
�ƨƉʚʯɼƨ ࢍࡹ ँ ¥ŗǶ˙ƨ $ŗ˦ƨʌ

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



�ȳȳɄʯȳƉƨȭƨȳʚʌυ bǶțț Ʉʯʚ óʯɼ˙ƨ˦  ǶǑ ˦Ʉʯ ǫŗ˙ƨȳऒʚ ŗțɼƨŗƕ˦ࣛυ ¥Ʉ ǖɼɄʯɱ˝Ʉɼȕ Ʉɼ ƕǶʌƉʯʌʌǶɄȳ ʌƨƉʚǶɄȳ ʚǫǶʌ ˝ƨƨȕࣖυ pɄȭƨ˝Ʉɼȕ ࣗ ʚǫƨ ̇ȳŗț ǫɄȭƨ˝Ʉɼȕࣗ ˝Ƕțț ƉɄȭƨ Ʉʯʚ ſ˦
ÿǫʯɼʌƕŗ˦ ŗȳƕ Ƕʌ ƕʯƨ bɼǶƕŗ˦ ࢁࣩࡽࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ ¥Ʉ Ʉ˾Ɖƨ ǫɄʯɼʌ Ʉȳ İƨƕȳƨʌƕŗ ࣗ˦ ÿǫʯɼʌƕŗ ࣗ˦ bɼǶƕŗ ࣗ˦ Ʉɼ
óŗʚʯɼƕŗ˦ ʚǫǶʌ ˝ƨƨȕࣖυ �Ʉʚʌ ɄǑ Ʉ˾Ɖƨ ǫɄʯɼʌ ƕʯɼǶȳǖ ʚǫƨ țŗʌʚ ˝ƨƨȕ ɄǑ Ɖțŗʌʌ ः ʌʚŗɼʚ
ʌʚʯƕ˦Ƕȳǖ ǑɄɼ ʚǫƨ bǶȳŗț E˥ŗȭ ƨŗɼț˦ࣛυ İƨƕȳƨʌƕŗ ࣗ˦ ࣩࣗࡽࡹ ࣗ¡âࡱࢁࣘࡽࣽ¡�ࡱࢁࣘࡹࡹ ɼƨȭɄʚƨ ࣯ʌŗȭƨ

ǑɄɼȭŗʚ ŗʌ ȭǶƕʚƨɼȭࣱࣖ



�ǖƨȳƕŗυ ,țŗʌʌǶ̇ƉŗʚǶɄȳࣖυ ,țŗʌʌǶ̇ƉŗʚǶɄȳ ŗȳƕ ƉɄȳƕǶʚǶɄȳŗț ǶȳƕƨɱƨȳƕƨȳƉƨࣖυ ¥ŗǶ˙ƨ $ŗ˦ƨʌࣖ



éƨƉŗɱࣘ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭࣗ ǶȳƕƨɱƨȳƕƨȳƉƨࣗ ŗȳƕ
ƉɄȳƕǶʚǶɄȳŗț ǶȳƕƨɱƨȳƕƨȳƉƨ

υ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭࣘ ҩ	Қ]қ
 � ҩ	Қ
ҩ	қ]Қ
ҩ	қ
 ࣖυ Қ ŗȳƕ қ ŗɼƨ Ƕȳƕƨɱƨȳƕƨȳʚ ǶǑ ҩ	Қ ̈ қ
 � ҩ	Қ
 ͥ ҩ	қ
ࣖυ Қ ŗȳƕ қ ŗɼƨ ƉɄȳƕǶʚǶɄȳŗțț˦ Ƕȳƕƨɱƨȳƕƨȳʚ ǖǶ˙ƨȳ Ҝ ǶǑҩ		Қ ̈ қ
]Ҝ
 � ҩ	Қ]Ҝ
 ͥ ҩ	қ]Ҝ
ࣖυ yȳ ǖƨȳƨɼŗțࣗ ʚǫƨɼƨ Ƕʌ ȳɄ ɼƨțŗʚǶɄȳʌǫǶɱ ſƨʚ˝ƨƨȳ
ǶȳƕƨɱƨȳƕƨȳƉƨ ŗȳƕ ƉɄȳƕǶʚǶɄȳŗț ǶȳƕƨɱƨȳƕƨȳƉƨࣖυ óƨƨ ʚǫƨ ,ŗȭɱʯʌ˝Ƕɼƨ ɱɄʌʚ Ʉȳ ƉɄȳƕǶʚǶɄȳŗț
ǶȳƕƨɱƨȳƕƨȳƉƨ ǶǑ ˦Ʉʯऒɼƨ ʌʚǶțț ʌǫŗȕ˦ Ʉȳ ʚǫƨ ƉɄȳƉƨɱʚࣖ



,țŗʌʌǶ̇ƉŗʚǶɄȳ



ÿŗ˥ɄȳɄȭ˦ ɄǑ ȭŗƉǫǶȳƨ țƨŗɼȳǶȳǖ

ࡹ
ʚŗȕƨȳࡹ ǑɼɄȭ �Ʉʌƨɱǫ eɄȳ˲ŗțƨ˲  Ď, $ƨɼȕƨțƨ˦
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class clustering



,țŗʌʌǶ̇ƉŗʚǶɄȳ ɱɼɄſțƨȭʌυ �Ƕȕƨ ˝Ƕʚǫ ɼƨǖɼƨʌʌǶɄȳࣗ ˝ƨऒɼƨ Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ȭȕŗǶȳǖ
ɱɼƨƕǶƉʚǶɄȳʌ ſŗʌƨƕ Ʉȳ ƕŗʚŗ ˝ƨऒ˙ƨ ŗțɼƨŗƕ˦ ƉɄțțƨƉʚƨƕ ࣯Ɖŗțțƨƕ
ʚɼŗǶȳǶȳǖ ƕŗʚŗࣱࣖυ ÿǫƨ ƕǶ˽ƨɼƨȳƉƨ Ƕʌ ʚǫŗʚ ʚǫƨ ɼƨʌɱɄȳʌƨ ˙ŗɼǶŗſțƨ Ƕʌ ƉŗʚƨǖɄɼǶƉŗțࣖυ ,ŗʚƨǖɄɼǶƨʌ ŗɼƨ Ɖŗțțƨƕ Ɖțŗʌʌƨʌࣖυ E˥ŗȭɱțƨ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ ɱɼɄſțƨȭʌࣘυ 6ƨƉǶƕǶȳǖ ˝ǫƨʚǫƨɼ ŗ ɱŗʚǶƨȳʚ ǫŗʌ ȕǶƕȳƨ˦ ƕǶʌƨŗʌƨࣖυ yƕƨȳʚǶǑ˦Ƕȳǖ ǫŗȳƕ˝ɼǶʚʚƨȳ ƕǶǖǶʚʌࣖυ 6ƨʚƨɼȭǶȳǶȳǖ ˝ǫƨʚǫƨɼ ŗȳ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨࣖυ âɼƨƕǶƉʚǶȳǖ ˝ǫƨʚǫƨɼ ƉɼƨƕǶʚ Ɖŗɼƕ ŗƉʚǶ˙Ƕʚ˦ Ƕʌ Ǒɼŗʯƕʯțƨȳʚࣖ

shaking



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ

ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

çʯƨʌʚǶɄȳࣘ $ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ
˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ
ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ

¥ are ripe

F- are unripe

→ |preditripe]



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ
ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
$ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ
ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ
ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

óʚɼŗʚƨǖ˦ࣘ ,ŗțƉʯțŗʚƨ ʚ˝Ʉ
ɱɼɄſŗſǶțǶʚǶƨʌࣘҩ	ɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
ҩ	ʯȳɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ

ÿǫƨȳࣗ ɱɼƨƕǶƉʚ ʚǫƨ Ɖțŗʌʌ ˝Ƕʚǫ ŗ
țŗɼǖƨɼ ɱɼɄſŗſǶțǶʚ ࣖ˦



EʌʚǶȭŗʚǶȳǖ ɱɼɄſŗſǶțǶʚǶƨʌυ İƨ ˝Ʉʯțƕ țǶȕƨ ʚɄ ƕƨʚƨɼȭǶȳƨ ҩ	ɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
 ŗȳƕҩ	ʯȳɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
 ǑɄɼ ŗțț ŗ˙ɄƉŗƕɄʌ Ƕȳ ʚǫƨ ʯȳǶ˙ƨɼʌƨࣖυ �țț ˝ƨ ǫŗ˙ƨ Ƕʌ ŗ ʌǶȳǖțƨ ƕŗʚŗʌƨʚࣗ ˝ǫǶƉǫ Ƕʌ ŗ ʌŗȭɱțƨ ɄǑ ŗțț
ŗ˙ɄƉŗƕɄʌ Ƕȳ ʚǫƨ ʯȳǶ˙ƨɼʌƨࣖυ İƨ Ɖŗȳ ƨʌʚǶȭŗʚƨ ʚǫƨʌƨ ɱɼɄſŗſǶțǶʚǶƨʌ ſ˦ ʯʌǶȳǖ ʌŗȭɱțƨ
ɱɼɄɱɄɼʚǶɄȳʌࣖҩ	ɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
 ̢ ࣥ ɼǶɱƨ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄʌ Ƕȳ ʌŗȭɱțƨࣥ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄʌ Ƕȳ ʌŗȭɱțƨυ âƨɼ ʚǫƨ țŗ˝ ɄǑ țŗɼǖƨ ȳʯȭſƨɼʌ Ƕȳ 6ó, ࣗࡱࡹ țŗɼǖƨɼ ʌŗȭɱțƨʌ
țƨŗƕ ʚɄ ȭɄɼƨ ɼƨțǶŗſțƨ ƨʌʚǶȭŗʚƨʌ ɄǑ ɱɄɱʯțŗʚǶɄȳ ɱŗɼŗȭƨʚƨɼʌࣖ
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E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ
ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
$ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ
ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ
ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

ҩ	ɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
 �
ҩ	ʯȳɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ
 �
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$ŗ˦ƨʌऒ ʚǫƨɄɼƨȭ ǑɄɼ ƉțŗʌʌǶ̇ƉŗʚǶɄȳυ óʯɱɱɄʌƨ ʚǫŗʚ Қ Ƕʌ ʚǫƨ ƨ˙ƨȳʚ ʚǫŗʚ ŗȳ ŗ˙ɄƉŗƕɄ ǫŗʌ ƉƨɼʚŗǶȳ
Ǒƨŗʚʯɼƨʌࣗ ŗȳƕ қ Ƕʌ ʚǫƨ ƨ˙ƨȳʚ ʚǫŗʚ ŗȳ ŗ˙ɄƉŗƕɄ ſƨțɄȳǖʌ ʚɄ ŗ
ƉƨɼʚŗǶȳ Ɖțŗʌʌࣖ ÿǫƨȳࣗ ſ˦ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭࣘҩ	қ]Қ
 � ҩ	қ
 ͥ ҩ	Қ]қ
ҩ	Қ
υ ¡Ʉɼƨ ǖƨȳƨɼŗțț˦ࣘҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
 ͥ ҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ
υ İǫŗʚऒʌ ʚǫƨ ɱɄǶȳʚࣞυ Ďʌʯŗțț ࣗ˦ Ƕʚऒʌ ȳɄʚ ɱɄʌʌǶſțƨ ʚɄ ƨʌʚǶȭŗʚƨ ҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ


ƕǶɼƨƉʚț˦ ǑɼɄȭ ʚǫƨ ƕŗʚŗ ˝ƨ ǫŗ˙ƨࣖυ yȳʌʚƨŗƕࣗ ˝ƨ ǫŗ˙ƨ ʚɄ ƨʌʚǶȭŗʚƨ ҩ	Ɖțŗʌʌ
ࣗҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ࣗ ŗȳƕ ҩ	Ǒƨŗʚʯɼƨʌ
 ʌƨɱŗɼŗʚƨț ࣖ˦
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-black



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ
ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
$ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ
ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ
ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

ҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
ͥҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ


gb = green
- black

plr.pe/gb)--plripe)p.Pggnbfrire0P(ripe)--?--
② Plgb /ripe) = F-
③ pigb) = IT
Plripelgb) = =3



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ
ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
$ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ
ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ
ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

ҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
ͥҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ

pfennpelgb) =P

cnn.pe?#tbe)--E;i---*--÷



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌ
ĸɄʯ ǫŗ˙ƨ ŗ ǖɼƨƨȳࣽſțŗƉȕ ŗ˙ɄƉŗƕɄࣗ ŗȳƕ ˝ŗȳʚ ʚɄ ȕȳɄ˝ ǶǑ Ƕʚ Ƕʌ ɼǶɱƨࣖ
$ŗʌƨƕ Ʉȳ ʚǫǶʌ ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ
ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ

ƉɄțɄɼ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ɼǶɱƨ

ҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
ͥҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ

óǫɄɼʚƉʯʚࣘ $Ʉʚǫ ɱɼɄſŗſǶțǶʚǶƨʌ ǫŗ˙ƨ ʚǫƨ
ʌŗȭƨ ƕƨȳɄȭǶȳŗʚɄɼࣖ ÿǫƨ țŗɼǖƨɼ Ʉȳƨ Ƕʌ
ʚǫƨ Ʉȳƨ ˝Ƕʚǫ ʚǫƨ țŗɼǖƨɼ ȳʯȭƨɼŗʚɄɼࣖҩ	ɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ


ҩ	ʯȳɼǶɱƨǖɼƨƨȳࣽſțŗƉȕ

proportional
I ¥ . 3z=÷

a -2-4--7-1



,țŗʌʌǶ̇ƉŗʚǶɄȳ ŗȳƕ ƉɄȳƕǶʚǶɄȳŗț ǶȳƕƨɱƨȳƕƨȳƉƨ



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌࣗ ſʯʚ ˝Ƕʚǫ ȭɄɼƨ Ǒƨŗʚʯɼƨʌ
ƉɄțɄɼ ʌɄǒʚȳƨʌʌ ˙ŗɼǶƨʚ˦ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ

ĸɄʯ ǫŗ˙ƨ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄࣖ $ŗʌƨƕ Ʉȳ ʚǫǶʌ
ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ=

3 features



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌࣗ ſʯʚ ˝Ƕʚǫ ȭɄɼƨ Ǒƨŗʚʯɼƨʌ
ƉɄțɄɼ ʌɄǒʚȳƨʌʌ ˙ŗɼǶƨʚ˦ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ

ĸɄʯ ǫŗ˙ƨ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄࣖ $ŗʌƨƕ Ʉȳ ʚǫǶʌ
ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ

óʚɼŗʚƨǖ˦ࣘ ,ŗțƉʯțŗʚƨ ҩ	ɼǶɱƨǑƨŗʚʯɼƨʌ
 ŗȳƕ ҩ	ʯȳɼǶɱƨǑƨŗʚʯɼƨʌ

ŗȳƕ ƉǫɄɄʌƨ ʚǫƨ Ɖțŗʌʌ ˝Ƕʚǫ ʚǫƨ țŗɼǖƨɼ ɱɼɄſŗſǶțǶʚ ࣖ˦ҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
ҩ	ʯȳɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
:



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌࣗ ſʯʚ ˝Ƕʚǫ ȭɄɼƨ Ǒƨŗʚʯɼƨʌ

ƉɄțɄɼ ʌɄǒʚȳƨʌʌ ˙ŗɼǶƨʚ˦ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ

ĸɄʯ ǫŗ˙ƨ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄࣖ $ŗʌƨƕ Ʉȳ ʚǫǶʌ
ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞ

yʌʌʯƨࣘ İƨ ǫŗ˙ƨ ȳɄʚ ʌƨƨȳ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄ
ſƨǑɄɼƨࣖ

ÿǫǶʌ ȭƨŗȳʌ ʚǫŗʚ ҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 ŗȳƕҩ	ʯȳɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 ŗɼƨ ʯȳƕƨ̇ȳƨƕࣖ"¥¥÷¥÷
= ÷



� ʌǶȭɱțǶǑ˦Ƕȳǖ ŗʌʌʯȭɱʚǶɄȳυ İƨ ˝ŗȳʚ ʚɄ ̇ȳƕ ҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
ࣗ ſʯʚ
ʚǫƨɼƨ ŗɼƨ ȳɄ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄʌ Ƕȳ Ʉʯɼ
ƕŗʚŗʌƨʚࣖυ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭ ʚƨțțʌ ʯʌ ʚǫǶʌ ɱɼɄſŗſǶțǶʚ˦ Ƕʌ ƨɸʯŗț ʚɄ

ҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 � ҩ	ɼǶɱƨ
 ͥ ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄɼǶɱƨ
ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
υ �ƨ˦ Ƕƕƨŗࣘ �ʌʌʯȭƨ ʚǫŗʚ Ǒƨŗʚʯɼƨʌ ŗɼƨ ƉɄȳƕǶʚǶɄȳŗțț˦
Ƕȳƕƨɱƨȳƕƨȳʚ ǖǶ˙ƨȳ ŗ Ɖțŗʌʌ ࣯ƨࣖǖࣖ ɼǶɱƨࣱࣖ

ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄɼǶɱƨ
 � ҩ	̇ɼȭɼǶɱƨ
ͥҩ	ǖɼƨƨȳࣽſțŗƉȕɼǶɱƨ
ͥҩ	ńʯʚŗȳɄɼǶɱƨ


comma

means
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conditional independence :

P ((An B) / c) =P( A / c) PCB / c)
- Yass
features
-

P (firm , green- black, Zintan. / ripe)
= PCfirm /ripe)

•

P(green- black /ripe) .

P (Zutano / ripe)



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌࣗ ſʯʚ ˝Ƕʚǫ ȭɄɼƨ Ǒƨŗʚʯɼƨʌ
ƉɄțɄɼ ʌɄǒʚȳƨʌʌ ˙ŗɼǶƨʚ˦ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ

ĸɄʯ ǫŗ˙ƨ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄࣖ $ŗʌƨƕ Ʉȳ ʚǫǶʌ
ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 � ҩ	ɼǶɱƨ
 ͥ ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄɼǶɱƨ
ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ


-
-

= =

✗ P(ripe) • Pffim, green- black, Zntaw /ripe )
= P(ripe) . p(firmtripe) - P(green-black tipe)

• PG-utanolr.pe)
=#¥ .¥ ¥ = ¥9 = ¥9



E˥ŗȭɱțƨࣘ ŗ˙ɄƉŗƕɄʌࣗ ſʯʚ ˝Ƕʚǫ ȭɄɼƨ Ǒƨŗʚʯɼƨʌ
ƉɄțɄɼ ʌɄǒʚȳƨʌʌ ˙ŗɼǶƨʚ˦ ɼǶɱƨȳƨʌʌ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ſɼǶǖǫʚ ǖɼƨƨȳ ̇ɼȭ ńʯʚŗȳɄ ʯȳɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ʌɄǒʚ pŗʌʌ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ʌɄǒʚ ńʯʚŗȳɄ ɼǶɱƨ
ǖɼƨƨȳࣽſțŗƉȕ ̇ɼȭ pŗʌʌ ʯȳɼǶɱƨ
ɱʯɼɱțƨࣽſțŗƉȕ ȭƨƕǶʯȭ pŗʌʌ ɼǶɱƨ

ĸɄʯ ǫŗ˙ƨ ŗ ̇ɼȭ ǖɼƨƨȳࣽſțŗƉȕ ńʯʚŗȳɄ ŗ˙ɄƉŗƕɄࣖ $ŗʌƨƕ Ʉȳ ʚǫǶʌ
ƕŗʚŗࣗ ˝Ʉʯțƕ ˦Ʉʯ ɱɼƨƕǶƉʚ ʚǫŗʚ ˦Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ɼǶɱƨ Ʉɼ ʯȳɼǶɱƨࣞҩ	ʯȳɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 � ҩ	ʯȳɼǶɱƨ
 ͥ ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄʯȳɼǶɱƨ
ҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ


÷

✗ Planripe) - P(firm/unripe) - PGreen-black /nnr.pe/-P(tutano1
unripe)

= ÷ -¥ .¥ -

- ¥, = ÷



,ɄȳƉțʯʌǶɄȳυ ÿǫƨ ȳʯȭƨɼŗʚɄɼ ɄǑ ҩ	ɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 Ƕʌ ���� ࣖυ ÿǫƨ ȳʯȭƨɼŗʚɄɼ ɄǑ ҩ	ʯȳɼǶɱƨ̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
 Ƕʌ��� ࣖυ $Ʉʚǫ ɱɼɄſŗſǶțǶʚǶƨʌ ǫŗ˙ƨ ʚǫƨ ʌŗȭƨ ƕƨȳɄȭǶȳŗʚɄɼࣗҩ	̇ɼȭࣗ ǖɼƨƨȳࣽſțŗƉȕࣗ ńʯʚŗȳɄ
ࣖυ óǶȳƉƨ ˝ƨऒɼƨ ȍʯʌʚ Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ʌƨƨǶȳǖ ˝ǫǶƉǫ Ʉȳƨ Ƕʌ
țŗɼǖƨɼࣗ ˝ƨ Ɖŗȳ ǶǖȳɄɼƨ ʚǫƨ ƕƨȳɄȭǶȳŗʚɄɼ ŗȳƕ ƉɄȭɱŗɼƨ
ȳʯȭƨɼŗʚɄɼʌࣖυ óǶȳƉƨ ʚǫƨ ȳʯȭƨɼŗʚɄɼ ǑɄɼ ʯȳɼǶɱƨ Ƕʌ țŗɼǖƨɼ ʚǫŗȳ ʚǫƨ

ȳʯȭƨɼŗʚɄɼ ǑɄɼ ɼǶɱƨࣗ ˝ƨ ɱɼƨƕǶƉʚ ʚǫŗʚ Ʉʯɼ ŗ˙ɄƉŗƕɄ Ƕʌ ʯȳɼǶɱƨࣖ



¥ŗǶ˙ƨ $ŗ˦ƨʌ



¥ŗǶ˙ƨ $ŗ˦ƨʌ ƉțŗʌʌǶ̇ƨɼυ İƨ ˝ŗȳʚ ʚɄ ɱɼƨƕǶƉʚ ŗ Ɖțŗʌʌࣗ ǖǶ˙ƨȳ ƉƨɼʚŗǶȳ Ǒƨŗʚʯɼƨʌࣖυ ĎʌǶȳǖ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭࣗ ˝ƨ ˝ɼǶʚƨҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
 ͥ ҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ
υ bɄɼ ƨŗƉǫ Ɖțŗʌʌࣗ ˝ƨ ƉɄȭɱʯʚƨ ʚǫƨ ȳʯȭƨɼŗʚɄɼ ʯʌǶȳǖ ʚǫƨ ȳŗǶ˙ƨ
ŗʌʌʯȭɱʚǶɄȳ ɄǑ ƉɄȳƕǶʚǶɄȳŗț ǶȳƕƨɱƨȳƕƨȳƉƨ ɄǑ Ǒƨŗʚʯɼƨʌ
ǖǶ˙ƨȳ ʚǫƨ Ɖțŗʌʌࣖυ İƨ ƨʌʚǶȭŗʚƨ ƨŗƉǫ ʚƨɼȭ Ƕȳ ʚǫƨ ȳʯȭƨɼŗʚɄɼ ſŗʌƨƕ Ʉȳ ʚǫƨ
ʚɼŗǶȳǶȳǖ ƕŗʚŗࣖυ İƨ ɱɼƨƕǶƉʚ ʚǫƨ Ɖțŗʌʌ ˝Ƕʚǫ ʚǫƨ țŗɼǖƨʌʚ ȳʯȭƨɼŗʚɄɼࣖυ İɄɼȕʌ ǶǑ ˝ƨ ǫŗ˙ƨ ȭʯțʚǶɱțƨ Ɖțŗʌʌƨʌࣗ ʚɄɄࣛ





E˥ŗȭɱțƨࣘ ƉɄȭǶƉ ƉǫŗɼŗƉʚƨɼʌ

��ye¥ óEķ ,¶¡â�¥ĸ
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
¥ƨʯʚɼŗț ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ ¡ŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ ¡ŗțƨ 6,
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ bƨȭŗțƨ ¡ŗɼ˙ƨț

¡˦ Ǒŗ˙ɄɼǶʚƨ ƉǫŗɼŗƉʚƨɼ Ƕʌ ŗ ȭŗțƨ ¡ŗɼ˙ƨț ƉǫŗɼŗƉʚƨɼࣖ ĎʌǶȳǖ ¥ŗǶ˙ƨ
$ŗ˦ƨʌࣗ ˝Ʉʯțƕ ˝ƨ ɱɼƨƕǶƉʚ ʚǫŗʚ ȭ˦ Ǒŗ˙ɄɼǶʚƨ ƉǫŗɼŗƉʚƨɼ Ƕʌ ſŗƕࣗ
ǖɄɄƕࣗ Ʉɼ ȳƨʯʚɼŗțࣞ



��ye¥ óEķ ,¶¡â�¥ĸ
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
¥ƨʯʚɼŗț ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ ¡ŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ ¡ŗțƨ 6,
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ bƨȭŗțƨ ¡ŗɼ˙ƨț

male Marvel character

badt.gov?nentral#P(bad /male , Marvel)
✗ P(bad) . P(male, Marvel /bad

"

Plbad) - P/male/bad) . PCH
bad)

= Is
P(good /male, Marvel) ✗ P(good) . P(male /good)P(Marvel/good)

- ¥;IÉ4=%¥o
P(neutral /male, Marvel) a PCneutral)P(male/rental) . Pawel /neutral)

= To . 1 . I -- of --%⇒predictcharactwisbad!



E˥ŗȭɱțƨࣘ ƉɄȭǶƉ ƉǫŗɼŗƉʚƨɼʌ

��ye¥ óEķ ,¶¡â�¥ĸ
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
¥ƨʯʚɼŗț ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ ¡ŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ ¡ŗțƨ 6,
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ bƨȭŗțƨ ¡ŗɼ˙ƨț

¡˦ Ʉʚǫƨɼ Ǒŗ˙ɄɼǶʚƨ ƉǫŗɼŗƉʚƨɼ Ƕʌ ŗ Ǒƨȭŗțƨ ¡ŗɼ˙ƨț ƉǫŗɼŗƉʚƨɼࣖ ĎʌǶȳǖ
¥ŗǶ˙ƨ $ŗ˦ƨʌࣗ ˝Ʉʯțƕ ˝ƨ ɱɼƨƕǶƉʚ ʚǫŗʚ ȭ˦ Ǒŗ˙ɄɼǶʚƨ ƉǫŗɼŗƉʚƨɼ Ƕʌ
ſŗƕࣗ ǖɄɄƕࣗ Ʉɼ ȳƨʯʚɼŗțࣞ t

other



��ye¥ óEķ ,¶¡â�¥ĸ
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
¥ƨʯʚɼŗț ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ ¡ŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ ¡ŗțƨ 6,
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ bƨȭŗțƨ ¡ŗɼ˙ƨț

P(neutral /female, Mamee) ✗ P(neutral) .Mfemaee|mnay
"°

PC Marvel /neutral)



Ďǫ Ʉǫࣖࣖࣖυ ÿǫƨɼƨ ŗɼƨ ȳɄ ȳƨʯʚɼŗț Ǒƨȭŗțƨ ƉǫŗɼŗƉʚƨɼʌ Ƕȳ ʚǫƨ ƕŗʚŗ ʌƨʚࣖυ ÿǫƨ ƨʌʚǶȭŗʚƨ ҩ	Ǒƨȭŗțƨȳƨʯʚɼŗț
 ̢ ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ƉǫŗɼŗƉʚƨɼʌ
ࣥ ȳƨʯʚɼŗț ƉǫŗɼŗƉʚƨɼʌ Ƕʌ

υࣖࡱ ÿǫƨ ƨʌʚǶȭŗʚƨƕ ȳʯȭƨɼŗʚɄɼࣗҩ	ȳƨʯʚɼŗț
 ͥ ҩ	Ǒƨȭŗțƨࣗ ¡ŗɼ˙ƨțȳƨʯʚɼŗț
 �ҩ	ȳƨʯʚɼŗț
 ͥ ҩ	Ǒƨȭŗțƨȳƨʯʚɼŗț
 ͥ ҩ	¡ŗɼ˙ƨțȳƨʯʚɼŗț
ࣗ
Ƕʌ ŗțʌɄ υࣖࡱ $ʯʚ ȍʯʌʚ ſƨƉŗʯʌƨ ʚǫƨɼƨ Ƕʌȳऒʚ ŗ ȳƨʯʚɼŗț Ǒƨȭŗțƨ ƉǫŗɼŗƉʚƨɼ Ƕȳ
ʚǫƨ ƕŗʚŗ ʌƨʚࣗ ƕɄƨʌȳऒʚ ȭƨŗȳ ʚǫƨ˦ ƕɄȳऒʚ ƨ˥Ƕʌʚࣛυ yƕƨŗࣘ �ƕȍʯʌʚ ʚǫƨ ȳʯȭƨɼŗʚɄɼʌ ŗȳƕ ƕƨȳɄȭǶȳŗʚɄɼʌ ɄǑ Ʉʯɼ
ƨʌʚǶȭŗʚƨ ʌɄ ʚǫŗʚ ʚǫƨ˦ऒɼƨ ȳƨ˙ƨɼ ࣖࡱ



óȭɄɄʚǫǶȳǖυ İǶʚǫɄʯʚ ʌȭɄɄʚǫǶȳǖࣘҩ	ſŗƕ
 ̢ ࣥ ſŗƕ
ࣥ ſŗƕ ॻ ࣥ ǖɄɄƕ ॻ ࣥ ȳƨʯʚɼŗțҩ	ǖɄɄƕ
 ̢ ࣥ ǖɄɄƕ
ࣥ ſŗƕ ॻ ࣥ ǖɄɄƕ ॻ ࣥ ȳƨʯʚɼŗțҩ	ȳƨʯʚɼŗț
 ̢ ࣥ ȳƨʯʚɼŗț
ࣥ ſŗƕ ॻ ࣥ ǖɄɄƕ ॻ ࣥ ȳƨʯʚɼŗțυ İǶʚǫ ʌȭɄɄʚǫǶȳǖࣘҩ	ſŗƕ
 ̢ ࣥ ſŗƕ ॻ ࡹ

ࣥ ſŗƕ ॻ ࡹ ॻ ࣥ ǖɄɄƕ ॻ ࡹ ॻ ࣥ ȳƨʯʚɼŗț ॻ 
ǖɄɄƕ	ҩࡹ ̢ ࣥ ǖɄɄƕ ॻ ࡹ
ࣥ ſŗƕ ॻ ࡹ ॻ ࣥ ǖɄɄƕ ॻ ࡹ ॻ ࣥ ȳƨʯʚɼŗț ॻ 
ȳƨʯʚɼŗț	ҩࡹ ̢ ࣥ ȳƨʯʚɼŗț ॻ ࡹ
ࣥ ſŗƕ ॻ ࡹ ॻ ࣥ ǖɄɄƕ ॻ ࡹ ॻ ࣥ ȳƨʯʚɼŗț ॻ ࡹ

Eddi! j¥I iii.IT
:

any unconditional
probabilities !

ONI smooth
conditional

probabilities .☒☒



óȭɄɄʚǫǶȳǖυ İǶʚǫɄʯʚ ʌȭɄɄʚǫǶȳǖࣘҩ	Ǒƨȭŗțƨȳƨʯʚɼŗț
 ̢ ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț
ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ॻ ࣥ ȭŗțƨ ȳƨʯʚɼŗțҩ	ȭŗțƨȳƨʯʚɼŗț
 ̢ ࣥ ȭŗțƨ ȳƨʯʚɼŗț
ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ॻ ࣥ ȭŗțƨ ȳƨʯʚɼŗțυ İǶʚǫ ʌȭɄɄʚǫǶȳǖࣘҩ	Ǒƨȭŗțƨȳƨʯʚɼŗț
 ̢ ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ॻ ࡹ

ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ॻ ࡹ ॻ ࣥ ȭŗțƨ ȳƨʯʚɼŗț ॻ 
ȭŗțƨȳƨʯʚɼŗț	ҩࡹ ̢ ࣥ ȭŗțƨ ȳƨʯʚɼŗț ॻ ࡹ
ࣥ Ǒƨȭŗțƨ ȳƨʯʚɼŗț ॻ ࡹ ॻ ࣥ ȭŗțƨ ȳƨʯʚɼŗț ॻ υࡹ İǫƨȳ ʌȭɄɄʚǫǶȳǖࣗ ˝ƨ ŗƕƕ ࡹ ʚɄ ʚǫƨ ƉɄʯȳʚ ɄǑ ƨ˙ƨɼ˦ ǖɼɄʯɱ

˝ǫƨȳƨ˙ƨɼ ˝ƨऒɼƨ ƨʌʚǶȭŗʚǶȳǖ ŗ ɱɼɄſŗſǶțǶʚ ࣖ˦

only smooth conditional
probabilities
(like the ones on

this slide)



E˥ŗȭɱțƨࣘ ƉɄȭǶƉ ƉǫŗɼŗƉʚƨɼʌ
ĎʌǶȳǖ ʌȭɄɄʚǫǶȳǖࣗ țƨʚऒʌ ƕƨʚƨɼȭǶȳƨ ˝ǫƨʚǫƨɼ ¥ŗǶ˙ƨ $ŗ˦ƨʌ ˝Ʉʯțƕ
ɱɼƨƕǶƉʚ ŗ Ǒƨȭŗțƨ ¡ŗɼ˙ƨț ƉǫŗɼŗƉʚƨɼ ʚɄ ſƨ ſŗƕࣗ ǖɄɄƕࣗ Ʉɼ ȳƨʯʚɼŗțࣖ
��ye¥ óEķ ,¶¡â�¥ĸ
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
¥ƨʯʚɼŗț ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ ¡ŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ ¡ŗțƨ 6,
eɄɄƕ ¡ŗțƨ 6,
$ŗƕ ¡ŗțƨ ¡ŗɼ˙ƨț
eɄɄƕ bƨȭŗțƨ ¡ŗɼ˙ƨț
$ŗƕ bƨȭŗțƨ ¡ŗɼ˙ƨț

not smoothed
(only smooth

P(bad/ f.M) a Pfbad) . Plf/bad)
'PM /bad)

=
iii.

= (÷ ) - (÷ ) - (÷)=¥a
P(go.cl/f,M)aPlgood).PCfTgood)iP(Marel/good)

= ( ÷ )f¥ (E)3+1 + It Ismoothed
not III.÷ -

-¥



Plneutrallf , M) ✗ P(neutral) - Pff / neutral) - Pfm /ante)

#÷ )6¥¥¥¥+i )
Fixed ! =/¥;-) (f) =÷=¥o
p(good /f- M) has the largest numerator,

= . we predictgo



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



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ yȳ ƉțŗʌʌǶ̇ƉŗʚǶɄȳࣗ Ʉʯɼ ǖɄŗț Ƕʌ ʚɄ ɱɼƨƕǶƉʚ ŗ ƕǶʌƉɼƨʚƨ ƉŗʚƨǖɄɼ ࣗ˦
Ɖŗțțƨƕ ŗ Ɖțŗʌʌࣗ ǖǶ˙ƨȳ ʌɄȭƨ Ǒƨŗʚʯɼƨʌࣖυ ÿǫƨ ¥ŗǶ˙ƨ $ŗ˦ƨʌ ƉțŗʌʌǶ̇ƨɼ ˝Ʉɼȕʌ ſ˦ ƨʌʚǶȭŗʚǶȳǖ ʚǫƨ
ȳʯȭƨɼŗʚɄɼ ɄǑ ҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 ǑɄɼ ŗțț ɱɄʌʌǶſțƨ Ɖțŗʌʌƨʌࣖυ yʚ ʯʌƨʌ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭࣘҩ	ƉțŗʌʌǑƨŗʚʯɼƨʌ
 � ҩ	Ɖțŗʌʌ
 ͥ ҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
ҩ	Ǒƨŗʚʯɼƨʌ
υ yʚ ŗțʌɄ ʯʌƨʌ ŗ ʌǶȭɱțǶǑ˦Ƕȳǖ ŗʌʌʯȭɱʚǶɄȳࣗ ʚǫŗʚ Ǒƨŗʚʯɼƨʌ ŗɼƨ
ƉɄȳƕǶʚǶɄȳŗțț˦ Ƕȳƕƨɱƨȳƕƨȳʚ ǖǶ˙ƨȳ ŗ Ɖțŗʌʌࣘҩ	ǑƨŗʚʯɼƨʌƉțŗʌʌ
 � ҩ	Ǒƨŗʚʯɼƨ�Ɖțŗʌʌࣱ ͥ ҩ	Ǒƨŗʚʯɼƨ�Ɖțŗʌʌ
 ͥ ���



¥ƨ˥ʚ ʚǶȭƨ

υ ¥ƨ˥ʚ ʚǶȭƨࣗ ˝ƨऒțț țɄɄȕ ŗʚ ŗȳɄʚǫƨɼ ɱɼŗƉʚǶƉŗț ʯʌƨ Ɖŗʌƨ ǑɄɼ
¥ŗǶ˙ƨ $ŗ˦ƨʌ ः ʚƨ˥ʚ ƉțŗʌʌǶ̇ƉŗʚǶɄȳࣖυ ÿǶȭƨ ɱƨɼȭǶʚʚǶȳǖࣗ ˝ƨऒțț ſɼǶƨ̈˦ ƉɄ˙ƨɼ ŗ ƕǶ˽ƨɼƨȳʚ
ƉțŗʌʌǶ̇ƉŗʚǶɄȳ ʚƨƉǫȳǶɸʯƨ ः țɄǖǶʌʚǶƉ ɼƨǖɼƨʌʌǶɄȳࣖυ İǶțț ȳɄʚ ſƨ Ʉȳ ʚǫƨ ƨ˥ŗȭࣖυ �ƨƉʚʯɼƨ ࡹ ࣯ʚǫƨ ̇ȳŗț țƨƉʚʯɼƨࣱ ŗȳƕ ʚǫƨ ̇ȳŗț ǖɼɄʯɱ˝Ʉɼȕ ˝Ƕțț
ƉɄȳʌǶʌʚ ʌɄțƨț˦ ɄǑ ɼƨ˙Ƕƨ˝ࣖ


