
¡Ƕƕʚƨɼȭ éƨ˙Ƕƨ˝ óƨʌʌǶɄȳ

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



�ǖƨȳƕŗυ $Ƕɼƕऒʌ ƨ˦ƨ ˙Ƕƨ˝ ɄǑ ʚǫƨ ƉɄʯɼʌƨࣖυ óƨțƨƉʚ ɱŗʌʚ ƨ˥ŗȭ ɱɼɄſțƨȭʌࣖυ éƨ˙Ƕƨ˝ ɄǑ ʌƨțƨƉʚ ɱɼɄſțƨȭʌ ǑɼɄȭ pɄȭƨ˝Ʉɼȕʌ ࣗࡹ ࣗࡽ ŗȳƕ ࣖࢁ



$Ƕɼƕऒʌ ƨ˦ƨ ˙Ƕƨ˝ ɄǑ ʚǫƨ ƉɄʯɼʌƨ



İǫŗʚ Ƕʌ ʚǫǶʌ ƉɄʯɼʌƨ ŗſɄʯʚࣞ

υ óɄ Ǒŗɼࣗ ʚǫǶʌ ƉɄʯɼʌƨ ǫŗʌ ɼƨŗțț˦ ſƨƨȳ ŗſɄʯʚ Ʉȳƨ ʚǫǶȳǖࣘ
țƨŗɼȳǶȳǖ ǑɼɄȭ ƕŗʚŗࣖυ ÿǫƨ ɼƨƉǶɱƨࣘ
ࣖࡹ ,ǫɄɄʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣖ

ࣖࡽ ,ǫɄɄʌƨ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳࣖ

ࣖࢁ ¡ǶȳǶȭǶ˲ƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣗ Ƕࣖƨࣖ ŗ˙ƨɼŗǖƨ țɄʌʌࣗ Ʉȳ ˦Ʉʯɼ
ƕŗʚŗʌƨʚ ʚɄ ̇ȳƕ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳʌࣩɱŗɼŗȭƨʚƨɼʌࣖυ �ƨʚऒʌ țɄɄȕ ŗʚ ŗțț ɄǑ ʚǫǶʌ ŗ țǶʚʚțƨ ȭɄɼƨ ƕƨƨɱț ࣖ˦



,ǫɄɄʌǶȳǖ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ

yȳ țƨƉʚʯɼƨࣗ ˝ƨऒ˙ƨ ʌʚʯƕǶƨƕ ʚ˝Ʉ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ Ƕȳ ƕƨɱʚǫࣘυ ÿǫƨ ƉɄȳʌʚŗȳʚ ǫ˦ɱɄʚǫƨʌǶʌࣗ ɏ ࣯�ƨƉʚʯɼƨʌ υࣱࣖࢉࣽࡹ İƨ ƕǶƕȳऒʚ Ɖŗțț Ƕʚ ŗ एɱɼƨƕǶƉʚǶɄȳ ɼʯțƨऐ ŗʚ ʚǫƨ ʚǶȭƨࣗ ſʯʚ Ƕʚ
Ƕʌ Ʉȳƨࣖυ EɸʯǶ˙ŗțƨȳʚ ʚɄ ʌŗ˦Ƕȳǖ ҡ	ӊ
 � ɏࣗ Ƕࣖƨࣖ ˝ƨ ɱɼƨƕǶƉʚ ʚǫƨ ʌŗȭƨ
Ʉʯʚɱʯʚ ǑɄɼ ƨ˙ƨɼ˦Ʉȳƨࣖυ ÿǫƨ ʌǶȭɱțƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ

࣯�ƨƉʚʯɼƨʌ υࣱࣖࣽࢍ ¥Ʉ˝ࣗ ɱɼƨƕǶƉʚǶɄȳʌ ˙ŗɼ˦ ƕƨɱƨȳƕǶȳǖ Ʉȳ ӊ ࣯ӊ Ƕʌ Ɖŗțțƨƕ ŗ
Ǒƨŗʚʯɼƨࣱࣖυ ĸɄʯ ŗțʌɄ țɄɄȕƨƕ ŗʚ ҡ	ӊ
 � Ӊ�ӊ Ƕȳ pɄȭƨ˝Ʉɼȕ ࣗࢁ Ǒࣖࡹ



óɄȭƨ ɸʯƨʌʚǶɄȳʌࣖࣖࣖ

υ óʯɱɱɄʌƨ yऒ˙ƨ ƉǫɄʌƨȳ ʚɄ ʯʌƨ ŗ ƉɄȳʌʚŗȳʚ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɏࣖ
İǫǶƉǫ ɏ ƕɄ y ʯʌƨࣞυ óʯɱɱɄʌƨ yऒ˙ƨ ƉǫɄʌƨȳ ʚɄ ʯʌƨ ŗ ʌǶȭɱțƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨҡ	ӊ
 � Ӊ� � Ӊ�ӊࣖ İǫŗʚ ʌǫɄʯțƕ Ӊ� ŗȳƕ Ӊ� ſƨࣞυ �ȳʌ˝ƨɼࣘ �Ʉʌʌ ǑʯȳƉʚǶɄȳʌ Ɖŗȳ ǫƨțɱ ʯʌࣖ



�Ʉʌʌ ǑʯȳƉʚǶɄȳʌυ � țɄʌʌ ǑʯȳƉʚǶɄȳ ҥ	ɏ Ӌ
 ȭƨŗʌʯɼƨʌ ǫɄ˝ ŗ ɱɼƨƕǶƉʚǶɄȳ ɏ Ƕʌ
ǑɼɄȭ ʚǫƨ ʚɼʯʚǫ Ӌࣖυ İƨऒ˙ƨ ʌƨƨȳ ʌƨ˙ƨɼŗț țɄʌʌ ǑʯȳƉʚǶɄȳʌ ʌɄ Ǒŗɼࣘυ �ſʌɄțʯʚƨ țɄʌʌࣘ ҥ	ɏ Ӌ
 � ]Ӌ ˲ ɏ]ࣖυ óɸʯŗɼƨƕ țɄʌʌࣘ ҥ	ɏ Ӌ
 � 	Ӌ ˲ ɏ
�ࣖυ Ď,ó6 țɄʌʌࣘ ҥ	ɏ Ӌ
 � � ˲ Ҹ˲	Ӌ˲ɏ
��� ࣖυ ࡱ ࣽࡹ țɄʌʌࣘ ҥ	ɏ Ӌ
 � ࡱ ǶǑ ǫ ঋ ࣗ˦ Ʉʚǫƨɼ˝Ƕʌƨ υࣖࡹ 6Ƕ˽ƨɼƨȳʚ țɄʌʌ ǑʯȳƉʚǶɄȳʌ ǫŗ˙ƨ ƕǶ˽ƨɼƨȳʚ ɱɼɄɱƨɼʚǶƨʌࣗ ʚǫƨ ȕƨ˦
Ʉȳƨʌ ſƨǶȳǖ ʚǫƨǶɼ ƨŗʌƨ ɄǑ ȭǶȳǶȭǶ˲ŗʚǶɄȳ ŗȳƕ ʚǫƨǶɼ
ɼɄſʯʌʚȳƨʌʌ ʚɄ ɄʯʚțǶƨɼʌࣖ

✓
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} absolute error

squared error



EȭɱǶɼǶƉŗț ɼǶʌȕυ �Ʉʌʌ ǑʯȳƉʚǶɄȳʌ ŗɼƨ ǖɼƨŗʚ ः ſʯʚ ʚǫƨ˦ Ʉȳț˦ ȭƨŗʌʯɼƨ ʚǫƨ
ɸʯŗțǶʚ˦ ɄǑ ŗ ʌǶȳǖțƨ ɱɼƨƕǶƉʚǶɄȳ ǑɄɼ ŗ ʌǶȳǖțƨ ʚɼʯƨ ˙ŗțʯƨࣖυ yȳ Ʉɼƕƨɼ ʚɄ ǖƨʚ ŗ ʌƨȳʌƨ ɄǑ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ ŗ ɱɼƨƕǶƉʚǶɄȳ Ʉȳ
Ʉʯɼ ƨȳʚǶɼƨ ƕŗʚŗʌƨʚࣗ ˝ƨ ȭʯʌʚ ʚŗȕƨ ʚǫƨ ŗ˙ƨɼŗǖƨ ɄǑ Ʉʯɼ
ƉǫɄʌƨȳ țɄʌʌ ǑʯȳƉʚǶɄȳ Ʉ˙ƨɼ Ʉʯɼ ƨȳʚǶɼƨ ƕŗʚŗʌƨʚࣖυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ Ɖŗțțƨƕ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣘҫ	ɏ
 � �Ӏ Ӏذһ�� ҥ	ɏ Ӌһ
υ yǑ ʯʌǶȳǖ ŗſʌɄțʯʚƨ țɄʌʌࣗ ҫ Ƕʌ Ɖŗțțƨƕ ȭƨŗȳ ŗſʌɄțʯʚƨ

ƨɼɼɄɼࣖυ yǑ ʯʌǶȳǖ ʌɸʯŗɼƨƕ țɄʌʌࣗ ҫ Ƕʌ Ɖŗțțƨƕ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖ
function of h

!→



ÿǫƨ ƉɄȳʌʚŗȳʚ ǫ˦ɱɄʚǫƨʌǶʌࣗ ɏ
ÿɄ ̇ȳƕ ʚǫƨ ſƨʌʚ ɏ ࣯ƕƨȳɄʚƨƕ ŗʌ ɏ˶ࣱ ʚɄ ȭŗȕƨ ƉɄȳʌʚŗȳʚ
ɱɼƨƕǶƉʚǶɄȳʌ ˝Ƕʚǫࣗ ˝ƨ ȳƨƨƕ ʚɄ ƉǫɄɄʌƨ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳࣖυ yǑ ˝ƨ ƉǫɄɄʌƨ ŗſʌɄțʯʚƨ țɄʌʌࣗ ʚǫƨ ɼƨʌʯțʚǶȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ

࣯Ƕࣖƨࣖ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣱ ǶʌҫҴҵӅ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]υ yǑ ˝ƨ ƉǫɄɄʌƨ ʌɸʯŗɼƨƕ țɄʌʌࣗ ʚǫƨ ɼƨʌʯțʚǶȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ࣯Ƕࣖƨࣖ
ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣱ ǶʌҫӅӃ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
�υ İƨ ŗțʌɄ țɄɄȕƨƕ ŗʚ ʚǫƨ ɼƨʌʯțʚǶȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ˝ǫƨȳ ˝ƨ
ƉǫɄɄʌƨ ࡱ ࣽࡹ țɄʌʌ ŗȳƕ Ď,ó6 țɄʌʌࣖ



ÿǫƨ ʌǶȭɱțƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ	ӊ
 � Ӊ� � Ӊ�ӊӉ� ŗȳƕ Ӊ� ŗɼƨ Ɖŗțțƨƕ ɱŗɼŗȭƨʚƨɼʌࣖ ÿɄ ̇ȳƕ ʚǫƨ ɄɱʚǶȭŗț
ɱŗɼŗȭƨʚƨɼʌ ࣯ƕƨȳɄʚƨƕ ŗʌ Ӊ�˶ ŗȳƕ Ӊ�˶ࣱࣗ ˝ƨ ŗǖŗǶȳ ȳƨƨƕ ŗ țɄʌʌ
ǑʯȳƉʚǶɄȳυ İƨ ƉɄʯțƕ ƉǫɄɄʌƨ ŗſʌɄțʯʚƨ țɄʌʌ ः ʌƨƨ pɄȭƨ˝Ʉɼȕ ࣗࢁ çࣖࢁυ ÿǫƨ ɼƨʌʯțʚǶȳǖ ɱɼɄſțƨȭ Ƕʌ Ɖŗțțƨƕ एțƨŗʌʚ ŗſʌɄțʯʚƨ

ƕƨ˙ǶŗʚǶɄȳʌ ɼƨǖɼƨʌʌǶɄȳ ऐࣖυ ÿǫƨ ȭɄɼƨ ƉɄȭȭɄȳ ƉǫɄǶƉƨࣗ ʚǫɄʯǖǫࣗ Ƕʌ ʌɸʯŗɼƨƕ țɄʌʌࣘҫӅӃ	Ӊ� Ӊ�
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ

�υ ÿǫǶʌ ɱɼɄſțƨȭ Ƕʌ Ɖŗțțƨƕ țƨŗʌʚ ʌɸʯŗɼƨʌ ɼƨǖɼƨʌʌǶɄȳࣖ

pinterest→ slope



¡ǶȳǶȭǶ˲Ƕȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ

�ǒʚƨɼ ƉǫɄɄʌǶȳǖ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ŗȳƕ țɄʌʌ ǑʯȳƉʚǶɄȳࣗ ŗȳƕ ˝ɼǶʚǶȳǖ
Ʉʯʚ ʚǫƨ ƉɄɼɼƨʌɱɄȳƕǶȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣗ ˝ƨ ȳƨƨƕ ʚɄ ȭǶȳǶȭǶ˲ƨ ʚǫƨ
ƨȭɱǶɼǶƉŗț ɼǶʌȕ ʚɄ ̇ȳƕ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳʌࣩɱŗɼŗȭƨʚƨɼʌࣖ
óɄȭƨ ˝ŗ˦ʌ ˝ƨऒ˙ƨ ȭǶȳǶȭǶ˲ƨƕ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣘυ ,ŗțƉʯțʯʌࣖυ ¶ʚǫƨɼ ŗțǖƨſɼŗǶƉ ŗɼǖʯȭƨȳʚʌࣖυ eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣖ



¡ǶȳǶȭǶ˲Ƕȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ˝Ƕʚǫ ƉŗțƉʯțʯʌυ óʚɼŗʚƨǖ˦ࣘ ʚŗȕƨ ƕƨɼǶ˙ŗʚǶ˙ƨ࣯ʌࣱࣗ ʌƨʚ Ƕʚ ʚɄ ࣗࡱ ŗȳƕ ʌɄț˙ƨࣖυ ,Ʉȳʌʚŗȳʚ ǫ˦ɱɄʚǫƨʌǶʌࣗ ʌɸʯŗɼƨƕ țɄʌʌࣘҫӅӃ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
� Д ɏ˶ � ğӊ
υ óǶȭɱțƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ʌɸʯŗɼƨƕ țɄʌʌࣘҫӅӃ	Ӊ� Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�Дٴ Ӊ�˶ � ˱Ӏһ��	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
˱Ӏһ��	ӊһ ˲ ğӊ
� � ӄ ӊӋ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊυ óƨ˙ƨɼŗț ǫɄȭƨ˝Ʉɼȕ ɱɼɄſțƨȭʌࣖυ pİ ࡽ çࣗࢁ pİ ࢁ çࡹǑࣖ

4h,y)=G-yh
⇒¥:ÉÉ
1-11×1 =p✗



¡ǶȳǶȭǶ˲Ƕȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ˝Ƕʚǫ ŗțǖƨſɼŗǶƉ
ŗɼǖʯȭƨȳʚʌυ óǶȳƉƨ ŗſʌɄțʯʚƨ țɄʌʌ Ƕʌ ȳɄʚ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣗ ʚǫƨ ɼƨʌʯțʚǶȳǖ

ƨȭɱǶɼǶƉŗț ɼǶʌȕ ࣯ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣱ ŗțʌɄ Ƕʌȳऒʚࣖ İƨ
ƉɄʯțƕȳऒʚ ʯʌƨ ƉŗțƉʯțʯʌࣖυ bɄɼ ʚǫƨ ƉɄȳʌʚŗȳʚ ǫ˦ɱɄʚǫƨʌǶʌࣗ ҫҴҵӅ	ɏ
 � �Ӏ ˱Ӏһ�� ]Ӌһ ˲ ɏ]ࣖυ İƨ Ƕȳʌʚƨŗƕ ȭǶȳǶȭǶ˲ƨƕ ҫҴҵӅ ſ˦ ̇ȳƕǶȳǖ ŗ ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ
ʌțɄɱƨ ɄǑ ҫ ŗʚ ŗȳ˦ ɏ ࣯ʚǫŗʚ Ƕʌȳऒʚ Ʉȳƨ ɄǑ ʚǫƨ Ӌһࣱࣘ

ʌțɄɱƨ ɄǑ é ŗʚ ǫ � �Ӏ ٥�	Ӌһ � ɏ
 ˲ �	Ӌһ � ɏ
υٴ ÿǫƨ ȭƨƕǶŗȳ Ƕʌ ˝ǫƨɼƨ ʚǫƨ ʌțɄɱƨ ɄǑ ҫ ǖɄƨʌ ǑɼɄȭ ࣽ ʚɄ ॻࣙ Ƕʚ
ȭǶȳǶȭǶ˲ƨʌ ҫҴҵӅ	ɏ
ࣖ

¥

÷
XE



¡ǶȳǶȭǶ˲Ƕȳǖ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ʯʌǶȳǖ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚυ óɄȭƨʚǶȭƨʌࣗ ƨ˙ƨȳ ˝ǫƨȳ Ʉʯɼ ƨȭɱǶɼǶƉŗț ɼǶʌȕ Ƕʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣗ
ʚǫƨɼƨ Ƕʌ ȳɄ ƉțɄʌƨƕࣽǑɄɼȭ ʌɄțʯʚǶɄȳ ǑɄɼ ʚǫƨ ȭǶȳǶȭǶ˲Ƕȳǖ Ƕȳɱʯʚࣖυ E˥ŗȭɱțƨࣘ EȭɱǶɼǶƉŗț ɼǶʌȕ ǑɄɼ ҥӇҶӅҷ ࣖυ óɄțʯʚǶɄȳࣘ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣖυ eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ ʚɼǶƨʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ŗ ǑʯȳƉʚǶɄȳ ҫ	ɏ

ʚǫɼɄʯǖǫ ŗȳ ǶʚƨɼŗʚǶ˙ƨ ɱɼɄƉƨʌʌࣖυ �ƨ˦ Ƕƕƨŗࣘ ¡Ʉ˙ƨ ɄɱɱɄʌǶʚƨ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ʚǫƨ ʌțɄɱƨࣖυ eǶ˙ƨȳ ŗȳ ǶȳǶʚǶŗț ǖʯƨʌʌࣗ ɏ�ࣗ ǑɄɼ ʚǫƨ ȭǶȳǶȭǶ˲ƨɼ ŗȳƕ ŗ
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(taken from Spring 2020 Final Part 1)
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(taken from Spring 2020 Final Part 1)
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(taken from Spring 2021 Final Part 1)
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(taken from Fall 2020 Final Part 1)








































































































(taken from Winter 2020 Final)
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(Taken from Spring 2020 Final Part 1)
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