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,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡹ

 



°ʕɾȀǞȘƚ

 bʯȳƉʚǶɄȳŗț ɱɼɄǖɼŗȭȭǶȳǖࣘ ˝ǫŗʚ Ƕʌ Ƕʚࣞ
 ,Ʉʯɼʌƨ ɱǫǶțɄʌɄɱǫ˦  ɄɼǖŗȳǶʌŗʚǶɄȳ
 İǫ˦ ƕɄ ˝ƨ ˝ŗȳʚ ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨʌ ŗȳ˦˝ŗ˦ࣞ
 óɄȭƨ ʚŗʌʚƨɼ ƨ˥ŗȭɱțƨʌ

bǶɼʌʚ ɱɼŗƉʚǶƉŗțʌ ʌʚŗɼʚ Ƕȳ ˝ƨƨȕ ࣖࡽ âɼɄſțƨȭ ʌǫƨƨʚʌ ŗɼƨ ǫɄʌʚƨƕ Ʉȳ ʚǫƨ
ƉɄʯɼʌƨ ˝ƨſɱŗǖƨ ŗʚ êêÜãϓϟϟê���°É¨ϙû�É��ϙï¿ϟ�ÐÈÜࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡽ



� ɯǞȒɔȀƚ ƚʾŏȒɔȀƚࡈ żȩȒɔʕɾǞȘǃ ȩ!

vȒɔƚɟŏɾǞʲƚ ɯɾʿȀƚ
§��êÐß°�Â и 
HQT ° KP ß�É¨�Ϭϔ Éяϭϓ

§��êÐß°�Â и §��êÐß°�Â Ϗ °

_ʕȘżɾǞȩȘŏȀ ɯɾʿȀƚ

^ȩ =
(
ࡹ ȩ = ࡹ
ȩ^ȩࡹ� Ʉʚǫƨɼ˝Ƕʌƨ

FGH §��êÐß°�ÂϬÉϭϓ
KH É ии ϓ

TGVWTP 
GNUGϓ

TGVWTP É Ϗ §��êÐß°�ÂϬÉϾϭ

İǫǶƉǫ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ ȭŗɱʌ ȭɄɼƨ ȳŗʚʯɼŗțț˦ ɄȳʚɄ ŗ ƉɄȭɱʯʚƨɼࣞ

İǫǶƉǫ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ Ƕʌ ȭɄɼƨ ƉɄȳ˙ƨȳǶƨȳʚ ǑɄɼ ʚǫƨ ɱɼɄǖɼŗȭȭƨɼࣞ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢁ



ĦǕŏɾ Ǟɯ ŏ ǀʕȘżɾǞȩȘŏȀ ȀŏȘǃʕŏǃƚࡐ

�ʌ ˝Ƕʚǫ ȭɄʌʚ ʚǫǶȳǖʌࣗ ʚǫƨɼƨ ŗɼƨ ȭʯțʚǶɱțƨ ɄɱǶȳǶɄȳʌ Ʉȳ ɱɼƨƉǶʌƨ
ƕƨ̇ȳǶʚǶɄȳʌ ſʯʚ ſɼɄŗƕț˦ࣘ

 � ɾʋ˖ȑƣ ɄǑ ɱɼɄǖɼŗȭȭǶȳǖ ˝ǫƨɼƨ ʚǫƨ ſʯǶțƕǶȳǖ ſțɄƉȕ ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ
Ƕʌ ŗɤɤȑǮƅŗʋǮȹȩ ɄǑ ǑʯȳƉʚǶɄȳʌ ʚɄ ŗɼǖʯȭƨȳʚʌࣙ

) ŗ ǑʯȳƉʚǶɄȳŗț țŗȳǖʯŗǖƨ Ƕʌ Ʉȳƨ ʚǫŗʚ ɾʠɤɤȹɮʋɾ ŗȳƕ ƣȩƅȹʠɮŗǐƣɾ
ɱɼɄǖɼŗȭȭǶȳǖ Ƕȳ ʚǫǶʌ ʌʚ˦țƨࣖ

$ʯʚ Ƕʌȳऒʚ ƨ˙ƨɼ˦ ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨ ŗſɄʯʚ ǑʯȳƉʚǶɄȳʌ ŗȳƕ ŗɱɱț˦Ƕȳǖ
ʚǫƨȭ ʚɄ ŗɼǖʯȭƨȳʚʌࣞ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢅ



ëǞƇƚ ƚǀǀƚżɾɯ

4ƚ˙ȘǞɾǞȩȘ ëǞƇƚ ƚǀǀƚżɾ
¡ɄƕǶǑ˦ ʌɄȭƨ ࣯ǶȳʚƨɼȳŗțࣩǫǶƕƕƨȳࣱ ʌʚŗʚƨ ŗʌ ˝ƨțț ŗʌ ɼƨʚʯɼȳǶȳǖ ŗ ˙ŗțʯƨ

ā и §Ϭϭ
ā и §Ϭϭ

İǶțț ā ии āࣞ
pɄ˝ ƉɄʯțƕ Ƕʚ ȳɄʚࣞ

yǑ § ǫŗʌ ʌɄȭƨ Ƕȳʚƨɼȳŗț ʌʚŗʚƨ ʚǫŗʚ ŗ˽ƨƉʚʌ ʚǫƨ ŗȳʌ˝ƨɼࣘ
ãê�ê� и 
FGH §ϬÉϭϓ

INQDCN ãê�ê�
ãê�ê� яи 
TGVWTP É я ãê�ê�

RTKPVϬ§Ϭϭϭ им ϜϜ
RTKPVϬ§Ϭϭϭ им ϜϜ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢉ



ëǞƇƚ ƚǀǀƚżɾɯ

4ƚ˙ȘǞɾǞȩȘ ëǞƇƚ ƚǀǀƚżɾ
¡ɄƕǶǑ˦ ʌɄȭƨ ࣯ǶȳʚƨɼȳŗțࣩǫǶƕƕƨȳࣱ ʌʚŗʚƨ ŗʌ ˝ƨțț ŗʌ ɼƨʚʯɼȳǶȳǖ ŗ ˙ŗțʯƨ

ā и §Ϭϭ
ā и §Ϭϭ

İǶțț ā ии āࣞ
pɄ˝ ƉɄʯțƕ Ƕʚ ȳɄʚࣞ

yǑ § ǫŗʌ ʌɄȭƨ Ƕȳʚƨɼȳŗț ʌʚŗʚƨ ʚǫŗʚ ŗ˽ƨƉʚʌ ʚǫƨ ŗȳʌ˝ƨɼࣘ
ãê�ê� и 
FGH §ϬÉϭϓ

INQDCN ãê�ê�
ãê�ê� яи 
TGVWTP É я ãê�ê�

RTKPVϬ§Ϭϭϭ им ϜϜ
RTKPVϬ§Ϭϭϭ им ϜϜ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢉ



� ǀʕȘżɾǞȩȘŏȀ ŏɔɔɟȩŏżǕ

 bɄɼſǶƕ ˙ŗɼǶŗſțƨ ŗʌʌǶǖȳȭƨȳʚ ŗȳƕ ʌǶƕƨ ƨ˽ƨƉʚʌ Ǯȩ ʋǣƣ ȑŗȩǐʠŗǐƣࣖ
एâʯɼƨ ǑʯȳƉʚǶɄȳŗțऐ

3 ¡ŗȕƨʌ ɮƣŗɾȹȩǮȩǐ ŗſɄʯʚ ƉɄƕƨ ʌǶȭɱțƨɼ ࣯ǑɄɼ ǫʯȭŗȳʌ ŗȳƕ
ƉɄȭɱǶțƨɼʌࣱࣖ

7 � ȳƨ˝ ɱɼɄǖɼŗȭȭǶȳǖ ɤŗɮŗƐǮǐȣࣘ ʚŗȕƨʌ ʌɄȭƨ ʚǶȭƨ ʚɄ ǖƨʚ ʯʌƨƕ ʚɄࣖ

ĦǕʿ Șȩɾ ࡐÚʿɾǕȩȘࡕ�ŏʲŏࡕ+
3 yʚ Ƕʌ ɤȹɾɾǮŻȑƣ ʚɄ ˝ɼǶʚƨ Ƕȳ ŗ ǑʯȳƉʚǶɄȳŗț ʌʚ˦țƨ Ƕȳ ʚǫƨʌƨ țŗȳǖʯŗǖƨʌࣚ
7 ſʯʚ ʚǫƨ țŗȳǖʯŗǖƨ ƕɄƨʌ ȳɄʚ ƨȳǑɄɼƉƨ Ƕʚࣖ
7 ¡ɄɼƨɄ˙ƨɼࣗ ʚǫƨ țŗȳǖʯŗǖƨࣽțƨ˙ƨț ʌʯɱɱɄɼʚ Ƕʌ ˝ƨŗȕ
3 yȳ ƉɄȳʚɼŗʌʚࣗ pŗʌȕƨțț Ƕʌ ŗ ɱʯɼƨț˦ ǑʯȳƉʚǶɄȳŗț ࣯ʌǶƕƨ ƨ˽ƨƉʚʌ ȳɄʚ
ŗțțɄ˝ƨƕࣱࣛࣗ ŗȳƕ ſʯǶțʚ ǑɼɄȭ ʌƉɼŗʚƉǫ ǑɄɼ ǑʯȳƉʚǶɄȳŗț ɱɼɄǖɼŗȭȭǶȳǖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢍ



bȩŏȀɯ ȩǀ ɾǕǞɯ żȩʕɟɯƚ

 āȩƐƣɮɾʋŗȩƐ pŗʌȕƨțț ŗȳƕ ǑʯȳƉʚǶɄȳŗț ŗɱɱțǶƉŗʚǶɄȳʌ ŗȳƕ ˝ɼǶʚƨ ˦Ʉʯɼ
Ʉ˝ȳ ƉɄƕƨࣖ

) ɱɼŗƉʚǶƉƨ ˙Ƕŗ ɱɼŗƉʚǶƉŗțʌ
 âɼɄ˙Ƕƕƨ ŗƉŗƕƨȭǶƉ ſŗƉȕǖɼɄʯȳƕࣘ ɼƨ˙ƨŗțǶȳǖ ʯȳƕƨɼț˦Ƕȳǖ
ɱɼɄǖɼŗȭȭǶȳǖ ɤŗɮŗƐǮǐȣɾ

 6ǶʌƉʯʌʌ ɱɼɄʌ ŗȳƕ ƉɄȳʌ ɄǑ ʚǫƨ ǑʯȳƉʚǶɄȳŗț ʌʚ˦țƨ ࣯ɱƨɼǑɄɼȭŗȳƉƨࣗ
ƉɄɼɼƨƉʚȳƨʌʌࣗ ƨŗʌƨ ɄǑ ǶȭɱțƨȭƨȳʚŗʚǶɄȳࣗ ࣱࣚ Ƕȳ ƕǶ˽ƨɼƨȳʚ ŗɱɱțǶƉŗʚǶɄȳ
ʌƉƨȳŗɼǶɄʌࣖ

 �Ƕȳȕ ǶȳʚɄ ɼƨțŗʚƨƕ ŗɼƨŗʌ ʌʯƉǫ ŗʌ ƨɸʯŗʚǶɄȳŗț ɼƨŗʌɄȳǶȳǖࣗ ŗʯʚɄȭŗʚƨƕ
ɱɼɄɄǑ ʌ˦ʌʚƨȭʌࣗ ŗȳƕ ɱŗɼŗțțƨț ɱɼɄǖɼŗȭȭǶȳǖࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ 



$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ
 ,Ʉȳʚƨȳʚ

 �ɄɄȕ ŗʚ ʚɄ˦ ɱɼɄſțƨȭ ǑɼɄȭ ſɄʚǫ ŗ ǑʯȳƉʚǶɄȳŗț ŗȳƕ ǶȭɱƨɼŗʚǶ˙ƨ ɱɄǶȳʚ
ɄǑ ˙Ƕƨ˝

 6ƨ̇ȳƨ ʌɄȭƨ ſŗʌǶƉ ʚƨɼȭʌࣙ ǑʯȳƉʚǶɄȳŗț ʌʚ˦țƨࣗ ʌǶƕƨ ƨ˽ƨƉʚʌࣗ ǑʯȳƉʚǶɄȳŗț
ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ
 ʌʚʯƕƨȳʚ ȋȩȹˍɾ ʚǫƨ ƕƨ̇ȳǶʚǶɄȳ ɄǑ ǑʯȳƉʚǶɄȳŗț ɱɼɄǖɼŗȭȭǶȳǖ ŗȳƕ ʌǶƕƨ
ƨ˽ƨƉʚʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ʌǶƕƨ ƨ˽ƨƉʚʌ ˝Ƕʚǫ ʌɄȭƨ ƨ˥ŗȭɱțƨʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ŗɤɤȑ˖ ƕƨ̇ȳǶʚǶɄȳ ɄǑ ʌǶƕƨ ƨ˽ƨƉʚʌ ʚɄ ƕƨʚƨɼȭǶȳƨ ǶǑ ʌɄȭƨ
ƉɄƕƨ Ǒɼŗǖȭƨȳʚ Ƕʌ ʌǶƕƨ ƨ˽ƨƉʚǑʯț

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ 



ĆȘƇƚɟȀʿǞȘǃ ųȩȩǺ

 ,Ʉʯɼʌƨ ǑɄțțɄ˝ʌ ࣯̇ɼʌʚ ǫŗțǑ ɄǑࣱ eɼŗǫŗȭ pʯʚʚɄȳऒʌ pŗʌȕƨțț ſɄɄȕࣗ
×ɮȹǐɮŗȣȣǮȩǐ Ǯȩ lŗɾȋƣȑȑ ࣱࢍࡹࡱࡽ࣯

 óțǶƕƨʌ ǑɄɼ ʚǫƨ ̇ɼʌʚ ࡱࡹ Ɖǫŗɱʚƨɼʌ ŗɼƨ ŗ˙ŗǶțŗſțƨ ŗʚ
êêÜϓϟϟûûûϙ�ãϙÉÐêêϙ��ϙï¿ϟдÜãĆ¨ÈϟÜ°ϙêÈÂ

 óɄȭƨʚǶȭƨʌࣗ ˝ƨऒțț ʯʌƨ ʚǫƨȭ ƕǶɼƨƉʚț˦
 óɄȭƨʚǶȭƨʌࣗ yऒțț ŗʌȕ ˦Ʉʯ ʚɄ țɄɄȕ ʚǫɼɄʯǖǫ ʚǫƨȭ Ƕȳ ˦Ʉʯɼ Ʉ˝ȳ ʚǶȭƨ
 ,Ʉʯɼʌƨ ˝Ƕțț ȭŗȕƨ țǶȳȕʌ ˝Ƕʚǫ Ʉʚǫƨɼ ȭŗʚƨɼǶŗțࣩɱɼɄǖɼŗȭȭǶȳǖ
țŗȳǖʯŗǖƨʌ ࣯�ŗ˙ŗࣩ,ࣩâ˦ʚǫɄȳࣱ) ʌƨƨȳ Ƕȳ Ʉʚǫƨɼ ʌʯſȭɄƕʯțƨʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢙



�ȩǃǞɯɾǞżɯࡇ ȀƚŏɟȘǞȘǃ

�ƚżɾʕɟƚɯ
 ࡱࡹ țƨƉʚʯɼƨʌ
 óɱțǶʚ ǶȳʚɄ ʌȭŗțț࣯Ƕʌǫࣱ ɱǶƨƉƨʌ
 �ƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ Ʉȳ ʌțǶƕƨʌ
 ÿ˦ɱǶƉŗțț˦ ʌʚŗɼʚ ˝Ƕʚǫ ſɼǶƨǑ ɼƨƉŗɱ ŗʚ ʌʚŗɼʚ ɄǑ ƨŗƉǫ țƨƉʚʯɼƨʌ

ÚɟŏżɾǞżŏȀɯ ࡕ ǕȩȒƚʶȩɟǺ
 �ʌ ˝ƨțț ŗʌ ʚǫƨɄɼƨʚǶƉŗț ŗʌɱƨƉʚʌࣗ ɱɼɄǖɼŗȭȭǶȳǖ ɼƨɸʯǶɼƨʌ ɱɼŗƉʚǶƉƨ
 �țʚǫɄʯǖǫ ȳɄʚ ƉɄȭɱʯțʌɄɼ ࣗ˦ ʚǫƨ ǑɄɼȭŗʚǶ˙ƨ ɱɼŗƉʚǶƉŗț ʌƨʌʌǶɄȳʌ ŗɼƨ
ǶȭɱɄɼʚŗȳʚࣘ Ɛȹ ŗʋʋƣȩƐ

 ˙Ƕŗ ńɄɄȭ ࣯ʌƨƨ 6Ď¶ ǑɄɼ ƕƨʚŗǶțʌࣱࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡱࡹ



�ȩǃǞɯɾǞżɯࡇ ŏɯɯƚɯɯȒƚȘɾ

�ɯɯƚɯɯȒƚȘɾ

 $˦ ƨ˥ŗȭ ࣯ȳɄ ƉɄʯɼʌƨ˝Ʉɼȕࣱ
 ȋȩȹˍȑƣƐǐƣ ŗȳƕ ƅȹȣɤɮƣǣƣȩɾǮȹȩࣘ ǫɄ˝ ƕɄ ʚǫǶȳǖʌ ˝Ʉɼȕ Ƕȳ pŗʌȕƨțțࣗ
˝ǫ˦ ƕɄ ʚǫƨ˦ ˝Ʉɼȕࣗ ࣚ

 ŗɤɤȑǮƅŗʋǮȹȩࣘ ˝ǫŗʚ ƕɄƨʌ ʌɄȭƨ ƉɄƕƨ ƕɄࣙ Ɖŗȳ ˦Ʉʯ ˝ɼǶʚƨ ƉɄƕƨ ʚɄ
ʌɄț˙ƨ ɱɼɄſțƨȭ ķࣚ

 ƣˉŗȑʠŗʋǮȹȩࣘ ˝ǫŗʚ ŗɼƨ ʚǫƨ ƉɄȳƉƨɱʚʌࣙ ˝ǫŗʚ ɱɼɄɱƨɼʚǶƨʌ ƕɄƨʌ ʌɄȭƨ
ʌɄțʯʚǶɄȳ ǫŗ˙ƨࣚ

 âŗʌʚ ɱŗɱƨɼʌ ŗ˙ŗǶțŗſțƨࣘ ʌɄȭƨ Ɖǫŗȳǖƨʌ ǑɼɄȭ ɱɼƨ˙ǶɄʯʌ ˦ƨŗɼʌ ƕʯƨ ʚɄ
ɄȳțǶȳƨ ŗʌɱƨƉʚ ʚǫǶʌ ˦ƨŗɼࣖ yऒțț ȭŗȕƨ ŗ ʌŗȭɱțƨ ɱŗɱƨɼ ŗ˙ŗǶțŗſțƨ ʚɄɄࣖ

 İƨ ˝Ƕțț ǖɄ ʚǫɼɄʯǖǫ Ʉȳƨ ʌʯƉǫ ɱŗɱƨɼ Ƕȳ ŗ ʚƨɼȭ ࢁ ɼƨ˙ǶʌǶɄȳ țƨƉʚʯɼƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡹࡹ



+ǕŏȘǃƚɯ ǀɟȩȒ Ȁŏɯɾ ʿƚŏɟ

 ¡Ʉɼƨ ƨ˥ɱɄʌǶʚǶɄȳ Ʉȳ ʋ˖ɤƣ ƅȑŗɾɾƣɾࣗ ƨʌɱƨƉǶŗțț˦ ŗʌ ŗ ˝ŗ˦ ɄǑ ƕƨ̇ȳǶȳǖ
ŗſʌʚɼŗƉʚ ǶȳʚƨɼǑŗƉƨʌࣖ

) ɼƨŗƉʚǶɄȳ ʚɄ ǑƨƨƕſŗƉȕ ǑɼɄȭ țŗʌʚ ˦ƨŗɼऒʌ ƉɄǫɄɼʚ
 � țǶʚʚțƨ ȭɄɼƨ ǑɄƉʯʌ Ʉȳ ʚǫƨɄɼƨʚǶƉŗț ʯȳƕƨɼɱǶȳȳǶȳǖʌ ŗȳƕ
ƉɄȭɱǶțŗʚǶɄȳ ɄǑ ŗſʌʚɼŗƉʚǶɄȳʌ ʚɄ ȭŗƉǫǶȳƨ ƉɄƕƨࣖ

) ǫƨțɱ ʚɄ ʯȳƕƨɼʌʚŗȳƕ ˝ǫƨɼƨ pŗʌȕƨțț Ƕƕƨŗʌ ŗɼƨ ŗƕɄɱʚƨƕ ƨțʌƨ˝ǫƨɼƨࣖ
 ¥Ʉʚ ȭʯƉǫ ǑɄƉʯʌ Ʉȳ ŗțǖɄɼǶʚǫȭǶƉ ƉɄȭɱțƨ˥Ƕʚ˦ ࣯ȳɄʚ ŗțț ȳɄȳࣽ,ó
ʌʚʯƕƨȳʚʌ ǫŗ˙ƨ ʌƨƨȳ Ƕʚࣱ) ǑɄƉʯʌ Ʉȳ ƨțƨǖŗȳʚ ƉɄƕƨ Ƕȳʌʚƨŗƕࣖ

_ƚƚƇųŏżǺࡕɛʕƚɯɾǞȩȘɯ
 6ǶʌƉʯʌʌǶɄȳ ǑɄɼʯȭࣘ êêÜãϓ
ϟϟ¨°êï�ϙ�ÐÈϟû�É��Ðß¨ϟ�ÐÈÜϟ�°ã�ïãã°ÐÉã

 pŗɱɱ˦ ʚɄ ʚŗȕƨ ʚǫƨȭ Ƕȳ țǶ˙ƨ ʌƨʌʌǶɄȳʌ
 bƨƨƕſŗƉȕ ǑɄɼȭ ࣯ŗȳɄȳ˦ȭɄʯʌ ʌʯſȭǶʌʌǶɄȳ ŗțțɄ˝ƨƕࣗ ſʯʚ ɱțƨŗʌƨ ƕɄ
ȳɄʚ ŗſʯʌƨࣱࣘ ʌƨƨ ƉɄʯɼʌƨ ˝ƨſɱŗǖƨࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡽࡹ



ĦǕʿ ɔɟȩǃɟŏȒȒǞȘǃ ȀŏȘǃʕŏǃƚɯࡐ



�ųɯɾɟŏżɾǞȘǃ ǀɟȩȒ ɾǕƚ ȒŏżǕǞȘƚ

ÚɯƚʕƇȩ ȒŏżǕǞȘƚࡷżȩƇƚ

Ż = ŗ+ ࢁ
ÈÐú ���ßϡ�ϔ ß�¨ �� .QCF CFFTGUU QH C KPVQ C TGI�
��� ϔ ß�¨ϔ ß�¨ �� CFF � VQ TGI� CPF YTKVG KPVQ TGI�
ÈÐú ß�¨ϔ ���ßϡ� �� YTKVG TGI� VQ CFFTGUU QH D�

eɄɄƕ ƨȳɄʯǖǫ Ƕȳ ʚǫƨ ʌࡱࢉ࢙ࡹ

3 B˕ɤȑǮƅǮʋ ŗſɄʯʚ ˝ǫŗʚ Ƕʌ ǖɄǶȳǖ Ʉȳ
7 ¶ſǑʯʌƉŗʚƨʌ ŗțǖɄɼǶʚǫȭ ǑɼɄȭ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ
7 ¥Ʉʚ ɱɄɼʚŗſțƨ
7 ¥Ʉʚ ƨŗʌ˦ ʚɄ ȭɄƕǶǑ˦
7 ¥Ʉʚ ʌʯƉƉǶȳʚ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢁࡹ



ÚɟȩǃɟŏȒȒǞȘǃ ȀŏȘǃʕŏǃƚɯ

 �țțɄ˝ ˝ɼǶʚǶȳǖ ƉɄƕƨ ʚɄ ŗȳ ŗŻɾʋɮŗƅʋ ȭŗƉǫǶȳƨ ȭɄƕƨț
 � ʚɼŗȳʌțŗʚɄɼ ɄǑ ʌɄȭƨ ȕǶȳƕ ࣯ɱƨɼǫŗɱʌ ŗ ƉɄȭɱǶțƨɼࣱ ʚɼŗȳʌǑɄɼȭʌ ʚǫǶʌ
ƉɄƕƨ ǶȳʚɄ ʌɄȭƨʚǫǶȳǖ ʚǫŗʚ ƨ˥ƨƉʯʚƨʌ Ʉȳ ʌɄȭƨ ǫŗɼƕ˝ŗɼƨ

) ʌɄȭƨʚǶȭƨʌ ʚǫǶʌ एǫŗɼƕ˝ŗɼƨऐ Ƕʌ ŗ ˙Ƕɼʚʯŗț ȭŗƉǫǶȳƨ ࣯ƨࣖǖࣖ â˦ʚǫɄȳࣱ
 óɄȭƨ ˙Ƕɼʚʯŗț ȭŗƉǫǶȳƨʌ ŗɼƨ एǫ˦ſɼǶƕऐࣘ ʚǫƨ˦ ƕɄ ȍʯʌʚࣽǶȳࣽʚǶȭƨ
ƉɄȭɱǶțŗʚǶɄȳ ࣯ƨࣖǖࣖ Ĭ ƉɄȭɱǶțƨɼࣱ

�țǖɄɼǶʚǫȭ

yȳʚƨɼɱɼƨʚƨɼ

¡ŗƉǫǶȳƨ ƉɄƕƨ
¶ȳࣽʚǫƨࣽ̈˦

,ɄȭɱǶțƨɼ

yȳʚƨɼȭƨƕǶŗʚƨ ƉɄƕƨ

yȳʚƨɼɱɼƨʚƨɼ

¡ŗƉǫǶȳƨ ƉɄƕƨ
¶ȳࣽʚǫƨࣽ̈˦

¶ȳƉƨ

,ɄȭɱǶțƨɼ

¡ŗƉǫǶȳƨ ƉɄƕƨ
¶ȳƉƨ ǑɄɼ ƨŗƉǫ ŗɼƉǫǶʚƨƉʚʯɼƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢅࡹ



ÚɟȩǃɟŏȒȒǞȘǃ ȀŏȘǃʕŏǃƚɯ

 ¡ǶƉɼɄŗɼƉǫǶʚƨƉʚʯɼƨ ȍʯʌʚ ɼƨŗƕʌ ŗȳ ǶȳʌʚɼʯƉʚǶɄȳ ʌʚɼƨŗȭ
 ¥Ʉʚ ƨŗʌ˦ ʚɄ ɱɼɄǖɼŗȭ ƉɄȭɱțƨ˥ ŗțǖɄɼǶʚǫȭʌ Ƕȳ ʌʯƉǫ ŗ एțŗȳǖʯŗǖƨऐࣖ ,
Ƕʌ ŗɼǖʯŗſț˦ ɸʯǶʚƨ ƉțɄʌƨ

) ʯʌƨ ŗſʌʚɼŗƉʚǶɄȳʌ țƨŗƕǶȳǖ ʚɄ ǫǶǖǫ țƨ˙ƨț țŗȳǖʯŗǖƨʌ
 bƨŗʚʯɼƨʌ ƕɼǶ˙ƨȳ ſ˦ ɱɼɄǖɼŗȭȭǶȳǖ ɱŗɼŗƕǶǖȭ ƉɄȳʌǶƕƨɼŗʚǶɄȳʌࣗ
ƕɄȭŗǶȳ ȕȳɄ˝țƨƕǖƨࣗ ˝ŗȳʚǶȳǖ ʚɄ ʚŗɼǖƨʚ ɱŗɼʚǶƉʯțŗɼ ǫŗɼƕ˝ŗɼƨࣗ ࣚ

 ,ɄȭɱǶțƨɼ Ʉɼ Ƕȳʚƨɼɱɼƨʚƨɼ ȭŗɱʌ ʚǫǶʌ țŗȳǖʯŗǖƨ ɄȳʚɄ ȭŗƉǫǶȳƨ
ǶȳʌʚɼʯƉʚǶɄȳʌ

 İƨ ʚǫƨɼƨǑɄɼƨ ȳƨƨƕ ŗ ǑɄɼȭŗț ʌɱƨƉǶ̇ƉŗʚǶɄȳ ɄǑ ʚǫƨ Ƕȳɱʯʚ
) țŗȳǖʯŗǖƨʌ Ɛƣ̃ȩƣ ʚǫƨ ʌ˦ȳʚŗ˥ ŗȳƕ ʌƨȭŗȳʚǶƉʌ ɄǑ ʚǫƨǶɼ Ƕȳɱʯʚ

bʯȳƉʚǶɄȳŗț ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨʌ ƕɄȳऒʚ ȭŗɱ ƕǶɼƨƉʚț˦ ɄȳʚɄ Ɖʯɼɼƨȳʚ
ǫŗɼƕ˝ŗɼƨࣖ � pŗʌȕƨțț Ƕȳʚƨɼɱɼƨʚƨɼ ࣯Ʉɼ ƉɄȭɱǶțƨɼࣱ ʚǫʯʌ ȭŗɱʌ ǑɼɄȭ Ʉȳƨ
ɱŗɼŗƕǶǖȭ ʚɄ ʚǫƨ Ʉʚǫƨɼࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢉࡹ



mŏɯǺƚȀȀ ƚȘʲǞɟȩȘȒƚȘɾ

4ƚʲƚȀȩɔȒƚȘɾ ƚȘʲǞɟȩȘȒƚȘɾ

 ep, ࣯ețŗʌǖɄ˝ pŗʌȕƨțț ,ɄȭɱǶțƨɼࣱ Ɖŗȳ ſƨ ʯʌƨƕ ŗʌ ŗȳ Ƕȳʚƨɼɱɼƨʚƨɼ
¨�° ŗȳƕ ƉɄȭɱǶțƨɼ ¨�

 �˙ŗǶțŗſțƨ Ǒɼƨƨț˦ ǑɼɄȭ ûûûϙ�ã¿�ÂÂϙÐß¨ϟÜÂ�ê§ÐßÈ
 6ƨࣽǑŗƉʚɄ ʌʚŗȳƕŗɼƕ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ
 yȳʚƨɼɱɼƨʚƨɼ ʌʯ˾ƉǶƨȳʚ ǑɄɼ ʚǫǶʌ ƉɄʯɼʌƨ

ëɾŏȘƇŏɟƇ ȀǞųɟŏɟʿ
 Eŗʌƨ ɄǑ ʯʌƨ ɄǑ țŗȳǖʯŗǖƨʌ ɄǑʚƨȳ ƕƨʚƨɼȭǶȳƨƕ ſ˦ ʌʚŗȳƕŗɼƕ țǶſɼŗɼ˦
 pŗʌȕƨțț ǫŗʌ ŗ țŗɼǖƨ ʌʚŗȳƕŗɼƕ țǶſɼŗɼ ࣗ˦ ŗȳƕ Ƕʌ ɱŗɼʚǶƉʯțŗɼț˦ ʌʚɼɄȳǖ
ȭŗȳǶɱʯțŗʚǶȳǖ țǶʌʚʌ

 İƨऒțț ɼƨƕɄ ʌɄȭƨ ɄǑ ʚǫƨʌƨ ʚǫǶȳǖʌ ǑɄɼ ɱɼŗƉʚǶƉƨ ɱʯɼɱɄʌƨʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢍࡹ



°Șƚ ɯȀǞƇƚ ƚʾŏȒɔȀƚ

§°Âê�ß �� Ϭ� � $QQNϭ � Ϫ�ϫ � Ϫ�ϫ
§°Âê�ß Ü =? � =?
§°Âê�ß Ü ϬĀ�Āãϭ

՞ Ü Ā � Ā � §°Âê�ß Ü Āã
՞ Ðê�ßû°ã� � §°Âê�ß Ü Āã

 pǶǖǫƨɼ Ʉɼƕƨɼ
 âɄț˦ȭɄɼɱǫǶƉ ࣯˝Ʉɼȕʌ ǑɄɼ ŗțț ʚ˦ɱƨʌ ŗࣱ
 bʯȳƉʚǶɄȳ ƕƨ̇ȳƨƕ ˝Ƕʚǫ ɼƨƉʯɼʌǶɄȳ ŗȳƕ ɤŗʋʋƣɮȩ ȣŗʋƅǣǮȩǐ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡹ



ëʿȘɾŏʾ ŏȘƇ ɯƚȒŏȘɾǞżɯ

4ƚ˙ȘǞɾǞȩȘ ëʿȘɾŏʾ
İǫŗʚ ŗɼƨ ˙ŗțǶƕ ʌƨȳʚƨȳƉƨʌ ࣯ƨ˥ɱɼƨʌʌǶɄȳʌࣱ Ƕȳ ŗ țŗȳǖʯŗǖƨࣞ

4ƚ˙ȘǞɾǞȩȘ ëƚȒŏȘɾǞżɯ
İǫŗʚ ƕɄ ʚǫƨʌƨ ˙ŗțǶƕ ʌƨȳʚƨȳƉƨʌ ࣯ƨ˥ɱɼƨʌʌǶɄȳʌࣱ ȭƨŗȳࣞ

 ó˦ȳʚŗ˥ ɤɮƣɾƅɮǮŻƣƐ ſ˦ pŗʌȕƨțț țŗȳǖʯŗǖƨ ʌʚŗȳƕŗɼƕ
 óƨȭŗȳʚǶƉʌ ɄǑ ɤɮǮȣǮʋǮˉƣ ƉɄƕƨ Ǒɼŗǖȭƨȳʚʌ ŗțʌɄ ƕƨ̇ȳƨƕ ſ˦ ʌʚŗȳƕŗɼƕ
 İǫɄțƨ ɱɼɄǖɼŗȭ ʌƨȭŗȳʚǶƉʌ ȭʯʌʚ ſƨ ƉɄȳʌʚɼʯƉʚƨƕ ſ˦ ʚǫƨ ɼƨŗƕƨɼ

�ƚʿʶȩɟƇɯ ŏȘƇ ʶǕǞɾƚ ɯɔŏżƚ
,ƨɼʚŗǶȳ ƉǫŗɼŗƉʚƨɼ ʌƨɸʯƨȳƉƨʌ ǫŗ˙ƨ ʌɱƨƉǶŗț ȭƨŗȳǶȳǖࣘ ȋƣ˖ˍȹɮƐɾࣖ

ƨࣖǖࣖ ࣯â˦ʚǫɄȳࣱ HQTϔ KPϔ YKVJϔ �Â�ããϔ ϙϙϙ
İǫǶʚƨ ʌɱŗƉƨ Ƕʌ ʯʌƨƕ ʚɄ ʌƨɱŗɼŗʚƨ ʚɄȕƨȳʌࣖ óɄȭƨ țŗȳǖʯŗǖƨʌ ȭŗȕƨ
˝ǫǶʚƨ ʌɱŗƉƨ ǫŗ˙ƨ ȣƣŗȩǮȩǐࣖ pŗʌȕƨțț ŗȳƕ â˦ʚǫɄȳ ŗɼƨ ʚ˝Ʉ ʌʯƉǫࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࡹ
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PROGRAMMING IN HASKELL 

Chapter 2 - First Steps 
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Starting GHCi 

$ ghci 
 
GHCi, version X: http://www.haskell.org/ghc/  :? for help 

 
Prelude>  

The interpreter can be started from the terminal 
command prompt $ by simply typing ghci: 

The GHCi prompt > means that the interpreter is 
now ready to evaluate an expression. 



3 

For example, it can be used as a desktop calculator 
to evaluate simple numeric expresions:  

> 2+3*4 

14 

 

> (2+3)*4 

20 

 

> sqrt (3^2 + 4^2) 

5.0 



12 

Haskell Scripts 

❚  As well as the functions in the standard library, 
you can also define your own functions; 

❚  New functions are defined within a script, a text 
file comprising a sequence of definitions; 

❚  By convention, Haskell scripts usually have a .hs 
suffix on their filename.  This is not mandatory, 
but is useful for identification purposes. 



13 

My First Script 

double x = x + x 
 
quadruple x = double (double x) 

When developing a Haskell script, it is useful to 
keep two windows open, one running an editor 
for the script, and the other running GHCi. 
 
Start an editor, type in the following two function 
definitions, and save the script as test.hs: 



14 

$ ghci test.hs 

Leaving the editor open, in another window start 
up GHCi with the new script: 

> quadruple 10 
40 
 
> take (double 2) [1,2,3,4,5,6] 
[1,2,3,4] 

Now both the standard library and the file test.hs 
are loaded, and functions from both can be used: 



18 

Naming Requirements 

❚  Function and argument names must begin with 
a lower-case letter.  For example: 

myFun fun1 arg_2 x� 

❚  By convention, list arguments usually have an s 
suffix on their name.  For example: 

xs ns nss 



19 

The Layout Rule 

In a sequence of definitions, each definition must 
begin in precisely the same column: 

a = 10 
 
b = 20 
 
c = 30 

a = 10 
 
 b = 20 
 
c = 30 

 a = 10 
 
b = 20 
 
 c = 30 



20 

means 

The layout rule avoids the need for explicit syntax 
to indicate the grouping of definitions. 

a = b + c 
    where 
      b = 1 
      c = 2 
d = a * 2 

a = b + c 
    where 
      {b = 1; 
       c = 2} 
 d = a * 2 

implicit grouping explicit grouping 



+ȩȒȒƚȘɾɯ

 óƨȭŗȳʚǶƉʌ ɄǑ ƉɄȭɱțƨ˥ ƉɄƕƨ Ǒɼŗǖȭƨȳʚʌ Ƕʌ ǖǶ˙ƨȳ ǶȭɱțǶƉǶʚț˦ࣘ ˖ȹʠ
ǫŗ˙ƨ ʚɄ ɼƨƉɄȳʌʚɼʯƉʚ Ƕʚ

 ,Ʉƕƨ ǫŗʌ ʚɄ ſƨ ˝ɼǶʚʚƨȳ ƉɄɼɼƨƉʚț˦ ǑɄɼ ƉɄȭɱʯʚƨɼʌ
 İƨ Ɖŗȳ ʚǫǶȳȕ ŗſɄʯʚ ǫɄ˝ ʚɄ ˝ɼǶʚƨ Ƕʚ ǑɄɼ ǫʯȭŗȳʌ ʚɄ ʯȳƕƨɼʌʚŗȳƕ
ʚǫǶȳǖʌ

 ,Ʉȭȭƨȳʚʌ ࣯Ʉɼ țǶʚƨɼŗʚƨ ɱɼɄǖɼŗȭȭǶȳǖࣱ Ɖŗȳ ǫƨțɱ

�� %QORWVG VJG HCEVQTKCN QH CP KPVGIGT
§�� �� +PV � +PV
]� $CUG ECUG� �� � �

4GEWTUKXG ECUG� P� � P 
P���� �_
§��  � 
§�� É � É Ϗ §�� ϬÉ Ͼ ϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࡹ yȳʚɼɄƕʯƉʚǶɄȳ ࢙ࡹ



$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ
 ,Ʉȳʚƨȳʚ

 6ƨ̇ȳƨƕ ʌ˦ȳʚŗ˥ ŗȳƕ ʌƨȭŗȳʚǶƉʌ
 ,țŗʌʌǶ̇ƨƕ ʚɼŗȳʌțŗʚǶɄȳ ɄǑ țŗȳǖʯŗǖƨ ʚɄ ƨ˥ƨƉʯʚŗſțƨ ǶȳʚɄ Ƕȳʚƨɼɱɼƨʚƨƕ ŗȳƕ
ƉɄȭɱǶțƨƕ

 bŗȭǶțǶŗɼǶʚ˦ ˝Ƕʚǫ pŗʌȕƨțț ˝ǫǶʚƨʌɱŗƉƨࣩțŗ˦Ʉʯʚ ɼʯțƨʌ
 óƨƨȳ ǑʯȳƉʚǶɄȳ ŗɱɱțǶƉŗʚǶɄȳ
 óƨƨȳ ǫɄ˝ ʚɄ ˝ɼǶʚƨ ƉɄȭȭƨȳʚʌ
 óƨƨȳ ǫɄ˝ ʚɄ ɼʯȳ ʌƉɼǶɱʚʌ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ
 ʌʚʯƕƨȳʚ ȋȩȹˍɾ ƕƨ̇ȳǶʚǶɄȳ ɄǑ ǶȳʚƨɼɱɼƨʚǶȳǖ ŗȳƕ ƉɄȭɱǶțǶȳǖ ŗ ɱɼɄǖɼŗȭȭǶȳǖ
țŗȳǖʯŗǖƨ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ƕǶ˽ƨɼƨȳƉƨ ſƨʚ˝ƨƨȳ ʌ˦ȳʚŗ˥ ŗȳƕ ʌƨȭŗȳʚǶƉʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ˝ǫǶʚƨʌɱŗƉƨ ɼʯțƨʌ Ƕȳ pŗʌȕƨțț
 ʌʚʯƕƨȳʚ Ɖŗȳ ʠɾƣ ʚǫƨ pŗʌȕƨțț Ƕȳʚƨɼɱɼƨʚƨɼ ʚɄ ɼʯȳ ʌȭŗțț ʚɄ˦ ɱɼɄſțƨȭʌࣖ

 óƨțǑࣽʌʚʯƕ˦
 éƨȭŗǶȳƕƨɼ ɄǑ ʌțǶƕƨʌ ǑɄɼ ,ǫŗɱʚƨɼ ࡽ ࣯y ʌȕǶɱɱƨƕ ʌɄȭƨࣱ
 ¶ɱʚǶɄȳŗțࣘ ʌțǶƕƨʌ ǑɄɼ ,ǫŗɱʚƨɼ ࡹ ࣯ǫǶʌʚɄɼǶƉŗț ſŗƉȕǖɼɄʯȳƕࣱ
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