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minimisation
confluence reduction

minimisation

constelm
sumelm
parelm

structelm
rewr

instantiator with confluence reduction
instantiator

lineariser pretty printer
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?RC\8îPD?qpJáJ:&?Jk&:58WçR:2dfm"��� X%åÆ:hçJ=HbOPQCUáRVî=\?Æi�kh=\?[å²:5VW:hE�CSbU:hiÌèSIÁçJ:&V;:h=�X�8;çR:58n#BCÀVW:&ê
iláJk�8WPDC�?!8;:hkxçR?JP^m9áR:^XjE[:&?98WPDC�?J:hi�=�åÆCSbU:-C�?RADänX�PDE[ãRADPÇ<âäÀ8;çR:�il:^XWk&VWPDãl8;PQCU?!C\<J=�?�d®m �*G
:&ADPQE[PD?J=S8;PQCU?[C\<�PQ?R:hV�8-ãJ=�V;=�E[:�8W:hV;X�Ec=Hä!AD:h=Ui�8;C!X�áJåJX}8x=\?98WPY=\AlV;:hiRáJk�8;PQCU?*C�<Æ8;çR:2dlí27
áR?Jil:hVWADäOPQ?JgM=�?æd®m �*è�_�<Ñ8WçJ:�PD?R:hV�8ÀãJ=\Vx=\E[:&8W:&V6Vx=\?RgU:hXÖCSb�:&VÀ=\?æPQ?RéJ?RPQ8W:cilC�Ec=�PQ?jG
8WçR:�?OáRE*åÆ:hV-C\<²X�8;=\8W:^X�kh=\?�:&bU:&?�V;:hiRáJk�:�<âVWCUE PD?léJ?RPQ8W:B8WC6éJ?JPÇ8;:BåOän8;çRPYX%C�ã²:&Vx=S8WPDC�?®è
í�çRPYX�8}äOãRPDkh=\ADAQä#çJ=\ãRã²:&?ÆX5=S< 8W:hV2çRPYilPD?Rg[ãJ=\VW85C\<�8WçR:!XWälX}8;:&Et� X�å²:&çÆ=Hb9PDC�áJVhè

y@z|{?}U{|~��q�%{?��~��������$���u���������8�����(�-�F� 7OC�E[:�8;PQE[:^X&GH8;çR:5C�ã²:&Vx=S8;PQCU?JX%=\å²CSb�:�k&=\?J?RC\8-å²:
=\ãRãJAQPD:hi
8WCeXWPQ?RgUAQ:�ãJ=�V;=�E�:&8W:hV;XhG�åRál8À8WçR:hä
k&=�?æå²:c=\ãRãJAQPD:hi
8WC ãJ=�V�8xXÖC�<Ñ8;çR:ciR=S8x=
X}8;VWáÆk�8WáJVW:^X�8WçJ=\828WçJ:hXW:nbH=�VWPY=\åJAQ:^X5V;=�?Rg�:ÀCSbU:&V^èRLRC�V28WçRPYX58;C[8;=\NU:nãRAY=�k�:UGJXWáJkxçeiR=S8x=
X}8;VWáÆk�8WáJVW:^X�E�áJX�82åÆ:nãÆ=\VW8WPQ8WPDC�?R:^i#PD?98WC�8WçR:hPQVÖk�C�?ÆX}8;PÇ8;áR:&?98;Xhè

�;�����({?��{|~��Y���$���Y������}U�F� í�çR:�iR=S8x=Ö8W:&V;EcX�COkhk�áRV;V;PQ?RgÖPQ?[=\?�d®m ��k&=�?�å²:BV;:�#5V;PQ8�8W:h?
áJXWPQ?RgÖ8WçJ:�:%mUáÆ=S8WPDC�?ÆX®C�<R8WçR:�iR=\8;=,8}ä9ã²:hXhè^_�<²=,k&C�?JiRPÇ8;PQCU?�PYXfV;:�#5V;PQ8�8W:h?n8WCÖ<>=\AYXW:�Gh8WçR:h?
8WçR:Àk�CUVWV;:hXWã²C�?JilPD?Rg!k&C�?JilPQ8WPDC�?®GO=Uk�8;PQCU?#=\?Ji�:�)�:hk�8B8WV;PDãRAQ:ÖPQ?#8WçR:Àd®m ��PDXBV;:&E[CSb�:^iÌè
K �����"��
����
�PDX,#5PDil:hAQäëVW:^k�C�gU?RPYX�:^ië=�Xc=�?�PQE[ã²C�VW8;=\?98[<â:h=\8WáRV;:eC\<Ö8WçR:eå²:&çÆ=Hb9PDC�áJV

C\<BiRPDX�8WV;PQåJál8W:^iKk&C�E[E�áJ?RPDkh=S8;PQ?Rg XWäOX�8W:hEcX&è Û CUáRg�çJAQäUGj=;�Oê�8WVx=\?JXWPQ8WPDC�?æ<âVWCUE�= X}8x=S8W:[PD?=\?Ýdlí27ÌGBV;:&ãJVW:^X�:h?U8;PQ?Jg=\?ÝPQ?98;:&V;?J=\AÀk�CUE�ãJál8;=\8WPDC�? 8;çJ=S8ePYXM:�'O8W:hVW?J=�AQADä�PQ?ObOPYX�PDåRAD:�G�PDX
k�C�?$pJáR:&?98nPQ<BPQ8�k�CUE�E*ál8W:^X!#5PÇ8;çs=\?Oä4C\8;çR:&VÀ8;V;=�?JXWPÇ8;PQCU?æX�8;=\VW8WPD?Rg PD?æ8;çRPYXnXW=�E�:cX�8;=\8W:�è
_a? ÜÇÞ%xSà®PQ8@#�=�X2XWçRC�#5?M8WçÆ=S8Ök&C�?qpJáJ:&?Jk&:�k&=�?eåÆ:!áÆX�:^i PQ?eãRV;Clk�:^XWX5bU:&V;PÇé²k&=S8;PQCU?jèR_a? ÜQÞ%wSà
X�:hb�:&Vx=\AÆ?RC\8;PQCU?JX�C\<®k�CU?qpJáR:h?Jk�:@#�:hVW:6X}8;áJilPD:hicCU?�8;çR:&PDV�ãJV;=Uk�8WPYk&=�AÆ=�ãRãRADPDkh=\åRPDAQPQ8}ä�GO=\?Æi�PQ8
#B=UX,XWçRC�#5?e8WçÆ=S8ÀC�?e8;çR:*AD:&bU:&A�C\<Ñdfm"�6X6k�C�?$pJáR:&?Æk�:*kh=\?4å²:�:�'lãRV;:hX;X�:^i å9ä E[:h=�?JXÖC\<
AQCUg�PYk&=\A9<âCUVWE*áRAD=UX&èH_a?eÜ 2 àRPQ8îPDX-XWçRC�#5?*8WçJ=\8-8WçR:5ãRV;:hXW:&?Æk�:BC\<Ìk�C�?$pJáR:&?Æk�: #5PÇ8;çRPD?[=�?�dfm"�
k&=\? å²:�:�'lãRADC�PQ8W:^i =S8*= ADC�# k&CUX�8�=S8!8;çR:cAQ:hb�:hAîC\<�8WçJ:�PQ?ÆX}8x=\?98WPY=S8;C�V^GÌP¨è :�èDGfiláJVWPD?Rg 8WçJ:
g�:&?J:&Vx=S8WPDC�?1C\<f8WçR:!=UXWXWClk�PY=S8W:^i#dlí27�è��ÝãJVWC�8WC\8}äOã²:ÀC\<®8;çRPYX5g�:h?R:&Vx=S8;PQCU?1=\ADg�CUVWPQ8WçJE�#B=UX
PQE[ãRAD:&E[:&?98;:hiÌGH=\?JiÀ:�'lãÆ:hVWPD:&?Jk&:îAD:h=\V;?JX�8;çJ=S8f8WçRPYXj:�'lãRAQCUPÇ8x=S8;PQCU?nC\<Rk�CU?qpJáR:h?Jk�:\#5PQ8WçJPQ?�=�?
d®m"� E[=HäcAD:h=Ui�8;C�8WçR:Àg�:h?R:&Vx=S8;PQCU?�C\<%=\? dlí27c8;çJ=S85PYX5X�:hb�:hV;=�AÆCUV;il:hV;X�C\<�Ec=\g�?JPÇ8;áJil:hX
X�Ec=\ADAD:&V-k�CUE�ãÆ=\V;:hi�8WC68WçR:5X�8;=�?JiR=\Vxi*PQ?JX�8;=�?98WPY=S8WCUVhèSí�çR:5il:&8W:^k�8WPDC�?[C�<²k�CU?qpJáR:h?Jk�:�PD?�=�?
d®m"� PYX2ã²:&VW<âC�V;E�:^i áJXWPQ?Rg�8WçR:�=\ál8;C�Ec=S8;:hiMVW:^=�XWC�?RPD?Rg[8;:hkxçR?RPBm9áR:hX28WçJ=\8Ö=\V;:�XWáRV;b�:&äU:hi
PQ?47O:^k�8WPDC�?�wlè
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í�çR:�7-> Ú <âCUVWEc=\8*ÜÇÞ�7^à�C�)�:&VxX,=\?e:�'O8WV;:&E[:&ADäMk&C�E[ãJ=Uk�82éJAD:!<âCUVWEc=\82<âC�VÀX}8;C�V;PQ?Jg�dlí27lX&èí�çRPDXn<âC�V;E[=\8nPDXnCUãÆ:h? PQ? PQ8;X!XWãÆ:^k�PQéÆk&=\8WPDC�?s=\?Æi
PDE[ãRAQ:hE[:&?98;=\8WPDC�?jG®=�?Ji =\ADAQC�#2XÀX�8;=\8W:hX
8WCKåÆ: AY=\å²:&ADAQ:^i åOäU�-í®:hVWEcXhè\� ãJVWC�8WC\8}äOã²:1bOPYX�áÆ=\ADPDX;=S8;PQCU?s8WCOC�A�çJ=UX�åÆ:h:&?iR:&b�:hAQCUãÆ:^i
<âC�V�8WçR:47-> Ú <âC�V;E[=\8hG-iláRåJåÆ:^i¥0ÖV;PDXWç98WP�è�� V;:hiláÆk�8WPDC�?ï=\ADg�CUVWPQ8WçRE åJ=UX�:^i CU?k�CU?qpJálê:&?Jk&:2=\?Ji�E[PQ?JPQE[PYXW=\8WPDC�?�=\ADg�CUVWPQ8WçJE[X%E[CliláRADCn:�m9áRPDbS=\AD:&?Jk&:hXîXWáJkxçc=�X%åJPDXWPQE*áRAY=S8WPDC�?c=�?Ji
åRV;=�?JkxçRPD?Rg�åRPDXWPDE�áRAY=S8;PQCU?MçÆ=Hb�:6åÆ:h:&? PQE[ãRAD:&E[:h?U8;:hiÌGÆk�C�ADAY=\ãJXWPQ?Jg�:%m9áRPQbS=�AQ:h?U82X�8;=\8W:hXhè

�2AQ8W:&V;?J=\8WPDb�:&ADä�G²dlí27lX2å²:&ADC�?Jg�PD?Rgc8WC ÙfÚBÛ dëXWãÆ:^k�PQéÆk&=\8WPDC�?JX,k&=\?
åÆ:!bOPYX�áÆ=\ADPDXW:hie=�?Ji=\?J=�AQälXW:hi áJXWPQ?Jg48WçJ: Ú"¦ X;=\V�=��2AYi"§:håJ=\Vx=\?Y0,:hb�:hAQCUãRE[:&?98�m-=UkxNH=�g�:eñ Ú �@0Öm"�#Ü¨7^à�è%í�çRPDX8WCOC�AYX�:&8�C�V;PQgUPQ?Æ=\ADAQäs8x=\V;g�:&8;X�8WçJ:
=\?J=�AQälXWPDX[C�<!dc�6í1�À7X�ã²:hk&PÇéÆkh=S8;PQCU?JX&è Ú"¦ XW=�Vcg�:&?J:&VWê=S8W:^X�8;çR: dlí27Áå²:&ADC�?RgUPQ?Rgë8WCï=d��6í1�À7�X�ã²:hk&PÇéÆkh=S8;PQCU?jG5=\?Ji XWáRãRã²C�VW8;XMXWPQE*áRAD=\8WPDC�?jè
�2AYi£§:&åÆ=\Vx=\?KãÆ:hV�<âCUVWEcXn:%mUáJPQbS=\AD:&?Æk�:�kxçR:^kxN9PD?Rge=\?ÆiæE[PD?RPDE�PYX;=S8WPDC�?sC�<2dlí27lXnE[CliláRADC4=
V;=�?Rg�:nC�<�ãRV;Clk�:^XWX5:%m9áRPQbS=�AQ:h?Jk�:^X&è$©6í5dsC�)�:&VxX�<>=Uk�PDAQPQ8WPD:hX2<âC�V,E[Clil:hAfkxçR:^kxN9PD?Rg�<âC�V;E�áJAD=UX
PQ?K8W:hE[ãÆCUV;=�A-AQCUg�PYk&Xhè�í�çJ: Ú �106m�8WCOC�AYX�:&8!k�C�E[ãRV;PYX�:^X,8;çR:�@ Ú Z <âCUVWEc=\8hGª#5çRPYkxçKXWáRãlêãÆCUV�8xXBk&C�E[ãJ=Uk�85X}8;C�Vx=\g�:,C\<�dlí27RX&èR7-> Ú éÆAQ:^X5k&=\?1åÆ:Ö8WVx=\?ÆX�AY=S8;:hic8;C�@ Ú Z�<âCUVWEc=\8�=�?Jib9PYk�:ÀbU:&VxXW=JG9gUPQbU:&? = Ú �106m�AQPYk�:h?JX�:cñ¨=�X�8;çR:!@ Ú Z <âC�V;Ec=S85PYX5?RC\85CUãÆ:h? XWC�áJV;k&:%��è_a?ÝÜQÞ�Þ�à2=KV;:hiláJk�8WPDC�?ï=\ADg�C�V;PQ8WçRE <âCUV[dlí27RX*PYX[ãRV;:hXW:&?98W:^iÌG%åJ=�XW:hiëC�?ïãRV;PQCUVWPYXW=\8WPDC�?
C\<5k�C�?$pJáR:&?984�Oê�8WVx=\?JXWPÇ8;PQCU?JXhèjLfPDVxX}8n8;çR:cEc=�'lPQEc=�Aîk�AY=�X;XÖC�<�k&C�?qpÆáR:&?984�Oê¨8;V;=�?JXWPÇ8;PQCU?JXÀPDX
il:�8;:&V;E�PD?R:^iÌGÑ=\?Æië?R:�'O8[CUál8WgUC�PD?Rg k�C�?$pJáR:&?98��Oê�8WVx=\?JXWPÇ8;PQCU?JX�<âV;C�E = X�8;=S8;:e=\V;:1gUPQbU:&?
ãRVWPDC�V;PQ8}ä�CSb�:hV2=\ADA®C\8;çR:&V,C�ál8;g�C�PD?Rg�8WVx=\?ÆX�PQ8WPDC�?JX5<âVWCUE 8WçJPDXÖXW=�E�:!X�8;=\8W:UèÆLRCUV,dlí27lX28WçJ=\8
ilCë?RC�81k�CU?98;=\PD?�=�?ÁPQ?léÆ?RPÇ8;:KXW:�m9áR:h?Jk�:
C\<5�Oê�8WVx=\?JXWPÇ8;PQCU?JXhGî8WçJPDXMV;:hiláJk�8WPDC�?ÁãRV;:hXW:&V;b�:^X
åRV;=�?JkxçRPD?Rg[åRPYX�PDE�áRAY=S8;PQCU?jè��,?ePQE[ãRAD:&E[:&?98x=S8WPDC�?eC�<f8;çRPYX,=\ADg�CUVWPQ8WçJE PYX5PQ?Æk�ADáJil:hi PD? 8WçJ:
ÙfÚBÛ dÁ8;C9CUADXW:�8^èf_a?X�CUE�:1k&=�XW:hX�PÇ8�VW:^iláJk&:hXn8;çR:1XWPD`&:#C�<,=\? dlí27 åOäs=\?ë:�'lãÆCU?R:&?98;PD=�A<>=�k�8;C�V^èRLRáRVW8WçJ:&V;E�CUVW:UGl8WçJ:4#�CUV;X�8�êak&=UX�:Ö8WPDE[:!k�C�E[ãRAD:�'lPQ8}ä#C�<f8;çR:nVW:^iláJk�8WPDC�?e=\ADg�CUVWPQ8WçRE
<âVWCUE ÜQÞ�Þ&àÖk�CUE�ãÆ=\V;:hX[<>=HbUC�áRVx=\åRADäR#5PQ8Wç E[PD?RPQE[PYXW=\8WPDC�?ÁE[CliláRADC åRVx=\?JkxçJPQ?RgsCUV,#B:h=\N
åRPDXWPDE�áRAY=S8;PQCU?K:%m9áRPQbS=�AQ:h?Jk�:UèA:2:h?Jk�:UGÌ8WçR:1=\ADg�C�V;PQ8WçRE�<âV;C�E ÜÇÞUÞ�à�kh=\?sX�:hVWbU:�=UX!= áJXW:�<âáRA
ãRVW:hãRV;COk&:hX;X�PD?Rg[X}8;:&ã18WC[8;çR:hXW:nE[PQ?RPDE[PDX;=S8;PQCU?M=�AQgUC�V;PÇ8;çREcX&è
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LRC�VÑb�:&V;ä!AY=\V;g�:BéJ?RPQ8W:&ê�X�8;=\8W:,XWälX}8;:&EcXhG�=nX�äOE*åÆCUAQPYk5=\?J=�AQälXWPDXîC�?�8WçR:,AQ:hb�:&AJC\<Ìd®m"�6XîE[=Hä
VW:^X�áRAQ8ÀPQ?
8WçR:[g�:h?R:&Vx=S8;PQCU?eC\<ÑE*áJkxçæXWEc=\ADAQ:hV6dlí27RX&èÌLRCUV6XWälX}8;:&EcX¯#5PÇ8;çK=�?4PD?RçR:&V;:&?98;AQä
PQ?léÆ?RPÇ8;:,?OáRE*åÆ:hV�C�<ÌX�8;=\8W:^Xî8;çR:,áJXW:2C�<Ì8WçR:hC�V;:&E ãRVWCSbOPD?RgÀ8W:^kxçR?RPBm9áR:hXÑPDX�PQ?ÆilPDXWã²:&?JX;=\åRAD:�è
í�çR:eC�V;PQgUPQ?Æ=\A�E[C\8WPDbS=S8;PQCU?ïå²:&çJPQ?Ji8;çR:
d®m � <âCUVWEc=S8�#�=�X�8;çJ=S8#XW:&bU:&Vx=\A�ãRV;C�ã²:&VWê

8WPD:hX�C\<Ö=KXWäOX�8W:hEìk&=�? åÆ: áR?JPÇ<âCUVWE[ADäs:�'lãRV;:hX;X�:^isåOäæéÆV;X�8�ê�C�Vxil:&V�<âC�V;E�áRAY=\:Uè C )²:^k�8;PQbU:ãRVWCOC�<ÑE[:�8WçJCOiJXÀ<âC�Vnd®m �6X6çJ=Hb�:*åÆ:h:&?sil:&bU:&ADC�ã²:hiÌG�PD?Jk�CUVWã²C�Vx=S8;PQ?Jg�8WçJ:�áÆX�:[C\<BPQ?ObS=\V;PQê
=\?98;XcÜ ßSàÑ=�?Ji X}8x=S8W:[Ec=\ãJãRPQ?JgUXcÜQÞ�DSà�è°�2AYXWC18;çR:�k�CU?qpJáR:h?Jk�:[ãRV;C�ã²:&VW8}äeC\<5=\? d®m ��k&=�?
åÆ:1:�'lãRV;:hX;X�:^iK=UX�=eAY=\V;g�:[éÆV;X�8�ê�C�Vxil:&VÀ<âCUVWE*áRAY= ÜÇÞ(wHà�è à ±,XWPQ?Jge8WçR:^X�:�8W:hkxçJ?RP^m9áR:^X&GfAD=�VWgU:
ilPDX�8WV;PDåRál8W:^i[X�älX�8W:&EcXc#B:&V;:�bU:&V;PÇéJ:^i�PD?[=ÖãJVW:^k�PYX�:�=\?Ji*ADC�g�PYk&=�A-#B=HäUG^C�< 8W:h?²#5PQ8Wç*8WçJ:5çR:&ADã
C\<%PQ?98W:hV;=Uk�8;PQbU:,8;çR:&CUVW:hE ãRV;CSb�:&VxXhèO7O:h:�Ü ³\àÌ<âC�V2=�?MCSbU:&V;bOPQ:�#ÁC\<-X�áJkxç k&=UX�:nX�8WáJiRPQ:^X&è
7OPQ?Æk�:*8WçR:ck�CU?qpJáR:h?Jk�:*ãRV;C�ã²:&VW8WPD:hXÀ=\?Ji48WçR:[k�CUVWV;:hk�8W?R:^XWX6k�V;PQ8W:&V;PY=#=�X;XWCOk&PD=\8W:^it#5PÇ8;ç

X}8x=S8W:�Ec=\ãRãJPQ?Rg9XÖ<âC�V6PQ?JiRáJX}8;VWPY=\AQêaXWkh=\AD:*k&=UX�:�X}8;áJilPD:hX68;:&?Ji48WCMåÆ:[Vx=S8WçJ:&V@pÆ=S8ÀåRál8nb�:hVWä
AD=�VWgU:�G�#B:*=�VW:*il:&bU:&ADC�ãRPD?Rg#=1X�ã²:hk&PD=�AQPYX�:^iM8WçR:hC�V;:&E�ãRV;CSb�:hV2åJ=�XW:hi4C�?4=\?
:�'O8W:h?JX�PDC�?
C\<
@"0¯06X�#5PÇ8;ç*:%mUáÆ=\ADPÇ8}ä�ÜQÞ^ðSà�è��ïãRV;C\8WC�8}äOãÆ:Ñ8WCOC�AlçJ=UX�åÆ:h:&?�PQE[ãRAD:&E[:&?98;:hiMÜÇÞ%³Sà�G%#5çJPDkxç�#B=UX
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áJX�:^i68WC,iR:�8W:^k�8fk&C�?qpÆáR:&?Jk&:îPD?!=�AQ:^=�il:hVj:&AD:hk�8WPDC�?nãRV;C\8;COk&C�A�=�?JiÀPD?!=27OãRADPDk&:ÑX�ã²:hk&PÇé²k&=S8;PQCU?
<âVWCUE�Ü DSà�è�ñ>í�çRPYXBPQ?l<âCUVWEc=\8WPDC�?�CU?#k�CU?qpJáR:h?Jk�:@#B=UXÑ:�'OãJAQCUPÇ8;:hicáJXWPD?Rg!8;çR:ÖE[:&8WçRCli�C�<ÑÜ 2 à´.
X�:h:c7l:hk�8;PQCU?sßRè¨�Àí�çRPDXn8WCOC�Aîkh=\?s=\AYX�C kxçR:^kxN4PQ?ObS=\V;PY=\?98;Xn=�?Ji48;çR:�k�CUVWV;:hk�8W?R:^XWXÀk&VWPQ8W:hVWPY=
=�X;X�Clk�PY=S8;:hi�#5PÇ8;çc=nX}8x=S8W:5Ec=�ãRãRPD?RgnåÆ:&8n#�:h:&?c=nXWãÆ:^k�PQéÆk&=\8WPDC�?c=\?Ji�PQ8;X-PDE[ãRAD:&E[:&?98;=\8WPDC�?jè
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