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ABSTRACT`ba ced(a cef0g�h iej k l�m jBa c0d(n�k n�o�l�j pel�g�a n�h h qHrea ferHd(a sHl�cej a t(cen�h�d(n�k n�o(a jg�ren�h h l�cefea cefHuvrel�cHk relwg�h iej k l�m jxn�m lvt(yzuva d(l�h q4d(a y y l�m a cef{j ren�pel�j oj a |�l�j oxn�ced�d(l�cej a k a l�j oxn�ced�uvrel�c#k rel�d(n�k n�g�t(cek n�a cejHcet(a j l�n�cedt(iek h a l�m j }�~�l�pem l�j l�cek#n�cet(�el�h_g�h iej k l�m a cef�k l�g�recea �eiel�k ren�kn�d(d(m l�j j l�jBk rel�j l4a j j iel�j }��4iem�n�h fet(m a k res�y a m j k6y a ced(jBk relwcel�n�m l�j kcel�a fere�et(m j�t(y�l�n�g�r�d(n�k n
pet(a cekNn�ced�k rel�c�m l�d(l�y a cel�j�k relj a sHa h n�m a k q��el�k uvl�l�c�pen�a m j_t(y-pet(a cek j_a c�k l�m sHj_t(y-ret(u�sHn�ceqcel�n�m l�j k�cel�a fere�et(m j�k rel�k uvt�pet(a cek j�j ren�m l�}��4j a cef�k rea jd(l�y a cea k a t(cJt(yBj a sHa h n�m a k q�ozt(iemBn�h fet(m a k res�a d(l�cek a y a l�j4g�t(m lHpet(a cek jn�ced0k rel�cH�eiea h d(j*g�h iej k l�m j*n�m t(ieced0k relwg�t(m lwpet(a cek j }(��relwiej lvt(yznj ren�m l�dNcel�n�m l�j k0cel�a fere�et(mJd(l�y a cea k a t(c�t(y�j a sHa h n�m a k q�n�h h l��ea n�k l�jpem t(�eh l�sHj�uva k r��en�m q�a cef�d(l�cej a k a l�j#n�ced�rea fer�d(a sHl�cej a t(cen�h a k q�ouvrea h l_k rel_iej l_t(y{g�t(m l_pet(a cek j-ren�ced(h l�j-pem t(�eh l�sHj-uva k r�j ren�peln�ced�j a |�l�}J~�rea h l4t(iem�n�h fet(m a k res�g�n�c0y a ced-k rel4��d(l�cej l��4g�h iej k l�m jk ren�kwt(k rel�mHg�h iej k l�m a cefZn�h fet(m a k resHj�y a ced(oBa kvn�h j tZy a ced(j-g�h iej k l�m jk ren�k#k rel�j l�n�pepem t(n�g�rel�j�t(�el�m h t(t(�eoJa } l�} o�g�h iej k l�m j�t(y�h t(u�t(msHl�d(a ies�d(l�cej a k qJuvrea g�r_m l�pem l�j l�cekxm l�h n�k a �el�h qJiecea y t(m s�m l�fea t(cej��j iem m t(ieced(l�d(�-�eqJcet(c
-
iecea y t(m s�t(mvrea ferel�mvd(l�cej a k qJn�m l�n�j }Z~�ll��epel�m a sHl�cek n�h h q{j ret(u�k ren�kbt(iem+n�h fet(m a k res�pel�m y t(m sHjx�el�k k l�mzk ren�ck m n�d(a k a t(cen�h6sHl�k ret(d(jv� l�} fe} o��

-
sHl�n�cej o��4�B�6�B�w 4o��B�4¡B¢�£�t(c0n�en�m a l�k q#t(ywd(n�k n�j l�k j ¤x�w�4���Biep#¥ ¦(¦�cel�k uvt(m �#a cek m iej a t(c#d(n�k n�o 4�w�6��¢�n�m k rJj g�a l�ceg�l0k a sHlHj l�m a l�jwd(n�k n�o6n�cedJk uvtJd(a sHl�cej a t(cen�hpet(a cekHj l�k j }���relZm iec

-
k a sHlZg�t(sHpeh l��ea k q�t(y-t(iem-k l�g�recea �eiel�a j

O(n2£�a y�k rel
j a sHa h n�m a k q�sHn�k m a ��ren�j�k t��el�g�t(cej k m ieg�k l�d(}§4t(uvl��el�m o+uvl-d(a j g�iej j{n-ceiesH�el�mvt(yvt(pek a sHa |�n�k a t(cej{k ren�k�n�h h t(uk relvn�h fet(m a k resNk tHren�ced(h lvh n�m felvd(n�k n�j l�k jxl�y y a g�a l�cek h q�}
Keywordsg�h iej k l�mzn�cen�h q�j a j oej ren�m l�dHcel�n�m l�j k�cel�a fere�et(m oek a sHlvj l�m a l�j ocel�k uvt(m �{a cek m iej a t(ceoej pen�k a n�h(d(n�k n
1. INTRODUCTION
C
h iej k l�m0n�cen�h q�j a jJ¨ ©(o ª(ª «-d(a �ea d(l�j�d(n�k n#a cek t�fem t(iepej�� g�h iej k l�m j £y t(m¬k rel­peiem pet(j l�j®t(y¬j iesHsHn�m a |�n�k a t(c¯t(m�a sHpem t(�el�dieced(l�m j k n�ced(a cefe}_`bt(mxl��en�sHpeh l�obg�h iej k l�mxn�cen�h q�j a jvren�jB�el�l�c0iej l�dk t�fem t(iep-m l�h n�k l�d�d(t(g�iesHl�cek jvy t(mx�em t(uvj a cefeobk t�y a ced�fel�cel�jvn�cedpem t(k l�a cej_k ren�k4ren��el�j a sHa h n�m0y ieceg�k a t(cen�h a k q�ovt(m0n�jJn�sHl�n�cejJt(yd(n�k nwg�t(sHpem l�j j a t(ce}0~�rea h lwg�h iej k l�m a cefHren�j*nwh t(cefHrea j k t(m q{n�ced0nh n�m fel0ceiesH�el�m*t(y*g�h iej k l�m a cef�k l�g�recea �eiel�jwren��elH�el�l�c�d(l��el�h t(pel�da c�j k n�k a j k a g�j o�pen�k k l�m c�m l�g�t(fecea k a t(ceo-d(n�k n�sHa cea cefeo-n�ced�t(k rel�my a l�h d(j owj a fecea y a g�n�cek{g�ren�h h l�cefel�j_j k a h h4m l�sHn�a ce}
° c�pen�m k owk rea j_a j�el�g�n�iej l4h n�m fel�o�n�jBuvl�h hbn�j*rea ferHd(a sHl�cej a t(cen�h o(d(n�k nwj l�k j*n�ced0k relg�t(sHpeiek n�k a t(cen�hbpet(uvl�m�k t0d(l�n�h�uva k rHk rel�s�n�m lwm l�h n�k a �el�h q{m l�g�l�cek }

§4t(uvl��el�m o�sHt(j k_t(y�k rel�g�h iej k l�m a cef�g�ren�h h l�cefel�j o-pen�m k a g�ieh n�m h qk ret(j l�m l�h n�k l�d±k t±���eien�h a k q�o ��m n�k rel�m�k ren�c²g�t(sHpeiek n�k a t(cen�h
resources

o�n�m l4k rel4j n�sHl4g�ren�h h l�cefel�jBk ren�kbl��ea j k l�d0d(l�g�n�d(l�j*n�fet(¤ret(u³k t�y a ced�g�h iej k l�m j�uva k r´d(a y y l�m a cef´j a |�l�j oZj ren�pel�j�n�cedd(l�cej a k a l�j oHret(u�k t�ren�ced(h l�cet(a j l�n�cedNt(iek h a l�m j o{n�cedNret(u´k td(l�k l�m sHa celvk relvceiesH�el�mzt(yzg�h iej k l�m j }
1.1. µ-¶B·J¸#¶B¹+º º ·�»B¼+·�½H¾+¿w¸#º ÀB½ÂÁ ·�ÃJÄ#»B¹+º Å�½ÂÆ ½H¹+»BÇÈ ·�º ¹+Á ·�Ç�É�¾+Ã�Ê

K-mean
j�¨ ©(«�a j�t(cel�t(yNk rel�sHt(j k�g�t(sHsHt(ceh qËiej l�dg�h iej k l�m a cef�n�h fet(m a k resHo*�eiekva kvd(t(l�j0cet(kBpel�m y t(m s�uvl�h h*t(c�d(n�k nuva k r�t(iek h a l�m j�t(m�uva k r�g�h iej k l�m j�t(y�d(a y y l�m l�cek�j a |�l�jZt(m#cet(c

-feh t(�eieh n�mBj ren�pel�j }z��rel0��j a cefeh l0h a ce�e�0n�fefeh t(sHl�m n�k a �el0g�h iej k l�m a cefsHl�k ret(d�a jvk rel{sHt(j kzj iea k n��eh l{y t(mxg�n�pek iem a cef-g�h iej k l�m jvuva k r0cet(c
-feh t(�eieh n�m*j ren�pel�j o6�eiek+k rea jwn�pepem t(n�g�r-a jv�el�m q0j l�cej a k a �el{k t�cet(a j ln�ced�g�n�cecet(kNren�ced(h l
g�h iej k l�m j�t(y��en�m q�a cef�d(l�cej a k q�}��4k rel�mn�fefeh t(sHl�m n�k a �el{g�h iej k l�m a cef-n�h fet(m a k resHj obl�} fe} o�g�t(sHpeh l�k l4h a ce�0n�cedfem t(iep�n��el�m n�fel�o6n�m lHcet(kzn�jvn�y y l�g�k l�d��eq0cet(a j l�ob�eiekzren��el{n{�ea n�jk t(uvn�m d(jBy a ced(a cef0feh t(�eieh n�m�g�h iej k l�m j }�Ì�t(m l4m l�g�l�cek h q�o(g�h iej k l�m a cefn�h fet(m a k resHjBren��el4�el�l�c0d(l��el�h t(pel�d-k t-t(�el�m g�t(sHl4j t(sHl4t(y�k rel�j lh a sHa k n�k a t(cej }Í° c�pen�m k a g�ieh n�m oNy t(m�h t(u�d(a sHl�cej a t(cen�h�d(n�k n�o�4�B�6�B�w �¨ Î(« o#�B�4¡B¢�¨eª ©(« o#n�cedË�Bren�sHl�h l�t(c�¨eª Ï(«�ren��elj ret(uvc{fet(t(dHpel�m y t(m sHn�ceg�l�}° cN�4�B�6�B�w 4oHk rel�d(l�cej a k q�n�j j t(g�a n�k l�d�uva k rNn�pet(a cek0a jt(�ek n�a cel�d��eq�g�t(iecek a cef�k rel_ceiesH�el�m{t(y{pet(a cek j-a c�n_m l�fea t(c�t(yj pel�g�a y a l�d�m n�d(a iej o

Eps
o�n�m t(ieced�k relNpet(a cek }³Ð6t(a cek j�uva k r�nd(l�cej a k q�n��et(�elJnJj pel�g�a y a l�d�k rem l�j ret(h d(o

MinPts
oxn�m lJg�h n�j j a y a l�dn�j-g�t(m l_pet(a cek j o*uvrea h lJcet(a j lJpet(a cek j0n�m lJd(l�y a cel�d�n�j0cet(c

-
g�t(m lpet(a cek j#k ren�kHd(t(ceÑ kHren��elZnZg�t(m lZpet(a cek j#uva k rea c�k rel�j pel�g�a y a l�dm n�d(a iej }Ò 4t(a j l�pet(a cek jNn�m l�d(a j g�n�m d(l�d(o#uvrea h l�g�h iej k l�m j�n�m ly t(m sHl�d�n�m t(ieced�k relZg�t(m lZpet(a cek j }Ó° y�k uvt�g�t(m lZpet(a cek j_n�m luva k rea cJn0m n�d(a iej4t(y

Eps
t(y*l�n�g�r�t(k rel�m o6k rel�c�k rel�a m*g�h iej k l�m jwn�m l

joined.
 4t(c

-
cet(a j l�o(cet(c

-
g�t(m lwpet(a cek j o(uvrea g�rHn�m lwg�n�h h l�dH�et(m d(l�mpet(a cek j o6n�m l{n�j j a fecel�d�k t�k rel{g�h iej k l�m jvn�j j t(g�a n�k l�d�uva k r-n�ceq0g�t(m lpet(a cek�uva k rea c�k rel�a m�m n�d(a iej }¬��reiej o_g�t(m l�pet(a cek j�y t(m sÔk relj �el�h l�k t(c�t(y{k rel_g�h iej k l�m j oxuvrea h lJ�et(m d(l�m4pet(a cek j0y h l�j r�t(iekBk rea jj �el�h l�k t(ce}~�rea h lw�4�B�6�B�w �g�n�cHy a ced0g�h iej k l�m j*t(y+n�m �ea k m n�m q{j ren�pel�j oea kg�n�cecet(kbren�ced(h lwd(n�k nwg�t(cek n�a cea cefHg�h iej k l�m j*t(yzd(a y y l�m a cef{d(l�cej a k a l�j oj a ceg�l�a k j³d(l�cej a k q��en�j l�dNd(l�y a cea k a t(c�t(yJg�t(m l�pet(a cek j#g�n�cecet(ka d(l�cek a y q{k relwg�t(m lvpet(a cek jxt(yz�en�m q�a cef{d(l�cej a k q4g�h iej k l�m j }e�Bt(cej a d(l�m`ba feiem lZª }Z° yBn0iej l�mBd(l�y a cel�j4k rel0cel�a fere�et(m ret(t(d_t(yBn0pet(a cek+�eqj pel�g�a y q�a cef�nHpen�m k a g�ieh n�m*m n�d(a iejwn�cedJh t(t(�ejwy t(m*g�t(m lHpet(a cek jvk ren�kren��el4n4pem l

-
d(l�y a cel�d-ceiesH�el�m�t(y�pet(a cek jBuva k rea cHk ren�kbm n�d(a iej o(k rel�c
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l�a k rel�mwk rel-k a ferekxg�h iej k l�mvt(c_k rel-h l�y kxuva h h��el-pea g��el�d#iep_n�j{t(celg�h iej k l�m o�n�ced�k rel-m l�j kxuva h h��el-sHn�m �el�d#n�j{cet(a j l�o+t(mvl�h j l-l��el�m qpet(a cek�uva h h(�el�h t(cef{k tHnvj a cefeh lvg�h iej k l�m }° c
�B�4¡B¢�oZk rel�g�t(ceg�l�pek�t(yNm l�pem l�j l�cek n�k a �el�pet(a cek j�a jl�sHpeh t(q�l�d�k t�y a ced�cet(c
-
feh t(�eieh n�m�g�h iej k l�m j }��6pel�g�a y a g�n�h h q�o��B�4¡B¢m l�pem l�j l�cek jHn�g�h iej k l�mw�eq_iej a cef#sHieh k a peh l-m l�pem l�j l�cek n�k a �el-pet(a cek jy m t(s�k rel�g�h iej k l�m }���rel�j l#pet(a cek j�g�n�pek iem l#k rel#fel�t(sHl�k m q�n�cedj ren�pel�t(yJk rel�g�h iej k l�mJn�cedNn�h h t(u
y t(m�cet(c

-
feh t(�eieh n�m�g�h iej k l�m j }��rel�y a m j kJm l�pem l�j l�cek n�k a �el�pet(a cekJa j�g�ret(j l�c�k t��el�k rel�pet(a ceky iem k rel�j kxy m t(s�k rel-g�l�cek l�mvt(yvk rel0g�h iej k l�m ozuvrea h l0k rel0m l�sHn�a cea cefpet(a cek jZn�m l�g�ret(j l�c�j t�k ren�k�k rel�q�n�m l�y n�m k rel�j k-y m t(s�n�h h0k relpem l��ea t(iej h q®g�ret(j l�c pet(a cek j o�k reiej feien�m n�cek l�l�a cef®k ren�km l�pem l�j l�cek n�k a �el�pet(a cek j
n�m l�uvl�h h�d(a j k m a �eiek l�d(}��4ceg�l�k relm l�pem l�j l�cek n�k a �el4pet(a cek jBn�m l4g�ret(j l�ceo�k rel�qHn�m l4j rem iece�Hk t(uvn�m d0k relg�l�cek l�mv�eq�n0y n�g�k t(m o

α
}Z��rea j4rel�h pej4k t_sHt(d(l�m n�k l0k rel0l�y y l�g�k�t(ycet(a j lZpet(a cek j_h t(g�n�k l�d�n�k{g�h iej k l�m-�et(ieced(n�m a l�j_�eq�sHt(�ea cef�k relm l�pem l�j l�cek n�k a �elvpet(a cek jx�el�h t(cefea cef{k tHk relvg�h iej k l�m jxy n�m k rel�mzn�pen�m k }�B�4¡B¢�iej l�j#n�c�n�fefeh t(sHl�m n�k a �elZrea l�m n�m g�rea g�n�h{j g�rel�sHlZk tpel�m y t(m s�k rel�n�g�k ien�hwg�h iej k l�m a cefe}Ë��rel�d(a j k n�ceg�l��el�k uvl�l�c�k uvtg�h iej k l�m jHa jHk rel�sHa cea sHiesËd(a j k n�ceg�l��el�k uvl�l�c_n�ceqJk uvt#t(yvk rel�a mm l�pem l�j l�cek n�k a �el�pet(a cek j�� n�y k l�mZk relNm l�pem l�j l�cek n�k a �elNpet(a cek j�n�m lj rem iece��k t(uvn�m d�k rel�a m�m l�j pel�g�k a �el
g�l�cek l�m j £ } �4iem a cef�k rea jrea l�m n�m g�rea g�n�h�g�h iej k l�m a cefHpem t(g�l�j j o(�B�4¡B¢�l�h a sHa cen�k l�j*t(iek h a l�m j*�eql�h a sHa cen�k a cef�j sHn�h h owj h t(uvh qZfem t(uva cef�g�h iej k l�m j }Ë�wh k ret(iefer�k relg�t(ceg�l�pekBt(y4m l�pem l�j l�cek n�k a �el�pet(a cek jHd(t(l�jHn�h h t(u��B�4¡B¢�k t�y a cedg�h iej k l�m j�t(yJd(a y y l�m l�cek0j a |�l�j�n�cedNj ren�pel�j�a c�j t(sHl�d(n�k n�j l�k j o�B�4¡B¢�a jwj k a h hz�ea n�j l�d�k t(uvn�m d(jvy a ced(a cef-feh t(�eieh n�mxg�h iej k l�m j obn�jva kj k a h h(ren�jxnvcet(k a t(c{t(yznvg�h iej k l�mzg�l�cek l�m }�Bren�sHl�h l�t(c�a j0nJg�h iej k l�m a cef�n�h fet(m a k res�k ren�k*g�t(sH�ea cel�jHn�ca cea k a n�hJpen�m k a k a t(cea cef�t(y�k rel�d(n�k n�uva k r�n�cet(�el�h�rea l�m n�m g�rea g�n�hg�h iej k l�m a cef�j g�rel�sHl�k ren�k{d(q�cen�sHa g�n�h h q�sHt(d(l�h jJg�h iej k l�m j }Ë��rely a m j k*j k l�p#a c_�Bren�sHl�h l�t(c_a j{k t#fel�cel�m n�k l-n

k-
cel�n�m l�j kxcel�a fere�et(mfem n�pere} �Bt(ceg�l�pek ien�h h q�o�j ieg�r�nNfem n�per�g�t(cek n�a cej�t(ceh q�h a ce�ej�el�k uvl�l�c_n-pet(a cekxn�ced_a k j

k-
cel�n�m l�j k�cel�a fere�et(m j oza } l�} ozk rel0pet(a cek jk t�uvrea g�r-a kza jvg�h t(j l�j kzt(mxsHt(j kzj a sHa h n�m }b��rea jv��h t(g�n�h �{n�pepem t(n�g�rm l�d(ieg�l�jBk rel4a cey h iel�ceg�lwt(y+cet(a j lwn�ced0t(iek h a l�m j o0n�ced0pem t(�ea d(l�j*n�c��n�iek t(sHn�k a g���n�d � iej k sHl�cek*y t(mwd(a y y l�m l�ceg�l�j{a c_d(l�cej a k q�}��4ceg�l-n

k-
cel�n�m l�j k-cel�a fere�et(m_fem n�perNren�j��el�l�cNt(�ek n�a cel�d(oHn�cNl�y y a g�a l�cek

multi-
h l��el�hvfem n�per

-
pen�m k a k a t(cea cefZn�h fet(m a k resHoBÌ�¢���° ��¨eª ¦(« o*g�n�c�el{iej l�d�k t�pen�m k a k a t(c-k rel{d(n�k n{j l�k obm l�j ieh k a cef0a c0n4h n�m fel4ceiesH�el�mt(yHn�h sHt(j kwl��eien�h h q�j a |�l�d�fem t(iepej�t(yHuvl�h h

-
g�t(cecel�g�k l�d��el�m k a g�l�j� rea fereh q�j a sHa h n�m{d(n�k n_pet(a cek j £ }���rea j0pem t(d(ieg�l�j0pen�m k a k a t(cej0k ren�k

n�m l�j ie�
-
g�h iej k l�m j ova } l�} ovk ren�k4g�t(cek n�a c�pet(a cek jJsHt(j k h q�y m t(s´t(cel��k m iel��vg�h iej k l�m }��t�m l�g�t(sH�ea cel_k rel_j ie�

-
g�h iej k l�m j o*n_cet(�el�hBn�fefeh t(sHl�m n�k a �elrea l�m n�m g�rea g�n�hbn�h fet(m a k res�a jBiej l�d(}���uvt-g�h iej k l�m jBn�m l4g�t(sH�ea cel�d0a yk rel�m l�j ieh k a cef
g�h iej k l�mNj ren�m l�j�g�l�m k n�a c�pem t(pel�m k a l�j�uva k r�k relg�t(cej k a k iel�cek4g�h iej k l�m j ovuvrel�m l�k rel�k uvt��el�q�pem t(pel�m k a l�j�n�m l#k relm l�h n�k a �el{g�h t(j l�cel�j jvn�ced�k rel{m l�h n�k a �el{a cek l�m g�t(cecel�g�k l�d(cel�j jBt(y�k relpet(a cek j } ��reiej o�k uvt�g�h iej k l�m j�uva h hJ�elNsHl�m fel�d�t(ceh q�a y�k relm l�j ieh k a cef#g�h iej k l�mwa jH��j a sHa h n�m ��k t�k rel�t(m a fea cen�hxg�h iej k l�m j o+a } l�} o+a y

self-similarit
q4a jxpem l�j l�m �el�d(}

Although
�Bren�sHl�h l�t(c-d(t(l�jvcet(kzl��epeh a g�a k h q0iej l{k rel4cet(k a t(ct(ywg�t(m l�pet(a cek j o�n�h hxk rem l�l�n�pepem t(n�g�rel�jHj ren�m l�k rel�a d(l�n-k ren�kxk relg�ren�h h l�cefel_t(y{y a ced(a cef�g�h iej k l�m j-t(y{d(a y y l�m l�cekvj ren�pel�j-n�cedZj a |�l�jg�n�cJ�el0ren�ced(h l�dJ�eq-y a ced(a cef�pet(a cek jwt(m*j sHn�h hzj ie�ej l�k jwt(y*pet(a cek jn�cedHk rel�c{�eiea h d(a cef{g�h iej k l�m jxn�m t(iecedHk rel�sH}~�rea h l-�4�B�6�B�w 4o+�B�4¡B¢�o+n�ced#�Bren�sHl�h l�t(cJren��el0h n�m fel�h q�el�l�cÔiej l�d³y t(m�j t(h �ea cefÔg�h iej k l�m a cefÔpem t(�eh l�sHj�y t(m´h t(ud(a sHl�cej a t(cen�h�d(n�k n�o�rea fer±d(a sHl�cej a t(cen�h�d(n�k n��em a cefej�cel�ug�ren�h h l�cefel�j }N° c�pen�m k a g�ieh n�m oNrea fer�d(a sHl�cej a t(cen�h a k q�k q�pea g�n�h h qsHn��el�jHa k jHa cey h iel�ceg�l�y l�h k*k rem t(iefer#a k jHl�y y l�g�k*t(c#k rel�j a sHa h n�m a k qy ieceg�k a t(ce}�`bt(m�l��en�sHpeh l�o_a c�rea fer�d(a sHl�cej a t(cen�h_d(n�k n�j l�k j od(a j k n�ceg�l�jËt(m�j a sHa h n�m a k a l�j��el�k uvl�l�c�pet(a cek j��el�g�t(sHl
sHt(m liecea y t(m sHo�sHn��ea cef0g�h iej k l�m a cef0sHt(m l4d(a y y a g�ieh k }-�wh j t(o(j t(sHl�k a sHl�jk rel�j a sHa h n�m a k q��el�k uvl�l�c�a ced(a �ea d(ien�h�d(n�k n�pet(a cek j�g�n�c��elsHa j h l�n�d(a cefeo+a } l�} ozn0pet(a cek�g�n�cJ�el0sHt(m l0j a sHa h n�mBk t_n0pet(a cek�k ren�k��n�g�k ien�h h q��H�el�h t(cefejwk t�n{d(a y y l�m l�cekzg�h iej k l�mxk ren�c-k t�pet(a cek jva c-a k jt(uvc{g�h iej k l�m }e��rea jxa jxd(a j g�iej j l�dHa c{�6l�g�k a t(c��(}�´j ren�m l�d�cel�n�m l�j kHcel�a fere�et(m�n�pepem t(n�g�r�k t�j a sHa h n�m a k q�o4n�jpem t(pet(j l�d��eq�� n�m �ea j�n�ced�Ð6n�k m a g��Na c�¨ ¦(« o{n�cedNn�h j tNh n�k l�mJa c¡B�4�B��¨ �(« o0a jZn�pem t(sHa j a cef�uvn�qNk t�d(l�n�h-uva k r�k rea jZa j j iel�}�6pel�g�a y a g�n�h h q�ozk rel0cel�n�m l�j k�cel�a fere�et(m j4t(yBl�n�g�rJpet(a cek+n�m lHy t(ieced(on�ced-k rel�c0n4cel�u�j a sHa h n�m a k qH�el�k uvl�l�c0pet(a cek jBa j*d(l�y a cel�d0a cHk l�m sHjt(yvk rel-ceiesH�el�mvt(yvcel�a fere�et(m j4k rel�q�j ren�m l�}Z�wj4q�t(iJuva h h+j l�l0a cj l�g�k a t(cej0Î�n�ced��(oxk rea j0cet(k a t(c�t(y4j a sHa h n�m a k q_a jH�el�m q_�en�h ien��eh ly t(mxy a ced(a cef-g�h iej k l�m jvt(yxd(a y y l�m a cef-d(l�cej a k a l�j }_~�rea h l{k rel�� n�m �ea j

-Ð6n�k m a g���n�pepem t(n�g�r�n�ced�¡B�4�B��iej l�k rea j�cet(k a t(cZt(yHj a sHa h n�m a k qk rel�qHren��el4j l�m a t(iejBh a sHa k n�k a t(cej }�° c0pen�m k a g�ieh n�m o(¡B�4�B��a j*j a sHa h n�mk t�k rel#fem t(iep�n��el�m n�fel
agglomerative hie

m n�m g�rea g�n�hBk l�g�recea �eielsHl�cek a t(cel�d�l�n�m h a l�m�n�ced�j ren�m l�j�n��ea n�j�k t(uvn�m d(j�feh t(�eieh n�mg�h iej k l�m j }
Jarvis-Patrick

o{t(c�k rel�t(k rel�mJren�ced(o{a j�j a sHa h n�mJk tj a cefeh l0h a ce�e}�° k
’
jwh a sHa k n�k a t(cejwn�m lHd(a j g�iej j l�dJy iem k rel�m*a c��6l�g�k a t(c

4.

1.2. ��ÀBÃJ¸#¾+»BÁ Ã�Æ 	BÀBÁ Æ ¾+»~�l pem l�j l�cekÒn g�h iej k l�m a cefÓn�pepem t(n�g�rÓk ren�k¬g�n�cj a sHieh k n�cel�t(iej h q�n�d(d(m l�j jwk relHpem l��ea t(iej h q-sHl�cek a t(cel�dJg�h iej k l�m a cefg�ren�h h l�cefel�jwy t(m*nHuva d(lH�en�m a l�k q-t(y*d(n�k nHj l�k j }6° c�pen�m k a g�ieh n�m obt(iemn�h fet(m a k res�y a m j kby a ced(j*k relvcel�n�m l�j k�cel�a fere�et(m jxt(yzl�n�g�r{d(n�k nvpet(a cekn�ced�k rel�ceobn�jva c-¨ ¦(« obm l�d(l�y a cel�jvk rel{j a sHa h n�m a k qH�el�k uvl�l�c0pen�a m jBt(ypet(a cek j�a cNk l�m sHj�t(y_ret(u´sHn�ceq�cel�n�m l�j k0cel�a fere�et(m j�k rel�k uvtpet(a cek j�j ren�m l�} �4j a cef´k rea j�d(l�y a cea k a t(c
t(yNj a sHa h n�m a k q�oZt(iemn�h fet(m a k res²a d(l�cek a y a l�j�g�t(m l�pet(a cek jZn�ced�k rel�c��eiea h d(jZg�h iej k l�m jn�m t(ieced-k rel4g�t(m l4pet(a cek j }���rel�j l4g�h iej k l�m jBd(t-cet(k6g�t(cek n�a c0n�h h�k relpet(a cek j o��eiek*m n�k rel�m o�m l�pem l�j l�cek*pet(a cek jHk ren�k*g�t(sHl-y m t(s�m l�fea t(cejt(y{m l�h n�k a �el�h q�iecea y t(m s
d(l�cej a k q�}*��rel_iej l_t(y{nJj ren�m l�d�cel�n�m l�j k
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cel�a fere�et(m�d(l�y a cea k a t(c�t(y�j a sHa h n�m a k q�m l�sHt(�el�j�pem t(�eh l�sHj�uva k r�en�m q�a cef0d(l�cej a k qHn�ced-k rel4iecem l�h a n��ea h a k qHt(y+d(a j k n�ceg�lwsHl�n�j iem l�j*a crea fer�d(a sHl�cej a t(cej o_uvrea h l�k rel�iej l�t(y�g�t(m l�pet(a cek j�ren�ced(h l�jpem t(�eh l�sHjwuva k r�j ren�pelHn�cedJj a |�l�}�`biem k rel�m sHt(m l�o6k relHceiesH�el�m*t(yg�h iej k l�m jxa jxn�iek t(sHn�k a g�n�h h q4d(l�k l�m sHa cel�d(}��cet(�el�hzn�j pel�g�k+t(y*t(iem*n�h fet(m a k res�a jvk ren�kza kzy a ced(jvg�h iej k l�m jk ren�k�t(k rel�m�n�pepem t(n�g�rel�jËt(�el�m h t(t(�e} ° c�pen�m k a g�ieh n�m o�sHn�ceqg�h iej k l�m a cefJn�h fet(m a k resHj4t(ceh q-y a cedJ��d(l�cej l��Hg�h iej k l�m j }�§4t(uvl��el�m ok rea jHa fecet(m l�jHj l�k jHt(yvpet(a cek j{k ren�kxm l�pem l�j l�cekxm l�h n�k a �el�h qJiecea y t(m sm l�fea t(cej0uva k r�m l�j pel�g�kBk t�k rel�a m4j iem m t(ieced(a cefej }��wcet(k rel�mwcet(�el�hn�j pel�g�kbt(y+t(iem+n�pepem t(n�g�rHa j*k ren�kbnwg�h iej k l�mzg�t(cej a j k a cef{t(yznvj a cefeh ld(n�k nJpet(a cekBg�n�c��elJj a fecea y a g�n�cek oxj a ceg�lJk rea j0d(n�k n�pet(a cek*sHn�q_�elm l�pem l�j l�cek n�k a �el�t(y�n�h n�m fel�ceiesH�el�m�t(y�t(k rel�m�d(n�k n�pet(a cek j }� �4cey t(m k iecen�k l�h q�ozk rel�m lHa jwcet(k+m t(t(s�a c�k rea jwpen�pel�m*k tJa h h iej k m n�k lk rea jxa d(l�n�oen�cedHuvlvm l�y l�mzk relvm l�n�d(l�mzk tH¨ �(« } £Ì�ieg�rHt(y+k relwj k m l�cefek rHt(yzt(iemzn�pepem t(n�g�r{g�t(sHl�jxy m t(sNa d(l�n�jk ren�k*n�m l�y t(ieced�a c_j l��el�m n�h�m l�g�l�cekxg�h iej k l�m a cef_n�h fet(m a k resHj ¤�g�t(m lt(mxm l�pem l�j l�cek n�k a �el{pet(a cek j o�k rel4a sHpet(m k n�ceg�l4t(y�cet(a j l4n�ced-t(iek h a l�mm l�sHt(�en�h obn�ced�k rel{cet(k a t(c-t(yxd(l�y a cea cef0d(a j k n�ceg�l4a c0k l�m sHjBt(y�k relceiesH�el�m�t(y�j ren�m l�d�cel�n�m l�j kZcel�a fere�et(m j }��4iem�g�t(cek m a �eiek a t(ceja ceg�h ied(l4l��ek l�ced(a cefHk rel � n�m �ea j
-
Ð6n�k m a g��Hj ren�m l�d0cel�n�m l�j kbcel�a fere�et(mg�h iej k l�m a cef k l�g�recea �eiel k t¯l�ceg�t(sHpen�j jÒk rel cet(k a t(c­t(ym l�pem l�j l�cek n�k a �el³pet(a cek j o´g�m l�n�k a cef�nÔg�t(sHpeh l�k lÔg�h iej k l�m a cefn�h fet(m a k resÒuvrea g�r�a ceg�t(m pet(m n�k l�j�n��en�m a l�k q´t(y�m l�g�l�cek�n�cedl�j k n��eh a j rel�d#a d(l�n�j o�m l�h n�k a cef_k rea j{n�pepem t(n�g�rJk t_k rel0n�pepem t(n�g�rel�jt(y�t(k rel�m�m l�j l�n�m g�rel�m j o�n�ced�a sHpet(m k n�cek h q�o�j ret(uva cef�k ren�k_t(iemn�pepem t(n�g�rJuvt(m �ej4�el�k k l�mBk ren�c�g�iem m l�cek+n�h fet(m a k resHjwy t(m*nH�en�m a l�k qt(yzd(a y y l�m l�cek�k q�pel�jxt(yzd(n�k n�} 4t(k l0k ren�k�t(iemBn�h fet(m a k res�d(t(l�j4cet(k�g�h iej k l�m*n�h hzk relHpet(a cek j }

� l�cel�m n�h h q�o+k rea j4a j4n0fet(t(d_k rea cefJy t(mBsHn�ceq�d(n�k n0j l�k j ozn�j4t(y k l�csHieg�r�t(yHk rel#d(n�k n#a j�cet(a j l#n�ced�j ret(ieh d��el#l�h a sHa cen�k l�d(}®° cpen�m k a g�ieh n�m o+k rel-n��ea h a k qJt(yvt(iemvn�pepem t(n�g�r_k t#m l�sHt(�el-cet(a j l0n�cedt(iek h a l�m j o�a jBn4g�m a k a g�n�hbm l��eiea m l�sHl�cek6a c0j t(sHl4t(y�k relwn�pepeh a g�n�k a t(cejd(l�j g�m a �el�d�h n�k l�m }
However

oHa yJn�g�h iej k l�m a cef�t(yJn�h hHpet(a cek j�a jd(l�j a m l�d(o�k relNieceg�h iej k l�m l�d�d(n�k n�g�n�c��el�n�d(d(l�d�k t�k rel�g�t(m lg�h iej k l�m jJy t(ieced��eq�t(iemHn�h fet(m a k res´�eq�n�j j a fecea cefZk rel�s´k t�k relg�h iej k l�mzg�t(cek n�a cea cef{k relvg�h t(j l�j k�m l�pem l�j l�cek n�k a �elvpet(a cek }��rel�m lJn�m lJpen�m n�sHl�k l�m j0k ren�kBn�h h t(u�y t(m4k rel�n�d � iej k sHl�cek*t(yk rel#n�h fet(m a k resHoBn�ced�k rel#l�y y l�g�k j�t(yHk rel�j l_pen�m n�sHl�k l�m j-uva h hB�eld(a j g�iej j l�d0a c{sHt(m lvd(l�k n�a h(a c{�6l�g�k a t(c{Î(}{§4t(uvl��el�m oea c{�em a l�y oek relpen�m n�sHl�k l�m j�g�t(cek m t(h�k rel�m l�j t(h iek a t(cËt(m�fem n�ceieh n�m a k q�t(y�k relg�h iej k l�m a cefHn�ced0n�h h t(u�k relviej l�mzk tHg�t(cek m t(h(ret(u�sHn�ceq4pet(a cek jxn�m lg�h iej k l�m l�dH�el�m j iejxret(u�sHn�ceq4pet(a cek jxn�m lvg�h n�j j a y a l�dHn�jxcet(a j l�}��rel�m iec
-
k a sHl�g�t(sHpeh l��ea k qNt(y#t(iem#n�h fet(m a k res a j

O(n2£ ouvrel�m l
n
a jvk rel{ceiesH�el�mxt(yxpet(a cek j oba yxk rel{j a sHa h n�m a k q0sHn�k m a �0ren�jk t��el�g�t(cej k m ieg�k l�d(}

T
rel�m l�n�m l�o�ret(uvl��el�m o�n�ceiesH�el�m�t(yn�pepem t(n�g�rel�jBk ren�k6g�n�c0�el4iej l�d-k t-m l�d(ieg�l4k relwg�t(sHpeh l��ea k q{t(y+k reln�h fet(m a k res a c�j pel�g�a y a g�a cej k n�ceg�l�j o0sHn�ceqNt(y#k rel�s �en�j l�d�t(cn�pepem t(n�g�rel�j´j ieg�g�l�j j y ieh h q�pem t(pet(j l�d²n�ced²iej l�d²�eq�t(k rel�mm l�j l�n�m g�rel�m j }x~�l�d(a j g�iej jHk rel�d(l�k n�a h jHt(y�k rel�j l�t(pek a sHa |�n�k a t(cejh n�k l�m oea c{�6l�g�k a t(c��(}

1.3. ��ÀBÁ º Æ »B·J¾+¿wÁ ¶B·��{¹��B·�Ã��rel{m l�j kzt(yxk rel{pen�pel�mxa jvt(m fen�cea |�l�d�n�jvy t(h h t(uvj }J�6l�g�k a t(cej
�
n�ced
Î(o�m l�j pel�g�k a �el�h q�o�d(l�j g�m a �el�t(iem�n�pepem t(n�g�rel�j�k t�k rel

d(l�y a cea k a t(c�t(y0j a sHa h n�m a k qZn�ced�d(l�cej a k q�ovuvrea g�r�n�m l#�el�q�k t�t(iemg�h iej k l�m a cef_n�h fet(m a k resH}���rel-n�g�k ien�h�g�h iej k l�m a cefJn�h fet(m a k res�a k j l�h ya j{d(l�j g�m a �el�d#a c_�6l�g�k a t(c �(}��6l�g�k a t(c �#y t(h h t(uvj{iep_uva k r_k rem l�lg�n�j l�j k ied(a l�j ¤#k uvt�d(a sHl�cej a t(cen�h#pet(a cek�d(n�k n�oJ 4�w�6� ¢�n�m k r�6g�a l�ceg�lZk a sHlZj l�m a l�j#d(n�k n�o4n�ced�k rel��w�4�´g�iep�Ñ ¦(¦�cel�k uvt(m �a cek m iej a t(c�d(n�k n�}��6l�g�k a t(c���d(a j g�iej j l�j0k relJg�t(sHpeh l��ea k q#t(y4t(iemg�h iej k l�m a cefZn�h fet(m a k res´n�ced�j k m n�k l�fea l�j�y t(mHa sHpem t(�ea cefZk rel#m iec
-k a sHlHl�y y a g�a l�ceg�q�o6uvrea h lH�6l�g�k a t(c	��pem l�j l�cek jvn{j ret(m kzg�t(ceg�h iej a t(cn�cedHd(a m l�g�k a t(cejxy t(mzy iek iem lvuvt(m �e}

2. AN ALTERNATIVE 
��	
������Âµ	����� ��
�
�������-Ä È �Âµ	���relHsHt(j kzg�t(sHsHt(c-d(a j k n�ceg�l{sHl�k m a g{iej l�d�a c-h t(u�d(a sHl�cej a t(cen�hd(n�k n�j l�k j0a j0k relJ¢�ieg�h a d(l�n�c�d(a j k n�ceg�l�oxt(m4k rel��

2
cet(m sH}�~�rea h l¢�ieg�h a d(l�n�cZd(a j k n�ceg�l#a j-iej l�y iehBa c�h t(u�d(a sHl�cej a t(cej o*a kvd(t(l�j ceÑ kuvt(m �Jn�j4uvl�h hza c�rea fer�d(a sHl�cej a t(cej }��Bt(cej a d(l�m*k relHpen�a m*t(y*k l�c

-d(a sHl�cej a t(cen�hwd(n�k n�pet(a cek j o
p1
n�ced

p2
ovj ret(uvc��el�h t(uvovuvrea g�rren��elvk relvy t(h h t(uva cef{n�k k m a �eiek lv�en�h iel�j }

Point A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

p1 3 0 0 0 0 0 0 0 0 0

p2 0 0 0 0 0 0 0 0 0 4° y0uvl�g�n�h g�ieh n�k l�k rel�¢�ieg�h a d(l�n�c�d(a j k n�ceg�l��el�k uvl�l�cZk rel�j l#k uvtpet(a cek j o{uvl�fel�k �(}  4t(uvo{g�t(cej a d(l�mJk rel�cel��ekHpen�a m�t(y�k l�c
-d(a sHl�cej a t(cen�h(pet(a cek j o

p3
n�ced

p4.
Point A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

p3 3 2 4 0 1 2 3 1 2 0

p4 0 2 4 0 1 2 3 1 2 4

° yBuvl0g�n�h g�ieh n�k l0k rel0d(a j k n�ceg�l0�el�k uvl�l�cJpet(a cek j
p3
n�ced

p4
ouvl-n�fen�a cJfel�k �(}Z§4t(uvl��el�m oza yBk rel0pet(a cek j4n�m l0d(t(g�iesHl�cek j4n�cedl�n�g�r�n�k k m a �eiek l�a jJk rel�ceiesH�el�m0t(y0k a sHl�j�n#uvt(m d�t(g�g�iem j�a cZnd(t(g�iesHl�cek o�k rel�ceo�a cek iea k a �el�h q�o�pet(a cek j

p3
n�ced

p4
o(uvrea g�rHj ren�m l��uvt(m d(j o{j l�l�s�sHt(m lZj a sHa h n�m�k ren�c�pet(a cek j

p1
n�ced

p2
o4uvrea g�rd(t(ceÑ kBj ren�m lJn�ceq#uvt(m d(j }�Ì�t(m lJfel�cel�m n�h h q�o�uvrel�c#d(n�k n�pet(a cek jren��elZnZh t(kHt(y�n�k k m a �eiek l�j#k ren�kHn�m l�t(y k l�c�Ï(owa } l�} owk rel�d(n�k n�a jj pen�m j l�o-j a sHa h n�m a k q�� d(a j k n�ceg�l�£�a j�sHt(m l�iej l�y ieh h q�d(l�y a cel�d��eqa fecet(m a cef
n�k k m a �eiek l�j�k ren�k�n�m l�|�l�m t
y t(m��et(k r�d(n�k n�pet(a cek j }§4t(uvl��el�m o�n�jBa h h iej k m n�k l�d-�eqHk rea j*l��en�sHpeh l�o(¢�ieg�h a d(l�n�cHd(a j k n�ceg�l�od(t(l�j-cet(kvg�n�pek iem l_k rea j-cet(k a t(c�t(y{g�h t(j l�cel�j j }���rea j0a j0y iem k rel�md(a j g�iej j l�dHa c{¨eª �(« }�4a y y l�m l�cek-sHl�n�j iem l�j oHj ieg�rNn�j�k rel�g�t(j a cel�sHl�n�j iem l�n�cedl��ek l�ced(l�d � n�g�g�n�m d�g�t(l�y y a g�a l�cekz¨eª �(« obn�d(d(m l�j jvk rea jvpem t(�eh l�sH}_° cpen�m k a g�ieh n�m oxk relJg�t(j a cel�j a sHa h n�m a k q_�el�k uvl�l�c#k uvt�d(n�k n�pet(a cek jHa jl��eien�hxk t�k rel-d(t(kxpem t(d(ieg�kxt(yvk rel-k uvt#�el�g�k t(m j{d(a �ea d(l�d#�eqJk rela ced(a �ea d(ien�hzcet(m sHjwt(y*k relH�el�g�k t(m j }�� ° y*k rel{�el�g�k t(m jvn�m l{n�h m l�n�d(qcet(m sHn�h a |�l�d(o*k rel�c�k rel_g�t(j a cel_j a sHa h n�m a k q�j a sHpeh q#�el�g�t(sHl�j0k reld(t(k-pem t(d(ieg�k-t(y_k rel��el�g�k t(m j } £Ô° y_uvl�g�n�h g�ieh n�k l�k rel�g�t(j a celj a sHa h n�m a k q{�el�k uvl�l�cHd(n�k nwpet(a cek j

p1
n�ced

p2
o(n�ced

p3
n�ced

p4
oeuvlj l�lwk ren�kbk relwj a sHa h n�m a k q{�el�k uvl�l�c

p1
n�ced

p2
a jxl��eien�h(k tHÏ(oe�eiek�a jÏ(} � �(¦´�el�k uvl�l�c

p3
n�ced

p4
}­� �Bt(j a cel�j a sHa h n�m a k qËm n�cefel�j�el�k uvl�l�c{Ï(oecetHj a sHa h n�m a k q�oen�ced�ª oeg�t(sHpeh l�k l�h q4j a sHa h n�m } £ 4t(cel�k rel�h l�j j o�l��el�c0k ret(iefer0�et(k rHk relwg�t(j a celwn�ced0l��ek l�ced(l�d

Jac
g�n�m d-sHl�n�j iem l�j*fea �elwsHt(m lwa sHpet(m k n�ceg�lwk t0k relwpem l�j l�ceg�lwt(y+n
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k l�m s�k ren�c�k t�a k j_n��ej l�ceg�l�owk rel�m l�n�m l�j a k ien�k a t(cej_uvrel�m l�j ieg�rj a sHa h n�m a k q�sHl�n�j iem l�j4j k a h h+ren��el0pem t(�eh l�sHj4a cJrea ferJd(a sHl�cej a t(cej }`bt(m{l��en�sHpeh l�o*y t(m{j l��el�m n�hB��¡B¢���d(n�k n�j l�k j0uvrea g�r�ren��elJg�h n�j jh n��el�h j o(uvlwy t(ieced0k ren�kBª �
-
�(Ï � t(yzk relvk a sHlvnvd(t(g�iesHl�cek Ñ jxsHt(j kj a sHa h n�mBd(t(g�iesHl�cek�� n�g�g�t(m d(a cefJk t_k rel0g�t(j a cel0sHl�n�j iem l�£Ba j4t(yBnd(a y y l�m l�cek�g�h n�j j4¨eª �(« }Z��rel0��iecem l�h a n��ea h a k q��0t(y*d(a m l�g�k+j a sHa h n�m a k qa jBn�h j t-a h h iej k m n�k l�d-a c0¨ �(«xiej a cef0nwj q�cek rel�k a gwsHn�m �el�kb�en�j �el�kbd(n�k nj l�k }_ 4t(k l{k ren�kzk rea jvpem t(�eh l�s�a j

not
d(iel4k t-k rel4h n�g��0t(y�n4fet(t(dj a sHa h n�m a k q�sHl�n�j iem l�}�° cej k l�n�d(oJk rel�pem t(�eh l�s�a j�k ren�k#d(a m l�g�kj a sHa h n�m a k q�a c�rea fer�d(a sHl�cej a t(cej_g�n�cecet(k{�el�k m iej k l�d�uvrel�c�k relj a sHa h n�m a k q-�el�k uvl�l�c�pen�a m jwt(yxpet(a cek jva jvh t(uv}_��q�pea g�n�h h q�obd(n�k n{a crea fer�d(a sHl�cej a t(cej0a j0j pen�m j l�oxn�ced�k rel�j a sHa h n�m a k q_�el�k uvl�l�c#d(n�k npet(a cek jxa j oet(c{k relvn��el�m n�fel�oeh t(uv}�wcet(k rel�m��el�m q a sHpet(m k n�cek�pem t(�eh l�sÓuva k r j a sHa h n�m a k qsHl�n�j iem l�j�a j�k ren�k�� ����� � � 	�
���� ��� 
���
���	�� � � ��������� 
�� ������� �(}�Bt(cej a d(l�mzk relvy t(h h t(uva cef{l��en�sHpeh l�}

Point A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

p1 1 1 1 1 1 0 0 0 0 0

p2 0 0 1 1 1 1 1 1 0 0

p3 0 0 0 0 0 1 1 1 1 1�4j a cef0k rel4g�t(j a cel4sHl�n�j iem l�o�pet(a cek
p1
a j*g�h t(j lwk t0pet(a cek

p2
opet(a cek

p2
a jwg�h t(j lHk tJpet(a cek

p3
o6n�cedJq�l�k o6pet(a cek j

p1
n�ced

p3
n�m lren��el4nwj a sHa h n�m a k q{t(y+Ï(}0��relwj a sHa h n�m a k q{�el�k uvl�l�cHpet(a cek j

p1
n�ced

p2
o�n�ced�pet(a cek j

p2
n�ced

p3
g�t(sHl�y m t(s²d(a y y l�m l�cekJj l�k j�t(yn�k k m a �eiek l�j }�wc�n�h k l�m cen�k a �el�k tËd(a m l�g�k�j a sHa h n�m a k q�a jNk tËd(l�y a cel�k relj a sHa h n�m a k q_�el�k uvl�l�c_n-pen�a mvt(yvpet(a cek j{a c_k l�m sHj{t(yvk rel�a mvj ren�m l�dcel�n�m l�j k#cel�a fere�et(m j } ��ren�k#a j oJk rel�j a sHa h n�m a k q��el�k uvl�l�c�k uvtpet(a cek jZa jZ��g�t(cey a m sHl�d(���eq�k rel�a m_g�t(sHsHt(cN� j ren�m l�d(£_cel�n�m l�j kcel�a fere�et(m j }�° ywpet(a cek

p1
a j{g�h t(j l-k t#pet(a cek

p2
n�ced#a yvk rel�qJn�m l�et(k r-g�h t(j l{k t�n{j l�kzt(yxpet(a cek j o��6o�k rel�c0uvl4g�n�c0j n�qHk ren�k

p1
n�ced

p2
n�m l{g�h t(j l{uva k r-fem l�n�k l�mxg�t(cey a d(l�ceg�l{j a ceg�l{k rel�a m�j a sHa h n�m a k qHa j��g�t(cey a m sHl�d(���eq�k relZpet(a cek j#a c�j l�kH�6}���relZj ren�m l�d�cel�n�m l�j kcel�a fere�et(m�n�pepem t(n�g�r´uvn�j�y a m j k�a cek m t(d(ieg�l�d´�eq � n�m �ea j�n�cedÐ6n�k m a g���¨ ¦(« }���j a sHa h n�m{a d(l�n_uvn�j-h n�k l�m{pem l�j l�cek l�dZa c�¡B�4�B�

[5]. ° c³k rel � n�m �ea j
–
Ð6n�k m a g��Ôj g�rel�sHl�o�n�� ��	�� ����
���	�� ��� �


���� ����������� ������� ��� 	 !���a j#g�t(cej k m ieg�k l�d�y m t(s�k rel�j a sHa h n�m a k qsHn�k m a �Hn�j*y t(h h t(uvj }(��h a ce�Ha j*g�m l�n�k l�d0�el�k uvl�l�cHnwpen�a m+t(yzpet(a cek j o
p
n�ced

q
oxa y4n�ced�t(ceh q#a y

p
n�ced

q
ren��el�l�n�g�r#t(k rel�mwa c#k rel�a m

kcel�n�m l�j k_cel�a fere�et(m�h a j k j }³��rea j�pem t(g�l�j j�a j�g�n�h h l�d
k-
cel�n�m l�j kcel�a fere�et(m4j pen�m j a y a g�n�k a t(ce}���relJuvl�a ferek j0t(y4k relJh a ce�ejH�el�k uvl�l�ck uvt�pet(a cek j�a c�k rel��6 4 �fem n�per�g�n�c�l�a k rel�m��el�j a sHpeh q�k relceiesH�el�mHt(yHcel�n�m l�j kwcel�a fere�et(m j�k rel#k uvt�pet(a cek j-j ren�m l�o*t(m{g�n�ck n��el�k rel�t(m d(l�m a cefNt(y_k rel�cel�n�m l�j k-cel�a fere�et(m j�a cek t�n�g�g�t(iecek }�6pel�g�a y a g�n�h h q�o�a y"!�n�ced#
-�el4k uvt-pet(a cek j }���rel�ceo�k rel4j k m l�cefek r0t(yk rel-h a ce�J�el�k uvl�l�c

p
n�ced$
�%za } l�} ozk rel�a mBj a sHa h n�m a k q�a j4d(l�y a cel�d_�eqk relvy t(h h t(uva cef{l��eien�k a t(ce}

& ' ( ' ) *�+ ' , -/. 0�13254/6 size( 78789 :<; ∩∩∩∩ 78789 =<; ;° c�k relJn��et(�elJl��eien�k a t(ceo>����� !��
and

����� 
��wn�m l�o�m l�j pel�g�k a �el�h q�ok rel{cel�n�m l�j kzcel�a fere�et(mxh a j k jvt(y
p
n�ced

q
}_�wkzk rea jvpet(a cek obg�h iej k l�m jg�n�c��elËt(�ek n�a cel�d��eq
m l�sHt(�ea cef´n�h h�l�d(fel�j�uva k r´uvl�a ferek j� j a sHa h n�m a k a l�j £*h l�j jwk ren�c�nHiej l�m*j pel�g�a y a l�dJk rem l�j ret(h dJn�ced�k n��ea cef

n�h h6k rel{g�t(cecel�g�k l�d�g�t(sHpet(cel�cek jvn�jvg�h iej k l�m jv¨ ¦(« }�~�l4uva h hbm l�y l�mk tHk rea jxn�j0� n�m �ea j
-
Ð6n�k m a g��{g�h iej k l�m a cefe}`ba feiem l ��a h h iej k m n�k l�j#k uvt��el�q�pem t(pel�m k a l�j#t(y-k rel�j ren�m l�dcel�n�m l�j kvcel�a fere�et(m{fem n�per�a c�k rel_g�t(cek l��ekBt(y4n �

-
��pet(a cekBd(n�k nj l�k }�° c�`ba feiem l ��� h l�y k £ oJh a ce�ej�k t�k rel�y a �el�sHt(j k#j a sHa h n�mcel�a fere�et(m jwn�m lHd(m n�uvc�y t(m*l�n�g�r-pet(a cek }_`ba feiem l���� m a ferek £xj ret(uvjk relvieceuvl�a ferek l�dHj ren�m l�dHcel�n�m l�j k�cel�a fere�et(mzfem n�pere}{° c{k relvfem n�pereok rel�m l0a j4nHh a ce���el�k uvl�l�c�pet(a cek j

p1
n�ced

p2
o6t(ceh q-a y

p1
n�ced?!�@ren��elvl�n�g�r{t(k rel�mza c{k rel�a mzcel�n�m l�j k�cel�a fere�et(mzh a j k j }~�l�sHn��el�k uvt�a sHpet(m k n�cek{t(�ej l�m �en�k a t(cejJn��et(iek4k rea j �

-
�l��en�sHpeh l�o#uvrea g�r�n�h j tËret(h d�y t(m�rea ferel�m�d(a sHl�cej a t(cen�h#d(n�k n�}`ba m j k oxcet(a j lJpet(a cek j0n�ced�t(iek h a l�m j0l�ced�iep�ren��ea cef�sHt(j k o�a ywcet(k

n�h h o(t(y+k rel�a m+h a ce�ejx�em t(�el�ce}{��relvpet(a cek�a c{k relvh t(uvl�mzm a ferek�g�t(m cel�ml�ced(l�d-iep0h t(j a cef0n�h hba k jBh a ce�ej o��el�g�n�iej l4a k6uvn�j ceÑ k6a c0k rel4cel�n�m l�j kcel�a fere�et(mËh a j k j´t(y�a k j
t(uvc�cel�n�m l�j k�cel�a fere�et(m j } ��reiej og�t(cej k m ieg�k a t(c�t(y#k rel��6 4 �fem n�per�m l�sHt(�el�jZn�h t(k-t(y_cet(a j l�}�6l�g�t(ced(o(k relwj ren�m l�d0cel�n�m l�j k�cel�a fere�et(mzfem n�per{�el�l�pejxk relvh a ce�ejxa cm l�fea t(cej#t(y�iecea y t(m s�d(l�cej a k q�n�ced��em l�n��ej#h a ce�ej_a c�k m n�cej a k a t(c
region

j o(a } l�} o(a kb�el�l�pej*h a ce�ejxa c{nvm l�fea t(c{t(yzn�ceq4d(l�cej a k q�oerea fer{t(mh t(uvovn�jJh t(cefZn�j�k rel#m l�fea t(cZren�j�m l�h n�k a �el�h q�iecea y t(m s´d(l�cej a k q�}��rea j0a j0n�c#a sHpet(m k n�cek*pem t(pel�m k q�o�j a ceg�l�a d(l�cek a y q�a cef#g�h iej k l�m jHt(yuva d(l�h q��en�m q�a cef�d(l�cej a k q�� k a ferek cel�j j £�a jZt(cel�t(y#k rel�ren�m d(l�j kpem t(�eh l�sHjxa c{g�h iej k l�mzn�cen�h q�j a j }
3. AN ALTERNATIVE 
��	
������Âµ	����� ��


DENSITY° c
rea fer
d(a sHl�cej a t(cen�hZd(n�k n�j l�k j o�k rel�k m n�d(a k a t(cen�hZ¢�ieg�h a d(l�n�ccet(k a t(cZt(yHd(l�cej a k q�oBuvrea g�rZa j�k rel#ceiesH�el�mHt(yHpet(a cek j-pel�m{iecea k�et(h iesHl�oBa j-sHl�n�cea cefeh l�j j }���tZj l�l_k rea j o*g�t(cej a d(l�m{k ren�kvn�j-k relceiesH�el�mNt(yNd(a sHl�cej a t(cej�a ceg�m l�n�j l�j oZk rel��et(h iesHl�a ceg�m l�n�j l�jm n�pea d(h q�o n�ced ieceh l�j j k rel¬ceiesH�el�mÔt(yÔpet(a cek j fem t(uvjl��epet(cel�cek a n�h h qZuva k r�k rel�ceiesH�el�m0t(y0d(a sHl�cej a t(cej oBk rel#d(l�cej a k qk l�ced(j-k tZÏ(}���reiej oxn�j0d(a sHl�cej a t(cen�h a k q#a ceg�m l�n�j l�j oxa kB�el�g�t(sHl�ja ceg�m l�n�j a cef�d(a y y a g�ieh kNk t�iej l
n
k m n�d(a k a t(cen�h�d(l�cej a k q´�en�j l�dg�h iej k l�m a cefHsHl�k ret(d(o(j ieg�rHn�j*k relwt(celwiej l�dHa c{�4�B�6�B�w 4oeuvrea g�ra d(l�cek a y a l�jHg�t(m l�pet(a cek j{n�j{pet(a cek j{a c_rea fer_d(l�cej a k qJm l�fea t(cej{n�cedcet(a j lvpet(a cek jxn�jxpet(a cek jxa c{h t(u�d(l�cej a k q4m l�fea t(cej }��m l�h n�k l�dJg�t(ceg�l�pek+a jwk ren�k+t(y*k relHpem t(�en��ea h a k q-d(l�cej a k q-n�k+npet(a cek ozuvrea g�rJg�t(m m l�j pet(ced(j4k t_sHl�n�j iem a cefJk rel0m l�h n�k a �el0d(l�cej a k q�}° c³k rel
kth cel�n�m l�j k
cel�a fere�et(m�n�pepem t(n�g�r³k t³l�j k a sHn�k a cefpem t(�en��ea h a k q0d(l�cej a k q0¨ �(« oba yxk rel

kth cel�n�m l�j kzcel�a fere�et(mxt(y�n4pet(a ceka j*g�h t(j l�o(k rel�cHk relwpet(a cekba j*sHt(m lwh a �el�h q{k t0�elwa c{nvm l�fea t(c{uvrea g�rren�jvn{m l�h n�k a �el�h q0rea fer-pem t(�en��ea h a k q0d(l�cej a k q�}_��reiej obk rel{d(a j k n�ceg�lk t0k rel
kth cel�n�m l�j kbcel�a fere�et(m+pem t(�ea d(l�j*nwsHl�n�j iem lwt(y+k relwd(l�cej a k qt(y{n_pet(a cek }�§4t(uvl��el�m o*n�j-k relJd(a sHl�cej a t(cen�h a k q#a ceg�m l�n�j l�j oxk rel

��� ���! "�A�% B$(61 8CB$( , 465�/�7&8ED08 1 F�5HG I ( J - K 1 *�2
L *NM)( , 465�- ( 2PO�5!1 8 ( 2QB$(61 8 (6+ -RB$( , 465�/�7&8SD08 1 F�5
(r ight)
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¢�ieg�h a d(l�n�c�d(a j k n�ceg�lN�el�k uvl�l�c�pet(a cek j��el�g�t(sHl�j�a ceg�m l�n�j a cefeh qiecea y t(m sN¨ �(«+n�cedHk rea jxn�pepem t(n�g�r{n�h j tHuvt(m �ejxpet(t(m h q�}§4t(uvl��el�m o+a kxa j{pet(j j a �eh l-k t#iej l-k rel-pem l�g�l�d(a cef_d(l�y a cea k a t(ct(yxd(l�cej a k q�oba yxn{���el�k k l�m �{j a sHa h n�m a k qH� d(a j k n�ceg�l�£�sHl�n�j iem l4g�n�c0�ely t(ieced(oZa } l�} oZt(cel�k ren�k+uvt(m �ejwuvl�h hzy t(m*rea fer�d(a sHl�cej a t(cej }��wjsHl�cek a t(cel�d�a cN�6l�g�k a t(c �(oHk rel�g�t(j a cel�t(m � n�g�g�n�m dNsHl�n�j iem l�juvt(m �N�el�k k l�mJk ren�c�¢�ieg�h a d(l�n�c�d(a j k n�ceg�l�a c�rea fer�d(a sHl�cej a t(cen�h
spa
g�l�j o�n�k6h l�n�j k6uvrel�c0k rel4d(n�k n4a j*j pen�m j l�o(l�} fe} o(d(t(g�iesHl�cekbd(n�k n�}�Biek o(n�j*n�h j tHd(l�j g�m a �el�d(oea c{�6l�g�k a t(c��(oej ieg�r{sHl�n�j iem l�jxj k a h h(ren��elpem t(�eh l�sHj o0n�ced�k reiej o0n�m l�cet(k-j iea k n��eh l�y t(m_d(l�y a cea cefNn�cel�ud(l�cej a k q4sHl�n�j iem l�}�6 4 Nj a sHa h n�m a k qHpem t(�ea d(l�jBiej*uva k rHnwsHt(m lwm t(�eiej kbsHl�n�j iem l

of
j a sHa h n�m a k q�o�t(celwk ren�kbuvt(m �ej*uvl�h h�y t(m+d(n�k nwuva k rHh t(uvo(sHl�d(a iesn�cedZrea fer�d(a sHl�cej a t(cen�h a k q�}��Bt(cej l��eiel�cek h q�o*uvl_g�n�c�iej lJ�6 4 j a sHa h n�m a k q�oxuva k r�k rel

k
cel�n�m l�j k*cel�a fere�et(mwn�pepem t(n�g�r#k t�d(l�cej a k ql�j k a sHn�k a t(ce}�Ì�t(m lHj pel�g�a y a g�n�h h q�o6a yxk rel

kth cel�n�m l�j kzcel�a fere�et(mxt(yn�pet(a cek ovuva k rZm l�j pel�g�kwk t��6 4 �j a sHa h n�m a k q�oBa j�g�h t(j l�oBa } l�} oBren�jrea fer��6 4 ²j a sHa h n�m a k q�oJk rel�c�uvl�j n�q�k ren�k#k rel�m l�a j�n�rea fer��d(l�cej a k q��Jn�kBk rea j0pet(a cek }N�6a ceg�l�k rel��6 4 �j a sHa h n�m a k q_sHl�n�j iem lm l�y h l�g�k j�k rel�h t(g�n�hHg�t(cey a feiem n�k a t(c�t(yJk rel�pet(a cek j�a c�k rel�d(n�k nj pen�g�l�o6a kza jvm l�h n�k a �el�h q0a cej l�cej a k a �el{k t��en�m a n�k a t(cejva c-d(l�cej a k q0n�cedk rel´d(a sHl�cej a t(cen�h a k q�t(y�k rel´j pen�g�l�o�n�ced�a jËn´pem t(sHa j a cefg�n�ced(a d(n�k lvy t(mznvcel�u�sHl�n�j iem lvt(yzd(l�cej a k q�}~�l�m l�sHn�m �#k ren�k*n��en�m a l�k qJt(yvt(k rel�mvm l�h n�k l�d#sHl�n�j iem l�j{t(yd(l�cej a k q-n�m l{pet(j j a �eh l�}b`bt(mxl��en�sHpeh l�oba c-pem l��ea t(iejvuvt(m �-¨ �(« obuvld(l�y a cel�d�k rel�d(l�cej a k q�n�kJn�pet(a cekJn�j�k rel�j ies²t(y�k rel��6 4 j a sHa h n�m a k a l�jBt(y�n4pet(a cek Ñ j
k
cel�n�m l�j kbcel�a fere�et(m j }0~�lwd(a d0k rea j*y t(mk uvt�m l�n�j t(cej ¤�n�£4k t�m l�d(ieg�l�k rel�l�y y l�g�k jHt(ywm n�ced(t(sË�en�m a n�k a t(ck ren�k�uvt(ieh d_m l�j ieh k�y m t(s�h t(t(�ea cefJn�k�t(ceh q�t(cel0pet(a cek o6n�cedJ�e£*k t�elNg�t(cej a j k l�cek_uva k r�n�fem n�per

-
�en�j l�d��ea l�u�t(y�k rea j�pem t(�eh l�sHouvrel�m l�uvl��ea l�uËk rel�d(l�cej a k qZn�kwn#�el�m k l��Zn�j�k rel#j ies´t(yHk reluvl�a ferek j{t(yvk rel

k
j k m t(cefel�j kxl�d(fel�j o+a } l�} o+n�j4n0sHl�n�j iem l0t(yBret(uj k m t(cefeh qHk relwpet(a cekba j*g�t(cecel�g�k l�d0k t0t(k rel�m+pet(a cek j }0§4t(uvl��el�m o(a ck rea j0pen�pel�m oxuvlJuva h h*d(l�y a celJd(l�cej a k q#n�j0k relJceiesH�el�m4t(y4pet(a cek juva k rea c-n{fea �el�c-m n�d(a iejv� j pel�g�a y a l�d�a c-k l�m sHjvt(yx�6 4 �j a sHa h n�m a k q�£j a ceg�l_k rea j-n�pepem t(n�g�r�uvrea g�r�a j0l�n�j a l�m4k t�l��epeh n�a ce}x¡Bl�j ieh k j0n�m l�el�m q4j a sHa h n�mzn�sHt(cef{d(a y y l�m l�cek�n�pepem t(n�g�rel�j }¡Bl�fen�m d(h l�j j�t(y�k rel�l��en�g�k�d(l�y a cea k a t(c�t(yZ�6 4 ²d(l�cej a k qn�d(t(pek l�d(o�k rel4a sHpet(m k n�ceg�l4t(y�n�cH�6 4 �n�pepem t(n�g�rHa j*k ren�kba kbfea �el�jiej_n�sHl�k ret(d�y t(m-a d(l�cek a y q�a cef�g�t(m l�t(m-m l�pem l�j l�cek n�k a �el�pet(a cek juvrea g�r�uvt(m �ej_m l�fen�m d(h l�j jJt(y0k rel�d(a sHl�cej a t(cen�h a k qZt(y0k rel�d(n�k nn�ced�uvrea g�r-a jvm l�h n�k a �el�h q0a ce�en�m a n�cekzk t��en�m a n�k a t(cejva c-d(l�cej a k q�}�° c

k iem ceoem l�pem l�j l�cek n�k a �elvpet(a cek jxn�m lvk relv�el�q4k tHren�ced(h a cef{g�h iej k l�m jxt(y
diffe
m a cef{j a |�l�jxn�cedHj ren�pel�j }

4. Ä � � Ä È �	
 ���-Ä È � � µ ���	��� ��� � È
¸���� � µ	� È ������Ä���� � È �Âµ � �~�l�cet(u�pem l�j l�cek�n�c�n�h fet(m a k res k ren�k�iej l�jZn�d(l�cej a k q

-
�en�j l�dn�pepem t(n�g�rZk t�y a ced�g�t(m l_t(m{m l�pem l�j l�cek n�k a �el_pet(a cek j }�§4t(uvl��el�m ok rea jZn�pepem t(n�g�r�a jZ�en�j l�d�t(cNk rel�cet(k a t(cNt(y_���6 4 �d(l�cej a k q��a cek m t(d(ieg�l�d
a c��6l�g�k a t(cËÎ(}®��rea j�n�pepem t(n�g�rËn�iek t(sHn�k a g�n�h h qg�t(sHpel�cej n�k l�jvy t(mxd(a y y l�m l�cekzd(l�cej a k a l�jvn�ced�a jvcet(kzj ie� � l�g�k6k t-k relpem t(�eh l�sNa h h iej k m n�k l�dHa c{`ba feiem lJª }

4.1. � 	�

��� � � ��� ���������

������ ��� � ����	"!�

#$��%�� ���57���� � 
`ba feiem lNÎ�a h h iej k m n�k l�j�ret(u�uvlNg�n�c�y a ced�m l�pem l�j l�cek n�k a �elpet(a cek j0n�ced�l�y y l�g�k a �el�h q#m l�sHt(�el�cet(a j l�iej a cef#k rel��6 4 �fem n�pere}° c
the

�(��pet(a cekJd(n�k n�j l�k o-j ret(uvc�a c�`ba feiem l�Î(n�o0k rel�m l�n�m lª Ï(o Ï(Ï(ÏZpet(a cek j }��6ie�ey a feiem l�j0�
-d differentiate

�el�k uvl�l�c�k rel�j lpet(a cek j#�en�j l�d�t(c�k rel�a m-�6 4 ´d(l�cej a k q�}w`ba feiem l�Î(��j ret(uvj_k relpet(a cek jvuva k r0k rel4rea ferel�j k6�6 4 Nd(l�cej a k q�o�uvrea h l4`ba feiem l4Î(g4j ret(uvjpet(a cek j-t(y{a cek l�m sHl�d(a n�k l_�6 4 Ëd(l�cej a k q�o*n�ced�`ba feiem lJÎ(d�j ret(uvjy a feiem l�jxt(yzk relvh t(uvl�j k��6 4 �d(l�cej a k q�}Ì�t(m l�y t(m sHn�h h q�o
f
t(m

this
n�cen�h q�j a j

,
uvl�iej l�d�n�cel�n�m l�j k

neig
re�et(mwh a j k*t(ywj a |�l�t(y �(Ï�a j{iej l�d(}

(Therefore
o+k rel-j ren�m l�dcel�n�m l�j k�cel�a fere�et(m�j a sHa h n�m a k q�o´a } l�} o´ceiesH�el�m�t(y�cel�n�m l�j k

n
l�a fere�et(m j�k ren�k�k uvt�pet(a cek j�ren��el�a c�g�t(sHsHt(ceo_g�n�c�m n�cefel�el�k uvl�l�c�ÏËn�ced �(Ï(}#~�rea h l

s
a sHa h n�m a k q�a j�t(y k l�c�sHl�n�j iem l�d�el�k uvl�l�cHÏ0n�cedZª o(k ren�kba j*cet(k�k relvg�n�j lvrel�m l

.
£

W
lvk rel�c{d(l�y a cel�dd(l�cej a k q0�eq0g�t(iecek a cef-k rel{ceiesH�el�mxt(yxpet(a cek jvk ren�kzuvl�m l{g�h t(j l{k tn_pet(a cek o*iej a cef��6 4 Ëj a sHa h n�m a k q�n�j-t(iem{sHl�n�j iem lJt(y4g�h t(j l�}x° c

particular
o6uvl{j n�a d�k ren�kzk uvt�pet(a cek jvuvl�m l{g�h t(j l{a yxk rel�q0j ren�m l�d

�(ÏJt(m*sHt(m l{cel�n�m l�j kzcel�a fere�et(m j }_�4l�cej a k q0uvn�jvk rel�c-d(l�y a cel�d�n�jk relvceiesH�el�mzt(yzpet(a cek jxk ren�k�uvl�m lvg�h t(j l�}`ba feiem lHÎ(��j ret(uvjwn�h hzpet(a cek jwk ren�kzren��el{Î ��t(mxsHt(m l
pointsk ren�k6n�m l4g�h t(j l�o�a } l�} o(j ren�m lwsHt(m lwk ren�c �(Ï0cel�n�m l�j kbcel�a fere�et(m j }(� �

max
a sHies´t(y �(ÏZa j-pet(j j a �eh l�} £ }�`ba feiem l_Î(g_j ret(uvj-n�h hBpet(a cek j

w
a k r�ª �

-
Î(Î

points
k ren�k�j ren�m l �(Ï_t(mBsHt(m l0cel�n�m l�j k�cel�a fere�et(m j o

while
`ba feiem l�Î(dNj ret(uvj�n�h hHpet(a cek j#k ren�kHren��elZh l�j j#k ren�c�ª �pet(a cek jxk ren�k�j ren�m l3�(ÏHt(mzsHt(m lvcel�n�m l�j k�cel�a fere�et(m j }° c_k l�m sHj{t(yvk rel-�6 4 �fem n�pereo+uvl-n�m l-t(ceh qJ�el�l�pea cef_h a ce�ej

whos
l{j a sHa h n�m a k q0a jBfem l�n�k l�m�k ren�c �(Ï(o�n�ced-n�m l4d(l�y a cea cef0d(l�cej a k qa cËk l�m sHj�t(y�k rel�ceiesH�el�m�t(y�h a ce�ejNk ren�k�n�pet(a cek�ren�j }#° c�4�B�6�B�w �k l�m sHj o�uvl�n�m l�j l�k k a cef

Eps& �(Ï(}�° yvuvl-m l�fen�m d#k rel

��;('�) )*����� ��� � +<;(,-� ��.�/<78710�

��� � � �32�;(41

	�� 5�#6/<78710�

��� � � �7	<;(89��:1/<78710�

��� � � �
; � ��5��

�<�= �6 4 ��4l�cej a k q4t(y Two-

�4a sHl�cej a t(cen�h(Ð6t(a cek j }
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pet(a cek jwa c-`ba feiem l{Î(�-n�jvg�t(m l{pet(a cek j obk rel�c-uvl{g�n�ceobn�fen�a c-iej a cef�4�B�6�B�w �k l�m sHa cet(h t(feq�oej n�q4k ren�k
MinPts=34.`bm t(s�k rel�j l�y a feiem l�j owuvl�j l�l�k ren�k{k rel�pet(a cek j_k ren�k{ren��elrea fer�d(l�cej a k q�oxa } l�} oxrea fer�g�t(cecel�g�k a �ea k q#a c#k rel��6 4 �fem n�per

,
n�m lg�n�ced(a d(n�k l�jBy t(m��el�a cef0m l�pem l�j l�cek n�k a �elwt(m+g�t(m lwpet(a cek j*j a ceg�lwk rel�qk l�ced#k t#�el-h t(g�n�k l�d#uvl�h h�a cej a d(l-k rel0cen�k iem n�h+g�h iej k l�m ozuvrea h l0k relpet(a cek j0k ren�kBren��elJh t(u�g�t(cecel�g�k a �ea k q#n�m lJg�n�ced(a d(n�k l�j0y t(m4�el�a cefcet(a j l-pet(a cek j{n�ced#t(iek h a l�m j o+n�j{k rel�qJn�m l-sHt(j k h qJa c_k rel-m l�fea t(cejj iem m t(ieced(a cef{k relvg�h iej k l�m j }�wcHn�h k l�m cen�k a �elwuvn�q{t(y+y a ced(a cefHm l�pem l�j l�cek n�k a �elwpet(a cek j*a j*k tg�t(cej a d(l�m-k rel�j ies�t(y0h a ce��j k m l�cefek rejJy t(m0l��el�m qZpet(a cek4a c�k rel�6 4 Ëfem n�pere}���relJpet(a cek j0k ren�kBren��elJrea fer�k t(k n�h*h a ce��j k m l�cefek rk rel�cJ�el�g�t(sHlHg�n�ced(a d(n�k l�jwy t(m*m l�pem l�j l�cek n�k a �elHpet(a cek j o6uvrea h lHk relpet(a cek j�k ren�k�ren��elË�el�m q
h t(u³k t(k n�h�h a ce�
j k m l�cefek r
�el�g�t(sHlg�n�ced(a d(n�k l�jxy t(mzcet(a j lvpet(a cek j }

4.2. µ-¶B· � ���
¸#º ÀB½ÂÁ ·�Ã�Æ »B¼�Ä#º ¼+¾+Ã�Æ Á ¶ ���relNj k l�pej�t(y�k relN�6 4  g�h iej k l�m a cef�n�h fet(m a k resHj�n�m l�n�j
follows:

1. ����#$:�5�� 
�� .�
�� � #$� ) ���
� � ��#$��� �
� ��� � ��rea j*g�t(m m l�j pet(ced(j*k tnHj a sHa h n�m a k q-fem n�per-uva k r-d(n�k n{pet(a cek jvy t(mxcet(d(l�jvn�ced�l�d(fel�juvret(j lvuvl�a ferek jxn�m lvk relvj a sHa h n�m a k a l�jx�el�k uvl�l�c{d(n�k nvpet(a cek j } £
2. /<:����
� � � ��� .�
�� � #$� ) ���
� � ��#$��� �
� ��+�����


�:�� ���-����) �-� .�
 k

#$��� ��� � #$� ) ��� ��

� ��.�+����
� � � ��rea j_g�t(m m l�j pet(ced(j_k t�t(ceh q�el�l�pea cef{k rel
k
j k m t(cefel�j k�h a ce�ejxt(yzk relvj a sHa h n�m a k q4fem n�pere} £

3. ������� � �
5�2
� � .�
"� .����


	 ��

���


� ����

� ��.�+��������
��:�. � �
��#
� .�
 � :����
� � � � 

	 � � #$� ) ���
� � � #$��� �
� ��� �wk4k rea jJpet(a cek ovuvlg�t(ieh d�n�pepeh q n�j a sHa h n�m a k q k rem l�j ret(h d±n�ced±y a ced±k relg�t(cecel�g�k l�dNg�t(sHpet(cel�cek j�k t�t(�ek n�a c�k relZg�h iej k l�m j#� � n�m �ea j

-Ð6n�k m a g��{n�h fet(m a k resH£ }
4.

; � ��	�� .�
"/<7876	�

��� � � � ����

��2
. ����� ��� � �4j a cef#n�iej l�m
specified

pen�m n�sHl�k l�m j o
Eps
o�y a ced�k rel-ceiesH�el�mvpet(a cek j{k ren�kren��el4n�c0�6 4 

similarity
t(y

Eps
t(m�fem l�n�k l�m�k t-l�n�g�r0pet(a cek }��rea jxa jxk relv�6 4 �d(l�cej a k q4t(yzk relvpet(a cek }

5.
; � ��	 � .�
 2
���

 :���� ��� � � �4j a cef�j
iej l�m�j pel�g�a y a l�d
para
sHl�k l�m o

MinPts
o+y a ced#k rel-g�t(m l-pet(a cek j o+a } l�} o+n�h h�pet(a cek jk ren�k�ren��elvn�c{�6 4 �d(l�cej a k q4fem l�n�k l�mzk ren�c

MinPts.
6.

; ���
# 2
) 5�� � 

�
� � �
��# � .�
 2
���

�:���� ��� � � ° y_k uvtNg�t(m lpet(a cek jHn�m l�uva k rea c#n�m n�d(a iej o
Eps
o+t(yvl�n�g�r_t(k rel�mvk rel�qJn�m l

pl
n�g�lva c{k relvj n�sHlvg�h iej k l�m }

7. 0�� � 2
���
	 ��) )������ � 
5:���� ��� � � �wh h non-
g�t(m lHpet(a cek jwk ren�k+n�m lcet(k�uva k rea c{nvm n�d(a iejxt(y

Eps
t(yznvg�t(m lvpet(a cek�n�m lvd(a j g�n�m d(l�d(}

8. '�� � � ��� ��) )$����� -����� � 
��"����� -2
���

 :���� ��� ��� � 2
) 5�� � 

�
� .��rea j�g�n�c��el�d(t(cel��eq�n�j j a fecea cef�j ieg�r�pet(a cek j�k t�k relcel�n�m l�j k�g�t(m lvpet(a cek }e�  4t(k lvk ren�k�j k l�pej0�
-
©Hn�m lv�4�B�6�B�w 4} £

��rel4n�h fet(m a k resHo��el�a cef0n�c0l��ek l�cej a t(c0t(y � n�m �ea j
-
Ð6n�k m a g��Hn�ced�4�B�6�B�w 4o�uva h hbd(l�k l�m sHa cel4k rel4ceiesH�el�m�t(y�g�h iej k l�m jBa c0k rel4d(n�k nn�iek t(sHn�k a g�n�h h q�} �wh j t�cet(k lËk ren�k�cet(k�n�h h�k relËpet(a cek j�n�m lg�h iej k l�m l�d(}��4l�pel�ced(a cef�t(c�k rel{n�pepeh a g�n�k a t(ceobuvl{sHa ferekzn�g�k ien�h h quvn�cek�k tHd(a j g�n�m dHsHn�ceq4t(yzk relvpet(a cek j }

4.3. Parameter ization��relZcel�a fere�et(m ret(t(d�h a j kHj a |�l�o
k
o4a j#k relZsHt(j kHa sHpet(m k n�cekpen�m n�sHl�k l�m�n�jBa k6d(l�k l�m sHa cel�jBk rel4fem n�ceieh n�m a k qHt(y�k rel4g�h iej k l�m j }-° y

k
a jvk t(t-j sHn�h h o�l��el�c0n4iecea y t(m s�g�h iej k l�m�uva h hb�el4�em t(�el�c0iep0a cek tpea l�g�l�j�d(iel�k t�h t(g�n�h��en�m a n�k a t(cej�a c�k rel�j a sHa h n�m a k q�o0n�ced�k reln�h fet(m a k res�uva h h(k l�cedHk tHy a cedHsHn�ceq4j sHn�h h(�eiek�k a ferek�g�h iej k l�m j }{�4ck rel4t(k rel�m�ren�ced(o�a y

k
a jBk t(t-h n�m fel�o�k rel�c0k rel4n�h fet(m a k res�uva h hbk l�cedk t�y a ced#t(ceh qJn-y l�u�h n�m fel�o+uvl�h h

-
j l�pen�m n�k l�d#g�h iej k l�m j o+n�ced#j sHn�h hh t(g�n�hx�en�m a n�k a t(cejHa c#j a sHa h n�m a k q_uva h hxcet(k*ren��el�n�c#a sHpen�g�k }���relpen�m n�sHl�k l�m o

k
ovn�d � iej k jJk rel�y t(g�iejJt(yHk rel#g�h iej k l�m j }��4ceg�l#k relcel�a fere�et(m ret(t(d�j a |�l#a j�y a �el�d(oBk rel_cen�k iem l_t(y{k rel_g�h iej k l�m j-k ren�kuva h h(�elvpem t(d(ieg�l�dHa jxn�h j tHy a �el�d(}° c#k rel��6 4 �fem n�pereo+n-pet(a cekxg�n�c_�el-j a sHa h n�mvk t#n�kxsHt(j k	�t(k rel�m-pet(a cek j owk rel�m l�y t(m l�k rel

MinPts
pen�m n�sHl�k l�m0j ret(ieh d��el�ny m n�g�k a t(c{t(yzk relvcel�a fere�et(m ret(t(dHh a j k�j a |�l�o
k.

4.4. 
_¹+Ã�Æ ¹+Á Æ ¾+»B½H¾+¿wÁ ¶B· � ���
Ä#º ¼+¾+Ã�Æ Á ¶ �° c�t(iemxl��epel�m a sHl�cek j obuvl{t(�ej l�m �el�d�k ren�kzsHa cet(mxg�ren�cefel�jvk tk relH�4�B�6�B�w �n�h fet(m a k res�pem t(�ea d(l{sHt(m l{g�t(cek m t(h6n�ced�j k n��ea h a k q�}�4�B�6�B�w  iej l�j k rel
Eps

pen�m n�sHl�k l�m�k t®d(l�y a cel�k relcel�a fere�et(m ret(t(d#n�j{uvl�h h�n�j{d(l�y a cea cef_k rel-g�m a k l�m a n0k t_sHl�m fel0k uvtg�h iej k l�m j }0~�lwg�n�cHiej lwnwk a ferek l�m+k rem l�j ret(h d0k ren�c
Eps
k tHa d(l�cek a y qg�t(m lvpet(a cek j oen�cedH�eq4d(t(a cef{j t���k relvg�t(m lvpet(a cek jxuvlva d(l�cek a y q4uva h h�el{sHt(m l{m l�h a n��eh l�}_`biem k rel�m sHt(m l�oba y�uvl{g�ret(j l{k rel{g�t(m l4pet(a cek jsHt(m lwg�t(cej l�m �en�k a �el�h q�oek rel�c{uvlvg�n�c{n�h j tHiej lvnvh t(t(j l�mzk rem l�j ret(h dk ren�c

Eps
y t(mzsHl�m fea cef{g�t(m lvpet(a cek j }~�lHg�n�c�g�h n�j j a y q-�el�m q-h t(t(j l�h q-g�t(cecel�g�k l�d�pet(a cek jvn�jvcet(a j lpet(a cek j o#l�a k rel�m�n�jNn�pem l

-
pem t(g�l�j j a cef�j k l�p�y t(m�n�g�h iej k l�m a cefn�h fet(m a k resËt(m � iej k*y t(mwcet(a j l�m l�sHt(�en�h }�`bm t(sË`ba feiem l-Î(d(o�uvlg�n�c�g�h l�n�m h q#j l�lJk ren�kBcet(a j lJm l�sHt(�en�hxg�n�c#�el�d(t(cel�l�y y l�g�k a �el�h qiej a cef{k relv�6 4 �fem n�pere}~�l�iej l�j t(sHlZt(y�k rel�j lZ�en�m a n�k a t(cej#a c�k relZl��epel�m a sHl�cek jh n�k l�mza c{k relvpen�pel�m }

5. ��
���� È �����	�#µ-Ä�� � µ���
���� �
5.1. ��
 
#¹+Á ¹~�l4y a m j k6a h h iej k m n�k l4k rel4j iepel�m a t(m a k qHt(y�t(iem+�6 4 �g�h iej k l�m a cefn�h fet(m a k res uva k rNm l�j pel�g�k-k t�k rel � n�m �ea j

-
Ð6n�k m a g��Nn�pepem t(n�g�re}H�sHn � t(m0d(m n�uv�en�g���t(y0k rel � n�m �ea j

–
Ð6n�k m a g��Zj g�rel�sHl#a j�k ren�kwa kwa jd(a y y a g�ieh kHk t�y a ced�k rel

“ right”
�en�h iel�y t(m-k rel��6 4 ´j a sHa h n�m a k q

threshold
}�° y+k relwk rem l�j ret(h d0a j*k t(t0h t(u

,
d(a j k a ceg�k�j l�k jxt(yzpet(a cek jg�n�c��elJsHl�m fel�d�a cek t�j n�sHlJg�h iej k l�m4l��el�c�a y4k rel�m lJa jHt(ceh q_t(celh a ce�H�el�k uvl�l�cHk rel�sH}(�4cHk relwt(k rel�m+ren�ced(o(a y+k relvk rem l�j ret(h dHa jxk t(trea fereo+k rel�c_n-cen�k iem n�h�g�h iej k l�mvsHn�qJ�el-j peh a kxa cek t#j sHn�h h+g�h iej k l�m jd(ielHk tJcen�k iem n�hz�en�m a n�k a t(cejwa c�k relHj a sHa h n�m a k q-uva k rea c�k rel{g�h iej k l�m }° ced(l�l�d(o6k rel�m lHsHn�q-�elHcetJm a ferek+k rem l�j ret(h dJy t(m*j t(sHlHd(n�k nHj l�k j }��rea jBpem t(�eh l�s�a j*a h h iej k m n�k l�d0a cHk relwy t(h h t(uva cefHl��en�sHpeh l�}0`ba feiem l

��a jHn�d(n�k n�j l�k*k n��el�c#y m t(sË¨
10
« }�`ba feiem l ��� h l�y k £wj ret(uvjHk relg�h iej k l�m j�y t(ieced��eq�k rel�� n�m �ea j

-
Ð6n�k m a g���n�h fet(m a k res²iej a cef�k relj sHn�h h l�j kxpet(j j a �eh l-k rem l�j ret(h d#k ren�kxuva h h�cet(kxg�n�iej l0k uvt_fel�ceiea celg�h iej k l�m jNk tËsHl�m fel�}Ò 4t(k a g�l�k ren�k�sHn�ceq�t(y�k rel

“natural”
clusters

n�m l0�em t(�el�ce}z`ba feiem l �_� m a ferek £*j ret(uvjwk relHg�h iej k l�m jwk ren�km l�j ieh k+uvrel�c�k rea jwk rem l�j ret(h dJa jwd(l�g�m l�n�j l�dJ�eq0t(cel�}b° c-k rea jvg�n�j l�o
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several “natural”
g�h iej k l�m j-n�m l_sHl�m fel�d±�Bh l�n�m h q�oxk rel�m lJa j0cet

correct
k rem l�j ret(h d�y t(m#k rel � n�m �ea j

-
Ð6n�k m a g���n�h fet(m a k res�a cNk rea j

example.
Fig
iem l �Jj ret(uvjwk relHg�h iej k l�m jwa d(l�cek a y a l�d��eq0t(iemxn�h fet(m a k rest(cHnw�Bren�sHl�h l�t(cHd(n�k n�j l�kb¨eª Ï(«

,
uvrea h lw`ba feiem lvj ret(uvjxk relvm l�j ieh k jt(y-t(iem0n�h fet(m a k res�t(c�n��B�4¡B¢�d(n�k n�j l�k4¨eª ©(« }v° k4uvn�jJj ret(uvc¨eª Ï(«Bk ren�k+�4�B�6�B�w �g�n�cecet(k+a d(l�cek a y q-k relHg�h iej k l�m jvg�t(m m l�g�k h q0a ck rel#�B�4¡B¢�d(n�k n�j l�kvn�cedZ�B�4¡B¢�g�n�cecet(kva d(l�cek a y q�k rel_g�h iej k l�m jg�t(m m l�g�k h q�a c�k rel��Bren�sHl�h l�t(c�d(n�k n�j l�k }Ò`ba feiem l

s
�Ën�ced �

illustrate
k ren�k o��eq_g�t(sH�ea cea cef#k rel�j k m l�cefek rej{t(y3� n�m �ea j

-
Ð6n�k m a g��n�h fet(m a k res�uva k rHk relwa d(l�nwt(y+m l�pem l�j l�cek n�k a �elwpet(a cek j*y m t(s��B�4¡B¢n�cedH�4�B�6�B�w 4oeuvlvg�n�c{t(�ek n�a c{sHieg�r{�el�k k l�mzm l�j ieh k j }

5.2. �#Ä � Ä �-¹+Ã�Á ¶ � � Æ ·�» � ·�
#¹+Á ¹° c�k rea jZj l�g�k a t(ceo0uvl�g�t(cej a d(l�m#n�cNn�pepeh a g�n�k a t(cNt(y_t(iem_�6 4 g�h iej k l�m a cefHk l�g�recea �eielwk t0¢�n�m k rHj g�a l�ceg�lwd(n�k n�}{° c{pen�m k a g�ieh n�m oet(iemd(n�k nwg�t(cej a j k j*t(y+sHt(cek reh q{sHl�n�j iem l�sHl�cek j*t(y+j l�nwh l��el�h(pem l�j j iem ly t(m�fem a d
pet(a cek j�t(c�n �(} �
°
h t(cefea k ied(l

-
h n�k a k ied(l�fem a d���ª � �ret(m a |�t(cek n�h�d(a �ea j a t(cej{�eq�� �#�el�m k a g�n�h�d(a �ea j a t(cej £vy m t(s�ª ¦(© �_k tª ¦(¦(Î(o4a } l�} o4l�n�g�r�k a sHlZj l�m a l�j#a j#n�ª � ��d(a sHl�cej a t(cen�h{�el�g�k t(m }��rel�j l�k a sHl�j l�m a l�j�uvl�m l�pem l�pem t(g�l�j j l�d�k t�m l�sHt(�elZj l�n�j t(cen�h�en�m a n�k a t(ce}_`bt(mxn{sHt(m l{g�t(sHpeh l�k l{d(l�j g�m a pek a t(c-t(y�k rea jBd(n�k n4n�cedk relHg�h iej k l�m a cef�n�cen�h q�j a jwk ren�k+uvlHren��elHpel�m y t(m sHl�dJt(c�a k o6peh l�n�j lj l�lv¨eª Î(«+n�cedH¨eª �(« }�Bm a l�y h q�o{¢�n�m k r�j g�a l�cek a j k j�n�m l�a cek l�m l�j k l�d�a c�d(a j g�t(�el�m a cefn�m l�n�jBt(y+k relwt(g�l�n�cHuvret(j lw�el�ren��ea t(m+g�t(m m l�h n�k l�j*uvl�h h�k t0g�h a sHn�k ll��el�cek j�t(cZk rel#¢�n�m k reÑ j�h n�ced�j iem y n�g�l�}�° c�k l�m sHj-t(y{pem l�j j iem l�o¢�n�m k r�j g�a l�cek a j k j�ren��el�d(a j g�t(�el�m l�d
k ren�k�k rel�d(a y y l�m l�ceg�l�a cpem l�j j iem l��el�k uvl�l�c�k uvt�pet(a cek jJt(c�k rel�¢�n�m k reÑ jJj iem y n�g�l#t(y k l�cq�a l�h d(j4n0k a sHl0j l�m a l�jwk ren�k+g�t(m m l�h n�k l�jwuvl�h hzuva k r�g�l�m k n�a c�g�h a sHn�k lperel�cet(sHl�cen0t(c�k relHh n�ced(}��6ieg�r�k a sHlHj l�m a l�jwn�m lHg�n�h h l�dJ�4g�l�n�c�Bh a sHn�k l�° ced(a g�l�j�� �4�B° j £ } `bt(m�l��en�sHpeh l�o�k rel´�6t(iek rel�m c�4j g�a h h n�k a t(c�° ced(l���� �6�4° £�sHl�n�j iem l�j#k rel�j l�n�h l��el�h4pem l�j j iem l� � �zÐ6£Bn�cet(sHn�h a l�j4�el�k uvl�l�cJ�4n�m uva ceoz�wiej k m n�h a n0n�ced_��n�rea k azn�ceda j0n�j j t(g�a n�k l�d�uva k r�¢�hx 4a cet(o�k rel�n�cet(sHn�h t(iejHuvn�m sHa cef#t(ywk rell�n�j k l�m c-k m t(pea g�n�h6m l�fea t(c-t(yxk rel4Ð6n�g�a y a g4k ren�k6ren�jB�el�l�c0h a ce�el�d-k tg�h a sHn�k l{perel�cet(sHl�cen4j ieg�r0n�jBd(m t(ieferek jBa c0�wiej k m n�h a n4n�ced-rel�n��eq

r
n�a cey n�h h�n�h t(cefHk relw¢�n�j k l�m cHg�t(n�j kbt(y+�6t(iek rH�wsHl�m a g�nw¨eª �(« }H�4iemfet(n�hxa c#g�h iej k l�m a cef_� �zÐZa j{k t#j l�l-a yvk rel-d(a y y l�m l�ceg�l-t(yvg�h iej k l�mg�l�cek m t(a d(j�g�n�cNq�a l�h d�n�k a sHl�j l�m a l�j�k ren�k0m l�pem t(d(ieg�l�j��ecet(uvc�4�B° jxn�cedHk tHpel�m ren�pejxd(a j g�t(�el�mzcel�u�a ced(a g�l�j }�4iem��6 4 Ng�h iej k l�m a cef0n�pepem t(n�g�r0q�a l�h d(jBk rel4g�h iej k l�m jBj ret(uvca c0`ba feiem l_ª �(}0�  4t(k a g�l�o(k ren�kbuvrea h lwk rel�j lwg�h iej k l�m j*n�m lwj ret(uvcHa c

k uvt�d(a sHl�cej a t(cej oHk rel�q�g�t(m m l�j pet(ced�k t�k a sHl�j l�m a l�j�g�h iej k l�m j ouvrea g�reo��el�g�n�iej l�t(ywk rel�n�j j t(g�a n�k a t(c#�el�k uvl�l�c_k rel-k a sHl�j{j l�m a l�jn�ced�h t(g�n�k a t(cejZt(c�k rel�feh t(�el�o0g�n�c��el�d(a j peh n�q�l�d�a cNn�k uvt
-

dimen
j a t(cen�hbpeh t(k } £���rel�j lwg�h iej k l�m j*ren��elw�el�l�cHh n��el�h l�d0y t(m+l�n�j qm l�y l�m l�ceg�l�}#�  4t(k l�k ren�k�g�h iej k l�m��zª ��a j�k rel��en�g��efem t(ieced�t(m� � iece�e��g�h iej k l�m o�n�ced�k ren�k*uvrea h l�uvl�g�h iej k l�mwpem l�j j iem l�t(�el�mwk rell�cek a m l-feh t(�el�o+uvl-y t(g�iej4t(cJk rel0t(g�l�n�ce} £N�wh k ret(ieferJuvl0g�h iej k l�mk rel4k a sHl4j l�m a l�jBa ced(l�pel�ced(l�cek h qHt(y�n�ceqHj pen�k a n�hba cey t(m sHn�k a t(ceo(k relm l�j ieh k a cef�g�h iej k l�m j�n�m l�k q�pea g�n�h h q�fel�t(fem n�perea g�n�h h qNg�t(cek a feiet(iej�el�g�n�iej lvt(yzk relvieced(l�m h q�a cef{j pen�k a n�h(n�iek t(g�t(m m l�h n�k a t(c{t(yzk relvd(n�k n�}�4j a cefZk rel�j l_g�h iej k l�m j o*uvl_ren��el_�el�l�c�n��eh l_k tZm l�pem t(d(ieg�l�6�4°�n�jBk rel4d(a y y l�m l�ceg�l4t(y�k relwg�l�cek m t(a d(j*t(y+g�h iej k l�m j-ª �0n�ced �(Ï(}~�l_ren��el_n�h j tZ�el�l�c�n��eh l_k tZm l�pem t(d(ieg�l_n�cet(k rel�m{uvl�h h

-
�ecet(uvc�4�B° ova } l�} ov 4�w�
�  4t(m k r��wk h n�cek a g#�4j g�a h h n�k a t(ce£ oBuvrea g�rZa j�k relcet(m sHn�h a |�l�d0� �zÐ�d(a y y l�m l�ceg�l�jx�el�k uvl�l�c{Ð6t(cek nv�4l�h fen�d(n�oe�w|�t(m l�jn�ced��6k q��e�ea j ret(h sHiem o�° g�l�h n�ced(}Ò 4�w��g�t(m m l�j pet(ced(jNk tËk reld(a y y l�m l�ceg�l�j*t(y+k relwg�l�cek m t(a d(j*t(y+g�h iej k l�m j)� �0n�ced�ª Î(}{`bt(mzsHt(m ld(l�k n�a h j o6j l�lH¨eª �(« }���rea jwj ieg�g�l�j jwfea �el�jwiejwg�t(cey a d(l�ceg�lHk ren�k+k relg�h iej k l�m jxd(a j g�t(�el�m l�dH�eq4�6 4 �ren��elvm l�n�h(pereq�j a g�n�h(j a fecea y a g�n�ceg�l�}��rel-m l�n�d(l�mvsHa ferekxuvt(ced(l�mvret(u�uvl-�ecet(u�k ren�kxk rel�j l0n�m lk relw��m l�n�h �wg�h iej k l�m j o(a } l�} o(a j*a kbpet(j j a �eh lvk ren�k�k relvg�h iej k l�m jxuvlvy a cedsHa ferek�g�ren�cefelvj a fecea y a g�n�cek h q4a yzuvlvg�ren�cefelvk relvpen�m n�sHl�k l�m jxy t(m

��� ���! "������ 1 8 �&, +
- � 1 - 8 , 	 
�	 I �!+ - ( 8 , *�48M), - 5�- M)7 - 5�8 (6+ 5�7NI 2�+
 (6+ - + ( ( *3, *�	 7NI 7&8
.

��� ���! "����3ONB�B�	 I �!+ - ( 8 , *�4$7�*$- M)7���' 2�1 - 10+ ( - 9

��� ���! "��
:
ONB�B�	 I �!+ - ( 8 , *�4$7�*$- M)7���' 2�1 - 10+ ( - + 9
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k rel��6 4 ´g�h iej k l�m a cef�n�h fet(m a k res � §4t(uvl��el�m owk ren�k{a j_cet(k{k relg�n�j l�o_n�ced��en�j a g�n�h h q�k rel�j n�sHl�g�h iej k l�m j�n�m l�pem t(d(ieg�l�d�y t(md(a y y l�m l�cekzpen�m n�sHl�k l�m a |�n�k a t(cej }Ë~�l4a h h iej k m n�k l4uvreqHk rea jBa jBj t-�eqpeh t(k k a cef0k rel4�6 4 Nd(l�cej a k qH� n�jBd(a j g�iej j l�d-a cH�6l�g�k a t(c �(£+n�kbl�n�g�rpet(a cek
–
j l�l�`ba feiem l
ª Î(} ��relNd(l�cej l�j k_� m l�d(d(l�j k o�d(n�m �el�j k £

locations
g�t(m m l�j pet(cedNk tNk a sHlZj l�m a l�j#k ren�kHuva h h{�elZk relZg�t(m lpet(a cek j o6n�h k ret(iefer�l��en�g�k h q-uvrea g�r�t(cel�jwn�m l{g�ret(j l�c-uva h h6d(l�pel�cedt(c�nJk rem l�j ret(h d(}���relJk a sHlJj l�m a l�j0k ren�kB�el�h t(cef�k t�k rel�g�h iej k l�mg�t(m m l�j pet(ced(a cef�k tZn_k a sHl_j l�m a l�j-k ren�kva j0n

“
g�t(m lJpet(a cek

”
uva h hk q�pea g�n�h h q��el0k rel0k a sHl0j l�m a l�j4n�j j t(g�a n�k l�dJuva k r�k relHj iem m t(ieced(a cef

phys
a g�n�hwh t(g�n�k a t(cej oBj a ceg�l#j pen�k a n�hvn�iek t(g�t(m m l�h n�k a t(cZsHn��el�j�k relk a sHl_j l�m a l�j-t(y{pereq�j a g�n�h h q�g�h t(j l

locations
�elJrea fereh q#j a sHa h n�m }��reiej o{y t(m�k rea j#d(n�k n�o4k relZ�6 4 �g�h iej k l�m j#g�n�c��elZpea g��el�d�t(iek�ea j ien�h h q-n�cedJn�m lHa c�fet(t(dJn�fem l�l�sHl�cek+uva k r�k ret(j lHpem t(d(ieg�l�d��eqt(iemzg�h iej k l�m a cef{n�h fet(m a k resH}° kJa j�m l�n�j t(cen��eh l�k t�uvt(ced(l�m�uvrel�k rel�m�t(k rel�m�g�h iej k l�m a cefk l�g�recea �eiel�j�g�t(ieh d�n�h j t�d(a j g�t(�el�mHk rel�j l#g�h iej k l�m j }���tZn�cej uvl�mk ren�kB�eiel�j k a t(ceoxuvlJg�h iej k l�m l�d�k relJj n�sHlJd(n�k nJiej a cef��4�B�6�B�w n�cedJ�

-
sHl�n�cej }_��rel{�el�j kzm l�j ieh k jvy t(mx�4�B�6�B�w �g�h iej k l�m a cef-n�m lj ret(uvc-a c-`ba feiem l�ª �(obuvrea h l{`ba feiem l�ª ��j ret(uvjBk rel4m l�j ieh k jBy t(m�nh l�j jNt(pek a sHn�h#pen�m n�sHl�k l�m�g�ret(a g�l�y t(m��4�B�6�B�w ±g�h iej k l�m a cefe} 4t(k l0k ren�k�k rel0g�t(h t(m j4ren��el0cetJsHl�n�cea cef�l��eg�l�pek+k tJd(a j k a cefeiea j rk relJd(a y y l�m l�cek*g�h iej k l�m jHn�ced�n�m l�cet(k*g�t(t(m d(a cen�k l�d��el�k uvl�l�c#n�ceqt(y+k relwd(a y y l�m l�cekby a feiem l�j }0~�rea h lvk rel�m lvn�m lvj a sHa h n�m a k a l�jx�el�k uvl�l�ck rel{k uvt�y a feiem l�j oba kzj l�l�sHjvk ren�kzk t�y a ced�k rel4h l�j jBd(l�cej l4g�h iej k l�m j ol�} fe} } owª �Jn�ced �(Î(o_uvrea g�r-n�m l{k rel{g�h iej k l�m jvcet(kzt(c-k rel{l��eien�k t(m jt(mÔn�k k rel�pet(h l�j o�a k a j cel�g�l�j j n�m qÒk t®g�ren�cefel�k relpen�m n�sHl�k l�m a |�n�k a t(ce}���rel�j lJh l�j j0d(l�cej lJg�h iej k l�m j0n�m lJpem l�j l�cekBa c`ba feiem l�ª �(ov�eiek4a k4a jJn�h j t�g�h l�n�mHk ren�kwuvl#ren��el#���eh iem m l�d(�#k relt(k rel�mzg�h iej k l�m jxa c{t(iemzn�k k l�sHpek�k tHy a cedHk relv��uvl�n��el�m �vg�h iej k l�m j }`bt(mH�

-
sHl�n�cej oBuvl#n�k k l�sHpek l�dZk tZy a cedZm t(iefereh q�k rel_j n�sHlceiesH�el�m-t(y-g�h iej k l�m j_n�j_uva k r�t(iem-�6 4 ´n�pepem t(n�g�reova } l�} o��bÎ(Ï(}� `bt(mw�

-
sHl�n�cejHn�pepem t(n�g�reo�uvl�iej l�d�k rel�� �z�4����pen�g��en�fel-¨eª «uva k r�k rel´�ea j l�g�k a cef��

-
sHl�n�cejËn�h fet(m a k res n�ced�k rel

refinepen�m n�sHl�k l�m } £0§4t(uvl��el�m oBj a ceg�l#�
-
sHl�n�cej�cen�k iem n�h h q�g�h iej k l�m j�n�h hk rel�d(n�k n�o�k t��el�y n�a mwk t��

-means,
uvl-fel�cel�m n�k l�dNª Ï(Ï#g�h iej k l�m jn�ced�k rel�c-k rem l�u�t(iekzn�h h6�eiekzk rel{Î(Ï�sHt(j kzg�t(rel�j a �el{g�h iej k l�m jB� n�jsHl�n�j iem l�d��eq�k rel�a m�n��el�m n�fel�g�h iej k l�m-g�t(m m l�h n�k a t(ce£ }
�6k a h h owk relg�h iej k l�m j{j ret(uvc_a c_`ba feiem l�ª �#n�m l0cet(k�n0�el�m q�fet(t(d_sHn�k g�rJy t(mg�h iej k l�m j�t(yJ`ba feiem l�ª �(o�n�h k ret(iefer�k rel�q�d(t�j ret(u
k relZj n�sHlpen�k k l�m c#t(yvg�h iej k l�m j{n�m t(ieced#k rel-pet(h l�j{n�ced#n�h t(cef_k rel-l��eien�k t(m } 4t(k l0k ren�k�g�h iej k l�m�ª Î(ozuvrea g�rJa jw�el�q-k tJm l�pem t(d(ieg�a cef�k relH 4�w�a ced(l��eo*a j-sHa j j a cef�y m t(s
k rel_�

-
sHl�n�cej0g�h iej k l�m j0k ren�kBuvlJ�el�pek }° cek l�m l�j k a cefeh q�o0t(cel�t(y_k rel�d(a j g�n�m d(l�d��

-
sHl�n�cej�g�h iej k l�m j�d(a dg�t(m m l�h n�k lJrea fereh q#uva k r#g�h iej k l�m_ª Î�� g�t(m m & Ï(} ¦(¦(£ o��eiek*a k*a jHk rel

57th h l�n�j k4g�t(rel�j a �el�g�h iej k l�m0uva k r�m l�j pel�g�k4k t�n��el�m n�fel#g�h iej k l�mg�t(m m l�h n�k a t(ce}`bt(mB�et(k rJ�4�B�6�B�w �n�ced_�
-means,

k rel0sHn�a cJpem t(�eh l�s�a jk ren�k+k relH���el�j k �{g�h iej k l�m jvn�m l{k ret(j l{uvrea g�r-n�m l{k rel{d(l�cej l�j k oba } l�} ok a ferek l�j k }�° c�k rea j-¢�n�m k r�j g�a l�ceg�l_d(t(sHn�a ceo*g�h iej k l�m j-uvrea g�r�n�m lm l�h n�k a �el�h q�iecea y t(m sHo�n�h k ret(ieferÔcet(kËn�j�d(l�cej l�o�n�m l n�h j ta sHpet(m k n�cek }#� ~�l{j pel�g�ieh n�k l{k ren�kzm l�fea t(cejvt(yxk rel{t(g�l�n�c-k ren�kzn�m lm l�h n�k a �el�h q�iecea y t(m s�ren��el0sHt(m l0a cey h iel�ceg�lHt(c�k relHh n�ced(o6l��el�c�a yk rel�a mvk a ferek cel�j j{a j4cet(k�n�j4rea ferJn�j4k ren�k�t(yBt(k rel�mBm l�fea t(cej } £N`bt(m

k rea j�¢�n�m k r´j g�a l�ceg�l�d(t(sHn�a ceoZa k�a j�uvl�h h��ecet(uvc
k ren�k�k rell��eien�k t(m a n�hJ� �zÐËg�h iej k l�m j�g�t(m m l�h n�k lNrea fereh q�k t�k rel�¢�h� 4a cetperel�cet(sHl�cet(ceo6uvrea g�r�a jwk rel{j k m t(cefel�j kz�4�B° }_§4t(uvl��el�m oby t(mx�
-sHl�n�cej{n�ced#�4�B�6�B�w 4ozk rel�j l0��j k m t(cefe�0g�h iej k l�m j4k l�ced_k t_sHn�j �k relvuvl�n��el�mzg�h iej k l�m j

.

5.3. ��
�

¸#À ��� �����#·�Á ��¾+Ã�Ê �Â»BÁ Ã�ÀB½ÂÆ ¾+» 
#¹+Á ¹° c#k rea jHj l�g�k a t(ceo�uvl�pem l�j l�cekxl��epel�m a sHl�cek n�h�m l�j ieh k j{y m t(s��w�4��Biep�Ñ ¦(¦Nd(n�k n�j l�k0uvrea g�r�a j�uva d(l�h q�iej l�dNy t(m��el�ceg�resHn�m �ea cefcel�k uvt(m ��a cek m iej a t(c�d(l�k l�g�k a t(c�j q�j k l�sHj }���relJd(n�k n�j l�kBg�t(cej a j k jt(yË���BÐÔj l�j j a t(cej´n�ced k rel�n�k k m a �eiek l�j
g�t(cej a j k�t(y����BÐg�t(cecel�g�k a t(c�pem t(pel�m k a l�j o4cel�k uvt(m ��k m n�y y a g�j k n�k a j k a g�j_iej a cef�n��j l�g�t(ced�uva ced(t(u�n�ced�j l��el�m n�h*n�k k m a �eiek l�j0l��ek m n�g�k l�d�y m t(sË���BÐpen�g��el�k j }�~�l�n�h j t�ren��el�n�g�g�l�j j�k t�k rel�h n��el�h j�y t(mZk rel�j lj l�j j a t(cej-uvrea g�r�k n��el_t(cel_t(y{k rel �Zpet(j j a �eh l_�en�h iel�j ¤Bcet(m sHn�h oi!�(m oed(t(j oem �(h oepem t(�el�}
T
relJt(m a fea cen�h*d(n�k nJj l�kBa j0�el�m q#h n�m fel�o

and therefore,uvlHj n�sHpeh l�dJk relHd(n�k n{iej a cef-n{j a sHpeh l{j g�rel�sHl�}_~�l{pea g��el�d�n�h hk relJn�k k n�g���j l�j j a t(cej0y m t(s�k relJk m n�a cea cef#n�ced�k rel�k l�j k*d(n�k n�n�cedpeiek6n4g�n�pHt(y{ª Ï(o Ï(Ï(Ï0m l�g�t(m d(j*y t(m+l�n�g�rHj ie�
-
n�k k n�g��Hk q�pel

.
� ��rel�m ln�m l4Î �-n�g�k ien�hbn�k k n�g��0k q�pel�jBa c0k relwd(n�k nwk ren�kbn�m lwfem t(iepel�d0a cek t �

categories.
£

We
n�h j t�pea g��el�d�ª Ï(o Ï(Ï(Ï�cet(m sHn�hxj l�j j a t(cejHy m t(s�et(k r�k l�j kBn�ced�k m n�a cea cef�j l�k j0n�ced�l�ced(l�d�iep�uva k r�n�d(n�k n�j l�k*t(yn�pepem t(�ea sHn�k l�h q-¦ �(o Ï(Ï(ÏJm l�g�t(m d(j }_~�l{k rel�c-m l�sHt(�el�d�d(iepeh a g�n�k lj l�j j a t(cej oem l�d(ieg�a cef{k relvd(n�k n�j l�k�j a |�lvk t � �(o Ï(Ï(ÏHm l�g�t(m d(j }~�l-g�h iej k l�m l�d#k rel-d(n�k n-iej a cef_t(iemvn�h fet(m a k res�n�ced_�

-sHl�n�cejw� � & ª Ï(Ï(o6Î(Ï(Ï(owª Ï(Ï(Ï(£ }_��rel{y t(h h t(uva cef-k n��eh l�jvj ret(u�k relpeiem a k q�t(yNk rel�g�h iej k l�m j�y t(m�t(iem�n�h fet(m a k res n�ced
�
-
sHl�n�cej� � & Î(Ï(Ï(£ }��6a ceg�lHt(iem*n�h fet(m a k res�m l�sHt(�el�jwcet(a j l�oby t(mx� -
sHl�n�cejm l�j ieh k j�uvl�pem l�j l�cek#n�j a sHa h n�mZk n��eh lNg�t(cej k m ieg�k l�d�y m t(s±k relk a ferek l�j kBg�h iej k l�m j0uvret(j lJj a |�lJn�d(d�iep�k t�k rel�k t(k n�hxj a |�l�t(ywk relj ren�m l�dZcel�n�m l�j kvcel�a fere�et(m{g�h iej k l�m j }�`bt(m4n�h h*t(y4k relJy t(h h t(uva cefg�t(sHpen�m a j t(cej oËuvl±iej l�d � �z�4���¯k t t(�ek n�a c³n²�

-
uvn�qpen�m k a k a t(cea cef#� iej a cef#d(l�y n�ieh kx�en�h iel�j £ o+uvrea g�r_d(t(l�j{n-�el�k k l�m � t(�k ren�c{j k n�ced(n�m dHa sHpeh l�sHl�cek n�k a t(cejxt(yz�

-
sHl�n�cej }° c�k rel�y t(h h t(uva cef�k n��eh l�j

,
uvl�pem l�j l�cek#m l�j ieh k j�y t(mZt(iemn�h fet(m a k res¬n�ced�k relËm l�j ieh k j�y m t(s��

-
sHl�n�cej�y t(m�Î(Ï(Ï

-
uvn�qpen�m k a k a t(cea cefe}�~�l�g�n�c#g�h l�n�m h q_j l�l�k ren�k*k rel�h l��el�h�t(yva sHpeiem a k qy t(m_�

-
sHl�n�cej�g�h iej k l�m j�a j�g�t(cej a d(l�m n��eh q�rea ferel�mJk ren�c�k ren�k0t(y

sha
m l�d�cel�n�m l�j k�cel�a fere�et(m�g�h iej k l�m j o�l��el�c�uvrel�c�uvl�t(ceh qg�t(cej a d(l�m�k rel4k a ferek l�j k6�

-
sHl�n�cej*g�h iej k l�m j }0° cHpen�m k a g�ieh n�m o(y t(m+k relm n�m lJg�h n�j j0� iej l�m4k t�m t(t(kBn�k k n�g��e£ ox�

-
sHl�n�cejHpea g��ejHiep#t(ceh q�ª �t(iek#t(y � � ��g�t(m m l�g�k h q�� iej a cef�k relNsHn � t(m a k q�m ieh l�£�n�ced�t(iemn�h fet(m a k res�pea g��ej0iepNª Ï*ª{t(iek*t(y � � �(}�~�rel�c#uvl�h t(t(�#n�k*k relk a ferek l�j k��

-
sHl�n�cej�g�h iej k l�m j o��

-
sHl�n�cej�d(t(l�j ceÑ kËpea g���iepn�ceq�k rea cef{y m t(sNk relvm n�m lvg�h n�j j }{��relvg�h iej k l�m jxk ren�k�t(iemzn�h fet(m a k resy t(ieced�uvl�m l{j iepel�m a t(mxk t��

-
sHl�n�cejvg�h iej k l�m jBn�h sHt(j k6l��eg�h iej a �el�h qy t(m+d(a y y l�m l�cekb�en�h iel�j*t(y

K
}0`bt(m+l��en�sHpeh l�o(uvrel�cHuvlwh t(t(�Hn�kbk relk a ferek l�j k0g�h iej k l�m j�t(yJk rel�ª Ï(Ï(Ï

-
uvn�q�pen�m k a k a t(ceo4�

-
sHl�n�cej#uvn�j�el�k k l�m*t(ceh q-a c�a d(l�cek a y q�a cef�pem t(�el{g�h n�j j �zk rel{a sHpeiem a k q0t(yxpem t(�elg�h n�j jxuvn�j0�(} �(Î � n�jxt(pepet(j l�dHk t �(} ¦ � � y t(mzt(iemzn�h fet(m a k resH}��relwj a |�lwt(y+k relwh n�m fel�j kb�

-
sHl�n�cej*g�h iej k l�m j*y t(m+� & Î(Ï(Ï0uvn�j� g�t(a ceg�a d(l�cek n�h h q�£�Î(Ï(Ï�n�ced�k rel�h n�m fel�j k�g�h iej k l�m#uvl�t(�ek n�a cel�diej a cef�t(iem{n�h fet(m a k res
uvn�j � �(¦Z� t(iekvt(y�� �*ª0g�h iej k l�m j

)
}�¢��el�c



10

k ret(iefer-t(iemxn�h fet(m a k res�ren�d�sHn�ceq0sHt(m l4g�h iej k l�m jBa c0k rel4t(iek peiek ok rel�h n�m fel�j k�g�h iej k l�m#uvn�jZsHieg�r��ea fefel�m#k ren�c�k rel�h n�m fel�j k-�
-sHl�n�cejvg�h iej k l�m }_��rea j

demonstrates
k ren�k6t(iem�n�h fet(m a k res�a jBn��eh lk t�y a ced�sHt(m lJiece�en�h n�ceg�l�d�g�h iej k l�m j
when

k rel�q_n�m l�pem l�j l�cek*a ck relvd(n�k n�}
�@±�k85 "

1
?��! � 9 de±�á  :�7 7;á 5 ±�7 7 " 7

-
¯

- °
" ±�c87�� ¯��C`������

total correct incorrect Impurity

normal 18183 17458 725 3.99%

u2r 267 15 252 94.38%

dos 17408 17035 373 2.14%

r2l 3894 3000 894 22.96%

probe 4672 4293 379 8.11%

�@±�k85 "
2
?��! � 9 de±�á  :�7 7;á 5 ±�7 7 " 7

-
� � ��h89 " 7 9N¯

- °
" ±�c87@365 �87 9 "  7

(K=300)

total correct incorrect missing impurity
normal 18183 9472 520 8191 5.20%
u2r 267 0 113 154 100.00%
dos 17408 16221 186 1001 1.13%
r2l 3894 2569 471 854 15.49%
probe 4672 3610 302 760 7.72%

�@±�k85 "
3
?��! � 9 de±�á  :�7 7;á 5 ±�7 7 " 7

-
/10204365 �87 9 "  7

total correct incorrect missing impurity
normal 18183 12708 327 5148 2.51%
u2r 267 101 67 99 39.88%
dos 17408 13537 53 3818 0.39%
r2l 3894 2654 257 983 8.83%
probe 4672 3431 217 1024 5.95%

6. ¸ �������	��
��Âµ	�
Ä��#Ä��	� � � ��4iem*�6 4 �g�h iej k l�m a cef�n�h fet(m a k res�m l��eiea m l�jw�4�
n2£*k a sHlH� n a jwk relceiesH�el�mNt(yNd(n�k n�pet(a cek j £Na y�n�h hZpen�a m uva j l�j a sHa h n�m a k a l�j�n�m lg�t(sHpeiek l�d´k t´y a ced´k rel

k
cel�n�m l�j k�cel�a fere�et(m j }���rel�j pen�g�lg�t(sHpeh l��ea k q0a jv�4�

kn
£�j a ceg�l4t(ceh qHk rel

k
cel�n�m l�j k6cel�a fere�et(m jBcel�l�dk t��el�j k t(m l�d(}²~�rea h l�k rel

k
cel�n�m l�j k-cel�a fere�et(m_h a j k-g�n�cN�el

co
sHpeiek l�d-t(ceg�l4n�ced-iej l�d0m l�pel�n�k l�d(h q{y t(m+d(a y y l�m l�cekbm iecej*t(y+k reln�h fet(m a k res­uva k r²d(a y y l�m l�cek�pen�m n�sHl�k l�mË�en�h iel�j o�k rel�a cea k a n�hg�t(sHpeiek n�k a t(c�t(yZk rel�cel�n�m l�j k_cel�a fere�et(m�h a j k_g�n�c��el�g�t(sHlNn�et(k k h l�cel�g��e}
`bt(m0h t(uËd(a sHl�cej a t(cen�hwd(n�k n�ovk rel�g�t(sHpeh l��ea k qZt(yg�t(sHpeiek a cef�k rel�cel�n�m l�j k�cel�a fere�et(m�h a j k�g�n�c��el�m l�d(ieg�l�d�k t

nlog(n
£v�eq�k rel0iej l0t(yBn0d(n�k n0j k m ieg�k iem l0j ieg�rJn�j4n0�

-
d_k m l�l0t(mn�c{¡	�4k m l�l�}~�rea h lNk rel�m lNa j�cet�g�t(sHpeh l�k l�h q�fel�cel�m n�h�k l�g�recea �eiel�y t(my a ced(a cefËcel�n�m l�j kZcel�a fere�et(m j�l�y y a g�a l�cek h q�� a c�k a sHl�h l�j jNk ren�c

O(n2£ £�a c0rea fer0d(a sHl�cej a t(cej o�k relwk l�g�recea �eielwt(y+g�n�cet(pea l�j*¨eª �(«�a jn�pepeh a g�n��eh l�a c�sHn�ceq�g�n�j l�j } ��rea j�n�pepem t(n�g�r�y a m j k#g�rel�n�peh qpen�m k a k a t(cejBn4j l�k6t(y+d(n�k nwpet(a cek j*�eq{m l�pel�n�k l�d(h q{j l�h l�g�k a cefHnwpet(a cekn�ced�k rel�c�y t(m sHa cef�nZfem t(iep�n�m t(ieced�k ren�kHpet(a cekHt(y-n�h h4t(k rel�mpet(a cek j�k ren�k-n�m l�uva k rea cNn�g�l�m k n�a c�j a sHa h n�m a k q�k rem l�j ret(h d(}{��relg�h t(j l�j k�t(y k rel�j l pet(a cek j�n�m l m l�sHt(�el�d¬y m t(s y iem k rel�mg�t(cej a d(l�m n�k a t(ceoBn�ced�k rel#pem t(g�l�j j�a j�m l�pel�n�k l�d�iecek a hBk rel_j l�kvt(ypet(a cek j�a j�l��eren�iej k l�d(}�� ° yJk rel�n�g�k ien�hHj a sHa h n�m a k q�sHl�n�j iem l�a jl��epel�cej a �el�o(n�c{n�pepem t(�ea sHn�k lvj a sHa h n�m a k q4sHl�n�j iem lvg�n�c{�elviej l�dHk t

y iem k rel�mva ceg�m l�n�j l-l�y y a g�a l�ceg�q�} £���rel-m l�j ieh kxt(yBk rea j4pem t(g�l�j j4a j4nj l�k0t(y�� pet(j j a �eh q�t(�el�m h n�pepea cefe£�fem t(iepej#t(y�pet(a cek j#uvrea g�r�n�m lsHieg�r�j sHn�h h l�m{k ren�c�k rel_t(m a fea cen�hBj l�kvn�cedZuvrea g�r�g�n�c�k rel�c��elpem t(g�l�j j l�d�a ced(a �ea d(ien�h h q�}_° c-t(iemxg�n�j l�obg�n�cet(pea l�jvuvt(ieh d-m l�d(ieg�lk rel�g�t(sHpeiek n�k a t(c#m l��eiea m l�d�y t(mwy a ced(a cef#k rel-cel�n�m l�j kxcel�a fere�et(m jt(y*l�n�g�r�pet(a cek+j a ceg�lHl�n�g�r�pet(a cek Ñ jvcel�n�m l�j kzcel�a fere�et(m jvuva h h6t(ceh q�el�j l�h l�g�k l�d
y m t(s a k Ñ j�g�n�cet(peq�} ��rel�m l�j k�t(y�k rel��6 4 n�h fet(m a k resHoBuvrea g�rZa j�h a cel�n�m{a c�k rel_ceiesH�el�m{t(y{pet(a cek j o*uvt(ieh dpem t(g�l�l�dHn�jx�el�y t(m l�}~�rea h l�g�n�cet(pea l�j�m l�pem l�j l�cek�n�fel�cel�m n�h�n�pepem t(n�g�r�y t(mj pel�l�d(a cef_iep_cel�n�m l�j kxcel�a fere�et(mvh a j k�g�t(sHpeiek n�k a t(ceozt(k rel�m ozsHt(m ld(t(sHn�a c�j pel�g�a y a g´n�pepem t(n�g�rel�jËn�m l´n�h j t�pet(j j a �eh l�}�° c�k rel
re
sHn�a ced(l�m�t(y�k rea jBj l�g�k a t(c0uvl4pem l�j l�cek6n4g�t(iepeh l4t(y+n�pepem t(n�g�rel�jk ren�k o�m l�j pel�g�k a �el�h q�o�j ie�ej k n�cek a n�h h q�m l�d(ieg�l�k rel�n�sHt(iecek�t(yg�t(sHpeiek n�k a t(c�m l��eiea m l�dZy t(m{d(t(g�iesHl�cek j0n�ced�y t(m4 4�w�6��¢�n�m k rj g�a l�ceg�l�k a sHl-j l�m a l�j }�`bt(mvd(t(g�iesHl�cek j{l�y y a g�a l�ceg�qJa j{l�ceren�ceg�l�d�eq�iej a cefNn�cNa ce�el�m k l�d�a ced(l��Nn�ced�k rel�y n�g�k0k ren�k0d(t(g�iesHl�cek j�el�g�k t(m jHn�m l�m n�k rel�mwj pen�m j l�}�`bt(mvk a sHl�j{j l�m a l�j{n�j j t(g�a n�k l�d#uva k rpereq�j a g�n�hbpet(a cek j o�l�y y a g�a l�ceg�qHg�n�c0�el4l�ceren�ceg�l�d0�eq{m l�n�h a |�a cefHk ren�kk rel�sHt(j k4j a sHa h n�m0k a sHl�j l�m a l�jJn�m l�n�h sHt(j k4n�h uvn�q�j�n�j j t(g�a n�k l�duva k r{pereq�j a g�n�h(pet(a cek jxk ren�k�n�m lvfel�t(fem n�perea g�n�h h q4g�h t(j l�}`bt(m+t(iem+¢�n�m k rHj g�a l�ceg�lvd(n�k nvk relv�4�

n2£zg�t(sHpeh l��ea k q4ren�jxcet(k�el�l�cHnwpem t(�eh l�s�q�l�kbj a ceg�lwk relwg�iem m l�cekbd(n�k nwj l�k j oeuvrea g�r{g�t(cej a j kt(y0d(n�k n�j l�k jJt(y�
�ª Ï(Ï(o Ï(Ï(Ï�m l�g�t(m d(j�uva k rZd(a sHl�cej a t(cen�h a k q�t(ym t(iefereh q �(Ï(Ï�g�n�c#�el�ren�ced(h l�d�a c#h l�j jHk ren�c#n-d(n�qJt(c_n-j a cefeh lpem t(g�l�j j t(m }H§4t(uvl��el�m o�¢�n�m k r�j g�a l�cek a j k j�n�m l�g�t(h h l�g�k a cef�d(n�k niej a cefZj sHn�h h l�mHn�ced�j sHn�h h l�mHfem a dZj a |�l�j }�`bt(m{l��en�sHpeh l�o*a y{k relfem a d�j a |�l{n�kzuvrea g�r-d(n�k n{a jvg�t(h h l�g�k l�d�a jvren�h �el�d(obk rel4ceiesH�el�m�t(yd(n�k n�pet(a cek j o
n
o4a ceg�m l�n�j l�j#�eq�nZy n�g�k t(m�t(y �(o4n�ced�k relZ�6 4 g�t(sHpeiek n�k a t(c_a ceg�m l�n�j l�j{�eqJn-y n�g�k t(mvt(yJª �(}Z�Bt(cej l��eiel�cek h q�oza ck relvy iek iem lvg�t(sHpeiek n�k a t(cen�h(a j j iel�jxsHn�q4�elvsHt(m lva sHpet(m k n�cek }`bt(m k iecen�k l�h q�a k�a j�pet(j j a �eh l�k t�k n��el�n�d(�en�cek n�fel�t(yZk relj pen�k a n�h�n�iek t(g�t(m m l�h n�k a t(cHt(y+k relwd(n�k nwk t0j a fecea y a g�n�cek h q{m l�d(ieg�lwk relk a sHl�g�t(sHpeh l��ea k q�t(y-�6 4 ´k t �4�

n
£ }Ë��rel��en�j a g�a d(l�n�a jJn�jy t(h h t(uvj ¤6�el�g�n�iej l{t(yxj pen�k a n�hbn�iek t(g�t(m m l�h n�k a t(ceo�k a sHl4j l�m a l�jBy m t(sk uvt²d(a y y l�m l�cek�pereq�j a g�n�h�pet(a cek j´t(c k rel�feh t(�el�k ren�k�n�m lfel�t(fem n�perea g�n�h h qNg�h t(j l�k l�ced�k t��el�sHt(m l�j a sHa h n�m_k ren�cNk ret(j ly m t(s´pet(a cek j�k ren�kvn�m l_fel�t(fem n�perea g�n�h h q�sHt(m l_d(a j k n�cek }�� Ð6h l�n�j lcet(k l�k rel�d(a j k a ceg�k a t(c��el�k uvl�l�c�pereq�j a g�n�hwpet(a cek jJt(c�k rel#feh t(�eln�cedZk rel_d(n�k n_pet(a cek j o*uvrea g�r�n�m l_k a sHlJj l�m a l�j0n�j j t(g�a n�k l�d�uva k rk ret(j lNpet(a cek j } £��Bt(cej l��eiel�cek h q�o-a y�uvl�h t(t(��n�kJk rel�cel�n�m l�j kcel�a fere�et(m j�� sHt(j k-j a sHa h n�mJk a sHl�j l�m a l�j £Jt(yJn�pen�m k a g�ieh n�mJk a sHlj l�m a l�j o�k rel�c k rel�q�n�m l��eiea k l�h a �el�h q�k t �el�k a sHl�j l�m a l�j

correspondi
cef0k t-pet(a cek jBk ren�k6n�m l4j pen�k a n�h h q{�el�m q{g�h t(j l�o(n�ced0uvlg�n�c#g�t(sHpeiek l�k rel�cel�n�m l�j k*cel�a fere�et(mwh a j kxt(yvn-k a sHl-j l�m a l�j

–
n�kh l�n�j k+k tJnHrea fer�n�g�g�iem n�g�q

-
�eq-h t(t(�ea cef�t(ceh q0n�kzk rel{k a sHl{j l�m a l�jn�j j t(g�a n�k l�d�uva k r�nZm l�h n�k a �el�h q�j sHn�h h4ceiesH�el�m-t(y-j iem m t(ieced(a cefh t(g�n�k a t(cej obl�} fe} obn{y l�u�reieced(m l�d(}_��rea jBm l�d(ieg�l�jBk rel4g�t(sHpeh l��ea k qt(yvk rel-g�t(sHpeiek n�k a t(c_k t#�4�
n
£ } �4yBg�t(iem j l�ozk rea j4a sHpem t(�el�sHl�ceka cJg�t(sHpeh l��ea k q-a jwcet(k+iej l�y ieh o6ieceh l�j jwk relHm l�j ieh k a cef�g�h iej k l�m jwn�m ln��et(iek�k relvj n�sHl�}{§4t(uvl��el�m oea c{pem l�h a sHa cen�m q4l��epel�m a sHl�cek jxk rea jxa jk rel�g�n�j l�}
`ba feiem l�ª ��j ret(uvjJk rel�g�h iej k l�m jJm l�j ieh k a cef�y t(m0k rea j��h t(g�n�h �{�6 4 �g�h iej k l�m a cef-n�pepem t(n�g�reobuvrea g�r-n�m l{�eiea k l4j a sHa h n�m�k tk ret(j lwa cH`ba feiem l_ª �(}0`bt(m+k rea j*l��epel�m a sHl�cek o(uvlv�eiea h k�k relvcel�n�m l�j k
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cel�a fere�et(mvh a j kx� t(yvj a |�lZª Ï(Ï(£Bt(yNl�n�g�rJk a sHl0j l�m a l�j��eq�h t(t(�ea ceft(ceh q4n�k�k relvk a sHlvj l�m a l�jxy t(mzk rel3�(Ï(ÏHg�h t(j l�j k�pereq�j a g�n�h(h t(g�n�k a t(cej }`bt(mJd(t(g�iesHl�cek0g�h iej k l�m a cefeo{l��el�m q�d(t(g�iesHl�cekHg�t(cek n�a cej#ny m n�g�k a t(c�t(y�k rel�uvt(m d(j�y m t(s�k relË�et(g�n��eieh n�m q
n�ced k reld(t(g�iesHl�cekz�el�g�k t(m jvn�m l{�eiea k l{j pen�m j l�}_�4cel{t(yxk rel{sHt(j kzuva d(l�h qiej l�d�j a sHa h n�m a k q�sHl�n�j iem l�jNa c�d(t(g�iesHl�cek�g�h iej k l�m a cef�a jNk relg�t(j a cel0sHl�n�j iem l�}Z�wg�g�t(m d(a cefJk t_k rel0g�t(j a cel0sHl�n�j iem l�ozy t(mBk uvtd(t(g�iesHl�cek jvk t�ren��el{n{cet(c
-
|�l�m t�j a sHa h n�m a k q�obk rel�qHren��el4k t-j ren�m ln�kBh l�n�j kBt(celJuvt(m d(}���reiej o�y t(mwn�fea �el�c#d(t(g�iesHl�cek

d
o�uvl�g�n�cy a ced�k rel{h a j kzt(yxd(t(g�iesHl�cek jvk ren�kzren��el{n{cet(c

-
|�l�m t�j a sHa h n�m a k qHk t

d
�eq0�el�l�pea cef-n{h a j kzt(yxn�h hbk rel4d(t(g�iesHl�cek jBk ren�k6g�t(cek n�a c0n�k6h l�n�j kt(cel�t(y_k rel�k l�m sHj�a c�d(t(g�iesHl�cek

d
}���rel�k m n�cej pet(j l�t(yJk rel

document-
k l�m s²sHn�k m a ��� a ce�el�m k l�d�a ced(l��e£#g�t(cej a j k jZt(y#uvt(m d�el�g�k t(m j{k ren�kxn�m l-h a j k j{t(yvd(t(g�iesHl�cek j{k ren�kxg�t(cek n�a c_l�n�g�rJuvt(m d(}° yvuvl-sHn�a cek n�a c_k rel-a ce�el�m k l�d#a ced(l��_y t(mvk rel-d(n�k n0uvl�Ñ m l0k m q�a cefk t�g�h iej k l�m o�k rel�c�uvl
g�n�c�g�t(cej k m ieg�kNk rel
h a j kNt(y�j a sHa h n�md(t(g�iesHl�cek jwy t(mxn{fea �el�c-d(t(g�iesHl�cekz�eq0k n��ea cef-k rel{iecea t(c-t(yxk reluvt(m dN�el�g�k t(m j�y t(m�l�n�g�r�uvt(m d�a c�k ren�kHpen�m k a g�ieh n�m�d(t(g�iesHl�cek }�wy k l�mvk rea j{h a j kxa j{g�t(cej k m ieg�k l�d(o+uvl-t(ceh qJcel�l�d#k t#g�n�h g�ieh n�k l-k relj a sHa h n�m a k q�t(y{k rel_fea �el�c�d(t(g�iesHl�cekvk tZk rel_d(t(g�iesHl�cek j0a c�k rea jh a j k4j a ceg�l�n�h hwt(k rel�m0d(t(g�iesHl�cek jJuva h hwren��el�n�|�l�m t�j a sHa h n�m a k q�}��rea jxn��et(a d(jxiececel�g�l�j j n�m q4g�t(sHpeiek n�k a t(ce}��j l�g�t(ced_t(pek a sHa |�n�k a t(cJg�n�cJ�el0pel�m y t(m sHl�dJ�eq-l��epeh t(a k a cefk rel�y n�g�k�k ren�k�y t(m#n�fea �el�cNd(t(g�iesHl�cek oHt(ceh q�k rel�k t(pN� rea fer

-uvl�a ferek l�d(£{y l�u�uvt(m d(j-g�t(cek m a �eiek l_j ie�ej k n�cek a n�h h q�k tZk rel_cet(m sH}° yxuvl{t(ceh q0�el�l�p-k rel{rea fer
-
uvl�a ferek l�d�k l�m sHjvk ren�kzsHn��el{iep0sHt(j kt(y�k relZcet(m s�� ¦(Ï � t(m�j t(£ owuvl�g�n�c�m l�d(ieg�l�k rel�ceiesH�el�m-t(yj a sHa h n�m�d(t(g�iesHl�cek j g�t(cej a d(l�m n��eh q�o��eiek´cet(k
h t(j l±sHieg�ra cey t(m sHn�k a t(ce}��4j a cefJk rea j4t(pek a sHa |�n�k a t(cJm l�j ieh k l�d_a cJn0j pel�l�d(iept(y{Î(ÏZt(�el�m{k rel_g�n�j l_uvrel�m l_t(ceh q#k relJy a m j kBt(pek a sHa |�n�k a t(c�uvn�jiej l�d(}²~�l�g�h iej k l�m l�d�Î �(Ï(Ï�d(t(g�iesHl�cek jZa c ��j l�g�t(ced(j�n�cedª Ï(Ï(o Ï(Ï(Ï�d(t(g�i

ments
a cZh l�j j�k ren�cZn�cZret(iemHt(cZn_Ð6l�cek a ies
Î(o

600MHz
d(l�j �ek t(p{g�t(sHpeiek l�m }

7. ¸ ���#¸���� � ����� � Ä���
 
 �#µ�� È ��É � È �° c_k rea j4pen�pel�mBuvl0d(l�j g�m a �el�d_n0cet(�el�h+j ren�m l�d_cel�n�m l�j k�cel�a fere�et(mg�h iej k l�m a cefHn�h fet(m a k res�k ren�kbg�n�cHy a ced0g�h iej k l�m jxt(yz�en�m q�a cef{j ren�pel�j oj a |�l�j o�n�ced�d(l�cej a k a l�j o�l��el�c�a c�k rel�pem l�j l�ceg�l�t(y�cet(a j l�n�cedt(iek h a l�m j } ��rel�n�h fet(m a k res g�n�c ren�ced(h l±d(n�k n±t(y�rea ferd(a sHl�cej a t(cen�h a k qËn�ced
�en�m q�a cef�d(l�cej a k a l�j o�n�ced�n�iek t(sHn�k a g�n�h h q
dete
m sHa cel�j-k rel_ceiesH�el�m{t(y{g�h iej k l�m j }���reiej o*uvl_�el�h a l��elJk ren�kt(iemHn�h fet(m a k res´pem t(�ea d(l�j-n_m t(�eiej kvn�h k l�m cen�k a �el_k tZsHn�ceq�t(k rel�mg�h iej k l�m a cef#n�pepem t(n�g�rel�jHk ren�k*n�m l-sHt(m l-h a sHa k l�d#a c_k rel-k q�pel�j{t(yd(n�k nvn�cedHg�h iej k l�m jxk ren�k�k rel�q4g�n�c{ren�ced(h l�}° c�pen�m k a g�ieh n�m o4t(iem��6 4 �g�h iej k l�m a cef�n�h fet(m a k res�g�n�c�y a cedg�h iej k l�m j�k ren�kNm l�pem l�j l�cekNm l�h n�k a �el�h q�iecea y t(m sÒm l�fea t(cej�uva k rm l�j pel�g�kzk t�k rel�a mx��j iem m t(ieced(a cefej o �{l��el�c-a yxk rel�j l{g�h iej k l�m jvn�m l4t(yh t(u�t(m+sHl�d(a ies�d(l�cej a k q�}0~�lwpem l�j l�cek l�d0n�cHl��en�sHpeh lwt(y+k rea j*a ck rel0g�t(cek l��ek�t(yB 4�w�6��¢�n�m k rJj g�a l�ceg�lHk a sHlHj l�m a l�jwd(n�k n�o6uvrel�m lt(iem��6 4 �g�h iej k l�m a cef�n�pepem t(n�g�r�uvn�j_n��eh l�k t�j a sHieh k n�cel�t(iej h qy a cedZg�h iej k l�m j-t(y{d(a y y l�m l�cekvd(l�cej a k a l�j-k ren�kvuvl�m lJa sHpet(m k n�cekBy t(ml��epeh n�a cea cefZret(u�k rel#t(g�l�n�cZa cey h iel�ceg�l�j�k rel#h n�ced(}��4�B�6�B�w g�t(ieh d�t(ceh q�y a ced�k relN��uvl�n��el�m �Ng�h iej k l�m��eq�j n�g�m a y a g�a cef�k rel�eien�h a k q_t(ywk rel���j k m t(cefel�m ��g�h iej k l�m j }��

-
sHl�n�cej{g�t(ieh d#y a ced#k reluvl�n��el�m�g�h iej k l�m o_�eiek�t(ceh q�n�j�t(cel�t(yZn�h n�m fel�ceiesH�el�mZt(y

clus
k l�m j }�`biem k rel�m sHt(m l�o+j a ceg�l-k rel-�eien�h a k qJt(yvk rea j{g�h iej k l�mBuvn�jh t(u�a c��

-
sHl�n�cejJk l�m sHj ovk rel�m l�uvn�jJcet�uvn�qZk t�a d(l�cek a y qZk rea jg�h iej k l�mzn�jx�el�a cef{n�ceq�k rea cef{j pel�g�a n�h }° c_n�d(d(a k a t(c_k t_k rel0 4�w�6��k a sHl0j l�m a l�j4d(n�k n0l��en�sHpeh l�ozuvln�h j t�pem l�j l�cek l�d

examples
t(yxk rel{j iepel�m a t(mxpel�m y t(m sHn�ceg�l4t(y�t(iemn�h fet(m a k res�uva k r�m l�j pel�g�k+k t�j t(sHl{t(k rel�mxuvl�h h

-
�ecet(uvc-g�h iej k l�m a cef

algorithms for
�w�4�´g�iep�d(n�k n�n�ced�k uvt�d(a sHl�cej a t(cen�hwpet(a cekd(n�k nHj l�k j }�° c�pen�m k a g�ieh n�m o6�6 4 �g�h iej k l�m a cef�a jwg�t(cej a j k l�cek h q0n��eh lk tZt(�el�m g�t(sHl_pem t(�eh l�sHj-uva k r�d(a y y l�m a cef�g�h iej k l�m{d(l�cej a k a l�j0k ren�kg�n�iej l{t(k rel�mxk l�g�recea �eiel�jv� l��el�c � n�m �ea j

-Pa
k m a g��e£�k t-y n�a h }�`bt(m�k rel�w�4���Biep�Ñ ¦(¦�cel�k uvt(m ��a cek m iej a t(c#d(n�k n��6 4 �g�h iej k l�m a cef#uvn�jn��eh l{k t�pem t(d(ieg�l{peiem l�m�g�h iej k l�m jBk ren�c0k rel4g�h iej k l�m jBpem t(d(ieg�l�d-�eq

K-
sHl�n�cej }~�rea h l�t(iem�g�h iej k l�m a cef�n�h fet(m a k res ren�jËn´�en�j a g´k a sHlg�t(sHpeh l��ea k q´t(y��4�

n2£ o�k rel�m lËn�m lËnËceiesH�el�m�t(y�pet(j j a �eh l
optim

a |�n�k a t(cejHk ren�k*pem t(�ea d(l�m l�n�j t(cen��eh l�m iec
-
k a sHl�y t(m

specificd(t(sHn�a cej }���rel_�en�j a g_a d(l�n_a c�n�h hBg�n�j l�j-a j0k t�y a ced�nJg�rel�n�pel�muvn�qNt(y#g�t(sHpeiek a cef�k rel�cel�n�m l�j k�cel�a fere�et(m jZt(y#n�pet(a cek j��eqm l�j k m a g�k a cef�k relNceiesH�el�m�t(y�pet(a cek j�g�t(cej a d(l�m l�d(}���rel�sHt(j kfel�cel�m n�h{n�pepem t(n�g�r�k t�n�g�g�t(sHpeh a j r�k rea j_a j_k t�iej l�sHl�k ret(d�t(yg�n�cet(pea l�j�k t�j peh a k-k rel�d(n�k n�a cek tNj sHn�h h l�mJj l�k j�n�cedNy a ced
thecel�n�m l�j kwcel�a fere�et(m j�t(yHn#pet(a cekwt(ceh q�n�sHt(cefZk rel#pet(a cek j-a c�a k jg�n�cet(peq�}�§4t(uvl��el�m oxy t(m4d(t(g�iesHl�cek j0n�ced�¢�n�m k r�j g�a l�ceg�lJd(n�k n�oj l��el�m n�hHd(t(sHn�a c�j pel�g�a y a g�n�pepem t(n�g�rel�j#n�m lZpet(j j a �eh lZk ren�kHg�n�cm l�d(ieg�l#k rel#m l��eiea m l�d�g�t(sHpeiek n�k a t(cZ�eq�t(cel#t(mHk uvtZt(m d(l�m j-t(y

magnitude.
An
a sHpet(m k n�cek0fet(n�hHt(yJt(iemJy iek iem l�m l�j l�n�m g�r�uva h h{�elZk ta ce�el�j k a fen�k l{k rel{�el�ren��ea t(mxt(yxt(iem��6 4 Ng�h iej k l�m a cef0n�pepem t(n�g�r0t(ct(k rel�mxk q�pel�jvt(yxd(n�k n�obl�} fe} obk m n�cej n�g�k a t(c-d(n�k n4n�ced-fel�cet(sHa g4d(n�k n�}~�l�y l�l�hHk ren�k0h t(t(�ea cef�n�k0n�uva d(l��en�m a l�k q�t(yJd(n�k nZj l�k j#n�cedg�t(sHpen�m a cefHk relwpel�m y t(m sHn�ceg�lwt(y+t(iem+n�h fet(m a k res�k t0k ren�k�t(yzt(k rel�mg�h iej k l�m a cefZn�h fet(m a k resHj�a j�k rel#�el�j kwuvn�q�k t��el�k k l�mHieced(l�m j k n�cedt(iemzn�h fet(m a k resNn�cedHk tHd(a j g�t(�el�mza k jxj k m l�cefek rejxn�cedHuvl�n��ecel�j j l�j }

Ano
k rel�m+sHn � t(m+fet(n�h�uva h h��elwk tHl��epeh t(m lva yzk relva d(l�n�jxa c{t(iem�6 4 �g�h iej k l�m a cef�n�h fet(m a k res�g�n�c��el{l��ek l�ced(l�d�a c-k rel{j n�sHl{uvn�qk ren�k6k rel4a d(l�n�jBt(y��4�B�6�B�w Nren��el4�el�l�cHl��ek l�ced(l�d0uva k rHm l�j pel�g�k

t
t0t(iek h a l�m+d(l�k l�g�k a t(c

[22]
o(a d(l�cek a y q�a cefHk relwg�h iej k l�m a cefHj k m ieg�k iem l�o

OPTICS
¨ �*ª « oen�cedHpel�m y t(m sHa cef{rea l�m n�m g�rea g�n�h(g�h iej k l�m a cef{¨ �*ª «

.`ba cen�h h q�ovuvl�ren��el�sHn�d(l#t(iemH�6 4 �g�h iej k l�m a cefZn�h fet(m a k respeie�eh a g�h qHn��en�a h n��eh l4j t-k ren�k6t(k rel�m jBg�n�c0k m q{a kby t(m+k rel�sHj l�h �el�j }0° kg�n�c{�elvd(t(uvceh t(n�dHy m t(s
http://www.cs.umn.edu/~ertoz/snn/
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