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³ B6Bµ´ acXedN]^L��µ_ � VIX�Y=[7]^L����pm _U`SXJ/�� ��� ¯e±�±�±�¯�Va)Q3
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Constant = Const

] ����,�LS��5@/#60AB��,���6>A��',�LM�'��/#:�59�Q30:�`[X�����CO/#:2��,���34c'6P-��S&p/k&�)�<4LS)Q34�Q3_60c'RS��3_30:2��<0&���:2��64)�62`d/#:b/#:�&���<4�Q34mS,S&�����C
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MaybeInt = Just Int | Nothing
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ComplexInt = Cons Int Int

]
ComplexInt
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ComplexInt
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IntList = Nil | Cons Int IntList�}�����
List a = Nil | Cons a (List a)

�y�',�LM&�)�6�LS�Uz�,Sc9$��9?a5'�93067H#&D&�/#5�&�/#R+$Q34��5@/#64��32\
IntList

��59��AB���
Int

60c'RS��34tJ/#&[\
IntList
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Int
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IntList = Nil | Cons Int IntList
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IntList
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Cons
/�L�/#60&���,�3060<0�S&(64��<�AIH�34�(LM�'&�RJ/#<7/#AB)�64��<4�

IntList
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X�����Ca����CM30:2��<0<4��64;�*S*y&���,�3060<0�S&D64��<06^XJ/�30:Q,JH#5 -{�S,S&+`g��:2��&o59��X���60,���&a&���,�3467/#,�34��&[`J1�/#��CqEPmS����1�)�,GC���&��932`J348�6v/
EPmS����1�)�,GC���&D,���&a��5'64)�<48�59��X���6^/#:�/#<0�'67H�37/M\

] &���,S&(<4)�6=R[)�59L�H#6�64��&D�',G601��>/#:
IntList

&���,�3060<0�S&(64��<7/#��/.&�;21���60&���:28�&+|
Nil :: IntList
Cons :: Int

S
(IntList

S
IntList)

�v/#5@/�L#-��S,S&p1D�93430:b/�EF��59)�\%]�XJ/#<0AI/�LM�'&pRS<4��*S59)�AIH#6�tS��Cx��59LMXJ/#6P-��S&pAB����`dX�����Ci/ f�$��S<0<0CD�',S�vfI��5 -4H#<7H�306>AB����T
EF��<4LMc'6P-��S&+`J/#:b/#:./�E�mS����1�)�,(C���&�/#<0���SAB��,G60�SAI/#�'6�;�3434:2�Q$Q34��AI/#����5 -��S&o����C���6059��,�<4��,�LS��:2��606^,MT}�Q34*[��\ 	�)�59L�H#�S5�/
EF��,G60�

Intlist
*[��,O/

Cons
60c'RS��34&���,�3060<0�S&(64��<0*+?�5�/.&�;b1���60&���:28B�S,JH#<0�93=&���,�3060<0�S&(64��<06=&�/#RM-{�S&[|

Cons :: Int
:

IntList
S

IntList

]uAIH�34�DLM�'&_RS<4��*S59)�AI/^/�&���,�3067/#,�3�&���,�3060<0�S&D64��<4��&(&�/#5(1�/#,%\b��:2��&���6���5'CG/#,�E�mS����1�)�,(C���&(&�)~/#5@/#&Dc'6P-��S&+`�/#A��'&D,���&
)�<064��5'AB��:2)Q30�h67/#<064��AIH#,GCG/I/#:Ff��\fr60c'RS��32\ 	�)�59L�H#�S5V|

Nil :: 1
S

IntList

�v)���mS5�/#:_��59348>RS<4��*S59)�AI/�/>&���,�3060<0�S&D64��<4��&I64��6430:28�59�����Q3~30:bH#AI/>1���5'62\M��,S,���&k&(�'&Dm�30:2;�*+;�59)Q34)�X���:�/>LM�934:{-��S,S&D6
�S,S�9?�60c'RS��306�EP����-��S&IEP��5'XJ/�34:Q,JH#5',S�V`�)Q3�����C���6059��,�&���,�3460<0�S&(64��<0*J/.EF����-��S&K;�3430:2�_8�&���62\

fr)�:Q:QmS& /�&���,S&D<4)�6q�Q37��64��62\Z����306o$Q37/#&w&�)�6q&���,�3060<0�S&D64��<0�S,S& 1�/#,%`Zc'��C /xEF��<0AIH#5'�937/#,	�93qLS�Uz�,S�@H#5'6 "
*S� EP�S,S&(64��<06�XJ/�34:Q,JH#5'XJ/#6P-��S&+\�]^:���<4�QLMAB)�,GCo60c'RS��37H21�/#5V`J/#:2��,(*J/#,�t�-4/#*S*aRS<4��*S59)�AI/�AB��<0mS5%EP��5V\

Nil + Cons :: 1 + (Int
:

IntList)
S

IntList + IntList

��,S,���&I/#:^/#:r��&�/M`�X�����C�" ����C�*S� E��S,S&D64��<2`�c'��C.EPmS����1�)�,GC���&D<4�^$Q37/#&�tS��C�LS�Uz�,S�@H#5'XJ/#6060�S&+`GX�����CI/#:=��<4�QLMAB)�,(C
�93�����CqLM�930:{-{�S,S&(6~�S,S�9?�59����C���,%\g] *S� EP�S,S&D64��<4��&KLS�Uz�,Sc9$��9?#-4H#,J/#&a��59348�R+��,G6P-4/��S��CG/#,S�932|
� �b��5�� A��',�LS��,oE�)Q3~� �[TV*[��5'�d)�5%�Q37��64)�,

� ]^LN¯ d�_�R �j]^VIXZY\[7]^L`_ ¯�VIXZY\[7]�dI_�_QS �j]&acXedN]^L`_ ¯�acXedN]�d�_�_ �[TV,���&o����CK)�59�=s
# :2��<4��,�$Q34)�<4�./�" *+��1���:2��64)Q34��&���<=LS�Uz�,S�@H#5'60�S&�/ �wA>�S1���59��64��6=�932|

L�� d � 4M71P-]^L�" d�_
/#X���5V|

4 7 ]&¦4_ � � Mv¯ XJ/n¦ � � 7 ��]6M�_Z1�/#5@/#AB��5'C;M � IrTV<4�OZ¯ XJ/n¦ � � 7 � ]^Og_�1�/#5@/#AB��5'C;O � IrTV<4�
� ��C�� X���5'C���606^/ �wA��S1���59��6064��5�;�3430:2��&�/#R[$Q34��5'1�/�/.&���,�3060<0�S&D64��<4��&�/#6r/#:���<4�QLMAB)�,GCo60c'RS��37/M|

Nil
�

Cons :: 1 + (Int
:

IntList)
S

IntList

�v)���mS5�����C���6059��,x&���,�3060<0�S&D64��<0�S,S&OAI/#<7/�LM6
Nil

�
Cons

\%]^:B)�<064��5'AB��:2)Q30��67/#<064��AIH#,(Cp1�/#5@/#A��'5'C���,p60c T
RS��30&D� EP��-0��:2)Q32`�/#A���60�S5@/�-0LS��,S&�)�RSR[��,i����C�E��S,S&D64��<0,J/#&p/#:

IntList
TV<4�B1�/#59?o/#5'&�/#5'AI/#:bH�37/#&�)�,(6�EF����XJ/#64?KEP��5V\

] E��S,S&D64��<~&���,S&(<4)�67/#,%|
���������o���	�

Y = 1 + (Int
:

Y)
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)Q3
� �������o���	�

f =
� [ m

+ (
�µ[ � ��� :

f)]^:^H#5'67/#5@H#,���3��Q34��60*[��,I�S��CG/#,Sc'��C_-0H#<0XJ/#60�S,S&B��5V`G$Q37/#&�*[�=&���5'5J1���:2��60,GmS,S&K/ �iA>�S1���59��6n64;�*S*(1�H#5'64��:2?�3ZAB����EF�UT
59��598#-0)�62`�LS�Z��:n,���A ��&���:Z&(mS59;�,�;�34��*S*.RS<4��*S59)�AIH#62\���:Q:2��5MAB������59LS��6060�S&[`#X�����C�<4��&D�S<0:Qc'1�AB��,���AB��<{E[/�L�/#6060c'RS�MT
34��&aLS�Uz�,Sc9$��9?#-4H#X���:B����C���6059��,O&���,�3060<0�S&(64��<06vXJ/�30:Q,JH#5 -{�S,S&+\7�rH�/�L�H�30�S5�/I&���,�3060<0�S&D64��<r)�<064��5'AB��:2)Q34��67/#<064��AIH�T
,GCG/v����C�60c'RS��3�&�)�R[�Z1�/#5@/#A��'5'C���,�E��S,S&D64��<0<7/^,�)�:Q1���\���:�/�EP�S,S&D64��<�tS��CD,���1���:2��606�R+��5'�',���A��@H#5'�93�60�S5@/�-{LS��,�37H#���G/#5
<4��,�LS��5'&���:Q�'&+`[/#A��h/#:Q6Y-{��59��,(60�V`JX�����Ca/�&���,�3467/#,�3�EP�S,S&(64��<2`[/�LM�930:{-{�S,S&(6=�S,S�9?I)Q3^/BLM�'<4��&(6430:2��<0:b/#6^EP�S,S&(64��<4��&
&���A�*S�',JH�$��9?#-4HQ1�/#5�c'<0XJ/#64?IEP��5V\[] &���,�3067/#,�3^E��S,S&D64��<^34:bH#A��S,S&D<7/k����Ca��5'CG/#,p/BE��S,S&D64��<2`g/#A���A��',�LS��,p��*M-{��&(T
60�SAB��6Z�S��CG/#,J/#*S*J/>/�60c'RS��30*J/_&�)�R+��:�`(/#:r)�59��&���6nR+�QLM�'���9LS��,(60�'67H�3YEPmS����1�)�,GC���&D*+��\ � ��5@H#60XJ/#64?qN{�'��J#"}`J�'� 	�"}`g�'�U"�WU`
X�����C�/#:q�'5'C���,uEP�S,S&(64��<4��&D,J/#&i1�/#,�zI�DR+��,G6P-4/ I"]���_}TV*[��,%\���:q<4;21D�9LS��, /#:Q6v-0��59��,G60�V`�X�����Ci59)�64��:Q�'&���5'CG/#,wf
/�L�/#6060c'RS��32`%/#A��'<4�.64��5 -0�Q30mS5V`[X�����C � � �':2��AB��<{E � TV1���5V\+��,S,���&�/IEF��<0AIH#5'�93_LS�Uz�,S�@H#5@H�37H#X���:I/#:2��,G*J/#,x*+�>&���5'5
1���:2��60,GmS,S&o,�)�XJH#,(Cq64�21�H#*S*S�%EF���G/#5'AI/#6^/#:�/#5'����*S<7H#&(&�/#5%&�/#R[$Q37��5@/#64��37/#,%\
243o�`3&5��p3?8;:\< >}@&A=B&C Nd����C���, ������C�&�/#64����?�<0�@/M`�)Q3 � R�� S �u��,�LS�#E��S,S&D64��<2\�����C �b��� ~�r7:.-9E�� ����C���5'CG/#,
]�kW¯�L`_~RJH#<2`+/#A��'*[��,Zk � �i)Q3-L R ��k S k>\�NP]=:.��5',���1���:2)Q3�/B30:2?�*J/#,MEF��<0��?kE��S,S&D64��<r,���1�)�*[8�5�30:bH#<0AI/#:Q�'&+`
c'��CKR[)�59L�H#�S5V`SXJ/I/.&�)�<4LS)Q34�Q3~EP�S,S&(64��<06*��TV,���&kXSc'1�-4H#&[`�/#&D&���<��~T /#5'����*S<7H#&D<4?�5%*+�Q30:2)�5'mS,S&+\ W

243o�`3&575v3?8;:\< >}@&A=B&C ] � &�/#64����?�<0�@/ t R�k S � )�59)�6 �b��� ~&r7:.-9E�G
� �M!vw
!��/�ZBF4}�*� �E� �7EZ<?w.� |¥y ,J/#&
,���1���:Q:QmS&+`SXJ/��+�gTV,���&o����Cq��,�LS�#E��S,S&D64��<7/M`¥]�kW¯�L`_�)Q3 ]��F¯ d�_Z&�)�6l�dT /#5'����*S<7/M`J64�21�H#*S*JH

tiP*L � drP �jt
LM�@/#��<7/#A�AI/#5V|
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�jt

�
d � �

t

�

����CM30:2��<0����, *[��5@H#60XJ/#64?S`ZX�����C /#: �hT /#5'����*S<7H#& )Q3K/x&�;�:Q60mS& LS�Uz�,S�@H#5'6qX���AB��AB��<{z�:QA���34��& &�/#64����?�<0�@H#6
/#5'&���60,J/#&+\���:Q6>N6�	|��dW}TV1���5S-0��59;�5 -�mS&+\
243o�`3&5I243?8;:\< >}@&A=B&C N6� |��dW~����C ]�kW¯¬M�_^��*M-0��&(60�SAI/ � <9�`� �N>E� -0/M`SXJ/�fgMNf>����Co�':2��AB��<{z�:QA���3(� ] )Q3^]
&�;�:2;�6062\
243o�`3&5��p3?8;:\< >}@&A=B&C ]^: ��R ��S ��EP�S,S&(64��<~59����&D�934��*S*ozI�MR[��,(6P-0/ ] ��R �¥_�����Ck&���:2LS��60�h��5'AB��\
fd��<0AB)Q34:2��64�Q34��,I/#XSX���:�`#X�����C���:�/^LS�Uz�,Sc9$��9?_)�<064��5'AB�Q3�59����C���,�30:QmS&M34)����Q32`2X�����C./�&���:2LS��60����59��AB��&DX���:�67/#<064��:2?
)�59��&O����C(tS6067/#5��':2��AB��<{z�:QA>��34��&p�93v59����C���,���&[`dLS��30:2��<4��,�$Q34)�<4����:�*+��5@H#60XJ/#64?S`%)Q3_*S�':2��,GCDc'67H�37/qAB����67/#5@H#5'XJ/#64?
�'�U"'TV*+��,%\

]^:�t�-ZEP���G/#5'AI/#&D&�/#5V`JAB��306�AIH#<^R[��,(64��37/#,aAB���G/�LMXJ/#6P-{�S&oA��'6^)�<060mS,S&a/#: �uR+��5'�',���A��@H#5'�93�EP�S,S&(64��<rH#5'67/#5
����,���<7H#5'6nfw/�L�/#6060c'RS��3Z/#5@/#6062\���XSX���:r����)Q30:�����CD34:2��<0����,BAB����&���5'5�&���<4�Q30,(mS,S&B/ ���������o���	��T /#5'����*S<7H#&�&�/#64����?�<0�@H�T
-4H#,J/#&.&���:2LS��60�[��59��AB)�62`(/#A��+/#:��':2��AB��<{zg/���<4��-0)��'�>����C�)�<064��5'A>�ON�XS�930:2��,q/v&���:2LS��60�g��59��AB��&B����CDAIH�3437/#5JA��',�LM�'�
�':2��AB��<{EV/#&SWU\(]=:~c'��C�LS�Uz�,S�@H#5'6�] � ¯)� 7��?_ � ] � � � ���6��� � R�I"]���_�_���59��A���59348�67/#�b-4H#6�64��&(�',(6P-�mS&I/�f /�L�/#6060c'RS��30,J/#&+\
] 64�21�H#*S*S�@/#&(*J/#,���:Q6=����CD34:2��<0����,ac'��CIEF����-��S&�-{��59;�5',S�V|
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T = DATA F

]^:b/#:_&���,S&(<4)�67/#,%|
IntList = DATA

� �������o���	�

]~LS?�37/#&u1�/#��C(�S,S&uAB)���/#:D��7��	R � � S � )�5^/#:2��,���30c'67H�3�HQ1�/#5V\Y��<0<4���'�G/#:�`�X�����Cw/#: � f )Q3If &�;�:2;�6060�
�':2��AB��<{z�:QA���3r����CD�'&K)�59)�1���5�����C���:Q�'&kAB����\]fr)�:Q:QmS&qAB����`SA���59��,S,�����:�&���,S&D<4)�67/#, � � � ���6��� �PTV*[��,%|

� 7 � � ���6��� � R ���������o���	� �67 � � � ��� S �67 � � � ���
� � �����o���	��LS�Uz�,Sc9$��9?#-4H#6�EF��5'XJ/�30:Q,JH#5'1�/M|

� 7 � � ���6��� � R]��"$] �67 � ¯ �67 � � � ��� _ S �67 � � � ���
b=��<7H#*S*J/#,�34��A f^�'5 TV62`S34��A �Z��,�3{TV6�,���A LS�Uz�,S�@H#5'60�S&[`J�S��CG/#,J/#&(&���<�A��'1���5

Cons :: Int
:

IntList
S

IntList
Nil :: 1

S
IntList

)Q3
Nil

�
Cons :: 1 + (Int

:
IntList)

S
IntList

��:2)�<06~1�H#5@/�30:Q60XJ/#6P-��S&
Nil

�
Cons

T}��6U��7 � � ���6��� � TV,���&[\M��:Q:2��5%����Ck59)�R[)Q30*+��,oLS�Uz�,S�@H#5 -��S&kA��',�LM&�)�6~&���,�3060<0�S&(T
64��<062`DXS�930:2��,o/�A>�S1���59��6~)�<064��5'AB��:2)Q30��67/#<064��AIH#,GCG/�����CILM�934:{-��S,S&D6n�S,S�9?S`S/#A��'*+8�5+1(�93434:b/#&�;21���60&���:Q64��60X���60mS,S&a/
&�)�6^E�mS����1�)�,(CaA��S&�;DLS)Q34)�<4��/#:��S,S�9?k&���A�R[��,���,�37���',%\M��7 � �����o���	��T}��6r&���,�3060<0�S&D64��<0,J/#&a,���1���:Q�'&[`+/#A��',���&y/#:�/#:
��&�/M`(X�����Cq/#:�/#:�� � � ���6��� ��] �
7 � � � ��� _n)Q3 �
7 � � � ��� ��*M-0��&D60�SAB��&I&�;�:Q60�+�':2��AB��<{z�:QA���3^����C(�'&qH#�G/#&�)�,G62`M*S� -0��&(60c'1AB����EF��59��5'64��64)Q306_59)�64�Q30c'6 ���������o���	�~��59��AB����)Q3 �
7 � � � ��� ��59��AB����&�;�:2;�6062\���:Q6rEF��5'XJ/�30:Q,JH#5'1�/K59��X���648�37)���mS,S&�,GCDc'5'�'&
Nil

)Q3
Cons

34����c'6434)���)�1���5�EF��5'c'<0,S�
IntList

��59��AB���'62`�XS�930:2��,
Nil

�93~&D�'1�H#5@/�30:Q6~����Cq��59��AB��62`�/
Cons

34����c'6{T
34)���)�1���5hR[�QLM�'�IEP��5'c'<0XJ/#6P-{�S&�/�64;�*S*S�'62\[] *S� -{��&D60c'1qAB����EP��59��5'64��64)Q3r�G/#<7/#,(67H#5 -0/M`gX�����Co1�/#59?�*J/#,�A��',�LS��,O��59��AB��6
EF��5�60��LM�S,S&Kc'<0,S�V\

����306oLS�Uz�,S�@H#5'XJ/#6P-��S&sR+)�59L�H#�S5�����C � ,G6 N��9346{TV*[��5'��5'�93467/���5'AB���'6y;�3430:2����:28
sum :: IntList

S
IntEPmS����1�)�,GCD62|

sum (Nil) = 0
sum (Cons (a, x))= a + sum x

] E��S,S&�$��9��,JH#5'�93^,GC���5'1���&D*+8�5%AB�����930AB��<06
fold

EPmS����1�)�,GCD,���&o�93=/�LMXJ/#60�S,S&q&�/#64����?�<0�@/�T}��5'AB)�59��60��AB����EP��59�UT
598�62\[���'1���5Q] �
7 � � � ��� ¯ �2� � � I ��7 � _=/#: � � �����o���	�nEP�S,S&(64��<_H#5'67/#5hAB����XJ/#67H#<4��:2��606_&���:2LS��60����59��Aa`gc'��Cy/I&���:2LS��60���59��A LS�Uz�,Sc9$��9?#-0/=A��@/#6062`bA��',�LS��,.AIH�3Q] � ¯¬MI_%/#5'����*S<7H#*J/^59)�64��:Q�'&�R+��,G64��37/#,�����Cjt;R7] �67 � � � ��� ¯ � � � � I ��7 � _?S] � ¯¬MI_ZX���AB��AB��<{z�:QA���3b\
����CM30:2��<0����,�*+��5@H#60XJ/#64?S`�X�����C ] �
7 � ¯¬Y=X � � ��� ��4 � _>����CxAIH�30�'& ���������o���	�PT /#5'����*S<7/M`�/#X���5QY=X � ��RU� S �
7 � /#:����)Q30:2��&x,(�S5'5@/y&���,�3067/#,�37H#6�&(� -0��59;�598�E�mS����1�)�,(C�`�)Q3�� ��4 � R �67 � : �
7 � S �
7 � &�)�6�����)Q30:QX���:o/#:2��&i;�3434:2����)�6<4��,�LS��598�EPmS����1�)�,GC�\

��&D&���<��'�G/#:>/#:�`�X�����C
� 4M5 P �2� � � I ��7 � � Y=X � � ��� ��4 � P ���������o���	�¬] � 4 5�_ N �M\ 	(W
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List B
map f Nil = Nil
map f (Cons a as) = Cons (f a) (f as)
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tail Nil = Nil
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( ���
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) :: m a

S
(a

S
m b)

S
m b

return :: a
S

m a
( ��� ) :: m a

S
m b

S
m b

fail :: String
S

m a
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� �
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k
# :bH#A>�S,S&(<7/�$Q37/#&�/#:^��59348v&�)�6�EPmS����1�)�,GC.EP��,(64��32`�XS�930:2��,K/rXJ/#<0AI/�LM�'&oN

���
W�/#:=��59378_34����c'6434)���)�1���5�N

���
�

W��'A�RS59��AB��,(67H#5'1�/�1�/#,%`
fail

R+�QLM�'������C fUX�)�60&�;�:Q,J/#RS�µf�R+��5'�'AB��<{E+E�mS����1�)�,(C�\�������CDmS,S&�1(�930:2��,(6n/vAB�DLS��5'5'*[��,
����C ] � ¯ � ¯�� � _jbv59���9305'�Y60<0�'RS59�UTV62\�]�60c'RS��34��&i/#5@/#RM-4H#,u/ � EPmS����1�)�,GCiAB����EP��59��5'64��60X���648x/

Monad
60c'RS��30&���,MT

3060<0�S&D64��<0,J/#&[`g/#: � R=� [TS � 64��<0AB)Q30:2��64�Q3=60<7/#,�34:�EP��<0AIH�$��9?�R+�QLM�'�k/
return

R+��5'�'AB��<{E�EPmS����1�)�,GCD,���& �

]^:�����C���6059��,�5@H#6430:2?�5@/#����3=RS<4��*S59)�AI/ � �=EPmS����1�)�,S,GC���5�1�/#,%`MXS�930:2��,y��,S,���&k60c'RS��37/
� � R � k�S � k �NS
� � k$S � � �

�S��CG/#,S�93rEPmS����1�)�,GC���&DX���:>EPmS����1�)�,GC���&���6_<4��,�LS��5V\4�^��CG/#,J/#&(&���<rEF��5 EP����XJ/#64?K��5'CG/#,O&�)�601�H#5'64��:2?�3rEPmS����1�)�,GCD&�)�,G6
�932`�/#A��d����Cek$S � k EPmS����1�)�,GCDX���:>)Q3 � k RJ/#<7/#AB)�64��<0X���:�����C � ��)�<064)�&���6�<4��,�LS��5V\g�r/.AB����,�)�:Q:QmS&

���
�

60c'RS��37H#62`�/#&D&���<~5@H#60XJ/#64?S`MX�����Ck��606~�93�1�/#5@/#A���XJ/�34��,S59?�<4?�5�1�/#,q34:2?S`D$Q3�/#&K/.&�)�6�RJ/#<7/#AB)�64��<06~EF��5[&���5'5%$Q37��<4)�5',S�V\
NP��,S,���&�$Q3�/#&�/#:�/#:Z��&�/M`bX�����C�&�)�,GC���5'AB�Q34��,�59��X��Q3437��,>XJ/�30:Q,JH#5',S�V\ Wd��:Q:2��5S/9bv59���9345'�(60<0�'RS59�Z��59��AB���'6h59��&�)�R+��:Q60mS&
/��v/�30&���5'5%AB��,JH�La��30:Q67H#5'CGH#<7/M\

] AIH�37�(LM�'&�EP��-0��:2��60*[��,O64;�*S*O��CG/#&���<05@/#60��R+)�59L�H#6^EF�����S,S&�5@H#60,S��/kAB��,JH�LS��&p/#5'&�/#5'AI/#:bH�30��59��X���648�34)���)�<4��\
�y�'1���5^��,S,���&w/�EF��-{��:2��60,���& /p$Q)�5 -4/p��59348�37��<0*J/#, /OEF���G/#59��A�AI/#64��AI/#60�'&�/x*+��1���:2��64)Q34��1���5'62`�c'��Cu�',S&�H#*S*s/
3060<0�S&D60tS<7/p,�)�XJH#,(C ;�<4;�&(59;�606K60�S5@/�-0LS��,�37H#�GHQ1�/#5rEP��5'CD67/#6P-��S&+`���:2��& /x60�S5@/�-{LS��,�37H#����& AB����67/#5@H#5'XJ/#64?�&l30:Q�',(64�
A��',�LS��,p/I�v/�30&���5'5dAB��,JH�L#-4/#�'1�/#5�&�/#R+$Q34��5@/#64��3=59��c'<7H�34*J/#,�)Q3^&�;�,GCD1(*+��,�N�RS5V\h�'�2 �"}`�\'\'\ WU`JLS�.��606^,���A 30:2��<4��R+��5
*S�':2��,GCDc'67H�30�S&+`SXS�930:2��,o64;�*S*S,(C(�'<4��,���A�/.&�/#64����?�<0�@/���5'AB)�59��6=EP���G/#5'AI/#�',a&���<4�Q34:Q60mS5%1���:2��60�'&k*+��/>AB��,JH�LS��&�/#62\
] XJH#<4��A H#5'5'c'67H�32|

return x ���
�

k = k x
m ���

�
return = m

m ���
�

(
�
x
S

k x ���
�

h) = (m ���
�

k) ���
�

h]uEF��,G6���A�5'c'64��606�59��c'<7H�34��&>/#:~H#5'5'c'67H�34��&�/#6�AB��,J/�LM�'&D��3�64;�<01�)�,GC���&D,���&>,���1���:Q�'&+\#]=:���59348^&���60648r/#:Z�9LS��,G60�'67H�32`
/�XJ/#<0AI/�LM�'& /#:i/�3430:2�D$��@/#60�'1(�'67H�3q,���1���6�&�/#RS67/M\~] RS<4����<7/#AB��:2?�,J/#&	&���5'5vz���C���5',S�9��/#<0<7/M`�X�����C	/�AB��,JH�L
��30:Q67H#5'C�R[)�59L�H#,(C���30c'67H�37/#&���<k/�64;�<01�)�,(C���&���6I*+��67/#<06437/M`��S��CG/#,S�93I/�<4��,�LS30:2��<B��:Q6�,���A���5'59��,�8�<0:Q�V\ � ��5@H#6P-��S&+`
X�����C fUAB��,J/�LM�'&D��3^64;�<01�)�,(C���&4f.��&D1(�'1�/#59��,�34��&a/ bv59���9345'�h60<0�'RS59�.LS�Uz�,Sc9$��9?#-0H#*J/#,O30:2��<4��RS598IEP��5'64)�64��59��&D&���5V`+/#:b/#:
/
Monad

��30:Q67H#5'C.R+)�59L�H#,GCG/#�g)Q3n/rbv59���9305'��60<0�'RS59�UTV&�&�;�:2;�606n/^EF��<4LMc'64��606��'<7H#,GCDtI&�/#R+$Q34��5@/#6��93�59)�64��:Q�'&+`�&�;�:2;�6060mS&
*S� -0��&�$��9?^59)�64�Q34c'60X���648S\�]uEP��<4LMc'64��606��'<7H#,(C(t�&���,�3060<0�S&�$��9?�/^&�)�<4LS)Q34�Q3�R+)�59L�H#,GCD6�LS�Uz�,S�@H#59?v60c'RS��30&���,�3060<0�S&D64��<0*[?�5V`
/
���
� A��S1���59��6q34����c'6434)���)�1���5rLS�Uz�,S�@H#5'6 � � A>�S1���59��60*[8�5^TnL � ]&¦4_ � ]&¦

���
� L`_�T>)Q3K/#: � � � X � 4 � 7AB����EF��59��5'64��64)Q30*[8�5�H#5'5V\

] *S�':2��,GCDc'67H�3=��598�606�5@H�3730�S&q/ ���=A>�S1���59��6^����Co����CM30:2��<0��H#60c'<7H�37H#62|
]^L ]&¦p_

���
� V _ � V � ]^L ]&¦p_�_ � ]^L���V � _g]&¦4_ N �M\ ��W

5v363 ]^:���59348BH#5'5'c'67H�3�*J/#59��59L�/#5@/k/0bv59���9305'�%60<0�'RS59��-0��59;�59)Q34���'1���5hH#6{EF���G/#5'AI/#:Q1�/�N&¦y60c'RS��37/.59����C���,gkvWU|
� nb]&¦p_ ��� � V ��� �� ] � n ��V � _g]&¦p_

��*S*+8�5h/#:
] � n ��V � _g]&¦p_ � Vp]&¦p_

����C���,S598�34)��I��&D1D�'1�/#59��,�3 � � � 2 TV1���5V\



�����
��� ªh�M
 �\ªh�"  ,"ª��6�?>�> < � � � � >�� ��� > � ®�� � >*>�� ���

24363 ] AIH�34�(LM�'&oH#5'5'c'67H�3�*J/#59��59L�/#5@H#,J/#&�H#6{EF���G/#5'AI/#:bH�37/M|
5
���
� � n � � �n ]�5�_

��*S*+8�5%5@H#60XJ/#64?S`SX�����Ca/.AIH�34�DLM�'&qH#5'5'c'67H�3���� ��5 T}��5%��&(1D�'1�/#59��,�3b\
�p363 ] XJ/#<0AI/�LM�'&oH#5'5'c'67H�3�-{��*S*+��59L�/#5@H#*+?�5

]�5
���
� V _

���
� t �

� V � ]�5�_
���
� t �

� t � ]^V � ]�5�_�_ �
� ]^V � � t � _g]�5�_

/�LS?DLM�'&q/�&�)�6
���
� H#60c'<7H�37H21�/#5V\

] *J/#59��59L�/#5V|
5
���
� ] � ¦©S Vc¦

���
� tN_ �

/.&DmS59348
���
� H#60c'<7H�3�HQ1�/#5V|

� ] � ¦ S Vc¦
���
� t7_ � ]�5�_ �

AI/�-0LB/=*+��59348
���
� H#60c'<7H�37H21�/#5�NF/Tt�TV,J/#&�AB����EF��59��598_&D� EP��-0��:2)Q30*+��,

x
,���A 30:2��<4��R[��5�/#:�����C���,S598�34)��_*J/#59��59L�/#5@/

A��@/#606�WU|
� ] �I¦;S Vc¦ � t � _ � ]�5�_ �

/ �STV&(� EF��-{��:2)Q346���5'XJ/#��C(1�/M|
� ]^V � t � _ � ]�5�_

��*S*+8�5%5@H#60XJ/#64?S`SX�����Ca/.&�)�6=��59L�/#5d����C���,S598�37)���� ��� � � TVAI/#5%��&D1(�'1�/#59��,�32\
��:Q:2��5�*+��5@H#6060�S&�/B&�)�<4LS)Q37�Q3r��&D1D�'1�/#59��,�$��@H#62`gc'��Ca��5'AB��,�LMXJ/#6P-��S&+`[X�����CoXJ/k/

Monad
��34:Q67H#5'C(6_/BRS<4����<7/�T

AB��:2?a/kAB��,J/�LM�'&(��3�64;�<01�)�,GC���&���6�60�930:Q64��59��60*+��,p67/#<0601�/IR+)�59L�H#,GC���34c'6P-0/M`%/#&D&���<_60�S5@/�-{LS��,S&�)�RSR+��,x����C bv59���9345'�
60<0�'RS59�UTV6=LS�Uz�,S�@H#5V\ # :2��&�H�3~AB)��K/#:>/#5@H#*S*S�%,�����C��QLM�'&q60�S5@/�-{LS��,�3�H#����6��93~AB��,J/�LM�'&D��3�64;�<01�)�,GCD,���&o,���1���:Q,S�V|

xs ���
�

return . f = fmap f xs

��:�/ bv59���9345'�h60<0�'RS59�.60�S5@/�-0LS��,�37H#�G/#�'*[?�5�&�;b1���60&���:Q�'&[`+c'��C
fmap

60�S5@/�-0LS��,�37H#�G/#�'6rEF��5'XJ/�30:Q,JH#5'1�/q/�EP��,(60��XJH#<4��A
AB��,J/�LM�'&D��3�64;�<01�)�,GCD*+8�5%�93~59��1���:2��60X���648S\
£`363 ]^:yH#5'5'c'67H�3B*S�':2��,(C(c'67H�37H#X���:O30:QmS&M34)��x59�Q30:�/Wbv59���9305'�=60<0�'RS59�y)Q3I/pAB��,JH�LS��&w��&D1D�'1�/#59��,�$��@H�-4H#,J/#&u*S�':2�#T
,GCDc'67H�37/#&���<v*+��1���:2��64��606r&���,�3460<0�S&�$��9?�<7/M\��^606 � � T}��6rc'��CaLS�Uz�,S�@H#5'60�S&[|pL � � � ]^L`_���� � `g<7H�/�L�H�30�S5�A��'1���5 � TV6
EPmS����1�)�,GC���&���,a/�AB����EF��59��598TL 5 M ��TVRJ/#5+/#:2��,���30c'64��6060�S&+`Gc'��C � ]^L`_�X���5'C���606QL 5 M �9]^L`_��93Yc'<0XJ/#64?S\D�y��346Y,�)�:Q:QmS&
/#:>H#5'5'c'67H�3~*J/#59��59L�/#5@H#,J/#&�H#6{EF���G/#5'AI/#:bH�37H#62|

¦ � ��� � ]^L�� � �E� _ � ]^L�� � �E� _ � ]&¦ � _ �
� �^EP�S,S&(64��<4��3�LS�Uz�,Sc9$��9?#-4HQ1�/#5%EF��5'CD67/#601�/M|

� ] � ]^L�� � �E� _������&� _g]&¦ � _ �



����� ��� �6®�� �Z�&�v® � � �P Z«n  �+B /t�c¡

 >¤® *eª¬¡\  > ,"  � �

A��'1���5df EP�S,S&(64��<2`�c'��Cq/�&���A�R+��:Qc9$��9?21�/#5d&�/#R+$Q34��5@/#64��3~60�S5@/�-0LS��,�37H#���G/#5V|
� ] � ]^L`_�� � ] � �E� _���� �E� _g]&¦ � _ �

��*S*+8�5 � *J/#59��59L�/#5'�h����CM34)���60�S5@/�-{LS��,�3�H#�GHQ1�/#5V|
� � ]^L`_g]&¦ � _ �

1�)���mS5 � ]^L`_ � L 5 M �9]^L`_YA��@/#6062|
� L 5 M �9]^L`_g]&¦ � _

/#A��'6�*S�':2��,(C(c'67/#,S�h&���5'59��6062\

�������ZY `"[]\l09` �U[ ��
 �T%���%�
�� 

�*,La(# [ )�+�,-%(#/.�%
fr��A &�/#R[$Q37��59?(LM�'&i34:2��<4��37/#,u/�64)�AIH#X���:�`�LS�IEP��,(64��3>AI/#64��AI/#60�'&�/#�~&�/#R[$Q34��5@/#6.1�/#,u/�AB��,JH�LS��&�)Q3�/#:o/�LDT
-{�S,S�GH#5'6vEP���G/#59��A &�;�:2;�6062\p� ��C�*JH#<�/K64�b1�H#*S*S59)�R+)Q30X���:B,S�',�$Q3�30:QmS&D37)���mS,S&�/#:��'606_59��c'<067/#&D<7/M`�A��',�LS��,S&�)�RSR[��,
��A�5'c'64)Q306~)�<4LS��AB��5',���&+\D]^:_/#5 EP��-0��:2��64��6n&D�'64��&D�',G64)Q30,���&K30:bH#,�-��S&+`�c'��CI64;�*S*KX���5'C���,o$Q37/#&��S67/#5'�S,S&K����C��Q3~H#5'5'c'67H�T
34��&K*S�':2��,GCDc'67H�37H#<7/M`�64�b1�H#*S*S�dR[)�59L�H#&D<7/M\
243�<N3&57398;:=<?>9@&A=B&C N%����C���, 
 )Q3 �i&�)�6n&�/#64����?�<0�@/M`G64�21�H#*S*JH � R 
 S �u)Q3�� R#��S 
 E��S,S&D64��<4��&[\G]=&D&���<
AB��,�L#-{�S&[`DX�����C ��*J/#5%/�L#-��S,S�GH#5'6P-4/n��TV,J/#&K)Q3��u-{��*S*a/�L#-{�S,S�GH#5'6P-0/T�hTV,���&+`GXJ/>59)�64��:Q�'&q��5'CG/#, � R=� [TS�� �
64��<0AB)Q30:2��64�Q3n60<7/#,�30:�EF��<0AIH�$��9?S`D/#A��'<4�=64��5 -{�Q30mS5V`�X�����C�A��',�LS��, f.kTf 
�TV*+��5'�J)Q3�f �©f ��TV*+��5'�J��*M-0��&(60�SA�<7/M`GA��',MT
LS��,;L Rok S�� � )�5'<4� 
�TV*J/#,q����C�)�<064��5'A�����,o59)�64��:Q�'&B��5'CG/#, d R � k$S � )�5E��TV*+��,%`(/#A��'<4�^64��5 -{�Q34mS5V`�X�����C+|
L � ��dLP � k>\
� *S<7HQ1�/#5V|

k ���c���c�c��
	
�jk

��
� �

� �
� k

� ��d � � �

L
� � � �\� �\�\��

�

d
�

] LS�Uz�,Sc9$��9?�/#,S,J/#&BEF��<0AIH#5'�93ZAB����EP���G/#5'AI/#:bH�3�/M`MX�����CI59)�64��:Q�'&I����CBtS6�/#:(L�)Q3~/1dB)�5[&�;�:Q60�+&���,(1���<0:Q�9?�<7/.tS��C�`
X�����C dK����C�)�<064��5'A���AB������59L�H�37/B/#:nL � �T]���_OP � k ����C���,S59��60,���&+\

# :2��&�H�3�/�LS�Uz�,Sc9$��9?�*J/#,�AB����EF���G/#5'AI/#:2��606�60�S5@/�-{LS��,�3�H#��<7/�/#:���
�� -{��59;�59)Q306.XJ/�30:Q,JH#5',S�V\�]^: ] �Q¯��P¯ � _XJH#<0AI/�306 �I� se|9>}rvG ~3� ,J/#&ONF/�L#-0���',G6�W~,���1���:Q:QmS&[`J)Q3 � /#:�/�L#-��S,S�GH#5'6 |}>9B3� -0/M\] LS�Uz�,Sc9$��9?B5@H#6430:2?�5@/#�K/�30:Q�'A�AB��60<0�'&(��3 �vTV*+��,a)Q3��=TV*J/#,%`�LS���'�G/#:>/.&�;21���60&���:28KH#5'5'c'67H�32|
243�<N3o2p3 � :��+� � N%����C���, � R 
 S � )Q3�� R7� S 
 &�)�6>EP�S,S&D64��<>tS��C�`�X�����C ��
��.`���&(&���<�59)�64��:Q�'&
����C�� R ��� S �µ[�� 64��<0AB)Q30:2��64�Q3k60<7/#,�30:�EP��<0AIH�$��9?S`Z/#A��'<4�a64��5 -0�Q30mS5V`�X�����CuA��',�LS��, d�R �jk S � )�5'X���:
����C�)�<064��5'A�����, 59)�64��:Q�'&�����C L Rck S � � )�5ntS��C�`�X�����C+|}d � �J� P�� L�\��{TV6�/#:a/�L#-��S,S�GH#5'6 A\�N|}>9B3� -0H#,J/#&
,���1���:Q:QmS&+\



����� ��� �6®�� �Z�&�v® � � �P Z«n  �+B /t�c¡

 >¤® *eª¬¡\  > ,"  � �

]^:�H#5'5'c'67H�3�64��5 -0�Q3~*S�':2��,GCDc'67H�37/�AB����67/#5@H#5'XJ/#64?��'�U"'TV*[��,%`��'606~64��<P-{�QLS��5'A�����&���&kA��@/#606�,���A EP����5@/#5'&���:Q�S,S&o1���59��\
�'�U"+34��&�)�<4LS��&��Q3YR+)�59L�H#6YX���:v/�L#-��S,S�GH#5'67/#&D<7/M\ 	�)�59L�H#�S5%/�L#-��S,S�GH#5'67/#&B37����c'6434)���)�1���5[LS�Uz�,S�@H#5'XJ/#64?�/�34:b/#*J/�LDT

37H#�IH#5'67/#5@H#,���3�EF���G/#5'AI/M`J/#:b/#:_59)�64��:Q�'&q��5'CG/#,�LS�Uz�,Sc9$��9?S`J/#A��%;�3434:2�UEP����-0/�/.30:b/#*J/�LoAB��,����9LS��&�/#62`J/>��<7H�E�H#5'67/#5
����,���<7H#5'6^34:b/#*J/�La&�/#64����?�<0�@H#&�/#6r)Q3�AIH�3�XJ/�37��,S59?�EF���G/#5'AI/#&�/#62\g��XSX���:./#:2��,(*J/#,y*+�_&���5'59��,���1���:2��60,(mS,S&y/.EF�UT
59��-{648KN�EF��<0����6{E��S5�W�EP�S,S&(64��<4��&�EF���G/#5'AIH#6��932\D����CBAIH�30�'&BR+)�59L�/�59��X���60,��v/>LM�'<4��&D6430:2��<0:b/#6ZE��S,S&D64��<�/�L#-{�S,S�GH#5'6P-4/M`
LS����XSX���:��93�64�21�H#*S*S�dLS�Uz�,Sc9$��9?�&(<7/B59��,S,���30:QmS&M34)���mS,S&+\

	���<430:2�_,���A AI/#<7/�LM�S,S&qR+)�59L�/.,�)�5'&(mS5V`�AB��<06�-{��59��,S59������EF���G/#5'AI/#�',S&D&�/#5%�93�*[�r60��L#-{�S&kA>�S67/#60,S��/#:_�',G1���<0:
EPmS����1�)�,GCDX���:�&�/#R[$Q34��59?DLS?B/�L#-{�S,S�GH#5'67/#&�/#62\g��XSX���:�1�����CDmS&o/�Ij]��j] � _ ¯/8�_~&�/#64����?�<0�@H#62`[/#A��',���&q��*M-0��&D60�SAI/#�
/#: # XJ/#5'AI/#:I<4)Q30:QXJ/#5'AI/#:b/#�V`h&�)�6���*M-0��&(60�SA &�;�:2;�6060�n)�5�R+�QLM�'��/#:Q6~-0��59��,S�V`%X�����Cx/#:I����CD�'&OXJ/#5'AI/#:I<4)Q30:2�K/
AIH�30�'&D,J/#&[`�/#:b/#:"L R � kWS � mvR+��,G64��37/#,i/#&D&���<_)�5�/k&�/#64����?�<0�@H#*J/#,%`+XJ/ � k 8 � mQ\�NP��:Q6�/k&�/#64����?�<0�@H#6_AIH#<
5@H#6060�S&a/.RJ/#<4$��@H#5'�93�<4��,�LS��:2)Q34��&q&�/#R[$Q3�H#,o�932\ W
�_H#5@/�3430:Q�S,S&q����C # )Q3=����CKfsXJ/#5'AI/#:Q62`g)Q3~1�����C(mS&o/GIj]��j] � _ ¯/8�_�)Q3 Ij]��j] � _ ¯/8�_~&�/#64����?�<0�@H#&�/#62\

]^:Q�S67H#,a59����C���,�L R � S � ����CkE�mS����1�)�,(C�`J)Q3~64��6430:28�59�����Q3 � k 8 � �Q34��64)�,a59����C���,
L �pm ] � kZ_ ��� � � �*� L ] � _ � � k �

/#:Y�',(1���<0:n&�)�R�E�mS����1�)�,(C�30:2��&�H�34��3%&D�'64��<P-0�Q30:Q64)Q34��XJ/#5'AI/#:2��&D<7/M\ f^CD�'5'1�H#,(1�/#59?�/#,.64��5 -{�Q34mS5V`2X�����C � k 8 � mh�Q37��64)�,
L �pm ] � kZ_ 8 L �pm ] � m _U`J/#A��'*+8�5h/#:��93~*+��5@H#60XJ/#64?S`�X�����C L �pm 1�/#59?#-0H#*J/#,�����CkEP�S,S&(64��<^/.&�)�6=&�/#64����?�<0�@/B&�;�:2;�6062\
����5'AB��<0mS5�/.&�)�<4LS)Q32`SX�����Cq1�/#,S,J/#&(T}�1L �pm TV,���&q/�L#-{�S,S�GH#5'6P-4/#�V\

] 1�H#5@/�30:v�'����,%`IL �pm TV,���&IA��',�LM&�)�6���59L�/#5'�d/�L#-{�S,S�GH#5'6P-0/.59)�64��:Q�'&+\ � /#5�/�L#-{�S,S�GH#5'6P-4/�/#:_/�EP�S,S&(64��<2`S/#A��%����C
XJ/#5'AI/#:QX���:./#: LO34:2��<0�',G60�%&�)�R+)�6>NPLM�'<4��&D6�&�)�RgWZ<4��,�LS��5'�V|

L � ] � ke_ ��� L ] � _ � � � � k �
fd��&D�',G6434mS&K�S��CG/#,S�93r/#:>/#5@H#*S*S�dLM�@/#��<7/#AB��62|

k �t�t�t�c�=�L � 	 L � k

��
� �

� �

L �pm L � k � L �pm �
� � �t�=�\�t�L �pm

�
�

] 30:2?�*J/#,MEF��<0��?k&�/#64����?�<0�@H#&a&DmS59;�,S59�����Q34��&y/#*S*J/#,p/#:�)�<064��59��A�*+��,%`gX�����C�&�)�6^XJ/#5'AI/#:.&�;�:2;�606^59����EF��5 -0��*S*
����Cl)�5r1���:2��60X���62`�c'��C /�&�)�<4LS)Q34�Q3 � RT�µ[�S L �pm L � 64��<0AB)Q30:2��64�Q3a60<7/#,�30:�EP��<0AIH�$��9?�6a$Q3�/#& ����CGEF)�59��&�)�RSR+��,LS�Uz�,S�@H#5'XJ/#6P-{�S& N�XS�930:2��,�59����EP��5 -0��*S*�����Cp1�H#5@/�30:Q67H�30�S,S&i59��X���6�/#:K)�59��&(<4�bWU\���XSX���:q$Q37/#&i/#:Q6>&���5'5Z*+��5@H#60,G�S,S&+`
X�����C&k )Q3TL �pm L � ]�k(__&�;�:2;�606.64)�,GCD59���O1�/#,�)�5V`h/#A��~/#:Q:b/#5Z��&D1D�'1�/#59��,�32`dX�����C&k 8 L �pm L � ]�k(_U`h��:kR[�QLM�'�p/EPmS����1�)�,GC���&aLS�Uz�,Sc9$��9?#-4/�A��@/#606�64��5 -0�Q30mS5V\

]^:Oc'��Cl&�/#R[��606 � 1�/#59?�*J/#,	64��<0AB)Q34:2��64�Q3o60<7/#,�30:�EF��<0AIH�$��9?S`~XS�930:2��,	XJ/�i 8:%�`�/#&D&���< L �pm L � ] iW_ 8L �pm L � ]�% _U`SLM�@/#��<7/#A�AI/#5V|

i � i � L �pm L � i

% �
� % �

L �pm L � %
�



����� ��� �6®�� �Z�&�v® � � �P Z«n  �+B /t�c¡

 >¤® *eª¬¡\  > ,"  � �

��:�R+��,G64��3�/#,y/.64��<0AB)Q30:2��64�Q3434)��kAIH�34�DLM�'&IEF��5'64)�64��59��\
�v�Uz�,S�@H#5'60�S& � TV62`MAIH#<�$Q3�/#&K/#:v&���5'5��'�G/#:2��5',S�V`SX�����Co/#:v��59378�LM�@/#��<7/#A *J/#5d/#5934?�)Q3ZE�mS����8�59�����Q3=)�59�v�S��CG/#,MT

/#&D&���<Z59)�64��:Q�'&o/#:b/#:�`MX�����C1k 8 L �pm ]��"_YR[��,(64��37/#,�/#&(&���<~64��5 -0�Q30mS5V`DXJ/TL �pm L � k 8 L �pm �q\ # :2��<4��,�$Q37)�<4����:v�93
/#:2��,S,J/#5%5@H#6430:Q�'&a/>EPmS����1�)�,GC���&aLS�Uz�,Sc9$��9?#-4H#*[?�5V\
L�� TV1���5S-0��59;�5 -�mS&o/#:>/#5@H#*S*S��EPmS����1�)�,GCD62|

L���] � k�_ ��� � � L �pm ] � � � _ 8 � k �
� ��5@H#60XJ/#64?S`�X�����Cq��:��93�EP�S,S&(64��<2`S)Q3^/#:���598�:28�X�;�:�XJ/�34��,S59?�AB��������,�LS��5@H�3737/#5d&�/#RM-��S&+`MX�����C;L �pm 
 L�� \
������������� � ���	�����	��
 �	��
 ����
���
 � ��� � � ��� 
 ��
��*� �
�v)���mS5%*S�':2��,GCDc'67H�3�,�)�5'&DmS5%&�;�:Q5'mS,S&q,�)�XJH#,GCa/.AB��,JH�LS��&a)Q3=/�L#-{�S,S�GH#5'67/#&q&�/#R+$Q34��5@/#67H#<7/�1���,J/#60&���:2?IH#5'5'c'67H�3462\
243�<N3��`3 � :��+� � N%����C���, ��R���S�
 )Q3 ��R�
 S � &�)�6�E��S,S&D64��<=)Q3�� 
 ��`�/#: � R
�µ["S ��� �S,S�'6067/#5�)Q3
/#: �*R ���$S:�µ[I$Q���S,S�'6067/#5V\g��&(&���<r/#: ] ���Q¯ � ¯���� �W_~����CKAB��,JH�L=
�EP;�59;�6062\
] *S�':2��,GCDc'67H�3r/ �v�(LM����AB��,(6{T}30:b/#*JH#5'C���&���,x/#5@/#R�30:Q�'&+`���:2��&�/.EP�S,S&(64��<4��&D&�/#5h)Q3~64��<0AB)Q30:2��64�Q3^60<7/#,�30:�EP��<0AIH�$�� T
?�&D&�/#5�&�/#R[$Q37��5@/#64��3~&���A�R[��:Qc9$��9?�&q60�S5@/�-0LS��,�37H#�G/#�'6=c'<P-4H#&K59��\�] <4)Q34:Q59��64��&kAB����67/#5@H#5'XJ/#64?�&x�'��"'TV*+��,%\

] 59��A�AI/�AB��,�L�/#,S�'1�/#59?#-0/M`�X�����C A��',�LS��,	/�L#-{�S,S�GH#5'60RJH#<oAB��,JH�LS��6aLS�Uz�,S�@H#5�/#: 
 &�/#64����?�<0�@/iEF;�59;�6062\
��,S,�)�5%64;�*S*��93~�'�G/#:�`S�S��CG/#,S�93�A��',�LS��,�AB��,JH�LMX���:�59)�64��:Q�'&q��5'CG/#,y/�L#-��S,S�GH#5'60RJH#<2`[/#A��'<4��/.EF��,G60��&���,�3060<0�S&�$��9?
/#:>/�LS��606�AB��,JH�LSL�/#5h����C���:Q�'&KAB����\

]^:_����C(�'&BAB����&�;�:2��5'c'64)Q3=��,S,���&I*S�':2��,GCDc'67H�37H#<7/B/#: �-B6~�:c>&- :=E�rI��q��p�vE�:©� ~&rv:.-9E�G
� �c� ~ &�/#R[$Q34��5@/#64��3b\�Nd�UT
��C���, � � ] � ¯ � ¯��}_Y����C�AB��,JH�Lo/#: 
 &�/#64����?�<0�@/_EF;�59;�6062\(����C ]�k ¯¬MI_�fZT /#5'����*S<7H#6��_T /#5'����*S<7H#,J/#&IXSc'1D�S,S&[`GXJ/
)�<01�)�,GC��Q37��&o/#:./#5@H#*S*S�dLM�@/#��<7/#AB��&[|

� ° k �Ok
� � k k � k � � k

� � � � ��
�� k

� M
�

M � k

M
� k

M
�

�_T /#5'����*S<7H#&x&�;�:Q60�YX���AB��AB��<{z�:QA>��34��& NP)�59��&�W�/�fZT /#5'����*S<7H#&x&�;�:2;�6060�nX���AB��AB��<{z�:QA>��34��&D&�/#5~����C���:Q,���&
AB����\���:2��&D&���5h/�LS�Uz�,Sc9$��9?�&D&�/#5�/ �vT /#5'����*S<7H#&o&�/#64����?�<0�@H#6^/#5'&���60,J/#&+`J/#A��'6 
���TV1���5S-{��59;�5'mS,S&+\

� ��5@H#60XJ/#64?S`�X�����C � R 
 � S 
 /#: ��]�k ¯¬MI_ � ke)Q3 �-L � LsLS�Uz�,Sc9$��9?�&(&�/#5~EP�S,S&(64��<2`�64�b1�H#*S*JH�/#:
�	R�
 S 
���`+/#A��'<4� ��k � ] � k ¯��Ok(_�)Q3 � L �$� Lp30:Q�',G64)�,yEP�S,S&(64��<2`g348�6=�'�G/#:�/#:��932`JX�����C � 
 � )Q3v/#:
��:�H#5'67/#5%����,���<7H#5'6^AB��,JH�LoR[��,(64��37/#, �I\

]^:���<4�QLMAB)�,S,GC���5�&�;�<0mS5'*+��5'mS5�����CD�9LS8�*+��, bv59���9305'�',���&a����CqAIH�30�'&qtS64��,y34�'&���<0mS5'6=*+��5@H#60,S�@/��S��CG/#,���:Q62\g���UT
:2�Q3430mS&o*+�>/ � � ] � ¯ � ¯��}_ �i&�/#64����?�<0�@/BEF;�59;�6060�hAB��,JH�LMX���:B/�� � �"] � _�&�/#64����?�<0�@H#6_/B&�;b1���60&���:28�&�)�RSR[��,%\
� ��*M-0��&D60�SAI/#�J59����C���,���& �a��*M-{��&D60�SAI/#�V\G����C k )Q3 � � &�;�:2;�6060�[)�5��gTV*+��,I59����C���, k )Q3 � &�;�:2;�6060�g)�5��rTV*J/#,%\
]^:lL R
k�S � � )Q3 dFR.��S � I �[TV*+��5'�g)�59��&D,���&.AB����EF��59��598��rTV*[��5'�[)�59��&.&���A�R+��:Qc9$��9?#-4/�59����C���,q/_&�;21���60&���:28
�[TV*[��5'�%&���A�R+��:Qc9$��9?�X���:�<4��,�LS��5'6^)�5V|

k L
� � � � d

� � ° I �0I
� � I



����� ��� �6®�� �Z�&�v® � � �P Z«n  �+B /t�c¡

 >¤® *eª¬¡\  > ,"  � �

]^:gk=TVX���:p67/#<064��:2?��9LS��,G60�'67H�3a)�5v59����C���, � k RTk S � k.\ � ��5@H#60XJ/#64?S`�X�����C � 1�/#59?�*J/#,s&�/#64����?�<0�@/M`~348�6
LS�Uz�,S�@H#5'XJ/#64?p&�)�6.EP�S,S&(64��<2| � R � S �s)Q3 �UR0� S � tS��C�`�X�����C��Lk � � k.` �-L � � � P � L NF/#X���5
L R
k$S�� �rTV*J/#,%`S/#:b/#:(L R
k$S � � �[TV*[��,%\Dfd�b1�H#*S*JH ��k � k	1�/#5@/#A��',G6PdFR6k S���TV<4���-d � � dUP � k.\��&D&���<=)�<01�)�,GC��Q3b`�X�����C�� 
 �.` �$� � P �I`�)Q3=/.����,���<7H#5'6�AB��,JH�L�AB�����',G6 �I\

fh��<P-{�QLS��5'A�����&���&>A��@/#606���:2��&���6�/#:~H#5'5'c'67H�34��&�/#6�,���A *S�':2��,(C(c'6P-{�S&[\h�^��CG/#,J/#&(&���<�A��',�LS��,S&�)�RSR+��,�AB���v&���5 T
59��606���A�5'c'64��,GmS,S&q8�&���62`S����CD<4)Q30:Q6=/#:_��<4�QLMAB)�,GC���&KEP��,(64��3437H#�G/.A��@/#6062`MAIH�30<4)Q34:Q6ZAB��<06=/.�v/�30&���5'5�AB��,JH�LS��&�/#6
/0bv59���9305'�%60<0�'RS59��34����c'6434)���)�1���5dLS�Uz�,S�@H#5 -{�S&[`J)Q3 � ��:2��,a&���<4�Q30:Q60mS5d�93�LS�Uz�,S�@H#5'XJ/#64?yN{���#"�WU\



� ��� � ������� ��	 �	

	 �	
�� �	
�� � 
 
2�
� ��
�� �K��� ��


��*S*+��, /yEP��-0��:2��60*+��,���CG/#&���<05@/#60�=AB?(LS30:2��<4��&D&���5~1D�':230�GH#5 -��S&u/�AB��,JH�LS��&�)Q3B/yEP�S,S&�$��9��,JH#5'�93�RS<4����<7/#AB��:bH�3
&�/#R[$Q34��5@/#67H#62\S]^:_/#5@/#RS����,�LS��5@/#6=���������B���������'64?�5%30:bH#<0AI/#:Q�'&+`D8.1���5'6=/#:_��59348S`S/#&D��/>AB��,JH�LS��&�/#6�&DmS59;�,G*+;�:28
30:bH#A�c'67H�34��&w/#*�30:Q60<7/#&�$��9?#-4/#&�)�,G6K&���:2LM64�aXJ/�34:Q,JH#5',S�V\Y] &�;21���60&���:28u/#5 EP��-0��:2��64��&(*+��,w64;�*S*lR[)�59L�H#,w&���<4�Q34:Q60mS5
1D�':230�GH#5 -��S&KAB����`SX�����Co/#:�����C��Q3�30:bH#A�c'67H�3460c'RS��34��&qA��'5'C���,y�Q30:Q&�;�:2;�&���6^/�LM,J/#&a/.RS<4����<7/#AB��:2?I&���:2)�*[��\

��598�34:2;�<r*+��A��S67/#6P-{�S&�/k�v/�30&���5'5h&�)�6_��598�<4��LS�Uz�,S�@H#5'6vAB��,JH�L#-0H#62`�/#:Q�S67H#,OAB����1D�':230�GH#5 -��S&+`[X�����CG/#,O59��X���6
�'A�R+��<7/#60c'1�,GC���5'1D����59��AB��&���6�)�RSc'64��,S��E��S,S&�$��9��,JH#5'�93_RS<4����<7/#AB��&D*J/M\�]^:>�'606r*[��A>�S67/#64��606>H#5'5@/#R+��6^AB��,JH�Lp����C
AIH�30�'&p/#5'&�/#5'AI/#:bH�34��59��X���648�34)���)�6�1D�':230�GH#5 -{�S&�AIH�34�DLM�'&yR+)�59L�H#,S&D*J/#,%`d/#A��'1���5�1���&(64��<4��&OXJ/#64)�&���,(C�&���:2��59)Q37)�6
1�/#59?�30c'60XJ/#6P-��S&�AB���OEP�S,S&�$��9��,JH#5'�93�,GC���5'1D*[��,%\Y��:Q:2��5^/�EP8ORS<4��*S59)�AI/i/#:�`�X�����C��S��CG/#, /#:a��5'1�/�37H�3�A��S1���59��6
&DmS59;�,�;�34��*S*�����,�L�,�)�5'&(mS5��'A�RS59��AB��,G67H#5'XJ/#64?S`Z/y1���&(64��<4��&���59��AB���',���&�)�<064)�&�/�L�H�37HQ1�/#5~RS<4��*S59)�AIH#&�1�/#,S,J/#&+|
����,�LS��5 -{�S,S&�$Q37/#&�/#<0<7/M`gX�����C�/�60�930:Q67H#,yE��S,S&�$��9��,JH#5'�93rRS<4����<7/#A�,(C���5'1���&(,���&�,S�',�$Q34��,���&a�93r)�<064)�&�/�L�H�3^A��S1��UT
59��64���V\

�y�'1���5Y30:QmS&M34)��o1�/#,i/#<0<7/M`%X�����Cp/q1���&(64��<>��59��AB���',���&O)�<064)�&���6�/�L#-��S,S&+`���:Q6�tS��Cp30:Q�'A>�S5@H#5'XJ/#6P-��S&+`%X�����C
/K1���&D64��<06�XJ/�30:Q,JH#59?qEPmS����1�)�,GC���&p����CDAIH�30,J/#&x/�LS���G/#6P-0H#&pH#6>/K1���&D64��<062`�A��',G6�RJ/#<7/#AB)�64��<062`h)Q3_XJ/K1�/#5@/#A��'6
1�H#5'64��:Q67/#60,S��/#&�/#<0�S,S&[`+/#&D&���<^����CoAIH�30�'&o1���&D64��<06v/�LM�S,S&o64�b1�H#*S*%\g�Y/#,S,J/#&���5'CG/#,O�Q34��64��&+`g/#A��'&���<_/�1���&D64��<
����CM30:2��<4�Q34��,xXS�'1�/#60&���:2��606.��*M-0��&D60�SAa\ �}5'C���,S&���<>AB����64��X���6P-�mS&+`%X�����COAB?DLS��30c'67H�30&���<�/#:I����)Q30:B1���&D64��<�t�-{<7/�T
)�RSc'64)Q34�oX���5'C���606k$Q37/#&u/�&�)�<4LS)Q37�Q3B��59��AB��6B1�H#5'64��:Q67/#6P-��S&+`Y/#A��'1���5~EP�S67H�30�~�9LS8�6B67/#&�/#<0c'60XJ/#60�S,S&uAB����\���,S,���&
/#:2��,G*J/#,x/#:�/�EF��5'64)�64��59��`gX�����Cy/B1���&D64��<v����CD30:2��<4�Q37��,yXS�'1�/#60&���:2��606v59����C���,%`+/#A��'6r,���Ae&�;�,S,GCD�O��5'59��,�8�<0�':Q,S�V`
LS��/.AB��,JH�LS��&o34����c'6434)���)�1���5h��59���GH#,�3�AB������59L�H�306^/�LM�S,S&a/�RS<4��*S59)�AIH#<7/M\

] XJ/#<0AI/�LM�'&o,J/#��C���*S*OR+)�59L�H#,S&�/�AB��,JH�LS��&a)Q3v/�&���,S&D�S<4��,�3�EF��5'CG/#AI/#64��&a&�/#R[$Q34��5@/#67H#6^1(�':234�GH#5 -0/M`J64��<{T
AB)Q30:2��64�Q34��,y��:Q6��93�����Cq30:bH#A�c'67H�3060c'RS��32`J/>EF��5'CD67/#67H�32`�34����c'6434)���)�1���5V\

�v)���mS5d<4;b1(�9LS��,�*[��A>�S67/#6P-��S&�/I�r/�34&���5'5 � �=TV6��932\ fr��A�$Q)�5'�S,S&�/B<4)Q30:Q59��64�Q3^��59��A�:2)Q3b`J$Q37/#&q,�)�XJH#,GC�/#5@/#RMT
EPmS����1�)�,GCD6=)Q3�����CM30:2��<0�S*S*oR[)�59L�H#6=A��S67/#60�S,S&+`�LS�v�'��C���&D34:QmS,S&K<7H21(�'5@H#��c'67/#,S��/#:��'A�RS59��AB��,G67H�$��9?�3^&�)�<4LS)Q34��&D<4�
�932\

] -{��59;�59)Q34<4��,�LS30:2��<0mS,S&x/q�r/�30&���5'5Y,GC���5'1p30:Q�',G67/��M�937H#X���:BXJ/�37��,S59?o59�Q30:�`�LS��XJ/�30:Q,JH#5'�S,S&O��<7/�z�&D��3�-0��59��&���6
N�R+)�59L�H#�S5

->
X���5'C���606 SwW�)Q3r��;�<4;��k*+��60�S&���62`[/#X���5�/#:�)�<060X���648�34)��qAB����&(c'1�H#,�-0/M\[����CoAIH�30�'&�&(mS59;�,(*�34)��q/ �

*+��60�oXJ/�30:Q,JH#5@/#67/I/��v/�30&���5'5 �STFE�mS����1�)�,(C����'*[��,O/�30:2��&�H�34��3 ��� �SX���5'C���6062\

���¬�1���W\ �l'�� []\ [F[ .�+ �9a�
(+T0
]�EF��-{��:2��6.64;�*S*S��<4)Q30:2)�*+��,u/�&�/#64����?�<0�@/���5'AB)�59��60�^30:2��A�59)�59��64��6.EP��5'1�H#5'6P-0/�/��r/�34&���5'5YEP�S,S&�$��9��,JH#5'�93�,GC���5'1��Q30:�T
&�;�:Q<4��,�LS30:2��<4��\g]=:�/#5 EF��-{��:2��6�����CD�'&q$Q)�5 -0/M`SX�����Cq����CK�S64��5934?�R+)�59L�H#6�A��S67/�3437��,y/.&���60648�&�;�:2;�6060�%&�/#R[$Q37��5@/#60<7/M\
b_��:2L#-{mS&k/_&�/#64����?�<0�@/���5'AB)�59��60���Q30:Q&�;�:2;�&(&���5%/#5@/#R+��37/#,BEF��5'64)�<0&�)�R+��:2��606Z5'�93467H#,J/#&B�r/�30&���5'5'*+�^60<7/#,�30:�EP��<0AIH#5@H�3�H�T
1�/#5V\S��A�59)�&���:Q64��60mS,S&y/.AB����EF��59��598 ]�� � ��� ¯ � ¯��}_~60<0�'RS59��LS�Uz�,Sc9$��9?#-0H#<7/M|

� � ��� k � �1k � kT]�k�� _



�����
��� � ��> ?&®��g®^®S,"ªh�M
 �\ª�� �6�

/#X���5V|
k � � � ��"�]�k : ��_

)Q3
� ]&¦p_ � I ��7 � ¦ � � �

1�)���mS5
� ]��2� � _ � �2� �

� ] I ��7 � ¦�¦ � _ � ¦ " " � ]&¦ � _
�v/�30&���5'5'*+��,�/ibv59���9345'��60<0�'RS59��/#5@/#&���6~XJ/�30:Q,JH#5 -��S&+`M64��XJH#6~1�)���<4�v&���5'5+XJ/�-�67/#,(�S,S&a/�60<0�'RS59� S bv59���9345'��60<0�'RS59�

60<7/#,�30:�EF��<0AIH�$��9?�62`Mc'��CK/#:Q6�/F]�� � ��� ¯ � ¯����e_}T}��6�&�/#RM-��S&+`S/#X���5�/�AB��,JH�LM*J/#,a30:2��<4��RS598 � � ��� T}��6ZAB����30:2��<0c'64��6060�S&/.60c'RS��34��&D<7/M` � TV6�AB����67/#<064��6060�S&a)Q3�L � � � � ��� ]^L`_���� � � 5 M �9]^L`_���� ��`�/#:WL�R6k$S � ��EPmS����1�)�,GCD<4��\
] LS�Uz�,S�@H#59?�EP�S,S&(64��<~AB����EF��59��5h/.&�;b1���60&���:28I60c'RS��34LS�Uz�,Sc9$��9?�,J/#&+|

�}�����
List a = Nil | Cons a (List a)

�y�'1���5_/��v/�30&���5'5v*[�Q)�RSc'64��606o5'�9346K60c'RS��3�/�/�64;�AB;�<4��*S* :bH#<4?#-0��59�Q3a/#5@/#&���6oXJ/�30:Q,JH#5 -4/M`Zc'��C /�64�21�H#*S*S�@/#&(*J/#,
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A=~&�Iy�y
Monad m �

4¥:tE�:
( ���

�
) :: m a

S
(a

S
m b)

S
m b

return :: a
S

m a
( ��� ) :: m a

S
m b

S
m b

fail :: String
S

m a
m ��� k = m ���

� �
x
S

k

] EP��,(60�9��&o/#5@/#RM-4H#,y/.&�)�6�59����EF��,G64��3�/#*S*aA��S1���59��6^R[)�59L�H#,(C���30c'67H�37/�5'�93467H#&(<7/M|
B6>¥y/��� >}A\:

Monad [] �
4}:=E�:

xs ���
�

f =
�
(map f xs)

return x = [x]

]^A��'*[8�5 �xLS�Uz�,Sc9$��9?#-4HQ1�/#5�/�LS?DLM�'&[|
B6>¥y/��� >}A\:

Monad [] �
4}:=E�:

(x:xs) ���
�

f = (f x) ++ (map f xs)
[] ���

�
f = []

return x = [x]
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f
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�p36573o2p39q�:=rtse:=rvu`w\x=y ]

���
� &(� EF��-{��:2)Q3k)�<064)�&��a<4;���:Qc'64��606

M
R[��5'�'AB��<{E�60c'RS��3k�Q34��64)�, 1�/#5@/#A��'5'C���,

M b60c'RS��30t�)�<064)�&[\g] 64�b1�H#*S*S�@/#&D*J/#,p/�&�;21���60&���:28K64��<0A��',���59?����@HQ1�/#5�)�5'mS,S&[|g����C
M b

��59��AB��6 � �7>}�I�?B3�`|}y"y�w=Gc�
� @3��GIy ,J/#&v,���1���:QmS,S&+`b)Q3d/#*S*J/#,�/#:Y�Q34��60*+��,%`QXJ/=/Z&D� EF��-{��:2)Q3d,���<0AIH#5 EP��<0AIH#*J/#,.1�/#,%` � �7>}�I�?B3�`|}yPx=E ��x.� &�)�,G6
�93�XS�'1�/#60&���:Q�S,S&><7HM\��y�'1���5S/^R+��5'�'AB��<{E[60c'RS��37��&�EF��5 EP����XJ/#64?�&>&(mS59;�,(*[;�:28v&���,(64)�,���<4��&(&�)�,(62`(/^AB��,J/�LM�'&(��3Y)�<064)UT
&���&�1�/#5@/#A��'5'C���,B/#5@/#RS60c'RS��30*[��5'�S��*M-0��&(60�SAB��&�/#6�67H#<4��5'XJ/#60,J/#&[\�]�AB��,J/�LM�'&D��3�30:bH#A�c'67H�3�64;�*S*S,GCD�'<4��1�/#5@/#A��'5'C���,
���
� &D� EF��-{��:2)Q32\G]=:r��5',���1���:2)Q306�/ � �~A>�S1���59��6064��5�1�/#59?�&�/#R+$Q34��5@/#6067/#5[�',�LS��&���5 -��S&+`M/#:rH#60c'<7H�3ZA��@/#606n�S��CG/#,S�93

����Cx��5'CG/#,�34:2��&(1���,�$��@H#5'�93.30:bH#A�c'67H�3434��<4��:b/#6^-0;�,x59)�60<4��`�/#A��'*+��,�/o&(� EF��-{��:2)Q34*[��,o-0��*S*S<7/�H#5'59?
���
� A��S1��UT

59��64��&�/a*J/#59��59L�/#5Z&D�9)�<064)�&���59)Q301���5�&�/#R[��606>AB��,J/�LM�'&(��3�)�<064)�&D648�5nEPmS������,���&+\h]�60c'RS��30&���,�3460<0�S&(64��<�&DmS59;�,G*+;�:28
AB����1�H#5@/�30:Q67H�37HQ1�/#5d&DmS59;�,G*+;�:28�AB��,J/�LM�'&D��3=30:bH#A�c'67H�37��&(<4?�5%*+�Q30:2)�5'X���60mS,S&+`S,�)�XJH#,GCqR+)�59L�/M|

� /#: M a =
�

| a
60c'RS��3~AB��,J/�LM�'&D��3=34:bH#A�c'67H�37/#�%RJ/#<4$��@H#5'�93=34:bH#A�c'67H�30&�)�,G6=EP����XJ/#64?�&KEF��5 s

� /#: M a = a | e1 | e2 | e3
&DmS59;�,G*+;�:28�&(�'1�)�64��59��&���6^&(�'1�H#5'64?�30:bH#A�c'67H�34��&�/#6�-0��59��,G60X���6us

� /#: M a = Set a
<4��RS<4��:2��,(67H#5'XJ/#6P-0/K/�,���ABLS��64��<0A��',S�930:Q60�'&D��3^34:bH#A�c'67H�34��&�/#6us

� /#: M a = S
S

(a, S)
AB��5'59)�&DXJ/#67H�34��&q&���:2��59)Q34)�<4��XJ/�34:Q,JH#5'XJ/#64?S\

��:������������! #"d$��'&D&�)�,���&a/#5@/#R[;�6059��64��`�)Q3^/�&�;21���60&���:28K/#5 EP��-0��:2��64��&(*+��,o64;�*S*+��6��93~AB����1D�':230�GH#5'�S,S&q&�;�:QmS5'mS&[\
] 5'�93067H#&D&�/#5�&�/#R[$Q37��5@/#64��3��[��<0AB��59�#Tµ�S<7/���,S&���5�N{� ��"�WZXJ/#5'AI/#:Q&D� EP��-0��:2)Q34��&K60�S5@/�-{LS��,S&�)�RSR+��,y����C(T}����CqAB��,J/�T

LM�'&D��3�30:bH#A�c'67H�306�c'<0,J/#&K59��\S������CDmS&kR+)�59L�H#�S5h/�&�;b1���60&���:28B&D� EP��-0��:2)Q3062|
[(x,y) | x � [1,2,3], y � [1,2,3], x /= y]/#A��',���&xN�AB��,J/�LM�'&(��3UW�)�<064)�&���|
[(1,2)(1,3)(2,1)(2,3)(3,1),(3,2)]] 30:b/#*JH#5'C���& 30:2��<0�',G6a/�XJ/#5'AI/#:Q&D� EP��-0��:2)Q34��&D*[��,s1��Q3430:28b1���5_��5'1�H#5@/�30:Q64��606q&���A�R+��,���,�34��&l$Q3�/#&l/xAB������598�:28

&���A�R+��,���,�34��&(648�5DEPmS����X���60,���&[\
x
T}��6�)Q3

y
TV6 rv:c>¥:tE�G����7E ,J/#&�,���1���:Q:QmS&+`�/#:

x/=y
&(� EF��-{��:2)Q346hR+�QLM�'� y�w.�}E 2 ,���&[\

]	EF��,G60��&D� EF��-{��:2)Q3�A>�S&�;(LS)Q34��/.&�;b1���60&���:28S|g/#:
x
����,���<7H#64��<=*[�UEP�S6P-0/�/#:

[1,2,3]
5'�93067/���59��AB���'62`S)Q3~A��',�LS��,

��59��A�<4�k1�)���<4��XJ/�-�67/O/#:K�S67H#,J/a&�;b1���60&���:28O<4)Q30:2��&���62\h����Cx<4;���:Qc'64��606
x
AB��5'59��606

y
�93�EF��5'1��Q30:q����Cx��59��AB��6B/#:

[1,2,3]
5'�93067H#*[?�5�)Q3_��5'59��,�8�<0:Q�Z/#:

x /= y
EF��5'64)�64��5'62`%/#A��',���&y64��5 -0�Q30mS59)Q34���Q34��64)�,i/#:

(x,y)
RJH#<_*+��&���<0mS5

/#:���<4�QLMAB)�,(C(6�67/#<067/#5'AI/#:2?I5'�93067H#*J/M\
fr)�:Q:QmS&[`�X�����CG/#,ac'<0XJ/#60,JH#,S&KEP��5��S��CG/#,���:Q6v/

���
� A��S1���59��6^37����c'6434)���)�1���5V|

[1,2,3] ���
�

(
�
x
S

[1,2,3] ���
�

(
�
y
S

return (x/=y) ���
�

(
�
r
S

case r of True
S

return (x,y)
_

S
fail "")))

� 606_&���5'5�AB����-{����C���:Q,(mS,S&[`dX�����CO/K5'�93067H#&D<7/oLS�Uz�,S�@H#5'6
fail

A��S1���59��6�/#:BmS<4�Q3_5'�93067H#6./�L#-0/q��<4�QLMAB)�,(C(mS5V\
] &D� EF��-{��:2)Q3BH#60����,�LS��5@H�37/p59����C���,l/#:a��5'1�/�37?�EP��5@/�L�/#67/M`�/#:oA��',�LS��,��Q34��60<4�B-{?�5�5@H#6430:Q�'&�/�R+)�59L�H#*[?�5V`�X�����C�/
XJ/#5'AI/#:Q&D� EP��-0��:2)Q34��&I/#�S64��AI/#60�'&D��37/#,KH#60c'<0XJ/#64?�&

���
� A>�S1���59��64��&(&���5[EF��5'c'<06�AB��,J/�LM�'&D��3n30:bH#A�c'67H�37��&(&�HM\G�y� T

1���5�AB��,JH�LS��&�XJ/�30:Q,JH#5@/#67/#&���<v��CG/#&D<7/#,�&���5'5 �STV&(� EF��-{��:2)Q37��&���6^c'<0,(�S,S&[`�/#A���<4��,G6P-4/k/I&�?(L���5'1�/�30XJ/#64?�37H#�GH#62`�/
�v/�30&���5'5SEF��-�59�Q30:Q648��g*[��1���:2��6064��&B����C�30:Q�',(67/#&(60�'&�/#�g��59��AB��62| �9� TV&(� EF��-0��:2)Q34��&���62\G]^:^/#5@/#RS����,�LS��5@/#6~/_&�;21���60&���:28S|
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�}�
p � e1; e2 = e1 ���

� �
p
S

e2

�v�
p
X���5'C�)�,a,���A $Q37/#&K1�H#5'64��:2?S`�XJ/#,���A 64��6430:28�59�����Q3^A��',G67/kH#5'5'XJ/#62`J��&D&���<=��598#EF��<4LM�S5'XJ/#62`�X�����Ca/�*+��AB��,���6

,���A �'5'59�Q30:Q&��QLM�'&�/�A��',(67H#<7/M\b��*S*+��,./#:��Q37��60*[��,>/~<4��,�LS30:2��<h/
fail

E�mS����1�)�,(C(6hXSc'1b-4/M\2]�R[��,(64��37/#*S*�LS�Uz�,Sc9$��9?
64��XJH#62|

�}�
p � e1; e2 = e1 ���

�
(
�
v
S A=�Iy�:

v
�7H

p
S

e2; _
S

fail "s")

]^X���5
"s"

/�XS�'*J/.EF��5'59)�R[)Q37)�,���&kX���5'C�)�6�c'<0XJ/#6P-4/�59��\
	�)�59L�H#�S5�/.EF��,G60�dXJ/#5'AI/#:Q&(� EF��-{��:2)Q3^H#60c'<7H�37/M|

�}�
x � [1,2,3]
y � [1,2,3]
True <- return (x/=y)
return (x,y)

��:>1�/#59?�*J/#,k-{��*S*J/#,���5'1�/�34XJ/#64?S|
x
34��<0*J/#,aEF��5'1��Q30:Q��/#:>��59��AB��&���62`gA��'&�;�:Q*[��,

y
�93=*[�UEP�S6P-0/k/�5'�93067H#6r)Q3=XJ/k/#:

[x/=y]
5'�93467/aNP��A�59)�&���:Q:QmS,S&a��:

return (x/=y)
-0��59��,G64)Q37�bW�1�/#5@/#AB��5'C(�'&xNP����C���6059��,gW~��59��AB���'5'59�Q30:Q&��QLM�'&�/

True
&(� EF��-{��:2)Q34<4�BN�64��XJH#6=�'�G/#:�WU`J/#&D&���<=/#:���<4�QLMAB)�,GCDX���:�1�����CDmS&KX���:Q:bHI/#:

(x,y)
RJH#<062\

fh��XJH#6�/�XJ/#5'AI/#:Q&D� EP��-0��:2)Q34��&���6.&�)�6>AIH�30�'&iAB?(LS��,��93�EF��5Y60��LM60�S&ic'<0,S�V\h]�XJH#<4��Ae-0��59;�59)Q30<4��,�LS30:2��<.,���A
��&D1(�'1�/#59��,�32|�/�AIH�34�DLM�'&l&���60648b1���5�EF��5'c'<0XJ/#64?�& ��5'CG/#, &(� EF��-{��:2)Q37��&[`~/#A��>/#:x��59348b1���5�,���Aa`~<7H�/�L�H�30�S5>��:2��&���6
64��6430:28�59���BAB��,JH�L��Q34��64)�,a�93~XJ/�30:Q,JH#5'XJ/#6P-{�S&o�r/�34&���5'5'*[��,%\

����CqAIH�30�'&q��598�<4�QLS�Uz�,S�@H#5'6^�v/�30&���5'5%AB��,JH�Ly/.&�;21���60&���:28S|
�}�����

Maybe a = Nothing | Just a

B6>¥y/��� >}A\:
Monad Maybe �

4¥:tE�:
Just x ���

�
k = k x

Nothing ���
�

k = Nothing
return = Just
fail s = Nothing

��:~/=AB��,JH�L>30R+�Q$��@H#5'�93��Q34��64��/~&D�'1�)�64��59��&�30:Q�'A��S5@H#5@H�3�H#<7/=XJ/�34:Q,JH#5'60,J/#&[`�/#A��'6�/�&�)Q348�*S*S�9��&D*+��,><4)Q30:Q59��64�Q37��,
�930AB��<064��60mS,S&+\�] AB����EP��59��598 bv59���9345'�%60<0�'RS59�vEF��5'c'<7H�37H#6^/#:���5'1�/�34?�<7/�XJ/#��C�-��S&+\

���µ������.�'�\R_�%m[
��� ��� \l#��T`0\�#�\l.(\�0
��*S*+��,x/#:�/#5 EF��-{��:2��60*+��,�����"�$��'&D&���/#5@/#RM-0H#,O*+��A��S67/#6P-{�S&[`[X�����Ca*S�':2��,(C���3��Q34��64��&D*[��,�X�����CG/#,O&�;�,S,GCDc'60X���60�'&
AB���>/rAB��,JH�LS��&�/rRS<4����<7/#AB��:2?�&B)�59��64)�62\\�S�S,S&�$��9��,JH#5'�93nRS<4����<7/#AB��&�c'<7H�37/#&���<��9LS8�,S&�)�,G6n��5'CG/#,BRS<4��*S59)�AIH#&(*J/
mS60&�;�:QX���60mS,S&+`�/#A��nA��@/#606�/#:q/�LSLM�'���nA>�S,S&�H#,S&p,J/#��Ci<4)Q30:2)�6�64��5 -0�Q34��,�H#6>&���5'5Z3460<0�S&(60�S<7H#5',S�V\�] -{?�5nAB����c'<06
RS<4����<7/#AB��6.64;�*S*[��&p&�;�:2;�606�/oRS<4����<7/#A EF��5'CD64��,���3437H#�GH#,J/#&i/#5@/#R+��5'1���NF/#X�����Cw� ��"Y,���1���:Q��W~-0��5'59��A�:Q�V\d��:q/#:Q6
-0��59��,G60�V`+X�����Cp/BEF��5@/�L�/#6_&D�93^AB����1�H#5'64��:bH�37/a/kRS<4����<7/#A>*J/#,i�93v$Q37/#&�&D�93v1�H#5'64��:Q67/#67H�34��&�/#6_64�Q34:�34:QmS&D34)����Q3734)�\
] 64�b1�H#*S*S�@/#&D*J/#,x����C��Q34��6067/#,(�S5'AIH#,GC���,x&���<4�Q30:Q60mS5�1D�':230�GH#5 -{�S&aAB���a/BAB��,JH�LS��&�/#6�/#*S*[?�5�/K30:2��A�R+��,G60*+?�5V`
X�����CKAB��,S,GCD�'<4��&�)�R+�Q34��&q/#:>��5'1q/#5'&�/#5'AI/#:bH�37H#6=��598�34����c'64��,S�V\

����"[&(5@/�3434:Q�'&(��3nR[)�59L�H�-4/�/�AB��,JH�LS��&�/#6�����C�&D� EP��-0��:2)Q3�&D�9)�<064)�&���598�RS<4����<7/#A>*J/#,oXJ/�30:Q,JH#5 -4/vEF��5V\Gfd����CDmS&�EF��5V`
X�����Co/�RS<4����<7/#AB��6r/.&�;b1���60&���:28�&a30:2��<0�',G6�&���5'5dAB?(LS��30c'67/#,(�S,S&[|
N���WK1���:2�Q3730mS,S&q*[�vXS�'*J/#&���:2��59)Q306r/�,G�S5'5@H21�/#5h1�/#59?���30:Q67H�3�&���:2��59)Q34)�<4�=s
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N��'��Wq34:bH#AB��5 -��S&qAB���I/�&D�9)�<064)�&���59)Q3=34��<7H#,a��5'1�)���:2��606r��30:Q67H�34��&�/#6us
N��'�'��Wo/�L#-{�S&KAB���k/�&D�9)�<064)�&���59)Q3=34��<0<4��,�L#-0)�6�N�,GC���A�&�;b1���64)Q3�WU\
����C��'A�R+��<7/#60c'1�,(C���5'1(*+��,%`�1�/#��Cu/#:a��5'CG/#,�,���A�60�934:Q67H#,uE��S,S&�$��9��,JH#5'�93I,GC���5'1���&D*[��,%`�A��',(6BR+)�59L�H#�S5^/#:

# �gNi/>EP��,(60�%AB?DLS��30c'67H�34��&K,���A ��&���:Q,JH#,J/#&K&DmS59;�,�;�34��*S*a:b/21�/#<06r/.RS<4����<7/#A�30:2��<0&���:2��64)�*+��,%`�)Q3~A��',�LS����CD� T
&���6�����CM30:2��<0����,aAB�����93���59LMXJ/#60,JH#,S&q&D�'1�)�64��5'&���:2��59)Q3434��5V`S1�/#5@/#A��'5'C���,a��59��*JH#5'�93�1�H#5'64��:2?�XJ/�30:Q,JH#5@/#67H21�/#5h�'5'59��601��
���S60RS�S6�&(�'c'<7H�3�HQ1�/#5V\(f��930:Q67H#,kEP�S,S&�$��9��,JH#5'�93n,(C���5'1���&(*+��,a/#:2��,G*J/#,a/�X���5'C(:2��6�����CGH#5'67/#5@H#,q,���A��'5'C���,q����CD34:2��<0�%|
/�EP��5@/�L�/#6ZEF��,G60�[AB?(LS��30c'67H�3�/#��/#:v;�3430:2�Q3n<4��&D�S<0:Qc'1IXSc'1�H�3ZH#67/#5@/#&Dc'67H�37H#6�-{��59��,(64��,�)�&[`Mt�-�RJ/#<7/#AB)�64��<4��&���6=&���5'59��,��
*+��1���:2��60,S�V`�)Q3���:2��&���6=AB����EF��59��598D��,a&���:2��5',S�V`S64�21�H#*S*J/�LM,S�V\

]�AIH�30�'&pAB������59L�H�3�/�AB��,JH�LS��&xXJ/�30:Q,JH#5@/#67/M\�]^:K/#5 EF��-{��:2��6>AIH�34�(LM�'&OEF��59)�*+��,�AB����A>�S67/#6P-��S&+`�X�����CG/#,
3060<0�S&D60�S<7H#5'XJ/#6P-��S&OtS��Cp/KRS<4����<7/#A��S,S&�/#62`%X�����Cx/#:�t�-v&�;21���64��5'AB)�,GC���&�$Q37/#&�/KAB��,JH�Lpt�-{<7/�LS�Uz�,S�@H#5@H�37H#6.)Q3
,�)�XJH#,GCi59��&�H#5'�93�1�H#5'64��:Q67/#67H�306.64����C���,���&x30:QmS&M34)����Q3434)�\d]=:k�'606�*[��A>�S67/#64��606�AB?(LS30:2��<4��&O,���A $Q37/#&p��*S*[��,u/
1�)���59��64��&D�'�r59�Q����CM30:2��<0��30c'64��606�R+)�59L�H#*J/#,�H#5'5 -4H#&_AB���_/�X���5'CDmS&���62`#/=��5@/�30������TV�D����C���64��A RS<4����<7/#AB��:2?��S�93���:2��&���6
/#5'&�/#5'AI/#:Q67H#&[`SA��'&���<r/��r/�34&���5'5+EP��<4LMc'64?�RS<4����<7/#Av-4H#6=c'<067H#&KT�64��<0AB)Q30:2��64�Q34��,��r/�34&���5'5'*[��,%\
��������������� ��
�� ����
�� �
] &�/#5'&D�S5@H#64��<�64��<0AB��&o)�<064)�&�)�6=XJ/#67H#<4��:Q:b/BAB����\�]=:�����CM30:2��<0��34)��I&��QLM1�)Q)�<06r/.64��<0AB��&q60c'RS��37H#6^LS�Uz�,S�@H#5 -{�S&a/
&�;21���60&���:28�&�)�RSR+��,%|

�}�����
Term = Con Int | Div Term Term

����Co64��<0Ae64��XJH#6=59��X���6v����Co&���,�3067/#,�3
Con a

`g/#X���5�f
a
f>����Ca����)Q30:>30:bH#Aa`J1�/#��Ca����Co64;�<062`

Div t u
`g/#X���5

t
)Q3
u
64��<0AB��&+\���/#�G/�/�&�/#5'&D�S5@H#64��<��93~,J/#��C���,�����CM30:2��<0�%|

eval :: Term
S

Int
eval(Con a) = a
eval(Div t u) = eval t 	 eval u

]^:
eval

EPmS����1�)�,GCi64��XJH#6>64��<0AB��&DX���:K����)Q34:K30:bH#AB��&�/#6.<4��,�LS��5V\h�v/�/�64��<0A ����Cp&���,�3467/#,�32`�/#&D&���<�/#:
)�<064)�&y/I&���,�3067/#,�3_)�<064)�&���`[XJ/I����C�64;�<062`+/#&D&���<�/I34:bH#A�5@H#59?K)Q3v/I,���1���:28qXJH#,GCG/�LS��37H#6�/�L#-4/I1D�93430:b/M\g] 	 /#:
����)Q30:2��30:Q67H�346�-{��59;�5'�V\

fr)�:Q:QmS,S&q,�)�XJH#,GCqR[)�59L�H#62|

answer, error::Term
answer = (Div(Div(Con 1972)(Con 2))(Con 23))
error = (Div(Con 1)(Con 0))

�v/.��:Q6Z59�UEP�S6067/#6P-{�S&[`S/#&D&���<
eval answer

��<4�QLMAB)�,GC��
((1972 	 2) 	 23)

`M/#:b/#:
42

59�Q30:�\D���'1���5
/.&�/#5'&(�S5@H#64��<�,���A EP����5@/#5'&���:Q�'&qXS�'*J/#&���:2��59)Q3434��5V`Jc'��C

eval error
��<4�QLMAB)�,GC��>,���A LS�Uz�,S�@H#5'62\

������������
 
 

������
 ����� �*��� � 	�� � ����
 ��������
 ��

fd����CDmS&pEF��5V`%X�����CptS��Cp&���5'5�/oRS<4����<7/#AB��6�AB?(LS��34c'67/#,G�S,S&+`dX�����Ci/a&���:2��5 -{�q/o,(�S5'5@HQ1�/#5Z1�/#59?���34:Q67H�3062`d)Q3�/
EF��,G60�JAIH�37�(LM�'&�R+)�59L�H#*J/#,k1�/#5@/#A��g)�<060X���648>XS�'*J/#mS:2��,���6064��5�30:2��5'�GH#5 -0��,K/vEF��5'XJ/�30:Q,JH#59?.30:bH#AIH#<7/M\D]=:��'A�R+��<7/#60c'1
,GC���5'1D�d�Q30:Q&�;�:2;�&q&�;�:QmS5h/.&D�'1�)�64��5'&���:2��59)Q3^,GCDt�-�67/#,J/���59���GH#,�3=AB������59L�H�306^/.RS<4��*S59)�AIH#<7/M\
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����C�60�930:Q67H#,�EP�S,S&�$��9��,JH#5'�93v,GC���5'1D*+��,O/I&(�'1�)�64��5'&���:2��59)Q346_/#:.�S,S�9?k60c'RS��30&���,�3060<0�S&�$��9?q34����c'6434)���)�1���5�30:Q�'A>�MT
5@H#5'XJ/#6P-{�S&o/.&�;b1���60&���:28�&�)�RSR[��,%|

�}�����
M a = Raise Exception | Return a��u`� :
Exception = String

����C
M a

60c'RS��30ti)�<064)�&p1�/#��C
Raise e

EP��<0AIH�-{t%`h/#X���5
e
����CO&D�'1�)�64��5V`%1�/#��C

Return a
TV1�/#5Z����C���,S598

1�/#5@/#A��'5'C���,
a
TV<7/M\�N6���'��C���5 -�mS&kAB����`(X�����C

a
TV6�&�)�6�&(mS59;�,(*[;�:28�)�<064��59��A�*+��,a�93ZXJ/�30:Q,JH#5 -{�S&[|M����CM30:2��<Z60c'RS��301�H#5 T

64��:2?�&�)�,G6
M a

TV*J/#,%`�)Q3=/#:
a
60c'RS��3=��59��AB���'6=*[�UEP�S64?�1�H#5'64��:2?�6=�93~c'��C�-0��59;�5'60mS&+\ W

����C�30:2?�/ � L�/#67/ ��)Q3 � 6}CDR[� �nLS��&(5@/#<7H�$��9?�&�&�;�:Q60��&DmS59;�,G*�37)���<48�5V\n] � L�/#67/ �YLS��&D5@/#<7H�$��9?xt�-�60c'RS��306I1���:2��6
*+��`�-0��59��,��Q37��60*[��,O�aT}��62`+)Q3^t�-r/�L�/#60&���,�3060<0�S&D64��<4��&�/#6�LS�Uz�,S�@H#5�/I60c'RS��34)�<064)�&���&�59)�60<4��X���:bH�37H#X���:aN

Raise
)Q3

Return
WU\�] � 6}CDR[� �MLS��&D5@/#<7H�$��9?�&K$Q37/#&K����CIt�-Z,���1���6~/�LM,J/#&o/>AIH#<~59)�64��:28�60c'RS��34��&k34:bH#AIH#<7/M`MAB��306�R[)�59L�H#�S5

/
String

T}��6v��5',���1���:Q60mS&
Exception

TV,���&[\
] &�/#5'&D�S5@H#64��<0<7/#5d��59)��I����CM30:2��<0�yH#6064)�<0,S�h��<0<4��/.<4��RS<4��:2��,G67H�$��9?�<7/M|

eval :: Term
S

M Int
eval (Con a) = Return a
eval (Div t u) =A\�IyZ:

eval t
�7H

Raise e
S

Raise e
Return a

S
A=�Iy�:

eval u
�7H

Raise e
S

Raise e
Return b

S
B�H
b == 0�)4¥:c>

Raise "osztás nullával":t~&y�:
Return (a 	 b)

]^:.��1�/#5�E�mS����1�)�,(C�A��',�LS��,OXSc'1�H�3�/#&���<v��5'59��,�8�<0�':Q,S��&���5'5�/#:���<4�QLMAB)�,GCD62\��v/k/kA��S1���59��6_&D�'1�)�64��5'6v1�H#5'64��606v&D�V`
/#&D&���<r/#:Q6=&���5'5ht�-�<7/B&(�'1�H#5'67/#,S�V`�XJ/B,���Aa`g/#&D&���<r/B&�/#R+��606=��<4�QLMAB)�,GCD6v&���5'5%EF��59LS��5'����:Q,S�V\g]^:�t�-���1�/#5 TV6r/#5'&�/#5 T
AI/#:Q1�/

answer
TV<4��/#:~��<4�QLMAB)�,(C

Return 42
`#A�c'�

eval error
)�<064)�&��

Raise "osztás nullával"59�Q30:�\
������������� ��
 � � 	 � ����
 ����� �*��� ��
 
�� ����� ��� � �	
 � 

����59��-{6430mS&u��5�����C�RS�'5'5@/#,J/#60<7/x/�XS�'*JH#&�/#6B)Q3I/�&D�'1�)�64��59��&���62`�)Q3�64)�<P-{mS,S&�<7Hp/�AIH�34�DLM�'&�AB?(LS��30c'67H�34<7/M`�/#:b/#:
64����CDmS&BEF��5V`GX�����CkAB����/#&�/#<P-{�S&BXJ/#67H#<4��:Q,S�d/>&(� EF��-{��:2)Q3Z&D�9)�<064)�&���59)Q34)�X���:�30:QmS&M34)����Q3���30:Q67H�34��&K30:bH#AIH#62\M��:Q6��93
����CM30:2��<0����,OAB������59LMXJ/#60,JH#,S&O����Cy�'A�R[��<7/#60c'1y,GC���5'1D*[��,p1�/#5@/#A��'5'C���,O1�H#5'64��:2?q*+��1���:2��64)Q34)�1���5V|+&���:2LS��60*+��,i/#:
)�<064)�&��_59����C���,a,(�S5'5@/M`J)Q3~,�;b1���5 -�mS&o������C���5%A��',�LS��,���30:Q67H�3~�S67H#,%\

] E��S,S&�$��9��,JH#5'�93^1D�'5@H#��*J/#,�/.1�H#5'64��:2?�&KXS�@H#,(CG/�A��@/#606^&(�9$Q30�'6~&�)�,(C���5'AB��6059��,���*S*x/�X���5'C(:2��60mS,S&+`S�S��CG/#,S�93v/
&�/#5'&(�S5@H#64��<��'A�RS59��AB��,G67H�$��9?#-4H#<7/_XJH#<0�S5�/r30:QmS&M34)����Q3�H#5'5@/#R[��6064)�<YH#67/�LS���G/#67H�3�/r�932\b����:2�Q3730mS,S&�*+�Y&�)�6�t�-d60c'RS��3462|

�}�����
M a = State

S
(a, State)��u`� :

State = Int
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����306>/#:
M a

60c'RS��3�)�<064)�&���������CDRJ/#<7/#AB)�64��<4�Q3�EPmS����1�)�,GC���&+\�]�RJ/#<7/#AB)�64��<.����C
Int

60c'RS��30t�H#5'5@/#R+��62`d��:2��,
1�/#5@/#A��'5'C���,�30:bH#A�c'67H�3=��5'1�)���:2)Q37�_�S67H#,y/#:���<4�QLMAB)�,(Ca����CK)�<064)�&(TnH#5'5@/#R[��6=RJH#<�59�Q30:�\

] &�/#5'&D�S5@H#64��<^/�L�/#RS67H�$��9?#-4/I/#:_t�-�60c'RS��30X���:>/�&�;b1���60&���:28I��<4�QLMAB)�,(C(<4��1���:2��62|
eval :: Term

S
M Int

eval (Con a) x = (a, x)
eval (Div t u) x =

~&:#�
(a, y) = eval t x

B6>
~&:#�

(b, z) = eval u y
B6>

(a 	 b, z+1)

� H#<v/#:
M
60c'RS��3_LS�Uz�,Sc9$��9?#-4/K��59348�<4�.&(�9$Q30�'6rAB����59��R+8S`[37����c'6434)���)�1���5�,J/#��C���,O��59���GH#,�3�/#,�60��LM60�S&yAB������59L�/#,S�Y/

RS<4��*S59)�AIH#62\I���'��C���5 -�mS&IAB����`(X�����CK/#:
eval

EPmS����1�)�,GC���&k&�)�6�RJ/#<7/#AB)�64��<06=/�LM60�S,S&[`(*JH#<�60c'RS��37/�34:2��<0�',G6~$Q37/#&
����C�64��<0AB��6�&���5'5�&�/#RS,S�@/M\`�=��CG/#,J/#&D&���<>/#:

eval
��<4�QLMAB)�,GC��K����C�EPmS����1�)�,GC�`d)Q3_,���&(mS,S&p/#:Q6�&���5'5�LS�Uz�,S�@H#5 T

,G�S,S&+`�c'��C�&�)�6nRJ/#<7/#AB)�64��<06�/�LM�S,S&IH#62`()Q3Y$Q37/#&B/#:Q6Yc'<P-{�S&�59��`�X�����CB/#:^��<4�QLMAB)�,(C(mS5[&�/#R[��606�EPmS����1�)�,GCIX�����CG/#,
1D�934��5'&��QLM�'&K����C(T}����CaH#5'5@/#R[��60*J/#,%\
�v/�/#:

eval
��59348_RJ/#<7/#AB)�64��<4�r����C�&���,�3067/#,�32`(/#&D&���<�,���A�&���5'5�1�H#5'64��:Q67/#60,(�S,S&k/#:^H#5'5@/#R+��64��,%`�c'��CB/v1�)�����<4�QLDT

AB)�,GC�����C���5'CG/#,BRJH#<�59�Q30:=/#A��',���&���59348v&���A�R+��,���,�34�r/r&���,�3067/#,�3Y)�<064)�&���`G/rAIH�37�(LM�'&D*J/#,BR+�QLM�'�_1(�93434:b/�/�L#-��S&
/.&�/#R[��606^H#5'5@/#R+��64��62\
�v/r/#:

eval
��59348rRJ/#<7/#AB)�64��<4������C>��34:Q67H�32`�/#&(&���<Y/#:�H#5'5@/#R+��60*J/#,B67H#<4��5'6���30:Q67H�34��&.30:bH#AIH#6�������C���5S,�;21���5',(mS,S&

&���5'5V`SLS�vA��',�LS��,���&���598�606=AB���I&���5'5�XJ/#67H#<4��:Q,G�S,S&a/#:���30:Q67H�3���<4�QLMAB)�,(C�)�62\J��59348�59)�R+)Q30*+��,o64��XJH#6~&(�9)�<064)�&���5 -{mS&
t
TV62`�/#:a��<4�QLMAB)�,(C(6k��5'67H#<4��5 -��S&�/#:

(a, y)
RJH#<0*J/#,%`�/#X���5~64��XJH#6

a
-0��59��,G60�

t
)�<064)�&�)�6I)Q3

y
/#:a��,S,���&�&(� T

30:bH#A�c'67H�37H#X���:.30:QmS&M34)����Q3=��30:Q67H�37��&q34:bH#AIH#62\�]=:Q67H#,yXJ/�34��,S59?�/#,�&D�930:bH#A�c'6P-{�S&
u
TV6��932`�c'��C>-{�S60�S,S&a/

(b, z)RJH#<0X���:�`YN�z���C���5 -{mS&yAB����`%X�����CO/#:
eval

AIH�34�(LM�'&�XSc'1�H�37H#*J/#,pAIH#<
y
TV6�/�L#-{�S&pH#6�H#5'5@/#R[��60&�)�,(6�WU\��r)���mS5Z/#:

��<4�QLMAB)�,GCp/K34����)QLS30:bH#A�c'67H�34��&���<4�QLMAB)�,GC����',���&OXJH#,GCG/�LS��3�H#*[?�5V`�)Q3�/#:���:2��&�AB����XJ/#67H#<4��:bH�37H#X���:k30:QmS&D37)����Q3
��30:Q67H�34��&q30:bH#AIH#,J/#&o������C���5%,�;b1���5'6^)�<064)�&�)�*+8�5h/#5'&���64��606=RJH#<~59�Q30:�\
�v/�&D�'RS<4?�*JH#5 -��S&y/IRS<4����<7/#AB��6�/#:

eval answer 0
XSc'1�H�3437/#5V`[/#:.��<4�QLMAB)�,(C�/I1�H#<7/#&���:bH�37��&(,J/#&aAB����EF��59�UT

598D��,
(42,2)

59�Q30:�`SXS�934:2��,o&�)�6=��30:Q67H�306~&���5'5%1�)���<4��XJ/�-{67/#,S��/.&D�9)�<064)�&���59)Q3=37��<7H#,%\
��������� � � �  � �	� 	 � ����
 ����� �*��� ��� � � ������� � ��
�� � 	 � ��� � � �	
�� ��
 
 ��� � 
 �
�v)���mS5J,�)�:Q:QmS&I/#:Q6Z/#:r�Q34��64��62`(/#A��'&���<~/#<0<7/_1�/#��CD�S,S&.&Dc'1�H#,�$Q30�@/#&[`GX�����C�A��'5'C���,k59)�R+)Q34��&���6Y&���5'5g1�)���<4��XJ/�-�67/#,S�
/#:���<4�QLMAB)�,GC�AB����XJ/#67H#<4��:bH�3�H#X���:�\ # :QmS&D34)���64��59��,���A�5'c'64��,S�V`�X�����C>/#:Z�'A�R[��<7/#60c'1�,(C���5'1���&(*+��,���:Y�93�RS�'5'5@/#,J/#64��&
/#5@/#606�AB������59LMXJ/#64?�����CGT}����CI&(�'c'<4?.�S67/�30c'67H�3���5'X���5'C���:2)Q34)�1���5d/>AB����EF��59��598>X���5'C���&���,%`S)Q3~/�60�930:Q67H#,KE��S,S&�$��9��,JH#5'�93
,GC���5'1���&D,�)�5dAB�����',(6r/.64��5 -0�Q3~RS<4����<7/#AeH#6434:2��<01���:2)Q34)�X���:�-{�S60�S,S&[\
]^:���598�:28�&�)�6=�Q34��60X���:�`SXJ/�37��,S59?�/#,aAB��306��93~1���:2�Q3730mS,S&k*+�v&�)�6�t�-�60c'RS��3062|

�}�����
M a = (a, Output)��u`� :
Output = String

]^:
M a

60c'RS��3Z)�<064)�&����[64��XJH#6Z)�<064)�&(T}���S60RS�S6nRJH#<4��&�59�Q34:Q,���&[`()Q3Z/�1�)���<4��XJ/�-�67H�3Z34��<7H#,o/vAIH�34�DLM�'&�&���A�R[��,���,�3
AB?DLS��30c'67H�37HQ1�/#5gH#5'5'c'6P-{�S&���598�/vRS<4����<7/#A EP�S67H�37H#,J/#&�,GC���AIH#62\(]l&�/#5'&D�S5@H#64��<��'A�RS59��AB��,G67H#5@H�37/�AB��306Y37��A ��&���:
&DmS59;�,�;�34��*S*aRS<4��*S59)�AIH#62|

eval :: Term
S

M Int
eval (Con a) x = (a, line (Con a) a)
eval (Div t u) x =

~&:#�
(a, x) = eval t

B6>
~&:#�

(b, y) = eval u
B6>

(a 	 b, x ++ y ++ line (Div t u) (a 	 b))
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line :: Term
S

Int
S

Output
line t a = "eval (" ++ showterm t ++ ") <=" ++ showint a ++ ’

�
n’

]^:>��59348k�Q34��6=,���Ae30:2��<0�S5h&DmS59;�,�;�34��*S*�AI/#��CG/#<7H#:b/#60<7/M`+����CD30:2��<0����,�1D�93430:b/�/�L#-{�S& f
a
f�TV62`g)Q3r��598�H#5'5'c'60�S,S&�����C

34��<06=/#:����S60RS�S6{TV*J/#,%\
] AIH�34�DLM�'&x�Q34��64��6./a&�)�6 ~&:#� /#5'&�/#5'AI/#:bH�3�/y/aRS<4����<7/#A AIH�34�DLM�'&O1�H#5'64��:b/#67H#X���:q,J/#��C���,�XJ/�34��,S59?21�Ho64�Q34:Q�V\
����306��93.��5'67H#<4��5 -��S&i/#:

eval
<4��&(�S<0:Qc'1pXSc'1�H�37/#�',J/#&x��<4�QLMAB)�,GC�)�62`�1�)���mS5Z��:2��&x34����c'6434)���)�1���5~H#5'5'c'6P-��S&p��598O/#:

��<4�QLMAB)�,GCD62\
]
line

EPmS����1�)�,GCD6�XJ/�30:Q,JH#5 -{�S&./=&(�'AB��,���6�34��<4��,S&�)�,(60����598�H#5'5'c'67H�37H#<7/M`�/^LS�Uz�,Sc9$��9?#-4H#*J/#,B30:2��<4��RS598
showterm)Q3

showint
E�mS����1�)�,(C���&y64��<0AB��&O)Q3_����)Q30:�30:bH#AB��&O30:2;21�����<4��&���,(1���<067H#5@H�37H#6�1�)���:Q�'&+\�] f

++
f���R[��<7H#64��<�/

30:Q60<0�',S�B&���,S&�/#64��,JH�$��9?�6�1�/#59?�30c'6P-4/.AB����`�)Q3
’
�
n’

-0��59;�5'�d/#:�t�-~34��<~&�/#<7/#&D64��<062\Ffr)�:Q:QmS&kAB���BA���59�Q34:�/#:
eval

answer
��<4�QLMAB)�,(C���|
eval (Con 1972) <= 1972
eval (Con 2) <= 2
eval (Div (Con 1972)(Con2)) <= 986
eval (Con 23) <= 23
eval (Div (Div (Con 1972)(Con 2))(Con 23))) <= 42

]^:r�QLSLM�'���9��&D*[8�5+tS��CB60�S,SX���62`MX�����CK/#:r�'A�R+��<7/#60c'1I,(C���5'1���&���,oc'<06�RS<4����<7/#AB��&�/#6�&�;�,S,GC���*S*+��,a59��X���6�AB?DLS��30c T
67/#,S�+EP�S,S&�$��9��,JH#5'�93�67H#<437/#�'&(,JH#5V\Sfh��<0AB)Q30:2��64�Q34��,���:v,���A �'�G/#:�`M����C�-0?.R[)�59L�/�/.LS��59���B��5'59��,S&���:28#-0)�<4��`MXJ/.AB��306
/#:Q6B/yEP��5@/�L�/#64��6�60�S:Q:QmS&�&(��AI/#���S,S&D,J/#&[`�X�����Cu/y&(�9)�<064)�&���59)Q3�59)�R+)Q34���'6.EF��<4LMc'64��606B34��<0<4��,�LM*[��,�c'<7/�3730�S&i&D�V`
/#:b/#:�1�/#5@/#X�����Cqc'��C[|

eval (Div (Div (Con 1972)(Con 2))(Con 23))) <= 42
eval (Con 23) <= 23
eval (Div (Con 1972)(Con2)) <= 986
eval (Con 2) <= 2
eval (Con 1972) <= 1972

�yc'�O/#:K�'A�R[��<7/#60c'1��Q34��60*[��,�1D�930:2��,GCD5@/#�p34��&�/#6.&���5'59��,��kmS��C��Q30&��QLM,GmS,S&�/aAB?DLS��30c'67H�30X���:�`�59���G/#5@H#*S*S�93�XJ/�/
&D�'AB��,���6���598�H#5'5'c'67H�37H#X���:k/#:Q6�/#:�����CD30:2��<0�pAB?DLS30:2��<06vXJ/�30:Q,JH#5'60�S&+`%/#A��Y/k&(�'c'<4?K�S67/�30c'67H�34��&�/#6�/q30:bH#A�c'67H�34��&
1�)���<4��XJ/�-{67H�37/#&���<IEP�S6067/#6P-4/p59��N�60�S5@/�-0LS��,S&�)�RSR+��,s/i30:bH#A�c'67H�34��&�AB��5'59)�&DXJ/#67H�37/#&�)�,G6�WU`~/OEF��,G60�^RS<4����<7/#A�*J/#,
A��',�LS;�3430:2����:Q6^/.&(� EF��-0��:2)Q3062|

x ++ y ++ line (Div t u) (a 	 b)

&���5'5%&D�9$Q34��<4)�5',GmS,S&o��<0<4��|
line (Div t u) (a 	 b) ++ y ++ x

������������� � ���	� 	 � � 

��
�� ����
�� �
] &�/#5'&(�S5@H#64��<��QLSLM�'�O*[��A>�S67/#64��606�1�H#5'64��:b/#67/#�',J/#&�,J/#��C���,uXJ/�34��,S59?p/�3060<0�S&D60tS<7H�-4/M\�� 5'C���,u�Q34��64��&(*+��,�A��',MT
LM�'�I$Q)�5930:2��<0�y��5'����,�LS��5'&��(LM,S��/#:2��,%`SX�����Cq,S�',�$Q3{T}�_1�/#5@/#A��'5'C���,aAI/#�G/�37/#*S*S<4��,�LM�O;�3430:2�UEPmS����)Q32`�/#:�����C�)�*S&�)�,G6
5@H#6430:2?�5@/#�B67H21���5�H#5'59?.EF���G/#5'AI/#&q&�;�:2;�6062\
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]^:k��<4�QLS��60�n&�/#5'&D�S5@H#64��<>60c'RS��3�/
Term

S
Int

1���5'62`�/#A��'6>A��',�LMXJH#<4��A �Q34��60*+��,
Term

S
M Int

TV<4�
AB?DLS��30c'64��6060�S,S&[\�]^:

M
/�L�/#6060c'RS��3.60�S5@/�-{LS��,S&�)�RSR+��,�A��',�LM�'��1�/#5@/#A��'5'C���,u34:bH#A�c'67H�3>��<4�QLMAB)�,(C�)�6.<4��RS<4��:2��,MT

67H#5'67/M\���:2��&B/_34:bH#A�c'67H�34��&�&(�'1�)�64��59��&���6n60��LM67/#&.&D�'1�H#5'67/#,S�V`GH#5'5@/#R[��64��6nAB?(LS��34c'64��6067/#&.1�/#��C.&(�'AB��,���64��6�H#5'5'c'64��6{T
67/#&>��598S\��Y/#59?�34:Qc',G�S59����,���A AB����59��R+8�/#:~��5'1�/�37?_30:bH#AIH#<7/_/#:�/r&(� -0��59��,G64)Q32`�X�����C�/#:

M
/�L�/#6060c'RS��3�A��',�LMXJH#<4��A

�Q34��60*+��,a����CGT}����CqAB��,JH�LM&�)�,(6=�93�EF��5 EP����XJ/#64?B59��,S,���`�)Q3~R+��,G64��37/#,���:_1���5'6��! �"S-0/21�/�345@/#67/��932\
��:2��,K/r&(�93�R+)�59L�H#,��S��CG/#,B,���A �'�G/#:bH#,B5@H#6430:Q�'&+`#X�����C�/#:�����C��Q3�1�H#5'64��:Q67/#67H�34��&�AB��&D&���<7/r64��<0X���6�<4?�,JH#,J/#&

/kRS<4����<7/#AB��:2?�<7/M`�XJ/K����C�&���AB��5'CG/#*S*pEF��5@/�L�/#6vAB������59L�H�37/q34��<7H#,O&���5'59��,���XJ/�34��,S59?qAB?DLS��30c'67H�34��&�/#6v64��,S,S�9��`
LS��/#:v5@H#60XJ/#64?S`SX�����CK/.&�/#5'&D�S5@H#64��<06~A��',�LMXJH#<4��A��Q34��60*+��,o64��5 -{�Q34��,qt�-{<7/.&���5'59��606~c'<0,G�S,S&+\�] AB��,J/�LM�'&D��3~&�/#5 T
&D�S5@H#64��<Y*+��A��S67/#67H�37/.34��<7H#,q/#<0<7/�30:2��<4��60,�)�,S&B<7H#A>�S67/#60,S�V`DX�����CI/vEF��5'C(64��,���343�H#�>��5'1�)�,���&�AB����EF��59��598(��,%`M/#:=t�-
&�;21���64��5'AB)�,(C���&(X���:=1�/#59?r/�L�/#RS67H�$��9?r37��<7H#,.$Q37/#&_59��&�H#5'�93h1�H#5'64��:Q67/#67H�34��&�/#6�&���5'5(1�)���<4��XJ/�-{67/#,G�S,S&�/~<4��,�LS30:2��<4��,%\

��598�34:2;�<>/#:B/#5@/#R[�Q34��64��6�c'<P-��S&OH#6_AB��,JH�LS��&�/#6�XJ/�34:Q,JH#59?a/#5@/#&(<7/M\���XSX���:K/K59��������CD30:2��<0�S*S*pAB��,JH�LS��62`�/#:
�9LS��,G60�'67H�346�EF���b-{�S&BEF��5'XJ/�30:Q,JH#5',S�V\�] LS�Uz�,Sc9$��9?S|

�}�����
M a = a

B6>¥y/��� >}A\:
Monad M �

4}:=E�:
return a = a
a ���

�
k = k a

] E�mS����1�)�,(C���&o,���A 30:2��<0�S5',J/#&q&DmS59;�,�;�34��*S*�AI/#��CG/#<7H#:b/#60<7/M\ NdH#60XJ/#64?S`�X�����C
M
&�/#64����?�<0�@/���5'AB)�59��60��AB����EF��59�UT

598#-0��/#:��9LS��,G60�'67H�3�E��S,S&D64��<2`S�',S,���,�30:bH#<0AI/#:Q�'&a/.AB��,JH�L�,���1��v�932\
fr)�:Q:QmS&q/�&�/#5'&D�S5@H#64��<��'A�RS59��AB��,G67H�$��9?#-4H#6v��:2��&(&���5h/^-0��59;�59)Q34��&D&���5V|

eval :: Term
S

M Int
eval (Con a) = return a
eval (Div t u) = eval t ���

� �
a
S

eval u ���
� �

b
S

return (a 	 b)

]�EPmS����1�)�,GC�60c'RS��37H#*+?�5S5@H#6430:Q�'&+`�X�����C�/^*+��AB��,���64������C.64��<0Aa`�&(�'AB��,���64������C�����)Q30:~30:bH#AB��6�67/#<067/#5'AI/#:2?�&���,MT
64)�,���<2\

Con a
&(�9)�<064)�&���59)Q37�>/#:Ff

a
f_RJ/#<7/#AB)�64��<r&���,G64)�,���<0*+��X���5'C���:2)Q37)�6�-0��59��,G60�V\

Div t u
AB����XJ/#67H#<4��:bH�37/

tS��Cp64;�<064)�,S�'&+`%X�����Cx��598�*S*i&D�930:bH#A�c'6P-{�S&
t
TV62`dAI/�-{L�/o&���,G64)�,���<0*+�k&���<0mS598y��<4�QLMAB)�,(C(6�H#601��Q3430:QmS& f

a
f�TV*J/M`

��:Q�S67H#,I&D�930:bH#A�c'6P-{�S&
u
TV62`G/#:=��<4�QLMAB)�,(C(6���5'67H#<4��5 -{�S&;f

b
f�TV*[��,%`G1�)���mS5J*+��64�Q3430:QmS&�����C>&���,(64)�,���<0*[�Tf

a
f=)Q3�f

b
f

XJH#,GCG/�LS��3�H#62\
] LS�Uz�,Sc9$��9?�6r/ �9� T}30:Q�',(67/��D�9343�/#5hH#60c'<01�/v-{��*S*J/#,a5@H#6434:Q�'&[`MX�����CqA����93~64;�<064)�,S�'&+|

eval :: Term
S

M Int
eval (Con a) = return a
eval (Div t u) =

�}�
a � eval t
b � eval u
return (a 	 b)

������������� 	 � � ���	
 � �	��
 � � ���	�����
]�&(�'1�)�64��5nAB��,JH�LM*J/#,�/o30:bH#A�c'67H�3�1�/#��CO����Cp)�<064)�&���6./�Lp1D�93430:b/M`+1�/#��CO����C�&D�'1�)�64��5'6�1�H#5'6�&D�V`�LS��,�)�:Q:QmS&i/
LS�Uz�,Sc9$��9?�62|

�}�����
M a = Raise Exception | Return a��u`� :
Exception = String
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B6>¥y/��� >}A\:
Monad M �

4}:=E�:
return a = Return a
m ���

�
k =

A\�Iy�:
m
�vH

Raise e
S

Raise e
Return a

S
k a

raise :: Exception
S

M a
raise e = Raise e

]
return

AB��306>�93>����CM30:2��<0����,�/aRJ/#<7/#AB)�64��<.&���,G64)�,���<0*+�KX���5'C���:2)Q34)�6r-{��59��,(60�V`hLS�K/
���
� AIH#<.)�<4LS�UT

&��Q34��*S*%\]b_)�<4LS)Q3b`SA��%59����C���,�����CK64��6430:28�59�����Q3=34:bH#A�c'67H�3=��<4�QLMAB)�,GC���`JXJ/B/.RJ/#<7/#AB)�64��<0mS5�&�/#R+��606~AB��,J/�LM�'&(��3
)�<064)�&a����Cq&(�'1�)�64��5V\[] 1�H#5@/�34:�����CD34:2��<0�%|�AI/#�G/K/�&(�'1�)�64��5�)Q3^��*S*+��,y/#:.�Q34��60*[��,O/B30:bH#A�c'67H�34*J/#,�&�)Q348�*S*OH#5'59?
���
� A>�S1���59��64��&���6�&D�h34��Ae&���5'5�)�<064)�&���5',S�V\p�^��CG/#,J/#&D&���<rXJ/K/IRJ/#<7/#AB)�64��<v����Cy����)Q30:.34:bH#AB��6r67/#&�/#<2`[��<0<4�

&���5'5�/#5'&�/#5'AI/#:Q,S�J/�-0��*S*[��59L�/#5'62\ � <4LS��AB�Q3���5'����,�LS��5'&��DLM,S�g/#:2��,%`#X�����C>��:�/^LS�Uz�,Sc9$��9?v60�S5@/�-{LS��,S&�)�RSR+��,�AB�����',G6
/
k
TV,J/#&�/�60c'RS��306�LS�Uz�,S�@H#59?�EP�S,S&D64��<0*J/#,iEF��5'1���606�)�<064)�&�)�6�/�L#-4/M`dR+��,G64��3�/#*S*J/#, /#:K)�<064)�&D<4�I1�)���<4��XJ/�-{64��606 �

EPmS����1�)�,GCq��<4�QLMAB)�,GC�)�62\J] LS�Uz�,Sc9$��9?�*J/#,aAIH#<=/>&���60648�&���A�R[��:Qc9$��9?#-4H#6�c'<060�S&IEP��5V`MLS�vAB������A�5'c'6P-{mS&[`MX�����C �+TV6
1�/#59?#-0H#*J/#,y/.&�;b1���60&���:28�&�)�RSR[��,OLS�Uz�,S�@H#5'XJ/#60,JH#,S&+|

�
(Raise e)= Raise e�
(Return Raise e)= Raise e�
(Return Return a)= Return a

] 60c'RS��30X���:iLS�Uz�,S�@H#5'60�S,S&sAB)�� ����C
raise

A��S1���5'64��62`r/#A���,���A AIH�32`�A��',(6�����Cs/�L�/#60&���,�3460<0�S&(64��<
/#5'&�/#5'AI/#:bH�37/v/#:�X�RJ/#<7/#AB)�64��<0<4��`�AB)����93�)�<4LS��AB�Q3�&DmS59;�,>A>�S1���59��64��6�LS�Uz�,S�@H#5',S�S<7HM`#/#<0<7/v/#:��Q34��60<4�nEP��5'&�)Q34:QmS5'1���`
X�����C

M
TV*+8�5h/#*�30:Q60<7/#&D6^/�L�/#6060c'RS��306�&�)Q30:Qc'60mS,S&+`�)Q3���5'<4��-{6P-{mS&q/�<4��RS<4��:2��,(67H�$��9?�6v/>EF��5'XJ/�30:Q,JH#59?B��598�5V\

]^XSX���:�`GX�����CI/�XS�'*J/#&���:2��59)Q306~/_&�/#5'&(�S5@H#64��<0*J/.)�RSc'6430mS&+`G$Q37/#&B/
return (a 	 b)

TV6Z&���5'5g&D�9$Q34��<4)�5',GmS,S&
/.&�;21���60&���:28�<4��|

B&H
b = 0�)4¥:c>

raise "osztás nullával":t~&y�:
return (a 	 b)

��:_,J/#��C�-0H#*+?�5%AB����EF��59��5d����Ck�'A�R+��<7/#60c'1q,GC���5'1D*[��,y30:QmS&D37)����Q3~1�H#5'64��:Q67/#67H�34,J/#&[\S�v)���mS5h/#:���<4�QLMAB)�,(C[|
eval :: Term

S
M Int

eval (Con a) = return a
eval (Div t u) =

�}�
a � eval t
b � eval uB�H
b = 0�)4}:t>

raise "osztás nullával":c~&y�:
return (a 	 b)

� <4LS��AB�Q3�AB����-{����C���:Q,S�V`#X�����C�/^LS�Uz�,Sc9$��9?�&�1D�93430:b/#X���5'C���6064�Q30c'64)Q37�n�S67H#,�/=AB��,J/�LM�'&(��3�&�/#5'&(�S5@H#64��<�AB��������C���:Q�'&
/.AB��,JH�LS��&o,�)�5'&DmS5'��&(�'1�)�64��5 TV&���:2��59)Q34�Q3^1�H#5'64��:b/#6067/#5V\



��������� ,R>F�.�   ®�?�D�� ¢6�?> D�� �?>�� , � � � �

��������������
 
�� ��� � � � � �	�
]^:KH#5'5@/#R+��6>AB��,JH�LM*J/#,w/oAB��,J/�LM�'&D��3�)�<064)�&���&xAI/#���S&x�93�E�mS����1�)�,(C���&[|�����C(T}����CiH#5'5@/#R[��60X���:o����CiH#5'5@/#R+��6{T
)�<064)�&qRJH#<06~<4��,�LS��5',���&iN�XJ/�34��,S59?�/#,y/�AB��,JH�La,�)�5'&(mS5'�%&�/#5'&D�S5@H#64��<�AIH�34�DLM�'&k1�H#5'64��:b/#67H#X���:�WU\

�}�����
M a = State

S
(a, State)��u`� :

State = Int

B6>¥y/��� >}A\:
Monad M �

4}:=E�:
return a =

�
x
S
(a, x)

m ���
�

k =
�
x
S ~�:.�

(a, y) = m x
B&>

~&:#�
(b, z) = k a y

B6>
(b, z)

tick :: M ()
tick =

�
x
S
((), x + 1)

run :: Term
S

(Int, State)
run t = (eval t) 0

]
return a

AB��346��93�/^RJ/#<7/#AB)�64��<�����C(EF/�-{67/^*[�Q$Q37��AI/#����5@H�37/M`���:QtS6067/#5�����C�EPmS����1�)�,GCD*[��`�/#A��S����C�H#5'5@/#R[��60<7/
NF/#:b/#:^/#:

x
RJ/#<7/#AB)�64��<0<4�bW�/#5'&�/#5'AI/#:Q1�/vAB��5'59)�&DXJ/#67H�306�,���A ��&���:�`(/#:=H#5'5@/#R[��64��6�,���A 1�H#5'64��:Q67/#6P-4/rAB����`�AIH�30�'&

&���A�R+��,���,�34)�*[��R[�QLM�'�k/.RJ/#<7/#AB)�64��<^&���<0mS5V\
]
���
� A��S1���59��6�AB�����',(6>;�3430:2��64��6064��*S*%|d��598�30:2;�<_&(�934:bH#A�c'6P-0/o/KRJ/#<7/#AB)�64��<0mS5n&�/#R+��606_AB��,J/�LM�'&(��3�)�<{T

64)�&���62`
m
T}��62`g/#:

x
&���:2LS8�H#5'5@/#R+��60<7/M`g��:Q�S67H#,O/#:>��<4�QLMAB)�,GCD6^��5'67H#<4��5 -4/I/#:

(a, y)
RJH#<0*J/#,%`�1�)���mS5�/�A��S1���59��6

��<4�QLMAB)�,GC�)�<4�.)Q3^/#:�t�-�CoH#5'5@/#R+��60<7/�1�)���<4��XJ/�-{6P-0/
k
TV62`Sc'��C.-{�S6

(b, z)
TVX���:�`g/�1�)�����<4�QLMAB)�,GCDX���:�\N���'��C���5 -{mS&

AB����`gX�����C�/ILS�Uz�,Sc9$��9?q/�&D� EP��-0��:2)Q34��&o&D�9)�<064)�&���59)Q306v30:2��&(1���,�$��@/#5'�':bH#5 -4/M|
m x

&D�930:bH#A�c'67H�37/BAB���k&���5'5���598�:Q:2��/
k a y

XSc'1�H�3vEP��59LS��5'����:bH�3�H#62`�XS�930:2��,i��:�AIH#<>/#:�t�-
y
H#5'5@/#R+��6064?�5�EPmS����\���,S,���&p����Cy&���5'59��AB��6059��,�XJH#60<7H#,GCG/

59�Q30:�/�&�)Q378�*S*S�%1���&(64��<~AB��,JH�LM,JH#5V`g)Q3�����Cq?�<0�@H�30�d��598�,GC��./��r/�34&���5'5 � �=TV*J/#,%\
]^XSX���:�`�X�����C /x&�/#5'&D�S5@H#64��<06IXJ/�30:Q,JH#5',S�r60��L#-{�S&[`�*+��1���:2��60mS,S&wAB)�������C

run
A��S1���59��64��6K�932`Z/#A��^����C

64��<0A�X���:_����CI)�<064)�&(T H#5'5@/#R[��6�RJH#<06Z<4��,�LS��5V\ � 606�����)Q30:r����CM30:2��<0����,a/#:Q6Z&���5'5[AB����)�<064��,(mS,S&[`MX�����CK/
run

,�)�5'&(mS5
/#:
eval

EPmS����1�)�,GCD6h����C
t
64��<0A�<4�Z/#5'&�/#5'AI/#:Q1�/~����C

State
S

(a, State)
EPmS����1�)�,GCD6d&�/#RS�S,S&+`2)Q3%��,S,���&

&���5'5�AB)�������CIRJ/#<7/#AB)�64��<2`J/#A��%/>&���:2LS��60�dH#5'5@/#R+��64��6~<4;���:Qc'60�V`�)Q3~/#A��'1���5d/#:Q67H#,�/>34:bH#A�c'67H�306~64)�,GCD59���B��5+59��X���6
1�)�����:Q,S�V\J��:2)�<06^/.<4��RS<4��:2��,G67H�$��9?K��5'<4��-�64)Q37)�,���&q)�<4LS��&�)�*+��,a&�;b1���6P-�mS&a/#:Q6^/.��CG/#&���<05@/#64��62`JX�����CqLS�Uz�,S�@H#5 -{�S&a/
run

EPmS����1�)�,GCD62`g/#A��%��:Q6^/.64�b1�H#*S*S�h�',S�9$��@/#5'�':bH#59?kH#5'5@/#R+��60&���A�R[��,���,�346=X���:Q:bH�/�L#-4/B/>E�mS����1�)�,(C(XSc'1�H�30X���:�\
] EPmS����1�)�,GC���&I)�<064)�&D&�)Q30:Q59��64)�,���&

State
&���A�R[��,���,�37)�6nAB��5'59)�&DXJ/#67H�34��&B<4��RS<4��:2��,(67H#5@H�37H#<7/>EP����-{�S&.XJ/�34:�T

,JH#5',S�V|�/B&�/#5'&D�S5@H#64��<rA>�S&�;(LS)Q37�>&�;�:Q*+��,x/
tick

E�mS����1�)�,(Cy34����c'6434)���)�1���5�tS��CaAB?DLS��30c'60XJ/#6P-4/K��:Q6v/I&���A�R[�#T
,���,�3062`dX�����Cp&�;�:Q*[��,�,���A �93>&���5'5Y60��LM,S�@/�59)�64��:2)Q34)�<48�5V\9�}��Cx/#:o/#5@H#*S*S�

eval
LS�Uz�,Sc9$��9?�<4��&(�S<0:Qc'1pXSc'1�H�37/#��/

&D� EP��-0��:2)Q3r&(�9)�<064)�&���59)Q34�.&�;�:Q*+��,yAB��5'59)�&DXJ/#67H�34��&�/#6���&���:QXJ/#60,J/#&�/#:BH#5'5@/#R+��6064)�<4��,%\�] &�/#5'&D�S5@H#64��<rAB?(LS��30c'67H�3�/
,J/#��C���,�����CM30:2��<0�%`�$Q37/#&o/

return (a 	 b)
X���5'C���606�&���5'5h/�&�;b1���60&���:28�6=c'<0,S�V|

tick ���
� �

_
S

return (a 	 b)
� ��Cq/.&�;b1���60&���:28�X�;�:=-{�S60�S,S&[|

eval :: Term
S

M Int
eval (Con a) = return a
eval (Div t u) = eval t ���

� �
a
S

eval u ���
� �

b
S

tick ���
� �

_
S
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return (a 	 b)

]^A�� �}� T}30:Q�',G67/��M�930<7/BH#6064)�<01���|
eval :: Term

S
M Int

eval (Con a) = return a
eval (Div t u) =

�}�
a � eval t
b � eval u
tick
return (a 	 b)

��:Q6�/#:2)�<06hc'<060�S&_&D��<4)Q30:Q59��64�Q37��,%`bAB��<06�)�<4LS��AB�Q3h����C_&D�9$Q30�'6d��5'����,�LS��5'&��DLM,S�M<7/�-�67/M\��h�'��C���5 -{mS&_AB���=�S��CG/#,S�93b`
X�����CB/#:=/rEF��,G60�SEPmS����1�)�,GCMLS�Uz�,Sc9$��9?�,���A 67/#<067/#5'AI/#:Q:b/>/#:=H#5'5@/#R+��64��62\G] EP��5'XJ/�34:Q,JH#59?�30:2��A�R+��,G6P-4H#*[?�5g,J/#��C���,
&�)�,GC���5'AB�Q3YXJ/�30:Q,JH#5',S�V`�XS�930:2��,B��59)��_XJ/v$Q3�/#&�tS��C.����,�LS��5�<7HM`�X�����C>��598�30:2;�<Y&(�930:bH#A�c'6P-4/

t
TV62`G/#:�)�<064)�&���6���5'64�Q34:Q�

a
TV*J/M`D/#:Q67H#,k�S��CG/#,Sc'��CB��5'*JH#,S�'&

u
TV1�/#5V`D/#A��',���&k/#:=��<4�QLMAB)�,GC��r*%`G�S67H#,J/�������C���5[,�;21���5'��/#:^��30:Q67H�34��&�30:bH#AIH#62`

1�)���mS5h/#:���34:Q67H�306���5'1�)�����:Q1���&�/#RM-0/�/.64��<0A )�<064)�&�)�62\
] *S�',�LoA��S1���59��6TfU60<0mS&(&�;�3�fv�'A�RS59��AB��,G67H�$��9?#-4H#,J/#&a&�;�30:2;�,SX���648D��,y/#,S,J/#&o��5'59��,�)�<4��`SX�����Ca/>EP��5'XJ/�34:Q,JH#59?

)Q30:Q<4��34��A 1��Q30:Q�M����C�AIH�34�DLM�'&�&���A�R+��,���,�3�NF/#:�H#5'5@/#R[��6�W�-0��59��,S59)�64)�62`�/#:�/^34:Qc',MEF/#5@/#&�AB;���;�606�AB)����93�H#67/�LS?DLM�'&+`
/
tick

A��S1���59��6064��5hAB?(LS��30c'60XJ/#64?I)Q3=/�1�)�����<4�QLMAB)�,GCD*+��,��93~AB����-{��59��,S�'&+\
fr)�:Q:QmS&kAB���k����Cq����CM30:2��<0�S*S*aR+)�59L�H#,%`MA��%�93~64;�<064)�,S�'&+\S������CDmS,S&a/.&�;21���60&���:28B&D� EF��-{��:2)Q3062|

eval t ���
� �

a’
S

Return (a’ + 1)

�v/.1(�93434:b/#,�)�:QmS,S&q/.*S�',�LaLS�Uz�,Sc9$��9?#-4H#<7/M`�)Q3
m
X���5'C�)�*+�

eval t
TV62`

k
X���5'C�)�*[�vR+�QLM�'�yN �g/ �vS �=��60�S<0,iNF/ � �

�bW0W}T}��6�c'<0�S,S&+`J/.&�;21���60&���:28�6r&�/#RM-��S&+|
eval t ���

�
(
�
a’

S
Return (a’ + 1)) =

�
x
S ~&:#�

(a, y) = eval t x
B&>

~&:#�
(b, z) = (

�
a’

S
Return (a’ + 1)) a y

B6>
(b, z)

��:Q�S67H#,O/.*[��59348 �STV&D� EP��-0��:2)Q3~<4�QLM�S&�H#5@H�37/�&�;21���60&���:QX���62|
�
x
S ~�:.�

(a, y) = eval t x
B6>

~&:#�
(b, z) = Return (a + 1) y

B6>
(b, z)

��*S*+8�5�AIH#<~5@H#60XJ/#64?S`SX�����Co/.AIH�34�(LM�'&K30:bH#A�c'67H�3~X�����CG/#,�-{�S6�X���:Q:bHB/#:���59348���<4�QLMAB)�,GC�)�X���:�`[)Q3�/#:_�932`MX�����C
/#,S,J/#&o��5'59��,�)�<4��`�X�����Ca/#:>H#5'5@/#R+��6=&���A�R+��,���,�3�,���A -{��59��,S�'&qAB���k/�&D� EF��-{��:2)Q30*+��,%`MX�����CG/#,�60��LaAB)����93�-0��59��,
59��,S,S�S/#:Z����C��Q3�30:bH#A�c'67H�30�D59)�R+)Q34��&(,�)�5V\�� ��C�/

run
A��S1���59��6064��5S&D�9����)Q30:Qc'601���/�<4��,�LS34:2��<h1�/#59?�*J/#,�A��S&�;DLS8�&�)�R[�Q3

59�Q30:�\
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������������� � � � ������� � ��
 � � ���	��� ��

] XJ/#<0AI/�LM�'&pAB?(LS��34c'67H�3�67/#5@H#,�AB�����',G6.&(�9$Q30�'6>����CD30:2��<0�S*S*�59�Q30:�\%] &D�'AB��,���6>��598�H#5'5'c'67H�37H#X���:oLS�Uz�,S�@H#5 -{�S&i/
&�;21���60&���:28IAB��,JH�LS��62|

�}�����
M a = (a, Output)��u`� :
Output = String

B6>¥y/��� >}A\:
Monad M �

4}:=E�:
return a = (a, "")
m ���

�
k =

~&:#�
(a, x) = m

B6>
~&:.�

(b, y) = k a
B6>

(b, x ++ y)

out :: Output
S

M ()
out str = ((), str)

]
return

LS�Uz�,Sc9$��9?#-0/IAB�����',G6r64��<0AB)Q30:2��64�Q3^AB?(LS��,O/�LS?(LM�'&+\]fr��AeH#5'5'c'60�S,S&a��598�&D�'AB��,���64��62`[$Q37/#&q*[�Q$Q34�#T
AI/#����5 -{�S& f

a
f�TV6=����CK<4��,�LS��:2��606=RJH#<0*J/M\

]
���
� LS�Uz�,Sc9$��9?#-0/O��*S*+��,�/#:q�Q37��60*[��,u��598�30:2;�<B/a*J/#59��59L�/#5'�~RJ/#<7/#AB)�64��<0&�)�,(6BAB����&�/#R[��606�&���,G64)�,���<06

30:2)�601�H#�b-4/�&�)�6n&���A�R+��,���,�30<4��`�/#A��',���&k��<4�QLMAB)�,(C��
(a,x)

TV*[�v&���<0mS5V`S/#:Q67H#, f
a
f�EP��5'XJ/�30:Q,JH#5@H�3�HQ1�/#5

k
&(�9)�<064)UT

&���5'X���648S`J)Q3�/�&�)�6
Output

;�3430:2�UEP�S:2)Q34)�1���5h/#:>��<4�QLMAB)�,GCq�93~&D�930:bH#A�c'60XJ/#64?S\
] &�/#5'&D�S5@H#64��<0*J/#,�/.&�;b1���60&���:28BAB?DLS��30c'67H�34��&�/#6�&���5'5%1�)���<4��XJ/�-{67/#,S�V|
��Wq/

Con a
�Q3060*+��,

return a
X���5'C���606�c'<P-��S,S&

out( line (Con a) a ) ���
� �

_
S
return

a
TV6us

�'��Wo/BAIH�30�'&�H#����,�R[�QLM�'�
return (a 	 b)

X���5'C�)�<4�
out( line (Div t u) (a 	 b) ) ���

�
�
_
S
return (a 	 b)

TV62\
��: �9� T}30:Q�',(67/��D�93737/#5�EF��5'c'<01�/M|

eval :: Term
S

M Int
eval (Con a) =

�}�
out( line (Con a) a )
return a

eval (Div t u) =
�}�

a � eval t
b � eval u
out( line (Div t u) (a 	 b) )
return (a 	 b)

]^A��d,���A 30:2��<0�S5h64�b1�H#*S*S��AI/#��CG/#<7H#:b/#60<7/M\���:�/B1�H#5'64��:Q67/#67H�3r�93=59��&�H#5'�93v)Q3^����CM30:2��<0�%`g64�21�H#*S*JHk/kLS�Uz�,Sc9$��9?�&
*+��X���5'C���6064�Q30c'64)Q34�=/^AB��,JH�LS��&�,�)�5'&(mS5'�S&�/#5'&D�S5@H#64��<�XJ/#<0AI/�LM�'&>1�H#5'64��:b/#67H#<7/v1���:2��62\�]^:~��606�67H#<0��CG/#5'6�AB?(LS��34c'67H�3
NF/�E��S67H�3Z,(C���AIH#,J/#&kAB����EF��<4LMc'67H�37/�WU`MAB��306��93�����CD34:2��<0����,q��5'1�)�����:QX���648S`S$Q3�/#&k/#:

x ++ y
TV6�&���5'5

y ++ x
TV<4�

$Q34��<4)�5',S�J/
���
� A��S1���59��6nLS�Uz�,Sc9$��9?#-0H#*J/#,%\(��,S,���&>&�/#64����?�<0�@/���5'AB)�59��60�JXJH#6064��<4)�6YAIH#<�&���<7H#*S*J/#,I��A�5'c'64��6060mS&[|

��CG/#&���<05@/#60�'5@/#�K/ �p64��<0AB)Q30:2��64�Q3�60<7/#,�30:�EF��<0AIH�$��9?B&DmS59;�,G*+;�:28BLS�Uz�,Sc9$��9?��'<4?�5h1�/#,a30:2?S\
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���������$# #�%('1+T[`0V\ �c\l# ��

]^:K��598�:28p/#5 EF��-{��:2��60*+��,�*+��A��S67/#64��606IH#5'5@/#R+��6�AB��,JH�Lu30:2��<4��R[�q/aE��S,S&�$��9��,JH#5'�93�RS<4����<7/#AB��:bH�30*J/#,O-0?21�/#5Z,J/�T
��C���*S*%`gA��',G6�/#:Q6r��59378BRS�'5'5@/#,J/#60*J/#,p����,�LS��5',JH#,S&+\[��:2��,O/#:���5'1���,O/#5@/#R�34:Q�'&a�S��CG/#,S�93_/B�v/�30&���5'5�� � &���:2��59)Q37�
�932`�/#:2��,G*J/#,�A��9��598�606���<0<4�k<7H#64)�<0,�)�,S&iAB)��xH#5'67/#5@H#,���30c'6P-{�S&�/#:oH#5'5@/#R[��6�AB��,JH�LS��62`�)Q3.AB����A��S67/#6P-{�S&[`�X�����C
X�����CG/#,�XJ/�30:Q,JH#5'XJ/#64?I1���&D64��<4��&o&���:2��59)Q34)�<4��\��'���U"�34��&D&�/#5%<4)Q30:Q59��64�Q34��*S*+��,�A>�S67/#6P-0/I*[�./#:��'606=EP��5'AB��<0mS598I&�)�<{T
LS)Q34��&���62\��y�d/#:2��,G*J/#,O/#:�����CM30:2��<0��34)���&��QLM1�)Q)�<06>����"h,GC���AIH#,aXJ/#5@/�LM�S,S&o64�b1�H#*S*%\

�r�'67/#60XJ/#67/#605@/#,%`%X�����CO/K1���&(64��<4��&p/q30:bH#A�c'67H�3060��LS��AIH#,(C(*J/#,�&(�9��AB��5'&��QLS8D��,o-0��59��,G648�3�30:2��<4��R+��6�-4H#6430:b/�T
,J/#&+\#]wRS<4����<7/#AB��&>64��59�Z1�/#,S,J/#&�1���&(64��<��',�LS� �S��59)Q34��&D&���5dN

x[i]
WU`�)Q3�AB?(LS��34c'67H�34��&(&�/#5%N

x[i] := v
WU\h�S�S,S&(T

$��9��,JH#5'�93�RS<4����<7/#A�,(C���5'1���&(*+��,�/#:2��,(*J/#,�,���A ,(C(�'5'1�H#,G1�/#59?S`SX�����CG/#,a1�/#59?�30c'60XJ/#64?�AB����XJ/#64)�&���,(CG/#,�/.1���&D64�#T
<4��&�AB?DLS��30c'67H�37H#<7/.30:2��5'�GH#59?>A��S1���59��62`DXS�930:2��,q����C�EP��59��598�6059��,K�SR+L�/#64�=AB����34)�<064��,�)_/�XS�'1�/#60&���:bH�3~H#605@H#6430:2?�3�H#�
30:b/#*JH#5'CGH#6=N{� �#"�WU\�]^:2��,G*J/#,I/#:���598�:28�/#5 EF��-0��:2��6��930AB��<4��64)�*[��,k34��-�60X���648S`#X�����C�/rAB��,JH�LS��&.��*S*+��,I/#:~�Q34��60*+��,��93
XJ/�30:Q,���30,J/#&�*S�':2��,(C(�S5',J/#&+\D��:r/�AB������59L�H�3YAIH�3Z30:2��A�59)�59��64��6Y60mS&D<4;�:�`(A��',G6Z/#:r��598�:28>/#5 EF��-{��:2��64)�\ �^606Z/�AB����T
59)�1�8��Q30:Q&�;�:2���',S&qXJ/�30:Q,JH#5'XJ/#64?�37H#�GH#6=,�;21���5'60mS&+`S�'606~1(�934:2��,G6�t�-Z,GC���5'1D�d��59��AB��&���6~EF�����S,S&KLS�Uz�,S�@H#5',S�V\���XSX���:>/
AB��,JH�LS��&k37����c'6434)���)�1���5+AB����1�/#59?�30c'64��606�/#*�30:Q60<7/#&D6�/�L�/#6060c'RS��34��&IAB��5'59��606�64�b1�H#*S*S�+RS<0�'A��'60c'1���&���6��93nX���:Q:bH>&���5'5
/�LM,S�h/.,(C���5'1(X���:�\
������������� � �����! "���
N%����C���,

Arr
/�1���&D64��<4��&i60c'RS��37/M`�/#:q�',�LS� �S��&�)o59����C���,

Ix
`�/�1���&(64��<0*J/#,�67H#<4��5'6B)�<064)�&���&�)oR+�QLM�'�

Val
\�]

59����EF��,G64��37/#*S*y60c'RS��30A��S1���59��64��&�/.&�;b1���60&���:28�&[|
newArray :: Val

S
Arr

index :: Ix
S

Arr
S

Val
update :: Ix

S
Val

S
Arr

S
Arr]

newArray
E�mS����1�)�,(Ci����Ci��5'CG/#,�1���&(64��<06�/�Li1D�93430:b/M`�/#AB��5'C(�'&D*[��,�A��',�LS��,��',�LS� �S��,

v
H#5'5 sd]^:

index
i x

XSc'1�H�3r��<4�QLMAB)�,GC���/#:
x
1���&D64��<

i
�',�LS� �D����59��AB�=sg1�)���mS5�/#:

update i v x
/#:

x
1���&D64��<

i
�',�LS� �S)�<4�

*+��c'<P-0/./
v
)�<064)�&���62`S/�64;�*S*S�gR+��:Qc9$��9?�,qR[�QLM�'�.,���A�1�H#5'64��:Q67/#62\D]	1���&D64��<4��&B60c'RS��30A>�S1���59��64���'6^/B� 	�"D-0����C(:2��60*+8�5

AB�����930AB��<06�-0��59;�59)Q34��&D&���5h/.&�;21���60&���:28q/��M�9?�AIH#&(&�/#5�c'<0XJ/#6P-��S&q59��|
index i (newarray v) = v,
index i (update i v x) = v,
index i (update j v x) = index i x, ha i �� j.fd��<0AB)Q34:2��64�Q34��, /a��CG/#&���<05@/#60*J/#,l��:2��&�/aA>�S1���59��64��&��93.*+��,GC���5'�S5'67/#*S*J/#&�59��,S,�)�,���&[`�R+)�59L�H#�S5h-{?y59��,S,���`�XJ/

��598�c'<0XJ/#60,JH#,S&I/r1���&D64��<��',�LS� �DXJ/#67H#<7/#�'62\(��:Q:2��5�&�/#R[$Q34��5@/#60*J/#,I�930AB)�6��'����"'TV<7/v�S67/#5'�S,S&+`�/vR+)�59L�/v����CD30:2��<0��37)���)�6
R+�QLM�'�k/#:Q:b/#5%�',�LS��&���5 -{�S&[`SX�����Cq��:2��,a�93~*+�v60��L#-{�S&kA>�S67/#60,S��/�AB������59L�H�3=59)�,GC�����)�62\

]^:
update

A��S1���59��6�XJ/#64)�&���,GCsAB����1�/#59?�34c'67H�37/u,GCD�'5'1�H#,G1�/#59?�/#, /�1���&(64��<�/�LS��606o�',�LS� �M�	R+��:Qc9$��9?#-0H#,
59��1�8o)�<064)�&�AB?DLS��30c'67H�37H21�/#5�64;�<064)�,S,���`�LS��A��',(6�/#:�AIH#<���A�5'c'64��6060mS&O/k60�930:Q67H#,OEP�S,S&�$��9��,JH#5'�93_,GC���5'1���&D*+��,i��:
$Q37/#&a/#&D&���<=*S�':Q64��,�37H#����32`JXJ/I/�1���&D64��<^����CM30:2��<4�Q34��,yXS�'1�/#60&���:2��6062`+/#:b/#:>$Q3�/#&q����C���6059��,�R+���',G64��<=A>�S67/#6^<7Hk/
&D� EP��-0��:2)Q34��&D*[8�5�EF��59)�RSc'64��606���<7H�EP*J/#,%\d��:Q6�AIH�3.30:2?21�/#5Y�S,S���(���B60�S5@/�-0LS��,�37H#��,J/#&p�93�,���1���:Q�'& N�*+821���*S*+��,�5@H�34L
�'� �#"'TV*+��,gWU\
� <P-��S,S&�AB��306_�93�����CO����CM30:2��<0�xR+)�59L�/#RS<4����<7/#AB��62`%X�����C�*[��A>�S67/#60XJ/�3430�S&O<7/�-�67/�/K&(mS59;�,(*[;�:28oAB������59L�H�T

34��&�/#62\M������C(mS&KR+)�59L�H#�S5%����CK����CM30:2��<0�o�'A�R+��<7/#60c'1k,(C���5'1kEP�S,S&�$��9��,JH#5'�93~&�;�<0,(C���:2��60*[��,yAB����c'<06��',G64��<0RS<4��64��<4)�62`
/#A��',���&a/�30:Q�',G67/��M�937H#6^/�&�;21���60&���:28k/#*�34:Q60<7/#&(6^/�L�/#6060c'RS��37��&(&�/#5dLS�Uz�,S�@H#5 -{�S&[|

�}�����
Term = Var Id | Con Int | Add Term Term�}�����
Comm = Asgn Id Term | Seq Comm Comm | If Term Comm Comm�}�����
Prog = Prog Comm Term
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]^:
Id

60c'RS��306�/#:o/#:2��,���30c'64?�& N��'606.,���A <4;���:Qc'64��606�W�60c'RS��37/#&�)�,(6.EP����-��S&p&���:2��5',S�V\�����Cp64��<0A 59��X���6.1�H#5'64��:2?S`
&���,�3067/#,�3d1�/#��Cv&�)�6%64��<0A ;�3430:2������\2����CvRJ/#<7/#,�$Q3�N

Comm
W%59��X���6d)�<064)�&�/�L�H�3ZN

Asgn
WU`2&�)�6dRJ/#<7/#,�$Q3h30:2��&D1���,�$��@H�-0/

N
Seq

Wd1�/#��C>����C
If

��5@H#�G/#:bH�3b\��v)���mS5�/�RS<4����<7/#AB��&oN
Prog

Wh����C�RJ/#<7/#,�$Q3�/#5'&�/#5'AI/#:bH�37H#6+-0��59��,G60�'&�1�/#5@/#A��'5'C���,
64��<0A�TV<4��\

]	RS<4����<7/#A�EP�S67H�37H#,J/#&kRS�'5'5@/#,J/#60,GCD�dH#5'5@/#R[��67H#6�����CB1���&D64��<0*J/#,qEF���b-{�S&B67H#<4��5',S�V`S/#A��',���&q/#:r�',�LS� �S����59�Q30:�T
,���&o/#:>/#:2��,���30c'64?�&+`J/.RS�'5'5@/#,J/#60,GCD�h)�<064)�&���&qR+�QLM�'�k/.1���&(64��<r/�LS��606��',�LS� �D��R[��:Qc9$��9?#-4H#,a67H#<4��5'6=)�<064)�&���&+\

��u`� :
State = Arr�}�����
Ix = Id�}�����
Val = Int

�v)���mS5h/#:_�',G64��<0RS<4��64��<2|
eval :: Term

S
State

S
Int

eval (Var i) x = index i x
eval (Con a) x = a
eval (Add t u) x = (eval t x) + (eval u x)

exec :: Comm
S

State
S

State
exec (Asgn i t) x = update i (eval t x) x
exec (Seq c d) x = exec d (exec c x)
exec (If t c d) x =

B&H
eval t x = 0�)4}:t>

exec c x:c~�yZ:
exec d x

elab :: Prog
S

Int
elab (Prog c t) = eval t (exec c (newarray 0))

�����b-0����C���:Q:QmS&[`�X�����Cq/�LS�Uz�,Sc9$��9?I,J/#��C���,aXJ/�34��,S5'c'6^/�LS��,���67H�$��9?�3^30:2��AI/#,G60�'&�H#<7/M\
]�64��<0AB��&�&D�9)�<064)�&���59)Q34)�6�1�)���:28�EPmS����1�)�,GCu����C�64��<0A�)Q3�����C�H#5'5@/#R[��6I/#5@/#RM-4H#,�LS��5'����:Q�'&[\�����Ci1�H#5'64��:2?

)�<064)�&�)�,���&KAB����XJ/#67H#<4��:bH�37/B/#:�H#5'5@/#R[��6~�',�LS� �S��59)Q34)�6�-0��59��,G60�V\S]^:
exec

EPmS����1�)�,GC�`J/#A��+RJ/#<7/#,�$Q34��&K1�)���<4��XJ/�- T
67H�37H#6.1�)���:Q�V`h����CiRJ/#<7/#,�$Q30X���:o)Q3./�&���:2LS8�H#5'5@/#R[��60X���:q<4��,�LS��5'��/�1�)��GH#5'5@/#R[��64��62\�]^:k)�<064)�&�/�L�H�306�/#:oH#5'5@/#R+��6
AB?DLS��30c'67H�37HQ1�/#5��'A�RS59��AB��,(67H#5'60�S&[\(�r)���mS5J/#:

elab
EPmS����1�)�,GCB/

t
64��<0AB��6n)�<064)�&���5'��&(�V`�A��'�S67H#,I1�)���<4��XJ/�-�64��6067/

/.RJ/#<7/#AB)�64��<0mS5�&�/#R+��606
c
RS<4����<7/#AB��6r����Ck,(�S5'5@H#&(&�/#5d�',S�9$��@/#5'�':bH#5'6vH#5'5@/#R[��6{TV1���&D64��<0<7/M\

�v/qz���C���5'AB�Q34��,uAB����,�)�:Q:QmS&�/oEP��,(60�9��&���62`�5@H#60XJ/#64?S`dX�����C�/#:qH#5'5@/#R[��6{TV1���&D64��<�X���5'C(*+��,i64;�<064)�,�8yAB?DLS�#T
30c'60XJ/#64?�37H#�GH#,J/#&x$Q3�/#&p/#:q/qEF��5'64)�64��59��`%X�����Ci/#:

update
EPmS����1�)�,GCpAB��X�?�59����C���,u/qRJ/#<7/#AB)�64��<4���'<4�K,�)�:Q1���`

/#:b/#:_)�<064)�&���5 -{�v&D�%/>AIH�34�(LM�'&IRJ/#<7/#AB)�64��<4)�62`SA��9��598�606=/#:�H#5'5@/#R[��6=/�LS��606��',�LS� �S)�<4�vX���5'C���:Q,�)�\S�r/.��:v,���A�64;�<{T
64)�,S,��_AB����`[/#&(&���<^/#:

x
1���&D64��<^/#:

i
T}�QLM�'&qR+��:Qc9$��9?�,�67/#<067/#5'AI/#:Q,J/B����Co;�,SAI/#�GH#<7/B1�/#59?�XS�'1�/#60&���:bH�3062`�64��XJH#6

��5'1��Q30:Q64��,�)�/��S,S���G���_60�S5@/�-0LS��,�37H#����62\
# ��&>&(�S67/#67H�3hEF��5'C(6�/#,S,J/#&>)�<4LS��&�)�*+��,%`�X�����C>/#�S64��AI/#60�'&D��37/#,B��59LS;�,G60X���648v59����C���,%`�X�����C�����C�E��S,S&�$��9��,JH#5'�93

RS<4����<7/#A ����Cp1���&(64��<06�����CM30:2��<4�Q34��,�XS�'1�/#60&���:2��606.AB?(LS��,�XJ/�30:Q,JH#5 T}��\�]�&D�S67/#64?�&x30:bH#,�LS)�&�/�/#:K1���5'62`dX�����C
/#:k��<4�QLMAB)�,(C���&���6���RS60�'AI/#5'�':bH�$��9?�3.$Q)�59��&D<7/�XJ/�30:Q,JH#5 -0H#&x/oEP��<4LMc'64?�RS<4����<7/#AB��&D*J/#,%\����'1���5�/#:I�'5'C���,�/#,J/#5'c':Q�93
1D�930:2��,GCD5@/#��*+��,GC���5'�S5'6~)Q3Y34:bH#A�c'67H�30�'��)�,GC��Q32`M/_RS<4����<7/#AB��:2?�&K����C�$Q34��R[��<06P-4/_tS��C�5@H#6P-4/M`�X�����CB37��&(&�/#5J����CM30:2�UT
<0�S*S*O59��,S,���`[XJ/k��5'CG/#,O,(C���5'1(����59��AB��&���6_1���:2��60,�)�,���&y*[��`�/#A��'1���5�/k�S,S���G���>60�S5@/�-{LS��,�3�H#����6�� �DRS5'�9$��'6Z-0��59��:Q,S�
59��X���60,���\[��:Q:2��5d&�/#R[$Q37��5@/#60*J/#,��93=34:QmS59��6064��&a��5'CG/#,yAB������59L�H�34��&+`g/#A��'&�/�60c'RS��3=<4��,�LS30:2��<4��,�&���<4�Q30:Q60mS5�/�L#-0H#&
AB���I��:Q6=/�59��X���648�37)�����62`J��<0<48�5�*+821���*S*+��,y��5'1�/�30XJ/#60�S,S&kR+)�59L�H#�S5Y� �#"'TV*+��,a)Q3��'� �#"'TV*+��,%\
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������������� � �����! � � � �	�
] 1���&D64��<�AB��,JH�Lo����)Q30:�����CM30:2��<0����,o����Ck��5'CG/#,�H#5'5@/#R+��6~AB��,JH�L�`�/#A��',���&q/#:�H#5'5@/#R+��67/�����CI1���&D64��<2\ � LS)�:Q:QmS&
EF��5d/�LS�Uz�,Sc9$��9?�62|

�}�����
M a = State

S
(a, State)��u`� :

State = ArrB6>¥y/��� >}A\:
Monad M �

4}:=E�:
return a =

�
x
S
(a, x)

m ���
�

k =
�
x
S ~�:.�

(a, y) = m x
B&>

~&:#�
(b, z) = k a y

B6>
(b, z)

]^:���598�:28I/#5 EF��-{��:2��60*+��,�*+��A��S67/#64��606r1�H#5'64��:b/#60*J/#,O/#:>H#5'5@/#R+��6^����C
Int

1���5'62`J)Q3�1���5'6=&�)�6�64�b1�H#*S*S�h60c'RS��30A��MT
1���59��60mS,S&

M
TVX���:�\��y��306>XJH#<4��A 60c'RS��30A��S1���59��60mS,S&�59�Q30:�`���:2��&�/�1���&(64��<.59)�60<4��X���:bH�37H#X���:�`��',�LS� �S��59)Q34)�X���:o)Q3

AB?DLS��30c'67H�37H#X���:�&�/#R[$Q37��59?(LM,J/#&+\
block :: Val

S
M a

S
a

block v m =
~&:#�

(a, x) = m (newarray v)
B6>

a

fetch :: Ix
S

M Val
fetch i =

�
x
S
(index i x, x)

assign :: Ix
S

Val
S

M a
assign i v =

�
x
S
((), update i v x)

]
block v m

XSc'1�H�3�����C�t�-d1���&(64��<06�X���:�59)�60<4��`�/#A��',���&�A��',�LS��,�R+��:Qc9$��9?#-0H#6
v
TV1���5S�',S�9$��@/#5'�':bH#5 -4/M\���:Q�S67H#,

/#5'&�/#5'AI/#:Q:b/K<7Ho/#:
m
AB��,J/�LM�'&(��3_34:bH#A�c'67H�3062`%/#A��

Arr
S

(a, Arr)
E�mS����1�)�,(Cy59)�1�)�,x����C f

a
f>60c'RS��30t

��<4�QLMAB)�,GCD6^)Q3=����Ckt�-�H#5'5@/#R[��64��6^30:2��5'�GH#5'67/#62\��v)���mS5d/#:���<4�QLMAB)�,GC fQ/Ifr59�Q34:�\
]
fetch

XSc'1�H�3~��<4�QLMAB)�,GC�������CIAB��,J/�LM�'&D��3~)�<064)�&[`M��5'CG/#,qEPmS����1�)�,GC�`�/#A��'6=/>1���&(64��<~����CkR[��:Qc9$��9?#-4H#,J/#&
59��&�)�<4LS��:2)Q34)�<4��XJ/�34:Q,JH#5'XJ/#60�S,S&[\%��,S,���&�AB����EF��59��598D��,i/KRJ/#<7/#AB)�64��<0mS5Y&�/#R[��606�H#5'5@/#R+��64��,x,���A 1�H#5'64��:Q67/#62`d)Q3
��<4�QLMAB)�,GCo&���A�R+��,���,�34)�*+��/.1���&D64��<

i
\SR+��:Qc9$��9?#-4H#,�H#5'59?B��59��AB��6=X���5'C���:Q�V\

�v)���mS5�/#:
assign

EPmS����1�)�,GCy��<4�QLMAB)�,(C�������CyH#5'5@/#R+��60AB?(LS��30c'64?kEPmS����1�)�,GC�\+��:�1�)���<4��XJ/�-{67H�30&���<�/B&���,MT
64)�,���<0*+�>��<4�QLMAB)�,(C(6v,���AeX���5'C���:oNP$Q3�/#&�/#:>mS<4�Q3�f

()
f���59��AB��6�WU`+LS��AB?DLS��30c'6P-4/k/I1���&D64��<06v/#:

update
A��MT

1���59��6064��5V\
] XJH#<4��A�A��S1���59��60*+8�5^����C��QLMmS5r/

fetch
TV*+��,wEF��<4LM�S5'XJ/#6I��598S`�X�����C���5'<4��A�5'�'&w/#:a����CD34:2��<4�Q34��,�XS�'1�/#6{T

&���:2��606437H#��`�LS�I��:k�93�&D�'&(m�34:2;�*[;�5'X���648S`dXJ/
fetch

AB��X�?O/#:k��59378a&���A�R+��,���,�34)�<4�I,�)�:Q1���`�/#:b/#:K/oE�mS����1�)�,(C
1�)���<4��XJ/�-{67H�37/#&���<>/#:B��<4�QLMAB)�,GCDmS5Y&�/#R+��606_RJH#<0*J/

index i x
<4�QLM�S&�H#5'6�/#5@/#&�-0/pNF/K&�)�<4LS)Q34�Q3�R[��:Qc9$��9?�,iH#5'59?

��59��AkWZ&���<0mS5V\
]^:��'5'C���, )Q3I��XSX���:�XJ/�34��,S59?i�Q34��64��&D*+��, XJ/�30:Q,JH#5'XJ/#64?u/#:�/#5@H#*S*S�rA��',G67/#�'5'59�Q30:Q64)Q37��,	/#5@/#RS�S59?iAB?(LS34:2��<2`

/#A��'6Z/#:^�S,G*+�e�S�QLI60c'RS��37��&(&�/#5J&�/#R[$Q37��5@/#64��37/#,IXJ/�30:Q,JH#5',J/#&�N{�'� ��"�WU\G�v/v&(�[30:2��<4��60,�)�,S&B)�<064)�&���5'64��60,S�[1�/#5@/#A��'6~/
1�)���<4��XJ/�-{67H�3^����CoR+��,G6P-4H#,%`J$Q34��AI/#����5 -{�S&o*+�_1�/#5@/#A��'5'C���,p/�L�/#6060c'RS��30*J/M\ 	h)�59L�H#�S5���*S*+��,�/#:>�Q37��60*[��,y64����C(mS&
EF��5V`MX�����CK���Q$v60c'RS��3�/B/.&�;21���60&���:28S|

��u`� :
Vec = Vec Vec#

]^:b/#:.����C
Vec#

60c'RS��34*J/B67/#<4��:2?ONPLS��*[��:2��5@/#605@/#,gWr)�<064)�&���6r1��Q30:QmS,S&a&�;�<0mS5�/
Vec

/�L�/#60&���,�3060<0�S&D64��<0<7/#5V\���:�T
�S67H#,

fetch
LS�Uz�,Sc9$��9?#-4H#6�A��',(67/#�'5'59�Q30:Q64)Q3434��5hc'<P-��S&KAB����|
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fetch i x =
A\�Iy�:

index i x
�7H

Vec vector
S

(Vec vector, x)

��:Q:2��5h/�<4��,�LS30:2��<06�<7H#&�)�,GCM30:2��<0c'6P-{mS&a/#<0<7/M`SX�����C
index

T}��6v/�30:QmS&M34)����Q3~AB)�<064)�&D�'�B<4�QLM�S&�H#5 -4/M\
����306Y/#5@/#&Dc'6430�S&

M
T}��6n/#*�30:Q60<7/#&D6Y/�L�/#6060c'RS��3437HM`G/#A��',���&�;�6�A>�S1���59��64�

return
`
���
� `

block
`
fetch)Q3

assign
\+��:2��&o&�;�:QmS5

block
30:2��<4��R+��/#:2)�<06r&(�9��AB��5'&��QLS8S`gAB��<06^��:./#:>����C���6059��,%`+/#A��',���&�/�1D�93430:b/#64)�<4)Q30�

)�<064)�&��_,���A AB��,J/�LM�'&D��32\]fr)�5'&DmS59�_,���A 59��X���60,�����5'CG/#,
M
T}��6�XJ/�30:Q,JH#59?IRS<4����<7/#AB��&�/#6^c'<0,S�V`�/#A��',���&o/#:>��<4�QLDT

AB)�,GC�)�*+��,�,���A 30:2��<4��R[��5
M
\

]^:Q:b/#5V`dX�����C
M
/#*�30:Q60<7/#&D6�/�L�/#6060c'RS��32`d*S�':Q64��3�/#&p59��X���60mS,S&x*[��,S,���`dX�����C�/#:k����CM30:2��<4�Q34��,�XS�'1�/#60&���:2��606{T

37H#�yAB����8�<0:28(LM�'&+`%c'��Ci/#:
update

A>�S1���59��64��6.XJ/#64)�&���,(CG/#,uAB����1�/#59?�30c'60XJ/#64?S\��v/qAB������,S���QLM,�)�,S&+`hX�����Ci/
EF��5'XJ/�30:Q,JH#59?I/.1���&D64��<^/#5@/#RSA��S1���59��64���'6r�93~XJ/�30:Q,JH#5 -4/M`S59��c'<0XJ/#60,JH�R+)�59L�H#�S5d��:Q62|

�
x
S

(assign i v x, assign i w x)

/#A��%,(C(�'5'1�H#,amS60&�;�:Q,���/#:�����CM30:2��<4�Q34��,oXS�'1�/#60&���:2��606437H#���G/#5V\
]^:

M
T}��6�XJ/�34:Q,JH#59?��',G64��<0RS<4��64��<_/.&�;21���60&���:28S|
eval :: Term

S
M Int

eval (Var i) x = fetch i
eval (Con a) x = return a
eval (Add t u) x = eval t ���

� �
a
S

eval u ���
� �

b
S
return (a + b)

exec :: Comm
S

M ()
exec (Asgn i t) x = eval t ���

� �
a
S

assign i a
exec (Seq c d) x = exec c ���

� �
_
S
exec d ���

� �
_
S

return ()
exec (If t c d) x = eval t ���

� �
a
S

B&H
a = 0

�)4¥:c>
exec c

:c~&y�:
exec d

elab :: Prog
S

Int
elab (Prog c t) = block 0(exec c ���

� �
_
S

eval t ���
� �

a
S
return a)

]	60c'RS��34*[?�5+5@H#60XJ/#64?S`DX�����CK/�64��<0AB��&I&D�9)�<064)�&���59)Q34)�6�1�)���:28
eval

EPmS����1�)�,GCk��<4�QLMAB)�,(C�������CB&���,(64)�,���<0*[�
X���5'C���:2��606^����)Q34:�30:bH#Aa`�/#A��',���&o��,S,���&qAB����XJ/#67H#<4��:bH�37H#X���:>XJ/�34:Q,JH#5'XJ/#6P-0/k/#:>H#5'5@/#R[��64��62\J]=:Q6�����C���598�<4��AB)��
,���A�60��L#-{�S&.-{��59��:Q,S�V`JX�����Ca/.E�mS����1�)�,(Ca$Q37/#&o��5'1�/�3737/B/#:>H#5'5@/#R+��64��62`�c'��Cq&�)�,GCD64��59��,���&a1�/#��C(�S,S&a/�60c'RS��34*J/#,
&D�9$Q30�'6~64;�*S*[��6�EP��5'60mS,(64��60,S�V\J�v/�34��,S59?�/#,y/.RJ/#<7/#,�$Q34��&KEP�S6067/#67H�37/��93~&�/#R[$Q37��5@/#60*J/#,yH#5'5d/#:>H#5'5@/#R+��6067/#5V\

�y�'1���5%/�RS<4����<7/#A�/#:�/#*�30:Q60<7/#&D6=/�L�/#6060c'RS��306~XJ/�30:Q,JH#5 -4/M`Dc'��CI,���A�&���5'5d/#6064?�5+67/#<067/#,G�S,S&+`SX�����CIAB����37)�<0mS5
/#:�����CM30:2��<4�Q3~XS�'1�/#60&���:2��606437H#��\

]^:�t�-�<7/#c'<06v�',G64��<0RS<4��64��<>&(�9$Q34�'6^X���3434:b/#*S*i/#:���598�:28q1�H#5'64��:b/#60,JH#5V`�LS�.67/#5@H#,p&�;�,S,GC���*S*xAB����)�<064��,S���93b\ 
G?�5
5@H#6430:Q�'&OR+)�59L�H#�S5V`�X�����CO/

Seq c d
RJ/#<7/#,�$Q3�EP�S6067H�37H#X���:I��598�30:2;�<�59�UE��S6067/#6P-{�S&

c
TV62`d/#:Q67H#,

d
TV62`%)Q3���:Q6�,���A

&���5'5S-0��*S*S<4?�5 TV*J/#5'<7/�EPmS����1�)�,GCD&���A�R[��:Qc9$��9?�3v/#5@/#&D*J/#,oEP��5'c'<0,(�S,S&[\
]^:KH#5'5@/#R+��6�AB��,JH�LM,JH#5ZAIH#<>��A�5'c'64��6060mS&+`dX�����Cx��:q/qRS<4����<7/#A fU60tS5937H#����37/#,u30:2��&(1���,�$��@H#5'�93�f�59�Q30:�`�/#:b/#:

,J/#��C���,xAB����&�;�60�n/kEF��<4LMc'64?�RS<4����<7/#A &���:2)�62\�	h)�59L�H#�S5�/#:
Add t u

&(�930:bH#A�c'67H�3�/q�93
t
&D�930:bH#A�c'67H�37HQ1�/#5�&���5'5V`

X�����C�&���:2LS8(L#-0;�,%`�)Q3
u
TV6�$Q37/#&���:Q�S67H#,w59��X���6�AB����XJ/#67H#<4��:Q,S�V\���:o,(C(�'5'1�H#,G1�/#59?�/#,�EF��59�Q3059�����Q32`�<7H�/�L�H�30�S5~c'��C

��5'1��Q30:Q6P-{mS&�/oRJH#<0X(�S:b/#AB��3�&(�934:bH#A�c'60XJ/#64?�37H#�O59��X���648�34)���)�6��932\d��A�5'c'64��6060mS&+`�X�����C�/#:
eval

E�mS����1�)�,(Ci$Q37/#&
��5'1�/�3437/./#:_H#5'5@/#R+��64��62`SLS�^,���A AB?DLS��30c'6P-4/�/#:Q62\D��:r59��X���648�37)�����6=/�Lq/#<0<7/M`DX�����Ck*[��1���:2�Q3434mS&k/>1���&(64��<~��5'1�/�34?
AB��,JH�LS��62\
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 � � 
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]^:�H#5'5@/#R[��6�AB��,JH�LM*+?�5%64��<0AB)Q30:2��64�Q3=AB?(LS��,�/�LS?(LM�'&+`SX�����Co/#:���5'1�/�37?�AB��,JH�Lo60c'RS��37/B/.&�;b1���60&���:28S|

�}�����
M’ a = State

S
a

/#:b/#:Y����CM30:2��<0����,���5'XJ/#��CD60�S&�/#:YH#5'5@/#R[��6hAB?(LS��34c'67H�37H#<7/�59��X���648�34)�����6�/�LS?~AIH�34�DLM�'&^&���A�R+��,���,�3062\b]�AB����EF��59��598
A��S1���59��64��&�/.&�;b1���60&���:28�&[|

return’ :: a
S

M’ a
return’ a =

�
x
S
a

( ���
� " ) :: M’ a

S
(a

S
M’ b)

S
M’ b

m ���
� " k =

�
x
S ~�:.�

a = m x
B6>

k a x

fetch’ :: Ix
S

M’ Val
fetch’ i =

�
x
S
index i x

]�LS�Uz�,Sc9$��9?�&�,J/#��C�-0H#*+?�5()�<060X���648D��&+\�]
return’ a

XSc'1�H�3h��<4�QLMAB)�,(C�������C���5'CG/#,�EPmS����1�)�,GC�`�/#A��D����CM30:2��<0����,
1D�93430:b/�/�L#-4/

a
TV62\�]=:

(m ���
� " k) x

XSc'1�H�3���598�34:2;�<_&(�930:bH#A�c'6P-4/
m
T}��62`d/#:Q67H#,x��,S,���&O��<4�QLMAB)�,GC�)�6�EP��5'XJ/�34:�T

,JH#5'1�/�&(�934:bH#A�c'6P-0/
k a

TV6=�93��S��CG/#,J/#*S*J/#,�/#:
x
H#5'5@/#R+��60*J/#,%\v���'��C���5 -{mS&KAB����`�X�����C

return’
��5'XJ/#��Cb-4/B/#:

H#5'5@/#R+��64��62`
���
� " R[�QLM�'�OAB����LM�SRS5@H#:Q:b/M\�]

fetch’ i x
XSc'1�H�3.����CM30:2��<0����,u1D�93430:b/�/�L#-4/y/#:

x
1���&D64��<.�V\

R+��:Qc9$��9?#-0H#,yH#5'59?I��59��AB��62\
�y�'1���5+/#:�H#5'5@/#R+��6Z��5'1�/�34?.30:bH#A�c'67H�34��&B<4)Q34:QXJ/#5'AI/#:b/#�d/#:vH#5'5@/#R+��64��6�c'<4?#T}��5'1�/�34?�30:bH#A�c'67H�37��&(,J/#&+`Gc'��CIAB����T

/�LMXJ/#64?B����CKEPmS����1�)�,GC�`J/#A��h/#:
M’
TV*+��5'�d30:bH#A�c'67H�34��&�/#6

M
TV*+��5'�d30:bH#A�c'67H�37��&(&�HB/#5@/#&Dc'6P-0/M\

coerce :: M’ a
S

M a
coerce m =

�
x
S ~&:#�

a = m x
B6>

(a, x)

] EPmS����1�)�,GCy,���A 64�Q30:.AIH�3062`gA��',G6�/#:
M’
TV*+��5'��30:bH#A�c'67H�30X���:�����C���5'CG/#,

M
TV*+��5'�'6v<4��,�LS��5V`+/#A���/#:�H#5'5@/#R[��64��6

,���A�AB?DLS��30c'6P-4/M`�)�<064)�&��aR+�QLM�'��/#:
M’

34:bH#A�c'67H�3I)�<064)�&���\Z]=:a����CM30:2��<4�Q3kXS�'1�/#60&���:2��606437H#��AB����8�<0:2)Q34)�X���:p/
EPmS����1�)�,GCD,���&�AB��X�?�,J/#&a&���5'5�59��,S,S�9��/B&�;�:Q*+��,�348

a
TV*J/#,%`[R[)�59L�H#�S5�/;�n59�2/#,MTV*[��,p��<0<4��/�fU59��6{TV*+�UEP��<4�\f�&D� EP��-0�UT

:2)Q34��&yN���WYXJ/�30:Q,JH#5@/#67H21�/#5d,GCDc'5'�'&B59��X���648�34)���mS,S&+\S����CIAB��,JH�LS��6~&���A�A>�S67/#60c'1(,J/#&K,���1���:QmS,S&[`MXJ/.)�<01�)�,(C��Q3=/
&�;21���60&���:28S|

(m ���
� �

a
S
n ���

� �
b
S
o) = (n ���

� �
b
S
m ���

� �
a
S
o)

] &(� EF��-0��:2)Q30,���&>64��<0AB)Q34:2��64�Q34��,K$Q3�/#&�/#&D&���<�1�/#,I)�<064��5'AB��`(XJ/"f
a
f�TV,J/#&�,S�',�$Q3Z30:b/#*J/�LI��598#EF��<4LM�S5@H�37/ f

n
f�TV*[��,%`

f
b
f�TV,���&qR+�QLM�'� f

m
f�TV*+��,%\J]^:

n
)Q3
m
EP��59$Q37��<4)�5'X���648�34)����_64��XJH#6^/#:Q6~EF��-0��:Q��&(�V`MX�����CK&���A�A��S67/#60c'1oAB��,JH�LM*J/#,

/#:�����C��Q3�34:bH#A�c'67H�30�%59)�R+)Q34��&k&D�9)�<064)�&���59)Q30�d37��<0<4��,�L#-{�INF/.AB��,�LS��606=EP��5'64)�64��59��&KAB��5'59��606�W�64��6434:28�59�����Q32\
�y�'1���5%/#:v��5'1�/�34?.AB��,JH�Lq&���A�A��S67/#60c'1+`S59��X���648�34)���mS,S&K1�/#,q/

���
� " A>�S1���59��64��6�RJH#<0XG�S:b/#AB��34c'67H�37H#<7/M|

m ���
� " k =

�
x
S ~&:#�

a = m x
B6>

~�:.�
b = k a x

B6>
par b (seq a b)

] LS�Uz�,Sc9$��9?�*J/#,�/��(� � 	sRS<4�($Q�Q3434:2��<n-0��59;�59)Q34���'6vXJ/�30:Q,JH#5'60�S&+\
par

-{��59��,(64)Q34��`+X�����Cp/I&�)�6vRJ/#<7/#AB)�64��<06�RJH#<{T
XG�S:b/#AB��3�/#, &���5'5^&(�9)�<064)�&���5',S�V`nR+��,G64��37/#*S*J/#, /p1�)���<4��XJ/�-{67H�3KtS��C�64;�<064)�,S�'&[`nX�����Cw��598�30:2;�<K��5'�',�LM�S5r����C�t�-
EF��5'CG/#AI/#62`�/#A��J/#:���59348r&(� EF��-{��:2)Q346~N�*gWh&���:2LM�S&D�9)�<064)�&���5',S�V`G/#:��',�LMc'64?rEF��5'CG/#AI/#6�R[�QLM�'��/rAIH�34�DLM�'&D&�/#5DEF��5'C(67/#6P-4/M\



�����M��� ªh� � /o� � �I� ��«u
=,�?6® 
��eª���,"ª��o�?>3>��¬« � � � � �

seq
XJ/#67H�37H#<7/�/KEP��5'CG/#AI/#6>��598�*S*x&(�9)�<064)�&���5'�-f

a
f�TV62`d/#:Q67H#,iAB����1�H#<P-4/ f

b
f�&(�9)�<064)�&���59)Q3062`d)Q3���:Q6�1D�93430:b/�/�L#-4/

��<4�QLMAB)�,GCD&�)�,G62\
] A>�S1���59��64��&���6_&�)�6v/#*�34:Q60<7/#&(6�/�L�/#6060c'RS��30*J/K$Q34��AI/#����5 -{�S&

M
TV*+�.)Q3

M’
TV*+�>;�3434:2�Q34��,y,(C���59$.60c'RS��30A��S1��UT

59��6064��5nN
return

`
���
� `

return’
`
���
� " ` block ` assign ` fetch’ )Q3 coerce WU\��:2��&���6=EP��5'XJ/�34:Q,JH#5'1�/^-{�S60�S,S&a/#:_�',G64��<0RS<4��64��<r1�)���348�1���<0:Q�9?#-0H#X���:�|

eval :: Term
S

M’ Int
eval (Var i) x = fetch’ i
eval (Con a) x = return’ a
eval (Add t u) x = eval t ���

� " � a S
eval u ���

� " � b S return’ (a + b)

exec :: Comm
S

M ()
exec (Asgn i t) x = coerce(eval t) ���

� �
a
S

assign i a
exec (Seq c d) x = exec c ���

� �
_
S
exec d ���

� �
_
S

return ()
exec (If t c d) x = coerce(eval t) ���

� �
a
S

B&H
a = 0

�)4¥:c>
exec c

:c~&y�:
exec d

elab :: Prog
S

Int
elab (Prog c t) = block 0(exec c ���

� �
_
S

coerce(eval t) ���
� �

a
S
return a)

��:�/#,S,(C(�'*J/#,q&DmS59;�,G*+;�:Q�'&k/#:r��598�:28�648�5V`MX�����C
eval

TV6
M’

XJ/�30:Q,JH#5@/#67H21�/#5�c'<060�S&BAB����`D)Q3~/#:r��59378�&�)�6
M
T}��6

XJ/�30:Q,JH#59?IE�mS����1�)�,(C(*+��,p/#:
eval

XSc'1�H�34��&�/#6^����C(T}����C
coerce

1��Q34:Q�d&�;�<0mS5V\[��:Q:2��5�����CD<4)Q30:Q6v30�'&���<0mS5'6�-0��59��:�T
,GmS,S&+`SX�����C

eval
$Q3�/#&K��5'1�/�3437/�/#:�H#5'5@/#R+��601���&(64��<062`JAIH�30<4)Q30:Q6=/.RJH#<0X(�S:b/#AB��30c'60XJ/#64?�37H#����6v�93~1D�93430:b/#X���:Q60�S&

/.<4��,�LS30:2��<0*+��\
bv�9$Q30�'6�1D�93430:b/#&�/#,GCG/#<4�DLM1�/�/�&�/#64����?�<0�@/���5'AB)�59��60X���:.��5'AB��,�LMXJ/#6P-��S&+`MX�����C

coerce
1�/#59?#-0H#*J/#,o,���A�AIH�32`

A��',G6y����C AB��,JH�LsAB��<{z�:QA���3b`~64��XJH#6�����Cl��5'CG/#, � " S � 59��&�)�R+��:2)Q32`�/#A���/�AB��,JH�LS��& 3060<0�S&D60tS<7H�-4H#6
AB����8�<0:Q�V`g/#:b/#:�|

h(return’ a) = return a,
h(m ���

� " � a
S

n) = (h m) ���
� �

a
S

(h n)
� 3434:2�UEP����5@/#5'1�/v��5'AB��,�LMXJ/#6P-��S&+`�X�����C�/rAB��,JH�LS��&�XJ/�30:Q,JH#5@/#67HQ1�/#5J&�)�6n��5'CG/#,k/#*�30:Q60<7/#&D6�60c'RS��306�1���:2��6060mS,S&

*+��`#/#A��M&�)�R+�Q3���5'<4��-{64��,S��/�1���&D64��<4��&��'A�RS59��AB��,(67H�$��9?#-0H#6Z/~EF��5'XJ/�30:Q,JH#59?v��598�5S)Q3�/#:�����CM30:2��<4�Q30,.XS�'1�/#60&���:2��606437H#�
AB����8�<0:2)Q34�.AB��5'59��606r59��X���648�34)�����6�/�L�/#<0<7/M`gX�����Ca,�)�XJH#,GCy,GC���5'1D�hRS<0�'A��'60c'1�*[��1���:2��64)Q34)�1���5�XJ/#64)�&���,(C�1���&D64��<{T
&���:2��59)Q3434��5d*[8b1(c'6430mS&o/��v/�30&���5'5d�Q30:Q&�;�:Q67H#<7H#62\

��� � �gY + �10 
r_�\ ��
 

�ca1. ��[]a�
N+n0 .�+ 
r\l#µ#�\ � ��
M\
�v/#<0AI/�LM�'&�R+)�59L�H#,S&D*J/#,iAB����A��S67/#6P-{�S&+`dX�����Cx/qAB��,JH�LS��&x34����c'6437)���)�1���5Y&���,S&D�S<4��,�3�30:bH#A�c'67H�34��&�/#6��93�AB�#T
LS��5'59��:QX���60mS,S&+`�/#,�)�5'&(mS5V`�X�����Cxt�-�RS<0�'A��'60c'1���&���6�&���5'59��,��K*+��1���:2��60,S�ZE��S,S&�$��9��,JH#5'�93�RS<4����<7/#A�,(C���5'1(mS,S&D*[��\���:
$Q37/#&�����C�f�$Q30�',JH#59L�AI/#�G/�L`f.RJH#<0XG�S:b/#AB��30c'67H�3_59�Q34:�`+/#:.mS64��AB��:28�6_�93r,���&(mS,S&y&���5'5�AI/�-{LyAB����c'<0,S��X���:Q:bHM`+)Q3
)�RSc'60mS,S&y/#<0<7/M`gX�����C�/#:>����C��Q3rRS<4����<7/#AB30:bH#5@/#&aXJ/�-{5@/#,�LS?�&y/B1���:2)�<059)Q306^AI/#���S&D64?�5�H#67/�LM,S�V`JXS�930:2��,�,���Ae59�Q30:
59��X���648�34)���mS,S&a/#<0<7/M`SX�����Cq&Dc'1(mS5'<48�5%30:b/#&Dc'6430�S&KAB���k/>EP�S67H�30�S&�/#62\

]^:��'�G/#:bH#,O30:2)�RaAB������59L�H�3_/�&���,S&D�S<4��,�3�EF��5'CG/#AI/#64��&aAB�DLS��5'59��:2)Q34)�<4�>/#:>59��,S,���`�X�����Co59)�60<4��X���:Q�S,S&�����C
�'A�R+��<7/#60c'1xAB��,JH�LS��6�1�/#5@/#A��'5'C���,�EF��<0&pA��S1���59��6064��5V\���<0<4�K����C�)�*S&�)�,G6�67/#5@H#5'XJ/#60�S,S&x�93.R+)�59L�H#6�/a&���,S&(�S<4��,�3
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�v/�30&���5'5'*[��,��'� �#"}`(/#X���5g64�21�H#*S*S�gRS<0�'A��'60c'1���&���6��93Y*[��1���:2��6064��&+\(����306�/#:2��,G*J/#,o/#<0<7/�&���<4�Q3434mS&I/_1�H#5@/�30:Q62`�X�����C
/.,GC���5'1q*+821Dc'64)Q34�_,�)�5'&DmS5%X�����CG/#,aAB�DLS��5'59��:QX���648k/.RJH#<0X(�S:b/#AB��3437H#��\

]�R+)�59L�H#*J/#,l�'� �#"�LS��5'����:b/#67H#6>&�;b1���6P-�mS&+`�)Q3./#:qH#5'5@/#R[��6.AB��,JH�LM,JH#5n�93>)�<4LS��&��Q34��*S*�EP��5'CD67/#67H�3�AB��,JH�LS��6
EF���b-{�S&rEP��5'XJ/�30:Q,JH#5',S�V\���:Z����C(�'&���/��! �"D$��'&D&(*+��,�-4/Q1�/�34��5'6d59��X���6437)����Q3�34:bH#A�c'67H�3060c'RS��34��&D,J/#&[`#��<4��-{��/#*S*J/#,.<4��-�5'�'&+`
X�����Co/#5'&�/#5'AI/�3r/�30:bH#A�c'67H�34��&.-{;b1�8#-{)�,���&o��5'67H#<4��5@H�37H#<7/M\

] AB������59L�H�3Y/#:2)�<06�59�Q30:~�'�G/#:bH#,B)�<4LS��&��Q32`�AB��<06Y/rRJH#<0X(�S:b/#AB��3�EF��5'CG/#AI/#64��&�/#64��A��SA>�S1���59��64���J1�/#5@/#A��'5'C���,
AIH#<�AB����59��1�8�AB��,JH�L�AB��,J/�LM�'&(��3^30:bH#A�c'67H�37/#�%59�Q34:Q,���&[\

# :QmS&M34)���mS,S&K59�Q30:�/#:rc'<4?.AB��,JH�LM<7/M`J/#A��'<4�vAIH#<�5@H#6060�S,S&KR[)�59L�H#6=/#:v�'A�R+��<7/#60c'1k,(C���5'1(�%��59��AB��&k*[�Q)�RSc'64)Q37�
&�/#R[$Q37H#,%\+]^:�c'<4?kAB��,JH�LM,J/#&p/KAB��,JH�Lp��30:Q67H#5'CyA��S1���59��60��AB��5'59��606_1�/#,p����C�c'<7H�3vA��S1���59��64�B�932`+��:Q6_<4;21D�9LS��,
c'��CkEP��-0��:QX���6P-�mS&K&D�V|

A=~&�Iy�y
Monad m

	
Writer m �

4}:=E�:
write :: String

S
m ()

] 60�'RS�'&(��3~�'A�RS59��AB��,(67H�$��9?�6vAIH#<~5@H#6060�S&K&���<7H#*S*J/#,y�932`�H#5'67/#5@H#*J/#,�1�/#5@/#X�����CKc'��Ck,�)�:�&D�V|
��u`� :

W a = (a, String)

B6>¥y/��� >}A\:
Monad W �

4}:=E�:
(a, s) ���

�
k =

~&:.�
(b,s’) = k a

B6>
(b, s ++ s’)

return x = (x, "")

B6>¥y/��� >}A\:
Writer W �

4¥:tE�:
write s = ((), s)

b=��<7H#*S*J/#,u/#:Q6v�93���A�5'c'64��6060mS&[`+X�����Cp/KAB��,JH�LS��&DX���:B64;�*S*S,GCD�'<4��67/#<064��:Q�'&�1�/#5@/#A��'5'C���,pEP�S6067/#64?qA��S1���59��6��932`
��:�/#59?�5h/�� 34��A &D�'1�)�64��5V|

output :: W a
S

String
output (a, s) = s

] E�mS����1�)�,(Cq����CM30:2��<0����,a1D�93430:b/�/�L#-4/�/��lTV*[��5'�d34:bH#A�c'67H�3~&�;�:Q*[��,�����,���<7H#5'6=&D�'AB��,���64��62\
��598#EF��<4LM�S5V`�X�����C�����CvAB��,JH�L./#5@/#RS60c'RS��37/^AI/#�G/��93h����C_AB��,JH�L�\#��<0<4�n64;�*S*S,GCD�'<4�Z/#:2)�<06�1�/#,.30:QmS&M34)���`2X�����C

����CrAIH#<%59)�64��:28~EP�S,S&�$��9��,J/#5'�'67H�306ZNF/#A��'6�/ZRJ/#<7/#AB)�64��<dAB��,JH�L�1�/#59?�30c'6�AB���(W[&D�'*+821Dc'6430mS,S&v1�/#5@/#A��'1���5V\ � 5'C���,���&�/
&DmS59;�,G*+;�:28�AB��,JH�LB&���A�R+��:Qc9$��9?�&+`�R+)�59L�H#�S5V`(/#A��'&���<Y&D�'1�)�64��5'&���:2��59)Q3434��5g*[8b1(c'6P-{mS&B/vAB����59)�1�8.30:bH#A�c'67H�37/#�',S&�/#62\
� ��1���:2��60X���6P-�mS&a/�AB��,JH�La60<7/#,�30:�EP��<0AIH#59?�&o��30:Q67H#5'CGH#62|

A=~&�Iy�y
MonadTrans t �

4¥:tE�:
lift :: Monad m

	
ma

S
(t m) a

�rCG/#&���<05@/#60�'5@/#�p/#<0<4?�5Y1�/#,i30:2?S`�X�����Cx/#:
m
AB��,JH�LiAB��,J/�LM�'&(��3.30:bH#A�c'67H�37/#�'6�EP��59��AB��5 -{mS&x/

t m
AB��,JH�LM*J/M\

] AB�DLS��5'5'*[��,O*+��1���:2��6P-�mS&�/
C
AB��,JH�LpH#67/#5@/#&Dc'64?�6�/#A��'1���5�A��',�LS��,yEF��59��AB��5'6vAB��,J/�LM�'&(��3_34:bH#A�c'67H�306�/#64��A��

A��S1���59��60&�)�,(6^60��LM�S,S&qAI/�-0Lo&���:2��5',S�V\
] &���,S&(�S<4��,�3>30:bH#A�c'67H�34��&�AB�DLS��5'59��:2)Q34)�X���:K30:QmS&D37)���mS,S&�1�/#,p1�/#5@/#A��'5'C���,x�Q30:Q&�;�:Q<4��`h/#A��'1���5n/IE��S64?KEF�#T

5'CG/#AI/#64��&�&�;�:2;�606r&�/#R+$Q34��5'�G/#60XJ/#60�S,S&[`���XSX���:I/#:2��,(*J/#,pAB���o&���5'5���59L�/#,G�S,S&p/BEF��5'CG/#AI/#64��&�H#5'5@/#R+��67H#,J/#&O)Q3
-0;21�8�*+��5'�%1(�937��5'&��QLS)Q34)�,���&o��5'67H#<4��5@H�37H#62\

]�EF��5'CG/#AI/#64��&_EP��5 EPmS�����Q30:Q64)Q34)�X���:Z��59���GH#,�37/#,�XJ/�34:Q,JH#5'XJ/#64?^�Q30:Q&�;�:Q6h,GCDt�-�67/#,J/#&./ Hµ�N~�u ������GIyZ��� NP$Q��,(60�',G�MT
/#60�9��,�3�WU\S����CK59)�64��:28�EPmS����1�)�,GCD*[8�5�tS��CK&�)Q30:Qc'60mS,S&kEP��5'CD67/#67H�306~XJ/�30:Q,JH#59?�62`�X�����CK����Ck64�21�H#*S*S�%RJ/#<7/#AB)�64��<0*[��,
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AB���G/�L#-{�S&u/�EPmS����1�)�,GC�EP��5'CD67/#67H�37H#62\���:Q�S67H#, /#X���5'C���6062`�X�����Cu/�E�mS����1�)�,(C�1D�93430:b/�/�L#-4/O/#:q��<4�QLMAB)�,(C(62`n/#5 T
&�/#5'AI/#:Q:b/K/k&�/#R[��606^EF��5'C(67/#67H�30<7/M`[c'��CaXJ/q/IEF��5'C(67/#67H�3v����C�30:bH#A�c'67H�3734��<4��:b/#64��6_67/#&�/#<2`�/#&D&���<�/#,S,J/#&�59)�R+)Q34���
EPmS����X���60,���&u/�AB������598�:28p59)�R+)Q34��&i��<4�QLMAB)�,GC�)�648�5V\n���'1���5�/�AB�(LS��5'5'*+��, /#:

Action
60c'RS��3.EP����-4/y/�30:bH#A�c T

67H�34��&�/#6�-0��59;�5',S�V`Z/#: f
a
fy��<4�QLMAB)�,GCD� EP��5'CD67/#67H�306IXJ/�34:Q,JH#59?xEPmS����1�)�,GCl/x&�;21���60&���:28�60c'RS��3437/#5^<4��,�LS��5'&���:Q�'&[|

��u`� :
C a = (a

S
Action)

S
Action

]^X���5�/aE�mS����1�)�,(C(,���&�H#67/�LS��606>EF��5'CD67/#67H�3./#:
a
S

Action
EPmS����1�)�,GC�\���<0<4�q/#:q��<4�QLMAB)�,GC�)�6I/#5'&�/#5'AI/#:Q1�/

NF/#A�������C
a
60c'RS��30to)�<064)�&�WU`M����CI&�;21���60&���:28�34:bH#A�c'67H�306�N

Action
WZ&�/#RS�S,S&k��<4�QLMAB)�,GCDmS5V\���34��60mS,S&D*[��,a/#:2��,MT

*J/#,K/#:
Action

;�3730:2��64��6062`�R+��5'�'AB��<{E�60c'RS��32`�60c'RS��30&���,�3460<0�S&(64��<7/>����C�AB��,JH�LS��6n&�/#RIRJ/#<7/#AB)�64��<0&�)�,(62\D��,S,���&
AB����EF��59��598(��,

C
1�/#59?(LM��60c'RS��37/M|

��u`� :
C m a = (a

S
Action m)

S
Action m

��:Q6v/
C
TV6=EP����-��S&K&���,S&D�S<4��,�3�AB��,JH�Ly60<7/#,�30:�EP��<0AIH#59?�,J/#&o,���1���:Q,S�V`[/#A��d59)�,(C�����)�*[��,p/#:Q6�-0��59��,G60�V`gX�����C

C m����CKAB��,JH�LoA��',�LS��,
m
AB��,JH�La�Q34��64)�,%|

B6>¥y/��� >}A\:
Monad m

	
Monad (C m) �

4¥:tE�:
f ���

�
k =

�
c
S

f (
�
a
S

k a c)
return x =

�
c
S

c x

�y�'1���5+/>LS�Uz�,Sc9$��9?���59348�<4�=,���X���:2��,o��5'1�/�30XJ/#64?S`(1(�':230�GH#5 -{�S&�AB����<4)Q30:Q59��64�Q34��*S*+��,%\(]
return

�Q34��6~/#:r�QLSLM�'���
R+)�59L�H#�',S&(X���:�XJ/�37��,S59?�/#,�AB��306~�93�����CM30:2��<0�S*S*%\���,S,���&K60c'RS��3�/BH#5'67/#5@H#*J/#,%|

return :: a
S

m a

]^:b/#:�-{��59��,��Q37��60*[��,%|
return :: a

S
C m a

] EF��,G60��LS�Uz�,Sc9$��9?y/#:Q6vEP��-0��:Q��&(�V`[X�����C�1�/#5@/#A��'5'C���, �yRJ/#<7/#AB)�64��<0X���:
return x

/#:Q6�/kEPmS����1�)�,GCD6�<4��,�LS��5'�V`
/#A��',���&k)�<064)�&��r&���,�3067/#,�3

x
\(��,S,���&kAB����EP��59��598D��,a/#:r��<4�QLMAB)�,(CIEF��5'CD67/#67H�306nXJ/�34:Q,JH#59?�/#5@/#&�-4/>/#:_/_EPmS����1�)�,GC�`

/#A��%RJ/#<7/#AB)�64��<4)�6�NF/
c
EF��5'C(67/#67H�346�W

x
TV<4��/#5'&�/#5'AI/#:Q:b/M\

]
���
� �Q34��60*+��,

c
/#:�;�3434:2��&�/#R+$Q34��5'6�AB��,J/�LM�'&D��3d30:bH#A�c'67H�3%EP��5'CD67/#67H�37H#6S-0��59��,G60�V\2�y�'1���5

f
����CrEF��5'C(67/#67H�346

XJ/�30:Q,JH#59?�E�mS����1�)�,(C�`�RJ/#<7/#AB)�64��<4�q/�1�)���<4��XJ/�-{67H�37H#6�&�;21���648yEP��5'CD67/#67H�3>&���5'5n59����C���,%\���:o/�L#-0/�/o59��X���648�34)�����6
/#<0<7/M`�X�����C

k
)Q3

c
;�3730:2��&���A�*S�',JH#5@H�37H#*+?�5~59)�60<4��X���:Q:Q�S&w/aRJ/#<7/#AB)�64��<062\Y��H#<�$Q37/#&�/#:a/y&�)�<4LS)Q32`�X�����CxA��

/�LS�Uz�,Sc9$��9?�*J/#, 30:2��<4��RS598$f
a
fy1�H#5'64��:2?�34:2��<4��R[��`���:�R[�QLM�'�u,���A AIH�32`nA��',G6�/#:

f
AB��,J/�LM�'&(��3o)�<064)�&D*[��,%`

A��',G6_&���,(64)�,���<0*[��,%`+67H#<4��5'6_��<4�QLMAB)�,(C�\`�}��C�/#:
f
AB��,J/�LM�'&D��3_)�<064)�&�)�648�5�EPmS����8

k
TV*[?�5

k a
TV1�/#5�59)�60<4��-{;�,p����C

EF��5'C(67/#67H�306~XJ/�34:Q,JH#59?�E�mS����1�)�,(C�`g/#A��'<4��/#:>����)Q30:_&(� EF��-0��:2)Q3
c
EF��5'C(67/#67H�3�/B/#5'&�/#5'AI/#:QXJ/#64?S\

]�&�;b1���60&���:28�&�)�<4LS)Q32`hX�����CpA��'5'C���,i59����C���,u����Ci/#64��A���30:bH#A�c'67H�30�Y59)�R+)Q32`d/#:b/#:q����C
Action

\Vf=CD�'5'1�H#,
30:QmS&M34)���mS,S&�59�Q34:�1���:2)�<0598qRS<0�'A��'60c'1���&(<4�B)Q3�64)�,GCD59�����Q34��,i30:bH#A�c'67H�306_1�)���:28o��59��AB��&D<4���93BNP��:2��&�59�Q30:Q,���&O/#:

mAB��,J/�LM�'&D��3=30:bH#A�c'67H�37/#��WU\�������C(mS&a/.&�;21���60&���:28I60c'RS��34LS�Uz�,Sc9$��9?�62|
�}�����

Action m = Atom (m (Action m))
| Fork (Action m) (Action m)
| Stop
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]^:
Atom

/�L�/#60&���,�3460<0�S&(64��<~30:2��5'�GH#5%/#:
m
/#5@/#RSAB��,JH�Lo30:bH#A�c'67H�30�[59)�R[)Q34���',���&I*[�Q$Q34��AI/#����5@H�3�H#<7/M\D��:2��,K&Dc'1DmS5

30:QmS&M34)��B1�/#,oAB)��k����C
Fork

RS<0�'A��'60c'1(<4��`[/#A��'1���5dt�-ZEP��5'CG/#AI/#64��6r�',�LMc'60�S,S&+`S�'5'59��601�������C
Stop

TV<7/M`+/#A��'1���5�/
EF��5'CG/#AI/#6�1�)���)�6�-0��59��:Q:QmS&KAI/�-0La/#:�mS64��AB��:28B34:bH#AIH#<7/M\

�y�'1���5�<4��,�LS30:2��<oEF��5'CD67/#67H�306oXJ/�30:Q,JH#59?uEPmS����1�)�,GC���&	&D�9)�<064)�&���59)Q34)�1���5�A>�S&�;(LM�'&+`~A��',�LMXJH#<4��A�/�L�/#60&���,MT
3060<0�S&D64��<0<7/#5g59)�60<4��X���:2��606

Action
1�/#5@/#A��'5'C���,kEF��5'C(67/#67H�306nXJ/�30:Q,JH#59?�E�mS����1�)�,(CB*[��5937��-{)�*+�~59�Q30:vH#��CG/#:Q1�/M\ # R[�UT

$��@H#5'�937/#,a��:_�'�G/#:�/#:
Atom

T /#5d*[�Q$Q34��AI/#����5'6
m
AB��,J/�LM�'&D��3�30:bH#A�c'67H�34��&D<7/.�932`M)Q3�/#:2)�<06~&���5'5%��:2��&(,���&

Action
m
T}��6_67/#<067/#5'AI/#:Q,S����<4�QLMAB)�,(C(&�)�,(62`%AB��<06�/#:�59�Q30:B/#:

m
/#64��A���59)�R+)Q306v&�;21���648D��,p1�)���<4��XJ/�-{67/#,�LS?qA��S1���59��6434�#T

<4��:b/#62`�LS�_,�)�:Q:QmS&a/.AB����EF��59��598�60c'RS��30A>�S1���59��64��62|
atom :: Monad m

	
m a

S
C m a

atom m =
�
c
S

Atom (
�9�

a � m; return (c a))

��*S*+8�5G5@H#60XJ/#64?S`�X�����C�����C
m
AB��,J/�LM�'&(��3hA��S1���59��6�&D�9)�<064)�&���59)Q34���S67H#,�/#:n��<4�QLMAB)�,(C(6�/�EPmS����1�)�,GCvEF��5'C(67/#67H�3�H#<7/

/#5'&�/#5'AI/#:Q1�/�&�/#RM-{�S&q/.&�;b1���60&���:28BA��S1���59��6437��<4��:b/#64��62\
# :QmS&M34)���mS,S&u59�Q30:aXJH#<4��A�64�b1�H#*S*S�^60c'RS��30A��S1���59��60<4�O/�&�)�,GC���5'AB�Q3kXJ/�30:Q,JH#5@/#6K)�<4LS��&�)�*[��,%\���598�30:2;�<k����C

��5'CG/#,oEPmS����1�)�,GCD6=LS�Uz�,S�@H#5'�S,S&+`g/#A��d����C
C m a

TV*[��5'�d&(� EF��-{��:2)Q346
Action m

T})�/#5@/#&Dc'62|
action :: Monad m

	
C m a

S
Action m

action m = m (
�
a
S

Stop)

��:Q:2��5h/#:
m
30:bH#A�c'67H�3�1�)���<4��XJ/�-�67H�37/B�S67H#,a59��:bH#<P-{�S&q/�30:bH#A�c'67H�3734��<4��:b/#64��62\

b^;21���60&���:28�60c'RS��30A��S1���59��60mS,S&�/
stop

59�Q30:�`d��:Q6>/#&�H#<0A��'5'C���,�EP��5'CD67/#67H�30<7/a/#5'&�/#5'AI/#:Q1�/y/#:I��<4�QLMAB)�,GC�/
Stop Action

\
stop :: Monad m

	
C m a

stop =
�
c
S

Stop

�v)���mS5+/
Fork

&���,�3060<0�S&D64��<0X���:r�93n*+��1���:2��60mS,S&I����CBA��S1���59��64��62`S/#A���/ �^,S�¤�DTV*[?�5g�930AB��<06YEF��<0&(TVX���:^XJ/�34��,S5'c'62\
����CM30:2��<0����, /#5'&�/#5'AI/#:Q:b/�/#:p/#<0���SAB��,G60�SAIH#<7/l/#:

action
EPmS����1�)�,GCD62`�c'��C ����C ��5'CG/#, EF��5'CG/#AI/#64��6o&�/#R%`

/#A��',���&I/_1�)���)�,q/vEF��5'C(67/#67H�3Z/
Stop

`G64��XJH#6Z��606Z/#:=�',(64��<0RS<4��64��<�64��<0A��',JH#5',S�JEF���b-4/�/#:^/�LS��606ZRS<4����<7/#AB30:bH#5@/#62\
��*S*+8�5d)Q3=/>EF��5'C(67/#67H�34*[?�5d/.EPmS����1�)�,GCo����C

Fork Action
TV6=&�)�R+��:�|

fork :: Monad m

	
C m a

S
C m ()

fork m =
�
c
S

Fork (action m) (c ())

]
C
60c'RS��30&���,�3460<0�S&(64��<0<7/KR+)�59L�H#,GC���30c'60XJ/#6P-{�S&�/k����,J/�LSf%<7/#,�3���30:Q67H#5'CD62`g�S��CG/#,S�93�/#:

atom
E�mS����1�)�,(C�R+��,MT

64��37/#,y/
lift

H#5'67/#5%AB����&�;b1���64��5'6^60c'RS��30t%|
B6>¥y/��� >}A\:

Monad m

	
MonadTrans C �

4}:=E�:
lift = atom

����306nAIH#<�1�/#,S,J/#&I�Q30:Q&�;�:2���',S&q/#<0<7/M`(X�����Ck&(mS59;�,(*[;�:28
C m a

TV*+��5'����59��AB��&���6~X���:Q:Q�S,S&I59)�60<4��`MLS�rAB)���37��A�T
A��'6=34��A�60��LM�S,S&K&���:2LS��,S�h1���5'mS&[\g] &���,S&D�S<4��,�3=34:bH#A�c'67H�34��&qAB�(LS��5'59��:2)Q34)�<4��*[��1���:2��60mS,S&a����Cq&D�93~�',G64��<0RS<4�UT
64��<062\M��:�/#:.�'� ��"'TV*J/#,K�93Z�930AB��<064��64��606�<4���S,�L©�=��*S�',qmS64��AB��:2)Q30����5 -4H#<7H�3437/#5gEP���.A��S&�;DLM,S�V\S]sEP�S64?�EF��5'CG/#AI/#64��&
����Co5'�93067H#*J/#,�1�/#,S,J/#&qEF��5934��<4��5'1�/M`g/#:.�',G64��<0RS<4��64��<vA��',�LS��,�59)�R[)Q30*+��,�59��1��Q34:Q��/B5'�93067/B��59��-0)�,OH#5'59?IEF��5'CG/#AI/#64��6
NP��:_1�/#59?#-0H#*J/#,�����C

Action
60c'RS��30ta��59��AkWU`J)Q3~��5'1�)�����:�����CK34:bH#A�c'67H�30��59)�R[)Q346~1�/#��CK1�/#5@/#A��'5'C���,�1���:2)�<0598�A��MT

1���59��60<4�_<4�2/#�GH#5V|



�����M��� ªh� � /o� � �I� ��«u
=,�?6® 
��eª���,"ª��o�?>3>��¬« � � � ���

round :: Monad m

	
[Action m]

S
m ()

round [] = return ()
round (a:as) =

A\�Iy�:
a
�7H

Atom am
S �9�

a’ � am ; round (as ++ [a’])
Fork a1 a2

S
round (as ++ [a1, a2])

Stop
S

round as

����C
Atom

�Q37��64)�,�AB��,J/�LM�'&(��37/#,BE��S6067/#6P-{�S&�/#:=/#<0���SAB��,(60�SAB��62`(��,S,���&�/#:���<4�QLMAB)�,GC�)�6vNF/#A��
Action m

60c T
RS��30tgWhX���:Q:bH�/�L#-{�S&B/^EP��5'CG/#AI/#6�5'�93467/r1�)���)�X���:�`�)Q3�EP��5'CD67/#6P-{�S&

round
EP�S6067/#67H�37H#62\�]

Fork
XJ/#67H�37H#<7/v59)�60<4��-0;�,

&�)�6�64�b1�H#*S*S�dEP��5'CG/#AI/#62`���:2��&���6v/>EP��5'CG/#AI/#6^5'�93067/.1�)���)�X���:./�L#-{�S&+\S�r)���mS5�/
Stop

�Q37��64)�,y/#:>/#&D60�JH#5'�93�EP��5'CG/�T
AI/#64��6���5'XJ/#��C�-��S&p/k5'�93067H#*[?�5V\��y�',G6�/k59����64;�*S*xAB��,JH�LMX���:�`

C m
TVX���:B�93_30:QmS&M34)���mS,S&�1�/#,p<0�S,�E�mS����1�)�,(C(<4��`

��:���598�30:2;�<�/#5'&�/#5'AI/#:Q:b/o/#:
action

E�mS����1�)�,(C(6�/#:B/#<0���SAB��,G60�SAIH#<7/M`hc'��C�59)�60<4��-0;�,p����C�/k1�)���)�,p64��<0A��',JH#5'6
Action

`g/#A��'6^����Ck5'�93067H#*J/�X���5'C���:Q1��>/
round

TV,J/#&�H#6~59��X���6^/�LM,S�V\
run :: Monad m

	
C m a

S
m ()

run m = round [action m]

NdH#60XJ/#64?S`�X�����C;f
a
fZ,S�',�$Q3�-{��59��,I/r1D�93430:b/#64)�<4)Q30�S)�<064)�&D*[��,%`�c'��C���5'1��Q30:Qc'6P-{mS&�/#:���<4�QLS��60��34:bH#A�c'67H�3���<4�QLMAB)�,GC�)�62\

�^��CG/#,J/#&(&���<�30:2��<4��,�$Q37)�<4��34��&D34:2��<v$Q3�/#&�/K30:bH#A�c'67H�3_AB��5'59)�&DXJ/#67H�37H#<7/q1�/#��C(�S,S&y&(c'1�H#,�$Q30�@/#&+`+)Q3�/IRS<4����<7/#A
�93~AB?DLS��30c'60XJ/#64?�tS��C�`SX�����Cq1D�93430:b/�/�L#-4/.��:Q6^/#:���<4�QLMAB)�,GCD6=�93b\

fr)�:Q:QmS&�AB��������C>R+)�59L�H#,%`�X�����CG/#,kXJ/�30:Q,JH#5'XJ/#64?�/#:�t�-�AB�(LS��5'5'mS,S&+\��r�':230�GH#5 -{�S&�/r&���,S&D�S<4��,�3Y���S60RS�S6{T}��62\
	�<4?�*JH#5 -{�S&yAB����/#:�c'<4?qAB��,JH�LS��6vEP��59��AB��5',S�n/K&���,S&D�S<4��,�3_1D�'5@H#���S,S&(*J/M`d��XSX���:I/#:B;�3430:2�Q3

m
c'<4?qAB��,JH�LMX���:

<4��,�LS��5'6
C m

AB��,JH�LMX���:�R+)�59L�H#,GC���30c'67/#,S�h&���5'5h/��p<0�'64��<=��30:Q67H#5'CD62|
B6>¥y/��� >}A\:

Writer m

	
Writer (C m) �

4¥:tE�:
write s = lift (write s)

�y�'1���5^/#:a��598�*S*wtS��CuR[)�59L�H#,(C���30c'64��6060�S& /
MonadTrans

��30:Q67H#5'CD6
C m

TV<4��`YX�����Cu/
lift

EPmS����1�)�,GCD6K/#:
atom

TVAI/#5��'A�RS59��AB��,G67H#5'60�S&+`[AB��3067/#,G64?�5hA��',�LS��,
write

A>�S1���59��6^����C(T}����Ca/#64��A��d59)�R+)Q3�59�Q30:�/�&���,S&D�S<4��,�3
AB�DLS��5'5'*[��,%\

�y�9��598�606./qR+)�59L�H#<7/o<7H#64)�<0,�)�,S&+`hAB)���*+��1���:2��60mS,S&x����C�&DmS59348qEPmS����1�)�,GCD6�Tv/
loop

T}��62\���:q/KE�mS����1�)�,(C
A��',�LS��,

Writer
TV*[��5'�M60c'RS��30<7/=A��S&�;DLM�'&[\#]^<0���SAB��,G60�SAI/r����C�30:Q60<0�',S��`#��<0<4�n/#5'&�/#5'AI/#:Q:b/^$��'&D5'�'&D��37/#,./�&(�'c'<7H�306

/.&�;21���60&���:28�&�)�RSR+��,%|
loop :: Writer m

	
String

S
m ()

loop s =
�}�

write s; loop s

] EPmS����1�)�,GCD6�/#<0<7/BXJ/�30:Q,JH#5 -{�S&+`JX�����Ca&�)�6
C m a

TV*+��5'��34:bH#A�c'67H�306vX���:Q:Q�S,S&a59)�60<4��`�/#A��'&oEP��5'CG/#AI/#64��3�/#,����UT
,���<7H#5',J/#&o����CGT}����Co30:2?�62\S]^:���59348.EF��5'CG/#AI/#6r/�LM�'RS59��AI/�34:2?�6��930AB)�605'�V`J/.AIH�34�DLM�'&KR[�QLM�'�k/.A>�S,S&�H#62|

example :: Writer m

	
C m ()

example =
�}�

write "start:"
fork (loop "diploma")
loop "munka"

]^:
output (run example)

&(� EF��-0��:2)Q3���<4�QLMAB)�,GC��./�&�;21���60&���:28BT�1�)���64��59��,�X���3430:QtqTY34:Q60<0�',S�B59�Q30:�|
"start:diplomamunkadiplomamunkadiplomamunkadiplomamunkadip...."



�����6����� D��$�6� �  ��  ����=�?>3> ��� % �+	 > � �

���'��C���5 -�mS&OAB����`+X�����Cx/K&D�'c'<4?oA��S1���59��64��&p,���A :b/21�/#<P-4H#&p;�3430:2������CDAIH�3062`�XS�930:2��,x����C(T}����Cp30:Q60<0�',S�a&D�'c'<7H�37/
/#:./#64��A��hA��S1���59��62\[]=XSX���:�`gX�����Cq1�H#5'64��:b/#64��3�/#*S*y&D�'AB��,���64��6^&�/#RM-{�S,S&o/�&�;21���60&���:28�&�)�RSR+��,p&���5'59��,���R+)�59L�H�T
,GC���34c'67/#,S��/

Write
��30:Q67H#5'CD6

C m
TV<4��|

B6>¥y/��� >}A\:
Writer m

	
Writer (C m) �

4¥:tE�:
write [] = return ()
write (c:s) =

�}�
lift (write [c]); write s

����306q&�/#<7/#&D64��<4��,S&�)�,G6 f���AB��5 -�mS&lEP��5µfO/�&D�'c'<7H�3062`Zc'��Cs/
output (run example)

��<4�QLMAB)�,(C��p1�/#5@/#A��
XJ/�34��,S59?S|

"start:dmiupnlkoammaudnikpalmoumnakdaimouknok..."
� <4LS��AB�Q3�AB����-0����C���:Q,S�V`�X�����C�A��'1���5=/��v/�30&���5'5�����Ci5'��3467/yE��S,S&�$��9��,JH#5'�93�,(C���5'1[`�c'��C�/#:o��<4�QLMAB)�,GCw/#,S,J/#&
��5'59��,�)�<4�_&D�'c'<4?(LM�'&o/�&�)�R+��<0,GC�8�<4��`JX�����Cq/.EF��5'CG/#AI/#6=34��37��A 64��<0A��',JH#5V\'\'\

�����j�	��
 �T` 
r\�� %
��%�
90V\�# # �����M_ ^n#
�^64��5934?qR[)�59L�H#,S&O/q�r/�34&���5'5 � �=TV<4?�5�30:2?�5V\�]^:�)�<4LS��&(598DLS8o��5'1�/�34?�,J/#&yA��',�LS��,S&�)�RSR+��,�/�-4H#,S5 -{�S& # \ N�\ 	���C(64��,

���,��Q3�)Q3 	�XS�'5'�'RSR �i/�LM59��<�$��'&(&�)�6��'� ��"Y/#: � � EP�S,S&�$��9��,JH#5'�93vAB����1�/#59?�34c'67H�30��59��X���648�34)������'<48�5V`%)Q3v&���,S&D<4)�67/#,i/
�v/�30&���5'5 � � �'A�RS59��AB��,(67H�$��9?#-0H#<4?�5V\ �}606�$Q37/#&q/>59)�,GC�������6=30:2��<4��60,�)�,S&q��5'AB��,�L�/#,S�V`J)Q3�,�)�XJH#,(CkR+)�59L�H#6~A��S67/#60,S�
/.XJ/�30:Q,JH#5@/#60<7/M`g��*S*[��,a,J/#��Cq34����c'6434)���mS,S&D<4�_59�Q30:B�'�2 �"}\
����� ������
 
 � 

� �� �� � �	
 � ���
b_��:2L#-{mS&a�93=A��',�L#-4H#<06r,�)�XJH#,GC�/#5@/#RSA>�S1���59��6064��5V\%] &���,�$Q��R+$��9?k59)�,(C�������`[X�����Cy/#: � � A>�S1���59��64��&�/#:

IO
R+�#T

5'�'AB��<{E_60c'RS��30*J/O67/#<064��:2?ptS��CD,���1���:2��606 �
�7A=B&C�� `�)Q3I$Q37/#&���:2��&w/#:�/#&�$��9?�&w/#5'&�/#5'AI/�37/#&w/�&(mS5'1D�'5@H#���G/#5=1�/#59?
&���A�A��S,S�'&�H�$��9?�59��*+��,GC���5'c'67H�37H#<7/M\S�OH�3�30:2?21�/#5gAB��5'59)�&DXJ/#67H�34��&K$Q37/#&k/#:

IO
60c'RS��3Z&�;�<0,GC���:2��64)�*+��,oEP��<4LM�S5'XJ/#6{T

,J/#&q��598S`Sc'��C�-0?�5%��5'&DmS59;�,Sc'60X���648�&�/.,GC���5'1q60�930:Q67H#,oEP�S,S&�$��9��,JH#5'�93�<4)Q30:2)�648�5V\
�y�',�LS��, � ��/#&�$��9?K1(�93434:b/�/�L�1�/#5@/#A��'5'C���,x)�<064)�&���6_����C

IO
&���,(64)�,���<_*[��5937��-{)�*+��,%\�	�)�59L�H#�S5Y/k&�/#<7/#&D64��<4��&

*+�Q��5'1�/�37H�3�H#<7/�30:2��5'�GH#59?�A��S1���59��6^60c'RS��37/M|
getChar :: IO Char

]^:^��<4�QLMAB)�,GCDmS5[&�/#R+��606Y&���,(64)�,���<0*[�_/v*+�Q��5'1�/�37��606Y&�/#<7/#&(64��<Z&���<0mS5V\��Y/#,S,J/#&I��5'CG/#,q/#&�$��9?�&��932`(/#A��'&�N�5@H#6434:2?#T
5@/#�(WZ,���A /�LM,J/#&K1D�93430:b/�34��A�A��'5'C���,���<4�QLMAB)�,(C(62\g��<0<4��R+)�59L�/�/�&�;b1���60&���:28S|

putChar :: Char
S

IO ()

] &�/#<7/#&(64��<4��&o&D�'c'<7H�37H#6=1�)���:28q/#&�$��9?K��<4�QLMAB)�,GC���/B�v/�30&���5'5d�S,S�'6r60c'RS��37H#*J/I67/#<064��:2?ImS<4�Q3r��59��Aa\[fh/#5@H#,�,���A
H#<0�S5'�S,S&s��5r,J/#��Cl60�'60&���6�/#:p��5'1�/�34?�,J/#&+`ZXJ/�AB������A�5'c'6P-�mS&+`�X�����C /#:x/#&�$��9?�&s;�3430:2��&�/#R[$Q37��5@H�37H#<7/u/

���
�

A��S1���59��6KXJ/�30:Q,JH#5'XJ/#64?S\n]=:�� � A��S1���59��64��& &�/#R+$Q37H#, /#:2��,G*J/#,	/ �9� T}34:Q�',G67/��M�93IXJ/�30:Q,JH#5@/#67/�/#:���5'64��<P-0�QLM62\
fr)�:Q:QmS,S&q����Cq����CM30:2��<0�oR[)�59L�H#62`g/#A��%*[�Q��5'1�/�3�����CK&�/#<7/#&D64��<062`SAI/�-0Lo1D�93430:b/#c'<P-4/./�&�)�R[��<0,(C�8�<4��|

main :: IO ()
main =

�}�
c � getChar
putChar c



�����6����� D��$�6� �  ��  ����=�?>3> ��� % �+	 > � �

�v/#,S��30tS5'C���:Q:Q�S&[`�X�����C_A��'1���5GA��',�LS��, � �uA��S1���59��6���<4�QLMAB)�,GC�������C
IO
&���,(64)�,���<0*[��,�1�/#,%`Qc'��C�/~RS<4����<7/#AB��:2?

34��A 60��LoAIH�34&�)�RSR[��,y/�L�/#64��&�/#6�1D�93430:b/�/�LM,S�d����C � � 1�)���<4��XJ/�-�67H�37H#6=&�;21���648D��,%\ 	�)�59L�H#�S5�/�&�;b1���60&���:28S|
ready :: IO Bool
ready =

�9�
c � getChar
c == ’y’ -- hiba!!!

EPmS����1�)�,GCqXS�'*JH�32`J/.59�����'&�/#�d)�<064)�&���6�*+�v&���5'5d$Q34��AI/#����5',S��/
return

A>�S1���59��6064��5V|
ready :: IO Bool
ready =

�9�
c � getChar
return (c == ’y’)

����306~AIH#<�*+��1���:2��60X���60mS,S&q����Co;�3434:2��64��6064��*S*oE�mS����1�)�,(C(6=�932`�/#A��d34��<4��&K*[�Q��5'1�/�37H�37H#<7/�34:2��5'�GH#5V|
getLine :: IO String
getLine =

�9�
c � getCharB&H
c == ’

�
n’�)4}:t>

return "":c~�yZ:��9�
l � getLine
return (c ++ l)

]^: � �l59��X���648�34)�����6�,(C(t�-{6�&D�'1�)�64��5'&���:2��59)Q30<4�~�932\���:�,���A R+��,G64��3�/#,B����C���:Q�'&.AB����/r&���<7H#*S*S�S&D�'1�)�64��5'&���:2��59)Q3434��5V`
�S��CG/#,S�93^/#:�$Q3�/#&q/�&D�'1�)�64��59��&K&(�'1�H#5'67H�37H#<7/�1���5'6^/#5'&�/#5'AI/�32`M�'606^/#:2��,(*J/#,y��5%�93ZEF����-��S&K60��LM,S�%&�/#RS,S�%8�&���62\

] �r/�34&���5'5M��598�<4�=LS�Uz�,S�@H#5�,�)�XJH#,GC�&D�'1�)�64��5'6Y/v30R[�Q$��@H#5'�93
IOError

/�L�/#6060c'RS��3Y34����c'6434)���)�1���5V\���:^����C./#*�30:Q6{T
<7/#&D6=/�L�/#6060c'RS��32`�AI/#�G/B/.&���,�3460<0�S&(64��<^�93~<4��-�601��v1�/#,y/>EF��5'XJ/�30:Q,JH#59?B��598�6062\��v/�30:Q,JH#5'XJ/#60�S,S&o1D�930:2��,G6=,�)�XJH#,GC
RS<4�QLM�'&�H#60�SAB��6r/.XS�'*J/�60c'RS��37H#,J/#&o��59LS;�,(64)Q34)�<4��\ 	�)�59L�H#�S5�/#:

isEOFError :: IOError
S

Bool

�'�G/#:b/#6I/�L�1(�93730:b/M`dXJ/O/�&�)�<4LS)Q34�Q3�XS�'*J/O����CpEVH�-�5�1�)����KA��@/#606�&�;21���60&���:2��606B*+��\�] &D�'1�)�64��59��&���5'&�/#RJH�37H#<7/p/
catch

EPmS����1�)�,GCqXJ/�30:Q,JH#5'XJ/#64?S`J60c'RS��37/M|
catch :: IO a

S
(IOError

S
IO a)

S
IO a

b_)�6K/#<0���SAB��,(60�SAI/u����C /#&�$��9?i)Q3K����C�&(�'1�)�64��5'&���:2��598iEPmS����1�)�,GC�\Z]=:y�S64?�*S*S�v/#&D&���<IXSc'1�?DLM�'&�AB����`�XJ/�/#:
��59348pRJ/#<7/#AB)�64��<K1�)���<4��XJ/�-{67H�37/i37��<7H#, 1�/#5@/#A��'5'C���, XS�'*J/p59)�R EP��5V\Y����Cw����CD34:2��<0� R+)�59L�/O59��X���6K/

getCharAB?DLS��30c'67H�37/�tS��C�`MX�����CqXS�'*J/��Q34��64)�,�/#:>��<4�QLMAB)�,GCo59����C���,y/#:�t�-034��<~&�/#<7/#&(64��<2\
getChar’ :: IO Char
getChar’ = catch getChar (

�
e
S

return ’
�
n’)

	���<430:2�_�',G64��5'5'�'����,�37��*S*yAB������59L�H�306=&�/#RS�S,S&+`SXJ/�/�&D�'1�)�64��5%60c'RS��37H#6~�93���5'59��,�8�<0�':Q:QmS&+|
getChar’ :: IO Char
getChar’ = catch getChar eofHandler �

4¥:tE�:
eofHandler e =

B&H
isEOFError e�)4¥:c>

return ’
�
n’:t~&y�:

ioError e
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]^:
ioError

EPmS����1�)�,GC /�&D�'1�)�64��5�t�-{<7/#&(�'1�H#5'67H�37H#<7/OXJ/�34:Q,JH#5'XJ/#64?S\Yf�c'RS��37/O��5@H#<0�S5 -4/M`�X�����C�/�&(�'1�)�64��59��&u�93
/�$�60�9��,oEF��<0AIH�-0H#*J/#,��S67/#:Q,J/#&kEF��5 EF��59)�/#:�����C(AIH�34*J/�H#��CG/#:2��606

catch
EPmS����1�)�,GC���&o*+��5934��-0)�*[��,%|

ioError :: IOError
S

IO a

getChar’
TV6aEF��5'XJ/�30:Q,JH#5'1�/ut�-�<7/#c'<P-{�S& /u37��<4��&l*+�Q��5'1�/�3�H�37H#6q1�)���:28uE�mS����1�)�,(C(6��932`ZX�����Cl*+��A��S67/�3434�S&	/#:

����CDAIH�30*J/�H#��CG/#:2��606=&D�'1�)�64��5'&���:2��59)Q306=�93b|
getLine’ :: IO String
geLine’ = catch getLine’’ (

�
err

S
return ("Hiba " ++ show err))

�
4¥:tE�:
getLine’’ =

�}�
c � getCharB&H

c == ’
�
n’�)4}:t>

return "":t~&y�: �9�
l � getLine’
return (c ++ l)

]s*+�2H#��CG/#:2��606~&(�'1�)�64��5'&���:2��59)Q3�59��X���648b1�)^64�Q34:Q�V`GX�����C
getChar’

��5'*JH#,�-0��,a/_EVH�-�5g1�)���)�1���5V`DA�c'�.A��',�LS��,qAIH�3
XS�'*JH#6�/�&DmS59348~EPmS����1�)�,GC>&���:2��5V`#/#A��',���&>��<4�QLMAB)�,GC���/ f��^�'*J/Ifn30:2?21�/#5(&���:2LS8DLS8r30:Q60<0�',S��\�]��r/�30&���5'5(�93�LS�Uz�,S�@H#5
����Cy/#5@/#R+)�<064��5'AB��:2��606v&(�'1�)�64��5'&���:2��598�6�/IRS<4����<7/#Ae59����EF��59348K30:Q�',G6P-0)�,%`+/#A�����XSX���:�XJ/�34��,S59?�/#,�&(�'c'<P-4/K/�&D�'1�)�64��5
30:2;b1�����)�62`J)Q3~AB���GH#5'5'c'6P-4/B/.RS<4����<7/#AB��62\

�v)���mS5h,�)�:Q:QmS,S&a����CoR+)�59L�H#6^EFH�-{5'&���:2��59)Q30<4���93b\J��59348k59)�R+)Q3^/BEFH�-{5%AB����,GCD�'67H�37/M`[��:>59)�60<4��X���:�����C
Handle60c'RS��30t fUXJ/#,�LM59��<Zf�TV62`�/#A��'1���5Z/K&�)Q348�*S*S��� � A>�S1���59��64��&(*+��,�/kEVH�-{5'<7/KXS�'1�/#60&���:QXJ/#60�S,S&+\d] AB����,GCD�'67H�3437/#5n)Q3

*+��:bH#<7H�3437/#5�&�/#R[$Q34��5@/#64��3=59����EP��,(64��37/#*S*aA>�S1���59��64��&a)Q3~60c'RS��34��&a/.&�;21���60&���:28�&+|
��u`� :

FilePath = String
openFile :: FilePath

S
IOMode

S
IO Handle

hClose :: Handle
S

IO ()�}�����
IOMode = ReadMode | WriteMode | AppendMode | ReadWriteMode

]
Handle

60c'RS��3�,���A�$Q3�/#&BEVH�-�59��&D,JH#5+XJ/�30:Q,JH#5@/#64��32\S��:Q:2��5d/#:2��,���30c'60XJ/#6P-{�S&K/#:�;�3730:2�Q3 � � $Q37/#64��<0,JH#62\Sf~;�*S*
��598�<4�KLS�Uz�,S�@H#5'6�$Q3�/#64��<0,JH#*[?�5Z�93�1�H#5@/�30:Q60XJ/#60�S,S&+`��'5'C���,���&�/#:

stdin
30:b/#*G1�H#,GC���3�*+��AB��,���60� T_)Q3�/

stdout30:b/#*(1�H#,(C���3�&(�'AB��,���60�S$Q37/#64��<0,JH#&+\��Y/#,S,J/#&�&�/#<7/#&D64��<4��,S&�)�,G60� � �wA>�S1���59��64��&[`�A��',(6Y/
hGetChar

)Q3�/
hPut-

Char
`D��:2��&B����C(T}����C�XJ/#,�LM59��<{TV6Z1�H#<0,J/#&�RJ/#<7/#AB)�64��<0mS5V\M]s&���<7H#*S*J/#,k*+��1���:2��64��606

getChar
E�mS����1�)�,(C(6Zc'��C��93

LS�Uz�,S�@H#5'XJ/#6P-{�S&[|
getChar = hGetChar stdin

]	�v/�30&���5'5[/#:v����)Q30:�EVH�-{5J1�/#��CB$Q37/#64��<0,J/�67/#<067/#5'AIH#,J/#&K30:Q60<0�',S��*+�^��5'1�/�37H�37H#<7/��93Y67/#<067/#5'AI/#:_����C�A��S1���59��64��62|
getContents :: Handle

S
IO String

� ��Co60�S,SX���62`gX�����C���:>,J/#��C���,p��<48#EF��<0<7H�3{TV�'��)�,GC��Q3b\g�Y/#59?#-4H#*J/#,x/B,(C���5'1�5'��3067/�3�H#�GH#,J/#&a&�;�30:2;�,SX���648D��,p,S�',�$Q3
30:QmS&M34)��i/#:a����)Q30:a�',SRS�S6K/#:2��,S,J/#5'��*[�Q��5'1�/�37H�37H#<7/M`n/�LS��606I�Q34��60*+��,w��59)��x&�/#<7/#&D64��<4��,S&�)�,G6k1�/#��C�1�/#5@/#A��'5'C���,
RS������<0*[�_64;�5'64)Q34&���<=&D�934��*S*�����CM34)�����,S&�)�,G6v��598�H#5'5'c'67/#,S�V\J��:Q6^&(�'XJ/�34:Q,JH#5'1�/B/#:./#5@H#*S*S�%EVH�-�59��&KAIH�34��5@H�37H#6^1�)���:28
RS<4����<7/#A��93�A>�S&�;(LS8�&�)�R+�Q3^59�Q30:�|

main =
�}�

fromHandle � getAndOpenFile "Bemeneti fájl:" ReadMode
toHandle � getAndOpenFile "Másolás ide: " WriteMode
contents � hGetContents fromHandle
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hPutStr toHandle contents
hClose toHandle
putStr "Rendben."

getAndOpenFile :: String
S

IOMode
S

IO Handle

getAndOpenFile prompt mode =�9�
putStr prompt
name � getLine
catch (openFile name mode)

(
�
_
S �9�

putStrLn (name ++ " nem nyitható meg.
�
n")

getAndOpenFile prompt mode)]
main

��59348v&�)�6�37��<7H#*J/#,BAB����30:2��<4��:Q:QmS&B/r*[��AB��,���60�g)Q3Y/r&(�'AB��,���60��EFH�-{5MXJ/#,�LM59��<4)�62\G]wXJ/#<0AI/�LM�'&�34��<0*J/#,K/
contents

N�R�30:2����LS�GW 1�H#5'64��:2?�*J/^64;�5'6P-{mS&�/#:Y�',SRS�S6{EVH�-�5(67/#<067/#5'AIH#62`#/#A��'6�/�&�;21���60&���:28v34��<
hPutStr

XSc'1�H�3�/~c'<
&D�M/#:~���S60RS�S6{EVH�-�5'*J/�NF/^5'��3067/�37H#��,J/#&>&�;�30:2;�,SX���648D��,B��*S*[��,�64;�<064)�,S�'&./=EVH�-�5D64)�,GCD59�����Q3�*+�Q��5'1�/�3�H�37/��93UWU\���:Q�S67H#,
/y&(�'AB��,���64��6�59��:bH#<P-{�S& NF/y*+��AB��,���6�59��:bH#<7H�37/O/#�S64��AI/#60�'&(��37/#,�AB����64;�<064)�,S�'&�WU`�)Q3.&D�'c'<P-��S&�/

"Rendben."30:2;b1�������6=67H�-0)�&���:Q67/#601�/B/>EF��5'XJ/�30:Q,JH#59?�6^/�A��S1���59��6^34�'&���<4�Q3~*[�UEF��-0��:2)Q34)�<48�5V\
]�AIH�30�'&xEPmS����1�)�,GCu30:2��5'�GH#5�/yEFH�-{59��&xAB����,(C(�'67H�37H#<7/M\Y��598�30:2;�<�&D�'c'<P-0/O/yRJ/#<7/#AB)�64��<0mS5�&�/#R[��606

prompt30:Q60<0�',S����62`DAI/�-0LI����C�EVH�-�5',���1���6Z67/#<067/#5'AI/#:2?�34��<06Z1�H#<�/�3067/#,�L�/#<4Lk*+��AB��,���64��,%\D] &�/#R+��606�EVH�-�5'6nAB����RS<4?�*JH#5 -0/
AB����,GCD�'60,S�V`DXJ/���:r30�'&���<0mS5+/�1(�93730:b/#64)�<4)Q30�g)�<064)�&I/#:

openFile
H#5'67/#5�/�LS��606

IO Handle
`D����C�)�*S&�)�,G6=/_&D�'1�)UT

64��5'&���:2��598qEPmS����1�)�,GCD*[��,�/kEP��5'XJ/�30:Q,JH#59?a67H�-{)�&���:Q67/#67H�37/o�S67H#,x<4��&(�S<0:Qc'1�/#,pt�-{<7/#XSc'1b-{�S&O/
getAndOpenFileEPmS����1�)�,GCD62\

����� ������� � � 
 � ��
 � 
 ��� ��
$ ��

] R+)�59L�H#&a�S67H#,O1(�':230�GH#5 -{�S&oAB���q&(�9$Q34�'6=&�;�:2��59��*S*S<48�5Y/#: � � AB����1�/#59?�34c'67H�37H#,J/#&�XJH#6064��<4)�62\ # :2��<4��,�$Q34)Q3vX���5'C(T
:2��60*+��,w1�/#��CD�S,S&+`��S��CG/#,S�93BAIH#<BA��',�LS��, EP��,(64��37/#*S*l�Q34:Q&�;�:Q6I)Q3�AB?DLS30:2��<06B*+��A��S67/#6060�S,S&+\n]e�r/�34&���5'5^/#:
� �=TV6qN�64��<0AB)Q30:2��64�Q37��,gW>AB��,JH�LS��&���,�&���<4�Q30:Q60mS5~1�/#59?�34c'6P-0/�AB����\���XSX���:a/a&�;b1���60&���:28i/#*�30:Q60<7/#&D6�/�L�/#6060c'RS��346
XJ/�30:Q,JH#5 -4/M|

�}�����
IO a = World

S
(a, World)/#A���/BAB��,JH�LO��30:Q67H#5'C�R[)�59L�H#,(C���30c'67H�37/K�S67H#,�,���AeAIH�3rA��',(6�����C���5'CG/#,xH#5'5@/#R[��6rAB��,JH�L�`�/#A��',���&�H#5'5@/#R+��6

&���A�R+��,���,�34�>��:QtS6067/#5�/
World

/#*�30:Q60<7/#&D6_/�L�/#6060c'RS��32\g��*S*[�>��CG/#&���<05@/#60�'5@/#�oA��',�LS��,y*+��59��67/#<064��:Q�'&+`+/#A��'X���:
����C � � A��S1���59��60,���&q&�;�:2�r59��X���62`M�'5'C���,���&q/�EVH�-�5'<4��,�LS34:2��<2`M/.3067/#,�L�/#<4Lq�',SRS�S6��#���S60RS�S6�3460<4�2/#AB��&[`M1�/#��CK/#&�H#<
����)Q30:.&(mS59;�,S59�����Q3�/�L�/#6{EF��5'CG/#AB��&��93^R+)�59L�H#�S5�/I&DmS59;�,G*+;�:28KXJH#59?�:b/#64��,p&���<4�Q30:Q60mS5'��/�L�/#6{EP��<0�G/#59��A &���:2��59)Q37)�<4�
30:2��5'�GH#59?�&+\

]
World

60c'RS��34<7/y����C���6059��,�A>�S1���59��64��6ILS�Uz�,S�@H#5'67/#&�/aEF��-{59�Q30:Q648�&[`
ccall

TV62`�/#A��'1���5~&(mS59378�EPmS����1�)�,GC(T
XSc'1�H�34��&�/#6�XJ/�-{60XJ/#60�S,S&�1�)���<4��\�]�&(mS59;�,(*[;�:28p34:bH#A�c'64?���)�R[�Q3I/#<4$7XS�'64��&(60tS<7H#&���, E��S64?�&DmS59;�,G*+;�:28p��R[��<7H�$��9?�3
<4��,�LS30:2��<4��&���,wAIH�3�)Q3�AIH�3�<4��,�LS34:2��<0XSc'1�H�343�/#5ZXJ/�-{60XJ/#64?O1�)���<4�o����C(T}����C�� � A>�S1���59��62\�] 1�)���<4��XJ/�-{67H�3B����C
R+��,G6P-4H#,y64��XJH#6rA��',�LS��,S&�)�RSR[��,xH#6^&���5'5�/�LM,S��/�1���:2)�<059)Q306_/#:>��R+��<7H�$��9?�3r<4��,�LS30:2��<0,���&[`[��:��',�LS��&���5 -4/K/�EPmS����T
1�)�,GCq*+��1���:2��64)Q34)�62\

�OH�30<4)Q30:Q6_/#:.����C���6059��,
ccall

A��S1���59��6_*+��1���:2��64)Q34����59)��o/#XSX���:�`gX�����C�*JH#<0AB��5'C�&DmS59348I<4��,�LS34:2��<0XSc'1�H�306
��59)�<P-{mS,S&[`g348�6r/#&�H#<r/BRS<4����<7/#AB��:2?k�93^c'<0XJ/#6rt�-�,(C���5'1(��RS<0�'A��'60c'1���&���6_����CoAIH�30�'&oRS<4����<7/#AB��:bH�30��,GC���5'1a37����c'6{T
34)���)�1���5V`Sc'��CK*+821Dc'601���/��r/�34&���5'5d�Q30:Q&�;�:2���'62\

]
ccall

A��S1���59��6~�'A�RS59��AB��,(67H�$��9?#-0H#,JH#5h30:QmS&D37)����Q3�/#:_/#<0���SAB��,G60�SAB��&q&D�9)�<064)�&���59)Q34�_/�XSc'1�H�3���598�6062`(��:Q6
/.1���&D64��<4��&K*+�Q)�RSc'64)Q34)�,�)�5%�934AB��<064��64��606=A��',G67/#�'5'59�Q34:Q64)Q34�Q3=AB?DLS30:2��<0<4��5d)�<0X���6P-{mS&q��5V\

fr)�:Q:QmS&q/�AB��,JH�La��30:Q67H#5'CKR[)�59L�H#,(C���30c'67H�37H#6r/#: � � 60c'RS��30<7/M|
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B6>¥y/��� >}A\:
Monad IO �

4}:=E�:
return a w = (a, w)
(m ���

�
k) w =

~&:#�
(a, w’) = m w

B6>
k a w’

]�&�)�6�A��S1���59��6�A��S&�;DLS)Q34�K5@H#6430:2?�5@/#�O64��5 -0�Q34��,�AB��������C���:Q�'&u/a&���<7H#*S*J/#,u*+��A��S67/#64��606IH#5'5@/#R+��6>AB��,JH�LSL�/#5V\
����C � � AB��,J/�LM�'&D��3=34:bH#A�c'67H�3~1�)���<4��XJ/�-�67H�3�/#&���<r/.1D�'5@H#��&���:2LS��60�hH#5'5@/#R[��67H#<7/I/#5'&�/#5'AI/#:Q:Q�S&a/�30:bH#A�c'67H�3^��59348
59)�R+)Q34)�<4��`g/#:.��<4�QLMAB)�,GCD*[8�5�&(�9$Q37��AI/#����5 -��S&�/B1(�'5@H#�Bt�-^H#5'5@/#R+��67H#62`g/#A��',���&a37����c'6434)���)�1���5h1�)���<4��XJ/�-{60XJ/#6P-{�S&y/
64�21�H#*S*S�%59)�R+)Q34��&���62\

�v/i/O<4��,�LS34:2��<k64)�,(C(59����c'��CuA��S&�;DLM,���`n��5'1D�934��5'X���64��6059��,GmS5v5@/�3434t 59��,S,���`�XS�934:2��, /pXJH#6064)�<0*+��, A��',�LS��,
59)�R+)Q30*[��,O59)�60<4��&�)�,���X���:Q,S�Y����Cyt�-TfU1D�'5@H#�vf���*M-{��&D60�SAB��62`d/#:b/#:�A��',�LS��,x$Q37/#64��<0,JH#6�*[�.&���5'59��,���:bH#<0,S�V`�t�-{<7/
AB����,GCD�'60,S�hN�XJH#59?�:b/#64��,I��:Q6Y/^&DmS59;�,G*+;�:28_*S�':Q64��,�37H#������598�c'<7H�34��&.64�21�H#*S*B,���X���:Qc'60�'&�Wh1�/#��C>R[)�59L�H#�S5S�S��CG/#,J/#:2��,
/���)�R+��,�&�)�6~EF��5'CG/#AI/#6=&�;�:Q60��/�L�/#64$Q34��<4)�,�)�5�/BAB��AB?�<0�@/#R[���',(64��<4��&���6vAB���I&���5'59��,���8�<0�':Q,S�V`Jc'��Ca/#:���<48#EP��<0<7H�34� T
��)�,GCqAB��5'59��606^/�AB����1�/#59?�30c'67H�3��93~*[��<0:b/�34:Q64?�,���X�)�:�59��,S,���\

# :2��<4��,�$Q34)�<4�r/#: � � ����CB/#*�30:Q60<7/#&(6Z/�L�/#6060c'RS��32`�c'��CB/rEF��5'XJ/�30:Q,JH#59?�,���A EP)�<0X���6nX���:Q:bHv&�;�:Q1���6059��,GmS5%/v1D�'5@H#�
��*M-0��&(60�SA�X���:�N�A��',(6�/#X�����Cy����CD�'&�&���<7H#*S*S��R+)�59L�H#,S&(*J/#,wN^JM\ �M\���W^�93v����C�&DmS59;�,

tick
A��S1���59��6�1�)�����:Q64�B/#:

H#5'5@/#R+��6dAB?DLS��30c'67H�37H#6�WU`�<7H�/�L�H�30�S5M/�AB��,JH�L�EF��,G60�(R[)�59L�H#,(C���30c'67H�37/r/~1D�'5@H#����6�����CM30:2��<4�Q34��,>XS�'1�/#60&���:2��606�AB?DLS��,
XJ/�30:Q,JH#5 -4/M\G��*S*+8�5J&�;b1���60&���:Q�'&[`(X�����CB/_*+��59348_�'A�RS59��AB��,(67H�$��9?�,J/#&I,S�',�$Q3��93n30:QmS&M34)����^/"fU1D�'5@H#�vf���*M-0��&D60�SA�<7/M|
A��',�LS��,a1�H#5'64��:bH�306^/.1�/#59?(LM�d1(�'5@H#��<7/M`J/>EVH�-{5'<4��,�LS30:2��<0<4��`J/.XJH#59?�:b/#60��/�L�/#6{EF��5'CG/#AB��&D<7/B3060*%\�/#5'&�/#5'AI/#:QXJ/#62\
����5'AB��<0mS5�/>&�)�<4LS)Q32`SX�����CK,���A 59��X���60,��UT}�_1�/#5@/#X�����Cq64��5 -0�Q34��,�/©fU1(�'5@H#�vf���*M-{��&D60�SA ,�)�5'&(mS5�AB������59L�/#,S��/

EF��5@/�L�/#64��62\S�vH#5@/�34:Q&�)�,G6=64��&D�',G6434mS&o/.&�;b1���60&���:28I����CM30:2��<0�aR+)�59L�H#62|
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