
Int. J. Nonlinear Anal. Appl. 16 (2025) 2, 69–89
ISSN: 2008-6822 (electronic)
http://dx.doi.org/10.22075/ijnaa.2024.33380.4969

Distribution network design in the supply chain using genetic
algorithms

Flora Bozorg Poor

Department of Mathematics, Urmia University, Urmia, Iran

(Communicated by Majid Eshaghi Gordji)

Abstract

This paper is aimed at designing a distribution network of small industries in Arak City. The model presented in this
paper will provide optimal rates of order quantity given by a supplier to the producer. NMFC model covers drops in
prices and finance costs. Furthermore, the flexible time horizon planning permits the producer to use this model in
different time lags like hour, day, and month. The genetic algorithm function has been used in Matlab for achieving
the solution space and comparing the output results of the model with two EOQ and JIT models to calculate optimal
order quantity. The sensitivity of all parameters has been taken into account to examine its effect on the model which
indicates the higher effect of holding and warehousing costs on the total costs.
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1 Introduction

Supply chain management is focused on the exploitation of processes, technologies, and capabilities of suppliers
for strengthening competitive advantages [5].

In today’s world, we live among a complicated set of supply chains; the chains that move in parallel, some of them
intersect each other, and help to fulfill human needs. That’s why, if we want to look at the issue more accurately,
we’d better use supply chain network instead of supply chains [4]. In fact, distribution refers to allocation of a certain
quantity of goods to the consumer that fulfills his needs [9].

Besides product sale and promotion, distributors undertake other activities such as stock management, warehousing
affairs, product transportation, and after sale services. Also distributor may be only an intermediate between the
producer and the customer so that he never owns the product. This type of distributor undertakes mainly affairs
related to the product sale and promotion. In both states, by development of customer expectations and change
of available products, distributors follow up customer needs constantly and fulfill them through existing products
[7]. When the suppliers have a long distance with the customers, use of a distribution center for transferring a high
quantity of products to a place near the final customers creates the advantages of increasing volume in transpirations
with long distance. An efficient distribution network must try for achieving different goals of supply chain, from cost
reduction to high accountability to the customer needs and reduction of delivery time and so on. The main effective
factors are accountability, diversity of products, product availability, and visibility of orders [8].
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Arab et. al. [1] has solved a new mathematical model for scheduling in the distribution networks by optimizing
multi-objective mass particles. Tavakoli [13] has evaluated demand risk, dangerous goods transportation, and startup
costs in the supply chain. Sharifi [8] has identified and prioritized effective factors on efficiency of product distribution
network. Grant & Banomyong [6] carried out a study on the design of distribution chain of products used in Thailand
and Japan. Zanjirani [14] has designed a competitive supply chain. Costantino [3] has designed distribution networks
by a hierarchical optimization method.

It must be noted that no independent and comprehensive study about the effective factors on the efficiency of
product distribution network that determines the relative effect of each factor has been conducted in the country by
present. So, deficiency of studies in this regard is quite evident. Therefore, the main question of the present paper
is that how is the model of distribution network design in part manufacturing companies of Arak by using optimizer
approach and meta-heuristic genetic algorithm.

2 Materials and Methods

The present paper is a descriptive survey in terms of research method. It is also an applied research in terms of
objective, and finally it is a field research in terms of data collection method.

The statistical universe is comprised of the staff and managers of a part manufacturing company in the automobile
industry in Arak industrial complex. The statistical universe includes all managers and experts of the part manu-
facturing company whose number reaches 56 in the factory and sale centers all over the country. Due to the type
of research and limited number of experts, the census method was used for sampling. And 3 senior managers of the
company were selected for interview and finalizing the results.

3 Findings

3.1 Objective Function

The cost of products reduces when the quantity of order increases Ei = {1, 2, 3, · · · , α0}. Qei−1
i is the set of product

price reduction, Qei
i is lower and upper limit of price reduction for product i (Qc). If q

j
i is between Qei−1

i is the cost

of Lj
i · P

ei
i , the price of product i will be Qei

i , selling product i at the time point j. so we have:

if Qei−1
i ≤ qji < Qei

i then Lj
i = peii qji , ∀ i, j (3.1)

The producer needs loan to purchase product requirements and the most common type of loan is the payment that
each time point has a fixed amount at the time horizon. The rate of interest equals r. for example, the rate of annual
interest is 6 percent and the interval is one month and the interest rate for one month equals r = 0.06

12 = 0.005.

Fixed payment f j
i at any time interval j, to n time points for loan Lj

i with the interest rate r equals:

F j
i =

r(1 + r)n−j+1

(1 + r)n−j+1 − 1
, ∀ı, j (3.2)

The producer receives the loan Lj
i at the beginning of time interval and starts to refund a fixed amount at the end

of the interval. If P (qji ) is the total cost of product i at the interval j that equals total amount of interest refund for
product i from time point j to the end of time horizon, then we have:

P (qji ) = (n− j + 1) ⋆ F j
i ; ∀ i, j (3.3)

and to see how equation (3.3) is used, P (qni ) is calculated by equation (3.4)

Qei−1
i ≤ qni < Qei

i

P (qni ) = (n− n+ 1)Fn
i = Ln

i

r(1 + r)n−n+1

(1 + r)n−n+1 − 1
= peii qni

r(1 + r)

(1 + r)− 1
. (3.4)

Equation (3.4) means that if producer orders qni , the cost of product i equals P
ei
i and the loan that producer needs

will equal Ln
i = P ei

i ⋆ qni . So the total amount of refund including interest from the beginning to the end of time point
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n equals P ei
i qni

r(1+r)
(1+r)−1 that equals fixed payable cost F r

i . We consider Rj
v(q

j
i : i ∈ cv) equaling product transportation

cost that includes cost cv. As mentioned earlier, the classification system NMFC for each different weight range k ∈ K
has a certain price; so we will have:

if ak−1 ≤
∑
i∈cv

qjiwi < ak, then

Rj
v(q

j
i : i ∈ cv) = 0.01min

[
vvk

∑
i∈cv

qjiwi, v
v
k+1αk

]
; ∀ k, v, j (3.5)

In equation (3.5), if the weight range equals K, the producer carries out a comparison between transportation cost
of the existing weight range, vvk

∑
i∈cv

qjiwi and the next weight range vvk+1αk to calculate the minimum transportation

cost in Rj
v(q

j
i : i ∈ cv). When the product i is ordered, the fixed cost of order is created. The order cost of product i

at the interval j equals:
O(qji ) = oi(min[qji , 1]), ∀ i, j (3.6)

Product i has a single holding cost hi at each time interval. Total cost of holding for the ordered quantity of
product i between time intervals j and j + 1 equals equation (3.7).

H(qji ) = hil
j
i ; ∀ i, j. (3.7)

Total holding cost for each product i ∈ J along the whole time horizon will equal:∑
i∈I

∑
j∈J

H(qji ) =
∑
i∈I

hil
0
i +

∑
j∈J

hil
j
i )

=
∑
i∈I

(hil
0
i + hil

1
i + hil

2
i + · · ·+ hil

n
i )

=
∑
i∈I

(hil
0
i + hi(l

0
i + qj2 − d0i ) + hi(l

1
i + qj2 − d1i ) + · · ·+ hi(l

n−1
i + qj2 − dn−1

i ))

...

=
∑
i∈I

hi

(n+ 1)l0i +
∑
j∈J

(
(n− j + 1)qji − (n− j)dji

)
− nd0i


=

∑
i∈I

∑
j∈J

hi

[
(n+ 1)l0i − (n− j)dji − nd0i + (n− j + 1)qji

]
(3.8)

4 Model

Total cost includes cost of purchase, order, transportation, holding, and warehousing. By considering total cost as
C(qji ) in equations (3.4), (3.5), (3.6), and (3.7), we will have:

C(qji ) =
∑
i∈I

∑
j∈J

(
P (qji ) + o(qji ) +H(qji )

)
+
∑
j∈J

∑
v∈v

Rj
v(q

j
i ; i ∈ cv),

P (qji ) = (n− j + 1)
r(1 + r)n−j+1

(1 + r)n−j+1 − 1
peii qji if Qei−1

i ≤ qji < Qei
i , ∀ i, j

O(qji ) = oi(min[qji , 1]), ∀ i, j

Rj
v(q

j
i : i ∈ cv) = 0.01min

[
vvk

∑
i∈cv

qjiwi, v
v
k+1αk

]
if αk−1 ≤

∑
i∈cv

qjiwi < αk; ∀ k, v, j (4.1)
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To optimize the price qji , we need to minimize total cost C(qji ). So the model will be presented as below.

j∑
J=0

qJi ≥ −l0i +

j∑
J=0

d0i , ∀i, j

j∑
J=0

qJi ≤ min

[[
αi

wi

]
, αi − l0i +

j−1∑
J=0

dli

]
, ∀ i, j and

qji ∈ IN0; ∀ i, j. (4.2)

4.1 Solving the model

Genetic algorithm model is used for solving equation 10. GA is started by the primary set of solutions called
population. The members of population are called chromosomes that are evaluated based on a pre-defined fitness
function which is total cost in our case. Each chromosome includes several genes. Gene indicates quantity of product
i at the interval j. for example, if we have 10 products and 12 intervals, we will have 120 genes (volume of order) in
each chromosome (figure 1). Chromosomes are created by successful replications that are called generation. A new
generation is made by change of chromosomes in the existing population during crossover and mutation (figure 2).

Figure 1: a chromosome with 12o genes

To make the related items in the model, we use the presented method in which generation, crossover, and mutation
are selected randomly.

[x, fval, exit flag, output]

= ga(fitnessfcn, nvars,A, b, [ ], [ ], LB,UB, [ ], IntCon,Options).

Figure 2: crossover and mutation

We first work with the input parameters. The number of accurate variable is nvars. A is the non linear matrix of
unequal limitations and b is vector of non linear limitations in the form of Ax ≤ b.

−
j∑

J=0

qJi ≤ −
j∑

J=0

dJi + l0i , ∀i, j

j∑
J=0

qJi ≤ min

[[
αi

wi

]
, αi − l0i +

j−1∑
J=0

dli

]
, ∀ i, j (4.3)
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The symbol “[]” represents replacement for a linear or non linear matrix of equal limitations, linear or non linear
vector of equal limitations and functions of non linear limitations.

LB and UP are vectors of lower and upper limits. Options are the final input whose structure is as following.

option = gaoptionset(′Generations′, value1,′ PopulationSize′, value2,′ EliteCount′, value3)

Population size of value 1 determines that how many chromosomes exist in each generation. With a large population
size, the genetic algorithm searches the solution space more carefully for increasing minimum probability to a relative
minimum. EliteCount is the number of chromosomes that remain with no change and go to the next generation. For
an accurate problem, the minimum amount of EliteCount equals:

value3 = 0.05 ⋆min(max(10 ⋆ nvar, 40)100)

One of the output parameters of GA is x which is the best point that GA determines during generation production
and fval is the best fitness function found for point x. another parameter is exitfval. GA uses penalty function
instead of fitness function to stop criterion. The last output parameter provides some information about the algorithm
function.

5 Numerical study parameters

This part of the model will show a numerical study about 10 products and 12 time points and the lag between
the points equals 1 month. Table 1 presents our objective in this case study dji . The tables show products 1 to 9 that
have a fixed demand every month. Items No. 2 and 73 have a fixed demand in a certain lag. And items No. 4, 5, and
8 have a certain model for their demand volume and items 6 and 7 do not have a certain model for their demand.

Table 1: the rate of demand for the studied industrial parts

Table 2: studied parameters



74 Bozorg Poor

Table 2 shows all the research parameters. The first column is the index column and the next column includes
the level of initial inventory l0i . Third and fourth columns show size Si and weight wi of products. The maximum
volume of warehouse for product i is si in the fifth column and the maximum weight wi is in the sixth column. The
maximum number of product i that can be stored in the factory warehouse is αi in the seventh column. Eighth and
ninth columns include weight per cubic foot wi and a set of classifications v = {3, 4, 5}.

Table 3 shows price costs. For example, ∀ i ∈ I, ∀ ei ∈ Ei and P ei
i . The table shows that for the product 5, the

price cost equals P 25
5 = 9.0 per unit. If the number of purchased units is between Qt5

5 = 51 and Q25
5 = 5, the purchase

cost with r = 0.005 will equal:

if Qts
s ≤ qJs < Q2s

s

P (qJs ) = (13− J)
0.005(1.005)13−j

(1.005)13−j − 1
p2ss qJs ; ∀ J

Table 3: the relation between price cost per unit and lag |Qei−1
i −Qei

i |

Table 4 shows the transportation cost vvk . To understand how to use table 4, we consider j = 4 and v = 3, we use
last column of table 2. Also table 2 provides values of wi that i ∈ C3. If

∑
i∈C3

q4iwi = 1800 lb, then we will have:

∑
i∈C3

q4iwi = 63.84q41 + 275.66q45 + 150.55q48 + 326.24q410 = 1800

Final cost of transportation will be calculated as below.

1000 ≤
∑
i∈C3

q4iwi < 2000,

R4
3(q

4
i ; i ∈ C3) = 0.01min[2.35 ⋆ 1800, 2.07 ⋆ 2000] = 44.40

A lower level of 42.40 = 2.07⋆2000 is exerted and will be paid to the factory owner for k = 4. If
∑

i∈C3
q4iwi equals

1500, then the final cost of transportation will be as following.

If
1000 ≤

∑
i∈C3

q4iwi < 2000.

Then
R4

3(q
4
i ; i ∈ C3) = 0.01min[2.35 ⋆ 1500, 2.07 ⋆ 2000] = 32.25

A lower rate of 2.35 ⋆ 1500 = 35.25 has been implemented and will be paid to the factor owner for k = 3.

Tables 5 and 6 show fixed costs of order Qi and holding hi per month.
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Table 4: cost of parts transportation per 100 pounds of body weight of goods

Table 5: costs of order of industrial parts

Table 6: costs of holding in the industrial parts warehouse

The results of numerical study in part manufacturing

Table 7 shows a set of orders in the form of qji , ∀i, j. The output results have been obtained after 200 runs during
13 hours with the generation number 3000 and population equaling 5000 in the genetic algorithm. In each run, Matlab
software will give us the final cost with a set of different order quantities. Then it will compare them and will provide
the most optimal value. Figure 3 will show all the results of 200 runs of genetic algorithm in Matlab software and the
most optimal solution has been obtained in the 83rd run that gives the minimum final price (140185.12 $).

Table 7: the most optimal value of order quantity

Inequality of columns
∑12

j=1 q
j
i and

∑12
j=0 d

j
i − l0i in table 1-7 shows that all goals have been obtained in the time

horizon plan. The table shows that any product has its own ordering model. For example, for product No. 7, the
order model is the total demand of annual consumption in the second month and for product No. 1, the order is the
variable number of that product per month. Tables 8 and 9 show the level of inventory and cost of holding in the
warehouse. The maximum cost of holding relates to the product No. 8 and equals 5353.83 Dollars because its annual
demand occurs in the first two month of the year. Although it has the highest cost of holding, it is replicated 2 times
per year instead of 12 times.

Tables 10, 11 and 12 show respectively the optimal costs of ordering, purchase, and transportation for all the
related products in one year.
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Figure 3: comparing solutions in different runs of software

Table 8: the level of optimal inventory lji for the industrial parts

Table 9: cost of holding in the warehouse H(qji ) for the parts

Cost of transportation has been calculated based on three classes v = {3, 4, 7}NMFC among 18 types. From the
last column of table 1, products No. 1, 5, 8 and 10 from class No. 3, products 2, 3 and 7 from class No. 4, and
products 4, 6 and 9 from class No. 7 have been calculated. The final transportation cost equals 17137.06 $ and the
highest cost of transportation relates to the class No. 3.

The lowest cost of ordering belongs to the product No. 7 that has only been ordered one time in the second month.
The product No. 1 has the highest cost of ordering. The highest cost of purchase relates to the product No. 8 because
it has the highest volume of order per year (3432 units).

Table 13 presents an abstract of all products and figure 4 shows an abstract of tables of these costs. The biggest
sector of figure 4 relates to the purchase costs and equals 62%, and the smallest one relates to the order costs and
equals 8%. It means that the purchase costs play the greatest role in the final costs. The holding cost is 18% and
transportation cost in 12%. In the part industry, the level of inventory (88%) is larger than transportation cost (12%).
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Table 10: optimal cost of ordering industrial parts

Table 11: optimal purchase cost P (qji ) of industrial parts

Table 12: optimal transportation cost Rj
i (q

j
i ; j ∈ Cv) of industrial parts

Table 13: comparison of industrial parts prices in the proposed model
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Figure 4: division of final costs of the proposed model

6 The comparative study

In this section, the optimal solutions of the research proposed model are compared with the results of just in time
(JIT) model and equal order quantity (EOR) model and it shows that which one have a lower final cost.

Tables 14 and 15 show the order quantities and level of inventories in JIT model. To understand how table 15 has
been calculated, we consider the product No. 6 to the time point 3. From table 1, we have:

l36 = l26 − d26 + qb3 = l06 − d06 + lb1 − d16 + q62 − d26 + q63 = d36

Table 14: the order quantity qji of industrial parts in JIT model

Total holding cost in JIT model is less than holding costs of the model proposed in this paper. It seems that in JIT
model, products are ordered as per demand at each time point; so ordering cost in JIT model is more than ordering
cost in our proposed model and this is due to higher number of replications in JIT model.
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Table 15: level of inventory lji of industrial parts in JIT model

Table 16: holding costs H(qji ) of industrial parts in JIT model

Table 17: ordering costs Q(qji ) of industrial parts in JIT model

Table 19 shows a summary of transportation, purchasing, ordering, and holding costs in JIT model. In figure 5,
the main sector belongs to purchasing cost. As seen, the smallest sector belongs to the holding costs.

In the equal order quantity (EOQ) model, the factor owner (producer) orders a certain and equal quantity at any
time point. To understand how the EOQ model acts, consider that annual order quantity of product No. 8 equals
3432. The producer has 12 methods for ordering product No. 8 in one year. Table 20 shows these possible methods.
Each method has a specific total cost. After comparing the final cost, the optimal solution is to order 858 units of
product No. 8 per every three months.
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Table 18: purchasing costs P (qji ) of industrial parts in JIT model

Table 19: comparison of costs of industrial parts in JIT model

Figure 5: division of total costs of JIT model

Table 20: all possible methods for ordering product No. 8 in the equal order quantity (EOQ) model

Tables 23, 24, 25 and 26 show holding, ordering, and purchasing costs, and summary of all costs in the equal order
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Table 21: optimal order quantities in the equal order quantity model for all products

Table 22: the level of inventory lji in the equal order quantity (EOQ) model

quantity model. Holding and warehousing costs in this model are less than other two models, and both final ordering
costs and final purchasing costs are more than those of the model proposed in this paper. Figure 6 shows percentage
of quantitative costs. As shown by this figure, the highest rate relates to purchasing cost like two prior models. The
lowest cost relates to holding and warehousing like JIT model.

Table 23: holding and warehousing cost H(qji ) of industrial parts in the equal order quantity model

Table 27 shows a summary of all costs of every three models. Final cost of the model proposed in this paper is very
lower than final costs of JIT and EOQ models. This means that this model proposes a set of order quantities. Holding
and warehousing costs of the proposed model are more than those of other two models; but ordering, purchasing,
and transportation costs of this model are less than those of other two models. JIT model has the highest final cost,
ordering cost, and purchasing cost. And EOQ model has the highest transportation cost. Figure 7 shows the relation
between purchasing and transportation costs in all the models. These two costs have the highest effect among the
supply chain.
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Table 24: ordering cost Q(qji ) of industrial parts in the equal order quantity model

Table 25: purchasing cost P (qji ) of industrial parts in the equal order quantity model

Table 26: comparison of industrial parts prices in the equal order quantity (EOQ) model

Figure 6: division of total costs of industrial parts in the equal order quantity model
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As figure 7 shows, over 7550 $ is saved in these two costs in the model proposed in this paper, and as mentioned
earlier, this saving will be further more in Iran with regard to the rate of exchange to rial.

Table 27: comparison of total costs of these three models.

Figure 7: comparison of purchasing and transportation costs of three models

Table 28 and figure 8 shows the relation between holding and warehousing costs in every three models. Holding
cost of the model proposed in this model is more than other two models. For all products, EOQ model has the lowest
cost for holding and warehousing except for products No. 3 and 7. For these two products, JIT model has the lowest
costs. Product No. 9 has equal holding and warehousing costs in two EOQ and JIT models because their order
quantity is equal. Product No. 8 has the highest holding and warehousing costs in the proposed model of this paper
and product No. 4 has the lowest holding and warehousing costs in EOQ model.

Table 28: comparison of holding costs in the three models
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Figure 8: comparison of holding costs in the three models

Table 29 and figure 9 shows ordering costs of all models for all products. The proposed model of this paper has
the lowest ordering cost for all products compared to other models, and EOQ model has the highest ordering costs
except for products No. 8 that has been ordered 11 times in JIT model and only 4 times in EOQ model. Products
No. 2, 3, 5 and 9 have equal holding costs in EOQ and JIT models. In figure 10, the highest ordering cost relates to
the product No. 8 in JIT model and the lowest one relates to the product No. 7 in the proposed model that has been
ordered only one time per year.

Table 29: comparison of ordering costs of the three models

Table 30 and figure 10 shows purchasing costs. Products No. 3 and 4 have the lowest purchasing costs in EOQ
model; but for other products, the proposed model of this paper has the lowest purchasing cost. Table 31 shows
transportation costs of all types of NMFC in all models. Transportation cost in the proposed model of this paper is
less than other two models. For v = 3 and v = 7, transportation cost of the proposed model is the lowest one; and for
v = 4, JIT model has the lowest transportation cost.

7 Analysis of sensitivity

Analysis of sensitivity is used for considering effective parameters on the model. When a parameter changes while
other parameters are constant, parameters that are analyzed are namely, holding and warehousing cost (hi), ordering
cost (Oi), transportation cost (V v

X), and rate of interest.

7.1 Holding and warehousing cost of product i in the time unit hi

Studying hi helps us to consider the effect of holding and warehousing cost H(qji ) on the total cost. Five possible
states for hi include decrease 80%, decrease 40%, increase 80%, increase 40%, and remaining without change.
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Figure 9: comparison of ordering costs of the three models

Table 30: comparison of purchasing costs of the three models

Figure 10: comparison of purchasing costs of the three models

A set of optimal order quantities will change by hi change. The attached tables show that by increase in hi, order
quantity of products 2, 3, 5, 7, 8 and 10 will not change which is due to higher holding and warehousing costs of these
products compared to the rest ones. So, 40% or 80% change in holding and warehousing costs will make no change in
the method of ordering these products. For products No. 8, 4, 6 and 9, change in holding cost (hi) makes a significant
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Table 31: comparison of transportation costs of the three models

Figure 11: comparison of transportation costs of the three models

difference in the method of ordering. By increase in the holding and warehousing cost, the number of products is
reduced in the warehouse and number of orders is increased. For example, product No. 9 is ordered 8 times per year
when hi is reduced 80%. When hi is increased 80%, the number of orders will be 10 which will increase the ordering
cost and reduce holding and warehousing cost.

Table 32: comparison of all costs with different hi

Table 32 shows a comparison of price in the sets of order quantity. And it indicates that by increase in hi,
transportation, purchasing, and ordering costs increase to keep balance of total cost when holding and warehousing
cost is constant.

7.2 Ordering costs of product i per time unit oi

Studying ordering costs (oi) helps us to analyze the role of O(qji ) in the total cost. Any of these changes has a
different volume of optimal order quantity which has been shown in the attached tables. When the ordering costs
increase, the proposed model of this paper tries to reduce the order replication. For example, product No. 6 is ordered
7 times per year when Oi is decreased 40% and it is ordered 5 times per year when Oi is increased 80%.

Table 33 compares costs of orders quantities. When the ordering costs increase, transportation, purchasing, holding,
and warehousing costs are decreased. By reduction of ordering costs, purchasing, and transportation costs do not
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comply with a certain model. When the ordering costs are decreased 40%, transportation costs increase; but when
the ordering costs are reduced 80%, purchasing costs are reduced and transportation costs will be increased which is
due to keeping balance in the final cost.

Table 33: comparison of all costs with different Ois

7.3 Rate of interest, r

Changes in r reduce purchasing costs P (qji ) and total costs. Purchasing costs include expenses of buying the
product and payment of loan. Loan payment is in the form of monthly payment. For a loan with the interest rate

r =
Annual Interest rate

12

The annual interest rate is 6% for our case study and has been compared with 1%, 4%, and 11% values. Any
change in r has different sets of optimal order quantities that have been shown in the attached tables No. A9 to An.
order quantity of products No. 2, 3, 5, 7, 8 and 10 is constant with different values of r. the order quantity of other
products does not change for the balance of total price. If r increases, the ordering, holding and warehousing costs
increase and transportation cost is reduced. For example, product No. 4 with the annual interest rate 11% has been
ordered 7 times but this rate has been reduced to 5 times in the annual interest rate 1% which will increase ordering,
holding and warehousing costs and reduce transportation costs.

Table 34: comparison of all costs with different r values

7.4 Transportation costs per 100 pound in NMFC unit and for class v in the weight range k, V v
k

Change of V v
k will influence transportation cost Rj

v(q
j
i ; l ∈ Cv) and final cost. Any of these changes will make a

different set of order quantities which have been shown in tables A12 to A15. Products No. 2, 3, 5, 7, 8 and 10 are
constant in different values of V j

k . Order quantity of other products will be variable for keeping balance in the final
cost. By increase in the transportation cost, purchasing and ordering costs are reduced and holding and warehousing
costs are increased. Table 35 shows the details.

When the transportation cost increases, the proposed model tries to keep the final cost constant; so minimizing
the number helps to reduce transportation cost. By reduction of number and cost of transportation, holding and
warehousing cost increases. So, when the holding and warehousing cost is less than sum of ordering, purchasing, and
transportation costs, the proposed model justifies increase in the holding and warehousing costs relative to other costs.
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Table 35: comparison of all costs with different values of V v
k

7.5 Conclusion of sensitivity analysis

Table 36 presents a summary of the results of all parameters. This table shows that by increase in hi, transportation,
purchasing, and ordering costs increase and holding and warehousing cost decreases. This means that if hi increases,
products are ordered more. so, the ordering cost increases because the number increases.

The next row of the table (Oi) in increasing, changes in the transportation price are uncertain and are reduced
by change and this will lead to the reduction of transportation cost. For the parts of automobile industry, there is a
different relation between holding costs and ordering costs and this makes the result complicated. Finally by increase
in Oi, purchasing and holding costs are reduced and ordering cost and final cost increase.

The third row indicates that when the interest rate is increasing, the model tries to order less numbers. So, holding
costs increase and transportation cost decreases. The final row relates to V v

k whose changes are exactly contrary
to hi; because when transportation cost is increasing, less products are ordered and so ordering, purchasing, and
transportation costs are reduced and holding cost increases.

Table 36: summary of sensitivity analysis

8 Conclusions

The synthetic algorithm used in this paper sought to use genetic algorithm mechanism to find the primary solution
and use it in the simulated annealing algorithm and so get closer to the optimal solution. The structure of the used
synthetic algorithm shows that its convergence has been proven because it has used two known algorithms in its
mechanism. The reason is clear because the genetic algorithm searches the problem solving space to find the solution
and so examines some points of justified problem space that is considered less and this increases chance of finding the
primary proper solution. Then the synthetic algorithm gives this solution to the simulated annealing algorithm so as
to move towards optimal solution by using neighboring solutions and examining surrounding spaces. Algorithm four
indicates the above contents in a simple language.

Optimizing investment and transportation costs helps the producer and transportation sector to demand an appro-
priate rate of order quantity at the best time. The model presented in this paper will provide the optimal rate of order
quantity given by a supplier to the producer. NMFC model covers drop of prices and finance costs. Furthermore, the
flexible time horizon planning permits the producer to use this model in different time lags like hour, day, and month.
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