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�ȳȳɄʯȳƉƨȭƨȳʚʌυ ¡Ƕƕʚƨɼȭ ࡽ Ƕʌ İƨƕȳƨʌƕŗ˦ ࢁࡹࣩࢁ ƕʯɼǶȳǖ țƨƉʚʯɼƨࣖυ yऒȭ ʚɼŗ˙ƨțțǶȳǖ ǑɼɄȭ ȳƨ˥ʚ ÿʯƨʌƕŗ˦ ʚɄ óŗʚʯɼƕŗ ࣗ˦ âɼɄǑࣖ eŗț
¡Ƕʌǫȳƨ ˝Ƕțț ɱɼɄƉʚɄɼ ʚǫƨ ȭǶƕʚƨɼȭ Ʉȳ υࣖࢁࡹࣩࢁ ¥ƨ˥ʚ ˝ƨƨȕ ˝ƨ ǫŗ˙ƨ ʚ˝Ʉ ɼƨ˙Ƕƨ˝ ʌƨʌʌǶɄȳʌࣗ Ʉȳƨ Ƕʌ ¡Ʉȳƕŗ˦
ƕǶʌƉʯʌʌǶɄȳ ࣯ǑɄɼ ¡Ƕƕʚƨɼȭ ࣱࣗࡽ Ʉȳƨ Ƕʌ bɼǶƕŗ˦ țƨƉʚʯɼƨ ࣯ǑɄɼ bǶȳŗțࣱυ ńǫƨȳƕʯɄ ࣯ÿ�ࣱ ŗȳƕ ʚʯʚɄɼʌ ˝Ƕțț țƨŗƕ ſɄʚǫ ʌƨʌʌǶɄȳʌࣖυ yऒ˙ƨ ŗʌȕƨƕ ÿ�ࣩʚʯʚɄɼ ʚɄ ȭɄ˙ƨ ʚǫƨǶɼ ¶p ʚɄ

¡Ʉȳƕŗ˦ࣩÿʯƨʌƕŗ ࣖ˦

is



�ȳȳɄʯȳƉƨȭƨȳʚʌυ bǶȳŗț Ƕʌ Ʉȳ ¡ŗɼƉǫ ࣗࡽࡽ bǶȳŗț ɱŗɼʚ yࣩâŗɼʚ yy Ƕʌ ɼƨɱțŗƉŗſțƨ ˝Ƕʚǫ
ȭǶƕʚƨɼȭ ȭǶƕʚƨɼȭࣩࡹ ࣗࡽ ɼƨʌɱƨƉʚǶ˙ƨț ࣖ˦υ óƨƨ ȭɄɼƨ ŗȳȳɄʯȳƉƨȭƨȳʚʌ ŗſɄʯʚ ̇ȳŗț Ʉȳ ,Ʉʯɼʌƨ

İƨſʌǶʚƨࣩ,ŗȭɱʯʌ˝Ƕɼƨࣖυ bǶȳŗț ˝Ƕțț ſƨ ȭɄɼƨ ȭʯțʚǶɱțƨ ƉǫɄǶƉƨࣩ̇țț Ƕȳ ʚǫƨ ſțŗȳȕ
ʌʚ˦țƨυ âțƨŗʌƨ ̇țț Ʉʯʚ óʚʯƕƨȳʚ E˙ŗțʯŗʚǶɄȳ ɄǑ ÿƨŗƉǫǶȳǖࣘυ JVVRU���CECFGOKECHHCKTU�WEUF�GFW�/QFWNGU�
'XCNU!GՓՓՔՓՒՕՒՖυ yǑ ŗʚ țƨŗʌʚ ৑ࡱ࢕ ɄǑ ʚǫƨ ƨȳɼɄțțƨƕ ʌʚʯƕƨȳʚʌ ̇țț Ʉʯʚ ʚǫǶʌ
ʌʯɼ˙ƨ ࣗ˦ ƨ˙ƨɼ˦Ʉȳƨ Ƕȳ ʚǫǶʌ Ɖțŗʌʌ ˝Ƕțț ǖƨʚ ৑ࢉࣖࡱ ƨ˥ʚɼŗ
ƉɼƨƕǶʚ Ʉȳ ʚǫƨǶɼ ̇ȳŗț ǖɼŗƕƨࣖ

https://academicaffairs.ucsd.edu/Modules/Evals?e11210304
https://academicaffairs.ucsd.edu/Modules/Evals?e11210304


�ſɄʯʚ ¡Ƕƕʚƨɼȭ υࡽ ĸɄʯऒțț ſƨ ŗțțɄ˝ƨƕ ŗȳ ʯȳțǶȭǶʚƨƕ ȳʯȭſƨɼ ɄǑ ǫŗȳƕ˝ɼǶʚʚƨȳ
ȳɄʚƨ ʌǫƨƨʚʌ ǑɄɼ ¡Ƕƕʚƨɼȭ ࣖࡽ óʚŗɼʚ ʌʚʯƕ˦Ƕȳǖ ŗȳƕ ɱɼƨɱŗɼǶȳǖ
˦Ʉʯɼ ȳɄʚƨʌ ȳɄ˝ࣛυ pŗʌ ʚɄ ſƨ ǫŗȳƕ˝ɼǶʚʚƨȳࣗ ȳɄ ɱɼǶȳʚƨƕ ȳɄʚƨʌࣖυ ¡Ƕƕʚƨɼȭ ࡽ ƉɄ˙ƨɼʌ țƨƉʚʯɼƨ ࣖࢅࡽࣽࢁࡹ ,țʯʌʚƨɼǶȳǖ Ƕʌ ǶȳƉțʯƕƨƕࣗ ſʯʚ
ʚǫƨ ˙ŗʌʚ ȭŗȍɄɼǶʚ˦ ˝Ƕțț ſƨ ɱɼɄſŗſǶțǶʚ˦ ŗȳƕ ƉɄȭſǶȳŗʚɄɼǶƉʌࣖυ ¥Ʉ ƉŗțƉʯțŗʚɄɼʌࣖυ ÿǫƨɼƨ ˝Ƕțț ſƨ ʌɄȭƨ ȳʯȭƨɼǶƉŗț ƉŗțƉʯțŗʚǶɄȳʌࣗ ſʯʚ ȳɄ

˙ƨɼ˦ ǫŗɼƕ Ʉȳƨʌࣖυ �ʌʌǶǖȳƨƕ ʌƨŗʚʌ ˝Ƕțț ſƨ ɱɄʌʚƨƕ Ʉȳ ,ŗȭɱʯʌ˝Ƕɼƨࣖυ İƨ ˝Ƕțț ȳɄʚ ŗȳʌ˝ƨɼ ɸʯƨʌʚǶɄȳʌ ƕʯɼǶȳǖ ʚǫƨ ƨ˥ŗȭࣖ óʚŗʚƨ ˦Ʉʯɼ
ŗʌʌʯȭɱʚǶɄȳʌ ǶǑ ŗȳ˦ʚǫǶȳǖ Ƕʌ ʯȳƉțƨŗɼࣖ

Essien



¡Ƕƕʚƨɼȭ ࡽ âɼƨɱŗɼŗʚǶɄȳ óʚɼŗʚƨǖ˦υ ¶ȳƨ ʯʌƨǑʯț ʌʚɼŗʚƨǖ˦ Ƕʌ ŗʚʚɼǶſʯʚǶȳǖ ƉɄȭɱțǶƉŗʚƨƕ ɼƨŗțࣽ˝Ʉɼțƕ
ɱɼɄſțƨȭʌ ǶȳʚɄ ȕȳɄ˝ȳ ȭɄƕƨțʌࣖυ E˥ŗȭɱțƨࣘ ɼɄțțǶȳǖ ŗ ƕǶƨυ ĎȳțǶȕƨ âŗɼʚ y ɄǑ ʚǫǶʌ ƉɄʯɼʌƨ ˝ǫǶƉǫ Ƕʌ ȭɄʌʚț˦ ɱɼɄɄǑࣗ Ƕȳ âŗɼʚ yy
˝ƨ ǫŗ˙ƨ ƕɄȳƨ țɄʚʌ ɄǑ ƨ˥ŗȭɱțƨʌ Ƕȳ țƨƉʚʯɼƨࣗ ȭŗȕƨ ʌʯɼƨ ˦Ʉʯ
ʯȳƕƨɼʌʚŗȳƕ ʚǫƨȭࣖ yǑ ȳɄʚࣗ ɱțƨŗʌƨ ŗʌȕ ɸʯƨʌʚǶɄȳʌ Ƕȳ
¶pࣩ,ŗȭɱʯʌ˝Ƕɼƨࣖυ ĸɄʯ ˝Ƕțț ʌƨƨ ʌɄȭƨʚǫǶȳǖ ʌǶȭǶțŗɼ Ƕȳ ʚǫƨ ƨ˥ŗȭࣖυ E˙ƨɼ˦ʚǫǶȳǖ y ƉɄ˙ƨɼƨƕ Ƕȳ ʚǫƨ țƨƉʚʯɼƨ ࢅࡽࣽࢁࡹ Ƕʌ ɱɄʌʌǶſțƨ ʚɄ
ŗɱɱƨŗɼ Ƕȳ ʚǫƨ ȭǶƕʚƨɼȭࣖ

Emphasize on Robabig Combing



�ǖƨȳƕŗυ éƨƉŗɱࣘ ÿƨ˥ʚ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ ˝Ƕʚǫ ¥ŗǶ˙ƨ $ŗ˦ƨʌυ ¡ƨŗʌʯɼǶȳǖ ɸʯŗțǶʚ˦ ɄǑ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ



ÿƨ˥ʚ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ



éƨƉŗɱࣘ ¥ŗǶ˙ƨ $ŗ˦ƨʌ ǑɄɼ ʌɱŗȭ ƉțŗʌʌǶ̇ƉŗʚǶɄȳυ ÿɄ ƉțŗʌʌǶǑ˦ ŗȳ ƨȭŗǶțࣗ ˝ƨऒțț ʯʌƨ $ŗ˦ƨʌऒ ʚǫƨɄɼƨȭ ʚɄ ƉŗțƉʯțŗʚƨ
ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ Ƕʚ ſƨțɄȳǖǶȳǖ ʚɄ ƨŗƉǫ Ɖțŗʌʌࣘҩ	ʌɱŗȭ ਎ Ǒƨŗʚʯɼƨʌ
 � ҩ	ʌɱŗȭ
 ͥ ҩ	Ǒƨŗʚʯɼƨʌ ਎ ʌɱŗȭ
ҩ	Ǒƨŗʚʯɼƨʌ
ҩ	ǫŗȭ ਎ Ǒƨŗʚʯɼƨʌ
 � ҩ	ǫŗȭ
 ͥ ҩ	Ǒƨŗʚʯɼƨʌ ਎ ǫŗȭ
ҩ	Ǒƨŗʚʯɼƨʌ
υ İƨऒțț ̇ȳƕ ʚǫƨ țŗɼǖƨɼ ɱɼɄſŗſǶțǶʚ˦ ſ˦ ƉɄȭɱŗɼǶȳǖ ȳʯȭƨɼŗʚɄɼʌࣗ
ŗȳƕ ɱɼƨƕǶƉʚ ʚǫŗʚ Ɖțŗʌʌࣖυ ÿɄ ƉɄȭɱʯʚƨ ʚǫƨ ȳʯȭƨɼŗʚɄɼࣗ ˝ƨ ȭŗȕƨ ʚǫƨ ȳŗǶ˙ƨ
ŗʌʌʯȭɱʚǶɄȳ ʚǫŗʚ ʚǫƨ Ǒƨŗʚʯɼƨʌ ŗɼƨ ƉɄȳƕǶʚǶɄȳŗțț˦
Ƕȳƕƨɱƨȳƕƨȳʚ ǖǶ˙ƨȳ ʚǫƨ Ɖțŗʌʌࣖ

燕

Independ



,ɄȳƉɼƨʚƨ ƨ˥ŗȭɱțƨυ 6ǶƉʚǶɄȳŗɼ˦ࣘ एɱɼǶȳƉƨऐࣗ एȭɄȳƨ˦ऐࣗ एǑɼƨƨऐࣗ ŗȳƕ एȍʯʌʚऐࣖυ 6ŗʚŗʌƨʚ ɄǑ ࢉ ƨȭŗǶțʌ ࣯ɼƨƕ ŗɼƨ ʌɱŗȭࣗ ǖɼƨƨȳ ŗɼƨ ǫŗȭࣱࣘυ एy ŗȭ ʚǫƨ ɱɼǶȳƉƨ ɄǑ Ď,ó6 ŗȳƕ y ƕƨȭŗȳƕ ȭɄȳƨ ࣖ˦ऐυ एÿŗɱǶɄƉŗ E˥ɱɼƨʌʌࣘ ɼƨƕƨƨȭ ˦Ʉʯɼ Ǒɼƨƨ ÿǫŗǶ yƉƨƕ ÿƨŗࣛऐυ ए6ó, ࣘࡱࡹ Ǒɼƨƨ ɱɄǶȳʚʌ ǶǑ ˦Ʉʯ ̇țț Ʉʯʚ ,�âEʌࣛऐυ ए,țǶƉȕ ǫƨɼƨ ʚɄ ȭŗȕƨ ŗ ʚŗ˥ࣽǑɼƨƨ ƕɄȳŗʚǶɄȳ ʚɄ ʚǫƨ yéó ऐࣖυ एbɼƨƨ Ɖŗɼƨƨɼ ȳǶǖǫʚ ŗʚ âɼǶȳƉƨ óʚɼƨƨʚ ,ɄȭȭʯȳǶʚ˦
,ƨȳʚƨɼࣖऐ

Training

Dataset

炾 鶹 㙓money

Email Email2Email3Email4Emdi5



,ɄȳƉɼƨʚƨ ƨ˥ŗȭɱțƨυ İǫŗʚ ǫŗɱɱƨȳʌ ǶǑ ˝ƨ ʚɼ˦ ʚɄ ƉțŗʌʌǶǑ˦ ʚǫƨ ƨȭŗǶț एȍʯʌʚ ˝ǫŗʚऒʌ
˦Ʉʯɼ ɱɼǶƉƨࣗ ɱɼǶȳƉƨऐࣞ

pcspamlfeatures
Pcspamj.PilkpamiPNokpamj.pcxolspamj.pk

⼆ 号 兰 兰兰是 to

PlHannl features
in ham 不烂11hang

阰货 1hangPG𠵯 hamPlayin

⼆ 号专号号号 0



óȭɄɄʚǫǶȳǖ

υ İǶʚǫɄʯʚ ʌȭɄɄʚǫǶȳǖࣘҩ	ӊ	һ
 � � ਎ ʌɱŗȭ
 ̢ ࣥ ʌɱŗȭ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һ
ࣥ ʌɱŗȭ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һ � ࣥ ʌɱŗȭ ȳɄʚ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һυ İǶʚǫ ʌȭɄɄʚǫǶȳǖࣘҩ	ӊ	һ
 � � ਎ ʌɱŗȭ
 ̢ 	ࣥ ʌɱŗȭ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һ
 � �	ࣥ ʌɱŗȭ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һ
 � � � 	ࣥ ʌɱŗȭ ȳɄʚ ƉɄȳʚŗǶȳǶȳǖ ˝Ʉɼƕ һ
 � �υ İǫƨȳ ʌȭɄɄʚǫǶȳǖࣗ ˝ƨ ŗƕƕ ࡹ ʚɄ ʚǫƨ ƉɄʯȳʚ ɄǑ ƨ˙ƨɼ˦ ǖɼɄʯɱ

˝ǫƨȳƨ˙ƨɼ ˝ƨऒɼƨ ƨʌʚǶȭŗʚǶȳǖ ŗ ƉɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ ࣖ˦

tltotptz.tobottom



,ɄȳƉɼƨʚƨ ƨ˥ŗȭɱțƨ ˝Ƕʚǫ ʌȭɄɄʚǫǶȳǖυ İǫŗʚ ǫŗɱɱƨȳʌ ǶǑ ˝ƨ ʚɼ˦ ʚɄ ƉțŗʌʌǶǑ˦ ʚǫƨ ƨȭŗǶț एȍʯʌʚ ˝ǫŗʚऒʌ
˦Ʉʯɼ ɱɼǶƉƨࣗ ɱɼǶȳƉƨऐࣞ

pcspamlfeatures
Pcspamj.PilkpamiPNokpamj.plspam 焮

⾔ ⼀ 千 千 数
PlHannl features
卭 ham 不烂11hang

阰经 1hangPG𠵯hang閦知

⼆ ⾔ 䜝 䜝 泥 店



1
队㥃 kpamkotltz.tl

⼆年

ˊ
of spam contain 袱

井 of spam not
continuing jus



¡ɄƕǶ̇ƉŗʚǶɄȳʌ ŗȳƕ ƨ˥ʚƨȳʌǶɄȳʌ

υ yƕƨŗࣘ Ďʌƨ ɱŗǶɼʌ ࣯Ʉɼ țɄȳǖƨɼ ʌƨɸʯƨȳƉƨʌࣱ ɄǑ ˝Ʉɼƕʌ ɼŗʚǫƨɼ
ʚǫŗȳ ǶȳƕǶ˙Ƕƕʯŗț ˝Ʉɼƕʌ ŗʌ Ǒƨŗʚʯɼƨʌࣖυ ÿǫǶʌ ſƨʚʚƨɼ Ɖŗɱʚʯɼƨʌ ʚǫƨ ƕƨɱƨȳƕƨȳƉǶƨʌ ſƨʚ˝ƨƨȳ

˝Ʉɼƕʌࣖυ yʚ ŗțʌɄ țƨŗƕʌ ʚɄ ŗ ȭʯƉǫ țŗɼǖƨɼ ʌɱŗƉƨ ɄǑ Ǒƨŗʚʯɼƨʌࣗ
ǶȳƉɼƨŗʌǶȳǖ ʚǫƨ ƉɄȭɱțƨ˥Ƕʚ˦ ɄǑ ʚǫƨ ŗțǖɄɼǶʚǫȭࣖ

υ yƕƨŗࣘ yȳʌʚƨŗƕ ɄǑ ɼƨƉɄɼƕǶȳǖ ˝ǫƨʚǫƨɼ ƨŗƉǫ ˝Ʉɼƕ ŗɱɱƨŗɼʌࣗ
ɼƨƉɄɼƕ ǫɄ˝ ȭŗȳ˦ ʚǶȭƨʌ ƨŗƉǫ ˝Ʉɼƕ ŗɱɱƨŗɼʌࣖυ ÿǫǶʌ ſƨʚʚƨɼ Ɖŗɱʚʯɼƨʌ ʚǫƨ ǶȭɱɄɼʚŗȳƉƨ ɄǑ ɼƨɱƨŗʚƨƕ

˝Ʉɼƕʌࣖ



¡ɄƕǶ̇ƉŗʚǶɄȳʌ ŗȳƕ ƨ˥ʚƨȳʌǶɄȳʌ

υ yƕƨŗࣘ Ďʌƨ ɱŗǶɼʌ ࣯Ʉɼ țɄȳǖƨɼ ʌƨɸʯƨȳƉƨʌࣱ ɄǑ ˝Ʉɼƕʌ ɼŗʚǫƨɼ
ʚǫŗȳ ǶȳƕǶ˙Ƕƕʯŗț ˝Ʉɼƕʌ ŗʌ Ǒƨŗʚʯɼƨʌࣖυ ÿǫǶʌ ſƨʚʚƨɼ Ɖŗɱʚʯɼƨʌ ʚǫƨ ƕƨɱƨȳƕƨȳƉǶƨʌ ſƨʚ˝ƨƨȳ

˝Ʉɼƕʌࣖυ yʚ ŗțʌɄ țƨŗƕʌ ʚɄ ŗ ȭʯƉǫ țŗɼǖƨɼ ʌɱŗƉƨ ɄǑ Ǒƨŗʚʯɼƨʌࣗ
ǶȳƉɼƨŗʌǶȳǖ ʚǫƨ ƉɄȭɱțƨ˥Ƕʚ˦ ɄǑ ʚǫƨ ŗțǖɄɼǶʚǫȭࣖυ yƕƨŗࣘ yȳʌʚƨŗƕ ɄǑ ɼƨƉɄɼƕǶȳǖ ˝ǫƨʚǫƨɼ ƨŗƉǫ ˝Ʉɼƕ ŗɱɱƨŗɼʌࣗ

ɼƨƉɄɼƕ ǫɄ˝ ȭŗȳ˦ ʚǶȭƨʌ ƨŗƉǫ ˝Ʉɼƕ ŗɱɱƨŗɼʌࣖυ ÿǫǶʌ ſƨʚʚƨɼ Ɖŗɱʚʯɼƨʌ ʚǫƨ ǶȭɱɄɼʚŗȳƉƨ ɄǑ ɼƨɱƨŗʚƨƕ
˝Ʉɼƕʌࣖ



¡ƨŗʌʯɼǶȳǖ ɸʯŗțǶʚ˦ ɄǑ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ



ࡹ

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

so



,țŗʌʌǶ̇ƉŗʚǶɄȳ ɱɼɄſțƨȭʌ

υ yȳ ʚǫƨ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ ɱɼɄſțƨȭࣗ ˝ƨ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ſŗʌƨƕ
Ʉȳ ƕŗʚŗ ࣯Ɖŗțțƨƕ ʚɼŗǶȳǶȳǖ ƕŗʚŗࣱ ǑɄɼ ˝ǫǶƉǫ ˝ƨ ȕȳɄ˝ ʚǫƨ
˙ŗțʯƨ ɄǑ ʚǫƨ ƉŗʚƨǖɄɼǶƉŗț ɼƨʌɱɄȳʌƨ ˙ŗɼǶŗſțƨࣖυ 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



�ʌʌƨʌʌǶȳǖ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ ŗ ƉțŗʌʌǶ̇ƨɼυ ¥ŗǶ˙ƨ $ŗ˦ƨʌ Ƕʌ Ʉȳƨ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ ŗțǖɄɼǶʚǫȭࣗ Ʉɼ ƉțŗʌʌǶ̇ƨɼࣗ
ſʯʚ ʚǫƨɼƨ ŗɼƨ ȭŗȳ˦ Ʉʚǫƨɼʌࣖυ yʌ ¥ŗǶ˙ƨ $ŗ˦ƨʌ ŗȳ˦ ǖɄɄƕࣞ pɄ˝ ƕɄ ˝ƨ ȭƨŗʌʯɼƨ ǫɄ˝ ǖɄɄƕ
ɄǑ ŗ ȍɄſ ŗ ƉțŗʌʌǶ̇ƨɼ ƕɄƨʌࣞ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

ÿǫǶȳȕ ſŗƉȕ ʚɄ ɼƨǖɼƨʌʌǶɄȳ ࣯ʌʯɱƨɼ˙Ƕʌƨƕ țƨŗɼȳǶȳǖ ˝Ƕʚǫ ŗ
ɸʯŗȳʚǶʚŗʚǶ˙ƨ ɼƨʌɱɄȳʌƨ ˙ŗɼǶŗſțƨࣱࣖ pɄ˝ ƕǶƕ ˝ƨ ȭƨŗʌʯɼƨ
ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳʌࣞ ,ŗȳ ˝ƨ ŗƕɄɱʚ ŗ ʌǶȭǶțŗɼ
ʌʚɼŗʚƨǖ˦ࣞ

fii
ib.ae

器fan

饕
classification right vs.wrong



Ďȳʌƨƨȳ ƕŗʚŗυ � ȳŗʚʯɼŗț ˝ŗ˦ ʚɄ ȭƨŗʌʯɼƨ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ Ʉʯɼ ƉțŗʌʌǶ̇ƉŗʚǶɄȳʌ
Ƕʌ ʚɄ ʌƨƨ ǫɄ˝ Ʉǒʚƨȳ ˝ƨ ɱɼƨƕǶƉʚ ʚǫƨ ɼǶǖǫʚ ƉŗʚƨǖɄɼ ࣖ˦υ İƨ ˝ŗȳʚ ʚɄ ȭŗȕƨ ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳʌ Ʉȳ ʯȳʌƨƨȳ ƕŗʚŗࣖ óɄ
˝ƨऒțț ȭƨŗʌʯɼƨ ǫɄ˝ Ʉǒʚƨȳ ˝ƨ ƉțŗʌʌǶǑ˦ ƨ˥ŗȭɱțƨʌ ƉɄɼɼƨƉʚț˦
ǑɄɼ ŗ ȳƨ˝ ʌƨʚ ɄǑ ʚƨʌʚ ƕŗʚŗࣖυ ÿǫǶʌ ŗ˙ɄǶƕʌ Ʉ˙ƨɼ̇ʚʚǶȳǖࣖ

ࡽ
âŗɼȕࣗࡽ pɄƉǫɄȳǖ óɄȳࣗ �ɄɄࣽpǶʯȕࣖ ࣱࣖࡹࡽࡱࡽ࣯ ¡ŗƉǫǶȳƨ �ƨŗɼȳǶȳǖ ÿƨƉǫȳǶɸʯƨʌ ǑɄɼ

ÿp˲ yȭŗǖǶȳǖ ŗȳƕ ÿǶȭƨࣽ6ɄȭŗǶȳ óɱƨƉʚɼɄʌƉɄɱ ࣖ˦ óƨȳʌɄɼʌࣖ ࣖࡹࡽ ࣖࢍ࢕ࡹࡹ
ࣖࢍ࢕ࡹࡹࢅࡱࡹࡽʌࣩࡱ࢙ࢁࢁࣖࡱࡹ

T

T



�ƉƉʯɼŗƉ˦

υ ,țŗʌʌǶ̇ƉŗʚǶɄȳ ŗƉƉʯɼŗƉ˦ Ƕʌ ʚǫƨ ɱɼɄɱɄɼʚǶɄȳ ɄǑ ƨ˥ŗȭɱțƨʌ Ƕȳ
ʚǫƨ ʚƨʌʚ ʌƨʚ ʚǫŗʚ ŗɼƨ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕࣖυ �ƉƉʯɼŗƉ˦ Ƕʌ ȭƨŗʌʯɼƨƕ Ʉȳ ŗ ࡱ ʚɄ ࡹ ʌƉŗțƨࣖ



�ƉƉʯɼŗƉ˦

υ İƨ Ɖŗȳ ʚǫǶȳȕ ɄǑ ŗƉƉʯɼŗƉ˦ ŗʌ ŗȳ ƨʌʚǶȭŗʚƨ ǑɄɼ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ ɄǑ ȭŗȕǶȳǖ ŗ ƉɄɼɼƨƉʚ ƉțŗʌʌǶ̇ƉŗʚǶɄȳ Ʉȳ ŗȳ
ʯȳʌƨƨȳ ƨ˥ŗȭɱțƨࣖυ âŗɼŗȭƨʚƨɼࣘ ҩ	ʌʯƉƉƨʌʌǑʯț ƉțŗʌʌǶ̇ƉŗʚǶɄȳ
υ EʌʚǶȭŗʚƨࣘ

ŗƉƉʯɼŗƉ˦ � ࣥ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕ ƨ˥ŗȭɱțƨʌ Ƕȳ ʚƨʌʚ ʌƨʚʌǶ˲ƨ ɄǑ ʚƨʌʚ ʌƨʚ



yȭſŗțŗȳƉƨƕ Ɖțŗʌʌƨʌ

�țŗǖǶțțƨ ʌ˦ȳƕɼɄȭƨ Ƕʌ ŗ ɼŗɼƨ ǖƨȳƨʚǶƉ ƉɄȳƕǶʚǶɄȳ ʚǫŗʚ ŗ˽ƨƉʚʌ ࡹ Ƕȳ
ࡱࡱࡱࣗࡱࢅ ɱƨɄɱțƨࣖ İƨ ˝ŗȳʚ ʚɄ ƉțŗʌʌǶǑ˦ ɱƨɄɱțƨ ŗʌ ǫŗ˙Ƕȳǖ ʚǫǶʌ
ƉɄȳƕǶʚǶɄȳ ࣯ʯȳǫƨŗțʚǫ˦ࣱ Ʉɼ ȳɄʚ ǫŗ˙Ƕȳǖ ʚǫǶʌ ƉɄȳƕǶʚǶɄȳ ࣯ǫƨŗțʚǫ˦ࣱࣖ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ɄȳʌǶƕƨɼ ŗ ƉțŗʌʌǶ̇ƨɼ ʚǫŗʚ ƉțŗʌʌǶ̇ƨʌ ƨ˙ƨɼ˦Ʉȳƨ ŗʌ ǫƨŗțʚǫ˦ࣖ
ࣖࡹ İǫŗʚ Ƕʌ ʚǫƨ ŗƉƉʯɼŗƉ˦ ɄǑ ʚǫǶʌ ƉțŗʌʌǶ̇ƨɼࣞ

ࣖࡽ İǫŗʚ ŗɼƨ ʚǫƨ ƨʚǫǶƉŗț ɼƨɱƨɼƉʯʌʌǶɄȳʌ ɄǑ ʯʌǶȳǖ ʚǫǶʌ
ƉțŗʌʌǶ̇ƨɼࣞ

恐品 99



pǶǖǫ ŗƉƉʯɼŗƉ˦ Ƕʌ ȳɄʚ ƨȳɄʯǖǫ

υ İƨ ˝ŗȳʚ ʚɄ ŗ˙ɄǶƕ Ʉ˙ƨɼƕǶŗǖȳɄʌǶʌ ࣯ʚƨțțǶȳǖ ʌɄȭƨɄȳƨ ʚǫƨ˦
ǫŗ˙ƨ ʚǫƨ ƉɄȳƕǶʚǶɄȳ ˝ǫƨȳ ʚǫƨ˦ ƕɄȳऒʚࣱࣖυ İƨ ŗțʌɄ ˝ŗȳʚ ʚɄ ŗ˙ɄǶƕ ʯȳƕƨɼƕǶŗǖȳɄʌǶʌ ࣯ʚƨțțǶȳǖ ʌɄȭƨɄȳƨ
ʚǫƨ˦ऒɼƨ ǫƨŗțʚǫ˦ ˝ǫƨȳ ʚǫƨ˦ऒɼƨ ȳɄʚࣱࣖυ yʚऒʌ ƨŗʌ˦ ʚɄ ŗ˙ɄǶƕ ƨǶʚǫƨɼ Ʉȳƨ ɄǑ ʚǫƨʌƨࣖ yʚऒʌ ǫŗɼƕ ʚɄ ŗ˙ɄǶƕ
ſɄʚǫ ɄǑ ʚǫƨʌƨ ʌǶȭʯțʚŗȳƨɄʯʌț ࣗ˦ ˦ƨʚ ŗ ǖɄɄƕ ƉțŗʌʌǶ̇ƨɼ ʌǫɄʯțƕ
ƕɄ ƨ˥ŗƉʚț˦ ʚǫŗʚࣖ



6Ƕ˽ƨɼƨȳʚ ʚ˦ɱƨʌ ɄǑ ƨɼɼɄɼʌ

�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦
,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨ

υ ऌऌऌऌऌऌ ȭƨŗȳʌ ŗ ɱƨɼʌɄȳ Ƕʌ ऌऌऌऌऌऌऌț˦ ƉțŗʌʌǶ̇ƨƕ ŗʌ ऌऌऌऌऌऌࣖ

good want to maximize

bad want to minimize

Traepositietnhtuhhsit.ve
Falsepositive falsely positive
False negative falsely negative

negativeTue negative truly



�˙ɄǶƕ Ʉ˙ƨɼƕǶŗǖȳɄʌǶʌ
�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦

,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨυ pɄ˝ Ʉǒʚƨȳ ƕɄƨʌ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɄǑ ʚǫƨ ƉɄȳƕǶʚǶɄȳ ȭƨŗȳ ŗ

ɱƨɼʌɄȳ ŗƉʚʯŗțț˦ ǫŗʌ ʚǫƨ ƉɄȳƕǶʚǶɄȳࣞυ âŗɼŗȭƨʚƨɼࣘҩ	ŗƉʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦]ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦
υ EʌʚǶȭŗʚƨࣘ

ɱɼƨƉǶʌǶɄȳ � ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦

want
to

A B maximize

A AB or A andB

B



�˙ɄǶƕ ʯȳƕƨɼƕǶŗǖȳɄʌǶʌ
�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦

,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨυ pɄ˝ Ʉǒʚƨȳ ƕɄ ˝ƨ ǶƕƨȳʚǶǑ˦ ʚǫɄʌƨ ʚǫŗʚ ŗƉʚʯŗțț˦ ǫŗ˙ƨ ʚǫƨ

ƉɄȳƕǶʚǶɄȳࣞυ âŗɼŗȭƨʚƨɼࣘҩ	ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦]ŗƉʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦
υ EʌʚǶȭŗʚƨࣘ

ɼƨƉŗțț � ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ࣥ ʯȳǫƨŗțʚǫ˦ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ

to
A B 1囖能

A and B

B



âɼƨƉǶʌǶɄȳ ˙ʌࣖ ɼƨƉŗțț
�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦

,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨυ âɼƨƉǶʌǶɄȳࣘ

ɱɼƨƉǶʌǶɄȳ � ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦� ʚɼʯƨ ɱɄʌǶʚǶ˙ƨʌ
ʚɼʯƨ ɱɄʌǶʚǶ˙ƨʌ � Ǒŗțʌƨ ɱɄʌǶʚǶ˙ƨʌυ éƨƉŗțțࣘ

ɼƨƉŗțț � ࣥ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ ƉɄɼɼƨƉʚț˦ ƉțŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ࣥ ʯȳǫƨŗțʚǫ˦ ɱƨɄɱțƨ Ƕȳ ʚƨʌʚ ʌƨʚ� ʚɼʯƨ ɱɄʌǶʚǶ˙ƨʌ
ʚɼʯƨ ɱɄʌǶʚǶ˙ƨʌ � Ǒŗțʌƨ ȳƨǖŗʚǶ˙ƨʌ

god maximize both precision recall



âɼƨƉǶʌǶɄȳ ˙ʌࣖ ɼƨƉŗțț
�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦

,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ɄȳʌǶƕƨɼ ŗ ƉțŗʌʌǶ̇ƨɼ ʚǫŗʚ ƉțŗʌʌǶ̇ƨʌ ƨ˙ƨɼ˦Ʉȳƨ ŗʌ ǫƨŗțʚǫ˦ࣖ
ࣖࡹ İǫŗʚ Ƕʌ ʚǫƨ ɱɼƨƉǶʌǶɄȳ ɄǑ ʚǫǶʌ ƉțŗʌʌǶ̇ƨɼࣞ

ࣖࡽ İǫŗʚ Ƕʌ ʚǫƨ ɼƨƉŗțț ɄǑ ʚǫǶʌ ƉțŗʌʌǶ̇ƨɼࣞ

晶 品

undefined but good

recall 0 bad



âɼƨƉǶʌǶɄȳ ˙ʌࣖ ɼƨƉŗțț
�Ɖʚʯŗțț˦ ʯȳǫƨŗțʚǫ˦ �Ɖʚʯŗțț˦ ǫƨŗțʚǫ˦

,țŗʌʌǶ̇ƨƕ ŗʌ ʯȳǫƨŗțʚǫ˦ ÿɼʯƨ ɱɄʌǶʚǶ˙ƨ bŗțʌƨ ɱɄʌǶʚǶ˙ƨ
,țŗʌʌǶ̇ƨƕ ŗʌ ǫƨŗțʚǫ˦ bŗțʌƨ ȳƨǖŗʚǶ˙ƨ ÿɼʯƨ ȳƨǖŗʚǶ˙ƨ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

¥Ʉ˝ ƉɄȳʌǶƕƨɼ ŗ ƉțŗʌʌǶ̇ƨɼ ʚǫŗʚ ƉțŗʌʌǶ̇ƨʌ ƨ˙ƨɼ˦Ʉȳƨ ŗʌ ʯȳࣽ
ǫƨŗțʚǫ˦ࣖ
ࣖࡹ İǫŗʚ Ƕʌ ʚǫƨ ɱɼƨƉǶʌǶɄȳ ɄǑ ʚǫǶʌ ƉțŗʌʌǶ̇ƨɼࣞ

ࣖࡽ İǫŗʚ Ƕʌ ʚǫƨ ɼƨƉŗțț ɄǑ ʚǫǶʌ ƉțŗʌʌǶ̇ƨɼࣞ

T gang

㼱⼀⼀ close to O Chad

㼱 1 good



,ɄȭſǶȳǶȳǖ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțțυ İƨ ˝ŗȳʚ ǫǶǖǫ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ǫǶǖǫ ɼƨƉŗțțࣗ ſʯʚ Ƕʚऒʌ ǫŗɼƕ ʚɄ
ǫŗ˙ƨ ſɄʚǫࣖυ �ƨʚऒʌ ƉɄȭſǶȳƨ ʚǫƨȭ ǶȳʚɄ ŗ ʌǶȳǖțƨ ȭƨŗʌʯɼƨȭƨȳʚࣖυ 6Ʉƨʌ ʚǫƨ ŗ˙ƨɼŗǖƨ ɄǑ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțț ˝Ʉɼȕ ˝ƨțțࣞҩ � ҫ�υ ,Ʉȭɱŗɼƨࣘυ ,țŗʌʌǶ̇ƨɼ � ࣯ҩ � �ࣗ ҫ � �ࣱυ ,țŗʌʌǶ̇ƨɼ $ ࣯ҩ � ���ࣗ ҫ � ���ࣱ 0.5

70.55



,ɄȭſǶȳǶȳǖ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțț

υ �ƨ˦ ǶȳʌǶǖǫʚࣘ ÿ˝Ʉ ȭɄƕƨɼŗʚƨ ˙ŗțʯƨʌ ŗɼƨ ſƨʚʚƨɼ ʚǫŗȳ ʚ˝Ʉ
ƨ˥ʚɼƨȭƨʌࣖ Ďʌƨ ʚǫƨ ɱɼɄƕʯƉʚࣗ ˝ǫǶƉǫ ʌǫɼǶȳȕʌ ˝ǫƨȳ ƨǶʚǫƨɼ
ʚƨɼȭ Ƕȳ ʚǫƨ ɱɼɄƕʯƉʚ Ƕʌ ʌȭŗțțࣖυ ¥ƨ˝ ˝ŗ˦ ɄǑ ƉɄȭſǶȳǶȳǖ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțțࣘ bࣽʌƉɄɼƨ�ҩҫҩ � ҫυ ,Ʉȭɱŗɼƨࣘυ ,țŗʌʌǶ̇ƨɼ � ࣯ҩ � �ࣗ ҫ � �ࣱυ ,țŗʌʌǶ̇ƨɼ $ ࣯ҩ � ���ࣗ ҫ � ���ࣱ 𦦵 0

器卡



bࣽʌƉɄɼƨ

υ ÿǫƨ bࣽʌƉɄɼƨ ƉɄȭſǶȳƨʌ ʚǫƨ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțț ɄǑ ŗ
ƉțŗʌʌǶ̇ƨɼ Ƕȳ ŗ ʌǶȳǖțƨ ȭƨŗʌʯɼƨȭƨȳʚࣖ�ҩҫҩ � ҫυ pǶǖǫƨɼ bࣽʌƉɄɼƨʲ ſƨʚʚƨɼ ƉțŗʌʌǶ̇ƨɼࣖ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫŗʚ ˝Ʉʯțƕ ſƨ ʚǫƨ bࣽʌƉɄɼƨ ɄǑ ŗ एɱƨɼǑƨƉʚ ƉțŗʌʌǶ̇ƨɼऐࣞ

阧 㼦 1
阯 1



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦

υ �ƉƉʯɼŗƉ˦ Ƕʌ ŗ ʌǶȭɱțƨ ˝ŗ˦ ɄǑ ȭƨŗʌʯɼǶȳǖ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ ŗ
ƉțŗʌʌǶ̇ƨɼࣗ ſʯʚ Ƕʚ Ɖŗȳ ſƨ ȭǶʌțƨŗƕǶȳǖ ˝ǫƨȳ Ɖțŗʌʌƨʌ ŗɼƨ
ǶȭſŗțŗȳƉƨƕࣖυ âɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțț ŗɼƨ ʚ˝Ʉ Ʉʚǫƨɼ ˝ŗ˦ʌ ɄǑ ȭƨŗʌʯɼǶȳǖ ʚǫƨ
ɸʯŗțǶʚ˦ ɄǑ ŗ ƉțŗʌʌǶ̇ƨɼࣗ ſʯʚ ʚǫƨ˦ Ɖŗȳ ſƨ ǫŗɼƕ ʚɄ ŗƉǫǶƨ˙ƨ
ʌǶȭʯțʚŗȳƨɄʯʌț ࣖ˦υ ÿǫƨ bࣽʌƉɄɼƨ ƉɄȭſǶȳƨʌ ɱɼƨƉǶʌǶɄȳ ŗȳƕ ɼƨƉŗțț ǶȳʚɄ ŗ ʌǶȳǖțƨ
ȭƨŗʌʯɼƨȭƨȳʚ ʚǫŗʚ ŗʌʌƨʌʌƨʌ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ ŗ ƉțŗʌʌǶ̇ƨɼ Ʉȳ ŗ
ࡱ ʚɄ ࡹ ʌƉŗțƨࣖ �ҩҫҩ � ҫ


