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Branch-and-Bound

 Possui todos os elementos do backtracking, 

mas ele não termina simplesmente ao achar 

a primeira solução

 Ele continua até a melhor solução ser encontrada

 Ele armazena a pontuação da solução 

(estado) mais promissora



Branch-and-Bound

 Inicia novas buscas pela ramificação mais 

promissora

 Aquela que maximiza ou minimiza a função 

objetivo

 É capaz de podar ramificações

 Por exemplo, se procurar um caminho mínimo, é 

possível descartar uma ramificação que excederá 

um caminho mínimo já conhecido



Branch-and-Bound

 Exemplo

 Problema da Associação de Tarefas (Assignment 

Problem)



[]

Solução: []

Custo: +inf

Custo: 0



[]

[1,0,0,0]

Solução: []

Custo: +inf

Custo: 5



[]

[1,0,0,0]

[1,1,0,0]

Solução: []

Custo: +inf

Custo: 10



[]

[1,0,0,0]

[1,1,0,0]

Solução: []

Custo: +inf

Custo: 10

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

Solução: []

Custo: +inf

Custo: 6



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0]

Solução: []

Custo: +inf

Custo: 12



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0]

Solução: []

Custo: +inf

Custo: 12

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0]

Solução: []

Custo: +inf

Custo: 10



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0]

Solução: []

Custo: +inf

Custo: 10

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

Solução: []

Custo: +inf

Custo: 19



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1]

Solução: []

Custo: +inf

Custo: 28



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1]

Solução: []

Custo: +inf

Custo: 28

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1] [1,2,3,2]

Solução: []

Custo: +inf

Custo: 23



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1] [1,2,3,2]

Solução: []

Custo: +inf

Custo: 23

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1] [1,2,3,2] [1,2,3,3]

Solução: []

Custo: +inf

Custo: 22



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

[1,2,3,1] [1,2,3,2] [1,2,3,3]

Solução: []

Custo: +inf

Custo: 22

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: []

Custo: +inf

Custo: 29



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: []

Custo: +inf

Custo: 29

Custo da solução atual: +inf

Custo da nova solução: 29



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 29



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 29

BACKTRACKING



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 29

BACKTRACKING



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 20

[1,2,4,0]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 29

[1,2,4,0]

[1,2,4,1]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 24

[1,2,4,0]

[1,2,4,1] [1,2,4,2]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 3, 4]

Custo: 29

Custo: 23

[1,2,4,0]

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

Custo da solução atual: 29

Custo da nova solução: 23



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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

BACKTRACKING



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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

BACKTRACKING



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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

BACKTRACKING



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 10

[1,2,4,0]

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

[1,3,0,0]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 16

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 14

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 24

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0]

... [1,3,2,4]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 24

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0]

... [1,3,2,4]

Custo da solução atual: 23

Custo da nova solução: 24



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 23

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0]

... [1,3,2,4]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 24

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0]

Apesar de ser um estado consistente, ocorre a poda,

pois o custo do estado atual é maior do que o custo da solução atual

[1,3,4,0]

... [1,3,2,4]

X



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 10

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]

BACKTRACKING

... [1,3,2,4]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 5

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]

BACKTRACKING

... [1,3,2,4]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 14

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]

[1,4,0,0]

... [1,3,2,4]

O algoritmo continua até encontrar a melhor solução



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 3

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]

[1,4,0,0]

... [1,3,2,4]

. . . . . . . . . . . . .
[4,0,0,0]

O algoritmo continua até encontrar a melhor solução



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [1, 2, 4, 3]

Custo: 23

Custo: 4

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]

[1,4,0,0] . . . . . . . . . . . . .

O algoritmo continua até encontrar a melhor solução

... [1,3,2,4]

. . . . . . . . . . . . .

. . . . . . . . . . . . .
[4,0,0,0]

[4,2,0,0]



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Custo: 10

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0].....

[1,4,0,0] . . . . . . . . . . . . .

O algoritmo continua até encontrar a melhor solução

. . . . . . . . . . . . .
[4,0,0,0]

[4,2,0,0]

[4,2,1,0]

... [1,3,2,4]

Solução: [1, 2, 4, 3]

Custo: 23



[1,2,0,0]

[]

[1,0,0,0]

[1,1,0,0]

[1,2,1,0] [1,2,2,0][1,2,3,0]

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

Solução: [4, 2, 1, 3]

Custo: 13

Custo: 13

[1,2,4,0]

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

[1,3,0,0]

[1,3,1,0] [1,3,2,0] [1,3,3,0] [1,3,4,0]......

[1,4,0,0] . . . . . . . . . . . . .

O algoritmo continua até encontrar a melhor solução

. . . . . . . . . . . . .
[4,0,0,0]

[4,2,0,0]

[4,2,1,0]

....[4,2,1,3]... [1,3,2,4]



Branch-and-Bound

lb é uma função de limite inferior ou superior
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