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Modeling and optimization of unbalanced multi-stage logistic system
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Abstract: To decompose an unbalanced multi-stage logistic system to multiple independent single-stage logistic
systems, a new notion of parameterized interface distribution is presented. For encoding the logistic pattern on
each stage, the Priifer number is used. With the improved decoding procedure, any Priifer number produced
stochastically can be decoded to a feasible logistic pattern, which can match with the capacities of the nodes of
the logistic system. With these two innovations, a new modeling method based on parameterized interface
distribution and the Priifer number coding is put forward. The corresponding genetic algorithm, named as PIP-
GA, can find better solutions and require less computational time than st-GA. Although requiring a little more
consumption of memory, PIP-GA is still an efficient and robust method in the modeling and optimization of

unbalanced multi-stage logistic systems.
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If several facilities are to be sited between the
suppliers and the customers, such as plants or regional
distribution centers ( DCs), then the multi-stage model
is the appropriate model'"”'. Multi-stage logistic sys-
tem design is a typical difficult problem in the manage-
ment of logistic systems.

The use of the spanning tree-based genetic algo-
rithm (st-GA) for solving multi-stage logistic system
problems was introduced by Gen et al’”*'. They em-
ployed the Priifer number to represent a candidate solu-
tion of the problems and developed feasibility criteria
of the Priifer number to be decoded into a spanning
tree. In Ref. [1], the st-GA is improved.

In this paper, the notion of parameterized interface
distribution is put forward, by which an unbalanced lo-
gistic system can be converted to a set of balanced
ones. Meanwhile, with the improved decoding proce-
dure, any Priifer number produced stochastically can be
decoded to a feasible logistic pattern, which can match
with the capacities of the nodes of the logistic system.

With these two innovations, a new genetic algo-
rithm based on parameterized interface distribution and
Priifer number coding (PIP-GA) comes into being. The
efficacy and the efficiency of PIP-GA are demonstrated
by comparing its numerical experimental result with
that of the st-GA presented in Ref. [1].

1 Unbalanced Multi-Stage Logistic System

Suppose that there are m suppliers and n custom-
ers in a logistic stage.
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First, we denote s = {1, 2, ..., m} as the supplier
vector,d={m +1,m +2, ..., m + n} as the customer
vector. Secondly, the capacity of the supplier or the
customer is denoted as a,,i € s U d; we denote S =
{a,,a,, ..., a,} as the supplier capacity vector, and de-
note D ={a } as the customer capac-

m
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ity vector. Thirdly, denote |§| = Y a, and |D| =
i=1

m+n

Y a, When [S|=|D

i=m+l
anced, otherwise ( |S| > |D| or |S| < |D]|) and the
logistic stage is unbalanced.

The same kind of logistic nodes make up of a lo-

, the logistic stage is bal-

gistic interface, such as if s is the supplier interface and
d is the customer interface. The logistic distribution on
each interface is named as its interface distribution.

In a balanced multi-stage logistic system, the in-
terface distribution on each interface is unique. In other
words, the interface distribution is a constant. As a re-
sult, the layout procedure on each stage is independent
each other.

However, in an unbalanced multi-stage logistic
system, the interface distribution is not unique, but a
parameterized variable. Consequently, the layout proce-
dure on each stage is dependent on each other stage. If
the logistic distribution on each interface is already
known, the layout procedure on each stage is independ-
ent each other, just as the balanced one. That is, the pa-
rameterized interface distribution can convert an unbal-
anced multi-stage logistic system to a set of balanced
ones.

With the chromosome, which consists of the logis-



Modeling and optimization of unbalanced multi-stage logistic system 221

tic distributions on all interfaces, the genetic algorithm
can search the whole solution space.

However, the layout procedure on each stage is a
linear programming. When there are / — 1 stages in the
logistic system, and the population size is o, evolution
generation is g, the GA will carry (/ —1)og times line-
ar programming, which needs a large amount of com-
putational time.

If the logistic pattern on each stage can be enco-
ded and the coding is the sub-string of the chromo-
some, the layout procedure of the logistic pattern on
each stage can be solved by GA.

2 Priifer Number and Improved Decoding
Procedure

Cayley proved that for a complete graph with p
nodes, there are p”? distinct labeled trees. Priifer
presented the simplest proof of Cayley’s formula by es-
tablishing a one-to-one correspondence between the set
of spanning trees and a set of p —2 digits with an inte-
ger between 1 and p inclusive!"* . The verification for
the excellence of the Priifer number has been addressed
in Refs. [5, 6].

2.1 Shortcoming of Syarif ’s decoding procedure

For example, a transportation network of a one-
stage logistic system is shown in Fig. 1.1,2,3 and 4
are the supplier nodes, and 5,6 and 7 are the demand-
er nodes. The pair of numbers beside every node des-
ignates the maximal and residual capacity of the
node. In Syarif ’'s method'", the capacities of the
nodes of the logistic network are not considered. As a
result, the corresponding spanning tree of a Priifer
number P =[4,2,6,6,6]is shown in Fig. 1.

Fig.1 Spanning tree gotten from P =[4, 2,6, 6, 6] by
Syarif ’s method

In Fig. 1, the residual capacities of nodes 1, 3,5
and 7 are not zero. That is, among both suppliers and
customers, some nodes have residual capacities. In
other words, this spanning tree cannot satisfy the de-

mand of this logistic stage. We name this phenomenon
as non-matching between the spanning tree and the lo-
gistic stage, and name the spanning tree as a non-
matching tree of the logistic stage. Although some ad-
ditional repairing rules are used to amend Syarif ’s
method, the computational efficiency will greatly be
weakened.

2.2 The improved decoding procedure

To overcome the shortcoming of Syarif ’s deco-
ding procedure, an improved decoding procedure is
put forward.

Nomenclature If P is an ordinal number list,
the leftmost digit of P is marked as P. Practically, a
Priifer number is an ordinal number list. P is the ordi-
nal number list of all digits not included in P. P is sor-
ted in ascending order.

Suppose i € s U d, all the digits among P, which
are in the same set (s or d) with i, are marked as
P(i), we define that i ¢ P(i). The leftmost digit of
P(i) is marked as P(i);all the digits among P, which
are not in the same set (s or d) with i, are marked as
P(1), and the leftmost digit of P ( i) is marked as
P(1); all the digits among P, which are in the same set
(s or d) with i, are marked as P(i), we define that i ¢

P(i). The leftmost digit of P(i) is marked as ?( 0.
Step 1 Let P be the original Priifer number pro-
duced stochastically, let R, denote the number of ap-
pearances of nodes i in the Priifer number P and L, de-
note the number of connections of the nodes i for all i

m m+n

esud,L, =R, +l,if2L,. = ZL[,gotostep
i=1

i=m+l
3; otherwise go to step 2.

m+n

Step 2 Repeat this step, until » L, = Y L,.
i=1 i=m+l

If 2 L, > z L, , then select one digit i in P (i s),
i=1

i=m+l
and replace it with the number j (j e d) ; otherwise, se-
lect one digit i in P (i e d), and replace it with the
number j (jes).
Step 3
structed, which is the ordinal number list of all nodes

According to the modified P, P is con-

not included in P. P indicates eligible nodes for con-
sideration in building a tree. P is sorted in ascending
order.

Step 4 Repeat the following process until no
digits are left in P. (D Let i be the smallest label node
in P. Let j be the leftmost digit of P(7) which is not
in the same set (s or d) with . That is j = 7’(?’). ®)
Add the edge from i to j into the tree. Assign x; =
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min{a,, a;}. Update the availability a; = a, — x; and q,
=a; - x;. @ If a, =0, remove j from P and i from P.
If j does not appear anywhere in the remaining part of
P, put it into P. Designate i as no longer eligible.
Otherwise, if a; =0, keep i in P and delete P(i)
from P. If the deleted digit P(i) does not appear in P
anymore, add it to P. If P(j) # (), replace every digit
j in P with P(j); otherwise, replace every digit j in P

with ?(j), and delete %(j) from P.

Step 5
ly two nodes, r and s, still eligible for consideration,
and a, =a,. Add the edge from r to s into the tree and
form a tree with m +n —1 links. x,, =min{a,, a,} =a,

If no digit remains in P, there are exact-

=a,a,=a,-x,, =0,a, =a, —x, =0; at this time, be-
m m+n

cause Zai = Zai,ViesUd,ai =0.

i=1 i=m+1
By the improved decoding procedure, the Priifer
number P =[4,2,6,6,6] can be decoded to the logis-
tic pattern, as shown in Fig. 2.

()

Fig.2 Logistic pattern of P = [4, 2, 6, 6, 6] by the
improved method

3 Improved Decoding Procedure in Unbal-
anced Stage

A Priifer number can just encode a spanning tree
without the weight on the edge. In a balanced logistic
stage, there is just a single feasible logistic pattern on
a single spanning tree and the weight on each edge is
unique, so a Priifer number is enough to represent a
logistic pattern.

However, in an unbalanced one, there are perhaps
several feasible logistic patterns on a single spanning
tree. A Priifer number cannot provide sufficient infor-
mation to represent a pattern in an unbalanced logistic
stage. For example, in the unbalanced logistic stage
(IS]>|D]) shown in Fig. 3, the two logistic pat-
terns have the same spanning tree, but the weights on
the edge (1,5),(3,5),(2,7),(4,7) are different.

As a result, in a balanced logistic stage, for any
logistic pattern, there is always at least a Priifer num-

(b)

Fig.3 Two different logistic patterns on the same span-
ning tree in an unbalanced logistic stage
ber, which can be decoded to it. However, in an un-
balanced logistic stage, some logistic patterns will
never be gotten by decoding any Priifer numbers, no
matter the improved method or Syarif’s.

So, the straightforward method to solve this prob-
lem is to convert an unbalanced logistic system to a
balanced one, which is fitly the business of the param-
eterized interface distribution. In other words, if the
parameterized interface distribution is removed from
the chromosome, the genetic algorithm with the Priifer
number coding cannot search the whole solution space
of an unbalanced logistic system. Consequently, the
parameterized interface distribution is the absolutely
necessary ingredient of the chromosome.

By the interface distribution coding, the selection
of the middle facilities can also be encoded. When the
interface distribution of a node is 0O, this node is not
selected and should not be open. Then the 0-1 coding
used by Syarif et al. '"! is not necessary.

4 Numerical Example

From the above researches, a new genetic algo-
rithm based on parameterized interface distribution
and Priifer number coding ( PIP-GA) comes into be-
ing”‘g]
Tab. 4, is to find a feasible logistic pattern of the un-

. A test problem, which is given in Tab. 1 to

balanced multi-stage logistic system with the mini-
mum cost. To compare the effectiveness of PIP-GA,



Modeling and optimization of unbalanced multi-stage logistic system 223

this test problem is also solved by st-GA. In Fig. 4, the
best logistic pattern given by PIP-GA is shown, which
is never gotten by the st-GA in theory.

Tab.1 Capacity and fixed cost for the test problem

Capacity Fixed cost
Supplier Plant DC Customer  Plant DC
260 350 500 180 1 800 1000
300 450 550 280 1 000 1 100
450 600 400 160 1100 1900
360 550 600 340 2100 1000
480 500 450 240 1200 1 800

Tab.2 The unit shipping cost from suppliers to plants

still less than that of st-GA.

However, because the interface distribution cod-
ing requires more memory than the 0-1 coding, the
memory required for computation of PIP-GA is a little
larger than that of st-GA.

After all, although requiring a little more con-
sumption of memory, PIP-GA still has better results,
not only on the best solution but also on the average
solution, and requires less time consumption than st-
GA, as shown in Tab. 5.

Tab.5 Comparison of PIP-GA and st-GA

Logistic cost

Computational Memory/

Method .
. Plants Best Worst Mean time/'s Byte
Suppliers

1 2 3 4 5 PIP-GA 14660 14660 14660 15.8 39
1 5 2 7 3 4 st-GA 15110 16180 15324 18.6 34
2 3 6 2 7 7 Note: Memory is used by a chromosome.
3 2 8 7 2 1
4 4 7 8 6 o 5 Conclusion
5 3 5 3 4 6

Tab.3 The unit shipping cost from Plants to DCs

DCs
Plants

1 2 3 4 5
1 9 4 6 5 4
2 3 3 5 7 6
3 2 7 9 4 8
4 6 5 7 6 4
5 4 3 4 2 5

Tab.4 The unit shipping cost from DCs to customers

DCs Customers

1 2 3 4 5
1 2 4 7 5 6
2 5 3 2 5 3
3 6 5 4 4 2
4 4 5 3 3 2
5 3 4 5 6 5

Suppliers Plants DCs Customers
260 350 500 g9 l

Fig.4 Illustration of the best logistic pattern from PIP-
GA method

With the higher decoding efficiency, PIP-GA re-
quires less computational time on the decoding of the
Priifer number than st-GA. Although the computation-
al time of the genetic operation on the interface distri-
bution coding is just a little more than that on the 0-1
coding, the overall computational time of PIP-GA is

Based on the parameterized interface distribution
and the improved decoding procedure of the Priifer
number, a new modeling method of the unbalanced
multi-stage logistic system comes into being. The cor-
responding genetic algorithm, PIP-GA, not only can
find better solution, but also requires less computation-
al time than st-GA.

Although requiring a little more consumption of
memory, we still believe PIP-GA is an efficient and
robust method in the modeling and optimization of un-
balanced multi-stage logistic systems.
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