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NPO;QSR T;UWVSX;YEZ;QSY�Z;QS[]\�Y�^S^_R T;UW^`VGa�U�Y�b]cdYEU�Y�T;Y�QGa�VSYeVSX;YER T;R VSRfa�g!Zh[�g i(U�[�TkjW[]l]Y�gm[�nmVSX;Y5oPpPqsrutk^_O;Q_n"a�\�Yva�TIlka9^_Y�Vs[�nwl]Y�nx[�Q_y

j9a�VSR [�T4\�[(Y�z{\�R Y�T7VG^�|5NPO;QSR T;UkQSO;T]y1VSR jWY�b!R n}VSX;YW^_O;Q_n"a�\�YWl]Y�nx[�QSj9^�b$cdY~cd[�O;gfl•Rfl]Y�T7VSR nxi€VSX;YWa�•‚Y�\�VSY�l4r{ƒ Y�„�R Y�QPZIa�VG\GX;Y�^…a�TIl

O;Z‚l;a�VSYEVSX;Y~\�[�QSQSY�^_Zh[�TIl]R T;UWQSY�U�R [�TI^†[�n‡VSX;YvZh[�g i(U�[�TˆjW[]l]Y�g1|uos[�VSYEVSXIa�VPcuX;Y�VSX;Y�QsVSX;Y5^_O;Q_n"a�\�Yvl]Y�nx[�QSj9^u[�QsT;[�Vel]O;QSR T;U{a

ZIa�Q_VSRf\�O;gfa�QPnxQGa�jWY5VSR jWY�b!cdY~j9a�i•^`VSR g gwT;Y�Y�l•VS[kZhY�Q_nx[�QSj‰a&QSY�^_[�g O]VSR [�T•QSY�ŠIT;Y�jWY�T7VE[�n‹VSX;YWZh[�g i(U�[�T*jW[]l]Y�g‡R n†^_[�jWY~Œ(R Y�c

ZIa�QGa�jWY�VSY�QG^W•"^_OI\GX
a�^eVSX;Y9Œ(R Y�cdY�Q�Ž ^…l]Rf^`VGa�TI\�YW[�QE[�QSR Y�T7VGa�VSR [�T•nxQS[�j•VSX;Y9[�•]‘`Y�\�V�’PXIa�Œ�Y9\GXIa�T;U�Y�l$|W“†X;Rf^ERf^…•hY�\�a�OI^_YWcuX;Y�T

VSX;Y�QSY9Rf^5a€\GXIa�T;U�Y9[�n†[�QSR Y�T7VGa�VSR [�T
•hY�V`cdY�Y�T4VSX;Y{Œ(R Y�cdY�Q5a�TIl*VSX;Y{[�•]‘`Y�\�V�b�nx[�QvY�”;a�jWZ;g Y�b�^_[�jWY{ZIa�Q_Vv[�ndVSX;Y{[�•]‘`Y�\�V5j9a�i

•hY�\�[�jWYsT;Y�a�QSY�Q‡VS[…VSX;YsŒ(R Y�cdY�Q‹cuX;R g YuVSX;YsQSY�^`V‹j9a�i5•hY�\�[�jWYun"a�Q_VSX;Y�Q}a�c†a�i…nxQS[�j•VSX;YsŒ(R Y�cdY�Q�|m–4YuVSX;Y�QSY�nx[�QSYuT;Y�Y�l~VS[EQSY�ŠIT;Y

VSX;Y…QSY�^_[�g O]VSR [�T&[�n!VSX;Y…Zh[�g i(U�[�T&jW[]l]Y�g‚VS[~[�Z]VSR jWR „�YeVSX;Y…QSY�TIl]Y�QSR T;U5ZhY�Q_nx[�QSj9a�TI\�Ye[�nmVSX;Y…XIa�QGl]c†a�QSYsU�QGa�Z;X;Rf\�^da�\�\�Y�g Y�QGa�VS[�Q�|

“†X;Rf^}VSY�\GX;T;Rf—7O;Y…Rf^dQSY�nxY�QSQSY�lWVS[Wa�^dŒ(R Y�c†y˜l]Y�ZhY�TIl]Y�T7V†QSY�ŠIT;Y�jWY�T7Vu[�Q†a�l;a�Z]VSR Œ�Yej5O;g VSR y™QSY�^_[�g O]VSR [�T{jW[]l]Y�g R T;Uˆš ›(b]œ;b]•;b‚ž�Ÿ� ™|w¡˜T

VSX;YWa�•h[�Œ�Y5\�[]l]Y�b‹¢�£S¤�¢G¥�¦d£S§�¨�§�©Iª1«"¬�©m­ ®5Rf^POI^_Y�lˆVS[ˆl]Y�VSY�\�VEa�TIlˆŠ;”*\�QGa�\G¯]^�bha�TIl�«�©(°~§"±�¬�£�²E³P§™´�«"¬�©m­ ®vRf^eOI^_Y�lˆVS[ˆl]Y�VSY�\�V…R n}a

r{ƒ Y�„�R Y�Q‹ZIa�VG\GXWn"a�g gf^‹R T7VS[vVSX;Yel]Y�nx[�QSj9a�VSR [�TWQSY�U�R [�T!|�–4YPcuR g g‚l]Y�^S\�QSR •hYuVSX;Y�^_YsV`cd[E[�ZhY�QGa�VSR [�TI^‹R T&l]Y�VGa�R gIR T&^_Y�\�VSR [�TI^}µva�TIlW¶I|

· ¸!¹ˆºu»w¼P½¾¼P¹~¿‡ÀvÁ3ÂÃ»wÀEº‹ÄÆÅ•»w¼uÇ~¼P¹~¿wÈ�É~¹

t(R TI\�YuVSX;YPZh[�g i(U�[�TWjW[]l]Y�gIQSY�Z;QSY�^_Y�T7VSR T;UeVSX;Yel]Y�nx[�QSjWR T;Uv^_O;Q_n"a�\�YuRf^}a�l;a�Z]VSR Œ�Y�g i~^_O;•‚l]R Œ(Rfl]Y�l$b]\�QGa�\G¯]^‡j9a�i~a�Z;ZhY�a�Q‹•hY�V`cdY�Y�T

T;Y�R U�X(•h[�QSR T;U9Zh[�g i(U�[�TI^†cuX;Y�T€VSX;Y�iˆa�QSYva�Vel]R •‚Y�QSY�T7VPQSY�^_[�g O]VSR [�Tˆg Y�Œ�Y�gf^�|†“m[9Š;”kVSX;Y�^_Y5\�QGa�\G¯]^�b]cdYvj9a�i&Y�jWZ;g [�i{VSX;Y~\�QGa�\G¯

Z;QSY�Œ�Y�T7VSR [�T4jWY�VSX;[]l;^EZ;QS[�Zh[7^_Y�l*•(i4Ê�R g R Z3š ž�ž� }[�Qvr†a�QG^_¯(i€Y�V5a�g1|*š ž�Ë� ™|k“†X;Y�^_YWjWY�VSX;[]l;^5a�QSY9^_R jWZ;g YWVS[€R jWZ;g Y�jWY�T7Vv•;O]V

\�[�jWZ;O]VGa�VSR [�TIa�g g i{Y�”]ZhY�TI^_R Œ�Y�|‹r†a�^_Rf\�a�g g i�b7VSX;Y�i{VSQGa�Œ�Y�QG^_YPVSX;YEZh[�g i(U�[�TkX;R Y�QGa�QG\GX(i{^`VGa�Q_VSR T;U~nxQS[�jÌVSX;YEQS[([�VuT;[]l]Y�|}Ê;[�QuY�a�\GX

—7OIa�l(y1VSQSY�Y…T;[]l]Y�b;VSX;Y�iˆ^_Y�a�QG\GX&VSX;YET;Y�R U�X(•h[�QSR T;U9T;[]l]Y�^sa�TIlˆ\�[�jWZIa�QSYeVSX;Y�R Qe^_O;•‚l]R Œ(Rf^_R [�Tˆg Y�Œ�Y�gf^�|}¡™n�VSX;Y5^_O;•‚l]R Œ(Rf^_R [�T€g Y�Œ�Y�g

[�nda{T;Y�R U�X(•h[�QSR T;U{T;[]l]Y~Rf^eg [�cdY�QsVSXIa�T•VSXIa�V…[�n‹VSX;YW\�O;QSQSY�T7VeT;[]l]Y�bhVSX;YWjWRfl(y™Zh[�R T7V…a�TIl€VSX;Y~Y�TIl(y™Zh[�R T7VG^e[�nwVSX;Y9\�[�jWjW[�T

Y�l]U�Y9a�QSY~ZIa�^S^_Y�l4l][�cuT*VS[kVSX;Y{\GX;R gfl*T;[]l]Y�^�|9“†X;Y9Œ�Y�Q_VSRf\�Y�^e[�n}VSX;Y�^_Y{\GX;R gfl*T;[]l]Y�^Ea�QSY~VSX;Y�T4jW[]l]R ŠIY�l*VS[kŠ;”*VSX;Y{\�QGa�\G¯‚|

“†X;Rf^uRf^ul][�T;Y…QSY�\�O;QG^_R Œ�Y�g i9O;T7VSR gmaW^_O]z{\�R Y�T7VSg i{Íha�Vs—7OIa�l(y1VSQSY�Y…T;[]l]YERf^†QSY�a�\GX;Y�l$|

“m[Ea�Œ�[�RflvRfl]Y�T7VSR nxi(R T;UET;Y�R U�X(•h[�QSR T;UeT;[]l]Y�^‹a�TIl~\�[�jWZIa�QSR T;U…^_O;•‚l]R Œ(Rf^_R [�TWg Y�Œ�Y�gf^�nx[�QwY�a�\GXW—7OIa�l(y1VSQSY�YdT;[]l]Ysl]O;QSR T;U…QSO;T]y1VSR jWY�b

cdYEZ;QS[�Zh[7^_Yva�TˆR TI\�QSY�jWY�T7VGa�gm\�QGa�\G¯{Z;QSY�Œ�Y�T7VSR [�Tˆa�g U�[�QSR VSX;jÎX;Y�QSY�|dÏP^uVSX;Yv[�•]‘`Y�\�VPjW[�Œ�Y�^†T;Y�a�Qs[�Q†nxO;Q_VSX;Y�Qea�c†a�iWnxQS[�jÎVSX;Y

Œ(R Y�cdY�Q�b�VSX;YPQSY�^_[�g O]VSR [�T{[�n$VSX;YeZh[�g i(U�[�T9jW[]l]Y�ghj9a�iWT;Y�Y�l9VS[5•hYea�l�‘`OI^`VSY�l9VS[5j9a�R T7VGa�R T9VSX;YeŒ(Rf^_OIa�g‚—7OIa�g R V`i~[�n!VSX;YP[�•]‘`Y�\�V�|

–4Ydj9a�QS¯eVSX;Y†—7OIa�l(y1VSQSY�Y}T;[]l]Y�^‡a�^‡t]Ð}Ñ!¡`“
R nIVSX;Y�iET;Y�Y�lEVS[P•hYu^_O;•‚l]R Œ(Rfl]Y�l$b�[�Q‡a�^�Ò•Ó}quÔ…Ó•R nIVSX;Y�R Qw\GX;R gflET;[]l]Y�^�T;Y�Y�lEVS[e•hY

jWY�QSU�Y�l$b�cuX;R g Y†cdY†a�QSY}ZhY�Q_nx[�QSjWR T;UPVSX;Y†QSY�^_[�g O]VSR [�TvQSY�ŠIT;Y�jWY�T7V�|wt(R TI\�Yu\�QGa�\G¯]^![�T;g iv[]\�\�O;Q�R T~Y�l]U�Y�^�cuX;Y�QSY}VSX;Y†Zh[�g i(U�[�TI^�a�V

Y�R VSX;Y�Q†^_Rfl]YPXIa�Œ�YP\GXIa�T;U�Y�lWQSY�^_[�g O]VSR [�T!b7cdYP[�T;g i~T;Y�Y�l9VS[~\GX;Y�\G¯5VSX;[7^_YPT;[]l]Y�^}j9a�QS¯�Y�lWcuR VSXkt]Ð}Ñ!¡`“J[�QdÒ•Ó}quÔ…Ós|7–4YPXIa�Œ�Y

Õ
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Neighboring Node

Current Node

Neighboring Node
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Neighboring Node

Current Node

Neighboring Node
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          >=
Subdivision level
of neighboring node

Subdivision level

Neighboring Node

Current Node

Neighboring Node

Current Node

of current node

Subdivision level
of neighboring node

Subdivision level

            <

Remarks:(1) Solid lines indicate edges before the crack prevention operation.
(2) Dashed lines indicate edges after the crack prevention operation.
(3) adjustEdge() is performed on edges at locations marked with white circles.
(4) restoreEdge() is performed on edges at locations marked with black circles.

SPLIT MERGE

CASE 2

CASE 1
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acbBdfeOg�h i�j�kld mlbBnpoqj�klr_e8oqs�h hqd tumlbBsYj�v_w-s�x	mNy_j\s�e3zBj�mNy_s�t{j�klnS|7}~t•mlbBsZj�v_w-s�x	mNy_s�t{j�kln€e�•‚mlbBsZƒ�s�k,mldfx�s�e8j�t•mlbBsY„�…†g�y\‡�mlkls�s

zBj_y_s�e•oud h hˆvWs3…B‰2yBg�mls�y+|•Š•s�z†x�s�•†mlbBs3nNj_y_d ‹†s�ySƒ�s�k,mldfx�s�ect{klj�n•Œ�Ž••	‘\’	“{”uŽ�•�–�— ˜Ot{j�k™x�k�g�x�rZ‰Bkls�ƒ�s�z�mld j�zšg�kls›zBjœh j�zBi�s�k•ƒ�g�h dfy+|
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