Ch.4. Traditional Methods - Part 2

Branch and Bound

B Branch & Bound
- Tree 7% 2 FAEE FA Wdte] partial search & %3] global

optimum = T8l FH A3} 7|9
- Branch : E¥ (tree) X2 EAE 7435t &4
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- Traditional Methods -

71 Formulation | Search space | Optimality Remarks
Exhaustive search all full global
) global optimum
Local search all neighborhood local for convex
problem
Greedy all partial local
Dynamic programming | stage-—stae partial global
) lobal optimality
Branch & bound tree partial & depends on
(near) 'lower bound'
optimality
. global (?) depends on
Ax tree partial (near) lower bound' &
‘heuristics’




(1) Shortest Path Problem




<HFH 2> Branch & Bound

- bound: X2 x==9] Cost < A4 :==9] Cost

- killed node A&




Dijkstra's Algorithm

« EX|
- O
— Single-source shortest problem

— Nonnegative-weighted edges

— Running time: lower than Bellman-Ford algorithm (if good
implementation)

« Data
— Graph: V, E, w(u,v)
» adjacency-list
» adjacency-matrix
— d[u]: vertex u 2| shortest-path estimate
— Ti[u]: vertex u 2| predecessor
— S: source s 2 EE2O| X|EtAH2|7F A™HEl vertex ] EIEH
— Q: vertex =2| minimum-priority queue, key = d

(cf) breadth first search



» DIUKSTRA(G, w, s)

— Greedy strategy
— Optimal solution d[u]= 5(3,&)  Yue U

— Running time : O (VIg V + E)
« line 4-8 : O(V)
« EXTRACT-MIN(q): O (Ig V)
* Line 7-8: O(E)

DUKSTRA(G, w, §)

INITIALIZE-SINGLE-SOURCE (G, s)
S <« 0
Q < VIG]
while Q # 0
do u < EXTRACT-MIN(Q)
S «— S U{u)
for each vertex v € Adj[u]
do RELAX(u, v, w)

O 1 Ov bn B o b o=

' RELAX (4. v, w)
1 ifd[v] > d[u] +w(u, v)
2 then d[v] « d[u] + w(u, v)
3 wlv] <« u



Operations







(2) TSP

- 5-city problem

- cost matrix
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- best—first search

< 1> Exhaustive search



<HFH 2> Branch & bound

- Lower bound A%
two shortest edges connected to each city
city 1: (7+8) / 2 r n 7 19 11
city 2: (7+7) / 2 | 7 0 10 7 :_ } .
city 3: (9+10) / 2 112 10 0 9 12 |
city 4: (7+8) / 2 | 8 7 9 0 10

| 11 1 2 1) 10) N

|
|
city 5: (10+11) / 2 L 2 A8 2 4 J

(ex)
St [(7+8) + (7+7) + (9+10) + (7+8) + (10+11)1/2 = 42
(1,2) (2,3): [(8+11) +(7+10) + (9+10) + (7+8) + (10+11)1/2 = 45.5
(1,2) (2,4) (1,4): [(7+1D)+(7+7) + (9+10) + (7+9) +(10+11)1/2 = 44

- The better the lower bound, the faster the algorithm.



General Branch & Bound Algorithm
Problem:
min f(z)
- z€DC R"
-z = {wED|f(:L‘) = f*}
[ =inf,cpf (z)

Notation
D;: n-dimensional box in R"
reED S, < x), < uj, forallk=1,"-n
C: : candidate set

Fromq: current upper limit of f* found by the algorithm

Algorithm

procedure branch and bound
begin
initialize C'
initialize fiound
while (not termination-condition) do
remove-best-box C' — D,
reduce-or-subdivide D; — D!
update fiound
C+~CUD;
for all D; € C do
if (lower bound of f(D;)) > fiound then remove D; from C

end
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A" Algorithm

B Branch & Bound Algorithm ¢ 7§41

Exhaustive Search
(best—first search)

4

Branch & Bound

4

A" Algorithm

- w2 BAS 23] cost AlAF Al heuristics F7F

T

B Algorithm

— Evaluation function

eval (q) = c(q) + h(q)
clg) + A& mEA =& g 7FA9] F4 cost

hig) © =% q oA wpx9 =714 9] 34 cost

- hlg) & o1EA Aot sl wet dnYFE A ey
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(ex) Shortest path problem
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A" Algorithm for Robot Path Planning

- Input: graph, start and goal nodes

- Qutput: back—-pointer path (goal — start)

- Data:
O ' open set, priority queue
C' : closed set, contains all processed nodes
Star(n) @ set of nodes which are adjacent to node n
c(n,,n,) : length of edge connecting n, and n,
g(n): total length of a backpointer path from n to gy
h(n): heuristic cost function,

estimated cost of shortest path from n to g,y

f(n)=g(n)+h(n): estimated cost of shortest path from gy, to g, via n

® Algorithm

Algorithm 24 A* Algorithm
Input: A graph
Output: A path between start and goal nodes

I: repeat

2:  Pick ny,,, from O such that f(n,.,) < f(n).¥Yn € O.
3 Remove ny,,, from O and add to C.

4 I Mpesr = Quout EALL,

5 Expand n,,,: for all x € Star(n,,,) that are not in C.
6: if x € O then

7: add x to O.

8:  elseif g(ny.,) + c(npe:. x) < g(x) then

9: update x's backpointer to point to n,,,

10:  end if
I1: until O is empty
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® Example of A* on a Grid

Figure H.15 Heuristic values are set, but backpointers and prionties have not.

9 [x2, x| exlx2)=1
| | ext, x9) = 1.4
X8 |xI' ~xa_ | clx1,x8)=10000,if x8 is in
AN obstacle, x1 is a free cell
x7 7 Ix6 x5 | c(x1,x9)= 100004, if x9 is in
» v * obstacle, x1 is a free cell

Figure H.16 Eight-point connectivity and possible cost values.
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Figure H.18

pointers are set, which are represented by the night bottom icon. b =

upper rnght

= h =t h =i T WE
- - - T BT
b=} gy | 22 i
a3 heia | b | il
i= i f=
pom { ()
b2 =24 | h=2 |
. - f=
= b= ()
=38 | h=14 | h=)
» e f
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=90 |=7Th {= = f=
=1y | b={L1) B=ELT) = “{ =0}
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f=50 | E=R0 ] =76 : j= f=
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(Left) The start node is expanded. the priority queue is updated. and the back-
(i. j) points to cell (i, j)

(Right) Cell (3, 2) was expanded. Note that pixels (3, 3), (2, 3). and (4. 2) are not displayed in
the priority queue because they correspond to obstacles.
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Project:

_16_



