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ABSTRACT

The objective of this research is to develop a supply chain model which incorporates fixed
shipment and tariff costs at each stage of the supply chain in order to determine total
minimum shipment cost at the end of a planning horizon. While the existing models being
expanded in this research use forward recursive method of dynamic programming, the
proposed model uses the backward approach which has lower suboptimal costs in between
the stages. We observe that though the total minimum cost is the same for both the
proposed and the existing model algorithms, the suboptimal costs in the proposed model
are lower than the corresponding suboptimal costs in the existing model. This is one of the
advantages of the proposed model compared to the existing models since it enhances early
detention of unprofitable shipping patterns in the supply chain system. The algorithm of the
model also has advantage of batch shipment at certain periods of computation. This assists
policy makers to plan for shipment pattern that will reduce transportation cost and maximize
profit of the organization.

Keywords: products, supply, consumers, shipment cost, tariff cost.

1.0 INTRODUCTION

A supply chain is a combination of several relevant stakeholders working together to ensure
the smooth flow of finished products from manufacturers to retailers and final consumers.
Supply chain is defined in [1], as a planning and management process involving the supply
of finished products to final consumers. Supply chain will continue to face more risks than
any other aspect of business organization because of the direct impact it has on industry’s
financial performance, [2]. As pointed out in [3], risk assessment and management in a
supply chain process is very crucial to the success of any manufacturing company. The
various risks that could be encountered in a supply chain process include road accidents,
terrorist attacks, climate change and evolution of new products. Efficient management of
supply chain can lead to increase in business profits and minimization of production cost,
[4]-

The process of risk management in supply chains include identifying, assessing and
evaluating any possible disruption that could occur during products’ shipment to retailers
and final consumers with the aim of controlling and reducing their negative impact, [5]. [6]
opined that the type of disruption encountered at the logistic level of a supply chain will
determine the type of risk management approach to adopt. For example, the COVID-19
pandemic is proof of how unforeseen incidents can disrupt a supply chain.

[7] remarked that mathematical models can be developed and use to reduce problems
associated with risk in a supply chain process. In [8], mixed programming and integer
programming were used to analyze optimization of supply chain problems. The objectives of
these models were to evaluate the degree of effectiveness of the supply chain through the
use of mathematical algorithms. In recent times, inventory and their locations have been
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incorporated into the mathematical formulation of supply chain models. Such models are
reported in [9] and [10] which were formulated with inclusion of disruption factors. Supply
chain models which consider several disruption factors are studied in [11]. Impact of
disruption on supply chain processes are discussed in [12]. As stated in [13], disruption to
supply chain could be caused by extreme weather, earthquake, accidents or strikes by labor
union.

A supply chain model which studies how to identify, evaluate and react to risks involved in
products’ delivery to retailers and final consumers is proposed in [14]. The model was later
expanded in [15] in which a resilient factor was incorporated in the already existing models
formulations. In [3], the relationship between risk management techniques and uncertainty is
studied while the models in [5], [10] and [16] reflect on empirical study of how to sustain
logistics in a supply chain system.

The proposed model in this research is meant to correct the shortcomings of existing
mathematical models in [2], [8] and [10] which have focused on risk management and
sustainability of supply chain systems with the objective of evaluating any possible
disruption that could occur during products’ shipment without evaluating fixed shipment and
tariff costs at each stage of the supply chain. Our proposed supply chain model incorporates
fixed shipment and tariff costs at each stage of the supply chain in order to determine total
minimum shipment cost at the end of a planning horizon.

The paper is structured as follows: Section 1is the introduction. Section 2 contains the
methodology and material, model assumptions, mathematical notations and model
description. Sections 3 and 4 contain the model formulation and numerical illustration
respectively while Sections 5 and 6 contain the analysis of results and conclusion
respectively.

2.0 METHODS AND MATERIAL

Model Assumptions

The following assumptions are considered while formulating the supply chain problem to
determine optimal shipment policies.

(a) The number of items to be shipped is known and fixed.

(b) Shipment of a particular brand of product is considered.

(c) Shipment and tariff costs are known and fixed.

(d) Under-shipment is not allowed.

Mathematical Notations
Q; = number of items in stage j

k, = fixed shipment cost in stage |

r; = cost of tariff per item shipped stage j

[; = number of people recruited in period

u; = number of items shipped in an earlier period from stage j

n= Number of stages
n—s = the general period which has s more periods ahead of it.
d; . = the decision to ship for the first ; stages at stage n-s

¢; s = the cost of shipment for the first ; stages at stage n-s
q; = number of items shipped from stage ; to stage k .
u; = cost of shipment per item from stage ; to stage k .
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v, = is the number of items shipped earlier from stage ;j to stage &
0 = is the number of items required to be moved from stage j to stage &

Model Description:

Let n be the number of stages or periods in which shipment is planned for in a given
establishment. Since the supply chain shipment quantities and their costs vary from period
to period, the tariff cost per item per period denoted by »; will also vary from period to

period. The proposed model in this section is formulated based on shipment (v;) and tariff

cost factors in manufacturing industries. The proposed model uses backward recursive
approach in dynamic programming while similar dynamic programming models in [17] and
[18] use a forward recursive approach. Hence, the proposed shipment model is an
extension of [17] and [18] on manpower planning and [8], [2] and and [10] supply chain
models which focused on risk management and sustainability of supply chain systems which
evaluate shipment cost at each stage of production with the objective of maximizing profit.

In [17] and [18], The function H(z) was used to denote the minimum cost program of an
inventory model which has z periods planning horizon. At a given period z, the sub-cost of
the first sub-decision is expressed ask. +H(z-1), where H(z-1) is the preceding period’s
suboptimal shipment cost. The other sub-costs at period j are evaluated using equation (1).

zZ

z—1
c_j=k_,+z quQp+H(j—1),j=1,2,3,...,z—1 (1)

q=j p=q+1

Hence the suboptimal cost at the last period z is written as

z-1 z
H(z)= lréusr{mm [k_,. + Z Z r,0, +H(j- 1)],kz +H(z— 1)] (2)

1<j<z ‘
q=j p=q+1

The backward recursive method in the proposed model is a modified version of Equations
(1) and (2). The only difference is that the proposed model requires solving a given dynamic
programming problem starting from the last period to the first period in the reverse order of
the computational serial number while in [17] and [18] models computation procedure starts
from the first period and ends in the last period. The proposed model is applied to the type of
problems that make use of Table 1 as follows.

Table 1: Shipment and Tariff costs

Periods No. of ltems Shipped Fixed Shipment Cost kj Tariff Unit Cost 7;
(©)) ™) )
1 O k, -
2 0
3 2 kz "
. Q 3 k3 3
n : . :
Q n kn "

3.0 MODEL FORMULATION
In each period, several decisions are to be made and we seek to obtain the suboptimal
decision which gives the minimum shipment cost for the period.
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Let (n—s) be the general period when there are s more periods ahead of it. Let
(s +1) be the decisions to be made in period (z —s) and they are depicted by
dips =\drpegs dapgsrrdy,, | While their corresponding costs are
Clams =Ctns> Conmss CsrCortacs |- (3)

The suboptimal decision of period (n-s) is depicted by d ., which has its
corresponding suboptimal cost to be
For s=0,12,..(n-1)

Note that 4, ; simply means the decision ;j to ship the items for the first ;
periods at period (n —s) and its corresponding cost is c;

Jin=s

Cin-s = A o (in—s )+ (O 2(i11—s )+ et Q(n—s)+(j—l)(j - 1Xin—s )+ Cj*’n_ﬁ_j (5)
While evaluating equation (5) we should note that

Cr = 0, Vp>n (6)
The nth period decision is depicted by

d;,=d,=d., (7)
The corresponding cost for Equation (7) is

¢, =k, +c. =k, (8)

We observe that at the nth period, s=0, hence it = 0 from equation (6).

Algorithm of the Proposed DP Model

Step 1: Evaluation of the nth period.
This is the last of the shipment and we are to use equation (8) to evaluate the optimal
shipment policy cost, noting that at the nth period,s=0 ¢ . = k, tCo LT k, and the

corresponding optimal decision is d, , =d,, = d. ~from equation (7)

Step 2: Computations for the other periods, thatis (n—s)th
We apply equation (5) to evaluatec;, , , j=12....(s+1) For each period (n-s) computation.
The suboptimal cost is ¢, = min i, . ¢;, ¢ While the corresponding

1< j<s+1

suboptimal decision is d »,,_, from equation (4).

Period (n-s) has (s +1) decisions to make and their corresponding costs are as follow:

+C -

Cln-s = kn—s Jn—s+l

Con-s = kpos + Qs lyog + Cj*,n—s+2

C3p-s = kn—s + Qn—s+l in—s + Qn—s+2 2(in—s ) + Cj*’n_s+3

Con-s = kns + Onosit ey + Oy 2(in—s) +ot+ O (S - 1) (in—s )+ Cjxn
Cotlin—s = kn—s + Qn—s+1 in—s + (Qn—s+2 )Z(in—s) oot Qﬂ—l (S - 1) (i"—S )+ Q” (s)(i"_s )+C(/*7”+1
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Step 3: Evaluate the Overall Policy

The corresponding suboptimal shipment costs are used by a recursive process to obtain the
overall optimal shipment policy that will give the minimum total shipment cost of the supply
chain system.

Fig. 1 depicts the flow chart of the algorithm of the proposed model.

A 4

Evaluate n

Compute the general

Evaluate ¢, ,

A 4

Determine d ., ,

|

Set s=i+1

y

Yes

The last Cj*,l gives the optimal minimum

cost and then evaluate the overall optimal
policy from the dl* e d. d«

l.,n "1 ,n

Stop

Fig. 1: Model algorithm’s flow chart.
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4.0 NUMERICAL ILLUSTRATION

The data in Table 2 depicts ABC manufacturing industry with distribution centers spread
across many cities in Nigeria. The shipment of finished products is to be carried out
periodically in a manner that meets customers/consumers requirement at various destination
centers. Given that shipment process attracts additional costs (tariff cost) besides the fixed
shipment cost. Determine how the supply of the products to different distribution centers
should be maintained throughout the planning horizon of the industry in order to minimize
total shipment cost using the data in Table 2.

Table 2: Data of Shipment and Tariff costs.

Year No. of items Fixed Shipment tariff cost (r)
N shipped Cost (k) (N)
Q (N)

1 740 7180 13
2 350 7070 11
3 470 6880 14
4 620 7160 15
5 200 6980 14
6 900 7410 16
7 510 6850 13
8 300 7060 10
9 430 6790 11
10 350 7140 15

Solution by the Proposed DP Model Algorithm
We apply the proposed algorithm in Section 3 to the given numerical example using the data
in Table 2 as follows:
The given problem has 10 periods or stages. That is, n=10. At period 10 when s=0
cryo = ko + Crn = 7140 (where Cin =O)

The suboptimal decision is d It implies that 350 units of the items should be shipped in

1,10
stage 10 to various retailers and consumers centers.
To compute the shipment cost in stage 9 when s=1 using the data in Table 2, we have

cl9 =ky +c 1) =6790+7140 = ¥13930

Cr9 =ko + 01Ty + €y = 6790+350x11=6790+3850 = 710640
The suboptimal shipment cost in stage 9 is N10640* which is lower than N13930. This
suboptimal shipment cost corresponds to the decision d,, which implies that shipment

should be carried out in last two stages starting from stage 9.

In stage 8 when s =2 we have three shipment sub-cost to evaluate:
eig =kg +c o = NT060+ N10640 =N17700

Crg =kg +Qg 15 + Cri= N7060+ N430x10+ N7140=~18500

Cys = kg + 0y 55+ 01 2sg) + ¢y 1y = N7060+ N430x10+ N350x 2x 10 =#18360
In stage 8, the suboptimal shipment cost is c;.3 =N17700 which corresponding to the
suboptimal decision = dl‘,s

The next stage is stage 7, whens=3 we have four sub-costs to compute corresponding to
four sub-decisions. These are:
€y = Ky 4 =N68S0+ NI7700 = H24550
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Cri7 = ky+0g 57 +¢ g = 6850+300x13+10640 =21390

C37 = ko 40 5740 2(s7) + ¢ = N6850+ N30x13+430x2x13+7140 = #29070

Cip = ky+0g 57 +00 2 (s7) + 0103(s7) + 1 =6850+3900+11180+350x3x13 =#35580

The shipment suboptimal cost for stage 7 is Cpr sy = N21390 which corresponds to the
suboptimal decision d ’ 3

Computations from stage 6 to stage 1 done by following the same procedure and the
results are summarized in Table 3

Table 3: Proposed Algorithm Results’ Summary

Year n 10 9 8 7 6 5 4 3 2 1
Compt S/N 1 2 3 4 5 6 7 8 9 10
kj 7140 | 6790 7060 6850 7410 6980 7160 6880 7070 7180
7 15 1 10 13 16 14 15 14 1 13
Q 350 430 300 510 900 200 620 170 350 740

Minimum shipment | 7140 10640 17700 | 21390 | 28800 | 35780* 38960 | 45840 | 51200 | 57570
cost

optmumpoicy | 4 | d . |d. |d. |d. |d.. |d. |d. |d. |d

1,10 2.9 1.8 2,7 1,6 1,5 2,4 1,3 2,2 21

Table 4: Optimal Solution Using Proposed DP Model

Stage Suboptimal Decision No. of items | Shipment and tariff Cost (N)
1. In period 1 ship for periods 1 & 2 Q. =1090 7180+13(35) = 11730
3. In period 3 ship for only period 3 Q; =470 6880
4. In period 4 ship for periods 4 & 5 Q. =820 7160+15(20) = 10160
6. In period 6 ship for only period 6 Q¢ =900 7410
7. In period 7 ship for periods 7 & 8 Q, =810 685+13(30) = 10750
9. In period 9 ship for periods 9 & 10 Qo =780 6790+11(35) = 10640
Total = 4870 Total = N57,570
Table 5: Summary of Results Using Rao’s Algorithm
Year n 1 2 3 4 5 6 7 8 9 10
Compt S/N 1 2 3 4 5 6 7 8 9 10
k 7180 7070 6880 7160 6980 7410 6850 7060 6790 7140
740 350 470 620 200 900 510 300 430 350
8 13.00 11.00 14.00 15.00 14.00 16.00 13.00 | 10.00 11.00 15.00

23950 55770 58110

7180* | 14250 1861* 25770 | 32750 3618* | 4303* | 50090 | 5372* | 60060
11730 19430 27290 | 2877* 45350 | 44340 | 4693* | 54390 | 57570

Minimum costs | 7180 11730 18610 25770 | 28770 36180 | 43030 [ 4693 53720 | 57570

5.0 DISCUSION

The given problem has 10 periods or stages. That is, n=10. In period 10, The suboptimal
decision is dl* - It implies that 350 units of the items should be shipped in stage 10 to
various retailers and consumers centers at the cost of N7140. To compute the shipment cost
in period 9 when s=1 using the data in Table 2, we have two alternative costs: N13930 and
N10640. The suboptimal shipment cost in stage 9 is N10640* which is lower than N13930.

This suboptimal shipment cost corresponds to the decision d,, which implies that shipment
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should be carried out in the last two stages starting from stage 9. In stage 8 when s=2, we

have three shipment sub-costs: N17700, N18500 and N18360. IN stage 8, the suboptimal
shipment cost is c:3 = N17700 which corresponding to the suboptimal decision =d1* g+ The

next stage is stage 7, whens=3 e have four sub-costs corresponding to four sub-
decisions. These are: N24550, N21390 N29070 and N35580. The shipment suboptimal
cost for stage 7 is ¢,. . = N21390 which corresponds to the suboptimal decision dz* -

The computation for the remaining stages (i.e stage 6 to stage 1) is done by following the
same procedure and the results are summarized in Table 3. In Table 4, the periods that give
the optimal shipment cost are periods 1, 3, 4, 6, 7 and 9. That is Q;=1090, Q;=470, Q,=820,
Qs=900, Q;=810 and Qy=780. This amounts to the minimum total shipment cost of N57,570
and the total number of items shipped is 4870. This shows that shipment is carried out in
batches which lead to minimization of total shipment cost. The last rows of Table 3 and Table
5 denote the periodic suboptimal costs of all the stages.

6.0 CONCLUSION

Efficient management of supply chain is very crucial to the financial success of any business
organization, [19] and [20]. While the existing models in [2], [17] and [18] use forward
recursive method of dynamic programming, the proposed model uses the backward
approach which has lower suboptimal costs in between the stages compared to the ones in
[17] and [18]. The algorithm of the model has advantage of batch shipment at certain
periods of computation. This assists policy makers to plan for shipment patterns that will
reduce total shipment cost and maximize the profit of the organization. Many mathematical
models have focused on risk management and sustainability of supply chain systems while
the proposed model is based on fixed shipment cost and tariff cost at each stage of the
supply chain. While existing model use forward recursive method, the proposed model uses
backward recursive method of dynamic programming techniques which have lower periodic
suboptimal shipment cost in between the stages of the supply chain system. We observe
that though the total minimum cost is the same for the two algorithms, the suboptimal costs
in the proposed model are lower than the corresponding suboptimal costs in the Rao [17]
model as shown in Table 3 and Table 5. This is another advantage of the proposed model
compared to the existing models since it enhances early detention of unprofitable shipping
patterns in the supply chain system.

The algorithm of the model advocates for batch shipment which could help policy makers to
determine the periods in which shipment should be carried out in order to minimize total
shipment cost. The limitation of the research is that manual computation will be
cumbersome for shipment problems that have large number of periods hence a computer
program would be required to obtain the optimal shipment cost of such supply chain
problems. This could form a future research direction.
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