
  Model FSM w zastosowaniu do klasyfikacji.
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Streszczenie

6LHFL )60 PDM� SURVW� VWUXNWXU
� SRGREQ� GR VLHFL 5%)� MHGQDN G]L
NL X*\FLX VHSDUo-
ZDOQ\FK IXQNFML WUDQVIHUX� ]DPLDVW UDGLDOQ\FK� PDM� V]HUV]H ]DVWRVRZDQLH� 2PyZLRQR Dr-
FKLWHNWXU
� LQLFMDOL]DFM
� NRQVWUXNW\ZLVW\F]Q\ DOJRU\WP XF]HQLD� RSW\PDOL]DFM
 VLHFL� Rb-
roty zlokalizowanych funkcji transferu, rozpoznawanie wektorów w czasie klasyfikacji
RUD] PR*OLZR�FL ]DVWoVRZD� GR HNVWUDNFML UHJXá�

1. Wprowadzenie

:�G�*HQLX�GR�]UR]XPLHQLD�OXG]NLHM�LQWHOLJHQFML�L�XP\VáX�Z\Uy*QLü�PR*QD�GZD�SDUDG\JPDW\�

3LHUZV]\� ]�QLFK�� V]WXF]QD� LQWHOLJHQFMD�� ED]XMH� QD� SU]HWZDU]DQLX� V\PEROLF]Q\P�� D�ZL
F�(Uó-
GáHP� V�� WX� SURFHV\� SR]QDZF]H�Z\VRNLHJR� SR]LRPX�� GUXJL�� VLHFL� QHXURQRZH�Z\ZRG]�� VL
� ]

QHXURG\QDPLNL�L�LQVSLURZDQH�V��SU]H]�VWUXNWXU
�QHXURQRZ��Py]JX��6LHFL�QHXURQRZH�SRSU]H]

VZRM��RGPLHQQR�ü�Z�SRGHM�FLX�GR�SUREOHPX�LQWHOLJHQFML� L�XP\VáX�ZQRV]��QRZH�PR*OLZR�FL

GR�G]LHG]LQ\�V]WXF]QHM� LQWHOLJHQFML��'RW\FKF]DV� VLHFL� QHXURQRZH�Z\GDM�� VL
� E\ü�QDMOHSV]\P

UR]ZL�]DQLHP�GOD�]DGD��SR]QDZF]\FK�QLVNLHJR�SR]LRPX�� WDNLFK� MDN�SUREOHP\�ZLG]HQLD� F]\

UR]SR]QDZDQLD�PRZ\��OXE�WH*�GOD�SURVW\FK�]DGD��NODV\ILNDF\MQ\FK��SU]H]�FR�V��RQH�Z�SHZLHQ

VSRVyE� RJUDQLF]RQH� Z� LFK� PR*OLZR�FLDFK� UHDOL]DFML� SUHGHILQLRZDQ\FK� VWUXNWXU� ZLHG]\� L� Z

X*\FLX�W\FK�VWUXNWXU�Z�VHNZHQF\MQ\P�SURFHVLH�SU]\F]\QRZ\P��1LH�PD�Z�WSOLZR�FL��*H�Z\*-
V]H� IXQNFMH� SR]QDZF]H� V�� UH]XOWDWHP� DNW\ZQR�FL�Py]JX�� D�ZL
F� SRZLQQR� E\ü�PR*OLZH� LFK

odtworzenie przez sieci neuronowe [2], [4], [15]��-DVQ\P�MHVW��*H�REHFQ\�UR]ZyM�VLHFL�QHXUo-
QRZ\FK�MHVW�SRZL�]DQ\�]�EUDNLHP�PRGXODUQR�FL�L�UDF]HM�QLHZLHON��]áR*RQR�FL��PRGHOX�QL*�]

LFK�ZHZQ
WU]Q\P�RJUDQLF]HQLHP� MDNR�PRGHOX��'X*R� MX*�ZLDGRPR� R� V]F]HJyáDFK� SURFHVyZ

QHXURQRZ\FK�RGSRZLHG]LDOQ\FK�]D�G]LDáDQLH�Py]JX�L�QHXURG\QDPLN
��2EHFQLH�QDZHW�QLHNWó-
UH�G]LDá\�SVyFKRORJLL�NRU]\VWDM��]�RVL�JQL
ü�neurodynamiki [16].
&]\�MHVW�PR*OLZH�]UR]XPLHQLH�SURFHVyZ�P\�ORZ\FK�EH]SR�UHGQLR�]�SURFHVyZ�QHXURQRZ\FK

Z�Py]JX"�:\GDMH� VL
��*H�QLH��1DZHW�Z�FKHPLL� L� IL]\FH�NRQFHSFMH� IHQRPHQRORJLF]QH��NWyUH

QLH�V��áDWZR�UHGXNRZDOQH�GR�IXQGDPHQWDOQ\FK�RGG]LDá\ZD��ZFL�*�V��Z�X*\FLX��7HRULH�PDNUo-
VNRSRZH�Z�]DVDG]LH�V��UHGXNRZDOQH�GR�PLNURVNRSRZ\FK��Z�SUDNW\FH�MHGQDN�EDUG]LHM�RZRFQH

MHVW�SU]\EOL*HQLH� IHQRPHQRORJLF]QH�GR�]áR*RQ\FK�V\VWHPyZ�� -
]\NL�QHXURORJLL� L� SV\FKRORJLL

V��]XSHáQLH�Uy*QH��:\GDMH�VL
� MHGQDN��*H�PXVL� LVWQLHü� WHRULD�SR]ZDODM�FD�X]\VNDü�NRQFHSFMH

SV\FKRORJLF]QH�MDNR�DSURNV\PDFMH�QHXURG\QDPLF]QHJR�SRGHM�FLD�GR�G]LDáDQLD�Py]JX��*áyw-
Q\PL�FHODPL�WDNLHM�WHRULL�V��



1. :SURZDG]HQLH� DSURNV\PDFML� GR� QHXURG\QDPLNL�� SU]\� VSHáQLHQLX� IDNWyZ� QHXURELRORJLFz-
Q\FK�� SURZDG]�FHM� GR� QRZHM� �PDWHPDW\F]QHM�� NRQFHSFML� EH]SR�UHGQLR� RSLVXM�FHM� VWDQ\

poznawcze.
2. 8*\FLH�W\FK�NRQFHSFML�MDNR�M
]\ND�GR�]EXGRZDQLD�WHRULL�V\VWHPX�SR]QDZF]HJR�
3. =DVWRVRZDQLH� WHM� WHRULL�GR�Z\MD�QLHQLD� FHFK�SURFHVX�SR]QDZF]HJR�F]áRZLHND�� WDNLFK� MDN

LGHQW\ILNDFMD��DVRFMDFMD��JHQHUDOL]DFMD��Uy*QH�VWDQ\�XP\VáX�

4. .RQVWUXNFMD� V\VWHPX�DGDSWDF\MQHJR�RGSRZLDGDM�FHJR� VSHF\ILNDFMRP�� V\VWHPX��NWyU\�E
-
G]LH�XF]\á�VL
�]�SU]\NáDGyZ� L�RJyOQ\FK�SUDZ��ZQLRVNRZDá��X*\ZDá�QDWXUDOQHJR� M
]\ND�� L

NWyU\�E
G]LH�VSHáQLDá�LQQH�IXQNFMH�SR]QDZF]H

=JRGQLH�]�GXFKHP�$OODQD�1HZHOOD��8QLILHG�WKHRULHV�RI�FRJQLWLRQ��WHRULD�SRZLQQD�E\ü�ZVSo-
PDJDQD� SU]H]� RSURJUDPRZDQLH� SR]ZDODM�FH� ]ZHU\ILNRZDü� SU]HVáDQNL� L� PRGHOH� SU]H]� QL�

XWZRU]RQH��6\VWHP�62$5�VWZRU]RQ\�SU]H]�1HZHOOD�L�MHJR�ZVSyáSUDFRZQLNyZ�ED]XMH�QD�WZo-
U]HQLX�UHJXá��DOH�QLH�PD�QLF�ZVSyOQHJR�]�QHXURELRORJL���0R*H�E\ü�X*\WHF]Q\�Z�PRGHORZDQLX

SHZQ\FK� IXQNFML�SR]QDZF]\FK�DOH�QLH�SRPR*H�QDP�]UR]XPLHü�SRZL�]DQLD� W\FK�SURFHVyZ�]

G\QDPLN��]DFKRG]�F��Z�Py]JX��6\VWHP�)60�[1]� MHVW�LQVSLURZDQ\�QD�G]LDáDQLX�Py]JX�L�Go-
VWDUF]D�PR*OLZR�FL�QLH� W\ONR�PRGHORZDQLD�DOH�UyZQLH*� UR]XPLHQLD�SURFHVyZ�SR]QDZF]\FK�L

LFK�UHODFML�]�G\QDPLN��Py]JX�

0RGHOH�IXQNFML�Py]JX�Z\PDJDM��V]HUHJX�DSURNV\PDFML��:�SLHUZV]\P�NURNX�ZSURZDG]D�VL


PRGHO� QHXURQX� MDNR� XU]�G]HQLD� HOHNWU\F]QHJR� [15]� SU]H]� FR� GRNRQXMH� VL
� GUDVW\F]QHJR
uproszczenia z punktu widzenia procesów biochemicznych i bioelektrycznych. Ta aproksy-
PDFMD�SR]ZDOD�X*\ü�Z�PRGHOX� W\ONR� NLONX� SDUDPHWUyZ� WDNLFK� MDN�� SUyJ�Z]EXG]HQLD� L�ZDJL

V\QDSW\F]QH�� -HVW� UyZQLH*� NRQLHF]QD� GR� ]UR]XPLHQLD� SURFHVyZ� SR]QDZF]\FK�Z\*V]HJR� So-
]LRPX��3URFHV\�SR]QDZF]H�QLVNLHJR�SR]LRPX��UHDOL]RZDQH�QDMF]
�FLHM�SU]H]� Uy*QH�PDS\� Wo-
SRJUDILF]QH�� GHILQLXM�� FHFK\�ZHZQ
WU]QHM� UHSUH]HQWDFML�� 7H� FHFK\� UHSUH]HQWXM�� ZLHOH� W\SyZ

GDQ\FK�� DQDORJRZH� V\JQDá\� VHQVRURZH�� ]PLHQQH� OLQJZLVW\F]QH�� OLF]E\�� REUD]\�� 3UDZG]LZH

RELHNW\�XP\VáX�VNáDGDM��VL
�JáyZQLH�]�SU]HWZRU]RQ\FK�ZVW
SQLH�GDQ\FK�VHQVRURZ\FK��UHSUe-
]HQWDFML� REUD]NRZHM�� G]LDáDQLD� SHUFHSF\MQHJR�� 2ELHNW\� XP\VáX� ]QDMGXM�� VL
� Z� SU]HVWU]HQL

XP\VáX��NWyUD�MHVW�GOD�QLFK�]ELRUQLNLHP��1DWXUDOQ��SUDNW\F]Q��UHDOL]DFM��WHM�LGHL�MHVW�PRGXODr-
QD�VLHü�QHXURQRZD�]�Z
]áDPL�VSHFMDOL]XM�F\PL�VL
�Z�RSLVLH�JUXS�RELHNWyZ�Z�SU]HVWU]HQL�XPy-
VáX��:
]á\�WDNLHM�VLHFL�QLH�UHSUH]HQWXM��SRMHG\QF]\FK�QHXURQyZ�DOH�UDF]HM�X�UHGQLRQ��DNW\w-
QR�ü�]ELRUX�NRPyUHN�QHXURQRZ\FK��7HJR�W\SX�VLHü�PR*H�E\ü�WUDNWRZDQD�MDNR�VLHü�QHXURQRZD

ED]XM�FD�QD�]ORNDOL]RZDQ\P�SU]HWZDU]DQLX��OXE�WH*�MDNR�UR]P\W\�V\VWHP�HNVSHUWRZ\��NWyUHJR

wiedza zapisana jest w postaci zbiorów rozmytych.

2. FSM

�0RGHO�)60��)HDWXUH�6SDFH�0DSSLQJ��RSDUW\�MHVW�QD�HVW\PDFML�J
VWR�FL�UR]NáDGX�SUDZGRSo-
GRELH�VWZD�SUH]HQWRZDQ\FK�GDQ\FK��3DWU]�F�]�Uy*Q\FK�SHUVSHNW\Z�PR*QD�JR�XZD*Dü�]D�VLHü

QHXURQRZ��SRGREQ��GR� VLHFL� ]� UDGLDOQ\PL� IXQNFMDPL�ED]RZ\PL� �FKRFLD*� IXQNFMH�QLH�PXV]D

E\ü�UDGLDOQH��W\ONR�VHSDURZDOQH���V\VWHP�QHXURUR]P\W\��DNW\ZQR�ü�Z
]áyZ�VLHFL�]�VHSDURZDl-
Q\PL� IXQNFMDPL� WUDQVIHUX� PR*QD� SU]HDQDOL]RZDü� X*\ZDM�F� NRQFHSFML� ]ELRUyZ� UR]P\W\FK��

URG]DM�V\VWHPX�RSDUWHJR�QD��ODGDFK�SDPL
FL��PHPRU\�EDVHG�V\VWHP���V\VWHP�VDPRRUJDQL]XM�-
F\�VL
�D�QDZHW�M�GUR�V\VWHPX�HNVSHUFNLHJR��Z\NRU]\VWXM�FHJR�ZLHG]
�UR]P\W��OXE�RIHUXM�FHJR

SU]\GDWQH�KHXU\VW\NL�Z�SURFHVLH�V]XNDQLD�UR]ZL�]D���6NáDGRZH�ZHNWRUD�ZHM�FLRZHJR�L�Z\j-
�FLRZHJR�GHILQLXM��UD]HP�SU]HVWU]H��FHFK��1D�SRGVWDZLH�GDQ\FK�WUHQLQJRZ\FK��VWDQRZL�F\FK

SURWRW\S\��Z�SU]HVWU]HQL�FHFK�WZRU]\�VL
�UR]P\WH�RELHNW\�UHSUH]HQWXM�FH�á�F]Q\�UR]NáDG�SUDw-
GRSRGRELH�VWZD�GOD�ZHNWRUyZ�ZHM�FLRZ\FK�L�Z\M�FLRZ\FK��5R]NáDG� WHQ�PR*H�E\ü�X*\W\�GR

DSURNV\PDFML�QLH]QDQ\FK�]DOH*QR�FL�OXE�GR�NODV\ILNDFML�



Zastosowanie funkcji separowalnych pozwala na przeszukiwanie przestrzeni cech pomimo
Z\VW
SRZDQLD�ZDUWR�FL� EUDNXM�F\FK��8PR*OLZLD� WR�Z\V]XNDQLH�Z
]áD� QDMEDUG]LHM� RGSRZLa-
GDM�FHJR�DNWXDOQ\P�GDQ\P�ZHM�FLRZ\P��MDN�UyZQLH*�GRSHáQLHQLH�EUDNXM�FHM�ZDUWR�FL�SRSU]H]

X]XSHáQLHQLH�IDNWX�QD�SRGVWDZLH�WHRULL�RSLV\ZDQHM�SU]H]�Z\V]XNDQ\�Z
]Há��:LHG]D�]DSLVDQD

Z�SU]HVWU]HQL�FHFK�MHVW�ZL
F�X*\ZDQD�Z�SURFHVLH�SU]HV]XNLZDQLD�Z�WDNL�VDP�VSRVyE�MDN�ZLe-
G]D�KHXU\VW\F]QD�X*\ZDQD�MHVW�SU]H]�HNVSHUWD�GR�]PQLHMV]HQLD�SU]HVWU]HQL�SRV]XNiZD��
0RGHO�)60�PR*H�E\ü�UyZQLH*�]DVWRVRZDQ\�GR�RGNU\ZDQLD�ZLHG]\��SUDZ��NWyUH�PRJ��]RVWDü

Z\GHGXNRZDQH�]�SU]\NáDGyZ��3UDZD�WH�PRJ��E\ü�UHSUH]HQWRZDQH�SU]H]�IXQNFMH�JDXVVRZVNLH�

ZyZF]DV�UR]P\FLH�IXQNFML�JDXVVRZVNLHM�RGSRZLDGDM�FHM�GDQHPX�IDNWRZL�MHVW�PLDU��]DXIDQLD

GR�WHJR�IDNWX��JG]LH�]DXIDQLH�ED]XMH�QD�OLF]ELH�]DSUH]HQWRZDQ\FK�SU]\NáDGyZ�

7RSRJUDILF]QD�VWUXNWXUD�SU]HVWU]HQL�FHFK�PR*H�SRGOHJDü�RJUDQLF]HQLRP�]ZL�]DQ\P�]�V\PEo-
OLF]Q��ZLHG]��DSULRU\F]Q���]DOH*QR�FL�SRPL
G]\�HOHPHQWDPL�ZHNWRUD�ZHM�FLRZHJR���6]NLHOHW

WHM�VWUXNWXU\�WZRU]\�VL
�NRU]\VWDM�F�]�PHWRG�LQLFMDOL]DFML�RSDUW\FK�QD�NODVWHU\]DFML��D�V]F]HJyá\

XVWDODM�� VL
� Z� Z\QLNX� SURFHVX� XF]HQLD�� :� SHZQ\P� VHQVLH� MHVW� WR� ZL
F� PHWD�PRGHO�� JG\*

PR*OLZD�MHVW�Uy*QD�VSHF\ILNDFMD�MHJR�PDWHPDW\F]Q\FK�DVSHNWyZ��3LHUZRWQ��LQVSLUDFM��GR�MHJR

VWZRU]HQLD�E\áD�SUyED�ZSURZDG]HQLD�SR�UHGQLHJR�SR]LRPX�RSLVX� IXQNFML�SR]QDZF]\FK� MDNR

SU]\EOL*HQLD�GR�neurodynamiki [2]��Z\VRND�DNW\ZQR�ü�QHXURQyZ�Z\V\áDM�F\FK�LPSXOV\�RSi-
V\ZDQD� MHVW� SU]H]�GX*�� J
VWR�ü�SUDZGRSRGRELH�VWZD�Z� W\P�REV]DU]H� SU]HVWU]HQL�� NWyU\� Rd-
SRZLDGD� NRPELQDFML� FHFK� NRQLHF]Q\FK� GR� Z\ZRáDQLD� WDNLHM� DNW\ZQR�FL�� 3UREDELOLVW\F]Q\

punkt widzenia jest bardzo przydatny do opisu sieci neuronowych [3].

:�WHM�SUDF\�RJUDQLF]\P\�VL
� W\ONR�GR� ]DVWRVRZDQLD�PRGHOX�)60�GR�]DJDGQLH�� NODV\ILNDFML

SRG�QDG]RUHP��3U]H]�SRM
FLH�NODV\ILNDFML�UR]XPLH�VL
�G]LHOHQLH�GRZROQHJR�]ELRUX�HOHPHQWyZ

QD�JUXS\��GR�NWyU\FK�]DOLF]D�VL
�HOHPHQW\�Uy*QL�FH�VL
��DOH�SRGREQH�WM��PDM�FH�ZáDVQR�FL�Zy-
Uy*QLDM�FH�GDQ�� JUXS
��=ELyU� HOHPHQWyZ�QDOH*�F\FK�GR� MHGQHM� JUXS\�QD]\ZDQ\� MHVW� NODV��� D

ND*G\�HOHPHQW�NODV\�±�RELHNWHP��:�NODV\ILNDFML�SRG�QDG]RUHP�VWUXNWXUD�NDWHJRULL�MHVW�]QDQD�

F]\OL�G\VSRQXMH�VL
�FKDUDNWHU\VW\N��NODV��]�NWyU\FK�SRFKRG]��RELHNW\��.ODV\ILNDWRU\�RSDUWH�QD

sieciach neuronowych na podstawie zadanego zbioru N SU]\SDGNyZ��]ZDQHJR�FL�JLHP�WUHQLn-
gowym (X i, Ci), i= 1..N, gdzie X jest m-Z\PLDURZ\P� ZHNWRUHP� FHFK� RSLVXM�F\P� GDQ\
obiekt, natomiast Ci MHVW�RGSRZLHGQLR�]DNRGRZDQ��HW\NLHW��NODV\��GRSDVRZXM��SDUDPHWU\�Dd-
aptacyjne W (SURFHV�WHQ�QD]\ZD�VL
�XPRZQLH�ÄXF]HQLHP´��Z�WDNL�VSRVyE��E\�GRNRQDü�SRQL*-
V]HJR��SU]\EOL*RQHJR�PDSRZania

( ; )i if C=X W
gdzie f� MHVW�IXQNFM���NWyU�� UHDOL]XMH�VLHü��-HVW� WR�RGZ]RURZDQLH�SU]\EOL*RQH��JG\*�QLH�Z\Pa-
JDP\�]Z\NOH�E\�VLHü�GDZDáD�QD�Z\M�FLX�GRNáDGQLH�ZDUWR�ü�Ci�D�MHG\QLH�ZDUWR�ü�SR]ZDODM�FD

Z\UD(QLH�RGUy*QLü�Ci od Cj��,OR�ü�SDUDPHWUyZ�DGDSWDF\MQ\FK�MDN�L�DOJRU\WP�XF]HQLD�]DOH*��RG

architektury sieci.

3. Architektura sieci FSM.

3RZD*Q\P�SUREOHPHP�ZLHOX� DOJRU\WPyZ� UHDOL]XM�F\FK�PRGHOH� VLHFL� QHXURQRZ\FK� MHVW� WDNL

GREyU�DUFKLWHNWXU\� VLHFL� �OLF]E\�XNU\W\FK�QHXURQyZ�� OLF]E\�ZDUVWZ�XNU\W\FK�� WRSRORJLL� SRá�-
F]H���DE\�X]\VNDü�MDN�QDMOHSV]��JHQHUDOL]DFM
��,VWQLHMH�ZLHOH�WHFKQLN�RSW\PDOL]DFML�DUFKLWHNWu-
U\�SURZDG]�F\FK�GR�WHJR�FHOX��2EV]HUQD�NODVD�PHWRG�RSDUWD�MHVW�QD�DOJRU\WPDFK�NRQVWUXNWy-
ZLVW\F]Q\FK�� SUyEXM�F\FK� ZEXGRZDü� RSW\PDOL]DFM
� DUFKLWHNWXU\� VLHFL� Z� DOJRU\WP� XF]HQLD�

6WRVXMH�VL
�WU]\�WHFKQLNL�NRQVWUuowania sieci:



1. 5R]SRF]\QD� VL
� ]� VLHFL�� SRVLDGDM�F�� GX*�� �QDGPLDURZ��� OLF]E
� Z
]áyZ�� NWyUH� Z� PLDU

PR*OLZR�FL�V��XVXZDQH�SRGF]DV�XF]HQLD�

2. 7ZRU]\� VL
� VLHü� RG� ]HUD� W]Q�� QD� SRF]�WNX� LVWQLHMH� W\ONR�ZDUVWZD�ZHM�FLRZD� L�Z\M�FLRZD�
QDWRPLDVW�ZDUVWZ\�XNU\WHM�QLH�PD�ZFDOH�� OXE� WH*� MHVW��DOH�]�QLHZLHON�� � OLF]E��Z
]áyZ��:

WUDNFLH� XF]HQLD� VWRSQLRZR� GRVWDZLDQH� V�� NROHMQH� QHXURQ\� RUD]� HZHQWXDOQLH� NROHMQH�ZDr-
VWZ\�XNU\WH��'R�WHM�NDWHJRULL�]DOLF]\ü�PR*QD�WDNLH�PRGHOH�VLHFL� MDN�NRUHODFMD�NDVNDGRZD�

VLHü�5$1�MDN�L�ZHUVM
�PRGHOX�)60��MH�OL�QLH�VWRVXMHP\�ZVW
SQHM�LQLFMDOL]DFML��

3. 6LHü� GRSDVRZXMH� VZRM�� VWUXNWXU
� GR� QDSá\ZDM�F\FK� GDQ\FK�� ]PLHQLDM�F� ]áR*RQR�ü� SU]H]
GRGDZDQLH��XVXZDQLH�L�á�F]HQLH�QHXURQyZ��6LHü�)60�QDOH*\�GR�WHM�NDWHJorii.

:�VLHFL�)60�Z\VW
SXM��W\ONR�WU]\�ZDUVWZ\�QHXURQyZ��ZHM�FLRZD��XNU\WD�L�Z\M�FLRZD��/LF]ED

Z
]áyZ�Z�ZDUVWZLH�ZHM�FLRZHM�MHVW�XVWDORQD�QD�SRF]�WNX�SURFHVX�XF]HQLD�L�MHVW�UyZQD�Z\PLa-
URZL�ZHNWRUyZ�ZHM�FLRZ\FK��:�ZDUVWZLH�Z\M�FLRZHM�Z\VWDUF]\�W\ONR�MHGHQ�Z
]Há��PR*QD�WH*

X*\ZDü�MHGQHJR�Z
]áD�QD�MHGQ��NODV
���NWyUHJR�]DGDQLHP�MHVW�RNUH�OHQLH�QD�SRGVWDZLH�Z]Eu-
G]H��QHXURQyZ�Z�ZDUVWZLH�XNU\WHM��GR�NWyUHM�NODV\�QDOH*\�ZHNWRU�ZHM�FLRZ\�X��:
]á\�ZDr-
VWZ\�XNU\WHM�SRá�F]RQH�V��]H�ZV]\VWNLPL�QHXURQDPL�ZDUVWZ\�ZHM�FLRZHM�RUD]�]�Z
]áHP�Z\j-
�FLRZ\P��6LHü�)60�PR*H�PLHü�VWUXNWXU
�PRGXáRZ���VNáDGDM�F��VL
�]�NLONX�SRGVLHFL�VSHFMDOi-
]XM�F\FK� VL
�Z�NODV\ILNDFML� GDQ\FK�ZHM�FLRZ\FK� RNUH�ORQ\FK� SU]H]� FHFK\� MHGQHJR� W\SX� [4],
ale dla celów tutaj przedstawionych nie jest ona wykorzystywana.
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Informacje dodatkowe
:VSyáF]\QQLN zaufania

Architektura sieci FSM

:V]\VWNLH�Z
]á\�Z�ZDUVWZLH�XNU\WHM� UHDOL]XM��GRZROQ�� IXQNFM
� IDNWRU\]RZDOQ�� *� � � �; ' σ .
:DUXQHN�IDNWRU\]RZDOQR�FL�SR]ZDOD�WUDNWRZDü�ND*G\�]�Z\PLDUyZ�MDNR�QLH]DOH*Q\�RG�SR]o-
VWDá\FK��)DNWRU\]RZDOQH�IXQNFMH�WUDQVIHUX�PDMD�SRVWDü�

( ; , ) ( ; , )i i i i
i

G G X Rσ σ= ∏X R

JG]LH� ND*G\� ]H� VNáDGQLNyZ� VSDUDPHWU\]RZDQ\� MHVW� SU]H]� SRáR*HQLH� L� GRGDWNRZ\� SDUDPHWU�

NWyU\�GOD� IXQNFML�]ORNDOL]RZDQ\FK�SHáQL� URO
�G\VSHUVML��&HFK��FKDUDNWHU\VW\F]Q�� IXQNFML� ]Oo-
NDOL]RZDQ\FK�MHVW�WR��*H�ZDUWR�ü�PDNV\PDOQ��RVL�JDM��RQH�Z�VZRLP�FHQWUXP��Z�PLDU
�RGGa-
ODQLD�VL
�RG�FHQWUXP�ZDUWR�ü�WD�PDOHMH�GR�]HUD��1DMEDUG]LHM�]QDQ\P�SU]\NáDGHP�WHJR�URG]DMX

IXQNFML� MHVW� IXQNFMD�JDXVVRZVND��&KRFLD*� WHRUHW\F]QLH�QLH�PD� LQQ\FK�RJUDQLF]H�� QD� IXQNFMH



DNW\ZDFML�Z�)60��Z�SUDNW\FH�MHGQDN�QD�UD]LH�VWRVRZDQH�E\á\�W\ONR�IXQNFMH�]ORNDOL]RZDQH��R

ZDUWR�FLDFK�SU]HVNDORZDQ\FK�GR�SU]HG]LDáX�>���@��=PLDQD�ZDUWR�FL�DNW\ZDFML�Z�PLDU
�RGGa-
ODQLD�VL
�RG�FHQWUXP�PR*H�E\ü�UyZQLH*�VNRNRZD�FR�PD�PLHMVFH�Z�SU]\SDGNX�X*\FLD�IXQNFML

SURVWRN�WQHM��'RW\FKF]DV�Z�)60�VWRVRZDQH�E\á\�QDVW
SXM�FH�IXQNFMH�DNW\ZDFML��JDXVVRZVNLH�

trapezoidalne, bicentralne [5]��SURVWRN�WQH�L��WUyjN�WQH�

1DMOHSV]H�UH]XOWDW\�]DUyZQR�SRG�Z]JO
GHP�OLF]E\�SRZVWDá\FK�Z
]áyZ�MDN�L�JHQHUDOL]DFML�X]y-
VNLZDQH�E\á\�GOD� IXQNFML�JDXVVRZVNLHM��:\EyU� IXQNFML� DNW\ZDFML� ]DOH*Q\� MHVW� RG� FHOX�� NWyU\

FKFHP\�X]\VNDü��QS��GR�VWZRU]HQLD�NODV\ILNDWRUD��NWyUHJR�G]LDáDQLH�PR*HP\�Z�SURVW\�VSRVyE

SU]H�OHG]Lü�QDMOHSLHM�QDGDM��VL
�UHJXá\�ORJLF]QH��NWyUH�Z�)60�PR*QD�X]\VNDü�VWRVXM�F�IXQNFMH

SURVWRN�WQH��8*\ZDM�F�QDWRPLDVW�IXQNFML�JDXVVRZVNLHM�PR*QD�UyZQLH*�X]\VNDü�UHJXá\��V�� WR

MHGQDN� UHJXá\� UR]P\WH�� NWyU\FK� LQWHUSUHWDFMD� MHVW� ]QDF]QLH� WUXGQLHMV]D� RG� NODV\F]Q\FK� UHJXá

ORJLF]Q\FK��.D*G\�Z
]Há�XNU\W\�FKDUDNWHU\]RZDQ\�MHVW�SU]H]�SRáR*HQLH�R, i rozmycie σ, które
SRWU]HEQH�V��GR�Z\OLF]HQLD�IXQNFML�DNW\ZDFML��3R]D�W\P�Z\VW
SXM��MHV]F]H�ZLHONR�FL��NWyUH�QLH

PDM��ZSá\ZX�QD�ZDUWR�ü�Z]EXG]HQLD��DOH�V��SRWU]HEQH�Z�WUDNFLH�XF]HQLD�GR�RNUH�OHQLD�ZLHl-
NR�FL�]PLDQ�SR]RVWDá\FK�SDUDPHWUyZ��6�� WR��PDVD�m RNUH�ODM�FD� OLF]E
�ZHNWRUyZ�NODV\ILNo-
ZDQ\FK�SU]H]�GDQ\�Z
]Há� L� F]DV� SRZVWDQLD� τn, czyli numer epoki, w której� GDQ\�Z
]Há� So-
ZVWDá�

4. Inicjalizacja

3RQLHZD*� DOJRU\WP�XF]HQLD�Z�)60� MHVW� DOJRU\WPHP�NRQVWUXNW\ZLVW\F]Q\P� WR�PR*QD� SU]y-
VSLHV]\ü�SURFHV�XF]HQLD�SRSU]H]�ZVW
SQH�RV]DFRZDQLH�OLF]E\�Z
]áyZ�XNU\W\FK�L�RGSRZLHGQLH

ich zainicjowanie [6]��2V]DFRZDQLH�WR�SRZLQQR�E\ü�UDF]HM�RSW\PLVW\F]QH�W]Q��OLF]ED�Z
]áyZ
XWZRU]RQD� SRGF]DV� LQLFMDOL]DFML� SRZLQQD� E\ü� ]DQL*RQD�� :� SU]HFLZQ\P� Z\SDGNX� ZVW
SQD

LQLFMDOL]DFMD�SURZDG]L�GR�]E\WQLHJR�UR]GUREQLHQLD�L�QDZHW�SR�X*\FLX�RSW\PDOL]DFML�QLH�X]\VND

VL
�GREU\FK�UH]Xltatów.

']L
NL� VWRVRZDQLX� IXQNFML� ]ORNDOL]RZDQ\FK� GR� XVWDOHQLD� OLF]E\� Z
]áyZ� XNU\W\FK� MDN� L� LFK

]DLQLFMRZDQLD�PR*QD�X*\ü�PHWRG�RSDUW\FK�QD�JUXSRZDQLX��:�Z\QLNX�NODVWHU\]DFML�RWU]\Pu-
MHP\�]ELyU�VNXSLVN��SURWRW\SyZ��Z��URGNX�NWyU\FK�XVWDZLDQH�V��Z
]á\�VLHFL��3RáR*HQLH�ND*Ge-
JR�]� WDN�SRZVWDá\FK�QHXURQyZ�REOLF]DQH� MHVW� MDNR� �UHGQLD� ]�SRáR*H�� �GOD�ND*GHJR�Z\PLDUX

RVREQR�� ZV]\VWNLFK� ZHNWRUyZ� ZSDGDM�F\FK� GR� GDQHJR� VNXSLVND� �NODVWUD��� 5R]P\FLD� W\FK

SURWRW\SyZ�XVWDODQH� V��QD�SRGVWDZLH�ZLHONR�FL� RGSRZLDGDM�F\FK� LP�NODVWUyZ��*G\�NWyUH�� ]

UR]P\ü�PD�ZDUWR�ü�]HUR��ZV]\VWNLH�ZHNWRU\�PDM��W
�VDP��ZDUWR�ü�MHGQHM�]�FHFK��SU]\MPRZa-
QD�MHVW�PLQLPDOQD�ZDUWR�ü�QLH]HURZD��=�XZDJL�QD�WR��*H�IXQNFMD�DNW\ZDFML�MHVW�LORF]\QHP�SR

SRV]F]HJyOQ\FK�Z\PLDUDFK��MH�OL�FKRü�MHGQD�]H�VNáDGRZ\FK�PD�ZDUWR�ü���WR�FDáD�IXQNFMD�Dk-
W\ZDFML�MHVW�]HURZD��7DN�XVWDORQH�UR]P\FLD�]RVWDM��QDVW
SQLH�SURSRUFMRQDOQLH�]ZL
NV]RQH��SR

WR��DE\�VLHü�Z�SRF]�WNRZHM�ID]LH�XF]HQLD�RG�UD]X�NODV\ILNRZDáD��EH]�Z]JO
GX�QD�SRSUDZQR�ü�

ZV]\VWNLH�ZHNWRU\�]�FL�JX� WUHQLQJRZHJR��']L
NL� WHPX�XQLND�VL
�SU]\SDGNRZHJR�ZVWDZLDQLD

Z
]áyZ�QD�SoF]�WNX�XF]HQLD�
Jednym z algorytmów stosowanych w FSM do inicjalizacji sieci jest drzewo decyzyjne budo-
ZDQH�QD�SRGVWDZLH�KLVWRJUDPX�XWZRU]RQHJR�GOD�ND*GHJR�Z\PLDUX�RVREQR�
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Dany wymiar dzielony jest na k�SU]HG]LDáyZ��R��;�QD�U\VXQNX���:�ND*G\P�SU]HG]LDOH�]OLF]a-
QD�MHVW�OLF]ED�ZHNWRUyZ��NWyUD�GR�QLHJR�ZSDGD��R��<�QD�U\VXQNX���.D*G\�]�SU]HG]LDáyZ�PR*H

E\ü� á�F]RQ\�]� V�VLHGQLPL�SU]HG]LDáDPL� WZRU]�F�Z� WHQ� VSRVyE�VNXSLVNR�Z�SU]HVWU]HQL� MHGQo-
Z\PLDURZHM��-H*HOL�Z�GDQ\P�Z\PLDU]H�Z\VW
SXMH�ZLHOH�VNXSLVN�WR�E
G��RQH�RGG]LHORQH�Su-
VW\PL� SU]HG]LDáDPL� OXE� WH*� PL
G]\� NROHMQ\PL� SU]HG]LDáDPL� Z\VW�SL� EDUG]R� GX*D� Uy*QLFD� Z

]DZDUWR�FL� ZHNWRUyZ� �SU]HGVWDZLRQR� WR� QD� SRZ\*V]\P� U\VXQNX�� JG]LH� PR*QD� Z\Uy*QLü� �

VNXSLVND���=Dáy*P\��*H�NODVWHU� UR]SRF]\QD�VL
�RG� i� WHJR�SU]HG]LDáX� L� ]DMPXMH� l SU]HG]LDáyZ�
ND*G\�R�V]HURNR�FL�s. Wówczas pozycja oraz rozmiar skupiska w oryginalnej przestrzeni mo-
*H�]RVWDü�SU]HGVWDZLRQD�Z�QDVW
SXM�F\�VSRVyE

k

XX
s

ls

isXC

x
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minmax

min
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=

++=

σ

x1 = a1

x2 = a2

V1=

f(a1;a2;a3)g

x3 = a3

b2

V2=

f(a1;b2;a3)g

a3

b1

a2

V3=

f(b1;a2;b3)g

b3

c2

V4=

f(b1;c2;b3)g

b3

x3a3 b3

x2a2 b2 c2

x2a1 b1

Drzewo decyzyjne

.D*GH� ]� W\FK� MHGQRZ\PLDURZ\FK� VNXSLVN�PR*H� ]RVWDü� QDVW
SQLH� ]U]XWRZDQH� QD� ZLHOH� URz-
separowanych N-Z\PLDURZ\FK�VNXSLVN��3RGF]DV�LQLFMDOL]DFML�ZHNWRU\�DQDOL]RZDQH�V��Z�ND*-
G\P�Z\PLDU]H�QLH]DOH*QLH�WDN�ZL
F�Z�SLHUZV]\P�Z\PLDU]H�GDQ\�ZHNWRU�PR*H�QDOH*Hü�QS��GR



skupiska iC1 , w drugim wymiarze do skupiska jC2 D*�ZUHV]FLH�Z�N-tym wymiarze l
NC ��.D*G\

taki N-Z\PLDURZ\�NODVWHU�PR*H�E\ü�SU]HGVWDZLRQ\�MDNR�áD�FXFK�QL*HM�Z\PLDURZ\FK�VNXSLVN
l
N

ji CCC >−>−>− ...21 ��VW�G�WHJR�W\SX�SURFHGXUD�WZRU]\�GU]HZR�GHF\]\MQH��:�OL�FLDFK�GU]HZD

]OLF]DQH� V�� ZHNWRU\�� NWyUH� QDOH*�� GR� GDQHJR�N-wymiarowego skupiska. Gdy w przypadku
NWyUHJRNROZLHN�]�Z\PLDUyZ�OLF]ED�NODVWUyZ�MHVW�]E\W�GX*D��]PQLHMV]RQD�]RVWDMH�UR]G]LHOF]R�ü

k� FR�SRZRGXMH�]PQLHMV]HQLH� OLF]E\�NODVWUyZ�GOD�GDQHJR�Z\PLDUX��*G\�ZV]\VWNLH�NODVWU\� V�
MX*�XWZRU]RQH�REOLF]DQD� MHVW�RGOHJáR�ü�PL
G]\�QLPL��7H�VNXSLVND�PL
G]\�NWyU\PL�RGOHJáR�ü

jest mniejV]D�RG�]DGDQHJR�SURJX�V��á�F]RQH�Z�MHGHQ�

:�SRZ\*V]\P�GU]HZLH� GHF\]\MQ\P� UR]G]LHOF]R�ü� KLVWRJUDPyZ� MHVW� VWRSQLRZR� ]ZL
NV]DQD�

,QQ\P� UR]ZL�]DQLHP� RSDUW\P� QD� PHWRG]LH� GHQGURJUDPyZ�� NWyUH� F]DVHP� SURZDG]L� GR� OHp-
V]\FK�UH]XOWDWyZ��MHVW�VWRSQLRZH�]PQLHMV]DQLH�UR]G]LHOF]R�FL��3RF]�WNRZR�ND*G\�ZHNWRU�FL�-
JX�WUHQLQJRZHJR�MHVW�RGG]LHOQ\P�VNXSLVNLHP��:\]QDF]RQD�]RVWDMH�PDFLHU]�RGOHJáR�FL�PL
G]\

SRV]F]HJyOQ\PL�VNXSLVNDPL��L�QD�MHM�SRGVWDZLH�QDMEOL*V]H�VNXSLVND�V��]H�VRE�� á�F]RQH��&DáD

SURFHGXUD�WUZD�WDN�GáXJR�D*�OLF]ED�VNXSLVN�MHVW�Z\VWDUF]DM�FR�PDáD��OXE�WH*�D*�RGOHJáR�ü�PL
-
G]\�VNXSLVNDPL�MHVW�ZL
NV]D�RG�]DGDQHM�SURJRZHM��3RQL*V]\�U\VXQHN�SU]HGVWDZLD�VFKHPDW\Fz-
QLH�LGH
�GHQGURJUDPyZ�

Clusters

d(ci; cj)

•
c1

•
c2

•
c3

•
c4

•
c5

•
c6

•
c7

•
c8

Dendrogram

:DG��PHWRG\�GHQGURJUDPyZ�MHVW�NRQLHF]QR�ü�WZRU]HQLD�PDFLHU]\�RGOHJáR�FL�FR�Z�SU]\SDGNX

GX*HM�OLF]E\�ZHNWRUyZ�WUHQLQJRZ\FK�SURZDG]L�GR�]QDF]QHJR�VSRZROQLHQLD�SURFHVX�JUXSRZa-
QLD� RUD]� GX*HJR� ]DSRWU]HERZDQLD� QD� SDPL
ü�� :� WDNLHM� V\WXDFML� GREU\P� UR]ZL�]DQLHP� MHVW

zmniejszeQLH�UR]G]LHOF]R�FL�GDQ\FK�
2EOLF]HQLD� ]� UHJXá\� Z\NRQ\ZDQH� V�� GOD� OLF]E� ]PLHQQRSU]HFLQNRZ\FK� PDM�F\FK� �� EDMWRZ�

UHSUH]HQWDFM
�� FR� GOD� GDQ\FK� SU]HQRUPDOL]RZDQ\FK� GR� SU]HG]LDáX� >���@� GDMH� UR]G]LHOF]R�ü
710−=r ��'OD�UR]G]LHOF]R�FL� r ZV]\VWNLH�GDQH�]�SU]HG]LDáX� ],[ raa + �PDM��W��VDP��ZDUWR�ü�

3U]HG�GRNRQDQLHP�REFL
FLD�GRNáDGQR�FL�ZV]\VWNLH�GDQH�]�FL�JX� WUHQLQJRZHJR�SU]HVNDORZy-
ZDQH�V��GR�PDNV\PDOQHJR�]DNUHVX� ]2,0[ 32
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$E\� X]\VNDü� UR]G]LHOF]R�ü�
k
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1= PXVLP\� ]RVWDZLü� k ]QDF]�F\FK� ELWyZ� Z� rX �� 0R*QD� WR

Z\NRQDü�SU]H]�SU]HVXQL
FLH�ELWyZ
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33min 2*
2

1
)(

Dla 1=k wszystkie dane X V��PDSRZDQH� GR� GZyFK� NODVWUyZ�� GOD� N ��� RWU]\PXMHP\� GDQH

RU\JLQDOQH��/LF]ED�]QDF]�F\FK�ELWyZ�MHVW�]ZL
NV]DQD�WDN�GáXJR�D*�RVL�JQL
WD�]RVWDQLH�GRSXVz-
czalna liczba skupisk.
:�ID]LH�JUXSRZDQLD�G�*\�VL
�GR�WHJR�DE\�SRZVWDáH�NODVWU\�RSLV\ZDá\�MHG\QLH�RGG]LHOQH��Zy-
UD(QH�VNXSLVND�GOD�GDQHM�NODV\��D�QLH�LFK�]áR*RQ��VWUXNWXU
�ZHZQ
WU]Q���=DSHZQLD�WR��*H�VWo-
VRZDQH�RV]DFRZDQLH�E
G]LH�ÄRSW\PLVW\F]QH´��$OJRU\WP�LQLFMDOL]DFML�DXWRPDW\F]QLH�Z\]QDF]D

OLF]E
�VNXSLVN�GOD�GDQHJR�SUREOHPX��3URFHV�JUXSRZDQLD�PR*H�E\ü�SU]HSURZDG]RQ\�GOD�ND*GHM

NODV\�RVREQR��FR�SR]ZDOD�]QDOH(ü�VNXSLVND�FKDUDNWHU\VW\F]QH�GOD� WHM�NODV\�RUD]�]DLQLFMRZDü

VLHü� Z� WDNL� VSRVyE�� DE\� ND*GD� ]� NODV� E\áD� UHSUH]HQWRZDQD� SU]H]� FR� QDMPQLHM� MHGHQ� Z
]Há�

0R*QD�WH*�SURFHV�JUXSRZDQLD�SU]HSURZDG]Lü�GOD�ZV]\VWNLFK�NODV�MHGQRF]H�QLH��:�W\P�SU]y-
SDGNX�SRGF]DV�JUXSRZDQLD�Z\NRU]\VWXMH�VL
�GRGDWNRZ��LQIRUPDFM
��SU]\QDOH*QR�ü�GR�NODV\��L

EXGXM�F�VNXSLVNR��DQDOL]XMH�VL
�MHJR�GRNáDGQR�ü�W]Q��OLF]E
�ZHNWRUyZ�]�LQWHUHVXM�FHM�QDV�NODV\

Z�VWRVXQNX�GR�ZV]\VWNLFK�ZHNWRUyZ�QDOH*�F\FK�GR�WHJR�VNXSLVND��:�PRPHQFLH�JG\� MDNR�ü

VNXSLVND�]QDF]QLH� VL
� SRJDUV]D�SU]HU\ZD� VL
� á�F]HQLH�JUXS�GR� WHJR� VNXSLVND�� -HVW� WR�EDUG]R

wygodny punkt stopu dla metody dendrogramów.
7DN�ZL
F�SURFHV�XF]HQLD��NWyU\�QDVW
SXMH�SR�LQLFMDOL]DFML�RGE\ZD�VL
�]DZV]H�GOD�VLHFL��NWyUD

SRVLDGD�MX*�MDNLH��Z
]á\�XNU\WH�

5. Algorytm Uczenia

1D�ZHM�FLH�VLHFL�SRGDZDQ\�MHVW�ZHNWRU�Z\ELHUDQ\� ORVRZR�]�FL�JX� WUHQLQJRZHJR��:\EyU�Go-
NRQ\ZDQ\�MHVW�Z�WDNL�VSRVyE��DE\�ND*G\�]�ZHNWRUyZ�Z�GDQHM�VHULL�SRMDZLá�VL
�GRNáDGQLH raz.
*G\�FDá\�FL�J�WUHQLQJRZ\�]RVWDQLH� MX*�SRND]DQ\��SURFHGXUD�]RVWDMH�SRZWyU]RQD��.D*GD� WDND

VHULD� QD]\ZDQD� MHVW� HSRN��� 3URFHV� XF]HQLD� WUZD� WDN� GáXJR�� D*� VSHáQLRQH� ]RVWDQLH� NU\WHULXP

zako�czenia opisane poni*ej��&Dá\�SURFHV�XF]HQLD�SRG]LHOLü�PR*QD�QD�GZLH�ID]\�

)D]D����0RG\ILNDFMD�SDUDPHWUyZ�LVWQLHM�F\FK�SURWRW\SyZ�WM��SRáR*H��QHXURQyZ��LFK�UR]P\ü�

mas i czasów powstania.
Faza 2: Dostawianie nowych neuronów.

5.1. Faza I

-H�OL�ZHNWRU�ZHM�FLRZ\� MHVW�GRVWDWHF]QLH�SRGREQ\�GR� LVWQLHM�FHJR�Z
]áD�Z\VWDUF]\�]PRG\Ii-
NRZDü�SDUDPHWU\��RSLVXM�FH�WHQ�Z
]Há��3RGRELH�VWZR�Z\]QDF]DQH�MHVW�QD�SRGVWDZLH�RGOHJáo-
�FL�HXNOLGHVRZHM�PL
G]\�ZHNWRUHP�ZHM�FLRZ\P�D�SRV]F]HJyOQ\PL�QHXURQDPL�Z�VLHFL�OXE�WH*

QD�SRGVWDZLH�SREXG]HQLD�Z
]áyZ��:�SU]\SDGNX�JG\�GZD�Z
]á\� UHSUH]HQWXM�FH� Uy*QH� NODV\

PDM��W��VDP��ZDUWR�ü�IXQNFML�DNW\ZDFML��Z�SU]\SDGNX�IXQNFML�JDXVVRZVNLFK�PR*H�VL
�WR�]Ga-
U]Dü� U]DGNR�� MHGQDN�Z� SU]\SDGNX� IXQNFML� SURVWRN�WQ\FK� EDUG]R� F]
VWR��� Z\ELHUDQ\� MHVW� WHQ�

NWyU\�QDOH*\�GR�LQQHM�NODV\�QL*�ZHNWRU�ZHM�FLRZ\��SU]H]�FR�Z�REOLF]DQLX�NR�FRZHM�NODV\ILNa-
FML�PDP\�GOD� WDNLHJR�ZHNWRUD�ZHM�FLRZHJR�Eá�G��=D�QDMEDUG]LHM�SRGREQ\�X]QDZDQ\� MHVW� WHQ

Z
]Há��NWyU\�MHVW�QDMEOL*V]\��Z�VHQVLH�HXNOLGHVRZ\P��F]\OL�min (|| ||)k k−X R ) do wektora wej-

�FLRZHJR�X��-H*HOL�QDMEOL*V]\�MHVW�Z
]Há�]�WHM�VDPHM�NODV\�FR�ZHNWRU�ZHM�FLRZ\��GRNRQXMHP\
RSW\PDOL]DFML� MHJR� SDUDPHWUyZ�� -H*HOL� MHVW� WR� QHXURQ� UHSUH]HQWXM�F\� LQQ�� NODV
� QL*� ZHNWRU



ZHM�FLRZ\�SRV]XNXMHP\�Z
]áD��NWyU\�XOHJD�QDMZL
NV]HPX�Z]EXG]HQLX��-H�OL�WHQ�Z
]Há�QDOH*\

GR�NODV\�ZHNWRUD�ZHM�FLRZHJR� WR�SU]HSURZDG]DP\� MHJR�RSW\PDOL]DFM
��Z�SU]HFLZQ\P�UD]LH

UR]SRF]\QD�VL
�GUXJD�ID]D�XF]HQLD��F]\OL�Gostawianie nowego neuronu.

:�REOLF]DQLX�IXQNFML�DNW\ZDFML�VNDORZDQLH�GDQ\FK�QLH�PD�ZSá\ZX�QD�ZDUWR�ü�WHM�IXQNFML�So-
QLHZD*�ND*G\�]�Z\PLDUyZ�UR]SDWU\ZDQ\�MHVW�QLH]DOH*QLH��']L
NL�WHPX�ZNáDG�ND*GHJR�]�Zy-
PLDUyZ�GR�IXQNFML�DNW\ZDFML�]DZV]H�QDOH*\�GR�SU]HG]LDáX�>���@��3RQLHZD*�MHGQDN�GR�RNUH�Oe-
nia podoELH�VWZD�PL
G]\�Z
]áHP�D�ZHNWRUHP�ZHM�FLRZ\P�X*\ZDQD� MHVW�RGOHJáR�ü�HXNOide-
VRZD�WR�SU]HVNDORZDQLH�GDQ\FK�PR*H�PLHü�ZSá\Z�QD�SURFHV�XF]HQLD��JG\*�QRZH�Z
]á\�PRJ�

E\ü�ZVWDZLDQH�Z�LQQ\P�PLHMVFX�QL*�SU]HG�SU]HVNDORZDQLHP��'ODWHJR�WH*�SU]HG�UR]SRF]
FLHP

XF]HQLD�GRNRQXMH�VL
�VWDQGDUyzacji danych.

$GDSWDFMD�SDUDPHWUyZ�SROHJD�QD�WDNLP�LFK�GRSDVRZDQLX��E\�]ZL
NV]\ü�ZDUWR�ü�Z]EXG]HQLD

Z
]áD�� 'RNRQXMHP\� WHJR� SRSU]H]� ]PLDQ
� SRáR*HQLD� Z
]áD� WDN�� DE\�Z� ND*G\P�Z\PLDU]H� ]

RVREQD�]PQLHMV]\ü�RGOHJáR�ü�PL
G]\�QLP�D�ZHNWRUHP�ZHM�FLRZ\P�

( )i i i iR R X R
m

κ= + −

-HGQRF]H�QLH� ]ZL
NV]DP\� UR]P\FLH� Z
]áD� SURSRUFMRQDOQLH� GR� RGOHJáR�FL� ]� ZHNWRUHP� ZHj-
�FLRZ\P��SRGREQLH� MDN�SRáR*HQLH��GOD�ND*GHJR�Z\PLDUX�RVREQR��RUD]�GR�DNWXDOQHJR�Z]Eu-
G]HQLD�WHJR�Z
]áD��L�RGZURWQLH�SURSRUFMRQDOQLH�GR�F]DVX�MHJR�*\FLD�τ−τn  :

( )
(1 ( ; , )) | |

1 /
i i

i i
n

G X R X Rσσ σ γ
τ τ

− −= +
+ − Λ

&]DV�*\FLD�MHVW�WR�Uy*QLFD�DNWXDOQHJR�QXPHUX�HSRNL�τ��L�F]DVX�SRZVWDQLD�Z
]áD�τn (czyli nume-
UX�HSRNL��Z�NWyUHM�Z
]Há�SRZVWDá���,P�VWDUV]\�Z
]Há��W\P�WUXGQLHM�MHVW�]PLHQLDü�MHJR�SDUDPHWU\

DGDSWDF\MQH��2F]\ZL�FLH�Z�WUDNFLH�XF]HQLD�QXPHU�HSRNL��τ ��XOHJD�FL�JáHPX�]ZL
NV]HQLX��WDN
ZL
F�Uy*QLFD�τ− τn�MHVW�]DZV]H�GRGDWQLD�OXE��MH�OL�Z
]Há�SRZVWDá�Z�DNWXDOQHM�HSRFH��UyZQD�MHVW

0. Parametry uczenia κ, γ�GRSDVRZ\ZDQH�V��Z�VSRVyE�DXWRPDW\F]Q\� LQG\ZLGXDOQLH�GOD�ND*-
dego w
]áD

( )1 /n

γ
τ τ

Γ=
+ − Λ

 ;  ( )1 /n

κ
τ τ

Κ=
+ − Λ

Parametr Λ�RNUH�OD�V]\ENR�ü�]PQLHMV]DQLD�VL
�SDUDPHWUyZ�XF]HQLD��SDUDPHWU�WHQ�XVWDORQ\�MHVW
QD�SRF]�WNX�XF]HQLD�L�ZáD�FLZLH�ZH�ZV]\VWNLFK�GRW\FKF]DVRZ\FK�]DVWRVRZDQLDFK�PLDá�]Dw-
V]H� WDN�� VDP�� ZDUWR�ü�� ������ QDWRPLDVW� Γ i Κ� V�� SRF]�WNRZ\PL� ZDUWR�FLDPL� SDUDPHWUyZ
XF]HQLD��NWyUH�WU]HED�XVWDOLü�SU]HG�URzSRF]
FLHP�XF]HQLD�

3RQLHZD*�]PLDQD�UR]P\FLD� MHVW�SURSRUFMRQDOQD�GR� ��−G), QDWRPLDVW�ZDUWR�ü�PDNV\PDOQHJR
Z]EXG]HQLD�Z\QRVL����WR�LP�ZL
NV]D�ZDUWR�ü�Z]EXG]HQLD�W\P�PQLHMV]H�]ZL
NV]HQLH�UR]Py-
FLD�� 6W�G� UyZQLH*� RJUDQLF]HQLH� FR� GR� IXQNFML� DNW\ZDFML� DE\� MHM� ZDUWR�FL� E\á\� ]� SU]HG]LDáX

>���@��-H�OL�Z
]Há�NODV\ILNXMH�SRSUDZQLH�QRZ\�ZHNWRU� WR� MHJR�PDVD�]RVWDMH�]ZL
NV]RQD�R�Me-
den: m=m����1D�SRF]�WNX�QRZHM�HSRNL�PDVD�ZV]\VWNLFK�Z
]áyZ�MHVW�XVWDODQD�QD�ZDUWR�ü���

:�FHOX�XQLNQL
FLD�]E\W�VLOQHJR�QDNáDGDQLD�VL
�Z
]áyZ�UHSUH]HQWXM�F\FK�Uy*QH�NODV\�QD�VLHELH�

Z�F]DVLH�RSW\PDOL]DFML�SRGHMPRZDQD�MHVW�UyZQLH*�SUyED�]PQLHMV]HQLD�SRGRELH�VWZD�GR�Z
]áD

E
G�FHJR�QDMZL
NV]\P�]DJUR*HQLHP��:
]Há�� NWyU\�E\á� RSW\PDOL]RZDQ\� �F]\OL�Z
]Há� QDMEDU�

G]LHM� SRGREQ\� GR�ZHNWRUD� ZHM�FLRZHJR�� ]RVWDMH� Z\á�F]RQ\� ]� REOLF]H��� L� SRV]XNLZDQ\� MHVW



Z
]Há�QDMEDUG]LHM�Z]EXG]DM�F\�VL
��-H*HOL� MHVW�RQ�]� LQQHM�NODV\�QL*�ZHNWRU�ZHM�FLRZ\�QDOH*\

]PQLHMV]\ü�MHJR�SRGRELH�VWZR�Soprzez zmniejszenie przypisanego mu rozmycia:

( ) ( )
| |

; ,
1 /

i i
i i

n

X R
G X Rσ σ υ σ

τ τ
−= −

+ − Λ
:DUWR�ü�SDUDPHWUX�υ GOD�GX*\FK�ZEXG]H���*!�����Z\QRVL�����GOD�PDá\FK����Z�SU]\SDGNX�JG\
UR]P\FLH�SU]\MPXMH�XMHPQ��ZDUWR�ü��EUDQD�MHVW�ZDUWR�ü�EH]Z]JO
GQD�

&]DVDPL�PR*H�VL
�]GDU]\ü��*H�UR]P\FLH�XOHJD�JZDáWRZQHPX�]PQLHMV]HQLX��GODWHJR�WH*�Z�FHOX

XáDWZLHQLD� SRQRZQHJR� Sy(QLHMV]HJR� GRSDVRZDQLD� SDUDPHWUyZ� RGPáDG]DP\� GDQ\� QHXURQ�

F]\OL�]ZL
NV]DP\�MHJR�F]DV�SRZVWDQLD�

( ) / 2n n nτ τ τ τ= + −

-H*HOL�MHVW�RQ�]�WHM�VDPHM�NODV\�WR�QLH�WU]HED�GRNRQ\ZDü�GDOV]\FK�]PLDQ��-HVW�WR�UyZQR]QDF]QH

]H�]JRG��QD� WR��E\�Z
]á\� UHSUH]HQWXM�FH� W
� VDP��NODV
� QDNáDGDá\� VL
� QD� VLHELH��0R*QD�ZL
F

VWZLHUG]Lü��*H�SRGF]DV�WHM�ID]\�XF]HQLD�QDVW
SXMH�VDPRRUJDQL]DFMD�[6],[7] z nadzorem czyli z
XZ]JO
GQLeniem informacji o klasach.

5.2. Faza II

1RZ\�Z
]Há�ZVWDZLDQ\�MHVW�GR�VLHFL�ZWHG\��JG\�GOD�LVWQLHM�FHJR�ZHNWRUD�ZHM�FLRZHJR�]DUyw-
QR�QDMEOL*V]\�Z�VHQVLH�HXNOLGHVRZ\P�MDN�L�QDMEDUG]LHM�Z]EXG]DM�F\�VL
�Z
]Há�V��]�LQQHM�NODV\

QL*�ZHNWRU�QD�ZHM�FLX�VLHFL��:VSyáU]
GQH�SRáR*HQLD�QRZHJR�Z
]áD�V��WDNLH�VDPH�MDN�ZHNWRUD

ZHM�FLRZHJR��1DWRPLDVW� MHJR� UR]P\FLH� XVWDZLDQH� MHVW� QD� SRGVWDZLH� SRáR*HQLD� QDMEOL*V]HJR

QHXURQX��7DN�ZL
F�SRdVWDZRZH�SDUDPHWU\�QRZR�SRZVWDáHJR�Z
]áD�PDM��SRVWDü�

1i i nR X m τ τ= = =

/LF]ED�WZRU]RQ\FK�Z
]áyZ�Z�MHGQHM�HSRFH�MHVW�ograniczona i równa jest liczbie klas znajduj�-
F\FK�VL
�Z�]ELRU]H�WHUQLQJRZ\P��7DNLH�RJUDQLF]HQLH�XPR*OLZLD�PDNV\PDOQ\�UR]URVW�Z
]áRP

LVWQLHM�F\P��-DN�SRND]XMH�GR�ZLDGF]HQLH��EH]�RJUDQLF]HQLD�SRZVWDMH�ZL
NV]D�OLF]ED�Z
]áyZ�

D�FR�]D�W\P�LG]LH�MDNR�ü�JHQHUDOL]DFML�MHVW�PQLHMV]D��RUD]�Z\GáX*D�VL
�F]DV�XF]HQLD�

3R�ND*GHM�HSRFH�VSUDZG]DQD�MHVW�MDNR�ü�NODV\ILNDFML�Q ND*GHJR�]�LVWQLHM�F\FK�Z
]áyZ��RNUe-
�ORQD� SU]H]� VWRVXQHN� OLF]E\� SRSUDZQLH� VNODV\ILNRZDQ\FK� ZHNWRUyZ� GR� OLF]E\� ZV]\VWNLFK

ZHNWRUyZ�� NWyUH� ÄZSDGDM�´�Z� GDQ\�Z
]Há�� 6SUDZG]HQLH� NODV\ILNDFML� SROHJD� QD�Z\V]XNDQLX

Z�UyG�LVWQLHM�F\FK�Z
]áyZ�WDNLHJR��NWyUHJR�Z]EXG]HQLH� MHVW�QDMZL
NV]H��D� MHGQRF]H�QLH� MHVW

ZL
NV]H� RG� ]DGDQHM�ZDUWR�FL�PLQLPDOQHM� �SURJX��� -H*HOL�Z]EXG]HQLD�ZV]\VWNLFK�Z
]áyZ� V�

SRQL*HM�]DGDQHJR�SURJX�WR�GDQ\�ZHNWRU�ZHM�FLRZ\�QLH�MHVW�NODV\ILNRZDQ\��3DUDPHWU�ZDUWR�FL

PLQLPDOQHM� MHVW� QD� SRF]�WNX� XF]HQLD� GX*\�� SU]H]� FR� W\ONR�ZHNWRU\� EOLVNR� FHQWUXP� QHXURQX

EUDQH�V��SRG�XZDJ
��:�WUDNFLH�WUZDQLD�XF]HQLD�SDUDPHWU�WHQ�MHVW�DXWRPatycznie zmniejszany.

-H*HOL� GDQ\� QHXURQ� NODV\ILNXMH� SRQL*HM�Z\PDJDQHM� GRNáDGQR�FL�ZyZF]DV� QDVW
SXMH� ]PQLHj-
V]HQLH�MHJR�UR]P\FLD�SURSRUFMRQDOQLH�GR�SURFHQWRZHM�ZDUWR�FL�Eá
du.

σ σ λ σ= − −� �� 4



:DUWR�ü�SDUDPHWUX�λ�MHVW�PDáD�������GOD�QRZ\FK�Z
]áyZ��JG\*�WH�GRSLHUR�DGDSWXM��VL
��QDWo-
PLDVW�Z�SU]\SDGNX�VWDUV]\FK�Z
]áyZ�SDUDPHWU�WHQ�PD�GX*��ZDUWR�ü�������

=�XZDJL�QD�WR��*H�SRZVWDZDQLH�QRZ\FK�Z
]áyZ��MDN�UyZQLH*�RSW\PDOL]DFMD�Z
]áyZ�LVWQLHM�-
F\FK��]DOH*QH�V��RG�NROHMQR�FL�SRGDZDQLD�ZHNWRUyZ� WUHQLQJRZ\FK�QD�ZHM�FLH� VLHFL�� ]D�ND*-
G\P�UD]HP��JG\�VLHü�XF]RQD�MHVW�QD�W\FK�VDP\FK�GDQ\FK�RWU]\PXMH�VL
�NRQILJXUDFM
�VLHFL��NWó-
UH�Uy*QL��VL
�RG�VLHELH��:�ZL
NV]R�FL�SU]\SDGNyZ�WH�Uy*QLFH�V��QLHZLHONLH��FR�áDWZR�]DXZD*\ü

QD�]ELRU]H�WHVWRZ\P��JG\*�Z\QLN�Z�SRV]F]HJyOQ\FK�SUyEDFK�QD�]ELRU]H�WHVWRZ\P�MHVW�EDUG]R

SRGREQ\��*G\�]ELyU� WUHQLQJRZ\� MHVW� MHGQDN� QLHZLHONL�ZDULDQFMD�PRGHOX�PR*H� E\ü� GX*D�� FR

SU]HMDZLD�VL
�GX*��Uy*QLF��Z�NODV\ILNDFML�QD�]ELRU]H�WHVWRZ\P�GOD�SRV]F]HJyOQ\FK�SUyE�

3URVW\P�VSRVREHP�QD�UR]ZL�]DQLH�WHJR�SUREOHPX�MHVW�]DVWRVRZDQLH�W]Z��NRPLWHWX�VLHFL��0e-
WRGD�WD�SROHJD�QD�W\P��*H�QD�GDQ\P�]ELRU]H�WUHQLQJRZ\P�XF]\�VL
�VLHü�ZLHORNURWQLH��0DM�F�M
PRGHOL�VLHFL�NODV\ILNDFML�ZHNWRUyZ�]H�]ELRUX�WHVWRZHJR�GRNRQXMH�VL
�SU]H]�JáRVRZDQLH�ZL
k-
V]R�FLRZH��Z\ELHUDM�F�NODV
��NWyUD�QDMF]
�FLHM�Z\VW
SXMH��OXE�SU]H]�ZD*RQ��NRPELQDFM
� URz-
ZL�]D��]�SRV]F]HJyOQ\FK�VLHFL��[9]. Metoda ta powoduje znaczne zmniejszenie wariancji mo-
GHOX�L��MDN�SRND]XMH�GR�ZLDGF]HQLH��GRVNRQDOH�QDGDMH�VL
�GR�VLHFL�)60�

5.3. Obroty

:�FHOX� OHSV]HJR�GRSDVRZDQLD�Z
]áyZ�VLHFL�GR�GDQ\FK�Z�)60�VWRVXMH� VL
�QHXURQ\��NWyU\FK

funkcje transferu w n Z\PLDURZHM�SU]HVWU]HQL�GDM��PR*OLZR�ü�REURWX�UHDOL]RZDQ\FK�SU]H]�QLH
KLSHUSRZLHU]FKQL�VWDá\FK�ZDUWR�FL��F]\OL�JUDQLF�GHF\]ML��Z\]QDF]RQ\FK�SU]H]�QHXURQ��:\No-
QDQLH�SHáQHJR�REURWX�MHVW�REOLF]HQLRZR�EDUG]R�NRV]WRZQH�L�SRZRGXMH�JZDáWRZQH�]PQLHMV]e-
QLH� VL
� V]\ENR�FL�XF]HQLD��'ODWHJR� WH*� ]DVWRVRZDQR�REURW\�E
G�FH�]áR*HQLHP�REURWyZ�GZu-
Z\PLDURZ\FK�� 'OD� SU]\NáDGX� SU]HGVWDZLRQ\� ]RVWDQLH� REUyW� Z� SU]HVWU]HQL� WUyMZ\PLDURZHM�

1DMSLHUZ�GRNRQXMHP\�REURWX�XNáDGX�ZVSyáU]
GQ\FK�GOD�SLHUZV]\FK�GZyFK�Z\PLDUyZ�R�N�W

α, w wyniku czego z wektora (X,Y) otrzymujemy wektor (X’,Y’):
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;
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L�SRZWDU]DP\�RSHUDFMH�W\P�UD]HP�XZ]JO
GQLDM�F�N�W�β�SRáR*HQLD�GDQHJR�Z
]áD�PL
G]\�WU]e-
FLP�Z\PLDUHP�L�SáDV]F]\]Q���X,Y���:�RJyOQ\P�SU]\SDGNX�FDáD�SURFHGXUD�SRZWDU]DQD�MHVW�GOD

ZV]\VWNLFK� NROHMQ\FK�Z\PLDUyZ��.�W\� REURWX� GOD� SRV]F]HJyOQ\FK�Z
]áyZ� XVWDODQH� V�� SRd-
F]DV�XF]HQLD�GOD�ND*GHJR�Z
]áD�QLH]DOH*QLH�

=PLDQD�N�WyZ�QDFK\OHQLD�QHXURQX�GR�RGSRZLHGQLFK�RVL�QDVW
SXMH�]D�ND*G\P�UD]HP��JG\�Zy-
NRQ\ZDQD�MHVW�DGDSWDFMD�SRáR*HQLD�L�LQQ\FK�SDUDPHWUyZ�WHJR�Z
]áD��1DMSLHUZ�Z\]QDF]DQH�V�

SRV]F]HJyOQH�N�W\�QDFK\OHQLD�θ�ZHNWRUD�PDM�FHJR�VZyM�SRF]�WHN�Z��URGNX�Z
]áD��D�ZL
F�MHVW
WR�SRáo*HQLH�WHJR�Z
]áD��D�NRQLHF�Z�PLHMVFX��JG]LH�]QDMGXMH�VL
�DNWXDOQ\�SXQNW�ZHM�FLRZ\��Z



3U]\NáDG�REUyFRQ\FK�GZyFK�QHXURQyZ

ZLHORZ\PLDURZHM�SU]HVWU]HQL�ZHNWRU�ZHM�FLRZ\�PR*H�E\ü�WUDNWRZDQ\�MDNR�SXQNW���1DVW
SQLH

DNWXDOQH�N�W\�QHXURQX�φ  V��SU]HVXZDQH�Z�NLHUXQNX�Z\]QDF]oQ\FK�ZDUWR�FL�

φ = φ + γ(θ − φ)
parametr γ MHVW�WR�WHQ�VDP�SDUDPHWU��NWyU\�Z\VW�SLá�SRGF]DV�XF]HQLD�UR]P\ü

-H*HOL�Z�GDQ\FK�Z\VW
SXM��Z\UD(QLH�QDFK\ORQH�VNXSLVND� WR�ZL
NV]R�ü�N�WyZ�Z\]QDF]RQ\FK

GOD�SRV]F]HJyOQ\FK�ZHNWRUyZ�ZSDGDM�F\FK�GR�WHJR�Z
]áD�E
G]LH�GR�VLHELH�SRGREQ\FK��SU]H]

FR�áDWZR�MHVW�X]\VNDü�RSW\PDOQ\�N�W��-HGQDN�JG\�QLH�PD�Z\Uy*QLRQHJR�NLHUXQNX�GOD�VNXSLVND�

WR�QDVW
SXMH�FL�JáD�]PLDQD�ZDUWR�FL�N�WD�φ�FR�PR*H�SRZRGRZDü�WUXGQR�FL�Z�XF]HQLX�VL
��'OD
VNXSLVN� Z\]QDF]RQ\FK� SRGF]DV� LQLFMDOL]DFML� VLHFL� N�W\� ]QDMGRZDQH� V�� ]D� SRPRF�� SURVWHM

; D ;
L L

=
�
�GRSDVRZDQHM�QD�SRGVWDZLH�ZV]\VWNLFK�ZHNWRUyZ�QDOH*�F\FK�GR� WHJR�Z
]áD��VW�G

poszczególne parametry

∑
∑

=

k

k
i

k
i

k

k
i

k

i XX

XX
a

1

:VSyáF]\QQLNL� WH� UyZQH�V�� WDQJHQVRZL�N�WD� SRPL
G]\�JáyZQ�� RVL�� VNXSLVND� D�RVL��X1. Tak
ZL
F�SoV]F]HJyOQH�N�W\�PR*QD�Z\]QDF]\ü�]H�Z]RUX

φk = arctan(ak)

1RZ\�Z
]Há�� NWyU\� SRZVWDMH� SRGF]DV� XF]HQLD�PD� SRF]�WNRZR�N�W\� ]HURZH�� SRQLHZD*� W\ONR

MHGHQ�ZHNWRU� QDOH*\� GR� WHJR�Z
]áD� L� MHVW� RQ� MHJR� �URGNLHP�� ,QLFMDOL]DFMD� ]� XZ]JO
GQLHQLHP

QLH]DOH*Q\FK�REURWyZ�GOD�SRV]F]HJyOQ\FK�Z
]áyZ�MHVW�EDUG]LHM�SUHF\]\MQD�QL*�]DVWRVRZDQLH

DQDOL]\�F]\QQLNyZ�JáyZQ\FK��3&$�� OXE� LQQ\FK�JOREDOQLH�RNUH�ORQ\FK� WUDQVIRUPDFML�GDQ\FK�

1DZHW�MH�OL�Z�F]DVLH�XF]HQLD�SDUDPHWU\�REURWX�QLH�SRGOHJDM��DGDSWDFML�ZDUWR�ZSURZDG]Lü�Pa-
FLHU]H�REURWX�Z�RSLVDQ\�SRZ\*HM�VSRVyE��,QQH�PHWRG\�WZRU]HQLD�REUyFRQ\FK�NRQWXUyZ�GHFy-
zji opisano w pracy  [5].



5.4. Optymalizacja

:�NR�FRZ\P�HWDSLH�XF]HQLD� W]Q��JG\�RVL�JQL
WD� MDNR�ü�NODV\ILNDFML�]JRGQD� MHVW�]�SR*�GDQ��

QDVW
SXMH�RSW\PDOL]DFMD�SROHJDM�FD�QD�RGU]XFHQLX�Z
]áyZ��NWyUH�PDM��EDUG]R�PDáH�UR]PLDU\

W]Q�� GR� NWyU\FK�ZSDGD� QLHZLHOND� OLF]ED� �QS�� �� OXE� ���ZHNWRUyZ� ]� FL�JX� WUHQLQJRZHJR�� 3o-
ZVWDM��RQH�QD�VNXWHN�*�GDQLD�]E\W�Z\VRNLHM�GRNáDGQR�FL�NODV\ILNDFML�OXE�WH*�QLHZ\VWDUF]DM�Fe-
JR�UR]P\FLD�GX*\FK�Z
]áyZ�LVWQLHM�F\FK�Z�VLHFL��-H*HOL�SU]\F]\Q��WZRU]HQLD�PDá\FK�Z
]áyZ

MHVW� ]E\W� V]\ENLH� LFK� WZRU]HQLH� WR� SR� LFK� RGU]XFHQLX� SUyED� GRXF]HQLD� LVWQLHM�F\FK�Z
]áyZ

VSRZRGXMH�]ZL
NV]HQLH�LFK�UR]P\ü��:�SU]HFLZQ\P�SU]\SDGNX�SRQRZQLH�]RVWDQ��XWZRU]RQH

PDáH�Z
]á\��3UyED�RGU]XFDQLD�L�GRXF]DQLD�SRZWDU]DQD�MHVW�NLONDNURWQLH��SR�F]\P�HWDS�XF]HQLD

MHVW�]DNR�F]RQ\��-DNR�ü�NODV\ILNDFML�SR� W\P�HWDSLH�PR*H�E\ü�PQLHMV]D�RG�*�GDQHM�SRQLHZD*

F]
�ü�Z
]áyZ�]RVWDáD�Rdrzucona.

(WDS�NROHMQ\�WR�NR�FRZD�RSW\PDOL]DFMD�VLHFL��SR�NWyUHM�QLH�QDVW
SXMH�MX*�GRXF]DQLH��2GU]XFa-
QH� V�� Z
]á\�� NWyU\FK� OLNZLGDFMD� QLH� SRZRGXMH� ]PLDQ\� SR]LRPX� DNWXDOQHM� NODV\ILNDFML�� $E\

XQLNQ�ü�VSUDZG]DQLD�ND*GHJR�Z
]áD�]�RVREQD�� W]Q��RGU]XFDQLD�JR�L�VSUDZG]DQLD�NODV\ILNDFML

QD�FDá\P�]ELRU]H�WUHQLQJRZ\P��FR�E\áRE\�EDUG]R�NRV]WRZQH��GOD�ND*GHJR�ZHNWRUD�WUHQLQJo-
ZHJR�REOLF]DQD�MHVW�DNW\ZDFMD�ZV]\VWNLFK�Z
]áyZ�L�]DSDPL
W\ZDQD�ZDUWR�ü�DNW\ZDFML�Z
]áD

QDMEDUG]LHM�Z]EXG]DM�FHJR�VL
��7HQ�Z
]Há�]RVWDMH�Z\á�F]RQ\��:\V]XNLZDQ\�MHVW�NROHMQ\�Z
-
]Há�QDMEDUG]LHM�Z]EXG]DM�F\�VL
� L�]DSDPL
W\ZDQD�MHVW�ZDUWR�ü�MHJR�Z]EXG]HQLD��0DP\�ZL
F

PDFLHU]� ]� OLF]E�� HOHPHQWyZ� GZD� UD]\�ZL
NV]�� QL*� OLF]ED�ZHNWRUyZ�Z� FL�JX� WUHQLQJRZ\P�

QDWRPLDVW�ZDUWR�FL�W\FK�HOHPHQWyZ�UyZQH�V��PDNV\PDOQ\P�Z]EXG]HQLRP�GOD�RGSRZLHGQLFK

ZHNWRUyZ�WUHQLQJRZ\FK��:�PDFLHU]\�WHM�XVXZDP\�MHGHQ�Z
]Há��'OD�ZHNWRUD��GOD�NWyUHJR�Z
-
]Há�WHQ�PLDá�QDMZL
NV]��ZDUWR�ü�DNW\ZDFML�ZVWDZLDQD�MHVW�GR�PDFLHU]\�ZDUWR�ü�]HUR��1DVW
p-
QLH�QD�SRGVWDZLH�SR]RVWDá\FK�ZDUWR�FL�Z\OLF]DQD�MHVW�MDNR�ü�NODV\ILNDFML��-H*HOL�MDNR�ü�NODVy-
ILNDFML� QLH� SRJRUV]\áD� VL
� WR� DQDOL]RZDQ\� Z
]Há� MHVW� XVXZDQ\�� Z� SU]HFLZQ\P� SU]\SDGNX

ZVWDZLDQH�V��GR�PDFLHU]\�SoSU]HGQLH�ZDUWR�FL�

5.5. Selekcja cech

'OD� ND*GHJR� ]� Z
]áyZ� XNU\W\FK�PR*QD� UyZQLH*� ]DVWRVRZDü� HOLPLQDFM
� FHFK. W tym celu
Z\ELHUDP\�NROHMQR�Z
]á\�L�GOD�ND*GHJR�]�QLFK�RGU]XFDP\�]�FL�JX�WUHQLQJRZHJR�ZHNWRU\��NWó-
UH�GR�GDQHJR�Z
]áD�ZSDGDM���F]\OL�NWyUH�V��SU]H]�QLHJR�NODV\ILNRZDQH��0R*HP\�WR�XF]\QLü�

JG\*�Z\á�F]HQLH� FHFK\�Z� GDQ\P�Z
(OH�� ]� XZDJL� QD� WR�� *H� VWRVXMHP\� IXQNFMH� VHSDURZDOQH�

PR*H�E\ü� WUDNWRZDQH� MDN�ZVWDZLHQLH� GR� LORF]\QX�ZDUWR�FL� ��� D�ZL
F�PDNV\PDOQHM�ZDUWR�FL

DNW\ZDFML�GOD�GDQHJR�Z\PLDUX��0R*H�WR�VSRZRGRZDü�W\ONR�]ZL
NV]HQLH�DNW\ZDFML�Z
]áD�GOD

ZV]\VWNLFK�ZHNWRUyZ�WUHQLQJRZ\FK��1LH�PR*H�VL
�ZL
F�]PLHQLü�NODV\ILNDFMD�ZHNWRUyZ��NWyUH

E\á\�SRSUDZQLH�NODV\ILNRZDQH��ER�GOD�W\FK�ZHNWRUyZ�WHQ�Z
]Há�L�WDN�PLDá�QDMZL
NV]H�Z]Eu-
G]HQLH��'ODWHJR�REOLF]DP\�PDFLHU]�Z]EXG]H��W\ONR�GOD�SR]RVWDá\FK�ZHNWRUyZ�WUHQLQJRZ\FK�

.D*GD�]�FHFK�GOD�GDQHJR�Z
]áD�]RVWDMH�NROHMQR�RGU]XFDQD��3RZRGXMH�WR�Z]URVW�IXQNFML�DNWy-
ZDFML�WHJR�Z
]áD��-H�OL�DNW\ZDFMD�WD�GOD�ZHNWRUyZ�]�LQQHM�NODV\�QL*�RSW\PDOL]RZDQ\�Z
]Há�QLH

SU]HNUDF]D�DNW\ZDFML�Z
]áyZ�SRSUDZQLH� MH�NODV\ILNXM�F\FK��]DSLVDQ\FK�Z� WDEOLF\�DNW\ZDFML�

to taka cecha nie jest potrzebna.

3URFHGXU\�RGU]XFDQLD�Z
]áyZ�RUD]�HOLPLQDFML�FHFK�SRZWDU]DQH�V�� WDN�GáXJR�D*�*DGHQ�Z
]Há

QLH�PR*H�MX*�]RVWDü�RGU]XFRQ\��$OWHUQDW\ZQD�PHWRGD�VHOHNFML�FHFK��SROHJDM�FD�QD�PRG\ILNDFML

IXQNFML�Eá
GX��RSLVDQD�]RVWDáD�Z�SUDF\�[13].



5.6. Rozpoznawanie

7HVWRZDQLH�VLHFL�)60�SROHJD�QD�Z\V]XNLZDQLX�GOD�GDQHJR�ZHNWRUD�ZHM�FLRZHJR�Z
]áD��NWyU\

XOHJD� QDMZL
NV]HPX�Z]EXG]HQLX��:HNWRU� ZHM�FLRZ\� MHVW� SU]\SLVDQ\� GR� NODV\�� NWyU�� UHSUe-
]HQWXMH� QDMOHSV]\� QHXURQ�� -H*HOL� MHGQDN� *DGHQ� ]� Z
]áyZ� QLH� XOHJD� Z]EXG]HQLX� ZyZF]DV

wektor wej�FLRZ\�QLH�]RVWDMH�VNODV\ILNRZDQ\�

'R�RV]DFRZDQLD� MDNR�FL� NODV\ILNDFML� VáX*�� GZD�SDUDPHWU\��ZDUWR�ü�Z]EXG]HQLD�RUD]�ZVSyá-
F]\QQLN� ]DXIDQLD��:DUWR�ü�Z]EXG]DQLH�G MHVW� ]� ]DNUHVX� >���@�� LP� MHVW�ZL
NV]D� W\P�ZHNWRU
ZHM�FLRZ\�EOL*V]\�MHVW�LVWQLHM�FHPX�SUoWRW\SRZL��NWyU\�SRZVWDá�SRGF]DV�XF]HQLD�

:VSyáF]\QQLN� ]DXIDQLD� QDWRPLDVW� PR*QD� WUDNWRZDü� MDNR� SUDZGRSRGRELH�VWZR� SRSUDZQHJR

zaklasyfikowania wektora wej�FLRZHJR�X do danej klasy
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:�OLF]QLNX�VXPRZDQLH�SU]HELHJD�SR�ZV]\VWNLFK�Z
]áDFK�UHSUH]HQWXM�F\FK�NODV
�]Z\FL
]F\��Z

PLDQRZQLNX� VXPD� ELHJQLH� SR� ZV]\VWNLFK� Z
]áDFK� XNU\W\FK� Z� VLHFL��:
]á\� SU]HFKRZ\ZDü

PRJ��UyZQLH*�LQIRUPDFMH�V\PEROLF]QH��NWyUH�PRJ��E\ü�SU]HGVWDZLDQH�QD�Z\M�FLX�

6. 3U]\NáDGRZH�UH]XOWDW\

'R�WHVWRZDQLD�VLHFL�)60�X*\WR�VWDQGDUGRZ\FK�]DJDGQLH��NODV\ILNDF\MQ\FK��Z]L
W\FK�]�UHSo-
zytorium baz danych Uniwersytetu Kalifornijskiego w Irvine [8]�� JG]LH� ]QDOH(ü�PR*QD� Go-
NáDGQLHMV]\�RSLV�GDQ\FK��:V]\VWNLH�SRQL*V]H�SU]\NáDG\�SU]HGVWDZLDM��Z\QLNL��NWyUH�SRZVWDá\

Z�Z\QLNX�X�UHGQLHQLD�NLONX�UH]XOWDWyZ�GOD�GDQHM�ED]\�

:V]\VWNLH� GDQH� ]RVWDá\� QDMSLHUZ� ]HVWDQGDU\]RZDQH��:� SRQL*V]\FK� WDEHODFK� SRGDQD� ]RVWDáD

SURFHQWRZD�SRSUDZQR�ü�NODV\ILNDFML�QD�]ELRU]H�WHVWRZ\P��OXE�WH*�MH�OL�]ELyU�WHVWRZ\�QLH�Zy-
VW
SRZDá�SU]HGVWDZLRQ\�MHVW�Z\QLN�]����NURWQHM�NURVZDOLGDFML��:�SU]\SDGNX�JG\�LVWQLDá\�]e-
EUDQH�Z\QLNL�Uy*Q\FK�NODV\ILNDWRUyZ�GOD�GDQHJR�]ELRUX��)60�]RVWDá�SRUyZQDQ\�]�QDMOHSV]y-
PL�]�QLFK��-H�OL�WDNLH�Z\QLNL�QLH�LVWQLDá\�GRNRQDOL�P\�SRUyZQDQLD�)60�]�QDMOHSV]\P�PRGe-
OHP�0/3��MDNL�XGDáR�VL
�]QDOH(ü�Z�OLWHUDWXU]H��E\áD�WR�]Z\NáD�ZVWHF]QD�SURSDJD]FMD��5SURS�

Quickprop lub – dla danych „hypothyroid” – genetyczna optymalizacja parametrów), metody
QDMEOL*V]\FK�V�VLDGyZ�k-NN [9] oraz drzewa decyzji C4.5 [10]. We wszystkich tabelach re-
]XOWDW� RWU]\PDQ\� ]� VLHFL� )60�SU]HGVWDZLRQ\� MHVW�Z� RVWDWQLHM� NROXPQLH�ZV]\VWNLH� SR]RVWDáH

UH]XOWDW\� V�� Z� NROHMQR�FL� PDOHM�FHM� GRNáDGQR�FL� NODV\ILNDFML�� :H� ZV]\VWNLFK� SU]\SDGNDFK

Z\QLNL�RVL�JQL
WH�]D�SRPRF��)60�V��]EOL*RQH�GR�QDMOHSV]\FK��:L
FHM�Z\QLNyZ�]QDOH(ü�PR*-
na na stronie internetowej: http://www.phys.uni.torun.pl/kmk/projects/datasets.html

• 'DQH�'1$�]DZLHUDM�������ZHNWRUyZ�Z�]ELRU]H�WUHQLQJRZ\P�L������ZHNWRUyZ�Z�]ELRU]H

WHVWRZ\P��:\VW
SXMH� ���� ELQDUQ\FK� DWU\EXWyZ� L� WU]\� NODV\�� R� QDVW
SXM�F\P� UR]NáDG]LH

procentowym: w zbiorze treningowym 23.2%, 24.3%, 52.5%, w zbiorze testowym 25.6%,
23.6%, 50.8%.



Radial Dipol92 Alloc80 QuaDisc Discrim FSM
'RNáDGQR�ü�QD

zbiorze testowym
95.9% 95.2% 94.3% 94.1% 94.1% 94.3%

• 'DQH�ÄMRQRVIHUD´�]DZLHUDM������ZHNWRUyZ��]�F]HJR�SLHUZV]\FK�����X*\ZD�VL
�GR� WUHQo-
ZDQLD��QDWRPLDVW�SR]RVWDáH�GR�WHVWRZDQLD��'DQH�WH�UHSUH]HQWXM��V\JQDá�UDGDURZ\�RGELW\�RG

MRQRVIHU\��.D*G\�]�ZHNWRUyZ�]DZLHUD����DWU\EXW\�R�ZDUWR�FLDFK�FL�Já\FK��:\VW
SXM��GZLH

NODV\�� SLHUZV]D� �ZLDGF]�FD� R� Z\VW
SRZDQLX� Z� MRQRVIHU]H� SHZQ\FK� VWUXNWXU� L� GUXJD�

�ZLDGF]�FD�R�EUDNX� W\FK� VWUXNWXU��2ELH� NODV\�Z� ]ELRU]H� WUHQLQJRZ\P� V�� SUDZLH� UyZQo-
liczne.

k-NN MLP C4.5 FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
98.7% 96.0% 94.9% 97.7%

• 'DQH� ÄK\SRWK\URLG´� ]DZLHUDM�� �����ZHNWRU\� Z� ]ELRU]H� WUHQLQJRZ\P� L� �����Z� ]ELRU]H

WHVWRZ\P��6��WR�GDQH�]�GZyFK�NROHMQ\FK�ODW�EDGD��SU]HVLHZRZ\FK��]DZLHUDM�FH�LQIRUPa-
FMH�R�QLHGRF]\QQR�FL��QDGF]\QQR�FL� OXE�QRUPDOQLH�G]LDáDM�FHM� WDUF]\F\��3URFHQWRZ\� URz-
NáDG�W\FK�WU]HFK�NODV�MHVW�QDVW
SXM�F\��Z�SOLNX�WUHQLQJRZ\P��������������������WHVWRZ\P

�������������������:\VW
SXMH����DWU\EXWyZ�����ELQDUQ\FK�L���FL�Já\FK�

C4.5 C-MLP2LN CART FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
99.5% 99.36% 99.36% 99.1%

• 'DQH�ÄVDWLPDJH´�VNáDGDM��VL
�]�LQWHQV\ZQR�FL�SLNVHOL�]QDMGXM�F\FK�VL
�Z�V�VLHG]WZLH��[��

RWU]\PDQ\FK�]�F]WHUHFK�]GM
ü�VDWHOLWDUQ\FK�Z�Uy*Q\FK�]DNUHVDFK�VSHNWUDOQ\FK��VW�G�Z\VW
-
SXMH� ��� DWU\EXWyZ�PDM�F\FK�ZDUWR�FL� ]� SU]HG]LDáX� �������:� ED]LH� MHVW� �����ZHNWRUyZ

WUHQLQJRZ\FK� L� ���� WHVWRZ\FK�� 'DQH� SRG]LHORQH� V�� QD� V]H�ü� NODV� �FKRG]L� R� Uy*QH� So-
ZLHU]FKQLH� RGELMDM�FH�� PDM�F\FK� QDVW
SXM�F�� SURFHQWRZ�� OLF]HEQR�ü� Z� SRV]F]HJyOQ\FK

zbiorach: zbiór treningowy 24.2%, 10.8%, 21.6%, 9.4%, 10,6%, 23.4%, testowym 23.1%,
11.2%, 19.9%, 10.5%, 11.8%, 23.5%.

k-NN LVQ Dipol92 Radial FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
90.6% 89.5% 88.9% 87.9% 89.8%

• 'DQH�ÄVRQDU´�]DZLHUDM������ZHNWRUyZ��NWyUH�SRG]LHORQH�UyZQR�QD�]ELyU�WUHQLQJRZ\�L�We-
VWRZ\��:\VW
SXM��GZLH�NODV\��.D*G\�]�ZHNWRUyZ�SRVLDGD����FL�Já\FK�DWU\EXWyZ��&HOHP

jest odUy*QLHQLH�V\JQDáX�VRQDUX�RGELWHJR�RG�PHWDOX�RG�V\JQDáX�RGELWHJR�RG�VNDá\�

MLP+BP k-NN C4.5 FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
90.4% 84.2 65.4 88.8%

• 'DQH�ÄVKXWWOH´�]DZLHUDM��������ZHNWRUyZ�Z�]ELRU]H�WUHQLQJRZ\P�L�������Z�]ELRU]H�We-
VWRZ\P��:\VW
SXMH�VLHGHP�NODV�PDM�F\FK�QDVW
SXM�F\�XG]LDá�SURFHQWRZ\�Z�SRV]F]HJyl-



nych zbiorach: zbiór treningowy 78.41%, 0.09%, 0.3%, 15.51%, 5.65%, 0.01%, 0.03%,
WHVWRZ\P����������������������������������������������������'DQH�SRVLDGDM����FL�-
Já\FK�DWU\EXWyZ�

NewId BayTree Cn2 Cal5 FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
99.99% 99.98% 99.97% 99.97%99.97%

• 'DQH�ÄOHWWHUV´�]DZLHUDM��ZHNWRU\�RSLVXM�FH����GX*\FK�OLWHU�]�DOIDEHWX�M
]\ND�DQJLHOVNLHJR�

:\VW
SXMH�������ZHNWRUyZ��]�F]HJR�������SU]H]QDF]RQ\FK�]RVWDáR�GR�WUHQRZDQLD�VLHFL�D

SR]RVWDáH������GR�WHVWRZDQLD��'DQH�WH�XWZRU]RQH�]RVWDá\�]����Uy*Q\FK�IRQWyZ��'R�ND*GHM

OLWHU\� VSR�UyG� W\FK� ��� IRQWyZ�GRGDQ\� ]RVWDá� V]XP��8WZRU]RQR� F]DUQR� ELDáH� SURVWRN�WQH

REUD]\��NWyUH�QDVW
SQLH�SU]HGVWDZLRQR�Z�SRVWDFL�ZHNWRUD�VNáDGDM�FHJR�VL
�]����FHFK�Qu-
PHU\F]Q\FK��:V]\VWNLH� FHFK\� ]RVWDá\� SU]HVNDORZDQH� WDN� DE\� ZDUWR�FL� W\FK� FHFK\� E\á\

FDáNRZLWH�Z�]DNUesie od 0 do 15.

Alloc80 k-NN LVQ QuaDisc FSM
'RNáDGQR�ü�QD�]ELRU]H

testowym
93.6% 93.2% 92.1% 88.7% 92.2%

• 'DQH�ÄJDOD[LHV´��]DZLHUDM��RSLV�JDODNW\N�]�NDWDORJX�(62�/9�[12]. Celem jest wykonanie
automatycznej klasyfikacji, która porównywalna jest do klasyfikacji eksperta. Zbiór ten
]DZLHUD� SRQDG� �����ZHNWRUyZ�� 6LHü� WUHQRZDQD� MHVW� QD� ]ELRU]H� ]DZLHUDM�F\P� ����� HOe-
PHQWyZ�L�WHVWRZDQD�QD�]ELRU]H������ZHNWRUyZ��.D*G\�ZHNWRU�VNáDGD�VL
�]����FHFK��L�Po-
*H�QDOH*Hü�GR�MHGQHM�]�GZyFK�NODV��JDODNW\NL�ZF]HVQHJR�W\SX�� OXE�WH*�JDODNW\NL�Sy(QHJR

typu.

k-NN C4.5 MLP+BP FSM
'RNáDGQR�ü�QD�]ELRU]H�WHVWo-

wym
92.82% 92.4% 89.6% 93%

• 'DQH�ÄKHSDWLWLV´�GRW\F]��FKRUyE�Z�WURE\�RWU]\PDQH�]�7RNLMVNLHJR�XQLZHUV\WHWX�PHG\Fz-
nego [13]��'DQH� WH� ]ZLHUDM�� ����SU]\SDGNyZ��Z� W\P�����X*\WH� ]RVWDá\�GR� WHVWRZDQLD� D
SR]RVWDáH�GR�WUHQRZDQLD�VLHFL��.D*G\�SU]\SDGHN�RSLVDQ\�]RVWDá�SU]H]���FHFK��:\VW
SXM���

klasy.

k-NN C4.5 MLP FSM
'RNáDGQR�ü�QD�]ELRU]H�WHVWo-

wym
82.8% 75.5% 68% 82.2%

• Dane „VHJPHQWDWLRQ´�]DZLHUDM������ZHNWRUyZ�Z�]ELRU]H�WUHQLQJRZ\P�L������Z�]ELRU]H
WHVWRZ\P��:\VW
SXMH���NODV��ND*GD�]�NODV�Z�]ELRU]H�WUHQLQJRZ\P�SRVLDGD����ZHNWRUyZ�D

Z�]ELRU]H�WHVWRZ\P������:V]\VWNLH�ZHNWRU\�RSLVDQH�V��SU]H]����FHFK�R�ZDUWR�FLDFK�FL�-
Já\FK�



k-NN C4.5 MLP FSM
'RNáDGQR�ü�QD�]ELRU]H�WHVWo-

wym
90.33% 89.8% 88.33% 91.2%

• 'DQH�ÄEUHDVW�FDQFHU�ZLVFRQVLQ´�]DZLHUDM������SU]\SDGNyZ��Z�UyG�NWyU\FK�Z\VW
SXMH����

FKRU\FK�RUD]�����]GURZ\FK�SU]\SDGNyZ��.D*G\�SU]\SDGHN�RSLV\ZDQ\� MHVW�SU]H]��� FHFK

PDM�F\FK�ZDUWR�ü�Z�]DNUHVLH�RG�������'OD����SU]\SDGNyZ�MHGQD�ZDUWR�ü�MHVW�EUDNXM�FD��:

miejVFD�ZDUWR�FL�EUDNXM�FHM�ZVWDZLRQD�]RVWDáD�ZDUWR�ü��UHGQLD�GOD�GDQHM�FHFK\�

IncNet k-NN FDA FSM
'RNáDGQR�ü�REOLF]RQD�]�����

krotnej kroswalidacji
97.1% 97.1% 96.8% 96.5%

• Dane „appendictis” [14]�]DZLHUDM������SU]\SDGNyZ��RSLVDQ\FK�]D�SRPRF����FHFK��:\VW
-
SXM��GZLH�NODV\�PDM�FH�QDVW
SXM�F\�XG]LDá�SURFHQWRZ\���������������

k-NN MLP C4.5 FSM
'RNáDGQR�ü�REOLF]RQD�]�����

krotnej kroswalidacji
89.3% 83.9% 83.5% 84.2%

7. Podsumowanie

&KRFLD*�RSLVDQ\�WX�DOJRU\WP�Z\GDZDü�VL
�PR*H�SRF]�WNRZR�VNRPSOLNRZDQ\�L�WUXGQ\�Z�X*y-
FLX�Z�U]HF]\ZLVWR�FL�Z\NRQXMH�VL
�QLHPDO�DXWRPDW\F]QLH��QLH�Z\PDJDM�F�LQJHUHQFML�X*\WNRw-
QLND�Z�SURFHV�XF]HQLD�VL
�OXE�Z\ELHUDQLD�DUFKLWHNWXU\�

6LHü�VWDUWXMH�]�SURWRW\SyZ�XWZRU]RQ\FK�SRGF]DV�JUXSRZDQLD��D�QDVW
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