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indirect interaction of processes on the same platform through their messengers

and with the processes they control

direct interaction of messengers on the same platform, with their platform

threads
messenger

processes
user and OS

networked
platforms
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W � _{�rLImEi1XVr1Y1i?XI\%[ � XBLZmdYE[^\]md|RmMlCo�XZe^e^XZY,MdXI\]e�R¦� oBXIe^e]XIY,MdXZ\�L+fhYqLImdYE[]\^md|R[ � X�XI�n�
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�3a6Mdr?\^XK��R w �|xHKRm%oBXIe^e]XIY,MdXZ\^eÂfhY1iV[ � XZa \'��fMi1i?\^XIe]eCe�sTf�LIXIe���R

[ � XBo�XIe]e^XIYIMdXI\�i1mEXIe�Y1md[�s1\^mMbEaci1XK[ � X�\]aCM � [�vnXIt�[^mzf�L�LIXZe^eK[ � X�acYEl=mn\^opfh[^acmdY=ê#f:Y?iMdXIY?XI\gfh[^XIe5fMYe�^XI\]\^mn\'LImdY1i?a []acmdY,�&RAk.l�[ � XBl�fhr1|c[^acY,M5oBXIe^e]XIY,MdXZ\�ace%Y?md['s1\]X�s7fM\]XIi�[]m
� fMY?i1|cXÂe]r,L � f¸LImdY1i?a []acmdY4sEac[{ace f(n7mn\^[]XIiyRO`Y%[ � XRmd[ � XI\ � fMY1i3s�NPODQ!r?e^XIe9[ � XRl�f(LIac| ac[]a XZe!s1\^mMbEaci1XIi�nEt![ � XRo�XZo�md\]t{opfhY7f�MnX��
o�XIYE[Rr1Y1ac[*o�N¦NV_�p�[^m�f�L � acXIbnXDs1\^mn[^X�LI[]acmdY fh[Ò[ � X*s1\]mzLZXIe^e�|cXIbdXZ|»R)�`m�KÒXZbdXI\:s7fMi?i1\^XIe]e
e�s7f(LIX*s1\]md[]X�LI[^acmnY fMY1iBopfhY7f�MnXIo�XIYE[Òfh[Ò[ � X*s1\]m9LIXIe^e�|cXIbnXI|�ace{Y1md[{i1mnY1XDnEt�[ � XæN¦O�Q
o�a6LI\]mM�rvdXI\]Y1XI|rR9kG[`a e{[ � X!\]XIe�sTmdY1e]a6n1ac| ac[GtBmMl9o�XIe]e^XIYIMdXI\]e�LZmdYE[^\]md|c|ca YIM%[ � X!XI�EX�LIr?[^acmdY5mhls1\^m9LIXZe^e^XZe�R�x � X'NPODQVo�a6LI\]mM�rvdXI\]Y1XI|ys?\^mMbEaci1XIe�[ � X¸n7fMe]aCL�e^XZ\^bEa6LIXIe![]mpfM|c|cm�K�oBXIe^e]XIYE�MdXI\]eÒ[]m!i1m![ � X�Ñ�m�n�fMe¡[ � XItKY?XIXIiyR)kGY1i?XIXIi4s1f�oBXIe^e]XIY,MnXI\AL:fMY'LI\]X+fM[]X fhYKm�n�Ñ�XELI[AL:fM|c|cXIi
f ô1õ+ònîpï�õ�ô [^m5\]X�s1\]XIe^XIYE[K[ � Xpfhi1i1\^XZe^e�e�s7f(LIX�mhlC[ � X's1\]m9LIXIe^eKXZ��XELIr1[^acY,Mzr1Y1i?XI\!ac[^eLImdYE[]\^md|rR[�{l.[^XI\�K fh\^i1e:s9[ � X�o�XZe^e^XZY,MdXI\'L:fMYAfMi?iAm�n�Ñ�X�LI[^e'L:fM|c|cXIi ôöõ:òdîZð a Y�[ � XBsTf�MdX
opf(syR!x � XHs7f(MdX{oVf�s%fhY1iK[ � XHsTf�MdXZe9ac[#LImdYE[�fMacY1e9i1X��7Y1X{[ � X�sTmd\^[]acmdY1e9mhl [ � XCfMi?i1\^XIe]e
e�s7f(LIX!mhlv[ � XDs1\^m9LIXZe^e�[ � fh[CfM\]XÂoVf�s,sTXIiBa YE[]m%oVfMacYKo�XIoBmd\]tzR��o�XIe]e^XIY,MnXI\1L+fMYBi1tEY7fMoBaCL:fM|c|ct�L � fhY,MdX`[ � X�fMi1i?\^XIe]eCe�sTf�LIX`opf�sIs1acY,M�mMl4[ � X�s?\^mM�LIXIe]e%r1Y?i1XI\!ac[^e<LImdYE[]\^md|ce
R �?r1\][ � XI\]o�mn\^Xds&s7f(MdX�opf�s?eÂfMY?iPs7f�MnXIe*L+fhY�nTX�e � fh\^XIiqnTX��
[rKÒXZXIY�o�XIe]e^XIYIMdXI\]e fheÂace�[ � X'L+fMe]XKl=mn\ fh|c|~mn[ � XZ\!m�n�Ñ�XELI[^e
RKkGY�[ � aceDK{f:t�sTo�XZe^e^XZY,MdXI\]eL+fMYV\]X+fM|ca6¨IXCe � fM\]acY,M�nTXI[rKRXIXIYPs?\^m9LIXIe]e^XIe�\^r?Y1Y1acY,M�r1Y1i1XI\{[ � XIac\1LImdYE[^\]md|GsEXIac[ � XI\CfM[R[ � X
fMi1i?\^XIe]e~e�s7f�LZXÒ|cXIbnXI|roÐe � fM\^acY,MCfhi1i1\]XIe^e)e�sTf�LIXIe�p3md\~fh[�[ � X1s � tEe^a6L+fh|d|cXIbdXZ|�oÐe � fM\]acY,MHs � tEeG�
a6L+fM|,sTf�MdXZe?p�RGQ � fh\^acY,M!fM[)[ � XCfMi1i?\^XIe]e9e�s7f(LIX{|cXIbdXZ|1acevf(L � acXIbdXIi'nTXI[rKRXIXIYK[rKRmDs1\^m9LIXIe]e^XIeK � XIYÿ[ � XIac\%fhi1i1\]XIe^eKe�s7f�LIXZe fh\^X�oVf�s,sTXIizaci1XIYE[^a6L+fh| |ct5acYE[^mVoVfMacY5o�XZo�md\]tzR�kGY�[ � aceL+fMe]Xds�[ � XIac\Âfhi1i1\^XZe^e�e�s7f(LIXIe*LZmdYE[gfha YVXI�1f(LI[^|ctV[ � X�egfho�XDs7f(MdXIe:s fhY1iV[ � XZe^X's7f(MdXIe�fM\^X
opf(s,s7XZip[]m�[ � X!egfho�XDs � tEe^a6L+fh|�l=\�fMo�XZe�RAO`Y5[ � X*LImnYE[^\gfh\^tEsTe � fh\^acY,M�fM[`[ � X¸s � t�e]a6L+fM|
|cXIbdXI|?a e9f(L � a XZbdXIi'K � XZYK[rKÒmDs1\]mzLZXIe^e]XIe{e � fh\^XCf`YEr1o'nTXI\4mhl�s � tEe^a6L+fh|El=\�fMo�XZe�R�kG[)ace9Y1mn[
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�3a6Mdr1\]XK��R � �GQ � fh\^acY,MKfMY5fMi1i?\^XIe]eCe�sTf�LIX�R

Y1X�LIXZe^egfh\^tÿ[ � fh[Â[ � XKe � fM\^XZiÎs � tEe^a6L+fh|)l=\gfho�XIe<n7XK[ � XKopf(s,s1acY,MKmhl [ � XKegfho�X�s7f�MnXIe�R
�1mn\CXI�1fhoBs1|cXDs7f�MnX?Q é mMlRmdY1X*s?\^m9LIXIe]e%fMY1i¦s7f�MnX?Q!R�mMlÒ[ � X!e]X�LImdY?iqs1\^m9LIXIe]e*L+fhYPn7Xopf(s,s7XZi�mdY�[ � XKegfMoBX's � tEe^a6L+fM|às7f�MnX�RVkGY�[ � XBY1md[�fM[]a mnY�r1e^XZi � XI\]Xds)[ � X�e^rIn1e�LI\]a6s1[
acY1i1a6L+fM[]XIeC[ � XDs7f�MnX�Y�r?o'n7XI\RacYV[ � XDs1\]mzLZXIe^e!fMi?i1\^XIe]eCe�s7f�LIX�R R

�3a6Mdr1\]X���R � ac|c|cr1e^[]\gfM[]XIe � m�K o�XIe]e^XIYIMdXI\]ePL+fMY�\]X+fM|ca6¨IX�e � fM\]a YIM�mhl [ � XAfMi?i1\^XIe]e
e�s7f(LIXIe{mhl~[ � X�s1\]mzLZXIe^e]XIeCr1Y?i1XI\{[ � XIac\ALImnYE[^\^mn|rRyx � X`[rKÒm�o�XZe^e^XZY,MdXI\]eÒe � fM\]X�[ � X`egfMoBXs7f�MnXCoVf�s!m�n�Ñ�X�LI[1K � a6L � a eRr1e]XIi�[]m!\^X�s?\^XIe]XIYE[{[ � X�fMi1i1\]XIe^e{e�s7f�LZXCmMlynTmd[ � s1\^m9LIXZe^e^XZe�R
WRmdY1e]XIqEr1XIYE[^|ctEs�[ � X%[rKRmBs1\]m9LIXIe^e]XIe�e � fh\^X�s � t�e]a6L+fM|Gs7f(MdXIe
R!WRmd\^\]XIe�sTmdY?i1a6MpfMi?i1\^XIe]e^XIe
acYAfMi1i1\]XIe^e�e�s7f(LIXIe�mMlC[ � XK[rKÒm>s1\]mzLZXIe^e]XIeK\^X�l.XI\^XIYILIXV[ � XBegfMoBX!m�n�Ñ�X�LI[^e
R>x � ace�e � fh\G�
acY,M e�L � XIo�X�L+fMY�nTX�r1e]XIi�[]m acoBs?| XZoKXIYE[ÂoKr?| []a ��[ � \^X+fhi1acY,M�R>x � Xp[rKRmzY7fM[]a bnXBLImEi1Xs1\^m9LIXZe^e^XZe�L+fhYPnTX!e^XIXZY fheCi1aFu�XI\^XIYE[<�7m�K{e`mMl#LImdYE[]\^md|)mhlv[ � X!e�fMo�XDs1\]m9LIXIe^e
R!�3a YTfM|c|ct��Mdr?\^XK��R x e � m�K{e � m�K�oBXIe^e]XIY,MdXZ\^eCf�L � acXIbnXCe � fM\]a YIM%mhl�s � tEe^a6L+fh|�s7f(MdXIeRl.md\1s1\^m9LIXIe]e^XIe
r1Y1i1XZ\![ � XZa \¸LImdYE[^\]md|rR*x � X%[rKRmBs1\]m9LIXIe^e]XIe � f:bnX%i1ace][^acY,LI[!fMi?i1\^XIe]e!e�sTf�LIXIe�i1XIe�LI\^a6nTXIinEt [rKRm5i1ace^[]acY,LI[�s7f�MnXKopf�s?e�RV�1mn\![ � X¡�7\^e][�s?\^m9LIXIe]e+s9mnY1|ct�sTf�MdXZe � sc��fhY1i � mMl{ac[^e
fMi1i?\^XIe]e{e�s7f(LIXÂfh\^X{opf(s,sTXIi%acYE[^mDs � tEe^a6L+fh|7oBXIo�mn\^t9R,x � XZt�fM\^X{\]XIe�sTX�LI[]acbdXI|ctKopf(s,sTXIi
mdY�s � tEe^a6L+fM|öl=\gfho�XIeR�ds � fMY?i w Ry�`Y1i%[ � X{e^XELImdY1i's?\^m9LIXIe]e � fhe#s7f(MdXIe � s � fhY1i'�Cmhl7ac[^e
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�3a6Mdr1\]X ��R x �GQ � fM\]acY,M�s � tEe]aCL:fM|ysTf�MdXZe�R

fMi1i?\^XIe]eCe�sTf�LIX�opf(s,sTXIi�\]XIe�sTX�LI[]a bnXI|ctVmdYBs � tEe]aCL:fM|Tl=\�fMo�XZe � s � fMY1i w R)�`XIY,LIX*s � tEe]a´�L+fM|3l=\�fMoBX w ace{e � fM\]XIi�nEtB[ � X�[rKÒm's?\^m9LIXIe]e^XIe
R��Cm�KRXIbdXI\:sTm�n�Ñ�X�LZ[^e�|ct�acY,M�mdY¦s � t�e]a6L+fM|
l=\gfho�X w fh\^X�Y1md[`\^X�l.XI\^XIYILIXIiÎnEtB[ � X�egfho�X%fhi1i1\^XZe^e^XZe!acY5[ � X�[rKÒm�s1\^m9LIXIe]e^XIe
R�kGY5[ � X
[rKÒm�L+fMe]XIe!mhlve � fM\]acY,M�ac|c|cr1e^[]\gfM[]XIi f(n7mMbnXds&s1\^m9LIXIe]e^XIe�XI�EX�LIr1[]a YIMpYTfM[^acbnX*LImEi1XKfM\^X�Y1mn[
f
K fh\^X![ � fM[{[ � XIt5fM\]X!e � fM\^acY,MVf�YEr1o'n7XZ\{mMl#s � tEe^a6L+fM||s7f�MnXIe{md\`[ � XZa \<K � md|cX!fMi?i1\^XIe]e
e�s7f(LIX�Rà�C|c| � f(s,s7XZY1eÒ[]\gfhY1e�s7fh\^XIYE[]| tK[]m![ � X{[rKÒm*s?\^m9LIXIe]e^XIe
RAx � XI\^X�l.md\^XnsE[ � X<s1\^m9LIXIe]e^XIe
� f:bdX`Y1m�o�X+fhY1eÒ[]m!XIY1e]r1\^X¸LImdY1e]ace^[^XZY,LItVmMl4[ � X�a Yöl=md\]opfM[]acmdY![ � XItpfh\^X`e � fh\^acY,M�R#N¿md\^Xs1\^XELIace^XI|ctEs9K{a [ � mdr?[ fhY�tKfMi?i1ac[^acmdY7fh|,s1\]md[^XELI[^acmdYBo�X+fhY1e+sn[ � X�s1\]mzLZXIe^e]XIeDL+fMY1Y?md[Ri1XI[^XELI[
e^ac[^rTfM[^acmnY1e%mhlÂ\�f�LIacY,M&R �`m�KÒXZbdXI\:sÒ[ � X�[rKRmze � fh\^acY,Mze�L � XIoBXIe�fM\]X�e^r=}BLIacXIYE[�l=md\�[ � X
e � fh\^acY,MVmMlR\^X+fhiE��mnY1|ctVa Yöl=md\]opfM[]acmdYKl.md\�s?\^m9LIXIe]e^XIe�\^r1Y?Y1acY,M�mnY [ � X%e�fMoBX!o�XIe]e^XIYIMdXI\s1|ÐfM[ l=md\]o�R
����_ � �D äµ*�Gåa`Xµ'�B�G���|°��æ�¡´1åc� µB�>��ºE�
kGY fKr?Y1a6s1\^m9LIXIe]e^mn\Âe]tEe^[^XZo sTX+f�L � K{\]ac[^X%f(L�LIXIe]e![^mBo�XIoBmd\^t�aceCacY1e][gfMYE[�fMY1XImnr1e^|ctBb�ace]a´�n1|cX![^mVfM|c|�\^r?Y1Y1acY,M�[ � \^X:fMi1e
RCkGY5fKoKr?| []a6s1\^m9LIXIe]e^mn\{e^tEe^[]XIo¬K{ac[ � i1ace][^\^a6n1r?[^XIize � fh\^XIi
o�XIoBmd\]tÂmn\9acY�f�oKr1|c[^a6LImnoBs1r?[^XI\3e^tEe^[]XIo sn[ � ace9ace9Y?m!|cmdY,MnXI\9[^\]r1X�RGx � XZ\^X�aceÒf>�^e]mdoBX��K � fM[¡| mnY,M��`i1XI|Ðf:t*nTXI[rKRXIXIY�f<K{\^ac[^XCf(L�LIXIe]eÒ[]m!e � fM\^XZiKo�XIoBmd\^t�fM[)mdY?XAs1\]m9LIXIe^e]md\CfhY1i
[ � XK[]aco�X�[ � aceDK{\^ac[]X f(L�LIXIe]e*n7XELImdoBXIe�b�ace]aCn?| X�[^mBmd[ � XI\Ds1\^m9LIXZe^e^mn\^e
RBNVmd\]XImMbdXZ\+s�acY�f
r1Y1a6s1\]mzLZXIe^e]md\�e^tEe^[]XIo s4fh|c|yK{\^ac[]X f(L�LIXIe]e^XIeK[]mpoBXIo�mn\^t�fh\^X�[^md[�fM|c|ctVmd\^i?XI\^XIiAfhY1i�fM\^X
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[ � XZ\^X�l=mn\^XBe^XIXIY�acY5[ � X�egfMoBX!md\]i1XI\*nEt5fM|c|)[ � \^X+fhi1e�R�x � aceCace�i1aF}BLIr1|c[�fMY1i[LImde][^|ct5[]m
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R
QöX�LImdY?i4s�r{Wÿ\^XIqEr1ac\^XZe{[ � fh[ fh| |Is1\^XIbEacmdr?e f(L�LIXIe]e^XIe<n�t�fæs1\^m9LIXIe]e^mn\{l=mn\9e^tEY,L � \]mM�
Y?aC¨:fM[^acmnY%bdfh\^aÐf�n1|cXIeGnTX�sTXI\Gl.md\^oBXIi�K{a [ � \^XIe�s7XELI[{[^m%fh|c|�mn[ � XZ\As1\]m9LIXIe^e]md\]eHn7X�l.md\^X
[ � fM[1s1\]mzLZXIe^e]md\+j e`e � fh\^XIi5f�LELIXIe^e`aceÒm�n1e^XI\]bdXIi>nEt�fMYEt�md[ � XI\Hs1\]mzLZXIe^e]md\�R¡kGYBLImnYE�
[]\gfhe^[PË9W mdY?| tÿ\^XIqEr1ac\]XIe5[ � fM[�[ � X�f�LIqEr1ac\^Xzf�L�LIXZe^eVl=mn\�[ � X5e^tEY,L � \]mdY1a6¨+fh[^acmdY
bdfh\^aÐf�n?| X<K � a6L � Mnr7fM\]i1e{[ � XÂiTfM[gf�nTXIacY,M�f(L�LIXIe]e^XIi[n7XDsTXI\Gl.md\^oBXIiyR
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áÒXEL+fMr1e]XÎNPODQ/s1\^mMbEaci1XIeVfM[K[ � X5o�XIe]e^XIYIMdXI\B| XZbdXI|Gs{fzbEa XEK mhl oBXIo�mn\^tPLZmdY1e]a e][^acY,M
mMlCi7fh[gfBac[^XIoBe*K{ac[ � mnr1[�XI�9s1|ca6LIac[%fMi1i?\^XIe]e+s)ac[!ace!Y7fh[^r1\�fM|9[]mPs1\^mMbEaci1X�fh[![ � ace!|cXIbnXI|{f
i7fM[�f:�rn7fMe]XIiA}DQ,N e^tEe^[]XIo�R�x � ace�ace fBbdfh\^aÐfM[]a mnY5mMl{Y1mnYE�»sTf�MdX��»n7fhe^XIi�}DQ,N e^tEe^[]XIo�e
[ � fh[ fhi7f�s?[^e9ac[^eRr1Y1ac[9mhl4e � fh\^acY,M![]m�LZmd\^\]XIe�sTmdY?ip[]m!i7fh[gf�e][^\^rILI[^r1\]XIe�s?\^mMbEaci1XIiBnEt�[ � Xs1\^m�Md\�fMo�oBacY,M�|ÊfhY,MdrTf�MdX�RAx � X!opfha YVfMi1bdfhYE[gf�MnXCaceC\]XIi1r,LZXIi5lGfM|ce^X!e � fM\]acY,M�Ì � m�KÒXZbdXI\
acY�[]X�Md\�fM[]a mnYBK{ac[ � bEac\^[]r7fM|�oBXIo�mn\^t*nTX�LImno�XIe`i1aF}BLIr1|c[Ò[]m�f�L � acXIbnX�R�CoBmdY,Mÿ[ � X�bdfh\^acmdr?epoBXIo�mn\^t/LImdY1e]ace^[^XZY,LIt�o�mEi1XZ| e:sCXZY�[]\^t�LImnY1e^ace][^XIY,LZt o�Ë9WHp
e^XIXZo�eC[]m'n7X�[ � XDnTXIe^[�o�XZo�md\]t!o�mEi1XZ|!L+fMY1i?a iTfM[^X`l=mn\C}DQ,N fM[{[ � X!o�XIe]e^XIYIMdXI\`| XZbdXI|n7XEL+fMr1e]X@o.f�p¡ac[^e{r1Y1ac[RmMl)e � fh\^acY,M�a eHnTfMe^XZipmnY�i7fh[gf�e][^\^rILI[^r1\]XIeDs1\^mMbEaci1XIi�nEtK[ � X*s?\^mM�Md\�fMo�oBacY,M�|ÊfhY,MdrTf�MdX!fhY1iV[ � XI\]X�l=mn\^X�opfM[�L � XIeHKRXI|c|4[ � X!o�XIe]e^XIYIMdXI\`b�acX�K�mMl9oBXIo�mn\^t
fMY1iPoân�p)ac[#Mnr7fM\�fMYE[^XIXZe9[ � fh[9[ � XCo�XZo�md\]tCe]t�e][^XIo XI� � a6n1ac[^e9f�e^XZq�r?XIYE[^aÐfM|c|ct*LImnY1e^ace^[]XIYE[n7X � f:bEa mn\Rl=md\Hs?\^m�sTXI\]| tB|Ðf�nTXI|cXIiVmd\Ri7fM[�f:�G\gf�LZX�l=\^XZX�s?\^m�Mn\gfho�e�R

_CYöl=md\][^r1Y7fh[^XI|ctEs�Ë9W�fMY1iKfM|c|nmd[ � XI\GKÒX+f(vE| t�mn\^i1XI\]XIiKe^tEe][^XIoBeAo�r{W�s�r<{4W�fMY?i*w�WHp
e^XIXZo Y1md[�[^m>KÒmn\�v[s1\^m�s7XZ\^|ct acYzXIYEbEa \]mdY1oBXIYE[^eDK � XI\]XBs1\]m9LIXIe^e]XIe'L+fhY�o�mMbdXKfMoBmdY,M
i1aFu XZ\^XIYE[9Y1mEi1XZeÒoâs1\^m9LIXZe^e^mn\^e�pÒfhe~ace3[ � XHL+fhe^X¡l=md\3o�XIe]e^XIYIMdXI\]e�RG�CeGK{ac[ � [ � XIe^X{e]t�e][^XIoBe+s
o�XIoBmd\]t%ace{opfhi1X�LZmdY1e]a e][^XIYE[�mdY?| t�fh[{e^tEY,L � \]mdY1a6¨+fh[^acmdY>sTmdacYE[^e+sTf�s1\^m9LIXZe^e!f�LIqEr1ac\]a YIM
f!|cm9L�vKmd\{fMYEt�md[ � XI\{o�XIoBmd\]tÂe]tEY,L � \^mnY1a6¨+fM[]a mnY�bdfh\^aÐf�n1|cX{aceR\^XIe][^\^a6LI[]XIi5[]m%XI�EX�LZr1[^X�ac[^eLI\^ac[]aCL:fM|4e]X�LI[]a mnYVXIYE[^ac\^XI|ctBmdYV[ � X�Y1mEi1XDK � XI\^X�a [{f�LZq�r?a \]XIi5[ � X�| m9L�v�mn\{[ � X�bdfh\^aÐf�n1|cX�Rx)m�a |c|cr1e][^\gfh[^XR[ � X<n7X � f:bEa mn\)mMl4[ � X{i1aFu XI\]XIYE[AKRX+f(v�|ct!mn\^i1XZ\^XIiBo�XIoBmd\^t�e]t�e][^XIoBerê
[ � X`e^[�fM[^X{mhl [ � XÂfh\^[9oBXIo�mn\^t`e^tEe^[]XIo�eñê |cXI[¡r1e#LImnY1e^aci1XI\¡[ � X�l=md|c|cm�K{acY,M{e�LIXZY7fM\]a m&RGw�X
� f:bdX�[rKÒmBY1mEi1XIeiÔ é fMY1idÔ ë fMY1i mdY1X�s1\^m9LIXZe^e £ R�Ë9f�L � Y?m�i?X�LImnYE[gfMacY1e`acYpac[]eC|cm9L+fM|o�XIoBmd\]t f<LIm�sEt%mhl¨fh| |Ee � fM\]XIi�bdfh\^aÐf�n1|cXIe
R � \]mzLZXIe^e £ XZ��XELIr1[^XZe f�e]XIqEr1XIY,LZXÂmhl acY1e][^\]r,L��
[^acmdY?e![ � fh[%f�LELIXIe^eK[rKRmV|cmzL:fM[^acmnY1e?cAfhY1i|Õ5acY�e � fM\^XZiAo�XZo�md\]t�oüe^XIX�s1\^m�Md\gfho w Rc��pERx � X ï%ýnû+î:ú.ý acY1e][^\]r,LI[^acmnY � fMe�[ � XVX�u�X�LI[BmMlCo�mMbEacY,MV[ � X@s?\^m9LIXIe]e�[^mz[ � Xpe�s7XELIaF�7XIi
Y1mEi1Xds?a»R X�Rcsn[ � X�a Y?e^[^\]r,LI[]a mnY1eRl=mn| |cm�K{acY,M�[ � X ï%ýnû+î:ú.ý fh\^X!XZ��XELIr1[^XZi5mdYV[ � XÂY?X�K�Y?m�i?X�Rw�X fhe^e]r1o�XR[ � fh[2ºRace9fCe]tEY,L � \^mnY1a6¨+fM[]a mnYKbdfM\]aÊf(n1|cX9[ � fM[Gs1\^mn[^X�LZ[^eR[ � X{bdfh\^aÐf�n1|cXIe5cKfhY1iÕ,R'w�XKfMe]e^r1oBX fh|ce^mV[ � fh[�o�XIoBmd\^tBace�LZmdY1e]a e][^XIYE[�K � XIYqs1\]m9LIXIe^e £ e^[�fM\^[]e%fMY?i [ � fM[
o�XIoBmd\]t%|cm9L+fM[]acmdY1e;c5fMY?i�Õ'LZmdYE[gfha YV[ � X�bdfM|cr1X � R
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í�é�¨^îTéMê�ïñð¡òlóK° kGY?e^[^\]r,LI[]a mnY1eCXZ��XELIr1[^XZi�nEt's1\]mzLZXIe^e £ R

�Ce`l�fh\Âfhe�s?\^m9LIXIe]e £ a e<LImdYILIXI\^Y?XIi4s)f�L�LIXZe^e�[^m�e � fM\]XIi�o�XZo�md\]tKm9L�LIr1\]e*s1\^m�s7XZ\^|ct
acY1e^aci1X%f�LZ\^ac[^a6L+fh|4e^XELI[^acmdY|RH�Ce�f�LImdY1e]XIqEr1XIY,LZXds £ e � mdr?| iVXI�9sTX�LI[!f�e^XZq�r?XIYE[^aÐfM|c|ctBLImnYE�
e^ace^[]XIYE[AnTX � f:bEacmd\)mhl7[ � X{oBXIo�mn\^t`e^tEe^[]XIo a Y?e^aci1X{[ � XHLI\^ac[^a6L+fh|1e^XELI[^acmdY|RGw � XIY £ | X:f:bdXIe
[ � XDLI\]ac[^a6L+fM|Te^XELI[^acmdY3s1ac[9XI�9sTX�LI[^e`[^m � f:bdX<K{\^ac[^[]XIY�[ � X�bdfM|cr1X � acYKo�XIoBmd\^t�| m9L+fh[^acmdY½c
fMY1iB[ � X�bdfh| r?X%� � a YBo�XIoBmd\]t!|cmzL:fM[^acmnY½Õ,R#x � fM[1KÒmnr1|ci'n7X�[ � X�L:fMe^X�a l4[ � XÂe]XIqEr1XIY,LZX
mMl�acY1e^[]\^r,LI[]acmdY1eRi1aci%Y?md[#LImnYE[gfMacY�[ � X ï%ýnû+î:ú.ý a Y?e^[^\]r,LI[]a mnYyR)�CXZ\^XÂf l=[^XZ\+s�KÒX{e � m�KA[ � fM[
bdfM\]a mnr1e*KRX+f�vE|ct5mn\^i1XI\]XIi�}DQ,N e^tEe][^XIoBe�l�fMac|9[]m f�L � acXIbnXKe^XIqEr1XZY�[]aÐfM|1LImdY1e]ace^[^XZY,LIt�acY
[ � X�LI\^ac[]aCL:fM|9e]X�LI[^acmnY�l=mn\*s1\^m9LIXZe^e £ R�èCmn[!e^r?\�s1\]a e]acY,Md|ctEs�[ � XZe^X�oBXIo�mn\^t>LImnY1e^ace^[]XIY,LIt
o�mEi1XI|ce � f:bnX'n7XIXZYAi1XIe]a6MdY1XIi l=md\�a o�s1|cXIo�XZY�[�fM[]a´mdYVacY � fh\^i,K{fM\]XKa Y�oKr?| []a6s1\^m9LIXIe]e^mn\
e^tEe^[]XIo�e
R#NVr1|c[^a6s1\]m9LIXIe^e]md\9e]tEe^[^XZo�e9fM\]XHs1\^acopfh\^ac|ct{r1e^XZiK[^mDn7mEmne^[)[ � XHsTXI\ l=md\]opfMYILIXÒmhls7fM\�fM|c|cXI|~f(s,s1|ca6L+fM[]acmdY1e
RA�`Y f�sIs1|caCL:fM[^acmnY�aceCi1XELImdo�s7mne^XIi5acY5fMe`opfhY�tK[ � \^X:fMi1e!fMe`[ � X
YEr1o'n7XZ\!mMlÂf:bdfha |Ðf(n1|cX*s1\^m9LIXZe^e^mn\^e
R Ë¡f�L � [ � \^X+fhiAXI�EX�LZr1[^XIeBmdYAfVi?XIi1a6L+fM[]XIiÎs?\^m9LIXIe �
e^mn\+s7fhY1i�[ � X�i1aFu XZ\^XIYE[Hs1\]mzLZXIe^e]md\^e`r1e^X�e � fM\]XIi5o�XZo�md\]t`l=md\Ri7fM[�f!XZ�zL � fhY,MdXDnTXI[rKRXIXIY
[ � X�i1aFu XI\]XIYE[{[ � \]X+fMi?e�R#x � X�s?\^acY,LIa6s7fh|4fMaco mMl~\]XI|ÐfM�EXIiVo�XZo�md\]t*LImnY1e^ace^[]XIY,LIt o�mEi1XI|ce
acY [ � ace%fM\]XIY7fBaceÂ[]m5fM|c|cm�K�m�s1[]a oBa6¨+fM[]a mnY1e{[ � fM[�bEa mn|ÐfM[^X�e^XIqEr1XIYE[]aÊfh|c| t¦LImdY1e]ace^[^XZY,LIt�acY
md\]i1XI\C[]m � aci1X�o�XIoBmd\]t f(L�LIXIe]eÂ|Ðfh[^XIY,LZtzR9WRmno�o�mnY1|´t�r1e^XIi m�s1[]a oBa6¨+fM[]a mnY1e9\]XI|ÐfM�Bs?\^mM�Md\�fMo md\]i1XI\�[^m fh| |cm�K�XI�EX�LZr1[^acmdYÿe^XIqEr1XZY,LIXIeB[ � fh[%fM\]X�Y1mn[�Q1WDR!x � XBe^ac[^rTfM[^acmnY � XZ\^X
ace!qEr1ac[^X�i1aFu XI\]XIYE[�R�x � XKe^tEe][^XIo aceDLImnoBsTmde^XZi�K{ac[ � fBYEr1o'nTXI\�mMlHMdXIY?XI\gfh|#s1r1\�s7mne^XKÒmn\�vEe^[�fM[]a mnY1e�| acY,vnXIi�[ � \^mdrIM � fhY�r1Y1\]XI|caÊf(n1|cX�Y1XZ[rKÒmn\�v!R�Ë9f(L � Y?m�i?X�o�KRmd\�vEe^[gfh[^acmdY&pL+fMYVXI�EX�LZr1[^X�LImdYILIr1\^\]XIYE[^|ct5f�YEr1o'n7XZ\Òmhl�s1\]mzLZXIe^e]XIe�RH�`Y1i>s1\^m9LIXZe^e^XZe*L+fMYVoBmMbdXRl=\]mdo
mdY1XKY?m�i?X%[]m¿fhY1md[ � XI\
R'x � XKfMaco mMlHLImdY?e^ace^[]XIY,LItzo�mEi1XI|ce � XI\]XKaceÂ[]mVm�u�XI\%fBe � fh\^XIi
o�XIoBmd\]t%f�n1e][^\�f�LI[]a mnY�acYKe^mhl=[rK{fM\^X`acY�fMYKX�}BLIacXIYE[1K f:t9R)�1mn| |cm�K{acY,M�fM\^X`[ � X<n7X � f:bEa mn\^e
mMl9bdfM\]acmdr1e1KÒX:f�vE|ctKmd\^i?XI\^XIi o�XIoBmd\^t�e^tEe][^XIoBeHK{a [ � \]XIe�sTX�LI[�[^mK[ � X%f(n7mMbnXCe�LZXIY7fM\]acm�R

�3ac\^e^[]|ctAl.md\BË9W�sR[ � X oBXIo�mn\^t�e^tEe][^XIo�XIY1e^r?\^XIe5[ � fM[�s1\^m9LIXZe^e £ MdXI[]eprIs7i7fh[^XIi
bdfM|cr1XIe¡mMl]c�fhY1i½Õ¸K � XIY�ac[Òf(LIqEr1ac\^XIeR[ � X{| m9L�veº�R#NVXZo�md\]t!|cm9L+fM[]a mnY½cKace9oBm�i?aÍ�TXIi%mnY
Y1mEi1X%Ô é fhY1i f l=[^XZ\�K{fM\^i?e £ o�mMbdXZe4[^m�Y1mEi1X;Ô ë Ryx � X{Y1XI�E[9\^X:fMi�l=\^mno�|cm9L+fM[]a mnY?c�K{ac|c|
\^X+fhi�[ � X{bdfM|cr1XRmdYKY1mEi1X%Ô ë o � p¶K � a6L �K� fMe9Y1mn[Gn7XIXZY�tdXZ[9r,sTi7fM[]XIiBnTX�L+fhr1e^X`Y1mEi1X@Ô ë� fMeRY1mn[ÒtnXI[ f(LIqEr1ac\^XIiB[ � X`|cmzL�veº�R9�?md\RfMY@Ë¡W�o�XIoBmd\]tÂe]tEe^[^XZo snY1m!e^tEY,L � \]mdY1a6¨+fh[^acmdY
m9L�LIr1\]e%fM[`[ � ace�o�mno�XIYE[{fM[C[ � ace�e^[gf(MdX�RDx � r1e:sT[ � X�Y1XI�E[DK{\^ac[^X�K{ac|c|4e^[]md\]X%[ � X%bdfh|cr1Xo � ��� � pRa Y | m9L+fh[^acmdYsÕIR�è`XI�E[Â[ � X�s1\^m9LIXIe]e�\^XI|cX+fhe^XIe![ � X�| m9L�v�º�R<�{[C[ � a e�e][gf�MnXdsT[ � X
[rKÒm�Y1mEi1XIe1LImnY�[�fMacY�i?aÍu�XI\]XIYE[{bdfM|cr1XIe9acYB| m9L+fh[^acmdY?e2cVfMY1i½ÕIR#èCXZ��[Ra l~fMY1mn[ � XZ\Hs1\^m9LIXIe]e
£ é XI�EX�LIr1[]acY,M7s�|cXI[`r1e�egf:tEs1mnY5Y1mEi1X?Ô ï s�f�LIqEr1ac\]XIe�[ � X�|cmzL�vsº1Ñ�r1e^[!f l=[^XI\`ac[ � fhe�nTXIXIY\^XI|cX+fhe^XIi¦n�t £ sd[ � X�o�XIoBmd\]t!e^tEe^[]XIoÚK{a |c|1rIs7i7fh[^X�[ � XÂoBXIo�mn\^t!|cm9L+fh[^acmdY1epcpfhY1i�Õ�mhlÔ ï l=\^mno [ � X�Y1mEi1X*K � a6L � |Êfhe^[Cf(LIqEr1ac\^XIi5[ � X!|cm9L�v�ºns é arR X�RcsEY1mEi1X?Ô é R#x � X!bdfM|cr1XIe{mhl
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c fhY1isÕVfM\^X�Y1md[{r,sTi7fh[^XIi5mnY5md[ � XI\`Y1mEi1XIe�R��CXIY,LZX�s1\]m9LIXIe^e £ é K{ac|c|�e^XIX�LImnoBs1|cXI[]XI|cti1aFu XZ\^XIYE[9bdfh| r?XIe�l=\]mdo�K � fh[ £ XI�9sTX�LI[^XZiyÌ1Y7fho�XI|ct � l=mn\]cKfMY?i � l=md\!Õ'oÐe]XIX1��Mdr?\^X w Rc��pER

instruction is executed
when the movetoa)

instruction is executed
b) when the release

acquires the lock on N3
c) after another process

N2N1 N1 N2 N1

x = 5

N2

y = 10

N3

x = 5

y = 10

x = 5x = 5

y = 0

x = 0

y = 0 y = 0

x = 0

y = 0

x = 0

y = 0

�3a6Mdr1\]X w Rc�d�GQE[gfh[^X!mhlvfMYPË9W#e � fM\^XZi5o�XIoBmd\]t*K � XIY £ ace{XI�EX�LIr1[]XIiyR
QEX�LZmdY1i1|ctEs?l=md\�fMYdr{W#o�XIoBmd\]tKe^tEe^[]XIo sTe � fM\^XZi oBXIo�mn\^tKaceCr,sTi7fh[^XIi�fM[`\^XI|cX+fhe^X

[^aco�X�Ry�`eÒ[ � X�\^XI|cX+fhe^X!aceRXI�EX�LIr1[]XIi5mdYBY1mEi1XiÔ ë s9KRX!fMe^e]r1o�X`[ � fh[Òe � fM\]XIiVo�XIoBmd\]t!acer,sTi7fM[]XIi5l.\^mdo Y?m�i?XôÔ ë R�ë�_`Y1i1XI\ir{W�s7fh|c|4[ � X�LIm�s1acXIe�mMlÒoBXIo�mn\^tK|cm9L+fM[]acmdY1eCc fhY1iÕKfM\]XÂrIs7i7fh[^XIiVmnYpfM|c|T[ � X � mne^[]e�R#x � XCe^[�fM[]X!mMl4[ � X�o�XIoBmd\^t�e^tEe^[]XIo l.md\R[ � ace1L+fMe]X!aceMdacbdXZYpacY¡��Mdr1\]X w R w R

instruction is executed
when the movetoa)

N2N1 N1 N2 N1 N2

y = 10

N3

y = 10

x = 5x = 5

y = 0

x = 0

y = 0 y = 0

x = 0 x = 0

instruction is executed
b) just before the release c)

instruction is executed

x = 0

y = 10

just after the release

y = 10

x = 0

�3a6Mdr?\^X w R w �GQE[�fM[^X�mhlvfMYsr{W�e � fM\]XIi5oBXIo�mn\^t*K � XZY £ aceÒXI�EX�LZr1[^XIi
x � X�egfho�X`e�LIXIYTfM\^acmBe � m�K{e`[ � fh[{[ � X!mn[ � XZ\HKÒX+f(vE| tBmd\]i1XI\^XZi5o�XIoBmd\]t%e]t�e][^XIoBerê

[ � X{e][gfh[^X{mMl�[ � X fh\^[)o�XIoBmd\]tCe^tEe][^XIoBerê�fM|ce^m�l�fMac|E[^m � fhY1i1|cX1s1\^m�s7XI\]|ct*s1\^m9LIXZe^eRo�m�n?a | �
ac[GtzR�kGYKmn[ � XZ\#KÒmn\^i1e:sdf<s1\^m�s7XZ\^|ct%|Ðf(n7XI|cXIi�s1\]m�Md\�fMo�K{ac|c|Ee^XIX�fCe]XIqEr1XIYE[^aÐfh| |ctDLImnY1e^ace^[]XIYE[n7X � f:bEa mn\`l=\^mno f�KÒX:f�vE|ctpmn\^i1XZ\^XIiÿo�XIoBmd\^tBe^tEe^[]XIo s¨mdY1|ctVa l [ � X's1\^m�Md\�fMo egfh[^acer�TXIe
fÉl=r1\^[ � XI\*LZmdY1e][^\gfhacY�[
Ì4YTfMo�XZ| t õ�ô ó]ý+þ�îZð�ð þ�õdñ?ñ1ýdú�ï�ýdû:î��Ió]ýdï ýdñ?îpñ?ý+÷nî�ú.ý5õdñ1ýnú í?î+ó	4í1î:ñ�øÐú�øcð�øÐñEðIøÐ÷nîVõ�þ+óIøüú=øÐþ�õhù9ðIîgþ:ú.øÐýdñ,� w�X's1\^XIe]XIYE[KacY�[ � XBl=mn| |cm�K{acY,MBe^r,n1e]X�LI[]a mnY�f
Y1X�K�o�XIoBmd\]t�LZmdY1e]a e][^XIYILItVo�mEi1XI|T[ � fh[AKRX�L:fM|c| õnþ�þgîZð�ð!þgýnñEðIøcðIú=î:ñ1þ
� fMY1iB[ � fh[Òace1KÒXI|c|
e^r1ac[]XIiVl=mn\ f�oBXIe^e]XIY,MdXZ\CXIYEbEac\^mdY?o�XIYE[�R
ó�ô*ø4ù�ý
��	�ÿ���úE÷��Hú��;��ü0�2�
�,	�ÿEø�ý
��ô��
õ¸ÿ�ô��Cö%PK��/��
�C8�úp/�û���ÿ�ø4ú��pE6ü�����ô��,��ú!÷ Þ ÿ�ô��CPK��/��
�C	���ô
ø4ÿ�ý�ôü�ú���û�ú�	�ø�ý�þ�ú��
�#ö1ÿ�ô�� Ö ö(÷�P!ù�ÿ�ø
�4ø�ý
�
��ý
�
��ý ~zú�ü�ú�ô�øLE6ü����ãP!ù�ÿ�ø!ú�Ã�û�ú�	�ø4ú��L�Þ�\|ô�úD	�ÿ�ôHÿ��
�0�Gÿ��0��/��Hú!ø4ù�ÿ�øK��ù�ÿ�ü4ú��F�Hú��;��ü0�#ý
�K/�û���ÿ�ø4ú��!E6ü�����ø4ù�úyù����4ø,ø4ù�ÿ�øK��ÿ���øIÿ�	��,/�ý�ü�ú��#ø4ù�ú�
��	WBå�Gó�ôDø�ù�ý
�D	�ÿ��4ú�÷�õ¸ÿ�ô��Cö@PK��/��
�C8�úF/�û���ÿ�ø4ú��TECü0����ô�����ú!÷ ¯ ÿ�ô��CP^��/��
�C	���ô�ø4ÿ�ý�ô<ü�ú���û�ú�	�ø4ý�þ�ú��
�ø�ù�úGþ�ÿ��
/�ú�� è ÿ�ô��Hö;�Eô�ÿ��
��ø�ù�ú|ô�����ú����
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x � XCoVfMacY!aci1X+fæn7X � a Y?i�f�L�LIXZe^eHLImnY1e^ace^[]XIY,LIt[o��<L+WHp9ace9[]m!r,sTi7fM[]XÂf�e � fM\]XIi�iTfM[gf a []XIo
mdY1|ctPK � XIY�f�s1\]mzLZXIe^eK[]\^acXIe![]m f�L�LZXIe^eKac[�R�OCY?| t [ � XBi7fM[�f�ac[]XIo¯n7XIacY,Mzf�L�LIXZe^e^XZiÐnEt
[ � X>s1\]m9LIXIe^eBace%r,sTi7fh[^XIiyR/OCY?X@L:fMYAm�n1e^XZ\^bdXV[ � XVe^aco�ac|ÐfM\]a [Gt>K{ac[ � [ � X�n7X � f:bEa mn\%mhl
e^mno�X�ODQEXIe{acY�\]X�M�fh\^iB[^m�o�XIoBmd\^t�oVfMY7f(MdXIoBXIYE[�R!�]s7f�MnXHn7XZ| mnY,MdacY,M�[^mKf*s1\]m9LIXIe^e`acen1\^mnr,M � [{acYVopfha Y�o�XZo�md\]t%mnY1|ct'K � XIYVac[{aceÒ\]XIqEr1XIe^[]XIi[n�tB[ � X¸s1\^m9LIXIe]e�RáRX�L+fMr?e^XÂfhY��<L+Wÿo�XIoBmd\]tCe^tEe][^XIoXMdrTfM\gfhYE[^XIXIe¡[^m!r,sTi7fh[^XCf`i7fM[�f`a []XIo§K � XIY1XIbnXI\
ac[{a e`\^XIqEr1XZe^[^XZi�nEtpf�s?\^m9LIXIe]e+s�[ � X*s1\]mzLZXIe^e�i1mEXIe`Y1md[{Y1XZXIi []m�f�LIqEr1ac\]X%f�|cmzL�v�n7X�l.md\^X
f�L�LZXIe^e]a YIMp[ � X!i7fh[gf�ac[^XZo acYVmd\]i1XI\C[]mKXIY1e]r1\^X�[ � fh[Cac[HMdXZ[^eÂfhYVr,sE�G[^mM�Gi7fh[^X�bdfM|cr1X�Rà�Ce
f�LImdY?e^XIqEr1XIYILIXds)f�s1\^m9LIXIe]eDK{a |c|4fh|CK{f:tEeAMnXI[C[ � XP�]\^a6M � [���bdfM|cr1X�XIbnXIY5a l9ac[ � fMe{oBmMbdXIi
[^m�fhY1md[ � XI\{Y1mEi1XBoâs1\^m9LIXZe^e^mn\?pER

�?md\!fMYEt5\]r1Y1Y1acY,M>s1\]mzLZXIe^e:sÒfMY[��L:W�oBXIo�mn\^tVf�L � acXIbdXZe%fMYAfh[^mdoBa6L!bEa XEK�mMlCfMYEt
acY1i1acbEa i?r7fM|)f�L�LIXZe^e![]m�e � fM\^XZi oBXIo�mn\^t9R9�Cm�KRXIbnXI\+s�f's?\^m9LIXIe]e![ � fh[�Y1XIXIi1e!fhY fM[]mdo�a6L
bEa XEKAl.md\Òf�e]XIqEr1XIY,LZXÂmhl¨f(L�LIXIe]e^XIe`[^m!e � fM\]XIi�oBXIo�mn\^t`oKr1e^[Gs1\]md[^XELI[{[ � fh[9e^XZq�r?XIY,LIX�acY
f<LI\^ac[^a6L+fh|1e^XELI[^acmdY'nEt%f`oBX+fMY1eGLImnoBs1|cXI[]XI|ct�i1X�LImnr,s1|cXIi�l=\]mdo�[ � X{o�XZo�md\]tCe]t�e][^XIozs:l=mn\
XI�1fMo�s1|cX#nEt f(LIqEr1ac\^acY,MC[ � X{|cm9L?v¸s1\^mn[^X�LI[]acY,M![ � X{i7fM[�fCac[]XIo�e)[ � fM[9fM\]XCf�L�LIXZe^e^XZipacY�[ � X
e^XIqEr1XZY,LIX�R�x � aceDLImdYEl.md\^oBe{[^mV[ � XKo�XIoBmd\^t'nTX � f:bEacmd\�acY�fKe^tEe][^XIo¯K{ac[ � mnr1[�e � fh\^XIi
o�XIoBmd\]tzRTkGY�l�f�LI[:sdacY*KRX+f(v�|ct!mn\^i1XZ\^XIiBo�XIoBmd\^t`e^tEe^[]XIo�e:s�f`|cm9L�v*s1\^mn[^X�LZ[^acY,M%f<LI\]a []a6L+fM|
e^X�LZ[^acmdY5aceRr1e^XZi¿fh|ce^m�[^m's1\]md[^XELI[{[ � X�oBXIo�mn\^t!|cm9L+fM[]acmdY1e{f�L�LZXIe^e]XIi acY1e]aci1X�[ � XDLI\]a []a6L+fM|
e^X�LZ[^acmdYyR �Ce�f¦LImdY1e]XIqEr1XIY,LZXdsCfVoBXIo�mn\^t5ac[^XZo L:fMY1Y1mn['n7XBr,sTi7fM[]XIiÿl=\^mno fhY1md[ � XI\
Y1mEi1X�acY1e]aci1X f¢LI\^ac[^a6L+fh|9e^XELI[^acmdY3s9fMY1i�a lÒ[ � XBs1\]m9LIXIe^e�XI�EX�LIr?[^acY,Mz[ � X'LI\]ac[^a6L+fM|Re^XELI[^acmdY
o�mMbnXIe4[]mÂfMY?md[ � XI\)Y1mEi1XdsM[ � XÒoBXIo�mn\^tRl�fhac| e3[^m�f�L � acXIbdXRe^XZq�r?XIYE[^aÐfM|9LImnY1e^ace^[]XIY,LIt�acY1e^aci1X
[ � X¸LI\^ac[^a6L+fh|�e^X�LZ[^acmdYyRNVmn\^XDs1\^XELIace^XI|ctEs,��L:W�fhe^e^r?o�XIe{[ � X�l=mn| |cm�K{acY,MDLImnY1i1ac[^acmdY?e fh\^X!oBXI[+�
ß õnþ�þgîZð�ðIîIð!ú.ýK÷døcðIú.óIø��
��ú.î�÷!ð^í?õdó^î�÷Kï�î+ï�ýdóE�%þ�õdñ¦�gî�÷døcðIú.øÐñdò���øÊð í?î�÷��Ió]ýdï ýdúcí1î:ó�õdþE�
þ�îZð�ð�îZð!ú=ýBï%î:ï�ýdó��
:

ß õzó^î�õn÷ õnþgþ�îZð�ð�ú=ý ð^í1õdó]î�÷5÷dõnú=õ�þ�õdñ/��îp÷nøcðIú=øüñdò��Eøcð^í?îg÷��Ió]ýdï õ[	9óIøüú=îKõnþgþ�îZð�ð�ú=ý
ð^í?õdó^î�÷B÷dõdú.õ��

x � XIY3s7f�o�XIoBmd\^t�e^tEe^[]XIo aceH��L+W�LImdY?e^ace^[]XIYE[Ca l~ac[RegfM[]acer�7XIe`[ � X l=md|c|cm�K{acY,MDLImdY1i?a´�
[^acmdY?e+�

� �



§@¨K©5üDª=è,ª�¨K©ãý¡òló �1mn\ÒX:f�L � oBXIo�mn\^t!|cm9L+fM[]acmdY½þ5s1fh|c|,s1\^m9LIXZe^e^mn\^e!f�Mn\^XIX`mdYB[ � X�md\]i1XI\
mMl fh|c|~m�s7XZ\gfM[]acmdY1e�mdYHþ fh|c[ � mnr,M � fhYEtp[rKRmBs?\^m9LIXIe]e^md\]e�L:fMYze^XIX'K{\]a []XIe�[^mBi1aFu XI\]XIYE[
o�XIoBmd\]t%|cm9L+fM[]acmdY1eRacY¿f�i1aFu�XI\^XIYE[`md\^i?XI\�R

§@¨K©5üDª=è,ª�¨K©ãý¡òGð ��\^X+fhi5m�sTXI\�fM[^acmnY ÿ l=\]mdo o�XIoBmd\^t�| m9L+fh[^acmdYsþ ace{Y1mn[ÂfM|c|cm�KRXIi�[]ms7XZ\Gl=mn\^oVK{ac[ � \]XIe�sTX�LI[B[^mPs?\^m9LIXIe]e^md\ £ b r1YE[^ac|9[ � X�o�mne^[!\]X�LIXIYE['K{\]a []X�f�L�LZXIe^eB[^mdþ
\^XI|Ðfh[^acbdX�[^m½ÿ � fheHn7XIXZYPs7XZ\Gl=mn\^o�XZiBK{ac[ � \^XZe�sTX�LI[�[^m £ b R

§@¨K©5üDª=è,ª�¨K©ãý¡òGý ��K{\^ac[^X�f�L�LIXZe^e � []mKo�XIoBmd\]t%|cm9L+fM[]acmdY�þ ace{Y1md[Cfh| |cm�KRXIi�[]m's7XZ\G�
l=md\]o K{ac[ � \^XIe�s7X�LZ[Â[]m�s?\^m9LIXIe]e^md\ £ b)r1YE[^ac|�fM|c|To�mde][Ò\]X�LIXIYE[�f�L�LIXZe^e^XZeÂ[]môþ \^XZ|Êfh[^acbdX�[]m
� � f:bdXDnTXIXIYPsTXI\ l=md\]o�XIi�K{a [ � \^XIe�s7X�LZ[Â[]m £ b�R

WRmdY?i1ac[^acmdY � Rc��i?X��7Y1XIe5fz[]md[gfh|Cmn\^i1XI\BmdY�fM|c|{m�s7XI\�fM[]a mnY1e�mnY�f[MdacbdXIY�oBXIo�mn\^t
|cmzL:fM[^acmnYPoÐo�mn\^X`i1XI[gfhac| e¡mdY�[ � aceÒmn\^i1XZ\CfM\^X<s1\^mMbEaci1XIi�n7XZ| m�K�pERGw�X�K{ac|c|1r1e]X���[]m%Y?md[^X
[ � fh[!md\]i1XI\
R'x � r1e*KRX�K{ac|c|GK{\^ac[^X���� é ����� ë a lÒm�s7XZ\gfM[]acmdY	��� é mdY�oBXIo�mn\^tK|cm9L+fM[]a mnYþ m9L�LIr?\^e�nTX�l=mn\^X!m�s7XZ\gfM[]acmdY
��� ë X�u�X�LI[]XIizmdYV[ � X�egfMoBXCoBXIo�mn\^t�| m9L+fh[^acmdY|RGx � XIY>KÒX� f:bdX�[ � X�l=mn| |cm�K{acY,M�i1X��TY1ac[^acmdY1e:�
�®¥
�5©!ª.è�ª0¨^©|ý¡òló ìG	9ýzý�ô1î+ó]õdú.øÐýdñEð ��� é õdñ1÷ ��� ë ýnñ�ú í?îVðIõdï�îpï�î:ï%ýnó��5ùcý+þ�õnú=øÐýnñ þ
õdó]îÂþ�ýnñ1þ��EóIó]î+ñ?ú9ý�ô1î+ó]õdú.øÐýdñöðCø �Cõnñ1÷KýdñEù6�%ø �%�^õ�� ��� é õnñ1÷ ��� ë õdó]îÂó]î�õd÷�ý�ô1î+ó]õdú.øÐýdñEðy�Zó^ýdï
÷dø �{î:ó^î:ñ1ú3ô�ó^ý:þgîZð�ðIýdó�ð!õdñ?÷ ���J�púcí1î:ó^î�÷dý:îIð%ñ?ýdú{î��døÐú{õ�	9óIøÐú.î�ý�ô1î+ó]õdú.øÐýdñ � � ð��Eþ�ízú í?õdúo���� é � � ������� ë ýdó ��� ë � � ������� é p �
�®¥
�5©!ª.è�ª0¨^©|ý¡òGð m 	¡óIøÐú.îCý�ô1î:ó^õdú.øÐýnñ � � ú.ý�ï%î:ï%ýnó���ùcý+þ�õdú.øÐýnñ þ øcðCúcí1î�ï�ýMðIú)ó^î�þ�î+ñ1ú	9óIøÐú.î!õnþgþ�îZð�ð%ú=ý þ ó]îIùcõdú.øÐû+î�ú=ýVõdñ ý�ô1î+ó]õdú.øÐýdñ � � �]ó^î�õn÷�ýdó¸	9óIøÐú.îW�Kø ��� ý�ôöî:ó^õnú=øüýdñ � �b
ð���þ�ízú í?õdú � �������b ����� úcí1î:ñ ���b øcðÂõBó^î�õd÷Bý�ô1î+ó]õdú.øÐýdñI�m ó^î�õd÷ õdþ�þ�îIð�ð ÿ�� ú=ý ï%î:ï%ýnó��Kùcý+þ�õnú=øÐýnñ þ øcðKõ5ï�ýMðIú{ó^î�þ�î+ñ?úCó^î�õn÷põnþ�þgîZð�ð ú.ý þ
ó^îZù õnú=øÐû:î�ú=ýKõ�	9óIøüú=î�ý�ô1î:ó^õdú.øÐýnñ � � ø �@�]õ���� ý�ôöî:ó^õnú=øüýdñ ��� ð���þ�íVúcí1õdú ÿ���������� � �
ú í?î+ñ ��� øcð{õ%ó]îgõn÷%ý�ôöî:ó^õnú=øüýdñKõdñ?÷½���J� ÿ�� õdñ1÷ ��� í?õdû:î!ñ1ýnú���î�î:ñ�øcð�ð��Eîg÷��
�Âúcí1î`ðIõdï�î
ô ó]ý+þ�îZðgðIýnó��m ï%ýhð�ú)ó]îgþ�î:ñ1ú9õnþgþ�îZð�ðCú=ýKï�î+ï�ýdóE��ù ý:þ�õdú.øÐýdñ þ ó^îZù õnú=øüû+î`ú=ýKõ�	9óIøÐú.î�ý�ô1î+ó]õdú.øÐýdñ � �
øcð%î:øÐúcí1î:ó!ú í?î%ï�ýMðIú{ó]îgþ�î:ñ1ú1	9óIøÐú.î!ú.ý þ ó]îIùcõdú.øÐû+î�ú.ý � � ýnó%õBï%ýhð�ú{ó]î�þgî:ñ1úRó^î�õd÷Bú=ý þ
ó^îZù õnú=øÐû:î!ú.ý � � �

kG[Kf�s,sTX+fM\]e�l=\^mno [ � XBs1\]X�LIXIi1acY,Mÿi1X��7Y?a []acmdY1e�[ � fh[%[ � XI\]X5XI�Eace^[^eKmnY1|ct mnY1XVo�mne^[
\^X�LZXIYE[PK{\^ac[^Xzm�sTXI\�fM[^acmnY�\^XI|Ðfh[^acbdX5[]m�fhY�t�m�s7XI\�fM[]a mnYyR��Cm�KRXIbdXI\:sC[ � XI\]X�opf:t�XI�Eace^[
o�mn\^XK[ � fMYAmnY1X�oBmde][!\^X�LZXIYE[�\^X:fMiAm�s7XZ\gfM[]acmdY1e�\^XI|Ðfh[^acbdXB[^m�f>K{\^ac[^XBm�sTXI\gfh[^acmdY|R kGY
l�f�LZ[+s1a l5ÿ���aceCf�o�mne^[R\^X�LIXZY�[�\]X+fMiVm�sTXI\�fM[^acmnYp\]XI|ÐfM[]a bnX�[^m � �KsE[ � XIY fhY�t�LImdYILIr1\^\]XIYE[\^X+fhi5m�sTXI\�fM[^acmnY�[^m½ÿ���aceCfh| e]m f�oBmde][Ò\]X�LIXIYE[Cm�s7XZ\gfM[]acmdYV\^XI|Ðfh[^acbdX�[^m � �'RWRmdY?i1ac[^acmdY � Rc�{e][gfM[]XIeR[ � fh[ fh| |�f�LELIXIe^e]XIeC[]m%f¸MdacbdXIYK|cm9L+fh[^acmdYKfM\]XC[^mn[gfh| |ct�md\]i1XI\^XZiyRx � XRmd\^i?XI\4\]XIqEr1ac\^XIi�l=md\!�<L+WqnEt<LImdY1i?a []acmdY � Rc�)ace4oBmd\^XD��KÒX+f(vdXI\��{[ � fhY![ � fM[4e�s7XELIaF�7XIinEt�Q1WDR&x � X�md\^i?XI\!\^XZq�r?a \]XIiqnEt>��L+Wàê�KRX�K{ac|c|GL+fM|c|)ac[���L:W�md\]i1XI\ñê oKr?e^[�s?\^XIe]XI\^bnXs1\^m�Md\�fMo md\]i1XI\�Ìvl=r1\][ � XI\]o�mn\^Xds)[ � XKi1aFu XZ\^XIYE['s1\]mzLZXIe^e]md\^eKoKr?e^[!f�Mn\^XIXBmdY�[ � X�md\]i1XI\
mMl9o�XZo�md\]t f(L�LIXIe]e^XIe�mdY5X+f(L � oBXIo�mn\^t�|cmzL:fM[^acmnYyR9�`m�KÒXIbnXI\��<L+W�md\]i1XI\`a e`e^mno�X � m�K

�
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��KRX+f�v9�!acY�[ � X`e^XIY?e^XC[ � fM[¡[rKÒm!XZ��XELIr1[^acmnY�e^XZq�r?XIY,LIXIeEéÂfM\]XHLImdY?e^aci1XI\]XIiVa i?XIYE[^a6L+fM|?XIbdXIY
a l [ � XIt�i1mVY1mn[*s1\^XZe^XI\]bdXV[ � XKmn\^i1XZ\%mhlÒLImnY,LIr1\]\^XIYE[K\]X+fMi1e
RBx � a e�o�X+fhY1e�[ � fh[!a lTÿ�� éfMY1i­ÿ��ë fh\^XB[rKÒmPLZmdY,LIr?\^\^XZY�[K\]X+fMi?e+sÒf¿e^XIqEr1XIYILIXPK � XI\]X�ÿ�� é f�s,sTX+fh\^e�n7X�l.md\^Xsÿ�� ë aceLImdY?e^aci1XI\]XIi�[^m'nTX%aci1XZY�[]a6L+fM|3[^m�fKe]XIqEr1XIY,LZX'K � XI\^Xeÿ�� ë f(s,sTX+fM\]e�nTX�l=mn\^X?ÿ�� é s1\]mMbEa i?XIi[ � fh[K[ � X md\^i?XI\KmMl%fM|c|Rmd[ � XI\�Y?mdYÎLZmdY,LIr?\^\^XZY�[Vm�s7XI\�fM[]a mnY1eKace's1\^XZe^XI\]bdXIiyR�kGY�md[ � XI\KÒmn\^i1e:sTa´l2ÿ�� é fMY?i ÿ��ë fh\^X*LImnY,LIr1\]\^XIYE[DKRX�L+fhY fMe]e^r1oBX�a Y?i1aFu XI\]XIYE[^|ctV[ � fh[@ÿ�� é � ÿ��ëmd\%ÿ��ë � ÿ�� é R��LZ[^r7fh| |ctEs&��L+W i1mEXIe!Y1mn[C\^XZq�r?a \]XKX+f�L � s1\]m9LIXIe^e]md\![]mVe^XIX�fh| |)[ � XKm�sTXI\gfh[^acmdY?eÂmnY
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instruction is executed
when the movetoa)

N2N1 N1 N2 N1 N2 N3

x = 5x = 5

y = 0

x = 0

y = 0 y = 0

instruction is executed
b) just before the release c)

instruction is executed
just after the release

x = 5

y = 15

x = 5

y = 0

x = 5

y = 15

x = 0

y = 0
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o�XIoBmd\]t!o�mEi1XI|ce
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e � fh\^XIizi7fh[gf,Rà��L�LZXIe^e]XIe![^mBe^tEY,L � \]mdY1a6¨+fh[^acmdYVbdfM\]aÐf�n1|cXIe{oKr1e][AnTX!i1ace][^acY,Mdr?a e � XIiBl=\]mdo
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R��CeK[ � XI\]X5aceKmdY1|ct�mdY?X@s?\^m9LIXIe]e^md\:s{ac['K{ac| |1nTX5[ � X
m�K{Y1XI\Kmhl�fh|c|Òe � fM\]XIi�i7fh[gf a []XIo�e
RÎx � XIY�LImdY1i?a []acmdY1e � R w fMY1i � R � [^\]a bEaÐfM|c|ctVl=mn|c| m�K
l=\^mno [ � X l�f�LI[`[ � fh[Âfh| |)f�L�LZXIe^e]XIe![^mVfKe � fM\]XIi iTfM[gf�ac[]XIo fM\]X!e^XI\]aÐfM|ca6¨IXIi[n�tBac[^eÂfhe^e]mM�LIaÐfM[]XIi5�4k^�|O�REkGY1i1XIXIi3s7Y?m%m�s7XI\�fM[]a mnY�aceCfM|c|cm�KRXIiK[^m�n7XDsTXI\Gl.md\^oBXIi�mnYV[ � X�i7fh[gf�a []XIo
r1YE[^ac|�[ � X*s1\^XELIXIi1acY,MBm�sTXI\gfh[^acmdYqoÐacYB[ � X%�3k^�|O�p � fMeHnTXIXIYPsTXI\Gl.md\^oBXIiyR RèCXZ��[:s¡l=md\K[ � XPL+fhe^X[K � XI\^X [ � XPs?\^m9LIXIe]e^XIe5XZ��XELIr1[^XzmdY�i1aFu�XI\^XZY�[�s1\^m9LIXZe^e^mn\^e:s!fMdacbdXZY�i7fM[�f�ac[]XIo ace!m�K{Y1XZi�nEtzmdY1|ct5mnY1X � mde^[
RBx � XKm�K{Y1XI\!ace!fM|c|cm�KÒXZi []m@sTXI\ l=md\]o
\^X+fhi fhY1iDK{\^ac[^X¡m�sTXI\gfh[^acmdY1e3mdY![ � X9i7fh[gf�a []XIo�R&x)m{e � m�K�[ � fh[yLImnY1i1ac[^acmdY � R � � mn| i?e+s
KÒXLImdY?e^[^\]r,LI[!f¸Md|cm�n7fh|�e^XIqEr1XZY,LIX�mMl~m�s7XZ\gfM[]acmdY1eHsTXI\Gl.md\^oBXIiVmdYVf�i7fM[�f�a []XIo fheRl=md|c|cm�K{e+�
ß x � X{m�K{Y1XI\RmMl4fCiTfM[gf a []XIo fMi1i?e9X+f�L � \]X+fMiKm�s7XI\�fM[]a mnY's7XZ\Gl=mn\^o�XZiKmdY�[ � X`i7fM[�f
ac[]XIo mdY�[ � X'Md|cm�n7fh|9e^XZq�r?XIY,LIXVmMl{m�sTXI\�fM[^acmnY1e+��K � XIY?XIbdXI\�[ � X�XI�EX�LIr?[^acmdY�mhlÂf
\]X+fMi�m�s7XI\�fM[]a mnY�a e��TY1ace � XIi3sÒ[ � XV\^X+fhi�a e�fhi1i1XIi�mnY�[ � X>Md|cm�nTfM|Re^XIqEr1XIYILIX mhl
m�s7XZ\gfM[]acmdY1e
Ì
ß Ë¡f�L ��� mde][ � md|ci1acY,M f \^X:fMiE�GmdY1|ct�|cm9L�v�mdY�[ � XVi7fh[gf ac[^XIo oVfMacYE[gfha Y?e f |cm9L+fM|
e]XIqEr1XIY,LZX mhlC\^X+fhi�m�s7XZ\gfM[]acmdY1e'sTXI\Gl.md\^oBXIi�mdY�[ � X�i7fh[gf ac[^XIo[Ì9[ � Xp\]X+fMi?e�fM\^X
fhi1i1XIiBacYK[ � X`| m9L+fh|7e]XIqEr1XIY,LZX!mMl4\]X+fMi1eRacYK[ � X�mn\^i1XI\R[ � XIt�fM\]XCXI�EX�LIr?[^XIi>nEtK[ � X
� mde^[
Ì
ß áRX�l=mn\^X!fMi?i1acY,M f¸K{\^ac[]XÂm�s7XZ\gfM[]acmdY�mnY�[ � XDMd|cm�n7fh|1e^XZq�r?XIY,LIX�mMl)m�sTXI\gfh[^acmdY1e:sE[ � Xm�K{Y?XI\�i7fM[�f�m�K{Y?XI\DLImd|c|cX�LI[]eÂ[ � X�s7fM\][^aÐfM|HoÐ|cm9L+fh|�p�e^XIqEr1XZY,LIXIeKmhlÒ\^X+fhi1e�\^XIqEr1XZe^[^e
X�u X�LZ[^XIiPnEtKmn[ � XI\1s1\]mzLZXIe^e]md\^e�fMe¡l=md|c|cm�K{e�RÏx � XCacoBs?| XZo�XIYE[gfh[^acmdY�\^XIqEr1XIe][^e{[ � fM[
f¸s1\]mzLZXIe^e]md\Âf(LIqEr1ac\^XIe�fMYBXI�9LI|cr1e^acbdX`|cmzL�vKmnY¿f�i7fh[gf�a []XIo nTX�l=mn\^XDs7XZ\Gl=mn\^o�acY,M�fK{\]ac[^X�m�sTXI\gfh[^acmdYVmnYp[ � X�i7fM[�f,RGxHKRm�L:fMe^XZe�L:fMY5fM\]a e]Xd�
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��R1x � X�s1\^m9LIXIe]e^mn\�sTXI\ l=md\]o�acY,MK[ � X*K{\^ac[^X�m�sTXI\gfh[^acmdY � fMeÂfh|c\^X+fhi1t5fMYVXI�9LI|crE�
e^acbdX{|cm9L�v!mdYK[ � X{i7fh[gf�o=fhY1iKace~[ � XI\]X�l=md\]XC[ � XCi7fh[gf`m�K{Y1XI\�pI�3[ � X<s1\^m9LIXZe^e^mn\
fMi1i?eK[ � X�K{\^ac[^XVm�sTXI\�fM[^acmnY�mdYA[ � XVe^XIqEr1XZY,LIX5mhlCm�sTXI\gfh[^acmdY1e
RqèCmzmd[ � XI\
m�sTXI\gfh[^acmdY � fheHn7XZXIYPsTXI\Gl=mn\^oBXIiVmdY�[ � X!i7fh[gf�nEt�fMY?md[ � XI\�s1\]m9LIXIe^e]md\
R

w R1x � X1s1\^m9LIXIe]e^mn\�sTXI\ l=md\]o�acY,M{[ � X#K{\^ac[^X¡m�sTXI\gfh[^acmdY � fMe4Y?md[�tdXZ[~fMY�XI�9LI|cr1e^acbdX
|cmzL�vBmdYV[ � X�i7fM[�f,R)kGYV[ � aceHL+fhe^XdsT[ � X�a o�s1|cXIo�XZY�[�fM[]a mnY%\]XIqEr1XIe][^e�[ � fh[{[ � Xs1\^m9LIXZe^e^mn\Cf�LIqEr1ac\]X{i7fM[�f�m�K{Y1XI\]e � a6s'nTX�l=md\]X{|cmzL�vEacY,M�[ � X{iTfM[gfIRy�{[Rf�LIqEr1ac\^X
[^aco�XnsÒ[ � XPs1\]m9LIXIe^e]md\5\]X�LIXIacbnXIeBl=\^mno�[ � X5i7fh[gfzm�K{Y1XI\[oÐa l!ac[�aceKY1md[B[ � X
i7fM[�fVm�K{Y1XI\�pIs)[ � XK|ca e][!mMl � mne^[^e � md|ci1acY,M5fV\]X+fMiE�GmdY?| t | m9L�vzmdYz[ � XBi7fM[�f
ac[^XIo[R�x � XIY�[ � X[s1\]mzLZXIe^e]md\5\]XIqEr1XIe^[]e5[ � fM[VX+f�L � s1\^m9LIXZe^e^mn\ � mn| i?a YIMAf
\^X+fhiE�GmdY1|ct5|cm9L�vpmnY [ � XKi7fh[gfK\]XI|cacY1qEr1ace � a [
R*�{[�[ � a e�e][gf�MnXds4fhY�t¦s1\^m9LIXIe]e
� md|ci1acY,M�e]r,L � fC|cm9L�v!e^XZY1i1e{fMYKf�L�vEY1m�K{|cXIi,MdXZo�XIYE[4[]m�MnXI[ � XZ\AK{ac[ � ac[^e)|cm9L+fM|
e^XIqEr1XZY,LIXAmhl%\^X:fMi�m�sTXI\�fM[^acmnY1eBsTXI\Gl.md\^oBXIi�mdY�[ � X�i7fM[�f�ac[^XZo fMY1i�[ � Xs1\^m9LIXZe^e^mn\ \]XIacY1ac[^aÐfM|ca6¨IXIeB[ � X | m9L+fh|�e^XIqEr1XIYILIX�mMl%\]X+fMi�m�sTXI\�fM[^acmnY1eV[^m�fhY
XIoBs?[GtKe^XIqEr1XIYILIX�R1x � X�s?\^m9LIXIe]e^md\DsTXI\Gl.md\^oBacY,M�[ � XDK{\^ac[]XÂm�s7XZ\gfM[]acmdYpfhi1i1e
[ � X{\]X�LIXIacbnXIiK|cmzL:fM|E\^X+fhi%e]XIqEr1XIY,LZXIeÒmnY%[ � X1Md|cm�n7fh|de]XIqEr1XIY,LIX`mMl7m�s7XZ\gfM[]acmdY1es7XZ\Gl=mn\^o�XZipmnYV[ � X�i7fh[gf�ac[^XIo[R
kGY�[ � a e�K f:tEs{fM|c|C\]X+fMi#m�sTXI\gfh[^acmdY1e�s7XZ\Gl=mn\^o�XZi�nEtAi1aFu�XI\^XIYE[>s1\]mzLZXIe^e]md\^en7XZ[rKÒXIXZY�fMYEt�[rKÒm<LImdY1e]X�LIr1[]acbdX1K{\^ac[^XRm�sTXI\gfh[^acmdY?e~fM\]X fhi1i1XIi�mdY![ � XAMn|cm�n7fh|
e^XIqEr1XZY,LIXzmMlCm�sTXI\�fM[^acmnY1e's7XZ\Gl=mn\^o�XZiAmdYÿ[ � XBi7fM[�f,Rq�`e%[ � XV\^X+fhi1e�l=\]mdo
X+f�L � s?\^m9LIXIe]e^md\�oVfMacYE[gfMacY's1\]m�Mn\gfMo md\^i?XI\+sT[ � XIt>K{a |c|�oVfMacYE[gfMacY�s1\^m�Md\�fMo
md\]i1XI\VacY�[ � XPMn| m�n7fM|{e]XIqEr1XIY,LZX mhl m�s7XZ\gfM[]acmdY1e�s7XI\ l=md\]o�XIi�mnY�[ � X i7fM[�f
ac[^XIo[Ryx � XHs?\^m9LIXIe]e^md\HsTXI\ l=md\]o�acY,MC[ � X�K{\]ac[^X{m�sTXI\�fM[^acmnYKi1mEXIeÒY?md[9Y1XZXIi�[]mvEY1m�K�acYBK � a6L � mn\^i1XZ\{[^mKfMi1iB[ � X�i1aFu�XI\^XIYE[{|cm9L+fM|T\^X:fMiVe^XIqEr1XZY,LIXIe�mdYB[ � XMd|cm�nTfM|)e^XIqEr1XZY,LIX�mhlÒm�sTXI\�fM[^acmnY1eDn7X�L:fMr1e]XpfM|c|3e^r,L � \^X:fMi1e!fM\]X'LImdYILIr1\^\]XIYE[
fMY1i�fh\^XV[ � XZ\^X�l=mn\^XPLZmdY1e]a i?XI\^XIi#[^mqnTX@sTXI\ l=md\]o�XIiÿa Y�fhY�t�mn\^i1XZ\�R��{l.[^XI\
� f:bEacY,Mpfhi1i1XIi fh|c|~[ � X�| m9L+fh|4\]X+fMize^XIqEr1XZY,LIXIe�mdY5[ � X�Md|cm�n7fh|4e]XIqEr1XIY,LIXKmhl
m�sTXI\gfh[^acmdY?e+s{[ � XPs1\]mzLZXIe^e]md\>s1\^m9LIXZXIi1e>s7XZ\Gl=mn\^o�acY,M [ � XPK{\]ac[^X5m�s7XI\�fM[]a mnY
fMY1i5fhi1i1e{[ � X�K{\]ac[^X!mnY�[ � X*Md|cm�nTfM|Te^XIqEr1XIYILIX%mhl~m�s7XI\�fM[]a mnY1e{mdYB[ � X�i7fM[�f
ac[^XIo[R

ß w � XIY1XIbnXI\!i7fh[gfÉm�K{Y1XI\^e � a6s ace`[^\gfhY1eGl.XI\^\]XIiA[]mpfMY?md[ � XI\ � mde][+s�[ � X � mde^[�[]\gfMY?eG�l.XI\^\]a YIMÂ[ � X{i7fh[gf{m�K{Y?XI\^e � a6sK[^\gfhY1eGl.XI\^eÒfh|ce^mC[]m�[ � X{Y1XEKAi7fh[gf`m�K{Y1XI\:sM[ � XHMn|cm�n7fh|
e]XIqEr1XIY,LZX%mhl~m�sTXI\�fM[^acmnY1e�sTXI\Gl.md\^oBXIi�e]m�l�fM\{mnY�[ � X!i7fh[gf�a []XIo�R

x � XHMd|cm�n7fM|ne^XIqEr1XIYILIX�mMl7m�s7XI\�fM[]a mnY1e)mdYKf`i7fM[�fCac[]XIo§n1r?a |c[|K{a [ � [ � X{f�nTmMbdX{fM|6Mdmn\^ac[ � os1\^XZe^XI\]bdXIe*s?\^m�Mn\gfho md\]i1XI\ÂfhY1i�ace{e]XIXIYPnEtpfh|c|7[ � X*s1\]mzLZXIe^e]md\^e
R
WRmdY?i1ac[^acmdY1e � R w fMY?i � R � l.md|c|cm�K�l=\]mdo [ � X!lGf�LI[�[ � fM[!fKY1mEi1X�sTXI\Gl=mn\^oBa YIMpfK\]X+fMi

m�sTXI\gfh[^acmdYVmnY¿f�iTfM[gf�ac[]XIo oKr1e][#�7\]e^[�f�LIqEr1ac\^X�f!\]X+fMiE�GmdY?| tB|cmzL�vBmdY�[ � X!i7fh[gfKfhY1i5f
Y1mEi1X'sTXI\Gl=mn\^oBa YIM�fBK{\]ac[^XKm�sTXI\�fM[^acmnY oKr1e][H�7\]e^[%f(LIqEr1ac\^XKfMYzXI�9LI|cr1e^acbnX%|cm9L�v5mdYz[ � X
i7fM[�f,R{kGY?i1XIXIi4s¨| m9L�vpf(LIqEr1ace^ac[^acmnY1eÂfh\^X!e]XI\^aÐfM|ca6¨IXIi¦n�tV[ � X%iTfM[gf�m�K{Y?XI\�K � a6L �5� fhY1i1|cXIe
[ � X{\]XIqEr1XIe][^e9mnY1X fh[)[^aco�X�RÏ�CY1iKf�LIqEr1ac\]a YIMÂfMY�XI�9LI|cr1e^acbdXR|cm9L?v�mdY%f`i7fh[gf{ac[]XIo�XIY1e]r1\^XIe
[ � fh[!fM|c|4[ � X*s1\]XIbEa mnr1e�m�sTXI\gfh[^acmdY?eÂmnY5[ � X!i7fM[�f � f:bnX*nTXIXIYqsTXI\Gl=mn\^oBXIiÎo�nTX�L+fhr1e^X�fh|c|
\^X+fhiE�GmdY1|ct�|cm9L�vEe fhY1iV[ � XDs1\]XIbEa mnr1eC\]X+fMiö�»K{\]a []X�| m9L�vKmdYV[ � X�i7fM[�fKfM\^X�i1ace�L+fM\]i1XIi fhY1i
Y1m�m�sTXI\�fM[^acmnYÐL:fMYÎnTXPsTXI\Gl.md\^oBXIiAa l!fz| m9L�v�aceKY1md[ � XI|ci�pER�QEaco�ac|ÐfM\]| tns~f(LIqEr1ac\^acY,M�f
\^X+fhiE�GmdY1|ctK|cm9L?v�mdYVf�i7fh[gf�a []XIo i1ace�L+fh\^i1e{[ � X�K{\]ac[^X��GmdY1|ctK|cm9L�v � XZ| iBmdYB[ � X`i7fM[�f%fhY1i

wn�



[ � XZ\^X�l=mn\^X�XIY1e]r1\^XIe�[ � fM[{[ � XDs1\^XIbEacmdr?eHK{\^ac[^X�mdYV[ � X!i7fh[gf � fMeHLImnoBs1|cXI[]XIiyR
ã¡��ã ­¯�D°G�E2&°G�D  ªGF¬�B�¤�¶�à�B�H3
x � X's1\]m�sTmde^XZiAacoBs1|cXIoBXIYE[gfh[^acmMYVi1mEXIe!Y1mn[!e�sTX�LIa l=t � m�K�[ � XKm�K{Y1XI\�mMlCfVi7fM[�fBa []XIo
aceC|cm9L+fM[]XIiyR�Ë)ac[ � XI\!f'LIXZY�[]\gfh| a6¨IXZi5md\�fKi1ace^[]\^a6n1r1[]XIi�f�s,s1\]m�f(L � L+fhY�nTX!r1e]XIi l=md\{[ � fM[s1r1\�s7mne^X�R1OCY?X�LIXIYE[]\gfM|ca6¨IXIiVf�s,s?\^m�f(L � KRmdr1|ci�n7X`[^m � f:bdX{mnY1X{Y1mEi1XCoVfMacYE[gfha Y�[ � X`| ace][
mMl4i7fh[gf�m�K{Y?XI\^eCfhY1i's1|Ðf:t%[ � XC\]md|cX{mMl~f e^XI\]bdXI\*oüopfMYTf�MdXZ\?p�RGË9f(L � \^XIqEr1XZe^[{[^m�f�LIqEr1ac\^X
f!|cm9L�v�K{ac|c|&n7X�fMi1i1\]XIe^e]XIi5[]m![ � X�e]XI\^bnXI\{[ � fh[Ò\]XI|Ðf:tEeÒ[ � X�\^XIqEr1XIe][{[^m�[ � X`i7fM[�f!m�K{Y?XI\�Rx � X!i7fh[gf�m�K{Y1XZ\ � fMY1i?| XZe{[ � X!\]XIqEr1XIe][ fhY1i5fMi1i?\^XIe]e^XIe�[ � X!\^XIe�s7mnY1e^X�i1ac\^XELI[^|ct�[]mK[ � X
Y1mEi1X�[ � fh[C\^XZq�r?XIe^[]XIi�[ � X�|cm9L?v!RH�<LIqEr1ace^ac[^acmnYpmhlÒi7fh[gfKm�K{Y?XI\^e � a6sPLImdr?| i¦n7X � fMY?i1|cXIi
fMe`l=mn| |cm�K{e:�*o=f�pC[ � XK\^XZq�r?XIe^[]XI\%e]XIY1i1e�[ � XK\]XIqEr1XIe^[�[^mV[ � X%e]XI\^bnXI\KfMY1i[K fhac[^e{l.md\�[ � X
\^XIe�s7mnY1e^Xns!o�n�p)[ � XRe^XI\]bdXI\¡l=md\�K fh\^i1e)[ � XÒ\]XIqEr1XIe][Ò[]mC[ � X{i7fM[�fCm�K{Y?XI\9fMY1i�K fhac[^e�l.md\)[ � X
\^XIe�s7mnY1e^Xnsyo�L
p)[ � X{m�K{Y?XI\ � fhY1i1|cXIe9[ � X{\^XIqEr1XZe^[{fMY1i�e^XIY?i1eÒ[ � X{\^XZe�sTmdY1e]XC[^m�[ � X{e]XI\^bnXI\
fMY1i[oÐi�p¡[ � XÂe]XI\^bnXI\{r,sTi7fM[]XIe{m�K{Y1XI\]e � a6sBa Yöl=md\]opfM[]acmdY%fhY1iKl=mn\�K{fM\]i1e9[ � XÂ\]XIe�sTmdY?e^X![]m
[ � X�\^XIqEr1XIe][^XI\DK � a6L � n7XELImdoBXIe{[ � X�Y1XEK�i7fM[�f!m�K{Y1XZ\�Rx � X<s1\^m�n1|cXIo K{ac[ � [ � XDLIXIYE[]\gfM|ca6¨IXIiVe]md|cr1[^acmnY�aceÒ[ � fM[R[ � XÂe]XI\^bnXI\�nTX�LImno�XIeCf¸nTmd[G�
[^|cXIY1XEL?vBacYK[ � X`e^tEe^[]XIo�R9�?r1\^[ � XI\]o�md\]Xdshl�fMac|cr1\^X{mhl4[ � X`e^XI\]bdXI\HK{ac|c|,LIXZ\^[gfhacY1|ct'n7X<LImde][^|ct
[^mV[ � X%e]t�e][^XIo acY5[ � X�e^XZY1e^XK[ � fM[�XIac[ � XI\!fM|c|4[ � X%e]tEe^[^XZo K{ac|c|�lGfMac|Aoüa´l9ac[�aceCY1mn[{l�fhr1|c[
[^mn| XZ\gfMYE[�p)md\9[ � X{\^XELImMbdXI\]t's1\^m9LIXZe^eHK{ac|c|znTX{bdXZ\^tK|cmdY,M&R!��LI|Ðfhe^e^a6L+fh|7f�sIs1\^mEf�L � [^m!\]XI|ÐfM�
[ � X¸n1r1\^i?XIY5acoBsTmde]XIi�mnYp[ � X>�^mnY1X�e^XI\]bdXI\��pace{[]m�s7fh\^[]a []acmdYV[ � X�i7fh[gfKfhY1iVi1ace^[^\]a6n1r1[^X
ac[%fMoBmdY,MV[ � X�i1aFu�XI\^XIYE[�Y1mEi1XIe:s9arR Xds4[]m � f:bdXKmdY?XKY1mEi1XBnTX�[ � X�e]XI\^bnXI\�l=md\KfVe]XI[%mhl
i7fM[�f!ac[]XIo�e)mdY?| t9R�kGYB[ � ace#K{f:t�s�KRX{XI�9s7X�LZ[{[ � fh[Ò[ � XC|cm�fhi%aceRi1ace^[]\^a6n1r1[]XIiBnTXI[rKRXIXIYV[ � X
i1aFu XZ\^XIYE[�e^XI\]bdXI\]e�RHNVmn\^XImMbnXI\+s�fMYEtÉl�fMac|cr1\^X`mMlÒf�e^acY,Mn|cXCe^tEe][^XIo e � mdr1|ci5Y?md[Cf
u�X�LI[`[ � XK � md|cX!e]tEe^[^XZo fMY?i4sTa Yzf�l�fhr1|c[C[^mn|cXI\gfhY�[`e^tEe^[]XIo sT[ � X%\]X�LImMbnXI\^tPs?\^m9LIXIe]e!aceCXI�9sTX�LI[^XZi
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