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Abstract. Inventory management in a supply chain system was an important factor to be considered. Well 

managed inventory would have a positive impact to meet demand and especially to minimize supply chain 

total costs to be incurred by the company. A supply chain usually consists of production and distribution of 

products between entities that were interconnected with each other.  
In this study would be discussed how the integration between entities in a supply chain of soft drink products 

using three echelon concept includes echelon production consists of one plant, echelon distribution center 

which was spread across in six different areas, and echelon outlet for each distribution center. The model used 

and could represent the real condition that occurs was a model of Bahagia (1999) which used a heuristic 

approach to find the optimal solution.  
There were three flavors of soft drinks which produced by the plant that could be categorized into one product 

family. Before applying the multi echelon inventory concept, first step was forecasting demand for the future 

and aggregation process. The integration after aggregation process was the implementation of single cycle 

policy with the final goal to be achieved were the fulfillment of future demand and minimize supply chain 

total costs. The supply chain costs included the plant total cost, distribution center total cost, and outlet total 

cost. 

 

Keywords: echelon, supply chain, total cost 

 

 

1. INTRODUCTION 
 

In general often found a supply chain system was still 

not integrated between each of the entities that exist in it. 

There wasn't a good flow of information between entities 

ultimately made consumer demand could not be met and 

the total cost to be incurred by each entity became 

expensive. This problem which was being faced by a 

supply chain of soft drink products in Indonesia. Soft drink 

product supply chain system consists of three echelons, the 

echelon production consist of one plant, the second echelon 

was echelon distributions center that consist of six 

distribution center (n > 1), each distribution center was 

spread over six different area, and the third echelon was 

echelon outlet that sold products to consumers. The area of 

echelon outlet was same as the area of distribution center 

but located at the different location. The supply chain 

system of soft drink product was shown in Figure 1. 
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Manufactur

Distribution 

Center 1

Distribution 

Center 1

Distribution 

Center 6

Outlet 1 Outlet 2 Outlet 6

C       O       N       S       U       M       E       R  

Figure 1: Supply Chain System 

 

Plant had function as echelon production that supply 

soft drink product to distribution center in accordance with 

the demand. Distribution center had function to 

accommodate the production of soft drink product and 

supply of it to outlet. Outlet was the echelon that works to 

supply the end customer and receiving supplies from the 

distribution center. Each outlet could only be supplied by a 

single source was the distribution center and the soft drink 

products of the outlets were not allowed to move to other 

outlets. Demand of soft drink products from consumer to 

the outlets followed a normal distribution. 

This study was tried to integrate every echelon in the 

supply chain system. Through integration expected all soft 

drink demand in the future could be met and to minimize 

supply chain total cost that included plant total cost, 

distribution center total cost, and outlet total cost. 

 

2. METHODOLOGY 
 

The integration was doing in this study using the basic 

model of Bahagia (1999) by applying a single cycle time 

policy, which at a certain moment, all the entities in a 

supply chain system started doing production or order 

simultaneously. The difference with the model of Bahagia 

(1999) was in the number of members at each echelon, the 

basic model consisted of one echelon production, one 

echelon depot, and ten echelon retailers. 

Each outlet had a demand from consumers and then 

outlets accommodate all the requests and order to the 

distribution center. Each echelon distribution center only 

distribute soft drink products to the outlet so that the 

number of requests at the outlet would be equal to the 

number of requests at the distribution center. Similarly, 

each of distribution center had demand from each outlet 

and order to the plant, so that plant had the demand of each 

distribution center. Total demand at the plant was the sum 

of the demand of each echelon distribution center. 

The problem that occurs was the order size made by 

the outlet to the distribution center has not been right so 

often there was a shortage or surplus soft drink products. To 

overcome this, first step was forecasting total demand for 

each individual flavor and size of soft drinks. Soft drinks 

were produced consists of 3 flavors which each flavor 

packaged in 3 different sizes. So that, forecasting was done 

by forecasting for the product family, where each flavor 

demand was forecasted and then aggregated into a single 

product. 

After family forecasting process, the next step was 

calculating the supply chain total cost by implementing a 

single cycle time policy. A single cycle time was the time 

cycle in which there were certain times (at the beginning or 

at the end) the cycle time of all entities/subsystems that 

exist within a value chain system would place an order or 

initiate production/ordering products at the same time. A 

single cycle policy was shown in Figure 2. 

 

T*

Tj* Tj*

Ti* Ti* Ti* Ti*

Echelon Production

Echelon Distribution 

Center

Echelon Outlet

 

Figure 2: A Single Cycle Policy 
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2.1 Model Component 
 

2.1.1 Problem and Decision Variable  
 

The problem which was modeled in this study was the 

integration of every echelon of the supply chain system to 

minimize the supply chain total cost that included the plant 

total cost, the distribution centers total cost, and the outlet 

total cost. 

Decision variable in every echelon: 

a. At outlet i 

Qi = ordering size from outlet i to distribution center j 

(CS) 

 

b. At distribution center j  

Qj = ordering size from distribution center j to plant 

(CS) 

 

c. At plant  

Qm = production size (CS) 

 

2.1.2 Performance Criteria 
 

Performance criteria used in this model was 

minimizing the total cost of the supply chain. The cost of 

the supply chain consisted of the sum of the total expected 

cost of the plant, the total expected cost of the distribution 

center, and the total expected cost of outlet. In the model 

developed, the performance criterion was expressed as a 

objective function. 

 

2.1.3 Limitation and Assumption 
 
Limitation for this research: 

1. The pattern of future data followed the pattern of past 

data. 

2. Outlets and distribution center located at the same area 

but a different location. 

 

Assumption for this research: 

1. Soft drink demand at outlet i followed normal 

distribution and could only be served by distribution 

center j where i = j 

2. Lead time less than ordering cycle 

3. Unserve soft drink demand by outlet i would lost (lost 

sales) 

4. Soft drink products at outlet i and distribution center j 

could not be transferred to another outlet (non 

trasferable) 

5. Ordering cost was constant in every ordering 

6. Service level at outlet i was determined by each outlet 

7. Shortage cost comparable with amount of unserved soft 

drink demand and holding cost comparable with the 

amount of stored soft drink product during storage time. 

 

3. MATHEMATICS 
 

Mathematical model was used to calculate the supply 

chain total cost divided into 3, outlet total cost, distribution 

center total cost, and plant total cost. 

 

3.1  Mathematics Notations 
 
Index Notation 

i = outlet index (i = 1, 2, … 6) 

j = distribution center index (j = 1, 2, … 6) 

 

Parameter Notation 

For forecasting 

CV = Coefficient of Variance 

µ = average past demand 

σ = standar deviation past demand 

MSE = Mean Square Error 

n  = number of past period 

 

At outlet 

Lij  = lead time from distribution center j to outlet i (year) 

Di = annually demand at outlet i (CS) 

SSi = safety stock at outlet i (CS) 

Ci = total operating cost for outlet i (IDR/year) 

Ai = ordering cost from outlet i to distribution center j 

(IDR/order) 

Hi = holding cost at outlet i (IDR/CS/year) 

Bi = shortage cost at outlet i (IDR/CS) 

Mi = number of shortage at outlet i (CS/year) 

Ri = minimum inventory at outlet i (CS) 

Ti* = length of one cycle at echelon outlet (year) 

 

At distribution center 

Lmj = lead time from plant to distribution center j (year) 

Dj = annually demand at distribution center j (CS) 

 = Di 

Cj = total operating cost for distribution center j 

(IDR/year) 

Aj = ordering cost from distribution center j to plant 

(IDR/order) 

Hj = holding cost at distribution center j (IDR/CS/year) 

Rj = minimum inventory at distribution center j (CS) 

Tj* = length of one cycle at echelon distribution center 

(year) 

 

At plant 

Dm = annually demand at plant  

 =
6

1j
jD  
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Am = setup cost at plant (IDR/setup) 

Cj = total operating cost for plant (IDR/year) 

Hj = holding cost at plant (IDR/CS/year) 

Rm = minimum inventory at plant (CS) 

T* = length of one cycle at echelon production (year) 

 

3.1.1 Forecasting 

 

 The forecasting process began by calculating 

Coefficient of Variance (CV) value with formulation: 

μ

σ
CV  (1) 

To find the forecasting method that could be used to 

forecast future demand, necessary calculation of Mean 

Square Error (MSE). The best method was a method that 

had the smallest MSE. MSE calculation using the formula: 

n

)dt'(dt

MSE

n

1i

2

 (2) 

 

3.1.2 Cost at Echelon Outlet 

 

 Outlet policy consist of: 

a. Order size at outlet i (Qi) which have constant value in 

every ordering 

b. Outlet i would order to distribution j (where i = j) if 

inventory level reached Ri with formulation: 

               Ri = Lij Di + SSi (3) 

 

Total cost at every outlet (Ci) was sum of ordering cost, 

holding cost, and shortage cost with formulation: 

Ci = ordering cost + holding cost + shortage cost 

      

i
Q

i
D

i
M

i
B

i
SS

2

i
Q

i
H

i
Q

i
D

i
AiC  (4) 

 

3.1.3 Cost at Echelon Distribution Center 

 

 Distribution center policy consist of: 

a. Order size at distribution center j (Qj) which have 

constant value in every ordering 

b. Distribution center j would order to plant if inventory 

level at distribution center j reached Rj with 

formulation: 

            iiijmjj SSD)L(LR  (5) 

 

Total cost at every distribution center (Cj) was sum of 

ordering cost and holding cost at echelon distribution center 

with formulation: 

Cj = ordering cost + holding cost 

 
i

SS
j

D
ij

L
2

j
Q

j
H

j
Q

j
D

j
A

j
C       (6) 

 

3.1.4 Cost at Echelon Production 

 

 Plant policy consist of:  

a. Production lot size (Qm) which have constant value in 

every production cycle 

b. Production did if  inventory level at echelon 

production reached Rm with formulation: 
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Total cost at plant (Cm) was sum of setup cost and holding 

cost at echelon production using the formula: 
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3.2  Objective Function and Constraint 
 

Objective function in this research was minimize 

supply chain total cost (C) which consist of the sum of 

expected outlet total cost (Ci), expected distribution center 

total cost (Cj), and expected plant total cost (Cm) with 

formulation: 

 

Minimize C = Ci + Cj + Cm 

 

By mathematics formulation: 

Minimize C = 
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Constraint: 

a. Number of demand: 

6
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b. Single cycle policy: 
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c. Qm, Qj, and Qi ≥ 0 

d. Nmj and Nij ≥ 1, integer 

 

3.3  Model Solution 
 

If constraint (a) and (b) were substituted to 

mathematics formulation, so: 

Minimize C = 
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Optimal Qm* value was reached if 0
dQ

dC

m

 

so Qm* was reached with formulation: 
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The above mathematical model was convex function 

so that the solution given by the model was a local 

minimum solution. It could be seen from the second 

derivative was positive.  

To find Qm* value, Nmj and Nij value was needed. 

Based on Bahagia basic model (1999), that value was 

obtained by heuristic approach and assumed that Nmj and 

Nij value was continue number. Ordering frequency from 

each outlet to distribution center (Nij) in one cycle (T*) was 

minimum integer number which follow:  
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4. RESULT AND DISCUSSION 
 

For the problem that occurred at supply chain for soft 

drink product, data at echelon production, echelon 

distribution center, and echelon outlet were shown at Table 

1, Table 2, and Table 3. Demand at every outlet i was 

obtained from forecasting result for one year later. 

 Based on CV calculation from each flavor demand, it 

was obtained that CV value > 0.2 mean that non stasioner 

data. Method which used for forecasting future demand for 

non stasioner data consisted of  7 method were linear, 

cyclical, linear cyclical, Double Exponential Smoothing, 

Double Exponential Smoothing with Trend, Double 

Moving Average, and Holt Winter Algorithm. 

From that methods, it was chosen one best method for 

forecasting future demand based on the smallest Mean 

Square Error (MSE) criteria. Chosen method for flavor A 

and flavor B were cyclical, and for flavor C was linear 

cyclical. 

Qm* value (optimal size production) at echelon 

production from calculation result was 111,426 CS. From 

Qm* result could be calculate that single cycle time at 

echelon production was 0,05 year or 15 days. At 1 horizon 

planning (1 year) there were 20 production cycle. 

Because of every outlet i could be served by outlet j 

where i = j, so annually demand at outlet would be same as  

annually demand at distribution center, Nmj value which 

gave minimum supply chain total cost was same as with Nij 

value. Based on formulation (12) was reached Nij value for 

each i. The same value between Nij and Nmj caused Qj and 

Qi had the same value too. 

After obtained ordering size, aggregate process was 

done to calculate ordering size each flavor based on 

proportion. Calculation result was shown at Table 4. Total 

cost result and comparison of supply chain total cost before 

and after integration was shown at Table 5. From the result 

comparison result, the plant total cost with integration was 

smaller than the plant total cost individual (without 

integration), but the distribution total cost and outlet total 

cost with integration was larger that without integration. 

But overall, the supply chain total cost with integration was 

smaller than individual (without integration).  
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Table 1: Data at Echelon Production 

Information Symbol Dimension Value

Production Capacity K CS/year 4,860,000

Setup Cost Am IDR/setup 15,000,000

Holding Cost Hm IDR/CS/year 4,800

Table 2: Data at Echelon Distribution Center 

Table 3: Data at Echelon Outlet 

Table 4: Calculation Result 

 

Table 5: Total Cost Comparison 

Total Cost  Integration Individu

Plant 1,685,374,445 3,495,971,215

Distribution Center 142,105,155 47,040,735

Outlet 234,110,858 34,033,000

Total Cost (IDR/year) 2,061,590,458 3,577,044,950  

 

5. CONCLUSION 

Based on calculation process, result, and discussion, it 

could be given some conclusion:  

a. Basic model Bahagia (1999) could be used for helping 

integrated echelon at supply chain system for soft drink 

product.  
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b. Used model tried to find minimum supply chain total 

cost which consisted of plant total cost, distribution 

total cost, and outlet total cost. 

c. The total cost with integration was smaller than the total 

cost individual without integration. 
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