
�ƨƉʚʯɼƨ ࡹࡹ ँ ,țʯʌʚƨɼǶȳǖࣗ yȳʚɼɄƕʯƉʚǶɄȳ ʚɄ
âɼɄſŗſǶțǶʚ˦

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



�ȳȳɄʯȳƉƨȭƨȳʚʌυ pɄȭƨ˝Ʉɼȕ ࢅ ƕʯƨ ʚɄȳǶǖǫʚ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ éƨȭƨȭſƨɼ ʚɄ ʌʯſȭǶʚ óʯɼ˙ƨ˦ ࢅ ŗǒʚƨɼ ̇ȳǶʌǫǶȳǖࣛυ eɼɄʯɱ˝Ʉɼȕ ࢉ ƕʯƨ ÿǫʯɼʌƕŗ˦ ࢅࣩࡹࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ 6ǶʌƉʯʌʌǶɄȳ Ƕʌ ſŗƉȕ ʚɄ ſƨǶȳǖ ǶȳࣽɱƨɼʌɄȳࣗ İƨƕȳƨʌƕŗ˦ʌ
ɱȭࡱࢉࣘࢍࣽࢍ Ƕȳ ,ƨȳʚƨɼ pŗțț υࣖࢁࡹࡹ pɄȭƨ˝Ʉɼȕ ࢉ ƕʯƨ ¡Ʉȳƕŗ˦ ࢕ࣩࡹࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ pɄȭƨ˝Ʉɼȕ ࢁ ǖɼŗƕƨʌ ŗɼƨ Ʉʯʚࣖ

→ office hours today ! Check calendar.



�ǖƨȳƕŗυ éƨƉŗɱࣘ ʚǫƨ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ ŗțǖɄɼǶʚǫȭࣖυ İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞυ âɼŗƉʚǶƉŗț ƉɄȳʌǶƕƨɼŗʚǶɄȳʌࣖυ yȳʚɼɄƕʯƉʚǶɄȳ ʚɄ ɱɼɄſŗſǶțǶʚ ࣖ˦



ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ



çʯƨʌʚǶɄȳࣘ ǫɄ˝ ȭǶǖǫʚ ˝ƨ एƉțʯʌʚƨɼऐ ʚǫƨʌƨ ɱɄǶȳʚʌ
ǶȳʚɄ ǖɼɄʯɱʌࣞ



âɼɄſțƨȭ ʌʚŗʚƨȭƨȳʚࣘ ƉțʯʌʚƨɼǶȳǖ
eɄŗțࣘ eǶ˙ƨȳ ŗ țǶʌʚ ɄǑ Ӏ ƕŗʚŗ ɱɄǶȳʚʌࣗ ʌʚɄɼƨƕ ŗʌ ˙ƨƉʚɄɼʌ Ƕȳ ɖҷ ࣗɀӊ�
 ɀӊ�
 ���
 ɀӊӀࣗ ŗȳƕ ŗ ɱɄʌǶʚǶ˙ƨ Ƕȳʚƨǖƨɼ ҽࣗ ɱțŗƉƨ ʚǫƨ ƕŗʚŗ ɱɄǶȳʚʌ ǶȳʚɄҽ Ɖțʯʌʚƨɼʌ ɄǑ ȳƨŗɼſ˦ ɱɄǶȳʚʌࣖυ ,țʯʌʚƨɼʌ ŗɼƨ ƕƨ̇ȳƨƕ ſ˦ ƉƨȳʚɼɄǶƕʌࣗ 
�׃ 
�׃ ���
 ҽࣖ׃ EŗƉǫ ƕŗʚŗ

ɱɄǶȳʚ एſƨțɄȳǖʌऐ ʚɄ ʚǫƨ ǖɼɄʯɱ ƉɄɼɼƨʌɱɄȳƕǶȳǖ ʚɄ ʚǫƨ ȳƨŗɼƨʌʚ
ƉƨȳʚɼɄǶƕࣖυ İƨ ˝ŗȳʚ ʚɄ ̇ȳƕ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣘҜ	׃�
 
�׃ ���
 
ҽ׃ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ

ƕŗʚŗ ɱɄǶȳʚ ɀӊһ ʚɄ Ƕʚʌ
ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕ Ҽυ׃ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ Ƕʌ ŗȳ ŗțǖɄɼǶʚǫȭ ʚǫŗʚ ŗʚʚƨȭɱʚʌ ʚɄ

ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣖ



ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖࣗ Ƕࣖƨࣖ �țɄ˦ƕऒʌ �țǖɄɼǶʚǫȭ

ࣖࡹ âǶƉȕ ŗ ˙ŗțʯƨ ɄǑ ҽ ŗȳƕ ɼŗȳƕɄȭț˦ ǶȳǶʚǶŗțǶ˲ƨ ҽ ƉƨȳʚɼɄǶƕʌࣖ
ࣖࡽ �ƨƨɱ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ̇˥ƨƕࣗ ŗȳƕ ʯɱƕŗʚƨ ʚǫƨ ǖɼɄʯɱʌࣖυ �ʌʌǶǖȳ ƨŗƉǫ ɱɄǶȳʚ ʚɄ ʚǫƨ ȳƨŗɼƨʌʚ ƉƨȳʚɼɄǶƕࣖ

ࣖࢁ �ƨƨɱ ʚǫƨ ǖɼɄʯɱʌ ̇˥ƨƕࣗ ŗȳƕ ʯɱƕŗʚƨ ʚǫƨ ƉƨȳʚɼɄǶƕʌࣖυ ¡Ʉ˙ƨ ƨŗƉǫ ƉƨȳʚɼɄǶƕ ʚɄ ʚǫƨ Ɖƨȳʚƨɼ ɄǑ Ƕʚʌ ǖɼɄʯɱ ſ˦
ŗ˙ƨɼŗǖǶȳǖ ʚǫƨǶɼ ƉɄɄɼƕǶȳŗʚƨʌࣖ

ࣖࢅ éƨɱƨŗʚ ʌʚƨɱʌ ࡽ ŗȳƕ ࢁ ʯȳʚǶț ʚǫƨ ƉƨȳʚɼɄǶƕʌ ʌʚɄɱ ƉǫŗȳǖǶȳǖࣖ

choose from
→

the data points



�ȳ ƨ˥ŗȭɱțƨ ſ˦ࣽǫŗȳƕ
óʯɱɱɄʌƨ ˝ƨ ƉǫɄɄʌƨ ʚǫƨ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕʌ �׃ � ڕ��چ ŗȳƕ �׃ � ࣖڕ��چ
İǫƨɼƨ ˝Ƕțț ʚǫƨ ƉƨȳʚɼɄǶƕʌ ȭɄ˙ƨ ʚɄ ŗǒʚƨɼ Ʉȳƨ ǶʚƨɼŗʚǶɄȳ ɄǑ
ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖࣞ

-



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



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ



İǫŗʚ Ƕʌ ʚǫƨ ǖɄŗț ɄǑ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖࣞ

υ éƨƉŗțțࣗ Ʉʯɼ ǖɄŗț Ƕʌ ʚɄ ̇ȳƕ ʚǫƨ ƉƨȳʚɼɄǶƕʌ 
�׃ 
�׃ ���
 ҽ׃ ʚǫŗʚ
ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣘҜ	׃�
 
�׃ ���
 
ҽ׃ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ

ƕŗʚŗ ɱɄǶȳʚ ɀӊһ ʚɄ Ƕʚʌ
ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕ Ҽυ׃ �ƨʚऒʌ ŗɼǖʯƨ ʚǫŗʚ ƨŗƉǫ ʌʚƨɱ ɄǑ ʚǫƨ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ

ŗțǖɄɼǶʚǫȭ ɼƨƕʯƉƨʌ ǶȳƨɼʚǶŗࣖυ �ǒʚƨɼ ƨȳɄʯǖǫ ǶʚƨɼŗʚǶɄȳʌࣗ ǶȳƨɼʚǶŗ ˝Ƕțț ſƨ ʌȭŗțț ƨȳɄʯǖǫࣖ



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࡹ

�ƨʚऒʌ țɄɄȕ ŗʚ ƨŗƉǫ ʌʚƨɱ Ʉȳƨ ŗʚ ŗ ʚǶȭƨࣖ
óʚƨɱ ࣘࡹ âǶƉȕ ŗ ˙ŗțʯƨ ɄǑ ҽ ŗȳƕ ɼŗȳƕɄȭț˦ ǶȳǶʚǶŗțǶ˲ƨ ҽ ƉƨȳʚɼɄǶƕʌࣖυ �ǒʚƨɼ ǶȳǶʚǶŗțǶ˲Ƕȳǖ Ʉʯɼ ҽ ƉƨȳʚɼɄǶƕʌࣗ ˝ƨ ǫŗ˙ƨ ŗȳ ǶȳǶʚǶŗț ˙ŗțʯƨ

ɄǑ ǶȳƨɼʚǶŗࣖ İƨ ŗɼƨ ǖɄǶȳǖ ʚɄ ŗɼǖʯƨ ʚǫŗʚ ʚǫǶʌ Ʉȳț˦ ƕƨƉɼƨŗʌƨʌࣖ



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࡽ

óʚƨɱ ࣘࡽ �ƨƨɱ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ̇˥ƨƕࣗ ŗȳƕ ʯɱƕŗʚƨ ʚǫƨ ǖɼɄʯɱʌ ſ˦
ŗʌʌǶǖȳǶȳǖ ƨŗƉǫ ɱɄǶȳʚ ʚɄ ʚǫƨ ȳƨŗɼƨʌʚ ƉƨȳʚɼɄǶƕࣖυ �ʌʌʯȭǶȳǖ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ŗɼƨ ̇˥ƨƕࣗ ǑɄɼ ƨŗƉǫ ɀӊһ ˝ƨ ǫŗ˙ƨ ŗ

ƉǫɄǶƉƨ ः ˝ǫǶƉǫ ǖɼɄʯɱ ʌǫɄʯțƕ Ƕʚ ſƨ ŗ ɱŗɼʚ ɄǑࣞυ İǫǶƉǫƨ˙ƨɼ ǖɼɄʯɱ ˝ƨ ƉǫɄɄʌƨࣗ ǶȳƨɼʚǶŗ ˝Ƕțț ſƨ ƉŗțƉʯțŗʚƨƕ
ʯʌǶȳǖ ʚǫƨ ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ſƨʚ˝ƨƨȳ ɀӊһ ŗȳƕ ʚǫŗʚ ǖɼɄʯɱऒʌ
ƉƨȳʚɼɄǶƕࣖυ ÿǫʯʌࣗ ʚɄ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣗ ˝ƨ ŗʌʌǶǖȳ ƨŗƉǫ ɀӊһ ʚɄ ʚǫƨ ǖɼɄʯɱ
ƉɄɼɼƨʌɱɄȳƕǶȳǖ ʚɄ ʚǫƨ ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕࣖ

¥Ʉʚƨ ʚǫŗʚ ʚǫǶʌ ŗȳŗț˦ʌǶʌ ǫɄțƕʌ ƨ˙ƨɼ˦ ʚǶȭƨ ˝ƨऒɼƨ ŗʚ óʚƨɱ ࣗࡽ ȳɄʚ
ȍʯʌʚ ʚǫƨ ̇ɼʌʚ ʚǶȭƨࣖ



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࢁ

óʚƨɱ ࣘࢁ �ƨƨɱ ʚǫƨ ǖɼɄʯɱʌ ̇˥ƨƕࣗ ŗȳƕ ʯɱƕŗʚƨ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ſ˦
ȭɄ˙Ƕȳǖ ƨŗƉǫ ƉƨȳʚɼɄǶƕ ʚɄ ʚǫƨ Ɖƨȳʚƨɼ ɄǑ Ƕʚʌ ǖɼɄʯɱ ࣯ſ˦ ŗ˙ƨɼŗǖǶȳǖ
ƉɄɄɼƕǶȳŗʚƨʌࣱࣖυ $ƨǑɄɼƨ ˝ƨ ȍʯʌʚǶǑ˦ ˝ǫ˦ ʚǫǶʌ Ƕʌ ɄɱʚǶȭŗțࣗ țƨʚऒʌ ɼƨࣽ˙ǶʌǶʚ ǶȳƨɼʚǶŗࣖ



�ʌǶƕƨࣘ ʌƨɱŗɼŗʚǶȳǖ ǶȳƨɼʚǶŗυ yȳƨɼʚǶŗࣘҜ	׃�
 
�׃ ���
 
ҽ׃ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ
ƕŗʚŗ ɱɄǶȳʚ ɀӊһʚɄ Ƕʚʌ
ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕ Ҽυ׃ ¥Ʉʚƨ ʚǫŗʚ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ ˝ŗ˦ ʚɄ ˝ɼǶʚƨ ǶȳƨɼʚǶŗ ǶʌҜ	׃�
 
�׃ ���
 
ҽ׃ � Ҝ	׃�
 � Ҝ	׃�
 � ��� � Ҝ	׃ҽ
 ˝ǫƨɼƨҜ	׃Ҽ
 � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ
ƕŗʚŗ ɱɄǶȳʚ ɀӊһ Ƕȳ ǖɼɄʯɱ Ҽ
ʚɄ ƉƨȳʚɼɄǶƕ Ҽυ׃ İǫŗʚऒʌ ʚǫƨ ɱɄǶȳʚࣞ

☐



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࢁ

Ҝ	׃�
 
�׃ ���
 
ҽ׃ � Ҝ	׃�
 � Ҝ	׃�
 � ��� � Ҝ	׃ҽ
 ˝ǫƨɼƨҜ	׃Ҽ
 � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚ ɀӊһ
Ƕȳ ǖɼɄʯɱ Ҽ ʚɄ ƉƨȳʚɼɄǶƕ Ҽ׃

óʚƨɱ ࣘࢁ �ƨƨɱ ʚǫƨ ǖɼɄʯɱʌ ̇˥ƨƕࣗ ŗȳƕ ʯɱƕŗʚƨ ʚǫƨ ƉƨȳʚɼɄǶƕʌ ſ˦
ȭɄ˙Ƕȳǖ ƨŗƉǫ ƉƨȳʚɼɄǶƕ ʚɄ ʚǫƨ Ɖƨȳʚƨɼ ɄǑ Ƕʚʌ ǖɼɄʯɱ ࣯ſ˦ ŗ˙ƨɼŗǖǶȳǖ
ƉɄɄɼƕǶȳŗʚƨʌࣱࣖυ �ƨʚऒʌ ŗɼǖʯƨ ˝ǫ˦ ʚǫǶʌ ȭǶȳǶȭǶ˲ƨʌ Ҝ	׃Ҽ
ࣗ ǑɄɼ ƨŗƉǫ ǖɼɄʯɱ Ҽࣖ



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ 
Ҽ׃	Ҝࣱࢁ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚ ɀӊһ
Ƕȳ ǖɼɄʯɱ Ҽ ʚɄ ƉƨȳʚɼɄǶƕ Ҽ׃

óʯɱɱɄʌƨ ǖɼɄʯɱ Ҽ ƉɄȳʚŗǶȳʌ ʚǫƨ ɱɄǶȳʚʌ 	�
 �
ࣗ 	�
 �
ࣗ ŗȳƕ 	�
 �
ࣖ
İǫƨɼƨ ʌǫɄʯțƕ ˝ƨ ɱʯʚ Ҽ׃ � ڕҴҵچ ʚɄ ȭǶȳǶȭǶ˲ƨ Ҝ	׃Ҽ
ࣞW

ccmj) = Cca , b)
= (4-a)

'

+ (3-b)
'

✗

(a.b)
+ (b-a) 2+14 -b)

"

+ (8-a)
"

+ (2-b)
2



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࢁ
c(a. b) 1=214-a) C- 1)

= (4-a)
'

+ (3-b)
"

2A +216-a) 1- 1)
+ (b-a) 2+(4-6)

"

+ 218- a) C- 1) --0
+ (8-a)

"

1-(2-6)
'

4-a + 6-a +8-a -_ 0

3A = 4+6+8

a
'
= 4+6,1--8

÷- = -213 -b) -214-67-212-61=0
⇒ base 3+43-+2



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ 
Ҽ׃	Ҝࣱࢁ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚ ɀӊһ
Ƕȳ ǖɼɄʯɱ Ҽ ʚɄ ƉƨȳʚɼɄǶƕ Ҽ׃

óʯɱɱɄʌƨ ǖɼɄʯɱ Ҽ ƉɄȳʚŗǶȳʌ ʚǫƨ ɱɄǶȳʚʌ 	�
 �
ࣗ 	�
 �
ࣗ ŗȳƕ 	�
 �
ࣖ
İǫƨɼƨ ʌǫɄʯțƕ ˝ƨ ɱʯʚ Ҽ׃ � ڕҴҵچ ʚɄ ȭǶȳǶȭǶ˲ƨ Ҝ	׃Ҽ
ࣞ

d- 41-61-8
g-

=
6

✗centroid
b
*
= 31-4+2
g-

=3



,Ʉʌʚ ŗȳƕ ƨȭɱǶɼǶƉŗț ɼǶʌȕυ ¶ȳ ʚǫƨ ɱɼƨ˙ǶɄʯʌ ʌțǶƕƨࣗ ˝ƨ ʌŗ˝ ŗ ǑʯȳƉʚǶɄȳ ɄǑ ʚǫƨ ǑɄɼȭҜ	׃Ҽ
 � Ҝ	Ҵ
 ҵ
 � 	� ˲ Ҵ
� � 	� ˲ ҵ
�� 	� ˲ Ҵ
� � 	� ˲ ҵ
�� 	� ˲ Ҵ
� � 	� ˲ ҵ
�
υ Ҝ	Ҵ
 ҵ
 Ɖŗȳ ſƨ ʚǫɄʯǖǫʚ ɄǑ ŗʌ ʚǫƨ ʌʯȭ ɄǑ ʚ˝Ʉ ʌƨɱŗɼŗʚƨ
ǑʯȳƉʚǶɄȳʌࣗ ҹ	Ҵ
 ŗȳƕ Һ	ҵ
ࣖυ ҹ	Ҵ
 � 	� ˲ Ҵ
� � 	� ˲ Ҵ
� � 	� ˲ Ҵ
� ƉɄȭɱʯʚƨʌ ʚǫƨ ʚɄʚŗț

ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ ӊ� ƉɄɄɼƕǶȳŗʚƨ ʚɄ Ҵࣖυ bɼɄȭ ƨŗɼțǶƨɼ Ƕȳ ʚǫƨ ƉɄʯɼʌƨࣗ ˝ƨ ȕȳɄ˝ ʚǫŗʚ Ҵ˶ � ������ � �
ȭǶȳǶȭǶ˲ƨʌ ҹ	Ҵ
ࣖ

00
f(a) gcb)



âɼŗƉʚǶƉŗț ƉɄȳʌǶƕƨɼŗʚǶɄȳʌ



yȳǶʚǶŗțǶ˲ŗʚǶɄȳυ 6ƨɱƨȳƕǶȳǖ Ʉȳ Ʉʯɼ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕʌࣗ ȕࣽ¡ƨŗȳʌ ȭŗ˦
एƉɄȳ˙ƨɼǖƨऐ ʚɄ ŗ ƉțʯʌʚƨɼǶȳǖ ʚǫŗʚ ƕɄƨʌȳऒʚ ŗƉʚʯŗțț˦ ǫŗ˙ƨ ʚǫƨ
țɄ˝ƨʌʚ ɱɄʌʌǶſțƨ ǶȳƨɼʚǶŗࣖυ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗ țǶȕƨ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣗ ȕࣽ¡ƨŗȳʌ Ɖŗȳ

ǖƨʚ Ɖŗʯǖǫʚ Ƕȳ ŗ țɄƉŗț ȭǶȳǶȭʯȭࣖυ óɄȭƨ ʌɄțʯʚǶɄȳʌࣘυ éʯȳ ȕࣽ¡ƨŗȳʌ ʌƨ˙ƨɼŗț ʚǶȭƨʌࣗ ƨŗƉǫ ˝Ƕʚǫ ƕǶ˽ƨɼƨȳʚ
ɼŗȳƕɄȭț˦ ƉǫɄʌƨȳ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕʌࣖ �ƨƨɱ ʚɼŗƉȕ ɄǑ ʚǫƨ
ǶȳƨɼʚǶŗ ɄǑ ʚǫƨ ̇ȳŗț ɼƨʌʯțʚ Ƕȳ ƨŗƉǫ ŗʚʚƨȭɱʚࣖ ,ǫɄɄʌƨ ʚǫƨ
ŗʚʚƨȭɱʚ ˝Ƕʚǫ ʚǫƨ țɄ˝ƨʌʚ ǶȳƨɼʚǶŗࣖυ ȕࣽ¡ƨŗȳʌॻॻࣘ ƉǫɄɄʌƨ Ʉȳƨ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕ ŗʚ ɼŗȳƕɄȭࣗ
ŗȳƕ ƉǫɄɄʌƨ ʚǫƨ ɼƨȭŗǶȳǶȳǖ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕʌ ſ˦
ȭŗ˥ǶȭǶ˲Ƕȳǖ ƕǶʌʚŗȳƉƨ ǑɼɄȭ ŗțț Ʉʚǫƨɼ ƉƨȳʚɼɄǶƕʌࣖ



,ǫɄɄʌǶȳǖ ҽ
υ ¥Ʉʚƨ ʚǫŗʚ ŗʌ ҽ ǶȳƉɼƨŗʌƨʌࣗ ǶȳƨɼʚǶŗ ƕƨƉɼƨŗʌƨʌࣖυ yȳʚʯǶʚǶ˙ƨț ࣗ˦ ŗʌ ˝ƨ ŗƕƕ ȭɄɼƨ ƉƨȳʚɼɄǶƕʌࣗ ʚǫƨ ƕǶʌʚŗȳƉƨ

ſƨʚ˝ƨƨȳ ƨŗƉǫ ɱɄǶȳʚ ŗȳƕ Ƕʚʌ ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕ ˝Ƕțț ƕɼɄɱࣖυ $ʯʚ ʚǫƨ ǖɄŗț ɄǑ ƉțʯʌʚƨɼǶȳǖ Ƕʌ ʚɄ ɱʯʚ ƕŗʚŗ ɱɄǶȳʚʌ ǶȳʚɄ
ǖɼɄʯɱʌࣗ ŗȳƕ ǫŗ˙Ƕȳǖ ŗ țŗɼǖƨ ȳʯȭſƨɼ ɄǑ ǖɼɄʯɱʌ ȭŗ˦ ȳɄʚ ſƨ
ȭƨŗȳǶȳǖǑʯțࣖυ ÿǫǶʌ ʌʯǖǖƨʌʚʌ ŗ ʚɼŗƕƨɄ˽ ſƨʚ˝ƨƨȳ ҽ ŗȳƕ ǶȳƨɼʚǶŗࣖ



ÿǫƨ एƨțſɄ˝ऐ ȭƨʚǫɄƕυ óʚɼŗʚƨǖ˦ࣘ ɼʯȳ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ ǑɄɼ ȭŗȳ˦ ƉǫɄǶƉƨʌ ɄǑ ҽ
࣯ƨࣖǖࣖ ҽ � �
 �
 �
 ���
 �ࣱࣖυ ,Ʉȭɱʯʚƨ ʚǫƨ ˙ŗțʯƨ ɄǑ ǶȳƨɼʚǶŗ ǑɄɼ ƨŗƉǫ ɼƨʌʯțʚǶȳǖ ʌƨʚ ɄǑ
ƉƨȳʚɼɄǶƕʌࣖυ âțɄʚ ŗ ǖɼŗɱǫ ɄǑ ǶȳƨɼʚǶŗ ˙ʌ ҽࣖυ ,ǫɄɄʌƨ ʚǫƨ ˙ŗțʯƨ ɄǑ ҽ ʚǫŗʚ ŗɱɱƨŗɼʌ ŗʚ ŗȳ एƨțſɄ˝ऐࣖ

óƨƨ ʚǫƨ ȳɄʚƨſɄɄȕ ǑɄɼ ŗ ƕƨȭɄࣖ

O



�Ʉ˝ ǶȳƨɼʚǶŗ Ƕʌȳऒʚ ƨ˙ƨɼ˦ʚǫǶȳǖࣛ

υ E˙ƨȳ ǶǑ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕʌ ŗʌ Ƕȳʚƨȳƕƨƕ ŗȳƕ ̇ȳƕʌ ʚǫƨ ƉǫɄǶƉƨ ɄǑ
ƉƨȳʚɼɄǶƕʌ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣗ ʚǫƨ ɼƨʌʯțʚǶȳǖ ƉțʯʌʚƨɼǶȳǖ
ȭŗ˦ ȳɄʚ țɄɄȕ एɼǶǖǫʚऐ ʚɄ ʯʌ ǫʯȭŗȳʌࣖυ éƨƉŗțțࣗ ǶȳƨɼʚǶŗ ȭƨŗʌʯɼƨʌ ʚǫƨ ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ʚɄ

ƉƨȳʚɼɄǶƕʌࣖυ ÿǫǶʌ ȭƨʚɼǶƉ ƕɄƨʌȳऒʚ ŗț˝ŗ˦ʌ ȭŗʚƉǫ Ʉʯɼ ǶȳʚʯǶʚǶɄȳࣖυ �ƨʚऒʌ țɄɄȕ ŗʚ ʌɄȭƨ ƨ˥ŗȭɱțƨʌ ŗʚ
JVVRU���VKP[WTN�EQO�ՖՒCMOGCPUࣖυ eɄ ʚɄ एyऒțț ,ǫɄɄʌƨऐ ŗȳƕ एóȭǶțƨ˦ bŗƉƨऐࣖ eɄɄƕ țʯƉȕࣛ





¶ʚǫƨɼ ƉțʯʌʚƨɼǶȳǖ ʚƨƉǫȳǶɸʯƨʌ

υ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ Ƕʌ ȍʯʌʚ Ʉȳƨ ˝ŗ˦ ʚɄ Ɖțʯʌʚƨɼ ƕŗʚŗࣖυ ÿǫƨɼƨ ŗɼƨ ȭŗȳ˦ Ʉʚǫƨɼʌࣗ ƨŗƉǫ ɄǑ ˝ǫǶƉǫ ˝Ʉɼȕ ƕǶ˽ƨɼƨȳʚț˦ ŗȳƕ
ɱɼɄƕʯƉƨ ƕǶ˽ƨɼƨȳʚ ȕǶȳƕʌ ɄǑ ɼƨʌʯțʚʌࣖυ �ȳɄʚǫƨɼ ƉɄȭȭɄȳ ʚƨƉǫȳǶɸʯƨࣘ ŗǖǖțɄȭƨɼŗʚǶ˙ƨ ƉțʯʌʚƨɼǶȳǖࣖυ pǶǖǫ țƨ˙ƨțࣘ ʌʚŗɼʚ Ʉʯʚ ˝Ƕʚǫ ƨŗƉǫ ɱɄǶȳʚ ſƨǶȳǖ Ƕȳ Ƕʚʌ Ʉ˝ȳ

Ɖțʯʌʚƨɼࣖ éƨɱƨŗʚƨƕț˦ ƉɄȭſǶȳƨ Ɖțʯʌʚƨɼʌ ʯȳʚǶț Ʉȳț˦ ҽ ŗɼƨ
țƨǒʚࣖυ ,ǫƨƉȕ Ʉʯʚ ʚǫǶʌ Ɖǫŗɼʚࣖ



yȳʚɼɄƕʯƉʚǶɄȳ ʚɄ ɱɼɄſŗſǶțǶʚ˦



bɼɄȭ �ƨƉʚʯɼƨ ࣘࡹ ƉɄʯɼʌƨ Ʉ˙ƨɼ˙Ƕƨ˝

âŗɼʚ ࣘࡹ �ƨŗɼȳǶȳǖ ǑɼɄȭ 6ŗʚŗ ࣯�ƨƉʚʯɼƨʌ ࡹ υࣱࡹࡹࣽ óʯȭȭŗɼ˦ ʌʚŗʚǶʌʚǶƉʌ ŗȳƕ țɄʌʌ ǑʯȳƉʚǶɄȳʌࣙ ȭƨŗȳ ŗſʌɄțʯʚƨ
ƨɼɼɄɼ ŗȳƕ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖυ �Ƕȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ࣯ǶȳƉțࣖ țǶȳƨŗɼ ŗțǖƨſɼŗࣱࣖυ ,țʯʌʚƨɼǶȳǖࣖ

âŗɼʚ ࣘࡽ âɼɄſŗſǶțǶʚ˦ ࣯�ƨƉʚʯɼƨʌ ࡽࡹ υࣱ࢕ࡹࣽ óƨʚ ʚǫƨɄɼ˦ ŗȳƕ ƉɄȭſǶȳŗʚɄɼǶƉʌࣙ ɱɼɄſŗſǶțǶʚ˦ Ǒʯȳƕŗȭƨȳʚŗțʌࣖυ ,ɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ˦ ŗȳƕ ǶȳƕƨɱƨȳƕƨȳƉƨࣖυ ¥ŗǾ˙ƨ $ŗ˦ƨʌ ࣯ȭǶ˥ ɄǑ ſɄʚǫ ɱŗɼʚʌ ɄǑ ʚǫƨ Ɖțŗʌʌࣱࣖ



İǫ˦ ƕɄ ˝ƨ ȳƨƨƕ ɱɼɄſŗſǶțǶʚ˦ࣞ

υ óɄ Ǒŗɼ Ƕȳ ʚǫǶʌ Ɖțŗʌʌࣗ ˝ƨ ǫŗ˙ƨ ȭŗƕƨ ɱɼƨƕǶƉʚǶɄȳʌ ſŗʌƨƕ Ʉȳ ŗ
ƕŗʚŗʌƨʚࣖυ ÿǫǶʌ ƕŗʚŗʌƨʚ Ɖŗȳ ſƨ ʚǫɄʯǖǫʚ ɄǑ ŗʌ ŗ ʌŗȭɱțƨ ɄǑ ʌɄȭƨ
ɱɄɱʯțŗʚǶɄȳࣖυ bɄɼ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ʚɄ ſƨ ʯʌƨǑʯț Ƕȳ ʚǫƨ Ǒʯʚʯɼƨࣗ ʚǫƨ ʌŗȭɱțƨ
ʚǫŗʚ ˝ŗʌ ʯʌƨƕ ʚɄ Ɖɼƨŗʚƨ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ȳƨƨƕʌ ʚɄ țɄɄȕ
ʌǶȭǶțŗɼ ʚɄ ʌŗȭɱțƨʌ ʚǫŗʚ ˝ƨऒțț ʌƨƨ Ƕȳ ʚǫƨ Ǒʯʚʯɼƨࣖ



âɼɄſŗſǶțǶʚ˦ ŗȳƕ ʌʚŗʚǶʌʚǶƉʌ

generating data

process

-
statistics



óʚŗʚǶʌʚǶƉŗț ǶȳǑƨɼƨȳƉƨ

eǶ˙ƨȳ Ʉſʌƨɼ˙ƨƕ ƕŗʚŗࣗ ˝ƨ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǫɄ˝ Ƕʚ ˝ŗʌ ǖƨȳƨɼŗʚƨƕ
Ʉɼ ˝ǫƨɼƨ Ƕʚ Ɖŗȭƨ ǑɼɄȭࣗ ǑɄɼ ʚǫƨ ɱʯɼɱɄʌƨʌ ɄǑυ ɱɼƨƕǶƉʚǶȳǖ ɄʯʚƉɄȭƨʌ ǑɄɼ Ʉʚǫƨɼ ƕŗʚŗ ǖƨȳƨɼŗʚƨƕ ǑɼɄȭ ʚǫƨ

ʌŗȭƨ ʌɄʯɼƉƨࣖυ ȕȳɄ˝ ǫɄ˝ ƕǶ˽ƨɼƨȳʚ Ʉʯɼ ʌŗȭɱțƨ ƉɄʯțƕ ǫŗ˙ƨ ſƨƨȳࣖυ ƕɼŗ˝ ƉɄȳƉțʯʌǶɄȳʌ ŗſɄʯʚ Ʉʯɼ ƨȳʚǶɼƨ ɱɄɱʯțŗʚǶɄȳ ŗȳƕ ȳɄʚ
ȍʯʌʚ Ʉʯɼ Ʉſʌƨɼ˙ƨƕ ʌŗȭɱțƨ ࣯Ƕࣖƨࣖ ǖƨȳƨɼŗțǶ˲ƨࣱࣖ



âɼɄſŗſǶțǶʚ˦

eǶ˙ƨȳ ŗ ƉƨɼʚŗǶȳ ȭɄƕƨț ǑɄɼ ƕŗʚŗ ǖƨȳƨɼŗʚǶɄȳࣗ ˝ǫŗʚ ȕǶȳƕ ɄǑ ƕŗʚŗ
ƕɄ ˦Ʉʯ ƨ˥ɱƨƉʚ ʚǫƨ ȭɄƕƨț ʚɄ ɱɼɄƕʯƉƨࣞ pɄ˝ ʌǶȭǶțŗɼ Ƕʌ Ƕʚ ʚɄ ʚǫƨ
ƕŗʚŗ ˦Ʉʯ ǫŗ˙ƨࣞ âɼɄſŗſǶțǶʚ˦ Ƕʌ ʚǫƨ ʚɄɄț ʚɄ ŗȳʌ˝ƨɼ ʚǫƨʌƨ
ɸʯƨʌʚǶɄȳʌࣖυ ƨ˥ɱƨƉʚƨƕ ˙ŗțʯƨ ˙ʌࣖ ʌŗȭɱțƨ ȭƨŗȳࣖυ ˙ŗɼǶŗȳƉƨ ˙ʌࣖ ʌŗȭɱțƨ ˙ŗɼǶŗȳƉƨࣖυ țǶȕƨțǶǫɄɄƕ ɄǑ ɱɼɄƕʯƉǶȳǖ ƨ˥ŗƉʚ Ʉſʌƨɼ˙ƨƕ ƕŗʚŗࣖ



ÿƨɼȭǶȳɄțɄǖ˦υ �ȳ ƨ˥ɱƨɼǶȭƨȳʚ Ƕʌ ʌɄȭƨ ɱɼɄƉƨʌʌ ˝ǫɄʌƨ ɄʯʚƉɄȭƨ Ƕʌ ɼŗȳƕɄȭ
࣯ƨࣖǖࣖ ̈ǶɱɱǶȳǖ ŗ ƉɄǶȳࣗ ɼɄțțǶȳǖ ŗ ƕǶƨࣱࣖυ � ʌŗȭɱțƨ ʌɱŗƉƨࣗ Ҭࣗ Ƕʌ ʚǫƨ ʌƨʚ ɄǑ ŗțț ɱɄʌʌǶſțƨ ɄʯʚƉɄȭƨʌ ɄǑ
ŗȳ ƨ˥ɱƨɼǶȭƨȳʚࣖυ ,Ʉʯțƕ ſƨ ̇ȳǶʚƨ Ʉɼ Ƕȳ̇ȳǶʚƨࣛυ �ȳ ƨ˙ƨȳʚ Ƕʌ ŗ ʌʯſʌƨʚ ɄǑ ʚǫƨ ʌŗȭɱțƨ ʌɱŗƉƨࣖ

E˥ŗȭɱțƨࣘ éɄțțǶȳǖ ŗ ʌǶƕƨƕࣽࢍ ƕǶƨࣖ
=
sets of
outcomes.

f- { 1
, 2,3 . 4,5, 6 } { g-, b) :

event
my roll

3 alone is an outcome is 25

{2,4 , 6) : event I roll
an even



âɼɄſŗſǶțǶʚ˦ ƕǶʌʚɼǶſʯʚǶɄȳʌ

υ � ɱɼɄſŗſǶțǶʚ˦ ƕǶʌʚɼǶſʯʚǶɄȳࣗ ӂࣗ ƕƨʌƉɼǶſƨʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ
ƨŗƉǫ ɄʯʚƉɄȭƨ Ӆ Ƕȳ ŗ ʌŗȭɱțƨ ʌɱŗƉƨ Ҭࣖυ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ƨŗƉǫ ɄʯʚƉɄȭƨ ȭʯʌʚ ſƨ ſƨʚ˝ƨƨȳ ࡱ

ŗȳƕ ࣘࡹ � ̱ ӂ	Ӆ
 ̱ �ࣖυ ÿǫƨ ʌʯȭ ɄǑ ʚǫƨ ɱɼɄſŗſǶțǶʚǶƨʌ ɄǑ ƨŗƉǫ ɄʯʚƉɄȭƨ ȭʯʌʚ
ſƨ ƨ˥ŗƉʚț˦ ࣘࡹ ˱Ӆ˨Ҭ ӂ	Ӆ
 � �ࣖυ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ŗȳ ƨ˙ƨȳʚ Ƕʌ ʚǫƨ ʌʯȭ ɄǑ ʚǫƨ ɱɼɄſŗſǶțǶʚǶƨʌ

ɄǑ ʚǫƨ ɄʯʚƉɄȭƨʌ Ƕȳ ʚǫƨ ƨ˙ƨȳʚࣖυ ҩ	Ҟ
 � ˱Ӆ˨Ҟ ӂ	Ӆ
ࣖ
T forall outcomes in sample space

rolling a fair die
C- = ( 2, 4,6 }

A :{ 23

P(A) = f- PCE) = d- + f- +f- = 1-2





Eɸʯŗțț˦ࣽțǶȕƨț˦ ɄʯʚƉɄȭƨʌυ yǑ Ҭ Ƕʌ ŗ ʌŗȭɱțƨ ʌɱŗƉƨ ˝Ƕʚǫ Ӏ ɱɄʌʌǶſțƨ ɄʯʚƉɄȭƨʌࣗ ŗȳƕ ŗțț
ɄʯʚƉɄȭƨʌ ŗɼƨ ƨɸʯŗțț˦ࣽțǶȕƨț ࣗ˦ ʚǫƨȳ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ŗȳ˦
Ʉȳƨ ɄʯʚƉɄȭƨ ɄƉƉʯɼɼǶȳǖ Ƕʌ �Ӏ ࣖυ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ŗȳ ƨ˙ƨȳʚ Қࣗ ʚǫƨȳࣗ Ƕʌҩ	Қ
 � �Ӏ � �Ӏ � ��� � �Ӏ � � ɄǑ ɄʯʚƉɄȭƨʌ Ƕȳ �� ɄǑ ɄʯʚƉɄȭƨʌ Ƕȳ ó � ]Қ]Ҭυ E˥ŗȭɱțƨࣘ bțǶɱɱǶȳǖ ŗ ƉɄǶȳ ʚǫɼƨƨ ʚǶȭƨʌࣖ

→
A = some set of outcomes

I 1

S = { HHH , HHT, HTH, HTT,
THH

,
THT

,
7TH
,
-1-17}

P(first coin is heads) = f- =I



óʯȭȭŗɼ ࣗ˦ ȳƨ˥ʚ ʚǶȭƨ



óʯȭȭŗɼ˦υ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ ŗʚʚƨȭɱʚʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣖυ İƨ ʌǫɄ˝ƨƕ ʚǫŗʚ Ƕʚ ȭǶȳǶȭǶ˲ƨʌ ǶȳƨɼʚǶŗ Ʉȳ ƨŗƉǫ ʌʚƨɱࣗ ſʯʚ
Ƕʚऒʌ ɱɄʌʌǶſțƨ ʚǫŗʚ Ƕʚ ƉɄȳ˙ƨɼǖƨʌ ʚɄ ŗ țɄƉŗț ȭǶȳǶȭʯȭࣖυ 6Ƕ˽ƨɼƨȳʚ ǶȳǶʚǶŗț ƉƨȳʚɼɄǶƕʌ Ɖŗȳ țƨŗƕ ʚɄ ƕǶ˽ƨɼƨȳʚ
ƉțʯʌʚƨɼǶȳǖʌࣖυ ÿɄ ƉǫɄɄʌƨ ҽࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ Ɖțʯʌʚƨɼʌࣗ ˝ƨ Ɖŗȳ ʯʌƨ ʚǫƨ

ƨțſɄ˝ ȭƨʚǫɄƕࣖυ ¶ʚǫƨɼ ƉțʯʌʚƨɼǶȳǖ ʚƨƉǫȳǶɸʯƨʌ ȭŗ˦ ˝Ʉɼȕ ſƨʚʚƨɼ ʚǫŗȳ
ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ Ƕȳ ƉƨɼʚŗǶȳ Ɖŗʌƨʌࣖυ ¶ʯʚƉɄȭƨʌࣗ ʌŗȭɱțƨ ʌɱŗƉƨʌࣗ ŗȳƕ ƨ˙ƨȳʚʌ ŗɼƨ ʚǫƨ एſʯǶțƕǶȳǖ
ſțɄƉȕʌऐ ɄǑ ɱɼɄſŗſǶțǶʚ ࣖ˦



¥ƨ˥ʚ ʚǶȭƨ

υ � ƕƨƨɱࣽƕǶ˙ƨ Ʉȳ ʚǫƨ Ǒʯȳƕŗȭƨȳʚŗțʌ ɼʯțƨʌ ɄǑ ɱɼɄſŗſǶțǶʚ ࣖ˦υ yȭɱɄɼʚŗȳʚࣘ İƨऒ˙ƨ ɱɄʌʚƨƕ ȭŗȳ˦ ɱɼɄſŗſǶțǶʚ˦ ɼƨʌɄʯɼƉƨʌ Ʉȳ
ʚǫƨ ɼƨʌɄʯɼƉƨʌ ʚŗſ ɄǑ ʚǫƨ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨࣖ ÿǫƨʌƨ ˝Ƕțț ȳɄ
ƕɄʯſʚ ƉɄȭƨ Ƕȳ ǫŗȳƕ ࣖ˦υ ¥Ʉ ȭɄɼƨ 6ó, ʌɱƨƉǶ̇Ɖࣽ�ࡱࢅ ɼƨŗƕǶȳǖʌࣖ


