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CCaappííttuulloo 33 :: AAbbssttrraaccççããoo ddooss TTiippooss ddee DDaaddooss

^̂ 33UURRJJUUDDPPDDoommRR ((VVWWUUXXWWXXUUDDGGDD `̀
$ 0RGXODULGDGH�GRV�$OJRULWPRV���

$ &RPXQLFDomR�HQWUH�RV�$OJRULWPRV���

$ 0RGXODULGDGH�GDV�(VWUXWXUDV�GH�'DGRV���

$ %

Faço B  
se fizeres A 

Faço A  
se fizeres B 

Eu faço e  
forneço T 

Preciso de T 

e não digo 
como faço ... 

Menu de T
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�

• &KDPD�VH�7LSR�$EVWUDFWR�GH�'DGRV��7$'��D��XP�FRQMXQWR�GH�2SHUDo}HV�VREUH�XPD�FROHFomR�GH�'DGRV�

([HPSOR��/LVWD�/LQHDU�2UGHQDGD�7$'�
^ 'HILQLomR�GH�/LVWD�/LQHDU�2UGHQDGD���� HP�WHUPRV�GH�XP�FRQMXQWR�GH�RSHUDo}HV��`��

criar(L)� ^ FULDU�XPD�OLVWD�YD]LD�`�
comprimento(L)� ^ Q~PHUR�GH�HOHPHQWRV�`�
vazia(L)� ^ YHULILFDU�VH�D�OLVWD�p�YD]LD�`�
consultar(k, L)� ^ FRQVXOWDU�R�HOHPHQWR�GH�RUGHP�N�`�
inserir(e, L)� ^ LQVHULU�RUGHQDGDPHQWH�XP�HOHPHQWR�`�
remover(e, L)� ^ UHPRYHU�XP�HOHPHQWR�`�
listar(L)� ^ OLVWDJHP�VHTXHQFLDO�`�

• $ GHILQLomR�GR�7$'�/LVWD�/LQHDU�2UGHQDGD�p�LQGHSHQGHQWH�GD�(VWUXWXUD�GH�'DGRV�HVFROKLGD�SDUD�D�VXD�UHSUHVHQWDomR��SRQWHLURV��FXUVRUHV��FLUFXODU��������

([HPSOR��3ROLQyPLR�GH�XPD�YDULiYHO�UHDO�7$'�

criar(P)� ^ FULDU�R�SROLQyPLR�QXOR�`�
nulo(P)� ^ YHULILFDU�VH�R�SROLQyPLR�p�QXOR�`�
grau(P)� ^ R�PDLRU�H[SRHQWH�`�
coeficiente(k, P)� ^ R�FRHILFLHQWH�GR�WHUPR�GH�H[SRHQWH�N�`�
inserir(c, e, P)� ^ LQVHULU�WHUPR�GH�FRHILFLHQWH�F�H�H[SRHQWH�H�`�
somar(A, B, C)� ^ VRPDU�SROLQyPLRV�`�
escrever(P)� ^ HVFUHYHU�R�SROLQyPLR�`�
�

Menu de T
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❒❒ 22 77$$'' 33LLOOKKDD ��66WWDDFFNN��

^ 2�~OWLPR�HOHPHQWR�D�HQWUDU��� p�R�SULPHLUR�D�VDLU��� /,)2� /DVW�,Q�)LUVW�2XW�`��

• 2SHUDo}HV�
criar(S)� ^ FULDU�XPD�3LOKD�YD]LD�`� �

 vazia(S)� ^ YHULILFDU�VH�D�3LOKD�HVWi�YD]LD�`�
 por(e, S)� ^ FRORFDU�XP�HOHPHQWR�QR�WRSR�GD�3LOKD�`�
 tirar(S)� ^ UHPRYHU�R�HOHPHQWR�GR�WRSR�GD�3LOKD�`�
 topo(S)� ^ FRQVXOWDU�R�HOHPHQWR�GR�WRSR�GD�3LOKD�`�
�

{ Create(S); IsEmpty(S); Push(e, S); Pop(S); Top(s); } �

2SHUDGRUHV�H�$[LRPDV�
criar :  © � S 

 vazia :  S � { verdadeiro, falso } 
 por :  e � S � S

tirar :  S � S
topo :  S � e

vazia(criar) = verdadeiro 
 vazia(por(e, S)) = falso 
 tirar(criar) = “erro” 
 topo(criar) = “erro” 
 tirar(por(e, S)) = S 
 topo(por(e, S)) = e 
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• 5HSUHVHQWDo}HV�

2 7$'�3LOKD�SRGH�VHU�UHSUHVHQWDGR�SRU�(VWUXWXUDV�GH�'DGRV��� PXLWR�VLPSOHV��HP�SDUWLFXODU�SRU�XPD�/LVWD�/LJDGD�/LQHDU��SRLV��� WRGRV�RV�DFHVVRV�VmR�IHLWRV�DR�SULPHLUR�HOHPHQWR���

([HUFtFLR��,PSOHPHQWH�DV�FLQFR�RSHUDo}HV���
• $SOLFDo}HV�

$V�DSOLFDo}HV�GR�7$'�3LOKD�VmR�YDULDGDV�H�LPSRUWDQWHV��� $�VXD�XWLOL]DomR�PDLV�FRPXP�FRQVLVWH�QD�³WUDQVIRUPDomR´�GH�� DOJRULWPRV�UHFRUUHQWHV�HP�DOJRULWPRV�LWHUDWLYRV���
¨̈ ,QYHUWHU�XPD�SDODYUD��� ^ /HU�XPD�SDODYUD��WHUPLQDGD�SRU�XP�HVSDoR��� H�HVFUHYHU�DV�VXDV�OHWUDV�SRU�RUGHP�LQYHUVD�`�� YDU c : char; 
 S : PilhadeCaracteres; 
 

... 
 criar(S); 
 UHSHDW read(c); 
 por(c, S) 
 XQWLO c = ’ ’; 
 UHSHDW c:= topo(S); 
 write(c); 
 tirar(S) 
 XQWLO vazia(S); 
 ... 
�
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�
¨̈ 3RUTXH�p�LQHILFLHQWH�R�FiOFXOR�UHFRUUHQWH�GR�IDFWRULDO"�� ^ 8WLOL]DQGR�XPD�3LOKD��VLPXODU�D�H[HFXomR�GR��$OJRULWPR�5HFRUUHQWH�SDUD�R�FiOFXOR�GR�IDFWRULDO�GH�Q�`��

$OJRULWPR�5HFRUUHQWH��� � n � ´0 se  n = 0 
 então   n!  ← 1

senão   n!  ← n * (n-1)! 
� 6LPXODomR�

YDU n : integer; 
 S : PilhadeInteiros; 
 

... 
 criar(S); 
 por(n, S); 
 ZKLOH n > 0  GR�� EHJLQ n:= n - 1; 
 por(n, S) 
 HQG;

{ n = 0 } 
 

tirar(S); { tirar o zero } 
factorial:= 1; 

 ZKLOH��QRW vazia(S)  GR EHJLQ factorial:= factorial 
 topo(S); 
 tirar(S) 
 HQG;

... 
�
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¨̈ 9HULILFDU�FRQFRUGkQFLD�GH�SDUrQWHVLV����
(2 + (x 
 (1 + (x / 2)) – ((2 
 (x + 1))) 
 x)�

^ 'DGD�XPD�H[SUHVVmR�DULWPpWLFD��FRQWHQGR�SDUrQWHVLV��� YHULILFDU�VH�HVWmR�RX�QmR�HTXLOLEUDGRV��`��
• 3HUFRUUHQGR�D�H[SUHVVmR�GD�HVTXHUGD�SDUD�D�GLUHLWD��FDGD�SDUrQWHVLV�
�
 p�FRORFDGR�QD�3LOKD�H��SRU�FDGD�SDUrQWHVLV�
�
��p�UHPRYLGR�XP�HOHPHQWR�GD�3LOKD��2V�SDUrQWHVLV�HVWmR�HTXLOLEUDGRV�VH�D�3LOKD�HVWLYHU�YD]LD�QR�ILP��H�Vy�QR�ILP��GD�H[SUHVVmR���

... 
 criar(S); 
 continua:= true; 
 ZKLOH continua DQG�QRW eoln(input) GR�� EHJLQ��{ Ler um caracter } � read(c);�

{ Ignorar todos os outros caracteres } � LI�c LQ ['(', ')'] 
 WKHQ { É um parêntesis } 
 LI c = '(', � WKHQ��por(c, S) � HOVH�� LI�QRW�vazia(S) 
 WKHQ�tirar(S) 
 HOVH continua:= false 
 HQG;

{ Pilha vazia ½ fim de linha } 
 

{ Pilha vazia ¼ » fim de linha Á Parêntesis ')' a mais } 
 { » Pilha vazia ¼ fim de linha Á Parêntesis '(' a mais } 
 

{ Pilha vazia ¼ fim de linha Á Parêntesis Equilibrados } 
 LI vazia(S) DQG eoln(input) 
 WKHQ ...  { Parêntesis Equilibrados } HOVH ...  { Parêntesis Desequilibrados } 

…
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�
¨̈ &RQYHUVmR�LQIL[�� SRVWIL[���
�

• 1RWDomR�3RODFD��/XNDVLHZLF]�������������
1D�QRWDomR�KDELWXDO���LQIL[���GDV�([SUHVV}HV�$ULWPpWLFDV��FDGD�� RSHUDGRU�p�FRORFDGR�HQWUH�RV�GRLV�RSHUDQGRV�FRUUHVSRQGHQWHV��

�
a + b 
 c

3DUD�VDEHU�D�RUGHP�SRU�TXH�VmR�HIHFWXDGRV�RV�FiOFXORV��p��� QHFHVViULR�HVWDEHOHFHU�XP�FRQMXQWR�GH�5HJUDV�GH�3ULRULGDGH�HQWUH�RV�RSHUDGRUHV�H��SDUD�DOWHUDU�HVVD�RUGHP��p�WDPEpP��� QHFHVViULR�R�XVR�GH�3DUrQWHVLV�
• 1D�1RWDomR�3RODFD���SRVWIL[����FDGD�RSHUDGRU�p�FRORFDGR�GHSRLV�GRV�GRLV�RSHUDQGRV�FRUUHVSRQGHQWHV��� $ RUGHP�GRV�FiOFXORV�D�HIHFWXDU�ILFD�XQLYRFDPHQWH�GHILQLGD���� VHP 5HJUDV�GH�3ULRULGDGH�QHP�3DUrQWHVLV���

([HPSORV��� LQIL[�� SRVWIL[�
�

a + b a b + 
 (a + b) 
 c a b + c 


(a + b) 
 (c - d) a b + c d - 

a + b 
 c - d a b c 
 + d - 

 a + b 
 (c - d) a b c d - 
 +
(a + b) 
 c - d a b + c 
 d - �

3UREOHPD�� &RQYHUVmR��LQIL[�→ SRVWIL[�
9DPRV�FRQVLGHUDU�³XPD´�/LQJXDJHP�GH�$OWR�1tYHO���� TXH�FRQVLVWH�QXPD�VLPSOLILFDomR�GR�3DVFDO��
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'HILQLo}HV���
([SUHVVmR���

7HUPR���

)DFWRU���

,GHQWLILFDGRU��

• 3DUD�UHVROYHU�R�SUREOHPD��EDVWD�FRQVWUXLU�XP 0yGXOR��UHFRUUHQWH��SDUD�FDGD�XPD GDV�GHILQLo}HV��UHFRUUHQWHV����

expressão termo�
termo 

enquanto '+' ou '-' 
 

termo
 

escrever 

factor 

enquanto '
' ou '/' 
 

factor
 

escrever 
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 factor�

([HPSOR�� a 
 (b + c)  → a b c + 


expressão:  
 termo:  factor: escrever(D)

factor: expressão:  
 termo:   
 factor: escrever(E)

termo:   
 factor: escrever(F)

escrever(�)
escrever(
)

9HUVmR�5HFRUUHQWH�HP�3DVFDO���
SURJUDP InfixPostfix(input, output); YDU car : char; 
 SURFHGXUH procurar; 
 EHJLQ�� UHSHDW read(car); 
 XQWLO (car <> ’ ’) RU eoln(input) 
 HQG�(
 procurar *); 

identificador '(' 
 

escrevê-lo  expressão 
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�SURFHGXUH expressao; 
 YDU operaditivo : char; 
 SURFHGXUH termo; 
 YDU opermult : char; 
 SURFHGXUH factor; 
 EHJLQ (* factor *) 
 LI car = ’(’ 
 WKHQ�� EHJLQ procurar; 
 expressao � HQG�
 HOVH write(car); 
 procurar 
 HQG (* factor *); 
 EHJLQ (* termo *) 
 factor; 
 ZKLOH (car = ’*’) RU (car = ’/’) GR�� EHJLQ opermult:= car; 
 procurar; 
 factor; 
 write(opermult) � HQG HQG�(* termo *); 
 EHJLQ (* expressao *) 
 termo; 
 ZKLOH (car = ’+’) RU (car = ’-’) GR�� EHJLQ operaditivo:= car; 
 procurar; 
 termo; 
 write(operaditivo) � HQG HQG�(* expressao *); 
 EHJLQ (* Programa Principal *) 
 procurar; 
 UHSHDW expressao; 
 writeln � XQWLO car = ’.’ 
 HQG�(*InfixPostfix *). 
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�$OJXQV�UHVXOWDGRV���

&RPHQWiULRV���
• $ 1RWDomR�3RODFD�p�XWLOL]DGD�QD�&RPSLODomR�GDV�([SUHVV}HV�$ULWPpWLFDV�GH�WRGDV�DV�/LQJXDJHQV�GH�$OWR�1tYHO���
• 2 FyGLJR�SURGX]LGR�SHORV�PyGXORV�UHFRUUHQWHV�QmR�p�HILFLHQWH��QmR�VHQGR�SRUWDQWR�DGHTXDGR�j�FRQVWUXomR�GH�&RPSLODGRUHV���
• &RQWXGR��D�SDUWLU�GD�DERUGDJHP�UHFRUUHQWH��p�SRVVtYHO�FRQVWUXLU�D FRUUHVSRQGHQWH�YHUVmR�LWHUDWLYD���

([HUFtFLRV���
• &DOFXODU�R�YDORU�GH�XPD�H[SUHVVmR�SRVWIL[�
• &RQYHUVmR��SRVWIL[�→ LQIL[�

input output 
 

(a+b)
(c  -d) 
a+b
c-d 
( a  +b)
 c-d 
a+b
(c-d) 
 a  
a 
a
a
b+c 
(d+c
a
a)  
b + a 
 ( a
 b )  / c 
a
b/c 
a
( b/c) 
a
a/a
a/a
a . 

 
ab+cd-

abc
+d- 
ab+c
d- 
abcd-
+
aa
a
a

bcdca
a
+
b
+a+ 
ab
c/ 
ab
c/ 
abc/

aa
a/a
a/a
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¨̈ 9HUVmR�LWHUDWLYD�GD�FRQYHUVmR�LQIL[�o SRVWIL[���� ^ 8PD�3LOKD�p�XWLOL]DGD�SDUD�JXDUGDU�RV�RSHUDGRUHV�H�RV�SDUrQWHVLV�
�
�`

Exemplo 1: a 
 (b + c) → a b c + 

car = ’a’  escrever ( ’a’ ) 

 car = ’
’ por ( ’
’, S ) 
 car = ’(’  por ( ’(’, S ) 
 car = ’b’  escrever ( ’b’ ) 
 car = ’+’  por (’+’, S) 
 car = ’c’  escrever ( ’c’ ) 
 car = ’)’  topo ( S ) = ’+’ ;  escrever ( ’+’ ) ;  tirar ( S ) 
 topo ( S ) = ’(’ ;  tirar( S ) 
 topo ( S ) = ’
’ ;  escrever ( ’
’ ) ;  tirar ( S ) 

Exemplo 2: (a + b) 
 c → a b + c 

car = ’(’  por ( ’(’, S )  
car = ’a’  escrever ( ’a’ ) 

 car = ’+’  por (’+’, S)  
 car = ’b’  escrever ( ’b’ )  
 car = ’)’  topo ( S ) = ’+’ ;  escrever ( ’+’ ) ;  tirar ( S ) 
 topo ( S ) = ’(’ ;  tirar ( S ) 
 car = ’
’ por ( ’
’, S ) 
 car = ’c’  escrever ( ’c’ ) 
 topo ( S ) = ’
’ ;  escrever ( ’
’ ) ;  tirar ( S ) 

3HUFRUUHQGR�D�H[SUHVVmR�GD�HVTXHUGD�SDUD�D�GLUHLWD����
• FDGD�RSHUDQGR�p�HVFULWR��
• FDGD�SDUrQWHVLV�
�
�p�FRORFDGR�QD�3LOKD��
• FDGD�SDUrQWHVLV�
�
�ID]�HVFUHYHU�H�UHPRYHU�RSHUDGRUHV�GD�3LOKD��
• FDGD�RSHUDGRU�p�FRORFDGR�QD�3LOKD��PDV�«���« PDV�FRPR�UHVROYHU�R�SUREOHPD�GD�3ULRULGDGH�GRV�RSHUDGRUHV"�

 

+
(


+
(
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�
Exemplo 3: a + b 
 c → a b c 
 +

car = ’a’  escrever ( ’a’ ) 
 car = ’+’  por (’+’, S) 
 car = ’b’  escrever ( ’b’ ) 
 car = ’
’ por ( ’
’, S ) 
 car = ’c’  escrever ( ’c’ ) 
 

topo ( S ) = ’
’ ;  escrever ( ’
’ ) ;  tirar ( S ) 
 

topo ( S ) = ’+’ ;  escrever ( ’+’ ) ;  tirar ( S ) �

Exemplo 4: a 
 b + c → a b 
 c +  
 

car = ’a’  escrever ( ’a’ ) 
 car = ’
’ por ( ’
’, S ) 
 car = ’b’  escrever ( ’b’ ) 
 

car = ’+’  topo ( S ) = ’
’ ;  
 ^ 


 !�
�
��`�
� escrever ( ’
’ ) ;  tirar ( S ) 

por (’+’, S) 
 

car = ’c’  escrever ( ’c’ ) 
 

topo ( S ) = ’+’ ;  escrever ( ’+’ ) ;  tirar ( S ) 

• FDGD�RSHUDGRU�p�FRORFDGR�QD�3LOKD��PDV�DSHQDV�VH�WLYHU�SULRULGDGH�VXSHULRU�j�GR�RSHUDGRU�QR�WRSR�GD�3LOKD��&DVR�FRQWUiULR��Vy�p�FRORFDGR�QD�3LOKD�GHSRLV�GH�UHPRYLGRV��H HVFULWRV�WRGRV�RV�RSHUDGRUHV�GH�SULRULGDGH�VXSHULRU��RX�DWp�HQFRQWUDU�XP�SDUrQWHVLV�
�
��

 

+
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�
• 3DUD�VLPSOLILFDU��DV�H[SUHVV}HV�VHUmR�UHSUHVHQWDGDV�SRU�YHFWRUHV�GH�FDUDFWHUHV���
W\SH expressao = DUUD\ [1 .. max] RI char; 

 tipodecar = (operando, operador, abrir, fechar); 
 

• $VVXPLPRV�GHILQLGR�R�7$'�PilhadeCaracteres H LPSOHPHQWDGDV�
DV�FLQFR�RSHUDo}HV�EiVLFDV���

• &RQVWUXtPRV�DLQGD�DV�GXDV�IXQo}HV�DX[LOLDUHV��
 

IXQFWLRQ prioridade ( op : char) : integer; 
 EHJLQ�� LI�op LQ�[ + , - � 
 � / ]WKHQ�� FDVH��op�RI�� + , - : prioridade := 1; 
 
 � / : prioridade := 2�HQG�� HOVH�: prioridade := 0�HQG��
�

IXQFWLRQ tipode ( car : char) : tipodecar; 
 EHJLQ�� LI�car LQ�[ + , - � 
 � / ]WKHQ�tipode:= operador � HOVH��LI�car = (WKHQ tipode:= abrir 
 HOVH��LI car = )WKHQ tipode:= fechar 
 HOVH tipode:= operando � HQG���
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�SURFHGXUH converter ( infix : expressao; cinf : integer;  YDU postfix : expressao; YDU cpos : integer); YDU�� car, cartopo : char; 
 i : integer; 
 pronto : boolean; 
 S : PilhadeCaracteres; EHJLQ� criar(S); cpos:= 0; 
 IRU i:= 1 WR cinf GR�
� EHJLQ car:= infix[i]; 
 FDVH tipode(car) RI 

operando :  EHJLQ cpos:= cpos +1; 
 postfix[cpos]:= car 
 HQG;

abrir : por(car, S); 
 

fechar :  EHJLQ cartopo := topo(S); 
 ZKLOH cartopo <> � GR�� EHJLQ��tirar(S); 
 cpos:= cpos +1; 
 postfix[cpos]:= cartopo; 
 cartopo:= topo(S)�HQG;

tirar(S) 
 HQG;

operador :  EHJLQ pronto:= false; 
 ZKLOH QRW vazia(S)�DQG�QRW pronto GR�� EHJLQ��cartopo:= topo(S); 
 LI (cartopo <> � � DQG 

(prioridade(cartopo) >= prioridade(car)) 
 WKHQ�EHJLQ�� cpos:= cpos +1; 
 postfix[cpos]:= cartopo; 
 tirar(S) 
 end 
 HOVH pronto:= true � HQG;

por(car, S) 
 HQG;

HQG {case};�HQG {for};�
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 { Só falta acabar de copiar os operadores que ficaram na Pilha } 
 ZKLOH�� QRW vazia() GR EHJLQ cartopo:= topo(S); 
 tirar(S); 
 cpos:= cpos +1; 
 postfix[cpos]:= cartopo; 
 HQG�
 HQG {converter}; 
 

• 2V�RSHUDQGRV�VmR�HVFULWRV�QD�H[SUHVVmR�SRVWIL[�SHOD�PHVPD�RUGHP�FRP�TXH�DSDUHFHP�QD�H[SUHVVmR�LQIL[�GDGD���
• 2SHUDo}HV�FRP�D�PHVPD�SULRULGDGH�VmR�HIHFWXDGDV�SHOD�PHVPD�RUGHP���

a +1 b +2 c +3 d → a b +1 c +2 d +3

• 2 SURFHGLPHQWR�DQWHULRU�DVVXPH�TXH�D�H[SUHVVmR�LQIL[�GDGD�HVWi�FRUUHFWD��7HQWH�LQWURGX]LU�DOJXPD�YDOLGDomR�GH�GDGRV�H�FRQVHTXHQWHV�PHQVDJHQV�GH�HUUR�«���
• 2 YDORU�GH�XPD�H[SUHVVmR�DULWPpWLFD�HVFULWD�HP�SRVWIL[�SRGH�VHU�FDOFXODGR�SRU�XP�DOJRULWPR�UHFRUUHQWH�RX�SRU�XP�DOJRULWPR�LWHUDWLYR�EDVWDQWH�VLPSOHV��XWLOL]DQGR�XPD�3LOKD�GH�Q~PHURV�UHDLV���

Exemplo : 2 
 ( 3 + 4 )  → 2 3  4  +  
 = 14 
 

14
7
2

4
3
2
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�
¨̈ 8PD�YHUVmR�LWHUDWLYD�GDV�7RUUHV�GH�+DQRL���� ^ ³7UDQVIRUPDomR�GLUHFWD´�GR�$OJRULWPR�5HFRUUHQWH��`�
 

MoverTorre (n, origem, auxiliar, destino): 
 MoverTorre(n-1, origem, destino, auxiliar); 
 MoverDisco(origem, destino); 
 MoverTorre(n-1, auxiliar, origem, destino). �

• &RQVLGHUHPRV�XPD�3LOKD��FXMRV�HOHPHQWRV�VmR�³PRYLPHQWRV´���� W\SH movimento =  UHFRUG n : natural; 
 origem, auxiliar, destino : torre 
 HQG;YDU S : PilhadeMovimentos; 
�

• H DGDSWHPRV�DV�RSHUDo}HV�EiVLFDV��GH�PRGR�D�IDFLOLWDU�RV�DFHVVRV�DRV�TXDWUR�FDPSRV�GR�UHJLVWR���
... 

 criar(S); 
 write(’Quantos discos?’); readln(n); 
 por(n, ’A’, ’B’, ’C’, S); 
 UHSHDW topo(k, orig, aux, dest, S); 
 tirar(S); 
 LI k = 1 
 WKHQ writeln(orig, ’ --> ’, dest) 
 HOVH�EHJLQ por(k-1, aux, orig, dest, S); 
 por(  1,  orig, aux, dest, S); 
 por(k-1, orig, dest, aux, S) 
 HQG�
 XQWLO vazia(S); 
 ... 
 

• 1RWH�TXH�RV�³PRYLPHQWRV´�VmR�FRORFDGRV�QD�3LOKD��SRU�RUGHP�LQYHUVD�j�GDV�FKDPDGDV�GR�$OJRULWPR�5HFRUUHQWH��
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�
• 6LPXODomR�SDUD�����$��%��&���

AA BB CC

[[ 33,, AA,, BB,, CC ]]

[[ 22,, AA,, CC,, BB ]]
[[ 11,, AA,, BB,, CC ]]
[[ 22,, BB,, AA,, CC ]]

[[ 11,, AA,, BB,, CC ]]
[[ 11,, AA,, CC,, BB ]]
[[ 11,, CC,, AA,, BB ]]
[[ 11,, AA,, BB,, CC ]]
[[ 22,, BB,, AA,, CC ]]

[[ 11,, BB,, CC,, AA ]]
[[ 11,, BB,, AA,, CC ]]
[[ 11,, AA,, BB,, CC ]]
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22 77$$'' ))LLOODD ��44XXHHXXHH��

^ 2�SULPHLUR�HOHPHQWR�D�HQWUDU�p�R�SULPHLUR�D�VDLU��� ),)2� )LUVW�,Q�)LUVW�2XW�`��
• 2SHUDo}HV�

criar(Q)� ^ FULDU�XPD�)LOD�YD]LD�`� �
 vazia(Q)� ^ YHULILFDU�VH�D�)LOD�HVWi�YD]LD�`�
 juntar(e, Q)� ^ MXQWDU�XP�HOHPHQWR�QR�ILP�GD�)LOD�`�
 remover(Q)� ^ UHPRYHU�R�SULPHLUR�HOHPHQWR�GD�)LOD�`�
 frente(Q)� ^ FRQVXOWDU�R�SULPHLUR�HOHPHQWR�GD�)LOD�`�
�

2SHUDGRUHV�H�$[LRPDV�
criar :  © � Q 

 vazia :  Q � { verdadeiro, falso } 
 juntar :  e � Q � Q

remover :  Q � Q
frente :  Q � e

vazia(criar) = verdadeiro 
 vazia(juntar(e, Q)) = falso 
 remover(criar) = “erro” 
 frente(criar) = “erro” 
 remover(juntar(e, Q))  {  se vazia(Q) 
 então  = criar(Q) 
 senão  = juntar(e, remover(Q)) } 
 frente(juntar(e, Q))      {  se vazia(Q) 
 então  = e 
 senão  = frente(Q) } 
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• 2V�GRLV�FRQMXQWRV�GH�$[LRPDV�FDUDFWHUL]DP�XQLYRFDPHQWH�R�IXQFLRQDPHQWR�GRV�7$'V�3LOKD�H�)LOD��1RWH�VH�TXH�D�³DVVLQDWXUD´�GRV�GRLV�FRQMXQWRV�GH�2SHUDGRUHV�p�LGrQWLFD��
• 5HSUHVHQWDo}HV�

1R�7$'�)LOD�VmR�QHFHVViULRV�DFHVVRV�D�DPERV�RV�H[WUHPRV��� &RQWXGR��GHYH�VHU�HVFROKLGD�XPD�(VWUXWXUD�GH�'DGRV�RQGH�� D�FRPSOH[LGDGH�GD�2SHUDo}HV�%iVLFDV�VHMD�LQGHSHQGHQWH�GR�� FRPSULPHQWR�GD�)LOD���
([HPSORV���

([HUFtFLR�� ,PSOHPHQWH�DV�FLQFR�RSHUDo}HV�HP�FDGD�XPD�GDV��� (VWUXWXUDV�SURSRVWDV��WHQGR�HP�FRQWD�TXH�D��
� FRPSOH[LGDGH�GH�FDGD�RSHUDomR�GHYH�VHU�6�����
�
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• $SOLFDo}HV�
2 7$'�)LOD�WHP�XPD�YDVWD�JDPD�GH�DSOLFDo}HV�SUiWLFDV��)LODV�GH��� (VSHUD�H�6LPXODomR�GH�3URFHVVRV��UHGHV�GH�FRPXQLFDomR��WUiIHJR���� ������*HVWmR�GH�5HFXUVRV�HP�6LVWHPDV�2SHUDWLYRV�������

¨̈ 9HULILFDU�VH�XPD�GDGD�SDODYUD�p�XPD�FDSLFXD��SDOtQGURPR���̂
$�SDODYUD�FDSLFXD�SURYpP�GR�FDWDOmR��FDSLFXD��FDS���L���FXD�� TXH�VLJQLILFD��³FDEHoD�H�FDXGD´�`�^ $�SDODYUD�SDOtQGURPR�SURYpP�GR�JUHJR��SDOtQGURPRV� TXH�VLJQLILFD��³TXH�FRUUH�SDUD�WUiV´�`��

• %DVWD�SRUWDQWR�YHULILFDU�VH�D�SDODYUD�WHP�³FDEHoD�LJXDO�j�FDXGD´�RX��VH�³FRUUH�SDUD�WUiV´�FRPR�³FRUUH�SDUD�D�IUHQWH´���
YDU c : char; 

 S : PilhadeCaracteres; 
 Q : FiladeCaracteres; 
 

... 
 criar(S); criar(Q); 
 ZKLOH not eoln(input)  GR�� EHJLQ read(c); 
 por(c, S); 
 juntar(c, Q) 
 HQG;

capicua:= true;  ZKLOH��QRW vazia(S)  DQG�QRW vazia(Q) DQG capicua GR LI topo(S) = frente(Q) � WKHQ��EHJLQ tirar(S); 
 remover(Q) 
 HQG HOVH capicua:= false 
 ... 
�
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�
¨̈ $ XWLOL]DomR�GH�3LOKDV�H�)LODV�QD�FRQVWUXomR�GH�$OJRULWPRV��

� 3UREOHPD��5HVROXomR�GH�/DELULQWRV��

• 2V�ODELULQWRV�VmR�DSHQDV�XP�PRGHOR�SDUD�R�HVWXGR�GH�XP�FRQMXQWR�PXLWR�LPSRUWDQWH�GH�SUREOHPDV�PDWHPiWLFRV��FRP�XPD�YDVWD�JDPD�GH�DSOLFDo}HV�SUiWLFDV��UHGHV��WHOHIyQLFDV��:::��$70V��«��SURMHFWR�GH�FLUFXLWRV�9/6,��WUiIHJR��«�
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�
¨̈ 8PD�5HSUHVHQWDomR�VLPSOLILFDGD�GH�XP�/DELULQWR��2 /DELULQWR�VHUi�UHSUHVHQWDGR�SRU�XPD�PDWUL]�GH�ERROHDQRV���

YDU labirinto : DUUD\ [0 .. m+1, 0 .. n+1] RI boolean; 
�

$V�FDVDV�Mi�YLVLWDGDV�VHUmR�UHJLVWDGDV�HP��� YDU visitadas : DUUD\ [0 .. m+1, 0 .. n+1] RI integer; 
�

$ SDUWLU�GH�FDGD�FDVD�[i, j]� RV�TXDWUR�PRYLPHQWRV�SRVVtYHLV�VHUmR�
FDOFXODGRV��SRU�VRPD�FRP�RV�HOHPHQWRV�GD�PDWUL]���YDU move : DUUD\ [1 .. 4, 1 .. 2] RI integer;�

$V�FRRUGHQDGDV�GDV�FDVDV�GH�(QWUDGD�H�GH�6DtGD�VHUmR��
UHVSHFWLYDPHQWH��[ie, je]�H�[is, js]. 

1 2 

� -1 0

� 0 1 

� 1 0 

� 0 -1
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�
¨̈ 6ROXomR�5HFRUUHQWH�±�$OJRULWPR�GH�%DFNWUDFNLQJ�

Tentar andar a partir de (esta casa): 
 

^ JJRRWWRR SDUD�LQWHUURPSHU�R�SURFHVVR�UHFRUUHQWH���
� ORJR�TXH�HQFRQWUDGD�D�SULPHLUD�VROXomR�

&DVR�FRQWUiULR�VHULDP�JHUDGDV�WRGDV�DV�VROXo}HV��`��

para cada uma das casas vizinhas 
 

se casa vizinha ainda não visitada 
 

andar para casa vizinha 
 

saída? ainda não 
 

Escrever Tentar andar a partir  
 Solução de (casa vizinha) 

 

{ recuar para esta casa } 
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�SURFHGXUH TentarAndar ( i, j : integer);  � YDU�proxi, proxj, dir : integer; 
 EHJLQ� IRU dir:= 1 WR 4 GR�� EHJLQ proxi:= i + move[dir, 1]; 
 proxj:= j + move[dir, 2]; 
 LI labirinto[proxi, proxj] DQG (visitadas[proxi, proxj] = 0) 
 WKHQ��EHJLQ ordem:= ordem + 1; 
 visitadas[proxi, proxj]:= ordem; 
 LI (proxi = is) DQG (proj = js) 
 WKHQ��EHJLQ EscreverSolucao(labirinto); 
 JRWR 13 
 HQG�
 HOVH TentarAndar(proxi, proxj) 
 

{ Recuar } 
 HQG�
 end 
 HQG { TentarAndar }; 
 

EHJLQ { Programa Principal } 
 Ler(labirinto, m, n, ie, je, is, js); 
 

Inicilalizar(labirinto, m, n); 
 { colocar false nas linhas 0 e m+1 e nas colunas 0 e n+1 } 
 

Construir(visitadas); 
 { colocar 0 em [1..m, 1..n] e maxint nas linhas 0 e m+1 

e nas colunas 0 e n+1 } 
 7HQWDU$QGDU�LH��MH���

 writeln(’ Labirinto sem solução '); 
 13 :  { instrução nula } 

HQG.
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�
¨̈ $QiOLVH�GD�6ROXomR�5HFRUUHQWH�± ÈUYRUH�GH�3HVTXLVD�

^ $�VROXomR�REWpP�VH��D�SDUWLU�GD��� FDVD�GH�VDtGD��UHFXDQGR�VHPSUH��� SDUD�D�FDVD�DGMDFHQWH�GH�PHQRU��
� ordem� GLIHUHQWH�GH�]HUR��`��

 

>����@�
 

[2, 8] 
 

[3, 8] 
 

[4, 8] [3, 7]  
 

[5, 8] 
 

[6, 8] 
 

[6, 7]  
 

[6, 3] 
 

[5, 3]  [6, 2] 

[4, 3] 
 

[3, 3]       3HVTXLVD�HP�3URIXQGLGDGH�
 

[3, 4]  [3, 2]        �GHSWK�ILUVW��
[3, 5]   [3, 1] 

 
[3, 6]  [2, 1]  [4, 1] 

 
[3, 7]  [1, 1]   [5, 1] 

 
[6, 1] 

 
[6, 2]  [7, 1] 

>����@��

22 1

21 2

20 19 14 15 16 17 18 3

23 13 4

24 12 5

25 26 11 10 9 8 7 6

0 27
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�
¨̈ &RUUHVSRQGHQWH�9HUVmR�,WHUDWLYD��

8WLOL]DPRV�XPD�3LOKD��FXMRV�HOHPHQWRV�VmR�³SDVVRV´���� W\SH passo =  UHFRUG linha, coluna : integer; 
 sentido : 1..4 
 HQG;

YDU S : PilhadePassos; 
�

H DGDSWDPRV�DV�FLQFR�RSHUDo}HV�EiVLFDV��
criar(S) 

 vazia(S) 
 por(linha, coluna, sentido, S) 
 tirar(S) 
 topo(linha, coluna, sentido, S)�

0RGLILFDPRV�WDPEpP��� YDU visitadas : DUUD\ [0 .. m+1, 0 .. n+1] RI boolean;�
SRLV�R�UHVXOWDGR�GR�SHUFXUVR�ILFD�QD�3LOKD���

^ &RPR�DOWHUQDWLYD��SRGHUtDPRV�XWLOL]DU�XPD�3LOKD�FRP�HOHPHQWRV�GR�WLSR�>OLQKD��FROXQD@� 1HVVH�FDVR��RV�
HOHPHQWRV�GD�PDWUL]�visitadas�WHULDP�GH�VHU�LQWHLURV��`�
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�
…

criar(S); 
por(ie, je, 0, S); { casa de entrada } 
 
achou:= false; ZKLOH�� QRW (achou RU vazia(S)) GR�� EHJLQ��topo(i, j, k, S); 
 k:= k+1; { tentar sentido seguinte } 
 tirar(S); 
 ZKLOH (k <= 4) DQG�QRW achou GR EHJLQ��proxi:= i + move[dir, 1]; 
 proxj:= j + move[dir, 2]; 
 LI labirinto[proxi, proxj] DQG�QRW visitadas[proxi, proxj] 
 WKHQ��EHJLQ { saída? } 
 achou:= (proxi = is) DQG (proj = js); 
 visitadas[proxi, proxj]:= true; 
 

por(i, j, k, S); 
 

{ andar } 
 i:= proxi; j:= proxj; k:= 0 
 HQG;

k:= k+1 � HQG�� HQG;

«
LI�achou�WKHQ�EscreverSolucao { registada em S }�HOVH�writeln(' Labirinto sem solução '); { Pilha vazia } 
 

^ *HVWmR�GD�3LOKD�`�
 ^ (TXLYDOHQWH�jV�VXFHVVLYDV�FKDPDGDV�GH�TentarAndar(i, j)�`��
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• 2 IXQFLRQDPHQWR�GD�33LLOOKKDD GHVFUHYH�D�HVWUXWXUD�GD�ÈÈUUYYRRUUHH GGHH33HHVVTTXXLLVVDD��$V�FRORFDo}HV�GRV�VXFHVVLYRV�³SDVVRV´�QD�3LOKD�UHSUHVHQWDP aV ³GHVFLGDV´�QD�ÈUYRUH�H��QRV�FDVRV�GH�%DFNWUDFNLQJ� DV�UHPRo}HV�FRUUHVSRQGHP�D�³VXELGDV´�QD�ÈUYRUH� 

>����@�
 

[2, 8] 
 

[3, 8] 
 

[4, 8] [3, 7]  
 

[5, 8] 
 

[6, 8] 
 

[6, 7]  
 

[6, 3] 
 

[5, 3]  [6, 2] 
 

[4, 3] 
 

[3, 3]       �
[3, 4]  [3, 2]        �
[3, 5]   [3, 1] 

 
[3, 6]  [2, 1]  [4, 1] 

 
[3, 7]  [1, 1]   [5, 1] 

 
[6, 1] 

 
[6, 2]  [7, 1] 

 >����@�
 

[�������] 27 

[6, 1, 2] 26 

[5, 1, 3] 25 

[4, 1, 3] 24 

[3, 1, 3] 23 

[2, 1, 1] 22 

[3, 1, 1] 21 

[3, 2, 4] 20 

[3, 3, 4] 19 

[3, 6, 2] 18 

[3, 5, 2] 17 

[3, 4, 2] 16 

[3, 3, 2] 15 

[4, 3, 1] 14 

[5, 3, 1] 13 

[6, 3, 1] 12 

[6, 4, 4] 11 

[6, 5, 4] 10 

[6, 6, 4] 9

[6, 7, 4] 8

[6, 8, 4] 7

[5, 8, 3] 6

[4, 8, 3] 5

[3, 8, 3] 4

[2, 8, 3] 3

[1, 8, 3] 2

[�������] 1
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• 8P�SURFHVVR�GH�%DFNWUDFNLQJ��RX�D�VXD�VLPXODomR�FRP�XPD�3LOKD��JHUD�VHPSUH�XPD�7UDYHVVLD�HP�3Up�2UGHP�QD�ÈUYRUH�GH�3HVTXLVD�GDV�6ROXo}HV� 
• 1R�ILQDO�GR�SURFHVVR��R�SHUFXUVR�UHDOL]DGR�ILFD�QD�3LOKD��$�3LOKD�Vy�HVYD]LD�TXDQGR�R�/DELULQWR�QmR�WHP�VROXomR���
• $ VROXomR�p�D�SULPHLUD�D�VHU�HQFRQWUDGD�H�QmR�QHFHVVDULDPHQWH�D 6ROXomR�ÏSWLPD�GR�SUREOHPD��

 

¨̈ 9HUVmR�,WHUDWLYD�XWLOL]DQGR�XPD�)LOD��
1HVWH�FDVR��YDPRV�XWLOL]DU�XPD�)LOD�FXMRV�HOHPHQWRV�VmR���� W\SH casa =  UHFRUG linha, coluna : integer 

 HQG;

YDU Q : FiladeCasas; 
� FRP�DV�FLQFR�RSHUDo}HV�EiVLFDV��

criar(Q) 
 vazia(Q) 
 juntar(linha, coluna, Q) 
 remover(Q) 
 frente(linha, coluna, Q)�

9DL�VHU�QHFHVViULD�D�PDWUL]��� YDU visitadas : DUUD\ [0 .. m+1, 0 .. n+1] RI integer;�
RQGH�R�UHVXOWDGR�GR�SHUFXUVR�ILFD�UHJLVWDGR��SHORV�VXFHVVLYRV��

� YDORUHV�GD�YDULiYHO��YDU ordem : integer;
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 7LSRV�$EVWUDFWRV�GH�'DGRV�������������������������������������������������������������������������������������������5RViOLD�5RGULJXHV�

…

criar(Q); 
juntar(ie, je, Q); { casa de entrada } 
visitadas[ie, je]:= 1; 
ordem:= 1; 
 
achou:= false; 
 ZKLOH�� QRW (achou RU vazia(Q)) GR�� EHJLQ��frente(i, j, Q); { caminho alternativo }  
 remover(Q); 
 

k:= 1; { tentar casas vizinhas } 
 ZKLOH (k <= 4) DQG�QRW achou GR EHJLQ��proxi:= i + move[dir, 1]; 
 proxj:= j + move[dir, 2]; 
 LI labirinto[proxi, proxj] DQG�(visitadas[proxi, proxj] = 0) 
 WKHQ��EHJLQ { saída? } 
 achou:= (proxi = is) DQG (proj = js); 
 ordem:= ordem+1; 
 visitadas[proxi, proxj]:= ordem; 
 { novo caminho alternativo } 
 

juntar(proxi, proxj, Q); 
 HQG;

k:= k+1 � HQG�� HQG;

«
LI�achou�WKHQ�EscreverSolucao { registada em visitadas[1..m, 1..n] }�HOVH�writeln(' Labirinto sem solução ');  
 

^ *HVWmR�GD�)LOD�`��
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�
¨̈ $QiOLVH�GD�6ROXomR�± ÈUYRUH�GH�3HVTXLVD�

^ $�VROXomR�REWpP�VH�GH��� PRGR�DQiORJR�DR�DQWHULRU��`��
 

>����@� � 1

[2, 8] 2

[3, 8] 3

[4, 8] [3, 7]  4-5 
 

[5, 8]   [3, 6] 6-7 

[6, 8]     [3, 5] 8-9 

[6, 7]  [3, 4] 10-11
 

[6, 6] [3, 3] 12-13 

[6, 5] [4, 3] [3, 2] 14-15-16 
 

[6, 4] [5, 3] [3, 1] 17-18-19 
 

[6, 3] [2, 1]  [4, 1] 20-21-22 
 

[6, 2] [1, 1]  [5, 1] 23-24-25 
 >����@ 26 
 

3HVTXLVD�HP�/DUJXUD��� �EUHDGWK�ILUVW��
 

24 1

21 2

19 16 13 11 9 7 5 3

22 15 4

25 18 6

0 23 20 17 14 12 10 8

0 26
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• $ RUGHP�SHOD�TXDO�DV�VXFHVVLYDV�³FDVDV´�VmR�FRORFDGDV�QD�))LLOODDFRUUHVSRQGH�D�XPD�7UDYHVVLD�SRU�1tYHLV�QD�ÈÈUUYYRRUUHH GGHH 33HHVVTTXXLLVVDD� 
• 1R�ILQDO�GR�SURFHVVR�D�)LOD�ILFD�YD]LD���

>����@� �
 

[2, 8] 
 

[3, 8] 
 

[4, 8] [3, 7]  

[5, 8]   [3, 6] 
 

[6, 8]     [3, 5] 
 

[6, 7]  [3, 4] 
 

[6, 6] [3, 3] 
 

[6, 5] [4, 3] [3, 2] 

[6, 4] [5, 3] [3, 1] 

[6, 3] [2, 1]  [4, 1] 

[6, 2] [1, 1]  [5, 1] 

>����@ 

>����@ [2, 8]  [3, 8]  [4, 8]  [3, 7]  [5, 8]  [3, 6]  [6, 8]  [3, 5]  [6, 7]  [3, 4]  [6, 6]  [3, 3]  [6, 5]   
 

[4, 3]  [3, 2]  [6, 4]  [5, 3]  [3, 1]  [6, 3]  [2, 1]  [4, 1]  [6, 2]  [1, 1]  [5, 1]  >����@ 

• e HQFRQWUDGD�D�6ROXomR�ÏSWLPD�GR�SUREOHPD��SRLV�WRGDV�DV�VROXo}HV�VmR�HIHFWLYDPHQWH�WHVWDGDV��
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�
❒❒ 66LLPPXXOODDoommRR�� 3URFHVVR�GH�HODERUDomR�GH�XP�PPRRGGHHOORR DEVWUDFWR�D SDUWLU�GH�XPD�VLWXDomR�UHDO��D�ILP�GH�YHULILFDU�R�UHVXOWDGR�GH�PRGLILFDo}HV�LQWURGX]LGDV�H�R�HIHLWR�GH�GLIHUHQWHV�HVWUDWpJLDV���

)DVHV�GR�SURFHVVR�GH�VLPXODomR���x )RUPXODomR�GR�SUREOHPD�x &RQVWUXomR�GR�PRGHOR�x (ODERUDomR�GH�XP�SURJUDPD�SDUD�VLPXODomR�GR�PRGHOR�x $QiOLVH�GRV�UHVXOWDGRV�x 9DOLGDomR�GR�PRGHOR�x (VWXGR�GR�FRPSRUWDPHQWR�SHUDQWH�PRGLILFDo}HV��
7LSRV�GH�VLPXODomR���x (VWiWLFD�H�'LQkPLFD�x 'HWHUPLQLVWD�H�(VWRFiVWLFD�x &RQWtQXD�H�'LVFUHWD��
6LPXODomR�'LVFUHWD���x &RQWURODGD�SHOR�WHPSR��WLPH�GULYHQ��x &RQWURODGD�SHORV�HYHQWRV��HYHQW�GULYHQ��



&DS������$EVWUDFomR�GRV�7LSRV�GH�'DGRV������������������������������������������������������������������������������������������������������������
_________________________________________________________________________________________ 
 

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

�
¨̈ 8P�H[HPSOR�GH�6LPXODomR�(VWRFiVWLFD��

&&iiOOFFXXOORR GGRR YYDDOORRUU GGHH SS
•• 2 SURFHVVR�FRQVLVWH�QR�ODQoDPHQWR�DOHDWyULR�GH�GDUGRV�QXP�TXDGUDGR�XQLWiULR��QR�TXDO�IRL�LQVFULWR�XP�TXDUWR�GH�FtUFXOR���
•• $VVXPLQGR�XPD�GLVWULEXLomR�XQLIRUPH�GRV�ODQoDPHQWRV�QR�TXDGUDGR��D�SURSRUomR�GH�GDGRV�TXH�DWLQJHP�R�TXDUWR�GH�

FtUFXOR�GHYHUi�VHU�LJXDO�D�S���
•• 3RGHPRV�IDFLOPHQWH�VLPXODU�HVWH�SURFHVVR�XWLOL]DQGR�XP�JHUDGRU�GH�Q~PHURV�DOHDWyULRV�SDUD�RV�YDORUHV�GDV�FRRUGHQDGDV��[��\��GR�UHVXOWDGR�GH�FDGD�ODQoDPHQWR���

IXQFWLRQ MonteCarloPi ( n : integer ) : real; 
 { para n lançamentos } 
 YDU i, in : integer; 
 x, y : real; 
 EHJLQ��randomize; 
 { inicializa a geração de números aleatórios } � in := 0; 
 IRU i := 1 WR n GR EHJLQ� x := random(1); 
 y := random(1); 
 { números aleatórios reais ± [0, 1] } 
 LI sqr(x) + sqr(y) < 1 
 WKHQ�in := in + 1 � HQG;

MonteCarloPi := 4 
 in / n � HQG���
H[HUFtFLR�� 8WLOL]H�HVWH�PpWRGR�SDUD�FDOFXODU�R�YDORU�GH�XP�LQWHJUDO��
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¨̈ $ XWLOL]DomR�GH�)LODV�HP�6LPXODomR��
)�0��&DUUDQR��3��+HOPDQ�DQG�5��9HURII���� 'DWD�6WUXFWXUHV�DQG�3UREOHP�6ROYLQJ�ZLWK�7XUER�3DVFDO��� :$//6�$1'�0,55256�������̂ IWS���IWS�DZ�FRP�FVHQJ�DXWKRUV�FDUUDQR�WSDV��`��

•• &RQVLGHUHPRV�R�FDVR�GH�XP�EDQFR��FRP�XPD�Vy�FDL[D��3UHWHQGH�VH�DYHULJXDU�R�WHPSR�GH�HVSHUD�GRV�FOLHQWHV���
•• 1XP�ILFKHLUR�GH�WH[WR��H[LVWH�LQIRUPDomR�GH�HVWDWtVWLFDV�HIHFWXDGDV�VREUH�WHPSRV�GH�FKHJDGD�H�GH�DWHQGLPHQWR�GH�FOLHQWHV���

chegada atendimento

12 26 
20 5 
22 4 
23 2 
30 3 
...  
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�
�� (YHQWRV��)LODV�H�/LVWDV��

•• (YHQWR�&KHJDGD� ,QGLFD�D�FKHJDGD�GH�XP�FOLHQWH��TXH�p�DWHQGLGR�RX�HVSHUD�QD�ILOD���� (YHQWR�H[WHUQR� HVSHFLILFDGR�SHOR�ILFKHLUR�GH�GDGRV���
•• (YHQWR�3DUWLGD� ,QGLFD�R�ILP�GR�DWHQGLPHQWR�GH�XP�FOLHQWH��H�R�LQtFLR�GR�DWHQGLPHQWR�GR�SUy[LPR���� (YHQWR�LQWHUQR� GHWHUPLQDGR�SHOR�SURFHVVR�GH�VLPXODomR���
•• )LOD�GH�(VSHUD� GRV�FOLHQWHV�QR�EDQFR����
•• /LVWD�GH�(YHQWRV� FRP�LQIRUPDomR�VREUH�WRGRV�RV�IXWXURV�HYHQWRV��RUGHQDGRV�SHOR�WHPSR�����

�� 6LPXODomR�FRQWURODGD�SHOR�WHPSR��WLPH�GULYHQ�

•• (P�FDGD�SDVVR�GD�VLPXODomR��R�WHPSR�DYDQoD�GH�XPD�XQLGDGH�H VmR�SURFHVVDGRV�RV�HYHQWRV�FKHJDGD�H�SDUWLGD���
tempo � 0
criar ILOD�GH�HVSHUD vazia 
 HQTXDQWR tempo <= fim 
 VH ocorrer uma chegada 
 HQWmR SURFHVVDU�HYHQWR�FKHJDGD;

VH ocorrer uma partida 
 HQWmR SURFHVVDU�HYHQWR�SDUWLGD;

tempo � tempo + 1 
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�
�� 6LPXODomR�FRQWURODGD�SHORV�HYHQWRV��HYHQW�GULYHQ�

•• (P�FDGD�SDVVR�GD�VLPXODomR��R�WHPSR�DYDQoD�GLUHFWDPHQWH�SDUD�R�SUy[LPR�HYHQWR���
criar ILOD�GH�HVSHUD vazia 
 HQTXDQWR existirem HYHQWRV�QD�OLVWD 

{ tempo � tempo do próximo evento } 
 VH o evento for uma chegada 
 HQWmR SURFHVVDU�HYHQWR�FKHJDGD VHWmR SURFHVVDU�HYHQWR�SDUWLGD 

•• 2QGH��� SURFHVVDU�HYHQWR�FKHJDGD��
 

remover HYHQWR�FKHJDGD da lista; 
 VH a ILOD�GH�HVSHUD estiver vazia 
 HQWmR calcular e inserir HYHQWR�SDUWLGD�na lista; 
 VH não for o fim do ficheiro de dados  
 HQWmR OHU outro HYHQWR�FKHJDGD e inserir na lista; 
 

SURFHVVDU�HYHQWR�SDUWLGD��
 

remover cliente na frente da ILOD�GH�HVSHUD;

remover HYHQWR�SDUWLGD da lista; 
 VH a ILOD�GH�HVSHUD não estiver vazia 
 HQWmR próximo cliente: inserir HYHQWR�SDUWLGD�na lista 


