
:DYHOHWRYê�S tVWXS�N�QiVREHQt�PDWLF

P. Hora

Úvod

ÒþHOHP� WRKRWR� þOiQNX� MH� SRSVDW� QXPHULFNê� DOJRULWPXV� XUþHQê� SUR� U\FKOp� Y\QiVREHQt� SOQp
PDWLFH�V�YHNWRUHP��-DN�MH�]QiPR��S tPp�Y\QiVREHQt�SOQp�PDWLFH� iGX� 1  s vektorem délky 1
Y\åDGXMH� ]KUXED� 1

�

� RSHUDFt�� 7DWR� VNXWHþQRVW� MH� S tþLQRX� YiåQêFK� REWtåt� S L� UR]ViKOêFK
YêSRþWHFK��1DS tNODG�KODYQt�G YRG�SUR�RPH]HQp�Y\XåLWt�LQWHJUiOQtFK�URYQLF�MDNR�QXPHULFNpKR
QiVWURMH� S L� UR]ViKOêFK� SUREOpPHFK� MH� VNXWHþQRVW�� åH� LQWHJUiOQt� URYQLFH� QRUPiOQ � YHGRX� QD
SOQê� V\VWpP� OLQHiUQtFK� DOJHEUDLFNêFK� URYQLF�� NWHUê� PXVt� EêW� HãHQ� S tPR� QHER� LWHUDþQ �
9 WãLQD�LWHUDþQtFK�PHWRG�SUR� HãHQt�V\VWpP �OLQHiUQtFK�URYQLF�VSRþtYi�Y�SRVWXSQpP�QiVREHQt
PDWLFH� V\VWpPX� V� SRVORXSQRVWt� UHNXUVLYQ � JHQHURYDQêFK� YHNWRU �� FRå� MH� QH~QRVQ � QiNODGQp
SUR�UR]ViKOp�SUREOpP\��6LWXDFH�MH�MHãW �KRUãt��SRNXG�VH�QD�OLQHiUQt�V\VWpP�SRXåLMH�S tPê� HãLþ�
SRQ YDGå�WHQ�QRUPiOQ �Y\åDGXMH� 1

�

�RSHUDFt��3URWR�VH�Y WãLQD�REODVWt�YêSRþHWQt�PDWHPDWLN\
SOQêP�PDWLFtP��NG\NROL�MH�WR�PRåQp��MHGQRGXãH�Y\KQH��1DS tNODG�PHWRG\�NRQHþQêFK�GLIHUHQFt
D� NRQHþQêFK� SUYN � O]H� SRYDåRYDW� ]D� QiVWURMH� SUR� UHGXNFL� SDUFLiOQt� GLIHUHQFLiOQt� URYQLFH� QD
tGNê�OLQHiUQt�V\VWpP�

$OJRULWP\�XUþHQp�SUR�U\FKOp�Y\QiVREHQt�SOQp�PDWLFH�V�YHNWRUHP��NWHUp�EXGRX�SRSViQ\�Y�WRPWR
þOiQNX�>�@��MVRX�]DORåHQ\�QD�ZDYHOHWRYp�WUDQVIRUPDFL�>���@�D�Y\åDGXMt�]KUXED� 1 1ORJ  resp.
1 �RSHUDFt��SRGOH�SRXåLWp�PHWRG\�UHDOL]DFH�PDWLFH��

5HSUH]HQWDFH�PDWLF��RSHUiWRU �

9�þOiQNX�EXGHPH�SRXåtYDW�GY �VFKpPDWD�SUR�QXPHULFNp�Y\KRGQRFHQt�LQWHJUiOQtFK�RSHUiWRU �
První je jednoduchá realizace (standardní forma) matice operátoru ve waveletové bázi (viz
REU�����6HVWDYHQt�WRKRWR�VFKpPDWX�>�@�Y\åDGXMHMH�S LEOLåQ � 1 1ORJ  operací. Tato jednoduchá
UHDOL]DFH�PDWLFH� MH� XåLWHþQêP� QXPHULFNêP� QiVWURMHP� VDPD� R� VRE �� UR]VDK� SRXåLWHOQRVWL� VH
YãDN� SRGVWDWQ � UR]ãt t� GUXKRX� UHDOL]DFt� �nestandardní tvar) matice operátoru ve waveletové
Ei]L��YL]�REU�����NWHUi�Y\åDGXMH� iGRY �SRX]H� 1  operací [4].

6WDQGDUGQt� UHSUH]HQWDFH� RSHUiWRUX� VSRþtYi� Y� SURVWpP� WHQ]RURYpP� VRXþLQX�� 1HVWDQGDUGQt
UHSUH]HQWDFH�MH�QDRSDN�GHILQRYiQD�MDNR�PQRåLQD�W t�GUXK �Ei]RYêFK�IXQNFt�>�@��YL]�REU� 2.



Obr. 1 Standardní reprezentace dekomponovaného vektoru a matice.

Obr. 2 Nestandardní reprezentace dekomponovaného vektoru a matice. Jediné nenulové prvky
GHNRPSRQRYDQp�PDWLFH�MVRX�REVDåHQ\�Y�VXEPDWLFtFK�α β γ� ��D� .
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([LVWXMt� GYD� ]S VRE\� YêSRþWX� VWDQGDUGQtKR� WYDUX� PDWLFH�� 3UYQt� VSRþtYi� Y� DSOLNDFL
MHGQRUR]PHUQp�ZDYHOHWRYp�WUDQVIRUPDFH�QD�NDåGê�VORXSHF�UHVS�� iGHN�PDWLFH��QD�FRå�QDYD]XMH
DSOLNDFH� WpåH� MHGQRUR]PHUQp� WUDQVIRUPDFH� QD� NDåGê� iGHN� UHVS�� VORXSHF� S HGFKR]tKR
YêVOHGNX��'UXKê�]S VRE�Y\FKi]t�]�QHVWDQGDUGQtKR�WYDUX��QD�NWHUê�VH�DSOLNXMH�MHGQRUR]P UQi
ZDYHOHWRYi�WUDQVIRUPDFH�QD�NDåGê� iGHN�YãHFK�RSHUiWRU � β �D�NDåGê�VORXSHF�YãHFK�RSHUiWRU
γ .

1HVWDQGDUGQt�IRUPD�DOJHEUDLFN\�RGSRYtGi�]REUD]HQt�S YRGQtKR�YHNWRUX�GpON\� 1  do prostoru
dimenze � �1 − ��NGH� MVRX�YãHFKQ\�ãNiO\�QHSURSRMHQp�D�YH�NWHUpP�VH�S YRGQt� WUDQVIRUPDFH
VWiYi� tGNRX�

2EHFQ �DOJRULWP\�SRXåtYDMtFt�VWDQGDUGQt�IRUPX�Y\åDGXMt�]KUXED� 1 1ORJ  operací a algoritmy
SRXåtYDMtFt�QHVWDQGDUGQt�IRUPX�Y\åDGXMt�]KUXED� 1  operací.

Násobení matic ve standardním tvaru

1iVREHQt�PDWLF�YH�VWDQGDUGQtP�WYDUX�MH�]DORåHQR�QD�QiVOHGXMtFt�VNXWHþQRVWL��6WDQGDUGQt� WYDU
MH� UHSUH]HQWDFH� Y� RUWRQRUPiOQt� Ei]L� �FRþ� MH� WHQ]RURYê� VRXþLQ� MHGQRUR]P UQêFK� Ei]t��� SURWR
YêVOHGHN�QiVREHQt�GYRX�VWDQGDUGQtFK�WYDU �MH�WDNp�VWDQGDUGQt�WYDU�YH�VWHMQp�Ei]L�

1D�]iNODG �WRKRWR�SR]QDWNX�Q\Qt�VHVWDYtPH�DOJRULWPXV� HãtFt�WHQWR�SUREOpP�

• Problém:

1HFK � $ �MH�SOQi�PDWLFH�YHONpKR� iGX� Q ��1DãtP�~NROHP�MH�SURYpVW�YHONê�SRþHW� /  násobení
matice $  vektorem [ .

• Idea:

(WDSD�����SURYiG Qi�SRX]H�MHGQRX��SURYiGt�VWDQGDUGQt�GHNRPSR]LFL�PDWLFH�$  do waveletové
Ei]H�D�QDVWDYHQt�YãHFK�SUYN �GHNRPSRQRYDQp�PDWLFH��MHMLFKå�KRGQRW\�MVRX�PHQãt�QHå�SUDKRYi
~URYH ��QD�QXOX��9êVOHGQRX�PDWLFL�R]QDþPH�$

�

ε .

(WDSD�����SURYiG Qi�L�NUiW��MH�UR]G OHQD�GR�QiVOHGXMtFtFK�W HFK�NURN �

1. Standardní dekompozice vektoru [  do waveletové báze.

2. 9êSRþHW�QiVREHQt�YH�ZDYHOHWRYp�Ei]L�Y\XåtYDMtFt� tGNRVWL�PDWLFH�$
�

ε .

3. Rekonstrukce výsledku násobení.

Parametry v tomto algoritmu jsou:

• druh waveletu,

• ~URYH �ZDYHOHWRYp�GHNRPSR]LFH�

• SUiKRYi�~URYH �

3UR�YROEX�GUXKX�ZDYHOHWX�MH�G OHåLWê�SRþHW� MHMLFK�QXORYêFK�PRPHQW ��3ODWt��åH�þtP�YtFH�Pi
ZDYHOHW� QXORYêFK�PRPHQW �� WtP� Y Wãt� tGNRVWL� GHNRPSRQRYDQp�PDWLFH� VH� GRViKQH�� +DDU Y
wavelet má pouze jeden nulový moment, a proto se pro uvedený algoritmus moc nehodí.



'DOHNR�YêKRGQ Mãt�MH�SRXåtYDW�VNXSLQX�ZDYHOHW �SURIHVRUN\�'DXEHFKLHV�>�@��'Q��X�NWHUêFK�'Q
wavelet má �Q �QXORYêFK�PRPHQW ���3R]QiPND��'��ZDYHOHW�RGSRYtGi�+DDURYX�ZDYHOHWX��

ÒURYH �ZDYHOHWRYp�GHNRPSR]LFH�VH�REY\NOH�YROt���Då���

3UDKRYRX� ~URYH � SUR� Y\QXORYiQt� SUYN � GHNRPSRQRYDQp� PDWLFH� MH� W HED� ]YROLW� SRGOH
SRåDGRYDQp�S HVQRVWL�

8Ni]ND�YêSRþWX

9�WpWR�XNi]FH�S HGYHGHPH�YêVOHGN\�QiVREHQt�PDWLFH�$ � iGX���� , pro kterou platí
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vektorem [ , [ L� = �� %\O� SRXåLW� ZDYHOHW� '�� �'DXEHFKLHV� ZDYHOHW� iGX� �� VH� �� QXORYêPL
momenty) a 5.�~URYH �GHNRPSR]LFH��3UDKRYi�~URYH �SUR�Y\QXORYiQt�SUYN �GHNRPSRQRYDQp
matice byla stanovena na 0.01.

Na obr.��� MVRX� ]Qi]RUQ Q\� QHQXORYp� SUYN\� GHNRPSRQRYDQp� PDWLFH� YH� VWDQGDUGQtP� D
QHVWDQGDUGQtP� WYDUX�� 6WDQGDUGQt� WYDU� MH� FKDUDNWHULVWLFNê� ÄSUVWRYêP³� XVSR iGiQtP� SUYN �
NGHåWR�QHVWDQGDUGQt� WYDU�Pi�SiVRYê�FKDUDNWHU��ýtVOD�XYHGHQi�SRG�REUi]N\�S HGVWDYXMt�SRþHW
QHQXORYêFK�SUYN �PDWLF��=D�SR]RUQRVW�VWRMt�PHQãt�SRþHW�QHQXORYêFK�SUYN �X�QHVWDQGDUGQtKR
tvaru. Na obr.��� MH�Y\NUHVOHQR�SRURYQiQt�YêSRþHWQt�QiURþQRVWL�S tPpKR�QiVREHQt�D�QiVREHQt
SRPRFt�ZDYHOHWRYp�WUDQVIRUPDFH�Y�SRGRE �]iYLVORVWL�SRþWX�RSHUDFt�Y�SRK\EOLYp� iGRYp�þiUFH
�IORSV��QD� SRþWX� SURYHGHQêFK� QiVREHQt� �L���2E �RV\� MVRX� Y� ORJDULWPLFNpP�P tWNX��=H� WpWR
]iYLVORVWL�MH�SDWUQp��åH�ZDYHOHWRYê�YêSRþHW�QiVREHQt�MH�MLå�SUR�þW\ L�QiVREHQt�YêKRGQ Mãt�QHå
S tPê�YêSRþHW�D�SUR�VWR�D�YtFH�QiVREHQt�GRFKi]t�WpP �N�GHVHWLQiVREQpPX�XU\FKOHQt�
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Obr.���3 tNODG�PDWLFH�YH�VWDQGDUGQtP��YOHYR��D�QHVWDQGDUGQtP��YSUDYR��WYDUX�
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Obr.���3RURYQiQt�YêSRþHWQt�QiURþQRVWL�S tPpKR�QiVREHQt�D�QiVREHQt�SRPRFt�ZDYHOHWRYp
transformace. / �MH�SRþHW�SURYHGHQêFK�QiVREHQt�

'DOHNR�S HVQ Mãt�E\�E\OR�Y\QHVHQt�]iYLVORVWL� VNXWHþQêFK�GRE�YêSRþWX�QD�SRþWX�SURYHGHQêFK
QiVREHQt�� DOH� MHOLNRå� E\O� ]NXãHEQt� S tNODG� YêSRþWX� ZDYHOHWRYpKR� QiVREHQt� QDSURJUDPRYiQ
pomocí Waveletového toolboxu MATLABu [5], tedy v�LQWHUSUHWDþQtP� SURVW HGt�� D� S tPê
YêSRþHW� QiVREHQt� SURYHGHQ� YHVWDY QRX� IXQNFt�0$7/$%X�� WM�� NRPSLODþQ �� E\O\� E\� ]tVNDQp
GRE\�YêSRþW �QHVRXP LWHOQp�

9� QiVOHGXMtFt� WDEXOFH� MVRX� XYHGHQ\� KRGQRW\� UHODWLYQtFK� FK\E� D� tGNRVWL� SUR� U ]Qp� SUDKRYp
~URYQ �D�SUR�GYD�W\S\�ZDYHOHW ��+DDU Y�ZDYHOHW�D�ZDYHOHW�'��SURI��'DXEHFKLHV��3UR�RED�W\S\
ZDYHOHW �E\OR�SRXåLWR����~URYQ �GHNRPSR]LFH�

Prahová +DDU Y�ZDYHOHW Wavelet D6 prof. Daubechies

~URYH tGNRVW Rel. chyba [%] tGNRVW Rel. chyba [%]

0 1.0000 0 1.0000 0

1.0e-05 0.7036 0.0005 0.4082 0.0010

1.0e-04 0.4439 0.0088 0.3186 0.0234

1.0e-03 0.2422 0.4871 0.2388 0.2742

1.0e-02 0.1207 3.7258 0.1378 2.6738

1.0e-01 0.0449 20.462 0.0530 27.151



=iY U

9�þOiQNX�SRSVDQi�PHWRGD� U\FKOpKR�QiVREHQt�PDWLFH� V�YHNWRUHP� MH� MHQ�PDORX�þiVWt� UR]ViKOp
WHRULH�DSOLNDFH�ZDYHOHW �Y�QXPHULFNp�DQDOê]H��9�WpWR�S HNRWQ �VH�UR]YtMHMtFt�REODVWL�QXPHULFNp
PDWHPDWLN\�VH�Q\Qt�SR]RUQRVW�VRXVW H XMH�S HGHYãtP�QD�
• SUREOpP\�LWHUDþQtFK�DOJRULWP ��NWHUp�ZDYHOHWRYê�S tVWXS�]QRYX�Y\QHVO�QD�VY WOR�SRSXODULW\�
• problémy vyšších dimenzí,
• SUREOpP\�QHOLQHiUQtFK�RSHUiWRU �

3UiFH� SRSVDQi� Y� WRPWR� þOiQNX� E\OD� SRGSRURYiQD� *UDQWRYRX� DJHQWXURX� ýHVNp� UHSXEOLN\
SURVW HGQLFWYtP�JUDQWX�þ��������������1RYp�PHWRG\�Y\KRGQRFRYiQt�VLJQiO �DNXVWLFNp�HPLVH�
D� XVNXWHþQ QD� Y� ÒVWDYX� I\]LNiOQtKR� LQåHQêUVWYt� )DNXOW\� DSOLNRYDQêFK� Y G� =iSDGRþHVNp
univerzity v Plzni.
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Multiplication of matrices using the wavelet approach

In this paper is described the algorithm for the rapid numerical applying a dense matrix
1 1×  to a vector. As is well known, applying directly a dense 1 1× -matrix to a vector
requires roughly 1

�

 operations, and this simple fact is a cause of serious difficulties
encountered in large-scale computations. The algoritm of this paper require order ( )2 1 1ORJ

operations.
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