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�ȳȳɄʯȳƉƨȭƨȳʚʌυ ¥Ʉ ǫɄȭƨ˝Ʉɼȕ ƕʯƨ ʚǫǶʌ ˝ƨƨȕࣖυ pɄȭƨ˝Ʉɼȕ ࢅ ˝Ƕțț ſƨ Ʉʯʚ ʚǫǶʌ bɼǶƕŗ˦ ࣯bƨſࣖ ࣱ࢙ ŗǒʚƨɼ
¡Ƕƕʚƨɼȭ υࣖࡹ pɄȭƨ˝Ʉɼȕ ࢅ ƕʯƨ ƕŗʚƨ ƨ˥ʚƨȳƕ ʚɄ ȳƨ˥ʚ bɼǶƕŗ˦ ࣯bƨſࣖ ࣱࢍࡹ



¡Ƕƕʚƨɼȭ ࡹ Ƕʌ bɼǶƕŗ˦ ƕʯɼǶȳǖ țƨƉʚʯɼƨυ bɄɼȭʯțŗ ʌǫƨƨʚ ˝Ƕțț ſƨ ɱɼɄ˙Ƕƕƨƕ ǑɄɼ ˦Ʉʯࣖ ¥Ʉ Ʉʚǫƨɼ ȳɄʚƨʌࣖυ ¥Ʉ ƉŗțƉʯțŗʚɄɼʌࣖ ÿǫǶʌ ǶȭɱțǶƨʌ ȳɄ Ɖɼŗ˲˦ ƉŗțƉʯțŗʚǶɄȳʌࣖυ �ʌʌǶǖȳƨƕ ʌƨŗʚʌ ˝Ƕțț ſƨ ɱɄʌʚƨƕ Ʉȳ ,Ʉʯɼʌƨ İƨſʌǶʚƨ ŗȳƕ
,ŗȭɱʯʌ˝Ƕɼƨࣖυ İƨ ˝Ƕțț ȳɄʚ ŗȳʌ˝ƨɼ ɸʯƨʌʚǶɄȳʌ ƕʯɼǶȳǖ ʚǫƨ ƨ˥ŗȭࣖ óʚŗʚƨ ˦Ʉʯɼ
ŗʌʌʯȭɱʚǶɄȳʌ ǶǑ ŗȳ˦ʚǫǶȳǖ Ƕʌ ʯȳƉțƨŗɼࣖυ ÿǫƨ ƨ˥ŗȭ ˝Ƕțț ǶȳƉțʯƕƨ țɄȳǖࣽŗȳʌ˝ƨɼ ǫɄȭƨ˝Ʉɼȕࣽʌʚ˦țƨ
ɸʯƨʌʚǶɄȳʌࣗ ŗʌ ˝ƨțț ŗʌ ʌǫɄɼʚࣽŗȳʌ˝ƨɼ ɸʯƨʌʚǶɄȳʌ ʌʯƉǫ ŗʌ
ÿɼʯƨࣩbŗțʌƨ Ʉɼ ̇țțǶȳǖ Ƕȳ ŗ ȳʯȭƨɼǶƉŗț ŗȳʌ˝ƨɼࣖυ ÿǫƨ ƨ˥ŗȭ ƉɄ˙ƨɼʌ pɄȭƨ˝Ʉɼȕʌ ࡹ ʚǫɼɄʯǖǫ ࢁ ɱțʯʌ ŗƕƕǶʚǶɄȳŗț
ƉɄȳʚƨȳʚʌ Ƕȳ țǶȳƨŗɼ ŗțǖƨſɼŗ ŗȳƕ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳࣖ

https://dsc40a.com/resources/notes/reference_1.pdf


¡Ƕƕʚƨɼȭ ʌʚʯƕ˦ ʌʚɼŗʚƨǖ˦υ éƨ˙Ƕƨ˝ ʚǫƨ ˝ɼǶʚʚƨȳ ʌɄțʯʚǶɄȳʌ ʚɄ ɱɼƨ˙ǶɄʯʌ ǫɄȭƨ˝Ʉɼȕʌ ŗȳƕ
ǖɼɄʯɱ˝Ʉɼȕʌࣖυ yƕƨȳʚǶǑ˦ ˝ǫǶƉǫ ƉɄȳƉƨɱʚʌ ŗɼƨ ʌʚǶțț ʯȳƉƨɼʚŗǶȳࣖ éƨࣽ˝ŗʚƉǫ
ɱɄƕƉŗʌʚʌࣗ ɱɄʌʚ Ʉȳ ,ŗȭɱʯʌ˝Ƕɼƨࣗ ƉɄȭƨ ʚɄ Ʉ˾Ɖƨ ǫɄʯɼʌࣗ ʯʌƨ
ɼƨʌɄʯɼƉƨʌ Ʉȳ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨࣗ ˝ŗʚƉǫ �ŗȳǶȳƨऒʌ țƨƉʚʯɼƨ
˙ǶƕƨɄʌࣖυ İɄɼȕ ʚǫɼɄʯǖǫ ɱŗʌʚ ƨ˥ŗȭʌ Ʉȳ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨ ŗȳƕ ʚǫƨ
ɱɄʌʚƨƕ ȭɄƉȕ ƨ˥ŗȭࣖυ óʚʯƕ˦ Ƕȳ ǖɼɄʯɱʌࣖυ óʯȭȭŗɼǶ˲ƨ ȕƨ˦ ǑŗƉʚʌ ŗȳƕ ǑɄɼȭʯțŗʌࣖυ óɄȭƨ ɱɼɄſțƨȭʌ ŗɼƨ ƨŗʌǶƨɼࣗ ʌɄȭƨ ɱɼɄſțƨȭʌ ŗɼƨ ǫŗɼƕƨɼࣖ
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óɄȭƨ ÿǶɱʌ �ſɄʯʚ ¡Ƕƕʚƨɼȭυ Ďȳƕƨɼʌʚŗȳƕ ʚǫƨ ƕƨɼǶ˙ŗʚǶɄȳʌ ˝ƨ ƕǶƕ Ƕȳ țƨƉʚʯɼƨࣖυ ÿǫƨɼƨ ˝Ƕțț ſƨ ƕƨɼǶ˙ŗʚǶɄȳ ɱɼɄſțƨȭʌ Ƕȳ ʚǫƨ ȭǶƕʚƨɼȭࣗ ſʯʚ
ȳɄ țɄȳǖ ƕƨɼǶ˙ŗʚǶɄȳࣖυ Ďȳƕƨɼʌʚŗȳƕ ʚǫƨ ƕƨɼǶ˙ŗʚǶɄȳ y ƕǶƕ Ƕȳ țƨƉʚʯɼƨ ŗȳƕ ʌɄȭƨ
ȭƨʚǫɄƕʌ y ʯʌƨƕυ $ƨ ŗſțƨ ʚɄ ɱƨɼǑɄɼȭ ʌǶȭɱțƨ ŗțǖƨſɼŗࣗ ƉŗțƉʯțʯʌ ŗȳƕ țǶȳƨŗɼ

ŗțǖƨſɼŗ ƉɄȭɱʯʚŗʚǶɄȳυ E˥ŗȭɱțƨࣘ ƉŗțƉʯțŗʚǶȳǖ ȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳࣖυ éƨŗƕ ƨŗƉǫ ɸʯƨʌʚǶɄȳ ƉŗɼƨǑʯțț ࣖ˦υ E˥ŗȭɱțƨࣘ ʯʌǶȳǖ ǑɄɼȭŗț ƕƨ̇ȳǶʚǶɄȳ ʚɄ ɱɼɄ˙ƨ ƉɄȳ˙ƨ˥Ƕʚ˦
˙ʌࣖ ʯʌǶȳǖ ŗȳ˦ ȭƨʚǫɄƕ ʚɄ ɱɼɄ˙ƨ ƉɄȳ˙ƨ˥Ƕʚ ࣖ˦
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E˥ʚɼŗ ,ɼƨƕǶʚ ¶ɱɱɄɼʚʯȳǶʚ˦

υ ÿǫƨ țŗʌʚ ɱɼɄſțƨȭ Ʉȳ pİࢅ ˝Ƕțț ſƨ ŗ Ɖțŗʌʌࣽ˝Ƕƕƨ ƉɄȭɱƨʚǶʚǶɄȳ
Ʉȳ ̇ȳƕǶȳǖ ƨȳƨɼǖǶƨʌ ǑɄɼ pǶǖǫࣽâʯɼǶʚ˦ eƨɼȭŗȳǶʯȭ 6ƨʚƨƉʚɄɼ
˝ŗ˙ƨǑɄɼȭʌυ yऒțț ƨ˥ɱțŗǶȳ ˝ǫŗʚ ʚǫǶʌ Ƕʌ Ʉȳ ȳƨ˥ʚ ¡Ʉȳƕŗ˦ऒʌ țƨƉʚʯɼƨࣗ

ŗǒʚƨɼ ʚǫƨ ƨ˥ŗȭࣖυ ÿɄɱ ɱɼƨƕǶƉʚǶɄȳʌ ˝Ƕțț ǖƨʚ ƨ˥ʚɼŗ ƉɼƨƕǶʚ Ʉȳ ¡Ƕƕʚƨɼȭ υࣖࡹ ¡Ʉɼƨ ƕƨʚŗǶț ȳƨ˥ʚ ¡Ʉȳƕŗ˦



�ǖƨȳƕŗυ yȳƉɄɼɱɄɼŗʚǶȳǖ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ yȳʚƨɼɱɼƨʚǶȳǖ ɱŗɼŗȭƨʚƨɼʌࣖυ bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖࣖ



yȳƉɄɼɱɄɼŗʚǶȳǖ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌ



�ŗʌʚ ʚǶȭƨυ İƨ ȭǶȳǶȭǶ˲ƨƕ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ǑɄɼ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ
ɼʯțƨ ҡ	ӊ
 � Ӊ� � Ӊ�ӊࣗ ˝ǫǶƉǫ ˝ŗʌҫӅӃ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�υ İƨ ǑɄʯȳƕ ʚǫŗʚ ʚǫƨ ȭǶȳǶȭǶ˲Ƕȳǖ ɀӉ ʌŗʚǶʌ̇ƨʌ ʚǫƨ ȳɄɼȭŗț
ƨɸʯŗʚǶɄȳʌࣗ ұҭұ ɀӉ � ұҭ ɀӋࣖυ yǑ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨࣗ ʚǫƨ ʌɄțʯʚǶɄȳ ǶʌࣘɀӉ˶ � 	ұҭұ
˲�ұҭ ɀӋυ ÿǫƨʌƨ ʌŗȭƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌ Ɖŗȳ ſƨ ʯʌƨƕ ʚɄ ʌɄț˙ƨ ʚǫƨ
ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ɱɼɄſțƨȭࣗ ˝ǫƨɼƨ ˝ƨ ʯʌƨ
ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌ ʚɄ ɱɼƨƕǶƉʚ ŗȳ ɄʯʚƉɄȭƨࣖ İƨ ʌǶȭɱț˦ ȳƨƨƕ
ʚɄ ŗƕȍʯʌʚ ʚǫƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ұ ࣖ

ooo



¡ʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ƨ˥ŗȭɱțƨυ İƨऒɼƨ ˝ŗȳʚ ʚɄ ̇ʚ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ˝Ƕʚǫ ʚ˝Ʉ Ǒƨŗʚʯɼƨʌࣘҡ	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�
υ ,ɄțțƨƉʚ ƕŗʚŗ ǑɄɼ ƨŗƉǫ ɄǑ Ӏ ɱƨɄɱțƨࣘ
âƨɼʌɄȳ ࣥ E˥ɱƨɼǶƨȳƉƨ eâ� óŗțŗɼ˦

ࡹ ࢁ ࣖࢁ ࡱࡱࡱࣗࢉ
ࡽ ࢍ ࢁࣖࢁ ࡱࡱࡱࣗࢉ࢙
ࢁ ࡱࡹ ࢁ ࣖࡹ υࡱࡱࡱࣗࢉࡱࡹ İƨ ɼƨɱɼƨʌƨȳʚ ƨŗƉǫ ɱƨɼʌɄȳ ˝Ƕʚǫ ŗ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼࣘɀӊ� � چ ڕ����  ɀӊ� � چ ڕ����  ɀӊ� � ڕ�����چ



âɼƨƕǶƉʚǶɄȳ ɼʯțƨ ǑɄɼȭ ƕƨʚƨɼȭǶȳƨʌ ƕƨʌǶǖȳ ȭŗʚɼǶ˥υ İǫƨȳ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌҡ	ƨ˥ɱƨɼǶƨȳƉƨeâ�
 � Ӊ� � Ӊ�	ƨ˥ɱƨɼǶƨȳƉƨ
 � Ӊ�	eâ�

ʚǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ
ɀɏ � �ƨ˥ɱƨɼǶƨȳƉƨ	ҡڍeâ��
ҡ	ƨ˥ɱƨɼǶƨȳƉƨ�eâ��
���ҡ	ƨ˥ɱƨɼǶƨȳƉƨӀeâ�Ӏ
ڜ � �ڍ ƨ˥ɱƨɼǶƨȳƉƨ� eâ��� ƨ˥ɱƨɼǶƨȳƉƨ� eâ����� ��� ���� ƨ˥ɱƨɼǶƨȳƉƨӀ eâ�Ӏڜ υڙ�Ӊ�Ӊ�Ӊڊ ¥ɄʚǶƉƨ ʚǫŗʚ ʚǫƨ ɼɄ˝ʌ ɄǑ ʚǫƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ ŗɼƨ ʚǫƨ
࣯ʚɼŗȳʌɱɄʌƨƕࣱ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼʌࣗ ˝Ƕʚǫ ŗȳ ŗƕƕǶʚǶɄȳŗț ࡹ Ƕȳ ǑɼɄȳʚࣖ

o

ū

Y l
DesignMatrixTank



¥ɄʚŗʚǶɄȳ ǑɄɼ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳυ İƨ ˝Ƕțț ȳƨƨƕ ʚɄ ȕƨƨɱ ʚɼŗƉȕ ɄǑ ȭʯțʚǶɱțƨࡹ Ǒƨŗʚʯɼƨʌ ǑɄɼ ƨ˙ƨɼ˦
ǶȳƕǶ˙Ƕƕʯŗț Ƕȳ Ʉʯɼ ƕŗʚŗ ʌƨʚࣖυ �ʌ ſƨǑɄɼƨࣗ ʌʯſʌƉɼǶɱʚʌ ƕǶʌʚǶȳǖʯǶʌǫ ſƨʚ˝ƨƨȳ ǶȳƕǶ˙Ƕƕʯŗțʌ Ƕȳ
Ʉʯɼ ƕŗʚŗ ʌƨʚࣖ İƨ ǫŗ˙ƨ Ӏ ǶȳƕǶ˙Ƕƕʯŗțʌ ࣯Ʉɼ ʚɼŗǶȳǶȳǖ
ƨ˥ŗȭɱțƨʌࣱࣖυ óʯɱƨɼʌƉɼǶɱʚʌ ƕǶʌʚǶȳǖʯǶʌǫ ſƨʚ˝ƨƨȳ Ǒƨŗʚʯɼƨʌࣖࡽ İƨ ǫŗ˙ƨ ҷ
Ǒƨŗʚʯɼƨʌࣖυ ƨ˥ɱƨɼǶƨȳƉƨ � ӊ	�
υ eâ� � ӊ	�


yȳࡹ ɱɼŗƉʚǶƉƨࣗ ˝ƨ ȭǶǖǫʚ ʯʌƨ ǫʯȳƕɼƨƕʌ Ʉɼ ƨ˙ƨȳ ʚǫɄʯʌŗȳƕʌ ɄǑ Ǒƨŗʚʯɼƨʌࣖ
ÿǫǶȳȕࡽ ɄǑ ʚǫƨȭ ŗʌ ȳƨ˝ ˙ŗɼǶŗſțƨ ȳŗȭƨʌࣗ ʌʯƉǫ ŗʌ ȳƨ˝ țƨʚʚƨɼʌࣖ
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�ʯǖȭƨȳʚƨƕ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼʌυ ÿǫƨ ŗʯǖȭƨȳʚƨƕ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ �ʯǖ	 ɀӊ
 Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ
ɄſʚŗǶȳƨƕ ſ˦ ŗƕƕǶȳǖ ŗ ࡹ ʚɄ ʚǫƨ ǑɼɄȳʚ ɄǑ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ ɀӊࣘ

ɀӊ � ΊΌ
ӊ	�
ӊ	�

ࣖࣖࣖӊ	ҷ

ΎΎΎΏ �ʯǖ	 ɀӊ
 � ΊΌ

�ӊ	�
ӊ	�

ࣖࣖࣖӊ	ҷ

ΎΎΎΎΎΎΏ

ɀӉ � ΊΌ
Ӊ�Ӊ�Ӊ�
ࣖࣖࣖӉҷ
ΎΎΎΎΎΎΏυ ÿǫƨȳࣗ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ƕʌҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ
� ɀӉ ͥ �ʯǖ	 ɀӊ


es

1



ÿǫƨ ǖƨȳƨɼŗț ɱɼɄſțƨȭυ İƨ ǫŗ˙ƨ Ӏ ƕŗʚŗ ɱɄǶȳʚʌ ࣯Ʉɼ ʚɼŗǶȳǶȳǖ ƨ˥ŗȭɱțƨʌࣱࣘ٥ ɀӊ� Ӌٴ�  Ȫ  ٥ ɀӊӀ ӋӀٴ ˝ǫƨɼƨ ƨŗƉǫ ɀӊһ Ƕʌ ŗ Ǒƨŗʚʯɼƨ ˙ƨƉʚɄɼ ɄǑ ҷ
Ǒƨŗʚʯɼƨʌࣘ ɀӊһ � 
�	ӊڑһӊ	�
һȪӊ	ҷ
һ ڠ

υ İƨ ˝ŗȳʚ ʚɄ ̇ȳƕ ŗ ǖɄɄƕ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣘҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ
� ɀӉ ͥ �ʯǖ	 ɀӊ




ÿǫƨ ǖƨȳƨɼŗț ʌɄțʯʚǶɄȳυ Ďʌƨ ƕƨʌǶǖȳ ȭŗʚɼǶ˥

ұ � �ڐ ӊ	�
� ӊ	�
� Ȫ ӊ	ҷ
�� ӊ	�
� ӊ	�
� Ȫ ӊ	ҷ
���� ��� ��� ���� ӊ	�
Ӏ ӊ	�
Ӏ Ȫ ӊ	ҷ
Ӏ ڟ � 	�ʯǖڍ ɀӊ�
ҭ
�ʯǖ	 ɀӊ�
ҭ���
�ʯǖ	 ɀӊӀ
ҭڜ

ŗȳƕ Ʉſʌƨɼ˙ŗʚǶɄȳ ˙ƨƉʚɄɼ ʚɄ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌұҭұ ɀӉ˶ � ұҭ ɀӋ
ʚɄ ̇ȳƕ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼࣖ

尼rs.nl5⾥
屁on Z's Info



ÿƨɼȭǶȳɄțɄǖ˦ ǑɄɼ ɱŗɼŗȭƨʚƨɼʌυ İǶʚǫ ҷ Ǒƨŗʚʯɼƨʌࣗ ɀӉ ǫŗʌ ҷ � � ƨȳʚɼǶƨʌࣖυ Ӊ� Ƕʌ ʚǫƨ ſǶŗʌࣗ ŗțʌɄ ȕȳɄ˝ȳ ŗʌ ʚǫƨ ǶȳʚƨɼƉƨɱʚࣖυ Ӊ�Ȫ  Ӊҷ ƨŗƉǫ ǖǶ˙ƨ ʚǫƨ ˝ƨǶǖǫʚࣗ Ƕࣖƨࣖ ƉɄƨ˾ƉǶƨȳʚࣗ ɄǑ ŗ
Ǒƨŗʚʯɼƨࣖ ҡ	 ɀӊ
 � Ӊ� � Ӊ�ӊ	�
 � Ȫ � Ӊҷӊ	ҷ


⿄



yȳʚƨɼɱɼƨʚǶȳǖ ɱŗɼŗȭƨʚƨɼʌ



E˥ŗȭɱțƨࣘ ɱɼƨƕǶƉʚǶȳǖ ʌŗțƨʌυ bɄɼ ƨŗƉǫ ɄǑ ࢍࡽ ʌʚɄɼƨʌࣗ ˝ƨ ǫŗ˙ƨࣘυ ȳƨʚ ʌŗțƨʌࣗυ ʌɸʯŗɼƨ Ǒƨƨʚࣗυ Ƕȳ˙ƨȳʚɄɼ ࣗ˦υ ŗƕ˙ƨɼʚǶʌǶȳǖ ƨ˥ɱƨȳƕǶʚʯɼƨࣗυ ƕǶʌʚɼǶƉʚ ʌǶ˲ƨࣗ ŗȳƕυ ȳʯȭſƨɼ ɄǑ ƉɄȭɱƨʚǶȳǖ ʌʚɄɼƨʌࣖυ eɄŗțࣘ ɱɼƨƕǶƉʚ ȳƨʚ ʌŗțƨʌ ǖǶ˙ƨȳ ʚǫƨʌƨ Ǒƨŗʚʯɼƨʌυ ÿɄ ſƨǖǶȳࣘҡ	ʌɸʯŗɼƨ Ǒƨƨʚ ƉɄȭɱƨʚǶʚɄɼʌ
 � Ӊ��Ӊ�	ʌɸʯŗɼƨ Ǒƨƨʚ
�Ӊ�	ƉɄȭɱƨʚǶʚɄɼʌ


想
f

如 如



E˥ŗȭɱțƨࣘ ɱɼƨƕǶƉʚǶȳǖ ʌŗțƨʌ

ҡ	ʌɸʯŗɼƨ Ǒƨƨʚ ƉɄȭɱƨʚǶʚɄɼʌ
 � Ӊ��Ӊ�	ʌɸʯŗɼƨ Ǒƨƨʚ
�Ӊ�	ƉɄȭɱƨʚǶʚɄɼʌ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫŗʚ ˝Ƕțț ſƨ ʚǫƨ ʌǶǖȳ ɄǑ Ӊ�˶ ŗȳƕ Ӊ�˶ࣞ
ŗࣱ Ӊ�˶ � � Ӊ�˶ � ˲
ſࣱ Ӊ�˶ � � Ӊ�˶ � �
Ɖࣱ Ӊ�˶ � ˲ Ӊ�˶ � ˲
ƕࣱ Ӊ�˶ � ˲ Ӊ�˶ � �



E˥ŗȭɱțƨࣘ ɱɼƨƕǶƉʚǶȳǖ ʌŗțƨʌ

ҡ	ʌɸʯŗɼƨ Ǒƨƨʚ ƉɄȭɱƨʚǶʚɄɼʌ
 � Ӊ��Ӊ�	ʌɸʯŗɼƨ Ǒƨƨʚ
�Ӊ�	ƉɄȭɱƨʚǶʚɄɼʌ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫŗʚ ˝Ƕțț ſƨ ʚǫƨ ʌǶǖȳ ɄǑ Ӊ�˶ ŗȳƕ Ӊ�˶ࣞ
ŗࣱ Ӊ�˶ � � Ӊ�˶ � ˲
ſࣱ Ӊ�˶ � � Ӊ�˶ � �
Ɖࣱ Ӊ�˶ � ˲ Ӊ�˶ � ˲
ƕࣱ Ӊ�˶ � ˲ Ӊ�˶ � �

�ƨʚऒʌ ʚɼ˦ Ƕʚ Ʉʯʚ Ʉʯɼʌƨț˙ƨʌࣖ bɄțțɄ˝ ŗțɄȳǖ ǫƨɼƨࣖ

http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec12/lec12.ipynb


İǫǶƉǫ Ǒƨŗʚʯɼƨʌ ŗɼƨ ȭɄʌʚ एǶȭɱɄɼʚŗȳʚऐࣞ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ Ǒƨŗʚʯɼƨ ǫŗʌ ʚǫƨ ǖɼƨŗʚƨʌʚ ƨ˽ƨƉʚ Ʉȳ ʚǫƨ ɄʯʚƉɄȭƨࣞ

ŗࣱ ʌɸʯŗɼƨ Ǒƨƨʚࣘ Ӊ�˶ � ������
ſࣱ ƉɄȭɱƨʚǶʚɄɼʌࣘ Ӊ�˶ � ˲�����
Ɖࣱ Ƕȳ˙ƨȳʚɄɼ˦ࣘ Ӊ�˶ � �����
ƕࣱ ŗƕ˙ƨɼʚǶʌǶȳǖࣘ Ӊ�˶ � ������
ƨࣱ ƕǶʌʚɼǶƉʚ ʌǶ˲ƨࣘ Ӊ�˶ � ������

Ü

utx



İǫǶƉǫ Ǒƨŗʚʯɼƨʌ ŗɼƨ ȭɄʌʚ एǶȭɱɄɼʚŗȳʚऐࣞυ ÿǫƨ ȭɄʌʚ ǶȭɱɄɼʚŗȳʚ Ǒƨŗʚʯɼƨ Ƕʌ ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ʚǫƨ Ǒƨŗʚʯɼƨ
˝Ƕʚǫ țŗɼǖƨʌʚ ˝ƨǶǖǫʚࣖυ bƨŗʚʯɼƨʌ ŗɼƨ ȭƨŗʌʯɼƨƕ Ƕȳ ƕǶ˽ƨɼƨȳʚ ʯȳǶʚʌࣗ ʌƉŗțƨʌࣖυ óʯɱɱɄʌƨ y ̇ʚ Ʉȳƨ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ�ࣗ ˝Ƕʚǫ ʌŗțƨʌ Ƕȳ

ƕɄțțŗɼʌࣗ ŗȳƕ ŗȳɄʚǫƨɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ ҡ�ࣗ ˝Ƕʚǫ ʌŗțƨʌ Ƕȳ
ʚǫɄʯʌŗȳƕʌ ɄǑ ƕɄțțŗɼʌࣖυ óŗțƨʌ Ƕʌ ȍʯʌʚ ŗʌ ǶȭɱɄɼʚŗȳʚ Ƕȳ ſɄʚǫ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌࣖυ $ʯʚ ʚǫƨ ˝ƨǶǖǫʚ ɄǑ ʌŗțƨʌ Ƕȳ ҡ� ˝Ƕțț ſƨ ࡱࡱࡱࡹ ʚǶȭƨʌ
ʌȭŗțțƨɼ ʚǫŗȳ ʚǫƨ ˝ƨǶǖǫʚ ɄǑ ʌŗțƨʌ Ƕȳ ҡ�ࣖυ yȳʚʯǶʚǶ˙ƨ ƨ˥ɱțŗȳŗʚǶɄȳࣘ � � ����� � 	� � ����
 � ��ࣖυ óɄțʯʚǶɄȳࣘ ſƨǑɄɼƨ ƕɄǶȳǖ ɼƨǖɼƨʌʌǶɄȳࣗ ʌʚŗȳƕŗɼƕǶ˲ƨ ƨŗƉǫ

Ǒƨŗʚʯɼƨࣗ Ƕࣖƨࣖ ƉɄȳ˙ƨɼʚ ƨŗƉǫ Ǒƨŗʚʯɼƨ ʚɄ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣖ



óʚŗȳƕŗɼƕ ʯȳǶʚʌυ éƨƉŗțțࣘ ʚɄ ƉɄȳ˙ƨɼʚ ŗ Ǒƨŗʚʯɼƨ ӊ� ӊ� ��� ӊӀ ʚɄ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣗ
˝ƨ ʯʌƨ ʚǫƨ ǑɄɼȭʯțŗӊһ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌ � ӊһ ˲ ğӊӊυ E˥ŗȭɱțƨࣘ ࣗࡹ ࣗ ࣗ υ࢙ ¡ƨŗȳࣘυ óʚŗȳƕŗɼƕ ƕƨ˙ǶŗʚǶɄȳࣘ

υ óʚŗȳƕŗɼƕǶ˲ƨƕ ƕŗʚŗࣘ

忙 㼆 譽
ǘt

Var 本 5年1年1年 垶36 9
8 可巧

毕 永 琴冷 𢏗法 㓵



óʚŗȳƕŗɼƕ ʯȳǶʚʌ ǑɄɼ ȭʯțʚǶɱțƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳυ ÿǫƨ ɼƨʌʯțʚ ɄǑ ʌʚŗȳƕŗɼƕǶ˲Ƕȳǖ ƨŗƉǫ Ǒƨŗʚʯɼƨ ࣯ʌƨɱŗɼŗʚƨț˦ࣱࣛ Ƕʌ
ʚǫŗʚ ʚǫƨ ʯȳǶʚʌ ɄǑ ƨŗƉǫ Ǒƨŗʚʯɼƨ ŗɼƨ Ʉȳ ʚǫƨ ʌŗȭƨ ʌƉŗțƨࣖυ ÿǫƨɼƨऒʌ ȳɄ ȳƨƨƕ ʚɄ ʌʚŗȳƕŗɼƕǶ˲ƨ ʚǫƨ ɄʯʚƉɄȭƨ ࣯ȳƨʚ

ʌŗțƨʌࣱࣗ ʌǶȳƉƨ Ƕʚऒʌ ȳɄʚ ſƨǶȳǖ ƉɄȭɱŗɼƨƕ ʚɄ ŗȳ˦ʚǫǶȳǖࣖυ ÿǫƨȳࣗ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌࣖ ÿǫƨ ɼƨʌʯțʚǶȳǖӉ�˶ Ӊ�˶ Ȫ  Ӊҷ˶ ŗɼƨ Ɖŗțțƨƕ ʚǫƨ ʌʚŗȳƕŗɼƕǶ˲ƨƕ ɼƨǖɼƨʌʌǶɄȳ
ƉɄƨ˾ƉǶƨȳʚʌࣖυ óʚŗȳƕŗɼƕǶ˲ƨƕ ɼƨǖɼƨʌʌǶɄȳ ƉɄƨ˾ƉǶƨȳʚʌ Ɖŗȳ ſƨ ƕǶɼƨƉʚț˦
ƉɄȭɱŗɼƨƕ ʚɄ Ʉȳƨ ŗȳɄʚǫƨɼࣖ

�ƨʚऒʌ ʚɼ˦ Ƕʚ Ʉʯʚ Ƕȳ Ʉʯɼ ƕƨȭɄ ȳɄʚƨſɄɄȕࣖ

http://datahub.ucsd.edu/user-redirect/git-sync?repo=https://github.com/dsc-courses/dsc40a-2023-sp&subPath=resources/lecture/lec12/lec12.ipynb


bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ



çʯƨʌʚǶɄȳࣘ İɄʯțƕ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ˝Ʉɼȕ ˝ƨțț Ʉȳ ʚǫǶʌ
ƕŗʚŗʌƨʚࣞ



� ɸʯŗƕɼŗʚǶƉ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ yʚ țɄɄȕʌ țǶȕƨ ʚǫƨɼƨऒʌ ʌɄȭƨ ʌɄɼʚ ɄǑ ɸʯŗƕɼŗʚǶƉ ɼƨțŗʚǶɄȳʌǫǶɱ
ſƨʚ˝ƨƨȳ ǫɄɼʌƨɱɄ˝ƨɼ ŗȳƕ ȭɱǖ Ƕȳ ʚǫƨ țŗʌʚ ʌƉŗʚʚƨɼ ɱțɄʚࣖ İƨ
˝ŗȳʚ ʚɄ ʚɼ˦ ŗȳƕ ̇ʚ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ�υ ¥Ʉʚƨ ʚǫŗʚ ˝ǫǶțƨ ʚǫǶʌ Ƕʌ ɸʯŗƕɼŗʚǶƉ Ƕȳ ǫɄɼʌƨɱɄ˝ƨɼࣗ Ƕʚ Ƕʌ

țǶȳƨŗɼ Ƕȳ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌࣛυ İƨ Ɖŗȳ ƕɄ ʚǫŗʚࣗ ſ˦ ƉǫɄɄʌǶȳǖ Ʉʯɼ ʚ˝Ʉ एǑƨŗʚʯɼƨʌऐ ʚɄ ſƨ ӊһ
ŗȳƕ ӊ�һ ࣗ ɼƨʌɱƨƉʚǶ˙ƨț ࣖ˦υ yȳ Ʉʚǫƨɼ ˝Ʉɼƕʌࣗ ӊ	�
һ � ӊһ ŗȳƕ ӊ	�
һ � ӊ�һ ࣖυ ¡Ʉɼƨ ǖƨȳƨɼŗțț ࣗ˦ ˝ƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ

ƨ˥ǶʌʚǶȳǖ Ǒƨŗʚʯɼƨʌࣖ



� ɸʯŗƕɼŗʚǶƉ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨυ 6ƨʌǶɼƨƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣘ ҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ�ࣖυ ÿǫƨ ɼƨʌʯțʚǶȳǖ ƕƨʌǶǖȳ ȭŗʚɼǶ˥ țɄɄȕʌ țǶȕƨ ʚǫǶʌࣘ

ұ � �ڎ ӊ� ӊ��� ӊ� ӊ������ ӊӀ ӊ�Ӏڝυ ÿɄ ̇ȳƕ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼ ˙ƨƉʚɄɼ ɀӉ˶ࣘ ʌɄț˙ƨ ʚǫƨ ȳɄɼȭŗț
ƨɸʯŗʚǶɄȳʌࣛ ұҭұӉ˶ � ұҭӋ



¡Ʉɼƨ ƨ˥ŗȭɱțƨʌ

υ İǫŗʚ ǶǑ ˝ƨ ˝ŗȳʚ ʚɄ ʯʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� � Ӊ�ӊ � Ӊ�ӊ� � Ӊ�ӊ�ࣞ
υ İǫŗʚ ǶǑ ˝ƨ ˝ŗȳʚ ʚɄ ʯʌƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ɄǑ ʚǫƨ ǑɄɼȭҡ	ӊ
 � Ӊ� �ӊ� � Ӊ� bBM ӊ � Ӊ�Ҹӊࣞ

1 燚䮾i
意㵘 躢



bƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ

υ ¡Ʉɼƨ ǖƨȳƨɼŗțț ࣗ˦ ˝ƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ ƨ˥ǶʌʚǶȳǖ
ǶȳǑɄɼȭŗʚǶɄȳ Ƕȳ Ʉʯɼ ƕŗʚŗʌƨʚࣖ ÿǫǶʌ ɱɼɄƉƨʌʌ Ƕʌ Ɖŗțțƨƕ Ǒƨŗʚʯɼƨ
ƨȳǖǶȳƨƨɼǶȳǖࣖυ yȳ ʚǫǶʌ Ɖțŗʌʌࣗ Ǒƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖ ˝Ƕțț ȭɄʌʚț˦ ſƨ

ɼƨʌʚɼǶƉʚƨƕ ʚɄ ƉɼƨŗʚǶȳǖ ȳɄȳࣽțǶȳƨŗɼ ǑʯȳƉʚǶɄȳʌ ɄǑ ƨ˥ǶʌʚǶȳǖ
Ǒƨŗʚʯɼƨʌ ࣯ŗʌ Ƕȳ ʚǫƨ ɱɼƨ˙ǶɄʯʌ ƨ˥ŗȭɱțƨࣱࣖυ yȳ ʚǫƨ Ǒʯʚʯɼƨ ˦Ʉʯऒțț țƨŗɼȳ ǫɄ˝ ʚɄ ƕɄ Ʉʚǫƨɼ ʚǫǶȳǖʌࣗ țǶȕƨ
ƨȳƉɄƕƨ ƉŗʚƨǖɄɼǶƉŗț ǶȳǑɄɼȭŗʚǶɄȳࣖ



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ ÿǫƨ ȳɄɼȭŗț ƨɸʯŗʚǶɄȳʌ Ɖŗȳ ſƨ ʯʌƨƕ ʚɄ ʌɄț˙ƨ ʚǫƨ ȭʯțʚǶɱțƨ
țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ ɱɼɄſțƨȭࣗ ˝ǫƨɼƨ ˝ƨ ʯʌƨ ȭʯțʚǶɱțƨ
Ǒƨŗʚʯɼƨʌ ʚɄ ɱɼƨƕǶƉʚ ŗȳ ɄʯʚƉɄȭƨࣖυ İƨ Ɖŗȳ Ƕȳʚƨɼɱɼƨʚ ʚǫƨ ɱŗɼŗȭƨʚƨɼʌ ŗʌ ˝ƨǶǖǫʚʌࣖ ÿǫƨ ʌǶǖȳʌ ɄǑ
˝ƨǶǖǫʚʌ ǖǶ˙ƨ ȭƨŗȳǶȳǖǑʯț ǶȳǑɄɼȭŗʚǶɄȳࣗ ſʯʚ ˝ƨ Ɖŗȳ Ʉȳț˦
ƉɄȭɱŗɼƨ ˝ƨǶǖǫʚʌ ǶǑ Ʉʯɼ Ǒƨŗʚʯɼƨʌ ŗɼƨ ʌʚŗȳƕŗɼƕǶ˲ƨƕࣖυ İƨ Ɖŗȳ Ɖɼƨŗʚƨ ȳɄȳࣽțǶȳƨŗɼ Ǒƨŗʚʯɼƨʌ Ʉʯʚ ɄǑ ƨ˥ǶʌʚǶȳǖ Ǒƨŗʚʯɼƨʌࣖ
ÿǫǶʌ ɱɼɄƉƨʌʌ Ƕʌ Ɖŗțțƨƕ Ǒƨŗʚʯɼƨ ƨȳǖǶȳƨƨɼǶȳǖࣖυ � ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ Ʉȳț˦ ȳƨƨƕʌ ʚɄ ſƨ ŗ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳ ɄǑ

ʚǫƨ ɱŗɼŗȭƨʚƨɼʌ ǑɄɼ ʯʌ ʚɄ ʯʌƨ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳࣖ yʚ
ƕɄƨʌ ȳɄʚ ȳƨƨƕ ʚɄ ſƨ ŗ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳ ɄǑ ʚǫƨ Ǒƨŗʚʯɼƨʌࣖ


