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Abstract 
The development of e-commerce has prompted traditional enterprises to 
open up online channels and form a dual-channel sales model. The increase 
in the number of channels has led to an increase in the number of orders, so 
how to properly and effectively match the order with the inventory will test 
the operational capabilities of the enterprise. Based on this practical problem, 
this thesis considers a two-echelon distribution system with online and offline 
dual-channel sales, which consists of one group node (G) and multiple dis-
tribution nodes (D). When online orders are not fully satisfied, we propose an 
operation mechanism of transporting inventory to online orders through of-
fline inventory. An optimal decision model is constructed by using the Anal-
ysis Target Cascading (ATC). Finally, the model is simulated and analyzed 
with a specific case. The results show that the ATC method and the trans-
shipment mechanism are effective. 
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1. Introduction 

The convenience and low cost of online retailing make e-commerce develop 
with each passing day and penetrate deeply into various industries in various 
fields. In order to maintain their own development and expand the profit growth 
space, more and more companies, especially traditional distribution companies, 
have developed and implemented their own “Internet+” action plans, opened up 
e-commerce channels, and tried to go online and offline. The distribution chan-
nels are effectively integrated to meet the changing market demand of the new 
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era, forming a dual-channel distribution model. Chiang et al. [1] also demon-
strated from an academic perspective that the increase in channels has brought 
many benefits to enterprises. The increase in channels leads to a surge in the 
number of orders, and the reasonable and effective matching of order-inventories 
affects the operating costs of enterprises, which in turn affects the operational 
capabilities of enterprises. Therefore, this thesis intends to solve the order for 
different echelons, different nodes and different channels existing in the dual 
channel marketing mode in the “distribution-inventory” network about how to 
obtain the optimal transshipment decision through the transshipment strategy 
and relevant methods to make the overall cost of the group enterprise optimal. 

Referring to the development experience of China and foreign countries, 
dual-channel marketing has become a necessary means for enterprises in the 
mature e-commerce today, and our study will also be an important part of the 
supply chain operation process. Therefore, the study of this thesis has important 
theoretical and practical contributions. In terms of theoretical contribution, this 
thesis uses the Analysis Target Cascading (ATC) to solve the problem, which 
enriches the solution method of supply chain inventory problem. In terms of 
actual contribution, this thesis has developed an effective order-inventory trans-
fer mechanism to improve the operational efficiency of the supply chain and 
provide some practical guidance for dual-channel enterprises. However, because 
this thesis considers the order-inventory allocation process under the inventory 
structure of a two-echelon distribution network with the same price, single 
product and dual-channel sales, there are some limitations in its application. 

The rest of the thesis is organized as follows: Part 2 is literature review. Part 3 
is a description of the problem, analyzing the structure of the dual-channel dis-
tribution-type supply chain and proposing an order satisfaction mechanism. 
Part 4 establishes an ATC solution model based on the order satisfaction me-
chanism proposed in Part 3. Part 5 uses simulation and analysis to verify the ef-
fectiveness of the proposed mechanism and the method used. Part 6 summarizes 
the article and points out future research directions. 

2. Literature Review 

The research literature relevant to the work in this thesis falls into two disparate 
streams: inventory transshipment and Analysis Target Cascading (ATC). 

Orders need immediate response to inventory, and inventory transshipment 
can be divided into order-driven emergency transshipment and demand fore-
cast-driven transshipment. Because this thesis mainly studies emergency trans-
shipment, the preventive transshipment is not detailed, see Paterson [2]. For mul-
tipoint transshipments, Lee (1987) [3] used a benchmark inventory strategy for a 
multipoint inventory model with presence scheduling to investigate a two-echelon 
transshipment system for a single repairable spare. Assaxter (1999) [4] improved 
Sherbrooke’s model so that emergency transshipments can be made by external 
suppliers. Wong et al. (2005) [5] formulated a two-node inventory of multiple 
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types and multi-node spare parts under the constraints of time to allow the use 
of emergency transshipment mechanism when local stocks are out of stock. For 
the study of multi-echelon transshipment, Shao et al. (2016) [6] studied the im-
pact of two-echelon decentralized decision-making supply chain inventory 
transshipment on the profit of all parties in the supply chain, and determined 
the optimal decision-making echelon of manufacturers and retailers. For distri-
buted transshipment, in the general distributed inventory system, the inventory 
transshipment model usually assumes that each partial inventory order require-
ment is coordinated by a central agent [7]. Nonås et al. (2007) [8] modeled and 
analyzed the single-cycle centralized control distributed inventory system to ob-
tain optimal inventory and transshipment strategies for three or four inventory 
points. The problem of transshipment to distributed inventory systems is also 
Herer & Tzur (2003) [9], Özdemir (2006) [10], Olsson (2009) [11].  

Since the dual-channel multi-echelon distribution supply chain is a complex 
system with multiple echelons, this thesis uses the Analysis Target Cascading 
(ATC) to solve the hierarchical problem. This method is one of the Multidiscip-
linary Design Optimization (MDO) methods. Since the development of MDO in 
the 1980s, MDO has been widely used in various engineering and management 
problem [12]. The ATC has the advantages of parallel optimization, unre-
stricted number of echelons, and strict convergence proof for solving complex 
large system optimizations that can be decomposed into hierarchical architec-
tures. QU (2008) [13] used ATC to study the problem of assembly supply 
chain optimization configuration, and published several ATC solutions to the 
optimization problem of assembly supply chain [14] [15]. Huang et al. (2008) 
[16] used the extended ATC to solve the problem of supply chain optimization 
configuration multidisciplinary distributed optimization, in order to improve 
the overall optimization efficiency while retaining the supplier’s deci-
sion-making power. 

3. Problem Description 
3.1. Structure Model of Dual-Channel Distribution Supply Chain 

This thesis considers a two-echelon distribution system for dual-channel mul-
ti-echelon distribution of online and offline sales the same products. The Group 
(G) node is the highest decision node, does not participate in direct sales, does 
not store inventory, and is responsible for the optimal transshipment of online 
orders and offline orders that cannot be satisfied. The Distribution (D) node not 
only has a warehousing function, but also a distribution function, which meets 
the end-customer offline retail and online order. 

3.2. Order Satisfaction Mechanism of Dual-Channel Distribution  
Supply Chain 

For the two-channel enterprise, the order is mainly wired online order and of-
fline order. For the satisfaction of online orders, the group node is mainly coor-
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dinated in chronological order, and the online inventory of each sub-node is 
used preferentially. If it is not satisfied, it is supplemented by offline inventory at 
the same node. This thesis mainly studies this mode. For the satisfaction of of-
fline orders, it refers to the demand for store consumption, so first meet the of-
fline inventory. If it is not met, it cannot be directly used to meet the online in-
ventory. It is necessary to submit the node for global coordination. 

4. Model 
4.1. ATC Introduction 

At the end of the last century, ATC was widely used in the optimization of com-
plex systems, such as automotive optimization and optimization of aerospace 
structures. The principle is to optimize the system by stratifying the complex 
system, then transforming the target into a multi-echelon structure, and opti-
mizing the subsystem through the superior parent system to optimize the whole 
system. The optimization criterion of the ATC method is that each element in 
the hierarchy will minimize the deviation of the shared variable between the fa-
ther and the child. When all the deviations are within the allowable range, the 
system can reach the optimal state. A detailed introduction to ATC can be found 
in the literature [13]. The ATC method solves the complex system in five steps, 
that is, echeloning the complex system according to the target, aspect or model 
echeloning method. Determine shared variables at the parent-child echelon and 
subsystem echelon. Establish a hierarchy of ATC models. Choose a global coor-
dinated solution mechanism. Select the coordination method between parent 
subsystems. 

4.2. ATC Model 

The required symbols for the model are described in Table 1. 
 
Table 1. Description of Symbols. 

Symbol Description Symbol Description 

G group node D distribution node 

i echelon, i = G,D j nodes, 1,2,3, ,j N=   

m product weight p product transportation unit price 

c unit cost s transportation distance 

de ij 
quantity of online order assigned to 

echelon i node j 
ds ij 

quantity of offline order assigned to 
echelon i node j 

qe ij 
quantity of online available inventory 

of echelon i node j 
qs ij 

quantity of offline available inventory 
of echelon i node j 

TCij total cost of echelon i node j T target cost of ench 

STij Service time of echelon i node j ST target service time 

,TC ST
ij ijω ω  target weight factor  

of echelon i node j 
,TC ST

ij ijε ε  variable deviation tolerance of  
echelon i node j 
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According to the idea of ATC construction model, this thesis divides the 
distribution system into two echelon of group and distribution nodes, and its 
structure corresponds to the model distribution of ATC as shown in Figure 
1.  

Next, we will construct the ATC solution model for group nodes and distribu-
tion nodes with the objective of minimizing cost TC and service time ST, and the 
decision variables are order transshipment quantity d and service time ST. ST is 
the key variable among ATC model levels. 

 

 
Figure 1. Dual channel structure & ATC echelon diagram. 

4.2.1. ATC Model of Group Node (G) 
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In the ATC model of group node, Formula (1) is the objective function of group 
node minimization, which is mainly composed of cost and service time, cost 
consistency deviation and service time consistency deviation. Formula (2) is the 
total cost of the node, because the group node does not hold inventory, so only 
the sum of transaction cost and the total cost of the downstream node TCDj. 
Formula (3) is the coupling relationship between upper and lower levels of ser-
vice time. Formula (4)-(7) denotes the selection of nodes, which refers to the 
input constraints of the current node’s service time and the response cost con-
straints of the lower nodes. Formula (8)-(9) is order proportional constraint, 
that is, order-driven inventory transshipment. Formula (10) denotes the ratio of 
online and offline inventory set by nodes. 

4.2.2. ATC Model of Distribution Node (D) 

( ) ( )2 2
1 11 1 1min TC ST

D D
TC ST
Dj DD DTC TC ST ST ε εω ω − +− + +  (11) 

( ) ( )1 1 1 1 1  2  1 1e Dj s Dj e Dj s DjD D D D R RdTC c m p s TC Cd Td dβ β β β   = + − + + − + +     (12) 

( ) ( )1 max    2,3;  1, 2, ,D ijST ST i j n= = =   (13) 

1 1 11 1 1 1, 1 0
D D DD D D SO D SO D SOSO S c y c

∈
− =∑  (14) 

1 1 11 1 1 1, 1 0
D D DD D D SO D SO D SOSO S p y p

∈
− =∑  (15) 

1 11 11, 1,

1 selected
and 1

0  not selectedD DD DD SO D SOSO Sy y
∈

    
= =


∑  (16) 

( )
0 not selected, 0

1, 2
1 selected, 0

Dj
Dj

Dj

d
z j

d

== = ≠
 (17) 

2 2

1 1
,eD Dj eDj sD Dj sDj

j j
d z d d z d

= =
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1 2Djz≤ ≤∑  (19) 

1 1 1 10, , 0VD D VD DST ST ST ST− ≥ ≥  and int. (20) 

1 2, 0S STC TC ≥  (21) 

( ) ( )2 24 4
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The model of distribution node is similar to that of group node. The concrete 
formula can be seen as group node. Formula (12) denotes the transportation 
cost, including the quantity, price, distance and weight of goods, taking into ac-
count the transshipment cost. Formulas (14) and (15) indicate that only one 
node is selected. 

4.3. Solution Mechanism 

The solution of ATC model involves two aspects: the first is to determine the 
global coordination mechanism of ATC, that is, the convergence order of ATC; 
the second is to determine the local optimization of each sub-element in each 
layer model. As described in document [13], this thesis chooses the weight up-
dating method as the global coordination strategy. In recent years, genetic algo-
rithm has been more and more widely used in the field of supply chain optimi-
zation, so this thesis also chooses genetic algorithm for local optimization of 
hierarchical sub-models. Among them, the chromosomes of each node are 
coded by the method of sequence combination. The fitness function chooses the 
objective function. The selection operator is determined by the combination of 
elite selection and fitness ratio. The crossover operator is generated by crossover 
of two points. 

5. Numerical Study 

Based on the background of a red wine trading enterprise in China, this thesis 
selected some nodes for numerical study to verify the validity of the ATC solu-
tion method. The enterprise has two distribution modes: physical stores and 
e-commerce sales. The dual-channel distribution network in this case consists of 
four nodes, one group node and three distribution nodes. Parameter settings are 
shown in Table 2 and Table 3. 

Because group nodes undertake online orders through commercial platforms, 
when the inventory on selected nodes cannot meet the order demand, the 
off-line inventory is used to replenish, and if all cannot be met, the global trans-
shipment is carried out. The effectiveness of ATC in solving such problems is 
tested by referring to the results of manual processing. The following is a com-
parison of the results of manual processing and ATC coordination when orders 
are 17, 34 and 51, respectively, as shown in Table 4. 

It can be shown from Table 4 that the total cost and maximum service time of 
the ATC coordination method are lower than the results of manual processing. 
It can be seen that the ATC optimization coordination method has more ob-
vious advantages than the manual processing method in the target optimization 
solution result. It proves that it has stronger effectiveness and adaptability to the 
distribution dynamic transshipment of hierarchical structure. 

We also conducted a sensitivity analysis of the impact of order volume on 
cost, mainly including the impact of order volume on total cost and the impact 
on unit cost. The results can be seen in Figure 2. 
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Table 2. Case parameters value. 

Node SO d c p 
q 

online offline 

G 1 — — — — 

D1 
1 ≤4 100.00 2.00 

31 21 
2 >4 94.50 1.30 

D2 
1 ≤4 100.00 1.90 

3 24 
2 >4 97.00 1.80 

D3 
1 ≤4 100.00 2.10 

10 10 
2 >4 95.78 1.50 

 
Table 3. Initial parameter values of ATC optimization. 

Parameter Initial Parameter Values 

node G cost response TCG TCD1 = 521; TCD2 = 676; TCD2 = 665 

node G service time response STG STD1 = 15; STD2 = 10; STD2 = 8 

target cost T 0 

target service time ST 0 

target weight ,TC ST
ij ijω ω  [1, 1] 

variable deviation tolerance ,TC ST
ij ijε ε  [2, 0.5] 

maximum number of iterations 100 

 
Table 4. Results of manual and ATC coordination under different order quantities. 

Quantity of 
Order 

Node 
Results of manual Results of ATC coordination 

SO TC ST QO SO TC ST QO 

17 

G — — — — — — — — 

D1 2 1838.6 4 17 2 1342 3 13 

D2 — — — — 1 431 2 4 

D3 — — — — 2 — — — 

Total — 1838.6 — — — 1773 — — 

Maximum — — 4 — — — 3 — 

34 

G — — — — — — — — 

D1 — — — — 1 102 5 1 

D2 2 648.4 7 6 2 3139.8 1 31 

D3 2 3055.5 1 28 1 101 6 1 

Total — 3703.9 — — — 3342.8 — — 

Maximum — — 7 — — — 6 — 

51 

G — — — — — — — — 

D1 2 4255.8 12 39 2 1032.6 10 10 

D2 2 1316 5 12 2 1300 5 13 

D3 — — — — 1 3021.2 7 28 

Total — 5571.8 — — — 5353.8 — — 

Maximum — — 12 — — — 10 — 
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(a)                                      (b) 

Figure 2. Results of the impact of order quantity on cost. (a) The effect of the order 
quantity on the total cost; (b) The effect of the order quantity on the unit cost. 
 

Figure 2(a) shows that the relationship between the order quantity and the 
total cost is close to positive correlation, and the ATC optimization method 
has better characteristics than the manual processing method under the same 
conditions. Figure 2(b) shows that the relationship between the order quantity 
and the unit cost is approximately inversely proportional. That is, as the order 
quantity increases, the unit cost decreases overall, and the rate of decline 
gradually becomes smaller, and finally stabilizes. Under the same conditions, 
the ATC coordination optimization curve has small fluctuations, and the unit 
cost will slightly rebound when the order quantity exceeds a certain value, but 
overall it has better characteristics than the traditional manual processing me-
thod. 

In summary, the ATC coordination method under the online and offline dual 
channels is better than the manual method. 

6. Conclusion 

This thesis studies a two-echelon supply chain network consisting of one group 
node and multiple distribution nodes with a dual-channel sales model, and pro-
poses an order processing strategy that uses offline inventory to transport and 
replenish when online inventory is out of stock. The dual-channel inventory dy-
namic transshipment optimization decision model is solved by ATC. And 
through sensitivity analysis of important parameters, we can see that ATC opti-
mization can achieve more cost-saving results than manual processing results. 
At the same time, the increase in online orders has led to an increase in total 
costs and a decrease in unit costs. However, the unit cost will rebound slightly 
when the order quantity exceeds a certain value. In the future, we will expand 
the research from the perspective of multi-product and multi-cycle, so that the 
research is more in line with the actual situation. 
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