
�ƨƉʚʯɼƨ  ँ éƨǖɼƨʌʌǶɄȳ ŗȳƕ �Ƕȳƨŗɼ �țǖƨſɼŗ

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



�ȳȳɄʯȳƉƨȭƨȳʚʌυ ¡Ƕƕʚƨɼȭ E˥ŗȭ Ʉȳ ÿǫʯɼʌƕŗ˦ ǑɼɄȭ ¡�ࡱࡱࣘࡹࡹ â¡ࣖυࡱࢁࣘࡽࣽࡹ éƨȭɄʚƨ Ʉȳ eɼŗƕƨʌƉɄɱƨࣖυ �ſʌɄțʯʚƨț˦ ȳɄ ƉɄțțŗſɄɼŗʚǶɄȳࣖυ ¡ŗȕƨ ʌʯɼƨ ʚɄ ɼƨŗƕ
ǫʚʚɱʌࣩࣩࣘ Ɖŗȭɱʯʌ˝ǶɼƨࣖƉɄȭࣩƉࣩebࡽ$ࢁ6ࡽEࣩǑƨƨƕࣩࢅࡽ ǑɄɼ
ŗțț ʚǫƨ ƕƨʚŗǶțʌࣖυ éƨ˙Ƕƨ˝ ʌƨʌʌǶɄȳ ʚɄƕŗ˦ ǑɼɄȭ ¡âࣽࢉ Ƕȳ âƨɱɱƨɼ ,ŗȳ˦Ʉȳ υ࢙ࣖࡱࡹ $ɼǶƨǑ ƉɄȳƉƨɱʚʯŗț Ʉ˙ƨɼ˙Ƕƨ˝ࣗ ŗʌ ˝ƨțț ŗʌ ɼƨ˙Ƕƨ˝ ɄǑ
pɄȭƨ˝Ʉɼȕʌ υࣖࢁࣽࡹ İǶțț ſƨ ɱɄƕƉŗʌʚƨƕࣖυ âțƨŗʌƨ ̇țț Ʉʯʚ óʯɼ˙ƨ˦ υࣛࢁ İǶțț ƉțɄʌƨ ʚɄȭɄɼɼɄ˝ ȳǶǖǫʚࣖυ ÿǫƨ ¶p ʌƉǫƨƕʯțƨ Ƕʌ ȳɄ˝ ʯɱƕŗʚƨƕࣙ ˝ƨ ǫŗ˙ƨ ȭŗȳ˦ ȭɄɼƨ ¶p

Ʉȳ ÿʯƨʌƕŗ˦ ŗȳƕ İƨƕȳƨʌƕŗ ࣗ˦ ŗȳƕ ȳɄ ¶p Ʉȳ ÿǫʯɼʌƕŗ˦ Ʉɼ
bɼǶƕŗ ࣖ˦ 6ǶʌƉʯʌʌǶɄȳ Ƕʌ ɼƨɱțŗƉƨƕ ˝Ƕʚǫ Ʉ˾Ɖƨ ǫɄʯɼʌࣖ



¡Ƕƕʚƨɼȭ ɱɼƨɱŗɼŗʚǶɄȳυ éƨ˙Ƕƨ˝ ʚǫƨ ʌɄțʯʚǶɄȳʌ ʚɄ ɱɼƨ˙ǶɄʯʌ ǫɄȭƨ˝Ʉɼȕʌ ŗȳƕ
ǖɼɄʯɱ˝Ʉɼȕʌࣖυ pɄȭƨ˝Ʉɼȕ ࢁ ʌɄțʯʚǶɄȳʌ ŗɼƨ ȳɄ˝ ʯɱࣖυ yƕƨȳʚǶǑ˦ ˝ǫǶƉǫ ƉɄȳƉƨɱʚʌ ŗɼƨ ʌʚǶțț Ƕ˽ ࣖ˦ éƨࣽ˝ŗʚƉǫ țƨƉʚʯɼƨࣗ
ɱɄʌʚ Ʉȳ ,ŗȭɱʯʌ˝Ƕɼƨࣗ ƉɄȭƨ ʚɄ Ʉ˾Ɖƨ ǫɄʯɼʌࣖυ �ɄɄȕ ŗʚ ʚǫƨ ɱŗʌʚ ƨ˥ŗȭʌ ŗʚ
JVVRU���FUEՖՒC�EQO�TGUQWTEGUࣖυ İŗțȕʚǫɼɄʯǖǫ ƨ˥Ƕʌʚʌ ǑɄɼ óâࣖࡱࡽυ óʚʯƕ˦ Ƕȳ ǖɼɄʯɱʌࣖυ ¡ŗȕƨ ŗ एƉǫƨŗʚ ʌǫƨƨʚऐࣖ



�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˝



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

G-J =L-7+21-17+310)
a-=/ ';) E- (F) =7t=s



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



¡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
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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
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࡽࡽ  ࢍࡽ ࣖ

-

jAtAvni
lxn him mxn

¥g,
→ ""It is / by ,

(scalar) !



¡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

Amxn In × , → result
m× ,



¡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 ȕǶȳƕ ɄǑ țǶȕƨ ʚǫƨ ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ țƨȳǖʚǫ ɄǑ ŗ ˙ƨƉʚɄɼࣛ

Two +Wi ✗i

HÑ / I
'

= J -J = Viv , tvz . v2 + v3
- v
,
+ - - . tvnivn

= 42+4 't - - .+ un
'

= Évi '
i=i



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

ii.¥1
→ ñ=f¥¥Y

a xn)

9 ,
- Hla)

é=(y . - Had |é=y:
yn - Han)
]



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 ƨɼɼɄɼʌࣖυ İƨ Ɖŗȳ ɼƨ˝ɼǶʚƨ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ŗʌࣘҫʌɸ	ҡ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ҡ	ӊһ

� � �Ӏ]] ɀҸ]]� � �Ӏ]] ɀӋ ˲ ɀɏ]]��

y,
- Hcx,)

I = (yz- Hcxz)):
yn - Hlxn)

VIII. i.i

-



ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼυ ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɀɏ ˨ ɖӀ ˝Ƕʚǫ
ƉɄȭɱɄȳƨȳʚʌ ҡ	ӊһ
ࣖ ÿǫǶʌ Ƕʌ ʚǫƨ ˙ƨƉʚɄɼ ɄǑ ɱɼƨƕǶƉʚƨƕ ˙ŗțʯƨʌࣖυ ÿǫƨ ǫ˦ɱɄʚǫƨʌǶʌ ˙ƨƉʚɄɼ ɀɏ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ

ɀɏ � 
�ӊ	ҡڍҡ	ӊ�
�ҡ	ӊӀ
ڜ � ڍ
Ӊ� � Ӊ�ӊ�Ӊ� � Ӊ�ӊ��Ӊ� � Ӊ�ӊӀڜ � [⇒: : :

E

I ✗n Ñ

✗ i
Ñ=✗Ñ parameter

→ vector

design matrix



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

Rlwno, w,) §,

Gi- lwotw,Xi))
'

ewt
>

é



¡ƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ɼƨǑɄɼȭʯțŗʚƨƕυ $ƨǑɄɼƨࣗ Ʉʯɼ ǖɄŗț ˝ŗʌ ʚɄ ̇ȳƕ ʚǫƨ ˙ŗțʯƨʌ ɄǑ Ӊ� ŗȳƕ Ӊ� ʚǫŗʚ
ȭǶȳǶȭǶ˲ƨ ҫӅӃ	Ӊ� Ӊ�
 � �Ӏ Ӏذһ�� ٥Ӌһ ˲ 	Ӊ� � Ӊ�ӊһ
�υٴ ÿǫƨ ɼƨʌʯțʚʌࣘӉ�˶ � ˱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˙ŗțƨȳʚ=ࣖ



óɱɄǶțƨɼ ŗțƨɼʚࣖࣖࣖ

υ 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 ȳɄʚƨſɄɄȕࣖυ ÿǫƨȳ ˝ƨऒțț ɱɼɄ˙ƨ Ƕʚ Ʉʯɼʌƨț˙ƨʌ ſ˦ ǫŗȳƕࣖ

ŗʌʌʯȭǶȳǖࡹ ұҭұ Ƕʌ Ƕȳ˙ƨɼʚǶſțƨ



¡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



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

[
function of a vector



� 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

-

a. Cñ) ñ=[I;]
Rsq(Wo, w,)



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
← w



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
ࣞ
f-(E) = I -I = 9,4 tazxztazxzt. . - tank

3×4--9 ÷*=f÷¥:| -1¥:| :?¥=az
3¥

:

2¥ -_ an ÷ñ.ñ=ñ



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
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࡽࡽ  ࢍࡽ ࣖ

110112=7 - i. =JTJ

•



éƨ˝ɼǶʚǶȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼҫʌɸ	 ɀӉ
 � �ӀȠ ɀӋ ˲ ұ ɀӉȠ� =÷(j-xwY(j-✗ñ)
(AB)
'

=L ( 5 ' - (ki)')(j - XE ) y
=D
>AT

-
- f- (y-tj-y-t-w-xw-ji-lxwixwt-I.ly'j -21×-51 .ñ+ñ

- ✗
'Xñ)/
v

y→✗ñ=(✗
'g)
'
at -- (Kj) - ñ

w→X'Xñ
(xñij=ñµj)=w.(xj) -

=(nij) - in
✗

(fixed after lecture)



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
-

← (ki )'j=ñ'✗j ← simdfe

(ADF.BA
' =(ÑY(✗'j )

- vi. (Nj)
=Ñy.ñ



,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
= d-[o - 2×15 + 2✗'✗ ñ] = 0

- 2✗Tj + 2×-1×5 =0

✗'✗ñ=X(



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

Añ=b



óǶƕƨ ȳɄʚƨ ः ŗȳɄʚǫƨɼ ɱɼɄɄǑ

υ İƨ ʌƨʚ Ʉʯʚ ʚɄ ȭǶȳǶȭǶ˲ƨҫӅӃ	 ɀӉ
 � �Ӏ]] ɀӋ ˲ ұ ɀӉ]]�υ İƨ ƕǶƕ Ƕʚ ʯʌǶȳǖ ȭʯțʚǶ˙ŗɼǶŗſțƨ ƉŗțƉʯțʯʌࣖυ ÿǫƨɼƨऒʌ ŗȳɄʚǫƨɼ ɱɼɄɄǑ ɄǑ ʚǫǶʌ ʌŗȭƨ ǑŗƉʚ ʚǫŗʚ ɼƨțǶƨʌ Ʉȳ
ȕȳɄ˝țƨƕǖƨ ɄǑ țǶȳƨŗɼ ɱɼɄȍƨƉʚǶɄȳʌࣖ İƨ ˝Ƕțț ȳɄʚ ƉɄ˙ƨɼ Ƕʚ Ƕȳ
Ɖțŗʌʌ ŗȳƕ ˦Ʉʯ ŗɼƨ ȳɄʚ ɼƨʌɱɄȳʌǶſțƨ ǑɄɼ Ƕʚࣗ ſʯʚ ˦Ʉʯ Ɖŗȳ
˝ŗʚƉǫ ˙ǶƕƨɄ ࢅࣖࢁࡹ ǫƨɼƨ ǶǑ ˦Ʉʯऒɼƨ ƉʯɼǶɄʯʌࣘ
JVVR���FUՓՒՒ�QTI�UWՔՒ�NGEVWTG�NGEՓՕ�ࣖ



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 � ұҭӋࣖυ ,țɄʌƨƕࣽǑɄɼȭ ʌɄțʯʚǶɄȳࣘɀӉ˶ � 	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�
ࣖ


