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M A C H I N E  L E A R N I N G
T E R M I N O L O G Y

CLASSIFIER

��KMJBM<H�JM�<�API>ODJI�RCD>C�H<KN�AMJH�PIG<=@G@?�DINO<I>@N�OJ�>G<NN@N�DN�><GG@?�<�>G<NNDAD@M


CONFUSION MATRIX

��>JIAPNDJI�H<OMDS��<GNJ�><GG@?�<�>JIODIB@IT�O<=G@�JM�@MMJM�H<OMDS��DN�PN@?�OJ�QDNP<GDU@�OC@�K@MAJMH<I>@�JA�<
>G<NNDAD@M


2C@�>JGPHIN�JA�OC@�H<OMDS�M@KM@N@IO�OC@�DINO<I>@N�JA�OC@�KM@?D>O@?�>G<NN@N�<I?�OC@�MJRN�M@KM@N@IO�OC@�DINO<I>@N
JA�OC@�<>OP<G�>G<NN
��,JO@��'O�><I�=@�OC@�JOC@M�R<T�<MJPI?�<N�R@GG
�

'I�OC@�><N@�JA�=DI<MT�>G<NNDAD><ODJI�OC@�O<=G@�C<N���MJRN�<I?���>JGPHIN
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#S<HKG@�

Confusion
Matrix

Predicted classes

male female

A
ctual

classes

male 42 8

female 18 32

2CDN�H@<IN�OC<O�OC@�>G<NNDAD@M�>JMM@>OGT�KM@?D>O@?�<�H<G@�K@MNJI�DI����><N@N�<I?�DO�RMJIBGT�KM@?D>O@?���H<G@
DINO<I>@N�<N�A@H<G@
�'O�>JMM@>OGT�KM@?D>O@?����DINO<I>@N�<N�A@H<G@
����><N@N�C<?�=@@I�RMJIBGT�KM@?D>O@?�<N�H<G@
DINO@<?�JA�A@H<G@


ACCURACY (ERROR RATE)

�>>PM<>T�DN�<�NO<ODNOD><G�H@<NPM@�RCD>C�DN�?@ADI@?�<N�OC@�LPJOD@IO�JA�>JMM@>O�KM@?D>ODJIN�H<?@�=T�<�>G<NNDAD@M
?DQD?@?�=T�OC@�NPH�JA�KM@?D>ODJIN�H<?@�=T�OC@�>G<NNDAD@M
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2C@M@AJM@��OC@�<>>PM<>T�><I�=@�><G>PG<O@?�=T�

<>>PM<>T�� ��� 
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 ���

RCD>C�DN��
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*@O�N�<NNPH@�R@�C<Q@�<�>G<NNDAD@M��RCD>C�<GR<TN�KM@?D>ON��A@H<G@�
�5@�C<Q@�<I�<>>PM<>T�JA������DI�OCDN�><N@


Confusion
Matrix

Predicted classes

male female

A
ctual

classes

male 0 50

female 0 50
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Confusion
Matrix

Predicted classes

spam ham

A
ctual

classes

spam 4 1

ham 4 91
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Confusion
Matrix

Predicted classes

spam ham

A
ctual

classes

spam 0 5

ham 0 95
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PRECISION AND RECALL

Confusion
Matrix

Predicted classes

negative positive

A
ctual

classes

negative TN FP

positive FN TP
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SUPERVISED LEARNING

2C@�H<>CDI@�G@<MIDIB�KMJBM<H�DN�=JOC�BDQ@I�OC@�DIKPO�?<O<�<I?�OC@�>JMM@NKJI?DIB�G<=@GGDIB
�2CDN�H@<IN�OC<O
OC@�G@<MI�?<O<�C<N�OJ�=@�G<=@GG@?�=T�<�CPH<I�=@DIB�=@AJM@C<I?


UNSUPERVISED LEARNING

,J�G<=@GN�<M@�KMJQD?@?�OJ�OC@�G@<MIDIB�<GBJMDOCH
�2C@�<GBJMDOCH�C<N�OJ�ADBPM@�JPO�OC@�<�>GPNO@MDIB�JA�OC@�DIKPO
?<O<


REINFORCEMENT LEARNING

��>JHKPO@M�KMJBM<H�?TI<HD><GGT�DIO@M<>ON�RDOC�DON�@IQDMJIH@IO
�2CDN�H@<IN�OC<O�OC@�KMJBM<H�M@>@DQ@N
KJNDODQ@�<I?�JM�I@B<ODQ@�A@@?=<>F�OJ�DHKMJQ@�DO�K@MAJMH<I>@
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E V A L U A T I O N  M E T R I C S

INTRODUCTION

,JO�JIGT�DI�H<>CDI@�G@<MIDIB�=PO�<GNJ�DI
B@I@M<G�GDA@��@NK@>D<GGT�=PNDI@NN�GDA@��TJP
RDGG�C@<M�LP@NODJI@N�GDF@��&JR�<>>PM<O@�DN
TJPM�KMJ?P>O���JM��&JR�KM@>DN@�DN�TJPM
H<>CDI@��
�5C@I�K@JKG@�B@O�M@KGD@N�GDF@
�2CDN�DN�OC@�HJNO�<>>PM<O@�KMJ?P>O�DI�DON
AD@G?���JM��2CDN�H<>CDI@�C<N�OC@�CDBC@NO
DH<BDI<=G@�KM@>DNDJI����OC@T�A@@G
AJHAJMO@?�=T�=JOC�<INR@MN
�1CJPG?I�O
OC@T��'I?@@?��OC@�O@MHN accurate <I?
precise <M@�Q@MT�JAO@I�PN@?
DIO@M>C<IB@<=GT
�5@�RDGG�BDQ@�@S<>O
?@ADIDODJIN�G<O@M�DI�OC@�O@SO��=PO�DI�<
IPONC@GG��R@�><I�N<T���>>PM<>T�DN�<
H@<NPM@�AJM�OC@�>GJN@I@NN�JA�NJH@
H@<NPM@H@ION�OJ�<�NK@>DAD>�Q<GP@��RCDG@
KM@>DNDJI�DN�OC@�>GJN@I@NN�JA�OC@�H@<NPM@H@ION�OJ�@<>C�JOC@M


2C@N@�O@MHN�<M@�<GNJ�JA�@SOM@H@�DHKJMO<I>@�DI�+<>CDI@�*@<MIDIB
�5@�I@@?�OC@H�AJM�@Q<GP<ODIB�+*
<GBJMDOCHN�JM�=@OO@M�OC@DM�M@NPGON


5@�RDGG�KM@N@IO�DI�OCDN�>C<KO@M�JA�JPM�.TOCJI�+<>CDI@�*@<MIDIB�2POJMD<G�AJPM�DHKJMO<IO�H@OMD>N
�2C@N@�H@OMD>N
<M@�PN@?�OJ�@Q<GP<O@�OC@�M@NPGON�JA�>G<NNDAD><ODJIN
�2C@�H@OMD>N�<M@�

Z �>>PM<>T
Z .M@>DNDJI
Z 0@><GG
Z $��1>JM@

5@�RDGG�DIOMJ?P>@�@<>C�JA�OC@N@�H@OMD>N�<I?�R@�RDGG�?DN>PNN�OC@�KMJ�<I?�>JIN�JA�@<>C�JA�OC@H
�#<>C�H@OMD>
H@<NPM@N�NJH@OCDIB�?DAA@M@IO�<=JPO�<�>G<NNDAD@MN�K@MAJMH<I>@
�2C@�H@OMD>N�RDGG�=@�JA�JPOHJNO�DHKJMO<I>@�AJM
<GG�OC@�>C<KO@MN�JA�JPM�H<>CDI@�G@<MIDIB�OPOJMD<G


ACCURACY

�>>PM<>T�DN�<�H@<NPM@�AJM�OC@�>GJN@I@NN�JA�OC@�H@<NPM@H@ION�OJ�<�NK@>DAD>�Q<GP@��RCDG@�KM@>DNDJI�DN�OC@
>GJN@I@NN�JA�OC@�H@<NPM@H@ION�OJ�@<>C�JOC@M��D
@
�IJO�I@>@NN<MDGT�OJ�<�NK@>DAD>�Q<GP@
�2J�KPO�DO�DI�JOC@M�RJM?N��'A
R@�C<Q@�<�N@O�JA�?<O<�KJDION�AMJH�M@K@<O@?�H@<NPM@H@ION�JA�OC@�N<H@�LP<IODOT��OC@�N@O�DN�N<D?�OJ�=@�<>>PM<O@�DA
OC@DM�<Q@M<B@�DN�>GJN@�OJ�OC@�OMP@�Q<GP@�JA�OC@�LP<IODOT�=@DIB�H@<NPM@?
�-I�OC@�JOC@M�C<I?��R@�><GG�OC@�N@O�OJ�=@
KM@>DN@��DA�OC@�Q<GP@N�<M@�>GJN@�OJ�@<>C�JOC@M
�2C@�ORJ�>JI>@KON�<M@�DI?@K@I?@IO�JA�@<>C�JOC@M��RCD>C�H@<IN
OC<O�OC@�N@O�JA�?<O<�><I�=@�<>>PM<O@��JM�KM@>DN@��JM�=JOC��JM�I@DOC@M
�5@�NCJR�OCDN�DI�OC@�AJGGJRDIB�?D<BM<H�

#4�*3�2'-,�+#20'!1 �



CONFUSION MATRIX

 @AJM@�R@�>JIODIP@�RDOC�OC@�O@MH accuracy ��R@�R<IO�OJ�H<F@�NPM@�OC<O�TJP�PI?@MNO<I?�RC<O�<�>JIAPNDJI
H<OMDS�DN�<=JPO


��>JIAPNDJI�H<OMDS��<GNJ�><GG@?�<�>JIODIB@IT�O<=G@�JM�@MMJM�H<OMDS��DN�PN@?�OJ�QDNP<GDU@�OC@�K@MAJMH<I>@�JA�<
>G<NNDAD@M


2C@�>JGPHIN�JA�OC@�H<OMDS�M@KM@N@IO�OC@�DINO<I>@N�JA�OC@�KM@?D>O@?�>G<NN@N�<I?�OC@�MJRN�M@KM@N@IO�OC@�DINO<I>@N
JA�OC@�<>OP<G�>G<NN
��,JO@��'O�><I�=@�OC@�JOC@M�R<T�<MJPI?�<N�R@GG
�

'I�OC@�><N@�JA�=DI<MT�>G<NNDAD><ODJI�OC@�O<=G@�C<N���MJRN�<I?���>JGPHIN


#4�*3�2'-,�+#20'!1 �



5@�R<IO�OJ�?@HJINOM<O@�OC@�>JI>@KO�RDOC�<I�@S<HKG@


#S<HKG@�

Confusion
Matrix

Predicted classes

cat dog

A
ctual

classes

cat 42 8

dog 18 32

2CDN�H@<IN�OC<O�OC@�>G<NNDAD@M�>JMM@>OGT�KM@?D>O@?�<�><O�DI����><N@N�<I?�DO�RMJIBGT�KM@?D>O@?���><O�DINO<I>@N�<N
?JB
�'O�>JMM@>OGT�KM@?D>O@?����DINO<I>@N�<N�?JB
����><N@N�C<?�=@@I�RMJIBGT�KM@?D>O@?�<N�><O�DINO@<?�JA�?JB


ACCURACY IN CLASSIFICATION

5@�<M@�DIO@M@NO@?�DI�+<>CDI@�*@<MIDIB�<I?�<>>PM<>T�DN�<GNJ�PN@?�<N�<�NO<ODNOD><G�H@<NPM@
��>>PM<>T�DN�<
NO<ODNOD><G�H@<NPM@�RCD>C�DN�?@ADI@?�<N�OC@�LPJOD@IO�JA�>JMM@>O�KM@?D>ODJIN��=JOC�2MP@�KJNDODQ@N��2.��<I?�2MP@
I@B<ODQ@N��2,���H<?@�=T�<�>G<NNDAD@M�?DQD?@?�=T�OC@�NPH�JA�<GG�KM@?D>ODJIN�H<?@�=T�OC@�>G<NNDAD@M��DI>GP?DIB
$<GN@�KJNDOQ@N��$.��<I?�$<GN@�I@B<ODQ@N��$,�
�2C@M@AJM@��OC@�AJMHPG<�AJM�LP<IODATDIB�=DI<MT�<>>PM<>T�DN�

�  2/� 6 �
�� 
 ��

�� 
 �� 
 �� 
 ��

RC@M@��2.���2MP@�KJNDODQ@��$.���$<GN@�KJNDODQ@��2,���2MP@�I@B<ODQ@��$,���$<GN@�I@B<ODQ@

2C@�>JMM@NKJI?DIB�!JIAPNDJI�+<OMDS�GJJFN�GDF@�OCDN�

Confusion
Matrix

Predicted classes

negative positive

A
ctual

classes

negative TN FP

positive FN TP

5@�RDGG�IJR�><G>PG<O@�OC@�<>>PM<>T�AJM�OC@�><O�<I?�?JB�>G<NNDAD><ODJI�M@NPGON
�'INO@<?�JA��2MP@��<I?��$<GN@��
R@�N@@�C@M@��><O��<I?��?JB�
�5@�><I�><G>PG<O@�OC@�<>>PM<>T�GDF@�OCDN�

#4�*3�2'-,�+#20'!1 �



TP = 42
TN = 32
FP = 8
FN = 18

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

*@O�N�<NNPH@�R@�C<Q@�<�>G<NNDAD@M��RCD>C�<GR<TN�KM@?D>ON��?JB�


Confusion
Matrix

Predicted classes

cat dog

A
ctual

classes

cat 0 50

dog 0 50

5@�C<Q@�<I�<>>PM<>T�JA��
��DI�OCDN�><N@�

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

ACCURACY PARADOX

5@�RDGG�?@HJINOM<O@�OC@�NJ�><GG@?�<>>PM<>T�K<M<?JS


��NK<H�M@>JBDODJI�>G<NNDAD@M�DN�?@N>MD=@?�=T�OC@�AJGGJRDIB�>JIAPNDJI�H<OMDS�

Confusion
Matrix

Predicted classes

spam ham

A
ctual

classes

spam 4 1

ham 4 91

0.74

0.5

#4�*3�2'-,�+#20'!1 ��



TP, TN, FP, FN = 4, 91, 1, 4
accuracy = (TP + TN)/(TP + TN + FP + FN)
print(accuracy)

2C@�AJGGJRDIB�>G<NNDAD@M�KM@?D>ON�NJG@GT��C<H��<I?�C<N�OC@�N<H@�<>>PM<>T


Confusion
Matrix

Predicted classes

spam ham

A
ctual

classes

spam 0 5

ham 0 95

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

2C@�<>>PM<>T�JA�OCDN�>G<NNDAD@M�DN������@Q@I�OCJPBC�DO�DN�IJO�><K<=G@�JA�M@>JBIDUDIB�<IT�NK<H�<O�<GG


PRECISION

.M@>DNDJI�DN�OC@�M<ODJ�JA�OC@�>JMM@>OGT�D?@IODAD@?�KJNDODQ@�><N@N�OJ�<GG�OC@�KM@?D>O@?�KJNDODQ@�><N@N��D
@
�OC@
>JMM@>OGT�<I?�OC@�DI>JMM@>OGT�><N@N�KM@?D>O@?�<N positive 
�.M@>DNDJI�DN�OC@�AM<>ODJI�JA�M@OMD@Q@?�?J>PH@ION
OC<O�<M@�M@G@Q<IO�OJ�OC@�LP@MT
�2C@�AJMHPG<�

-/" &0&,+ �
��

�� 
 ��

5@�RDGG�?@HJINOM<O@�OCDN�RDOC�<I�@S<HKG@


Confusion
Matrix

Predicted classes

spam ham

A
ctual

classes

spam 12 14

0.95

0.95

#4�*3�2'-,�+#20'!1 ��



ham 0 114

5@�><I�><G>PG<O@�OC@ precision AJM�JPM�@S<HKG@�

TP = 114
FP = 14
��"*�����8E;�/*������8I<�EFK�E<<;<;�@E�K?<�=FIDL8C8�
precision = TP / (TP + FP)
print(f"precision: {precision:4.2f}")

#S@M>DN@�� @AJM@�TJP�BJ�JI�RDOC�OC@�O@SO�OCDIF�<=JPO�RC<O�OC@�Q<GP@ precision H@<IN
�'A�TJP�GJJF�<O�OC@
KM@>DNDJI�H@<NPM@�JA�JPM�NK<H�ADGO@M�@S<HKG@��RC<O�?J@N�DO�O@GG�TJP�<=JPO�OC@�LP<GDOT�JA�OC@�NK<H�ADGO@M��5C<O
?J�OC@�M@NPGON�JA�OC@�>JIAPNDJI�H<OMDS�JA�<I�D?@<G�NK<H�ADGO@M�GJJF�GDF@��5C<O�DN�RJMN@��CDBC�$.�JM�$,�Q<GP@N�

7JP�RDGG�ADI?�OC@�<INR@MN�DI?DM@>OGT�DI�OC@�AJGGJRDIB�@SKG<I<ODJIN


'I>D?@IO<GGT��OC@�D?@<G�NK<H�ADGO@M�RJPG?�C<Q@���Q<GP@N�AJM�=JOC�$.�<I?�$,


2C@�KM@QDJPN�M@NPGO�H@<IN�OC<O����H<DGKD@>@N�JPO�JA�<�CPI?M@?�RDGG�=@�>G<NNDAD@?�<N�C<H��@Q@I�OCJPBC�OC@T�<M@
NK<H
����<M@�>JMM@>OGT�>G<NNDAD@?�<N�C<H
�2CDN�DN�<�KJDIO�RC@M@�R@�NCJPG?�O<GF�<=JPO�OC@�>JNON�JA
HDN>G<NNDAD><ODJI
�'O�DN�OMJP=G@NJH@�RC@I�<�NK<H�H<DG�DN�IJO�M@>JBIDU@?�<N��NK<H��<I?�DN�DINO@<?�KM@N@IO@?�OJ
PN�<N��C<H�
�'A�OC@�K@M>@IO<B@�DN�IJO�OJJ�CDBC��DO�DN�<IIJTDIB�=PO�IJO�<�?DN<NO@M
�'I�>JIOM<NO��RC@I�<�IJI�NK<H
H@NN<B@�DN�RMJIBGT�G<=@G@?�<N�NK<H��OC@�@H<DG�RDGG�IJO�=@�NCJRI�DI�H<IT�><N@N�JM�@Q@I�<POJH<OD><GGT�?@G@O@?

$JM�@S<HKG@��OCDN�><MMD@N�<�CDBC�MDNF�JA�GJNDIB�>PNOJH@MN�<I?�AMD@I?N
�2C@�H@<NPM@ precision H<F@N�IJ
NO<O@H@IO�<=JPO�OCDN�G<NO�H@IODJI@?�KMJ=G@H�>G<NN
�5C<O�<=JPO�JOC@M�H@<NPM@N�

5@�RDGG�C<Q@�<�GJJF�<O recall <I? F1-score 


RECALL

0@><GG��<GNJ�FIJRI�<N�N@INDODQDOT��DN�OC@�M<ODJ�JA�OC@�>JMM@>OGT�D?@IODAD@?�KJNDODQ@�><N@N�OJ�<GG�OC@�<>OP<G�KJNDODQ@
><N@N��RCD>C�DN�OC@�NPH�JA�OC@��$<GN@�,@B<ODQ@N��<I?��2MP@�.JNDODQ@N�


/" �)) �
��

�� 
 ��

TP = 114
FN = 0
��"/������8E;�/*������8I<�EFK�E<<;<;�@E�K?<�=FIDL8C8�
recall = TP / (TP + FN)
print(f"recall: {recall:4.2f}")

precision: 0.89

#4�*3�2'-,�+#20'!1 ��



2C@�Q<GP@���H@<IN�OC<O�IJ�IJI�NK<H�H@NN<B@�DN�RMJIBGT�G<=@G@?�<N�NK<H
�'O�DN�DHKJMO<IO�AJM�<�BJJ?�NK<H
ADGO@M�OC<O�OCDN�Q<GP@�NCJPG?�=@��
�5@�C<Q@�KM@QDJPNGT�?DN>PNN@?�OCDN�<GM@<?T


F1-SCORE

2C@�G<NO�H@<NPM@��R@�RDGG�@S<HDI@��DN�OC@�$��N>JM@


�� �
�

�

/" �)) 

�

-/" &0&,+

� � �
-/" &0&,+ � /" �))
-/" &0&,+ 
 /" �))

TF = 7 ��N<�J<K�K?<�/IL<�=8CJ<�M8CL<J�KF����
print("  FN    FP   TP     pre   acc   rec   f1")
for FN in range(0, 7):

for FP in range(0, FN+1):
��K?<�JLD�F=�"*��",��/"�8E;�/,�N@CC�9<�����
TP = 100 - FN - FP - TF
�GI@EK�"*��",��/,��"*
",
/,
/"�
precision = TP / (TP + FP)
accuracy = (TP + TN)/(TP + TN + FP + FN)
recall = TP / (TP + FN)
f1_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}{f1_sc

ore:6.2f}")

recall: 1.00

#4�*3�2'-,�+#20'!1 ��



5@�><I�N@@�OC<O f1-score =@NO�M@AG@>ON�OC@�RJMN@�><N@�N>@I<MDJ�OC<O�OC@�$,�Q<GP@�DN�MDNDIB��D
@
�C<H�DN
B@OODIB�>G<NNDAD@?�<N�NK<H�

FN    FP   TP     pre   acc   rec   f1
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 91.00  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

#4�*3�2'-,�+#20'!1 ��



R E P R E S E N T A T I O N  A N D
V I S U A L I Z A T I O N  O F  D A T A

+<>CDI@�G@<MIDIB�DN�<=JPO�<?<KODIB
HJ?@GN�OJ�?<O<
�$JM�OCDN�M@<NJI�R@�=@BDI
=T�NCJRDIB�CJR�?<O<�><I�=@�M@KM@N@IO@?
DI�JM?@M�OJ�=@�PI?@MNOJJ?�=T�OC@�>JHKPO@M


�O�OC@�=@BDIIDIB�JA�OCDN�>C<KO@M�R@�LPJO@?
2JH�+DO>C@GG�N�?@ADIDODJI�JA�H<>CDI@
G@<MIDIB���5@GG�KJN@?�*@<MIDIB�.MJ=G@H�
��>JHKPO@M�KMJBM<H�DN�N<D?�OJ�G@<MI�AMJH
@SK@MD@I>@�#�RDOC�M@NK@>O�OJ�NJH@�O<NF�2
<I?�NJH@�K@MAJMH<I>@�H@<NPM@�.��DA�DON
K@MAJMH<I>@�JI�2��<N�H@<NPM@?�=T�.�
DHKMJQ@N�RDOC�@SK@MD@I>@�#
��"<O<�DN�OC@
�M<R�H<O@MD<G��AJM�H<>CDI@�G@<MIDIB
�'O
G@<MIN�AMJH�?<O<
�'I�+DO>C@GG�N�?@ADIDODJI�
�?<O<��DN�CD??@I�=@CDI?�OC@�O@MHN
�@SK@MD@I>@�#��<I?��K@MAJMH<I>@�H@<NPM@
.�
��N�H@IODJI@?�@<MGD@M��R@�I@@?�G<=@G@?
?<O<�OJ�G@<MI�<I?�O@NO�JPM�<GBJMDOCH


&JR@Q@M��DO�DN�M@>JHH@I?@?�OC<O�TJP
A<HDGD<MDU@�TJPMN@GA�RDOC�TJPM�?<O<�=@AJM@
TJP�=@BDI�OM<DIDIB�TJPM�>G<NNDAD@M


,PHKT�JAA@MN�D?@<G�?<O<�NOMP>OPM@N�OJ
M@KM@N@IO�TJPM�?<O<�<I?�+<OKGJOGD=�JAA@MN�BM@<O�KJNND=DGDOD@N�AJM�QDNP<GDUDIB�TJPM�?<O<


'I�OC@�AJGGJRDIB��R@�R<IO�OJ�NCJR�CJR�OJ�?J�OCDN�PNDIB�OC@�?<O<�DI�OC@ sklearn HJ?PG@


IRIS DATASET, "HELLO WORLD" OF MACHINE LEARNING

5C<O�R<N�OC@�ADMNO�KMJBM<H�TJP�N<R��'�=@O�DO�HDBCO�C<Q@�=@@I�<�KMJBM<H�BDQDIB�JPO��&@GGJ�5JMG?��DI�NJH@
KMJBM<HHDIB�G<IBP<B@
�+JNO�GDF@GT�'�H�MDBCO
��GHJNO�@Q@MT�DIOMJ?P>OJMT�=JJF�JM�OPOJMD<G�JI�KMJBM<HHDIB
NO<MON�RDOC�NP>C�<�KMJBM<H
�'O�N�<�OM<?DODJI�OC<O�BJ@N�=<>F�OJ�OC@������=JJF��2C@�!�.MJBM<HHDIB�*<IBP<B@��=T
 MD<I�)@MIDBC<I�<I?�"@IIDN�0DO>CD@�

2C@�GDF@GDCJJ?�OC<O�OC@�ADMNO�?<O<N@O�TJP�RDGG�N@@�DI�<I�DIOMJ?P>OJMT�OPOJMD<G�JI�H<>CDI@�G@<MIDIB�RDGG�=@�OC@
�'MDN�?<O<N@O��DN�NDHDG<MGT�CDBC
�2C@�'MDN�?<O<N@O�>JIO<DIN�OC@�H@<NPM@H@ION�JA�����DMDN�AGJR@MN�AMJH���?DAA@M@IO
NK@>D@N�

Z 'MDN�1@OJN<�
Z 'MDN�4@MND>JGJM��<I?

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



Z 'MDN�4DMBDID><


'MDN�1@OJN<

'MDN�4@MND>JGJM

'MDN�4DMBDID><

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



2C@�DMDN�?<O<N@O�DN�JAO@I�PN@?�AJM�DON�NDHKGD>DOT
�2CDN�?<O<N@O�DN�>JIO<DI@?�DI�N>DFDO�G@<MI��=PO�=@AJM@�R@�C<Q@�<
?@@K@M�GJJF�DIOJ�OC@�'MDN�?<O<N@O�R@�RDGG�GJJF�<O�OC@�JOC@M�?<O<N@ON�<Q<DG<=G@�DI�N>DFDO�G@<MI


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



L O A D I N G  T H E  I R I S  D A T A  W I T H
S C I K I T - L E A R N

$JM�@S<HKG@��N>DFDO�G@<MI�C<N�<�Q@MT�NOM<DBCOAJMR<M?�N@O�JA�?<O<�JI�OC@N@�DMDN�NK@>D@N
�2C@�?<O<�>JINDNO�JA�OC@
AJGGJRDIB�

Z $@<OPM@N�DI�OC@�'MDN�?<O<N@O�

�
 N@K<G�G@IBOC�DI�>H
�
 N@K<G�RD?OC�DI�>H
�
 K@O<G�G@IBOC�DI�>H
�
 K@O<G�RD?OC�DI�>H

Z 2<MB@O�>G<NN@N�OJ�KM@?D>O�

�
 'MDN�1@OJN<
�
 'MDN�4@MND>JGJPM
�
 'MDN�4DMBDID><

scikit-learn @H=@?N�<�>JKT�JA�OC@�DMDN�!14�ADG@�<GJIB�RDOC�<�C@GK@M�API>ODJI�OJ�GJ<?�DO�DIOJ�IPHKT

*-�"',%�2&#�'0'1�"�2��5'2&�1!')'2�*#�0, ��



<MM<TN�

from sklearn.datasets import load_iris
iris = load_iris()

2C@�M@NPGODIB�?<O<N@O�DN�< Bunch J=E@>O�

type(iris)

7JP�><I�N@@�RC<O�N�<Q<DG<=G@�AJM�OCDN�?<O<�OTK@�=T�PNDIB�OC@�H@OCJ? keys() �

iris.keys()

�� PI>C�J=E@>O�DN�NDHDG<M�OJ�<�?D>DODJI<MT��=PO�DO�<??DODJI<GGT�<GGJRN�<>>@NNDIB�OC@�F@TN�DI�<I�<OOMD=PO@�NOTG@�

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

2C@�A@<OPM@N�JA�@<>C�N<HKG@�AGJR@M�<M@�NOJM@?�DI�OC@ data <OOMD=PO@�JA�OC@�?<O<N@O�

n_samples, n_features = iris.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
?<�=@IJK�J8DGC<��=@IJK�=CFN<I�
print(iris.data[0])

2C@�A@<POPM@N�JA�@<>C�AGJR@M�<M@�NOJM@?�DI�OC@ data <OOMD=PO@�JA�OC@�?<O<�N@O
�*@O�N�O<F@�<�GJJF�<O�NJH@�JA�OC@
N<HKG@N�

��"CFN<IJ�N@K?�K?<�@E;@:<J�������������8E;����

-POKPO� sklearn.utils.Bunch

-POKPO� dict_keys(['data', 'target', 'target_names', 'DESCR', 'featur
e_names', 'filename'])

['setosa' 'versicolor' 'virginica']
['setosa' 'versicolor' 'virginica']

Number of samples: 150
Number of features: 4
[5.1 3.5 1.4 0.2]

*-�"',%�2&#�'0'1�"�2��5'2&�1!')'2�*#�0, ��



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

2C@�DIAJMH<ODJI�<=JPO�OC@�>G<NN�JA�@<>C�N<HKG@��D
@
�OC@�G<=@GN��DN�NOJM@?�DI�OC@��O<MB@O��<OOMD=PO@�JA�OC@�?<O<�N@O�

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

print(iris.target)

import numpy as np

np.bincount(iris.target)

3NDIB�,PH.T�N�=DI>JPIO�API>ODJI��<=JQ@��R@�><I�N@@�OC<O�OC@�>G<NN@N�DI�OCDN�?<O<N@O�<M@�@Q@IGT�?DNOMD=PO@?��
OC@M@�<M@����AGJR@MN�JA�@<>C�NK@>D@N��RDOC

Z >G<NN����'MDN�1@OJN<
Z >G<NN����'MDN�4@MND>JGJM
Z >G<NN����'MDN�4DMBDID><

2C@N@�>G<NN�I<H@N�<M@�NOJM@?�DI�OC@�G<NO�<OOMD=PO@��I<H@GT target_names �

print(iris.target_names)

-POKPO� 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]])

(150, 4)
(150,)

[0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2

2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2
2 2]

-POKPO� array([50, 50, 50])

['setosa' 'versicolor' 'virginica']

*-�"',%�2&#�'0'1�"�2��5'2&�1!')'2�*#�0, ��



2C@�DIAJMH<ODJI�<=JPO�OC@�>G<NN�JA�@<>C�N<HKG@�JA�JPM�'MDN�?<O<N@O�DN�NOJM@?�DI�OC@ target <OOMD=PO@�JA�OC@
?<O<N@O�

print(iris.target)

 @ND?@�JA�OC@�NC<K@�JA�OC@�?<O<��R@�><I�<GNJ�>C@>F�OC@�NC<K@�JA�OC@�G<=@GN��D
@
�OC@ target.shape �

#<>C�AGJR@M�N<HKG@�DN�JI@�MJR�DI�OC@�?<O<�<MM<T��<I?�OC@�>JGPHIN��A@<OPM@N��M@KM@N@IO�OC@�AGJR@M�H@<NPM@H@ION
DI�>@IODH@O@MN
�$JM�DINO<I>@��R@�><I�M@KM@N@IO�OCDN�'MDN�?<O<N@O��>JINDNODIB�JA�����N<HKG@N�<I?���A@<OPM@N��<
��?DH@INDJI<G�<MM<T�JM�H<OMDS 0���j� DI�OC@�AJGGJRDIB�AJMH<O�

X � 9 5 � � �
�

5 � � �
�

5 � � �
�

5 � � �
�

5 � � �
�

5 � � �
�

5 � � �
�

5 � � �
�

� � � �

5 � ��� �
�

5 � ��� �
�

5 � ��� �
�

5 � ��� �
�

:

2C@�NPK@MN>MDKO�?@IJO@N�OC@ &OC�MJR��<I?�OC@�NP=N>MDKO�?@IJO@N�OC@ 'OC�A@<OPM@��M@NK@>ODQ@GT


%@I@M<GGT��R@�C<Q@ + MJRN�<I? ( >JGPHIN�

X � 95 � � ��
5 � � �
�

5 � � �
�

b 5 � � �
(

5 � � �
�

5 � � �
�

5 � � �
�

b 5 � � �
(

� � � � �

5 � + �
�

5 � + �
�

5 �+ �
�

b 5 � + �
(

:

print(iris.data.shape)

[0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2

2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2
2 2]

*-�"',%�2&#�'0'1�"�2��5'2&�1!')'2�*#�0, ��



print(iris.target.shape)

bincount JA�,PH.T�>JPION�OC@�IPH=@M�JA�J>>PMM@I>@N�JA�@<>C�Q<GP@�DI�<I�<MM<T�JA�IJI�I@B<ODQ@�DIO@B@MN

5@�><I�PN@�OCDN�OJ�>C@>F�OC@�?DNOMD=PODJI�JA�OC@�>G<NN@N�DI�OC@�?<O<N@O�

import numpy as np

np.bincount(iris.target)

5@�><I�N@@�OC<O�OC@�>G<NN@N�<M@�?DNOMD=PO@?�PIDAJMHGT���OC@M@�<M@����AGJR@MN�AMJH�@<>C�NK@>D@N��D
@


Z >G<NN����'MDN�1@OJN<
Z >G<NN����'MDN�4@MND>JGJM
Z >G<NN����'MDN�4DMBDID><

2C@N@�>G<NN�I<H@N�<M@�NOJM@?�DI�OC@�G<NO�<OOMD=PO@��I<H@GT target_names �

print(iris.target_names)

(150, 4)
(150,)

-POKPO� array([50, 50, 50])

['setosa' 'versicolor' 'virginica']

*-�"',%�2&#�'0'1�"�2��5'2&�1!')'2�*#�0, ��



V I S U A L I S I N G  T H E  F E A T U R E S  O F
T H E  I R I S  D A T A  S E T

2C@�A@<POPM@�?<O<�DN�AJPM�?DH@INDJI<G��=PO�R@�><I�QDNP<GDU@�JI@�JM�ORJ�JA�OC@�?DH@INDJIN�<O�<�ODH@�PNDIB�<
NDHKG@�CDNOJBM<H�JM�N><OO@M�KGJO


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

print(iris.data[iris.target==1, 0][: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=iris.target_names[label],
color=color)

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

[[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]

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



EXERCISE

*JJF�<O�OC@�CDNOJBM<HN�JA�OC@�JOC@M�A@<OPM@N��D
@
�K@O<G�G@IBOC��N@K<G�RD?O�<I?�N@K<G�G@IBOC


SCATTERPLOT WITH TWO FEATURES

2C@�<KK@<M<I>@�?D<BM<H�NCJRN�ORJ�A@<OPM@N�DI�JI@�?D<BM<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=iris.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 ��



EXERCISE

!C<IB@�S;DI?@S�<I?�T;DI?@S�DI�OC@�<=JQ@�N>MDKO

!C<IB@�S;DI?@S�<I?�T;DI?@S�DI�OC@�<=JQ@�N>MDKO�<I?�ADI?�<�>JH=DI<ODJI�JA�ORJ�K<M<H@O@MN�RCD>C�H<SDH<GGT
N@K<M<O@�OC@�OCM@@�>G<NN@N


GENERALIZATION

5@�RDGG�IJR�GJJF�<O�<GG�A@<OPM@�>JH=DI<ODJIN�DI�JI@�>JH=DI@?�?D<BM<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 in range(n):

xname = iris.feature_names[x]
yname = iris.feature_names[y]
for color_ind in range(len(iris.target_names)):

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

iris.data[iris.target==color_ind, y],
label=iris.target_names[color_ind],
c=colors[color_ind])

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



ax[x, y].set_xlabel(xname)
ax[x, y].set_ylabel(yname)
ax[x, y].legend(loc='upper left')

plt.show()

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



S C A T T E R P L O T  ' M A T R I C E S

'INO@<?�JA�?JDIB�DO�H<IP<GGT�R@�><I�<GNJ�PN@�OC@ scatterplot matrix KMJQD?@?�=T�OC@�K<I?<N�HJ?PG@


1><OO@MKGJO�H<OMD>@N�NCJR�N><OO@M�KGJON�=@OR@@I�<GG�A@<OPM@N�DI�OC@�?<O<�N@O��<N�R@GG�<N�CDNOJBM<HN�OJ�NCJR�OC@
?DNOMD=PODJI�JA�@<>C�A@<OPM@


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)

);

1!�22#0.*-2��+�20'!#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 = []
for iclass in range(3):

X.append([[], [], []])
for i in range(len(iris.data)):

if iris.target[i] == iclass:
X[iclass][0].append(iris.data[i][0])
X[iclass][1].append(iris.data[i][1])
X[iclass][2].append(sum(iris.data[i][2:]))

colours = ("r", "g", "y")
fig = plt.figure()
ax = fig.add_subplot(111, projection='3d')

for iclass in range(3):
ax.scatter(X[iclass][0], X[iclass][1], X[iclass][2], c=colour

s[iclass])
plt.show()

1!�22#0.*-2��+�20'!#1 ��



D A T A S E T S  I N  S K L E A R N

1>DFDO�G@<MI�H<F@N�<Q<DG<=G@�<�CJNO�JA
?<O<N@ON�AJM�O@NODIB�G@<MIDIB�<GBJMDOCHN

2C@T�>JH@�DI�OCM@@�AG<QJMN�

Z Packaged Data: OC@N@�NH<GG
?<O<N@ON�<M@�K<>F<B@?�RDOC
OC@�N>DFDO�G@<MI�DINO<GG<ODJI�
<I?�><I�=@�?JRIGJ<?@?
PNDIB�OC@�OJJGN�DI

sklearn.datasets.load_*
Z Downloadable Data: OC@N@�G<MB@M�?<O<N@ON�<M@�<Q<DG<=G@�AJM�?JRIGJ<?��<I?�N>DFDO�G@<MI�DI>GP?@N
OJJGN�RCD>C�NOM@<HGDI@�OCDN�KMJ>@NN
�2C@N@�OJJGN�><I�=@�AJPI?�DI
sklearn.datasets.fetch_*

Z Generated Data: OC@M@�<M@�N@Q@M<G�?<O<N@ON�RCD>C�<M@�B@I@M<O@?�AMJH�HJ?@GN�=<N@?�JI�<�M<I?JH
N@@?
�2C@N@�<M@�<Q<DG<=G@�DI�OC@ sklearn.datasets.make_*

7JP�><I�@SKGJM@�OC@�<Q<DG<=G@�?<O<N@O�GJ<?@MN��A@O>C@MN��<I?�B@I@M<OJMN�PNDIB�'.TOCJI�N�O<=�>JHKG@ODJI
API>ODJI<GDOT
��AO@M�DHKJMODIB�OC@ datasets NP=HJ?PG@�AMJH sklearn ��OTK@

datasets.load_<TAB>

JM

datasets.fetch_<TAB>

JM

datasets.make_<TAB>

OJ�N@@�<�GDNO�JA�<Q<DG<=G@�API>ODJIN


STRUCTURE OF DATA AND LABELS

"<O<�DI�N>DFDO�G@<MI�DN�DI�HJNO�><N@N�N<Q@?�<N�ORJ�?DH@INDJI<G�,PHKT�<MM<TN�RDOC�OC@�NC<K@ (n, m) 
�+<IT
<GBJMDOCHN�<GNJ�<>>@KO scipy.sparse H<OMD>@N�JA�OC@�N<H@�NC<K@


"�2�1#21�',�1)*#�0, ��



Z n: �I;N<HKG@N��2C@�IPH=@M�JA�N<HKG@N��@<>C�N<HKG@�DN�<I�DO@H�OJ�KMJ>@NN��@
B
�>G<NNDAT�
��
N<HKG@�><I�=@�<�?J>PH@IO��<�KD>OPM@��<�NJPI?��<�QD?@J��<I�<NOMJIJHD><G�J=E@>O��<�MJR�DI�?<O<=<N@
JM�!14�ADG@��JM�RC<O@Q@M�TJP�><I�?@N>MD=@�RDOC�<�ADS@?�N@O�JA�LP<IODO<ODQ@�OM<DON


Z m: �I;A@<OPM@N��2C@�IPH=@M�JA�A@<OPM@N�JM�?DNODI>O�OM<DON�OC<O�><I�=@�PN@?�OJ�?@N>MD=@�@<>C�DO@H�DI
<�LP<IODO<ODQ@�H<II@M
�$@<OPM@N�<M@�B@I@M<GGT�M@<G�Q<GP@?��=PO�H<T�=@� JJG@<I�JM�?DN>M@O@�Q<GP@?
DI�NJH@�><N@N


from sklearn import datasets

 @�R<MI@?��H<IT�JA�OC@N@�?<O<N@ON�<M@�LPDO@�G<MB@��<I?�><I�O<F@�<�GJIB�ODH@�OJ�?JRIGJ<?�

"�2�1#21�',�1)*#�0, ��



L O A D I N G  D I G I T S  D A T A

5@�RDGG�C<Q@�<�>GJN@M�GJJF�<O�JI@�JA�OC@N@�?<O<N@ON
�5@�GJJF�<O�OC@�?DBDON�?<O<�N@O
�5@�RDGG�GJ<?�DO�ADMNO�

from sklearn.datasets import load_digits
digits = load_digits()

�B<DI��R@�><I�B@O�<I�JQ@MQD@R�JA�OC@�<Q<DG<=G@�<OOMD=PO@N�=T�GJJFDIB�<O�OC@��F@TN��

digits.keys()

*@O�N�C<Q@�<�GJJF�<O�OC@�IPH=@M�JA�DO@HN�<I?�A@<OPM@N�

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

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

2C@�?<O<�DN�<GNJ�<Q<DG<=G@�<O�?DBDON
DH<B@N
�2CDN�DN�OC@�M<R�?<O<�JA�OC@�DH<B@N�DI�OC@�AJMH�JA���GDI@N�<I?��
>JGPHIN


5DOC��?<O<��<I�DH<B@�>JMM@NKJI?N�OJ�<�JI@�?DH@INDJI<G�,PHKT�<MM<T�RDOC�OC@�G@IBOC�����<I?��DH<B@N�
M@KM@N@IO<ODJI�>JIO<DIN���?DH@INDJI<G�IPHKT�<MM<TN�RDOC�OC@�NC<K@�������

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

-POKPO� dict_keys(['data', 'target', 'target_names', 'images', 'DESC
R'])

(1797, 64)

[ 0.  0.  5. 13.  9.  1.  0.  0.  0.  0. 13. 15. 10. 15.  5.  0.
0.  3.
15.  2.  0. 11.  8.  0.  0.  4. 12.  0.  0.  8.  8.  0.  0.  5.

8.  0.
0.  9.  8.  0.  0.  4. 11.  0.  1. 12.  7.  0.  0.  2. 14.  5. 1

0. 12.
0.  0.  0.  0.  6. 13. 10.  0.  0.  0.]

[0 1 2 ... 8 9 8]

*-�"',%�"'%'21�"�2� ��



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

*@O�N�QDNP<GDU@�OC@�?<O<
�'O�N�GDOOG@�=DO�HJM@�DIQJGQ@?�OC<I�OC@�NDHKG@�N><OO@M�KGJO�R@�PN@?�<=JQ@��=PO�R@�><I�?J�DO
M<OC@M�LPD>FGT


��J<K�LG�K?<�=@>LI<
fig = plt.figure(figsize=(6, 6)) ��=@>LI<�J@Q<�@E�@E:?<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 i in range(64):

ax = fig.add_subplot(8, 8, i + 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]))

Shape of an item:  (64,)
Data type of an item:  <class 'numpy.ndarray'>
Shape of an item:  (8, 8)
Data tpye of an item:  <class 'numpy.ndarray'>

*-�"',%�"'%'21�"�2� ��



EXERCISES

EXERCISE 1

NFG@<MI�>JIO<DIN�<��RDI@�?<O<�N@O�


Z $DI?�<I?�GJ<?�OCDN�?<O<�N@O
Z !<I�TJP�ADI?�<�?@N>MDKODJI�
Z 5C<O�<M@�OC@�I<H@N�JA�OC@�>G<NN@N�
Z 5C<O�<M@�OC@�A@<OPM@N�
Z 5C@M@�DN�OC@�?<O<�<I?�OC@�G<=@G@?�?<O<�

EXERCISE 2:

!M@<O@�<�N><OO@M�KGJO�JA�OC@�A@<OPM@N ash <I? color_intensity JA�OC@�RDI@�?<O<�N@O


*-�"',%�"'%'21�"�2� ��



EXERCISE 3:

!M@<O@�<�N><OO@M�H<OMDS�JA�OC@�A@<OPM@N�JA�OC@�RDI@�?<O<N@O


EXERCISE 4:

$@O>C�OC@�-GDQ@OOD�A<>@N�?<O<N@O�<I?�QDNP<GDU@�OC@�A<>@N


SOLUTIONS

SOLUTION TO EXERCISE 1

*J<?DIB�OC@��RDI@�?<O<�N@O��

from sklearn import datasets

wine = datasets.load_wine()

2C@�?@N>MDKODJI�><I�=@�<>>@NN@?�QD<��"#1!0��

'I 9 :�
print(wine.DESCR)

2C@�I<H@N�JA�OC@�>G<NN@N�<I?�OC@�A@<OPM@N�><I�=@�M@OMD@Q@?�GDF@�OCDN�

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

data = wine.data
labelled_data = wine.target

SOLUTION TO EXERCISE 2:

from sklearn import datasets
import matplotlib.pyplot as plt

['class_0' 'class_1' 'class_2']
['alcohol', 'malic_acid', 'ash', 'alcalinity_of_ash', 'magnesiu
m', 'total_phenols', 'flavanoids', 'nonflavanoid_phenols', 'proant
hocyanins', 'color_intensity', 'hue', 'od280/od315_of_diluted_wine
s', 'proline']

*-�"',%�"'%'21�"�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.data[wine.target==label, features_index[0]],

wine.data[wine.target==label, 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()

SOLUTION TO EXERCISE 3:

import pandas as pd
from sklearn import datasets

wine = datasets.load_wine()
def rotate_labels(df, axes):

����:?8E>@E>�K?<�IFK8K@FE�F=�K?<�C89<C�FLKGLK�

*-�"',%�"'%'21�"�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?<�8O@J�F=�JL9GCFKJ
ax = axs[x, y]
��KF�D8B<�O�8O@J�E8D<�M<IK@:8C
ax.xaxis.label.set_rotation(90)
��KF�D8B<�P�8O@J�E8D<�?FI@QFEK8C
ax.yaxis.label.set_rotation(0)
��KF�D8B<�JLI<�P�8O@J�E8D<J�8I<�FLKJ@;<�K?<�GCFK�8I<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)

*-�"',%�"'%'21�"�2� ��



SOLUTION TO EXERCISE 4

from sklearn.datasets import fetch_olivetti_faces

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

faces.keys()
-POKPO� dict_keys(['data', 'images', 'target', 'DESCR'])

*-�"',%�"'%'21�"�2� ��



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

np.sqrt(4096)

faces.images.shape

faces.data.shape

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

��J<K�LG�K?<�=@>LI<
fig = plt.figure(figsize=(6, 6)) ��=@>LI<�J@Q<�@E�@E:?<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 i in range(64):

ax = fig.add_subplot(8, 8, i + 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]))

(400, 4096)

-POKPO� 64.0

-POKPO� (400, 64, 64)

-POKPO� (400, 4096)

True

*-�"',%�"'%'21�"�2� ��



FURTHER DATASETS

NFG@<MI�C<N�H<IT�HJM@�?<O<N@ON�<Q<DG<=G@
�'A�TJP�NODGG�I@@?�HJM@��TJP�RDGG�ADI?�HJM@�JI�OCDN�ID>@ *DNO�JA
?<O<N@ON�AJM�H<>CDI@�G@<MIDIB�M@N@<M>C <O�5DFDK@?D<


*-�"',%�"'%'21�"�2� ��



D A T A  G E N E R A T I O N

GENERATE SYNTHETICAL DATA WITH PYTHON

��KMJ=G@H�RDOC�H<>CDI@�G@<MIDIB�
@NK@>D<GGT�RC@I�TJP�<M@�NO<MODIB�JPO�<I?
R<IO�OJ�G@<MI�<=JPO�OC@�<GBJMDOCHN��DN�OC<O
DO�DN�JAO@I�?DAAD>PGO�OJ�B@O�NPDO<=G@�O@NO�?<O<

1JH@�>JNO�<�GJO�JA�HJI@T��JOC@MN�<M@�IJO
AM@@GT�<Q<DG<=G@�=@><PN@�OC@T�<M@�KMJO@>O@?
=T�>JKTMDBCO
�2C@M@AJM@��<MODAD>D<GGT
B@I@M<O@?�O@NO�?<O<�><I�=@�<�NJGPODJI�DI
NJH@�><N@N


$JM�OCDN�M@<NJI��OCDN�>C<KO@M�JA�JPM�OPOJMD<G
?@<GN�RDOC�OC@�<MODAD>D<G�B@I@M<ODJI�JA�?<O<

2CDN�>C<KO@M�DN�<=JPO�>M@<ODIB�<MODAD>D<G
?<O<
�'I�OC@�KM@QDJPN�>C<KO@MN�JA�JPM
OPOJMD<G�R@�G@<MI@?�OC<O�1>DFDO�*@<MI
�NFG@<MI��>JIO<DIN�?DAA@M@IO�?<O<�N@ON
�-I
OC@�JI@�C<I?��OC@M@�<M@�NH<GG�OJT�?<O<�N@ON�
=PO�DO�<GNJ�JAA@MN�G<MB@M�?<O<�N@ON�OC<O�<M@
JAO@I�PN@?�DI�OC@�H<>CDI@�G@<MIDIB
>JHHPIDOT�OJ�O@NO�<GBJMDOCHN�JM�<GNJ�N@MQ@
<N�<�=@I>CH<MF
�'O�KMJQD?@N�PN�RDOC�?<O<
>JHDIB�AMJH�OC@��M@<G�RJMG?�


�GG�OCDN�DN�BM@<O��=PO�DI�H<IT�><N@N�OCDN�DN
NODGG�IJO�NPAAD>D@IO
�+<T=@�TJP�ADI?�OC@
MDBCO�FDI?�JA�?<O<��=PO�TJP�I@@?�HJM@�?<O<
JA�OCDN�FDI?�JM�OC@�?<O<�DN�IJO�>JHKG@O@GT
OC@�FDI?�JA�?<O<�TJP�R@M@�GJJFDIB�AJM��@
B

H<T=@�TJP�I@@?�HJM@�>JHKG@S�JM�G@NN
>JHKG@S�?<O<
�2CDN�DN�OC@�KJDIO�RC@M@�TJP
NCJPG?�>JIND?@M�OJ�>M@<O@�OC@�?<O<
TJPMN@GA
�&@M@� sklearn JAA@MN�C@GK
�'O
DI>GP?@N�Q<MDJPN�M<I?JH�N<HKG@
B@I@M<OJMN�OC<O�><I�=@�PN@?�OJ�>M@<O@
>PNOJH�H<?@�<MODAD>D<G�?<O<N@ON
�"<O<N@ON
OC<O�H@@O�TJPM�D?@<N�JA�NDU@�<I?
>JHKG@SDOT


2C@�AJGGJRDIB�.TOCJI�>J?@�DN�<�NDHKG@�@S<HKG@�DI�RCD>C�R@�>M@<O@�<MODAD>D<G�R@<OC@M�?<O<�AJM�NJH@�%@MH<I
>DOD@N
�5@�PN@�.<I?<N�<I?�,PHKT�OJ�>M@<O@�OC@�?<O<�

import numpy as np

"�2��%#,#0�2'-, ��



import pandas as pd

cities = ['Berlin', 'Frankfurt', 'Hamburg',
'Nuremberg', 'Munich', 'Stuttgart',
'Hanover', 'Saarbruecken', 'Cologne',
'Constance', 'Freiburg', 'Karlsruhe'

]

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
-POKPO�

Temperature Humidity Wind

Berlin ��
������ ��
������ ��
������

Frankfurt ��
������ ��
������ ��
������

Hamburg ��
������ ��
������ ��
������

Nuremberg ��
������ ��
������ ��
������

Munich ��
������ ��
������ ��
������

Stuttgart ��
������ ��
������ ��
������

Hanover ��
������ ��
������ ��
������

Saarbruecken ��
������ ��
������ ��
������

Cologne ��
������ ��
������ ��
������

Constance ��
������ ��
������ ��
������

Freiburg ��
������ ��
������ �
������

Karlsruhe ��
������ ��
������ ��
������

"�2��%#,#0�2'-, ��



ANOTHER EXAMPLE

5@�RDGG�>M@<O@�<MODAD>D<G�?<O<�AJM�AJPM�IJI@SDNO@IO�OTK@N�JA�AGJR@MN
�'A�OC@�I<H@N�M@HDI?�TJP�JA�KMJBM<HHDIB
G<IBP<B@N�<I?�KDUU<��DO�RDGG�=@�IJ�>JDI>D?@I>@�

Z $GJN�.TOCJI@H
Z $GJN�(<Q<
Z $GJN�+<MB<MDO<
Z $GJN�<MODAD>D<GDN

2C@�0% �<Q<M<B@�>JGJMN�Q<GP@N�<M@�>JMM@NKJI?DIBGT�

Z �����������
Z �������������
Z ������������
Z ���������������

2C@�<Q@M<B@�?D<H@O@M�JA�OC@�><GTS�DN�

Z �
�
Z �
�
Z �
�
Z �
�

Flos pythonem
(254, 0, 0)

Flos Java
(245, 107, 0)

Flos margarita
(206, 99, 1)

Flos artificialis
(255, 254, 101)

import matplotlib.pyplot as plt
import 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_items)
greens = truncated_normal_ints(mean=107, sd=11, low=88, upp=127,

num=number_of_items)
blues = truncated_normal_ints(mean=0, sd=15, low=0, upp=20,

num=number_of_items)
calyx_dia = truncated_normal_floats(3.8, 0.3, 3.4, 4.2,

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

num=number_of_items)
blues = truncated_normal_ints(mean=0, sd=10, low=0, upp=20,

num=number_of_items)
calyx_dia = truncated_normal_floats(3.3, 0.3, 3.0, 3.5,

num=number_of_items)
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_items)
greens = truncated_normal_ints(mean=99, sd=14, low=80, upp=120,

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

num=number_of_items)
calyx_dia = truncated_normal_floats(4.1, 0.3, 3.8, 4.4,

num=number_of_items)
data = np.column_stack((reds, greens, blues, calyx_dia))
flowers["flos_margarita"] = data

"�2��%#,#0�2'-, ��



��=CFJ�8IK@=@:@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_items)
greens = truncated_normal_ints(mean=254, sd=10, low=240, upp=255,

num=number_of_items)
blues = truncated_normal_ints(mean=101, sd=5, low=90, upp=112,

num=number_of_items)
calyx_dia = truncated_normal_floats(2.9, 0.4, 2.4, 3.5,

num=number_of_items)
data = np.column_stack((reds, greens, blues, calyx_dia))
flowers["flos_artificialis"] = data

data = np.concatenate((flowers["flos_pythonem"],
flowers["flos_java"],
flowers["flos_margarita"],
flowers["flos_artificialis"]

), axis=0)

��8JJ@>E@E>�K?<�C89<CJ
target = np.zeros(sum(number_of_items_per_class)) ����=CFN<IJ
previous_end = 0
for i in range(1, 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],
1)),

axis=1)

np.savetxt("data/strange_flowers.txt", conc_data, fmt="%2.2f",)

import matplotlib.pyplot as plt

target_names = list(flowers.keys())
feature_names = ['red', 'green', 'blue', 'calyx']
n = 4
fig, ax = plt.subplots(n, n, figsize=(16, 16))

colors = ['blue', 'red', 'green', 'yellow']

for x in range(n):
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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, y],
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()
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GENERATE SYNTHETIC DATA WITH SCIKIT-LEARN

'O�DN�<�GJO�@<ND@M�OJ�PN@�OC@�KJNND=DGDOD@N�JA�1>DFDO�*@<MI�OJ�>M@<O@�NTIOC@OD>�?<O<


2C@�API>ODJI<GDOD@N�<Q<DG<=G@�DI�NFG@<MI�><I�=@�BMJPK@?�DIOJ

�
 %@I@M<OJMN�AJM�>G<NNDAD>O<ODJI�<I?�>GPNO@MDIB
�
 %@I@M<OJMN�AJM�>M@<ODIB�?<O<�AJM�M@BM@NNDJI
�
 %@I@M<OJMN�AJM�H<IDAJG?�G@<MIDIB
�
 %@I@M<OJMN�AJM�?@>JHKJNDODJI
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GENERATORS FOR CLASSIFICATION AND CLUSTERING

5@�NO<MO�RDOC�OC@�OC@�API>ODJI make_blobs JA sklearn.datasets OJ�>M@<O@��=GJ=��GDF@�?<O<
?DNOMD=PODJIN
� T�N@OODIB�OC@�Q<GP@�JA centers OJ n_classes ��R@�?@O@MHDI@�OC@�IPH=@M�JA�=GJ=N��D
@

OC@�>GPNO@MN
 n_samples >JMM@NKJI?N�OJ�OC@�OJO<G�IPH=@M�JA�KJDION�@LP<GGT�?DQD?@?�<HJIB�>GPNO@MN
�'A
random_state DN�IJO�N@O��R@�RDGG�C<Q@�M<I?JH�M@NPGON�@Q@MT�ODH@�R@�><GG�OC@�API>ODJI
�5@�K<NN�<I�DIO�OJ
OCDN�K<M<H@O@M�AJM�M@KMJ?P>D=G@�JPOKPO�<>MJNN�HPGODKG@�API>ODJI�><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]

5@�RDGG�QDNP<GDU@�OC@�KM@QDJPNGT�>M@<O@?�=GJ=�>PNO@MN�RDOC�H<OKGJOGD=�

fig, ax = plt.subplots()

colours = ('green', 'orange', 'blue', "pink")
for label in range(n_classes):

ax.scatter(x=data[labels==label, 0],
y=data[labels==label, 1],
c=colours[label],
s=40,
label=label)

ax.set(xlabel='X',
ylabel='Y',
title='Blobs Examples')

ax.legend(loc='upper right')

-POKPO� array([1, 3, 1, 3, 1, 3, 2])
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2C@�>@IO@MN�JA�OC@�=GJ=N�R@M@�M<I?JHGT�>CJN@I�DI�OC@�KM@QDJPN�@S<HKG@
�'I�OC@�AJGGJRDIB�@S<HKG@�R@�N@O�OC@
>@IO@MN�JA�OC@�=GJ=N�@SKGD>DOGT
�5@�>M@<O@�<�GDNO�RDOC�OC@�>@IO@M�KJDION�<I?�K<NN�DO�OJ�OC@�K<M<H@O@M centers �

import numpy as np
import matplotlib.pyplot as plt
from sklearn.datasets import make_blobs

centers = [[2, 3], [4, 5], [7, 9]]
data, labels = make_blobs(n_samples=1000,

centers=np.array(centers),
random_state=1)

labels[:7]

*@O�PN�C<Q@�<�GJJF�<O�OC@�KM@QDJPNGT�>M@<O@?�=GJ=�>GPNO@MN�

fig, ax = plt.subplots()

colours = ('green', 'orange', 'blue')
for label in range(len(centers)):

ax.scatter(x=data[labels==label, 0],
y=data[labels==label, 1],
c=colours[label],
s=40,

-POKPO� <matplotlib.legend.Legend at 0x7f50f92a4640>

-POKPO� array([0, 1, 1, 0, 2, 2, 2])
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label=label)

ax.set(xlabel='X',
ylabel='Y',
title='Blobs Examples')

ax.legend(loc='upper right')

3NP<GGT��TJP�R<IO�OJ�N<Q@�TJPM�<MODAD>D<GGT�>M@<O@?�?<O<N@ON�DI�<�ADG@
�$JM�OCDN�KPMKJN@��R@�><I�PN@�OC@�API>ODJI
savetxt AMJH�IPHKT
� @AJM@�R@�><I�?J�OCDN�R@�C<Q@�OJ�M@<<M<IB@�JPM�?<O<
�#<>C�MJR�NCJPG?�>JIO<DI�=JOC
OC@�?<O<�<I?�OC@�G<=@G�

import numpy as np

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

-POKPO� <matplotlib.legend.Legend at 0x7f50f91eaca0>

-POKPO� array([[ 1.72415394,  4.22895559,  0.        ],
[ 4.16466507,  5.77817418,  1.        ],
[ 4.51441156,  4.98274913,  1.        ],
[ 1.49102772,  2.83351405,  0.        ],
[ 6.0386362 ,  7.57298437,  2.        ],
[ 5.61044976,  9.83428321,  2.        ],
[ 5.69202866, 10.47239631,  2.        ]])
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$JM�NJH@�K@JKG@�DO�HDBCO�=@�>JHKGD><O@?�OJ�PI?@MNO<I?�OC@�>JH=DI<ODJI�JA�M@NC<K@�<I?�>JI><O@I<O@

2C@M@AJM@��TJP�><I�N@@�<I�@SOM@H@GT�NDHKG@�@S<HKG@�DI�OC@�AJGGJRDIB�>J?@�

import numpy as np

a = np.array( [[1, 2], [3, 4]])
b = np.array( [5, 6])
b = b.reshape((b.shape[0], 1))
print(b)

x = np.concatenate( (a, b), axis=1)
x

5@�PN@�OC@�IPHKT�API>ODJI savetxt OJ�N<Q@�OC@�?<O<
�"JI�O�RJMMT�<=JPO�OC@�NOM<IB@�I<H@��DO�DN�EPNO�AJM�API
<I?�AJM�M@<NJIN�RCD>C�RDGG�=@�>G@<M�NJJI�

np.savetxt("squirrels.txt",
all_data,
fmt=['%.3f', '%.3f', '%1d'])

all_data[:10]

[[5]
[6]]

-POKPO� array([[1, 2, 5],
[3, 4, 6]])

-POKPO� array([[ 1.72415394,  4.22895559,  0.        ],
[ 4.16466507,  5.77817418,  1.        ],
[ 4.51441156,  4.98274913,  1.        ],
[ 1.49102772,  2.83351405,  0.        ],
[ 6.0386362 ,  7.57298437,  2.        ],
[ 5.61044976,  9.83428321,  2.        ],
[ 5.69202866, 10.47239631,  2.        ],
[ 6.14017298,  8.56209179,  2.        ],
[ 2.97620068,  5.56776474,  1.        ],
[ 8.27980017,  8.54824406,  2.        ]])
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R E A D I N G  T H E  D A T A  A N D
C O N V E R S I O N  B A C K  I N T O  ' D A T A '
A N D  ' L A B E L S '

5@�RDGG�?@HJINOM<O@�IJR��CJR�OJ�M@<?�DI�OC@�?<O<�<B<DI�<I?�CJR�OJ�NKGDO�DO�DIOJ data <I? labels <B<DI�

file_data = np.loadtxt("squirrels.txt")

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

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

5@�C<?�><GG@?�OC@�?<O<�ADG@ squirrels.txt ��=@><PN@�R@�DH<BDI@?�<�NOM<IB@�FDI?�JA�<IDH<G�GDQDIB�DI�OC@
1<C<M<�?@N@MO
�2C@�S�Q<GP@N�NO<I?�AJM�OC@�IDBCO�QDNDJI�><K<=DGDOD@N�JA�OC@�<IDH<GN�<I?�OC@�T�Q<GP@N�>JMM@NKJI?
OJ�OC@�>JGJPM�JA�OC@�APM��BJDIB�AMJH�N<I?DNC�OJ�=G<>F
�5@�C<Q@�OCM@@�FDI?N�JA�NLPDMM@GN��������<I?��
�� @�<R<M@
OC<O�JPM�NLPDMM<GN�<M@�DH<BDI<MT�NLPDMM@GN�<I?�C<Q@�IJOCDIB�OJ�?J�RDOC�OC@�M@<G�NLPDMM@GN�JA�OC@�1<C<M<��

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, 0 to 10 ',
title='Sahara Virtual Squirrel')

ax.legend(loc='upper right')

0#�"',%�2&#�"�2���,"�!-,4#01'-,� �!)�',2-��"�2����,"��*� #*1� ��



5@�RDGG�OM<DI�JPM�<MOD>DAD><G�?<O<�DI�OC@�AJGGJRDIB�>J?@�

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 ��>8I8EK<<J�J8D<�FLKGLK�=F

I�<M<IP�ILE
)

train_data, test_data, train_labels, test_labels = data_sets

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

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

��KI8@E
knn.fit(train_data, train_labels)

��K<JK�FE�K<JK�;8K8�
calculated_labels = knn.predict(test_data)
calculated_labels

-POKPO� <matplotlib.legend.Legend at 0x7f545b4d6340>

0#�"',%�2&#�"�2���,"�!-,4#01'-,� �!)�',2-��"�2����,"��*� #*1� ��



from sklearn import metrics

print("Accuracy:", metrics.accuracy_score(test_labels, calculate
d_labels))

-POKPO� array([2., 0., 1., 1., 0., 1., 2., 2., 2., 2., 0., 1., 0.,
0., 1., 0., 1.,

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

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

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

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

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

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

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

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

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

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

0., 1., 0., 1., 1., 2., 0., 2., 2., 1., 1., 1., 2.])

Accuracy: 0.97
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O T H E R  I N T E R E S T I N G
D I S T R I B U T I O N S

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])

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')

�8O
C<><E;�CF:��LGG<I�I@>?K���

-POKPO� (0.0, 0.34649342272719386)
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5@�R<IO�OJ�N><G@�Q<GP@N�OC<O�<M@�DI�<�M<IB@ [min, max] DI�<�M<IB@ [a, b] 


#�5� �
�� i �� � �5 i *&+�

*�5 i *&+

 �

5@�IJR�PN@�OCDN�AJMHPG<�OJ�OM<INAJMH�=JOC�OC@�6�<I?�7�>JJM?DI<O@N�JA data DIOJ�JOC@M�M<IB@N�

min_x_new, max_x_new = 33, 88
min_y_new, max_y_new = 12, 20

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

min_x, min_y = np.ndarray.min(data[:,0]), np.ndarray.min(dat
a[:,1])
max_x, max_y = np.ndarray.max(data[:,0]), np.ndarray.max(dat
a[:,1])

�;8K8����EG
8II8P�5D@E7O���6�
�;8K8�	��EG
8II8P�5�D8O7O7E<N���D@E7O7E<N�����D8O7O���D@E7O����6�
�;8K8�
��EG
8II8P�5D@E7O7E<N���6�

�;8K8����EG
8II8P�5���D@E7P6�
�;8K8�	��EG
8II8P�5����D8O7P7E<N���D@E7P7E<N�����D8O7P���D@E7P�6�

-POKPO� [Text(0.5, 0, 'X'), Text(0, 0.5, 'Y'), Text(0.5, 1.0, 'Moon
s')]

-2&#0�',2#0#12',%�"'120' 32'-,1 ��



�;8K8�
��EG
8II8P�5���D@E7P7E<N6�

data -= np.array([min_x, min_y])
data *= np.array([(max_x_new - min_x_new) / (max_x - min_x), (ma
x_y_new - min_y_new) / (max_y - min_y)])
data += np.array([min_x_new, min_y_new])

�EG
E;8II8P
D@E�;8K85���6���EG
E;8II8P
D8O�;8K85���6�
data[:6]

def scale_data(data, new_limits, inplace=False ):
if not inplace:

data = data.copy()
min_x, min_y = np.ndarray.min(data[:,0]), np.ndarray.min(dat

a[:,1])
max_x, max_y = np.ndarray.max(data[:,0]), np.ndarray.max(dat

a[:,1])
min_x_new, max_x_new = new_limits[0]
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])
if 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)

-POKPO� 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]])

-2&#0�',2#0#12',%�"'120' 32'-,1 ��



data[:10]

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')

ax.legend(loc='upper right');

import sklearn.datasets as ds
data, labels = ds.make_circles(n_samples=100,

shuffle=True,

-POKPO� array([[1.19312571, 6.70797983],
[2.74306138, 6.74830445],
[1.15255757, 6.31893824],
[1.03927303, 4.83714182],
[2.91313352, 6.44139267],
[2.13227292, 5.120716  ],
[2.65590196, 3.49417953],
[2.98349928, 5.02232383],
[3.35660593, 3.34679462],
[2.15813861, 4.8036458 ]])

-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')

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)

-POKPO� <matplotlib.legend.Legend at 0x7f54588c2e20>

-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='o', 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='o', 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='o', c=Y2,
s=25, edgecolor='k')

plt.subplot(324)
plt.title("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='o', c=Y1,
s=25, edgecolor='k')

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

s=25, edgecolor='k')
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plt.show()

EXERCISES

EXERCISE 1
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Automatically created module for IPython interactive environment
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EXERCISE 2
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EXERCISE 3
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SOLUTIONS

SOLUTION TO EXERCISE 1

data, labels = make_blobs(n_samples=100,
cluster_std = 0.5,
centers=[[1, 4] ,[4, 1]],
random_state=1)

fig, ax = plt.subplots()

colours = ["orange", "green"]
label_name = ["Tigers", "Lions"]
for label in range(0, 2):

ax.scatter(data[labels==label, 0], data[labels==label, 1],
c=colours[label], s=40, label=label_name[label])
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ax.set(xlabel='X',
ylabel='Y',
title='dataset')

ax.legend(loc='upper right')

SOLUTION TO EXERCISE 2

data, labels = make_blobs(n_samples=100,
cluster_std = 0.5,
centers=[[2, 2] ,[4, 4]],
random_state=1)

fig, ax = plt.subplots()

colours = ["orange", "green"]
label_name = ["label0", "label1"]
for label in range(0, 2):

ax.scatter(data[labels==label, 0], data[labels==label, 1],
c=colours[label], s=40, label=label_name[label])

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

-POKPO� <matplotlib.legend.Legend at 0x7f788afb2c40>
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title='dataset')

ax.legend(loc='upper right')

SOLUTION TO EXERCISE 3

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]]
data2, labels2 = make_blobs(n_samples=100,

cluster_std = 0.5,
centers=centers,
random_state=1)

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

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

-POKPO� <matplotlib.legend.Legend at 0x7f788af8eac0>
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data = np.concatenate([data, data2], axis=0)

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==label, 0], data[labels==label, 1],
c=colours[label], s=40, label=label_name[label])

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

ax.legend(loc='upper right')

[2 4 4 3 4 4 3 3 2 4 4 2 4 4 3 4 2 4 4 4 4 2 2 4 4 3 2 2 3 2 2 3
2 3 3 3 3
3 4 3 3 2 3 3 3 2 2 2 2 3 4 4 4 2 4 3 3 2 2 3 4 4 3 3 4 2 4 2 4

3 3 4 2 2
3 4 4 2 3 2 3 3 4 2 2 2 2 3 2 4 2 2 3 3 4 4 2 2 4 3]

-POKPO� <matplotlib.legend.Legend at 0x7f788b1d42b0>
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