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u&�LxzmJo��N�²~�{J�)~�p�}�o��zy�xzmJu&���(xzmJ�L�z��~*�z����wX�zvN�zy���y|{X}qp���r§�L�¼���N��xz��u�~(xzy�l���xzwJ�Xy����²oq{
xzmJ�&vh�L��rQo��zu�~�{Xl��&o�r£�Ny�½V�L�z��{ax.~�vJvN�zo�~(lZmX������¾���~��z����wXp�x��¿wJ{J�X�L�z��xn~({H�Ny|{X}�o(r
xzmJ��l�y��zl�wXu&��xn~�{JlL���ty�{)��mXy�lZm&u�~*xz�L�zy|~�p�y�º����&��y|�Z���/~*�z�£�h�L{J�LÀJl�y|~�p¿ÁSo(�/{Xo�xZÂ¿l�~�{
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��y|ºL�q�h~({H�,xzmX��l�o�u&vJp�� ¦ y�x¤� ~�{J� ����p���lLxzy���y�x¤� o�r²��y��L�����
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Ö�[E×(MZg�Y�g([JILKNO�dHPeg�Ø]Y�KNPe[JILg([EKN[E×*g&P§i�ILGVg,ÙEMZWXÙEK�ÚJKaIZPQWN[cIZWcK<Y<KaIZg�MZP§K�OQP§ingqb"dJPQg(ØÇWNÛ�ÜVÙhÝ
bVK�IZgqi�ILWcÞEKXing�bVK�ILK·IZGEK�I�K�ßÔgq×�I)IZGVg�daK�OQÜVg�W�Û�ILGVg�dJPQg(Ø&B²^£MZWXÙ`WJiZKNOQi�ÛàWNM�inWXOeÜhILPeWX[Ei.IZW
ILGVg,PQ[E×*MLg(Y�g�[XI�K�OtdJPQg(ØÇY<K�PQ[JIZg�[EK�[E×(g·áàÖ�â)Aäã�ÙVMZWXÞVOQg(Y?K�MLg�[HÜVY�g(MLWNÜEiæå�çqè�T¿K�[Eb"PQ[EbhPeÝ
dHP§bhÜEK�O�iZWNOQÜhILPeWX[Ei&bhPeßÔg�M�Pe[éILGVg¢bVK�ILK�Y�WHbVg(O¤TêdHPeg�ØÃO§K�[VÚXÜEK�ÚXgNT�bVK�ILKcIZW¹Ø#GEPQ×�GëKN×�×*gqiZi
P§i�MZgqìJÜVPeMLg�b�TVK�[Eb·IZPQY�g(OQPe[VgqiZi�W�Û�ÜVÙÔbEKaIZg&ÙEMZWXÙEK�ÚJKaIZPQWN[êBHí�GEg&d�KNMZPQg*Izî<WNÛ�bVP|ß¿g(MLg([JI#IZgq×�GhÝ
[VP§ìJÜVg�itK�daK�PQOQKNÞVOeg�KN[Eb)IZGEg£PQ[XILMZPQ[EiZPQ×£×*WNY�ÙVOQg*ïhPeIzî.WNÛHIZGVg£IZM�KNbhg(Ý¤WNß¿i²PQ[HdNWXOedXg�b)Pe[ bhg�×(PQbhPQ[VÚ
Ø#GVg�[ÅILW�Y<K�IZg(MLP§K�OQPeð�g GEKXi)ÙVMZWXY�W�IZgqb¹ILGVg<ing�Oegq×�IZPQWN[¼W�Û=dJPQg(Ø�i.ÛàWXM)Y<K�IZg(MLP§K�OQPeðqKaIZPQWN[äIZW
K MZgqingqK�M�×�G�IZWXÙVPQ×)PQ[cPeILi�WaØ#[cMZPQÚNGJI&å ñ`Teòqó�è�BVô�WaØ=g(dNg�M�THK�OeIZGEWNÜVÚXG·Y<KaILg(MLPQKNOePQð(gqb¢dHPeg�Ø�iZg*Ý
OQg�×*IZPQWN["PQi.×*MLÜE×*P§K�OQOQî·bhg(ÙÔg([`bhg([JI�WX[ÅK�["ÜV[Ebhg�MLinILKN[EbhPQ[VÚ<W�Û�ILGVg,×*WJizI�P§iLinÜVgqi�KNiLiZWH×(PQK�IZgqb
Ø#PeIZGCPQ[E×(MZg�Y�g�[JILK�O=Y<K�PQ[JIZg([`K�[E×(gNT�ILGVg(MLg·G`KNi Þ`g�g([�iZÜVMLÙVMZP§iZPe[VÚXOeî
OQP|IZIZOQgcØ=WNMLF¼iZg(g�FJPQ[VÚ
iZîhizILg(Y<KaILPQ×�K�OQOeî�ILW<g(daK�OQÜEKaILg)IZGVg&ÙÔg(MZÛàWNMLY<K�[E×(g.WNÛ/ÙVMLWNÙÔWXiLK�O§i�ÛàWNM#Ö�â)A6iZîhizILg(Y<i�B
í�GVP§i ÙEK�ÙÔg(M�ÙVMLg�iZg([JILi,IZGEgcMLg�iZÜVOeILi�W�Û�KN[�g*ïhÙÔg(MLPeY�g�[XI�K�O=Ù`g�MnÛàWXMZY<KN[E×*gcg(daK�OQÜEKaILPeWX[�WNÛ
ILGVg�A
õ#â.Özö÷áøAäKaIZg�MZP§K�OQPQð(g�bùõ.Þhúzg�×*InÝ�WNMLPeg�[XILg�béâ.Özö�Ø�i�ã,iZîhizILg(Y�åeò�è¤T�Ø#GVP§×�G�ÙEMZWadHP§bhg�i
KN[ùKNOeÚXg(ÞVM�K�P§×"inWXOeÜhILPeWX[ùIZWéIZGEg¹Pe[E×(MZg�Y�g([JILKNO�Y<K�PQ[XILg([EKN[E×*g"WNÛ�õ&û)üýå þ�è.dHPQg(Ø�i�B�í�GVg
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ÙÔg(MZÛàWNMLY<K�[E×(g�g(daK�OQÜEK�IZPQWN[äG`KNi.Y�KXbhg�ÜEing�W�Û£IZGVg¢õ&õ&ç¹å ��è�iL×�GVg(Y<K·KN[EbäbEKaILK·ÚNg�[Vg(M�KaÝ
ILPeWX[&ÙVMZWh×(g�bhÜVMLgNB�í�GVg�ÙEKNÙ`g�MêP§iêinIZMLÜE×�ILÜVMZgqb&KNi¿ÛàWXOeOQWaØ�i�B��Hg�×*IZPQWN[���ÙEMZWadHP§bhg�i�KN[&WadNg�MZdHPQg(Ø
WNÛ�IZGVg�A¼õ�â�Özö inîhinIZg(Y PQ[E×(OeÜEbVPe[VÚ"iZWNY�g WNÛ�IZGEg,ILg�×�GV[VP§×(KNO�ÞEKN×�FHÚNMLWNÜE[Eb�IZGEK�I)ÜE[Ebhg(MZÝ
ÙVPQ[Ei.P|IqB��hg�×�ILPeWX[äþ¢bhgqiZ×(MZPQÞÔg�i�IZGVg�iZ×�GVg�Y<KVT`ìJÜVg�MZPQg�i�TEdHPQg(Ø�i.K�[Eb¹ÜEÙÔbVK�IZgqi�ÜEiZg�bÅPe[¹ILGVg
g(ïHÙÔg(MLPQY�g�[JILi�B��Hgq×�IZPQWN[äñ·ÙVMLg�iZg([JILi�IZGVg g*ïhÙÔg(MLPeY�g([JI�i.×(WN[EbhÜ`×�IZgqb¹PQ[¹IZGVg�ÙÔg(MZÛàWNMLY�KN[E×*g
g�d�KNOeÜ`KaIZPQWN[êBVftPQ[EKNOeOQîNT��Hgq×�ILPeWX[	��×(WN[E×(OeÜEbVg�i#K�[`b·ÙÔWNPQ[JILi�ILW ÛàÜVIZÜVMLg&Ø�WXMZF¿B
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í�GVg<õED.AGFýizI�K�[EbEK�M�b"ÛàWNM)WNÞhúzgq×�I&bVKaI�K�ÞEKXingqi�PQ[E×*OQÜEbhgqi�K�[ÅWXÞhúzg�×*I)Y�Whbhg(O#á�õ)Aäã�T²K�[
WXÞhúzg�×*I�bhgIHE[EP|ILPeWX[¹OQKN[VÚNÜEKNÚNg<á¤õED)ütã�K�[Eb¹KN[�WXÞhúzg�×*I�ìJÜVg(MLî·O§K�[VÚXÜEK�ÚXg<á¤õ&û)ütã*B`f`K�Y�PeOeÝ
P§K�MLP|Izî<Ø#PeIZG"ILGVg õED)AJF Y�Whbhg�OêK�[EbÅõ&û)ü
P§i#KNiLinÜVY�gqb¢ILW�IZGVg&OQg(dXg(O²ILGEKaI�P§i�MZgqìJÜVPeMLg�b
ILW�PQ[JIZg�MZÙVMLg*I�iL×�GVg(Y<K�bhP§K�ÚXMLKNY�i�KN[Eb"õ&û)üéìJÜVg�MZPQg�i�B
í�GVgLKhÝMDEN
iZîhizILg(Yýå OaèHPeY�ÙVOQg(Y�g([JI�itK�Y�WX[VWNP§b�KNOeÚXg(ÞVM�K�WadNg�M�IZGEg�õED)AJFùWNÞhúzgq×�I/Y�Whbhg�O
áø[VW�I�PQ[E×*OQÜEbhPQ[VÚ�KNMZM�K�îhitKN[Eb�bhPQ×*IZPQWN[EKNMZPQg�i�ã�BXõ&û)ü"ìJÜVg�MZPQg�i�PQ[PKhÝMDQNùK�MLg=IZM�K�[EiZO§KaIZgqb,PQ[JIZW
KNOeÚXg(ÞVM�K�P§×�g*ïhÙVMLg�iLinPQWN[Ei�ILGEKaI�K�MLg¹WNÙhILPeY�PQð(g�b ÞÔg*ÛàWXMZgÅIZGVg�îùKNMZg¹Y<K�ÙEÙ`gqb IZWëÙVGHîhiZPQ×�K�O
g(ïHgq×*ÜhILPeWX[¹ÙVO§K�[Ei�B`D�[Åg*ïhg�×(ÜhIZPQWN[¹ÙEOQKN[¹PQi�IZGVg�[¹IZM�K�[`inO§KaILg�b�Pe[JILW�R;STSÃK�[EbÅ×(WNY�ÙVPQOegqb²B
í�GVg�MLg�iZÜVOeIZPQ[VÚ�g*ïhg�×(ÜhILKNÞVOegXThØ#GVg(["MLÜV[�TVg�daK�OQÜEKaILg�i=IZGEg&WNMLPeÚXPe[EKNOêõ&û)ü¼ìJÜVg�MZîXB

')(U' VW3YX[Z�-\?=Z)5]-\^_@a`�bcX�dfeIg

í�GVg�A¼õ�â�Özö�iZîhizILg(Y P§i.KN[äPQY�ÙVOeg�Y�g([JILK�IZPQWN[ÅWNÛ£WNÜVM�iZWNOQÜhIZPQWN[¹ILW·ILGVg�Ö�â.A ÙEMZWXÞVOeg�Y
ÛàWXMcõ&û)ü dHPQg(Ø�i�T£K�[`b�P§i¢bhgqiZ×(MZPQÞ`gqbùY�WXMZg�ÛàÜVOQOQî1PQ[]å|ò�è�B�í�GEgÅinWXOeÜhILPeWX[ùKXiZiZÜVY�g�i�ILGVg
K�daK�PQO§K�ÞVPQOePeIzîäWNÛ�IZGEg·ÜVÙ¿bVKaILgcg�dNg�[XIqT�ILGVg�×�G`K�[VÚXg�i�Y<KXbhg¢ILWÅIZGEgcbVK�ILK�Þ`KNiZgäáàGVg�MZgqKaÛSILg(M
MLg*Ûàg�MZMLg�b�ILWcKNi�IZGVg	hjilknmMoqpaTÔIZGVg�A¹â bhgIHE[EP|ILPeWX[�T²K�[Eb"ILGVg ×(ÜVMLMZg�[XI.Y�K�IZg�MZP§K�OQPeð�g�bÅinILK�IZg
WNÛ£IZGEg�dHPQg(Ø&B²Ö�[
WNM�bhg(M)ILW"KX×�GVPQg(dNg�PQ[E×*MLg(Y�g([JI�K�O�Y<K�PQ[XI�K�PQ[EK�ÞEPeOQP|Izî"ÛàWXM�K�OQO�ÜVÙ¿bVKaILg�WXÙhÝ
g�MLK�IZPQWN[Ei�T¿Ø�g<K�O§iZW"KXiZiZÜVY�g IZGVg¢K�daK�PQO§K�ÞVPQOePeIzîÅWNÛ�MLg*Ûàg(MLg([`×*g�i)ILW�IZGVg<ÞEKXing�WXÞhúzg�×*ILi)IZG`KaI
×(WN[JIZMLPeÞEÜhIZg<bVK�ILK�IZW"ILGVg¢A¹â TtK�[`b¼WNÛ�ILGVg¢ÞEKXing�g(ïJILg([JILi�MZgqìXÜEPeMLg�bäÛàWNM�Y<K�IZg(MLP§K�OQPeð�Pe[VÚ
PeI�B²õ.ÜVM.iZWNOQÜhIZPQWN[¹Ø=WNMLFhi=ÛàWNM)A¹â.i�IZGEK�I�MLg*Ûàg(M�IZW·KN[Hî"õED)AJF IzîHÙ`g�áàg*ïV×(OeÜEbVPe[VÚcK�MLMLK�î
KN[Eb bVPQ×*IZPQWN[EKNMZîVã/K�[Eb,IZG`KaI£K�MLg�bhgIHE[`K�ÞVOQg�ÜEinPQ[VÚ)IZGEgsrut=v�wAxItXTqy{z�|~}JTA�8tI�*T0}2tl�"��K�[EbWw\}8}2tl���
ÞVÜEOeF
WNÙÔg(M�KaILWNM�i�W�Û�IZGVg�K�OQÚNg�ÞVMLK�ÙVMLWNÙÔWXiZg�b
PQ[�å Oaè)áøg*ïV×*OQÜEbhPQ[VÚäiZg(OeÛ�úzWNPQ[Ei�ã�B/Ö�I,PQi,daK�OQPQb
ÛàWXM�KN[HîëÜVÙÔbEKaIZg"WXÙ`g�MLK�IZPQWN[�PQ[1IZGVgäõED)AJF inILKN[EbVK�M�b�áøgNB ÚEBQT6���j�����¹K�[Eb����0�\�8�����l�
WX[·WNÞVúzg�×�I�i(T��=���j�j�0� ���8�2���j�������.WN[c×(WNOQOegq×�ILPeWX[Ei(THg(IL×�B�ã�BhÖ�[cIZg�MZY<i=W�Û/ÙVM�KN×�ILPQ×�K�OQP|IzîXTXWXÜVM
iZWNOQÜhIZPQWN[�îHPeg�OQbEi�Pe[`×*MLg(Y�g([JILKNOVY<K�PQ[JIZg([`K�[E×(g#ÙVOQKN[Ei#áàÖzAä^£i�ã�KaI�ILGVg�K�OQÚNg�ÞVMLKNPQ×=OQg(dXg(OEKN[Eb²T
ILW¼ILGVg¹ÞÔg�inI¢W�Û.WXÜVM<FH[VWaØ#OQg�bhÚXgNT/ÛàWNM<WXÞhúzg�×*I<bEKaILKNÞEKNiZg�i�T�PQi�ILGVg�HEM�izI¢WX[Vg�IZWëbhWëiZWEB
í�GVP§i�Y<KNFNg�i�P|I�gqKNiZPeg�M#IZW·Pe[JIZg�ÚNM�KaILg&WNÜVM)inWXOeÜhILPeWX[¹Pe[JILW�IZGVg FJPQ[Eb"WNÛ£ìXÜEg(MLî·ÙVMLWh×*g�iLiZPe[VÚ
ÛàM�K�Y�g(Ø=WNMLFhi.IZGEK�I�Y�KNPe[`izILMZgqK�Y bEKaILKNÞEKNiZg�Y<K�[EKNÚNg(Y�g�[XI�iZîhizILg(Y<i¢á+DEN�AJ�hi�ã�MLg(OQîäWN[
áøgNB ÚEB�å ��èàã�B
\ GVg�[�KN[<A¹â PQi�bVgIHE[Vgqb²T�PeILi�bhglHE[VPeIZPQWN[�P§i/IZM�K�dNg(M�iZg�b�ILW&PQbhg�[JIZPeÛàî�IZGEg=FHPQ[EbVi�WNÛ`ÜVÙ¿bVK�IZg
g�dNg([JI�i�ILGEKaI�Y�PeÚXGXI&MLg�ìJÜVPQMZg ÙVMLWNÙEKNÚXKaILPeWX[¹W�Û�×�G`K�[VÚXg�i�IZWcIZGVg�A¹â,B�fEWNM�g�KX×�GÅFHPe[`bäWNÛ
g�dNg([JIqTÔKN[äK�OQÚNg�ÞVMLKNPQ×�ÖzAÅ^�P§i)×*WN[`izILMZÜE×*IZgqb¹IZG`KaI&×(K�[¼×*WNY�ÙVÜVIZg IZGVg�MZgqìJÜVPeMLg�bä×�GEK�[VÚXg�i
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ILW�IZGEg.A¹â BHí�GEg)×(WNMLg�W�Û�WXÜVM=iZWNOQÜhILPeWX[¢PQi�TXIZGVg�MZg(ÛàWNMLgNT�ILGVg)ÚNg([Eg(M�KaIZPQWN[<WNÛêK�[¢ÖzAä^ëIZG`KaI
P§i�KNÙVÙVMLWNÙVMLP§KaIZg�ÛàWXM�gqKN×�G¢FHPQ[Eb<WNÛêÜVÙ¿bVKaILg�g(dXg([JI�BJÖ�[·WXÜVM�KNÙVÙVMLWXKX×�G�T�IzØ=W�FHPe[`bVi=W�Û�ÖzAÅ^
á�bhg�iL×*MLPeÞÔg�b)ÞÔg(OQWaØ�ã²iZÜ��¢×*g�ILW�×*WNY�ÙVÜVIZg�ILGVg£×�GEKN[VÚNgqi²MZgqìJÜVPeMLg�b.PQ[�IZGVg=A¹â�KNiêK�MZgqinÜVOeIêWNÛ
KN[Jî.ÜVÙ¿bVKaILg�WNÙÔg(M�KaILPeWX[)PQ[&ILGVg=õED)AJF izI�K�[EbEK�M�b²B*Ö�Y�Y�g�bhP§KaILg(OQî)K�ÛSIZg(M/K�[�ÜVÙ¿bVKaILg£g�dNg([JI
I�K�FNgqi)ÙVOQKX×*g�Ø#GVP§×�GéPeY�ÙVOQPegqi�IZGEg�[Eg(g�b¼ILW¹ÜVÙÔbEKaIZg¢KN[
AÅâ,T²ILGVg¢×*WXMZMLg�iZÙ`WX[EbhPQ[VÚ"bhg(OeILK
á�×*WNY�ÙVMLP§inPQ[VÚ&ILGVg.WXOQb·K�[Eb�ILGVg)[Vg(Ø�inILK�IZg.W�ÛêKaß¿g�×*IZgqb¢WNÞVúzg�×�I�iLã�PQi�Y<KNbhg�K�daK�PQOQKNÞVOQg�K�[Eb
ILGVg�KNiLinWh×(PQK�IZg�bcÖzAÅ^]áøØ#GVPQ×�G¹Ü`ingqi�IZGVg bhg(OeILKJã=PQi#g�daK�OQÜEKaILg�bcIZW·×(WNY�ÙVÜhILg�IZGVg ×�GEK�[VÚXg�i
[Vg�g�bhgqb²B
í�GVgÅ×(WNY�ÙVMLg(GVg�[EiZPedXg�[`KaIZÜEMZg¹WNÛ)WXÜVM¢inWXOeÜVIZPQWN[ Ø#P|ILG MZgqinÙÔg�×*I<IZWëÜVÙ¿bVK�IZgÅWXÙ`g�MLK�IZPQWN[Ei
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MOVIE v. Rematerialization for onDeleteTo CompositeParts

0

4000

8000

12000

16000

Selectivity

E
la

ps
ed

 T
im

e

MOVIE 264.12 516.68 764.67 1040.00 1240.37

ReMat 2843.57 5375.41 8001.88 10669.03 13669.20

0.2 0.4 0.6 0.8 1.0

Áà~�Â Ä wJ�L��� ¾£{J�����Z�zy|{X} ÁS�HÂ G=y��L�ù��~�y�{axz��{J~�{JlL�

������� ´
���0� ¨��L��wJp�xz��o�rê� ¦ vh�L�zy�u&��{ax�� I G/~*���Ny|{X}&k���p���lLxzy���y�x��

$&%+i
' � o�%���mMi!��o"��# i @%$ /'& 8�o(�\oAm %���� 7 � m)&+*�,.-�/�01-�2 ,3� \
g·Y�gqKNiZÜVMZg·IZGVgcg(O§K�ÙEiZg�b
ILPeY�g=ILKNFNg([ IZW�ÙVMLWNÙ`K�ÚXK�IZg=ÜVÙ¿bVKaILg.9,ò�áàPQ[�f/PQÚNÜVMLg#þVB KXã54�Ø#GVP§×�G MLg�ìJÜVPQMZgqi/Y�KNPe[JILg([EKN[E×*g
WNÛ ���A�j��#0��� ,64)ÜEinPQ[VÚ)A¼õ#â.ÖzöÅK�[`b�ÜEinPQ[VÚ.MZg�Y�K�IZg�MZP§K�OQPeðqKaILPeWX[�B*í�GVg£MLg�iZÜVOeILitK�MLg�ÙVOQW�InILg�b
PQ[�f/PQÚNÜVMLg �hB Þ�B
í�GVg�î�MLg(dXg�K�O�ILGEKaI·IZGVgÅ×(WXinI¢W�Û&dHPeg�Ø Y<K�PQ[JIZg�[EK�[E×(g¹Pe[`×*MLg�KNiZg�i�Ø#PeIZGÉKN[ Pe[E×(MZgqKNiZg"Pe[
iZg(OQg�×*IZPQdJPeIzîùPe[ÉÞÔW�ILG�×(KXingqi¢ÞVÜVIcILGEKaI"A¼õ#â.ÖzöýWNÜVIZÙÔg(MZÛàWNMLY�i·MZg�Y<KaIZg�MZPQð�KNOePQð�K�IZPQWN[ ÞHî



ª

KNMZWXÜV[Eb IZg�[<IZPQY�g�i�Pe[<ÚXg([Vg�MLKNO�BNí�GEPQi=inÜEÚNÚNgqizI�i�IZG`KaI�THK�OeIZGEWNÜVÚXG�IZGVg�Y<KNPe[JIZg�[EK�[`×*g�×(WXinILi
PQ[E×*MLg�KXing�Ø#PeIZG¢KN[<Pe[E×(MZgqKNiZg#Pe[¢iZg(OQg�×*IZPQdHP|IzîXT�Ö�â.A ×�K�[<ÞÔg�KNbhdaKN[XI�K�ÚXg(WNÜ`i�Pe[EbVg(ÙÔg([Ebhg�[JIZOQî
WNÛtdHPeg�Ø�iZg(OQg�×*IZPQdHP|IzîXB

�QiIk o m %��Ai�� &�? m�� , - i�/
��� 7�8�h8oAmMiMp>@ ����?
'�i /
%��.� $ ,�� ,	��
 $ /'& 8�o(�\oAm %���� 7 � ��í�GVP§i�ÙEKNMnI
WNÛ)ILGVgäg(ïhÙ`g�MZPQY�g([JI·ILMZPQg�i¢IZW�P§bhg�[XILP|ÛàîùILGVg
×(WN[EbVP|ILPeWX[Ei¢ÜV[`bhg(M�Ø#GVP§×�G Pe[E×(MZg�Y�g([JILKNOeOQî
Y<K�PQ[JILKNPe[VPQ[VÚéA¹â.i�P§i�ÞÔg([VglH`×*P§K�O¤B�\
g"bVWéiZWéÞHîCPe[HdXg�inIZPQÚXKaILPe[EÚäGVWaØ Y�KN[HîëÜVÙÔbEKaIZgqi
×�K�[ùÞ`gÅÙEMZWXÙEK�ÚJKaIZgqbCPQ[E×*MLg(Y�g�[XI�K�OQOeîCIZWCK�[ A¹â�Pe[ùIZGEg"IZPQY�gÅILK�FXg([ùIZWCKN[EiZØ�g�M ILGVg
×(WNMLMZgqinÙÔWN[EbVPe[VÚ,dJPQMZIZÜEKNOÔìJÜVg�MZîXBJ\
g&×(KNOQ×(ÜVOQK�IZg�IZGVg�M�KaIZPQW,WNÛ�IZGEg)g�OQKNÙEiZg�b�ILPeY�g)ILKNFNg([·IZW
KN[EinØ=g(M/â.û ò�,�IZW)IZGEK�I�ILK�FXg([ IZW�ÙVMLWNÙEKNÚXK�IZg=ÜVÙÔbEKaIZg 9,ò&áàPQ[�f/PQÚNÜVMLg#þVB KXãêIZW���� �j�$#0��� ,�B
í�GVg�MLg�iZÜVOeILi#K�MLg�ÙVOQW�InILg�b�PQ["f/PQÚNÜVMLgTOVB KVB
í�GVg�î¢MLg(dNgqK�O¿ILGEKaIqThÛàWNM�ILGVg�dHPeg�Ø�Ø#PeIZGÅiZg(OQg�×*IZPQdJPeIzî¢WNÛ�óEB �VTHIzØ�W<ÜVÙ¿bVK�IZg�i�×(K�[�ÞÔg&ÙVMZWXÙhÝ
KNÚXKaILg�bcPe[`×*MLg(Y�g([JILKNOeOQî¢ÛàWXM#IZGEg,×*WJizI�WNÛ/g�d�KNOeÜ`KaIZPQ[VÚ¢K<ìJÜVg�MZî�K�ÚXKNPe[`izI#ILGVg�×*WXMZMLg�iZÙ`WX[EbHÝ
PQ[VÚ"dHPeMZIZÜEKNO�dJPQg(Ø&Bê\ P|ILGéKN[¼PQ[E×(MZgqKNiZg PQ[äILGVg¢iZg(OQg�×�ILPedHPeIzî¹IZG`KaI�M�KaIZPQW�MZgqbhÜE×*gqi)IZW"WN[EgNT
iZÜVÚNÚXg�inIZPQ[VÚ"IZG`KaI�TêÛàWNM dJPQg(Ø�i,Ø#P|ILGCGVPQÚNGCiZg(OQg�×*IZPQdJPeIzîNTtP|Û�ÜEÙÔbVK�IZgqi KNMZg¢K�I�K�OQO�ÛàMLg�ìJÜVg�[JI�T
PQ[E×*MLg(Y�g�[XI�K�O¿Y<K�PQ[JIZg([`K�[E×(g)Y<K�î¢[EW�I�ÞÔg&Þ`g�[VgIH`×(PQKNO�B
Ö�[�inÜVY�Y<K�MLîNTqILGVg�Þ`g�[VgIHVI�i�W�ÛÔÖ�â.A:ing�g(YÇIZW)ÞÔg=ÚXMZgqKaILg(M/Ø#GVg([�dHPeg�Ø�itG`K�dNg£OQWaØ=g(M�ing�Oegq×�Ý
ILPedHPeIZPQg�i�BXí�GVP§i£MLg�iZÜVOeI�×*WX[hÛàWNMLY<i�Ø#PeIZG¢ÚXg([Vg�MLKNOVg*ïhÙÔg�×�I�KaILPeWX[Ei(TXPe[¢IZGEK�I£IZGEg�Y<KaIZg�MZP§K�OQPQð(g�b
dHPQg(Ø�i=Ø#P|ILGcOQWaØ iZg(OQg�×*IZPQdHP|ILPegqi�PQ[HdNWXOedXg)iZY<K�OQOeg�M�bEKaILK�iZg*ILi=ILGEK�[cIZGEWXiZg)KXiZiZWh×*P§KaIZgqb¢Ø#PeIZG
ILGVg.×(WNMLMZgqinÙÔWN[EbVPe[VÚ,dJPQMZIZÜEKNOEdHPeg�Ø�i(B��HÙEKX×*g.GEKNi�ÙVMLg(dNg�[JIZg�b<IZGVg.Pe[E×(OeÜ`inPQWN[cW�ÛêiZg(OQg�×�ILPedHPeIzî
g(ïHÙÔg(MLPQY�g�[JILi�WN[�Y�WNMLg&×*WNY�ÙVOQg*ïcdJPQg(Ø�i�B

 
Relative cost of answering VQ1i 

v. 
propagating onDeleteTo CompositeParts

0

1

2

3

Selectivity

N
um

be
r 

of
 d

el
et

es
 t

o 
C

om
po

si
te

P
ar

ts

Relative Cost 2.10 1.47 1.23 1.07 1.02

0.2 0.4 0.6 0.8 1.0

 
 Relative cost of answering VQn 

v. 
propagating onDeleteTo CompositeParts

0

1

2

3

4

5

Complexity

N
um

be
r 

of
 d

el
et

es
 t

o 
C

om
po

si
te

P
ar

ts

Relative Cost 2.75 2.51 1.02 3.59

CV1 CV2 CV3 CV4

Áà~�Â�¨£��p|~(xzy�����s/o���x f o(�£� ¦ vNx#� ÁS�hÂ/¨£��p|~(xzy�����s/o���x f o���� ¦ vNx �

� � ��� ´
�
�0� ¨���p|~*xzy|�q� Ä wJ�L��� ~�{J� ��vV�J~(xz�#s/oq��xz�£y|{�� ¦ vh�L�zy�u&��{axz����~({H� �

�4(U' g�����-\?A5'$�-\3�� '��6dT7�?��)5+36>
	 �l?AB4/>��B4?A7�9�� @ $ ��9+-��)5'� �

í�GVP§i�g(ïhÙ`g�MZPQY�g([JI.iZg(g(Fhi�IZW·iZGVWaØÇGVWaØ�IZGVg�×*WXY�ÙEOeg(ïHPeIzî·WNÛ�IZGVg dHPeg�Ø�i�Y<K�î�K�ßÔgq×�I�ILGVg
ÙÔg(MZÛàWNMLY<K�[E×(g&W�Û�Ö�â.AëB¿D�ÚJK�PQ[�TEØ=g�ÞVMLg�KNF¢ILGVg,g(ïHÙÔg(MLPQY�g�[JI�Pe[JILW¢ÙEK�MZILi�TVgqKN×�G¹WN[Eg,×*WXMnÝ
MLg�iZÙ`WX[EbhPQ[VÚ¹ILW¼WX[Vg·WNÛ#IZGVg�GHîJÙÔW�ILGVg�iZg�i ÜV[EbVg(M�iZ×(MZÜhILPe[HîXBtÖ�[1g*ïhÙ`g�MZPQY�g([JILi PQ[JdXWNOQdHPe[VÚ
×(WNY�ÙVOQg*ïhP|IzîXTHIZGVg�bEKaILKNÞEKNiZg)ÜEingqb�PQi;v0Z?[EB



� �
 
 
 

Cost of answering MQn compared to VQn

0

4000

8000

12000

16000

Complexity
E

la
ps

ed
 T

im
e

MQn 37.66 56.70 242.93 268.10

VQn 180.14 407.04 1287.97 14496.10

CV1 CV2 CV3 CV4

 
 

MOVIE v. Rematerialization for onDeleteTo CompositeParts 

0

4000

8000

12000

16000

20000

Complexity

E
la

ps
ed

 T
im

e

MOVIE 65.59 162.31 1263.93 4035.21

ReMat 562.81 1151.96 4307.21 17702.56

CV1 CV2 CV3 CV4

Áà~�Â Ä wJ�L��� ¾£{J�����Z�zy|{X} ÁS�HÂ G=y��L�ù��~�y�{axz��{J~�{JlL�

������� ´
����� ¨£����wXp�xz��o(rê� ¦ vh�L�zy�u&��{ax � I Gt~(���Ny�{J}�k�x��zwJlZxzwX�n~�p`s/o�u&vJp�� ¦ y�x¤�

,.- i�/
�3��� ?�'�i�/
%���� � ,�� o"��h $ ,�� � í�GEg�g�OQKNÙEiZg�b¹ILPeY�gqi)ILK�FXg([äIZW"K�[EiZØ�g�M)A
û �
KN[Eb
â.û � T6�
5 � 5 �"KNMZg<Y�g�KXinÜEMZgqb
KN[Ebë×*WXY�ÙEK�MLg�b²Btí�GVg¢MLg�iZÜVO|I�i,KNMZg<ÙVOQW�IZIZgqbéPe[
f/PQÚNÜVMLg,çHB KVB
í�GVg�îéMZg�dNg�KNO�ILGEKaIqTtPQ[CILGVg�×�KNiZg¢W�Û�AÅâ.i�T/ÞÔg�×�K�ÜEiZg¢ILGVg"×(K�M�bhPQ[EK�OQPeIZPQg�i�PQ[E×(MZgqKNiZg<ÛàMZWXY
. �2�0/��\�21�3��A�j�54=ILW . �2�0/a�8�21�3�� � ���`TaILGVg�×*WJizI#W�Û�K�[EiZØ=g(MLPe[VÚ�ìJÜVg(MLPQg�i=WadNg�M�ILGVg�A¹â]PQ[hÝ×(MZgqKNiZg�i/inPQÚN[VP H`×�K�[JIZOQîNB�ô�WaØ�g�dNg(MqT�inPQ[E×*g�ILGVg#×(KNMLbhPQ[EKNOePeIzî�W�Û . �2�7/a�\�21�3�� �j���#P§i/IZGVg�iLK�Y�gKXi�ILGEKaI�W�Û . �=�0/a�\�2163�� �j����IZGEK�I�×(WXinItPQ[E×*MLg�KXingqiêÞHî&dXg(MLî)OQPeInIZOQgNB�í�GEPQi/PQ[EbhP§×(KaILg�itIZG`KaI/ÛàWNMKX×(×*gqiZiêIZW&A¹â)i/IZGVg#bhWXY�Pe[EKN[JI/ÛøKX×�ILWNM�PQi�×�K�M�bhPQ[EK�OQP|IzîXB�Ö�[ IZGEg�×(KNiZg=W�ÛVILGVg#dHPeMZIZÜEKNOHdJPQg(Ø�i�T
ÛàMLWNY . �2�0/��\�21�3��A�j�54.IZW . �2�0/��\�21�3��A�j����ILGVg<×*WXinI�Pe[E×(MZgqKNiZg�i.ÞVÜhI&[VWNI)dXg(MLî¹Y,ÜE×�G
KNiKÅ×(WN[EiZg�ìJÜVg�[E×*gcW�Û#ILGVgcMLg(O§KaILPedXg(OQîäOQWaØæ×*WJizI�W�Û�ÜV[V[Eg�inIZPQ[VÚEB�fVMLWNY . �2�7/a�\�21�3�� �j���cIZW
. �2�0/��\�21�3��A�j���¼IZGVg�MZgÅP§i·K¹úzÜVY�ÙÉPe[ÉIZGVg
×*WXinI·ÞÔg�×�K�ÜEiZg . �=�0/a�\�2163�� �j���
MLg�ìJÜVPQMLg�i¢KúzWXPe[�BHí�GVP§itúzÜVY�Ù·Y<K�î�Þ`g)ÙEK�MZIZOQî�IZGVg)MLg�iZÜVO|I=W�Û²ILGVg.g(ïhÙ`g�[EinPQdNg)K�OQÚNWXMZPeIZGVY áødJPQðNBQT0N�OQWh×�F
U�g�inIZg�béüêWJWXÙ`ã)ILGEKaI�KVÝMDQN ing�Oegq×�I�i�IZW<úzWXPe[ ���2�0/������2����J7K8�0����K�[`b -�� . 'j��� �����hB`Ö�Û�KY�WNMLg)g)�¢×*PQg([JI�K�OQÚNWXMZPeIZGEYýØ�g�MZg�ÜEiZg�b²TVIZGVg�úzÜVY�Ù"Ø=WNÜVO§b·OQPQFNg(OQî¢ÞÔg&OegqiZi�ÙVMZWX[VWNÜE[E×*gqb²B
Ö�[<K�[Hî,×�KNiZgNT�ILGVg�×*WJizI�WNÛ¿KN[EinØ=g(MLPQ[VÚ&ìXÜEg(MLPegqi�WadNg(M�A¹â)i�PQ[E×*MLg�KXingqi/Ø#P|ILG¢K�[�Pe[E×(MZgqKNiZg�Pe[
×�K�M�bhPe[`K�OQP|Izî¹áàM�KaILGVg(M=ILGEK�[�×*WNY�ÙVOQg*ïhPeIzîVã�TVK�[`b<IZGHÜEi=ILGVg�MZg�OQK�IZPQdNg.Ù`g�MnÛàWXMZY<K�[`×*g)W�ÛtA¹â)i
×(WNY�ÙEK�MLg�b�Ø#PeIZG¹ILGVg(PQM�dHPQMnILÜEK�O/×*WXÜV[JIZg(MLÙEKNMnI�i#bhg(ÙÔg([EbEi�dXg(MLî·Y,Ü`×�G¹WN["IZGEg iZg(OQg�×�ILPedHPeIzî
WNÛ�IZGVg&dHPQg(Ø&Bhâ.Peg�Ø�i�Ø#P|ILGcOQWaØ�iZg(OQg�×�ILPedHPeIzî·K�MLg)OePQFNg�Oeî<ILW ÞÔg&ÙVMLWNY�P§inPQ[VÚ�×(K�[`bhPQbEKaIZgqi�ÛàWNM
Y<KaILg(MLPQKNOeP§iLKaIZPQWN[êB

$&%+i
' �Jo\%��am i(��o�� #qi @�$ /'& 8�o(�\oAm %���� 7 � m)&	��

����2�-���� ,.-"/?M �÷\
g�Y�g�KNiZÜVMLg£ILGVg�g(O§K�ÙEiZg�b
ILPeY�g"ILKNFNg�[1ILWëÙVMLWNÙEKNÚXKaILgcÜEÙÔbVK�IZg 9,òCáàPQ[ ftPQÚNÜEMZgÅþEB KJã�ÜEinPQ[VÚëA¼õ�â�ÖzöýKN[EbùÜEinPQ[VÚ
MLg(Y<KaILg(MLPQKNOePQð�K�IZPQWN[�BHí�GVg&MLg�iZÜVOeILi#K�MLg)ÙVOeWNInILg�b�Pe[¹f/PQÚNÜVMLg,çHB Þ�B
9�ÙÔbVK�IZg�9�òéáàP¤B gNBQT�bhg(OQg*ILPeWX[1WNÛ.K�[ùPe[`izI�K�[E×(gcWNÛ . �2�0/������2����J7K8�0���0��Ø�KNi�×�GVWJing�[CÞ`g(Ý×�K�ÜEiZg�PeI�K�ßÔgq×�ILi)K�OQOêWNÛ . �2�0/��\�21�3��A�j�54�IZW . �2�0/a�\��1�3�� �j���¿Bhí�GVg MZgqinÜVOeILi.MLg(dNgqK�O²ILGEKaIqTÛàWXM . �=�0/a�\�2163�� �j�54�K�[`b . �2�0/a�\��1�3�� �j���`T*PQ[E×(MZg�Y�g�[JILK�OEY�KNPe[JILg([EKN[E×*g#P§i��&KN[Eb¢ç�IZPQY�gqiÛøKXizILg(M¢ILGEK�[ MZg�Y<KaIZg�MZP§K�OQPQð�KaILPeWX[�B£ô�WaØ�g�dNg(MqT�ÛàWXM . �2�0/��\�21�3��A�j���`T/A
õ#â.ÖzöæP§i·WX[VOeî þILPeY�g�i ÛøKXizILg(MqB/í�GVg�bhg�×(MZgqKNiZg·P§i bVÜVg·ILWäILGVgcÛøKN×�I�IZG`KaI 9�ò·MLg�ìJÜVPQMLg�i,IZGVg"bhg(OQg*ILPeWX[�WNÛ
òqóNóCWXÞhúzg�×*ILi�ÛàMLWNY . �2�0/a�8�21�3�� � ��� á�KNi¹KNÚXK�PQ[EinI��Nó�ÛàWXM . �2�0/a�\��1�3�� �j���CK�[Eb ò
ÛàWNM
. �2�0/��\�21�3��A�j�54�ã�B



�q�

í�GVg�g(O§K�ÙEiZg�b�ILPeY�g�WNÛ²MZg�Y�K�IZg�MZP§K�OQPeð�Pe[EÚ . �=�0/a�\�2163�� �j���.P§i£ñ�IZPQY�gqi�Y�WNMLg#ILGEK�[�ILGEKaI�ÛàWNM
. �2�0/��\�21�3��A�j���`B=�HPQY�PeO§K�MLOQîNTXA
õ#â.Özö
ILK�FXg�i�KNOeY�WJizI�ILGVMLg(g#ILPeY�g�i�KNi£OeWX[VÚ�IZW�ÙEMZWXÙEK�ÚJKaIZg×�GEKN[VÚNgqi�IZW . �=�0/a�\�2163�� �j��� KNi=PeI#ILKNFNg�i�PQ[�IZGVg&×�KNiZg)WNÛ . �2�0/a�\��1�3�� �j���`BNí�GEg)ÞÔW�IZIZWXYOQPe[Eg)P§i�ILGEKaI#ILGVg&Y�WNMLg)×(WNY�ÙVOQg*ï·ILGVg�dHPeg�Ø�ILGVg&Y�WNMLg)g(ïhÙ`g�[EinPQdNg�PeI�PQi=ILW<Y<K�PQ[XI�K�PQ[�Th[VW
Y<KaIZIZg�M#GVWaØ�PeI�PQi�ÞÔg(PQ[VÚ<Y<K�PQ[JILKNPe[Vgqb²B

�QiIk o m %��Ai � &�? m � ,.- i /
��� 7$8�hjoAmMi"p @ ����?
'�i�/
%���� $ ,���� � 5 � 5 � � � 
 $ /'& 8�o(�\oAm %���� 7 �
� í�GVP§i�ÙEKNMnI.W�Û�IZGEg,g*ïhÙÔg(MLPeY�g�[XI.IZMLPegqi#ILW·P§bhg([JIZPeÛàî�IZGVg�×*WX[EbhPeIZPQWN[Ei�ÜV[Ebhg�M.Ø#GVP§×�GÅPQ[hÝ
×(MZg�Y�g�[JILK�OQOQî¹Y�KNPe[JI�K�PQ[VPe[EÚ�A¹â)i&P§i�Þ`g�[VgIH`×(PQKNO�ÞHîÅPe[HdXg�inIZPQÚXKaILPe[EÚ·GVWaØ Y�KN[Hî¹ÜVÙÔbEKaIZgqi
×�K�[
Þ`g�ÙVMLWNÙEKNÚXK�IZg�bäPe[`×*MLg(Y�g([JILKNOeOQî"IZWÅKN[
AÅâýPe[¼IZGVg�ILPeY�g<PeI&ILKNFNg�i.ILW"KN[EiZØ�g�M.ILGVg
×(WNMLMZgqinÙÔWN[EbVPe[VÚ�dHPQMnILÜEK�O¿ìJÜVg(MLîNBXÖ�[<IZGVP§i�g*ïhÙ`g�MZPQY�g([JI�TJØ=g#ILKNFNg#ILGVg�M�KaILPeW�WNÛ²IZGVg.g(O§K�ÙEiZg�b
ILPeY�g�ILKNFNg([¼IZW¹KN[EinØ=g(M . �2�7/a�\�21�3�� �j��3��=�!4.ILW . �2�0/a�8�21�3�� � ��3��2����IZW�IZGEK�I�ILK�FXg([¼IZWÙVMLWNÙ`K�ÚXK�IZg)ÜVÙ¿bVKaILg:9�ò·áøPe[Åf/PQÚNÜVMLg�þVB KXã�ILW¢K�OQO�W�Û . �2�0/a�8�21�3�� � �54�IZW . �2�0/��\�21�3��A�j���¿Bí�GVg,MZgqinÜVOeILi)K�MLg�ÙVOQW�IZIZgqb¹Pe[¼ftPQÚNÜEMZg�OEB ÞêBÔí�GVg MZgqinÜEO|I�i�iZGVWaØ�IZGEK�I.WN[EOeî"ìJÜVP|ILg KcinY<K�OQO
[HÜVY Þ`g�M�WNÛêÜVÙ¿bVKaILg�i�ázò�IZW�ñJã�×(K�[·Þ`g)ÙVMLWNÙEKNÚXKaILg�b�PQ[¢ILGVg)IZPQY�g.ILKNFNg�[<IZW�g(daK�OQÜEK�IZg�ILGVg
dHPQMnILÜEK�O`dJPQg(Ø PQ[¢ILGVP§i�g(ïhÙ`g�MZPQY�g([JI�BHí�GVP§i�×�K�[¢ÞÔg)iZg(g�[·KNi=ìJÜVPeIZg.K bhP§iZKNÙVÙ`WXPe[JILPe[VÚ MZgqinÜEO|I
ÛàWXM.PQ[E×*MLg(Y�g�[XI�K�O�Y<K�PQ[JIZg([`K�[E×(gNB¿í�GVg�iZGEKNÙ`g�W�Û�ILGVg�ÚNM�K�ÙVGäPe[
ftPQÚNÜEMZg[OVB Þ¼iZGVWNÜEOQbä[VW�I
ÞÔg#×*WN[`inP§bhg(MLg�b�IZW�ÞÔg#W�Û`ÚXg([Vg�MLKNOhinPQÚN[VP H`×�K�[E×(gNBaí�GVg��nWXÜhIZOQPeg�M��)K�ÙEÙ`gqK�M�iêILW�Þ`g�ILGVg�ÙVMZWXÙhÝ
KNÚXKaILPeWX[ÅW�Û.9�ò�IZW . �2�0/��\�21�3��A�j���`B$9�ò<×(KN[äWX[VOeîäÞ`g�ÙVMLWNÙEKNÚXK�IZg�bÅIZW . �=�0/a�\�2163�� �j���WX[E×*g#PQ[�IZGVg�IZPQY�g.P|I£ILK�FXg�i�ILW�g(daKNOeÜEK�IZg�ILGVg�dHPQMnILÜEK�OVdHPQg(Ø&BJí�GVPQi£PQi£ÙVMLPe[E×(PeÙ`K�OQOeî Þ`gq×(K�Ü`ing
WNÛ�IZGVg¹GEPeÚXGù×(WXinI�WNÛ.PQ[E×*MLg(Y�g([JI�K�OQOeîëÙVMLWNÙ`K�ÚXK�IZPQ[VÚ 9,ò�IZW . �2�0/a�\��1�3�� �j���`T²Ø#GVP§×�GùPe[ILÜVMZ["P§i#ÞÔg�×(KNÜEiZg�K<iZPQ[VÚNOQg&Wh×(×*ÜEMZMLg([E×(g.WNÛ 9�ò&×(KNÜEingqi&ò�óXó,WXÞhúzg�×*ILi�ILW<Þ`g�bVg(OQg*IZgqb�ÛàMZWXY
ILGVg&dHPeg�Ø&B
Ö�[¢iZÜVY�Y<K�MLîNT�ILGVg�g(ïhÙ`g�MZPQY�g([JI£GEKXi�[VWNI�bhg(Y�WX[EizILMLK�IZgqb<K�[Hî�×(WN[E×(OeÜ`inPQdNg#ÙEK�InILg(ML[<MZg�OQK�InÝ
PQ[VÚcIZW"Pe[`×*MLg�KNiZg�bÅdJPQg(Ø ×*WXY�ÙEOeg(ïHPeIzîNB²í�GVg�Y�WXinI�izILMZPQFHPe[EÚcMLg�iZÜVOeI�TÔÛàMZWXY f/PeÚXÜVMZg·çhB KETÔP§i
ILGVg,PQY�Ù`WXMnI�K�[E×(g WNÛ�IZGVg�×(KNMLbhPQ[EKNOePeIzîcWNÛ�IZGEg MLg�iZÜVOeI�IZW·IZGVg�PQ[E×*MLg(Y�g([JI�K�O/Y�KNPe[JILg([EKN[E×*g
ÙVMLWh×*gqiZi�B

�4(�� g�����-\?A5'$�-\3����5�6dT7�?��)5+36> ( 7���7	��7�*=- 	�5'&8-

í�GVP§i<g(ïHÙÔg(MLPQY�g�[JI·g*ïhÙVOQWNMLg�i�ILGVgÅPQY�Ù`KN×�IcW�Û&bVKaI�K�ÞEKXing¹iZPeð�gÅWN[ùIZGEgÅÙ`g�MnÛàWXMZY<KN[E×*g¹WNÛ
Ö�â)AëB�õ.[E×(g·K�ÚJK�PQ[�T�Ø=g¢ÞVMLg�KNFÅIZGEg·g*ïhÙÔg(MLPeY�g�[XI Pe[JIZWäÙEK�MZILi�IZGEK�I ×*WXMZMLg�iZÙ`WX[Eb¼IZW¹ILGVg
GHîHÙ`WNIZGVgqingqi=Ø�g�KNMZg.IZgqizILPe[VÚ`B

,.- i�/
� ����?
'�i /
%��.�	@�� ,�
 o"��h $ ,�
 � ô�g�MZg<ILGVg·g�OQKNÙEiZg�b
IZPQY�g�i,ILKNFNg([éILWäK�[`inØ=g(M
A¼ûEO�K�[Eb�â.ûEO�KNMZg£Y�gqKNiZÜVMLg�b&K�[`b&×*WNY�ÙEKNMZgqb²B�í�GEg£MLg�iZÜVO|I�iêKNMZg�ÙEOeWNInIZgqb&PQ[,f/PeÚXÜVMZg �VB KVB
Ö�[�IZGEg�×(KNiZg�W�Û²A¼ûEOVT�IZGVg#g�OQKNÙEingqb IZPQY�g�I�K�FXg([�IZW�KN[EinØ=g(M���"�#a��%��23�� � ��PQ[E×*MLg�KXingqi�WN[VOQî
iZOePQÚNGJILOeîcØ#P|ILGäK�["PQ[E×*MLg�KXing&PQ["IZGVg�bVKaI�K�ÞEKXing�iZPQð(gNTEMZg�8Eg�×*IZPQ[VÚ<IZGEg�Pe[`×*MLg�KNiZg&PQ["IZGVg�inPQð(g
WNÛ�IZGVg�Y<KaILg(MLPQKNOePQð(gqb¹dHPeg�Ø&B²í�GVg�Þ`g�[VgIHVI&WNÛ�K�[EiZØ=g(MLPe[VÚ�ìJÜVg(MLPegqi�WadXg(M.IZGVg<A¹â M�KaILGVg(M
ILGEK�[ùWadNg�M ILGVgÅdHPQMnILÜEK�O�×(WNÜV[JIZg�MZÙ`K�MZI�PQ[E×*MLg�KXingqi<KNi�ILGVgÅbVKaI�K�ÞEKXing�PQ[E×*MLg�KXingqi�Pe[ iZPeð�gNB
fEWNM<g*ïVKNY�ÙEOegXT�ÛàWNM<ILGVgÅiZY�KNOeOQg�inI·bVK�ILK�Þ`KNiZgNT�PeI·PQi¢ñXþ¼IZPQY�g�i<ÛøKXizILg(M�ILWëÜEing"ILGVgäA¹â T
Ø#GVg�MZgqKNi�ÛàWNM�IZGVg�O§K�MLÚNg�inI�bEKaILKNÞEKNiZgNT/PeI�P§i�ò(ñXþÅIZPQY�g�i ÛøKNinIZg�M�T�ÞÔg�×(KNÜEiZg¢IZGEg úzWXPe[ù×*WJizI
ÚXMZWaØ�i�[VWN[VÝ¤OQPe[Eg�K�MLOQîNB



� �

Cost of answering MQ6 compared to VQ6

0

40000

80000

120000

160000

Database Size

E
la

ps
ed

 T
im

e

MQ6 222.93 437.66 635.54 887.29 1033.23

VQ6 9588.76 28843.56 60383.73 96244.90 147541.33

db1 db2 db3 db4 db5

 

MOVIE v. ReMat for onModifyAttr compositeParts.type
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