
8VLQJ�(YROXWLRQDU\�&RPSXWDWLRQ�WR�6ROYH�WKH�(FRQRPLF�/RDG�'LVSDWFK�3UREOHP
*LULGKDU�.XPDUDQ 9�6�5�.��0RXO\'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ� 6DWK\DEDPD�(QJLQHHULQJ�&ROOHJH�6DWK\DEDPD�(QJLQHHULQJ�&ROOHJH� -HHSLDDU�1DJDU��2OG�0DPDOODSXUDP�5RDG�-HHSLDDU�1DJDU��2OG�0DPDOODSXUDP�5RDG� &KHQQDL����������,QGLD�&KHQQDL����������,QGLD�������������������������������������� MSUVDW\D#JLDVPG���YVQO�QHW�LQNJLULGKDU#KRWPDLO�FRP

$EVWUDFW�� 7KH� FODVVLFDO� DSSURDFK� WR� WKH� (FRQRPLF� /RDG�'LVSDWFK� 3UREOHP� �(/'3�� VHHNV� WR�PLQLPL]H� WKH� FRVW� RI�JHQHUDWLRQ� VXEMHFW� WR� WKH� XVXDO� FRQVWUDLQWV�� ,I� WKH�WUDQVPLVVLRQ�ORVVHV�DUH�DOVR�WR�EH�WDNHQ�FDUH�RI��D�FRPPRQ�PHWKRG��OO � LWHUDWLRQ�SURFHGXUH��LQYROYHV�DGGLQJ�WKH�FRVW�RI� WUDQVPLVVLRQ� ORVVHV� FKDUJHG� DW� LQFUHPHQWDO� FRVW� RI�UHFHLYHG�SRZHU� WR� WKH� FRVW� RI� JHQHUDWLRQ��7KLV� FRPELQHG�FRVW� IXQFWLRQ� IRUPV� WKH� REMHFWLYH� IXQFWLRQ� WR� EH�PLQLPL]HG��+RZHYHU� LW� LV�GHVLUDEOH� WKDW� WKH� WUDQVPLVVLRQ�ORVVHV� EH� GHDOW� ZLWK� VHSDUDWHO\� LQ� WKH� PLQLPL]DWLRQ�SURFHVV�� ZLWKRXW� FRPSXWLQJ� WKH� LQFUHPHQWDO� FRVW� RI�UHFHLYHG�SRZHU��*HQHWLF�$OJRULWKPV��*$V��RIIHU�D�VXLWDEOH�DQG� UREXVW� DSSURDFK� WR�PHHW� WKH� WZLQ� REMHFWLYHV� RI� FRVW�PLQLPL]DWLRQ� DQG� ORVV�PLQLPL]DWLRQ� VLPXOWDQHRXVO\�� 7KLV�SDSHU�SUHVHQWV�WKH�GHYHORSPHQW�RI�WKH�*$�IRU�VROYLQJ�WKH�(/'3�� ,W� DOVR� VXJJHVWV� D� FRQYHQLHQW� WHFKQLTXH� IRU�UHSUHVHQWLQJ�WKH�VHDUFK�VSDFH�� �)LQDOO\�� WKH�UHVXOWV�RI�WKH�DOJRULWKP� DUH� DQDO\]HG� E\� FRPSDULQJ� WKHP� ZLWK� WKRVH�REWDLQHG� IURP� D� GLUHFW� UDQGRP� VHDUFK� DOJRULWKP�� FDOOHG�WKH�/-�DOJRULWKP�
� ,QWURGXFWLRQ7KH� HQHUJ\� FULVLV�� ULVLQJ� SULFHV� RI� IXHO�� GLVSDUDWH� VRXUFHV� RI�HQHUJ\��DQG�LQWHUFRQQHFWLRQ�RI�HOHFWULF�QHWZRUNV�KDYH�PDGH�LW�HVVHQWLDO�WR�UHGXFH�WKH�UXQQLQJ�FKDUJHV�RI�SURGXFLQJ�HOHFWULFDO�HQHUJ\�
7KH�(/'3�LQYROYHV�WKH�VROXWLRQ�RI�WZR�GLIIHUHQW�SUREOHPV�>�@��7KH�ILUVW�LV�WKH�SUHGLVSDWFK�SUREOHP�ZKHUHLQ�LW�LV�UHTXLUHG�WR�VHOHFW�RSWLPDOO\�RXW�RI�WKH�DYDLODEOH�JHQHUDWLQJ�UHVRXUFHV�WR�PHHW� WKH� H[SHFWHG� ORDG�� 7KH� VHFRQG� DVSHFW� LV� WKH� RQ�OLQH�HFRQRPLF�GLVSDWFK�ZKHUHLQ�LW�LV�UHTXLUHG�WR�GLVWULEXWH�WKH�ORDG�DPRQJ�WKH�JHQHUDWLRQ�XQLWV�SDUDOOHOHG�ZLWK�WKH�V\VWHP��LQ�VXFK�D� PDQQHU� DV� WR� PLQLPL]H� WKH� WRWDO� FRVW� RI� VXSSO\LQJ� WKH�UHTXLUHPHQWV� RI� WKH� V\VWHP�� ,Q� WKH� (/'3� HDFK� JHQHUDWRU¶V�JHQHUDWLRQ� LV� QRW� NHSW� IL[HG� EXW� LV� DOORZHG� WR� WDNH� YDOXHV�ZLWKLQ� FHUWDLQ� OLPLWV� VR� DV� WR�PHHW� D� SDUWLFXODU� ORDG�GHPDQG�ZLWK�PLQLPXP�FRVW�
7KH� ORFDWLRQ� RI� JHQHUDWLQJ� SODQWV� IDU� DZD\� IURP� ORDG�FHQWHUV� DOVR� EULQJV� WR� IRUH� WKH� QHHG� WR� UHGXFH� WUDQVPLVVLRQ�

ORVVHV��$Q\� VROXWLRQ� WR� WKH�(/'3�PXVW� LQFOXGH�D� VWUDWHJ\� WR�WDNH�LQWR�DFFRXQW�WUDQVPLVVLRQ�ORVVHV�DV�ZHOO�
7KXV� WKH� SUREOHP� RI� VFKHGXOLQJ� JHQHUDWLRQ� FRQVLGHULQJ�WUDQVPLVVLRQ� ORVVHV� LQYROYHV� WKH� PLQLPL]DWLRQ� RI� FRVW� RI�JHQHUDWLRQ��ZLWK� WKH� ORVVHV� WDNHQ� FDUH� RI� HLWKHU� LPSOLFLWO\� RU�H[SOLFLWO\��,Q�WKH�QRQ�OLQHDU�SURJUDPPLQJ�DSSURDFK�WKH�ORVVHV�DUH�PLQLPL]HG� LQGLUHFWO\� E\� DGGLQJ� WKH� FRVW� RI� WUDQVPLVVLRQ�ORVVHV� WR� WKH� FRVW� RI� JHQHUDWLRQ�� DQG� PLQLPL]LQJ� WKLV�FRPELQHG� FRVW� VXEMHFW� WR� FRQVWUDLQWV�� 7KLV� LQYROYHV� ILQGLQJ�WKH� LQFUHPHQWDO� FRVW� RI� UHFHLYHG� SRZHU� >�@�� ZKLFK� LV� D�FRPSOLFDWHG� SURFHGXUH�� :KHQ� FRPSDUHG� WR� WKH� FRVW� RI�JHQHUDWLRQ�� WKH� FRVW� RI� ORVVHV� GRHVQ¶W� DPRXQW� WR�PXFK�� 7KH�XQQHFHVVDU\� FRPSXWDWLRQ� RI� LQFUHPHQWDO� FRVW� RI� UHFHLYHG�SRZHU� FDQ� EH� DYRLGHG�E\� IROORZLQJ� WKH�SURSRVHG�PHWKRG� LQ�ZKLFK� ORVVHV� DUH� GLUHFWO\� PLQLPL]HG� DORQJ� ZLWK� WKH� FRVW� RI�JHQHUDWLRQ�
*$V�DUH�VHDUFK�SURFHGXUHV�WKDW�PLPLF�QDWXUDO�SURFHVVHV�RI�VHOHFWLRQ�� UHSURGXFWLRQ�� DQG� PXWDWLRQ� VSUHDG� DFURVV�JHQHUDWLRQV� RI� SRSXODWLRQ�� DV� D� PHDQV� RI� VROYLQJ� SUREOHPV��>�@�DQG�>�@�DUH�XVHIXO�UHIHUHQFHV�WR�WKLV�UHJDUG�
7KH�*$�SUHVHQWHG�KHUH� LV� H[WUHPHO\�HIILFLHQW�� UREXVW��DQG�IDVW��,W�DYRLGV�WKH�ODERULRXV�FDOFXODWLRQ�RI�WKH�ORVV�FRHIILFLHQWV�DQG�LQFUHPHQWDO�FRVWV�E\�XVLQJ�WKH�OLQH�ORVVHV�FDOFXODWHG�IURP�GDWD�REWDLQHG�IURP�ORDG�IORZ�VWXGLHV�� (QFRGLQJ�DQG�'HFRGLQJ

��� (QFRGLQJ(QFRGLQJ UHIHUV� WR�WKH�SURFHVV�RI�FRGLQJ�WKH�PHPEHUV�RI�WKH�VROXWLRQ� VHW� DV� D� QXPEHU� RI� ILQLWH� VWULQJV� �FKURPRVRPHV��� ,W�W\SLFDOO\� XWLOL]HV� WKH� ELQDU\� DOSKDEHW� ^���`�� 8QOLNH� LQ�RUGLQDU\�HQFRGLQJ�VFKHPHV� LQ�ZKLFK�HDFK�VWULQJ�UHSUHVHQWV�D�SDUWLFXODU� YDOXH�� LQ� WKH� QRYHO� FRGLQJ� V\VWHP� ZH� KDYH�GHVLJQHG��HDFK�VWULQJ�UHSUHVHQWV�D�UHJLRQ�RI�WKH�VHDUFK�VSDFH��7KLV�UHJLRQ�LV� WKH�VXP�RI�WKH�UDQJHV�RI�SRZHU�JHQHUDWLRQ��LQ�0:�� WKH�JHQHUDWRUV�PXVW� FRQILQH� WKHPVHOYHV� WR�� LQ�RUGHU� WR�VDWLVI\� WKH� REMHFWLYH� IXQFWLRQ� DQG� FRQVWUDLQWV� )RU� WKH� ��JHQHUDWRU� SUREOHP� LQYHVWLJDWHG�� D� VWUXFWXUH� LQ� WKH� IRUP� RI� D�VWULQJ�RI� OHQJWK� ILYH� LV�XVHG��ZLWK� HDFK�SRVLWLRQ� LQ� WKH�VWULQJ�FRUUHVSRQGLQJ� WR� RQH� JHQHUDWRU�� %HVLGHV� UHSUHVHQWLQJ� WKH�
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QXPEHU�RI� WKH�JHQHUDWRU�� WKH�ORFL�KDYH�QR�RWKHU� LQIOXHQFH�RQ�WKH�VWULQJ¶V�YDOXH��7KH�VWULQJ�LV�PDGH�XS�RI��V�DQG��V�ZKRVH�PHDQLQJ�FKDQJHV�ZLWK�HYHU\�QHZ�JHQHUDWLRQ�L�H��WKH�UDQJH�RI�YDOXHV� WKH\� UHSUHVHQW� GHFUHDVHV� SURJUHVVLYHO\�� 7KH� GDWD�VWUXFWXUH� XVHG� WR� UHSUHVHQW� HDFK� PHPEHU� RI� WKH� VWULQJ� LV�SURYLGHG�EHORZ�6WUXFW PHPEHU�^
IORDW�ORZHU��XSSHU� PLGYDOXH��
LQW�GLJLW�����WDNHV�YDOXHV�^���``���

ORZHU VWRUHV� WKH� ORZHU� ERXQG� RI� WKH� UDQJH� RI� YDOXHV�UHSUHVHQWHG� E\� GLJLW�� ZKLOH� XSSHU VWRUHV� WKH� XSSHU� ERXQG��PLGYDOXH LV�WKH�DYHUDJH�RI�ORZHU DQG�XSSHU��7KH�LQLWLDO UDQJH�RI� SRZHU� JHQHUDWLRQ� IRU� HDFK� JHQHUDWRU� LV� WKH� JHQHUDWLRQ�FRQVWUDLQWV� JLYHQ� E\� LQLWLDO833(5 DQG� LQLWLDO/2:(5 �� ,Q�RXU�SUREOHP�DQG�LQ�DOO� WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�WKH�YDOXH� RI� LQLWLDO833(5 LV� ���0:� ZKLOH� WKDW RI�
LQLWLDO/2:(5 LV� ���0:��$�SLFWRULDO� UHSUHVHQWDWLRQ� RI� WKH�LQLWLDO�VHDUFK�UHJLRQ�LV�JLYHQ�LQ�)LJXUH����

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ���� ,QLWLDO�VHDUFK�UHJLRQ
2.2 Population Creation Procedure7R�FUHDWH�WKH�SRSXODWLRQ UDQGRP�VWULQJV�DUH�JHQHUDWHG��$�µ�¶�LQ�D�QHZ�VWULQJ�LV�FRQVLGHUHG�WR�UHSUHVHQW�WKH�XSSHU�KDOI�RI�WKH�UDQJH�RI�WKH�YDOXHV�UHSUHVHQWHG�LQ�WKH�FRUUHVSRQGLQJ�SRVLWLRQ�LQ� WKH� SUHYLRXV� JHQHUDWLRQ�� 6LPLODUO\� D� µ�¶� UHSUHVHQWV� WKH�ORZHU� KDOI� RI� WKH� UDQJH� UHSUHVHQWHG� LQ� WKH� FRUUHVSRQGLQJ�SRVLWLRQ�LQ�WKH�SUHYLRXV�JHQHUDWLRQ��&RUUHVSRQGLQJ�FKDQJHV�WR�XSSHU�� ORZHU�� DQG� PLGYDOXH DUH� PDGH�� )RU� WKH� JHQHUDWLRQ�IROORZLQJ�IURP�WKH�UHJLRQ�VKRZQ�LQ�)LJXUH�����D�µ�¶�LQ�WKH�QHZ�VWULQJ�UHSUHVHQWV�WKH�UDQJH��������0:�ZKLOH�D�µ�¶�UHSUHVHQWV�WKH� UDQJH� �������0:�� 6XSSRVH� WKH� VWULQJ� JHQHUDWHG� LV��������WKHQ�WKH�QHZ�UHJLRQV�ZLOO�EH�DV�GHSLFWHG�LQ�)LJXUH����

As can be observed, the string will represent five integral 
values of power generation after some generations. This is 
because of the range contraction by half with every new 
generation.

����������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:
)LJ���� 1RWH� WKH�FRQWUDFWHG�UHJLRQ�UHSUHVHQWHG�E\�WKH�QHZ�VWULQJ��������)XWXUH�JHQHUDWLRQV�ZLOO�DOVR�FRPSULVH�RI��V�DQG��V��EXW�WKHLU�LQWHUSUHWDWLRQ�ZLOO�EH�GLIIHUHQW�
7KH� QXPEHU� RI� JHQHUDWLRQV� UHTXLUHG� WR� UHDFK� DQ� LQWHJUDO�VROXWLRQ�LV�JLYHQ�E\�HTXDWLRQ�������� �LQLWLDOLQLWLDO /2:(5833(5 ��ORJ � ���
7KH� HQFRGLQJ� VFKHPH� ZH� KDYH� GHYHORSHG� LV� H[WUHPHO\�FRQYHQLHQW�IRU�PDQ\�UHDVRQV��

i. 7KH� FRQVWUDLQWV� ���� RQ� JHQHUDWLRQ� DUH�VWUDLJKWDZD\� LQFRUSRUDWHG� LQWR� WKH� VWULQJV��7KLV��DXWRPDWLFDOO\� SUHYHQWV� JHQHUDWLRQ� FRQVWUDLQW�YLRODWLRQ�
ii. The memory requirements are very low 

compared to the huge and unwieldy strings 
used in [2] that require special operators.

iii. The  level of accuracy required of the answer 
can be controlled by simply varying the number 
of generations. As the number of generations 
increases, the region of space where the 
solution is most likely to be found narrows 
down. Thus the accuracy of the solution 
increases. 

iv. $� JRRG� VROXWLRQ� FDQ� EH� REWDLQHG� LQ� D� IL[HG�QXPEHU�RI�JHQHUDWLRQV�
v. $�JHQHUDWRU� FDQ�EH�DGGHG�E\�VLPSO\�LQFUHDVLQJ�WKH�VWULQJ�OHQJWK�E\�RQH��'URSSLQJ�D�JHQHUDWRU�LV�HDVLHU��LW�MXVW�UHTXLUHV�VHWWLQJ� LQLWLDO833(5 DQG�

LQLWLDO/2:(5 IRU�WKDW�JHQHUDWRU�WR�]HUR�
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2.3 Decoding6LQFH� LW� LV� RWKHUZLVH� LPSRVVLEOH� WR� GHFRGH� WKH� VWULQJ� DV� LW�UHSUHVHQWV�D�UHJLRQ�LQ�VSDFH��PLGYDOXHV�RI�DOO�WKH�FKDUDFWHUV�LQ�WKH�VWULQJ�DUH�VDPSOHG��7KH�DFWXDO�SRZHU�JHQHUDWLRQ�YDOXH�IRU�D� JHQHUDWRU� ZLOO� OLH� DQ\ZKHUH� EHWZHHQ� XSSHU DQG� ORZHU� IRU�WKDW�JHQHUDWRU��7KH�LQKHUHQW�QDWXUH�RI� WKH�DOJRULWKP� WR�GULYH�WKH� FXUUHQW� VROXWLRQ� WRZDUGV� WKH� EHVW� E\� VHDUFK� UHJLRQ�FRQWUDFWLRQ� REYLDWHV� DQ\� FRQFHUQ� UHJDUGLQJ� WKH� VDPSOLQJ� RI�PLGYDOXH WR�GHFRGH�WKH�VWULQJ��
2WKHU� DGYDQWDJHV� RI� RXU� HQFRGLQJ� VFKHPH� LQFOXGH� WKH�GRLQJ�DZD\�ZLWK�RI�SHQDOW\�IDFWRUV�DQG�ILWQHVV�PDSSLQJ�LQ�WKH�REMHFWLYH�IXQFWLRQ�± SURFHGXUHV�WKDW�DUH�NH\�LQ�>�@�� 3UREOHP�)RUPXODWLRQ,Q�WKH�(/'3�ZH�VHHN�D���WR�PLQLPL]H�WKH�JHQHUDWLRQ�FRVW�L�H�

0LQLPL]H ¦  N
L L)= � � ���

ZKHUH
MLM LML 3$) �

 ¦ ��
� � ���

(TXDWLRQ�����LV�WKH�FXELF�FRVW�FXUYH�
DQG��E��PLQLPL]H�WKH�WUDQVPLVVLRQ�ORVVHV�L�H�0LQLPL]H ¦¦ QPQP/ 3%33 � ���
VXEMHFW�WR�WKH�FRQVWUDLQWV� � �� /'7 333 � ���

DQG��������
'/ 33 ���� dd � ���DQG

PD[PLQ 333 L dd IRU PL ��������� � ���ZKHUHN LV� WKH� QXPEHU� RI� JHQHUDWRUV�� LQ� RXU� VDPSOH� SUREOHP� LWV�YDOXH�LV�ILYH�
L) LV�WKH�FRVW�RI�JHQHUDWLRQ�IRU�WKH� WKL JHQHUDWRU�
LM$ LV�WKH�JHQHUDO�HOHPHQW�LQ�WKH�FRVW�FRHIILFLHQW�PDWUL[��
PQ% LV�WKH�JHQHUDO�HOHPHQW��LQ�WKH�ORVV�FRHIILFLHQW�PDWUL[�
P3 DQG� Q3 DUH�WKH�VRXUFH�ORDGLQJV�

L3 LV� WKH� SRZHU� JHQHUDWHG� E\� WKH� WKL JHQHUDWRU�� UDQJLQJ�EHWZHHQ� PLQ3 DQG� PD[3 �
73 LV�WKH�WRWDO�SRZHU�JHQHUDWHG��
/3 LV�WKH�WRWDO�SRZHU�ORVV�DQG� '3 LV�WKH�GHVLUHG�SRZHU�
$OWKRXJK�VFKHGXOLQJ�LV�SRVVLEOH�ZLWK�H[WUHPHO\�KLJK�YDOXHV�RI� ORVVHV�� VXFK� VLWXDWLRQV� DUH� LQIHDVLEOH�� 7KHUH� DUH� FRXQWOHVV�VROXWLRQV� WKDW� VDWLVI\� ����� VRPH� ZLWK� YHU\� KLJK� ORVV� YDOXHV��7KH� FRQVWUDLQW� ���� KDV� EHHQ� LQWURGXFHG� WR� FRQWDLQ� ORVVHV�ZLWKLQ�UHDOLVWLF�OLPLWV��

4 Data

The cost coefficient matrix $ for the system is 

»»»
»»»
»»»
»»»
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º

«««
«««
«««
«««

¬

ª

�������������������(�������(
������������������(�������(
�������������������(�������(
�������������������(�������(
������������������(�������(

7KH�ORVV�FRHIILFLHQW�PDWUL[� % IRU�WKH�V\VWHP�LV�

»»»
»»»
¼

º

«««
«««
¬

ª

����������� ���������� ����������� ����������� ����������

� )LWQHVV�IXQFWLRQ,Q� RUGHU� WR� HYDOXDWH� PHPEHUV� RI� D� SRSXODWLRQ� D� VLPSOH�ZHLJKWHG� VXP�DSSURDFK� LV� IROORZHG�� 6LQFH�DOO� WKH�REMHFWLYHV�DUH�DVVXPHG�WR�EH�HTXDOO\�LPSRUWDQW��WKH\�DUH�DVVLJQHG�HTXDO�ZHLJKWV�� 7KH� ILWQHVV� YDOXH� IRU� HDFK� REMHFWLYH� LV� FRPSXWHG�LQGLYLGXDOO\��DQG� WKH�YDOXHV�DUH�VXPPHG� WR�FUHDWH�DQ�RYHUDOO�ILWQHVV� VFRUH� JLYHQ� E\ ]\[PHULWRIILJXUH �� BB ��7KH� YDOXHV� RI� [ � \ �� DQG� ] DUH� FDOFXODWHG� DV� GHVFULEHG�EHORZ�
7R�PHHW�WKH�FRQVWUDLQW������ZH�XVH�WKH�YDOXH

¹̧·©̈§ ¹̧·©̈§ �� /7' 333[ � � ���

sonms
298



6ROXWLRQV� LQ�ZKLFK� '/7 333 �� DUH�XQDFFHSWDEOH��6R� WKH�VROXWLRQ�LV�FKHFNHG�DQG�LQ�VXFK�FDVHV� [ LV�DVVLJQHG�WKH�YDOXH�� �� �/7' 333 �� �� 7KLV� SUHYHQWV� WKH� DVVLJQPHQW� RI� ORZHU�VFRUHV�WR�XQVXLWDEOH�VROXWLRQV�
7R�PLQLPL]H� WKH� FRVW� ����� DQRWKHU� PHPEHU�VSHFLILF� YDOXH�\ LV�FRPSXWHG��

PHPEHUVSRSXODWLRQ RIFRVW�DYHUDJH>PHPEHU@FRVW� \ ���
1DWXUDOO\��ORZ�YDOXHV�RI� \ DUH�GHVLUDEOH�7R�PLQLPL]H�WKH�ORVVHV�����WKH�SURFHGXUH�XVHG�WR�WDFNOH�WKH�HTXDOLW\� FRQVWUDLQW� LV� IROORZHG� DJDLQ�� $QRWKHU� PHPEHU�VSHFLILF�YDOXH� ] LV�FDOFXODWHG�DV�

¹̧·©̈§ � 7' 33] � � ����
7KH� FORVHU� WKH� YDOXH� ] LV� WR� ]HUR� L�H�� ZKHQ� '7 33 | �� WKH�ORZHU�ZLOO�EH�WKH�ORVVHV� /3 �7KH�FRQVWUDLQW�����LV�FKHFNHG�RQO\�DIWHU�WKH�ILQDO�VROXWLRQ�LV�DYDLODEOH�� 6ROXWLRQV� QRW� VDWLVI\LQJ� WKH� FRQVWUDLQW� DUH� VLPSO\�UHMHFWHG�
)LQDOO\�ZH�DUULYH�DW�D�ILJXUH�RI�PHULW�JLYHQ�E\]\[PHULWRIILJXUH �� BB � ����7KLV� ILJXUH� RI� PHULW� LV� XVHG� WR� UDQN� PHPEHUV� RI� WKH�SRSXODWLRQ� ± WKH� ORZHU� WKH� YDOXH� RI� WKH� ILJXUH� RI�PHULW�� WKH�ILWWHU�WKH�LQGLYLGXDO�� $OJRULWKP�'HVFULSWLRQ7KH�DOJRULWKP�LV�WKH�VWDQGDUG�*$�ZLWK�VHYHUDO�PRGLILFDWLRQV��$Q�RXWOLQH�RI�WKH�PRGLILHG�DOJRULWKP�LV�SUHVHQWHG�

����&UHDWLRQ�RI�DUFKHW\SH�SRSXODWLRQ7KLV� LV� WKH� ILUVW� VWHS� LQ�ZKLFK� WKH� RULJLQDO�PHPEHUV� �VHDUFK�UHJLRQV�� WKDW� DUH� PRVW� SURPLVLQJ� DUH� GHWHUPLQHG�� $� W\SLFDO�PHPEHU� LV� VKRZQ� LQ� )LJXUH� ��� 7KH�PHWKRG� XVHG� WR� ILQG� WKH�EHVW� PHPEHUV� LV� WKH� VWDQGDUG� *$� ZLWK� VRPH� LQWHUHVWLQJ�PRGLILFDWLRQV�� ,Q� WKH� LQLWLDO� JHQHUDWLRQV�� ZH� IRXQG� WKDW� WKH�FRQYHQWLRQDO�PXWDWLRQ� SURFHVV�ZDV� LQHIIHFWLYH� LQ� SUHYHQWLQJ�SUHPDWXUH� FRQYHUJHQFH�� $V� DQ� DOWHUQDWLYH�� ZH� VLPSO\�UHSODFHG� VRPH� ZHDNHU� PHPEHUV� ZLWK� ILWWHU� PHPEHUV�� 7KLV�HIIHFWLYHO\� DLGHG� PXWDWLRQ� LQ� SUHYHQWHG� SUHPDWXUH�FRQYHUJHQFH�� $QRWKHU� LQWHUHVWLQJ� DVSHFW� ZDV� WKDW� WKLV�VXSSOHPHQW�WR�PXWDWLRQ�FRPSOHWHO\�GRPLQDWHG�LW�DV�WKH�UHJLRQ�RI� VSDFH� UHSUHVHQWHG� E\� WKH� SRSXODWLRQ� PHPEHUV� UHGXFHG�JHQHUDWLRQ� DIWHU� JHQHUDWLRQ�� ,Q� WKH� ILQDO� JHQHUDWLRQV�� ZKHQ�SUHPDWXUH�FRQYHUJHQFH�ZDV�QR�ORQJHU�D�SUREOHP��WKLV�FRQFHSW�

RI� GLUHFW� UHSODFHPHQW� VWLOO� VHUYHG� WR� KHOS� SURYLGH� EHWWHU�VROXWLRQV��
����$SSOLFDWLRQ� RI�*$� WR� WKH� VHDUFK� UHJLRQV� UHSUHVHQWHG�E\�WKH�DUFKHW\SH�PHPEHUVL� :LWKLQ�WKH�UHJLRQ�UHSUHVHQWHG�E\�HDFK�PHPEHU�RI�WKH� ROG� �LQ� WKH� ILUVW� LQVWDQFH�� WKH� DUFKHW\SH�PHPEHUV�� SRSXODWLRQ� D� UDQGRP� SRSXODWLRQ� RI�LQGLYLGXDOV�LV�FUHDWHG�LL� *$� LV� DSSOLHG� WR� WKHVH� LQGLYLGXDOV� DQG� WKH�SRSXODWLRQ� UDQNHG� DFFRUGLQJ� WR� ILWQHVV� �ILJXUH�RI�PHULW��LLL� 7KH�QXPEHU�RI� UXQV� LV�GHFLGHG�E\� WULDO�DQG�HUURU�DQG� ILQDOO\� WKH� EHVW� PHPEHUV� �VXE�UHJLRQV�� DUH�VHOHFWHG�LY� 7KH� EHVW� PHPEHU� UHSODFHV� WKH� FRUUHVSRQGLQJ�PHPEHU�LQ�WKH�ROG�SRSXODWLRQ�)LQDOO\�D�QHZ�VHW�RI�SURPLVLQJ��FRQWUDFWHG��VHDUFK�UHJLRQV� UHSODFH� WKH� ROGHU� JHQHUDWLRQ�� ,Q� WKH�SDUWLFXODU�UXQ�RIIHU�DV�DQ�H[DPSOH��WKH�VWULQJ�WKDW�UHSODFHG� WKH� SRSXODWLRQ� PHPEHU� GHSLFWHG� LQ�)LJXUH����LV�VKRZQ�LQ�)LJXUH���Y� 6WHSV��L��WR��LY��DUH�UHSHDWHG�WLOO�WKH�VHDUFK�UHJLRQ�FRQWUDFWV�WR�WKH�GHVLUHG�OLPLW�

For a power demand of 1800MW supplied by a 5-generator 
system, the search region contraction for the first member of 
the archetype is presented. The solution for the particular run 
is X = {201.17,396.48,305.07,428.51,469.14} MW after  
nine generations. P (crossover) = 0.8, while P (mutation) = 
0.04. 

Figures 3. to 8. show the parallel search region contraction 
across five generations for all generators till a solution of 
desired accuracy is found. Only five generations are shown. 

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ���� ,QLWLDO�VHDUFK�UHJLRQ

sonms
299



�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ������6HDUFK�UHJLRQ�LQ�WKH�ILUVW�JHQHUDWLRQ

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ���� 6HDUFK�UHJLRQ�LQ�WKH�VHFRQG�JHQHUDWLRQ

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ����� 6HDUFK�UHJLRQ�LQ�WKH�WKLUG�JHQHUDWLRQ

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ���� 6HDUFK�UHJLRQ�LQ�WKH�IRXUWK�JHQHUDWLRQ

�������������������������

� � � � �*HQHUDWRU�1XPEHU

3RZH
U�*HQ

HUDWLR
Q�LQ�0

:

)LJ�����6HDUFK�UHJLRQ�LQ�WKH�ILIWK�JHQHUDWLRQ� 'LVFXVVLRQ�RI�UHVXOWV
The results of solving the same 5 – generator problem using 
the (a) GA and (b) LJ algorithm (by calculating incremental 
costs) [6,7] are shown in Table 1. and Table 2. respectively. 
It is evident form Table 2. that the cost of losses does not 
amount to much – around 5% of the generation cost. The 
solutions derived from the GA compare well with those from 
the LJ algorithm, and in all cases are superior to them. It is 
now obvious that calculation of incremental costs is 
unnecessary.��&RQFOXVLRQV�7KH�UREXVWQHVV��SDUDOOHOLVP��DQG�YHUVDWLOLW\�RI�*$V�KDV�EHHQ�H[SORLWHG� LQ�RXU�SURSRVHG�VROXWLRQ� WR� WKH�(/'3�� ,W�KDV�EHHQ�VKRZQ� WKDW� LW� LV� SRVVLEOH� WR� DOWRJHWKHU� DYRLG� WKH�FRPSXWDWLRQDOO\�H[SHQVLYH�FDOFXODWLRQ�RI�LQFUHPHQWDO�FRVWV��$�FRQVHTXHQFH� RI� WKLV� LV� WKH� KLJK� VSHHG� RI� WKH� *$� ZH� KDYH�GHYHORSHG��7KH�XQLTXH� HQFRGLQJ� VFKHPH� DOORZV�XV� WR�DUULYH
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DW� DQ� DFFHSWDEOH� VROXWLRQ� ZLWKLQ� D� IL[HG� QXPEHU� RI�LWHUDWLRQV�JHQHUDWLRQV��� 8QOLNH� LQ� PRVW� FRPSDUDEOH�HYROXWLRQDU\� DOJRULWKPV�� FKDQJHV� LQ� WKH� V\VWHP� GR� QRW�QHHG� WR� EH� PHW� ZLWK� FRUUHVSRQGLQJ� PRGLILFDWLRQV� WR� WKH�FRUH�*$��$OO�VXFK�FKDQJHV�FDQ�EH�LQFRUSRUDWHG�E\�JLYLQJ�
VXLWDEOH�QHZ�YDOXHV� WR� LQLWLDO833(5 DQG LQLWLDO/2:(5 ��7KH�*$�DOVR� SURYLGHV�D�GLYHUVH�VHW� RI� VROXWLRQV��ZKLOH�D�QXPEHU� RI� UXQV� DUH� UHTXLUHG� WR� JHW� WKH� VDPH� QXPEHU� RI�VROXWLRQV� XVLQJ� WKH� /-� PHWKRG���

6ROXWLRQ1XPEHU 3RZHU�*HQHUDWHG�LQ�0: 3RZHU�/RVVLQ�0: 3RZHU�'HPDQGLQ�0: &RVW�RI�*HQHUDWLRQ� ����������� ���������� ����������� ��������� ����������� ���������� ����������� ��������� ����������� ���������� ����������� ��������� ���������� ���������� ����������� ��������� ����������� ���������� ����������� ��������
7DEOH� �� 7KH� UHVXOW� RI� RQH� UXQ� RI� WKH� *$� IRU� D� SRZHU� GHPDQG� RI� ����0:� VXSSOLHG� E\� D� � �JHQHUDWRU� V\VWHP� LV� VKRZQ��1XPEHU� RI�PHPEHUV�RI�WKH�SRSXODWLRQ� ����3��FURVVRYHU�� �����DQG�3��PXWDWLRQ�� �������

6ROXWLRQ1XPEHU ,QFUHPHQWDO�&RVW 3RZHU�*HQHUDWHGLQ�0:
3RZHU/RVVLQ�0:

3RZHU�'HPDQGLQ�0: &RVW�RI�*HQHUDWLRQ &RVW�RI��������/RVVHV 7RWDO�&RVW
� ���� ������� ������ ������� �������� ������� ��������� ���� ������� ��� ������� ������� ������� ��������� ���� ������� ��� ���� ������� ������� ��������� ���� ������� ��� ���� ������� ������� ��������� ���� ������� ��� ���� ������� ������� ��������

7DEOH��� 7KH�UHVXOWV�RI�ILYH�UXQV�RI�WKH�/-�DOJRULWKP�IRU�PHHWLQJ�D�SRZHU�GHPDQG�RI�����0:�VXSSOLHG�E\�WKH�VDPH�� �JHQHUDWRU�V\VWHP�LV�VKRZQ��7KH�/-�DOJRULWKP�LV�XVHG�WR�VROYH�WKH�(/'3�XVLQJ�LQFUHPHQWDO�FRVWV��
%LEOLRJUDSK\

�� :DGKZD��&�/���(OHFWULFDO�3RZHU�6\VWHPV��,,�(GLWLRQ��1HZ� $JH� ,QWHUQDWLRQDO� �3�� /LPLWHG�� 3XEOLVKHUV��������� 6DUDPRXUWVLV� $��� 'DPRXVLV� -��� %DNLUW]LV� $���'RNRSRXORV� 3��� *HQHWLF� $OJRULWKP� 6ROXWLRQ� WR� WKH�(FRQRPLF� 'LVSDWFK� 3UREOHP� � $SSOLFDWLRQ� WR� WKH�(OHFWULFDO� 3RZHU� *ULG� RI� &UHWH� ,VODQG�� $&$,��&KDQLD��*UHHFH �������� 'DYLG�%��)RJHO���:KDW�LV�HYROXWLRQDU\�FRPSXWDWLRQ"�,(((�6SHFWUXP��)HEUXDU\������ ���± ������ *ROGEHUJ��'DYLG�(���*HQHWLF�$OJRULWKPV� LQ�6HDUFK��2SWLPL]DWLRQ��DQG�0DFKLQH�/HDUQLQJ� 5HDGLQJ��0$��$GGLVRQ�:HVOH\�������

�� 6XGKDNDUDQ� 0��� .DQQDQ� 3�6��� 9LGK\DYDWKL� 6���9HQNDWHVK� 3��� DQG�%DODPXUXJDQ�1���$SSOLFDWLRQ� RI�*HQHWLF� $OJRULWKP� WR� &RPELQHG� (FRQRPLF� DQG�(PLVVLRQ�'LVSDWFK��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH� RQ� (YROXWLRQDU\� &RPSXWLQJ� IRU�&RPPXQLFDWLRQ�� &RQWURO� DQG� 3RZHU�� (&&$3� ±�����3DSHU�1R��,9�± �������± ������� 5HLQ� /XXV� DQG� 7�+�6�� -DDNROD��� 2SWLPL]DWLRQ� E\�'LUHFW� 6HDUFK� DQG� 6\VWHPDWLF� 5HGXFWLRQ� RI� WKH�6HDUFK�5HJLRQ��$O��&K��-RXUQDO�9RO������1R��� �-XO\�����������± ����� 0RXO\�� 9�6�5�.��� 9HHUD� &KDU\� 0��� (FRQRPLF�6FKHGXOLQJ� RI� *HQHUDWLRQ� E\� WKH� /-� 0HWKRG��3URFHHGLQJV� RI� 7HQWK� 1DWLRQDO� 3RZHU� 6\VWHPV�&RQIHUHQFH��0�6��8QLYHUVLW\��9DGRGDUD ������
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