
�ƨƉʚʯɼƨ  ँ ¡Ʉɼƨ óǶȭɱțƨ �Ƕȳƨŗɼ éƨǖɼƨʌʌǶɄȳ

6ó, ࣗ�ࡱࢅ bŗțț ࡹࡽࡱࡽ  Ď, óŗȳ 6ǶƨǖɄ
óʯɼŗȍ éŗȭɱʯɼƨࣗ ˝Ƕʚǫ ǫƨțɱ ǑɼɄȭ ȭŗȳ˦ Ʉʚǫƨɼʌ



�ȳȳɄʯȳƉƨȭƨȳʚʌυ eɼɄʯɱ˝Ʉɼȕ ࢁ Ƕʌ ƕʯƨ ʚɄȳǶǖǫʚ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ pɄȭƨ˝Ʉɼȕ ࢁ Ƕʌ ƕʯƨ ¡Ʉȳƕŗ˦ ŗʚ ɱȭ࢙ࣖࢉࣘࡹࡹ ¥Ʉ ʌțǶɱ ƕŗ˦ʌ
ŗțțɄ˝ƨƕࣛυ E˙ƨɼ˦Ʉȳƨ ȳɄ˝ ǫŗʌ ࢉ ʌțǶɱ ƕŗ˦ʌࣗ ʚǫɄʯǖǫࣖυ ¡Ƕƕʚƨɼȭ ƨ˥ŗȭ Ƕʌ Ʉȳ ÿǫʯɼʌƕŗ ࣗ˦ ࣗࡹࡽࣩࡱࡹ ǑɼɄȭ ¡�ࡹࡹ ࣖ¡âࡱࢁࣘࡽࣽࡹ
bʯțț˦ ɼƨȭɄʚƨࣖυ ,Ʉ˙ƨɼʌ �ƨƉʚʯɼƨʌ υࣖࣽࡹ İǶțț ɼƨƉƨǶ˙ƨ ŗ â6b Ʉȳ eɼŗƕƨʌƉɄɱƨ ŗȳƕ ȭʯʌʚ ʌʯſȭǶʚ Ƕʚ

ſŗƉȕ ˝ǶʚǫǶȳ ࡱ࢙ ȭǶȳʯʚƨʌ ࡱ࣯ ȭǶȳʯʚƨʌ ǑɄɼ ʚǫƨ ƨ˥ŗȭ ॻ ࡱࡹ
ȭǶȳʯʚƨʌ ǑɄɼ ʯɱțɄŗƕǶȳǖࣱࣖυ ¡Ʉɼƨ ƕƨʚŗǶțʌ ʚǫǶʌ ˝ƨƨȕƨȳƕࣖυ ¡Ƕƕʚƨɼȭ ɼƨ˙Ƕƨ˝ ʌƨʌʌǶɄȳ Ʉȳ ÿʯƨʌƕŗ ࣗ˦ ࢙ࡹࣩࡱࡹ ǑɼɄȭ ¡âࣽࢉ Ƕȳ

â,¥ĸp ࢙ࣖࡱࡹ



¡Ƕƕʚƨɼȭ ʌʚʯƕ˦ ʌʚɼŗʚƨǖ˦υ éƨ˙Ƕƨ˝ ʚǫƨ ʌɄțʯʚǶɄȳʌ ʚɄ ɱɼƨ˙ǶɄʯʌ ǫɄȭƨ˝Ʉɼȕʌ ŗȳƕ
ǖɼɄʯɱ˝Ʉɼȕʌࣖυ pɄȭƨ˝Ʉɼȕ ࡽ ʌɄțʯʚǶɄȳʌ ŗɼƨ ȳɄ˝ ʯɱࣖυ yƕƨȳʚǶǑ˦ ˝ǫǶƉǫ ƉɄȳƉƨɱʚʌ ŗɼƨ ʌʚǶțț Ƕ˽ ࣖ˦ éƨࣽ˝ŗʚƉǫ țƨƉʚʯɼƨࣗ
ɱɄʌʚ Ʉȳ ,ŗȭɱʯʌ˝Ƕɼƨࣗ ƉɄȭƨ ʚɄ Ʉ˾Ɖƨ ǫɄʯɼʌࣖυ �ɄɄȕ ŗʚ ʚǫƨ ɱŗʌʚ ƨ˥ŗȭʌ ŗʚ
JVVRU���FUEՖՒC�EQO�TGUQWTEGUࣖυ óʚʯƕ˦ Ƕȳ ǖɼɄʯɱʌࣖυ ¡ŗȕƨ ŗ एƉǫƨŗʚ ʌǫƨƨʚऐࣖυ éƨȭƨȭſƨɼࣘ Ƕʚऒʌ ȍʯʌʚ ŗȳ ƨ˥ŗȭࣖ



�ǖƨȳƕŗυ éƨƉŗɱ ɄǑ �ƨƉʚʯɼƨ υࣖࢍ ,ɄɼɼƨțŗʚǶɄȳࣖυ âɼŗƉʚǶƉŗț ƕƨȭɄࣖυ �Ƕȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝ࣖÉtuidterm !



éƨƉŗɱ ɄǑ �ƨƉʚʯɼƨ ࢍ



�Ƕȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌυ ¥ƨ˝ࣘ yȳʌʚƨŗƕ ɄǑ ɱɼƨƕǶƉʚǶȳǖ ʚǫƨ ʌŗȭƨ Ǒʯʚʯɼƨ ˙ŗțʯƨ ࣯ƨࣖǖࣖ
ʌŗțŗɼ˦ࣱ ɏ ǑɄɼ ƨ˙ƨɼ˦Ʉȳƨࣗ ˝ƨ ˝Ƕțț ȳɄ˝ ʯʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨҡ	ӊ
 ʚǫŗʚ ʯʌƨʌ Ǒƨŗʚʯɼƨʌࣗ Ƕࣖƨࣖ ǶȳǑɄɼȭŗʚǶɄȳ ŗſɄʯʚ ǶȳƕǶ˙Ƕƕʯŗțʌࣗ
ʚɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌࣖυ İƨ ƕƨƉǶƕƨƕ ʚɄ ʯʌƨ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ˝ǫǶƉǫ Ƕʌ ɄǑ ʚǫƨ
ǑɄɼȭ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣖυ Ӊ� ŗȳƕ Ӊ� ŗɼƨ Ɖŗțțƨƕ ɱŗɼŗȭƨʚƨɼʌࣖ

$ƨǑɄɼƨ ¥Ʉ˝



bǶȳƕǶȳǖ ʚǫƨ ſƨʌʚ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ yȳ Ʉɼƕƨɼ ʚɄ ̇ȳƕ ʚǫƨ ſƨʌʚ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ˝ƨ ȳƨƨƕ ʚɄ
ɱǶƉȕ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳ ŗȳƕ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ƉɄɼɼƨʌɱɄȳƕǶȳǖ
ƨȭɱǶɼǶƉŗț ɼǶʌȕࣖυ İƨ ƉǫɄʌƨ ʌɸʯŗɼƨƕ țɄʌʌࣗ ٥Ӌһ ˲ ҡ	ӊһ
ࣗ�ٴ ŗʌ Ʉʯɼ țɄʌʌ

ǑʯȳƉʚǶɄȳࣖυ 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
�ٴ

↳loss for single
prediction

-



bǶȳƕǶȳǖ ʚǫƨ ſƨʌʚ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ ¶ʯɼ ǖɄŗț țŗʌʚ țƨƉʚʯɼƨ ˝ŗʌ ʚɄ ̇ȳƕ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ŗȳƕ
ǶȳʚƨɼƉƨɱʚ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ¡óEࣗ ҫʌɸ	Ӊ� Ӊ�
ࣘҫʌɸ	Ӊ� Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ İƨ ƕǶƕ ʌɄ ʯʌǶȳǖ ȭʯțʚǶ˙ŗɼǶŗſțƨ ƉŗțƉʯțʯʌࣖ

Ӊ�˶ � Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
� Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ
υ ÿɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌࣘ ҡ˶	ӊ
 � Ӊ�˶ � Ӊ�˶	ӊ
ࣖ

parameters

to☐best /
slope
(

best intercept



E˥ŗȭɱțƨ ğӊ �ğӋ �
Ӊ�˶ � Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
� �
Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ �ӊһ Ӌһ 	ӊһ ˲ ğӊ
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total = -11 14 -



ÿƨɼȭǶȳɄțɄǖ˦υ ӊࣘ Ǒƨŗʚʯɼƨʌࣖυ Ӌࣘ ɼƨʌɱɄȳʌƨ ˙ŗɼǶŗſțƨࣖυ Ӊ�ࣗ Ӊ�ࣘ ɱŗɼŗȭƨʚƨɼʌࣖυ Ӊ�˶ࣗ Ӊ�˶ࣘ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼʌࣖυ ¶ɱʚǶȭŗț ſƨƉŗʯʌƨ ʚǫƨ˦ ȭǶȳǶȭǶ˲ƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖυ ÿǫƨ ɱɼɄƉƨʌʌ ɄǑ ̇ȳƕǶȳǖ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼʌ ǑɄɼ ŗ ǖǶ˙ƨȳ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ŗȳƕ ƕŗʚŗʌƨʚ Ƕʌ Ɖŗțțƨƕ ए̇ʚʚǶȳǖ ʚɄ ʚǫƨ ƕŗʚŗऐࣖυ ҫӅӃ	Ӊ� Ӊ�
 � �Ӏ ˱Ӏһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
ࣘ�ٴ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ
ƨȭɱǶɼǶƉŗț ɼǶʌȕࣖ

→
what define our

prediction rule

"

training model
"



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ɄȳʌǶƕƨɼ ŗ ƕŗʚŗʌƨʚ ˝Ƕʚǫ ȍʯʌʚ ʚ˝Ʉ ɱɄǶȳʚʌࣗ 	� �
 ŗȳƕ 	� ��
ࣖ
óʯɱɱɄʌƨ ˝ƨ ˝ŗȳʚ ʚɄ ̇ʚ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ʚɄ ʚǫǶʌ
ƕŗʚŗʌƨʚ ſ˦ ȭǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖ
İǫŗʚ ŗɼƨ ʚǫƨ ˙ŗțʯƨʌ ɄǑ Ӊ�˶ ŗȳƕ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ȭƨŗȳ
ʌɸʯŗɼƨƕ ƨɼɼɄɼࣞ
ŗࣱ Ӊ�˶ � � Ӊ�˶ � �
ſࣱ Ӊ�˶ � � Ӊ�˶ � ��
Ɖࣱ Ӊ�˶ � ˲� Ӊ�˶ � �
ƕࣱ Ӊ�˶ � ˲� Ӊ�˶ � �
ƨࣱ yȭɱɄʌʌǶſțƨ ʚɄ ʚƨțț
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢅࢍࢁ
ࣖࢅ

,,•Ñ ,
'5)

w:=÷÷÷=s⇒
y
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,ɄɼɼƨțŗʚǶɄȳ
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kinda ?



,ɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚυ yȳ 6ó, ࣗࡱࡹ ˦Ʉʯ ˝ƨɼƨ ǶȳʚɼɄƕʯƉƨƕ ʚɄ ʚǫƨ Ƕƕƨŗ ɄǑ ƉɄɼɼƨțŗʚǶɄȳࣖυ yʚ Ƕʌ ŗ ȭƨŗʌʯɼƨ ɄǑ ʚǫƨ ʌʚɼƨȳǖʚǫ ɄǑ ʚǫƨ țǶȳƨŗɼ
ŗʌʌɄƉǶŗʚǶɄȳ ɄǑ ʚ˝Ʉ ˙ŗɼǶŗſțƨʌࣗ ӊ ŗȳƕ Ӌࣖυ yȳʚʯǶʚǶ˙ƨț ࣗ˦ Ƕʚ Ƕʌ ŗ ȭƨŗʌʯɼƨ ɄǑ ǫɄ˝ ʚǶǖǫʚț˦ Ɖțʯʌʚƨɼƨƕ ŗ
ʌƉŗʚʚƨɼ ɱțɄʚ Ƕʌ ŗɼɄʯȳƕ ŗ ʌʚɼŗǶǖǫʚ țǶȳƨࣖυ ÿǫƨ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚࣗ ӄࣗ Ƕʌ ƕƨ̇ȳƨƕ ŗʌ ʚǫƨ ŗ˙ƨɼŗǖƨ ɄǑ

ʚǫƨ ɱɼɄƕʯƉʚ ɄǑ ӊ ŗȳƕ Ӌࣗ ˝ǫƨȳ ſɄʚǫ ŗɼƨ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣖυ ӊһ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣘ ӊһ ˲ ğӊӊ①ࣖ einemd) standard deviation

/r=tE("N)J



âɼɄɱƨɼʚǶƨʌ ɄǑ ʚǫƨ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚ ӄ
υ ӄ ǫŗʌ ȳɄ ʯȳǶʚʌࣖυ yʚ ɼŗȳǖƨʌ ſƨʚ˝ƨƨȳ ࣽࡹ ŗȳƕ υࣖࡹ ӄ � � ǶȳƕǶƉŗʚƨʌ ŗ ɱƨɼǑƨƉʚ ɱɄʌǶʚǶ˙ƨ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳ ࣯˥

ŗȳƕ ˦ țǶƨ ƨ˥ŗƉʚț˦ Ʉȳ ŗ ʌʚɼŗǶǖǫʚ țǶȳƨ ʚǫŗʚ Ƕʌ ʌțɄɱƨƕ
ʯɱ˝ŗɼƕʌࣱࣖυ ӄ � ˲� ǶȳƕǶƉŗʚƨʌ ŗ ɱƨɼǑƨƉʚ ȳƨǖŗʚǶ˙ƨ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳ
ſƨʚ˝ƨƨȳ ӊ ŗȳƕ Ӌࣖυ ÿǫƨ ƉțɄʌƨɼ ӄ Ƕʌ ʚɄ ࣗࡱ ʚǫƨ ˝ƨŗȕƨɼ ʚǫƨ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳ
ſƨʚ˝ƨƨȳ ӊ ŗȳƕ Ӌ Ƕʌࣖυ ӄ ʌŗ˦ʌ ȳɄʚǫǶȳǖ ŗſɄʯʚ ȳɄȳࣽțǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳࣖυ ,ɄɼɼƨțŗʚǶɄȳ ࣛঋ ƉŗʯʌŗʚǶɄȳࣖ

y
×××"r=L



÷
non- linear

relationship !



�ȳɄʚǫƨɼ ˝ŗ˦ ʚɄ ƨ˥ɱɼƨʌʌ Ӊ�˶υ yʚ ʚʯɼȳʌ Ʉʯʚ ʚǫŗʚ Ӊ�˶ࣗ ʚǫƨ ɄɱʚǶȭŗț ʌțɄɱƨ ǑɄɼ ʚǫƨ țǶȳƨŗɼ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ Ƕȳ ʚƨɼȭʌ ɄǑ ӄࣛ

Ӊ�˶ � Ӏذһ�� 	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
Ӏذһ�� 	ӊһ ˲ ğӊ
� � ӄ ӊӋ
υ yʚऒʌ ȳɄʚ ʌʯɼɱɼǶʌǶȳǖ ʚǫŗʚ ӄ Ƕʌ ɼƨțŗʚƨƕ ʚɄ Ӊ�˶ࣗ ʌǶȳƉƨ ӄ Ƕʌ ŗ
ȭƨŗʌʯɼƨ ɄǑ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳࣖυ ,ɄȳƉǶʌƨ ˝ŗ˦ ɄǑ ˝ɼǶʚǶȳǖ Ӊ�˶ ŗȳƕ Ӊ�˶ࣘӉ�˶ � ӄ ӊӋ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ



âɼɄɄǑ ʚǫŗʚ Ӊ�˶ � ӄ ӊӋ Note that

oi = in É
.

(✗i-E)?

r ÷ i-i

¥1 ) ( ' )/÷

" ¥É¥ai⇒g,"
" """⇒?

[
constant
(

constant

=

=w:

Nice !



yȳʚƨɼɱɼƨʚǶȳǖ ʚǫƨ ʌțɄɱƨ

Ӊ�˶ � ӄ ӊӋ
υ Ӌ ŗȳƕ ӊ ŗɼƨ ŗț˝ŗ˦ʌ ȳɄȳࣽȳƨǖŗʚǶ˙ƨࣖ �ʌ ŗ ɼƨʌʯțʚࣗ ʚǫƨ ʌǶǖȳ ɄǑ
ʚǫƨ ʌțɄɱƨ Ƕʌ ƕƨʚƨɼȭǶȳƨƕ ſ˦ ʚǫƨ ʌǶǖȳ ɄǑ ӄࣖυ �ʌ ʚǫƨ Ӌ ˙ŗțʯƨʌ ǖƨʚ ȭɄɼƨ ʌɱɼƨŗƕ Ʉʯʚࣗ Ӌ ǶȳƉɼƨŗʌƨʌ ŗȳƕ ʌɄ
ƕɄƨʌ ʚǫƨ ʌțɄɱƨࣖυ �ʌ ʚǫƨ ӊ ˙ŗțʯƨʌ ǖƨʚ ȭɄɼƨ ʌɱɼƨŗƕ Ʉʯʚࣗ ӊ ǶȳƉɼƨŗʌƨʌ ŗȳƕ ʚǫƨ
ʌțɄɱƨ ƕƨƉɼƨŗʌƨʌࣖ

:sign (wi) --signG)



yȳʚƨɼɱɼƨʚǶȳǖ ʚǫƨ ǶȳʚƨɼƉƨɱʚ

Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ
υ İǫŗʚ Ƕʌ ҡ˶	 ğӊ
ࣞ
-

5

IHYx)=wi+w
H' (a) = witwiñ =(y-_w+w#

--5



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İƨ ̇ʚ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ǑɄɼ ʌŗțŗɼ˦ ǖǶ˙ƨȳ ˦ƨŗɼʌ ɄǑ
ƨ˥ɱƨɼǶƨȳƉƨࣖ ÿǫƨȳ ƨ˙ƨɼ˦Ʉȳƨ ǖƨʚʌ ŗ िࡱࡱࡱࣗࢉ ɼŗǶʌƨࣖ İǫǶƉǫ
ɄǑ ʚǫƨʌƨ ǫŗɱɱƨȳʌࣞ

ŗࣱ ʌțɄɱƨ ǶȳƉɼƨŗʌƨʌࣗ ǶȳʚƨɼƉƨɱʚ ǶȳƉɼƨŗʌƨʌ

ſࣱ ʌțɄɱƨ ƕƨƉɼƨŗʌƨʌࣗ ǶȳʚƨɼƉƨɱʚ ǶȳƉɼƨŗʌƨʌ

Ɖࣱ ʌțɄɱƨ ʌʚŗ˦ʌ ʌŗȭƨࣗ ǶȳʚƨɼƉƨɱʚ ǶȳƉɼƨŗʌƨʌ

ƕࣱ ʌțɄɱƨ ʌʚŗ˦ʌ ʌŗȭƨࣗ ǶȳʚƨɼƉƨɱʚ ʌʚŗ˦ʌ ʌŗȭƨ
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢅࢍࢁ
ࣖࢅ

-





âɼŗƉʚǶƉŗț ƕƨȭɄ



bɄțțɄ˝ ŗțɄȳǖ ˝Ƕʚǫ ʚǫƨ ƕƨȭɄ ſ˦ ƉțǶƉȕǶȳǖ ʚǫƨ ƉɄƕƨ țǶȳȕ Ʉȳ ʚǫƨ
ƉɄʯɼʌƨ ˝ƨſʌǶʚƨ ȳƨ˥ʚ ʚɄ �ƨƉʚʯɼƨ ࣖ



�Ƕȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝



İŗǶʚࣖࣖࣖ ˝ǫ˦ ƕɄ ˝ƨ ȳƨƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗࣞυ óɄɄȳࣗ ˝ƨऒțț ˝ŗȳʚ ʚɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ʯʌǶȳǖ ȭɄɼƨ ʚǫŗȳ Ʉȳƨ
Ǒƨŗʚʯɼƨ ࣯ƨࣖǖࣖ ɱɼƨƕǶƉʚǶȳǖ ʌŗțŗɼ˦ ʯʌǶȳǖ ˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
ŗȳƕ eâ�ࣱࣖυ ÿǫǶȳȕǶȳǖ ŗſɄʯʚ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ
ŗțǖƨſɼŗ ˝Ƕțț ŗțțɄ˝ ʯʌ ʚɄ ̇ȳƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ ʚǫŗʚυ ʯʌƨ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ ŗɼƨ ȳɄȳࣽțǶȳƨŗɼࣖυ $ƨǑɄɼƨ ˝ƨ ƕǶ˙ƨ Ƕȳࣗ țƨʚऒʌ ɼƨ˙Ƕƨ˝ࣖυ ¥Ʉ țǶȳƨŗɼ ŗțǖƨſɼŗ Ʉȳ ʚǫƨ ȭǶƕʚƨɼȭ ࣱࣘ



¡ŗʚɼǶƉƨʌυ �ȳ ҿ � Ӏ ȭŗʚɼǶ˥ Ƕʌ ŗ ʚŗſțƨ ɄǑ ȳʯȭſƨɼʌ ˝Ƕʚǫ ҿ ɼɄ˝ʌ ŗȳƕ Ӏ
ƉɄțʯȭȳʌࣖυ İƨ ʯʌƨ ʯɱɱƨɼࣽƉŗʌƨ țƨʚʚƨɼʌ ǑɄɼ ȭŗʚɼǶƉƨʌࣖҚ � �چ � �� � υڕ� Қҭ ƕƨȳɄʚƨʌ ʚǫƨ ʚɼŗȳʌɱɄʌƨ ɄǑ ҚࣘҚҭ � �ڊ �� �� ڙ�

2×3

3×2



¡ŗʚɼǶ˥ ŗƕƕǶʚǶɄȳ ŗȳƕ ʌƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ İƨ Ɖŗȳ ŗƕƕ ʚ˝Ʉ ȭŗʚɼǶƉƨʌ Ʉȳț˦ ǶǑ ʚǫƨ˦ ŗɼƨ ʚǫƨ ʌŗȭƨ ʌǶ˲ƨࣖυ �ƕƕǶʚǶɄȳ ɄƉƉʯɼʌ ƨțƨȭƨȳʚ˝Ƕʌƨࣘچ� � �� � ڕ� � چ � � �˲� ˲� ڕ�˲ � �چ �� ��� � � υڕ óƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɄƉƉʯɼʌ ƨțƨȭƨȳʚ˝Ƕʌƨࣗ ʚɄɄࣘ� ͥ �چ � �� � ڕ� � �چ � �� �� •ڕ�� '
e

t



¡ŗʚɼǶ˥ࣽȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ İƨ Ɖŗȳ ȭʯțʚǶɱț˦ ʚ˝Ʉ ȭŗʚɼǶƉƨʌ Қ ŗȳƕ қ Ʉȳț˦ ǶǑ� ƉɄțʯȭȳʌ Ƕȳ Қ � � ɼɄ˝ʌ Ƕȳ қ�υ yǑ Қ Ƕʌ ҿ � Ӏ ŗȳƕ қ Ƕʌ Ӏ � ӂࣗ ʚǫƨ ɼƨʌʯțʚ Ƕʌ ҿ � ӂࣖυ ÿǫǶʌ Ƕʌ ˙ƨɼ˦ ʯʌƨǑʯțࣖυ ÿǫƨ һҼ ƨȳʚɼ˦ ɄǑ ʚǫƨ ɱɼɄƕʯƉʚ Ƕʌࣘ	Ққ
һҼ � Ӏذҽ�� ҚһҽқҽҼ

- -

1¥. [: : : : :] =L!. . :-)
,"

7×2

'

2×4



óɄȭƨ ȭŗʚɼǶ˥ ɱɼɄɱƨɼʚǶƨʌυ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ 6ǶʌʚɼǶſʯʚǶ˙ƨࣘҚ	қ � Ҝ
 � Ққ � ҚҜυ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ �ʌʌɄƉǶŗʚǶ˙ƨࣘ	Ққ
Ҝ � Қ	қҜ
υ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ ȳɄʚ ƉɄȭȭʯʚŗʚǶ˙ƨࣘҚқ ̭ қҚυ ÿɼŗȳʌɱɄʌƨ ɄǑ ʌʯȭࣘ 	Қ � қ
ҭ � Қҭ � қҭυ ÿɼŗȳʌɱɄʌƨ ɄǑ ɱɼɄƕʯƉʚࣘ 	Ққ
ҭ � қҭҚҭ

7- 4-8

= 12-8

- w -

=3 ' 32



ĬƨƉʚɄɼʌυ �ȳ ˙ƨƉʚɄɼ Ƕȳ ɖӀ Ƕʌ ŗȳ Ӏ � � ȭŗʚɼǶ˥ࣖυ İƨ ʯʌƨ țɄ˝ƨɼࣽƉŗʌƨ țƨʚʚƨɼʌ ǑɄɼ ˙ƨƉʚɄɼʌࣖ

ɀӈ � ڍ υڜ�˲��� ĬƨƉʚɄɼ ŗƕƕǶʚǶɄȳ ŗȳƕ ʌƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɄƉƉʯɼ
ƨțƨȭƨȳʚ˝Ƕʌƨࣖ

IR
"

→

1%1+1%1=1;]



eƨɄȭƨʚɼǶƉ ȭƨŗȳǶȳǖ ɄǑ ˙ƨƉʚɄɼʌυ � ˙ƨƉʚɄɼ ɀӈ � 	ӈ� Ȫ  ӈӀ
 Ƕʌ ŗȳ ŗɼɼɄ˝ ʚɄ ʚǫƨ ɱɄǶȳʚ 	ӈ� Ȫ  ӈӀ

ǑɼɄȭ ʚǫƨ ɄɼǶǖǶȳࣖ

υ ÿǫƨ țƨȳǖʚǫࣗ Ʉɼ ȳɄɼȭࣗ ɄǑ ɀӈ Ƕʌ Ƞ ɀӈȠ � ��ӈع � ӈ�� � Ȫ � ӈ�Ӏ ࣖ

Hill! v.'+ ri
⇒ Hill=vi+Ñ

I V2



6Ʉʚ ɱɼɄƕʯƉʚʌυ ÿǫƨ ƕɄʚ ɱɼɄƕʯƉʚ ɄǑ ʚ˝Ʉ ˙ƨƉʚɄɼʌ ɀӇ ŗȳƕ ɀӈ Ƕȳ ɖӀ Ƕʌ ƕƨȳɄʚƨƕ
ſ˦ࣘ ɀӇ ͥ ɀӈ � ɀӇҭ ɀӈυ 6ƨ̇ȳǶʚǶɄȳࣘ ɀӇ ͥ ɀӈ � Ӏذһ�� Ӈһӈһ � Ӈ�ӈ� � Ӈ�ӈ� � Ȫ � ӇӀӈӀυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ ŗ ʌƉŗțŗɼࣛ

u

vi. (1) 8=1-1:] ñT=[2 3 4)1×3%7%1
= 21- 1) + (3) (77+4101)=192



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨʌƨ Ƕʌ ŗȳɄʚǫƨɼ ƨ˥ɱɼƨʌʌǶɄȳ ǑɄɼ ʚǫƨ țƨȳǖʚǫ ɄǑ ɀӇࣞ
ŗࣱ ɀӇ ͥ ɀӇ
ſࣱ ˹ ɀӇ�
Ɖࣱ ˹ ɀӇ ͥ ɀӇ
ƕࣱ ɀӇ�
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢅࢍࢁ
ࣖࢅ

I#n×
,
*

①

Ñ - Ñ = ai+ui + u it - . . . +un
-

u= Itu-t = Hill



âɼɄɱƨɼʚǶƨʌ ɄǑ ʚǫƨ ƕɄʚ ɱɼɄƕʯƉʚυ ,ɄȭȭʯʚŗʚǶ˙ƨࣘ ɀӇ ͥ ɀӈ � ɀӈ ͥ ɀӇ � ɀӇҭ ɀӈ � ɀӈҭ ɀӇυ 6ǶʌʚɼǶſʯʚǶ˙ƨࣘ ɀӇ ͥ 	 ɀӈ � ɀӉ
 � ɀӇ ͥ ɀӈ � ɀӇ ͥ ɀӉ

next time



¡ŗʚɼǶ˥ࣽ˙ƨƉʚɄɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ óɱƨƉǶŗț Ɖŗʌƨ ɄǑ ȭŗʚɼǶ˥ࣽȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳࣖυ éƨʌʯțʚ Ƕʌ ŗț˝ŗ˦ʌ ŗ ˙ƨƉʚɄɼ ˝Ƕʚǫ ʌŗȭƨ ȳʯȭſƨɼ ɄǑ ɼɄ˝ʌ ŗʌ ʚǫƨ
ȭŗʚɼǶ˥ࣖυ ¶ȳƨ ˙Ƕƨ˝ࣘ ŗ एȭǶ˥ʚʯɼƨऐ ɄǑ ʚǫƨ ƉɄțʯȭȳʌࣖچ� � �� � ڕ� ڙ�Ҵ�Ҵ�Ҵڊ � Ҵ� ڕ��چ � Ҵ� ڕ��چ � Ҵ� υڕ��چ �ȳɄʚǫƨɼ ˙Ƕƨ˝ࣘ ŗ ƕɄʚ ɱɼɄƕʯƉʚ ˝Ƕʚǫ ʚǫƨ ɼɄ˝ʌࣖ

next time



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

yǑ Қ Ƕʌ ŗȳ ҿ � Ӏ ȭŗʚɼǶ˥ ŗȳƕ ɀӈ Ƕʌ ŗ ˙ƨƉʚɄɼ Ƕȳ ɖӀࣗ ˝ǫŗʚ ŗɼƨ
ʚǫƨ ƕǶȭƨȳʌǶɄȳʌ ɄǑ ʚǫƨ ɱɼɄƕʯƉʚ ɀӈҭҚҭҚ ɀӈࣞ
ŗࣱ ҿ � Ӏ ࣯ȭŗʚɼǶ˥ࣱ
ſࣱ Ӏ � � ࣯˙ƨƉʚɄɼࣱ
Ɖࣱ � � � ࣯ʌƉŗțŗɼࣱ
ƕࣱ ÿǫƨ ɱɼɄƕʯƉʚ Ƕʌ ʯȳƕƨ̇ȳƨƕࣖ
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢅࢍࢁ
ࣖࢅ

next time



óʯȭȭŗɼ˦



óʯȭȭŗɼ ࣗ˦ ȳƨ˥ʚ ʚǶȭƨυ ÿǫƨ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚࣗ ӄࣗ ȭƨŗʌʯɼƨʌ ʚǫƨ ʌʚɼƨȳǖʚǫ ɄǑ
ʚǫƨ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳ ſƨʚ˝ƨƨȳ ʚ˝Ʉ ˙ŗɼǶŗſțƨʌ ӊ ŗȳƕ Ӌࣖυ İƨ Ɖŗȳ ɼƨࣽ˝ɼǶʚƨ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼʌ ǑɄɼ ʚǫƨ țǶȳƨŗɼ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ࣯ʯȳƕƨɼ ʌɸʯŗɼƨƕ țɄʌʌࣱ ŗʌӉ�˶ � ӄ ӊӋ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊυ İƨ Ɖŗȳ ʚǫƨȳ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ʯʌǶȳǖ ҡ˶	ӊ
 � Ӊ�˶ � Ӊ�˶ӊࣖυ İƨ ˝Ƕțț ȳƨƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗ Ƕȳ Ʉɼƕƨɼ ʚɄ ǖƨȳƨɼŗțǶ˲ƨ
ɼƨǖɼƨʌʌǶɄȳ ʚɄ ˝Ʉɼȕ ˝Ƕʚǫ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ ¥ƨ˥ʚ ʚǶȭƨࣘ bɄɼȭʯțŗʚƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ
ŗțǖƨſɼŗࣖ


