[ 5 )
S

Berger Scientfic Press

Innovation & Technology Advances, 2024, 2(2), 59-75
https://bergersci.com/index.php/jta/index
DOI: 10.61187/ita.v2i2.135

Research on Dynamic Adaptation of Supply and Demand of
Power Emergency Materials based on Cohesive Hierarchical

Clustering

Xinju Zhang*

How to cite this paper: Zhang, X.
Research on Dynamic Adaptation of
Supply and Demand of Power Emer-
gency Materials based on Cohesive
Hierarchical Clustering. Innovation
& Technology Advances, 2024, 2(2),
59-75.
https://doi.org/10.61187/ita.v2i2.135

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

Ministry of Emergency Management Big Data Center, Beijing, China

*Correspondence: juzi200501@163.com

Abstract: Taking the dynamic adaptation of supply and demand of emergency materials as the re-
search object, the condensed analytic hierarchy process was used to analyze the supply and demand
risk factors in the supply chain of emergency materials from the supply side and the demand side.
A new two-objective optimization model based on cohesive hierarchical clustering and electricity is
proposed. Three distribution schemes are developed based on customer demand, shortest transpor-
tation time and the combination of both. When the overall satisfaction of the supply chain is the
highest, the total revenue is maximized, which is suitable for the optimization of the supply chain
of emergency materials under emergencies. Firstly, the power data and behavior data of power us-
ers are cross-analyzed to obtain the typical data characteristics of power users. Secondly, the cohe-
sive hierarchical clustering algorithm is used to analyze the power users, and the cohesive hierar-
chical clustering algorithm is used to improve the calculation operation of score similarity. The ad-
justment factor is introduced to improve the calculation operation, and the comprehensive weight
of each emergency point is determined as the parameter of the objective function by considering the
subjective and objective factors that affect the importance of emergency points. Finally, through the
simulation analysis of an emergency materials scheduling based on electric power, and compared
with the results of random scheduling, the science and effectiveness of the proposed model are
verified.

Keywords: Cohesive hierarchical clustering; Emergency supplies; Dynamic adaptation of supply
and demand; Regulatory factor; Comprehensive weight of emergency point.

1. Introduction

Due to the unexpected occurrence of sudden disasters, the complexity of the emer-
gency rescue environment and the vague random uncertainty of the material needs of the
victims, and other realistic factors, the distribution of emergency materials has brought
certain difficulties to the implementation, and it is easy to lead to the mismatch between
the distribution of materials and the actual demand, the shortage or high redundancy of
materials, huge cost, low rescue efficiency and other phenomena [1]. According to rele-
vant surveys, among the losses caused by some disasters, the proportion of losses caused
by the shortage or untimely supply of emergency relief materials accounts for about 15%-
20% of the total disaster losses [2,3], which seriously affects the overall effect of disaster
emergency relief.

By analyzing and summarizing the existing classic disaster emergency rescue cases
and relevant research in the field of emergency materials distribution [4,5], it is found that
there are the following problems in the current research field of emergency materials dis-
tribution optimization for sudden disasters: First, the existing research on emergency ma-
terials distribution mainly focuses on the single-cycle distribution of emergency materials;
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Second, the construction of the existing optimal model of emergency materials distribu-
tion often results in the mismatch between the distribution of materials and the actual
needs of the disaster sites, and the satisfaction is low; Third, the existing distribution of
emergency materials is mostly analyzed from the perspective of complete information,
and the complexity of the actual rescue environment and the actual situation that a large
number of rescue information is fuzzy, missing or difficult to judge are rarely considered
comprehensively. The impact of uncertain factors on the distribution of emergency mate-
rials is ignored, so that the proposed distribution plan of emergency materials is often
divorced from the actual disaster situation information. Lack of practical applicability.

In view of this, in order to solve the time urgency of logistics resource allocation,
based on the analysis of supply and demand adaptation, a dynamic adaptation method
of supply and demand for emergency materials based on cohesive hierarchical clustering
was proposed to describe the matching degree between supply and demand with the pur-
pose of emergency materials adaptation under the principle of equity. An optimization
model aiming at the highest customer satisfaction and the maximum total supply chain
revenue was established from two agents respectively, and the weights of their respective
adaptive emergency points were obtained by considering subjective and objective factors.
Through simulation analysis of a local power system and power emergency material
scheduling, the results were compared with those under random scheduling to verify the
scientific and effectiveness of the proposed model.

2. Related Work

The basic needs of emergency materials refer to the minimum types and quantities
of materials that can be dispatched to meet the needs of relief work at disaster sites [6].
The normal life of the people in the disaster area could not be guaranteed. In the process
of emergency rescue, in order to ensure the basic living requirements of the victims, a
large number of emergency materials are often needed, and the decision makers must
scientifically predict the types and quantities of their needs, so as to carry out more effi-
cient post-disaster emergency rescue. The main demand content of emergency materials
is divided into three parts to describe, which are mainly quantity demand of emergency
materials, quality demand of emergency materials and structure demand of emergency
materials [7,8]. Therefore, the description of the content of emergency material demand
will also be carried out from these three aspects. The minimum material demand neces-
sary to ensure the basic needs of people in disaster areas [9]. The characteristics of general
material demand can be summarized as suddenness, uncertainty and timeliness [10],
which are mostly formed based on the use scenario of emergency materials and the gen-
eral characteristics of general emergency materials. However, the demand for emergency
supplies produced in different environments and conditions often has its special nature.
It is proposed that the demand for emergency materials in disasters has six characteristics:
timeliness, uncertainty, lag, irreplaceability, relevance and stage [11]. Due to the occur-
rence and development of emergencies, the focus of rescue work has changed and decided.
The demand for emergency materials is dynamic and phased, and the demand model for
emergency materials at each stage is different [12]. Based on the analysis of the character-
istics of sudden disasters and the dispatch mechanism of relief materials [13]. In the anal-
ysis and model construction of single-type emergency materials transportation, two basic
objective functions, such as transportation time and transportation cost, were considered
[14]. Aiming at the shortest transportation time, minimum emergency cost and highest
material satisfaction, the optimization model of emergency relief material scheduling con-
sidering multimodal transportation was constructed [15], and the effectiveness of the
model was verified through case analysis [16]. The optimization model of relief materials
dispatching under the condition of fuzzy disaster information [17] was constructed to ex-
plore the clear transformation method of the model when the parameter was triangular
fuzzy number.
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However, there are many problems in the risk management and control of the supply
chain of emergency materials. Based on the quantitative analysis of the relationship be-
tween the number of suppliers, supply risk and total cost of procurement, a multi-objec-
tive optimization model [18] was established to give the optimal number of suppliers and
total cost of procurement under the specified supply risk level [19]. The impact of COVID-
19 on the supply chain was analyzed in detail from both macro and micro aspects and
corresponding countermeasures were proposed [20]. An enterprise profit maximization
model with risk indicators as variables was established [21], and the profit maximization
point was found through Excel-Solver software assisted calculation and adjustment of risk
indicators. A vaccine supply chain with uncertain output and self-interest-centered con-
sumer demand [22] was studied, and it was found that the equilibrium demand could be
greater than the optimal demand of society. Through the decomposition of emergency
materials transportation into various stages, a dual-objective resource scheduling model
is established with the objectives of the shortest emergency response time and the least
number of rescue points in the decomposed stages [23]. With reference to the current sit-
uation of multi-commodity distribution, a loss function model aiming to minimize the
loss in the disaster-affected area was built based on various disaster factors [24], and the
loss function was used to evaluate the distribution of emergency materials. According to
blockchain technology, six levels of the emergency logistics supply chain system, includ-
ing data layer, network layer, consensus layer, contract layer, application layer and user
layer [25], are proposed to be reconstructed.

Many scholars have done a lot of research on the service ability of emergency sup-
plies supply and demand adaptation based on electricity. By analyzing different needs of
users, personalized power supply services are provided [26]. The power supply service
capability is improved through dual incentive power customer control [27]. By improving
cosine similarity, power users are analyzed and different services are provided to improve
power supply service capability [28]. Different power supply service strategies are formu-
lated by evaluating the power supply quality index of users. It could be seen that the new
power supply service methods are diverse and have made certain achievements. However,
the above method still adopts a passive way to provide power user services, without set-
ting up an incentive mechanism for power users, and the service mode is single. The vul-
nerability and criticality of power grid nodes are described through various topological
feature parameters of complex network theory [29,30]. In the evaluation of the importance
of the area to be restored in the power system, the concept of transmission interface num-
ber was proposed [31]. Based on electrical distance, the concept of electrical hazard con-
nectivity of network nodes is proposed, and it is used as an indicator to measure the im-
portance of power system nodes [32]. The power flow and transmission parameters are
proposed and applied to the identification of key lines in power system [33]. However,
there are few studies on the application of node importance to power emergency dispatch.
Subjective factors affecting node importance (load loss, load type, location and economic
loss) may cause power emergency dispatch to be less than optimal in some disaster situ-
ations.

3. Research Framework for Dynamic Adaptation of Supply and Demand of
Emergency Materials based on Cohesive Hierarchical Clustering
3.1. Dynamic adaptation framework of supply and demand of emergency materials

Taking material satisfaction and time satisfaction as objective functions, this paper
proposes to establish a cohesive hierarchical clustering and dynamic scheduling model of
electric power emergency materials. The structural framework is shown in Figure 1.
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Figure 1. Research frame diagram.

As shown in Figure 1.

1) Put forward the objective function of electric emergency material scheduling, in-
cluding material satisfaction and time satisfaction.

2) To solve the parameters in the objective function (emergency point importance
weight), the steps are as follows.

Step 1 Consider the subjective factors affecting the importance of emergency points
(load loss, load type, location and economic loss), and use analytic hierarchy process to
calculate the subjective factor weights of each emergency point;

Step 2 Consider the objective factors that affect the importance of power system
nodes (node electrical hazard connection degree and node voltage change rate, etc.), and
calculate the objective factor weights of emergency points.

Step 3 The subjective and objective weights of emergency points are weighted line-
arly to obtain the importance weights of emergency points.

3) Multi-objective functions are optimized based on the coherent hierarchy algorithm,
and examples are analyzed.

3.2. Dynamic adaptation evaluation of supply and demand of emergency materials sup-
ply chain

The risk assessment by using the agglomerative hierarchical clustering analysis
method involves the weighting between four indicators, so a judgment matrix needs to be
set up to judge the influence degree of each indicator in the supply chain and score. The
judgment matrix is to judge the importance of two factors according to a specific goal. As
shown in Table 1.

Table 1. Scoring basis of influence degree.

bij Definition

2 Bi is just as important as Bj

4 Bi is slightly more important than Bj
6 Bi is more important than Bj

9 Bi is obviously more important than Bj

0 Bi is absolutely more important than Bj
1,3,5,7,8 Bi is between two adjacent degrees of importance than Bj
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The weights obtained by the calculation of the judgment matrix illustrate the im-
portance ranking of each factor under a specific target, and the sum-product method is
used to further calculate the weights.

B={b,} =i, j =1.2..n)

1
a, @)
k=1
The normalized judgment matrix is added according to rows:
1GY -
o ==Y >3, j=12.n) @)
n= =
Determine the maximum eigenvalue:
13 By,
A== —
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The sorting standard of materials at the supply point is the sum of the product of the
total amount of all categories of materials from the corresponding transfer point to all
demand points and the priority of the demand point. The higher the loading priority of
materials, the time from the supply point to the transfer point of emergency materials:

Zzzk:iktzi:mjkst +ZS: Pijst

TA?SK == 1

4)

Pijst : The dispatch volume of materials s in stage t from supply point i to transfer
pointj.
M« : The dispatch quantity of material s in stage t from the transition point j to the

demand point k.
The time from supply point i to transit point j equals the loading time at the supply
point plus the transportation time from the supply point to transit point.

d.
A, =TA + %/ 6

d is the distance, v is the speed, and the time when the materials are loaded from the
central transfer point j and start to travel to the demand point k:

I IH YIRS W

:TA:;SI+ =1 1

TBY (6)

ijst

The dynamic scheduling model of emergency medical supplies supply and demand
constructed by cohesive hierarchical clustering is as follows:
Dt — Z Mt
Fl=min) ————
t,Sz,k Dkst (7)
F2=min ) AxT,
t,s,k
T : The time when the last supplies arrive at point k of demand.
D, : Actual demand of class k materials at the periodic demand point.

According to the calculation process of the above cohesive hierarchical cluster anal-
ysis method, the importance of customer satisfaction with quality (N1), price (N2), quan-
tity (N3) and time (N4) in criterion layer N is compared. The relative importance of each
index in the criterion layer N and the scheme layer is scored, and then the average value
is taken and summarized into the initial data table to establish the judgment matrix. The
normalization results are shown in Table 2. All data are reserved to 3 decimal places.
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Table 2. Normalization of primary indexes.

N1 N2 N3 N4
N1 0.081 0.042 0.057 0.164
N2 0.324 0.151 0.134 0.164
N3 0.243 0.313 0.241 0.241
N4 0.243 0.464 0.512 0.472

On the base of the above calculation, the weights of parameter values related to sat-
isfaction factors are calculated. The summarized weight results and importance ranking
are shown in Table 3.

Table 3. Final weight and importance ranking.

N1 N2 N3 N4 w Significance
0.2 0.3 0.37 0.53

Al 0.38 0.85 0.418 1

A2 0.43 0.32 0.64 0.232 2

A3 0.77 0.72 0.181 3

A4 0.18 0.21 0.179 4

The weight of criterion-level and decision-level indicators was obtained by using the
cohesive hierarchical clustering analysis method. From the above data, it could be seen
that among the risk indicators of emergency supplies supply chain, the most critical factor
affecting satisfaction is the time response rate, followed by the satisfaction rate, the return
rate, and the demand rate. The final weight will be incorporated into the supply and de-
mand risk model with the highest satisfaction as the goal in the form of coefficients.

3.3. Dynamic adaptation model of emergency material supply based on cohesive hierar-
chical clustering

Time response rate. The relative rate between the delivery time required by consum-
ers and the actual delivery time of enterprises.

Order fulfillment rate. That is, the ratio of the demand of customers to the quantity
that can be provided by the production enterprise of emergency materials.

Cost-return rate. That is, the relative rate of the difference between the consumer
purchase price and the actual price of emergency materials.

Defective rate of emergency materials. That is, the ratio of the number of emergency
materials that the enterprise does not meet the standard to the total production. After the
above four multi-objective programming models are transformed into single-objective
problems by weighted average method, the first model about maximizing customer satis-
faction is expressed as:

.t ..Q ,R-C_ . PBR-PR
maxfl—ﬂlt2+/12Qz+ﬂg—R + 4 P (8)

Where, A is the weight, t is the delivery time, Q1 is the quantity demanded, Q2 is
the quantity supplied, R is the price, C is the production price, P1 is the substandard quan-
tity, and P2 is the total number.

When establishing the function aiming at the maximum total profit of the supply
chain, we mainly consider the total revenue, production cost, transportation cost and the
proposed penalty cost. The total income considered is only related to the production of
emergency supplies (the quantity of the supply) and the selling price. The total income
can be described as the product of the production of emergency supplies (the quantity of
the supply) and the selling price, namely:
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n

R= Z ZQimk x B )

i=1 m=1 k=1
Production cost can be described as the product of the quantity of emergency sup-

plies produced and the unit cost C, i.e.
n M K

CT = ZZZQimk X Cinye (10)

i=1 m=1 k=1
The penalty cost is divided into two parts: time penalty cost and out of stock penalty
cost. The time penalty cost is related to the late delivery time, and the time response rate
is used as the time penalty coefficient. The out-of-stock penalty cost is related to the actual
shipments of manufacturers and the demand of consumers, and the satisfaction rate is
used as the out-of-stock penalty cost coefficient. The penalty cost can be expressed as:

PC=4) > D Cx(t-t)+
. |T<1 m=1 k=1 (11)
4 4 chi x(Q-Q,)

The decision-making idea of this model is shown in Figure 2. (1) At the beginning of
the scheduling decision of a certain cycle, the supply and demand information is first up-
dated, where the supply of materials at the supply point is equal to the sum of the external
raised amount of this cycle and the remaining amount of materials in the last cycle, and
the demand of materials at the demand point is equal to the predicted material demand
based on the epidemic data of this cycle plus the shortage of materials in the last cycle; (2)
According to the supply and demand of materials in the current period, different model
constraints are implemented. When the supply is greater than the demand, the material
satisfaction rate at the demand point should be 1; when the supply is less than the demand,
the material satisfaction rate at the supply point should be all supplied; meanwhile, the
material satisfaction rate at the demand point should be higher than the preset minimum
demand satisfaction rate. (3) Output the emergency materials dispatching plan of the cur-
rent cycle, and judge whether the emergency rescue is over at this moment. If it is over,
the calculation will be stopped; if not, the above steps will be repeated.

Start scheduling

[ Material surplus ]

End

( v ~ N
External financing

L ¥ J

( ) [ Shortage update ]
Forecast demand

s Y ) Implementation of
Demand shortfall emergency materials

y g dispatching decision

AQgregate supply is greate

N The demand point There are no supplies at the
than aggregate demand material is not met supply point

Y
Material surplus Demand_pomt_materlal
satisfaction

Figure 2. Research ideas of emergency materials scheduling model.
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According to the principle of maximum membership, the dynamic adaptation dia-
gram of emergency materials in disaster-stricken areas provides the cohesive 3D cluster-
ing result diagram of the average level of disaster, the demand for emergency materials
and the supply of emergency materials and the clustering results.
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Figure 3. Clustering results of cohesion level in disaster-affected areas.

4. Dynamic Adaptation Model of Power Emergency Materials Supply and Demand
based on Cohesive Hierarchical Clustering

4.1 Dynamic adaptation of power emergency materials supply

The dynamic adaptation service method framework of power emergency materials
based on cohesive hierarchical clustering mainly includes three parts: typical characteris-
tics analysis of power users, power user portrait and power user marketing service, as
shown in Figure 4.

—_——— = — — — — — — 9 J—
Dynamic adaptation of power emergency materials
Y — ﬂ
I I Power data marketing services
Electric I ﬂ
quantity I " ﬂ
Power data Consumption I ﬂ D'f;r:;;s'?st'on —»  Strategy making
extraction trend analysis Tariff / “
. category I Il
Cross ana_ll)_/sm of = Power data differentiation services ﬂ
electricity Consumption
consumption preference I I] v
behavior analysis Power supply I]
reliability I ﬂ Power data integration adjustment
Typical i ﬂ
characteristics of Power user Value-added | ﬂ
power users profile results service Value-added services for power users ﬂ
demand I
ﬂ Dynamic optimization of power material supply and ﬂ
I demand

Figure 4. Dynamic adaptation framework of power emergency materials.
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The intersection of electricity consumption and behavior of electricity users is:
¢, =—¢logd; —(1-e_,)logd, (12)

Where: ¢ is the power consumption data of the power user, which selects the power
load of the power user; d is the behavior data of power users, which selects the number
of interactions between power users and power supply enterprises, in which complaints
are deducted points and praise is added points.

The typical characteristics of power users are generated according to the four catego-
ries of power consumption, electricity price category, power supply reliability and value-
added service demand, as shown in Table 4.

Table 4. Typical characteristics of power users.

Category Index name Instructions
Very large power users Monthly electricity > 100,000 kWh
. . Large power user 20,000 kWh. - 100,000 kWh
Electric quantity .
Medium power user 20,000 kWh. - 100,000 kWh
Small power users Monthly electricity < 2,000 kWh

Large-scale industry
General commercial electricity
consumption

Tariff category Non-industrial electricity
Household electricity con-
sumption
Electricity for agricultural pro-
duction

. Key units and important political and
) Primary load . .
Power supply relia- economic regions

bility Secondary load Important power consumption unit

Tertiary load Ordinary user

) Strong demand
Value-added service .
Demand ordinary
demand
No demand

Firstly, the cohesive hierarchical clustering method is used to gather users, and dif-
ferent categories are classified according to the clustering results. The clustering results
divide users into two categories: resident users and non-resident users, and then these
classifications are analyzed, and finally named. According to the date cycle of electricity
consumption, it can be divided into migrant workers, idle working days in different places,
idle seasonal living by season, and vacant housing. In cohesive hierarchical clustering,
Euclidean distance from j and k is:

d Jgdi(j,k) 3)

= n
n is the number of Euclidean distance preferred by power users; d is the distance
preferred by power users with different measurement methods.

The similarity of objects j and k is:
Sy =1-dj (14)

In the cohesive hierarchical clustering, through the similarity comparison of power
users, if the user with high similarity is combined in pairwise to form a cluster, until all
the power user clusters are traversed to form the clustering result.
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4.2. Research on emergency material supply scheduling model based on dynamic weights

The dispatch of emergency materials is one of the important tasks of power system
restoration. The scientific and reasonable dispatch can ensure the quick load recovery of
power system and reduce the loss caused by power system damage.

Material satisfaction is set as the ratio between the number of materials obtained at
the emergency point and the number of materials required, and time satisfaction is set as
the product of the rate of materials obtained at the emergency point and the satisfaction
function. Its structural framework is shown in Figure 5.

Objective function of
material supply and

demand
Vi Vi
Objective Subjective
variable variable
[
Vi Vi Vi Vi
Compute_n_o de Load loss Load type Position Economic loss
connectivity

Calculate the voltage
change rate of a node \/

Cohesive hierarchical
clustering to calculate weights
Calculated |

weight \I/
\% Weighted comprehensive weight

Optimized dynamic supply
and demand function

Figure 5. Flow chart of emergency material scheduling model with dynamic weights.

Multiple objective function constraints are as follows.
1) Supply point material quantity balance, that is, the output of each supply point is
less than or equal to the storage.

Z;q”. +|leqi, <a,i=12.n (15)
= =

2) The amount of materials at the transit point is balanced, that is, the amount of
materials received at the transit point is greater than or equal to the output.

2.0 2 2. (16)

3) Balance of material quantity at the emergency point, that is, the amount of material
output at the emergency point is less than or equal to the amount of material received.

i+m+k i+m+k

Z qij - Z qji >0 (17)

4) Emergency point material constraints, the received amount is less than or equal to
the demand.

i+m+k i+m+k

26— 2 g <N, (18)
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Objective 2

Objective 2

10

10

5) Disaster weight balance.

n
24 =1 (19)
j=1

Step 1. Establish a hierarchical structure model. Analyze the problem deeply, deter-
mine the target layer, criterion layer and scheme layer.

Step 2. Construct all judgment matrices in each level.

Step 3. Hierarchical single sort and consistency check. For each judgment matrix, the
eigenvector corresponding to its maximum eigenvalue can be considered as the relative
importance scale after comparison of factors at the same level.

Find the corresponding average random consistency indicator RI, as shown in Table
5.

Table 5. Average random consistency indicators.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.56 0.89 1.14 1.26 1.35 1.45 1.48

Step 4 Total hierarchical sorting and consistency test.

Step 5 Calculate the weight indicators of each scheme. The linear weighting method
is adopted to determine the importance weight of the emergency point (comprehensive
weight) as follows.

A=aoi +(1-a)4, (20)

Where, a is the objective preference coefficient, and 1-a is the subjective preference
coefficient, which is given by the emergency scheduling decision-maker according to pref-
erence. In this paper, 0.5, that is, subjective preference and objective preference are equally
important.

As shown in Figure 6, the optimal solution of the dynamic adaptation of power emer-
gency materials for cohesive hierarchical clustering is difficult for two objective functions
to reach the optimal at the same time, and the increase of one objective function is at the
cost of the loss of the other objective function.

Objective 1

w=0.5
] O Cluster center 1 10k O Cluster center 1
N O Cluster center 2 |q -'-,,..~..~__ - O Cluster center 2
~a~ O  Cluster center 3 g N (@) O Cluster center 3
-~ ==t ~ ~ =~ —
[ - e~ —— ‘5 5 -~ —, T~ - i -
- —_— = - === L - -
1 = Q- ~
.- O 3 ' Ro)
L . = 0 ) et
0 4 6 8 0 2 4 6 8
Objective 1 Objective 1
[ ! ! | © Cluster center 1 10 13 L ! ! | O Cluster center 1
T O  Cluster center 2 [~ T Tt e~ O C(luster center 2
S T=~.__0[ O Clustercenter3|? § (@] O  Cluster center 3
~ T e ~
L S, 1 % 5 b 1
’ 2 ’
4 _—— = O
1 o,/ o f o Vi
L \\ : _ - 0r N . . ., -7
0 4 6 8 0 2 4 6 8

Objective 1

Figure 6. Optimal solution of dynamic adaptation of power emergency materials in cohesive hier-
archical clustering.
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5. Simulation Verification

This example assumes that the nodes in the power system coincide with the geo-
graphical emergency points. Taking a local power system as an example, this paper ana-
lyzes the dispatching situation of power emergency materials in the system under Ty-
phoon Du Suri. The topology and parameters of the power system are shown in Figure 7.

[
oa<:Materia| demand point

® & g Distribution center

L S

Figure 7. Topology of a local power system.

The data of 40 000 power users in 7 districts and counties of a certain city were se-
lected, in which the power user service method based on agglomerative hierarchical clus-
tering and the Bayesian decision network selected 20 000 power users respectively, and
the experimental group and the control group were compared. The comparison results of
online penetration of power users are shown in Figure 8.
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80 I Bayesian network
[ lcCohesive hierarchical clustering
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Accuracy rate(%)
S
o

Area 2

Service method
Figure 8. Analysis of online penetration rate of power users.

As can be seen from Figure. 8, the average online penetration rate of the power user
service method proposed in the paper based on cohesive hierarchical clustering is 69.5%,
which is higher than the average online penetration rate of Bayesian network is 51.4%.

In order to verify the effectiveness of the proposed method, the obtained results were
compared with the transport paths between randomly designated nodes, and 20 random
paths were selected for simulation calculation. The calculation results are shown in Table
6.

Table 6. Optimal objective function values under random path.

No. Material satisfaction Time satisfaction
1 1.0916 0.0346
2 0.2464 0.4324
3 0.0959 0.4564
4 0.4126 0.063
5 0.8352 0.0927
6 0.5878 0.1069
7 0.9429 1.4657
8 0 0
9 1.3063 0.1572
10 0.144 0.0063
Average of 20 random paths 0.5669 0.2826
Condensation level clustering 1.289 1.9689
mean

As can be seen from Table 6, although the optimal value of one objective function
may be greater than the optimal value of the corresponding objective function under the
proposed method under the random path, the value of the other objective function will
inevitably lose a large amount, which is not advisable. In general, the optimal value of the
objective function of the proposed method is much larger than the average value of the
optimal value of the function in the case of random path. Therefore, the proposed method
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can satisfy the optimal material satisfaction and the optimal time satisfaction, which veri-
fies the scientificity and effectiveness of the proposed method.

Then, the dynamic adaptation prediction of supply and demand of emergency mate-
rials under the two influencing factors of power under the cohesive hierarchical clustering
is presented. The simulation results are shown in Figure 9. The first is the smoothness test
and residual test of the model. It can be seen from Figure 9 that under the coacervated
hierarchical clustering prediction model, the historical data tends to be stable when the
second-order difference is taken. Meanwhile, it can be seen from Figure 9 that the com-
prehensive weight of the coacervated hierarchical clustering prediction model conforms
to the random normal distribution. Therefore, the cohesive hierarchical clustering predic-
tion model can be used.
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Figure 9. Test of dynamic adaptation model of supply and demand of electric power emergency
materials under cohesive hierarchical clustering.

In combination with the relevant data of the above power, the cohesive hierarchical
clustering algorithm was used to solve the distribution scheme of emergency materials.
After a certain number of iterations, a satisfactory solution was obtained. The minimum
value and the iterative objective function value of the successive iterations were shown in
Figure 10. The scheme of two power grid emergency supplies supply warehouses partic-
ipating in the distribution of emergency supplies at fault demand points is output.
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Finally, the emergency materials dispatching plan was obtained, as shown in Table

7.
Table 7. Emergency materials dispatching scheme.

Demand point Risk level Dlspa:Ic)}é\SI)olume ?:;:;il:tit;; Distribution route ?iii:i;y
Y1 64 625 G1-49-34-20-17-6-5-Y1 0.65
Y2 I level 75 569 68.93 G2-50-35-21-20-17-6-5-Y1 0.85
Y3 59272 G3-26-9-1-Y1 0.35
Y4 Ilevel 110 68.94 G3-26-24-40-59-58-Y2 1.56
Y5 50 181 G4-59-58-Y2 0.88
Y6 I level 28761 53.24 G3-41-42-68-67-Y3 1.03
Y7 II level 17 431 53.24 G5-76-Y4 0.48
Y8 II level 15 681 53.24 G1-49-91-64-71-72-79-Y5 343
Y9 II level 6848 53.24 G3-41-42-68-67-66-69-Y6 297
Y10 1T level 7 570 53.24 G5-76-75-69-Y6 24

Y11 I level 12 435 53.24 G5-76-77-78-81-89-Y7 4.68
Y12 I level 10 635 53.24 G5-76-77-78-Y8 2.85
Y13 II level 10597 52.78 G4-59-56-92-Y9 1.15
Y14 1T level 9491 52.87 (G5-76-84-85-Y12 1.45
Y15 1T level 9272 52.89 G1-49-91-64-Y13 0.87

As can be seen from Table 7, the satisfaction degree of emergency materials demand
at disaster points at all levels is as follows: I >II >III, which reflects the priority and em-
phasis of emergency materials distribution on serious disaster points and meets the needs
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of actual emergency rescue work. In addition, by comparing the satisfaction rate of emer-
gency materials at disaster points at all levels, it can be found that the satisfaction rate of
emergency materials at disaster points with the same risk level is basically consistent,
which reflects the strong fairness of emergency materials distribution in this paper.

6. Conclusion

In this paper, a dynamic adaptation model of power emergency materials based on
cohesive hierarchical clustering is proposed. It is concluded that when customers have the
highest satisfaction with the overall distribution of emergency materials, the order of
customer delivery will generate the largest total supply chain revenue. The power
emergency material scheduling problem is transformed into a multi-objective
optimization problem and a function aiming at material satisfaction and time satisfaction
is established. Secondly, in the determination of objective function parameters
(emergency point importance weight), the subjective and objective factors are
comprehensively considered to determine the emergency point weight, which not only
ensures the objectivity of the results, but also does not ignore the subjective experience
judgment of emergency scheduling decision-makers. Finally, through the simulation
analysis of a local power system and power emergency material scheduling, and
compared with the results under random scheduling, the proposed optimal value of the
objective function is larger than that under random path, which verifies the scientificity
and effectiveness of the proposed model. The results show that the method is effective
and the online penetration rate and satisfaction rate of power users are improved.
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