
óç� ƨʚ țƨʌ ſŗʌƨʌ ƕƨ ƕɄȳȳƩƨʌ ɼƨțŗʚǶɄȳȳƨțțƨʌ
óç� ǑɄȳƉʚǶɄȳȳƨț ࣘ țऒŗțǖƸſɼƨ ɼƨțŗʚǶɄȳȳƨțțƨ

eʯǶțțŗʯȭƨ éŗʌƉǫǶŗ ः ¥ŗȳʚƨʌ ĎȳǶ˙ƨɼʌǶʚƩ
ɄɼǶǖǶȳŗʯ˥ ƕƨ âǫǶțǶɱɱƨ éǶǖŗʯ˥ࣗ ,¥�¡

6ƨɼȳǶƸɼƨ ȭǶʌƨࣽůࣽȍɄʯɼ ࣘ ࢑ ƕƩƉƨȭſɼƨ ࢁࡽࡱࡽ

ࡹ

âțŗȳ ƕƨ țŗ ʌƨʌʌǶɄȳ

óç�ࣗ țŗȳǖŗǖƨ ŗțǖƩſɼǶɸʯƨ ࣯óࢅ ࣱࣖࡹ

�ŗ ȍɄǶȳʚʯɼƨ ࣯óࣱࡽࣖࢅ

E˥ɱɼƨʌʌǶɄȳʌ ŗțǖƩſɼǶɸʯƨʌ ࣯óࣱࢁࣖࢅ

ࡽ

óç�ࣗ țŗȳǖŗǖƨ ŗțǖƩſɼǶɸʯƨ ࣯óࢅ ࣱࣖࡹ

�țǖƸſɼƨ ɼƨțŗʚǶɄȳȳƨțțƨ ࣘ țƨʌ ɄɱƩɼŗʚƨʯɼʌ

óç� ɱɼɄɱɄʌƨ ʯȳ ŗʯʚɼƨ ʚ˦ɱƨ ƕऒǶȳʚƨɼɼɄǖŗʚǶɄȳࣗ ǑɄȳƉʚǶɄȳȳƨțțƨࣗ ſŗʌƩƨ ʌʯɼ țऒŗțǖƸſɼƨ
ɼƨțŗʚǶɄȳȳƨțțƨࣖ

�ऒŗțǖƸſɼƨ ƨʌʚ ʯȳ ƨȳʌƨȭſțƨ ƕƨ ࢍ ɄɱƩɼŗʚƨʯɼʌࣗ ɸʯǶ ɱɼƩʌƨȳʚƨȳʚ ƕƨʯ˥ ɱɼɄɱɼǶƩʚƩʌ
ƨʌʌƨȳʚǶƨțțƨʌ

࣢ ,țɋʚʯɼƨ ࣘ ʯȳ ɄɱƩɼŗʚƨʯɼ ʌऒŗɱɱțǶɸʯƨ ů ƕƨʌ ɼƨțŗʚǶɄȳʌ ƨʚ ɱɼɄƕʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ
࣢ ,ɄȭɱɄʌǶʚǶɄȳ ࣘ ʯȳ ɄɱƩɼŗʚƨʯɼ ɱƨʯʚ ɱɼƨȳƕɼƨ ƨȳ ƨȳʚɼƩƨ țƨ ɼƩʌʯțʚŗʚ ƕऒʯȳ ŗʯʚɼƨ
ɱɄʯɼ ƕƩ̇ȳǶɼ ƕƨʌ ɼƨɸʯƮʚƨʌ ŗțǖƩſɼǶɸʯƨʌ ƉɄȭɱțƨ˥ƨʌࣖ

,ƨʚʚƨ ʌƨƉʚǶɄȳ ɱɼƩʌƨȳʚƨ țƨʌ ࢍ ɄɱƩɼŗʚƨʯɼʌ ȳƩƉƨʌʌŗǶɼƨʌ ƨʚ ʌʯ˾ʌŗȳʚʌࣖ

ࢁ



�ŗ ɱɼɄȍƨƉʚǶɄȳࣗ cX

cA1,A2,...,Ak (R) ƉɄȳʌʚɼʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ ƉɄȳʚƨȳŗȳʚ ʚɄʯʌ țƨʌ ȳʯɱțƨʚʌ ƕƨ Rࣗ ƕŗȳʌ
țƨʌɸʯƨțʌ ʌƨʯțʌ țƨʌ ŗʚʚɼǶſʯʚʌ A1,A2, . . .Ak ʌɄȳʚ ƉɄȳʌƨɼ˙Ʃʌࣖ
E˥ƨȭɱțƨ
ȳɄȭ ƨʚ țǶƨʯ ƕƨʌ țɄǖƨȭƨȳʚʌ ࣘ cPQO,NKGW(.QIGOGPV)

UGNGEV PQO� NKGW
HTQO .QIGOGPV

PQO NKGW

,ŗʯʌʌƨʌ ,Ʃ˙ƨȳȳƨʌ
eƩȳƩɱǶ �țɱƨʌ
Ď âǶȳ˲ʯʚʯ ,Ʉɼʌƨ
ÿŗſɼǶ˲ $ɼƨʚŗǖȳƨ

UGNGEV � ɱƨɼȭƨʚ ƕƨ ƉɄȳʌƨɼ˙ƨɼ ʚɄʯʌ țƨʌ ŗʚʚɼǶſʯʚʌࣖ
ࢅ

�ŗ ʌƩțƨƉʚǶɄȳࣗ fF

�ŗ ʌƩțƨƉʚǶɄȳ fF (R) ʌऒŗɱɱțǶɸʯƨ ů ʯȳƨ ɼƨțŗʚǶɄȳࣗ Rࣗ ƨʚ ƨȳ ƨ˥ʚɼŗǶʚ țƨʌ ȳʯɱțƨʚʌ ɸʯǶ
ʌŗʚǶʌǑɄȳʚ F ࣖ

fNKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV)

Eȳ óç� ࣘ
UGNGEV �
HTQO .QIGOGPV
YJGTG NKGW � 	%QTUG	

�ƨʌ ƉɄȭɱŗɼŗǶʌɄȳʌ ʌऒƩƉɼǶ˙ƨȳʚ A ⇥ B Ʉʯ A ⇥ aࣗ ŗ˙ƨƉ ⇥ 2 {=, <, >, , �}ࣖ

ࢉ

�ƨ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳࣗ ⇥

R ⇥ S ɱɼɄƕʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ ƕŗȳʌ țŗɸʯƨțțƨ Ɖǫŗɸʯƨ ȳʯɱțƨʚ ƕƨ R ƨʌʚ ŗʌʌɄƉǶƩ ů
Ɖǫŗɸʯƨ ȳʯɱțƨʚ ƕƨ S ࣖ

R =

� $

ŗ ſ
˥ ˦

S =

, 6

Ɖ ƕ
ʯ ˙
˥ ˦

Eʚ ˙ɄǶƉǶ țƨ ɼƩʌʯțʚŗʚ ƕʯ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ ࣘ

R ⇥ S =

� $ , 6

ŗ ſ Ɖ ƕ
ŗ ſ ʯ ˙
ŗ ſ ˥ ˦
˥ ˦ Ɖ ƕ
˥ ˦ ʯ ˙
˥ ˦ ˥ ˦

ࢍ

Eȳ óç�ࣗ ETQUU LQKP

Eȳ óç�ࣗ țƨ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ ʌऒƨ˥ɱɼǶȭƨ ŗ˙ƨƉ ETQUU LQKPࣖ ¶ȳ ɱțŗƉƨ țऒƨ˥ɱɼƨʌʌǶɄȳ
ŗțǖƩſɼǶɸʯƨ ƕŗȳʌ țŗ Ɖțŗʯʌƨ HTQOࣖ
UGNGEV � HTQO 4 ETQUU LQKP 5

4 ETQUU LQKP 5 ƕƩ̇ȳǶʚ ʯȳƨ ȳɄʯ˙ƨțțƨ ɼƨțŗʚǶɄȳࣗ țƨʌ ŗʯʚɼƨʌ ɄɱƩɼŗʚƨʯɼʌ ࣯ʌƩțƨƉʚǶɄȳࣗ
ɱɼɄȍƨƉʚǶɄȳࣱ ʌऒŗɱɱțǶɸʯƨȳʚ ů Ɖƨʚʚƨ ɼƨțŗʚǶɄȳࣖ

�ƨ HTQO ƕƩ̇ȳǶʚ ƕɄȳƉ ʯȳƨ ɼƨțŗʚǶɄȳ ƉŗțƉʯțƩƨࣖ

�ŗ ˙ƨɼʌǶɄȳ ƕƩƉțŗɼŗʚǶ˙ƨ {(r , s) | R(r) ^ S (s)} ʌऒƩƉɼǶʚ ƨȳ óç� ࣘ
UGNGEV T��� U�� HTQO 4 CU T� 5 CU U� -- simplifiée en:
UGNGEV � HTQO 4� 5

࢑



âɼɄſțƸȭƨ ƕƨʌ ȳɄȭʌ ƕऒŗʚʚɼǶſʯʚ ŗȭſǶǖʯʌ

yț ɱƨʯʚ ŗɼɼǶ˙ƨɼ ɸʯƨ țƨʌ ƕƨʯ˥ ɼƨțŗʚǶɄȳʌ ŗǶƨȳʚ ƕƨʌ ŗʚʚɼǶſʯʚʌ ɸʯǶ Ʉȳʚ țƨ ȭƮȭƨ ȳɄȭࣖ

yț ƨʌʚ ŗțɄɼʌ ɱɼƩǑƩɼŗſțƨ ँ ȳƩƉƨʌʌŗǶɼƨ ँ ƕƨ ƕɄȳȳƨɼ ʯȳ ȳɄȭ ƕǶʌʚǶȳƉʚ ů Ɖǫŗɸʯƨ ŗʚʚɼǶſʯʚࣖ

éƨțŗʚǶɄȳ R =

� $

ŗ ſ
˥ ˦

éƨțŗʚǶɄȳ T =

� $

ȭ ȳ
Ʉ ɱ

R ⇥ T ŗ ɱɄʯɼ ʌƉǫƩȭŗ (R.A,R.B,T .A,T .B) ƨʚ ɱɼƩʌƨȳʚƨ ƕɄȳƉ ƕƨʌ ŗȭſǶǖʯǶʚƩʌࣖ

࢕

�ƨ ɼƨȳɄȭȭŗǖƨ d

�ऒƨ˥ɱɼƨʌʌǶɄȳ dA!C ,B!D (T ) ɼƨȳɄȭȭƨ A ƨȳ C ƨʚ B ƨȳ D ƕŗȳʌ țŗ ɼƨțŗʚǶɄȳ T ࣖ

dA!C ,B!D (T ) =
, 6

ȭ ȳ
Ʉ ɱ

�ƨ ɼƩʌʯțʚŗʚ ƕʯ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ ʌऒƩƉɼǶʚ ŗțɄɼʌ ࣘ

R ⇥ dA!C ,B!D (T ) =

� $ , 6

ŗ ſ ȭ ȳ
ŗ ſ Ʉ ɱ
˥ ˦ ȭ ȳ
˥ ˦ Ʉ ɱ ࢙

éƨȳɄȭȭŗǖƨ ƨȳ óç� ࣘ CU

�ŗ ɼƨɸʯƮʚƨ
UGNGEV #EVKXKVª�EQFG.QIGOGPV�

5ªLQWT�EQFG.QIGOGPV
HTQO #EVKXKVª ETQUU LQKP 5ªLQWT

ɱƨʯʚ ƨȳǖƨȳƕɼƨɼ ʯȳƨ ƨɼɼƨʯɼ duplicate field – ou column – name

,ɄɼɼƨƉʚǶɄȳ ࣘ
UGNGEV #EVKXKVª�EQFG.QIGOGPV CU EQFG.��

5ªLQWT�EQFG.QIGOGPV CU EQFG.�
HTQO #EVKXKVª ETQUU LQKP 5ªLQWT

�ƨ CU ɱƨɼȭƨʚ ŗʯʌʌǶ ƕƨ ɼƨȳɄȭȭƨɼ ƕƨʌ ɼƨțŗʚǶɄȳʌ ࣯ƕƩʌǶǖȳƨɼ ʯȳƨ ˙ŗɼǶŗſțƨ ȳʯɱțƨʚࣱࣖ

ࡱࡹ

�ऒʯȳǶɄȳࣗ [

R [ S ɱɼɄƕʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ ƉɄȳʚƨȳŗȳʚ țऒʯȳǶɄȳ ƕƨ R ƨʚ ƕƨ S ࣯ɸʯǶ ƕɄǶ˙ƨȳʚ ŗ˙ɄǶɼ țƨ
ȭƮȭƨ ʌƉǫƩȭŗࣱࣖ

R =

� $

ŗ ſ
˥ ˦

S =

, 6

Ɖ ƕ
ʯ ˙
˥ ˦

Eʚ ˙ɄǶƉǶ țƨ ɼƩʌʯțʚŗʚ ƕƨ țऒʯȳǶɄȳ ࣘ

R ⇥ S = R [ S =

� $

ŗ ſ
Ɖ ƕ
ʯ ˙
˥ ˦

ࡹࡹ



ĎȳǶɄȳ ƨȳ óç� ࣘ WPKQP

�ŗ ɼƨɸʯƮʚƨ ƕɄȳȳŗȳʚ țऒʯȳǶɄȳ ƕƨʌ ȳɄȭʌ ƕƨ țǶƨʯ ƨʚ ƕƨʌ ȳɄȭʌ ƕƨ țɄǖƨȭƨȳʚ
UGNGEV NKGW HTQO .QIGOGPV

WPKQP
UGNGEV TªIKQP CU NKGW HTQO 8Q[CIGWT

¥ſ ࣘ țƨ ʌƉǫƩȭŗ ƕʯ ɼƩʌʯțʚŗʚ ƨʌʚ 
NKGW�

࣢ éŗɼƨȭƨȳʚ ʯʚǶțǶʌƩƨࣗ ȭŗǶʌ ǶȳƕǶʌɱƨȳʌŗſțƨ ࣯ɱŗʌ ƕऒŗʯʚɼƨ ƨ˥ɱɼƨʌʌǶɄȳ ɱɄʌʌǶſțƨࣱ ƨȳ
Ɖŗʌ ƕƨ ſƨʌɄǶȳ

࣢ �˙ŗȳʚŗǖƨʯʌƨȭƨȳʚ ʌǶȭʯțƩƨ ɱŗɼ țƨ ƉɄȳȳƨƉʚƨʯɼ țɄǖǶɸʯƨ QT ƕŗȳʌ țŗ Ɖțŗʯʌƨ
YJGTGࣖ

ࡽࡹ

�ŗ ƕǶ˽ƩɼƨȳƉƨࣗ �

R � S ɱɼɄƕʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ ƉɄȳʚƨȳŗȳʚ țƨʌ ȳʯɱțƨʚʌ ƕƨ R ɸʯǶ ȳƨ ʌɄȳʚ ɱŗʌ ƕŗȳʌ S ࣖ

R ƨʚ S ƕɄǶ˙ƨȳʚ ŗ˙ɄǶɼ țƨ ȭƮȭƨ ʌƉǫƩȭŗࣖ

R =

� $

ŗ ſ
˥ ˦

S =

� $

Ɖ ƕ
ʯ ˙
˥ ˦

éƨțŗʚǶɄȳ R � S =
� $

ŗ ſ

ࢁࡹ

6Ƕ˽ƩɼƨȳƉƨ ƨȳ óç� ࣘ GZEGRV

�ƨʌ țǶƨʯ˥ ƕƨ ˙ǶțțƩǖǶŗʚʯɼƨ ƕƨʌɸʯƨțʌ ŗʯƉʯȳ ˙Ʉ˦ŗǖƨʯɼ ȳऒƨʌʚ ɄɼǶǖǶȳŗǶɼƨࣖ

UGNGEV NKGW HTQO .QIGOGPV
GZEGRV

UGNGEV TªIKQP CU NKGW HTQO 8Q[CIGWT

࣢ ÿɼƸʌ ɱƨʯ ɱɼŗʚǶɸʯƨ ů Ɖŗʯʌƨ ƕƨ țŗ ƉɄȳʚɼŗǶȳʚƨ ʌʯɼ țƨʌ ʌƉǫƩȭŗʌ
࣢ �ŗ ˙ƨɼʌǶɄȳ ƕƩƉțŗɼŗʚǶ˙ƨࣗ PQV GZKUVUࣗ ƨʌʚ ɱțʯʌ ǶȳʚʯǶʚǶ˙ƨ
࣢ âŗɼǑɄǶʌ ȭƮȭƨࣗ ʯȳƨ ʌǶȭɱțƨ ȳƩǖŗʚǶɄȳࣗ PQVࣗ ƕŗȳʌ țŗ Ɖțŗʯʌƨ YJGTG ʌʯ˾ʚࣖ

ࢅࡹ

� ɼƨʚƨȳǶɼ

࣢ ó˦ȳʚŗ˥ƨ ƨʚ ʌǶǖȳǶ̇ƉŗʚǶɄȳ ƕƨʌ ࢍ ɄɱƩɼŗʚƨʯɼʌ
࣢ ,țɋʚʯɼƨ ࣘ ʚɄʯʚƨ ɄɱƩɼŗʚǶɄȳ ʌऒŗɱɱțǶɸʯƨ ů ƕƨʌ ɼƨțŗʚǶɄȳʌ ƨʚ ɱɼɄƕʯǶʚ ʯȳƨ ɼƨțŗʚǶɄȳ
࣢ ,ɄȭɱɄʌǶʚǶɄȳ ࣘ Ʉȳ ƉɼƩƨ ƕƨʌ ɼƨɸʯƮʚƨʌ ƉɄȭɱțƨ˥ƨʌ ƨȳ ƉɄȭſǶȳŗȳʚ ƕƨʌ ɄɱƩɼŗʚƨʯɼʌࣗ
ɱŗʌ ƨȳ ƉɼƩŗȳʚ ƕƨʌ ɄɱƩɼŗʚƨʯɼʌ ʌʯɱƨɼࣽƉɄȭɱțƨ˥ƨʌ

࣢ Eȳ óç� ࣘ țऒŗțǖƸſɼƨ ɄɱƸɼƨ ʌʯɼ ƕƨʌ ɼƨțŗʚǶɄȳʌ ࣯ƨȳʌƨȭſțƨʌ ̇ȳǶʌ ƕƨ ȳʯɱțƨʚʌࣱࣗ ŗțɄɼʌ
ɸʯƨ ƕŗȳʌ țŗ ɱƨɼʌɱƨƉʚǶ˙ƨ ƕƩƉțŗɼŗʚǶ˙ƨࣗ óç� ƨ˥ɱɼǶȭƨ ƕƨʌ ƉɄȳƕǶʚǶɄȳʌ ʌʯɼ ʯȳ ँ Ʉʯ
ɱțʯʌǶƨʯɼʌ ँ ȳʯɱțƨʚ࣯ʌࣱࣖ

âɼǶȳƉǶɱŗțƨʌ ȳɄʯ˙ƨŗʯʚƩʌ ɱɄʯɼ óç� ࣘ ETQUU LQKPࣗ WPKQPࣗ GZEGRV

ࢉࡹ



�ŗ ȍɄǶȳʚʯɼƨ ࣯óࣱࡽࣖࢅ

�țǖƸſɼƨ ɼƨțŗʚǶɄȳȳƨțțƨ ࣘ țŗ ȍɄǶȳʚʯɼƨ ŗțǖƩſɼǶɸʯƨ

�ŗ ȍɄǶȳʚʯɼƨ R Z
R.A=S .B

S ƨʌʚ țŗ ƉɄȭɱɄʌǶʚǶɄȳ ƕʯ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ ƨʚ ƕƨ țŗ ʌƩțƨƉʚǶɄȳࣖ

R Z
R.A=S .B

S ƨʌʚ ƩɸʯǶ˙ŗțƨȳʚ ů fR.A=S .B (R ⇥ S)ࣖ

¶ɱƩɼŗʚǶɄȳ ʚɼƸʌ ǶȭɱɄɼʚŗȳʚƨࣖ

࣢ Ețțƨ ɱƨɼȭƨʚ ƕƨ ƉɼƩƨɼ ʯȳƨ ɼƨțŗʚǶɄȳ
࣢ ŗʌʌɄƉǶŗȳʚ ƕƨʌ ȳʯɱțƨʚʌ ƕǶʌʚǶȳƉʚʌ
࣢ ʌɄʯʌ ƉɄȳƕǶʚǶɄȳ

࣢ ,ऒƨʌʚ ŗʯʌʌǶ ʯȳƨ ɄɱƩɼŗʚǶɄȳ ɱɄʚƨȳʚǶƨțțƨȭƨȳʚ ƉɄʵʚƨʯʌƨࣖ

,ƨʚʚƨ ʌƨƉʚǶɄȳ ɱɼƩʌƨȳʚƨ țŗ ȍɄǶȳʚʯɼƨ ŗțǖƩſɼǶɸʯƨ ƨʚ ʌŗ ʌ˦ȳʚŗ˥ƨ óç�ࣖ

ࢍࡹ

éƨɱɼƨȳɄȳʌ țƨ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ .QIGOGPV ⇥ #EVKXKVª

EQFG PQO ECRCEKVª V[RG NKGW EQFG.QIGOGPV EQFG#EVKXKVª

Ɖŗ ,ŗʯʌʌƨʌ ࢋࢇ �ʯſƨɼǖƨ ,Ʃ˙ƨȳȳƨʌ Ɖŗ éŗȳƕɄȳȳƩƨ
ǖƨ eƩȳƩɱǶ ࢇࢃࡻ pɋʚƨț �țɱƨʌ Ɖŗ éŗȳƕɄȳȳƩƨ
ɱǶ Ď âǶȳ˲ʯʚʯ ࡴࡻ eǼʚƨ ,Ʉɼʌƨ Ɖŗ éŗȳƕɄȳȳƩƨ
ʚŗ ÿŗſɼǶ˲ ࢇࢃ pɋʚƨț $ɼƨʚŗǖȳƨ Ɖŗ éŗȳƕɄȳȳƩƨ
Ɖŗ ,ŗʯʌʌƨʌ ࢋࢇ �ʯſƨɼǖƨ ,Ʃ˙ƨȳȳƨʌ ǖƨ âǶʌƉǶȳƨ
ǖƨ eƩȳƩɱǶ ࢇࢃࡻ pɋʚƨț �țɱƨʌ ǖƨ âǶʌƉǶȳƨ
ɱǶ Ď âǶȳ˲ʯʚʯ ࡴࡻ eǼʚƨ ,Ʉɼʌƨ ǖƨ âǶʌƉǶȳƨ
ʚŗ ÿŗſɼǶ˲ ࢇࢃ pɋʚƨț $ɼƨʚŗǖȳƨ ǖƨ âǶʌƉǶȳƨ
ࣖࣖࣖ ࣖࣖࣖ ࣖࣖࣖ ࣖࣖࣖ ࣖࣖࣖ ࣖࣖࣖ ࣖࣖࣖ

$ƨŗʯƉɄʯɱ ƕƨ țǶǖȳƨʌ ࣯ɱɼɄſŗſțƨȭƨȳʚࣱ ʌŗȳʌ ǶȳʚƩɼƮʚࣖ

࢑ࡹ

�ɄǶȳʚʯɼƨ ࣘ .QIGOGPV Z #EVKXKVª
EQFG=EQFG.QIGOGPV

¶ȳ ƉɄȳʌƨɼ˙ƨ țƨʌ ȳʯɱțƨʚʌ ŗ˙ƨƉ țƨ ȭƮȭƨ ƉɄƕƨ țɄǖƨȭƨȳʚ ʌƨʯțƨȭƨȳʚࣖ

EQFG PQO ECRCEKVª V[RG NKGW EQFG.QIGOGPV EQFG#EVKXKVª

Ɖŗ ,ŗʯʌʌƨʌ ࢋࢇ �ʯſƨɼǖƨ ,Ʃ˙ƨȳȳƨʌ Ɖŗ éŗȳƕɄȳȳƩƨ
ǖƨ eƩȳƩɱǶ ࢇࢃࡻ pɋʚƨț �țɱƨʌ ǖƨ âǶʌƉǶȳƨ
ǖƨ eƩȳƩɱǶ ࢇࢃࡻ pɋʚƨț �țɱƨʌ ǖƨ óȕǶ
ɱǶ Ď âǶȳ˲ʯʚʯ ࡴࡻ eǼʚƨ ,Ʉɼʌƨ ɱǶ âțɄȳǖƩƨ
ɱǶ Ď âǶȳ˲ʯʚʯ ࡴࡻ eǼʚƨ ,Ʉɼʌƨ ɱǶ ĬɄǶțƨ

¶ȳ ŗ ƉɼƩƩ ʯȳƨ ȳɄʯ˙ƨțțƨ ʚŗſțƨ ƨȳ ƉɄȭſǶȳŗȳʚ ƕƨʌ ȳʯɱțƨʚʌ țǶƩʌ ɱŗɼ ʯȳƨ ƉɄȳƕǶʚǶɄȳࣖ

yț ʌऒŗǖǶʚ ƕऒʯȳ ʌɄʯʌࣽƨȳʌƨȭſțƨ ƕʯ ɱɼɄƕʯǶʚ ƉŗɼʚƩʌǶƨȳ ƕƨʌ ƕƨʯ˥ ɼƨțŗʚǶɄȳʌࣖ

࢕ࡹ



Eȳ óç� ࣘ LQKP ��� QP ���

�ŗ ȍɄǶȳʚʯɼƨ ŗțǖƩſɼǶɸʯƨ ʌऒƨ˽ƨƉʚʯƨ ƨȳ óç� ƕŗȳʌ țŗ Ɖțŗʯʌƨ HTQOࣖ
UGNGEV �
HTQO .QIGOGPV LQKP #EVKXKVª QP 
EQFG � EQFG.QIGOGPV�

éŗɱɱƨț ࣘ țŗ ʌ˦ȳʚŗ˥ƨ ƕƩƉțŗɼŗʚǶ˙ƨ ƨʌʚ țŗ ʌʯǶ˙ŗȳʚƨ ࣘ

{(✓, a) | .QIGOGPV(✓) ^ #EVKXKVª(a) ^ ✓.EQFG = a.EQFG.QIGOGPV}

UGNGEV �
HTQO .QIGOGPV CU N� #EVKXKVª CU C
YJGTG N�EQFG � C�EQFG.QIGOGPV

yȳʚƨɼɱɼƩʚŗʚǶɄȳʌ ƕǶ˽Ʃɼƨȳʚƨʌࣗ ɼƩʌʯțʚŗʚ ǶƕƨȳʚǶɸʯƨࣖ

࢙ࡹ

éƩʌɄțʯʚǶɄȳ ƕƨʌ ŗȭſǶǖʯǶʚƩʌ

�ŗ ɼƨɸʯƮʚƨ ʌʯǶ˙ŗȳʚƨ ɼƨȳ˙ɄǶƨ ʯȳƨ ƨɼɼƨʯɼ ů Ɖŗʯʌƨ ƕƨ țऒŗȭſǶǖʯǶʚƩ ʌʯɼ
EQFG.QIGOGPVࣖ

UGNGEV �
HTQO #EVKXKVª LQKP 5ªLQWT QP 
EQFG.QIGOGPV � EQFG.QIGOGPV�

óɄțʯʚǶɄȳ ࣘ țƨ ɼƨȳɄȭȭŗǖƨ ƕƨʌ ɼƨțŗʚǶɄȳʌࣖ

UGNGEV �
HTQO #EVKXKVª CU #
LQKP 5ªLQWT CU 5
QP 
#�EQFG.QIGOGPV � 5�EQFG.QIGOGPV�

ࡱࡽ

,ɄȭɱɄʌǶʚǶɄȳ ƕƨʌ ȍɄǶȳʚʯɼƨʌ

¶ȳ ɱƨʯʚ ɱțŗƉƨɼ ƕƨʌ ƨ˥ɱɼƨʌʌǶɄȳʌ ŗțǖƩſɼǶɸʯƨʌ ɸʯƨțƉɄȳɸʯƨʌ ƕŗȳʌ țƨ HTQOࣖ yƉǶࣗ ƕƨʯ˥
ȍɄǶȳʚʯɼƨʌ (V Z S) Z L

UGNGEV PQO� PQO.QIGOGPV
HTQO 
8Q[CIGWT CU 8

LQKP 5ªLQWT CU 5 QP 8�KF � 5�KF8Q[CIGWT� CU 85
LQKP .QIGOGPV CU . QP 85�EQFG.QIGOGPV � .�EQFG

�ǶʌǶſǶțǶʚƩ ŗțƩŗʚɄǶɼƨࣚ� ƉɄȭɱŗɼƨɼ ŗ˙ƨƉ țŗ ˙ƨɼʌǶɄȳ ƕƩƉțŗɼŗʚǶ˙ƨࣖ

UGNGEV 8�PQO CU PQO� .�PQO CU PQO.QIGOGPV
HTQO 8Q[CIGWT CU 8� 5ªLQWT CU 5� .QIGOGPV CU .
YJGTG 8�KF � 5�KF8Q[CIGWT
CPF 5�EQFGNQIGOGPV � .�EQFG

ࡹࡽ

�ŗ ƉɄȳƕǶʚǶɄȳ ƕƨ ȍɄǶȳʚʯɼƨ

R Z
R.A ⇥ S .B

S , ⇥ 2 {=, <, >, , �}

ÿɄʯʚƨ ƉɄȭɱŗɼŗǶʌɄȳ ƕऒŗʚʚɼǶſʯʚʌ ƕƨ R ƨʚ ƕƨ S ɱƨʯʚ ŗɱɱŗɼŗǶʚɼƨ ƕŗȳʌ țŗ ƉɄȳƕǶʚǶɄȳ ƕƨ
țŗ ȍɄǶȳʚʯɼƨࣖ

UGNGEV �
HTQO .QIGOGPV CU .
LQKP #EVKXKVª CU #
QP 
.�EQFG  � #�EQFG.QIGOGPV�

¶ȳ țŗ ȳɄȭȭƨ ɱŗɼǑɄǶʌ ⇥�ȍɄǶȳʚʯɼƨࣗ ɱŗɼ ƨ˥ʚƨȳʌǶɄȳ ƕƨ țऒƩɸʯǶࣽȍɄǶȳʚʯɼƨࣖ

ࡽࡽ



� ɼƨʚƨȳǶɼ

�ऒŗțǖƸſɼƨ ƨʌʚ ʯȳ țŗȳǖŗǖƨ ɱɄʯɼ ƉɼƩƨɼ ƕƨʌ ɼƨțŗʚǶɄȳʌ ů ɱŗɼʚǶɼ ƕऒŗʯʚɼƨʌ ɼƨțŗʚǶɄȳʌࣖ �ŗ
ʚɼŗƕʯƉʚǶɄȳ ƨȳ óç� ƉɄȳʌǶʌʚƨ ů ɱțŗƉƨɼ ƕƨʌ ƨ˥ɱɼƨʌʌǶɄȳʌ ƕŗȳʌ țŗ Ɖțŗʯʌƨ HTQOࣗ ƕƨ
ǑŗƍɄȳ ǶȭſɼǶɸʯƩƨࣖ

࣢ �ŗ ȍɄǶȳʚʯɼƨ ƨʌʚ ʯȳƨ ɄɱƩɼŗʚǶɄȳ ƉɄʯɼŗȳʚƨࣗ ƨʌʌƨȳʚǶƨțțƨ ƨʚ ʌƨȳʌǶſțƨ ࣯ɱƨɼǑɄɼȭŗȳƉƨʌࣱ
࣢ Ețțƨ ɱƨʯʚ ʌऒƨ˥ɱɼǶȭƨɼ țǶʚʚƩɼŗțƨȭƨȳʚ ƨȳ óç� ŗ˙ƨƉ LQKP ��� QP ���
࣢ ,ƨ ȳऒƨʌʚ ɸʯऒʯȳƨ ˙ƨɼʌǶɄȳ ŗțʚƨɼȳŗʚǶ˙ƨ ů țऒƨ˥ɱɼƨʌʌǶɄȳ ƩɸʯǶ˙ŗțƨȳʚƨ ƕƨ țŗ ʌ˦ȳʚŗ˥ƨ
ƕƩƉțŗɼŗʚǶ˙ƨ ƕƨ óç�

ࢁࡽ

E˥ɱɼƨʌʌǶɄȳʌ ŗțǖƩſɼǶɸʯƨʌ ࣯óࣱࢁࣖࢅ

�țǖƸſɼƨ ɼƨțŗʚǶɄȳȳƨțțƨ ࣘ ƨ˥ɱɼƨʌʌǶɄȳʌ ŗțǖƩſɼǶɸʯƨʌ

âŗɼ ƉɄȭɱɄʌǶʚǶɄȳ Ʉȳ ƨ˥ɱɼǶȭƨ ŗ˙ƨƉ țऒŗțǖƸſɼƨ ʚɄʯʚƨʌ țƨʌ ɼƨɸʯƮʚƨʌ ɼƨțŗʚǶɄȳȳƨțțƨʌ ɸʯƨ
țऒɄȳ ɱƨʯʚ ŗʯʌʌǶ ƨ˥ɱɼǶȭƨɼ ँ ɱțʯʌ ȳŗʚʯɼƨțțƨȭƨȳʚ ँ ŗ˙ƨƉ țŗ țɄǖǶɸʯƨࣖ

6ŗȳʌ Ɖƨʚʚƨ ʌƨƉʚǶɄȳࣗ ƕƨʌ ƨ˥ƨȭɱțƨʌ ƕऒƨ˥ɱɼƨʌʌǶɄȳʌ ŗțǖƩſɼǶɸʯƨʌ ƉɄʯɼŗȳʚƨʌ

࣢ ,ɄȭɱɄʌǶʚǶɄȳ ƕƨ ʌƩțƨƉʚǶɄȳʌ
࣢ �ɄǶȳʚʯɼƨʌ
࣢ 6Ƕ˽ƩɼƨȳƉƨ
࣢ Eʚ ȭƮȭƨ țŗ ɸʯŗȳʚǶ̇ƉŗʚǶɄȳ ʯȳǶ˙ƨɼʌƨțțƨ

ࢅࡽ

,ɄȭɱɄʌǶʚǶɄȳ ƕƨ ʌƩțƨƉʚǶɄȳʌ

�ŗ ƉɄȳȍɄȳƉʚǶɄȳ ƕƨ ƉɼǶʚƸɼƨʌ ʌऒɄſʚǶƨȳʚ ƨȳ ƉɄȭɱɄʌŗȳʚ ƕƨʌ ʌƩțƨƉʚǶɄȳʌࣖ

fECRCEKVª>100(fV[RG=ऒpɋʚƨțऒ(.QIGOGPV))

¶ȳ ŗƉƉƨɱʚƨɼŗ ƕƨ țऒƩƉɼǶɼƨ

fECRCEKVª>100 ^ V[RG=ऒpɋʚƨțऒ(.QIGOGPV))

�ऒʯȳǶɄȳ ƨʌʚ țऒƩɸʯǶ˙ŗțƨȳʚ ƨȳ ŗțǖƸſɼƨ ƕƨ țŗ ƕǶʌȍɄȳƉʚǶɄȳ țɄǖǶɸʯƨࣖ

fECRCEKVª>100(.QIGOGPV) [ fNKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV)

âƨʯʚ ʌऒƩƉɼǶɼƨ
fECRCEKVª>100 _ NKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV)

ࢉࡽ



,ɄȭɱɄʌǶʚǶɄȳ ƕƨ ʌƩțƨƉʚǶɄȳʌࣗ ʌʯǶʚƨ

�ŗ ƕǶ˽ƩɼƨȳƉƨ ɱƨɼȭƨʚ ƕऒƨ˥ɱɼǶȭƨɼ țऒɄɱƩɼŗʚƨʯɼ <ࣖ

fECRCEKVª>100(.QIGOGPV) � fNKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV)

¶ȳ ŗƉƉƨɱʚƨɼŗ ƕƨ țऒƩƉɼǶɼƨ

fECRCEKVª>100 ^ ¬NKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV)

Eȳ ɼƩʌʯȭƩࣗ Ʉȳ ɱƨʯʚ ƩƉɼǶɼƨ țŗ ʌƩțƨƉʚǶɄȳ ƨȳ ƨ˥ɱɼǶȭŗȳʚ țƨʌ ƉɼǶʚƸɼƨʌ ŗ˙ƨƉ ʯȳƨ ǑɄɼȭʯțƨ
F ƕʯ ƉŗțƉʯț ɱɼɄɱɄʌǶʚǶɄȳȳƨțࣗ fF (R)ࣖ

�ʚʚƨȳʚǶɄȳ ů țŗ ȳƩǖŗʚǶɄȳ ࣘ ˙ɄǶɼ ɱțʯʌ țɄǶȳࣖ

ࢍࡽ

éƨɸʯƮʚƨʌ ƉɄȳȍɄȳƉʚǶ˙ƨʌ

ÿɄʯʚƨ ɼƨɸʯƮʚƨ ʌऒƩƉɼǶ˙ŗȳʚ ŗ˙ƨƉ fࣗ cࣗ ⇥ ࣯ƨʚ ƕɄȳƉ Zࣱࣖ

éƨɸʯƮʚƨʌ ȭɄȳɄࣽʚŗſțƨ
¥Ʉȭ ƕƨʌ țɄǖƨȭƨȳʚʌ ƨȳ ,Ʉɼʌƨ

cPQO(fNKGW=ऒ,Ʉɼʌƨऒ(.QIGOGPV))

¥Ʉȭ ƨʚ ɱɼƩȳɄȭ ƕƨʌ ƉțǶƨȳʚʌ ƉɄɼʌƨʌ

cPQO,RTªPQO(fTªIKQP=ऒ,Ʉɼʌƨऒ(8Q[CIGWT))

࢑ࡽ

éƨɸʯƮʚƨʌ ƉɄȳȍɄȳƉʚǶ˙ƨʌࣗ ʌʯǶʚƨ

éƨɸʯƮʚƨʌ ȭʯțʚǶࣽʚŗſțƨʌࣗ ŗ˙ƨƉ ȍɄǶȳʚʯɼƨࣖ
¥Ʉȭ ƕƨʌ ƉțǶƨȳʚʌ ɸʯǶ ʌɄȳʚ ŗțțƩʌ ů ÿŗſɼǶ˲

cPQO

 
8Q[CIGWT Z (fEQFG.QIGOGPV=ऒʚŗऒ

KF=KF8Q[CIGWT
(5ªLQWT))

!

çʯƨțʌ țǶƨʯ˥ ŗ ˙ǶʌǶʚƩ țƨ ƉțǶƨȳʚ ࡱࢁ

cNKGW

 
fKF8Q[CIGWT=30(5ªLQWT) Z .QIGOGPV

EQFG.QIGOGPV=EQFG

!

࢕ࡽ

éƨɸʯƮʚƨʌ ƉɄȳȍɄȳƉʚǶ˙ƨʌࣗ ʌʯǶʚƨ ƕƨ ʌʯǶʚƨ

¥Ʉȭ ƕƨʌ ƉțǶƨȳʚʌ ɸʯǶ Ʉȳʚ ƨʯ țऒɄƉƉŗʌǶɄȳ ƕƨ ǑŗǶɼƨ ƕƨ țŗ ˙ɄǶțƨࣖ Eȳ ƕƨʯ˥ Ʃʚŗɱƨʌࣖ

Q1 := 5ªLQWT Z (fEQFG#EVKXKVª=ऒĬɄǶțƨऒ
EQFG.QIGOGPV=EQFG.QIGOGPV

(#EVKXKVª))

ɱʯǶʌ

cPQO(8Q[CIGWT Z
KF=KF8Q[CIGWT

Q1)

࢙ࡽ



E˥ʚƨȳʌǶɄȳ ƕƨ țŗ ƉɄȳƕǶʚǶɄȳ ƕƨ ȍɄǶȳʚʯɼƨ

�ŗ ƉɄȳȍɄȳƉʚǶɄȳ ƕƨ ƉɼǶʚƸɼƨʌ ʌऒɄſʚǶƨȳʚ ƨȳ ƉɄȭɱɄʌŗȳʚ țŗ ȍɄǶȳʚʯɼƨ ŗ˙ƨƉ țŗ ʌƩțƨƉʚǶɄȳࣖ

f¬EQFG=EQFG.QIGOGPV(.QIGOGPV Z #EVKXKVª
PQO�EQFG#EVKXKVª

) =

.QIGOGPV Z #EVKXKVª
¬EQFG=EQFG.QIGOGPV ^ PQO�EQFG#EVKXKVª

UGNGEV �
HTQO .QIGOGPV CU .
LQKP #EVKXKVª CU #
QP 
PQV .�EQFG � #�EQFG.QIGOGPV CPF .�PQO  � #�EQFG#EVKXKVª�

ÿɄʯʚƨ ƉɄȭſǶȳŗǶʌɄȳ ƕƨ ƉɄȳƕǶʚǶɄȳʌ țǶƩƨʌ ɱŗɼ ƕƨʌ ƉɄȳȳƨƉʚƨʯɼʌ țɄǖǶɸʯƨʌ ƨʌʚ ƩțǶǖǶſțƨࣖ
ࡱࢁ

�ŗ ȍɄǶȳʚʯɼƨ ȳŗʚʯɼƨțțƨ ࣘ ʯȳ Ɖŗʌ ʌǶȳǖʯțǶƨɼ

óɄǶƨȳʚ R(A,B,C ) ƨʚ S (B,C ,D) ࣙ țŗ ȍɄǶȳʚʯɼƨ ȳŗʚʯɼƨțțƨ ƕƨ R ƨʚ S ƨʌʚ ƕƩ̇ȳǶƨ
ƉǶࣽƕƨʌʌɄʯʌࣖ

R Z S = cA,R.B,R.C ,D (fR.B=S .B ^ R.C=S .C (R ⇥ S))

�ƨʌ ƕƨʯ˥ ɱŗɼʚǶƉʯțŗɼǶʚƩʌ

࣢ �ƨʌ ŗʚʚɼǶſʯʚʌ ƉɄȭȭʯȳʌ ƕƨ R ƨʚ ƕƨ S ǑɄȳʚ ɱŗɼʚǶƨ ƕƨ țŗ ƉɄȳƕǶʚǶɄȳ ƕƨ ȍɄǶȳʚʯɼƨ
ɱŗɼ ƩǖŗțǶʚƩ

࣢ óƨʯțƨ ʯȳƨ ɄƉƉʯɼɼƨȳƉƨ ƕƨ Ɖǫŗɸʯƨ ɱŗǶɼƨ ƕऒŗʚʚɼǶſʯʚʌ ̇ǖʯɼƨ ƕŗȳʌ țƨ ʌƉǫƩȭŗ ƕʯ
ɼƩʌʯțʚŗʚࣖ

UGNGEV �
HTQO 5ªLQWT CU 5
PCVWTCN LQKP .QIGOGPV CU . -- jointure sur S.nom = L.nom

ࡹࢁ

�ŗ ȳƩǖŗʚǶɄȳ

óऒƨ˥ɱɼǶȭƨ ƨȳ ŗțǖƸſɼƨ ŗ˙ƨƉ țŗ ƕǶ˽ƩɼƨȳƉƨࣖ

,Ʉƕƨʌ ƕƨʌ țɄǖƨȭƨȳʚʌ ɸʯǶ ȳƨ ɱɼɄɱɄʌƨȳʚ ɱŗʌ ƕƨ ˙ɄǶțƨ

cEQFG(.QIGOGPV)�
dEQFG.QIGOGPV!EQFG

�
cEQFG.QIGOGPV(fEQFG#EVKXKVª=ऒĬɄǶțƨऒ(#EVKXKVª))

�

éŗǶʌɄȳȳƨȭƨȳʚ ࣘ
�ƨ ɱɼƨȳƕʌ ʚɄʯʌ țƨʌ țɄǖƨȭƨȳʚʌ ȭɄǶȳʌ Ɖƨʯ˥ ɸʯǶ ɱɼɄɱɄʌƨȳʚ ƕƨ țŗ ˙ɄǶțƨࣖ

âƨʯ ɱɼŗʚǶɸʯƨ ʌǶ Ʉȳ ƉɄȭɱŗɼƨ ŗʯ PQV GZKUVU ƕƨ óç� ࣘ țŗ ƕǶ˽ƩɼƨȳƉƨ ȳƨ ʌऒŗɱɱțǶɸʯƨ
ɸʯƨ ʌʯɼ ƕƨʌ ɼƨțŗʚǶɄȳʌ ŗ˦ŗȳʚ țƨ ȭƮȭƨ ʌƉǫƩȭŗࣖ

ࡽࢁ

�ɄǖǶɸʯƨ Ʉʯ ǑɄȳƉʚǶɄȳȳƨțࣗ ɸʯƨț țŗȳǖŗǖƨࣞ

¶ȳ ʌɄʯȭƨʚ ʯȳƨ ɼƨɸʯƮʚƨ óç�ࣗ ƨʚ ŗɱɼƸʌ ࣞ

select a1, a2, …
from T1, T2, …
where …

?
…
…
…

RésultatForme
opératoire

Forme 
déclarative

¶ȳ ƨ˥ɱɼǶȭƨ țŗ ɼƨɸʯƮʚƨ ƕƨ ȭŗȳǶƸɼƨ ƕƩƉțŗɼŗʚǶ˙ƨࣗ țƨ ʌ˦ʌʚƸȭƨ ƕɄǶʚ ʚɼɄʯ˙ƨɼ ʯȳƨ
ȭƩʚǫɄƕƨ ƕऒƩ˙ŗțʯŗʚǶɄȳࣖ

ࢁࢁ



E˥ɱɼƨʌʌǶɄȳ țɄǖǶɸʯƨࣗ Ʃ˙ŗțʯŗʚǶɄȳ ǑɄȳƉʚǶɄȳȳƨțțƨ

�ƨ ʌ˦ʌʚƸȭƨ ɱƨʯʚ ɱɼɄƕʯǶɼƨ ʯȳƨ ƨ˥ɱɼƨʌʌǶɄȳ ŗțǖƩſɼǶɸʯƨ ɱɄʯɼ ʚɄʯʚƨ ɼƨɸʯƮʚƨ óç�ࣖ

select a1, a2, …
from T1, T2, …
where …

…
…
…

Résultat

Plan exécution
physique

⇡⇡

�� ��
⇡⇡

Plan exécution
logique

hash

sort

scan

filter

merge …

Equivalence 
SQL / algèbre

A B

o1

o2

o3 o4

o5

yț ɼƨʌʚƨ ů ʚɼɄʯ˙ƨɼ țƨʌ ſɄȳʌ ŗțǖɄɼǶʚǫȭƨʌࣗ ů ʯʚǶțǶʌƨɼ ƉɄɼɼƨƉʚƨȭƨȳʚ țƨʌ ɼƨʌʌɄʯɼƉƨʌ ƕƨ
ƉŗțƉʯț ࣘ ʯȳ ƕƩ̇ ɱɄʯɼ țƨ ʌ˦ʌʚƸȭƨࣗ ɱɄʯɼ țऒʯʚǶțǶʌŗʚƨʯɼ ŗ˙ǶʌƩ ƨʚ ɱɄʯɼ țऒŗƕȭǶȳǶʌʚɼŗʚƨʯɼࣖ

ࢅࢁ

� ɼƨʚƨȳǶɼ

�ऒŗțǖƸſɼƨ ƨʌʚ ʯȳ țŗȳǖŗǖƨ ɼƨțŗʚǶɄȳȳƨț ƩɸʯǶ˙ŗțƨȳʚ ů țŗ țɄǖǶɸʯƨ ǑɄɼȭƨțțƨࣖ

࣢ ¶ȳ ɱƨʯʚ ƨ˥ɱɼǶȭƨɼ ʚɄʯʚƨʌ țƨʌ ɼƨɸʯƮʚƨʌ ƨȳ ŗțǖƸſɼƨࣗ ɱŗɼ ƉɄȭɱɄʌǶʚǶɄȳ
ƕऒɄɱƩɼŗʚƨʯɼʌ

࣢ yț ƨ˥Ƕʌʚƨ ʯȳƨ ʌ˦ȳʚŗ˥ƨ óç� ɱɄʯɼ ʚɄʯʚƨʌ țƨʌ ɼƨɸʯƮʚƨʌ ŗțǖƩſɼǶɸʯƨʌ
࣢ �ƨ ʌʚ˦țƨ ƨʌʚ ƉƨțʯǶ ƕƨ țŗ ɱɼɄǖɼŗȭȭŗʚǶɄȳ ࣯ǑɄȳƉʚǶɄȳȳƨțțƨࣱ ࣙ ȭɄǶȳʌ ƉțŗǶɼࣗ ȭɄǶȳʌ
ŗƉƉƨʌʌǶſțƨ ů ʯȳ ȳɄȳࣽɱɼɄǖɼŗȭȭƨʯɼࣗ ȭɄǶȳʌ ɱɼɄƉǫƨ ƕƨ țऒƨ˥ɱɼƨʌʌǶɄȳ
ओ ȳŗʚʯɼƨțțƨ क ƕƨ țŗ ɼƨɸʯƮʚƨ

࣢ âƨʯʚ ʌऒƨ˽ƨƉʚʯƨɼ ƨȳ ɱțʯʌǶƨʯɼʌ Ʃʚŗɱƨʌ ɱɄʯɼ ʯȳƨ ȭƨǶțțƨʯɼƨ ƉțŗɼʚƩࣖ

�ऒŗțǖƸſɼƨ ƩʚŗǶʚ ƉɄȳƍʯƨ ů țऒɄɼǶǖǶȳƨ ɱɄʯɼ ƕƩ̇ȳǶɼ țऒƨ˥ƩƉʯʚǶɄȳ ƕƨʌ ɼƨɸʯƮʚƨʌࣗ ƨʚ ȳɄȳ țƨʯɼ
ǑɄɼȭʯțŗʚǶɄȳࣖ

ࢉࢁ


