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ΗǦǦǦ
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ǦΝ



�ǆǴǼȂΘǶǐǌǝǻǐǼȝȖ
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ǻǐ ȝǣǐ ȂȏȏȂȓȝȠǼǦȝΞ ȝȂ ȏȠȓȖȠǐ ǻΞ Uǣ� ǌǐǝȓǐǐॽ / ǣƷΗǐ ǶǐƷȓǼȝ ȖȂ ǻȠǆǣ ǜȓȂǻ ΞȂȠ ǅȂȝǣ ƷȖ Ʒ ȓǐȖǐƷȓǆǣǐȓ
ƷǼǌ ƷȖ Ʒ ȏǐȓȖȂǼॽ / ǅǐǶǦǐΗǐ ΘǦȝǣ ƷǶǶ ȂȠȓ ǐЍȂȓȝȖॶ Θǐ ΘǦǶǶ ǆȠȓǐ ǆƷǼǆǐȓ ȂǼǐ ǌƷΞॽ / ΘȂȠǶǌ ǶǦǴǐ ȝȂ ǐΝȝǐǼǌ
ǻΞ ǌǐǐȏǐȖȝ ǝȓƷȝǦȝȠǌǐ ȝȂ ǻΞ ǌǦȖȖǐȓȝƷȝǦȂǼ ƷǌΗǦȖȂȓΞ ǆȂǻǻǦȝȝǐǐ ǻǐǻǅǐȓȖॶ <ȂȓǼǐǶǦƷ UȂǶΞƷǴॶ ǜȂȓ ƷǶΘƷΞȖ
ǅǐǦǼǝ ǆȓǦȝǦǆƷǶॶ CǦȓ ,ƷǆȂǣǐǼॶ ǜȂȓ ȏȓȂΗǦǌǦǼǝ ǻǐ ȝǣǐ ȂȏȏȂȓȝȠǼǦȝΞ ȝȂ ΘȓǦȝǐ ǻΞ ЖȓȖȝ X ȖǆȓǦȏȝ ƷǼǌ ǅǐǦǼǝ
ȖȠȏȏȂȓȝǦΗǐॶ BǦǆǣƷǐǶ [ȏȓǦǼǝǐȓॶ ǜȂȓ ȖȠȏȏȂȓȝǦǼǝ ǻΞ ǆƷȓǐǐȓ ȏǶƷǼ ƷǼǌ ȏȓȂΗǦǌǦǼǝ ȠȖǐǜȠǶ ǜǐǐǌǅƷǆǴॽ / ΘȂȠǶǌ
ǶǦǴǐ ȝȂ ȝǣƷǼǴ ǻΞ ǌǐǜǐǼȖǐ ǆȂǻǻǦȝȝǐǐ ǻǐǻǅǐȓȖॶ BƷȓǴȠȖ �ƷȖƷǼॶ sƷǶȝǐȓ $ȂǼȝƷǼƷॶ ƷǼǌ $ȂȓǐȖȝ sǣǦȝǐॶ ǜȂȓ
ΞȂȠȓ ȝǦǻǐ ƷǼǌ ȖȠȏȏȂȓȝॽ

/ Ʒǻ ǐΝȝȓǐǻǐǶΞ ǝȓƷȝǐǜȠǶ ȝȂ ƷǶǶ ȝǣǐ ǆȠȓȓǐǼȝ ƷǼǌ ȏƷȖȝ [ƷǼǌǐȓ ǶƷǅ ǻǐǻǅǐȓȖॶ ƷǼǌ ǆȂǶǶƷǅȂȓƷȝȂȓȖॶ ǜȂȓ
ΞȂȠȓ ΗƷǶȠƷǅǶǐ ǆȂǼȝȓǦǅȠȝǦȂǼ ƷǼǌ ǦǼȖǦǝǣȝǜȠǶ ǌǦȖǆȠȖȖǦȂǼॽ �Ȃ yȠƷǼॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ ƷǶǶ ȝǣǐ ǦǼǜȂȓǻƷȝǦΗǐ ǐǌৄ
ȠǆƷȝǦȂǼƷǶ ȖǐȖȖǦȂǼȖ ƷǼǌ ǝǐǼȠǦǼǐ ȖȠȏȏȂȓȝ ȝǣȓȂȠǝǣȂȠȝ ȝǣǐ ȝȂȠǝǣ ǌƷΞȖॽ �ȠǝȠȖȝǦǼ =ȠǼƷॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ
ȝǐƷǆǣǦǼǝ ǻǐ ȖȂ ǻȠǆǣ ƷǅȂȠȝ ǆȂǌǦǼǝॶ ǆȂǻǻȠǼǦǆƷȝǦȂǼॶ ǐΗǐȓΞȝǣǦǼǝ ƷǼǌ ǜȂȓ ǅǐǦǼǝ Ʒ ǝȓǐƷȝ ǜȓǦǐǼǌॽ �ǶǐΝ
$ȓƷǼΣॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ ȝǐƷǆǣǦǼǝ ƷǼǌ ȖǣƷȓǦǼǝ ΞȂȠȓ ǐΝȏǐȓȝǦȖǐ ȂǼ ǐΝȏǐȓǦǻǐǼȝƷȝǦȂǼॽ CǦǆǣȂǶƷȖ %ƷȠȝǣǦǐȓॶ
ȝǣƷǼǴ ΞȂȠ ǜȂȓ ǦǼȝȓȂǌȠǆǦǼǝ ƷǼǌ ǌȓǦΗǦǼǝ ȝǣǐ ȏȓȂǱǐǆȝȖॽ $ȓƷǼǴ UȂǐǶΘǦǱǴॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ ȖǣƷȓǦǼǝ ǦǼȖǦǝǣȝৄ
ǜȠǶ ȖǆǦǐǼȝǦЖǆ ȂȏǦǼǦȂǼȖ ƷǼǌ ǜȂȓ ǅǐǦǼǝ ƷǼ ǦǼΗƷǶȠƷǅǶǐ ǜȓǦǐǼǌॽ BǦǆǣƷǐǶ [ȝǦГǐȓॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ ȝǣǐ ǣǐǶȏǜȠǶ
ȖȠǝǝǐȖȝǦȂǼȖ ƷǼǌ ȝǣȂȖǐ ǌǐǶǦǝǣȝǜȠǶ ȝǐƷȝǦǻǐॽ BƷǼΞ ȝǣƷǼǴȖ ȝȂ Ȃȝǣǐȓ ȏǐȂȏǶǐ ΘǦȝǣȂȠȝ ΘǣȂǻ ȝǣǦȖ ΘȂȓǴ
ΘȂȠǶǌ ǼȂȝ ǣƷΗǐ ǅǐǐǼ ǆȂǻȏǶǐȝǐǌॶ �ǐǅȂȓƷ BƷȓǴȖॶ :ȂǣǼ /ǼǝȓƷǣƷǻॶ �ǼǦǶ <ȂȓǴȠȝॶ [ȝǐǜƷǼ UǐǦǌǶǦॶ CǦǶȖ
�ǶȤȝǣǝǐǼॶ bǐȖȖƷ %ȓǐǐǼॶ BƷȝȝǣǦƷȖ BƷǼǼॶ $ƷǅǦƷǼ �ȂȖǆǦƷॶ =ǐƷ �ǣƷȓƷȂȠǦॶ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ CǣƷǼ
qƷǼ �Ȃॶ [ȂȠǻΞƷ XƷΞǆǣƷȠǌǣȠȓǦॶ ƷǼǌ ȝǣȂȖǐ ΘǣȂ ǣƷΗǐ ǣǐǶȏǐǌ ǻǐ ǌȠȓǦǼǝ ǻΞ ǝȓƷǌȠƷȝǐ ȖȝȠǌǦǐȖॽ

bȂ ȝǣǐ �ǦȂǶȂǝǦǆƷǶ ƷǼǌ �ǦȂǻǐǌǦǆƷǶ [ǆǦǐǼǆǐȖ ȏȓȂǝȓƷǻॶ �ǼǼǐ HȖǣǐƷॶ �ƷǼǦǐǶ %ȂǼΣƷǶǐΣॶ <Ʒȝǐ ,Ȃǌৄ
ǝǦǼȖॶ ȝǣƷǼǴ ΞȂȠ ǜȂȓ ǻƷǴǦǼǝ Ʒ ǜƷǻǦǶΞ ǜȂȓ ȠȖ ǣǐȓǐ ƷǼǌ ΘƷǶǴǦǼǝ ȠȖ ȝǣȓȂȠǝǣ ȝǣǦȖ ȏȓȂǆǐȖȖॽ / ƷȏȏȓǐǆǦƷȝǐ ȝǣǐ
�ǐȏƷȓȝǻǐǼȝ Ȃǜ �ƷȝƷ [ǆǦǐǼǆǐȖ ǦǼ �ƷǼƷৄ$Ʒȓǅǐȓ �ƷǼǆǐȓ /ǼȖȝǦȝȠȝǐ ƷǼǌ ȝǣǐ �ǐȏƷȓȝǻǐǼȝ Ȃǜ �ǐǶǶ �ǦȂǶȂǝΞ
Ʒȝ ,ƷȓΗƷȓǌBǐǌǦǆƷǶ [ǆǣȂȂǶ ǜȂȓ ȏȓȂΗǦǼǝ ƷǶǶ ȝǣǐ ȓǐȖȂȠȓǆǐȖ ǜȂȓ ǻΞ ȓǐȖǐƷȓǆǣॽ

�ǐǐȏ ǝȓƷȝǦȝȠǌǐ ȝȂ ƷǶǶ ǻΞ ǜȓǦǐǼǌȖ ΘǣȂ ǣƷΗǐ ǣǐǶȏǐǌ ƷǼǌ ȖȠȏȏȂȓȝǐǌ ǻǐॽ [ȏǐǆǦƷǶ ȝǣƷǼǴȖ ȝȂ ǻΞ ��[
ǜȓǦǐǼǌȖॶ [ȂȠǼ =ǐǐॶ ǜȂȓ ƷǶǶ ȝǣǐ ǌǐǐȏॶ ȖǆǦǐǼǆǐ Ȃȓ ǼȂǼৄȖǆǦǐǼǆǐॶ ǆǣǐǐȓǜȠǶ Ȃȓ ǌǐȏȓǐȖȖǦǼǝ ǌǦȖǆȠȖȖǦȂǼȖॶ yȠǆǣǐǼ
xǦƷȂॶ ǜȂȓ ǅǐǦǼǝ ȝǣǐȓǐ ƷǼǌ ƷǶΘƷΞȖ ȖǣǦǼǦǼǝ ƷȖ Ʒ ȓȂǶǐ ǻȂǌǐǶॶ [ƷǻƷǼȝǣƷsȂǼǝॶ ǜȂȓ ƷǶǶ ȝǣǐ ǻǐǼȝƷǶǶΞ ȓǐǶƷΝৄ
ǦǼǝ ǅȠȝ ȏǣΞȖǦǆƷǶǶΞ ȖȝȓǐȖȖǜȠǶ ȂȠȝǌȂȂȓ ƷǆȝǦΗǦȝǦǐȖॶ ƷǼǌ ǻƷǼΞ ȂȝǣǐȓȖ ǜȂȓ ǅǐǦǼǝ ǐƷǆǣ ȂȝǣǐȓȖ ȖȠȏȏȂȓȝॽ [ȏǐৄ
ǆǦƷǶ ȝǣƷǼǴȖ ȝȂ ǻΞ ǜȓǦǐǼǌȖ ǜȓȂǻ Ȃȝǣǐȓ ȖȝƷǝǐȖ ƷǼǌ ȏƷȓȝȖ Ȃǜ ǻΞ ǶǦǜǐॶ ǻΞ ǆȂǶǶǐǝǐ ǜȓǦǐǼǌȖ XȠȂΝǦ sƷǼǝॶ
BǦǆǣǐǶǶǐ =ǦȠॶ bǦƷǼǆǦ ~ǣȂǼǝॶ �ǣƷȂȒȠǼsƷǼǝॶ ,ȠǦΞƷȂ HȠΞƷǼǝॶ ǜȂȓ ƷǶΘƷΞȖ ǅǐǦǼǝ ȝǣǐȓǐ ǜȂȓ ǐƷǆǣ
Ȃȝǣǐȓॶ yƷǼǌǦǼǝ ~ǣƷȂॶ ǜȂȓ ǆȂǼȖȝƷǼȝǶΞ ȓǐǻǦǼǌǦǼǝ ǻǐ ȝȂ ǌȂ ǝȂȂǌ ȖǆǦǐǼǆǐॶ ,ƷǼ yƷǼǝॶ ǜȂȓ ȝǣǐ ǝȂȂǌ ȝǦǻǐȖ
ƷǅȂȠȝ ǜȂȂǌ ƷǼǌ ǻȠȖǦǆॶ %ȠƷǼǶƷǼ �ȂǼǝॶ ǜȂȓ ǅǐǦǼǝ ǻΞ ǆȂǻȏƷǼΞ ǜȂȓ ȝǣǐ ȝȂȠǝǣ ȒȠƷȓƷǼȝǦǼǐ ǌƷΞȖ ƷǼǌ Ʒ

Ν



ǆȂǼȖȝƷǼȝ ǌȓǦΗǦǼǝ ǜȂȓǆǐ ǜȂȓ ǝȂȂǌ ȓǐȖȝƷȠȓƷǼȝȖॶ ƷǼǌ ǻƷǼΞ ȂȝǣǐȓȖॽ
/ Ʒǻ ǌǐǐȏǶΞ ǦǼǌǐǅȝǐǌ ȝȂ ǻΞ ȏƷȓǐǼȝȖॶ BȓȖॽ sǐǦ [ǣǐǼ ƷǼǌBȓॽ :ǦƷǼȏǦǼǝ [ǣǐǼॶ ǜȂȓ ΞȂȠȓ ǆȂǼȖȝƷǼȝ

ȖȠȏȏȂȓȝ ȝǣȓȂȠǝǣȂȠȝ ǻΞ ǝȓƷǌȠƷȝǐ ȖǆǣȂȂǶॽ bǣƷǼǴ ΞȂȠ ǜȂȓ ȝǐƷǆǣǦǼǝ ǻǐ ƷǅȂȠȝ ǶȂΗǐॶ ǴǦǼǌǼǐȖȖॶ ƷǼǌ
ǦǼȝǐǝȓǦȝΞॶ ƷǼǌ ǜȂȓ ǻƷǴǦǼǝ ǻǐ ΘǣȂ / Ʒǻ ȝȂǌƷΞॽ

=ƷȖȝǶΞॶ / ΘȂȠǶǌ ǶǦǴǐ ȝȂ ȝǣƷǼǴ ǻΞ ȏƷȓȝǼǐȓ �ǼȝǣȂǼΞ bǦƷǼॶ ǜȂȓ ƷǶΘƷΞȖ ǐǼǶǦǝǣȝǐǼǦǼǝ ǻǐ ΘǣǐǼ /ǻ
ǶȂȖȝॶ ǜȂȓ ƷǶΘƷΞȖ ȏȠǶǶǦǼǝ ǻǐ ȂȠȝ Ȃǜ ȖǐǶǜৄǌȂȠǅȝॶ ƷǼǌ ǜȂȓ ƷǶΘƷΞȖ ǅȓǦǼǝǦǼǝ ǐΗǐǼ ǻȂȓǐ ǌǐǶǦǝǣȝ ȝȂ ǅȓǦǝǣȝ
ǌƷΞȖॽ bǣƷǼǴ ΞȂȠ ǜȂȓ ǅǐǦǼǝ ǅΞ ǻΞ ȖǦǌǐ ƷȖ / ǆȂǻȏǶǐȝǐ ȝǣǦȖ ΘȂȓǴॽ

ΝǦ



0
/ǼȝȓȂǌȠǆȝǦȂǼ

ࣿ৷ऀ �ҷӹӅӏԏ ҷӹӋ ӅԀӸӂӢӹҷԚӢԀӹ ԚӟӏԏҷԌԮ

�ƷǼǆǐȓ ȓǐȏȓǐȖǐǼȝȖ Ʒ ǆȂǶǶǐǆȝǦȂǼ Ȃǜ ǣȠǼǌȓǐǌȖ Ȃǜ ǌǦȖǐƷȖǐȖ ȖǣƷȓǦǼǝ ȂǼǐ ǆȂǻǻȂǼ ǜǐƷȝȠȓǐॶ ΘǣǦǆǣ ǦȖ ȝǣǐ

ȠǼǆȂǼȝȓȂǶǶƷǅǶǐ ƷǼǌ ȓƷȏǦǌ ǝȓȂΘȝǣ Ȃǜ ƷǅǼȂȓǻƷǶ ǆǐǶǶȖ ȝǣƷȝ ǆƷǼ ǦǼΗƷǌǐ Ȃȝǣǐȓ ȏƷȓȝȖ Ȃǜ ȝǣǐ ǅȂǌΞॽ �ƷǼǆǐȓ

ǦȖ Ʒ ǶǐƷǌǦǼǝ ǆƷȠȖǐ Ȃǜ ǌǐƷȝǣ ΘȂȓǶǌΘǦǌǐ ǦǼ ȝǣǐ ँऀȖȝ �ǐǼȝȠȓΞ ΘǦȝǣ ǼǐƷȓǶΞ ऀࣿ ǻǦǶǶǦȂǼ ǌǐƷȝǣȖ ǦǼ ँࣿँࣿऀॶ

ǅȠȝ ȂȠȓ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǆƷǼǆǐȓ ǣƷȖ ǆȂǻǐ Ʒ ǶȂǼǝ ΘƷΞ ȖǦǼǆǐ ȝǣǐ ЖȓȖȝ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǆƷǼǆǐȓ ȓǐǆȂȓǌǐǌ

ऀ



ƷȓȂȠǼǌ ंࣿࣿࣿ �� ǦǼ ȝǣǐ ৗ�ǌΘǦǼ [ǻǦȝǣ UƷȏΞȓȠȖँॽ ,ȠǼǌȓǐǌȖ Ȃǜ ΞǐƷȓȖ Ȃǜ ȖǆǦǐǼȝǦЖǆ ȓǐȖǐƷȓǆǣ ȂǼ ǆƷǼৄ

ǆǐȓ ǻƷǴǐȖ Ǧȝ ǼȂ ǶȂǼǝǐȓ Ʒ ǌǦȖǐƷȖǐ ΘǦȝǣ ৗǼȂ ȝȓǐƷȝǻǐǼȝॶ ǅȠȝ ȓƷȝǣǐȓ Ʒ ǌǦȖǐƷȖǐ ΘǦȝǣ ǆǶǐƷȓ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ

ȂȓǦǝǦǼॶ ǻȠǶȝǦȏǶǐ ƷǆȒȠǦȓǐǌ ǆƷȏƷǅǦǶǦȝǦǐȖ ǜȂȓ ǌǐΗǐǶȂȏǻǐǼȝॶ ƷǼǌ ǐЍǐǆȝǦΗǐ ȝȓǐƷȝǻǐǼȝ ȖȝȓƷȝǐǝǦǐȖ ȝȂ ȏȓȂǶȂǼǝ

ȏƷȝǦǐǼȝȖ ǶǦΗǐȖॽ bǣǐ ǜȂȠǼǌƷȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ ȂȓǦǝǦǼ ǣƷȖ ǅǐǐǼ ȓǐΗǐƷǶǐǌ ǅΞ Xॽ�ॽsǐǦǼǅǐȓǝं ƷȖ ǻȠȝƷȝǦȂǼȖ

ǦǼ ȝΘȂ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǝǐǼǐȖ ȝǣƷȝ ǶǐƷǌ ȝȂ ƷǅǼȂȓǻƷǶ ǅǐǣƷΗǦȂȓȖ Ȃǜ ǆǐǶǶȖॶ ΘǣǦǆǣ Ʒȓǐ ƷǆȝǦΗƷȝǦǼǝ ǻȠȝƷৄ

ȝǦȂǼȖ ǦǼ ȏȓȂȝȂৄȂǼǆȂǝǐǼǐȖॶ ƷǼǌ ǦǼƷǆȝǦΗƷȝǦǼǝ ǻȠȝƷȝǦȂǼȖ ǦǼ ȝȠǻȂȓ ȖȠȏȏȓǐȖȖȂȓ ǝǐǼǐȖॽ UȓȂȝȂৄȂǼǆȂǝǐǼǐȖ

Ʒȓǐ ȠȖȠƷǶǶΞ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ ǝȓȂΘȝǣৄȖȝǦǻȠǶƷȝǦǼǝ ȖǦǝǼƷǶȖॶ ΘǣǦǶǐ ȝȠǻȂȓ ȖȠȏȏȓǐȖȖȂȓ ǝǐǼǐȖ ȏȓǐΗǐǼȝ ǦǼৄ

ƷȏȏȓȂȏȓǦƷȝǐ ǆǐǶǶ ǝȓȂΘȝǣॽ bǣǐȓǐǜȂȓǐॶ ȝǣǐ ǝƷǦǼৄȂǜৄǜȠǼǆȝǦȂǼ ƷǼǌ ǶȂȖȖৄȂǜৄǜȠǼǆȝǦȂǼ ǻȠȝƷȝǦȂǼȖ ǦǼ ȏȓȂȝȂৄ

ȂǼǆȂǝǐǼǐȖ ƷǼǌ ȝȠǻȂȓ ȖȠȏȏȓǐȖȖȂȓ ǝǐǼǐȖॶ ȓǐȖȏǐǆȝǦΗǐǶΞॶ ǅȂȝǣ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ǐΝǆǐȖȖǦΗǐ ǻȠǶȝǦȏǶǦǆƷȝǦȂǼ

Ȃǜ ǆǐǶǶȖॶ ƷǼǌ ǐΗǐǼȝȠƷǶǶΞ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ǆƷǼǆǐȓॽ �Ȗ ȓƷȏǦǌ ƷǌΗƷǼǆǐ ǦǼ ǆƷǼǆǐȓ ȓǐȖǐƷȓǆǣ ǣƷȖ ǅǐǐǼ

ƷǆǣǦǐΗǐǌ ǦǼ ȝǣǐ ȏƷȖȝ ǌǐǆƷǌǐȖॶ ȂȠȓ ǴǼȂΘǶǐǌǝǐ ƷǅȂȠȝ ȝǣǐ ƷǆȒȠǦȓǐǌ ǆƷȏƷǅǦǶǦȝǦǐȖ ǜȂȓ ǆƷǼǆǐȓ ǝȓȂΘȝǣ ƷǼǌ

ȏȓȂǝȓǐȖȖǦȂǼ ǦȖ ǝǐȝȝǦǼǝ ǻȂȓǐ ǆȂǻȏǶǐȝǐ ƷǼǌ ǣƷȖ ǅǐǐǼ ȖȠǻǻƷȓǦΣǐǌ ƷȖ ȝǣǐ ΘǐǶǶৄǴǼȂΘǼ ৗǣƷǶǶǻƷȓǴȖ Ȃǜ

ǆƷǼǆǐȓ $ǦǝȠȓǐ ऀःॶऄॶअॽ �ǐΞȂǼǌ ȝǣǐ ȂȓǦǝǦǼƷǶǶΞৄȏȓȂȏȂȖǐǌ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ȖȠȖȝƷǦǼǦǼǝ ȏȓȂǶǦǜǐȓƷȝǦΗǐ ȖǦǝৄ

ǼƷǶǦǼǝ ƷǼǌ ǐΗƷǌǦǼǝ ǝȓȂΘȝǣ ȖȠȏȏȓǐȖȖȂȓȖॶ ǻȂȓǐ ǆȂǻȏǶǦǆƷȝǐǌ ǻǐǆǣƷǼǦȖǻȖॶ ȖȠǆǣ ƷȖ ǦǼǌȠǆǦǼǝ ȓǐȏǶǦǆƷȝǦΗǐ

ǦǻǻȂȓȝƷǶǦȝΞॶ ƷǼǝǦȂǝǐǼǐȖǦȖॶ ǝǐǼȂǻǐ ǦǼȖȝƷǅǦǶǦȝΞॶ ƷǼǌ ǐȝǆॽॶ ǣƷΗǐ ǅǐǐǼ ǆȂǼЖȓǻǐǌ ǅΞ ȓǐǆǐǼȝ ȓǐȖǐƷȓǆǣॽ

HǼǐ Ȃǜ ȝǣǐ ǻȂȖȝ ȏȓȂǻǦǼǐǼȝ ǜȓȠǦȝȖ ǆȂǻǦǼǝ ǜȓȂǻ ȝǣǐȖǐ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǆƷǼǆǐȓ ȏƷȝǣȂǝǐǼǐȖǦȖ ǦȖ ȝǣǐ ǌǐৄ

ΗǐǶȂȏǻǐǼȝ Ȃǜ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ǦǼ ǆƷǼǆǐȓ ȝȓǐƷȝǻǐǼȝॽ

bǣǐ ЖȓȖȝ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǆƷǼǆǐȓ ΘǦȝǣ ǌǐȝƷǦǶǐǌ ǼȂȝǐȖ ǆƷǼ ǅǐ ǌƷȝǐǌ ǅƷǆǴ ȝȂ ȝǣǐ ऀȖȝৄँǼǌ ǆǐǼȝȠȓΞ ��ॶ

ΘǣǐǼ Ʒ XȂǻƷǼ ǻǐǌǦǆƷǶ ƷȠȝǣȂȓ ƷǼǌ ȏȓƷǆȝǦȝǦȂǼǐȓ �ȓǆǣǦǝǐǼǐȖ ȠȖǐǌ ȖȠȓǝǦǆƷǶ ȂȏǐȓƷȝǦȂǼ ȝȂ ȓǐǻȂΗǐ Ʒ ǆƷǼৄ

ǆǐȓȂȠȖ ǝȓȂΘȝǣआॽ �ǜȝǐȓ ǆǐǼȝȠȓǦǐȖ Ȃǜ ǌǐΗǐǶȂȏǻǐǼȝ ƷǼǌ ǦǻȏȓȂΗǐǻǐǼȝ Ȃǜ ȝǐǆǣǼǦǆƷǶ ǐΝȏǐȓȝǦȖǐॶ ȖȠȓǝǐȂǼȖ

ǆƷǼ ǼȂΘ ȏǐȓǜȂȓǻǻȠǆǣ ǻȂȓǐ ȏȓǐǆǦȖǐ ȖȠȓǝǦǆƷǶ ȓǐǻȂΗƷǶ Ȃǜ ȝȠǻȂȓȖ ΘǣǦǶǐ ǻǦǼǦǻǦΣǦǼǝ ȝǣǐ ƷǻȂȠǼȝȖ Ȃǜ

ǼȂȓǻƷǶ ȝǦȖȖȠǐ ȓǐǻȂΗǐǌ ǌȠȓǦǼǝ ȂȏǐȓƷȝǦȂǼȖॽ sǣǦǶǐ ǶǐȖȖ ǦǼΗƷȖǦΗǐ ȝȓǐƷȝǻǐǼȝ ƷȏȏȓȂƷǆǣǐȖ Ʒȓǐ ȠȖǐǌ ƷǼǌ

ƷǆȝǦΗǐǶΞ ǌǐΗǐǶȂȏǐǌॶ ȖȠȓǝǐȓΞ ȖȝǦǶǶ ȓǐǻƷǦǼȖ ЖȓȖȝৄǶǦǼǐ ȝǣǐȓƷȏΞ ǜȂȓ ȖȂǶǦǌ ƷǼǌ ǶȂǆƷǶǦΣǐǌ ǆƷǼǆǐȓइॽ bǣǐ Ʒȏৄ

ȏǶǦǆƷȝǦȂǼ Ȃǜ ȓƷǌǦƷȝǦȂǼ ǦǼ ǆƷǼǆǐȓ ǌǦƷǝǼȂȖǦȖ ƷǼǌ ȝȓǐƷȝǻǐǼȝ ΘƷȖ ǻƷǌǐ ȏȂȖȖǦǅǶǐ Ʒǜȝǐȓ ȝǣǐ ЖȓȖȝ ǌǦȖǆȂΗǐȓΞ

Ȃǜ ΝৄȓƷΞȖ ǦǼ ऀइईअ ǅΞ Ʒ %ǐȓǻƷǼ ȏǣΞȖǦǆǦȖȝॶ sǦǶǣǐǶǻ �ȂǼȓƷǌ XȆǼȝǝǐǼईॽ XƷǌǦƷȝǦȂǼ ȝǣǐȓƷȏΞ ǣƷȖ ȝǣǐǼ
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therapies. For example, the deployment of apoptosis-inducing
drugs may induce cancer cells to hyperactivate mitogenic
signaling, enabling them to compensate for the initial attrition
triggered by such treatments. Such considerations suggest
that drug development and the design of treatment protocols
will benefit from incorporating the concepts of functionally
discrete hallmark capabilities and of the multiple biochemical
pathways involved in supporting each of them. Thus, in partic-
ular, we can envisage that selective cotargeting of multiple
core and emerging hallmark capabilities and enabling character-
istics (Figure 6) in mechanism-guided combinations will result in
more effective and durable therapies for human cancer.

CONCLUSION AND FUTURE VISION

We have sought here to revisit, refine, and extend the concept of
cancer hallmarks, which has provided a useful conceptual
framework for understanding the complex biology of cancer.

The six acquired capabilities—the hallmarks of cancer—have
stood the test of time as being integral components of most
forms of cancer. Further refinement of these organizing princi-
ples will surely come in the foreseeable future, continuing the
remarkable conceptual progress of the last decade.
Looking ahead, we envision significant advances during the

coming decade in our understanding of invasion andmetastasis.
Similarly, the role of aerobic glycolysis in malignant growth will
be elucidated, including a resolution of whether this metabolic
reprogramming is a discrete capability separable from the core
hallmark of chronically sustained proliferation. We remain
perplexed as to whether immune surveillance is a barrier that
virtually all tumors must circumvent, or only an idiosyncrasy of
an especially immunogenic subset of them; this issue too will
be resolved in one way or another.
Yet other areas are currently in rapid flux. In recent years, elab-

orate molecular mechanisms controlling transcription through
chromatin modifications have been uncovered, and there are

Figure 6. Therapeutic Targeting of the Hallmarks of Cancer
Drugs that interfere with each of the acquired capabilities necessary for tumor growth and progression have been developed and are in clinical trials or in some
cases approved for clinical use in treating certain forms of human cancer. Additionally, the investigational drugs are being developed to target each of the
enabling characteristics and emerging hallmarks depicted in Figure 3, which also hold promise as cancer therapeutics. The drugs listed are but illustrative
examples; there is a deep pipeline of candidate drugs with different molecular targets and modes of action in development for most of these hallmarks.
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ǅǐǐǼ ȠǼǌǐȓ ȓƷȏǦǌ ǌǐΗǐǶȂȏǻǐǼȝ ƷǼǌ ǌǦЍǐȓǐǼȝ ȝǐǆǣǼȂǶȂǝǦǐȖ ǣƷΗǐ ǅǐǐǼ ƷȏȏǶǦǐǌ ȝȂ ǦǻȏȓȂΗǐ ȝǣǐ ȏȓǐৄ

ǆǦȖǦȂǼ Ȃǜ ȝǣǐ ƷǦǻ Ȃǜ ȝǣǐ ȓƷǌǦƷȝǦȂǼॽ �ǣǐǻȂȝǣǐȓƷȏΞ ǦȖ ȏȓȂǅƷǅǶΞ ȝǣǐ ǅǐȖȝৄǴǼȂΘǼ ǆƷǼǆǐȓ ȝȓǐƷȝǻǐǼȝ ǦǼ

ȝǣǐ ȏƷȖȝ ǌǐǆƷǌǐȖॽ bǣǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǆǣǐǻȂȝǣǐȓƷȏΞ ƷȓȂȖǐ ǜȓȂǻ ȝǣǐ ȖȝȠǌΞ Ȃǜ ǻȠȖȝƷȓǌ ǝƷȖ ƷȖ Ʒ ǻǦǶǦȝƷȓΞ

ΘǐƷȏȂǼ ǌȠȓǦǼǝsȂȓǶǌsƷȓ //ऀࣿॽ CǦȝȓȂǝǐǼ ǻȠȖȝƷȓǌॶ Ʒ ǆȂǻȏȂȠǼǌ ȝǣƷȝ ΘȂȓǴǐǌ ƷǝƷǦǼȖȝ ǶΞǻȏǣȂǻƷॶ

ƷǼǌ ƷǻǦǼȂȏȝǐȓǦǼॶ Ʒ ǆȂǻȏȂȠǼǌ ȝǣƷȝ ΘȂȓǴǐǌ ƷǝƷǦǼȖȝ ƷǆȠȝǐ ǶǐȠǴǐǻǦƷॶ Ƕǐǌ ȝȂ ȝǣǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ Ʒ ȖǐȓǦǐȖ

Ȃǜ ǌȓȠǝȖ ȝǣƷȝ ǦǼǣǦǅǦȝ ǆǐǶǶ ȓǐȏǶǦǆƷȝǦȂǼॽ �ǣǐǻȂȝǣǐȓƷȏΞॶ ǌȠǐ ȝȂ ǦȝȖ ȠǼȖȏǐǆǦЖǆ ȝƷȓǝǐȝǦǼǝ Ȃǜ ǌǦΗǦǌǦǼǝ ǆǐǶǶȖॶ

ȠȖȠƷǶǶΞ ǆƷȠȖǐȖ ǌƷǻƷǝǐ ȝȂ ǼȂȓǻƷǶ ȝǦȖȖȠǐ ǦǼ ȝȠǻȂȓৄǅǐƷȓǦǼǝ ǣȂȖȝ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȖǦǌǐ ǐЍǐǆȝȖ ǦǼ ȏƷȝǦǐǼȝȖ

ƷǼǌ ȝǣǐǦȓ ǦǻǻȠǼǐ ȖΞȖȝǐǻȖॽ bǣǦȖ ǦȖ Θǣǐȓǐ ȂȠȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǅǦȂǶȂǝΞ Ȃǜ ǆƷǼǆǐȓ ǆȂǻǐȖ
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ǦǼȝȂ ȏǶƷΞ ƷǼǌ ǝȠǦǌǐȖ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖॽ

BȂȖȝ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ȠǼǌǐȓ ǆǶǦǼǦǆƷǶ ȠȖǐ Ȃȓ ǌǐΗǐǶȂȏǻǐǼȝ ǜƷǶǶ ǦǼȝȂ ȝǣǐ ǆƷȝǐǝȂȓǦǐȖ ȝǣƷȝ ǝǐǼǐȓৄ

ƷǶǶΞ ǆȂȓȓǐȖȏȂǼǌ ȝȂ ȝǣǐ ǣƷǶǶǻƷȓǴȖ Ȃǜ ǆƷǼǆǐȓॶ ƷȖ ȖǣȂΘǼ ǦǼ $ǦǝȠȓǐ ऀॽ BȂǼȂǆǶȂǼƷǶ ƷǼȝǦǅȂǌǦǐȖ Ȃȓ ȖǻƷǶǶৄ

ǻȂǶǐǆȠǶǐ ǦǼǣǦǅǦȝȂȓȖ Ʒȓǐ ǻȂȖȝ ǆȂǻǻȂǼǶΞ ȠȖǐǌ ƷȖ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ȝȂ ǌǦȖȓȠȏȝ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ ȝǣǐǦȓ

ȝƷȓǝǐȝǐǌ ȏȓȂȝǐǦǼȖॽ �Ǽ ǐΝƷǻȏǶǐ Ȃǜ ǻȂǼȂǆǶȂǼƷǶ ƷǼȝǦǅȂǌǦǐȖॶ ΘǣǦǆǣ Ʒȓǐ ȠȖȠƷǶǶΞ ǌǐȖǦǝǼǐǌ ȝȂ ȝƷȓǝǐȝ ȓǐৄ

ǆǐȏȝȂȓȖ ȂǼ ȝǣǐ ǆǐǶǶ ȖȠȓǜƷǆǐॶ ǦȖ bȓƷȖȝȠΣȠǻƷǅ ȖȂǶǌ ȠǼǌǐȓ ȝǣǐ ǅȓƷǼǌ ǼƷǻǐ ,ǐȓǆǐȏȝǦǼऀऀॽ XǐǆǐȏȝȂȓ

ȝΞȓȂȖǦǼǐৄȏȓȂȝǐǦǼ ǴǦǼƷȖǐ ǐȓǅ�ৄँ ,�Xँॶ Ʒ ǻǐǻǅǐȓ Ȃǜ ȝǣǐ ǣȠǻƷǼ ǐȏǦǌǐȓǻƷǶ ǝȓȂΘȝǣ ǜƷǆȝȂȓ ȓǐǆǐȏȝȂȓ

�%$Xॶ ǦȖ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ ȏȓȂǻȂȝǦǼǝ ǆǐǶǶ ǝȓȂΘȝǣ ƷǼǌ ǌǦΗǦȖǦȂǼॽ /ȝȖ ǆȂǌǦǼǝ ǝǐǼǐ �X��ँ ǦȖ ƷǻȏǶǦЖǐǌ

ǦǼ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓॶ ǐȖȏǐǆǦƷǶǶΞ ǦǼ Ʒ ȖǦǝǼǦЖǆƷǼȝ ȏȂȓȝǦȂǼ Ȃǜ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǆƷȖǐȖॽ bȓƷȖȝȠΣȠǻƷǅ

ǅǦǼǌȖ ȝȂ ȝǣǐ ,�Xँ ȓǐǆǐȏȝȂȓॶ ǅǶȂǆǴȖ ȝǣǐ ǌȂΘǼȖȝȓǐƷǻ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ȝǣƷȝ ȏȓȂǻȂȝǐ ǆǐǶǶ ȏȓȂǶǦǜǐȓৄ

ƷȝǦȂǼॶ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǐЍǐǆȝǦΗǐǶΞ ǆȂǼȝȓȂǶȖ ȝȠǻȂȓ ȏȓȂǝȓǐȖȖǦȂǼ ǦǼ ,�Xँ ȂΗǐȓৄǐΝȏȓǐȖȖǐǌ ǅȓǐƷȖȝ ǆƷǼǆǐȓॽ

� ΘǐǶǶৄǴǼȂΘǼ ǐΝƷǻȏǶǐ Ȃǜ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǦǼǣǦǅǦȝȂȓȖॶ ΘǣǦǆǣ ȠȖȠƷǶǶΞ ȝƷȓǝǐȝ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ȏȓȂȝǐǦǼȖॶ ǦȖ

/ǻƷȝǦǼǦǅ ȖȂǶǌ ȠǼǌǐȓ ȝǣǐ ǅȓƷǼǌ ǼƷǻǐ %ǶǐǐΗǐǆऀँॽ BȂȖȝ Ȃǜ ȝǣǐ ȏƷȝǦǐǼȝȖ ΘǦȝǣ ǆǣȓȂǼǦǆ ǻΞǐǶȂǝǐǼȂȠȖ

ǶǐȠǴǐǻǦƷ �B= ǣƷΗǐ Ʒ ǆǣȓȂǻȂȖȂǻƷǶ ƷǅǼȂȓǻƷǶǦȝΞ ȝǣƷȝ ȓǐȖȠǶȝȖ ǦǼ Ʒ ǆȂǼȖȝǦȝȠȝǦΗǐǶΞ ƷǆȝǦΗǐ ȝΞȓȂȖǦǼǐ

ǴǦǼƷȖǐ �ǆȓৄ�ǅǶ ȝǣƷȝ ȏȓȂǻȂȝǐȖ ǆǐǶǶ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ /ǻƷȝǦǼǦǅ ȖǐǶǐǆȝǦΗǐǶΞ ƷǼǌ ǆȂǻȏǐȝǦȝǦΗǐǶΞ ǅǦǼǌȖ ȝȂ

ȝǣǐ ƷǆȝǦΗǐ ȖǦȝǐ Ȃǜ ȝǣǐ ȝΞȓȂȖǦǼǐ ǴǦǼƷȖǐ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǶǐƷǌȖ ȝȂ ǦȝȖ ǌǐǆȓǐƷȖǐǌ ƷǆȝǦΗǦȝΞॽ �Ȗ ǐΝȝǐǼȖǦΗǐ ǦǼǜȂȓৄ

ǻƷȝǦȂǼ ǣƷȖ ǅǐǐǼ ǆȂǶǶǐǆȝǐǌ ȂǼ ǆƷǼǆǐȓ ǝǐǼȂǻǦǆȖ ȝǣȓȂȠǝǣ ȝǣǐ ǐЍȂȓȝȖ Ȃǜ ǼƷȝǦȂǼΘǦǌǐ ƷǼǌ ΘȂȓǶǌΘǦǌǐ

ǆȂǼȖȂȓȝǦƷॶ ǦǼǆǶȠǌǦǼǝ ȝǣǐ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȝǶƷȖ b�%� ǣȝȝȏȖॵΘΘΘॽǆƷǼǆǐȓॽǝȂΗȝǆǝƷ ƷǼǌ ȝǣǐ

/ǼȝǐȓǼƷȝǦȂǼƷǶ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȂǼȖȂȓȝǦȠǻ /�%�ऀंॶ Θǐ Ʒȓǐ ȏȓǐȖǐǼȝǐǌ ΘǦȝǣ ƷǼ ȠǼȏȓǐǆǐǌǐǼȝǐǌ

ȂȏȏȂȓȝȠǼǦȝΞ ȝȂ ǆȂǼȝǦǼȂȠȖǶΞ ǌǐΗǐǶȂȏ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ǜȂȓ ǆƷǼǆǐȓॽ �ǼȂȝǣǐȓ ǐǻǐȓǝǦǼǝ ȝǣǐȓƷȏǐȠȝǦǆ

ƷȏȏȓȂƷǆǣॶ ȂȓǦǝǦǼƷȝǐǌ ǜȓȂǻsǦǶǣǐǶǻ �ȠȖǆǣ ƷǼǌ $ȓǦǐǌȓǦǆǣ $ǐǣǶǐǦȖǐǼ ǦǼ ȝǣǐ ऀईȝǣ ǆǐǼȝȠȓΞॶ ǌǐȏǶȂΞȖ ȝǣǐ

ǣȠǻƷǼȖ ȂΘǼ ǦǻǻȠǼǐ ȖΞȖȝǐǻȖ ȝȂ Жǝǣȝ ƷǝƷǦǼȖȝ ǆƷǼǆǐȓऀःॽ �ƷǼǆǐȓ ǦǻǻȠǼȂȝǣǐȓƷȏǦǐȖ ȝȂǌƷΞ ǝǐǼǐȓƷǶǶΞ

ǜƷǶǶ ǦǼȝȂ ȝǣȓǐǐ ǌǦЍǐȓǐǼȝ ǆƷȝǐǝȂȓǦǐȖॶ ǦǼǆǶȠǌǦǼǝ ǦǻǻȠǼǐ ǆǣǐǆǴȏȂǦȂǼȝ ǅǶȂǆǴƷǌǐॶ ƷǌȂȏȝǦΗǐ ǆǐǶǶȠǶƷȓ ȝǣǐȓৄ

ƷȏǦǐȖॶ ƷǼǌ ǆƷǼǆǐȓ ΗƷǆǆǦǼǐȖऀऄॽ UƷȓȝǦƷǶǶΞ ǌȠǐ ȝȂ ȝǣǐ ǶȂǼǝৄǶƷȖȝǦǼǝ ǐЍǐǆȝȖॶ ǦǻǻȠǼȂȝǣǐȓƷȏǦǐȖ ǣƷΗǐ ǝƷǦǼǐǌ

ǻȠǆǣ ȏȂȏȠǶƷȓǦȝΞ ǦǼ ȝǣǐ ǶƷȖȝ ȝΘȂ ǌǐǆƷǌǐȖॽ

ः



�ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॶ Ʒ ȝȓǐƷȝǻǐǼȝ ƷȏȏȓȂƷǆǣ ȝǣƷȝ ǆȂǻǅǦǼǐȖ ȝΘȂ Ȃȓ ǻȂȓǐ ȝǣǐȓƷȏǐȠȝǦǆ ƷǝǐǼȝȖॶ ǣƷȖ

ƷǆǣǦǐΗǐǌ ȖȂǻǐ ȖȠǆǆǐȖȖ ǦǼ ǆǶǦǼǦǆƷǶ ȂǼǆȂǶȂǝΞऀअॶऀआॽ �ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ΘƷȖ ЖȓȖȝ ǌǐǻȂǼȖȝȓƷȝǐǌ ǐǜৄ

ǜǐǆȝǦΗǐ ǦǼ ऀईअऄॶ ΘǣǐǼ �ǻǦǶ $ȓǐǦॶ :ƷǻǐȖ $ॽ ,ȂǶǶƷǼǌ ƷǼǌ �ǻǦǶ :ॽ $ȓǐǦȓǐǦǆǣ ȝȓǐƷȝǐǌ ǆǣǦǶǌȓǐǼ ΘǦȝǣ ƷǆȠȝǐ

ǶΞǻȏǣȂǆΞȝǦǆ ǶǐȠǴǐǻǦƷ ΘǦȝǣ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ ǜȂȠȓ ǌȓȠǝȖॶ ǴǼȂΘǼ ƷȖ UHBU अৄǻǐȓǆƷȏȝȂȏȠȓǦǼǐॶ

ΗǦǼǆȓǦȖȝǦǼǐॶ ǻǐȝǣȂȝȓǐΝƷȝǐॶ ƷǼǌ ȏȓǐǌǼǦȖȂǼǐऀइॽ /ǼΗǐȖȝǦǝƷȝǦǼǝ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ƷȏȏȓȂƷǆǣǐȖ

ǜȂȓ ȖΞǼǐȓǝǦȖȝǦǆ Ȃȓ ƷǌǌǦȝǦΗǐ ǐЍǐǆȝȖ ǣƷȖ ǅǐǆȂǻǐ Ʒ ǜȂǆȠȖǐǌ ƷȓǐƷ Ȃǜ ȓǐȖǐƷȓǆǣ ǦǼ ǆƷǼǆǐȓ ȝǣǐȓƷȏΞॽ [Ƞǆǣ ǆȂǻৄ

ǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǦǼǆǶȠǌǐ ǅȠȝ Ʒȓǐ ǼȂȝ ǶǦǻǦȝǐǌ ȝȂ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ǆǣǐǻȂȝǣǐȓƷȏǦǐȖ ƷǼǌ ȝƷȓǝǐȝǐǌ

ȝǣǐȓƷȏǦǐȖॶ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ǻȠǶȝǦȏǶǐ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖऀईॶ ƷǼǌ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ǦǻǻȠǼȂȝǣǐȓৄ

ƷȏΞ ƷǼǌ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖँࣿॽ

�ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦȖ Ȃǜ ȏƷȓȝǦǆȠǶƷȓ ǆǶǦǼǦǆƷǶ ǦǼȝǐȓǐȖȝ ǜȂȓ ǻȠǶȝǦȏǶǐ ȓǐƷȖȂǼȖॽ �ȝ ƷǼ ǦǼǌǦΗǦǌȠƷǶ ȏƷৄ

ȝǦǐǼȝ ǶǐΗǐǶॶ ȖΞǼǐȓǝǦȖȝǦǆ ǆȂǻǅǦǼƷȝǦȂǼȖ ȏȓȂΗǦǌǐ ǅǐȝȝǐȓ ƷǼȝǦǆƷǼǆǐȓ ǐЍǐǆȝȖॶ ƷǼǌ ȓǐǌȠǆǐǌ ȝȂΝǦǆǦȝΞ ΘǣǐǼ

ǦǼǌǦΗǦǌȠƷǶ ǌȓȠǝȖ Ʒȓǐ ȠȖǐǌ Ʒȝ ȓǐǌȠǆǐǌ ǌȂȖƷǝǐȖॶ ΘǣǦǆǣ ȖȝǦǶǶ ǣȂǶǌȖ ȝȓȠǐ ǜȂȓ ǆȂǻǅǦǼƷȝǦȂǼȖ ΘǦȝǣ ƷǌǌǦȝǦΗǐ

ƷǼȝǦǆƷǼǆǐȓ ǐЍǐǆȝȖँऀॽ [ǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝƷȓǝǐȝǦǼǝ ǌǦЍǐȓǐǼȝ ǻȂǶǐǆȠǶƷȓ ȏƷȝǣΘƷΞȖ ǶǦǴǐǶΞ ǅǶȂǆǴȖ ȝǣǐ ǻǐǆǣৄ

ƷǼǦȖǻȖ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ƷǌƷȏȝǦΗǐ ȓǐȖǦȖȝƷǼǆǐ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȓǐǌȠǆǐȖ ȝǣǐ ǐǻǐȓǝǐǼǆǐ Ȃǜ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ

ȝȂ ȖǦǼǝǶǐ ƷǼȝǦǆƷǼǆǐȓ ƷǝǐǼȝȖँँॶँंॶँःॶँऄॽ /Ǽ ƷǌǌǦȝǦȂǼॶ ȝȠǻȂȓ ǆǶȂǼƷǶ ǣǐȝǐȓȂǝǐǼǐǦȝΞ Ʒȓǐ ǻȂȓǐ ǶǦǴǐǶΞ ȂΗǐȓৄ

ǆȂǻǐ ǅΞ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ƷǼǌ ǦǻȏȓȂΗǐǌ ȏƷȝǦǐǼȝ ȂȠȝǆȂǻǐ ǆƷǼ ǅǐ ȂǅȖǐȓΗǐǌ ǻȂȓǐ ȂǅΗǦȂȠȖǶΞ Ʒȝ

Ʒ ȏȂȏȠǶƷȝǦȂǼ ǶǐΗǐǶँअॶँआॽ UȓƷǆȝǦǆƷǶǶΞ ȖȏǐƷǴǦǼǝॶ Ǧǜ ȂǼǐ Ȃȓ ǻȂȓǐ ǌȓȠǝȖ ȠȖǐǌ ǦǼ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ

ǣƷȖ ƷǶȓǐƷǌΞ ǅǐǐǼ ƷȏȏȓȂΗǐǌ ǅΞ ȝǣǐ $�� eॽ[ॽ $ȂȂǌ ƷǼǌ �ȓȠǝ �ǌǻǦǼǦȖȝȓƷȝǦȂǼॶ ȝǣǐ ȂΗǐȓƷǶǶ ǆȂȖȝ ƷǼǌ

ȝǦǻǐৄȖȏƷǼ Ȃǜ ȝǣǐ ȝǣǐȓƷȏǐȠȝǦǆ ǌǐΗǐǶȂȏǻǐǼȝ ΘǦǶǶ ǅǐ ǻȠǆǣ ȓǐǌȠǆǐǌॶ ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼǆȓǐƷȖǦǼǝ ȝǣǐ ǆȂȖȝ

ǐАǆǦǐǼǆΞ Ȃǜ ǆƷǼǆǐȓ ȝǣǐȓƷȏΞॽ

ࣿ৷ँ ,ӢӚӟ ӚԏҷӋӏ ԓӏԏԀԞԓ ԀԪҷԏӢҷӹ ӅҷӹӅӏԏ

HΗƷȓǦƷǼ ǆƷǼǆǐȓ ǦȖ ȂǼǐ Ȃǜ ȝǣǐ ǶǐƷǌǦǼǝ ǆƷȠȖǐ Ȃǜ ǆƷǼǆǐȓৄȓǐǶƷȝǐǌ ǌǐƷȝǣȖ ǦǼ ΘȂǻǐǼॽ bǣǐ ǆȠȓȓǐǼȝ ऄৄΞǐƷȓ

ȖȠȓΗǦΗƷǶ ȓƷȝǐ ǦȖ ƷǅȂȠȝ ःई ǦǼ ȝǣǐ eǼǦȝǐǌ [ȝƷȝǐȖ ƷǼǌ ȝǣǐȓǐ ǣƷȖ ǅǐǐǼ ǻǦǼǦǻƷǶ ǦǻȏȓȂΗǐǻǐǼȝ ǦǼ ǻȂȓৄ

ऄ



ȝƷǶǦȝΞ ǦǼ ȝǣǐ ȏƷȖȝ ǌǐǆƷǌǐȖऀॽ HΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆƷǼ ǅǐ ǌǦΗǦǌǐǌ ǦǼȝȂ ǌǦЍǐȓǐǼȝ ȖȠǅȝΞȏǐȖ ǅƷȖǐǌ ȂǼ ȝǣǐ

ǣǦȖȝȂǶȂǝΞ ƷǼǌ ǆǐǶǶȖ Ȃǜ ȂȓǦǝǦǼॶ ƷǼǌ ǐƷǆǣ ǣǦȖȝȂǶȂǝǦǆƷǶ ȖȠǅȝΞȏǐ ǣƷȖ ǌǦЍǐȓǐǼȝ ǆǶǦǼǦǆƷǶ ǜǐƷȝȠȓǐȖ ƷǼǌ ȝȓǐƷȝৄ

ǻǐǼȝȖँइॽ ,ǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ǆƷȓǆǦǼȂǻƷ ,%[H� ǦȖ ȝǣǐ ǻȂȖȝ ǆȂǻǻȂǼ ȖȠǅȝΞȏǐ आࣿ ƷǼǌ ƷǆǆȂȠǼȝȖ

ǜȂȓ ȝǣǐ ǻƷǱȂȓǦȝΞ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǌǐƷȝǣȖॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ,%[H� ȏȓȂǅƷǅǶΞ ȂȓǦǝǦǼƷȝǐ ǦǼ

ȝǣǐ ǜƷǶǶȂȏǦƷǼ ȝȠǅǐॽ =ƷȓǝǐৄȖǆƷǶǐ ǝǐǼȂǻǦǆ ƷǼǌ ǻȂǶǐǆȠǶƷȓ ȏȓȂЖǶǦǼǝ ȂǼ ,%[H� ȏƷȝǦǐǼȝ ȖƷǻȏǶǐȖ ǣƷΗǐ

ǆǣƷȓƷǆȝǐȓǦΣǐǌ ,%[H� ƷȖ ǣƷΗǦǼǝ Ʒ ǣǦǝǣ ǌǐǝȓǐǐ Ȃǜ ǆȂȏΞ ǼȠǻǅǐȓ ƷǶȝǐȓƷȝǦȂǼȖ ƷǼǌ Ʒ ȓǐǶƷȝǦΗǐǶΞ ǶȂΘ ǻȠৄ

ȝƷȝǦȂǼ ǜȓǐȒȠǐǼǆΞँईॽ BȂȓǐ ȝǣƷǼ ईऄ Ȃǜ ȝȠǻȂȓȖ ǣƷΗǐ ǻȠȝƷȝǦȂǼȖ ǦǼ ȝǣǐ bUऄं ǝǐǼǐॶ Ʒ ΘǐǶǶৄǴǼȂΘǼ ȝȠৄ

ǻȂȓ ȖȠȏȏȓǐȖȖȂȓ ǝǐǼǐ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ ǆȂǼȝȓȂǶǶǦǼǝ ǆǐǶǶ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ %ǐȓǻǶǦǼǐ �X��ऀ ƷǼǌ �X��ँ

ǻȠȝƷȝǦȂǼȖ ǣƷΗǐ ǅǐǐǼ ȂǅȖǐȓΗǐǌ ǦǼ Ʒ ȝȂȝƷǶ Ȃǜ ऀआ Ȃǜ ȝǣǐ ȏƷȝǦǐǼȝȖ ΘǦȝǣ ƷǌǌǦȝǦȂǼƷǶ ं ΘǦȝǣ ȖȂǻƷȝǦǆ

ǻȠȝƷȝǦȂǼȖ ǦǼ Ʒ ǆȂǣȂȓȝ Ȃǜ ःइई ,%[H� ȏƷȝǦǐǼȝȖ ȓǐȏȂȓȝǐǌ ǦǼ ँࣿऀऀऀंॽ BȠȝƷȝǦȂǼȖ ǦǼ �X�� ǝǐǼǐȖ

Ʒȓǐ ǴǼȂΘǼ ȓǦȖǴ ǜƷǆȝȂȓȖ ƷǶȖȂ ǦǼ Ȃȝǣǐȓ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓȖॶ ǐȖȏǐǆǦƷǶǶΞ ǅȓǐƷȖȝ ǆƷǼǆǐȓॽ BȠȝƷȝǦȂǼȖ ƷǼǌ ǐȏǦৄ

ǝǐǼǐȝǦǆ ǆǣƷǼǝǐȖ Ʒȓǐ ȂǅȖǐȓΗǐǌ ǦǼ Ȃȝǣǐȓ ǝǐǼǐȖ Ȃǜ ȝǣǐ ǣȂǻȂǶȂǝȂȠȖ ȓǐǆȂǻǅǦǼƷȝǦȂǼ ,X ȏƷȝǣΘƷΞ ǦǼ

,%[H�ॶ ƷǆǆȂȠǼȝǦǼǝ ǜȂȓ ऄऀ Ȃǜ ȝǣǐ ǆƷȖǐȖॶ ȖȠǝǝǐȖȝǦǼǝ ,X ƷȖ Ʒ ȏȓȂǻǦȖǦǼǝ ȝƷȓǝǐȝ ǜȂȓ ȝǣǐȓƷȏΞ $Ǧǝৄ

Ƞȓǐ ँॽ Hȝǣǐȓ ƷǶȝǐȓǐǌ ȏƷȝǣΘƷΞȖ ǦǌǐǼȝǦЖǐǌ ǦǼǆǶȠǌǐ ȓǐȝǦǼȂǅǶƷȖȝȂǻƷ ȝȠǻȂȓ ȖȠȏȏȓǐȖȖȂȓ X� ȖǦǝǼƷǶǦǼǝॶ

ȏǣȂȖȏǣƷȝǦǌΞǶǦǼȂȖǦȝȂǶंৄǴǦǼƷȖǐ U/ं<X�[ ȖǦǝǼƷǶǦǼǝॶ ƷǼǌ CHb�, ȖǦǝǼƷǶǦǼǝॽ ,ȂΘǐΗǐȓॶ ǻȂȖȝ Ȃǜ

ȝǣǐ ƷǶȝǐȓƷȝǦȂǼȖ Ʒȓǐ ǆȂȏΞ ǼȠǻǅǐȓ ΗƷȓǦƷȝǦȂǼ Ȃȓ ǆǣƷǼǝǐȖ ǦǼ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼॶ ƷǼǌ ȏȓǐǌȂǻǦǼƷǼȝ ȓǐǆȠȓȓǦǼǝ

ȏȂǦǼȝ ǻȠȝƷȝǦȂǼȖ ȝǣƷȝ ǆƷǼ ȖǐȓΗǐ ƷȖ ǌȓȠǝ ȝƷȓǝǐȝȖ Ʒȓǐ ǶƷǆǴǦǼǝॽ

�ЍȂȓȝȖ ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ȝȂ ǐΝȝǐǼȖǦΗǐǶΞ ȖȝȠǌΞ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ȏȓȂЖǶǐȖ Ȃǜ ,%[H� ȏƷȝǦǐǼȝ ȖƷǻȏǶǐȖ

ǦǼ Ȃȓǌǐȓ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ǻǐǆǣƷǼǦȖǻȖ ƷǼǌ ǌǐΗǐǶȂȏ ȝǣǐȓƷȏǐȠȝǦǆȖॽ ǻXC� ǐΝȏȓǐȖȖǦȂǼ ǣƷȖ

ǅǐǐǼ ȠȖǐǌ ȝȂ ǜȠȓȝǣǐȓ ǆƷȝǐǝȂȓǦΣǐ ,%[H� ǆƷȖǐȖ ǦǼȝȂ ǜȂȠȓ ȖȠǅǝȓȂȠȏȖॶ ȏȓȂǶǦǜǐȓƷȝǦΗǐॶ ǦǻǻȠǼȂȓǐƷǆȝǦΗǐॶ

ǌǦЍǐȓǐǼȝǦƷȝǐǌॶ ƷǼǌ ǻǐȖǐǼǆǣΞǻƷǶॶ ǐƷǆǣ ΘǦȝǣ ǌǦȖȝǦǼǆȝ ǻȂǶǐǆȠǶƷȓ ȏȓȂЖǶǐȖंࣿॶँईॽ ,ȂΘǐΗǐȓॶ ȖȠȓΗǦΗƷǶ ƷǼƷǶৄ

ΞȖǦȖ ǌǦǌ ǼȂȝ ȖǣȂΘ ȖǦǝǼǦЖǆƷǼȝ ǌǦЍǐȓǐǼǆǐȖ ƷǻȂǼǝ ȝǣǐ ȖȠǅǝȓȂȠȏȖॶ ȖȠǝǝǐȖȝǦǼǝ ȠǼǆǶǐƷȓ ǆǶǦǼǦǆƷǶ ȓǐǶǐΗƷǼǆǐ

Ȃǜ ȝǣǐ ȖȠǅǝȓȂȠȏȖॽ BƷǼΞ ǶƷȝǐȓ ȖȝȠǌǦǐȖ ȂǼ ȝǣǐ ৗȖȠǅȝΞȏǐȖ Ȃǜ ,%[H� ǣƷΗǐ ǆȂǼȝȓƷǌǦǆȝǦǼǝ ЖǼǌǦǼǝȖॵ

ȖȠǅȝΞȏǐȖ Ʒȓǐ ǼȂȝ ǻȠȝȠƷǶǶΞ ǐΝǆǶȠȖǦΗǐ ƷȖ ǻȠǶȝǦȏǶǐ ȖǦǝǼƷȝȠȓǐȖ ǆƷǼ ǅǐ ȂǅȖǐȓΗǐǌ ǦǼ ǦǼǌǦΗǦǌȠƷǶ ȝȠǻȂȓ ȖƷǻৄ

ȏǶǐȖंऀঃ ȖȠȓΗǦΗƷǶ ǌǦЍǐȓǐǼǆǐ ΘƷȖ ȂǅȖǐȓΗǐǌ ƷǻȂǼǝ ȝǣǐ ȖȠǅȝΞȏǐȖंँঃ ǼȂ ǻȂȓǐ ȝǣƷǼ ं ȖȠǅȝΞȏǐȖ ȖǣȂȠǶǌ ǐΝǦȖȝ

अ



b]�u; ƑĹ �Ѵ|;u;7 r-|_�-�v bm ��"�� r-ঞ;m|vķ -7-r|;7 =uol $��� !;v;-u1_ �;|�ouhƐƒĺ �Ѵ|;u;7 r-|_�-�v �;u;
b7;mঞC;7 0� 7b@;u;m| |�r;v o= -m-Ѵ�vbv om ��"�� r-ঞ;m| v-lrѴ;vĺ �Ѵ|;u-ঞomv -u; 7;Cm;7 0� vol-ঞ1 l�|-ঞomvķ 	��
1or� m�l0;u 1_-m];v ouķ vb]mbC1-m| 1_-m]; o= l!�� ;�ru;vvbom bm 7brѴob7 |�lo�uvĺ $_; _oloѴo]o�v u;1ol0bm-ঞom
Ő�!ő r-|_�-� bv -Ѵ|;u;7 bm �r |o ƔƐѷ o= |_; 1-v;vĺ

ǅƷȖǐǌ ȂǼ ǆȓȂȖȖৄȏȂȏȠǶƷȝǦȂǼ ƷǼƷǶΞȖǦȖंंॽ � ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǆǶȠȖȝǐȓǦǼǝ ƷǼƷǶΞȖǦȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ ȝǣǐ ȖȠǅৄ

ȝΞȏǐȖ ǻǦǝǣȝ ǶƷȓǝǐǶΞ ǌǐȏǐǼǌ ȂǼ ȝǣǐ ȝΞȏǐȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ȏȓȂЖǶǐȖ ƷǼǌ ȝǣǐ ǆǶȠȖȝǐȓǦǼǝ ƷǶǝȂȓǦȝǣǻȖ ȠȖǐǌंःॽ

�ǼȂȝǣǐȓ ȏȓȂȝǐȂǻǦǆȖ ƷǼƷǶΞȖǦȖ ȏƷȓȝǦƷǶǶΞ ǆȂǼЖȓǻǐǌ ȝǣǐ ǻXC� ȖȠǅȝΞȏǐȖ ǅȠȝ ǼȂ ȖȠȓΗǦΗƷǶ ǌǦЍǐȓǐǼǆǐȖ

Θǐȓǐ ȂǅȖǐȓΗǐǌंऄॽ �ǶȝǣȂȠǝǣ ǦǼǆȂǼǆǶȠȖǦΗǐॶ ȝǣǐ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ,%[H� ǦȖ Ʒ ǝǐǼǐȝǦǆƷǶǶΞ ǆȂǻȏǶǦৄ

ǆƷȝǐǌ ǌǦȖǐƷȖǐ ƷǼǌ ǌǐΗǐǶȂȏǦǼǝ ȝǣǐȓƷȏǐȠȝǦǆȖ ǦȖ ǆǣƷǶǶǐǼǝǦǼǝॽ

bǣǐ ȏȓǦǻƷȓΞ ȝȓǐƷȝǻǐǼȝ Ȃǜ ,%[�H ǦȖ ȖȠȓǝǦǆƷǶ ǆΞȝȂȓǐǌȠǆȝǦȂǼ ǜȂǶǶȂΘǐǌ ǅΞ ȏǶƷȝǦǼȠǻৄǅƷȖǐǌ ǆǣǐǻȂȝǣǐȓৄ

ƷȏΞॶ ΘǦȝǣ ǐǦȝǣǐȓ ǆƷȓǅȂȏǶƷȝǦǼ ƷǼǌ ȏƷǆǶǦȝƷΝǐǶ Ȃȓ ǆƷȓǅȂȏǶƷȝǦǼ ƷǶȂǼǐँइॽ $Ȃȓ ȝǣǐ ȏƷȝǦǐǼȝȖ ΘǣȂ Ʒȓǐ ǼȂȝ

ȖȠǦȝƷǅǶǐ ǜȂȓ ǦǼǦȝǦƷǶ ȖȠȓǝǐȓΞॶ ǼǐȂƷǌǱȠΗƷǼȝ ǆǣǐǻȂȝǣǐȓƷȏΞ C��b ǣƷȖ ǅǐǐǼ ȠȖǐǌ ƷȖ ƷǼ ƷǶȝǐȓǼƷȝǦΗǐ

ȝȓǐƷȝǻǐǼȝॶ ΘǣǦǆǣ ǆȂǼȖǦȖȝȖ Ȃǜ ǆƷȓǅȂȏǶƷȝǦǼ ƷǼǌ ȏƷǆǶǦȝƷΝǐǶ ǜȂȓ ȝǣȓǐǐ ǆΞǆǶǐȖ ǜȂǶǶȂΘǐǌ ǅΞ ǦǼȝǐȓΗƷǶ ȖȠȓǝǦǆƷǶ

ǆΞȝȂȓǐǌȠǆȝǦȂǼ ƷǼǌ ƷǌǌǦȝǦȂǼƷǶ ǆǣǐǻȂȝǣǐȓƷȏΞॽ �ǐȖȏǦȝǐ ȝǣǐ ȖȠȓǝǦǆƷǶ ȓǐǻȂΗƷǶ ƷǼǌ ǐΝȝǐǼȖǦΗǐ ǆǣǐǻȂȝǣǐȓৄ

ƷȏΞॶ ƷȏȏȓȂΝǦǻƷȝǐǶΞ इࣿ Ȃǜ ȝǣǐ ƷǌΗƷǼǆǐǌৄȖȝƷǝǐ ȝȠǻȂȓȖ ȓǐǶƷȏȖǐॶ ȓǐȖȠǶȝǦǼǝ ǦǼ Ʒ ऄৄΞǐƷȓ ȖȠȓΗǦΗƷǶ ȓƷȝǐ

आ



Ȃǜ ǶǐȖȖ ȝǣƷǼ ंࣿंअॽ XǐǆȠȓȓǐǼȝ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǦǼ ǻȂȖȝ ǆƷȖǐȖ ǆƷǼǼȂȝ ǅǐ ǆȠȓǐǌॽ �ȠȓȓǐǼȝ ȝȓǐƷȝǻǐǼȝ

ȂȏȝǦȂǼȖ ǜȂȓ ȏǶƷȝǦǼȠǻৄȖǐǼȖǦȝǦΗǐ ǆƷȖǐȖ ǦǼǆǶȠǌǐ ȖǐǆȂǼǌƷȓΞ ȖȠȓǝǦǆƷǶ ǆΞȝȂȓǐǌȠǆȝǦȂǼॶ ȓǐৄȠȖǐ Ȃǜ ȏǶƷȝǦǼȠǻৄ

ǅƷȖǐǌ ǆǣǐǻȂȝǣǐȓƷȏΞ ΘǦȝǣ ȝǣǐ ȓǦȖǴ Ȃǜ ȏȂȝǐǼȝǦƷǶǶΞ ǶǦǜǐৄȝǣȓǐƷȝǐǼǦǼǝ ȏǶƷȝǦǼȠǻ ǌȓȠǝ ƷǶǶǐȓǝǦǐȖ Ȃȓ ȏǶƷȝǦǼȠǻৄ

ǅƷȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆǣǐǻȂȝǣǐȓƷȏΞॶ ƷǼǌ ȏȂǶΞ��UৄȓǦǅȂȖǐ ȏȂǶΞǻǐȓƷȖǐ U�XU ǦǼǣǦǅǦȝȂȓȖॽ U�XUǦ

ǣƷΗǐ ǅǐǐǼ ƷȏȏȓȂΗǐǌ ǅΞ ȝǣǐ $�� ƷȖ ȖǦǼǝǶǐৄƷǝǐǼȝॶ ȖǐǆȂǼǌৄǶǦǼǐǻƷǦǼȝǐǼƷǼǆǐ ȝȓǐƷȝǻǐǼȝ ǜȂȓ ȏƷȝǦǐǼȝȖ

ΘǦȝǣ �X��ǻȠȝƷȝǦȂǼȖंआॽ bǣǦȖ ǆǶƷȖȖ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆȖ ȝƷȓǝǐȝȖ ȝǣǐ �C� ȓǐȏƷǦȓ ǻǐǆǣƷǼǦȖǻ ȂǼ ΘǣǦǆǣ

ȝǣǐ ȝȠǻȂȓȖ ΘǦȝǣ ǌǐǜǐǆȝǦΗǐ ,X ȓǐȏƷǦȓ ǆƷȏƷǅǦǶǦȝǦǐȖ Ʒȓǐ ǻȂȓǐ ǌǐȏǐǼǌǐǼȝॽ Hȝǣǐȓ ȝǣǐȓƷȏǦǐȖ ȠǼǌǐȓ ǌǐৄ

ΗǐǶȂȏǻǐǼȝ ǜȂȓ ,%[H� ǦǼǆǶȠǌǐ ǌȓȠǝȖ ȝƷȓǝǐȝǦǼǝ ƷǼǝǦȂǝǐǼǐȖǦȖॶ U/ं< ȖǦǝǼƷǶǦǼǝॶ X�[ ȖǦǝǼƷǶǦǼǝॶ ƷǼǌ

CHb�, ȖǦǝǼƷǶǦǼǝंइॶंईॶःࣿॽ

XǐǆǐǼȝ ȏȓǐৄǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖ ƷǼǌ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǆƷǼ ǅǐ ǐЍǐǆৄ

ȝǦΗǐ ǦǼ ,%[H�ॽ U�XUǦॶ ȝǐȖȝǐǌ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ Ȃȝǣǐȓ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖॶ ȖȠǆǣ ƷȖ ƷǼǝǦȂǝǐǼৄ

ǐȖǦȖ ǦǼǣǦǅǦȝȂȓःऀॶ ��< ǆΞǆǶǦǼৄǌǐȏǐǼǌǐǼȝ ǴǦǼƷȖǐ ǦǼǣǦǅǦȝȂȓःँॶ U/ं< ǦǼǣǦǅǦȝȂȓःंॶ ƷǼǌ ƷǼȝǦৄU�ऀ

ǦǻǻȠǼȂȝǣǐȓƷȏΞःः ǣƷȖ ȏȓȂǌȠǆǐǌ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȓǐǻǦȖȖǦȂǼȖ ǻȠǆǣ ǻȂȓǐ ǐАǆǦǐǼȝ ȝǣƷǼ ȝǣǐ ȖǦǼǝǶǐ

ƷǝǐǼȝॽ [Ȃǻǐ ȖȝȠǌǦǐȖ ǣƷΗǐ ȠȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ U/ं< ǦǼǣǦǅǦȝȂȓȖ ΘǦȝǣ ǆǣǐǻȂȝǣǐȓƷȏΞॶ X�[�X< ǦǼৄ

ǣǦǅǦȝȂȓȖॶ ǦǼǣǦǅǦȝȂȓȖ Ȃǜ ��=ৄँৄǜƷǻǦǶΞ ȏȓȂȝǐǦǼȖॶ ƷǼǌ Ȃȝǣǐȓ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖःऄॶःअॶःआॶःइॶ

ȖȠǝǝǐȖȝǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǻǦǝǣȝ ǅǐ Ʒ ȖȂǶȠȝǦȂǼ ȝȂ ƷǆǣǦǐΗǐ ǅǐȝȝǐȓ ǐАǆƷǆΞ ƷǼǌ ȂΗǐȓǆȂǻǐ ȓǐȖǦȖৄ

ȝƷǼǆǐ ǦǼ ,%[H�ॽ

ࣿ৷ं �ԭԌӏԏӢӸӏӹԚҷӲ ҷԌԌԏԀҷӅӟӏԓ әԀԏ ӋӢԓӅԀԪӏԏԮ Ԁә ӅԀӸӂӢӹҷԚӢԀӹ ԚӟӏԏҷԌӢӏԓ

,ǦȖȝȂȓǦǆƷǶǶΞॶ ȝǣǐ ǦǼǦȝǦƷǶ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ΘƷȖ ǶƷȓǝǐǶΞ ǌǐȏǐǼǌǐǼȝ ȂǼ ǐǻȏǦȓǦǆƷǶ ǐΝৄ

ȏǐȓǦǻǐǼȝƷȝǦȂǼ Ȃǜ ǻȠǶȝǦȏǶǐ ǐЍǐǆȝǦΗǐ ƷǝǐǼȝȖ ǦǼ ǆǶǦǼǦǆƷǶ ȖǐȝȝǦǼǝȖॶ ΘǣǦǶǐ ȝǣǐ ǻǐǆǣƷǼǦȖǻȖ ǅǐǣǦǼǌ Θǐȓǐ

ǦǼȖȠАǆǦǐǼȝǶΞ ǦǼΗǐȖȝǦǝƷȝǐǌःईॽ �Ȗ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ǦǼǆȓǐƷȖǦǼǝ ǼȠǻǅǐȓȖ Ȃǜ ƷǼȝǦǆƷǼǆǐȓ ǌȓȠǝȖ ƷǼǌ ȝǣǐ

ƷǌΗƷǼǆǐǻǐǼȝ Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶ ȝǐǆǣǼǦȒȠǐȖ ǦǼ ǻȂǶǐǆȠǶƷȓ ǅǦȂǶȂǝΞॶ ȓǐȖǦȖȝƷǼǆǐ ȝȂ ȖǦǼǝǶǐ ƷǝǐǼȝ ǣƷȖ ǅǐǐǼ

ȂǅȖǐȓΗǐǌ ǻȂȓǐ ǜȓǐȒȠǐǼȝǶΞ ƷǼǌ ȝǣǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǣƷΗǐ ǅǐǐǼ ǐǶȠǆǦǌƷȝǐǌँःॶँऄॽ �ȂǻǅǦǼƷȝǦȂǼ

इ



ȝǣǐȓƷȏǦǐȖ ǆƷǼ ȝǣǐȓǐǜȂȓǐ ǅǐ ǌǐȖǦǝǼǐǌ ǅƷȖǐǌ ȂǼ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ȝǣǐ ȂȓǦǝǦǼƷǶ ȝȓǐƷȝǻǐǼȝॽ

bǣǦȖ ƷȏȏȓȂƷǆǣ ǦȖ ǆȂǻǻȂǼǶΞ ȠȖǐǌ ȝȂ ǆȂǻǅǦǼǐ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ȖȠǆǣ ƷȖ ǴǦǼƷȖǐ ǦǼǣǦǅǦȝȂȓȖॽ bǣǐ ȓƷৄ

ȝǦȂǼƷǶǐ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ǌǐȖǦǝǼ ǝǐǼǐȓƷǶǶΞ ǜƷǶǶ ǦǼȝȂ ȝǣȓǐǐ ǆƷȝǐǝȂȓǦǐȖॶ ƷȖ ȖȠǻǻƷȓǦΣǐǌ ǅΞ �Ƕৄ=ƷΣǦǴƷǼǦ ǐȝ

ƷǶॽऄࣿॽ

Ǧ �ȂǻǅǦǼǦǼǝ ǌȓȠǝȖ ȝƷȓǝǐȝǦǼǝ ȝǣǐ ȖƷǻǐ ȏȓȂȝǐǦǼॽ HǼǐ ǐΝƷǻȏǶǐ ǦȖ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ bȓƷȖȝȠΣȠǻƷǅ

ΘǦȝǣ Ȃȝǣǐȓ ,ǐȓँ ǦǼǣǦǅǦȝȂȓȖॽ bǣǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ bȓƷȖȝȠΣȠǻƷǅ ǦǼǆǶȠǌǐ ǦǼƷǆǆǐȖȖǦǅǶǦȝΞ Ȃǜ

ǌȓȠǝ ȓǐǆȂǝǼǦȝǦȂǼ ȖǦȝǐॶ ƷǼǌ ǆȂǼȝǦǼȠǐǌ ƷǆȝǦΗƷȝǦȂǼ Ȃǜ ,�Xँ ȖǦǝǼƷǶǦǼǝ ȝǣȓȂȠǝǣ Ȃȝǣǐȓ ǻǐǆǣƷǼǦȖǻȖ ȖȠǆǣ

ƷȖ ,�Xँ,�Xं ǌǦǻǐȓǦΣƷȝǦȂǼऄऀॽ bȓƷȖȝȠΣȠǻƷǅ ΘƷȖ ȝǣǐǼ ȠȖǐǌ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ Ȃȝǣǐȓ ,�Xँ

ǦǼǣǦǅǦȝȂȓȖॶ UǐȓȝȠΣȠǻƷǅऄँ Ȃȓ =ƷȏƷȝǦǼǦǅऄंॽ UǐȓȝȠΣȠǻƷǅ ǅǦǼǌȖ Ʒȝ Ʒ ǌǦЍǐȓǐǼȝ ȖǦȝǐ ȂǼ ,�Xँ ȝȂ ǦǼǣǦǅǦȝ

ǌǦǻǐȓǦΣƷȝǦȂǼॶ ƷǼǌ =ƷȏƷȝǦǼǦǅ ΘȂȓǴȖ ǦǼȝȓƷǆǐǶǶȠǶƷȓǶΞ ȝȂ ȏȓǐΗǐǼȝ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜ ,�Xँॽ

ǦǦ �ȂǻǅǦǼǦǼǝ ǌȓȠǝȖ ৗΗǐȓȝǦǆƷǶǶΞ ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ǦǼ ȂǼǐ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞॽ bǣǐȓǐ Ʒȓǐ ȠȖȠƷǶǶΞ

ǻȠǶȝǦȏǶǐ ǴǦǼƷȖǐȖ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ ȖǦǝǼƷǶ ȝȓƷǼȖǌȠǆȝǦȂǼ ǦǼ ȂǼǐ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞ ƷǼǌ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ

ȝƷȓǝǐȝǦǼǝ ȝǣǐǻ ǦȖ ǻȂȓǐ ǶǦǴǐǶΞ ȝȂ ǆȂǻȏǶǐȝǐǶΞ ǦǼǣǦǅǦȝ ȝǣǐ ȖǦǝǼƷǶǦǼǝॽ HǼǐ ǐΝƷǻȏǶǐ ǦȖ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓৄ

ƷȏΞ ΘǦȝǣ �X�$ ƷǼǌB�< ǦǼǣǦǅǦȝȂȓȖ ǦǼ ǻǐǶƷǼȂǻƷऄःॽ �ǅȂȠȝ ǣƷǶǜ Ȃǜ ȏƷȝǦǐǼȝȖ ΘǦȝǣ ǻǐǶƷǼȂǻƷ ǆƷȓȓǦǐȖ

Ʒ ǻȠȝƷȝǦȂǼ ǦǼ ȝǣǐ ȖǐȓǦǼǐৄȝǣȓǐȂǼǦǼǐ ǴǦǼƷȖǐ �X�$ qअࣿࣿॶ ȓǐȖȠǶȝǦǼǝ ǦǼ ƷǆȝǦΗƷȝǐǌ ǻǦȝȂǝǐǼৄƷǆȝǦΗƷȝǐǌ

ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ B�U< ȏƷȝǣΘƷΞॶ ΘǣǦǆǣ ǦȖ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ ǆȂǻǻȠǼǦǆƷȝǦǼǝ ȖǦǝǼƷǶȖ ǜȂȓ ǆǐǶǶȠǶƷȓ ȏȓȂǶǦǜৄ

ǐȓƷȝǦȂǼॽ /ȝ ǦǼΗȂǶΗǐȖ Ʒ ȖǐȓǦǐȖ Ȃǜ ǴǦǼƷȖǐȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǦȖ ƷǶȖȂ ǴǼȂΘǼ ƷȖ XƷȖৄXƷǜৄB�<ৄ�X< ȏƷȝǣΘƷΞॽ

�ȂǼǆȠȓȓǐǼȝ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ȠȏȖȝȓǐƷǻ �X�$ ƷǼǌ ȝǣǐ ǌȂΘǼȖȝȓǐƷǻB�< ǆƷǼ ȓǐȖȠǶȝ ǦǼ ȖȝȓȂǼǝǐȓ ƷǼǌ

ǶȂǼǝǐȓ ǌȠȓƷȝǦȂǼ Ȃǜ ƷǼȝǦৄȝȠǻȂȓ ǐЍǐǆȝȖ ƷǼǌ ǌǐǆȓǐƷȖǐ B�U<ৄǌȓǦΗǐǼ ƷǆȒȠǦȓǐǌ ȓǐȖǦȖȝƷǼǆǐॽ bǣǦȖ ǆȂǻǅǦৄ

ǼƷȝǦȂǼ ǣƷȖ ǅǐǆȂǻǐ ȖȝƷǼǌƷȓǌ Ȃǜ ǆƷȓǐ ǜȂȓ ȏƷȝǦǐǼȝȖ ΘǦȝǣ ƷǌΗƷǼǆǐǌৄȖȝƷǝǐ ǻǐǶƷǼȂǻƷ ǣƷȓǅȂȓǦǼǝ �X�$

qअࣿࣿ ǻȠȝƷȝǦȂǼȖऄऄॽ

ǦǦǦ �ȂǻǅǦǼǦǼǝ ǌȓȠǝȖ ৗǣȂȓǦΣȂǼȝƷǶǶΞ ȝƷȓǝǐȝǦǼǝ ȏƷȓƷǶǶǐǶ ȏƷȝǣΘƷΞȖॽ HǼǐ ǐΝƷǻȏǶǐ ǦȖ ȝǣǐ ǆȂǻǅǦǼƷȝȂৄ

ȓǦƷǶ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ΘǐǶǶৄȖȝȠǌǦǐǌB�U< ȏƷȝǣΘƷΞ ƷǼǌ U/ं<�<b ȏƷȝǣΘƷΞॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖȠǝǝǐȖȝǐǌ

ȝǣƷȝ U/ं<�<b ƷǆȝǦΗƷȝǦȂǼ ǦȖ Ʒ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻ ȠȏȂǼ ȝȓǐƷȝǻǐǼȝ Ȃǜ B�< ǦǼǣǦǅǦȝȂȓȖऄअॶऄआॽ �Ȃǻৄ

ǅǦǼƷȝǦȂǼȖ Ȃǜ B�< ǦǼǣǦǅǦȝȂȓȖ ƷǼǌ U/ं<�<b ǦǼǣǦǅǦȝȂȓȖॶ Ȃȓ ȝǣǐ ǌȂΘǼȖȝȓǐƷǻǻbHX ǦǼǣǦǅǦȝȂȓȖॶ ǣƷΗǐ

ई



ȖǣȂΘǼ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ ƷǼǌ ȏȓȂǌȠǆǐǌ ǌȠȓƷǅǶǐ ȓǐǻǦȖȖǦȂǼऄइॶऄईॶअࣿॽ

�ǐΞȂǼǌ ȝǣǐȖǐ ȓƷȝǦȂǼƷǶǐȖ ǜȂȓ ǆȂǻǅǦǼƷȝǦȂǼ ǌǐȖǦǝǼ ǅƷȖǐǌ ȂǼ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖॶ ǣƷǶǶǻƷȓǴȖ Ȃǜ

ǆƷǼǆǐȓ ȏȓȂΗǦǌǐ ǻƷǼΞ ǻȂȓǐ ǌǦȓǐǆȝǦȂǼȖ ǜȂȓ ǆȂǻǅǦǼǦǼǝ ȝǣǐȓƷȏǐȠȝǦǆȖ ȝƷȓǝǐȝǦǼǝ ǌǦЍǐȓǐǼȝ ƷǆȒȠǦȓǐǌ ǆƷȏƷৄ

ǅǦǶǦȝǦǐȖ ǜȂȓ ǆƷǼǆǐȓ ǝȓȂΘȝǣॽ [ȝƷȝǦȖȝǦǆȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ǻȂȓǐ ȝǣƷǼ ंंࣿ ƷǼȝǦǆƷǼǆǐȓ ǌȓȠǝȖ ǣƷΗǐ ǅǐǐǼ Ʒȏৄ

ȏȓȂΗǐǌ ǅΞ $�� ǜȓȂǻ ँࣿࣿई ȝȂ ँࣿँࣿॶ ΘǦȝǣ ऄआ ǼǐΘ ƷȏȏȓȂΗƷǶȖ ǦǼ ँࣿँࣿ ƷǶȂǼǐअऀॽ bǣǦȖ ȏȓȂΗǦǌǐȖ ȠȖ ΘǦȝǣ

ǻȂȓǐ ȝǣƷǼ ऄࣿॶࣿࣿࣿ ȏȂȖȖǦǅǶǐ ȝΘȂৄǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖॽ bǣǐ ǼȠǻǅǐȓ Ȃǜ ȏȂȖȖǦǅǶǐ ǆȂǻǅǦǼƷȝǦȂǼȖ ǝȂǐȖ ȝȂ

इःऄॶࣿࣿࣿ Ǧǜ Θǐ ǦǼǆǶȠǌǐ ǻȂȓǐ ȝǣƷǼ ऀॶंࣿࣿ ƷǼȝǦǆƷǼǆǐȓ ǌȓȠǝȖ ȝǣƷȝ Ʒȓǐ ǆȠȓȓǐǼȝǶΞ ȠǼǌǐȓ ǌǐΗǐǶȂȏǻǐǼȝॽ /ȝ ǦȖ

ǶƷǅȂȓǦȂȠȖ ƷǼǌ ȏȓƷǆȝǦǆƷǶǶΞ ȠǼȓǐƷǶǦȖȝǦǆ ȝȂ ȠȖǐ ǜȂǆȠȖǐǌ ǻȂǶǐǆȠǶƷȓ ǐΝȏǐȓǦǻǐǼȝȖ ȝȂ ǐΝȏǶȂȓǐ ƷǶǶ ȝǣǐ ȏȂȖȖǦǅǶǐ

ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃȓ ȖȝȠǌΞ ȝǣǐ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǜȂȓ ȝǣǐ ȓƷȝǦȂǼƷǶ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼȖॽ [ΞȖৄ

ȝǐǻƷȝǦǆ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖǆȓǐǐǼǦǼǝ ƷȏȏȓȂƷǆǣǐȖ ǣƷΗǐ ǅǐǐǼ ǌǐΗǐǶȂȏǐǌ ƷǼǌ ȠȖǐǌ ƷȖ Ʒ ǆȂǻȏǶǐǻǐǼȝƷȓΞॶ

ȠǼǅǦƷȖǐǌ ƷȏȏȓȂƷǆǣॽ

=Ʒȓǝǐ ȏǣǐǼȂȝΞȏǦǆ ȖǆȓǐǐǼȖ ȠȖǦǼǝ ǌȓȠǝȖअँॶ Ȃȓ XC�Ǧ ƷǼǌ �X/[UX�ǶȠȖȝǐȓǐǌ XǐǝȠǶƷȓǶΞ /ǼȝǐȓȖȏƷǆǐǌ

[ǣȂȓȝ UƷǶǦǼǌȓȂǻǦǆ XǐȏǐƷȝȖৄ�ƷȖईअं ǣƷΗǐ ȓǐΗǐƷǶǐǌ ǆƷǼǆǐȓ ΗȠǶǼǐȓƷǅǦǶǦȝǦǐȖ ƷǼǌ ǌǐȏǐǼǌǐǼǆǦǐȖ ǦǼ ǌǦЍǐȓৄ

ǐǼȝ ǆƷǼǆǐȓ ȝΞȏǐȖॽ bǣǐȖǐ ȓǐȖȠǶȝȖ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȝǣǐ ǜȂȠǼǌƷȝǦȂǼ Ȃǜ Ʒ ǆƷǼǆǐȓ ǌǐȏǐǼǌǐǼǆΞ ǻƷȏ ƷǼǌ ǆƷǼ

ǜƷǆǦǶǦȝƷȝǐ ȝǣǐ ȏȓǦȂȓǦȝǦΣƷȝǦȂǼ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆ ȝƷȓǝǐȝȖॽ bǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ƷǼ ȂȓȝǣȂǶȂǝȂȠȖ �X/[UXৄ

�ƷȖई ȖΞȖȝǐǻ ƷǶǶȂΘȖ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǝǐǼǐȝǦǆ ȖǆȓǐǐǼȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǐǼƷǅǶǐȖ ȝǣǐ ǐΝȏǶȂȓƷȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ

ǌǐȏǐǼǌǐǼǆǦǐȖ ǦǼ Ʒ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǜƷȖǣǦȂǼअःॽ /Ǽ ƷǌǌǦȝǦȂǼ ȝȂ ȏǣǐǼȂȝΞȏǦǆ ȖǆȓǐǐǼȖॶ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ȏȓȂৄ

ЖǶǐȖ ȠȏȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǆƷǼ ǅǐ ǦǼǜȂȓǻƷȝǦΗǐ ǦǼ ǦǌǐǼȝǦǜΞǦǼǝ ȖǻƷǶǶ ǻȂǶǐǆȠǶǐȖ ΘǦȝǣ ǌǐȖǦȓǐǌ ȝƷȓǝǐȝȖ ƷǼǌ

ǅǦȂǻƷȓǴǐȓȖ ǜȂȓ ǌǐȏǐǼǌǐǼǆǦǐȖअऄॽ �ЍȂȓȝȖ ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ȝȂ ǐΝȝǐǼȖǦΗǐǶΞ ȏȓȂЖǶǐ ǻȂǶǐǆȠǶƷȓ ȓǐȖȏȂǼȖǐ

ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ǦǼ Ʒ ǆȂǶǶǐǆȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖअअॶअआॶअइॽ bǣǐ ǻȂǶǐǆȠǶƷȓ ȓǐȖȏȂǼȖǐ ǻǐƷȖȠȓǐৄ

ǻǐǼȝȖ ǻƷǦǼǶΞ ǜȂǆȠȖ ȂǼ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼॶ ƷǼǌ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ ȏȓȂȝǐȂǻǦǆ ƷǼǌ ǐȏǦǝǐǼȂǻǦǆ ǆǣƷǼǝǐȖ

ǣƷΗǐ ƷǶȖȂ ǅǐǐǼ ǆȂǶǶǐǆȝǐǌ ȓǐǆǐǼȝǶΞअईॽ sǣǦǶǐ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷ ǌǦȓǐǆȝǶΞ ȏȓȂΗǦǌǐȖ ǦǼǜȂȓৄ

ǻƷȝǦȂǼ ȂǼ ǌǐȏǐǼǌǐǼǆǦǐȖ ƷǼǌ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖॶ ǅƷȖǐǶǦǼǐ ȏȓȂЖǶǦǼǝ Ȃǜ ȝǣǐ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ȏȓǐΗƷৄ

ǶǐǼȝǶΞ ȠȖǐǌ ǅΞ ȓǐȖǐƷȓǆǣǐȖ ƷȖ ǻȂǌǐǶȖ ǜȂȓ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓȖ ƷǶȖȂ ȏȓȂΗǦǌǐȖ ǐȖȖǐǼȝǦƷǶ ǦǼǜȂȓǻƷȝǦȂǼॶ

ǐȖȏǐǆǦƷǶǶΞ ΘǣǐǼ ǦǼȝǐǝȓƷȝǐǌ ΘǦȝǣ ȓǐȖȏȂǼȖǐ ǌƷȝƷआࣿॽ UǶƷȝǜȂȓǻȖ ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ǜȂȓ ȓǐȖǐƷȓǆǣǐȓȖ ȝȂ ǐƷȖǦǶΞ

ऀࣿ



ƷǆǆǐȖȖ ȝǣǐ ǌƷȝƷॶ ǦǼǆǶȠǌǦǼǝ ȝǣǐ �ƷǼǆǐȓ �ǐǶǶ =ǦǼǐ �ǼǆΞǆǶȂȏǐǌǦƷ ��=�आࣿॶ �ƷǼǆǐȓ bǣǐȓƷȏǐȠȝǦǆȖ Xǐৄ

ȖȏȂǼȖǐ UȂȓȝƷǶ �bXUआऀॶ ƷǼǌ %ǐǼȂǻǦǆȖ Ȃǜ �ȓȠǝ [ǐǼȖǦȝǦΗǦȝΞ ǦǼ �ƷǼǆǐȓ %�[�आँॽ bȂȂǶȖ ǣƷΗǐ ǅǐǐǼ

ǅȠǦǶȝ ǜȂȓ ǌƷȝƷ ǦǼȝǐǝȓƷȝǦȂǼ ƷǼǌ ƷǼƷǶΞȖǦȖ ƷǆȓȂȖȖ ǌƷȝƷǅƷȖǐȖ ƷǼǌ ȏǶƷȝǜȂȓǻȖआंॽ

ࣿ৷ः �ԀӸԌԞԚҷԚӢԀӹҷӲ ҷԌԌԏԀҷӅӟӏԓ ԚԀ ԌԏӏӋӢӅԚ ӅӏӲӲ ԏӏԓԌԀӹԓӏ ҷӹӋ ӢӋӏӹԚӢәԮ ӅԀӸ৳

ӂӢӹҷԚӢԀӹԓ

�ǐΞȂǼǌ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖৄǌȓǦΗǐǼ ǐǻȏǦȓǦǆ ƷȏȏȓȂƷǆǣǐȖ ƷǼǌ ȠǼǅǦƷȖǐǌ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȝǐǆǣǼȂǶȂǝǦǐȖ ȝȂ

ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ǦǌǐǼȝǦǜΞ ǐЍǐǆȝǦΗǐ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖॶ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻǐȝǣȂǌȖ Ʒȓǐ ȏȂΘǐȓǜȠǶ ǦǼ ǐΝৄ

ȝȓƷǆȝǦǼǝ ǦǼǜȂȓǻƷȝǦȂǼ ǜȓȂǻ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ ƷǼǌ ǐΝȏǶȂȓǦǼǝ ȝǣǐ ǣǦǝǣৄǌǦǻǐǼȖǦȂǼƷǶ ȖȏƷǆǐ Ȃǜ ǌȓȠǝ

ǆȂǻǅǦǼƷȝǦȂǼȖ ȝǣƷȝ ǆƷǼǼȂȝ ǅǐ ǜȠǶǶΞ ǆȂΗǐȓǐǌ ǅΞ ǐΝȏǐȓǦǻǐǼȝƷǶ ƷȏȏȓȂƷǆǣǐȖॽ bǣǐ ЖȓȖȝ Ʒȝȝǐǻȏȝ ȝȂ ǻƷȝǣৄ

ǐǻƷȝǦǆƷǶǶΞ ȏȓǐǌǦǆȝ ȝǣǐ ǻƷΝǦǻȠǻ ǐЍǐǆȝȖ Ȃǜ ǆȂǻǅǦǼǐǌ ǌȓȠǝȖ ǆƷǼ ǅǐ ȝȓƷǆǐǌ ǅƷǆǴ ȝȂ =ȂǐΘǐआःॽ bǣǐ

=ȂǐΘǐ �ǌǌǦȝǦΗǦȝΞ ǻȂǌǐǶ ǦȖ ȖȝǦǶǶ ǅǐǦǼǝ ΘǦǌǐǶΞ ȠȖǐǌ ȝȂǌƷΞ ȝȂ ǐΗƷǶȠƷȝǐ ȝǣǐ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǐЍǐǆȝȖ Ȃǜ ǌȓȠǝ

ǆȂǻǅǦǼƷȝǦȂǼȖॽ Hȝǣǐȓ ǻƷȝǣǐǻƷȝǦǆƷǶ ǻǐȝǣȂǌȖ ȝȂ ȒȠƷǼȝǦǜΞ ȝǣǐ ȖΞǼǐȓǝΞॶ ƷǌǌǦȝǦΗǦȝΞ Ȃȓ ƷǼȝƷǝȂǼǦȖǻ Ȃǜ

ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖ ǣƷΗǐ ƷǶȖȂ ǆȂǼȝȓǦǅȠȝǐǌ ȝȂ ȝǣǐ ǜȂȠǼǌƷȝǦȂǼ Ȃǜ ǌǐȝǐȓǻǦǼǦǼǝ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ

ǦǼȝǐȓǐȖȝॶ ǦǼǆǶȠǌǦǼǝ �ǶǦȖȖ /ǼǌǐȏǐǼǌǐǼǆǐआऄॶ �ǣȂȠ ƷǼǌ bƷǶƷǶƷΞȖ ǆȂǻǅǦǼƷȝǦȂǼ ǦǼǌǐΝआअॶ ƷǼǌ ȝǣǐ ~/U

ǻȂǌǐǶआआॽ eǼǌǐȓ ȝǣǐ ȖǦȝȠƷȝǦȂǼ Θǣǐȓǐ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖ Ȃȓ ǐΗǐǼ ǦǼǌǦৄ

ΗǦǌȠƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ΘƷȖ ǼȂȝ ƷΗƷǦǶƷǅǶǐॶ ȓǐǝȓǐȖȖǦȂǼ ǻȂǌǐǶȖ ǆƷǼ ǅǐ ƷȏȏǶǦǐǌ ȝȂ ǌǦȓǐǆȝǶΞ ȏȓǐǌǦǆȝ ǆǐǶǶȠǶƷȓ

ȓǐȖȏȂǼȖǐȖ ǅƷȖǐǌ ȂǼ ǻȂǶǐǆȠǶƷȓ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǻǐƷȖȠȓǐǻǐǼȝȖ ƷǼǌ ǶǦǼǐƷȓ ǦǼȝǐȓƷǆȝǦȂǼ ǻȂǌৄ

ǐǶȖआइॶआईॽ Hȝǣǐȓ ǻǐȝǣȂǌȖ ЖǼǌ ǌǦȖȖǦǻǦǶƷȓǦȝǦǐȖ ƷǻȂǼǝ ȝǣǐ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ Ȃǜ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ƷǼǌ ȏȓȂৄ

ȏȂȖǐ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖ ȝƷȓǝǐȝǦǼǝ ǦǼǌǐȏǐǼǌǐǼȝ ΗȠǶǼǐȓƷǅǦǶǦȝǦǐȖइࣿॽ �ǶȝǣȂȠǝǣ ȖǣȂΘǼ ȝȂ ǅǐ ǐЍǐǆȝǦΗǐॶ

ȝǣǐȖǐ ƷȏȏȓȂƷǆǣǐȖ ȠȖȠƷǶǶΞ ǜȂǆȠȖ ȂǼ ȝǣǐ ȏƷǦȓৄΘǦȖǐ ȓǐǶƷȝǦȂǼȖ Ȃǜ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ƷǼǌ ǶƷǆǴ ǻǐǆǣƷǼǦȖȝǦǆ

ǦǼȖǦǝǣȝȖ ȂǼ Ʒ ȖΞȖȝǐǻ ǶǐΗǐǶॽ � ǌǦЍǐȓǐǼȝ ЙƷΗȂȓ Ȃǜ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣǐȖ Ʒȝȝǐǻȏȝ ȝȂ ǆȂǼȖȝȓȠǆȝ Ǽǐȝৄ

ΘȂȓǴ ǻȂǌǐǶȖ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ǻǐǆǣƷǼǦȖǻȖ ƷǼǌ ȏȓǐǌǦǆȝ ǆǐǶǶ ȓǐȖȏȂǼȖǐॽ

�ǐǜȂȓǐ ǌǦΗǦǼǝ ǦǼȝȂ ȝǣǐ ǌǐȝƷǦǶȖ Ȃǜ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻǐȝǣȂǌȖ ǜȂȓ ǼǐȝΘȂȓǴ ǆȂǼৄ

ऀऀ



ȖȝȓȠǆȝǦȂǼॶ Θǐ ȖǣȂȠǶǌ ǅǐ ƷΘƷȓǐ ȝǣƷȝ ΞǐƷȓȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǅǦȂǆǣǐǻǦǆƷǶ ǐΝȏǐȓǦǻǐǼȝȖ ǣƷΗǐ ǣǐǶȏǐǌ

ȓǐȖǐƷȓǆǣǐȓȖ ǆȂǶǶǐǆȝ ȓǦǆǣ ǦǼǜȂȓǻƷȝǦȂǼ ȂǼ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖ ƷǼǌ ȏȓȂȝǐǦǼৄȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼȖॽ �ЍȂȓȝȖ

ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ȝȂ ǆȠȓƷȝǐ ȖȠǆǣ ǦǼǜȂȓǻƷȝǦȂǼ ȝȂ ȂȏǐǼৄƷǆǆǐȖȖ ǌƷȝƷǅƷȖǐ ȝȂ ǜƷǆǦǶǦȝƷȝǐ ǅƷȖǦǆ ƷǼǌ ǆǶǦǼǦǆƷǶ

ȓǐȖǐƷȓǆǣॽ HǼǐ ǜƷǻȂȠȖ ǐΝƷǻȏǶǐ ǦȖ XǐƷǆȝȂǻǐॶ ΘǣǦǆǣ ǦȖ ƷǼ ȂȏǐǼ ȖȂȠȓǆǐॶ ǻƷǼȠƷǶǶΞ ǆȠȓƷȝǐǌ ƷǼǌ ȏǐǐȓৄ

ȓǐΗǦǐΘǐǌ ȏƷȝǣΘƷΞ ǌƷȝƷǅƷȖǐ ΘǦȝǣ ৗȖǦǝǼƷǶǦǼǝ ƷǼǌ ǻǐȝƷǅȂǶǦǆ ǻȂǶǐǆȠǶǐȖ ƷǼǌ ȝǣǐǦȓ ȓǐǶƷȝǦȂǼȖ ȂȓǝƷǼǦΣǐǌ

ǦǼȝȂ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖ ƷǼǌ ȏȓȂǆǐȖȖǐȖइऀॽ Hȝǣǐȓ ΘǦǌǐǶΞৄȓǐǆȂǝǼǦΣǐǌ ǐЍȂȓȝȖ ǦǼǆǶȠǌǐ �ǦȂ%X/�इँॶ

ΘǣǦǆǣ ǜȂǆȠȖ ȂǼ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖ ΘǦȝǣ ǌǦȖǐƷȖǐ ȓǐǶǐΗƷǼǆǐॶ ƷǼǌ <�%%इंॶ ΘǣǦǆǣ ǆȂǶǶǐǆȝȖ ǦǼǜȂȓǻƷৄ

ȝǦȂǼ ȂǼ ΗƷȓǦȂȠȖ ǶǐΗǐǶȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖॽ [Ȃǻǐ ǌƷȝƷǅƷȖǐȖ ƷǶȖȂ ƷȝȝǐǻȏȝȖ ȝȂ ǆȂǶǶǐǆȝ ǆȂǻȏȠȝƷৄ

ȝǦȂǼƷǶǶΞ ȏȓǐǌǦǆȝǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐΞȂǼǌ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ΗƷǶǦǌƷȝǐǌ ȂǼǐȖॶ ȖȠǆǣ ƷȖ [bX/C%इःॽ �ǌǌǦৄ

ȝǦȂǼƷǶ ǐЍȂȓȝȖ ȝȂ ǜȠȓȝǣǐȓ ǦǼȝǐǝȓƷȝǐ ǦǼǜȂȓǻƷȝǦȂǼ ǜȓȂǻ ΗƷȓǦȂȠȖ ǌƷȝƷǅƷȖǐȖ ȏȓȂΗǦǌǐ Ʒ ȠȖǐȓৄǜȓǦǐǼǌǶΞ ȏǶƷȝৄ

ǜȂȓǻॶ UƷȝǣΘƷΞ �ȂǻǻȂǼȖॶ ȝȂ ƷǆǆǐȖȖॶ ƷǼƷǶΞȖǐॶ ƷǼǌ ǦǼȝǐǝȓƷȝǐ ȏƷȝǣΘƷΞȖ ƷǼǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ǜȓȂǻǻȠǶȝǦȏǶǐ

ȖȂȠȓǆǐȖइऄॽ

qƷȓǦȂȠȖ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻǐȝǣȂǌȖ ǣƷΗǐ ǅǐǐǼ ǌǐΗǐǶȂȏǐǌ ȝȂ ǅȠǦǶǌ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॽ

[ȝƷȝǦǆ ǻȂǌǐǶȖॶ ȖȠǆǣ ƷȖ ǆȂৄǐΝȏȓǐȖȖǦȂǼ ǻȂǌǐǶȖइअॶइआॶइइॶ ǻƷΝǦǻȠǻ ǐǼȝȓȂȏΞ ǼǐȝΘȂȓǴȖइईॶईࣿॶ ƷǼǌ ǻȠȝȠƷǶ

ǦǼǜȂȓǻƷȝǦȂǼ ȓǐǶƷȝǐǌ ǻǐȝǣȂǌȖईऀॶईँॶ ǆƷǼ ȠȖǐ ǐǦȝǣǐȓ ǅƷȖǐǶǦǼǐ Ȃȓ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷ ȝȂ ǆȂǼȖȝȓȠǆȝ

ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖईंॶईःॽ �ΞǼƷǻǦǆ ǻȂǌǐǶȖ ǆƷǼ ȏȓȂΗǦǌǐ ǦǼǜȂȓǻƷȝǦȂǼ ȂǼ ȖǦǝǼƷǶ

ȏȓȂȏƷǝƷȝǦȂǼ ȝǣȓȂȠǝǣȂȠȝ ȝǣǐ ǼǐȝΘȂȓǴ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȏȓȂΗǦǌǐ ǻȂȓǐ ǻǐǆǣƷǼǦȖǻȖ ȓƷȝǦȂǼƷǶǦΣǦǼǝ ȝǣǐ

ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ǆǣȂǦǆǐȖॽ bǣǐȖǐ ǻȂǌǐǶȖ ǆƷǼ ǅǐ ǝǐǼǐȓƷǶǶΞ ǆƷȝǐǝȂȓǦΣǐǌ ǦǼȝȂ ȝǣȓǐǐ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖॶ

ƷȖ ȖȠǻǻƷȓǦΣǐǌ ǅΞ �Ƕৄ=ƷΣǦǴƷǼǦ ǐȝ ƷǶॽऄࣿ $ǦǝȠȓǐ ंॽ

Ǧ =ȂǝǦǆৄǅƷȖǐǌ ǻȂǌǐǶȖॶ ǻȂǌǐǶȖ ȝǣƷȝ ȏȓȂΗǦǌǐ ȒȠƷǶǦȝƷȝǦΗǐ ǌǐȖǆȓǦȏȝǦȂǼȖ Ȃǜ ȝǣǐ ȖΞȖȝǐǻ ǅǐǣƷΗǦȂȓȖॽ �Ʒǆǣ

ǼȂǌǐ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ ȓǐȏȓǐȖǐǼȝȖ Ʒ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝΞ ȝǣƷȝ ǆƷǼ ǅǐ ǦǼ ǌǦȖǆȓǐȝǐ ȖȝƷȝǐȖॶ ǐॽǝॽ HC ƷǼǌ H$$ॽ

bǣǐ ǼȂǌǐȖ ǦǼ ȝǣǐ ȖΞȖȝǐǻ Ʒȓǐ ǆȂǼǼǐǆȝǐǌ ȝǣȓȂȠǝǣ Ʒ Ȗǐȝ Ȃǜ ǶȂǝǦǆ ǝƷȝǐȖॶ ȖȠǆǣ ƷȖ �C�ॶ ƷǼǌ HXॽ �ǦȖৄ

ǆȓǐȝǐ ȝΘȂৄȖȝƷȝǐ ǶȂǝǦǆ ǻȂǌǐǶȖ Ʒȓǐ ǴǼȂΘǼ ƷȖ �ȂȂǶǐƷǼ ǻȂǌǐǶȖॶ ΘǣǦǆǣ ȓǐȒȠǦȓǐȖ ǶǦȝȝǶǐ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ȂǼ

ǻǐǆǣƷǼǦȖȝǦǆ ǌǐȝƷǦǶȖॽ �ǐȖȏǦȝǐ ǦȝȖ ȖǦǻȏǶǦǆǦȝΞॶ �ȂȂǶǐƷǼ ǻȂǌǐǶ ǆƷǼ ȖȝǦǶǶ ȏȓǐǌǦǆȝ ƷǆǆȠȓƷȝǐॶ ȒȠƷǶǦȝƷȝǦΗǐ ȖΞȖৄ

ȝǐǻ ǅǐǣƷΗǦȂȓȖ ǦǼ ȖȂǻǐ ȖΞȖȝǐǻȖईऄॽ BȂȓǐ ǆȂǻȏǶǐΝ ǶȂǝǦǆৄǅƷȖǐǌ ǻǐȝǣȂǌȖॶ ȖȠǆǣ ƷȖ ǜȠΣΣΞৄǶȂǝǦǆ ǻȂǌǐǶȖईअॶ

ऀँ



b]�u; ƒĹ 	b@;u;m| |�r;v o= m;|�ouhŊ0-v;7 1olr�|-ঞom-Ѵ lo7;Ѵvķ -7-r|;7 =uol �ѴŊ�-�bh-mb ;| -Ѵĺ ƔƏĺ � _�ro|_;ঞ1-Ѵ
r-|_�-� bv ruo�b7;7 |o =-1bѴb|-|; |_; bm|;uru;|-ঞom o= |_; |_u;; l-bm 1-|;]oub;v o= m;|�ouhŊ0-v;7 1olr�|-ঞom-Ѵ lo7Ŋ
;Ѵvĺ �b|_;u o= |_; Ѵb]-m7v 1-m 0bm7 |_; u;1;r|ou =ou b|v -1ঞ�-ঞomĺ �bm-v; � bv |_;m u;1u�b|;7 =ou 7o�mv|u;-l -1ঞ�-ঞom
o= hbm-v; �ķ =oѴѴo�;7 0� ruo|;bm 	ķ ruo�b7;7 hbm-v; � bv bm-1ঞ�-|;7ĺ �o]b1 lo7;Ѵv �v; - v;| o= Ѵo]b1 ]-|;v |o u;ru;v;m|
v�1_ 1omm;1ঞomvĺ �-�;vb-m m;|�ouhv �v; - v;| o= ruo0-0bѴbঞ;v 1om7bঞom;7 om ru;�bo�v ;�;m|vĺ � v;| o= _�ro|_;ঞ1-Ѵ
1om7bঞom-Ѵ ruo0-0bѴbঞ;v bv ]b�;m =ou Ѵb]-m7Ŋu;1;r|ou bm|;u-1ঞomvĺ 	b@;u;mঞ-Ѵ ;t�-ঞom lo7;Ѵv �v; - v;| o= 7b@;u;mঞ-Ѵ
;t�-ঞomv |o 1omm;1| |_; loѴ;1�Ѵ-u ;mঞঞ;vĺ �m r-uঞ1�Ѵ-uķ - l-vv -1ঞom lo7;Ѵ _-v bm|;u-1ঞomv u;ru;v;m|;7 -v u;-1ঞom
;t�bѴb0ub�l �b|_ �m7;uѴ�bm] hbm;ঞ1vĺ

ƷǶǶȂΘ ǼȂǌǐȖ ȝȂ ǅǐ ǦǼ ǻȠǶȝǦȏǶǐ ǌǦȖǆȓǐȝǐ Ȃȓ ǐΗǐǼ ǆȂǼȝǦǼȠȂȠȖ ȖȝƷȝǐȖॽ �ǶȝǣȂȠǝǣ ȝǣǐȖǐ ǻȂȓǐ ǆȂǻȏǶǦǆƷȝǐǌ

ƷȏȏȓȂƷǆǣǐȖ ǆƷǼ ȏȂȝǐǼȝǦƷǶǶΞ ȏȓȂΗǦǌǐ ǻȂȓǐ ȏȓǐǆǦȖǐ ǌǐȖǆȓǦȏȝǦȂǼ Ȃǜ ȝǣǐ ȖΞȖȝǐǻॶ ȝǣǐΞ ȠȖȠƷǶǶΞ ȓǐȒȠǦȓǐ ȏƷৄ

ȓƷǻǐȝǐȓȖ ȝǣƷȝ Θǐȓǐ ȏȓǐΗǦȂȠȖǶΞ ȠǼǴǼȂΘǼ Ȃȓ ǅǦȂǆǣǐǻǦǆƷǶǶΞ ǦȓȓǐǶǐΗƷǼȝईआॽ

ǦǦ �ƷΞǐȖǦƷǼ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖॶ ȏȓȂǅƷǅǦǶǦȖȝǦǆ ǝȓƷȏǣǦǆƷǶ ǻȂǌǐǶȖ ȝǣƷȝ ǆȂǼǼǐǆȝȖ Ʒ Ȗǐȝ Ȃǜ ΗƷȓǦƷǅǶǐȖॶ Ǧॽǐॽ

ǌǦЍǐȓǐǼȝ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝǦǐȖ ȖȠǆǣ ƷȖ ǝǐǼǐȖ ƷǼǌ ȏȓȂȝǐǦǼȖ ǦǼ ȖΞȖȝǐǻȖ ǅǦȂǶȂǝΞॶ ǅƷȖǐǌ ȂǼ ȝǣǐǦȓ ǆȂǼǌǦȝǦȂǼƷǶ

ǌǐȏǐǼǌǐǼǆǦǐȖ ȏȓȂǅƷǅǦǶǦȝǦǐȖ ΗǦƷ Ʒ ǌǦȓǐǆȝǐǌ ƷǆΞǆǶǦǆ ǝȓƷȏǣ ��%ईइॽ �ƷΞǐȖǦƷǼ ǼǐȝΘȂȓǴȖ ǆƷǼ ǅǐ ȠȖǐǌ

ȝȂ ȏȓǐǌǦǆȝ ȝǣǐ ǶǦǴǐǶǦǣȂȂǌ Ȃǜ ȂȠȝǆȂǻǐȖ ǝǦΗǐǼ ȝǣǐ ȏȂȖȖǦǅǶǐ ǆƷȠȖǐȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ Ʒȓǐ ȠȖǐǜȠǶ ǜȂȓ ȏȓǐǌǦǆȝৄ

ǦǼǝ ǌȓȠǝ ȓǐȖȏȂǼȖǐॽ bǣǐ ȖȝȓȠǆȝȠȓǐ Ȃǜ ȝǣǐ ǝȓƷȏǣॶ Ǧॽǐॽ ǣȂΘ ȝǣǐ ǼȂǌǐȖ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ Ʒȓǐ ǆȂǼǼǐǆȝǐǌॶ

ǦȖ ȠȖȠƷǶǶΞ ǌǐЖǼǐǌ ǅƷȖǐǌ ȂǼ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǻȂǼǝ ȝǣǐ ΗƷȓǦƷǅǶǐȖ ǦǼ ȝǣǐ ȖΞȖȝǐǻॽ

bǣǐ ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓǐǼǆǐ ǦȖ ȝǣǐǼ ȏǐȓǜȂȓǻǐǌ ȝȂ ǶǐƷȓǼ ȝǣǐ ǱȂǦǼȝ ȏȓȂǅƷǅǦǶǦȝΞ ǌǦȖȝȓǦǅȠȝǦȂǼ ǜȂȓ ǐƷǆǣ Ȃǜ

ऀं



ȝǣǐ ΗƷȓǦƷǅǶǐȖॽ �ΞǼƷǻǦǆ �ƷΞǐȖǦƷǼ ǼǐȝΘȂȓǴ ��Cॶ Ʒ ǌǐȓǦΗƷȝǦΗǐ Ȃǜ ǆǶƷȖȖǦǆ �ƷΞǐȖǦƷǼ ǼǐȝΘȂȓǴॶ ǆȂǼǼǐǆȝȖ

ΗƷȓǦƷǅǶǐ ȂΗǐȓ ƷǌǱƷǆǐǼȝ ȝǦǻǐ ȖȝǐȏȖॶ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ƷǶǶȂΘȖ ȏȓǐǌǦǆȝǦȂǼ Ȃǜ ǌΞǼƷǻǦǆ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȂΗǐȓ

ȝǦǻǐईईॶऀࣿࣿॽ sǣǦǶǐ ȏȓȂΗǦǌǦǼǝ ȓǦǆǣ ǦǼǜȂȓǻƷȝǦȂǼ ȂǼ ȝǣǐ ȖΞȖȝǐǻॶ ǦǼǜǐȓǐǼǆǐ Ȃǜ ��CǻȂǌǐǶȖ ǌǐȏǐǼǌ ȂǼ

ƷǆǆȠȓƷȝǐ ȝǦǻǐৄȖǐȓǦǐȖ ȓǐȖȏȂǼȖǐ ǌƷȝƷ ȠȏȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ

ǦǦǦ �ǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼ ǻȂǌǐǶȖॶ ΘǣǦǆǣ Ʒȓǐ ǻȂȖȝǶΞ ȂȓǌǦǼƷȓΞ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼ H�� ǻȂǌৄ

ǐǶȖ ǦǼΗȂǶΗǦǼǝ Ʒ Ȗǐȝ Ȃǜ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖ ǆȂǼǼǐǆȝǦǼǝ ȝǣǐ ȝǦǻǐ ǌǐȓǦΗƷȝǦΗǐȖ Ȃǜ ȝǣǐ ǦǼǌǐȏǐǼǌǐǼȝ

ΗƷȓǦƷǅǶǐȖ ȝȂ Ȃȝǣǐȓ ΗƷȓǦƷǅǶǐȖ ǦǼ ȝǣǐ ȖΞȖȝǐǻॽ bǣǐ ΗƷȓǦƷǅǶǐȖ Ʒȓǐ ȠȖȠƷǶǶΞ ȒȠƷǼȝǦȝƷȝǦΗǐ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ

ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝǦǐȖ ȖȠǆǣ ƷȖ ȏȓȂȝǐǦǼȖॶ ǻXC�ॶ ƷǼǌ ǻǐȝƷǅȂǶǦȝǐȖॽ HǼǐ Ȃǜ ȝǣǐ ǻȂȖȝ ǆȂǻǻȂǼǶΞ ȠȖǐǌ

H��Ȗ ǦȖ ȝǣǐ ǻƷȖȖ ƷǆȝǦȂǼ ǻȂǌǐǶॶ ΘǣǦǆǣ ǐȖȖǐǼȝǦƷǶǶΞ ǆƷȏȝȠȓǐȖ ȝǣǐ ȏȓȂǆǐȖȖ Ȃǜ ǆǣǐǻǦǆƷǶ ȓǐƷǆȝǦȂǼȖ ƷǼǌ

ȠȖǐȖ ǴǦǼǐȝǦǆ ȏƷȓƷǻǐȝǐȓȖऀࣿऀॶऀࣿँॽ � ȓǐǆǐǼȝ ǐЍȂȓȝ ǌǐǻȂǼȖȝȓƷȝǐǌ ȝǣƷȝ ǐАǆǦǐǼȝ ȏƷȓƷǻǐȝǐȓ ǐȖȝǦǻƷȝǦȂǼ ƷǶৄ

ǶȂΘȖ ȝǣǐ ǆȂǼȖȝȓȠǆȝǦȂǼ Ȃǜ ǶƷȓǝǐৄȖǆƷǶǐ ǻǐǆǣƷǼǦȖȝǦǆ H��ǻȂǌǐǶȖ ǆƷȏƷǅǶǐ Ȃǜ ȏȓǐǌǦǆȝǦǼǝ ȓǐȖȏȂǼȖǐ ȝȂ ǌȓȠǝ

ǆȂǻǅǦǼƷȝǦȂǼȖऀࣿंॽ sǣǦǶǐ ǆȂǻȏȠȝƷȝǦȂǼ ǦȖ ȠȖǐǌ ȝȂ ǦǼǜǐȓ ǻȂȖȝ Ȃǜ ȝǣǐ ǴǦǼǐȝǦǆ ȏƷȓƷǻǐȝǐȓȖ ǦǼ ȝǣǐ ǶƷȓǝǐ

ȖΞȖȝǐǻॶ ȝǣǐ ǻȂǌǐǶ ȖȝǦǶǶ ǌǐȏǐǼǌȖ ȂǼ ȝǣǐ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ȝǣǐ ǐȒȠǦǶǦǅȓǦȠǻ ǐȒȠƷȝǦȂǼȖ ǆȂǼǼǐǆȝǦǼǝ

ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ ȝǣǐ ǼǐȝΘȂȓǴॶ ΘǣǦǆǣ ǦȖ ȠȖȠƷǶǶΞ ƷǝǝȓǐǝƷȝǐǌ ǜȓȂǻ ǌǦȖȏƷȓƷȝǐ ǐΝȏǐȓǦǻǐǼȝƷǶ

ȖȂȠȓǆǐȖ ƷǼǌ ǆƷǼ ȖȠЍǐȓ ǜȓȂǻ ȝǣǐ ǶƷǆǴ Ȃǜ ȠǼǦǜȂȓǻ ǆȂǼȝǐΝȝॽ Hȝǣǐȓ ǌƷȝƷৄǌȓǦΗǐǼ H��ǻȂǌǐǶȖ ǦǼǌǐȏǐǼৄ

ǌǐǼȝ Ȃǜ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ȂǼ ǆǣǐǻǦǆƷǶ ȓǐƷǆȝǦȂǼȖ ȠȖǐ ȖǶǦǝǣȝǶΞ ǻȂȓǐ ƷǅȖȝȓƷǆȝ ȓǐȏȓǐȖǐǼȝƷȝǦȂǼȖ ȝȂ ǆƷȏȝȠȓǐ

ȝǣǐ ȓǐǶƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǆȂǻȏȂǼǐǼȝȖ ǦǼ ȝǣǐ ȖΞȖȝǐǻऀࣿःॶऀࣿऄॽ [Ƞǆǣ ƷǼ ƷȏȏȓȂƷǆǣ ȠȖȠƷǶǶΞ ǣƷȖ

Ʒ ǶƷȓǝǐ ǼȠǻǅǐȓ Ȃǜ ȏƷȓƷǻǐȝǐȓȖ ȝȂ ǦǼǜǐȓ ǌȠǐ ȝȂ ΗǐȓΞ ǜǐΘ ǆȂǼȖȝȓƷǦǼȝȖ ȂǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǣƷȖ

ȝȂ ȓǐǶΞ ȂǼ ƷǆǆȠȓƷȝǐ ƷǼǌ ǐАǆǦǐǼȝ ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓǐǼǆǐ ƷǶǝȂȓǦȝǣǻȖॽ �ΞǼƷǻǦǆ ȂȏȝǦǻǦΣƷȝǦȂǼ ƷȏȏȓȂƷǆǣǐȖॶ

ȖȠǆǣ ƷȖ BȂǼȝǐ �ƷȓǶȂ B� ǻǐȝǣȂǌȖ ƷǼǌ ǅǐǶǦǐǜৄȏȓȂȏƷǝƷȝǦȂǼ �U ƷǶǝȂȓǦȝǣǻȖॶ ǣƷΗǐ ǅǐǐǼ ȠȖǐǌ ǜȂȓ

ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓǐǼǆǐ ǦǼ ǌƷȝƷৄǌȓǦΗǐǼ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖऀࣿःॶऀࣿअॶऀࣿआॶऀࣿइॶऀࣿईॽ ,ȂΘǐΗǐȓॶ ȝǣǐΞ ǻǦǝǣȝ ǼȂȝ ǐАৄ

ǆǦǐǼȝǶΞ ȖǆƷǶǐ ȝȂ ǶƷȓǝǐȓ ȖΞȖȝǐǻȖ ǐॽǝॽॶ B� Ȃȓ ǻǦǝǣȝ ȓǐȒȠǦȓǐ ǐΝǆǐȖȖǦΗǐ ƷȏȏȓȂΝǦǻƷȝǦȂǼȖ ǜȂȓ ȝǣǐ ǆǣȂȖǐǼ

ǻƷȝǣǐǻƷȝǦǆƷǶ ǻȂǌǐǶ ȝȂ ǜƷǆǦǶǦȝƷȝǐ ǐАǆǦǐǼȝ ǐΝȏǶȂȓƷȝǦȂǼ Ȃǜ ȖȂǶȠȝǦȂǼ ȖȏƷǆǐ ǐॽǝॽॶ ǦǼǌǐȏǐǼǌǐǼȝ ȓȂΘ Ʒȏৄ

ȏȓȂΝǦǻƷȝǦȂǼ ǦǼ �Uॽ bǣǐȓǐǜȂȓǐॶ ȝȂ ƷǆǣǦǐΗǐ ǝȂȂǌ ƷǆǆȠȓƷǆΞ Ȃǜ ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓǐǼǆǐ ǜȂȓ ǶƷȓǝǐȓ ȖΞȖȝǐǻȖ

ƷǼǌ ȝȂ ǝƷǦǼ ȝǣǐ ƷǅǦǶǦȝΞ ȝȂ ǝǐǼǐȓƷǶǦΣǐ ȝȂ ǻȂȓǐ ȖȂȏǣǦȖȝǦǆƷȝǐǌ ǴǦǼǐȝǦǆ ǻȂǌǐǶȖॶ Ʒ ǻȂȓǐ ǝǐǼǐȓƷǶ ƷǼǌ ȏȂȝǐǼৄ

ऀः



ȝǦƷǶǶΞ ǻȂȓǐ ȏȂΘǐȓǜȠǶ ǌƷȝƷৄǌȓǦΗǐǼ ǻȂǌǐǶǦǼǝ ǜȓƷǻǐΘȂȓǴ ǦȖ Ǽǐǐǌǐǌॽ

XǐǆǐǼȝǶΞॶ ǌǐǐȏ ǶǐƷȓǼǦǼǝ ǣƷȖ ǅǐǆȂǻǐ ƷǼ ǐЍǐǆȝǦΗǐ ǌƷȝƷৄǌȓǦΗǐǼ ǜȓƷǻǐΘȂȓǴ ǆƷȏƷǅǶǐ Ȃǜ ǝǐǼǐȓƷȝǦǼǝ ȏȓǐৄ

ǌǦǆȝǦȂǼȖ ǜȂȓ ǶƷȓǝǐ ƷǼǌ ǆȂǻȏǶǐΝ ȖΞȖȝǐǻȖॽ %ȓƷǌǦǐǼȝ ǌǐȖǆǐǼȝ ǦǻȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ƷȠȝȂǻƷȝǦǆ ǌǦЍǐȓǐǼȝǦƷৄ

ȝǦȂǼॶ ΘǣǦǆǣ ǣƷȖ ǅǐǐǼ ǅȓȂƷǌǶΞ ȠȖǐǌ ǦǼ ȝȓƷǦǼǦǼǝ ǝȓƷȏǣǦǆƷǶ ǻȂǌǐǶȖॶ ƷǶǶȂΘȖ ǐАǆǦǐǼȝ ȏƷȓƷǻǐȝǐȓ ȂȏȝǦǻǦΣƷৄ

ȝǦȂǼ ǦǼ ǆȂǻȏǶǐΝ ǼǐȝΘȂȓǴ ȖΞȖȝǐǻȖॽ bǣǦȖ ǜȓƷǻǐΘȂȓǴ ǣƷȖ ǅǐǐǼ ȖȠǆǆǐȖȖǜȠǶǶΞ ƷȏȏǶǦǐǌ ȝȂ ǻƷǼΞ ǌȂǻƷǦǼȖ

Ȃǜ ǅǦȂǻǐǌǦǆƷǶ ȓǐȖǐƷȓǆǣॶ ǜȓȂǻ ȏƷȝǣȂǶȂǝΞ ǦǻƷǝǐ ǆǶƷȖȖǦЖǆƷȝǦȂǼऀऀࣿॶऀऀऀ ȝȂ ȖǐȒȠǐǼǆǐ ǻȂȝǦǜ ǌǐȝǐǆȝǦȂǼऀऀँॽ

�ǶȝǣȂȠǝǣ ȝǣǐ ȏȓǐǌǦǆȝǦΗǐ ȏȂΘǐȓ Ȃǜ ǌǐǐȏৄǶǐƷȓǼǦǼǝ ǻȂǌǐǶȖ ǦȖ ȂǜȝǐǼ ǦǻȏȓǐȖȖǦΗǐॶ ȝǣǐǦȓ ǦǼȝǐȓȏȓǐȝƷȝǦȂǼॶ

ΘǣǦǆǣ ǦȖ ǆȓȠǆǦƷǶ ǜȂȓ ȏȓȂΗǦǌǦǼǝ ȠǼǌǐȓȖȝƷǼǌƷǅǶǐ ƷǼǌॶ ȝǣǐȓǐǜȂȓǐॶ ǻȂȓǐ ȝȓȠȖȝƷǅǶǐ ȏȓǐǌǦǆȝǦȂǼȖॶ ȓǐǻƷǦǼȖ

ǆǣƷǶǶǐǼǝǦǼǝॽ bǣǐ ǆȂǻȏǶǐΝ ǻȠǶȝǦǶƷΞǐȓ ǼǐȝΘȂȓǴ ƷȓǆǣǦȝǐǆȝȠȓǐ Ȃǜ ǻȂȖȝ ǌǐǐȏৄǶǐƷȓǼǦǼǝ ǻȂǌǐǶȖ ǶƷǆǴȖ ǐΝৄ

ȏǶǦǆǦȝ ȓǐȏȓǐȖǐǼȝƷȝǦȂǼȖ ƷǼǌ ǆȂǼȖǐȒȠǐǼȝ ǌǦȓǐǆȝ ǦǼȝǐȓȏȓǐȝƷȝǦȂǼॽ bǣǦȖ ǌǦАǆȠǶȝΞ ǦȖ ȖȂǻǐȝǦǻǐȖ ǆƷǶǶǐǌ ȝǣǐ

ৗǅǶƷǆǴৄǅȂΝ ȏȓȂǅǶǐǻऀऀंॽ �ЍȂȓȝȖ ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ȝȂ ǦǼǆȓǐƷȖǐ ǦǼȝǐȓȏȓǐȝƷǅǦǶǦȝΞ Ȃǜ ǌǐǐȏ ǶǐƷȓǼǦǼǝ ǻȂǌǐǶȖ

ǅΞ ǦǼǆȂȓȏȂȓƷȝǦǼǝ ǐΝǦȖȝǦǼǝ ǴǼȂΘǶǐǌǝǐ Ȃǜ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖॽ [Ƞǆǣ ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǻȂǌǐǶȖ ǣƷΗǐ ȖǣȂΘǼ

ȖȂǻǐ ȖȠǆǆǐȖȖ ǦǼ ǆƷǼǆǐȓ ǌǦȖǆȂΗǐȓΞ ƷǼǌ ȏȓǐǌǦǆȝǦΗǐ ǻǐǌǦǆǦǼǐऀऀःॶऀऀऄ

ࣿ৷ऄ �ӟҷӲӲӏӹӚӏԓ Ӣӹ ӋӏԓӢӚӹӢӹӚ ӅԀӸӂӢӹҷԚӢԀӹ ԚӟӏԏҷԌӢӏԓ Ӣӹ ӅҷӹӅӏԏ ҷӹӋ ԀԞԏ ԓԀӲԞ৳

ԚӢԀӹԓ

�ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ǆƷǼǆǐȓ ǆƷǼ ȏȓȂΗǦǌǐ ǐǼǣƷǼǆǐǌ ƷǼȝǦǆƷǼǆǐȓ ǐАǆƷǆΞ ƷǼǌ ȓǐǌȠǆǐ ȝǣǐ ȓǦȖǴ Ȃǜ ǌȓȠǝ

ȓǐȖǦȖȝƷǼǆǐॽ BƷǼΞ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ƷǼǌ ȏȓǐৄǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖ ǣƷΗǐ ǌǐǻȂǼȖȝȓƷȝǐǌ ȝǣǐ ȖȠǆǆǐȖȖ ƷǼǌ ǝȓǐƷȝ ȏȂৄ

ȝǐǼȝǦƷǶȖ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓॽ sǐ ǣƷΗǐ Ʒ ȏƷȓȝǦǆȠǶƷȓ ǦǼȝǐȓǐȖȝ ǦǼ ǌǐΗǐǶȂȏৄ

ǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॶ ǐȖȏǐǆǦƷǶǶΞ ,%[H�ॶ ΘǣǦǆǣ ǦȖ ȝǣǐ ǻȂȖȝ ƷǼǌ ǻƷǶǦǝǼƷǼȝ

ȖȠǅȝΞȏǐॽ �Ƞǐ ȝȂ ǜȓǐȒȠǐǼȝ ȓǐǶƷȏȖǐ Ʒǜȝǐȓ ЖȓȖȝ ȝȓǐƷȝǻǐǼȝ ƷǼǌ ǻǦǼǦǻƷǶ ǦǻȏȓȂΗǐǻǐǼȝ ǦǼ ȖȠȓΗǦΗƷǶ ȓƷȝǐॶ

ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǻǦǝǣȝ ǅǐ Ʒ ȏȓȂǻǦȖǦǼǝ ȖȂǶȠȝǦȂǼॽ $ȂǆȠȖǐǌ ǻȂǶǐǆȠǶƷȓ ǐΝȏǐȓǦǻǐǼȝȖ ȝȂ ǌǦȖǆȂΗǐȓ

ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼ Ʒ ǶƷȓǝǐ ȖǐƷȓǆǣ ȖȏƷǆǐ Ʒȓǐ ǦǼǐАǆǦǐǼȝ ΘǣǦǶǐ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖǆȓǐǐǼǦǼǝ ƷȏȏȓȂƷǆǣǐȖ

ǌȂ ǼȂȝ ȏȓȂΗǦǌǐ ȖȠАǆǦǐǼȝ ǻǐǆǣƷǼǦȖȝǦǆ ǦǼȖǦǝǣȝȖॽ sǐ ƷǦǻ ȝȂ ǌǐΗǐǶȂȏ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖΞȖȝǐǻƷȝǦǆ Ʒȏৄ

ऀऄ



ȏȓȂƷǆǣǐȖ ǜȂȓ ǼȂǻǦǼƷȝǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ΘǣǦǶǐ ȏȓȂΗǦǌǦǼǝ ǻǐǆǣƷǼǦȖȝǦǆ ȓƷȝǦȂǼƷǶǐȖॽ sǐ ȏȓǐȖǐǼȝ

ǣǐȓǐ ȝΘȂ ȖΞȖȝǐǻƷȝǦǆ ƷȏȏȓȂƷǆǣǐȖ ǜȂȓ ǼȂǻǦǼƷȝǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॶ Ǧ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ȏȓǐǌǦǆȝǦȂǼ

Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ȠǼȖǐǐǼ ǆȂǻǅǦǼƷȝǦȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǅƷȖǐǌ ȂǼ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॶ

ƷǼǌ ǦǦ ȠǼǅǦƷȖǐǌ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ȝȂ ǦǌǐǼȝǦǜΞ ȓǐȖǦȖȝƷǼǆǐ

ǻǐǆǣƷǼǦȖǻȖॽ

[ΞȖȝǐǻƷȝǦǆ ȏǐȓȝȠȓǅƷȝǦȂǼ Ȃǜ ǆǐǶǶȖ ǜȂǶǶȂΘǐǌ ǅΞ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ

ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ȏȓȂΗǦǌǐȖ ǦǼǜȂȓǻƷȝǦȂǼ ǜȂȓ ǆȂǼȖȝȓȠǆȝǦǼǝ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॽ

�ȠȓȓǐǼȝ ƷȏȏȓȂƷǆǣǐȖ ǜȂȓ ǼǐȝΘȂȓǴ ǻȂǌǐǶǦǼǝ ǣƷΗǐ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǶǦǻǦȝƷȝǦȂǼȖॵ Ǧ ǻȂǌǐǶǦǼǝ Ȃǜ ǶƷȓǝǐ ȖΞȖৄ

ȝǐǻ ȓǐȒȠǦȓǐȖ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ȝǣƷȝ ǦȖ ȠȖȠƷǶǶΞ ƷǝǝȓǐǝƷȝǐǌ ǜȓȂǻ ǌǦЍǐȓǐǼȝ ǅǦȂǶȂǝǦǆƷǶ ȖΞȖȝǐǻȖ ƷǼǌ ȝǣǐȓǐৄ

ǜȂȓǐ ǶƷǆǴȖ ǆȂǼȖǦȖȝǐǼǆΞॽ ǦǦ ǌƷȝƷৄǌȓǦΗǐǼ ǻȂǌǐǶȖ Ʒȓǐ ǌǦАǆȠǶȝ ȝȂ ȖǆƷǶǐ ǌȠǐ ȝȂ ȝǣǐ ǶƷǆǴ Ȃǜ ǐАǆǦǐǼȝ ƷǼǌ

ƷǆǆȠȓƷȝǐ ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓǐǼǆǐ ǻǐȝǣȂǌȖॽ sǐ ƷǦǻ ȝȂ ǌǐΗǐǶȂȏ Ʒ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶǦǼǝ ƷȏȏȓȂƷǆǣ Ȃǜ

ǆǐǶǶ ǅǦȂǶȂǝΞ ȝǣƷȝ ǦȖ ǆȂǼȝǐΝȝৄȖȏǐǆǦЖǆ ƷǼǌ ǆƷǼ ǅǐ ȖǆƷǶǐǌ ȝȂ ǶƷȓǝǐ ȖΞȖȝǐǻȖॽ eȖǦǼǝ Ʒ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ

ǌƷȝƷȖǐȝ Ȃǜ Ʒ ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝȖ ƷȖ Ʒ ȝǐȖȝǅǐǌॶ Θǐ ǌǐΗǐǶȂȏǐǌ Ʒ ǣΞǅȓǦǌ ƷȏȏȓȂƷǆǣ

ȝǣƷȝ ǆȂǻǅǦǼǐȖ ǐΝȏǶǦǆǦȝ ǻƷȝǣǐǻƷȝǦǆƷǶ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǌΞǼƷǻǦǆȖ ΘǦȝǣ Ʒ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǜȓƷǻǐΘȂȓǴ

ȝȂ ȒȠƷǼȝǦȝƷȝǦΗǐǶΞ ȏȓǐǌǦǆȝ ǆǐǶǶ ǅǐǣƷΗǦȂȓ ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ ȏǐȓȝȠȓǅƷȝǦȂǼ Ȃǜ ǻȂǶǐǆȠǶƷȓ ȝƷȓǝǐȝȖॽ sǣǐǼ ȖȠǜৄ

ЖǆǦǐǼȝ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷ ǦȖ ƷΗƷǦǶƷǅǶǐ ǜȂȓ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝॶ ȝǣǦȖ ǻȂǌǐǶ ǆƷǼ ȏȓǐǌǦǆȝ ǆǐǶǶȠǶƷȓ

ȓǐȖȏȂǼȖǐ ȝȂ Ʒ ΗƷȖȝ ǼȠǻǅǐȓ Ȃǜ ȠǼȖǐǐǼ ǆȂǻǅǦǼƷȝǦȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǐАǆǦǐǼȝǶΞ ǼƷȓȓȂΘ

ǌȂΘǼ ȝǣǐ ȖǐƷȓǆǣ ȖȏƷǆǐ ƷǼǌ ǼȂǻǦǼƷȝǐ ȏȓȂǻǦȖǦǼǝ ȖǐȝȖ Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȝǐȖȝƷǅǶǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦৄ

ǌƷȝǐȖॽ

/ǼΗǐȖȝǦǝƷȝǦȂǼ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǆƷǼ ǅǐ ȠȖǐǌ ǜȂȓ ȓƷȝǦȂǼƷǶ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ

�ȠȓȓǐǼȝ ǐΝȏǐȓǦǻǐǼȝƷǶ ƷȏȏȓȂƷǆǣǐȖ ȝȂ ǦǌǐǼȝǦǜΞ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǣƷΗǐ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǶǦǻǦȝƷȝǦȂǼȖॵ

Ǧ ȝƷȓǝǐȝǐǌ ƷȏȏȓȂƷǆǣǐȖ ǜȂǆȠȖ ȂǼ Ʒ ǜǐΘ ǴǐΞ ȏȓȂȝǐǦǼȖ Ȃȓ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ƷǼǌ ǆƷǼǼȂȝ ȏȓȂΗǦǌǐ Ʒ ǆȂǻৄ

ȏȓǐǣǐǼȖǦΗǐ ȏǦǆȝȠȓǐ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǶƷǼǌȖǆƷȏǐॽ ǦǦ ǶƷȓǝǐ ǻȂǶǐǆȠǶƷȓ ȏȓȂЖǶǦǼǝ Ȃǜ ǌȓȠǝ ȓǐȖȏȂǼȖǐ ȠȖȠƷǶǶΞ

ǜȂǆȠȖ ȂǼ ȝǣǐ ǆǣƷǼǝǐȖ ǦǼ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ȝȓƷǼȖǆȓǦȏȝȖ ǦǼȖȝǐƷǌ Ȃǜ ȏȓȂȝǐǦǼȖॶ ΘǣǦǆǣ Ʒȓǐ ȝǣǐ ǌǦȓǐǆȝ ǜȠǼǆৄ

ȝǦȂǼƷǶ ȝƷȓǝǐȝȖ Ȃǜ ǻȂȖȝ ƷǼȝǦǆƷǼǆǐȓ ǌȓȠǝȖॽ sǐ ƷǦǻǐǌ ȝȂ ȏǐȓǜȂȓǻ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ ǜȂȓ ǆȂǻȏȓǐǣǐǼৄ

ऀअ



ȖǦΗǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖॽ sǐ ȠȖǐǌ ȠǼǅǦƷȖǐǌ ȒȠƷǼȝǦȝƷȝǦΗǐ ȏȓȂȝǐǦǼ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ

ȝȂ ƷȖȖǐȖȖ ȝǣǐ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐ ȝȂ Ʒ ȖǻƷǶǶ ǼȠǻǅǐȓ Ȃǜ ƷǼȝǦৄǆƷǼǆǐȓ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǦǼ ȂΗƷȓǦƷǼ

ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ƷȝƷৄǌȓǦΗǐǼ ȏȓȂȝǐǦǼ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖ ȓǐΗǐƷǶǐǌ ǴǼȂΘǼ ƷǼǌ ǼȂΗǐǶ ǻƷȓǴǐȓȖ Ȃǜ ȓǐȖǦȖȝƷǼǆǐॶ

ΘǣǦǆǣ Θǐ ȠȖǐǌ ȝȂ ȏȓȂȏȂȖǐ ǆȂǻǅǦǼƷȝǦȂǼ ǌȓȠǝ ǆƷǼǌǦǌƷȝǐȖॽ /Ǽ ȏȓǐǶǦǻǦǼƷȓΞ ΗƷǶǦǌƷȝǦȂǼ ǐΝȏǐȓǦǻǐǼȝȖॶ

ȖΞǼǐȓǝǦȖȝǦǆ ƷǼǌ ƷǌǌǦȝǦΗǐ ǐЍǐǆȝȖ Θǐȓǐ ȂǅȖǐȓΗǐǌ ǜȂȓ ȖȂǻǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ƷǆȓȂȖȖ ǻȠǶȝǦȏǶǐ ȂΗƷȓৄ

ǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖॶ ȖȠǝǝǐȖȝǦǼǝ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ΗƷǶȠǐ ǜȂȓ ǜȠȝȠȓǐ ȏȓǐৄǆǶǦǼǦǆƷǶ ƷǼǌ ǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖॽ

ऀआ



ǯxȮȕǖȅțǖǤȕǯ �/ ȮȲȡȮȡȵǯȵ ǥȲǯǖȼȅțǼ ǖ ȵȿȅȼǯ ȡǻ B= ȼǯǥȂठ

țȅȱȿǯȵ ȼȂǖȼ ǯțǖǤȕǯ ȂȿȚǖțȵ ȼȡ ȿțǫǯȲȵȼǖțǫ࣐ ǖȮȮȲȡȮȲȅǖȼǯȕͤ

ȼȲȿȵȼ࣐ ǖțǫ ǯφǯǥȼȅ͝ǯȕͤ ȚǖțǖǼǯ ȼȂǯ ǯȚǯȲǼȅțǼ ǼǯțǯȲǖȼȅȡț ȡǻ

ǖȲȼȅϨǥȅǖȕȕͤ ȅțȼǯȕȕȅǼǯțȼ ȮǖȲȼțǯȲȵࣗ

�ॽ�ॽ�ȓȓǦǐȝƷ ǐȝ ƷǶॽ ऀऀअ

1
�ȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ

ȓǐȖȏȂǼȖǐ ȝȂ ȏǐȓȝȠȓǅƷȝǦȂǼȖ

BȂȖȝ Ȃǜ ȝǣǐ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǦȖ ǆǣƷȏȝǐȓ ǐΝǆǐȏȝ ǜȂȓ ȝǣǐ ǶƷȖȝ ȖǐǆȝǦȂǼ ৗUǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞ ȓǐৄ

ȖȂȠȓǆǐ ǣƷȖ ǅǐǐǼ ȏȠǅǶǦȖǣǐǌ ǦǼ ȝǣǐ ȏƷȏǐȓ ȝǦȝǶǐǌ ৗ�ǐǶǶ�ȂΝॵ /ǼȝǐȓȏȓǐȝƷǅǶǐ BƷǆǣǦǼǐ =ǐƷȓǼǦǼǝ ǜȂȓ Uǐȓৄ

ȝȠȓǅƷȝǦȂǼ �ǦȂǶȂǝΞ ΘǦȝǣ �ȏȏǶǦǆƷȝǦȂǼ ȝȂ ȝǣǐ �ǐȖǦǝǼ Ȃǜ �ƷǼǆǐȓ �ȂǻǅǦǼƷȝǦȂǼ bǣǐȓƷȏΞ ǅΞ �ॽ yȠƷǼ

ƷǼǌ �ॽ [ǣǐǼ ǐȝ ƷǶॽॶ �ǯȕȕ [ͤȵȼǯȚȵॶ ऀँॶ ऀँइৄऀःࣿ ँࣿँऀऀऀआॽ

ऀइ



�ȠȝǣȂȓ ǶǦȖȝ

�Ȃ yȠƷǼॶ �ǦΞȠǐ [ǣǐǼॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ �ǼǦǶ <ȂȓǴȠȝॶ �ǐǅȂȓƷ [ॽ BƷȓǴȖॶ :ȂǣǼ /ǼǝȓƷǣƷǻॶ �ǣȓǦȖ

[ƷǼǌǐȓ

�ȠȝǣȂȓ ǆȂǼȝȓǦǅȠȝǦȂǼȖ

�ȂǼǆǐȏȝȠƷǶǦΣƷȝǦȂǼॶ �ॽ [ƷǼǌǐȓ ƷǼǌ :ॽ/ॽ

BǐȝǣȂǌȂǶȂǝΞ ƷǼǌ [ȂǜȝΘƷȓǐॶ �ॽyॽॶ �ॽ [ǣǐǼॶ �ॽ=ॽॶ ƷǼǌ :ॽ/ॽ

sȓǦȝǦǼǝ ৄ HȓǦǝǦǼƷǶ �ȓƷǜȝॶ �ॽyॽॶ �ॽ [ǣǐǼॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

sȓǦȝǦǼǝ ৄ XǐΗǦǐΘ ૫ �ǌǦȝǦǼǝॶ �ॽyॽॶ �ॽ [ǣǐǼॶ �ॽ=ॽॶ �ॽ<ॽॶ �ॽ[ॽBॽॶ :ॽ/ॽॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

XǐȖȂȠȓǆǐȖॶ �ॽ<ॽॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

qǦȖȠƷǶǦΣƷȝǦȂǼॶ �ॽyॽ ƷǼǌ �ॽ [ǣǐǼ

$ȠǼǌǦǼǝ �ǆȒȠǦȖǦȝǦȂǼॶ �ॽ [ƷǼǌǐȓ

[ȠȏǐȓΗǦȖǦȂǼॶ �ॽ [ƷǼǌǐȓॽ

ऀ৷ऀ XҷԚӢԀӹҷӲӏ ҷӹӋ ӸԀӋӏӲ ԀԪӏԏԪӢӏԫ

[ΞȖȝǐǻƷȝǦǆ ȏǐȓȝȠȓǅƷȝǦȂǼ Ȃǜ ǆǐǶǶȖ ǜȂǶǶȂΘǐǌ ǅΞ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐৄ

ǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ȏȓȂΗǦǌǐȖ ǦǼǜȂȓǻƷȝǦΗǐ ǌƷȝƷ ȓǐȖȂȠȓǆǐȖ ǜȂȓ ǆȂǼȖȝȓȠǆȝǦǼǝ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶȖ Ȃǜ

ǆǐǶǶ ǅǦȂǶȂǝΞॽ BȂǌǐǶȖ ȝǣƷȝ ǝǐǼǐȓƷǶǦΣǐ ΘǐǶǶ ǅǐΞȂǼǌ ȝȓƷǦǼǦǼǝ ǌƷȝƷ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǦǌǐǼȝǦǜΞ ǆȂǻǅǦǼƷȝȂৄ

ȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖ Ȃǜ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝॽ BƷǱȂȓ ǆǣƷǶǶǐǼǝǐȖ ǜȂȓ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝ ȂǼ ǶƷȓǝǐ

ǅǦȂǶȂǝǦǆƷǶ ǌƷȝƷȖǐȝȖ Ʒȓǐ ȝȂ ЖǼǌ ǝǶȂǅƷǶ ȂȏȝǦǻƷ ǦǼ Ʒ ǆȂǻȏǶǐΝ ǻȠǶȝǦǌǦǻǐǼȖǦȂǼƷǶ ȖȏƷǆǐ ƷǼǌ ǻǐǆǣƷǼǦȖৄ

ȝǦǆƷǶǶΞ ǦǼȝǐȓȏȓǐȝ ȝǣǐ ȖȂǶȠȝǦȂǼȖॽ bȂ ƷǌǌȓǐȖȖ ȝǣǐȖǐ ǆǣƷǶǶǐǼǝǐȖॶ Θǐ ǦǼȝȓȂǌȠǆǐ Ʒ ǣΞǅȓǦǌ ƷȏȏȓȂƷǆǣ ȝǣƷȝ

ǆȂǻǅǦǼǐȖ ǐΝȏǶǦǆǦȝ ǻƷȝǣǐǻƷȝǦǆƷǶ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǌΞǼƷǻǦǆȖ ΘǦȝǣ Ʒ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǜȓƷǻǐΘȂȓǴॶ ǦǻȏǶǐৄ

ǻǐǼȝǐǌ ǦǼ bǐǼȖȂȓ$ǶȂΘॶ ΘǣǦǆǣ Θǐ ǆƷǶǶ Ǧȝ �ǐǶǶ�ȂΝॽ �ǐǶǶ�ȂΝ ǦȖ ǌǐȖǦǝǼǐǌ ȝȂ ǅǐ Ʒ ǜȓƷǻǐΘȂȓǴ ǜȂȓ ǆȂǻȏȠৄ

ȝƷȝǦȂǼƷǶ ǻȂǌǐǶǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖ ȝȂ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝǣƷȝ ऀ ǶǦǼǴȖ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝȂ ǻȂǶǐǆȠǶƷȓ

ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ǆǣƷǼǝǐȖ ǦǼ Ʒ ȠǼǦЖǐǌ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶॶ ँ ȒȠƷǼȝǦЖǐȖ ȝǦǻǐৄǌǐȏǐǼǌǐǼȝ ǌΞৄ

ऀई



ǼƷǻǦǆ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖॶ ं ȏȓȂǻǦȖǐȖ ȝȓƷǦǼǦǼǝ ǐАǆǦǐǼǆΞ ƷǼǌ ȖǆƷǶƷǅǦǶǦȝΞ ǜȂȓ ǶƷȓǝǐৄȖǆƷǶǐ ȖΞȖȝǐǻȖॶ

ƷǼǌ ः ǦȖ ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǦǼ ȝǐȓǻȖ Ȃǜ ǦǼȝǐȓƷǆȝǦȂǼȖ ȝǣƷȝ ǆƷǼ ǅǐ ǆȂǻȏƷȓǐǌ ΘǦȝǣ ǐȖȝƷǅǶǦȖǣǐǌ ǻȂǌǐǶȖ Ȃǜ

ǻȂǶǐǆȠǶƷȓ ǅǦȂǶȂǝΞॶ ȖȠǆǣ ƷȖ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖॽ ,ǐȓǐॶ Θǐ ǆȂǼȖȝȓȠǆȝ Ʒ ǼȂǼǶǦǼǐƷȓ ȂȓǌǦǼƷȓΞ ǌǦЍǐȓǐǼȝǦƷǶ

ǐȒȠƷȝǦȂǼH��ৄǅƷȖǐǌ ǻȂǌǐǶ ȓǐȏȓǐȖǐǼȝǦǼǝ Ʒ ǅǦȂǶȂǝǦǆƷǶ ǼǐȝΘȂȓǴ Ȃǜ ईई ǆȂǻȏȂǼǐǼȝȖ ǆȂǼǼǐǆȝǦǼǝ ȏǐȓৄ

ȝȠȓǅƷȝǦȂǼȖॶ ȏȓȂȝǐǦǼ ȓǐȖȏȂǼȖǐॶ ƷǼǌ ȏǣǐǼȂȝΞȏǐȖ ȝȂ ȖǦǻȠǶƷȝǐ ǌΞǼƷǻǦǆ ǆǐǶǶȠǶƷȓ ǅǐǣƷΗǦȂȓॽ bǣǐ ǼǐȝΘȂȓǴ

ǆȂǼǼǐǆȝǦȂǼȖ Ʒȓǐ ǌǦȓǐǆȝǶΞ ǶǐƷȓǼǐǌ ǜȓȂǻ ȏȂȖȝৄȏǐȓȝȠȓǅƷȝǦȂǼƷǶ ǌƷȝƷ ȠǼǌǐȓ इई ǐΝȏǐȓǦǻǐǼȝƷǶ ǆȂǼǌǦȝǦȂǼȖ

ΘǦȝǣ ȝǣǐ ȂǅǱǐǆȝǦΗǐ Ȃǜ ƷǆǆȠȓƷȝǐǶΞ ȓǐȏȓȂǌȠǆǦǼǝ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖ ȂǼ ȝȓƷǦǼǦǼǝ ǌƷȝƷॽ

/Ǽ Ȃȓǌǐȓ ȝȂ ǆȂǼȖȝȓȠǆȝ Ʒ ǌƷȝƷৄǌȓǦΗǐǼ ǻȂǌǐǶ ȝȂ ȏȓǐǌǦǆȝ ȝǣǐ ǌΞǼƷǻǦǆȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǆǐǶǶȠǶƷȓ ǅǐৄ

ǣƷΗǦȂȓ ȠǼǌǐȓ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝȖॶ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ǌƷȝƷ ǻȠȖȝ ǣƷΗǐ ऀ ȏƷǦȓǐǌ ǻǐƷৄ

ȖȠȓǐǻǐǼȝȖ Ȃǜ ǆǣƷǼǝǐȖ ǦǼ ȏȓȂȝǐǦǼ ǶǐΗǐǶȖ ƷǼǌ ǆǐǶǶȠǶƷȓ ǅǐǣƷΗǦȂȓ ǜȂȓ Ʒ Ȗǐȝ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷǼǌ ँ ȝȓƷǦǼৄ

ǦǼǝ ƷǼǌ ΘǦȝǣǣǐǶǌ ǌƷȝƷ ȝȂ ȝǐȖȝ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॽ ,ǐȓǐॶ Θǐ ȠȖǐǌ Ʒ ȏǐȓȝȠȓǅƷȝǦȂǼ ǌƷȝƷȖǐȝ ǜȂȓ ȝǣǐ

ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐ [<ৄBǐǶৄऀंंऀࣿःॶ ΘǣǦǆǣ ǆȂǼȝƷǦǼȖ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ

Ȃǜ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ऀँ ǌǦЍǐȓǐǼȝ ǌȓȠǝȖ ƷǼǌ ȝǣǐǦȓ ȏƷǦȓΘǦȖǐ ǆȂǻǅǦǼƷȝǦȂǼȖ $ǦǝȠȓǐȖ ऀॽऀ�ॽ $Ȃȓ ǐƷǆǣ Ȃǜ

ȝǣǐ इई ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॶ ǶǐΗǐǶȖ Ȃǜ इँ ȖǐǶǐǆȝǐǌ ȏȓȂȝǐǦǼȖ ƷǼǌ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼȖ Θǐȓǐ ǻǐƷȖȠȓǐǌ

ǦǼ ǆǐǶǶ ǶΞȖƷȝǐȖ ǅǐǜȂȓǐ ƷǼǌ ँः ǣ Ʒǜȝǐȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ȂǼ ƷǼȝǦǅȂǌΞৄǅƷȖǐǌ ȓǐΗǐȓȖǐৄȏǣƷȖǐ ȏȓȂȝǐǦǼ ƷȓȓƷΞȖ

XUU�ॽ /Ǽ ȏƷȓƷǶǶǐǶॶ ǆǐǶǶȠǶƷȓ ȏǣǐǼȂȝΞȏǐȖ Θǐȓǐ ƷȖȖƷΞǐǌॶ ǦǼǆǶȠǌǦǼǝ ǆǐǶǶৄǆΞǆǶǐ ȏȓȂǝȓǐȖȖǦȂǼ ƷǼǌ ǆǐǶǶ ΗǦৄ

ƷǅǦǶǦȝΞॽ sǦȝǣ ȏƷȓƷǶǶǐǶ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ ȏȓȂȝǐȂǻǦǆ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ȝȂ Ʒ ȖΞȖȝǐǻƷȝǦǆ Ȗǐȝ Ȃǜ

ȏǐȓȝȠȓǅƷȝǦȂǼȖॶ ȝǣǦȖ ǌƷȝƷȖǐȝ ȏȓȂΗǦǌǐȖ ȖȠАǆǦǐǼȝ ǦǼǜȂȓǻƷȝǦȂǼ ȝȂ ǆȂǼȖȝȓȠǆȝ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ȝǣƷȝ ȒȠƷǼȝǦৄ

ȝƷȝǦΗǐǶΞ ǶǦǼǴ ǻȂǶǐǆȠǶƷȓ ǆǣƷǼǝǐȖ ȝȂ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖॽ

sǐ ȠȖǐǌ Ʒ Ȗǐȝ Ȃǜ H��Ȗ ΘǦȝǣ Ʒ ǼȂǼǶǦǼǐƷȓ ǐǼΗǐǶȂȏǐ $ǦǝȠȓǐ ऀॽऀ� ȝȂ ǻȂǌǐǶ ȝǣǐ ǌΞǼƷǻǦǆ ȓǐȖȏȂǼȖǐȖ

Ȃǜ ȝǣǐ ȖΞȖȝǐǻ ȝȂ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ bǣǐ ȏƷȓƷǻǐȝǐȓȖ Ȃǜ ȝǣǐ H��Ȗ ͞ȅȐॶ∼ऀࣿॶࣿࣿࣿ ǦǼ

ȝȂȝƷǶ Ʒȓǐ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȖȝȓǐǼǝȝǣȖ ǅǐȝΘǐǐǼ ȝǣǐ ǐǼȝǦȝǦǐȖ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ ǻȂǌǐǶॽ bǣǐ ȖǦǻȏǶǦǆǦȝΞ Ȃǜ ȝǣǐ

ǦǼȝǐȓƷǆȝǦȂǼ ǌΞǼƷǻǦǆȖ $ǦǝȠȓǐ ऀॽऀ�ॶ ȝǣǐ ǼȂǼǶǦǼǐƷȓ ǐǼΗǐǶȂȏǐॶ ƷȖ ΘǐǶǶ ƷȖ ȝǣǐ ȓǐȖȝȂȓƷȝǦȂǼ ȝǐȓǻ−ܭȅͣȅ(ȼ)
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antibody-based reverse-phase protein arrays (RPPA). In parallel,
cellular phenotypes were assayed, including cell-cycle progres-
sion and cell viability. With parallel measurements of proteomic
and phenotypic responses to a systematic set of perturbations,
this dataset provides sufficient information to construct network
models that quantitatively link molecular changes to cellular
responses.

We used a set of ODEs with a nonlinear envelope (Figure 1B)
to model the dynamic responses of the system to drug perturba-
tions (STARMethods). The parameters of the ODEs (wij, ~10,000
in total) are the interaction strengths between the entities in the
network model. The simplicity of the interaction dynamics (Fig-
ure 1B), the nonlinear envelope, as well as the restoration term

!ai xi ðtÞ are computational devices, roughly analogous to
mean-field approaches, to account for the fact that the data
are limited to a relatively small fraction of all cellular components
and to avoid instabilities (Nelander et al., 2008; Molinelli et al.,
2013; Korkut et al., 2015). The interaction parameters were
randomly initialized and updated throughout the model training
process, with the objective of minimizing a loss function. For
the loss function, we chose the Euclidean distance between
experimental data and the results of the numerical simulation
of the ODE model, plus an L1 regularization penalty on network
density to avoid overfitting (STAR Methods, Equation 3). We
used Heun’s ODE solver (S€uli and Mayers, 2003) to numerically
simulate the ODE system and the Adam optimizer (Kingma and

Figure 1. CellBox: Dynamic Modeling of Cellular Systems with Perturbation Data
(A) Perturbations such as drugs were used to disturb the cellular system. The cell responses, including protein- and phosphoprotein-level changes, and

phenotypic changes, were measured to provide information for model construction.

(B) Systematic responses of the cells under various drug perturbations were used to construct an interpretable machine-learning model. CellBox models system

behavior in terms of interaction parameters connecting molecular (proteins and phosphoproteins) and phenotypic variables using a set of differential equations.

CellBox was trained iteratively by optimizing interaction parameters to fit the numerically simulated system response to experimental observations. After training

on pairwise data of input perturbation and output system behavior, the CellBox model can be used to predict the cellular response to arbitrary perturbation

conditions.
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Ba, 2014) with automatic differentiation to minimize the loss
function. Taken together, we constructed an ODE model of a
cell-biological system that was trained by using perturbation
data, which we named CellBox.

CellBox Can Be Trained on Perturbation Data to Predict
Cell Response Accurately
In order to test the prediction performance of this training
scheme, we randomly selected 70% of the perturbation data
(n = 62 conditions) for training and withheld the rest 30%
(n = 27 conditions) for testing. 20% of the training data were
used as a validation set to stop model training when the per-
formance on the validation set did not further improve. We
manually fine-tuned the hyperparameters, including learning
rate, regularization, and ODE simulation time, to increase the
training efficiency (Figure S2). At the end of the training, the
numerical solutions of the ODE model converged efficiently
to experimental data (Figures 2A and 2B). We repeated the
modeling scheme with 1,000 independent random data parti-
tions to construct models for each partition. The average pre-
dictions on test sets across all models and all conditions
correlate with experimental data with a Pearson’s correlation
coefficient of 0.93 (Figure 2C). A more refined analysis of indi-
vidual perturbation conditions showed that the model trains
equally well for all conditions (Figure 2D), and that model per-
formance is independent of data scaling that is normally
applied to protein-profiling data (Figure S3). The results illus-
trate that the CellBox models can be efficiently trained with
perturbation data to predict cell response to experimentally
applied perturbations accurately.

Even though ~70% of the models reached steady solutions of
the ODEs (Figure 2B), some models converged to oscillatory so-
lutions (Figure S4A). In order to test whether the oscillation is an
artifact of data partitioning during model training, we retrained
the models with the same train-test data partitioning but with
multiple different random seeds for the computational optimizer
(STAR Methods). Each partition of the training data can result in
both steady and oscillatory solutions (Figures S4A–S4D). The
emergence of oscillatory solutions is independent of ODE
solvers (Figures S4E–S4G). On the basis of the assumption
that the population average of cell response reaches a stable
and non-oscillating steady state 24 h after drug treatment, we
excluded the oscillatory models in the following analysis (STAR
Methods). Altogether, these results indicate that CellBox, a
data-driven ODE-based cellular system model, can be trained
to accurately predict dynamics of cell response without any
requirement of prior knowledge about the relationship between
particular protein levels or phenotypes.

CellBox Model Predicts Cell Response for Single-to-
Combo and Leave-One-Drug-Out Cross-Validations
Even though the model makes accurate predictions with
different training data, data partitioning, especially random par-
titioning, raises the concern of information sharing between
training and test datasets. Combinatorial conditions in both da-
tasets might share the same drugs such that the test set might
not be truly independent of training and, therefore, is suboptimal
for rigorous evaluation of the model performance. Moreover, the
ability to predict the combinatorial effect of a drug, e.g., domi-
nant, additive, synergistic, when none of its combinations has

A

C D

B Figure 2. CellBox Convergence and Predic-
tion Accuracy on Randomly Partitioned
Training-Test Datasets
(A) Over training iterations, the mean-squared error

on the training set (56% of the entire dataset), vali-

dation set (14%), and test set (30%) decreased

nearly monotonically, and the models converged at

the end of the training.

(B) The predicted molecular and phenotypic re-

sponses at the steady state of the ODE simulations

agree with the experimental data on the test set. A

subset of molecular measurements (MAPKpT202,

YB1pS102, MEKpS217, and p27) and phenotypic

measurements (G2M and G1arrest) are shown. Cell

response is defined as the log2 ratio of post- and

pre-perturbation measurements. The annotations

and identities of the complete set of measurements

are in Table S1.

(C) Across 1,000 models trained with different data

partitions, the average predicted responses corre-

late with experimental observations (Pearson’s

correlation r = 0.926, regression line in dark blue

with 95% confidence interval). Each point repre-

sents one measurement, either molecular or

phenotypic, in one perturbation condition.

(D) Nearly all predictions for individual conditions

have high correlations with experimental mea-

surements.
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u;v;m|v om; l;-v�u;l;m|ķ ;b|_;u loѴ;1�Ѵ-u ou r_;mo|�rb1ķ bm om; r;u|�u0-ঞom 1om7bঞomĺ Ő	ő �;-uѴ� -ѴѴ ru;7b1ঞomv =ou
bm7b�b7�-Ѵ 1om7bঞomv _-�; _b]_ 1ouu;Ѵ-ঞomv �b|_ ;�r;ubl;m|-Ѵ l;-v�u;l;m|vĺ
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ǌƷȝƷ ȏƷȓȝǦȝǦȂǼǦǼǝ ǌȠȓǦǼǝ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝॶ Θǐ ȓǐȝȓƷǦǼǐǌ ȝǣǐ ǻȂǌǐǶȖ ΘǦȝǣ ȝǣǐ ȖƷǻǐ ȝȓƷǦǼৄȝǐȖȝ ǌƷȝƷ ȏƷȓȝǦৄ

ȝǦȂǼǦǼǝ ǅȠȝ ΘǦȝǣ ǻȠǶȝǦȏǶǐ ǌǦЍǐȓǐǼȝ ȓƷǼǌȂǻ ȖǐǐǌȖ ǜȂȓ ȝǣǐ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ȂȏȝǦǻǦΣǐȓ BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ

�Ʒǆǣ ȏƷȓȝǦȝǦȂǼ Ȃǜ ȝǣǐ ȝȓƷǦǼǦǼǝ ǌƷȝƷ ǆƷǼ ȓǐȖȠǶȝ ǦǼ ǅȂȝǣ ȖȝǐƷǌΞ ƷǼǌ ȂȖǆǦǶǶƷȝȂȓΞ ȖȂǶȠȝǦȂǼȖॽ bǣǐ ǐǻǐȓৄ

ǝǐǼǆǐ Ȃǜ ȂȖǆǦǶǶƷȝȂȓΞ ȖȂǶȠȝǦȂǼȖ ǦȖ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ H�� ȖȂǶΗǐȓȖॽ HǼ ȝǣǐ ǅƷȖǦȖ Ȃǜ ȝǣǐ ƷȖȖȠǻȏȝǦȂǼ ȝǣƷȝ

ȝǣǐ ȏȂȏȠǶƷȝǦȂǼ ƷΗǐȓƷǝǐ Ȃǜ ǆǐǶǶ ȓǐȖȏȂǼȖǐ ȓǐƷǆǣǐȖ Ʒ ȖȝƷǅǶǐ ƷǼǌ ǼȂǼৄȂȖǆǦǶǶƷȝǦǼǝ ȖȝǐƷǌΞ ȖȝƷȝǐ ँः ǣ Ʒǜȝǐȓ

ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॶ Θǐ ǐΝǆǶȠǌǐǌ ȝǣǐ ȂȖǆǦǶǶƷȝȂȓΞ ǻȂǌǐǶȖ ǦǼ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ƷǼƷǶΞȖǦȖ BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ �Ƕৄ

ȝȂǝǐȝǣǐȓॶ ȝǣǐȖǐ ȓǐȖȠǶȝȖ ǦǼǌǦǆƷȝǐ ȝǣƷȝ �ǐǶǶ�ȂΝॶ Ʒ ǌƷȝƷৄǌȓǦΗǐǼ H��ৄǅƷȖǐǌ ǆǐǶǶȠǶƷȓ ȖΞȖȝǐǻǻȂǌǐǶॶ ǆƷǼ ǅǐ

ȝȓƷǦǼǐǌ ȝȂ ƷǆǆȠȓƷȝǐǶΞ ȏȓǐǌǦǆȝ ǌΞǼƷǻǦǆȖ Ȃǜ ǆǐǶǶ ȓǐȖȏȂǼȖǐ ΘǦȝǣȂȠȝ ƷǼΞ ȓǐȒȠǦȓǐǻǐǼȝ Ȃǜ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ

ƷǅȂȠȝ ȝǣǐ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ ȏƷȓȝǦǆȠǶƷȓ ȏȓȂȝǐǦǼ ǶǐΗǐǶȖ Ȃȓ ȏǣǐǼȂȝΞȏǐȖॽ

�ǐǶǶ�ȂΝBȂǌǐǶ UȓǐǌǦǆȝȖ �ǐǶǶ XǐȖȏȂǼȖǐ ǜȂȓ [ǦǼǝǶǐৄȝȂৄ�ȂǻǅȂ ƷǼǌ =ǐƷΗǐৄHǼǐৄ�ȓȠǝৄHȠȝ �ȓȂȖȖৄ

qƷǶǦǌƷȝǦȂǼȖ

�ΗǐǼ ȝǣȂȠǝǣ ȝǣǐ ǻȂǌǐǶ ǻƷǴǐȖ ƷǆǆȠȓƷȝǐ ȏȓǐǌǦǆȝǦȂǼȖ ΘǦȝǣ ǌǦЍǐȓǐǼȝ ȝȓƷǦǼǦǼǝ ǌƷȝƷॶ ǌƷȝƷ ȏƷȓȝǦȝǦȂǼǦǼǝॶ

ǐȖȏǐǆǦƷǶǶΞ ȓƷǼǌȂǻ ȏƷȓȝǦȝǦȂǼǦǼǝॶ ȓƷǦȖǐȖ ȝǣǐ ǆȂǼǆǐȓǼ Ȃǜ ǦǼǜȂȓǻƷȝǦȂǼ ȖǣƷȓǦǼǝ ǅǐȝΘǐǐǼ ȝȓƷǦǼǦǼǝ ƷǼǌ ȝǐȖȝ

ǌƷȝƷȖǐȝȖॽ �ȂǻǅǦǼƷȝȂȓǦƷǶ ǆȂǼǌǦȝǦȂǼȖ ǦǼ ǅȂȝǣ ǌƷȝƷȖǐȝȖ ǻǦǝǣȝ ȖǣƷȓǐ ȝǣǐ ȖƷǻǐ ǌȓȠǝȖ ȖȠǆǣ ȝǣƷȝ ȝǣǐ ȝǐȖȝ

Ȗǐȝ ǻǦǝǣȝ ǼȂȝ ǅǐ ȝȓȠǶΞ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ ȝȓƷǦǼǦǼǝ ƷǼǌॶ ȝǣǐȓǐǜȂȓǐॶ ǦȖ ȖȠǅȂȏȝǦǻƷǶ ǜȂȓ ȓǦǝȂȓȂȠȖ ǐΗƷǶȠƷȝǦȂǼ

Ȃǜ ȝǣǐ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॽ BȂȓǐȂΗǐȓॶ ȝǣǐ ƷǅǦǶǦȝΞ ȝȂ ȏȓǐǌǦǆȝ ȝǣǐ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǐЍǐǆȝ Ȃǜ Ʒ ǌȓȠǝॶ ǐॽǝॽॶ

ǌȂǻǦǼƷǼȝॶ ƷǌǌǦȝǦΗǐॶ ȖΞǼǐȓǝǦȖȝǦǆॶ ΘǣǐǼ ǼȂǼǐ Ȃǜ ǦȝȖ ǆȂǻǅǦǼƷȝǦȂǼȖ ǣƷȖ ǅǐǐǼ ȖǐǐǼ ǅΞ ȝǣǐ ǻȂǌǐǶॶ ǦȖ Ʒ

ǼȂǼȝȓǦΗǦƷǶ ǆǣƷǶǶǐǼǝǐ ǦǼ ȝǣǐ ǆȂǼȝǐΝȝ Ȃǜ ǻƷǴǦǼǝ ƷǆǆȠȓƷȝǐ ȏȓǐǌǦǆȝǦȂǼȖ Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȠǼȝǐȖȝǐǌ ǌȓȠǝ

ǆȂǻǅǦǼƷȝǦȂǼȖॽ

/Ǽ Ȃȓǌǐȓ ȝȂ ƷǌǌȓǐȖȖ ȝǣǐȖǐ ȏȂǦǼȝȖॶ ȓƷȝǣǐȓ ȝǣƷǼ ȝȓƷǦǼǦǼǝ ȝǣǐ ǻȂǌǐǶ ΘǦȝǣ ȓƷǼǌȂǻ ǌƷȝƷ ȏƷȓȝǦȝǦȂǼǦǼǝॶ

Θǐ ǦǼȖȝǐƷǌ ǌǐȖǦǝǼǐǌ ǻȂȓǐ ȓǦǝȂȓȂȠȖ ȝƷȖǴȖॵ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ $ǦǝȠȓǐȖ ं� ƷǼǌ ǶǐƷΗǐৄȂǼǐৄǌȓȠǝৄȂȠȝ

ǆȓȂȖȖৄΗƷǶǦǌƷȝǦȂǼ $ǦǝȠȓǐȖ ऀॽं�ॶ� ǜȂȓ ǐƷǆǣ ǌȓȠǝॽ /Ǽ ȝǣǐ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ ƷǼƷǶΞȖǦȖॶ ƷǶǶ ȖǦǼǝǶǐৄǌȓȠǝৄ

ȝȓǐƷȝǻǐǼȝ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ȠȖǐǌ ǜȂȓ ȝȓƷǦǼǦǼǝॶ ƷǼǌ ȏȓǐǌǦǆȝǦȂǼȖ Θǐȓǐ ǻƷǌǐ ȂǼ ƷǶǶ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǌȓȠǝ

ǆȂǼǌǦȝǦȂǼȖॽ /Ǽ ǶǐƷΗǐৄȂǼǐৄǌȓȠǝৄȂȠȝ ǆȓȂȖȖৄΗƷǶǦǌƷȝǦȂǼॶ ƷǶǶ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ǆȂǼȝƷǦǼǦǼǝ ȝǣǐ

ँः



been seen by themodel, is a nontrivial challenge in the context of
making accurate predictions of experimentally untested drug
combinations.

In order to address these points, rather than training the model
with randomdata partitioning, we instead designedmore rigorous
tasks: single-to-combo (Figures 3A and S7) and leave-one-drug-
out cross-validation (Figures 3B and 3C) for each drug. In the sin-
gle-to-combo analysis, all single-drug-treatment conditions were
used for training, and predictions were made on all combinatorial
drug conditions. In leave-one-drug-out cross-validation, all the
combination conditions containing the treatment of a particular
drug with or without the corresponding single-drug conditions
werewithheld and the rest of the conditionswere used for training.
In these more stringent tests, we found that the predicted values
for withheld data were still highly correlated with the experimental
observations (average Pearson’s correlation: 0.93 for single-to-
combo; 0.94 for leave-one-drug-out with single conditions, similar
to that of the training with random partition; 0.79 for complete
leave-one-drug-out). Under all three scenarios, on this dataset,
CellBox outperforms the BP dynamic model approach previously
used in perturbation biology (Korkut et al., 2015) in terms of pre-
dictive accuracy. These results indicate that the CellBox model
can be trained with a relatively small set of perturbation data
and that its predictions can be generalized to unseen combinato-
rial perturbations. In particular, CellBox models predict more
accurately than linear models in the single-to-combo scenario
(Figure S7), suggesting that CellBox can capture the nonadditive
(synergistic or antagonistic) effects, which is particularly useful in
nominating therapeutic drug combinations.

CellBox models are dynamic network models of a cell-biolog-
ical system. To test whether such interpretable network models
of molecular interactions help increase model predictive power,
we compared the results to those of a static biological network
model and a deep neural network model. The static network
model was constructed by learning co-expression correlation
for each pair of protein nodes (Co-exp) while the deep neural
network model was trained to directly regress phenotypic
changes against parameterized perturbations (NN) (STAR
Methods). In all three tasks, the static network models had lower
accuracy relative to the dynamic CellBox. The NN had compara-
ble performance to CellBox in the cross-validation for individual
drugs, but its performance dropped significantly in the single-to-
combo analysis (Figure 3A). Furthermore, the NN was unable to
generalize to unseen targets whose information is completely
excluded from training (Figures 3C and S6). Altogether, because
of the lack of mechanistic and dynamic information, static
network or direct-regression models appear to be less suitable
for facilitating the search for combinatorial targets.

Model Performance Is Robust against Noise and
Reduced Training-Set Size
To examine model robustness of the CellBox models against a
reduction in training data, we tested the stability of model perfor-
mance when either the data quality or quantity is compromised.
To test the former, we introduced different levels of multiplicative
Gaussian noise (STAR Methods) into the input molecular and
cellular response data and trained models on the resultant noisy
datasets. The assumption behind such multiplicative noise is

A B C

Figure 3. CellBox Can Accurately Predict Cell Response for Single-to-Combo and Leave-One-Drug-out Cross-Validations
(A) When only single conditions were used for training (single-to-combo), the CellBox models predict the effects of combinatorial conditions with high accuracy

and outperform the dynamic network model inferred by using BP, the static co-expression network model (Co-exp), and a neural network regression model (NN)

trained on the same data.

(B) When combinatorial conditions associated with one drug were withheld from training, the CellBox models retain high accuracy for predicting the effects of

unseen drug pairs.

(C) When all conditions associated with one drug were withheld from training, the ODE network models predict the effects of the withheld drug with reduced

accuracy, but direct-regressionmodels such as NN cannot generalize to unseen targets at all. For eachmodel type, the performance was evaluated by Pearson’s

correlation between predicted cell response and experimental cell response. The box charts indicate the group means and standard deviations.
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ȝȓǐƷȝǻǐǼȝ Ȃǜ Ʒ ȏƷȓȝǦǆȠǶƷȓ ǌȓȠǝ ΘǦȝǣ Ȃȓ ΘǦȝǣȂȠȝ ȝǣǐ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȖǦǼǝǶǐৄǌȓȠǝ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ΘǦȝǣৄ

ǣǐǶǌ ƷǼǌ ȝǣǐ ȓǐȖȝ Ȃǜ ȝǣǐ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ȠȖǐǌ ǜȂȓ ȝȓƷǦǼǦǼǝॽ /Ǽ ȝǣǐȖǐ ǻȂȓǐ ȖȝȓǦǼǝǐǼȝ ȝǐȖȝȖॶ Θǐ ǜȂȠǼǌ

ȝǣƷȝ ȝǣǐ ȏȓǐǌǦǆȝǐǌ ΗƷǶȠǐȖ ǜȂȓ ΘǦȝǣǣǐǶǌ ǌƷȝƷ Θǐȓǐ ȖȝǦǶǶ ǣǦǝǣǶΞ ǆȂȓȓǐǶƷȝǐǌ ΘǦȝǣ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ȂǅȖǐȓৄ

ΗƷȝǦȂǼȖ ƷΗǐȓƷǝǐ UǐƷȓȖȂǼȖ ǆȂȓȓǐǶƷȝǦȂǼॵ ࣿॽईं ǜȂȓ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂঃ ࣿॽईः ǜȂȓ ǶǐƷΗǐৄȂǼǐৄǌȓȠǝৄȂȠȝ ΘǦȝǣ

ȖǦǼǝǶǐ ǆȂǼǌǦȝǦȂǼȖॶ ȖǦǻǦǶƷȓ ȝȂ ȝǣƷȝ Ȃǜ ȝǣǐ ȝȓƷǦǼǦǼǝ ΘǦȝǣ ȓƷǼǌȂǻ ȏƷȓȝǦȝǦȂǼঃ ࣿॽआई ǜȂȓ ǆȂǻȏǶǐȝǐ ǶǐƷΗǐৄȂǼǐৄ

ǌȓȠǝৄȂȠȝॽ eǼǌǐȓ ƷǶǶ ȝǣȓǐǐ ȖǆǐǼƷȓǦȂȖॶ ȂǼ ȝǣǦȖ ǌƷȝƷȖǐȝॶ �ǐǶǶ�ȂΝ ȂȠȝȏǐȓǜȂȓǻȖ ȝǣǐ �ǐǶǦǐǜ UȓȂȏƷǝƷȝǦȂǼ

�U ǌΞǼƷǻǦǆ ǻȂǌǐǶ ƷȏȏȓȂƷǆǣ ȏȓǐΗǦȂȠȖǶΞ ȠȖǐǌ ǦǼ ȏǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞऀࣿः ǦǼ ȝǐȓǻȖ Ȃǜ ȏȓǐǌǦǆȝǦΗǐ

ƷǆǆȠȓƷǆΞॽ bǣǐȖǐ ȓǐȖȠǶȝȖ ǦǼǌǦǆƷȝǐ ȝǣƷȝ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶ ǆƷǼ ǅǐ ȝȓƷǦǼǐǌ ΘǦȝǣ Ʒ ȓǐǶƷȝǦΗǐǶΞ ȖǻƷǶǶ Ȗǐȝ Ȃǜ

ȏǐȓȝȠȓǅƷȝǦȂǼ ǌƷȝƷ ƷǼǌ ȝǣƷȝ ǦȝȖ ȏȓǐǌǦǆȝǦȂǼȖ ǆƷǼ ǅǐ ǝǐǼǐȓƷǶǦΣǐǌ ȝȂ ȠǼȖǐǐǼ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ

/Ǽ ȏƷȓȝǦǆȠǶƷȓॶ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ȏȓǐǌǦǆȝ ǻȂȓǐ ƷǆǆȠȓƷȝǐǶΞ ȝǣƷǼ ǶǦǼǐƷȓ ǻȂǌǐǶȖ ǦǼ ȝǣǐ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ
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ȖǆǐǼƷȓǦȂॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ �ǐǶǶ�ȂΝ ǆƷǼ ǆƷȏȝȠȓǐ ȝǣǐ ǼȂǼৄƷǌǌǦȝǦΗǐ ȖΞǼǐȓǝǦȖȝǦǆ Ȃȓ ƷǼȝƷǝȂǼǦȖȝǦǆ ǐЍǐǆȝȖॶ

ΘǣǦǆǣ ǦȖ ȏƷȓȝǦǆȠǶƷȓǶΞ ȠȖǐǜȠǶ ǦǼ ǼȂǻǦǼƷȝǦǼǝ ȝǣǐȓƷȏǐȠȝǦǆ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖॽ

�ǐǶǶ�ȂΝ ǻȂǌǐǶȖ Ʒȓǐ ǌΞǼƷǻǦǆ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ Ʒ ǆǐǶǶৄǅǦȂǶȂǝǦǆƷǶ ȖΞȖȝǐǻॽ bȂ ȝǐȖȝ Θǣǐȝǣǐȓ ȖȠǆǣ

ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖ ǣǐǶȏ ǦǼǆȓǐƷȖǐ ǻȂǌǐǶ ȏȓǐǌǦǆȝǦΗǐ ȏȂΘǐȓॶ Θǐ

ǆȂǻȏƷȓǐǌ ȝǣǐ ȓǐȖȠǶȝȖ ȝȂ ȝǣȂȖǐ Ȃǜ Ʒ ȖȝƷȝǦǆ ǅǦȂǶȂǝǦǆƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ƷǼǌ Ʒ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶॽ

bǣǐ ȖȝƷȝǦǆ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ΘƷȖ ǆȂǼȖȝȓȠǆȝǐǌ ǅΞ ǶǐƷȓǼǦǼǝ ǆȂৄǐΝȏȓǐȖȖǦȂǼ ǆȂȓȓǐǶƷȝǦȂǼ ǜȂȓ ǐƷǆǣ ȏƷǦȓ Ȃǜ ȏȓȂৄ

ȝǐǦǼ ǼȂǌǐȖ �ȂৄǐΝȏ ΘǣǦǶǐ ȝǣǐ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ΘƷȖ ȝȓƷǦǼǐǌ ȝȂ ǌǦȓǐǆȝǶΞ ȓǐǝȓǐȖȖ ȏǣǐǼȂȝΞȏǦǆ

ǆǣƷǼǝǐȖ ƷǝƷǦǼȖȝ ȏƷȓƷǻǐȝǐȓǦΣǐǌ ȏǐȓȝȠȓǅƷȝǦȂǼȖ CC BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ /Ǽ ƷǶǶ ȝǣȓǐǐ ȝƷȖǴȖॶ ȝǣǐ ȖȝƷȝǦǆ

ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ǣƷǌ ǶȂΘǐȓ ƷǆǆȠȓƷǆΞ ȓǐǶƷȝǦΗǐ ȝȂ ȝǣǐ ǌΞǼƷǻǦǆ �ǐǶǶ�ȂΝॽ bǣǐ CC ǣƷǌ ǆȂǻȏƷȓƷǅǶǐ

ȏǐȓǜȂȓǻƷǼǆǐ ȝȂ �ǐǶǶ�ȂΝ ǦǼ ȝǣǐ ǆȓȂȖȖৄΗƷǶǦǌƷȝǦȂǼ ǜȂȓ ǦǼǌǦΗǦǌȠƷǶ ǌȓȠǝȖॶ ǅȠȝ ǦȝȖ ȏǐȓǜȂȓǻƷǼǆǐ ǌȓȂȏȏǐǌ

ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼ ȝǣǐ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ ƷǼƷǶΞȖǦȖ $ǦǝȠȓǐ ऀॽं�ॽ $ȠȓȝǣǐȓǻȂȓǐॶ ȝǣǐ CCΘƷȖ ȠǼƷǅǶǐ ȝȂ

ǝǐǼǐȓƷǶǦΣǐ ȝȂ ȠǼȖǐǐǼ ȝƷȓǝǐȝȖ ΘǣȂȖǐ ǦǼǜȂȓǻƷȝǦȂǼ ǦȖ ǆȂǻȏǶǐȝǐǶΞ ǐΝǆǶȠǌǐǌ ǜȓȂǻ ȝȓƷǦǼǦǼǝ $ǦǝȠȓǐ ऀॽं�ॽ

�ǶȝȂǝǐȝǣǐȓॶ ǅǐǆƷȠȖǐ Ȃǜ ȝǣǐ ǶƷǆǴ Ȃǜ ǻǐǆǣƷǼǦȖȝǦǆ ƷǼǌ ǌΞǼƷǻǦǆ ǦǼǜȂȓǻƷȝǦȂǼॶ ȖȝƷȝǦǆ ǼǐȝΘȂȓǴ Ȃȓ ǌǦȓǐǆȝৄ

ȓǐǝȓǐȖȖǦȂǼ ǻȂǌǐǶȖ ƷȏȏǐƷȓ ȝȂ ǅǐ ǶǐȖȖ ȖȠǦȝƷǅǶǐ ǜȂȓ ǜƷǆǦǶǦȝƷȝǦǼǝ ȝǣǐ ȖǐƷȓǆǣ ǜȂȓ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȝƷȓǝǐȝȖॽ

ऀ৷ं BԀӋӏӲ ԏԀӂԞԓԚӹӏԓԓ ҷӚҷӢӹԓԚ ӋҷԚҷ ӹԀӢԓӏ ҷӹӋ ӋҷԚҷ ԏӏӋԞӅԚӢԀӹ

bȂ ǐΝƷǻǦǼǐ ǻȂǌǐǶ ȓȂǅȠȖȝǼǐȖȖ Ȃǜ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ƷǝƷǦǼȖȝ Ʒ ȓǐǌȠǆȝǦȂǼ ǦǼ ȝȓƷǦǼǦǼǝ ǌƷȝƷॶ Θǐ ȝǐȖȝǐǌ

ȝǣǐ ȖȝƷǅǦǶǦȝΞ Ȃǜ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ΘǣǐǼ ǐǦȝǣǐȓ ȝǣǐ ǌƷȝƷ ȒȠƷǶǦȝΞ Ȃȓ ȒȠƷǼȝǦȝΞ ǦȖ ǆȂǻȏȓȂǻǦȖǐǌॽ bȂ ȝǐȖȝ

ȝǣǐ ǜȂȓǻǐȓॶ Θǐ ǦǼȝȓȂǌȠǆǐǌ ǌǦЍǐȓǐǼȝ ǶǐΗǐǶȖ Ȃǜ ǻȠǶȝǦȏǶǦǆƷȝǦΗǐ %ƷȠȖȖǦƷǼ ǼȂǦȖǐ BǐȝǣȂǌ ǌǐȝƷǦǶȖ ǦǼȝȂ

ȝǣǐ ǦǼȏȠȝ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ǌƷȝƷ ƷǼǌ ȝȓƷǦǼǐǌ ǻȂǌǐǶȖ ȂǼ ȝǣǐ ȓǐȖȠǶȝƷǼȝ ǼȂǦȖΞ ǌƷȝƷȖǐȝȖॽ

bǣǐ ƷȖȖȠǻȏȝǦȂǼ ǅǐǣǦǼǌ ȖȠǆǣ ǻȠǶȝǦȏǶǦǆƷȝǦΗǐ ǼȂǦȖǐ ǦȖ ȝǣƷȝ ȝǣǐ ȠǼǆǐȓȝƷǦǼȝΞ ƷǼǌ ǼȂǦȖǐ ǦǼ ǐΝȏǐȓǦǻǐǼȝƷǶ

ǻǐƷȖȠȓǐǻǐǼȝȖ ƷȓǦȖǐ ƷȓȂȠǼǌ ȝǣǐ ȝȓȠǐ ΗƷǶȠǐȖॽ sǣǐǼ ǆȂǻȏƷȓǦǼǝ ȝǣǐ ȏȓǐǌǦǆȝǐǌ ȓǐȖȏȂǼȖǐ ǦǼ ȝǐȖȝ ȖǐȝȖ ΘǦȝǣ

ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ȏȓǐǌǦǆȝǦȂǼȖ ǜȓȂǻ ȝȓƷǦǼǦǼǝ ȂǼ ȝǣǐ ǼȂǦȖΞ ǌƷȝƷ ȓǐȝƷǦǼ ȖǦǻǦǶƷȓǶΞ

ǣǦǝǣ ǆȂȓȓǐǶƷȝǦȂǼȖ ȝȂ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ ƷȖ ȝǣȂȖǐ ȝȓƷǦǼǐǌ ȂǼ ȝǣǐ ȂȓǦǝǦǼƷǶ ǌƷȝƷॶ ǐΗǐǼ ΘǦȝǣ ȝǣǐ ƷǌǌǦȝǦȂǼ

ँअ



that the uncertainty and noise in experimental measurements
arise around the true values. When comparing the predicted
response in test sets with the experimental data, we found that
the predictions from training on the noisy data retain similarly
high correlations to experimental data as those trained on the
original data, even with the addition of 5% multiplicative
Gaussian noise (Figure 4A). As the magnitude of the noise in-
creases, the model performance decreases gradually in terms
of both convergence (Figure S8A) and predictive power (Fig-
ure 4A).We observed similar behavior when challenging the Cell-
Box models with additive Gaussian noise (Figures 4B and S8B).
The predictivity of CellBox models can tolerate an addition of up
to sadd = 0:20 additive Gaussian noise, i.e., about half the data
standard deviation sdata = 0:46. We conclude that model perfor-
mance is stable in the presence ofmoderate experimental errors.
To test the dependency of model performance on data quan-

tity, we trained themodel on subsamples of the experimental da-
taset. We trained models with varying amounts of data (from
10% to 90% in steps of 10%) and found that the models could
make accurate predictions of withheld data with as little as
40% of the complete dataset (Figure 4C). We found that
increasing the size of the training set further has diminishing re-
turns in terms ofmodel performance. This implies, on the dataset
used here with an interaction network of ~100 components, that
a comparatively small number of perturbation conditions (40–
100, rather than directly testing all ~3,000 possible combina-
tions) is sufficient for constructing reasonably predictive models.
This example might be a useful guide for power calculations for
systems with hundreds of measured components, which would
be of considerable interest.

Comparison of the Network Models with Prior
Knowledge about Pathways
We used ODEs as the core framework of the current version of
the CellBox mathematical model. Each parameter in the model
represents the strength and direction of a biological interaction.
In order to investigate whether the inferred interactions are
consistent with current knowledge of biological pathways, we
used the entire dataset as training data to generate 1,000 full

models and examined the resulting de novo network edges
learned from training. In order to measure both the strength
and stability of edge inference, we used t scores (STARMethods)
to assess the statistical significance of each interaction, where a
higher absolute t score indicates higher interaction strength and
lower variance across the models (Figure 5A). Using the primary
targets of the drugs as the ground truth, we first examined the in-
teractions between the drug-activity nodes and their down-
stream effectors. We found that all 12 drug-activity nodes had
significant edge connections to their known primary down-
stream protein effectors with the interaction directions consis-
tent with their expected effects (Figure 5B), suggesting the
models are able to capture the literature-provided interactions
between the drug target and their downstream effectors.
To further investigate to what extent the inferred networks

represent known pathway interactions, we compared the inter-
actions in the CellBox models to corresponding molecular inter-
actions extracted from the Pathway Commons (PC) resource
(Cerami et al., 2011), which is an aggregation of ~20 curated
publicly available pathway interaction databases. In this com-
parison between interactions inferred by CellBox models and
prior knowledge, model interactions can, in principle, be found
in PC either as one-step (A-B), two-step (A-X-B), or logical (>2
steps) interactions, where the logical interactions can be usefully
predictive or perhaps erroneous. Direct interactions (A-B) in PC
represent one component (A) affecting the expression, phos-
phorylation, or state-of-change of the other component (B)
(Figures 5C and 5D; Table S2). For example, models and prior
knowledge agree for the phosphorylation of the AKT protein ki-
nase (AKTpS473), which negatively affects the insulin receptor
substrate 1 (IRS1) (Chandarlapaty et al., 2011), and for the acti-
vation of the mitogen-activated protein kinase (MAPKpT202)
that affects p27 protein levels (Donovan et al., 2001; Osaki and
Gama, 2013). Some model interactions can be found as indirect
two-step interactions (A-X-B) in PC, meaning at least one path
with one intermediate component (X) can be found between
the two components (A andB). For example, retinoblastoma pro-
tein (Rb1) affects cyclinD through p21 (Carreira et al., 2005; Lei
et al., 2005), and mitogen-activated protein kinase kinase

A B C

Figure 4. Model Performance Is Stable Against Data Noise and Data Reduction
(A and B) Correlation between predicted responses and experimental responses in the test set decreases as an increased level of multiplicative noise (A) or

additive noise (B) is added to the training data (each dot represents one model). The CellBox models can tolerate up to smul = 0.05 multiplicative noise or sadd =

0.20 additive noise.

(C) Correlation between predicted responses and experimental responses in the test set increases with an increasing quantity of data used for model training. For

the current dataset, the correlation plateaus when 40% of the original dataset is used. The box charts indicate the group means and standard deviations.
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Ȃǜ ऄ ǻȠǶȝǦȏǶǦǆƷȝǦΗǐ %ƷȠȖȖǦƷǼ ǼȂǦȖǐ $ǦǝȠȓǐ ः�ॽ �Ȗ ȝǣǐ ǻƷǝǼǦȝȠǌǐ Ȃǜ ȝǣǐ ǼȂǦȖǐ ǦǼǆȓǐƷȖǐȖॶ ȝǣǐ ǻȂǌǐǶ

ȏǐȓǜȂȓǻƷǼǆǐ ǌǐǆȓǐƷȖǐȖ ǝȓƷǌȠƷǶǶΞ ǦǼ ȝǐȓǻȖ Ȃǜ ǅȂȝǣ ǆȂǼΗǐȓǝǐǼǆǐ ƷǼǌ ȏȓǐǌǦǆȝǦΗǐ ȏȂΘǐȓ $ǦǝȠȓǐ ऀॽः�ॽ

sǐ ȂǅȖǐȓΗǐǌ ȖǦǻǦǶƷȓ ǅǐǣƷΗǦȂȓ ΘǣǐǼ ǆǣƷǶǶǐǼǝǦǼǝ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ΘǦȝǣ ƷǌǌǦȝǦΗǐ %ƷȠȖȖǦƷǼ ǼȂǦȖǐ

$ǦǝȠȓǐ ऀॽः�ॽ bǣǐ ȏȓǐǌǦǆȝǦΗǦȝΞ Ȃǜ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ǆƷǼ ȝȂǶǐȓƷȝǐ ƷǼ ƷǌǌǦȝǦȂǼ Ȃǜ Ƞȏ ȝȂ ܿǖǫǫ  ࣿॽँࣿ ƷǌǌǦৄ

ȝǦΗǐ %ƷȠȖȖǦƷǼ ǼȂǦȖǐॶ Ǧॽǐॽॶ ƷǅȂȠȝ ǣƷǶǜ ȝǣǐ ǌƷȝƷ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ ܿǖǫǫ  ࣿॽःअॽ sǐ ǆȂǼǆǶȠǌǐ ȝǣƷȝ ǻȂǌǐǶ

ȏǐȓǜȂȓǻƷǼǆǐ ǦȖ ȖȝƷǅǶǐ ǦǼ ȝǣǐ ȏȓǐȖǐǼǆǐ Ȃǜ ǻȂǌǐȓƷȝǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǐȓȓȂȓȖॽ

bȂ ȝǐȖȝ ȝǣǐ ǌǐȏǐǼǌǐǼǆΞ Ȃǜ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ȂǼ ǌƷȝƷ ȒȠƷǼȝǦȝΞॶ Θǐ ȝȓƷǦǼǐǌ ȝǣǐ ǻȂǌǐǶ ȂǼ ȖȠǅৄ

ȖƷǻȏǶǐȖ Ȃǜ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷȖǐȝॽ sǐ ȝȓƷǦǼǐǌ ǻȂǌǐǶȖ ΘǦȝǣ ΗƷȓΞǦǼǝ ƷǻȂȠǼȝȖ Ȃǜ ǌƷȝƷ ǜȓȂǻ ऀࣿ

ȝȂ ईࣿ ǦǼ ȖȝǐȏȖ Ȃǜ ऀࣿ ƷǼǌ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ǻȂǌǐǶȖ ǆȂȠǶǌ ǻƷǴǐ ƷǆǆȠȓƷȝǐ ȏȓǐǌǦǆȝǦȂǼȖ Ȃǜ ΘǦȝǣǣǐǶǌ

ǌƷȝƷ ΘǦȝǣ ƷȖ ǶǦȝȝǶǐ ƷȖ ःࣿ Ȃǜ ȝǣǐ ǆȂǻȏǶǐȝǐ ǌƷȝƷȖǐȝ $ǦǝȠȓǐ ऀॽः�ॽ sǐ ǜȂȠǼǌ ȝǣƷȝ ǦǼǆȓǐƷȖǦǼǝ ȝǣǐ ȖǦΣǐ

Ȃǜ ȝǣǐ ȝȓƷǦǼǦǼǝ Ȗǐȝ ǜȠȓȝǣǐȓ ǣƷȖ ǌǦǻǦǼǦȖǣǦǼǝ ȓǐȝȠȓǼȖ ǦǼ ȝǐȓǻȖ Ȃǜ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॽ bǣǦȖ ǦǻȏǶǦǐȖॶ ȂǼ

ȝǣǐ ǌƷȝƷȖǐȝ ȠȖǐǌ ǣǐȓǐ ΘǦȝǣ ƷǼ ǦǼȝǐȓƷǆȝǦȂǼ ǼǐȝΘȂȓǴ Ȃǜ∼ऀࣿࣿ ǆȂǻȏȂǼǐǼȝȖॶ ȝǣƷȝ Ʒ ǆȂǻȏƷȓƷȝǦΗǐǶΞ ȖǻƷǶǶ

ǼȠǻǅǐȓ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ःࣿূऀࣿࣿॶ ȓƷȝǣǐȓ ȝǣƷǼ ǌǦȓǐǆȝǶΞ ȝǐȖȝǦǼǝ ƷǶǶ∼ंॶࣿࣿࣿ ȏȂȖȖǦǅǶǐ ǆȂǻǅǦৄ

ǼƷȝǦȂǼȖ ǦȖ ȖȠАǆǦǐǼȝ ǜȂȓ ǆȂǼȖȝȓȠǆȝǦǼǝ ȓǐƷȖȂǼƷǅǶΞ ȏȓǐǌǦǆȝǦΗǐ ǻȂǌǐǶȖॽ bǣǦȖ ǐΝƷǻȏǶǐ ǻǦǝǣȝ ǅǐ Ʒ ȠȖǐǜȠǶ

ँआ



ǝȠǦǌǐ ǜȂȓ ȏȂΘǐȓ ǆƷǶǆȠǶƷȝǦȂǼȖ ǜȂȓ ȖΞȖȝǐǻȖ ΘǦȝǣ ǣȠǼǌȓǐǌȖ Ȃǜ ǻǐƷȖȠȓǐǌ ǆȂǻȏȂǼǐǼȝȖॶ ΘǣǦǆǣ ΘȂȠǶǌ ǅǐ

Ȃǜ ǆȂǼȖǦǌǐȓƷǅǶǐ ǦǼȝǐȓǐȖȝॽ

ऀ৷ः �ӏ CԀԪԀ ӹӏԚԫԀԏӯ ԏӏӅҷԌӢԚԞӲҷԚӏԓ ԓԀӸӏ ӯӹԀԫӹ ӢӹԚӏԏҷӅԚӢԀӹԓ

sǐ ȠȖǐǌ H��Ȗ ƷȖ ȝǣǐ ǆȂȓǐ ǜȓƷǻǐΘȂȓǴ Ȃǜ ȝǣǐ ǆȠȓȓǐǼȝ ΗǐȓȖǦȂǼ Ȃǜ ȝǣǐ �ǐǶǶ�ȂΝ ǻƷȝǣǐǻƷȝǦǆƷǶ ǻȂǌǐǶॽ

�Ʒǆǣ ȏƷȓƷǻǐȝǐȓ ǦǼ ȝǣǐ ǻȂǌǐǶ ȓǐȏȓǐȖǐǼȝȖ ȝǣǐ ȖȝȓǐǼǝȝǣ ƷǼǌ ǌǦȓǐǆȝǦȂǼ Ȃǜ Ʒ ǅǦȂǶȂǝǦǆƷǶ ǦǼȝǐȓƷǆȝǦȂǼॽ /Ǽ Ȃȓৄ

ǌǐȓ ȝȂ ǦǼΗǐȖȝǦǝƷȝǐ Θǣǐȝǣǐȓ ȝǣǐ ǦǼǜǐȓȓǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ǆȠȓȓǐǼȝ ǴǼȂΘǶǐǌǝǐ Ȃǜ ǅǦȂǶȂǝৄ

ǦǆƷǶ ȏƷȝǣΘƷΞȖॶ Θǐ ȠȖǐǌ ȝǣǐ ǐǼȝǦȓǐ ǌƷȝƷȖǐȝ ƷȖ ȝȓƷǦǼǦǼǝ ǌƷȝƷ ȝȂ ǝǐǼǐȓƷȝǐ ऀॶࣿࣿࣿ ǜȠǶǶ ǻȂǌǐǶȖ ƷǼǌ ǐΝƷǻǦǼǐǌ

ȝǣǐ ȓǐȖȠǶȝǦǼǝ ǌǐ ǼȂΗȂ ǼǐȝΘȂȓǴ ǐǌǝǐȖ ǶǐƷȓǼǐǌ ǜȓȂǻ ȝȓƷǦǼǦǼǝॽ /Ǽ Ȃȓǌǐȓ ȝȂ ǻǐƷȖȠȓǐ ǅȂȝǣ ȝǣǐ ȖȝȓǐǼǝȝǣ

ƷǼǌ ȖȝƷǅǦǶǦȝΞ Ȃǜ ǐǌǝǐ ǦǼǜǐȓǐǼǆǐॶ Θǐ ȠȖǐǌ ȝ ȖǆȂȓǐȖ BǐȝǣȂǌ ǌǐȝƷǦǶȖ ȝȂ ƷȖȖǐȖȖ ȝǣǐ ȖȝƷȝǦȖȝǦǆƷǶ ȖǦǝǼǦЖǆƷǼǆǐ

Ȃǜ ǐƷǆǣ ǦǼȝǐȓƷǆȝǦȂǼॶ Θǣǐȓǐ Ʒ ǣǦǝǣǐȓ ƷǅȖȂǶȠȝǐ ȝ ȖǆȂȓǐ ǦǼǌǦǆƷȝǐȖ ǣǦǝǣǐȓ ǦǼȝǐȓƷǆȝǦȂǼ ȖȝȓǐǼǝȝǣ ƷǼǌ ǶȂΘǐȓ

ΗƷȓǦƷǼǆǐ ƷǆȓȂȖȖ ȝǣǐ ǻȂǌǐǶȖ $ǦǝȠȓǐ ऀॽऄ�ॽ eȖǦǼǝ ȝǣǐ ȏȓǦǻƷȓΞ ȝƷȓǝǐȝȖ Ȃǜ ȝǣǐ ǌȓȠǝȖ ƷȖ ȝǣǐ ǝȓȂȠǼǌ ȝȓȠȝǣॶ

Θǐ ЖȓȖȝ ǐΝƷǻǦǼǐǌ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ ǌȓȠǝৄƷǆȝǦΗǦȝΞ ǼȂǌǐȖ ƷǼǌ ȝǣǐǦȓ ǌȂΘǼৄȖȝȓǐƷǻ ǐЍǐǆȝȂȓȖॽ

sǐ ǜȂȠǼǌ ȝǣƷȝ ƷǶǶ ऀँ ǌȓȠǝৄƷǆȝǦΗǦȝΞ ǼȂǌǐȖ ǣƷǌ ȖǦǝǼǦЖǆƷǼȝ ǐǌǝǐ ǆȂǼǼǐǆȝǦȂǼȖ ȝȂ ȝǣǐǦȓ ǴǼȂΘǼ ȏȓǦǻƷȓΞ

ǌȂΘǼৄȖȝȓǐƷǻ ȏȓȂȝǐǦǼ ǐЍǐǆȝȂȓȖ ΘǦȝǣ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ǌǦȓǐǆȝǦȂǼȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐǦȓ ǐΝȏǐǆȝǐǌ ǐЍǐǆȝȖ

$ǦǝȠȓǐ ऀॽऄ�ॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣǐ ǻȂǌǐǶȖ Ʒȓǐ ƷǅǶǐ ȝȂ ǆƷȏȝȠȓǐ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐৄȏȓȂΗǦǌǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ

ȝǣǐ ǌȓȠǝ ȝƷȓǝǐȝ ƷǼǌ ȝǣǐǦȓ ǌȂΘǼȖȝȓǐƷǻ ǐЍǐǆȝȂȓȖॽ

ँइ



bȂ ǜȠȓȝǣǐȓ ǦǼΗǐȖȝǦǝƷȝǐ ȝȂ ΘǣƷȝ ǐΝȝǐǼȝ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴȖ ȓǐȏȓǐȖǐǼȝ ǴǼȂΘǼ ȏƷȝǣΘƷΞ ǦǼȝǐȓƷǆৄ

ȝǦȂǼȖॶ Θǐ ǆȂǻȏƷȓǐǌ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ȝȂ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖ

ǐΝȝȓƷǆȝǐǌ ǜȓȂǻ ȝǣǐ UƷȝǣΘƷΞ �ȂǻǻȂǼȖ U� ȓǐȖȂȠȓǆǐऀँऀॶ ΘǣǦǆǣ ǦȖ ƷǼ ƷǝǝȓǐǝƷȝǦȂǼ Ȃǜ∼ँࣿ ǆȠȓƷȝǐǌ

ȏȠǅǶǦǆǶΞ ƷΗƷǦǶƷǅǶǐ ȏƷȝǣΘƷΞ ǦǼȝǐȓƷǆȝǦȂǼ ǌƷȝƷǅƷȖǐȖॽ /Ǽ ȝǣǦȖ ǆȂǻȏƷȓǦȖȂǼ ǅǐȝΘǐǐǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼǜǐȓȓǐǌ

ǅΞ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ƷǼǌ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐॶ ǻȂǌǐǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ǆƷǼॶ ǦǼ ȏȓǦǼǆǦȏǶǐॶ ǅǐ ǜȂȠǼǌ ǦǼ U� ǐǦȝǣǐȓ

ƷȖ ȂǼǐৄȖȝǐȏ �ৄ�ॶ ȝΘȂৄȖȝǐȏ �ৄxৄ�ॶ Ȃȓ ǶȂǝǦǆƷǶ ँ ȖȝǐȏȖ ǦǼȝǐȓƷǆȝǦȂǼȖॶ Θǣǐȓǐ ȝǣǐ ǶȂǝǦǆƷǶ ǦǼȝǐȓƷǆৄ

ȝǦȂǼȖ ǆƷǼ ǅǐ ȠȖǐǜȠǶǶΞ ȏȓǐǌǦǆȝǦΗǐ Ȃȓ ȏǐȓǣƷȏȖ ǐȓȓȂǼǐȂȠȖॽ �Ǧȓǐǆȝ ǦǼȝǐȓƷǆȝǦȂǼȖ �ৄ� ǦǼ U� ȓǐȏȓǐȖǐǼȝ ȂǼǐ

ǆȂǻȏȂǼǐǼȝ � ƷЍǐǆȝǦǼǝ ȝǣǐ ǐΝȏȓǐȖȖǦȂǼॶ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼॶ Ȃȓ ȖȝƷȝǐৄȂǜৄǆǣƷǼǝǐ Ȃǜ ȝǣǐ Ȃȝǣǐȓ ǆȂǻȏȂৄ

ǼǐǼȝ � $ǦǝȠȓǐ ऀॽऄ�ॶ�ॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ǻȂǌǐǶȖ ƷǼǌ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ Ʒǝȓǐǐ ǜȂȓ ȝǣǐ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ

Ȃǜ ȝǣǐ �<b ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ �<bȏ[ःआंॶ ΘǣǦǆǣ ǼǐǝƷȝǦΗǐǶΞ ƷЍǐǆȝȖ ȝǣǐ ǦǼȖȠǶǦǼ ȓǐǆǐȏȝȂȓ ȖȠǅȖȝȓƷȝǐ

ऀ /X[ऀऀँँॶ ƷǼǌ ǜȂȓ ȝǣǐ ƷǆȝǦΗƷȝǦȂǼ Ȃǜ ȝǣǐ ǻǦȝȂǝǐǼৄƷǆȝǦΗƷȝǐǌ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ B�U<ȏbँࣿँ ȝǣƷȝ

ƷЍǐǆȝȖ ȏँआ ȏȓȂȝǐǦǼ ǶǐΗǐǶȖऀँंॶऀँःॽ [Ȃǻǐ ǻȂǌǐǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ǆƷǼ ǅǐ ǜȂȠǼǌ ƷȖ ǦǼǌǦȓǐǆȝ ȝΘȂৄȖȝǐȏ ǦǼȝǐȓৄ

ƷǆȝǦȂǼȖ �ৄxৄ� ǦǼ U�ॶ ǻǐƷǼǦǼǝ Ʒȝ ǶǐƷȖȝ ȂǼǐ ȏƷȝǣ ΘǦȝǣ ȂǼǐ ǦǼȝǐȓǻǐǌǦƷȝǐ ǆȂǻȏȂǼǐǼȝ x ǆƷǼ ǅǐ

ǜȂȠǼǌ ǅǐȝΘǐǐǼ ȝǣǐ ȝΘȂ ǆȂǻȏȂǼǐǼȝȖ � ƷǼǌ �ॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ȓǐȝǦǼȂǅǶƷȖȝȂǻƷ ȏȓȂȝǐǦǼ Xǅऀ Ʒǜৄ

ǜǐǆȝȖ ǆΞǆǶǦǼ� ȝǣȓȂȠǝǣ ȏँऀऀँऄॶऀँअॶ ƷǼǌ ǻǦȝȂǝǐǼৄƷǆȝǦΗƷȝǐǌ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ ǴǦǼƷȖǐ B�<ऀ ǦǼǌǦȓǐǆȝǶΞ

ǦǼȝǐȓƷǆȝȖ ǦǼ ȝΘȂ ȖȝǐȏȖ ΘǦȝǣ ȝǣǐ ȝȓƷǼȖǆȓǦȏȝǦȂǼ ǜƷǆȝȂȓ ǆৄBΞǆ ǅΞ Ʒ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ǻǐǆǣƷǼǦȖǻ ΗǦƷ

�X<ऀँऀँआॶऀँइॶऀँईॶऀंࣿॽ �ǌǌǦȝǦȂǼƷǶ ǐΗǦǌǐǼǆǐ Ȃǜ ǜȠǼǆȝǦȂǼƷǶ ǶǦǼǴȖ ǅǐȝΘǐǐǼ ȏȓȂȝǐǦǼȖ ǦǌǐǼȝǦЖǐǌ ǦǼ ȝǣǐ

ǻȂǌǐǶȖ ǦǼǆǶȠǌǐȖ ȏȓȂȝǐǦǼৄȏȓȂȝǐǦǼ ǐǌǝǐȖ ǦǼ ȝǣǐ [bX/C% ǌƷȝƷǅƷȖǐऀंऀॶ ȖȠǆǣ ƷȖ ǶǦǼǴȖ ȝǣƷȝ ȓǐȏȓǐȖǐǼȝ

ǐΝȏȓǐȖȖǦȂǼ ǻXC� ǆȂȓȓǐǶƷȝǦȂǼॶ ƷǼǌ UȠǅBǐǌৄǌǐȓǦΗǐǌ ǶǦǼǴȖ ǜȓȂǻ ȝǐΝȝ ǻǦǼǦǼǝऀंँॽ

/Ǽ Ȃȓǌǐȓ ȝȂ ǆȂǼЖȓǻ ȝǣƷȝ ȖȠǆǣ ƷǝȓǐǐǻǐǼȝ ǅǐȝΘǐǐǼ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴȖ ƷǼǌ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ǦȖ

ǼȂȝ ƷǼ ƷȓȝǦǜƷǆȝॶ Θǐ ǐΝƷǻǦǼǐǌ ȖȂǶȠȝǦȂǼ ȖȝƷǅǦǶǦȝΞ ƷȖ ΘǐǶǶ ƷȖ ǆȂǻȏƷȓǐǌ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴȖ ȝȂ ȓƷǼǌȂǻ

ǼǐȝΘȂȓǴȖॽ sǐ ǆȂǼǌȠǆȝǐǌ ȖȝƷǅǦǶǦȝΞৄȖǐǶǐǆȝǦȂǼ ȝǐȖȝȖऀंं ȂǼ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖॶ ƷǼǌ ȝǣǐ ȓǐȖȠǶȝȖ

ǦǼǌǦǆƷȝǐ ȝǣƷȝ ȝǣǐ ȖȂǶȠȝǦȂǼȖ Ʒȓǐ ȓǐȏȓȂǌȠǆǦǅǶǐ ƷǼǌ ȓȂǅȠȖȝॽ sǐ ǆȂǻȏƷȓǐǌ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴȖ ȝȂ Ǽǐȝৄ

ΘȂȓǴȖ ΘǦȝǣ ȓƷǼǌȂǻǶΞ ǌȓƷΘǼ ǦǼȝǐȓƷǆȝǦȂǼȖ BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ /Ǽ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴȖॶ Θǐ ȂǅȖǐȓΗǐǌ

Ʒ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ǣǦǝǣǐȓ ǼȠǻǅǐȓ Ȃǜ ȝȂȏ ǦǼȝǐȓƷǆȝǦȂǼȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ǴǼȂΘǶǐǌǝǐ ǦǼ U�ॶ

ँई



b]�u; ƐĺƔ Ŏ=oѲѲo�bm] r-];ŏĹ �olr-ubvom o= |_; m;|�ouh lo7;Ѵv �b|_ rubou hmo�Ѵ;7]; -0o�| r-|_�-�vĺ Ő�ő $_; | v1ou;
7bv|ub0�ঞom o= -ѴѴ bm|;u-1ঞomv -1uovv ƐķƏƏƏ =�ѴѴ lo7;Ѵv v�]];v|v |_-| - vl-ѴѴ =u-1ঞom o= bm|;u-1ঞom v|u;m]|_v bv vb]Ŋ
mbC1-m|Ѵ� 7b@;u;m| =uol �;uoĺ �mv;|v -u; |�o ;�-lrѴ;v o= bm|;u-1ঞom v|u;m]|_ 7bv|ub0�ঞomv -1uovv lo7;ѴvĺŐ�ő �ѴѴ ƐƑ
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|_; bm|;u-1ঞom 7bu;1ঞomv -u; 1omvbv|;m| �b|_ |_; Ѵb|;u-|�u;ĺ Ő�ő �ov| o= |_; |or vb]mbC1-m| ruo|;bmŊruo|;bm bm|;u-1ঞomv
Ő0Ѵ�; 0-uv bm �ő 1-m 0; =o�m7 -v 7bu;1| ou bm7bu;1| bm|;u-1ঞomv bm ��ĺ $_; 7bv|ub0�ঞomv o= bm|;u-1ঞom v|u;m]|_ -1uovv
ƐķƏƏƏ lo7;Ѵv =ou ;-1_ bm|;u-1ঞom bm |_; |�o |-0Ѵ;v �b|_ 1ouu;vrom7bm] 1oѴouv -u; 1;m|;u;7 -�-� =uol �;uoķ bm 1om|u-v|
|o |_; 0-1h]uo�m7 7bv|ub0�ঞomv o= -]]u;]-|;7 bm|;u-1ঞomv -1uovv lo7;Ѵv Ő]u-�ķ -ѴѴ bm|;u-1ঞomv �b|_ 7u�]Ŋ-1ঞ�b|� mo7;v
bm �ķ -ѴѴ ruo|;bmŊruo|;bm bm|;u-1ঞomv bm �őĺ Ő	ő �;|�ouh �bv�-Ѵb�-ঞom o= |_; |or bm|;u-1ঞomv Ő|or |�o bm|;u-1ঞomv -1ঞm]
=uol ;-1_ mo7; -m7 om|o ;-1_ mo7;ő _b]_Ѵb]_|v |_; Ѵ;�;Ѵ o= -]u;;l;m| 0;|�;;m lo7;ѴŊbm=;uu;7 bm|;u-1ঞomv -m7 |_ov; bm
��ĺ
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D

C

Figure 5. Comparison of the Network Models with Prior Knowledge about Pathways
(A) The t score distribution of all interactions across 1,000 full models suggests that a small fraction of interaction strengths is significantly different from zero.

Insets are two examples of interaction strength distributions across models.

(legend continued on next page)
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ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ ȖȠǆǣ ƷǝȓǐǐǻǐǼȝ ǦȖ ǼȂȝ ƷǼ ƷȓȝǦǜƷǆȝ Ȃǜ ȝǣǐ ǌǐǼȖǐǶΞ ǆȂǼǼǐǆȝǐǌ ȖǦǝǼƷǶǦǼǝ ǼǐȝΘȂȓǴȖ ǦǼ ȝǣǐ

ȏƷȝǣΘƷΞ ǌƷȝƷǅƷȖǐॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ǻȂǌǐǶ ǦǼȝǐȓƷǆȝǦȂǼȖ Ʒȓǐ ǅǐȝΘǐǐǼ ǆȂǻȏȂǼǐǼȝȖ ȝǣƷȝ Ʒȓǐ ǻȂȓǐ ȝǣƷǼ

ȝΘȂ ȏƷȝǣΘƷΞ ȖȝǐȏȖ ƷΘƷΞ Ȃȓ ǆƷǼǼȂȝ ǅǐ ǆȂǼǼǐǆȝǐǌ ǅΞ ƷǼΞ ȏƷȝǣ ǦǼ U�ॽ bǣǐȖǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǆƷǼ ǅǐ ǦǼৄ

ȝǐȓȏȓǐȝǐǌ ƷȖ ǐǦȝǣǐȓ ǶȂǝǦǆƷǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȏȓǐǌǦǆȝǦΗǐ ȏȠȓȏȂȖǐȖ Ȃȓ ȏȂȝǐǼȝǦƷǶ ǼǐΘ ȏǣΞȖǦǆƷǶ

ǦǼȝǐȓƷǆȝǦȂǼȖ ȝǣƷȝ Ʒȓǐ Ξǐȝ ȝȂ ǅǐ ǌǦȖǆȂΗǐȓǐǌ ǦǼ ǻȂǶǐǆȠǶƷȓ ǐΝȏǐȓǦǻǐǼȝȖॽ �ǶȖȂॶ ȝǣǐ U� ǌƷȝƷǅƷȖǐ ƷǝǝȓǐǝƷȝǐȖ

ǦǼȝǐȓƷǆȝǦȂǼ ǦǼǜȂȓǻƷȝǦȂǼ ǜȓȂǻǻȠǶȝǦȏǶǐ ǅǦȂǶȂǝǦǆƷǶ ȖΞȖȝǐǻȖॶ ƷǼǌॶ ȝǣǐȓǐǜȂȓǐॶ ǆȂǻȏǶǐȝǐ ǆȂǼȖǦȖȝǐǼǆΞ ǦȖ

ǼȂȝ ǐΝȏǐǆȝǐǌ ǜȂȓ ƷǼΞ ȏƷȓȝǦǆȠǶƷȓ ȖΞȖȝǐǻॶ ǐॽǝॽॶ ȝǣǐ ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐ ȠȖǐǌ ǣǐȓǐॽ %ǦΗǐǼ ȝǣƷȝ ȝǣǐ �ǐǶǶৄ

�ȂΝ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ʒȓǐ ǆȂǼȖȝȓȠǆȝǐǌ ǦǼ Ʒ ǆȂǻȏǶǐȝǐǶΞ ǌƷȝƷৄǌȓǦΗǐǼ ΘƷΞ ΘǦȝǣȂȠȝ ƷǼΞ Ʒ ȏȓǦȂȓǦ ǦǼȝǐǼȝǦȂǼ

ȝȂ ȓǐǆƷȏǦȝȠǶƷȝǐ ǴǼȂΘǼǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖॶ ȝǣǐ ȏƷȓȝǦƷǶ ƷǝȓǐǐǻǐǼȝ ǅǐȝΘǐǐǼ ȝǣǐ ǻȂǌǐǶৄǦǼǜǐȓȓǐǌ

ǻȂǶǐǆȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǼǌ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ǴǼȂΘǼ ȂǼǐȖ ǜȓȂǻ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐ ǦȖ ǐΗǦǌǐǼǆǐ Ȃǜ ȝǣǐ

ΗƷǶǦǌǦȝΞ Ȃǜ ȝǣǐ ǻȂǌǐǶǦǼǝ ƷȏȏȓȂƷǆǣॽ

ऀ৷ऄ UԏӏӋӢӅԚӢԀӹ Ԁә Ԟӹԓӏӏӹ ӅԀӸӂӢӹҷԚӢԀӹ ԌӏԏԚԞԏӂҷԚӢԀӹԓ

HȠȓ ȓǐȖȠǶȝȖ ȖȂ ǜƷȓ ǦǼǌǦǆƷȝǐ ȝǣƷȝ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ǆƷǼ ǅǐ ǐАǆǦǐǼȝǶΞ ȝȓƷǦǼǐǌ ȂǼ Ʒ ȓǐǶƷȝǦΗǐǶΞ ȖǻƷǶǶ Ȗǐȝ

Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ ȝȂ ȏƷȓƷǻǐȝǐȓǦΣǐ ȝǣǐ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖ ȝǣƷȝ ǻȂǌǐǶ ȝǣǐ ǅǐǣƷΗǦȂȓ Ȃǜ ȝǣǐ ǐǼȝǦȓǐ

ȖΞȖȝǐǻ Ȃǜ ǼȂǌǐȖ ƷǼǌ ǦǼȝǐȓƷǆȝǦȂǼȖ Ʒȝ Ʒ ȓǐƷȖȂǼƷǅǶǐ ǶǐΗǐǶ Ȃǜ ȏȓǐǌǦǆȝǦΗǐ ƷǆǆȠȓƷǆΞॽ bǣǦȖ ǻȂǌǐǶ ǆƷǼ ȝǣǐǼ

ȏȓǐǌǦǆȝ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ ȝȂ Ʒ ǜȠǶǶ ȓƷǼǝǐ Ȃǜ ȖǦǼǝǶǐ ƷǼǌ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȠǼȖǐǐǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖॶ ΘǣǦǆǣ ΘȂȠǶǌ

ǅǐ ǶƷǅȂȓǦȂȠȖ ƷǼǌ ǆȂȖȝǶΞ ȝȂ ȝǐȖȝ ǐΝǣƷȠȖȝǦΗǐǶΞ ǅΞ ǐΝȏǐȓǦǻǐǼȝȖॽ /Ǽ Ȃȓǌǐȓ ȝȂ ǼȂǻǦǼƷȝǐ ǐЍǐǆȝǦΗǐ ǌȓȠǝ

ǆȂǻǅǦǼƷȝǦȂǼȖ ǜȂȓ Ʒ ǻȠǆǣ ȓǐǌȠǆǐǌ ǼȠǻǅǐȓ Ȃǜ ǜȂǆȠȖǐǌ ǐΝȏǐȓǦǻǐǼȝȖॶ Θǐ ȠȖǐǌ ȖǦǻȠǶƷȝǦȂǼȖ Ȃǜ ȝǣǐ ऀॶࣿࣿࣿ

ǜȠǶǶ ǻȂǌǐǶȖ ȝȂ ȒȠƷǼȝǦȝƷȝǦΗǐǶΞ ȏȓǐǌǦǆȝ ȝǣǐ ǌΞǼƷǻǦǆ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ ȝȂ∼ऀऀࣿॶࣿࣿࣿ ǦǼ ȖǦǶǦǆȂ ȏǐȓȝȠȓǅƷȝǦȂǼȖॶ

ǦǼǆǶȠǌǦǼǝ ǌǦЍǐȓǐǼȝ ǌȂȖƷǝǐȖ Ȃǜ ȖǦǼǝǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȂǼ ǐƷǆǣ ȏȓȂȝǐǦǼ ǼȂǌǐ ƷȖ ΘǐǶǶ ƷȖ ƷǶǶ ȏƷǦȓΘǦȖǐ ǆȂǻৄ

ǅǦǼƷȝǦȂǼȖ BǐȝǣȂǌ ǌǐȝƷǦǶȖॽ $Ȃȓ ǐƷǆǣ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼॶ Θǐ ƷΗǐȓƷǝǐǌ ȝǣǐ ȏȓǐǌǦǆȝǦȂǼȖ ƷǆȓȂȖȖ ƷǶǶ

ǻȂǌǐǶȖ ƷǼǌ ȓƷǼǴǐǌ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǅΞ ȏȓǐǌǦǆȝǐǌ ȏǣǐǼȂȝΞȏǦǆ ǆǣƷǼǝǐȖ $ǦǝȠȓǐ ऀॽअ�ॽ

UȓǐΗǦȂȠȖ ǻȂǌǐǶȖ ȂǼ ȝǣǐ ȖƷǻǐ ǌƷȝƷȖǐȝॶ ȠȖǦǼǝ ȝǣǐ ȖƷǻǐ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖ ǅȠȝ ȏƷȓƷǻǐȝǐȓǦΣǐǌ ǅΞ
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validation experiments and is, therefore, as important as accu-
racy (Lipton, 2018). CellBox features interpretability in two as-
pects: transparency and traceability. Transparency: by using a
well-defined mathematical model, CellBox is designed to be
explicitly interpretable. In the current ODE model, each param-
eter represents a directed and quantitative interaction between
cellular components or phenotypic quantities. Traceability: given
a perturbation to the cellular system, the ODE simulation indi-
cates how the effects of the perturbation propagate throughout

A

B

Figure 6. CellBox Provides Testable Predic-
tions of Cell Phenotype under Synthetic Per-
turbations
(A) For each (phospho)protein node in the network,

CellBox was used to simulate all single and paired

inhibitions and to predict the phenotypic changes.

The phenotypic effects are the average prediction of

1,000 independent models trained on the full data-

sets.

(B) The antiproliferation effects of two perturbation

pairs whose effects on cell -cycle arrest have been

experimentally tested were closely examined (left

two panels, c-Myc+MEKi [a], and c-Myc+RAFi [b]),

as well as two other in silico conditions (right two

panels, GSK3p+MAPKp [c] and MEKp+b-catenin

[d]), by simulating with combinatorial perturbation

strengths. The effects on cell-cycle arrest of pair-

wise combinatorial perturbation of all (phospho)

proteins in the network were simulated and can be

used to nominate effective pharmaceutical candi-

dates. These in silico inhibitory perturbations can

result in antiproliferation effects (red, bottom right) or

pro-proliferation effects (blue, top left). A complete

table of all predicted pairwise combinatorial pertur-

bation effects on other phenotypes is in Table S3.

the directed network in a time-dependent
manner. The models can, therefore, pro-
vide mechanistic hypotheses of how the
perturbations cause the observable
cellular responses. Our model aims to
meet the emerging demands of explain-
able artificial intelligence (XAI), which is
essential for a socially acceptable applica-
tion of machine-learning models in
biomedicine (Thelisson, 2017; Gunning
and Aha, 2019).
In principle, CellBox is generalizable

to other types of systems and larger
systems. Other types of models will pre-
sumably benefit from automatic differen-
tiation (AD) combined with stochastic
gradient descent that performs optimiza-
tion directly for any given mathematical
ansatz and, therefore, can avoid oversim-
plified approximations (Baydin et al.,
2018). The AD framework allows the flex-
ible use of various mathematical forms of
cellular dynamics. Whether alternative
dynamics models lead to higher concor-
dance between interactions inferred

from the data-driven CellBox models with interactions in
prior-knowledge mechanistic models or with biophysical inter-
actions separately verified by direct experiments is to be
investigated. We certainly expect increasingly detailed
model-inferred interactions and closer agreement with bio-
physical interactions as larger datasets become available,
i.e., with perturbation-response data covering many hundreds
if not thousands of changes in molecular levels or covalent
modifications.
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ȠȖǦǼǝ �Uॶ ǣƷǌ ȏȓǐǌǦǆȝǐǌ ȝǣƷȝ ȝΘȂ ǌȓȠǝ ȏƷǦȓȖॶ B�<ǦǆৄBΞǆ ƷǼǌ X�$ǦǆৄBΞǆॶ ΘȂȠǶǌ ǦǼǆȓǐƷȖǐ %ऀ

ǆǐǶǶৄǆΞǆǶǐ ƷȓȓǐȖȝॶ ƷǼǌ ȝǣǦȖ ȏȓǐǌǦǆȝǦȂǼ ΘƷȖ ǆȂǼЖȓǻǐǌ ǅΞ ǐΝȏǐȓǦǻǐǼȝȖऀࣿःॽ sǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ �ǐǶǶ�ȂΝ

ǻȂǌǐǶ ȏȓǐǌǦǆȝȖ ȖǦǻǦǶƷȓ ǐЍǐǆȝȖ ǜȂȓ ȝǣǐȖǐ ȝΘȂ ǌȓȠǝ ȏƷǦȓȖ $ǦǝȠȓǐ ऀॽअ�ॶ ȏƷǼǐǶ Ʒॶ ǅॽ /Ǽ Ȃȓǌǐȓ ȝȂ ǦǌǐǼৄ

ȝǦǜΞ ƷǌǌǦȝǦȂǼƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǆƷǼǌǦǌƷȝǐȖॶ Θǐ ǐΝƷǻǦǼǐǌ ȝǣǐ ǐЍǐǆȝȖ Ȃǜ ƷǶǶ ȏȂȖȖǦǅǶǐ ȖǦǼǝǶǐ ƷǼǌ ȏƷǦȓΘǦȖǐ

ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȂǼ ǆǐǶǶৄǆΞǆǶǐ ƷȓȓǐȖȝ $ǦǝȠȓǐ ऀॽअ�ॽ bǣǐ ȝȂȏৄȓƷǼǴǐǌ ǆƷǼǌǦǌƷȝǐȖ ǦǼǆǶȠǌǐǌ ǌȂǻǦǼƷǼȝ ƷǼȝǦৄ

ȏȓȂǶǦǜǐȓƷȝǦΗǐ ǦǼǣǦǅǦȝǦȂǼ ȠǼǦǜȂȓǻ ǆȂǶȂȓȖ ǦǼ ȓȂΘȖ Ȃȓ ǆȂǶȠǻǼȖ Ȃǜ ȏȓȂȝǐǦǼȖ ǦǼ ȝǣǐ sǼȝॶ B�U<ॶ ƷǼǌ

�X<B�< ȏƷȝǣΘƷΞȖॶ ΘǣǦǆǣ Ʒȓǐ ǴǼȂΘǼ ȝȂ ǅǐ ǆƷǼǆǐȓ ȓǐǶƷȝǐǌॽ �ǐȖǦǌǐȖ ȖȝȓȂǼǝ ȖǦǼǝǶǐ ǆƷǼǌǦǌƷȝǐȖॶ ȖΞǼৄ

ǐȓǝǦȖȝǦǆ ǌȓȠǝ ȏƷǦȓȖ Ʒȓǐ Ȃǜ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝ $ǦǝȠȓǐ ऀॽअ�ঃ ǌǐȏƷȓȝȠȓǐ ǜȓȂǻ ȠǼǦǜȂȓǻ ǆȂǶȂȓȖॽ

/ǼǣǦǅǦȝȂȓΞ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȏȓǐǌǦǆȝǐǌ ȝȂ ǣƷΗǐ ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦȂǼ ǐЍǐǆȝȖॶ ΘǣǦǆǣ Ʒȓǐ ȠǼǌǐȖǦȓƷǅǶǐ ƷȖ ȖȠǆǣॶ

ǆƷǼ ƷǶȖȂ ǶǐƷǌ ȝȂ ǐЍǐǆȝǦΗǐ ƷǼȝǦৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ǆƷǼǌǦǌƷȝǐȖ ΗǦƷ ǦǼǌǦȓǐǆȝǶΞ ƷǆȝǦΗƷȝǦǼǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝȂȏ Ƕǐǜȝ

ǆȂȓǼǐȓॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ȏȓȂȝǐǦǼ ǼȂǌǐȖ ǆƷǼॶ ǦǼ ȏȓǦǼǆǦȏǶǐॶ ǅǐ ƷǆȝǦΗƷȝǐǌ ǅΞ ȓǐǌȠǆǦǼǝ ȠȏȖȝȓǐƷǻ ǦǼǣǦǅǦȝǦȂǼ

Ȃȓ ǌǐǝȓƷǌƷȝǦȂǼॽ �Ȗ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ Ʒȓǐ ǆȂǻȏǶǐȝǐǶΞ ǌƷȝƷ ǌȓǦΗǐǼॶ ȝǣǐ ǌǐ ǼȂΗȂ ȏȓǐǌǦǆȝǦȂǼȖ ȓǐȏȓǐȖǐǼȝ

ȖΞȖȝǐǻৄȖȏǐǆǦЖǆ ȏȓǐǌǦǆȝǦȂǼȖ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐॽ

ऀ৷अ [ӢӚӹӢәӢӅҷӹӅӏ ҷӹӋ әԞԚԞԏӏ ҷԌԌӲӢӅҷԚӢԀӹ

WȠƷǼȝǦȝƷȝǦΗǐ ǻȂǌǐǶȖ ȝǣƷȝ Ʒȓǐ ȏȓǐǌǦǆȝǦΗǐ Ȃǜ ǌΞǼƷǻǦǆ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǌǐȖǦǝǼ ǆȂǻৄ

ǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǦǼ ǆƷǼǆǐȓॽ bȂ ȏȓȂΗǦǌǐ ȏȓǐǌǦǆȝǦȂǼȖ ΘǦȝǣ ȖȠАǆǦǐǼȝ ƷǆǆȠȓƷǆΞ ƷǼǌ ȏȂȝǐǼȝǦƷǶ ǻǐǆǣৄ

ƷǼǦȖȝǦǆ ǦǼȖǦǝǣȝॶ Θǐ ǦǼȝǐǝȓƷȝǐǌ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǻǐȝǣȂǌȖ ΘǦȝǣ ǌΞǼƷǻǦǆ ǻȂǌǐǶǦǼǝॵ Θǐ ƷȏȏǶǦǐǌ ƷǼ

ȂȏȝǦǻǦΣƷȝǦȂǼ ƷǶǝȂȓǦȝǣǻ ȠȖǐǌ ǦǼ ǌǐǐȏ ǶǐƷȓǼǦǼǝ ȝȂ Ʒ ǅǦȂǶȂǝǦǆƷǶǶΞ ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼ

H�� ȖΞȖȝǐǻॽ HȠȓ ǻȂǌǐǶ �ǐǶǶ�ȂΝ ǆƷǼ ǅǐ ȝȓƷǦǼǐǌ ǐАǆǦǐǼȝǶΞ ƷǼǌ ǦǼǌǐȏǐǼǌǐǼȝǶΞ Ȃǜ ȏȓǦȂȓ ǴǼȂΘǶৄ

ǐǌǝǐ ȝȂ ȏȓǐǌǦǆȝ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ȝȂ ȠǼȖǐǐǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ΘǦȝǣ ǣǦǝǣ ƷǆǆȠȓƷǆΞॽ

�ǶȝǣȂȠǝǣ ȝȓƷǦǼǐǌ ȂǼ Ʒ ȓǐǶƷȝǦΗǐǶΞ ȖǻƷǶǶ Ȗǐȝ Ȃǜ ǐΝȏǐȓǦǻǐǼȝȖॶ ȝǣǐ ǻȂǌǐǶ ǦȖ ǆƷȏƷǅǶǐ Ȃǜ ȖǦǻȠǶƷȝǦǼǝ ǆǐǶǶ ȓǐৄ

ȖȏȂǼȖǐȖ ȝȂ ǼȠǻǐȓȂȠȖ ƷȓǅǦȝȓƷȓΞ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷȏȏǶǦǐǌ ȝȂ ǼȂǌǐȖ ȓǐȏǐƷȝǐǌǶΞ ǻǐƷȖȠȓǐǌ

ȠǼǌǐȓ ǌǦЍǐȓǐǼȝ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॽ XƷǼǴǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖ ȝȂ ȝǣǐ ǦǼ ȖǦǶǦǆȂ ǆȂǻǅǦǼƷȝȂȓǦƷǶ

ंः



ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǅΞ ȝǣǐ ǌǐȖǦȓǐǌ ȏǣǐǼȂȝΞȏǦǆ ȂȠȝǆȂǻǐॶ ȖȠǆǣ ƷȖ ǌǐǆȓǐƷȖǐǌ ȏȓȂǶǦǜǐȓƷȝǦȂǼॶ ȏȂȝǐǼȝǦƷǶǶΞ ǶǐƷǌȖ

ȝȂ ȖȏǐǆǦЖǆ ȝǣǐȓƷȏǐȠȝǦǆ ǣΞȏȂȝǣǐȖǐȖॽ

/ǼȝǐȓȏȓǐȝƷǅǦǶǦȝΞ Ȃǜ ǻȂǌǐǶȖ ȝǣƷȝ Ʒȓǐ ȝȂ ǅǐ ȠȖǐǌ ǜȂȓ ȏȓƷǆȝǦǆƷǶ ǌǐǆǦȖǦȂǼȖॶ ȖȠǆǣ ƷȖ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǆȂǻৄ

ǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॶ ǣǐǶȏȖ ǦǼǆȓǐƷȖǐ ǆȂǼЖǌǐǼǆǐ ƷǼǌ ǜƷǆǦǶǦȝƷȝǐȖ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǜȂǆȠȖǐǌ ΗƷǶǦǌƷȝǦȂǼ ǐΝȏǐȓǦৄ

ǻǐǼȝȖ ƷǼǌ ǦȖॶ ȝǣǐȓǐǜȂȓǐॶ ƷȖ ǦǻȏȂȓȝƷǼȝ ƷȖ ƷǆǆȠȓƷǆΞऀंःॽ �ǐǶǶ�ȂΝ ǜǐƷȝȠȓǐȖ ǦǼȝǐȓȏȓǐȝƷǅǦǶǦȝΞ ǦǼ ȝΘȂ ƷȖȏǐǆȝȖॵ

ȝȓƷǼȖȏƷȓǐǼǆΞ ƷǼǌ ȝȓƷǆǐƷǅǦǶǦȝΞॽ bȓƷǼȖȏƷȓǐǼǆΞॵ ǅΞ ȠȖǦǼǝ Ʒ ΘǐǶǶৄǌǐЖǼǐǌ ǻƷȝǣǐǻƷȝǦǆƷǶ ǻȂǌǐǶॶ �ǐǶǶ�ȂΝ

ǦȖ ǌǐȖǦǝǼǐǌ ȝȂ ǅǐ ǐΝȏǶǦǆǦȝǶΞ ǦǼȝǐȓȏȓǐȝƷǅǶǐॽ /Ǽ ȝǣǐ ǆȠȓȓǐǼȝ H��ǻȂǌǐǶॶ ǐƷǆǣ ȏƷȓƷǻǐȝǐȓ ȓǐȏȓǐȖǐǼȝȖ Ʒ

ǌǦȓǐǆȝǐǌ ƷǼǌ ȒȠƷǼȝǦȝƷȝǦΗǐ ǦǼȝǐȓƷǆȝǦȂǼ ǅǐȝΘǐǐǼ ǆǐǶǶȠǶƷȓ ǆȂǻȏȂǼǐǼȝȖ Ȃȓ ȏǣǐǼȂȝΞȏǦǆ ȒȠƷǼȝǦȝǦǐȖॽ bȓƷǆǐৄ

ƷǅǦǶǦȝΞॵ ǝǦΗǐǼ Ʒ ȏǐȓȝȠȓǅƷȝǦȂǼ ȝȂ ȝǣǐ ǆǐǶǶȠǶƷȓ ȖΞȖȝǐǻॶ ȝǣǐ H�� ȖǦǻȠǶƷȝǦȂǼ ǦǼǌǦǆƷȝǐȖ ǣȂΘ ȝǣǐ ǐЍǐǆȝȖ

Ȃǜ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ȏȓȂȏƷǝƷȝǐ ȝǣȓȂȠǝǣȂȠȝ ȝǣǐ ǌǦȓǐǆȝǐǌ ǼǐȝΘȂȓǴ ǦǼ Ʒ ȝǦǻǐৄǌǐȏǐǼǌǐǼȝ ǻƷǼǼǐȓॽ bǣǐ

ǻȂǌǐǶȖ ǆƷǼॶ ȝǣǐȓǐǜȂȓǐॶ ȏȓȂΗǦǌǐ ǻǐǆǣƷǼǦȖȝǦǆ ǣΞȏȂȝǣǐȖǐȖ Ȃǜ ǣȂΘ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǆƷȠȖǐ ȝǣǐ ȂǅȖǐȓΗৄ

ƷǅǶǐ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐȖॽ HȠȓ ǻȂǌǐǶ ƷǦǻȖ ȝȂ ǻǐǐȝ ȝǣǐ ǐǻǐȓǝǦǼǝ ǌǐǻƷǼǌȖ Ȃǜ ǐΝȏǶƷǦǼƷǅǶǐ ƷȓȝǦЖǆǦƷǶ ǦǼȝǐǶৄ

ǶǦǝǐǼǆǐ x�/ॶ ΘǣǦǆǣ ǦȖ ǐȖȖǐǼȝǦƷǶ ǜȂȓ Ʒ ȖȂǆǦƷǶǶΞ ƷǆǆǐȏȝƷǅǶǐ ƷȏȏǶǦǆƷȝǦȂǼ Ȃǜ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǻȂǌǐǶȖ ǦǼ

ǅǦȂǻǐǌǦǆǦǼǐऀंऄॶऀंअॽ

/Ǽ ȏȓǦǼǆǦȏǶǐॶ �ǐǶǶ�ȂΝ ǦȖ ǝǐǼǐȓƷǶǦΣƷǅǶǐ ȝȂ Ȃȝǣǐȓ ȝΞȏǐȖ Ȃǜ ȖΞȖȝǐǻȖ ƷǼǌ ǶƷȓǝǐȓ ȖΞȖȝǐǻȖॽ Hȝǣǐȓ ȝΞȏǐȖ Ȃǜ

ǻȂǌǐǶȖ ΘǦǶǶ ȏȓǐȖȠǻƷǅǶΞ ǅǐǼǐЖȝ ǜȓȂǻ ƷȠȝȂǻƷȝǦǆ ǌǦЍǐȓǐǼȝǦƷȝǦȂǼ �� ǆȂǻǅǦǼǐǌ ΘǦȝǣ ȖȝȂǆǣƷȖȝǦǆ ǝȓƷৄ

ǌǦǐǼȝ ǌǐȖǆǐǼȝ ȝǣƷȝ ȏǐȓǜȂȓǻȖ ȂȏȝǦǻǦΣƷȝǦȂǼ ǌǦȓǐǆȝǶΞ ǜȂȓ ƷǼΞ ǝǦΗǐǼ ǻƷȝǣǐǻƷȝǦǆƷǶ ƷǼȖƷȝΣ ƷǼǌॶ ȝǣǐȓǐǜȂȓǐॶ

ǆƷǼ ƷΗȂǦǌ ȂΗǐȓȖǦǻȏǶǦЖǐǌ ƷȏȏȓȂΝǦǻƷȝǦȂǼȖऀंआॽ bǣǐ �� ǜȓƷǻǐΘȂȓǴ ƷǶǶȂΘȖ ȝǣǐ ЙǐΝǦǅǶǐ ȠȖǐ Ȃǜ ΗƷȓǦȂȠȖ

ǻƷȝǣǐǻƷȝǦǆƷǶ ǜȂȓǻȖ Ȃǜ ǆǐǶǶȠǶƷȓ ǌΞǼƷǻǦǆȖॽ sǣǐȝǣǐȓ ƷǶȝǐȓǼƷȝǦΗǐ ǌΞǼƷǻǦǆȖ ǻȂǌǐǶȖ ǶǐƷǌ ȝȂ ǣǦǝǣǐȓ ǆȂǼৄ

ǆȂȓǌƷǼǆǐ ǅǐȝΘǐǐǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼǜǐȓȓǐǌ ǜȓȂǻ ȝǣǐ ǌƷȝƷৄǌȓǦΗǐǼ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ΘǦȝǣ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ

ȏȓǦȂȓৄǴǼȂΘǶǐǌǝǐ ǻǐǆǣƷǼǦȖȝǦǆ ǻȂǌǐǶȖ Ȃȓ ΘǦȝǣ ǅǦȂȏǣΞȖǦǆƷǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ȖǐȏƷȓƷȝǐǶΞ ΗǐȓǦЖǐǌ ǅΞ ǌǦȓǐǆȝ

ǐΝȏǐȓǦǻǐǼȝȖ ǦȖ ȝȂ ǅǐ ǦǼΗǐȖȝǦǝƷȝǐǌॽ sǐ ǆǐȓȝƷǦǼǶΞ ǐΝȏǐǆȝ ǦǼǆȓǐƷȖǦǼǝǶΞ ǌǐȝƷǦǶǐǌ ǻȂǌǐǶৄǦǼǜǐȓȓǐǌ ǦǼȝǐȓƷǆৄ

ȝǦȂǼȖ ƷǼǌ ǆǶȂȖǐȓ ƷǝȓǐǐǻǐǼȝ ΘǦȝǣ ǅǦȂȏǣΞȖǦǆƷǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷȖ ǶƷȓǝǐȓ ǌƷȝƷȖǐȝȖ ǅǐǆȂǻǐ ƷΗƷǦǶƷǅǶǐॶ Ǧॽǐॽॶ ΘǦȝǣ

ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷ ǆȂΗǐȓǦǼǝ ǻƷǼΞ ǣȠǼǌȓǐǌȖ Ǧǜ ǼȂȝ ȝǣȂȠȖƷǼǌȖ Ȃǜ ǆǣƷǼǝǐȖ ǦǼ ǻȂǶǐǆȠǶƷȓ ǶǐΗǐǶȖ

Ȃȓ ǆȂΗƷǶǐǼȝ ǻȂǌǦЖǆƷȝǦȂǼȖॽ

ंऄ



bǣǐ ƷǅǦǶǦȝΞ ȝȂ ǻȂǌǐǶ ǶƷȓǝǐȓ ȖΞȖȝǐǻȖ ǌǐȏǐǼǌȖ ǅȂȝǣ ȂǼ ȝǣǐ ƷΗƷǦǶƷǅǦǶǦȝΞ Ȃǜ ǶƷȓǝǐȓ ǌƷȝƷȖǐȝȖ ƷǼǌ ȖǆƷǶৄ

ƷǅǶǐ ǻȂǌǐǶǦǼǝ ǻǐȝǣȂǌȖॽ =Ʒȓǝǐȓ ǌƷȝƷȖǐȝȖ ǆƷǼ ǅǐ ȂǅȝƷǦǼǐǌ ǅΞ ǻǐƷȖȠȓǦǼǝ ǌǦΗǐȓȖǐ ȝΞȏǐȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ

ǌƷȝƷॶ ǜȂȓ ǐΝƷǻȏǶǐॶ ȝȓƷǼȖǆȓǦȏȝȂǻǦǆॶ ǐȏǦǝǐǼȂǻǦǆॶ ƷǼǌ ǻǐȝƷǅȂǶȂǻǦǆ ǆǣƷǼǝǐȖऀंइॶऀंईॽ � ǻƷǱȂȓ ȂȏȏȂȓȝȠৄ

ǼǦȝΞ ǜȂȓ ǶƷȓǝǐȓ ǌƷȝƷȖǐȝȖ ǻǦǝǣȝ ƷȓǦȖǐ ǜȓȂǻ ȓǐǆǐǼȝ ǆǐǶǶ ǅƷȓǆȂǌǦǼǝ ȝǐǆǣǼǦȒȠǐȖ ȝǣƷȝ ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼǆȓǐƷȖǐ

ȏǐȓȝȠȓǅƷȝǦȂǼ ȝǣȓȂȠǝǣȏȠȝ ȓǐǶƷȝǦΗǐ ȝȂ ƷȓȓƷΞǐǌ ǐΝȏǐȓǦǻǐǼȝȖआइॶऀःࣿ ǅΞ ǻǐƷȖȠȓǦǼǝ ǶǐΗǐǶȖ Ȃǜ ȝȓƷǼȖǆȓǦȏȝȖ ǅΞ

ȖǐȒȠǐǼǆǦǼǝॶ ǶǐΗǐǶȖ Ȃǜ ȏȓȂȝǐǦǼȖ ǌǐȝǐǆȝǐǌ ǅΞ ƷǼȝǦǅȂǌǦǐȖ ǶƷǅǐǶǐǌ ǅΞ ȂǶǦǝȂǼȠǆǶǐȂȝǦǌǐȖ Ȃȓ ǦȖȂȝȂȏǐȖ Ʒȝ ȝǣǐ

ȖǦǼǝǶǐৄǆǐǶǶ ǶǐΗǐǶॶ Ȃȓ ǶǐΗǐǶȖ Ȃǜ ǅȂȝǣ ǅΞ ǻȠǶȝǦȏǶǐΝǦǼǝऀःऀॶऀःँॶऀःंॶऀःःॽ � ǴǐΞ ƷǌΗƷǼȝƷǝǐ Ȃǜ ȖǦǼǝǶǐৄǆǐǶǶ ȏǐȓȝȠȓৄ

ǅƷȝǦȂǼ ƷȏȏȓȂƷǆǣǐȖ ǜȂȓ ǌƷȝƷৄǌȓǦΗǐǼ ǦǼǜǐȓǐǼǆǐ Ȃǜ ǌΞǼƷǻǦǆ ǼǐȝΘȂȓǴȖ ǦȖ ȖǆƷǶǐॶ ƷȖ ǅƷȓǆȂǌǐǌ ȏǐȓȝȠȓǅƷȝǦȂǼ

ǐΝȏǐȓǦǻǐǼȝȖ ǆƷǼ ǅǐ ȏȂȂǶǐǌ ƷǼǌ ǦǼǌǦΗǦǌȠƷǶ ǆǐǶǶȖ ǦǌǐǼȝǦЖǐǌ ȂǼ ȝǣǐ ǅƷȖǦȖ Ȃǜ ȖǐȒȠǐǼǆǐ ȝƷǝȖॽ

�Ȗ �ǐǶǶ�ȂΝ ǦȖ ǦǻȏǶǐǻǐǼȝǐǌ ǦǼ ȝǣǐ %ȂȂǝǶǐ bǐǼȖȂȓ$ǶȂΘ ǜȓƷǻǐΘȂȓǴॶ Ǧȝ ǆƷǼ ǻƷǴǐ ȠȖǐ Ȃǜ ΗƷȓǦȂȠȖ

ƷǌΗƷǼǆǐǌ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ȝǐǆǣǼǦȒȠǐȖॶ ȖȠǆǣ ƷȖ ǌȓȂȏȂȠȝॶ ǻǦǼǦৄǅƷȝǆǣǦǼǝॶ ƷǼǌ %Ue ǅȂȂȖȝǦǼǝऀःऄॶऀःअॶ

ȝȂ ǦǻȏȓȂΗǐ ȝȓƷǦǼǦǼǝ ǐАǆǦǐǼǆΞॶ ΘǣǦǆǣ ȏƷȓȝǦƷǶǶΞ ƷǌǌȓǐȖȖǐȖ ȝǣǐ ǦȖȖȠǐ Ȃǜ ȖǆƷǶƷǅǦǶǦȝΞऀःआॽ �Ȗ ǻȂȖȝ ȖȝƷȝǐৄȂǜৄ

ȝǣǐৄƷȓȝ ȖǦǼǝǶǐৄǆǐǶǶ ȖǐȒȠǐǼǆǦǼǝ ȝǐǆǣǼȂǶȂǝǦǐȖ ȖȝǦǶǶ ȖȠЍǐȓ ǜȓȂǻ ǶǦǻǦȝǐǌ ȖǐȒȠǐǼǆǦǼǝ ǌǐȏȝǣ ƷǼǌ ǦǼǐΗǦȝƷǅǶǐ

ǼȂǦȖǐऀःइॶ Ʒ ǼǐΘ Ȗǐȝ Ȃǜ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǆǣƷǶǶǐǼǝǐȖ ƷȓǦȖǐȖ ΘǣǐǼ ƷȏȏǶΞǦǼǝ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ȝȂ ǌƷȝƷȖǐȝȖ

ΘǦȝǣ ȖǦǼǝǶǐৄǆǐǶǶ ȓǐƷǌȂȠȝȖॽ $ȠȝȠȓǐ ǐЍȂȓȝȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ȓǐȖȂǶΗǐ ǦȖȖȠǐȖ Ȃǜ ȖȏƷȓȖǦȝΞ ƷǼǌ ȖȝȂǆǣƷȖȝǦǆǦȝΞॶ

ǐॽǝॽॶ ȠȖǦǼǝ ȓȂǅȠȖȝ ȝǐǆǣǼǦȒȠǐȖ Ȃǜ ǌǦǻǐǼȖǦȂǼƷǶǦȝΞ ȓǐǌȠǆȝǦȂǼऀःईॶऀऄࣿॶऀऄऀॽ XǐǆǐǼȝ ΘȂȓǴ ǣƷȖ ǣǦǝǣǶǦǝǣȝǐǌ

ǻƷȝǣǐǻƷȝǦǆƷǶ ƷǼƷǶȂǝǦǐȖ ǅǐȝΘǐǐǼ ȓǐǆȠȓȓǐǼȝ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴȖ XCC ƷǼǌ H��Ȗऀऄँॶ ȖȠǝǝǐȖȝǦǼǝ Ʒ

ȏȂȝǐǼȝǦƷǶ ǻǐȓǝǐ Ȃǜ ȝǣǐ ȝΘȂ ЖǐǶǌȖ ǜȂȓ ȖǆǦǐǼȝǦЖǆ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ [ǆǦB= ǻȂǌǐǶȖऀऄंॽ

� ȏƷȓȝǦǆȠǶƷȓ ƷǌΗƷǼȝƷǝǐ Ȃǜ ȂȠȓ ǻȂǌǐǶǦǼǝ ƷȏȏȓȂƷǆǣ ǦȖ ǦȝȖ ǆȂǻȏǶǐȝǐ ǦǼǌǐȏǐǼǌǐǼǆǐ ǜȓȂǻ ȏȓǦȂȓ ǴǼȂΘǶৄ

ǐǌǝǐॽ bǣǦȖ ǦȖ ǦǼ ǆȂǼȝȓƷȖȝॶ ǐॽǝॽॶ ȝȂ Ȃȝǣǐȓ ǜȓƷǻǐΘȂȓǴȖ ǜȂȓ ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǻȂǌǐǶȖऀࣿं ȝǣƷȝ ǦǼǆȂȓȏȂȓƷȝǐ

ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ǅΞ ȏȓǐǌǐЖǼǦǼǝ ȝǣǐ ǆȂǼǼǐǆȝǦȂǼȖ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ǅƷȖǐǌ ȂǼ ǶƷȓǝǐৄȖǆƷǶǐ ǆȠȓƷৄ

ȝǦȂǼ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǅǦȂǆǣǐǻǦǆƷǶ ȏƷȝǣΘƷΞȖॽ [Ƞǆǣ ǻȂǌǐǶȖ ǣƷΗǐ ǅǐǐǼ ǜȠȓȝǣǐȓ ǌǐΗǐǶȂȏǐǌ ƷǼǌ ǦǼǆȂȓৄ

ȏȂȓƷȝǐǌ ΘǦȝǣ ȏȓȂȝǐȂǻǐȏǣȂȖȏǣȂȏȓȂȝǐȂǻǐ ǌƷȝƷऀऄःॽ �ǶȝǣȂȠǝǣ ȂȠȓ ǆȠȓȓǐǼȝ ǻȂǌǐǶǦǼǝ ǜȓƷǻǐΘȂȓǴ

ǦȖ ǆȂǻȏǶǐȝǐǶΞ ǌƷȝƷ ǌȓǦΗǐǼॶ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ǆǐǶǶȠǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖ ǆȂȠǶǌ ƷǶȖȂ ǅǐ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ

ȂȏȝǦǻǦΣƷȝǦȂǼ ǜȠǼǆȝǦȂǼ ǅΞ ƷǌǌǦǼǝ Ʒ ȝǐȓǻॶ ΘǣǦǆǣ ȓǐΘƷȓǌȖ ȝǣǐ ƷǝȓǐǐǻǐǼȝ ǅǐȝΘǐǐǼ ȝǣǐ ǦǼǜǐȓȓǐǌ ƷǼǌ

ंअ



ȏȓǦȂȓৄǴǼȂΘǶǐǌǝǐ ΗƷǶȠǐȖ ǜȂȓ ǐƷǆǣ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓॽ ,ȂΘǐΗǐȓॶ ǆȂǼȖǦǌǐȓǦǼǝ ȝǣǐ ǦǼǆȂǻȏǶǐȝǐǼǐȖȖ Ȃǜ

ǆȠȓȓǐǼȝ ȏƷȝǣΘƷΞ ǴǼȂΘǶǐǌǝǐ ǅƷȖǐȖ ƷǼǌ ȝǣǐ ȓǐǶƷȝǦΗǐǶΞ ǣǦǝǣ ȏȓǐǌǦǆȝǦȂǼ ƷǆǆȠȓƷǆΞ Ȃǜ �ǐǶǶ�ȂΝॶ Θǐ Ȗȏǐǆৄ

ȠǶƷȝǐ ȝǣƷȝ ȓǐΘƷȓǌǦǼǝ ƷǝȓǐǐǻǐǼȝ ΘǦȝǣ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ ǻǦǝǣȝ ǝǦΗǐ ǶǦǻǦȝǐǌ ǦǻȏȓȂΗǐǻǐǼȝ ǦǼ ǻȂǌǐǶ

ȏǐȓǜȂȓǻƷǼǆǐॽ �ǐȖǦǌǐȖॶ Ǧȝ ΘȂȠǶǌ ƷǶȖȂ ǅǐ Ȃǜ ǦǼȝǐȓǐȖȝ ȝȂ ǐΝȏǶȂȓǐ Θǣǐȝǣǐȓ ȂǼǐ ǆƷǼ ǆȂǻǅǦǼǐ ȝǣǐ ǐАǆǦǐǼǆΞ

ƷǌΗƷǼȝƷǝǐ ǌǐȖǆȓǦǅǐǌ ǦǼ $ȓȆǣǶǦǆǣ ǐȝ ƷǶॽऀࣿं ΗǦƷ ƷǌǱȂǦǼȝ ƷǼƷǶΞȖǦȖऀऄऄ ΘǦȝǣ ȝǣǐ ƷǌΗƷǼȝƷǝǐȖ Ȃǜ ȝǣǐ ǆȠȓȓǐǼȝ

ǦǻȏǶǐǻǐǼȝƷȝǦȂǼ Ȃǜ �ǐǶǶ�ȂΝॽ

$Ȃȓ ǅȓȂƷǌ ȝȓƷǼȖǶƷȝǦȂǼƷǶ ƷȏȏǶǦǆƷǅǦǶǦȝΞॶ Ʒ ȝƷǼȝƷǶǦΣǦǼǝ ǅȠȝ ǆǣƷǶǶǐǼǝǦǼǝ ȏȓȂȖȏǐǆȝ ǦȖ ȝȂ ǦǼǆȂȓȏȂȓƷȝǐ

ǦǼǌǦΗǦǌȠƷǶ ȝȠǻȂȓ ǅƷǆǴǝȓȂȠǼǌ ΗǦƷ ǝǐǼǐȝǦǆ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷǼǌ ȝȂ ȏȓȂȏȂȖǐ ȂȏȝǦǻƷǶॶ ȏǐȓȖȂǼƷǶǦΣǐǌ ǆȂǻৄ

ǅǦǼƷȝǦȂǼȖ Ȃǜ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǐȠȝǦǆȖॽ sǐ ǐǼΗǦȖǦȂǼ ȝǣǐ ȖΞȖȝǐǻȖ ǅǦȂǶȂǝΞ ƷȏȏȓȂƷǆǣ ǌǐȖǆȓǦǅǐǌ ǣǐȓǐ ȝȂ

ǅǐ ǅȓȂƷǌǶΞ ƷȏȏǶǦǆƷǅǶǐ ȝȂ Ȃȝǣǐȓ ƷȓǐƷȖ Ȃǜ ǅǦȂǶȂǝΞॶ ȖȠǆǣ ƷȖ ǌǐΗǐǶȂȏǻǐǼȝƷǶ ǅǦȂǶȂǝΞ Ȃȓ ȖΞǼȝǣǐȝǦǆ ǅǦȂǶৄ

ȂǝΞॶ ȏȓȂΗǦǌǐǌ ȝǣƷȝ ȖȠǦȝƷǅǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷ ǅǐǆȂǻǐ ƷΗƷǦǶƷǅǶǐॽ <ǐΞ ǜȠȝȠȓǐ ǆǣƷǶǶǐǼǝǐȖ Ʒȓǐॶ

ȝǣǐȓǐǜȂȓǐॶ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǐΝȏǐȓǦǻǐǼȝȖ ǜȂȓ ǐƷǆǣ ǅǦȂǶȂǝǦǆƷǶ ǆȂǼȝǐΝȝ Ȃǜ ǦǼȝǐȓǐȖȝ ƷǼǌ ȝǣǐ ǜȠȓȝǣǐȓ ǌǐΗǐǶȂȏৄ

ǻǐǼȝ Ȃǜ ȝȓƷǼȖǜǐȓƷǅǶǐ ƷǼǌ ȖǆƷǶƷǅǶǐ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǻǐȝǣȂǌȖॽ

ऀ৷आ BӏԚӟԀӋ ӋӏԚҷӢӲԓ ҷӹӋ ӋҷԚҷ ҷԪҷӢӲҷӂӢӲӢԚԮ

�ǖȼǖ �͝ǖȅȕǖǤȅȕȅȼͤ

bǣǐ XUU� ǌƷȝƷ ȠȖǐǌ ǌȠȓǦǼǝ ȝǣǦȖ ȖȝȠǌΞ ǦȖ ǌǐȏȂȖǦȝǐǌ ƷǼǌ ȏȠǅǶǦǆǶΞ ƷΗƷǦǶƷǅǶǐ Ʒȝ ǣȝȝȏȖॵǝǦȝǣȠǅॽǆȂǻ

ǌǜǆǦ�ǐǶǶ�ȂΝ ȠǼǌǐȓ ȝǣǐ ǌƷȝƷ ǜȂǶǌǐȓॽ �ǶǶ ȂȓǦǝǦǼƷǶ ǆȂǌǐ ǦȖ ȏȠǅǶǦǆǶΞ ƷΗƷǦǶƷǅǶǐ Ʒȝ ǣȝȝȏȖॵǝǦȝǣȠǅॽǆȂǻǌǜǆǦ

�ǐǶǶ�ȂΝ ƷȖ ȓǐǶǐƷȖǐ Ηࣿॽंॽऀॽ � ȖǣƷȓǐƷǅǶǐॶ ȂǼǶǦǼǐॶ ǦǼȝǐȓƷǆȝǦΗǐ ǐǼΗǦȓȂǼǻǐǼȝ ȠȖǦǼǝ �ǦǼǌǐȓ ǦȖ ȏȓȂΗǦǌǐǌ ΘǦȝǣ

ƷǶǶ ǼǐǆǐȖȖƷȓΞ ǌǐȏǐǼǌǐǼǆǦǐȖ ȏȓǐৄǦǼȖȝƷǶǶǐǌॽ bǣǐ WȠǦǆǴ [ȝƷȓȝ ȖǐǆȝǦȂǼ ȏȓȂΗǦǌǐȖ ǦǼȖȝȓȠǆȝǦȂǼȖ ȝȂ ȒȠǦǆǴǶΞ

ȝȓΞ ƷǼ ǐΝƷǻȏǶǐ ȖǆȓǦȏȝ ȝǣƷȝ ȓȠǼȖ Ʒ ȖǣȂȓȝǐǼǐǌ ȝȓƷǦǼǦǼǝ ȏȓȂǆǐȖȖॽ bǣǐ ȖǆȓǦȏȝȖ ȠȖǐǌ ȝȂ ǝǐǼǐȓƷȝǐ ȝǣǐ ЖǝȠȓǐȖ

ȓǐȏȂȓȝǐǌ Ʒȓǐ ƷΗƷǦǶƷǅǶǐ Ʒȝ ǣȝȝȏȖॵǝǦȝǣȠǅॽǆȂǻǌǜǆǦ�ǐǶǶ�ȂΝ ȠǼǌǐȓ ȝǣǐ ǻƷǼȠȖǆȓǦȏȝ ǜȂǶǌǐȓॽ

UǯȲȼȿȲǤǖȼȅȡț �ǖȼǖȵǯȼ H͝ǯȲ͝ȅǯ͞

bǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ Θǐȓǐ ȝȓƷǦǼǐǌ ȠȖǦǼǝ Ʒ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝ Ȃǜ ȝǣǐ [<ৄBǐǶৄऀंं

ंआ



ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐऀࣿःॽ bǣǐ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ ऀँ ǌǦЍǐȓǐǼȝ ȖǦǼǝǶǐ ǌȓȠǝȖॶ ǐƷǆǣ Ʒȝ ȝΘȂ ǌǦЍǐȓǐǼȝ

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ अअ ȏƷǦȓΘǦȖǐ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ȝǣǐȖǐ ǌȓȠǝȖ Ʒȝ /�ःࣿ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॽ ँः ǣȓȖ Ʒǜȝǐȓ

ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॶ XǐΗǐȓȖǐ UǣƷȖǐ UȓȂȝǐǦǼ �ȓȓƷΞȖ XUU� ΘƷȖ ȠȖǐǌ ȝȂ ǻǐƷȖȠȓǐ ȝǣǐ ǶǐΗǐǶ Ȃǜ ःऄ ȏȓȂȝǐǦǼȖ

ƷǼǌ ंआ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼȖ Ȃǜ ǦǼȝǐȓǐȖȝॽ �ǐǶǶৄǆΞǆǶǐ ȏȓȂǝȓǐȖȖǦȂǼॶ ǦǼǆǶȠǌǦǼǝ %ऀ ƷȓȓǐȖȝॶ %ँ ƷȓȓǐȖȝॶ %ँB

ȝȓƷǼȖǦȝǦȂǼॶ ƷǼǌ [ ƷȓȓǐȖȝॶ ΘƷȖ ǻǐƷȖȠȓǐǌ ǅΞ ЙȂΘৄǆΞȝȂǻǐȝȓΞॽ �ǐǶǶ ΗǦƷǅǦǶǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ आँ ǣȓȖ Ʒǜȝǐȓ

ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ǅΞ ȝǣǐ ȓǐȖƷΣȠȓǦǼ ƷȖȖƷΞॽ HȠȓ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ Θǐȓǐ ǼȂȓǻƷǶǦΣǐǌ ȠȖǦǼǝ ǻǐǌǦƷǼ ǼȂȓৄ

ǻƷǶǦΣƷȝǦȂǼॶ ΘǣǦǆǣ ǦȖ Ʒ ȖȝƷǼǌƷȓǌ ƷȏȏȓȂƷǆǣ ȝȂ ȏȓȂǆǐȖȖǦǼǝ XUU� ǌƷȝƷऀऄअॽ sǐ ȠȖǐǌ ȝǣǐ ǶȂǝँ ȓƷȝǦȂ Ȃǜ

ǻǐƷȖȠȓǐǻǐǼȝȖ ǦǼ ȏǐȓȝȠȓǅǐǌ ǆȂǼǌǦȝǦȂǼȖ ȂΗǐȓ ȠǼȏǐȓȝȠȓǅǐǌ ǆȂǼǌǦȝǦȂǼȖ ƷȖ ȝǣǐ ȖΞȖȝǐǻ ΗƷȓǦƷǅǶǐȖ ͣȅ ǦǼ ȝǣǐ

ǻȂǌǐǶȖॽ bǣǐ ǌƷȝƷȖǐȝ ΘƷȖ ǦǼǦȝǦƷǶǦΣǐǌ ΘǦȝǣ ऀँ ǌȓȠǝ ƷǆȝǦΗǦȝΞ ǼȂǌǐȖ ȓǐȏȓǐȖǐǼȝǦǼǝ ȝǣǐ ǦǼǣǦǅǦȝǦȂǼ ȖȝȓǐǼǝȝǣȖ

Ȃǜ ǌǦЍǐȓǐǼȝ ǌȓȠǝȖ ȝȂ ȝǣǐǦȓ ȝƷȓǝǐȝȖऀऀइॽ bǣǐ ȓǐȖȠǶȝǦǼǝ ǌƷȝƷȖǐȝ ǣƷȖ इई ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ईई

ȂǅȖǐȓΗǐǌ ǼȂǌǐȖ इँ ȏȓȂȝǐǦǼ ƷǼǌ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼȖॶ ऄ ȏǣǐǼȂȝΞȏǐȖॶ ƷǼǌ ऀँ ǌȓȠǝ ƷǆȝǦΗǦȝΞॽ � ǻȂȓǐ ǌǐৄ

ȝƷǦǶǐǌ ǌǐȖǆȓǦȏȝǦȂǼ Ȃǜ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷȖǐȝ ǦȖ ƷΗƷǦǶƷǅǶǐ ǦǼ <ȂȓǴȠȝ ǐȝ ƷǶॽऀࣿःॽ

Bȡǫǯȕ �ȡțϨǼȿȲǖȼȅȡț

bǣǐ ǻȂǌǐǶȖ Θǐȓǐ ǆȂǼȖȝȓȠǆȝǐǌ ȠȖǦǼǝ UΞȝǣȂǼ ंॽअ ƷǼǌ %ȂȂǝǶǐ bǐǼȖȂȓ$ǶȂΘऀऄआ ΗǐȓȖǦȂǼ  ऀॽऀऄॽࣿॽ

bǣǐ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ǆǣƷǼǝǐȖ Ʒȓǐ ǶǦǼǴǐǌ ǦǼ Ʒ ȠǼǦЖǐǌ ǅǦȂǶȂǝǦǆƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ȠȖǦǼǝ Ʒ

ȖΞȖȝǐǻ Ȃǜ ȂȓǌǦǼƷȓΞ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖ

∂ܸͣȅ (ȼ)
∂ȼ = ܱȅ݂(

∑

Ȑ!=ȅ
͞ȅȐͣ

ܸ
Ȑ (ȼ) + ȿܸȅ (ȼ))− ȅͣܭ

ܸ
ȅ (ȼ) ऀॽऀ

Θǣǐȓǐ ܸͣȅ (ȼ) ȓǐȏȓǐȖǐǼȝȖ ȝǣǐ ȕȡǼࣣৄǼȂȓǻƷǶǦΣǐǌ ȓǐǶƷȝǦΗǐ ǆǣƷǼǝǐ Ȃǜ ǐƷǆǣ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼ Ȃȓ ȏǣǐǼȂৄ

ȝΞȏǐ ǶǐΗǐǶȖ ȓǐǶƷȝǦΗǐ ȝȂ ǆȂǼȝȓȂǶ ǶǐΗǐǶȖ ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼ ܸॽ ȿܸȅ (ȼ) ȒȠƷǼȝǦЖǐȖ ȝǣǐ ȖȝȓǐǼǝȝǣ Ȃǜ ȝǣǐ ȏǐȓȝȠȓǅƷৄ

ȝǦȂǼ ȂǼ ȝƷȓǝǐȝ ȅॽ ,ǐȓǐ ȝǣǐ ǌȓȠǝ ǐЍǐǆȝ ǦȖ ƷȖȖȠǻǐǌ ȝȂ ǅǐ ǆȂǼȖȝƷǼȝ ƷǼǌॶ ȝǣǐȓǐǜȂȓǐॶ ȿ(ȼ) = ȿ ǜȂȓ ȼ > ȼ࣡

ǦȖ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ȖȝȓǐǼǝȝǣ ǌǐȝǐȓǻǦǼǐǌ ȠȖǦǼǝ ȝǣǐ ǐǼǌȏȂǦǼȝ ǶǐΗǐǶ ǆǣƷǼǝǐ Ȃǜ ȝǣǐ ȏȓǦǻƷȓΞ ȝƷȓǝǐȝ Ȃǜ ȝǣǐ

ȏƷȓȝǦǆȠǶƷȓ ǌȓȠǝॽ ȅܭ ǆǣƷȓƷǆȝǐȓǦΣǐȖ ȝǣǐ ǐЍǐǆȝ Ȃǜ ǌǐǆƷΞॶ ǻǐƷǼǦǼǝ ȝǣǐ ȝǐǼǌǐǼǆΞ Ȃǜ ȏȓȂȝǐǦǼ ȅ ȝȂ ȓǐȝȠȓǼ ȝȂ

ȝǣǐ ȂȓǦǝǦǼƷǶ ǶǐΗǐǶ ǅǐǜȂȓǐ ȏǐȓȝȠȓǅƷȝǦȂǼॽ bǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖ ͞ȅȐ ǦǼǌǦǆƷȝǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ

ंइ



ǼǐȝΘȂȓǴ ǼȂǌǐ Ȑ ȂǼ ǼǐȝΘȂȓǴ ǼȂǌǐ ȅॶ ƷȖȖȠǻǐǌ ȝȂ ǅǐ Ʒ ǆȂǼȖȝƷǼȝ ȏȓȂȏǐȓȝΞ Ȃǜ ȝǣǐ ȏƷǦȓ Ȃǜ ǻȂǶǐǆȠǶǐȖ ǦǼ

ȝǣǦȖ ǝǦΗǐǼ ǆǐǶǶȠǶƷȓ ȖǐȝȝǦǼǝॽ sǐ ǆȂǼȖȝȓƷǦǼ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖ ͞ȅȐ ǅΞ ǌǦȖƷǶǶȂΘǦǼǝ ȝǣȓǐǐ ǆǶƷȖȖǐȖ Ȃǜ

ǦǼȝǐȓƷǆȝǦȂǼȖॵ

Ǧ ǦǼǝȂǦǼǝ ǆȂǼǼǐǆȝǦȂǼȖ ǜȂȓ ǌȓȠǝ ǼȂǌǐȖ ǌȓȠǝȖ ǆƷǼǼȂȝ ǅǐ Ʒǆȝǐǌ ȠȏȂǼ ǅΞ ƷǼΞ Ȃȝǣǐȓ ǼȂǌǐ

ǦǦ ȂȠȝǝȂǦǼǝ ǆȂǼǼǐǆȝǦȂǼȖ ǜȂȓ ȏǣǐǼȂȝΞȏǦǆ ǼȂǌǐȖ ȏǣǐǼȂȝΞȏǐȖ ǆƷǼǼȂȝ Ʒǆȝ ȂǼ ƷǼΞ Ȃȝǣǐȓ ǼȂǌǐȖ

ǦǦǦ ȖǐǶǜৄǦǼȝǐȓƷǆȝǦȂǼ ǼȂǌǐȖ ǆƷǼǼȂȝ Ʒǆȝ ȂǼ ȝǣǐǻȖǐǶΗǐȖ

sǐ ȠȖǐ Ʒ ȖǦǝǻȂǦǌ ǜȠǼǆȝǦȂǼ ݂(ͣ) = ȼǖțȂ(ͣ)ॶ ȝȂ ǦǼȝȓȂǌȠǆǐ Ʒ ȖƷȝȠȓƷȝǦȂǼ ǐЍǐǆȝ Ȃǜ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ

ȝǐȓǻ ȖȂ ȝǣƷȝ Ǧȝ ǦȖ ǅȂȠǼǌǐǌ ǅΞ ȝǣǐ ǆȂǼȖȝƷǼȝ ΗƷǶȠǐ Ȃǜ ܱȅॽ /ǻȏȂȖǦǼǝ ǅȂȠǼǌȖ ȂǼ ȝǣǐ ƷǅȖȂǶȠȝǐ ΗƷǶȠǐ Ȃǜ ȝǣǐ

ǆȂǼȝȓǦǅȠȝǦȂǼ Ȃǜ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȝǐȓǻ ȝȂ ȝǣǐ ǌǐȓǦΗƷȝǦΗǐȖ ǦȖ ǦǼ ȏƷȓȝ ǻȂȝǦΗƷȝǐǌ ǅΞ ȝǣǐ ǜƷǆȝ ȝǣƷȝ Θǐ Ʒȓǐ

ȂǼǶΞ ǻȂǌǐǶǦǼǝ Ʒ ȖǻƷǶǶ ǜȓƷǆȝǦȂǼ Ȃǜ ǆǐǶǶȠǶƷȓ ǆȂǻȏȂǼǐǼȝȖ ƷǼǌ ǅΞ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ȂǅȖǐȓΗƷȝǦȂǼ Ȃǜ ȖΞȖৄ

ȝǐǻ ȖȝƷǅǦǶǦȝΞ ǦǼ ȝǣǐȖǐ ǐΝȏǐȓǦǻǐǼȝȖॽ sǐ ƷǶȖȂ ȝǐȖȝǐǌ ǌǦЍǐȓǐǼȝ ƷǶȝǐȓǼƷȝǦΗǐȖ Ȃǜ ǐǼΗǐǶȂȏǐ ǜȂȓǻȖॶ ǦǼǆǶȠǌǦǼǝ

Ʒ ǆǶǦȏȏǐǌ ǶǦǼǐƷȓ ǜȠǼǆȝǦȂǼ ǣƷȓǌ ȝƷǼǣ ݂(ͣ) = Țǖͣ(−,Țȅț(, ͣ))ॶ ȖΞǻǻǐȝȓǦǆ ȏȂǶΞǼȂǻǦƷǶ ǜȠǼǆȝǦȂǼ

݂(ͣ) = ˜ͣț−
˜ͣț+ ॶ ˜ͣ = Țǖͣ(࣡, ͣ) ƷǌƷȏȝǐǌ ǜȓȂǻ,ǦǶǶȖ ǐȒȠƷȝǦȂǼॶ ƷǼǌ ǼȂ ǐǼΗǐǶȂȏǐ ǜȠǼǆȝǦȂǼ ݂(ͣ) = ͣ

ǶǦǼǐƷȓॽ

bǣǐ ǅǦȂǶȂǝǦǆƷǶ ǼǐȝΘȂȓǴ ǦǼȝǐȓƷǆȝǦȂǼȖ Θǐȓǐ ǆȂǼȖȝȓȠǆȝǐǌ ǌǐ ǼȂΗȂ ΘǦȝǣȂȠȝ ƷǼΞ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ

ǦǼȏȠȝॶ ǻǐƷǼǦǼǝ ȝǣǐ ǼǐȝΘȂȓǴ ΘƷȖ ǜȠǶǶΞ ǆȂǼǼǐǆȝǐǌ ΘǦȝǣ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖॽ bǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷৄ

ȓƷǻǐȝǐȓȖ ͞ȅȐ Θǐȓǐ ȓƷǼǌȂǻǶΞ ǦǼǦȝǦƷǶǦΣǐǌ ǜȂǶǶȂΘǦǼǝ Ʒ ǼȂȓǻƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ∼C(࣡.࣡, )ॽ bǣǐ Ȃȝǣǐȓ ȝΘȂ

ǆȂǐАǆǦǐǼȝȖ ȅܭ ƷǼǌ ܱȅ Θǐȓǐ ǦǼǦȝǦƷǶǦΣǐǌ ƷȖ ऀॽࣿॽ

bƷǴǐǼ ȝȂǝǐȝǣǐȓॶ ΘǦȝǣ ȝǣǦȖ ǜȂȓǻȠǶƷȝǦȂǼ Ȃǜ ȖΞȖȝǐǻ ǌΞǼƷǻǦǆȖॶ ȝǣǐ ǐЍǐǆȝ Ȃǜ ǐƷǆǣ ǼǐΘ ǦǼȏȠȝ ȏǐȓȝȠȓৄ

ǅƷȝǦȂǼ ǦȖ ȒȠƷǼȝǦЖǐǌ ǅΞ ȝǣǐ ȓǐȖȏȂǼȖǐ Ȃǜ ǌȂΘǼȖȝȓǐƷǻ ȏȓȂȝǐǦǼ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ǼȂǌǐȖॶ ƷǼǌ ȝǣǐ ǐЍǐǆȝ

Ȃǜ ȝǣǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ǦȖ ȖǦǻȠǶƷȝǐǌ ǅΞ ȏȓȂȏƷǝƷȝǦǼǝ ȝǣǐ ǦǼȏȠȝ ƷǆȓȂȖȖ ȝǣǐ ǦǼǜǐȓȓǐǌ ǦǼȝǐȓƷǆȝǦȂǼ ǼǐȝΘȂȓǴ

ƷǆǆȂȓǌǦǼǝ ȝȂ ȝǣǐ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖॽ �ǜȝǐȓ ǶǐƷȓǼǦǼǝ ǜȓȂǻ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷॶ ȝǣǐ ǻȂǌǐǶ

ǆƷǼ ȝǣǐȓǐǜȂȓǐ ǻƷǴǐ ȏȓǐǌǦǆȝǦȂǼȖ ǜȂȓ ȓǐȖȏȂǼȖǐȖ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȂǼ ƷǼΞ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȏȓȂǅǐǌ ǼȂǌǐॶ

ǦǼǆǶȠǌǦǼǝ ǼȂǌǐȖ ǼȂȝ ȏǐȓȝȠȓǅǐǌ ǦǼ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷȖǐȝ ǜȓȂǻ ΘǣǦǆǣ ȝǣǐ ǻȂǌǐǶȖ Ʒȓǐ ǌǐȓǦΗǐǌॽ bǣǐ

H�� ȖΞȖȝǐǻ ΘƷȖ ǼȠǻǐȓǦǆƷǶǶΞ ȖȂǶΗǐǌ ȠȖǦǼǝ ,ǐȠǼȖ ǻǐȝǣȂǌऀऀई �ȒȠƷȝǦȂǼ ऀॽँॶ ȝǦǻǐ ȖȝǐȏȖCȼ  ःࣿࣿॶ

ंई



ΘǣǦǆǣ ǦȖ ƷǼ ǦǻȏȓȂΗǐǌ ΗƷȓǦƷǼȝ Ȃǜ �ȠǶǐȓȖ ǻǐȝǣȂǌॽ BȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ΘƷȖ ǐΗƷǶȠƷȝǐǌ ǅΞ ǌǦȖƷǝȓǐǐǻǐǼȝ

ǅǐȝΘǐǐǼ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ ƷǼǌ ȝǣǐ ǼȠǻǐȓǦǆƷǶ ȖȝǐƷǌΞৄȖȝƷȝǐ ǶǐΗǐǶȖॽ

˜ͣȅ(ȼ+ Ȃ) = ͣȅ(ȼ) + Ȃǻ(ȼ, ͣȅ(ȼ))

ͣȅ(ȼ+ Ȃ) = ͣȅ(ȼ) +
Ȃ
ࣣ
[ǻ(ȼ, ͣȅ(ȼ)) + ǻ(ȼ+ Ȃ, ˜ͣȅ(ȼ+ Ȃ)] ऀॽँ

Θǣǐȓǐ Ȃ ǦȖ ȝǣǐ Ȗȝǐȏ ȖǦΣǐॶ ǻ(ȼ, ͣȅ(ȼ)) = ͣ′(ȼ)ॶ ͤ(ȼ࣡) = ȕȡǼ() = ࣡ॽ

bǣǐ ǶȂȖȖ ǜȠǼǆȝǦȂǼ =(͞) ǦȖ ǌǐЖǼǐǌ ƷȖ Ʒ ΘǐǦǝǣȝǐǌ ȖȠǻ Ȃǜ ȏȓǐǌǦǆȝǦȂǼ ǐȓȓȂȓ ƷǼǌ ǆȂǻȏǶǐΝǦȝΞ ȏǐǼƷǶȝΞ

ǦǼ Ȃȓǌǐȓ ȝȂ ƷΗȂǦǌ ȂΗǐȓЖȝȝǦǼǝॽ ,ǐȓǐ Ʒ ǻǐƷǼ ȖȒȠƷȓǐǌ ǐȓȓȂȓ B[� ƷǼǌ ƷǼ =ऀৄǶȂȖȖ ȓǐǝȠǶƷȓǦΣƷȝǦȂǼ ȝǐȓǻ

Ʒȓǐ ȠȖǐǌॶ ƷȖ ǌǐЖǼǐǌ ǦǼ �ȒȠƷȝǦȂǼ ऀॽंॽ sǐ ǣƷΗǐ ȝǐȖȝǐǌ ǌǦЍǐȓǐǼȝ ȓǐǝȠǶƷȓǦΣƷȝǦȂǼȖॶ ǦǼǆǶȠǌǦǼǝ =ऀॶ =ँॶ ƷǼǌ

ǅȂȝǣ ǆȂǻǅǦǼǐǌ ǐǶƷȖȝǦǆ Ǽǐȝ ΘǦȝǣ ΗƷȓǦȂȠȖ ȖȝȓǐǼǝȝǣȖ ȓǐǝȠǶƷȓǦΣƷȝǦȂǼ ȖȝȓǐǼǝȝǣȖ ǜȂȓ =ऀॶ =ँ ȝǐȓǻ ܷॶ ܷࣣ

ࣿॶ ࣿॽࣿऀॶ ࣿॽࣿࣿࣿऀॶ ȏƷǦȓΘǦȖǐ ǆȂǻǅǦǼƷȝǦȂǼॶ ƷǼǌ ǜȂȠǼǌ ǼȂ ȖǦǝǼǦЖǆƷǼȝ ǌǦЍǐȓǐǼǆǐ ǦǼ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॽ

bǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖ Θǐȓǐ ȂȏȝǦǻǦΣǐǌ ǐǼǌৄȝȂৄǐǼǌ ȠȖǦǼǝ ȝǣǐ �ǌƷǻ ȂȏȝǦǻǦΣǐȓऀँࣿॶ ΘǦȝǣ ȝǣǐ Ȃǅৄ

ǱǐǆȝǦΗǐ Ȃǜ ǻǦǼǦǻǦΣǦǼǝ ȝǣǐ ǶȂȖȖ ǜȠǼǆȝǦȂǼॽ

=(͞) =
∑

ܸ

∑

ȅ
‖ˆܸͣȅ (͞ȅȐ, ȼ)− ܸͣ∗ȅ ‖ࣣ + ܷ‖͞ȅȐ‖ ऀॽं

ˆͣ
ܸ
ȅ (͞ȅȐ, ȼ) ǦȖ ǆƷǶǆȠǶƷȝǐǌ ƷȖ ȝǣǐ ǆȂǼΗǐȓǝǐǌ ΗƷǶȠǐ Ȃǜ ȝǣǐ ǼȠǻǐȓǦǆƷǶ ȖǦǻȠǶƷȝǦȂǼ Ȃǜ ȝǣǐ H�� ΘǦȝǣ ȝǣǐ

ǦǼȝǐȓƷǆȝǦȂǼ ȏƷȓƷǻǐȝǐȓȖ ͞ȅȐ ƷǼǌ ǌǐЖǼǐǌ ȅ ȖǦǻȠǶƷȝǦȂǼ ȝǦǻǐȖȝǐȏ ȼॽ ܸͣ∗ȅ ǦǼǌǦǆƷȝǐȖ ǐΝȏǐȓǦǻǐǼȝƷǶ ǻǐƷȖȠȓǐৄ

ǻǐǼȝॶ ΘǣǦǆǣ ǦȖ ȠȖǐǌ ƷȖ Ʒ ǝȂǶǌ ȖȝƷǼǌƷȓǌ ǦǼ ȝȓƷǦǼǦǼǝॽ bǣǐ ǌƷȝƷȖǐȝ ΘƷȖ ǌǦΗǦǌǐǌ ǦǼȝȂ ȝȓƷǦǼǦǼǝॶ ΗƷǶǦǌƷȝǦȂǼॶ

ƷǼǌ ȝǐȖȝ ȖǐȝȖॶ ǦǼ Ȃȓǌǐȓ ȝȂ ȂȏȝǦǻǦΣǐ ȏƷȓƷǻǐȝǐȓȖॶ ȏȓȂΗǦǌǐ ƷǼ ǦǼǌǦǆƷȝǦȂǼ ǜȂȓ ȖȝȂȏȏǦǼǝ ȝȓƷǦǼǦǼǝॶ ƷǼǌ ȝǐȖȝ

ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॶ ȓǐȖȏǐǆȝǦΗǐǶΞॽ HȏȝǦǻǦΣƷȝǦȂǼ ΘƷȖ ǆȂǼǌȠǆȝǐǌ ΘǦȝǣ ƷǼ ǦǼǦȝǦƷǶ ǶǐƷȓǼǦǼǝ ȓƷȝǐ ǜȂȓ ȝǣǐ

�ǌƷǻ ȂȏȝǦǻǦΣǐȓ Ƕȓࣿॽऀ ƷǼǌ ȓǐǝȠǶƷȓǦΣƷȝǦȂǼ ȖȝȓǐǼǝȝǣ ܷࣿॽࣿऀॽ /ȝ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝǣƷȝ Ʒ ǝȓƷǌȠƷǶǶΞ

ǌǐǆȓǐƷȖǦǼǝ ǶǐƷȓǼǦǼǝ ȓƷȝǐ ǦȖ ǣǐǶȏǜȠǶ ǜȂȓ ǻȂǌǐǶ ǆȂǼΗǐȓǝǐǼǆǐऀःऄॽ bǣǐ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝ ΘƷȖ ȖȝȂȏȏǐǌ ΘǣǐǼ

ःࣿ



ȝǣǐ ǶȂȖȖ ǜȠǼǆȝǦȂǼ Ȃǜ ȝǣǐ ΗƷǶǦǌƷȝǦȂǼ Ȗǐȝ ǌȂǐȖ ǼȂȝ ǜȠȓȝǣǐȓ ǌǐǆȓǐƷȖǐ ǜȂȓ Ʒ ǆȂǼȝǦǼȠȂȠȖ Ȃǜ ँࣿ ǦȝǐȓƷȝǦȂǼȖ

ȖȝȂȏȏǦǼǝ ȏƷȝǦǐǼǆǐॽ

bǣǐ ǻȂǌǐǶ ΘƷȖ ȝȓƷǦǼǐǌ ΘǦȝǣ ǻǦǼǦৄǅƷȝǆǣǦǼǝॵ Ʒ ȓƷǼǌȂǻ इࣿ ȏȂȓȝǦȂǼ Ȃǜ ȝǣǐ ȝȓƷǦǼǦǼǝ Ȗǐȝ ΘƷȖ ȠȖǐǌ

ȝȂ ȂȏȝǦǻǦΣǐ ȏƷȓƷǻǐȝǐȓȖ ǜȂȓ ǐƷǆǣ ǦȝǐȓƷȝǦȂǼॶ ƷǼǌ Ʒ ЖΝǐǌ ǅƷȝǆǣ ȖǦΣǐ Ȃǜ ः ΘƷȖ ȠȖǐǌ ǦǼ ǐƷǆǣ ǐȏȂǆǣॽ BȂǌৄ

ǐǶȖ ȝǣƷȝ ǜƷǦǶǐǌ ȝȂ ǆȂǼΗǐȓǝǐ B[� ǜȂȓ ȝȓƷǦǼǦǼǝ Ȗǐȝ  ࣿॽࣿऄ Θǐȓǐ ǐΝǆǶȠǌǐǌ ƷȖ ȠǼȖȠǦȝƷǅǶǐॽ $Ȃȓ Ʒ ǶƷȓǝǐȓ

ǌƷȝƷȖǐȝॶ Θǐ ȓǐǆȂǻǻǐǼǌ ȠȖǦǼǝ Ʒ ЖΝǐǌ ǅƷȝǆǣ ȖǦΣǐ Ȃǜ इ Ȃȓ ऀअॶ ƷȖ ǌȂǆȠǻǐǼȝǐǌ ǦǼ ȝǣǐ ǶƷȝǐȖȝ ΗǐȓȖǦȂǼ Ȃǜ ȝǣǐ

ȖȂǜȝΘƷȓǐ ȂǼ %Ǧȝ,Ƞǅॽ

Bȡǫǯȕ bȲǖȅțȅțǼ

$Ȃȓ ǦǼǦȝǦƷǶ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝ ƷǼǌ ƷǼƷǶΞȖǦȖ Ȃǜ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॶ ȝǣǐ ǆǐǶǶ ǶǦǼǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ

ǌƷȝƷȖǐȝ ΘƷȖ ȓƷǼǌȂǻǶΞ ȏƷȓȝǦȝǦȂǼǐǌ ǦǼȝȂ ȝȓƷǦǼǦǼǝॶ ΗƷǶǦǌƷȝǦȂǼॶ ƷǼǌ ȝǐȖȝ Ȗǐȝ ǦǼ ȝǣǐ ȏȓȂȏȂȓȝǦȂǼ Ȃǜ ऄअ Ǽ

 ऄࣿ ǆȂǼǌǦȝǦȂǼȖॶ ऀः Ǽ  ऀँ ǆȂǼǌǦȝǦȂǼȖॶ ƷǼǌ ंࣿ Ǽ  ँआ ǆȂǼǌǦȝǦȂǼȖॽ ऀॶऄࣿࣿ ǻȂǌǐǶȖ Θǐȓǐ ǝǐǼǐȓৄ

Ʒȝǐǌ ȂǼ ऀॶऄࣿࣿ ǦǼǌǐȏǐǼǌǐǼȝǶΞ ȓƷǼǌȂǻৄȏƷȓȝǦȝǦȂǼǐǌ ǌƷȝƷȖǐȝȖॽ

bǣǐ ǻȂǌǐǶȖ Θǐȓǐ ǐΝƷǻǦǼǐǌ ƷǼǌ ǆƷȝǐǝȂȓǦΣǐǌ ǦǼȝȂ ǼȂǼৄȂȖǆǦǶǶƷȝǦǼǝ ƷǼǌ ȂȖǆǦǶǶƷȝǦǼǝ ȖȂǶȠȝǦȂǼȖ ǅƷȖǐǌ

ȂǼ ȝǦǻǐ ǌǐȓǦΗƷȝǦΗǐȖ Ʒȝ ȝǣǐ ЖǼƷǶ ȝǦǻǐ Ȗȝǐȏ Ȃǜ ȝǣǐ H�� ȖǦǻȠǶƷȝǦȂǼॽ bǣǐ ǼȂǼৄȂȖǆǦǶǶƷȝǦǼǝ ȖȂǶȠȝǦȂǼȖ Ʒȓǐ

ǌǐЖǼǐǌ ƷȖ ȝǣȂȖǐ ΘǦȝǣ ȝǣǐ ƷΗǐȓƷǝǐ ƷǅȖȂǶȠȝǐ ΗƷǶȠǐ Ȃǜ ȝǦǻǐ ǌǐȓǦΗƷȝǦΗǐȖ Ȃǜ ƷǶǶ ǼȂǌǐȖ ƷǼǌ ǆȂǼǌǦȝǦȂǼȖ ǦǼ ȝǣǐ

ȝȓƷǦǼǦǼǝ Ȗǐȝ ȖǻƷǶǶǐȓ ȝǣƷǼ ܰॶ Ǧॽǐॽ 
Ț
∑Ț

ȅ= |
∂ܸͣȅ (ȼ)
∂ȼ | < ܰঃܰ = ǯ − ࣡ࣤॽ /Ǽ ǐƷǆǣ ǆƷȝǐǝȂȓΞॶ ȝΘǐǼȝΞ ǻȂǌǐǶȖ

Θǐȓǐ ȓƷǼǌȂǻǶΞ ȖǐǶǐǆȝǐǌॶ ƷǼǌ ǐƷǆǣ ȓǐৄȝȓƷǦǼǐǌ ΘǦȝǣ ȝǣǐ ȂȓǦǝǦǼƷǶ ǌƷȝƷ ȏƷȓȝǦȝǦȂǼǦǼǝ ǅȠȝ ǜȂȓȝΞ ǌǦЍǐȓǐǼȝ

ȓƷǼǌȂǻ ȖǐǐǌȖॶ ǆȂΗǐȓǦǼǝ ƷǶǶ ȝǣǐ ȓƷǼǌȂǻ ȏȓȂǆǐȖȖǐȖ ǦǼ ȝȓƷǦǼǦǼǝॶ ǦǼǆǶȠǌǦǼǝ ȏƷȓƷǻǐȝǐȓ ǦǼǦȝǦƷǶǦΣƷȝǦȂǼ ƷǼǌ

ǻǦǼǦৄǅƷȝǆǣǦǼǝ ȖƷǻȏǶǦǼǝॽ HȖǆǦǶǶƷȝǦǼǝ ȖȂǶȠȝǦȂǼȖ ǆȂǻȏȓǦȖǐ ƷǅȂȠȝ ंࣿ ȏǐȓǆǐǼȝ Ȃǜ ƷǶǶ ǻȂǌǐǶȖॽ /Ǽ ȝǣǐ ǜȂǶৄ

ǶȂΘǦǼǝ ƷǼƷǶΞȖǦȖॶ ǻȂǌǐǶȖ ȝǣƷȝ ǆȂǼΗǐȓǝǐǌ ȝȂ ȂȖǆǦǶǶƷȝǦǼǝ ȖȂǶȠȝǦȂǼȖ Θǐȓǐ ǐΝǆǶȠǌǐǌॽ

eǼǌǐȓ ȝǣǐ ȝȓƷǦǼǦǼǝ Ȗǆǣǐǻǐ ȠȖǦǼǝ ȓƷǼǌȂǻ ǌƷȝƷ ȏƷȓȝǦȝǦȂǼॶ Θǐ ǐΝƷǻǦǼǐǌ ȝǣǐ ȖǐǼȖǦȝǦΗǦȝΞ ȝȂ ǌƷȝƷ ȖǆƷǶৄ

ǦǼǝ ƷǼǌ ȝȂ ȝǣǐ ǆǣȂǦǆǐ Ȃǜ H�� ȖȂǶΗǐȓॶ ǅΞ ƷȏȏǶΞǦǼǝ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǻȂǌǦЖǆƷȝǦȂǼȖ ȝȂ ȝǣǐ ǌƷȝƷ Ȃȓ ȝǣǐ

ǻȂǌǐǶ ƷǼǌ ǐΗƷǶȠƷȝǦǼǝ ȝǣǐ ǆǣƷǼǝǐȖ Ȃǜ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐॽ Ǧ /Ǽ ƷǌǌǦȝǦȂǼ ȝȂ ȝǣǐ ǶȂǝँ ȖǆƷǶǐ Ȃǜ ȝǣǐ ȓƷȝǦȂ

Ȃǜ ǻǐƷȖȠȓǐǻǐǼȝȖ ǦǼ ȏǐȓȝȠȓǅǐǌ ǆȂǼǌǦȝǦȂǼȖ ȂΗǐȓ ȠǼȏǐȓȝȠȓǅǐǌ ǆȂǼǌǦȝǦȂǼȖॶ Θǐ ƷȏȏǶǦǐǌ Ȃȝǣǐȓ ȖǆƷǶǦǼǝȖ ȝȂ

ःऀ



ȝǣǐ ȓƷΘ ǌƷȝƷ ȝȂ ǝǐǼǐȓƷȝǐ ǻȂǌǐǶ ǦǼȏȠȝॶ ǦǼǆǶȠǌǦǼǝ Ʒ ǼȂǼৄǶȂǝ ǶǦǼǐƷȓ ȖǆƷǶǐॽ ǦǦ /ȝ ǣƷȖ ǅǐǐǼ ƷȓǝȠǐǌ ȝǣƷȝ

ȝǣǐ ȖǐǶǐǆȝǦȂǼ Ȃǜ ǼȠǻǐȓǦǆƷǶ ǻǐȝǣȂǌȖ ǆȂȠǶǌ ǣƷΗǐ Ʒ ȖǦǝǼǦЖǆƷǼȝ ǦǼЙȠǐǼǆǐ ȂǼ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝऀऄइॽ bȂ ȝǐȖȝ

ȖȠǆǣ ǶǦǻǦȝƷȝǦȂǼȖॶ Θǐ ȝǐȖȝǐǌ Ȃȝǣǐȓ ǼȠǻǐȓǦǆƷǶ H�� ȖȂǶΗǐȓȖॶ ǦǼǆǶȠǌǦǼǝ �ȠǶǐȓ ǻǐȝǣȂǌȖॶ BǦǌȏȂǦǼȝ ǻǐȝǣৄ

ȂǌȖॶ ƷǼǌ XȠǼǝǐৄ<ȠȝȝƷ ǻǐȝǣȂǌȖॶ ǦǼ ƷǌǌǦȝǦȂǼ ȝȂ ,ǐȠǼȖ H�� ȖȂǶΗǐȓॽ HǼ ȝǣǐ ǆȠȓȓǐǼȝ ǌƷȝƷȖǐȝॶ ȝǣǐȖǐ

ǌǦЍǐȓǐǼȝ ǻǐȝǣȂǌȖ ȏǐȓǜȂȓǻ ȖǦǻǦǶƷȓǶΞॽ

�Ȳȡȵȵठqǖȕȅǫǖȼȅȡțȵ

/Ǽ ȝǣǐ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ ȝƷȖǴॶ ƷǶǶ ȖǦǼǝǶǐৄǌȓȠǝ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ƷǶǶȂǆƷȝǐǌ ȝȂ ȝǣǐ ȝȓƷǦǼǦǼǝ Ȗǐȝ Ǽ  ँं

ǆȂǼǌǦȝǦȂǼȖॶ ƷǼǌ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ȓƷǼǌȂǻǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ƷǻȂǼǝ ȝǣǐ

ΗƷǶǦǌƷȝǦȂǼ ƷǼǌ ȝǐȖȝ Ȗǐȝ Ǽ  ऄं ǆȂǼǌǦȝǦȂǼȖ ǦǼ Ʒ ँࣿइࣿ ȓƷȝǦȂॽ bȂ ǐΗƷǶȠƷȝǐ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ǅΞ ǆȓȂȖȖৄ

ΗƷǶǦǌƷȝǦȂǼ ǜȂȓ ǐƷǆǣ ǌȓȠǝॶ ȝǣǐ ǌƷȝƷ Θǐȓǐ ȏƷȓȝǦȝǦȂǼǐǌ ǦǼȝȂ ȝȓƷǦǼǦǼǝ Ǽ  आइ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ȝǐȖȝ Ǽ 

ऀऀ ǆȂǼǌǦȝǦȂǼȖ ȖǐȝȖॶ Θǣǐȓǐ ǐƷǆǣ ȝǐȖȝ Ȗǐȝ ǆȂǼȝƷǦǼȖ ƷǶǶ ȝǣǐ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ΘǦȝǣ ȝǣǐ ȏƷȓৄ

ȝǦǆȠǶƷȓ ǌȓȠǝॽ ँࣿ Ȃǜ ȝȓƷǦǼǦǼǝ ǆȂǼǌǦȝǦȂǼȖ Ǽ  ऀऄ Ʒȓǐ ȠȖǐǌ ƷȖ Ʒ ΗƷǶǦǌƷȝǦȂǼ Ȗǐȝॽ bǣǐ ȏȓǐǌǦǆȝǦȂǼȖ ȂǼ

ȝǣǐ ȝǐȖȝ Ȗǐȝ Θǐȓǐ ƷΗǐȓƷǝǐǌ ȂΗǐȓ ऀࣿࣿ ǻȂǌǐǶȖॽ /Ǽ ȝǣǐ ǻȂȓǐ ȖȝȓǦǼǝǐǼȝ ǶǐƷΗǐৄȂǼǐৄǌȓȠǝৄȂȠȝ ȝƷȖǴ Θǣǐȓǐ ƷǶǶ

ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ǦǼΗȂǶΗǦǼǝ ȂǼǐ ǌȓȠǝ Θǐȓǐ ΘǦȝǣǣǐǶǌ ƷȖ ȝǣǐ ȝǐȖȝ Ȗǐȝॶ ȝǣǐ ǐΗƷǶȠƷȝǦȂǼ Ȃǜ ǻȂǌǐǶ

ȏǐȓǜȂȓǻƷǼǆǐ ΘƷȖ ǆȂǼǌȠǆȝǐǌ ǅΞ ƷȏȏǶΞǦǼǝ ȏǐȓȝȠȓǅƷȝǦȂǼ Ȃǜ ȝǣǐ ȖƷǻǐ ȖȝȓǐǼǝȝǣ ǌǦȓǐǆȝǶΞ ȂǼ ȝǣǐ ǌȂΘǼৄ

ȖȝȓǐƷǻ ǐЍǐǆȝȂȓ ǼȂǌǐ Ȃǜ ǐƷǆǣ ΘǦȝǣǣǐǶǌ ǌȓȠǝ ƷǆȝǦΗǦȝΞ ǼȂǌǐॽ

bǣǐ �ǐǶǦǐǜ UȓȂȏƷǝƷȝǦȂǼ �U ǻȂǌǐǶȖ ǜȂȓ ǅȂȝǣ ȖǦǼǝǶǐৄȝȂৄǆȂǻǅȂ ƷǼǌ ǆȓȂȖȖৄΗƷǶǦǌƷȝǦȂǼ ȏȓǐǌǦǆȝǦȂǼ

Θǐȓǐ ȏǐȓǜȂȓǻǐǌ ƷȖ ǦǼ ȂȠȓ ǐƷȓǶǦǐȓ ȏȠǅǶǦǆƷȝǦȂǼ ǣȝȝȏȖॵǝǦȝǣȠǅॽǆȂǻǴȂȓǴȠȝǶƷǅȏǐȓȝǅǦȂॽ bǣǐ ȏȓǐǌǦǆৄ

ȝǦȂǼȖ ȂǼ ȝǣǐ ȝǐȖȝ Ȗǐȝ Θǐȓǐ ƷΗǐȓƷǝǐǌ ȂΗǐȓ ऀࣿࣿ ǻȂǌǐǶȖॽ bǣǐ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶ CC ǼǐȝΘȂȓǴ

ǣƷǌ ँ ǌǐǼȖǐǶΞ ǆȂǼǼǐǆȝǐǌ ǣǦǌǌǐǼ ǶƷΞǐȓȖ ǣǦǌǌǐǼ ǶƷΞǐȓ ,ऀॵ ँࣿ ǼǐȠȓȂǼȖॶ ,ँॵ ऀࣿࣿ ǼǐȠȓȂǼȖॶ ǆȂǼǼǐǆȝǦǼǝ

ȝǣǐ ȏƷȓƷǻǐȝǐȓǦΣǐǌ ȏǐȓȝȠȓǅƷȝǦȂǼ ȝǐǼȖȂȓ ΘǦȝǣ ȝǣǐ ǆǐǶǶ ȓǐȖȏȂǼȖǐ ȝǐǼȖȂȓॽ sǐ ȠȖǐǌ ȝǣǐ ȝƷǼǣ ƷǆȝǦΗƷȝǦȂǼ

ǜȠǼǆȝǦȂǼ ǜȂȓ ȝǣǐ ǣǦǌǌǐǼ ǶƷΞǐȓȖ ƷǼǌ ȝǣǐ ǶǐƷǴΞ ȓǐǆȝǦЖǐǌ ǶǦǼǐƷȓ ȠǼǦȝ ǜȠǼǆȝǦȂǼ Xǐ=e ǜȂȓ ȝǣǐ ȂȠȝȏȠȝ

ǶƷΞǐȓॽ bǣǐ CCǻȂǌǐǶȖ Θǐȓǐ ǆȂǼȖȝȓȠǆȝǐǌ ǦǼ ȝǣǐ bǐǼȖȂȓ$ǶȂΘ ǜȓƷǻǐΘȂȓǴ ǦǼ UΞȝǣȂǼ ƷǼǌ ȂȏȝǦǻǦΣǐǌ ȠȖৄ

ǦǼǝ ȝǣǐ ȖƷǻǐ ȂȏȝǦǻǦΣƷȝǦȂǼ ǻǐȝǣȂǌȖ �ǌƷǻ ȂȏȝǦǻǦΣǐȓॽ bǣǐ ǆȂৄǐΝȏȓǐȖȖǦȂǼ ȖȝƷȝǦǆ ǻȂǌǐǶ �ȂৄǐΝȏ

ःँ



ΘƷȖ ǆȂǼȖȝȓȠǆȝǐǌ ǦǼ ȝǣǐ UΞȝǣȂǼ ǐǼΗǦȓȂǼǻǐǼȝ ȠȖǦǼǝ ȝǣǐ ȖǴǶǐƷȓǼ ΗǐȓȖǦȂǼ  ࣿॽँऀॽंॶ ǣȝȝȏȖॵȖǆǦǴǦȝৄ

ǶǐƷȓǼॽȂȓǝȖȝƷǅǶǐ BȠǶȝǦbƷȖǴ�ǶƷȖȝǦǆCǐȝ�qǻȂǌȠǶǐॶ ΘǣǦǆǣ ǦȖ Ʒ ǶǦǼǐƷȓ ȓǐǝȓǐȖȖǦȂǼ ǻȂǌǐǶ ΘǦȝǣ =ऀ ƷǼǌ

=ँ ȓǐǝȠǶƷȓǦΣƷȝǦȂǼȖ ΘǣȂȖǐ ȖȝȓǐǼǝȝǣȖ Ʒȓǐ ƷȠȝȂǻƷȝǦǆƷǶǶΞ ǌǐȝǐȓǻǦǼǐǌ ȠȖǦǼǝ ǅȠǦǶȝৄǦǼ ǆȓȂȖȖৄΗƷǶǦǌƷȝǦȂǼॽ

bǣǐ ǻȂǌǐǶ ΘƷȖ ȝȓƷǦǼǐǌ ȝȂ ȠȖǐ ȝǣǐ ǆǣƷǼǝǐȖ ǦǼ ǶǐΗǐǶȖ Ȃǜ ǐƷǆǣ ȏƷǦȓ Ȃǜ ȏȓȂȝǐǦǼ ǼȂǌǐȖ ǦǼȏȠȝ ȝȂ ȏȓǐǌǦǆȝ

ǶǐΗǐǶȖ ǜȂȓ ȝǣǐ ȓǐȖȝ Ȃǜ ȝǣǐ ȏȓȂȝǐǦǼȖ ƷǼǌ ȏǣǐǼȂȝΞȏǐȖ ȂȠȝȏȠȝॽ bȂ ǆȂǻȏƷȓǐ ȝǣǐ ǜȂȠȓ ǌǦЍǐȓǐǼȝ ȏȓǐǌǦǆȝǦΗǐ

ǻȂǌǐǶȖॶ �ǐǶǶ�ȂΝॶ �Uॶ CCॶ ƷǼǌ �Ȃৄ ǐΝȏॶ ȝǣǐ ȏƷǦȓǐǌ ȝৄȝǐȖȝ ȂǼ ȝΘȂ ȓǐǶƷȝǐǌ ȖƷǻȏǶǐȖ ΘƷȖ ȠȖǐǌ ȝȂ ƷǼƷǶΞΣǐ

ȝǣǐ ǌǦЍǐȓǐǼǆǐ ǅǐȝΘǐǐǼ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ȝǐȖȝ Ȗǐȝ ǆȂȓȓǐǶƷȝǦȂǼ ƷǼǌ ȝȂ ƷȖȖǦǝǼ ȏৄΗƷǶȠǐȖॽ

[ǯțȵȅȼȅ͝ȅȼͤ �țǖȕͤȵȅȵ

sǐ ǆȂǼǌȠǆȝǐǌ Ʒ ȖǐǼȖǦȝǦΗǦȝΞ ƷǼƷǶΞȖǦȖ Ȃǜ ȂȠȓ ǻȂǌǐǶ ȝȂ ǐΗƷǶȠƷȝǐ ȝǣǐ ȓȂǅȠȖȝǼǐȖȖ Ȃǜ ǦȝȖ ȏȓǐǌǦǆȝǦȂǼ ǦǼ

ȓǐȖȏȂǼȖǐ ȝȂ ǼȂǦȖǐॽ bȂ ǻȂǌǐǶ ǐΝȏǐȓǦǻǐǼȝƷǶ ǼȂǦȖǐॶ Θǐ ЖȓȖȝ ƷȏȏǶǦǐǌ ΗƷȓΞǦǼǝ ǶǐΗǐǶȖ Ȃǜ ǻȠǶȝǦȏǶǦǆƷȝǦΗǐ

%ƷȠȖȖǦƷǼ ǼȂǦȖǐ ȝȂ ȝǣǐ ǦǼȏȠȝ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ǌƷȝƷ �ȒȠƷȝǦȂǼ ऀॽःॽ bǣǐ ƷȖȖȠǻȏȝǦȂǼ ǦȖ ȝǣƷȝ

ȝǣǐ ȠǼǆǐȓȝƷǦǼȝΞ ƷǼǌ ǼȂǦȖǐ ǦǼ ǐΝȏǐȓǦǻǐǼȝƷǶ ǻǐƷȖȠȓǐǻǐǼȝȖ ƷȓǦȖǐ ƷȓȂȠǼǌ ȝǣǐ ȝȓȠǐ ΗƷǶȠǐȖ ΘǦȝǣ Ʒ ȖǆƷǶǦǼǝ

ǜƷǆȝȂȓ ǌǐȏǐǼǌǦǼǝ ȂǼ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ƷȏȏȓȂƷǆǣॽ

ͣȅ(ȼ) = ͣ∗ȅ (ȼ) ∗C(, ܰȚȿȕ) ऀॽः

bǣǐ ȖǆƷǶǦǼǝ ǜƷǆȝȂȓ ǜȂȓ ǐƷǆǣ ǼȂǌǐ ƷǼǌ ǐƷǆǣ ǆȂǼǌǦȝǦȂǼ ΘƷȖ ǦǼǌǐȏǐǼǌǐǼȝǶΞ ǌȓƷΘǼ ǜȓȂǻ Ʒ %ƷȠȖȖǦƷǼ

ǌǦȖȝȓǦǅȠȝǦȂǼC(, ܰȚȿȕ)ΘǦȝǣ Ʒ ǻǐƷǼ Ȃǜ ऀ ƷǼǌ Ʒ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ Ȃǜ ܰȚȿȕॽ ͣ∗ȅ (ȼ) ȓǐȏȓǐȖǐǼȝȖ ȝǣǐ ǐΝৄ

ȏǐȓǦǻǐǼȝƷǶ ǻǐƷȖȠȓǐǻǐǼȝȖॶ ƷǼǌ ͣȅ(ȼ) ȓǐȏȓǐȖǐǼȝȖ ȝǣǐ ΗƷǶȠǐȖ ΘǦȝǣ ǼȂǦȖǐ Ʒǌǌǐǌॽ $Ȃȓ ǐƷǆǣ ǼȂǦȖǐ ǶǐΗǐǶॶ

Θǐ ǐΗƷǶȠƷȝǐǌ ऀऄ ǌǦЍǐȓǐǼȝ ȝȓƷǦǼǦǼǝΗƷǶǦǌƷȝǦȂǼȝǐȖȝ ȏƷȓȝǦȝǦȂǼǦǼǝॶ ƷǼǌ ǐƷǆǣ ΘǦȝǣ ऄ ǦǼǌǐȏǐǼǌǐǼȝ ȓƷǼৄ

ǌȂǻ ǼȂǦȖǐ ȏƷȝȝǐȓǼȖॽ BȂǌǐǶ ȝȓƷǦǼǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ ǼȂǦȖΞ ȝȓƷǦǼǦǼǝ ƷǼǌ ΗƷǶǦǌƷȝǦȂǼ ȖǐȝȖॶ ΘǣǦǶǐ ȝǣǐ

ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ǐΗƷǶȠƷȝǦȂǼ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ ȝǣǐ ȂȓǦǝǦǼƷǶॶ ǼȂǦȖǐৄǜȓǐǐ ȝǐȖȝ ǌƷȝƷॽ $Ȃȓ ǐƷǆǣ ǼȂǦȖǐ

ǶǐΗǐǶॶ ȝǣǐ ȏǐȓǆǐǼȝƷǝǐ Ȃǜ ȖȠǆǆǐȖȖǜȠǶ ǻȂǌǐǶȖॶ ǌǐЖǼǐǌ ƷȖ ȝǣȂȖǐ ȝǣƷȝ ǆȂǼΗǐȓǝǐǌ ǦǼ ȝǐȓǻȖ Ȃǜ ǅȂȝǣB[� ƷǼǌ

ȂȖǆǦǶǶƷȝǦȂǼ ЖǶȝǐȓȖॶ ΘƷȖ ȓǐǆȂȓǌǐǌॽ

bȂ ǜȠȓȝǣǐȓ ǐΗƷǶȠƷȝǐ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ǜȓȂǻ Ʒ ȝǐǆǣǼǦǆƷǶ ȏǐȓȖȏǐǆȝǦΗǐॶ Θǐ ƷȏȏǶǦǐǌ ƷǌǌǦȝǦΗǐ %ƷȠȖৄ

ःं



ȖǦƷǼ ǼȂǦȖǐ ȝȂ ȝǣǐ ǦǼȏȠȝ ǌƷȝƷ �ȒȠƷȝǦȂǼ ऀॽऄ ƷǼǌ ǐΗƷǶȠƷȝǐǌ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ƷȖ ƷǅȂΗǐॽ

ͣȅ(ȼ) = ͣ∗ȅ (ȼ) +C(࣡, ܰǖǫǫ) ऀॽऄ

sǐ ǐΝƷǻǦǼǐǌ ǻȂǌǐǶ ȖǐǼȖǦȝǦΗǦȝΞ ȝȂ ȝȓƷǦǼǦǼǝ ƷǼǌ ΗƷǶǦǌƷȝǦȂǼ Ȗǐȝ ȖǦΣǐॽ sǐ ȓǐǌȠǆǐǌ ȝǣǐ ǆȂǻǅǦǼǐǌ ȖǦΣǐ

Ȃǜ ȝǣǐ ȝȓƷǦǼǦǼǝ ƷǼǌ ΗƷǶǦǌƷȝǦȂǼ Ȗǐȝॶ ǜȓȂǻ ईࣿ ȝȂ ऀࣿ ǦǼ ȖȝǐȏȖ Ȃǜ ऀࣿॶ ΘǣǦǶǐ ǴǐǐȏǦǼǝ ȝǣǐǦȓ ȓǐǶƷȝǦΗǐ ȖǦΣǐ

ǆȂǼȖȝƷǼȝॶ ःॵऀॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ǌƷȝƷ Θǐȓǐ ƷǶǶȂǆƷȝǐǌ ȝȂ ȝǣǐ ȝǐȖȝ Ȗǐȝॽ $Ȃȓ ǐƷǆǣ ȝȓƷǦǼǦǼǝ Ȗǐȝ ȖǦΣǐॶ ȝǣǐ ȏǐȓৄ

ǆǐǼȝƷǝǐ Ȃǜ ȖȠǆǆǐȖȖǜȠǶ ǻȂǌǐǶȖॶ ǌǐЖǼǐǌ ƷȖ ȝǣȂȖǐ ȝǣƷȝ ǆȂǼΗǐȓǝǐǌ ǦǼ ȝǐȓǻȖ Ȃǜ ǅȂȝǣB[� ƷǼǌ ȂȖǆǦǶǶƷȝǦȂǼ

ЖǶȝǐȓȖॶ ΘƷȖ ȓǐȏȂȓȝǐǌॽ

Cǯȼ͞ȡȲȓ /țȼǯȲȮȲǯȼǖȼȅȡț

bǣǐ ǐǼȝǦȓǐ ǌƷȝƷȖǐȝ ΘƷȖ ȠȖǐǌ ȝȂ ǝǐǼǐȓƷȝǐ ऀॶࣿࣿࣿ ǜȠǶǶ ȖȠǆǆǐȖȖǜȠǶ ǻȂǌǐǶȖॶ ǐƷǆǣ ΘǦȝǣ ƷǼ ǦǼǌǐȏǐǼǌǐǼȝ

ǌƷȝƷ ȏƷȓȝǦȝǦȂǼǦǼǝ Ȃǜ ȝȓƷǦǼǦǼǝ Ǽ  आऀ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ΗƷǶǦǌƷȝǦȂǼ Ǽ  ऀइ ǆȂǼǌǦȝǦȂǼȖॽ $Ȃȓ ǐƷǆǣ ǦǼৄ

ǜǐȓȓǐǌ ǦǼȝǐȓƷǆȝǦȂǼ ͞ȅȐ ǅǐȝΘǐǐǼ ȝΘȂ ǼȂǌǐȖ ǜȓȂǻ ȝǣǐ ऀॶࣿࣿࣿ ǜȠǶǶ ǻȂǌǐǶȖॶ Ʒ ȝৄȖǆȂȓǐ  ͞ȅȐ
ȵ
√
Ț  ΘǣǦǆǣ ǦȖ ǐǜৄ

ǜǐǆȝǦΗǐǶΞ Ʒ ȂǼǐৄȖƷǻȏǶǐ [ȝȠǌǐǼȝȖ ȝ ȝǐȖȝ ΘǦȝǣ ȝǣǐ ǼȠǶǶ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ ȝǣǐ ȏȂȏȠǶƷȝǦȂǼ ǻǐƷǼ ǦȖ ΣǐȓȂ ΘƷȖ

ǆƷǶǆȠǶƷȝǐǌ ƷȖ ƷǼ ǦǼǌǦǆƷȝǦȂǼ Ȃǜ ȝǣǐ ǆȂǼЖǌǐǼǆǐ ǶǐΗǐǶ Ȃǜ ȂǅȝƷǦǼǦǼǝ Ʒ ΗƷǶȠǐ ǌǦЍǐȓǐǼȝ ǜȓȂǻ ΣǐȓȂॶ Θǣǐȓǐ

ΘǦǱ ǦȖ ȝǣǐ ƷΗǐȓƷǝǐ ǦǼȝǐȓƷǆȝǦȂǼ ȖȝȓǐǼǝȝǣ ƷǆȓȂȖȖ ǻȂǌǐǶȖॶ ȵ ǦȖ ȝǣǐ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼॶȚ ǦȖ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ

ǻȂǌǐǶȖ ǻ  ऀॶࣿࣿࣿॽ

/Ǽ Ȃȓǌǐȓ ȝȂ ǆȂǻȏƷȓǐ ȝǣǐ ǻȂǌǐǶ ǦǼǜǐȓȓǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ȝȂ ȝǣȂȖǐ ȏȓǐȖǐǼȝ ǦǼ ȏȓǦȂȓৄǴǼȂΘǶǐǌǝǐ ȏƷȝǣΘƷΞ

ǌƷȝƷǅƷȖǐȖॶ ƷǶǶ ȝǣǐ ȏȓȂȝǐǦǼȖ ƷǼǌ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼȖ ǼȂǌǐȖ Θǐȓǐ ǦǌǐǼȝǦЖǐǌ ǅΞ ȝǣǐǦȓ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ǝǐǼǐ

ǼƷǻǐȖॽ bǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ Θǐȓǐ ǆȂǻȏƷȓǐǌ ƷǝƷǦǼȖȝ ȝǣǐ UƷȝǣΘƷΞ �ȂǻǻȂǼȖ U� ǌƷȝƷǅƷȖǐ ǆȠȓȓǐǼȝ

ΗǐȓȖǦȂǼ Ʒȝ ǣȝȝȏȖॵΘΘΘॽȏƷȝǣΘƷΞǆȂǻǻȂǼȖॽȂȓǝƷȓǆǣǦΗǐȖU�ँΗऀऀ ȠȖǦǼǝ ȝǣǐ ȏƷΝȝȂȂǶȖȓऀऄई ȖȂǜȝΘƷȓǐॽ

bǣǐ ǌƷȝƷǅƷȖǐ ΘƷȖ ЖǶȝǐȓǐǌ ǌȂΘǼ ȝȂ ǌǦȓǐǆȝ ǦǼȝǐȓƷǆȝǦȂǼȖॶ ΘǣǦǆǣ ǦǼǆǶȠǌǐ ৗǆȂǼȝȓȂǶȖ ǐΝȏȓǐȖȖǦȂǼ Ȃǜॶ ৗǆȂǼৄ

ȝȓȂǶȖ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜॶ ৗǆȂǼȝȓȂǶȖ ȖȝƷȝǐ ǆǣƷǼǝǐ Ȃǜॶ ৗǆȂǼȝȓȂǶȖ ȏȓȂǌȠǆȝǦȂǼ Ȃǜॶ ৗǆȂǼȝȓȂǶȖ ȝȓƷǼȖȏȂȓȝ

Ȃǜॶ ƷǼǌ ৗǆȂǼȝȓȂǶȖ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǆǣǐǻǦǆƷǶॽ �ǶǶ ȝǣǐ ǌǦȓǐǆȝ ǦǼȝǐȓƷǆȝǦȂǼȖ Θǐȓǐ ǆȂǼΗǐȓȝǐǌ ȝȂ Ʒ ǌǦȓǐǆȝǐǌ

U� ǝȓƷȏǣ ȠȖǦǼǝ ǦǝȓƷȏǣ ΗǐȓȖǦȂǼ  ऀॽँॽःॽऀॶ ǣȝȝȏȖॵǦǝȓƷȏǣॽȂȓǝȓॽ � ǌǦȖȝƷǼǆǐ ΘƷȖ ǆƷǶǆȠǶƷȝǐǌ ƷȖ ȝǣǐ

ःः



ǶǐǼǝȝǣ Ȃǜ ȝǣǐ ȖǣȂȓȝǐȖȝ ȏƷȝǣȖ ǅǐȝΘǐǐǼ ȝΘȂ ǆȂǻȏȂǼǐǼȝȖ ǦǼ ȝǣǐ U� ǝȓƷȏǣॽ

bȂ ȏȓȂΗǦǌǐ ƷǼ ƷǌǌǦȝǦȂǼƷǶ ǆȂǻȏƷȓǦȖȂǼ ΘǦȝǣ Ʒ ΘǐǶǶৄǴǼȂΘǼ ƷǶȝǐȓǼƷȝǦΗǐ ǻǐȝǣȂǌ ǜȂȓ ǼǐȝΘȂȓǴ ǦǼǜǐȓৄ

ǐǼǆǐॶ ȝǣǐ ȏƷȓȝǦƷǶ ǦǼǜȂȓǻƷȝǦȂǼ ǌǐǆȂǻȏȂȖǦȝǦȂǼ ƷǼǌ ǆȂǼȝǐΝȝ U/�� ƷǶǝȂȓǦȝǣǻ ΘƷȖ ǦǻȏǶǐǻǐǼȝǐǌ ǦǼ ȝǣǐ

UΞȝǣȂǼ ǐǼΗǦȓȂǼǻǐǼȝ ǅƷȖǐǌ ȂǼ ȝǣǐ ǌǐȝƷǦǶǐǌ ǻƷȝǣǐǻƷȝǦǆƷǶ ǌǐȖǆȓǦȏȝǦȂǼ Ȃǜ ȝǣǐ ƷǶǝȂȓǦȝǣǻ ǦǼ �ǣƷǼ ǐȝ

ƷǶॽईँॽ bǣǐ ȖƷǻǐ ǼȠǻǅǐȓ Ȃǜ U/�� ǼǐȝΘȂȓǴȖ ǻ  ऀॶࣿࣿࣿॶ ȖƷǻǐ ƷȖ ǜȂȓ �ǐǶǶ�ȂΝ Θǐȓǐ ǝǐǼǐȓƷȝǐǌ ǅƷȖǐǌ

ȂǼ ऀॶࣿࣿࣿ ǦǼǌǐȏǐǼǌǐǼȝ ȓƷǼǌȂǻ ȏƷȓȝǦȝǦȂǼȖ Ȃǜ ȝǣǐ ǐǼȝǦȓǐ ǌƷȝƷȖǐȝ इࣿ Ȃǜ ȝǣǐ ǆȂǼǌǦȝǦȂǼȖ Θǐȓǐ ȠȖǐǌ ȝȂ

ǦǼǜǐȓ U/�� ǼǐȝΘȂȓǴȖॽ bǣǐ ȝ ȝǐȖȝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȝȂ ǆȂǻȏƷȓǐ ȝǣǐ ǌǦЍǐȓǐǼǆǐ ǦǼ ǻǐƷǼȖ ǅǐȝΘǐǐǼ ȝǣǐ

ǼȠǻǅǐȓ Ȃǜ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼǜǐȓȓǐǌ ǅΞ �ǐǶǶ�ȂΝ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ƷǼǌ U/�� ǼǐȝΘȂȓǴȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ

ȝǣǐ U� ǌƷȝƷǅƷȖǐॽ

Bȡǫǯȕ UȲǯǫȅǥȼȅȡțȵ

sǐ ȠȖǐǌ ȝǣǐ ǻȂǌǐǶȖ ȝȓƷǦǼǐǌ ΘǦȝǣ ȝǣǐ ǜȠǶǶ ǼȂǼৄȏƷȓȝǦȝǦȂǼǐǌ ǌƷȝƷȖǐȝ ȝȂ ȖǦǻȠǶƷȝǐ ȓǐȖȏȂǼȖǐȖ Ȃǜ ǼȂΗǐǶॶ

ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȠǼȂǅȖǐȓΗǐǌॶ ǦǼ ȖǦǶǦǆȂ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॽ bǣǐȖǐ ǆȂǼǌǦȝǦȂǼȖ ǦǼǆǶȠǌǐǌ ǌǦЍǐȓǐǼȝ

ǌȂȖǐȖ Ȃǜ ȖǦǼǝǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ЖΗǐ ǌǦЍǐȓǐǼȝ ǶǐΗǐǶȖ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ȖȝȓǐǼǝȝǣȖ ȿ ∈ [࣡, ࣤ] ȂǼ ƷǶǶ ǦǼৄ

ǌǦΗǦǌȠƷǶ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼ ƷǼǌ ǌȓȠǝ ƷǆȝǦΗǦȝΞ ǼȂǌǐȖ ΘǦȝǣǦǼ ȝǣǐ ǼǐȝΘȂȓǴ ƷǼǌ ƷȖ ΘǐǶǶ ƷȖ ƷǶǶ ȏƷǦȓΘǦȖǐ

ǆȂǻǅǦǼƷȝǦȂǼȖ țǖȕȕ = ࣪ࣥ ∗ ࣦ + �ࣣ࣪ࣥ ∗ ࣦࣣ = ࣡࣪, ࣦࣨࣥ ǆȂǼǌǦȝǦȂǼȖॽ bǣǐ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ Θǐȓǐ ǌΞৄ

ǼƷǻǦǆƷǶǶΞ ȖǦǻȠǶƷȝǐǌ ΘǦȝǣ ȿ ƷȖ ȝǣǐ ǦǼȏȠȝ ȏǐȓȝȠȓǅƷȝǦȂǼ ΘǦȝǣ ȝǣǐ ȖƷǻǐ ǼȠǻǅǐȓ Ȃǜ ȖȝǐȏȖ ƷȖ ǦǼ ȝȓƷǦǼǦǼǝ

Cȼ = ࣥ࣡࣡ॽ $Ȃȓ ǐƷǆǣ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼॶ ȏȓǐǌǦǆȝǦȂǼȖ ǜȂȓ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ Θǐȓǐ ƷΗǐȓƷǝǐǌ ƷǆȓȂȖȖ

ऀॶࣿࣿࣿ ǌǦЍǐȓǐǼȝ ǻȂǌǐǶȖॽ UǐȓȝȠȓǅƷȝǦȂǼȖ Θǐȓǐ ǼȂǻǦǼƷȝǐǌ ƷȖ ȝǣǐȓƷȏǐȠȝǦǆ ǆƷǼǌǦǌƷȝǐȖ ǅΞ ȓƷǼǴǦǼǝ ȝǣǐ

ȏȓǐǌǦǆȝǐǌ ǻƷǝǼǦȝȠǌǐ Ȃǜ ȝǣǐ ȏǣǐǼȂȝΞȏǦǆ ǆǣƷǼǝǐ ǦǼ ȝǐȓǻȖ Ȃǜ ǆǐǶǶ ǆΞǆǶǐ ƷȓȓǐȖȝॽ

ऀ৷इ UӏԏԚԞԏӂҷԚӢԀӹ ӂӢԀӲԀӚԮ ԏӏԓԀԞԏӅӏ

bǣǦȖ ǦȖ ƷǼ ȂǼǝȂǦǼǝ ȏȓȂǱǐǆȝ ΘǦȝǣ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǆȂǼȝȓǦǅȠȝǦǼǝ ƷȠȝǣȂȓȖॵ [ȝǐǜƷǼ UǐǦǌǶǦॶ bǐȖȖƷ %ȓǐǐǼॶ

:ȂȖǐȏǣBǦǼॶ :ƷǴǐ bƷΞǶȂȓৄ<ǦǼǝॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ bȂȓȖȝǐǼ %ȓȂȖȖॶ CǦǶȖ �ǶȤȝǣǝǐǼॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

sǦȝǣ ȝǣǐ ǶƷȝǐȖȝ ǜȠǼǆȝǦȂǼƷǶ ǝǐǼȂǻǦǆȖ ȝǐǆǣǼǦȒȠǐȖॶ Θǐ ǆƷǼ ǼȂΘ ȏǐȓǜȂȓǻ ǶƷȓǝǐ ȖǆƷǶǐ �X/[UX ȖǆȓǐǐǼȖ

ःऄ



ΘǦȝǣ ȖǦǼǝǶǐ ǆǐǶǶ ȓǐƷǌȂȠȝȖ ȏȓȂΗǦǌǦǼǝ Ʒ ȓǐǻƷȓǴƷǅǶǐ ǻƷȏ ǅǐȝΘǐǐǼ ǝǐǼȂȝΞȏǐॶ ȝȓƷǼȖǆȓǦȏȝȂǻǐऀअࣿॶ ƷǼǌ ǦǼ

ȖȂǻǐ ǆƷȖǐȖ ȏǣǐǼȂȝΞȏǐआईॽ [Ƞǆǣ ǶƷȓǝǐ ȖǆȓǐǐǼȖ ǌǐȖǦǝǼǐǌ ǅΞ ȓǐȖǐƷȓǆǣǐȓȖ ȝȂ ȖȝȠǌΞ ȏƷȓȝǦǆȠǶƷȓ ȖΞȖȝǐǻȖ Ȃǜ

ȝǣǐǦȓ ǦǼȝǐȓǐȖȝȖ ȓǐȖȠǶȝ ǦǼ Ʒ ǣǐȝǐȓȂǝǐǼǐȂȠȖ ǆȂǶǶǐǆȝǦȂǼ Ȃǜ ȖǦǼǝǶǐৄǆǐǶǶ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝȖ ΘǦȝǣ

Ʒ ȓƷǼǝǐ Ȃǜ ǌǦЍǐȓǐǼȝ ǆǐǶǶ ȝΞȏǐȖॶ ȖȠǆǣ ƷȖ ǦǻǻȂȓȝƷǶǦΣǐǌ ǆǐǶǶ ǶǦǼǐȖ ƷǼǌ ǦU[�ৄǌǐȓǦΗǐǌ ǻȂǌǐǶȖॶ ƷǼǌ ǌǦЍǐȓǐǼȝ

ǐǻǐȓǝǦǼǝ ȏǐȓȝȠȓǅƷȝǦȂǼ ȝǐǆǣǼȂǶȂǝǦǐȖॶ ǦǼǆǶȠǌǦǼǝ ǴǼȂǆǴȂȠȝȖॶ ƷǆȝǦΗƷȝǦȂǼॶ ǦǼȝǐȓǜǐȓǐǼǆǐॶ ǅƷȖǐ ǐǌǦȝǦǼǝॶ

ƷǼǌ ȏȓǦǻǐ ǐǌǦȝǦǼǝऀअऀॽ sǣǦǶǐ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣǐȖ ΘǦȝǣ ΗƷȓǦȂȠȖ ȏȠȓȏȂȖǐȖ ǣƷΗǐ ǅǐǐǼ ǌǐΗǐǶȂȏǐǌ

ȂǼ ǦǼǌǦΗǦǌȠƷǶ ǌƷȝƷȖǐȝȖआइॶआईॶ ǻǐȝǣȂǌȖ ȝǣƷȝ Ʒȓǐ ǝǐǼǐȓƷǶǦΣƷǅǶǐ ƷǆȓȂȖȖ ǌƷȝƷȖǐȝȖ Ʒȓǐ ǦǼ ȠȓǝǐǼȝ Ǽǐǐǌ ǜȂȓ

ǐΝȝǐǼȖǦΗǐ ǦǼǜȂȓǻƷȝǦȂǼ ǐΝȝȓƷǆȝǦȂǼ ƷǼǌ ȏȂȝǐǼȝǦƷǶ ǌƷȝƷ ǦǼȝǐǝȓƷȝǦȂǼॽ sǐ ƷǦǻ ȝȂ ȏȓȂΗǦǌǐ Ʒ ȓǐȖȂȠȓǆǐ ȝȂ

ȖȝƷǼǌƷȓǌǦΣǐ Ʒ ǼȠǻǅǐȓ Ȃǜ ǌƷȝƷȖǐȝȖ ǆȂǻǅǦǼǦǼǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ΘǦȝǣ ȖǦǼǝǶǐ ǆǐǶǶ ȓǐƷǌȂȠȝȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ

ǜƷǆǦǶǦȝƷȝǐ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ ƷǼǌ ǅǐǼǆǣǻƷȓǴǦǼǝ Ȃǜ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣǐȖ ǦǼ ȖΞȖȝǐǻ ǅǦȂǶȂǝΞॽ

�ƷȝƷȖǐȝ /� BȂǌƷǶǦȝΞ bǦȖȖȠǐ UǐȓȝȠȓǅƷȝǦȂǼ

�ǌƷǻȖȂǼsǐǦȖȖǻƷǼँࣿऀअ ऀःࣿ XC� ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UX
�ǦȖȖƷ�ǐǼǐΗȂǶǐǼȖǴƷΞƷँࣿँऀ ऀअँ XC� ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖॶ ȏƷȝǦǐǼȝ ȝǦȖȖȠǐॶ ǻȂȠȖǐ ΝǐǼȂǝȓƷǜȝȖ ǌȓȠǝȖ
�ƷȝǶǦǼǝǐȓ�ȂǆǴँࣿऀआ ऀअं XC� ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UXॶ b�X ȖȝǦǻȠǶƷȝǦȂǼ
�ǦΝǦȝXǐǝǐΗँࣿऀअ आइ XC� �B��ॶ ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UX
$ȓƷǼǝǦǐǣ/ΣƷȓँࣿँऀ ऀअः XC�ȏȓȂȝǐǦǼ ǻǐǶƷǼȂǻƷ ƷǼǌ ǦǻǻȠǼǐ ǆǐǶǶȖ �X/[UX
%ƷȖȏǐȓǦǼǦ[ǣǐǼǌȠȓǐँࣿऀई ऀअऄ XC� ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UX
%ǐǣȓǦǼǝUƷǆǣȝǐȓँࣿऀई ऀअअ XC� ǼǐȠȓƷǶ Ȗȝǐǻ ǆǐǶǶȖ ǌȓȠǝȖ
:ƷǦȝǦǼ�ǻǦȝँࣿऀअ ऀअआ XC� �B�� �X/[UX
Bǆ$ƷȓǶƷǼǌbȖǣǐȓǼǦƷǴँࣿँࣿ ऀअइ XC� ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ǌȓȠǝȖ
CȂȓǻƷǼsǐǦȖȖǻƷǼँࣿऀई आई XC� ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UX
HȓǐǼXǐǝǐΗँࣿँऀ ऀअई XC� ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ǌȓȠǝȖ
UƷȏƷǶǐΝǦ[ƷȝǦǱƷँࣿँऀ ऀआࣿ XC�ȏȓȂȝǐǦǼ ǶǐȠǴǐǻǦƷ ǆǐǶǶ ǶǦǼǐ �X/[UX
UǦǐȓǆǐ%ȓǐǐǼǶǐƷǜँࣿँऀ ऀआऀ �b�� ǶǐȠǴǐǻǦƷ ƷǼǌ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐ �X/[UX
XȠǅǦǼ<ǣƷΗƷȓǦँࣿऀई ऀआँ �b�� ǶΞǻȏǣȂǆΞȝǐȖ ƷǼǌ ȏȓǦǻƷȓΞ ǣȠǻƷǼ ǐȏǦǌǐȓǻƷǶ ǆǐǶǶȖ �X/[UX
[ǆǣǦǐǅǦǼǝǐȓ=ƷǼǌǐȓँࣿऀई ऀआं XC� ǦU[�Ȗ ǆΞȝȂǴǦǼǐȖ
[ǆǣȓƷǦΗȂǝǐǶ[ȝǐǦǼǻǐȝΣँࣿँࣿ ऀःः XC� �B��ॶ ǶǐȠǴǐǻǦƷ ƷǼǌ ǶȠǼǝ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ �X/[UX
[ǣǦǜȓȠȝBƷȓȖȂǼँࣿऀइ ऀआः XC� UȓǦǻƷȓΞ ǣȠǻƷǼ b ǆǐǶǶȖ �X/[UXॶ b�X ȖȝǦǻȠǶƷȝǦȂǼ
[ȓǦΗƷȝȖƷǼbȓƷȏǼǐǶǶँࣿँࣿ ऀआऄ XC� ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ǌȓȠǝȖ
bǦƷǼ<ƷǻȏǻƷǼǼँࣿऀई ऀआअ XC� ǦU[�ৄǌǐȓǦΗǐǌ ǼǐȠȓȂǼȖ �X/[UX
bǦƷǼ<ƷǻȏǻƷǼǼँࣿँऀ ऀआआ XC� ǦU[�ৄǌǐȓǦΗǐǌ ǼǐȠȓȂǼȖ �X/[UX
sǐǦǼȓǐǅ<ǶǐǦǼँࣿँࣿ ऀआइ XC� ǻȂȠȖǐ ǅȂǼǐ ǻƷȓȓȂΘ ǆǐǶǶȖ ǆΞȝȂǴǦǼǐȖ
xǦǐ,ȂǼँࣿऀआ ऀआई XC� <ऄअँ ƷǼǌ ँईंb ǆǐǶǶ ǶǦǼǐȖ �X/[UX
~ǣƷȂ[ǦǻȖँࣿँऀ ऀइࣿ XC� ǝǶǦȂǅǶƷȖȝȂǻƷ ȏƷȝǦǐǼȝ ȝǦȖȖȠǐ ǌȓȠǝȖ

$-0Ѵ; ƐĺƐĹ ��;u�b;� o= 7-|-v;|v =ou r;u|�u0-ঞom 0boѴo]� u;vo�u1;ĺ � 1oѴѴ;1ঞom o= Ƒƒ 7-|-v;|v -u; bm1Ѵ�7;7 bm |_; v|�7�ĺ
	-|-v;|v -u; m-l;7 0� |_; Ѵ-v| m-l; o= |_; Cuv| -�|_ouķ Ѵ-v| -�|_ou -m7 �;-u o= r�0Ѵb1-ঞom Ő	-|-v;| �	ő o= |_; r-r;u
�b|_ �_b1_ |_; ;�r;ubl;m|v -u; u;rou|;7 bmĺ �o7-Ѵb|� u;ru;v;m|v |_; |�r;Ővő o= loѴ;1�Ѵ-u u;-7o�|vĺ $_; lo7;Ѵ ou]-mŊ
bvlv �v;7 =ou |_; ;�r;ubl;m|v Ő$bvv�;ő -m7 |_; |�r;Ővő o= r;u|�u0-ঞomv -u; bm1Ѵ�7;7ĺ

bȂ ȏȓȂΗǦǌǐ Ʒ ȓǐȖȂȠȓǆǐ ǜȂȓ ȝǣǐ ǆȂǻǻȠǼǦȝΞ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞॶ Θǐ ǆȂǶǶǐǆȝǐǌ Ʒ Ȗǐȝ Ȃǜ ँं ȏȠǅǶǦǆǶΞৄ

ƷΗƷǦǶƷǅǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝȖ bƷǅǶǐ ऀॽऀॽ �Ʒǆǣ ǌƷȝƷȖǐȝ ǆȂǼȝƷǦǼȖ Ʒȝ ǶǐƷȖȝ ȝǣȓǐǐ ȏǐȓȝȠȓǅƷৄ

ȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ȂǼǐ Ȃȓ ǻȂȓǐ Ȃǜ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ȓǐƷǌȂȠȝȖॶ ǦǼǆǶȠǌǦǼǝ ȝȓƷǼȖǆȓǦȏȝȂǻǦǆȖॶ ȏȓȂȝǐȂǻǦǆȖॶ

ःअ



ƷǼǌ ǐȏǦǝǐǼȂǻǦǆȖॽ sǐ ȏȓȂǆǐȖȖǐǌ ȝǣǐ ǌƷȝƷ ǦǼȝȂ ȠǼǦǜȂȓǻ ǣऄ ǜȂȓǻƷȝ ƷǼǌ ȠǼǦЖǐǌ ȝǣǐ ƷǼǼȂȝƷȝǦȂǼȖ ǜȂȓ

ȝǣǐ ȖǣƷȓǐǌ ǜǐƷȝȠȓǐȖ Ȃǜ ȝǣǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ǆǐǶǶȖ ƷǼǌ ΗƷȓǦƷǅǶǐȖ ǝǐǼǐȖॶ ƷǼǌ ȏȓȂȝǐǦǼȖ ȝȂ ǜƷǆǦǶǦȝƷȝǐ ǌǦȓǐǆȝ

ǆȂǻȏƷȓǦȖȂǼ ƷǆȓȂȖȖ ǌƷȝƷȖǐȝȖ ƷǼǌ ǌƷȝƷ ǦǼȝǐǝȓƷȝǦȂǼ bƷǅǶǐ ऀॽआॽ sǐ ȝǣǐǼ ȏǐȓǜȂȓǻǐǌ ȒȠƷǶǦȝΞ ǆȂǼȝȓȂǶ

ǻǐȝȓǦǆȖ ȂǼ ƷǶǶ ȝǣǐ ǌƷȝƷȖǐȝȖ ȝȂ ƷȖȖǐȖȖ ȝǣǐ ǌƷȝƷ ȒȠƷǶǦȝΞ ƷǼǌ ȒȠƷǼȝǦЖǐǌ ȏȓȂȏǐȓȝǦǐȖ ȖȏǐǆǦЖǆ ȝȂ ȏǐȓȝȠȓǅƷৄ

ȝǦȂǼ ǌƷȝƷȖǐȝȖॶ ǐॽǝॽ ǼȠǻǅǐȓ Ȃǜ ǆǐǶǶȖ ȏǐȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼॽ � ȠȖǐȓৄǜȓǦǐǼǌǶΞ Θǐǅ ǦǼȝǐȓǜƷǆǐ ΘǦǶǶ ǅǐ

ǆȓǐƷȝǐǌ ǜȂȓ ǌƷȝƷ ƷǆǆǐȖȖ ƷǼǌ ƷǼƷǶΞȖǦȖ ΗǦȖȠƷǶǦΣƷȝǦȂǼॽ eȖǐȓȖ ΘǦǶǶ ǅǐ ƷǅǶǐ ȝȂ ЖǶȝǐȓ ƷǼǌ ǌȂΘǼǶȂƷǌ ǌƷȝƷȖǐȝȖ

Ȃǜ ȝǣǐǦȓ ǦǼȝǐȓǐȖȝȖॶ ƷȖ ΘǐǶǶ ƷȖ ǦǼȝǐȓƷǆȝǦΗǐǶΞ ȖǐǶǐǆȝ ǌƷȝƷȖǐȝȖ ǜȂȓ ΗǦȖȠƷǶǦΣǦǼǝ ƷǼΞ ƷǼƷǶΞȖǦȖ ȓǐȖȠǶȝȖ ǜȓȂǻ ȝǣǦȖ

ȖȝȠǌΞॽ

b]�u; ƐĺƕĹ )ouhYo� o= 1oѴѴ;1ঞm] r;u|�u0-ঞom 0boѴo]� u;vo�u1;ĺ �;u|�u0-ঞomŊu;vromv; 7-|-v;|v �;u; 1oѴѴ;1|;7 =uol
Ѵb|;u-|�u; �b|_ vr;1bC;7 CѴ|;ubm] 1ub|;ub-Ĺ bő -| Ѵ;-v| |_u;; r;u|�u0-ঞom 1om7bঞomv o= om; ou lou; |�r;vķ bm1Ѵ�7bm] vl-ѴѴŊ
loѴ;1�Ѵ; 7u�]vķ �!�"�! ];mol; ;7bঞm]ķ -m7 1�|ohbm; vঞl�Ѵ-ঞomĸ bbő om; ou lou; o= |_; loѴ;1�Ѵ-u r_;mo|�r;vķ bmŊ
1Ѵ�7bm] |u-mv1ubr|olb1vķ ruo|;olb1vķ -m7 ;rb];molb1vĺ 	-|-v;|v �;u; o0|-bm;7 =uol r�0Ѵb1 u;rovb|oub;vķ lov|Ѵ� =uol
���� �;m; ��ru;vvbom �lmb0�v Ő���ő -m7 - =;� =uol rub�-|; u;rovb|oub;vĺ 	-|-v;|v �;u; |_;m ruo1;vv;7 bm|o v|-mŊ
7-u7b�;7 _Ɣ =oul-| �vbm] v1-mr� r-1h-];ƐѶƐ bm r�|_omĺ �mmo|-ঞomv =ou o0v;u�-ঞomv -m7 �-ub-0Ѵ;v �;u; �mbC;7 �vbm]
1�v|olb�;7 r�|_om v1ubr|vĺ �77bঞom-Ѵ t�-Ѵb|� 1om|uoѴ l;|ub1v �;u; -rrѴb;7 |o -vv;vv 7-|- vr-uvb|�ķ t�-Ѵb|�ķ -m7 ruor;uŊ
ঞ;v vr;1bC1 |o r;u|�u0-ঞomvķ ;ĺ]ĺ |_; m�l0;u o= r;u|�u0-ঞomv 1om7bঞomvķ |_; m�l0;u o= 1;ѴѴv 1-r|�u;7 r;u 1om7bঞomķ
-m7 ;|1ĺ � r�0Ѵb1 �v;u bm|;u=-1; �bѴѴ 0; 1u;-|;7 =ou =u;; 7-|- 7o�mѴo-7 -m7 �bv�-Ѵb�-ঞom o= -m-Ѵ�vbv u;v�Ѵ|vĺ

ःआ



bȂǯȲǯ ǖȲǯ ǖȵ Țǖțͤ ȿțǫǯȲȕͤȅțǼ ȚǯǥȂǖțȅȵȚȵ ȡǻ Ȳǯȵȅȵȼǖțǥǯ

ǖȵ ȼȂǯȲǯ ǖȲǯ Ȯǖȼȅǯțȼȵ ͞ȅȼȂ ǥǖțǥǯȲࣗ

CॽqƷȖƷǼॶ :ॽ�ƷȖǐǶǝƷॶ ૫ �ॽBॽ,ΞǻƷǼँऄ

2
UȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ Ȃǜ ǌȓȠǝ ȓǐȖȏȂǼȖǐ ȝȂ

ǦǌǐǼȝǦǜΞ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻ

bǣǦȖ ǦȖ ƷǼ ȂǼǝȂǦǼǝ ȏȓȂǱǐǆȝ ΘǦȝǣ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǆȂǼȝȓǦǅȠȝǦǼǝ ƷȠȝǣȂȓȖॵ �ǶǐΝƷǼǌȓƷ $ȓƷǼΣॶ $ƷǅǦƷǼ �ȂȖৄ

ǆǦƷॶ =ǐƷ �ǣƷȓƷȂȠǦॶ <ǐǼǼǐȝǣBȠǼȓȂǐॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ CǦǆǣȂǶƷȖ Uॽ %ƷȠȝǣǦǐȓॶ BƷȝȝǣǦƷȖ BƷǼǼॶ �ǣȓǦȖ

[ƷǼǌǐȓॽ

�ȠȝǣȂȓ ǆȂǼȝȓǦǅȠȝǦȂǼȖ

ःइ



�ȂǼǆǐȏȝȠƷǶǦΣƷȝǦȂǼॶ CॽUॽ%ॽॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

/ǼΗǐȖȝǦǝƷȝǦȂǼॶ �ॽ$ॽॶ �ॽ [ǣǐǼॶ =ॽ�ॽॶ $ॽ�ॽॶ ƷǼǌ <ॽBॽ

$ȂȓǻƷǶ ƷǼƷǶΞȖǦȖॶ �ॽ [ǣǐǼॶ �ॽ$ॽॶ $ॽ�ॽॶ ƷǼǌ �ॽ=ॽ

qǦȖȠƷǶǦΣƷȝǦȂǼॶ �ॽ [ǣǐǼॶ ƷǼǌ �ॽ$ॽ

sȓǦȝǦǼǝ ৄ HȓǦǝǦǼƷǶ �ȓƷǜȝॶ �ॽ$ॽॶ �ॽ [ǣǐǼॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

XǐȖȂȠȓǆǐȖॶ BॽBॶ ƷǼǌ �ॽ [ƷǼǌǐȓ

[ȠȏǐȓΗǦȖǦȂǼॶ BॽBॽॶ ƷǼǌ �ॽ [ƷǼǌǐȓॽ

UƷȓȝ Ȃǜ ȝǣǐ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǦȖ ǆǣƷȏȝǐȓ ǣƷȖ ǅǐǐǼ ȏȠǅǶǦȖǣǐǌ ǦǼ ৗBȂǶǐǆȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ U�XUऀ

ǦǼǣǦǅǦȝǦȂǼ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ƷȖ ǌǐȝǐȓǻǦǼǐǌ ǅΞ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ǅƷȖǐǌ ȏȓȂȝǐȂǻǦǆȖ ǅΞ �ॽ $ȓƷǼΣ

ǐȝ ƷǶॽॶ :ȡȿȲțǖȕ ȡǻ ȡ͝ǖȲȅǖț ȲǯȵǯǖȲǥȂॶ ऀःॶ ऀৄऀः ँࣿँऀऀइँॽ

�ॽ$ॽ ǌǐȖǦǝǼǐǌ ȝǣǐ ȖȝȠǌΞॶ ǆȂǶǶǐǆȝǐǌ ȝǣǐ ȖƷǻȏǶǐȖॶ ƷǼƷǶΞΣǐǌ ƷǼǌ ǦǼȝǐȓȏȓǐȝǐǌ ȝǣǐ ȏȓȂȝǐȂǻǦǆȖ ǌƷȝƷॶ

ȏǐȓǜȂȓǻǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǌȂȖǐৄȓǐȖȏȂǼȖǐ ǐΝȏǐȓǦǻǐǼȝȖॶ ƷǼƷǶΞΣǐǌ ǶǦΗǐৄǆǐǶǶ ǦǻƷǝǦǼǝ ǌƷȝƷ ƷǼǌ ΘȓȂȝǐ ȝǣǐ

ǻƷǼȠȖǆȓǦȏȝॽ $ॽ�ॽ ȏȓȂΗǦǌǐǌ ƷǌΗǦǆǐ ǜȂȓ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ȝǣǐ ȖȝȠǌΞॶ ƷǆȒȠǦȓǐǌ ƷǼǌ ƷǼƷǶΞΣǐǌ ȝǣǐ ǻƷȖȖ Ȗȏǐǆৄ

ȝȓȂǻǐȝȓΞ ǌƷȝƷ ƷǼǌ ǆȓǦȝǦǆƷǶǶΞ ȓǐΗǦȖǐǌ ȝǣǐ ȏƷȏǐȓॽ =ॽ�ॽ ǆƷȓȓǦǐǌ ȂȠȝ ȝǣǐ ǌȂȖǐৄȓǐȖȏȂǼȖǐ ǐΝȏǐȓǦǻǐǼȝȖॶ ƷǼƷৄ

ǶΞΣǐǌ ǶǦΗǐৄǆǐǶǶ ǦǻƷǝǦǼǝ ǌƷȝƷॶ ȏȓǐȏƷȓǐǌ ȝǣǐ ȖƷǻȏǶǐȖ ǜȂȓ B[ ǻǐƷȖȠȓǐǻǐǼȝȖ ƷǼǌ ǐǌǦȝǐǌ ȝǣǐ ǻƷǼȠȖǆȓǦȏȝॽ

�ॽ [ǣǐǼ ȏƷȓȝǦǆǦȏƷȝǐǌ ǦǼ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ȝǣǐ ȖȝȠǌΞॶ ƷǼƷǶΞΣǐǌ ȝǣǐs�[ ǌƷȝƷॶ ȏǐȓǜȂȓǻǐǌ ǆȂǻǅǦǼƷȝǦȂǼ

ǌȂȖǐৄȓǐȖȏȂǼȖǐ ǐΝȏǐȓǦǻǐǼȝȖॶ ƷǼƷǶΞΣǐǌ ǶǦΗǐৄǆǐǶǶ ǦǻƷǝǦǼǝ ǌƷȝƷ ƷǼǌ ǐǌǦȝǐǌ ȝǣǐ ȏƷȏǐȓॽ BॽBॽ ƷǼǌ �ॽ

[ƷǼǌǐȓ ǌǐȖǦǝǼǐǌ ƷǼǌ ȖȠȏǐȓΗǦȖǐǌ ȝǣǐ ȖȝȠǌΞ ƷǼǌ ǆȓǦȝǦǆƷǶǶΞ ȓǐΗǦȖǐǌ ȝǣǐ ȏƷȏǐȓॽ �ǶǶ ƷȠȝǣȂȓȖ ǣƷΗǐ ƷȏȏȓȂΗǐǌ

ȝǣǐ ЖǼƷǶ ΗǐȓȖǦȂǼॽ

ँ৷ऀ �ҷӅӯӚԏԀԞӹӋ ҷӹӋ ԏҷԚӢԀӹҷӲӏ

/ǼΗǐȖȝǦǝƷȝǦȂǼ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǆƷǼ ǅǐ ȠȖǐǌ ǜȂȓ ȓƷȝǦȂǼƷǶ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ /Ǽ

ƷǌǌǦȝǦȂǼ ȝȂ ȝǣǐ ȝƷȓǝǐȝǐǌ ǻȂǶǐǆȠǶƷȓ ǐΝȏǐȓǦǻǐǼȝȖ ȝǣƷȝ Ʒȓǐ ȠȖȠƷǶǶΞ ȠȖǐǌ ȝȂ ǐΝƷǻǦǼǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷৄ

ǼǦȖǻȖ ȝȂ ǦǼǌǦΗǦǌȠƷǶ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॶ ǌǐǐȏ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ ȠȏȂǼ ǌȓȠǝ

ःई



ȝȓǐƷȝǻǐǼȝȖ ǣƷȖ ǅǐǐǼ ƷȏȏǶǦǐǌ ȝȂ ȖȝȠǌΞ ȝǣǐ ƷǌƷȏȝǦΗǐ ȓǐȖȏȂǼȖǐॽ [Ƞǆǣ ǐЍȂȓȝȖ ǣƷΗǐ ǅǐǐǼ ȏǦȂǼǐǐȓǐǌ ǅΞ ȝǣǐ

ǶƷȓǝǐৄȖǆƷǶǐ ǆȂǶǶǐǆȝǦȂǼȖ Ȃǜ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ ȝȂ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷǆȓȂȖȖ ǻƷǼΞ ǆƷǼǆǐȓ

ǆǐǶǶ ǶǦǼǐȖ ǴǼȂΘǼ ƷȖ ȝǣǐ �ȂǼǼǐǆȝǦΗǦȝΞ BƷȏअअॶ ǜȂǶǶȂΘǐǌ ǅΞ ȝǣǐ C/, =/C�[ ȝǣǐ =ǦǅȓƷȓΞ Ȃǜ /ǼȝǐǝȓƷȝǐǌ

CǐȝΘȂȓǴৄ�ƷȖǐǌ �ǐǶǶȠǶƷȓ [ǦǝǼƷȝȠȓǐȖ ȏȓȂǝȓƷǻ ȝǣƷȝ ǆȂǶǶǐǆȝȖ ǆǣƷǼǝǐȖ ǦǼ Ȃȝǣǐȓ ǆǐǶǶȠǶƷȓ ȏȓȂǆǐȖȖǐȖ ȝǣƷǼ

ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼअआॶअइॽ �ǶȝǣȂȠǝǣ ȝǣǐȖǐ ǌƷȝƷȖǐȝȖ ȏȓȂΗǦǌǐ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǻȂǶǐǆȠǶƷȓ ǆǣƷǼǝǐȖ ȝǣƷȝ Ʒȓǐ

ǦǼǜȂȓǻƷȝǦΗǐ Ȃǜ ǌȓȠǝ ȓǐȖȏȂǼȖǐॶ ȏȓȂȝǐǦǼȖॶ ȓƷȝǣǐȓ ȝǣƷǼ ǻXC�Ȗ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼॶ Ʒȓǐ ȝǣǐ ǌǦȓǐǆȝ ȝƷȓǝǐȝȖ

Ȃǜ ǻȂȖȝ ȖǻƷǶǶ ǻȂǶǐǆȠǶǐ ǌȓȠǝȖ ƷǼǌ ȝǣǐ ǌǦȓǐǆȝ ȓǐǝȠǶƷȝȂȓȖ Ȃǜ ȝǣǐ ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐ Ȃǜ ȝǣǐ ǆǐǶǶȖॶ ǐॽǝॽ

ǆǐǶǶ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ UȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ȏȓȂЖǶǐȖ ǆƷǼ ȝǣǐȓǐǜȂȓǐ ȏȓȂΗǦǌǐ ǻȂȓǐ ǌǦȓǐǆȝ ǦǼǜȂȓǻƷȝǦȂǼ ȓǐЙǐǆȝৄ

ǦǼǝ ǆǐǶǶȠǶƷȓ ǆǣƷǼǝǐȖ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ �ЍȂȓȝȖ ǣƷΗǐ ǅǐǐǼ ǻƷǌǐ ȝȂ ǆȂǶǶǐǆȝ ȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐ

ȏȓȂЖǶǐȖ ȝȂ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖअईॶऀइंॶऀइःॶऀइऄ ǅȠȝ ǣƷΗǐ ǅǐǐǼ ǶǦǻǦȝǐǌ ǦǼ ȖȝȠǌΞǦǼǝ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ sǐ ƷǦǻ

ȝȂ ȠȖǐ ȠǼǅǦƷȖǐǌ ǌǐǐȏ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ B[ৄǅƷȖǐǌ ȏȓȂȝǐȂǻǦǆȖ ȝȂ ǆȂǻȏȓǐǣǐǼȖǦΗǐǶΞ ƷȖȖǐȖȖ ȝǣǐ ȏȓȂৄ

ȝǐȂǻǦǆ ǆǣƷǼǝǐȖ ǦǼǌȠǆǐǌ ǅΞ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǦǼ Ȃȓǌǐȓ ȝȂ ǦǌǐǼȝǦǜΞ ǻƷȓǴǐȓȖ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ƷǼǌ ȏȓȂΗǦǌǐ

ǦǼǜȂȓǻƷȝǦȂǼ ǜȂȓ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼ ȖȝȓƷȝǐǝǦǐȖ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ

bǣǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ Θǐ ƷǦǻ ȝȂ ǦǌǐǼȝǦǜΞ ǣǐȓǐ ǜȂȓ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ȓǐৄ

ǜǐȓ ȝȂ ȝǣǐ ȖǣȂȓȝৄȝǐȓǻ ƷǌƷȏȝǦΗǐ ȓǐȖȏȂǼȖǐ Ȃǜ ǆǐǶǶȖ ȝǣƷȝ ǆƷǼ ǅǐ ȓǐЙǐǆȝǐǌ ȂǼ ȏȓȂȝǐȂǻǦǆ ǆǣƷǼǝǐȖॽ bǣǐ

ƷǌƷȏȝǦΗǐ ȓǐȖȏȂǼȖǐ Ȃǜ ǆǐǶǶȖ ǶǦǴǐǶΞ ǆȂȠǼȝǐȓƷǆȝȖ ȝǣǐ ǆΞȝȂȝȂΝǦǆ ǐЍǐǆȝȖ Ȃǜ ǌȓȠǝȖ ȝȂ ȓǐȖȝȂȓǐ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ

bǣǐȓǐǜȂȓǐॶ ȝǣǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǆƷǼ ǅǐ ǦǌǐǼȝǦЖǐǌ ǅΞ ȖǐƷȓǆǣǦǼǝ ǜȂȓ ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ȏȓȂȝǐǦǼȖ Ȃȓ

ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ΘǣȂȖǐ ƷǆȝǦΗǦȝǦǐȖ Ʒȓǐ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ �Ξ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝƷȓǝǐȝǦǼǝ

ȖȠǆǣ ƷǌƷȏȝǦΗǐ ȓǐȖȏȂǼȖǐॶ Ǧȝ ǦȖ ǻȂȓǐ ǶǦǴǐǶΞ ȝǣƷȝ Θǐ ǆȂǻȏǶǐȝǐǶΞ ǅǶȂǆǴ ȝǣǐ ȏȓȂǶǦǜǐȓƷȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖॽ

ँ৷ँ �ԭԌӏԏӢӸӏӹԚҷӲ ӋӏԓӢӚӹ Ԁә Ӹҷԓԓ৳ԓԌӏӅԚԏԀӸӏԚԏԮ ԌԏԀәӢӲӢӹӚ

$Ȃȓ ȂȠȓ ȖȝȠǌΞॶ Θǐ ȖǐǶǐǆȝǐǌ ȖǦΝ ƷǼȝǦৄǆƷǼǆǐȓ ǌȓȠǝȖ ȝǣƷȝ Ʒȓǐ ǆȠȓȓǐǼȝǶΞ ȠǼǌǐȓ ǌǐΗǐǶȂȏǻǐǼȝ ǜȂȓ ȝǣǐ ȝȓǐƷȝৄ

ǻǐǼȝ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȏƷȝǦǐǼȝȖॽ bǣǐ ȖǐǶǐǆȝǐǌ ǌȓȠǝȖॶ B<ৄँँࣿअॶ qǐǼǐȝȂǆǶƷΝॶ �,/Xৄईईࣿँऀॶ U�ৄ

ࣿंँऄईࣿऀॶ �ǦȖǦǼǌȂǶΞǶǻƷǶǐǦǻǦǌǐ q/// �/B q///ॶ ƷǼǌ �ȂȖȠȝǦǼǦǅॶ ǐƷǆǣ ȓǐȖȏǐǆȝǦΗǐǶΞ ȝƷȓǝǐȝ Ʒ ǜȓǐȒȠǐǼȝǶΞ
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ǌǐȓǐǝȠǶƷȝǐǌ ȂǼǆȂǝǐǼǦǆ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞ Ȃȓ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖॶ ǦǼǆǶȠǌǦǼǝ �Ǵȝ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ �

ȏƷȝǣΘƷΞॶ ƷȏȂȏȝȂȖǦȖ ȓǐǝȠǶƷȝǐǌ ǅΞ �ǆǶৄँ �ৄǆǐǶǶ ǶΞǻȏǣȂǻƷ ँॶ %[<ं ǝǶΞǆȂǝǐǼ ȖΞǼȝǣƷȖǐ ǴǦǼƷȖǐ ं

ȏƷȝǣΘƷΞॶ B�U<�X< ȏƷȝǣΘƷΞ ǻǦȝȂǝǐǼৄƷǆȝǦΗƷȝǐǌ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ ǆƷȖǆƷǌǐॶ U<� ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ

� ȖǦǝǼƷǶǦǼǝॶ ƷǼǌ [X� ȏȓȂȝǐǦǼ ȝΞȓȂȖǦǼǐ ǴǦǼƷȖǐ ȖǦǝǼƷǶǦǼǝॽ sǐ ȠȖǐǌ Hq[�,H ǆǐǶǶȖ ƷȖ Ʒ ȏȓǐǆǶǦǼৄ

ǦǆƷǶ ,%[H�ǻȂǌǐǶ ȖΞȖȝǐǻ ȖǦǼǆǐ ȝǣǐΞ ȓǐЙǐǆȝ ΘǐǶǶ ȝǣǐ ǝǐǼȂǻǦǆ ƷǼǌ ȏȓȂȝǐȂǻǦǆ ǜǐƷȝȠȓǐȖ Ȃǜ ,%ৄ

[H�ऀइअॶऀइआॽ bȂ ǐΝȏǶȂȓǐ ȝǣǐ ǐЍǐǆȝȖ Ȃǜ ȝǣǐ ǌȓȠǝȖ ȂǼ ȝǣǐ ȏȓȂȝǐȂǻǐॶ Θǐ ȏǐȓȝȠȓǅǐǌ ȝǣǐ ǆǐǶǶȖ ΘǦȝǣ Ȗǐৄ

Ƕǐǆȝǐǌ ǦǼǣǦǅǦȝȂȓȖ Ʒȝ ȝǣǐǦȓ /�ऄࣿ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǣƷǶǜৄǻƷΝǦǻƷǶ ǦǼǣǦǅǦȝȂȓΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ƷǼǌ ǻǐƷȖȠȓǐǌ

ȝǣǐ ȏȓȂȝǐȂǻǦǆ ǆǣƷǼǝǐȖ ȠȖǦǼǝ B[ৄǅƷȖǐǌ ȏȓȂȝǐȂǻǦǆȖॽ bǣǐ /�ऄࣿ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ ǅƷȖǐǌ ȂǼ ȝǣǐ ǌȂȖǐৄ

ȓǐȖȏȂǼȖǐ ǆȠȓΗǐȖ ǌǐȓǦΗǐǌ ǜȓȂǻ ȝǣǐ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞ ǻǐƷȖȠȓǐǌ आँ ǣȓȖ Ʒǜȝǐȓ ȝǣǐ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ bǣǐ ȝȓǐƷȝৄ

ǻǐǼȝ ȝǦǻǐ Ȃǜ आँ ǣȓȖ ǦȖ ȖȠАǆǦǐǼȝ ȝȂ ǆƷȏȝȠȓǐ ȝǣǐ ƷǌƷȏȝǦΗǐ ȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐ Ȃǜ ǆǐǶǶȖ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝৄ

ǻǐǼȝॽ �ǐǶǶ ΗǦƷǅǦǶǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ ǅΞ ǆǐǶǶ ǆȂȠǼȝǦǼǝ ȠȖǦǼǝ ǶǦΗǐৄǆǐǶǶ ǦǻƷǝǦǼǝ BƷȝǐȓǦƷǶ ƷǼǌBǐȝǣȂǌȖॽ

bȓǐƷȝǻǐǼȝ ΘǦȝǣ ǦǼǌǦΗǦǌȠƷǶ ǦǼǣǦǅǦȝȂȓȖ ȓǐȖȠǶȝǐǌ ǦǼ Ʒ ǌȂȖǐৄǌǐȏǐǼǌǐǼȝ ȓǐǌȠǆȝǦȂǼ ǦǼ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞ ΘǦȝǣ

/�ऄࣿ ΗƷǶȠǐȖ ȓƷǼǝǦǼǝ ǜȓȂǻ ः ઐB ȝȂ ऀँ ઐB $ǦǝȠȓǐ ँॽऀƷॽ �ǐǶǶȖ Θǐȓǐ ȝǣǐǼ ȝȓǐƷȝǐǌ Ʒȝ ǦǌǐǼȝǦЖǐǌ ǌȓȠǝ

/�ऄࣿ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǜȂȓ आँ ǣȓȖ ǦǼ ȝǣȓǐǐ ǅǦȂǶȂǝǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖॶ ƷǼǌ ȏȓȂȝǐȂǻǦǆ ǆǣƷǼǝǐȖ Θǐȓǐ ȏȓȂЖǶǐǌ

ǅΞB[ $ǦǝȠȓǐ ँॽऀǅॽ bȂ ȒȠƷǼȝǦǜΞ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǶǐΗǐǶȖ ƷǆȓȂȖȖ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॶ Θǐ

ƷȏȏǶǦǐǌ ǌƷȝƷৄǦǼǌǐȏǐǼǌǐǼȝ ƷǆȒȠǦȖǦȝǦȂǼ �/� ǆȂǻǅǦǼǐǌ ΘǦȝǣ ǶƷǅǐǶৄǜȓǐǐ ǅƷȖǐǌ ȒȠƷǼȝǦЖǆƷȝǦȂǼ BƷৄ

ȝǐȓǦƷǶ ƷǼǌBǐȝǣȂǌȖॽ sǐ ȒȠƷǼȝǦЖǐǌ ȝǣǐ ȏȓȂȝǐȂǻǐ Ʒȝ Ʒ ǻǐǌǦƷǼ ǌǐȏȝǣ Ȃǜ ऄॶࣿࣿࣿ ȏȓȂȝǐǦǼ ǝȓȂȠȏȖ ȏǐȓ

ȏǐȓȝȠȓǅƷȝǦȂǼ ǻǐƷȖȠȓǐǻǐǼȝ $ǦǝȠȓǐ ँॽऀǆॽ eǼȖȠȏǐȓΗǦȖǐǌ ǻȠǶȝǦৄǌǦǻǐǼȖǦȂǼƷǶ ȖǆƷǶǦǼǝ B�[ ȂǼ �Ƞৄ

ǆǶǦǌǐƷǼ ǌǦȖȝƷǼǆǐ Ȃǜ ǅǦȂǶȂǝǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖ ǆȂǼЖȓǻǐǌ ȝǣǐ ȓǐȏȓȂǌȠǆǦǅǦǶǦȝΞ Ȃǜ ȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐȖ ȠȏȂǼ

ǌǦЍǐȓǐǼȝ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝȖ $ǦǝȠȓǐ ँॽऀǌॽ

ँ৷ं �ԀӸԌҷԏӢԓԀӹ Ԁә ԌԏԀԚӏԀӸӢӅ ԏӏԓԌԀӹԓӏ ҷӅԏԀԓԓ ӋԏԞӚ ԌӏԏԚԞԏӂҷԚӢԀӹԓ

sǐ ЖȓȖȝ ǐΝƷǻǦǼǐǌ ȝǣǐ ǻǐƷȖȠȓǐǌ ǝǶȂǅƷǶ ȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐ ȝȂ ǌǦȓǐǆȝǶΞ ǆȂǻȏƷȓǐ ȝǣǐ ǌȓȠǝৄǦǼǌȠǆǐǌ

ǆǐǶǶȠǶƷȓ ǆǣƷǼǝǐȖ ƷǆȓȂȖȖ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ sǐ ǦǌǐǼȝǦЖǐǌ Ʒ ȝȂȝƷǶ Ȃǜ ऄईऀँ ȏȓȂȝǐǦǼȖ Ȃǜ ΘǣǦǆǣ ःःइࣿ
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 Figure 2 

 Figure  2.  Similarity  of  drug-induced  proteomes  based  on  global  proteomic  changes.  (a) 

 Venn  diagram  illustrating  the  overlap  of  proteins  quantified  across  treatment  conditions  with  a 

 total  of  5912  proteins  identified,  and  4480  proteins  found  in  all  perturbation  conditions.  (b) 

 Similarity  of  protein  responses  to  different  drug  perturbations  assessed  by  unsupervised 

 hierarchical  clustering  on  z-normalized  mean  protein  expression  values  of  replicate 

 measurements  using  Euclidean  distances.  (c)  Similarity  of  protein  responses  for  each  pair  of  drug 

 perturbations  assessed  by  Pearson  correlation  coefficient  values  of  z-normalized  mean  protein 

 expression values of replicate measurements. 
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�-v -vv;vv;7 0� �;-uvom 1ouu;Ѵ-ঞom -m7 r-buŊ�bv; 1ouu;Ѵ-ঞom 1o;L1b;m|v -u; u;rou|;7ĺ

आऄॽआ ȏȓȂȝǐǦǼȖ Θǐȓǐ ǆƷȏȝȠȓǐǌ ǦǼ ƷǶǶ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ $ǦǝȠȓǐ ँॽँƷॽ sǐ ǼǐΝȝ ƷȏȏǶǦǐǌ ȠǼȖȠৄ

ȏǐȓΗǦȖǐǌ ǣǦǐȓƷȓǆǣǦǆƷǶ ǆǶȠȖȝǐȓǦǼǝ ȂǼ ΣৄǼȂȓǻƷǶǦΣǐǌ ǻǐƷǼ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ΗƷǶȠǐȖ Ȃǜ ȓǐȏǶǦǆƷȝǐ ǻǐƷৄ

ȖȠȓǐǻǐǼȝȖ ȠȖǦǼǝ �ȠǆǶǦǌǐƷǼ ǌǦȖȝƷǼǆǐȖ ȝȂ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ȖǦǻǦǶƷȓǦȝǦǐȖ ǅǐȝΘǐǐǼ ǌȓȠǝ ǐЍǐǆȝȖ BƷȝǐȓǦƷǶ

ƷǼǌBǐȝǣȂǌȖॽ HȠȓ ƷǼƷǶΞȖǦȖ ȓǐΗǐƷǶǐǌ ȝǣȓǐǐ ǻƷǱȂȓ ǆǶȠȖȝǐȓȖॶ ǆǶǐƷȓǶΞ ȖǐȏƷȓƷȝǦǼǝ ��=ँǦ ǜȓȂǻ ȝǣǐ ȓǐǻƷǦǼৄ

ǦǼǝ ǴǦǼƷȖǐৄǦǼǣǦǅǦȝȂȓȖ $ǦǝȠȓǐ ँॽँǅॽ bǣǐ ЖȓȖȝ ǆǶȠȖȝǐȓ ǆȂǼȝƷǦǼȖ ǆǶȂȖǐǶΞ ȓǐǶƷȝǐǌB�<Ǧ ƷǼǌ �<bǦॶ ƷȖ

ΘǐǶǶ ƷȖ [X�Ǧॽ /ȝ ǦȖ ǴǼȂΘǼ ȝǣƷȝ �X< ƷǼǌ �<b ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ǆƷǼ ΘȂȓǴ ǦǼ Ʒ ȏƷȓƷǶǶǐǶ ǻƷǼǼǐȓ ȝȂ

ǦǼǌȠǆǐ ǌȂΘǼȖȝȓǐƷǻ ȖǦǝǼƷǶǦǼǝऀइइॶ ƷǼǌ �<b ƷǆȝǦΗƷȝǦȂǼ ǦȖ Ʒ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻ ȝȂ ȝǣǐ ȝȓǐƷȝǻǐǼȝ

Ȃǜ B�< ǦǼǣǦǅǦȝȂȓȖऄआॶऀइईॽ [ȓǆ ǴǦǼƷȖǐȖ ȓǐǝȠǶƷȝǐ Ʒ ǅȓȂƷǌ ȖȏǐǆȝȓȠǻ Ȃǜ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖॶ ǦǼǆǶȠǌǦǼǝ

�X< ƷǼǌ �<b ȖǦǝǼƷǶǦǼǝऀईࣿॽ bǣǐ ȖǐǆȂǼǌ ǆǶȠȖȝǐȓ ǝȓȂȠȏȖ ȝȂǝǐȝǣǐȓ U<�Ǧ ƷǼǌ Ǧॶݻं>]% ΘǣǦǆǣ ǆƷǼ ǅǐ

ȏƷȓȝǦƷǶǶΞ ǐΝȏǶƷǦǼǐǌ ǅΞ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ U<� ȝȂ ȏǣȂȖȏǣȂȓΞǶƷȝǐ ईऀॽऀݻं>]% /Ǽ ƷǝȓǐǐǻǐǼȝ ΘǦȝǣ ȝǣǐȖǐ

ȂǅȖǐȓΗƷȝǦȂǼȖॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ UǐƷȓȖȂǼ ǆȂȓȓǐǶƷȝǦȂǼ ǅǐȝΘǐǐǼ ȏȓȂȝǐȂǻǐ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ ΘƷȖ ȂΗǐȓƷǶǶ

ǣǦǝǣ ǐΝǆǐȏȝ ǜȂȓ ��=ँǦॶ ΘǣǦǆǣ ǣƷȖ Ʒ ǶȂΘǐȓ ǆȂȓȓǐǶƷȝǦȂǼ ΘǦȝǣ ȝǣǐ ȓǐǻƷǦǼǦǼǝ ǦǼǣǦǅǦȝȂȓȖ $ǦǝȠȓǐ ँॽँǆॽ

ऄं



sǐ ǅǐǶǦǐΗǐ ȝǣǐ ȂΗǐȓƷǶǶ ǣǦǝǣ ǆȂȓȓǐǶƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ Ʒȓǐ ǌȓǦΗǐǼ ǅΞ Ʒ ǶƷȓǝǐ ǼȠǻǅǐȓ Ȃǜ

ৗǣȂȠȖǐǴǐǐȏǦǼǝ ȏȓȂȝǐǦǼȖ ΘǣȂȖǐ ǐΝȏȓǐȖȖǦȂǼ ȖȝƷΞȖ ȖȝǐƷǌΞ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ /Ǽ ǝǐǼǐȓƷǶॶ ȝǣǐȖǐ Ȃǅৄ

ȖǐȓΗƷȝǦȂǼȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ǆǐǶǶ ȓǐȖȏȂǼȖǐȖ ȠȏȂǼ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǦǼǣǦǅǦȝȂȓȖ ȝƷȓǝǐȝǦǼǝ ǆǶȂȖǐǶΞ ǆȂǼǼǐǆȝǐǌ ȏƷȝǣৄ

ΘƷΞȖ Ʒȓǐ ȖǦǻǦǶƷȓॶ ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ ȝǣǐ ȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ ȖȝȓȂǼǝǶΞ ȓǐЙǐǆȝ ȝǣǐ ǜȠǼǆȝǦȂǼȖ Ȃǜ

ǌȓȠǝ ȝƷȓǝǐȝȖ ƷǼǌ ȂȠȓ ǐΝǦȖȝǦǼǝ ǴǼȂΘǶǐǌǝǐ Ȃǜ ǅǦȂǶȂǝΞॽ

sǐ ǼǐΝȝ ƷȖȖǐȖȖǐǌ ΘǣǦǆǣ ȏȓȂȝǐǦǼȖ ƷǼǌ ǆǐǶǶȠǶƷȓ ȏȓȂǆǐȖȖǐȖ Θǐȓǐ ȖȝȓȂǼǝǶΞ ƷЍǐǆȝǐǌ ǅΞ ȝǣǐ ǌȓȠǝ ȝȓǐƷȝৄ

ǻǐǼȝॽ sǐ ǌǐЖǼǐ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ƷȖ ȏȓȂȝǐǦǼȖ ΘǦȝǣ ƷǼ ǐΝȏȓǐȖȖǦȂǼ ǶǐΗǐǶ ǆǣƷǼǝǐ ȠȏȂǼ ǌȓȠǝ

ȝȓǐƷȝǻǐǼȝ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ǆȂǼȝȓȂǶ ȝȓǐƷȝǻǐǼȝ Ȃǜ Ʒȝ ǶǐƷȖȝ ࣿॽऄ Ȃȓ ৄࣿॽऄ ǶȂǝँ ȠǼǦȝȖ ǶȂǝँȓƷȝǦȂ ΘǦȝǣ ȏৄ

ΗƷǶȠǐ ઁ ࣿॽࣿऄ Ʒȝ Ʒ ǜƷǶȖǐৄǌǦȖǆȂΗǐȓΞ ȓƷȝǐ $�X ǆȠȝȂЍ Ʒȝ ઁ ࣿॽँ ƷȖ ǌǐȝǐȓǻǦǼǐǌ ǅΞ ȝৄȝǐȖȝ ȖȝƷȝǦȖȝǦǆȖ ΘǦȝǣ

�ǐǼǱƷǻǦǼǦৄ,Ȃǆǣǅǐȓǝ ǆȂȓȓǐǆȝǦȂǼ BƷȝǐȓǦƷǶȖ ƷǼǌBǐȝǣȂǌȖॽ sǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ΗƷȖȝ ǻƷǱȂȓǦȝΞ Ȃǜ ȏȓȂৄ

ȝǐǦǼȖ इࣿ ǌǦǌ ǼȂȝ ȓǐȖȏȂǼǌ ȖȝȓȂǼǝǶΞ ƷǆȓȂȖȖ ȝȓǐƷȝǻǐǼȝ ǆȂǼǌǦȝǦȂǼȖ $ǦǝȠȓǐ ँॽंƷॽ �ȓȠǝ ȝȓǐƷȝǻǐǼȝȖ

ȓǐȖȠǶȝǐǌ ǦǼ ǌǦЍǐȓǐǼȝ ȏȓȂȏȂȓȝǦȂǼȖ Ȃǜ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖॶ ΘǣǦǆǣ ǻǦǝǣȝ ȓǐЙǐǆȝ ǌǦЍǐȓǐǼȝ

ȖǆȂȏǐȖ Ȃǜ ǌȂΘǼȖȝȓǐƷǻ ȖǦǝǼƷǶǦǼǝ ǜȂȓ ǌǦЍǐȓǐǼȝ ǌȓȠǝȖॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ΘǣǦǶǐ �<bǦ ǦǼǌȠǆǐǌ ǐΝȏȓǐȖȖǦȂǼ

ǶǐΗǐǶ ǆǣƷǼǝǐȖ ǦǼ Ʒ ȖǻƷǶǶ ǼȠǻǅǐȓ Ȃǜ ȏȓȂȝǐǦǼȖ इ Ȃǜ ȝǣǐ ǻǐƷȖȠȓǐǌ ȏȓȂȝǐǦǼȖॶ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ [X� Ʒǜৄ

ǜǐǆȝǐǌ ऀइॽ [X� ǦȖ ǴǼȂΘǼ ȝȂ ǣƷΗǐ ǴǐΞ ȓȂǶǐȖ ǦǼ ȓǐǝȠǶƷȝǦǼǝ ǻȠǶȝǦȏǶǐ ȏƷȝǣΘƷΞȖऀईँ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǦȝȖ

ǦǼǣǦǅǦȝǦȂǼ ǦȖ ǶǦǴǐǶΞ ȝȂ ƷЍǐǆȝ Ʒ ǅȓȂƷǌǐȓ ȓƷǼǝǐ Ȃǜ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼॽ �Ξ ǆȂǻȏƷȓǦǼǝ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ

ȏȓȂȝǐǦǼȖ ƷǆȓȂȖȖ ȝȓǐƷȝǻǐǼȝ ǆȂǼǌǦȝǦȂǼȖॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ǐΝȏȓǐȖȖǦȂǼ ǶǐΗǐǶȖ Ȃǜ Ʒ ȝȂȝƷǶ Ȃǜ ँआऀः ȏȓȂȝǐǦǼȖ

ǆǣƷǼǝǐǌ ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼ Ʒȝ ǶǐƷȖȝ ȂǼǐ ǌȓȠǝ ǆȂǼǌǦȝǦȂǼ $ǦǝȠȓǐ ँॽंǅॶ ǦǼ ΘǣǦǆǣ ऀँआ ȏȓȂȝǐǦǼȖ ǆǣƷǼǝǐǌ

ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼ Ʒȝ ǶǐƷȖȝ ǜȂȠȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॽ $ȓǐȒȠǐǼȝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ǝǐǼǐȓƷǶǶΞ ǣƷǌ

ǐΝȏȓǐȖȖǦȂǼ ǶǐΗǐǶ ǆǣƷǼǝǐȖ ǦǼ ȝǣǐ ȖƷǻǐ ǌǦȓǐǆȝǦȂǼ ƷǆȓȂȖȖ ƷǶǶ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ $ǦǝȠȓǐ ँॽंǆॶ ǦǼǌǦǆƷȝǦǼǝ

Ʒ ȏȂȝǐǼȝǦƷǶ ǝǐǼǐȓƷǶ ȓǐȖǦȖȝƷǼǆǐ ȓǐȖȏȂǼȖǐॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ǻƷǱȂȓǦȝΞ Ȃǜ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ Ʒȓǐ

ȓǐǶƷȝǦΗǐǶΞ ȖȏǐǆǦЖǆ ȝȂ ǐƷǆǣ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ
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b]�u; ƑĺƒĹ �7;mঞC1-ঞom o= =u;t�;m|Ѵ� u;vromvb�; ruo|;bmv |o 7u�] |u;-|l;m|ĺ Ő-ő �-u 1_-u| v_o�v |_; ruorouঞom o= ruoŊ
|;ol;v r;u |u;-|l;m| 1om7bঞom |_-| -u; 1_-m];7 1olr-u;7 |o |_; 1om|uoѴ |u;-|l;m|ĺ "|uom]Ѵ� u;vromvb�; ruo|;bmv -u;
7;Cm;7 -v ruo|;bmv �_ov; -0voѴ�|; Ѵo]Ƒu-ঞo bv -| Ѵ;-v| ƏĺƔ ŐrŊ�-Ѵ�; ƺ ƏĺƏƔ �b|_ ��Ŋ0-v;7 	! ƺ ƏĺƑ bm |Ŋ|;v|őĺ �omv|-m|
ruo|;bmv -u; 7;Cm;7 -v |_; u;l-bmbm] ruo|;bmvĺ Ő0ő ��l�Ѵ-ঞ�; m�l0;uv o= ruo|;bmv |_-| v|uom]Ѵ� u;vrom7 |o - 1;u|-bm
m�l0;u o= r;u|�u0-ঞom 1om7bঞomv -u; u;rou|;7ĺ �uo|;bmv |_-| v|uom]Ѵ� u;vrom7 bm Ɠ ou lou; |u;-|l;m| 1om7bঞomv -u;
7;Cm;7 -v =u;t�;m|Ѵ� u;vromvb�; ruo|;bmvĺ �b; 1_-u| v_o�v |_; ruorouঞomv o= =u;t�;m|Ѵ� u;vromvb�; ruo|;bmvķ o|_;u
v|uom]Ѵ� u;vromvb�; ruo|;bmv Őu;vrom7 |o -| lov| ƒ 7u�] |u;-|l;m|vőķ -m7 1omv|-m| ruo|;bmvĺ Ő1ő �;-|l-r v_o�v |_;
ruo|;bm ;�ru;vvbom 1_-m]; o= b7;mঞC;7 =u;t�;m|Ѵ� u;vromvb�; ruo|;bmvĺ �ov| ruo|;bmv u;vrom7 �b|_ 1omvbv|;m| |u;m7vķ
;b|_;u bm1u;-v;7 ou 7;1u;-v;7 ;�ru;vvbomķ -1uovv r;u|�u0-ঞom 1om7bঞomvķ bm7b1-ঞm] - ];m;u-Ѵ v|u;vv u;vromv;ĺ Ő7ő �;m;
v;| ;mub1_l;m| -m-Ѵ�vbv Ő�"��ő b7;mঞC;7 0o|_ -1ঞ�-|;7 Őbm1u;-v;7 ruo|;bm ;�ru;vvbomő -m7 v�rru;vv;7 Ő7;1u;-v;7 ruoŊ
|;bm ;�ru;vvbomő 0boѴo]b1-Ѵ ruo1;vv;vĺ "�rru;vv;7 ruo1;vv;v Ѵbh;Ѵ� u;Y;1| |_; 1�|o|o�b1 ;@;1|v o= 7u�]v �_bѴ; -1ঞ�-|;7
ruo1;vv;v lb]_| v�]];v| - ];m;u-Ѵ u;vbv|-m1; l;1_-mbvlĺ
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ँ৷ः /ӋӏӹԚӢәӢӅҷԚӢԀӹ Ԁә ӚӏӹӏԏҷӲ ԏӏԓӢԓԚҷӹӅӏ Ӹҷԏӯӏԏԓ

[ǐΗǐȓƷǶ ΘǐǶǶৄǴǼȂΘǼ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǣƷΗǐ ǅǐǐǼ ȂǅȖǐȓΗǐǌ ȝȂ ǌǐΗǐǶȂȏ ǦǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ƷǝƷǦǼȖȝ

ǌǦЍǐȓǐǼȝ ȏǣƷȓǻƷǆȂǶȂǝǦǆƷǶ ǆȂǻȏȂȠǼǌȖ ȝǣƷȝ Ʒȓǐ ȖȝȓȠǆȝȠȓƷǶǶΞ ƷǼǌ ǜȠǼǆȝǦȂǼƷǶǶΞ ȠǼȓǐǶƷȝǐǌऀईंॽ bǣǐȓǐৄ

ǜȂȓǐॶ Θǐ ǼǐΝȝ ƷȖȖǐȖȖǐǌ ȝǣǐ ǜȠǼǆȝǦȂǼƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȝǣǐ ऀँआ ǜȓǐȒȠǐǼȝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖॽ � ǝǐǼǐ

Ȗǐȝ ǐǼȓǦǆǣǻǐǼȝ ƷǼƷǶΞȖǦȖ %[��ऀईः ȖȠǝǝǐȖȝǐǌ ȝǣƷȝ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ǆǐǶǶ ȖȠȓΗǦΗƷǶ ƷǼǌ ȏȓȂǶǦǜǐȓƷৄ

ȝǦȂǼ Θǐȓǐ ȖǦǝǼǦЖǆƷǼȝǶΞ ǌǐǆȓǐƷȖǐǌॶ ǦǼǆǶȠǌǦǼǝ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ȖȠǆǣ ƷȖ ǆǣȓȂǻȂȖȂǻǐ ȂȓǝƷǼǦΣƷȝǦȂǼ

%Hॵࣿࣿऄऀँआअॶ ȏৄΗƷǶȠǐ  अॽअं�ৄࣿंॶ ȖǐΝȠƷǶ ȓǐȏȓȂǌȠǆȝǦȂǼ %Hॵࣿࣿऀईईऄंॶ ȏৄΗƷǶȠǐ  ऀॽࣿऀ�ৄࣿँॶ ƷǼǌ

ǆǐǶǶ ǆΞǆǶǐ ȏȓȂǆǐȖȖ %Hॵࣿࣿँँःࣿँॶ ȏৄΗƷǶȠǐ  आॽऀइ�ৄࣿं $ǦǝȠȓǐ ँॽंǌॽ bǣǦȖ ȂǅȖǐȓΗƷȝǦȂǼ ǆȂȠǶǌ ȏǶƷȠৄ

ȖǦǅǶΞ ǅǐ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ȝǣǐ ǆΞȝȂȝȂΝǦǆ ǐЍǐǆȝȖ Ȃǜ ȝǣǐ ǌȓȠǝȖॽ /Ǽ ǆȂǼȝȓƷȖȝॶ ȖǐΗǐȓƷǶ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ

Ʒȓǐ ǐǼȓǦǆǣǐǌ ǜȂȓ ȏȓȂȝǐǦǼȖ ΘǦȝǣ ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼǆȓǐƷȖǐǌ ǐΝȏȓǐȖȖǦȂǼॶ ǦǼǆǶȠǌǦǼǝ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȏȓȂǆǐȖȖ

%Hॵࣿࣿࣿअअँईॶ ȏৄΗƷǶȠǐ  ऀॽऀई�ৄࣿंॶ ΗǐȖǦǆǶǐৄǻǐǌǦƷȝǐǌ ȝȓƷǼȖȏȂȓȝ %Hॵࣿࣿऀअऀईँॶ ȏৄΗƷǶȠǐ  ंॽऄः�ৄࣿंॶ

ƷǼǌ ȏȂȖǦȝǦΗǐ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ǣΞǌȓȂǶƷȖǐ ƷǆȝǦΗǦȝΞ %Hॵࣿࣿऄऀंःऄॶ ȏৄΗƷǶȠǐ  अॽःं�ৄࣿंॽ �ȂǼȖǦȖȝǐǼȝ ΘǦȝǣ

ȖȂǻǐ ȏȓǐΗǦȂȠȖ ȓǐȖǐƷȓǆǣ ȂǼ ȝǣǐ ȓǐȖȏȂǼȖǐ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖ ȠǼǌǐȓ ȖȝȓǐȖȖǐǌ ǐǼΗǦȓȂǼǻǐǼȝȖऀईऄॶऀईअॶ ȝǣǐȖǐ Ƞȏৄ

ȓǐǝȠǶƷȝǐǌ ȏȓȂǆǐȖȖǐȖ Ʒȓǐ ǶǦǴǐǶΞ ǝǐǼǐȓƷǶ ƷǌƷȏȝǦΗǐ ȓǐȖȏȂǼȖǐȖ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ȝȂ ȏǣƷȓǻƷǆȂǶȂǝǦǆƷǶ

ǦǼǣǦǅǦȝǦȂǼ ƷǼǌ ǻǦǝǣȝ ǅǐ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝॽ

ँ৷ऄ CԀӸӢӹҷԚӢԀӹ Ԁә ӅԀӸӂӢӹҷԚӢԀӹ ӅҷӹӋӢӋҷԚӏԓ ӂҷԓӏӋ Ԁӹ ӋԏԞӚ৳ԓԌӏӅӢәӢӅ

ԏӏԓӢԓԚҷӹӅӏ Ӹҷԏӯӏԏԓ

sǐ ǼǐΝȝ ǜȂǆȠȖǐǌ ȂȠȓ ƷǼƷǶΞȖǦȖ ȂǼ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ǜȂȓ ǦǼǌǦΗǦǌȠƷǶ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ǆȂǼǌǦৄ

ȝǦȂǼȖ ȝȂ ǝƷǦǼ ǜȠȓȝǣǐȓ ǦǼȖǦǝǣȝ ǦǼȝȂ ǌȓȠǝৄȖȏǐǆǦЖǆ ǆǐǶǶȠǶƷȓ ǆǣƷǼǝǐȖॽ sǐ ǣƷΗǐ ƷȏȏǶǦǐǌ ȝǣȓǐǐ ǦǼǌǐȏǐǼǌǐǼȝ

ƷǼǌ ǆȂǻȏǶǐǻǐǼȝƷȓΞ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣǐȖ ȝȂ ǌǦȖǆȂΗǐȓ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ƷǼǌ ȏƷȝǣΘƷΞȖॶ ΘǣǦǆǣ

Ʒȓǐ ǻȂǌȠǶǐ ǌǐȝǐǆȝǦȂǼ ȠȖǦǼǝ CǐȝǅȂΝऀईआॶऀईइॶ %[��ॶ ƷǼǌ ǦǼǌǦΗǦǌȠƷǶ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ƷǼƷǶΞȖǦȖॽ Cǐȝৄ

ǅȂΝ ƷǶǝȂȓǦȝǣǻ ǆȂǻǅǦǼǐȖ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼ ǼǐȝΘȂȓǴȖ ΘǦȝǣ Ʒ ǆǶȠȖȝǐȓǦǼǝ ƷǶǝȂৄ

ȓǦȝǣǻ ȝȂ ǦǌǐǼȝǦǜΞ ǜȠǼǆȝǦȂǼƷǶ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ƷǆȓȂȖȖ ȝǣǐ ǅȂȠǼǌƷȓǦǐȖ Ȃǜ ǆȠȓƷȝǐǌ ƷǼǌ ȏȓǐৄǌǐЖǼǐǌ ǶǦȖȝȖ
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log2(expression ratio)

0.0- 1 . 8 1.8 3.6- 3 . 6
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ऄआ



Ȃǜ ȏȓȂȝǐǦǼȖॽ sǐ ЖȓȖȝ ȠȖǐǌ ȝǣǐ CǐȝǅȂΝ ƷǶǝȂȓǦȝǣǻ ȝȂ ǦǌǐǼȝǦǜΞ ǜȠǼǆȝǦȂǼƷǶ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ƷǼǌ ȝǣǐǼ

ƷȏȏǶǦǐǌ ȏƷȝǣΘƷΞ ǐǼȓǦǆǣǻǐǼȝ ȝȂ ǶƷǅǐǶ ȝǣǐ ǦǌǐǼȝǦЖǐǌ ǻȂǌȠǶǐȖ BƷȝǐȓǦƷǶ ƷǼǌBǐȝǣȂǌȖॽ sǐ ȝǣǐǼ Ʒȏৄ

ȏǶǦǐǌ %[�� ȝȂ ǦǼǌǐȏǐǼǌǐǼȝǶΞ ǦǌǐǼȝǦǜΞ ǐǼȓǦǆǣǐǌ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ȠȏȂǼ ǐƷǆǣ ǌȓȠǝ ǦǼǣǦǅǦȝǦȂǼॽ /Ǽ

ƷǌǌǦȝǦȂǼॶ Θǐ ǐΝƷǻǦǼǐǌ ǦǼǌǦΗǦǌȠƷǶ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ȝǣƷȝ Ʒȓǐ Ȃǜ ǦǼȝǐȓǐȖȝ ǦǼ ǴǼȂΘǼ ǆƷǼǆǐȓ ȖǦǝǼƷǶৄ

ǦǼǝȖॽ $Ȃȓ ǐƷǆǣ Ȃǜ ȝǣǐ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǌȓȠǝȖॶ ȝǣǐ ǦǌǐǼȝǦЖǐǌ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ΘǦȝǣ ǌǐǆȓǐƷȖǐǌ ƷǆȝǦΗǦȝǦǐȖॶ

ǦǼǌǦǆƷȝǐǌ ǅΞ ȝǣǐ ǌǐǆȓǐƷȖǐ ǦǼ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼȖॶ ǝǐǼǐȓƷǶǶΞ Ʒǝȓǐǐ ΘǦȝǣ ȝǣǐ ǴǼȂΘǼ ǜȠǼǆȝǦȂǼȖ Ȃǜ ȝǣǐ

ǌȓȠǝȖ $ǦǝȠȓǐ ँॽःॽ sǐ ǣƷΗǐ ƷǶȖȂ ǦǌǐǼȝǦЖǐǌ ȖǐΗǐȓƷǶ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ƷǼǌ ǦǼǌǦΗǦǌȠƷǶ ȏȓȂȝǐǦǼȖ ΘǦȝǣ

ǦǼǆȓǐƷȖǐǌ ǐΝȏȓǐȖȖǦȂǼॶ ΘǣǦǆǣ Θǐ ΘǦǶǶ ǌǦȖǆȠȖȖ ǦǼ ǌǐȝƷǦǶ ǶƷȝǐȓ ǦǼ ȝǣǐ ȖǐǆȝǦȂǼॽ bǣǐȖǐ ǻȂǌȠǶǐȖ ƷǼǌ ȏȓȂৄ

ȝǐǦǼȖ Ʒȓǐ Ȃǜ ȏƷȓȝǦǆȠǶƷȓ ǦǼȝǐȓǐȖȝ ƷȖ ȝǣǐΞ Ʒȓǐ ǶǦǴǐǶΞ ǦǼǌǦǆƷȝǦΗǐ Ȃǜ ȏȂȝǐǼȝǦƷǶ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ȝȂ ȝǣǐ

ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǦǼǣǦǅǦȝȂȓȖॽ

Tested drug (A) Combination partner (B) Target of B Mechanism of B Clinical stage of B Analysis evidence

AKTi (MK-2206) AL101 (BMS-906024) NOTCH signaling γ-secretase inhibitor
FDA fast track designation for adenoid

cystic carcinoma
Netbox analysis

BCL2i (Venetoclax) Infigratinib FGFR signaling FGFR1-3 inhibitor FDA-approved for cholangiocarcinoma individual protein

BCL2i (Venetoclax) Everolimus MTOR signaling mTORC1 inhibitor
FDA-approved for breast cancer, renal cell

carcinoma, etc.
Individual protein

GSK3βi (CHIR-99021) Ivosidenib IDH1 Isocitrate dehydrogenase-1 inhibitor
FDA-approved for acute myeloid leukemia

and cholangiocarcinoma
Individual protein

MEKi (PD-0325901) Erlotinib EGFR signaling EGFR tyrosine kinase inhibitor
FDA-approved for non-small cell lung

cancer (NSCLC) and pancreatic cancer
Individual protein

MEKi (PD-0325901) Palbociclib CDK4/6 CDK4/6 inhibitor FDA-approved for breast cancer Individual protein

PKCi (BIM VIII) Ivosidenib IDH1 Isocitrate dehydrogenase-1 inhibitor
FDA-approved for acute myeloid leukemia

and cholangiocarcinoma
Individual protein

PKCi (BIM VIII) TVB-2640 FASN Fatty acid synthetase inhibitor
FDA fast track designation for nonalcoholic

steatohepatitis (NASH)
GSEA analysis

SRCi (Bosutinib) Idelalisib PI3K signaling PI3K delta isoform inhibitor
FDA-approved for chronic lymphocytic

leukemia and certain types of lymphoma
Netbox analysis

SRCi (Bosutinib) Ivosidenib IDH1 Isocitrate dehydrogenase-1 inhibitor
FDA-approved for acute myeloid leukemia

and cholangiocarcinoma
Individual protein

SRCi (Bosutinib) Auranofin Redox enzymes Inhibition of redox enzymes
FDA-approved for rheumatoid arthritis,

clinical trials in cancer
Individual protein & Netbox

$-0Ѵ; ƑĺƐĹ �uorov;7 1ol0bm-ঞom 7u�] 1-m7b7-|;v 0-v;7 om ro|;mঞ-Ѵ u;vbv|-m1; l;1_-mbvlvĺ �o|;mঞ-Ѵ u;vbv|-m1; l;1_Ŋ
-mbvlv �;u; b7;mঞC;7 0-v;7 om |_; -m-Ѵ�vbv o= ruo|;olb1 ruoCѴbm] -[;u 7u�] |u;-|l;m| �vbm] |_u;; 1olrѴ;l;m|-u�
-rruo-1_;vķ bĺ;ĺ �;|0o� -m-Ѵ�vbvķ �"�� -m-Ѵ�vbvķ -m7 bm7b�b7�-Ѵ ruo|;bm ;�ru;vvbom -m-Ѵ�vbvĺ "l-ѴѴ loѴ;1�Ѵ; bm_b0b|ouv
�;u; v;Ѵ;1|;7 |o |-u];| |_; 1ouu;vrom7bm] r-|_�-�v bm7b1-ঞ�; o= u;vbv|-m1; -v 1ol0bm-ঞom r-u|m;uv o= |_; oub]bm-ѴѴ�
ruoCѴ;7 7u�]vĺ 	u�]v -u; ruboubঞ�;7 b= |_;� -u; lou; u;Ѵ;�-m| bm 1Ѵbmb1-Ѵ v;মm]vķ bĺ;ĺ 	�Ŋ-rruo�;7 ou bm Ѵ-|;Ŋv|-];
1Ѵbmb1-Ѵ |ub-Ѵvĺ

sǐ ǦǌǐǼȝǦǜΞ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ƷȖ ȝǣǐ ȏȓȂȝǐǦǼȖ Ȃȓ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ȝǣƷȝ Ʒȓǐ ǅȂȝǣ ȏȓȂৄ

ऄइ



ȏȓȂǶǦǜǐȓƷȝǦΗǐ ƷǼǌ ȠȏৄȓǐǝȠǶƷȝǐǌ ǦǼ ƷǆȝǦΗǦȝǦǐȖॶ ǦǼǌǦǆƷȝǐǌ ǅΞ ƷǼ ǦǼǆȓǐƷȖǐ ǦǼ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼॽ sǣǐȝǣǐȓ

Ʒ ȏȓȂȝǐǦǼ Ȃȓ Ʒ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖ ǦȖ ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ Ȃȓ ƷǼȝǦৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ǦȖ ǌǐЖǼǐǌ ƷȖ ȝǣǐ ǦǼǌǦΗǦǌȠƷǶ

ǜȠǼǆȝǦȂǼƷǶ ȖǆȂȓǐ Ȃǜ ȝǣǐ ǝǐǼǐ Ȃȓ ȝǣǐ ƷΗǐȓƷǝǐ ǜȠǼǆȝǦȂǼƷǶ ȖǆȂȓǐ Ȃǜ ȝǣǐ ǝǐǼǐȖ ǦǼ ȝǣǐ ȏȓȂǆǐȖȖ BƷȝǐȓǦƷǶȖ

ƷǼǌBǐȝǣȂǌȖॽ bȂ ǼȂǻǦǼƷȝǐ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॶ Θǐ ȝǣǐȓǐǜȂȓǐ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝƷȓǝǐȝ ȝǣǐ ȓǐৄ

ȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǦǌǐǼȝǦЖǐǌ ǅΞ ȂȠȓ ȝǣȓǐǐ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣǐȖ ΘǣǦǶǐ ƷȏȏǶΞǦǼǝ ȝǣǐ ȂȓǦǝǦǼƷǶ

ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǦǼǣǦǅǦȝǦȂǼॶ ΘǦȝǣ ȝǣǐ ȓƷȝǦȂǼƷǶǐ ȝȂ ǆȂǻȏǶǐȝǐǶΞ ǅǶȂǆǴ ȝǣǐ ȂȏȏȂȓȝȠǼǦȝΞ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖ ȝȂ

ȓǐȖȝȂȓǐ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ bǣǐ ǆƷǼǌǦǌƷȝǐ ǌȓȠǝȖ Ʒȓǐ ǆǣȂȖǐǼ ƷȖ ȖȏǐǆǦЖǆ ǦǼǣǦǅǦȝȂȓȖ Ȃǜ ȝǣǐ ȖǐǶǐǆȝǐǌ ȏƷȝǣΘƷΞȖ

Ȃȓ ȏȓȂȝǐǦǼȖ bƷǅǶǐ ँॽऀॽ sǐ ȝǣǐǼ ȓƷǼǴǐǌ ȝǣǐ ǆƷǼǌǦǌƷȝǐȖ ǅƷȖǐǌ ȂǼ ȝǣǐǦȓ ǆǶǦǼǦǆƷǶ ȖȝƷǝǐȖॶ ȏȓǦȂȓǦȝǦΣǦǼǝ

ȝǣȂȖǐ ȝǣƷȝ ǣƷΗǐ ǅǐǐǼ ƷȏȏȓȂΗǐǌ ǅΞ ȝǣǐ $ȂȂǌ ƷǼǌ �ȓȠǝ �ǌǻǦǼǦȖȝȓƷȝǦȂǼ $��ॽ bȂ ǜȠȓȝǣǐȓ ЖǶȝǐȓ ȝǣǐ

ǆƷǼǌǦǌƷȝǐȖॶ Θǐ ƷǶȖȂ ȓǐΗǦǐΘǐǌ ȏȓǐΗǦȂȠȖ ǶǦȝǐȓƷȝȠȓǐ ȂǼ ǣȂΘ ΘǦǌǐǶΞ ȝǣǐȖǐ ǆƷǼǌǦǌƷȝǐȖ ǣƷΗǐ ǅǐǐǼ ȠȖǐǌ ǦǼ

ȏȓǐৄǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖ ƷǼǌ ƷǌǌǦȝǦȂǼƷǶ ȖȠȏȏȂȓȝǦǼǝ ǦǼǜȂȓǻƷȝǦȂǼ ȂǼ ȝǣǐǦȓ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ƷǼǌ ȏȂৄ

ȝǐǼȝǦƷǶ ȏƷȓȝǼǐȓȖ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॽ

�<bǦ

/Ǽ ƷǝȓǐǐǻǐǼȝ ΘǦȝǣ �<bȖ ǆǐǼȝȓƷǶ ǜȠǼǆȝǦȂǼ ǦǼ ǆȂǼȝȓȂǶǶǦǼǝ ǴǐΞ ǴǦǼƷȖǐ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖॶ ǆǐǶǶ ȏȓȂৄ

ǶǦǜǐȓƷȝǦȂǼॶ ƷǼǌ ǝǶȠǆȂȖǐ ǻǐȝƷǅȂǶǦȖǻऀईईॶँࣿࣿॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼ ǼǐȝΘȂȓǴ ǻȂǌȠǶǐȖ

ȠȏȂǼ �<b ǦǼǣǦǅǦȝǦȂǼ Ʒȓǐ ǐǼȓǦǆǣǐǌ ǜȂȓ ȖǐΗǐȓƷǶ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖॶ ǦǼǆǶȠǌǦǼǝ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ȓǐǆǐȏৄ

ȝȂȓ ȏȓȂȝǐǦǼ ȖǐȓǦǼǐȝǣȓǐȂǼǦǼǐ ǴǦǼƷȖǐ ȖǦǝǼƷǶǦǼǝ %Hॵࣿࣿࣿआऀआइॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॽࣿࣿँःॶ ǻȠȖǆǶǐ ǆȂǼȝȓƷǆৄ

ȝǦȂǼ %Hॵࣿࣿࣿअईंअॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ँॽऀࣿ�ৄࣿऄॶ ǼȠǆǶǐƷȓ ǆǣȓȂǻȂȖȂǻǐ ȖǐǝȓǐǝƷȝǦȂǼ %Hॵࣿࣿईइइऀंॶ ƷǌǱॽ

ȏৄΗƷǶȠǐ  ࣿॶ ƷǼǌ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ЖǅȓȂǅǶƷȖȝ ȏȓȂǶǦǜǐȓƷȝǦȂǼ %Hॵࣿࣿःइऀःऄॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॽࣿःःॽ bǣǐ

ȓǐǌȠǆǐǌ ƷǆȝǦΗǦȝǦǐȖ ǦǼ ȝǣǐȖǐ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖॶ ǦǼǌǦǆƷȝǐǌ ǅΞ ȝǣǐ ǌǐǆȓǐƷȖǐ ǦǼ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼॶ ǶǦǴǐǶΞ

Ƕǐǌ ȝȂ ȝǣǐ ǌǐǆȓǐƷȖǐ ǦǼ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞॽ

sǐ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ȠȏȂǼ �<b ǦǼǣǦǅǦȝǦȂǼॶ Ʒ CǐȝǅȂΝৄǦǌǐǼȝǦЖǐǌ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐ ǐǼȓǦǆǣǐǌ ǜȂȓ CȂȝǆǣ

ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞ %Hॵࣿࣿࣿआँऀईॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ँॽंआ�ৄࣿँ ǦȖ ȠȏȓǐǝȠǶƷȝǐǌ ΘǦȝǣ ƷǼ ƷΗǐȓƷǝǐ ǶȂǝँȓƷȝǦȂ

Ȃǜ ࣿॽईई ȂΗǐȓ ȝΘȂ ǝǐǼǐȖॶ �UU ƷǼǌ b[U�Cऀः $ǦǝȠȓǐ ँॽःॽ �ǆȝǦΗƷȝǦȂǼ Ȃǜ CȂȝǆǣ ȖǦǝǼƷǶǦǼǝ ǦȖ ǜȂȠǼǌ ǦǼ

ऄई



ǌǦЍǐȓǐǼȝ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓ ƷǼǌ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ CȂȝǆǣ ȖǦǝǼƷǶǦǼǝ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ƷȖ Ʒ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠৄ

ȝǦǆ ƷȏȏȓȂƷǆǣ ǜȂȓ ǆƷǼǆǐȓȖँࣿऀॽ sǐ ǅǐǶǦǐΗǐ ȝǣǐ ȠȏȓǐǝȠǶƷȝǦȂǼ Ȃǜ ȏȓȂȝǐǦǼȖ ǦǼ CȂȝǆǣ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ

ǻǦǝǣȝ ǅǐ ƷǼ ƷǌƷȏȝǦΗǐ ǻǐǆǣƷǼǦȖǻ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ȝȂ ȓǐȖǦȖȝ �<b ǦǼǣǦǅǦȝǦȂǼॽ bǣǐȓǐǜȂȓǐॶ Θǐ

ȏȓȂȏȂȖǐ ȝȂ ȠȖǐ �=ऀࣿऀ �B[ৄईࣿअࣿँःॶ Ʒ ȖǐǆȓǐȝƷȖǐৄݼ ǦǼǣǦǅǦȝȂȓॶ ȝȂ ȝƷȓǝǐȝ CȂȝǆǣ ȖǦǝǼƷǶǦǼǝȖॶ ǦǼ ǆȂǻǅǦৄ

ǼƷȝǦȂǼ ΘǦȝǣ ȝǣǐ �<b ǦǼǣǦǅǦȝȂȓ bƷǅǶǐ ँॽऀॽ

��=ँǦ

�Ξ ƷǼƷǶΞΣǦǼǝ ȝǣǐ ȏȓȂȝǐǦǼ ǼǐȝΘȂȓǴ ǻȂǌȠǶǐȖ ǌǐȓǦΗǐǌ ȠȏȂǼ ��=ँ ǦǼǣǦǅǦȝǦȂǼॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ��=ँǦ

ǼǐǝƷȝǦΗǐǶΞ ƷЍǐǆȝǐǌ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȝȓƷǼȖǶƷȝǦȂǼ %Hॵࣿࣿंँऄःंॶ ƷǌǱॽ ȏৄΗƷǶȠǐ 

ࣿॶ ƷǼǌ ȏȓȂȝǐǦǼ ǦǻȏȂȓȝ ǦǼȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻƷȝȓǦΝ %Hॵࣿࣿंࣿऀऄࣿॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॽ bǣǦȖ ǦȖ ǦǼ

ƷǝȓǐǐǻǐǼȝ ΘǦȝǣ ȝǣǐ ȓȂǶǐ Ȃǜ ��=ँ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ƷȏȂȏȝȂȖǦȖ ƷǼǌ ǻǐȝƷǅȂǶǦȖǻँࣿँॽ

sǐ ǦǌǐǼȝǦЖǐǌ ȝΘȂ ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ǝǐǼǐȖ ΘǣȂȖǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼ ��=ँ ǦǼǣǦǅǦৄ

ȝǦȂǼॶ $%$Xं ǶȂǝँȓƷȝǦȂ  ࣿॽइआःॶ ȏৄΗƷǶȠǐ  ँॽࣿࣿ�ৄࣿं ƷǼǌBbHX ǶȂǝँȓƷȝǦȂ  ंॽःई�ৄࣿँॶ ΘǣǦǆǣ Ʒȓǐ

ǐȖȖǐǼȝǦƷǶ ȏǶƷΞǐȓȖ Ȃǜ ΘǐǶǶৄǴǼȂΘǼ ǆƷǼǆǐȓ ȖǦǝǼƷǶǦǼǝȖॶ $%$X ȖǦǝǼƷǶǦǼǝॶ ƷǼǌ ǻbHX ȖǦǝǼƷǶǦǼǝॽ sǦȝǣ Ʒǌৄ

ǌǦȝǦȂǼƷǶ ǐΗǦǌǐǼǆǐ ǜȓȂǻ ȏȓǐΗǦȂȠȖ ǶǦȝǐȓƷȝȠȓǐ ȓǐȏȂȓȝǦǼǝ ǐǼǣƷǼǆǐǌ ƷǼȝǦৄȝȠǻȂȓ ǐЍǐǆȝȖ Ȃǜ ǌȠƷǶ ǦǼǣǦǅǦȝǦȂǼ

�ǆǶৄँ ΘǦȝǣ $%$Xॶ ƷǼǌ �ǆǶৄँ ΘǦȝǣ ǻbHXँࣿंॶँࣿःॶ Θǐ ǅǐǶǦǐΗǐ ǅȂȝǣ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ǻƷΞ ǅǐ ȓǐȖǦȖৄ

ȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ȝȂ ��=ँ ǦǼǣǦǅǦȝǦȂǼ ƷǼǌ ǆƷǼ ǅǐ ǆǣȂȖǐǼ ƷȖ ǆȂǻǅǦǼƷȝǦȂǼ ȝƷȓǝǐȝȖ ΘǦȝǣ ��=ँǦॽ sǐ

ǆǣȂȖǐ /ǼЖǝȓƷȝǦǼǦǅॶ Ʒ ȖǐǶǐǆȝǦΗǐ $%$Xऀৄं ǦǼǣǦǅǦȝȂȓ ȝȂ ȝƷȓǝǐȝ $%$X ȖǦǝǼƷǶǦǼǝॶ ƷǼǌ �ΗǐȓȂǶǦǻȠȖॶ ΘǣǦǆǣ

ǦǼǣǦǅǦȝȖ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ȝǣǐ ǻbHX ǆȂǻȏǶǐΝॶ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ ��=ँǦ bƷǅǶǐ ँॽऀॽ

/Ǽ ƷǌǌǦȝǦȂǼॶ ȂȠȓ ƷǼƷǶΞȖǦȖ ǜȓȂǻCǐȝǅȂΝ ǦǌǐǼȝǦЖǐǌ ȖǦǝǼǦЖǆƷǼȝ ǐǼȓǦǆǣǻǐǼȝ Ȃǜ ȏȓȂȝǐǦǼȖ ΘǦȝǣ ǦǼৄ

ǆȓǐƷȖǐǌ ǐΝȏȓǐȖȖǦȂǼ ǦǼ ȝΘȂ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖॶ ǅǶȂȂǌ ǆȂƷǝȠǶƷȝǦȂǼ %Hॵࣿࣿࣿआऄईअॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ

ƷǼǌ ǣȠǻȂȓƷǶ ǦǻǻȠǼǐ ȓǐȖȏȂǼȖǐ %Hॵࣿࣿࣿअईऄईॶ ƷǌǱ ȏৄΗƷǶȠǐ  ࣿ $ǦǝȠȓǐ ँॽःॽ �ǶȝǣȂȠǝǣ ȝǣǐ ǻǐǆǣƷৄ

ǼǦȖǻȖ ǶǦǼǴǦǼǝ ȝǣǐȖǐ ȝΘȂ ȏȓȂǆǐȖȖǐȖ ƷǼǌ ��=ँ Ʒȓǐ ȠǼǆǶǐƷȓॶ ȝǣǐ ȖȝȓȂǼǝ ǐǼȓǦǆǣǻǐǼȝ ƷǼǌ ȠȏৄȓǐǝȠǶƷȝǦȂǼ

Ȃǜ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼȖ ȖȠȏȏȂȓȝ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ ȝǣǐΞ ǻǦǝǣȝ ǅǐ ǐǻǐȓǝǦǼǝ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ȝȂ

��=ँ ǦǼǣǦǅǦȝǦȂǼॽ

अࣿ



Ǧݻं>]%

/ǼǣǦǅǦȝǦȂǼ Ȃǜ ݻं>]% Ƕǐǌ ȝȂ ȝǣǐ ǌǦȖȓȠȏȝǐǌ ƷǆȝǦΗǦȝǦǐȖ Ȃǜ ȖǐΗǐȓƷǶ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞȖॶ ǦǼǆǶȠǌǦǼǝ

%ȂǶǝǦ ΗǐȖǦǆǶǐ ȝȓƷǼȖȏȂȓȝ %Hॵࣿࣿःइऀईंॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ ƷǼǌ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ǆƷǼȂǼǦǆƷǶ sǼȝ ȖǦǝǼƷǶৄ

ǦǼǝ ȏƷȝǣΘƷΞ %Hॵࣿࣿअࣿइँइॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॽࣿࣿअࣿॶ ΘǣǦǆǣ Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ǴǼȂΘǼ ǜȠǼǆȝǦȂǼȖ

Ȃǜ ݻं>]% ȝȂ ȓǐǝȠǶƷȝǐ %ȂǶǝǦ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝँࣿऄ ƷǼǌ ƷЍǐǆȝ sǼȝৄݻǆƷȝǐǼǦǼ ȖǦǝǼƷǶǦǼǝँࣿअॽ

sǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ǦȖȂǆǦȝȓƷȝǐ ǌǐǣΞǌȓȂǝǐǼƷȖǐ ऀ /�,ऀ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼ

ݻं>]% ǦǼǣǦǅǦȝǦȂǼ ǶȂǝँȓƷȝǦȂ  ࣿॽआअआॶ ȏৄΗƷǶȠǐ  ऀॽःࣿ�ৄࣿंॽ /ȝ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ȝǣƷȝ

ȏǣƷȓǻƷǆȂǶȂǝǦǆƷǶ ǦǼǣǦǅǦȝǦȂǼ Ȃȓ ǴǼȂǆǴǌȂΘǼ Ȃǜ /�,ऀ ǌǐǆȓǐƷȖǐǌ ȏȓȂǶǦǜǐȓƷȝǦȂǼ ǅΞ ǦǼǌȠǆǦǼǝ ȖǐǼǐȖৄ

ǆǐǼǆǐ ǦǼ ǻȠǶȝǦȏǶǐ ,%[H� ǆǐǶǶ ǶǦǼǐȖँࣿआॽ bǣǐȓǐǜȂȓǐॶ Θǐ ǅǐǶǦǐΗǐ /�,ऀ ǆƷǼ ǅǐ Ʒ ȓǐȖǦȖȝƷǼǆǐ ǻƷȓǴǐȓ ǜȂȓ

ݻं>]% ǦǼǣǦǅǦȝǦȂǼॽ sǐ ȖǐǶǐǆȝ /ΗȂȖǦǌǐǼǦǅॶ ƷǼ $��ৄƷȏȏȓȂΗǐǌ ǦǼǣǦǅǦȝȂȓ ǜȂȓ /�,ऀॶ ƷȖ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ

ȏƷȓȝǼǐȓ ǜȂȓ Ǧݻं>]% bƷǅǶǐ ँॽऀॽ

sǐ ƷǶȖȂ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ CǐȝǅȂΝৄǦǌǐǼȝǦЖǐǌ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐ ǐǼȓǦǆǣǐǌ ǜȂȓ ǶΞȖȂȖȂǻǐ ȂȓǝƷǼǦΣƷȝǦȂǼ

%Hॵࣿࣿࣿआࣿःࣿॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ऀॽऀइ�ৄࣿं ǦȖ ƷǆȝǦΗƷȝǐǌ $ǦǝȠȓǐ ँॽःॽ bǣǦȖ ȓǐȖȏȂǼȖǐ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ

ȓǐȏȂȓȝǐǌ ǅΞ �Ƕǅȓǐǆǣȝ ǐȝॽ ƷǶँࣿइ ΘǣȂ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ǻƷǆȓȂȏǦǼȂǆΞȝȂȖǦȖॶ ȝȓǦǝǝǐȓǐǌ ǅΞ %[<ंৄǦǼǣǦǅǦȝǦȂǼॶ

ǦǼǌȠǆǐǌ ǆƷȝƷǅȂǶǦǆ ƷǆȝǦΗǦȝΞ Ȃǜ ǶΞȖȂȖȂǻǐȖॽ sǐ ǅǐǶǦǐΗǐ ǦǼǆȓǐƷȖǐǌ ǶΞȖȂȖȂǻǐ ƷǆȝǦΗǦȝΞ ǻǦǝǣȝ ǅǐ Ʒ ȓǐȖǦȖȝƷǼǆǐ

ǻǐǆǣƷǼǦȖǻ ȝȂ ݻं>]% ǦǼǣǦǅǦȝǦȂǼॽ bǣǐ ǶΞȖȂȖȂǻǐ ǦȖ ǶǦǼǴǐǌ ȝȂ ǻƷǼΞ ǣƷǶǶǻƷȓǴȖ Ȃǜ ǆƷǼǆǐȓ ƷǼǌ Ʒ ΘǦǌǐ

ȓƷǼǝǐ Ȃǜ ƷǝǐǼȝȖ ǣƷΗǐ ȖǣȂΘǼ ȝȂ ƷЍǐǆȝ ǻȠǶȝǦȏǶǐ ƷȖȏǐǆȝȖ Ȃǜ ǶΞȖȂȖȂǻǐ ƷǆȝǦΗǦȝǦǐȖ ǦǼ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖँࣿईॽ sǐ

ǅǐǶǦǐΗǐ ȂȠȓ ƷǼƷǶΞȖǦȖ ǌȂǐȖ ǼȂȝ ȏȓȂΗǦǌǐ ȖȠАǆǦǐǼȝ ǐΗǦǌǐǼǆǐ ȝȂ ȖȠȏȏȂȓȝ ȂȠȓ ǆǣȂǦǆǐ Ȃǜ ǌȓȠǝȖ ǦǼǣǦǅǦȝǦǼǝ

Ʒ ȏƷȓȝǦǆȠǶƷȓ ǶΞȖȂȖȂǻƷǶ ȝƷȓǝǐȝॽ bǣǐȓǐǜȂȓǐॶ ǐΝȏǐȓǦǻǐǼȝƷǶ ΗƷǶǦǌƷȝǦȂǼ Ȃǜ ǆȂৄȝƷȓǝǐȝǦǼǝ ݻं>]% ƷǼǌ ǶΞȖȂৄ

ȖȂǻǐ ƷǆȝǦΗǦȝǦǐȖॶ ΘǣǦǆǣ ȏȂȝǐǼȝǦƷǶǶΞ Ǽǐǐǌ ȝȂ ǅǐ ǌȂǼǐ ǦǼ Ʒ ǌȓȠǝ ȖǆȓǐǐǼॶ ǻǦǝǣȝ ǅǐ ǅǐΞȂǼǌ ȝǣǐ ȖǆȂȏǐ Ȃǜ

ȝǣǦȖ ȖȝȠǌΞॽ

B�<Ǧ

sǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ȠȏȂǼB�< ǦǼǣǦǅǦȝǦȂǼ Ʒȓǐ ǐǼȓǦǆǣǐǌ ǜȂȓ ǅǦȂǶȂǝǦǆƷǶ

ȏȓȂǆǐȖȖǐȖ ǦǼΗȂǶΗǐǌ ǦǼ ǆǐǶǶ ǆΞǆǶǐ ƷǼǌ ȏȓȂǶǦǜǐȓƷȝǦȂǼॶ ǦǼǆǶȠǌǦǼǝ ǻǦȝȂȝǦǆ ȖǦȖȝǐȓ ǆǣȓȂǻƷȝǦǌ ȖǐǝȓǐǝƷȝǦȂǼ

अऀ



%Hॵࣿࣿࣿࣿࣿआࣿॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ ǻǦȝȂȝǦǆ ȖȏǦǼǌǶǐ ƷȖȖǐǻǅǶΞ %Hॵࣿࣿईࣿंࣿआॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ँॽऀआ�ৄࣿऄॶ

ƷǼǌ ȓǦǅȂȖȂǻǐ ǅǦȂǝǐǼǐȖǦȖ %Hॵࣿࣿࣿअंअःॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ

ȝǣǐ ǻƷǱȂȓ ǜȠǼǆȝǦȂǼ Ȃǜ ȝǣǐ B�U<�X< ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞ ȝȂ ȓǐǝȠǶƷȝǐ ǆǐǶǶ ǆΞǆǶǐ ǐǼȝȓΞॶ ȝȓƷǼȖǆȓǦȏȝǦȂǼॶ

ƷǼǌ ȝȓƷǼȖǶƷȝǦȂǼँऀࣿॽ

bǣǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ �%$X ǶȂǝँȓƷȝǦȂ  ऀॽऀईॶ ȏৄΗƷǶȠǐ  ऀॽࣿऀ�ৄࣿँ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼB�<

ǦǼǣǦǅǦȝǦȂǼॽ UȓǐΗǦȂȠȖ ǶǦȝǐȓƷȝȠȓǐ ǌǐǻȂǼȖȝȓƷȝǐǌ ȝǣƷȝ ǆȂǻǅǦǼǐǌ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ B�< ƷǼǌ �%$X ȏȓǐΗǐǼȝȖ

ȝǣǐ ǐǻǐȓǝǐǼǆǐ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǦǼ �%$XৄǻȠȝƷǼȝ ǶȠǼǝ ǆƷǼǆǐȓॽ sǐ ȝǣǐȓǐǜȂȓǐ ȖǐǶǐǆȝǐǌ ȝǣǐ ǻȂȖȝ ΘǦǌǐǶΞ

ȠȖǐǌ �%$X ǦǼǣǦǅǦȝȂȓ �ȓǶȂȝǦǼǦǅ ƷȖ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ȏƷȓȝǼǐȓ ΘǦȝǣ ȂȠȓ B�<Ǧ bƷǅǶǐ ँॽऀॽ sǐ ƷǶȖȂ

ȂǅȖǐȓΗǐǌ ȝǣƷȝ ȝǣǐ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ǆΞǆǶǦǼৄǌǐȏǐǼǌǐǼȝ ǴǦǼƷȖǐ अ ��<अ ǦǼǆȓǐƷȖǐǌ ǶȂǝँȓƷȝǦȂ  ࣿॽईंऀॶ ȏৄ

ΗƷǶȠǐ  ःॽऄऄ�ৄࣿंॶ ΘǣǦǆǣ ȏȂȖǦȝǦΗǐǶΞ ȓǐǝȠǶƷȝǐ ǆǐǶǶ ǆΞǆǶǐॽ [ǦǼǆǐ ��<अ ǦȖ Ʒ ȏȂȝǐǼȝǦƷǶ ȓǐȖǦȖȝƷǼǆǐ ǻƷȓǴǐȓ

Ȃǜ B�<Ǧॶ ƷȖ ΘǐǶǶ ƷȖ Ʒ ȝǣǐȓƷȏǐȠȝǦǆ ȝƷȓǝǐȝ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȏƷȝǦǐǼȝȖँऀऀॶ Θǐ ȖǐǶǐǆȝǐǌ ȏƷǶǅȂǆǦǆǶǦǅ ƷȖ ȝǣǐ

ȖȏǐǆǦЖǆ ǦǼǣǦǅǦȝȂȓ Ȃǜ ��<ःअ ȝȂ ȠȖǐ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣB�<Ǧ bƷǅǶǐ ँॽऀॽ

sǐ ǜȂȠǼǌ ƷǼ ǦǼǆȓǐƷȖǐ ǦǼ ȝǣǐ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȏȓȂȝǐǦǼȖ ǐǼȓǦǆǣǐǌ ǜȂȓ ȝǣǐ ǝǶΞǆȂȖȏǣǦǼǝȂǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ

ȏȓȂǆǐȖȖ %Hॵࣿࣿࣿअअइआॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ंॽऄऀ�ৄࣿआ ȠȖǦǼǝ CǐȝǅȂΝ $ǦǝȠȓǐ ँॽःॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ǻǐȝƷǅȂǶǦǆ

ȓǐΘǦȓǦǼǝ ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ B�< ǦǼǣǦǅǦȝǦȂǼ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ǌǐȖǆȓǦǅǐǌ ƷȖ Ʒ ȏȂȖȖǦǅǶǐ ǻǐǆǣƷǼǦȖǻ Ȃǜ

ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǻǐǶƷǼȂǻƷ ǆǐǶǶȖँऀँॶँऀंॶ ƷǼǌ ȝƷȓǝǐȝǦǼǝ Ȃǜ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ

ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖँऀःॽ �ǶȝǣȂȠǝǣ ȝƷȓǝǐȝǦǼǝ ǣǦǝǣǶΞ ǐΝȏȓǐȖȖǐǌ ǻǐȝƷǅȂǶǦǆ ǐǼΣΞǻǐȖ ǦǼ ȝǣǐ ǝǶΞǆȂȖȏǣǦǼৄ

ǝȂǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȏȓȂǆǐȖȖ ǻǦǝǣȝ ȏȓȂΗǦǌǐ Ʒ ȏȂȝǐǼȝǦƷǶ ȖȝȓƷȝǐǝΞ ȝȂ ȂΗǐȓǆȂǻǐB�<Ǧ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ȂΗƷȓǦƷǼ

ǆƷǼǆǐȓॶ ȝǣǦȖ ǣΞȏȂȝǣǐȖǦȖ ǣƷȖ Ξǐȝ ȝȂ ǅǐ ȝǐȖȝǐǌ ǌȠǐ ȝȂ ȝǣǐ ǶƷǆǴ Ȃǜ ȖȏǐǆǦЖǆ ǦǼǣǦǅǦȝȂȓȖ Ȃǜ ȝǣǐ ȏƷȝǣΘƷΞॽ

U<�Ǧ

�ǼȓǦǆǣǐǌ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ȠȏȂǼ U<� ǦǼǣǦǅǦȝǦȂǼ ǦǼǆǶȠǌǐ ǐΝȝȓƷǆǐǶǶȠǶƷȓ ǻƷȝȓǦΝ ȂȓǝƷǼǦΣƷȝǦȂǼ

%Hॵࣿࣿंࣿऀईइॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ ǐȖȝƷǅǶǦȖǣǻǐǼȝ Ȃǜ ΗǐȖǦǆǶǐ ǶȂǆƷǶǦΣƷȝǦȂǼ %Hॵࣿࣿऄऀअऄࣿॶ ƷǌǱॽ ȏৄΗƷǶȠǐ 

ंॽऀआ�ৄࣿऄॶ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ȖǻƷǶǶ %bUƷȖǐ ǻǐǌǦƷȝǐǌ ȖǦǝǼƷǶ ȝȓƷǼȖǌȠǆȝǦȂǼ %Hॵࣿࣿऄऀࣿऄअॶ ƷǌǱॽ ȏৄΗƷǶȠǐ 

ऀॽऄः�ৄࣿअॶ ƷǼǌ ǐȝǆॽ �Ƕȝǐȓǐǌ ƷǆȝǦΗǦȝǦǐȖ ǦǼ ȝǣǐȖǐ ȏȓȂǆǐȖȖǐȖ Ʒǝȓǐǐ ΘǦȝǣ ǴǼȂΘǼ ȓǐǝȠǶƷȝȂȓΞ ǜȠǼǆȝǦȂǼȖ Ȃǜ

अँ



U<�ॶ ǦǼǆǶȠǌǦǼǝ ǅȠȝ ǼȂȝ ǶǦǻǦȝǐǌ ȝȂ ǻǐǻǅȓƷǼǐ ȖȝȓȠǆȝȠȓǐॶ ΗǐȖǦǆǶǐ ȏǐȓǻǐƷǅǦǶǦȝΞॶ ƷǼǌ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ

Ȃǜ ǌȂΘǼȖȝȓǐƷǻ ȏȓȂȝǐǦǼȖँऀऄॽ

bǣǐ ȓǐȖȠǶȝȖ Ȃǜ %[�� ȖȠǝǝǐȖȝǐǌ ȝǣƷȝ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȏȓȂǆǐȖȖ %Hॵࣿࣿࣿअअँईॶ

ȏৄΗƷǶȠǐ  ऀॽऀं�ৄࣿं Ʒȓǐ ǐǼȓǦǆǣǐǌ ȠȏȂǼ U<� ǦǼǣǦǅǦȝǦȂǼॽ =ǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȏȓȂǆǐȖȖǐȖ Ʒȓǐ ƷǶȖȂ ǦǌǐǼȝǦЖǐǌ

ƷȖ ȝǣǐ ǝǐǼǐȓƷǶ ȖȝȓǐȖȖ ȓǐȖȏȂǼȖǐ ƷǼǌ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻ ǜȂȓ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǦǼǣǦǅǦȝǦȂǼॽ bǣǐȓǐǜȂȓǐॶ

Θǐ ȖǐǶǐǆȝǐǌ bq�ৄँअःࣿॶ Ʒ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣƷȖǐ ǦǼǣǦǅǦȝȂȓ ȝȂ ȝƷȓǝǐȝ ȝǣǦȖ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻॽ [ǦǻǦǶƷȓ ȝȂ

ȂȠȓ ȂǅȖǐȓΗƷȝǦȂǼȖ ΘǦȝǣ ݻं>]% ǦǼǣǦǅǦȝǦȂǼॶ /�,ऀ ǶȂǝँȓƷȝǦȂ  ࣿॽअईःॶ ȏৄΗƷǶȠǐ  ऀॽइऀ�ৄࣿंॶ ƷȖ ΘǐǶǶ ƷȖ

ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ȝǣǐ ȏȓȂǆǐȖȖ Ȃǜ ǶΞȖȂȖȂǻǐ ȂȓǝƷǼǦΣƷȝǦȂǼ %Hॵࣿࣿࣿआࣿःࣿॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ऀॽँः�ৄࣿऄ

$ǦǝȠȓǐ ँॽः ǣƷΗǐ ǦǼǆȓǐƷȖǐǌ ǐΝȏȓǐȖȖǦȂǼ ȠȏȂǼ U<�Ǧॽ sǐ ȏȓȂȏȂȖǐ /ΗȂȖǦǌǐǼǦǅ ΘǦȝǣ U<�Ǧ ƷȖ Ʒ ȏȂȝǐǼȝǦƷǶ

ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐ bƷǅǶǐ ँॽऀॽ

[X�Ǧ

UȓȂȝǐǦǼ ǻȂǌȠǶǐȖ ǦǌǐǼȝǦЖǐǌ ȠȏȂǼ [X� ǦǼǣǦǅǦȝǦȂǼ Ʒȓǐ ǐǼȓǦǆǣǐǌ ǻƷǦǼǶΞ ǜȂȓ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ

ȝǣƷȝ Ʒȓǐ ǐȖȖǐǼȝǦƷǶ ǜȂȓ ǆǐǶǶ ȖȠȓΗǦΗƷǶ ƷǼǌ ȏȓȂǶǦǜǐȓƷȝǦȂǼॶ ǦǼǆǶȠǌǦǼǝ ǆȂΗƷǶǐǼȝ ǆǣȓȂǻƷȝǦǼ ǻȂǌǦЖǆƷȝǦȂǼ

%Hॵࣿࣿऀअऄअईॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ ȝȓƷǼȖǆȓǦȏȝǦȂǼ ǐǶȂǼǝƷȝǦȂǼ ǜȓȂǻ XC� ȏȂǶΞǻǐȓƷȖǐ // ȏȓȂǻȂȝǐȓ

%Hॵࣿࣿࣿअंअइॶ ƷǌǱॽ ȏৄΗƷǶȠǐ  ࣿॶ ƷǼǌ ǐȝǆॽ sǐ ǜȂȠǼǌ ȝǣƷȝ ȂǼǐ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐ ǦǌǐǼȝǦЖǐǌ

ǅΞ CǐȝǅȂΝ ǦȖ ǐǼȓǦǆǣǐǌ ǜȂȓ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ȝǣǐ ȏǣȂȖȏǣȂǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȏȓȂǆǐȖȖ %Hॵࣿࣿࣿअअःःॶ

ƷǌǱॽ ȏৄΗƷǶȠǐ  ःॽइअ�ৄࣿः $ǦǝȠȓǐ ँॽःॽ �Ǽ ǦǼȝǐȓǐȖȝǦǼǝ ȂǅȖǐȓΗƷȝǦȂǼ ǦȖ ȝǣƷȝ ȝΘȂ ȏȓȂȝǐǦǼȖॶ U/ं< ǌǐǶȝƷ

ǦȖȂǜȂȓǻ U/<ं�� ƷǼǌ ȏǣȂȖȏǣƷȝǦǌΞǶǦǼȂȖǦȝȂǶৄऄৄȏǣȂȖȏǣƷȝǐ ःৄǴǦǼƷȖǐ ȝΞȏǐৄँ ƷǶȏǣƷ U/Uः<ँ� ǦǼ ȝǣǦȖ

ǻȂǌȠǶǐ Ʒȓǐ ƷǶȖȂ ǦǼΗȂǶΗǐǌ ǦǼ U/ं< ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞॶ ΘǣǦǆǣ ǦȖ ǆȓǦȝǦǆƷǶ ǜȂȓ ǆǐǶǶ ȖȠȓΗǦΗƷǶ ƷǼǌ ǜȓǐȒȠǐǼȝǶΞ

ƷǶȝǐȓǐǌ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ �ǶȝǣȂȠǝǣ [X� ǦǼǣǦǅǦȝǦȂǼ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ȝȂ ȖȠȏȏȓǐȖȖ ȝǣǐ

U/ं< ȏƷȝǣΘƷΞँऀअॶ ȂȠȓ ȂǅȖǐȓΗƷȝǦȂǼ ȖȠǝǝǐȖȝǐǌ ȝǣƷȝ ȝǣǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȝǣǐ U/ं< ǌǐǶȝƷ ǦȖȂǜȂȓǻ

ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼ [X� ǦǼǣǦǅǦȝǦȂǼ ǶȂǝँȓƷȝǦȂ  ँॽःइॶ ȏৄΗƷǶȠǐ  ऀॽआआ�ৄࣿंॽ bǣǐȓǐǜȂȓǐॶ Θǐ

ȏȓȂȏȂȖǐ ȝȂ ȠȖǐ /ǌǐǶƷǶǦȖǦǅॶ Ʒ ȖȏǐǆǦЖǆ U/ं< ǌǐǶȝƷ ǦȖȂǜȂȓǻ ǦǼǣǦǅǦȝȂȓॶ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ [X�Ǧ bƷǅǶǐ

ँॽऀॽ sǐ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ƷǼ ǦǼǆȓǐƷȖǐ ǦǼ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ /�,ऀ ȠȏȂǼ [X� ǦǼǣǦǅǦȝǦȂǼ ǶȂǝँȓƷȝǦȂ 

अं



ࣿॽअःःॶ ȏৄΗƷǶȠǐ  ँॽआअ�ৄࣿं ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȏȓȂȏȂȖǐ /ΗȂȖǦǌǐǼǦǅ ƷǼǌ [X�Ǧ ƷȖ Ʒ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐॽ

/Ǽ ƷǌǌǦȝǦȂǼॶ Θǐ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ȝǣǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼȖ Ȃǜ ȏǐȓȂΝǦȓǐǌȂΝǦǼȖ // ǶȂǝँȓƷȝǦȂ  ࣿॽआऄःॶ ȏৄ

ΗƷǶȠǐ  ँॽइआ�ৄࣿं ƷǼǌ q ǶȂǝँȓƷȝǦȂ  ࣿॽइँऀॶ ȏৄΗƷǶȠǐ  इॽईऄ�ৄࣿः UX�x Ʒȓǐ ȖǦǝǼǦЖǆƷǼȝǶΞ ǦǼǆȓǐƷȖǐǌॽ

UX�xȖ Ʒȓǐ ƷǼȝǦȂΝǦǌƷǼȝ ǐǼΣΞǻǐȖ ȝǣƷȝ ȏǶƷΞ ǴǐΞ ȓȂǶǐȖ ǦǼ ȓǐǝȠǶƷȝǦǼǝ ȏǐȓȂΝǦǌǐ ǶǐΗǐǶȖ ΘǦȝǣǦǼ ǆǐǶǶȖ ǆȂǼৄ

ȝȓȂǶǶǦǼǝ ΗƷȓǦȂȠȖ ȏǣΞȖǦȂǶȂǝǦǆƷǶ ǜȠǼǆȝǦȂǼȖँऀआॽ [ǐΗǐȓƷǶ ȖȝȠǌǦǐȖ ǣƷΗǐ ǦǻȏǶǦǆƷȝǐǌ ƷǼ ǦǼǆȓǐƷȖǐ Ȃǜ ȓǐƷǆȝǦΗǐ

ȂΝΞǝǐǼ ȖȏǐǆǦǐȖ XH[ ǦǼ ǆƷȓǆǦǼȂǝǐǼǐȖǦȖ ǌȠǐ ȝȂ Ʒ ǶȂȖȖ Ȃǜ ȏȓȂȏǐȓ ȓǐǌȂΝ ǆȂǼȝȓȂǶँऀइॽ BȂȖȝ ǼȂȝƷǅǶΞॶ ǦǼ

ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖॶ UX�x ǐΝȏȓǐȖȖǦȂǼ ΘƷȖ ǜȂȠǼǌ ȝȂ ǅǐ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ȏǶƷȝǦǼȠǻ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐँऀई

ȖǦǼǆǐ ǦǼǆȓǐƷȖǐǌ ǶǐΗǐǶȖ Ȃǜ ƷǼȝǦȂΝǦǌƷǼȝȖ ǦǼǣǦǅǦȝ ƷȏȂȏȝȂȖǦȖँँࣿॽ HȠȓ CǐȝǅȂΝ ƷǼƷǶΞȖǦȖ ΘǦȝǣ [X�ǦৄȖȏǐǆǦЖǆ

ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ǦǼ Ʒȝ ǻȂȖȝ ȝΘȂ Ȃȝǣǐȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ǦǌǐǼȝǦЖǐǌ

Ʒ ǻȂǌȠǶǐ ǶƷǅǐǶǐǌ ǌǐȝȂΝǦЖǆƷȝǦȂǼ Ȃǜ XH[ ǌƷȝƷ ǼȂȝ ȖǣȂΘǼॽ HȠȓ ȂǅȖǐȓΗƷȝǦȂǼȖ ȝȂǝǐȝǣǐȓ ΘǦȝǣ ȝǣǐ ȓǐৄ

ȏȂȓȝǐǌ ȓǐȖȠǶȝȖ Ȃǜ ȂȝǣǐȓȖ ȖȠǝǝǐȖȝ ȝǣƷȝ UX�xȖ Ʒȓǐ ȏȓȂǻǦȖǦǼǝ ȓǐȖǦȖȝƷǼǆǐ ǻƷȓǴǐȓȖ ȝȂ ǅǐ ȝƷȓǝǐȝǐǌ ȝȂǝǐȝǣǐȓ

ΘǦȝǣ [X�Ǧॽ bǣǐȓǐǜȂȓǐॶ ȝȂ ȝƷȓǝǐȝ ȏǐȓȂΝǦȓǐǌȂΝǦǼȖ ƷǼǌ ȝǣǐ ƷǼȝǦȂΝǦǌƷȝǦȂǼ ȏȓȂǆǐȖȖॶ Θǐ ȖǐǶǐǆȝ ƷȠȓƷǼȂЖǼॶ

ΘǣǦǆǣ ǦǼǣǦǅǦȝȖ ȝǣǐ ȓǐǌȂΝ ǐǼΣΞǻǐȖ bƷǅǶǐ ँॽऀॽ �ǶȝǣȂȠǝǣ ǼȂȝ ȖȏǐǆǦЖǆॶ ƷȠȓƷǼȂЖǼ ǦȖ ȝǣǐ ǆǶȂȖǐȖȝ ȝȂ ǆǶǦǼǦৄ

ǆƷǶ ȠȖǐ ǦǼ ǆƷǼǆǐȓ ǆȂǻȏƷȓǐǌ ȝȂ ƷǶǶ Ȃȝǣǐȓ ǦǼǣǦǅǦȝȂȓȖ Ȃǜ ƷǼȝǦȂΝǦǌƷȝǦȂǼँँऀॽ

अः



ँ৷अ �ԭԌӏԏӢӸӏӹԚҷӲ ԪҷӲӢӋҷԚӢԀӹ Ԁә Ԛӟӏ ӅԀӸӂӢӹҷԚӢԀӹ ӅҷӹӋӢӋҷԚӏԓ

bȂ ΗƷǶǦǌƷȝǐ ȝǣǐ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖॶ Θǐ ǌǐȖǦǝǼǐǌ ǐΝȏǐȓǦǻǐǼȝȖ ȝȂ ȝǐȖȝ ȝǣǐǦȓ ǆȂǻǅǦǼƷৄ

ȝȂȓǦƷǶ ǐЍǐǆȝȖॽ bȂ ǌǐǻȂǼȖȝȓƷȝǐ ȝǣǐ ǝǐǼǐȓƷǶǦΣƷǅǦǶǦȝΞ Ȃǜ ȝǣǐȖǐ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼ ,%[H�ॶ ǦǼ ƷǌǌǦȝǦȂǼ ȝȂ

ȝǣǐ Hq[�,H ǆǐǶǶ ǶǦǼǐॶ Θǐ ǆǣȂȖǐ ƷǼȂȝǣǐȓ ऄ ,%[H� ǆǐǶǶ ǶǦǼǐȖ ΘǦȝǣ ǌǦЍǐȓǐǼȝ ǝǐǼǐȝǦǆ ǅƷǆǴǝȓȂȠǼǌȖॽ

/Ǽ ƷǌǌǦȝǦȂǼ ȝȂ ȝǣǐ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǦǼ ȝǣǦȖ ȖȝȠǌΞॶ Θǐ ΗƷǶǦǌƷȝǐǌ ƷǼȂȝǣǐȓ ः ǌȓȠǝ ǆȂǻৄ

ǅǦǼƷȝǦȂǼȖ ȏȓȂȏȂȖǐǌ ǦǼ ȂȠȓ ȏȓǐΗǦȂȠȖ ΘȂȓǴ ȠȖǦǼǝ Ʒ ȖǦǻǦǶƷȓ ƷȏȏȓȂƷǆǣऀइँॶ ΘǣǦǆǣ Ʒȓǐ U�XU ǦǼǣǦǅǦȝȂȓ ǦǼ

ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣƷȖǐ ǦǼǣǦǅǦȝȂȓ bq�ৄँअःࣿॶ ȏȓȂȝǐƷȖȂǻǐ ǦǼǣǦǅǦȝȂȓ �ȂȓȝǐΣȂǻǦǅॶ �U�

ǦǼǣǦǅǦȝȂȓ �ȏǆǦǼॶ ƷǼǌ ǐ/$ऄ�ৄँ ǦǼǣǦǅǦȝȂȓ %�आॽ $Ȃȓ ȝǣǐ U�XU ǦǼǣǦǅǦȝȂȓॶ ǦǼȖȝǐƷǌ Ȃǜ ȠȖǦǼǝ ȝǣǐ ȖǻƷǶǶ

ǻȂǶǐǆȠǶǐ �%ৄऀःंअऀ ȠȖǐǌ ǦǼ ȝǣǐ ȂȓǦǝǦǼƷǶ ǌǦȖǆȂΗǐȓΞॶ Θǐ ȠȖǐǌ ƷǼ $��ৄƷȏȏȓȂΗǐǌ U�XU ǦǼǣǦǅǦȝȂȓॶ XȠৄ

ǆƷȏƷȓǦǅॶ ΘǣǦǆǣ ǦȖ ȖȝȓȠǆȝȠȓƷǶǶΞ ΗǐȓΞ ȖǦǻǦǶƷȓ ȝȂ �%ৄऀःंअऀॶ ȝȂ ǜȠȓȝǣǐȓ ǜƷǆǦǶǦȝƷȝǐ ȝǣǐ ȏȓȂǆǐȖȖ Ȃǜ ȏȠȖǣǦǼǝ

ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼȝȂ ȏȓǐৄǆǶǦǼǦǆƷǶ ƷǼǌ ǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖॶ ȏȓȂΗǦǌǐǌ ȝǣǐ ΗƷǶǦǌƷȝǦȂǼ ȓǐȖȠǶȝȖ Ʒȓǐ ȏȓȂǻǦȖǦǼǝॽ

sǐ ȏǐȓǜȂȓǻǐǌ ǆǣǐǆǴǐȓǅȂƷȓǌ ƷȖȖƷΞȖ ǜȂȓ ǐƷǆǣ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐ ǦǼ ǐƷǆǣ ǆǐǶǶ ǶǦǼǐ BƷȝǐȓǦƷǶ

ƷǼǌBǐȝǣȂǌȖॶ ȓǐȖȠǶȝǦǼǝ ǦǼ ǦǼǌǦΗǦǌȠƷǶ ǌȂȖǐ ȓǐȖȏȂǼȖǐ ǻƷȝȓǦǆǐȖ $ǦǝȠȓǐ ँॽऄƷॽ ~/U ȖΞǼǐȓǝΞ ȖǆȂȓǐȖआआ

Θǐȓǐ ǆƷǶǆȠǶƷȝǐǌ ǜȂȓ ǐƷǆǣ ǌȂȖǐ ǆȂǻǅǦǼƷȝǦȂǼ ȠȖǦǼǝ [ΞǼǐȓǝΞ$ǦǼǌǐȓ X ȏƷǆǴƷǝǐँँँ $ǦǝȠȓǐ ँॽऄǅॽ sǐ

ȖȠǻǻƷȓǦΣǐǌ ȝǣǐ ȓǐȖȠǶȝȖ ǜȂȓ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ȝǣƷȝ ǣƷΗǐ ƷǶȓǐƷǌΞ ǅǐǐǼ ȝǐȖȝǐǌॶ ΘǣǦǆǣ Ʒȓǐ

ȝǣǐ ǜȂȠȓ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼΗȂǶΗǦǼǝ U�XUǦ XȠǆƷȏƷȓǦǅ $ǦǝȠȓǐ ँॽऄǆॽ bǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ

ȏȓȂȏȂȖǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ Ʒȓǐ ǦǼ ȝǣǐ ȏȓȂǆǐȖȖ Ȃǜ ǅǐǦǼǝ ȝǐȖȝǐǌॽ

sǐ ȂǅȖǐȓΗǐǌ ȝǣƷȝ XȠǆƷȏƷȓǦǅ ΘǦȝǣ bq�ৄँअःࣿ ȖǣȂΘȖ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ ~/U ȖǆȂȓǐȖ  ऀࣿ ǦǼ ǣƷǶǜ

Ȃǜ ȝǣǐ ,%[H� ǆǐǶǶ ǶǦǼǐȖ ं ȂȠȝ Ȃǜ अॽ BȂȓǐ ǦǻȏȂȓȝƷǼȝǶΞॶ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǣƷȖ ȖȝȓȂǼǝ ȖΞǼǐȓǝǦȖȝǦǆ

ǐЍǐǆȝ ǦǼ Hq��Xৄः ǆǐǶǶȖॶ ΘǣǦǆǣ Ʒȓǐ ȓǐǶƷȝǦΗǐǶΞ ȓǐȖǦȖȝƷǼȝ ȝȂ ΗƷȓǦȂȠȖ U�XU ǦǼǣǦǅǦȝȂȓȖ ǅƷȖǐǌ ȂǼ ǌƷȝƷ

ǜȓȂǻ %�[�आँ ƷǼǌ Ʒȓǐ ǝǐǼȂǻǦǆƷǶǶΞ ΗǐȓΞ ȖǦǻǦǶƷȓ ȝȂ ,%[H� ȏƷȝǦǐǼȝ ȖƷǻȏǶǐȖऀइअॽ bǣǐȖǐ ȓǐȖȠǶȝȖ ȖȠǝৄ

ǝǐȖȝ ȝǣƷȝ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣƷȖǐ $�[C ǦǼǣǦǅǦȝȂȓ bq�ৄँअःࣿ ǆƷǼ ǅǐ Ʒ ȏȓȂǻǦȖǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȏƷȓȝǼǐȓ

ΘǦȝǣ U�XU ǦǼǣǦǅǦȝȂȓȖ ȝȂ ȝȓǐƷȝ ,%[H� ƷǼǌ ȏȂȝǐǼȝǦƷǶǶΞ ȖǐǼȖǦȝǦΣǐ ȝǣǐ U�XUǦৄȓǐȖǦȖȝƷǼǆǐ ȝȠǻȂȓȖॽ bǣǐ

Ȃȝǣǐȓ ȝǣȓǐǐ ǆȂǻǅǦǼƷȝǦȂǼȖ ǣƷΗǐ ǻȂȖȝǶΞ ƷǌǌǦȝǦΗǐ ǐЍǐǆȝȖ ~/U ȖǆȂȓǐ ઁ ऀࣿ ƷǼǌ  ৄऀࣿ ǦǼ ǌǦЍǐȓǐǼȝ ǆǐǶǶ

अऄ



b]�u; ƑĺƔ Ŏ=oѲѲo�bm] r-];ŏĹ ��r;ubl;m|-Ѵ �-Ѵb7-ঞom o= |_; ruorov;7 1ol0bm-ঞom 1-m7b7-|;vĺ Ő-ő $_; 1ol0bm-|oub-Ѵ ;=Ŋ
=;1|v o= |_; ruorov;7 1-m7b7-|; r-buv �;u; ;�r;ubl;m|-ѴѴ� |;v|;7 bm ѵ ��"�� 1;ѴѴ Ѵbm;vķ bm1Ѵ�7bm] ��!�(ŊƐķ �(��!ŊƓķ
�(��!ŊƔķ �(��!ŊѶķ �("���ķ -m7 $�(ŊƑƐ�ĺ ou ;-1_ 1ol0bm-ঞom 1-m7b7-|; -m7 ;-1_ 1;ѴѴ Ѵbm;ķ - 1_;1h;u0o-u7 -vŊ
v-� �-v r;u=oul;7 Ő�-|;ub-Ѵ -m7 �;|_o7vő -m7 |_; u;v�Ѵঞm] 7ov; u;vromv; l-|ub� �-v �v;7 =ou v�m;u]� 1-Ѵ1�Ѵ-ঞomĺ
�m ;�-lrѴ; 7ov; u;vromv; l-|ub� =ou |_; 1ol0bm-ঞom !�1-r-ub0 -m7 $(�ŊƑѵƓƏ bm �(��!ŊѶ bv v_o�mĺ $_; bm_b0bঞom
v|u;m]|_ bv u;Ѵ-ঞ�; 1;ѴѴ �b-0bѴb|� |o 	�"� 1om|uoѴĺ Ő0ő ,�� v�m;u]� v1ou;v �;u; 1-Ѵ1�Ѵ-|;7 �vbm] |_; ! r-1h-]; "�m;uŊ
]�bm7;uƑƑƑ =ou ;-1_ 1ol0bm-ঞom 1om1;m|u-ঞom -m7 rѴo�;7 -v 1om|o�u l-rĺ !�1-r-ub0 -m7 $(�ŊƑѵƓƏ ;�_b0b|v v�mŊ
;u]bvঞ1 ;@;1| Ő,�� v1ou; ƻ ƐƏő bm �(��!ŊѶ 1;ѴѴ Ѵbm;ĺ Ő1ő ,�� v�m;u]� v1ou;v =ou -ѴѴ |;v|;7 1ol0bm-ঞom 1-m7b7-|;v bm -ѴѴ
1;ѴѴ Ѵbm;v -u; u;rou|;7 -v 0o�rѴo|vĺ $_; 1ol0bm-ঞom o= !�1-r-ub0 -m7 $(�ŊƑѵƓƏ v_o�v v�m;u]bvঞ1 ;@;1|v bm |_u;; 1;ѴѴ
Ѵbm;vķ �_bѴ; o|_;u 1ol0bm-ঞomv ;�_b0b| lov|Ѵ� -77bঞ�; ;@;1|v Ő,�� v1ou; ƺ ƐƏ -m7 ƻ ŊƐƏőĺ �o 1ol0bm-ঞomv ;�_b0b| -m�
-m|-]ombvঞ1 ;@;1|v Ő,�� v1ou; ƺ ŊƐƏőĺ
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b]�u; ƑĺƔĹ Ő1omঞm�;7ő

99.9399.999.7999.4599.6199.5499.22

99.9199.5797.4497.0198.5998.8565.89

99.2194.7182.1867.5769.266648.92

99.892.0378.561.4155.7252.2222.47

99.887.7571.9553.9245.0542.565.31

99.7685.1571.1250.9741.5137.732.01

99.6980.5163.9740.620.7115.54−0.00033

99.777.5560.9636.4824.0510.890.0019

99.4982.9764.3642.428.5920.27−0.0018

99.665.7127.6523.121.56−4.86−0.00120
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ǶǦǼǐȖॽ ,ȂΘǐΗǐȓॶ ȝǣǐΞ Ʒȓǐ ȖȝǦǶǶ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝ ȖǦǼǆǐ ǆȂǻǅǦǼǦǼǝ ȝǣǐǻ ΘǦȝǣ ǶȂΘǐȓ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼȖ ȝȂ ƷǆǣǦǐΗǐ ȖǦǻǦǶƷȓ ƷǼȝǦৄǆƷǼǆǐȓ ǐЍǐǆȝ ǆƷǼ ȏȂȝǐǼȝǦƷǶǶΞ ȓǐǌȠǆǐ ȝȂΝǦǆǦȝΞॽ sǐ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ǻȂȖȝ

ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǣƷΗǐ ǻǦǶǌ Ȃȓ ȖȝȓȂǼǝ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ ȂǼ ȝǣǐ ȝΘȂ ǆǐǶǶ ǶǦǼǐȖ /%XHqৄऀ ƷǼǌ

Hq��Xৄइॽ /%XHqৄऀ ǣƷȖ Ʒ ȝȓȠǼǆƷȝǦǼǝ ǻȠȝƷȝǦȂǼॶ ΘǣǦǆǣ ǦȖ Ʒ ȏȠȝƷȝǦΗǐ ǌȓǦΗǐȓॶ ǦǼ �X��ऀ ǝǐǼǐ ƷǼǌ

Hq��Xৄइ ǣƷȖ Ʒ ǻǦȖȖǐǼȖǐ ǻȠȝƷȝǦȂǼ ΘǦȝǣ ȠǼǴǼȂΘǼ ȖǦǝǼǦЖǆƷǼǆǐ ǦǼ �bX ǝǐǼǐॽ sǐ ȖȠȖȏǐǆȝ ȝǣƷȝ ȝǣǐȖǐ

ȝΘȂ ǆǐǶǶ ǶǦǼǐȖ ǣƷΗǐ ȖȂǻǐ ǌǐǝȓǐǐȖ Ȃǜ ƷǶȝǐȓƷȝǦȂǼ ǦǼ ǣȂǻȂǶȂǝȂȠȖ ȓǐǆȂǻǅǦǼƷȝǦȂǼ ,X ȏƷȝǣΘƷΞȖॶ ƷǼǌ Ʒȓǐ

ȝǣǐȓǐǜȂȓǐ ǻȂȓǐ ȖǐǼȖǦȝǦΗǐ ΘǣǐǼ U�XU ǦǼǣǦǅǦȝȂȓ ǦȖ ƷǌǻǦǼǦȖȝȓƷȝǐǌ ΘǦȝǣ ƷǼȂȝǣǐȓ ƷǼȝǦৄǆƷǼǆǐȓ ƷǝǐǼȝॽ

ँ৷आ [ӢӚӹӢәӢӅҷӹӅӏ ҷӹӋ әԞԚԞԏӏ ӋӢԏӏӅԚӢԀӹԓ

sǐ ȠȖǐǌ ǻƷȖȖৄȖȏǐǆ ȏȓȂȝǐȂǻǦǆȖ ȏȓȂЖǶǦǼǝ ȝȂ ȖȝȠǌΞ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ǜȂȓ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷৄ

ȝȂȓǦƷǶ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ eȖǦǼǝ ǌƷȝƷৄǌȓǦΗǐǼ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖॶ ƷȖ ΘǐǶǶ ƷȖ ǐǼȓǦǆǣǻǐǼȝ

ƷǼƷǶΞȖǦȖ ƷǼǌ ǐΝƷǻǦǼƷȝǦȂǼ Ȃǜ ǦǼǌǦΗǦǌȠƷǶ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ȂǼ ȝǣǐ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǐȖ Ʒǜȝǐȓ ȝȓǐƷȝৄ

ǻǐǼȝ Ȃǜ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǌȓȠǝȖ ȝǣƷȝ Ʒȓǐ ǆȠȓȓǐǼȝǶΞ ȠǼǌǐȓ ǌǐΗǐǶȂȏǻǐǼȝ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॶ Θǐ ǦǌǐǼȝǦৄ

Жǐǌ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ƷǼǌ ȏȓȂȝǐǦǼȖ ǦǼǌǦǆƷȝǦΗǐ Ȃǜ ȓǐȖǦȖȝƷǼǆǐॶ ΘǣǦǆǣ Ʒȓǐ ȝǣȂȖǐ ΘǣȂȖǐ ǜȠǼǆȝǦȂǼȖ Ʒȓǐ

ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ƷǼǌ ΘǣȂȖǐ ǐΝȏȓǐȖȖǦȂǼ ǦǼǆȓǐƷȖǐǌ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ sǐ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ

ǆƷǼǌǦǌƷȝǐȖ ȝƷȓǝǐȝǦǼǝ ȝǣǐȖǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ȝȂǝǐȝǣǐȓ ΘǦȝǣ ȝǣǐ ȂȓǦǝǦǼƷǶǶΞ ȏȓȂЖǶǐǌ ǌȓȠǝȖ ƷǼǌ

ȏǐȓǜȂȓǻǐǌ ǐΝȏǐȓǦǻǐǼȝƷǶ ΗƷǶǦǌƷȝǦȂǼॽ

HȠȓ ǐΝȏǐȓǦǻǐǼȝƷǶ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ ȝǣƷȝ U�XUǦ XȠǆƷȏƷȓǦǅ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ $�[CǦ bq�ৄ

ँअःࣿ ǆƷǼ ǅǐ Ʒ ȏȓȂǻǦȖǦǼǝ ȝǣǐȓƷȏΞ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ sǐ ȂǅȖǐȓΗǐǌ ȖȝȓȂǼǝ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ Ȃǜ ȝǣǐ

ǆȂǻǅǦǼƷȝǦȂǼ ǦǼ ं ȂȠȝ Ȃǜ ȝǣǐ अ ,%[H� ǆǐǶǶ ǶǦǼǐȖ ȝǐȖȝǐǌ ΘǣǦǶǐ ƷǌǌǦȝǦΗǐ ǐЍǐǆȝȖ Θǐȓǐ ȂǅȖǐȓΗǐǌ ǜȂȓ

ȝǣǐ ȓǐǻƷǦǼǦǼǝ ȝǣȓǐǐ ǆǐǶǶ ǶǦǼǐȖॽ �Ȗ ȏȓǐΗǦȂȠȖǶΞ ǌǦȖǆȠȖȖǐǌॶ ȝǣǐȓǐ ǦȖ ǐΗǦǌǐǼǆǐ ȝǣƷȝ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦǆ ȓǐৄ

ȏȓȂǝȓƷǻǻǦǼǝ ǆƷǼ ǻǐǌǦƷȝǐ ȓǐȖǦȖȝƷǼǆǐ ȝȂ ƷǼȝǦৄǆƷǼǆǐȓ ƷǝǐǼȝȖ ǦǼǆǶȠǌǦǼǝ ǆǣǐǻȂȝǣǐȓƷȏΞ ƷǼǌ ȝƷȓǝǐȝǐǌ

ȝǣǐȓƷȏǦǐȖ ǦǼ ǅȓǐƷȖȝॶ ǶȠǼǝ ƷǼǌ ȏȓȂȖȝƷȝǐ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ƷǼǌ ΝǐǼȂǝȓƷǜȝ ǻȂǌǐǶȖँँंॽ /Ǽǌǐǐǌॶ ȝƷȓǝǐȝǦǼǝ

ƷǶȝǐȓǐǌ ǻǐȝƷǅȂǶǦǆ ǶǦȏǦǌ ȏƷȝǣΘƷΞȖ ΘǦȝǣ ȏǣƷȓǻƷǆȂǶȂǝǦǆ ǦǼȝǐȓΗǐǼȝǦȂǼȖ ǣƷȖ ǅǐǆȂǻǐ ƷǼ ǐǻǐȓǝǦǼǝ ƷǼȝǦৄ

अइ



ȝȠǻȂȓ ȖȝȓƷȝǐǝΞ ǦǼ ȖǐΗǐȓƷǶ ǆƷǼǆǐȓ ȝΞȏǐȖ ΘǦȝǣ ǆȠȓȓǐǼȝǶΞ ऀࣿ ǦǼǣǦǅǦȝȂȓȖ ǅǐǦǼǝ ȝǐȖȝǐǌ ǦǼ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ǦǼৄ

ǆǶȠǌǦǼǝ bq�ৄँअःࣿँँःॽ sǣǦǶǐ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȂΗǐȓǐΝȏȓǐȖȖǐǌ ǶǦȏȂǝǐǼǦǆ ǐǼΣΞǻǐȖ Ʒȓǐ ǦǼǆȓǐƷȖǦǼǝǶΞ

ȖǐǐǼ ƷȖ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ȂȏȏȂȓȝȠǼǦȝΞ ȝȂ ǦǼǣǦǅǦȝ ǆƷǼǆǐȓ ǝȓȂΘȝǣ ƷǼǌȂȓ ȂΗǐȓǆȂǻǐ ȓǐȖǦȖȝƷǼǆǐ ȝȂ

ǆǣǐǻȂȝǣǐȓƷȏΞ Ȃȓ ƷǼȝǦৄƷǼǝǦȂǝǐǼǦǆ ȝǣǐȓƷȏΞँँंॶँँऄॶँऀःॶ ȂȠȓ ȖȝȠǌΞ ǌǐǻȂǼȖȝȓƷȝǐȖ ȝǣƷȝ ȝǣǐ ǆȂǻǅǦǼǐǌ ǦǼǣǦৄ

ǅǦȝǦȂǼ Ȃǜ U�XUऀ ƷǼǌ $[�C ȓǐȏȓǐȖǐǼȝȖ ƷǼ ȖΞǼǐȓǝǦȖȝǦǆ ƷǼȝǦৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ǆȂǻǅǦǼƷȝǦȂǼ ȖȝȓƷȝǐǝΞॽ /Ǽ ȝǣǦȖ

ȖȝȠǌΞ Θǐ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ǦǼǆȓǐƷȖǐǌ ƷǆȝǦΗǦȝΞ ǦǼ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǆƷǼ ȏȂȝǐǼȝǦƷǶǶΞ ǅǐ Ʒ ǝǐǼǐȓƷǶ ȓǐȖǦȖৄ

ȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻ ȝȂ ȏǣƷȓǻƷǶȂǝǦǆƷǶ ǦǼǣǦǅǦȝȂȓȖॽ bǣǐȓǐǜȂȓǐॶ ƷǌǌǦȝǦȂǼƷǶ ȖȝȠǌǦǐȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ǌǐȝǐȓǻǦǼǐ

Θǣǐȝǣǐȓ ȖȠǆǣ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ ƷȓǦȖǐ ǜȓȂǻ ȖȏǐǆǦЖǆ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ ,X ȏƷȝǣΘƷΞȖ ƷǼǌ ǶǦȏǦǌ

ǻǐȝƷǅȂǶǦȖǻ ȝȂ ǝƷǦǼ ǜȠȓȝǣǐȓ ǻǐǆǣƷǼǦȖȝǦǆ ǦǼȖǦǝǣȝॽ Hȝǣǐȓ ǆȂǻǅǦǼƷȝǦȂǼȖ ΘǦȝǣ U�XUǦ ǐΝǣǦǅǦȝǐǌ ƷǌǌǦȝǦΗǐ

ǐЍǐǆȝȖ ǦǼ ǻȂȖȝ ,%[H� ǆǐǶǶ ǶǦǼǐȖॶ ǅȠȝ ȝǣǐΞ ǻǦǝǣȝ ȖȝǦǶǶ ǅǐ ȠȖǐǜȠǶ ǆǶǦǼǦǆƷǶǶΞॽ [Ƞǆǣ ǆȂǻǅǦǼƷȝǦȂǼȖ ǆƷǼ

ȓǐǌȠǆǐ ȝǣǐ ǶǦǴǐǶǦǣȂȂǌ Ȃǜ ȝǣǐ ǐǻǐȓǝǐǼǆǐ Ȃǜ ȓǐȖǦȖȝƷǼǆǐॶ ǻǦǼǦǻǦΣǐ ǌȓȠǝ ȝȂΝǦǆǦȝΞ ǅΞ ȠȖǦǼǝ ǶȂΘǐȓ ǌȂȖǐȖ

Ȃǜ ǦǼǌǦΗǦǌȠƷǶ ǌȓȠǝȖॶ Ȃȓ ǅǐǼǐЖȝ ȏƷȝǦǐǼȝȖ ȂǼ Ʒ ȏȂȏȠǶƷȝǦȂǼ ǶǐΗǐǶ ǅΞ ȝƷȓǝǐȝǦǼǝ ǝǐǼǐȝǦǆƷǶǶΞ ǣǐȝǐȓȂǝǐǼǐȂȠȖ

ƷǼǌ ǌǦЍǐȓǐǼȝǦƷǶǶΞ ȖǐǼȖǦȝǦΗǐ ȝȠǻȂȓȖॽ

sǐ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ƷǶǶ ǜȂȠȓ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼΗȂǶΗǦǼǝ U�XUǦ ǣƷΗǐ ǻǦǶǌ ȝȂ ȖȝȓȂǼǝ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ

ȂǼ /%XHqৄऀ ǆǐǶǶ ǶǦǼǐॶ ΘǣǦǆǣ ǣƷȖ Ʒ ǶȂȖȖৄȂǜৄǜȠǼǆȝǦȂǼ ȝȓȠǼǆƷȝǦǼǝ ǻȠȝƷȝǦȂǼ ǦǼ �X��ऀ ǝǐǼǐॽ [Ƞǆǣ

ȝȓǐǼǌ ƷǶȖȂ ǐΝǦȖȝȖ ǅȠȝ ǦȖ ǻǦǶǌǐȓ ǜȂȓ Hq��Xৄइ ǆǐǶǶ ǶǦǼǐॶ ΘǣǦǆǣ ǣƷȖ Ʒ ǻǦȖȖǐǼȖǐ ǻȠȝƷȝǦȂǼ ΘǦȝǣ ȠǼǴǼȂΘǼ

ǜȠǼǆȝǦȂǼ ǦǼ �bX ǝǐǼǐॶ Ʒ ǝǐǼǐ ȝǣƷȝ ǐǼǆȂǌǐȖ ǜȂȓ Ʒ ȖǐȓǦǼǐȝǣȓǐȂǼǦǼǐৄȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ ȝǣƷȝ ȏǶƷΞȖ

ƷǼ ǦǻȏȂȓȝƷǼȝ ȓȂǶǐ ǦǼ �C� ǌƷǻƷǝǐ ǌǐȝǐǆȝǦȂǼ ƷǼǌ ȓǐȏƷǦȓॽ /%XHqৄऀ ƷǼǌ Hq��Xৄइ Ʒȓǐ ȖǶǦǝǣȝǶΞ ǻȂȓǐ

ȖǐǼȖǦȝǦΗǐ ȝȂ U�XU ǦǼǣǦǅǦȝȂȓȖ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ Ȃȝǣǐȓ ǶǦǼǐȖ ƷȖ ȓǐȏȂȓȝǐǌ ǦǼ %�[� ǌƷȝƷǅƷȖǐआँॶ ƷǶȝǣȂȠǝǣ

ȖȠǆǣ ǌǦЍǐȓǐǼǆǐȖ Θǐȓǐ ǼȂȝ ȏȓȂǼȂȠǼǆǐǌ ǦǼ ȂȠȓ ǐΝȏǐȓǦǻǐǼȝȖॽ sǐ ȖȠȖȏǐǆȝ ȝǣƷȝ ȝǣǐ ƷǶȝǐȓƷȝǦȂǼȖ ǦǼ ,X

ȏƷȝǣΘƷΞȖ �X��ǼǐȖȖ ǻǦǝǣȝ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȝǣǐ ȖǐǼȖǦȝǦΗǦȝΞ Ȃǜ ȝǣǐ ǆǐǶǶȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ƷǻȏǶǦǜΞ ȝǣǐ

ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǐЍǐǆȝȖॽ HǼ ȝǣǐ Ȃȝǣǐȓ ǣƷǼǌॶ Hq��Xৄऄ ǦȖ ȓǐǶƷȝǦΗǐǶΞ ȓǐȖǦȖȝƷǼȝ ȝȂ U�XU ǦǼǣǦǅǦȝȂȓȖ ƷǼǌ

Θǐ ǣƷΗǐ ǼȂȝ ȂǅȖǐȓΗǐǌ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ Ȃǜ ƷǼΞ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼ Hq��Xৄऄॽ /ȝ ǦȖ ȏȂȖȖǦǅǶǐ ȝǣƷȝ �Xৄ

��ǼǐȖȖ ȏǶƷΞȖ Ʒ ȓȂǶǐ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏǦǐȖ ΘǦȝǣ U�XUǦ ƷȖ ǦǼ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ Ʒȓǐ ǻȂȓǐ

ǶǦǴǐǶΞ ȝȂ ǅǐ ȂǅȖǐȓΗǐǌ ǦǼ ǆǐǶǶȖ ΘǦȝǣ Ʒ ǌǐǜǐǆȝ ,X ȏƷȝǣΘƷΞॽ ,ȂΘǐΗǐȓॶ ǼȂ ǌǐЖǼǦȝǦΗǐ ǆȂǼǆǶȠȖǦȂǼ ǆƷǼ ǅǐ

अई



ǌȓƷΘǼ ǜȓȂǻ ȂȠȓ ȓǐȖȠǶȝȖ ǌȠǐ ȝȂ ǶǦǻǦȝǐǌ ȖƷǻȏǶǐ ȖǦΣǐॽ BȂȓǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ƷǼǌ ǻȂȓǐ ,%ৄ

[H� ǆǐǶǶ ǶǦǼǐȖ ΘǦȝǣ ǌǦЍǐȓǐǼȝ �X��ǼǐȖȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ȝǐȖȝ ȖȠǆǣ ǣΞȏȂȝǣǐȖǦȖॽ

�ǶǶ ȝǣǐ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǦǼ ȝǣǦȖ ȖȝȠǌΞ Ʒȓǐ ȖȝǦǶǶ ȠǼǌǐȓ ǐΝȏǐȓǦǻǐǼȝƷǶ ΗƷǶǦǌƷȝǦȂǼॽ

sǐ ǐΝȏǐǆȝ ȝǣƷȝ Ʒ ǜǐΘ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǻǦǝǣȝ ȖǣȂΘ ȖΞǼǐȓǝǦȖȝǦǆ ǐЍǐǆȝȖ ƷǼǌ Ʒȓǐ ΘȂȓȝǣ ȏȠȓȖৄ

ǦǼǝ ǜȠȓȝǣǐȓ ǦǼ ǻȂȓǐ ǆǶǦǼǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ǻȂǌǐǶ ȂȓǝƷǼǦȖǻȖॶ ȖȠǆǣ ƷȖ ȏƷȝǦǐǼȝৄǌǐȓǦΗǐǌ ȂȓǝƷǼȂǦǌȖ U�Hॶ

Ȃȓ ΝǐǼȂǝȓƷǜȝȖ U�xॽ �ǐΞȂǼǌ ǌǐȖǦȓǐǌ ǐЍǐǆȝȖ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ȂǼ ȏǣǐǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐ

Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖॶ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǅǦȂǆǣǐǻǦǆƷǶ ǐΝȏǐȓǦǻǐǼȝȖ Ʒȓǐ ǦǼǌǦȖȏǐǼȖƷǅǶǐ ȝȂ ǌǐǆǦȏǣǐȓ ȝǣǐ

ȖΞǼǐȓǝǦȖȝǦǆ Ȃȓ ƷǼȝǦৄȝȠǻȂȓ ǐЍǐǆȝȖ ȂǼ Ʒ ǻȂǶǐǆȠǶƷȓ ǶǐΗǐǶॽ eǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǻǐǆǣƷǼǦȖǻȖ

Ȃǜ ȖΞǼǐȓǝǦȖȝǦǆ ǆȂǻǅǦǼƷȝǦȂǼȖ ǜȠȓȝǣǐȓ ǐΝȏƷǼǌȖ ȂȠȓ ǴǼȂΘǶǐǌǝǐ ȂǼ ǌȓȠǝ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǼǌ ǜƷǆǦǶǦȝƷȝǐȖ ȝǣǐ

ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॽ

ँ৷इ BҷԚӏԏӢҷӲ ҷӹӋ ӸӏԚӟԀӋԓ

�ȲȿǼ ȮǯȲȼȿȲǤǖȼȅȡț ǯͣȮǯȲȅȚǯțȼȵ ǻȡȲ ȮȲȡȼǯȡȚȅǥ ȮȲȡϨȕȅțǼ

Hq[�,H ǆǐǶǶȖ Θǐȓǐ ȂǅȝƷǦǼǐǌ ǜȓȂǻ :�X� :ƷȏƷǼǐȖǐ �ȂǶǶǐǆȝǦȂǼ Ȃǜ XǐȖǐƷȓǆǣ �ǦȂȓǐȖȂȠȓǆǐȖ �ǐǶǶ

�ƷǼǴ ǆǐǶǶ ǅƷǼǴ C/�/H,Cॶ �ǐǶǶ CȂॽ :�X� ऀࣿःअ ƷǼǌ ǝȓȂΘǼ ǦǼB���ऀࣿऄऀईई ǻǐǌǦȠǻ ȖȠȏৄ

ȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ऀࣿ $�[ $ǦȖǣǐȓॶ ॻऀࣿःंइࣿँअ ƷǼǌ ऀ UǐǼǦǆǦǶǶǦǼৄ[ȝȓǐȏȝȂǻΞǆǦǼॽ �ǶǶ ǆǐǶǶȖ Θǐȓǐ ǜȓǐǐ

Ȃǜ BΞǆȂȏǶƷȖǻƷ ƷǼǌ ȝǣǐǦȓ ǦǌǐǼȝǦȝΞ ΘƷȖ ΗǐȓǦЖǐǌ ǅΞ ΘǣȂǶǐৄǐΝȂǻǐ ȖǐȒȠǐǼǆǦǼǝ Ʒȝ ȝǣǐ ȖǐȒȠǐǼǆǦǼǝ ȏǶƷȝৄ

ǜȂȓǻ Ȃǜ ȝǣǐ �ȓȂƷǌ /ǼȖȝǦȝȠȝǐ Ȃǜ B/b ƷǼǌ ,ƷȓΗƷȓǌॽ bǣǐ ǜȂǶǶȂΘǦǼǝ ǌȓȠǝȖ ȠȖǐǌ ǦǼ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝȖ

Θǐȓǐ ƷǶǶ ǆȂǻǻǐȓǆǦƷǶǶΞ ƷΗƷǦǶƷǅǶǐॵ �<b ǦǼǣǦǅǦȝȂȓ B<ৄँँࣿअ ँ,�Ƕ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀࣿआइॶ ��=ँ ǦǼৄ

ǣǦǅǦȝȂȓ qǐǼǐȝȂǆǶƷΝ ��bৄऀईईॶ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[इࣿःइॶ ݻं>]% ǦǼǣǦǅǦȝȂȓ �,/Xৄईईࣿँऀ [ǐǶǶǐǆǴǆǣǐǻॶ

ॻ[ऀँअंॶ B�< ǦǼǣǦǅǦȝȂȓ U�ৄࣿंँऄईࣿऀ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀࣿंअॶ U<� ǦǼǣǦǅǦȝȂȓ �ǦȖǦǼǌȂǶΞǶǻƷǶǐǦǻǦǌǐ

q/// �ƷΞǻƷǼǆǣǐǻॶ ॻऀंंंंॶ ƷǼǌ [X� ǦǼǣǦǅǦȝȂȓ �ȂȖȠȝǦǼǦǅ [</ৄअࣿअॶ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀࣿऀःॽ bȂ

ǌǐȝǐȓǻǦǼǐ ȝǣǐ /�ऄࣿ ǜȂȓ ǐƷǆǣ Ȃǜ ȝǣǐ ǌȓȠǝȖॶ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ �B[H ǆȂǼȝȓȂǶ Ȃȓ ΗƷȓΞǦǼǝ ǆȂǼǆǐǼৄ

ȝȓƷȝǦȂǼȖ ǜȓȂǻ ࣿॽࣿऀ Bޅ ȝȂ ऀࣿࣿ Bޅ Ȃǜ ǐƷǆǣ ǌȓȠǝ ँः ǣȂȠȓȖ Ʒǜȝǐȓ ȖǐǐǌǦǼǝॽ bǣǐ /ǼǆȠǆΞȝǐ CȠǆ=Ǧǝǣȝ

आࣿ



XƷȏǦǌ Xǐǌ CXX XǐƷǝǐǼȝ �ȖȖǐǼ �ǦȂȖǆǦǐǼǆǐॶ ॻःआऀआॶ ऀॵःࣿࣿࣿ ΘƷȖ Ʒǌǌǐǌ ȝȂ ȝǣǐ ǻǐǌǦȠǻ ȝȂ ǶƷǅǐǶ

ǼȠǆǶǐǦ Ȃǜ ǶǦΗǐ ǆǐǶǶȖॽ �ǐǶǶ ΗǦƷǅǦǶǦȝΞ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ ƷȖ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ǶǦΗǐ ǆǐǶǶȖ आँ ǣȓ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝৄ

ǻǐǼȝॶ ǆȂȠǼȝǐǌ ȠȖǦǼǝ ȝǣǐ ǶǦΗǐ ǦǻƷǝǦǼǝ Ȃǜ /ǼǆȠǆΞȝǐ ƷǼǌ ǼȂȓǻƷǶǦΣǐǌ ȝȂ ȝǣȂȖǐ Ȃǜ ȝǣǐ �B[H ǆȂǼȝȓȂǶॽ

�ǐǶǶ ΗǦƷǅǦǶǦȝΞ ǌƷȝƷ ǜȓȂǻ ȝǣȓǐǐ ǅǦȂǶȂǝǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖ ǐƷǆǣ ǆȂǼȖǦȖȝǦǼǝ Ȃǜ ȝǣȓǐǐ ȝǐǆǣǼǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖ Θǐȓǐ

ǻǐȓǝǐǌ ƷǼǌ Жȝȝǐǌ ȠȖǦǼǝ Ʒ ǼȂǼৄǶǦǼǐƷȓ ǶȂǝǦǼǣǦǅǦȝȂȓ ΗǐȓȖȠȖ ǼȂȓǻƷǶǦΣǐǌ ȓǐȖȏȂǼȖǐ ǌȂȖǐৄȓǐȖȏȂǼȖǐ ǆȠȓΗǐȖ

ΘǦȝǣ Ʒ ΗƷȓǦƷǅǶǐ ȖǶȂȏǐ ȠȖǦǼǝ %ȓƷȏǣUƷǌ UȓǦȖǻॽ /�ऄࣿ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ ƷȖ ȝǣǐ ǌȓȠǝ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝǣƷȝ

ǝǦΗǐȖ ऄࣿ Ȃǜ ȝǣǐ ǻƷΝǦǻƷǶ ǦǼǣǦǅǦȝȂȓΞ ȓǐȖȏȂǼȖǐ ȂǼ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞ ǜȂȓ ǐƷǆǣ ǌȓȠǝॽ bȂ ǣƷȓΗǐȖȝ ǆǐǶǶȖ ǜȂȓ ǻƷȖȖ

ȖȏǐǆȝȓȂǻǐȝȓΞ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝॶ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ �B[H ǆȂǼȝȓȂǶ Ȃȓ ȝǣǐ /�ऄࣿ ǆȂǼǆǐǼȝȓƷȝǦȂǼ

Ȃǜ ǐƷǆǣ ǌȓȠǝ ँः ǣȓȖ Ʒǜȝǐȓ ȖǐǐǌǦǼǝ ǦǼ ऀࣿ ǆǻ ǌǦȖǣǐȖॽ �ǐǶǶȖ Θǐȓǐ ǣƷȓΗǐȖȝǐǌ आँ ǣȓȖ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ

ǅΞ ǝǐǼȝǶΞ ȖǆȓƷȏǦǼǝ ȂЍ ǜȓȂǻ ȝǣǐ ȏǶƷȝǐȖ ǦǼȝȂ U�[ ƷǼǌ ȝȓƷǼȖǜǐȓȓǐǌ ǦǼȝȂ ǌǐǐȏ ँ ǻ= ईअ ΘǐǶǶ ȏǶƷȝǐȖॽ �ǐǶǶȖ

Θǐȓǐ ȖȝȂȓǐǌ Ʒȝ ৄइࣿ� ƷǼǌ ȖǐǼȝ ǜȂȓ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ǻǐƷȖȠȓǐǻǐǼȝȖॽ

=ȅȱȿȅǫ ǥȂȲȡȚǖȼȡǼȲǖȮȂͤठȚǖȵȵ ȵȮǯǥȼȲȡȚǯȼȲͤ ए=�ठB[ऐ ȚǯǖȵȿȲǯȚǯțȼȵ ǖțǫB[ ǫǖȼǖ ǖțǖȕͤȵȅȵ

,ƷȓΗǐȖȝǐǌ ǆǐǶǶȖ Θǐȓǐ ǌǦǝǐȖȝǐǌ ƷǼǌ ȝǣǐ ȏȓȂȝǐȂǻǦǆ ǻǐƷȖȠȓǐǻǐǼȝȖ Θǐȓǐ ȝƷǴǐǼ ƷȖ ȏȓǐΗǦȂȠȖǶΞ ǌǐৄ

ȖǆȓǦǅǐǌऀइँॶ ȖǐǆȝǦȂǼ =ǦȒȠǦǌ ǆǣȓȂǻƷȝȂǝȓƷȏǣৄǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ =�ৄB[ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ Bǐȝǣৄ

ȂǌȖॽ bȓΞȏȝǦǆ ǌǦǝǐȖȝǦȂǼ Ȃǜ ȏȓȂȝǐǦǼȖ ǜȓȂǻ ȖƷǻȏǶǐȖ Θǐȓǐ ǜȂǶǶȂΘǐǌ ǅΞ Ʒ ǼƷǼȂЙȂΘ =�B[ৄB[ ƷǼƷǶৄ

ΞȖǦȖ Ȃǜ ȏǐȏȝǦǌǐȖ ȠȖǦǼǝ ȝǣǐ ȒȠƷǌȓȠȏȂǶǐ HȓǅǦȝȓƷȏ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ W �ΝƷǆȝǦΗǐ ,$ৄxॶ bǣǐȓǻȂ

$ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ �ȓǐǻǐǼॶ %ǐȓǻƷǼΞँँअ ǆȂȠȏǶǐǌ ȝȂ ƷǼ ��[yǼ=� ऀँࣿࣿ ȠǶȝȓƷৄǣǦǝǣৄȏȓǐȖȖȠȓǐ ȖΞȖȝǐǻ

bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ ȝǣȓȂȠǝǣ Ʒ ǼƷǼȂৄǐǶǐǆȝȓȂȖȏȓƷΞ ǦȂǼ ȖȂȠȓǆǐॽ �ȓǦǐЙΞॶ ƷǅȂȠȝ ंࣿࣿǼǝ ȏǐȏȝǦǌǐȖ

Θǐȓǐ ǶȂƷǌǐǌ ȂǼ Ʒ ऄࣿৄǆǻ,U=�ৄǆȂǶȠǻǼ ΘǦȝǣ Ʒ आऄৄޅǻ ǦǼǼǐȓ ǌǦƷǻǐȝǐȓ CǐΘHǅǱǐǆȝǦΗǐॶ e[�ঃ ǦǼৄ

ǣȂȠȖǐ ȏƷǆǴǐǌ ΘǦȝǣ XǐȏȓȂ[ǦǶৄUȠȓ �ऀइৄ�W ऀॽईৄޅǻ ȖǦǶǦǆƷ ǅǐƷǌȖঃ �ȓॽ BƷǦȖǆǣ %ǻǅ,ॶ %ǐȓǻƷǼΞॽ

UǐȏȝǦǌǐȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ȠȖǦǼǝ Ʒ ǶǦǼǐƷȓ ǝȓƷǌǦǐǼȝ ǜȓȂǻ ऄ ȝȂ अࣿ ȖȂǶΗǐǼȝ � इࣿ ��Cঃ ࣿॽऀ ǜȂȓǻǦǆ

ƷǆǦǌ ǦǼ ȖȂǶΗǐǼȝ � ࣿॽऀ ǜȂȓǻǦǆ ƷǆǦǌॽ bȂȝƷǶ ǝȓƷǌǦǐǼȝ ǶǐǼǝȝǣ ΘƷȖ ऀࣿࣿǻǦǼ ƷǼǌ ȝǣǐ ǆȂǶȠǻǼ ȝǐǻȏǐȓƷৄ

ȝȠȓǐ ΘƷȖ ǻƷǦǼȝƷǦǼǐǌ Ʒȝ अࣿ� ΘǦȝǣ ƷǼ ǦǼৄǣȂȠȖǐ ǻƷǌǐ ǆȂǶȠǻǼ ȂΗǐǼॽ bǣǐॽ bǣǐB[ ΘƷȖ ȂȏǐȓƷȝǐǌ ǦǼ

Ʒ ǌƷȝƷৄǦǼǌǐȏǐǼǌǐǼȝ ƷǆȒȠǦȖǦȝǦȂǼ �/� ǻȂǌǐॽ bǣǐ �/�ǻǐȝǣȂǌ ǆȂǼȖǦȖȝǐǌ Ȃǜ ȂǼǐB[ऀ ȖǆƷǼ ǻΣ

आऀ



ंऄࣿ ȝȂ ऀअऄࣿॶ ȓǐȖȂǶȠȝǦȂǼ अࣿॶࣿࣿࣿॶ ǻƷΝǦǻȠǻ ǦȂǼ ǦǼǱǐǆȝǦȂǼ ȝǦǻǐ अࣿǻȖॶ �%� ȝƷȓǝǐȝ ं�अ ƷǼǌ ंँ �/�

ȖǐǝǻǐǼȝȖ ΘǦȝǣ ΗƷȓΞǦǼǝ ǦȖȂǶƷȝǦȂǼ ΘǦǌȝǣȖ ȓƷǼǝǦǼǝ ǜȓȂǻ ंईॽआ bǣ ȝȂ ऄअँॽइ bǣ ǦǼΗǐȓȖǐǶΞ ȏȓȂȏȂȓȝǦȂǼƷǶ ȝȂ

ȝǣǐ ǻΣ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȝȓΞȏȝǦǆ ȏǐȏȝǦǌǐȖ ƷǼǌ ΘǦȝǣ ƷǼ ȂΗǐȓǶƷȏ Ȃǜ ऀ bǣॽ B[ँ ȖǆƷǼ ȓǐȖȂǶȠȝǦȂǼ ΘƷȖ Ȗǐȝ ȝȂ

ंࣿॶࣿࣿࣿॶ ǻƷΝǦǻȠǻ ǦǼǱǐǆȝǦȂǼ ȝǦǻǐ ȝȂ ऄःǻȖ ƷǼǌ ȝǣǐ ƷȠȝȂǻƷȝǐǌ ǝƷǦǼ ǆȂǼȝȓȂǶ �%� ȝƷȓǝǐȝ ȝȂ ं�अॽ �

Ȗȝǐȏȏǐǌ ǆȂǶǶǦȖǦȂǼ ǐǼǐȓǝΞ Ȃǜ ँऄॶ ँआॽऄ ƷǼǌ ंࣿ ΘƷȖ ȠȖǐǌ ƷǼǌ ȝǣǐ ǌǐǜƷȠǶȝ B[ँ ǆǣƷȓǝǐ ȖȝƷȝǐ ΘƷȖ ँॽ �ƷȝƷ

ΘƷȖ ƷǆȒȠǦȓǐǌ ǦǼ ȏȓȂЖǶǐ ǻȂǌǐॽ

bǣǐ ȓƷΘ ǌƷȝƷ ȂǅȝƷǦǼǐǌ ǜȓȂǻǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ǻǐƷȖȠȓǐǻǐǼȝȖ ΘƷȖ ȏȓȂǆǐȖȖǐǌ ƷȖ ȏȓǐΗǦȂȠȖǶΞ ǌǐৄ

ȖǆȓǦǅǐǌऀइँॶ ȖǐǆȝǦȂǼ B[ ǌƷȝƷ ƷǼƷǶΞȖǦȖ Ȃǜ BǐȝǣȂǌȖॽ �/� ȓƷΘ ЖǶǐȖ Θǐȓǐ ƷǼƷǶΞΣǐǌ ΘǦȝǣ [ȏǐǆȝȓȂǼƷȠȝ

UȠǶȖƷȓ x ȖȂǜȝΘƷȓǐ �ǦȂǝǼȂȖΞȖॶ ΗǐȓȖǦȂǼ ऀँॽࣿॽँࣿःईऀॽँࣿ ȠȖǦǼǝ ȝǣǐ ǌǐǜƷȠǶȝ ȖǐȝȝǦǼǝȖ ǜȂȓ ȝƷȓǝǐȝǐǌ ǌƷȝƷ

ǐΝȝȓƷǆȝǦȂǼॽ sǐ ȠȖǐǌ Ʒ ȏȓȂǱǐǆȝ ȖȏǐǆǦЖǆ Hq[�,H ǆǐǶǶ ǶǦǼǐ ȏȓȂȝǐȂǻǐ ǌƷȝƷȖǐȝ ƷȖ ȖȏǐǆȝȓƷǶ ǶǦǅȓƷȓΞ ǆȂǻৄ

ȏȓǦȖǦǼǝ आआँࣿ ȏȓȂȝǐǦǼ ǝȓȂȠȏȖ ऀࣿंॶऄऄः ȏȓǐǆȠȓȖȂȓȖॽ bǣǐ ǜƷǶȖǐ ǌǦȖǆȂΗǐȓΞ ȓƷȝǐȖ Ʒȝ ȝǣǐ ȏȓǐǆȠȓȖȂȓ ƷǼǌ

ȏȓȂȝǐǦǼ ǶǐΗǐǶȖ Θǐȓǐ ઁ ऀ ΘǦȝǣ ȝǣǐ ǻȠȝƷȝǐǌ ǌǐǆȂΞ ǻȂǌǐǶॽ UȓǦȂȓ ȝȂ ǌƷȝƷ ƷǼƷǶΞȖǦȖॶ ǌƷȝƷ ΘƷȖ ЖǶȝǐȓǐǌ ǅΞ

CȂ �ǐǆȂΞ ƷǼǌ WȠƷǼȝǦЖǆƷȝǦȂǼ �ƷȝƷ $ǦǶȝǐȓǦǼǝॽ UȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǻƷȝȓǦΝ ΘǦȝǣ ȓȂΘȖ ƷȖ ǦǌǐǼȝǦЖǐǌ

ȏȓȂȝǐǦǼȖ ƷǼǌ ǆȂǶȠǻǼȖ ƷȖ ȖƷǻȏǶǐȖ ΘƷȖ ȂǅȝƷǦǼǐǌ Ʒǜȝǐȓ ǌƷȝƷ ȏȓȂǆǐȖȖǦǼǝॽ

UȲȡȼǯȡȚȅǥȵ ǫǖȼǖ ǖțǖȕͤȵȅȵ

bǣǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǻƷȝȓǦΝ ǆȂǼȝƷǦǼǐǌ ȏȓȂȝǐǦǼ ǻǐƷȖȠȓǐǻǐǼȝȖ ǜȓȂǻ ȝǣȓǐǐ ǅǦȂǶȂǝǦǆƷǶ ȓǐȏǶǦৄ

ǆƷȝǐȖ Ȃǜ ǐƷǆǣ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ ƷǼǌ ȝΘȂ ȖǐȝȖ Ȃǜ ȝǣȓǐǐ ǅǦȂǶȂǝǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖ Ȃǜ �B[H ǆȂǼȝȓȂǶ ǌȠǐ ȝȂ

ȝΘȂ ǅƷȝǆǣǐȖ Ȃǜ ȖƷǻȏǶǐȖॽ �ƷȝƷ ƷǼƷǶΞȖǦȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ ǆȠȖȝȂǻǦΣǐǌ ȖǆȓǦȏȝȖ ǦǼ X qǐȓȖǦȂǼ ंॽअॽ

�ȂȠǼȝǦǼǝ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ǻǐƷȖȠȓǐǌ ȏȓȂȝǐǦǼȖॶ ǻȠǶȝǦৄǌǦǻǐǼȖǦȂǼƷǶ ȖǆƷǶǦǼǝ B�[ ȂǼ �ȠǆǶǦǌǐƷǼ ǌǦȖৄ

ȝƷǼǆǐ Ȃǜ ȏȓȂȝǐǦǼ ǻǐƷȖȠȓǐǻǐǼȝȖॶ ƷǼǌ ȏƷǦȓৄΘǦȖǐ UǐƷȓȖȂǼ ǆȂȓȓǐǶƷȝǦȂǼ Ȃǜ ǦǼǌǦΗǦǌȠƷǶ ȖƷǻȏǶǐȖ Θǐȓǐ ȏǐȓৄ

ǜȂȓǻǐǌ ȂǼ ȝǣǐ ȓƷΘ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǻƷȝȓǦΝॽ bȂ ǦǌǐǼȝǦǜΞ ǌǦЍǐȓǐǼȝǦƷǶǶΞ ǐΝȏȓǐȖȖǐǌ ȏȓȂȝǐǦǼȖ Ȃǜ ǐƷǆǣ

ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼ ǜȓȂǻ ǼǐǝƷȝǦΗǐ ǆȂǼȝȓȂǶȖॶ ƷǼ ȠǼȏƷǦȓǐǌ ȝৄȝǐȖȝ ΘƷȖ ȠȖǐǌ ȝȂ ǆȂǻȏƷȓǐ ȏȓȂȝǐǦǼ ǐΝৄ

ȏȓǐȖȖǦȂǼȖ ǜȓȂǻ ȝǣǐ ǌȓȠǝৄȝȓǐƷȝǐǌ ȖƷǻȏǶǐȖ ΘǦȝǣ ȖƷǻȏǶǐȖ ȝȓǐƷȝǐǌ ΘǦȝǣ �B[Hॽ ǶȂǝँǐΝȏȓǐȖȖǦȂǼ ȓƷȝǦȂ

ǶȂǝँȓƷȝǦȂ ƷǼǌ ǆȂȓȓǐǆȝǐǌ ȏৄΗƷǶȠǐȖ ǜȂȓ ƷǼ $�X ઁ ࣿॽँ ǅΞ ȝǣǐ �ǐǼǱƷǻǦǼǦৄ,Ȃǆǣǅǐȓǝ �, ǻǐȝǣȂǌ

आँ



Θǐȓǐ ȂǅȝƷǦǼǐǌ ǜȂȓ ǐƷǆǣ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼॽ [ȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ Θǐȓǐ ǌǐЖǼǐǌ ƷȖ ȝǣȂȖǐ ΘǣȂȖǐ

ǶȂǝँȓƷȝǦȂ  ࣿॽऄ Ȃȓ ઁ ৄࣿॽऄ ΘǦȝǣ ǆȂȓȓǐǆȝǐǌ ȏৄΗƷǶȠǐ ઁ ࣿॽࣿऄॽ bǣǐ ȏȓȂȝǐǦǼ ǻǐƷȖȠȓǐǻǐǼȝȖ ǜȓȂǻ ȝǣǐ ǅǦȂǶȂǝৄ

ǦǆƷǶ ȓǐȏǶǦǆƷȝǐȖ Θǐȓǐ ȝǣǐǼ ȏȂȂǶǐǌ ȝȂ ȂǅȝƷǦǼ ƷΗǐȓƷǝǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ΗƷǶȠǐȖ ǜȂȓ ǐƷǆǣ ȏǐȓȝȠȓǅƷȝǦȂǼ

ǆȂǼǌǦȝǦȂǼॽ bǣǐ ƷΗǐȓƷǝǐǌ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ƷǆȓȂȖȖ ȓǐȏǶǦǆƷȝǐȖ ΘƷȖ ȝǣǐǼ ȠȖǐǌ ǜȂȓ ȠǼȖȠȏǐȓΗǦȖǐǌ ǣǦǐȓƷȓৄ

ǆǣǦǆƷǶ ǆǶȠȖȝǐȓǦǼǝॶ ȏƷǦȓৄΘǦȖǐ ǆȂȓȓǐǶƷȝǦȂǼ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॶ ƷǼǌ ƷǶǶ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ƷǼƷǶΞȖǐȖॽ

UȲȡȼǯȅț Țȡǫȿȕǯ ǫǯȼǯǥȼȅȡț ǖțǫ ǯțȲȅǥȂȚǯțȼ ǖțǖȕͤȵȅȵ

CǐȝǅȂΝऀईआॶऀईइ ΘƷȖ ȠȖǐǌ ȝȂ ȏǐȓǜȂȓǻ ȝǣǐ ǌǐȝǐǆȝǦȂǼ Ȃǜ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼ ǻȂǌȠǶǐȖॽ $Ȃȓ ǐƷǆǣ Ȃǜ ȝǣǐ

ǌȓȠǝৄȝȓǐƷȝǻǐǼȝ ǆȂǼǌǦȝǦȂǼȖॶ ȝǣǐ ǦǼȏȠȝ ǝǐǼǐ ǶǦȖȝ ǆȂǼȝƷǦǼȖ ȖȝȓȂǼǝǶΞ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ ȠȏȂǼ ȝǣǐ ǌȓȠǝ

ȝȓǐƷȝǻǐǼȝ ƷǅȖȂǶȠȝǐ ΗƷǶȠǐ Ȃǜ ǶȂǝँȓƷȝǦȂ  ࣿॽऄ ΘǣȂȖǐ ȏৄΗƷǶȠǐ Ȃǜ ȝǣǐ ȝৄȝǐȖȝ Ȃǜ ǌǦЍǐȓǐǼȝǦƷǶ ǐΝȏȓǐȖȖǦȂǼ

ǦȖ ȖǻƷǶǶǐȓ ȝǣƷǼ ࣿॽࣿऀॽ bȂ ǐǼȖȠȓǐ ȝǣǐ ǻȂȖȝ ǆȂǻȏƷǆȝ ƷǼǌ ǆȂǼЖǌǐǼȝ ǻȂǌȠǶǐȖ ЖǼǌǦǼǝȖॶ ȝǣǐ ƷǌǱȠȖȝǐǌ ȏৄ

ΗƷǶȠǐ Ȃǜ ȝǣǐ ǆȂǼǼǐǆȝǐǌ ǶǦǼǴǐȓ ǼȂǌǐ ΘƷȖ Ȗǐȝ ȝȂ ࣿॽࣿࣿऄ ΘǦȝǣ ƷǶǶ ȝǣǐ Ȃȝǣǐȓ ȏƷȓƷǻǐȝǐȓȖ Ȃǜ CǐȝǅȂΝ Ǵǐȏȝ

Ʒȝ ǌǐǜƷȠǶȝॽ bΘȂ ȏȓȂȝǐǦǼৄȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼ ǼǐȝΘȂȓǴȖ Θǐȓǐ ȠȖǐǌ ǦǼǌǐȏǐǼǌǐǼȝǶΞ ƷȖ ȝǣǐ ǅƷǆǴǝȓȂȠǼǌ

ǼǐȝΘȂȓǴ Ȃǜ CǐȝǅȂΝ ƷǼƷǶΞȖǦȖॵ ऀ XǐƷǆȝȂǻǐ $ȠǼǆȝǦȂǼƷǶ /ǼȝǐȓƷǆȝǦȂǼ $/ CǐȝΘȂȓǴ ΗǐȓȖǦȂǼ ँࣿँࣿ ǜȓȂǻ

XǐƷǆȝȂǻǐॽȂȓǝइऀ ΘǦȝǣ ȏȓǐǌǦǆȝǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ЖǶȝǐȓǐǌ ȂȠȝॶ ँ /ǼȝǐȓƷǆȝǦȂǼȖ ǆȂǶǶǐǆȝǐǌ ǅΞ /ǼȝǐǝȓƷȝǐǌ

CǐȝΘȂȓǴ ƷǼǌ �ΞǼƷǻǦǆƷǶ XǐƷȖȂǼǦǼǝ �ȖȖǐǻǅǶǐȓ /C�X� ΘǦȝǣ Ʒȝ ǶǐƷȖȝ Ʒ ǅǐǶǦǐǜ ȖǆȂȓǐ Ȃǜ ࣿॽईऄँँआॶ

ΘǣǦǆǣ ȝΞȏǦǆƷǶǶΞ ǦǼǌǦǆƷȝǐ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼ ǦȖ ȖȠȏȏȂȓȝǐǌ ǅΞ ǻȠǶȝǦȏǶǐ ǦǼǌǐȏǐǼǌǐǼȝ ȓǐƷǌǦǼǝ ȖΞȖȝǐǻȖ Ȃȓ

ȏƷȝǣΘƷΞ ǌƷȝƷǅƷȖǐȖॽ �ǼȓǦǆǣǻǐǼȝ ƷǼƷǶΞȖǦȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ ȝǣǐ ǦǌǐǼȝǦЖǐǌ ǻȂǌȠǶǐȖ ȠȖǦǼǝ ȝǣǐ ǆǶȠȖৄ

ȝǐȓUȓȂЖǶǐȓ �ǦȂǆȂǼǌȠǆȝȂȓ ȏƷǆǴƷǝǐँँइ ȠȖǦǼǝ ǝǐǼǐ ƷǼǼȂȝƷȝǦȂǼȖ ǜȓȂǻ ȝǣǐ %ǐǼǐ HǼȝȂǶȂǝΞ ΘǦȝǣ ǌǐǜƷȠǶȝ

ȏƷȓƷǻǐȝǐȓȖॽ %ǐǼǐ [ǐȝ �ǼȓǦǆǣǻǐǼȝ �ǼƷǶΞȖǦȖ %[��ऀईःॶ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ ȝǣǐ ȓǐȖȏȂǼȖǦΗǐ ȏȓȂȝǐǦǼȖ

ȠȖǦǼǝ ǆǶȠȖȝǐȓUȓȂЖǶǐȓ ΘǦȝǣ ǌǐǜƷȠǶȝ ȏƷȓƷǻǐȝǐȓȖॽ bǣǐ ǦǼȏȠȝ ǝǐǼǐ ǶǦȖȝȖ ǜȂȓ ǐƷǆǣ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝ Ʒȓǐ ǆȂǼৄ

ȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣȂȖǐ ǜȂȓ CǐȝǅȂΝ ƷǼƷǶΞȖǦȖॶ ƷǼǌ ȝǣǐ ȓƷǼǴǦǼǝ Ȃǜ ȝǣǐ ǝǐǼǐȖ ǦȖ ǅƷȖǐǌ ȂǼ ȝǣǐ ǶȂǝँȓƷȝǦȂ Ȃǜ ȝǣǐ

ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȏȓȂȝǐǦǼȖ ǦǼ ǌǐǆȓǐƷȖǦǼǝ Ȃȓǌǐȓॽ

�ǯȼǯȲȚȅțǖȼȅȡț ȡǻ ǻȿțǥȼȅȡțǖȕ ȵǥȡȲǯ

bǣǐ ǶǦȖȝ Ȃǜ ǆƷǼǆǐȓ ǆǐǼȖȠȖ ǝǐǼǐȖ ΘƷȖ ȂǅȝƷǦǼǐǌ ǜȓȂǻ ȝǣǐ �ƷȝƷǶȂǝȠǐ Ȃǜ [ȂǻƷȝǦǆ BȠȝƷȝǦȂǼȖ /Ǽ �ƷǼৄ

आं



ǆǐȓ �H[B/�ॶ ǆƷǼǆǐȓॽȖƷǼǝǐȓॽƷǆॽȠǴँँईॽ bǣǐ ǜȠǼǆȝǦȂǼƷǶ ȖǆȂȓǐ Ȃǜ Ʒ ǝǐǼǐ ǦȖ ǌǐЖǼǐǌ ƷȖ ȏȂȖǦȝǦΗǐ ऀॶ

ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ Ǧǜ ȝǣǐ ȓȂǶǐ Ȃǜ ȝǣǐ ǝǐǼǐ ǦǼ ǆƷǼǆǐȓ ǦȖ ƷǼ ȂǼǆȂǝǐǼǐॶ ƷǼǌ ǼǐǝƷȝǦΗǐ ৄऀॶ ƷǼȝǦৄȏȓȂǶǦǜǐȓƷȝǦΗǐ

Ǧǜ ȝǣǐ ȓȂǶǐ Ȃǜ ȝǣǐ ǝǐǼǐ ǦȖ Ʒ ȝȠǻȂȓ ȖȠȏȏȓǐȖȖȂȓ ǝǐǼǐ b[%ॽ /ǜ Ʒ ǝǐǼǐ ǣƷȖ ǅȂȝǣ ȓȂǶǐȖ Ȃǜ ȂǼǆȂǝǐǼǐ ƷǼǌ

b[%ॶ ȝǣǐ ǜȠǼǆȝǦȂǼƷǶ ȖǆȂȓǐ ǦȖ ǼȂȝ ǌǐЖǼǐǌॽ

�ȡȚǤȅțǖȼȅȡț ȮǯȲȼȿȲǤǖȼȅȡț ǯͣȮǯȲȅȚǯțȼȵ ǻȡȲ ǥǖțǫȅǫǖȼǯ ͝ǖȕȅǫǖȼȅȡț

�ΝȏǐȓǦǻǐǼȝƷǶ ΗƷǶǦǌƷȝǦȂǼ Ȃǜ ȝǣǐ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ǅΞ �ǣƷȓǶǐȖ

XǦΗǐȓ =ƷǅȂȓƷȝȂȓǦǐȖॽ [ǦΝ ǆǐǶǶ ǶǦǼǐȖ Θǐȓǐ ȠȖǐǌ ǦǼ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝȖॶ ǦǼǆǶȠǌǦǼǝ /%XHqৄऀ C�/ ॻࣿऄࣿआंअईॶ

Hq��Xৄः C�/ ॻࣿऄࣿँऄँआॶ Hq��Xৄऄ C�/ ॻࣿऄࣿआंंअॶ Hq��Xৄइ C�/ ॻࣿऄࣿआःࣿआॶ Hq[�,Hॶ

ƷǼǌ bHqৄँऀ% �b���X=ৄऀऀआंࣿ =Ȃȝॻऄइअईࣿआࣿअॽ Hq[�,H ǆǐǶǶȖ Θǐȓǐ ǝȓȂΘǼ ǦǼB���ऀࣿऄऀईई

ǻǐǌǦȠǻ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ऀࣿ $�[ ƷǼǌ ऀ UǐǼǦǆǦǶǶǦǼৄ[ȝȓǐȏȝȂǻΞǆǦǼॽ bHqৄँऀ% ǆǐǶǶȖ Θǐȓǐ ǝȓȂΘǼ

ǦǼ XUB/ ǻǐǌǦȠǻ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ऀऄ $�[ ƷǼǌ ऀ UǐǼǦǆǦǶǶǦǼৄ[ȝȓǐȏȝȂǻΞǆǦǼॽ �ǶǶ Ȃȝǣǐȓ ǜȂȠȓ

ǆǐǶǶ ǶǦǼǐȖ Θǐȓǐ ǝȓȂΘǼ ǦǼ XUB/ৄऀअःࣿ ǻǐǌǦȠǻ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ऀࣿ $�[ ƷǼǌ ऀ UǐǼǦǆǦǶǶǦǼৄ

[ȝȓǐȏȝȂǻΞǆǦǼॽ �ǶǶ ȝǣǐ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǌȓȠǝȖ Ʒȓǐ ǆȂǻǻǐȓǆǦƷǶǶΞ ƷΗƷǦǶƷǅǶǐॵ XȠǆƷȏƷȓǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ

ॻ[ऀࣿईइॶ bq�ৄँअःࣿ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ईआऀःॶ �ȂȓȝǐΣȂǻǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀࣿऀंॶ �ȏǆǦǼ [ǐǶǶৄ

ǐǆǴǆǣǐǻॶ ॻ[ईअࣿऄॶ %�आ [ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻँऄईऄःऄॶ �=ऀࣿऀ�B[ৄईࣿअࣿँः Bǐǌ�ǣǐǻ�ΝȏȓǐȖȖॶ

ॻ,yৄऀऄअआࣿॶ /ǼЖǝȓƷȝǦǼǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ँऀइंॶ �ΗǐȓȂǶǦǻȠȖ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀऀँࣿॶ /ΗȂȖǦǌǐǼǦǅ

[ǐǶǶǐǆǴǆǣǐǻॶ ॻ[इँࣿअॶ �ȓǶȂȝǦǼǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[आआइअॶ UƷǶǅȂǆǦǆǶǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀऀऀअॶ �Ȃৄ

ȖȠȝǦǼǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ऀࣿऀःॶ /ǌǐǶƷǶǦȖǦǅ [ǐǶǶǐǆǴǆǣǐǻॶ ॻ[ँँँअॶ ƷǼǌ �ȠȓƷǼȂЖǼ [ǐǶǶǐǆǴǆǣǐǻॶ

ॻ[ःंࣿआॽ

�ǐǶǶȖ Θǐȓǐ Ȗǐǐǌǐǌ ǦǼȝȂ ईअৄΘǐǶǶ ȏǶƷȝǐȖ ǜȂȓ ǆǣǐǆǴǐȓǅȂƷȓǌ ƷȖȖƷΞȖॶ ǦǼ ΘǣǦǆǣ Ʒ ंৄǜȂǶǌ ȖǐȓǦƷǶ ǌǦǶȠȝǦȂǼ Ȃǜ

ȂǼǐ ǆȂǻȏȂȠǼǌ ǦǼ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΗǐȓȝǦǆƷǶǶΞ ǌȂΘǼ ȝǣǐ ȏǶƷȝǐ ǜȂȓ अ ǌǦǶȠȝǦȂǼ

ȏȂǦǼȝȖॶ ƷǼǌ Ʒ ंৄǜȂǶǌ ȖǐȓǦƷǶ ǌǦǶȠȝǦȂǼ Ȃǜ ȝǣǐ Ȃȝǣǐȓ ǆȂǻȏȂȠǼǌ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ǣȂȓǦΣȂǼȝƷǶǶΞ ƷǆȓȂȖȖ ȝǣǐ

ȏǶƷȝǐ ǜȂȓ ई ǌǦǶȠȝǦȂǼ ȏȂǦǼȝȖॽ HǼǐ ǆȂǶȠǻǼ Ȃǜ �B[H ǆȂǼȝȓȂǶȖ Θǐȓǐ ǦǼǆǶȠǌǐǌ ǜȂȓ ǐƷǆǣ ȏǶƷȝǐॽ � ंৄǜȂǶǌ

ȖǐȓǦƷǶ ǌǦǶȠȝǦȂǼ Ȃǜ अ ǌǦǶȠȝǦȂǼ ȏȂǦǼȝȖ ΘƷȖ ƷǶȖȂ ȏǐȓǜȂȓǻǐǌ ǜȂȓ ǐƷǆǣ ǆȂǻȏȂȠǼǌ ǦǼ ȖǦǼǝǶǐৄǌȓȠǝ ȝȓǐƷȝǻǐǼȝ

आः



ǐΝȏǐȓǦǻǐǼȝȖॽ �ǦЍǐȓǐǼȝ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȓƷǼǝǐȖ Θǐȓǐ ȝǐȖȝǐǌ ǜȂȓ ǌǦЍǐȓǐǼȝ ǆȂǻȏȂȠǼǌȖ ǜȂȓ ȝǣǐ ǅǐȖȝ ȂȠȝৄ

ǆȂǻǐॵ XȠǆƷȏƷȓǦǅ अ ंৄǜȂǶǌ ǌǦǶȠȝǦȂǼ ǜȓȂǻ ऀऄࣿ Bޅ ȝȂ ࣿॽअँ Bॶޅ bq�ৄँअःࣿ ई ंৄǜȂǶǌ ǌǦǶȠȝǦȂǼ ǜȓȂǻ

ऀइࣿ Bޅ ȝȂ ࣿॽࣿँआ Bॶޅ �ȂȓȝǐΣȂǻǦǅ ई ंৄǜȂǶǌ ǌǦǶȠȝǦȂǼ ǜȓȂǻ ँऀࣿ ǼB ȝȂ ࣿॽࣿंँ ǼBॶ �ȏǆǦǼ ƷǼǌ %�आ

ई ंৄǜȂǶǌ ǌǦǶȠȝǦȂǼ ǜȓȂǻ ंअࣿ Bޅ ȝȂ ࣿॽࣿऄऄ Bॽޅ �ǐǶǶ ΗǦƷǅǦǶǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ ȠȖǦǼǝ �ǐǶǶbǦȝǐȓৄ%ǶȂ ƷȖȖƷΞ

आँ ǣȓ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ [ΞǼǐȓǝΞ ȖǆȂȓǐȖ Θǐȓǐ ǆƷǶǆȠǶƷȝǐǌ ȠȖǦǼǝ ȝǣǐ [ΞǼǐȓǝΞ$ǦǼǌǐȓ X ȏƷǆǴƷǝǐँँँॽ

आऄ



3
�ȂǼǆǶȠȖǦȂǼ

�ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ǆƷǼǆǐȓ ǣƷȖ ǌǐǻȂǼȖȝȓƷȝǐǌ ȏȓȂǻǦȖǦǼǝ ȓǐȖȠǶȝȖ ǦǼ ȏȓȂΗǦǌǦǼǝ ǐǼǣƷǼǆǐǌ ƷǼȝǦৄ

ǆƷǼǆǐȓ ǐАǆƷǆΞ ƷǼǌ ȓǐǌȠǆǦǼǝ ȝǣǐ ȓǦȖǴ Ȃǜ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐॽ �ΝǦȖȝǦǼǝ ǻǐȝǣȂǌȖ Ȃǜ ǼȂǻǦǼƷȝǦǼǝ ǆȂǻǅǦǼƷৄ

ȝǦȂǼ ȝǣǐȓƷȏǦǐȖ Ʒȓǐ ȠȖȠƷǶǶΞ ǐǦȝǣǐȓ ǶȂΘৄȝǣȓȂȠǝǣȏȠȝ Ȃȓ ǌȂ ǼȂȝ ȏȓȂΗǦǌǐ ȖȠАǆǦǐǼȝ ǻǐǆǣƷǼǦȖȝǦǆ ǦǼȖǦǝǣȝȖॽ

/Ǽ ȝǣǦȖ ΘȂȓǴ Θǐ ȏȓǐȖǐǼȝǐǌ ȝΘȂ ȖΞȖȝǐǻƷȝǦǆ ƷȏȏȓȂƷǆǣǐȖ ǜȂȓ ǼȂǻǦǼƷȝǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॶ Ǧ ǆȂǻৄ

ȏȠȝƷȝǦȂǼƷǶ ȏȓǐǌǦǆȝǦȂǼ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ȠǼȖǐǐǼ ǆȂǻǅǦǼƷȝǦȂǼ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǅƷȖǐǌ ȂǼ ǼǐȝΘȂȓǴ

ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॶ ƷǼǌ ǦǦ ȠǼǅǦƷȖǐǌ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝৄ

आअ



ǻǐǼȝ ȝȂ ǦǌǐǼȝǦǜΞ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖॽ

$Ȃȓ ȝǣǐ ЖȓȖȝ ƷȏȏȓȂƷǆǣॶ Θǐ ƷǦǻǐǌ ȝȂ ȠȖǐ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǻǐƷȖȠȓǐǻǐǼȝȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ȏǣǐǼȂৄ

ȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ȠȏȂǼ ȖΞȖȝǐǻƷȝǦǆ ȏǐȓȝȠȓǅƷȝǦȂǼ Ȃǜ ǆǐǶǶȖ ȝȂ ǆȂǼȖȝȓȠǆȝ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǅǦৄ

ȂǶȂǝΞॽ sǐ ǌǐΗǐǶȂȏǐǌ Ʒ ǣΞǅȓǦǌ ƷȏȏȓȂƷǆǣॶ ΘǣǦǆǣ Θǐ ǆƷǶǶǐǌ �ǐǶǶ�ȂΝॶ ȝǣƷȝ ǆȂǻǅǦǼǐȖ ǐΝȏǶǦǆǦȝ ǻƷȝǣǐǻƷȝৄ

ǦǆƷǶ ǻȂǌǐǶȖ Ȃǜ ǆǐǶǶ ǌΞǼƷǻǦǆȖ ΘǦȝǣ Ʒ ǻƷǆǣǦǼǐৄǶǐƷȓǼǦǼǝ ǜȓƷǻǐΘȂȓǴ ȝȂ ȏȓǐǌǦǆȝ ǆǐǶǶ ǅǐǣƷΗǦȂȓȖॽ eȖǦǼǝ Ʒ

ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝ Ȃǜ Ʒ ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝȖ ƷȖ Ʒ ȝǐȖȝǅǐǌॶ Θǐ ǌǐǻȂǼৄ

ȖȝȓƷȝǐǌ ȝǣƷȝ ȝǣǐ ǻȂǌǐǶ ǆƷǼ ǅǐ ǐАǆǦǐǼȝǶΞ ȝȓƷǦǼǐǌ ȝȂ ƷǆǆȠȓƷȝǐǶΞ ȏȓǐǌǦǆȝ ǆǐǶǶȠǶƷȓ ǅǐǣƷΗǦȂȓ ƷǆǆȠȓƷȝǐǶΞॽ

�ΗǐǼ ȝǣȂȠǝǣ ǆȂǻȏǶǐȝǐǶΞ ǌƷȝƷ ǌȓǦΗǐǼ ƷǼǌ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ ȏȓǦȂȓ ǴǼȂΘǶǐǌǝǐॶ ȝǣǐ ȓǐȖȠǶȝǦǼǝ ǌǐ ǼȂΗȂ

ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ȓǐǆƷȏǦȝȠǶƷȝǐ ȖȂǻǐ ǴǼȂΘǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ǜȓȂǻ Ʒ ȏƷȝǣΘƷΞ ǴǼȂΘǶǐǌǝǐǅƷȖǐॽ sǐ ȖǣȂΘǐǌ

ȝǣƷȝ ȝǣǐ ȝȓƷǦǼǐǌ ǻȂǌǐǶȖ Ʒȓǐ ǆƷȏƷǅǶǐ Ȃǜ ȖǦǻȠǶƷȝǦǼǝ ǆǐǶǶ ȓǐȖȏȂǼȖǐ ȝȂ ǼȠǻǐȓȂȠȖ ƷȓǅǦȝȓƷȓΞ ǆȂǻǅǦǼƷȝȂȓǦƷǶ

ȏǐȓȝȠȓǅƷȝǦȂǼȖ ƷȏȏǶǦǐǌ ȝȂ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝǦǐȖ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ȝǣƷȝ Θǐȓǐ ȓǐȏǐƷȝǐǌǶΞ ǻǐƷȖȠȓǐǌ

ȠǼǌǐȓ ǌǦЍǐȓǐǼȝ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॽ XƷǼǴǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ȝǣǐ ǦǼ ȖǦǶǦǆȂ ǆȂǻǅǦǼƷȝȂȓǦƷǶ

ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǅΞ ȝǣǐ ǌǐȖǦȓǐǌ ȏǣǐǼȂȝΞȏǦǆ ȂȠȝǆȂǻǐॶ ȖȠǆǣ ƷȖ ǌǐǆȓǐƷȖǐǌ ȏȓȂǶǦǜǐȓƷȝǦȂǼॶ ǆƷǼ ǐАǆǦǐǼȝǶΞ

ǼƷȓȓȂΘ ǌȂΘǼ ȝǣǐ ȖǐƷȓǆǣ ȖȏƷǆǐ ƷǼǌ ǼȂǻǦǼƷȝǐ ȏȓȂǻǦȖǦǼǝ ȖǐȝȖ Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȝǐȖȝƷǅǶǐ ǆȂǻǅǦǼƷȝǦȂǼ

ǆƷǼǌǦǌƷȝǐȖॽ

$ȓȂǻ ȝǣǐ ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǆƷǼǆǐȓ ȓǐȖǐƷȓǆǣॶ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ȝǣǐ �ǐǶǶ�ȂΝ ǻȂǌǐǶ ȏȓȂΗǦǌǐȖ Ʒ ǼȂΗǐǶ

ǆȂǻȏȠȝƷȝǦȂǼƷǶ ƷȏȏȓȂƷǆǣ ȝȂ ǜƷǆǦǶǦȝƷȝǐ ȝǣǐ ȖǐƷȓǆǣ ǜȂȓ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ǆƷǼǆǐȓॽ �Ξ ǆȂǼȖȝȓȠǆȝৄ

ǦǼǝ ǌƷȝƷৄǌȓǦΗǐǼ ǻȂǌǐǶȖ ȂǼ Ʒ ȓǐǶƷȝǦΗǐǶΞ ȖǻƷǶǶৄȖǆƷǶǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷȖǐȝॶ Θǐ ǆƷǼ ǐАǆǦǐǼȝǶΞ ǼƷȓȓȂΘ

ȝǣǐ ȖǐƷȓǆǣ ȖȏƷǆǐ Ȃǜ ȝǣǐ ȏȓǐǌǦǆȝǐǌ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȠǼȝǐȖȝǐǌ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ $ȓȂǻ

ȝǣǐ ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॶ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ǆƷǼ ȏȓȂΗǦǌǐ ǦǼȖǦǝǣȝ ǦǼȝȂ ȝǣǐ ǻȂǶǐǆȠৄ

ǶƷȓ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ ȝǣǐ ȖΞȖȝǐǻȖ Ȃǜ ǦǼȝǐȓǐȖȝॽ bǣǐ ǦǼǜǐȓȓǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ǼȂȝ ȂǼǶΞ ǆƷǼ ǅǐ ǆȂǼЖȓǻƷȝǦΗǐ

Ȃǜ ǴǼȂΘǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅȠȝ ǆƷǼ ƷǶȖȂ ǅǐ ǼȂΗǐǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ȝȂ ǅǐ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ΗƷǶǦǌƷȝǐǌॽ $ȓȂǻ ȝǣǐ

ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝॶ �ǐǶǶ�ȂΝ ǅȓǦǼǝȖ ǦǼ ǦǼȝǐȓȏȓǐȝƷǅǦǶǦȝΞॶ ΘǣǦǆǣ ǣƷȖ ǅǐǐǼ ǶƷǆǴǦǼǝ ǦǼ ȝȓƷǌǦৄ

ȝǦȂǼƷǶ ǅǶƷǆǴৄǅȂΝ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ ǅȠȝ ǦȖ ǐȖȖǐǼȝǦƷǶ ǜȂȓ ǻƷǴǦǼǝ ǻȂȓǐ ȝȓƷǼȖȏƷȓǐǼȝ ƷǼǌ ȝǣǐȓǐǜȂȓǐ

ǻȂȓǐ ȝȓȠȖȝƷǅǶǐ ȏȓǐǌǦǆȝǦȂǼȖ ǦǼ ǅǦȂǻǐǌǦǆƷǶ ȓǐȖǐƷȓǆǣॽ $ȓȂǻ ȝǣǐ ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǅƷȖǦǆ ǅǦȂǶȂǝǦǆƷǶ ȓǐȖǐƷȓǆǣॶ

आआ



Θǐ ǐǼΗǦȖǦȂǼ ȝǣƷȝ �ǐǶǶ�ȂΝ ǻȂǌǐǶȖ ǆƷǼ ǅǐ ǝǐǼǐȓƷǶǦΣǐǌ ȝȂ ΗƷȓǦȂȠȖ ȝΞȏǐȖ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǻǐƷȖȠȓǐǻǐǼȝȖॶ

ȏǐȓȝȠȓǅƷȝǦȂǼȖॶ ƷǼǌ ȖΞȖȝǐǻȖ Ȃǜ ǦǼȝǐȓǐȖȝ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ƷȏȏǶǦǆƷǅǶǐ ȝȂ ȖȝȠǌΞ ǌǦЍǐȓǐǼȝ ЖǐǶǌȖ Ȃǜ ǅǦȂǶȂǝΞ

ȏȓȂΗǦǌǐǌ ȝǣǐ ȖȠǦȝƷǅǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ǌƷȝƷȖǐȝȖ Ʒȓǐ ƷΗƷǦǶƷǅǶǐॽ

�Ǽ ǐȖȖǐǼȝǦƷǶ ȓǐȒȠǦȓǐǻǐǼȝ Ȃǜ Ʒ �ǐǶǶ�ȂΝ ǻȂǌǐǶ ǦȖ Ʒ ȖȠАǆǦǐǼȝǶΞ ǦǼǜȂȓǻƷȝǦΗǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ

ǌƷȝƷȖǐȝॽ bǣǐ ǼȠǻǅǐȓ Ȃǜ ǦǼ ȖǦǶǦǆȂ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝǣƷȝ ǆƷǼ ǅǐ ȏȓǐǌǦǆȝǐǌ ǅΞ ȝǣǐ ǻȂǌǐǶ ǦȖ

ǌǐȝǐȓǻǦǼǐǌ ǅΞ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝǦǐȖ ǻǐƷȖȠȓǐǌ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ ǼǐȝΘȂȓǴ

ǻȂǌǐǶॽ �ƷȖǐǌ ȂǼ ȂȠȓ ȖǐǼȖǦȝǦΗǦȝΞ ƷǼƷǶΞȖǦȖ Ȃǜ ǌƷȝƷ ȓǐǌȠǆȝǦȂǼ ƷǼǌ ȂȠȓ ǴǼȂΘǶǐǌǝǐ Ȃǜ ȏƷȓƷǻǐȝǐȓ ǦǼǜǐȓৄ

ǐǼǆǐँंࣿॶँंऀॶ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ȖǣȂȠǶǌ ǅǐ ƷǅȂȠȝ ȝǣǐ ȖƷǻǐ Ȃȓǌǐȓ Ȃǜ ǻƷǝǼǦȝȠǌǐ

ƷȖ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ǻȂǶǐǆȠǶƷȓ ǐǼȝǦȝǦǐȖ ǻǐƷȖȠȓǐǌ ǦǼ Ȃȓǌǐȓ ȝȂ ƷΗȂǦǌ ȠǼǌǐȓǌǐȝǐȓǻǦǼǐǌ ȖΞȖȝǐǻȖ ǦǼ ǻȂǌǐǶ

ȝȓƷǦǼǦǼǝॽ /ǜ Θǐ ƷǦǻ ȝȂ ǆȂǼȖȝȓȠǆȝ Ʒ ǼǐȝΘȂȓǴ Ȃǜ ȝǣȂȠȖƷǼǌȖ Ȃǜ ǼȂǌǐȖॶ Ʒȝ ǶǐƷȖȝ ǣȠǼǌȓǐǌȖ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ

ǆȂǼǌǦȝǦȂǼȖ Ʒȓǐ Ǽǐǐǌǐǌ ǜȂȓ ƷǆǆȠȓƷȝǐ ǻȂǌǐǶ ȝȓƷǦǼǦǼǝॶ ΘǣǦǆǣ ǆƷǼ ǅǐ ǶƷǅȂȓǦȂȠȖ Ǧǜ ȏǐȓǜȂȓǻǐǌ ǦǼ ƷǼ Ʒȓৄ

ȓƷΞǐǌ ǜƷȖǣǦȂǼॽ sǐ ǅǐǶǦǐΗǐ ȝǣǐ ȓǐǆǐǼȝǶΞ ǌǐΗǐǶȂȏǐǌ ȖǐȒȠǐǼǆǦǼǝ ƷǼǌ ǅƷȓǆȂǌǦǼǝ ȝǐǆǣǼǦȒȠǐȖ ΘǣǦǆǣ ƷǶǶȂΘ

ȏǐȓȝȠȓǅƷȝǦȂǼ ƷǼǌ ǻȂǶǐǆȠǶƷȓ ǻǐƷȖȠȓǐǻǐǼȝ ȝȂ ǅǐ ȏǐȓǜȂȓǻǐǌ ȂǼ ȖǦǼǝǶǐৄǆǐǶǶ ǶǐΗǐǶȖ ǆȂȠǶǌ ǅǐ Ʒ ȏȂȝǐǼȝǦƷǶ

ȖȂǶȠȝǦȂǼ ȝȂ ȏǐȓǜȂȓǻ Ʒ ǶƷȓǝǐ ǼȠǻǅǐȓ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǦǼ Ʒ ȏȂȂǶǐǌ ǜƷȖǣǦȂǼआइॶऀअंॶ ǣǐǼǆǐ ȂǼǐ Ȃǜ ȂȠȓ ǻȂৄ

ȝǦΗƷȝǦȂǼȖ ǦȖ ȝȂ ǆȂǶǶǐǆȝ ȖǦǼǝǶǐৄǆǐǶǶ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝȖ ƷȖ Ʒ ȓǐȖȂȠȓǆǐॽ BȂȖȝ Ȃǜ ȝǣǐȖǐ ǌƷȝƷȖǐȝȖ

ǣƷΗǐ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ƷȖ ǻȂǶǐǆȠǶƷȓ ǻǐƷȖȠȓǐǻǐǼȝȖॽ bǣǦȖ ǶǐƷǌȖ ȝȂ ƷǼ ǻXC�ৄǻXC� ǦǼȝǐȓƷǆȝǦȂǼ Ǽǐȝৄ

ΘȂȓǴ ǻȂǌǐǶ Ǧǜ �ǐǶǶ�ȂΝ ǦȖ ƷȏȏǶǦǐǌॶ ΘǣǦǆǣ ǆƷǼ ǅǐ ȏȓǐǌǦǆȝǦΗǐ ƷȖ ȖǣȂΘǼ ǅΞ ȖȂǻǐ ȏȓǐǶǦǻǦǼƷȓΞ ȓǐȖȠǶȝȖ ǼȂȝ

ȖǣȂΘǼ ǅȠȝ ǦȖ ǌǦАǆȠǶȝ ȝȂ ǦǼȝǐȓȏȓǐȝ ƷǼǌ ǆȂǻȏƷȓǐ ȝȂ ǐΝǦȖȝǦǼǝ ǴǼȂΘǶǐǌǝǐँंँॽ eǼȝǦǶ ȝǣǐ ǦǼǼȂΗƷȝǦȂǼ Ȃǜ

ȓǐǶǦƷǅǶǐ ȖǦǼǝǶǐǆǐǶǶ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ ȝǐǆǣǼǦȒȠǐȖॶ ǆƷȠȝǦȂǼ ǼǐǐǌȖ ȝȂ ǅǐ ƷȏȏǶǦǐǌ ΘǣǐǼ ǌǐΗǐǶȂȏǦǼǝ

�ǐǶǶ�ȂΝ ȂǼ ȖǦǼǝǶǐৄǆǐǶǶ XC�ৄȖǐȒ ǌƷȝƷॵ ǻXC� ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ǦȖ ǼȂȝ ƷǶΘƷΞȖ Ʒ ǝȂȂǌ ȏȓȂΝΞ ǜȂȓ ȝǣǐ

ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȏȓȂȝǐǦǼॶ ΘǣǦǆǣ Ʒȓǐ ȏȓǦǻƷȓΞ ǌȓȠǝ ȝƷȓǝǐȝॽ

�ǼȂȝǣǐȓ ǶƷΞǐȓ Ȃǜ ǆȂǻȏǶǐΝǦȝΞ ǦǼ ƷǆȒȠǦȓǦǼǝ ȖȠАǆǦǐǼȝǶΞ ǦǼǜȂȓǻƷȝǦΗǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝȖ

ǆȂǻǐȖ ǜȓȂǻ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ȝƷȓǝǐȝȖॽ bǣǐ ǆǣȂȖǐǼ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ȖǣȂȠǶǌ ǦǌǐƷǶǶΞ

ȖǐȓΗǐ ƷȖ ȏȓȂǅǐȖ ȝȂ ǐΝȝǐǼȖǦΗǐǶΞ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ǐǼȝǦȓǐ ȖΞȖȝǐǻ Ȃǜ ǦǼȝǐȓǐȖȝॽ HȠȓ ȏȓǐǶǦǻǦǼƷȓΞ ƷǼƷǶΞȖǦȖ ǼȂȝ

ȖǣȂΘǼ ȖȠǝǝǐȖȝȖ ȝǣƷȝ ȝǣǐ ǦǼǜȂȓǻƷȝǦȂǼ ȏȓȂΗǦǌǐǌ ǅΞ ȖǦǼǝǶǐৄƷǝǐǼȝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǆƷǼ ǅǐ ǆȂΗǐȓǐǌ ǅΞ Ʒ

आइ



ȖȠАǆǦǐǼȝ ǼȠǻǅǐȓ Ȃǜ ǌȠƷǶৄƷǝǐǼȝ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ /Ǽ ȂȠȓ Ʒȝȝǐǻȏȝ ȝȂ ǆȂǶǶǐǆȝ Ʒ ǶƷȓǝǐৄȖǆƷǶǐ ȏǐȓȝȠȓǅƷȝǦȂǼৄ

ȓǐȖȏȂǼȖǐ ǌƷȝƷȖǐȝॶ Θǐ ǌǐȖǦǝǼǐǌ ȏǦǶȂȝ ǐΝȏǐȓǦǻǐǼȝȖ ȝȂ ǦǼǆǶȠǌǐ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝǣƷȝ ȝƷȓǝǐȝ ǌǦЍǐȓǐǼȝ ȖǦǝৄ

ǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ΘǦȝǣ ȝǣǐ ǣȂȏǐ ȝȂ ǻƷΝǦǻǦΣǐ ȝǣǐ ȏȂȓȝǦȂǼ Ȃǜ ȝǣǐ ȖΞȖȝǐǻ ǅǐǦǼǝ ȏǐȓȝȠȓǅǐǌॶ ΘǣǦǆǣ Ƕǐǌ ȝȂ

ȂȠȓ ȖǐǆȂǼǌ ƷȏȏȓȂƷǆǣ ǜȂȓ ǼȂǻǦǼƷȝǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖॽ

$Ȃȓ ȝǣǐ ȖǐǆȂǼǌ ƷȏȏȓȂƷǆǣॶ Θǐ ƷǦǻǐǌ ȝȂ ȠȖǐ ǦǼǜǐȓǐǼǆǐ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖ ǜȂȓ

ȝǣǐ ȓƷȝǦȂǼƷǶ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ bǣǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ȓǐǜǐȓ ȝȂ ȝǣǐ ȖǣȂȓȝৄȝǐȓǻ ƷǌƷȏৄ

ȝǦΗǐ ȓǐȖȏȂǼȖǐ Ȃǜ ǆǐǶǶȖ ȝȂ ȏǣƷȓǻƷǆȂǶȂǝǦǆƷǶ ǦǼǣǦǅǦȝȂȓȖ ȝȂ ȓǐȖȝȂȓǐ ǆǐǶǶ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ sǐ ȠȖǐǌ ȠǼǅǦƷȖǐǌ

ȒȠƷǼȝǦȝƷȝǦΗǐ ȏȓȂȝǐǦǼ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ȝȂ ƷȖȖǐȖȖ ȝǣǐ ǆǐǶǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǐȖ ȝȂ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ

ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ƷȝƷৄǌȓǦΗǐǼ ȏȓȂȝǐǦǼ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖॶ ǐǼȓǦǆǣǻǐǼȝ ƷǼƷǶৄ

ΞȖǦȖॶ ƷǼǌ ǐΝƷǻǦǼƷȝǦȂǼ Ȃǜ ǦǼǌǦΗǦǌȠƷǶ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǦǌǐǼȝǦЖǐǌ ȏȓȂৄȏȓȂǶǦǜǐȓƷȝǦΗǐ ȏȓȂȝǐǦǼȖ ƷǼǌ ǅǦȂৄ

ǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ȝǣƷȝ Ʒȓǐ ȠȏৄȓǐǝȠǶƷȝǐǌॶ ȓǐΗǐƷǶǦǼǝ ǝǐǼǐȓƷǶ ȖȝȓǐȖȖ ȓǐȖȏȂǼȖǐॶ ƷȖ ΘǐǶǶ ƷȖ ǴǼȂΘǼ ƷǼǌ ǼȂΗǐǶ

ǻƷȓǴǐȓȖ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ȖȏǐǆǦЖǆ ȝȂ ǌȓȠǝ ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ sǐ ȝǣǐǼ ǌǐȖǦǝǼǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǅΞ

ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝƷȓǝǐȝǦǼǝ ȝǣǐȖǐ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ ƷǼǌ ȝǣǐ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǌȓȠǝȖ ȂȓǦǝǦǼƷǶǶΞ ȏȓȂৄ

ЖǶǐǌ ΘǦȝǣ ȝǣǐ ǐΝȏǐǆȝƷȝǦȂǼ ȝȂ ǆȂǻȏǶǐȝǐǶΞ ǅǶȂǆǴ ȝǣǐ ȏȓȂǶǦǜǐȓƷȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖॽ /Ǽ ȝǣǐ ΗƷǶǦǌƷȝǦȂǼ

ǐΝȏǐȓǦǻǐǼȝȖॶ Θǣǐȓǐ Ʒ ȖȠǅȖǐȝ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ΘƷȖ ȝǐȖȝǐǌ ǦǼ ȖǦΝ ǌǦЍǐȓǐǼȝ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ

ǆǐǶǶ ǶǦǼǐȖॶ ȖΞǼǐȓǝǦȖȝǦǆ ƷǼǌ ƷǌǌǦȝǦΗǐ ǐЍǐǆȝȖ Θǐȓǐ ȂǅȖǐȓΗǐǌॶ ȖȠǝǝǐȖȝǦǼǝ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ΗƷǶȠǐȖ ǦǼ

ǜȠȝȠȓǐ ȏȓǐৄǆǶǦǼǦǆƷǶ ƷǼǌ ǆǶǦǼǦǆƷǶ ȖȝȠǌǦǐȖॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ȏȓȂȏȂȖǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ Ʒȓǐ ȠǼǌǐȓ

ǐΝȏǐȓǦǻǐǼȝƷǶ ΗƷǶǦǌƷȝǦȂǼॽ

$ȓȂǻ ȝǣǐ ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǆƷǼǆǐȓ ȓǐȖǐƷȓǆǣॶ Θǐ ǼȂǻǦǼƷȝǐǌ ȏȓȂǻǦȖǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǦǼ

ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॶ Ʒ ǆƷǼǆǐȓ ȝΞȏǐ ΘǦȝǣ Ʒ ǣǦǝǣ ȓǐǶƷȏȖǐ ȓƷȝǐ ƷǼǌ ȖǶȂΘ ǦǻȏȓȂΗǐǻǐǼȝ ǦǼ ǻȂȓȝƷǶǦȝΞॽ sǐ ǣƷΗǐ

ȖǣȂΘǼ ȖȠАǆǦǐǼȝ ǐΗǦǌǐǼǆǐ ǜȂȓ ȏȂȝǐǼȝǦƷǶ ǐАǆƷǆΞ Ȃǜ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǦǼ ΗǦȝȓȂ ȖȂ ȝǣƷȝ

ȝǣǐΞ ǆƷǼ ǅǐ ǜȠȓȝǣǐȓ ΗƷǶǦǌƷȝǐǌ ǦǼ ǻȂǌǐǶ ȖΞȖȝǐǻȖ ȝǣƷȝ Ʒȓǐ ǻȂȓǐ ǆǶǦǼǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ȝȂ ȏƷȝǦǐǼȝȖॶ ȖȠǆǣ ƷȖ

ȏƷȝǦǐǼȝৄǌǐȓǦΗǐǌ ȂȓǝƷǼȂǦǌȖ U�H ƷǼǌ ΝǐǼȂǝȓƷǜȝȖ U�xॽ sǐ ȖǐǶǐǆȝǐǌ ȝǣǐȖǐ ǆȂǻǅǦǼƷȝǦȂǼȖ ȝȂ ǆȂǼȝƷǦǼ

Ʒȝ ǶǐƷȖȝ ȂǼǐ $��ৄƷȏȏȓȂΗǐǌ ǌȓȠǝ ǦǼ Ȃȓǌǐȓ ȝȂ ǶȂΘǐȓ ȝǣǐ ǅƷȓȓǦǐȓ ƷǼǌ ǻǦǼǦǻǦΣǐ ȝǣǐ ǐЍȂȓȝȖ ǜȂȓ ǆǶǦǼǦǆƷǶ

ȖȝȠǌǦǐȖॽ $ȓȂǻ ȝǣǐ ȏǐȓȖȏǐǆȝǦΗǐ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞॶ Θǐ ǣƷΗǐ ȏȓȂΗǦǌǐǌ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ

आई



Ȃǜ ǆǐǶǶ ȓǐȖȏȂǼȖǐ ȠȏȂǼ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǦǼǣǦǅǦȝȂȓȖ ȝƷȓǝǐȝǦǼǝ ΘǐǶǶৄǴǼȂΘǼ ǆƷǼǆǐȓ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖॽ sǐ

ƷȏȏǶǦǐǌ ȓǐǶƷȝǦΗǐǶΞ ȖȝȓƷǦǝǣȝǜȂȓΘƷȓǌ ȏƷȝǣΘƷΞ ƷǼƷǶΞȖǦȖ ƷȏȏȓȂƷǆǣǐȖ ȝȂ ǦǌǐǼȝǦǜΞ ȏȂȝǐǼȝǦƷǶ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣৄ

ƷǼǦȖǻȖॽ /Ǽ ǜȠȝȠȓǐॶ ȝǣǦȖ ȝΞȏǐ Ȃǜ ǌƷȝƷȖǐȝ ǆƷǼ ǜȠȓȝǣǐȓ ȖǐȓΗǐ ƷȖ Ʒ ȓǦǆǣ ȓǐȖȂȠȓǆǐ ǜȂȓ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ ƷǼǌ

ƷȏȏǶǦǆƷȝǦȂǼ Ȃǜ ǻȂȓǐ ȖȂȏǣǦȖȝǦǆƷȝǐǌ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻǐȝǣȂǌȖॶ ƷȖ ΘǐǶǶ ƷȖ Ʒ ǣΞȏȂȝǣǐȖǦȖৄǝǐǼǐȓƷȝǦǼǝ ȖȂȠȓǆǐ

ǜȂȓ ǻȂǶǐǆȠǶƷȓ ƷǼǌ ǅǦȂǆǣǐǻǦǆƷǶ ǐΝȏǐȓǦǻǐǼȝȖ ȝȂ ǌǐǆǦȏǣǐȓ ȝǣǐ ǌǐȝƷǦǶǐǌ ǻȂǶǐǆȠǶƷȓ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǌȓȠǝ

ȓǐȖǦȖȝƷǼǆǐॽ

� ǶǦǻǦȝƷȝǦȂǼ Ȃǜ ȝǣǦȖ ƷȏȏȓȂƷǆǣ ǦȖ ȝǣǐ ǶƷǆǴ Ȃǜ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼ ȏȓȂЖǶǐȖ ƷȖ ǻȂǶǐǆȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ǌȓȠǝ

ȏǐȓȝȠȓǅƷȝǦȂǼȖॽ UǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ȖȝƷȝǐȖ Ȃǜ ȏȓȂȝǐǦǼȖ Ʒȓǐ ǆȓǦȝǦǆƷǶ ǜȂȓ ȝǣǐ ǜȠǼǆȝǦȂǼȖ Ȃǜ ȏȓȂȝǐǦǼȖ ǐȖȏǐǆǦƷǶǶΞ

ǦǼ ǆƷǼǆǐȓ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖँंंॽ BƷǼΞ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǴǦǼƷȖǐ ǦǼǣǦǅǦȝȂȓȖ Ʒǆȝ ȝǣȓȂȠǝǣ ǅǶȂǆǴǦǼǝ ȝǣǐ

ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜ ȝƷȓǝǐȝǐǌ ȏȓȂȝǐǦǼȖ Ȃȓ ȝǣǐǦȓ ǌȂΘǼȖȝȓǐƷǻ ǐЍǐǆȝȂȓȖ ȝȂ ƷǆǣǦǐΗǐ ǆΞȝȂȝȂΝǦǆ ǐЍǐǆȝȖॽ

bǣǐȓǐǜȂȓǐॶ ǆƷȏȝȠȓǦǼǝ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼȖ ȏȓȂΗǦǌǐȖ ǦǻȏȂȓȝƷǼȝ ǦǼǜȂȓǻƷȝǦȂǼ ǜȂȓ ǌǐȝǐȓǻǦǼǦǼǝ ȝǣǐ ƷǆȝǦৄ

ΗƷȝǦȂǼ ȖȝƷȝȠȖ Ȃǜ ǻƷǼΞ ȏȓȂȝǐǦǼȖॽ �Ƞǐ ȝȂ ǶǦǻǦȝǐǌ ȓǐȖȂȠȓǆǐȖ ǦǼ ȝǣǦȖ ȖȝȠǌΞॶ Θǐ Θǐȓǐ ǼȂȝ ƷǅǶǐ ȝȂ ȏȓȂЖǶǐ

ȝǣǐ ȏǣȂȖȏǣȂȏȓȂȝǐȂǻǦǆ ȓǐȖȏȂǼȖǐ ȠȏȂǼ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॶ ΘǣǦǆǣ Θǐ ǅǐǶǦǐΗǐ ȓǐȖȠǶȝǐǌ ǦǼ ǶǐȖȖ ȏȂΘǐȓǜȠǶ

ǌǐȝǐǆȝǦȂǼ Ȃǜ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖॽ /ǼǆȓǐƷȖǐǌ ƷǆȝǦΗǦȝΞ Ȃǜ Ʒ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖ ǆȂȠǶǌ ǅǐ ƷǆǣǦǐΗǐǌ ǅΞ

ȖǣǦǜȝǦǼǝ ȝǣǐ ǐȒȠǦǶǦǅȓǦȠǻ ǅǐȝΘǐǐǼ ȏǣȂȖȏǣȂȓΞǶƷȝǐǌ ȠȖȠƷǶǶΞ ƷǆȝǦΗƷȝǐǌ ƷǼǌ ȠǼȏǣȂȖȏǣȂȓΞǶƷȝǐǌ ȠȖȠƷǶǶΞ

ǦǼƷǆȝǦΗƷȝǐǌ ȏȓȂȝǐǦǼȖ ȓƷȝǣǐȓ ȝǣƷǼ ǦǼǆȓǐƷȖǦǼǝ ȝǣǐ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȝȂȝƷǶ ȏȓȂȝǐǦǼȖॽ �ǐȝǐǆȝǦȂǼ Ȃǜ ȏǣȂȖȏǣȂৄ

ȏȓȂȝǐǦǼȖ ȖǣȂȠǶǌ ǅǐ ȠȖǐǌ ȝȂ ǆȂǻȏǶǐǻǐǼȝ ȝǣǐ ЖǼǌǦǼǝȖ ǅƷȖǐǌ ȂǼ ΘǣȂǐৄȏȓȂȝǐǦǼ ǶǐΗǐǶ ǌƷȝƷॽ bǣǦȖ ǶǐƷǌȖ ȝȂ

ƷǼȂȝǣǐȓ ǆȓǦȝǦǆƷǶ ȒȠǐȖȝǦȂǼ Ȃǜ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌǐȖǦǝǼॶ ȝǣǐ ǆǣȂǦǆǐ Ȃǜ ȝǦǻǦǼǝ ǜȂȓ ȝǣǐ ǌǐȝǐǆȝǦȂǼ Ȃǜ ǻȂǶǐǆȠǶƷȓ

ȓǐȖȏȂǼȖǐȖॽ �ǣƷǼǝǐȖ ǦǼ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ǐΗǐǼȝȖ ȠȖȠƷǶǶΞ ȂǆǆȠȓ ЖȓȖȝ ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॶ ƷȖ

ǐƷȓǶΞ ƷȖ ऄ ǻǦǼ Ʒǜȝǐȓ ȝǣǐ ȝȓǐƷȝǻǐǼȝऀࣿࣿॶँंःॽ bǣǐ ǆǣȂǦǆǐ Ȃǜ आँ ǣȓȖ ǦǼ ȝǣǦȖ ȖȝȠǌΞ ǜȂȓ ȖȝǐƷǌΞৄȖȝƷȝǐ ƷǌƷȏȝǦΗǐ

ȓǐȖȏȂǼȖǐ ǦȖ ǶƷȓǝǐǶΞ ǅƷȖǐǌ ȂǼ ǐǻȏǦȓǦǆƷǶ ǐΗǦǌǐǼǆǐ ǜȓȂǻ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐअई ƷǼǌ ȂȠȓ ȂǅȖǐȓΗƷȝǦȂǼ ȝǣƷȝ ȏǣǐৄ

ǼȂȝΞȏǦǆ ȓǐȖȏȂǼȖǐȖ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞ Ʒȓǐ ȠȖȠƷǶǶΞ ȖȝƷǅǶǐ ǅΞ ȝǣǐ ǐǼǌ Ȃǜ ȝǣȓǐǐ ǌƷΞȖ Ʒǜȝǐȓ ǌȓȠǝ ȝȓǐƷȝǻǐǼȝॽ �ǐǶৄ

ǶȠǶƷȓ ȓǐȖȏȂǼȖǐ ȓǐЙǐǆȝǐǌ ǅΞ ȏȓȂȝǐȂǻǦǆȖ ƷǼǌ ȏǣȂȖȏǣȂȏȓȂȝǐȂǻǦǆȖ Ʒȓǐ ȝǣǐȓǐǜȂȓǐ ǌǦАǆȠǶȝ ȝȂ ǆƷȏȝȠȓǐ Ʒȝ Ʒ

ȖǦǼǝǶǐ ȝǦǻǐ ȏȂǦǼȝॽ � ȝǦǻǐৄǆȂȠȓȖǐ ǐΝȏǐȓǦǻǐǼȝ ǆƷǼ ǅǐ ǅǐǼǐЖǆǦƷǶ ȝȂ ǆƷȏȝȠȓǐ ǅȂȝǣ ǐƷȓǶΞ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ

ǆǣƷǼǝǐȖ ƷǼǌ ǶƷȝǐ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǆǣƷǼǝǐȖॶ ƷǼǌ ȝȂ ǐǶȠǆǦǌƷȝǐ ȝǣǐ ǌǐȝƷǦǶǐǌ ȓǐȖǦȖȝƷǼǆǐ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ

इࣿ



ǆǐǶǶȠǶƷȓ ȓǐΘǦȓǦǼǝ Ȃǜ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ ȝȂ ȓǐȖȝȂȓǐ ȏȓȂǶǦǜǐȓƷȝǦȂǼॽ

sǐ ǣƷΗǐ ǌǐǻȂǼȖȝȓƷȝǐǌ ȝΘȂ ȖΞȖȝǐǻƷȝǦǆ ƷȏȏȓȂƷǆǣǐȖ ȝǣƷȝ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǼȂǻǦǼƷȝǐ ǆȂǻǅǦǼƷȝǦȂǼ

ȝǣǐȓƷȏǦǐȖ ǦǼ ǆƷǼǆǐȓॶ ǅȠȝ ȝǣǐΞ ǅȂȝǣ ǣƷΗǐ ȝǣǐǦȓ ǶǦǻǦȝƷȝǦȂǼȖॽ bǣǐ ǜȂȓǻǐȓ ȓǐȒȠǦȓǐȖ Ʒ ȓǦǆǣ ǌƷȝƷȖǐȝ ǜȂȓ

ǻȂǌǐǶ ǆȂǼȖȝȓȠǆȝǦȂǼॶ ΘǣǦǶǐ ȝǣǐ ǶƷȝȝǐȓ ǦȖ ǜȂǆȠȖǐǌ ȂǼǶΞ ȂǼ ǆȂǻǅǦǼƷȝǦȂǼȖ ǆȂǼǆǐȓǼǦǼǝ Ʒ ǜǐΘ ǌȓȠǝȖ Ȃǜ

ȂȠȓ ǆǣȂǦǆǐॽ sǐ ȠǶȝǦǻƷȝǐǶΞ ƷǦǻ ȝȂ ǆȂǻǅǦǼǐ ȝǣǐ ȝΘȂ ƷȏȏȓȂƷǆǣǐȖ ȝȂ ǆȂǶǶǐǆȝ ȓǦǆǣ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ

ǌƷȝƷ ƷǼǌ ǆȂǼȖȝȓȠǆȝ Ʒ ǶƷȓǝǐৄȖǆƷǶǐ ǻȂǌǐǶ Ȃǜ ǆǐǶǶ ǅǦȂǶȂǝΞ ǜȂȓ ȝǣǐ ǼȂǻǦǼƷȝǦȂǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ

/Ǽ ǜƷǆȝॶ ȝǣǐ ȖǐǆȂǼǌ ƷȏȏȓȂƷǆǣ ȏȓǐȖǐǼȝǐǌ ǣǐȓǐ ΘƷȖ ǌǐȓǦΗǐǌ ǜȓȂǻ ȂȠȓ ǐЍȂȓȝ ȝȂ ǌȂ ȖȂॽ sǐ ȏǶƷǼ ȝȂ ƷȏȏǶΞ

ǣȠǼǌȓǐǌȖ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ȝȂ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ǜȂǶǶȂΘǐǌ ǅΞ ǻƷȖȖৄȖȏǐǆȝȓȂǻǐȝȓΞ ȏȓȂȝǐȂǻǦǆ ȏȓȂৄ

ЖǶǦǼǝ ƷǼǌ ȏǣǐǼȂȝΞȏǦǆ ǻǐƷȖȠȓǐǻǐǼȝȖॽ bǣǐ ǆȂǶǶǐǆȝǐǌ ǌƷȝƷ ǆƷǼ ȝǣǐǼ ǅǐ ȠȖǐǌ ǅΞ �ǐǶǶ�ȂΝ ȝȂ ǆȂǼȖȝȓȠǆȝ

ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ȃǜ ȝǣȂȠȖƷǼǌȖ Ȃǜ ǼȂǌǐȖॶ ȓǐȖȠǶȝǦǼǝ ǦǼ ǻǦǶǶǦȂǼȖ Ȃǜ ȏȂȖȖǦǅǶǐ ǦǼ ȖǦǶǦǆȂ ȏƷǦȓৄΘǦȖǐ ǆȂǻǅǦৄ

ǼƷȝȂȓǦƷǶ ȏǐȓȝȠȓǅƷȝǦȂǼȖॶ ƷǼǌ ǐΗǐǼ ǻȂȓǐ ǣǦǝǣǐȓৄȂȓǌǐȓ ǆȂǻǅǦǼƷȝǦȂǼȖॽ �ǣǐǻǦǆƷǶ ǆȂǻȏȂȠǼǌȖǌȓȠǝȖ

ΘǦǶǶ ǅǐ ȠȖǐǌ ƷȖ ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǜȂȓ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ȓǐƷȖȂǼȖॵ Ǧ ȝǣǐΞ Ʒǆȝ ȂǼ ȏȓȂȝǐǦǼȖॶ ΘǣǦǆǣ Ʒȓǐ ȝǣǐ ǌǦȓǐǆȝ

ǜȠǼǆȝǦȂǼƷǶ ȓǐǝȠǶƷȝȂȓȖ Ȃǜ ǆǐǶǶȠǶƷȓ ȏǣǐǼȂȝΞȏǐȖॶ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȏȓȂΗǦǌǐ ǻȂȓǐ ǌǦȓǐǆȝ ȏǐȓȝȠȓǅƷȝǦȂǼৄȝƷȓǝǐȝ

ȓǐǶƷȝǦȂǼȖǣǦȏঃ ǦǦ ȝǣǐ ƷǶȝǐȓǼƷȝǦΗǐ ȏǐȓȝȠȓǅƷȝǦȂǼ ƷȏȏȓȂƷǆǣ �X/[UXৄǆȠȝ ǦǼ ȂȠȓ ǣƷǼǌȖ ǌǦǌ ǼȂȝ ȏȓȂΗǦǌǐ

ȖȝȓȂǼǝ ȏȓȂȝǐȂǻǦǆ ǆǣƷǼǝǐȖ ǌȠǐ ȝȂ ǦǼǆȂǻȏǶǐȝǐ ǝǐǼȂǻǐ ǐǌǦȝǦǼǝ ȂǼ Ʒ ȏȂȏȠǶƷȝǦȂǼ ǶǐΗǐǶॶ ƷǼǌ ȖȠЍǐȓǐǌ

ǜȓȂǻ ǣǐȝǐȓȂǝǐǼȂȠȖ ǝǐǼȂǻǐ ȏƷȝȝǐȓǼȖ ƷȖ Ʒ ȓǐȖȠǶȝ Ȃǜ �C� ȓǐȏƷǦȓ ǌƷȝƷ ǼȂȝ ȖǣȂΘǼॽ �X/[UXǦ ȂǼ ȝǣǐ

Ȃȝǣǐȓ ǣƷǼǌ ǻƷΞ ǅǐ Ʒ ȠȖǐǜȠǶ ƷǶȝǐȓǼƷȝǦΗǐॽ HЍৄȝƷȓǝǐȝ ǐЍǐǆȝȖ Ȃǜ ȏǐȓȝȠȓǅƷȝǦȂǼ ǅΞ ǌȓȠǝȖ ǆƷǼ ǅǐ Ȃǜ ǆȂǼৄ

ǆǐȓǼॶ ǅȠȝ ȂȠȓ ȓǐǆǐǼȝ ȓǐȖȠǶȝȖऀࣿऄ ȖȠǝǝǐȖȝ ȝǣƷȝ ȝǣǐ ǻȂǌǐǶ ǆƷǼ ȏǐȓǜȂȓǻ ǌƷȝƷৄǌȓǦΗǐǼ ǌǐȓǦΗƷȝǦȂǼ Ȃǜ ȏǐȓȝȠȓৄ

ǅƷȝǦȂǼ ȝƷȓǝǐȝȖॽ �Ǽ ǦǻȏȓȂΗǐǻǐǼȝ Ȃǜ ȝǣǐ ǐΝȏǐȓǦǻǐǼȝƷǶ ƷȏȏȓȂƷǆǣ ǦȖ ȝȂ ǆȂǶǶǐǆȝ ǻȠǶȝǦȏǶǐ ȝΞȏǐȖ Ȃǜ ǆǐǶǶȠǶƷȓ

ȏǣǐǼȂȝΞȏǐȖ ǦǼ ƷǌǌǦȝǦȂǼ ȝȂ ǆǐǶǶ ΗǦƷǅǦǶǦȝΞȏȓȂǶǦǜǐȓƷȝǦȂǼॶ ȖȠǆǣ ƷȖ ƷȏȂȏȝȂȖǦȖॶ ȖǐǼǐȖǆǐǼǆǐॶ ƷǼǌ ȒȠǦǐȖǆǐǼǆǐॽ

bǣǐȖǐ ȏǣǐǼȂȝΞȏǐȖ ǆƷǼ ƷǶȖȂ ȖǐȓΗǐ ƷȖ ǌǐȖǦȓǐǌ ȝȓǐƷȝǻǐǼȝ ȂȠȝǆȂǻǐȖॶ ƷȖ ȖȠǝǝǐȖȝǐǌ ǅΞ ȓǐǆǐǼȝ ȖȝȠǌǦǐȖँंऄॶँंअॶ

ǜȂȓ ȝǣǐ ȓƷǼǴǦǼǝ Ȃǜ ȏȓȂǻǦȖǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖ ǅΞ ȝǣǐ ǻȂǌǐǶȖॽ

sǐ ƷǆǴǼȂΘǶǐǌǝǐ ȝǣƷȝ ȝǣǦȖ ǦȖ ƷǼ ƷǻǅǦȝǦȂȠȖ ȏǶƷǼ ȖǦǼǆǐ ǣȠǼǌȓǐǌȖ Ȃǜ ƷȓȓƷΞǐǌ ǐΝȏǐȓǦǻǐǼȝȖ ǜȂȓ ǻƷȖȖৄ

ȖȏǐǆȝȓȂǻǐȝȓΞ ȏȓȂЖǶǦǼǝ ǆƷǼ ǅǐ ǆȂȖȝǶΞ ƷǼǌ ǶƷǅȂȓ ǦǼȝǐǼȖǦΗǐॽ �Ȗ ǌǦȖǆȠȖȖǐǌ ȏȓǐΗǦȂȠȖǶΞॶ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ

ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ȠȖȠƷǶǶΞ ȖǆƷǶǐȖ ΘǦȝǣ ȝǣǐ ȖǦΣǐ Ȃǜ ȝǣǐ ǼǐȝΘȂȓǴ ǻȂǌǐǶ ǜȂȓ ƷǆǆȠȓƷȝǐ ȏƷȓƷǻǐȝǐȓ

इऀ



ǦǼǜǐȓǐǼǆǐॶ Ʒ ȏȂȝǐǼȝǦƷǶ ƷȏȏȓȂƷǆǣ ȝȂ ȓǐǌȠǆǐ ȝǣǐ ǼȠǻǅǐȓ Ȃǜ ȓǐȒȠǦȓǐǌ ȏǐȓȝȠȓǅƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ǦȖ ȝȂ ȏǐȓৄ

ǜȂȓǻ ǌǦǻǐǼȖǦȂǼƷǶǦȝΞ ȓǐǌȠǆȝǦȂǼ ȂǼ ȝǣǐ ǣǦǝǣৄǌǦǻǐǼȖǦȂǼƷǶ ǻȂǶǐǆȠǶƷȓ ǻǐƷȖȠȓǐǻǐǼȝȖॽ sǣǦǶǐ ǻƷǼΞ

ǌƷȝƷৄǌȓǦΗǐǼ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝ ƷȏȏȓȂƷǆǣǐȖ ǆƷǼ ǅǐ ȠȖǐǌ ǜȂȓ ǌǦǻǐǼȖǦȂǼƷǶǦȝΞ ȓǐǌȠǆȝǦȂǼॶ ȖȠǆǣ ƷȖ ȏȓǦǼǆǦৄ

ȏǶǐ ǆȂǻȏȂǼǐǼȝȖ ƷǼƷǶΞȖǦȖ U��ॶ ǼȂǼৄǼǐǝƷȝǦΗǐ ǻƷȝȓǦΝ ǜƷǆȝȂȓǦΣƷȝǦȂǼ CB$ॶ ƷȠȝȂǐǼǆȂǌǐȓॶ ƷǼ ǦǼȝǐȓৄ

ȏȓǐȝƷǅǶǐ ƷȏȏȓȂƷǆǣ ǆƷǼ ǅǐ ȝȂ ǆȂǶǶƷȏȖǐ ȏȓȂȝǐǦǼȖ ǦǼȝȂ ǻȂǌȠǶǐȖ ΘǦȝǣ ȖǦǻǦǶƷȓ ǜȠǼǆȝǦȂǼȖ Ȃȓ ǴǼȂΘǼ ȖǦǝǼƷǶৄ

ǦǼǝ ȏƷȝǣΘƷΞȖॽ �ǌǌǦȝǦȂǼƷǶ ƷǼƷǶΞȖǦȖ ǦȖ Ǽǐǐǌǐǌ ȝȂ ƷȖȖǐȖȖ ȝǣǐ ǦǼǜȂȓǻƷȝǦȂǼ ǶȂȖȖ ǌȠǐ ȝȂ ȝǣǐ ǆȂǻȏȓȂǻǦȖǐ

Ȃǜ ȓǐȖȂǶȠȝǦȂǼॽ sǣǦǶǐ ȝǣǐ ǦǼǜǐȓȓǐǌ ǼǐȝΘȂȓǴ ǻȂǌǐǶȖ Ʒȓǐ ǆȂǼȝǐΝȝৄȖȏǐǆǦЖǆ ƷǼǌ Ǽǐǐǌ ȝȂ ǅǐ ǆȂǼȖȝȓȠǆȝǐǌ

ȂǼ ǐΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ ǆȂǶǶǐǆȝǐǌ ǦǼ ȝǣǐ ǅǦȂǶȂǝǦǆƷǶ ǅƷǆǴǝȓȂȠǼǌ Ȃǜ ǦǼȝǐȓǐȖȝॶ ǐॽǝॽ ǆǐǶǶ ǶǦǼǐȖ Ȃǜ Ʒ ȏƷȓȝǦǆȠǶƷȓ

ǆƷǼǆǐȓ ȝΞȏǐॶ ȓǐǆǐǼȝ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǻǐȝǣȂǌȖऀऀःॶऀऀऄ ȖȠǝǝǐȖȝ ȝǣƷȝ ǌǦЍǐȓǐǼȝ ǝǐǼȂǻǦǆ ǅƷǆǴǝȓȂȠǼǌȖ ǆƷǼ

ǅǐ ȝƷǴǐǼ ǦǼȝȂ ƷǆǆȂȠǼȝ ǜȂȓ ǻȂǌǐǶ ȏȓǐǌǦǆȝǦȂǼॽ

�ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǆƷǼ ǅǐ ǐЍǐǆȝǦΗǐ ǦǼ ȝȓǐƷȝǦǼǝ ǆƷǼǆǐȓ ƷǼǌ ǻƷǼΞ ȓǐȖǐƷȓǆǣǐȓȖ Ʒȓǐ ΘȂȓǴǦǼǝ ȂǼ

ƷǆȝǦΗǐǶΞ ȖǐƷȓǆǣǦǼǝ ǜȂȓ ȏȓȂǻǦȖǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǌǦǌƷȝǐȖॽ sǐॶ ƷǻȂǼǝ ǻƷǼΞ Ȃǜ ȝǣǐǻॶ ǣƷΗǐ ȏȓǐȖǐǼȝǐǌ

ǣǐȓǐ ȂȠȓ ƷȝȝǐǻȏȝȖ ȝȂ ǼȂǻǦǼƷȝǐ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ȠȖǦǼǝ ȖΞȖȝǐǻƷȝǦǆ ƷȏȏȓȂƷǆǣǐȖॽ sǐ ǅǐǶǦǐΗǐ ȝǣǦȖ

ΘȂȓǴ ǣƷȖ ȏȓȂΗǦǌǐǌ ȝǐȖȝƷǅǶǐ ǆƷǼǌǦǌƷȝǐȖ ƷȖ ΘǐǶǶ ƷȖ ȏȂΘǐȓǜȠǶ ǻǐȝǣȂǌȖ ǦǼ ȝǣǐ ЖǐǶǌ Ȃǜ ǆƷǼǆǐȓ ǆȂǻǅǦৄ

ǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ sǐ ǣȂȏǐ Ǧȝ ǆƷǼ ƷǶȖȂ ǅǐ ǦǼȖȏǦȓǦǼǝ ǜȂȓ ǜȠȝȠȓǐ ΘȂȓǴ ƷǼǌ ǐΗǐǼȝȠƷǶǶΞ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȝǣǐ

ǐЍǐǆȝǦΗǐ ǆȠȓǐ Ȃǜ ǆƷǼǆǐȓॽ

इँ



A
�ǌǌǦȝǦȂǼƷǶ ȓǐȖǐƷȓǆǣ ȏȓȂǱǐǆȝȖ

�ȠȓǦǼǝ ǻΞ ǝȓƷǌȠƷȝǐ ȖȝȠǌǦǐȖॶ / ǣƷΗǐ ǆȂǼǌȠǆȝǐǌ ȖǐΗǐȓƷǶ ƷǌǌǦȝǦȂǼƷǶ ȓǐȖǐƷȓǆǣ ȏȓȂǱǐǆȝȖ ȝȂ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ

ǻǐǆǣƷǼǦȖǻȖ ǦǼ ǌǦȖǐƷȖǐ ǅǦȂǶȂǝΞ ΘǦȝǣ ȝǣǐ ǣȂȏǐ ȝȂ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆȖॽ / ΘȂȠǶǌ ǶǦǴǐ ȝȂ

ǦǼǆǶȠǌǐ ȝǣǐǻ ǣǐȓǐ ƷȖ ȠȖǐǜȠǶ ȓǐȖȂȠȓǆǐȖ ǜȂȓ ȓǐȖǐƷȓǆǣǐȓȖ ΘǣȂ Ʒȓǐ ǦǼȝǐȓǐȖȝǐǌ ƷǼǌ ǜȂȓ ȝǣǐ ǆȂǻǻȠǼǦȝǦǐȖ Ȃǜ

ȓǐǶǐΗƷǼǆǐॽ

/Ǽ ȝǣǐ ȖȝȠǌΞ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǐ ЖȓȖȝ ȖǐǆȝǦȂǼॶ Θǐ ǦǼΗǐȖȝǦǝƷȝǐǌ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ǜȠǼǆȝǦȂǼƷǶ ǦǻȏƷǆȝ Ȃǜ ǼȂǼৄ

ǆȂǌǦǼǝ ȖȂǻƷȝǦǆ ǻȠȝƷȝǦȂǼȖ ǦǼ ǆƷǼǆǐȓँंआॽ bǣǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǌȓǦΗǐȓȖ Ȃǜ ǆƷǼǆǐȓ ǣƷȖ ȝȓƷǌǦȝǦȂǼƷǶǶΞ ǜȂǆȠȖǐǌ

इं



ȂǼ ȏȓȂȝǐǦǼৄǆȂǌǦǼǝ ǝǐǼǐȖॽ bǣǐ ƷǼƷǶΞȖǐȖ Ȃǜ ȏȂǦǼȝ ǻȠȝƷȝǦȂǼȖ ƷǼǌ ȖȝȓȠǆȝȠȓƷǶ ΗƷȓǦƷǼȝȖ ǦǼ ǼȂǼৄǆȂǌǦǼǝ

ȓǐǝǦȂǼȖ ƷǆȓȂȖȖ ँॶअऄइ ǝǐǼȂǻǐȖ ǜȓȂǻ ȝǣǐ UƷǼৄ�ƷǼǆǐȓ �ǼƷǶΞȖǦȖ Ȃǜ sǣȂǶǐ %ǐǼȂǻǐȖ U��s% �ȂǼৄ

ȖȂȓȝǦȠǻ Ȃǜ ȝǣǐ /ǼȝǐȓǼƷȝǦȂǼƷǶ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȂǼȖȂȓȝǦȠǻ /�%� ƷǼǌ bǣǐ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȝǶƷȖ

b�%� ǣƷΗǐ ǦǌǐǼȝǦЖǐǌ ǼȂΗǐǶ ǆƷǼǌǦǌƷȝǐȖ Ȃǜ ǌȓǦΗǐȓ ǻȠȝƷȝǦȂǼȖ ǦǼ ǼȂǼৄǆȂǌǦǼǝ ȓǐǝǦȂǼȖॽ sǐ ǌǐǻȂǼৄ

ȖȝȓƷȝǐǌ ȝǣƷȝ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǦǼ ȝΘȂ ǶȂǼǝ ǼȂǼৄǆȂǌǦǼǝ XC� ǆƷǼǌǦǌƷȝǐȖॶ XBXU ƷǼǌ XUU,ऀॶ ǶƷȓǝǐǶΞ

ǜƷǶǶ ΘǦȝǣǦǼ ȓǐǝǦȂǼȖ Ȃǜ XC� ȖǐǆȂǼǌƷȓΞ ƷǼǌ ȝǐȓȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐȖॶ ƷǼǌ XC�ৄȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼ ȖǦȝǐȖॽ

bǣǐȖǐ ȓǐȖȠǶȝȖ ȏȓȂΗǦǌǐ ƷǌǌǦȝǦȂǼƷǶ ǐΗǦǌǐǼǆǐ ȖȠȏȏȂȓȝǦǼǝ ȏȂȝǐǼȝǦƷǶ ǆƷǼǆǐȓ ǌȓǦΗǐȓ ǌǦȖǆȂΗǐȓΞ ǦǼ ȝǣǐȖǐ ǼȂǼৄ

ǆȂǌǦǼǝ ȓǐǝǦȂǼȖॽ

bǣǐ ȏȓȂǱǐǆȝȖ ȓǐȏȂȓȝǐǌ ǦǼ ȝǣǐ Ȃȝǣǐȓ ȝΘȂ ȖǐǆȝǦȂǼȖ ǜȂǆȠȖ ȂǼ �Hq/�ৄऀई �ȂȓȂǼƷΗǦȓȠȖ ǌǦȖǐƷȖǐ ँࣿऀईॶ

Ʒ ȏƷǼǌǐǻǦǆ ȝǣƷȝ ȖȝƷȓȝǐǌ ǦǼ �ǐǆǐǻǅǐȓ ँࣿऀई ǆƷȠȖǐǌ ǅΞ Ʒ ΗǦȓȠȖ [�X[ৄ�Ȃqৄँ ȝǣǐ ȖǐΗǐȓǐ ƷǆȠȝǐ ȓǐȖȏǦৄ

ȓƷȝȂȓΞ ȖΞǼǌȓȂǻǐ ǆȂȓȂǼƷΗǦȓȠȖ ँॽ �ЍǐǆȝǦΗǐॶ ǶȂΘৄǆȂȖȝ ȝǣǐȓƷȏǐȠȝǦǆȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ȏȓǐΗǐǼȝ ƷǼǌ ȝȓǐƷȝ

�Hq/�ৄऀईॽ �ǦȖȠǶЖȓƷǻ ǦȖ ƷǼ ƷȏȏȓȂΗǐǌ ȂȓƷǶ ǌȓȠǝ ȠȖǐǌ ȝȂ ȝȓǐƷȝ ƷǶǆȂǣȂǶ ȠȖǐ ǌǦȖȂȓǌǐȓ ȝǣƷȝ ǦȖ Ʒ ȏȂȝǐǼȝ

ƷǼȝǦৄǦǼЙƷǻǻƷȝȂȓΞ ƷǝǐǼȝ ƷǼǌ ƷǼ ǦǼǣǦǅǦȝȂȓ Ȃǜ ȝǣǐ ΗǦȓƷǶ ȏȓȂȝǐƷȖǐȖॽ sǐ ǦǼΗǐȖȝǦǝƷȝǐǌ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ǐǜৄ

ǜǐǆȝȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ ȂǼ [�X[ৄ�Ȃqৄँ ǦǼǜǐǆȝǦȂǼ ƷǼǌ ǌǦȖǐƷȖǐ ȖǐΗǐȓǦȝΞ ǦǼ ƷǼ ȂǅȖǐȓΗƷȝǦȂǼƷǶ ȖȝȠǌΞ ȠȖǦǼǝ

Ʒ ǶƷȓǝǐ ǌƷȝƷǅƷȖǐ Ȃǜ ǆǶǦǼǦǆƷǶ ȓǐǆȂȓǌȖ ǜȓȂǻ ȝǣǐ ǼƷȝǦȂǼƷǶ e[ qǐȝǐȓƷǼȖ �ЍƷǦȓȖ ǣǐƷǶȝǣǆƷȓǐ ȖΞȖȝǐǻँंइॽ �

ǻȠǶȝǦΗƷȓǦƷǅǶǐ �ȂΝ ȓǐǝȓǐȖȖǦȂǼ ƷǌǱȠȖȝǐǌ ǜȂȓ ǌǐǻȂǝȓƷȏǣǦǆ ǦǼǜȂȓǻƷȝǦȂǼ ƷǼǌ ǌǦƷǝǼȂȖǦȖ Ȃǜ ƷǶǆȂǣȂǶ ȠȖǐ

ǌǦȖȂȓǌǐȓ ȓǐΗǐƷǶǐǌ Ʒ ȓǐǌȠǆǐǌ ȓǦȖǴ Ȃǜ [�X[ৄ�Ȃqৄँ ǦǼǜǐǆȝǦȂǼ ΘǦȝǣ ǌǦȖȠǶЖȓƷǻ ȠȖǐ Ʒȝ Ʒ ǣƷΣƷȓǌ ȓƷȝǦȂ Ȃǜ

ࣿॽअअ ंः ǶȂΘǐȓ ȓǦȖǴॶ ईऄ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶ ँःূःंॽ bǣǐȓǐ Θǐȓǐ ǼȂ �Hq/�ৄऀई ȓǐǶƷȝǐǌ ǌǐƷȝǣȖ

ƷǻȂǼǝ ȝǣǐ ऀइइ [�X[ৄ�Ȃqৄँ ȏȂȖǦȝǦΗǐ ȏƷȝǦǐǼȝȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌǦȖȠǶЖȓƷǻॶ ǦǼ ǆȂǼȝȓƷȖȝ ȝȂ ऄূअ ȖȝƷȝǦȖȝǦǆƷǶǶΞ

ǐΝȏǐǆȝǐǌ ǌǐƷȝǣȖ ǅƷȖǐǌ ȂǼ ȝǣǐ ȠǼȝȓǐƷȝǐǌ ȏȂȏȠǶƷȝǦȂǼ U  ࣿॽࣿंॽ HȠȓ ǐȏǦǌǐǻǦȂǶȂǝǦǆƷǶ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ

ȝǣƷȝ ǌǦȖȠǶЖȓƷǻǻƷΞ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȝǣǐ ȓǐǌȠǆǐǌ ǦǼǆǦǌǐǼǆǐ ƷǼǌ ȖǐΗǐȓǦȝΞ Ȃǜ �Hq/�ৄऀईॽ bǣǐȖǐ ȓǐȖȠǶȝȖ

ȖȠȏȏȂȓȝ ǆƷȓǐǜȠǶǶΞ ȏǶƷǼǼǐǌ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ȝȂ ƷȖȖǐȖȖ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǐЍǐǆȝȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ ǦǼ

�Hq/�ৄऀईॽ

/Ǽ ȝǣǐ ȝǣǦȓǌ ȖǐǆȝǦȂǼ Ȃǜ ȝǣǦȖ ǆǣƷȏȝǐȓॶ Θǐ ƷȏȏǶǦǐǌ ȝǣǐ ƷȏȏȓȂƷǆǣ Ȃǜ ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂȠȏǶǦǼǝȖ ��Ȗ

ȝȂ ǐΝȏǶȂȓǐ ȝǣǐ XC� ȖȝȓȠǆȝȠȓǐȖ ƷǼǌ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖ ȝȂ ǦǌǐǼȝǦǜΞ ȏȂȝǐǼȝǦƷǶ

इः



ȝǣǐȓƷȏǐȠȝǦǆ ȝƷȓǝǐȝȖॽ eȖǦǼǝ ��Ȗॶ Θǐ ǆȂǼЖȓǻǐǌ ȏȓǐΗǦȂȠȖǶΞ ǴǼȂΘǼ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖ

ƷǼǌ ȏȓȂΗǦǌǐǌ Ʒ ǻȂȓǐ ȏȓǐǆǦȖǐ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ं ȏȖǐȠǌȂǴǼȂȝ ȓǐǝǦȂǼ ǦǼΗȂǶΗǐǌ ǦǼ Ʒ ǻȂǶǐǆȠǶƷȓ

ȖΘǦȝǆǣ ǻǐǆǣƷǼǦȖǻ Ȃǜ ΗǦȓȠȖ ȝȓƷǼȖǆȓǦȏȝǦȂǼॶ ΘǣǦǆǣ ǻǦǝǣȝ ǅǐ Ȃǜ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝॽ =ȂǼǝৄ

ȓƷǼǝǐ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ Θǐȓǐ ǼȂȝ ǦǌǐǼȝǦЖǐǌ ȠȖǦǼǝ ȂȠȓ ƷȏȏȓȂƷǆǣ ǌȠǐ ȝȂ ǦǼȖȠАǆǦǐǼȝ ȖǐȒȠǐǼǆǐ

ǌǦΗǐȓȖǦȝΞॽ ,ȂΘǐΗǐȓॶ Θǐ ǅǐǶǦǐΗǐ ȝǣƷȝ ȝǣǐ ȓƷȏǦǌ ǝȓȂΘȝǣ Ȃǜ ȖǐȒȠǐǼǆǐǌ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐȖ ǆƷǼ ȏȓȂΗǦǌǐ

ǻȠǆǣ ǻȂȓǐ ȏȂΘǐȓ ǜȂȓ ȝǣǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǣǦǝǣৄȂȓǌǐȓ XC� ȖȝȓȠǆȝȠȓǐȖ ƷǼǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ

ǻȂȓǐ ǦǼǜȂȓǻƷȝǦȂǼ ǜȂȓ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆȖॽ

�৷ऀ $ԞӹӅԚӢԀӹҷӲ ӢӸԌҷӅԚ Ԁә ӹԀӹ৳ӅԀӋӢӹӚ ԓԀӸҷԚӢӅ ӸԞԚҷԚӢԀӹԓ Ӣӹ ӅҷӹӅӏԏ

UƷȓȝ Ȃǜ ȝǣǐ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǦȖ ȖǐǆȝǦȂǼ ǣƷȖ ǅǐǐǼ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ ȏƷȏǐȓ ȝǦȝǶǐǌ �ǼƷǶΞȖǐȖ Ȃǜ ǼȂǼৄ

ǆȂǌǦǼǝ ȖȂǻƷȝǦǆ ǌȓǦΗǐȓȖ ǦǼ ँॶअऄइ ǆƷǼǆǐȓ ΘǣȂǶǐ ǝǐǼȂǻǐȖ ǅΞ �ॽ XǣǐǦǼǅƷΞ ǐȝ ƷǶॽॶCǖȼȿȲǯॶ ऄआइॶ ऀࣿँৄऀऀऀ

ँࣿँࣿँंआॽ

bǣǐ ΘȂȓǴ ǦȖ ǌǐȓǦΗǐǌ ǜȓȂǻ ȝǣǐ ƷǼƷǶΞȖǐȖ Ȃǜ ǌȓǦΗǐȓ ȏȂǦǼȝ ǻȠȝƷȝǦȂǼȖ ƷǼǌ ȖȝȓȠǆȝȠȓƷǶ ΗƷȓǦƷǼȝȖ ǦǼ ǼȂǼৄ

ǆȂǌǦǼǝ ȓǐǝǦȂǼȖ ƷǆȓȂȖȖ ँॶअऄइ ǝǐǼȂǻǐȖ ǜȓȂǻ ȝǣǐ UƷǼৄ�ƷǼǆǐȓ �ǼƷǶΞȖǦȖ Ȃǜ sǣȂǶǐ %ǐǼȂǻǐȖ U��s%

�ȂǼȖȂȓȝǦȠǻ Ȃǜ ȝǣǐ /ǼȝǐȓǼƷȝǦȂǼƷǶ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȂǼȖȂȓȝǦȠǻ /�%� ƷǼǌ bǣǐ �ƷǼǆǐȓ %ǐǼȂǻǐ

�ȝǶƷȖ b�%�ॽ BȠǶȝǦȏǶǐ ǌȓǦΗǐȓৄǌǦȖǆȂΗǐȓΞ ƷǶǝȂȓǦȝǣǻȖ ǜȂǶǶȂΘǐǌ ǅΞ ȖȝȓǦǼǝǐǼȝ ЖǶȝǐȓǦǼǝ ȖȝȓƷȝǐǝΞ ǣƷΗǐ ǌǦȖৄ

ǆȂΗǐȓǐǌ ऀࣿं ǣǦȝȖ ǦǼ ǼȂǼৄǆȂǌǦǼǝ ǐǶǐǻǐǼȝȖ ƷȖ ȏȠȝƷȝǦΗǐ ǌȓǦΗǐȓȖ ǜȂȓ ǆƷǼǆǐȓॽ /ȝ ǣƷȖ ǅǐǐǼ ǜȂȠǼǌ ȝǣƷȝ ǅȂȝǣ

ȝǣǐ ǐΝȂǼ ƷǼǌ ȏȓȂǻȂȝǐȓ Ȃǜ ȝǣǐ ǼȂǼৄǆȂǌǦǼǝ XC� ǼǆXC� XBXU Θǐȓǐ ȖǦǝǼǦЖǆƷǼȝǶΞ ǻȠȝƷȝǐǌ ǦǼ

ǻȠǶȝǦȏǶǐ ȝΞȏǐȖ Ȃǜ ǆƷǼǆǐȓ $ǦǝȠȓǐ �ॽऀॽ XCƷȖǐ BXU XBXU ǦȖ ƷǼ ǐǼΣΞǻƷȝǦǆƷǶǶΞ ƷǆȝǦΗǐ ȓǦǅȂǼȠǆǶǐȂৄ

ȏȓȂȝǐǦǼ ǌǦȖǆȂΗǐȓǐǌ ǦǼ ƷǶǶ ǐȠǴƷȓΞȂȝǐȖ ȝǣƷȝ ǣƷȖ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǴǼȂΘǼ ǜȠǼǆȝǦȂǼȖॵ ǝǐǼǐȓƷȝǐ XC� ȏȓǦǻǐȓȖ

ǜȂȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ �C� ȓǐȏǶǦǆƷȝǦȂǼॶ ȏȓȂǆǐȖȖ ȏȓǐǆȠȓȖȂȓ ȓXC� ǦǼ ȝǣǐ ǼȠǆǶǐȠȖॶ ƷǼǌ ǦǼ [ࣗ ǥǯȲǯ͝ȅȵȅǖǯ ȓǐǝৄ

ȠǶƷȝǐ ǆǐǶǶ ǆΞǆǶǐ ǅΞ ǆǶǐƷΗǦǼǝ ǆΞǆǶǦǼ �ँ �=�ँ ǻXC�ँंईॽ XBXU ǦȖ ǼȂȝ ǆƷȝƷǶΞȝǦǆƷǶǶΞ ƷǆȝǦΗǐ ΘǦȝǣȂȠȝ

ƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼ ȖȠǅȠǼǦȝȖ UȂȏऀॶ UȂȏंXȏȏंइॶ UȂȏःXȏȏँईॶ UȂȏऄॶ UȂȏअXȏȏँऄॶ UȂȏआXȏȏँࣿॶ

UȂȏइXȏȏऀःॶ XȏȏऀXȏȏंࣿॶ ƷǼǌ Xȏȏःࣿँंई ƷǼǌ ǻƷǼΞ Ȃǜ ȝǣǐ ȏȓǐΗǦȂȠȖ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ǐΗǦǌǐǼǆǐ

इऄ



ȝȂΘƷȓǌȖ ȝǣǐ ǆȂǻȏǶǐΝ ȖȝȓȠǆȝȠȓǐॽ sǐ ȝǣǐǼ ǆȂǼǌȠǆȝǐǌ ƷǼƷǶΞȖǐȖ ȝȂ ǜȠȓȝǣǐȓ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ǜȠǼǆȝǦȂǼƷǶ

ǦǻȏǶǦǆƷȝǦȂǼȖ Ȃǜ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǦǼ XBXUॽ bǣǐ ǝǐǼǐ ǅȂǌΞ ǻȠȝƷȝǦȂǼȖ आ [CqȖ ǦǼ ȏƷǼৄǆƷǼǆǐȓ ȖǣȂΘ

Ʒ ȖǦǝǼǦЖǆƷǼȝ ǅǦƷȖ ȝȂΘƷȓǌȖ ǣǦǝǣ ȖȝȓȠǆȝȠȓƷǶ ǦǻȏƷǆȝ ȓƷǼǴৄȖȠǻ ȝǐȖȝॶ U  ࣿॽࣿऀऀॽ bǣȓǐǐ Ȃǜ ȝǣǐȖǐ Ʒȓǐ ǦǼৄ

ǌǦΗǦǌȠƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ǐƷǆǣ ΘǦȝǣ U ઁ ࣿॽऀॶ ȖƷǻȏǶǐ ǶǐΗǐǶ ȏǐȓǻȠȝƷȝǦȂǼ ȝǐȖȝȖॽ Hǜ ȝǣǐ ǜȂȠȓ ǝǐǼǐৄǅȂǌΞ

ǦǼǌǐǶȖॶ ȝǣȓǐǐ Ʒȓǐ ǶȂǆƷȝǐǌ ǦǼ Ȃȓ ǼǐƷȓ ȏȓȂȝǐǦǼৄǅǦǼǌǦǼǝ ȖǦȝǐȖ U  ࣿॽࣿइॶ ǦǼǆǶȠǌǦǼǝ Ʒ ǌǐǶǐȝǦȂǼ ȝǣƷȝ ǦȖ ȏȓǐৄ

ǌǦǆȝǐǌ ȝȂ ƷЍǐǆȝ ȝǣǐ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐ $ǦǝȠȓǐ �ॽऀॽ

b]�u; �ĺƐĹ ��|-ঞomv bm !�!� -m7 |_;bu =�m1ঞom-Ѵ blrѴb1-ঞomvĺ �;molb1 Ѵo1�v o= |_; !�!� |u-mv1ubr| -m7 ruolo|;u
u;]bom Ő�rr;uőĺ !�!� bv -m !�� 1olrom;m| o= |_; ;m7oub0om�1Ѵ;-v; !�-v; �!�ķ |_; =�m1ঞom o= �_b1_ 7;r;m7v om
b|v !�� v;1om7-u� -m7 |;uঞ-u� v|u�1|�u;ĺ $_; !�� v;1om7-u� v|u�1|�u;ķ |;uঞ-u� v|u�1|�u; bm|;u-1ঞomvķ ruo|;bm -m7
v�0v|u-|; bm|;u-1ঞomvķ -m7 l�|-ঞomv �b|_ |_;bu ru;7b1|;7 v|u�1|�u-Ѵ ;@;1| Ő0o�olő o= !�!�ĸ Ѵ�lr_ol- -m7 l;Ѵ-mol-
l�|-ঞomv -u; ;�1Ѵ�7;7ĺ

इअ



$Ȃȓ ǐƷǆǣ Ȃǜ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǦǼ XBXUॶ Θǐ ǐΗƷǶȠƷȝǐǌ Θǣǐȝǣǐȓ ȝǣǐΞ ƷȏȏǐƷȓ ΘǦȝǣǦǼ ȝǣǐ ǶȂǆƷȝǦȂǼȖ Ȃǜ

Ǧ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ Ȃǜ ȝǣǐ XC�ॶ ǦǦ ȏȓǐǌǦǆȝǐǌ ȝǐȓȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐȖ Ȃǜ ȝǣǐ XC�ॶ Ȃȓ ǦǦǦ ȏȠȝƷȝǦΗǐ

XC�ৄȏȓȂȝǐǦǼ ǆȂǼȝƷǆȝȖ bƷǅǶǐ �ॽऀॽ bǣǐ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐ ȏƷǦȓȖ Θǐȓǐ ǌǐȝǐȓǻǦǼǐǌ ǅƷȖǐǌ ȂǼ ȝǣǐ

ȏȓǐǌǦǆȝǐǌ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ǅΞ XǜƷǻ bǣǐ XC� ǜƷǻǦǶǦǐȖ ǌƷȝƷǅƷȖǐँःࣿ ǜȂǶǶȂΘǐǌ ǅΞ ǆȂǼЖȓǻƷȝǦȂǼ

ȠȖǦǼǝ �ΗȂǶȠȝǦȂǼƷȓΞ �ȂȠȏǶǦǼǝȖ �� ƷǼƷǶΞȖǦȖँःऀॶँःँ ȂǼ ȝǣǐ ǻȠǶȝǦȏǶǐ ȖǐȒȠǐǼǆǐ ƷǶǦǝǼǻǐǼȝȖॽ bǣǐ ȝǐȓৄ

ȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐȖ Θǐȓǐ ǌǐȓǦΗǐǌ ǜȓȂǻ ȝǣǐ ȝȂȏ ऀࣿࣿ ǦǼȝǐȓƷǆȝǦȂǼȖ ȏȓǐǌǦǆȝǐǌ ǅΞ ��Ȗॽ bǣǐ XC�ৄȏȓȂȝǐǦǼ

ǆȂǼȝƷǆȝȖ Θǐȓǐ ǆȂǶǶǐǆȝǐǌ ǜȓȂǻ ȓǐȖȠǶȝȖ Ȃǜ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ǐΝȏǐȓǦǻǐǼȝȖ ȖȠǆǣ ƷȖ eqৄǆȓȂȖȖǶǦǼǴǦǼǝँःंॶ

ǜȂȂȝȏȓǦǼȝǦǼǝँःःॶँःऄॶ ƷǼǌ Ʒ ǆȓΞȖȝƷǶ ȖȝȓȠǆȝȠȓǐ Ȃǜ ƷǼ XC�ৄȏȓȂȝǐǦǼ ǆȂǻȏǶǐΝ Ȃǜ Ʒ ΞǐƷȖȝ ǣȂǻȂǶȂǝँःअॶँःआॽ

BȠȝƷȝǦȂǼȖ ȝǣƷȝ ǌȂ ǼȂȝ ǜƷǶǶ ǦǼȝȂ ƷǼΞ Ȃǜ ȝǣǐ ȝǣȓǐǐ ǆƷȝǐǝȂȓǦǐȖ Θǐȓǐ ǼȂȝ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ ȝƷǅǶǐॽ

XBXU [ǐǆȂǼǌƷȓΞ
ȖȝȓȠǆȝȠȓǐ
ȏƷǦȓ

bǐȓȝǦƷȓΞ
ȖȝȓȠǆȝȠȓǐ
ǆȂǼȝƷǆȝ

XC�ৄ
ȏȓȂȝǐǦǼ
ǆȂǼȝƷǆȝ

ऀआ �eॵ[ȝȂǻƷǆǣৄ�ǌǐǼȂ�� !
ंं �eॵ=ǦΗǐȓৄ,�� !
ःईৄऄः e��e���ॵbǣΞৄ�ǌǐǼȂ�� ! !
ऄंৄऄइ ����eeeॵbǣΞৄ�ǌǐǼȂ�� ! !
इईৄईࣿ %��ॵ�ȓǐƷȖȝৄ�ǌǐǼȂ�� ! !
ऀंऄ �%ॵUƷǼǆৄ�ǌǐǼȂ�� !
ऀआआ %eॵ=ǦΗǐȓৄ,�� !
ँࣿऀ �eॵ[ǴǦǼৄBǐǶƷǼȂǻƷ !
ँࣿइ %�%ॵ=ǦΗǐȓৄ,�� !
ँँं �eॵUƷǼǆৄ�ǌǐǼȂ�� !
ँँं ��ॵ=ȠǼǝৄ�ǌǐǼȂ�� !
ँःआ %�ॵUƷǼǆৄ�ǼǌȂǆȓǦǼǐ !
ँऄऄ �%ॵ[ǴǦǼৄBǐǶƷǼȂǻƷ !

$-0Ѵ; �ĺƐĹ �m1ঞom-Ѵ blrѴb1-ঞomv o= l�|-ঞomv bm !�!�ĺ��|-ঞomv b7;mঞC;7 bm !�!� lov|Ѵ� Ѵo1-Ѵb�; �b|_bm |_; u;Ŋ
]bomv o= v;1om7-u� v|u�1|�u;ķ ru;7b1|;7 |;uঞ-u� v|u�1|�u;ķ -m7 !��Ŋruo|;bm bm|;u-1ঞom vb|;vĺ

$ǦǜȝǐǐǼ ǼǆXC�Ȗ ǣǦȝȖ ǣƷΗǐ ƷǶȖȂ ȏƷȖȖǐǌ ȝǣǐ ȖΞȖȝǐǻƷȝǦǆ ȏȂȖȝৄЖǶȝǐȓॶ ǦǼǆǶȠǌǦǼǝ XUU,ऀॶ ȝǣǐ XC�

ǆȂǻȏȂǼǐǼȝ Ȃǜ ȝǣǐ ȓǦǅȂǼȠǆǶǐƷȖǐ U XCƷȖǐ Uॽ XBXU ǦȖ ǐΗȂǶȠȝǦȂǼƷȓǦǶΞ ȓǐǶƷȝǐǌ ȝȂ XCƷȖǐ U ƷǼǌ ȖǣƷȓǐ

ǼǦǼǐ Ȃǜ ȝǣǐ ȝǐǼ ȏȓȂȝǐǦǼ ȖȠǅȠǼǦȝȖ ƷȖ XCƷȖǐ U ǦǼ ǣȠǻƷǼॽ sǐ ȝǣǐȓǐǜȂȓǐ ȏǐȓǜȂȓǻǐǌ ȝǣǐ ȖƷǻǐ ƷǼƷǶΞȖǐȖ

इआ



ȂǼ XUU,ऀॶ ǦǼΗǐȖȝǦǝƷȝǦǼǝ ȝǣǐ ǶȂǆƷȝǦȂǼȖ Ȃǜ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ȓǐǶƷȝǦΗǐ ȝȂ ȝǣǐ ȖǐǆȂǼǌƷȓΞॶ ȝǐȓȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐȖ

ƷǼǌ XC�ৄȏȓȂȝǐǦǼ ǆȂǼȝƷǆȝȖ bƷǅǶǐ �ॽँॽ

XUU,ऀ [ǐǆȂǼǌƷȓΞ
ȖȝȓȠǆȝȠȓǐ
ȏƷǦȓ

bǐȓȝǦƷȓΞ
ȖȝȓȠǆȝȠȓǐ
ǆȂǼȝƷǆȝ

XC�ৄ
ȏȓȂȝǐǦǼ
ǆȂǼȝƷǆȝ

ंअ �%ॵ�ȓǐƷȖȝৄ�ǌǐǼȂ�Ʒ !
इࣿ �%ॵ[ǴǦǼৄBǐǶƷǼȂǻƷ !
ऀऀइ ��ॵ=ǦΗǐȓৄ,�� ! !
ऀंं %�ॵ=Ξǻȏǣৄ�C,= ! !
ँंऄ %�ॵUƷǼǆৄ�ǌǐǼȂ�� !
ँअआ %�%ॵ=Ξǻȏǣৄ�C,= !
ँअइ �%ॵUȓȂȖȝৄ�ǌǐǼȂ�� !
ँआࣿ e�ॵ=ǦΗǐȓৄ,�� !
ँइऄ %e%ॵ�ǦǶǦƷȓΞৄ�ǌǐǼȂ�� !

$-0Ѵ; �ĺƑĹ �m1ঞom-Ѵ blrѴb1-ঞomv o= l�|-ঞomv bm !���Ɛĺ ��|-ঞomv b7;mঞC;7 bm !���Ɛ lov|Ѵ� Ѵo1-Ѵb�; �b|_bm |_;
u;]bomv o= v;1om7-u� v|u�1|�u;ķ ru;7b1|;7 |;uঞ-u� v|u�1|�u;ķ -m7 !��Ŋruo|;bm bm|;u-1ঞom vb|;vĺ

� ȖǦǻǦǶƷȓ ΗǦȖȠƷǶǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǦǼ XUU,ऀ ǦǼ ȝǣǐ ǆȂǼȝǐΝȝ Ȃǜ ȝǣǐ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐॶ ȝǐȓৄ

ȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐ ƷǼǌ XC�ৄȏȓȂȝǐǦǼ ǆȂǼȝƷǆȝȖ ǦȖ ȖǣȂΘǼ ǣǐȓǐ $ǦǝȠȓǐ �ॽँॽ bǣǐ ȖȝȓȠǆȝȠȓǐ ƷǼǌ ǌȂǻƷǦǼ

ƷȖȖǦǝǼǻǐǼȝȖ Ȃǜ XUU,ऀ Ʒȓǐ ΗǐȓΞ ȖǦǻǦǶƷȓ ȝȂ ȝǣȂȖǐ Ȃǜ XBXUॽ bȂ ǅǐȝȝǐȓ ǆȂǻȏƷȓǐ ȝǣǐ ȝΘȂ ǼǆXC�Ȗ ƷǼǌ

ǐΝƷǻǦǼǐ ȝǣǐ ȖǣƷȓǐǌ ǆǣƷȓƷǆȝǐȓǦȖȝǦǆȖ Ȃǜ ȝǣǐ ǻȠȝƷȝǦȂǼȖॶ Θǐ ƷǶǦǝǼǐǌ ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǅǐȝΘǐǐǼ XBXU ƷǼǌ

XUU,ऀ ȝȂ ȝǣǐǦȓ ȖǦǻǦǶƷȓ ȏȓǐǌǦǆȝǐǌ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ƷǼǌ ǻƷȏȏǐǌ ȝǣǐ ȏȓȂȝǐǦǼ ƷǼǌ ȖȠǅȖȝȓƷȝǐ ǦǼȝǐȓৄ

ƷǆȝǦȂǼ ȖǦȝǐȖ $ǦǝȠȓǐ �ॽंॽ sǐ ǜȂȠǼǌ ǻȠȝƷȝǦȂǼȖ ǦǼ ǅȂȝǣ XC�Ȗ ǦǼ Uं ƷǼǌ Uः ȓǐǝǦȂǼȖ ΘǦȝǣ ȖǦǻǦǶƷȓ ȏȂৄ

ȖǦȝǦȂǼȖॽ �Ȃȝǣ ȝǣǐ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐ Uं ƷǼǌ ȝǣǐ ȝǐȓȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐ Uः Ʒȓǐ ƷǻȂǼǝ ȝǣǐ ȖȝȓȂǼǝǐȖȝ ��Ȗॶ

ȖȠǝǝǐȖȝǦǼǝ ȝǣǐȖǐ ȝΘȂ ȖȝȓȠǆȝȠȓǐȖ Ʒȓǐ ǐΗȂǶȠȝǦȂǼƷȓǦǶΞ ǆȂǼȖǐȓΗǐǌ ƷǼǌ ǻǦǝǣȝ ǅǐ ǐȖȖǐǼȝǦƷǶ ǜȂȓ ȝǣǐ XC�

ǜȠǼǆȝǦȂǼƷǶǦȝΞॽ /Ǽ XBXUॶ ȂǼǐ ȏȂǦǼȝ ǻȠȝƷȝǦȂǼ ΘƷȖ ǜȂȠǼǌ ǦǼ ȏȂȖǦȝǦȂǼ ँःआ %�ॶ ΘǣǦǆǣ ǐΝǣǦǅǦȝȖ

ȖȝȓȂǼǝ ǆȂȠȏǶǦǼǝ ΘǦȝǣ ȏȂȖǦȝǦȂǼ आआ ΘǦȝǣ ƷǶǻȂȖȝ ǐΝǆǶȠȖǦΗǐ %ৄ� Ȃȓ �ৄe ȏƷǦȓȖ ǦǼ ȓǐǜǐȓǐǼǆǐ ǝǐǼȂǻǐȖ Ȃǜ ƷǶǶ

Ȃȝǣǐȓ ȂȓǝƷǼǦȖǻȖॽ bǣǐ ǻȠȝƷȝǦȂǼ ǦȖ ǶǦǴǐǶΞ ȝȂ ǌǦȖȓȠȏȝ Uः ȏƷǦȓǦǼǝ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ XBXUॽ

/ǼȝǐȓǐȖȝǦǼǝǶΞॶ ȝǣǐ ǻȠȝƷȝǦȂǼ ǦǼ ȖǦǻǦǶƷȓ Uः ȏȂȖǦȝǦȂǼ इࣿ Ȃǜ XUU,ऀ ǌȂǐȖ ǼȂȝ ǣƷΗǐ ȖȝȓȂǼǝ ǐΗȂǶȠȝǦȂǼƷȓΞ

इइ



mutations identified in all samples
U11/U12 snRNP 65K protein binding site
interact with U6atac snRNA
binds branch site of U12-dependent intron
Sm protein binding site

mutations identified in all samples
U11/U12 snRNP 65K protein binding site
interact with U6atac snRNA
binds branch site of U12-dependent intron
Sm protein binding site

Mutations identified in all samples
Catalytic sites based on bacteria RNaseP
Tertiary structure of P4 pairing
Crosslinking sites with proteins

b]�u; �ĺƑĹ �m1ঞom-Ѵ blrѴb1-ঞomv o= l�|-ঞomv bm !���Ɛĺ !���Ɛ bv -m !�� 1olrom;m| o= |_; ub0om�1Ѵ;-v; �ķ |_;
=�m1ঞom o= �_b1_ 7;r;m7v om b|v !�� v;1om7-u� -m7 |;uঞ-u� v|u�1|�u;ĺ $_; !�� v;1om7-u� v|u�1|�u;ķ |;uঞ-u� v|u�1|�u;
bm|;u-1ঞomvķ -m7 ruo|;bm -m7 v�0v|u-|; bm|;u-1ঞomv -u; v_o�mĺ

ǆȂȠȏǶǦǼǝȖ ΘǦȝǣ ǦȝȖ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȏƷȓǦǼǝ ȏȂȖǦȝǦȂǼ ंँࣿॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣǦȖ ǻȠȝƷȝǦȂǼ ǻǦǝǣȝ ǼȂȝ ǅǐ ǌǦȖȓȠȏৄ

ȝǦΗǐ ȝȂ ȝǣǐ ǜȠǼǆȝǦȂǼƷǶǦȝΞ Ȃǜ XUU,ऀॽ

/ȝ ǣƷȖ ǅǐǐǼ ǴǼȂΘǼ ȝǣƷȝ ȝǐǶȂǻǐȓƷȖǐ ǆȂǻȏǶǐΝ ȖǣƷȓǐȖ ȏȓȂȝǐǦǼ ȖȠǅȠǼǦȝȖ UȂȏऀॶ XȏȏँऄUȂȏअॶ ƷǼǌ

XȏȏँࣿUȂȏआ ΘǦȝǣ XCƷȖǐ BXU ƷǼǌ XCƷȖǐ U ǌȠǐ ȝȂ Ʒ ǜȠǼǆȝǦȂǼƷǶ UंৄǶǦǴǐ ǌȂǻƷǦǼ ǦǼ ȝǐǶȂǻǐȓƷȖǐ

XC�ँःइॽ /Ǽ ƷǌǌǦȝǦȂǼॶ ǣȠǻƷǼ ȝǐǶȂǻǐȓƷȖǐ ȓǐΗǐȓȖǐ ȝȓƷǼȖǆȓǦȏȝƷȖǐ b�Xb ǦǼȝǐȓƷǆȝȖ ΘǦȝǣ XC� ǆȂǻȏȂৄ

ǼǐǼȝ Ȃǜ XBXU ȝȂ ǜȂȓǻ Ʒ ȓǦǅȂǼȠǆǶǐȂȏȓȂȝǐǦǼ ǆȂǻȏǶǐΝ ΘǦȝǣ XC�ৄǌǐȏǐǼǌǐǼȝ XC� ȏȂǶΞǻǐȓƷȖǐ Ʒǆৄ

इई



RPPH1 domains and mutation locations overview (Fig.2): 
The structure and domain assignments are very similar in RPPH1. The singe-base mutation in 
P3 position 36 happens at the Pop7-RNA crosslinking site. P8, P9, and P10/11 are partially 
protected by Pop4. Mutations in P9 position 118 and 133 happen very close to Pop4-RNA 
crosslinking site (within 2 nucleotides distance). Mutation in P10/11 position 151 happens in the 
position with complete protection while all its neighbors are either partially protected or not 
protected by proteins. P12 is more like to be exposed and not associated with proteins. Mutation 
in position 268 happens in Pop1-RNA crosslinking site and all mutations around it (position 262, 
position 267, position 270, position 285) are positions shown to be protected by Pop1 protein.  
 
 

 
 
 
Figure 3. Mapping of mutations to predicted secondary structure and protein interaction sites 
Predicted similar secondary structure of RMRP and RPPH1 are shown as black boxes (domains) and 
black lines (linking loop regions). Blue boxes are mutation locations relative to each domain or region. 
Colored boxes are protein binding sites or catalytic sites (blue: Pop6/Pop7, Gold: Pop4, Darkred: Pop1, 
purple: substrate cross-linking sites or putative catalytic sites based on bacterial RNase P). 
 
 
We roughly aligned the mutations between RMRP and RPPH1 to their similar predicted 
secondary structures and mapped the protein and substrate interaction sites (Fig.3). This is a 
different and slightly easier visualization of information contained in Fig.1 and Fig.2. We found 
mutations in both RNAs in P3 and P4 regions with similar positions and in the following we talk 
about mutations in these two particularly interesting locations. 
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b]�u; �ĺƒĹ �-rrbm] o= l�|-ঞomv |o v;1om7-u� v|u�1|�u;v -m7 ruo|;bm bm|;u-1ঞom vb|;vĺ !�!� -m7 !���Ɛ v_-u; _b]_Ѵ�
vblbѴ-u v;1om7-u� v|u�1|�u;v -m7 ruo|;bmŊ!��ņv�0v|u-|; bm|;u-1ঞom vb|;vĺ

ȝǦΗǦȝΞ ƷǼǌ ȏȓȂǌȠǆǐ ǌȂȠǅǶǐৄȖȝȓƷǼǌǐǌ XC�Ȗ ȝǣƷȝ Ʒȓǐ ǜȠȓȝǣǐȓ ȏȓȂǆǐȖȖǐǌ ǅΞ �Ǧǆǐȓ ǦǼȝȂ ȖǻƷǶǶ ǦǼȝǐȓǜǐȓǦǼǝ

XC�ँःईॽ %ǦΗǐǼ ȝǣǐ ǦǼǆȓǐƷȖǐǌ ȝǐǶȂǻǐȓƷȖǐ ƷǆȝǦΗǦȝΞ ǦǼ ǆƷǼǆǐȓॶ Θǐ ȏȓȂȏȂȖǐ Ʒ ȏȂȖȖǦǅǶǐ ǻǐǆǣƷǼǦȖǻ ȝǣƷȝ

ȝǣǐ ǻȠȝƷȝǦȂǼȖ ǦǼ ȝǣǐ XC� ǆȂǻȏȂǼǐǼȝ Ȃǜ XBXU Ȃȓ XCƷȖǐ U ǦǼǆȓǐƷȖǐ ȝǣǐ ƷǻȂȠǼȝ Ȃǜ ȝǐǶȂǻǐȓƷȖǐॶ

ȝǣȓȂȠǝǣ ǶȂȂȖǐǼǦǼǝ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ XC� ƷǼǌ ȏȓȂȝǐǦǼȖ ǦǼ XBXUॶ XCƷȖǐ Uॶ ƷǼǌ b�Xbৄ

XBXU ǆȂǻȏǶǐΝǐȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȖȏƷȓǦǼǝ ȝǣǐ ȝǣȓǐǐ ȏȓȂȝǐǦǼ ȖȠǅȠǼǦȝȖ ȝȂ ǜȂȓǻ ȝǐǶȂǻǐȓƷȖǐ ǆȂǻȏǶǐΝǐȖॽ

bǣǦȖ ǣΞȏȂȝǣǐȖǦȖ ǻƷΞ ǅǐ ΘȂȓȝǣ ȏȠȓȖȠǦǼǝ ǅȠȝ ǦȖ ǅǐΞȂǼǌ ȝǣǐ ȖǆȂȏǐ Ȃǜ ȝǣǦȖ ȏȓȂǱǐǆȝॽ

/Ǽ ȖȠǻǻƷȓΞॶ Θǐ ȏǐȓǜȂȓǻǐǌ ƷǼƷǶΞȖǐȖ ȂǼ ǐΝȏǶȂȓǦǼǝ ȝǣǐ ǜȠǼǆȝǦȂǼƷǶ ǦǻȏƷǆȝ Ȃǜ ȝǣǐ ǼȂǼৄǆȂǌǦǼǝ ȖȂৄ

ǻƷȝǦǆ ǻȠȝƷȝǦȂǼȖ ǦǼ ǆƷǼǆǐȓॽ �ΗǦǌǐǼǆǐ ǜȓȂǻ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖॶ ȝǐȓȝǦƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ǜȓȂǻ ��ॶ ƷǼǌ

ȏȓȂȝǐǦǼৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ȖȂǻǐ ǻȠȝƷȝǦȂǼȖ ǦǼ XBXU ƷǼǌ XUU,ऀ Ʒȓǐ ȏȂȝǐǼȝǦƷǶ ǌȓǦΗǐȓȖ

ǦǼ ǆƷǼǆǐȓॽ ,ȂΘǐΗǐȓॶ ǌȠǐ ȝȂ ȝǣǐ ǐΝǦȖȝǐǼǆǐ Ȃǜ ȝǐǆǣǼǦǆƷǶ ƷȓȝǦǜƷǆȝȖॶ ȏȂȝǐǼȝǦƷǶ ǻƷȏȏǦǼǝ ǦȖȖȠǐȖॶ ƷǼǌ ǣǦǝǣ

ǝǐȓǻǶǦǼǐ ǻȠȝƷȝǦȂǼ ȓƷȝǐȖ ǦǼ ȝǣǐ ǌǦȖǆȂΗǐȓΞॶ ǐΝȏǐȓǦǻǐǼȝȖ ǜȠȓȝǣǐȓ ȖȠȏȏȂȓȝǦǼǝ ȝǣǐ ǻȠȝƷȝǦȂǼƷǶ ǻǐǆǣƷৄ

ǼǦȖǻȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ǌȓƷΘ ǌǐЖǼǦȝǦΗǐ ǆȂǼǆǶȠȖǦȂǼȖॽ

ईࣿ



�৷ँ XӏӋԞӅӏӋ ԏӢԓӯ Ԁә �Hq/�৳ऀई ԫӢԚӟ Ԛӟӏ Ԟԓӏ Ԁә ӋӢԓԞӲәӢԏҷӸ

bǣǐ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǦȖ ȖǐǆȝǦȂǼ ǣƷȖ ǅǐǐǼ ȏȠǅǶǦȖǣǐǌ ǦǼ ȝǣǐ ȏƷȏǐȓ ȝǦȝǶǐǌ �ǦȖȠǶЖȓƷǻ ȠȖǐ ǦȖ ƷȖȖȂǆǦৄ

Ʒȝǐǌ ΘǦȝǣ ǶȂΘǐȓ ȓǦȖǴ Ȃǜ �Hq/�ৄऀईॵ � ȓǐȝȓȂȖȏǐǆȝǦΗǐ ǆȂǣȂȓȝ ȖȝȠǌΞ ǅΞ Cॽ $ǦǶǶǻȂȓǐॶ [ॽ �ǐǶǶॶ �ॽ [ǣǐǼ ǐȝ

ƷǶॽॶ Uȕȡȵ Hțǯॶ ऀअऀࣿॶ ँࣿँऀँंइॽ

�ȠȝǣȂȓ ǆȂǼȝȓǦǅȠȝǦȂǼȖ

�ȂǼǆǐȏȝȠƷǶǦΣƷȝǦȂǼॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ ,ƷȂsȠॶ :ȠǌΞ =ǦǐǅǐȓǻƷǼॶ CǣƷǼ �Ȃॶ �ǣȓǦȖ

[ƷǼǌǐȓॽ

�ƷȝƷ ǆȠȓƷȝǦȂǼॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ qǦǼǣ CǝȠΞǐǼॶ :ǐǼǼǦǜǐȓ =Ʒॽ

$ȂȓǻƷǶ ƷǼƷǶΞȖǦȖॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ qǦǼǣ CǝȠΞǐǼॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

$ȠǼǌǦǼǝ ƷǆȒȠǦȖǦȝǦȂǼॵ CǣƷǼ �Ȃॽ

/ǼΗǐȖȝǦǝƷȝǦȂǼॵ BƷȠȓǐǐǼ �ȠǅȓǐȠǦǶॶ :ȠǌǦȝǣ [ȝȓΞǻǦȖǣॶ BƷȓΞ �ȓȂȏǣΞॶ %ƷȠȝƷǻBǐǣȝƷॶ ,ƷȂsȠॶ

:ȠǌΞ =ǦǐǅǐȓǻƷǼॶ CǣƷǼ �Ȃॽ

BǐȝǣȂǌȂǶȂǝΞॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ qǦǼǣ CǝȠΞǐǼॽ XǐȖȂȠȓǆǐȖॵ CǣƷǼ �Ȃॽ

[ȠȏǐȓΗǦȖǦȂǼॵ CǣƷǼ �Ȃॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

qƷǶǦǌƷȝǦȂǼॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

qǦȖȠƷǶǦΣƷȝǦȂǼॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॽ

sȓǦȝǦǼǝ ূ ȂȓǦǝǦǼƷǶ ǌȓƷǜȝॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ ,ƷȂsȠॶ :ȠǌΞ =ǦǐǅǐȓǻƷǼॶ

CǣƷǼ �Ȃॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

sȓǦȝǦǼǝ ূ ȓǐΗǦǐΘ ૫ ǐǌǦȝǦǼǝॵ CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ qǦǼǣ CǝȠΞǐǼॶ :ǐǼǼǦǜǐȓ

=Ʒॶ BƷȠȓǐǐǼ �ȠǅȓǐȠǦǶॶ :ȠǌǦȝǣ [ȝȓΞǻǦȖǣॶ BƷȓΞ �ȓȂȏǣΞॶ %ƷȠȝƷǻBǐǣȝƷॶ ,ƷȂsȠॶ :ȠǌΞ =ǦǐǅǐȓǻƷǼॶ

CǣƷǼ �Ȃॶ �ǣȓǦȖ [ƷǼǌǐȓॽ

�Ȗ Ȃǜ [ǐȏȝǐǻǅǐȓ ँࣿँऀॶ ȝǣǐȓǐ ǣƷΗǐ ǅǐǐǼ ǻȂȓǐ ȝǣƷǼ ँऀࣿ ǻǦǶǶǦȂǼ ǆƷȖǐȖ Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖ ǌǦȖǐƷȖǐ ँࣿऀई

�Hq/�ৄऀई ΘȂȓǶǌΘǦǌǐ ΘǦȝǣ ȂΗǐȓ ःॽऄ ǻǦǶǶǦȂǼ ǌǐƷȝǣȖॽ �ǶȝǣȂȠǝǣ ȖǐΗǐȓƷǶ ΗƷǆǆǦǼǐȖ ƷǝƷǦǼȖȝ ȖǐΗǐȓǐ ƷǆȠȝǐ

ȓǐȖȏǦȓƷȝȂȓΞ ȖΞǼǌȓȂǻǐ ǆȂȓȂǼƷΗǦȓȠȖ ँ [�X[ৄ�Ȃqৄँ ǣƷΗǐ ǅǐǐǼ ƷȏȏȓȂΗǐǌ ƷǼǌ Ʒȓǐ ǅǐǦǼǝ ƷǌǻǦǼǦȖȝǐȓǐǌ

ईऀ



ǦǼȝǐȓǼƷȝǦȂǼƷǶǶΞॶ ȝǣǐȓǐ ΘǦǶǶ ȖȝǦǶǶ ǅǐ Ʒ ȖǦǝǼǦЖǆƷǼȝ ǼȠǻǅǐȓ Ȃǜ ǦǼǜǐǆȝǦȂǼȖ ǦǼ ȏǐȂȏǶǐ ΘǣȂ Ʒȓǐ ǼȂȝ ΗƷǆǆǦৄ

ǼƷȝǐǌ Ȃȓ ǜȂȓ ΘǣȂǻ ΗƷǆǆǦǼƷȝǦȂǼ ǜƷǦǶȖ ȝȂ ǜȠǶǶΞ ȏȓȂȝǐǆȝॶ ǐȖȏǐǆǦƷǶǶΞ ǦǼ ȓǐǝǦȂǼȖ ΘǦȝǣ ǦǼƷǌǐȒȠƷȝǐ ƷǆǆǐȖȖ Ȃȓ

ƷǆǆǐȏȝƷǼǆǐ Ȃǜ ΗƷǆǆǦǼƷȝǦȂǼॽ BȂȓǐȂΗǐȓॶ ȝǣǐȓǐ ǦȖ Ʒ ǝȓȂΘǦǼǝ Ǽǐǐǌ ǜȂȓ ǐЍǐǆȝǦΗǐ ȝȓǐƷȝǻǐǼȝ Ȃǜ �Hq/�ৄऀईॶ

ǐȖȏǐǆǦƷǶǶΞ ǦǼ ǶǦǝǣȝ Ȃǜ ȓǐǌȠǆǐǌ ΗƷǆǆǦǼǐ ǐЍǐǆȝǦΗǐǼǐȖȖ ǦǼ ȏȓǐΗǐǼȝǦǼǝ ǦǼǜǐǆȝǦȂǼ ΘǦȝǣ ǼȂΗǐǶ ǻȠȝƷǼȝ ΗǦȓȠȖǐȖॽ

bǣȠȖॶ ǦǌǐǼȝǦǜΞǦǼǝ ǐЍǐǆȝǦΗǐॶ ǦǼǐΝȏǐǼȖǦΗǐॶ ƷǼǌ ΘǦǌǐǶΞ ƷǆǆǐȖȖǦǅǶǐ ȝȓǐƷȝǻǐǼȝ ȖȝȓƷȝǐǝǦǐȖ ǦȖ Ʒ ǣǦǝǣ ȏȓǦȂȓǦȝΞॽ

XǐȏȠȓȏȂȖǦǼǝ Ȃǜ ǻǐǌǦǆƷȝǦȂǼȖ ȝǣƷȝ Ʒȓǐ ƷǶȓǐƷǌΞ ƷȏȏȓȂΗǐǌ ǜȂȓ Ȃȝǣǐȓ ǦǼǌǦǆƷȝǦȂǼȖ ǦȖ ƷǼ ƷȝȝȓƷǆȝǦΗǐ ȖȝȓƷȝৄ

ǐǝΞॶ ǝǦΗǐǼ ȝǣǐ ǶǐǼǝȝǣ Ȃǜ ȝǦǻǐ ƷǼǌ ǆȂȖȝȖ ǦǼΗȂǶΗǐǌ ǦǼ ǌǐΗǐǶȂȏǦǼǝ ǼǐΘ ǌȓȠǝȖँऄࣿॽ sǦȝǣ Ʒ ǝȓȂΘǦǼǝ ǼȠǻৄ

ǅǐȓ Ȃǜ ǆƷǼǌǦǌƷȝǐȖ ǅǐǦǼǝ ǦǌǐǼȝǦЖǐǌॶ ǆȂǼǌȠǆȝǦǼǝ Ʒ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶ ǜȂȓ ǐƷǆǣ ȓǐǻƷǦǼȖ Ʒ ǆǣƷǶǶǐǼǝǐ ǌȠǐ ȝȂ ȝǣǐ

ȖȠǅȖȝƷǼȝǦƷǶ ȝǦǻǐ ƷǼǌ ЖǼƷǼǆǦƷǶ ȓǐȖȂȠȓǆǐȖ ȓǐȒȠǦȓǐǌॽ sǣǦǶǐ ǼȂȝ ǐȒȠǦΗƷǶǐǼȝ ȝȂ Ʒ ȓƷǼǌȂǻǦΣǐǌ ǆȂǼȝȓȂǶǶǐǌ

ȖȝȠǌΞॶ ƷǼƷǶΞȖǦȖ Ȃǜ ȓǐƷǶ ΘȂȓǶǌ ǆǶǦǼǦǆƷǶ ȓǐǆȂȓǌȖ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ǦǼǆǦǌǐǼǆǐ Ȃȓ ȖǐΗǐȓǦȝΞ Ȃǜ ǌǦȖৄ

ǐƷȖǐ ǦǼ ȝǣȂȖǐ ȏȓǐȖǆȓǦǅǐǌ Ʒ ǻǐǌǦǆƷȝǦȂǼ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣȂȖǐ ǼȂȝ ȂǼ ȝǣǐ ǌȓȠǝ ƷǼǌ ȏȓȂΗǦǌǐ ȂǅȖǐȓΗƷȝǦȂǼƷǶ

ǐΗǦǌǐǼǆǐ Ȃǜ Ʒ ǌȓȠǝȖ ȏȂȝǐǼȝǦƷǶ ǐЍǐǆȝǦΗǐǼǐȖȖ ƷǝƷǦǼȖȝ �Hq/�ৄऀईँऄࣿॽ bǣǦȖ ȖȝȠǌΞ ǜȂǆȠȖǐȖ ȂǼ ǌǦȖȠǶЖৄ

ȓƷǻ �ǼȝƷǅȠȖǐॶ ΘǣǦǆǣ ǣƷȖ ǅǐǐǼ ȠȖǐǌ ǜȂȓ ȂΗǐȓ अࣿ ΞǐƷȓȖ ȝȂ ǌǐȝǐȓ ƷǶǆȂǣȂǶ ȠȖǐ ƷȖ Ǧȝ ǦǼǣǦǅǦȝȖ ƷǶǌǐǣΞǌǐ

ǌǐǣΞǌȓȂǝǐǼƷȖǐ ƷǼǌ ǆƷȠȖǐȖ ƷǶǆȂǣȂǶ ЙȠȖǣ ȓǐƷǆȝǦȂǼँऄऀॽ �ǦȖȠǶЖȓƷǻ ȏȂȝǐǼȝǦƷǶǶΞ ȝƷȓǝǐȝȖ ǻȠǶȝǦȏǶǐ ǐǼৄ

ΣΞǻǐȖ ǅǐǆƷȠȖǐ Ǧȝ ǦȖ Ʒ �ΞȖৄȓǐƷǆȝǦΗǐ ǌȓȠǝॽ �ǐȖȏǦȝǐ ǦȝȖ ǶƷǆǴ Ȃǜ ȖȏǐǆǦЖǆǦȝΞॶ Ǧȝ ǣƷȖ ƷǼ ǐΝǆǐǐǌǦǼǝǶΞ ǜƷΗȂȓƷǅǶǐ

ȖƷǜǐȝΞ ȏȓȂЖǶǐ ǦǼ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ ǆȂǼǆȂǻǦȝƷǼȝ ƷǶǆȂǣȂǶ ȠȖǐॽ bǣǐ ȖȝȠǌΞ ΘƷȖ ǻȂȝǦΗƷȝǐǌ ǅȂȝǣ ǅΞ ȏȓȂǻǦȖৄ

ǦǼǝ ȂǅȖǐȓΗƷȝǦȂǼȖ ƷǅȂȠȝ ȝǣǐ ǐЍǐǆȝȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ ǦǼ ǅǦȂǆǣǐǻǦǆƷǶ ƷǼǌ ǆǐǶǶৄǅƷȖǐǌ ȖǆȓǐǐǼȖ ƷǼǌ ǦǼ ǻȂȠȖǐ

ǐΝȏǐȓǦǻǐǼȝȖँऄँॶँऄंॶँऄःॶँऄऄॶँऄअॶँऄआॶँऄइॶँऄईॶँअࣿॶँअऀॽ

bǣǐȓǐ Ʒȓǐ ȖǐΗǐȓƷǶ ǦǼǌǦǆƷȝǦȂǼȖ ȓǐǝƷȓǌǦǼǝ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ǐЍǐǆȝȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ ǦǼ ȓǐǌȠǆǦǼǝ ǦǼǜǐǆȝǦȂǼȖ

ΘǦȝǣ [�X[ৄ�Ȃqৄँ ƷǼǌ ȖǐΗǐȓǦȝΞ Ȃǜ �Hq/�ৄऀईॶ ƷȖ ǜȂǶǶȂΘȖॵ Ǧ /ǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ǻƷǦǼ ȏȓȂȝǐƷȖǐॵ :ǦǼ ǐȝ

ƷǶॽँऄँ ǆȂǼǌȠǆȝǐǌ ǣǦǝǣ ȝǣȓȂȠǝǣȏȠȝ ȖǆȓǐǐǼǦǼǝ Ȃǜ ȏȂȝǐǼȝǦƷǶ ǦǼǣǦǅǦȝȂȓȖ Ȃǜ ȝǣǐ [�X[ৄ�Ȃqৄँ ǻƷǦǼ ȏȓȂৄ

ȝǐƷȖǐ BȏȓȂॶ ƷǼ ǐǼΣΞǻǐ Ǽǐǐǌǐǌ ǜȂȓ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼ ƷǼǌ ǦǌǐǼȝǦЖǐǌ ǌǦȖȠǶЖȓƷǻ /�ऄࣿ  ईॽंऄ Bޅ

ƷǻȂǼǝ ȝǣǐ ǆƷǼǌǦǌƷȝǐȖॽ ǦǦ /ǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ȏƷȏƷǦǼৄǶǦǴǐ ȏȓȂȝǐƷȖǐॵ ǐƷȓǶǦǐȓ =ǦǼ ǐȝ ƷǶॽँऄं ǌǐǻȂǼȖȝȓƷȝǐǌ

ȝǣǐ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ȏƷȏƷǦǼৄǶǦǴǐ ȏȓȂȝǐƷȖǐȖ U=ȏȓȂ Ȃǜ B�X[ৄ�Ȃq ƷǼǌ [�X[ৄ�Ȃqৄऀ ǅΞ ǌǦȖȠǶЖȓƷǻ

ȝǣȓȂȠǝǣ ǻȠǶȝǦȏǶǐ ǐǼΣΞǻƷȝǦǆ ƷȖȖƷΞȖॽ bǣǐ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ U=ȏȓȂ Ȃǜ [�X[ৄ�Ȃqৄँ ǣƷȖ ǅǐǐǼ ǆȂǼЖȓǻǐǌ

ईँ



ǅΞ ȖǐΗǐȓƷǶ ǝȓȂȠȏȖॶ Ʒȝ /�ऄࣿ ΗƷǶȠǐȖ ǦǼ ǅǦȂǆǣǐǻǦǆƷǶ ƷȖȖƷΞȖ ȓƷǼǝǦǼǝ ǜȓȂǻ ँূआ Bँऄःॶँऄऄॶँऄअॽޅ ǦǦǦ /ǼǣǦৄ

ǅǦȝǦȂǼ Ȃǜ Ȃȝǣǐȓ ΗǦȓƷǶ ȏȓȂȝǐǦǼȖॵ ǌǦȖȠǶЖȓƷǻ ǣƷȖ ǅǐǐǼ ȓǐȏȂȓȝǐǌ ȝȂ ǦǼǣǦǅǦȝ ȝǣǐ �bUƷȖǐ ƷǆȝǦΗǦȝΞ Ȃǜ CȖȏऀं

ƷǼǌ ȝǣǐ ǐΝȂȓǦǅȂǼȠǆǶǐƷȖǐ ƷǆȝǦΗǦȝΞ Ȃǜ CȖȏऀः Ȃǜ [�X[ৄ�Ȃqৄँ ΗǦƷ ǦȝȖ ~ǼँৄǐǱǐǆȝȂȓ ǜȠǼǆȝǦȂǼँअࣿॽ ǦΗ /Ǽ

ƷǌǌǦȝǦȂǼॶ ǌǦȖȠǶЖȓƷǻ ǣƷȖ ǝǐǼǐȓƷǶ ƷǼȝǦৄǦǼЙƷǻǻƷȝȂȓΞ ǐЍǐǆȝȖ ǦǼ ȖǐȏȖǦȖॽ �ƷȖǐǌ ȂǼ ȝǣǐ ȓǐȖȠǶȝȖ Ȃǜ Ʒ ǌȓȠǝ

ȖǆȓǐǐǼ Ȃǜ ंॶआऄँ ǆȂǻȏȂȠǼǌȖॶ ,Ƞ ǐȝ ƷǶॽँअऀ ǌǦȖǆȂΗǐȓǐǌ Ʒ ȏȓȂǼȂȠǼǆǐǌ ƷǼȝǦৄǦǼЙƷǻǻƷȝȂȓΞ ǐЍǐǆȝ Ȃǜ ǌǦȖȠǶৄ

ЖȓƷǻ ȝǣƷȝ ȓǐǌȠǆǐǌ ǻȂȓȝƷǶǦȝΞ ǦǼ Ʒ ǻȂȠȖǐ ǻȂǌǐǶ Ȃǜ ȖǐȏȖǦȖॽ �ǦȖȠǶЖȓƷǻ ǦǼǣǦǅǦȝȖ ǦǼЙƷǻǻƷȝȂȓΞ ǆΞȝȂǴǦǼǐ

ݻऀৄ=/ ȓǐǶǐƷȖǐ ƷǼǌ ȏΞȓȂȏȝȂȖǦȖ ǦǼЙƷǻǻƷȝȂȓΞ ǆǐǶǶ ǌǐƷȝǣ ǅΞ ǅǶȂǆǴǦǼǝ ȝǣǐ ƷȖȖǐǻǅǶΞ Ȃǜ ȝǣǐ ǝƷȖǌǐȓǻǦǼ

� ȏȂȓǐ ǅΞ ǆȂΗƷǶǐǼȝ ǻȂǌǦЖǆƷȝǦȂǼ Ȃǜ �ΞȖऀईऀॽ bǣǐȖǐ ǻǐǆǣƷǼǦȖȝǦǆ ȖȝȠǌǦǐȖ ȖȠȏȏȂȓȝ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ

ǌǦȖȠǶЖȓƷǻǻƷΞ ǅǐ Ʒ ȏȂǶΞȏǣƷȓǻƷǆȂǶȂǝǦǆƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǆȂǻȏȂȠǼǌ ȏȓǐΗǐǼȝǦǼǝ ǅȂȝǣ ΗǦȓȠȖ ȓǐȏǶǦǆƷȝǦȂǼ

ƷǼǌ ǶǦǜǐৄȝǣȓǐƷȝǐǼǦǼǝ ǣȂȖȝ ȓǐȖȏȂǼȖǐ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖ ǌǦȖǐƷȖǐॽ

/Ǽ ȝǣǦȖ ȖȝȠǌΞॶ Θǐ ǶȂȂǴǐǌ ǜȂȓ ǐȏǦǌǐǻǦȂǶȂǝǦǆƷǶ ǐΗǦǌǐǼǆǐ ȝȂ ǅǐ ǆȂǼȖǦǌǐȓǐǌ ΘǣǐǼ ȏȓǦȂȓǦȝǦΣǦǼǝ ǐΝǦȖȝǦǼǝ

ǻǐǌǦǆƷȝǦȂǼȖ ǜȂȓ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ǦǼ ǅȂȝǣ ȝǣǐ ǐƷȓǶΞ ƷǼǌ ǶƷȝǐ ȖȝƷǝǐȖ Ȃǜ �Hq/�ৄऀईॽ sǐ ǦǼΗǐȖȝǦǝƷȝǐǌ ȝǣǐ ǦǼৄ

ǆǦǌǐǼǆǐ ƷǼǌ ȂȠȝǆȂǻǐ Ȃǜ �Hq/�ৄऀई ǌǦȖǐƷȖǐ ƷǻȂǼǝ ȏǐȓȖȂǼȖ ȝƷǴǦǼǝ ǌǦȖȠǶЖȓƷǻ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ǝǐǼৄ

ǐȓƷǶ ȏȂȏȠǶƷȝǦȂǼॽ sǐ ǆȂǼǌȠǆȝǐǌ Ʒ ȓǐȝȓȂȖȏǐǆȝǦΗǐ ǆȂǣȂȓȝ ȖȝȠǌΞ ǆȂǻȏƷȓǦǼǝ qǐȝǐȓƷǼȖ ΘǣȂ Θǐȓǐ ȝȓǐƷȝǐǌ

ΘǦȝǣ ǌǦȖȠǶЖȓƷǻ ȝȂ ȝǣȂȖǐ ΘǣȂ Θǐȓǐ ǼȂȝ ȝȓǐƷȝǐǌॽ bǣǐ ǌƷȝƷ ǦȖ ǜȓȂǻ ȝǣǐ e[ �ǐȏƷȓȝǻǐǼȝ Ȃǜ qǐȝǐȓƷǼȖ

�ЍƷǦȓȖ q� �Hq/�ৄऀई [ǣƷȓǐǌ �ƷȝƷ XǐȖȂȠȓǆǐ ƷǼǌ ȝǣǐ q��ȂȓȏȂȓƷȝǐ �ƷȝƷ sƷȓǐǣȂȠȖǐ ��sॶ

ΘǣǦǆǣ ǆȂǼȖȂǶǦǌƷȝǐȖ ǐǶǐǆȝȓȂǼǦǆ ǣǐƷǶȝǣ ȓǐǆȂȓǌ ǌƷȝƷ ǜȓȂǻ q� ǜƷǆǦǶǦȝǦǐȖ ǼƷȝǦȂǼΘǦǌǐॽ sǐ ǦǌǐǼȝǦЖǐǌ Ʒ ǆȂৄ

ǣȂȓȝ Ȃǜ qǐȝǐȓƷǼȖ ΘǦȝǣ Ʒȝ ǶǐƷȖȝ ȂǼǐ [�X[ৄ�Ȃqৄँ ǶƷǅȂȓƷȝȂȓΞ ȝǐȖȝ ȓǐȖȠǶȝ ǅǐȝΘǐǐǼ $ǐǅॽ ँࣿॶ ँࣿँࣿ ƷǼǌ

$ǐǅॽ ऀॶ ँࣿँऀॽ /Ǽ Ȃȓǌǐȓ ȝȂ ǐǼȖȠȓǐ ȏƷȝǦǐǼȝȖ Θǐȓǐ ȓǐǆǐǦΗǦǼǝ ȓȂȠȝǦǼǐ ǆƷȓǐ Ʒȝ ȝǣǐ q�ॶ Θǐ ȓǐȒȠǦȓǐǌ ȝǣƷȝ ǐƷǆǣ

qǐȝǐȓƷǼ ǣƷǌ ΗǦȖǦȝǐǌ Ʒ q� ȏȓǦǻƷȓΞ ǆƷȓǐ ȏȓȂΗǦǌǐȓ ǦǼ ȝǣǐ ऀइ ǻȂǼȝǣȖ ǅǐǜȂȓǐ ȝǣǐǦȓ ЖȓȖȝ [�X[ৄ�Ȃqৄँ ȝǐȖȝॽ

�ǻȂǼǝ ईःःॶऀँआ ȏƷȝǦǐǼȝȖ ǻǐǐȝǦǼǝ ȝǣǐ ǦǼǆǶȠȖǦȂǼ ǆȓǦȝǐȓǦƷॶ ँॶँंं ǣƷǌ Ʒȝ ǶǐƷȖȝ ȂǼǐ ȏǣƷȓǻƷǆΞ ȓǐǆȂȓǌ

ǜȂȓ ǌǦȖȠǶЖȓƷǻ ȂǼ Ȃȓ Ʒǜȝǐȓ $ǐǅॽ ँࣿॶ ँࣿऀई ƷǼǌ ऀࣿࣿॶइआं ǣƷǌ ǅǐǐǼ ǌǦƷǝǼȂȖǐǌ ΘǦȝǣ �e� $ǦǝȠȓǐ �ॽःॽ

bǣǐ ȏƷȝǦǐǼȝ ȏȂȏȠǶƷȝǦȂǼ ǦȖ ȓƷǆǦƷǶǶΞ ƷǼǌ ȓǐǝǦȂǼƷǶǶΞ ǣǐȝǐȓȂǝǐǼǐȂȠȖॶ ȓǐЙǐǆȝǦǼǝ ȝǣǐ q�Ȗ ǼƷȝǦȂǼৄΘǦǌǐ ȏƷৄ

ȝǦǐǼȝ ȏȂȏȠǶƷȝǦȂǼ bƷǅǶǐ [ऀॽ UƷȝǦǐǼȝȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌǦȖȠǶЖȓƷǻ ǌǦЍǐȓǐǌ ǦǼ ȝǣǐǦȓ ǅƷȖǦǆ ǌǐǻȂǝȓƷȏǣǦǆ ƷǼǌ

ǆǶǦǼǦǆƷǶ ǣǦȖȝȂȓΞ ǜȓȂǻ ȝǣȂȖǐ ΘǣȂ Θǐȓǐ ǼȂȝ ȝȓǐƷȝǐǌॶ ǐॽǝॽॶ ȝǣǐΞ Θǐȓǐ ΞȂȠǼǝǐȓॶ ǻȂȓǐ ǶǦǴǐǶΞ ȝȂ ǅǐ ΘǣǦȝǐॶ
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race/ethnicity, region, Charlson score (a comorbidity index), and AUD diagnosis, the associa-
tion was still highly significant. Patients treated with disulfiram had a 34% lower risk of SARS-
CoV-2 infection compared to those not treated with disulfiram, i.e., an HR of 0.66 (95% CI
0.57–0.76, P < 0.001). The multivariable model also revealed significant associations of risk of
infection with age, gender, race/ethnicity, region, and comorbidity (via the Charlson score),
which are consistent with earlier results [14].

To further separate the effect of AUD (HR = 0.69 in the unrestricted analysis) and disulfi-
ram, we performed the multivariable Cox regression analysis restricted to those with diagnosis
of AUD (100,873 out of 944,127 patients) (descriptive statistics for the results sample are pre-
sented in S2 Table). We observed an HR of 0.68 (95% CI 0.58–0.80, P< 0.001) (Table 1,
restricted analysis). Within confidence limits, this result is consistent with the HR of 0.66 of
the unrestricted analysis.

In the main analysis, motivated by potential incompleteness of data capture and the rela-
tively short length of followup (<1 year maximum) in our study, we assume that each patient
continues disulfiram treatment starting from their first disulfiram pharmacy record through
the end of their followup. As an additional sensitivity analysis, we fit a multivariable model
with the same covariates but assumed that patients remained on disulfiram for only one
month after each record of dispensation, and observed a similar association as in the primary
analysis (HR = 0.53; 95% CI 0.44–0.64, P< 0.001).

Finally, it is possible that our results could be affected by SARS-CoV-2 vaccination, which
began during the study period. As a third sensitivity analysis, we fit a multivariable model with
the same covariates but with followup time censored on December 11, 2020, which is the date
of the first dispensation of a SARS-CoV-2 vaccine at the VA, and we again observed a similar
association (HR = 0.64; 95% CI 0.55–0.74, P< 0.001). Of note, patients treated with disulfiram
were less likely to be vaccinated against SARS-CoV-2 during our study period (11.6%)

Fig 1. Population distribution of the patient cohort used for the study. 944,127 Veterans have at least one
SARS-CoV-2 laboratory test result between Feb. 20, 2020 and Feb. 1, 2021, and had visited a VA primary care provider
in the 18 months before their first SARS-CoV-2 test. Disulfiram + (-) indicates at least one (no) pharmacy record for
disulfiram on or after Feb. 20, 2019. COVID19 + (-) indicates a positive (no positive) SARS-CoV-2 laboratory test.

https://doi.org/10.1371/journal.pone.0259061.g001
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compared to those untreated (15.7%; P< 0.001; S1 Table), which if anything would result in
an underestimation of the HR for those on disulfiram.

We also analyzed whether disulfiram prescription was linked to severe clinical outcomes and
a composite measure of severe outcomes (Table 2). Inferences from these data are limited due
to the low frequency of events. There were no statistically significant differences in ICU admis-
sions and mechanical ventilation between the two cohorts. However, we did observe a statisti-
cally significant difference in occurrence of COVID-19 related death. In the untreated cohort,
3% of patients experienced COVID-19 related death. In contrast, among the 188 patients

Table 1. Multivariable Cox regression results for a positive SARS-CoV-2 test against disulfiram treatment and other factors.

Unrestricted analysis Hazard Ratio (95% CIsa) P-value Restricted analysis Hazard Ratio (95% CIs) P-value

Disulfiram Treated 0.66 (0.57, 0.76) <0.001 0.68 (0.58, 0.80) <0.001

AUDb Diagnosed 0.69 (0.68, 0.70) <0.001

Gender Female 1.00 (ref.c)

Male 1.18 (1.16, 1.20) <0.001 1.12 (1.05, 1.20) <0.001

Age Continuous increase 1.00 (1.00, 1.00) <0.001 0.99 (0.99, 1.00) <0.001

Ethnicity Non-Hispanic White 1.00 (ref.)

Non-Hispanic Black 1.10 (1.09, 1.11) <0.001 1.17 (1.12, 1.21) <0.001

Hispanic 1.33 (1.31, 1.35) <0.001 1.70 (1.61, 1.79) <0.001

Other/Unknown 1.12 (1.10, 1.14) <0.001 1.19 (1.12, 1.27) <0.001

Region Continental 1.00 (ref.)

Midwest 1.02 (1.00, 1.03) 0.038 1.01 (0.96, 1.06) 0.736

North Atlantic 0.71 (0.70, 0.72) <0.001 0.77 (0.73, 0.81) <0.001

Pacific 0.65 (0.64, 0.66) <0.001 0.79 (0.75, 0.84) <0.001

Southeast 0.78 (0.77, 0.79) <0.001 0.78 (0.74, 0.83) <0.001

Charlson scored 0 1.00 (ref.)

1–2 0.96 (0.95, 0.97) <0.001 0.91 (0.87, 0.94) <0.001

3–4 0.87 (0.85, 0.88) <0.001 0.89 (0.83, 0.94) <0.001

�5 0.83 (0.81, 0.85) <0.001 0.92 (0.85, 1.00) 0.046

Unknown 1.06 (1.03, 1.09) <0.001 0.95 (0.55, 1.63) 0.844

Unrestricted analysis stands for multivariable Cox regression on all 944,127 patients meeting the inclusion criteria; Restricted analysis was performed on the 100,873

patients diagnosed with AUD.
aConfidence intervals
bAlcohol Use Disorder
cReference category
dCharlson comorbidity index.

https://doi.org/10.1371/journal.pone.0259061.t001

Table 2. Clinical outcomes in patients infected with SARS-CoV-2 by disulfiram treatment status.

No. of treated patients
(N = 188)

No. of untreated patients
(N = 167,139)

Incidence proportion in
treated

Incidence proportion in
untreated

P-value

ICUa 11 7,403 0.059 0.044 0.44

Mechanical
ventilation

1 959 0.005 0.006 1.00

Death 0 5,009 0.000 0.030 0.03

All severe outcomes 12 13,371 0.063 0.080 0.45

aIntensive care unit.

https://doi.org/10.1371/journal.pone.0259061.t002
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ȝǣǐ ǶȂΘ ǜȓǐȒȠǐǼǆΞ Ȃǜ ǐΗǐǼȝȖॽ bǣǐȓǐ Θǐȓǐ ǼȂ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ǌǦЍǐȓǐǼǆǐȖ ǦǼ /�e ƷǌǻǦȖȖǦȂǼȖ

ƷǼǌ ǻǐǆǣƷǼǦǆƷǶ ΗǐǼȝǦǶƷȝǦȂǼ ǅǐȝΘǐǐǼ ȝǣǐ ȝΘȂ ǆȂǣȂȓȝȖॽ ,ȂΘǐΗǐȓॶ Θǐ ǌǦǌ ȂǅȖǐȓΗǐ Ʒ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦǜৄ

ǦǆƷǼȝ ǌǦЍǐȓǐǼǆǐ ǦǼ ȂǆǆȠȓȓǐǼǆǐ Ȃǜ �Hq/�ৄऀई ȓǐǶƷȝǐǌ ǌǐƷȝǣॽ /Ǽ ȝǣǐ ȠǼȝȓǐƷȝǐǌ ǆȂǣȂȓȝॶ ं Ȃǜ ȏƷȝǦǐǼȝȖ

ǐΝȏǐȓǦǐǼǆǐǌ �Hq/�ৄऀई ȓǐǶƷȝǐǌ ǌǐƷȝǣॽ /Ǽ ǆȂǼȝȓƷȖȝॶ ƷǻȂǼǝ ȝǣǐ ऀइइ ȏƷȝǦǐǼȝȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌǦȖȠǶЖȓƷǻॶ

ǼȂ �Hq/�ৄऀई ȓǐǶƷȝǐǌ ǌǐƷȝǣȖ Θǐȓǐ ȓǐȏȂȓȝǐǌ Ʒȝ ƷǶǶ U  ࣿॽࣿंॶ bƷǅǶǐ �ॽःॶ ǆȂǼȝȓƷȖȝǦǼǝ ΘǦȝǣ ऄূअ ȝǣƷȝ

ΘȂȠǶǌ ǣƷΗǐ ǅǐǐǼ ǐΝȏǐǆȝǐǌ ȠǼǌǐȓ Ʒ ं ǦǼǆǦǌǐǼǆǐ ȏȓȂȏȂȓȝǦȂǼॽ CǐΗǐȓȝǣǐǶǐȖȖॶ ȂΗǐȓƷǶǶॶ ȝǣǐȓǐ ΘƷȖ ǼȂ ȖȝƷৄ

ȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ǌǦЍǐȓǐǼǆǐ ǅǐȝΘǐǐǼ ȝǣǐ ȏȓȂȏȂȓȝǦȂǼ Ȃǜ ȝǣǐ ǆȂǻȏȂȖǦȝǐ ȖǐΗǐȓǐ ǐǼǌȏȂǦǼȝȖ ǅǐȝΘǐǐǼ

ȝǣǐ ȝΘȂ ǆȂǣȂȓȝȖॽ %ǦΗǐǼ ȝǣǐ ǶȂΘ ǆȂȠǼȝȖ Ȃǜ ȖǐΗǐȓǐ ǆǶǦǼǦǆƷǶ ȂȠȝǆȂǻǐȖ ǦǼ ȝǣǦȖ ȖȝȠǌΞ ƷǼǌ ȠǼǆǐȓȝƷǦǼȝΞ ȓǐৄ

ǝƷȓǌǦǼǝ ǌȓȠǝ ƷǌǣǐȓǐǼǆǐ ƷǼǌ ȏȂȝǐǼȝǦƷǶ ǌǦȖǆȂǼȝǦǼȠƷȝǦȂǼ ȂǼ ƷǌǻǦȖȖǦȂǼॶ ǐȏǦǌǐǻǦȂǶȂǝǦǆƷǶ ȂǅȖǐȓΗƷȝǦȂǼȖ
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ǦǼ Ʒ ǶƷȓǝǐȓ ǌƷȝƷȖǐȝ Ȃȓ ǦǼ ƷǼ ǦǼȏƷȝǦǐǼȝ ȖǐȝȝǦǼǝ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ȏȓȂǅǐ Θǣǐȝǣǐȓ ǌǦȖȠǶЖȓƷǻ ǣƷȖ ƷǼ ǦǻȏƷǆȝ ȂǼ

ȝǣǐ ȖǐΗǐȓǦȝΞ Ȃǜ �Hq/�ৄऀईॽ

compared to those untreated (15.7%; P< 0.001; S1 Table), which if anything would result in
an underestimation of the HR for those on disulfiram.

We also analyzed whether disulfiram prescription was linked to severe clinical outcomes and
a composite measure of severe outcomes (Table 2). Inferences from these data are limited due
to the low frequency of events. There were no statistically significant differences in ICU admis-
sions and mechanical ventilation between the two cohorts. However, we did observe a statisti-
cally significant difference in occurrence of COVID-19 related death. In the untreated cohort,
3% of patients experienced COVID-19 related death. In contrast, among the 188 patients

Table 1. Multivariable Cox regression results for a positive SARS-CoV-2 test against disulfiram treatment and other factors.

Unrestricted analysis Hazard Ratio (95% CIsa) P-value Restricted analysis Hazard Ratio (95% CIs) P-value

Disulfiram Treated 0.66 (0.57, 0.76) <0.001 0.68 (0.58, 0.80) <0.001

AUDb Diagnosed 0.69 (0.68, 0.70) <0.001

Gender Female 1.00 (ref.c)

Male 1.18 (1.16, 1.20) <0.001 1.12 (1.05, 1.20) <0.001

Age Continuous increase 1.00 (1.00, 1.00) <0.001 0.99 (0.99, 1.00) <0.001

Ethnicity Non-Hispanic White 1.00 (ref.)

Non-Hispanic Black 1.10 (1.09, 1.11) <0.001 1.17 (1.12, 1.21) <0.001

Hispanic 1.33 (1.31, 1.35) <0.001 1.70 (1.61, 1.79) <0.001

Other/Unknown 1.12 (1.10, 1.14) <0.001 1.19 (1.12, 1.27) <0.001

Region Continental 1.00 (ref.)

Midwest 1.02 (1.00, 1.03) 0.038 1.01 (0.96, 1.06) 0.736

North Atlantic 0.71 (0.70, 0.72) <0.001 0.77 (0.73, 0.81) <0.001

Pacific 0.65 (0.64, 0.66) <0.001 0.79 (0.75, 0.84) <0.001

Southeast 0.78 (0.77, 0.79) <0.001 0.78 (0.74, 0.83) <0.001

Charlson scored 0 1.00 (ref.)

1–2 0.96 (0.95, 0.97) <0.001 0.91 (0.87, 0.94) <0.001

3–4 0.87 (0.85, 0.88) <0.001 0.89 (0.83, 0.94) <0.001

�5 0.83 (0.81, 0.85) <0.001 0.92 (0.85, 1.00) 0.046

Unknown 1.06 (1.03, 1.09) <0.001 0.95 (0.55, 1.63) 0.844

Unrestricted analysis stands for multivariable Cox regression on all 944,127 patients meeting the inclusion criteria; Restricted analysis was performed on the 100,873

patients diagnosed with AUD.
aConfidence intervals
bAlcohol Use Disorder
cReference category
dCharlson comorbidity index.

https://doi.org/10.1371/journal.pone.0259061.t001

Table 2. Clinical outcomes in patients infected with SARS-CoV-2 by disulfiram treatment status.

No. of treated patients
(N = 188)

No. of untreated patients
(N = 167,139)

Incidence proportion in
treated

Incidence proportion in
untreated

P-value

ICUa 11 7,403 0.059 0.044 0.44

Mechanical
ventilation

1 959 0.005 0.006 1.00

Death 0 5,009 0.000 0.030 0.03

All severe outcomes 12 13,371 0.063 0.080 0.45

aIntensive care unit.

https://doi.org/10.1371/journal.pone.0259061.t002
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HȠȓ ȖȝȠǌΞ ǦȖ ȝǣǐ ǶƷȓǝǐȖȝ ȠȖǦǼǝ ȓǐƷǶ ΘȂȓǶǌ ǌƷȝƷ ȝȂ ǌǐǻȂǼȖȝȓƷȝǐ Ʒ ǶȂΘǐȓ ȓǦȖǴ Ȃǜ [�X[ৄ�Ȃqৄँ ǦǼৄ

ǜǐǆȝǦȂǼ ǦǼ ȝǣȂȖǐ ȝƷǴǦǼǝ ǌǦȖȠǶЖȓƷǻॽ XǐǆǐǼȝǶΞॶ ǦǼ Ʒ ȏȓǐǶǦǻǦǼƷȓΞ ȓǐȏȂȓȝॶ bƷǻǅȠȓǦǼ ǐȝ ƷǶॽँअं ȖǣȂΘǐǌ

ȝǣƷȝ ȏƷȝǦǐǼȝȖ ȝƷǴǦǼǝ ǌǦȖȠǶЖȓƷǻ ǣƷǌ Ʒ ȖǦǝǼǦЖǆƷǼȝǶΞ ǶȂΘǐȓ ǦǼǆǦǌǐǼǆǐ Ȃǜ ȖΞǻȏȝȂǻȖ ǆȂǻȏƷȝǦǅǶǐ ΘǦȝǣ

�Hq/�ৄऀईॶ ȖȠǆǣ ƷȖ ǜǐΗǐȓ ƷǼǌ ǌΞȖȏǼǐƷॶ ǆȂǻȏƷȓǐǌ ȝȂ Ʒ ǆȂǼȝȓȂǶ ǝȓȂȠȏॽ ,ȂΘǐΗǐȓॶ ȝǣǐǦȓ ȖȝȠǌΞ ΘƷȖ ȠǼৄ

ǌǐȓȏȂΘǐȓǐǌ ȝȂ ǌǦȖǆǐȓǼ Ʒ ǌǦЍǐȓǐǼǆǐ ǦǼ ƷǆȝȠƷǶ ȓǦȖǴ Ȃǜ �Hq/�ৄऀई ǌǦȖǐƷȖǐॽ HȠȓ ȖȝȠǌΞ ȖǦǝǼǦЖǆƷǼȝǶΞ ǐΝৄ

ȝǐǼǌȖ ȝǣǐȖǐ ǦǼǦȝǦƷǶ ȂǅȖǐȓΗƷȝǦȂǼȖ ǦǼ ȝΘȂ ΘƷΞȖॵ ऀ ȝǣǐ q� ȏƷȝǦǐǼȝ ȏȂȏȠǶƷȝǦȂǼ ΘǦȝǣ ȓǐǶǐΗƷǼȝ ǌƷȝƷ ǦȖ ǆȂǼৄ

ȖǦǌǐȓƷǅǶΞ ǶƷȓǝǐȓॶ ΘǣǦǆǣ ǐǼƷǅǶǐǌ ȠȖ ȝȂ ǦǼǜǐȓ Ʒ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ƷȖȖȂǆǦƷȝǦȂǼ ǅǐȝΘǐǐǼ ǌǦȖȠǶЖȓƷǻ

ȠȖǐ ƷǼǌ ȓǦȖǴ Ȃǜ [�X[ৄ�Ȃqৄँ ǦǼǜǐǆȝǦȂǼॶ ƷǼǌ ँ Θǐ Θǐȓǐ ƷǅǶǐ ȝȂ ǌȂǆȠǻǐǼȝ ȝǣǐ ǆǶǦǼǦǆƷǶ ȂȠȝǆȂǻǐȖ Ȃǜ

ȝǣȂȖǐ ǦǼǜǐǆȝǐǌ ΘǦȝǣ �Hq/�ৄऀई ȝƷǴǦǼǝ ǌǦȖȠǶЖȓƷǻ ƷǼǌ ǐȖȝǦǻƷȝǐ ȝǣǐ ȓǦȖǴ Ȃǜ ǌǐƷȝǣॽ Hȝǣǐȓ ǆȂǻǻȂǼǶΞ

ȠȖǐǌ ǌȓȠǝȖ ǣƷΗǐ ƷǶȖȂ ǅǐǐǼ ȓǐȏȂȓȝǐǌ ȝȂ ȓǐǌȠǆǐ ȝǣǐ ȓǦȖǴ Ȃǜ ǦǼǜǐǆȝǦȂǼ ƷǼǌ ǌǦȖǐƷȖǐ ȖǐΗǐȓǦȝΞँअःॽ �ǆǆǐȖȖ ȝȂ

ǶƷȓǝǐȓ ǆǶǦǼǦǆƷǶ ǌƷȝƷȖǐȝȖ ƷǼǌ ǻǐȝƷৄƷǼƷǶΞȖǦȖ ƷǆȓȂȖȖ ǌǦΗǐȓȖǐ ǣǐƷǶȝǣৄǆƷȓǐ ȖΞȖȝǐǻȖ ΘȂȠǶǌ ǅǐ ȠȖǐǜȠǶ ǦǼ ǜȠȝȠȓǐ

ǦǼΗǐȖȝǦǝƷȝǦȂǼȖ ȂǼ ȝǣǦȖ ȝȂȏǦǆॽ

bǣǐ ȏȓǦǼǆǦȏƷǶ ǶǦǻǦȝƷȝǦȂǼ Ȃǜ ȂȠȓ ȖȝȠǌΞॶ ƷȖ ǦȖ ȝȓȠǐ ǐΗǐǼ ǜȂȓ ȖȝȠǌǦǐȖ ΘǦȝǣ ǆȂǼȝȓȂǶǶǐǌ ǆȂǣȂȓȝȖॶ ǦȖ ȝǣƷȝ

ƷȖȖȂǆǦƷȝǦȂǼ ǌȂǐȖ ǼȂȝ ȏȓȂΗǐ ǆƷȠȖƷȝǦȂǼ ƷǼǌ ȝǣƷȝ ǐΗǐǼ ΗǐȓΞ ǶǦǴǐǶΞ ǆƷȠȖƷȝǦȂǼ ǌȂǐȖ ǼȂȝ ǝȠƷȓƷǼȝǐǐ ȝǣǐ ȖȠǆৄ

ǆǐȖȖ Ȃǜ ȝǣǐ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓΗǐǼȝǦȂǼॽ bǣǐȓǐ Ʒȓǐ ȖǐΗǐȓƷǶ ƷǌǌǦȝǦȂǼƷǶ ǶǦǻǦȝƷȝǦȂǼȖॽ [ǦǼǆǐ

qǐȝǐȓƷǼȖ ǆƷǼ ȓǐǆǐǦΗǐ ǆƷȓǐ ȂȠȝȖǦǌǐ Ȃǜ ȝǣǐ q�ॶ ǌǦƷǝǼȂȖǐȖ ƷǼǌ ȂȠȝǆȂǻǐȖ ǻƷΞ ǅǐ ǦǼǆȂǻȏǶǐȝǐǶΞ ȓǐǆȂȓǌǐǌ
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ƷǼǌ Θǐ ǌȂ ǼȂȝ ǴǼȂΘ Ǧǜ ȏƷȝǦǐǼȝȖ ƷǆȝȠƷǶǶΞ ȝȂȂǴ ȝǣǐ ȏȓǐȖǆȓǦǅǐǌ ǌǦȖȠǶЖȓƷǻ ǌȓȠǝॶ Ȃȓ Θǣǐȝǣǐȓ ȝǣǐΞ Θǐȓǐ

ȖȝǦǶǶ ȝƷǴǦǼǝ ȝǣǐ ǌȓȠǝ ǼǐƷȓ ȝǣǐ ȝǦǻǐ Ȃǜ ǦǼǜǐǆȝǦȂǼॽ sǐ ƷǶȖȂ ǆƷǼǼȂȝ ȓȠǶǐ ȂȠȝ ȝǣǐ ȏȂȖȖǦǅǦǶǦȝΞ ȝǣƷȝ ȝǣȂȖǐ ȏȓǐৄ

ȖǆȓǦǅǐǌ ǌǦȖȠǶЖȓƷǻ ǣƷǌ Ȃȝǣǐȓ ǜƷǆȝȂȓȖॶ ȖȠǆǣ ƷȖ ǅǐǣƷΗǦȂȓƷǶ ǌǦЍǐȓǐǼǆǐȖ Ȃȓ Ȃȝǣǐȓ ǆȂǼǜȂȠǼǌǦǼǝ ΗƷȓǦƷǅǶǐȖॶ

ȝǣƷȝ ǆȂǼȝȓǦǅȠȝǐǌ ȝȂ ȝǣǐǦȓ ȏȓȂȝǐǆȝǦȂǼ ƷǝƷǦǼȖȝ �Hq/�ৄऀईॽ �ǌǌǦȝǦȂǼƷǶǶΞॶ Θǐ Ʒȓǐ ȠǼƷǅǶǐ ȝȂ ǌǦȖȝǦǼǝȠǦȖǣ

ȖΞǻȏȝȂǻƷȝǦǆ ǜȓȂǻ ƷȖΞǻȏȝȂǻƷȝǦǆ ǦǼǜǐǆȝǦȂǼॶ ƷȖ ǌȂǆȠǻǐǼȝƷȝǦȂǼ Ȃǜ ȝǣǐ ȓǐǶǐΗƷǼȝ ȖΞǻȏȝȂǻȖ ǦȖ ǦǼǆȂǼȖǦȖৄ

ȝǐǼȝ ǦǼ ȝǣǐ ǐǶǐǆȝȓȂǼǦǆ ǣǐƷǶȝǣ ȓǐǆȂȓǌȖ ȠȖǐǌ ǦǼ ȂȠȓ ȖȝȠǌΞॽ $Ȃȓ ǦǼȏƷȝǦǐǼȝ ȖǐȝȝǦǼǝȖॶ ȏƷȝǦǐǼȝȖ Ʒȓǐ ȓȂȠȝǦǼǐǶΞ

ȝǐȖȝǐǌ ȂǼ ƷǌǻǦȖȖǦȂǼॽ $Ȃȓ ȂȠȝȏƷȝǦǐǼȝ ȖǐȝȝǦǼǝȖॶ ȝǐȖȝǦǼǝ ǆƷǼ ȂǆǆȠȓ ǜȂȓ ȖΞǻȏȝȂǻȖ Ȃȓ ǆȂǼǆǐȓǼȖ Ȃǜ ǐΝȏȂৄ

ȖȠȓǐॽ

HȠȓ ǐȏǦǌǐǻǦȂǶȂǝǦǆƷǶ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ǌǦȖȠǶЖȓƷǻǻƷΞ ǅǐ ǐАǆƷǆǦȂȠȖ ǦǼ ǆȂǻǅƷȝǦǼǝ �Hq/�ৄ

ऀईॽ �ǌǌǦȝǦȂǼƷǶ ǦǼǜȂȓǻƷȝǦȂǼ ǦȖ ǐΝȏǐǆȝǐǌ ǜȓȂǻ ȝΘȂ ȖǻƷǶǶ ȂǼǝȂǦǼǝ UǣƷȖǐ // ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ

ǦǼΗȂǶΗǦǼǝ ǐƷȓǶΞ ǻǦǶǌৄȝȂৄǻȂǌǐȓƷȝǐ ȖΞǻȏȝȂǻƷȝǦǆ C�bࣿःःइऄऀंࣿॶ अࣿ ȏƷȓȝǦǆǦȏƷǼȝȖ Ȃȓ ǣȂȖȏǦȝƷǶǦΣǐǌ

C�bࣿःऄईःंःंॶ ँࣿࣿ ȏƷȓȝǦǆǦȏƷǼȝȖ �Hq/�ৄऀई ȏƷȝǦǐǼȝȖॽ XǐǌȠǆȝǦȂǼ ǦǼ ǌǦȖǐƷȖǐ ȏȓȂǝȓǐȖȖǦȂǼ ǦǼ ȝǣǐ

ЖȓȖȝ ȝȓǦƷǶॶ Ǧǜ ȂǅȖǐȓΗǐǌॶ ǻƷΞ ǅǐ ȏȓǦǻƷȓǦǶΞ ǌȠǐ ȝȂ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼॽ bǣǦȖ ǣΞȏȂȝǣǐȖǦȖ ǦȖ

ǅƷȖǐǌ ȂǼ ǆǶǐƷȓ ǐΗǦǌǐǼǆǐ ǜȓȂǻ ǅǦȂǆǣǐǻǦǆƷǶ ǐΝȏǐȓǦǻǐǼȝȖ ȝǣƷȝ ǌǦȖȠǶЖȓƷǻ ǦǼǣǦǅǦȝȖ ȖǐΗǐȓƷǶ ǐǼΣΞǻǐȖ ǦǼৄ

ΗȂǶΗǐǌ ǦǼ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼ BȏȓȂॶ U=ȏȓȂॶ CȖȏऀं ƷǼǌ CȖȏऀः ΗǦƷ ǆȂΗƷǶǐǼȝ ǻȂǌǦЖǆƷȝǦȂǼ Ȃǜ ǆΞȖȝǐǦǼǐ

ȓǐȖǦǌȠǐȖ ǦǼ ȝǣǐ ƷǆȝǦΗǐ ȖǦȝǐ Ȃǜ ȝǣǐ BȏȓȂ ƷǼǌ U=ȏȓȂ ȏȓȂȝǐƷȖǐȖ ƷǼǌ ΗǦƷ ΘǐƷǴǐǼǦǼǝ Ȃǜ �ΞȖৄǆȂȂȓǌǦǼƷȝǐǌ

~Ǽँ ǦȂǼ ǅǦǼǌǦǼǝ ȖǦȝǐȖ ǦǼ ȝǣǐ ЖǼǝǐȓ ǌȂǻƷǦǼ Ȃǜ U=ȏȓȂ ƷǼǌ ǦǼ ȝǣǐ XC�ৄǻȂǌǦǜΞǦǼǝ ǐǼΣΞǻǐȖ CȖȏऀं

ƷǼǌ CȖȏऀःँऄँॶँऄंॶँऄःॶँऄऄॶँऄअॶँऄआॶँऄइॶँऄईॶँअࣿॽ �ǐȝȝǐȓ ȂȠȝǆȂǻǐȖ ǦǼ ȝǣǐ ȖǐǆȂǼǌ ȝȓǦƷǶॶ Ǧǜ ȂǅȖǐȓΗǐǌॶ ǻƷΞ ǅǐ

ǻȂȓǐ ǦǼЙȠǐǼǆǐǌ ǅΞ ȝǣǐ ƷǼȝǦৄǦǼЙƷǻǻƷȝȂȓΞ ǐЍǐǆȝȖ Ȃǜ ǌǦȖȠǶЖȓƷǻॶ ƷȖ ǌǐǻȂǼȖȝȓƷȝǐǌ ǦǼ Ʒ ǻȂȠȖǐ ǻȂǌǐǶ

Ȃǜ ȖǐȏȖǦȖॶ ΗǦƷ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ȝǣǐ ǣȂȖȝ ǝƷȖǌǐȓǻǦǼ � ȏȂȓǐ ƷǼǌ ȓǐǌȠǆȝǦȂǼ Ȃǜ ȏΞȓȂȏȝȂȖǦȖ

ƷǼǌ ǦǼЙƷǻǻƷȝȂȓΞ ǆΞȝȂǴǦǼǐ ȖǐǆȓǐȝǦȂǼँअऀॽ

%ǦΗǐǼ ȝǣǐ ȠȓǝǐǼȝ ǻǐǌǦǆƷǶ Ǽǐǐǌॶ ǶƷȓǝǐȓ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ ȖȝȓƷȝǦЖǐǌ ǜȂȓ ǐƷȓǶΞ ƷǼǌ ǶƷȝǐ �Hq/�ৄऀई ǌǦȖǐƷȖǐ

ƷȖ ΘǐǶǶ ƷȖ ǦǼ ȠǼǦǼǜǐǆȝǐǌ ȏȂȏȠǶƷȝǦȂǼȖ Ʒȓǐ ǣǦǝǣǶΞ ǌǐȖǦȓƷǅǶǐ ȝȂ ȝǐȖȝ ȝǣǐ ǦǻȏƷǆȝ Ȃǜ ǌǦȖȠǶЖȓƷǻ ƷǆȓȂȖȖ ȝǣǐ

ǐǼȝǦȓǐ �Hq/�ৄऀई ǆȂǼȝǦǼȠȠǻॶ ǜȓȂǻ ǦǼǜǐǆȝǦȂǼ ȝȂ ǌǦȖǐƷȖǐ ȏȓȂǝȓǐȖȖǦȂǼ ƷǼǌ ȖǐΗǐȓǐ ǌǦȖǐƷȖǐॽ � ȏȂȖǦȝǦΗǐ

ǌȓȠǝ ǐЍǐǆȝ ΘȂȠǶǌ ǻȂȖȝ ǶǦǴǐǶΞ ƷǶȖȂ ǐΝȝǐǼǌ ȝȂ ȝǣǐ ǆȂǼȖȝƷǼȝǶΞ ǐΗȂǶΗǦǼǝ [�X[ৄ�Ȃqৄँ ΗƷȓǦƷǼȝȖ ƷǼǌ ȓǐৄ

ईइ



ǶƷȝǐǌ ǆȂȓȂǼƷΗǦȓȠȖǐȖॶ ƷȖ ȝǣǐ ǴǼȂΘǼ ΗǦȓƷǶ ȝƷȓǝǐȝ ȖǦȝǐȖ Ȃǜ ǌǦȖȠǶЖȓƷǻ Ʒȓǐ ǣǦǝǣǶΞ ǆȂǼȖǐȓΗǐǌ �ΞȖ ȓǐȖǦǌȠǐȖॽ

�Ȗ Ʒ ȓǐȏȠȓȏȂȖǦǼǝ ǆƷǼǌǦǌƷȝǐॶ ǌǦȖȠǶЖȓƷǻ ǣƷȖ ȏƷȓȝǦǆȠǶƷȓ ƷǌΗƷǼȝƷǝǐȖ ǝǦΗǐǼ ǦȝȖ ǶȂΘ ǆȂȖȝॶ ǅȂȝǣ ǦǼ ȏȓȂǌȠǆৄ

ȝǦȂǼ ƷǼǌ ǌǦȖȝȓǦǅȠȝǦȂǼॶ ƷǼǌ ǜƷΗȂȓƷǅǶǐ ȖƷǜǐȝΞ ȏȓȂЖǶǐँऄऀॶँअऄॽ sǐ ȝǣǐȓǐǜȂȓǐ ȏȓȂȏȂȖǐ ȝǣƷȝ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖ

ȖǣȂȠǶǌ ǅǐ ȏȠȓȖȠǐǌ ȏȓȂƷǆȝǦΗǐǶΞॶ ǝǦΗǐǼ ȝǣǐ ǆȠȓȓǐǼȝ ǶǦǻǦȝǐǌ ƷǆǆǐȖȖ ȝȂ ΗƷǆǆǦǼƷȝǦȂǼ ƷǼǌ ȝǣǐ ǶƷǆǴ Ȃǜ ǝǐǼৄ

ǐȓƷǶǶΞ ƷΗƷǦǶƷǅǶǐॶ ǶȂΘৄǆȂȖȝ ȏȓȂΗǐǼ ȝǣǐȓƷȏǐȠȝǦǆ ƷǝǐǼȝȖ ƷǝƷǦǼȖȝ ȝǣǦȖ ȏƷǼǌǐǻǦǆ ǌǦȖǐƷȖǐॽ HȠȓ ΗǦǐΘ ǦȖ ȝǣƷȝ

ȖȠǆǣ ȝȓǦƷǶȖ ȓǐȒȠǦȓǐ ǝȂΗǐȓǼǻǐǼȝƷǶ Ȃȓ ȏǣǦǶƷǼȝǣȓȂȏǦǆ ǜȠǼǌǦǼǝ ƷǼǌ ȝǣƷȝ ȝǦǻǐ ǦȖ Ȃǜ ȝǣǐ ǐȖȖǐǼǆǐॽ /ǜ ȖȠǆǆǐȖȖৄ

ǜȠǶ ǦǼ ǆǶǦǼǦǆƷǶ ȝȓǦƷǶȖॶ ǌǦȖȠǶЖȓƷǻ ΘȂȠǶǌ ǅǐ Ʒ ǝȂȂǌ ǆƷǼǌǦǌƷȝǐ ƷȖ Ʒ �Hq/�ৄऀई ȝǣǐȓƷȏǐȠȝǦǆ ǜȂȓ ΘȂȓǶǌৄ

ΘǦǌǐ ǌǦȖȝȓǦǅȠȝǦȂǼॶ ǦǼǆǶȠǌǦǼǝ ȝȂ ǶȂΘৄǦǼǆȂǻǐ ȏȂȏȠǶƷȝǦȂǼȖॽ

ईई



�৷ं �ԭԌӲԀԏҷԚӢԀӹ Ԁә XC� ԓԚԏԞӅԚԞԏӏ ҷӹӋ XC�৳XC� ӢӹԚӏԏҷӅԚӢԀӹԓ Ӣӹ ӅԀԏԀӹҷԪӢԏԞԓ

�ȂȓȂǼƷΗǦȓȠȖǐȖ Ʒȓǐ Ʒ ǝȓȂȠȏ Ȃǜ ȏȂȖǦȝǦΗǐৄȖǐǼȖǐ ȖǦǼǝǶǐৄȖȝȓƷǼǌǐǌ XC� ΗǦȓȠȖǐȖ ȝǣƷȝ ǆƷǼ ǆƷȠȖǐ ȓǐȖȏǦȓƷৄ

ȝȂȓΞ ǦǶǶǼǐȖȖ ǦǼ ǣȠǻƷǼȖ ƷǼǌ ƷǼǦǻƷǶȖॽ bǣȓǐǐ ȓǐǆǐǼȝ ǆȂȓȂǼƷΗǦȓȠȖǐȖॶ [�X[ৄ�Ȃqॶ B�X[ৄ�Ȃqॶ ƷǼǌ

[�X[ৄ�Ȃqৄँॶ ΘǣǦǆǣ ǆƷȠȖǐ ȖǐΗǐȓǐ ȖΞǻȏȝȂǻȖ ƷǼǌ ǐΗǐǼ ǌǐƷȝǣȖॶ ǣƷΗǐ ȓƷǦȖǐǌ ȝǣǐ ǆȂǼǆǐȓǼ Ȃǜ ȝǣǐ ȏȠǅৄ

ǶǦǆॽ [,�U� ƷǼƷǶΞȖǦȖ ƷǼǌ ȝǣǐȓǻȂǌΞǼƷǻǦǆ ȏȓǐǌǦǆȝǦȂǼȖ ȖȠǝǝǐȖȝ ȝǣƷȝ XC� ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ Ʒȓǐ

ΘǐǶǶ ǆȂǼȖǐȓΗǐǌ ǦǼ ȝǣǐ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐॶ ǦǼǆǶȠǌǦǼǝ ȝǣǐ ऄ ƷǼǌ ं ebX ȓǐǝǦȂǼȖॶ ƷǼǌ ȝǣǐ ǜȓƷǻǐȖǣǦǜȝৄ

ǦǼǝ ȖȝǦǻȠǶƷȝǦȂǼ ǐǶǐǻǐǼȝ $[� ǦǼ ǅǐȝΘǐǐǼ ȝǣǐ HX$ऀƷ ƷǼǌ HX$ऀǅँअअॶँअआॶँअइॶँअईॶँआࣿॶँआऀॶँआँॽ XǐΗǐȓȖǐ

ǝǐǼǐȝǦǆ ȖȝȠǌǦǐȖ ȖǣȂΘ ȝǣƷȝ ȝǣǐȖǐ ȖȝȓȠǆȝȠȓǐȖ ȏǶƷΞ ƷǼ ǦǻȏȂȓȝƷǼȝ ȓȂǶǐ ǦǼ ȝǣǐ ȓǐȏǶǦǆƷȝǦȂǼ ƷǼǌ ȝȓƷǼȖǆȓǦȏৄ

ȝǦȂǼ ǌǦȖǆȂǼȝǦǼȠȂȠȖ ȖΞǼȝǣǐȖǦȖ Ȃǜ ȖȠǅǝǐǼȂǻǦǆ XC�Ȗ Ȃǜ ȝǣǐ ΗǦȓȠȖǐȖॽ sǐ Ʒȓǐ ǦǼȝǐȓǐȖȝǐǌ ǦǼ ȠȖǦǼǝ ȂȠȓ

ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂΗƷȓǦƷȝǦȂǼ ƷȏȏȓȂƷǆǣँःऀॶँःँ ȝȂ ȖȝȠǌΞ ȝǣǐ XC� ȖȝȓȠǆȝȠȓǐȖ ƷǼǌ ȝǣǐǦȓ ǜȠǼǆȝǦȂǼƷǶ ǦǻȏǶǦৄ

ǆƷȝǦȂǼ ǦǼ ȝǣǐ ΗǦȓȠȖ ǶǦǜǐ ǆΞǆǶǐॶ ǦǼ ȏƷȓȝǦǆȠǶƷȓ ȝȂ Ǧ ȓǐǆƷȏǦȝȠǶƷȝǐ ȝǣǐ ǴǼȂΘǼ ǦǼȝǐȓƷǆȝǦȂǼȖॶ ǦǦ ǌǦȖǆȂΗǐȓ ǼǐΘ

XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ ȝǣƷȝ ǻǦǝǣȝ ǅǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȖȝȓȠǆȝȠȓǐȖ ƷǼǌ ǜȠǼǆȝǦȂǼȖॶ ǦǦǦ ȏȓȂΗǦǌǐ ǦǼȖǦǝǣȝ

ǜȂȓ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏΞ Ȃǜ ȓǐǆǐǼȝ ȏƷǼǌǐǻǦǆ ǜȓȂǻ ȝǣǐ XC� ȏǐȓȖȏǐǆȝǦΗǐȖॽ ,ǐȓǐॶ Θǐ ȓǐȏȂȓȝ ȂȠȓ ȓǐȖȠǶȝȖ

ȂǼ ȂȠȓ ǐΝȏǶȂȓƷȝǦȂǼ Ȃǜ XC� ȖȝȓȠǆȝȠȓǐ ƷǼǌ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖॽ

bǣǐ ΘǐǶǶৄƷǆǆǐȏȝǐǌ ǻȂǌǐǶ Ȃǜ ȝǣǐ XC� ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ǦǼ ȝǣǐ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐ ǆȂǼȝƷǦǼȖ

ȝǣǐ ǻȠǶȝǦȏǶǐ ȖȝǐǻৄǶȂȂȏǐǌ ऄ ebXॶ ȝǣǐ ं ebXΘǦȝǣ ȝǣǐ ȏȖǐȠǌȂǴǼȂȝॶ ƷǼǌ ȝǣǐ ǅȠǶǝǐǌ ȖȝǐǻৄǶȂȂȏ

�[=ॶ ƷǼǌ ȝǣǐ $[� ȓǐǝǦȂǼ ΘǦȝǣ ȝǣǐ ȏȖǐȠǌȂǴǼȂȝ $ǦǝȠȓǐ �ॽऄॽ �ȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐ ȖǐȒȠǐǼǆǐȖ Θǐȓǐ

ǆȂǶǶǐǆȝǐǌ ǜȓȂǻ ȝǣǐ CƷȝǦȂǼƷǶ �ǐǼȝǐȓ ǜȂȓ �ǦȂȝǐǆǣǼȂǶȂǝΞ /ǼǜȂȓǻƷȝǦȂǼ C��/ ǌƷȝƷǅƷȖǐँआं ƷǼǌ ȝǣǐ

%/[�/� ǌƷȝƷǅƷȖǐ BƷȓǆǣ ंࣿȝǣॶ ँࣿँࣿॽ �ǅȂȠȝ ЖΗǐ ȝǣȂȠȖƷǼǌ ǆȂǻȏǶǐȝǐ ǝǐǼȂǻǐ ȖǐȒȠǐǼǆǐȖ ǜȂȓ ǆȂȓȂৄ

ǼƷΗǦȓȠȖ Θǐȓǐ ǆȂǶǶǐǆȝǐǌ ƷǼǌ ƷǅȂȠȝ ȂǼǐ ȝǣȂȠȖƷǼǌ ȠǼǦȒȠǐ ȖǐȒȠǐǼǆǐȖ Θǐȓǐ ǜȂȠǼǌ ǜȂȓ ȝǣǐ ऄ ebX ƷǼǌ

ȝǣǐ ं ebX ȓǐǝǦȂǼॽ BȠǶȝǦȏǶǐ ȖǐȒȠǐǼǆǐ ƷǶǦǝǼǻǐǼȝȖ B[� Θǐȓǐ ǻƷǌǐ ǜȂȓ ȝǣȓǐǐ ȖȠǅৄȓǐǝǦȂǼȖॶ ǦǼǆǶȠǌৄ

ǦǼǝ ȝǣǐ [=ँ ȖȝǐǻৄǶȂȂȏॶ ȝǣǐ $[�ॶ ƷǼǌ ȝǣǐ ं ȏȖǐȠǌȂǴǼȂȝ U<ॽ bǣǐ ǌƷȝƷ ǜȓȂǻ XǜƷǻँःࣿ ΘƷȖ ȠȖǐǌ ƷȖ

Ȗǐǐǌ ƷǶǦǝǼǻǐǼȝȖ ƷǼǌBe[�=�ँआः ΘƷȖ ȠȖǐǌ ȝȂ ǅȠǦǶǌ ȝǣǐ ЖǼƷǶ B[� ΘǦȝǣ ȝǣǐ ȖǐȒȠǐǼǆǐȖ ǻƷǼȠƷǶǶΞ

ǐΝȝȓƷǆȝǐǌ ǜȓȂǻ ȝǣǐ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ ǆȂǶǶǐǆȝǐǌ ǝǐǼȂǻǐ ȖǐȒȠǐǼǆǐȖॽ

ऀࣿࣿ
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�ΗȂǶȠȝǦȂǼƷȓΞ ǆȂȠȏǶǦǼǝȖ ��Ȗ ǅǐȝΘǐǐǼ ȏƷǦȓȖ Ȃǜ ǼȠǆǶǐȂȝǦǌǐȖ Θǐȓǐ ǆƷǶǆȠǶƷȝǐǌ ȠȖǦǼǝ ȝǣǐ ȖȝƷǼǌƷȓǌ

ȏǶǻǆ ȏǦȏǐǶǦǼǐ ǣȝȝȏȖॵǝǦȝǣȠǅॽǆȂǻǌǐǅǅǦǐǻƷȓǴȖǶƷǅȏǶǻǆ ƷǼǌ ȏǶȂȝȝǐǌ ǅƷȖǐǌ ȂǼ ȝǣǐ ǆȂȠȏǶǦǼǝ ȖȝȓǐǼǝȝǣȖ

$ǦǝȠȓǐ �ॽऄॽ bǣǐ ȖȝȓȂǼǝǐȖȝ ��Ȗ ǆȂȓȓǐȖȏȂǼǌ ȝȂ ȝǣǐ ǅƷȖǐৄȏƷǦȓǦǼǝ ǦǼ ȝǣǐ ȖȝǐǻৄǶȂȂȏȖ ƷǼǌ ȝǣǐ ǦǼȝǐȓƷǆৄ

ȝǦȂǼȖ ǦǼ ȝǣǐ ȏȖǐȠǌȂǴǼȂȝȖॽ �ǐΞȂǼǌ ȝǣǐ ȝǣǐȓǻȂǌΞǼƷǻǦǆ ǻȂǌǐǶȖॶ ȝǣǦȖ ǆȂΗƷȓǦƷȝǦȂǼ ƷǼƷǶΞȖǦȖ ǦǼǌǦǆƷȝǐȖ

ȝǣƷȝ ȝǣǐȖǐ ȖȝȓȠǆȝȠȓǐȖ Ʒȓǐ ǐΗȂǶȠȝǦȂǼƷȓǦǶΞ ǆȂǼȖǐȓΗǐǌ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǜȠǼǆȝǦȂǼƷǶǶΞ ǦǻȏȂȓȝƷǼȝॽ

bǣǐ ं U< ǦȖ Ʒ ǣΞȏȂȝǣǐȝǦǆƷǶ ǻȂǶǐǆȠǶƷȓ ȖΘǦȝǆǣ ȝǣƷȝ ȓǐǝȠǶƷȝǐȖ ǼǐǝƷȝǦΗǐৄȖȝȓƷǼǌ XC� ȖΞǼȝǣǐȖǦȖँआऄॵ

ऀࣿऀ



bǣǐ ȝǣǐ ǅȠǶǝǐǌ ȖȝǐǻৄǶȂȂȏ �[= ǦȖ ǜȠǶǶΞ ǆǶȂȖǐǌ ȠǼȝǦǶ ȝǣǐ ǅǐǝǦǼǼǦǼǝ Ȃǜ ȝȓƷǼȖǆȓǦȏȝǦȂǼ ǅΞ ȝǣǐ ȏȓǦǻƷȖǐ

ǼȖȏइঃ ȝǣǐǼ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ȝǣǐ ȏȖǐȠǌȂǴǼȂȝ ǐǼƷǅǶǐȖ ȝǣǐ ǶȂƷǌǦǼǝ Ȃǜ ȝǣǐ XC�ৄǌǐȏǐǼǌǐǼȝ XC�

ȏȂǶΞǻǐȓƷȖǐ ǼȖȏऀँ $ǦǝȠȓǐ �ॽऄ Ƞȏȏǐȓॽ ,ȂΘǐΗǐȓॶ ȝǣǐ ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂȠȏǶǦǼǝȖ ΘǦȝǣǦǼ ȝǣǐ Ƕǐǜȝ ȏƷȓȝ

Ȃǜ ȝǣǐ ȏȖǐȠǌȂǴǼȂȝ ȖȠǝǝǐȖȝ ȝǣƷȝ ȝǣǐ XC� ȖǣȂȠǶǌ ǜȂȓǻ Ʒ ȖǣȂȓȝ ǣƷǦȓȏǦǼ ȖȝȓȠǆȝȠȓǐॶ ƷǼǌ ȝǣǐ ȏȖǐȠǌȂৄ

ǴǼȂȝ ȖǣȂȠǶǌ ǦǼȖȝǐƷǌ ǅǐ Ʒ ǴǦȖȖǦǼǝ ȖȝǐǻৄǶȂȂȏ ǦǼȝǐȓƷǆȝǦȂǼ $ǦǝȠȓǐ �ॽऄǅȂȝȝȂǻॽ �ǶȝǣȂȠǝǣ ȝǣǐ ��Ȗ ǌǦǌ

ǼȂȝ ȏȓȂΗǦǌǐ ƷǼΞ ȖȠȏȏȂȓȝǦǼǝ Ȃȓ ȂȏȏȂȖǦǼǝ ǐΗǦǌǐǼǆǐ ǜȂȓ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ȖΘǦȝǆǣ ǻȂǌǐǶॶ ȝǣǐΞ ǝǦΗǐ Ʒ ǻȂȓǐ

ȏȓǐǆǦȖǐ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ं U< ȓǐǝǦȂǼ ƷǼǌ Ʒ ǅǐȝȝǐȓ ǅƷȖǦȖ ǜȂȓ ǜȠȝȠȓǐ ȖȝȠǌǦǐȖ Ȃǜ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖॽ

b]�u; �ĺѵĹ ��ro|_;ঞ1-Ѵ loѴ;1�Ѵ-u v�b|1_ bm |_; ƒĽ &$! o= 1ouom-�bu�v ];mol;ĺ $_; _�ro|_;ঞ1-Ѵ loѴ;1�Ѵ-u v�b|1_
rѴ-�v - uoѴ; bm |_; ruo1;vv o= !�� v�m|_;vbv Ő-7-r|;7 =uol ,�v| ;| -Ѵĺ ƑƕƔőĺ $_; rubl-v; ŐmvrѶő -m7 o|_;u |u-mv1ubrঞom
1o=-1|ouv -u; Ѵo-7;7 om|o |_; ƒĽ &$! �_bѴ; |_; 0�Ѵ];7 v|;lŊѴoor Ő�"�ő bv =�ѴѴ� 1Ѵov;7ĺ �[;u |_; |u-mv1ubrঞom o= |_;
Cuv| |;mv o= m�1Ѵ;oঞ7;vķ |_; =oul-ঞom o= rv;�7ohmo| bm7�1;v |_; 1om=oul-ঞom-Ѵ 1_-m];ķ �_b1_ -ѴѴo�v |_; Ѵo-7bm] o=
|_; !��Ŋ7;r;m7;m| !�� roѴ�l;u-v; ŐmvrƐƑő -m7 o|_;u 1o=-1|ouv Ő|orőĺ $_; ;�oѴ�ঞom-u� 1o�-ub-ঞomv v�]];v| |_-| |_;
rv;�7ohmo| bm|;u-1ঞom v_o�Ѵ7 0; lou; ru;1bv;Ѵ� 1_-u-1|;ub�;7 -v - hbvvbm] v|;lŊѴoor bm|;u-1ঞom Ő0o�olőĺ

/Ǽ ƷǌǌǦȝǦȂǼ ȝȂ ǶȂǆƷǶ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖॶ ǣǦǝǣৄȂȓǌǐȓ XC� ȖȝȓȠǆȝȠȓǐȖ ǆƷǼ ǅǐ ǌǦȖǆȂΗǐȓǐǌ ǅΞ ǐΗȂǶȠৄ

ऀࣿँ



ȝǦȂǼƷȓΞ ǆȂΗƷȓǦƷȝǦȂǼȖॽ /Ǽ ȝǣǐ ǆƷȖǐ Ȃǜ ȝǣǐ ऄ ebX ƷǼǌ ं ebX ȓǐǝǦȂǼȖॶ Θǐॶ ǣȂΘǐΗǐȓॶ Θǐȓǐ ǼȂȝ ƷǅǶǐ ȝȂ

ЖǼǌ ǆȂǼЖǌǐǼȝǶΞ XC� ȖȝȓȠǆȝȠȓǐȖ Ȃȓ ǦǼȝǐȓƷǆȝǦȂǼȖ ȖȏƷǼǼǦǼǝ ǆȂȠȏǶǐ ǣȠǼǌȓǐǌȖ Ȃǜ ǼȠǆǶǐȂȝǦǌǐȖ ǻƷǦǼǶΞ

ǌȠǐ ȝȂ ǦǼȖȠАǆǦǐǼȝ ȖǐȒȠǐǼǆǐ ǌǦΗǐȓȖǦȝΞ Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖǐȖ ǦǼ ȝǣǐ ǆȠȓȓǐǼȝ ǌƷȝƷǅƷȖǐॽ

BƷȝǐȂȖৄ%ȂǻǐΣ ǐȝ ƷǶॽँआअ ǦǌǐǼȝǦЖǐǌ Ʒ ǶȂǼǝৄǌǦȖȝƷǼǆǐ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼ Ȃǜ Ʒ ईৄǼȝ ǅƷȖǐৄȏƷǦȓǦǼǝ

ǅǐȝΘǐǐǼ ȝǣǐ ऄ ǐǼǌ ƷǼǌ ं ǐǼǌ Ȃǜ ȝǣǐ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐ $ǦǝȠȓǐ �ॽआ ȝȂȏॽ bǣǦȖ ǦǼȝǐȓƷǆȝǦȂǼ ǦȖ ǆȂǼৄ

ȖǐȓΗǐǌ ǦǼ �ǶȏǣƷǆȂȓȂǼƷΗǦȓȠȖ / ȖȏǐǆǦǐȖ ƷǼǌ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȝǣǐ ǆΞǆǶǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ǝǐǼȂǻǐ ǌȠȓǦǼǝ ȖȠǅৄ

ǝǐǼȂǻǦǆ XC� ȖΞǼȝǣǐȖǦȖॽ bȂ ǐΝȏǶȂȓǐ Θǣǐȝǣǐȓ ȖȠǆǣ ǦǼȝǐȓƷǆȝǦȂǼ ǦȖ ǆȂǼȖǐȓΗǐǌ ƷǻȂǼǝ Ȃȝǣǐȓ ȖȏǐǆǦǐȖ

Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖǐȖॶ Θǐ ǐǻȏǶȂΞǐǌ ǅȂȝǣ ȝǣǐ ǜȂȓΘƷȓǌ ƷȏȏȓȂƷǆǣ ƷǼǌ ȓǐΗǐȓȖǐ ƷȏȏȓȂƷǆǣ ΘǦȝǣ ȝǣǐ ƷȖȖȠǻȏৄ

ȝǦȂǼ ȝǣƷȝ ǅȂȝǣ ȝǣǐ ǶȂǆƷȝǦȂǼ Ȃǜ ƷǼǌ ȝǣǐ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ ƷȓȂȠǼǌ ȝǣǐ ǅƷȖǐৄȏƷǦȓǦǼǝ ǦǼȝǐȓƷǆȝǦȂǼ Ʒȓǐ

ǆȂǼȖǐȓΗǐǌॽ /Ǽ ȝǣǐ ǜȂȓΘƷȓǌ ƷȏȏȓȂƷǆǣॶ Θǐ ȖǆȓǐǐǼǐǌ ȝǣǐ ȓǐǝǦȂǼȖ ΘǦȝǣ ȝǣǐ ȏȓȂȏǐȓ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖ

ǜȂȓ ȖȠǆǣ ǅƷȖǐৄȏƷǦȓǦǼǝ ǦǼȝǐȓƷǆȝǦȂǼॶ ΘǣǦǶǐ ǦǼ ȝǣǐ ȓǐΗǐȓȖǐ ƷȏȏȓȂƷǆǣॶ Θǐ ǐΝƷǻǦǼǐǌ ƷǶǶ ȏȂȖȖǦǅǶǐ ईৄǼȝ ǅƷȖǐৄ

ȏƷǦȓǦǼǝ ǜȂȓ ȏȓȂȏǐȓ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐȖॽ [Ƞǆǣ ǅƷȖǐৄȏƷǦȓǦǼǝ ǦǼȝǐȓƷǆȝǦȂǼȖ Θǐȓǐ ȂǼǶΞ ǌǦȖǆȂΗǐȓǐǌ ǦǼ Ʒ

ǜǐΘ ǆȂȓȂǼƷΗǦȓȠȖ ȖȏǐǆǦǐȖ ǦǼ ƷǌǌǦȝǦȂǼ ȝȂ ȝǣǐ ȝǣȓǐǐ �ǶȏǣƷǆȂȓȂǼƷΗǦȓȠȖ / ȖȏǐǆǦǐȖॶ ƷǼǌ Θǐ Θǐȓǐ ǼȂȝ ƷǅǶǐ

ȝȂ ǆȂǼЖǌǐǼȝǶΞ ƷǶǦǝǼ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ƷǻȂǼǝ ȝǣǐ ȖȏǐǆǦǐȖ $ǦǝȠȓǐ �ॽआ ǅȂȝȝȂǻॽ sǦȝǣȂȠȝ ǐΝȏǐȓǦǻǐǼȝƷǶ

ΗƷǶǦǌƷȝǦȂǼॶ Θǐ ǆƷǼǼȂȝ ǆȂǼǆǶȠǌǐ ȝǣƷȝ ȖȠǆǣ ǶȂǼǝৄǌǦȖȝƷǼǆǐ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼ ǦȖ ǜȠǼǆȝǦȂǼƷǶǶΞ ǆȂǼৄ

ȖǐȓΗǐǌ Ȃȓ ǆȂǼȝȓǦǅȠȝǐȖ ȖǦǝǼǦЖǆƷǼȝǶΞ ȝȂ ȝǣǐ ȖȠǅৄǝǐǼȂǻǦǆ XC� ȖΞǼȝǣǐȖǦȖ ǦǼ Ȃȝǣǐȓ ǆȂȓȂǼƷΗǦȓȠȖ ȖȏǐǆǦǐȖॽ

/Ǽ ȖȠǻǻƷȓΞॶ Θǐ ƷȏȏǶǦǐǌ ȝǣǐ ƷȏȏȓȂƷǆǣ Ȃǜ ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂȠȏǶǦǼǝȖ ȝȂ ȖȝȠǌΞ ȝǣǐ XC� ȖȝȓȠǆȝȠȓǐȖ ǦǼ

ǆȂȓȂǼƷΗǦȓȠȖ ȝǣƷȝ Ʒȓǐ Ȃǜ ȏȂȝǐǼȝǦƷǶ ǜȠǼǆȝǦȂǼƷǶ ǦǻȏǶǦǆƷȝǦȂǼȖॽ sǐ Θǐȓǐ ƷǅǶǐ ȝȂ ǆȂǼЖȓǻ ǴǼȂΘǼ ȖǐǆȂǼǌƷȓΞ

ȖȝȓȠǆȝȠȓǐȖ ȠȖǦǼǝ ��Ȗॽ /Ǽ ƷǌǌǦȝǦȂǼॶ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ǐΝǦȖȝǦǼǝ ǻȂǌǐǶॶ Θǐ ȏȓȂΗǦǌǐǌ Ʒ ǻȂȓǐ ȏȓǐǆǦȖǐ ǆǣƷȓৄ

ƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ं ȏȖǐȠǌȂǴǼȂȝ ȓǐǝǦȂǼ ǦǼΗȂǶΗǐǌ ǦǼ Ʒ ǻȂǶǐǆȠǶƷȓ ȖΘǦȝǆǣ ǻǐǆǣƷǼǦȖǻ Ȃǜ ΗǦȓȠȖ ȝȓƷǼৄ

ȖǆȓǦȏȝǦȂǼॶ ΘǣǦǆǣ ǻǦǝǣȝ ǅǐ Ȃǜ ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ǦǼȝǐȓǐȖȝॽ �Ƞǐ ȝȂ ǶǦǻǦȝǐǌ ǼȠǻǅǐȓ Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖ

ȖǐȒȠǐǼǆǐȖ ƷǼǌ ǦǼȖȠАǆǦǐǼȝ ȖǐȒȠǐǼǆǐ ǌǦΗǐȓȖǦȝΞॶ Θǐ Θǐȓǐ ǼȂȝ ƷǅǶǐ ȝȂ ǦǌǐǼȝǦǜΞ ǼǐΘ XC� ȖȝȓȠǆȝȠȓǐȖ Ȃȓ

ǶȂǼǝৄȓƷǼǝǐ XC�ৄXC� ǦǼȝǐȓƷǆȝǦȂǼȖ ȠȖǦǼǝ ��Ȗॽ ,ȂΘǐΗǐȓॶ ȝǣǦȖ ΘȂȓǴ ΘƷȖ ǌȂǼǐ ǦǼ ȝǣǐ ǅǐǝǦǼǼǦǼǝ Ȃǜ

ȝǣǐ ȏƷǼǌǐǻǦǆ Ȃǜ [�X[ৄ�Ȃqৄँॶ ΘǣǐǼ ȂǼǶΞ ƷǅȂȠȝ ȝǣȂȠȖƷǼǌȖ Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǐ ȖǐȒȠǐǼǆǐȖ Θǐȓǐ

ƷΗƷǦǶƷǅǶǐॽ �Ξ �ȏȓǦǶ ँࣿँँॶ ƷǶǻȂȖȝ ऀࣿ ǻǦǶǶǦȂǼ ǝǐǼȂǻǐ ȖǐȒȠǐǼǆǐȖ Ȃǜ [�X[ৄ�Ȃqৄँ ǣƷΗǐ ǅǐǆȂǻǐ ƷΗƷǦǶৄ

ऀࣿं



b]�u; �ĺƕĹ � Ѵom]Ŋ7bv|-m1; !��Ŋ!�� bm|;u-1ঞom bm |_; 1ouom-�bu�v ];mol;ĺ (bv�-Ѵb�-ঞom -m7 v;1om7-u� v|u�1|�u;
u;ru;v;m|-ঞom o= -m !��Ŋ!�� bm|;u-1ঞom o= ƖŊm�1Ѵ;oঞ7; 0-v;Ŋr-bubm] Ő1�Ŋ�ķ -m7 �Ŋ�ő |_-| bv lou; |_-m ƑƔķƏƏƏ m|
-r-u| bm �Ѵr_-1ouom-�bu�v � vr;1b;v 7bv1o�;u;7 0� �-|;ovŊ�ol;� ;| -Ѵĺ Ƒƕѵ Ő-7-r|;7 =uol �-|;ovŊ�ol;� ;| -Ѵĺ Ƒƕѵķ |orőĺ
$_; l�ѴঞrѴ; v;t�;m1; -Ѵb]ml;m|v 0� �o1�!��Ƒƕƕ o= |_; u;]bomv -uo�m7 |_; _�ro|_;ঞ1-Ѵ 1�Ŋ� -m7 �Ŋ� Ő�m7;uѴbm;7
bm u;7ő bm Ɛƒ 1ouom-�bu�v vr;1b;vķ bm1Ѵ�7bm] |_; |_u;; �Ѵr_-1ouom-�bu�v � vr;1b;v Őv_-7;7 bm ]u-�ő -m7 o|_;uvķ v�1_ -v
"�!"Ŋ�o( -m7 "�!"Ŋ�o(ŊƑ Ő0o�olőĺ

ƷǅǶǐँआइॶ ΘǣǦǆǣ ΘǦǶǶ ǶǦǴǐǶΞ ȏȓȂΗǦǌǐ ǻȠǆǣ ǻȂȓǐ ȏȂΘǐȓ ǜȂȓ ȝǣǐ ǌǦȖǆȂΗǐȓΞ Ȃǜ ǣǦǝǣৄȂȓǌǐȓ XC� ȖȝȓȠǆȝȠȓǐȖ

ǦǼ ǆȂȓȂǼƷΗǦȓȠȖ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ȏȓȂΗǦǌǐ ȠȖǐǜȠǶ ǦǼǜȂȓǻƷȝǦȂǼ ǜȂȓ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ȝȓǐƷȝǻǐǼȝॽ

ऀࣿः



XǐǜǐȓǐǼǆǐȖ

ফऀব XǐǅǐǆǆƷ = [ǦǐǝǐǶॶ <ǦǻǅǐȓǶΞ �BǦǶǶǐȓॶ ,ƷǼǼƷǣ � $ȠǆǣȖॶ ƷǼǌ �ǣǻǐǌǦǼ :ǐǻƷǶॽ �ƷǼǆǐȓ ȖȝƷȝǦȖৄ
ȝǦǆȖॶ ँࣿँऀॽ ࣏�� ǖ ǥǖțǥǯȲ ȐȡȿȲțǖȕ ǻȡȲ ǥȕȅțȅǥȅǖțȵॶ आऀऀॵआূंंॶ ँࣿँऀॽ

ফँব [ȝǐΗǐǼ / ,ƷǱǌȠॽ � ǼȂȝǐ ǜȓȂǻ ǣǦȖȝȂȓΞॵ ǶƷǼǌǻƷȓǴȖ ǦǼ ǣǦȖȝȂȓΞ Ȃǜ ǆƷǼǆǐȓॶ ȏƷȓȝ ऀॽ �ǖțǥǯȲॶ
ऀऀआऄॵऀࣿईआূऀऀࣿँॶ ँࣿऀऀॽ

ফंব XȂǅǐȓȝ �sǐǦǼǅǐȓǝॽ ,ȂΘ ǆƷǼǆǐȓ ƷȓǦȖǐȖॽ [ǥȅǯțȼȅϨǥ �ȚǯȲȅǥǖțॶ ँआऄंॵअँূआࣿॶ ऀईईअॽ

ফःব �ȂȠǝǶƷȖ ,ƷǼƷǣƷǼ ƷǼǌ XȂǅǐȓȝ �sǐǦǼǅǐȓǝॽ bǣǐ ǣƷǶǶǻƷȓǴȖ Ȃǜ ǆƷǼǆǐȓॽ ǥǯȕȕॶ ऀࣿࣿऀॵऄआূआࣿॶ
ँࣿࣿࣿॽ

ফऄব �ȂȠǝǶƷȖ ,ƷǼƷǣƷǼ ƷǼǌ XȂǅǐȓȝ �sǐǦǼǅǐȓǝॽ ,ƷǶǶǻƷȓǴȖ Ȃǜ ǆƷǼǆǐȓॵ ȝǣǐ ǼǐΝȝ ǝǐǼǐȓƷȝǦȂǼॽ ǥǯȕȕॶ
ऀःःऄॵअःअূअआःॶ ँࣿऀऀॽ

ফअব �ȂȠǝǶƷȖ ,ƷǼƷǣƷǼॽ ,ƷǶǶǻƷȓǴȖ Ȃǜ ǆƷǼǆǐȓॵ CǐΘ ǌǦǻǐǼȖǦȂǼȖॽ �ǖțǥǯȲ �ȅȵǥȡ͝ǯȲͤॶ ऀँऀॵंऀূःअॶ
ँࣿँँॽ

ফआব CǦǴǦ UƷȏƷΗȓƷǻǦǌȂȠॶ bǣǐȂǌȂȖȖǦȖ UƷȏƷΗȓƷǻǦǌǦȖॶ ƷǼǌ bǣǐȖȏǦȖ �ǐǻǐȝȓǦȂȠॽ �ǼǆǦǐǼȝ ǝȓǐǐǴ ƷǼǌ
ǝȓǐǆȂূȓȂǻƷǼ ǻǐȝǣȂǌȖ ǦǼ ǻȂǌǐȓǼ ȖȠȓǝǦǆƷǶ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǆƷǼǆǐȓॽ �țțǖȕȵ ȡǻ ȵȿȲǼȅǥǖȕ ȡțǥȡȕȡǼͤॶ
ऀआंॵअअऄূअअआॶ ँࣿऀࣿॽ

ফइব =ΞǼǌƷsΞǶǌॶ XǦǆǆƷȓǌȂ � �ȠǌǦȖǦȂॶ ƷǼǌ %ȓƷǐǻǐ : UȂȖȝȂǼॽ bǣǐ ǐΗȂǶȠȝǦȂǼ Ȃǜ ǆƷǼǆǐȓ ȖȠȓǝǐȓΞ ƷǼǌ
ǜȠȝȠȓǐ ȏǐȓȖȏǐǆȝǦΗǐȖॽ CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵ �ȕȅțȅǥǖȕ HțǥȡȕȡǼͤॶ ऀँँॵऀऀऄূऀँःॶ ँࣿऀऄॽ

ফईব XƷǱƷǻƷǼǦǆǴƷǻ �ƷȖǴƷȓॶ <ȠȂ �ǼǼ =ǐǐॶ XǦǆǣƷȓǌ yǐȂॶ ƷǼǌ <ǣǐǼǝৄsǐǦ yǐȂǣॽ �ƷǼǆǐȓ ƷǼǌ ȓƷৄ
ǌǦƷȝǦȂǼ ȝǣǐȓƷȏΞॵ ǆȠȓȓǐǼȝ ƷǌΗƷǼǆǐȖ ƷǼǌ ǜȠȝȠȓǐ ǌǦȓǐǆȝǦȂǼȖॽ /țȼǯȲțǖȼȅȡțǖȕ ȐȡȿȲțǖȕ ȡǻ Țǯǫȅǥǖȕ
ȵǥȅǯțǥǯȵॶ ईंॵऀईंॶ ँࣿऀँॽ

ফऀࣿব qǦǼǆǐǼȝ b �ǐqǦȝƷ ƷǼǌ �ǌΘƷȓǌ �ǣȠॽ � ǣǦȖȝȂȓΞ Ȃǜ ǆƷǼǆǐȓ ǆǣǐǻȂȝǣǐȓƷȏΞॽ �ǖțǥǯȲ ȲǯȵǯǖȲǥȂॶ
अइँऀॵइअःंূइअऄंॶ ँࣿࣿइॽ

ফऀऀব %ȓǐǝ = UǶȂȖǴǐȓ ƷǼǌ [ȠȖƷǼ : <ǐƷǻॽ bȓƷȖȝȠΣȠǻƷǅॽ �ȲȿǼȵॶ अअःॵःःईূःआऄॶ ँࣿࣿअॽ

ফऀँব CǦǌƷ /ȒǅƷǶ ƷǼǌ CƷΗǐǐǌ /ȒǅƷǶॽ /ǻƷȝǦǼǦǅॵ Ʒ ǅȓǐƷǴȝǣȓȂȠǝǣ Ȃǜ ȝƷȓǝǐȝǐǌ ȝǣǐȓƷȏΞ ǦǼ ǆƷǼǆǐȓॽ
�ȂǯȚȡȼȂǯȲǖȮͤ ȲǯȵǯǖȲǥȂ ǖțǫ ȮȲǖǥȼȅǥǯॶ ँࣿऀःॶ ँࣿऀःॽ

ऀࣿऄ



ফऀंব /ǼȝǐȓǼƷȝǦȂǼƷǶ �ƷǼǆǐȓ %ǐǼȂǻǐ �ȂǼȖȂȓȝǦȠǻ ǐȝ ƷǶॽ /ǼȝǐȓǼƷȝǦȂǼƷǶ ǼǐȝΘȂȓǴ Ȃǜ ǆƷǼǆǐȓ ǝǐǼȂǻǐ
ȏȓȂǱǐǆȝȖॽ CǖȼȿȲǯॶ ःअःआँईऀॵईईंॶ ँࣿऀࣿॽ

ফऀःব $ $ǐǣǶǐǦȖǐǼॽ eǐǅǐȓ ǌǦǐ ΣȤǆǣȝȠǼǝ ǌǐȓ ǐȓΞȖǦȏǐǶǴȂǴǴǐǼ ƷȠǜ ǴȤǼȖȝǶǦǆǣǐǻ ǼƻǣȓǅȂǌǐǼ ȠǼǌ Ǧǣȓǐ
ȤǅǐȓȝȓƷǝǅƷȓǴǐǦȝ ƷȠǜ ǌǐǼ ǻǐǼȖǆǣǐǼॽ �ȼȵǥȂBǯǫsȡǥȂǯțȵǥȂȲॶ इंऀॵऄऄंূःॶ ऀइइँॽ

ফऀऄব �ǶǐΝ �sƷǶǌǻƷǼॶ :ǦǶǶ B $ȓǦȝΣॶ ƷǼǌBǦǆǣƷǐǶ : =ǐǼƷȓǌȂॽ � ǝȠǦǌǐ ȝȂ ǆƷǼǆǐȓ ǦǻǻȠǼȂȝǣǐȓƷȏΞॵ
ǜȓȂǻ ȝ ǆǐǶǶ ǅƷȖǦǆ ȖǆǦǐǼǆǐ ȝȂ ǆǶǦǼǦǆƷǶ ȏȓƷǆȝǦǆǐॽ CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵ /ȚȚȿțȡȕȡǼͤॶ ँࣿऀऀॵअऄऀূअअइॶ
ँࣿँࣿॽ

ফऀअব XǐΣƷ �ƷΞƷȝ BȂǴǣȝƷȓǦॶ bǦǼƷ [ ,ȂǻƷΞȂȠǼǦॶ CƷȓǝǐȖ �ƷǶȠǆǣॶ �ΗǝǐǼǦΞƷ BȂȓǝƷȝȖǴƷΞƷॶ [ȠȖǣǦǶ <Ƞৄ
ǻƷȓॶ �ǦǴȠǶ �ƷȖॶ ƷǼǌ ,ǐȓǻƷǼ yǐǝǐȓॽ �ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ǆȂǻǅƷȝǦǼǝ ǆƷǼǆǐȓॽ HțǥȡȼǖȲǼǯȼॶ
इँंॵंइࣿँँॶ ँࣿऀआॽ

ফऀआব CǐǣƷǌB�ΞȂȠǅॽ CȂΗǐǶ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǜȂȓ ȝǣǐ ȝȓǐƷȝǻǐǼȝ Ȃǜ ȖȂǶǦǌ ǆƷǼǆǐȓȖॽ $ȲȡțȼȅǯȲȵ
ȅț HțǥȡȕȡǼͤॶ ऀऀॶ ँࣿँऀॽ

ফऀइব �B/= $X�/ ///ॶ BΞȓȂǼ <ƷȓȂǼॶ XȂǅǐȓȝ , =ǐΗǦǼॶ �B/= : $X�/X�/�,ॶ XȂǅǐȓȝ : bƷΞǶȂȓॶ
:ȠǶǦǐȝ ,ƷǼƷǼǦƷǼॶ HǶǐǝ [ǐǶƷΘȓΞॶ :ƷǻǐȖ $ ,ȂǶǶƷǼǌॶ �Ʒȓȝǣ ,ȂȂǝȖȝȓƷȝǐǼॶ /ȓΗǦǼǝ : sȂǶǻƷǼॶ ǐȝ ƷǶॽ
bǣǐ ǐЍǐǆȝǦΗǐǼǐȖȖ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ƷǼȝǦǶǐȠǴǐǻǦǆ ƷǝǐǼȝȖ ǦǼ ǦǼǌȠǆǦǼǝ ƷǼǌ ǻƷǦǼȝƷǦǼǦǼǝ ȓǐৄ
ǻǦȖȖǦȂǼ ǦǼ ǆǣǦǶǌȓǐǼ ΘǦȝǣ ƷǆȠȝǐ ǶǐȠǴǐǻǦƷॽ �ȕȡȡǫॶ ँअऄॵअःँূअऄअॶ ऀईअऄॽ

ফऀईব bǦǻȂȝǣΞ � yƷȏॶ �ȠȓǐǶǦȠȖ HǻǶǦǼॶ ƷǼǌ :ȂǣƷǼǼ [ �ǐ �ȂǼȂॽ �ǐΗǐǶȂȏǻǐǼȝ Ȃǜ ȝǣǐȓƷȏǐȠȝǦǆ
ǆȂǻǅǦǼƷȝǦȂǼȖ ȝƷȓǝǐȝǦǼǝ ǻƷǱȂȓ ǆƷǼǆǐȓ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖॽ :ȡȿȲțǖȕ ȡǻ �ȕȅțȅǥǖȕ HțǥȡȕȡǼͤॶ
ंऀऀँॵऀऄईँূऀअࣿऄॶ ँࣿऀंॽ

ফँࣿব �ƷȓȂǼ � bƷǼॶ [ȝǐȏǣǐǼ : �ƷǝǶǐΞॶ UƷȝȓǦǆǴ ysǐǼॶ BǦǆǣƷǐǶ =Ǧǻॶ BǦǆǣƷǐǶ UǶƷȝȝǐǼॶ ,ȂΘƷȓǌ �ȂǶৄ
ǻƷǼॶ �ƷΗǦǌB�ȖǣǶǐΞॶ sȂǶǜǝƷǼǝsǦǆǴॶ [ȠȖƷǼB�ǣƷǼǝॶ �ΗƷǼȝǣǦƷ %ƷǶƷǼǦȖॶ ǐȝ ƷǶॽ [ΞȖȝǐǻƷȝǦǆ
ȓǐΗǦǐΘ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼȖ Ȃǜ ȝƷȓǝǐȝǐǌ Ȃȓ ǦǻǻȠǼȂȝǣǐȓƷȏΞ ǦǼ ƷǌΗƷǼǆǐǌ ȖȂǶǦǌ ȝȠǻȂȓȖॽ :ȡȿȲțǖȕ ǻȡȲ
ȅȚȚȿțȡȼȂǯȲǖȮͤ ȡǻ ǥǖțǥǯȲॶ ईआॶ ँࣿँऀॽ

ফँऀব �ƷȓǅƷȓƷ �ȠǴȂΘȖǴƷॶ �ȓǴƷǌǦȠȖΣ %ƷǱǐǴॶ ƷǼǌ �ǝǼǦǐȖΣǴƷ BƷȓǆΣƷǴॽ bΘȂ ǌȓȠǝȖ Ʒȓǐ ǅǐȝȝǐȓ ȝǣƷǼ ȂǼǐॽ
Ʒ ȖǣȂȓȝ ǣǦȖȝȂȓΞ Ȃǜ ǆȂǻǅǦǼǐǌ ȝǣǐȓƷȏΞ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ �ȡțȼǯȚȮȡȲǖȲͤ HțǥȡȕȡǼͤॶ ऀईऄॵंऄࣿॶ
ँࣿऀऄॽ

ফँँব :ȂǼƷȝǣƷǼ � $ǦȝΣǝǐȓƷǶǌॶ �ǦȓǝǦȝ [ǆǣȂǐǅǐȓǶॶ eǶȓǦǴ � CǦǐǶȖǐǼॶ ƷǼǌ Uǐȝǐȓ < [Ȃȓǝǐȓॽ [ΞȖȝǐǻȖ ǅǦȂǶȂǝΞ
ƷǼǌ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǦǼ ȝǣǐ ȒȠǐȖȝ ǜȂȓ ǆǶǦǼǦǆƷǶ ǐАǆƷǆΞॽ CǖȼȿȲǯ ǥȂǯȚȅǥǖȕ ǤȅȡȕȡǼͤॶ ँईॵःऄइূ
ःअअॶ ँࣿࣿअॽ

ফँंব =ǐΗǦ � %ƷȓȓƷΘƷΞ ƷǼǌ UƷȖǦ � :ƻǼǼǐॽ �ǦȓǆȠǻΗǐǼȝǦǼǝ ǆƷǼǆǐȓ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ȝǣǐ ǐȓƷ Ȃǜ ȏǐȓৄ
ȖȂǼƷǶǦΣǐǌ ǻǐǌǦǆǦǼǐॽ �ǖțǥǯȲ ǫȅȵǥȡ͝ǯȲͤॶ ँंॵँऀःূँँअॶ ँࣿऀँॽ

ফँःব �ǐǣΣƷǌBƷǼȖȂȂȓǦॶ �ǶǦ BȂǣƷǻǻƷǌǦॶ [ƷǌƷǜ �ƷΗȠǌǦƷǼॶ [ȂǶǻƷΣ [ǣǦȓǱƷǼǝॶ ƷǼǌ �ǐǣΣƷǌ
�ƷȓƷǌƷȓƷǼॽ bǣǐ ǌǦЍǐȓǐǼȝ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǆƷǼǆǐȓ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐॵ Ʒ ǅȓǦǐǜ ȓǐΗǦǐΘॽ �ǫ͝ǖțǥǯǫ
ȮȂǖȲȚǖǥǯȿȼȅǥǖȕ Ǥȿȕȕǯȼȅțॶ आंॵंंईॶ ँࣿऀआॽ

ऀࣿअ



ফँऄব CǐǦǶ qƷȖƷǼॶ :ȂȖǑ �ƷȖǐǶǝƷॶ ƷǼǌ �ƷΗǦǌB,ΞǻƷǼॽ � ΗǦǐΘ ȂǼ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǆƷǼǆǐȓॽ CǖȼȿȲǯॶ
ऄआऄआआइँॵँईईূंࣿईॶ ँࣿऀईॽ

ফँअব :ƷǻǐȖ ,�ȂȓȂȖǣȂΘ ƷǼǌ XǦǆǣƷȓǌB [ǦǻȂǼॽ HǼ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǆǐȓ ȝǣǐȓƷȏΞॽ
�ǯȕȕॶ ऀआऀआॵऀःआअূऀःआइॶ ँࣿऀआॽ

ফँआব �ǌƷǻ � UƷǶǻǐȓ ƷǼǌ Uǐȝǐȓ < [Ȃȓǝǐȓॽ �ȂǻǅǦǼƷȝǦȂǼ ǆƷǼǆǐȓ ȝǣǐȓƷȏΞ ǆƷǼ ǆȂǼǜǐȓ ǅǐǼǐЖȝ ΗǦƷ
ȏƷȝǦǐǼȝৄȝȂৄȏƷȝǦǐǼȝ ΗƷȓǦƷǅǦǶǦȝΞ ΘǦȝǣȂȠȝ ǌȓȠǝ ƷǌǌǦȝǦΗǦȝΞ Ȃȓ ȖΞǼǐȓǝΞॽ �ǯȕȕॶ ऀआऀआॵऀअआइূऀअईऀॶ
ँࣿऀआॽ

ফँइব eȓȖȠǶƷ �BƷȝȠǶȂǼǦȖॶ �ǼǦǶ < [ȂȂǌॶ =ǐȖǶǐΞ $ƷǶǶȂΘЖǐǶǌॶ �ȓȂȂǴǐ � ,ȂΘǦȝȝॶ :ƷǶǦǌ [ǐǣȂȠǶǦॶ ƷǼǌ
�ǐȝǣ y <ƷȓǶƷǼॽ HΗƷȓǦƷǼ ǆƷǼǆǐȓॽ CǖȼȿȲǯ Ȳǯ͝ȅǯ͞ȵ �ȅȵǯǖȵǯ ȮȲȅȚǯȲȵॶ ँऀॵऀূँँॶ ँࣿऀअॽ

ফँईব �ƷǼǆǐȓ %ǐǼȂǻǐ �ȝǶƷȖ XǐȖǐƷȓǆǣ CǐȝΘȂȓǴ ǐȝ ƷǶॽ /ǼȝǐǝȓƷȝǐǌ ǝǐǼȂǻǦǆ ƷǼƷǶΞȖǐȖ Ȃǜ ȂΗƷȓǦƷǼ ǆƷȓǆǦৄ
ǼȂǻƷॽ CǖȼȿȲǯॶ ःआःआंऄंॵअࣿईॶ ँࣿऀऀॽ

ফंࣿব XǦǆǣƷȓǌsbȂȝǣǦǶǶॶ �ǼǼƷ q bǦǼǴǐȓॶ :ȂȖǣΞ %ǐȂȓǝǐॶ XȂǅǐȓȝ �ȓȂΘǼॶ [ȝǐȏǣǐǼ � $ȂΝॶ [ȝǐȏǣǐǼ
=Ʒǌǐॶ �ƷȓΞǶ [ :ȂǣǼȖȂǼॶ BǐǶƷǼǦǐ < bȓǦΗǐȝȝॶ �ƷȓǦȠȖǣ �ȝǐǻƷǌǻȂǝǣƷǌƷǻॶ �ǦƷǼǆƷ =ȂǆƷǼǌȓȂॶ
ǐȝ ƷǶॽ CȂΗǐǶ ǻȂǶǐǆȠǶƷȓ ȖȠǅȝΞȏǐȖ Ȃǜ ȖǐȓȂȠȖ ƷǼǌ ǐǼǌȂǻǐȝȓǦȂǦǌ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǶǦǼǴǐǌ ȝȂ ǆǶǦǼǦǆƷǶ
ȂȠȝǆȂǻǐॽ �ȕȅțȅǥǖȕ ǥǖțǥǯȲ ȲǯȵǯǖȲǥȂॶ ऀःऀअॵऄऀईइূऄँࣿइॶ ँࣿࣿइॽ

ফंऀব XȂǐǶ %sqǐȓǣƷƷǴॶ UƷǅǶȂ bƷǻƷΞȂॶ :ǦৄyǐȂǼ yƷǼǝॶ �ǦƷǼƷ ,ȠǅǅƷȓǌॶ ,ƷǦǶǐǦ ~ǣƷǼǝॶ �ǣƷǌ :
�ȓǐǦǝǣȝȂǼॶ [ǦƷǼ $ǐȓǐǌƷΞॶ BǦǆǣƷǐǶ =ƷΘȓǐǼǆǐॶ [ǆȂȝȝ = �Ʒȓȝǐȓॶ �ȓƷǦǝ ,BǐȓǻǐǶॶ ǐȝ ƷǶॽ UȓȂǝৄ
ǼȂȖȝǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ǝǐǼǐ ȖǦǝǼƷȝȠȓǐȖ Ȃǜ ǣǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷȓǆǦǼȂǻƷॽ bȂǯ :ȡȿȲțǖȕ ȡǻ
ǥȕȅțȅǥǖȕ ȅț͝ǯȵȼȅǼǖȼȅȡțॶ ऀँंऀॶ ँࣿऀँॽ

ফंँব %ȂȝȝǜȓǦǐǌ � <ȂǼǐǆǼΞॶ �ǣǐǼsƷǼǝॶ ,ƷǅǦǅ ,ƷǻǦǌǦॶ �ȂȓǦȖ sǦǼȝǐȓǣȂЍॶ <ǦǻǅǐȓǶΞ X <ƷǶǶǦॶ :ȠǌΞ
�ǐȓǦǼǝॶ �ǣƷȓǶǐȖ %ǦǼȝǣǐȓॶ ,ȖǦƷȂৄsƷǼǝ �ǣǐǼॶ [ǐƷǼ �ȂΘǌΞॶ sǦǶǶǦƷǻ �ǶǦǅΞॶ ǐȝ ƷǶॽ UȓȂǝǼȂȖȝǦǆ
ƷǼǌ ȝǣǐȓƷȏǐȠȝǦǆ ȓǐǶǐΗƷǼǆǐ Ȃǜ ǻȂǶǐǆȠǶƷȓ ȖȠǅȝΞȏǐȖ ǦǼ ǣǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ :C�/࣏
:ȡȿȲțǖȕ ȡǻ ȼȂǯ țǖȼȅȡțǖȕ ǥǖțǥǯȲ ȅțȵȼȅȼȿȼǯॶ ऀࣿअऀࣿॶ ँࣿऀःॽ

ফंंব %ȓǐǝȂȓΞ UsƷΞॶ :ƷǻǐȖ XȠǌǌॶ �ǣǐǼsƷǼǝॶ ,ƷǅǦǅ ,ƷǻǦǌǦॶ �ȓȂȂǴǐ = $ȓǦǌǶǐΞॶ %ȂȝȝǜȓǦǐǌ �
<ȂǼǐǆǼΞॶ �ǶǶǐǼ = %ȂȂǌǐॶ �ƷȖǐΞ [ %ȓǐǐǼǐॶ ƷǼǌ :ǐǼǼǦǜǐȓ � �ȂǣǐȓȝΞॽ �ȂǻȏȓǐǣǐǼȖǦΗǐ ǆȓȂȖȖৄ
ȏȂȏȠǶƷȝǦȂǼ ƷǼƷǶΞȖǦȖ Ȃǜ ǣǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȖȠȏȏȂȓȝȖ ǼȂ ǻȂȓǐ ȝǣƷǼ ȝǣȓǐǐ ȖȠǅৄ
ȝΞȏǐȖॽ ࣏% %ǯțǯȵ࣐ %ǯțȡȚǯȵ࣐ %ǯțǯȼȅǥȵॶ अऀँॵःࣿईआূःऀࣿंॶ ँࣿऀअॽ

ফंःব �ȓȂƷǌ /ǼȖȝǦȝȠȝǐ b�%�%ǐǼȂǻǐ �ƷȝƷ �ǼƷǶΞȖǦȖ �ǐǼȝǐȓॽ �ǼƷǶΞȖǦȖ ȂΗǐȓΗǦǐΘ ǜȂȓ ȂΗƷȓǦƷǼ ȖǐȓȂȠȖ
ǆΞȖȝƷǌǐǼȂǆƷȓǆǦǼȂǻƷ ȏȓǦǻƷȓΞ ȖȂǶǦǌ ȝȠǻȂȓ ǆȂǣȂȓȝ ৄ ँइ ǱƷǼȠƷȓΞ ँࣿऀअॶ ँࣿऀअॽ

ফंऄব ,ȠǦ ~ǣƷǼǝॶ bƷȂ =ǦȠॶ ~ǣǐǼ ~ǣƷǼǝॶ [ƷǻȠǐǶ , UƷΞǼǐॶ �ƷǦ ~ǣƷǼǝॶ :ƷȖȂǼ �Bǆ�ǐȓǻȂȝȝॶ :ǦƷǼৄ
yǦǼǝ ~ǣȂȠॶ qǶƷǌǦȖǶƷΗ � UǐȝΞȠǴॶ =Ǧ �ǣǐǼॶ �ǐǅǱǦȝ XƷΞॶ ǐȝ ƷǶॽ /ǼȝǐǝȓƷȝǐǌ ȏȓȂȝǐȂǝǐǼȂǻǦǆ ǆǣƷȓৄ
ƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǣȠǻƷǼ ǣǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ �ǯȕȕॶ ऀअअंॵआऄऄূआअऄॶ ँࣿऀअॽ

ফंअব CǦǆȂǶǐȝȝƷ �ȂǶȂǻǅȂॶ �ȂǻǐǼǦǆƷ =ȂȓȠȖȖȂॶ ƷǼǌ UƷȂǶȂ [ǆȂǶǶȂॽ /ǻȏƷǆȝ Ȃǜ ȓǐǆȠȓȓǐǼǆǐ Ȃǜ ȂΗƷȓǦƷǼ
ǆƷǼǆǐȓ ȂǼ ȒȠƷǶǦȝΞ Ȃǜ ǶǦǜǐ ƷǼǌ ȂȠȝǶȂȂǴ ǜȂȓ ȝǣǐ ǜȠȝȠȓǐॽ /țȼǯȲțǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻ %ͤțǯǥȡȕȡǼȅǥ
�ǖțǥǯȲॶ ँआअॶ ँࣿऀआॽ

ऀࣿआ



ফंआব UƷǼƷǝǦȂȝǦȖ � <ȂǼȖȝƷǼȝǦǼȂȏȂȠǶȂȖॶ [ȝǐȏǣƷǼǦǐ =ǣǐȠȓǐȠΝॶ ƷǼǌ <ƷȝǣǶǐǐǼ CBȂȂȓǐॽ UƷȓȏ ǦǼৄ
ǣǦǅǦȝȂȓȖ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॵ ǆȠȓȓǐǼȝ ǦǼǌǦǆƷȝǦȂǼȖॶ ǜȠȝȠȓǐ ǆȂǻǅǦǼƷȝǦȂǼȖॶ ƷǼǌ ǼȂΗǐǶ ƷȖȖǐȝȖ ǦǼ
ǌǐΗǐǶȂȏǻǐǼȝ ȝȂ ȝƷȓǝǐȝ ǌǼƷ ǌƷǻƷǝǐ ȓǐȏƷǦȓॽ �ȚǯȲȅǥǖț [ȡǥȅǯȼͤ ȡǻ �ȕȅțȅǥǖȕ HțǥȡȕȡǼͤ �ǫȿǥǖȼȅȡțǖȕ
�ȡȡȓॶ ःࣿॵǐऀऀअূǐऀंऀॶ ँࣿँࣿॽ

ফंइব <ǐΣǦƷ %ƷǦȝȖǴǐǶǶॶ /ǝȂȓ BƷȓȝǦǼǐǴॶ �ǼǌȓǐΘ �ȓΞƷǼȝॶ [ǐƷǼ <ǐǣȂǐॶ [ǣǦǅƷǼǦ CǦǆȠǻॶ ƷǼǌ :ȂBȂȓৄ
ȓǦȖȂǼॽ �ǼǝǦȂǝǐǼǐȖǦȖ ǦǼǣǦǅǦȝȂȓȖ ǜȂȓ ȝǣǐ ȝȓǐƷȝǻǐǼȝ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ �ȡǥȂȲǖțǯ �ǖȼǖǤǖȵǯ ȡǻ
[ͤȵȼǯȚǖȼȅǥ Xǯ͝ȅǯ͞ȵॶ ईॶ ँࣿऀऀॽ

ফंईব ~ƷǆǣƷȓΞ � �ȂǅǅǦǼ ƷǼǌ �ǣƷȓǶǐȖ C =ƷǼǌǐǼॽ bǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ȝǣǐ ȏǦंǴƷǴȝǻȝȂȓ ȏƷȝǣΘƷΞ
ǦǼ ȝǣǐ ȏȓȂǝȓǐȖȖǦȂǼ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ /țȼǯȲțǖȼȅȡțǖȕ ȐȡȿȲțǖȕ ȡǻ ȚȡȕǯǥȿȕǖȲ ȵǥȅǯțǥǯȵॶ ऀःःॵइँऀंূ
इँँआॶ ँࣿऀंॽ

ফःࣿব ,ΞȠǼৄ:ǦǼ �ǣȂǦॶ %ȠǦǶǶǐȓǻȂ C�ȓǻƷǦΣ UǐǼƷॶ [ȠǼǦǶƷ UȓƷǌǐǐȏॶ BǦǼ [ȂȂǼ �ǣȂॶ XȂǅǐȓȝ = �ȂǶǐৄ
ǻƷǼॶ ƷǼǌ �ǼǦǶ < [ȂȂǌॽ �ǼȝǦৄΗƷȖǆȠǶƷȓ ȝǣǐȓƷȏǦǐȖ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॵ ǻȂΗǦǼǝ ǅǐΞȂǼǌ ƷǼȝǦৄΗǐǝǜ
ƷȏȏȓȂƷǆǣǐȖॽ �ǖțǥǯȲ ǖțǫBǯȼǖȵȼǖȵȅȵ Xǯ͝ȅǯ͞ȵॶ ंःऀॵऀईূःࣿॶ ँࣿऀऄॽ

ফःऀব [ UǐȓǆΞ /ΗΞॶ :ȂΞǆǐ $ =ǦȠॶ :ȠǼǝৄBǦǼ =ǐǐॶ eȓȖȠǶƷ �BƷȝȠǶȂǼǦȖॶ ƷǼǌ �ǶǦȖǐ � <ȂǣǼॽ �ǐǌǦȓƷǼǦǅॶ
Ʒ ȏƷǼৄΗǐǝǜȓ ǦǼǣǦǅǦȝȂȓॶ ƷǼǌ ȂǶƷȏƷȓǦǅॶ Ʒ ȏƷȓȏ ǦǼǣǦǅǦȝȂȓॶ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ǜȂȓ ǣǦǝǣ ǝȓƷǌǐ
ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ �ͣȮǯȲȼ ȡȮȅțȅȡț ȡț ȅț͝ǯȵȼȅǼǖȼȅȡțǖȕ ǫȲȿǼȵॶ ँऄऄॵऄईआূअऀऀॶ ँࣿऀअॽ

ফःँব %ȂȝȝǜȓǦǐǌ � <ȂǼǐǆǼΞॽ �ȂǻǅǦǼǦǼǝ ȏƷȓȏ ƷǼǌ ǆǌǴःअ ǦǼǣǦǅǦȝȂȓȖ ǦǼ ǻΞǆ ǌȓǦΗǐǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ
��ȅȡBǯǫȅǥȅțǯॶ ःंॵईॶ ँࣿऀईॽ

ফःंব UƷǼƷǝǦȂȝǦȖ � <ȂǼȖȝƷǼȝǦǼȂȏȂȠǶȂȖॶ sǦǶǶǦƷǻ b �ƷȓȓΞॶ BǦǆǣƷǐǶ �Ǧȓȓǐȓॶ [ǣƷǼǼȂǼ CsǐȖȝǦǼॶ
<ƷȓǐǼ � �ƷǌȂȂॶ %ǐȂЍȓǐΞ / [ǣƷȏǦȓȂॶ �ȓǦǆƷ =BƷΞǐȓॶ XȂǦȖǦǼ � H�ǐƷȓǅǣƷǦǶǶॶ XȂǅǐȓȝ = �ȂǶǐৄ
ǻƷǼॶ �ȂȖǐ <ȂǆǣȠȏȠȓƷǴǴƷǶॶ ǐȝ ƷǶॽ HǶƷȏƷȓǦǅ ƷǼǌ ȖȏǐǆǦЖǆৄܭ ȏǦंǴ ǦǼǣǦǅǦȝȂȓ ƷǶȏǐǶǦȖǦǅ ǜȂȓ ȏƷȝǦǐǼȝȖ
ΘǦȝǣ ǐȏǦȝǣǐǶǦƷǶ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॵ Ʒ ǌȂȖǐৄǐȖǆƷǶƷȝǦȂǼ ƷǼǌ ǌȂȖǐৄǐΝȏƷǼȖǦȂǼ ȏǣƷȖǐ ऀǅ ȝȓǦƷǶॽ bȂǯ
=ǖțǥǯȼ HțǥȡȕȡǼͤॶ ँࣿःॵऄआࣿূऄइࣿॶ ँࣿऀईॽ

ফःःব XȂΘƷǼ �BǦǶǶǐȓॶ �ǻΞ : =ǐΘǦȖॶ ƷǼǌBǐǶƷǼǦǐ � UȂΘǐǶǶॽ UƷȓȏ ǦǼǣǦǅǦȝȂȓȖ ƷǼǌ ǦǻǻȠǼȂȝǣǐȓƷȏΞ
ǦǼ ȂΗƷȓǦƷǼ ƷǼǌ ǐǼǌȂǻǐȝȓǦƷǶ ǆƷǼǆǐȓȖॽ bȂǯ �ȲȅȼȅȵȂ :ȡȿȲțǖȕ ȡǻ XǖǫȅȡȕȡǼͤॶ ईःऀऀँइॵँࣿँऀࣿࣿࣿँॶ
ँࣿँऀॽ

ফःऄব <ƷȓǐǼ � [ǣǐȏȏƷȓǌॶ �ƷȓǶǐǐǼ �ȠǶǶǦǼƷǼǐॶ <ƷȝǣǐȓǦǼǐ B,ƷǼǼƷǼॶ BǐƷǝǣƷǼsƷǶǶॶ :ȂƷǼǼƷ �ǣƷǼॶ
$ȓƷǼǆǐȖ �Ʒȓǅǐȓॶ :ȠǼǝ $ȂȂॶ �ȂǼƷǶǌ �ƷǻǐȓȂǼॶ �ǻǐǶǦƷ CǐǦǶȖǐǼॶ UȠǦ Cǝॶ ǐȝ ƷǶॽ [ΞǼǐȓǝǦȖȝǦǆ ǦǼৄ
ǣǦǅǦȝǦȂǼ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶ ǝȓȂΘȝǣ ǅΞ ǆȂǻǅǦǼǦǼǝ ȖǐǶǐǆȝǦΗǐ ȏǦंǴǻȝȂȓ ƷǼǌ ȓƷȖǐȓǴ ȏƷȝǣΘƷΞ
ǦǼǣǦǅǦȝȂȓȖॽ �ȿȲȡȮǯǖț ȐȡȿȲțǖȕ ȡǻ ǥǖțǥǯȲॶ ःईऀइॵंईंअূंईःःॶ ँࣿऀंॽ

ফःअব �ǶǦƷȖ � [ȝȓƷȝǦǴȂȏȂȠǶȂȖॶ BǐƷǝǣƷǼ �ǐǼǌΞॶ BƷȝȝǣǦƷȖ [ΣƷǅȂǶǆȖॶ �ǶƷǼ : <ǣƷΞǴǦǼॶ �ǐǶǦǼǐ =ǐǜǐǅΗȓǐॶ
BǦǼǝৄBǦǼǝ ~ǣȂȠॶ ƷǼǌ XƷǻȂǼ UƷȓȖȂǼȖॽ <ǦǼƷȖǐ ƷǼǌ ǅǐȝ ǦǼǣǦǅǦȝȂȓȖ ȝȂǝǐȝǣǐȓ ǆǶƷǻȏ ǦǼǣǦǅǦȝǦȂǼ
Ȃǜ ȏǦंǴ ȖǦǝǼƷǶǦǼǝ ƷǼǌ ȂΗǐȓǆȂǻǐ ȓǐȖǦȖȝƷǼǆǐ ȝȂ ȝǣǐȓƷȏΞॽ �ǖțǥǯȲ ǥǯȕȕॶ ँआअॵइंआূइऄऀॶ ँࣿऀऄॽ

ऀࣿइ



ফःआব :ǐЍȓǐΞ : sƷǶǶǦǼॶ :ƷǼǐ %ȠƷǼॶ sǐǦ sǐǦ UȓǦȂȓॶ <ΞǶǐ � �ǌǝƷȓॶ XȂǅǐȓȝ <ƷȖȖǐǐȖॶ �ǐǐȏƷǴ [ƷǻȏƷȝǣॶ
BƷȓǆǦƷ �ǐǶΗǦǼॶ ƷǼǌ =ȂȓǦ [ $ȓǦǐǌǻƷǼॽ CȠǆǶǐƷȓ ȏǣȂȖȏǣȂৄƷǴȝ ǦǼǆȓǐƷȖǐ ȏȓǐǌǦǆȝȖ ȖΞǼǐȓǝΞ Ȃǜ ȏǦंǴ
ǦǼǣǦǅǦȝǦȂǼ ƷǼǌ ǌȂΝȂȓȠǅǦǆǦǼ ǦǼ ǅȓǐƷȖȝ ƷǼǌ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ [ǥȅǯțǥǯ ȼȲǖțȵȕǖȼȅȡțǖȕ Țǯǫȅǥȅțǯॶ
ँःइॵःइȓƷअअূःइȓƷअअॶ ँࣿऀࣿॽ

ফःइব �ǅǌǐǶǝǣƷǼǦ :ǐǅƷǣǦॶ BƷȓǦǐ qǦǶǶǐǌǦǐȠॶ �ǑǆǦǶǐ UǑȝǦǝǼΞৄ=ǐǆǣƷȓȝǦǐȓॶ �ǻǦǶǦǐ �ȓȂȝǦǼॶ BƷȓǦǐৄ,ǑǶǗǼǐ
=ȂȠǦȖॶ �ǌΘǦǝǐ �ǅǐǦǶƷȓǌॶ $ǶȂȓǐǼǆǐ %ǦЍƷȓǌॶ BƷȓǦǴƷ %ȠǐȓǆǦȂॶ BǑǶƷǼǦǐ �ȓǦƷǼǌॶ UƷȖǆƷǶ %ƷȠǌȠৄ
ǆǣȂǼॶ ǐȝ ƷǶॽ UǦंǴǻȝȂȓ ǌȠƷǶ ǦǼǣǦǅǦȝȂȓ ǼΗȏৄǅǐΣँंऄ ǌǐǆȓǐƷȖǐȖ ǻǆǶৄऀ ǐΝȏȓǐȖȖǦȂǼ ƷǼǌ ȖǐǼȖǦȝǦΣǐȖ
ȂΗƷȓǦƷǼ ǆƷȓǆǦǼȂǻƷ ǆǐǶǶȖ ȝȂ ǅǆǶৄΝǶৄȝƷȓǝǐȝǦǼǝ ȖȝȓƷȝǐǝǦǐȖॶ ȏȓȂΗǦǌǐǌ ȝǣƷȝ ǅǦǻ ǐΝȏȓǐȖȖǦȂǼ ǦȖ ǦǼǌȠǆǐǌॽ
�ǖțǥǯȲ ȕǯȼȼǯȲȵॶ ंःइऀৄँॵंइূःईॶ ँࣿऀःॽ

ফःईব �ǌƷǻ � UƷǶǻǐȓॶ �ǣȓǦȖȝȂȏǣǐȓ �ǣǦǌǶǐΞॶ ƷǼǌ Uǐȝǐȓ < [Ȃȓǝǐȓॽ � ǆȠȓƷȝǦΗǐ ǆȂǻǅǦǼƷȝǦȂǼ ǆƷǼǆǐȓ
ȝǣǐȓƷȏΞ ƷǆǣǦǐΗǐȖ ǣǦǝǣ ǜȓƷǆȝǦȂǼƷǶ ǆǐǶǶ ǴǦǶǶǦǼǝ ȝǣȓȂȠǝǣ ǶȂΘ ǆȓȂȖȖৄȓǐȖǦȖȝƷǼǆǐ ƷǼǌ ǌȓȠǝ ƷǌǌǦȝǦΗǦȝΞॽ
�ȕȅǻǯॶ इॵǐऄࣿࣿंअॶ ँࣿऀईॽ

ফऄࣿব �ǦȖȖƷǼ �Ƕৄ=ƷΣǦǴƷǼǦॶ eǌƷǦ �ƷǼǐȓǱǦॶ ƷǼǌ UƷȠǶ sȂȓǴǻƷǼॽ �ȂǻǅǦǼƷȝȂȓǦƷǶ ǌȓȠǝ ȝǣǐȓƷȏΞ ǜȂȓ ǆƷǼǆǐȓ
ǦǼ ȝǣǐ ȏȂȖȝৄǝǐǼȂǻǦǆ ǐȓƷॽ CǖȼȿȲǯ ǤȅȡȼǯǥȂțȡȕȡǼͤॶ ंࣿआॵअआईূअईँॶ ँࣿऀँॽ

ফऄऀব �ǜȖǣǦǼ �ǐȓƷǴǣȖǣƷǼǦॶ ~Ȃǣȓǐǣ XǐΣƷǐǦॶ ,ȂȖȖǐǦǼ [ƷǜƷȓȏȂȠȓॶ BȂȓȝǐΣƷ [ƷǅȓǦॶ �ȝǐǜǐǣBǦȓॶ BȂৄ
ǣƷǻǻƷǌ �ǻǦǼ [ƷǼƷȝǦॶ $Ʒȝǐǻǐǣ qƷǣǦǌǦƷǼॶ �ǶǦ %ǣȂǶƷǻǦΞƷǼBȂǝǣƷǌƷǻॶ �ǶǦ �ǝǣƷǌȂȠǴǣȝॶ
<ǣƷǶǦǶ ,ƷǱǦƷȖǝǣƷȓΣƷǌǐǣॶ ǐȝ ƷǶॽ HΗǐȓǆȂǻǦǼǝ ȝȓƷȖȝȠΣȠǻƷǅ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǣǐȓँৄȏȂȖǦȝǦΗǐ ǅȓǐƷȖȝ
ǆƷǼǆǐȓ ȠȖǦǼǝ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕȿȕǖȲ UȂͤȵȅȡȕȡǼͤॶ ँंऄःॵंऀःँূंऀऄअॶ ँࣿँࣿॽ

ফऄँব XǦȝƷ CƷǣȝƷॶ BǦǐǼৄ�ǣǦǐ ,ȠǼǝॶ ƷǼǌ $ȓƷǼǆǦȖǆȂ : �ȖȝǐΗƷॽ bǣǐ ǣǐȓৄँৄȝƷȓǝǐȝǦǼǝ ƷǼȝǦǅȂǌǦǐȖ
ȝȓƷȖȝȠΣȠǻƷǅ ƷǼǌ ȏǐȓȝȠΣȠǻƷǅ ȖΞǼǐȓǝǦȖȝǦǆƷǶǶΞ ǦǼǣǦǅǦȝ ȝǣǐ ȖȠȓΗǦΗƷǶ Ȃǜ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ǖțǥǯȲ
ȲǯȵǯǖȲǥȂॶ अःआॵँंःंূँंःअॶ ँࣿࣿःॽ

ফऄंব ~ǣǦৄȒǦƷȂ xȠॶ yƷǼ ~ǣƷǼǝॶ CǦǼǝ =Ǧॶ UǐǦৄǱǦǐ =ǦȠॶ =ǦǼǝ %ƷȂॶ xǦǼ %ƷȂॶ ƷǼǌ xǦƷȂৄǱǦǼǝ bǦǐॽ �АǆƷǆΞ
ƷǼǌ ȖƷǜǐȝΞ Ȃǜ ǶƷȏƷȝǦǼǦǅ ƷǼǌ ȝȓƷȖȝȠΣȠǻƷǅ ǜȂȓ ǣǐȓँৄȏȂȖǦȝǦΗǐ ǅȓǐƷȖȝ ǆƷǼǆǐȓॵ Ʒ ȖΞȖȝǐǻƷȝǦǆ ȓǐΗǦǐΘ
ƷǼǌ ǻǐȝƷৄƷǼƷǶΞȖǦȖ Ȃǜ ȓƷǼǌȂǻǦȖǐǌ ǆȂǼȝȓȂǶǶǐǌ ȝȓǦƷǶȖॽ �B: ȡȮǯțॶ आंॵǐࣿऀंࣿऄंॶ ँࣿऀआॽ

ফऄःব ~ǐΞǼǐȏ �ȓȂǝǶȠ ƷǼǌ �ǼȝȂǼǦ XǦǅƷȖॽ �ȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞ ΘǦȝǣ ǅȓƷǜ ƷǼǌ ǻǐǴ ǦǼǣǦǅǦȝȂȓȖ ǜȂȓ
ǻǐǶƷǼȂǻƷॵ ǶƷȝǐȖȝ ǐΗǦǌǐǼǆǐ ƷǼǌ ȏǶƷǆǐ ǦǼ ȝǣǐȓƷȏΞॽ bȂǯȲǖȮǯȿȼȅǥ ǖǫ͝ǖțǥǯȵ ȅț Țǯǫȅǥǖȕ ȡțǥȡȕȡǼͤॶ
इऀॵःइূऄअॶ ँࣿऀअॽ

ফऄऄব CƷȝǦȂǼƷǶ �ȂǻȏȓǐǣǐǼȖǦΗǐ �ƷǼǆǐȓ CǐȝΘȂȓǴ ǐȝ ƷǶॽ �ǶǦǼǦǆƷǶ ȏȓƷǆȝǦǆǐ ǝȠǦǌǐǶǦǼǐȖ ǦǼ ȂǼǆȂǶȂǝΞॵ
ǻǐǶƷǼȂǻƷॶ ँࣿऀआॽ

ফऄअব �ǣǦƷৄ,ȠǼǝ �ǣǐǼॶ bǐৄ�ǣȠǼ,ȖǦƷॶ BǦǼǝৄ,ȖǦǼ yǐǣॶ bȖȠǼǝৄsǐǦ �ǣǐǼॶ yȠǼৄ:Ƞ �ǣǐǼॶ :ȠǼǝৄ
bȖȠ �ǣǐǼॶ yƷৄ=ǦǼǝsǐǦॶ �ǣǦǣৄyǐǼ bȠॶ ƷǼǌsǐǦৄ�ǣǦǐǼ ,ȠƷǼǝॽ BǐǴ ǦǼǣǦǅǦȝȂȓȖ ǦǼǌȠǆǐ ƷǴȝ
ƷǆȝǦΗƷȝǦȂǼ ƷǼǌ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǅΞ ȖȠȏȏȓǐȖȖǦǼǝ ǼǐǝƷȝǦΗǐ ǜǐǐǌǅƷǆǴ ǐȓǴৄǻǐǌǦƷȝǐǌ ǣǐȓ ँ ȏǣȂȖȏǣȂৄ
ȓΞǶƷȝǦȂǼ Ʒȝ ȝǣȓआࣿऀॽ BȡȕǯǥȿȕǖȲ ȡțǥȡȕȡǼͤॶ ऀऀईॵऀँआंূऀँइआॶ ँࣿऀआॽ

ऀࣿई



ফऄआব UǦǐȝȓȂ UƷȂǶȂ qǦȝǦǐǶǶȂॶ �ǶƷȠǌǦƷ �ƷȓǌȂǼǐॶ %ǦȠǶǦƷ BƷȓȝǦǼǦॶ �ƷΗǦǌǐ �ǦƷȓǌǦǐǶǶȂॶ qƷǶǐǼȝǦǼƷ �ǐǶǶǦॶ
CȠǼΣǦƷ BƷȝȓȂǼǐॶ %ǦȠȖǦ �ƷȓȓƷॶ [ȝǐǜƷǼǦƷ CƷȏȂǶǦȝƷǼȂॶ �ƷȓǻǦǼƷ �ǐǶǶƷ �Ȃȓȝǐॶ BǦǻǻȂ bȠȓƷǼȂॶ
ǐȝ ƷǶॽ XǐǆǐȏȝȂȓ ȝΞȓȂȖǦǼǐ ǴǦǼƷȖǐৄǌǐȏǐǼǌǐǼȝ ȏǦंǴ ƷǆȝǦΗƷȝǦȂǼ ǦȖ ƷǼ ǐȖǆƷȏǐ ǻǐǆǣƷǼǦȖǻ ȝȂ ΗǐȓȝǦǆƷǶ
ȖȠȏȏȓǐȖȖǦȂǼ Ȃǜ ȝǣǐ ǐǝǜȓȓƷȖǻƷȏǴ ȏƷȝǣΘƷΞ ǦǼ ǴȓƷȖৄǻȠȝƷȝǐǌ ǣȠǻƷǼ ǆȂǶȂȓǐǆȝƷǶ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖॽ
:ȡȿȲțǖȕ ȡǻ �ͣȮǯȲȅȚǯțȼǖȕ  �ȕȅțȅǥǖȕ �ǖțǥǯȲ XǯȵǯǖȲǥȂॶ ंइऀॵऀূऀँॶ ँࣿऀईॽ

ফऄइব �: ,ƷƷǝǐǼȖǐǼॶ [ <ΞǶǐॶ %[ �ǐƷǶǐॶ X: BƷΝΘǐǶǶॶ ƷǼǌ �XCǐΘǐǶǶॽ bǣǐ ȖΞǼǐȓǝǦȖȝǦǆ ǦǼȝǐȓƷǆৄ
ȝǦȂǼ Ȃǜ ǻǐǴ ƷǼǌ ȏǦंǴ ǦǼǣǦǅǦȝȂȓȖ ǦȖ ǻȂǌȠǶƷȝǐǌ ǅΞ ǻȝȂȓ ǦǼǣǦǅǦȝǦȂǼॽ �ȲȅȼȅȵȂ ȐȡȿȲțǖȕ ȡǻ ǥǖțǥǯȲॶ
ऀࣿअइॵऀंइअূऀंईःॶ ँࣿऀँॽ

ফऄईব $ �ȂȠȖȖΞॶ X �Ƕ �ȂȝȝΞॶ B =ƷΗǦǝǼǐॶ � %Ƞॶ = $ȠǣȓǻƷǼǼॶ � �ȓǦƷȠΝॶ = ǌǐ <ȂǼǦǼǝॶ � �ƷǣǻƷǼǦॶ
�BȂǼȝƷȠǌȂǼॶ =BȂȓǦȖȖǐȝॶ ǐȝ ƷǶॽ �ȂǻǅǦǼƷȝǦȂǼ Ȃǜ ȏǦंǴ ƷǼǌ ǻǐǴ ǦǼǣǦǅǦȝȂȓȖ ΞǦǐǶǌȖ ǌȠȓƷǅǶǐ
ȓǐǻǦȖȖǦȂǼ ǦǼ ȏǌΝ ǻȂǌǐǶȖ Ȃǜ ȏǦǴंǆƷৄǻȠȝƷȝǐǌ ǻǐȝƷȏǶƷȖȝǦǆ ǅȓǐƷȖȝ ǆƷǼǆǐȓȖॽ :ȡȿȲțǖȕ ȡǻ ȂǯȚǖȼȡȕȡǼͤ
 ȡțǥȡȕȡǼͤॶ ऀंऀॵऀূऀࣿॶ ँࣿँࣿॽ

ফअࣿব � <ȠǼॶ ybBbȖƷǼǝॶ �sCǝॶ �B%ǐȓȖǣǐǼȖȂǼॶ ƷǼǌ <<sȂǼǝॽ BǐǴ ǦǼǣǦǅǦȝȂȓ ȓǐȖǦȖȝƷǼǆǐ
ǻǐǆǣƷǼǦȖǻȖ ƷǼǌ ȓǐǆǐǼȝ ǌǐΗǐǶȂȏǻǐǼȝȖ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ȝȓǦƷǶȖॽ �ǖțǥǯȲ ȼȲǯǖȼȚǯțȼ Ȳǯ͝ȅǯ͞ȵॶ
ईँॵऀࣿँऀंआॶ ँࣿँऀॽ

ফअऀব bǦǻȂȝǣǑǐ HǶǦΗǦǐȓॶ �ǶΞȖȂǼ ,ƷȖǶƷǻॶ ƷǼǌ qǦǼƷΞ UȓƷȖƷǌॽ �ǼȝǦǆƷǼǆǐȓ ǌȓȠǝȖ ƷȏȏȓȂΗǐǌ ǅΞ ȝǣǐ ȠȖ
ǜȂȂǌ ƷǼǌ ǌȓȠǝ ƷǌǻǦǼǦȖȝȓƷȝǦȂǼ ǜȓȂǻ ँࣿࣿई ȝȂ ँࣿँࣿ ƷǆǆȂȓǌǦǼǝ ȝȂ ȝǣǐǦȓ ǻǐǆǣƷǼǦȖǻ Ȃǜ ƷǆȝǦȂǼॽ
:�B� țǯȼ͞ȡȲȓ ȡȮǯțॶ ःऀँॵǐँऀंइआईंূǐँऀंइआईंॶ ँࣿँऀॽ

ফअँব BƷȝǣǐΘ : %ƷȓǼǐȝȝॶ �ǶǐǼƷ : �ǌǐǶǻƷǼॶ [ȂǼǱƷ : ,ǐǦǌȂȓǼॶ �ǣȓǦȖ � %ȓǐǐǼǻƷǼॶ �ǼƷǣǦȝƷ �ƷȖৄ
ȝȠȓॶ <ǦǼǝsƷǦ =ƷȠॶ UƷȝȓǦǆǦƷ %ȓǐǼǦǼǝǐȓॶ / XǦǆǣƷȓǌ bǣȂǻȏȖȂǼॶ xǦ =ȠȂॶ :Ȃȓǝǐ [ȂƷȓǐȖॶ ǐȝ ƷǶॽ
[ΞȖȝǐǻƷȝǦǆ ǦǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ǝǐǼȂǻǦǆ ǻƷȓǴǐȓȖ Ȃǜ ǌȓȠǝ ȖǐǼȖǦȝǦΗǦȝΞ ǦǼ ǆƷǼǆǐȓ ǆǐǶǶȖॽ CǖȼȿȲǯॶ
ःइंआंईऀॵऄआࣿূऄआऄॶ ँࣿऀँॽ

ফअंব �ΗǦƷǌ bȖǣǐȓǼǦƷǴॶ $ȓƷǼǆǦȖǆƷ qƷΣȒȠǐΣॶ UǣǦǶ %BȂǼȝǝȂǻǐȓΞॶ �ƷȓǅƷȓƷ �sǐǦȓॶ %ȓǐǝȂȓΞ <ȓΞȠǴȂΗॶ
%ǶǐǼǼ [ �ȂΘǶǐΞॶ [ȝƷǼǶǐΞ %ǦǶǶॶ sǦǶǶǦƷǻ $,ƷȓȓǦǼǝȝȂǼॶ [ƷȖǣƷ UƷǼȝǐǶॶ :ȂǣǼB<ȓǦǶǶৄ�Ƞȓǝǐȓॶ
ǐȝ ƷǶॽ �ǐЖǼǦǼǝ Ʒ ǆƷǼǆǐȓ ǌǐȏǐǼǌǐǼǆΞ ǻƷȏॽ �ǯȕȕॶ ऀआࣿंॵऄअःূऄआअॶ ँࣿऀआॽ

ফअःব $ƷǌǦ : CƷǱǻॶ �ǣȓǦȖȝǦǼǐ [ȝȓƷǼǌॶ <ƷȝǣǐȓǦǼǐ $ �ȂǼȂΗƷǼॶ BȠǌȓƷ ,ǐǝǌǐॶ <ǐǼǌƷǶǶ X [ƷǼȖȂǼॶ
�ǻǻƷsqƷǦǻǅǐȓǝॶ BǐƷǝƷǼ � [ȠǶǶǐǼǌǐȓॶ �ǶǶƷ ,ƷȓȝǐǼǦƷǼॶ ~ȂǣȓƷ <ƷǶƷǼǦॶ CǦǆȂǶȂ $ȠȖǦॶ ǐȝ ƷǶॽ
HȓȝǣȂǶȂǝȂȠȖ ǆȓǦȖȏȓূǆƷȖई ǐǼΣΞǻǐȖ ǜȂȓ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǝǐǼǐȝǦǆ ȖǆȓǐǐǼȖॽ CǖȼȿȲǯ ǤȅȡȼǯǥȂțȡȕȡǼͤॶ
ंअँॵऀआईূऀइईॶ ँࣿऀइॽ

ফअऄব %ȠȂsǐǦॶ �ǌƷǻ �BƷȓǝȂǶǦǼॶ =ǐǦǶƷ ,ƷǐȓΞॶ �ǻǦǶΞ �ȓȂΘǼॶ =ǦȖƷ �ȠǆȂǶȂॶ �ǦǼƷ :ȠǶǦƷǼॶ [ǣΞǐǻƷƷ
[ǣǐǣƷȝƷॶ �ǼǌȓǐΘ = <ȠǼǝॶ XƷǻǐǐǼ �ǐȓȂȠǴǣǦǻॶ ƷǼǌ bȂǌǌ X%ȂǶȠǅॽ �ǣǐǻǦǆƷǶ ǝǐǼȂǻǦǆȖ
ǦǌǐǼȝǦЖǐȖ ȖǻƷǶǶৄǻȂǶǐǆȠǶǐ ǻǆǶऀ ȓǐȏȓǐȖȖȂȓȖ ƷǼǌ ǅǆǶৄΝǶ ƷȖ Ʒ ȏȓǐǌǦǆȝȂȓ Ȃǜ ǻǆǶऀ ǌǐȏǐǼǌǐǼǆΞॽ �ǖțठ
ǥǯȲ ǥǯȕȕॶ ँऀःॵऄःआূऄअँॶ ँࣿऀँॽ

ফअअব :ȠȖȝǦǼ =Ʒǻǅॶ �ǻǦǶΞ � �ȓƷΘǜȂȓǌॶ �ƷΗǦǌ UǐǆǴॶ :ȂȖǣȠƷsBȂǌǐǶǶॶ /ȓǐǼǐ � �ǶƷȝॶ BƷȝȝǣǐΘ :
sȓȂǅǐǶॶ :Ǧǻ =ǐȓǼǐȓॶ :ǐƷǼৄUǣǦǶǦȏȏǐ �ȓȠǼǐȝॶ �ȓƷΗǦǼǌ [ȠǅȓƷǻƷǼǦƷǼॶ <ǐǼǼǐȝǣ C XȂȖȖॶ ǐȝ ƷǶॽ

ऀऀࣿ



bǣǐ ǆȂǼǼǐǆȝǦΗǦȝΞ ǻƷȏॵ ȠȖǦǼǝ ǝǐǼǐৄǐΝȏȓǐȖȖǦȂǼ ȖǦǝǼƷȝȠȓǐȖ ȝȂ ǆȂǼǼǐǆȝ ȖǻƷǶǶ ǻȂǶǐǆȠǶǐȖॶ ǝǐǼǐȖॶ
ƷǼǌ ǌǦȖǐƷȖǐॽ ȵǥȅǯțǥǯॶ ंऀंऄआईऄॵऀईँईূऀईंऄॶ ँࣿࣿअॽ

ফअआব BƷȓǦȂ CǦǐȏǐǶॶ BƷȓǆ ,ƷǜǼǐȓॶ WǦƷȂǼƷǼ �ȠƷǼॶ ~ǦǆǣǐǼsƷǼǝॶ �ΗƷǼ H UƷȠǶǶॶ BǦȓȓƷ �ǣȠǼǝॶ
xǦƷȂǌȂǼǝ =Ƞॶ :ȂȖǣȠƷB [ȝȠƷȓȝॶ bȂǌǌ X%ȂǶȠǅॶ �ȓƷΗǦǼǌ [ȠǅȓƷǻƷǼǦƷǼॶ ǐȝ ƷǶॽ �ȂǻǻȂǼ
ƷǼǌ ǆǐǶǶৄȝΞȏǐ ȖȏǐǆǦЖǆ ȓǐȖȏȂǼȖǐȖ ȝȂ ƷǼȝǦৄǆƷǼǆǐȓ ǌȓȠǝȖ ȓǐΗǐƷǶǐǌ ǅΞ ǣǦǝǣ ȝǣȓȂȠǝǣȏȠȝ ȝȓƷǼȖǆȓǦȏȝ
ȏȓȂЖǶǦǼǝॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ इऀॵऀূऀऀॶ ँࣿऀआॽ

ফअइব �ǻƷȓ <ȂǶǐȝǦॶ XƷΞǻȂǼǌ bǐȓȓΞǼॶ qƷȖǦǶǐǦȂȖ [ȝƷȝǣǦƷȖॶ �ƷȝΞ �ǣȠǼǝॶ �ƷǼǦǐǶ : �ȂȂȏǐȓॶ :ȂǣǼ U
bȠȓǼǐȓॶ �ȠȘǦǆƷ qǦǌȂΗǦǇॶ BǦǆǣǐǶǐ $ȂȓǶǦǼॶ bƷǼΞƷ b <ǐǶǶǐΞॶ �ǶǐȖȖƷǼǌȓȂ �eȓȖȂॶ ǐȝ ƷǶॽ �ƷȝƷ
ȏȂȓȝƷǶ ǜȂȓ ȝǣǐ ǶǦǅȓƷȓΞ Ȃǜ ǦǼȝǐǝȓƷȝǐǌ ǼǐȝΘȂȓǴৄǅƷȖǐǌ ǆǐǶǶȠǶƷȓ ȖǦǝǼƷȝȠȓǐȖ ǶǦǼǆȖ ȏȓȂǝȓƷǻॵ ǦǼȝǐৄ
ǝȓƷȝǐǌ ƷǆǆǐȖȖ ȝȂ ǌǦΗǐȓȖǐ ǶƷȓǝǐৄȖǆƷǶǐ ǆǐǶǶȠǶƷȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ȓǐȖȏȂǼȖǐ ǌƷȝƷॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ
ःअ�ऀॵ�ऄऄइূ�ऄअअॶ ँࣿऀइॽ

ফअईব sǐǦ ~ǣƷȂॶ :ȠǼ =Ǧॶ BǐǦৄ:ȠB�ǣǐǼॶ yǦǴƷǦ =ȠȂॶ ~ǣǐǼǶǦǼ :Ƞॶ CǦǆȂǶǐ < CǐȖȖǐȓॶ <ƷȝǦǐ :ȂǣǼȖȂǼৄ
�ƷǻƷǆǣȂॶ �ǣȓǦȖȝȂȏǣǐȓ b �ȂǼǦǜƷǆǐॶ yƷǼǆǐΞ =ƷΘȓǐǼǆǐॶ CȠȏȠȓ b UƷǼǌǐॶ ǐȝ ƷǶॽ =ƷȓǝǐৄȖǆƷǶǐ
ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǌȓȠǝ ȓǐȖȏȂǼȖǐȖ Ȃǜ ǆǶǦǼǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ȏȓȂȝǐǦǼȖ ǦǼ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖॽ �ǖțǥǯȲ
�ǯȕȕॶ ंइअॵइँईূइःंॶ ँࣿँࣿॽ

ফआࣿব :ȂȓǌǦ �ƷȓȓǐȝǦǼƷॶ %ǦȂȓǌƷǼȂ �ƷȏȂǼǦǝȓȂॶ CǦǆȂǶƷȖ [ȝȓƷǼȖǴΞॶ <ƷΗǦȝǣƷ qǐǼǴƷȝǐȖƷǼॶ �ǌƷǻ �BƷȓৄ
ǝȂǶǦǼॶ [ȠǼǝǱȂȂǼ <Ǧǻॶ �ǣȓǦȖȝȂȏǣǐȓ : sǦǶȖȂǼॶ :ȂȖǐȏǣ =ǐǣƸȓॶ %ȓǐǝȂȓΞ q <ȓΞȠǴȂΗॶ �ǻǦȝȓǦΞ
[ȂǼǴǦǼॶ ǐȝ ƷǶॽ bǣǐ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐ ǐǼǆΞǆǶȂȏǐǌǦƷ ǐǼƷǅǶǐȖ ȏȓǐǌǦǆȝǦΗǐ ǻȂǌǐǶǶǦǼǝ Ȃǜ ƷǼȝǦǆƷǼǆǐȓ
ǌȓȠǝ ȖǐǼȖǦȝǦΗǦȝΞॽ CǖȼȿȲǯॶ ःइंआंईऀॵअࣿंূअࣿआॶ ँࣿऀँॽ

ফआऀব �ǻȓǦȝƷ �ƷȖȠॶ CǦǆȂǶǐ � �ȂǌΞǆȂǻǅǐॶ :ƷǦǻǐ ,�ǣǐƷǣॶ �ǌǻȠǼǌ q UȓǦǆǐॶ <ǐ =ǦȠॶ %ǦƷǼǼǦǼƷ /
[ǆǣƷǐǜǐȓॶ XǦǆǣƷȓǌ y �ǅȓǦǝǣȝॶ BǦǆǣǐǶǶǐ = [ȝǐΘƷȓȝॶ �ƷǦȖȠǴǐ /ȝȂॶ [ȝǐȏǣƷǼǦǐ sƷǼǝॶ ǐȝ ƷǶॽ �Ǽ
ǦǼȝǐȓƷǆȝǦΗǐ ȓǐȖȂȠȓǆǐ ȝȂ ǦǌǐǼȝǦǜΞ ǆƷǼǆǐȓ ǝǐǼǐȝǦǆ ƷǼǌ ǶǦǼǐƷǝǐ ǌǐȏǐǼǌǐǼǆǦǐȖ ȝƷȓǝǐȝǐǌ ǅΞ ȖǻƷǶǶ
ǻȂǶǐǆȠǶǐȖॽ �ǯȕȕॶ ऀऄःऄॵऀऀऄऀূऀऀअऀॶ ँࣿऀंॽ

ফआँব sƷǼǱȠƷǼ yƷǼǝॶ :Ȃȓǝǐ [ȂƷȓǐȖॶ UƷȝȓǦǆǦƷ %ȓǐǼǦǼǝǐȓॶ �ǶǐǼƷ : �ǌǐǶǻƷǼॶ ,ȂΘƷȓǌ =ǦǝǣȝǜȂȂȝॶ [ǦǻȂǼ
$ȂȓǅǐȖॶ CǦǌǣǦ �ǦǼǌƷǶॶ �ƷΗǐ �ǐƷȓǐॶ :ƷǻǐȖ � [ǻǦȝǣॶ / XǦǆǣƷȓǌ bǣȂǻȏȖȂǼॶ ǐȝ ƷǶॽ %ǐǼȂǻǦǆȖ
Ȃǜ ǌȓȠǝ ȖǐǼȖǦȝǦΗǦȝΞ ǦǼ ǆƷǼǆǐȓ ǝǌȖǆॵ Ʒ ȓǐȖȂȠȓǆǐ ǜȂȓ ȝǣǐȓƷȏǐȠȝǦǆ ǅǦȂǻƷȓǴǐȓ ǌǦȖǆȂΗǐȓΞ ǦǼ ǆƷǼǆǐȓ
ǆǐǶǶȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःऀ�ऀॵ�ईऄऄূ�ईअऀॶ ँࣿऀँॽ

ফआंব �ȠǝȠȖȝǦǼ =ȠǼƷॶ $ƷȝǣǦ �ǶǶȂȠǻǦॶ [ȠǌǣǦȓ qƷȓǻƷॶ yƷǼǝǣȖǦǼsƷǼǝॶ qǦǼȂǌǣ CXƷǱƷȏƷǴȖǐॶ BǦȓǦȝ /
�ǶƷǌǱǐǻॶ :ƷǆȒȠǐȖ XȂǅǐȓȝॶ �ǣȓǦȖ [ƷǼǌǐȓॶ yΗǐȖ UȂǻǻǦǐȓॶ ƷǼǌsǦǶǶǦƷǻ �XǐǦǼǣȂǶǌॽ �ǐǶǶǻǦǼǐȓ
ǆȓȂȖȖৄǌƷȝƷǅƷȖǐ ǆǐǶǶǻǦǼǐȓǆǌǅ ΗǐȓȖǦȂǼ ऀॽँॵ �ΝȏǶȂȓƷȝǦȂǼ Ȃǜ ȏƷȝǦǐǼȝৄǌǐȓǦΗǐǌ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐ
ȏǣƷȓǻƷǆȂǝǐǼȂǻǦǆȖॽ Cȿǥȕǯȅǥ �ǥȅǫȵ XǯȵǯǖȲǥȂॶ ःई�ऀॵ�ऀࣿइंূ�ऀࣿईंॶ ँࣿँऀॽ

ফआःব [ =ȂǐΘǐॽ bǣǐ ȒȠƷǼȝǦȝƷȝǦȂǼ ȏȓȂǅǶǐǻ Ȃǜ ȏǣƷȓǻƷǆȂǶȂǝΞ ফǦǼ ǝǐȓǻƷǼবॽ �ȲǼǯǤț UȂͤȵȅȡȕॶ ँआॵःआূ
ऀइआॶ ऀईँइॽ

ফआऄব �ǣǐȖȝǐȓ / �ǶǦȖȖॽ bǣǐ ȝȂΝǦǆǦȝΞ Ȃǜ ȏȂǦȖȂǼȖ ƷȏȏǶǦǐǌ ǱȂǦǼȝǶΞ ऀॽ �țțǖȕȵ ȡǻ ǖȮȮȕȅǯǫ ǤȅȡȕȡǼͤॶ
ँअंॵऄइऄূअऀऄॶ ऀईंईॽ

ऀऀऀ



ফआअব bǦǼǝৄ�ǣƷȂ �ǣȂȠ ƷǼǌ UƷȠǶ bƷǶƷǶƷΞॽ WȠƷǼȝǦȝƷȝǦΗǐ ƷǼƷǶΞȖǦȖ Ȃǜ ǌȂȖǐৄǐЍǐǆȝ ȓǐǶƷȝǦȂǼȖǣǦȏȖॵ ȝǣǐ
ǆȂǻǅǦǼǐǌ ǐЍǐǆȝȖ Ȃǜ ǻȠǶȝǦȏǶǐ ǌȓȠǝȖ Ȃȓ ǐǼΣΞǻǐ ǦǼǣǦǅǦȝȂȓȖॽ �ǫ͝ǖțǥǯȵ ȅț ǯțͩͤȚǯ ȲǯǼȿȕǖȼȅȡțॶ
ँँॵँआূऄऄॶ ऀईइःॽ

ফआआব �ǣƷǝΘƷǼ yƷǌƷΗॶ <ȓǦȖȝǐȓ sǐǼǼǐȓǅǐȓǝॶ bǐȓȂ �ǦȝȝȂǴƷǶǶǦȂॶ ƷǼǌ :ǦǼǝ bƷǼǝॽ [ǐƷȓǆǣǦǼǝ ǜȂȓ ǌȓȠǝ
ȖΞǼǐȓǝΞ ǦǼ ǆȂǻȏǶǐΝ ǌȂȖǐূȓǐȖȏȂǼȖǐ ǶƷǼǌȖǆƷȏǐȖ ȠȖǦǼǝ ƷǼ ǦǼȝǐȓƷǆȝǦȂǼ ȏȂȝǐǼǆΞ ǻȂǌǐǶॽ �ȡȚȮȿȼǖठ
ȼȅȡțǖȕ ǖțǫ ȵȼȲȿǥȼȿȲǖȕ ǤȅȡȼǯǥȂțȡȕȡǼͤ ȐȡȿȲțǖȕॶ ऀंॵऄࣿःূऄऀंॶ ँࣿऀऄॽ

ফआइব �ȝȓƷΞ �ǦΝǦȝॶ HȓǐǼ UƷȓǼƷȖॶ �ǦΞȠ =Ǧॶ :ǐǼǼΞ �ǣǐǼॶ �ǣƷȓǶǐȖ U $ȠǶǆȂॶ =ǦΗǼƷȝ :ǐȓǅΞৄ�ȓǼȂǼॶ Cǐৄ
ǻƷǼǱƷ �BƷȓǱƷǼȂΗǦǆॶ �ƷǼǦǐǶǶǐ �ǦȂǼǼǐॶ bΞǶǐȓ �ȠȓǴȖॶ XƷǴȝǦǻƷ XƷΞǆǣȂΘǌǣȠȓΞॶ ǐȝ ƷǶॽ UǐȓȝȠȓǅৄ
ȖǐȒॵ ǌǦȖȖǐǆȝǦǼǝ ǻȂǶǐǆȠǶƷȓ ǆǦȓǆȠǦȝȖ ΘǦȝǣ ȖǆƷǶƷǅǶǐ ȖǦǼǝǶǐৄǆǐǶǶ ȓǼƷ ȏȓȂЖǶǦǼǝ Ȃǜ ȏȂȂǶǐǌ ǝǐǼǐȝǦǆ
ȖǆȓǐǐǼȖॽ ǥǯȕȕॶ ऀअआआॵऀइऄंূऀइअअॶ ँࣿऀअॽ

ফआईব bǣȂǻƷȖ BCȂȓǻƷǼॶ BƷΝ �,ȂȓǶǅǐǆǴॶ :ȂȖǐȏǣBXǐȏǶȂǝǶǐॶ �ǶǐΝ y %ǐॶ �Ƕǅǐȓȝ xȠॶ BƷȓǆȂ
:ȂȖȝॶ =ȠǴǐ � %ǦǶǅǐȓȝॶ ƷǼǌ :ȂǼƷȝǣƷǼ [sǐǦȖȖǻƷǼॽ �ΝȏǶȂȓǦǼǝ ǝǐǼǐȝǦǆ ǦǼȝǐȓƷǆȝǦȂǼ ǻƷǼǦǜȂǶǌȖ
ǆȂǼȖȝȓȠǆȝǐǌ ǜȓȂǻ ȓǦǆǣ ȖǦǼǝǶǐৄǆǐǶǶ ȏǣǐǼȂȝΞȏǐȖॽ [ǥȅǯțǥǯॶ ंअऄअःऄऄॵआइअূआईंॶ ँࣿऀईॽ

ফइࣿব XƷΗǦ [ CƷȓƷΞƷǼॶ UǦǐȝ BȂǶǐǼƷƷȓॶ :ǦƷǼ bǐǼǝॶ $ǶǐȠȓ B%�ȂȓǼǐǶǦȖȖǐǼॶ /ȓǐǼǐ XȂǐǶȂǜȖॶ XǐǼǐǐ
BǐǼǐΣǐȖॶ XȂǝǦǐȓ �ǦǴॶ bȂǼǼΞ =ƷǝǐȓΘǐǦǱॶ yȂȓƷǼ �ȓȂǐȓȖǻƷॶ CƷȂǻǦ UǐȝǐȓȖǐǼॶ ǐȝ ƷǶॽ � ǆƷǼǆǐȓ
ǌȓȠǝ ƷȝǶƷȖ ǐǼƷǅǶǐȖ ȖΞǼǐȓǝǦȖȝǦǆ ȝƷȓǝǐȝǦǼǝ Ȃǜ ǦǼǌǐȏǐǼǌǐǼȝ ǌȓȠǝ ΗȠǶǼǐȓƷǅǦǶǦȝǦǐȖॽ CǖȼȿȲǯ ǥȡȚȚȿठ
țȅǥǖȼȅȡțȵॶ ऀऀऀॵऀূऀःॶ ँࣿँࣿॽ

ফइऀব BƷȓǆ %ǦǶǶǐȖȏǦǐॶ �ǦǱƷΞ :ƷȖȖƷǶॶ XƷǶǜ [ȝǐȏǣƷǼॶ BƷȓǦǱƷ BǦǶƷǆǦǆॶ <ƷȓǐǼ XȂȝǣǜǐǶȖॶ �ǼǌȓǐƷ [ǐǼЍৄ
XǦǅǐǦȓȂॶ :ȂǣƷǼǼǐȖ %ȓǦȖȖॶ �ȓǦȖȝȂЍǐȓ [ǐΗǦǶǶƷॶ =ǦȖƷ BƷȝȝǣǐΘȖॶ �ǣȠȒǦƷȂ %ȂǼǝॶ ǐȝ ƷǶॽ bǣǐ ȓǐƷǆৄ
ȝȂǻǐ ȏƷȝǣΘƷΞ ǴǼȂΘǶǐǌǝǐǅƷȖǐ ँࣿँँॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ऄࣿ�ऀॵ�अइआূ�अईँॶ ँࣿँँॽ

ফइँব �ǣȓǦȖ [ȝƷȓǴॶ �ȂǅǅΞৄ:Ȃǐ �ȓǐǦȝǴȓǐȠȝΣॶ bǐȓǐȖƷ XǐǝȠǶΞॶ =ȂȓȓǦǐ �ȂȠǆǣǐȓॶ �ȖǣȝȂǼ �ȓǐǦȝǴȓǐȠȝΣॶ ƷǼǌ
BǦǴǐ bΞǐȓȖॽ �ǦȂǝȓǦǌॵ Ʒ ǝǐǼǐȓƷǶ ȓǐȏȂȖǦȝȂȓΞ ǜȂȓ ǦǼȝǐȓƷǆȝǦȂǼ ǌƷȝƷȖǐȝȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ
ंःȖȠȏȏǶআऀॵ�ऄंऄূ�ऄंईॶ ँࣿࣿअॽ

ফइंব BǦǼȂȓȠ <ƷǼǐǣǦȖƷॶ BǦǣȂ $ȠȓȠǻǦǆǣǦॶ yȂǴȂ [ƷȝȂॶ BƷȓǦ /ȖǣǦǝȠȓȂৄsƷȝƷǼƷǅǐॶ ƷǼǌBƷȂ bƷǼƷǅǐॽ
<ǐǝǝॵ ǦǼȝǐǝȓƷȝǦǼǝ ΗǦȓȠȖǐȖ ƷǼǌ ǆǐǶǶȠǶƷȓ ȂȓǝƷǼǦȖǻȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःई�ऀॵ�ऄःऄূ�ऄऄऀॶ
ँࣿँऀॽ

ফइःব �ƷǻǦƷǼ [ΣǴǶƷȓǆΣΞǴॶ �ǼǼǦǴƷ = %ƷǅǶǐॶ <ƷȝǐȓǦǼƷ �CƷȖȝȂȠॶ �ƷΗǦǌ =ΞȂǼॶ XǐǅǐǆǆƷ <ǦȓȖǆǣॶ
[ƷǻȏȂ UΞΞȖƷǶȂॶ CƷǌǐΣǣǌƷ b �ȂǼǆǣǐΗƷॶ BƷȓǆ =ǐǝǐƷΞॶ bƷȂ $ƷǼǝॶ Uǐǐȓ �ȂȓǴॶ ǐȝ ƷǶॽ bǣǐ ȖȝȓǦǼǝ
ǌƷȝƷǅƷȖǐ ǦǼ ँࣿँऀॵ ǆȠȖȝȂǻǦΣƷǅǶǐ ȏȓȂȝǐǦǼূȏȓȂȝǐǦǼ ǼǐȝΘȂȓǴȖॶ ƷǼǌ ǜȠǼǆȝǦȂǼƷǶ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ
Ȃǜ ȠȖǐȓৄȠȏǶȂƷǌǐǌ ǝǐǼǐǻǐƷȖȠȓǐǻǐǼȝ ȖǐȝȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःई�ऀॵ�अࣿऄূ�अऀँॶ ँࣿँऀॽ

ফइऄব /ǝȂȓ XȂǌǆǣǐǼǴȂΗॶ HΣǝȠǼ �ƷǅȠȓॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ �ȠǶǐǼȝ �ȓǻƷǼ �ǴȖȂΞॶ :ǐЍȓǐΞ qsȂǼǝॶ
�ΞǶƷǼ $ȂǼǝॶ BƷΝ $ȓƷǼΣॶ BǐȝǦǼ �ƷǼ [Ǧȏǐȓॶ BƷǼǜȓǐǌ �ǣǐȠǼǝॶ BǦǆǣƷǐǶ sȓƷǼƷॶ ǐȝ ƷǶॽ UƷȝǣΘƷΞ
ǆȂǻǻȂǼȖ ँࣿऀई ȠȏǌƷȝǐॵ ǦǼȝǐǝȓƷȝǦȂǼॶ ƷǼƷǶΞȖǦȖ ƷǼǌ ǐΝȏǶȂȓƷȝǦȂǼ Ȃǜ ȏƷȝǣΘƷΞ ǌƷȝƷॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ
ȲǯȵǯǖȲǥȂॶ ःइ�ऀॵ�ःइईূ�ःईआॶ ँࣿँࣿॽ

ऀऀँ



ফइअব [ǆȂȝȝ = �Ʒȓȝǐȓॶ �ǣȓǦȖȝǦƷǼB �ȓǐǆǣǅȤǣǶǐȓॶ BǦǆǣƷǐǶ %ȓǦАǼॶ ƷǼǌ �ǼǌȓǐΘ b �ȂǼǌॽ %ǐǼǐ ǆȂৄ
ǐΝȏȓǐȖȖǦȂǼ ǼǐȝΘȂȓǴ ȝȂȏȂǶȂǝΞ ȏȓȂΗǦǌǐȖ Ʒ ǜȓƷǻǐΘȂȓǴ ǜȂȓ ǻȂǶǐǆȠǶƷȓ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǆǐǶǶȠǶƷȓ
ȖȝƷȝǐॽ �ȅȡȅțǻȡȲȚǖȼȅǥȵॶ ँࣿऀःॵँँःँূँँऄࣿॶ ँࣿࣿःॽ

ফइआব <ƷǦ sƷǼǝॶ BƷȖȠǻǦǆǣǦ [ƷǦȝȂॶ �ȓΞǝǦǌƷ � �ǦȖǦǴǦȓȖǴƷॶ BƷȓǦƷǼȂ : �ǶΗƷȓǐΣॶ sǐǦ <ǐƷȝ =Ǧǻॶ UȓǐȖǣƷ
XƷǱǅǣƷǼǌƷȓǦॶ WǦȂǼǝ [ǣǐǼॶ /ǶΞƷ CǐǻǐǼǻƷǼॶ <ƷȝǦƷ �ƷȖȖȂॶ �ǌƷǻ �BƷȓǝȂǶǦǼॶ ǐȝ ƷǶॽ %ǐǼȂǻǐৄ
ΘǦǌǐ ǦǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ȏȂȖȝৄȝȓƷǼȖǶƷȝǦȂǼƷǶ ǻȂǌȠǶƷȝȂȓȖ Ȃǜ ȝȓƷǼȖǆȓǦȏȝǦȂǼ ǜƷǆȝȂȓ ƷǆȝǦΗǦȝΞ ǦǼ ǣȠǻƷǼ
ǅ ǆǐǶǶȖॽ CǖȼȿȲǯ ǤȅȡȼǯǥȂțȡȕȡǼͤॶ ँआईॵइँईূइंआॶ ँࣿࣿईॽ

ফइइব LΣǝȤǼ �ƷǅȠȓॶ �ǻǐǴ �ǐǻǦȓॶ BǦȝǣƷȝ %ȆǼǐǼॶ �ǣȓǦȖ [ƷǼǌǐȓॶ ƷǼǌ eǝȠȓ �ȂǝȓȠȖȂΣॽ �ǦȖǆȂΗǐȓǦǼǝ
ǻȂǌȠǶƷȝȂȓȖ Ȃǜ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ंइऀआॵऄअःइূऄअऄअॶ ँࣿऀࣿॽ

ফइईব bǦǻȂȝǣΞ X =ǐΣȂǼॶ :ƷΞƷǼȝǣ X �ƷǼƷΗƷȓॶ BƷȓǐǴ �ǦǐȏǶƷǴॶ �ǻȂȖBƷȓǦȝƷǼॶ ƷǼǌ CǦǼƷ q $ǐǌȂȓȂЍॽ
eȖǦǼǝ ȝǣǐ ȏȓǦǼǆǦȏǶǐ Ȃǜ ǐǼȝȓȂȏΞ ǻƷΝǦǻǦΣƷȝǦȂǼ ȝȂ ǦǼǜǐȓ ǝǐǼǐȝǦǆ ǦǼȝǐȓƷǆȝǦȂǼ ǼǐȝΘȂȓǴȖ ǜȓȂǻ ǝǐǼǐ
ǐΝȏȓǐȖȖǦȂǼ ȏƷȝȝǐȓǼȖॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵॶ ऀࣿंऄࣿॵऀईࣿंंূऀईࣿंइॶ
ँࣿࣿअॽ

ফईࣿব :ƷȖȂǼs =ȂǆƷȖƷǶǐ ƷǼǌ �ǶǐǱƷǼǌȓȂsȂǶǜৄyƷǌǶǦǼॽ BƷΝǦǻȠǻ ǐǼȝȓȂȏΞ ȓǐǆȂǼȖȝȓȠǆȝǦȂǼȖ Ȃǜ ǌΞৄ
ǼƷǻǦǆ ȖǦǝǼƷǶǦǼǝ ǼǐȝΘȂȓǴȖ ǜȓȂǻ ȒȠƷǼȝǦȝƷȝǦΗǐ ȏȓȂȝǐȂǻǦǆȖ ǌƷȝƷॽ Uȕȡ[ ȡțǯॶ ःइॵǐअऄँँॶ ँࣿࣿईॽ

ফईऀব UƷȝȓǦǆǴ �BǐΞǐȓॶ $ȓǐǌǐȓǦǆ =ƷЖȝȝǐॶ ƷǼǌ %ǦƷǼǶȠǆƷ �ȂǼȝǐǻȏǦॽ ǻǦǼǐȝॵ �ȓǅǦȂǆȂǼǌȠǆȝȂȓ ȏƷǆǴƷǝǐ
ǜȂȓ ǦǼǜǐȓȓǦǼǝ ǶƷȓǝǐ ȝȓƷǼȖǆȓǦȏȝǦȂǼƷǶ ǼǐȝΘȂȓǴȖ ȠȖǦǼǝ ǻȠȝȠƷǶ ǦǼǜȂȓǻƷȝǦȂǼॽ �B� ǤȅȡȅțǻȡȲȚǖȼȅǥȵॶ
ईऀॵऀূऀࣿॶ ँࣿࣿइॽ

ফईँব bǣƷǶǦƷ � �ǣƷǼॶ BǦǆǣƷǐǶ U, [ȝȠǻȏǜॶ ƷǼǌ �ǼǼ � �ƷǅȝǦǐॽ %ǐǼǐ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴ ǦǼǜǐȓǐǼǆǐ
ǜȓȂǻ ȖǦǼǝǶǐৄǆǐǶǶ ǌƷȝƷ ȠȖǦǼǝ ǻȠǶȝǦΗƷȓǦƷȝǐ ǦǼǜȂȓǻƷȝǦȂǼ ǻǐƷȖȠȓǐȖॽ �ǯȕȕ ȵͤȵȼǯȚȵॶ ऄंॵँऄऀূँअआॶ
ँࣿऀआॽ

ফईंব yƷȖǦǼ ^ǐǼǅƷǅƷȂǞǶȠॶ [ǐǶǉȠǴ HǼȠȓ [Ȥǻǐȓॶ $ȓƷǼǆǦȖǆȂ [ƷǼǆǣǐΣৄqǐǝƷॶ �ǐǅȓƷ �ǐǻǦȖॶ %ǦȂΗƷǼǼǦ
�ǦȓǦǐǶǶȂॶ CǦǴȂǶƷȠȖ [ǆǣȠǶȝΣॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ � ǻȠǶȝǦৄǻǐȝǣȂǌ ƷȏȏȓȂƷǆǣ ǜȂȓ ȏȓȂȝǐȂǻǦǆ
ǼǐȝΘȂȓǴ ǦǼǜǐȓǐǼǆǐ ǦǼ ऀऀ ǣȠǻƷǼ ǆƷǼǆǐȓȖॽ U=ȡ[ ǥȡȚȮȿȼǖȼȅȡțǖȕ ǤȅȡȕȡǼͤॶ ऀँँॵǐऀࣿࣿःआअऄॶ ँࣿऀअॽ

ফईःব [ȂǼǝ yǦॶ [ǣǐǼǝǌƷ =ǦǼॶ yȂǼǝȖǣǐǼǝ =Ǧॶ sǐǦ ~ǣƷȂॶ %ȂȓǌȂǼ �BǦǶǶȖॶ ƷǼǌ CǦǌǣǦ [ƷǣǼǦॽ $ȠǼǆৄ
ȝǦȂǼƷǶ ΗƷȓǦȂǻǦǆȖ ƷǼǌ ǼǐȝΘȂȓǴ ȏǐȓȝȠȓǅƷȝǦȂǼॵ ǆȂǼǼǐǆȝǦǼǝ ǝǐǼȂȝΞȏǐ ȝȂ ȏǣǐǼȂȝΞȏǐ ǦǼ ǆƷǼǆǐȓॽ
CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵ %ǯțǯȼȅǥȵॶ ऀइआॵंईऄূःऀࣿॶ ँࣿऀआॽ

ফईऄব HΣǝȠȓ � �ǴǻƷǼॶ [ȝǐΗǐǼsƷȝȝǐȓȖȂǼॶ �ǼǌȓǐΘ UƷȓȝȂǼॶ CǦǝǐǶ �ǦǼǼȖॶ �ǼǌȓǐΘ :BǦǶǶƷȓॶ ƷǼǌ Uǐȝǐȓ
%ǣƷΣƷǶॽ �ǦǝǦȝƷǶ ǆǶȂǆǴȖॵ ȖǦǻȏǶǐ ǅȂȂǶǐƷǼ ǻȂǌǐǶȖ ǆƷǼ ȒȠƷǼȝǦȝƷȝǦΗǐǶΞ ǌǐȖǆȓǦǅǐ ǆǦȓǆƷǌǦƷǼ ȖΞȖȝǐǻȖॽ
:ȡȿȲțǖȕ ȡǻ bȂǯ Xȡͤǖȕ [ȡǥȅǯȼͤ /țȼǯȲǻǖǥǯॶ ईआःॵँंअऄূँंइँॶ ँࣿऀँॽ

ফईअব �ȓǐǐ � �ǶǌȓǦǌǝǐॶ :ȠǶǦȂ [ƷǐΣৄXȂǌȓǦǝȠǐΣॶ :ǐȓǐǻΞ =BȠǣǶǦǆǣॶ Uǐȝǐȓ < [Ȃȓǝǐȓॶ ƷǼǌ �ȂȠǝǶƷȖ �
=ƷȠЍǐǼǅȠȓǝǐȓॽ $ȠΣΣΞ ǶȂǝǦǆ ƷǼƷǶΞȖǦȖ Ȃǜ ǴǦǼƷȖǐ ȏƷȝǣΘƷΞ ǆȓȂȖȖȝƷǶǴ ǦǼ ȝǼǜǐǝǜǦǼȖȠǶǦǼৄǦǼǌȠǆǐǌ
ȖǦǝǼƷǶǦǼǝॽ U=ȡ[ ǥȡȚȮȿȼǖȼȅȡțǖȕ ǤȅȡȕȡǼͤॶ ऄःॵǐऀࣿࣿࣿंःࣿॶ ँࣿࣿईॽ

ऀऀं



ফईआব BǦǆǣǐǶǶǐ =sΞǼǼॶ CǦǴǦȝƷ �ȂǼȖȠǶॶ [ȂЖƷ �BǐȓƷǱΗǐȓॶ ƷǼǌ [ƷǼȝǦƷǝȂ [ǆǣǼǐǶǶॽ =ȂǝǦǆৄǅƷȖǐǌ ǻȂǌৄ
ǐǶȖ ǦǼ ȖΞȖȝǐǻȖ ǅǦȂǶȂǝΞॵ Ʒ ȏȓǐǌǦǆȝǦΗǐ ƷǼǌ ȏƷȓƷǻǐȝǐȓৄǜȓǐǐ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖ ǻǐȝǣȂǌॽ /țȼǯǼȲǖȼȅ͝ǯ
ǤȅȡȕȡǼͤॶ ःऀऀॵऀंँंূऀंंआॶ ँࣿऀँॽ

ফईइব �ǣǐǼǝΘǐǦ [Ƞॶ �ǼǝǐǶǦǼǐ �ǼǌȓǐΘॶ BƷȓǝƷȓǐȝ X <ƷȓƷǝƷȖॶ ƷǼǌBƷȓǴ � �ȂȓȖȠǴॽ eȖǦǼǝ ǅƷΞǐȖǦƷǼ
ǼǐȝΘȂȓǴȖ ȝȂ ǌǦȖǆȂΗǐȓ ȓǐǶƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ǝǐǼǐȖॶ ǐǼΗǦȓȂǼǻǐǼȝॶ ƷǼǌ ǌǦȖǐƷȖǐॽ �ȅȡ�ǖȼǖ ȚȅțȅțǼॶ
अऀॵऀূँऀॶ ँࣿऀंॽ

ফईईব BǦǼ ~ȂȠ ƷǼǌ [ȠΣƷǼǼǐ � �ȂǼΣǐǼॽ � ǼǐΘ ǌΞǼƷǻǦǆ ǅƷΞǐȖǦƷǼ ǼǐȝΘȂȓǴ ǌǅǼ ƷȏȏȓȂƷǆǣ ǜȂȓ
ǦǌǐǼȝǦǜΞǦǼǝ ǝǐǼǐ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴȖ ǜȓȂǻ ȝǦǻǐ ǆȂȠȓȖǐ ǻǦǆȓȂƷȓȓƷΞ ǌƷȝƷॽ �ȅȡȅțǻȡȲȚǖȼȅǥȵॶ
ँऀऀॵआऀূआईॶ ँࣿࣿऄॽ

ফऀࣿࣿব [ȝǐΗǐǼB,ǦǶǶॶ CǦǆȂǶǐ < CǐȖȖǐȓॶ <ƷȝǦǐ :ȂǣǼȖȂǼৄ�ƷǻƷǆǣȂॶ BƷȓƷ :ǐЍȓǐȖȖॶ �Ǧǻǐǐ :ȂǣǼȖȂǼॶ
�ǣȓǦȖ �ȂǼǦǜƷǆǐॶ [ǦǻȂǼ �$ [ȏǐǼǆǐȓॶ yǦǶǦǼǝ =Ƞॶ =ƷȠȓƷ B,ǐǦȖǐȓॶ yƷǼǆǐΞ =ƷΘȓǐǼǆǐॶ ǐȝ ƷǶॽ �ȂǼৄ
ȝǐΝȝ ȖȏǐǆǦЖǆǦȝΞ ǦǼ ǆƷȠȖƷǶ ȖǦǝǼƷǶǦǼǝ ǼǐȝΘȂȓǴȖ ȓǐΗǐƷǶǐǌ ǅΞ ȏǣȂȖȏǣȂȏȓȂȝǐǦǼ ȏȓȂЖǶǦǼǝॽ �ǯȕȕ ȵͤȵठ
ȼǯȚȵॶ ःऀॵआंূइंॶ ँࣿऀआॽ

ফऀࣿऀব ,ƷǼ yƷǼॶ �Ȃ ~ǣƷǼǝॶ [ǣƷȂ =Ǧॶ ƷǼǌ WǦƷǼǆǣȠƷǼ ~ǣƷȂॽ � ǜȂȓǻƷǶ ǻȂǌǐǶ ǜȂȓ ƷǼƷǶΞΣǦǼǝ ǌȓȠǝ
ǆȂǻǅǦǼƷȝǦȂǼ ǐЍǐǆȝȖ ƷǼǌ ǦȝȖ ƷȏȏǶǦǆƷȝǦȂǼ ǦǼ ȝǼǜৄৄܭǦǼǌȠǆǐǌ Ǽǜܶǅ ȏƷȝǣΘƷΞॽ �B� ȵͤȵȼǯȚȵ ǤȅȡȕȡǼͤॶ
ःऀॵऀূऀँॶ ँࣿऀࣿॽ

ফऀࣿँব [ǐȓǝǦȂ /ƷǌǐΗƷǦƷॶ yǦǶǦǼǝ =Ƞॶ $ƷǅǦƷǼƷ �BȂȓƷǶǐȖॶ %ȂȓǌȂǼ �BǦǶǶȖॶ ƷǼǌ UȓƷǣǶƷǌ b XƷǻॽ /ǌǐǼৄ
ȝǦЖǆƷȝǦȂǼ Ȃǜ ȂȏȝǦǻƷǶ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖ ȝƷȓǝǐȝǦǼǝ ǆǐǶǶȠǶƷȓ ǼǐȝΘȂȓǴȖॵ ǦǼȝǐǝȓƷȝǦǼǝ ȏǣȂȖȏǣȂৄ
ȏȓȂȝǐȂǻǦǆȖ ƷǼǌ ǆȂǻȏȠȝƷȝǦȂǼƷǶ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖॽ �ǖțǥǯȲ ȲǯȵǯǖȲǥȂॶ आࣿऀआॵअआࣿःূअआऀःॶ ँࣿऀࣿॽ

ফऀࣿंব $ƷǅǦƷǼ $ȓȆǣǶǦǆǣॶ bǣȂǻƷȖ <ǐȖȖǶǐȓॶ �ƷǼǦǐǶ sǐǦǼǌǶॶ �ǶǐΝǐΞ [ǣƷǌȓǦǼॶ =ǐȂǼƷȓǌ [ǆǣǻǦǐȖȝǐȓॶ ,ǐǼৄ
ǌȓǦǴ ,Ʒǆǣǐॶ �ȓȝȠȓ BȠȓƷǌΞƷǼॶ BȂȓǦȝΣ [ǆǣȤȝȝǐॶ :Ǧৄ,ΞȠǼ =Ǧǻॶ BƷȝȝǣǦƷȖ ,ǐǦǼǦǝॶ ǐȝ ƷǶॽ �АǆǦǐǼȝ
ȏƷȓƷǻǐȝǐȓ ǐȖȝǦǻƷȝǦȂǼ ǐǼƷǅǶǐȖ ȝǣǐ ȏȓǐǌǦǆȝǦȂǼ Ȃǜ ǌȓȠǝ ȓǐȖȏȂǼȖǐ ȠȖǦǼǝ Ʒ ǻǐǆǣƷǼǦȖȝǦǆ ȏƷǼৄǆƷǼǆǐȓ
ȏƷȝǣΘƷΞ ǻȂǌǐǶॽ �ǯȕȕ ȵͤȵȼǯȚȵॶ आअॵऄअआূऄआईॶ ँࣿऀइॽ

ফऀࣿःব �ǼǦǶ <ȂȓǴȠȝॶ sǐǦȒǦǼǝsƷǼǝॶ �ǻǐǴ �ǐǻǦȓॶ �ȤǶǐǼȝ �ȓǻƷǼ �ǴȖȂΞॶ xǦƷȂǣȂǼǝ :ǦǼǝॶ �ΗƷǼ :
BȂǶǦǼǐǶǶǦॶ LΣǝȤǼ �ƷǅȠȓॶ �ǐǅȓƷ = �ǐǻǦȖॶ [ǐǶǆȠǴ HǼȠȓ [Ƞǻǐȓॶ �ƷΗǦǌ � [ȂǶǦȝॶ ǐȝ ƷǶॽ UǐȓȝȠȓǅƷৄ
ȝǦȂǼ ǅǦȂǶȂǝΞ ǼȂǻǦǼƷȝǐȖ ȠȏȖȝȓǐƷǻূǌȂΘǼȖȝȓǐƷǻ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖ ǦǼ ȓƷǜ ǦǼǣǦǅǦȝȂȓ ȓǐȖǦȖȝƷǼȝ
ǻǐǶƷǼȂǻƷ ǆǐǶǶȖॽ �ȕȅǻǯॶ ःॵǐࣿःअःࣿॶ ँࣿऀऄॽ

ফऀࣿऄব �ǶǦǼ CΞǻƷǼॶ XǦǆǣƷȓǌ X [ȝǐǦǼॶ xǦƷȂǣȂǼǝ :ǦǼǝॶ sǐǦȒǦǼǝsƷǼǝॶ �ǐǼǱƷǻǦǼBƷȓǴȖॶ /ȂƷǼǼǦȖ <
~ǐȓΗƷǼȝȂǼƷǴǦȖॶ �ǼǦǶ <ȂȓǴȠȝॶ CǦǆǣȂǶƷȖ U %ƷȠȝǣǦǐȓॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ UǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞ
ǶǦǼǴȖ ȝǐǻȏȂȓƷǶ ȏȓȂȝǐǦǼ ǆǣƷǼǝǐȖ ȝȂ ǌȓȠǝ ȓǐȖȏȂǼȖǐȖ ǦǼ Ʒ ǻǐǶƷǼȂǻƷ ǆǐǶǶ ǶǦǼǐॽ U=ȡ[ ǥȡȚȮȿȼǖठ
ȼȅȡțǖȕ ǤȅȡȕȡǼͤॶ ऀअआॵǐऀࣿࣿआईࣿईॶ ँࣿँࣿॽ

ফऀࣿअব $ȓƷǼǴ : �ȓȠǝǝǐǻƷǼॶ ,ƷǼȖ qsǐȖȝǐȓǣȂЍॶ :ƷǼ � ,ȂǐǴॶ ƷǼǌ �ȂȓǦȖ C <ǣȂǶȂǌǐǼǴȂॽ BȂǌȠǶƷȓ
ȓǐȖȏȂǼȖǐ ƷǼƷǶΞȖǦȖ Ȃǜ ǆǐǶǶȠǶƷȓ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴȖॽ :ȡȿȲțǖȕ ȡǻ ȼȂǯȡȲǯȼȅǥǖȕ ǤȅȡȕȡǼͤॶ ँऀइःॵऄࣿआূ
ऄँࣿॶ ँࣿࣿँॽ

ऀऀः



ফऀࣿआব [ΗǐǼ CǐǶƷǼǌǐȓॶ sǐǦȒǦǼǝsƷǼǝॶ �ǱȆȓǼ CǦǶȖȖȂǼॶ WǦǼǝৄ�ƷǦ [ǣǐॶ �ǣȓǦȖȝǦǼǐ UȓƷȝǦǶƷȖॶ CǐƷǶ XȂȖǐǼॶ
Uǐȝǐȓ %ǐǼǼǐǻƷȓǴॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ BȂǌǐǶȖ ǜȓȂǻ ǐΝȏǐȓǦǻǐǼȝȖॵ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǌȓȠǝ ȏǐȓȝȠȓৄ
ǅƷȝǦȂǼȖ Ȃǜ ǆƷǼǆǐȓ ǆǐǶǶȖॽ BȡȕǯǥȿȕǖȲ ȵͤȵȼǯȚȵ ǤȅȡȕȡǼͤॶ ःऀॵँऀअॶ ँࣿࣿइॽ

ফऀࣿइব [ ,Ƞǝॶ � XƷȠǐॶ : ,ƷȖǐǼƷȠǐȓॶ : �ƷǆǣǻƷǼǼॶ e <ǶǦǼǝǻȤǶǶǐȓॶ :ǐǼȖ bǦǻǻǐȓॶ ƷǼǌ $: bǣǐǦȖॽ
,ǦǝǣৄǌǦǻǐǼȖǦȂǼƷǶ ǅƷΞǐȖǦƷǼ ȏƷȓƷǻǐȝǐȓ ǐȖȝǦǻƷȝǦȂǼॵ �ƷȖǐ ȖȝȠǌΞ ǜȂȓ Ʒ ǻȂǌǐǶ Ȃǜ ǱƷǴँȖȝƷȝऄ ȖǦǝৄ
ǼƷǶǦǼǝॽ BǖȼȂǯȚǖȼȅǥǖȕ Ǥȅȡȵǥȅǯțǥǯȵॶ ँःअँॵँईंূंࣿःॶ ँࣿऀंॽ

ফऀࣿईব �ǐȓȝȓƷǻ <ǶǦǼǝǐȓॶ �ǼǱƷ [Ǧǐǅǐȓॶ XƷȏǣƷǐǶƷ $ȓǦȝȖǆǣǐৄ%ȠǐǼȝǣǐȓॶ $ȓƷǼΣǦȖǴƷ sǦȝΣǐǶॶ =ǐƷǼǼǐ �ǐȓȓΞॶ
�ǦȓǴ [ǆǣȠǻƷǆǣǐȓॶ yǦǅǦǼǝ yƷǼॶ UƷΘǐǶ �ȠȓǐǴॶ BƷȓǴBǐȓǆǣƷǼȝॶ XǐǦǼǣȂǶǌ [ǆǣƻǜǐȓॶ ǐȝ ƷǶॽ Cǐȝৄ
ΘȂȓǴ ȒȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ ǐǝǜȓ ȖǦǝǼƷǶǦǼǝ ȠǼΗǐǦǶȖ ȏȂȝǐǼȝǦƷǶ ǜȂȓ ȝƷȓǝǐȝǐǌ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ
BȡȕǯǥȿȕǖȲ ȵͤȵȼǯȚȵ ǤȅȡȕȡǼͤॶ ईऀॵअआंॶ ँࣿऀंॽ

ফऀऀࣿব =ǐ ,ȂȠॶ �ǦǻǦȝȓǦȖ [ƷǻƷȓƷȖॶ bƷǣȖǦǼ B<Ƞȓǆॶ yǦ %ƷȂॶ :ƷǻǐȖ � �ƷΗǦȖॶ ƷǼǌ :ȂǐǶ , [ƷǶȝΣॽ UƷȝǆǣৄ
ǅƷȖǐǌ ǆȂǼΗȂǶȠȝǦȂǼƷǶ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǜȂȓ ΘǣȂǶǐ ȖǶǦǌǐ ȝǦȖȖȠǐ ǦǻƷǝǐ ǆǶƷȖȖǦЖǆƷȝǦȂǼॽ /Ǽ UȲȡǥǯǯǫȅțǼȵ
ȡǻ ȼȂǯ /��� ǥȡțǻǯȲǯțǥǯ ȡț ǥȡȚȮȿȼǯȲ ͝ȅȵȅȡț ǖțǫ ȮǖȼȼǯȲț ȲǯǥȡǼțȅȼȅȡțॶ ȏƷǝǐȖ ँःँःূँःंंॶ ँࣿऀअॽ

ফऀऀऀব �Ǽǌȓǐ �ȖȝǐΗƷॶ �ȓǐȝȝ <ȠȏȓǐǶॶ XȂǅǐȓȝȂ �CȂΗȂƷॶ :ȠȖȝǦǼ <Ȃॶ [ȠȖƷǼB [Θǐȝȝǐȓॶ ,ǐǶǐǼB �ǶƷȠॶ
ƷǼǌ [ǐǅƷȖȝǦƷǼ bǣȓȠǼॽ �ǐȓǻƷȝȂǶȂǝǦȖȝৄǶǐΗǐǶ ǆǶƷȖȖǦЖǆƷȝǦȂǼ Ȃǜ ȖǴǦǼ ǆƷǼǆǐȓ ΘǦȝǣ ǌǐǐȏ ǼǐȠȓƷǶ
ǼǐȝΘȂȓǴȖॽ țǖȼȿȲǯॶ ऄःँआअंईॵऀऀऄূऀऀइॶ ँࣿऀआॽ

ফऀऀँব :ǦƷǼ ~ǣȂȠ ƷǼǌ HǶǝƷ % bȓȂΞƷǼȖǴƷΞƷॽ UȓǐǌǦǆȝǦǼǝ ǐЍǐǆȝȖ Ȃǜ ǼȂǼǆȂǌǦǼǝ ΗƷȓǦƷǼȝȖ ΘǦȝǣ ǌǐǐȏ
ǶǐƷȓǼǦǼǝূǅƷȖǐǌ ȖǐȒȠǐǼǆǐ ǻȂǌǐǶॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀँऀࣿॵईंऀূईंःॶ ँࣿऀऄॽ

ফऀऀंব %ȓǑǝȂǦȓǐ BȂǼȝƷΗȂǼॶ sȂǱǆǦǐǆǣ [ƷǻǐǴॶ ƷǼǌ <ǶƷȠȖৄXȂǅǐȓȝ BȤǶǶǐȓॽ BǐȝǣȂǌȖ ǜȂȓ ǦǼȝǐȓȏȓǐȝǦǼǝ
ƷǼǌ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴȖॽ �ȅǼȅȼǖȕ [ȅǼțǖȕ UȲȡǥǯȵȵȅțǼॶ आंॵऀূऀऄॶ ँࣿऀइॽ

ফऀऀःব ,ƷǦȝǣƷǻ � �ǶǻƷȓƷǴǐǅΞॶ :ȠȖȝǦǼ ,ΘƷǼǝॶ XƷǼǌ �ȓƷǜǐǣॶ :ǐȝȝ �ȓȂΘǌǦȖॶ [ΞǌǼǐΞ %ƷǼǝॶ �ƷΗǦǌ
=ǦȠॶ [ƷȠǌ ,�Ƕ�ȠǅƷΞƷǼॶ <ǐΞƷǼ [ƷǶƷȓǦॶ [ȝǐΗǐǼ <ȓǐǝǐǶॶ �ƷǻǌǐǼ XǦǆǣȝǐȓॶ ǐȝ ƷǶॽ �ǦȂǶȂǝǦǆƷǶǶΞ
ǦǼǜȂȓǻǐǌ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴ ǜȂȓ ȏȓȂȖȝƷȝǐ ǆƷǼǆǐȓ ǌǦȖǆȂΗǐȓΞॽ CǖȼȿȲǯॶ ऄईइआइइࣿॵंःइূंऄँॶ
ँࣿँऀॽ

ফऀऀऄব �ȓǐǼȝ B <ȠǐǼΣǦॶ :ǦȖȂȂ UƷȓǴॶ [ƷǻȖȂǼ , $ȂǼǝॶ <ΞǶǐ [ [ƷǼǆǣǐΣॶ :ȂǣǼ =ǐǐॶ :ƷȖȂǼ $ <ȓǐǦȖǅǐȓǝॶ
:ǦƷǼΣǣȠBƷॶ ƷǼǌ bȓǐΞ /ǌǐǴǐȓॽ UȓǐǌǦǆȝǦǼǝ ǌȓȠǝ ȓǐȖȏȂǼȖǐ ƷǼǌ ȖΞǼǐȓǝΞ ȠȖǦǼǝ Ʒ ǌǐǐȏ ǶǐƷȓǼǦǼǝ
ǻȂǌǐǶ Ȃǜ ǣȠǻƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ǖțǥǯȲ ǥǯȕȕॶ ंइऄॵअआँূअइःॶ ँࣿँࣿॽ

ফऀऀअব �ǶǐǱƷǼǌȓȂ �ƷȓȓǐǌȂ �ȓȓǦǐȝƷॶ CƷȝƷǶǦƷ �ǨƷΣৄXȂǌȓǨǝȠǐΣॶ :ƷΗǦǐȓ �ǐǶ [ǐȓॶ �ǌȓǦǐǼ �ǐǼǼǐȝȂȝॶ [ǦǣƷǻ
bƷǅǦǴॶ �ǶǅǐȓȝȂ �ƷȓǅƷǌȂॶ [ƷǶΗƷǌȂȓ %ƷȓǆǨƷॶ [ǐȓǝǦȂ %ǦǶৄ=ȃȏǐΣॶ �ƷǼǦǐǶ BȂǶǦǼƷॶ XǦǆǣƷȓǌ �ǐǼৄ
ǱƷǻǦǼȖॶ ǐȝ ƷǶॽ �ΝȏǶƷǦǼƷǅǶǐ ƷȓȝǦЖǆǦƷǶ ǦǼȝǐǶǶǦǝǐǼǆǐ ΝƷǦॵ �ȂǼǆǐȏȝȖॶ ȝƷΝȂǼȂǻǦǐȖॶ ȂȏȏȂȓȝȠǼǦȝǦǐȖ
ƷǼǌ ǆǣƷǶǶǐǼǝǐȖ ȝȂΘƷȓǌ ȓǐȖȏȂǼȖǦǅǶǐ ƷǦॽ /țǻȡȲȚǖȼȅȡț ǻȿȵȅȡțॶ ऄइॵइँূऀऀऄॶ ँࣿँࣿॽ

ফऀऀआব �Ȃ yȠƷǼॶ �ǦΞȠǐ [ǣǐǼॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ �ǼǦǶ <ȂȓǴȠȝॶ �ǐǅȂȓƷ [BƷȓǴȖॶ :ȂǣǼ /ǼǝȓƷǣƷǻॶ ƷǼǌ
�ǣȓǦȖ [ƷǼǌǐȓॽ �ǐǶǶǅȂΝॵ ǦǼȝǐȓȏȓǐȝƷǅǶǐ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝ ǜȂȓ ȏǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞ ΘǦȝǣ ƷȏȏǶǦǆƷৄ
ȝǦȂǼ ȝȂ ȝǣǐ ǌǐȖǦǝǼ Ȃǜ ǆƷǼǆǐȓ ǆȂǻǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏΞॽ �ǯȕȕ ȵͤȵȼǯȚȵॶ ऀँँॵऀँइূऀःࣿॶ ँࣿँऀॽ

ऀऀऄ



ফऀऀइব �ΗƷǼ : BȂǶǦǼǐǶǶǦॶ �ǼǦǶ <ȂȓǴȠȝॶ sǐǦȒǦǼǝsƷǼǝॶ BƷȓȝǦǼ =BǦǶǶǐȓॶ CǦǆǣȂǶƷȖ U %ƷȠȝǣǦǐȓॶ xǦƷȂৄ
ǣȂǼǝ :ǦǼǝॶ UȂȂȓΗǦ <ƷȠȖǣǦǴॶ WǦǼ ,ǐॶ %ȂȓǌȂǼBǦǶǶȖॶ �ƷΗǦǌ � [ȂǶǦȝॶ ǐȝ ƷǶॽ UǐȓȝȠȓǅƷȝǦȂǼ ǅǦȂǶȂǝΞॵ
ǦǼǜǐȓȓǦǼǝ ȖǦǝǼƷǶǦǼǝ ǼǐȝΘȂȓǴȖ ǦǼ ǆǐǶǶȠǶƷȓ ȖΞȖȝǐǻȖॽ U=ȡ[ ǥȡȚȮȿȼǖȼȅȡțǖȕ ǤȅȡȕȡǼͤॶ ईऀँॵǐऀࣿࣿंँईࣿॶ
ँࣿऀंॽ

ফऀऀईব �Ǽǌȓǐ [ȤǶǦ ƷǼǌ �ƷΗǦǌ $BƷΞǐȓȖॽ �ț ȅțȼȲȡǫȿǥȼȅȡț ȼȡ țȿȚǯȲȅǥǖȕ ǖțǖȕͤȵȅȵॽ �ƷǻǅȓǦǌǝǐ ȠǼǦΗǐȓȖǦȝΞ
ȏȓǐȖȖॶ ँࣿࣿंॽ

ফऀँࣿব �ǦǐǌǐȓǦǴ U <ǦǼǝǻƷ ƷǼǌ :ǦǻǻΞ �Ʒॽ �ǌƷǻॵ �ǻǐȝǣȂǌ ǜȂȓ ȖȝȂǆǣƷȖȝǦǆ ȂȏȝǦǻǦΣƷȝǦȂǼॽ ǖȲxȅ͝
ȮȲǯȮȲȅțȼ ǖȲxȅ࡙͝ࡡࡢ࡛࡚࡚࣏ࣗॶ ँࣿऀःॽ

ফऀँऀব �ȝǣƷǼ % �ǐȓƷǻǦॶ �ǐǼǱƷǻǦǼ � %ȓȂȖȖॶ �ǻǐǴ �ǐǻǦȓॶ /ǝȂȓ XȂǌǆǣǐǼǴȂΗॶ LΣǝȤǼ �ƷǅȠȓॶ CƷৄ
ǌǦƷ �ǼΘƷȓॶ CǦǴȂǶƷȠȖ [ǆǣȠǶȝΣॶ %ƷȓΞ � �Ʒǌǐȓॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ UƷȝǣΘƷΞ ǆȂǻǻȂǼȖॶ Ʒ Θǐǅ
ȓǐȖȂȠȓǆǐ ǜȂȓ ǅǦȂǶȂǝǦǆƷǶ ȏƷȝǣΘƷΞ ǌƷȝƷॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ंईȖȠȏȏǶআऀॵ�अइऄূ�अईࣿॶ ँࣿऀࣿॽ

ফऀँँব [ƷȓƷȝ �ǣƷǼǌƷȓǶƷȏƷȝΞॶ �ΞƷǼƷ [ƷΘƷǦॶ BƷȠȓǦΣǦȂ [ǆƷǶȝȓǦȝǦॶ qƷǼǐȖȖƷ XȂǌȓǦǴৄHȠȝǻǐΣǝȠǦǼǐॶ HǶǦΗǐȓƷ
%ȓǅȂΗǦǆৄ,ȠǐΣȂॶ qǦȂǶǐȝƷ [ǐȓȓƷॶ UȓƷǌǦȏ <BƷǱȠǻǌǐȓॶ :ȂȖǐ �ƷȖǐǶǝƷॶ ƷǼǌ CǐƷǶ XȂȖǐǼॽ �Ǵȝ
ǦǼǣǦǅǦȝǦȂǼ ȓǐǶǦǐΗǐȖ ǜǐǐǌǅƷǆǴ ȖȠȏȏȓǐȖȖǦȂǼ Ȃǜ ȓǐǆǐȏȝȂȓ ȝΞȓȂȖǦǼǐ ǴǦǼƷȖǐ ǐΝȏȓǐȖȖǦȂǼ ƷǼǌ ƷǆȝǦΗǦȝΞॽ
�ǖțǥǯȲ ǥǯȕȕॶ ऀईऀॵऄइূआऀॶ ँࣿऀऀॽ

ফऀँंব :ǐЍȓǐΞ �,�ȂǼȂΗƷǼॶ �ǼǌȓǐƷ BǦǶǦǆॶ ƷǼǌ :ȂΞǆǐ B [ǶǦǼǝǐȓǶƷǼǌॽ �ȂǼȖȝǦȝȠȝǦΗǐ ǻǐǴǻƷȏǴ
ƷǆȝǦΗƷȝǦȂǼ ǶǐƷǌȖ ȝȂ ȏँआǴǦȏऀǌǐȓǐǝȠǶƷȝǦȂǼ ƷǼǌ ƷǼȝǦǐȖȝȓȂǝǐǼ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǣȠǻƷǼ ǅȓǐƷȖȝ ǆƷǼǆǐȓ
ǆǐǶǶȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआअःःॵःࣿइइइূःࣿइईऄॶ ँࣿࣿऀॽ

ফऀँःব =ȠǆǦƷǼƷ ,HȖƷǴǦ ƷǼǌ UƷȝȓǦǆǦƷ %ƷǻƷॽ BƷȏǴ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞ ȓǐǝȠǶƷȝǐȖ ȏँआ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ
Ʒȝ ȝǣȓǐȂǼǦǼ ऀइआ ƷȖ ȏƷȓȝ Ȃǜ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ȝȓǦǝǝǐȓǐǌ ǅΞ ǐƷȓǶΞৄΘǐƷǼǦǼǝ ȝȂ ǦǼǌȠǆǐ ǆǐǶǶ ȏȓȂǶǦǜǐȓƷৄ
ȝǦȂǼ ǦǼ ȓƷȝ ǝƷȖȝȓǦǆ ǻȠǆȂȖƷॽ Uȕȡ[ ȡțǯॶ इअॵǐअअअऄऀॶ ँࣿऀंॽ

ফऀँऄব [ȠΣƷǼǼǐ �ƷȓȓǐǦȓƷॶ :ƷǼǐ %ȂȂǌƷǶǶॶ /ȖǦǶ �ǴȖƷǼॶ [ �ǼǼƷ =Ʒ XȂǆǆƷॶ BƷȓǦǐৄ�ȂǻǦǼǦȒȠǐ %ƷǶǦǅǐȓȝॶ
=ƷȠȓǐǼǆǐ �ǐǼƷȝॶ =ǦȂǼǐǶ =ƷȓȠǐॶ ƷǼǌ �ȂǶǦǼ X %ȂǌǦǼǝॽ BǦȝǜ ǆȂȂȏǐȓƷȝǐȖ ΘǦȝǣ ȓǅऀ ƷǼǌ ƷǆȝǦΗƷȝǐȖ
ȏँऀǆǦȏऀ ǐΝȏȓǐȖȖǦȂǼ ȝȂ ȓǐǝȠǶƷȝǐ ǆǐǶǶ ǆΞǆǶǐ ȏȓȂǝȓǐȖȖǦȂǼॽ CǖȼȿȲǯॶ ःंंआࣿँआॵआअःূआअईॶ ँࣿࣿऄॽ

ফऀँअব sƷǼǶǦ =ǐǦॶ $ƷǼ =ǦȠॶ ƷǼǌ [ǆȂȝȝ � CǐȖȖॽ UȂȖǦȝǦΗǐ ƷǼǌ ǼǐǝƷȝǦΗǐ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ǆৄǻΞǅ ǅΞ ǆΞǆǶǦǼ ǌऀॶ
ǆΞǆǶǦǼৄǌǐȏǐǼǌǐǼȝ ǴǦǼƷȖǐȖॶ ƷǼǌ ȏँआ ǴǦȏऀॽ �ȕȡȡǫॶ ऀࣿऄऀࣿॵंइऄऄূंइअऀॶ ँࣿࣿऄॽ

ফऀँआব [ǣƷȖǣǦ %ȠȏȝƷ ƷǼǌ XȂǝǐȓ : �ƷΗǦȖॽ BƷȏ ǴǦǼƷȖǐ ǅǦǼǌȖ ȝȂ ȝǣǐ ǼǣँৄȝǐȓǻǦǼƷǶ ƷǆȝǦΗƷȝǦȂǼ ǌȂǻƷǦǼ Ȃǜ
ǆৄǻΞǆॽ $��[ ȕǯȼȼǯȲȵॶ ंऄंंॵँइऀূँइऄॶ ऀईईःॽ

ফऀँइব �ǶǦΣƷǅǐȝǣ X �Ƞȝǆǣ ƷǼǌ <ȠǼৄ=ǦƷǼǝ %ȠƷǼॽ �ǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǐȓǴऀ ƷǆȝǦΗƷȝǦȂǼ ȖǦȝǐ ǻȠৄ
ȝƷǼȝȖ ƷǼǌ ȝǣǐ ǐЍǐǆȝ ȂǼ ȓǐǆȂǝǼǦȝǦȂǼ ǅΞ ǻǐǴऀ ƷǼǌ ǻǐǴँ �ॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ
ँआऀइॵःँंࣿূःँंऄॶ ऀईईअॽ

ফऀँईব XȂȖƷǶǦǐ [ǐƷȓȖॶ $ƷǦȖȂǼ CȠǆǴȂǶǶȖॶ �ȓǦǆ ,ƷȠȓƷॶ yȂǦǆǣǦ bƷΞƷॶ <ƷȝȖȠΞȠǴǦ bƷǻƷǦॶ ƷǼǌ :ȂȖǐȏǣ X
CǐΗǦǼȖॽ BȠǶȝǦȏǶǐ ȓƷȖৄǌǐȏǐǼǌǐǼȝ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ȏƷȝǣΘƷΞȖ ȓǐǝȠǶƷȝǐ ǻΞǆ ȏȓȂȝǐǦǼ ȖȝƷǅǦǶǦȝΞॽ
%ǯțǯȵ  ǫǯ͝ǯȕȡȮȚǯțȼॶ ऀःऀईॵँऄࣿऀূँऄऀःॶ ँࣿࣿࣿॽ

ऀऀअ



ফऀंࣿব <ƷΣȠǣǦȓȂ �ȂǴǦॶ BƷȖƷȖǣǦ yƷǻƷǌƷॶ <ƷȝȖȠΞȠǴǦ <ȠǼǦǌƷॶ [ǣȠǣǐǦ yƷȖȠǌƷॶ ƷǼǌBǦǆǣǦΞȠǴǦ BƷȝৄ
ȖȠǌƷॽ UȓȂǆǐȖȖǦΗǐ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜ ǐȓǴ ǻƷȏ ǴǦǼƷȖǐ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ
Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵॶ ऀࣿइंऀॵऀँअआऄূऀँअइࣿॶ ँࣿऀऀॽ

ফऀंऀব �ǣȓǦȖȝǦƷǼ qȂǼBǐȓǦǼǝॶ =ƷȓȖ : :ǐǼȖǐǼॶ �ǐȓǐǼǌ [ǼǐǶॶ [ǐƷǼ �,ȂȂȏǐȓॶ BƷȓǴȠȖ <ȓȠȏȏॶ BƷȝǣǦǶǌǐ
$ȂǝǶǦǐȓǦǼǦॶ CǐǶǶΞ :ȂȠЍȓǐॶ BƷȓȝǦǱǼ �,ȠΞǼǐǼॶ ƷǼǌ Uǐǐȓ �ȂȓǴॽ [ȝȓǦǼǝॵ ǴǼȂΘǼ ƷǼǌ ȏȓǐǌǦǆȝǐǌ
ȏȓȂȝǐǦǼূȏȓȂȝǐǦǼ ƷȖȖȂǆǦƷȝǦȂǼȖॶ ǦǼȝǐǝȓƷȝǐǌ ƷǼǌ ȝȓƷǼȖǜǐȓȓǐǌ ƷǆȓȂȖȖ ȂȓǝƷǼǦȖǻȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ
ȲǯȵǯǖȲǥȂॶ ंंȖȠȏȏǶআऀॵ�ःंंূ�ःंआॶ ँࣿࣿऄॽ

ফऀंँব �ȂǼǼƷBƷǝǶȂȝȝॶ :Ǧǻ HȖȝǐǶǶॶ <Ǧǻ � UȓȠǦȝȝॶ ƷǼǌ bƷȝǦƷǼƷ bƷȝȠȖȂΗƷॽ �ǼȝȓǐΣ ǝǐǼǐॵ ǝǐǼǐৄǆǐǼȝǐȓǐǌ
ǦǼǜȂȓǻƷȝǦȂǼ Ʒȝ ǼǆǅǦॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ंईȖȠȏȏǶআऀॵ�ऄँূ�ऄआॶ ँࣿऀࣿॽ

ফऀंंব CǦǆȂǶƷǦ BǐǦǼȖǣƷȠȖǐǼ ƷǼǌ Uǐȝǐȓ �ȤǣǶǻƷǼǼॽ [ȝƷǅǦǶǦȝΞ ȖǐǶǐǆȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ ȼȂǯ Xȡͤǖȕ [ȼǖȼȅȵȼȅǥǖȕ
[ȡǥȅǯȼ࣏ͤ [ǯȲȅǯȵ � ए[ȼǖȼȅȵȼȅǥǖȕBǯȼȂȡǫȡȕȡǼͤऐॶ आँःॵःऀआূःआंॶ ँࣿऀࣿॽ

ফऀंःব ~� =ǦȏȝȂǼॽ bǣǐ ǻΞȝǣȂȖ Ȃǜ ǻȂǌǐǶ ǦǼȝǐȓȏȓǐȝƷǅǦǶǦȝΞॽ ƷȓΝǦΗ ँࣿऀअॽ ǖȲxȅ͝ ȮȲǯȮȲȅțȼ
ǖȲxȅ࡙͝ࡢ࡙࡙࡚࣏ࣗॶ ँࣿऀईॽ

ফऀंऄব �ΗƷ bǣǐǶǦȖȖȂǼॽ bȂΘƷȓǌȖ ȝȓȠȖȝॶ ȝȓƷǼȖȏƷȓǐǼǆΞ ƷǼǌ ǶǦƷǅǦǶǦȝΞ ǦǼ ƷǦƷȖ ȖΞȖȝǐǻȖॽ /Ǽ /:��/ॶ ȏƷǝǐȖ
ऄँऀऄূऄँऀअॶ ँࣿऀआॽ

ফऀंअব �ƷΗǦǌ %ȠǼǼǦǼǝ ƷǼǌ �ƷΗǦǌ �ǣƷॽ �ƷȓȏƷȖ ǐΝȏǶƷǦǼƷǅǶǐ ƷȓȝǦЖǆǦƷǶ ǦǼȝǐǶǶǦǝǐǼǆǐ ΝƷǦ ȏȓȂǝȓƷǻॽ �/
ȚǖǼǖͩȅțǯॶ ःࣿँॵःःূऄइॶ ँࣿऀईॽ

ফऀंआব �ȝǦǶǦǻ %ȠǼǐȖ �ƷΞǌǦǼॶ �ƷȓƷǴ � UǐƷȓǶǻȠȝȝǐȓॶ �ǶǐΝǐΞ �ǼǌȓǐΞǐΗǦǆǣ XƷǌȠǶॶ ƷǼǌ :ǐЍȓǐΞ BƷȓǴ
[ǦȖǴǦǼǌॽ �ȠȝȂǻƷȝǦǆ ǌǦЍǐȓǐǼȝǦƷȝǦȂǼ ǦǼ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝॵ Ʒ ȖȠȓΗǐΞॽ :ȡȿȲțǖȕ ȡǻBǖȲǥȂȅțǯ
=ǯǖȲțȅțǼ XǯȵǯǖȲǥȂॶ ऀइॵऀূःंॶ ँࣿऀइॽ

ফऀंइব XȂǅǐȓȝ �ȓȂΘǼॶ �ǌΘƷȓǌ �ȠȓȓΞॶ =ȠǆƷ BƷǝǼƷǼǦॶ �ǣƷȓǶȂȝȝǐ [ sǦǶǣǐǶǻৄ�ǐǼƷȓȝΣǦॶ ƷǼǌ :ƷǼǐ �Ȃȓৄ
ǶǐΞॽ UȂǦȖǐǌ ǐȏǦǝǐǼǐȝǦǆ ȖȝƷȝǐȖ ƷǼǌ ƷǆȒȠǦȓǐǌ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǆƷǼǆǐȓॽ CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵ �ǖțǥǯȲॶ
ऀःऀऀॵआःआূआऄंॶ ँࣿऀःॽ

ফऀंईব �Ȗȝǣǐȓ � ~ƷƷǶ ƷǼǌ �ǐǶǦƷ X �ǐȓǴǐȓȖॽ bǣǐ ǦǼЙȠǐǼǆǐ Ȃǜ ǻǐȝƷǅȂǶǦȖǻ ȂǼ ǌȓȠǝ ȓǐȖȏȂǼȖǐ ǦǼ ǆƷǼǆǐȓॽ
$ȲȡțȼȅǯȲȵ ȅț ȡțǥȡȕȡǼͤॶ ȏƷǝǐ ऄࣿࣿॶ ँࣿऀइॽ

ফऀःࣿব �ȓǦȝȝ �ǌƷǻȖȂǼॶ bǣȂǻƷȖ BCȂȓǻƷǼॶ BƷȓǆȂ :ȂȖȝॶ BǦǼ y �ǣȂॶ :ƷǻǐȖ <CȠȁǐΣॶ yȠΘǐǼ
�ǣǐǼॶ :ƷǆȒȠǐǶǦǼǐ � qǦǶǶƷǶȝƷॶ =ȠǴǐ � %ǦǶǅǐȓȝॶ BƷΝ �,ȂȓǶǅǐǆǴॶ BƷȓǆȂ y ,ǐǦǼॶ ǐȝ ƷǶॽ � ǻȠǶৄ
ȝǦȏǶǐΝǐǌ ȖǦǼǝǶǐৄǆǐǶǶ ǆȓǦȖȏȓ ȖǆȓǐǐǼǦǼǝ ȏǶƷȝǜȂȓǻ ǐǼƷǅǶǐȖ ȖΞȖȝǐǻƷȝǦǆ ǌǦȖȖǐǆȝǦȂǼ Ȃǜ ȝǣǐ ȠǼǜȂǶǌǐǌ
ȏȓȂȝǐǦǼ ȓǐȖȏȂǼȖǐॽ �ǯȕȕॶ ऀअआआॵऀइअआূऀइइँॶ ँࣿऀअॽ

ফऀःऀব �ǼǌȓǐƷȖ U $ȓǐǦॶ $ǐǶǦǆǐৄ�ǶǐȖȖǦȂ �ƷΗƷॶ �ǶǦ X ~ȠǼǌǐȓॶ �ǶǐǼƷsy,ȖǦǐǣॶ [ǣǦǣৄyȠ �ǣǐǼॶ %ƷȓȓΞ U
CȂǶƷǼॶ ƷǼǌ UǦǐȓ $ǐǌǐȓǦǆȂ %ǣǐȓƷȓǌǦǼǦॽ ,ǦǝǣǶΞ ǻȠǶȝǦȏǶǐΝǐǌ ȖǦǻȠǶȝƷǼǐȂȠȖ ǌǐȝǐǆȝǦȂǼ Ȃǜ ȓǼƷȖ ƷǼǌ
ȏȓȂȝǐǦǼȖ ǦǼ ȖǦǼǝǶǐ ǆǐǶǶȖॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀंंॵँअईূँआऄॶ ँࣿऀअॽ

ऀऀआ



ফऀःँব �ǶǐǴȖƷǼǌȓƷ sȓȂǅǶǐΘȖǴƷॶ BƷΝǦǻǐ �ǣƷǦǼƷȠȝॶ �ǐǼǱƷǻǦǼ �ǐǼৄ~ΗǦॶ [ƷǻȠǐǶ � XȂȖǐॶ �ȠǼ [ȂȂǴ
UƷȓǴॶ �Ƕৄ�ǌ �ƷΗǦǌ �ǻǦȓॶ �ǼǐǶƷ �ǐǴȝǐȖǐΗǦǆॶ �ǶǐȖȖǦƷ �ƷǆǆƷȓǦǼǦॶ BǦȓǦƷǻBǐȓƷǌॶ �ǌǐǐǅ ,
XƷǣǻƷǼॶ ǐȝ ƷǶॽ UȓȂȝǐǦǼ ǅƷȓǆȂǌǐȖ ǐǼƷǅǶǐ ǣǦǝǣৄǌǦǻǐǼȖǦȂǼƷǶ ȖǦǼǝǶǐৄǆǐǶǶ ǆȓǦȖȏȓ ȖǆȓǐǐǼȖॽ �ǯȕȕॶ
ऀआऄःॵऀऀःऀূऀऀऄऄॶ ँࣿऀइॽ

ফऀःंব �ǶǐǼǦ UBǦǻǦȝȂȠॶ �ǼȝǣȂǼΞ �ǣǐǼǝॶ �ǼȝȂǼǦǼȂBȂǼȝƷǶǅƷǼȂॶ [ȝǐȏǣƷǼǦǐ ,ƷȂॶ BƷȓǶȂǼ [ȝȂǐǆǴৄ
ǦȠȖॶ BƷȝǐȠȖΣ =ǐǝȠȝॶ bǦǻȂȝǣΞ XȂȠȖǣॶ �ǶǅǐȓȝȂ ,ǐȓȓǐȓƷॶ �ǜȝǣΞǻǦƷ UƷȏƷǶǐΝǦॶ ~ǣǐǼǝȒǦǼǝ
HȠΞƷǼǝॶ ǐȝ ƷǶॽ BȠǶȝǦȏǶǐΝǐǌ ǌǐȝǐǆȝǦȂǼ Ȃǜ ȏȓȂȝǐǦǼȖॶ ȝȓƷǼȖǆȓǦȏȝȂǻǐȖॶ ǆǶȂǼȂȝΞȏǐȖ ƷǼǌ ǆȓǦȖȏȓ
ȏǐȓȝȠȓǅƷȝǦȂǼȖ ǦǼ ȖǦǼǝǶǐ ǆǐǶǶȖॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀअऄॵःࣿईূःऀँॶ ँࣿऀईॽ

ফऀःःব �ƷǼǦǐǶ [ǆǣȓƷǦΗȂǝǐǶॶ �ǼǌȓǐƷȖ X %ȖǆǣΘǦǼǌॶ :ǐǼǼǦǜǐȓ ,BǦǶǅƷǼǴॶ �ƷǼǦǐǶ X =ǐȂǼǆǐॶ UǐȝȓƷ
:ƷǴȂǅॶ =ȠǴƷȖ BƷȝǣȠȓॶ :ƷǼ H <ȂȓǅǐǶॶ �ǣȓǦȖȝȂȏǣ �BǐȓȝǐǼॶ =ƷȓȖ qǐǶȝǐǼॶ ƷǼǌ =ƷȓȖ B [ȝǐǦǼৄ
ǻǐȝΣॽ bƷȓǝǐȝǐǌ ȏǐȓȝȠȓǅৄȖǐȒ ǐǼƷǅǶǐȖ ǝǐǼȂǻǐৄȖǆƷǶǐ ǝǐǼǐȝǦǆ ȖǆȓǐǐǼȖ ǦǼ ȖǦǼǝǶǐ ǆǐǶǶȖॽ CǖȼȿȲǯ
ȚǯȼȂȡǫȵॶ ऀआअॵअँईূअंऄॶ ँࣿँࣿॽ

ফऀःऄব yȂȖǣȠƷ �ǐǼǝǦȂॽ UȓƷǆȝǦǆƷǶ ȓǐǆȂǻǻǐǼǌƷȝǦȂǼȖ ǜȂȓ ǝȓƷǌǦǐǼȝৄǅƷȖǐǌ ȝȓƷǦǼǦǼǝ Ȃǜ ǌǐǐȏ ƷȓǆǣǦȝǐǆȝȠȓǐȖॽ
/ǼCǯȿȲǖȕ țǯȼ͞ȡȲȓȵ࣏ bȲȅǥȓȵ ȡǻ ȼȂǯ ȼȲǖǫǯॶ ȏƷǝǐȖ ःंआূःआइॽ [ȏȓǦǼǝǐȓॶ ँࣿऀँॽ

ফऀःअব :ǦƷǼǝǶǦǼ =ǦƷǼǝ ƷǼǌ XȠǦǜƷǼǝ =ǦȠॽ [ȝƷǆǴǐǌ ǌǐǼȂǦȖǦǼǝ ƷȠȝȂǐǼǆȂǌǐȓ ƷǼǌ ǌȓȂȏȂȠȝ ȝȂǝǐȝǣǐȓ ȝȂ
ȏȓǐΗǐǼȝ ȂΗǐȓЖȝȝǦǼǝ ǦǼ ǌǐǐȏ ǼǐȠȓƷǶ ǼǐȝΘȂȓǴॽ /Ǽ ࡞࡚࡙࡛ ȼȂࡡ ȅțȼǯȲțǖȼȅȡțǖȕ ǥȡțǼȲǯȵȵ ȡț ȅȚǖǼǯ ǖțǫ
ȵȅǼțǖȕ ȮȲȡǥǯȵȵȅțǼ ए�/[Uऐॶ ȏƷǝǐȖ अईआূआࣿऀॽ /���ॶ ँࣿऀऄॽ

ফऀःआব UƷȠǶ [ȝƷȏȂȓॶ =ǐȂǼƷȓǌ [ǆǣǻǦǐȖȝǐȓॶ �ǣȓǦȖȝȂȏǣsǦǐȓǶǦǼǝॶ [ǦǻȂǼBǐȓǴȝॶ �ǦǶƷǼ UƷȝǣǦȓƷǼƷॶ
�ȂǌȂB,=ƷǼǝǐॶ �ƷǼǦǐǶ sǐǦǼǌǶॶ ƷǼǌ :ƷǼ ,ƷȖǐǼƷȠǐȓॽ BǦǼǦৄǅƷȝǆǣ ȂȏȝǦǻǦΣƷȝǦȂǼ ǐǼƷǅǶǐȖ
ȝȓƷǦǼǦǼǝ Ȃǜ Ȃǌǐ ǻȂǌǐǶȖ ȂǼ ǶƷȓǝǐৄȖǆƷǶǐ ǌƷȝƷȖǐȝȖॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ ऀंऀॵऀূऀआॶ ँࣿँँॽ

ফऀःइব �ǌǦȝΞƷ UȓƷȝƷȏƷॶ �ǻȂǝǣ U :ƷǶǦǣƷǶॶ :ǐЍȓǐΞ C =ƷΘॶ �ǌǦȝΞƷ �ǣƷȓƷǌΘƷǱॶ ƷǼǌ bBBȠȓƷǶǦॽ �ǐǼǆǣৄ
ǻƷȓǴǦǼǝ ƷǶǝȂȓǦȝǣǻȖ ǜȂȓ ǝǐǼǐ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴ ǦǼǜǐȓǐǼǆǐ ǜȓȂǻ ȖǦǼǝǶǐৄǆǐǶǶ ȝȓƷǼȖǆȓǦȏȝȂǻǦǆ
ǌƷȝƷॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀआँॵऀःआূऀऄःॶ ँࣿँࣿॽ

ফऀःईব XȂǻƷǦǼ =ȂȏǐΣॶ :ǐЍȓǐΞ XǐǝǦǐȓॶ BǦǆǣƷǐǶ � �ȂǶǐॶ BǦǆǣƷǐǶ / :ȂȓǌƷǼॶ ƷǼǌ CǦȓ yȂȖǐǜॽ �ǐǐȏ ǝǐǼৄ
ǐȓƷȝǦΗǐ ǻȂǌǐǶǦǼǝ ǜȂȓ ȖǦǼǝǶǐৄǆǐǶǶ ȝȓƷǼȖǆȓǦȏȝȂǻǦǆȖॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀऄऀँॵऀࣿऄंূऀࣿऄइॶ ँࣿऀइॽ

ফऀऄࣿব %ȆǴǆǐǼ �ȓƷȖǶƷǼॶ =ȠǴƷȖ B [ǦǻȂǼॶ BƷȓǦƷ BǦȓǆǐƷॶ CǦǴȂǶƷ [ BȠǐǶǶǐȓॶ ƷǼǌ $ƷǅǦƷǼ : bǣǐǦȖॽ
[ǦǼǝǶǐৄǆǐǶǶ ȓǼƷৄȖǐȒ ǌǐǼȂǦȖǦǼǝ ȠȖǦǼǝ Ʒ ǌǐǐȏ ǆȂȠǼȝ ƷȠȝȂǐǼǆȂǌǐȓॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ
ऀࣿऀॵऀূऀःॶ ँࣿऀईॽ

ফऀऄऀব BȂǣƷǻǻƷǌ =ȂȝǜȂǶǶƷǣǦॶ $ �ǶǐΝƷǼǌǐȓ sȂǶǜॶ ƷǼǌ $ƷǅǦƷǼ : bǣǐǦȖॽ ȖǆǝǐǼ ȏȓǐǌǦǆȝȖ ȖǦǼǝǶǐৄǆǐǶǶ
ȏǐȓȝȠȓǅƷȝǦȂǼ ȓǐȖȏȂǼȖǐȖॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ ऀअइॵआऀऄূआँऀॶ ँࣿऀईॽ

ফऀऄँব XǦǆǴΞ bW�ǣǐǼॶ yȠǶǦƷ XȠǅƷǼȂΗƷॶ :ǐȖȖǐ �ǐȝȝǐǼǆȂȠȓȝॶ ƷǼǌ �ƷΗǦǌ < �ȠΗǐǼƷȠǌॽ CǐȠȓƷǶ ȂȓǌǦৄ
ǼƷȓΞ ǌǦЍǐȓǐǼȝǦƷǶ ǐȒȠƷȝǦȂǼȖॽ �ǫ͝ǖțǥǯȵ ȅț țǯȿȲǖȕ ȅțǻȡȲȚǖȼȅȡț ȮȲȡǥǯȵȵȅțǼ ȵͤȵȼǯȚȵॶ ंऀॶ ँࣿऀइॽ

ফऀऄंব �ǣȓǦȖȝȂȏǣǐȓ XƷǆǴƷȠǆǴƷȖॶ yǦǼǝǅȂBƷॶ :ȠǶǦȠȖ BƷȓȝǐǼȖǐǼॶ �ȂǶǶǦǼ sƷȓǼǐȓॶ <ǦȓǦǶǶ ~ȠǅȂΗॶ XȂৄ
ǣǦȝ [ȠȏǐǴƷȓॶ �ȂǻǦǼǦǆ [ǴǦǼǼǐȓॶ �ǶǦ XƷǻƷǌǣƷǼॶ ƷǼǌ �ǶƷǼ �ǌǐǶǻƷǼॽ eǼǦΗǐȓȖƷǶ ǌǦЍǐȓǐǼȝǦƷǶ
ǐȒȠƷȝǦȂǼȖ ǜȂȓ ȖǆǦǐǼȝǦЖǆ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝॽ ǖȲxȅ͝ ȮȲǯȮȲȅțȼ ǖȲxȅ͝࡞ࡡ࡙࡚࡙࡙࡛࣏ࣗॶ ँࣿँࣿॽ

ऀऀइ



ফऀऄःব =ǐȂǼƷȓǌ [ǆǣǻǦǐȖȝǐȓॶ yƷǼǼǦǴ [ǆǣƻǶȝǐॶ $ƷǅǦƷǼ $ȓȆǣǶǦǆǣॶ :ƷǼ ,ƷȖǐǼƷȠǐȓॶ ƷǼǌ �ƷǼǦǐǶ sǐǦǼǌǶॽ
�АǆǦǐǼȝ ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǶƷȓǝǐৄȖǆƷǶǐ ǌΞǼƷǻǦǆ ǻȂǌǐǶȖ ǅƷȖǐǌ ȂǼ ȓǐǶƷȝǦΗǐ ǻǐƷȖȠȓǐǻǐǼȝȖॽ
�ȅȡȅțǻȡȲȚǖȼȅǥȵॶ ंअँॵऄईःূअࣿँॶ ँࣿँࣿॽ

ফऀऄऄব $ƷǅǦƷǼ $ȓȆǣǶǦǆǣॶ �ƷȓǅƷȓƷ <ƷǶȝǐǼǅƷǆǣǐȓॶ $ƷǅǦƷǼ : bǣǐǦȖॶ ƷǼǌ :ƷǼ ,ƷȖǐǼƷȠǐȓॽ [ǆƷǶƷǅǶǐ ȏƷȓƷǻǐৄ
ȝǐȓ ǐȖȝǦǻƷȝǦȂǼ ǜȂȓ ǝǐǼȂǻǐৄȖǆƷǶǐ ǅǦȂǆǣǐǻǦǆƷǶ ȓǐƷǆȝǦȂǼ ǼǐȝΘȂȓǴȖॽ U=ȡ[ ǥȡȚȮȿȼǖȼȅȡțǖȕ ǤȅȡȕȡǼͤॶ
ऀंऀॵǐऀࣿࣿऄंंऀॶ ँࣿऀआॽ

ফऀऄअব XƷȂȠǶ bǦǅǐȖॶ yǦ,ȠƷ WǦȠॶ yǦǶǦǼǝ =Ƞॶ �ȓΞƷǼ ,ǐǼǼǐȖȖΞॶ BǦǆǣƷǐǶ �ǼǌȓǐǐЍॶ %ȂȓǌȂǼ �BǦǶǶȖॶ
ƷǼǌ [ȝǐΗǐǼB<ȂȓǼǅǶƷȠॽ XǐΗǐȓȖǐ ȏǣƷȖǐ ȏȓȂȝǐǦǼ ƷȓȓƷΞॵ ΗƷǶǦǌƷȝǦȂǼ Ȃǜ Ʒ ǼȂΗǐǶ ȏȓȂȝǐȂǻǦǆ ȝǐǆǣৄ
ǼȂǶȂǝΞ ƷǼǌ ȠȝǦǶǦȝΞ ǜȂȓ ƷǼƷǶΞȖǦȖ Ȃǜ ȏȓǦǻƷȓΞ ǶǐȠǴǐǻǦƷ ȖȏǐǆǦǻǐǼȖ ƷǼǌ ǣǐǻƷȝȂȏȂǦǐȝǦǆ Ȗȝǐǻ ǆǐǶǶȖॽ
BȡȕǯǥȿȕǖȲ ǥǖțǥǯȲ ȼȂǯȲǖȮǯȿȼȅǥȵॶ ऄऀࣿॵँऄऀँূँऄँऀॶ ँࣿࣿअॽ

ফऀऄआব BƷȓȝǨǼ �ǅƷǌǦॶ �ȖǣǦȖǣ �ǝƷȓΘƷǶॶ UƷȠǶ �ƷȓǣƷǻॶ �ȠǝǐǼǐ �ȓǐΗǌȂॶ ~ǣǦǜǐǼǝ �ǣǐǼॶ �ȓƷǦǝ �ǦȝȓȂॶ
%ȓǐǝ [ �ȂȓȓƷǌȂॶ �ǼǌΞ �ƷΗǦȖॶ :ǐЍȓǐΞ �ǐƷǼॶ BƷȝȝǣǦǐȠ �ǐΗǦǼॶ ǐȝ ƷǶॽ bǐǼȖȂȓЙȂΘॵ =ƷȓǝǐৄȖǆƷǶǐ
ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝ ȂǼ ǣǐȝǐȓȂǝǐǼǐȂȠȖ ǌǦȖȝȓǦǅȠȝǐǌ ȖΞȖȝǐǻȖॽ ǖȲxȅ͝ ȮȲǯȮȲȅțȼ ǖȲxȅ͝ࡠ࡙࡙࡚࣏ࣗॶ
ँࣿऀअॽ

ফऀऄइব UǣǦǶǦȏȏ [ȝƻǌȝǐȓॶ yƷǼǼǦǴ [ǆǣƻǶȝǐॶ =ǐȂǼƷȓǌ [ǆǣǻǦǐȖȝǐȓॶ :ƷǼ ,ƷȖǐǼƷȠǐȓॶ ƷǼǌ UƷȠǶ = [ȝƷȏȂȓॽ
�ǐǼǆǣǻƷȓǴǦǼǝ Ȃǜ ǼȠǻǐȓǦǆƷǶ ǦǼȝǐǝȓƷȝǦȂǼ ǻǐȝǣȂǌȖ ǜȂȓ Ȃǌǐ ǻȂǌǐǶȖ Ȃǜ ǅǦȂǶȂǝǦǆƷǶ ȖΞȖȝǐǻȖॽ [ǥȅǯțठ
ȼȅϨǥ ȲǯȮȡȲȼȵॶ ऀऀऀॵऀূऀऀॶ ँࣿँऀॽ

ফऀऄईব �ȠǝȠȖȝǦǼ =ȠǼƷॶ LΣǝȤǼ �ƷǅȠȓॶ �ȤǶǐǼȝ �ȓǻƷǼ �ǴȖȂΞॶ �ǻǐǴ �ǐǻǦȓॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ UƷΝৄ
ȝȂȂǶȖȓॵ ȏƷȝǣΘƷΞ ƷǼƷǶΞȖǦȖ ǦǼ ȓ ȠȖǦǼǝ ȏƷȝǣΘƷΞ ǆȂǻǻȂǼȖॽ �ȅȡȅțǻȡȲȚǖȼȅǥȵॶ ंँइॵऀँअँূऀँअःॶ
ँࣿऀअॽ

ফऀअࣿব :ȂȖǐȏǣBXǐȏǶȂǝǶǐॶ XǐȠǅǐǼ � [ƷȠǼǌǐȓȖॶ �ǼǝǐǶƷ C UȂǝȖȂǼॶ :ǐЍȓǐΞ �,ȠȖȖǻƷǼǼॶ �ǶǐΝƷǼǌǐȓ
=ǐǼƷǦǶॶ �ǶǦǼƷ %ȠǼƷॶ =ƷȠȓǐǼBƷȖǆǦǅȓȂǌƷॶ �ȓǦǆ : sƷǝǼǐȓॶ <ƷȓǐǼ �ǌǐǶǻƷǼॶ :ǐȖȖǦǆƷ = �ȂǼǼƷȓॶ
ǐȝ ƷǶॽ BƷȏȏǦǼǝ ǦǼǜȂȓǻƷȝǦȂǼৄȓǦǆǣ ǝǐǼȂȝΞȏǐৄȏǣǐǼȂȝΞȏǐ ǶƷǼǌȖǆƷȏǐȖ ΘǦȝǣ ǝǐǼȂǻǐৄȖǆƷǶǐ ȏǐȓȝȠȓǅৄ
ȖǐȒॽ ǤȅȡXͣȅ͝ॶ ँࣿँऀॽ

ফऀअऀব =ƷȓƷǶΞǼǼǐ UȓΣΞǅΞǶƷ ƷǼǌ =ȠǴǐ � %ǦǶǅǐȓȝॽ � ǼǐΘ ǐȓƷ ǦǼ ǜȠǼǆȝǦȂǼƷǶ ǝǐǼȂǻǦǆȖ ȖǆȓǐǐǼȖॽ CǖȼȿȲǯ
Xǯ͝ȅǯ͞ȵ %ǯțǯȼȅǥȵॶ ȏƷǝǐȖ ऀূऀऄॶ ँࣿँऀॽ

ফऀअँব �ǶǐΝƷǼǌȓǐ $ �ǦȖȖƷॶ �ǅȠǶ �BB< /ȖǶƷǻॶ BƷǱǌB�ȓǦȖȖॶ �ƷǻǻǦǶǶǐ � %Ȃॶ �ǶǐΝƷǼǌȓƷ � XƷǌǐȓॶ
XΞƷǼ � �ȂǼȓƷȓǌΞॶ �ǶǐΝƷ B%ƷǱǌƷॶ �ƷȓǶȂȝƷ XȠǅǦȂৄUǐȓǐΣॶ <ǶƷȓƷ qƷǶΞǦৄCƷǝΞॶ BƷȓΞ UƷȖȒȠǦǼǐǶǶǦॶ
ǐȝ ƷǶॽ [ǦǼǝǶǐৄǆǐǶǶ ȝȓƷǼȖǆȓǦȏȝǦȂǼƷǶ ǆǣƷǼǝǐȖ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǌȓȠǝ ȝȂǶǐȓƷǼǆǐ ƷǼǌ ȓǐȖȏȂǼȖǐ ȝȂ ǆȂǻৄ
ǅǦǼƷȝǦȂǼ ȝǣǐȓƷȏǦǐȖ ǦǼ ǆƷǼǆǐȓॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ ऀँऀॵऀূँऄॶ ँࣿँऀॽ

ফऀअंব UƷȠǶ �ƷȝǶǦǼǝǐȓॶ �ǼǌȓǑ $ XǐǼǌǐǦȓȂॶ �ǣȓǦȖȝǦƷǼ [ǆǣǻǦǌǶॶ bǣȂǻƷȖ <ȓƷȠȖǝȓȠǅǐȓॶ Uǐȝǐȓ bȓƷΝǶǐȓॶ
:ȂǣƷǼǼƷ <ǶȠǝǣƷǻǻǐȓॶ =ǦǼǌƷ � [ǆǣȠȖȝǐȓॶ �ǻǐǶǦǐ <ȠǆǣǶǐȓॶ �ȂǼƷȝ �ǶȏƷȓॶ ƷǼǌ �ǣȓǦȖȝȂȏǣ
�ȂǆǴॽ UȂȂǶǐǌ ǆȓǦȖȏȓ ȖǆȓǐǐǼǦǼǝ ΘǦȝǣ ȖǦǼǝǶǐৄǆǐǶǶ ȝȓƷǼȖǆȓǦȏȝȂǻǐ ȓǐƷǌȂȠȝॽ CǖȼȿȲǯ ȚǯȼȂȡǫȵॶ
ऀःंॵँईआূंࣿऀॶ ँࣿऀआॽ

ऀऀई



ফऀअःব �ǣȓǦȖ : $ȓƷǼǝǦǐǣॶ :ȂǣƷǼǼǐȖ �BǐǶǻȖॶ UȓƷȝǦǴȖǣƷ / bǣƷǴȂȓǐॶ <ƷȝǣȓΞǼ X %ǐǦǝǐȓৄ[ǆǣȠǶǶǐȓॶ UƷৄ
ȝȓǦǆǦƷ ,Ȃॶ �ǌȓǦǐǼǼǐB =ȠȂǻƷॶ �ȓǦƷǼ �ǶǐƷȓΞॶ =ǦΗǼƷȝ :ǐȓǅΞৄ�ȓǼȂǼॶ [ǣȓȠȝǦ BƷǶȠॶ BǦǆǣƷǐǶ [
�ȠȂǆȂॶ ǐȝ ƷǶॽ BȠǶȝǦǻȂǌƷǶ ȏȂȂǶǐǌ ȏǐȓȝȠȓǅৄǆǦȝǐৄȖǐȒ ȖǆȓǐǐǼȖ ǦǼ ȏƷȝǦǐǼȝ ǻȂǌǐǶȖ ǌǐЖǼǐ ǻǐǆǣƷৄ
ǼǦȖǻȖ Ȃǜ ǆƷǼǆǐȓ ǦǻǻȠǼǐ ǐΗƷȖǦȂǼॽ CǖȼȿȲǯ Ǽǯțǯȼȅǥȵॶ ऄंंॵंंँূंःऀॶ ँࣿँऀॽ

ফऀअऄব BȂǶǶΞ %ƷȖȏǐȓǦǼǦॶ �ǼǌȓǐΘ : ,ǦǶǶॶ :ȂȖǑ =Bǆ$ƷǶǦǼǐৄ$ǦǝȠǐȓȂƷॶ �ǐȝǣBƷȓȝǦǼॶ [ǐȠǼǝȖȂȂ <Ǧǻॶ
BǐǶǦȖȖƷ � ~ǣƷǼǝॶ �ƷǼƷ :ƷǆǴȖȂǼॶ �Ǽǣ =ǐǦȝǣॶ :ƷǆȂǅ [ǆǣȓǐǦǅǐȓॶ sǦǶǶǦƷǻ [ CȂǅǶǐॶ ǐȝ ƷǶॽ �
ǝǐǼȂǻǐৄΘǦǌǐ ǜȓƷǻǐΘȂȓǴ ǜȂȓ ǻƷȏȏǦǼǝ ǝǐǼǐ ȓǐǝȠǶƷȝǦȂǼ ΗǦƷ ǆǐǶǶȠǶƷȓ ǝǐǼǐȝǦǆ ȖǆȓǐǐǼȖॽ �ǯȕȕॶ
ऀआअऀৄँॵंआआূंईࣿॶ ँࣿऀईॽ

ফऀअअব :ƷȖǐ %ǐǣȓǦǼǝॶ :ȂǼǝ ,Θǐǐ UƷȓǴॶ [ǦȖǦ �ǣǐǼॶ BƷȝȝǣǐΘ bǣȂǻȖȂǼॶ ƷǼǌ =ǦȂȓ UƷǆǣȝǐȓॽ ,ǦǝǣǶΞ
ǻȠǶȝǦȏǶǐΝǐǌ ȖǦǼǝǶǐৄǆǐǶǶ ȓǼƷৄȖǐȒ ǅΞ ǌǼƷ ȂǶǦǝȂǼȠǆǶǐȂȝǦǌǐ ȝƷǝǝǦǼǝ Ȃǜ ǆǐǶǶȠǶƷȓ ȏȓȂȝǐǦǼȖॽ CǖȼȿȲǯ
�ȅȡȼǯǥȂțȡȕȡǼͤॶ ंइऀॵंऄূंइॶ ँࣿँࣿॽ

ফऀअआব �ǦǐǝȂ �ǌǣǐǻƷȓ :ƷǦȝǦǼॶ �ȖȖƷǜ sǐǦǼǐȓॶ /ǌȂ yȂǜǐॶ �ƷΗǦǌ =ƷȓƷৄ�ȖȝǦƷȖȂॶ ,ƷǌƷȖ <ǐȓǐǼৄ[ǣƷȠǶॶ
�ΞƷǶ �ƷΗǦǌॶ bȂǻǐȓ BǐǦȓ [ƷǶƷǻǐॶ �ǻȂȖ bƷǼƷΞॶ �ǶǐΝƷǼǌǐȓ ΗƷǼ HȠǌǐǼƷƷȓǌǐǼॶ ƷǼǌ /ǌȂ �ǻǦȝॽ
�ǦȖȖǐǆȝǦǼǝ ǦǻǻȠǼǐ ǆǦȓǆȠǦȝȖ ǅΞ ǶǦǼǴǦǼǝ ǆȓǦȖȏȓৄȏȂȂǶǐǌ ȖǆȓǐǐǼȖ ΘǦȝǣ ȖǦǼǝǶǐৄǆǐǶǶ ȓǼƷৄȖǐȒॽ �ǯȕȕॶ
ऀअआआॵऀइइंূऀइईअॶ ँࣿऀअॽ

ফऀअइব :ƷǻǐȖ BBǆ$ƷȓǶƷǼǌॶ �ȓǐǼȝȂǼ X UƷȂǶǐǶǶƷॶ �ǶǶǦȖȂǼsƷȓȓǐǼॶ <ƷȝǣȓΞǼ %ǐǦǝǐȓৄ[ǆǣȠǶǶǐȓॶ bȖȠǴƷȖƷ
[ǣǦǅȠǐॶ BǦǆǣƷǐǶ XȂȝǣǅǐȓǝॶ HǶǐǼƷ <ȠǴȖǐǼǴȂॶ sǦǶǶǦƷǻC�ȂǶǝƷǼॶ �ǼǌȓǐΘ :ȂǼǐȖॶ �ǻǦǶΞ
�ǣƷǻǅǐȓȖॶ ǐȝ ƷǶॽ BȠǶȝǦȏǶǐΝǐǌ ȖǦǼǝǶǐৄǆǐǶǶ ȝȓƷǼȖǆȓǦȏȝǦȂǼƷǶ ȓǐȖȏȂǼȖǐ ȏȓȂЖǶǦǼǝ ȝȂ ǌǐЖǼǐ ǆƷǼǆǐȓ
ΗȠǶǼǐȓƷǅǦǶǦȝǦǐȖ ƷǼǌ ȝǣǐȓƷȏǐȠȝǦǆ ǻǐǆǣƷǼǦȖǻ Ȃǜ ƷǆȝǦȂǼॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ ऀऀऀॵऀূऀऄॶ
ँࣿँࣿॽ

ফऀअईব yƷƷȓƷ HȓǐǼॶ BǦǆǣƷǐǶ bȖƷǅƷȓॶ BǦǆǣƷǐǶ [ �ȠȂǆȂॶ =ǦƷȝ �ǻǦȓৄ~ǦǶǅǐȓȖȝǐǦǼॶ ,ǐǦǌǦǐ $ �ƷǅƷǼȂȖॶ
:ƷǼৄ�ǣȓǦȖȝǦƷǼ ,Ȥȝȝǐȓॶ �ȂǻǦƷȂ ,Ƞॶ UȓƷȝǦǴȖǣƷ / bǣƷǴȂȓǐॶ BƷȓǆǦǼ bƷǅƷǴƷॶ �ǣƷȓǶǐȖ U $ȠǶǆȂॶ
ǐȝ ƷǶॽ �ΞǆǶǦǼǝ ǆƷǼǆǐȓ ȏǐȓȖǦȖȝǐȓ ǆǐǶǶȖ ƷȓǦȖǐ ǜȓȂǻ ǶǦǼǐƷǝǐȖ ΘǦȝǣ ǌǦȖȝǦǼǆȝ ȏȓȂǝȓƷǻȖॽ CǖȼȿȲǯॶ
ऄईअआइआंॵऄआअূऄइँॶ ँࣿँऀॽ

ফऀआࣿব �ǜȝǣΞǻǦƷ UƷȏƷǶǐΝǦॶ �ǶǐǼǦ UBǦǻǦȝȂȠॶ �ǼǌȓǐΘs �ȠȝǶǐȓॶ [ƷǻƷǼȝǣƷ $ȂȖȝǐȓॶ �ǐȓǼƷǌǐȝȝǐ
�ȓƷǆǴǐǼॶ sǦǶǶǦƷǻBBƷȠǆǴॶ ,ƷǼȖৄ,ǐȓǻƷǼǼsǐȖȖǐǶȖॶ yȠǣƷǼ ,ƷȂॶ �ǐȓȝȓƷǼǌ ~ yǐȠǼǝॶ Uǐৄ
ȝǐȓ [ǻǦǅǐȓȝॶ ǐȝ ƷǶॽ �ǣƷȓƷǆȝǐȓǦΣǦǼǝ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ǦǼǣǦǅǦȝȂȓΞ ǦǻǻȠǼǐ ǆǣǐǆǴȏȂǦǼȝȖ
ΘǦȝǣ ǻȠǶȝǦǻȂǌƷǶ ȖǦǼǝǶǐৄǆǐǶǶ ȖǆȓǐǐǼȖॽ CǖȼȿȲǯ Ǽǯțǯȼȅǥȵॶ ऄंंॵंँँূंंऀॶ ँࣿँऀॽ

ফऀआऀব [ƷȓƷǣ � UǦǐȓǆǐॶ :ǐЍȓǐΞ B%ȓƷǼǱƷॶ ƷǼǌsǦǶǶǦƷǻ : %ȓǐǐǼǶǐƷǜॽ ,ǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖǦǼǝǶǐৄǆǐǶǶ
ǆǣȓȂǻƷȝǦǼ ƷǆǆǐȖȖǦǅǦǶǦȝΞ ǆȓǦȖȏȓ ȖǆȓǐǐǼȖ ǐǼƷǅǶǐ ȠǼǅǦƷȖǐǌ ǦǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴȖ ǦǼ
ǆƷǼǆǐȓॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ ऀँऀॵऀূइॶ ँࣿँऀॽ

ফऀआँব �ǌƷǻ : XȠǅǦǼॶ <ǐΗǦǼ X UƷȓǴǐȓॶ �ǼȖȠǻƷǼ b [ƷȝȏƷȝǣΞॶ yƷǼΞƷǼ WǦॶ �ǐǦǱǦǼǝ sȠॶ �ǶΗǦǼ : HǼǝॶ
BƷΝΘǐǶǶ XBȠǻǅƷǆǣॶ �ǼǌȓǐΘ = :Ǧॶ �ƷǼǦǐǶ [ <Ǧǻॶ [ǐȠǼǝsȂȂ �ǣȂॶ ǐȝ ƷǶॽ �ȂȠȏǶǐǌ ȖǦǼǝǶǐৄ
ǆǐǶǶ ǆȓǦȖȏȓ ȖǆȓǐǐǼǦǼǝ ƷǼǌ ǐȏǦǝǐǼȂǻǦǆ ȏȓȂЖǶǦǼǝ ȓǐΗǐƷǶȖ ǆƷȠȖƷǶ ǝǐǼǐ ȓǐǝȠǶƷȝȂȓΞ ǼǐȝΘȂȓǴȖॽ �ǯȕȕॶ
ऀआअऀৄँॵंअऀূंआअॶ ँࣿऀईॽ

ऀँࣿ



ফऀआंব %ǐȂЍȓǐΞ [ǆǣǦǐǅǦǼǝǐȓॶ :ǦƷǼ [ǣȠॶ BƷȓǆǦǼ bƷǅƷǴƷॶ �ȓǦƷǼ �ǶǐƷȓΞॶ qǦǌΞƷ [ȠǅȓƷǻƷǼǦƷǼॶ �ȓΞǐǣ
[ȂǶȂǻȂǼॶ :ȂȖǣȠƷ %ȂȠǶǌॶ [ǦΞƷǼ =ǦȠॶ [ȝƷǆǦǐ =ǦǼॶ Uǐȝǐȓ �ǐȓȠǅǐॶ ǐȝ ƷǶॽ HȏȝǦǻƷǶৄȝȓƷǼȖȏȂȓȝ ƷǼƷǶΞৄ
ȖǦȖ Ȃǜ ȖǦǼǝǶǐৄǆǐǶǶ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ ǦǌǐǼȝǦЖǐȖ ǌǐΗǐǶȂȏǻǐǼȝƷǶ ȝȓƷǱǐǆȝȂȓǦǐȖ ǦǼ ȓǐȏȓȂǝȓƷǻǻǦǼǝॽ �ǯȕȕॶ
ऀआअःॵईँइূईःंॶ ँࣿऀईॽ

ফऀआःব �ȓǦǆ [ǣǦǜȓȠȝॶ :ȠǶǦƷ �ƷȓǼǐΗƷǶǐॶ qǦǆȝȂȓǦƷ bȂǅǦǼॶ bǣǐȂǌȂȓǐ = XȂȝǣॶ :ȂǼƷȝǣƷǼBsȂȂॶ
�ǣȓǦȖȝǦǼƷ b �ȠǦॶ U :ȂǼƷȝǣƷǼ =Ǧॶ BȂȓǝƷǼ � �ǦȂǶƷǦȝǦॶ �ǶƷǼ �ȖǣΘȂȓȝǣॶ ƷǼǌ �ǶǐΝƷǼǌǐȓ BƷȓৄ
ȖȂǼॽ %ǐǼȂǻǐৄΘǦǌǐ ǆȓǦȖȏȓ ȖǆȓǐǐǼȖ ǦǼ ȏȓǦǻƷȓΞ ǣȠǻƷǼ ȝ ǆǐǶǶȖ ȓǐΗǐƷǶ ǴǐΞ ȓǐǝȠǶƷȝȂȓȖ Ȃǜ ǦǻǻȠǼǐ
ǜȠǼǆȝǦȂǼॽ �ǯȕȕॶ ऀआऄआॵऀईऄइূऀईआऀॶ ँࣿऀइॽ

ফऀआऄব [ƷǼǱƷΞ X [ȓǦΗƷȝȖƷǼॶ :ȂȖǑ =Bǆ$ƷǶǦǼǐৄ$ǦǝȠǐȓȂƷॶ qǦǱƷΞ XƷǻƷǼǦॶ =ƷȠȓǐǼ [ƷȠǼǌǐȓȖॶ :ȠǼΞȠǐ �ƷȂॶ
:ȂǼƷȝǣƷǼ UƷǆǴǐȓॶ ,ƷǼǼƷǣ � UǶǦǼǐȓॶ �ƷǼƷ = :ƷǆǴȖȂǼॶ XǦΣƷ B�ƷΣƷॶ =ǐǼƷ �ǣȓǦȖȝǦƷǼȖǐǼॶ
ǐȝ ƷǶॽ BƷȖȖǦΗǐǶΞ ǻȠǶȝǦȏǶǐΝ ǆǣǐǻǦǆƷǶ ȝȓƷǼȖǆȓǦȏȝȂǻǦǆȖ Ʒȝ ȖǦǼǝǶǐৄǆǐǶǶ ȓǐȖȂǶȠȝǦȂǼॽ [ǥȅǯțǥǯॶ
ंअआअःआंॵःऄূऄऀॶ ँࣿँࣿॽ

ফऀआअব XȠǦǶǦǼ bǦƷǼॶ BƷȓǦƷǻ �%ƷǆǣǐǆǣǦǶƷǌΣǐॶ �ȂǼǼȂȓ , =ȠǌΘǦǝॶ BƷȝȝǣǐΘ b =ƷȠȓǦǐॶ :Ʒৄ
ȖȂǼ y ,ȂǼǝॶ �ǦƷǼǐ CƷȝǣƷǼǦǐǶॶ �ǼǦǴƷ q UȓƷǅǣȠॶ BǦǆǣƷǐǶ [ $ǐȓǼƷǼǌȂȏȠǶǶǐॶ XƷǱƷǼ UƷȝǐǶॶ
BǐǣȓǼȂȂȖǣ �ǅȖǣƷȓǦॶ ǐȝ ƷǶॽ �ȓǦȖȏȓ ǦǼȝǐȓǜǐȓǐǼǆǐৄǅƷȖǐǌ ȏǶƷȝǜȂȓǻ ǜȂȓ ǻȠǶȝǦǻȂǌƷǶ ǝǐǼǐȝǦǆ ȖǆȓǐǐǼȖ
ǦǼ ǣȠǻƷǼ ǦȏȖǆৄǌǐȓǦΗǐǌ ǼǐȠȓȂǼȖॽ CǯȿȲȡțॶ ऀࣿःँॵँंईূँऄऄॶ ँࣿऀईॽ

ফऀआआব XȠǦǶǦǼ bǦƷǼॶ �ǼȝǣȂǼΞ �ǅƷȓǦǐǼȝȂȖॶ :ƷȖȂǼ ,ȂǼǝॶ [ƷΞǐǌ ,ƷǌǦ ,ƷȖǣǐǻǦॶ XȠǦ yƷǼॶ CǦǼƷ �ȓƻǝǐȓॶ
<ȠǼ =ǐǼǝॶ BǦǴǐ �CƷǶǶȖॶ �ǼǌȓǐΘ � [ǦǼǝǶǐȝȂǼॶ <ǐ xȠॶ ǐȝ ƷǶॽ %ǐǼȂǻǐৄΘǦǌǐ ǆȓǦȖȏȓǦƷ ȖǆȓǐǐǼȖ
ǦǼ ǣȠǻƷǼ ǼǐȠȓȂǼȖ ǶǦǼǴ ǶΞȖȂȖȂǻƷǶ ǜƷǦǶȠȓǐ ȝȂ ǜǐȓȓȂȏȝȂȖǦȖॽ CǖȼȿȲǯ CǯȿȲȡȵǥȅǯțǥǯॶ ँःआॵऀࣿँࣿূ
ऀࣿंःॶ ँࣿँऀॽ

ফऀआइব �ƷǶǐǅsǐǦǼȓǐǅॶ �ǶǐǱȂ XȂǌȓǦǝȠǐΣৄ$ȓƷȝǦǆǐǶǶǦॶ $ǐȓǼƷǼǌȂ ��ƷǻƷȓǝȂॶ ƷǼǌ �ǶǶȂǼB<ǶǐǦǼॽ =ǦǼৄ
ǐƷǝǐ ȝȓƷǆǦǼǝ ȂǼ ȝȓƷǼȖǆȓǦȏȝǦȂǼƷǶ ǶƷǼǌȖǆƷȏǐȖ ǶǦǼǴȖ ȖȝƷȝǐ ȝȂ ǜƷȝǐ ǌȠȓǦǼǝ ǌǦЍǐȓǐǼȝǦƷȝǦȂǼॽ [ǥȅǯțǥǯॶ
ंअआअःआईॵǐƷƷΘंंइऀॶ ँࣿँࣿॽ

ফऀआईব [ǣǦȒǦ xǦǐॶ :ǦƷǶǐǦ �ȠƷǼॶ �ȂΝȠǼ =Ǧॶ UǐǦ ~ǣȂȠॶ ƷǼǌ %ƷȓΞ �,ȂǼॽ BȠǶȝǦȏǶǐΝǐǌ ǐǼǝǦǼǐǐȓǦǼǝ ƷǼǌ
ƷǼƷǶΞȖǦȖ Ȃǜ ǆȂǻǅǦǼƷȝȂȓǦƷǶ ǐǼǣƷǼǆǐȓ ƷǆȝǦΗǦȝΞ ǦǼ ȖǦǼǝǶǐ ǆǐǶǶȖॽ BȡȕǯǥȿȕǖȲ ǥǯȕȕॶ अअँॵँइऄূँईईॶ
ँࣿऀआॽ

ফऀइࣿব sǐǼȝǦǼǝ ~ǣƷȂॶ �ȝǣƷǼƷȖȖǦȂȖ �ȂΗƷȖॶ �ǶǐȂǼȂȓƷ $ȓƷǼǆǐȖǆƷ [ȏǦǼƷΣΣǦॶ ,ƷǼǼƷBǐǼǌǐȖ =ǐΗǦȝǦǼॶ
BƷȝǐǦ �ǶǐΝƷǼǌȓȠ �ƷǼȠॶ UƷΗƷǼ eȏƷǌǣΞƷΞȠǶƷॶ bǐǱƷȖΘǦ [ȠǌǣƷǴƷȓॶ bƷǻƷȓƷ BƷȓǦǐॶ BƷȓǆ = Hȝৄ
ȝǐǼॶ BǦǆǣƷǐǶ � [ǦȖȝǦॶ ǐȝ ƷǶॽ �ǐǆȂǼΗȂǶȠȝǦȂǼ Ȃǜ ǆǐǶǶ ȝΞȏǐৄȖȏǐǆǦЖǆ ǌȓȠǝ ȓǐȖȏȂǼȖǐȖ ǦǼ ǣȠǻƷǼ
ȝȠǻȂȓ ȝǦȖȖȠǐ ΘǦȝǣ ȖǦǼǝǶǐৄǆǐǶǶ ȓǼƷৄȖǐȒॽ %ǯțȡȚǯ Țǯǫȅǥȅțǯॶ ऀंऀॵऀূऀऄॶ ँࣿँऀॽ

ফऀइऀব $ �ǶǐΝƷǼǌǐȓ sȂǶǜॶ UǣǦǶǦȏȏ �Ǽǝǐȓǐȓॶ ƷǼǌ $ƷǅǦƷǼ : bǣǐǦȖॽ [ǆƷǼȏΞॵ ǶƷȓǝǐৄȖǆƷǶǐ ȖǦǼǝǶǐৄǆǐǶǶ ǝǐǼǐ
ǐΝȏȓǐȖȖǦȂǼ ǌƷȝƷ ƷǼƷǶΞȖǦȖॽ %ǯțȡȚǯ ǤȅȡȕȡǼͤॶ ऀईऀॵऀূऄॶ ँࣿऀइॽ

ফऀइँব �ǶǐΝƷǼǌȓƷ $ȓƷǼΣॶ $ƷǅǦƷǼ �ȂȖǆǦƷॶ �ǦΞȠǐ [ǣǐǼॶ =ǐƷ �ǣƷȓƷȂȠǦॶ BƷȝȝǣǦƷȖ BƷǼǼॶ ƷǼǌ �ǣȓǦȖ
[ƷǼǌǐȓॽ BȂǶǐǆȠǶƷȓ ȓǐȖȏȂǼȖǐ ȝȂ ȏƷȓȏऀ ǦǼǣǦǅǦȝǦȂǼ ǦǼ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ƷȖ ǌǐȝǐȓǻǦǼǐǌ ǅΞ
ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ǅƷȖǐǌ ȏȓȂȝǐȂǻǦǆȖॽ :ȡȿȲțǖȕ ȡǻ ȡ͝ǖȲȅǖț ȲǯȵǯǖȲǥȂॶ ऀःऀॵऀূऀःॶ ँࣿँऀॽ

ऀँऀ



ফऀइंব XȂǼƷǶǌ $[ =ǐǐॶ �ǶǐΝǐΞ �ǣǐȓǼȂǅȓȂΗǴǦǼॶ �ȂȓȂȝǣǐƷ XȠȝǦȖǣƷȠȖǐȓॶ �ǶƷǦȓǐ [ �ǶǶƷȓǌΞǆǐॶ �ƷΗǦǌ
,ƷǆǴǐȓॶ <ƷǦ :ȂǣǼȖȖȂǼॶ XȂǻƷǼ � ~ȠǅƷȓǐΗॶ ƷǼǌ UƷȠǶ : �ΞȖȂǼॽ �ΝȏȓǐȖȖǦȂǼ ȏȓȂȝǐȂǻǦǆȖ ȖȝȠǌΞ
ȝȂ ǌǐȝǐȓǻǦǼǐ ǻǐȝƷǶǶȂǌȓȠǝ ȝƷȓǝǐȝȖ ƷǼǌ ȂȏȝǦǻƷǶ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼȖॽ [ǥȅǯțȼȅϨǥ ȲǯȮȡȲȼȵॶ आऀॵऀূ
ऀऀॶ ँࣿऀआॽ

ফऀइःব �ǻǦȓ �ȝƷ [ƷǐǦॶ �ǣȓǦȖȝǦƷǼBǦǆǣǐǶ �ǐȠȖǆǣॶ �ǶǐΝǐΞ �ǣǐȓǼȂǅȓȂΗǴǦǼॶ UǦǐȓȓǐ [ƷǅƷȝǦǐȓॶ �Ȃ ~ǣƷǼǝॶ
iǶǴȤ %ȤǶǐȓ bȂǴƷȝॶ �ǶǐǼǦ [ȝǐȓǝǦȂȠॶ BƷȖȖǦǻǦǶǦƷǼȂ %ƷǐȝƷǼǦॶ �ǴȂȖ qǑǝΗƸȓǦॶ ƷǼǌ XȂǻƷǼ �
~ȠǅƷȓǐΗॽ UȓȂȝƷȓǝǐȝǻǦǼǐȓ ƷȖ Ʒ ȏȓȂȝǐȂǻǐ ȖǦǝǼƷȝȠȓǐ ǶǦǅȓƷȓΞ Ȃǜ ƷǼȝǦǆƷǼǆǐȓ ǻȂǶǐǆȠǶǐȖ ǜȂȓ ǜȠǼǆৄ
ȝǦȂǼƷǶ ǌǦȖǆȂΗǐȓΞॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ ऀࣿऀॵऀূऀंॶ ँࣿऀईॽ

ফऀइऄব �ǐǼǱƷǻǦǼ XȠȏȓǐǆǣȝॶ :ȠǶǦǐ �Ǧ �ǐȓǼƷȓǌȂॶ ~ǣƷȂsƷǼǝॶ xȠƷǼBȂॶ HǶǐǝ eȓȖȠॶ BƷȝȝǣǐΘ
�ǣȓǦȖȝȂȏǣǐȓॶ XƷǜƷǐǶ � $ǐȓǼƷǼǌǐΣॶ =Ǧ ~ǣǐǼǝॶ �ȓǦƷǼ ��ǦǶǶॶ ,ȠǦǱȠǼsƷǼǝॶ ǐȝ ƷǶॽ � ǻƷȖȖ
ȖȏǐǆȝȓȂǻǐȝȓΞৄǅƷȖǐǌ ȏȓȂȝǐȂǻǐ ǻƷȏ Ȃǜ ǌȓȠǝ ƷǆȝǦȂǼ ǦǼ ǶȠǼǝ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖॽ CǖȼȿȲǯ ǥȂǯȚȅठ
ǥǖȕ ǤȅȡȕȡǼͤॶ ऀअऀࣿॵऀऀऀऀূऀऀऀईॶ ँࣿँࣿॽ

ফऀइअব [ǦǶΗǦƷ �ȂǻǆǴǐॶ XǦǶǐǐǼ [ǦǼǣƷॶ �ȂȠǝǶƷȖ � =ǐΗǦǼǐॶ �ǣȓǦȖ [ƷǼǌǐȓॶ ƷǼǌ CǦǴȂǶƷȠȖ [ǆǣȠǶȝΣॽ �ΗƷǶৄ
ȠƷȝǦǼǝ ǆǐǶǶ ǶǦǼǐȖ ƷȖ ȝȠǻȂȠȓ ǻȂǌǐǶȖ ǅΞ ǆȂǻȏƷȓǦȖȂǼ Ȃǜ ǝǐǼȂǻǦǆ ȏȓȂЖǶǐȖॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖठ
ȼȅȡțȵॶ ःऀॵऀূऀࣿॶ ँࣿऀंॽ

ফऀइआব $ �ȂȖǆǦƷॶ <BsƷȝȝǐȓȖॶ B �ȠȓȝǦȖॶ B� �ǆǴǐȓȝॶ �y �ǣǦƷǼǝॶ [ bΞƷǼȂΗƷॶ �BȂǼȝƷǝॶ XX =ƷȖȝȓƷॶ
� =ǐǼǝΞǐǶॶ ƷǼǌBBƷǼǼॽ /ǼȝǐǝȓƷȝǦΗǐ ȏȓȂȝǐȂǻǦǆ ȏȓȂЖǶǦǼǝ Ȃǜ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ǆǐǶǶ ǶǦǼǐȖ ȓǐΗǐƷǶȖ
ȏȓǐǆȠȓȖȂȓ ǆǐǶǶ ƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼȖ ƷǼǌ ǜȠǼǆȝǦȂǼƷǶ ȖȝƷȝȠȖॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ आऀॵऀূऀःॶ
ँࣿऀअॽ

ফऀइइব :ǐȓǐǻǦƷǣ CsǦǼȝǐȓॶ =ǐȂǼƷȓǌ [ :ǐЍǐȓȖȂǼॶ ƷǼǌ [ǆȂȝ X <ǦǻǅƷǶǶॽ �ȓǴ ƷǼǌ ƷǴȝ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞȖ
ǜȠǼǆȝǦȂǼ ȝǣȓȂȠǝǣ ȏƷȓƷǶǶǐǶ ǻǐǆǣƷǼǦȖǻȖ ȝȂ ȏȓȂǻȂȝǐ ǻȝȂȓǆऀ ȖǦǝǼƷǶǦǼǝॽ �ȚǯȲȅǥǖț :ȡȿȲțǖȕ ȡǻ
UȂͤȵȅȡȕȡǼͤठ�ǯȕȕ UȂͤȵȅȡȕȡǼͤॶ ंࣿࣿऄॵ�ऀऀआँূ�ऀऀइࣿॶ ँࣿऀऀॽ

ফऀइईব �ǶǐΝƷ � bȠȓǴǐॶ yȂȠǼǝǆǣȠǶ [ȂǼǝॶ �ƷȓǶȂȝȝƷ �ȂȖȝƷॶ XǐǅǐǆǆƷ �ȂȂǴॶ �ƷȓǶȂȖ = �ȓȝǐƷǝƷॶ :ȂǣǼB
�ȖƷȓƷॶ ƷǼǌ :ǐЍȓǐΞ � �ǼǝǐǶǻƷǼॽ BǐǴ ǦǼǣǦǅǦȝǦȂǼ ǶǐƷǌȖ ȝȂ ȏǦंǴƷǴȝ ƷǆȝǦΗƷȝǦȂǼ ǅΞ ȓǐǶǦǐΗǦǼǝ Ʒ
ǼǐǝƷȝǦΗǐ ǜǐǐǌǅƷǆǴ ȂǼ ǐȓǅǅ ȓǐǆǐȏȝȂȓȖॽ �ǖțǥǯȲ ȲǯȵǯǖȲǥȂॶ आँऀंॵंँँइূंँंआॶ ँࣿऀँॽ

ফऀईࣿব WǦǼǶǦƷǼ :ǦƷȂॶ =ǐǦ �Ǧॶ yǦǌƷǼ XǐǼॶ [ǣȠǶǦƷǼǝ [ȂǼǝॶ WǦǼsƷǼǝॶ ƷǼǌ yȠǼৄȖǣƷǼsƷǼǝॽ �ǌΗƷǼǆǐȖ ǦǼ
ȖȝȠǌǦǐȖ Ȃǜ ȝΞȓȂȖǦǼǐ ǴǦǼƷȖǐ ǦǼǣǦǅǦȝȂȓȖ ƷǼǌ ȝǣǐǦȓ ƷǆȒȠǦȓǐǌ ȓǐȖǦȖȝƷǼǆǐॽ BȡȕǯǥȿȕǖȲ ǥǖțǥǯȲॶ ऀआऀॵऀূ
ऀँॶ ँࣿऀइॽ

ফऀईऀব CǦǝǐǶ %ȂȂǌǐॶ <ǐǼǼǐȝǣ ,ȠǝǣǐȖॶ :XsȂȂǌǝǐȝȝॶ ƷǼǌ U: UƷȓǴǐȓॽ �ǦЍǐȓǐǼȝǦƷǶ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ
ǝǶΞǆȂǝǐǼ ȖΞǼȝǣƷȖǐ ǴǦǼƷȖǐৄं ǅǐȝƷ ǅΞ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ ǆ ǦȖȂȝΞȏǐȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ
ँअआँःॵऀअइआइূऀअइइँॶ ऀईईँॽ

ফऀईँব �ȓǦǆƷ =BƷΞǐȓ ƷǼǌ /ƷǼ � <ȓȂȏॽ �ǌΗƷǼǆǐȖ ǦǼ ȝƷȓǝǐȝǦǼǝ Ȗȓǆ ǦǼ ȝǣǐ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǅȓǐƷȖȝ ǆƷǼǆǐȓ
ƷǼǌ Ȃȝǣǐȓ ȖȂǶǦǌ ǻƷǶǦǝǼƷǼǆǦǐȖॽ �ȕȅțȅǥǖȕ �ǖțǥǯȲ XǯȵǯǖȲǥȂॶ ऀअऀःॵंऄँअূंऄंँॶ ँࣿऀࣿॽ

ऀँँ



ফऀईंব %ǐǼǐΗǦǐΗǐ ,ȂȠȖǻƷǼॶ [ǣƷǼǼȂǼ �ΞǶǐȓॶ [ƷȓƷǣ ,ǐǐȓǅȂȝǣॶ <ƷȓȂǶǦǼƷ =ƷȏǦǼȖǴƷॶ BǆǴǐǼǼƷ =ȂǼৄ
ǝƷǆȓǐॶ CǦǆȂǶǐ [ǼΞǌǐȓॶ ƷǼǌ [ǦǅƷǱǦ [ƷȓǴƷȓॽ �ȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǆƷǼǆǐȓॵ ƷǼ ȂΗǐȓΗǦǐΘॽ �ǖțǥǯȲȵॶ
अंॵऀआअईূऀआईँॶ ँࣿऀःॽ

ফऀईःব �ȓƷΗǦǼǌ [ȠǅȓƷǻƷǼǦƷǼॶ UƷǅǶȂ bƷǻƷΞȂॶ qƷǻȖǦ <BȂȂȝǣƷॶ [ƷΞƷǼBȠǴǣǐȓǱǐǐॶ �ǐǼǱƷǻǦǼ =
�ǅǐȓȝॶ BǦǆǣƷǐǶ � %ǦǶǶǐȝȝǐॶ �ǻƷǼǌƷ UƷȠǶȂΗǦǆǣॶ [ǆȂȝȝ = UȂǻǐȓȂΞॶ bȂǌǌ X%ȂǶȠǅॶ �ȓǦǆ [
=ƷǼǌǐȓॶ ǐȝ ƷǶॽ %ǐǼǐ Ȗǐȝ ǐǼȓǦǆǣǻǐǼȝ ƷǼƷǶΞȖǦȖॵ Ʒ ǴǼȂΘǶǐǌǝǐৄǅƷȖǐǌ ƷȏȏȓȂƷǆǣ ǜȂȓ ǦǼȝǐȓȏȓǐȝৄ
ǦǼǝ ǝǐǼȂǻǐৄΘǦǌǐ ǐΝȏȓǐȖȖǦȂǼ ȏȓȂЖǶǐȖॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵॶ
ऀࣿँःंॵऀऄऄःऄূऀऄऄऄࣿॶ ँࣿࣿऄॽ

ফऀईऄব XǦǻȖǣƷBȠǼǦȓॶ :ƷǼ =ǦȖǐǆॶ :ȂǣƷǼǼǐȖ q [ΘǦǼǼǐǼॶ ƷǼǌ CȂȠȖǣǐǐǼ ~ƷǦǌǦॽ =ǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǦǼ
ǆƷǼǆǐȓ ǆǐǶǶȖ ȠǼǌǐȓ ǻǐȝƷǅȂǶǦǆ ȖȝȓǐȖȖॽ �ȲȅȼȅȵȂ ȐȡȿȲțǖȕ ȡǻ ǥǖțǥǯȲॶ ऀँࣿऀँॵऀࣿईࣿূऀࣿईइॶ ँࣿऀईॽ

ফऀईअব WǦ sȠॶ ,ƷǼȏȠ ~ǣƷǼǝॶ [Ǧ [ȠǼॶ =ǦǱȠǼsƷǼǝॶ ƷǼǌ [ǣǐǼǝȓȂǼǝ [ȠǼॽ �ΝȝȓƷǆǐǶǶȠǶƷȓ ΗǐȖǦǆǶǐȖ ƷǼǌ
ǦǻǻȠǼȂǝǐǼǦǆ ȖȝȓǐȖȖ ǦǼ ǆƷǼǆǐȓॽ �ǯȕȕ �ǯǖȼȂ �ȅȵǯǖȵǯॶ ऀँऀࣿॵऀূऀँॶ ँࣿँऀॽ

ফऀईआব �ȝǣƷǼ �ǐȓƷǻǦॶ �ǻǐǴ �ǐǻǦȓॶ CǦǴȂǶƷȠȖ [ǆǣȠǶȝΣॶ �ƷȓȓΞ [ bƷΞǶȂȓॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ �ȠȝȂৄ
ǻƷȝǐǌ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖ ǦǌǐǼȝǦЖǐȖ ǆȂȓǐ ȏƷȝǣΘƷΞȖ ǦǼ ǝǶǦȂǅǶƷȖȝȂǻƷॽ Uȕȡ[ ȡțǯॶ ऄँॵǐइईऀइॶ ँࣿऀࣿॽ

ফऀईइব �ȓǦǆ BǦǼΘǐǦ =ǦȠॶ �ȠǝȠȖȝǦǼ =ȠǼƷॶ %ȠƷǼǶƷǼ �ȂǼǝॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ ǼǐȝǅȂΝȓॵ �ȠȝȂǻƷȝǐǌ
ǌǦȖǆȂΗǐȓΞ Ȃǜ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖ ǻȂǌȠǶǐȖ ǅΞ ǼǐȝΘȂȓǴ ƷǼƷǶΞȖǦȖ ǦǼ ȓॽ Uȕȡ[ ȡțǯॶ ऀऄऀऀॵǐࣿँंःअअईॶ
ँࣿँࣿॽ

ফऀईईব �ȓǐǼǌƷǼ �BƷǼǼǦǼǝ ƷǼǌ �ǶǐΝ bȂǴǐȓॽ �ǴȝȏǴǅ ȖǦǝǼƷǶǦǼǝॵ ǼƷΗǦǝƷȝǦǼǝ ȝǣǐ ǼǐȝΘȂȓǴॽ �ǯȕȕॶ
ऀअईंॵंइऀূःࣿऄॶ ँࣿऀआॽ

ফँࣿࣿব %ǐȂȓǝǐ BǦǣƷǦ CǦȝȠǶǐȖǆȠॶ BƷȓΞǼƷ qƷǼ �ǐ qǐǼȝǐȓॶ %ǐȂȓǝǦƷǼƷ CǦȝȠǶǐȖǆȠॶ �ǼǆƷ eǼǝȠȓǦƷǼȠॶ
UǐȝȓƷȖ :ȠΣǐǼƷȖॶ WǦƷǼ UǐǼǝॶ HǆȝƷΗǦƷǼ bȠǌȂȓǐǶ HǶƷȓȠॶ �ƷǼǦǐǶƷ %ȓƹǌǦǼƷȓȠॶ �ȓǦȖȝǦǌǐȖ bȖƷȝȖƷǴǦȖॶ
�ǦǻǦȝȓǦȖ bȖȂȠǴƷǶƷȖॶ ǐȝ ƷǶॽ bǣǐ ƷǴȝ ȏƷȝǣΘƷΞ ǦǼ ȂǼǆȂǶȂǝΞ ȝǣǐȓƷȏΞ ƷǼǌ ǅǐΞȂǼǌॽ /țȼǯȲțǖȼȅȡțǖȕ
:ȡȿȲțǖȕ ȡǻ HțǥȡȕȡǼͤॶ ऄंअॵँंऀईূँंंऀॶ ँࣿऀइॽ

ফँࣿऀব BƷȖȠǴȂ <ƷȝȂǣ ƷǼǌBƷȖƷȓȠ <ƷȝȂǣॽ UȓǐǆǦȖǦȂǼ ǻǐǌǦǆǦǼǐ ǜȂȓ ǣȠǻƷǼ ǆƷǼǆǐȓȖ ΘǦȝǣ ǼȂȝǆǣ ȖǦǝǼƷǶৄ
ǦǼǝ ǌΞȖȓǐǝȠǶƷȝǦȂǼॽ /țȼǯȲțǖȼȅȡțǖȕ ȐȡȿȲțǖȕ ȡǻ ȚȡȕǯǥȿȕǖȲ Țǯǫȅǥȅțǯॶ ःऄँॵँआईূँईआॶ ँࣿँࣿॽ

ফँࣿँব �ǶǜȓǐǌȂ %ǦǻǑǼǐΣৄ�ƷȖȖǦǼƷ ƷǼǌ CǦǴƷ C�ƷǼǦƷǶॽ XǐǝȠǶƷȝǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǼȠȝȓǦǐǼȝ
ƷǼǌ ǐǼǐȓǝΞ ǻǐȝƷǅȂǶǦȖǻ ǅΞ ǅǆǶৄँ ǜƷǻǦǶΞ ȏȓȂȝǐǦǼȖॽ bȲǯțǫȵ ȅț �țǫȡǥȲȅțȡȕȡǼͤ BǯȼǖǤȡȕȅȵȚॶ
ँअःॵऀअऄূऀआऄॶ ँࣿऀऄॽ

ফँࣿंব �ΞȖǐ ,ƷǼǌǐ CƷΞǻƷǼॶ ,ƷǶǦǻǐ [ǦǝǦǼǆॶ �ǅȓȠ ~ǐǻǣǐȓǦॶ $ƷȓȠǴ yǐǼǆǦǶǐǴॶ �ȖǦǜ yǦǶǌǦȓǦǻॶ ƷǼǌ �ǦǶǐǴ
bǐǶǆǦॽ �ȠƷǶৄǦǼǣǦǅǦȝǦȂǼ Ȃǜ ǻȝȂȓ ƷǼǌ ǅǆǶৄँ ǐǼǣƷǼǆǐȖ ȝǣǐ ƷǼȝǦৄȝȠǻȂȓ ǐЍǐǆȝ Ȃǜ ǐΗǐȓȂǶǦǻȠȖ ƷǝƷǦǼȖȝ
ȓǐǼƷǶ ǆǐǶǶ ǆƷȓǆǦǼȂǻƷ ǦǼ ΗǦȝȓȂ ƷǼǌ ǦǼ ΗǦΗȂॽ :ȡȿȲțǖȕ ȡǻ �ǖțǥǯȲॶ ऀࣿअॵऀःअअॶ ँࣿऀईॽ

ফँࣿःব =ǐǦȖǶ B UƷǆǴǐȓॶ [ƷǻƷǼȝǣƷ : [ȝǐǣǅǐǼȖॶ qƷǼǐȖȖƷ $ �ȂǼƷΣΣǦॶ :ǐǼǼǦǜǐȓ , %ȠǼȝǐȓॶ XȂǅǐȓȝ : :Ƞॶ
BǦǆǣǐƷǶ sƷȓǌॶ BǦǆǣƷǐǶ % %ƷȓȝȖǦǌǐॶ [ƷȓƷ � �ΞȓȂǼॶ ƷǼǌ UƷǻǐǶƷ B UȂǶǶȂǆǴॽ �ǆǶৄँ ǦǼǣǦǅǦȝȂȓȖ
ǐǼǣƷǼǆǐ ǜǝǜȓ ǦǼǣǦǅǦȝȂȓৄǦǼǌȠǆǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶৄǌǐȏǐǼǌǐǼȝ ǆǐǶǶ ǌǐƷȝǣ ǦǼ ǜǝǜȓँৄǻȠȝƷǼȝ ǐǼৄ
ǌȂǻǐȝȓǦƷǶ ǆƷǼǆǐȓॽ BȡȕǯǥȿȕǖȲ ȡțǥȡȕȡǼͤॶ ऀंःॵआंइূआऄअॶ ँࣿऀईॽ

ऀँं



ফँࣿऄব �ȝȖȠǣǦȓȂ �ǌƷǆǣǦॶ $ȠǻǦ <ƷǼȂॶ bƷǴƷȖǣǦ bȖȠǅȂǦॶ BȂȓǦǣǦȖƷ $ȠǱǦȝƷॶ yȠȖȠǴǐ BƷǐǌƷॶ ƷǼǌ
BƷȖƷΞȠǴǦ BȠȓƷȝƷॽ %ȂǶǝǦৄƷȖȖȂǆǦƷȝǐǌ ǝȖǴंܮ ȓǐǝȠǶƷȝǐȖ ȝǣǐ ȖȂȓȝǦǼǝ ȏȓȂǆǐȖȖ Ȃǜ ȏȂȖȝৄǝȂǶǝǦ ǻǐǻৄ
ǅȓƷǼǐ ȝȓƷАǆǴǦǼǝॽ :ȡȿȲțǖȕ ȡǻ ǥǯȕȕ ȵǥȅǯțǥǯॶ ऀँंऀईॵंँऀऄূंँँऄॶ ँࣿऀࣿॽ

ফँࣿअব :ǦǐȒǦȂǼǝ ,ȠƷǼǝॶ xǦǼΞȠǐ %ȠȂॶ sǐǦǣȂǼǝ =Ǧॶ ƷǼǌ ,ƷǦΞƷǼ ~ǣƷǼǝॽ �ǆȝǦΗƷȝǦȂǼ Ȃǜ ΘǼȝৄܮǆƷȝǐǼǦǼ
ȖǦǝǼƷǶǶǦǼǝ ΗǦƷ ǝȖǴं ǦǼǣǦǅǦȝȂȓȖ ǌǦȓǐǆȝ ǌǦЍǐȓǐǼȝǦƷȝǦȂǼ Ȃǜ ǣȠǻƷǼ ƷǌǦȏȂȖǐ Ȗȝǐǻ ǆǐǶǶȖ ǦǼȝȂ ǜȠǼǆৄ
ȝǦȂǼƷǶ ǣǐȏƷȝȂǆΞȝǐȖॽ [ǥȅǯțȼȅϨǥ ȲǯȮȡȲȼȵॶ आऀॵऀূऀँॶ ँࣿऀआॽ

ফँࣿआব �ȓǦǴƷ [ �ƷǣǶॶ XƷȒȠǐǶ �ȠǱॶ <ǐǶǶΞ � =ǐȂǼॶ :ȂȓǌƷǼBCǐΘǐǶǶॶ yȠǴƷ /ǻƷǻȠȓƷॶ �ǐǼǱƷǻǦǼ %
�ǦȝǶǐȓॶ CƷȝǣƷǼǦǐǶ s [ǼΞǌǐȓॶ ƷǼǌ <ƷȝǣǐȓǦǼǐ B�Ǧȓǌॽ bƷȓǝǐȝǦǼǝ Ǧǌǣऀ ƷȖ Ʒ ȏȓȂȖǐǼǐȖǆǐǼȝ ȝǣǐȓƷȏΞ
ǦǼ ǣǦǝǣৄǝȓƷǌǐ ȖǐȓȂȠȖ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ BȡȕǯǥȿȕǖȲ �ǖțǥǯȲ XǯȵǯǖȲǥȂॶ ऀआइॵऀआऀࣿূऀआँࣿॶ ँࣿऀईॽ

ফँࣿइব =ƷȠȓǐǼ q �Ƕǅȓǐǆǣȝॶ CΞǌǦƷ bǐǱǐǌƷৄBȠȁȂΣॶ BƷǝǝǦǐ , �ȠǦॶ �ǼǌȓǐΘ ��ǦǆǆǣǐȝȝȂॶ �ƷǼǦǐǶǐ
�Ǧ �ǦƷǝǦȂॶ %ƷǅȓǦǐǶǐ �ȂǶȂΣΣƷॶ �ȓǼȖȝ [ǆǣǻǦǌॶ [ȝǐǜƷǼȂ UǦǆǆȂǶȂॶ ,ǐƷȝǣǐȓ X �ǣȓǦȖȝȂǜǴॶ ƷǼǌ �ǌৄ
ΘƷȓǌB�ǐ XȂǅǐȓȝǦȖॽ %ȖǴं ǦǼǣǦǅǦȝȖ ǻƷǆȓȂȏǦǼȂǆΞȝȂȖǦȖ ƷǼǌ ǶΞȖȂȖȂǻƷǶ ƷǆȝǦΗǦȝΞ ȝǣȓȂȠǝǣ ȝǣǐ
ΘǼȝ ǌǐȖȝȓȠǆȝǦȂǼ ǆȂǻȏǶǐΝ ǻƷǆǣǦǼǐȓΞॽ �ǯȕȕ ȲǯȮȡȲȼȵॶ ंँःॵऀࣿआईआंॶ ँࣿँࣿॽ

ফँࣿईব [ǣƷΘǼB�ƷΗǦǌȖȂǼ ƷǼǌBƷȝȝǣǐΘ % qƷǼǌǐȓ ,ǐǦǌǐǼॽ �ȓǦȝǦǆƷǶ ǜȠǼǆȝǦȂǼȖ Ȃǜ ȝǣǐ ǶΞȖȂȖȂǻǐ ǦǼ
ǆƷǼǆǐȓ ǅǦȂǶȂǝΞॽ �țțȿǖȕ Ȳǯ͝ȅǯ͞ ȡǻ ȮȂǖȲȚǖǥȡȕȡǼͤ ǖțǫ ȼȡͣȅǥȡȕȡǼͤॶ ऄआॵःइऀূऄࣿआॶ ँࣿऀआॽ

ফँऀࣿব yƷǼৄ:ȠǼ %ȠȂॶ sǐǦৄsǐǦ UƷǼॶ [ǣǐǼǝৄ�ǦǼǝ =ǦȠॶ ~ǣȂǼǝৄ$ǐǦ [ǣǐǼॶ yǦǼǝ xȠॶ ƷǼǌ =ǦǼǝৄ=ǦǼǝ ,Ƞॽ
�ȓǴǻƷȏǴ ȖǦǝǼƷǶǶǦǼǝ ȏƷȝǣΘƷΞ ƷǼǌ ȝȠǻȂȓǦǝǐǼǐȖǦȖॽ �ͣȮǯȲȅȚǯțȼǖȕ ǖțǫ ȼȂǯȲǖȮǯȿȼȅǥ Țǯǫȅǥȅțǯॶ
ऀईंॵऀईईआূँࣿࣿआॶ ँࣿँࣿॽ

ফँऀऀব �ǶǐȖȖƷǼǌȓƷ �ƷǶǶ�ǆȒȠƷॶ BǦǆǣǐǶǐ �ƷȓȝȂǶǐȝȝǦॶ CƷȖȝƷȓƷǼBƷȖȂȠǌǦৄ<ǣȂȓƷǻॶ XȂǅǐȓȝȂ [ȂȓǦȂॶ
$ƷǅǦȂ UȠǝǶǦȖǦॶ �ƷȓǅƷȓƷ �ǐǶǶǐȝȝǦॶ ƷǼǌ %ȠȖȝƷΗȂ �ƷǶǌƷȖȖƷȓȓǐॽ /ǼǣǦǅǦȝǦȂǼ Ȃǜ ǆǌǴःअ ƷȖ ȝǣǐȓƷȏǐȠȝǦǆ
ƷȏȏȓȂƷǆǣ ǜȂȓ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓ ȏƷȝǦǐǼȝȖॵ ǆȠȓȓǐǼȝ ǐΗǦǌǐǼǆǐȖ ƷǼǌ ǜȠȝȠȓǐ ȏǐȓȖȏǐǆȝǦΗǐȖॽ �ǖțǥǯȲȵॶ
ऀंऀँॵंࣿंऄॶ ँࣿँऀॽ

ফँऀँব BƷȓǦƷ XȂȖƷȓǦƷ XȠȂǆǆȂॶ �ǼǝǐǶǦǆƷ �ΗƷǝǶǦƷǼȂॶ %ǦȠȖǐȏȏǦǼƷ %ȓƷǼƷȝȂॶ �ǶǐǼƷ qǦǝǶǦƷȓॶ [ȝǐǜƷǼǦƷ
BƷȖȂǼǐॶ [ȝǐǜƷǼǦƷ BȂǼȝƷǝǼƷǼǦॶ ƷǼǌ �ǶǐȖȖƷǼǌȓȂ �ȓǆȠǆǆǦॽ BǐȝƷǅȂǶǦǆ ЙǐΝǦǅǦǶǦȝΞ ǦǼ ǻǐǶƷǼȂǻƷॵ
� ȏȂȝǐǼȝǦƷǶ ȝǣǐȓƷȏǐȠȝǦǆ ȝƷȓǝǐȝॽ /Ǽ [ǯȚȅțǖȲȵ ȅț �ǖțǥǯȲ �ȅȡȕȡǼͤॶ ΗȂǶȠǻǐ ऄईॶ ȏƷǝǐȖ ऀइआূँࣿआॽ
�ǶȖǐΗǦǐȓॶ ँࣿऀईॽ

ফँऀंব BƷǦ WCǝȠΞǐǼॶ :ǐȖȖǦǆƷ =$ bǐǣॶ bǦǻȂȝǣΞ : UȠȓΘǦǼॶ /ǼǼƷ �ǣǐȓΗȂǼǐΗƷॶ BǦǆǣƷǐǶ � �ƷΗǦǐȖॶ
<ƷȝǣǐȓǦǼǐ = CƷȝǣƷǼȖȂǼॶ UǣǦǶ $ �ǣǐǼǝॶ BǦȝǆǣǐǶǶ U =ǐΗǐȖȒȠǐॶ XǐǦǼǣƷȓǌ �Ƞǻǻǐȓॶ ƷǼǌ �Ǽৄ
ǌȓǐΘ � �ȏǶǦǼॽ bƷȓǝǐȝǦǼǝ ȏǣǝǌǣ ȠȏȓǐǝȠǶƷȝǦȂǼ ȓǐǌȠǆǐȖ ǝǶȠȝƷȝǣǦȂǼǐ ǶǐΗǐǶȖ ƷǼǌ ȓǐȖǐǼȖǦȝǦΣǐȖ ȓǐȖǦȖৄ
ȝƷǼȝ ǼȓƷȖৄǻȠȝƷǼȝ ǻǐǶƷǼȂǻƷ ȝȂ ǻƷȏǴ ǴǦǼƷȖǐ ǦǼǣǦǅǦȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ /ț͝ǯȵȼȅǼǖȼȅ͝ǯ �ǯȲȚǖȼȡȕȡǼͤॶ
ऀःࣿऀऀॵँँःँূँँऄँॶ ँࣿँࣿॽ

ফँऀःব XƷǦǼ X �ǣǐǼॶ BǦǼǝȂB, yȠǼǝॶ yƷǼǝ xȠƷǼॶ [ǣǦǱǦǐ ~ǣƷǼॶ =ǐƷǼǼǐ = =ǐȠǼǝॶ XƷǆǣǐǶ X =ǦƷǼǝॶ
bǣȂǻƷȖ ,y =ǐȠǼǝॶ ,ȠǦǱȠƷǼ yƷǼǝॶ �ƷǴƷǼǝ xȠॶ XƷǴǐȖǣ [ǣƷȓǻƷॶ ǐȝ ƷǶॽ bƷȓǝǐȝǦǼǝ Ȃǜ ǶǦȏǦǌ
ǻǐȝƷǅȂǶǦȖǻ ΘǦȝǣ Ʒ ǻǐȝƷǅȂǶǦǆ ǦǼǣǦǅǦȝȂȓ ǆȂǆǴȝƷǦǶ ǐȓƷǌǦǆƷȝǐȖ ȏǐȓǦȝȂǼǐƷǶ ǻǐȝƷȖȝƷȖǐȖ ǦǼ ȂΗƷȓǦƷǼ
ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ȡȚȚȿțȅǥǖȼȅȡțȵ ǤȅȡȕȡǼͤॶ ँऀॵऀূऀऄॶ ँࣿऀईॽ

ऀँः



ফँऀऄব �ǌȓǦƷǼ X �ǶƷǆǴ ƷǼǌ :ǐǼǼǦǜǐȓ � �ǶƷǆǴॽ UȓȂȝǐǦǼ ǴǦǼƷȖǐ ǆ ȖǦǝǼƷǶǦǼǝ ƷǼǌ ǆǐǶǶ ǆΞǆǶǐ ȓǐǝȠǶƷȝǦȂǼॽ
$ȲȡțȼȅǯȲȵ ȅț ȅȚȚȿțȡȕȡǼͤॶ ंॵःँंॶ ँࣿऀंॽ

ফँऀअব bǣȂǻƷȖ � �ǐƷǌǼǐǶǶॶ <ǐǶȖǐΞ sCƷȖȖƷȓॶ BƷǌǦȖȂǼBXȂȖǐॶ �ȓǦǼ % �ǶƷȓǴॶ �ȓǦƷǼ U �ƷǼΞȖǣॶ
BƷȓǦǐৄ�ǶƷȠǌǐ ,ȂǜǻƷǼǼॶ CǦǴǦȝƷ UȂΣǌǐΞǐΗॶ ƷǼǌ XǐǅǐǆǆƷ � [ǆǣΘǐȏȏǐॽ [ȓǆৄǻǐǌǦƷȝǐǌ ȓǐǝȠǶƷৄ
ȝǦȂǼ Ȃǜ ȝǣǐ ȏǦंǴ ȏƷȝǣΘƷΞ ǦǼ ƷǌΗƷǼǆǐǌ ȏƷȏǦǶǶƷȓΞ ƷǼǌ ƷǼƷȏǶƷȖȝǦǆ ȝǣΞȓȂǦǌ ǆƷǼǆǐȓॽ HțǥȡǼǯțǯȵȅȵॶ
आँॵऀূऀःॶ ँࣿऀइॽ

ফँऀआব �ȓǌǐǼ UǐȓǴǦǼȖॶ <ǦǻǅǐȓǶΞ : CǐǶȖȂǼॶ �ǐȓǐǴ UƷȓȖȂǼƷǝǐॶ =ǐȖǶǦǐ � UȂȂǶǐॶ ƷǼǌ U �ǼǌȓǐΘ <ƷȓȏǶȠȖॽ
UǐȓȂΝǦȓǐǌȂΝǦǼȖॵ ǝȠƷȓǌǦƷǼȖ ƷǝƷǦǼȖȝ ȂΝǦǌƷȝǦΗǐ ȖȝȓǐȖȖ ƷǼǌ ǻȂǌȠǶƷȝȂȓȖ Ȃǜ ȏǐȓȂΝǦǌǐ ȖǦǝǼƷǶǦǼǝॽ
bȲǯțǫȵ ȅț ǤȅȡǥȂǯȚȅǥǖȕ ȵǥȅǯțǥǯȵॶ ःࣿइॵःंऄূःःऄॶ ँࣿऀऄॽ

ফँऀइব �ȓǦƷǼǼƷ CǦǆȂǶȠȖȖǦॶ [ȂǼǦƷ �ǦǼΣǐȂॶ �ƷȓǶȂ �ƷȏƷǶǅȂॶ %ǦȠȖǐȏȏǐ %ǦƷǼǼǦǼǦॶ ƷǼǌ �ǼǼƷ �ȂȏȏƷॽ
bǣǐ ȓȂǶǐ Ȃǜ ȏǐȓȂΝǦȓǐǌȂΝǦǼȖ ǦǼ ǆƷǼǆǐȓॽ BȡȕǯǥȿȕǖȲ ǖțǫ ǥȕȅțȅǥǖȕ ȡțǥȡȕȡǼͤॶ अँॵऀंईূऀऄंॶ ँࣿऀआॽ

ফँऀईব xǦǼৄΞƷǼsƷǼǝॶ ,ƷǦৄǱǦƷȂ sƷǼǝॶ ƷǼǌ xǦȠৄȒǦǼ =Ǧॽ UǐȓȂΝǦȓǐǌȂΝǦǼ ǦǦǦ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼ ǦȖ ƷȖȖȂǆǦৄ
Ʒȝǐǌ ΘǦȝǣ ȏǶƷȝǦǼȠǻ ȓǐȖǦȖȝƷǼǆǐ ǦǼ ǐȏǦȝǣǐǶǦƷǶ ȂΗƷȓǦƷǼ ǆƷǼǆǐȓॽ bȿȚȡȲ �ȅȡȕȡǼͤॶ ंःःॵँँआऄূँँइऀॶ
ँࣿऀंॽ

ফँँࣿব �ॽ qॽ <ƷǶǦǼǦǼƷॶ bॽ bॽ �ǐȓǐΣȂΗॶ �ॽ �ॽ [ǣȝǦǶॶ Cॽ Cॽ �ǣǐȓǼȂΗॶ qॽ �ॽ %ǶƷΣȠǼȂΗƷॶ Bॽ �ॽ
CȂΗǦǆǣǴȂΗƷॶ ƷǼǌ Cॽ <ॽ CȠȓǻȠȓƷǌȂΗॽ �ΝȏȓǐȖȖǦȂǼ Ȃǜ ȏǐȓȂΝǦȓǐǌȂΝǦǼ ऀॶ ँॶ ंॶ ƷǼǌ अ ǝǐǼǐȖ
ǦǼ ǆƷǼǆǐȓ ǆǐǶǶȖ ǌȠȓǦǼǝ ǌȓȠǝ ȓǐȖǦȖȝƷǼǆǐ ǜȂȓǻƷȝǦȂǼॽ �ȿȕȕǯȼȅț ȡǻ �ͣȮǯȲȅȚǯțȼǖȕ �ȅȡȕȡǼͤ ǖțǫ
Bǯǫȅǥȅțǯॶ ऀऄंअॵइआईূइइँॶ HǆȝȂǅǐȓ ँࣿऀँॽ

ফँँऀব BƷǶǝȂȓΣƷȝƷ �ƷǱȂȓॶ �ǝǼǦǐȖΣǴƷ %ȓƷǆΣΞǴৄ:ƷȓΣΞǼǴƷॶ <ƷȝȖǦƷȓΞǼƷ BƷȓǣǐǶƷΗƷॶ BƷǶǝȂȓΣƷȝƷ
<ȠȓǴȂΘǦƷǴॶ �ȓǻƷǼ XƷǣǻƷǼॶ �ǶƷȠǌǦƷ �ȠȓƷॶ CǦƷǻǣ XȠȖȖǐǶǶॶ �ǝƷȝƷ Hॽ ~Ξǆǣॶ BƷǶǝȂȓΣƷȝƷ
$ǦȓǆΣȠǴॶ BƷǝǌƷǶǐǼƷsǦǼǦƷȓȖǴƷॶ sǦǶǶǦƷǻBॽ %ƷǶǶƷǝǣǐȓॶ ƷǼǌ XƷǌȂȖǶƷΘ ~ƷǝȂΣǌΣȂǼॽ bȓǦȏǶǐ
ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ ƷȖǆȂȓǅƷȝǐॶ ǻǐǼƷǌǦȂǼǐ ƷǼǌ ȝǣǐ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȏǐȓȂΝǦȓǐǌȂΝǦǼৄऀ ȏȓȂǌȠǆǐȖ ȖΞǼৄ
ǐȓǝǦȖȝǦǆ ǆΞȝȂȝȂΝǦǆ ǐЍǐǆȝȖ ǦǼ ȝȓǦȏǶǐৄǼǐǝƷȝǦΗǐ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǆǐǶǶȖॽ �țȼȅȡͣȅǫǖțȼȵॶ ईःॵंँࣿॶ �ȏȓǦǶ
ँࣿँࣿॽ

ফँँँব [ǣȠΞȠ ~ǣǐǼǝॶ sǐǼΞȠsƷǼǝॶ :ǐǣƷǌ �ǶǌƷǣǌȂȂǣॶ �ǶǦǼƷ BƷǶΞȠȝǦǼƷॶ bȂǶȂȠ [ǣƷǌǅƷǣȓॶ ~ǦƷȠȓৄ
ȓǐǣǻƷǼ bƷǼȂǶǦॶ �ǶǅǐȓȝȂ UǐȖȖǦƷॶ ƷǼǌ :ǦǼǝ bƷǼǝॽ [ΞǼǐȓǝΞ$ǦǼǌǐȓ ȏǶȠȖॵ bȂΘƷȓǌ ǅǐȝȝǐȓ ǦǼȝǐȓȏȓǐৄ
ȝƷȝǦȂǼ ƷǼǌ ƷǼǼȂȝƷȝǦȂǼ Ȃǜ ǌȓȠǝ ǆȂǻǅǦǼƷȝǦȂǼ ȖǆȓǐǐǼǦǼǝ ǌƷȝƷȖǐȝȖॽ %ǯțȡȚȅǥȵ࣐ UȲȡȼǯȡȚȅǥȵ ǖȚȮ
�ȅȡȅțǻȡȲȚǖȼȅǥȵॶ :ƷǼȠƷȓΞ ँࣿँँॽ

ফँँंব CǦǆȂǶƷȖ %ǐȓǻƷǦǼॶ BǑǶƷǼǦǐ �ǣƷΞǐȓॶ BƷȓǦǐ �ȂǦǶǐƷȠॶ WȠǐǼȝǦǼ $ȂΗǐΣॶ :ǐȓȂǻǐ <ǶȠΣƷॶ ƷǼǌ
UǣǦǶǦȏȏǐ BƷȓǆǣǐȝȝǦॽ =ǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ ȓǐȖǦȖȝƷǼǆǐ ȝȂ ƷǼȝǦǆƷǼǆǐȓ ȝȓǐƷȝǻǐǼȝॽ �ȅȡȕȡǼͤॶ
ईऀँॵःआःॶ �ǐǆǐǻǅǐȓ ँࣿँࣿॽ

ফँँःব =ǦǼǌȖƷΞ �ॽ �ȓȂƷǌЖǐǶǌॶ �ǼȝȂǼǦǼȂ �ǶǐǱƷǼǌȓȂ UƷǼǐॶ �ǶǦ bƷǶǐǅǦॶ :ȂǣƷǼǼǐȖ qॽ [ΘǦǼǼǐǼॶ ƷǼǌ
[ƷȓƷǣৄBƷȓǦƷ $ǐǼǌȝॽ =ǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǦǼ ǆƷǼǆǐȓॵ CǐΘ ȏǐȓȖȏǐǆȝǦΗǐȖ ƷǼǌ ǐǻǐȓǝǦǼǝ ǻǐǆǣƷৄ
ǼǦȖǻȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ऄअऀࣿॵऀंअंূऀंईंॶ BƷΞ ँࣿँऀॽ

ऀँऄ



ফँँऄব BƷȝȝǐȂ �ȠȓȝƷȓǐǶǶȂॶ BƷȓȝǦǼƷ bȂǝǼȂǼॶ �ƷȓȂǶǦǼƷ qǐǼȝȠȓȂǶǦॶ BǦǆȂǶ [ǦǶǦǆৄ�ǐǼȠȖȖǦॶ �ǼǝǐǶƷ %ȓƷȖȖǦॶ
BƷȓȝǦǼƷ qǐȓΣƷॶ [ȂǼǦƷ BǦǼȠΣΣȂॶ BƷȓǦǆƷ UǦǼƷΣΣƷॶ qƷǶǐǼȝǦǼƷ �ȓǦǶǶȂॶ %ǦȂΗƷǼǼǦ bȂȖǦॶ XȠǝǝǐȓȂ
$ǐȓȓƷΣΣƷॶ %ȓƷΣǦƷǼȂ %ȠǐǶǶƷॶ �ǝǦǌǦȂ /ȂȓǦȂॶ �ǌȓǦǐǼ %ȂǌǜȓȂǦǌॶ CȂȓ �ǌǌǦǼǐ [ȂȠǼǼǦॶ �ǶǅǐȓȝȂ
�ǻƷǌȂȓǦॶ ƷǼǌ [ȝǐǜƷǼȂ /ǼǌȓƷǆǆȂǶȂॽ XǐΘǦȓǦǼǝ Ȃǜ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ ȖȝȂȓƷǝǐ ǦǼ ȂΗƷȓǦƷǼ
ǆƷǼǆǐȓ ǆǐǶǶȖ Ʒǜȝǐȓ ƷǼȝǦৄq�%$ ȝǣǐȓƷȏΞॽ �ǯȕȕȵॶ इऀँॵऀअࣿऀॶ �ǐǆǐǻǅǐȓ ँࣿऀईॽ

ফँँअব �ǣȓǦȖȝǦƷǼ � <ǐǶȖȝȓȠȏॶ �Ȃȓȝǐ � �ǐǴǴǐȓৄ:ǐǼȖǐǼॶ bƷǅǦΘƷǼǝ C �ȓȓǐΞॶ �ǶǐΝƷǼǌǐȓ ,Ȃǝȓǐǅǐॶ
�ǶǐΝƷǼǌǐȓ ,Ʒȓǌǐȓॶ ƷǼǌ :ǐȖȏǐȓ q HǶȖǐǼॽ UǐȓǜȂȓǻƷǼǆǐ ǐΗƷǶȠƷȝǦȂǼ Ȃǜ ȝǣǐ Ȓ ǐΝƷǆȝǦΗǐ ǣǜৄΝ ǜȂȓ
ȖǣȂȝǝȠǼ ȏȓȂȝǐȂǻǦǆȖॽ :ȡȿȲțǖȕ ȡǻ ȮȲȡȼǯȡȚǯ ȲǯȵǯǖȲǥȂॶ ऀआऀॵआँआূआंइॶ ँࣿऀइॽ

ফँँआব �ǐǼǱƷǻǦǼB%ΞȂȓǦॶ :ȂǣǼ � �ƷǆǣǻƷǼॶ <ƷȓȝǦǴ [ȠǅȓƷǻƷǼǦƷǼॶ :ǐȓǐǻΞ =BȠǣǶǦǆǣॶ =ȠǆǦƷǼ
%ƷǶǐȖǆȠॶ ƷǼǌ Uǐȝǐȓ < [Ȃȓǝǐȓॽ $ȓȂǻ ΘȂȓǌ ǻȂǌǐǶȖ ȝȂ ǐΝǐǆȠȝƷǅǶǐ ǻȂǌǐǶȖ Ȃǜ ȖǦǝǼƷǶǦǼǝ ǼǐȝΘȂȓǴȖ
ȠȖǦǼǝ ƷȠȝȂǻƷȝǐǌ ƷȖȖǐǻǅǶΞॽ BȡȕǯǥȿȕǖȲ [ͤȵȼǯȚȵ �ȅȡȕȡǼͤॶ ऀंऀऀॵईऄःॶ CȂΗǐǻǅǐȓ ँࣿऀआॽ

ফँँइব %ȠƷǼǝǆǣȠƷǼǝ yȠॶ =Ǧৄ%ǐǼsƷǼǝॶ yƷǼΞƷǼ ,ƷǼॶ ƷǼǌ WǦǼǝৄyȠ ,ǐॽ ǆǶȠȖȝǐȓUȓȂЖǶǐȓॵ ƷǼ ȓ ȏƷǆǴƷǝǐ
ǜȂȓ ǆȂǻȏƷȓǦǼǝ ǅǦȂǶȂǝǦǆƷǶ ȝǣǐǻǐȖ ƷǻȂǼǝ ǝǐǼǐ ǆǶȠȖȝǐȓȖॽ HB/�[࣏ � :ȡȿȲțǖȕ ȡǻ /țȼǯǼȲǖȼȅ͝ǯ
�ȅȡȕȡǼͤॶ ऀअऄॵँइःূँइआॶ BƷΞ ँࣿऀँॽ

ফँँईব :ȂǣǼ % bƷȝǐॶ [ƷǶǶΞ �ƷǻǜȂȓǌॶ ,ƷȓȓΞ � :Ƞǅǅॶ ~ǅΞȖǶƷΘ [ȂǼǌǴƷॶ �ƷΗǦǌB �ǐƷȓǐॶ CǦǌǣǦ �ǦǼǌƷǶॶ
,ƷȓȓΞ �ȂȠȝȖǐǶƷǴǦȖॶ �ǣƷȓǶȂȝȝǐ % �ȂǶǐॶ �ǐǶǐȖȝǦǼȂ �ȓǐƷȝȂȓǐॶ �ǶǦȖƷǅǐȝǣ �ƷΘȖȂǼॶ Uǐȝǐȓ $ǦȖǣॶ �ǣƷৄ
ΗƷǼƷ ,ƷȓȖǣƷॶ �ǣƷȓǶǦǐ ,ƷȝǣƷΘƷΞॶ [ȝǐΗǐ � :Ƞȏǐॶ �ǣƷǦ yǦǼ <ȂǴॶ <Ʒȝǐ CȂǅǶǐॶ =ƷȠȓƷ UȂǼȝǦǼǝॶ
�ǣȓǦȖȝȂȏǣǐȓ � XƷǻȖǣƷΘॶ �ǶƷǦȓǐ � XΞǐॶ ,ǐǶǐǼ � [ȏǐǐǌΞॶ XƷΞ [ȝǐǜƷǼǆȖǦǴॶ [Ʒǻ = bǣȂǻȏȖȂǼॶ
[ǣǦǆƷǦ sƷǼǝॶ [ƷȓǦ sƷȓǌॶ Uǐȝǐȓ : �ƷǻȏǅǐǶǶॶ ƷǼǌ [ǦǻȂǼ � $ȂȓǅǐȖॽ �H[B/�ॵ ȝǣǐ ǆƷȝƷǶȂǝȠǐ Ȃǜ
ȖȂǻƷȝǦǆ ǻȠȝƷȝǦȂǼȖ ǦǼ ǆƷǼǆǐȓॽ Cȿǥȕǯȅǥ �ǥȅǫȵ XǯȵǯǖȲǥȂॶ ःआ�ऀॵ�ईःऀূ�ईःआॶ HǆȝȂǅǐȓ ँࣿऀइॽ

ফँंࣿব �ǦȖΘƷ CƷȝǣ �ƷȝȝƷॽ CȿȚǯȲȅǥǖȕ ȕȅțǯǖȲ ǖȕǼǯǤȲǖ ǖțǫ ǖȮȮȕȅǥǖȼȅȡțȵॶ ΗȂǶȠǻǐ ऀऀअॽ [ǦƷǻॶ ँࣿऀࣿॽ

ফँंऀব �ǣǦΞȠƷǼ ~ǣƷǼǝॶ [ƷǻΞ �ǐǼǝǦȂॶ BȂȓǦȝΣ ,Ʒȓǌȝॶ �ǐǼǱƷǻǦǼ Xǐǆǣȝॶ ƷǼǌ HȓǦȂǶ qǦǼΞƷǶȖॽ eǼǌǐȓৄ
ȖȝƷǼǌǦǼǝ ǌǐǐȏ ǶǐƷȓǼǦǼǝ ȖȝǦǶǶ ȓǐȒȠǦȓǐȖ ȓǐȝǣǦǼǴǦǼǝ ǝǐǼǐȓƷǶǦΣƷȝǦȂǼॽ �ȡȚȚȿțȅǥǖȼȅȡțȵ ȡǻ ȼȂǯ
��Bॶ अःंॵऀࣿआূऀऀऄॶ ँࣿँऀॽ

ফँंँব [ȂǼǦƷ %ȠǦǶ ƷǼǌBƷǼǐǶ �ȖȝǐǶǶǐȓॽ XǼƷূȓǼƷ ǦǼȝǐȓƷǆȝǦȂǼȖ ǦǼ ǝǐǼǐ ȓǐǝȠǶƷȝǦȂǼॵ ȝǣǐ ǆȂǌǦǼǝ ƷǼǌ
ǼȂǼǆȂǌǦǼǝ ȏǶƷΞǐȓȖॽ bȲǯțǫȵ ȅț ǤȅȡǥȂǯȚȅǥǖȕ ȵǥȅǯțǥǯȵॶ ःࣿऄॵँःइূँऄअॶ ँࣿऀऄॽ

ফँंंব :ƷǆȒȠǐǶǦǼǐ [ %ǐȓȓǦȝȖǐǼ ƷǼǌ $ȂȓǐȖȝ BsǣǦȝǐॽ UǣȂȖȏǣȂȏȓȂȝǐȂǻǦǆȖॵ Ʒ ΗƷǶȠƷǅǶǐ ȝȂȂǶ ǜȂȓ ȠǼǆȂΗৄ
ǐȓǦǼǝ ǻȂǶǐǆȠǶƷȓ ȖǦǝǼƷǶǦǼǝ ǦǼ ǆƷǼǆǐȓ ǆǐǶǶȖॽ �ͣȮǯȲȼ Xǯ͝ȅǯ͞ ȡǻ UȲȡȼǯȡȚȅǥȵॶ ऀइइॵअअऀূअआःॶ ँࣿँऀॽ

ফँंःব =ǐǼǌǐȓȝ %ǐǶǐǼȖ ƷǼǌ �ǌȓǦƷǼ b [ƷȠȓǦǼॽ �ΝȏǶȂȓǦǼǝ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ ǌΞǼƷǻǦǆ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼৄ
ǌǐȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ǆΞǆǶǐȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ ǥǯȕȕॶ ःःअॵअऄईূअअंॶ ँࣿऀइॽ

ফँंऄব =ΞǼǌƷsΞǶǌॶ /ǶƷȓǦƷ �ǐǶǶƷǼȝȠȂǼȂॶ bƷǻƷȓƷ bǆǣǴȂǼǦƷॶ :ǐǼǼƷBȂȓǝƷǼॶ HǶǦΗǦƷ bȠȓǼǐȓॶ $ǦȂǼƷ
$ȂȖȖॶ :ƷΞƷǼ %ǐȂȓǝǐॶ [ƷȓƷǣ �ƷǼȖȂǼॶ ƷǼǌ :ƷǻǐȖ = <ǦȓǴǶƷǼǌॽ [ǐǼǐȖǆǐǼǆǐ ƷǼǌ ǆƷǼǆǐȓॵ Ʒ ȓǐΗǦǐΘ Ȃǜ
ǆǶǦǼǦǆƷǶ ǦǻȏǶǦǆƷȝǦȂǼȖ Ȃǜ ȖǐǼǐȖǆǐǼǆǐ ƷǼǌ ȖǐǼȂȝǣǐȓƷȏǦǐȖॽ �ǖțǥǯȲȵॶ ऀँइॵँऀंःॶ ँࣿँࣿॽ

ऀँअ



ফँंअব �ȓǦƷǌǼƷ XǐǆƷȖǐǼȖ ƷǼǌ =ǐǼǴƷBȠǼȂΣॽ bƷȓǝǐȝǦǼǝ ǆƷǼǆǐȓ ǆǐǶǶ ǌȂȓǻƷǼǆΞॽ bȲǯțǫȵ ȅț ȮȂǖȲȚǖǥȡठ
ȕȡǼȅǥǖȕ ȵǥȅǯțǥǯȵॶ ःࣿँॵऀँइূऀःऀॶ ँࣿऀईॽ

ফँंआব �Ȗȝǣǐȓ XǣǐǦǼǅƷΞॶ BȂȓȝǐǼBȠǣǶǦǝ CǦǐǶȖǐǼॶ $ǐǌǐȓǦǆȂ �ǅƷȖǆƷǶॶ :ǐȓǐǻǦƷǣ �sƷǶƷॶ Hǜǐȓ [ǣƷȏǦȓƷॶ
%ȓƷǆǐ bǦƷȂॶ ,ǐǼȓǦǴ ,ȂȓǼȖǣȋǱॶ :ȠǶǦƷǼB,ǐȖȖॶ XƷǼǌǦ /ȖȝȓȠȏ :ȠȠǶॶ ~ǦƷȂ =ǦǼॶ ǐȝ ƷǶॽ �ǼƷǶΞȖǐȖ
Ȃǜ ǼȂǼৄǆȂǌǦǼǝ ȖȂǻƷȝǦǆ ǌȓǦΗǐȓȖ ǦǼ ँॶअऄइ ǆƷǼǆǐȓ ΘǣȂǶǐ ǝǐǼȂǻǐȖॽ CǖȼȿȲǯॶ ऄआइआआईंॵऀࣿँূऀऀऀॶ
ँࣿँࣿॽ

ফँंइব CƷȝǣƷǼƷǐǶ $ǦǶǶǻȂȓǐॶ [ȝǐΗǐǼ �ǐǶǶॶ �ǦΞȠǐ [ǣǐǼॶ qǦǼǣ CǝȠΞǐǼॶ :ǐǼǼǦǜǐȓ =Ʒॶ BƷȠȓǐǐǼ �ȠǅȓǐȠǦǶॶ
:ȠǌǦȝǣ [ȝȓΞǻǦȖǣॶ BƷȓΞ �ȓȂȏǣΞॶ %ƷȠȝƷǻBǐǣȝƷॶ ,ƷȂsȠॶ ǐȝ ƷǶॽ �ǦȖȠǶЖȓƷǻ ȠȖǐ ǦȖ ƷȖȖȂǆǦƷȝǐǌ
ΘǦȝǣ ǶȂΘǐȓ ȓǦȖǴ Ȃǜ ǆȂΗǦǌৄऀईॵ � ȓǐȝȓȂȖȏǐǆȝǦΗǐ ǆȂǣȂȓȝ ȖȝȠǌΞॽ Uȕȡ[ ȡțǯॶ ऀअऀࣿॵǐࣿँऄईࣿअऀॶ ँࣿँऀॽ

ফँंईব HǶǝƷ �ȖƷǴȂΗƷ ƷǼǌ �ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॽ Hǜ ȏȓȂȝǐǦǼȖ ƷǼǌ ȓǼƷॵ ȝǣǐ ȓǼƷȖǐ ȏǻȓȏ ǜƷǻǦǶΞॽ Xțǖॶ
ऀअईॵऀआँऄূऀआःआॶ ँࣿऀࣿॽ

ফँःࣿব /ȂƷǼǼƷ <ƷǶΗƷȓǦॶ :ȂƷǼǼƷ �ȓǝƷȖǦǼȖǴƷॶ CƷȝƷǶǦƷ WȠǦǼȂǼǐȖৄHǶΗǐȓƷॶ �ȓǦǆ U CƷΘȓȂǆǴǦॶ �ǶǐǼƷ XǦΗƷȖॶ
[ǐƷǼ X �ǌǌΞॶ �ǶǐΝ �ƷȝǐǻƷǼॶ XȂǅǐȓȝ � $ǦǼǼॶ ƷǼǌ �ǼȝȂǼ / UǐȝȓȂΗॽ XǜƷǻ ऀंॽࣿॵ ȖǣǦǜȝǦǼǝ ȝȂ Ʒ
ǝǐǼȂǻǐৄǆǐǼȝȓǦǆ ȓǐȖȂȠȓǆǐ ǜȂȓ ǼȂǼৄǆȂǌǦǼǝ ȓǼƷ ǜƷǻǦǶǦǐȖॽ Cȿǥȕǯȅǥ ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःअ�ऀॵ�ंंऄূ
�ंःँॶ ँࣿऀइॽ

ফँःऀব �ǐǅȂȓƷ [BƷȓǴȖॶ =ȠǆΞ : �ȂǶΘǐǶǶॶ XȂǅǐȓȝ [ǣǐȓǦǌƷǼॶ bǣȂǻƷȖ �,Ȃȏǜॶ �ǼǌȓǐƷ UƷǝǼƷǼǦॶ XǦǆৄ
ǆƷȓǌȂ ~ǐǆǆǣǦǼƷॶ ƷǼǌ �ǣȓǦȖ [ƷǼǌǐȓॽ UȓȂȝǐǦǼ ंǌ ȖȝȓȠǆȝȠȓǐ ǆȂǻȏȠȝǐǌ ǜȓȂǻ ǐΗȂǶȠȝǦȂǼƷȓΞ Ȗǐৄ
ȒȠǐǼǆǐ ΗƷȓǦƷȝǦȂǼॽ Uȕȡ[ ȡțǯॶ अऀँॵǐँइआअअॶ ँࣿऀऀॽ

ফँःँব �ƷǶǐǅsǐǦǼȓǐǅॶ �ǌƷǻ : XǦǐȖȖǐǶǻƷǼॶ :ȂǣǼ � /ǼǝȓƷǣƷǻॶ bȂȓȖȝǐǼ %ȓȂȖȖॶ �ǣȓǦȖ [ƷǼǌǐȓॶ ƷǼǌ
�ǐǅȂȓƷ [BƷȓǴȖॽ ंǌ ȓǼƷ ƷǼǌ ǜȠǼǆȝǦȂǼƷǶ ǦǼȝǐȓƷǆȝǦȂǼȖ ǜȓȂǻ ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂȠȏǶǦǼǝȖॽ �ǯȕȕॶ
ऀअऄःॵईअंূईआऄॶ ँࣿऀअॽ

ফँःंব �ǶǐǼƷ <ǣƷǼȂΗƷॶ HǶǝƷ �ȖƷǴȂΗƷॶ �ǼǼƷ UǐȓǐǌǐȓǦǼƷॶ /ǝȂȓ �ǐȓǐΣǦǼॶ ƷǼǌ �ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॽ
[ȝȓȠǆȝȠȓƷǶ ȂȓǝƷǼǦΣƷȝǦȂǼȖ Ȃǜ ΞǐƷȖȝ ȓǼƷȖǐ ȏ ƷǼǌ ȓǼƷȖǐ ǻȓȏ ǣȂǶȂǐǼΣΞǻǐȖ ƷȖ ȓǐΗǐƷǶǐǌ ǅΞ ȠΗৄ
ǆȓȂȖȖǶǦǼǴǦǼǝ ȖȝȠǌǦǐȖ Ȃǜ ȓǼƷূȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼȖॽ XC�ॶ ऀइःॵआँࣿূआँइॶ ँࣿऀँॽ

ফँःःব HǶǝƷ �ȖƷǴȂΗƷॶ �ǼǼƷ UǐȓǐǌǐȓǦǼƷॶ /ǝȂȓ �ǐȓǐΣǦǼॶ ƷǼǌ �ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॽ �ȂǼȖǐȓΗǐǌ ȓǐǝǦȂǼȖ
Ȃǜ ȓǦǅȂǼȠǆǶǐȂȏȓȂȝǐǦǼ ȓǦǅȂǼȠǆǶǐƷȖǐ ǻȓȏ Ʒȓǐ ǦǼΗȂǶΗǐǌ ǦǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ΘǦȝǣ ǦȝȖ ȖȠǅȖȝȓƷȝǐॽ Cȿǥȕǯȅǥ
ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःऀऀःॵआࣿइःূआࣿईऀॶ ँࣿऀंॽ

ফँःऄব XȂǅǐȓȝ � $ƷǝǐȓǶȠǼǌॶ �ǼǼƷ UǐȓǐǌǐȓǦǼƷॶ /ǝȂȓ �ǐȓǐΣǦǼॶ ƷǼǌ �ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॽ $ȂȂȝȏȓǦǼȝǦǼǝ
ƷǼƷǶΞȖǦȖ Ȃǜ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ ǶƷȓǝǐȖȝ ǐȠǴƷȓΞȂȝǦǆ ȓǼƷȖǐ ȏǻȓȏ ȏȓȂȝǐǦǼ ȏȂȏऀ ƷǼǌ ȓǼƷȖǐ
ȏǻȓȏ ȓǼƷ ǆȂǻȏȂǼǐǼȝȖॽ XC�ॶ ँऀईॵऀऄईऀূऀअࣿऄॶ ँࣿऀऄॽ

ফँःअব �ǼǼƷ UǐȓǐǌǐȓǦǼƷॶ HǶǝƷ �ȖƷǴȂΗƷॶ �ǣƷȂ WȠƷǼॶ �ǶǐǼƷ <ǣƷǼȂΗƷॶ ƷǼǌ �ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॽ
�ȠǴƷȓΞȂȝǦǆ ȓǦǅȂǼȠǆǶǐƷȖǐȖ ȏǻȓȏॵ ȝǣǐ ǆȓΞȖȝƷǶ ȖȝȓȠǆȝȠȓǐ Ȃǜ ȝǣǐ ȏं ǌȂǻƷǦǼॽ bȂǯ �B�H ȐȡȿȲțǖȕॶ
ँईःॵआअऀূआअईॶ ँࣿऀࣿॽ

ऀँआ



ফँःआব <ƷȝǣƷȓǦǼƷ ,Ǧȏȏॶ <ΞȓǦƷǴǦ %ƷǶƷǼǦॶ �ǶƷǦȓǐ �ƷȝǦȖȖǐॶ [ǦǻȂǼǐ UȓǦǼΣॶ ƷǼǌ �ǐȝȝǦǼƷ �Ȇȝȝǆǣǐȓॽ BȂǌȠৄ
ǶƷȓ ƷȓǆǣǦȝǐǆȝȠȓǐ Ȃǜ ǐȠǴƷȓΞȂȝǦǆ ȓǼƷȖǐ ȏ ƷǼǌ ȓǼƷȖǐ ǻȓȏ ȓǐΗǐƷǶǐǌ ǅΞ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞॽ Cȿǥȕǯȅǥ
ǖǥȅǫȵ ȲǯȵǯǖȲǥȂॶ ःࣿआॵंँआऄূंँइइॶ ँࣿऀँॽ

ফँःइব �ȓȠǼȂ =ǐǻǦǐȠΝॶ CƷǼǆΞ =ƷȝǐȓȓǐȠȓॶ �ǼǼƷ UǐȓǐǌǐȓǦǼƷॶ :ǐƷǼৄ$ȓƷǼǉȂǦȖ CȂǕǶॶ BƷȓǦǐৄ=ǦǼǐ �ȠǅȂǦȖॶ
�ǼǌȓǐΞ [ <ȓƷȖǦǶǼǦǴȂΗॶ ƷǼǌ XƷΞǻȠǼǌ :sǐǶǶǦǼǝǐȓॽ �ǆȝǦΗǐ ΞǐƷȖȝ ȝǐǶȂǻǐȓƷȖǐ ȖǣƷȓǐȖ ȖȠǅȠǼǦȝȖ
ΘǦȝǣ ȓǦǅȂǼȠǆǶǐȂȏȓȂȝǐǦǼȖ ȓǼƷȖǐ ȏ ƷǼǌ ȓǼƷȖǐ ǻȓȏॽ �ǯȕȕॶ ऀअऄऄॵऀऀआऀূऀऀइऀॶ ँࣿऀअॽ

ফँःईব yȂȖǣǦǴȂBƷǦǌƷॶ BƷǻǦ yƷȖȠǴƷΘƷॶ BǦǣȂ $ȠȓȠȠǆǣǦॶ bǦǻȂ =ƷȖȖǻƷǼǼॶ XǦǆǣƷȓǌ UȂȖȖǐǻƷȝȂॶ
CƷȂǴȂ HǴƷǻȂȝȂॶ qǦΗǦ <ƷȖǦǻॶ yȂȖǣǦǣǦǌǐ ,ƷΞƷȖǣǦΣƷǴǦॶ sǦǶǶǦƷǻ �,ƷǣǼॶ ƷǼǌ <ǐǼǴǦǆǣǦ BƷৄ
ȖȠȝȂǻǦॽ �Ǽ ȓǼƷৄǌǐȏǐǼǌǐǼȝ ȓǼƷ ȏȂǶΞǻǐȓƷȖǐ ǜȂȓǻǐǌ ǅΞ ȝǐȓȝ ƷǼǌ ȝǣǐ ȓǻȓȏ ȓǼƷॽ CǖȼȿȲǯॶ
ःअऀआँअऀॵँंࣿূँंऄॶ ँࣿࣿईॽ

ফँऄࣿব [Ƞǌǐǐȏ UȠȖǣȏƷǴȂǻॶ $ȓƷǼǆǐȖǆȂ /ȂȓǦȂॶ UƷȝȓǦǆǴ � �ΞǐȓȖॶ < :ƷǼǐ �ȖǆȂȝȝॶ [ǣǦȓǶǐΞ ,Ȃȏȏǐȓॶ �Ǽৄ
ǌȓǐΘsǐǶǶȖॶ �ǼǌȓǐΘ �ȂǦǝॶ bǦǻ %ȠǦǶǶǦƷǻȖॶ :ȂƷǼǼƷ =ƷȝǦǻǐȓॶ �ǣȓǦȖȝǦǼǐ BǆCƷǻǐǐॶ ǐȝ ƷǶॽ �ȓȠǝ
ȓǐȏȠȓȏȂȖǦǼǝॵ ȏȓȂǝȓǐȖȖॶ ǆǣƷǶǶǐǼǝǐȖ ƷǼǌ ȓǐǆȂǻǻǐǼǌƷȝǦȂǼȖॽ CǖȼȿȲǯ Ȳǯ͝ȅǯ͞ȵ �ȲȿǼ ǫȅȵǥȡ͝ǯȲͤॶ
ऀइऀॵःऀূऄइॶ ँࣿऀईॽ

ফँऄऀব :ǐȖȖǐ : [Ƞǣॶ ,ǐǶǐǼB UǐȝȝǦǼƷȝǦॶ <ΞǶǐ B <ƷǻȏǻƷǼॶ ƷǼǌ �ǣƷȓǶǐȖ U H�ȓǦǐǼॽ bǣǐ ȖȝƷȝȠȖ Ȃǜ
ǌǦȖȠǶЖȓƷǻॵ Ʒ ǣƷǶǜ Ȃǜ Ʒ ǆǐǼȝȠȓΞ ǶƷȝǐȓॽ :ȡȿȲțǖȕ ȡǻ ǥȕȅțȅǥǖȕ ȮȵͤǥȂȡȮȂǖȲȚǖǥȡȕȡǼͤॶ ँअंॵँईࣿূंࣿँॶ
ँࣿࣿअॽ

ফँऄँব ~ǣǐǼǻǦǼǝ :ǦǼॶ xǦƷȂΞȠ �Ƞॶ yǐǆǣȠǼ xȠॶ yȂǼǝȒǦƷǼǝ �ǐǼǝॶ BǐǦȒǦǼ =ǦȠॶ yƷȂ ~ǣƷȂॶ �ǦǼǝ
~ǣƷǼǝॶ xǦƷȂǜǐǼǝ =Ǧॶ =ǐǦǴǐ ~ǣƷǼǝॶ �ǣƷȂ UǐǼǝॶ ǐȝ ƷǶॽ [ȝȓȠǆȝȠȓǐ Ȃǜ ǻȏȓȂ ǜȓȂǻ ȖƷȓȖৄǆȂΗৄँ ƷǼǌ
ǌǦȖǆȂΗǐȓΞ Ȃǜ ǦȝȖ ǦǼǣǦǅǦȝȂȓȖॽ CǖȼȿȲǯॶ ऄइँआइऀऀॵँइईূँईंॶ ँࣿँࣿॽ

ফँऄंব BǦǼৄ,ƷǼ =ǦǼॶ �ƷΗǦǌ �BȂȖǐȖॶ �ǣǦǣৄ,ȠƷ ,ȖǦǐǣॶ [ǣȠৄ�ǣȠǼ �ǣǐǼǝॶ yƷȠৄ,ȠǼǝ �ǣǐǼॶ
�ǣǦƷȂৄyǦǼ [ȠǼॶ ƷǼǌ �ǣǦৄyȠƷǼ �ǣȂȠॽ �ǦȖȠǶЖȓƷǻ ǆƷǼ ǦǼǣǦǅǦȝ ǻǐȓȖ ƷǼǌ ȖƷȓȖ ǆȂȓȂǼƷΗǦȓȠȖ
ȏƷȏƷǦǼৄǶǦǴǐ ȏȓȂȝǐƷȖǐȖ ΗǦƷ ǌǦЍǐȓǐǼȝ ǻȂǌǐȖॽ �țȼȅ͝ȅȲǖȕ ȲǯȵǯǖȲǥȂॶ ऀऄࣿॵऀऄऄূऀअंॶ ँࣿऀइॽ

ফँऄःব �ǣȠǼǶȂǼǝBƷॶ yƷǼǻǐǦ ,Ƞॶ :ȠǶǦƷ �ǶǻƷ bȂΘǼȖǐǼǌॶ UƷǼƷǝǦȂȝǦȖ / =ƷǝƷȓǦƷȖॶ BǦǆǣƷǐǶ bǣȂǻƷȖ
BƷȓȝΞॶ �ǼȝȂǼǦȂȖ <ȂǶȂǆȂȠȓǦȖॶ ƷǼǌ :ȠǼsƷǼǝॽ �ǅȖǐǶǐǼॶ ǌǦȖȠǶЖȓƷǻॶ ǆƷȓǻȂǜȠȓॶ ȏΝৄऀँॶ
ȝǦǌǐǝǶȠȖǦǅॶ ƷǼǌ ȖǣǦǴȂǼǦǼ Ʒȓǐ ǼȂǼȖȏǐǆǦЖǆ ȏȓȂǻǦȖǆȠȂȠȖ ȖƷȓȖৄǆȂΗৄँ ǻƷǦǼ ȏȓȂȝǐƷȖǐ ǦǼǣǦǅǦȝȂȓȖॽ
��[ ȮȂǖȲȚǖǥȡȕȡǼͤ  ȼȲǖțȵȕǖȼȅȡțǖȕ ȵǥȅǯțǥǯॶ ंअॵऀँअऄূऀँआआॶ ँࣿँࣿॽ

ফँऄऄব �ǻǐȓΞ [ǻǦȝǣॶ BǐȓǐǌǦȝǣ � �ƷΗǦȖৄ%ƷȓǌǼǐȓॶ XȠǅǐǼ �%ƷȓǆǦƷৄHȓǌȂǼǐΣॶ bȠৄbȓǦǼǣ CǝȠΞǐǼॶ
BǦȝǆǣǐǶǶ ,ȠǶǶॶ �ǻǦǶΞ �ǣǐǼॶ UǦǐȓȓǐ �ƷǦǶǶƷȓǝǐȂǼॶ =ȂȠǦȖ [ǆƷǻȏƷΗǦƷॶ bǦǻȂȝǣΞ [ȝȓȠȝΣǐǼǅǐȓǝॶ
UƷȝȓǦǆǴ X %ȓǦАǼॶ ǐȝ ƷǶॽ ઁॾ ǆȂΗǦǌऀईॾ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖǆȓǐǐǼǦǼǝ ǜȂȓ ǌȓȠǝȖ ȝǣƷȝ ǦǼǣǦǅǦȝ
ȏƷȏƷǦǼৄǶǦǴǐ ȏȓȂȝǐƷȖǐ ǦǼ ȖƷȓȖৄǆȂΗৄँॽ [=�[ �/[�Hq�Xy࣏ �ǫ͝ǖțǥȅțǼ ȼȂǯ [ǥȅǯțǥǯ ȡǻ �ȲȿǼ �ȅȵठ
ǥȡ͝ǯȲͤॶ ँऄऀࣿॵऀऀऄँূऀऀअऀॶ ँࣿँࣿॽ

ফँऄअব <ƷȓǐǼ [ƷȓǝȖΞƷǼॶ �ǣǦǐǼৄ�ǣȠ =ǦǼॶ bǦǼǝ �ǣǐǼॶ �ǑǌȓǦǆ %ȓƷȠЍǐǶॶ yǦৄUǦǼǝ �ǣǐǼॶ sǐǦৄ~ǐǼ yƷǼǝॶ
,ƷǼǼƷ [ yȠƷǼॶ ƷǼǌ �ƷȓǻƷΞ =Ǧǻॽ BȠǶȝǦৄȝƷȓǝǐȝǦǼǝ Ȃǜ ǜȠǼǆȝǦȂǼƷǶ ǆΞȖȝǐǦǼǐȖ ǦǼ ǻȠǶȝǦȏǶǐ ǆȂǼৄ
ȖǐȓΗǐǌ ȖƷȓȖৄǆȂΗৄँ ǌȂǻƷǦǼȖ ǅΞ ǆǶǦǼǦǆƷǶǶΞ ȖƷǜǐ ΣǼৄǐǱǐǆȝȂȓȖॽ �ȂǯȚȅǥǖȕ ȵǥȅǯțǥǯॶ ऀऀंअॵईईࣿःূईईࣿईॶ
ँࣿँࣿॽ

ऀँइ



ফँऄआব �ǣǦǣৄ:ȠǼǝ <ȠȂॶ bƷǦৄ=ǦǼǝ �ǣƷȂॶ ,ƷǼৄ�ǣǦǐǣ <ƷȂॶ yƷৄBǦǼ bȖƷǦॶ yǦৄ<ƷǦ =ǦȠॶ =ǦǶΞ ,ȠǦৄ�ǣǦǼǝ
sƷǼǝॶ BǦǼǝৄ�ǣƷǼǝ ,ȖǦǐǣॶ [ȠǦৄyȠƷǼ �ǣƷǼǝॶ ƷǼǌ UȂৄ,ȠƷǼǝ =ǦƷǼǝॽ <ǦǼǐȝǦǆ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ
ƷǼǌ ǦǼǣǦǅǦȝȂȓ ȖǆȓǐǐǼǦǼǝ ǜȂȓ ȝǣǐ ȏȓȂȝǐƷȖǐȖ ǶǐƷǌǦǼǝ ȝȂ ǦǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ǌȓȠǝȖ ƷǝƷǦǼȖȝ ȖƷȓȖৄǆȂΗৄँॽ
�țȼȅȚȅǥȲȡǤȅǖȕ �Ǽǯțȼȵ ǖțǫ ǥȂǯȚȡȼȂǯȲǖȮͤॶ अऄःॵǐࣿँऄआआূँࣿॶ ँࣿँऀॽ

ফँऄइব �ƷȓƷ �ǦǣǶȂΗƷॶ �ǼǌȓǐƷ ,ȠȖǴȂΗƷॶ :ǦȓǦ �ȆȖǐȓǶǐॶ XƷǌǦǻCǐǼǆǴƷॶ �ΗΣǐǼ �ȂȠȓƷॶ ƷǼǌ :ƷǼ [ǦǶǣƷǼॽ
,ǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ЙȠȂȓǐȖǆǐǼȝ ƷȖȖƷΞ ǜȂȓ ǦǼǣǦǅǦȝȂȓ ȖǆȓǐǐǼǦǼǝ Ȃǜ ȏȓȂȝǐƷȖǐȖ ǜȓȂǻ ȓǼƷ ΗǦȓȠȖǐȖॽ
Bȡȕǯǥȿȕǯȵॶ ँअऀंॵंआईँॶ ँࣿँऀॽ

ফँऄईব bǦǼǝ �ǣǐǼॶ �ǣǐǼǝৄyǦǼ $ǐǦॶ yǦৄUǦǼǝ �ǣǐǼॶ <ƷȓǐǼ [ƷȓǝȖΞƷǼॶ �ǣȠǼৄUǦǼǝ �ǣƷǼǝॶ ,ƷǼǼƷ [
yȠƷǼॶ ƷǼǌ �ƷȓǻƷΞ =Ǧǻॽ [ΞǼǐȓǝǦȖȝǦǆ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ȖƷȓȖৄǆȂΗৄँ ȓǐȏǶǦǆƷȝǦȂǼ ȠȖǦǼǝ ǌǦȖȠǶЖৄ
ȓƷǻǐǅȖǐǶǐǼ ƷǼǌ ȓǐǻǌǐȖǦΗǦȓॽ ��[ ȮȂǖȲȚǖǥȡȕȡǼͤ  ȼȲǖțȵȕǖȼȅȡțǖȕ ȵǥȅǯțǥǯॶ ःँॵइईइূईࣿआॶ ँࣿँऀॽ

ফँअࣿব CƷȡǼ =ȂǅȂৄ%ƷǶȂॶ BƷǼȠǐǶ bǐȓȓƷΣƷȖৄ=ȃȏǐΣॶ �ǶǐǱƷǼǌȓȂBƷȓȝǨǼǐΣৄBƷȓȝǨǼǐΣॶ ƷǼǌ �ǼǝǐǶ %ƷǅȓǦǐǶ
�ǨƷΣৄ[ƸǼǆǣǐΣॽ $ǌƷৄƷȏȏȓȂΗǐǌ ȝǣǦȂǶৄȓǐƷǆȝǦǼǝ ǌȓȠǝȖ ȝǣƷȝ ȏȂȝǐǼȝǦƷǶǶΞ ǅǦǼǌ ǦǼȝȂ ȝǣǐ ȖƷȓȖৄǆȂΗৄँ
ǻƷǦǼ ȏȓȂȝǐƷȖǐॶ ǐȖȖǐǼȝǦƷǶ ǜȂȓ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȚȡȕǯǥȿȕǖȲ [ȼȲȿǥȼȿȲǯ ǖțǫ �ͤțǖȚȅǥȵॶ
ंईईॵंःऀईূंःँआॶ ँࣿँऀॽ

ফँअऀব :ȠǼ :ƷǆȂǅ ,Ƞॶ xǦǼǝ =ǦȠॶ [ǣǦΞȠ xǦƷॶ ~ǣǦǅǦǼ ~ǣƷǼǝॶ yǦǼǝ ~ǣƷǼǝॶ :ǦǼǝΝǦƷ ~ǣƷȂॶ :ǦƷǼǅǦǼ XȠƷǼॶ
xȠǐǻǐǦ =ȠȂॶ xǦΘǐǼ =ȂȠॶ yƷǼǝ �ƷǦॶ ǐȝ ƷǶॽ $ǌƷৄƷȏȏȓȂΗǐǌ ǌǦȖȠǶЖȓƷǻ ǦǼǣǦǅǦȝȖ ȏΞȓȂȏȝȂȖǦȖ ǅΞ
ǅǶȂǆǴǦǼǝ ǝƷȖǌǐȓǻǦǼ ǌ ȏȂȓǐ ǜȂȓǻƷȝǦȂǼॽ CǖȼȿȲǯ ȅȚȚȿțȡȕȡǼͤॶ ँऀआॵआंअূआःऄॶ ँࣿँࣿॽ

ফँअँব CƷȝǣƷǼƷǐǶ X $ǦǶǶǻȂȓǐॶ :ǐǼǼǦǜǐȓ =Ʒॶ XƷȏǣƷǐǶ � [ΣƷǶƷȝॶ �ƷΗǦǌ U bȠǆǴॶ qǦǼǣ CǝȠΞǐǼॶ �ǐǼǴ
yǦǶǌǦȓǦǻॶ CǣƷǼ q�Ȃॶ BƷȓΞ b �ȓȂȏǣΞॶ ƷǼǌ CǦǴǣǦǶ �BȠǼȖǣǦॽ UȓǐΗƷǶǐǼǆǐ ƷǼǌ ȂȠȝǆȂǻǐ Ȃǜ
ǆȂΗǦǌৄऀई ǦǼǜǐǆȝǦȂǼ ǦǼ ǆƷǼǆǐȓ ȏƷȝǦǐǼȝȖॵ Ʒ ǼƷȝǦȂǼƷǶ ΗǐȝǐȓƷǼȖ ƷЍƷǦȓȖ ȖȝȠǌΞॽ :C�/࣏ :ȡȿȲțǖȕ ȡǻ ȼȂǯ
Cǖȼȅȡțǖȕ �ǖțǥǯȲ /țȵȼȅȼȿȼǯॶ ऀऀंअॵअईऀূअईइॶ ँࣿँऀॽ

ফँअंব [ȝǐǜƷǼȂ bƷǻǅȠȓǦǼॶ �ǶǦȖƷ BƷǼȝȂΗƷǼǦॶ �ȓǼǐȖȝȂ �ǐ �ǐȓǼƷȓǌǦȖॶ �ȂǼƷȝȂ ~ǦȏǐȝȂॶ ƷǼǌ $ƷǅǦȂ =Ƞৄ
ǝȂǅȂǼǦॽ �ȂΗǦǌৄऀई ƷǼǌ ȓǐǶƷȝǐǌ ȖΞǻȏȝȂǻȖ ǦǼ ȏƷȝǦǐǼȝȖ ȠǼǌǐȓ ǌǦȖȠǶЖȓƷǻ ǜȂȓ ƷǶǆȂǣȂǶ ȠȖǐ ǌǦȖȂȓৄ
ǌǐȓॽ /țȼǯȲțǖȕ ǖțǫ �ȚǯȲǼǯțǥͤBǯǫȅǥȅțǯॶ ऀअअॵऀआँईূऀआंऀॶ ँࣿँऀॽ

ফँअःব �ȓǦǐǶ /ȖȓƷǐǶॶ �ǶǐǱƷǼǌȓȂ � [ǆǣƻЍǐȓॶ �ȖȖǦ �ǦǆȠȓǐǶॶ <ȠȂΞȠƷǼ �ǣǐǼǝॶ [ƷǼǱȠ [ǦǼǣƷॶ �ΞƷǶ [ǆǣǦЍॶ
/ǶƷǼ $ǐǶǌǣƷǻǐȓॶ �ǻǐǐȓ bƷǶॶ %ǦǶ =ƷΗǦǐॶ ƷǼǌ �ΞȝƷǼ XȠȏȏǦǼॽ /ǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ǌȓȠǝȖ ƷȖȖȂǆǦৄ
Ʒȝǐǌ ΘǦȝǣ ȓǐǌȠǆǐǌ ȖǐΗǐȓǦȝΞ Ȃǜ ǆȂΗǦǌৄऀईূƷ ǆƷȖǐৄǆȂǼȝȓȂǶ ȖȝȠǌΞ ǦǼ Ʒ ǶƷȓǝǐ ȏȂȏȠǶƷȝǦȂǼॽ �ȕȅǻǯॶ
ऀࣿॵǐअइऀअऄॶ ँࣿँऀॽ

ফँअऄব UǐǌȓȂ C �ƷȝƷǶǣƷॶ =ȠƷǼƷ [B $ȂȓǐΣǦॶ �ƷȓȂǶǦǼƷ %[ =ǦǻƷॶ $ǐȓǼƷǼǌƷ U UƷȠǶǦॶ $ǐȓǼƷǼǌƷ �[
�ȂǐǆǣƷȝॶ BƷȓǦƷ �ǐǆǦǶǦƷ �q ǌǐ [ȂȠΣƷॶ �ǼǼƷ � �ȠǼǣƷॶ qǦȝȂȓ $ $ǐȓȓǐǦȓƷॶ ƷǼǌ $ǐȓǼƷǼǌȂ ǌǐ �
ǌƷ [ǦǶΗƷॽ �ȓȠǝ ȓǐȏȠȓȏȂȖǦǼǝ ǜȂȓ ȝǣǐ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǆȂΗǦǌৄऀईॵ UǣƷȓǻƷǆȂǶȂǝǦǆƷǶ ƷȖȏǐǆȝȖ ƷǼǌ ȖΞǼৄ
ȝǣǐȝǦǆ ƷȏȏȓȂƷǆǣǐȖॽ �ȅȡȡȲǼǖțȅǥ ǥȂǯȚȅȵȼȲͤॶ ऀࣿअॵऀࣿःःइइॶ ँࣿँऀॽ

ফँअअব /ȖƷǅǐǶ [ȂǶƷॶ $ǐȓǼƷǼǌȂ �ǶǻƷΣƷǼॶ [ȂǼǦƷ ~ȡȁǦǝƷॶ ƷǼǌ =ȠǦȖ �ǼǱȠƷǼǐȖॽ �ȂǼȝǦǼȠȂȠȖ ƷǼǌ ǌǦȖǆȂǼৄ
ȝǦǼȠȂȠȖ ȓǼƷ ȖΞǼȝǣǐȖǦȖ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖǐȖॽ �țțȿǖȕ Ȳǯ͝ȅǯ͞ ȡǻ ͝ȅȲȡȕȡǼͤॶ ँॵँअऄূँइइॶ ँࣿऀऄॽ

ऀँई



ফँअआব U[BƷȖȝǐȓȖ ƷǼǌ U:BXȂȝȝǦǐȓॽ �ȂȓȂǼƷΗǦȓȠȖ ȓǐΗǐȓȖǐ ǝǐǼǐȝǦǆȖ ǅΞ ȝƷȓǝǐȝǐǌ ȓǼƷ ȓǐǆȂǻǅǦǼƷȝǦȂǼॽ
�ȡȲȡțǖ͝ȅȲȿȵ XǯȮȕȅǥǖȼȅȡț ǖțǫ Xǯ͝ǯȲȵǯ %ǯțǯȼȅǥȵॶ ȏƷǝǐȖ ऀंंূऀऄईॶ ँࣿࣿऄॽ

ফँअइব �ȂǼǝ yƷǼǝ ƷǼǌ :ȠǶǦƷǼ = =ǐǦǅȂΘǦȝΣॽ bǣǐ ȖȝȓȠǆȝȠȓǐ ƷǼǌ ǜȠǼǆȝǦȂǼȖ Ȃǜ ǆȂȓȂǼƷΗǦȓȠȖ ǝǐǼȂǻǦǆ ंૻ
ƷǼǌ ऄૻ ǐǼǌȖॽ qȅȲȿȵ ȲǯȵǯǖȲǥȂॶ ँࣿअॵऀँࣿূऀंंॶ ँࣿऀऄॽ

ফँअईব XƷǻƷǴƷǼȝǣBƷǌǣȠǝǦȓǦॶ CƷǌǱƷ <ƷȓǶॶ �ƷǼǦǐǶ UǐȝǐȓȖǐǼॶ <ǐΗǦǼ =ƷǻǴǦǐΘǦǆΣॶ BƷȓǴȠȖ $ȓǦǆǴǐॶ
eǶȓǦǴǐ sǐǼǌॶ XȂǅǦǼƷ [ǆǣǐȠǐȓॶ BƷǼǱƷ BƷȓΣॶ ƷǼǌ :ȂǣǼ ~ǦǐǅȠǣȓॽ [ȝȓȠǆȝȠȓƷǶ ƷǼǌ ǜȠǼǆȝǦȂǼƷǶ
ǆȂǼȖǐȓΗƷȝǦȂǼ Ȃǜ ǆǦȖৄƷǆȝǦǼǝ ȓǼƷ ǐǶǐǻǐǼȝȖ ǦǼ ǆȂȓȂǼƷΗǦȓȠȖ ऄৄȝǐȓǻǦǼƷǶ ǝǐǼȂǻǐ ȓǐǝǦȂǼȖॽ qȅȲȡȕȡǼͤॶ
ऄऀआॵःःূऄऄॶ ँࣿऀइॽ

ফँआࣿব �ΘƷǼ U UǶƷǼȝॶ %ƷǅȓǦǐǶƷ � UǑȓǐΣৄ�ǶΗƷȓƷǌȂॶ :ȂǼƷȝǣƷǼ = :ƷǆȂǅȖॶ �ƷǼǦ BȠǴǣȂȏƷǌǣΞƷΞॶ BǦȓǴȂ
,ǐǼǼǦǝॶ ƷǼǌ :ȂǼƷȝǣƷǼ ��ǦǼǻƷǼॽ � ȝǣȓǐǐৄȖȝǐǻǻǐǌ ǻȓǼƷ ȏȖǐȠǌȂǴǼȂȝ ǦǼ ȝǣǐ ȖƷȓȖ ǆȂȓȂǼৄ
ƷΗǦȓȠȖ ǜȓƷǻǐȖǣǦǜȝ ȖǦǝǼƷǶॽ U=ȡ[ ǤȅȡȕȡǼͤॶ ंअॵǐऀआँॶ ँࣿࣿऄॽ
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bӟӢԓ ԚӟӏԓӢԓ ԫҷԓ ԚԮԌӏԓӏԚ ȠȖǦǼǝ =�b�xॶ
ȂȓǦǝǦǼƷǶǶΞ ǌǐΗǐǶȂȏǐǌ ǅΞ =ǐȖǶǦǐ =ƷǻȏȂȓȝ
ƷǼǌ ǅƷȖǐǌ ȂǼ �ȂǼƷǶǌ <ǼȠȝǣȖ b�xॽ bǣǐ

ǅȂǌΞ ȝǐΝȝ ǦȖ Ȗǐȝ ǦǼ ऀऀ ȏȂǦǼȝ �ǝǐǼȂǶЍৄ�ǐȓǼǐȓ
%ƷȓƷǻȂǼǌॶ Ʒ ȓǐΗǦΗƷǶ Ȃǜ �ǶƷȠǌǐ %ƷȓƷǻȂǼȝȖ
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ȝǐȓ ƷǼǌ ȓǐǶǐƷȖǐǌ ȠǼǌǐȓ ӅӅ ӂԮ৳ӹӅ৳ӹӋ ं৷ࣿॽ �
ȝǐǻȏǶƷȝǐ ȝǣƷȝ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǜȂȓǻƷȝ Ʒ Uǣ� ȝǣǐৄ
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ǜȂȠǼǌ ȂǼǶǦǼǐ Ʒȝ ǝǦȝǣȠǅॽǆȂǻȖȠǆǣȂΘ�ǦȖȖǐȓȝƷȝǐ
Ȃȓ ǜȓȂǻ ǦȝȖ ƷȠȝǣȂȓॶ :ȂȓǌƷǼ [ȠǆǣȂΘॶ Ʒȝ ȖȠৄ
ǆǣȂΘ૪ȏȂȖȝॽǣƷȓΗƷȓǌॽǐǌȠॽ
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