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PopSeq(p,a,p)

PopSeq(q,b,p)

PopSeq(p,d,p)

ε

[r1: �p,a�→ �q,b�]

[r3: �q,b�→ �p,d�]

[r5: �p,d�→ �p,ε�]

PopSeq(p,a,p)

PopSeq(p,c,p)

PopSeq(p,d,p)

ε

[r2: �p,a�→ �p,c�]

[r4: �p,c�→ �p,ad�]

[r5: �p,d�→ �p,ε�]
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PopSeq(p,a,p)

PopSeq(q,b,p)

PopSeq(p,d,p)

ε

[r1: �p,a�→ �q,b�]

[r3: �q,b�→ �p,d�]

[r5: �p,d�→ �p,ε�]

PopSeq(p,a,p)

PopSeq(p,c,p)

PopSeq(p,d,p)

ε

[r2: �p,a�→ �p,c�]

[r4: �p,c�→ �p,ad�]

[r5: �p,d�→ �p,ε�]

¨
x.5 + x

¨
x.3 + x

1

1

¨
x.5 + x

¨
x.
¨
y.2 + x + y
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Â-L
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ÒS¿
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) · + z ·  �¹
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z � � + i X ( � > i �S��} 5>|~}`| /�� 5T7 ~���| X � A

v 4�4
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½ Å,Òo¿»ÀSÎ�Ó,ÔjO,Î�ÔÃÂ�F.Î�È1Ä O,É
Â'¿2Î�ÀSÀ�ÍJÎ Q ¿�ÒSÓ�ÍTÅ,ÒfF�Å®Ç Shr |	� � F.Î�Ó�Î8F-FdÂ'È1ÄEsvu $5w<��w�&�8.8'8xw�y�z Õ
ÄÐÅ,Â�¿�Â�Ä�¾�Ñ � ;���� S ÍTÒLÄÐÓ,Âd¿�¿
Â'¿ Ñ�¾�É svu $5w<��w�&�8.8.8 w�y�z F'¾ÃÉ
É�Âd¿�È�¾ÃÓML,¿ ÄÐ¾ ÄÐÅ,Â Fd¾ÃË È1ÀSÂdÄ�Â
L,Â'É
ÒoÁ�Î�Ä�ÒS¾ÃÓVÄ�É�ÂdÂ'¿hL,Â'É
ÒoÁ�Î�Ê,ÀoÂ�Ñ�É�¾�Ë Ó,¾�Ó�Ä�Â'É
Ë ÒoÓ<Î�À � F�F�� � �n����� w<��w�& 8.8.8 w�y���µ ¶�¹ I;½ Å,Â�¿xO,ÊcN
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Ë ¿»ÄÐ¾
ÔÃÂ'Ó1Â'ÉÐÎAÄÐÂ¢¿ Q Ë®Ê�¾ÃÀ w ( I � C�Ñ/ÄÐÅ,ÂdÉ�Â¢Î�É
Â�Ó,¾ � ;���� S ÍTÒoÄ�Ó,Â'¿
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Î�É�Â Ó,¾oFd¾ÃË È1ÀSÂdÄ�ÂKL,Â'É
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I Â�Î�É
ÂTFd¾ÃÓMFdÂ'É�Ó1Â-LDÍTÒLÄÐÅ ÍJÂdÒSÔÃÅXÄ�Â-LDÈJO,¿�ÅML1¾ZÍTÓ ¿ Q ¿
ÄÐÂdË ¿dÌ/Î�ÓML�Ä�Å�O,¿DFd¾ÃÓ,¿
Ò*L,ÂdÉ¢Ä�Å,Â
ÍJÂdÒSÔÃÅXÄ�Â-LVÁ�Â'É�¿
ÒS¾ÃÓV¾�Ñ�|	� � Ì�L,Â'Ó,¾�ÄÐÂ-LVÊ Q |	��B Ì�ÒSÓ ÍTÅ,ÒfF�ÅVÄÐÅ,Â É5O,ÀoÂ'¿IÒSÓ 6 M É�Â�F'Â'ÒLÁÃÂ
ÍJÂdÒSÔÃÅXÄ�¿IÎ�¿TÑ�¾�ÀSÀS¾�ÍT¿dÕ
�
6Z� G ¾�É»Â'Î8F�Å¢É5O,ÀoÂ � ¾�Ñ<ÄÐÅ1ÂJÑ�¾ÃÉ�Ë svu $5w<z K : svuBM $ �8z 0 6 Ì 6 M�F'¾�Ó�ÄÐÎ�ÒSÓ1¿ � ÍTÒoÄÐÅ ÍJÂdÒSÔÃÅXÄ

���%��� I
�`4Ã� G ¾�É�Â.Î8F�Å�É5O,ÀoÂ � ¾�ÑIÄ�Å,ÂPÑ�¾�É�Ë svu $5w<zRK : svu M $5w M z 0 6 Ì 6 M F'¾ÃÓXÄÐÎ�ÒSÓ,¿ � ÍTÒLÄÐÅ

ÍJÂdÒSÔÃÅXÄ ���%��� I
�%0X� G ¾�É Â'Î8F�Å É5O,ÀoÂ � ¾�Ñ�Ä�Å,Â�Ñ�¾�É�Ë svu $5w<z>K : svu M $5w M w M M z 0 6 Ì 6 M F'¾ÃÓXÄ�Î�ÒSÓ,¿HÄnÍJ¾

É5O,ÀoÂ'¿'Õnsvu $5w<zLK : s-Q ¶ , · + , $xw M M z ÍTÒoÄ�ÅVÍ�Â'ÒSÔ�Å�Ä ���%��� Î�ÓML s-Q ¶ , · + , $ �8z K : svu M $5w M z ÍTÒLÄÐÅ
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emain

n8: ...

ef

xf

n1: g=h=0

n2: call f

n3: ret from f

n6: call f

n7: ret from f

n4: if(...)

n9: ...

n5: g=1

λe.e[g �0,h �0]

λe.e[g �1]

xmain

λe.e[g � ,h � ]

⊥ ⊥

λe.e[g � ,h � ]

⊥ ⊥
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enterf λe.e

n9 λe.e

exitf λe.e

ε λe.e

n3 λe.e[g �0,h �0]

n7 λe.e[g �1,h �0]

entermain λe.e
n1 λe.e
n2 λe.e[g �0,h �0]
n3 λe.e[g �0,h �0]
n4 λe.e[g �0,h �0]
n5 λe.e[g �0,h �0]
n6 λe.e[g �1,h �0]
n7 λe.e[g �1,h �0]
n8 λe.e[g �⊥,h �0]

exitmain λe.e[g �⊥,h �0]
ε λe.e[g �⊥,h �0]
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emain

n1: x = 5

n2: call p

n3: ret from p

xmain

ep

n5: x = x+1

n11: call p

n12: ret from p

xp

n10: x = x−1

n13: x = x+1n8: x = x−1

n6: call p

n7: ret from p

n4: if (. . .)

n9: if (. . .)

n14

t

t

f

f

λe.e[x�⊥]

λe.e[x�5]

λe.e[x��] λe.e[x��]λe.e[x��]

λe.e[x�e(x)+1]

λe.e[x�e(x)+1] λe.e[x�e(x)−1]

λe.e[x�e(x)−1]
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emain

n1: x = 5

n2: call p

xmain

ep

n5: x = x+1

xp

n10: x = x−1

n13: x = x+1n8: x = x−1

n4: if (. . .)

n9: if (. . .)

n14
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n3: ret from p n7: ret from p n12: ret from p

n6: call p n11: call p

λl.⊥
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