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áƚżŏɔ

 6ǶʌƉʯʌʌƨƕ ŗȳƕ ƉțŗʌʌǶ̇ƨƕ ʚ˦ɱƨʌ ɄǑ ɼƨƉʯɼʌǶ˙ƨ ǑʯȳƉʚǶɄȳʌ
 eŗ˙ƨ ŗȳ ƨ˥ŗȭɱțƨ ɄǑ एǫǶƕƕƨȳऐ ƉɄȭɱțƨ˥Ƕʚ˦ Ƕȳ țǶʌʚ ɼƨ˙ƨɼʌŗț
 âɼɄ˙Ƕƕƨƕ ŗƕ˙ǶƉƨ Ʉȳ ǫɄ˝ ʚɄ ŗɱɱɼɄŗƉǫ ˝ɼǶʚǶȳǖ ɼƨƉʯɼʌǶ˙ƨ ǑʯȳƉʚǶɄȳʌ
एʌʚƨɱ ſ˦ ʌʚƨɱऐ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽ



�ŏɔɯ ŏȘƇ ǀȩȀƇɯ

Lift comprehensions

Hui her order funchis



mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘɯ

 İƨऒ˙ƨ ʌƨƨȳ ȭŗȳ˦ ǑʯȳƉʚǶɄȳʌ ʚǫŗʚ ŗɼƨ ȳŗʚʯɼŗțț˦ ɼƨƉʯɼʌǶ˙ƨ
 İƨऒțț ȳɄ˝ țɄɄȕ ŗʚ ǣǮǐǣƣɮ ȹɮƐƣɮ ǋʠȩƅʋǮȹȩɾ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ țǶſɼŗɼ˦
ʚǫŗʚ Ɖŗɱʚʯɼƨ ȭŗȳ˦ ɄǑ ʚǫƨʌƨ ɱŗʚʚƨɼȳʌ

4ƚ˙ȘǞɾǞȩȘ mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘ
� ǑʯȳƉʚǶɄȳ ʚǫŗʚ ƕɄƨʌ ŗʚ țƨŗʌʚ Ʉȳƨ ɄǑ

 ʚŗȕƨ Ʉȳƨ Ʉɼ ȭɄɼƨ ǑʯȳƉʚǶɄȳʌ ŗʌ ŗɼǖʯȭƨȳʚʌ
 ɼƨʚʯɼȳʌ ŗ ǑʯȳƉʚǶɄȳ ŗʌ Ƕʚʌ ɼƨʌʯțʚ

 6ʯƨ ʚɄ Ɖʯɼɼ˦Ƕȳǖࣗ ƨ˙ƨɼ˦ ǑʯȳƉʚǶɄȳ ɄǑ ȭɄɼƨ ʚǫŗȳ Ʉȳƨ ŗɼǖʯȭƨȳʚ Ƕʌ
ǫǶǖǫƨɼࣽɄɼƕƨɼ Ƕȳ pŗʌȕƨțț

��� �� 0WO � � � � � � �
��� Ā ā � Ā я ā

2TGNWFGм �V[RG ��� 
0WO � � � � � �� # HWPEVKQP�

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁ

0 order fu Ii is just dah
1st order is a

on order



mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘɯ

 İƨऒ˙ƨ ʌƨƨȳ ȭŗȳ˦ ǑʯȳƉʚǶɄȳʌ ʚǫŗʚ ŗɼƨ ȳŗʚʯɼŗțț˦ ɼƨƉʯɼʌǶ˙ƨ
 İƨऒțț ȳɄ˝ țɄɄȕ ŗʚ ǣǮǐǣƣɮ ȹɮƐƣɮ ǋʠȩƅʋǮȹȩɾ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ țǶſɼŗɼ˦
ʚǫŗʚ Ɖŗɱʚʯɼƨ ȭŗȳ˦ ɄǑ ʚǫƨʌƨ ɱŗʚʚƨɼȳʌ

4ƚ˙ȘǞɾǞȩȘ mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘ
� ǑʯȳƉʚǶɄȳ ʚǫŗʚ ƕɄƨʌ ŗʚ țƨŗʌʚ Ʉȳƨ ɄǑ

 ʚŗȕƨ Ʉȳƨ Ʉɼ ȭɄɼƨ ǑʯȳƉʚǶɄȳʌ ŗʌ ŗɼǖʯȭƨȳʚʌ
 ɼƨʚʯɼȳʌ ŗ ǑʯȳƉʚǶɄȳ ŗʌ Ƕʚʌ ɼƨʌʯțʚ

 6ʯƨ ʚɄ Ɖʯɼɼ˦Ƕȳǖࣗ ƨ˙ƨɼ˦ ǑʯȳƉʚǶɄȳ ɄǑ ȭɄɼƨ ʚǫŗȳ Ʉȳƨ ŗɼǖʯȭƨȳʚ Ƕʌ
ǫǶǖǫƨɼࣽɄɼƕƨɼ Ƕȳ pŗʌȕƨțț

��� �� 0WO � � � � � � �
��� Ā ā � Ā я ā

2TGNWFGм �V[RG ��� 
0WO � � � � � �� # HWPEVKQP�

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁ



ĦǕʿ ŏɟƚ ɾǕƚʿ ʕɯƚǀʕȀࡐ

 *ȹȣȣȹȩ ɤɮȹǐɮŗȣȣǮȩǐ ǮƐǮȹȣɾ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ ŗʌ ǑʯȳƉʚǶɄȳʌ Ƕȳ ʚǫƨ
țŗȳǖʯŗǖƨ

 3ȹȣŗǮȩ ɾɤƣƅǮ̃ƅ ȑŗȩǐʠŗǐƣɾ Ɖŗȳ ſƨ ƕƨ̇ȳƨƕ ˝Ƕʚǫ ŗɱɱɼɄɱɼǶŗʚƨ
ƉɄțțƨƉʚǶɄȳʌ ɄǑ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌ

 İƨ Ɖŗȳ ʯʌƨ ʚǫƨ ŗȑǐƣŻɮŗǮƅ ɤɮȹɤƣɮʋǮƣɾ ɄǑ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌ ʚɄ
ɼƨŗʌɄȳ ŗſɄʯʚ ɱɼɄǖɼŗȭʌ) ɱɼɄ˙ŗſț˦ ƉɄɼɼƨƉʚ ɤɮȹǐɮŗȣ
ʋɮŗȩɾǋȹɮȣŗʋǮȹȩɾ

) ʯʌƨǑʯț ǑɄɼ ƕɄȭŗǶȳ ʌɱƨƉǶ̇Ɖ ƅȹȣɤǮȑƣɮɾ ŗȳƕ ŗʯʚɄȭŗʚƨƕ ɱɼɄǖɼŗȭ
ǖƨȳƨɼŗʚǶɄȳ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢅ

transforms

Yap
Reduce fmaewort Hadoop

summaries map Ca50 Ea Eb

reduce Ca Sb b b a b



mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘɯ ȩȘ ȀǞɯɾɯ

 ¡ŗȳ˦ ȑǮȩƣŗɮ ɮƣƅʠɮɾǮˉƣ ǑʯȳƉʚǶɄȳʌ Ʉȳ țǶʌʚʌ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ ʯʌǶȳǖ
ǫǶǖǫƨɼ Ʉɼƕƨɼ țǶſɼŗɼ˦ ǑʯȳƉʚǶɄȳʌ

 È�Üࣘ ŗɱɱț˦ ŗ ǑʯȳƉʚǶɄȳ ʚɄ ŗ țǶʌʚ
È�Ü �� Ϭ� � �ϭ � Ϫ�ϫ � Ϫ�ϫ
È�Ü A =? � =?
È�Ü § Āã � Ϫ§ Ā ՞ Ā �� Āãϫ

 §°Âê�ßࣘ ɼƨȭɄ˙ƨ ƨȳʚɼǶƨʌ ǑɼɄȭ ŗ țǶʌʚ
§°Âê�ß �� Ϭ� � $QQNϭ � Ϫ�ϫ � Ϫ�ϫ
§°Âê�ß A =? � =?
§°Âê�ß Ü Āã � ϪĀ ՞ Ā �� Āãϔ Ü Āϫ

 �Éāࣗ �ÂÂࣗ �ÐÉ��êA�Üࣗ ê�¿�r°Â�ࣗ �ßÐÜr°Â�ࣗ ࣚࣖ
 bɄɼ ȭɄɼƨࣗ ʌƨƨ êêÜϓϟϟ��¿�¨�ϙ�ã¿�ÂÂϙÐß¨ϟÜ��¿�¨�ϟ��ã�Ͼ΄ϙϙ
ϙϟ�Ð�ãϟTß�Âï��ϙêÈÂϘ¨ϓ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢉ

poulk dam each elenek

map even 1,2 3
e false True 7

filter Sco El I

http://hackage.haskell.org/package/base-4.12.0.0/docs/Prelude.html#g:13
http://hackage.haskell.org/package/base-4.12.0.0/docs/Prelude.html#g:13


_ʕȘżɾǞȩȘ żȩȒɔȩɯǞɾǞȩȘ

 ¶Ǒʚƨȳ ʚƨƕǶɄʯʌ ʚɄ ˝ɼǶʚƨ ſɼŗƉȕƨʚʌ ŗȳƕ ƨ˥ɱțǶƉǶʚ ˙ŗɼǶŗſțƨ ȳŗȭƨʌ
 ,ŗȳ ʯʌƨ ǋʠȩƅʋǮȹȩ ƅȹȣɤȹɾǮʋǮȹȩ ʚɄ ʌǶȭɱțǶǑ˦ ʚǫǶʌ

(ǋ � ǐ)(˕) = ǋ (ǐ(˕))

 pŗʌȕƨțț ʯʌƨʌ ʚǫƨ Ϭϙϭ ɄɱƨɼŗʚɄɼ
Ϭϙϭ �� Ϭ� � �ϭ � Ϭ� � �ϭ � Ϭ� � �ϭ
§ ϙ ¨ � ϐĀ � § Ϭ¨ Āϭ
�� GZCORNG
Ð�� � � ÉÐê Ϭ�ú�É �ϭ
Ð�� � ÉÐê ϙ �ú�É �� 0Q PGGF HQT VJG C XCTKCDNG

 ĎʌƨǑʯț ǑɄɼ ˝ɼǶʚǶȳǖ ƉɄȭɱɄʌǶʚǶɄȳ ɄǑ ǑʯȳƉʚǶɄȳʌ ʚɄ ſƨ ɱŗʌʌƨƕ ʚɄ
Ʉʚǫƨɼ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌࣖ

 éƨȭɄ˙ƨʌ ȳƨƨƕ ʚɄ ˝ɼǶʚƨ �ࣽƨ˥ɱɼƨʌʌǶɄȳʌ
 ,ŗțțƨƕ एɱɄǶȳʚǑɼƨƨऐ ʌʚ˦țƨࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢍ
map Ix not even x L

map not even C 7



_ȩȀƇɯ

 ǋȹȑƐɾ ɱɼɄƉƨʌʌ ŗ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨ Ƕȳ ʌɄȭƨ Ʉɼƕƨɼ ŗȳƕ ſʯǶțƕ ŗ ɼƨʚʯɼȳ
˙ŗțʯƨ

 pŗʌȕƨțț ɱɼɄ˙Ƕƕƨʌ ŗ ȳʯȭſƨɼ ɄǑ ʚǫƨʌƨ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ ɱɼƨțʯƕƨࣗ
˝Ƕʚǫ ȭɄɼƨ ŗ˙ŗǶțŗſțƨ Ƕȳ ʚǫƨ ��ê�ϙ;°ãê ȭɄƕʯțƨ

HQNFTࡇ ɟǞǃǕɾ ŏɯɯȩżǞŏɾǞʲƚ ǀȩȀƇ
âɼɄƉƨʌʌƨʌ țǶʌʚ ǑɼɄȭ ʚǫƨ ǑɼɄȳʚ
§ÐÂ�ß �� Ϭ� � � � �ϭ � � � Ϫ�ϫ � �
§ÐÂ�ß § Ć =? � Ć
§ÐÂ�ß § Ć ϬĀ�Āãϭ � Ā ֚§֚ Ϭ§ÐÂ�ß § Ć Āãϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ 

I l

iCa

Initial
1 value

binary four C IT

right
association id

El 2,3 1 2 3 I
f Z 3 f z



sum four ft 0

I 2 3

I 2 3 E

It 2 3 0 6

I 1 I C l



_ȩȀƇɯ

 ǋȹȑƐɾ ɱɼɄƉƨʌʌ ŗ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨ Ƕȳ ʌɄȭƨ Ʉɼƕƨɼ ŗȳƕ ſʯǶțƕ ŗ ɼƨʚʯɼȳ
˙ŗțʯƨ

 pŗʌȕƨțț ɱɼɄ˙Ƕƕƨʌ ŗ ȳʯȭſƨɼ ɄǑ ʚǫƨʌƨ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ ɱɼƨțʯƕƨࣗ
˝Ƕʚǫ ȭɄɼƨ ŗ˙ŗǶțŗſțƨ Ƕȳ ʚǫƨ ��ê�ϙ;°ãê ȭɄƕʯțƨ

HQNFNࡇ Ȁƚǀɾ ŏɯɯȩżǞŏɾǞʲƚ ǀȩȀƇ
âɼɄƉƨʌʌƨʌ țǶʌʚ ǑɼɄȭ ʚǫƨ ſŗƉȕ ࣯ǶȭɱțǶƉǶʚț˦ Ƕȳ ɼƨ˙ƨɼʌƨࣱ
§ÐÂ�Â �� Ϭ� � � � �ϭ � � � Ϫ�ϫ � �
§ÐÂ�Â § Ć =? � Ć
§ÐÂ�Â § Ć ϬĀ�Āãϭ � §ÐÂ�Â § ϬĆ ֚§֚ Āϭ Āã �� VCKN TGEWTUKXG�

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ 

I I 1 l

t
left

assorative

beany
operator



1 2 3 7 fadl ft

f 2 f 3 t E

left associative f a 567
Ears

foldd flip t.DE b

E Terse
a a Ca

flip a b c b a c

flip C 2,3 A

It 2,33



mȩʶ ɾȩ ɾǕǞȘǺ ŏųȩʕɾ ɾǕǞɯ

 §ÐÂ�ß ŗȳƕ §ÐÂ�Â ŗɼƨ ɼƨƉʯɼʌǶ˙ƨ
 ¶Ǒʚƨȳ ƨŗʌǶƨɼ ʚɄ ʚǫǶȳȕ ɄǑ ʚǫƨȭ ȩȹȩࣽɮƣƅʠɮɾǮˉƣȑ˖

ǀȩȀƇɟ
éƨɱțŗƉƨ Ϭ�ϭ ſ˦ ʚǫƨ ǖǶ˙ƨȳ ǑʯȳƉʚǶɄȳࣗ ŗȳƕ =? ſ˦ ǖǶ˙ƨȳ ˙ŗțʯƨࣖ
ãïÈ Ϫϔ ϔ ϫ
� §ÐÂ�ß Ϭяϭ  Ϫϔ ϔ ϫ
� §ÐÂ�ß Ϭяϭ  Ϭ�Ϭ�Ϭ�=?ϭϭϭ
�  я Ϭ я Ϭ я ϭϭ
� Ά

ǀȩȀƇȀ
óŗȭƨ Ƕƕƨŗࣗ ſʯʚ ŗʌʌɄƉǶŗʚǶȳǖ ʚɄ ʚǫƨ țƨǑʚ
ãïÈ Ϫϔ ϔ ϫ
� §ÐÂ�Â Ϭяϭ  Ϫϔ ϔ ϫ
� §ÐÂ�Â Ϭяϭ  Ϭ�Ϭ�Ϭ�=?ϭϭϭ
� ϬϬϬ я ϭ я ϭ я ϭ
� Ά

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ 

Frie for a list

out 1mi tar
N lists

Because need to get
to the end to stir
poohed a ought



ĦǕʿ ʶȩʕȀƇ v ʕɯƚ ɾǕƚȒࡐ

 ,ŗɱʚʯɼƨ ȭŗȳ˦ țǶȳƨŗɼ ɼƨƉʯɼʌǶ˙ƨ ɱŗʚʚƨɼȳʌ Ƕȳ ŗ Ɖțƨŗȳ ˝ŗ˦
 ,ŗȳ ǫŗ˙ƨ ƨ˾ƉǶƨȳʚ țǶſɼŗɼ˦ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ) Ɖŗȳ ŗɱɱț˦ ɱɼɄǖɼŗȭ
ɄɱʚǶȭǶʌŗʚǶɄȳʌ

 �Ɖʚʯŗțț˦ ŗɱɱț˦ ʚɄ ŗțț (QNFCDNG ʚ˦ɱƨʌࣗ ȳɄʚ ȍʯʌʚ țǶʌʚʌ
 ƨࣖǖࣖ §ÐÂ�ßऒʌ ʚ˦ɱƨ Ƕʌ ŗƉʚʯŗțț˦

§ÐÂ�ß �� (QNFCDNG ê � Ϭ� � � � �ϭ � � � ê � � �

 óɄ ˝ƨ Ɖŗȳ ˝ɼǶʚƨ ƉɄƕƨ ǑɄɼ țǶʌʚʌ ŗȳƕ ࣯ʌŗ˦ࣱ ʚɼƨƨʌ ǶƕƨȳʚǶƉŗțț˦

_ȩȀƇɯ ŏɟƚ ǃƚȘƚɟŏȀ
 ¡ŗȳ˦ țǶſɼŗɼ˦ ǑʯȳƉʚǶɄȳʌ Ʉȳ țǶʌʚʌ ŗɼƨ ˝ɼǶʚʚƨȳ ʠɾǮȩǐ ǋȹȑƐɾ

ÜßÐ�ï�ê � §ÐÂ�ß ϬϏϭ 
ãïÈ � §ÐÂ�ß Ϭяϭ 
È�Ā°ÈïÈ � §ÐÂ�ß È�Ā

 âɼŗƉʚǶƉŗț ʌǫƨƨʚ ࢅ ŗʌȕʌ ˦Ʉʯ ʚɄ ƕƨ̇ȳƨ ʌɄȭƨ Ʉʚǫƨɼʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢙

p



ĦǕǞżǕ ɾȩ żǕȩȩɯƚࡐ

ǀȩȀƇɟ
 eƨȳƨɼŗțț˦ §ÐÂ�ß Ƕʌ ʚǫƨ ɼǶǖǫʚ ࣯ǫŗࣱࣛ ƉǫɄǶƉƨ
 İɄɼȕʌ ƨ˙ƨȳ ǑɄɼ Ƕȳ̇ȳǶʚƨ țǶʌʚʌࣛ

 ¥Ʉʚƨ §ÐÂ�ß Ϭ�ϭ =? ии °�
 ,ŗȳ ʚƨɼȭǶȳŗʚƨ ƨŗɼț ࣖ˦

ǀȩȀƇȀ
 Ďʌʯŗțț˦ ſƨʌʚ ʚɄ ʯʌƨ ɾʋɮǮƅʋ ˙ƨɼʌǶɄȳࣘ

KORQTV &CVC�.KUV
§ÐÂ�Âϝ �� PQVG VTCKNKPI 	

 6Ʉƨʌȳऒʚ ˝Ʉɼȕ Ʉȳ Ƕȳ̇ȳǶʚƨ țǶʌʚʌ ࣯ȳƨƨƕʌ ʚɄ ʌʚŗɼʚ ŗʚ ʚǫƨ ƨȳƕࣱ

 Ďʌƨ ˝ǫƨȳ ˦Ʉʯ ˍŗȩʋ ʚɄ ɼƨ˙ƨɼʌƨ ʚǫƨ țǶʌʚࣘ §ÐÂ�Â Ϭ§Â°Ü Ϭ�ϭϭ =? ии ß�ú�ßã�
 ,ŗȳऒʚ ʚƨɼȭǶȳŗʚƨ ƨŗɼț ࣖ˦

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡱࡹ

need left associativity



$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ

 ,Ʉȳʚƨȳʚ

 yȳʚɼɄƕʯƉʚƨƕ ƕƨ̇ȳǶʚǶɄȳ ɄǑ ǣǮǐǣƣɮ ȹɮƐƣɮ ǋʠȩƅʋǮȹȩɾ
 óŗ˝ ƕƨ̇ȳǶʚǶɄȳ ŗȳƕ ʯʌƨ ɄǑ ŗ ȳʯȭſƨɼ ɄǑ ʌʯƉǫ ǑʯȳƉʚǶɄȳʌ Ʉȳ țǶʌʚʌ
 ÿŗțȕƨƕ ŗſɄʯʚ ǋȹȑƐɾ ŗȳƕ ƉŗɱʚʯɼǶȳǖ ŗ ǖƨȳƨɼǶƉ ɤŗʋʋƣɮȩ ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ
 eŗ˙ƨ ƨ˥ŗȭɱțƨʌ ɄǑ ˝ǫ˦ ˦Ʉʯ ˝Ʉʯțƕ ɱɼƨǑƨɼ ʚǫƨȭ Ʉ˙ƨɼ ƨ˥ɱțǶƉǶʚ ǶʚƨɼŗʚǶɄȳ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ˝ǫŗʚ ȭŗȕƨʌ ŗ ǑʯȳƉʚǶɄȳ ǫǶǖǫƨɼ Ʉɼƕƨɼ
 ʌʚʯƕƨȳʚ Ɖŗȳ ˍɮǮʋƣ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ʠɾƣ ǑɄțƕʌ ʚɄ ɼƨŗțǶʌƨ țǶȳƨŗɼ ɼƨƉʯɼʌǶ˙ƨ ɱŗʚʚƨɼȳʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ƕǶ˽ƨɼƨȳƉƨʌ ſƨʚ˝ƨƨȳ §ÐÂ�ß ŗȳƕ §ÐÂ�Â

 óƨțǑࣽʌʚʯƕ˦

 ¥Ʉȳƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹࡹ



 óŗ˝ ƨ˥ŗȭɱțƨ ǫǶǖǫƨɼࣽɄɼƕƨɼ ǑʯȳƉʚǶɄȳʌ Ʉȳ țǶʌʚʌ
 ¥Ʉ˝ ˝ƨऒțț țɄɄȕ ŗʚ ƣˉƣȩ ȭɄɼƨ ǖƨȳƨɼǶƉ ɱŗʚʚƨɼȳʌ
 ࣚǶȭɱțƨȭƨȳʚ Ʉʯɼ Ʉ˝ȳ ƕŗʚŗʚ˦ɱƨʌ
 ࣚŗȳƕ Ƕȭɱțƨȭƨȳʚ ʚǫƨʌƨ ǖƨȳƨɼǶƉ ɱŗʚʚƨɼȳʌ ǑɄɼ Ʉʯɼ ƕŗʚŗʚ˦ɱƨʌࣖ
È�Ü �� Ϭ� � �ϭ � Ϫ�ϫ � Ϫ�ϫ
§°Âê�ß �� Ϭ� � $QQNϭ � Ϫ�ϫ � Ϫ�ϫ
ê�¿�r°Â� �� Ϭ� � $QQNϭ � Ϫ�ϫ � Ϫ�ϫ
�ßÐÜr°Â� �� Ϭ� � $QQNϭ � Ϫ�ϫ � Ϫ�ϫ
�ÐÉ��êA�Ü �� Ϭ� � Ϫ�ϫϭ � Ϫ�ϫ � Ϫ�ϫ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽࡹ



HOCR ŏ ǃƚȘƚɟǞż Ȓŏɔ

2TGNWFGм �ê §È�Ü
§È�Ü �� (WPEVQT § � Ϭ� � �ϭ � § � � § �
2TGNWFGм §È�Ü ϬϏϭ Ϫϔ ϔ ϫ
Ϫϔ ΄ϔ Άϫ

ENCUU (WPEVQT § YJGTG
§È�Ü �� Ϭ� � �ϭ � § � � § �

 İɄɼȕʌ Ʉȳ ŗȳ˦ ȭŗɱɱŗſțƨ ʌʚɼʯƉʚʯɼƨ
 óǫɄʯțƕ Ʉſƨ˦ ǋʠȩƅʋȹɮ ȑŗˍɾ ࣯˝Ƕțț ʌƨƨ ƨ˥ŗȭɱțƨ țŗʚƨɼࣱ

§È�Ü °� ии °�
§È�Ü Ϭ§ ϙ ¨ϭ ии Ϭ§È�Ü §ϭ ϙ Ϭ§È�Ü ¨ϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁࡹ

principled typeclass

tmapf I

g
b Ea 2b

tanaptaffust x
Sb Maybe a

Maybeb
t
Mapping the identity should do nothj
mapping fog should be sane as



�ƇƇǞȘǃ Șƚʶ Ƈŏɾŏ ɾʿɔƚɯ

first mapping g then mapping f

fmap changes values inside

hit shnchre

length Cfmap tf El
2,3 3



4ƚ˙ȘǞȘǃ Ƈŏɾŏ ɾʿɔƚɯ

 yʚ ɄǑʚƨȳ ȭŗȕƨʌ ʌƨȳʌƨ ʚɄ Ɛƣ̃ȩƣ ȳƨ˝ ƕŗʚŗ ʚ˦ɱƨʌ
 ¡ʯțʚǶɱțƨ ɼƨŗʌɄȳʌ ʚɄ ƕɄ ʚǫǶʌࣘ

ࣖࡹ pǶƕƨ ƉɄȭɱțƨ˥Ƕʚ˦
ࣖࡽ $ʯǶțƕ ȳƨ˝ ŗſʌʚɼŗƉʚǶɄȳʌ
ࣖࢁ ÿ˦ɱƨ ʌŗǑƨʚ˦

 pŗʌȕƨțț ǫŗʌ ʚǫɼƨƨ ˝ŗ˦ʌ ʚɄ ƕɄ ʚǫǶʌ
 V[RG
 FCVC
 PGYV[RG ࣯˝ƨ ˝Ʉȳऒʚ ƉɄ˙ƨɼ ʚǫǶʌ Ʉȳƨࣱ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹ



÷ʿɔƚ ƇƚżȀŏɟŏɾǞȩȘɯࡇ Șƚʶ ȘŏȒƚɯࡈ ȩȀƇ ɾʿɔƚɯ

 � ȳƨ˝ ȩŗȣƣ ǑɄɼ ŗȳ ƨ˥ǶʌʚǶȳǖ ʚ˦ɱƨ Ɖŗȳ ſƨ ƕƨ̇ȳƨƕ ʯʌǶȳǖ ŗ ʋ˖ɤƣ
ƐƣƅȑŗɮŗʋǮȹȩ

5VTKPI ŏɯ ŏ ɯʿȘȩȘʿȒ ǀȩɟ ɾǕƚ ɾʿɔƚ =%JCT?
V[RG 5VTKPI � Ϫ%JCTϫ

úÐû�Âã �� 5VTKPI � Ϫ%JCTϫ
úÐû�Âã ãêß � Ϫã ՞ ã �� ãêßϔ ã ֚�Â�È֚ Ϫϝ�ϝϔ ϝ�ϝϔ ϝ°ϝϔ ϝÐϝϔ ϝïϝϫϫ

2TGNWFGм úÐû�Âã ϜûÐß�Ϝ
ϜÐϜ
2TGNWFGм úÐû�Âã Ϫϝûϝϔ ϝÐϝϔ ϝßϝϔ ϝ�ϝϫ
ϜÐϜ

 ¥ɄʚǶƉƨ ʚǫŗʚ ʚǫƨɼƨ Ƕʌ ȳɄ ʚ˦ɱƨ ƕǶʌʚǶȳƉʚǶɄȳࣘ ɄſȍƨƉʚʌ ɄǑ ʚ˦ɱƨ 5VTKPI
ŗȳƕ Ϫ%JCTϫ ŗɼƨ ƉɄȭɱțƨʚƨț˦ ǶȳʚƨɼƉǫŗȳǖƨŗſțƨࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹ



�ƚʶ ȘŏȒƚɯࡈ ȩȀƇ ɾʿɔƚɯ vv

 İƨ Ɖŗȳ ʯʌƨ ʚǫƨʌƨ ʚ˦ɱƨ ƕƨƉțŗɼŗʚǶɄȳʌ ʚɄ ȭŗȕƨ ʚǫƨ ʌƨȭŗȳʚǶƉʌ ɄǑ
Ʉʯɼ ƉɄƕƨ Ɖțƨŗɼƨɼ

�Ș ǞȘɾƚǃƚɟ ɔȩɯǞɾǞȩȘ ǞȘ 4ߞ
V[RG 2QU � Ϭ+PVϔ +PVϭ

Ðß°¨°É �� 2QU
Ðß°¨°É � Ϭϔ ϭ

Â�§ê �� 2QU � 2QU
Â�§ê Ϭ°ϔ ¼ϭ � Ϭ° Ͼ ϔ ¼ϭ

 éƨŗƕƨɼ ǫŗʌ ʚɄ ƨ˥ɱƨȳƕ țƨʌʌ ſɼŗǶȳ ɱɄ˝ƨɼ ʚɄ ʯȳƕƨɼʌʚŗȳƕ ʚǫƨ
ǑʯȳƉʚǶɄȳ

 óǶȭǶțŗɼ ʚɄ ,ऒʌ V[RGFGH

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢙ࡹ



�ƚʶ ȘŏȒƚɯࡈ ȩȀƇ ɾʿɔƚɯ vvv

 �ʯʌʚ țǶȕƨ ǑʯȳƉʚǶɄȳ ƕƨ̇ȳǶʚǶɄȳʌࣗ ʚ˦ɱƨ ƕƨƉțŗɼŗʚǶɄȳʌ Ɖŗȳ ſƨ
ɱŗɼŗȭƨʚƨɼǶʌƨƕ Ʉ˙ƨɼ ʋ˖ɤƣ ˉŗɮǮŗŻȑƣɾ

CʾŏȒɔȀƚ
V[RG 2CKT � � Ϭ�ϔ �ϭ

ÈïÂê �� 2CKT +PV � +PV
ÈïÂê ϬÈϔ Éϭ � ÈϏÉ

�ïÜ �� � � 2CKT �
�ïÜ Ā � ϬĀϔ Āϭ

7 ,ŗȳऒʚ ʯʌƨ ƅȑŗɾɾ ƅȹȩɾʋɮŗǮȩʋɾ Ƕȳ ʚǫƨ ƕƨ̇ȳǶʚǶɄȳ
7 ,ŗȳऒʚ ǫŗ˙ƨ ɮƣƅʠɮɾǮˉƣ ʚ˦ɱƨʌ
�ȩɾ ŏȀȀȩʶƚƇ
2TGNWFGм V[RG 6TGG � Ϭ+PVϔ Ϫ6TGGϫϭ
GTTQT�

%[ENG KP V[RG ãāÉÐÉāÈ ���Â�ß�ê°ÐÉã�

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡱࡽ



4ŏɾŏ ƇƚżȀŏɟŏɾǞȩȘɯࡇ Șƚʶ ɾʿɔƚɯ

 İƨ Ɖŗȳ ǶȳʚɼɄƕʯƉƨ ŗ ƉɄȭɱțƨʚƨț˦ ȩƣˍ ʚ˦ɱƨ ſ˦ ʌɱƨƉǶǑ˦Ƕȳǖ ŗțțɄ˝ƨƕ
˙ŗțʯƨʌ ʯʌǶȳǖ ŗ Ɛŗʋŗ ƐƣƅȑŗɮŗʋǮȹȩ

� ųȩȩȀƚŏȘ ɾʿɔƚ
FCVC $QQN � (CNUG ՞ 6TWG

ए$ɄɄț Ƕʌ ŗ ȳƨ˝ ʚ˦ɱƨࣗ ˝Ƕʚǫ ʚ˝Ʉ ȳƨ˝ ˙ŗțʯƨʌࣘ bŗțʌƨࣗ ŗȳƕ ÿɼʯƨऐ

 ÿǫƨ ʚ˝Ʉ ˙ŗțʯƨʌ ŗɼƨ Ɖŗțțƨƕ ƅȹȩɾʋɮʠƅʋȹɮɾ ǑɄɼ ʚǫƨ ʚ˦ɱƨ $QQN

 $Ʉʚǫ ʚǫƨ ʚ˦ɱƨ ȳŗȭƨࣗ ŗȳƕ ʚǫƨ ƉɄȳʌʚɼʯƉʚɄɼ ȳŗȭƨʌࣗ ȭʯʌʚ ſƨǖǶȳ
˝Ƕʚǫ ŗȳ ʯɱɱƨɼࣽƉŗʌƨ țƨʚʚƨɼࣖ

 ÿǫǶʌ Ƕʌ ŗƉʚʯŗțț˦ ʚǫƨ ˝ŗ˦ $QQN Ƕʌ Ƕȭɱțƨȭƨȳʚƨƕ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ
țǶſɼŗɼ˦

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹࡽ



ĆɯǞȘǃ Șƚʶ ɾʿɔƚɯ

 ¶ȳƉƨ ƕƨ̇ȳƨƕࣗ ˝ƨ Ɖŗȳ ʯʌƨ ȳƨ˝ ʚ˦ɱƨʌ ƨ˥ŗƉʚț˦ țǶȕƨ ſʯǶțʚ Ƕȳ Ʉȳƨʌ

CʾŏȒɔȀƚ
FCVC +U6TWG � ;GU ՞ 0Q ՞ 2GTJCRU

É�¨�ê� �� +U6TWG � +U6TWG
�� 2CVVGTP OCVEJKPI QP EQPUVTWEVQTU
É�¨�ê� ;GU � 0Q
É�¨�ê� 0Q � ;GU
É�¨�ê� 2GTJCRU � 2GTJCRU

2TGNWFGм É�¨�ê� 2GTJCRU
2GTJCRU

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽࡽ



4ŏɾŏ ƇƚżȀŏɟŏɾǞȩȘɯ ʶǞɾǕ ˙ʾƚƇ ɾʿɔƚ ɔŏɟŏȒƚɾƚɟɯ

 ÿǫƨ ƉɄȳʌʚɼʯƉʚɄɼʌ Ƕȳ ŗ ƕŗʚŗ ƕƨƉțŗɼŗʚǶɄȳ Ɖŗȳ ʚŗȕƨ ŗɼſǶʚɼŗɼǶț˦ ȭŗȳ˦
ɱŗɼŗȭƨʚƨɼʌ

CʾŏȒɔȀƚ
FCVC 5JCRG � %KTENG (NQCV ՞ 4GEVCPING (NQCV (NQCV

ए� ʌǫŗɱƨ Ƕʌ ƨǶʚǫƨɼ ŗ ,ǶɼƉțƨࣗ Ʉɼ ŗ éƨƉʚŗȳǖțƨࣖ ÿǫƨ ,ǶɼƉțƨ Ƕʌ ƕƨ̇ȳƨƕ ſ˦
Ʉȳƨ ȳʯȭſƨɼࣗ ʚǫƨ éƨƉʚŗȳǖțƨ ſ˦ ʚ˝Ʉऐ

âŗʚʚƨɼȳ ȭŗʚƉǫǶȳǖ Ʉȳ ʚǫƨ ƉɄȳʌʚɼʯƉʚɄɼʌࣘ
�ß�� �� 5JCRG � (NQCV
�ß�� Ϭ%KTENG ßϭ � Ü° Ϗ ßի
�ß�� Ϭ4GEVCPING Ā āϭ � Ā Ϗ ā

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁࡽ



4ŏɾŏ ƇƚżȀŏɟŏɾǞȩȘɯ ʶǞɾǕ ɾʿɔƚ ʲŏɟǞŏųȀƚɯ

 İƨ Ɖŗȳ ŗțʌɄ ȭŗȕƨ Ʉʯɼ ƕŗʚŗ ƕƨƉțŗɼŗʚǶɄȳʌ ɤȹȑ˖ȣȹɮɤǣǮƅ ˝Ƕʚǫ
ŗɱɱɼɄɱɼǶŗʚƨ ʚ˦ɱƨ ˙ŗɼǶŗſțƨʌ

CʾŏȒɔȀƚ
FCVC /C[DG � � 0QVJKPI ՞ ,WUV �

ए� /C[DG Ƕʌ ƨǶʚǫƨɼ 0QVJKPI Ʉɼ ƨțʌƨ ŗ ,WUV ˝Ƕʚǫ ŗ ˙ŗțʯƨ ɄǑ ŗɼſǶʚɼŗɼ˦
ʚ˦ɱƨऐ
ã�§���� �� Ϫ�ϫ � /C[DG �
ã�§���� =? � 0QVJKPI
ã�§���� ϬĀ�Aϭ � ,WUV Ā

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢅࡽ



áƚżʕɟɯǞʲƚ ɾʿɔƚɯ

 6ŗʚŗ ƕƨƉțŗɼŗʚǶɄȳʌ Ɖŗȳ ɮƣǋƣɮ ʋȹ ʋǣƣȣɾƣȑˉƣɾ

ÚƚŏȘȩ ȘʕȒųƚɟɯ
FCVC 0CV � <GTQ ՞ 5WEE 0CV

ए¥ŗʚ Ƕʌ ŗ ȳƨ˝ ʚ˦ɱƨ ˝Ƕʚǫ ƉɄȳʌʚɼʯƉʚɄɼʌ <GTQ �� 0CV ŗȳƕ
5WEE �� 0CV � 0CVऐ

 ÿǫǶʌ ʚ˦ɱƨ ƉɄȳʚŗǶȳʌ ʚǫƨ Ƕȳ̇ȳǶʚƨ ʌƨɸʯƨȳƉƨ ɄǑ ˙ŗțʯƨʌ
<GTQ
5WEE <GTQ
5WEE Ϭ5WEE <GTQϭ
ϙϙϙ

 İƨ ƉɄʯțƕ ʯʌƨ ʚǫǶʌ ʚɄ Ƕȭɱțƨȭƨȳʚ ŗ ɼƨɱɼƨʌƨȳʚŗʚǶɄȳ ɄǑ ʚǫƨ ȳŗʚʯɼŗț
ȳʯȭſƨɼʌࣗ ŗȳƕ ŗɼǶʚǫȭƨʚǶƉ

��� �� 0CV � 0CV � 0CV
��� <GTQ É � É
��� Ϭ5WEE Èϭ É � 5WEE Ϭ��� È Éϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢉࡽ



áƚżʕɟɯǞʲƚ ɾʿɔƚɯ vv

 ÿǫǶʌ ȕǶȳƕ ɄǑ ɼƨƉʯɼʌǶ˙ƨ ʚ˦ɱƨ ŗțțɄ˝ʌ ˙ƨɼ˦ ʌʯƉƉǶȳʚ ƕƨ̇ȳǶʚǶɄȳʌ ɄǑ ƕŗʚŗ
ʌʚɼʯƉʚʯɼƨʌ

�ǞȘǺƚƇ ȀǞɯɾ
FCVC .KUV � � 'ORV[ ՞ %QPU � Ϭ.KUV �ϭ
°Éê;°ãê � %QPU  Ϭ%QPU  Ϭ%QPU  'ORV[ϭϭ
ии Ϫϔ ϔ ϫ

ए� �Ƕʌʚ Ƕʌ ƨǶʚǫƨɼ Eȭɱʚ ࣗ˦ Ʉɼ ŗ ,Ʉȳʌ ɄǑ ŗ ˙ŗțʯƨ ŗȳƕ ŗ �Ƕʌʚऐ

�ǞȘǺƚƇ ȀǞɯɾ ǞȘ +
V[RGFGH UVTWEV ϡ;°É¿ Ϗ;°É¿Ϟ
UVTWEV ϡ;°É¿ Ϩ

XQKF Ϗ��ê�Ϟ
;°É¿ É�ĀêϞ

ϩ
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� ųǞȘŏɟʿ ɾɟƚƚ

� ųǞȘŏɟʿ ɾɟƚƚ ʶǞɾǕ ʲŏȀʕƚɯ ŏɾ ȘȩƇƚɯ
FCVC $6TGG � � 'ORV[ ՞ 0QFG � Ϭ$6TGG �ϭ Ϭ$6TGG �ϭ
�êß�� � 0QFG  Ϭ0QFG  Ϭ0QFG  'ORV[ 'ORV[ϭ

Ϭ0QFG ΄ 'ORV[ 'ORV[ϭϭ
Ϭ0QFG ΅ 'ORV[ 'ORV[ϭ

ए� $ÿɼƨƨ Ƕʌ ƨǶʚǫƨɼ Eȭɱʚ ࣗ˦ Ʉɼ ŗ ¥Ʉƕƨ ƉɄȳʚŗǶȳǶȳǖ ŗ ˙ŗțʯƨ ŗȳƕ ʚ˝Ʉ
$ÿɼƨƨʌऐ

ࡹ

ࡽࢉ

ࢁࢅ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽ



ÚŏɾɾƚɟȘ ȒŏɾżǕǞȘǃ

 éƨƉŗțț ʚǫƨ ɱŗʚʚƨɼȳ ȭŗʚƉǫǶȳǖ ʌ˦ȳʚŗ˥ Ʉȳ țǶʌʚʌ
Â°ãê � Ϫϔ ϔ ϔ ΄ϫ ии �Ϫϔ ϔ ΄ϫ
�� $KPFU VKR VQ �� TGUV VQ =�� �� �?
Ϭê°Ü�ß�ãêϭ � Â°ãê

 ÿǫƨ ɱŗʚʚƨɼȳ ȭŗʚƉǫƨʌ ʚǫƨ एƉɄȳʌʚɼʯƉʚɄɼऐ ɄǑ ʚǫƨ țǶʌʚࣗ ŗʌ ǶǑ ʚǫƨ
ƕƨƉțŗɼŗʚǶɄȳ ˝ƨɼƨ

FCVC =? � � =? ՞ � � Ϫ�ϫ

 E˥ŗƉʚț˦ ʚǫƨ ʌŗȭƨ ɱŗʚʚƨɼȳ ȭŗʚƉǫǶȳǖ ŗɱɱțǶƨʌ ʚɄ ƕŗʚŗ ʚ˦ɱƨʌ Ʉȳ ʚǫƨǶɼ
ƕŗʚŗ ƉɄȳʌʚɼʯƉʚɄɼʌ

FCVC .KUV � � 'ORV[ ՞ %QPU � Ϭ.KUV �ϭ
Â°ãê � %QPU  Ϭ%QPU  Ϭ%QPU  'ORV[ϭϭ
�� $KPFU VKR VQ �� TGUV VQ 
%QPU � 
%QPU � 'ORV[��
Ϭ%QPU ê°Ü ß�ãêϭ � Â°ãê

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽ



ëȩȒƚ ɾʿɔƚ ɾǕƚȩɟʿ ŏȘƇ żȩȘɾɟŏɯɾɯ

 pŗʌȕƨțțऒʌ FCVC ƕƨƉțŗɼŗʚǶɄȳʌ ȭŗȕƨ �ȑǐƣŻɮŗǮƅ Ɛŗʋŗ ʋ˖ɤƣɾ
 ÿǫǶʌ Ƕʌ ŗ ʚ˦ɱƨ ˝ǫƨɼƨ ˝ƨ ʌɱƨƉǶǑ˦ ʚǫƨ एʌǫŗɱƨऐ ɄǑ ƨŗƉǫ ƨțƨȭƨȳʚ
 ÿǫƨ ʚ˝Ʉ ŗțǖƨſɼŗǶƉ ɄɱƨɼŗʚǶɄȳʌ ŗɼƨ एʌʯȭऐ ŗȳƕ एɱɼɄƕʯƉʚऐ

4ƚ˙ȘǞɾǞȩȘ ëʕȒ ɾʿɔƚ
�ȳ ŗțʚƨɼȳŗʚǶɄȳࣘ
FCVC (QQ � # ՞ $

� ˙ŗțʯƨ ɄǑ ʚ˦ɱƨ (QQ Ɖŗȳ ƨǶʚǫƨɼ ſƨ # Ʉɼ $

4ƚ˙ȘǞɾǞȩȘ ÚɟȩƇʕżɾ ɾʿɔƚ
� ƉɄȭſǶȳŗʚǶɄȳࣘ
FCVC 2CKT � 2 +PV &QWDNG

ŗ ɱŗǶɼ ɄǑ ȳʯȭſƨɼʌࣗ ŗȳ +PV ŗȳƕ &QWDNG ʚɄǖƨʚǫƨɼࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢙ࡽ
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°ɾǕƚɟ ȀŏȘǃʕŏǃƚɯࡇ ɔɟȩƇʕżɾ ɾʿɔƚɯ

 �țȭɄʌʚ ŗțț țŗȳǖʯŗǖƨʌ ǫŗ˙ƨ ɤɮȹƐʠƅʋ ʋ˖ɤƣɾࣖ ÿǫƨ˦ऒɼƨ ȍʯʌʚ एɄɼƕƨɼƨƕ
ſŗǖʌऐ ɄǑ ʚǫǶȳǖʌࣖ

 yȳ â˦ʚǫɄȳࣗ ˝ƨ Ɖŗȳ ʯʌƨ ʚʯɱțƨʌ ࣯Ʉɼ É�È��êïÜÂ�ࣱࣗ Ʉɼ Ɖțŗʌʌƨʌ
ÚʿɾǕȩȘ
Ü�°ß � Ϭϔ ϭ
Āϔ ā � Ü�°ß

 yȳ , ˝ƨ ʯʌƨ ʌʚɼʯƉʚʌ
+ ɯɾɟʕżɾ
UVTWEV T�°ß Ϩ UVTWEV T�°ß ÜϞ

KPV ĀϞ ÜϙĀ и Ϟ
KPV āϞ Üϙā и Ϟ

ϩ

 yȳ �ŗ˙ŗࣗ Ɖțŗʌʌƨʌ
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°ɾǕƚɟ ȀŏȘǃʕŏǃƚɯࡇ ɯʕȒ ɾʿɔƚɯ

 ĎʌƨǑʯț ǑɄɼ ʚ˦ɱƨ ʌŗǑƨʚ˦ࣩƉɄȭɱǶțƨɼ ˝ŗɼȳǶȳǖʌࣘ ƨŗʌ˦ ʚɄ ʌʚŗʚǶƉŗțț˦
ɱɼɄ˙ƨ ʚǫŗʚ ƨ˙ƨɼ˦ ɄɱʚǶɄȳ Ƕʌ ǫŗȳƕțƨƕ

 �ƨʌʌ ƉɄȭȭɄȳࣗ ŗțʚǫɄʯǖǫ ȳƨ˝ țŗȳǖʯŗǖƨʌ ŗɼƨ ƉŗʚƉǫǶȳǖ Ʉȳ
࣯ƨࣖǖࣖ éʯʌʚࣗ ó˝ǶǑʚࣱ

 yȳ , ǑɄɼ Ƕȳʚƨǖƨɼʌࣗ ˦Ʉʯ Ɖŗȳ ʯʌƨ ŗȳ �ÉïÈ
GPWO r��¿��āã Ϩ
AHBϔ af�ϔ r��ϔ a)fϔ #W,ϔ [�aϔ [fB

ϩϞ

 ¥Ʉʚ ɼƨŗțț˦ ŗ˙ŗǶțŗſțƨ ɱɼɄɱƨɼț˦ Ƕȳ �ŗ˙ŗ Ʉɼ â˦ʚǫɄȳ ࣯˦Ʉʯ Ɖŗȳ ȍʯȭɱ
ʚǫɼɄʯǖǫ ǫɄɄɱʌࣱ

 êêÜãϓϟϟ����ïãê°ÉϙÈ�ϟ΅ϟ·ϟãïÈϾêāÜ�ãϟ Ƕʌ ŗ ȳǶƉƨ
ŗɼʚǶƉțƨ ˝Ƕʚǫ ȭɄɼƨ ƕƨʚŗǶțʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹࢁ
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mŏɯǺƚȀȀ ɾʿɔƚɯࡇ ɔɟȩɯ ŏȘƇ żȩȘɯ

+Ȁŏɯɯƚɯ
3 Eŗʌ˦ ʚɄ ŗƕƕ ȳƨ˝ एȕǶȳƕʌ ɄǑ
ʚǫǶȳǖʌऐࣘ ȍʯʌʚ ȭŗȕƨ ŗ ʌʯſƉțŗʌʌ

7 pŗɼƕ ʚɄ ŗƕƕ ȳƨ˝ एɄɱƨɼŗʚǶɄȳ
Ʉȳ ƨ˥ǶʌʚǶȳǖ ʚǫǶȳǖʌऐࣘ ȳƨƨƕ ʚɄ
Ɖǫŗȳǖƨ ʌʯɱƨɼƉțŗʌʌ ʚɄ ŗƕƕ ȳƨ˝
ȭƨʚǫɄƕ ŗȳƕ ɱɄʚƨȳʚǶŗțț˦
ʯɱƕŗʚƨ ŗțț ʌʯſƉțŗʌʌƨʌ

�ȀǃƚųɟŏǞż Ƈŏɾŏ ɾʿɔƚɯ
7 pŗɼƕ ʚɄ ŗƕƕ ȳƨ˝ एȕǶȳƕʌ ɄǑ
ʚǫǶȳǖʌऐࣘ ȳƨƨƕ ʚɄ ŗƕƕ ȳƨ˝
ƉɄȳʌʚɼʯƉʚɄɼ ŗȳƕ ʯɱƕŗʚƨ ŗțț
ǑʯȳƉʚǶɄȳʌ ʚǫŗʚ ʯʌƨ ʚǫƨ ƕŗʚŗ
ʚ˦ɱƨ

3 Eŗʌ˦ ʚɄ ŗƕƕ ȳƨ˝ एɄɱƨɼŗʚǶɄȳ
Ʉȳ ƨ˥ǶʌʚǶȳǖ ʚǫǶȳǖʌऐࣘ ȍʯʌʚ ˝ɼǶʚƨ
ŗ ȳƨ˝ ǑʯȳƉʚǶɄȳ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽࢁ
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Úɟȩɯ ŏȘƇ +ȩȘɯ vv

�ƇƇǞȘǃ Șƚʶ ɾǕǞȘǃɯ
�ʯʌʚ Ƕȭɱțƨȭƨȳʚ ŗ ȳƨ˝ ʌʯſƉțŗʌʌ
ENCUU %CTϬÐ�¼��êϭϓ

FGH ã��êãϬã�Â§ϭϓ TGVWTP ΄
ENCUU /:�Ϭ��ßϭϓ

FGH ã��êãϬã�Â§ϭϓ TGVWTP 
� .CVGT
ENCUU /KPKϬ��ßϭϓ RCUU

pŗ˙ƨ ʚɄ ʯɱƕŗʚƨ ƕŗʚŗ ƉɄȳʌʚɼʯƉʚɄɼ
FCVC %CT � /:�
�� .CVGT
FCVC %CT � /:� ՞ /KPK

�ƇƇǞȘǃ Șƚʶ ȩɔƚɟŏɾǞȩȘɯ
¡ʯʌʚ ʯɱƕŗʚƨ ŗțț Ɖțŗʌʌƨʌ
ENCUU %CTϬÐ�¼��êϭϓ

FGH ÈÜ¨Ϭã�Â§ϭϓ TGVWTP ΅
FGH ã��êãϬã�Â§ϭϓ TGVWTP ΄

ENCUU /:�Ϭ��ßϭϓ
FGH ÈÜ¨Ϭã�Â§ϭϓ TGVWTP 
FGH ã��êãϬã�Â§ϭϓ TGVWTP 

ENCUU /KPKϬ��ßϭϓ
FGH ÈÜ¨Ϭã�Â§ϭϓ TGVWTP ΄

�ʯʌʚ ˝ɼǶʚƨ ȳƨ˝ ǑʯȳƉʚǶɄȳʌ
ã��êã �� %CT � +PV
ã��êã /:� � 
ã��êã /KPK � ΄
ÈÜ¨ �� %CT � +PV
ÈÜ¨ /:� � 
ÈÜ¨ /KPK � ΄

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁࢁ
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$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ

 ,Ʉȳʚƨȳʚ

 óŗ˝ ǫɄ˝ ʚɄ ƕƨ̇ȳƨ ȳƨ˝ ʚ˦ɱƨʌ Ƕȳ pŗʌȕƨțț
 yȳʚɼɄƕʯƉƨƕ V[RG ȕƨ˦˝Ʉɼƕ ǑɄɼ ʌ˦ȳɄȳ˦ȭʌ
 yȳʚɼɄƕʯƉƨƕ FCVC ǑɄɼ ƉɄȭɱțƨʚƨț˦ ȳƨ˝ ʚ˦ɱƨʌࣗ ŗȳƕ ʚǫƨ ǶȳʚɼɄƕʯƉʚǶɄȳ ɄǑ ƕŗʚŗ
ƉɄȳʌʚɼʯƉʚɄɼʌ

 óŗ˝ ɱŗʚʚƨɼȳ ȭŗʚƉǫǶȳǖ ǑɄɼ ƕŗʚŗ ƉɄȳʌʚɼʯƉʚɄɼʌ
 ,Ʉȳʚɼŗʌʚƨƕ ʌʯȭ ŗȳƕ ɱɼɄƕʯƉʚ ʚ˦ɱƨʌࣗ ŗȳƕ ŗ˙ŗǶțŗſǶțǶʚ˦ Ƕȳ Ʉʚǫƨɼ țŗȳǖʯŗǖƨʌ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ Ɛƣ̃ȩƣ ʚǫƨǶɼ Ʉ˝ȳ ƕŗʚŗ ʚ˦ɱƨʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ƕǶ˽ƨɼƨȳƉƨ ſƨʚ˝ƨƨȳ V[RG ŗȳƕ FCVCࣖ

 óƨțǑࣽʌʚʯƕ˦

 ¥Ʉȳƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢅࢁ



mǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘɯ ŏȘƇ ɾʿɔƚ
żȀŏɯɯƚɯ ŏǃŏǞȘ



ëƚɔŏɟŏɾǞȘǃ żȩƇƚ ŏȘƇ Ƈŏɾŏ

 İǫƨȳ ƕƨʌǶǖȳǶȳǖ ʌɄǑʚ˝ŗɼƨࣗ ŗ ǖɄɄƕ ŗǶȭ Ƕʌ ʚɄ ǫǶƕƨ ʚǫƨ
ǮȣɤȑƣȣƣȩʋŗʋǮȹȩ ɄǑ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨʌ

 yȳ ¶¶ ſŗʌƨƕ țŗȳǖʯŗǖƨʌ ˝ƨ ƕɄ ʚǫǶʌ ˝Ƕʚǫ Ɖțŗʌʌƨʌ ŗȳƕ ǶȳǫƨɼǶʚƨȳƉƨ
 ¶ɼ ˝Ƕʚǫ Ǯȩʋƣɮǋŗƅƣɾࣗ ˝ǫǶƉǫ ƕƨ̇ȳƨ ŗ ƉɄȳʚɼŗƉʚ ʚǫŗʚ ŗ Ɖțŗʌʌ ȭʯʌʚ
Ƕȭɱțƨȭƨȳʚ

RWDNKE KPVGTHCEG (QQ+PVGTHCEG Ϩ
RWDNKE �ÐÐÂ °ã#ÐÐϬϭϞ

ϩ

RWDNKE ENCUU /[%NCUU KORNGOGPVU #ÐÐ,Éê�ß§��� Ϩ
RWDNKE �ÐÐÂ °ã#ÐÐϬϭ Ϩ

TGVWTP #�Âã�Ϟ
ϩ

ϩ

 yƕƨŗ Ƕʌ ʚǫŗʚ ƅŗȑȑǮȩǐ ƉɄƕƨ ƕɄƨʌȳऒʚ ȕȳɄ˝ Ƕȳʚƨɼȳŗțʌࣗ ŗȳƕ Ʉȳț˦ ɼƨțǶƨʌ
Ʉȳ ǶȳʚƨɼǑŗƉƨࣖ

 �ʌ ŗ ɼƨʌʯțʚࣗ ˝ƨ Ɖŗȳ Ɖǫŗȳǖƨ ʚǫƨ ǶȭɱțƨȭƨȳʚŗʚǶɄȳࣗ ŗȳƕ ƉțǶƨȳʚ ƉɄƕƨ
ʌʚǶțț ˝Ʉɼȕʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢉࢁ



bƚȘƚɟǞż ǕǞǃǕƚɟ ȩɟƇƚɟ ǀʕȘżɾǞȩȘɯ

 yȳ pŗʌȕƨțț ˝ƨ Ɖŗȳ ɼƨŗțǶʌƨ ʚǫǶʌ Ƕƕƨŗ ˝Ƕʚǫ ǖƨȳƨɼǶƉ ǣǮǐǣƣɮ ȹɮƐƣɮ
ǑʯȳƉʚǶɄȳʌࣗ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ

 �ŗʌʚ ʚǶȭƨࣗ ˝ƨ ʌŗ˝ ʌɄȭƨ ƨ˥ŗȭɱțƨʌ ɄǑ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌ ǑɄɼ
țǶʌʚʌ

 bɄɼ ƨ˥ŗȭɱțƨࣗ ǶȭŗǖǶȳƨ ˝ƨ ˝ŗȳʚ ʚɄ ŗƕƕ ʚ˝Ʉ țǶʌʚʌ ɱŗǶɼ˝Ƕʌƨ
�� $[ JCPF
���;°ãêã A =? � =?
���;°ãêã =? A � =?
���;°ãêã ϬĀ�Āãϭ Ϭā�āãϭ � ϬĀ я āϭ � ���;°ãêã Āã āã
�� $GVVGT
���;°ãêã Āã āã � È�Ü ϬïÉ�ïßßā Ϭяϭϭ Р Ć°Ü Āã āã
�� $GUV
���;°ãêã � Ć°Ür°ê Ϭяϭ

 yǑ ˝ƨ ˝ɼǶʚƨ Ʉʯɼ Ʉ˝ȳ ƕŗʚŗ ʚ˦ɱƨʌࣗ ŗɼƨ ˝ƨ ɼƨƕʯƉƨƕ ʚɄ ƕɄǶȳǖ
ƨ˙ƨɼ˦ʚǫǶȳǖ एſ˦ ǫŗȳƕऐ ŗǖŗǶȳࣞ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢍࢁ



�ȩࡇ ʕɯƚ ɾʿɔƚ żȀŏɯɯƚɯ

 éƨƉŗțțࣗ pŗʌȕƨțț ǫŗʌ ŗ ƉɄȳƉƨɱʚ ɄǑ ʋ˖ɤƣ ƅȑŗɾɾƣɾ
 ÿǫƨʌƨ ƕƨʌƉɼǶſƨ ǶȳʚƨɼǑŗƉƨʌ ʚǫŗʚ Ɖŗȳ ſƨ ʯʌƨƕ ʚɄ ƉɄȳʌʚɼŗǶȳ ʚǫƨ
ɱɄț˦ȭɄɼɱǫǶʌȭ ɄǑ ǑʯȳƉʚǶɄȳʌ ʚɄ ʚǫɄʌƨ ʚ˦ɱƨʌ ʌŗʚǶʌǑ˦Ƕȳǖ ʚǫƨ
ǶȳʚƨɼǑŗƉƨ

CʾŏȒɔȀƚ
 Ϭяϭ ŗƉʚʌ Ʉȳ ŗȳ˦ ʚ˦ɱƨࣗ ŗʌ țɄȳǖ ŗʌ ʚǫŗʚ ʚ˦ɱƨ Ƕȭɱțƨȭƨȳʚʌ ʚǫƨ 0WO ǶȳʚƨɼǑŗƉƨ

Ϭяϭ �� 0WO � � � � � � �

 Ϭуϭ ŗƉʚʌ Ʉȳ ŗȳ˦ ʚ˦ɱƨࣗ ŗʌ țɄȳǖ ŗʌ ʚǫŗʚ ʚ˦ɱƨ Ƕȭɱțƨȭƨȳʚʌ ʚǫƨ 1TF ǶȳʚƨɼǑŗƉƨ
Ϭуϭ �� 1TF � � � � � � $QQN

 pŗʌȕƨțț ƉɄȭƨʌ ˝Ƕʚǫ ȣŗȩ˖ ʌʯƉǫ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ƨȳƉŗɱʌʯțŗʚǶȳǖ
ƉɄȭȭɄȳ ɱŗʚʚƨɼȳʌ

 İǫƨȳ ˝ƨ Ƕȭɱțƨȭƨȳʚ Ʉʯɼ Ʉ˝ȳ ƕŗʚŗ ʚ˦ɱƨʌࣗ ˝ƨ Ɖŗȳ एȍʯʌʚऐ
Ƕȭɱțƨȭƨȳʚ ŗɱɱɼɄɱɼǶŗʚƨ ǶȳʌʚŗȳƉƨʌ ɄǑ ʚǫƨʌƨ Ɖțŗʌʌƨʌ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁ



�ȩȒƚȘżȀŏɾʕɟƚ

Ħ�á�v�bࡋ
ÿǫƨ ˍȹɮƐɾ Ɖțŗʌʌ ŗȳƕ ǶȳʌʚŗȳƉƨ ŗɼƨ ʚǫƨ ʌŗȭƨ ŗʌ Ƕȳ ɄſȍƨƉʚࣽɄɼǶƨȳʚƨƕ
ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨʌࣗ ſʯʚ ʚǫƨǶɼ ȣƣŗȩǮȩǐ Ƕʌ ˙ƨɼ˦ ƕǶ˽ƨɼƨȳʚࣖ

4ƚ˙ȘǞɾǞȩȘ Ȁŏɯɯ+
� ƉɄțțƨƉʚǶɄȳ ɄǑ ʋ˖ɤƣɾ ʚǫŗʚ ʌʯɱɱɄɼʚ ƉƨɼʚŗǶȳࣗ ʌɱƨƉǶ̇ƨƕࣗ Ʉ˙ƨɼțɄŗƕƨƕ
ɄɱƨɼŗʚǶɄȳʌ Ɖŗțțƨƕ ȣƣʋǣȹƐɾࣖ

4ƚ˙ȘǞɾǞȩȘ vȘɯɾŏȘżƚ
� ƉɄȳƉɼƨʚƨ ʚ˦ɱƨ ʚǫŗʚ ſƨțɄȳǖʌ ʚɄ ŗ ƅȑŗɾɾ ŗȳƕ ɱɼɄ˙Ƕƕƨʌ
ǶȭɱțƨȭƨȳʚŗʚǶɄȳʌ ɄǑ ʚǫƨ ɼƨɸʯǶɼƨƕ ȭƨʚǫɄƕʌࣖ

 ,Ʉȭɱŗɼƨࣘ ʚ˦ɱƨ एŗ ƉɄțțƨƉʚǶɄȳ ɄǑ ɼƨțŗʚƨƕ ˙ŗțʯƨʌऐ
 ÿǫǶʌ Ƕʌ ȩȹʋ țǶȕƨ ʌʯſƉțŗʌʌǶȳǖ ŗȳƕ ǶȳǫƨɼǶʚŗȳƉƨ Ƕȳ �ŗ˙ŗࣩ,ॻॻ
 ,țɄʌƨʌʚ ʚɄ ŗ ƉɄȭſǶȳŗʚǶɄȳ ɄǑ �ŗ˙ŗ Ǯȩʋƣɮǋŗƅƣɾ ŗȳƕ ǐƣȩƣɮǮƅɾ
 ,ॻॻ एƉɄȳƉƨɱʚʌऐ ࣯Ƕȳ ,ॻॻࣱࡱࡽ ŗɼƨ ŗțʌɄ ˙ƨɼ˦ ʌǶȭǶțŗɼࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁ



�ƚɾ࢈ɯ ȀȩȩǺ ŏɾ ɾǕƚ ɾʿɔƚɯ ȩǀ ɾǕɟƚƚ ࢆȒŏɔɯࢅ

FCVC =? � � =? ՞ ��Ϫ�ϫ
È�Ü �� Ϭ� � �ϭ � Ϫ�ϫ � Ϫ�ϫ

FCVC $KPCT[6TGG � � .GCH � ՞ 0QFG � Ϭ$KPCT[6TGG �ϭ Ϭ$KPCT[6TGG �ϭ
�È�Ü �� Ϭ� � �ϭ � $KPCT[6TGG � � $KPCT[6TGG �

FCVC 4QUG6TGG � � .GCH � ՞ 0QFG � Ϫ4QUG6TGG �ϫ
ßÈ�Ü �� Ϭ� � �ϭ � 4QUG6TGG � � 4QUG6TGG �

¶ȳț˦ ƕǶ˽ƨɼƨȳƉƨ Ƕʌ ʚǫƨ ʚ˦ɱƨ ȳŗȭƨ ɄǑ ʚǫƨ ƉɄȳʚŗǶȳƨɼࣖ ÿǫǶʌ ʌʯǖǖƨʌʚʌ ʚǫŗʚ
˝ƨ ʌǫɄʯțƕ ȭŗȕƨ ŗ ए,ɄȳʚŗǶȳƨɼऐ ʚ˦ɱƨ Ɖțŗʌʌ ʚɄ Ɖŗɱʚʯɼƨ ʚǫǶʌ ɱŗʚʚƨɼȳࣖ

pŗʌȕƨțț Ɖŗțțʌ ʚǫǶʌ ʚ˦ɱƨ Ɖțŗʌʌ (WPEVQT
ENCUU (WPEVQT � YJGTG

§È�Ü �� Ϭ� � �ϭ � � � � � �

yǑ ŗ ʚ˦ɱƨ Ƕȭɱțƨȭƨȳʚʌ ʚǫƨ (WPEVQT ǶȳʚƨɼǑŗƉƨࣗ Ƕʚ Ƕʌ ƕƨ̇ȳƨʌ ʌʚɼʯƉʚʯɼƨ ʚǫŗʚ
˝ƨ Ɖŗȳ ʚɼŗȳʌǑɄɼȭ ʚǫƨ ƨțƨȭƨȳʚʌ ɄǑ Ƕȳ ŗ ʌ˦ʌʚƨȭŗʚǶƉ ˝ŗ ࣖ˦

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢙ࢁ



�ɾɾŏżǕǞȘǃ ǞȒɔȀƚȒƚȘɾŏɾǞȩȘɯ ɾȩ ɾʿɔƚɯ

Ďʌƨ ŗȳ Ǯȩɾʋŗȩƅƣ ƕƨƉțŗɼŗʚǶɄȳ ǑɄɼ ʚǫƨ ʚ˦ɱƨࣖ
FCVC .KUV � � 0KN ՞ %QPU � Ϭ.KUV �ϭ

FGTKXKPI Ϭ'Sϔ 5JQYϭ

KPUVCPEG (WPEVQT .KUV YJGTG
§È�Ü A 0KN � 0KN
§È�Ü § Ϭ%QPU � ê�°Âϭ � %QPU Ϭ§ �ϭ Ϭ§È�Ü § ê�°Âϭ

FCVC $KPCT[6TGG � � .GCH � ՞ 0QFG � Ϭ$KPCT[6TGG �ϭ Ϭ$KPCT[6TGG �ϭ
FGTKXKPI Ϭ'Sϔ 5JQYϭ

KPUVCPEG (WPEVQT $KPCT[6TGG YJGTG
§È�Ü § Ϭ.GCH �ϭ � .GCH Ϭ§ �ϭ
§È�Ü § Ϭ0QFG � Â ßϭ � 0QFG Ϭ§ �ϭ Ϭ§È�Ü § Âϭ Ϭ§È�Ü § ßϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡱࢅ



bƚȘƚɟǞż żȩƇƚ

Â°ãê � %QPU  Ϭ%QPU  Ϭ%QPU ΄ 0KNϭϭ
�êß�� � 0QFG  Ϭ.GCH ϭ Ϭ.GCH ΄ϭ
ßêß�� � 40QFG  Ϫ40QFG  Ϫ4.GCH ΄ϫϫ

�� )GPGTKE CFF�
��� �� Ϭ(WPEVQT �ϔ 0WO �ϭ � � � � � �
��� � §È�Ü Ϭяϭ

2TGNWFGм ��� Â°ãê
%QPU  Ϭ%QPU  Ϭ%QPU ΅ 0KNϭϭ
2TGNWFGм ��� �êß��
0QFG  Ϭ.GCH ϭ Ϭ.GCH ΅ϭ
2TGNWFGм ��� ßêß��
40QFG  Ϫ40QFG  Ϫ4.GCH ΅ϫϫ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡹࢅ



�ɟƚ ŏȀȀ żȩȘɾŏǞȘƚɟɯ _ʕȘżɾȩɟɯࡐ

 yʚ ʌƨƨȭʌ țǶȕƨ ŗȳ˦ ʚ˦ɱƨ ʚǫŗʚ ʚŗȕƨʌ ŗ ɱŗɼŗȭƨʚƨɼ ȭǶǖǫʚ ſƨ ŗ (WPEVQT
 ÿǫǶʌ Ƕʌ ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ʚǫƨ Ɖŗʌƨࣗ ˝ƨ ɼƨɸʯǶɼƨ ȭɄɼƨ ʚǫŗȳ ȍʯʌʚ
ʚ˦ɱƨࣽƉɄɼɼƨƉʚȳƨʌʌ

�� # V[RG FGUETKDKPI HWPEVKQPU HTQO C V[RG VQ KVUGNH
FCVC (WP � � /CMG(WPEVKQP Ϭ� � �ϭ

KPUVCPEG (WPEVQT (WP YJGTG
§È�Ü § Ϭ/CMG(WPEVKQP ¨ϭ � /CMG(WPEVKQP °�

ÿǫǶʌ ƉɄƕƨ ʚ˦ɱƨࣽƉǫƨƉȕʌ °� �� � � � ſʯʚ ƕɄƨʌ ȳɄʚ Ʉſƨ˦ ʚǫƨ ^ʠȩƅʋȹɮ
ȑŗˍɾ

ࣖࡹ §È�Ü °� � ии � ¡ŗɱɱǶȳǖ ʚǫƨ ǶƕƨȳʚǶʚ˦ ǑʯȳƉʚǶɄȳ Ʉ˙ƨɼ ŗ ʌʚɼʯƉʚʯɼƨ
ʌǫɄʯțƕ ɼƨʚʯɼȳ ʚǫƨ ʌʚɼʯƉʚʯɼƨ ʯȳʚɄʯƉǫƨƕࣖ

ࣖࡽ §È�Ü § Ϭ§È�Ü ¨ �ϭ ии §È�Ü Ϭ§ ϙ ¨ϭ � ¡ŗɱɱǶȳǖ Ʉ˙ƨɼ ŗ ƉɄȳʚŗǶȳƨɼ
ʌǫɄʯțƕ ƕǶʌʚɼǶſʯʚƨ Ʉ˙ƨɼ ǑʯȳƉʚǶɄȳ ƉɄȭɱɄʌǶʚǶɄȳ ࣯ʌǶȳƉƨ ʚǫƨ ʌʚɼʯƉʚʯɼƨ
Ƕʌ ʯȳƉǫŗȳǖƨƕࣗ Ƕʚ ʌǫɄʯțƕȳऒʚ ȭŗʚʚƨɼ ˝ǫƨʚǫƨɼ ˝ƨ ƕɄ ʚǫǶʌ Ƕȳ ʚ˝Ʉ
ɱŗʌʌƨʌ Ʉɼ Ʉȳƨࣱࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࡽࢅ



mȩʶ ȒŏȘʿ Ƈƚ˙ȘǞɾǞȩȘɯࡐ

 yǑ y ƉɄȭƨ ʯɱ ˝Ƕʚǫ ŗ ƕƨ̇ȳǶʚǶɄȳ ɄǑ §È�Ü ǑɄɼ ŗ ʚ˦ɱƨࣗ ȭǶǖǫʚ ʚǫƨɼƨ ǫŗ˙ƨ
ſƨƨȳ ŗȳɄʚǫƨɼ Ʉȳƨࣞ

 ¥Ʉࣛ ǶǑ ˦Ʉʯ Ɖŗȳ ƉɄȳ̇ɼȭ ʚǫŗʚ ʚǫƨ ǑʯȳƉʚɄɼ țŗ˝ʌ ǫɄțƕ
§È�Ü °� ии °�
§È�Ü Ϭ§ ϙ ¨ϭ ии §È�Ü § ϙ §È�Ü ¨

 ʚǫƨȳ ˦Ʉʯ ȭʯʌʚ ǫŗ˙ƨ ˝ɼǶʚʚƨȳ ʚǫƨ ɼǶǖǫʚ ʚǫǶȳǖࣛ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢁࢅ



+ȩɟɟƚżɾȘƚɯɯ ȩǀ NKUV/CR

FCVC .KUV � � 0KN ՞ %QPU � Ϭ.KUV �ϭ FGTKXKPI Ϭ'Sϔ 5JQYϭ

KPUVCPEG (WPEVQT .KUV YJGTG
§È�Ü A 0KN � 0KN
§È�Ü § Ϭ%QPU Ā Āãϭ � %QPU Ϭ§ Āϭ Ϭ§È�Ü § Āãϭ

ÿɄ ʌǫɄ˝ §È�Ü °� ии °�ࣗ ȳƨƨƕ ʚɄ ʌǫɄ˝
§È�Ü °� Ϭ%QPU Ā Āãϭ ии %QPU Ā Āã ǑɄɼ ŗȳ˦ ˥ࣗ ˥ʌࣖ

�� +PFWEVKQP J[RQVJGUKU
§È�Ü °� Āã � Āã
�� $CUG ECUG
�� CRRN[ FGHKPKVKQP
§È�Ü °� 0KN � 0KN
�� +PFWEVKXG ECUG
§È�Ü °� Ϭ%QPU Ā Āãϭ � %QPU Ϭ°� Āϭ Ϭ§È�Ü °� Āãϭ
ии %QPU Ā Ϭ§È�Ü °� Āãϭ
ии %QPU Ā Āã �� &QPG�

E˥ƨɼƉǶʌƨࣘ ƕɄ ʚǫƨ ʌŗȭƨ ǑɄɼ ʚǫƨ ʌƨƉɄȳƕ țŗ˝ࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘࢍ �țǖƨſɼŗǶƉ ƕŗʚŗ ʚ˦ɱƨʌ ŗȳƕ ʚ˦ɱƨ Ɖțŗʌʌƨʌ ࢅࢅ



_ȩȀƇŏųȀƚ Ƈŏɾŏ ɯɾɟʕżɾʕɟƚɯ

 � ƕŗʚŗ ʚ˦ɱƨ ǶȭɱțƨȭƨȳʚǶȳǖ (WPEVQT ŗțțɄ˝ʌ ʯʌ ʚɄ ʚŗȕƨ ŗ ƉɄȳʚŗǶȳƨɼ
ɄǑ ŗऒʌ ŗȳƕ ʚʯɼȳ Ƕʚ ǶȳʚɄ ŗ ƉɄȳʚŗǶȳƨɼ ɄǑ ſऒʌ ǖǶ˙ƨȳ ŗ ǑʯȳƉʚǶɄȳ
§ �� � � �

 (QNFCDNG ɱɼɄ˙Ƕƕƨʌ ŗ Ǒʯɼʚǫƨɼ ǶȳʚƨɼǑŗƉƨࣘ ǶǑ y Ɖŗȳ ƅȹȣŻǮȩƣ ŗȳ � ŗȳƕ
ŗ � ʚɄ ɱɼɄƕʯƉƨ ŗ ȳƨ˝ �ࣗ ʚǫƨȳࣗ ǖǶ˙ƨȳ ŗ ʌʚŗɼʚ ˙ŗțʯƨ ŗȳƕ ŗ ƉɄȳʚŗǶȳƨɼ
ɄǑ �ʌ y Ɖŗȳ ʚʯɼȳ Ƕʚ ǶȳʚɄ ŗ �

ENCUU (QNFCDNG § YJGTG
�� OKPKOCN FGHKPKVKQP TGSWKTGU VJKU
§ÐÂ�ß �� Ϭ� � � � �ϭ � � � § � � �
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vȘɾƚɟǀŏżƚɯ ǕǞƇƚ ǞȒɔȀƚȒƚȘɾŏɾǞȩȘ ƇƚɾŏǞȀɯ

 pŗʌȕƨțț ǫŗʌ ȣŗȩ˖ ʚ˦ɱƨ Ɖțŗʌʌƨʌ Ƕȳ ʚǫƨ ʌʚŗȳƕŗɼƕ țǶſɼŗɼ˦ࣘ
 0WOࣘ ȳʯȭƨɼǶƉ ʚ˦ɱƨʌ
 'Sࣘ ƨɸʯŗțǶʚ˦ ʚ˦ɱƨʌ
 1TFࣘ Ʉɼƕƨɼŗſțƨ ʚ˦ɱƨʌ
 (WPEVQTࣘ ȭŗɱɱŗſțƨ ʚ˦ɱƨʌ
 (QNFCDNGࣘ ǑɄțƕŗſțƨ ʚ˦ɱƨʌ
 ࣚ

 yǑ ˦Ʉʯ Ƕȭɱțƨȭƨȳʚ ŗ ȳƨ˝ ƕŗʚŗ ʚ˦ɱƨࣗ Ƕʚ Ƕʌ ˝Ʉɼʚǫ˝ǫǶțƨ ʚǫǶȳȕǶȳǖ ǶǑ Ƕʚ
ʌŗʚǶʌ̇ƨʌ ŗȳ˦ ɄǑ ʚǫƨʌƨ ǶȳʚƨɼǑŗƉƨʌ

áŏɾǞȩȘŏȀƚ
 एŗſʌʚɼŗƉʚऐ ǶȳʚƨɼǑŗƉƨʌ ǫǶƕƨ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ ƕƨʚŗǶțʌࣗ ŗȳƕ ɱƨɼȭǶʚ
ǐƣȩƣɮǮƅ ƉɄƕƨ

 ÿǫǶʌ Ƕʌ ǖƨȳƨɼŗțț˦ ǖɄɄƕ ɱɼŗƉʚǶƉƨ ˝ǫƨȳ ˝ɼǶʚǶȳǖ ʌɄǑʚ˝ŗɼƨ
 ࣯y ʚǫǶȳȕࣱ ʚǫƨ pŗʌȕƨțț ŗɱɱɼɄŗƉǫ Ƕʌ ɸʯǶʚƨ ƨțƨǖŗȳʚࣖ
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$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ

 ,Ʉȳʚƨȳʚ

 ¡ɄʚǶ˙ŗʚƨƕ ˝ɼǶʚǶȳǖ ǫǶǖǫƨɼ Ʉɼƕƨɼ ǑʯȳƉʚǶɄȳʌ ǑɄɼ ƉʯʌʚɄȭ ƕŗʚŗ ʚ˦ɱƨʌ
 éƨƉŗɱǶʚʯțŗʚƨƕࣗ ŗȳƕ ʌǫɄ˝ƨƕ ȭɄɼƨ ƨ˥ŗȭɱțƨʌࣗ ɄǑ ʚ˦ɱƨ Ɖțŗʌʌƨʌ
 óŗ˝ ǫɄ˝ ǶȭɱțƨȭƨȳʚǶȳǖ ʚ˦ɱƨ Ɖțŗʌʌ ǶȳʌʚŗȳƉƨʌ ǑɄɼ Ʉʯɼ ƕŗʚŗ ʚ˦ɱƨʌ Ɖŗȳ ȭŗȕƨ
ƉɄƕƨ ŗǖȳɄʌʚǶƉ ʚɄ ʚǫƨ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ

 óŗ˝ (WPEVQT ŗȳƕ (QNFCDNG ʚ˦ɱƨ Ɖțŗʌʌƨʌࣗ ŗȳƕ ǫɄ˝ ʚǫƨ˦ Ɖŗȳ ſƨ ʯʌƨƕ ʚɄ
ȭŗȕƨ ȳƨ˝ ƕŗʚŗ ʚ˦ɱƨʌ ſƨǫŗ˙ƨ țǶȕƨ ſʯǶțʚǶȳ Ʉȳƨʌ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ Ǯȣɤȑƣȣƣȩʋ ʚ˦ɱƨ Ɖțŗʌʌ ǶȳʌʚŗȳƉƨʌ ǑɄɼ ȳƨ˝ ƕŗʚŗ ʚ˦ɱƨʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ƐƣɾƅɮǮŻƣ ʌɄȭƨ ŗƕ˙ŗȳʚŗǖƨʌ ɄǑ ʚǫǶʌ ŗɱɱɼɄŗƉǫ

 óƨțǑࣽʌʚʯƕ˦

 ࣯Ĭƨɼ˦ ɄɱʚǶɄȳŗțࣱ ,ǫŗɱʚƨɼʌ ࡽࡹ  ࢅࡹ ɄǑ pʯʚʚɄȳऒʌ ×ɮȹǐɮŗȣȣǮȩǐ Ǯȩ lŗɾȋƣȑȑ ŗɼƨ ŗȳ
ƨ˥Ɖƨțțƨȳʚ ǶȳʚɼɄƕʯƉʚǶɄȳ ʚɄ ȭɄɼƨ ɄǑ pŗʌȕƨțțऒʌ एȕƨ˦ऐ ʚ˦ɱƨ Ɖțŗʌʌƨʌ
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