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�ȳȳɄʯȳƉƨȭƨȳʚʌυ pİࢅ ɱɄʌʚƨƕ țŗʌʚ bɼǶƕŗ ࣗ˦ ƕʯƨ ʚǫǶʌ ʯɱƉɄȭǶȳǖ bɼǶƕŗ˦υ ÿɄɱ ɱɼƨƕǶƉʚɄɼʌ Ʉȳ țŗʌʚ pİࢅ ɱɼɄſțƨȭ ƨŗɼȳʌ ƨ˥ʚɼŗ
ƉɼƨƕǶʚ Ʉȳ ȭǶƕʚƨɼȭ υࡹ ¡Ƕƕʚƨɼȭ ࡹ ʌɄțʯʚǶɄȳ ɱɄʌʚƨƕ ʚɄƕŗ ࣗ˦ ǖɼŗƕƨ ˝Ƕțț ſƨ ŗ˙ŗǶțŗſțƨ

ſ˦ İƨƕȳƨʌƕŗ˦υ ¥Ʉʚƨࣘ ˦Ʉʯɼ ̇ȳŗț ƨ˥ŗȭ ǖɼŗƕƨ Ƕʌ ƕƨʚƨɼȭǶȳƨƕ ſ˦
¡ŗ˥ࣳ¡Ƕƕʚƨɼȭ ࣗࡹ bǶȳŗț âŗɼʚ yࣵ ॻ ¡ŗ˥ࣳ¡Ƕƕʚƨɼȭ ࣗࡽ bǶȳŗț
âŗɼʚ yyࣵυ yǑ ˦Ʉʯ ŗɼƨ ȳɄʚ ʌŗʚǶʌ̇ƨƕ ˝Ƕʚǫ ˦Ʉʯɼ ȭǶƕʚƨɼȭ ǖɼŗƕƨࣗ ˦Ʉʯ
Ɖŗȳ ɼƨɱțŗƉƨ Ƕʚ ſ˦ ƕɄǶȳǖ ˝ƨțț Ƕȳ ʚǫƨ bǶȳŗț



�ǖƨȳƕŗυ pİࢅ ,ɄȭɱƨʚǶʚǶɄȳࣘ ¥ƨʯʚɼǶȳɄ ŗȳƕ pǶǖǫ âʯɼǶʚ˦ eƨɼȭŗȳǶʯȭ
6ƨʚƨƉʚɄɼυ ÿǫƨ ƉțʯʌʚƨɼǶȳǖ ɱɼɄſțƨȭࣖυ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ ŗțǖɄɼǶʚǫȭࣖυ İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞυ âɼŗƉʚǶƉŗț ƉɄȳʌǶƕƨɼŗʚǶɄȳʌࣖ



¥ƨʯʚɼǶȳɄ ŗȳƕ pâeƨ 6ƨʚƨƉʚɄɼ



ÿǫƨ ƉțʯʌʚƨɼǶȳǖ ɱɼɄſțƨȭ



ࡹ

ʚŗȕƨȳࡹ ǑɼɄȭ �Ʉʌƨɱǫ eɄȳ˲ŗțƨ˲ ŗʚ Ď, $ƨɼȕƨțƨ˦



çʯƨʌʚǶɄȳࣘ ǫɄ˝ ȭǶǖǫʚ ˝ƨ एƉțʯʌʚƨɼऐ ʚǫƨʌƨ ɱɄǶȳʚʌ
ǶȳʚɄ ǖɼɄʯɱʌࣞ

⼀

hell dzk



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 ǖɼɄʯɱʌ ɄǑ ȳƨŗɼſ˦ ɱɄǶȳʚʌࣖυ ÿǫƨʌƨ ǖɼɄʯɱʌ ŗɼƨ Ɖŗțțƨƕ एƉțʯʌʚƨɼʌऐࣖυ ÿǫǶȳȕ ŗſɄʯʚ ǖɼɄʯɱʌ ŗʌ ƉɄțɄɼʌࣖυ Ƕࣖƨࣖࣗ ʚǫƨ ǖɄŗț ɄǑ ƉțʯʌʚƨɼǶȳǖ Ƕʌ ʚɄ ŗʌʌǶǖȳ ƨŗƉǫ ɱɄǶȳʚ ŗ

ƉɄțɄɼࣗ ʌʯƉǫ ʚǫŗʚ ɱɄǶȳʚʌ ɄǑ ʚǫƨ ʌŗȭƨ ƉɄțɄɼ ŗɼƨ ƉțɄʌƨ ʚɄ
Ʉȳƨ ŗȳɄʚǫƨɼࣖυ ¥Ʉʚƨࣗ ʯȳțǶȕƨ ˝Ƕʚǫ ɼƨǖɼƨʌʌǶɄȳࣗ ʚǫƨɼƨ Ƕʌ ȳɄ एɼǶǖǫʚ ŗȳʌ˝ƨɼऐ

ʚǫŗʚ ˝ƨ ŗɼƨ ʚɼ˦Ƕȳǖ ʚɄ ɱɼƨƕǶƉʚ ः ʚǫƨɼƨ Ƕʌ ȳɄ Ӌࣛυ ,țʯʌʚƨɼǶȳǖ Ƕʌ ŗȳ ʯȳʌʯɱƨɼ˙Ƕʌƨƕ ȭƨʚǫɄƕࣖ



pɄ˝ ƕɄ ˝ƨ ƕƨ̇ȳƨ ŗ ǖɼɄʯɱࣞ

υ ¶ȳƨ ʌɄțʯʚǶɄȳࣘ ɱǶƉȕ ҽ Ɖțʯʌʚƨɼ Ɖƨȳʚƨɼʌࣗ Ƕࣖƨࣖ ƉƨȳʚɼɄǶƕʌࣘɀ׃� ɀ׃� ��� ɀ׃ҽ Ƕȳ ɖҷυ ÿǫƨʌƨ ҽ ƉƨȳʚɼɄǶƕʌ ƕƨ̇ȳƨ ʚǫƨ ҽ ǖɼɄʯɱʌࣖυ EŗƉǫ ƕŗʚŗ ɱɄǶȳʚ एſƨțɄȳǖʌऐ ʚɄ ʚǫƨ ǖɼɄʯɱ ƉɄɼɼƨʌɱɄȳƕǶȳǖ ʚɄ
ʚǫƨ ȳƨŗɼƨʌʚ ƉƨȳʚɼɄǶƕࣖυ ÿǫǶʌ ɼƨƕʯƉƨʌ Ʉʯɼ ɱɼɄſțƨȭ ǑɼɄȭ ſƨǶȳǖ ए̇ȳƕ ʚǫƨ ſƨʌʚ ǖɼɄʯɱ
ǑɄɼ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚऐ ʚɄ ſƨǶȳǖ ए̇ȳƕ ʚǫƨ ſƨʌʚ țɄƉŗʚǶɄȳʌ ǑɄɼ
ʚǫƨ ƉƨȳʚɼɄǶƕʌऐࣖ
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pɄ˝ ƕɄ ˝ƨ ɱǶƉȕ ʚǫƨ ƉƨȳʚɼɄǶƕʌࣞυ �ƨʚऒʌ ƉɄȭƨ ʯɱ ˝Ƕʚǫ ŗȳ ƉɄʌʚ ǑʯȳƉʚǶɄȳࣗ Ҝࣗ ˝ǫǶƉǫ ƕƨʌƉɼǶſƨʌ
ǫɄ˝ ǖɄɄƕ ŗ ʌƨʚ ɄǑ ƉƨȳʚɼɄǶƕʌ Ƕʌࣖυ ,Ʉʌʚ ǑʯȳƉʚǶɄȳʌ ŗɼƨ ŗ ǖƨȳƨɼŗțǶ˲ŗʚǶɄȳ ɄǑ ƨȭɱǶɼǶƉŗț ɼǶʌȕ

ǑʯȳƉʚǶɄȳʌࣖυ ¶ȳƨ ɱɄʌʌǶſțƨ ƉɄʌʚ ǑʯȳƉʚǶɄȳࣘҜ	׃� �׃ ��� 
ҽ׃ � ʚɄʚŗț ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ
ƕŗʚŗ ɱɄǶȳʚ ɀӊһʚɄ Ƕʚʌ
ƉțɄʌƨʌʚ ƉƨȳʚɼɄǶƕ Ҽυ׃ ÿǫǶʌ Ҝ ǫŗʌ ŗ ʌɱƨƉǶŗț ȳŗȭƨࣗ ǶȳƨɼʚǶŗࣖυ �Ʉ˝ƨɼ ˙ŗțʯƨʌ ɄǑ Ҝ țƨŗƕ ʚɄ एſƨʚʚƨɼऐ ƉțʯʌʚƨɼǶȳǖʌࣖυ eɄŗțࣘ bǶȳƕ ʚǫƨ ƉƨȳʚɼɄǶƕʌ �׃ �׃ ��� ҽ׃ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ Ҝࣖ

⼀



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

óʯɱɱɄʌƨ ˝ƨ ǫŗ˙ƨ Ӏ ƕŗʚŗ ɱɄǶȳʚʌࣗ ɀӊ� ɀӊ� ��� ɀӊӀࣗ ƨŗƉǫ ɄǑ
˝ǫǶƉǫ ŗɼƨ Ƕȳ ɖҷ ࣖ
óʯɱɱɄʌƨ ˝ƨ ˝ŗȳʚ ʚɄ Ɖțʯʌʚƨɼ Ʉʯɼ ƕŗʚŗʌƨʚ ǶȳʚɄ ҽ Ɖțʯʌʚƨɼʌࣖ
pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ Ɖŗȳ ˝ƨ ŗʌʌǶǖȳ ɱɄǶȳʚʌ ʚɄ Ɖțʯʌʚƨɼʌࣞ
ŗࣱ ҷ ͥ ҽ
ſࣱ ҷҽ
Ɖࣱ Ӏҽ
ƕࣱ ҽӀ
ƨࣱ Ӏ ͥ ҽ ͥ ҷ

𡆇

n data points
k等

次

how many ways
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option options a blast each point

for1stpoint for it



pɄ˝ ƕɄ ˝ƨ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣞ

υ âɼɄſțƨȭࣘ ʚǫƨɼƨ ŗɼƨ ƨ˥ɱɄȳƨȳʚǶŗțț˦ ȭŗȳ˦ ɱɄʌʌǶſțƨ
ƉțʯʌʚƨɼǶȳǖʌࣖ yʚ ˝Ʉʯțƕ ʚŗȕƨ ʚɄɄ țɄȳǖ ʚɄ ʚɼ˦ ʚǫƨȭ ŗțțࣖυ �ȳɄʚǫƨɼ âɼɄſțƨȭࣘ ˝ƨ Ɖŗȳऒʚ ʯʌƨ ƉŗțƉʯțʯʌ Ʉɼ ŗțǖƨſɼŗ ʚɄ
ȭǶȳǶȭǶ˲ƨ Ҝࣗ ʌǶȳƉƨ ʚɄ ƉŗțƉʯțŗʚƨ Ҝ ˝ƨ ȳƨƨƕ ʚɄ ȕȳɄ˝ ˝ǫǶƉǫ
ɱɄǶȳʚʌ ŗɼƨ Ƕȳ ˝ǫǶƉǫ Ɖțʯʌʚƨɼʌࣖυ İƨ ȳƨƨƕ ŗȳɄʚǫƨɼ ʌɄțʯʚǶɄȳࣖ

1



ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ



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

pƨɼƨऒʌ ŗȳ ŗțǖɄɼǶʚǫȭ ʚǫŗʚ ŗʚʚƨȭɱʚʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣘ
ࣖ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 ǖɼɄʯɱࣖ

ࣖࢅ éƨɱƨŗʚ ʌʚƨɱʌ ࡽ ŗȳƕ ࢁ ʯȳʚǶț ʚǫƨ ƉƨȳʚɼɄǶƕʌ ʌʚɄɱ ƉǫŗȳǖǶȳǖࣖ

o

C

coloreach point to Its nearest Centroid

point W average coordinates



E˥ŗȭɱțƨ

óƨƨ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ ʌǶʚƨ ǑɄɼ ŗȳ ǶȳʚƨɼŗƉʚǶ˙ƨ ˙ǶʌʯŗțǶ˲ŗʚǶɄȳ ɄǑ
ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖࣘ JVVRU���VKP[WTN�EQO�ՖՒCMOGCPU

https://tinyurl.com/40akmeans


�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 订⼗间12

我 䶗



6ƨȭɄ

�ƨʚऒʌ ʌƨƨ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ Ƕȳ ŗƉʚǶɄȳࣖ bɄțțɄ˝ ŗțɄȳǖ ǫƨɼƨࣖ

http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec14/lec14.ipynb


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

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 ɼƨ˙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
ࣞ

㘭 GD a 4
2 b 372

t a 6 2
⼭冰

闯圝倒 gtca Htcb
2Pdaefca

4i distaetajtlh.tt



İǫ˦ ƕɄƨʌ ȕࣽ¡ƨŗȳʌ ˝Ʉɼȕࣞ ࣯óʚƨɱ ࣱࢁ

Cab atftcbsitla65tcb

4Rtca.sib⽔

沯 zca gtzca Dtz.ca 8 0

a 4t a 6 a 8

3a 4 1618

a
4𠿟 Max



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
ࣞ



,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
ࣖ



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 ɱțŗƉƨ Ʉʚǫƨɼ ƉƨȳʚɼɄǶƕʌ Ǒŗɼ ǑɼɄȭ ŗțț Ʉʚǫƨɼ ƉƨȳʚɼɄǶƕʌࣖ

http://ilpubs.stanford.edu:8090/778/1/2006-13.pdf


,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

http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec14/lec14.ipynb


�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

https://tinyurl.com/40akmeans




¶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

https://scikit-learn.org/stable/_images/sphx_glr_plot_cluster_comparison_001.png


óʯȭȭŗɼ˦

υ ȕࣽ¡ƨŗȳʌ ,țʯʌʚƨɼǶȳǖ ŗʚʚƨȭɱʚʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ǶȳƨɼʚǶŗࣖυ İƨ ʌǫɄ˝ƨƕ ʚǫŗʚ Ƕʚ ȭǶȳǶȭǶ˲ƨʌ ǶȳƨɼʚǶŗ ŗʚ 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 ¥ƨ˥ʚ ʚǶȭƨࣘ ʌ˝ǶʚƉǫǶȳǖ ǖƨŗɼʌ ʚɄ ɱɼɄſŗſǶțǶʚ˦ ŗȳƕ
ƉɄȭſǶȳŗʚɄɼǶƉʌࣖ


