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,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡹ

 



áƚżŏɔ

 óŗ˝ V[RG ŗȳƕ FCVC ƕƨƉțŗɼŗʚǶɄȳʌ
 6ǶʌƉʯʌʌƨƕ ƕǶ˽ƨɼƨȳƉƨ ſƨʚ˝ƨƨȳ ʌʯȭ ŗȳƕ ɱɼɄƕʯƉʚ ʚ˦ɱƨʌ
 óŗ˝ ʌɄȭƨ ȭɄɼƨ Ʉȳ ʚ˦ɱƨ Ɖțŗʌʌƨʌ
 (WPEVQT ŗʌ ŗ ʚ˦ɱƨ Ɖțŗʌʌ ǑɄɼ ȭŗɱɱŗſțƨ ƉɄȳʚŗǶȳƨɼʌ
 ^ʠȩƅʋȹɮ ȑŗˍɾ

 §È�Ü °� ии °�
 §È�Ü Ϭ§ ϙ ¨ϭ ии §È�Ü § ϙ §È�Ü ¨
 pɄ˝ ʚɄ ɱɼɄ˙ƨ ʚǫǶʌ ǑɄɼ ŗ ƕŗʚŗʚ˦ɱƨ ࣯ǶȳƕʯƉʚǶ˙ƨț ࣗ˦ Ʉɼ ſ˦ ƨ˥ǫŗʯʌʚǶ˙ƨ
ƨȳʯȭƨɼŗʚǶɄȳࣱࣖ

 6ǶʌƉʯʌʌƨƕ ˝ǫ˦ Ʉȳƨ ȭǶǖǫʚ ˝ŗȳʚ ʚɄ Ƕȭɱțƨȭƨȳʚ ʚ˦ɱƨ Ɖțŗʌʌ
ǶȳʌʚŗȳƉƨʌ ǑɄɼ Ʉʯɼ ƕŗʚŗ ʚ˦ɱƨʌ

 óŗ˝ ǫɄ˝ FCVC ƕƨƉțŗɼŗʚǶɄȳʌ ŗțțɄ˝ƨƕ ǑɄɼ ɼƨƉʯɼʌǶ˙ƨ ʚ˦ɱƨʌ) Ǯȩ̃ȩǮʋƣ
Ɛŗʋŗ ɾʋɮʠƅʋʠɮƣɾ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡽ



�ŏˌʿ ƚʲŏȀʕŏɾǞȩȘ



mȩʶ Ƈȩƚɯ ɾǕǞɯ ʶȩɟǺࡐ

_ǞųȩȘŏżżǞ ɯƚɛʕƚȘżƚ

ࡱ^ = ࡱ
ࡹ^ = ࡹ
^ȩ = ^ȩࡹ� + ^ȩࡽ�

§°�ã �  �  � Ć°Ür°ê Ϭяϭ §°�ã Ϭê�°Â §°�ãϭ
2TGNWFGм ê�¿�  §°�ã
Ϫϔϔϔϔϔ΅ϔΈϔϔϔ΄ϫ

mȩʶ ȀȩȘǃࡐ
FGH ãÂÐûϡ§ïÉ�ê°ÐÉϬ�ϭϓ

ϙϙϙ � � OKPWVG EQORWVCVKQP

FGH �ÐÈÜïê�Ϭ�ϔ �ϭϓ
KH � ии ϓ

TGVWTP 
GNUGϓ

TGVWTP �

�ÐÈÜïê�Ϭϔ ãÂÐûϡ§ïÉ�ê°ÐÉϬϭϭ
�ÐÈÜïê�Ϭϔ ãÂÐûϡ§ïÉ�ê°ÐÉϬϭϭ

ãÂÐûϡ§ïÉ�ê°ÐÉ �� +PV � +PV
�� � OKPWVG EQORWVCVKQP
ãÂÐûϡ§ïÉ�ê°ÐÉ � � ϙϙϙ

�ÐÈÜïê� �� +PV � +PV � +PV
�ÐÈÜïê� � � ՞ � ии  � 

՞ Ðê�ßû°ã� � �

�ÐÈÜïê�  ϬãÂÐûϡ§ïÉ�ê°ÐÉ ϭ
�ÐÈÜïê�  ϬãÂÐûϡ§ïÉ�ê°ÐÉ ϭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢁ

4 rebus inedibly
0

la bda

n bda



�ŏˌʿ ƚʲŏȀʕŏɾǞȩȘࡇ ��� v࢈ȀȀ ǃƚɾ Ǟɾ ʶǕƚȘ ʿȩʕ ŏɯǺ

 ¥Ʉʚ Ʉȳț˦ Ƕʌ pŗʌȕƨțț ŗ ɱʯɼƨ ǋʠȩƅʋǮȹȩŗȑ țŗȳǖʯŗǖƨ
 yʚ Ƕʌ ŗțʌɄ ƨ˙ŗțʯŗʚƨƕ ȑŗˢǮȑ˖
 pƨȳƉƨࣗ ˝ƨ Ɖŗȳ ˝Ʉɼȕ ˝Ƕʚǫ Ƕȳ̇ȳǶʚƨ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨʌ
 ࣚŗȳƕ ƕƨǑƨɼ ƉɄȭɱʯʚŗʚǶɄȳ ʯȳʚǶț ʌʯƉǫ ʚǶȭƨ ŗʌ Ƕʚऒʌ ʌʚɼǶƉʚț˦ ȳƨƉƨʌʌŗɼ˦

4ƚ˙ȘǞɾǞȩȘ �ŏˌʿ ƚʲŏȀʕŏɾǞȩȘ
E˥ɱɼƨʌʌǶɄȳʌ ŗɼƨ ȳɄʚ ƨ˙ŗțʯŗʚƨƕ ˝ǫƨȳ ʚǫƨ˦ ŗɼƨ ſɄʯȳƕ ʚɄ ˙ŗɼǶŗſțƨʌࣖ
yȳʌʚƨŗƕࣗ ʚǫƨǶɼ ƨ˙ŗțʯŗʚǶɄȳ Ƕʌ ƐƣǋƣɮɮƣƐ ʯȳʚǶț ʚǫƨǶɼ ɼƨʌʯțʚ Ƕʌ ȳƨƨƕƨƕ ſ˦
Ʉʚǫƨɼ ƉɄȭɱʯʚŗʚǶɄȳʌࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢅ



CʲŏȀʕŏɾǞȩȘ ɯɾɟŏɾƚǃǞƚɯ

 pŗʌȕƨțțऒʌ ſŗʌǶƉ ȭƨʚǫɄƕ ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ Ƕʌ ŗɤɤȑǮƅŗʋǮȹȩ ɄǑ
ǑʯȳƉʚǶɄȳʌ ʚɄ ŗɼǖʯȭƨȳʚʌ

 E˙ƨȳ ǫƨɼƨࣗ ʚǫɄʯǖǫ ˝ƨ ŗțɼƨŗƕ˦ ǫŗ˙ƨ ʌɄȭƨ ǑɼƨƨƕɄȭ

CʾŏȒɔȀƚ
°É� �� +PV � +PV
°É� É � É я 

°É� ϬϏϭ

ÿ˝Ʉ ɄɱʚǶɄȳʌ ǑɄɼ ʚǫƨ ƨ˙ŗțʯŗʚǶɄȳ Ʉɼƕƨɼ
°É� ϬϏϭ
� °É� Ά �� CRRN[KPI �
� Ά я  �� CRRN[KPI KPE
� · �� CRRN[KPI 

°É� ϬϏϭ
� ϬϏϭ я  �� CRRN[KPI KPE
� Ά я  �� CRRN[KPI �
� · �� CRRN[KPI 

 �ʌ țɄȳǖ ŗʌ ŗțț ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ƨ˙ŗțʯŗʚǶɄȳʌ ʋƣɮȣǮȩŗʋƣࣗ ʚǫƨ Ʉɼƕƨɼ ˝ƨ
ƉǫɄɄʌƨ ʚɄ ƕɄ ʚǫǶȳǖʌ ƕɄƨʌȳऒʚ ȭŗʚʚƨɼࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢉ

reduceexpresa O

in tons of
correctness



CʲŏȀʕŏɾǞȩȘ ɯɾɟŏɾƚǃǞƚɯ vv

 İƨ Ɖŗȳ ɼƨɱɼƨʌƨȳʚ ŗ ǑʯȳƉʚǶɄȳ Ɖŗțț ŗȳƕ Ƕʚʌ ŗɼǖʯȭƨȳʚʌ Ƕȳ pŗʌȕƨțț ŗʌ
ŗ ǖɼŗɱǫ

 ¥Ʉƕƨʌ Ƕȳ ʚǫƨ ǖɼŗɱǫ ŗɼƨ ƨǶʚǫƨɼ ʋƣɮȣǮȩŗȑ Ʉɼ ƅȹȣɤȹʠȩƐࣖ ÿǫƨ țŗʚʚƨɼ
ŗɼƨ Ɖŗțțƨƕ ɮƣƐʠƅǮŻȑƣ ƣ˕ɤɮƣɾɾǮȹȩɾ Ʉɼ ɮƣƐƣ˕ƣɾ

CʾŏȒɔȀƚ

ÈïÂê �� Ϭ+PVϔ +PVϭ � +PV
ÈïÂê ϬĀϔ āϭ � ĀϏā

ÈïÂê Ϭяϔ я΄ϭ

ÈïÂê

ॻ

ࡹ ࡽ

ॻ

ࢁ ࢅ

 ࣗ ࣗ ࣗ ŗȳƕ ΄ ŗɼƨ ʚƨɼȭǶȳŗț ࣯ȳɄʚ ɼƨƕʯƉǶſțƨࣱ ƨ˥ɱɼƨʌʌǶɄȳʌ
 Ϭяϭ ŗȳƕ ÈïÂê ŗɼƨ ɼƨƕʯƉǶſțƨ ƨ˥ɱɼƨʌʌǶɄȳʌࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢍ

leaves 7 leaves

melt needs
midwicket
graph

4

wife 0



vȘȘƚɟȒȩɯɾ ƚʲŏȀʕŏɾǞȩȘ

 E˙ŗțʯŗʚƨ एſɄʚʚɄȭ ʯɱऐ
 bǶɼʌʚ ƨ˙ŗțʯŗʚƨ ɼƨƕƨ˥ƨʌ ʚǫŗʚ Ʉȳț˦ ƉɄȳʚŗǶȳ ʚƨɼȭǶȳŗț Ʉɼ ǮɮɮƣƐʠƅǮŻȑƣ
ƨ˥ɱɼƨʌʌǶɄȳʌࣗ ʚǫƨȳ ɼƨɱƨŗʚ

 ¥ƨƨƕ ʚɄ ʌɱƨƉǶǑ˦ ƨ˙ŗțʯŗʚǶɄȳ Ʉɼƕƨɼ ŗʚ țƨŗ˙ƨʌࣖ ÿ˦ɱǶƉŗțț˦ࣘ एțƨǑʚ ʚɄ
ɼǶǖǫʚऐ

CʾŏȒɔȀƚ

ÈïÂê

ॻ

ࡹ ࡽ

ॻ

ࢁ ࢅ

ÈïÂê

ࢁ ॻ

ࢁ ࢅ

ÈïÂê

ࢁ 

ࣣ

ࢁ 

ࡹࡽ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ 
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°ʕɾƚɟȒȩɯɾ ƚʲŏȀʕŏɾǞȩȘ

 E˙ŗțʯŗʚƨ एʚɄɱ ƕɄ˝ȳऐ
 bǶɼʌʚ ƨ˙ŗțʯŗʚƨ ɼƨƕƨ˥ƨʌ ʚǫŗʚ ŗɼƨ ɄʯʚƨɼȭɄʌʚࣗ ʚǫƨȳ ɼƨɱƨŗʚ
 �ǖŗǶȳࣗ ȳƨƨƕ ŗȳ ƨ˙ŗțʯŗʚǶɄȳ Ʉɼƕƨɼ ǑɄɼ ƉǫǶțƕɼƨȳࣗ ʚ˦ɱǶƉŗțț˦ ƉǫɄɄʌƨ
एțƨǑʚ ʚɄ ɼǶǖǫʚऐࣖ

CʾŏȒɔȀƚ

ÈïÂê

ॻ

ࡹ ࡽ

ॻ

ࢁ ࢅ

ࣣ

ॻ

ࡹ ࡽ

ॻ

ࢁ ࢅ

ࣣ

ࢁ ॻ

ࢁ ࢅ

ࣣ

ࢁ 

ࡹࡽ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ 
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÷ƚɟȒǞȘŏɾǞȩȘ

 bɄɼ ̃ȩǮʋƣ ƨ˥ɱɼƨʌʌǶɄȳʌࣗ ſɄʚǫ ǶȳȳƨɼȭɄʌʚ ŗȳƕ ɄʯʚƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳ
ʚƨɼȭǶȳŗʚƨࣖ

 ¥Ʉʚ ʌɄ ǑɄɼ Ƕȳ̇ȳǶʚƨ ƨ˥ɱɼƨʌʌǶɄȳʌ

CʾŏȒɔȀƚ
°É§ �� +PVGIGT
°É§ �  я °É§
§ãê �� Ϭ�ϔ �ϭ � �
§ãê ϬĀϔ Aϭ � Ā
2TGNWFGм §ãê Ϭϔ °É§ϭ

 yȳȳƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳ ˝Ƕțț ǑŗǶț ʚɄ ʚƨɼȭǶȳŗʚƨ ǫƨɼƨࣗ ˝ǫƨɼƨŗʌ
ɄʯʚƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳ ɱɼɄƕʯƉƨʌ ŗ ɼƨʌʯțʚࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢙

it

x

i 0



÷ƚɟȒǞȘŏɾǞȩȘ vv

vȘȘƚɟȒȩɯɾ ƚʲŏȀʕŏɾǞȩȘࡇ Șƚʲƚɟ ɾƚɟȒǞȘŏɾƚɯ
°É§ �� +PVGIGT
°É§ �  я °É§
§ãê �� Ϭ�ϔ �ϭ � �
§ãê ϬĀϔ Aϭ � Ā
2TGNWFGм §ãê Ϭϔ °É§ϭ
2TGNWFGм §ãê Ϭϔ  я °É§ϭ �� CRRN[KPI KPH
2TGNWFGм §ãê Ϭϔ  я  я °É§ϭ �� CRRN[KPI KPH
ϙϙϙ

°ʕɾƚɟȒȩɯɾ ƚʲŏȀʕŏɾǞȩȘࡇ ɾƚɟȒǞȘŏɾƚɯ ǞȘ ȩȘƚ ɯɾƚɔ
°É§ �� +PVGIGT
°É§ �  я °É§
§ãê �� Ϭ�ϔ �ϭ � �
§ãê ϬĀϔ Aϭ � Ā
2TGNWFGм §ãê Ϭϔ °É§ϭ
 �� CRRN[KPI HUV

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡱࡹ

A



+ŏȀȀ ųʿ ȘŏȒƚ ȩɟ ʲŏȀʕƚࡐ

+ŏȀȀ ųʿ ʲŏȀʕƚ
 �țʌɄ Ɖŗțțƨƕ ƣŗǐƣɮ ƣˉŗȑʠŗʋǮȹȩ
 yȳȳƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳ
 �ɼǖʯȭƨȳʚʌ ʚɄ ǑʯȳƉʚǶɄȳʌ ŗɼƨ
ŗț˝ŗ˦ʌ Ǒʯțț˦ ƨ˙ŗțʯŗʚƨƕ ſƨǑɄɼƨ
ʚǫƨ ǑʯȳƉʚǶɄȳ Ƕʌ ŗɱɱțǶƨƕ

 EŗƉǫ ŗɼǖʯȭƨȳʚ Ƕʌ ƨ˙ŗțʯŗʚƨƕ
ƨ˥ŗƉʚț˦ ɄȳƉƨ

 E˙ŗțʯŗʚǶɄȳ ʌʚɼŗʚƨǖ˦ ǑɄɼ ȭɄʌʚ
ǶȭɱƨɼŗʚǶ˙ƨ țŗȳǖʯŗǖƨʌ

+ŏȀȀ ųʿ ȘŏȒƚ
 �țʌɄ Ɖŗțțƨƕ ȑŗˢ˖ ƣˉŗȑʠŗʋǮȹȩ
 ¶ʯʚƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳ
 bʯȳƉʚǶɄȳʌ ŗɼƨ ŗɱɱțǶƨƕ Żƣǋȹɮƣ
ʚǫƨǶɼ ŗɼǖʯȭƨȳʚʌ ŗɼƨ ƨ˙ŗțʯŗʚƨƕ

 EŗƉǫ ŗɼǖʯȭƨȳʚ ȭŗ˦ ſƨ
ƨ˙ŗțʯŗʚƨƕ ȭɄɼƨ ʚǫŗȳ ɄȳƉƨ

 E˙ŗțʯŗʚǶɄȳ ʌʚɼŗʚƨǖ˦ Ƕȳ pŗʌȕƨțț
࣯ŗȳƕ Ʉʚǫƨɼʌࣱ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡹࡹ

X



�ʲȩǞƇǞȘǃ ǞȘƚǀ˙żǞƚȘżƚɯࡇ ɯǕŏɟǞȘǃ

 óʚɼŗǶǖǫʚǑɄɼ˝ŗɼƕ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ ɄǑ Ɖŗțțࣽſ˦ࣽȳŗȭƨ Ɖŗȳ țƨŗƕ ʚɄ
Ƕȳƨ˾ƉǶƨȳƉ˦ Ƕȳ ʚǫƨ ȳʯȭſƨɼ ɄǑ ʚǶȭƨʌ ŗȳ ŗɼǖʯȭƨȳʚ Ƕʌ ƨ˙ŗțʯŗʚƨƕ

CʾŏȒɔȀƚ
ãÞï�ß� �� +PV � +PV
ãÞï�ß� É � É Ϗ É
2TGNWFGм ãÞï�ß� Ϭяϭ
ии Ϭ я ϭ Ϗ Ϭ я ϭ �� CRRN[KPI USWCTG
ии  Ϗ Ϭ я ϭ �� CRRN[KPI 
ии  Ϗ  �� CRRN[KPI 
ии Ή

 ÿɄ ŗ˙ɄǶƕ ʚǫǶʌࣗ pŗʌȕƨțț Ƕȭɱțƨȭƨȳʚʌ ɾǣŗɮǮȩǐ ɄǑ ŗɼǖʯȭƨȳʚʌࣖ
 İƨ Ɖŗȳ ʚǫǶȳȕ ɄǑ ʚǫǶʌ ŗʌ ɼƨ˝ɼǶʚǶȳǖ ʚǫƨ ƨ˙ŗțʯŗʚǶɄȳ ʚɼƨƨ ǶȳʚɄ ŗ ǖɼŗɱǫࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡽࡹ



�ʲȩǞƇǞȘǃ ǞȘƚǀ˙żǞƚȘżƚɯࡇ ɯǕŏɟǞȘǃ

ĦǞɾǕȩʕɾ ɯǕŏɟǞȘǃ

ʌ

ॻ

ࡹ ࡽ

ࣣ

ॻ

ࡹ ࡽ

ॻ

ࡹ ࡽ

ĦǞɾǕ ɯǕŏɟǞȘǃ

ʌ

ॻ

ࡹ ࡽ

ࣣ

ॻ

ࡹ ࡽ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡽࡹ

thick
eval
shrugs f I



$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ

 ,Ʉȳʚƨȳʚ

 óŗ˝ ʌɄȭƨ ƨ˥ŗȭɱțƨʌ ɄǑ țŗ˲Ƕț˦ࣽƨ˙ŗțʯŗʚƨƕ ࣯ŗȳƕ Ƕȳ̇ȳǶʚƨࣱ ƨ˥ɱɼƨʌʌǶɄȳʌ Ƕȳ pŗʌȕƨțț
 yȳʚɼɄƕʯƉƨƕ ƕǶ˽ƨɼƨȳʚ ƨ˙ŗțʯŗʚǶɄȳ ʌʚɼŗʚƨǖǶƨʌ ǑɄɼ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫʌࣘ ǶȳȳƨɼȭɄʌʚ
ŗȳƕ ɄʯʚƨɼȭɄʌʚ

 6ƨ̇ȳƨƕ एƉŗțțࣽſ˦ࣽȳŗȭƨऐ ŗȳƕ एƉŗțțࣽſ˦ࣽ˙ŗțʯƨऐ ȭɄƕƨțʌ ɄǑ ƨ˙ŗțʯŗʚǶɄȳ
 6ǶʌƉʯʌʌƨƕ ʚƨɼȭǶȳŗʚǶɄȳ ɄǑ ʚǫƨ ƨ˙ŗțʯŗʚǶɄȳ ɄǑ ƨ˥ɱɼƨʌʌǶɄȳʌ
 óŗ˝ ǫɄ˝ pŗʌȕƨțț ʯʌƨʌ एƉŗțțࣽſ˦ࣽ˙ŗțʯƨऐ ŗțɄȳǖ ˝Ƕʚǫ ŗɼǖʯȭƨȳʚ ʌǫŗɼǶȳǖ
࣯ʚɼƨŗʚǶȳǖ ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ʚɼƨƨ ŗʌ ŗ ǖɼŗɱǫࣱ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƐƣɾƅɮǮŻƣ ƕǶ˽ƨɼƨȳƉƨ ſƨʚ˝ƨƨȳ Ɖŗțțࣽſ˦ࣽȳŗȭƨ ŗȳƕ Ɖŗțțࣽſ˦ࣽ˙ŗțʯƨ
ƨ˙ŗțʯŗʚǶɄȳ ʌƉǫƨȭƨʌࣖ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ ǫɄ˝ pŗʌȕƨțț ʯʌƨʌ ŗɼǖʯȭƨȳʚ ʌǫŗɼǶȳǖ ʚɄ ŗ˙ɄǶƕ
Ƕȳƨ˾ƉǶƨȳƉ˦ ˝ǫƨȳ ǶȭɱțƨȭƨȳʚǶȳǖ Ɖŗțțࣽſ˦ࣽ˙ŗțʯƨࣖ

 óƨțǑࣽʌʚʯƕ˦

 ¥Ʉȳƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢁࡹ



+ȩȘɾɟȩȀȀǞȘǃ ƚʲŏȀʕŏɾǞȩȘ ȩɟƇƚɟ

Can
we

arche lazy
tr ch

wht
are sue

pitfalls
Amit



mȩʶ Ƈȩƚɯ mŏɯǺƚȀȀ ƚʲŏȀʕŏɾƚ ŏȘ ƚʾɔɟƚɯɯǞȩȘ ǃɟŏɔǕࡐ

4ƚ˙ȘǞɾǞȩȘ �ȩɟȒŏȀ ǀȩɟȒ
ÿǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ ƉɄȳʚŗǶȳʌ ȳɄ ɼƨƕƨ˥ƨʌࣗ Ƕʌ ̃ȩǮʋƣࣗ ŗȳƕ Ƕʌ ŗƅ˖ƅȑǮƅࣖ

3ŗʋŗ ƅȹȩɾʋɮʠƅʋȹɮɾ ŗɼƨ ȳɄʚ ɼƨƕʯƉǶſțƨࣗ ʌɄ ŗțʚǫɄʯǖǫ ʚǫƨ˦ एțɄɄȕऐ țǶȕƨ
ǑʯȳƉʚǶɄȳʌࣗ ʚǫƨɼƨ Ƕʌ ȳɄ ɼƨƕʯƉʚǶɄȳ ɼʯțƨ

CʾŏȒɔȀƚ
yȳ ȳɄɼȭŗț ǑɄɼȭ

Ϫϔ ϫ ии ��=?

ࣘ

ࡹ ࣘ

ࡽ ࣹࣷ

¥Ʉʚ Ƕȳ ȳɄɼȭŗț ǑɄɼȭ
Ϫ Ϗ ϔ ϫ ии Ϭ Ϗ ϭ��=?

ࣘ

ࣣ

ࡽ ࢁ

ࣘ

ࡽ ࣹࣷ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢅࡹ

flexible expressions

no cycles

envied
dathcarrhudators

1 normal form

FT
d

reducible express
i



mȩʶ Ƈȩƚɯ mŏɯǺƚȀȀ ƚʲŏȀʕŏɾƚ ŏȘ ƚʾɔɟƚɯɯǞȩȘ ǃɟŏɔǕࡐ vv

4ƚ˙ȘǞɾǞȩȘ ĦƚŏǺ ǕƚŏƇ ȘȩɟȒŏȀ ǀȩɟȒ _�Ħm
ÿǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ Ƕʌ Ƕȳ ȳɄɼȭŗț ǑɄɼȭࣗ ȹɮ ʚǫƨ ʚɄɱȭɄʌʚ ȳɄƕƨ Ƕȳ ŗ
ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ Ƕʌ ŗ ƉɄȳʌʚɼʯƉʚɄɼࣖ

ÿǫǶʌ ŗțțɄ˝ʌ ǑɄɼ Ɖ˦Ɖțƨʌࣖ

CʾŏȒɔȀƚ
ÐÉ�ã �  � ÐÉ�ã

ࣘ

ࡹ

Ϫ Ϗ ϔ ϫ ии Ϭ Ϗ ϭ��=?

ࣘ

ࣣ

ࡽ ࢁ

ࣘ

ࡽ ࣹࣷ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢉࡹ

dah constructor fdak
cachucha

worthy
D want

normal form we
D
normal
form



Map 2 El 2,3
map t Cix xs fx wept

n ndgEs

Gtf Not what

it O
carburetor d

z

In seeI tr
a Map

d Lik Yi's
I b

3 I



CʲŏȀʕŏɾǞȩȘ ɟʕȀƚ

 �ɱɱț˦ ɮƣƐʠƅʋǮȹȩ ɮʠȑƣɾ ࣯ǑʯȳƉʚǶɄȳʌࣱ ȹʠʋƣɮȣȹɾʋ ̃ɮɾʋ
 E˙ŗțʯŗʚƨ ƉǫǶțƕɼƨȳ एțƨǑʚ ʚɄ ɼǶǖǫʚऐ
 óʚɄɱ ˝ǫƨȳ ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ Ƕʌ Ƕȳ İp¥b
 bʯȳƉʚǶɄȳ ƕƨ̇ȳǶʚǶɄȳʌ ǶȳʚɼɄƕʯƉƨ ȳƨ˝ ɮƣƐʠƅʋǮȹȩ ɮʠȑƣɾ

CʾŏȒɔȀƚ
Ϭϝ)ϝ ии ϝ°ϝϭ աա Ϭϝ�ϝ ии ϝÈϝϭ



ঋঋ

ऒpऒ ऒǶऒ

ঋঋ

ऒŗऒ ऒȭऒ



b ঋঋ

ऒŗऒ ऒȭऒ

b

éǶǖǫʚ ǫŗȳƕ ࣯ʌƨƉɄȳƕࣱ ŗɼǖʯȭƨȳʚ Ƕʌ ȳƨ˙ƨɼ ƨ˙ŗțʯŗʚƨƕࣖ yȳ ʚǫǶʌ ˝ŗ ࣗ˦ ˝ƨ
ǖƨʚ एʌǫɄɼʚ ƉǶɼƉʯǶʚऐ ƨ˙ŗțʯŗʚǶɄȳ ǑɄɼ Ǒɼƨƨ ǑɄɼ ŗȑȑ ǑʯȳƉʚǶɄȳʌࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢍࡹ



�ŏˌʿ ƚʲŏȀʕŏɾǞȩȘ ǞȘ ɯɾɟǞżɾ ȀŏȘǃʕŏǃƚɯ

 �țț ࣯ɱɼɄſŗſț˦ࣱࣛ țŗȳǖʯŗǖƨʌ ǫŗ˙ƨ Ʉȳƨ ɱțŗƉƨ ˝ǫƨɼƨ ʚǫƨ˦ ƕɄ
ʌɄȭƨʚǫǶȳǖ ŗȕǶȳ ʚɄ țŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ

$ȩȩȀƚŏȘ ƚʾɔɟƚɯɯǞȩȘɯ
�KPENWFG �UVFNKD�J 
KPV �ÂÐûïÜϬKPV �ß¨ϭ
Ϩ

��ÐßêϬϭϞ
ϩ
KPV È�°ÉϬKPV �ß¨�ϔ EJCT ϏϏ�ß¨úϭ
Ϩ

TGVWTP Ϭ�ß¨� у ϭ ՞՞ �ÂÐûïÜϬϭϞ
ϩ

 $ɄɄțƨŗȳ ƨ˥ɱɼƨʌʌǶɄȳʌ ƕɄ ɾǣȹɮʋ ƅǮɮƅʠǮʋ ƨ˙ŗțʯŗʚǶɄȳ
 �˙ɄǶƕʌ ƨ˙ŗțʯŗʚǶȳǖ ʯȳȳƨƉƨʌʌŗɼ˦ ƨ˥ɱɼƨʌʌǶɄȳʌ
 $ʯʚ ȳɄʚ ɱɄʌʌǶſțƨ ˝ǫƨȳ ŗʌʌǶǖȳǶȳǖ ʚɄ ˙ŗɼǶŗſțƨʌࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡹ

Some languages hip macro systems for this

short circuit
evaluate

dump care a shop

in tags a g Cao

7 it blowup blowupC

Ideally tear args Ublownup

wit val argccco Tove blowupLJ



while some carditis is False

u ht some condita

a

language
construct

def until card body
white net condC

bodyC

white net conditi wrap curbith
care with visite a la bd

f closure

until t

lambda some work

Tales she space memory



�ŏˌʿ ƚʲŏȀʕŏɾǞȩȘ ǞȘ ɯɾɟǞżɾ ȀŏȘǃʕŏǃƚɯ vv

 â˦ʚǫɄȳ ǖƨȳƨɼŗʚɄɼʌ ŗɼƨ țŗ˲Ƕț˦ ƨ˙ŗțʯŗʚƨƕ

vȘ˙ȘǞɾƚ ǃƚȘƚɟŏɾȩɟ ȩǀ ǞȘɾƚǃƚɟɯ
KORQTV KVGTVQQNU
FGH °Éê�¨�ßãϬϭϓ

° и 
YJKNG aßï�ϓ

[KGNF ° � [KGNF EQPVTQN VQ ECNNGT
° и °я

HQT Ü KP °ê�ßêÐÐÂãϙê�¿�û°Â�ϬNCODFC Āϓ Ā у ΅ϔ °Éê�¨�ßãϬϭϭϓ
RTKPVϬÜϭ





΄

 óɄȭƨ˝ǫŗʚ ɱŗǶȳǑʯț ʚɄ ˝Ʉɼȕ ˝Ƕʚǫ ˝ǫƨȳ ƉɄȭſǶȳǶȳǖ ʚǫƨȭ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡹ

Itertools con K



ëɾɟǞżɾ ǀʕȘżɾǞȩȘɯ

4ƚ˙ȘǞɾǞȩȘ ëɾɟǞżɾ ǀʕȘżɾǞȩȘ
� ǑʯȳƉʚǶɄȳ ˝ǫǶƉǫ ɼƨɸʯǶɼƨʌ Ƕʚʌ ŗɼǖʯȭƨȳʚʌ ʚɄ ſƨ ƨ˙ŗțʯŗʚƨƕ ſƨǑɄɼƨ
ſƨǶȳǖ ŗɱɱțǶƨƕࣖ

E˙ƨȳ ˝ǫƨȳ ʯʌǶȳǖ ɄʯʚƨɼȭɄʌʚ ƨ˙ŗțʯŗʚǶɄȳࣖ

 óɄȭƨ ǑʯȳƉʚǶɄȳʌ Ƕȳ pŗʌȕƨțț ŗɼƨ ʌʚɼǶƉʚ ࣯ȳɄɼȭŗțț˦ ˝ǫƨȳ ˝ɄɼȕǶȳǖ
˝Ƕʚǫ ȳʯȭƨɼǶƉ ʚ˦ɱƨʌࣱ

CʾŏȒɔȀƚ
ॻ

ÈïÂê

ࡹ ࡽ

ॻ

ࢁ ࢅ

ॻ

ࣣ

ࡹ ࡽ

ॻ

ࢁ ࢅ

ॻ

ࡽ ॻ

ࢁ ࢅ

ॻ

ࡽ 

࢙

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࢙ࡹ



ëɾɟǞżɾ ǀʕȘżɾǞȩȘɯࡇ ɯŏʲǞȘǃ ɯɔŏżƚ

 pŗʌȕƨțț ʯʌƨʌ țŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ſ˦ ƕƨǑŗʯțʚ
 yʚ ŗțʌɄ ɱɼɄ˙Ƕƕƨʌ ŗ ȭƨƉǫŗȳǶʌȭ ǑɄɼ ɾʋɮǮƅʋ ǑʯȳƉʚǶɄȳ ŗɱɱțǶƉŗʚǶɄȳࣗ
ʯʌǶȳǖ ʚǫƨ ɄɱƨɼŗʚɄɼ ϬРϖϭ

ϬРϖϭ �� Ϭ� � �ϭ � � � �
§ Рϖ Ā �� GXCNWCVG Z VJGP CRRN[ H

 İǫƨȳ ʯʌǶȳǖ ϬРϖϭࣗ ʚǫƨ ƨ˙ŗțʯŗʚǶɄȳ ɄǑ ʚǫƨ ŗɼǖʯȭƨȳʚ Ƕʌ ǑɄɼƉƨƕ ʠȩʋǮȑ
Ƕʚ Ƕʌ Ƕȳ ˝ƨŗȕ ǫƨŗƕ ȳɄɼȭŗț ǑɄɼȭࣖ

CʾŏȒɔȀƚ
ãÞï�ß� Рϖ Ϭ я ϭ
ии ãÞï�ß� Рϖ  �� CRRN[KPI 
ии ãÞï�ß�  �� CRRN[KPI ��
ии  Ϗ  �� CRRN[KPI USWCTG
ии Ή �� CRRN[KPI �

 ÿǫǶʌ ŗțțɄ˝ʌ ʯʌ ʚɄ ˝ɼǶʚƨ ǑʯȳƉʚǶɄȳʌ ʚǫŗʚ ƨ˙ŗțʯŗʚƨ ŗʌ ǶǑ ˝ƨ ǫŗƕ
Ɖŗțțࣽſ˦ࣽ˙ŗțʯƨ ʌƨȭŗȳʚǶƉʌࣗ ɼŗʚǫƨɼ ʚǫŗȳ ʚǫƨ ƕƨǑŗʯțʚ Ɖŗțțࣽſ˦ࣽȳŗȭƨ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡱࡽ



ëɾɟǞżɾ ǀʕȘżɾǞȩȘɯࡇ ɯŏʲǞȘǃ ɯɔŏżƚ vv

 �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ Ɖŗȳ ɼƨɸʯǶɼƨ ŗ țŗɼǖƨ ŗȭɄʯȳʚ ɄǑ ʌɱŗƉƨ ʚɄ ǖƨȳƨɼŗʚƨ
ʚǫƨ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ

ãïÈû°ê �� +PV � Ϫ+PVϫ � +PV
ãïÈû°ê ú =? � ú
ãïÈû°ê ú ϬĀ�Āãϭ � ãïÈû°ê ϬúяĀϭ Āã
2TGNWFGм ãïÈû°ê  Ϫϔ ϔ ϫ
ии ãïÈû°ê Ϭяϭ Ϫϔ ϫ
ии ãïÈû°ê ϬϬяϭяϭ Ϫϫ
ии ãïÈû°ê ϬϬϬяϭяϭяϭ =?
ии ϬϬϬяϭяϭяϭ
ии ϬϬяϭяϭ
ии Ϭяϭ
ии Ά

 ÿǫǶʌ ǑɄɼȭʯțŗʚǶɄȳ ǖƨȳƨɼŗʚƨʌ ŗȳ ƨ˥ɱɼƨʌʌǶɄȳ ǖɼŗɱǫ ɄǑ ʌǶ˲ƨ O(ȩ) Ƕȳ
ʚǫƨ țƨȳǖʚǫ ɄǑ ʚǫƨ Ƕȳɱʯʚ țǶʌʚ

 yȳ ƉɄȳʚɼŗʌʚࣗ ʌʚɼǶƉʚ ƨ˙ŗțʯŗʚǶɄȳ ŗț˝ŗ˦ʌ ƨ˙ŗțʯŗʚƨʌ ʚǫƨ ʌʯȭȭŗʚǶɄȳ
ǶȭȭƨƕǶŗʚƨț ࣗ˦ ʯʌǶȳǖ ƉɄȳʌʚŗȳʚ ʌɱŗƉƨࣖ

,¶¡âࡹࡽࡽࡽःóƨʌʌǶɄȳ ࣘ �ŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳ ࡹࡽ

put along

I told Cts o
su with I 22,3
Sn ut 3 3

son IN 6 C
G



ëŏʲǞȘǃ ɯɔŏżƚ vvv

 ÿǫǶʌ ȕǶȳƕ ɄǑ ʌʚɼǶƉʚ ƨ˙ŗțʯŗʚǶɄȳ ƅŗȩ ſƨ ʯʌƨǑʯț
 ãïÈû°ê Ƕʌ एȍʯʌʚऐ ŗ ʚŗǶț ɼƨƉʯɼʌǶ˙ƨ țƨǑʚ ǑɄțƕ

ãïÈû°ê � §ÐÂ�Â Ϭяϭ 

 bɄɼ ŗ ʌʚɼǶƉʚ ˙ƨɼʌǶɄȳࣗ ˝ǫǶƉǫ ˝Ƕțț ʯʌƨ țƨʌʌ ʌɱŗƉƨࣗ ˝ƨ Ɖŗȳ ʯʌƨ §ÐÂ�Âϝ
KORQTV &CVC�(QNFCDNG
ãïÈû°êϝ � §ÐÂ�Âϝ Ϭяϭ 

 ÿǫǶʌ Ɖŗȳ ǫŗ˙ƨ ɼƨŗʌɄȳŗſțƨ ʚǶȭƨ ʌŗ˙Ƕȳǖ ǑɄɼ țŗɼǖƨ ƨ˥ɱɼƨʌʌǶɄȳʌ

CʾŏȒɔȀƚ
2TGNWFGм §ÐÂ�Â Ϭяϭ  Ϫϙϙի·ϫ
 ã��ã
2TGNWFGм §ÐÂ�Âϝ Ϭяϭ  Ϫϙϙի·ϫ
ϙ΅ ã��ã

 �ʌǶƕƨࣘ Ƕʚ Ƕʌ ɱɼɄſŗſț˦ ŗ ǫǶʌʚɄɼǶƉŗț ŗƉƉǶƕƨȳʚ ʚǫŗʚ §ÐÂ�Â Ƕʌ ȳɄʚ ʌʚɼǶƉʚ
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$ʕǞȀƇǞȘǃ ųȀȩżǺ ɯʕȒȒŏɟʿ

 âɼƨɼƨɸʯǶʌǶʚƨʌࣘ ȳɄȳƨ

 ,Ʉȳʚƨȳʚ

 yȳʚɼɄƕʯƉƨƕ ʚǫƨ ƨ˙ŗțʯŗʚǶɄȳ ɼʯțƨʌ ǑɄɼ pŗʌȕƨțț ƨ˥ɱɼƨʌʌǶɄȳʌ
 6ƨ̇ȳƨƕ ʚƨɼȭʌ ȩȹɮȣŗȑ ǋȹɮȣ ŗȳƕ ˍƣŗȋ ǣƣŗƐ ȩȹɮȣŗȑ ǋȹɮȣ
 óŗ˝ ʌɄȭƨ ƨ˥ŗȭɱțƨʌ ɄǑ एțŗ˲˦ऐ ƨ˙ŗțʯŗʚǶɄȳ Ƕȳ ʌʚɼǶƉʚ țŗȳǖʯŗǖƨʌ
 óŗ˝ ǫɄ˝ ʚɄ ƕƨ̇ȳƨ ʌʚɼǶƉʚ ǑʯȳƉʚǶɄȳʌ Ƕȳ pŗʌȕƨțț ʯʌǶȳǖ ϬРϖϭ
 óŗ˝ ŗȳ ƨ˥ŗȭɱțƨ ˝ǫƨɼƨ ʌʚɼǶƉʚ ƨ˙ŗțʯŗʚǶɄȳ Ɖŗȳ ǶȭɱɼɄ˙ƨ ɼʯȳʚǶȭƨ ࣯ſʯʚ ȳɄʚƨ ʚǫǶʌ
Ƕʌ ȳɄʚ ŗ ʌǶț˙ƨɼ ſʯțțƨʚࣱ

 E˥ɱƨƉʚƨƕ țƨŗɼȳǶȳǖ ɄʯʚƉɄȭƨʌ

 ʌʚʯƕƨȳʚ Ɖŗȳ ƣ˕ɤȑŗǮȩ pŗʌȕƨțțऒʌ ƨ˙ŗțʯŗʚǶɄȳ ɼʯțƨʌ ǑɄɼ ƨ˥ɱɼƨʌʌǶɄȳʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ɱɼɄ˙Ƕƕƨ ŗȳ ƣ˕ŗȣɤȑƣ ɄǑ एțŗ˲˦ ƨ˙ŗțʯŗʚǶɄȳऐ Ƕȳ ʌʚɼǶƉʚ țŗȳǖʯŗǖƨʌ
 ʌʚʯƕƨȳʚ Ɖŗȳ ˍɮǮʋƣ ʌʚɼǶƉʚ ǑʯȳƉʚǶɄȳʌ Ƕȳ pŗʌȕƨțț

 óƨțǑࣽʌʚʯƕ˦

 ¥Ʉȳƨ
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