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Abstract 
The sudden outbreak of covid-19 pneumonia has made our emergency supplies support 
system face the urgent impact of large-scale development. The shortage of emergency 
supplies, the lack of timely production, unreasonable transportation of goods, and the 
low efficiency of distribution and distribution are all problems exposed in the 
system.Whether the materials can be reliably predicted will directly affect the 
prevention and control work in areas with serious epidemic. Therefore, this paper 
introduces the relevant basic theories of case-based reasoning and fuzzy programming 
model. After studying a large number of relevant literature, we creatively use the 
combination of case-based reasoning and fuzzy programming to find the most similar 
case samples in the case base,Then calculate through the data of case analysis, provide 
theoretical and practical application for the research of emergency material demand 
prediction, realize the purpose of setting a reasonable and safe material supply level for 
the material guarantee system in the emergency supply chain, and solve how to set and 
maintain a reasonable emergency material supply in the emergency supply chain,It can 
balance the risks and losses caused by the uncertainty of material demand to the 
reliability of emergency supply chain in an efficient and standard way. 
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1. Introduction 

There was no parallel in history. Covid-19, a new crown pneumonia outbreak, made our 
emergency supplies support system face the unprecedented impact of large-scale, threatening 
and complicated situations. The shortage of emergency supplies, the lack of timely production, 
unreasonable transportation of goods, and low distribution and delivery efficiency were all 
problems exposed in the system.***It is stressed that "we should improve the unified 
emergency material support system, take the emergency material support as an important part 
of the construction of the national emergency management system, and improve the relevant 
working mechanism and emergency plan as soon as possible." 
China divides emergency management into three states: peacetime state, alert state and 
wartime state.Covid-19 coping with the new crown pneumonia is also divided into three states. 
This paper takes three states as "control, prevention and control". The "control" is from normal 
state to alert state. The epidemic is from scratch. After finding, the disease condition is analyzed 
and studied in time, and a nationwide warning notice is put forward to effectively prevent the 
spread of the epidemic.Take Wuhan as an example, that is to know the source of the epidemic, 
immediately take security measures to close cities, roads and districts, and stop the expansion 
of the spread of the epidemic in time;"Governance" is a wartime state. After Wuhan was closed, 
workers risking their lives rushed to build Huoshen mountain Leishen Mountain hospital in 
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seven days. Medical personnel from all over the country signed a life and death certificate and 
rushed to Wuhan. Transportation personnel from all over the country risked their lives to 
transport medical supplies and food to the hardest hit areas of the epidemic. These are all 
measures taken to prevent and control the epidemic;"Covid-19" is gradually sliding into the 
alert state from wartime state and even changed to normal state after being alerted. Since the 
outbreak of new crown pneumonia, the complete restoration of the road from "no one" to the 
present alert state has proved that the three phase of the epidemic situation in China is precise 
and precise.Of course, what is more inseparable is the safe reserve of materials by China&apos;s 
reliable emergency material guarantee system.Imagine that if there is no technical level to 
predict the reliability, safety and timely supply of emergency material demand, survival will 
still be an unavoidable problem in the case of closing cities, roads and villages for several 
months. 

2. Demand Characteristics of Emergency Materials 

Living emergency supplies are one of the most urgently needed items in the disaster stricken 
areas, because it is the most effective and basic basis to ensure people&apos;s life and 
survival.According to the above-mentioned epidemic characteristics and the impact of the three 
states of epidemic development and transformation on the demand for emergency materials, 
this paper summarizes the demand characteristics of living materials in the following five 
aspects: 
First, the demand is highly timely.The covid-19 emergency for the new crown pneumonia 
outbreak is a great threat to the people who are not prepared for it. Therefore, the temporary 
demand for emergency supplies has become a strong support for rescue. 
Second, the demand is highly regional.For example, the epidemic suddenly came to Wuhan, 
followed by Shandong, background and now Xinjiang. The epidemic goes to regional areas. 
Therefore, there will also be a large number of centralized and temporary demand for materials 
with the epidemic, and the materials will continue to gather around the disaster area. 
Third, the complexity of demand categories.Emergencies include earthquakes, floods, viruses 
and other forms, so the corresponding material needs are also various.In response to the 
Wuhan epidemic, the materials transported from different places are also different. Therefore, 
classifying and layering emergency materials is the fundamental method to solve the problem 
of complex and diversified demand types. 
Fourth, sharp demand fluctuations.Different from the normal period, after the outbreak of the 
epidemic, there is a huge gap in masks, disinfectants and medical supplies, and there is a large 
hoarding of firewood, rice, oil and salt.However, in this process, the bullwhip effect may occur 
due to the inaccurate grasp of demand information. 
Fifth, the demand information is uncertain.After the outbreak of the epidemic in Wuhan, 
measures were taken to close cities, roads and districts, which blocked its contact with the 
outside world and made it difficult to obtain information. 
To sum up, temporariness, uncertainty and aggregation are the uniqueness of the demand for 
relief materials, but in addition, specific analysis in combination with the actual situation is also 
essential. 
The characteristics of emergency material demand can be analyzed from the perspective of 
Statistics: 
First, the unconventional characteristics are obvious.Compared with a series of goods after the 
epidemic, the fluctuation of the market is particularly obvious. 



Volume 3 Issue 4, 2022 

DOI: 10.6981/FEM.202204_3(4).0006 

39 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Second, the uncertainty of influencing factors.After the outbreak disaster, the environment, 
degree and local self-help ability and behavior in the disaster area have contributed to the sharp 
fluctuation of goods demand, but it is difficult to determine which or to what extent. 
Third, the influencing factors are difficult to quantify.For example, the losses caused to the 
people after the outbreak and the desire for materials are difficult to express in words or even 
data.It can be seen that the uniqueness of the demand for emergency materials leads to the need 
to adopt more advanced and scientific methods for its research and analysis. 
   This highlights the importance of accurate material reserve for emergency material demand 
prediction. At present, China&apos;s research on material demand prediction mainly includes: 
Guo ruipeng (2006), Wang Xiao and Zhuang Yaming (2011) established emergency material 
demand prediction model by combining case-based reasoning and fuzzy programming;In 2013, 
Wang Zhengxin and Liu Deyuan respectively used Fourier GM (1,1) model and case-based fuzzy 
reasoning model to predict the demand of emergency materials;In 2015, Wang Lanying 
proposed the innovative research of fuzzy case-based reasoning model based on intuition. 
Wang Yisheng, Zhang Yinghui et al. (2016) built a dynamic demand forecasting model of 
emergency materials that reflects the demand characteristics of timeliness, randomness and 
uncertainty on the basis of sudden and unconventional response. 
Therefore, stepping on the shoulders of giants, this paper will use the fuzzy programming 
reasoning of emergency material demand based on case-based reasoning to find similar events 
in the case base, and then use fuzzy reasoning to achieve the purpose of material scientific 
prediction. 

3. Basic Theory of Case-based Reasoning and Fuzzy Programming 

3.1. Basic Theory of Case-based Reasoning 
Case-based reasoning means that people will search and retrieve case samples similar to the 
current situation through intuitive thinking in the previously accumulated case database. This 
sample is slightly different from the actual situation and is not completely consistent.In this 
case, in order to adapt to the new situation, the modification results in line with the actual 
situation are achieved by modifying some characteristics of the sample.In addition, the 
modified sample cases are re stored in the case base to provide reference for similar situations 
in the future.The specific process is shown in the figure below.  
 

 
Figure 1. Case-based reasoning process 
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According to the figure, case-based reasoning includes the following steps: 
Stepl: describe keywords and find similar samples through the characteristics of existing 
situations or keywords. 
Step 2: query the samples and retrieve the samples with the highest similarity with the 
description from the case base. 
Step 3: revise the sample and change some characteristics of the old sample into a new case 
that is relatively in line with the actual situation. 
Step 4: output the results and solve the new problems through the old cases. 

3.2. Basic Theory of Fuzzy Programming 
Fuzzy programming includes three aspects: fuzzy number, fuzzy set and fuzzy relationship. 
Fuzzy set is a set that can only be described by relative belonging or not belonging. Fuzzy 
relationship breaks the absolute relationship we often talk about, such as ">, <, ∈" and so on 
all indicate absolute relations, while fuzzy relations are no longer expressed in absolute terms. 
Once emergency rescue is involved, fuzzy programming usually appears, which is due to the 
great change elasticity of various influencing constraints in emergency relief work, that is, the 
expansion range of constraints is large and the fuzziness is strong.It is expressed as: 
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Where "  " in (2) means "approximately less than or equal to". 

4. Demand Forecasting Model 

4.1. Case Retrieval of Rescue Material Demand 
The initial conditions, demand category and meeting the material demand of rescue material 
demand analysis are the three key words in the case of rescue material demand. 
(1) Initial conditions: the specific location, scale, time, loss degree, economic status and 
population distribution of the epidemic are the data for basic analysis of emergency materials. 
(2) Demand category: analyze the key relief materials under the three states of "control, 
treatment and prevention" of the epidemic situation in combination with the actual disaster 
situation. 
(3) Meet demand: meet the demand of quantity, quality and structure. 
A sample case in the case base can have multiple expressions or even attributes. The expression 
method can be and the attribute is. After understanding the specific situation, refine and modify 
the event attributes, so that multi-level attributes are included in the same case, and the cases 
and attributes are interrelated. 
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4.2. Fuzzy Programming of Emergency Material Demand based on Case-based 
Reasoning 

(1) Fuzzy treatment of material demand cases 
If there are n cases in stock, record the ith case as, record its feature factor set as, and the 
membership of the ith case to the jth feature factor is extremely, then the feature vector set 
corresponding to the case is: 
 

         
i1 2, , , 1, 2, ,

i i i iG G G G m G jV f f f f j m                                     (4) 

 
Assuming that the feature vector set of the rollover to be predicted is, then: 
 

         r 1 2, , , 1,2, ,r r r m r jV f f f f j m                                       (5) 

 
(2) Establish the membership degree of sample characteristic factors. Analyze and calculate the 
membership degree of the new case, compare with the inventory case, and retrieve the sample 

with the closest similarity. If  A B C X  、 、  is set as a fuzzy set, then the membership real 
mapping N:  
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If x is a finite set mxx ,,,x 21  , the above equation (7) is expressed as: 
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When using the case initial condition features mentioned above for case similarity matching, 
the influence degree of different feature factors is different.Therefore, it is very important to 
give different weight values to each characteristic factor to find the most similar case. Let the 
influence weight and set of characteristic factor  1,2, ,jf j m   be  1 2 m  ， ， ， , and 

meet: 
1

1, 1,2, ,
m

j
j

j m


   , then equation (8) above can be rewritten as: 
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(3) Analyze and compare the prediction results of the target case with the matched cases from 
the database. At the same time, modify the old case samples in combination with the actual 
situation and expert opinions, so as to make the original case characteristic factors extremely 
fit the case characteristics of the current disaster, and then obtain the emergency material 
demand prediction scheme of the target case. 
The output of the same characteristic factor may be different in different decision-making states. 
In addition, the difference of weight value depends on the difference of value distribution of the 
case. Let  f  indicate the value of the case when the characteristic factor is f .Each case can 

be regarded as an independent individual. Under the characteristic factor jf , the value  if  

of case iG  is defined as the average value of the membership degree  
iG if  of the case under 

the characteristic factor if , that is: 
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According to the above formula (11), The weight of each characteristic factor is j : 
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Using the above three equations (10), (11) and (12), calculate the similarity between the 
characteristic factors of the target case and the old case sample. When it exceeds the similarity 
threshold of  , the most similar demand will be taken as the demand prediction result of the 
target case. 
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All inventory cases satisfying (13) are grouped into a set:  1 2, , , , 1,2,kd d d d k   , of which 
k n . Similar cases are obtained through relevant calculation, and the target case is solved by 
multiple regression equation. 

Empirical regression model: 0 1 1 2 2 n ny x x x        . 

Theoretical regression model: 0 1 1 2 2 n ny x x x         . 

A total of k  similar case is obtained in the form of matrix: 
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Using the data provided by similar cases, the value of   is solved by multiple regression 
function, and then the membership degree of characteristic factors of the target case is input to 
calculate the corresponding material demand results. 
(4) Update the modified new case to the case base. It is helpful to the fuzzy case-based reasoning 
demand prediction of the next new case and the matching of similar sample cases. 

5. Case Analysis 

The analysis is carried out according to tables 1 and 2 below: 
 

Table 1. Factor values of characteristic items of each case 
 
Case 

Value of each characteristic factor  
Time span 

1f  2f  3f  4f  5f  

Case1 53  0.7 4.4，  72 16.5  2,5  1 

Case2 65  2.5,8.0  152 42 10 3 

Case3 62 80 410 1100 5 3 
Case4 80 5 190 80  7,9  1 

Case5 80  0.5,7.0  160 100 8 2 

CaseT  80,90   0.5,12  156 153  6,10  0 

 
Table 2. Weight coefficient of characteristic factors 

 
Case 

Weight coefficient of each characteristic factor  
Time span 

1f  2f  3f  4f  5f  

Case1 0.146 0.078 0.22 0.312 0.244 1 
Case2 0.139 0.074 0.26 0.296 0.231 3 
Case3 0.139 0.074 0.26 0.296 0.231 3 
Case4 0.143 0.076 0.24 0.304 0.237 2 
Case5 0.146 0.078 0.22 0.312 0.244 1 
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The similarity of each characteristic factor can be obtained by using formulas (10) - (12). If the 
weight value is known to be  0.15,0.08,0.2,0.32,0.25 , the similarity with the target case can be 
obtained by the above formula (13), as shown in Table 3: 
 

Table 3. Local similarity and global similarity 
 
Case 

Similarity of each characteristic 
factor 

 
Time 
span 

Similarity before 
adjustment 

Similarity after 
adjustment 

Improved 
similarity 

1f  2f  3f  4f  5f  

Case1 0.45 0.65 0.6 0.9 0.9 1 0.753 0.749 0.749 
Case2 0.95 0.8 0.44 0.36 0.36 3 0.576 0.566 0 
Case3 0.44 0.5 0.4 0.95 0.95 3 0.712 0.687 0 
Case4 0.4 0.45 0.9 0.8 0.8 2 0.589 0.632 0.632 
Case5 0.7 0.8 0.5 0.9 0.9 1 0.798 0.782 0 

 

Assuming that the local similarity threshold is 1  and set to 0.5 and the case similarity threshold 

is 2  and set to 0.6, it can be seen from the above figure that after adjusting the weight 
coefficient, the similarity changes, increases with case 4, and decreases in other cases. The 
improved algorithm does not need to calculate the similarity value of each case that needs to 
be calculated in the past, and the similarity value of the case that does not meet the conditions 
is directly 0.The similarity between the available cases 2, 3 and 5 and the target case is 0, while 
the best similar old case is changed from the old case 5 before improvement to the current case 
1.Obviously, the improved calculation results are more rapid, accurate and reliable, which 
improves the accuracy of understanding similar data of the target situation, is conducive to the 
best prediction of emergency materials, and enhances the reliability analysis of material 
demand in the emergency supply chain. 

6. Conclusion 

On the basis of understanding the research status at home and abroad, this paper introduces 
the basic theoretical concepts of case-based reasoning and fuzzy programming, which are the 
most commonly used methods in emergency material demand forecasting. After being familiar 
with relevant theories, case-based reasoning and fuzzy programming are combined, and it is 
proposed that the key characteristic factors of the target case must be consistent and similar 
with the characteristic factors between the sample cases. The influence weight coefficient of the 
characteristic factors is adjusted through the influence factors of the time span, and then basic 
modeling is carried out to find the most similar cases and extract data. Finally, through case 
analysis, It proves that the method proposed in this paper is scientific and practical. However, 
it only selects the sample cases with the highest similarity as the final prediction result, and 
does not adjust the matching cases 100% according to the actual situation. Therefore, the 
practicability of the prediction results needs to be further improved, so the adjustment 
according to the actual situation will become the key direction of future research. 
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