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mIe<x�jVf�rZj f&fOx�jVx�n�k&��mIdui�lh�~eb�^pGmIf¡n�gGmIeZx�e<¢VjVo��Yn�k�x�jVx�nMk&�.�V�>dWe<r<j
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pWf&jzÊOq n�x��[e<lWj^mIn�g[p[m�gGkIjVf&f&p[kIjFn�l�kIn�pGmIj k���jVluoGn�kIfV�MmIn~mIdWjFg�n�e<l;m
mIdui$mhÆ_ªêr<n.n��;p[gÂ�Om&k*i�oGetmIeZn�luiMrZrt�¦qVn�l[f&eboGj kIjzo�dWiMk*oS��e<fhlWnz�ïqVn�lG�
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mIn�f&e<x�p[r<m*iMlWjVn�pWf&rt��q"d[jVq"�|�Yn�k4i�r<r�kIp[rZj fV� cTd[j
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cTdWjh���Gg�j k"�^pGmIf~iMr<w�n�kIetmId[x e<l.m&kIn;o[p[qVjzo¯e<l
mIdWe<f~gWi�g�j k�jVr<e<x3�
e<lui$mIjVf8mId[eZfEr<e<x�e<m*i$mIe<n�l�e<l��~eb�^p[mIfE�.��e<l.m&kIn;o[p[qVe<lWw|n�lWj7x�n�kIj
o[j w�kIjVj>n����bkIjVjzoGn�x
��¨�i�q*d�lWn;oGjFeZl3mId[j>o[jVq eZf&e<n�l3m&kIjVjTkIjVg[kIj f&jVl.mIf
iEo[jVqVe<f&e<n�l7m*i���jVl¯n�l¯mIdWjhx�n�f_m%kIjVgGkIjVf&jVl.m*iMmIe<��j4X��62:
"�[�I�����W�I�SiMf
n�g[g�n�f&jzo7mIn
pWf&e<l[w����W0 }¯�
�I�6�;��0Z
:X��62�
"�W�I�����[��ÃWnMk�jzi�q*d¦nM�TmIdWj
q*dWn�f&j l�oGeZx�j lWf&e<n�l[fV��mId[j^l;pWx���j k�nM�uqVpGmIfOe<f¡qVn�x�g[p[mIjzo��Wi�f&jzohn�l



HiCuts

1st Step

2nd Step
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Xmin Xmax

Ymin

Ymax

R1

R2

R3

R4

X - 2 cuts

Y - 2 cuts Y - 2 cuts

R1 R3 R4R2

HyperCuts
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Xmin Xmax

Ymin

Ymax

R1 R2 R3 R4

R1

R2

R3

R4

X-2cuts, Y-2cuts
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i�x�j m&kIe<q%o[jVg�j luo[j l;m�n�l�mId[j�iMx�n�p[l;m�n��Âf&guiMqVj>mIduiMm^e<fFiz��iMeZrZiM�Wr<j
�Yn�k>mIdWj~f&jziMkIq*d4f_m&kIp[q mIp[kIj���ÆalEmId[j�j �[i�x�g[r<j~e<l4Ã¡e<w�p[kIj3���%�Gg�j k&�
�^pGmIfzÇ1n�l�mIdWj>kIe<w�d.m"Ê�q p[mIf�mIdWj%gWrZi�l[j�e<l.mIn��6n�pGkTfIÎ.pui$kIjVf��>etmIdEn�l[j
oGetkIjVq m%qVp[mz�GkIjzoGpWqVe<lWwhmIdWj�d[jVe<w�d.m>n��OmId[j�o[jVq eZf&e<n�l4m&kIjVj�mIn4���

cTd[e<f%e<f>j �;m&kIjVx�jVrt�:kIjVx�e<lWe<f&qVj l;m>nM�OdWnz�ôi3é���m&kIjVj~qzi�l4kIjVo[pWq j
mId[j�dWjVe<w�d;m�nM�%i4�We<lWiMk&�7m&kIjVj��.�7pWf&e<lWw
i4dWe<w�d[j k�k*i�oGe<����fIiz��)u�
Æal�mIdWj:qziMf&j4n��>mId[j4é���m&kIjVj���mId[e<f�oGn.jVf�l[n�mIdWe<l[w7mIn¯kIjzoGpWqVj�mId[j
�YpWlWoWi�x�j l;m*iMrWr<n�w � � ��n�pWlWo�n�l:f&jzi$kIq"d[e<lWw��6nMkTn�l[j>e<mIj xKiMx�n�lWw
�yetmIjVx�fV��cTd[eZf>e<f%��jVqzi�p[f&j�sulWo[e<lWwh�>dWe<q"d4n��OmIdWj�)��ag�n�e<l;mIj"kIf>mIn
�Yn�r<r<nz� iMm3jVi�q*d�l[n;o[j�kIjzÎ.pWetkIjVf�r<n�w � )7mIe<x�j��§cTd;pWf�mIdWj�kIjzi�oGj k
x:iV�h�6jVj rW�Tj%iMkIj%q*dWjzi$mIeZl[w[½¡mId[jFpWf&j>n��Sd[eZw�dWj k^o[e<x�jVl[f&e<n�luiMrWqVpGmIf
x:iV�hf&r<nz��oGn$�>l�f&jziMkIq*d�mIe<x�jVf�iMm�jziMq"d�lWn;o[j����>dWe<q*d3qziMl3e<l�mIp[kIl
nMò�f&j m�i�l.�8o[jVq"kIjzi�f&j�e<l4m&kIjVj�d[jVe<w�d.mz�

��nz�TjV��j"kz�.mIdWe<fTe<f^l[n�mTmId[j�qziMf&j��OÐ�j�o[j qVeZo[j��>d[e<q"d:g�n�e<l.mIj kTmIn
�Yn�r<r<nz� iMmhjziMq"d|l[n;o[j�pWf&e<l[w¯jVf&f&jVl.mIeZi�r<rt�|iMk&k*iV�¦eZlWo[j �Ge<lWw8�>dWe<q"d
q n�f_mIf¡n�lWj�x�jVx�n�k&�~i�qVq jVf&f�kIjVw�iMk*o[r<jVf&fOnM�[mId[j�lGp[x���j kSnM�Wq*dWe<rZoGkIjVl
i$mOi>lWn;oGj���Æ�m¡e<f�jVi�f&e<jVf_m¡mIn>f&jVj�dWnz�|i$k&k*iz��eZlWo[j �Ge<lWwF�^n�kI�;f�e<l�n�l[j
oGe<x�jVlWf&e<n�lS�OÆBx:iMw�e<lWj%i�°M���[e<m^i�o[oGkIjVf&f�f&guiMqVj�e<f�guiMk&mIetmIe<n�l[jzo�e<l;mIn
�Yn�pGk^jzÎ.pWi�r<rt��f&gWi�qVjzohk*i�lWw�jVf%Ç1e�� j��<�;qVpGmIf*Ê^±  O�8�$£z¼ � ±t�z°¡�3ÈG� ¼ � ± È����É�­$¼�iMluo
± É�¬��E°�È$¼���¨�i�q*d3k*i�l[w�j%duiMf^iMl:i�f&f&n.qVeZiMmIjVoEg�n�eZl.mIj kz�.i�luo
mId[j:g�n�e<l.mIj kIf3i$kIj8f_mInMkIjzovi�f��Yn�pGk3qVn�lWf&jVqVpGmIe<��j8j rZj x�jVl.mIfhe<l�i�l
i$k&k*iV�.�

cÂnhq n�x�gWpGmIjF�>dWe<q"d:g�n�eZl.mIj k^qVn�k&kIj f&g�n�luoGf^mIn�i�g�n�e<l;mz�;fIiV�:È�ÈG�
�^j%sWluo�mId[j�Î.p[n�mIe<jVl.m � �>dWjVl:È�Èhe<fToGe<�GeZoGjzo��.��mId[j>k*iMlWw�j%�>eZoGmId
�V°G�TÅGe<lWq j�mIdWj�Î.pWnMmIeZj l;m>e<f��;�[�Tj�e<luoGj �8eZl.mIn�mId[j~mIdWetk*o4j rZj x�jVl.m
nM��mIdWj�iMk&k*iV�.�Wi�f&f&p[x�eZl[w:iMk&k*iV�8eZlWo[e<qVjVf%f_m*iMk&m~iMm~ G�TcTdWe<f%f&eZx�g[r<j
e<lWo[j �Ge<lWw:f&q*dWjVx�j�qziMl���jhw�j lWj k*iMrZe<¢VjVo7mIn:x�p[rtmIeZg[r<j�oGe<x�jVlWf&e<n�l[f
iMf~r<n�l[w4iMf�mId[jhq p[m%�>ebo;mIdWf~iMkIj�sW�Gjzo4e<l¯jziMq"d�o[e<x�jVl[f&e<n�lÂ��cTd[j
��nMm&mIn�xyr<e<lWj3e<f�mIdui$m�f&jziMkIq*d¦mIe<x�j3i$mhi4lWn;oGj�m*i���jVf3��x�jVx�nMk&�
iMqVqVjVf&f:'I
�����'_X[0Z
"�I��nM�TmIdWj�lGp[x���j k~n��^qVp[mIfV��æ�n�mIj�mIdWiMm���eY�^pGmIf
iMr<f&n�iMrZr<nz�>f
x�pWrtmIe<gWr<j¯qVp[mIfEg�j k4lWn;o[j ��etm�åBpWf_m4kIj f_m&kIeZq"mIf8mIdWj f&j
q p[mIf~mInE��j�iMr<n�lWw8n�l[j3o[e<x�jVl[f&e<n�lÂ�����Gg�j k"�^p[mIf�pWf&jVf�mId[j�j"�Gm&k*i
oGjVw�kIj j3n��T�bkIjVjzoGn�xØmInEkIjzo[p[qVj�m&kIjVj�dWjVe<w�d;m��>etmId[n�p[m�fIi�q kIetsuq eZl[w
l[n;o[j�f&jzi$kIq"d8mIeZx�j fV�

cTd[j�p[f&j�n��^iMk&k*iV�Gf~qziMlÂ��d[n$�^jV��j kz��e<l[q kIjzi�f&jhf_mIn�k*iMw�j���jVqzi�p[f&j
nM�TjVx�gGmB�
i�luo¯kIjzoGpWluo[i�l.m�g�n�e<l;mIj"kIfV�hÐ¦j�qziMr<r�f&p[q"d�pWf&j rZj f&f�iMk&�
k*iV�§r<n.qziMmIe<n�l[f¦úBo[jzi�o¦f&guiMqVjVû[�4ÃWnMk&mIpWlui$mIjVrt�.���^jEqVi�l�jVr<e<x�e<lui$mIj
x�pWq*d8nM�¡mIdWj4ú_o[jVi�o4f&gWi�qVjVû¯Ç�iMf>eZl8�~eb�^p[mIf*ÊT�.�:jVr<e<x�e<luiMmIe<l[w�kIj �
oGpWlWoWi�l.mÂf&pW�Gm&kIjVjVfV�¡Ð�d[jVlWj ��j kz�zmB�^n�g�n�e<l;mIj"kIfOg�n�e<l.m�mIn%eboGjVl.mIe<qzi�r
f&p[�[m&kIjVj fV���TjFjVr<e<x�e<lui$mIjFn�lWj>nM��mIdWjTf&p[�[m&kIjVjVf�iMluo�x:iM��j^mIdWjFq n�k&�
� cTdWe<f>eZf>jziMf&e<r<�4qVn�x�g[p[mIjzo:e<l
dui$k*oG�TiMkIj�pWf&e<l[w3f&dWet�YmIfV�

kIjVf&g�n�luo[e<l[w�g�n�e<l.mIj k�g�n�e<l.mOmIn�mId[jTn�mId[j k�f&pW�Gm&kIjVj��¡cTdWe<f�qVn�l;��j k&mIf
mIdWjFä~jVqVe<f&e<n�l�m&kIjVj>e<l;mIn�i�ä~e<kIj q mIjzo Á q �GqVr<eZq�©�k*iMgWdÂ�OÃ¡eZlWi�r<rt�.���Tj
i�g[gWrt��mId[jEd[jVp[kIe<f_mIe<q4nM�~x�n$�;e<lWw¯p[g|qVn�x�x�n�l�kIpWr<jVf�mIn¯kIjzoGpWqVj
f_mIn�k*iMw�j�jV��jVl��6p[k&mId[j kz�OÐ�j�lWnMmIj�mIdui$mFn�l[j�qVn�pWrZo8iMr<f&n�jVr<e<x�e<luiMmIj
jVx�gGmB��iMk&k*iV��g�n�e<l.mIj kIf�p[f&e<lWw�f&e<x�gWr<jF�WetmIx:iMg3qVn�x�gGkIjVf&f&e<n�l�iMf^e<l
mIdWj��ÂpWr<jzi
±t�V M¼¡ÆBª�r<n.n��Gp[g¯i�r<w�n�kIetmIdWx
�

æ~nMmIe<qVj�iMr<f&n8mIdui$m�qVn�x��[eZl[e<lWw:qVp[mIf�e<l�f&j ��j k*i�r�oGe<x�jVlWf&e<n�l[f�iMf
e<l8�%�Gg�j k"�^p[mIf�qzi�lEe<lWq kIjziMf&j�f_mIn�k*iMw�j��^ÃWnMkFj �[i�x�g[rZj��;qVn�l[f&eboGj k>i
�~eb�^pGmIf%m&kIjVj�e<l
�>dWe<q*d4mIdWj�kIn.nMm~p[f&jVf��3qVpGmIf>n�l #�$&%('*) ö �u�>d[eZq*d
mIdWj l4r<jzi�oGfFmIn�mB�^n3q*dWe<rZoGkIjVlLtêi�lWoLu���ÅGp[gWg�n�f&j^t�p[f&jVf%¬�qVp[mIf
n�l�#�$&%('*) �M�Âi�lWovuðp[f&jVf���qVp[mIf�n�l�#�$�%('*) 1 �hcTdWjVl¯mIdWjh�~eb�^pGmIf
m&kIjVj~�>e<r<r�n�lWrt�Eduiz��j��nw|¬\wv� . �$��g�n�eZl.mIj kIfV����n$�^jV��j kz�Get�O�%�G�
g�j k"�^pGmIf��^j kIjFmIn�qVn�x��We<l[jFi�r<r;mIdWjTmId[kIj jTsujVrZo[fOe<l�i�f&eZl[w�r<j>lWn;oGj��
etmF�Tn�pWrZoEkIjzÎ.p[e<kIj�� 0�¬ 0�� . È��hg�n�e<l.mIj kIfV��é^p[m>�%�Gg�j k"�^p[mIf�qzi�l
i�rt�Tiz�Gf�f&e<x�p[rbi$mIj3�~eb�^pGmIf�i�luo7lWnMm�qVn�x��We<lWjhsujVrZoGf�e<�^mIdWj�f_mInMk&�
i�w�j�e<lWq kIjziMf&j:Ç6kIjVrZiMmIe<��j�mIn�mId[j�w�iMe<l
e<l8mIe<x�j$Ê^e<f>rbi$kIw�j���Ð¦j�duiz��j
�6n�pWlWo
eZl¯n�p[k�j �Gg�j kIe<x�jVl.mIfFmIduiMm%mIdWe<f%j �;m&k*i�o[jVwMkIjVjhn����YkIjVjVo[n�x
e<l
���Gg�j k"�^pGmIfFe<f�j �;m&kIjVx�j r<�Ep[f&j �6p[rS�Yn�k�qVn�kIj�kIn�pGmIj k�oWi$m*i��uiMf&jVfV�
�WpGm>r<jVf&f�f&n��6n�k%jzoGw�j�kIn�p[mIj k�oWi$m*i��Wi�f&jVfV�

4. RELATED WORKcTdWj¦f&eZx�g[r<jVf_m7qVrZi�f&f&etsuqViMmIe<n�l¥iMrZw�n�kIetmIdWx e<f7i�rZe<l[jziMk�f&jzi$kIq"d
mId[kIn�pWw�d�mIdWjOkIpWr<jVfSn��;mIdWj�qVrZiMf&f&e<sWj kz��ÃWnMk¡iTrZiMkIw�j^l;pWx���j k�n��;kIp[rZj f
mIdWe<f�i�g[g[kIn�i�q*d3e<x�gWr<e<jVf�i~rZiMkIw�j>f&jzi$kIq"d�mIeZx�j��O�~nz�Tj ��j k�etm�eZf���j k&�
j�x�q eZj l;m~e<l
mIj kIx�f�nM�^x�j x�n�k&�.�%Å;jV��j k*iMrOi�r<w�nMkIetmIdWx�f~dWiz��j���jVjVl
o[j ��jVr<n�g�jzo��6nMk>mIdWj~qVi�f&j�n��ÂkIpWr<jVfFn�l8mB�^n�sWjVrZo[f�± ÈG�W¬G�������u°$¼S�Wp[m
mIdWj f&j4oGn¯lWn�m�f&n�r<��j:mIdWj:w�jVlWj k*iMrFg[kIn��Wr<jVxÌn��"�¦�%o[e<x�jVl[f&e<n�luiMr
guiMq"��j m>qVrZi�f&f&etsuqViMmIe<n�lS�

Å;kIe<l[eZ��i�fIiMl�j"m�i�r1�G±<�z�$¼[�Wp[eZrZohi%m*iM�Wr<jTn��ui�r<rGg�n�f&f&e<�Wr<jTsuj rbo���i�r<pWj
qVn�x��We<lWiMmIe<n�l[f3Ç1q kIn�f&f_��gGkIn;o[pWq"mIf*Ê�i�lWozy�{�|�}0~$�dy��D�!|hmId[j�jViMkIr<e<jVf_m
kIpWr<j�x:iMmIq*dWe<l[wFjzi�q*d�q kIn�f&f_��gGkIn;o[pWq"mz��ÅGjViMkIq*d�qzi�l���j�o[n�lWj�Î.pWe<q*�Grt�
�.��o[n�eZl[w�f&jVgWiMk*iMmIj¦rZn.n��;pWgWf7n�lêjziMq"d�sujVrZoS��gWi�f_mIe<lWw�mIdWj¦kIj"�
f&pWrtmIfEmIn�w�j"mIdWj k4eZl.mInvi|q kIn�f&f&g[kIn;o[p[q mz�~i�luo�e<lWo[j �Ge<lWw|e<l.mIn�mIdWj
q kIn�f&f&g[kIn;o[p[q m¯m*i��[r<j��Ø��l[�Yn�k&mIpWlWiMmIjVrt�.��mIdWj¦f&e<¢Vj¦n���mId[e<f4m*i��[rZj
w�kInz�>f�i�f_m&kIn�lWn�x�e<qziMr<r<�8�>etmId4mIdWj�l;p[x���j kFnM�¡kIpWr<jVfV�

ÆBl3mId[j>�WetmT��j q mIn�k^rZe<l[jziMk^f&jziMkIq*dEi�r<w�nMkIe<mId[x ± ÈM¼��;f&jzi$kIq"d:e<f^sWkIf_m
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iMmIj�iFl;pWx���j"kÂnM�WgWiMk&mIetmIe<n�l[fzÇ1qVp[mIf*Ê��ui�f&jVo�n�l�jzi�q*d�n��;mIdWj�o[e<f_mIe<lWq"m
��i�r<pWjVfFmIdWiMm�n.qVqVp[k%e<l
mIdWj�q*dWn�f&jVl¯oGeZx�j lWf&e<n�lS�[�^jhqVi�lWl[n�m�w�j m�i
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5. HYPERCUTS DESCRIPTION���Gg�j k"�^pGmIf3e<f:i¦oGjVqVe<f&e<n�l�m&kIj j
�uiMf&jzo�iMrZw�n�kIetmIdWx
� Á m3jziMq"d
lWn;oGj
e<l�mId[j¯o[jVq eZf&e<n�l�m&kIjVj��TmId[j4f&j mEnM��qVp[k&kIj l;m�kIpWr<jVf:e<f�f&gWr<etm
�uiMf&jzo|n�l�e<l[�6nMkIx:iMmIe<n�l|�bkIn�xën�lWj§��'823��'I
�sujVrZo[f�e<lvmId[jEkIp[r<j��
¨�i�q*d�mIe<x�j¯i¦guiMq"��j mEiMk&kIe<��jVfV�FmId[j¯o[j qVe<f&eZn�l�m&kIjVj¯e<f�m&k*i$��j kIf&jzo
�uiMf&jzo�n�l�e<l[�Yn�kIx:i$mIeZn�l�eZl�mId[j7gui�q*��j m8dWjVi�o[j"k8mIn�sWluo�i�r<jziM�
lWn;oGj�� Á f&x:iMr<r%l;p[x���j k�nM��x:iMmIq*dWe<l[w�kIp[rZj f:mIdWiMmEi$kIj¯f_mIn�kIjzo
e<l�mId[j
r<jziM�~lWn;oGj¯iMkIj
r<e<lWjViMkIrt�vm&k*i$��j kIf&jzo|mIn§sulWo�mIdWj4d[e<w�dWj f_m
g[kIe<nMkIe<ma�
kIpWr<j�mIdui$m�x:iMmIq*dWj f%mId[j�gWi�q*��j mz�~cTdWe<f~�Wi�f&e<q�f_m&kIp[q mIp[kIj
e<fTf&e<x�e<rbi$kTmIn�mIdWj>�TnMkI��eZlØ± ­.��� ¼�j �GqVjVgGm^�Yn�kTmId[j�g�n�f&f&eZ�[r<j~pWf&j�n��
mB�^n:n�k�x�n�kIj�sujVrZoGf~i$m~jziMq"d7l[n;o[j��>¨�i�q*d7lWn;oGjhe<l
mId[j�oGjVqVe<f&e<n�l
m&kIjVj�dWi�f%i�f&f&n.qVeZi$mIjzo
�>e<mId8etmz½

 ºa× Á kIjVw�e<n�l ��Ç�!GÊ3mIdui$mEeZf8qVn$��j kIjzo���ÆBl�mId[j¯qzi�f&j�n���i



��� ' % #�$&%,' ) ö #�$&%,' ) � #�$&%('*) 1 #�$&%('*) 2 #�$&%('*)�� t � ����� �� �  � � �0 �����,0 �z  0 ��� � 	 ��
 �� ö  � � �0 �����,0  G� �z  ��� � 	 ��
 �� �  � � �0 �z  0 0 �z  ��� � 	 ��
 ö� 1  � � �0 �z  0 0  G� ��� � 	 ��
��
�"2  � � �0 �z  0 �z  ��� ��� � 	 ��
 ö� �  �0 �����,0 �z   G� ��� � 	 ��
 �� �  �0 �����,0 �z  �z  ��� � 	 ��
 �� �  �0 �,0 0 0 ��� � 	 ��
��
� � 0  G�(0 0 0 ��� � 	 ��
��
��� 0  �0 0  G� ��� � 	 ��
 �� ö
� 0 0 0 0 ��� � 	 ��
 1� ö&ö 0 0 0 0 ��� � 	 ��
 2

�>ºY»j��¶$µ Ù ×g1  M�e7b)*K +G+�
.A_7b)*K +�� � ��Y��$�]-S�*K +� \6D@gN_"=+^NO+=K Wm 0%

��� '*% #�$�%('*) ö #�$�%('*) � #�$&%('*) 1 #�$&%('*) 2 #�$&%('*)�� t � ����� �� �  ~��� �VÉ����z£ �  ~�¦È   	 ��
 �� ö  ~��� �VÉ����z£ � �   	 ��
 �� �  ~��� ¬~�����  ~�¦È � � 	 ��
 ö� 1  ~��� ¬~�����  ~�¦È � � 	 ��
��
��2  ~��� ¬~����� � È � 	 ��
 ö� �  ~�|­ �VÉ����z£ � �   	 ��
 �� �  ~�|­ �VÉ����z£ � �   	 ��
 �� �  ~�|­ ¬~���z£  ~�¦È  ~�¦È � 	 ��
��
� �  ~���z£ É��|­  ~�¦È  ~�¦È � 	 ��
��
���  ~���z£  ~�|­  ~�¦È �   	 ��
 �� ö
�  ~���z£  ~���z£  ~�¦È  ~�¦È   	 ��
 1� ö&ö  ~���z£  ~���z£  ~�¦È  ~�¦È � 	 ��
 2

�%ºb»j��¶$µ���×g1Q-<A*@$fm+do=A$ ?+0WL->+.).->+� ?+.@��BA$�C� 6D@b6=F5��Y=+^+�
.A_7b)*K +��\� ��Y��$�a-S�*K +� n68@bN8"=+GND+.K Wm n �Y$6��9@`�e@��_� fD�*->+^h8%

R7

A

BR9
R10
R11

R8
R9
R10
R11

R7
R10
R11

R3
R7
R10
R11

R2
R7
R10
R11

R4
R7
R10
R11 R11

R10
R11

R1
R7
R10

R7

R7
R10
R11

R0
R5
R6
R10

4

R11

Field 

Field

Field   (4 cuts)

(0010, 1101, 00, 01, TCP)

Field 

2

3

5

(sample packet header)

path on sample header

�>ºY»���¶$µ ß × 1 ��� �����B #W*+0:$�  C� 6D@]��->+0+zo*�,�eK �9F/6*-\��Y=+ZW*A��?A*o=A= ?+`6=F
�_� fD�*->+ hD% #�$&%('*) � �  �:.Y$6. ?+.@cF/6*-���Y=+G->6*6=� @$6_W*+Gom+0:�A_�$ ?+9� � Y=A= 5��Y=+
K A,->f,+� !�g@*�*7bo,+.-(6=F\�*@,� rO�=+c"=A*K �=+� �% 1  ?A_7b)*K +d)=A=:.p�+��^Y=+�A.W*+.-(A*@=W
A# ?A*7#)*K +G ?+0A,->:.YZ)=A���YbA,->+gA*K  B6V �Y$6��c@_%

£;�FsWjVrZo�qVrZiMf&f&e<sWj kz�>mIdWe<f�qziMl���j4kIjVgGkIjVf&jVl.mIjzo�i�fEi�£�mIpG�
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qVn�lWf&eZo[j k*i$mIe<n�lÂ�
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%cTd[j�x:iM�Ge<x�p[xïl;p[x���j k^n��Of_mIjVg[fFmIn���j~m*iM��jVl
oGp[kIe<lWw
i�f&jzi$kIq"d4f&dWn�p[rZo4��j�x�e<lWe<x�e<¢Vjzo��

 º6º6º�
 �^j"k&m*i�e<l�kIp[rZj f3x:iV�|lWnMm���j
iM�Wr<j4mIn���j4f&jVwMkIjVw�i$mIjzo
�>etmIdWn�p[m4i§�6pGk&mIdWj kEe<lWq kIjVi�f&j�eZl�mIdWj¯n$��j k*iMrZr�qVn�x�g[r<j �Ge<ma�
n��^mIdWj:i�r<w�n�kIetmIdWx Ç1��n�mId§f&guiMqVj:i�lWo�mIe<x�j$Ê"�:cTd[j kIj �6nMkIjEi
f&jVgWiMk*iMmIj�iMgWgGkIn�i�q*dEf&dWn�p[rZo8��j�m*iM��jVl:mIn3oGjzi�r��>etmId8mId[jVx
�
¾%pWr<jVf�e<l¦mIdWe<f�qzi$mIjVw�nMk&�|i$kIj�kIpWr<jVf��>etmId¦�>e<rZo[qzi$k*o[fEÇ�i�l.�WÊ
e<l
��n�mId8Æ_ª�f&n�p[kIq j�i�luoEÆ_ª�o[jVf_mIe<lui$mIe<n�l4sWjVrZo[fV� 1

 º�
�
 Á f4e<lôi�l.��gWi�q*��j m
q rbiMf&f&etsuqzi$mIeZn�l f&q*dWjVx�j¯mIdWj"kIj§e<f
i�rt�Tiz�Gf§i�m&k*i�oGjVn�ò¥��j"mB�Tj jVlêmIdWj¦f&jziMkIq*dêmIe<x�j|i�lWo�mId[j
x�jVx�nMk&�¯f&guiMqVj3n.qVqVp[gWe<jzo��;�¯mId[j�f&jzi$kIq"d§f_m&kIpWq mIpGkIjVfV� Á f
�>etmId�± ­;��� ¼����>d[jVl§mId[j3l;pWx���j k�nM�^kIpWr<jVf�e<f�f&x:i�r<r1�¡r<e<lWjViMk
f&jzi$kIq"d¯x:iV�:��j�i�m&k*i�o[jVnMòO�TcTdWiMm%e<f%�>d.�.�Ge<l
n�k*oGj k>mIn�kIj �
o[p[qVj�mIdWj�n$��j"k*i�r<r�x�jVx�nMk&�:f&guiMqVj�i�lWo8mIn���jVjVgEmIdWj�oGjVg[mId
n���mId[jFo[j qVe<f&eZn�l3m&kIjVj>iMm�i~x�e<l[eZx�pWx
�Mi�l[n;o[jTe<f�lWn�m�f&p[��o[et�
�;eZo[jzo4et��mIdWj�l;pWx���j k>n���kIp[rZj f~iMf&f&n.qVeZiMmIjzo¯�>etmId
mIdWj�lWn;oGj
e<f>f&x:i�r<r<j k>mIdui�l
i�g[kIjzoGj sul[jzo�mId[kIjVf&d[n�rZoS�

ì~pGk�i�gWgGkIn�iMq"d
m*iM��jVf>mIdWj��6n�p[k~n��Wf&j"kI��i$mIeZn�lWf%e<l;mIn�q n�lWf&eZoGj k*iM�
mIe<n�l:mInh�Wp[e<rbo�i�m&kIjVj�i�f��6n�r<r<nz�>fV� Á m�jzi�q*d:lWn;oGj�� Ñ�� etmTeZo[j l;mIetsWjVf
mId[j�oGe<x�jVlWf&e<n�l[f�Ç6sWjVrZo[f*Ê>�>etmId¯mIdWjhdWe<w�dWjVf_m~lGp[x���j k%nM�ToGeZf_mIe<l[q m
1 Á f&j guiMk*i$mIj¯o[j qVe<f&eZn�l�m&kIjVj8qVn�p[rZo���j8�WpWe<rtm3�Yn�k�mIdWjEf&pW�[f&j m�nM�kIp[r<jVf%mIdWiMm>qVn�l.m*i�e<l
�>e<rboGqziMk*oGf�e<l
��nMmId
Æ_ª�f&n�pGkIqVj�i�lWo
o[jVf_mIe<lWiM�mIe<n�lEsWjVrZo[fV��é^nMmIdEmId[j�nMkIeZw�e<lui�rÂo[j qVe<f&eZn�l8m&kIjVj�i�fT�^jVr<rSi�f^mId[j~i�oG�oGetmIeZn�luiMr�n�lWj%i$kIj%m&k*iz��j kIf&jVoEoGp[kIe<lWw�mId[j>f&jziMkIq*dÂ��ÃWnMkTiMl.�3guiMq"��j mmId[j>x:iMmIq*dWe<lWw~kIp[r<j�e<f�mIdWj>dWe<w�d[jVf_m�g[kIe<n�kIetmB��kIpWr<j>�YkIn�x�mId[j%p[lWe<n�lnM�OmIdWj~kIj f&pWrtm%f&j mIfV�

jVr<jVx�jVl.mIf�� Ù�� �Yn�k�jziMq"d�n���mIdWj�eboGjVl.mIetsujzo7o[e<x�jVl[f&e<n�lWf�etm�o[j mIj"k&�
x�e<lWjVfhmIdWjEl;pWx���j"k�nM�~qVpGmIf�mIn���j4oGn�lWj8�uiMf&jzo�n�l�i7m&k*i�o[jVnMò
��j ma�TjVjVlEmIdWj~o[jVgGmId8nM��mIdWj%m&kIjVj~mIn���j�n��Gm*i�e<lWjzoEi�lWoEmId[j~x�jVx3�
n�k&��f&e<¢Vj4mIdWiMm:e<f:iz��iMe<rbiM�Wr<j���� ß�� etm:j �GjVqVp[mIj f3mIdWj4q p[mIf�n�l�mIdWj
q*dWn�f&j l7o[e<x�jVlWf&e<n�l
q kIjzi$mIeZl[wEi3lGp[x���j k
� � nM��q"d[eZrZo;kIjVl
mIn3mIdWj
l;pWx���j k�nM�TqVpGmIf�mIduiMmhi$kIj3j �GjVqVpGmIjzoS��æ~nE�6pGk&mIdWj k�q p[mIf�iMkIj�j �;�
jVqVpGmIjzo�et��mId[j¯lGp[x���j k3n���kIp[rZj f4iMf&f&n.qVeZiMmIjzo��>etmId�i¦l[n;o[j7iMkIj
f&x:i�r<r<j k�mIduiMl�i�g[kIjzoGj mIj kIx�e<lWjVo���iMr<pWjTmIdui$m��Tj>qzi�r<r���� �V� % 
���$�� %��

R7

R10

R0
R1

444

for Field  = 0-3

2

2 222
for Field  = 12-15for Field = 8-11

2D subarray2D subarray
for Field  = 4-7 
2D subarray2D subarray

2D subarrays for 4 possible ranges of Field   .
root node array.  The 3D array is shown as four
Hypercuts tree consisting of a single 3D

F
ie

ld
 -

--
>

0 
- 

1 
   

   
   

   
 2

 -
 3

   
   

   

0 
- 

1 
   

   
   

   
 2

 -
 3

  R10 R11

R10
R11

R10 R8
R11

R8
R11

R9
R10

R10 R2
R4
R7
R11

R3
R7
R11

R6

0 
- 

1 
   

   
   

   
 2

 -
 3

   
   

R9 F
ie

ld
 -

--
>

R104

R11

R7
R11

R0
R5
R100 

- 
1 

   
   

   
   

 2
 -

 3
   

 

F
ie

ld
 -

--
>

F
ie

ld
  -

--
>

1 0 1 1 10 00
Field --->

5
Field ---> Field ---> Field --->

5 5 5

�>ºY»j��¶$µ��S×�� Y=+E�('*),+.-/�����! W*+�:$�  M� 68@`��->+0+dF<6_- ��Y=+VW*A��?A*o=A$ ?+V6.F
�8� f8�*->+ H^:�6D@$ M�  P�B 56=FjA��! "$#&% '(�$IPW8�e79+.@$ M� 68@=A_K$- 6*6.��A,-S->A�'^o*�,�eK ���$ M�e@$f
H :.���B 6D@GND+.K W�#�$&%('*) � k8A_@=W h :=���B +0A.:=Yg6D@�#�$�%('*) 2 A_@=W #�$&%,' )��.%
�\Y=+��&)&->6*6=�^A,-S->A�']�  9 �Y$6��c@ZA$ cF<6D�*-�h&)  ��*o=A,-S-<A�'$ cF/6*-���Y=+gF/68�*-
).6, B M� o*K +d->A_@$f,+� 96=F�#�$�%('*) � %c�q6D@���->A= !�\��Y,�  \ M�e@$f8K +d@$6_W*+G��->+0+ �\� ��Y
�8� f8�*->+�* �cY,� :.YV �Y$6��  ^��Y=A$�9A*@�';��� �����! 9��->+0+]7#�$ P� Y=A�"=+aY=+$� f8Y��
A��GK +0A$ !� � ��6D%

5.1 Building the HyperCuts Tree from ScratchcTdWj8i�r<w�n�kIetmIdWx f_m*iMk&mIf��>etmId�i¯f&j m�n��"� kIpWr<jVfV��jzi�q*dvn��%mIdWj
kIpWr<jVf:qVn�l.m*i�e<lWe<lWw � oGeZx�j lWf&e<n�l[fV� Á f&pW�[f&j mEn��hi�r<r%mIdWj4kIp[rZj f
qVn�l;m*iMe<lWe<lWw4�>e<rZo[qViMk*o[fhe<l���n�mId§Æ_ª�f&n�pGkIqVj:i�lWo¦Æ_ª�o[jVf_mIe<lWiMmIe<n�l
suj rboGf�e<fEq"kIjziMmIjzo���Ð�j
qVi�r<r%mId[e<f	+ A ��
"`1��Ð¦j
qzi�r<r�# A ��
"`3mIdWj
f&pW�[f&j m�n���kIjVx:iMeZl[e<lWw~kIp[rZj f^i$�YmIj k�j �;m&k*i�q mIe<l[w,+ A ��
"`1� Á oGjVqVe<f&e<n�l
m&kIjVj�e<f>�Wp[eZrtm>�6nMk%��n�mId7# A ��
"`>iMluo-+ A ��
"`1�

¨�i�q*d�lWn;oGj�eboGjVl.mIetsujVf�i8kIj w�e<n�lviMluo¦dWi�fhi�f&f&n.qVeZi$mIjzo¦�>etmId�etm
i7f&j m�n��%kIpWr<jVf.��mIduiMm3x:iMmIq*d�mIdWj:kIjVw�e<n�lS��Æa�%mIdWjEf&eZ¢ j4n���mIdWj
f&j m^n���kIpWr<jVf^iMm^mId[j>qVp[k&kIjVl.m�lWn;oGj�e<f^rZi$kIw�j k�mIdui�l�mId[j�iMqVqVjVgGm*i��[rZj
�Wp[q"��j m:f&e<¢Vj��>mIdWj¯l[n;o[j¯e<f8f&g[r<e<mEe<l�i�l;pWx���j k¯Ç � � Ê�n���q*dWe<rZo
lWn;oGjVfV�S�>dWj kIj3jVi�q*d¦q*dWe<rZo§lWn;oGj�eZo[j l;mIetsWjVf�i8f&p[�[��kIjVw�e<n�l¦n���mIdWj
kIjVw�eZn�lêiMf&f&n.qVeZiMmIjzo��>etmId�mId[j§q p[k&kIjVl.m
l[n;o[j��ïÆ_oGjVl.mIet�Y�Ge<lWw|mIdWj
l;pWx���j k�nM�Tq*dWe<rZo§lWn;oGjVf�iMf��^jVr<r�i�f�mIdWj�f&pW�[��kIjVw�e<n�l�iMf&f&n.qVeZiMmIjzo
�>etmId�jVi�q*d�nM�WmIdWj�q"d[e<rbo�l[n;o[jVfOe<fOiFmB�^n~f_mIjVg�g[kIn.q jVf&fV���>d[eZq*d�m&kIeZj f
mIn3r<n.qziMrZrt�4n�g[mIe<x�e<¢Vj~mId[j�f&gWr<etm$Ç1f*ÊTf&pWq*d8mIdWiMmFmIdWj�o[e<f_m&kIe<�Wp[mIe<n�l
n��
mIdWj:kIpWr<jVf:iMx�n�l[w7mId[j8q*dWe<rZovlWn;o[j f3e<f3n�gGmIeZx:iMr1��cTdWe<f�g[kIn.qVj f&f
e<lWqVr<pWo[jVf/� Ñ�� eboGjVl.mIet�Y�Ge<lWw�mId[j~x�n�f_m>f&p[etm*i��Wr<j�f&j m>nM��o[e<x�jVl[f&e<n�lWf
mIn�f&gWr<etm^i�luo0� Ù�� o[j mIj kIx�e<l[eZl[w~mIdWjFl;p[x���j k�nM��f&gWr<etmIf�mIn���j%o[n�lWj
e<l
jziMq"d
nM�¡mIdWj~q"d[n�f&jVl¯oGe<x�jVlWf&e<n�l[fV�

5.1.1 Choosing the dimensionscTdWj%q*dui�r<r<jVl[w�j~e<f^mInhgWe<q*��mId[j~oGeZx�j lWf&e<n�l[f��>dWe<q*d��>eZr<r�r<jzi�o3mIn
mIdWj~x�n�f_mFp[lWet�6nMkIxðo[e<f_m&kIe<�WpGmIeZn�l4nM�¡mIdWj%kIpWr<jVfT�>dWj l8mIdWj�lWn;oGj�e<f
f&gWr<etm�e<l.mIn:f&pW�G�al[n;o[jVfV��c�n:mIdWj���jVf_m~n���n�pGk��;lWnz�>r<jzoGw�j�mIdWj kIjhe<f
lWn�qVn�l[f&pWx�x:iMmIj~x�j mIdWn;oEn���gWe<q*�;eZl[w�mIdWe<f>f&j m�n���oGeZx�j lWf&e<n�lÂÇ1f*Ê"�
cTdWj"kIj �6nMkIj����^j8gGkIn�g�n�f&j4i¯f&j m�n��%dWjVpGkIe<f_mIeZq f�mIn7dWjVr<g|x:iM��jEi�l
j ò�jVq"mIeZ��j�o[jVqVe<f&e<n�lS�

Á sWkIf_m�f&n�r<p[mIe<n�l§eZf�mIn4qVn�lWf&eZo[j k~mIdWj�f&j"m�n��To[e<x�jVlWf&e<n�lWf��>etmId
mIdWj7rZiMkIw�jVf_m¯l;pWx���j k:n��hp[lWeZÎ.pWj¯jVr<jVx�jVl.mIfV�¥��n$�^jV��j kz�%mIdWe<fEe<f
lWnMm^��j k&��fIi$mIe<f_�1i�q"mIn�k&�:��jVqziMpWf&j%q"d[n.n�f&e<lWwhx�n�kIj>oGe<x�jVlWf&e<n�l[f��>e<r<r
i�r<x�n�f_m~iMrt�FiV�Gf�e<lWq"kIjzi�f&j�mId[j�lGp[x���j k^n���p[lWeZÎ.pWj~j rZj x�jVl.mIfV�uiMluo
mId;pWf�mId[j
iMrZw�n�kIetmIdWx x�e<w�d.m3i�rt�FiV�Gf:q"d[n.n�f&j7i�r<r�£¦oGeZx�j lWf&e<n�l[fV�



é�p[m%mIdWe<f�qVi�l¯duiz��j�i�o[��j"kIf&j�i$ò�jVq mIf%n�l¯f_mInMk*i�w�jh��jVqziMpWf&jhn��OmId[j
f_mInMk*i�w�j¯qVn�f_m:nM��£$�aoGeZx�j lWf&e<n�lWi�r>iMk&k*iV�GfV��ì~lvmId[j4nMmIdWj k�dWi�lWoS�
n��Wf&j kI��j�mIdui$m�et�^i�oWoGe<lWw8i8oGeZx�j lWf&e<n�l�i�o[o[f�n�lWrt�7i��6j"�¥pWlWeZÎ.pWj
j rZj x�jVl.mIfV�.mIdWjVl3mId[j�f&x:iMrZrWeZl[q kIjziMf&j~e<l:f&jziMkIq*d4oGe<f&q kIe<x�eZlWiMmIe<n�l:e<f
gGkIn��Wi��Wrt�8lWnMmF�Tn�k&mId8mIdWj�j �;m&k*i�f_mInMk*i�w�jhg�j lui�rtma�.�

cÂn�Î.pWi�l.mIet�Y��mId[e<f^g�n�e<l.m�n���o[e<x�e<lWe<f&dWe<lWw�kIj"mIp[kIlWfV���Tj%qVn�l[f&eboGj k
e<l[f_mIjzi�o�mIdWj�f&j m�n��uo[e<x�jVlWf&e<n�lWfÂ�Yn�kO�>d[eZq*d�mIdWj^l;p[x���j kÂn��WpWlWeZÎ.pWj
j rZj x�jVl.mIf�e<f���'I
&��`a
"'�`Y)[�M��`Y)W
32:
&���8n��^mId[j�l;p[x���j k�n��^pWlWeZÎ.pWj
j rZj x�jVl.mIf:�Yn�k
i�r<r~mIdWj7oGe<x�jVlWf&e<n�l[f:pWluoGj kEqVn�l[f&eZo[j k*i$mIeZn�lÂ��ÃWnMk
j"�WiMx�gWr<j��Fet���Yn�kEmIdWj4sW��j¯oGeZx�j lWf&e<n�l[f3mIdWj¯l;pWx���j k3nM��pWlWeZÎ.pWj
j rZj x�jVl.mIf�e<l§jziMq"d§n���mIdWj3oGe<x�jVlWf&e<n�l[f�iMkIj�½�É.£.���z£;�OÈ�£;���z 8i�luo
È��>etmId¦i�x�jziMl7n��T���;��mId[jVl¯mIdWj�o[e<x�jVlWf&e<n�lWf��>d[e<q"d�f&dWn�pWrZo¯��j
f&j rZj q mIjzo��6nMk
f&gWr<etm&mIe<lWwvi$kIj�mId[j7s[kIf_m8i�luo�mId[j¯mIdWetk*oS�¥cTd[e<f8e<f
��j qzi�p[f&j�mId[jVf&j�dWi$��j���iMr<pWjVf>w�kIjViMmIj k%mIduiMl8mIdWj~x�jzi�lS�

Ð¦j�duiz��j�i�r<f&nEj �Gg�j kIe<x�jVl.mIjzo8�>etmId
mIdWj�k*i$mIeZn:nM��mId[j�lGp[x���j k
nM�Tp[lWeZÎ.pWj�jVr<jVx�jVl.mIf�mIn:mIdWj�f&e<¢Vj�nM�^mIdWj�kIjVw�eZn�l�kIj g[kIjVf&jVl.mIjzo7�.�
mIdWiMm�o[e<x�jVlWf&e<n�lÂ�%ÃWnMk�j �[i�x�g[r<jhq n�lWf&eZoGj k~mId[j�kIn.nMm�l[n;o[j��>dWe<q"d
q nM��j kIf�mId[j>kIj w�e<n�l�±  >«V« «*� 1 � �7� ¼��Yn�kTÆBª�f&n�pGkIqVj~iMluo�oGjVf_mIe<luiMmIe<n�l
sWjVrZo[fV�Wi�lWo
i�kIjVw�eZn�l�±  >« «V«*� ö
� ��� ¼S�6n�k�f&n�pGkIqVj�i�lWo4oGjVf_mIe<luiMmIe<n�l
g�nMk&m�l;pWx���j"kIfV��Æa��mIdWj�lGp[x���j k�n��^pWl[ebÎ.p[j�jVr<jVx�j l;mIf~eZl7mIdWj�Æ_ª
Å;n�pGkIqVjTiMluo�mIdWj�lGp[x���j kÂn��WpWl[ebÎ.p[j�jVr<jVx�j l;mIfÂe<lhmId[j�f&n�p[kIqVjTg�nMk&m
l;p[x���j k�e<f�mId[j>fIi�x�j���mId[jVl�etm^x:iV����j>rZn�w�e<qziMr�mIn�s[kIf_m^f&j rZj q m^mId[j
f&n�p[kIqVjEg�n�k&m�i�fhmIdWj�sWkIf_mhsuj rbo¦mIn¯f&g[r<e<m���jVqziMpWf&j�mIdWj�kIjVf&p[r<mIe<l[w
f&g[r<e<m>kIjVw�e<n�l
f&e<¢VjVf%i$kIj�f&x:i�r<r<j k>mIduiMlE�>d[jVl4p[f&eZl[w�mIdWj�Æ_ªvf&n�pGkIqVj
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q n�k&kIjVf&g�n�luo8mIn�Æ_ªv��iMrZp[jVfTmIduiMl8mId[jVf&j���i�r<pWjVf>i$kIj� �iMluo
� 1 � �|�
kIj f&g�jVq mIe<��jVrt�.�
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6. EVALUATION

6.1 Classifier CharacteristicsÐ¦jFjV��i�r<pui$mIjF���Gg�j k"�^p[mIf���nMmId�n�l�sWkIj �Ti�r<r�oWi$m*i��Wi�f&jVf�i�f��TjVr<r
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Z=...
...
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?9?9?9?9??9?9?9?9??9?9?9?9?

....

Xmin = 210

200 Register Values:

80
Zmin = ...
Zmax = ...

Xmax = 219

239
159

210 219

100

119
Register Values:

Zmin =...

Xmax = 239

Ymin = 100
Ymax = 119

Zmax = ...
...

X min = 200

Ymin = 80 
Ymax = 119

X

Y

Node A

Node B
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ÆBl�mIdWj
qVi�f&j¯n���mId[j
jzoGw�j
kIn�pGmIj kEoWi$m*i��Wi�f&jVfV�>mIdWj4Æ_ªïgGkIj sW�
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n��~�z �¤:�
ì~��j k*i�r<rO�6nMk�s[kIj �FiMrZr�oWi$m*i��Wi�f&jVfV�O�%�Gg�j k"�^p[mIf�p[f&jVfhi�l
i�x�n�pWl.m�n���x�jVx�nMk&�hf&eZx�e<rZiMk�mIn�¨^©�c^�aª��v�>d[eZr<j%etmIf�f&jzi$kIq"d3mIe<x�j
e<f>pWg8mIn�£hmIe<x�jVfF��j m&mIj k>mIduiMl4��eY�^pGmIf>n�g[mIe<x�e<¢Vjzo:�6nMk�f&g�j jzoS�

6.4 Performance on Synthetic ClassifiersÐ�j>dWi$��j�f&jVj l:mIdWiMm^jzo[w�j��;qVn�kIj��Gi�luo3s[kIj �FiMrZr�o[iMm*iM�ui�f&j fTduiz��j
��j k&��o[etò�j kIjVl.m^iMm&m&kIe<�WpGmIjVfV��cTd;pWf^etmFe<fTe<lWi�gWgGkIn�gGkIebi$mIj�mIn��Wp[e<rbo:i
f&e<lWw�rZj�f_�[l.mId[j mIe<q�x�n;oGjVrOn��TiEqVrZiMf&f&e<sWj k�mIn:mIjVf_m�f&qziMrbiM�We<r<etmB�.��ÆBl[�
f_mIjzi�oS���^j%p[f&jzo�mId[jTkIjzi�rur<et�6j%o[iMm*i��Wi�f&jVf��Tj%i�rtkIjzi�oG��dui�o�i�f�w�jVlG�
j k*i$mIn�kIf>mIn3g[kIn;oGpWqVj�l[j ��f_�Gl;mId[j mIe<q�oWi$m*i��Wi�f&jVf%n��OrZi$kIw�j k�f&e<¢VjVfV�

c�nhq kIjzi$mIj�i�l[j ��kIp[rZj��.�Tj�k*iMluoGn�x�rt��gWe<q*��mB�^n�gGkIj sW�GjVf��YkIn�x
i�g�n.n�rÂnM�O��iMr<pWjVfTmIdWiMmF�6n�r<rZnz�>f%mIdWj�fIiMx�j�g[kIj s[�Eo[e<f_m&kIe<�WpGmIeZn�l
iMf
mIdWj�n�l[j��6n�pWlWo7e<l7mIdWjhn�kIe<w�e<lWi�r�oWiMm*iM�uiMf&jVfV��n�lWjh�6n�k�mId[j�f&n�p[kIqVj
i�lWo
n�l[j��Yn�k�mIdWj�o[j f_mIeZlWiMmIe<n�lS�FÐ�jhi�g[g�jVluoEmIdWj�n�mId[j k�sWjVrZo[fF¿
f&n�pGkIqVj:i�lWo¦oGjVf_mIe<luiMmIe<n�l¦g�n�k&m�iMf��TjVr<rTiMf�g[kInMmIn.qVn�r�lGp[x���j k%¿
�.��k*iMluo[n�x�rt�3gWe<q*�;eZl[w�mIdWjVx��YkIn�x÷i�g�n.n�r�nM�¡iMr<rWmIdWj%��iMr<pWjVf�mIduiMm
�Tj"kIj^e<l�mIdWj�qVn�k&kIjVf&g�n�luoGeZl[w�kIjziMr.r<e<�Yj^w�jVlWj k*i$mIn�kz��cTd[eZf�g[kIn.qVjzoGp[kIj
e<fFmIdWjVl8e<mIj"k*iMmIjzo �ØmIe<x�jVfFmIn3q"kIjziMmIj�i�q rbiMf&f&etsuj k�n���f&e<¢Vj �§�

ì~p[k�jV��iMr<puiMmIe<n�l§kIjVf&p[r<mIf�i$kIj3f&dWnz�>l§eZl¦Ã¡e<w�p[kIj8�z¬G��ÃWn�k�f_�Gl[�
mIdWj"mIeZqhqVnMkIj ��kIn�p[mIj"k�f_mB�Gr<jhoWi$m*i��uiMf&jVf�nM��f&e<¢Vj3�� � � � ;�S���Gg�j k"�^p[mIf
kIjzÎ.pWetkIjVf�n�l[r<�4���%x�jVx�n�k&��i�q qVjVf&f^�Yn�kTf&jViMkIq*d8e<l3mIdWj>�TnMkIf_mTqziMf&j �
�6nMkOjzoGw�j ��kIn�pGmIj k¡f_ma�GrZj�oWi$m*i��Wi�f&jVfV�����Gg�j k"�^pGmIfSkIjzÎ.p[e<kIj f¡È�£Fx�jVx3�
n�k&���6n�k%i�o[iMm*i��Wi�f&j�nM�O��£� � � hkIp[r<jVfV��ÆBl�mIdWj%qziMf&j~n��ÂsWkIj �Ti�r<rt��rZe<��j
oWi$m*i��Wi�f&jVfV�>mIdWj4g[kIjVf&jVl[qVj¯n��hiM��n�pGm¯�z �¤í�>e<rZo[qzi$k*o[fEe<l�jVetmIdWj"k
n���mIdWj~f&n�p[kIqVj�i�luo8o[jVf_mIe<lWiMmIe<n�l8Æ_ª|sujVrZo:qVn�l.m&kIe<�WpGmIjVfTmIn�ihf_mIjVjVg
x�jVx�nMk&��e<lWq kIjziMf&j���cTd[eZf�e<fOg�n�f&f&e<�[r<�h��jVqVi�pWf&j^n���i%rbi$kIw�jFl;pWx���j k
n��OkIp[r<jVfFkIjVgWr<e<qziMmIjVo4e<l
r<jziz��jVfV�

7. CONCLUSIONScTdWj�guiMg�j kIf�e<l�±t���O­$¼�gWe<n�lWjVj kIjVo7�^n�kI�7n�l�guiMq"��j"m�qVrZi�f&f&etsuqViM�
mIe<n�l§�ui�f&jVo§n�l¦o[jVq eZf&e<n�l§m&kIjVjVfhiMluo7w�jVn�x�j m&kIe<q3qVp[mIfV�Â�WpGm�q*dWn�f&j
n�l[rt�3i%f&eZl[w�r<jFsujVrZo�iMm�i�mIe<x�j^mIn�qVpGm�n�lS�O���Gg�j k"�^pGmIf¡e<l;m&kIn;oGpWqVj f
n�l[jFx�n�kIj>oGjVw�kIjVj>nM���YkIjVjzoGn�x¥qVn�x�guiMkIjVoh�>etmId3mIdWjVf&j>iMr<w�n�kIetmId[x�f
�.�3iMr<rZnz�>e<lWwhx�n�kIjTmIdWi�l3n�lWj%o[e<x�jVl[f&e<n�l�mIn���jFqVpGm��>etmId[eZl:i�f&e<lG�
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w�r<j�l[n;o[j����>d[e<rZj�f_mIe<rZrWpWf&e<lWw�n�lWrt�3n�lWj%x�jVx�n�k&��i�q qVjVf&f^g�j"k^l[n;o[j��
cTd[jho[jVqVe<f&e<n�l¯gGkIn.qVjzoGp[kIj��Tj�p[f&j��Yn�k����Gg�j k"�^pGmIfTmIn�q"d[n.n�f&jho[et�
x�j lWf&e<n�l[fTe<fTe<lWf&gWetkIjzo:�.���~eb�^pGmIfT�WpGmFo[etò�j kIf��YkIn�xïetmFe<l8f&jV��j k*i�r
f&p[�[mIr<j>�FiV�Gf�e<lWq rZpWo[e<lWw�mId[j%p[f&j>n���mIdWj>x�jziMl3l;pWx���j"k�nM�SpWlWeZÎ.pWj
j rZj x�jVl.mIfV�%mId[j¯kIjVw�e<n�l�oGjVlWf&etmB�.��iMluo�ivo[etò�j kIj l;m8f&guiMqVj7�1i�q"mIn�k
�YpWl[q mIe<n�lÂ�

Á f�e<l���eY�^pGmIfV��mIdWj"kIj%x:iV����jF�Fi�f_mIjVo:f&gWi�qVjF�Yn�kTq p[mIf���jVqzi�p[f&j
nM�Wj x�g[mB��n�k�kIjVgWr<e<qziMmIjVo�i$k&k*iz��jVr<jVx�jVl.mIfV���%�Gg�j k"�^p[mIf�o[jziMrZfÂ�>e<mId
kIj gWr<e<qziMmIjzo8iMk&k*iV��jVr<jVx�j l;mIf��.�|úBg[pWf&dWe<l[whp[g:qVn�x�x�n�l3kIpWr<jVf&û�mIn
iMlWqVj f_mIn�kIf>e<l8mIdWj�f&jziMkIq*d8m&kIj j������Gg�j k"�^pGmIfFi�r<f&n�kIjzoGpWqVj fFjVx�g[ma�
g�n�e<l;mIj"kIf8p[f&eZl[w úakIj w�e<n�l�qVn�x�guiMq mIe<n�lWû��>d[e<q"d�f&dGkIe<lW�;f:i�lWn;oGj
kIj w�e<n�l
mIn�e<lWq rZpWo[jVf>n�lWrt�8mId[j�iMkIjziMf~qVn$��j"kIjzo4�.�8i�r<rÂkIp[rZj f�e<l4mId[j
l[n;o[j��

Ð¦j�jV��iMr<puiMmIjVo����Gg�j k"�^p[mIf�n�l���n�mId�e<luoGpWf_m&kIeZi�r�s[kIj �FiMr<r.oWi$m*i��uiMf&jVf
iMluo¦f_�Gl.mIdWj"mIeZqVi�r<rt�¦w�jVlWj k*i$mIjzo�o[iMm*i��Wi�f&jVfV�EÐ�j3�Yn�p[luo¦��j"k&�§r<etm&�
mIr<j§eZx�gGkIn$��jVx�jVl.m:n$��j k4�~eb�^p[mIf8eZl�mId[j�qVi�f&j¦nM��jVo[w�j7kIn�pGmIj kIf
Ç1��j qzi�p[f&j�mIdWj �7dWiz��j3f&e<x�gWr<j�f_m&kIp[q mIp[kIj�pWf&e<lWwEkIpWr<jVf�n�l§f&n�pGkIqVj �
oGjVf_mIe<lui$mIeZn�l�gWi�etkIf*Ê"�§�~nz�TjV��j kz����n�mId|��eY�^pGmIf3iMluo����Gg�j k"�^pGmIf
oGn:��j k&�4�^jVr<rOn�l7f&pWq*d�oWi$m*i��uiMf&jVfV��Ã[p[k&mIdWj"kz�umIdWjhguiMq"��j"m~qVrZiMf&f&e<�
sWj kIf��bkIn�x � � � �Ojzo[w�j^kIn�pGmIj kIf¡dWi$��j�kIjVq jVl.mIr<��x�eZwMk*iMmIjzo�mIn�i%l[j �
f&j"m~nM�OkIpWr<jVfV�W�>d[e<q"d
p[f&j�i�r<rÂsW��j~sWjVrZo[fV��iMluo4f&j jVxðx�n�kIj�f&e<x�e<rZiMk
mIn4qVn�kIj�kIn�p[mIj k�q rbiMf&f&etsuj kIfV�8cTd;pWf��^j3��jVr<e<jV��j3mIdui$m����Gg�j k"�^pGmIf
�>e<r<r�n�pGmIg�j k&�6nMkIxK�~eb�^pGmIf^f&e<w�l[e<sWqzi�l.mIrt��n�l:mId[j�l[j ��jVo[w�j%kIn�pGmIj k
o[iMm*iM�ui�f&j f���jVe<l[w�o[jVg[r<n$��jzoS�

ì~l�s[kIj �FiMr<r>oWiMm*iM�uiMf&jVf�i�lWo�qVn�kIj:kIn�pGmIj kIfV�����Gg�j k"�^pGmIf�gGkIn��
oGpWqVj fFi�lEn�k*oGj k>n���x:i�w�l[etmIpuo[j%e<l8x�j x�n�k&�3pGmIe<rZe<¢zi$mIe<n�l4�>d[eZr<j�i$m
mId[j3fIi�x�j�mIeZx�jhkIjzo[p[qVe<lWwE�Tn�kIf_m&��qziMf&j�f&jziMkIq*d§mIe<x�j��;��iE�1i�q"mIn�k
nM�^p[g4mInEÈG�~cTdWj�o[etò�j kIjVl[qVj���j mB�^jVjVl¯mIdWj�g�j k&�Yn�kIx:iMlWqVjhn�l
mId[j
mIdGkIjVj�oGe<ò�j"kIjVl.m�mB�Gg�jVf�nM�>oWi$m*i��Wi�f&jVf�pWlWo[j kIf&q n�kIjVf�mId[j3lWjVjVo7�Yn�k
x�nMkIj�qziMkIj"�6pWrSx�n;o[j rZe<l[w3n��¡s[kIj �FiMr<r¡oWi$m*i��Wi�f&jVfV�

Ã¡e<lWi�r<rt�.�z�Tj�lWn�mIjOmIdWiMmÂ���Gg�j k"�^p[mIf�qziMl�jzi�f&e<rt����j�e<x�gWr<jVx�jVl.mIjzo
e<l dWiMk*o;�FiMkIj�i$m§r<e<lWjvf&g�jVjVo[f7pWf&e<lWw�i�gWe<g�jVr<e<lWj�i�lWoên�lG�aq*dWe<g
Å;¾ Á ®§�MÅGe<l[qVj�mId[j�m&kIj jVf�w�jVlWj k*i$mIjzo��;�~���Gg�j k"�^pGmIfÂdWi$��j�d[jVe<w�d.mIf
l[n|w�kIjzi$mIj k4mIdWi�lê�V G�>mIdWe<f:kIjzÎ.pWetkIjVfEn�l[r<�ô�z �g[eZg�j rZe<l[j�f_m*iMw�jVfV�
�>d[e<q"d§eZf��TjVr<r��>e<mId[e<l§qVpGk&kIjVl.m�dui$k*oG�TiMkIj3r<e<x�etmIfV��Ã[n�k�iMrZr�mIdWj f&j
kIjVi�f&n�l[fV�.�TjF��jVr<e<jV��jTmIdWiMm����Gg�j k"�^pGmIfOqzi�l���jFi��;ebiM�Wr<j>i�r<w�n�kIetmId[�
x�e<q�q n�l.mIjVluoGj k>mIn3c�j"kIluiMk&�
� Á ®4fV�
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