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 �.z!u{W*ajiCckfhW*a��R\|�jZAUXc�ZAY*\�zN¡+� �*�Rn
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�yZAajo1iC\(cXc�\=�jZAUXckfh\� v�y\�ayWv�jo��yU�\(ayWvajo1iCW*ayajZ�f�o�o�ZAajiC\��R\to�W*�ycqfgd�o�\(c1�R\to�cX\(U�[�\to��R�²�jZ�U�Z�dhz
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iCW*�y�E�R\ ok�ji(i�s\to(n dh\ � �
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\C�y�RdhW*U�\�dh\to�U�\Cd�ZAcqfmWvajo.\(aPc�UX\.dm\HU�\tiC�Rfhc+o¬fh[ �RdÑ�\x\(c�dh\to|Z�dhY*WvUkfhc�wy[�\to�Y �\(a��\(ckf� *�y\to(¥#¼�ay\�U�\(z
k 7�� g CMD��8G
;>=BK��! L I�L ;JL ?#" =BK O>=� " D%$L LEOJK�I�$L ? ;>=BK L g A�C&�
L('

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# �
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o¬fhajZAYv\=\(aRc�U�\=iXwyU�W*[�WPoqW*[�\to(¥
¢0�yUts\to	d�Z U�\(�yUXWr�R�jiCckfhW*a'n �ya iCU�W�f·oq\([�\(aPc!�j\(U�[�\(c��R\1YV�\(a«�\(U�\(U	dh\to�ayWv�y�*\tZA�R��fhaj�vfh�*f��R�jo(¥
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Wyi(i(Z*o¬fhW*a�iCW*[�[�\«�R\to	�*\tiCc�\(�yUCo(nCd�Z1�RpPajZ�[ f� *�y\��R\#db§¨W*���\(UCZAc�\(�yU"iCU�W�f·oq\([�\(aPc�n(fhajok�RfhUy�\(\³�vfhU�\tiCz
c�\([�\(aPc��R�|�yU�WyiC\to�ok�jo��R\�[ �Rdhckfh�Rdef�i(ZAckfhW*a²�R\to#i�wyUXW*[�WPokWv[�\toVwR�y[|Z�fhajo(nRiCW*ajo¬f�okc�\�sZ1YV�\(a«�\(U�\(U
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db§ fhaj�vfh�*f��R�	n��y�Rf·o�dh\to.ok\(Y*[�\(aRc�oNljajZ��R� �R\to.�R\(�R���jZAU�\(aRc�o�okWvaPc��\ti�wjZ�ayY �\toNZA�yc�W*�yU|�R\HiC\
o¬fhc�\*¥ _{dedh�jokc�U�Wvajo�iC\(cXc�\�W*���\(U�ZAckfhW*aE�yZAajo»dm\+i(Z*o,W s�EayW*c�UX\�\toq�jZ*iC\ �R\�U�\ti�wy\(UCi�wy\.\tokc1�ya \tokz
�jZ*iC\ �/§ºZAU�´yUX\to��RW*aRc�dh\to�db§k�\(ckf� *�y\(c�Z�Y*\=�R\to�ayWR\(�j�yo�ok\�u¯Z�fmc��R\=YPZA�jiXwy\ sZ��RU�WAfhc�\*¥jT	W*�yU�iC\Cd·Z n
iCW*ajo9f·�#�\(U�W*ajo��R\(�R�xYvU�ZA�ywy\to�� 61\(c��=��ZtpRZAaPc > ayWR\(�j�yo �jiXu�¥RljY*�yUX\=]5 b¥
¸Va²oq�y�y�jWPo�Z�aPc0 v�y\Ndh\�o¬fhc�\ �R\�iCU�WAf�ok\([�\(aPc!f�o�ok�²�/§ �ya²cqfmUCZAY*\=ZA�HokW*U�c�\tokc!dh\=ayWR\(�j�²� ¡

U�\toq�'¥ C�¤"�±W*�yU#dm\�Y*U�Z��ywy\=£�61¡bU�\toq�'¥y£»�N¤Cn*W*a.W*´yckfh\(aRc«iCW*aRu{W*U�[��\([�\(aRc0sZ ¡ � ¤V�R\(�R�|\(aRubZAaPcCo
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Z�d(�\tZAc�WAfhU�\([�\(aRc=�jZ�U�[ fVdh\to iCW*[��jWRo�ZAaRc�\to=�R\to,�jZAU�\(aRc�o=Z�pPZAaRc�dh\|[Hª\([�\Nfhaj�vf�iC\*¥�£x�\(a«�\(U�Z�dh\(z
[�\(aRc#dh\»ok\tiCWvaj��\(aRubZAaRc«\toqc«iCW*ajokcXU��Rfhc«\(a.�yU�\(ajZAaRc#dh\»iCW*[��RdÑ�\([�\(aRc�Z�fhU�\1�R�|�yU�\([�fm\(U�\(aRubZAaRc
iCW*[�[�\1ayW*�jo³d¯§ fmaj�vf� v�y\Ndm\ o�iXw«�\([|Z �y¥
¦/\to W*���\(U�ZAckfhW*ajoN�R\ iCU�W�f·oq\([�\(aPc. *�y\.ayW*�jo �*\(ayWvajo��R\+�#�\tiCUqfmUX\xokW*aRc1dh\to �Rdh�jo �yckfedef�oP�\to

�yZAajo d�Z1defhc�cy�\(U�ZAc��yUX\³�R\to}¢1£�¥A_¯dK\(a�\C�Rf�okc�\�´Rfh\(a �/§ºZ��yc�U�\to	c�\Cd�o� v�y\!dm\�iCU�WAf�ok\([�\(aRc�[��Rdhckfhzbo¬fhc�\
W*�H´Rfh\(aE�R\to1iCU�WAf�ok\([�\(aRc�o1ok���\tiXf�Z�def·oR�\to³dgf(�\to�sZ d�Z+oR�\([|ZAaRckf� *�y\ �R�²�yUXW*´Rd¯s\([�\Nc�U�Z�fhcy�\1\(c��tW*��sZ
d�Z+okc�UX�jiCc��yU�\��R�EiCWy�yZAY*\ iCW*ajo¬f����\(Uy�\*¥��AfhY*ajZ�dmWvajo1���\k~tsZ| v�y\�iC\(c�cX\�Wv�«�\(U�ZAcqfmWvax�R\�iCUXWAf�ok\([�\(aRc
�yU�\(aj�RUCZ²�yZ�ajo1dh\+i(Z*�RU�\+�R\�d�Z 
²µ����ya Z*oq�j\tiCc c�Uts\to1ok�«�\tiXfelK v�y\+\(c=W*UkfhYAfhajZ�db¥ � W*c�W*ajoNZA�
�jZ*oXo�ZAY*\� v�y\=db§¨Wv�«�\(U�ZAcX\(�yU»�R\�iCU�WAf�ok\([�\(aPc1ay\ [�Wy�vfelj\��jZ*o�a��\tiC\toXo�Z�fhU�\([�\(aRctn/iCW*[��yc�\ c�\(aR�
�R�+i(ZAU�Z*iCcts\(U�\�Z�dÑ�\tZAc�W�fmUX\0 *�'§ fgd/U�\(�'ª\(ctn�c�W*�jo dm\to fhaj�vfm�vf��R�jo0Z�pPZ�aPc�ok�yUX���\tiC�­sZ»d�Z1U�\(�yU�Wy�R�jiCckfhW*a'¥

�YG ¾ � Á �yÁ�+·¿ * ¦V§¨W*���\(U�ZAckfhW*a �R\«[ �yc�Z�ckfhW*a�iCW*ajo¬f�okc�\=sZ![�Wr�vfelj\(U��R\«[.ZAaRf¯s\(U�\�Z�d(�\tZ�c�WAfhU�\*n
Z��*\ti,�yay\��yUXW*´jZA´Rfedefmcy�\=YV�\(a��\(UCZ�dh\([�\(aPc³u¯Z�fh´Rdh\*n±d�Z��AZ�dh\(�yU=�/§¨�yay\�iCWv[��jWPoXZAaPcX\��R\1db§ fhaj�vfh�vf·�R�'¥
µ1ZAajo}dh\=i(Z*o��R�xiCWy�yZAY*\�´RfmajZ�fmUX\=�R\�d¯§ ¢1£�=0nv�ya+´jWRWAdÑ�\(\(a�� L���� ��6!�1i�wyWAf�o¬f"Z�d(�\tZAc�WAfhU�\([�\(aRc
\tokc	U�\([��Rd�Z*i±�\��jZAU	okW*a1fhaR�*\(U�ok\$6 ���=¥ � \tiXwyaRf· v�y\([�\(aRctn�d�Z0iCWv[�´RfhajZ�f�okWva��R\#d�Z�U�\(�yUXWr�R�jiCckfhW*a
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\(c��R�|iCU�WAf�ok\([�\(aRc�\toqc�ok�R� o�ZAaRc�\��jWv�yU«Z*o�oq�yU�\(U	db§9�\(�*W�dm�ycqfmWva��R\³d·Z,�jW*�y�Rd�ZAcqfmWva'nP[.Z�f�o	fedj�j\(�yc
ZAUXUkfh�*\(U� *�y\�iC\(U�c�Z�fhay\to	fhaRu{W*U�[|Z�ckfhW*ajoV\to�oq\(aPckfh\Cdedh\to#z"iCW*[��±WPo�ZAaRc�\toV�yZAajo d�Z=i(ZvoV�R\toV�*\tiCc�\(�yUCo
z��vf·oq�jZAU�Z�f�o�ok\(aRc=�R\Nd�Z��±W*�y�Rd�ZAckfhW*a'¥'¦/\NU*ªWAdh\ �yU�\([ fh\(U»�R\Nd�Z�[��ycCZAckfhW*ax\toqc0�RW*aji �R\=�jZ�dedefh\(U
sZ.iC\(c�fhajiCW*aR���\(aRfm\(aRct¥/TVUkf�ok\,f�okWAdÑ�\([�\(aRctnRd�Z [ �yc�Z�ckfhW*axiCW*ajokckfhc��y\N�yay\ \C�r�RdhW*U�Z�ckfhW*a²Z�d(�\tZAc�WAfhU�\
�R\Ndb§¨\tok�jZ*iC\��R\to1iXwjZ ªfhay\to(¥�
HZ�f�o��yay\ �yckfedef�o�ZAckfhW*a �jZAU�iXfh[�W*aRfh\(�jok\|Z��*\ti»d�Z.U�\(�yU�Wy�R�jiCckfhW*aH\(c
dh\=iCU�WAf�ok\([�\(aPc�iCW*ajokcqfmcX�y\0�yay\1�±WAdef·iC\ �/§ºZ*o�oq�yU�ZAajiC\��yU�Wvcr�\(Y*\tZ�aPc��R\!d�Z=�±\(U�c�\1�yUy�\([|ZAc��yUy�\(\«�R\
iCW*[��jWPo�Z�aPc�\to«fm[��jW*U�cCZAaPcX\to(¥
µ���U*ªWAdh\Eok\tiCW*aj�yZ�fmUX\¹�R\�db§¨W*���\(U�ZAc�\(�yU+�R\x[ �yc�Z�ckfhW*a �yZAajo�db§¨¢,£�=0n#ayW*�jo�U�\(ckfh\(aj�RU�W*ajo

 v�y\Hd�Z u{Uy�\t v�y\(ajiC\E�R\E[ �yc�ZAckfhW*a�iCW*ajoq\Cfgded(�\(\ �jWv�yU+W*´yc�\(aRfhU²�R\E´±W*ajo+Uy�\tok�Rdhc�ZAcCo|�yZAajo�dh\to
�\(c��j�R\to#\([��RfhUkf� *�y\to�ok\=o¬fhc��y\=ZA�ycXW*�yU«�/§¨�yay\1[ �yc�Z�ckfhW*a|cXW*�jo}dm\to36t�*�*�,´RfmcCo�¡b�jWRo¬fhckfhW*ajoC¤�¥y¦/\to
c�Z��R���R\�[ �yc�ZAckfhW*a.okW*aRc��\(YRZ�dh\([�\(aPc	ubZ�fh´Rdh\to��yZAajo}dh\to#�jW*�y�Rd�ZAckfhW*ajo#ajZAcX�yU�\Cdedm\to njiC\» v�RfKayWv�jo
iCW*aj�R�Rfhc|sZ �±\(ajok\(U= v�y\1d�Z�[ �yc�Z�ckfhW*a+\tokc0iCW*ajo9f·�#�\(Uy�\(\|sZ»~9�jokcX\=ckfhc�U�\=iCWv[�[�\=�ya�[��\ti(Z�aRf·oq[�\
�/§ºZv�yZA�yc�ZAckfhW*axoR�\tiCW*aj�yZ�fhU�\1�±W*�yU!dm\to³¢1£�¥
� W*�jo«fgdedh�jokc�UXW*ajo�sZNd�ZNljY*�yU�\=� ny�jW*�yU!�ya²iCWy�yZAY*\1´RfhajZ�fhU�\*n/�yaxo�iXw«�\([|Z �R\N[��ycCZAckfhW*a'¥
¼�a U�ZA�y�yUXWriXwy\([�\(aRc"�Rdh�jo	�yU�WAu{W*aj�N�R\to	¢1£�sZ�d�Z!´RfmW�dmWvYAfh\�[�WAd(�\tiC�Rd�Z�fhU�\�Z!�j\(U�[�f·o d�Z�[ f�ok\

\(aÀ�\(�vf��R\(ajiC\��/§ºZ��yc�U�\=Wv�«�\(U�ZAcX\(�yU�o#Y �\(a��\(ckf� *�y\to�\(c1�/§ºZA�ycXU�\to�[��\ti(ZAaRf�ok[�\to��R\=U�\(�yU�Wy�R�jiCckfhW*a'¥
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\(c�iA¥L=#\to�W*�«�\(U�Z�c�\(�yU�o�W*aRcx�\(cy�\1�yckfedgf�oR�\to=Z��*\tiNok�ji(i�s\to��yZAajo��Rdh�jo¬fh\(�yU�o iCW*aRc�\C�rcX\to �76O6�nj6	>�<R�� b¥
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¦/\to#W*�«�\(U�Z�c�\(�yU�oV�R\!d¯§ ¢1£�=�okW*aRcVY*�Rf����\to#�jZAU��ya+iC\(U�c�Z�fma.ayW*[ ´yU�\0�R\��jZAU�Z�[­s\(c�UX\to'YV�\(a«�\(z

U�Z�dm\([�\(aPc�ly�«�\to=sZ�db§ºZ���ZAajiC\ \(c1�RW*aRc»�#�\(�j\(aj��c�Uts\to#u WvU�c�\([�\(aRc�d�Z ® ´jWvayay\ ® iCW*aP�v\(U�Y*\(ajiC\��R\
db§ºZ�dhY*WvUkfhc�wy[�\*¥/TVUy�\tok\(aPcXW*ajoV´yUkfbs\(�*\([�\(aRc�dh\to��yUkfhajiXfh�jZA�R�H�jZAU�ZA[xs\(c�U�\to��R\�db§¨¢1£;=0¥
� ¦ ZEc�Z�fgdedh\²�R\.d�Z �jW*�y�Rd�ZAcqfmWva�\(c d�Z�dhW*ayY*�y\(�yU+�R��iCWy�yZAY*\x�R\xiXwjZ* *�y\­fhaj�vfm�vf��R�'¥�_{d0\toqc

iCW*ajok\CfededÑ�\|�R\��yUX\(aj�RU�\|iCW*[�[�\�cCZ�fedgdh\|�R\�d·Z.�±W*�y�Rd�ZAckfhW*a d�Z.��Z�dh\(�yU�iCWvU�U�\tok�±W*aj�yZAaRc|sZ
d�Z dhW*ayY*�y\(�yU=�R�HiCWr�yZ�Y*\��R\to!fhaj�vfh�*f��R�jo(¥	¸Va�\ � \(c�njo¬f	d·Z�c�Z�fededh\��R\=d�Z��jW*�y�Rd�ZAcqfmWva²\toqc
c�Uts\to�Y*UCZAaj�R\*n/db§k�\(��Z�dh�jZAckfhW*a �R\�c�W*�jo!dh\to,fhaj�vfm�vf��R�jo��R\ d�Z+�±W*�y�Rd�ZAckfhW*a��±\(�yc�o(§ºZ����\(U�\(U
c�U�W*��dmWvayY*�y\*¥PTVZAU�iCWvaPc�UX\*nPo¬fj\Cdedh\1\tokc�cXU s\to	�±\(ckfhc�\*nvd¯§ Z�dhY*W*Ukfhc�wy[�\!�j\(�yc�iCW*aR�*\(U�Y*\(UVc�UXW*�
U�ZA�Rf��R\([�\(aRct¥

� d�Z.�yU�Wv´jZA´Rfedgfhcy�\��R\ iCU�WAf�ok\([�\(aRc � � ¥/¸	dedh\����\(�±\(aj�x�R\1d�Z�u WvU�[�\��R\,d�Z u{W*ajiCckfhW*aH�/§9�\(�AZ�dh�jZAz
ckfhW*a'¥��*W*a�iXwyWAfe��\tokc�YV�\(a��\(UCZ�dh\([�\(aPc \C�y�«�\(Ukfh[�\(aRc�Z�d�\(c|oXZH��Z�dh\(�yU.\tokc�c�Uts\to=oqW*�y�*\(aRc
�yUkf�ok\1\(aRc�U�\1�y¥º�1\(c��y¥ >y¥*T dm�jo³\Cdgdh\N\tokc|�\Cdh\(���\(\*nR�Rdm�jo«d·Z��jW*�y�Rd�ZAckfhW*axoq�y´Rfmc��R\to�i�wjZ�ayY*\(z
[�\(aRc�o fh[��jW*UXc�ZAaRc�o(¥�¢�fhajo¬fbnAd�Z1iCW*aR�*\(U�Yv\(ajiC\«\toqcVc�Uts\to U�ZA�Rf��R\0o¬fRdh\�c�ZA�R���R\0iCUXWAf�ok\([�\(aRc
\tokc��yU�WyiXwy\��R\Y6*¥

� d�Z.�yU�Wv´jZA´Rfedgfhcy�\|�R\ [ �yc�ZAckfhW*a ��� ¥K¦ \�cCZA�R�¹�R\ [ �yc�ZAckfhW*a�\tokc�Y �\(a��\(U�Z�dh\([�\(aRc�ubZ�fh´Rdh\*n±dm\
Ukf�o� v�y\²�/§¨�ya�c�Z��R� �\Cdm\(�#�\ �\(cCZAaPc �R\x[�Wy�vfelj\(U�dh\to�[�\Cfededm\(�yUCo�fmaj�vfh�vf��R�jo+\(c|Z�fhajo¬fbn��R\
o(§k�\CdmW�fmYvay\(U0�R\1db§¨W*�ycqfm[.Z�defmcy�\*¥

_{dVU�\to�okW*UXc»iXd�Z�fhU�\([�\(aRc=�R\to1�vfh�*\(U�o1�#�\(c�Z�fed�o0�RW*aya��\to0oq�yU�dm\to��jZ�U�ZA[xs\(c�U�\to��R\,d¯§ ¢1£�=� *�y\
d�Z.ly�jZAckfhW*aE�R\to1�vf �»�\(U�\(aRc�\to��AZ�dh\(�yU�o1aR�y[��\(Uqf· v�y\to1�R\to��yUy�\tij�\t�R\(aRc�o��jZ�U�ZA[xs\(c�U�\to(nRU�\tokcX\��yay\
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c�Z�ckfhW*ajo��vf �»�\(U�\(aRc�\to(nyok�Rfh��Z�aPc!db§¨�yay\��R\to!c�U�WAf�o�YvU�ZAaj�R\to�ZA�y�yUXWriXwy\to��R\=�jZ�U�Z�dedÑ�\Cdef�o�ZAckfhW*a�R

� + � cXU�ZAajo¬u{W*U�[|Z�ckfhW*a»�R\	d�Z�okWAdh�yckfhW*a oP�\t v�y\(aPcqfm\Cdedh\�\C�Rf�okc�ZAaRc�\#\(a1\C�r�RdhWAfhc�ZAaRc dm\#�jZAU�Z�ded(�\Cdef�ok[�\
 *�'§ \Cdgdh\ U�\tiAs\Cdm\1\(a�c�\(ajZAaRc�iCW*[��yc�\=�R\to!W*�yckfed�o�\(a��Rd�Z*iC\*¥

� +�+ � Z*�yZ��yc�ZAckfhW*ax�/§¨�yay\ okWAdh�yckfhW*a��jZAU�Z�ded¯s\Cdh\��/§ �ya+�yU�W*´Rd¯s\([�\=o9fm[�fgd�Z�fhU�\*¥

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# CR]

� +�+ + � fhaP�v\(aPckfhW*aH�/§¨�yay\�Z�U�i�wRfhc�\tiCcX�yU�\=�jZAUCZ�ded¯s\Cdh\=Z*���\t v�jZAc�\=ZA�+�yUXW*´Rd¯s\([�\*¥
�Af'd�Z��yU�\([�f¯s\(U�\�Z��y�yU�WriXwy\=\toqc0c�Uts\to�okW*�y�*\(aRc��yckfedef�oR�\��yZAajo«dm\��RW*[.Z�fhay\��R\1d�Z�U�\tiXwy\(U�i�wy\

W's�.db§¨Wvax�vf·oq�jWPok\,d�Z��Rdh�y�jZAU�c��R�xc�\([��jo��R\N[|Z*iXwRfmay\to³�jZAU�Z�ded¯s\Cdh\to!Y �\(a��\(U�Z�dh\to(nAdh\to³fhaj�R�jokc�Ukfh\Cd�o
�yUy�\Cuqs\(U�\(aRc'd�ZNc�U�WAf�o¬fbs\([�\�ZA�y�yU�Wyi�wy\0 v�RfK\toqc�c�Uts\to'[.ZAcy�\(Uqfm\Cdedh\�R�dm\to#[|Zvi�wRfhay\to�oqW*aPc�oq�«�\tiXf�Z�def�oP�\(\to
�RW*aji iCW	ª�ycX\(�jok\to(¥/¼�a�´jW*a�ayW*[ ´yU�\��R\ �yU�W*YvU�ZA[�[�\to³�jZAU�Z�ded¯s\Cdh\to�okW*aRc»Z�fhajo¬fV�yU�W*�yUX\to�sZ �yay\
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BM BM BM

UTUTUT

RESEAU   D’INTERCONNEXION

BM:  Banc  Memoire

UT:   Unite  de Traitement
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UT UT UT

RESEAU   D’INTERCONNEXION

M MM

UT:   Unite de Traitement

M:    Memoire

�������L6��=zd� �E% � �����
%���
�� � '�
 
 
 � ���/% � ��
��d�� � �� ������� � '�� � ���m� 	 
 ��	�

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# CR�

(1) Ordinateur SISD

(2) Ordinateur MIMD

UC UT   M

UC 1 UC 2 UC n

UT 1 UT 2  

M  M M

UT:  Unite de traitement

UC:  Unite de controle

M :   Memoire.
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ok�y�±\(Ukdefha«�\tZ�fhU�\*¥
_¯d«iCW*aP�vfh\(aPc1�R\ YPZAU��R\(U�sZ�d¯§ \tok�yUkfhc= *�y\,dh\to��j\(Uku{W*U�[|Z�ajiC\to1�/§¨�ya²Z�dhY*WvUkfhc�wy[�\ �jZAU�Z�dedbs\Cdh\�okW*aRc
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Uy�\t�R�Rf�o�ZAaRc�dm\ c�\([��jo1�R\�i(Z�d·iC�Rdb¥	¦/\to=�vf �»�\(U�\(aRc�o�i(Z�d�iC�Rd�o=okW*aRc1�vf·oqc�Ukfh´y�«�\toNok�yU0�ya \(ajok\([ ´Rdm\
�R\��yUXWriC\to�oq\(�yU�o1�±W*�y��ZAaRc�iCWv[�[ �yaRf· v�y\(U �*f�Z­�yaEUy�\toq\tZA�²�/§ fhaRc�\(U�iCW*ayay\C�RfhW*a ¡0wRpP�±\(U�iC�y´j\*n
Uy�\tok\tZA�N[|Z�fededÑ�\*n¨\(c�i�¤�¥A¢1iCc��y\Cdedh\([�\(aRctnAdh\toV�vf �»�\(U�\(aRc�\toVZAU�iXwRfhc�\tiCc��yU�\to	�±\(U�[�\(c�cX\(aPcV�R\0iXd�Z*o�o¬felj\(U
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¦V§k�\(��Z�dh�jZAckfhW*a'n dh\ iCU�W�f·oq\([�\(aPcN\(c1d�Z�[ �yc�ZAckfhW*a½oq\ u WvaPc1\(a �jZAU�Z�dedbs\Cdh\*n c�ZAaj�vf�o  *�y\�d�Z
U�\(�yU�Wy�R�jiCckfhW*a�\tokcxoR�\t v�y\(aPckfh\Cdedh\½�RW*ajiEiC\(aRc�U�Z�dgf�oR�\(\*¥'=#\²[�Wr�/s\Cdm\Ha'§¨\toqc+�jZ*o �j\C�Pfh´Rdh\
�y�Rf�o� *�y\,dh\�iCW	ª�yc0�R\=iCWv[�[ �yaRf·i(Z�ckfhW*axiCU�W ªfhc�\C�y�jW*ay\(aRckfh\Cdedh\([�\(ayc1\(a.u WvajiCckfhW*ax�R\�db§¨\Cu z
u \tiCcqfgu«�R\�d�Z��jW*�y�Rd�ZAcqfmWva'¥
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T	W*�yU.�yU�W*�jZAY*\(U�dm\to.[�\Cfgdedh\(�yU�o­fhaj�vfh�*f��R�jo�\(aPcXU�\+dh\to+okW*�jo��jWv�y�Rd·Z�ckfhW*a'n#dh\to.ayWP\(�j�yo
�\tiXwjZAayY*\(aRcx���\(UkfhWr�vf� v�y\([�\(aPcE�R\toE�RWvaya«�\(\to(¥�¦/\to�[�\Cfedgdh\(�yU�o¹fhaj�vfh�*f��R�jo U�\P°iC�jo��*W*aRc
Z�fhajo¬f'U�\([��Rd�Z*iC\(U#dh\to#�Rdm�jo³[|ZA�y��Z�f·o��R\!d�Z=�±W*�y�Rd�ZAckfhW*a�dhWri(Z�dh\*¥ =#\(c��\tiXwjZAayY*\!\([��"ª\tiXwy\
i�wjZv *�y\�ayWR\(�j� �R\|c�Wv[�´±\(U=�yZAajo1�ya W*�yckfh[ �y[6dhWyi(Z�db¥"¦'Z u Uy�\t v�y\(ajiC\|�R\toE�\tiXwjZAayY*\to
\(c�dh\ ayW*[ ´yU�\=�R\to�fhaj�vfh�vf·�R�joNZ��'\tiCcy�\to�okWvaPc��R\to!�jZAU�ZA[xs\(c�U�\to��R\1db§ºZ�dmYvW*Ukfhc�wy[�\*¥jµ1Z�ajo
iC\(c�c�\�ZA�y�yU�WyiXwy\*n±dm\��jZAU�Z�dedÑ�\Cdef�ok[�\ fhayw��\(U�\(aPc=Z��R�¹Z�dhY*W*UqfmcXwy[�\to�YV�\(a��\(ckf� *�y\to!a'§¨\tokc1�jZvo
c�W*c�Z�dm\([�\(aPcV\C�y�RdhWAfhcr�\*n�dm\�c�U�Z�fmcX\([�\(aPc��/§ �yay\»okWv�jo	�jW*�y�Rd�ZAckfhW*a��\(c�ZAaRc oR�\t v�y\(aPckfh\Cdedh\*¥ =�\
[�Wy�Ks\Cdh\|\toqc�iC\(�j\(aj�yZ�aPc fhaRcy�\(UX\to�o�ZAaRc=�Ks\to»dmWvU�o= v�y\�dh\+ayW*[ ´yU�\.�R\|�yU�WyiC\to�ok\(�yUCo��vf�okz
�jW*aRfh´Rdh\to�\tokc��Rdh�jo��±\(ckfhc» v�y\1d�Z�c�Z�fededm\ �R\1d�Z��jW*�y�Rd�ZAckfhW*aE�#�\to¬fhUr�\(\*¥yµ�\1�Rdh�jo(n±W*a+�j\(�yc
�\(�vfhc�\(U1dh\+iCW"ª�yc \(c1d�ZHiCW*[��Rdh\C�Pfhcy�\ �R\toNZ�dhY*W*Ukfhc�wy[�\to��R\.U�W*�ycCZAY*\|�yZAajo»dh\to�Z�U�i�wRfhc�\tiCz
c��yU�\to!�jZAU�Z�dedbs\Cdh\to�sZ�[��\([�WAfhU�\=�vf�okc�Ukfh´y���\(\ \(a�U�\tokc�U�\CfhY*ajZ�aPc!dh\tox�\tiXwjZAayY*\to��/§ fhaj�vfh�vf·�R�jo
ZA�R�+�yU�WriC\toXok\(�yU�o��vfmUX\tiCc�\([�\(aRc»iCW*ayay\tiCcy�\to(¥
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\(axYV�\(a«�\(U�Z�djdh\to�[�\Cfgdedh\(�yU�\toNokWAdh�yckfhW*ajo�Zt�v\ti��yax[ fhaRfh[ �y[ �R\Nc�\([��jo��yZAajo��vf �»�\(U�\(aRc�o
o�iXw«�\([|ZAcCZ��/§ \C�«�\tiC�yckfhW*a'¥

¦'Z�ok�Rfhc�\��R\=iC\(c�c�\N�jZAU�ckfh\1\tokc1iCW*ajo�ZviCUr�\(\�sZNd�Z��yUy�\tok\(aRc�ZAckfhW*ax�R\1�Rdh�jo¬fh\(�yU�oNZ�dhY*W*Ukfhc�wy[�\to
 v�Rf0ok\|�yUAª\(c�\(aRc sZ��yay\.´jW*ayay\+�jZAUCZ�dedÑ�\Cdef·oXZAckfhW*a��R\.ayWPo Z�dhY*W*Ukfhc�wy[�\toNYV�\(a«�\(ckf� v�y\to(¥"¦ \ ok�y�yz
�±W*U�c0�/§¨\C�y���\(Uqfm[�\(aPc�Z�ckfhW*a �R\�ayWPo�Z�dmYvW*Ukfhc�wy[�\to#\tokc�d�Z TVZAU�Z�Y*W*a|�/§¨_¬aPcX\Cd  *�Rf'\tokc��RW*cy�\0�/§¨�yay\
ZAUCi�wRfhc�\tiCc��yUX\=[ �Rdhckfh�yU�WriC\toXok\(�yU�sZ�[ �\([�W�fmUX\=�vf·oqc�Ukfh´y�«�\(\.�º]1Cync6�>�>EC/ b¥
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¦'ZE[.Z*i�wRfhay\HTVZAU�ZAY*Wva½\tokc.�ya oq�y�j\(U�z{W*UC�vfmajZ�c�\(�yU 
�_�
Hµ6�/§¨_baRc�\Cd»Z��y�jZAU�c�\(ajZAaRc²sZ¹d�Z

iXd�Z*o�oq\»�R\to}[|Z*iXwRfmay\to#[|Zvo�o¬fh�*\([�\(aRcV�jZAU�Z�dedbs\Cdh\to1sZ�[��\([�WAfhU�\��vf�okc�Ukfh´y���\(\5�ºiXu�¥�ljY*�yU�\�6��  b¥*¼�ay\
ZA�ycXU�\=iXd�Z*o�ok\1c�Uts\to�iCWvajo¬f�okc�ZAaRc�\1�/§¨W*U��vfhajZAc�\(�yUCo��jZAU�Z�dedbs\Cdh\to�\toqc³iC\Cdedh\��R\to#[|Z*iXwRfmay\to![|Z*oXo¬fh�*\(z
[�\(aRc��jZAUCZ�ded¯s\Cdh\to�sZ [��\([�WAfhU�\1�jZ�U�c�ZAYV�\(\*¥
¦'Z+oqc�U��jiCc��yU�\��/§¨�yay\�[|Z*iXwRfmay\��vfhc�\²sZ�[��\([�WAfhU�\��vf�okc�Ukfh´y���\(\�ok\ �yUy�\tok\(aRc�\�okWv�jo!u W*UX[�\��/§¨�ya
\(ajok\([ ´Rdh\0�R\�a �1�j�yo f��R\(aPcqf· v�y\to#U�\CdefÑ�\to �jZAU"�ya Uy�\tok\tZA� �/§ fhaPc�\(UCiCW*ayay\C�PfhW*a'¥*¦ \to	[|Z*iXwRfmay\toV�R\
iC\�ckpP�±\«ok\��vf�okckfhayY*�y\(aRcV\to�ok\(aRckfh\Cdedh\([�\(aPc��jZAU dh\(�yUV[�Wy�R�Rdm\�W*���\(U�ZAc�W�fmUX\� *�Rfy\tokcV\(a=Uy�\tZ�defhcy�\V�ya
W*UC�vfmajZ�c�\(�yU	fhaj���\(�j\(aj�yZ�aPc�Z��*\ti#o�Z�[��\([�WAfhU�\V\(cVok\to	�yU�WyiC\to�ok\(�yUCo(¥ � W*c�Wvajo0�\(YPZ�dm\([�\(aPc d�Z0ok���\(z
iXfelKiXfhcy�\.�R\ d�Z.c�W*�jW�dmWvYAfh\|�R\ dh\(�yU1Uy�\toq\tZA�E�/§ fhaPc�\(UCiCW*ayay\C�PfhW*a  *�y\Cd� v�y\Cu WAf�o �RpRajZA[ f� *�y\([�\(aPc
U�\tiCWvaRljY*�yU�ZA´Rdh\*¥ ��a �vf�okcqfmayYv�y\²YV�\(a��\(UCZ�dh\([�\(aPc� v�jZAc�U�\+ckpR�j\to.�R\xc�Wv�jWAdhW*YAfh\�R#wRpP�±\(U�iC�y´j\*n
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c�WvU�\*nAdefha«�\tZ�fhU�\�\(c�YvUkfedgdh\*¥y¼!ay\»iCW*ajoR�\t v�y\(ajiC\�fh[�[��\t�vf�ZAc�\0�R\!db§ºZA´jok\(ajiC\1�/§¨�yay\�[��\([�WAfhU�\0iCWv[�z
[ �yay\+\tokc| v�y\.dh\to �yU�WyiC\to�ok�jo ay\+�±\(�y�*\(aRc fhaPc�\(UCZAYAfhU| v�'§¨\(a�o(§k�\ti�wjZAayYv\tZAaPc=�R\to�[�\to�o�ZAYv\to
U�Wv�ycr�\to#�jZAU�dh\NUr�\tok\tZ�� �/§ fhaRc�\(U�iCW*ayay\C�RfhW*a'¥

Hypercube de dimension 3 Anneau de 7 processeurs

Tore de 9 processeurs Grille de 9 processeurs
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Z*iCcX�y\Cdgdh\([�\(aRc=�/§¨�yay\ okWAfe� Z�aPc�Z�fmay\=�R\Na �1�j�yo0 v�'§¨W*a+�±\(�yc»�vfh�vf�ok\(U0\(aH�R\(�R�x�jZAU�ckfh\to�R

� db§¨�yaRfhcy�\��R\1Y*\toqckfhW*a²iCW*ajoqckfhc��«�\(\=�R\=o¬fe�xa �1�j�yo�okpyokcts\([�\to�Wv�x�R\�ok\(U��vf�iC\*Å
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¼�a�a �1�j�²�R\ i(Z�d�iC�Rd}iCWv[��yU�\(aj�+�yay\ [��\([�WAfhU�\=�R\96t��� � \C�yc�\(ajo¬fh´Rdh\�\(c0�R\(�R�x�yUXWriC\tokz
ok\(�yUCo0�R\ ckpP�±\1f <*�*���RW*aPc!db§¨�yaEo(§¨Wyi(iC�y�j\ \to�ok\(aRckfh\Cdedh\([�\(aPc=�R\Nd�Z�Y*\tokckfhW*aH�R\to0iCW*[�[��yaRf�i(ZAz
ckfhW*ajo!\(c0�R�+U�Wv�yc�ZAY*\=�R\to�[�\to�o�ZAY*\to ¥
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¦/\to�Z�dhY*W*Ukfhc�wy[�\to#YV�\(a«�\(ckf� v�y\to�okWvaPc#u{W*aj�yZA[�\(aRc�Z�dh\([�\(aRc��jZAUCZ�ded¯s\Cdh\to(¥j¸Va�ubZ�fhctnAdb§¨\to�oq\(aPckfh\Cd

�R\to#i(Z�d�iC�Rd·o}\tokc	\ � \tiCcX�«�\«�yZ�ajo	�yay\�´jW*�jiXdh\ 	}�� H �� Á � 	�_�_�_ " � � 4 �$# J�x¥ ��a \(�AZ�dh�y\»�yZAajoViXwjZ* v�y\
´±W*�jiXdh\*n/�yax\(ajok\([ ´Rdh\��/§¨Wv�«�\(U�ZAcqfmWvajoVf��R\(aRckf� *�y\to ¥'¦'Z�[�f·oq\=\(a+WR\(�y�PU�\N�jZAU�Z�dedbs\Cdh\ iCW*ajo¬f�okc�\+sZ
ubZ�fhU�\�iC\to�W*���\(UCZAckfhW*ajo��jZAU��Rdh�jo¬fh\(�yU�o1�yUXWriC\to�oq\(�yU�o(¥ £0U*ªZ*iC\ ZA�xUy�\tok\tZA�H�/§ fhaPcX\(U�iCW*ayay\C�RfmWva¹�R\
d�Z+TVZAU�Z�Y*W*a+ *�RfVYPZAU�Z�aPckfhc��ya�ubZ�fh´Rdh\�iCW	ª�yc»�R\ iCW*[�[ �yaRf�i(ZAckfhW*a'n/ayW*c�UX\=�yU�\([ fbs\(U�\�ZA�y�yUXWriXwy\
sZH�\(cy�\«�R\1iC\(aPc�UCZ�def·oq\(U�d�Z,U�\(�yU�Wy�R�jiCckfhW*ayzboR�\Cdh\tiCckfhW*a'¥ =�\(cXc�\0ZA�y�yU�WyiXwy\0�jZAUCZ�dedÑ�\Cdef·oq\0�yUy�\tiXf�oP�\([�\(aRc
dh\to �\(��Z�dh�jZAckfhW*ajoN�R�EljcXay\to�o i(ZAU�iC\+okW*aRc=\Cdedh\to� v�Rf³iCW*ajokcqfmcX�y\(aPcNdb§¨\to�ok\(aRckfh\Cd0�R� i(Z�d·iC�Rdb¥�¦ Z
okcXU�ZAcy�\(YAfh\»�yZAajo!iC\(c0Z�dhY*W*Ukfhc�wy[�\�iCW*ajo¬f�okcX\|sZ��vf�okc�Ukfh´y�y\(Utn/�R\�u¯Z±°iCW*a �\t v�Rfhc�ZA´Rdh\*nRdh\to�fhaj�vfh�vf·�R�jo
�R\�d�Z+�jWv�y�Rd·Z�ckfhW*a½cXU�Z�fhcy�\(\�ZA�R�E�yU�WyiC\to�ok\(�yUCo= v�Rf³ok\|iXwjZAU�Yv\|�/§k�\(�AZ�dh�y\(U1dh\(�yUNljc�ay\to�o(¥'µ1Z�ajo
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OSF SUNMOS

Frequence

Double precision peak 

Single precision peak

75 MFlops

100 MFlops

Processeur   i860

Start-up 93 us 50 us

30 Mo/s 120 Mo/sBandwidth

50 MHz

Systeme
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iC\to�iCW*aj�vfhckfhW*ajo(nvdb§ºZ�dhY*WvUkfhc�wy[�\�W*Ukfh\(aPcy�\�\(aP�vfhU�W*ayay\([�\(aRc�o#[ �Rdhckfh�yU�WriC\toXok\(�yU�o=sZ�[��\([�WAfhU�\0�vf�okz
c�Uqfm´y���\(\ \(c�fhaRc�\tiCW*ayay\tiCcy�\|¡��ywRpro¬f� v�y\([�\(aRc1W*��dmWvYAf� *�y\([�\(aRc ¤�ok\ Ur�\tok�y[�\=\(axcXU�WAf�ox�\(c�Z��j\to
 v�Rf o(§ºZ�~9Wv�yc�\(aPc�ZA�+�yUy�\(c�U�Z�fmcX\([�\(aPc��jok�y\Cd R

6*¥�¦/\=�yUXWriC\to�oq\(�yU � � \(aP�vWAfh\|sZ�i�wjZv *�y\N�yaRfmcy�\=�R\1c�U�Z�fmcX\([�\(aPc³d·Z�[|ZAcXUkf�iC\=�R\��vf�o�o¬fh[ fed�ZAz
Ukfhcy�\*¥�� �|�vf�okc�Uqfm´y�y\ �\(YRZ�dh\([�\(aPc=Z��R� Z��yc�U�\to��yU�WyiC\to�ok\(�yU�oN�yaEayWv[�´yUX\|�R\|iCW*aRljY*�yUCZAz
ckfhW*ajo��yU�Wv�jW*U�cqfmWvayay\Cd!sZNdb§¨\ �'\tiCckfeuVc�W*c�Z�d �R\to³a �1�j�yo�[ f�o=sZ�iCW*aRc�Ukfh´y�yckfhW*a'¥

�y¥$=�wjZ* v�y\�a �1�j�À�\(��Z�dh�y\ dh\to=iCWvaRljY*�yU�ZAckfhW*ajoN *�'§ fgd«Z.UX\P°iC�y\to(n'�y�Rf�o1\(aR�*WAfh\|Z��²�yUXWriC\tokz
ok\(�yU�� � dm\��*\tiCc�\(�yU+iCW"ª�yc�dmWyi(Z�d=iCW*U�U�\toq�jW*aj�yZAaRc|ZA�R��Uy�\tok�Rdhc�ZAcCo��R\Eok\to.�vf �»�\(U�\(aRc�\to
�\(�AZ�dh�jZAckfhW*ajo(¥

]y¥�¦'Z��R\(U�aRfbs\(UX\��\(c�ZA�±\xiCW*ajo¬f�okc�\�sZ�iCW*ajokcXU��RfhU�\E�R\²ayWv�y�*\Cdedm\to�iCW*aRljY*�yU�Z�ckfhW*ajo��jZ�Ux�R\to
W*���\(UCZAc�\(�yU�o�YV�\(a«�\(ckf� v�y\to(¥"T	Wv�yU�iC\Cd�Zyn�� � o §¨Wri(iC�y�±\ �R\xiXwyWAf�o¬fhUNdh\to�iCW*aRljY*�yU�Z�ckfhW*ajo+sZ
iCU�WAf�ok\(U0�/§ �yay\1�jZAU�ctn�dm\to!iCW*aRljY*�yU�ZAcqfmWvajo��RW*aRc³ v�y\Cd� *�y\to.�\CdÑ�\([�\(aRc�o�ok�y´RfhU�W*aRc��R\to�[ �yz
c�ZAckfhW*ajo#�/§ºZA�yc�UX\��jZAU�ctnv\(cVdh\�U�\tokc�\0�R\!db§¨W*���\(U�ZAckfhW*a|�R\1iCU�WAf�ok\([�\(aPc�W*�|�R\�[ �yc�ZAckfhW*a.ok\
�jW*�yUCok�Rfhc»ZA�+aRfh�*\tZ��²�R\to��vf �1�\(U�\(aPcCo�a �1�j�yo ¥
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¦/\|[�Wr�R\x�R\.U�\(�yU�Wy�R�jiCckfhW*a�okc�Z�aj�yZAU���fhaRc�U�Wy�R�Rfmc�n��yZAajo iC\(c�c�\|Z�dmcX\(U�ajZAckfh�*\*n	�yay\.u{W*U�c�\
okpRajiXwyU�W*aRf�o�ZAckfhW*a�i(ZAU db§¨W*���\(U�ZAckfhW*a1\tokc ubZ�fhc�\«ZA�yUts\to' v�y\�c�Wv�jo/dh\to fhaj�vfh�*f��R�jo�Z�fh\(aPcN�\(cy�\=�\(��Z�dm���\to(¥
� W*�jo1Z��*W*ajo��RW*aji1WvUkfh\(aPcy�\=ayWPo�UX\ti�wy\(U�iXwy\to��*\(U�o!�yay\����\tiC\(aRc�U�Z�def�o�ZAcqfmWva¹�R\Ndb§¨W*���\(U�ZAckfhW*ax�R\
U�\(�yUXWr�R�jiCckfhW*a'¥'¸}ax�jZAUXckf�iC�Rdgfh\(Utn ayW*�jo�Zt�vW*ajo#fh[��Rd�ZAaRc�\(U1�yay\=�*\(UCo¬fhW*aH�jZAU�Z�ded¯s\Cdh\ W s�²iXwjZ* v�y\
a �1�j� \C���\tiC�ycX\�db§ºZ�dmYvW*Ukfhc�wy[�\�YV�\(a«�\(ckf� v�y\«oR�\t *�y\(aRckfh\CdKok�yU	�yay\0okW*�jo	�±W*�y�Rd�ZAckfhW*a'¥*¼!a �\tiXwjZAayY*\
�R\to [�\Cfgdedh\(�yU�o�fhaj�vfh�*f��R�jo.\(aRc�U�\�dh\to�okW*�jo �±W*�y�Rd�ZAckfhW*ajo�oq\.u¯Z�fhc Uy�\(Y*�Rdef¯s\(U�\([�\(aRct¥	¢�fhajo¬fbn	dh\to
�yU�WyiC\to�ok\(�yUCo.ay\xUkf�o� v�y\H�jZ*o|�R\�c�W*[ ´j\(U�n��/§¨�yay\+ubZj°iCW*a �yUy�\([.ZAc��yUy�\(\*n"�yZAajo.�ya W*�yckfh[ �y[
dhWyi(Z�db¥
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� W*�jo³�yUr�\tok\(aRc�W*ajo nP�yZAajo�iC\1�jZAU�Z�Y*U�ZA�ywy\*nvdh\to�Uy�\tok�Rdhc�ZAc�o�ok\�U�ZA�y�±W*U�c�ZAaRc�ZA�R� iCWy�R\to'PyWvU�z
c�UCZAa�) )��RW*�y´Rdh\=�yUy�\tiXf�o¬fhW*a²�R\to«fm[��RdÑ�\([�\(aRc�ZAckfhW*ajo�oR�\t v�y\(aPckfh\Cdedh\to�\(c��jZAU�Z�dgdbs\Cdm\to!ok�yU0�R\to��RW*ayz
a��\(\to�Uy�\(\Cdedh\to(¥jT	W*�yU#dh\to��j\(Uqu W*UX[|ZAajiC\to��R\�db§ºZ�dhY*W*Ukfhc�wy[�\1�jZAU�Z�ded¯s\Cdh\H�\(�vWr v�«�\(\to#iXfmzb�R\toXokW*�jo(nRdh\to
�±W*�y�Rd�ZAckfhW*ajo�fmaRfhckf�Z�dh\to+okWvaPc�iCW*ajokcXU��Rfhc�\to �R\.u¯Zj°iCWva�Z�dÑ�\tZAc�W�fmUX\�\(c d�ZHc�W*�±WAdhW*YAfh\xiCW*ajo¬f��#�\(Ur�\(\
\tokc,db§ºZAayay\tZA�'¥	TVZAU=Z�fededm\(�yUCo�i�wjZv *�y\��yUXWriC\to�oq\(�yU=\ �'\tiCc��y\.c�W*�A~kW*�yU�o��yay\|ok\(�Rdh\.[ fhY*U�ZAcqfmWva'¥
¢!fhajo¬fbn±dm\to�okW*�joqz{�jW*�y�Rd�ZAckfhW*ajo!�j\(�y�v\(aPc�U�\tokc�\(U!c�Uts\to#�vf �»�\(U�\(aRc�\to�o�ZAajo! *�y\�dh\�iCW	ª�yc0�R\to0iCWv[�z
[ �yaRf�i(ZAckfhW*ajo!ay\��R\(�vfh\(ayay\��ya�wjZAaj�vf�i(ZA�'¥
¦V§ºZ�dhY*W*UqfmcXwy[�\ sZ �\(cy�\!c�\tokcy�\»ok�yU��ya²iC\(UXc�Z�fhaxayW*[ ´yU�\=�R\N�yU�W*´Rdbs\([�\to�iXd�Z*o�o¬f� v�y\to1�RW*aPc!W*a

o�Z�fmc ZA�y�yUy�\tiXfm\(U�dh\toNokWAdh�yckfhW*ajo1Wv�yckfh[|Z�dh\to(¥'T	W*�yU�d�Z.[�\tok�yUX\|�R\to��j\(Uku{W*U�[.ZAajiC\to=�R\to!fh[��Rd(�\(z
[�\(aRc�ZAcqfmWvajo(nRdh\to�c�\([��jo��/§¨\C�«�\tiC�yckfhW*a+U�\(�±W*U�cy�\to�iCW*U�UX\tok�jW*aj�R\(aRc�sZ��*�*�Nfhcy�\(U�ZAckfhW*ajo!�R\=db§¨¢,£�n
okW�fmc@6t�v�*�*���\(��Z�dh�jZAcqfmWvajo��R� ljcXay\to�o(¥"¦ Zx�±W*�y�Rd�ZAckfhW*a fmaRfhckf�Z�dh\HiCW*aPcqfm\(aRc��1C�fhaj�vfm�vf��R�jo(¥ =�\
iXwRf � UX\|iCW*U�U�\toq�jW*aj�EZ��E�'¥¨�'¥¨[x¥ i��R\toN�vf �»�\(U�\(aRc�\to�c�Z�fededh\to��/§ ZAayay\tZA�R�½iCW*ajo¬f��#�\(Uy�\to(¥/¦/\to1�yUXW*z
´jZA´Rfedefhcy�\to �/§¨�ycqfgdef�o�ZAcqfmWva �R\ db§¨Wv�«�\(U�ZAcX\(�yU=�R\�[ �yc�ZAckfhW*aEokW*aRc=�R\"6t����c�ZAaj�vf�o= v�y\|iC\Cdedh\to��R\
db§¨W*���\(U�ZAc�\(�yU1�R\|iCU�W�f·oq\([�\(aPc1z!YAdhW*´jZ�dVW*��dmWyi(Z�d�z«\toqc=�R\ <v���|¥�=�\to1�vf �»�\(U�\(aRc�o��jZAU�ZA[xs\(c�U�\to
�R\1o¬fh[ �Rd·Z�ckfhW*a|okW*aRc	ly�«�\toViCW*aRu{W*U�[��\([�\(aRc ZA�R���AZ�dh\(�yU�o#�yUr�\tiCW*aRf�oR�\(\to	�jZAU	d�Z1c�w��\(W*Ukfh\��R\toV¢1£
\(c�ayWv�jo0okWv[�[�\to(n'sZ�iC\(c�cX\=�yZAc�\*nRfhaji(ZA�jZA´Rdh\to1�R\1�yU�Wv�jWPok\(U��R\to��AZ�dh\(�yU�o�Wv�yckfh[|Z�dh\to(¥

¦'Z�ljY*�yU�\"6���[�W*aRc�U�\1dh\|oq�j\(\t�Rz{�y� W*´yc�\(aR�½�yZAajo��yay\|o¬fh[ �Rd�ZAckfhW*a½Z�pPZ�aPc!dh\to=i(ZAU�ZviCcr�\(z
Ukf�okcqf· v�y\to ���\tiCUkfhc�\to1iXfhzb�R\to�oq�jo=\(c1�±W*U�c�Z�aPc1ok�yU1�yay\�[|Z�c�Ukf�iC\|�R\|�vf�o�o¬fh[ fed�ZAUkfhcy�\|�R\�c�Z�fgdedh\a6t�yn
okW�fmc+�*����Z�Ukf�ZA´Rdh\to.�jW*�yU�dh\+ljc�ay\to�o ¥�TVU�\tiXf�okWvajo| v�y\²iC\(c�cX\xo¬fh[��Rd�ZAcqfmWva \toqc fhaj�R\(�j\(aj�yZAaRc�\
�R��i(ZAU�Z*iCcts\(U�\|Z��.ay\x�R\+d�ZH[|ZAcXUkf�iC\+�yckfedgf�oR�\(\*¥«¸ dedm\H�R\(�j\(aj� �yaRf� *�y\([�\(aPc+�R\+d�ZHc�Z�fgdedh\²�R\
d�ZH[|Z�c�Ukf�iC\+\(c��R���R\(Y*Uy�\.�R���jZAU�Z�dedÑ�\Cdef�ok[�\H�R�½�yU�WvY*U�ZA[�[�\*¥"¦V§ºZ�U�UAª\(c �R���yU�W*Y*UCZA[�[�\�\toqc
Y*�Rf��#�\��yaRf� *�y\([�\(aRc��jZAU�dh\.ayW*[ ´yU�\|�/§ fhcy�\(U�ZAckfhW*ajo�[.Z��Pfh[|Z�dVly�r\*¥	¦/\ oqc�U�\to�o�\tokc �RW*aji [ f�o
6
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processors
of

Number 

200 generations
per

0

sp
e
e
d
-u

p

r processors

linear speed-up
Total CPUtime

16

8

4

1

32 0.1523 E+01

0.2136 E+01

40

20

20 40

our result

0.4369 E+01

0.8942 E+01

0.3219 E+02
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\(aRc�U�\N�jZAU�\(aRc�w s\tok\*¥ =�W*[�[�\�db§¨Wvax�jWv�y��Z�fhc=o(§¨p+ZAc�cX\(aj�RU�\*nRdb§ºZ�dhY*W*UqfmcXwy[�\ �jWPo�o(s\t�R\1�yaEok�j\(\t�Rz
�y�.�yU�\to� v�y\�defha��\tZ�fmUX\ ) � ¥S=�\tiXf o(§ \C�r�Rdef� *�y\1�jZ�UVdh\�ubZ�fhc« v�y\�dh\1iCW"ª�yc��R\0iCW*[�[ �yaRf�i(ZAckfhW*a.\(aPcXU�\
�yU�WyiC\to�ok�jo.z iCW*[��yc�\�c�\(aR� �R\�db§¨\C� i(Z*iXfhcy�\²�R��Uy�\tok\tZA���/§ fhaPcX\(U�iCW*ayay\C�RfmWva �R\�d�Z [|Z*iXwRfmay\
�jZAUCZAY*W*a+zV\tokc!U�\Cd�ZAckfh�*\([�\(aRc0�±\(ckfhc0iCW*[��jZ�Ur�\1ZA�xiCW	ª�yc0�/§ \C�«�\tiC�yckfhW*a²�R\to��yUXWriC\to�oq�jo(¥
¦/W*U�oV�R\�ayWPo	\C�y�«�\(Ukfh\(ajiC\to#ayW*�joVZ��*W*ajoV�}ª� ubZ�fhU�\�ubZ*iC\�sZ1�R\to}�yU�W*´Rdbs\([�\to��R\0�#�\(�jZ*o�ok\([�\(aRc

�R\+i(ZA�jZ*iXfhcy�\|�R\|[��\([�WAfhU�\��*fh�*\�dhW*U�o� v�y\|ayWv�jo=\C���\tiC�ycXW*ajo=�R\.Y*U�WPo,�yU�W*´Rdbs\([�\to=Z��*\tiNdb§¨¢1£
�jZAUCZ�ded¯s\Cdh\*¥«¦V§ fmajoq�R� o�ZAajiC\E�R\x�Rd�Z*iC\�[��\([�WAfhU�\x��¢ 
 i(ZA�jok\x�R\to.���\CubZA�yc�o��R\��jZAY*\+\(c dh\to
[��\ti(ZAaRf�ok[�\to��R\ ok©�ZA�.ubZA�jo�ok\(aRc�iCW*[��Rd¯s\(c�\([�\(aPc�dh\to![�\tok�yU�\to ¥
µ1ZAajo±d�Z��ywjZvok\«�/§ºZ��y�Rdgf�i(ZAcqfmWva�Z��R�,�RW*aya��\(\to'Uy�\(\Cdedh\to(nCdh\��yU�\([ fh\(U"cCZA´Rdh\tZA���R\��RW*aya«�\(\to/\toqc

�yay\�[|ZAc�Uqf·iC\��R\��yU�W��Pfh[ fhcy�\0iCW*aRc�U��Rfhc�\0oq�yUV�ya|\(ajok\([ ´Rdh\1�R\�6t���jZ�pro}\(c�ckfhUy�\(\��R\ �º��<Rn�6	>�<1C/ b¥
¦/\to��RW*aya��\(\to�okWvaPc	f�o�ok�y\to��/§¨�yay\+�\(c��j�R\��RfedhW*c�\1ok�yU	d�ZN�j\(U�iC\(�ycqfmWva �R\to}ajZAckfhW*ajo(¥S=�wjZ*iC�ya+�R\to
6�< �\(c��j�vf�ZAaPcCo��jZ�U�ckf�iXfh�jZAaPc=sZ,db§k�\(cX�j�R\»ZAcXc�Ukfh´y�y\1�yay\1ayW*c�\�\(aPcXU�\ 6�z	�jW*�yU�c�Uts\to��vf �1�\(UX\(aPc�z	\(c
> z#�jW*�yU!c�Uts\to�o¬fh[ fed�Z�fhU�\�z0sZ�i�wjZ*iC�yaH�R\to��*� �jZ�fmUX\to�u{W*U�[��\(\to��yZAajo#db§¨\(ajok\([ ´Rdh\��R\to�ajZAcqfmWvajo
iCW*ajo9f·�#�\(Uy�\(\to ¥t¢��yUts\to c�W*�ycX\to dm\to	ayWvU�[|Z�def�o�ZAckfhW*ajo nAW*a�iCW*ajokc�ZAcX\«ok�yU	d�Z�[|ZAcXUkf�iC\³ v�y\#d�Z=���jo�o9fm\
\(c#d�Z �VW*�yY*WPo¬d�Z��vfm\ ) � �yUy�\tok\(aRc�\(aPc	d�ZN�Rdh�jo�Y*U�Z�aj�R\0o¬fh[ fed�ZAUkfhcy�\*nyZ�dhW*UCo« v�y\!dm\to�iCW*�y�Rdh\to$=#wRfmay\(z
	#Uy�\to¬fed"\(c�¼=¥ �j¥ ¢0z�=�WvayY*W W*aPc.�\(cr�\V~k�yYV�\to«iCWv[�[�\1�yUy�\tok\(aPcCZAaPc}dh\=�Rdh�jo0�R\=�vf�o�oq\([�´Rd�ZAajiC\to ¥K¦/\
Uy�\tok�Rdhc�ZAc�z � ���!¸�� ���7�y¥º�*� 6�] z�W*´ycX\(aP�H�jZAU!db§¨¢1£�ZA�H´jW*�yc1�R\��*�*��fhcr�\(U�Z�ckfhW*ajo�Z��*\ti1�yay\
iCW*aRljYv�yU�ZAckfhW*aHZ�dÑ�\tZAc�W�fmUX\»�R\Nc�Z�fededm\96t�*� \toqc�dh\�ok�Rfh��Z�aPc�R
6 k 7��/LEO�I@G g	g $LELEO I@L A!L,K>=BKJL K�CE= D DBL ? G g I " =BOJL g K �C "	g OJA!L,LEI � " A O " A�LE;>D = g $LMCM= ;JL��
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fcfhgji?kmlmnpo



�1C ��������� ���	� �O
�

� �������
� �O
 �	
����

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

BRAS

CONG

CUBA

EGYP

FRAN

INDI

ISRA

JAPA

CHIN
RUSS

U.SA

YUGO

dimension 1

di
m

en
si

on
 2

MDS-GENETIC

����� �/��z � ��� � �� � �	
�����������
-'���� � ��� ��� %m�m� ��������� � ��� � �	��%m� � ��
 
 � � ��� �

¼�ay\�fhaPc�\(UX�yUr�\(c�Z�ckfhW*aE�R\ iC\(c�cX\|iCW*aRljY*�yU�Z�ckfhW*a�) � [�W*aRc�U�\ �ya½�±WPo¬fhckfhW*ayay\([�\(aRc c�Uts\to!fmayz
cy�\(U�U�\to�oXZAaPc �R\to �jZ�pro ok�yU�dm\+�Rd�ZAacR#¦/\to�¼N¥ �j¥¨¢ n'dh\H�*ZA�jWva'n	d�Z PyU�Z�ajiC\|\(c�_kokU�Z �\Cd³ v�Rf»okW*aRc
�R\to.�jZ�pyo|i(ZA�Rfhc�Z�dgf�okcX\to+���\(���\CdhW*�y���\to ¥�¦/\ =�W*ayY*W±n	db§º¸VY*pR�yc�\�\(c�db§¨_¬aj�R\½ *�Rf=okW*aRc+�R\to��jZ�pyo
okWv�jokzb���\(���\CdhW*�y���\to(¥K¦ \"=��y´jZ n±d·Z =�wRfhay\*n d·ZH���joXo¬fh\|\(c,d·Z �VW*�yY*WPo9d·Z��vfh\| *�Rf�okW*aRc=�R\to1�jZ�pyo
iCW*[�[��yaRf�okcX\to(¥ =�\(cXc�\�fhaPcX\(U��yUy�\(cCZAckfhW*a �Rdh�yc*ªW*c«�/§ W*U��RU�\.�\tiCWvayW*[ f� *�y\!ayW*�joV�jZAUCZ ªfhc�´Rfh\(a|�Rd�ZA�yz
o¬fh´Rdh\ \(c�a'§¨\C�jiXdh�yc0\(aHZA�jiC�ya²i(Z*o!�/§ºZA�yc�U�\to}fhaRc�\(U��yUy�\(c�ZAckfhW*ajo(¥
¼�aEok\tiCW*aj� ~9\(�E�R\��RW*aya��\(\to1 v�Rf�ayW*�jo��±\(U�[�\(c=�/§k�\(c�ZA´RdefhU1�yay\�iCWv[��jZAU�Z�f�okWva¹�R\ ayW*cXU�\

Z�dhY*WvUkfhc�wy[�\+Zt�v\ti dh\to Z�dhY*W*Ukfhc�wy[�\to1fhcy�\(U�ZAckfeubo=�R\.U�\tiXwy\(U�i�wy\�dhWri(Z�dm\+\toqc=ckfhUy�\|�R\ � �*]Rn 6	>�<*�! b¥
6  �7�� C O>=�� g =�� ? C�K>=BG g I@LEO I =���$LE;JL g KJO OJN� �!G DBLEO LEOJK�I@G g	g $LEL L g C g	g L �:L��

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# �v�

_¯d³o(§ºZ�YAfhc��/§¨�yay\�[.ZAc�Ukf�iC\|�R\+�vf�o�o¬fh[ fed�ZAUkfhcy�\.�Rdh�jo iXd·Zvo�o¬f� *�y\.�jWvU�c�ZAaRc�ok�yU1�ya Y*U�Wv�y�j\|�R\"6�]
Y*UCZAaj�R\to�\(cXwyaRfm\to n/ajZAckfhW*ajo!W*�+�j\(�y�Rdh\to(¥	¦'Z�[.ZAc�Ukf�iC\1�yckfedef�oP�\(\��yZAajo�iC\(c�c�\ ok\tiCW*aj�R\�Z�ajZ�dhprok\
ZNdb§ºZ��AZAaPcCZAY*\1�/§�ª\(c�UX\0c�Uts\to#�j\(��\(�jiXdgf��vfh\(ayay\.\(c0�/§ºZ��*WAfhU|�\(cy�\0ZA�xiC\(aRc�U�\=�/§¨�yay\ iCW*aRu{U�W*aRc�ZAckfhW*a
\(aRc�U�\�dh\to#�R\(�R��dhW*Y�f·iXfh\Cd�o}dh\toV�Rdh�jo#�j\(Uku{W*U�[|Z�aPc�o	�R��[|Z�U�i�w��\*¥t¦'Z»ljY*�yU�\:6�<�[�W*aRc�U�\#db§ºZA[��\CdefhW*z
U�Z�ckfhW*a+W*´yc�\(aR�y\1�jZAU#dh\to�¢1£ ¥ � W*c�W*ajo�iC\(�±\(aj�yZAaPc1 v�y\�d·Z�iCW*aP�v\(U�Y*\(ajiC\1a'§¨\tokc��jZ*o³c�W*�A~kW*�yU�o
Uy�\(Y*�Rdef¯s\(U�\N[|Z�f�o�\toqc» v�y\Cd� *�y\Cu{WAf�o1ok�A~k\(c�c�\ sZ.�R\to!WPo�iXfeded·Z�ckfhW*ajo(¥L=0§¨\toqc��jW*�yU=iC\(cXc�\1U�Z�f�okW*aH *�y\
ayW*�jo�iCW*ajok\CfededmWvajo u{W*U�c�\([�\(aPc,d¯§ �yckfedgf�o�Z�ckfhW*a �R\toN�*\(U�o9fmWvajo=wRpR´yUkf��R\to��R\toN¢1£�¥ � �y[��\(Ukf� *�y\(z
[�\(aRctnV�yay\+�v\(U�o¬fhW*a�wRpP´yUkf��R\H�R\to ¢1£ �RWvayay\x�yZAajoNdh\x�RfhU�\H�R\to�i(Z*o��R\to Uy�\tok�Rdhc�ZAcCo=ZA�jo�o9f
´±W*ajo  *�y\+iC\(�R� Wv´yc�\(aP�jo,�jZAU �ya Z�dmYvW*Ukfhc�wy[�\+�R\ �R\toXiC\(aPc�\*¥V¼!a½cX\tokc��R\�db§¨¢1£ wPpR´yUkf��R\+z
Y*UCZ*�vfh\(aPc1iXd�Z*o�o¬f� v�y\�z«Z��*\ti»d·Z�[|ZAcXUkf�iC\��R\��RW*aya��\(\to³�yUr�\ti±�\t�R\(aPc�\1�yUXWr�R�Rfhc�d�Z+iCW*aRljY*�yU�Z�ckfhW*a
�R\�d�Z!ljY*�yUX\ � ¢ 	�zb]1Z��*\ti#�ya � ����¸ � ���R\��y¥º��>O> 6V\(aYCP� ¥76t��ok\tiCWvaj�R\to(¥�=�\� *�RfjayWv�joVok\([ ´Rdm\
c�Uts\to�o�ZAckf�o¬ubZ�f�o�ZAaRct¥

Methods

ALSCAL

SMACOF

GA ( serial  )

0.31259 E+00

0.24550 E+00

0.13181 E+00

5 Torgerson

Torgerson32

Stress values Iterations Initial Configuration

Random100

� ��� �L6�< z � ��
 � ����
 ����������
-'�� �X��� � �O

	Y��
������ � � ��	� � ��'�� � �

fcfhgji?kmlmnpo



�*� ��������� ���	� �O
�

� �������
� �O
 �	
����

0 2 4 6 8 10 12
2

3

4

5

6

7

8

9
MDS−GENETIC

ANG

BLA

CHI

GER

IND

IRI

ITA

JAPJEW

MEXNEG

POL

RIC

����� �±] z � ��� � �� � �	
�����������
$'O� ��� � ����
 ' � � ����
 ��� � �	� � 
�����
�� �

� � �,� �³�(��� ���1�

¦/\to�Z*ok�j\tiCcCo«�R�xi(ZviC�Rd �jZ�U�Z�ded¯s\Cdh\»�R\�d�ZNU�\(�yUy�\tok\(aRc�ZAckfhW*a|Z��|ay\»�/§ �yay\0[|Z�c�Ukf�iC\»�R\1�yUXWt�Rfhz
[ fhcy�\|�jZ�U=dh\to.Z�dhY*W*Ukfhc�wy[�\to=YV�\(a��\(cqf· v�y\toNW*aRcE�\(cy�\��yU�Wv�jWPoR�\to1\(c��\(��Z�dh���\to=\(a��#�\(cCZ�fed!�yZ�ajo�iC\
U�Z��y�jW*U�c�¥ � Wv�jo�Z��*W*ajo��\(c��j�vf(�\

� + � dh\to![��\(cXwyWr�R\to�aR�y[��\(Ukf� *�y\to�\(c
� +�+ � iCWv[�[�\(aRc�dh\to#fh[��Rd�ZAaPcX\(U»�yZAajo³dh\to�\(aR�vfmUXW*ayay\([�\(aRc�o��jZAU�Z�dgdbs\Cdm\to ¥

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# �r�

� W*�jo�Zt�vW*ajo ���\([�W*aRc�Uy�\ d�ZHubZ�f�o�ZA´Rfedefhcy�\H�R\.db§¨�yckfedef·oXZAckfhW*a��R\to�¢,£ ZA��iCWR\(�yU�[Hª\([�\ �R\
d�Z�
Hµ��|\(c��yU�W*�±WPoR�\ �R\to1ZA�y�yU�Wyi�wy\to��/§¨wRpP´yUqf·�yZ�ckfhW*a'¥'TVZAU1Z�fedgdh\(�yU�o n'�R\to�c�\tokc�o!aP�y[��\(Ukf� v�y\to
\ �'\tiCc����\to��yU�Wr�R�Rf�ok\(aRc��R\to,Uy�\toq�RdmcCZAc�o!c�Uts\to!\(ajiCW*�yU�Z�Y*\tZAaRc�o(¥'¦/\toNiCW*[��jZAU�Z�f·oqW*ajo1okW*aRc�u¯Z�fmcX\to
Z��*\ti#dh\to#�R\(�R��dhW*YAf�iXfh\Cd·o³z«sZ�c�U�ZAajo9fmcqfmWvajo��#�\(cX\(U�[ fhaRf�okc�\toVz dm\to#�Rdh�joV�±\(Uku{W*U�[|ZAaRc�oV�R�.[|ZAU�iXw��\*¥
µ1ZAajo	d�Z��#�\([|ZAU�iXwy\0 v�y\0ayW*�jo�Z��*W*ajo}\(aPcXU�\(�yUkf�ok\*nvdh\to�Z�dhY*W*Ukfhc�wy[�\to«oqW*aPc#W*Ukfh\(aRcr�\to#ZAU�iXwRfmz

c�\tiCcX�yU�\toV[ �Rdhckfh�yU�WyiC\to�ok\(�yU�o1sZ1[��\([�WAfhU�\��vf�okc�Uqfm´y���\(\*¥ =�\(�±\(aj�yZAaRctnAdh\to#�*\(U�o¬fhW*ajo#Z�dhc�\(U�ajZAcqfm�v\to
�±W*�yU�dh\to�[|Zvi�wRfhay\to sZ [��\([�WAfhU�\1�jZAU�c�Z�Y �\(\��j\(�y�*\(aRc�ª\(c�U�\�ubZ*iXfedh\([�\(aRc1Y �\(a��\(Ur�\(\to�sZ �jZAU�ckfhU0�R\
d�Z.okc�U�ZAcy�\(YAfh\1�R\1�jZAU�Z�dedÑ�\Cdef�o�ZAckfhW*aE v�y\1ayW*�jo�Z��*W*ajo³�yU�W*�jWRoP�\(\*¥
¦/\to�Z�dhY*W*UqfmcXwy[�\toN�jZAU�Z�ded¯s\Cdh\to �±WPo�o(s\t�R\��ya�ok�j\(\t�Rz{�y� �yU�\to� v�y\.defma��\tZ�fhU�\*¥ �'Wv�yc�\Cu W�f·o n'dh\to

U�Wv�yckfhay\to| v�y\+ayW*�jo�Z��*W*ajoN[ f�ok\to�\(a�WR\(�y�PU�\x�yZ�ajoNdh\to��*\(UCo¬fhW*ajo �jZAU�Z�dgdbs\Cdm\to.Z�� iXwy\(aRc��ya
[|Z��y��Z�f�o�iCWv[��jW*UXc�\([�\(aRc'dhW*U�oX *�y\#dh\�ok�yU�iCW	ª�yc��R\toViCW*[�[��yaRf�i(ZAcqfmWvajo	z �}ª�xsZ1�R\to	[|Z�c�Ukf�iC\to"�R\
�vf�o�o¬fh[ fed�ZAUkfhcy�\=�R\�Y*U�Z�aj�R\�c�Z�fededh\1z'\tokc �\Cd(�\(���\*¥�T dm�jo9fm\(�yUCo��vfhU�\tiCckfhW*ajo�ok\(U�W*aRcV�yU�WPoq�j\tiCcy�\(\toV�jWv�yU
ZA[��\CdefhW*U�\(U�dh\(�yU1\C� i(Z*iXfhcy�\*¥jTVZAU�\C�y\([��Rdh\*n'ZA�.defm\(�E�R\ iCW*ajo¬f����\(U�\(U��ya²Z�ayay\tZA�'nyW*a��jW*�yU�UCZ�fhc
Z*�RWv�yc�\(U«�R\to#c�W*�±WAdhW*YAfh\to��*µ��Rdh�jo �j\C�Pfh´Rdh\to(¥��PZ�ajo��RW*�yc�\!d�Z=�vfhU�\tiCckfhW*a.d�ZN�Rdh�jo#�yU�W*[�\(c�cX\(�jok\
�jZ*oXok\(U�Z+�jZ�U=�yay\+���\tiCW*[��±WPo¬fhckfhW*a�Z*�y�vfhckfh�*\+�R\�d�Z.u{W*ajiCckfhW*a�iCW	ª�yc  *�Rf�[ fhaRfm[�f·oq\(U�ZHz0iA§¨\toqc
ayW*cXU�\=okW*�ywjZ�fhc�z	dh\to�c�UCZAajo¬u{\(U�c�o}fhaPc�\(UXz{�yU�WriC\toXok\(�yU�o(¥
¼�ay\�ZA�yc�UX\E�\(cX�j�R\��/§ºZA[��\CdefhW*U�ZAckfhW*aE�R\ ayWPo�Z�dhY*W*Ukfhc�wy[�\to��jW*U�cX\(U�Z|oq�yU�d�Z.��Z�Ukf�ZAckfhW*a½�RpRz

ajZA[�f· v�y\+�R\to1�jZAU�Z�[­s\(c�UX\to��R\ db§ºZ�dhY*W*UqfmcXwy[�\�\(c=�jZ�U�ckf�iC�Rdef¯s\(U�\([�\(aRc�iC\Cdedh\ �R\�d·Z­�yU�W*´jZA´Rfedefhcy�\
�R\�[ �yc�Z�ckfhW*a \(c	d·Z»u Uy�\t v�y\(ajiC\0�/§ fhaPcX\(U��*\(aRckfhW*a��R\to�Z�dhY*W*UqfmcXwy[�\to��R\0�R\toXiC\(aPc�\����\(c�\(U�[�fmaRf�okcX\to
�yZAajo»dh\to1�*\(U�o9fmWvajo1wRpP´yUkf��R\to(¥	¸VaRlja'n fgd�\tokc�fhaPcy�\(U�\to�oXZAaPc�njayW*cCZA[�[�\(aRc1�jW*�yUN�yay\|�vfh�*\(U�o¬fhcy�\
\ �'\tiCckfh�*\=�R\to#fhaj�vfh�vf·�R�jo!fhaRfhckf�ZA�R�'nK�R\1�±W*�y�*WAfhU#fhaA~9\tiCcX\(Utn ® o¬f"iC\Cd�Z ay\=iCW	ª�ycX\1�jZ*o�i�wy\(U ® nr�yZ�ajo
d�Z.�jWv�y�Rd·Z�ckfhW*a�fmaRfhckf�Z�dh\*n	�R\to0iXwyU�W*[�WRokW*[�\to� v�Rf�okW*aRc�U�\Cd�ZAckfh�*\([�\(aRc=�R\=´±W*ayay\� *�jZ�dgfhcy�\*¥K¦ Z
[��\(c�wyWy�R\|�R\to ® �VªWAdh\to=�/§ºZ�c�c�U�Z*iCcqfmWva ® �º]*�Rn�6�>r�*�� bn/[ f�ok\+ZA�E�±WAfhaPc \(c ���\(�*\CdhW*�y���\(\|�yZAajo�dh\to
ZAaya��\(\to����ynRUy�\(�jW*aj�.�jZ�Uku¯Z�fmcX\([�\(aPc sZ�iC\(c�W*´y~k\tiCckfeu�¥

���!
������³�q�!
 ����
'�

� W*�jo�c�\(ayW*ajoxsZHUX\([�\(U�iXfh\(U|TVZ*o�i(Z�d!¦ \([�W*ayaRfh\(Ux�R\.db§9�\t v�Rfh�j\x¢1TV_.¡b_k��_��*¢N¤ �jW*�yU|oq\to
iCW*ajoq\Cfgd�o+ok�yU�dm\to�c�W*�yUXaP�yU�\to��R���jZAU�Z�dgd(�\Cdgf�ok[�\*n�£!fgdh´±\(U�c"=�ZA´Rfedgdef�iE�R\­d¯§k�\t v�Rfm�±\ � �0¦/_kµ��0�
¡b_k��_��*¢N¤�\(cXV��yYv�y\=¦/\(U�WAp+¡b_k��_��*¢N¤«�±W*�yU�dh\(�yU�o�iCWvajok\Cfed·o�ok�yU�db§¨�ycqfgdef�o�ZAcqfmWva¹�R\�d�Z�TVZ�U�ZAY*W*a'¥

�`���������'�!� �#�«�

�76  P�¥ 	�Z�f�ZAU��vf«ZAaj� �j¥ ��Uqd·Z�aj�RWj¥��*c�U�ZAc�\(Y�fm\to³u{W*U»Z�[|Z*oXo¬fh�*\Cdhpx�jZAU�Z�dgdh\CdVfh[��Rdh\([�\(aRc�ZAckfhW*a
WAu«o¬fh[ �Rd�ZAc�\t�HZAayay\tZ�defhayYj¥1_¬a � \(cXwy\(Ukd�ZAaj�yo1¦ � = �jn'¸	fhaj�RwyWA�*\(a'n/\t�vfhc�W*Utn � � � � � 
 ��� n
�jZAY*\to��r��] � ��<r�PnP�A�yay\96�>�<�> ¥

fcfhgji?kmlmnpo



��< ��������� ���	� �O
�

� �������
� �O
 �	
����

�º�# ¢�¥ 	#\(U�c�WvaRf Z�aj��
½¥yµ�W*UqfmYvWj¥�� � � ���(%	� � � ������� ���	� � � � ��
 � ��
 �����>%���� � �O�p��� � � ¥�� \ti�wyaRf�i(Z�d
��\(�jWvU�cX>*�Azb�S6t�ynyT	WAdefhc�\tiCaRf�iCWx�vf 
­fgd�ZAayW±nc6�>�>*� ¥

�º]# K=0¥P¦}¥ 	#Ukf��RY*\to!ZAaj�|µ ¥R¸�¥ £0WAd��R´j\(UXYj¥ ��wy\�ayW*aR�yaRfeu W*[ ©³Z�d·oqwyzbo�i�wy\([.Z=cXU�ZAajo¬u{W*U�[x¥±_ba
���:��� � � nR�jZAYv\to:6t] � �v�yn 6�>�> 6*¥

�DC  P�¥ =«Z�fededgfh\(¶HZAaj���y¥VT	¥�TVZAY*\to(¥ � 
 ��� �@'�
&%�������
B�� � 
 � 
��O� �	� � 'O� � '���
�
 ���� � � � 
x¢�� VNn
6�>R��� ¥

�º�# ��1¥ =�\(Uku�¥ � 
��a� � ��	���p���a� ��� � � ���O��� �	
 �0'�� � �O� � ���m� � � ��� � �$���
 ���������
�� �(¥ T}wjµ6c�wy\to9f·o n
¼�aRfh�*\(UCo¬fhcr�\=�R\ 
xWvaPc��±\Cdedgfh\(U=�yn 
HZAU�iXw 6�>�>ECj¥

�º�# 
 ¥:=�WPoqajZAU��ÀZAaj� � ¥0�³W*´j\(U�c�¥ � � � ���m� � � � � � ������������	���@� ��
 � ���/% � ��
�� � # � �"! �	�
� � � ! ¥V���À�*�1C±nP_ 
�¢1£�n �*\(�yc�\([ ´j\(U�6�>�<v�y¥

�e�@ 2£�¥tµ ¥(�/§�¢0�y´RfhY*aRp*¥ � 
 � 
��O� �	� �j�a
 �����>'������	
 � � ��
 
��	� ���j!:� � ! �O
�
 ��	� � !:� !:� �m� � ��� �����m��� �� ¥
TVwjµÀc�wy\to9f·o nj¼�aRfh�*\(UCo¬fhc�\��AWPok\(�yw"P W*�yUkfh\(U�z�£�U�\(ayW*´Rdh\=_Cnj�*ZAaR�jZAU�pa6�>�<O>y¥

� <# �1¥ �*c�ZAU��R©�\tZAc�wy\(UVµ ¥
��wRfhckdh\(p�ZAaj� =0¥ 	#W*YRZAU��/¥±£0\(ay\(ckf�i�Z�dmYvW*Ukfhc�wy[|oVZAaj�Nay\(�yU�Z�djay\(c�z
©�W*U��yo R(W*�yckfh[ fh¶CfhayY�iCWvayay\tiCckfhW*ajoVZAaj�=iCWvayay\tiCckfh�*fhckp*¥ � �O� �O� ����� � � � � 
�����
 �*n�6 Cy¡k]R¤pRº]1C � �]*� 6*nR¢��yY*�jokc�6	>�>*�y¥

� ># 2£�¥'�/§¨¢��y´RfhY*aRp*¥ ¢0ajZ�dhpyok\+�R\to1�yU�W��Rfm[�fmcy�\to!\(c=�yU�W*YvU�ZA[�[�\to��R\|iCWy�yZAY*\�[ �Rdhckf��vfh[�\(ayz
o¬fhW*ayay\Cdb¥ � ���	
 �5'����a��'�
����/' nc6�� R76 � ]v�ynP�A�Rdhp 6�>O>1Cj¥

�76��! ��¥±µ1Zt�vf��RW*Ut¥�£�\(ay\(ckf�i=Z�dhY*WvUkfhc�wy[|o�ZAaj�.U�W*´±W*ckf�i(o(¥/ZAa+wy\(�yUkf�okckf�i okc�U�Z�c�\(Y*p u{W*U�W*�ycqfm[�fmz
¶tZAckfhW*a'¥�� �O�p� '9# %	� �	
���� ��% n�6*n 6�>�>v�y¥

�76O6: =¦V¥'µ1Z��*f�o(¥9� �	
������>%9��� � ���m� � � � � ��
 ' � � ��
 �������
'"�O
�
��m������
 �*¥�¦/W*aj�RW*a;R'T	fhc�[|ZAa1Å'¦/WRo
¢�dhc�WRo(n =�¢ R 
�W*U�YPZAa
�1ZA�Ru{[|ZAaya'nc6	>�<R�P¥

�76��! �1¥y¸�¥yµ1Z��*f�o�Z�aj�|�y¥ =0¥yTVUkfhajiXfh�j\*¥#¢%o9fm[ �Rd�ZAc�\t��ZAayay\tZ�defhayY�def �*\=iCW*aR�*\(U�Yv\(ajiC\1c�wy\(W*U�p
u WvU"o¬fh[��Rdh\�Y*\(ay\(cqf·i�Z�dhY*WvUkfhc�wy[x¥ � ���@%p�m�8'O� 
 �1� � � � � � � ��
��p� � � 
������m
��O��� ��
 ��� � �O
�� ������
 %p�
��
 � ��
 �����>% � � � ���m� � � � �·n 6A��C � 6	<*�ynP���Rdmp 6�>�> 6v¥

�76�]! =�y¥y�R\=¦/\(\(�R©�ZAaj�+�y¥ 
�\(�Rdh[|ZAa'¥V¢�oq�j\tiXf�Z�d/~qZ*i ���PaRfeu{\�u{W*U�[ �Rdmcqf·�vfh[�\(aRckfhW*ajZ�d�o�i(Z�defhayYj¥
� �O
 �m
������ � � ��� �m� � � %p��������
 n*] R >R� � 6�6t�yn 6�>�<*�y¥

�76 C/ � ¥Kµ�\(´HZAaj�Hµ ¥j¸�¥ £0W�d·�R´±\(U�Yj¥$� 
���� �	� � 
 � '��
%p� � ������
 ��
 �����m� � 
�
 %	��� �O
 � � � \ti�wyaRf�i(Z�d
��\(�jWvU�ctnj¼!aRfh�*\(U�o¬fhckp+WAuV_{dedefmayW�f·oNZAc�¼�UX´jZAajZAz�=�wjZA[��jZ�fhY*a'njµ�\tiC\([ ´j\(U�6�>�> 6v¥

�76��! 1_�¥V¸�Zvokc�ZAaj�½µ ¥ 
HZ*iXubZAUkd�ZAay\*¥H¢�a fhaP�*\toqckfhYPZAckfhW*a WAu»ok\(�v\(U�Z�d��jZAU�Z�dedh\Cd0Y*\(ay\(cqf·i+Z�dmYvW*z
Ukfhc�wy[|o(¥ � 
 ���	��� � ��� � � ���'
 %
%��1� 
 � � � � nj�v� � �R�Pnv¢0�yUqfgd'6�>�>v�y¥

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# �O>

�76��! =µ ¥V¸�¥#£0WAdh´±\(U�YEZAaj��T	¥��*\(YvU�\tokct¥ P fmaRfhc�\+[.ZAU��*WA�Ei�wjZ�fma�Z�ajZ�dhpro¬f�o�WAu0Y*\(ay\(cqf·i+Z�dmYvW*z
Ukfhc�wy[|o(¥ � ����%m�p�
'���
 �1� � �Z� � �9# �
%m��
 ' � 
 �����m
���������
 ��� � ��
�� ������
 %p� ��
 � �	
��	���(% � � � � 

�p��� � � �(nc6 � <yn 6�>O<R�P¥

�76��� =µ ¥V£�WAd��R´j\(U�Yj¥ � ��
��	���(% � � � ���m� � � � � ��
 # �m��� � � � � ��� � ��� ����� �O
 ��
 'a�a�/% � � 
 � � �m��� 


���
 � �	¢»�y�vf�okWvayz �E\to¬dh\(p*nj6�>�<�> ¥

�76	<! =µ ¥�¸!¥*£�WAd��R´j\(U�Y±¥ � � � � 
 ���	� 
����>'��8' � � � � �D� ������
��'�m� ������������
Y
 � ��
 � � �	
��	���(%'�O� � ���m� � � � �
��
 '9�m
 �������p���m
���
 � �VTVwjµÀcXwy\to¬f�o(nK¼!aRfh�*\(U�o¬fhckp.WAu 
­f�iXwRfmYRZAa'¥hnc6�>O<*]y¥

�76	>! =µ ¥0¸!¥1£0W�d·�R´±\(U�Yj¥ � ��
 � ���p
&%�������
U� � � � � � 
 �O�,'O���0'��8%m��� �����	� � 
 
 %�������
 � 
 � ��
 � ����� 

���E'������j��� � � %p�	��� %	� �	
�� � ���'\tiXwyaRf�i(Z�d"��\(�jW*UXc >v�*�*�*�yn*¼!aRfh�*\(U�o¬fhckp�_¯dgdefhayWAf�o1ZAc�¼�U�´jZ�ajZAz
=�wjZA[��jZ�fmYva'njµ�\tiC\([ ´j\(U�6�>O>*�y¥

�º�v�! =µ ¥j¸�¥ £0WAd��R´j\(UXY ZAaj�+� ¥K�#f�iXwjZAU��yokWva'¥�� ��
��	���(%���� � ���p��� � � � �j��� � � � �O�p��
 � � ��� ��
�� ��� 

'�� � �@'���� � 
�
 %�������
a�m� ��� ����� ��������
 �·ny�jZAYv\to C�6 � C�>y¥jV�feded�o��yZ�dh\*n � \(©À�A\(U�ok\(p*nhnL6�>�<r�P¥

�º�S6: =�1¥/£��yaPc�\(U�¥'=�WvaP�*\(UXY*\(ajiC\=ZAajZ�dhpyo¬f�o�WAu}i(Z�ayW*aRf�i(Z�d Yv\(ay\(ckf�i=Z�dhY*W*UqfmcXwy[|o(¥ � � � � ������
 

� � %�������
 � ��
a
��	
 �����c
 �����j��� � n±�R¡p6A¤pR >*� � 6t�S6*n*�*ZAaR�jZAU�pa6�>�>1C±¥

�º�v�! � ¥�µ�\(´ VN¥ �1ZAUXY*�y�yc�ZEZAaj� µ ¥�¸�¥³£0WAd��R´j\(UXYj¥ � �E'��	�p��
 � � ��
��	���(%a��� � ���p��� � � � ��
 '
'��
%p� � ��� �O
 ���'\tiXwyaRf�i(Z�dK��\(�±W*U�c�>*�*�v�*�ynt¼!aRfh�*\(U�o¬fhckp=WAuj_¯dedgfhayWAf�okz�=#wjZA[��jZ�fhY*a+ZAcV¼�U�´jZ�ajZAz
=�wjZA[��jZ�fmYva'ny¢0�yUqfgd 6�>�>*�y¥

�º�v]! �7¥�V!\Cf�ok\(Ut¥ �*[|Z*iCWAu{z 6*¥ � 
�� ����� � � � � � � � �	�('O��
 n 6�>�<*� ¥
�º�EC/ =�y¥�VN¥�V!WAded·Z�aj�/¥'� 'O�m� ����������
a� 
 � ����
�� �	�M�O
 ' � �p��� ��%	� �O� # �	� ��� � � �}TVwjµÀc�wy\to¬f�o(n/¼!aRfmz

�*\(U�o¬fhckp.WAu 
­f�i�wRfhYPZAa'nL6�>R�A�y¥
�º�v�! � ¥�V!©³Z�ayY½ZAaj�?P�¥}¢�¥�	#UkfhY*YRo(¥ � � � � 
 ���	�"���E% � � ���
%���
����a��
 ' � ������� ���	�c� � �@%p� �p� ��
 �*¥


Hi�£0U�Z�©�z V³fedgdbnc6	>�<1Cj¥
�º�v�! 
 ¥�_¬WPo¬feu \toXiC�'¥ � � 
 � ��� � ��� � � � � ����%m� �m� � � �O
 ' � � ����� � ��� ���>%p��������
 � � =#wRf·iXwy\tokc�\(U	R

� fgdh\(p*nL6�>�<*� ¥
�º�r�� =�y¥"� ¥	£0\Cu{\(ajokc�\(c�c�\.�y¥�
 ¥cP fmcX¶(�jZAc�Ukf�i �¹Z�aj�Eµ ¥ 	�ZAa £0�jiXwPct¥ _¬[|ZAY*\ U�\(Y�f·oqc�U�ZAckfhW*a ´Pp

Y*\(ay\(ckf�i=oq\tZAU�iXw'¥ � 
 � ����%m�p�
'���
 �1� � � � � � � # ��
 � � �p� � � %p�O
�� ������
 %p� �hn 6�>O<1Cj¥
�º�O<! =�y¥�	�¥ ��U��jo ��Z�d¯¥ � W*ay[�\(c�Ukf�i­[��Rdhckf��vfh[�\(ajo¬fhW*ajZ�d�o�i(Z�defhayYj¥ �'����� ��������� � ��
�� � �	� ��� � n

C <*� 6vnr���yay\Z6�>*�ECj¥
�º�O>! =�y¥ 	�¥ ��U��jo ��Z�d'ZAaj� 
 ¥ � f·oqw'¥ �a
 �����>'������	
 � � ��
 ����# %m������
 �*¥ �PZAY*\�TV�y´Rdef�i(ZAckfhW*ajo(n 6�>O<1Cj¥

fcfhgji?kmlmnpo



�*� ��������� ���	� �O
�

� �������
� �O
 �	
����

�º]v�! �V=¥/¦/\(U�\t�y�R\*¥ � �9� ���� � �@'�� 'O� � � 
����� � '�
 �O����� � %�������
 � ��� � ���� � ��'��.'�� � � 
�O� � � '�
 � � � � ���
� ��������
 � 'O��
�	 
��O
 �	����� � � � � ��� ����� � '�
 ��� � ���m��� � ��� � �	
 � ��� �m� � � %p��������
 �O
 ��� ����������
��"�	�
����	�p����������
 �#TVwjµÀcXwy\to¬f�o(nj¼!aRfm�v\(U�o¬fhc�\��R\ TVZAUkf�o 	�_�n �0iCcXW*´j\(U�6�>R� > ¥

�º]S6: 1_�¥ =0¥V¦/\(U�[.ZAa'¥ � � � 	 ���$'O� � ����
���� ��
 � ��� � �O��� � � �
	 � ����� ���'�
 
 
 � ���
	 �	�� ��� # � � � � 
 �
�m��� ���@% � �:�	
 � � � 	 ��� � ��� � %p� � 	 � 
 ��������� �$��� � ������� � ��� �	
 � ¥ �'\tiXwyaRf�i(Z�d �³\(�jW*U�c��v�*�yn�_9��_ �*¢�n
�*\(�yc�\([ ´j\(U�6�>�> 6v¥

�º]v�! 1_�¥ =�¥r¦ \(U�[|ZAaxZAaj�@VN¥y¦/\(U�\t�y�R\*¥�¦ Z [��\(cXwyWr�R\1�R\to��VªWAdh\to��/§ºZAc�c�UCZ*iCckfhW*a'¥'_¬a 	V\(U�o�Z�fededh\to
_9��_¬¢�n±\t�vfhc�W*Utn � ��
��m
 ���� �X� 
��O� �	� � '�� � ! �O
�
 ��	� � ��� � 
�� ���	� �O��� �	
 � nc6�>R�*�R¥

�º]v]! 1_�¥S=0¥*¦/\(U�[|Z�a|ZAaj� �1¥ P�¥ � Y*W*�y\(ay\(c�¥K¼!a�U*ªWAdh\��±W*�yUVdh\to#Z�dhY*W*Ukfhc�wy[�\to}YV�\(a��\(ckf� *�y\toV�yZ�ajo
d�Z=UX\(�yUr�\tok\(aRc�ZAcqfmWva�\(�jiXdef��vfh\(ayay\��/§¨�yay\0[.ZAc�Ukf�iC\0�R\1�vf�o�o¬fh[ fed�ZAUkfhcy�\*¥ _ba ��Z*�RWAd�ZAw+µ�Wr�RYv\*n
\t�vfhc�W*Utn ��� � � �� ��� � ��
��p
 ���� � '���# ���O��� � ��� �	
 � nR�jZAY*\to CP�v� � CP��> n*¢��yUkfed 6�>O>1Cj¥

�º]EC/ �V=¥�¦/\(U�WAp*¥ � 
 ����� � ����� � ��
 � � �E% � � ���
%���
���� � � ��� � � � � ����������
 �	� � 
 ����� �Ñ¥ � \ti�wyaRf�i(Z�d
��\(�jWvU�ctny_k��_��*¢ n � WA�*\([ ´j\(U�6	>�>1Cj¥

�º]v�! =¸�¥*¦/�ycXc�W*a'¥ � ����� '��:� 
 �O�p� '�� � � � � ���m� � � � � �:�Q���
 ��	��� �	
 � �Ñ¥ �'\tiXwyaRf�i(Z�d"��\(�jW*UXctnA_ � ��_b¢�z
��Wyi( *�y\(ajiCW*�yUXctn P \(´yU��jZAU�pa6�>�>ECj¥

�º]v�! 
 ¥ 
HZ*iXwy[�W*�jiXwRfb¥ � �O
����m� 	 
 ������
 � �� ��� � � � �"��
 �	��
 �����-'�� � � ���� � �@'�� � '�
 � 
��O� �	� �
'�� � !:��
 
 ���� � 'O�a! � �m� � ��� �����m� � �� ¥ T}wjµ-c�wy\to¬f�o(n�¼�aRfh�*\(UCo¬fhcr�\HT	fh\(U�U�\ 
x\(aj�R\toqz PyU�ZAajiC\
£0U�\(ayWv´Rdm\N_k_�n��0iCc�W*´j\(U;6�>�>*�y¥

�º]r�� 1¢�¥ 
�\tZ*�/¥±��\(�*fh\(©�WAu/c�wy\0�R\(�*\CdhW*�y[�\(aRc�W�uK[ �Rdhckf��vfm[�\(ajo¬fhW*ajZ�d"o�i(Z�defhayY [�\(c�wyWy�yo(¥ � � �
# ������� � ���(%	� ��
 n�C�6�Rº�R� � ]�>yn 6�>O>*�y¥

�º]O<! 
 ¥ � \Cfb¥ 
�WAdh\tiC�Rd�ZAUV\(�*W�dm�ycqfmWvajZAU�p=Yv\(ay\(ckf�i(o(¥ � ����
 � 	 � � � 
 ���	��� � ��� � � ��� �m� � � � � � ��� � n
6�>�<R�R¥

�º]O>! =�1¥ P�¥ � Y*W*�y\(ay\(ct¥ � 
��Y
 ��
 ��������� � � ��� ����� '�
 ��
 '��>%p� � '��.'�� �m� ������� �O�p��� ��$���O
 �����9�"!$# �
�'\tiXwyaRf�i(Z�d���\(�jW*UXc1���*�ynR_k��_��*¢ n'¼�aRfh�*\(UCo¬fhc�\��R\ ��\(ayay\tokz 6*n��0iCc�W*´±\(U�6�>�>*] ¥

�DCR�! �j¥��j¥j��Z�Wj¥ � � ��� ����� ��������
 � � � �p��� � ��
 ' � ��� ���>%p�O��� ��
 �Ñ¥ � fedh\(p*nM6�>O<1Cj¥
�DC 6:  £�¥t�³W*´j\(U�cCokW*a'¥*TVZAU�Z�dgdh\Cd*fh[��Rdh\([�\(aRc�ZAcqfmWva�W�urY*\(ay\(cqf·i#Z�dhY*W*Ukfhc�wy[.o/fha�iXd�Z*oXo¬felj\(U�okproqc�\([x¥

� ��
 �����>% �O� � ���m� � � � � ��
 ' � � � 
��������
'Z��
 
��m����� 
 �*n 6t��> � 6 CP�yn�6	>�<R�P¥
�DCR�! 
 ¥ �³\(pPayWAd��yo �j¥��PiXwRf �'[|Z�a�ZAaj� �7¥ �VWv�yayYj¥E_¬aPc�UXWr�R�jiCckfhW*a c�WH[ �Rdmcqf·�vfh[�\(ajo9fmWvajZ�d

o�i(Z�defhayYjn±c�wy\(W*U�p*nR[�\(c�wyWy�yo�ZAaj�+ZA�y�Rdef�i(ZAckfhW*ajo(¥ � %p�/'O� ���(% � � � �p�(n 6�>�< 6v¥

���Mf����



��������	��
���
�������� � �	�������������������� � ����
������ �"!$# �S6

�DCR]! =�y¥/¸�¥��PZ���Z�Y*\�ZAaj� 
 ¥/£ ¥ � dmW ��Zy¥ ��a²�jZ�U�Z�dedh\Cdgfh¶CfhayYHY*U�ZA�ywyz{�jZ�U�ckfhckfhW*aRfhayY+wy\(�yUkf�okckf�i(o(¥
� 
���� ������� � � ��
 � 
�� � � � �O
 ' � ��� � ��� � ��� 
 � �·nj¡ C�CP]R¤pR Cy��� � C�<�> n*�A�Rdhp 6�>�<R�P¥

�DCOC/ =�y¥ ��¥ �*�yw�ZAaj��µ ¥ 	�¥�£��ji�wRct¥ !:� � ���m� 	 
 ���
' � �	
������>% ��� � ���p��� � � �(¥ � \ti�wyaRf�i(Z�d���\(z
�jW*UXc0�*�*�yn =�Wv[��y�yc�\(U�o�iXfh\(ajiC\��R\(�jZAU�c�\([�\(aRctny_¬aj�vf�ZAajZ|¼!aRfh�*\(U�o¬fhckp*n/�A�Rdhp 6�>�<R�P¥

�DCR�! �Pi�wjZ � \(U 	VWR\Cd �*\(U Z�aj� 
x� �AZ�fb¥ �*�jW*aRc�\(ay\(W*�jo�Z�dgdhW*¶(pR[�\�[��ycCZAckfhW*ajo,fha��RU�WPokW*�ywRfedef�Z
[�\Cd�ZAayW*YPZvokc�\(UcRyU�Z�c�\0W�u Wyi(iC�yU�\(ajiC\�ZAaj�.ajZAc��yUX\1WAu cXwy\1[��ycCZAaPcCo(¥$� ��
��	���(% � � � n�>v� 6 �
>*��<yn 6�>O<*�y¥

fcfhgji?kmlmnpo



�*� ��������� ���	� �O
�

� �������
� �O
 �	
����

� *M* ��� �

9- CHIN        CHINA

7- ISRA        ISRAEL

8- JAPA        JAPAN

6-INDI         INDIA

5- FRAN       FRANCE

1-BRA       BRASIL

3- CUBA       CUBA 

2- CONG       CONGO

4- EGYP       EGYPTE

10- RUSS       RUSSIA

11- U.SA        U.S.A

YUGO   YUGOSLAVIA12-

 

13- RIC    PUERTO-RICAN

12- POL    POLISH

11- NEG    NEGRO

10- MEX    MEXICAN

9- JEW      JEWISH

8-JAP        JAPANESE

7-ITA         ITALIAN

6- IRI          IRISH

5- IND      INDIAN

4- GER      GERMAN

3- CHI       CHINESE

2- BLA       BLACK

1- ANG       ANGLO

TAB-2 TAB-3

   

Symboles et noms des entités étudiées dans le rapport.
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