_class)) =CFN<IJ
previous end = 0O
for 1 1n range(l, 5):
num = number_of_items_per_class[i-1]
beg = previous_end
target[beg: beg + num] += i
previous_end = beg + num

conc_data = np.concatenate((data, target.reshape(target.shape[0],
) axis=1)

np.savetxt(‘'data/strange_ flowers.txt', conc_data, fmt="%2.2Ff",)
import matplotlib.pyplot as plt

target_names = list(flowers.keys())

feature names = ["red®, "green®, “blue”, "“calyx”™]

2i3,4ax = plt.subplots(n, n, figsize=(16, 16))

colors = ["blue”, "red", “green”, “"yellow"]

for x 1n range(n):

"2 %#,#0 2'—,



for y in range(n):

xname = feature_ names[x]

yname = feature names|y]

for color_ind in range(len(target_names)):

ax[x, y].scatter(data|target==color_ind, x],

data[target==color_ind, vy],
label=target _names[color_ind],
c=colors[color_ind])

ax[x, y]-set xlabel (xname)

ax[x, y]-set _ylabel(yname)
ax[x, y]-legend(loc="upper left")

plt.show()

"2 %#,#0 2'—,
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GENERATE SYNTHETIC DATA WITH SCIKIT-LEARN
"0 DN < 6J0 @<ND@W 0J PN@ 0C@ KINND=DGDODAN JA 1>DFD0 *@<MI 0J >N@<0@ NT 10C@> ?<0<

2C@ AP 1>0DJ 1<GD0DEN <Q<D6<=6@ DI NFG@<MI ><1 =@ BNIPK@? D10J

%@ 1 @M<0JNN AJM >G<NNDAD>0<DJI I <12 >GPNO@ND1B
%@ 1 @N<0JNN AJM SN@<D 1B <0< AJM H@BMENNDJ
%@ 1 @N<0JNN AJM H<IDAJG? GA<MIDIB
%@ 1 @N<O0INN AJM 2@>JHKINDDJ I

2

%#,#0 2'—,




50 NO<lo RDOC 0C@ 0C@ API>DJ1 make_blobs JA sklearn.datasets (J>l@<00 =6J= GF@ ?<0<
PDNOD=PODJIN T N@ODIB 0C@ Q<tP@ JA centers 0J n_classes R@ ?@0@MHII@ 0CO IPH=@N JA =6J=N D@
0C@ >6PNOGNN  n_samples >JMENKII?N 0J 0C@ 0J0<6 IPH=@N JA KIDION @LP<GET ?0QD?@? <HJIIB >GPNOGNN *A

random_state N 1J0N@ R@ R0 C<Q@ M<1?JIH MENPGN @QENT DHE@ R@ ><66 0CA API>DJI1 5@ K<NN <1 0100J
0CDN K<l<H@0@M AJM NAKNI?2P>D=6@ JPOKP) <>HINN HPGIDKG® AP I1>00J 1 ><GGN

import numpy as np
import matplotlib.pyplot as plt
from sklearn.datasets import make blobs

n _classes = 4

data, labels = make blobs(n_samples=1000,
centers=n_classes,
random_state=100)

labels[:7]

K array([1, 3, 1, 3, 1, 3, 2])

50 R0G66 QINP<(UA 0C@ KNAQDIPNGT >N@<0@? =6J= >PNO@NN RDIC H<0KEJ06=

plt.subplots()

fig, ax

colours = ("green®, "orange®, “blue®, "pink™™)
for label in range(n_classes):
ax.scatter(x=data[labels==label, 0],
y=data[labels==1abel, 1],
c=colours[label],
s=40,
label=l1abel)

ax.set(xlabel="X",

ylabel="Y",
title="Blobs Examples™)

ax.legend(loc="upper right*)

"2 %#,#0 2'—,



—PIPY <matplotlib.legend.Legend at Ox7f50¥92a4640>

Blchs Examples
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2C@ >@10@NN JA 0C@ =6J=N REM@ N<1?JHGT >CIN@T DI 0C@ KN@QDIPN @S<HKG@ "1 0C@ AJG6IRDIB @S<HKGE@ R@ N@0 0C@
>@10@MN JA 0C@ =6J=N @SKED>D0CT 5@ >N@<0@ < N0 RDOC 0C@ >@10@M KIDION <12 K<NN D0 0J 0C@ K<li<H@@W centers

import numpy as np
import matplotlib.pyplot as plt
from sklearn.datasets import make blobs

centers = [[2, 3], [4, 51, [7, 9]l

data, labels = make_blobs(n_samples=1000,
centers=np.array(centers),
random_state=1)

labels[:7]
—POKPO array([0, 1, 1, 0, 2, 2, 2]

0 PN C<Q@ < 6JJF <0 0C@ KIAQDIPNGT >NE<08? =6J= >GPNOGIN

fig, ax plt._subplots(Q)
colours = ("green®, “orange®, “blue®)
for label in range(len(centers)):
ax.scatter(x=data[labels==label, 0],
y=data[ labels==1abel, 1],
c=colours[label],
s=40,

"2 %#,#0 2'—,



label=l1abel)
ax.set(xlabel="X",

ylabel="Y",
title="Blobs Examples™)

ax.legend(loc="upper right")
~PIKP <matplotlib.legend.Legend at Ox7f50f91leacal>

Blohs Examples

3NP<GT TJIP R<100J N<Q@ TJIPM <MODAD>D<GET >NM@<0@? 2<0<N@ON DI < ADG@ $JIM 0CON KPMKING R@ ><1 PN@ 0C@ AP 1>00J 1
savetxt AIJH IPHKT @AJNE R@ ><1 2J 0CIN R@ C<Q@ 0J N@<<i<1B@ JPM ?<(< #<>C MIR NCJIPG? >J10<Dl =J(C
0CA ?<0< <17 0C@ 6<=@6

import numpy as np

labels = labels.reshape((labels.shape[0],1))
all _data = np.concatenate((data, labels), axis=1)
all _data[:7]

—POKPQ

array([[ 1.72415394, 4.22895559, O. 1.
[ 4.16466507, 5.77817418, 1. 1.
[ 4.51441156, 4.98274913, 1. 1.
[ 1.49102772, 2.83351405, O. 1.
[ 6.0386362 , 7.57298437, 2. 1.
[ 5.61044976, 9.83428321, 2. 1.
[ 5.69202866, 10.47239631, 2. 1D

"2 %#,#0 2'—,



$INNIHE K@IKG@ D0 HDBCO =@ >IHKD><0@? 0J P1?2@NNO<1? 0C@ >IH=DI<IDJI 1 JA NANC<K@ <17? >JI1><0@1<00
2CEN@AING TJIP ><I N@@ <1 @SN@H@GT NDHKG@ @S<HKG@ DI 0C@ AJGCIRDIB >J?@

import numpy as np

np.array( [[1, 2], [3, 41D
np.array( [5, 61)
b.reshape((b.shape[0], 1))

nt(b)

a
b
b
pr

X = np.concatenate( (a, b), axis=1l)
X

[[5]
[611

—PIKP0 array([[1, 2, 5],
[3. 4, 61D

50 PN@ 0C@ IPHKT API>DJ1 savetxt (0J N<Q@ 0C@ ?<0< "*J10 RJIWT <=JP0 0C@ NOM<IB@ I<H@® D0 DN EPNO AJM AP I
<I? AJWN@<NJIN RCD>C RDG6 =@ >6@<N NJJ1

np.savetxt('squirrels._txt",

all_data,

fmt=["%.3F", "%.3F", "%1d"])
all_data[:10]

—POKPO

array([[ 1.72415394, 4.22895559, O. 1,
[ 4.16466507, 5.77817418, 1. 1,
[ 4.51441156, 4.98274913, 1. 1,
[ 1.49102772, 2.83351405, O. 1,
[ 6.0386362 , 7.57298437, 2. 1,
[ 5.61044976, 9.83428321, 2. 1,
[ 5.69202866, 10.47239631, 2. 1.
[ 6.14017298, 8.56209179, 2. 1.
[ 2.97620068, 5.56776474, 1. 1,
[ 8.-27980017, 8.54824406, 2. 1D

"2 %H#,#O 2'—,



READING THE DATA AND
CONVERSION BACK INTO 'DATA’

AND "LABELS"

50 R 20HIINOI<0@ 1JR CJIR 0J N@<? DI 0C@ ?<0< <B<DI <1? CIR 0I NKEO D0 D10J data <I1? labels <B<I

file data = np.loadtxt(“"squirrels.txt')

data = file_data[:,:-1]
labels = file_data[:,2:]

labels labels.reshape((labels.shape[0]))

50 C<? ><(60? 0C@ ?<0< A squirrels.txt =@><PN@ R@ DH<BDI@? < NOW<IB@ FD1? JA <IDH<G 60QDIB DI 0C@
1<C<lic 2ON@M0 2C@ S Q<GP@AN No<1? AJM 0C@ 10BCO QINDJI I ><K<=DGDODAN JA 0C@ <IDH<GN <17 0C@ T Q<GPEN >JMIENKJI1?
0J 0C@ >J6IPN JA 0C@ APN BJIDIB AWIH N<I2DNC 0J =6<>F 5@ C<Q@ 0CN@@ FOI?N JA NLPDUNM@GN <1? 0 <R<N@
0C<0 JPN NLPDMM<GN <M@ DH<BDI<NT NLPDWM@GN <17 C<Q@ 1J0CDIB 0J ?J ROC 0C@ M@<6 NLPDWM@AGN JA 0C@ 1<C<li<

import matplotlib._pyplot as plt

colours = ("green®, “red", "blue®, "magenta®, “yellow®, “cyan-®)
n_classes = 3

fig, ax = plt.subplots()
for n_class in range(0, n_classes):
ax.scatter(data[labels==n_class, 0], data]labels==n_class,
1],
c=colours[n_class], s=10, label=str(n_class))
ax.set(xlabel="Night Vision~,

ylabel="Fur color from sandish to black, 0O to 10 =,
title="Sahara Virtual Squirrel*®)

ax.legend(loc="upper right")

O# "', %2&#" 2 ,  1—-,4#01"'—, 1)",2-" 2 ., #*1



PPN <matplotlib. legend.Legend at Ox7f545b4d6340>

Sahara Virtual Sguirrel

v}

=

Fur cokar from =andish 1 black, {1in 10
L}

50 R066 0i<DT JPM <MOD>DAD><G ?<0< DI 0C@ AJE6IRDIB >J2@

from sklearn.model_selection import train_test_split

data_sets = train_test split(data,
labels,
train_size=0.8,
test _size=0.2,
random_state=42 >818EK<<J J8D< FLKGLK =F

)

train_data, test data, train_labels, test labels = data_sets

I <M<IP ILE

@DGFIK DF;<C
from sklearn.neighbors import KNeighborsClassifier

1<8K< :C8JJ@=@<I
knn = KNeighborsClassifier(n_neighbors=8)

KI18QE
knn_fit(train_data, train_labels)

K<JK FE K<JK ;8K8
calculated_labels = knn_predict(test_data)
calculated labels

O# """,%2&# " 2 ,  1—-,4#01"—, 1)",2-" 2 ., #*1



—POKPO array([2., 0., 1., 1., 0., 1., 2., 2., 2., 2.,
0-1 1-1 0-1 l"

0..2..2..0

0., 1., 0., 2., 2., 0., 0., 1., 2., 1., 2., 0., O.,
2., 2., 0., 0.,

i., 2.,1., 2., 0., 0., 1., 2., 1., 0., 2., 2., 0.,
2., 0., 0., 2.,

i., o., 0., 0., 0., 2., 2., 1., O., 2., 2., 1., 2.,
0., 1., 1., 1.,

0., 1., 0., 1., 1., 2., 0., 2., 2., 1., 1., 1., 2.1)

from sklearn import metrics

print("*Accuracy:", metrics.accuracy_score(test _labels, calculate
d labels))

Accuracy: 0.97

O# """,%2&# " 2 ,  1-,4#01"—, 1y,2-"2 > T #*1



OTHER INTERESTING

DISTRIBUTIONS

import numpy as np

import sklearn.datasets as ds
data, labels = ds.make_moons(n_samples=150,
shuffle=True,

noise=0.19,
random_state=None)

data += np.array(-np.ndarray.min(data[:,0]),
-np.ndarray.min(data[:,1]))

np.ndarray.min(data[:,0]), np.-ndarray.min(data[:,1])
—PIKPl (0.0, 0.34649342272719386)

import matplotlib.pyplot as plt
fig, ax = plt.subplots()

ax.scatter(data[labels==0, 0], data[labels==0, 1],
c="orange®, s=40, label="oranges®)

ax.scatter(data[labels==1, 0], data[labels==1, 1],
c="blue®, s=40, label="blues®)

ax.set(xlabel="X",
ylabel="Y",
title="Moons")

80 C<><E; CF: LGG<I 1@>?K

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



—PKPY [Text(0.5, 0, "X7), Text(0, 0.5, "Y<), Text(0.5, 1.0, “Moon

s™)]
Moons
2325 -
200 -
[ ]
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[ ]
150 - ";ﬁ LI LR
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100 - o ¢ o0 N
®* o %% o o
07h 'Y N ] .f.
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op ©05 10 15 20 25 3B 35

50 R<100J N><6@ Q<GP@N 0C<0 <i@ DI <M<IB@ [min, max] DI <WIB@ [a, b]

i 51 *¢+
* 50 *i+

#5

50 1IR PN@ 0CON AJNHPG< 03 i< INAJNH =J0C 0C@ 6 <1? 7 >JIN?DI<0EN JA data D10J JOCAN N<IBEN

min_X_new, max_X_new
min_y new, max_y new

data, labels

min_x, min_y =

33, 88
12, 20

ds.make_moons(n_samples=100,

shuffle=True,
noise=0.05,
random_state=None)

np.ndarray.min(data[:,0]), np.ndarray.min(dat

al:,1D)
max_X, max_y = np.ndarray.max(data[:,0]), np.ndarray.max(dat
al:,1D)
; 8K8 EG 8118P 5D@E70 6
; 8K8 EG 8118P 5 D8S80O707E<N D@E707E<N D8070 D@E70 6
; 8K8 EG 8118P 5D@E707E<N 6
; 8K8 EG 8118P 5 D@E7P6
; 8K8 EG 8I118P 5 D807P7E<N D@E7P7E<N D80O7P DQE7P 6

—2&#0 ", 2#0#12

,% 120 32'-,1



; 8K8 EG 8118P 5 D@E7P7E<NG6

data -= np.array([min_x, min_y])

data *= np.array([(max_x_new - min_x_new) /7 (max_x - min_x), (ma
Xy new - min_.y new) / (max_.y - min_y)])

data += np.array([min_x _new, min_y new])

EG E;8118P D@E ;8K85 6 EG E;8118P D80 ;8K85 6
data[:6]

~PIKP array([[71.14479608, 12.28919998],
[62.16584307, 18.75442981],
[61.02613211, 12.80794358],
[64.30752046, 12.32563839],
[81.41469127, 13.64613406],
[82.03929032, 13.63156545]])

def scale _data(data, new_limits, inplace=False ):
1T not inplace:
data = data.copy()
min_x, min_y = np.ndarray.min(data[:,0]), np.ndarray.min(dat
al:,11)
max_x, max_y = np.ndarray.max(data[:,0]), np.ndarray.max(dat
al:,1D
min_x_new, max_x_new = new_limits[O]
min_y new, max_y new = new_limits[1]
data -= np.array([min_x, min_y])
data *= np.array([(max_x_new - min_x_new) / (max_X - min_x),
(max_y new - min_y new) / (max_y - min_y)])
data += np.array([min_x_new, min_y_ new])
ifT inplace:
return None
else:
return data

data, labels = ds.make_moons(n_samples=100,
shuffle=True,
noise=0.05,
random_state=None)

scale _data(data, [(1, 4), (3, 8)], inplace=True)

—2&#0 ", 2#0#12" ,% "*'120" 32'-,1



data[:10]

~PKPY array([[1.19312571,
[2.74306138,
[1.15255757,
[1.03927303,
[2.91313352,
[2.13227292,
[2.65590196,
[2.98349928,
[3.35660593,
[2.15813861,

plt.subplots()

rWOTWOOR~,ROODOO

fig, ax =

ax.scatter(data| labels==0,
c="orange”,
ax.scatter(data[labels==1,

c="blue®, s=40,

ax.set(xlabel="X",
ylabel="Y",
title="moons")

.70797983],
.74830445],
.31893824],
.83714182],
.44139267],
120716
.49417953],

.02232383],

.34679462] ,

.8036458 11)

1.

0], data[labels==0, 1],
s=40, label="oranges-®)
0], data[labels==1, 1],
label="blues™)

ax.legend(loc="upper right®);

moons
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1D 15

35 L3 H

import sklearn.datasets as ds

data,

labels = ds.make_circles(n_samples=100,

shuffle=True,

—2&#0 ", 2#0#12" ,% "*'120" 32'-,1



noise=0.05,
random_state=None)

fig, ax plt.subplots()

ax.scatter(data[labels==0, 0], data[labels==0, 1],
c="orange®, s=40, label="oranges-®)

ax.scatter(data[labels==1, 0], data[labels==1, 1],
c="blue®, s=40, label="blues”)

ax.set(xlabel="X",

ylabel="Y",
title="circles”)

ax.legend(loc="upper right")
—PIKPO <matplotlib.legend.Legend at 0x7¥54588c2e20>

arcles
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X
print(__doc_ )

import matplotlib.pyplot as plt

from sklearn.datasets import make classification
from sklearn.datasets import make blobs
from sklearn.datasets import make gaussian_quantiles

plt.figure(figsize=(8, 8))

plt.subplots_adjust(bottom=.05, top=.9, left=.05, right=.95)

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



plt_subplot(321)
plt.title("’'One informative feature, one cluster per class™, fontsi
ze="small")
X1, Y1 = make_classification(n_features=2, n_redundant=0, n_inform
ative=1,
n_clusters_per_class=1)

plt.scatter(X1[:, 0], X1[:, 1], marker="0", c=Y1,

s=25, edgecolor="k")

plt.subplot(322)
plt.title("Two informative features, one cluster per class", fonts
ize="small™)
X1, Y1 = make classification(n_features=2, n_redundant=0, n_inform
ative=2,
n_clusters_per_class=1)

plt_.scatter(X1[:, 0], X1[:, 1], marker="0", c=Y1,

s=25, edgecolor="k")

plt._.subplot(323)
plt_title(""Two informative features, two clusters per class",
fontsize="small")
X2, Y2 = make_classification(n_features=2,
n_redundant=0,
n_informative=2)
plt.scatter(X2[:, 0], X2[:, 1], marker="0", c=Y2,
s=25, edgecolor="k")

plt_subplot(324)
plt.title(C"Multi-class, two informative features, one cluster”,
fontsize="small")

X1, Y1 = make classification(n_features=2,
n_redundant=0,
n_informative=2,
n_clusters_per_class=1,
n_classes=3)

plt_scatter(X1[:, 0], X1[:, 1], marker="0", c=Y1,

s=25, edgecolor="k")

plt_subplot(325)
plt_.title('Gaussian divided into three quantiles™, fontsize="smal
")
X1, Y1 = make_gaussian_quantiles(n_features=2, n_classes=3)
plt.scatter(X1[:, 0], X1[:, 1], marker="0", c=Y1,

s=25, edgecolor="k")

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



plt.show()

Automatically created module for IPython interactive environment
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EXERCISES

EXERCISE 1

1@<0@ 0RJ 0@NON@ON RCD>C <@ N@K<N<=6@ RDIC < K@W>@KMI 1 ROOCIPO < =D<N 13?0

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



11i@<0@ 0RJ 0@NON@ON RCD>C <H@ 130 N@K<H<=6@ R0IC < 20QD?DIB G01@ BJIDIB OCWIPBC 0C@ JWDBDI

Ti@<0@ < ?<0<N@0 RDOC ADQ@ >6<NN@N 20B@M ~ *DJI  _@IBPDI ~ "*JG6KCDI <I? _TOCJI 2C@ N@N NCIPG? 6IJF
NDHDG<N 0J 0C@ AJGIRDIB 2D<Bli<H

dataset
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SOLUTIONS

SOLUTION TO EXERCISE 1

data, labels = make_blobs(n_samples=100,
cluster _std = 0.5,
centers=[[1, 4] .[4., 111,
random_state=1)

fig, ax = plt.subplots()
colours = ["orange', "‘green’]
label _name = ["'Tigers', "Lions"]
for label in range(0, 2):
ax.scatter(data[ labels==1abel, 0], data[labels==label, 1],
c=colours[label], s=40, label=1abel name[label])

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



ax.set(xlabel="X",
ylabel="Y",
title="dataset”)

ax.legend(loc="upper right*")
—PIKRY <matplotlib.legend.Legend at Ox7f788afb2c40>
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data, labels = make blobs(n_samples=100,
cluster_std = 0.5,
centers=[[2, 2] ,[4., 411,
random_state=1)

fig, ax = plt.subplots()

colours = ["orange', '"‘green']
label _name = ["label0", "labell™]
for label 1n range(0, 2):
ax.scatter(data[ labels==1abel, 0], data[labels==label, 1],
c=colours[label], s=40, label=label _name[label])

ax.set(xlabel="X",
ylabel="Y",

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



title="dataset")

ax.legend(loc="upper right*")
—PIKRY <matplotlib.legend.Legend at Ox7f788af8eacO>

dataset
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import sklearn.datasets as ds

data, labels = ds.make_circles(n_samples=100,
shuffle=True,
noise=0.05,
random_state=42)

centers = [[3, 4], [5, 3], [4-5, 6]1

data2, labels2 = make blobs(n_samples=100,
cluster _std = 0.5,
centers=centers,
random_state=1)

for 1 1In range(len(centers)-1, -1, -1):
labels2[labels2==0+1] = 1+2

print(labels2)
labels = np.concatenate([labels, labels2])
data = data * [1.2, 1.8] + [3, 4]

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1



data = np.concatenate([data, data2], axis=0)

[24434433244244342444422443223223
23333
343323332222344424332234433424214
33422

3442323342222324223344224 3]

fig, ax = plt.subplots()

colours = ["orange', "blue', "magenta', "yellow", 'green']
label _name = ["'Tiger™, "Lion", "Penguin', "Dolphin®, "Python'"]
for label in range(0, len(centers)+2):
ax.scatter(data[ labels==1abel, 0], data[labels==label, 1],
c=colours[label], s=40, label=1abel_name[label])

ax.set(xlabel="X",
ylabel="Y",
title="dataset”)

ax.legend(loc="upper right*)
—PIKPO <matplotlib.legend.Legend at Ox7¥788bl1d42b0>

=2&#0 ', 2#0#12" ,% ""'120" 32'-,1












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































