
���������
	������������������������������
� ����� �
�!��"#�%$&���'�!�
�)(*�����+�
���,����(*-� �.�/	��0�

132�4/57698:8�;<6>=:?
6>@

A�B7C+D9=E8GFHBI@ 8#69JLKM6>FNC
O
8GB7=�4P5IQRB7@�5IB
KM6>SR69=GD9?�6H4�8TDU8:BWV�@�QYX9BI=[Z:QY8�\

]_^a`cbed_]_fgb

h�iEjki�lnmporqtsvuxwxy.mzln{}|�~��RhL�-� ~.�/qty.i'�9i[oEwx|%mzjku�mvjko�y.i[q7~�mvj}uxsv���Uw7�}�}spqty���w7y
~nmvuxjkqxs7�&iElni[o�lnmvwxj��Twx��lni[j�mvj*o�w7jT���}jko�lnmvwxj-��mzln{*j}iE�ky.qxs
j}iEl���w7yn�&~[����{}i�l.mz|%iE�RmvjIlniEjU~�mv�xi�jkqTl.�}y.icwx�!ln{}i:~�i�l.i[o�{}j}mp�I�}i[~M{kq7~*��w7~�lniEy.i[�HqtjHmvjIlni[yni:~�l%mzj��kqxy.qxszsviEsrmz|%�}sviE|%i[j7l�qTl.mzw7jk~E�
h�iEjkm�l.wxy-mp~�q���mp�&iEsv�I�R�U~�i:� qxszu7wxy.m�l.{}|_�9iEsvwxj}u7mzjku�lnw<l.{}i�o�spqx~.~Lwt�L¡�¢¤£.¥7¦T§T¨©¡�¢¤¥T¢¤£chL��� ~���{}mvo�{ªqxyni�u7iEj}i[y.qxszsv���9iEsvmzi[�xi[�Wl.w
o�w7jIl.qtmvj szmzl�l.szi#iE«&�}szw7m�l�qt�}svi��kqxy.qxszsviEsvmv~n|��#¬+qty�qtsvszi[s��xiEy�~nmzw7jk~�{kqG�xi%mvjI�7wxsv�xi:�<���}jk�kqt|%iEjIl.qxs�o�{kqxj}uxi:~�lnw�ln{ki#qtsvuxwxy.mzln{}|_��
mvj7l.ynw&�&�Uo�mvj}u3mv~nsvqxjk�}~[�®��{}mp~��kqx�Ui[y#�&i[~.o�y.mz�9i[~%{kwT�)h�i[j}m�l.wxy#o[qtj¯�Ui<�Uqty�qtsvszi[szmv°Ei:�®±:²�³�¢Y´k¥tµ�µ¶§H¥G¡<²p¡x�r��mzln{·j}i:qty.sz��svmvj}i[qxy
~n�Ui[i[�&�}�P�&�I��y.i��¤qty.y�qtj}u7mzj}u�l.{}iLwxy��&iEyrwt�/~nwx|%i�wt��l.{}iLuxiEjki�lnmpo�wx�9iEy�qTlnmvwxjU~E���!j�qtjkqxsz�IlnmpoEqxsU|%iEln{}w&�cmv~��&i[ynmv�xi:����{}mpo�{coEqxj
�9i!�k~ni[�*��wxy��}i�lni[yn|%mvj}mvj}uLln{}i�qt|%wx�}jIl'wx�9�kqxy.qxszsviEsvmp~�|¸l.{kqTlroEqtj%�9i�qxo�{kmzi[�xi[���/�!j�mv|%�}sviE|%iEjIl.qtlnmvwxjM��wxy�q�~�{kqxyni:��©|Mi[|%wxy.�
|�qxo�{}mvj}iLmp~!�&i[~.o�y.mv�Ui:� �}qtjk�cl.{}i�yni:~��ks�l.mzj}u%iE«i:o��&l.mzw7jcmp~�~n{}wT��j�l.w#~��k�}�Uw7y�l�l.{}i-qtjkqxsz�&~nmv~[�
¹<ºI» ¼�½U¾G¿
À7Á u7iEj}iElnmpo�qtsvuxwxy.mzln{}|�~[�I�Uqty�qtsvszi[s>qxszu7wxy.m�l.{}|�~E�}�kqTl.qtÂkwT�®oEwx|%�}�&l.mzj}uU�Uh�iEjkm�l.wxy:�

Ã Ä Å bÆd)Ç�ÈÊÉËfgb Ä Ç Å

h�iEjki�lnmpo�qxszu7wxy.m�l.{}|�~�qxyni�~ni[qxy.o�{ªqxszu7wxy.m�l.{}|�~-svwIwI~�i[sz�W�kqx~ni[��wxjª�}y.mzjUo�mv�}szi:~�wx�!jkqTl.�}y�qts�i[�xw7sz�&l.mzw7j����kqtynlnmpo��ksvqxynsv�Ìu7iEj}iElnmpo
iE�7wxsv�&lnmvwxjP�Í��{}i[�Nqty.i<�9i[o�w7|%mzj}uª�9wx�k�}svqxy���wxyc~�mvuxjkqxs!�}y.w&o�i[~.~nmzj}uªqxjk�¯�&i�l.i[o�l.mzw7j���wt��l.iEj·mvjÎo�wxjt���}jko�l.mzw7j·��m�l.{·j}iE�ky.qxs
j}iEl���w7yn�&~[�Wh�iEj}iElnmpocqxszu7wxy.m�l.{}|�~-{kqG�7i#�9iEiEjNqt�}�}svmvi[�ªl.w�Ïkjkm�l.icmv|%�}�}sp~�i�Ïks�l.iEy�~cÐzÑ[ÒTÓR�'mvj&Ïkjkm�l.icmv|%�}�}sp~�i�Ïks�l.iEy�~cÐ ÔtÓ©�'~�l.qxo��
Ïkszlni[y.~!Ð ÕGÓ©�7�kmzjkqxyn���}{kqx~ni��©wxjksz��ÏUs�l.iEy�~�Ð ÖTÓR�I~�w7jkqty'�}qtl.q%Ð ×TÓ©�7qtjU�*wxln{}i[y'�&wx|�qxmzjk~�Ð�Ñt�IØGÓ©����{ki�lnmv|MiE�RmvjIlni[jk~�mv�xi�jkqtln�}y.i�wt�9ln{ki[~ni
lni:o�{}j}mp�I�}i[~�{kq7~r��w7~�lni[yni:�cqxj�mvjIlni[yni:~�l�mvj��Uqty�qtsvszi[s9mv|%�}sviE|%iEjIl.qtlnmvwxjk~[�

Ù wI~�l�mz|%�}sviE|%i[j7l�qTl.mzw7jk~rwt�/u7iEj}iElnmpo�qxszu7wxy.m�l.{}|�~�o[qtjc�Ui�oEqtlni[uxwxy.mv°Ei[��qx~�iEmzln{}i[y�Ú7£EÛ9£E³n¥T¢R²ÝÜTÛ>¥Tµ/wxy�¡�¢©£�¥x¦t§T¨©¡�¢©¥t¢©£7��h�iEjkiEyn�
qTl.mzw7jkqts �7iEy�~�mvwxjU~��Ý~n�ko�{<qx~�l.{}i�Þ}hL�ßÐ àTÓ����}y.w&�&�ko�i�qxj�i[jIlnmvyni[sz�cj}iE�á�Uw7�}�}spqTl.mzw7j�qTl!i[q7o�{cu7iEj}i[y.qtlnmvwxj���â¤j�q%u7iEj}i[y.qtlnmvwxjkqxs
|%w&�&iEsR�
ln{}i#�U~�i#wx��lnwx�kynjkqx|%iEjIl.~-lnwÌ~niEsvi[o�l*~�l.ynmvj}uI~�iEjk~n�}y.i[~Ll.{kqTl*j}w�mvj7l.iEyn�©�}iE�9iEjk�&i[jko�mvi[~�i�«&mp~�l:�
qxjk� ln{�k~�i[qxo�{�~�lny.mvj}u
mvj�ln{ki�j}i[�ã�Uw7�}�}spqTl.mzw7jÌoEqxj��Ui%o�y.i[qtlni:�<mzjÌ�kqty�qtsvszi[sY��är��oEwxjIlny�qx~�l[�>~�lni[q7�&�I�©~�l.qtlni*�xiEy�~nmzw7jk~-�Ý~n�ko�{ qx~�h�i[j}mzlnwxy%ÐzÑxÑ�Ó��!�kynwx�
�&�koEicwxå>~n�}y.mzjkuÌwxjkicqTl�q<l.mz|%i7��mvjk~�i[y�l.mzjku�ln{kiE|,�kq7o�� mvjIlnwWln{}i�wxy.mvuxmvjkqts��Uw7�}�}spqTlnmvwxjP��æ�qxo�{�~�lny.mvj}uÌy.iE�}spqxoEiE|%iEjIlMmzj�q
~�lni[q7�&�I�©~�l.qtlni�|%w&�&iEsUmzjIl.ynw&�&�koEi[~'q��}iE�9iEjk�&i[jko��7�&~�mvjko�i�l.{}iEy.i!mp~�~nwx|%i��}y.wx�kqx�}mvszmzl��-l.{kqTl'l.{}i!j}i[��sz�I�©mzjU~�i[y�l.i[�%~�l.ynmvj}u-��mvsvsk�9i
~niEsvi[o�l.i[����w7y�y.i[oEwx|*�}mzjUqTlnmvwxj<qtl�ln{ki*�7iEy.�cj}iE«l�lny.mpqtsR����{}i[yniE��wxy.ix�9�kqty�qtsvszi[sP�7iEy�~�mvwxjk~!wt��~�lni:qx�&�I�¤~�l�qTlni�uxiEjki�lnmpo-qxszu7wxy.m�l.{}|�~
l���}mpoEqtsvsv��mzj�xw7sz�7i'iEmzln{kiEy+mp~�w7svqtlnmvj}u�~n�}�&�©yni[uxmvwxjk~���²p¡�µz¥tÛ9¦G¡G�/lnw�yni[|MwT�7i'l.{}ir�}iE�9iEjk�&i[jko��cÐ�ÑGÖ:ÓR�xwxy��&mv~�lny.mv�}�&lnmvj}u�~�lny.mzj}uI~/q7o�y.w7~.~
qMj}i�l��rwxy.��wt���}y.w&o�i[~.~nwxy�~�qxjk��yn�}jkj}mzjkuMmvj<qMuxiEjkiEy�qTlnmvwxjUqts>|�qtj}j}i[y-��wx��lniEj<o[qtsvszi:�Ìç�¥G¡�¡�²�±G£Eµ¶§Lèk¥T³.¥Tµ�µz£Eµ�wxy�é�£�µ�µ�´&µz¥T³�Ð�Ñ:ÕGÓ����

ê wT�riE�7iEy:��m�l�mp~*�9w7~.~nmz�}sviclnw i�«&i[oE�&lni�~�l.i[q7�&�I�©~�l.qtlni�|%w&�&i[sv~M��mzln{¯q<�Ýqtmvy.sz�ª{}mvux{��&iEu7yni[i�wx���kqty�qtsvsviEsvmv~n|0��ix� uk�v�rëxÒ�w7y
svi[~.~��kynw&o�i:~n~nwxy�~����k��mzln{ j}i:qty.sz��svmzj}i:qtyL~��9iEi:�&�}�WwxjWq�~n{kqty.i[��©|%iE|%wxy.��|%q7o�{}mvj}ix��ì+²�¢�í}ÜT´&¢�é.ík¥TÛIÚx²�ÛIÚ�¢�ík£#î�£.ík¥T±:²ÝÜT³�Ü�ï*¢�í}£
¥Tµ Ú7Üt³�²�¢�í&ç�����{}y.iEi�~�mv|%mzspqtyL|%i�l.{}w&�}~L��w7y-�&wxmvj}u�ln{}mp~-qxyniM�}y.i[~niEjIlni:� �%ðWi�u7mz�7i%qxj qxjkqtsv�IlnmpoEqxs
|%iEln{}w&�W��wxy-�&iElni[yn|%mvj}mzjku
ln{ki��&iEu7yni[i�wt�+�kqxy.qxszsviEsvmv~n|ñ��{kmvo�{�o[qtj��Ui*yni:qx~nwxjkqx�}sv��qxo�{}mviE�7i[� �rò
mzjkqxszsv�x�9�ri-�&i[~.o�y.mz�9i�qxj�q7o�l.�kqts/mz|%�}sviE|%iEjIl�qTlnmvwxj<w7j<q
~n{kqty.i[�c|%iE|%wxy.��Þi[�I�}i[jIl�ärqxsvqxjko�i7�}qtjk��~n{}wT�®{}wT�®ln{}i�y.i[~n�}szlnmvj}u%i�«&i[oE�&lnmvwxj�mp~�o�wxjU~�mp~�l.iEjIl���m�l.{�ln{}i-qxjkqtsv�&~�mp~[�

Ñ



ó ô ]_d_]_õHõ�öÍõ Ä
÷ Ä Åùø ø ö Å,Ä bñÇúdüû ô daö ø ö Å,Ä bñÇúd

ò
mzu7�}y.i*Ñ�~n{}wT�!~r�k~�i[�k�&w&o�w&�&i���w7y�q%~nmz|%�}svi-h�iEj}mzlnw7y!qtsvuxw7ynmzln{}|_�Ý��m�l.{�lnwx�kynjkqx|%iEjIl�~niEsvi[o�lnmvwxjU���}qtsvwxj}uM��mzln{<q��Uqty�qtsvszi[szmp~�|
�}y.wtÏksviM�}ynw&�&�Uo�i[�Ì��Ìqc~nmv|��}spqTl.wxy�wt��l.{}i Ù qtjUo�{}i[~�lni[y�ý�qTl�qTÂkwT� Ù qxo�{}mvj}i�Ð þGÓR��ÿ�ynmzlnmpoEqxs
�UqTln{ mp~�~n{}wT��jWwxj�l.{}iM«�©qt«mp~[�
qtjU�c�Uqty�qtsvszi[szmp~�|�mp~!~n{}wT��j�wxjcln{}i-�I�¤qT«&mp~E�+æ�q7o�{�y.iE�9i[qtlnmvj}u%�kqTlnlniEy.j�mv~�ln{}i-oEyni:qTlnmvwxj�qtjk��mvjk~niEynlnmvwxj�wt�+q*jkiE� ~�l.ynmvj}u%mzjIl.w
ln{ki��9wx�}�}spqTl.mzw7j��+��{}i�~nmz|*�}spqTlnw7y'y.i[o�w7uxj}mv°Ei:~�ln{ki��&i[�Ui[jk�&iEjUo���qtjk�Ml.{}iEy.i���w7yni�i�«&i[oE�&lni:~'i[q7o�{#~�l.ynmvj}u-y.iE�ksvq7o�iE|%i[j7l�~niEy.mpqtsvsz�7�
��{}mp~'iE«&qx|%�}szi�mv~'��wxy!Ñ:Ò�~�l.ynmvj}u-y.iE�}spqxoEiE|%iEjIl�~E�t��mzln{cq��Uw7�}�}spqTl.mzw7j%~nmv°Ei!wx��Ñ:Ò�qtjk��q�~�l.ynmvj}u�sviEj}uxln{�wt�+Ñ:Ò}���·lny.mv�Impqts}Ï}lnj}i:~n~
���}jko�lnmvwxj��������9�����P�&mp~r�k~ni[��~�w�ln{kqtlrl.{}iL�}y.wtÏksvi�i[|%�}{kqx~nmv°Ei[~�ln{ki�iEå9i:o�l�~�wt�Pu7iEj}iElnmpo�w7�Ui[y.qtlnmvwxjk~�y.qtln{}i[yrln{kqxj�i�å>i[o�l.~��&�ki
lnwMl.{}iLÏ}lnjki[~.~����}jko�lnmvwxj��

REPEAT

     RANDOMLY SELECT THREE FROM POPULATION

     RECOMBINE THE BEST TWO OF THE THREE

     REPLACE WORST OF THREE WITH OFFSPRING

UNTIL TERMINATING CONDITION

(simplified form)
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POPSIZE = 100
1 PROCESSOR
2 PROCESSORS
4 PROCESSORS
8 PROCESSORS

12 PROCESSORS

0

5

10

15

20

25

30

35

40

0 200 400 600 800 1000 1200 1400 1600 1800 2000
RECOMBINATIONS PER PROCESSOR

POPSIZE = 500
1 PROCESSOR
2 PROCESSORS
4 PROCESSORS
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