
�ƨƉʚʯɼƨ ࢙ ँ ¡ʯțʚǶɱțƨ �Ƕȳƨŗɼ éƨǖɼƨʌʌǶɄȳ ŗȳƕ
bƨŗʚʯɼƨ EȳǖǶȳƨƨɼǶȳǖ

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



�ȳȳɄʯȳƉƨȭƨȳʚʌυ ¡Ƕƕʚƨɼȭ ǖɼŗƕƨʌ ɼƨțƨŗʌƨƕࣙ ʌʯſȭǶʚ ɼƨǖɼŗƕƨ ɼƨɸʯƨʌʚʌ ſ˦
bɼǶƕŗ˦ ȳǶǖǫʚࣖυ eɼɄʯɱ˝Ʉɼȕ ࢅ Ʉʯʚ țŗʚƨɼ ʚɄƕŗ ࣗ˦ ƕʯƨ ÿǫʯɼʌƕŗ˦ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ pɄȭƨ˝Ʉɼȕ ࢅ Ʉʯʚ țŗʚƨɼ ʚɄƕŗ ࣗ˦ ƕʯƨ ¡Ʉȳƕŗ˦ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ ,Ʉȭƨ ʚɄ ʚǫƨ 6ó, bŗƉʯțʚ˦ࣽóʚʯƕƨȳʚ ¡Ƕ˥ƨɼ ŗʚ ɱȭࡹ ʚɄƕŗ˦ࣛυ ńɄɄȭ țǶȳȕࣘ

JVVRU���WEUF�\QQO�WU�L�՛՚ՕՕՔ՛՛Ֆࣖ



�ǖƨȳƕŗυ éƨƉŗɱ ɄǑ �ƨƉʚʯɼƨ υࣖ ĎʌǶȳǖ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ âɼŗƉʚǶƉŗț ƕƨȭɄࣖυ yȳʚƨɼɱɼƨʚǶȳǖ ˝ƨǶǖǫʚʌࣖυ bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖࣖ



éƨƉŗɱ ɄǑ �ƨƉʚʯɼƨ 



éƨǖɼƨʌʌǶɄȳ ŗȳƕ țǶȳƨŗɼ ŗțǖƨſɼŗυ �ŗʌʚ ʚǶȭƨࣗ ˝ƨ ʯʌƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗ ʚɄ ̇ʚ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ
ʚǫƨ ǑɄɼȭ ҡ	ӊ
 � Ӊ� � Ӊ�ӊυ ÿɄ ƕɄ ʌɄࣗ ˝ƨ ̇ɼʌʚ ƕƨ̇ȳƨƕ ŗ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ұ ࣗ ɱŗɼŗȭƨʚƨɼ
˙ƨƉʚɄɼ ɀӉࣗ ŗȳƕ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ ɀӋ ŗʌ ǑɄțțɄ˝ʌࣘ

ұ � �ڍ ӊ�� ӊ���� ���� ӊӀڜ  ɀӉ � ڕ�Ӊ�Ӊچ  ɀӋ � υڜӋ�Ӌ����ӋӀڍ İƨ ŗțʌɄ ɼƨࣽ˝ɼɄʚƨ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ŗʌ ŗ ȭŗʚɼǶ˥ࣽ˙ƨƉʚɄɼ
ȭʯțʚǶɱțǶƉŗʚǶɄȳࣗ ƕƨ̇ȳǶȳǖ ʚǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ ɀɏ ŗʌɀɏ � ұ ɀӉ

-2,40+4×1
Wot w ,Xz

design → T L observation
parametermatrix vector vector



¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ İǶʚǫ Ʉʯɼ ȳƨ˝ țǶȳƨŗɼ ŗțǖƨſɼŗ ǑɄɼȭʯțŗʚǶɄȳ ɄǑ ɼƨǖɼƨʌʌǶɄȳࣗ
Ʉʯɼ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ȳɄ˝ țɄɄȕʌ țǶȕƨࣘҫӅӃ	 ɀӉ
 � ]] ɀӋ ˲ ұ ɀӉ]]�υ ÿɄ ̇ȳƕ ɀӉ˶ࣗ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼࣗ ˝ƨ ʚɄɄȕ ʚǫƨ
ǖɼŗƕǶƨȳʚ ɄǑ ҫӅӃ	 ɀӉ
 ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ɀӉࣗ ʌƨʚ Ƕʚ ƨɸʯŗț ʚɄ ࣗࡱ ŗȳƕ
ʌɄț˙ƨƕࣖυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌࣘұҭұ ɀӉ˶ � ұҭӋυ İǫƨȳ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨࣗ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ ǑɄɼȭ ǶʌɀӉ˶ � 	ұҭұ
˲�ұҭӋυ ÿǫǶʌ ǖǶ˙ƨʌ ʚǫƨ ʌŗȭƨ Ӊ�˶ ŗȳƕ Ӊ�˶ ŗʌ Ʉʯɼ ǑɄɼȭʯțŗʌ ǑɼɄȭ

�ƨƉʚʯɼƨ ࣖࢍ

→

±

→
Aw -- b



ĎʌǶȳǖ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌ



ĎʌǶȳǖ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌυ pɄ˝ ƕɄ ˝ƨ ɱɼƨƕǶƉʚ ʌŗțŗɼ˦ ǖǶ˙ƨȳ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣞυ İƨ ſƨțǶƨ˙ƨ ʌŗțŗɼ˦ Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ ŗȩƐ eâ�ࣖυ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗ ˝ƨ ſƨțǶƨ˙ƨ ʚǫƨɼƨ Ƕʌ ŗ ǑʯȳƉʚǶɄȳ ҡ ʌɄ ʚǫŗʚࣘ
ʌŗțŗɼ˦ ̢ ҡ	˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨeâ�
υ éƨƉŗțțࣘ ҡ Ƕʌ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣖυ ¶ʯɼ ǖɄŗțࣘ ̇ȳƕ ŗ ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡࣖ
-



E˥ŗȭɱțƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ

ҡ�	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � �� ��� � 	ƨ˥ɱƨɼǶƨȳƉƨ
 � ������ � eâ����ҡ�	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � ������ � ����	ƨ˥ɱƨɼǶƨȳƉƨ�eâ�
ҡ�	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � ƉɄʌ	ƨ˥ɱƨɼǶƨȳƉƨ
 � ʌǶȳ	eâ�

-
- -

I
bad



�Ƕȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌυ İƨऒțț ɼƨʌʚɼǶƉʚ Ʉʯɼʌƨț˙ƨʌ ʚɄ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣘҡ	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�
υ ÿǫǶʌ Ƕʌ Ɖŗțțƨƕ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳࣖυ ¥Ʉʚƨ ʚǫŗʚ ҡ Ƕʌ țǶȳƨŗɼ Ƕȳ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌ Ӊ�Ӊ� Ӊ�ࣖυ ҡ Ƕʌ ŗ țǶȳƨŗɼ ƉɄȭſǶȳŗʚǶɄȳ ɄǑ Ǒƨŗʚʯɼƨʌ ࣗࡹ࣯ ƨ˥ɱƨɼǶƨȳƉƨࣗ
eâ�ࣱ ˝Ƕʚǫ Ӊʌ ŗʌ ʚǫƨ ƉɄƨ˾ƉǶƨȳʚʌ ࣯Ӊ�ࣗ Ӊ�ࣗ ŗȳƕ Ӊ�ࣱࣖυ �ʌ ŗ ɼƨʌʯțʚࣗ ˝ƨ Ɖŗȳ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌ ʚɄ ̇ȳƕ Ӊ�˶ࣗӉ�˶ࣗ ŗȳƕ Ӊ�˶ࣛυ �Ƕȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ˝Ƕʚǫ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌ Ƕʌ Ɖŗțțƨƕ ȭʯțʚǶɱțƨ

țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳࣖ

←mao-___goorg⇒;wi



eƨɄȭƨʚɼǶƉ ǶȳʚƨɼɱɼƨʚŗʚǶɄȳ
çʯƨʌʚǶɄȳࣘ ÿǫƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨҡ	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ

țɄɄȕʌ țǶȕƨ ŗ țǶȳƨ Ƕȳ 6ࣖࡽ

ࣖࡹ pɄ˝ ȭŗȳ˦ ƕǶȭƨȳʌǶɄȳʌ ƕɄ ˝ƨ ȳƨƨƕ ʚɄ ǖɼŗɱǫҡ	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�

ࣖࡽ İǫŗʚ Ƕʌ ʚǫƨ ʌǫŗɱƨ ɄǑ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣞ

|:

is a plane !;÷:É¥→
*a:*
,

> experience



E˥ŗȭɱțƨ ƕŗʚŗʌƨʚυ bɄɼ ƨŗƉǫ ɄǑ Ӏ ɱƨɄɱțƨࣗ ƉɄțțƨƉʚ ƨŗƉǫ Ǒƨŗʚʯɼƨࣗ ɱțʯʌ ʌŗțŗɼ˦ࣘ
âƨɼʌɄȳ ࣥ E˥ɱƨɼǶƨȳƉƨ eâ� óŗțŗɼ˦

ࡹ ࢁ ࣖࢁ ࡱࡱࡱࣗࢉ
ࡽ ࢍ ࢁࣖࢁ ࡱࡱࡱࣗࢉ࢙
ࢁ ࡱࡹ ࢁ ࣖࡹ υࡱࡱࡱࣗࢉࡱࡹ İƨ ɼƨɱɼƨʌƨȳʚ ƨŗƉǫ ɱƨɼʌɄȳ ˝Ƕʚǫ ŗ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼࣘɀӊ� � چ ڕ����  ɀӊ� � چ ڕ����  ɀӊ� � ڕ�����چ

simple linear regression : multiple linear regression :

(×, , Y,) , 1×2,92? -, (✗myn) / (Ñ , y ,) , GÑ ,%), . . . . .
(xi , yn)



ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼυ İǫƨȳ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌҡ	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�

ʚǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ
ɀɏ � �ƨ˥ɱƨɼǶƨȳƉƨ	ҡڍeâ��
ҡ	ƨ˥ɱƨɼǶƨȳƉƨ�eâ��
���ҡ	ƨ˥ɱƨɼǶƨȳƉƨӀeâ�Ӏ
ڜ � �ڍ ƨ˥ɱƨɼǶƨȳƉƨ� eâ��� ƨ˥ɱƨɼǶƨȳƉƨ� eâ����� ��� ���� ƨ˥ɱƨɼǶƨȳƉƨӀ eâ�Ӏڜ -1ڙ�Ӊ�Ӊ�Ӊڊ

Wot w, (experience ,) +wz
(GPA ,)



pɄ˝ ƕɄ ˝ƨ ̇ȳƕ ɀӉ˶ࣞυ ÿɄ ̇ȳƕ ʚǫƨ ſƨʌʚ ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼࣗ ɀӉ˶ࣗ ˝ƨ Ɖŗȳ ʯʌƨ ʚǫƨ
ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ŗȳƕ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ

ұ � �ڍ ƨ˥ɱƨɼǶƨȳƉƨ� eâ��� ƨ˥ɱƨɼǶƨȳƉƨ� eâ����� ��� ���� ƨ˥ɱƨɼǶƨȳƉƨӀ eâ�Ӏڜ  ɀӋ � ڍ
Ӌ�Ӌ����ӋӀڜ

ŗȳƕ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌұҭұ ɀӉ˶ � ұҭ ɀӋυ ¥ɄʚǶƉƨ ʚǫŗʚ ʚǫƨ ɼɄ˝ʌ ɄǑ ʚǫƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ŗɼƨ ʚǫƨ
࣯ʚɼŗȳʌɱɄʌƨƕࣱ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼʌࣗ ˝Ƕʚǫ ŗȳ ŗƕƕǶʚǶɄȳŗț ࡹ Ƕȳ ǑɼɄȳʚࣖ

•
←



¥ɄʚŗʚǶɄȳ ǑɄɼ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳυ İƨ ˝Ƕțț ȳƨƨƕ ʚɄ ȕƨƨɱ ʚɼŗƉȕ ɄǑ ȭʯțʚǶɱțƨࡹ Ǒƨŗʚʯɼƨʌ ǑɄɼ ƨ˙ƨɼ˦
ǶȳƕǶ˙Ƕƕʯŗț Ƕȳ Ʉʯɼ ƕŗʚŗ ʌƨʚࣖυ �ʌ ſƨǑɄɼƨࣗ ʌʯſʌƉɼǶɱʚʌ ƕǶʌʚǶȳǖʯǶʌǫ ſƨʚ˝ƨƨȳ ǶȳƕǶ˙Ƕƕʯŗțʌ Ƕȳ
Ʉʯɼ ƕŗʚŗ ʌƨʚࣖ İƨ ǫŗ˙ƨ Ӏ ǶȳƕǶ˙Ƕƕʯŗțʌ ࣯Ʉɼ ʚɼŗǶȳǶȳǖ
ƨ˥ŗȭɱțƨʌࣱࣖυ óʯɱƨɼʌƉɼǶɱʚʌ ƕǶʌʚǶȳǖʯǶʌǫ ſƨʚ˝ƨƨȳ Ǒƨŗʚʯɼƨʌࣖࡽ İƨ ǫŗ˙ƨ ҷ
Ǒƨŗʚʯɼƨʌࣖυ ƨ˥ɱƨɼǶƨȳƉƨ � ӊ	�
υ eâ� � ӊ	�


yȳࡹ ɱɼŗƉʚǶƉƨࣗ ˝ƨ ȭǶǖǫʚ ʯʌƨ ǫʯȳƕɼƨƕʌ Ʉɼ ƨ˙ƨȳ ʚǫɄʯʌŗȳƕʌ ɄǑ Ǒƨŗʚʯɼƨʌࣖ
ÿǫǶȳȕࡽ ɄǑ ʚǫƨȭ ŗʌ ȳƨ˝ ˙ŗɼǶŗſțƨ ȳŗȭƨʌࣗ ʌʯƉǫ ŗʌ ȳƨ˝ țƨʚʚƨɼʌࣖ

-

✗II> = feature j
for data point

i✗
y

"! GPA of
person 4



�ʯǖȭƨȳʚƨƕ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼʌυ ÿǫƨ ŗʯǖȭƨȳʚƨƕ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ �ʯǖ	 ɀӊ
 Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ
ɄſʚŗǶȳƨƕ ſ˦ ŗƕƕǶȳǖ ŗ ࡹ ʚɄ ʚǫƨ ǑɼɄȳʚ ɄǑ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ ɀӊࣘ

ɀӊ � ΊΌ
ӊ	�
ӊ	�

ࣖࣖࣖӊ	ҷ

ΎΎΎΏ �ʯǖ	 ɀӊ
 � ΊΌ

�ӊ	�
ӊ	�

ࣖࣖࣖӊ	ҷ

ΎΎΎΎΎΏ

ɀӉ � ΊΌ
Ӊ�Ӊ�Ӊ�
ࣖࣖࣖӉҷ
ΎΎΎΎΎΎΏυ ÿǫƨȳࣗ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ
� ɀӉ ͥ �ʯǖ	 ɀӊ


✗i Aug (E) = ¥)
Anshi) •[I;]



ÿǫƨ ǖƨȳƨɼŗț ɱɼɄſțƨȭυ İƨ ǫŗ˙ƨ Ӏ ƕŗʚŗ ɱɄǶȳʚʌ ࣯Ʉɼ ʚɼŗǶȳǶȳǖ ƨ˥ŗȭɱțƨʌࣱࣘ٥ ɀӊ� Ӌٴ�  Ȫ  ٥ ɀӊӀ ӋӀٴ ˝ǫƨɼƨ ƨŗƉǫ ɀӊһ Ƕʌ ŗ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ ɄǑ ҷ
Ǒƨŗʚʯɼƨʌࣘ ɀӊһ � 
�	ӊڑһӊ	�
һȪӊ	ҷ
һ ڠ

υ İƨ ˝ŗȳʚ ʚɄ ̇ȳƕ ŗ ǖɄɄƕ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣘҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ
� ɀӉ ͥ �ʯǖ	 ɀӊ
o



ÿǫƨ ǖƨȳƨɼŗț ʌɄțʯʚǶɄȳυ Ďʌƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥

ұ � �ڐ ӊ	�
� ӊ	�
� Ȫ ӊ	ҷ
�� ӊ	�
� ӊ	�
� Ȫ ӊ	ҷ
���� ��� ��� ���� ӊ	�
Ӏ ӊ	�
Ӏ Ȫ ӊ	ҷ
Ӏ ڟ � 	�ʯǖڍ ɀӊ�
ҭ
�ʯǖ	 ɀӊ�
ҭ���
�ʯǖ	 ɀӊӀ
ҭڜ

ŗȳƕ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ ʚɄ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌұҭұ ɀӉ˶ � ұҭ ɀӋ
ʚɄ ̇ȳƕ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼࣖ

→
columns = features

rows

=

data pointsy



yȳʚƨɼɱɼƨʚǶȳǖ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌυ İǶʚǫ ҷ Ǒƨŗʚʯɼƨʌࣗ ɀӉ ǫŗʌ ҷ � � ƨȳʚɼǶƨʌࣖυ Ӊ� Ƕʌ ʚǫƨ ſǶŗʌࣗ ŗțʌɄ ȕȳɄ˝ȳ ŗʌ ʚǫƨ ǶȳʚƨɼƉƨɱʚࣖυ Ӊ�Ȫ  Ӊҷ ƨŗƉǫ ǖǶ˙ƨ ʚǫƨ ˝ƨǶǖǫʚࣗ Ƕࣖƨࣖ ƉɄƨ˾ƉǶƨȳʚࣗ ɄǑ ŗ
Ǒƨŗʚʯɼƨࣖ ҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ
υ ÿǫƨ ʌǶǖȳ ɄǑ Ӊһ ʚƨțțʌ ʯʌ ŗſɄʯʚ ʚǫƨ ɼƨțŗʚǶɄȳʌǫǶɱ ſƨʚ˝ƨƨȳ һʚǫ
Ǒƨŗʚʯɼƨ ŗȳƕ ʚǫƨ Ʉʯʚɱʯʚ ɄǑ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣖ

"hyperplane
"

t
→ slopes for
① each feature

w



âɼŗƉʚǶƉŗț ƕƨȭɄ



E˥ŗȭɱțƨࣘ ɱɼƨƕǶƉʚǶȳǖ ʌŗțƨʌυ bɄɼ ƨŗƉǫ ɄǑ ࢍࡽ ʌʚɄɼƨʌࣗ ˝ƨ ǫŗ˙ƨࣘυ ȳƨʚ ʌŗțƨʌࣗυ ʌɸʯŗɼƨ Ǒƨƨʚࣗυ Ƕȳ˙ƨȳʚɄɼ ࣗ˦υ ŗƕ˙ƨɼʚǶʌǶȳǖ ƨ˥ɱƨȳƕǶʚʯɼƨࣗυ ƕǶʌʚɼǶƉʚ ʌǶ˲ƨࣗ ŗȳƕυ ȳʯȭſƨɼ ɄǑ ƉɄȭɱƨʚǶȳǖ ʌʚɄɼƨʌࣖυ eɄŗțࣘ ɱɼƨƕǶƉʚ ȳƨʚ ʌŗțƨʌ ǖǶ˙ƨȳ ʌɸʯŗɼƨ ǑɄɄʚŗǖƨࣗ Ƕȳ˙ƨȳʚɄɼ ࣗ˦
ƨʚƉࣖυ ÿɄ ſƨǖǶȳࣘҡ	ʌɸʯŗɼƨ Ǒƨƨʚ ƉɄȭɱƨʚǶʚɄɼʌ
 � Ӊ��Ӊ�	ʌɸʯŗɼƨ Ǒƨƨʚ
�Ӊ�	ƉɄȭɱƨʚǶʚɄɼʌ


→ n

g. → y
.

-

-

r



E˥ŗȭɱțƨࣘ ɱɼƨƕǶƉʚǶȳǖ ʌŗțƨʌ

ҡ	ʌɸʯŗɼƨ Ǒƨƨʚ ƉɄȭɱƨʚǶʚɄɼʌ
 � Ӊ��Ӊ�	ʌɸʯŗɼƨ Ǒƨƨʚ
�Ӊ�	ƉɄȭɱƨʚǶʚɄɼʌ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫŗʚ ˝Ƕțț ſƨ ʚǫƨ ʌǶǖȳ ɄǑ Ӊ�˶ ŗȳƕ Ӊ�˶ࣞ
�ࣱ Ӊ�˶ � � Ӊ�˶ � ˲
$ࣱ Ӊ�˶ � � Ӊ�˶ � �
,ࣱ Ӊ�˶ � ˲ Ӊ�˶ � ˲
6ࣱ Ӊ�˶ � ˲ Ӊ�˶ � �
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࢉࡹࡹࢉ ࣖࡹ

⇐
-



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



yȳʚƨɼɱɼƨʚǶȳǖ ˝ƨǶǖǫʚʌ



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ Ǒƨŗʚʯɼƨ ǫŗʌ ʚǫƨ ǖɼƨŗʚƨʌʚ ƨ˽ƨƉʚ Ʉȳ ʚǫƨ ɄʯʚƉɄȭƨࣞ

�ࣱ ʌɸʯŗɼƨ Ǒƨƨʚࣘ Ӊ�˶ � ������
$ࣱ ƉɄȭɱƨʚǶȳǖ ʌʚɄɼƨʌࣘ Ӊ�˶ � ˲�����
,ࣱ Ƕȳ˙ƨȳʚɄɼ˦ࣘ Ӊ�˶ � �����
6ࣱ ŗƕ˙ƨɼʚǶʌǶȳǖࣘ Ӊ�˶ � ������
Eࣱ ƕǶʌʚɼǶƉʚ ʌǶ˲ƨࣘ Ӊ�˶ � ������
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࢉࡹࡹࢉ ࣖࡹ

3

4

5



İǫǶƉǫ Ǒƨŗʚʯɼƨʌ ŗɼƨ ȭɄʌʚ एǶȭɱɄɼʚŗȳʚऐࣞυ ÿǫƨ ȭɄʌʚ ǶȭɱɄɼʚŗȳʚ Ǒƨŗʚʯɼƨ Ƕʌ ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ʚǫƨ Ǒƨŗʚʯɼƨ
˝Ƕʚǫ țŗɼǖƨʌʚ ˝ƨǶǖǫʚࣖυ bƨŗʚʯɼƨʌ ŗɼƨ ȭƨŗʌʯɼƨƕ Ƕȳ ƕǶ˽ƨɼƨȳʚ ʯȳǶʚʌࣗ ʌƉŗțƨʌࣖυ óʯɱɱɄʌƨ y ̇ʚ Ʉȳƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ�ࣗ ˝Ƕʚǫ ʌŗțƨʌ Ƕȳ

ƕɄțțŗɼʌࣗ ŗȳƕ ŗȳɄʚǫƨɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ�ࣗ ˝Ƕʚǫ ʌŗțƨʌ Ƕȳ
ʚǫɄʯʌŗȳƕʌ ɄǑ ƕɄțțŗɼʌࣖυ óŗțƨʌ Ƕʌ ȍʯʌʚ ŗʌ ǶȭɱɄɼʚŗȳʚ Ƕȳ ſɄʚǫ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖυ $ʯʚ ʚǫƨ ˝ƨǶǖǫʚ ɄǑ ʌŗțƨʌ Ƕȳ ҡ� ˝Ƕțț ſƨ ࡱࡱࡱࡹ ʚǶȭƨʌ
ʌȭŗțțƨɼ ʚǫŗȳ ʚǫƨ ˝ƨǶǖǫʚ ɄǑ ʌŗțƨʌ Ƕȳ ҡ�ࣖυ yȳʚʯǶʚǶ˙ƨ ƨ˥ɱțŗȳŗʚǶɄȳࣘ � � ����� � 	� � ����
 � ��ࣖυ óɄțʯʚǶɄȳࣘ ˝ƨ ʌǫɄʯțƕ ʌʚŗȳƕŗɼƕǶ˲ƨ ƨŗƉǫ Ǒƨŗʚʯɼƨࣗ Ƕࣖƨࣖ ƉɄȳ˙ƨɼʚ

ƨŗƉǫ Ǒƨŗʚʯɼƨ ʚɄ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣖ



óʚŗȳƕŗɼƕ ʯȳǶʚʌυ éƨƉŗțț ǑɼɄȭ �ƨƉʚʯɼƨ ࣘࢍ ʚɄ ƉɄȳ˙ƨɼʚ ŗ Ǒƨŗʚʯɼƨ ӊ� ӊ� ��� ӊӀ ʚɄ
ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣗ ˝ƨ ʯʌƨ ʚǫƨ ǑɄɼȭʯțŗӊһ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌ � ӊһ ˲ ğӊӊυ E˥ŗȭɱțƨࣘ ࣗࡹ ࣗ ࣗ υ࢙ ¡ƨŗȳࣘ υࢍ óʚŗȳƕŗɼƕ ƕƨ˙ǶŗʚǶɄȳࣘػ��		˲�
� � 	�
� � 	�
� � 	�
�
 � �υ óʚŗȳƕŗɼƕǶ˲ƨƕ ƕŗʚŗࣘ� ˲ �� � ˲�� � ˲ �� � �� � ˲ �� � �� � ˲ �� � �

g-
"

2- - scores
"

→
mean (x)

# of SDS Xi is c-

above the
mean

[ SDCX)

sDCxl=FÉÉÑ



óʚŗȳƕŗɼƕ ʯȳǶʚʌ ǑɄɼ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳυ ÿǫƨ ɼƨʌʯțʚ ɄǑ ʌʚŗȳƕŗɼƕǶ˲Ƕȳǖ ƨŗƉǫ Ǒƨŗʚʯɼƨ ࣯ʌƨɱŗɼŗʚƨț˦ࣱࣛ Ƕʌ
ʚǫŗʚ ʚǫƨ ʯȳǶʚʌ ɄǑ ƨŗƉǫ Ǒƨŗʚʯɼƨ ŗɼƨ Ʉȳ ʚǫƨ ʌŗȭƨ ʌƉŗțƨࣖυ ÿǫƨɼƨऒʌ ȳɄ ȳƨƨƕ ʚɄ ʌʚŗȳƕŗɼƕǶ˲ƨ ʚǫƨ ɄʯʚƉɄȭƨ ࣯ȳƨʚ

ʌŗțƨʌࣱࣗ ʌǶȳƉƨ Ƕʚऒʌ ȳɄʚ ſƨǶȳǖ ƉɄȭɱŗɼƨƕ ʚɄ ŗȳ˦ʚǫǶȳǖࣖυ ÿǫƨȳࣗ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌࣖ ÿǫƨ ɼƨʌʯțʚǶȳǖӉ�˶ Ӊ�˶ Ȫ  Ӊҷ˶ ŗɼƨ Ɖŗțțƨƕ ʚǫƨ ʌʚŗȳƕŗɼƕǶ˲ƨƕ ɼƨǖɼƨʌʌǶɄȳ
ƉɄƨ˾ƉǶƨȳʚʌࣖυ óʚŗȳƕŗɼƕǶ˲ƨƕ ɼƨǖɼƨʌʌǶɄȳ ƉɄƨ˾ƉǶƨȳʚʌ Ɖŗȳ ſƨ ƕǶɼƨƉʚț˦
ƉɄȭɱŗɼƨƕ ʚɄ Ʉȳƨ ŗȳɄʚǫƨɼࣖ

�ƨʚऒʌ ȍʯȭɱ ſŗƉȕ ʚɄ Ʉʯɼ ƕƨȭɄ ȳɄʚƨſɄɄȕࣖ

-



bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ



çʯƨʌʚǶɄȳࣘ İɄʯțƕ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ˝Ʉɼȕ ˝ƨțț Ʉȳ ʚǫǶʌ
ƕŗʚŗʌƨʚࣞ



� ɸʯŗƕɼŗʚǶƉ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ yʚ țɄɄȕʌ țǶȕƨ ʚǫƨɼƨऒʌ ʌɄȭƨ ʌɄɼʚ ɄǑ ɸʯŗƕɼŗʚǶƉ ɼƨțŗʚǶɄȳʌǫǶɱ
ſƨʚ˝ƨƨȳ ǫɄɼʌƨɱɄ˝ƨɼ ŗȳƕ ȭɱǖ Ƕȳ ʚǫƨ țŗʌʚ ʌƉŗʚʚƨɼ ɱțɄʚࣖ İƨ
˝ŗȳʚ ʚɄ ʚɼ˦ ŗȳƕ ̇ʚ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ�υ ¥Ʉʚƨ ʚǫŗʚ ʚǫǶʌ ʌʚǶțț ŗ țǶȳƨŗɼ ȭɄƕƨțࣗ ſƨƉŗʯʌƨ Ƕʚ Ƕʌ țǶȳƨŗɼ

Ƕȳ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌࣛυ İƨ Ɖŗȳ ƕɄ ʚǫŗʚࣗ ſ˦ ƉǫɄɄʌǶȳǖ Ʉʯɼ ʚ˝Ʉ एǑƨŗʚʯɼƨʌऐ ʚɄ ſƨ ӊһ
ŗȳƕ ӊ�һ ࣗ ɼƨʌɱƨƉʚǶ˙ƨț ࣖ˦υ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗ ӊ	�
һ � ӊһ ŗȳƕ ӊ	�
һ � ӊ�һ ࣖυ ¡Ʉɼƨ ǖƨȳƨɼŗțț ࣗ˦ ˝ƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ

ƨ˥ǶʌʚǶȳǖ Ǒƨŗʚʯɼƨʌࣖ

o
Wo - ☐ tw,

- D +wz . ☐ + . . .

horsepoweri

s § horsepower,?
✓



� ɸʯŗƕɼŗʚǶƉ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ 6ƨʌǶɼƨƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣘ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ�ࣖυ ÿǫƨ ɼƨʌʯțʚǶȳǖ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ țɄɄȕʌ țǶȕƨ ʚǫǶʌࣘ

ұ � �ڎ ӊ� ӊ��� ӊ� ӊ������ ӊӀ ӊ�Ӏڝυ ÿɄ ̇ȳƕ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼ ɀӉ˶ࣘ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț
ƨɸʯŗʚǶɄȳʌࣛ ұҭұӉ˶ � ұҭӋ

y,

,

: £-1:)
-



¡Ʉɼƨ ƨ˥ŗȭɱțƨʌ

υ İǫŗʚ ǶǑ ˝ƨ ˝ŗȳʚ ʚɄ ʯʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ� � Ӊ�ӊ�ࣞ
υ İǫŗʚ ǶǑ ˝ƨ ˝ŗȳʚ ʚɄ ʯʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� �ӊ� � Ӊ� bBM ӊ � Ӊ�Ҹӊࣞ

I ✗
,
✗i ✗,

✗=[ ×. ✗i ñ= (Éw;):
I ✗

n ✗i ✗n
'

-

six
, e
"

ñ --1¥✗ =¥ sin ✗a e
"]i



bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ

υ ¡Ʉɼƨ ǖƨȳƨɼŗțț ࣗ˦ ˝ƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ ƨ˥ǶʌʚǶȳǖ
ǶȳǑɄɼȭŗʚǶɄȳ Ƕȳ Ʉʯɼ ƕŗʚŗʌƨʚࣖ ÿǫǶʌ ɱɼɄƉƨʌʌ Ƕʌ Ɖŗțțƨƕ Ǒƨŗʚʯɼƨ
ƨȳǖǶȳƨƨɼǶȳǖࣖυ yȳ ʚǫǶʌ Ɖțŗʌʌࣗ Ǒƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ ˝Ƕțț ȭɄʌʚț˦ ſƨ

ɼƨʌʚɼǶƉʚƨƕ ʚɄ ƉɼƨŗʚǶȳǖ ȳɄȳࣽțǶȳƨŗɼ ǑʯȳƉʚǶɄȳʌ ɄǑ ƨ˥ǶʌʚǶȳǖ
Ǒƨŗʚʯɼƨʌ ࣯ŗʌ Ƕȳ ʚǫƨ ɱɼƨ˙ǶɄʯʌ ƨ˥ŗȭɱțƨࣱࣖυ yȳ ʚǫƨ Ǒʯʚʯɼƨ ˦Ʉʯऒțț țƨŗɼȳ ǫɄ˝ ʚɄ ƕɄ Ʉʚǫƨɼ ʚǫǶȳǖʌࣗ țǶȕƨ
ƨȳƉɄƕƨ ƉŗʚƨǖɄɼǶƉŗț ǶȳǑɄɼȭŗʚǶɄȳࣖ



óʯȭȭŗɼ˦

""""

W
,

• ☐ + wz
' ☐



óʯȭȭŗɼ˦υ ÿǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌ Ɖŗȳ ſƨ ʯʌƨƕ ʚɄ ʌɄț˙ƨ ʚǫƨ ȭʯțʚǶɱțƨ
țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ɱɼɄſțƨȭࣗ ˝ǫƨɼƨ ˝ƨ ʯʌƨ ȭʯțʚǶɱțƨ
Ǒƨŗʚʯɼƨʌ ʚɄ ɱɼƨƕǶƉʚ ŗȳ ɄʯʚƉɄȭƨࣖυ İƨ Ɖŗȳ Ƕȳʚƨɼɱɼƨʚ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌ ŗʌ ˝ƨǶǖǫʚʌࣖ ÿǫƨ ʌǶǖȳʌ ɄǑ
˝ƨǶǖǫʚʌ ǖǶ˙ƨ ȭƨŗȳǶȳǖǑʯț ǶȳǑɄɼȭŗʚǶɄȳࣗ ſʯʚ ˝ƨ Ɖŗȳ Ʉȳț˦
ƉɄȭɱŗɼƨ ˝ƨǶǖǫʚʌ ǶǑ Ʉʯɼ Ǒƨŗʚʯɼƨʌ ŗɼƨ ʌʚŗȳƕŗɼƕǶ˲ƨƕࣖυ İƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳɄȳࣽțǶȳƨŗɼ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ ƨ˥ǶʌʚǶȳǖ Ǒƨŗʚʯɼƨʌࣖ
ÿǫǶʌ ɱɼɄƉƨʌʌ Ƕʌ Ɖŗțțƨƕ Ǒƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖࣖυ � ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌ țǶȳƨŗɼ ŗʌ țɄȳǖ ŗʌ Ƕʚ Ƕʌ țǶȳƨŗɼ Ƕȳ ʚǫƨ

ɱŗɼŗȭƨʚƨɼʌࣖ ÿǫƨ Ǒƨŗʚʯɼƨʌ ʚǫƨȭʌƨț˙ƨʌ ƕɄȳऒʚ ǫŗ˙ƨ ʚɄ
ſƨ țǶȳƨŗɼࣖ



¥ƨ˥ʚ ʚǶȭƨ

υ � Ǒƨ˝ ȭɄɼƨ ƨ˥ŗȭɱțƨʌ ɄǑ Ǒƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖࣖυ � ǫǶǖǫࣽțƨ˙ƨț Ʉ˙ƨɼ˙Ƕƨ˝ ɄǑ ȭŗƉǫǶȳƨ țƨŗɼȳǶȳǖࣖυ ¥ƨ˝ Ƕƕƨŗࣘ ƉțʯʌʚƨɼǶȳǖࣖ


