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ÓÉ]Ã_Ô[ `PJUÕ�Õ�Y\[ J$`·Ö�]G_ IEaf×ØI$Ù S J$Ú�_�Õ Û�IEafY S Y O J$`P`Å×ØT7_/ÜE_ `PIEÝ�_/TÞY O T7_/Õf[*afYPÝ7Ö�YPÜE_ßÕA_ ÖRÖf]Ã_ IUa�×
J O Tà`PI OGS LGÕ�_/TàY O _/[ I O IUÚ�YP[/Õ�J O Tá_ OÃS Y O _/_ afY OGS [*I O Öfa�IU`�Ö�]G_ IEaf×EÛÁ]GJEÕm_ Ú�_ a S _�TàJEÕ�J
ÕALÃafÝÃafYPÕ�Y OÃS `P×àÜE_/afÕfJ�ÖfYÅ`P_RÚxJ$Ö�]Ã_/Ú�J$Ö�Y\[ JE`ÉÖ�IWIE`4JE`PÕ�IâY OØã I S Y\[RJ O Tåä�IUÚ�ÝÃL7Ö�_/a�æ7[*YP_ O [*_Eç
ÓÉ]Ã_ZÝ=I�è�_ axIEÙÇÖ�]Ã_ S J$Ú�_ZÚ�_*ÖfJEÝÃ]ÃIUaxa�_�ÕtÖ^ÕxI O YÅÖfÕÈJEéÃYÅ`PYÅÖt×áÖ�Iê]GJ O TÃ`Å_¿[ IEÚméGY O J$Ö�IUa�YÅë
J$`P`Å×Ô[*IEÚ�ÝÃ`P_*ìÔÕAYÅÖ�LGJ$Ö�YPI O Õ/Û�Õ�Ý=_�[*YÅí=[ JE`Å`P×ZÖf]Ã_�J$`ÅÖ�_/a O J�Ö�YPI O I$Ù!K?LGJ O ÖfY�íG_/afÕ/Û,Y O J O J�Ö�LGafJE`
J O TZY O Ö�LÃYÅÖ�YPÜE_�Ù©JEÕ�]ÃYÅI Oêî ï$ð Û�ñ ð�ò ç=ÓÉ]G_�Y O Öf_ O Õ�YÅI O J$`PYÅÖt×RIEÙ�Ö�]Ã_ S J$Ú�_�Ú�I7T7_/`ÁIUÝ=_ O Õ4LÃÝâJ
ÝÃa�IUÚ�YPÕ�Y OGS `P×�è!Y\T7_4ÝÃ`\J�× S afIEL O TmÙºIUaCaf_/[ I O [ YÅ`PY OGS Ö�]Ã_�J$` S _/éÃafJEYP[!J O T�IEÝ�_ a^J�ÖfYÅI O J$`GÜ?YP_ è4Õ
Y O Öf]Ã_mÕ�_ ÚxJ O Ö�Y\[ Õ4I$Ù�ÝÃa�IWIEÙ©Õ4J O T�ÝGa�I S a^J$Ú�Ú�Y OÃS `\J OÃS LGJ S _/Õ îÅó*ò çGÓÉ]Ã_ S J$Ú�_�ô?Ö�]Ã_/IEaf_*Ö�Y\[
ÕAIU`ÅL7ÖfYÅI O I$Ù�Ö�]Ã_�ÙºLÃ`Å`�ôWJEéGÕAÖ�a^JE[�ÖfYÅI O ÝÃafIEéÃ`P_ Ú�ÙºIUaCÖf]Ã_�ÙºL O [�ÖfYÅI O J$`�`PJ OÃS L=J S _·õ�ä�ö î ñGÛ ï ñ ò Û
Ö�]Ã_ S J$Ú�_*ôUÖ�]G_ IEaf_*ÖfYP[�J O JE`Å×7Õ�YPÕ�IEÙ'ÝÃafI?IEÙ©Õ�Y O ÚmLG`�ÖfYÅÝÃ`PY\[ J�ÖfYÅÜU_�`PY O _/J$a�`PI S Y\[ î ï Û ïUï ÛA÷GÛtøGÛ ó/ù$òJ$af_)Ö�]Ã_mÚ�I?ÕtÖ�ÝÃafIEÚ�Y O _ O Ö·[ JUÕA_�Õ!Y O Ý=IUY O Ö�ç=ú O Öf]ÃYPÕ·ÝGJEÝ=_/a�è�_�è�IULÃ`\TZ`ÅYPûE_�Ö�I�T7a^J�èüJ�ÖAë
Ö�_ O ÖfYÅI O ÖfIZJ O YÅÚ�Ý�IEa�ÖfJ O Ö�JEÕ�Ý�_/[�Ö�IEÙ S J$Ú�_/Õ�Öf]GJ�Ö�T7_�ÕA_/a�ÜU_/Õ·Ö�IZé�_x]ÃY S ]Ã`PY S ]?Ö�_/TâÚ�IEaf_
_*ì7ÝÃ`PYP[ Y�Öf`Å×àÖf]GJ O Y�ÖxY\Õ�Ý=_/a�]GJEÝGÕ�[*LÃafaf_ O Ö�`P×àT7I O _Uç�ýØ]GJ�ÖÈ[*IULÃ`\Táé�_/[*IUÚ�_�Öf]Ã_ZÕtÖ^J$a�Ö�Y OÃS
þ ���?uvy�´�l rt¶�uvyCy�e?~?~7l r�ht{�|���j)ht�U{4À
�Ô´�uiht�?uvp�ht�U{!�
ÿ!»�À
wmp?{fhq´�l/rt¶�ozwU�����������/ÍEÂ
þAþ wEgvuv����htgijßc s){^pW|E{�|Ô��{�rty�u�l/pßl/n4ht�U{x~Wc/~7{�r	��

��������������������� ��!#"������$���&%�
��(')�����*"����*"
�+�,
����

-.�,"/������
�����´��Uu�dA��c/~U~7{�c rt{^|Çu�p102"�!3���4%�

�657
�8��$�9"�� :<;2�=
�8��,"�!>!?���@895A"��@8���"�8@���·¹©�Éc�B=l�»
C ���/��¾���D�Â�E�Â?���?uvd�c)c pW|��·Â F�d*�
eUy�¶�{fr·¹ {�|Uy^Â ¾��?ÀÁ|EuvpE�UeUrt�/�=� C }�~Ertuvg C �����$�7~U~=Â+��Í�µ�GH�/Â

J. Aguado, M. Mendler: Constructive Game Semantics for Instantaneous Reactions.
In: D. R. Ghica and G. McCusker (eds.) Games for Logics and Programming Languages (GaLoP 2005), Edinburgh, April 2005, pp. 16-31.



Ý=IUY O Ö�ÙºIUa�ÚxJ O ×�ÙºLÃaAÖf]Ã_ aÇJ$ÝGÝÃ`ÅY\[ J$Ö�YPI O Õ4YPÕ�Ö�]GJ$Ö S JEÚ�_/Õ4ÝGa�I�ÜWY\T7_�JxÝ�I�è�_/aAÙºLÃ`
J O T�Y O Ö�L7ë
Y�ÖfYÅÜU_ `P×:a^J�Ö�]G_ a�J$ÝGÝ=_�J$`PY OÃS Õ�_*Ö�Ö�Y OÃS ÙºIEa�ÕAÖ�LGTÃ×?Y OÃSZO I O ëzÚ�I O I$ÖfI O Y\[�ÝÃa�IUéÃ`P_ ÚxÕÇè!Y�Öf]á[*IEë
J O T�[*I O ÖfafJ�Ü�JEa�Y\J O ÖÁ`PI S YP[/J$`7T7_/Ý=_ O T7_ O [*YP_/Õ/çUæWLG[^]�ÝÃafIEéÃ`P_ ÚxÕ�J$é�IEL O TmY O ä�IEÚ�ÝÃL7Öf_ aCæ7[ Y�ë
_ O [ _Eç7X¿J O ×�I$Ù�Ö�]Ã_�ÕA_ÇJ$afYPÕ�_4ÙºafIEÚ Öf]Ã_ O _ _�TxÖ�I�]GJ O T7`P_·IUÝ=_ O Õ�×WÕAÖ�_/ÚxÕ�J O TÈÚxJEY O ÖfJEY O J
[*IEÚ�Ý�IUÕ�Y�ÖfYÅI O J$`'Õ�×7ÕtÖf_ Ú�ëz_ O ÜWYÅafI O Ú�_ O Ö!T7Y\ÕtÖfY O [�Ö�YPI O ç

I J$Ú�_ÈÖf]Ã_ IUa�×ß]GJ O T7`P_/Õ�[*×7[*`PYP[RÕA×7ÕAÖ�_/Ú�Õ�I$Ù O I O ëzÚ�I O IEÖ�I O YP[Èé=_/]GJ�ÜWYÅIULÃafÕméW×á[ J$ÝÃë
Ö�LÃafY OGS Ö�]G_RÕ�×WÕAÖ�_/Ú J O Tà_ O Ü?YPafI O Ú�_ O Ö�TÃYP[^]ÃIEÖ�IUÚm×ÔÖ�]ÃafIEL S ]ßÖ�]G_RéÃY O JEa�×ÔÝ=IU`PJEa�YÅÖt×ÔI$Ù
ÝÃ`PJ�×U_ a�J O TêIEÝÃÝ�I O _ O Ö/Û�Õ�I¿Öf]GJ�Ö�Ö�]G_�Õ�èÉJ$ÝÃÝÃY OÃS I$Ù·afIE`P_/Õ S YPÜE_�Õ�[ I O ÕAÖ�afLG[*Ö�YPÜE_KJºY O Öf_ O ëÕAYPI O JE`�L!Ú�_�J O Y OÃS ÖfI O _ S J�ÖfYÅI O çGú O Öf]ÃYPÕ·ÝGJEÝ=_/a4è�_�T7_ Ú�I O ÕtÖfafJ$Ö�_)Öf]Ã_�ÜE_/afÕfJ$`PYÅÖt×�I$Ù�Öf]ÃYPÕ
YPT7_�JÄÙºIEa)Öf]Ã_�Õ�_ ÚxJ O ÖfYP[/ÕÇI$Ù4ÕtÖf_ Ýßaf_/Õ�Ý=I O ÕA_�ÕÇY O Õ�× O [^]ÃafI O IULGÕ�ÝÃafI S a^J$Ú�Ú�Y OÃS ç¤ýÔ_�T7_*ë
Õ�[ a�YPé=_ÄÖf]Ã_�a�_�JE[�ÖfYÅI O IEÙ�JÔ[*IEÚ�Ý�IUÕ�Y�Öf_ZÕA×7ÕAÖ�_ Ú Ö�IàÕtÖfYÅÚ�LÃ`PYÉÙºa�IUÚ Y�Ö^Õ�_ O ÜWYÅafI O Ú�_ O Ö�JUÕ
J S JEÚ�_�ÝÃ`\J�×E_/T�éW×ÄÖ�]G_mY O T7YPÜ?Y\T7LGJE`
Õ�LÃé7ë�Õ�×WÕAÖ�_/ÚxÕ4Y O è!]ÃY\[^]ZÖ�]G_/Õ�_ O _ S I$ÖfYPJ$Ö�_�é�_*Ötè�_ _ O
Ö�]Ã_/Ú�Õ�_ `PÜE_�Õ�Ö�]Ã_·í O JE`�IUL7Öf[ IEÚ�_Eç7ÓÉ]ÃY\Õ O _ S I$ÖfYPJ$Ö�YPI O Y\Õ S I�ÜU_ a O _/T�éW× S JEÚ�_�afLÃ`Å_�ÕÉT7_*Öf_ a�ë
Ú�Y O Y OÃS ÝGJEaAÖfYP[ LÃ`\J$a O IEÖ�YPI O Õ�IEÙ'[*I O ÕtÖfa�LG[*Ö�YPÜE_Éaf_/Õ�Ý=I O ÕA_Uç$ýÔ_�ÕA]GI�è ]ÃI�èåT7YNM�_/a�_ O Ö�ÙºIEafÚxÕ
I$ÙÇè!Y OÃO Y OÃS [ I O TÃY�ÖfYÅI O ÕÈ[ J OåS _ O _ a^J�Ö�_ZT7YNM¤_ af_ O ÖÈa�_�ÕAÝ�I O ÕA_ZÕ�_ ÚxJ O Ö�Y\[ ÕÈè!Y�Öf] Ü�JEa�×WY OÃS
T7_ S a�_/_/ÕxIEÙ)[ I O ÕAÖ�afLG[*Ö�YPÜE_ O _/ÕfÕ çCÓÉ]G_ S JEÚ�_�Õxè�_:J$af_¿LGÕ�Y OGS J$af_ O I O ëz[ `PJUÕ�Õ�YP[/J$`!Y O Ö�]G_
ÕA_ O ÕA_�Ö�]GJ$Ö�Öf]Ã_ ×ÈJEa�_ O I$Ö O _/[ _/ÕfÕ�JEa�YP`P×�T7_ Ö�_/a�Ú�Y O _/T,Û?Ykç _UçUÖf]Ã_ af_ O _ _/T O I$ÖÉ_*ì7Y\ÕtÖ�è!Y OGO Y OGS
ÕtÖfafJ$Ö�_ S YÅ_�Õ)ÙºIUa�_/Y�Öf]Ã_ a�ÝÃ`\J�×E_ a�çÁÓÉ]GYPÕ�Ú�I7T7_ `\Õ�Öf]Ã_ O I O ë�[*I O ÕAÖ�afLG[�ÖfYÅÜU_ O _�Õ�ÕmI$Ù�J:Õ�×7ÕtÖf_ Ú
a�_�ÕAÝ�I O Õ�_Eç.O·LÃaÈÕAÖ�a^J�Öf_ S YÅ_�Õ Û�L O `PYPûE_ÄÖ�]ÃI?ÕA_�LGÕ�_/T Y O Öt×?Ý�_ÄÖ�]Ã_/IEaf×EÛ�T7I O IEÖx]GJ�ÜE_Z[*IUÚ�ë
ÝÃL7ÖfJ$Ö�YPI O JE`ÁÚ�_�J O Y OÃS J
PAÝÃafIWI$Ù©Õ�QÃÛ.P�ÝÃafI S a^J$ÚRQ�L�Öf]Ã_ ÚxÕ�_ `PÜE_�Õ ç¤ÓÉ]Ã_ ×ZJEa�_�_ ìWÖ�_ O ÕAYPI O JE`�Y O
Ö�]GJ$ÖxÖ�]Ã_/× S _ O _/afJ$Ö�_Z[*I O ÕtÖfa�L=[�Ö�YPÜE_ÄÖfa�L7Öf]7ëzÜ�JE`ÅLG_/Õ�ÙºIUa�Ö�]Ã_¿Y O Ö�_/a�ÝÃaf_*Ö^J�ÖfYÅI O IEÙÇÕ�Y SUO J$`\Õ/ç
O·LÃa�è�IUa�û�T7YSM¤_ a^Õ�ÙºafIEÚ a�_/`PJ$Ö�_/T�è�IEafû�I$Ù,T7_ Q `ÅÙ©J$afI)J O TUT�_ O+V Y OÃS _ a îÅó�ï Û ó ñ ò è!]Ã_ af_ÉÖ�]G_
S J$Ú�_)é�IUJEafTWJ)X�Y4Z,[]\$^]_�`�[R_�a Z=b�cU_�Z=_�L!af_ ÝGa�_�ÕA_ O Ö^Õ!_*ì7ÝÃ`PY\[*YÅÖ·ÕA× O [^]Ga�I O YPÕfJ�ÖfYÅI O TÃ× O J$Ú�YP[/Õ ç
ú O IULÃa4[ JUÕA_ÇIEÙ�Õ�× O [^]ÃafI O IULGÕÉÕtÖf_ Ý�a�_�ÕAÝ�I O ÕA_�Õ�è�_�J$af_ÇY O Öf_ af_/ÕAÖ�_/TRI O `Å×ÈY O Ö�]G_�ÕtÖ^J�Ö�YPI O ë
J$af×Ôé�_ ]=J�Ü?YPIELGa/ç
ÓÉ]Ã_R_ ì7_/[*LÃÖ�YPI O Õ�_/K?LÃ_ O [*_�Õ�J O TàY O Öf_ af`Å_�J�ÜWY OÃS Õ�I O Ö�]Ã_ S JEÚ�_�é�IUJ$a^T
J�cR_�d�[fe/L!J$af_�JEéGÕAÖ�a^JE[�Öf_/TÄJ�è�J�×Uç
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ã _*Ö�LGÕ�é�_ S Y O éW×mT7Y\Õ�[ LGÕfÕAY OÃS Ö�]Ã_4[ _ O Ö�a^J$`WY\Õ�Õ�LÃ_/Õ�JEa�Y\ÕAY OÃS Ùºa�IUÚ Ö�]G_!æ7× O [^]Ãa�I O ×3T4×WÝ=IEÖ�]7ë
_/Õ�YPÕ/çÃöÃIUa4J�Ú�IUa�_ S _ O _ a^J$`¤Y O Ö�afIWTÃLG[�ÖfYÅI O Öf]Ã_)af_/JETÃ_ aÉYPÕÉaf_*Ùº_/a�af_/T�Ö�I îÅó ÷GÛ ó/ð$ò ç

ú O Öf]Ã_�Õ�× O [^]ÃafI O IULGÕ
Ú�I7T7_/`GÕ�×WÕAÖ�_/Ú _ ìW_�[*L7ÖfYÅI O YPÕ�Öf]ÃIEL S ]?Ö�Ö�I)é�_�Õf[^]Ã_/T7LG`Å_�T�L O T7_ a
Ö�]Ã_Çaf_ S YPÚ�_�IEÙÁJ O YÅÚ�ÝÃ`PYP[ Y�Ö S `ÅIUéGJ$`¤[*`PI7[^û�è!]GYP[^]RÚ�JEa�û7Õ�I�M¿J�ÕALG[/[*_�Õ�Õ�YÅI O I$ÙÁY O TÃYÅÜWY\T7LGJ$`
\�[�_H`
ZtX*b�YuX�Y+efZ=_�Y4Zte�çÁú O _ ÜU_ af×âY O ÕAÖfJ O Ö�_/JU[^]ê[*IUÚ�Ý�I O _ O Ö�TÃ_ `PYÅÜU_ a^Õ�J:ÙºLÃ`P`�af_/Õ�Ý�I O Õ�_ÈÖfI
Ö�]Ã_x_ ì?Öf_ a O J$`�ÕAÖ�YPÚmLÃ`PY�YPÚ�Ý�IUÕ�_/TâéW×ZÖ�]G_x_ O ÜWYÅafI O Ú�_ O Ö�ç Q [ [ IEa^T7Y OÃS ÖfIÄÖ�]Ã_wv7x@Yy`�z \�b@Y7x
{#x�|4b@Z$z+[]e�X�e�JE`Å`�Ö�]G_�Y O Ö�_/a O JE`,ÕAY SEO JE`¤_*ìÃ[^]GJ OGS _/Õ O _ _�T7_/T�Ö�I�ÝÃafI7T7LG[ _�Öf]ÃYPÕÉaf_/JU[�ÖfYÅI O J$af_
J$éGÕAÖ�a^JE[*Ö�_/T�ÙºafIEÚ Y O Ö�]Ã_�Õ�_ O ÕA_�Ö�]=J�Ö�é�I$Öf]RÖf]Ã_)Y O ÝÃL7Ö·ÕAÖ�YPÚmLG`ÅLGÕ�J O TRÖ�]G_)a�_�ÕAÝ�I O Õ�_)J$af_
JEÕfÕALÃÚ�_�TmÖfI�I7[ [ LÃa~},_@Z6Z�z4[&e]_�cU[?X�Y4efZ=_�Y4Z,���!ÓÉ]ÃY\Õ�af_]�G_�[�Ö^Õ�Ö�]Ã_�Ý=IUY O ÖCIEÙ¤ÜWYP_ è I$Ù'J O _ ìWë
Ö�_ a O JE`G_ O ÜWYPa�I O Ú�_ O ÖCè!]ÃY\[^]ÈY\Õ�JE`ÅèÉJ�×7Õ�ÕAY SEO Y�í=[/J O Ö�`P×�ÕA`PI�è�_/a�Ö�]=J O Öf]Ã_·Õ�×7ÕtÖf_ Ú Y�Ö�Ùº_ _�TÃÕ ç
ÓÉ]ÃYPÕ�[*IEÚ�ÝGJU[�ÖfY�í=[/J�ÖfYÅI O Y\Õ�Ö�]Ã_Zé�_/JEL7Öt×áIEÙ·Öf]Ã_ZÕA× O [^]ÃafI O IELGÕ�Ú�I7T7_ `�J O T Ú�JEûE_�Õ�LÃÝ
ÚmLG[^]ÈIEÙ'Y�Ö^ÕÉJ$` S _ éGafJEYP[!JEÝÃÝ=_�J$`kçUúzÖ!JETÃIEÝ7Ö^Õ�Ö�]G_·ÚxJE[ a�IEëzÕAÖ�_/ÝxÜWYÅ_/è!Ý=IUY O Ö�IEÙ,Ö�]Ã_�_ O ÜWYPa�I O ë
Ú�_ O ÖmÕAÝ�_/[ Y�íG_�T:Y O Ö�_/a�ÚxÕÇI$ÙÉÝÃ`\J$Y O ÝGa�IUÝ=I?ÕAYÅÖ�YPI O JE`�`ÅI S Y\[�J O T:Ö�afL7Ö�]ßÜ�J$`PLÃ_/Õ�ÖfI�a�_�[*IEa^T
I O `P×xÖ�]G_)I�ÜE_ a^J$`P`7|A\�[]e
[]Yy`�[)IEa(_��fe
[
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