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�ȳȳɄʯȳƉƨȭƨȳʚʌυ pɄȭƨ˝Ʉɼȕ ࢍ Ƕʌ ɱɄʌʚƨƕ ŗȳƕ ƕʯƨ ȳƨ˥ʚ İƨƕȳƨʌƕŗ ࣖ˦υ p6óy ʯȳƕƨɼǖɼŗƕ  ǑŗƉʯțʚ˦ ȭǶ˥ƨɼ ˝Ƕțț ſƨ ʚǫǶʌ ŗǒʚƨɼȳɄɄȳ
ɱȭࢉࣽࢁ ŗʚ p6óy ɱŗʚǶɄυ �Ƕǖǫʚ ɼƨǑɼƨʌǫȭƨȳʚ ˝Ƕțț ſƨ ɱɼɄ˙Ƕƕƨƕ



�ǖƨȳƕŗυ yȳ˙Ƕʚƨƕ �țǖɄɼǶʚǫȭ âɼƨʌƨȳʚŗʚǶɄȳυ éƨ˙Ƕƨ˝ ɄǑ ƉɄȭſǶȳŗʚɄɼǶƉʌࣖυ �Ʉʚʌ ɄǑ ƨ˥ŗȭɱțƨʌࣖ



yȳ˙Ƕʚƨƕ �țǖɄɼǶʚǫȭ âɼƨʌƨȳʚŗʚǶɄȳࣘ ¶˝ƨȳ óǫǶ
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¶ȳƨ ¡Ʉɼƨ E˥ʚɼŗ ,ɼƨƕǶʚ ¶ɱɱɄɼʚʯȳǶʚ˦υ $ʯǶțƕǶȳǖ ŗ ¥ŗǶ˙ƨ $ŗ˦ƨʌ ƉțŗʌʌǶ̇ƨɼ ʚɄ ʌƨɱŗɼŗʚƨ ȳƨʯʚɼǶȳɄ
ʌǶǖȳŗțʌ ǑɼɄȭ ʯȳ˝ŗȳʚƨƕ ȳɄǶʌƨʌࣛυ ÿǫǶʌ Ʉȳƨ ˝Ƕțț ſƨ ¶ɱʚǶɄȳŗțࣘ ƉǫŗȳƉƨʌ ʚɄ ƨŗɼȳ ƨ˥ʚɼŗ

ƉɼƨƕǶʚࣗ ſʯʚ ƕɄƨʌ ȳɄʚ ƉɄʯȳʚ ŗʌ ɱŗɼʚ ɄǑ ǫɄȭƨ˝Ʉɼȕ
ɱɼɄſțƨȭࣖυ İǶțț ſƨ ɼƨțƨŗʌƨƕ ŗȳƕ ƕʯƨ ʚɄǖƨʚǫƨɼ ˝Ƕʚ pİυ ¡Ʉɼƨ ƕƨʚŗǶțʌ Ƕȳ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ ˝ƨƨȕʌࣖυ ÿǫƨ Ǒʯțț pâeƨ ƕŗʚŗʌƨʚ Ƕʌ ɼƨțƨŗʌƨƕ ŗʚ

JVVRU���\GPQFQ�QTI�TGEQTFU�՚ՔՙՒՔՙυ yȳ ɼŗ˝ ˝ŗ˙ƨǑɄɼȭ ǑɄɼȭŗʚࣗ ȳɄ ƨ˥ʚɼŗƉʚƨƕ ɱŗɼŗȭƨʚƨɼʌࣖ

https://zenodo.org/records/8257027


E˥ʚɼŗ ,ɼƨƕǶʚ éʯțƨʌυ ÿǫƨ ƉțŗʌʌǶ̇ƨɼ ƉɄȭɱƨʚǶʚǶɄȳ ˝Ƕțț ƨŗɼȳ ˦Ʉʯ ʯɱ ʚɄ ࡱࡹ ƨ˥ʚɼŗ
ƉɼƨƕǶʚ Ʉȳ ¡Ƕƕʚƨɼȭ ࣗࡽ ƕƨɱƨȳƕǶȳǖ Ʉȳ ˦Ʉʯɼ țƨŗƕƨɼſɄŗɼƕ
ɼŗȳȕǶȳǖυ óŗȭƨ ŗʌ ʚǫƨ ƨȳƨɼǖ˦ ɼƨǖɼƨʌʌǶɄȳ Ɖǫŗțțƨȳǖƨυ pɄ˝ƨ˙ƨɼࣗ ʚǫƨ ȭŗ˥Ƕȭʯȭ ƨ˥ʚɼŗ ƉɼƨƕǶʚ ˦Ʉʯ Ɖŗȳ ƨŗɼȳ ǑɼɄȭ
ſɄʚǫ Ɖǫŗțțƨȳǖƨʌ Ƕʌ Ɖŗɱɱƨƕ ŗʚ υࡱࡹ E˥ŗȭɱțƨࣘ ¶˝ƨȳ ɼŗȳȕƨƕ ¥Ʉࣖ ࡽ Ʉȳ ɼƨǖɼƨʌʌǶɄȳ Ɖǫŗțțƨȳǖƨࣗ ǫƨ
˝Ƕțț ǖƨʚ ࢙ E, Ʉȳ ¡Ƕƕʚƨɼȭ ࣗࡹ ʌɄ ʚǫƨ ȭŗ˥Ƕȭʯȭ ŗȭɄʯȳʚ ɄǑ
E, ǫƨ Ɖŗȳ ǖƨʚ Ʉȳ ¡Ƕƕʚƨɼȭ ࡽ Ƕʌ υࡹ ÿǫǶʌ Ƕʌ ʚɄ ƨȳƉɄʯɼŗǖƨ ʌʚʯƕƨȳʚʌ ˝ǫɄ ƕǶƕ ȳɄʚ ǖƨʚ E, ǑɼɄȭ ʚǫƨ
ɼƨǖɼƨʌʌǶɄȳ Ɖǫŗțțƨȳǖƨ ʚɄ ɱŗɼʚǶƉǶɱŗʚƨࣖ



éƨ˙Ƕƨ˝ ɄǑ ƉɄȭſǶȳŗʚɄɼǶƉʌ



,ɄȭſǶȳŗʚɄɼǶƉʌ ŗʌ ŗ ʚɄɄț ǑɄɼ ɱɼɄſŗſǶțǶʚ˦

υ yǑ Ҭ Ƕʌ ŗ ʌŗȭɱțƨ ʌɱŗƉƨ ƉɄȳʌǶʌʚǶȳǖ ɄǑ ƨɸʯŗțț˦ࣽțǶȕƨț˦
ɄʯʚƉɄȭƨʌࣗ ŗȳƕ Қ Ƕʌ ŗȳ ƨ˙ƨȳʚࣗ ʚǫƨȳ ҩ	Қ
 � ]Қ]]Ҭ] ࣖυ yȳ ȭŗȳ˦ ƨ˥ŗȭɱțƨʌࣗ ʚǫǶʌ ˝Ƕțț ſɄǶț ƕɄ˝ȳ ʚɄ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌ ŗȳƕࣩɄɼ ƉɄȭſǶȳŗʚǶɄȳʌ ʚɄ ƉɄʯȳʚ ]Қ] ŗȳƕ ]Ҭ]ࣖυ ÿǶɱࣘ $ƨǑɄɼƨ ʌʚŗɼʚǶȳǖ ŗ ɱɼɄſŗſǶțǶʚ˦ ɱɼɄſțƨȭࣗ ŗț˝ŗ˦ʌ ʚǫǶȳȕ
ŗſɄʯʚ ˝ǫŗʚ ʚǫƨ ʌŗȭɱțƨ ʌɱŗƉƨ Ҭ Ƕʌࣛ



óƨɸʯƨȳƉƨʌ

υ � ʌƨɸʯƨȳƉƨ ɄǑ țƨȳǖʚǫ ҽ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ
ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ
ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ ĸɄʯ ɼɄțț ŗ ƕǶƨ ࡱࡹ ʚǶȭƨʌࣖ pɄ˝ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ
ʌƨɸʯƨȳƉƨʌ ɄǑ ɼƨʌʯțʚʌ ŗɼƨ ɱɄʌʌǶſțƨࣞ

True True

竸 囐
6

610



óƨɸʯƨȳƉƨʌ

yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ŗțțɄ˝ƨƕ
ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌ Ӏҽ�



âƨɼȭʯʚŗʚǶɄȳʌ

υ � ɱƨɼȭʯʚŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ɱɼƨʌǶƕƨȳʚࣗ
˙ǶƉƨ ɱɼƨʌǶƕƨȳʚࣗ ŗȳƕ ʌƨƉɼƨʚŗɼ˦ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ  ɱƨɄɱțƨࣞ
he 嶶

赢 出点
Pcn k 178 ⼆点⼆876



âƨɼȭʯʚŗʚǶɄȳʌ

υ yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ
ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ȳɄʚ
ŗțțɄ˝ƨƕ ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌҩ	Ӏ ҽ
 � 	Ӏ
	Ӏ ˲ �
���	Ӏ ˲ ҽ � �
� Ӏ�	Ӏ ˲ ҽ
�

彘 彘



,ɄȭſǶȳŗʚǶɄȳʌ

υ � ƉɄȭſǶȳŗʚǶɄȳ Ƕʌ ŗ ʌƨʚ ɄǑ ҽ Ƕʚƨȭʌ ʌƨțƨƉʚƨƕ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑӀ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ
Ʉɼƕƨɼ ƕɄƨʌ ȳɄʚ ȭŗʚʚƨɼࣖυ E˥ŗȭɱțƨࣘ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ƉɄȭȭǶʚʚƨƨ
ɄǑ ࢁ ɱƨɄɱțƨ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ  ɱƨɄɱțƨࣞ
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,ɄȭſǶȳŗʚǶɄȳʌ

yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ȳɄʚ ŗțțɄ˝ƨƕ ŗȳƕ
Ʉɼƕƨɼ ƕɄƨʌ ȳɄʚ ȭŗʚʚƨɼ ǶʌҜ	Ӏ ҽ
 � ٦Ӏҽٵ� ҩ	Ӏ ҽ
ҽ�� Ӏ�	Ӏ ˲ ҽ
�ҽ�
ÿǫƨ ʌ˦ȭſɄț ٦Ӏҽٵ Ƕʌ ɱɼɄȳɄʯȳƉƨƕ एӀ ƉǫɄɄʌƨ ҽऐࣗ ŗȳƕ Ƕʌ ŗțʌɄ ȕȳɄ˝ȳ
ŗʌ ʚǫƨ ſǶȳɄȭǶŗț ƉɄƨ˾ƉǶƨȳʚࣖ

in the
False



�Ʉʚʌ ɄǑ ƨ˥ŗȭɱțƨʌ
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matter
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6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

� ƕɄȭǶȳɄ ƉɄȳʌǶʌʚʌ ɄǑ ʚ˝Ʉ ǑŗƉƨʌࣗ ƨŗƉǫ ˝Ƕʚǫ ŗȳ˦˝ǫƨɼƨ ſƨࣽ
ʚ˝ƨƨȳ ࡱ ŗȳƕ ࢍ ƕɄʚʌࣖ � ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌ ƉɄȳʌǶʌʚʌ ɄǑ ƨ˙ƨɼ˦
ɱɄʌʌǶſțƨ ƉɄȭſǶȳŗʚǶɄȳ ɄǑ ƕɄʚʌ Ʉȳ ƨŗƉǫ ǑŗƉƨࣖ
pɄ˝ ȭŗȳ˦ ƕɄȭǶȳɄƨʌ ŗɼƨ Ƕȳ ʚǫƨ ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌࣞ
ŗࣱ ٵ��٦
ſࣱ ٵ��٦ � ٵ��٦
Ɖࣱ ҩ	� �

ƕࣱ ҩ	��
ҩ	��
��

replacement True
ordermatter False

do not allow replacemen
False False

⼗ 位
Think about double dominoes

a



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ः Ʉ˙ƨɼ˙Ƕƨ˝
İƨऒɼƨ ǖɄǶȳǖ ŗȳʌ˝ƨɼ ʚǫƨ ʌŗȭƨ ɸʯƨʌʚǶɄȳ ʯʌǶȳǖ ʌƨ˙ƨɼŗț ƕǶ˽ƨɼƨȳʚ
ʚƨƉǫȳǶɸʯƨʌࣖ

çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

Allstudents are equally likely

ftbes.de
False

Solve thhswihorderTrue.TN
Givenames t all Hadants

ABCD
ㄒ 20 students

Avi



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࡹ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

S a permutation orderedselection

of 5 students Chosen from A
B.ie

LPFGA.LFGAT.PH
included 蠿欎㔃 㘭器

zo 99.18.17
阳州



Numerator ofpermit能 including A

exs
ACJTEA
i.sn 䕒 䨊镇崖 算

5cases
A t.tl ofperm

A ns

A_5 l9cl8l7 l6A

A 5PCl9 D



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࡽ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌ ŗȳƕ ʚǫƨ ƉɄȭɱțƨȭƨȳʚࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

Penns including A t.tl ofhnstPennsPumst.tlofpeiitpensnthdeA19 18.17.16 15
ㄗ 19157

阰
炎譽 ⼆ 年



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

Order The

S set of5students
chosen from A.BE

order False

e B DGH.MS
includingI

PCA included_䢄EE.tn



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ

çʯƨʌʚǶɄȳ ࣗࡹ âŗɼʚ ࡹ ࣯6ƨȳɄȭǶȳŗʚɄɼࣱࣘ yǑ ˦Ʉʯ ƕɼŗ˝ ŗ ʌŗȭɱțƨ ɄǑ ʌǶ˲ƨ
ࢉ ŗʚ ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ ǑɼɄȭ ŗ ɱɄɱʯțŗʚǶɄȳ ɄǑ ʌǶ˲ƨ ࣗࡱࡽ
ǫɄ˝ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ʌƨʚʌ ɄǑ ǶȳƕǶ˙Ƕƕʯŗțʌ ƉɄʯțƕ ˦Ʉʯ ƕɼŗ˝ࣞ

sets of 5students Cbs 5 到
⼆意



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ

çʯƨʌʚǶɄȳ ࣗࡹ âŗɼʚ ࡽ ࣯¥ʯȭƨɼŗʚɄɼࣱࣘ yǑ ˦Ʉʯ ƕɼŗ˝ ŗ ʌŗȭɱțƨ ɄǑ ʌǶ˲ƨ ࢉ
ŗʚ ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ ǑɼɄȭ ŗ ɱɄɱʯțŗʚǶɄȳ ɄǑ ʌǶ˲ƨ ࣗࡱࡽ
ǫɄ˝ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ʌƨʚʌ ɄǑ ǶȳƕǶ˙Ƕƕʯŗțʌ ǶȳƉțʯƕƨ �˙Ƕࣞ

sets include Avi
n tqc.cn k 194

p X
ki4

Elis ofother
choose

PCAincluded
⼆ cosy students
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óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢅ एʚǫƨ ƨŗʌ˦ ˝ŗ˦ऐࣱ

çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ �˙Ƕ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ �˙Ƕ
Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ



İǶʚǫ ˙ʌࣖ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İƨऒ˙ƨ ƕƨʚƨɼȭǶȳƨƕ ʚǫŗʚ ŗ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ŗ ɼŗȳƕɄȭ ʌŗȭࣽ
ɱțƨ ɄǑ ࢉ ʌʚʯƕƨȳʚʌ ǑɼɄȭ ŗ Ɖțŗʌʌ ɄǑ ǶʚǫɄʯʚ˝ࡱࡽ ɼƨɱțŗƉƨȭƨȳʚ
ƉɄȳʚŗǶȳʌ �˙Ƕ ࣯Ʉȳƨ ʌʚʯƕƨȳʚ Ƕȳ ɱŗɼʚǶƉʯțŗɼࣱ Ƕʌ �� ࣖ
óʯɱɱɄʌƨ ˝ƨ Ƕȳʌʚƨŗƕ ʌŗȭɱțƨƕ ˝Ƕʚǫ ɼƨɱțŗƉƨȭƨȳʚࣖ İɄʯțƕ
ʚǫƨ ɼƨʌʯțʚǶȳǖ ɱɼɄſŗſǶțǶʚ˦ ſƨ ƨɸʯŗț ʚɄࣗ ǖɼƨŗʚƨɼ ʚǫŗȳࣗ Ʉɼ
țƨʌʌ ʚǫŗȳ ��ࣞ
ŗࣱ Eɸʯŗț ʚɄ
ſࣱ eɼƨŗʚƨɼ ʚǫŗȳ
Ɖࣱ �ƨʌʌ ʚǫŗȳ





óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ � ʌƨɸʯƨȳƉƨ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ
Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ ¥ʯȭſƨɼ ɄǑ ʌƨɸʯƨȳƉƨʌࣘ Ӏҽࣖυ � ɱƨɼȭʯʚŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ ¥ʯȭſƨɼ ɄǑ ɱƨɼȭʯʚŗʚǶɄȳʌࣘ ҩ	Ӏ ҽ
 � Ӏ�	Ӏ˲ҽ
� ࣖυ � ƉɄȭſǶȳŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ƕɄƨʌ ȳɄʚ ȭŗʚʚƨɼࣖυ ¥ʯȭſƨɼ ɄǑ ƉɄȭſǶȳŗʚǶɄȳʌࣘ ٦Ӏҽٵ � Ӏ�	Ӏ˲ҽ
�ҽ� ࣖ


