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�ȳȳɄʯȳƉƨȭƨȳʚʌυ pɄȭƨ˝Ʉɼȕ ࢁ Ƕʌ ƕʯƨ ʚɄƕŗ˦ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ �ŗʌʚ ǫɄȭƨ˝Ʉɼȕ ſƨǑɄɼƨ ¡Ƕƕʚƨɼȭ υࡹ âțƨŗʌƨ ƉɄȭƨ ʚɄ Ʉ˾Ɖƨ ǫɄʯɼʌࣛυ ¡Ƕƕʚƨɼȭ ࡹ Ʉȳ bɼǶƕŗ ࣗ˦ bƨſࣖ ʚǫυ࢙ � Ɖǫƨŗʚ ʌǫƨƨʚ ˝Ƕțț ſƨ ɱɼɄ˙Ƕƕƨƕࣗ ȳɄ ƉŗțƉʯțŗʚɄɼυ ÿɄɱǶƉʌ ƉɄ˙ƨɼ ʯɱ ʚɄ ŗȳƕ ǶȳƉțʯƕƨ țƨƉʚʯɼƨ υࡽࡹ âɼɄſțƨȭ ˝Ƕțț ſƨ ʌǶȭǶțŗɼ ʚɄ ʚǫɄʌƨ Ƕȳ pİ ŗȳƕ ȭɄƉȕ
ƨ˥ŗȭʌυ éƨ˙Ƕƨ˝ ʌƨʌʌǶɄȳ Ƕȳ ȳƨ˥ʚ ¡Ʉȳƕŗ˦ऒʌ ƕǶʌƉʯʌʌǶɄȳ



�ǖƨȳƕŗυ bǶȳǶʌǫ țǶȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝ࣖυ bɄɼȭʯțŗʚƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ ŗțǖƨſɼŗࣖυ ¡ǶȳǶȭǶ˲ƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ʯʌǶȳǖ țǶȳƨŗɼ ŗțǖƨſɼŗࣖ



�Ƕȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝



ĬƨƉʚɄɼʌυ �ȳ ˙ƨƉʚɄɼ Ƕȳ ɖӀ Ƕʌ ŗȳ Ӏ � � ȭŗʚɼǶ˥ࣖυ İƨ ʯʌƨ țɄ˝ƨɼࣽƉŗʌƨ țƨʚʚƨɼʌ ǑɄɼ ˙ƨƉʚɄɼʌࣖ

ɀӈ � ڍ υڜ�˲��� ĬƨƉʚɄɼ ŗƕƕǶʚǶɄȳ ŗȳƕ ʌƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɄƉƉʯɼ
ƨțƨȭƨȳʚ˝Ƕʌƨࣖ



eƨɄȭƨʚɼǶƉ ȭƨŗȳǶȳǖ ɄǑ ˙ƨƉʚɄɼʌυ � ˙ƨƉʚɄɼ ɀӈ � 	ӈ� Ȫ  ӈӀ
ҭ Ƕʌ ŗȳ ŗɼɼɄ˝ ʚɄ ʚǫƨ ɱɄǶȳʚ 	ӈ� Ȫ  ӈӀ

ǑɼɄȭ ʚǫƨ ɄɼǶǖǶȳࣖ

υ ÿǫƨ țƨȳǖʚǫࣗ Ʉɼ ȳɄɼȭࣗ ɄǑ ɀӈ Ƕʌ Ƞ ɀӈȠ � ��ӈع � ӈ�� � Ȫ � ӈ�Ӏ ࣖ

⼋

i
yiliibi

uo.is



6Ʉʚ ɱɼɄƕʯƉʚʌυ ÿǫƨ ƕɄʚ ɱɼɄƕʯƉʚ ɄǑ ʚ˝Ʉ ˙ƨƉʚɄɼʌ ɀӇ ŗȳƕ ɀӈ Ƕȳ ɖӀ Ƕʌ ƕƨȳɄʚƨƕ
ſ˦ࣘ ɀӇ ͥ ɀӈ � ɀӇҭ ɀӈυ 6ƨ̇ȳǶʚǶɄȳࣘ ɀӇ ͥ ɀӈ � Ӏذһ�� Ӈһӈһ � Ӈ�ӈ� � Ӈ�ӈ� � Ȫ � ӇӀӈӀυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ ŗ ʌƉŗțŗɼࣛ

Ūǜ in
an 以品国V.UNzlhunnxi4a.vnUn

1所

Scalar



âɼɄɱƨɼʚǶƨʌ ɄǑ ʚǫƨ ƕɄʚ ɱɼɄƕʯƉʚυ ,ɄȭȭʯʚŗʚǶ˙ƨࣘ ɀӇ ͥ ɀӈ � ɀӈ ͥ ɀӇ � ɀӇҭ ɀӈ � ɀӈҭ ɀӇυ 6ǶʌʚɼǶſʯʚǶ˙ƨࣘ ɀӇ ͥ 	 ɀӈ � ɀӉ
 � ɀӇ ͥ ɀӈ � ɀӇ ͥ ɀӉ
闻



¡ŗʚɼǶ˥ࣽ˙ƨƉʚɄɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ óɱƨƉǶŗț Ɖŗʌƨ ɄǑ ȭŗʚɼǶ˥ࣽȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳࣖυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ ŗț˝ŗ˦ʌ ŗ ˙ƨƉʚɄɼ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ȳʯȭſƨɼ ɄǑ
ɼɄ˝ʌ ŗʌ ʚǫƨ ȭŗʚɼǶ˥ࣖυ ¶ȳƨ ˙Ƕƨ˝ࣘ ŗ एȭǶ˥ʚʯɼƨऐ ɄǑ ʚǫƨ ƉɄțʯȭȳʌࣖچ� � �� � ڕ� ڙ�Ҵ�Ҵ�Ҵڊ � Ҵ� ڕ��چ � Ҵ� ڕ��چ � Ҵ� υڕ��چ �ȳɄʚǫƨɼ ˙Ƕƨ˝ࣘ ŗ ƕɄʚ ɱɼɄƕʯƉʚ ˝Ƕʚǫ ʚǫƨ ɼɄ˝ʌࣖ

3年啊啊 啊 啊
啊啊啊

筓啊澗



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

yǑ Қ Ƕʌ ŗȳ ҿ � Ӏ ȭŗʚɼǶ˥ ŗȳƕ ɀӈ Ƕʌ ŗ ˙ƨƉʚɄɼ Ƕȳ ɖӀࣗ ˝ǫŗʚ ŗɼƨ
ʚǫƨ ƕǶȭƨȳʌǶɄȳʌ ɄǑ ʚǫƨ ɱɼɄƕʯƉʚ ɀӈҭҚҭҚ ɀӈࣞ
ŗࣱ ҿ � Ӏ ࣯ȭŗʚɼǶ˥ࣱ
ſࣱ Ӏ � � ࣯˙ƨƉʚɄɼࣱ
Ɖࣱ � � � ࣯ʌƉŗțŗɼࣱ
ƕࣱ ÿǫƨ ɱɼɄƕʯƉʚ Ƕʌ ʯȳƕƨ̇ȳƨƕࣖ

Ti AP A 挱 如21唦

A cnn.es 啊
AōscmxD



¡ŗʚɼǶƉƨʌ ŗȳƕ ǑʯȳƉʚǶɄȳʌυ óʯɱɱɄʌƨ Қ Ƕʌ ŗȳ ҿ � Ӏ ȭŗʚɼǶ˥ ŗȳƕ ɀӊ Ƕʌ ŗ ˙ƨƉʚɄɼ Ƕȳ ɖӀࣖυ ÿǫƨȳࣗ ʚǫƨ ǑʯȳƉʚǶɄȳ ҹ	 ɀӊ
 � Қӊ Ƕʌ ŗ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳ ʚǫŗʚ ȭŗɱʌ
ƨțƨȭƨȳʚʌ Ƕȳ ɖӀ ʚɄ ƨțƨȭƨȳʚʌ Ƕȳ ɖҿࣖυ ÿǫƨ Ƕȳɱʯʚ ʚɄ ҹ Ƕʌ ŗ ˙ƨƉʚɄɼࣗ ŗȳƕ ʌɄ Ƕʌ ʚǫƨ Ʉʯʚɱʯʚࣖυ �ƨ˦ Ƕƕƨŗࣘ ȭŗʚɼǶ˥ࣽ˙ƨƉʚɄɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ Ɖŗȳ ſƨ ʚǫɄʯǖǫʚ ɄǑ
ŗʌ ŗɱɱț˦Ƕȳǖ ŗ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳ ʚɄ ŗ ˙ƨƉʚɄɼࣖ

AP cmxnscnxD

cmxDlldli.hn



¡ƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ɼƨ˙ǶʌǶʚƨƕ



İŗǶʚࣖࣖࣖ ˝ǫ˦ ƕɄ ˝ƨ ȳƨƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗࣞυ óɄɄȳࣗ ˝ƨऒțț ˝ŗȳʚ ʚɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ʯʌǶȳǖ ȭɄɼƨ ʚǫŗȳ Ʉȳƨ
Ǒƨŗʚʯɼƨ ࣯ƨࣖǖࣖ ɱɼƨƕǶƉʚǶȳǖ ʌŗțŗɼ˦ ʯʌǶȳǖ ˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
ŗȳƕ eâ�ࣱࣖυ yǑ ʚǫƨ ǶȳʚƨɼȭƨƕǶŗʚƨ ʌʚƨɱʌ ǖƨʚ ƉɄȳǑʯʌǶȳǖࣗ ʚǫǶȳȕ ſŗƉȕ ʚɄ

ʚǫǶʌ Ʉ˙ƨɼŗɼƉǫǶȳǖ ǖɄŗțࣖυ ÿǫǶȳȕǶȳǖ ŗſɄʯʚ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ
ŗțǖƨſɼŗ ˝Ƕțț ŗțțɄ˝ ʯʌ ʚɄ ̇ȳƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ ʚǫŗʚυ ʯʌƨ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ ŗɼƨ ȳɄȳࣽțǶȳƨŗɼࣖυ �ƨʚऒʌ ʌʚŗɼʚ ſ˦ ƨ˥ɱɼƨʌʌǶȳǖ ҫӅӃ Ƕȳ ʚƨɼȭʌ ɄǑ ȭŗʚɼǶƉƨʌ ŗȳƕ
˙ƨƉʚɄɼʌࣖ



éƨǖɼƨʌʌǶɄȳ ŗȳƕ țǶȳƨŗɼ ŗțǖƨſɼŗυ İƨ ƉǫɄʌƨ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌ ǑɄɼ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨҡ	ӊ
 � Ӊ� � Ӊ�ӊ
ſ˦ ̇ȳƕǶȳǖ ʚǫƨ Ӊ�˶ ŗȳƕ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨƕ ȭƨŗȳ ʌɸʯŗɼƨƕ
ƨɼɼɄɼࣘ ҫʌɸ	ҡ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ҡ	ӊһ

��υ ÿǫǶʌ Ƕʌ ȋǮȩƐ ȹǋ țǶȕƨ ʚǫƨ ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ țƨȳǖʚǫ ɄǑ ŗ ˙ƨƉʚɄɼࣘȠ ɀӈȠ � ��ӈع � ӈ�� � Ȫ � ӈ�Ӏl



éƨǖɼƨʌʌǶɄȳ ŗȳƕ țǶȳƨŗɼ ŗțǖƨſɼŗ
�ƨʚऒʌ ƕƨ̇ȳƨ ŗ Ǒƨ˝ ȳƨ˝ ʚƨɼȭʌࣘυ ÿǫƨ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀӋ ˨ ɖӀ ˝Ƕʚǫ

ƉɄȭɱɄȳƨȳʚʌ Ӌһࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ Ʉſʌƨɼ˙ƨƕࣩएŗƉʚʯŗțऐ
˙ŗțʯƨʌࣖυ ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ ˝Ƕʚǫ
ƉɄȭɱɄȳƨȳʚʌ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ɱɼƨƕǶƉʚƨƕ ˙ŗțʯƨʌࣖυ ÿǫƨ ƨɼɼɄɼ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀҸ ˨ ɖӀ ˝Ƕʚǫ ƉɄȭɱɄȳƨȳʚʌҸһ � Ӌһ ˲ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ࣯ʌǶǖȳƨƕࣱ ƨɼɼɄɼʌࣖ



E˥ŗȭɱțƨ

,ɄȳʌǶƕƨɼ ҡ	ӊ
 � ��ӊ � �ࣖ ɀӋ �
ɀɏ �
ɀҸ � ɀӋ ˲ ɀɏ �

ҫʌɸ	ҡ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ҡ	ӊһ

� �

1到
Bㄟ 硎
谜幽幽 ⽹

3 2 11- 13

出 㝈恐筋

所 躙

去縆訫11



éƨǖɼƨʌʌǶɄȳ ŗȳƕ țǶȳƨŗɼ ŗțǖƨſɼŗυ ÿǫƨ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀӋ ˨ ɖӀ ˝Ƕʚǫ
ƉɄȭɱɄȳƨȳʚʌ Ӌһࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ Ʉſʌƨɼ˙ƨƕࣩएŗƉʚʯŗțऐ
˙ŗțʯƨʌࣖυ ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ ˝Ƕʚǫ
ƉɄȭɱɄȳƨȳʚʌ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ɱɼƨƕǶƉʚƨƕ ˙ŗțʯƨʌࣖυ ÿǫƨ ƨɼɼɄɼ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀҸ ˨ ɖӀ ˝Ƕʚǫ ƉɄȭɱɄȳƨȳʚʌҸһ � Ӌһ ˲ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ࣯ʌǶǖȳƨƕࣱ ƨɼɼɄɼʌࣖυ İƨ Ɖŗȳ ɼƨ˝ɼǶʚƨ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ŗʌࣘҫʌɸ	ҡ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ҡ	ӊһ

� � �Ӏ]] ɀҸ]]� � �Ӏ]] ɀӋ ˲ ɀɏ]]��



ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼυ ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ ˝Ƕʚǫ
ƉɄȭɱɄȳƨȳʚʌ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ɱɼƨƕǶƉʚƨƕ ˙ŗțʯƨʌࣖυ bɄɼ ʚǫƨ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣗ ʚǫƨ
ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ ɀɏ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ

ɀɏ � 
�ӊ	ҡڑҡ	ӊ�

ࣖࣖࣖҡ	ӊӀ
ڠ � ڑ

Ӊ� � Ӊ�ӊ�Ӊ� � Ӊ�ӊ�
ࣖࣖࣖӉ� � Ӊ�ӊӀڠ � Ii

i 嘤嘤



éƨ˝ɼǶʚǶȳǖ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ 6ƨ̇ȳƨ ʚǫƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ұ ʚɄ ſƨ ʚǫƨ Ӏ � � ȭŗʚɼǶ˥
ұ � �ڑ ӊ�� ӊ�

ࣖࣖࣖ ࣖࣖࣖ� ӊӀڠ �υ 6ƨ̇ȳƨ ʚǫƨ ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼ ɀӉ ˨ ɖ� ʚɄ ſƨ ɀӉ � ڕ�Ӊ�Ӊچ �υ ÿǫƨȳ ɀɏ � ұ ɀӉࣗ ʌɄ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ſƨƉɄȭƨʌࣘҫʌɸ	ҡ
 � �Ӏ]] ɀӋ ˲ ɀɏ]]�ҫʌɸ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�



¡ƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ɼƨǑɄɼȭʯțŗʚƨƕυ $ƨǑɄɼƨࣗ ˝ƨ ǑɄʯȳƕ ʚǫƨ ˙ŗțʯƨʌ ɄǑ Ӊ� ŗȳƕ Ӊ� ʚǫŗʚ ȭǶȳǶȭǶ˲ƨƕҫӅӃ	Ӊ� Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ ÿǫƨ ɼƨʌʯțʚʌࣘ

Ӊ�˶ � ˱Ӏһ��	ӊһ ˲ ğӊ
	Ӌһ ˲ ğӋ
˱Ӏһ��	ӊһ ˲ ğӊ
� � ӄ ӊӋ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊυ ¥Ʉ˝ࣗ Ʉʯɼ ǖɄŗț Ƕʌ ʚɄ ̇ȳƕ ʚǫƨ ˙ƨƉʚɄɼ ɀӉ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌҫӅӃ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�υ $Ʉʚǫ ˙ƨɼʌǶɄȳʌ ɄǑ ҫӅӃ ŗɼƨ ƨɸʯǶ˙ŗțƨȳʚࣖ ÿǫƨ ɼƨʌʯțʚʌ ˝Ƕțț ŗțʌɄ
ſƨ ƨɸʯǶ˙ŗțƨȳʚࣖ

o



óɱɄǶțƨɼ ŗțƨɼʚࣖࣖࣖυ eɄŗțࣘ ̇ȳƕ ʚǫƨ ˙ƨƉʚɄɼ ɀӉ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌҫӅӃ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�υ óɱɄǶțƨɼ ŗțƨɼʚࣘ ʚǫƨ ŗȳʌ˝ƨɼࡹ ǶʌɀӉ˶ � 	ұҭұ
˲�ұҭ ɀӋυ �ƨʚऒʌ țɄɄȕ ŗʚ ʚǫǶʌ ǑɄɼȭʯțŗ Ƕȳ ŗƉʚǶɄȳ Ƕȳ ŗ ȳɄʚƨſɄɄȕࣖ bɄțțɄ˝
ŗțɄȳǖ ǫƨɼƨࣖυ ÿǫƨȳ ˝ƨऒțț ɱɼɄ˙ƨ Ƕʚ Ʉʯɼʌƨț˙ƨʌ ſ˦ ǫŗȳƕࣖ

ŗʌʌʯȭǶȳǖࡹ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨ

http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec10/lec10.ipynb
http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec10/lec10.ipynb


¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ŗǖŗǶȳ



óɄȭƨ ȕƨ˦ țǶȳƨŗɼ ŗțǖƨſɼŗ ǑŗƉʚʌ
yǑ Қ ŗȳƕ қ ŗɼƨ ȭŗʚɼǶƉƨʌࣗ ŗȳƕ ɀӇ ɀӈ ɀӉ ɀӌ ŗɼƨ ˙ƨƉʚɄɼʌࣘυ 	Қ � қ
ҭ � Қҭ � қҭυ 	Ққ
ҭ � қҭҚҭυ ɀӇ ͥ ɀӈ � ɀӈ ͥ ɀӇ � ɀӇҭ ɀӈ � ɀӈҭ ɀӇυ Ƞ ɀӇȠ� � ɀӇ ͥ ɀӇυ 	 ɀӇ � ɀӈ
 ͥ 	 ɀӉ � ɀӌ
 � ɀӇ ͥ ɀӉ � ɀӇ ͥ ɀӌ � ɀӈ ͥ ɀӉ � ɀӈ ͥ ɀӌ
潖吖 㘜



eɄŗțυ İƨ ˝ŗȳʚ ʚɄ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘҫʌɸ	 ɀӉ
 � �ӀȠ ɀӋ ˲ ұ ɀӉȠ�υ óʚɼŗʚƨǖ˦ࣘ ,ŗțƉʯțʯʌࣖυ âɼɄſțƨȭࣘ ÿǫǶʌ Ƕʌ ŗ ǋʠȩƅʋǮȹȩ ȹǋ ŗ ˉƣƅʋȹɮࣖ İǫŗʚ ƕɄƨʌ Ƕʚ ƨ˙ƨȳ
ȭƨŗȳ ʚɄ ʚŗȕƨ ʚǫƨ ƕƨɼǶ˙ŗʚǶ˙ƨ ɄǑ ҫʌɸ	 ɀӉ
 ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ŗ
˙ƨƉʚɄɼ ɀӉࣞ



� ǑʯȳƉʚǶɄȳ ɄǑ ŗ ˙ƨƉʚɄɼυ óɄțʯʚǶɄȳࣘ � ǑʯȳƉʚǶɄȳ ȹǋ ŗ ˉƣƅʋȹɮ Ƕʌ ɼƨŗțț˦ ȍʯʌʚ ŗ ǑʯȳƉʚǶɄȳ ȹǋ
ȣʠȑʋǮɤȑƣ ˉŗɮǮŗŻȑƣɾࣗ ˝ǫǶƉǫ ŗɼƨ ʚǫƨ ƉɄȭɱɄȳƨȳʚʌ ɄǑ ʚǫƨ
˙ƨƉʚɄɼࣖ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗҫʌɸ	 ɀӉ
 � ҫʌɸ	Ӊ� Ӊ� Ȫ  Ӊҷ

˝ǫƨɼƨ Ӊ�Ӊ� Ȫ  Ӊҷ ŗɼƨ ʚǫƨ ƨȳʚɼǶƨʌ ɄǑ ʚǫƨ ˙ƨƉʚɄɼ ɀӉࣖࡽυ İƨ ȕȳɄ˝ ǫɄ˝ ʚɄ ƕƨŗț ˝Ƕʚǫ ƕƨɼǶ˙ŗʚǶ˙ƨʌ ɄǑ ȭʯțʚǶ˙ŗɼǶŗſțƨ
ǑʯȳƉʚǶɄȳʌࣘ ʚǫƨ ǖɼŗƕǶƨȳʚࣛ

yȳࡽ Ʉʯɼ Ɖŗʌƨࣗ ɀӉ ǫŗʌ ȍʯʌʚ ʚ˝Ʉ ƉɄȭɱɄȳƨȳʚʌࣗ Ӊ� ŗȳƕ Ӊ�ࣖ İƨऒțț ſƨ ȭɄɼƨ
ǖƨȳƨɼŗț ʌǶȳƉƨ ˝ƨ ƨ˙ƨȳʚʯŗțț˦ ˝ŗȳʚ ʚɄ ʯʌƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ ˝Ƕʚǫ ƨ˙ƨȳ ȭɄɼƨ
ɱŗɼŗȭƨʚƨɼʌࣖ



ÿǫƨ ǖɼŗƕǶƨȳʚ ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ŗ ˙ƨƉʚɄɼυ ÿǫƨ ǖɼŗƕǶƨȳʚ ɄǑ ҫʌɸ	 ɀӉ
 ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ɀӉ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ
ɱŗɼʚǶŗț ƕƨɼǶ˙ŗʚǶ˙ƨʌࣘ

˧ ɀӉҫʌɸ	 ɀӉ
 � ҷҫʌɸҷ ɀӉ � ΊΌ

�Ӊבҫʌɸב�Ӊבҫʌɸב
Ӊҷבҫʌɸבࣖࣖࣖ

ΎΎΎΎΎΎΏ
˝ǫƨɼƨ Ӊ�Ӊ� Ȫ  Ӊҷ ŗɼƨ ʚǫƨ ƨȳʚɼǶƨʌ ɄǑ ʚǫƨ ˙ƨƉʚɄɼ ɀӉࣖ



E˥ŗȭɱțƨ ǖɼŗƕǶƨȳʚ ƉŗțƉʯțŗʚǶɄȳ
E˥ŗȭɱțƨࣘ óʯɱɱɄʌƨ ҹ	 ɀӊ
 � ɀҴ ͥ ɀӊࣗ ˝ǫƨɼƨ ɀҴ ŗȳƕ ɀӊ ŗɼƨ ˙ƨƉʚɄɼʌ Ƕȳ ɖӀࣖ
İǫŗʚ Ƕʌ ҷҷ ɀӊ ҹ	 ɀӊ
ࣞ



eɄŗțυ İƨ ˝ŗȳʚ ʚɄ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘҫʌɸ	 ɀӉ
 � �ӀȠ ɀӋ ˲ ұ ɀӉȠ�υ óʚɼŗʚƨǖ˦ࣘ
ࣖࡹ ,Ʉȭɱʯʚƨ ʚǫƨ ǖɼŗƕǶƨȳʚ ɄǑ ҫʌɸ	 ɀӉ
ࣖ
ࣖࡽ óƨʚ Ƕʚ ʚɄ ˲ƨɼɄ ŗȳƕ ʌɄț˙ƨ ǑɄɼ ɀӉࣖυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ Ɖŗțțƨƕ ɀӉ˶ࣖυ �ƨʚऒʌ ʌʚŗɼʚ ſ˦ ɼƨ˝ɼǶʚǶȳǖ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ Ƕȳ ŗ ˝ŗ˦

ʚǫŗʚ ˝Ƕțț ȭŗȕƨ Ƕʚ ƨŗʌǶƨɼ ʚɄ ƉɄȭɱʯʚƨ Ƕʚʌ ǖɼŗƕǶƨȳʚࣖ



éƨ˝ɼǶʚǶȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼҫʌɸ	 ɀӉ
 � �ӀȠ ɀӋ ˲ ұ ɀӉȠ�
6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ Ƕʌ ƨɸʯǶ˙ŗțƨȳʚ ʚɄ ҫʌɸ	 ɀӉ
 ࣞ
ŗࣱ �Ӏ 	 ɀӋ ˲ ұ ɀӉ
 ͥ 	ұ ɀӉ ˲ Ӌ

ſࣱ �Ӏظ	 ɀӋ ˲ ұ ɀӉ
 ͥ 	Ӌ ˲ ұ ɀӉ

Ɖࣱ �Ӏ 	 ɀӋ ˲ ұ ɀӉ
ҭ 	Ӌ ˲ ұ ɀӉ

ƕࣱ �Ӏ 	 ɀӋ ˲ ұ ɀӉ
	Ӌ ˲ ұ ɀӉ
ҭ



éƨ˝ɼǶʚǶȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼҫʌɸ	 ɀӉ
 � �ӀȠ ɀӋ ˲ ұ ɀӉȠ�



éƨ˝ɼǶʚǶȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼҫʌɸ	 ɀӉ
 �



,Ʉȭɱʯʚƨ ʚǫƨ ǖɼŗƕǶƨȳʚ

ҷҫʌɸҷ ɀӉ � ҷҷ ɀӉ ٧�Ӏ ڃ ɀӋ ͥ ɀӋ ˲ �ұҭ ɀӋ ͥ ɀӉ � ɀӉҭұҭұ ɀӉٶڒ� �Ӏ څ ҷҷ ɀӉ 	 ɀӋ ͥ ɀӋ
 ˲ ҷҷ ɀӉ ٥�ұҭ ɀӋ ͥ ɀӉٴ � ҷҷ ɀӉ ٥ ɀӉҭұҭұ ɀӉڔٴ



,Ʉȭɱʯʚƨ ʚǫƨ ǖɼŗƕǶƨȳʚ

ҷҫʌɸҷ ɀӉ � ҷҷ ɀӉ ٧�Ӏ ڃ ɀӋ ͥ ɀӋ ˲ �ұҭ ɀӋ ͥ ɀӉ � ɀӉҭұҭұ ɀӉٶڒ� �Ӏ څ ҷҷ ɀӉ 	 ɀӋ ͥ ɀӋ
 ˲ ҷҷ ɀӉ ٥�ұҭ ɀӋ ͥ ɀӉٴ � ҷҷ ɀӉ ٥ ɀӉҭұҭұ ɀӉڔٴυ ҷҷ ɀӉ 	 ɀӋ ͥ ɀӋ
 � �ࣖυ İǫ˦ࣞ ɀӋ Ƕʌ ŗ ƉɄȳʌʚŗȳʚ ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ɀӉࣖυ ҷҷ ɀӉ ٥ ɀ�ұҭ ɀӋ ͥ ɀӉٴ � �ұҭӋࣖυ İǫ˦ࣞ İƨ ŗțɼƨŗƕ˦ ʌǫɄ˝ƨƕ ҷҷ ɀӊ ɀҴ ͥ ɀӊ � ɀҴࣖυ ҷҷ ɀӉ ٥ ɀӉҭұҭұ ɀӉٴ � �ұҭұ ɀӉࣖυ İǫ˦ࣞ óƨƨ pɄȭƨ˝Ʉɼȕ ࣖࢅ



,Ʉȭɱʯʚƨ ʚǫƨ ǖɼŗƕǶƨȳʚ

ҷҫʌɸҷ ɀӉ � ҷҷ ɀӉ ٧�Ӏ ڃ ɀӋ ͥ ɀӋ ˲ �ұҭ ɀӋ ͥ ɀӉ � ɀӉҭұҭұ ɀӉٶڒ� �Ӏ څ ҷҷ ɀӉ 	 ɀӋ ͥ ɀӋ
 ˲ ҷҷ ɀӉ ٥�ұҭ ɀӋ ͥ ɀӉٴ � ҷҷ ɀӉ ٥ ɀӉҭұҭұ ɀӉڔٴ



ÿǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌυ ÿɄ ȭǶȳǶȭǶ˲ƨ ҫʌɸ	 ɀӉ
ࣗ ʌƨʚ Ƕʚʌ ǖɼŗƕǶƨȳʚ ʚɄ ˲ƨɼɄ ŗȳƕ ʌɄț˙ƨ ǑɄɼɀӉࣘ ˲�ұҭ ɀӋ � �ұҭұ ɀӉ � �Д ұҭұ ɀӉ � ұҭ ɀӋυ ÿǫǶʌ Ƕʌ ŗ ʌ˦ʌʚƨȭ ɄǑ ƨɸʯŗʚǶɄȳʌ Ƕȳ ȭŗʚɼǶ˥ ǑɄɼȭࣗ Ɖŗțțƨƕ ʚǫƨ
ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌࣖυ yǑ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨࣗ ʚǫƨ ʌɄțʯʚǶɄȳ ǶʌɀӉ˶ � 	ұҭұ
˲�ұҭ ɀӋυ ÿǫǶʌ Ƕʌ ƨɸʯǶ˙ŗțƨȳʚ ʚɄ ʚǫƨ ǑɄɼȭʯțŗʌ ǑɄɼ Ӊ�˶ ŗȳƕ Ӊ�˶ ˝ƨ ʌŗ˝
ſƨǑɄɼƨࣛυ $ƨȳƨ̇ʚ ँ ʚǫǶʌ Ɖŗȳ ſƨ ƨŗʌǶț˦ ƨ˥ʚƨȳƕƨƕ ʚɄ ȭɄɼƨ

ƉɄȭɱțƨ˥ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖ



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ İƨ ʯʌƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗ ʚɄ ɼƨ˝ɼǶʚƨ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ
ǑɄɼ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ ŗʌҫӅӃ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�υ ķ Ƕʌ Ɖŗțțƨƕ ʚǫƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ࣗ ɀӉ Ƕʌ Ɖŗțțƨƕ ʚǫƨ

ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼࣗ ɀӋ Ƕʌ Ɖŗțțƨƕ ʚǫƨ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼࣗ
ŗȳƕ ɀɏ � ұ ɀӉ Ƕʌ Ɖŗțțƨƕ ʚǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼࣖυ İƨ ȭǶȳǶȭǶ˲ƨƕ ҫӅӃ	 ɀӉ
 ʯʌǶȳǖ ȭʯțʚǶ˙ŗɼǶŗſțƨ ƉŗțƉʯțʯʌ ŗȳƕ

ǑɄʯȳƕ ʚǫŗʚ ʚǫƨ ȭǶȳǶȭǶ˲Ƕȳǖ ɀӉ ʌŗʚǶʌ̇ƨʌ ʚǫƨ ȳɄɼȭŗț
ƨɸʯŗʚǶɄȳʌࣗ ұҭұ ɀӉ � ұҭ ɀӋࣖυ yǑ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨࣗ ʚǫƨ ʌɄțʯʚǶɄȳ ǶʌࣘɀӉ˶ � 	ұҭұ
˲�ұҭ ɀӋ



İǫŗʚऒʌ ȳƨ˥ʚࣞυ ÿǫƨ ˝ǫɄțƨ ɱɄǶȳʚ ɄǑ ɼƨǑɄɼȭʯțŗʚǶȳǖ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ
ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ ŗțǖƨſɼŗ ˝ŗʌ ʌɄ ʚǫŗʚ ˝ƨ ƉɄʯțƕ ǖƨȳƨɼŗțǶ˲ƨ
Ʉʯɼ ˝Ʉɼȕ ʚɄ ȭɄɼƨ ʌɄɱǫǶʌʚǶƉŗʚƨƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖυ ¥Ʉʚƨ ʚǫŗʚ ˝ǫƨȳ ƕƨɼǶ˙Ƕȳǖ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌࣗ ˝ƨ

ƕǶƕȳऒʚ ŗʌʌʯȭƨ ʚǫŗʚ ʚǫƨɼƨ ˝ŗʌ ȍʯʌʚ Ʉȳƨ Ǒƨŗʚʯɼƨࣖυ E˥ŗȭɱțƨʌ ɄǑ ʚǫƨ ʚ˦ɱƨʌ ɄǑ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ ˝ƨऒțț ſƨ ŗſțƨ ʚɄ
̇ʚ ʌɄɄȳࣘυ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ�ࣖυ ҡ	ӊ
 � Ӊ� � Ӊ� +Qb	ӊ
 � Ӊ�Ҹӊ ࣖυ ҡ	ӊ	�
 ӊ	�

 � Ӊ� � Ӊ�ӊ	�
 � Ӊ�ӊ	�
ࣖυ ƨࣖǖࣖ âɼƨƕǶƉʚƨƕ óŗțŗɼ˦ �Ӊ� � Ӊ�	ĸƨŗɼʌ ɄǑ E˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�
ࣖ


