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Branch and Bound

* Branch-and-bound technique i1s an improvement
of backtracking technique

 Branch-and-bound strategy 1s applicable to
optimization problems.

* For each node (partial solution) of a state-space
tree, computes a bound on the value of the
objective function for all descendants of the node
(1.e., extensions of the partial solution)

19ITB201 - DAA | A.Indhuja



Branch and Bound

» Uses the bound for:

- elimiating certain nodes as “nonpromising” to
prune the tree - 1f a node’s bound 1s not better

than the

- guiding t

vest solution seen so far

e searc.

191TB201 - DAA | A.Indhuja

1 through state-space tree




Assignment Problem

* Assignment problem i1s to assign n people to »
jobs so that the total cost of the assignment 1s as
small as possible.

* An instance of the assignment problem 1is
specified by an n-by-n cost matrix C.

Example:

Jobl Job2 Job3 Job4
Person a 9 2 7 8
Person b

3 7
1 g
9 4

AN OO0 B~

6
Person ¢ 5
Person d i

37

191TB201 - DAA | A.Indhuja

T » _

(LTI 10T



NSO

Assignment Problem

* Select one element 1n each row of the cost matrix
C so that
- no two selected elements are in the same
column and
- their sum 1s minimized.
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Assignment Problem

» Lower bound: The cost of any solution, including

an optimal one, cannot be smaller than the sum of

the

smallest e

"]

total cost at least: 2 -

s, any S0

ution

ements 1n each of the matrix’s rows

0 the given mnstance will have

-3+ 1+4=10.

» We choose the node with the smallest lower-
bound value as the most promising node.
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Assignment Problem

Example: Levels 0, 1 of the State-Space Tree
Llb=cy . tec,,tc; 3¢, ,

¥ lb:cl,2+02,3+c3,3+c4,4

3 lb=61,3+cz,z+c3,1 T ¢4y

~ | AN\ \O
ON[CO| &= |9
O || W

| 00| ~J|0o

o 4 lb:c1,4+cz,3+c3,3+c4,2

start
b=2+3+1+4=10

1 // \\4

a—1 a— 2 a—3 a—4
b=9+3+1+4 =17 b=2+3+1+4=10 Ib=7+4+5+4 =20 Ib=8+3+1+6=18

The most promising of them 1s node 2 because it has
the smallest lower-bound value.
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Assignment Problem

. Example: Levels 0, 1, 2 of the State-Space Tree

91 217 |8 |l 0
6| 4| 3|7 start
5 | & | 1|8 Ib=10
7161 9| 4
Sslb=¢i 5 ¢ ¢t Catig ; )
6:Ib=cl:2+czt3-+-c3=1+c4:4 a - 2
7:lb=c1:2+cz=4-|-c3:3+c4=1 oty
b -1 b — 3 b - 4
Ib=13 Ib=14 Ib=17

Node 5:/b=2+6+1+4=13.Node 6:/b=2+3+
5+4=14.Node 7: Ib=2+T7+1+7=17.
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Assignment Problem

' Example: Levels 0, 1, 2, 3 of the State-Space Tree

912 | 7|8
6|4 |3 |7
5| & 1]°8
7|6 |9 4

8:cost=c; ,+¢,  te;1¢,,
=2+6+1+4=13

D:icost=c; ,tcC, +C;3 4,1€4
=2+6+8+9=25

The optimal solution is {a — 2,

b— 1, é—>3.d—>4} (of

(2, 1, 3, 4)) with the total cost of 13.

0

start

Ib=10

a— 2

Ib=10

5/

b->1

Ib=13

o

c— 3

d— 4

cost=13

solution
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c— 4

d - 3

cost = 25

inferior solution



Assignment Problem D!

Trorionls

Example: Complete State-Space Tree

solution

inferior solution
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0
start
=10
1/ 2 \\4
a—1 a—2 a—3 a— 4
Ib=17 Ib=10 Ib=20 Ib=18
X / \ X X
5 6 7
b -1 b—3 b — 4
Ib=13 Ib=14 Ib=17
/ \ X X
8 9
c — 3 c—4
d - 4 d— 3
cost=13 cost = 25
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Assignment Problem

! Example: Complete State-Space Tree

Node 0: lb=cl_2+cz3+c3_3+c4;4=2+3+1+4=10
Node l:lb=¢c| ;+c, ;+¢c; %1, ,=9+3+1+4=17
Node 2: lb=cl_2+czﬂ3+cs_3+c44=2+3+l+4=10
Nede 3:l8=0, .1, , +@; 4 + G . ~T+EF5+4=20
Node4:lb=cl:4+cz’3+c3;3+c432=8+3+1+6=18

Node rlbh=¢; j'te; s Fe st i~21H6+1+4=13
Node 6:lb=c, ,+¢, ,+¢c, ,+¢, ,=2+3+5+4=14
Node 7:lb=c, ,+t¢, ,te; ;+¢, ;=2+T7+1+7=17
Node 8: ¢ost=0, 45+ ¢, Fe; 5 +e, 3, =2F+6+1+4=13
Node 9: cost=c, ,+¢, ,+¢; ,+¢, ;,=2+6+8+9=25
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