
�

(YROYDEOH�+DUGZDUH

3UDEKDV�&KRQJVWLWYDWDQD
'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ

&KXODORQJNRUQ�8QLYHUVLW\

$Q�2YHUYLHZ�RI�7KLV�7DON

7KLV�WDON�UHYLHZV�WKH�FXUUHQW�ZRUN�RQ�(+:�DQG
SRLQWV�RXW�VRPH�IXQGDPHQWDO�LVVXHV�ZKLFK�UHPDLQ
RSHQ�

x�:KDW�,V�(YROYDEOH�+DUGZDUH��(+:�
x�(+:�DV�DQ�$OWHUQDWLYH�WR�(OHFWURQLF�&LUFXLW
'HVLJQ

x�(+:�DV�DQ�$GDSWLYH�6\VWHP
x�2WKHU�(+:�5HODWHG�:RUN
x�&RQFOXGLQJ�5HPDUNV

(YROXWLRQDU\�7HFKQLTXHV

2Q�WKH�2ULJLQ�RI�6SHFLHV��'DUZLQ���������

HYROXWLRQ�LV�EDVHG�RQ�³«�RQH�JHQHUDO�ODZ��OHDGLQJ
WR�WKH�DGYDQFHPHQW�RI�DOO�RUJDQLF�EHLQJV��QDPHO\�
PXOWLSO\��YDU\��OHW�WKH�VWURQJHVW�OLYH�DQG�WKH�ZHDNHVW
GLH�´



�

:KDW�,V�(YROYDEOH�+DUGZDUH��(+:�

7KHUH�DUH�GLIIHUHQW�YLHZV�RQ�ZKDW�(+:�LV�
GHSHQGLQJ�RQ�WKH�SXUSRVH�RI�(+:�

x�(+:�FDQ�EH�UHJDUGHG�DV�CCDSSOLFDWLRQV�RI
HYROXWLRQDU\�WHFKQLTXHV�WR�FLUFXLW�V\QWKHVLV�

��$�
+LUVW�

x�(+:�LV�KDUGZDUH�ZKLFK�LV�FDSDEOH�RI�RQ�OLQH
DGDSWDWLRQ�WKURXJK�UHFRQILJXULQJ�LWV�DUFKLWHFWXUH
G\QDPLFDOO\�DQG�DXWRQRPRXVO\���7��+LJXFKL�HW
DO��

x�(+:�UHIHUV�WR�KDUGZDUH�WKDW�FDQ�FKDQJH�LWV
DUFKLWHFWXUH�DQG�EHKDYLRXU�G\QDPLFDOO\�DQG
DXWRQRPRXVO\�E\�LQWHUDFWLQJ�ZLWK�LWV
HQYLURQPHQW�



�

�����������������������������(+:�+RZ�WR

(+:�LV�D�FKLOG�RI�WKH�PDUULDJH�EHWZHHQ
HYROXWLRQDU\�FRPSXWDWLRQ�WHFKQLTXHV�DQG�HOHFWURQLF
KDUGZDUH�

0DMRU�VWHSV�LQ�DQ�HYROXWLRQDU\�F\FOH�RI�HYROYDEOH
KDUGZDUH



�

)LHOG�3URJUDPPDEOH�*DWH�$UUD\���)3*$�

3DUDPHWHUV ���� ����
7UDQVLVWRU�ZLGWK ��XP �����XP
'LH�VL]H ���PP� ����PP�
&ORFN�)UHTXHQF\ ���0+] ����0+]
3LQV�SHU�SDFNDJH �� ���
1XPEHU�RI�FHOOV �� �����
6L]H�RI�FRQILJXUDWLRQ�ELWV ������ ���������
3RZHU�VXSSO\ ��YROWV ����YROWV



�

�$�TXLFN�WRXU�RQ�(+:�

(+:�DV�DQ�$OWHUQDWLYH�WR�(OHFWURQLF�&LUFXLW
'HVLJQ

7KH�DQDORJ�(+:�FKLS�IRU�,)�ILOWHU

(YROYLQJ�D�IUHTXHQF\�GLVFULPLQDWRU��7KRPSVRQ�
,&(6����



�

$�PRELOH�URERW

(YROYLQJ�URERW�FRQWUROOHU��1RUGLQ�������



�

������������������������7ZR�0DMRU�$SSURDFKHV

�(DUO\�DQG�VRPH�RI�WKH�UHFHQW�ZRUN�UHODWHG�WR�(+:
RQO\�GHDOW�ZLWK�RSWLPLVDWLRQ�RI�9/6,�FLUFXLWV��VXFK
DV�FHOO�SODFHPHQW��ORJLF�PLQLPLVDWLRQ�DQG
FRPSDFWLRQ�RI�V\PEROLF�OD\RXW�

&LUFXLW�IXQFWLRQV�ZHUH�QRW�GHVLJQHG�HYROYHG�E\
($V�

5HFHQW�ZRUN�FRQFHQWUDWHV�RQ�HYROYLQJ�FLUFXLW
DUFKLWHFWXUHV�DQG�WKXV�IXQFWLRQV��7ZR�PDMRU
DSSURDFKHV�KDYH�EHHQ�XVHG�

���,QGLUHFW�$SSURDFK��DQG
���'LUHFW�$SSURDFK



�

,QGLUHFW�$SSURDFK�WR�(+:�&LUFXLW�'HVLJQ

7KH�LQGLUHFW�DSSURDFK�GRHV�QRW�HYROYH�KDUGZDUH
GLUHFWO\��EXW�HYROYHV�DQ�LQWHUPHGLDWH�UHSUHVHQWDWLRQ
�VXFK�DV�WUHHV��ZKLFK�VSHFLILHV�KDUGZDUH�FLUFXLWV�

(YROYLQJ�GLJLWDO�FLUFXLWV�

�����)RU�H[DPSOH��³6\QWKHVLV�RI�6\QFKURQRXV
6HTXHQWLDO�/RJLF�&LUFXLWV´��&KRQJVWLWYDWDQD�
,&(6¶����HYROYLQJ���IUHTXHQF\�GLYLGHU��SDULW\
FKHFNHU��PRGXOR����VHULDO�DGGHU���7DEOH�RI�*$/
ZLULQJ�ZHUH�XVHG�WR�UHSUHVHQW�WKH�FLUFXLW�

(YROYLQJ�DQDORJ�FLUFXLWV�

�����)RU�H[DPSOH��.R]D
V�ZRUN�RQ�HYROYLQJ�D
ORZSDVV�CCEULFN�ZDOO

�ILOWHU��DQ�DV\PPHWULF
EDQGSDVV�ILOWHU��DQ�DPSOLILHU��HWF��7UHHV�ZHUH�XVHG
WR�UHSUHVHQW�FLUFXLWV��7KH�UHVXOWV�ZHUH�FRPSHWLWLYH
ZLWK�KXPDQ�GHVLJQV



�

'LUHFW�$SSURDFK�WR�(+:�&LUFXLW�'HVLJQ����
*DWH�/HYHO

7KH�GLUHFW�DSSURDFK�HYROYHV�KDUGZDUH�FLUFXLW
V
DUFKLWHFWXUH�ELWV�GLUHFWO\��,W�ZRUNV�ZHOO�RQO\�ZLWK
UHFRQILJXUDEOH�KDUGZDUH��VXFK�DV�)3*$��ILHOG
SURJUDPPDEOH�JDWH�DUUD\��IURP�;LOLQ[�

7KH�JDWH�OHYHO�HYROXWLRQ�LPSOLHV�WKDW�WKH�CCDWRPLF


KDUGZDUH�IXQFWLRQDO�XQLWV�DUH�ORJLFDO�JDWHV�OLNH
$1'��25��DQG�127��7KH�HYROXWLRQ�LV�XVHG�WR
VHDUFK�IRU�GLIIHUHQW�FRPELQDWLRQV�RI�WKHVH�JDWHV�

7\SLFDO�H[DPSOHV�LQFOXGH�;25��FRXQWHUV��)60V
�)LQLWH�6WDWH�0DFKLQHV���PXOWLSOH[RUV��DQG�DQ
HOHFWURQLF�RVFLOODWRU�

2QH�DUJXPHQW�IRU�WKH�GLUHFW�DSSURDFK�LV�WR�H[SORLW
KDUGZDUH�UHVRXUFHV�E\�XQFRQVWUDLQHG�KDUGZDUH
HYROXWLRQ�



��

'LUHFW�$SSURDFK�WR�(+:�&LUFXLW�'HVLJQ����
)XQFWLRQ�/HYHO

7KH�JDWH�OHYHO�HYROXWLRQ�UXQV�LQWR�WKH�VFDODELOLW\
SUREOHP�TXLFNO\�

7KH�IXQFWLRQ�OHYHO�HYROXWLRQ�XVHV�KLJK�OHYHO
IXQFWLRQV�VXFK�DV�DGGLWLRQ��PXOWLSOLFDWLRQ��VLQH�
FRVLQH��HWF���DQG�WKXV�LV�PXFK�PRUH�SRZHUIXO�

7KH�ZRUN�LV�EHWWHU�YLHZHG�DV�DQ�DWWHPSW�WRZDUGV
DGDSWLYH�KDUGZDUH��UDWKHU�WKDQ�DV�D�GHVLJQ
DOWHUQDWLYH�



��

$GYDQWDJHV�RI�(YROXWLRQDU\�'HVLJQ

x�([SORUHV�D�ODUJHU�GHVLJQ�VSDFH�DQG�WKXV�PD\�EH
DEOH�WR�GLVFRYHU�QRYHO�GHVLJQV�

x�'RHV�QRW�DVVXPH�D�SULRUL�NQRZOHGJH�DQG�WKXV�FDQ
EH�DSSOLHG�WR�YDULRXV�GRPDLQV�

x�'RHV�QRW�UHTXLUH�H[DFW�VSHFLILFDWLRQ�DQG�WKXV�FDQ
GHVLJQ�FRPSOH[�V\VWHPV�ZKLFK�FDQQRW�EH
KDQGOHG�E\�FRQYHQWLRQDO�VSHFLILFDWLRQ�EDVHG
GHVLJQ�DSSURDFK�

x�+RZHYHU��FRQVWUDLQWV�DQG�VSHFLDO�UHTXLUHPHQWV
FRXOG�EH�LPSRVHG�RQ�WKH�HYROXWLRQ�LI�QHFHVVDU\
WKURXJK�WKH�ILWQHVV�IXQFWLRQ�DQG�FKURPRVRPH
UHSUHVHQWDWLRQ�

x�6RPH�DQDORJ�FLUFXLWV�PLJKW�EH�WRR�GLIILFXOW��RU
FRVWO\��WR�GHVLJQ�E\�KXPDQ�H[SHUWV�



��

6FDODELOLW\�RI�(+:

���6FDODELOLW\�RI�WKH�DOJRULWKP��7LPH�FRPSOH[LW\�RI
WKH�($�IRU�(+:"

���6FDODELOLW\�RI�WKH�UHSUHVHQWDWLRQ��6L]H�RI
FKURPRVRPHV�YV��6L]H�RI�(+:"

���7LPH�LV�PRUH�FUXFLDO�VLQFH�WKH�VL]H�RI
FKURPRVRPH��VSDFH��LV�XVXDOO\�SRO\QRPLDO�LQ�WKH
VL]H�RI�(+:�FLUFXLWV�

:LOO�(OHFWURQLF�6SHHG�6ROYH�WKH�6FDODELOLW\
3UREOHP

7KHUH�KDYH�EHHQ�VRPH�H[SHFWDWLRQV�WKDW�WKH�VSHHG
RI�VLPXODWHG�HYROXWLRQ�ZRXOG�QRW�EH�D�SUREOHP�LQ�D
IHZ�\HDUV�DV�IDVWHU�9/6,�FKLSV�FRPH�RXW�

7KLV�VWDWHPHQW�FDQ�EH�PLVOHDGLQJ��(OHFWURQLF�VSHHG
LV�QRW�D�VROXWLRQ�WR�WKH�VFDODELOLW\�SUREOHP��7KH
VFDODELOLW\�SUREOHP�KDV�WR�EH�DGGUHVVHG�DW�WKH
IXQGDPHQWDO�OHYHO�



��

&LUFXLW�9HULILFDWLRQ�7HVW�DQG�)LWQHVV�(YDOXDWLRQ

x�+RZ�WR�YHULI\�WKH�FRUUHFWQHVV�RI�(+:"�+RZ�WR
ILQG�D�ILWQHVV�IXQFWLRQ�ZKLFK�JXDUDQWHH�WKH
FRUUHFWQHVV�RI�(+:"

x�)RU�H[DPSOH��LI�DOO���ELW�QXPEHUV�KDYH�EHHQ
FRUUHFWO\�DGGHG��ZRXOG�DOO���ELW����ELW��HWF��
QXPEHUV�EH�DGGHG�FRUUHFWO\�E\�WKH�VDPH�FLUFXLW"

x�([SORLWLQJ�KDUGZDUH�UHVRXUFHV�LV�DWWUDFWLYH��+DV
DQ�(+:�H[SORLW�VRPHWKLQJ�WRWDOO\�LUUHOHYDQW�
VXFK�DV�URRP�WHPSHUDWXUH�RU�PLQRU�(DUWK
PRYHPHQW"

x� ,V�LW�SUDFWLFDO�WR�WHVW�DOO�SRVVLEOH�VLWXDWLRQV�LQ
ZKLFK�DQ�(+:�PLJKW�EH�XVHG"

x�+RZ�UREXVW�LV�(+:�WR�PLQRU�HQYLURQPHQWDO
FKDQJHV"�'RHV�LW�GHJUDGH�JUDFHIXOO\"

x�:KHQ�WR�VWRS�VLPXODWHG�HYROXWLRQ"�+RZ�WR�NQRZ
ZKHWKHU�D�FRUUHFW�FLUFXLW�KDV�EHHQ�HYROYHG"



��

(+:�DV�DQ�$GDSWLYH�6\VWHP

&XUUHQW�ZRUN�RQ�DGDSWLYH�(+:�FDQ�EH�FODVVLILHG
LQWR�WZR�PDMRU�FDWHJRULHV�

���(+:�FRQWUROOHUV�

���(+:�UHFRJQLVHUV�DQG�FODVVLILHUV�

(+:�&RQWUROOHUV

$�QXPEHU�RI�FRQWURO�WDVNV�FDQ�EH�SHUIRUPHG�E\
(+:��H�J���$70�FRQWURO�DQG�URERW�FRQWURO�DPRQJ
RWKHUV�

6RPH�H[DPSOHV�

x�(YROYLQJ�DQ�DUWLILFLDO�DQW�WR�IROORZ�WKH�-RKQ�0XLU
7UDLO�LQ�VLPXODWLRQ�

x�(YROYLQJ�D�ZDOO�IROORZLQJ�URERW�LQ�D�VLPXODWHG
HQYLURQPHQW��CCYLUWXDO�UHDOLW\

�

x�(YROYLQJ�DQ�$70�WUDIILF�VKDSHU�

x�(YROYLQJ�DQ�DGDSWLYH�HTXDOLVHU�



��

(+:�5HFRJQLVHUV�DQG�&ODVVLILHUV

(YROYLQJ�)3*$�WR�SHUIRUP�OHDUQLQJ�WDVNV��VXFK�DV
OHWWHU�UHFRJQLWLRQ��WKH�FRPSDUDWRU�LQ�D�9�VKDSH
GLWFK�WUDFHU��WZR�VSLUDO��,ULV��)60V��HWF�

8QOLNH�PRVW�RWKHU�VWXGLHV��JHQHUDOLVDWLRQ�LV
H[SOLFLWO\�HPSKDVLVHG�KHUH�

$�FRPSOH[LW\��UHJXODULVDWLRQ��WHUP�ZDV�LQFOXGHG�LQ
WKH�ILWQHVV�HYDOXDWLRQ�IXQFWLRQ�

2WKHU�(+:�5HODWHG�:RUN

6HOI�UHSURGXFWLRQ�DQG�VHOI�UHSDLU�KDUGZDUH�DW�/RJLF
6\VWHPV�/DERUDWRU\��/6/��&RPSXWHU�6FLHQFH ����
'HSDUWPHQW��6ZLVV�)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\
���/DXVDQQH�

$UWLILFLDO�EUDLQV���&$0�%5$,1�IURP�$75
�(YROXWLRQDU\�6\VWHPV��



��

6RPH�&KDOOHQJHV�WR�$GDSWLYH�(+:

x�6FDODELOLW\��(IILFLHQF\�RI�VLPXODWHG�HYROXWLRQ�

x�*HQHUDOLVDWLRQ��'HDOLQJ�ZLWK�QHZ�HQYLURQPHQWV�

x�'LVDVWHU�SUHYHQWLRQ�LQ�ILWQHVV�HYDOXDWLRQ�GXULQJ
RQ�OLQH�DGDSWDWLRQ�

x�2Q�OLQH�DGDSWDWLRQ��LQFUHPHQWDO�HYROXWLRQ��
OHDUQLQJ�



��

&RQFOXGLQJ�5HPDUNV

�����(YROXWLRQDU\�GHVLJQ�RI�GLJLWDO�FLUFXLWV�ZRXOG�QRW
EH�DEOH�WR�FRPSHWH�ZLWK�WKH�FRQYHQWLRQDO�DSSURDFK�

�����(YROXWLRQDU\�GHVLJQ�RI�DQDORJ�FLUFXLWV�QHHGV�WR
DGGUHVV�WKH�LVVXHV�RI�FLUFXLW�YHULILFDWLRQ�DQG
UREXVWQHVV�

�����$GDSWLYH�(+:�KDV�PRVW�SRWHQWLDOV��EXW�ZRXOG
QHHG�LQGLYLGXDO�OHDUQLQJ�WR�LPSOHPHQW�RQ�OLQH
OHDUQLQJ�

�����7KH�PRVW�SURILWDEOH�DSSOLFDWLRQ�GRPDLQV�IRU
(+:�ZRXOG�EH�WKRVH�ZKLFK�DUH�YHU\�FRPSOH[�EXW
KLJKO\�VSHFLDOLVHG�


	An Overview of This Talk
	Evolutionary Techniques

	EHW How to
	Two Major Approaches
	Indirect Approach to EHW Circuit Design

	Advantages of Evolutionary Design
	Scalability of EHW
	Will Electronic Speed Solve the Scalability Problem
	Circuit Verification/Test and Fitness Evaluation


	EHW as an Adaptive System
	EHW Controllers
	EHW Recognisers and Classifiers
	Other EHW-Related Work
	Some Challenges to Adaptive EHW

	Concluding Remarks

