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Abstract

We describe a new technique for presenting proofs, in particular proofs generated by
automated theorem proving systems like TH @ OREM A . We call this technique "focus
windows" technique because with this technique, in each proof step, all the relevant
formulae  are  collected  in  one  window (the  "focus  window")  so  that  the  reader  can
focus  on  them.  The  sequence  of  focus  windows  alternates  between  "attention  win-
dows" and "transformation windows". In an attention window, exactly those formu-
lae are displayed - and highlighted - that  are relevant for the next proof step. In the
subsequent  transformation  window,  in  addition  to  the  highlighted  formulae,  the
formulae  are  displayed  that  are  added  as  a  goal  or  additional  knowledge.  Also,  a
standard  natural  language  text  is  presented  that  briefly  characterizes  the  proof
technique used.  Although the paper presents the idea in terms of TH B OREM C ,  the
presentation  method  is  applicable  to  arbitrary  automated  theorem  proving  systems
that  produce  proofs  as  sequences  of  proof  situations  consisting  of  "goals"  and
"available knowledge". 
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1 The Problem
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Û_Ñ$ØhÐ_ËWß,×½Ë:Ø�Û_Ë³Ñ�Ô�ÖoÚhËÃà'ØhÑ�Ù#ÞSËWÌ%Í�Ë�ÎFÏ+ÐWË�ÛWÏ,ØfÎ�Ë�á¢Ï+Ì'Ë7Î'â�ÛWÏWÞmÞmÕmØ�ÍÀÑ�Ø�Ë�Ñ�Ô�ÖoÚhË±ÏWãnÏ,ÕmÞ�ä
Ï,Î'ÞSË3Î'ÞSÏ+Ûgà'åuÎ�Ñ�æÉÌ'ËWÛ:ÕSÐgÕSÑ�ØÀÓcÒWÑ�ÛWËWÌ%×YÒ,Ë_ÐWçIè'Ú�Ë3ÖoÒWÏ+ÛWË7Ñ�Ô�Ðg×½Û:ÚkÏÝÒWËWÌ%×½ÛgÖoÕSÑ�Ø�ÕSÐ7Ï+Û_Ûg×Yá�×Kä
ÞSÏ,Ö:Ë_ÌÆÕmØQÏêé�Ó'Ò,Ñ�Ñ�ÔëÑ�Î%ìgËWÛgÖ:éoçÃíîØïÏ¨Ó�Ñ�Ð:ÖoÓcÒ,Ñ%Û_ËWÐ_ÐgÕmØ�ÍðÐgÖ:Ë:Ó�ñ3èFò#óIôKõ�ö�÷OøÜÓcÒWÑ�Ì�×½Û_ËWÐkÏ
Ú�×Yá\Ï,ØhäùÒ,Ë_Ï+ÌcÏ,Î'ÞSË#ÓcÒWÑ�Ñ$Ô1ÔùÒ,Ñ�áïÖoÚ�Ë#Ó'ÒWÑ%Ñ�ÔFÑ$Î�ìgË_ÛgÖ:ç
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Ð:×YÎcÓ'Ò,Ñ�Ñ�Ô�ÐWñ±Ðg×YÎFÐg×YÎ'ÓcÒWÑ%Ñ�ÔýÐWñëË:Ö:ÛWç�Ñ�Ô³ÏêÍ ÕmãIËgØ ÓcÒWÑ�Ñ$ÔÇÛWÏ,Ø ÎFË éoÛgÞ�ÕSÛgàFËWÌcé¢Ñ�Ó�Ë:Ø Ï,ØhÌ
Û:ÞSÑ�ÐWËWÌ'ñ#ÐgÖo×½Ì%â ÕmØ�ÍkÐ:×½ÛgÚ©Ó'Ò,Ñ�Ñ�Ô�Ð��mÏ,ØhÌfÏ,ÞSÐ,Ñ�Ó'Ò,Ñ�Ñ�Ô�Ð ÓcÒWÑ�Ì�×½ÛWË_ÌÇÎ'âÉÚ�×Yá¢Ï,ØhÐ ÕmØ©á\Ï,ÖoÚ
Ö:Ë:æ%ÖoÎFÑ�Ñ$àFÐ��KÐgÖoÕmÞmÞFÔ�Ï+Û_ËWÐ�ÖoÚhËÈÓ'ÒWÑ$Î'ÞSËgá ÖoÚhÏ,Ögñ'ÕmØ�ËWÏ+Û:ÚÜÕmØhÌ�Õmã_ÕSÌ�×½ÏWÞ�ÓcÒWÑ�Ñ�Ô/ÐgÖ:ËgÓFñ)Ñ�ØhË�ÚhÏ+Ð
Ö:Ñ¾Ò,Ë:Ô�ËgÒ±Ö:ÑÀÏ¨ÛWÑ�×YÓ'ÞSË\Ñ�ÔKÔ�Ñ�Ògá�×YÞSÏ+ËëÖoÚ�ÏWÖÝá\Ï,âÇÎFËÇß,×YÕmÖ:ËÇÌ%ÕSÐgÖ:Ï,Ø�Ö7Ô¯ÒWÑ�á ÖoÚhË³Û:×YÒgÒ,Ë:ØÄÖ
ÞSÑ�Û_Ï,ÖSÕoÑ$ØÀÕ�Ø\ÖoÚ�ËµÓ'Ò,Ñ�Ñ�ÔÄÖ:Ë:æ%Ö:ç	�1Ñ�Ò7Ëgæ1Ï,á�Ó'ÞSË,ñYÏÈÖoâ Ó'ÕSÛWÏ,ÞhËgæ�Ó'ÞSÏ,ØhÏ,Ö:Ñ$Ògâ«Ö:Ëgæ�Öhá\Ï,â¥ÒWËWÏ+Ì�ÏnÐ
ÔoÑ�Þ�Þ�ÑuÙ7Ð�


��
������ ���� ��� � �������! #"%$�&'$�()$�*�&,+.-0/%1232�23232�232�23232�232�23232�24�43434�434�434 535 6 798':<;>=#?@?�7BADCFE GH�H3H3H�H3H�H3H3H�H3H�H3H3H�H3HI3I�I3I J�J K LNMPO.Q'RSM�R�TVUXW9Y�Q[Z%Z%Z \
]_^a`�bdcfe	gShi`kjl`�em`�jn`�biol`lpqg�rsgShi`ktvunw	`�tv`lxyemr>j�zy{.tvuF`|uljn`}jn`�untfcf~�`lxyw���hB���	`�j�tfcfbB�,p

gShiung���jnr�x�{�o�`�gShi`�jn`�em`�jl`�bio�`lx�emr>j�z�{.tSuF`�c)b�unb�ul{.��c)tfcvunj�����c)b�x�r>� �)uFp�gShBcvp�cvp
x�r>bi`|cfb�gShi`�o�{.j�jl`�bBg�^�`�jlp�cSr�b�r>ei�,���a�¡ ¢]�£�¤�¥<p�gS{�x���cfbB¦���jnr�r>emp§cSpyp�gScftft¡p�gSjn`�bB{¡¨
r>{�p©`�^�`�bª��hi`�b«gShi`���jnr�r>emp¬uljn`�g�`lo�hBbBcNo�untftf�­o�r>j�jl`lo�g�ulb�x��,`lx�un¦®r>¦�cvolunt)tf�¯�[`�tft
��jl`lp�`�bBg�`lx�°

±�²9±�³�´nµ�¶9·�¸ ¹F·�¸

2



2 The Solution: Focus Windows

º¼»¾½�»�¿a»�ÀvÁ>Â­Ãi»�Äl»dÅ¼Æi»�Ç ÅnÂ�Â�ÄnÁ�ÅFÈ�Ã­É�Á©Ê�Á>Àf¿lËfÆBÌ�ÉSÃi»¾ÅnÍ,Á>¿�»�Â�ÄlÁ>Í�Àv»�ÎÐÏ�º¼»¼È�ÅnÀfÀ
ÉSÃBËvÊ ÅnÂ�Â�ÄnÁ�ÅFÈ�Ã ÑSÒ_Á�È�Ó�ÊÔº�ËfÆi½�Á>Ç[Ê Õ�Äl»lÊl»�ÆBÉ�ÅnÉSËvÁ>ÆiÑSÏ×Ö�Ãi»ÔÎØÅnËfÆ Ëv½�»lÅFÊ Á>Ù­ÉSÃBËvÊ
ÅnÂ�Â�ÄlÁ�Å�È�Ã¬ÅnÄn»�Ú

Û�Ï�º¼»ØÅnÄ�ÄnÅnÆBÌ�»�ÉSÃi»Ø»�ÆBÉSËfÄl»�Â�Äl»lÊl»�ÆBÉ�ÅnÉSËNÁ�Æ­ËfÆÜÊ�Ó�È�Ã«Å�Ç[ÅnÝÞÉSÃ�ÅlÉ�ßiËfÆª»lÅFÈ�Ã à�ánâ�â>ã
ä�åfæSç�ènæSåvé>ê�ë}ènìfì�æSíiî�ïlî�ìSî�ð�ènêBæñåfêBòmé>ï�óÐènæSåvé>êôòXåfæ�äyåfêBæ�é¬é>ê�î�õ�åfêiö�é>õ[ë÷æSíiî�ø)òùé�ú�ç�ä�õ�å)ê�û
ö�é�õ§øvüPý�þ'ÿ�åvúlènìfìfþ�ë,æSí!åSä�õ<åfêiö�é>õ ä�íié�ç.ìSöÐòXåfækåfêBæ�éyæSíiî�älú�ïlîlî�ê äléyæSíiènæ�ë	òmé>ï�ä�æSç�ö�þ�åfê �
æSíiî ú�ç	ï�ïlî�êBæ�ÿ�ïlé�é�ò�ä�åfæSç�ènæSåSé�êiëkêié�älú�ïlé>ì�ìfåfê � åväÐêiîlú�îlä�älènï�þ®üký�íBåväÐåSä�èFú�í!åSî�ð�î�ö���þ
ö�åvä�ÿ�ìvènþ'åfê � ëiåfêªè � å)ð�î�ê ÿ�ïlé�é�òqä�åfæSç�ènæSåvé>ê�ë<é>êBìfþÞæSíié�älîyòmé>ï�óyç.ìvèFî�æSíiènæ�èlïnî�ïlî�ìSî�ð�ènêBæ
òmé>ïqæSí�îñæSïlènêiä�òùé�ï�óØènæSåvé>ê é>ò÷æSíiî�ú�ç.ï�ïnî�êBæ�ÿ�ïlé�é�òkä�åfæSç�ènæSåvé>ê æ�é�æSíiîñêiî���æ}ÿ�ïné�é>ò ä�å)æSç�è�û
æSåvé>êiü��	�%ê úlèFä�î�æSíiîÐïlî�ìSî�ð�ènêBæ�òùé�ï�óyç.ìvèFîdö�é¼êié>æ�òXåfæ�åfêBæ�é é>êiî�älú�ïlîlî�êiësä�æSåfìfìvësälé>óØî
ä�ú�ïlé�ìfì)åfê � é>ïnë,ènìfæ�î�ï�êiènæSåfðaî�ìfþ�ëPä�íBï�åfê�
�åfê � åvä êiîlú�îlälä�ènï�þ�ü
�¡é>õ[î�ðaî�ïlë_õ[î��,î�ìfåvî�ð�î[æSíiènæ�åfòmë
åfê�è � åfðaî�ê ÿ�ïné>ð�î�ïnë@ÿ�ïlé�é>ò|ä�æ�î�ÿ×êiî�îlö�ä�óÐé>ïlî�åfêBòmé>ï�óØènæSåvé�ê�æSíiènê õ<í�ènæñòXåfæ�ä�åfêBæ�é©è
ä�ú�ïlîlî�ê�æSíiî�êdä�é>óÐî�æSíBåfê � åvä�õ�ïlé>ê � õ�åfæSí�ævíiîkö�îlä�å � ê�é>ò æSíiî@ÿ�ïlé�ðaî�ïlü
� üDý�íiîñÿ�ïlé�é>ò�õ�åfêiö�é>õ úlèlê��,îsð�åvî�õ§îlö�èFäsæSíiî�ø)æ�é>ÿ×é>ò�æSíiîñåvúlî��	î�ï � øSë¢õ�íiî�ïlî|æSíiî

åvú�î��,î�ï � åvä�æSíiî�ú�ç.ï�ïlî�êBæ§ÿ�ïné�é>ò ä�åfæSç�ènæSåvé>ê��)úlé>êiä�åvä�æSåfê � é>ò�æSíiî ú�ç	ï�ïlî�êBæ � é�ènì ènêiödènìfì
æSíiî¬ú�ç	ï�ïlî�êBæ�
�êié>õ�ìvîlö � î��§õ�íiî�ïlîlèFä�æSíiî�æ�é�ÿ«úlé>êiä�åSä�æ�ä¬é>êBìfþ�é>ò}æSíié�älî òùé�ï�óyç.ìvèFî ���
���������! " #��$��&%' )(*(,+&-�.	���&/)��.0(,$1����/)�2/) #�3 #�"40��56/)$��7.	$8���9�:%' )(*(,+&-�����%;����/)�9�� #/)$�-�+<(� �=>-
�����?���! � )��$��;%@ #(*(,+A-�.B���&/)��.0(,$C.	$���(D�����1$���E*�F(,$��#GIHJ(, " #�#-�%K(,$�LM.	$�NM4	O@PQ�����R+S(*���&-
T .	$�L'( T /#4	���� �$9/)���U-WVK��� T �#��$X� T (>-���/)���)-UYZ�����A-���/)���[(,+\VK��.	$�N�/)$^]�/)������$_��.�(�$ T .B$\`
L'( T ]�/)$�La���9�a-���/)����(,+bVc��.	$�Nd/e]B�� #/)$�-�+S(, "=>/)��.0(�$ T .B$9L'( T ]�G!fg$A������-���/)����]�/)������$���.0(,$
T .	$�L'( T ]�PZ����� T .B$9L'( T �#(,$���/).	$�-;`h/)$�L[��.	NM��4	.	NM����-A`i����(*-#�I+S(, "=j�!40/k�[(,+7�����d���! l`
 #��$���%@ #(*(�+m-�.	���&/)��.0(,$n����/)�o/# )�a )��40��5p/)$��m+<(� Q�����a%' )�U-#��$���%@ #(*(�+m-�����%cG&fg$������q-���/)���
]B�� #/)$�-�+S(, �=r/)��.�(�$ T .B$9L'( T ]�Ps����� T .	$�L@( T �#(,$���/).	$�-#Pt.	$n/kL'LM.	��.0(,$1��(����9����.	NM��4	.	NM�����#L
 #��40��56/)$��A+S(, �=j�!40/k�#Ph�����R$�� T N@(*/)4d/)$�Lvup(, 8$�� T w $�( T 40�#LlN@��Nv��$��� #/)���#Lx.	$y���_.�-
%' )(*(,+c-�����%KG

z G2{�(,���X.	$X���9�8/)������$���.0(,$|-���/)���>/#$9L>.B$?�����}�� #/)$�-�+S(, �=r/)��.�(�$~-���/)���#PJ����� �'���*�,�
�\�	���'�,�y�������h�I�)�	�c���9�Q�S�,���I�!���k���	�R���!�	�!�����*�\�)�)�������:�����)���,���	�}�)���S���)���9���	���q���9���
� �h�0� � ���0�#�

� �����������A���#�)�����S�,���>�)���0�,�x���	���@�,�h�# Q�¡���)���!�#�)�m���)�_�M�&�)�@�;�����*�;�)¢'¢K�U�)�)�q�����)�
���l¢'�0�)�	���n���,� ����������� �@�*�)�0�X�)���@£v���¤�S�,���j�!�0�k�F�B�¥���9�D¦'�������0�#�l�v� � �k�U�?�#�)�
� � ���)�B�9�U�C���#�,� ���9�^���	�§���	�B�§�����#�¨�<�,�"�I�!�0�k�U }�0�©�#�q�\���0��� ¢'�)�*�,�¡���!�0�����k� � �U���
�)¢v¢@�B�ª�§�'�
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3 A Proof Problem: Correctness of ’Sorting by Merging’
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3.3 Proof Presentation Using Focus Windows
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