
�ƨƉʚʯɼƨ ࡽ  âŗɼʚ ࡹ

¡Ʉɼƨ ŗſɄʯʚ ¡ƨȭɄɼ˦

ࡹ ࣩ ࢁ



yʌ ŗɱɱƨȳƕǶȳǖ ŗȳ ŗɼɼŗ˦ ɼƨŗțț˦ ʌɄ ʌțɄ˝ࣞυ OCNNQE
� ˙ʌࣖ TGCNNQE
�

ࡽ ࣩ ࢁ

Nfl 23456 Bk Bk Mtn



yʌ ŗɱɱƨȳƕǶȳǖ ŗȳ ŗɼɼŗ˦ ɼƨŗțț˦ ʌɄ ʌțɄ˝ࣞυ yǑ TGCNNQE ƕɄƨʌȳऒʚ ƉɄɱ˦ࣘ ũ	�
ࣖυ yǑ TGCNNQE ƉɄɱǶƨʌࣘ ũ	Ӏ
ࣖυ �ʌʌʯȭƨ ӂ Ƕʌ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ TGCNNQE ƉɄɱǶƨʌࣖυ E˥ɱƨƉʚƨƕ ʚǶȭƨ Ƕʌ ʌʚǶțțࡹ ũ	Ӏ
ࣖ
yǑࡹ ӂ ƕɄƨʌȳऒʚ ƕƨɱƨȳƕ Ʉȳ Ӏࣖ

ࢁ ࣩ ࢁ



pɄ˝ Ƕʌ ƨȭɱʚ˦ ȭƨȭɄɼ˦ ǑɄʯȳƕࣞυ $ŗʌǶƉŗțț˦ࣘ ŗ țǶȳȕƨƕ țǶʌʚࣖ

ࣩࢅ ࢁ

Tmnt It



�ƨƉʚʯɼƨ ࡽ  âŗɼʚ ࡽ

6˦ȳŗȭǶƉ �ɼɼŗ˦ʌ

ࢉ ࣩ ࢁ



¡ɄʚǶ˙ŗʚǶɄȳυ ,ŗȳ ˝ƨ ǫŗ˙ƨ ʚǫƨ ſƨʌʚ ɄǑ ſɄʚǫ ˝Ʉɼțƕʌࣞυ ũ	�
 ʚǶȭƨ ŗƉƉƨʌʌ țǶȕƨ ŗȳ ŗɼɼŗ ࣖ˦υ ũ	�
 ʚǶȭƨ ŗɱɱƨȳƕ țǶȕƨ ŗ țǶȳȕƨƕ țǶʌʚࣖυ ĸƨʌࣛ ࣯ʌɄɼʚ ɄǑࣱ

ࣩࢍ ࢁ



ÿǫƨ yƕƨŗυ �țțɄƉŗʚƨ ȭƨȭɄɼ˦ ǑɄɼ ŗȳ ʯȳƕƨɼț˦Ƕȳǖ ŗɼɼŗ˦ࣖυ ʌŗ ࣗ˦ ࡽࡹࢉ ƨțƨȭƨȳʚʌυ ÿǫǶʌ Ƕʌ ʚǫƨ ɱǫ˦ʌǶƉŗț ʌǶ˲ƨࣖυ ÿɄ ŗɱɱƨȳƕ ƨțƨȭƨȳʚࣗ Ƕȳʌƨɼʚ ǶȳʚɄ ̇ɼʌʚ ʯȳʯʌƨƕ ʌțɄʚࣖυ ¥ʯȭſƨɼ ɄǑ ƨțƨȭƨȳʚʌ ʯʌƨƕ Ƕʌ ʚǫƨ țɄǖǶƉŗț ʌǶ˲ƨࣖυ ũ	�
 ʚǶȭƨࣖ
ࣩ ࢁ

(427100 I 25 -57 8 9 11 )
2



ÿǫƨ yƕƨŗυ İƨऒțț ƨ˙ƨȳʚʯŗțț˦ ɼʯȳ Ʉʯʚ ɄǑ ʯȳʯʌƨƕ ʌțɄʚʌࣖυ bǶ˥ࣘ ŗțțɄƉŗʚƨ ŗ ȳƨ˝ ʯȳƕƨɼț˦Ƕȳǖ ŗɼɼŗ˦ ˝ǫɄʌƨ
ɱǫ˦ʌǶƉŗț ʌǶ˲ƨ Ƕʌ ֺ ʚǶȭƨʌ ŗʌ țŗɼǖƨࣖυ ֺ Ƕʌ ʚǫƨ ǖɼɄ˝ʚǫ ǑŗƉʚɄɼࣖυ ,ɄȭȭɄȳț ࣗ˦ ֺ � �ࣙ Ƕࣖƨࣖࣗ ƕɄʯſțƨ Ƕʚʌ ʌǶ˲ƨࣖυ ÿŗȕƨʌ ũ	ҽ
 ʚǶȭƨࣗ ˝ǫƨɼƨ ҽ Ƕʌ Ɖʯɼɼƨȳʚ ʌǶ˲ƨࣖ

ࣩ ࢁ
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࢙ ࣩ ࢁ

np. empty
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} on each
← ① Ln) time



࣯ȳɄʚƨſɄɄȕࣱ

ࣩࡱࡹ ࢁ



�ƨƉʚʯɼƨ ࡽ  âŗɼʚ ࢁ

�ȭɄɼʚǶ˲ƨƕ �ȳŗț˦ʌǶʌ

ࡹࡹ ࣩ ࢁ



�ȳŗț˦ʌǶʌυ �ɱɱƨȳƕǶȳǖ ʚŗȕƨʌ ũ	�
 ʚǶȭƨ ʠɾʠŗȑȑ ̟ࣖࣖࣖυ ࣖࣖࣖſʯʚ ʚŗȕƨʌ ũ	ҽ
 ʚǶȭƨ ˝ǫƨȳ ˝ƨ ɼʯȳ Ʉʯʚ ɄǑ ʌțɄʚʌࣖυ İǫƨɼƨ ҽ Ƕʌ Ɖʯɼɼƨȳʚ ʌǶ˲ƨ ɄǑ ʌƨɸʯƨȳƉƨࣖ
ࡽࡹ ࣩ ࢁ



ÿǫƨ �ƨ˦υ éƨʌǶ˲Ƕȳǖ Ƕʌ ƨ˥ɱƨȳʌǶ˙ƨࣗ ſʯʚ ɼŗɼƨࣖυ yǑ ֺ � �ࣗ ƨŗƉǫ ȳƨ˝ ɼƨʌǶ˲ƨ Ƕʌ ʚ˝ǶƉƨ ŗʌ ƨ˥ɱƨȳʌǶ˙ƨࣗ ſʯʚ
ǫŗɱɱƨȳʌ ǫŗțǑ ŗʌ Ʉǒʚƨȳࣖυ ÿǫʯʌࣗ ʚǫƨ ƉɄʌʚ ɱƨɼ ŗɱɱƨȳƕ Ƕʌ ʌȭŗțțࣖυ �ȭɄɼʚǶ˲ƨ ʚǫƨ ƉɄʌʚ Ʉ˙ƨɼ ŗțț ɱɼƨ˙ǶɄʯʌ ŗɱɱƨȳƕʌࣖ

ࢁࡹ ࣩ ࢁ



�ȭɄɼʚǶ˲ƨƕ ÿǶȭƨ ,Ʉȭɱțƨ˥Ƕʚ˦υ ÿǫƨ ŗȭɄɼʚǶ˲ƨƕ ʚǶȭƨ ǑɄɼ ŗȳ ŗɱɱƨȳƕ ǶʌࣘҭŗȭɄɼʚ	Ӏ
 � ʚɄʚŗț ʚǶȭƨ ǑɄɼ Ӏ ŗɱɱƨȳƕʌӀυ İƨऒțț ʌƨƨ ʚǫŗʚ ҭŗȭɄɼʚ	Ӏ
 � ũ	�
ࣖ
ࢅࡹ ࣩ ࢁ



�ȭɄɼʚǶ˲ƨƕ �ȳŗț˦ʌǶʌ

ʚɄʚŗț ʚǶȭƨ ǑɄɼ Ӏ ŗɱɱƨȳƕʌ�
ʚɄʚŗț ʚǶȭƨ ǑɄɼ ȳɄȳࣽǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ�
ʚɄʚŗț ʚǶȭƨ ǑɄɼ ǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ

ࣩࢉࡹ ࢁ



,ɄʯȳʚǶȳǖ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ İŗȳʚ ʚɄ ƉŗțƉʯțŗʚƨ ʚǶȭƨ ʚŗȕƨȳ ſ˦ ǖɼɄ˝Ƕȳǖ
ŗɱɱƨȳƕʌࣖυ bǶɼʌʚࣘ ǫɄ˝ ȭŗȳ˦ ŗɱɱƨȳƕʌ Ɖŗʯʌƨƕ ŗ ɼƨʌǶ˲ƨࣞυ ֹࣘ ǶȳǶʚǶŗț ɱǫ˦ʌǶƉŗț ʌǶ˲ƨυ ֺࣘ ǖɼɄ˝ʚǫ ǑŗƉʚɄɼ

ࣩࢍࡹ ࢁ



,ɄʯȳʚǶȳǖ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ óʯɱɱɄʌƨ ǶȳǶʚǶŗț ɱǫ˦ʌǶƉŗț ʌǶ˲ƨ Ƕʌ ֹ � ���ࣗ ŗȳƕ ֺ � �υ éƨʌǶ˲ƨʌ ɄƉƉʯɼ Ʉȳ ŗɱɱƨȳƕ ࣥࣘ��� ���� ���� ����Ȫυ yȳ ǖƨȳƨɼŗțࣗ ɼƨʌǶ˲ƨʌ ɄƉƉʯɼ Ʉȳ ŗɱɱƨȳƕ ֹֺࣥࣘ� ֹֺ� ֹֺ� ֹֺ� Ȫ
ࡹ ࣩ ࢁ



,ɄʯȳʚǶȳǖ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ yȳ ŗ ʌƨɸʯƨȳƉƨ ɄǑ Ӏ ŗɱɱƨȳƕʌࣗ ǫɄ˝ ȭŗȳ˦ Ɖŗʯʌƨƕ
ʚǫƨ ɱǫ˦ʌǶƉŗț ʌǶ˲ƨ ʚɄ ǖɼɄ˝ࣞυ óǶȭɱțǶ̇ƉŗʚǶɄȳࣘ �ʌʌʯȭƨ Ӏ Ƕʌ ʌʯƉǫ ʚǫŗʚ Ӏʚǫ ŗɱɱƨȳƕ
Ɖŗʯʌƨƕ ŗ ɼƨʌǶ˲ƨࣖ ÿǫƨȳࣗ ǑɄɼ ʌɄȭƨ ӊ ˨ \� � � Ȫ^ࣘӀ � ֹֺӊυ yǑ ӊ � � ʚǫƨɼƨ ˝ŗʌ ࡹ ɼƨʌǶ˲ƨࣙ ǶǑ ӊ � � ʚǫƨɼƨ ˝ƨɼƨ ࣙࡽ
ƨʚƉࣖ

ࡹ ࣩ ࢁ

2048=512 . 22

n -- 512 I

1024 2
2048 3



,ɄʯȳʚǶȳǖ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ óɄț˙Ƕȳǖ ǑɄɼ ӊࣘ ӊ � MPHֺ Ӏֹυ ,ǫƨƉȕࣘ ˝ǶʚǫɄʯʚ ŗʌʌʯȭɱʚǶɄȳࣗ ӊ � MPHֺ Ӏֹ υ ¥ʯȭſƨɼ ɄǑ ɼƨʌǶ˲ƨʌ Ƕʌ MPHֺ Ӏֹ  � �
࢙ࡹ ࣩ ࢁ

f- 512
g- 2

n=
700



,ɄʯȳʚǶȳǖ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ ¥ʯȭſƨɼ ɄǑ ɼƨʌǶ˲ƨʌ Ƕʌ MPHֺ Ӏֹ  � �υ ,ǫƨƉȕ ˝Ƕʚǫ ֺ � �ࣗ ֹ � ���ࣗ Ӏ � ���υ ,ɄɼɼƨƉʚ ࣥ ɄǑ ɼƨʌǶ˲ƨʌࣘ υࡱ ,ǫƨƉȕ ˝Ƕʚǫ ֺ � �ࣗ ֹ � ���ࣗ Ӏ � ����υ ,ɄɼɼƨƉʚ ࣥ ɄǑ ɼƨʌǶ˲ƨʌࣘ ࡽ

ࣩࡱࡽ ࢁ

Log
,

2.05 = 1.01



ÿǶȭƨ ɄǑ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ pɄ˝ ȭʯƉǫ ʚǶȭƨ ˝ŗʌ ʚŗȕƨȳ ŗƉɼɄʌʌ ŗțț ŗɱɱƨȳƕʌ
ʚǫŗʚ Ɖŗʯʌƨƕ ɼƨʌǶ˲ƨʌࣞυ �ʌʌʯȭɱʚǶɄȳࣘ ɼƨʌǶ˲Ƕȳǖ ŗȳ ŗɼɼŗ˦ ˝Ƕʚǫ ɱǫ˦ʌǶƉŗț ʌǶ˲ƨҽ ʚŗȕƨʌ ʚǶȭƨ Ҷҽ � ũ	ҽ
ࣖυ Ҷ Ƕʌ ŗ ƉɄȳʌʚŗȳʚ ʚǫŗʚ ƕƨɱƨȳƕʌ Ʉȳ ֺࣖ

ࡹࡽ ࣩ ࢁ

K → ok



ÿǶȭƨ ɄǑ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ ÿǶȭƨ ǑɄɼ ̇ɼʌʚ ɼƨʌǶ˲ƨࣘ Ҷֹࣖυ ÿǶȭƨ ǑɄɼ ʌƨƉɄȳƕ ɼƨʌǶ˲ƨࣘ Ҷֺֹࣖυ ÿǶȭƨ ǑɄɼ ʚǫǶɼƕ ɼƨʌǶ˲ƨࣘ Ҷֺ�ֹࣖυ ÿǶȭƨ ǑɄɼ Ҽʚǫ ɼƨʌǶ˲ƨࣘ ҶֺҼ˲�ֹࣖυ ÿǫǶʌ Ƕʌ ŗ ǖƨɄȭƨʚɼǶƉ ɱɼɄǖɼƨʌʌǶɄȳࣖ
ࡽࡽ ࣩ ࢁ

0=2

@
= 512

Sz
-
- 512

1024

2048



ÿǶȭƨ ɄǑ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ ÿǶȭƨ ǑɄɼ Ҽʚǫ ɼƨʌǶ˲ƨࣘ ҶֺҼ˲�ֹࣖυ óʯɱɱɄʌƨ ʚǫƨɼƨ ŗɼƨ ӄ ɼƨʌǶ˲ƨʌࣖυ ÿɄʚŗț ʚǶȭƨࣘ Ҷֹ ӄذҼ�� ֺҼ˲� � Ҷֹ ӄذҼ�� ֺҼ
ࢁࡽ ࣩ ࢁ

- I



éƨƉŗțțࣘ eƨɄȭƨʚɼǶƉ óʯȭυ bɼɄȭ ʌɄȭƨ Ɖțŗʌʌ ˦Ʉʯऒ˙ƨ ʚŗȕƨȳࣘҧذӂ�� ӊӂ � � ˲ ӊҧ��� ˲ ӊυ E˥ŗȭɱțƨࣘ� � � � � � � � �� � �ӂذ�� �ӂ � � ˲ ��� ˲ � � ��
ࢅࡽ ࣩ ࢁ

I2



ÿǶȭƨ ɄǑ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ ÿɄʚŗț ʚǶȭƨࣘ Ҷֹ ӄذҼ�� ֺҼ � Ҷֹ� ˲ ֺӄ��� ˲ ֺ
ࢉࡽ ࣩ ࢁ

NH

N Fr
Ix" i -x

p
-
-o

- I BA N -- r- I

p
-
- j
g
-

- X



ÿǶȭƨ ɄǑ eɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ éƨȭƨȭſƨɼࣘ Ƕȳ Ӏ ŗɱɱƨȳƕʌ ʚǫƨɼƨ ŗɼƨ ӄ � MPHֺ Ӏֹ  � �
ɼƨʌǶ˲ƨʌࣖυ ÿɄʚŗț ʚǶȭƨࣘ Ҷֹ� ˲ ֺӄ��� ˲ ֺ � Ҷֹ� ˲ ֺMPHֺ Ӏֹ ��� ˲ ֺ� ũ	Ӏ


ࢍࡽ ࣩ ࢁ

A man



�ȭɄɼʚǶ˲ƨƕ �ȳŗț˦ʌǶʌ

ʚɄʚŗț ʚǶȭƨ ǑɄɼ Ӏ ŗɱɱƨȳƕʌ�
ʚɄʚŗț ʚǶȭƨ ǑɄɼ ȳɄȳࣽǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ�ũ	Ӏ
 ɰ ʚɄʚŗț ʚǶȭƨ ǑɄɼ ǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ

ࣩࡽ ࢁ



ÿǶȭƨ ɄǑ ¥ɄȳࣽeɼɄ˝Ƕȳǖ �ɱɱƨȳƕʌυ yȳ ŗ ʌƨɸʯƨȳƉƨ ɄǑ Ӏ ŗɱɱƨȳƕʌࣗ ǫɄ˝ ȭŗȳ˦ ŗɼƨ
ȳɄȳࣽǖɼɄ˝ǶȳǖࣞӀ ˲ ٨MPHֺ Ӏֹ  � ٷ� � ũ	Ӏ
υ ÿǶȭƨ ǑɄɼ Ʉȳƨ ʌʯƉǫ ŗɱɱƨȳƕࣘ ũ	�
ࣖυ ÿɄʚŗț ʚǶȭƨࣘ ũ	Ӏ
 � ũ	�
 � ũ	Ӏ
ࣖ

ࡽ ࣩ ࢁ



�ȭɄɼʚǶ˲ƨƕ �ȳŗț˦ʌǶʌ

ʚɄʚŗț ʚǶȭƨ ǑɄɼ Ӏ ŗɱɱƨȳƕʌ�ũ	Ӏ
 ɰ ʚɄʚŗț ʚǶȭƨ ǑɄɼ ȳɄȳࣽǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ�ũ	Ӏ
 ɰ ʚɄʚŗț ʚǶȭƨ ǑɄɼ ǖɼɄ˝Ƕȳǖ ŗɱɱƨȳƕʌ

ࣩ࢙ࡽ ࢁ

÷



�ȭɄɼʚǶ˲ƨƕ ÿǶȭƨ ,Ʉȭɱțƨ˥Ƕʚ˦υ ÿǫƨ ŗȭɄɼʚǶ˲ƨƕ ʚǶȭƨ ǑɄɼ ŗȳ ŗɱɱƨȳƕ ǶʌࣘҭŗȭɄɼʚ	Ӏ
 � ʚɄʚŗț ʚǶȭƨ ǑɄɼ Ӏ ŗɱɱƨȳƕʌӀ� ũ	Ӏ
Ӏ� ũ	�

ࡱࢁ ࣩ ࢁ



6˦ȳŗȭǶƉ �ɼɼŗ˦ ÿǶȭƨ ,Ʉȭɱțƨ˥ǶʚǶƨʌυ éƨʚɼǶƨ˙ƨ ҽʚǫ ƨțƨȭƨȳʚࣘ ũ	�
υ �ɱɱƨȳƕࣩɱɄɱ ƨțƨȭƨȳʚ ŗʚ ʌʚŗɼʚࣩƨȳƕࣘυ ũ	�
 ſƨʌʚ Ɖŗʌƨυ ũ	Ӏ
 ˝Ʉɼʌʚ Ɖŗʌƨ ࣯˝ǫƨɼƨ Ӏ ঋ Ɖʯɼɼƨȳʚ ʌǶ˲ƨࣱυ ũ	�
 ŗȭɄɼʚǶ˲ƨƕυ yȳʌƨɼʚࣩɼƨȭɄ˙ƨ Ƕȳ ȭǶƕƕțƨࣘ ũ	Ӏ
υ ¡ŗ˦ Ʉɼ ȭŗ˦ ȳɄʚ ȳƨƨƕ ɼƨʌǶ˲ƨࣗ ʌʚǶțț ũ	Ӏ
ࣛ
ࡹࢁ ࣩ ࢁ

ammonite
e
-

quae k-- n - i

1- E E E e-



�ƨƉʚʯɼƨ ࡽ  âŗɼʚ ࢅ

âɼŗƉʚǶƉŗțǶʚǶƨʌ

ࡽࢁ ࣩ ࢁ



�ƕ˙ŗȳʚŗǖƨʌυ eɼƨŗʚ ƉŗƉǫƨ ɱƨɼǑɄɼȭŗȳƉƨ ࣯Ƕʚऒʌ ŗȳ ŗɼɼŗ˦ࣱࣖυ bŗʌʚ ŗƉƉƨʌʌࣖυ 6Ʉȳऒʚ ȳƨƨƕ ʚɄ ȕȳɄ˝ ʌǶ˲ƨ Ƕȳ ŗƕ˙ŗȳƉƨ ɄǑ ŗțțɄƉŗʚǶɄȳࣖ

ࣩࢁࢁ ࢁ



6Ʉ˝ȳʌǶƕƨʌυ İŗʌʚƨƕ ȭƨȭɄɼ ࣖ˦υ E˥ɱƨȳʌǶ˙ƨ ƕƨțƨʚǶɄȳ Ƕȳ ȭǶƕƕțƨࣖ

ࣩࢅࢁ ࢁ



yȭɱțƨȭƨȳʚŗʚǶɄȳʌυ â˦ʚǫɄȳࣘ NKUVυ ,ॻॻࣘ UVF��XGEVQTυ �ŗ˙ŗࣘ #TTC[.KUV

ࢉࢁ ࣩ ࢁ



E˥ƨɼƉǶʌƨ
İǫ˦ ƕɄ ˝ƨ ȳƨƨƕ PR�CTTC[ࣞ â˦ʚǫɄȳऒʌ NKUV Ƕʌ ŗ ƕ˦ࣽ
ȳŗȭǶƉ ŗɼɼŗ ࣗ˦ Ƕʌȳऒʚ ʚǫŗʚ ſƨʚʚƨɼࣞ

ࣩࢍࢁ ࢁ



yȳ ƕƨǑƨȳʌƨ ɄǑ PR�CTTC[υ ¡ƨȭɄɼ˦ ʌŗ˙Ƕȳǖʌ ŗɼƨ Ʉȳƨ ɼƨŗʌɄȳࣖυ $Ƕǖǖƨɼ ɼƨŗʌɄȳࣘ ʯʌǶȳǖ â˦ʚǫɄȳऒʌ NKUV ʚɄ ʌʚɄɼƨ
ȳʯȭſƨɼʌ ƕɄƨʌ ȳɄʚ ǫŗ˙ƨ ǖɄɄƕ ƉŗƉǫƨ ɱƨɼǑɄɼȭŗȳƉƨࣖ

ࢁ ࣩ ࢁ
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,
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,
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