
�ƨƉʚʯɼƨ ࡽ ँ ¡ǶȳǶȭǶ˲Ƕȳǖ ¡ƨŗȳ �ſʌɄțʯʚƨ EɼɼɄɼ

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



�ȳȳɄʯȳƉƨȭƨȳʚʌυ �ɄɄȕ ŗʚ ʚǫƨ ɼƨŗƕǶȳǖʌ țǶȳȕƨƕ Ʉȳ ʚǫƨ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨࣛυ pɄȭƨ˝Ʉɼȕ ࡹ Ƕʌ Ʉʯʚ ŗȳƕ Ƕʌ ƕʯƨ Ʉȳ ¡Ʉȳƕŗ ࣗ˦ ࢅࣩࡱࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ óʯɼ˙ƨ˦ ࡹ ˝Ƕțț ƉɄȭƨ Ʉʯʚ Ʉȳ ÿǫʯɼʌƕŗ˦ ŗǒʚƨɼ țƨƉʚʯɼƨ ŗȳƕ
˝Ƕțț ſƨ ƕʯƨ ˝Ƕʚǫ ʚǫƨ ǫɄȭƨ˝Ʉɼȕࣖυ eɼɄʯɱ˝Ʉɼȕ ࡹ Ƕʌ Ʉʯʚ ŗȳƕ Ƕʌ ƕʯƨ Ʉȳ ÿǫʯɼʌƕŗ ࣗ˦ ࡱࢁࣩࡱࡹ ŗʚ

ɱȭࣖυ࢙ࢉࣘࡹࡹ ,Ʉȭƨ ʚɄ ƕǶʌƉʯʌʌǶɄȳ ʚɄȭɄɼɼɄ˝ ʚɄ ˝Ʉɼȕ Ʉȳ ǖɼɄʯɱ˝Ʉɼȕࣛυ óƨƨ ,ŗțƨȳƕŗɼ Ʉȳ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨ ǑɄɼ Ʉ˾Ɖƨ ǫɄʯɼʌ țɄƉŗʚǶɄȳʌ
ŗȳƕ ńɄɄȭ țǶȳȕʌࣖυ yȳࣽɱƨɼʌɄȳ Ʉ˾Ɖƨ ǫɄʯɼʌ ŗɼƨ ȳɄ˝ Ƕȳ ó6ó,ࣖ

%



�ǖƨȳƕŗ

ࣖࡹ éƨƉŗɱ ǑɼɄȭ �ƨƉʚʯɼƨ ࡹ ँ țƨŗɼȳǶȳǖ ǑɼɄȭ ƕŗʚŗࣖ

ࣖࡽ ¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣖ

ࣖࢁ yƕƨȳʚǶǑ˦Ƕȳǖ ŗȳɄʚǫƨɼ ƉǫɄǶƉƨ ɄǑ ƨɼɼɄɼࣖ



éƨƉŗɱ ǑɼɄȭ �ƨƉʚʯɼƨ ࡹ ँ țƨŗɼȳǶȳǖ ǑɼɄȭ ƕŗʚŗ



�ŗʌʚ ʚǶȭƨυ çʯƨʌʚǶɄȳࣘ pɄ˝ ƕɄ ˝ƨ ʚʯɼȳ ʚǫƨ ɱɼɄſțƨȭ ɄǑ țƨŗɼȳǶȳǖ ǑɼɄȭ
ƕŗʚŗ ǶȳʚɄ ŗ ȭŗʚǫ ɱɼɄſțƨȭࣞυ �ȳʌ˝ƨɼࣘ ÿǫɼɄʯǖǫ ɄɱʚǶȭǶ˲ŗʚǶɄȳࣖ



� ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼυ İƨ ǫŗ˙ƨ ƕŗʚŗࣘ����� ����� ����� ������ ������υ óʯɱɱɄʌƨ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ Ƕʌ ɏࣖυ ÿǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ɄǑ Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ Ƕʌࣘҫ	ɏ
 ���٦]����� ˲ ɏ] � ]����� ˲ ɏ] � ]����� ˲ ɏ]� ]������ ˲ ɏ] � ]������ ˲ ɏ]ٵ
I t t

T

T T

/ actual - prediction /



¡ŗȳ˦ ɱɄʌʌǶſțƨ ɱɼƨƕǶƉʚǶɄȳʌυ �ŗʌʚ ʚǶȭƨࣗ ˝ƨ ƉɄȳʌǶƕƨɼƨƕ ǑɄʯɼ ɱɄʌʌǶſțƨ ǫ˦ɱɄʚǫƨʌƨʌ ǑɄɼ
Ǒʯʚʯɼƨ ʌŗțŗɼ ࣗ˦ ŗȳƕ ƉɄȭɱʯʚƨƕ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ɄǑ
ƨŗƉǫࣖυ ɏ� � ������ Д ҫ	������
 � �����υ ɏ� � ������ Д ҫ	������
 � �����υ ɏ� � ȭƨŗȳ � ������ Д ҫ	������
 � �����υ ɏ� � ȭƨƕǶŗȳ � ����� Д ҫ	�����
 � �����υ ¶Ǒ ʚǫƨʌƨ ǑɄʯɼ ɄɱʚǶɄȳʌࣗ ʚǫƨ ȭƨƕǶŗȳ ǫŗʌ ʚǫƨ țɄ˝ƨʌʚ ¡�Eࣖ $ʯʚ
Ƕʌ Ƕʚ ʚǫƨ ſƨʌʚ ɱɄʌʌǶſțƨ ɱɼƨƕǶƉʚǶɄȳ Ʉ˙ƨɼŗțțࣞQ



� ǐƣȩƣɮŗȑ ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼυ óʯɱɱɄʌƨ ˝ƨ ƉɄțțƨƉʚ Ӏ ʌŗțŗɼǶƨʌࣗ Ӌ� Ӌ� Ȫ  ӋӀࣖυ ÿǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ɄǑ ʚǫƨ ɱɼƨƕǶƉʚǶɄȳ ɏ Ƕʌࣘ
υ ¶ɼࣗ ʯʌǶȳǖ ʌʯȭȭŗʚǶɄȳ ȳɄʚŗʚǶɄȳࣘ

R (h) = d- ① Y, - h / + lyz- h / + . . . + I yn
- h I]

R Ch) = ÷ É
,

lyi - h / =÷ § 1h - y :|



ÿǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳυ İƨ ˝ŗȳʚ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳࣗ ɏ˶ࣖυ ÿǫƨ ʌȭŗțțƨɼ ҫ	ɏ
ࣗ ʚǫƨ ſƨʚʚƨɼ ɏࣖυ eɄŗțࣘ ̇ȳƕ ɏ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌ ҫ	ɏ
ࣖ
6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ŗȳ ˝ƨ ʯʌƨ ƉŗțƉʯțʯʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ҫࣞ



¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ



¡ǶȳǶȭǶ˲Ƕȳǖ ˝Ƕʚǫ ƉŗțƉʯțʯʌυ ,ŗțƉʯțʯʌࣘ ʚŗȕƨ ƕƨɼǶ˙ŗʚǶ˙ƨ ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ɏࣗ ʌƨʚ ƨɸʯŗț ʚɄ
˲ƨɼɄࣗ ʌɄț˙ƨࣖ

① hlx)=ftx)+g( x ) ⇒ n'(x) = fix)+gYx)

① hlx)=cffx) ⇒ h'a) = of '(x)

Rch)=tnÉ
,

/yi- h /

R'Ch) -_÷i§¥ly



¡ǶȳǶȭǶ˲Ƕȳǖ ˝Ƕʚǫ ƉŗțƉʯțʯʌυ ,ŗțƉʯțʯʌࣘ ʚŗȕƨ ƕƨɼǶ˙ŗʚǶ˙ƨ ˝Ƕʚǫ ɼƨʌɱƨƉʚ ʚɄ ɏࣗ ʌƨʚ ƨɸʯŗț ʚɄ
˲ƨɼɄࣗ ʌɄț˙ƨࣖ

ffx) =/✗ I

¥-1✗= 0



Ďǫ Ʉǫࣖࣖࣖυ ҫ Ƕʌ ȳɄʚ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣖυ İƨ Ɖŗȳऒʚ ʯʌƨ ƉŗțƉʯțʯʌ ʚɄ ȭǶȳǶȭǶ˲ƨ Ƕʚࣖυ �ƨʚऒʌ ʚɼ˦ ɱțɄʚʚǶȳǖ ҫ	ɏ
 Ƕȳʌʚƨŗƕࣖ



âțɄʚʚǶȳǖ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ

0
T

- slope changes where the original data points
are

- a bunch of line segments



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

� țɄƉŗț ȭǶȳǶȭʯȭ ɄƉƉʯɼʌ ˝ǫƨȳ ʚǫƨ ʌțɄɱƨ ǖɄƨʌ ǑɼɄȭ
ࣖ óƨțƨƉʚ ŗțț ʚǫŗʚ ŗɱɱț ࣖ˦

�ࣱ ɱɄʌǶʚǶ˙ƨ ʚɄ ȳƨǖŗʚǶ˙ƨ
$ࣱ ȳƨǖŗʚǶ˙ƨ ʚɄ ɱɄʌǶʚǶ˙ƨ
,ࣱ ɱɄʌǶʚǶ˙ƨ ʚɄ ˲ƨɼɄࣖ
6ࣱ ȳƨǖŗʚǶ˙ƨ ʚɄ ˲ƨɼɄࣖ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࢅࢅࡹࢅ ࣖࢉࢁ࢙

←
H

o
④

④¥ ②T



eɄŗț

υ bǶȳƕ ˝ǫƨɼƨ ʌțɄɱƨ ɄǑ ҫ ǖɄƨʌ ǑɼɄȭ ȳƨǖŗʚǶ˙ƨ ʚɄ ȳɄȳࣽȳƨǖŗʚǶ˙ƨࣖυ İŗȳʚ ŗ ǑɄɼȭʯțŗ ǑɄɼ ʚǫƨ ʌțɄɱƨ ɄǑ ҫ ŗʚ ɏࣖ
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Ooo
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óʯȭʌ ɄǑ țǶȳƨŗɼ ǑʯȳƉʚǶɄȳʌυ �ƨʚ ҹ�	ӊ
 � �ӊ � � ҹ�	ӊ
 � �ӊ ˲ � ҹ�	ӊ
 � ˲�ӊ ˲ �υ İǫŗʚ Ƕʌ ʚǫƨ ʌțɄɱƨ ɄǑ ҹ	ӊ
 � ҹ�	ӊ
 � ҹ�	ӊ
 � ҹ�	ӊ
ࣞ
f-G) = (3×+5×-2×1

+ C

ffx) = 6✗ + c

slope = fax)=④



�ſʌɄțʯʚƨ ˙ŗțʯƨ ǑʯȳƉʚǶɄȳʌ
éƨƉŗțțࣗ ҹ	ӊ
 � ]ӊ ˲ Ҵ] Ƕʌ ŗȳ ŗſʌɄțʯʚƨ ˙ŗțʯƨ ǑʯȳƉʚǶɄȳ Ɖƨȳʚƨɼƨƕ ŗʚӊ � Ҵࣖ
1×-21

µ



óʯȭʌ ɄǑ ŗſʌɄțʯʚƨ ˙ŗțʯƨʌυ �ƨʚ ҹ�	ӊ
 � ]ӊ ˲ �] ҹ�	ӊ
 � ]ӊ � �] ҹ�	ӊ
 � ]ӊ ˲ �]υ İǫŗʚ Ƕʌ ʚǫƨ ʌțɄɱƨ ɄǑ ҹ	ӊ
 � ҹ�	ӊ
 � ҹ�	ӊ
 � ҹ�	ӊ
ࣞ
:f÷-
2 CXC3 I

1 I

I
'

l

I ' l
l l

l



T.IT/YBe- 1×+11+1×-21 +1×-31
- I LXC 2 - I

2 CXC3 I

✗> 3 3

1 i



ÿǫƨ ʌțɄɱƨ ɄǑ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼҫ	ɏ
 Ƕʌ ŗ ʌʯȭ ɄǑ ŗſʌɄțʯʚƨ ˙ŗțʯƨ ǑʯȳƉʚǶɄȳʌ ࣯ʚǶȭƨʌ �Ӏ ࣱࣘҫ	ɏ
 � �Ӏ ٥]ɏ ˲ Ӌ�] � ]ɏ ˲ Ӌ�] � Ȫ � ]ɏ ˲ ӋӀ]ٴFfta > b
,

I-21=-1-2) or

a =b
,
or=÷É

,

1h -gil ⇐
= :-[Eth-yi / + Eth -yi / + Eth- yil]

yich yi=h yish

= :-[ Eth-yi ) +E- Ch -y;) ]yich yi> h

slope of Rat h=h-[§n1+ { C-1) ]gish



ÿǫƨ ʌțɄɱƨ ɄǑ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ
ÿǫƨ ʌțɄɱƨ ɄǑ ҫ ŗʚ ɏ Ƕʌࣘ�Ӏ ͥ ࣯ࣥڃ ɄǑ Ӌһऒʌ � ɏࣱ ࣽ ࣯ࣥ ɄǑ Ӌһऒʌ � ɏࣱڒ ¥1

€96000 ch < 120000
94000<4296000 Slope = } [3-2)

=}
slope= .fi?2-5---s-



İǫƨɼƨ ʚǫƨ ʌțɄɱƨऒʌ ʌǶǖȳ Ɖǫŗȳǖƨʌ

ÿǫƨ ʌțɄɱƨ ɄǑ ҫ ŗʚ ɏ Ƕʌࣘ�Ӏ ͥ ࣯ࣥڃ ɄǑ Ӌһऒʌ � ɏࣱ ࣽ ࣯ࣥ ɄǑ Ӌһऒʌ � ɏࣱڒ
6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

óʯɱɱɄʌƨ ʚǫŗʚ Ӏ Ƕʌ Ʉƕƕࣖ �ʚ ˝ǫŗʚ ˙ŗțʯƨ ɄǑ ɏ ƕɄƨʌ ʚǫƨ
ʌțɄɱƨ ɄǑ ҫ ǖɄ ǑɼɄȭ ȳƨǖŗʚǶ˙ƨ ʚɄ ȳɄȳࣽȳƨǖŗʚǶ˙ƨࣞ

�ࣱ ɏ � ȭƨŗȳ ɄǑ Ӌ� Ȫ  ӋӀ
$ࣱ ɏ � ȭƨƕǶŗȳ ɄǑ Ӌ� Ȫ  ӋӀ
,ࣱ ɏ � ȭɄƕƨ ɄǑ Ӌ� Ȫ  ӋӀ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࢅࢅࡹࢅ ࣖࢉࢁ࢙

→

not defined when

h=yi ! ! !

* -2)



ÿǫƨ ȭƨƕǶŗȳ ȭǶȳǶȭǶ˲ƨʌ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ
˝ǫƨȳ Ӏ Ƕʌ Ʉƕƕ
υ ¶ʯɼ ɱɼɄſțƨȭ ˝ŗʌࣘ ̇ȳƕ ɏ˶ ˝ǫǶƉǫ ȭǶȳǶȭǶ˲ƨʌ ʚǫƨ ȭƨŗȳ
ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ҫ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]ࣖυ İƨ ȍʯʌʚ ƕƨʚƨɼȭǶȳƨƕ ʚǫŗʚ ˝ǫƨȳ Ӏ Ƕʌ Ʉƕƕࣗ ʚǫƨ ŗȳʌ˝ƨɼ Ƕʌ
¡ƨƕǶŗȳ	Ӌ� Ȫ  ӋӀ
ࣖ ÿǫǶʌ Ƕʌ ſƨƉŗʯʌƨ ʚǫƨ ȭƨƕǶŗȳ ǫŗʌ ŗȳ
ƨɸʯŗț ȳʯȭſƨɼ ɄǑ ɱɄǶȳʚʌ ʚɄ ʚǫƨ țƨǒʚ ɄǑ Ƕʚ ŗȳƕ ʚɄ ʚǫƨ ɼǶǖǫʚ ɄǑ
Ƕʚࣖυ $ʯʚ ˝ŗǶʚ ः ˝ǫŗʚ ǶǑ Ӏ Ƕʌ ƨ˙ƨȳࣞ



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ɄȳʌǶƕƨɼ ŗǖŗǶȳ Ʉʯɼ ƨ˥ŗȭɱțƨ ƕŗʚŗʌƨʚ ɄǑ ࢉ ʌŗțŗɼǶƨʌࣖ����� ����� ����� ������ ������
óʯɱɱɄʌƨ ˝ƨ ƉɄțțƨƉʚ ŗ ʚǫࢍ ʌŗțŗɼ ࣗ˦ ʌɄ ʚǫŗʚ Ʉʯɼ ƕŗʚŗ Ƕʌ ȳɄ˝����� ����� ����� ������ ������ ������
İǫǶƉǫ ɄǑ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ ƉɄɼɼƨƉʚț˦ ƕƨʌƉɼǶſƨʌ ʚǫƨ ɏ˶ ʚǫŗʚ
ȭǶȳǶȭǶ˲ƨʌ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ǑɄɼ Ʉʯɼ ȳƨ˝ ƕŗʚŗʌƨʚࣞ
�ࣱ ࡱࡱࡱࣗࢍ࢙ Ʉȳț˦
$ࣱ ࡱࡱࡱࣗࡱࡹ Ʉȳț˦
,ࣱ ࡱࡱࡱࣗࡽࡱࡹ Ʉȳț˦
6ࣱ �ȳ˦ ˙ŗțʯƨ ſƨʚ˝ƨƨȳ ࡱࡱࡱࣗࢍ࢙ ŗȳƕ ࣗࡱࡱࡱࣗࡱࡹ ǶȳƉțʯʌǶ˙ƨ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࢅࢅࡹࢅ ࣖࢉࢁ࢙

0



âțɄʚʚǶȳǖ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ˝Ƕʚǫ ŗȳ ƨ˙ƨȳ
ȳʯȭſƨɼ ɄǑ ƕŗʚŗ ɱɄǶȳʚʌ

υ İǫŗʚ ƕɄ ˦Ʉʯ ȳɄʚǶƉƨࣞ

neg
→
°

i.
to→ pus



ÿǫƨ ȭƨƕǶŗȳ ȭǶȳǶȭǶ˲ƨʌ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼυ ¶ʯɼ ɱɼɄſțƨȭ ˝ŗʌࣘ ̇ȳƕ ɏ˶ ˝ǫǶƉǫ ȭǶȳǶȭǶ˲ƨʌ ʚǫƨ ȭƨŗȳ
ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ҫ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]ࣖυ éƨǖŗɼƕțƨʌʌ ɄǑ ǶǑ Ӏ Ƕʌ Ʉƕƕ Ʉɼ ƨ˙ƨȳࣗ ʚǫƨ ŗȳʌ˝ƨɼ Ƕʌɏ˶ � ¡ƨƕǶŗȳ	Ӌ� Ȫ  ӋӀ
ࣖ ÿǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳࣗ Ƕȳ ʚƨɼȭʌ ɄǑ
ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ Ƕʌ ʚǫƨ ȭƨƕǶŗȳࣖυ İǫƨȳ Ӏ Ƕʌ Ʉƕƕࣗ ʚǫǶʌ ŗȳʌ˝ƨɼ Ƕʌ ʯȳǶɸʯƨࣖυ İǫƨȳ Ӏ Ƕʌ ƨ˙ƨȳࣗ ŗȳ˦ ȳʯȭſƨɼ ſƨʚ˝ƨƨȳ ʚǫƨ ȭǶƕƕțƨ ʚ˝Ʉ

ƕŗʚŗ ɱɄǶȳʚʌ ŗțʌɄ ȭǶȳǶȭǶ˲ƨʌ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣖυ İƨ ƕƨ̇ȳƨ ʚǫƨ ȭƨƕǶŗȳ ɄǑ ŗȳ ƨ˙ƨȳ ȳʯȭſƨɼ ɄǑ ƕŗʚŗ
ɱɄǶȳʚʌ ʚɄ ſƨ ʚǫƨ ȭƨŗȳ ɄǑ ʚǫƨ ȭǶƕƕțƨ ʚ˝Ʉ ƕŗʚŗ ɱɄǶȳʚʌࣖ



yƕƨȳʚǶǑ˦Ƕȳǖ ŗȳɄʚǫƨɼ ʚ˦ɱƨ ɄǑ ƨɼɼɄɼ



ÿ˝Ʉ ʚǫǶȳǖʌ ˝ƨ ƕɄȳऒʚ țǶȕƨ

ࣖࡹ ¡ǶȳǶȭǶ˲Ƕȳǖ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ˝ŗʌȳऒʚ ʌɄ ƨŗʌ ࣖ˦

ࣖࡽ �Ɖʚʯŗțț˦ ƉɄȭɱʯʚǶȳǖ ʚǫƨ ȭƨƕǶŗȳ Ƕʌȳऒʚ ʌɄ ƨŗʌ ࣗ˦ ƨǶʚǫƨɼࣖυ çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳɄʚǫƨɼ ˝ŗ˦ ʚɄ ȭƨŗʌʯɼƨ ʚǫƨ ɸʯŗțǶʚ˦ ɄǑ
ŗ ɱɼƨƕǶƉʚǶɄȳ ʚǫŗʚ ŗ˙ɄǶƕʌ ʚǫƨʌƨ ɱɼɄſțƨȭʌࣞ



ÿǫƨ ȭƨŗȳ ƨɼɼɄɼ Ƕʌ ȳɄʚ ƕǶ˽ƨɼƨȳʚǶŗſțƨυ İƨ Ɖŗȳऒʚ ƉɄȭɱʯʚƨ ҷҷɏ ]Ӌһ ˲ ɏ]ࣖυ éƨȭƨȭſƨɼࣘ ]Ӌһ ˲ ɏ] ȭƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ɏ Ƕʌ ǑɼɄȭ Ӌһࣖυ yʌ ʚǫƨɼƨ ʌɄȭƨʚǫǶȳǖ ſƨʌǶƕƨʌ ]Ӌһ ˲ ɏ] ˝ǫǶƉǫࣘ
ࣖࡹ ¡ƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ɏ Ƕʌ ǑɼɄȭ Ӌһࣗ ŗȩƐ
ࣖࡽ Ƕʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣞ



ÿǫƨ ȭƨŗȳ ƨɼɼɄɼ Ƕʌ ȳɄʚ ƕǶ˽ƨɼƨȳʚǶŗſțƨυ İƨ Ɖŗȳऒʚ ƉɄȭɱʯʚƨ ҷҷɏ ]Ӌһ ˲ ɏ]ࣖυ éƨȭƨȭſƨɼࣘ ]Ӌһ ˲ ɏ] ȭƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ɏ Ƕʌ ǑɼɄȭ Ӌһࣖυ yʌ ʚǫƨɼƨ ʌɄȭƨʚǫǶȳǖ ſƨʌǶƕƨʌ ]Ӌһ ˲ ɏ] ˝ǫǶƉǫࣘ
ࣖࡹ ¡ƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ɏ Ƕʌ ǑɼɄȭ Ӌһࣗ ŗȩƐ
ࣖࡽ Ƕʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣞ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨʌƨ ˝Ʉʯțƕ ˝Ʉɼȕࣞ

ŗࣱ Ҹ]Ӌһ˲ɏ] ſࣱ ]Ӌһ ˲ ɏ]�
Ɖࣱ ]Ӌһ ˲ ɏ]� ƕࣱ ƉɄʌ	Ӌһ ˲ ɏ


diff .

② not diff

⑦

#
-

- ② ④ lyi-hi:-(yi-hi



ÿǫƨ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ �ƨʚ ɏ ſƨ ŗ ɱɼƨƕǶƉʚǶɄȳ ŗȳƕ Ӌ ſƨ ʚǫƨ ɼǶǖǫʚ ŗȳʌ˝ƨɼࣖ ÿǫƨ
ʌɸʯŗɼƨƕ ƨɼɼɄɼ Ƕʌࣘ ]Ӌ ˲ ɏ]� � 	Ӌ ˲ ɏ
�υ �Ƕȕƨ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ȭƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ɏ Ƕʌ ǑɼɄȭ Ӌࣖυ $ʯʚ ʯȳțǶȕƨ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ʚǫƨ ʌɸʯŗɼƨƕ ƨɼɼɄɼ Ƕʌ
ƕǶ˽ƨɼƨȳʚǶŗſțƨࣘ ҷҷɏ	Ӌ ˲ ɏ
� �

✗
<
= f-x)

2

= (h-y)
?

2cg- h/ C-1)
= - 2( y- h)
= 21h -y)



ÿǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ óʯɱɱɄʌƨ ˝ƨ ɱɼƨƕǶƉʚƨƕ ŗ Ǒʯʚʯɼƨ ʌŗțŗɼ˦ ɄǑ ɏ� � ������
Żƣǋȹɮƣ ƉɄțțƨƉʚǶȳǖ ƕŗʚŗࣖ

ʌŗțŗɼ˦ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ɄǑ ɏ� ʌɸʯŗɼƨƕ ƨɼɼɄɼ ɄǑ ɏ�
ࡱࡱࡱࣗࡱ࢙ ࡱࡱࡱࣗࡱࢍ 	�����
�
ࡱࡱࡱࣗࢅ࢙ ࡱࡱࡱࣗࢍࢉ 	�����
�
ࡱࡱࡱࣗࢍ࢙ ࡱࡱࡱࣗࢅࢉ 	�����
�
ࡱࡱࡱࣗࡱࡽࡹ ࡱࡱࡱࣗࡱࢁ 	�����
�
ࡱࡱࡱࣗࡱࢍࡹ ࡱࡱࡱࣗࡱࡹ 	�����
�

ʚɄʚŗț ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘ ������ � ����
ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘ ���� � ���υ � ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳ Ƕʌ Ʉȳƨ ˝Ƕʚǫ ʌȭŗțț ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖ



ÿǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ ¥Ʉ˝ ʌʯɱɱɄʌƨ ˝ƨ ǫŗƕ ɱɼƨƕǶƉʚƨƕ ɏ� � ������ࣖ
ʌŗțŗɼ˦ ŗſʌɄțʯʚƨ ƨɼɼɄɼ ɄǑ ɏ� ʌɸʯŗɼƨƕ ƨɼɼɄɼ ɄǑ ɏ�
ࡱࡱࡱࣗࡱ࢙ ࡱࡱࡱࣗࢉࡽ 	�����
�
ࡱࡱࡱࣗࢅ࢙ ࡱࡱࡱࣗࡹࡽ 	�����
�
ࡱࡱࡱࣗࢍ࢙ ࡱࡱࡱ࢙ࣗࡹ 	�����
�
ࡱࡱࡱࣗࡱࡽࡹ ࡱࡱࡱࣗࢉ 	����
�
ࡱࡱࡱࣗࡱࢍࡹ ࡱࡱࡱࣗࢉࢅ 	�����
�

ʚɄʚŗț ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘ ���� � ���
ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘ ���� � ���υ � ǖɄɄƕ ɱɼƨƕǶƉʚǶɄȳ Ƕʌ Ʉȳƨ ˝Ƕʚǫ ʌȭŗțț ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣖ



ÿǫƨ ȳƨ˝ Ƕƕƨŗυ ¡ŗȕƨ ɱɼƨƕǶƉʚǶɄȳ ſ˦ ȭǶȳǶȭǶ˲Ƕȳǖ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣘҫʌɸ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
�υ óʚɼŗʚƨǖ˦ࣘ ÿŗȕƨ ƕƨɼǶ˙ŗʚǶ˙ƨࣗ ʌƨʚ ʚɄ ˲ƨɼɄࣗ ʌɄț˙ƨ ǑɄɼ ȭǶȳǶȭǶ˲ƨɼࣖ
I

squared err
for
indie .points



ҫʌɸ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
�
6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨʌƨ Ƕʌ ҷҫʌɸ�ҷɏࣞ
ŗࣱ �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
 ſࣱ �
Ɖࣱ

Ӏذһ�� Ӌһ ƕࣱ �Ӏ Ӏذһ�� 	ɏ ˲ Ӌһ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࢅࢅࡹࢅ ࣖࢉࢁ࢙



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ ¶ʯɼ ̇ɼʌʚ ɱɼɄſțƨȭ ˝ŗʌࣘ ̇ȳƕ ɏ˶ ˝ǫǶƉǫ ȭǶȳǶȭǶ˲ƨʌ ʚǫƨ ȭƨŗȳ
ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ ҫ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]ࣖυ ÿǫƨ ŗȳʌ˝ƨɼ Ƕʌࣘ ¡ƨƕǶŗȳ	Ӌ� Ȫ  ӋӀ
ࣖυ ÿǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳࣗ Ƕȳ ʚƨɼȭʌ ɄǑ ȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼࣗ

Ƕʌ ʚǫƨ ȭƨƕǶŗȳࣖυ İƨ ʚǫƨȳ ʌʚŗɼʚƨƕ ʚɄ ƉɄȳʌǶƕƨɼ ŗȳɄʚǫƨɼ ʚ˦ɱƨ ɄǑ ƨɼɼɄɼࣗ
ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ʚǫŗʚ Ƕʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨ ŗȳƕ ǫƨȳƉƨ Ƕʌ ƨŗʌǶƨɼ ʚɄ
ȭǶȳǶȭǶ˲ƨࣖυ ¥ƨ˥ʚ ʚǶȭƨࣘ İƨ ˝Ƕțț ̇ȳǶʌǫ ƕƨʚƨɼȭǶȳǶȳǖ ʚǫƨ ˙ŗțʯƨ ɄǑ ɏ˶ ʚǫŗʚ
ȭǶȳǶȭǶ˲ƨʌ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼࣗ ŗȳƕ ʌƨƨ ǫɄ˝ Ƕʚ ƉɄȭɱŗɼƨʌ
ʚɄ ʚǫƨ ȭƨƕǶŗȳࣖ


