
)X]]\�&RQWURO�RI�,QYHUWHG�3HQGXOXP�RQ�D�&DUW
$GHHO�1DILV,QVWLWXWH�RI�,QGXVWULDO�(OHFWURQLFV�(QJLQHHULQJ�3DNLVWDQ�:LWK�3URI��$VKDE�0LU]D DV�7HFKQLFDO�$GYLVRU
$EVWUDFW�
,QYHUWHG�3HQGXOXP�W\SH�PHFKDQLFDO�DUUDQJHPHQWV�DQG�FRQILJXUDWLRQV�DUH�FRPPRQO\�HQFRXQWHUHG�LQ�PHFKDQLFDO�HQJLQHHULQJ��0LVVLOHV�DQG�URFNHWV�ZLWK�D�KHDY\�SD\ORDG�LQ�WKH�KHDG�PD\�EH�ORRVHO\�OLQNHG�WR�DQ�,QYHUWHG�3HQGXOXP��7KLV�KDV�OHG�WR�H[WHQVLYH�VWXGLHV�RI�WKH�,QYHUWHG�3HQGXOXP�LQ�FRQWURO�HQJLQHHULQJ�VR�PXFK�VR�WKDW�LW�KDV�EHFRPH�D�FODVVLF�FRQWURO�SUREOHP�
7KH�FRQYHQWLRQDO�DSSURDFK�LV�WR�GHYHORS�D�3,'�FRQWUROOHU�E\�DSSUR[LPDWLQJ�WKH�QRQ�OLQHDU�WUDQVIHU�IXQFWLRQ�WR�D�OLQHDU�RQH��7KLV�HQDEOHV�WKH�V\VWHP�WR�EH�FRQWUROOHG�LQ�D�VSHFLILF�UDQJH��:H�DUH�WU\LQJ�WR�GHYHORS�D�IX]]\�FRQWUROOHU�WKDW�ZLOO�HQDEOH�XV�WR�FRQWURO�WKH�,QYHUWHG�3HQGXOXP�LQ�D�PXFK�EHWWHU�ZD\�WKHQ�SRVVLEOH�IURP�D�FRQYHQWLRQDO�FRQWUROOHU��7KLV�LV�SRVVLEOH�EHFDXVH�RI�WKH�DELOLW\�RI�WKH�)X]]\�V\VWHP�WR�DSSUR[LPDWH�DQ\�QRQ� OLQHDU�IXQFWLRQ��2XU�DSSURDFK�KRZHYHU�LV�WR�GHYHORS�WKH�IX]]\�FRQWUROOHU�ZLWKRXW�UHIHUHQFH�WR�WKH�WUDQVIHU�IXQFWLRQ�RI�WKH�,3��
7KH�SDSHU�LV�GLYLGHG�LQWR�WZR�SDUWV��7KH�ILUVW�RQH�FRYHUV�WKH�QHFHVVDU\�LQWURGXFWLRQ�RQ�IX]]\�DQG�WKH�VHFRQG�SDUW�SHUWDLQV�WR�RXU�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�
3$57���'HILQLQJ�)X]]\
+XPDQV�DUH�DEOH�WR�KDQGOH�FRPSOH[�SUREOHPV�LQ�HYHU\GD\�OLIH�ZLWKRXW�KDYLQJ�DQ�H[DFW�PDWKHPDWLFDO�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�>�@��)RU�H[DPSOH�ZKHQ�ZH�ULGH�D�ELF\FOH�ZH�DUH�XQDZDUH�RI�WKH�YDOXH�RI�SDUDPHWHUV�WKDW�DUH�LQIOXHQFLQJ�RXU�ULGH��7KHVH�SDUDPHWHUV�PD\�LQFOXGH�VXFK�WKLQJV�DV�WKH�F\FOH¶V�ZHLJKW�YHORFLW\�DQG�IULFWLRQ��(YHQ�WKHQ�D�ULGHU�LV�XVXDOO\�DEOH�WR�KDQGOH�D�ELF\FOH�TXLWH�SUHFLVHO\�LQ�WKH�PRVW�H[WUHPH�RI�FLUFXPVWDQFHV�
)URP�WKH�DERYH�H[DPSOH�ZH�FDQ�VHH�WKDW�WKH�FDSDELOLW\�RI�KXPDQV�WR�VROYH�SUREOHP�LV�EDVHG�RQ�D�KHXULVWLF�DSSURDFK��7KH�DFFXPXODWHG�H[SHULHQFH�LV�XVHG�LQ�VXFK�D�ZD\�DV�WR�SURYLGH�DQ�DSSUR[LPDWH�VROXWLRQ�WR�WKH�SUREOHP�DW�KDQG��)X]]\�ORJLF�LV�DOO�DERXW�GHYHORSLQJ�D�V\VWHP�EDVHG�RQ�KHXULVWLF�NQRZOHGJH�
)X]]\�ORJLF�LV�D�VXSHUVHW�RI�FRQYHQWLRQDO�%RROHDQ�ORJLF�>�@��%RROHDQ�ORJLF�LV�EDVHG�RQ�WKH�UXOH�WKDW�HYHU\�LQSXW�DQG�RXWSXW�RI�D�V\VWHP�FDQ�KDYH�D�PD[LPXP�RI�WZR�GLVFUHWH�OHYHOV�RI�YDOXH��XVXDOO\�FDOOHG�µ�¶�RU�µ�¶��$OO�SURFHVVLQJ�LV�FDUULHG�RXW�RQ�WKH�VDPH�EDVHV��%RROHDQ�ORJLF�QDWXUDOO\�DVVXPHV WKDW�HYHU\�SURSHUW\�RI�D�V\VWHP�FDQ�KDYH�RQO\�IL[HG�



GLVFUHWH�OHYHOV�RI�LQIRUPDWLRQ��2Q�WKH�RWKHU�KDQG�)X]]\�DVVXPHV�WKDW�GLVFUHWH�OHYHOV�RI�LQIRUPDWLRQ�LV�RQO\�D�VSHFLDO�FDVH�RI�LQIRUPDWLRQ�EHLQJ�FRQWLQXRXV�LQ�QDWXUH��
,Q�HYHU\GD\�OLIH�ZH�XVH�PDQ\�ZRUGV��ZKLFK�KDYH�QR�IL[HG�GLVFUHWH�YDOXH�EXW�WKH�YDOXH�LV�GHSHQGHQW�RQ�D�QXPEHU�RI�IDFWRUV��)RU�H[DPSOH�LW�LV�GLIILFXOW�WR�VD\�ZKDW�LV�µFOHDQ¶�RU�µQRW�FOHDQ¶��µWDOO¶�RU�µQRW�WDOO¶��HWF��,Q�PDQ\�FDVHV�WKH�/DZ�RI�([FOXGHG�0LGGOH�� IDLOV�WR�KROG�DQG�LW�LV�HDV\�WR�VKRZ�WKDW�WKH�H[FOXVLRQ�LV�QRW�WKH�H[FHSWLRQ�EXW�WKH�JHQHUDO�FDVH�>��@�
)X]]\�SURYLGHV�D�ZD\�RI�GHYHORSLQJ�D�V\VWHP�FDSDEOH�RI�ZRUNLQJ�RQ�WKHVH�QRQ� GLVFUHWH�YDOXHV�RU�DSWO\�FDOOHG�IX]]\�YDOXHV�RI�D�V\VWHP��7KLV�LI�DSSOLHG�FRUUHFWO\�OHDGV�WR�D�PXFK�EHWWHU�EHKDYHG�V\VWHP��FDSDEOH�RI�D�PXFK�PRUH�UREXVW�FRQWURO�WKHQ�XVXDOO\�SRVVLEOHWKURXJK�FRQYHQWLRQDO�PHDQV�
7KURXJK�LWV�DELOLW\�WR�ZRUN�RQ�QRQ� FULVS��GLVFUHWH��YDOXHV��IX]]\�V\VWHPV�PDNH�LW�SRVVLEOH�WR�GHYHORS�V\VWHPV�RQ�WKH�KHXULVWLF�NQRZOHGJH�RI�D�KXPDQ�RSHUDWRU�DV�RSSRVHG�WR�WKH�PDWKHPDWLFDO�PRGHO�EDVHG�V\VWHPV�UHTXLUHG�IRU�FRQYHQWLRQDO�FRQWURO�
)X]]\�FRQWURO�SURYLGHV�D�IRUPDO�PHWKRGRORJ\�IRU�UHSUHVHQWLQJ��PDQLSXODWLQJ��DQG�LPSOHPHQWLQJ�D�KXPDQ¶V�KHXULVWLF�NQRZOHGJH�DERXW�KRZ�WR�FRQWURO�D�V\VWHP�>�@��)X]]\¶V�+LVWRU\�
0RVW�RI�WKH�ZRUN�VWDUWHG�LQ�WKH�ODWH���WK�FHQWXU\��ZKHQ�VRPH�PDWKHPDWLFLDQV�DQG�SKLORVRSKHUV�VWDUWHG�WKHLU�LQYHVWLJDWLRQV�LQWR�WKH�ZRUOG�RI�µYDJXH¶��%HUWUDQG�5XVVHOO�IRUPDOO\�GHILQHG�D�FRQFHSW�RU�VWDWHPHQW�DV�YDJXH�LI�DQG�RQO\�LI�LW�IDLOV�WR�KROG�WKH�ODZ�RI�H[FOXGHG�PLGGOH��$�LV�QRW�HTXDO�WR�QRW�$��
)LQDOO\�LQ�������/RWIL��$��=DGHK�GHVFULEHG�WKH�PDWKHPDWLFV�RI�IX]]\�ORJLF�LQ�KLV�VHPLQDO�ZRUN��7KH�WKHRU\�VKRZHG�KRZ�PHPEHUVKLS�IXQFWLRQV�FRXOG�EH�GHYHORSHG�KDYLQJ�YDOXHV�EHWZHHQ�WUXH�µ�¶�DQG�IDOVH�µ�¶��7KLV�SURYLGHG�WKH�VWLPXOXV�WR�)X]]\�/RJLF�DV�FDOFXOXV�RSHUDWLRQV�RQ�IX]]\�QXPEHUV�ZHUH�DOVR�GHYHORSHG��7KH�SURSRVHG�V\VWHP�LV�ZKDW�WKH�ZRUOG�KDV�FRPH�WR�LGHQWLI\�DV�IX]]\�ORJLF�,PSOHPHQWDWLRQ�RI�)X]]\�
)X]]\�6HWV�
$Q\�IX]]\�V\VWHP�KDV�ILUVW�WR�EH�DEOH�WR�GHILQH�ZKDW�LW�KROGV�DV�IX]]\��7KLV�DXWRPDWLFDOO\�OHDGV�WR�WKH�FRQFHSW�RI�)X]]\�6HWV��,Q�FRQYHQWLRQDO�ORJLF�D�VHW�FDQ�KDYH�D�SDUWLFXODU�PHPEHU�RU�QRW�KDYH�D�SDUWLFXODU�PHPEHU��IX]]\�VHWV�RQ�WKH�RWKHU�KDQG�DUH�WKRVH�ZKLFK�FRQWDLQ�PHPEHUV�WR�GLIIHUHQW�GHJUHHV�RI�PHPEHUVKLS��ZKLFK�YDULHV�IURP�µ�¶��FRPSOHWHO\�WUXH��WR�µ�¶��FRPSOHWHO\�IDOVH��
7KH�KHDUW�RI�D�IX]]\�V\VWHP�LV�WKH�5XOH�%DVH WKLV�FRQWDLQV�LQIRUPDWLRQ�RI�ZKDW�WKH�V\VWHPV�RXWSXW�VKRXOG�EH�IRU�D�SDUWLFXODU�VHW�RI�LQSXW�FRQGLWLRQV��%DVLF�WR�WKH�UXOH�EDVH�DUH�

http://us.f136.mail.yahoo.com/ym/ShowLetter?box=Inbox&MsgId=78_2232385_16006_775_537728_0_300&bodyPart=3&YY=23127&order=down&sort=date&pos=0&ViewAttach=1#FNote1


WKH�IX]]\�VHWV��$Q�HDV\�H[DPSOH�LV�RI�D�IDQ� VSHHG�FRQWUROOHU��ZKRVH�VSHHG�LV�GHSHQGHQW�RQ�WKH�DPELHQW�WHPSHUDWXUH��2XU�UHTXLUHPHQW�LV�WR�VHW�WKH�VSHHG�DW�D�KLJKHU�OHYHO�ZKHQ�LW�LV�KRW��3UREOHP�LV�ZH�GRQ¶W�NQRZ�ZKDW�KRW�DFWXDOO\�LPSOLHV��7KDW�LV��GRHV�LW�UHIHU�WR���2&�RU����&��

'27�'HJUHH�RI�7UXWK��

�
��

��2 �WHPSHUDWXUH�
1RZ�DV�LW�LV�HYLGHQW�IURP�WKH�DERYH�JUDSK�WKDW�WKH�WUDQVLWLRQ�IURP�µ+27¶�WR�µQRW�+RW¶�LV�DEUXSW��%XW�RXU�SHUFHSWLRQ�RI�WHPSHUDWXUH�LV�QRW�OLNH�WKDW��:H�PLJKW�VD\�WKDW�DOWKRXJK���2&�LV�+27�EXW���2&�LV�FHUWDLQO\�QRW�&2/'�EXW�LV�LQVWHDG�OHVV�+27��7KH�JUDSK�UHSUHVHQWLQJ�KXPDQ�SHUFHSWLRQ�RI�WHPSHUDWXUH�LQ�D�PXFK�EHWWHU�ZD\�LV�VKRZQ�EHORZ�



+27
��2&���2&���2&
1RZ�VD\�WKDW�DW���2&�ZH�DUH�FRPSOHWHO\�VXUH�WKDW�LW�LV�+27��7KLV�PHDQV�DW���2&�ZH�DUH�DOVR�VXUH�WKDW�LW�LV�DOVR�FRPSOHWHO\ IDOVH�WKDW�LW�LV�127�+27��7KLV�LV�VKRZQ�E\�WKH�GDVKHG�OLQHV��7KLV�LPSOLHV�WKDW�+27�GRHV�QRW�IROORZ�WKH�ODZ�RI�H[FOXGHG�PLGGOH��DQG�KHQFH�WKH�VHW�LV�IX]]\���DW���2&�DQG���2&�127�+27� �+27��
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)RU�H[DPSOH�LI�D�UXOH�LV
,I�WHPSHUDWXUH�LV�120,1$/�WKHQ�VSHHG�LV�/2:�
DQG�WKH�'HJUHH�RI�0HPEHUVKLS��'20��RI�120,1$/�LV������WKHQ������LV�DVVLJQHG�WR�WKH�FRQVHTXHQW�LQ�WKLV�FDVH�/2:�
,Q�FDVH�WKHUH�DUH�PRUH�WKHQ�WZR�WHUPV�LQ�WKH�DQWHFHGHQW�SDUW�WKHQ�WKH�FRQVHTXHQW�GHSHQGV�RQ�WKH�W\SH�RI�RSHUDWRU�V��
1RZ�D�RXWSXW�WHUP�PD\EH�UHIHUHQFHG�PRUH�WKHQ�RQFH��7KLV�PHDQV�WKDW�WKH�FRQVHTXHQW�WHUP�PD\EH�WKH�VDPH�LQ�GLIIHUHQW�UXOHV��)RU�H[DPSOH�ZH�PD\�ZDQW�WKH�VDPH�UHVSRQVH�IRU�GLIIHUHQW�FRQGLWLRQV�
5XOH����,I�,QSXW��LV�7(50�$��
�,QSXW��LV�7(50�%��WKHQ�2XWSXW�LV�7(50�$�
5XOH����,I�,QSXW��LV�7(50�%��
�,QSXW��LV�7(50�%��WKHQ�2XWSXW�LV�7(50�$�
+RZHYHU�IRU�GHIX]]LILFDWLRQ�RQO\�RQH�YDOXH�IRU�HDFK�RXWSXW�WHUP�LV�SRVVLEOH��7KLV�LV�UHVROYHG�E\�DVVLJQLQJ�WKH�PD[LPXP�RI�WKH�SRVVLEOH�YDOXHV�WR�WKH�WHUP�RU�µ2ULQJ¶�WKH�YDOXHV�DVVLJQHG�WR�D�WHUP�
/HW�XV�VD\�WKUHH�UXOHV�ILUH� WKH�VDPH�WHUP�JLYLQJ�WKH�UHVXOW
���� ���� ���
QRZ�DV�����LV�WKH�KLJKHVW�DQG�ZH�DUH�XVLQJ�WKH�VXS�VWDU�UXOH�WKH�PD[LPXP������JHWV�DVVLJQHG�WR�WKH�WHUP�'HIIX]LILFDWLRQ�
$IWHU�JHWWLQJ�WKH�IX]]LILHG�YDOXHV�IURP�LQIHUHQFH�IRU�HDFK�WHUP�RI�W KH�RXWSXW�YDULDEOH��DOO�WKDW�UHPDLQV�LV�WR�GHIX]]LI\��
$JDLQ�WKHUH�DUH�GLIIHUHQW�ZD\V�EXW�WKH�&HQWHU�RI�$UHD�PHWKRG�LV�HDV\�WR�XVH��
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	Defining Fuzzy
	After fuzzification

	After fuzzification of each input value the fuzzified value is passed through an Inference- Engine. This inference engine using the rule- base, assigns to each output Linguistic Term a certain value.
	For example if a rule is 
	If temperature is NOMINAL then speed is LOW, 



