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��� î Þ½àFÞ½é�ìeÞ½ä<�ná�Þ½é�Þ_Ü�á�Þ~çDãeßÌôrÚ�ãeàFÛ5êHß)ä�Þ�ìeéâÞ�Þ
Ø=8 > ãHÚTê�Ù/,YÞ�ä­àFÞ½æâá ÛºÚ'ãHéâä�Þ�é(ÜâãKç�éâãrä�ë�è�ÞFè�ãeÚ65eÞ�éâìeÞ�ÚNÜ.æâÞ$ rë9Þ½Ú�è�Þ½æ_ã)(����?:¨æ�ãeßºëYÜ�ÛºãHÚ�æ@�:æ�Þ½ÞXå
Þ)# ìA#ÌåCBEDråFD;G;HÆêHÚ9ä|Ü�á�Þ�éâÞI(pÞ½éâÞ�Ú�è½Þ�æ�Ü�á�Þ�éâÞ � #KJ0Þ�é�ôuè½ßÝãeæâÞ�ßÝôuéâÞ�ß5êXÜâÞ½ä|ÜâãTÜ�á9Þ�Ø/:L5HÞ½é�æâÛºãHÚM��� î êHé�Þ
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è½ãHßºßºãrè«êSÜ�ÛºãHÚmà�Þ�Ü�á�ãrä�æ�#M9sÜ��\êHæ�Ú�ãXÜ�Þ½ä�Þ«êHé�ßÝômãHÚ�Ü�á�êXÜ�æ�ãeàFÞ�ã)(/Ü�á�Þ ï çVÞ½è�Üâé�êHß î Þ�Ü�á�ãrä�æ�è½ãeë�ßÝä
ðVÞoÛÝÚ³Ü�Þ½é�ç�éâÞ�Ü�Þ�ä@êHæ°Ø/:75eÞ½é�æâÛÝãeÚY�?� î æ��nÛÌÜ�á¸è½Þ�é�Ü!êXÛºÚ¸Ü¨ôYçVÞ½æFã)(Z Në¶êHä�éâêXÜ�ë�é�Þ)#Y[\Þ½ÛÝÚ�ì è½ãeßÝßºãrè«êXÜâÛºãeÚ
àFÞ�Ü�á9ãYä�æ�å ï çDÞ�è�Ü�éâêHßÆàFÞ�Üâá�ãYä9æOêHéâÞ'à.ë�è!áM(:êHæ�ÜâÞ½é�Üâá¶êHÚZÜ�á�Þ'æ¦Ü!êHÚ9ä¶êHéâämØ/:75eÞ�éâæâÛÝãeÚ\��� î êHæ�Ü�á9Þ
ìeÞ�Ú�Þ½éâêXÜ�ÛÝãeÚ­ã)(�Ü�á�Þ�æ�ÜâÛ!]DÚ�Þ½æ�æ.Ûºæ�è½ãHÚ�æâÛÝä�Þ½éâêHð�ßÝô è!á9Þ«êHçVÞ½é$# í ä�ä�ÛÝÜâÛºãeÚ�êHßºßÌôeå^5XêHéâÛÝãeë�æ_(:êHæ�Ü�Ü�éâêHÚ�æ`(pãeéâà
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î êHÚ³ô ç�é�ãeð�ßºÞ�à�æ�ÛºÚ1"¶ë�ÛÝä êHÚ�äTæâãeßÝÛºä à�Þ�è!á¶êHÚ�ÛÝè½æ~á¶êU5eÞ�ç�ÛÝÞ½è�Þ$�nÛºæ�Þ�êHÚ�êHßÝôNÜ�ÛÝèbæâãeßÝë9Ü�ÛÝãeÚ�æ�#��¶ãeé(Ü�á9Þ
êHç�ç9éâãU,YÛºà�êXÜ�ÛÝãeÚ_ã)(Dæâë�è!á�(pë�Ú�è�Ü�ÛºãHÚ�æ½åeÜâá�Þ�×/:75eÞ�éâæâÛÝãeÚ�å«Ø/:75eÞ�éâæâÛÝãeÚc��� î å³êHÚ�äbÜ�á9Þ ï çDÞ�è�Üâé�êHß¶àFÞ�Üâá�ãYä9æ
è«êXÚ�ãeÚ9ßÝômßÝÞ«êHä¸Ü�ãed)fhgji�k�lmd)n7o_éâêXÜ�Þ�æ�ã;(/è�ãeÚ65eÞ½é�ìeÞ½Ú9è½Þ)#M9¨ÚuÜ�á�ÞKè�ãeÚ³Ü�ÞI,rÜ�ã)(�Üâá�Þ<��� î å3á�ã-�\ÞI5eÞ�é½å
ÛÝÜ�ÛºæFçVãeæâæ�Ûºð�ßÝÞoÜâã è½ãeà.ð�ÛºÚ�ÞKÜ�á9Þ'×ZêHÚ�ä|Üâá�Þ�Øp:L5eÞ�éâæ�ÛºãeÚM�?� î ÛºÚ³Ü�ã Ü�á�Þ�×eØp:P��� î �ná�Þ�éâÞ�àFÞ½æ�á
éâÞ�Ù¶Ú�Þ�à�Þ�ÚNÜ°êHÚ�ä'êHÚ�ÛºÚ�è�éâÞ½êHæâÞ_ã;(�Ü�á�Þ~çDãHßÝôrÚ�ãeàFÛ5êHß)ä9Þ½ìeé�Þ½Þ�Ø�è«êHÚ�ðVÞ.ä9ãeÚ�Þ.æ�Ûºà_ë9ßÝÜ!êXÚ�Þ½ãeë9æâßÝô)#��¾á�Þ
ç�é�ãeçDÞ�éÆè½ãHà_ð�ÛºÚ�êXÜ�ÛÝãeÚ�ã;(FgjirqVstiIuvlwn7o�à�Þ�æâá'é�Þ�Ù¶Ú�Þ�à�Þ�Ú³ÜÆÜ�ã-�\êHéâä�æÆÜâá�Þ_æ�ÛºÚ�ìeë9ß5êHé�ÛÝÜ�ÛÝÞ½æ�êHÚ�ä�ÛÝÚ�è½é�Þ«êHæ�Þ
ã)(¾Üâá�Þ�çVãeßÝôrÚ�ãeàFÛ5êXß3ä�Þ½ìeé�Þ½ÞOÛÝÚ éâÞ�ìeÛºãeÚ9æx�ná�Þ�éâÞ�Ü�á9Þ�æâãeßÝë9Ü�ÛÝãeÚ ÛÝæ.æâàFãrãHÜ�á\�:êHÚ¶êHßÌôNÜ�Ûºè � Üâá�Þ½ÚmßÝÞ«êHä9æ
Ü�ã1imy$z{qV|NiI|{u�nvd)f�éâêXÜ�Þ�æÆã)(3è�ãeÚ65eÞ�éâìeÞ�Ú�è½Þ<�:æ�Þ½Þ}BhDYå�2-~VH � #(ò\ãHà�àFÞ½é�è½Û5êXß��?� î è½ãrä�Þ½æW�nÛÌÜ�á�Ø êXÚ�ä ×HØ
è«êXç¶êHð�ÛÝßºÛÝÜâÛºÞ�æC��Þ½é�Þoä9Þ$5eÞ�ßºãeçVÞ½ä¸æ�ÛºÚ�è�Þ�Ü�á�ÞOàFÛºä�THúHÛºÞ�æ�#��­ÞOàFÞ½Ú³Ü�ÛÝãeÚmá�Þ�éâÞ�Ü�á9ÞOç�ÛºãeÚ9Þ½Þ½é�ÛºÚ�ì'è�ãYä9Þ
ó����%[F�Uð³ô�[Z# ï �«êHð��ã�êHÚ�ä­á9Ûºæ�è½ã;:7�\ãeém.HÞ�éâæO(pãeé�á�Þ½êXÜ~Üâé�êHÚ9æm(pÞ½é.êHÚ�äTÞ½ß5êXæ�Ü�ÛÝè½ÛÌÜ¨ô'ç�éâãHð�ßºÞ�à�æ�å$Ú�ã-�
æâë9çDÞ�éâæâÞ�ä�Þ½ä#ð³ô ï ���Q� ï�ï òF�Z��òF�#åABEDp2$Hdå�Ü�á�Þzè½ãrä�Þ ï Ü�é�ÛºçVÞHå/BEDXú;HdåXêHÚ�ä.ó��W�����_åpBED)DVH7# í ìeÞ½Ú�Þ�é�êHßpD0:
��×eØp:P��� î è½ãrä�Þ�(pãeé	5HêXéâÛºãHë�æ3ç�éâãHð�ßºÞ�à�æ�(pé�ãeà�æâãHßºÛºäbêXÚ�ä�"�ë�ÛºäFà�Þ�è!á¶êHÚ�ÛÝè½æ	�\êHæ�ä9Þ$5eÞ�ßºãeçVÞ½äFÛºÚbÜ�á9Þ
ß5êSÜ�Þ�TeúHÛºÞ�ælðNô+B ö9å;SVH7#��¾á�Þ½é�ÞHåeìHÞ½Ú�Þ�é�êHßrà�Þ�æâá�Þ�æ�è½ãHÚ�æâÛÝæ�Ü�ÛÝÚ�ì�ã)(�Ü�é�Û5êHÚ9ìeßºÞ�æ$êXÚ�äX�Xãeé� Në¶êHä�é�ÛºßºêXÜ�Þ�é�êHßÝæ$êXÚ�ä
Þ$5HÞ½Ú è½Þ�é�Ü�êHÛºÚoÜ¨ôYçVÞ½æ°ã;(3Ûºé�éâÞ½ìHë�ß5êHéx�$��á¶êHÚ�ìHÛºÚ�ì�� � Ú9ãYä�Þ�æW��Þ½éâÞ_êHä�àFÛºæâæ�Ûºð�ßÝÞHå{�ná�ÛÝè!á�(:êHè½ÛÝßºÛÝÜ�êXÜ�Þ°àFÞ½æ�á
éâÞ�Ù¶Ú�Þ�à�Þ�ÚNÜzêXÚ�äFêHßºßÝã0�­Ü�á�Þ¾è�ãeÚ�æ�Üâéâë�è�Ü�ÛÝãeÚbã)(ÓìeÞ½ãHà�Þ�Ü�éâÛÝè«êHßÝßÝô(é�Þ�Ù¶Ú�Þ�äbà�Þ�æâá�Þ�æzÛÝÚ#êÆæâÛÝà�ç9ßºÞ\à�êHÚ�Ú9Þ½é�#
î ãeé�ÞbéâÞ½è�Þ½Ú³Ü�ßÌô êHÚ ÛºàFç�éâã-5eÞ�äTÛÝà�ç9ßºÞ½àFÞ½Ú³Ü�êXÜ�ÛÝãeÚ�ã)(�Ü�á�ÛÝæ�×HØ/:P��� î è½ãrä�ÞFá¶êHæ(ðDÞ�Þ½ÚTç�éâÞ�æâÞ½Ú³ÜâÞ½ä ÛÝÚ
B�T;H7#
í æ3àFÞ½Ú³ÜâÛºãeÚ�Þ�ä�åHÜâá�Þ�.HÞ�ô_Ü�ãÆÜâá�Þ¾æâë�è�è½Þ�æâæzã)(ÓÜ�á�Þ�×HØ/:���� î Ûºæ�Üâá�ÞnêHð�ÛÝßºÛÝÜ¨ô(Üâã°è½ãeà_ð9ÛºÚ�Þ�Øbé�Þ�Ù¶Ú9Þ½àFÞ½Ú³Ü
�nÛÝÜâá¸à�Þ�æâáuéâÞ�Ù�Ú�Þ½àFÞ½Ú³ÜU#�9¨Úuè½ãHÚNÜâé�êHæ¦ÜbÜ�ã'Ü�á�ÛÝæ½å0Ü�á�Þ1�pãeéâÛÝìeÛºÚ�êHß ��ï çVÞ½è�Üâé�êHß¾àFÞ�Üâá�ãräuÛÝæ#ð¶êHæ�Þ½äuãeÚ
êmÙ/,YÞ½ä ç¶êXé�Ü�ÛÌÜ�ÛÝãeÚ�ÛºÚ9ìmã)(.Üâá�Þ­è�ãeà�ç9ë9Ü!êXÜâÛºãeÚ�êHßÆä�ãeà�êHÛÝÚ ÛÝÚ³Ü�ãK�:è½ë9ém5rÛºßÝÛºÚ�Þ½êHé � é�Þ½è�Ü�êHÚ�ìeßÝÞ½æ��:á³ôrçDÞ�é
è½ë9ðDÞ�æFÛÝÚmà�ãHéâÞ�Üâá¶êHÚeD�ä�ÛºàFÞ½Ú9æâÛºãHÚ�æ � êXÚ�ämÜ�á�Þ�Ú�ÛÝÚ�è½é�Þ«êHæ�ÛºÚ�ì�Üâá�ÞOæâçVÞ½è�Ü�é�êXß�ãeéâä9Þ½é�# í àFãeÚ�ì�Ü�á9Þ
æâçVÞ½è�Ü�éâêHß3Þ½ßÝÞ½àFÞ½Ú³Ü°è½ãHà�à_ë9Ú�ÛÝÜ¨ôHåPÜ�á�Þ#ãHð�æâÞ�ém5eÞ�ä­Ú�Þ�Þ½ä�(pãeéÆàFÞ½æ�á é�Þ�Ù¶Ú9Þ½àFÞ½Ú³Ü�á¶êHæ°ßºÞ½êHä�Ü�ã�5XêHé�Ûºãeë�æ
Ú�ãeÚj:¨è½ãHÚ/(pãeéâàFÛºÚ9ì�êXç�ç�éâãeêHè!á�Þ½æ~æâë�è!á êHæ�Üâá�ÞFë�æâÞ�ã)(@��àFãeé¦Ü!êHé°Þ�ßºÞ½àFÞ½Ú³Üâæ����pæâÞ�ÞHå�Þ;# ì/#ÝåFB�G)H�êHÚ9äTÜ�á9Þ
éâÞI(pÞ½é�Þ½Ú�è�Þ½æ�Üâá�Þ½é�Þ½ÛÝÚ � å/�ná9Ûºè!á�êHßºæ�ãFÞw,Yá�Ûºð�ÛÌÜ�×HØ/:¨ßÝÛ�.HÞZ(pÞ«êXÜâë�éâÞ�æ�#
�¶éâãeà êHÚoêHç�ç9éâãU,YÛºà�êXÜ�ÛÝãeÚ�Ü�á9Þ½ãeé¦ô�çVãeÛºÚ³Ü¾ã)(�5rÛºÞI�(å�Ü�á�Þ�"�ÞI,YÛºð�ÛÝßºÛÌÜ¨ô�ã;(ÉÜâá�Þ�×HØ/:P�?� î ÜâãFè�ãeà_ð�ÛÝÚ�Þ(×
êHÚ�äOØ éâÞ�Ù¶Ú�Þ�à�Þ�ÚNÜ�à�ê).HÞ�æ(ÛÝÜ°è�ßºÞ«êXéâßÝô�æâë9çDÞ�éâÛºãHé/Ü�ãKàFãeéâÞ.Üâé�êHä9ÛÝÜ�ÛÝãeÚ¶êHß�×p:!å�Ø/:F5eÞ½é�æâÛÝãeÚ��?� î æ~êXÚ�ä
ï çVÞ½è�Ü�é�êXß)à�Þ�Ü�á�ãrä�æ�#��¾á�Þ�çDãHç�ë�ß5êXéâÛÝÜ¨ô�ã)(�×/:���� î ÛÝænä�ë�Þ°Ü�ãFæâÛÝà�ç�ßÝÞÆæ�ÜâÛ!]DÚ�Þ½æ�æ�à�êXÜâéâÛa,�ìeÞ½Ú9Þ½é�êSÜ�ÛºãHÚ
êHÚ�ä ê-5XêHÛÝß5êHð9ßºÞ�(:êHæ�Ü.à_ë�ßÌÜ�ÛºßÝÞ$5HÞ½ß0æâãeßa5eÞ�éâæ��pÞ)# ìA#Ýå�B�2�2$H � å�Ü�á¶êSÜ_ã)( ï çVÞ½è�Ü�éâêHß\àFÞ�Üâá�ãYä9æ.Ûºæ~ä�ë�Þ�Üâã�Ü�á9Þ
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Comparison of different algorithms

spectral Galerkin
sum factorization

standard algorithm
static condensation
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detailed timings for sum factorization
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detailed timings for spectral Galerkin algorithm

total time
vertex-vertex
edge-vertex
edge-edge
face-vertex
face-edge
face-face

bubble-vertex
bubble-edge
bubble-face

bubble-bubble
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miscellaneous auxiliary function timings

eval. shape fcts
eval. Jacobian
reorder matrix

right-hand side
enforce constraints
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