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Algoritmos Recursivos

S3o implementadas através de funcdes:

» Que invocam a si mesmas
» Chamadas de funcdes recursivas
@ Concentra-se na solu¢do do nicleo do problema, sendo as partes resolvidas
pela recursio

O problema é dividido em partes, que sdo resolvidas aplicando-se a mesma
solugio/férmula

> Repetidas aplicacdes da mesma solucdo para diversas partes

Importante: condicdo de parada é necessaria para terminar a recursio
@ Sistemas atuais contribuem no processamento das recursividades:

» Compiladores eficientes: otimizacdes contribuem para o uso eficiente dos
recursos
» Stacks: possibilitaram o empilhamento das funcdes
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Algoritmos Recursivos - Execucdo

o Comportamento de uma pilha:
» Cada iteracdo (funcdo é invocada):
* Desvia-se o fluxo de execucio

* Uma area (frame) na stack é destinada para a funcdo: dados sdo empilhados,

inclusive o endereco de quem chamou a fungdo (para onde retornar - voltar para
o fluxo original)

» Ultima iterac3o:

* Ultimo invocado termina o seu processamento
* E retirado da pilha e o topo da pilha retoma sua execug¢do

@ Processo de desempilhamento continua até a base da pilha

@ Assim, o invocador inicial pode finalmente terminar seu processamento
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Algoritmos Recursivos - Exemplo

Fatorial recursivo
ol — 1, sen=0
" \n(n—=1), sen>1

1 #include <stdio.h>
2

3 //fatorial recursivo
4 int fat(int n)

5 {

6 if (n==0) return 1;

7 return n * fat(mn-1);

8}

9

10 int main ()

11 {

12 int n = 3;

13

14 //chamada da fung8o e impress3o do retorno
15 printf ("%d! = %d\n", n, fat(n));
16

17 return O;

18 }
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1x = fat(3)
1 #include <stdio.h>

2

3int fat(int n)

aq

5 if (n==0) return 1;
6 return n * fat(mn-1);
7}

8

oint main()

10 {

11 int x = fat(3);
12

13 return 0;

14 }

[m] = = =
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1x = fat(3)

1 #include <stdio.h> 2 | n = 3
2

3int fat(int n)

a{

5 if (n==0) return 1;
6 return n * fat(mn-1);
7}

8

oint main()

10 {

11 int x = fat(3);

12

13 return 0;

14 }

[m] = = =
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1x = fat(3)
1 #include <stdio.h> 2 | n = 3
2 3 | 3 % fat(2)
3int fat(int n)
a{
5 if (n==0) return 1;
6 return n * fat(mn-1);
7}
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1 #include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{
5 if (n==0) return 1;
6 return n * fat(mn-1);
7}
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }

o & - = T ©vace

Rose (RYSH) Recursdo



1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
aq 5 | | 2 * fat (1)
5 if (n==0) return 1;
6 return n * fat(mn-1);
7}
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1 #include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
aq 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | ln = 1
6 return n * fat(mn-1);
7}
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1 #include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
aq{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | ln = 1
6 return n * fat(n-1); 7 | | |1 * fat (0)
7}
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }

or <@ =, <= 0z
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1x = fat(3)
1 #include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
aq 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | ln = 1
6 return n * fat(n-1); 7 | | |1 * fat (0)
7} 8 | | | I n=20
8
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
aq 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | ln = 1
6 return n * fat(n-1); 7 | | |1 * fat (0)
7} 8 | | | I n=20
8 9 | | | | return 1
oint main()
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 {
11 int x = fat(3);
12
13 return 0;
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3);
12
13 return 0;
14 }

Rose (RYSH) Recu 5/30



1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3); 12 | | 2 % 1
12
13 return 0;
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3); 12 | | 2 % 1
12 13 | | return 2
13 return 0;
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3); 12 | | 2 % 1
12 13 | | return 2
13 return 0; 14 | 3 % 2
14 }
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3); 12 | | 2 % 1
12 13 | | return 2
13 return 0; 14 | 3 % 2
14 } 15 | return 6
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1x = fat(3)
1#include <stdio.h> 2 | n =3
2 3 | 3 % fat(2)
3int fat(int n) a | | n =2
a{ 5 | | 2 * fat (1)
5 if (n==0) return 1; 6 | | In =1
6 return n * fat(n-1); 7 | | |1 % fat (0)
7} 8 | | | Il n=20
8 ° | | | | return 1
oint main() 10 | | It = 1
10 { 11 | | |return 1
11 int x = fat(3); 12 | | 2 % 1
12 13 | | return 2
13 return 0; 14 | 3 % 2
14 } 15 | return 6
16x = 6
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Representacdo - Arvore de recorréncia

Chamadas e retornos
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Algoritmos Recursivos - Exemplo

0, sen=20
f(n) = 1, sen=1
f(n—2)+f(n—1), sen>2

1 #include <stdio.h>
2 //fibonacci iterativo
3int main() {

4 int n = 4;

5 int fn, fnl, fn2;

6 fn2 = 0; //F(0)

7z fnl =1; //FQ)

s fn = n; //F(n) para n = 0 ou 1

9

10 for (int i=2; i<=n; i++) {

11 fn = fn2 + fnl; //F(n)

12

13 //F(n-1) e F(n-2) para a proxima iteracgéo
14 fn2 = fnl; //préximo F(n-2) = atual F(n-1)
15 fnl = fn; //proximo F(n-1) = atual F(n)
16}

17 printf ("%d\n", fn);
18 return 0;

19 }
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Algoritmos Recursivos

0, sen=20
f(n) = 1, sen=1
f(n—=2)+f(n—1), sen>2

1 #include <stdio.h>

2

3 //fibonacci recursivo
aint fib(int n){

5 if (n==0) return O;

6 if (n==1) return 1;

7 return fib(n-2) + fib(n-1);
s}

9

10 int main () {

11 int a = fib(4);

12 printf ("%d\n", a);

13 }
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n;
3  return fib(n-2) + fib(n-1);
4}

5 int main () {

6 int a = fib(4);

7 printf ("%d\n", a);
8}

=} 5 DA
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1int fib(int n){
2 if (n==0 || n==1) return n; 2 |

n =4
3  return fib(n-2) + fib(n-1);
4}
5 int main () {
6 int a = fib(4);
7 printf ("%d\n", a);
8}
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1int fib(int n){

1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
4}
5 int main () {
6 int a = fib(4);
7 printf ("%d\n", a);
8}
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1int fib(int n){

1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
4} 4 | | £ib (0)

5 int main () {

6 int a = fib(4);

7 printf ("%d\n", a);
8}

o 5 = DA
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1int fib(int n){

1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
4} 4 | | £ib (0)
5 int main () { 5 | | | return 0

6 int a = fib(4);
7 printf ("%d\n", a);
8}
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1int fib(int n){

1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
4} 4 | | £ib (0)
5 int main () { 5 | | | return 0
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a);
8}

O» <> «Z» <> =
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1int fib(int n){

1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
4} 4 | | £ib (0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
8}
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n; 2 | n =4

3  return fib(n-2) + fib(n-1); 3 | fib(2)

2} a | | £ib(0)

5 int main () { 5 | | | return 0
6 int a = fib(4); 6 | | £ib (1)

7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n; 2 | n =4

3  return fib(n-2) + fib(n-1); 3 | fib(2)

4} 4 | | £ib (0)

5int main(){ 5 | | | return O

6 int a = fib(4); 6 | | £ib (1)

7 printf ("%d\n", a); 7 | | | return 1

s} 8 | | return 0 + 1
9 | £ib(3)
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5 int main () { 5 | | | return 0
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5int main(){ 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5 int main () { 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
16 I I I | return 1
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n; 2 | n =4

3  return fib(n-2) + fib(n-1); 3 | fib(2)

2} a | | £ib(0)

5 int main () { 5 | | | return O

6 int a = fib(4); 6 | | £ib (1)

7 printf ("%d\n", a); 7 | | | return 1

s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
16 I I I | return 1
17 | | | return 0 +1
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1int fib(int n){ 1a = fib(4)
2 if(n==0 || n==1) return n; 2 | n =4
3  return fib(n-2) + fib(n-1); 3 | fib(2)
2} a | | £ib(0)
5 int main () { 5 | | | return O
6 int a = fib(4); 6 | | £ib (1)
7 printf ("%d\n", a); 7 | | | return 1
s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
16 I I I | return 1
17 | | | return 0 +1
18 | | return 1 + 1
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n; 2 | n =4

3  return fib(n-2) + fib(n-1); 3 | fib(2)

2} a | | £ib(0)

5 int main () { 5 | | | return O

6 int a = fib(4); 6 | | £ib (1)

7 printf ("%d\n", a); 7 | | | return 1

s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
16 I I I | return 1
17 | | | return 0 +1
18 | | return 1 + 1
19 | return 1 + 2
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1int fib(int n){ 1a = fib(4)

2 if(n==0 || n==1) return n; 2 | n =4

3  return fib(n-2) + fib(n-1); 3 | fib(2)

2} a | | £ib(0)

5 int main () { 5 | | | return O

6 int a = fib(4); 6 | | £ib (1)

7 printf ("%d\n", a); 7 | | | return 1

s} 8 | | return 0 + 1
9 | £ib(3)
10 | | £ib (1)
11 | | | return 1
12 | | £ib(2)
13 I 11 £ib(0)
14 | I | | return O
15 I £ib(1)
16 I I I | return 1
17 | | | return 0 +1
18 | | return 1 + 1
19 | return 1 + 2
20a = 3
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci
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Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Arvore recursiva do algoritmo de Fibonacci




Algoritmos Recursivos

1 fibonacci(n)

2 inicio

3 se (n==0 || n==1) retorne n;
4

5 se ainda nao foi calculado
6 inicio

7 calcule e guarde

8 fim

9

10 retorne o calculado para n
11 fim

o Alternativa: utilizar a técnica da memoizacio
» Armazenamento de resultados de chamadas de funcdo custosas
> Lista com resultados
» Sé calcular (chamada recursiva) se ainda n3o foi calculado

e Vetor (ex. v[n]):

> n: indice corresponde ao namero do qual estd calculando-se o fibonacci
» v[n]: contetdo, corresponde ao fibonacci de n
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Algoritmos Recursivos

@ Pode ser aplicado em problemas de:
» Planejamento de caminhos em robética

v

Problemas de tentativa e erro (backtracking: voltar e explorar outra solucdo)

v

Compiladores (analisadores léxicos)

» Manipulacdo das estrutura de dados (formas de armazenamento de dados)

v

Algoritmos de pesquisas, ordenacdo

Rose (RYSH) Recursdo 12 /30



Algoritmos Recursivos - Exemplo

@ Resolver expressdes na notacdo polonesa: sem necessidade de utilizar
parénteses

o Notac3o pré-fixa
@ Operador antes dos operandos: +ab = a+ b

@ Légica: se for operador, busca até achar operando, busca até achar operando
e resolve
@ x+7*x*46+895
1 busca (expr)
2 inicio
3 se expr == operando
retorna operando

busca(expr) operador busca(expr)

4
5
6 se expr == operador
7
8
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2 char *a

1 //Exemplo do livro do Sedgewick
3int i=0;

"x + 7 % x 4 6 + 8 9 5",

=] & - = o



//Exemplo do livro do Sedgewick
char *a = "* + 7 * *x 4 6 + 8 9 5",
int 1i=0;

int eval() {
int x=0;
while (al[il

NGO oA WN R

%) i++; //avanga enquanto for espago

=] F = = nac
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1 //Exemplo do livro do Sedgewick
2char *a = " + 7 *x *x 4 6 + 8 9 5",
3int i=0;

5 int eval() {

6 int x=0;

7 while (al[i]l == ¢ ’) i++; //avanga enquanto for espago
8 if (alil == “+7) {

9 i++;

10 return eval() + eval();

11 }

[m] = = =
Rose (RYSH) Recursdo

D¢



1 //Exemplo do livro do Sedgewick
2char *a = " + 7 *x *x 4 6 + 8 9 5",
3int i=0;

5 int eval() {

6 int x=0;

7 while (al[i]l == ¢ ’) i++; //avanga enquanto for espago
8 if (alil == “+7) {

9 i++;

10 return eval() + eval();
11 }

12 if(alil == “x?) {

13 i++;

14 return eval() * eval();
15 3

[m] = = =
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1 //Exemplo do livro do Sedgewick
2char *a = " + 7 *x *x 4 6 + 8 9 5",
3int i=0;

5int eval() {

6 int x=0;

7 while (al[i]l == ¢ ’) i++; //avanga enquanto for espago
8 if (alil == “+7) {

9 i++;

10 return eval() + eval();

11 }

12 if(alil == “x?) {

13 i++;

14 return eval() * eval();

15 3

16

17 //enquanto for numero

18 //converte um digito(char) em nimero (int)
19 while ((al[i]l >= €0°) && (al[i]l <= €97))

20 x = 10*x + (al[i++]-¢0?); //tabela ascii
21

22 //"91": 97 e €12

23 //  10%x0 + (€9°-¢0’) = 0 + (57-48) = 9
24 // 109 + (‘1°-°0°) = 90 + (49-48) = 91
25

26 return x;

27 }
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1 char *a =

2int i=0;

3

2int eval() {

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20 }

int x=0;
while (a[i] == ¢
if(alil == <+7)
i++;
return eval()
}
if (alil == ‘x?)
i++;

return eval ()

}

while(al[i]l>=¢0"

return x;

"k 4 7 % % 46+ 89 5"

7)) i+

{

+

{

&& alil<=°¢9?)
x = 10%x + (al[i++]-°0’);

eval();

eval () ;

1 eval ()

* + 7 x x 4 6 +8 95
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1 char *a =

2int i=0;

3

2int eval() {

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20 }

int x=0;
while (a[i] == ¢
if(alil == <+7)
i++;
return eval()
}
if (alil == ‘x?)
i++;

return eval ()

}

while(al[i]l>=¢0"

return x;

"k 4 7 % % 46+ 89 5"

7)) i+

{

+

{

&& alil<=°¢9?)
x = 10%x + (al[i++]-°0’);

eval();

eval () ;

1eval() * + 7 x x 4 6 + 8 9 5

2

eval() + 7 * * 4 6 + 8 9
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1 char *a =

2int i=0;

3

2int eval() {

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20 }
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int x=0;
while (a[i] == ¢
if(alil == <+7)
i++;
return eval()
}
if (alil == ‘x?)
i++;

return eval ()

}

while(al[i]l>=¢0"

return x;

"k 4 7 % % 46+ 89 5"

7)) i+

+

&& alil<=°¢9?)
x = 10%x + (al[i++]-°0’);

eval();

eval () ;

* + 7 % *x 46 + 895
eval() + 7 * * 4 6 + 8 9
eval() return 7

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

15 /30



1char %*a = "x + 7 % x 4 6 + 8 9 5",
2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

1
2
3
a4

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7
eval() * * 4 6 + 8 9
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¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5
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1char *a = "* + 7 % x 4 6 + 8 9 5"; ¥ + 7 % 46+ 895 = (7+((4%6)*(8+9)))*5
2int i=0;

3 1eval() * + 7 *x x 4 6 + 8 9 5
aint eval() { 2] eval() + 7 % *x 4 6 + 8 9
5 int x=0; 3 | eval() return 7

6 while(al[il == ¢ ) i++; a]l | eval() * * 4 6 + 8 9
7 if (al[i] == “+?) { 5 | | | eval() * 4 6

8 i++;

° return eval() + eval();

10 }

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();

14 }

15

16 while (a[i]l>=‘0’ && al[il<=°¢9?)

17 x = 10*x + (al[i++]-°07);

18

19 return x;

20 }
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1char %*a = "x + 7 % x 4 6 + 8 9 5",
2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }
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1
2
3
a
5
6

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9
eval() return 7
eval() * * 4 6 + 8 9
eval() * 4 6

eval() return 4

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5
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1char %*a = "x + 7 % x 4 6 + 8 9 5",
2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

Rose (RYSH) Recursdo

1
2
3
a
5
6
7

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9
eval() return 7
eval() * * 4 6 + 8 9
eval() * 4 6

eval() return 4
eval() return 6

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

15 /30



1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }
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1
2
3
a
5
6
7
8

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9
eval() return 7

eval() * * 4 6 + 8 9
eval ()

* 4 6

eval () return
eval () return

return

4 * 6

n o

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

24
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1char *a = "* + 7 % x 4 6 + 8 9 5"; ¥ + 7 % 46+ 895 = (7+((4%6)*(8+9)))*5
2int i=0;

3 1eval() * + 7 *x x 4 6 + 8 9 5
aint eval() { 2] eval() + 7 % *x 4 6 + 8 9
5 int x=0; 3 | eval() return 7

6 while(al[il == ¢ ) i++; a]l | eval() * * 4 6 + 8 9

7 if (al[i] == “+?) { 5 | | | eval() * 4 6

8 i++; el I I | eval() return 4
9 return eval() + eval(); 71 | I | eval() return 6
10 3 8 | | | |_ return 4 * 6 = 24
11 if(alil == “x2) { ol I |

12 i++; 10 | | | eval() + 8 9

13 return eval() * eval();

14}

15

16 while (a[i]l>=‘0’ && al[il<=°¢9?)

17 x = 10*x + (al[i++]-°07);

18

19 return x;

20 }
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

5 1
2int eval() { 2
5 int x=0; 3
6 while(al[il == ¢ ’) i++; 4
7 if(alil == “+7) { °
8 i++; 6
° return eval() + eval(); 7
10} 8
11 if (ali]l == “%’) { °
12 i++; 10
13 return eval() * eval(); 11
12}

15

16 while(al[il>=‘0’ && al[il<=‘9’)

17 x = 10xx + (ali++]1-°07);

18

19 return x;

20 }

eval ()

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7

eval() * * 4 6 + 8 9
| eval() * 4 6

I | eval() return
| | eval () return
| | _ return 4 % 6
|
|
|

n o

24

eval() + 8 9
|  eval() return 8
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

5 1
2int eval() { 2
5 int x=0; 3
6 while(al[il == ¢ ’) i++; 4
7 if(alil == “+7) { °
8 i++; 6
° return eval() + eval(); 7
10} 8
11 if (ali]l == “%’) { °
12 i++; 10
13 return eval() * eval(); 11
12} 2
15

16 while(al[il>=‘0’ && al[il<=‘9’)

17 x = 10xx + (ali++]1-°07);

18

19 return x;

20 }

eval ()

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6
| eval() return
| eval () return
| _ return 4 % 6

n o

24

eval() + 8 9
|  eval() return 8
| eval() return 9
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6

| eval() return 9
| _ return 8 + 9 = 17

I | eval() return 4

| | eval() return 6

| | _ return 4 % 6 = 24
|

| eval() + 8 9

I | eval() return 8

|

|
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13
14

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6
| eval() return
| eval () return
| _ return 4 % 6

n o

24

|  eval() return 8
| eval() return 9
| _ return 8 + 9 = 17

|
|
|
|
| eval() + 8 9
|
|
|
|_ return 24 * 17 = 408
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13
14
15

eval ()

* + 7 x x 4 6 +8 95

eval() + 7 * * 4 6 + 8 9

eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6

| _ return 8 + 9 = 17
return 24 * 17 = 408
return 7 + 408 = 415

I | eval() return 4

| | eval() return 6

| | _ return 4 % 6 = 24
|

| eval() + 8 9

I | eval() return 8

| | eval() return 9

|

I_
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1char %*a = "x + 7 % x 4 6 + 8 9 5",

2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13
14
15
16

eval() * + 7 *x * 4 6 + 8 9 5

eval() + 7 * * 4 6 + 8 9
| eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6

I | eval() return 4

| | eval() return 6

| | _ return 4 % 6 = 24
|

| eval() + 8 9

I | eval() return 8

| | eval() return 9

|

| _ return 8 + 9 = 17
|_ return 24 * 17 = 408
return 7 + 408 = 415
eval() return 5
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1char %*a = "x + 7 % x 4 6 + 8 9 5",
2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13
14
15
16
17

eval() * + 7 *x * 4 6 + 8 9 5

eval() + 7 * * 4 6 + 8 9
| eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6

I | eval() return 4

| | eval() return 6

| | _ return 4 % 6 = 24
|

| eval() + 8 9

I | eval() return 8

| | eval() return 9

|

| _ return 8 + 9 = 17
|_ return 24 * 17 = 408
return 7 + 408 = 415
eval() return 5

return 5%415 = 2075

Rose (RYSH) Recursdo 15 /30



1char %*a = "x + 7 % x 4 6 + 8 9 5",
2int i=0;

3

2int eval() {

5 int x=0;

6 while(al[i]l == ¢ ?) i++;

7 if(al[i] == “+7) {

8 i++;

° return eval() + eval();
10}

11 if(ali]l == ‘%) {

12 i++;

13 return eval() * eval();
12}

15

16 while(al[i]l>=‘0’ && al[il<=¢9?)
17 x = 10*x + (al[i++]-°0’);
18

19 return x;

20 }

¥+ 7T *x %46+ 895 = (T+((4%6)*(8+9)))*5

1
2
3
a
5
6
7
8
9

10
11
12
13
14
15
16
17

eval() * + 7 *x * 4 6 + 8 9 5

eval() + 7 * * 4 6 + 8 9
| eval() return 7
eval() * * 4 6 + 8 9
| eval() * 4 6

I | eval() return 4

| | eval() return 6

| | _ return 4 % 6 = 24
|

| eval() + 8 9

I | eval() return 8

| | eval() return 9

|

| _ return 8 + 9 = 17
|_ return 24 * 17 = 408
return 7 + 408 = 415
eval() return 5

return 5%415 = 2075
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Algoritmos recursivos - Exemplo

1int max(int n, int v[]) {

2 if (n == 1) return v[0]; 1v[3] = {77, 88, 66}
3 else { 2max (3, v)

a int x = max(n-1, v); 3| max (2, v)

5 4] | max(1, v)

6 if (x > v[n-1]) return x; s| | |_ return 77

7 else return v[n-1]; 6| |_ return 88
s} 71_ return 88

9}
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Algoritmos recursivos - Exemplo

- - - 1 2 1 - - -
- - 1 1 1 1 - -
- - 1 3 - -
- - 1 2 - -
- 2 1 1 - -
- 1 1 _ -
- 1 [1,c] 1 2 -
- 1 1 -
- 2 1 1 -
- - 3 1 1 1 -
- - - 1 1 1 - - -

@ Campo minado - abrir casas

@ A partir da posicdo 1 e ¢, como abrir os adjacentes-
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- - - [l,c:l - - - - -

@ Campo minado - abrir casas

@ A partir da posicdo 1 e ¢, como abrir os adjacentes?
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[_1’_C] [_15 C:I [_1,+C]
[ 1,—C][ 11 C][ 1,+C]
[+1,—C] [+17 C:I [+1,+C]

1 for (int i=1-1; i<=1+1; i++) {

=} 5 = = DA
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[_1’_C] [_15 C:I [_1,+C]
[ 1,—C][ 11 C][ 1,+C]
[+1,—C] [+17 C:I [+1,+C]

1 for (int i=1-1; i<=1+1; i++) {
2 for (int j=c-1; j<=c+1; j++) {

o 5 = DA
Rose (RYSH) Recursdo



[_1,_C] [_15 C:I [_1,+C]
[ 1,—C][ 17 C][ 1’+C]
[+1,—C] [+17 C:I [+1,+C]

1 for (int i=1-1; i<=1+1; i++) {
2 for (int j=c-1; j<=c+1; j++) {
3 if(i>=0 && i<M && j>=0 && j<N) //limites
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[_1,_C] [_15 C:I [_1,+C]
[ 1,—C][ 1; C][ 1’+C]
[+1,—C] [+17 C:I [+1,+C]

for (int i=1-1; i<=1+1; i++) {
for (int j=c-1; j<=c+1; j++) {
if(i>=0 && i<M && j>=0 && j<N) //limites
if (campo[i][j].visivel==0) //n&o aberta

P w N R
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[_1,_C] [_15 C:I [_1,+C]
[ 1,—C][ 1; C][ 1’+C]
[+1,—C] [+17 C:I [+1,+C]

for (int i=1-1; i<=1+1; i++) {
for (int j=c-1; j<=c+1; j++) {
if(i>=0 && i<M && j>=0 && j<N) //limites
if (campo[i][j].visivel==0) //n&o aberta
campo[i][j].visivel = 1; //abra

NGO oA WN R
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? ? ?
[-1,-c1[-1, cI[-1,+c]
[ 1’_C][ 1) C][ 1’+C]

[+1,_C] [+11 C:I [+1,+C]
? ? ?

NN N N N
NN N N N

e Campo minado - abrir casas
@ A partir da posicdo 1 e ¢, como abrir os adjacentes?
o E os adjacentes dos adjacentes?
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? ? ?
[-1,-c1[-1, cI[-1,+c]
[ 1’_C][ 1) C][ 1’+C]

[+1,_C] [+11 C:I [+1,+C]
? ? ?

NN N N N
NN N N N

e Campo minado - abrir casas
@ A partir da posicdo 1 e ¢, como abrir os adjacentes?
o E os adjacentes dos adjacentes? Recursdo
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1 #define M 20
2 #define N 20
3int abrir_mapa(struct area campo[M][N], int 1, int c)

a

© o N o«

11
12
13
14
15
16
17
18

19 }

campo [1][c].visivel = 1;

if (campo[1]1[c].item!=0)
return campol[l]l[c].item;

for (int i=1-1; i<=1+1; i++) {
for (int j=c-1; j<=c+1l; j++) {
if(i>=0 && i<M && j>=0 && j<N &&
campol[il[j].visivel==0) {
abrir_mapa(m, n, campo, i, j);

return O;

Rose (RYSH) Recu
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Algoritmos recursivos - Exemplo

1void subsets(int sub[], int v[], int n, int i, int fim) { 1

2 for(int j = 0; j < fim; j++) printf("%d ", sub[jl); 12

3 printf ("\n"); 12 3
a 1234
5 for(; i < n; i++) { 12 4
6 //inclui o elemento 13

7 sub[fim] = v[il; 13 4
8 14

9 //gera o subconjunto com o elemento incluido 2

10 subsets(sub, v, n, i+l, fim+1); 2 3
11 2 3 4
12 //¢fim’ ndo & atualizado, 2 4
13 //permancendo o valor anterior, ou seja, 3

14 //excluindo o elemento que incluido nesta iteragéo 3 4
15} 4

16 }

17 int main() {

18 int v[1 = {1, 2, 3, 4 };

19 int subl[4];

20 subsets(sub, v, 4, 0, 0);

21 return O;

22 }

@ Backtracking: técnica algoritmica de resolucdo de problemas que envolve encontrar uma
solucdo de forma incremental, tentando diferentes op¢des e desfazendo-as se elas levarem a
um beco sem saida.

@ Procurar solugdo, se ndo achar volta e busca por outro caminho: subconjunto, labirinto
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n,
int i, int fim) {

for(int j=0; j<fim; j++)
printf("%d ", sub[jl);
printf ("\n");

for(; i < n; i++) {
sub[fim] = v[il;
subsets(sub, v, n, i+l, fim+1);
}
}

int main() {
int v[] = {1, 2, 3 };
int subl[3];
subsets (sub, v, 3, 0, 0);

return O;
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P W N
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int v[], int n,
int i, int fim) {
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I \n

| sub[0] = vI[0]

| subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) [ S

printf("%d ", sub[jl); |

printf ("\n"); |
|

I sub[1] = vI[1]
| subsets(sub, v, 3, 1+1, 1+1)
I 12
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for(; i < n; i++) {
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void subsets(int subl[],
int v[], int n,
int i, int fim) {

subsets (sub, v, 3, 0, 0)
\n
sub[0] = v[0]
subsets (sub, v, 3, 0+1, 0+1)
| 1
sub[1] = v[1]
subsets (sub, v, 3, 1+1, 1+1)

printf("%d ", sub[jl);

|

1 12
|

|

1
2
3
a
for(int j=0; j<fim; j++) 5
6
printf ("\n"); 7
8
for(; i < n; i++) { 9
sub[fim] = v[il; 10
subsets(sub, v, n, i+l, fim+1);

}

| sub[2] = v[2]
| subsets (sub, v, 3, 2+1, 2+1)

|
|
|
|
|
|
|
|
|
}
int main() {

int v[] = {1, 2, 3 };

int sub[3];

subsets (sub, v, 3, 0, 0);

return O;
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
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4| subsets(sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) s 11
printf ("%d ", subl[jl); 6 | | sub[1] = v[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1, 1+1)
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1, 2+1)
subsets(sub, v, n, i+1, fim+1); 11| | | I 123

}
}
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return O;
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
a | subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | | 1
printf("%d ", sub[jl); 6l |1 subl1]l = vI[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1, 1+1)
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1, 2+1)
subsets(sub, v, n, i+1, fim+1); 11| | | | 123
} 12 | subl[1]l = v[2]
¥ 13 | | subsets (sub, v, 3, 2+1, 1+1)
int main() {
int v[] = {1, 2, 3 };
int subl[3];
subsets (sub, v, 3, 0, 0);
return O;
}
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subsets(sub, v, n, i+1, fim+1); 11 | | 123

void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
4| subsets(sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) s 11
printf("%d ", sub[jl); 6 | sub[1] = v[1]
printf ("\n"); 7 | subsets (sub, v, 3, 1+1, 1+1)
N |12
for(; i < n; i++) { 9| | sub[2] = v[2]
sub[fim] = v[il; 10 |
|
|
|
|

|
|
|
[
| | subsets (sub, v, 3, 2+1, 2+1)
|
|
|
|

} 12 sub[1] = v[2]
¥ 13 subsets (sub, v, 3, 2+1, 1+1)
14 | 13

int main() {
int v[] = {1, 2, 3 };
int subl[3];
subsets (sub, v, 3, 0, 0);

return O;
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
a | subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | | 1
printf("%d ", sub[jl); 6l |1 subl1]l = vI[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1, 1+1)
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1, 2+1)
subsets(sub, v, n, i+1, fim+1); 11| | | | 123
} 12 | subl[1]l = v[2]
¥ 13 | | subsets (sub, v, 3, 2+1, 1+1)
14 | | | 13
int main() { 15 | sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 | subsets(sub, v, 3, 1+1, 0+1)
int subl[3];
subsets (sub, v, 3, 0, 0);
return O;
}
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
a | subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | | 1
printf("%d ", sub[jl); 6l |1 subl1]l = vI[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1, 1+1)
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1, 2+1)
subsets(sub, v, n, i+1, fim+1); 11| | | | 123
} 12 | subl[1]l = v[2]
¥ 13 | | subsets (sub, v, 3, 2+1, 1+1)
14 | | | 13
int main() { 15 | sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 | subsets(sub, v, 3, 1+1, 0+1)
int sub[3]; w12
subsets (sub, v, 3, 0, 0);
return O;
}
——



void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
a | subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | | 1
printf("%d ", sub[jl); 6l |1 subl[1]l = v[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1,
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1,
subsets(sub, v, n, i+1, fim+1); 11| | | | 123
} 12 | subl[1]l = v[2]
¥ 13 | | subsets (sub, v, 3, 2+1,
14 | | | 13
int main() { 15 | sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 | subsets(sub, v, 3, 1+1, 0+1)
int sub[3]; w12
subsets (sub, v, 3, 0, 0); 18 | | sub[1] = v[2]
19 | | subsets (sub, v, 3, 2+1,
return O;
}
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2| \n
int i, int fim) { 3| sub[0] = v[0]
a | subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | | 1
printf("%d ", sub[jl); 6l |1 subl[1]l = v[1]
printf ("\n"); 7 | | subsets(sub, v, 3, 1+1,
sl 1 1 12
for(; i < n; i++) { 9| | | sub[2] = v[2]
sub[fim] = v[il; 10 | | | subsets (sub, v, 3, 2+1,
subsets(sub, v, n, i+1, fim+1); 11| | | | 123
} 12 | subl[1]l = v[2]
¥ 13 | | subsets (sub, v, 3, 2+1,
14 | | | 13
int main() { 15 | sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 | subsets(sub, v, 3, 1+1, 0+1)
int sub[3]; w12
subsets (sub, v, 3, 0, 0); 18 | | sub[1] = v[2]
19 | | subsets (sub, v, 3, 2+1,
return 0; 2011 | | 23
}
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1+1)
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2 \n
int i, int fim) { 3 sub[0] = v[0]
a subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | 1
printf("%d ", sub[jl); 6 sub[1] = v[1]
printf ("\n"); 7 subsets (sub, v, 3, 1+1, 1+1)
8 |12
for(; i < n; i++) { 9 | sub[2] = v[2]
sub[fim] = v[il; 10

subsets (sub, v, n, i+1, fim+1); 11

|
|
|
|
[
[
[
I
| | | subsets (sub, v, 3, 2+1, 2+1)
I 1 1 123

} 2|
I
I
|
|
|
|
|
|
|
|

sub[1] = v[2]
¥ 13 subsets (sub, v, 3, 2+1, 1+1)
14 | 13
int main() { 15 sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 subsets (sub, v, 3, 1+1, 0+1)
int sub[3]; 17 | 2
subsets (sub, v, 3, 0, 0); 18 | sub[1] = v[2]
19 | subsets (sub, v, 3, 2+1, 1+1)
return 0; 20 I 1 23
} 21 sub[0] = v[2]
22 subsets (sub, v, 3, 2+1, 0+1)
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void subsets(int subl[], 1 subsets(sub, v, 3, 0, 0)
int v[], int n, 2 \n
int i, int fim) { 3 sub[0] = v[0]
a subsets (sub, v, 3, 0+1, 0+1)
for(int j=0; j<fim; j++) 5 | 1
printf("%d ", sub[jl); 6 sub[1] = v[1]
printf ("\n"); 7 subsets (sub, v, 3, 1+1, 1+1)
8 |12
for(; i < n; i++) { 9 | sub[2] = v[2]
sub[fim] = v[il; 10

subsets (sub, v, n, i+1, fim+1); 11

|
|
|
[
| | subsets(sub, v, 3, 2+1, 2+1)
I 1 1 123

|

|

|

|
|
|
|
|
|
|
|
|
I
|
} 13 |
|
|
I
|
|
|
|
|
|
|

} 12 sub[1] = v[2]
subsets (sub, v, 3, 2+1, 1+1)
14 | 13
int main() { 15 sub[0] = v[1]
int v[]l = {1, 2, 3 }; 16 subsets (sub, v, 3, 1+1, 0+1)
int sub[3]; 17 | 2
subsets (sub, v, 3, 0, 0); 18 | sub[1] = v[2]
19 | subsets (sub, v, 3, 2+1, 1+1)
return 0; 20 I 1 23
} 21 sub[0] = v[2]
22 subsets (sub, v, 3, 2+1, 0+1)
23 I 3
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Algoritmos recursivos - Exemplo

void anagram(char str[], int k) {
char tmp;
int i, len = strlen(str);
if(k == len) printf ("%s\n", str);
else
for(i = k; i < len; i++) {
swap_char (str, k, i); //1 troca
anagram(str, k + 1); //proximas permutas
swap_char (str, i, k); //volta ao original
}
}
anagram("abc", 0)
swap ("abc", 0, 0) 20 swap("abc", 0, 1)
anagram("abc", 1) 21 anagram("bac", 1)
swap("abc", 1, 1) 22 swap("bac", 1, 1)
anagram("abc", 2) 23 anagran("bac", 2)
swap ("abc", 2, 2) 24 swap ("bac", 2, 2)
anagram("abc", 3) 25 anagram ("bac", 3)
"abe™ 26 "bac"
swap("abc”, 2, 2) 27 swap ("bac", 2, 2)
swap("abc", 1, 1) 28 swap("bac", 1, 1)
20
swap("abc", 1, 2) 30 swap("bac", 1, 2)
anagram("ach", 2) 31 anagram("bea", 2)
swap ("acb", 2, 2) 32 swap("bca", 2, 2)
anagram("ach", 3) 33 anagram ("bca", 3)
"ach" 34 "bea
swap ("acb", 2, 2) 35 swap ("bca", 2, 2)
swap("acb", 2, 1) 36 swap("bca", 2, 1)
swap ("abc", 0, 0) 37 swap("bac", 1, 0)
38

Rose (RYSH)

swap("abc", 0, 2)
anagram("cba", 1)
swap("cba", 1, 1)
anagram("cba", 2)
swap("cba", 2, 2)

anagram(“cba", 3)

swap("cba', 2, 2)
swap ("cba", 1, 1)

swap("cba", 1, 2)

anagram("cab", 2)
swap("cab", 2, 2)
anagram("cab”, 3)

weab

swap("cab", 2, 2)

swap("cab", 2, 1)

swap("cba", 2, 0)

24/ 30



Algoritmos recursivos - Exemplo

1int expr_check(char #*s, int t, int #*p) {
2 int 1ij;

3 for(i=t+1; s[il!=°\0’"; i++){

4 if (*p>0 && (s[il==°‘}’ && s[t
5 (s[il==¢)"’ && s[t
6
7
8
9

L
oo
[T

— o~

-~

-~ — =

-~

(s[il==‘1" && slt
*p=*p-1;
return i;
}

10
11 *p = *p+1;
12 i = expr_check(s, i, p);
13}
14 return i;
15 }

16 int expr (char *s, int a) {
17 int p=0;
18 for(int i=0; i>=0 && s[i]!=°\0’; i++){

19 pt++;
20 i = expr_check(s, i, &p);
21}

22 if (p>0) printf ("N\n");
23 else printf("S\n");

24 }

@ Aniélise léxica: [0O£[0101N
@ Abre, busca até fechar

@ Verifica na volta se abre e fecha
25 /30



Algoritmos recursivos - Exemplo

1 /% 0123 1 inverte (0, v, 4)
2 {2,1,3,0} 2| j = v[0]l //2
3 3| inverte (0+1, v, 4)
a 0123

5 {3,1,0,2}

6%/

7void inverte(int i, int v[], int tam) {

8 if(i<tam) {

9 int j = v[i];

10 inverte (i+1, v, tam);

11 v[jl = i;

12

13 for (int p=0; p<tam; p++)

14 printf ("%d ", vlpl);

15 printf ("\n");

16}

17 }
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Algoritmos recursivos - Exemplo

~
*

1 0123 1 inverte (0, v, 4)
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3 3| inverte (0+1, v, 4)
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Algoritmos recursivos - Exemplo

1 /% 0123 1 inverte (0, v, 4)

2 {2,1,3,0} 2| j = v[0]l //2

3 3| inverte (0+1, v, 4)

a 0123 al I jo=vwl11 //1

5 {3,1,0,2} 5 | | inverte (1+1, v, 4)

6 */ 6 | | I j = vI[2] //3
7void inverte(int i, int v[], int tam) { 7 | | | inverte(2+1, v, 4)
8 if(i<tam) { 8 | | | | j = v[3] //0

9 int j = v[i]; 9 | | | | inverte (3+1, v, 4)
10 inverte (i+l, v, tam); wl I I 1 wvlol =3

11 v[jl = i; w11 1 3,1,3,0

12 w2 | | v[3] =2

13 for (int p=0; p<tam; p++) 13 | | | 3,1,3,2

14 printf ("%d ", vlpl); 14 | | v[1] = 1

15 printf ("\n"); 15 | | 3,1,3,2

16}

17 }
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Algoritmos recursivos - Exemplo

1 /% 0123 1 inverte (0, v, 4)

2 {2,1,3,0} 2| j = v[0]l //2

3 3| inverte (0+1, v, 4)

a 0123 al I jo=vwl11 //1

5 {3,1,0,2} 5 | | inverte (1+1, v, 4)

6 */ 6 | | I j = vI[2] //3
7void inverte(int i, int v[], int tam) { 7 | | | inverte(2+1, v, 4)
8 if(i<tam) { 8 | | | | j = v[3] //0

9 int j = v[i]; 9 | | | | inverte (3+1, v, 4)
10 inverte (i+l, v, tam); wl I I 1 wvlol =3

11 v[jl = i; w11 1 3,1,3,0

12 w2 | | v[3] =2

13 for (int p=0; p<tam; p++) 13 | | | 3,1,3,2

14 printf ("%d ", vlpl); 14 | | v[1] = 1

15 printf ("\n"); 15 | | 3,1,3,2

16} 16| v[2] =0

17 } 17 | 3,1,0,2
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10 inverte (i+l, v, tam); wl I I 1 wvlol =3

11 v[jl = i; w11 1 3,1,3,0

12 w2 | | v[3] =2

13 for (int p=0; p<tam; p++) 13 | | | 3,1,3,2

14 printf ("%d ", vlpl); 14 | | v[1] = 1

15 printf ("\n"); 15 | | 3,1,3,2

16} 16| v[2] =0

17 } 17 | 3,1,0,2

@ O vetor v[1..n] contém uma permutac3do de 1..n e a func3o inverte essa
permutac3o, fazendo v[il = j ser alterado para v[jl = i

@ Inverte: guarda todos os conteiidos €, a cada retorno, realiza uma troca
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Recursio

Resolve repetidamente e volta com a solucdo

Volta para o ponto de partida

Resolve dependéncias entre as solucdes

Utilizado em problemas com dependéncia entre os valores

Utilizado em problemas de busca

Utilizado em problemas de “divisdo e conquista”

» Dividir o problema em partes
» Resolva as partes para a solucdo total

Cuidado com estouro de pilhas:

» Garanta a condic3o de parada
» Utilize técnicas como a recursdo de cauda (tail call - chamada recursiva é a
altima instrucdo a ser executada) e otimizacdes na compilagdo (gcc -02)
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Recursio

#include <stdio.h>

1
2
3void recursiveFunctionl (int num) {
4 if (num > 0)

5 recursiveFunctionl (num - 1);
6 printf ("%d\n", num);

7}

8

9

//tail call
10 void recursiveFunction2(int num) {
11 printf ("%d\n", num);
12 if (num > 0)
13 recursiveFunction2 (num - 1);

16 int main() {

17 //int 4 bytes -> 8 MB = 8000 KB = 8000000 B
18 //recursiveFunctionl (8000000) ;

19 recursiveFunction2 (8000000) ;

20 return O;
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Recursio

Teste com gcc teste.c
gcc -01 teste.c
gcc -02 teste.c

Observe o assembly (quando ha chamadas recursivas?)
gcc -S teste.c
cat teste.s
gcc -S -02 teste.c
cat teste.s
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Recursio

@ Escreva uma funcdo recursiva que conte o namero de células de uma lista
encadeada.

@ Escreva uma funcio recursiva que imprima uma lista encadeada.

© Altura. A altura de uma célula c em uma lista encadeada é a distancia
entre c e o fim da lista. Escreva uma func3o recursiva que calcule a altura
de uma dada célula.

Q Profundidade. A profundidade de uma célula ¢ em uma lista encadeada é
distancia entre o inicio da lista e c. Escreva uma funcio recursiva que
calcule a profundidade de uma dada célula.

@ Escreva uma funcio recursiva que inverta a ordem das células de uma lista
encadeada. Faca isso sem usar espaco auxiliar, apenas alterando ponteiros.
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