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Literature reviews: The TSP is well-studied™. Many
approaches have been tried. Among others are simulated
annealing with local search heuristics”, genetic
algorithms®® and neural networks”. In® a method of
solving the TSP using genetic algorithms was devel oped.
The scheme can find a near perfect solution in much less
time than using branch-and-bound search. A simple TSP-
Solver called ABACUS is a software system which
provides a framework for the implementation of branch-
and-bound algorithms. ABACUS is implemented as a
collection of C™ classed™. Experiments with sophisticated
heuristics have been successful for medium to large scale
problem instances (+1000 nodes)™**. Most of these
heuristics are based on the concept of local search, i.e.
continuously to transition from one solution to a
neighborhood solution.

Proposed solution: Heuristic search is a rule of thumb
approach that normally improves the efficiency (speed) of
a search process?. A good implementation of heuristic
can eliminate the complexity of a search process. In our
work, A* search is tested and implemented. This scheme
combined branch-and-bound and the estimate of
remaining distance. We have also included the traffic
condition as one of the quality measurements (e.g. heavy,
moderate, light) based on long term survey about the road
situation. It is not easy to develop the shortest estimated
path length. A good estimate of (partial) path will keep us
on the optimal path al the times. A bad estimate of path
may keep us away from the optimal path permanently. A*
search will produce an optimal solution if the
underestimate of remaining distance is the lower-bound
estimate. To see how A* search works consider using the
following quantity as the heuristic value H (state) for a
given state:

H (state) = Cost (state) + Estimate (state)

Fig. 1(a): A TSP problem space.
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Cost (state) measures the actual cost incurred in
reaching the state. While Estimate (state) counts the
estimate of cost needed to get from an arbitrary state to
the goal state, this is aso the lower bound on the actual
state.

Fig. 1(a) illustrates a simple TSP that will find near
optimal solution using A* algorithm.

Suppose that the cost of traveling between cities is
described by the following cost matrix:

A B C D E
A 0 7 12 8 11
B 7 0 10 7 3
C 12 10 0 9 12
D 8 7 9 0 10
E 11 13 12 10 0

Fig. 1(b) is a state space that represents the TSP. Note
that the tree does not show the entire problem.

Fig. 1 (c) shows that expanding of B leads to partial path
A-B-C, with an underestimated path length of 47 and to
partial path A-B-D, with an underestimated length of 46.
A-B-D istherefore the partia path to extend.
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Fig. 1(b): A state space for 5 cities.
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Fig. 1(c): B node gets expanded.
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A-B-D leads the path to E with an underestimated path
length of 48. Expanding the partial path to C isthe correct
move since the underestimated path length isonly 46
(Fig. 1d).
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Table 1. Underestimate of all partial paths

Partial Path H (state) Cost (state) Estimate (state)
A-B 45 7 38
A-D 47 12 39
A-B-C 47 17 30
A-B-D 46 14 32
A-B-D-E 48 24 24
A-B-D-C 46 23 23
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Fig. 1(d): Nodes expanded from D

The expanding leads to a complete path A-B-D-C-E.
No partial path has a lower bound distance that low,
therefore no further search is required. The final result is
shownin Fig. 1(e).
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Fig. 1(e): Solution path is (A-B-C-D-E).

The underestimate of total path length for all partial
pathsis calculated as shown in table 1. Partial path A-B-
D-C-E with the cost value, 46 is the result that we
obtained. When compared to other candidate partial
paths, thisis the minimum result. So, partial path A-B-D-
C-E can be considered as optimal. When the number of
citiesincreases, same partia path calculation applies, and
thereis always an optimal result.

Algorithms and main design components. The
development of programs can be divided into several
module, three main functions are as below (codes written
in Amzi! Prolog®):

1. Load the knowledge base

sort(F):-
open(F,readwrite,| D),
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repeat,
read(ID,X1),
checkin(X1),
X1==end_of file,
closg(ID).

checkin(s(X,Y,2)):-
assertz(h(X,Y,2).
checkin(end_of file).

The above reads as “Load cities information into
Prolog logic server environment. X isthefirst city, Yisthe
adjacent city and Z is the distance between the both of
the cities’.

2. Expandthetree

expand(P,I(N,F/G),Bound,Treel,Solved,Sol): -
F=<Bound,

(bagof(M/C,(s(N,M,C),

not member (M,P)),Succ),

|

succlist(G,Succ, Ts,N),

bestf(Ts,F1),
expand(P,t(N,F1/G,Ts),Bound,Treel,Solved,Sol); Sol ved

= never).

Here, more successors are generated for node (N).
Expand more sub-trees for the successor (Succ). Compare
and return the best successor (F1). Followed by continue
expanding the tree.

3. Cadculating the traffic condition

succlist(GO,[ N/C|NCs], Ts,Return):-
GisGO + C,

h(Return,N,H),

FisG+ H,

succlist(GO,NCs, Ts1,Return),
insert(I(N,F/G),Ts1,Ts).

The above codes perform the following: calculate the
heuristic value (F) by adding the traffic condition (H) with
the distance (G). Insert the sub-tree to the main search
tree for overall updating on tree.

Implementation: The RAS is divided into two views
(user/salesman and administrator). Users may use the
system for seeking traveling advices while the
administrator can maintain the city information via a user
friendly interface. This section is included with several
implementation screenshots (Fig. 2 — Fig. 3).






