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ABSTRACT

The importance of branch and bound algorithm is the mathematical improvement to find the
value of (X) that Maximize or minimize the objective function within a set of feasible solution,
as it is reliable on the efficient evaluation of the bounds of regions or branches of the space of
the research, whether they are upper or lower. In this paper discuss five cases with respect to
branching decisions based on network solutions to calculate the nearest link with a short time.
From the results, bound and branch algorithm can develop and change the obtaining solutions
for the five cases under study.

KEYWORDS: Branch and bound algorithm, Tree search algorithm, improvement algorithm,
decomposition algorithm, network design problem, Network Project Analyses.
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INTRODUCTION

Network design and location models are often
called upon to represent complex issues arising in
transportation, logistics, telecommunications, and
production planning applications. These models
are usually formulated as large-scale,
combinatorial mixed-integer programs  with
complex constraint structures.

Branch and bound algorithm is currently the only
general tool available for finding optimal
solutions to these difficult formulations. Yet, even
with the help of efficient specialized algorithms
that compute tight bounds on their optimum
values, realistically formulated and dimensioned
models require the exploration of such huge
search trees that optimal solutions cannot be found
but for the simplest instances.

A large number of emerging applications in
scientific areas including material sciences,
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bioinformatics, computer vision, and robotics ask
for finding a densely connected subgraph of a
given graph which maximizes a measure of
correlation among its vertices. This problem,
which is known in the literature as the tree search
algorithm or branch and bound algorithm, is the
subject of study of this article, especially when it
comes to the topic of improvement [1].

The paper is organized as follows. We draw the
problem network understudy and then the branch
and bound algorithm for solving the problem are
presented and our computational experience is
reported to show the nearest link in network
structure.

PROJECT NETWORK

Scheduling of activities and the control of their
flows through a production process plays most
significant role in any modern manufacturing
systems. Project scheduling is a complex decision
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making problem because of conflicting goals,
limited resources and the difficulty in accurately
modeling real world problems. Project scheduling
is a complex decision making problem because of
conflicting goals, limited resources and the
difficulty in accurately modeling real world
problems.

According to the critical path method, the
decision-maker can control the time and cost of
the project and improve the efficiency of resource
allocation to ensure the project quality. When
decision-makers engage in evaluating activity
times in connection with project network they
tend to give assessments based on their wisdom,
professional knowledge, experience and available
information

Critical Path Method (CPM) and Project
Evaluation and Review Technique (PERT) are
widely recognized valuable tools for the planning
and scheduling of large projects. In CPM a
deterministic data for activity time is used where
as in PERT random time data’s are employed.
However, in reality, due to the uncertainty of
information as well the variation of management
scenario, it is often difficult to obtain the exact
activity time estimates of all activities. Thus, the
conventional approaches, both deterministic and
random process, tend to be less effective in
conveying the imprecision or vagueness nature of
the linguistic values. One alternative to handle the
uncertainty associated with the processing time is
to use fuzzy techniques.

Network optimization is a very popular and
frequently applied field among the well-studied
areas of operations research. Many practical
problems arising in the real life situations can be
formulated as network models. Every large project
consists of many activities. An important aspect of
project management is scheduling the activity
time accurately. This is a critical component of
project planning as this will be the deadline for the
completion of a project [2, 7].

SPECIALIZED BRANCH

BOUND ALGORITHM

Additional improvements can be obtained by the
use of special constraints or dummy links, which
take advantage of the specific features of the
transmission expansion problem.

AND
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The algorithm is an enumerative algorithm based
on a binary search tree where the nodes represent
candidate problems and the branches correspond
to decisions taken so far in a given path. All
integer solutions are explicitly or implicitly
represented in that tree which guarantees that all
optimal solutions will eventually be reached by
the algorithm.

The branching operation consists of dividing the
current problem (a node in the decision tree) into
two descendants (the current node is also called
the parent node). The descendant problems are
easier to solve than the parent problem since one
of its variables is defined in the two descendent
nodes; additional constraint on the separation
variable is added to each of the descendant
problems.

A separation variable is a variable that assumes a
non-integer value in the current node and can be
fired at the values of either neighboring integer
values; in both cases, a new constraint is then
added to the current problem (contradictory
constraints). The current problem is then excluded
from the list of candidate problems and the two
descendent problems are added to the list (as a
result of the branching operation) [3].

DEFINITION of the SEARCH TREE
Supposing that M represents the group of all the
possible networks that are formed by that of all
links, L. Which is the tree-root is identified
with M. A vertex Msof the family of the tree
forms a subset Mg of M, that is, a networks-family
defined by three subsets ofL:

1- The set LL = A,,0f links that are included;

2- The set LE = 1,, of links that are excluded;
3- The set LY of links that are unassigned;

A search tree is shown in figure 1. At each vertex
of this tree, the included links that is included

Anand those that are excluded A,, are identified. In
the similar edges of the search tree, the pivot links
are also identified. During the stages of the
research, a thorough partition of the set Mof all
possible networks is defined by the terminal
vertices, and those that are nonterminal can be
disregarded.

The research progressively constructs a tree of the
research search via (a) the elimination of terminal
vertices if possible, or (b) dividing them if the
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elimination is impossible. If all the terminal
vertices are eliminated, then the search is
concluded.

A terminal vertex which represents a network with
an objective function has been computed is
eliminated. A terminal vertex that represents
networks that are infeasible is eliminated. It is
easy to check feasibility. A terminal vertex
Mgcontains a network that is feasible if and only if
the network MM "formed by the links in LL is
suitable. A terminal vertex identified not to
contain an optimal solution is got rid of. Suppose
a terminal vertex Msand the network Mg***formed
by all the links in LY U LY. Due to the mono
tonicity property of the objective function,
M € Mg - C(M) = C(MI%X),

Thus, C(MJ**) represents the vertex-lower bound
M. Consequently, if C(MJ***) > C*, where C* is
the objective function- lowest known value, then
the vertex Mg can be got rid of. If it is hoped to
obtain an optimal network, instead of all the other
optimal networks, the vertex Mg can be got rid of
when C(M***) > C* [4].

Figure 1. Search tree for three links

Table 1. Crisp Duration for Project.

A Crisp
- - Activit | Precedenc .
No Activities Description y Code e Activity Du:]atlo
1 Demolishing concrete A 11.9
structures
2 Take out the buried B 11.9
concrete structures
Supplying, pouring and
3 hammering the concrete C A 16.2
pillars
4 Groundwater disposal D B 15.95
works
5 Concrete work primary E CD 8.1
6 Moisture-proof F C,D 23.55
7 Soil works G CDh 23.8
8 Concrete work to build the H cD 1919
tunnel
9 Auxiliary walls | G 8.1
Water pumps for
10 emergency situations J LF 11.9
1 Installing vacuums K LF 8.1
(smokers)
12 Serving ways L K 16.45
13 Serving Bridge M K 8.35
14 Electrical Works N M 8.35
15 Pillars Testing (e} N,H,E,J,L 4.05

116

Draw the problem network under study:
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Figure 2. Network Project with crisp number\Source [6].
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The branch and bound algorithm for solving the
problem are presented:
One of the most important characteristics of the 11802 11.9 C3s.7
branch and bound algorithm is that of 3.2 |2
distinguishing the nearest link in the network. 220%. 10 )~
. . . 51.65.7 28.1.4 4 127.85 j11.9
Here it must be noted that the nearest link is c19 (6
(Start-3-4-5-10-11) and its total time (40). As 44,053 |
shown in figure 3. 7514 (2)44,0505)3595¢ 10 omas7s (E) 20
6 ! 51.65
400 11 4 43,55
47.85 7 10 735.95 B 128.1
N 524 (8
115 (2 y 11.9 a3 (g 44.55 10
I 36459 ¥31.9
281 (4 &) 27.85
516507 | 7514 440
44,0503 )36.2 (5 5L9 (6 ) 220 1 244,05 § .,‘35.95 6 51.65 10 218.75 _ -;.35.95 940,258 148.35( 4 1 223.8 5 319
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Figure 3. A tree search for finding the nearest link of node
(11) without improvement for network.

THE IMPROVEMENTS

Each improvement in the network was represented
in figure 2 that shows a new variation of the base
algorithm, and an increase in its solving efficiency
concerning the finding of the nearest link to node
(11). It would be of great interest to notice the
hybrid- resulting effect of such improvements, as
follows:

1- Build a link between nodes (3) and (6);
2- Build a link between nodes (3) and (8);
3- Build a link between nodes (3) and (7);
4- Build a link between nodes (3) and (6, 7, 8);

METHODOLOGY AND PROBLEM

STATEMENT

An exact approach to solve any optimization
network problem is to implicitly enumerate all
solutions. Branch-and-bound (B&B) is a well-
known technique largely applied to many similar
problems. It can be tailored in order to get
efficient solutions quickly. We shall now describe
how nearest link are computed and how the
branching variable selections are made. [5]

1. Build a link between nodes (3) and (6)
Depending on figure 2 the node (3) will be linked
to the node (6) in order to find the best and nearest
link to the node (11), which is shown in figure 4:
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Figure 4. A tree search to find the nearest link to node
(11) by joined node (3) in node (6)

2. Build a link between nodes (3) and (8)
Depending on figure 2, the node (3) will be linked
to the node (8) in order to find the best and nearest
link to the node (11), which is shown in figure 5:

4) 367
36.2 (5 11.9(2 118 5) 286
2200 10 11 )32.65
51.65(7 28.1(4) (4 R7.85 10 4) 2205
51.9 (6 7) 405
44,0503 9)20.25
28.35

2875( 10 7)20 \_\Q 324
35.95(5 44355 (6281 ( 10 )31.9 ) 367
514 (7 7) 40.25
51.65(6 4) 220.25
44,052 4)51.9 4 36.45 5) 28.35

Figure 5. A tree search to find the nearest link to node
(11) by joined node (3) in node (8).

3. Build a link between nodes (3) and (7)
Depending on figure 2, the node (3) will be linked
to the node (7) in order to find the best and nearest
link to the node (11), which is shown in figure 6:
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Figure 6. A tree search to find the nearest link to node
(11) by joined node (3) in node (7).

4. Build a link between nodes (3) and (6, 7, 8)
Depending on figure 2, the node (3) will be linked
to the node (6, 7, 8) in order to find the best and
nearest link to the node (11), which is shown in
figure 7:
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| 10 28.35

10 319
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Figure 7. A tree search to find the nearest link to node
(11) by joined node (3) in node (6, 7, 8).

IMPROVEMENT EVALUATION AND

RESULTS DISCUSSION
In this section, we evaluate the first three cases
separately, and then evaluate the last two cases.

The first case gave the nearest link represented by
the nodes (start-3-4-5-10-11) with a total value of
40, which represent activities (B, D, E, Dum, O),
which is a pessimistic for the company. The
second case gave the nearest link represented by
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the nodes (start-3-6-7-10-11) with a total value of
35.95, which represent activities (B, Dum, 1, J, O).

The third case gave the nearest link represented by
the nodes (start-3-8-10-11) with a total value of
32.4, which represents activities (B, Dum, L, O),
for each of first three cases, We notice that there is
a change in the objective function, and this is a
good indicator for decision makers, the branch
and bound algorithm may have the ability to
improve the solutions found by the first three
cases, the total value in first case is 40, while it
drops to 32.4 when using the branch and bound
algorithm at the third case.

The fourth and fifth cases gave the same of value
to the objective function about nearest link
represented by the nodes (start-3-7-10-11) with a
total value of 27.85, which represent activities (B,
Dum, J, O), which is an optimistic for the
company.

What may confirm the advantage of global
optimization is the improvement with respect to
branch and bound algorithm, even within the strict
time limits imposed by real-time purposes.

The branch and bound algorithm finds proven
optimal solutions in (5) cases. In the three open
instances, the branch and bound algorithm is able
to improve the solutions by the first three cases
and enhanced by the fourth and fifth cases.
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