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CCaappííttuulloo 44 :: ÁÁrrvvoorreess

❒❒ 22 77$$'' ÈÈUUYYRRUUHH %%LLQQiiUULLDD

^ 1R�FRQWH[WR�GDV�(VWUXWXUDV�GH�'DGRV�`��8PD�ÈUYRUH�%LQiULD�p�XP�FRQMXQWR�ILQLWR�GH�1yV��WDO�TXH��
• RX�p�R�FRQMXQWR�YD]LR�
• RX�p�FRQVWLWXtGD�SRU�XPD�UDL]�H�GXDV�ÈUYRUHV�%LQiULDV�GLVWLQWDV���FKDPDGDV�VXE�iUYRUH�HVTXHUGD�H�VXE�iUYRUH�GLUHLWD����

• 2SHUDo}HV�
criar(T)� ^ FULDU�XPD�ÈUYRUH�%LQiULD�YD]LD�`� �

 vazia(T)� ^ YHULILFDU�VH�D�ÈUYRUH�%LQiULD�p�YD]LD�`�
 construir(R, e, S)� ^ FRQVWUXLU�XPD�$%��D�SDUWLU�GH�XP�HOHPHQWR��

H GXDV�RXWUDV�$%V�`�
 esquerda(T)� ^ D�VXE�iUYRUH�HVTXHUGD�`�
 direita(T)� ^ D�VXE�iUYRUH�GLUHLWD�`�
 consultar(T)� ^ FRQVXOWDU�R�HOHPHQWR�GD�UDL]�`�
�

2SHUDGRUHV�H�$[LRPDV�
criar :  © � T 

 vazia :  T � { verdadeiro, falso } 
 construir :  T � e � T � T

direita :  T � T
esquerda :  T � T
consultar :  T � e
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vazia(criar) = verdadeiro 
 vazia(construir(R, e, S)) = falso 
 esquerda(criar) = “erro” 
 direita(criar) = “erro” 
 consultar(criar) = “erro” 
 esquerda(construir(R, e, S)) = R 
 direita(construir(R, e, S)) = S 
 consultar(construir(R, e, S)) = e 
�

• 5HSUHVHQWDomR�
2 7$'�ÈUYRUH�%LQiULD�p�IDFLOPHQWH�UHSUHVHQWiYHO�SRU�XPD��� (VWUXWXUD�GXSODPHQWH�OLJDGD���
W\SH��ArvoreBinaria  = ^no;   

 no =  UHFRUG elemento : tipo; 
 esq, dir : ArvoreBinaria 
 HQG;

YDU raiz : ArvoreBinaria; 
�
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�([HUFtFLR� ,PSOHPHQWH�DV�VHLV�RSHUDo}HV�EiVLFDV���
• $ GHILQLomR�GXSODPHQWH�UHFRUUHQWH�GH�ÈUYRUH�%LQiULD�FRQGX]��QDWXUDOPHQWH��j�FRQVWUXomR�GH�DOJRULWPRV�GXSODPHQWH�UHFRUUHQWHV�SDUD��FySLD��LJXDOGDGH��WUDYHVVLDV��SHVTXLVDV�������
• $ FRPELQDomR�GD�5HFRUUrQFLD�'XSOD�FRP�D�$EVWUDFomR�GDV�2SHUDo}HV�SHUPLWH�D�HODERUDomR�GH�DOJRULWPRV�VLPSOHV�H�³FRPSDFWRV´���

&RQVWUXLU�XPD�&ySLD�GH�XPD�ÈUYRUH�%LQiULD���
R Cópia( T ) : 

 se vazia(T) 
 então  criar(R) 
 senão  E Cópia( esquerda(T) )  
 D Cópia( direita(T) ) 
 elemento consultar(T) 
 R construir(E, elemento, D) 
�

IXQFWLRQ copia (t : ArvoreBinaria) : ArvoreBinaria; 
 YDU c, e, d : ArvoreBinaria; 
 EHJLQ LI vazia(t)�WKHQ criar(c) 
 HOVH EHJLQ e:= copia(esquerda(t)); 
 d:= copia(direita(t)); 
 c:= construir(e, consultar(t), d) 
 HQG;

copia:= c 
 HQG; { copia } 
�
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• 7UDYHVVLDV�GH�XPD�ÈUYRUH�%LQiULD�

3Up�2UGHP��� ��� UDL]��� ��� VXE�iUYRUH�HVTXHUGD��� ����VXE�iUYRUH�GLUHLWD��� ^ $�%�& ' ( ) * + , - .�/ 0�1`
(P�2UGHP��� ��� VXE�iUYRUH�HVTXHUGD��� ��� UDL]��� ����VXE�iUYRUH�GLUHLWD���� ^ & % ( ' * ) $�, + / . 0 - 1`
3RV�2UGHP��� ��� VXE�iUYRUH�HVTXHUGD��� ����VXE�iUYRUH�GLUHLWD��� ��� UDL]��� ^ & (�*�)�'�%�, /�0�.�1 - +�$`��

• 1DV�WUrV�7UDYHVVLDV�%iVLFDV�D�RUGHP�GDV�³IROKDV´�SHUPDQHFH�FRQVWDQWH��3RUTXH�VHUi"��

7UDYHVVLD�SRU�1tYHLV��� ^�$�%�+�& ' , - ( ) .�1 *�/�0�`��
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�
• 1D�VXD�IRUPD�GXSODPHQWH�UHFRUUHQWH��D�LPSOHPHQWDomR�GDV�WUrV�7UDYHVVLDV�%iVLFDV�p�PXLWR�VLPSOHV��3RU�H[HPSOR���
SURFHGXUH TravessiaPreOrdem (t : ArvoreBinaria);   
 EHJLQ LI QRW vazia(t)�WKHQ��EHJLQ��writeln(consultar(t)); 
 TravessiaPreOrdem(esquerda(t)); 
 TravessiaPreOrdem(direita(t)) 
 HQG�
 HQG; { TravessiaPreOrdem } 
�

• &RQWXGR��DV�FRUUHVSRQGHQWHV�YHUV}HV�LWHUDWLYDV�VmR�EHP�PDLV�FRPSOLFDGDV��$�YHUVmR�LWHUDWLYD�GD�WUDYHVVLD�HP�33UUpp��22UUGGHHPP p�REWLGD�SHOD�XWLOL]DomR��TXDVH��GLUHFWD�GH�XPD�3LOKD��DVVLP�FRPR�D�YHUVmR�LWHUDWLYD�GD�WUDYHVVLD�33RRUU 11ttYYHHLLVV p�REWLGD�SHOD�XWLOL]DomR�GH�XPD�)LOD�DX[LOLDU����

• $QDOLVHPRV�R�FDVR�GD�WUDYHVVLD�((PP��22UUGGHHPP���
SURFHGXUH TravessiaEmOrdem (t : ArvoreBinaria);   
 EHJLQ LI QRW vazia(t)�WKHQ��EHJLQ��TravessiaEmOrdem(esquerda(t)); 
 writeln(consultar(t)); 
 TravessiaEmOrdem(direita(t)) 
 HQG�
 HQG; { TravessiaEmOrdem } 
�

• 8PD�HVWUDWpJLD�SDUD�D�FRQVWUXomR�GH�XPD�YHUVmR�LWHUDWLYD�GD�WUDYHVVLD�((PP��22UUGGHHPP FRQVLVWH�QD�XWLOL]DomR�GH�XPD�3LOKD�SDUD�JXDUGDU��RV�SRQWHLURV�SDUD��DV�VXE�iUYRUHV�DLQGD�QmR�YLVLWDGDV��
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�SURFHGXUH TravessiaEmOrdemIterativa (t : ArvoreBinaria);   
 YDU p : ArvoreBinaria; 
 S : PilhadeArvoresBinarias; 
 acabou : boolean; 
 EHJLQ criar(S); 
 p:= t;  
 { começar por guardar a raiz } 

por(p, S); 
 acabou:= false; 
 ZKLOH�QRW acabou GR 

LI�QRW vazia(p) 
 WKHQ��EHJLQ { descer para a esquerda e guardar } 

p:= esquerda(p); 
 por(p, s) 
 HQG�� HOVH��EHJLQ { subir a partir da sub-árvore vazia } 

tirar(S); { remover a sub-árvore vazia } 
 

{ consultar a Pilha }  
 LI vazia(S) 
 WKHQ { toda a árvore foi visitada } 

acabou:= true 
 HOVH��EHJLQ { visitar o topo da Pilha } 

p:= topo(S); 
 writeln(consultar(p)); 
 { e remover } 

tirar(S); 
 

{ descer para a direita } 
 p:= direita(p); 
 { e guardar } 
 por(p, S) 
 HQG�
 HQG�� HQG; { TravessiaEmOrdemIterativa } �
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�3RU�H[HPSOR���

YLVLWD�� $�� %�� &�� '�� (�� )�� *� YD]LD�6��

• ([HUFtFLR� $�HVWUDWpJLD�SDUD�D�FRQVWUXomR�GH�XPD�YHUVmR�LWHUDWLYD�SDUD�D�WUDYHVVLD�33yyVV��22UUGGHHPP WDPEpP�XWLOL]D�XPD�3LOKD�DX[LOLDU��PDV�p�XP�SRXFR�PDLV�FRPSOLFDGD�«��
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8PD�$SOLFDomR�GDV�WUrV�7UDYHVVLDV�%iVLFDV����
• 5HSUHVHQWDomR�GH�([SUHVV}HV�$ULWPpWLFDV��

7UDYHVVLD�3Up�2UGHP��� + 
 / a ^ b c d e  ^ 1RWDomR�SUHIL[�`�
�
7UDYHVVLD�(P�2UGHP��� a / b ^ c 
 d + e  ^ 1RWDomR�LQIL[�`�
 
7UDYHVVLD�3RV�2UGHP��� a b c ^ / d 
 e +  ^ 1RWDomR�SRVWIL[�`�
�
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�
❒❒ $$OOJJXXPPDDVV &&RRQQWWDDJJHHQQVV HHPP ÈÈUUYYRRUUHHVV %%LLQQiiUULLDDVV

3DUD�XPD�GDGD�iUYRUH�ELQiULD��VHMDP���
• Q R Q~PHUR�WRWDO�GH�YpUWLFHV��WDPDQKR�
• H R Q~PHUR�GH�YpUWLFHV�H[WHUQRV��IROKDV�
• L R Q~PHUR�GH�YpUWLFHV�LQWHUQRV�
• K D DOWXUD�

�
� VH���YD]LD�W��� K�W�� ��� ����PD[��K�HVTXHUGD�W����K�GLUHLWD�W������

GHILQLomR� ÈUYRUH�ELQiULD�SHUIHLWD��RX�WRWDO����

XPD�iUYRUH�ELQiULD�W�GH�DOWXUD�K� ���p�SHUIHLWD�� XPD�iUYRUH�ELQiULD�W�GH�DOWXUD�K�!���p�SHUIHLWD���� VH�HVTXHUGD�W��H�GLUHLWD�W��VmR�SHUIHLWDV�GH�DOWXUD�K����
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�
WHRUHPD� 8PD�iUYRUH�ELQiULD�SHUIHLWD�GH�DOWXUD�K WHP��K���YpUWLFHV�

GHPRQVWUDomR��SRU�,QGXomR�VREUH�K��
•• XPD�iUYRUH�ELQiULD�FRP�K ���YD]LD��WHP�� YpUWLFHV��
•• XPD�iUYRUH�ELQiULD�SHUIHLWD�GH�DOWXUD�K���WHP�GXDV�VXE�
iUYRUHV�SHUIHLWDV�GH�DOWXUD�K� FDGD�XPD�FRP��K���YpUWLFHV��
3RUWDQWR����K������������K���� ��K�������

FRUROiULR� $ DOWXUD�GH�XPD�iUYRUH�ELQiULD�SHUIHLWD�FRP�Q YpUWLFHV�p�
LJXDO�D�ORJ� �Q����

WHRUHPD� 8PD�iUYRUH�ELQiULD�SHUIHLWD�GH�DOWXUD�K!��WHP��K���IROKDV��
GHPRQVWUDU��SRU�,QGXomR�VREUH�K�

FRUROiULR� 1XPD�iUYRUH�ELQiULD�SHUIHLWD��FDGD�QtYHO�N FRQWpP��N���YpUWLFHV��

nível  1 1 vértice 
 

2 2 vértices 
 

3 4 
 

4 8 
 

5 16 
 

FRUROiULR� Q  ��� � �� � �������K��� ��K � ����
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�
SURSULHGDGH� 1XPD�iUYRUH�ELQiULD�SHUIHLWD��QmR�YD]LD��H  �L�����

Q  ��K � ����� H� ��K���
L  �Q���H� ��K � �K������� ��K����������

SURSULHGDGH� 1XPD�iUYRUH�ELQiULD�SHUIHLWD��K!�� PDLV�GH�PHWDGH�GRV�YpUWLFHV�VmR�IROKDV��� Q  ��K � ����� Á H�Q�!�ò�� H� ��K���

SURSULHGDGH� 1XPD�iUYRUH�ELQiULD�SHUIHLWD��VXILFLHQWHPHQWH�JUDQGH��
R QtYHO�PpGLR�GH�XP�YpUWLFH�p�FHUFD�GH�K���
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0DV�QHP�WRGDV�DV�iUYRUHV�ELQiULDV�VmR�SHUIHLWDV�����
WHRUHPD� 2 Q~PHUR�GH�iUYRUHV�ELQiULDV�FRP�Q YpUWLFHV�p�LJXDO�

DR�1~PHUR�GH�&DWDODQ�GH�RUGHP�Q�

Q &Q
0 1     

 1                           1   
 2                           2     
 3                           5  
 4                          14            
 5                          42     
 6                         132   
 7                         429       
 8                       1,430    
 9                       4,862    
 10                      16,796    
 11                      58,786    
 12                     208,012             
 13                     742,900     
 14                   2,674,440    
 15                   9,694,845       

 16                  35,357,670   
 ... �

SRU�H[HPSOR��SDUD�Q� ����
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�
WHRUHPD� (P�TXDOTXHU�iUYRUH�ELQiULD�QmR�YD]LD�GH�DOWXUD�K�

FRP�Q YpUWLFHV��H IROKDV�H�L YpUWLFHV�LQWHUQRV��
• K ≤ Q ≤ �K ���
�

• � ≤ H ≤ �K���
• K���≤ L ≤ �K������
�
• ORJ� �Q����≤ K ≤ Q

WHRUHPD� (P�TXDOTXHU�iUYRUH�ELQiULD�QmR�YD]LD��FRP��
� Q� R Q~PHUR�GH�YpUWLFHV�FRP���VXE�iUYRUHV�QmR�YD]LDV��� Q� R Q~PHUR�GH�YpUWLFHV�FRP���VXE�iUYRUH�QmR�YD]LD��Q� R Q~PHUR�GH�IROKDV��HQWmR���Q�  Q� � ���

GHILQLomR� 8PD�iUYRUH�ELQiULD�GH�DOWXUD�K FKDPD�VH�FRPSOHWD�TXDQGR���
• &DGD�QtYHO�N  ������K���FRQWpP��N���YpUWLFHV��
• 7RGDV�DV�IROKDV�QR�QtYHO�K HVWmR�FKHJDGDV�j�HVTXHUGD��
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WHRUHPD� 1XPD�iUYRUH�ELQiULD�FRPSOHWD�FRP�Q YpUWLFHV�H�DOWXUD�K�
• �K���≤ Q ≤ �K ���
�
• ORJ� �Q����≤ K ≤ ORJ�Q �����
• K  � ORJ�Q  � ��

�

FRUROiULR� 1XPD�iUYRUH�ELQiULD�FRPSOHWD�FRP�Q YpUWLFHV��R�FRPSULPHQWR�Pi[LPR�GH�XP�FDPLQKR�GHVGH�D�UDL]�DWp�
TXDOTXHU�YpUWLFH�p�2�ORJ�Q��

SURSULHGDGH� 8PD�iUYRUH�ELQiULD�FRPSOHWD�FRP�Q YpUWLFHV�p�XQLYRFDPHQWH�UHSUHVHQWiYHO��SRU�QtYHLV��QXP�YHFWRU�
GH�Q HOHPHQWRV���

$VVLP��RV�YpUWLFHV�GD�iUYRUH�SRGHP�VHU�QXPHUDGRV� 
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❒❒ $$PPRRQQWWRRDDGGRRVV %%LLQQiiUULLRRVV �� KKHHDDSSVV ��

GHILQLomR� 2V�HOHPHQWRV�GR�YHFWRU�[>���Q@�GL]HP�VH�DPRQWRDGRV�� IRUPDP�XP�KHDS���TXDQGR��� � N ± >�����Q@�w [>N�GLY��@�≥ [>N@�

SRU�H[HPSOR���
1 2 3 4 5 6 7 8 9 10 

[ �� �� �� �� �� �� �� �� � ��

5HSUHVHQWDomR�VHTXHQFLDO�GH��XPD�iUYRUH�ELQiULD�FRPSOHWD���

2QGH���
•• � N ± >�����Q�GLY��@�w [>N@�≥ [>�N@�[>N@�≥ [>�N����@�
•• [>N@�p SDL�GH��[>�N@�H�GH�[>�N����@�
•• [>�@�p R�PDLRU�HOHPHQWR�GR�YHFWRU�
•• 7UDWDQGR�VH�GH�XPD�iUYRUH�ELQiULD�FRPSOHWD��DV�RSHUDo}HV�
VmR�2�K�� �2�ORJ�Q��
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¨̈ 3URPRomR��
•• ([LVWH�XP�~QLFR�YpUWLFH�N ��[>N@�!�[>N�GLY��@�
•• ,U�WURFDQGR�FRP�R�SDL��HQTXDQWR�IRU�SUHFLVR����
•• $OJRULWPR���

enquanto  x[k] > x[k GLY 2]  e  k > 1 
 

x[k] ↔ x[k GLY 2] 
 k ← k GLY 2 
�

¨̈ ,QVHUomR��
•• ,QVHULU�XP�QRYR�YDORU�HP�[>���Q@�
•• -XQWDU�QR�ILP�H�SURPRYHU��
•• $OJRULWPR���

n ← n + 1  
 x[n] ← novo 
 

promover(n) 
�
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¨̈ 'HVSURPRomR��
•• 8P�~QLFR�YpUWLFH�N ��[>N@���[>�N@� RX��[>N@���[>�N����@�
•• ,U�WURFDQGR�FRP�R�PDLRU�ILOKR���
•• $OJRULWPR���

enquanto  2k ≤ n

j ← indice do max{ x[2k], x[2k+1] } 
 

se x[k] ≥ x[j]  parar (!) 
 

x[k] ↔ x[j] 
 k ← j

¨̈ 5HPRomR�GR�0i[LPR��
•• 5HPRYHU�R�HOHPHQWR�[>�@�
•• 7URFDU�FRP�R�~OWLPR�H�GHVSURPRYHU���
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•• $OJRULWPR���
x[1] ↔ x[n] 

 n ← n - 1  
 

despromover(1) 
�

¨̈ 2XWUDV�2SHUDo}HV�� H[HUFtFLRV���
•• 5HPRYHU�XP�HOHPHQWR�DUELWUiULR���
•• $OWHUDU�R�YDORU�GH�XP�HOHPHQWR���
•• -XQWDU�GRLV�KHDSV�
•• &RQVLGHUiPRV�R�FDVR�GR�KHDS�Pi[LPR� RQGH�R�PDLRU�HOHPHQWR�GR�YHFWRU�p�R�SULPHLUR��'HILQD�H�DQDOLVH�R�FDVR�GR�KHDS�PtQLPR� RQGH�R�SULPHLUR�HOHPHQWR�p�R�PHQRU�
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¨̈ &RQVWUXomR�GH�XP�KHDS�
•• $PRQWRDU�RV�HOHPHQWRV�GH�XP�GDGR�YHFWRU����

1 2 3 4 5 6 7 8 9 10 

[ �� � �� � �� �� �� �� �� ��



•• $OJRULWPR��
 

para  cada pai k desde n GLY 2 até 1  
 amontoar sub-árvore [k .. n]  
�
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•• amontoar sub-árvore [a .. b] 
 

i ← a { pai da sub-árvore } 
j ← 2 i { e o seu primeiro filho } 

 
aux ← x[i] { guarda valor do pai } 

enquanto  j ≤ b

j ← indice do max{ x[j], x[j+1] } 
 { o maior filho } 
 

se aux ≥ x[j]  parar (!) 
 { encontrada localização do pai } 
 

x[i] ← x[j] 
 { filho maior promovido a pai } 
 

i ← j { novo pai } 
j ← 2 i { e seu primeiro filho } 

x[i] ← aux  { recolocado pai da sub-árvore } 
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 SURFHGXUH AmontoarSubArvore ( a, b : indice );   YDU i, j : indice; 
 aux : elemento; 
 achou : boolean; 
 EHJLQ i := a; { pai da sub-árvore } 

j := 2 
 i;  { e o seu primeiro filho } 

aux := x[i]; { guarda valor do pai } 
 

achou := false; 
 ZKLOH�� QRW achou DQG (j <= b) GR EHJLQ�� LI�j < b � WKHQ�� LI�x[j] < x[j+1] � WKHQ j := j+1; { o maior filho } 
 LI�aux >= x[j] � WKHQ achou:= true  
 { encontrada localização do pai } 

HOVH�� EHJLQ { ainda não } 
x[i] := x[j]; 

 { filho maior promovido a pai } 
 i := j; { novo pai } 

j := 2 
 i { e seu primeiro filho } HQG�
 HQG;

x[i] := aux { recolocado pai da sub-árvore } 

HQG; { AmontoarSubArvore } 
 

•• 2 SURFHGLPHQWR�AmontoarSubArvore FRQVLVWH�QXPD�GHVFLGD�
DR�ORQJR�GH�XPD�iUYRUH�ELQiULD�FRPSOHWD��FXMD�DOWXUD�Pi[LPD�
p 2�ORJ�Q��

•• 1RWH�TXH��QR�SLRU�GRV�FDVRV���j := 1� �j := 2 
 i � DWp��j = n���
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�
•• 2 SURFHVVR�FRPSOHWR�GD�FRQVWUXomR�GR�KHDS� VHUi�HQWmR��

 

{ sub-árvores x[n GLY 2 + 1 .. n] amontoadas } { folhas } 
 IRU k := n GLY 2 GRZQWR 1 GR�� { sub-árvores x[k+1 .. n] amontoadas } 
 AmontoarSubArvore(k, n) 
 { sub-árvores x[k .. n] amontoadas } ;

{ árvore x[1 .. n] amontoada } 

•• 3RUWDQWR��D�FRPSOH[LGDGH�GD�RSHUDomR�FRPSOHWD�GD�
FRQVWUXomR�GR�KHDS�p�2�Q�ORJ�Q��

¨̈ &RPSOH[LGDGHV���
YHFWRU� inserção remoção do máximo pesquisa do máximo 

não ordenado 2(1) 2(n) 2(n) 

ordenado 2(n) 2(1) 2(1) 

KHDS binário 2(log n) 2(log n) 2(1) 

¨̈ $SOLFDo}HV�GRV�KHDSV�ELQiULRV���
•• 8P�GRV�PHOKRUHV�PpWRGRV�GH�RUGHQDPHQWR��
•• )LODV�GH�3ULRULGDGH��
•• ����
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❒❒ ++HHDDSS66RRUUWW
•• $ SDUWLU�GH�XP�YHFWRU�DPRQWRDGR��FRPR�FRORFDU�RV�VHXV�HOHPHQWRV�SRU�RUGHP�QmR�GHFUHVFHQWH"

1 2 3 4 5 6 7 8 9 10 

[ �� �� �� �� �� �� �� �� � ��
•• 2 SULPHLUR�HOHPHQWR�p�R�PDLRU����x[1] ↔ x[10]�

AmontoarSubArvore(1, 9)�
1 2 3 4 5 6 7 8 9 10 

[ �� �� �� �� �� �� �� � �� ��

•• x[1] ↔ x[9] ;�AmontoarSubArvore(1, 8)�
1 2 3 4 5 6 7 8 9 10 

[ �� �� �� �� �� �� � �� �� ��

•• x[1] ↔ x[8] ;�AmontoarSubArvore(1, 7)�
1 2 3 4 5 6 7 8 9 10 

[ �� �� �� �� � �� � �� �� ��

•• �����
•• x[1] ↔ x[2] ;�AmontoarSubArvore(1, 1)�

1 2 3 4 5 6 7 8 9 10 

[ � � �� �� �� �� �� �� �� ��
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SURFHGXUH HeapSort ( YDU x : vector; n : indice );   YDU k : indice; 
 aux : elemento; 
 EHJLQ IRU k := n GLY 2  GRZQWR� 1 GR 

AmontoarSubArvore(k, n); 
 { x[1 .. n] amontoado  ¼ x[ ] ordenado } 
 IRU k := n-1 GRZQWR� 1 GR�� EHJLQ�� { x[1 .. k+1] amontoado  ¼ x[k+2 .. n] ordenado } 
 

aux := x[1]; 
 x[1] := x[k+1]; 
 x[k+1] := aux; 
 { x[k+1 .. n] ordenado } 
 

AmontoarSubArvore(1, k) 
 { x[1 .. k] amontoado  ¼ x[k+1 .. n] ordenado } � HQG;

{ x[1] amontoado  ¼ x[2 .. n] ordenado } 
 { x[1 .. n] ordenado } 

HQG; { HeapSort } 
 

•• 2 SULPHLUR�FLFOR��GD�FRQVWUXomR�LQLFLDO�GR�KHDS� p�2�Q�ORJ�Q��
•• 2 VHJXQGR�FLFOR�p�VHTXHQFLDO�DR�SULPHLUR�H�WHP�FRPSOH[LGDGH�DQiORJD��
•• 3RUWDQWR�R�DOJRULWPR�+HDS6RUW�p�2�Q�ORJ�Q�� R�OLPLWH�PtQLPR�SDUD�RV�PpWRGRV�GH�RUGHQDPHQWR�EDVHDGRV�HP�WURFDV��
•• 1RWH�VH�TXH�QmR�H[LVWH�XP�3LRU�&DVR�2�Q��� FRPR�DFRQWHFH�QR�

4XLFN6RUW�
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❒❒ ))LLOODDVV GGHH 33UULLRRUULLGGDDGGHH
•• 0XLWDV�YH]HV�p�QHFHVViULD�XPD�HVWUXWXUD�GH�GDGRV��VHPHOKDQWH�j )LOD��PDV�FRP�XP�VLVWHPD�GH�SULRULGDGHV�DVVRFLDGR�DRV�VHXV�HOHPHQWRV�� 
•• 2 ³SULPHLUR´�HOHPHQWR�p�DTXHOH�FXMD�SULRULGDGH�p�Pi[LPD�H��HP�FDVR�GH�LJXDOGDGH��GHYHUi�IXQFLRQDU�FRPR�XPD�)LOD� 
•• 'H�IRUPD�HILFLHQWH��p�QHFHVViULR�FRQKHFHU�R�³SULPHLUR´�HOHPHQWR��UHPRYr�OR�H�UHRUJDQL]DU�D�HVWUXWXUD� 

¨̈ $SOLFDo}HV�GDV�)LODV�GH�3ULRULGDGH���
•• 6LPXODomR�&RQWURODGD�SHORV�(YHQWRV���
•• &RPSXWDomR�1XPpULFD��
•• &RPSUHVVmR�GH�'DGRV��^&yGLJRV�GH�+XIIPDQ`�
•• 3HVTXLVD�HP�*UDIRV��^$OJRULWPRV�GH�'LMNVWUD�H�GH�3ULP`�
•• $OJRULWPRV�HP�7HRULD�GRV�1~PHURV���
•• ,QWHOLJrQFLD�$UWLILFLDO���
•• (VWDWtVWLFD��
•• 6LVWHPDV�2SHUDWLYRV���
•• 2SWLPL]DomR�'LVFUHWD��
•• )LOWURV�GH�VSDP�
•• ����

 

¨̈ 2SHUDo}HV�%iVLFDV�QR�7$'�)LOD�GH�3ULRULGDGH��
 
nula(FP)� ^ YHULILFDU�VH�D�)3�HVWi�YD]LD�`�
construir(n, FP)� ^ FRQVWUXLU�XPD�)3�D�SDUWLU�GH�Q�HOHPHQWRV�`�
maximo(FP)� ^ R�HOHPHQWR�GH�YDORU�Pi[LPR�`�
remmaximo(FP)� ^ UHPRYHU�R�Pi[LPR�H�UHRUGHQDU�`�
comprimento(FP)� ^ R�Q~PHUR�GH�HOHPHQWRV�`�
inserir(e, FP)� ^ LQVHULU�XP�QRYR�HOHPHQWR�H�UHRUGHQDU�`�
 

•• &RPR�LPSOHPHQWDU�XPD�)LOD�GH�3ULRULGDGH"�
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�
¨̈ 3RVVtYHLV�,PSOHPHQWDo}HV�GH�XPD�)LOD�GH�3ULRULGDGH���

inserção remoção do máximo pesquisa do máximo

vector não ordenado 2(1) 2(n) 2(n) 

vector ordenado 2(n) 2(1) 2(1) 

lista não ordenada 2(1) 2(n) 2(n) 

lista ordenada 2(n) 2(1) 2(1) 

árvore equilibrada 2(log n) 2(log n) 2(log n) 

KHDS binário 2(log n) 2(log n) 2(1) 

•• 2 KHDS�ELQiULR�p�SRUWDQWR�XPD�HVWUXWXUD�DGHTXDGD�j�LPSOHPHQWDomR�GDV�)LODV�GH�3ULRULGDGH��SHUPLWLQGR�RSHUDo}HV�GH�FRPSOH[LGDGH�VXE�OLQHDU��VHP�XWLOL]DomR�H[SOtFLWD�GH�SRQWHLURV��


