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�ȳȳɄʯȳƉƨȭƨȳʚʌυ pɄȭƨ˝Ʉɼȕ ࢁ ˝Ƕțț ſƨ ɼƨțƨŗʌƨƕ ŗǒʚƨɼ țƨƉʚʯɼƨࣗ ˝Ƕțț ſƨ ƕʯƨ Ʉȳ
¡Ʉȳƕŗ˦ ࢕ࡹࣩࡱࡹ ŗʚ ɱȭ࢙ࣖࢉࣘࡹࡹ İǶțț ſƨ ʌǫɄɼʚƨɼ ʚǫŗȳ ʯʌʯŗțࣖυ eɼɄʯɱ˝Ʉɼȕ ࢁ ˝Ƕțț ſƨ ɼƨțƨŗʌƨƕ ŗǒʚƨɼ țƨƉʚʯɼƨࣗ ˝Ƕțț ſƨ ƕʯƨ Ʉȳ
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�ǖƨȳƕŗυ éƨƉŗɱ ɄǑ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣖυ âɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖυ ¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ŗǖŗǶȳࣖ



éƨƉŗɱࣘ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ



eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚυ ÿǫƨ ǖɄŗț ɄǑ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ Ƕʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ŗ ǑʯȳƉʚǶɄȳҫ	ɏ
ࣖυ eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ ʌʚŗɼʚʌ Ʉ˽ ˝Ƕʚǫ ŗȳ ǶȳǶʚǶŗț ǖʯƨʌʌ ɏ� ɄǑ
˝ǫƨɼƨ ʚǫƨ ȭǶȳǶȭǶ˲Ƕȳǖ Ƕȳɱʯʚ ʚɄ ҫ	ɏ
 Ƕʌࣗ ŗȳƕ Ʉȳ ƨŗƉǫ ʌʚƨɱ
ʚɼǶƨʌ ʚɄ ǖƨʚ ƉțɄʌƨɼ ʚɄ ʚǫƨ ȭǶȳǶȭǶ˲Ƕȳǖ Ƕȳɱʯʚ ɏ˶ ſ˦ ȭɄ˙Ƕȳǖ
ɄɱɱɄʌǶʚƨ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ʚǫƨ ʌțɄɱƨࣘɏһ � ɏһ˲� ˲ ָ ͥ ҷҫҷɏ 	ɏһ˲�
υ ָ Ƕʌ ȕȳɄ˝ȳ ŗʌ ʚǫƨ țƨŗɼȳǶȳǖ ɼŗʚƨࣗ Ʉɼ ʌʚƨɱ ʌǶ˲ƨࣖ yʚ

ƉɄȳʚɼɄțʌ ǫɄ˝ ȭʯƉǫ ˝ƨ ʯɱƕŗʚƨ Ʉʯɼ ǖʯƨʌʌƨʌ ſ˦ Ʉȳ
ƨŗƉǫ ǶʚƨɼŗʚǶɄȳࣖυ eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ ʚƨɼȭǶȳŗʚƨʌ ɄȳƉƨ ʚǫƨ ǖʯƨʌʌƨʌ ɏһ ŗȳƕ ɏһ˲�

ʌʚɄɱ ƉǫŗȳǖǶȳǖ ȭʯƉǫࣖ
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óƨƨ �ƨƉʚʯɼƨ ऒʌࢉ ʌʯɱɱțƨȭƨȳʚŗț ȳɄʚƨſɄɄȕ ǑɄɼ ŗȳǶȭŗʚǶɄȳʌࣖ



İǫƨȳ ƕɄƨʌ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ ˝Ʉɼȕࣞ

υ � ǑʯȳƉʚǶɄȳ ҹ Ƕʌ ƉɄȳ˙ƨ˥ ǶǑࣗ ǑɄɼ ŗȳ˦ ʚ˝Ʉ Ƕȳɱʯʚʌ Ҵ ŗȳƕ ҵࣗ ʚǫƨ
țǶȳƨ ʌƨǖȭƨȳʚ ƉɄȳȳƨƉʚǶȳǖ ʚǫƨ ʚ˝Ʉ ɱɄǶȳʚʌ 	Ҵ
 ҹ	Ҵ

 ŗȳƕ	ҵ
 ҹ	ҵ

 ƕɄƨʌ ȳɄʚ ǖɄ ſƨțɄ˝ ʚǫƨ ǑʯȳƉʚǶɄȳ ҹ ࣖυ ҫҴҵӅ	ɏ
 � �Ӏ ˱Ӏһ�� ]Ӌһ ˲ ɏ]ࣘ ƉɄȳ˙ƨ˥ࣖυ ҫӅӃ	ɏ
 � �Ӏ ˱Ӏһ��	Ӌһ ˲ ɏ
�ࣘ ƉɄȳ˙ƨ˥ࣖυ ҫӇҶӅҷ	ɏ
 � �Ӏ ˱Ӏһ�� �ڃ ˲ Ҹ˲	Ӌһ˲ɏ
ࣘڒ�׊�� ȳɄʚ ƉɄȳ˙ƨ˥ࣖυ ÿǫƨɄɼƨȭࣘ yǑ ҫ	ɏ
 Ƕʌ ƉɄȳ˙ƨ˥ ŗȳƕ ƕǶ˽ƨɼƨȳʚǶŗſțƨ ʚǫƨȳ
ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ ƉɄȳ˙ƨɼǖƨʌ ʚɄ ŗ ǖțɄſŗț ȭǶȳǶȭʯȭ ɄǑ ҫ
ǖǶ˙ƨȳ ŗȳ ŗɱɱɼɄɱɼǶŗʚƨ ʌʚƨɱ ʌǶ˲ƨࣖ

1-1 . t.nl
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âɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ



pɄ˝ ƕɄ ˝ƨ ɱɼƨƕǶƉʚ ʌɄȭƨɄȳƨऒʌ ʌŗțŗɼ˦ࣞ
�ǒʚƨɼ ƉɄțțƨƉʚǶȳǖ ʌŗțŗɼ˦ ƕŗʚŗࣗ ˝ƨࣖࣖࣖ
ࣖࡹ ,ǫɄɄʌƨ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳࣖ

ࣖࡽ bǶȳƕ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳ ſ˦ ȭǶȳǶȭǶ˲Ƕȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣖυ óɄ Ǒŗɼࣗ ˝ƨऒ˙ƨ ſƨƨȳ ɱɼƨƕǶƉʚǶȳǖ Ǒʯʚʯɼƨ ʌŗțŗɼǶƨʌ ˝ǶʚǫɄʯʚ ʯʌǶȳǖ
ŗȳ˦ ǶȳǑɄɼȭŗʚǶɄȳ ŗſɄʯʚ ʚǫƨ ǶȳƕǶ˙Ƕƕʯŗț ࣯ƨࣖǖࣖ eâ�ࣗ ˦ƨŗɼʌ ɄǑ
ƨ˥ɱƨɼǶƨȳƉƨࣗ ȳʯȭſƨɼ ɄǑ �Ƕȳȕƨƕyȳ ƉɄȳȳƨƉʚǶɄȳʌࣱࣖυ ¥ƨ˝ ǑɄƉʯʌࣘ pɄ˝ ƕɄ ˝ƨ ǶȳƉɄɼɱɄɼŗʚƨ ʚǫǶʌ ǶȳǑɄɼȭŗʚǶɄȳ ǶȳʚɄ
Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳࣽȭŗȕǶȳǖ ɱɼɄƉƨʌʌࣞ

average of loss

= function over mydataset!



bƨŗʚʯɼƨʌ
� Ǒƨŗʚʯɼƨ Ƕʌ ŗȳ ŗʚʚɼǶſʯʚƨ ँ ŗ ɱǶƨƉƨ ɄǑ ǶȳǑɄɼȭŗʚǶɄȳࣖυ ¥ʯȭƨɼǶƉŗțࣘ ŗǖƨࣗ ǫƨǶǖǫʚࣗ ˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨυ ,ŗʚƨǖɄɼǶƉŗțࣘ ƉɄțțƨǖƨࣗ ƉǶʚ ࣗ˦ ƨƕʯƉŗʚǶɄȳ țƨ˙ƨțυ $ɄɄțƨŗȳࣘ ȕȳɄ˝ʌ â˦ʚǫɄȳࣞࣗ ǫŗƕ ǶȳʚƨɼȳʌǫǶɱࣞ

ÿǫǶȳȕ ɄǑ Ǒƨŗʚʯɼƨʌ ŗʌ ƉɄțʯȭȳʌ Ƕȳ ŗ 6ŗʚŗbɼŗȭƨ ࣯Ƕࣖƨࣖ ʚŗſțƨࣱࣖ



ĬŗɼǶŗſțƨʌυ ÿǫƨ Ǒƨŗʚʯɼƨʌࣗ ӊࣗ ʚǫŗʚ ˝ƨ ſŗʌƨ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳʌ Ʉȳ ŗɼƨ Ɖŗțțƨƕ
ɱɼƨƕǶƉʚɄɼ ˙ŗɼǶŗſțƨʌࣖυ ÿǫƨ ɸʯŗȳʚǶʚ ࣗ˦ Ӌࣗ ʚǫŗʚ ˝ƨऒɼƨ ʚɼ˦Ƕȳǖ ʚɄ ɱɼƨƕǶƉʚ ſŗʌƨƕ Ʉȳ
ʚǫƨʌƨ Ǒƨŗʚʯɼƨʌ Ƕʌ Ɖŗțțƨƕ ʚǫƨ ɼƨʌɱɄȳʌƨ ˙ŗɼǶŗſțƨࣖυ İƨऒțț ʌʚŗɼʚ ſ˦ ɱɼƨƕǶƉʚǶȳǖ ʌŗțŗɼ˦ ſŗʌƨƕ Ʉȳ ˦ƨŗɼʌ ɄǑ
ƨ˥ɱƨɼǶƨȳƉƨࣖ

→ inputs

→ outputs

→
y is not a

"

feature "



âɼƨƕǶƉʚǶɄȳ ɼʯțƨʌυ İƨ ſƨțǶƨ˙ƨ ʚǫŗʚ ʌŗțŗɼ˦ Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨࣖυ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗ ˝ƨ ʚǫǶȳȕ ʚǫŗʚ ʚǫƨɼƨ Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ҡ ʌʯƉǫ
ʚǫŗʚࣘ

ʌŗțŗɼ˦ ̢ ҡ	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
υ ҡ Ƕʌ Ɖŗțțƨƕ ŗ ǫ˦ɱɄʚǫƨʌǶʌ ǑʯȳƉʚǶɄȳ Ʉɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣖυ ¶ʯɼ ǖɄŗțࣘ ̇ȳƕ ŗ ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡࣖ
☐



âɄʌʌǶſțƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ

ҡ�	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
 � ���
��� � ��
 ��� � 	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
ҡ�	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
 � ���
��� � ����	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
ҡ�	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
 � ����
��� ˲ ��
��� � 	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ

υ ÿǫƨʌƨ ŗɼƨ ŗțț ˙ŗțǶƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖυ óɄȭƨ ŗɼƨ ſƨʚʚƨɼ ʚǫŗȳ Ʉʚǫƨɼʌࣖ

-

- -

[
probably bad



,ɄȭɱŗɼǶȳǖ ɱɼƨƕǶƉʚǶɄȳʌυ pɄ˝ ƕɄ ˝ƨ ȕȳɄ˝ ˝ǫǶƉǫ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌ ſƨʌʚࣘ ҡ�ࣗ ҡ�ࣗ ҡ�ࣞυ İƨ ǖŗʚǫƨɼ ƕŗʚŗ ǑɼɄȭ Ӏ ɱƨɄɱțƨࣖ �ƨʚ ӊһ ſƨ ƨ˥ɱƨɼǶƨȳƉƨࣗ Ӌһ ſƨ
ʌŗțŗɼ˦ࣘ

࣯E˥ɱƨɼǶƨȳƉƨ�ࣗ óŗțŗɼ˦�ࣱ
࣯E˥ɱƨɼǶƨȳƉƨ�ࣗ óŗțŗɼ˦�ࣱ���
࣯E˥ɱƨɼǶƨȳƉƨӀࣗ óŗțŗɼ˦Ӏࣱ ɲ 	ӊ�
 Ӌ�
	ӊ�
 Ӌ�
���	ӊӀ
 ӋӀ
υ óƨƨ ˝ǫǶƉǫ ɼʯțƨ ˝Ʉɼȕʌ ſƨʚʚƨɼ Ʉȳ ƕŗʚŗࣖ



E˥ŗȭɱțƨ

byline
: data points



çʯŗȳʚǶǑ˦Ƕȳǖ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡυ ¶ʯɼ ɱɼƨƕǶƉʚǶɄȳ ǑɄɼ ɱƨɼʌɄȳ һऒʌ ʌŗțŗɼ˦ Ƕʌ ҡ	ӊһ
ࣖυ �ʌ ſƨǑɄɼƨࣗ ˝ƨऒțț ʯʌƨ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳ ʚɄ ɸʯŗȳʚǶǑ˦ ʚǫƨ ɸʯŗțǶʚ˦
ɄǑ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳʌࣖυ �ſʌɄțʯʚƨ țɄʌʌࣘ Ӌһڰ ˲ ҡ	ӊһ
υࣖڰ óɸʯŗɼƨƕ țɄʌʌࣘ ٥Ӌһ ˲ ҡ	ӊһ
υࣖ�ٴ İƨऒțț ʯʌƨ ʌɸʯŗɼƨƕ țɄʌʌࣗ ʌǶȳƉƨ Ƕʚऒʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣖυ ĎʌǶȳǖ ʌɸʯŗɼƨƕ țɄʌʌࣗ ʚǫƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ࣯ȭƨŗȳ ʌɸʯŗɼƨƕ
ƨɼɼɄɼࣱ ɄǑ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ ǶʌࣘҫӅӃ	ҡ
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ ҡ	ӊһ
�ٴ

→ /actual- predicted/

→ (actual -predicted)
"

very similar to before !

17h



¡ƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ good prediction rule
= low MSE (Rsg (H))
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bǶȳƕǶȳǖ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ eɄŗțࣘ Ʉʯʚ ɄǑ ŗțț ǑʯȳƉʚǶɄȳʌ ɖ ɲ ɖࣗ ̇ȳƕ ʚǫƨ ǑʯȳƉʚǶɄȳ ҡ˶ ˝Ƕʚǫ
ʚǫƨ ʌȭŗțțƨʌʚ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖυ ÿǫŗʚ Ƕʌࣗ ҡ˶ ʌǫɄʯțƕ ſƨ ʚǫƨ ǑʯȳƉʚǶɄȳ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌҫӅӃ	ҡ
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ ҡ	ӊһ
�υٴ ÿǫƨɼƨऒʌ ŗ ɱɼɄſțƨȭࣖ



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

eǶ˙ƨȳ ʚǫƨ ƕŗʚŗ ſƨțɄ˝ࣗ Ƕʌ ʚǫƨɼƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ ˝ǫǶƉǫ
ǫŗʌ ˲ƨɼɄ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣞ

ŗࣱ ĸƨʌ ſࣱ ¥Ʉ
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡹࢉ࢕࢕
ࡽࢅࢉ ࢙ࣖ
-0

µW



âɼɄſțƨȭυ İƨ Ɖŗȳ ȭŗȕƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ˙ƨɼ˦ ʌȭŗțțࣗ ƨ˙ƨȳ ˲ƨɼɄࣛυ $ʯʚ ʚǫƨ ǑʯȳƉʚǶɄȳ ˝Ƕțț ſƨ ˝ƨǶɼƕࣖυ ÿǫǶʌ Ƕʌ Ɖŗțțƨƕ Ʉ˙ƨɼ̇ʚʚǶȳǖࣖυ éƨȭƨȭſƨɼ Ʉʯɼ ɼƨŗț ǖɄŗțࣘ ȭŗȕƨ ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳʌ Ʉȳ ƕŗʚŗ
˝ƨ ǫŗ˙ƨȳऒʚ ʌƨƨȳࣖ



óɄțʯʚǶɄȳυ 6Ʉȳऒʚ ŗțțɄ˝ ҡ ʚɄ ſƨ ȍʯʌʚ ŗȳ˦ ǑʯȳƉʚǶɄȳࣖυ éƨɸʯǶɼƨ ʚǫŗʚ Ƕʚ ǫŗʌ ŗ ƉƨɼʚŗǶȳ ǑɄɼȭࣖυ E˥ŗȭɱțƨʌࣘυ �Ƕȳƨŗɼࣘ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣖυ çʯŗƕɼŗʚǶƉࣘ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ� � Ӊ�ӊ�ࣖυ E˥ɱɄȳƨȳʚǶŗțࣘ ҡ	ӊ
 � Ӊ�ҸӉ�ӊ ࣖυ ,Ʉȳʌʚŗȳʚࣘ ҡ	ӊ
 � Ӊ�ࣖ
→

y
- mxtb



bǶȳƕǶȳǖ ʚǫƨ ſƨʌʚ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ eɄŗțࣘ Ʉʯʚ ɄǑ ŗțț țǶȳƨŗɼ ǑʯȳƉʚǶɄȳʌ ɖ ɲ ɖࣗ ̇ȳƕ ʚǫƨ ǑʯȳƉʚǶɄȳҡ˶ ˝Ƕʚǫ ʚǫƨ ʌȭŗțțƨʌʚ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖυ �Ƕȳƨŗɼ ǑʯȳƉʚǶɄȳʌ ŗɼƨ ɄǑ ʚǫƨ ǑɄɼȭ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣖυ ÿǫƨ˦ ŗɼƨ ƕƨ̇ȳƨƕ ſ˦ ŗ ʌțɄɱƨ ࣯Ӊ�ࣱ ŗȳƕ ǶȳʚƨɼƉƨɱʚ ࣯Ӊ�ࣱࣖυ ÿǫŗʚ Ƕʌࣗ ҡ˶ ʌǫɄʯțƕ ſƨ ʚǫƨ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌҫӅӃ	ҡ
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ ҡ	ӊһ
�υٴ ÿǫǶʌ ɱɼɄſțƨȭ Ƕʌ Ɖŗțțƨƕ țƨŗʌʚ ʌɸʯŗɼƨʌ ɼƨǖɼƨʌʌǶɄȳࣖυ एóǶȭɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳऐ ɼƨǑƨɼʌ ʚɄ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ
˝Ƕʚǫ ŗ ʌǶȳǖțƨ ɱɼƨƕǶƉʚɄɼ ˙ŗɼǶŗſțƨࣖ

☐

¥1b



¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ǑɄɼ ʚǫƨ țǶȳƨŗɼ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ



¡ǶȳǶȭǶ˲Ƕȳǖ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ ÿǫƨ ¡óE Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ҫʌɸ ɄǑ ŗ ǑʯȳƉʚǶɄȳ ҡࣖҫʌɸ	ҡ
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ ҡ	ӊһ
�υٴ $ʯʚ ʌǶȳƉƨ ҡ Ƕʌ țǶȳƨŗɼࣗ ˝ƨ ȕȳɄ˝ ҡ	ӊһ
 � Ӊ� � Ӊ�ӊһࣖҫʌɸ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ ¥Ʉ˝ ҫӅӃ Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ɄǑ Ӊ� ŗȳƕ Ӊ�ࣖυ İƨ Ɖŗțț Ӊ� ŗȳƕ Ӊ� ɱŗɼŗȭƨʚƨɼʌࣖυ âŗɼŗȭƨʚƨɼʌ ƕƨ̇ȳƨ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣖ

Rsalh) tf
in used to

be just h !

different
slope/intercept :

different MSE



Ďɱƕŗʚƨƕ ǖɄŗțυ bǶȳƕ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ŗȳƕ ǶȳʚƨɼƉƨɱʚ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ¡óEࣗҫʌɸ	Ӊ�
 Ӊ�
ࣘҫʌɸ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ óʚɼŗʚƨǖ˦ࣘ ȭʯțʚǶ˙ŗɼǶŗſțƨ ƉŗțƉʯțʯʌࣖ



éƨƉŗțțࣘ ʚǫƨ ǖɼŗƕǶƨȳʚυ yǑ ҹ	ӊ
 Ӌ
 Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ɄǑ ʚ˝Ʉ ˙ŗɼǶŗſțƨʌࣗ ʚǫƨ ǖɼŗƕǶƨȳʚ ɄǑ ҹ ŗʚ
ʚǫƨ ɱɄǶȳʚ 	ӊ�
 Ӌ�
 Ƕʌ ŗ ˙ƨƉʚɄɼ ɄǑ ɱŗɼʚǶŗț ƕƨɼǶ˙ŗʚǶ˙ƨʌࣘ˧ҹ	ӊ�
 Ӌ�
 � ӊבҹב٭ 	ӊ�
 Ӌ�
Ӌבҹב 	ӊ�
 Ӌ�
υټ �ƨ˦ bŗƉʚ ࣘࡹࣥ ÿǫƨ ƕƨɼǶ˙ŗʚǶ˙ƨ Ƕʌ ʚɄ ʚǫƨ ʚŗȳǖƨȳʚ țǶȳƨ ŗʌ ʚǫƨ
ǖɼŗƕǶƨȳʚ Ƕʌ ʚɄ ʚǫƨ ʚŗȳǖƨȳʚ ɱțŗȳƨࣖυ �ƨ˦ bŗƉʚ ࣘࡽࣥ ÿǫƨ ǖɼŗƕǶƨȳʚ ɱɄǶȳʚʌ Ƕȳ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ʚǫƨ
ſǶǖǖƨʌʚ ǶȳƉɼƨŗʌƨࣖυ �ƨ˦ bŗƉʚ ࣘࢁࣥ ÿǫƨ ǖɼŗƕǶƨȳʚ Ƕʌ ˲ƨɼɄ ŗʚ ƉɼǶʚǶƉŗț ɱɄǶȳʚʌࣖ

flay )= ✗2- Zxyty
"

2¥ = 2×-2y
0¥ = - 2×+4y

>



óʚɼŗʚƨǖ˦
ÿɄ ȭǶȳǶȭǶ˲ƨ ҫ	Ӊ�
 Ӊ�
ࣘ ƉɄȭɱʯʚƨ ʚǫƨ ǖɼŗƕǶƨȳʚࣗ ʌƨʚ Ƕʚ ƨɸʯŗț ʚɄ
˲ƨɼɄࣗ ŗȳƕ ʌɄț˙ƨࣖ

Rlwo
,
w
, ) = In É Cgi - Cw.tw, ×:))

"

sq
i--l

t
inputs are uo

,
w
,

OR 2k

I.
= 0

Two
= 0



ҫʌɸ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�ٴ
6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ǫɄɄʌƨ ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ʚǫŗʚ ƨɸʯŗțʌ
�Ӊבҫʌɸב �

ŗࣱ �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ
ſࣱ ˲�Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ
Ɖࣱ ˲�Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ ӊһ
ƕࣱ ˲�Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ
eɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡹࢉ࢕࢕ ࡽࢅࢉ ࢙ࣖ



ҫʌɸ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�Ӊבҫʌɸב�ٴ � d- É ÷. (Yi - two +v. ×:)) "
=L §

,

2 (yi - Cwotw ,
✗ i )) C- 1)

Y-Z.IE/yi-lwo+w.xi#



ҫʌɸ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�Ӊבҫʌɸב�ٴ � d- £2 (yi-cw.tw, xi )) C-xi)
i = I

=
- 2- É (yi-lw.tw,

✗i 1) ✗i
n i=L



óʚɼŗʚƨǖ˦˲�Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ � � ˲ �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ ӊһ � �
ࣖࡹ óɄț˙ƨ ǑɄɼ Ӊ� Ƕȳ ̇ɼʌʚ ƨɸʯŗʚǶɄȳࣖυ ÿǫƨ ɼƨʌʯțʚ ſƨƉɄȭƨʌ Ӊ�˶ࣗ ʌǶȳƉƨ Ƕʚ Ƕʌ ʚǫƨ एſƨʌʚ ǶȳʚƨɼƉƨɱʚऐࣖ
ࣖࡽ âțʯǖ Ӊ�˶ ǶȳʚɄ ʌƨƉɄȳƕ ƨɸʯŗʚǶɄȳࣗ ʌɄț˙ƨ ǑɄɼ Ӊ�ࣖυ ÿǫƨ ɼƨʌʯțʚ ſƨƉɄȭƨʌ Ӊ�˶ࣗ ʌǶȳƉƨ Ƕʚ Ƕʌ ʚǫƨ एſƨʌʚ ʌțɄɱƨऐࣖ

DR

Two
°



óɄț˙ƨ ǑɄɼ �Ӏ˲ࡱ˶ˍ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ � � iv. =
'ñÉyi -wit .É§1-⇒ t:) in

§:=5-w
É(yi -Cwotw , ✗it) = 0
F- I

Wo two f- -
t Wo

n nT n

E Yi - { wo
- Ew ,

✗i =O

i-- l F-I F- I

n

E. Yi - nWo - w, Éxi -0in

Éyi -w,Éxi= nWo
isl c-=\



óɄț˙ƨ ǑɄɼ �Ӏ˲ࡹ˶ˍ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ٴ ӊһ � �→ J - w, I

1:) 1-E) only 1
unknown

!
→

É (y i - (j - w , I +w, ✗i )) ✗i = 0
i= I

ÉKyi -j) - w, (✗i -x-D ✗ i - 0

i=\

Éfyi - 5)✗i - w, ( ✗i - E) ✗ i] = 0 Élyi-5) ✗i
F- I

É (Yi-5)✗i =w, §
,

(✗ i⇒× , →
"
"

Éfxi -E) ✗i
i= , it



�ƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌυ İƨऒ˙ƨ ǑɄʯȳƕ ʚǫŗʚ ʚǫƨ ˙ŗțʯƨʌ Ӊ�˶ ŗȳƕ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ʚǫƨ
ǑʯȳƉʚǶɄȳ ҫӅӃ	Ӊ�
 Ӊ�
 � �Ӏ ˱Ӏһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�ٴ ŗɼƨ

Ӊ�˶ � Ӏذһ�� 	Ӌһ ˲ ğӋ
ӊһӀذһ�� 	ӊһ ˲ ğӊ
ӊһ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ
˝ǫƨɼƨ ğӊ � �Ӏ Ӏذһ�� ӊһ ğӋ � �Ӏ Ӏذһ�� Ӌһυ �ƨʚऒʌ ɼƨࣽ˝ɼǶʚƨ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ʚɄ ſƨ ŗ ſǶʚ ȭɄɼƨ ʌ˦ȭȭƨʚɼǶƉࣖ

best intercept
best

7 7slope



�ƨ˦ ǑŗƉʚ
ÿǫƨ ʌʯȭ ɄǑ ƕƨ˙ǶŗʚǶɄȳʌ ǑɼɄȭ ʚǫƨ ȭƨŗȳ ǑɄɼ ŗȳ˦ ƕŗʚŗʌƨʚ Ƕʌ �һذӀࣖࡱ� 	ӊһ ˲ ğӊ
 � � Ӏذһ�� 	Ӌһ ˲ ğӋ
 � �
âɼɄɄǑࣘ

[3,5 , 7) mean :S

(3-5)+6 -5) +17-5)

→
deviation

Élxi -⇒ = Éxi - Éx
i=i

i=,
5=1

= Éxi - ni
ist

n

= n.t.E.li - ni
=nI-nI=



EɸʯǶ˙ŗțƨȳʚ ǑɄɼȭʯțŗ ǑɄɼ ࡹ˶ˍ
,țŗǶȭ

Ӊ�˶ � Ӏذһ�� 	Ӌһ ˲ ğӋ
ӊһӀذһ�� 	ӊһ ˲ ğӊ
ӊһ �
Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
�

âɼɄɄǑࣘ

7

iinstant
Élxi -E)(yi -5) = Éflyi -g) ✗i

- lyi-g) I]
F- I

F- I

= Élyi - 5)xi - I{ Cgi-5)I proved that the
i=, i=÷numerators are the same. n

Proof for denominators = { (yi-g)✗i ✓
B very similar. F- i



�ƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌυ ÿǫƨ țƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌ ǑɄɼ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ŗȳƕ ǶȳʚƨɼƉƨɱʚӉ�˶ ŗɼƨࣘ
Ӊ�˶ � Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
� Ӊ�˶ � ğӋ ˲ Ӊ� ğӊ

υ İƨ ŗțʌɄ ʌŗ˦ ʚǫŗʚ Ӊ�˶ ŗȳƕ Ӊ�˶ ŗɼƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼʌࣖυ ÿɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ŗſɄʯʚ ʚǫƨ Ǒʯʚʯɼƨࣗ ˝ƨ ʯʌƨ ʚǫƨ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ˶	ӊ
 � Ӊ�˶ � Ӊ�˶ӊ

"

best
"

,

be they
minimize

MSG



E˥ŗȭɱțƨ ğӊ �ğӋ �
Ӊ�˶ � Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
� �
Ӊ�˶ � ğӋ ˲ Ӊ� ğӊ �ӊһ Ӌһ 	ӊһ ˲ ğӊ
 	Ӌһ ˲ ğӋ
 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
 	ӊһ ˲ ğӊ
�

ࢁ ࢑
ࢅ ࢁ
࢕ ࡽ

⇒ Will repeat Thursday .
I+4¥ = 5

7+3,1--2=4

¥
☒

4-C-¥) . 5=7-92

I :| ::/ -:| :- 6

total = -11 total-14



óʯȭȭŗɼ˦



óʯȭȭŗɼ ࣗ˦ ȳƨ˥ʚ ʚǶȭƨυ İƨ ǶȳʚɼɄƕʯƉƨƕ ʚǫƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣖυ ÿɄ ƕƨʚƨɼȭǶȳƨ ʚǫƨ ſƨʌʚ ƉǫɄǶƉƨ ɄǑ ʌțɄɱƨ ࣯Ӊ�ࣱ ŗȳƕ ǶȳʚƨɼƉƨɱʚ
࣯Ӊ�ࣱࣗ ˝ƨ ƉǫɄʌƨ ʚǫƨ ʌɸʯŗɼƨƕ țɄʌʌ ǑʯȳƉʚǶɄȳ 	Ӌһ ˲ ҡ	ӊһ

� ŗȳƕ
ȭǶȳǶȭǶ˲ƨƕ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ҫӅӃ	Ӊ�
 Ӊ�
ࣘҫӅӃ	Ӊ�
 Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ �ǒʚƨɼ ʌɄț˙Ƕȳǖ ǑɄɼ Ӊ�˶ ŗȳƕ Ӊ�˶ ʚǫɼɄʯǖǫ ɱŗɼʚǶŗț ƕǶ˽ƨɼƨȳʚǶŗʚǶɄȳࣗ
˝ƨ ǫŗ˙ƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ˶	ӊ
 � Ӊ�˶ � Ӊ�˶ӊ ʚǫŗʚ ˝ƨ Ɖŗȳ ʯʌƨ
ʚɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ŗſɄʯʚ ʚǫƨ Ǒʯʚʯɼƨࣖυ ¥ƨ˥ʚ ʚǶȭƨࣘ éƨ˙ǶʌǶʚǶȳǖ ƉɄɼɼƨțŗʚǶɄȳ ǑɼɄȭ 6ó, ࣖࡱࡹ éƨ˙ǶʌǶʚǶȳǖ
ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣖ yȳʚɼɄƕʯƉǶȳǖ ŗ țǶȳƨŗɼ ŗțǖƨſɼŗǶƉ
ǑɄɼȭʯțŗʚǶɄȳ ɄǑ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳࣖ


