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CCaappííttuulloo 22 :: CCoonnccoorrddâânncciiaa ddee MMooddeellooss
((ppeessqquuiissaa ddee ppaaddrrõõeess)) ((ppaatttteerrnn mmaattcchhiinngg))

•• (P�JUDQGH�SDUWH�GRV�FDVRV�GH�SHVTXLVD��R�TXH�VH�SUHWHQGH�HQFRQWUDU�QmR�p�XP�HOHPHQWR�VLPSOHV�PDV�VLP�XPD�GHWHUPLQDGD�VHTXrQFLD���
❒❒ 33UURREEOOHHPPDD�� 1XPD�FDGHLD�GH�FDUDFWHUHV��SURFXUDU�RFRUUrQFLDV���FRQFRUGkQFLDV��GH�XP�GDGR�SDGUmR��PRGHOR��

� � �� �� �� ��
p r o c u r a r o m o d e l o c a s o e x i s t a

� XPD�FRQFRUGkQFLD�RFRUUH�D�SDUWLU�GH�L  �����

�� $$SSOOLLFFDDoo}}HHVV�� 7RGR�R�WLSR�GH�SHVTXLVDV��HP�HVWUXWXUDV�VHTXHQFLDLV��
SDODYUDV��RX�IUDVHV��HP�WH[WRV��� VXE�OLVWDV�HP�OLVWDV���
SURFHVVDGRUHV�GH�WH[WR��PRWRUHV�GH�EXVFD��� ELRORJLD�PROHFXODU��ELEOLRWHFDV�GLJLWDLV��FULPLQRORJLD��� ILOWURV�GH�VSDP� LPDJHQV�GLJLWDLV�������

❒❒ ((VVSSHHFFLLIILLFFDDoommRR��
''DDGGRRVV�� FDGHLD�� s[1..n]�SDGUmR�� p[1..m] ( onde n >> m )�
55HHVVXXOOWWDDGGRR�� ORFDOL]DomR�GR�LQtFLR�GR�SDGUmR�QD�FDGHLD���

{ i ± [1..n] : � k ± [1..m] Á s[i + k – 1] = p[k] } 
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❒❒ 66RROOXXoommRR 77UULLYYLLDDOO�� ,U�GHVORFDQGR�R�PRGHOR�DR�ORQJR�GD�FDGHLD���� FRPSDUDQGR�FDUDFWHU�D�FDUDFWHU����
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� FRQFRUGkQFLD�� 

�� &&RRPPSSOOHH[[LLGGDDGGHH GGDD 66RROOXXoommRR 77UULLYYLLDDOO��
•• 1R�SLRU�FDVR�VmR�UHDOL]DGDV�P l Q FRPSDUDo}HV���
•• 4XDO�D�LQVWkQFLD�TXH�JHUD�R�SLRU�FDVR"��
•• 4XDLV�VmR�RV�PRGHORV�³GLItFHLV´"��
•• 1HFHVVLGDGH�GH�XP�DOJRULWPR�OLQHDU�HP�Q�
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{ solução trivial } 
 SURFHGXUH PesquisarModelo  ( s, p : cadeia; m, n : integer; 
 YDU indice : integer;  YDU achou : boolean); YDU i, j, k : integer; 
 iguais : boolean; 
 EHJLQ� i := 0; 
 achou:= IDOVH;

ZKLOH QRW achou DQG ( i < n–m+1) GR EHJLQ { QmR começa em [1..i–1]   H achou = (começa em i) } 
 { QmR começa em [1..i] } 
 { avançar modelo na cadeia } 
 i = i + 1; 
 k := 0; 
 iguais := WUXH;

ZKLOH iguais DQG ( k < m ) GR EHJLQ { concordância até k–1  H iguais = (s[i + k – 1] = p[k]) } 
{ concordância até k } 

 { avançar no modelo } 
 k := k + 1 ; 
 iguais := s[i + k –1] = p[k] 
 { concordância até k–1  H iguais = (s[i + k – 1] = p[k]) } HQG;

{ QmR iguais RX (k � P��} { iguais = (s[i + k – 1] = p[k]) } 
 

achou := iguais 
 { QmR começa em [1..i–1] H achou = (começa em i) } 
 HQG;

{ achou�RX (i � n–m+1) } { achou = (começa em i) } 
 

{ achou = ( � i ± [1..n] : � k ± [1..m] Á s[i + k – 1] = p[k])  } 
 LI achou 
 WKHQ indice := i { indice ± [1..n] : � k ± [1..m] Á s[indice + k – 1] = p[k]) } 
 HOVH indice := 0 { indice ² [1..n] } 
 HQG; { PesquisarModelo }�
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�� $$ LLGGHHLLDD��
•• $QDOLVHPRV�XP�H[HPSOR�GR�SLRU�FDVR��

�
� �� �� �� �� �� � � � � � � � � � � � � � � Q�

V a a a a a a a a a a a a a a a a a a a a b

S a a a a a b
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P

•• 6HULDP�HIHFWXDGDV��Q±P����l P FRPSDUDo}HV����
$SyV�D�FRPSDUDomR�V>�@���S>�@���� R�DOJRULWPR�WULYLDO�DYDQoDULD�R�SDGUmR�H�YROWDULD�D�FRPSDUDU��� V>�@� �S>�@��V>�@� �S>�@��V>�@� �S>�@��V>�@� �S>�@��V>�@� �S>�@������� 'HYHULD�FRPSDUDU�DSHQDV���V>�@� �S>�@����

•• 3UHWHQGHPRV�XP�DOJRULWPR�RQGH�FRQFRUGkQFLDV�DQWHULRUHV�QmR�YROWHP�D�VHU�WHVWDGDV��6y�DVVLP�SRGHUi�VHU�OLQHDU�HP�Q�
•• 2V�FDVRV�³PDXV´�VmR�SURYRFDGRV�SRU�FRQFRUGkQFLDV�SDUFLDLV���
•• $V�FRQFRUGkQFLDV�SDUFLDLV�VmR�SURYRFDGDV�SRU�UHSHWLo}HV�GHQWUR�GR�PRGHOR���
•• 3UHWHQGHPRV�XP�DOJRULWPR�TXH�³FRQKHoD´�DV�UHSHWLo}HV�H[LVWHQWHV�QR�PRGHOR��



&DS������&RQFRUGkQFLD�GH�0RGHORV���������������������������������������������������������������������������������������������������������������������
_________________________________________________________________________________________ 
 

_________________________________________________________________________________________ 
 7LSRV�$EVWUDFWRV�GH�'DGRV�������������������������������������������������������������������������������������������5RViOLD�5RGULJXHV�

•• &RPR�UHJLVWDU�DV�UHSHWLo}HV"��
•• 9ROWDQGR�DR�SULPHLUR�H[HPSOR���

L
V ... a b c a b c a b d a b c ...  

S a b c a b d a b c 

� � � �� �� �� �� �� ��  

N
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•• $V�5HSHWLo}HV�HP�S�YmR�VHU�UHJLVWDGDV�QXP�YHFWRU�DX[LOLDU����
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S D D� D� D� D� E�  

� �� �� �� �� ��  

5 0 1 2 3 4 0  

S>�@� �S>�@� �S>�@� �S>�@� �S>�@ 

�� $$OOJJRRUULLWWPPRR SSDDUUDD DD FFRRQQVVWWUUXXoommRR GGRR YYHHFFWWRRUU 55��

R[1] � 0
k � 1
para  i = 2 .. m 
 se  p[i] = p [k] 
 então  R[i] � k

k � k + 1 
 senão  R[i] � 0

k � 1

SURFHGXUH construirR ( p : cadeia; m : integer; YDU R : vector); � YDU i, k : integer; 
 EHJLQ� IRU��i := 1 WR m GR�� R[i] := 0; 
 

k := 1; 
 IRU��i := 2 WR m GR�� LI�p[i] = p[k] � WKHQ��EHJLQ R[i] := k; 
 k := k + 1 � HQG�� HOVH� k := 1 � HQG; { construirR }�
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�� 22 DDOOJJRRUULLWWPPRR ..0033��

•• 6H�IRL�YHULILFDGD�XPD�GHVLJXDOGDGH�SDUD�N  ������ L
... D E� F D� E� F� D� E� G� D� E� F� ...
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S D E� F� D� E� G� D� E� F�  

R PRGHOR�DYDQoD�QD�FDGHLD��FRQWLQXDQGR�N� �����
i � i + 1 

�
•• &RPR�FRQWLQXDU�R�SURFHVVR�DSyV�XPD�FRQFRUGkQFLD�SDUFLDO"
•• 6H�IRL�YHULILFDGD�XPD�LJXDOGDGH�s[i] = p[k]� FRPR�SDUD�N  ������

... D E F D E F� D� E� G� D� E� F� ...
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GHYHUmR�VHU�FRPSDUDGRV�RV�GRLV�FDUDFWHUHV�VHJXLQWHV���
i � i + 1 

 k � k + 1 
�
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•• 6H�IRL�YHULILFDGD�XPD�GHVLJXDOGDGH�s[i] � S>N@� WDO�FRPR�SDUD�
N  ������
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e QHFHVViULR�UHJUHVVDU�DR�FDUDFWHU�³FRUUHVSRQGHQWH´�QR�VXE�SDGUmR�DQWHULRU��2X�VHMD���
k � R[k-1] + 1 

�

•• ( SURFHVVR�FRQWLQXDULD��SDUD�R�PHVPR�L� YROWDQGR�D�FRPSDUDU�V>L@�FRP�S>N@���
•• 3DUD�R�RXWUR�H[HPSOR���
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•• ( PDLV�XP�H[HPSOR��� L
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S D E D� E� F� G�  

� �� �� �� �� ��  

5 0 0 1 2 0 0  

N ����� �

V>L@���S>�@� ���N�� 5>N��@��� �5>�@��� ���� V>L@���S>�@� ��� L�� L �����

•• 2 L DYDQoD�TXDQGR�D�GHVLJXDOGDGH�p�YHULILFDGD�SDUD�N� �����

•• 3RUWDQWR��
 se  k = 1 
 então  i � i + 1 
 senão  k � R[k-1] + 1 

�
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•• ( DSyV�XPD�FRQFRUGkQFLD�WRWDO"
L

... D E F D E F D� E� F� ...

S D E F D E F
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N ����� �
V>L@� �S>�@� ��� L�� L ������ N�� N ���� ����� N !�P�� ���GHWHFWDGD�XPD�FRQFRUGkQFLD��� p QHFHVViULR�UHFXDU�QR�PRGHOR��� XWLOL]DQGR�D�PHVPD�IyUPXOD���

•• 1RWH�VH�TXH��QHVWH�FDVR��H[LVWHP�GXDV�FRQFRUGkQFLDV�WRWDLV���

•• 3DUD�XPD�FDGHLD�GH�FRPSULPHQWR�Q� R�DOJRULWPR�.03�QXQFD�HIHFWXD�PDLV�GH�GXDV�FRPSDUDo}HV�SRU�HOHPHQWR��$VVLP��R�Q~PHUR�WRWDO�GH�FRPSDUDo}HV�YDULD�HQWUH�Q�H��Q��VHQGR�SRUWDQWR�XP�DOJRULWPR�OLQHDU�
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{ Algoritmo KMP }�
SURFHGXUH ContarConcordancias  ( s, p : cadeia; m, n : integer; 
 YDU R : vector;  YDU conc : integer ); YDU i, k : integer; 
 EHJLQ� construirR(p, m, R); 
 

conc := 0; 
 i := 1; 
 k := 1; 
 ZKLOH i <= n  GR�
 LI s[i] = p[k] 
 WKHQ��EHJLQ { concordância parcial } 

i := i + 1; 
 k := k + 1; 
 LI k > m 
 WKHQ��{ concordância total }�EHJLQ conc := conc + 1; 
 k := R[k-1] + 1 
 HQG�
 HQG�� HOVH��{ desigualdade }�LI� k = 1 
 WKHQ i := i + 1 
 HOVH k := R[k-1] + 1  
 HQG; { ContarConcordancias }�

H[HUFtFLR�� $GDSWDU�HVWH�PyGXOR�SDUD�D�XWLOL]DomR�HP�ILFKHLURV�GH�WH[WR��3RU�H[HPSOR��SURFXUDU�XPD�IUDVH��FRQWDU�DV�RFRUUrQFLDV�GH�XPD�SDODYUD�������
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❒❒ 22 00RRGGHHOORR 00DDWWHHPPiiWWLLFFRR GGRR $$OOJJRRUULLWWPPRR ..0033��

'HILQLomR� 8P�$XWyPDWR�)LQLWR�'HWHUPLQLVWD��$)'� p�XP�TXtQWXSOR�RUGHQDGR��� $  ��4��È� G� T�� )��� RQGH���
•• 4 p XP�FRQMXQWR�ILQLWR��QmR�YD]LR��GH�HVWDGRV�
•• È p XP�FRQMXQWR�ILQLWR��DOIDEHWR� GH�VtPERORV�GH�HQWUDGD�
•• G � 4�� È�| 4 p D�IXQomR��SDUFLDO��GH�WUDQVLomR�RX�
GH�PXGDQoD�GH�HVWDGR�

•• T� ± 4 p R�HVWDGR�LQLFLDO�
•• ) ° 4 p R�FRQMXQWR�GRV�HVWDGRV�ILQDLV�RX�GH�DFHLWDomR�

LQSXW��

HVWDGR� ( DFHLWD�/ UHMHLWD ) �

•• 3DUD�FDGD�PRGHOR�D�SHVTXLVDU��R�DOJRULWPR�.03�FRQVLVWH�QD�FRQVWUXomR�GH�XP�$)'�H�QD�VLPXODomR�GR�VHX�IXQFLRQDPHQWR�DR�ORQJR�GD�FDGHLD��LQSXW� GH�SHVTXLVD�����
•• 8P�HVWDGR�GH�DFHLWDomR�GR�DXWyPDWR�FRUUHVSRQGH�D�XPD�FRQFRUGkQFLD�WRWDO�
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�
•• $ FDGD�PRGHOR�FRUUHVSRQGH�XP�$)'��FXMD�IXQomR�GH�WUDQVLomR�IRL�UHSUHVHQWDGD�SHOR�YHFWRU�5�
3RU�H[HPSOR��� S D E� F� D� E� F�

� �� �� �� �� ��
5 � � � � � �

RX��QD�UHSUHVHQWDomR�KDELWXDO�GH�DXWyPDWRV���

G (q5, F) = q6

SRU�H[HPSOR� R[5] = 2  ¾ G (q5, x) = q2 , � x � F

•• 3DUWLQGR�GR�HVWDGR�LQLFLDO��0���D�OHLWXUD�GD�VHTXrQFLD�DEFDEF�
FRQGX]�DR�HVWDGR�GH�DFHLWDomR���6)���

�
•• $SyV�XPD�GHVLJXDOGDGH��RX�XPD�FRQFRUGkQFLD�WRWDO��R�DXWyPDWR�UHJUHVVD�D�XP�GRV�HVWDGRV�DQWHULRUHV���
•• (VVH�³UHJUHVVR´�HUD�UHSUHVHQWDGR�SHOD�IyUPXOD��k := R[k-1] + 1 
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❒❒ 88PPDD YYDDUULLDDQQWWHH GGRR $$OOJJRRUULLWWPPRR ..0033��

•• 1R�DOJRULWPR�.03�EDVH��R�YHFWRU�5�p�VHPSUH�XWLOL]DGR�DWUDYpV�GD�
IyUPXOD��k := R[k-1] + 1�

•• 8PD�DOWHUDomR�VLPSOHV��SDUD�HYLWDU�D�VXEWUDFomR�H�D�VRPD��FRQVLVWH�HP�UHJLVWDU�QXP�YHFWRU�6�R�UHVXOWDGR�GHVVD�IyUPXOD��� 3RU�H[HPSOR��� S D E� F� D� E� F� �
� �� �� �� �� �� ��
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8WLOL]DomR�GH�PDLV�XP�HOHPHQWR��N� �P����SDUD�R�FDVR�GD�FRQFRUGkQFLD�WRWDO�

SURFHGXUH construirS ( p : cadeia; m : integer; YDU S : vector); � YDU i, k : integer; 
 EHJLQ� S[1] := 1; 
 k := 1; 
 IRU��i := 2 WR m GR�� EHJLQ� S[i] := k;�LI�p[i] = p[k]�WKHQ��k := k + 1�HOVH��k := 1�HQG;

S[m+1] := k � HQG; { construirS }�
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•• 1R�H[HPSOR�VHJXLQWH�p�XWLOL]DGD�XPD�IXQomR�$ SHVTXLVD�p�UHDOL]DGD�QXP�ILFKHLUR�)�GH�WH[WR��FRQVLGHUDGR�JOREDO�j�IXQomR��H�R�YHFWRU�6�p�ORFDO���
IXQFWLRQ concordancias ( p : cadeia; m : integer ) : integer; YDU k, c : integer; 
 car : char; 
 S : vector; 
 EHJLQ� construirS(p, m, S); 
 

c := 0; 
 k := 1; 
 

reset(F); 
 read(F, car); 
 ZKLOH QRW eof(F)  GR�
 LI car = p[k] 
 WKHQ��EHJLQ { concordância parcial } 

read(F, car); 
 k := k + 1; 
 LI k > m 
 WKHQ��{ concordância total }�EHJLQ c := c + 1; 
 k := S[k] 
 HQG�
 HQG�� HOVH��{ desigualdade }�LI� k = 1 
 WKHQ read(F, car) 
 HOVH k := S[k]; 
 

close(F); 
 

concordancias := c 
 HQG; { concordancias }�
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❒❒ 33HHVVTTXXLLVVDD QQXXPPDD //LLVVWWDD //LLQQHHDDUU //LLJJDDGGDD��

•• &RQVLGHUHPRV�DJRUD�TXH�R�GRPtQLR�GH�SHVTXLVD�p�XPD�OLVWD�OLQHDU�OLJDGD��GHILQLGD�SRU��� W\SH lista = ^elemento;  
 elemento =  UHFRUG letra : char; 
 prox : lista 
 HQG;

IXQFWLRQ concordancias ( ponta : lista; p : cadeia; m : integer ) : integer; YDU k, c : integer; 
 S : vector; 
 este : lista; 
 EHJLQ� construirS(p, m, S); 
 c := 0; 
 k := 1; 
 este := ponta; 
 ZKLOH este <> nil GR�
 LI este^.letra = p[k] 
 WKHQ��EHJLQ { concordância parcial } 

este := este^.prox; 
 k := k + 1; 
 LI k > m 
 WKHQ��{ concordância total }�EHJLQ c := c + 1; 
 k := S[k] 
 HQG�
 HQG�
 HOVH��{ desigualdade }�LI� k = 1 
 WKHQ este := este^.prox 
 HOVH k := S[k]; 
 

concordancias := c 
 HQG; { concordancias }�
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�
❒❒ 55HHSSUUHHVVHHQQWWDDoommRR GGRR 00RRGGHHOORR SSRRUU XXPPDD //LLVVWWDD //LLJJDDGGDD��

•• 3DUD�UHSUHVHQWDU�R�PRGHOR�QXPD�IRUPD�³VHPHOKDQWH´�D�XP�$XWyPDWR�)LQLWR�'HWHUPLQLVWD��FRQVLGHUHPRV�D�VHJXLQWH�OLVWD�GXSODPHQWH�OLJDGD�

W\SH modelo = ^elemento;  
 elemento =  UHFRUG letra : char; 
 SUR[, UHFXD : modelo 
 HQG;

•• 2 SRQWHLUR�SUR[�p�XWLOL]DGR�QR�FDVR�GH�XPD�LJXDOGDGH�GH�FDUDFWHUHV��N�� N����H��QR�FDVR�GH�XPD�GHVLJXDOGDGH��R�SRQWHLUR�UHFXD�VHJXH�DV�WUDQVLo}HV�GHILQLGDV�SHOR�YHFWRU�6��N�� 6>N@���� 3RU�H[HPSOR��DR�PRGHOR��� S D E� F� D� E� F�
� �� �� �� �� ��
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FRUUHVSRQGH�D�OLVWD���

•• 2 GHVORFDPHQWR�GHVWD�HVWUXWXUD�DR�ORQJR�GR�GRPtQLR�GH�SHVTXLVD��VLPXOD�R�IXQFLRQDPHQWR�GH�XP�$XWyPDWR�)LQLWR�'HWHUPLQLVWD��
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�
•• $VVXPLQGR�TXH�HVWD�UHSUHVHQWDomR�GR�PRGHOR�IRL�Mi�FRQVWUXtGD���

IXQFWLRQ concordancias ( ponta : lista; inicio : modelo ) : integer; 
 YDU c : integer; 
 este : lista; 
 p : modelo; 
 EHJLQ� c := 0; 
 este := ponta; 
 p := inicio; 
 ZKLOH este <> nil GR�� LI este^.letra = p^.letra 
 WKHQ��EHJLQ { concordância parcial } 

este := este^.prox; 
 LI p^.prox = nil 
 WKHQ��{ concordância total }�EHJLQ c := c + 1; 
 p := p^. recua 
 HQG�� HOVH��p := p^. prox 
 HQG�� HOVH��{ desigualdade }�LI� p = inicio 
 WKHQ este := este^.prox 
 HOVH p := p^. recua; 
 

concordancias := c 
 HQG; { concordancias }�
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❒❒ &&RRQQVVWWUUXXoommRR GGDD 55HHSSUUHHVVHHQQWWDDoommRR��

•• $ SDUWLU�GR�SDGUmR�LQLFLDO�H�GR�YHFWRU�6��FRPHoDPRV�SRU�FRQVWUXLU�D OLVWD�H�GHILQLU�RV�FDPSRV�OHWUD�H�SUR[�
3RU�H[HPSOR��� S D E� F� D� E� F�
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•• 3URFXUHPRV�XP�DOJRULWPR�SDUD�D�GHILQLomR�GR�FDPSR�UHFXD�
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�
�� $$OOJJRRUULLWWPPRR ����

YDU�p, ant, aux : modelo; 
 …

p := inicio; 
 p^.recua := inicio; 
 ZKLOH p^.prox <> nil  GR�� EHJLQ��ant := p; 
 p := p^.prox; 
 aux := ant^.recua; 
 ZKLOH ( aux^.letra <> ant^.letra ) DQG ( aux <> inicio ) GR 

aux := aux^.recua; 
 LI ( aux^.letra = ant^.letra ) DQG (ant <> inicio) 
 WKHQ p^.recua := aux^.prox 
 HOVH p^.recua := inicio � HQG;
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•• &RP�EDVH�QR�DOJRULWPR�XWLOL]DGR�SDUD�D�FRQVWUXomR�GR�YHFWRU�6�
YDU i, k : integer; 

 …

S[1] := 1; 
 k := 1; 
 IRU��i := 2 WR m GR�� EHJLQ� S[i] := k;�LI�p[i] = p[k]�WKHQ��k := k + 1�HOVH��k := 1�HQG;

…

H DGDSWDQGR�GLUHFWDPHQWH���
YDU�p, aux : modelo; 

 … 

p := inicio; 
 aux := inicio; 
 p^.recua := inicio; 
 ZKLOH p^.prox <> nil  GR�� EHJLQ��p := p^.prox; 
 p^.recua := aux; 
 LI p^.letra = aux^.letra  
 WKHQ aux := aux^.prox 
 HOVH aux := inicio � HQG;
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•• &RPSDUH�D�HILFLrQFLD�GRV�GRLV�DOJRULWPRV�DQWHULRUHV��QD�FRQVWUXomR�GDV�OLVWDV�DVVRFLDGDV�DRV�PRGHORV���
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