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ABSTRACT

This research focuses on the equitable allocation of indivisible goods among five agents, where each
agent holds goods contributing to its profit. The dual objectives are to maximize all agents' collective
profit and ensure the fairness of goods distribution. Fair distribution is identified as a significant social
challenge. The study aims to explore and elucidate the fair relationships within goods distribution
through the lens of game theory, a methodological framework that has seen rapid advancements in
various fields. Utilizing game theory for this analysis is crucial for advancing social equity and
improving public satisfaction with distribution outcomes.
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1. INTRODUCTION
1.1. Background of the study

The Earth is the cradle of mankind, but mankind cannot live in the cradle forever, and in the not-too-
distant future, mankind migrates to Mars. Even if mankind is still no traces of civilization found on
the surface of Mars, but imagination can always create the possibility of a new fantasy for mankind.
Suppose that at the beginning of the 23rd century, humans have already immigrated and settled on
Mars, the moon and other planets of the solar system. Numerous colonies and space stations carry
out the transportation of goods to ensure the normal life of human beings on Mars. Under the guidance
of the computer system HAL13, the Global Freight System (GFS) is transporting cargo between the
colonies and the space station. Alice, Bob, Charlie, David, and Erin live on a remote research base
on Mars. One day a transportation vessel arrives at the base unexpectedly, carrying a cargo that is
apparently intended for some other recipient. But HAL13 denies the mistake, denies the arrival of the
transport and the existence of the ship. Since it was not returnable, the goods had to be distributed to
the researchers.

1.2. Issues to be studied

(1) Problem 1 aims to analyze the relevant data in the list of goods and develop a mathematical model
to develop a set of criteria for the fair distribution of goods; subsequently, through the
interpretation of the results of the model, it is judged that assuming that all researchers involved
in the distribution of the goods have an equal right to distribute the goods on the basis of giving
the item to the person who likes it the most, and distributing all the goods to Alice and Bob, the
allocation of goods of such a Fairness.
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(2) This question requires the addition of an influence factor to determine whether a change in the
criteria for the fair distribution of goods would occur if social interactions were considered, i.e.,
if the five researchers could compete or cooperate with each other to achieve some collective
goal, under such conditions.

(3) Question 3 suggests that since the subjective value of goods may vary with other items that the
person owns or does not own, modify the value in the list of goods based on the researcher's
ownership of other goods.

2. MODEL ASSUMPTIONS AND NOTATION
2.1. Model assumptions

The study in this paper is based on the following basic assumptions:
(1) Itisassumed that all researchers involved in the distribution of goods have equal rights.
(2) Assume that all five researchers are perfectly rational.

(3) Itis assumed that researcher satisfaction depends on the subjective value of each unit of goods
to the researcher.

(4) Assuming that the slight disparities arising from the allocation process are negligible.
(5) Itisassumed that the relevant data consulted are true and reliable.

2.2. Description of the symbol

Table 1 Notion

Notion | Clarification Notion | Clarification
N A finite set of players R Perceptual level
[ Player a Victim i
Denotes the set of strategies that a . .
" X
A player can choose from i Total quantity of goods of type j

Subjective value of the jth good for

_ : : t
U Yield function k the ith researcher
. . The ith researcher is assigned to the
X..
G Strategic gaming i jth good
L Market leader TT; Weight of jth goods
F, Follower

3. MODELING AND SOLVING OF THE FIRST PROBLEM

3.1. Equitable distribution-based modeling and solving[7]

3.1.1. Preparation of the model[12]

Based on the question and the given data, we know that 30 pieces of goods will be allocated to five
people, Alice, Bob, Charlie, David, and Erin. Then we can initially build the resource fair allocation
model to allocate the goods. The resource fair allocation model is used as our initial simple model.
We analyze it below:
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(1) Modeling of equitable distribution of resources
Let there be N parties participating in the resource allocation, and the number of people in party i is

N
a,(i=12,..,N),denoteda = »_a;. Let there be a total of p goods available for allocation, and the goods
i=1

allocated to party n are Xj(j=l2,...,N), and clearly DX, =p and X; are integers.The number of
j=1

ai . .
representatives per unit of goods of party n isx— ,and the number of representatives per unit of goods
i

. . . a . . a a; .
in the whole allocation scheme ISE ,and there is a deviation between the tWOB_x_’ according to
i

which an integer programming model of the goods allocation problem can be established.

ij =p . (3-1)

X, is aninteger (j=12,...,p)

Z is the degree of inequity in distributing the goods, and the optimal solution to the model is to
minimize Z to the goods distributed to each of the five individuals found at X;, and then calculate the
number of goods distributed to each of the disaster victims based on the ratio.

(2) Description of the weights of the value of goods[20]

Since different goods have different subjective values to each individual (i.e., the value of the goods
to them personally). For this characteristic of the goods we divided them into three main categories
to establish the weights. Based on the data, using excel, Table 2 (the high and low value of the goods
study) was obtained.

Table 2 High and low value of research on goods

Value category Freight

Pet dog-butterfly hybrid (in cryostasis), Length of silk cloth,
Lightsaber (out of order), etc.

Table cutlery set, Space bow-tie, Tableware set, Albanian
keyboard, etc.

Box of survival food packs, Handyman toolset, Automatic chicken
counter, etc.

High research value

Medium research value

Average research value

Based on the broad category to which the goods X;belong, the goods X;are given a reasonable weight
7;on the basis of the principle of positive correlation between the level of value and weight,
stipulatingl>7; >0 .

Based on the broad category to which the goods X;belong, the goods X;are given a reasonable weight
7;on the basis of the principle of positive correlation between the level of value and weight,
stipulatingl>7; > 0.

(3) Assessment of value
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Different people have different subjective values for goods, and we introduce the function I, to show
the value of the nth person for the jth goods. In order to describe the subjective value of each person

for various goods, assume that robot n has been assigned to the goods as X1 Xizg--ee-- X

define this moment I , as:

J, :iﬁj(tij-xij),(ij =r;1S;). (3-2)

=1

(4) Description of the distribution scheme
In order to account for the distribution of outgoing goods, we created a matrix A of type N < M:

Xll X12 XlM
Xoi e
A=| "% . (3-3)
[N} [N} Xij (]
_XNl XNM_

Here X;; denotes the quantity assigned to the nth person shipment X;.

where the row vector of Aa represents the goods that have been assigned to researcher n and the

column vector table of Ad_; represents the goods that have been assigned out.

(5) Description of the value objective function

Let y denote the total value of the goods, then the objective function is Maxy

1) Let the value generated by the allocation of goods % to researchers @n be Yin -
Then there are assumptions that can be made: ¥;, =1x4;xJ, .

After all the goods have been distributed, the final total value is obtained as:

y=2; (3-4)
j=1
Thereby.
X
y:Zyjlxlijn. (3-5)
j=1
The objective function is further expressed as:
X
max >y 1xA;xJ,. (3-6)
j=1
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(6) Constraints

The constraints of this question are that there are a finite number of various goods and that the goods
are indivisible, i.e., each good can be given to only one researcher. That is, the allocation of the good

X, is equal to the supply S;.

By means of the column vectordi of the matrix A of (3-3), the constraints can be formulated as
follows:

> %, <5, (37)

Also additional constraints: the researcher a; gets the amount of goods X; not greater than its total

amountt;;, i.e.:

X <t (3-8)

3.1.2. Solving the model4& iR KR 25| FHIE.

(1) Sort the goods according to the subjective value of the different goods. It may be useful to set
the order after sorting to ASTRSTERE
(2) Method of distribution of goods

The goods are allocated according to the order of the sorted goods Xy, X,,......, X;. Assuming that j-1
species have been allocated, the jth method of allocation of goods is given:

1) Let the first I-Y4istribution of goods be matrix A"

X' x'lyj_1 0 0
X' X0 0 .
0 ?
A= 0 ? (3-9)
0o ? ..
| X' Xyja O 0]

2) MATLAB%5RIRFRBIF| Y. The program solves directly:

In the case of split goods, the objective function is an N-element quadratic function about
N

Xy j-Xg, i Xig > X j @nd the constraints arezxij <S;. At this time, the MATLAB program can be
i=1

used directly to find the optimal solution.
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3.1.3. Based on utility functions[14] and satisfaction4giz! KRR B 5| FHIE. Making material
allocations

The criterion for equitable distribution is that there should not be too great a disparity in the value of
goods received by researchers. Such disparities must be reasonable and justified by the researchers'
research.

(1) The utility function describes the satisfaction of a researcher with the subjective value of a good
obtained for a given unit of measurement. The utility function[13] is as follows:

wlog x, a=1

wl-a)*x?, a>1 (3-10)

U(x):{

Where x denotes the goods obtained by the researcher and w denotes the subjective value of the goods
obtained by the researcher, it is proved through Matlab results that when a=1, the utility function
U (x)=wilogx also known as the logarithmic function, the logarithmic utility function provides
proportional fairness among the researchers; and when a>1, the utility function
U (x)=w (1-a)*x"*also known as the negative exponential function, provides a-fairness.

(j=12...,n)

(2) Assume that the share of goods is % ,X is the amount of goods allocated to the

researcher, the subjective value of the researcher is Wi(J:l’Z"“’n)and the total value is W.The

value of a unit amount of goods to the researcher can be obtained as X,
Assuming that all goods are allocated to a researcher, the value to the researcher of a unit amount of
- Wiz
goods is AZ ==

X'Z is similar, i.e., when there is a similar level

1z

The distribution of goods is fair when A = %and AZ; =

of satisfaction among researchers.
3.1.4. Basis for distributive justice[11]

To summarize, the goods were divided into 3 categories as in (Appendix 1), the first group (low
subjective value) distributed the goods to the highest subjective value among the researchers, the
second group (medium subjective value) distributed the goods to the middle subjective value among
the researchers, and the third group (high subjective value) distributed the goods to the one closest to
the average of their subjective values.

3.2. If all goods are distributed to Alice and Bob, the distribution is based on giving
the item to the person who likes it best. Is such an allocation of goods fair?

(1) If all the goods are allocated to Alice and Bob, the allocation is based on giving the goods to the
person who likes it the most. the goods allocated to Alice and Bob respectively are as in
(Appendix 2). Based on the fair distribution model and satisfaction algorithm, the formula for

W

. . A=
the value of a wunit amount of goods to the researcher is applied: X and

wlog x, a=1
U(x) = 1y l-a .
w(l-a)"x ¢, a>1
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Using excel, the sum of the value of the allocated goods to them individually is obtained in Table 3
below.

Table 3 Total value of goods to them personally

Name and Surname Alice. Bob.
The total value of the goods to them personally 836 3015
Value of unit of goods to them 64.3 177.4

According to excel,

Alice's AZ, = V>\(/12 = 69.6>64.3, Bob's AZ, = V)\(IZZ =114.1<1774.

1z 2z

From this, it follows that Alice's unit of goods is worth much less to them than Alice's total average
subjective value. bob's unit of goods is worth much more to them than Bob's total average subjective
value. So this distribution is unfair.

4. MODELING AND SOLVING OF THE SECOND PROBLEM

4.1. Restatement and assumptions of question two

If social interaction is factored in, the criteria for what we consider to be a fair distribution of goods
will change. Social interaction is the process by which individuals take social action towards others
and others take reactive social action - that is, we are constantly aware of the effects of our actions
on others and, conversely, the expectations of others influence most of our own behavior. In its main
form, symbolic interactionism, social interaction is generally characterized by the following three
elements.

(1) There must be two or more interacting subjects.
(2) Some form of contact between interacting subjects must occur.

(3) The parties involved in the interaction consciously take into account the "meaning" represented
by the "symbols" of the action.

In this question, Alice, Bob, Charlie, David, and Erin are clearly influenced by the social interactions
between them on the issue of fair distribution of goods, and the action of "symbols", i.e., fair
distribution of goods, should be changed according to the change of "meaning" and the criteria of
distribution. Then, the distribution criteria should also change with the change of "meaning". Let us
first assume that:

(1) All five researchers were perfectly rational.

(2) Negligible micro-gaps arising from the distribution process.

It can be explored in terms of its being in a competitive and cooperative relationship, respectively.
The specific arguments are as follows.

4.2. Distributional game models considering social interactions[10]

4.2.1. Application of non-cooperative game models#&ig! KR 25| FHKE.

In this question, assuming that the five researchers are in a competitive, i.e., non-cooperative
relationship, the benefit of the goods received by any one of them in their distribution must imply a
loss for one or even several of the others. Therefore, we can base our answer argument on these.

Formalization of the equitable distribution of commodities:
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G :{{11213’415}’{A}i’11’{ui}i'11}' (4-1)

Player Sets: N ={1,2,3,4,5} denotes the five player strategy set of Alice, Bob, Charlie, David and Erin:
{AXL

Thereby, we can obtain the value of the corresponding payoff function according to each person's
satisfaction with different commodities U; (A, A,;) and we can also find the game[9] result that

satisfies the optimal responses of these five people at the same time, i.e., we can find the Nash
equilibrium of the mixed-optimal strategy[15][16],i.e.,for Vi ,the game result that satisfies

a: eB (a:) .Take one of the commodities as an example, through excel and spss, the payoff
matrix[19] is drawn as Table 4.

Table 4 Gain matrix on scanning quark microscopy

Scanning quark Alice Bob Charlie David Erin
microscope

Alice 200,200 200, -800 200, -600 200, 1100 200, -1000
Bob 800, -200 800,800 800, -600 800, 1100 800, -1000
Charlie 600, -200 600, -800 600, 600 600, 1100 600, -1000
David 1100, -200 1100, -800 1100,-600  1100,1100 1100, -1000
Erin 1000, -200 1000, -800 1000, -600 1000, -1100 1000, 1000

From this, we can find that when there is a competitive conflict among these five people, their fair
distribution results will be affected by individual subjective factors, i.e., by social interaction factors,
and therefore, the criteria for the fair distribution of their goods will be changed, and instead of
distributing them in the same way as they were originally distributed, they will be distributed by
looking for Nash equilibriums in the mixed-strategy game in order to seek optimal responses to these
five researchers.

4.3. Distributional Game Model Considering Reciprocal Behavior - The Stackelberg
Game Model[17]

4.3.1. Application of the Stackelberggame model4&iR! F3R 25 FIVE.

In the traditional Stackelberg game model[18], both the leader's and the follower's gains are affected
by the leader's decisions. Therefore, this can also be seen as a distributional scheme between the
leader and his followers, i.e., it can be viewed as a distributional game.

In the application of this question, we assume that all five people are perfectly rational, and consider
the follower as the decision maker, i.e., he/she does not only care about the value of the goods
allocated to him/her (temporarily measured according to the satisfaction level of the five people in
the data given in the question), but also compares the value of the others, so as to promote the fairness
of the goods allocated to him/her, and the leader as the perfectly rational decision maker. For the
leader's behavior | L, the follower can predict the maximum value of the commaodity that he or she

will get under full rationality as: 7F (I)=max?zFF(I, f). And the maximum value of the leader's good

IS ,;L(|) =.(l, f(|)). Therefore, this allocation is the result of the leader proposing a corresponding

scheme first, and then the followers deciding the orientation of the final outcome through rational
judgment. This can be seen more as a kind of cooperation. At the same time, the leader's allocation
scheme creates a perception of fairness to the followers, and we assume that the degree of this
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perception is R,which is a function of . (|)and 7}L(|).Thus, we can find R = R(;rF(l ),7;L(| )j . That is,

R is based on a comparison of the follower's optimal prediction of the value of the good obtained
from the leader's allocation.

It is now assumed that the follower and the leader are in a cooperative relationship, and that the
follower will adopt positive reciprocity (cooperation) decision-making behavior if he or she will
appreciate the leader's goodwill. When one of them receives more than expected and adopts positive
reciprocity (cooperation), it favors the leader, and vice versa. From this, to understand this reciprocal
behavior more clearly and intuitively, we can construct the utility function:

Qe(l, f)=me(l, f)+ 1Az +nAT . (4-2)
(His positive and?7is a function of the follower's perceived level of fairness (level of cooperative

intent), i.e.:n=n(7;F(|),;fL(|)j).

Where the expression ¢ (I, f)is the value of the good that the follower ultimately allocates when he
or she engages in reciprocal behavior, i.e., cooperation, the expression pAz. is the cost to the
follower of adopting the behavior (cooperation), and 7A7z, denotes the increase in utility resulting
from the follower's adoption of the reciprocal behavior.

And based on the previous equation (14), we can conclude that

Az = (1, f)—7}p(|), (4-3)

Ar = (1, F)-7zL() (4-4)

Suppose?7is on the interval [-1,1].|r7| The larger it is, the deeper the follower perceives fairness, i.e.,

the greater the intention to cooperate. When 77 >0, the follower receives a greater value of goods than
expected, it will be grateful to the leader, for positive reciprocity, and in this question, we regard it as
positive cooperation; while when it is less than 0, it is negative reciprocity, i.e., negative cooperation.
But when?] =0, then the result is neutral.

Therefore, we can get the utility function expressed by the objective function maximization formula
for the follower to adopt the behavior as:

Qs 1. )=y 0 ) 4f e, €)= ) o 0, 1)- ) (@5)

Based on this equation (4-6), the leader's objective function to maximize the value of the goods he
receives can be expressed as: ”I‘SLX”L(L f ) and the corresponding utility function equation is

s.t.rpgg(QF(l, f)=r.(, f)+y(7rF(l, f)—ﬂF(l)}rﬂ(ﬂL(': f)—;TL(')J- (4-6)

If and only if 7 =0, the follower equation

217



max Qe (1, f) =1, f)+,u[7zF(I, f)—z}F(l)jm(yzL(l, f)—QzL(l)j. (4-7)

The optimal decision expressed is equivalent to Eq.f(|)=ar9 maxze (I, f),VIeL | ie., this is a

feF

special case.

Therefore, in this model, we can find that according to the cooperative relationship, i.e., when the
collective goal of fair distribution of goods is achieved through cooperation, it leads to a change in
the standard of fair distribution of goods. Due to the different perspectives of the leader and the
follower, the allocation standard gradually changes to the degree of the follower's fairness perception,
i.e., the magnitude of the cooperation intention, which then indirectly affects the result of fair
allocation. In conclusion, when these five people cooperate to realize this collective goal of fair
distribution of goods, the criteria of distribution will change.

4.4. Summary of question two

Through the establishment of the non-cooperative game model and the Steinberger game model, we
can conclude that, whether the five researchers are in a state of competition or cooperation to achieve
the collective goal, due to the existence of social interaction factors, will eventually lead to a change
in the standard of the fair distribution of commodities, and as a third party we judge the distribution
standard has a certain gap. Therefore, when the researchers fairly distribute the relevant commodities,
the possibility of reaching a state of complete rationality is extremely small, and it is difficult to keep
the distribution standard constant at one, and it is impossible for fair distribution to be absolutely fair.
Therefore, the five researchers can either compete with each other or cooperate to achieve certain
collective goals, but no matter what relationship they are in, the goal of allocating their commodities
will change to some extent.

5. MODELING AND SOLVING OF THE THIRD PROBLEM
5.1. Processing and improvement of data[6]

According to the original data, we can first set the value of goods as x tentatively as four categories,
namely 0 < x<10,10 < x<50,50 < x<100,x >100 . Based on the different values of these thirty
commodities to each person to filter out the value of different categories for different researchers, and
then to modify the data for redistribution. We start from the largest value, through excel and spss to
get, the following table 5, 6, 7, 8, 9 is the five researchers each think the largest value of goods.

Table 5 Table of commodities that Alice considers to be of greater value

No. Freight Alice Bob Charlie David Erin
3 Length of silk cloth 110 70 50 90 80

5 Electronic thermometer (lab grade) 200 310 200 320 300
6 Pet dog-butterfly hybrid (in cryostasis) 180 50 -50 0 200
8 Space suit 200 700 450 550 550
14 Box of rare paper books 120 80 90 150 170
16 Scanning quark microscope 200 800 600 1100 1000
17 Web videostreaming gear 150 50 300 100 100
24 Antique uPhone 17 (good condition) 200 300 340 125 150
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26 High-school student correction tool 200 250 150 400 500

Table 6 Table of Commaodities Considered by Bob to be of Higher Value

5 Electronic thermometer (lab grade) 200 310 200 320 300
8 Space suit 200 700 450 550 550
13 Holodeck access key card 10 110 110 30 40
16 Scanning quark microscope 200 800 600 1100 1000
24 Antique uPhone 17 (good condition) 200 300 340 125 150
26 High-school student correction tool 200 250 150 400 500

Table 7 Table of commodities Charlie considers to be of greater value

5 Electronic thermometer(lab grade) 200 310 200 320 300
8 Space suit 200 700 450 550 550
13 Holodeck access key card 10 110 110 30 40
16 Scanning quark microscope 200 800 600 1100 1000
17 Web videostreaming gear 150 50 300 100 100
24 Antique uPhone 17(good condition) 200 300 340 125 150
25 Lightsaber (out of order) 50 100 220 110 70
26 High-school student correction tool 200 250 150 400 500

Table 8 Table of commodities that David considers to be of high value

‘5 Electronic thermometer(lab grade) 200 310 200 320 300
'8 Space suit 200 700 450 550 550
14 Box of rare paper books 120 80 90 150 170
116 | Scanning quark microscope 200 800 600 1100 1000
124 Antique uPhone 17(good condition) 200 300 340 125 150
125 Lightsaber (out of order) 50 100 220 110 70
'26 High-school student correction tool 200 250 150 400 500

Table 9 Table of commodities considered by Erin to be of greater value

5 Electronic thermometer(lab grade) 200 310 200 320 300
6 Pet dog-butterfly hybrid(in cryostasis) 180 50 -50 0 200
8 Space suit 200 700 450 550 550
14 Box of rare paper books 120 80 90 150 170
16  Scanning quark microscope 200 800 600 1100 1000
24 Antique uPhone 17(good condition) 200 300 340 125 150
26  High-school student correction tool 200 250 150 400 500
29  "We were known as BTS"™ memoirs (books) 70 40 100 10 120

From this we can find that for the four items numbered 5, 8, 16, 24 and 26, the value of the goods is
higher in the eyes of all five people, then we can assign them to the person who thinks that each item
is worth the most, and thus we can make a pairing, 26-E, 24-D, 16-C and 8-B. However, we then find
that this method is not entirely fair to Alice, and the subjective value of the goods will change
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accordingly, so we need to change the value of the Electronic thermometer (lab grade) numbered 5,
and the results are as follows, see Table 10. fair, and the subjective value of the goods will change,
so we will need to change the value of the Electronic thermometer (lab grade) good numbered 5, and
the results are as follows, see Table 10.

Table 10 Values of Electronic thermometer (lab grade) commaodities for No. 5

5 Electronic thermometer(lab grade) 360 310 200 320 300
Thereby, the first allocation is completed. By analogy, the goods with larger subjective values are
assigned to these five researchers for a reasonable and fair allocation by appropriately changing their
values. As a result, we used excel to organize the commodities that all five researchers considered to
be of similar value under different intervals of subjective value, as shown in Tables 11, 12, 13, and

14.

Table 11 Table of commodity numbers of different researchers for subjective values x>100

No. No. No. No. No.
3 5 5 5 5
5 8 8 8 6
6 13 13 14 8
8 16 16 16 14
14 24 17 24 16
16 26 24 25 24
17 25 26 26
24 26 29
26

Table 12 Table of commodity numbers of different researchers for subjective values 50<x<=100

No. No. No. No. No.
10 1 1 3 3
29 3 10 4 15
4 14 17 17
14 22 22 23
21 29 23 25
23 28
25

Table 13 Table of commodity numbers of different researchers for subjective values 10<x<=50

No. No. No. No. No.
1 2 2 1 1
2 6 3 2 2
4 10 4 13 4
12 17 15 15 10
18 18 18 18 13
21 22 20 19 18
22 27 23 19
23 28 28 22
25 29 30 28
30
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Table 14 Table of commodity numbers of different researchers for subjective values 0<x<=10

No. No. No. No. No.
7 7 6 6 7
9 9 7 7 9
11 11 9 9 11
13 12 11 11 12
15 15 12 12 20
19 19 19 20 21
20 20 21 21 27
27 30 27 27 30
28 29

30

The red markers in the table are the goods with similar subjective values in the eyes of the five people,
and we can continue to allocate them according to the above method. The remaining goods can be
modified according to the previous allocation, in order of subjective value from the largest to the
smallest in order to achieve a better allocation effect. The new subjective value table is shown in
Table 15 (the four colors of red, yellow, blue and green indicate the order of improvement, and the
last row is the final allocation result).

Table 15 Improved record of subjective value magnitude of different commodities and distribution
results

- Handyman toolset B
- Box of survival food packs 20 22 25 23 15 C
| 8 | Length ofsilk cloth 110 70 50 90 80 A
L4 | Computer memory banks 50 100 50 150 20 D
| 5 Electronic thermometer (labgrade) 360 310 200 320 300 A
- Pet dog-butterfly hybrid (in cryostasis) 180 50 -50 0 200 E
|7 | Tableware set 7 6 5 5 6 A
|8 Space suit 200 700 450 550 550 B
| 9  Space bow-tie 3 10 3 4 1 B
110 | Rolled-up 300" flat TV 95 50 90 50 40 A
- Table cutlery set 4 4 1 1 5 E
|12 Summer shoes 5 20 7 5 100 B
- Holodeck access key card 10 110 110 30 40 B
| 14 | Box of rare paper books 120 80 90 150 170 E
| 15 | Sundew-pumpkin seeds 5 3 15 30 100 E
|16 | Scanning quark microscope 200 800 600 1100 1000 C
- Web videostreaming gear 150 50 300 100 100 C
|18 Knit sweater 20 20 20 25 200 D
| 19 Adjustable-wavelength projector 5 8 7 45 35 D
120 | Albanian keyboard 9 10 15 2 5 C
| 21  Foldable real estate (high tax) 50 75 -30 50  -40 B
- Bottle of spice melange 50 25 95 100 50 D
| 23 Automatic chicken counter 20 75 20 70 90 E
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6.

24 Antique uPhone 17 (good condition) 200 300 340 125 150 D
25 Lightsaber (out of order) 50 100 220 310 70 D
26 High-school student correction tool 200 250 150 400 500 E
27  Unsuspicious mechanical parts 50 30 5 7 5 A
28  Suspicious mechanical parts 3 45 50 70 45 C
"We were known as BTS" memoirs
29 (books) 70 40 150 10 120 C
30  Luke's birth certificate 30 5 25 10 5 A

EVALUATION AND GENERALIZATION OF THE MODEL

6.1. Model evaluation

6.1.1. Advantages

(1) quantitative analysis of the many influences involved in the model makes the paper convincing;

(2) The established planning model can be closely connected with the actual situation, and the

problem can be solved in combination with the actual situation, which makes the model have
good generality and popularization.

6.1.2. Disadvantages

(1) The processing of data is highly influenced by human factors;

(2) Fewer influencing factors are considered and there may be some errors in dealing with the

problem;

(3) In giving criteria for fair distribution, only the most important aspects were analyzed, ignoring

the influence of other objective factors and being overly idealistic;

(4) Deficiencies such as low precision in calculating the satisfaction of researchers need to be further

optimized.

6.2. Extension of the model

(1) Consideration could be given to increasing the generalizability of the model, in terms of its

assumptions, by using more sensitive data indicators of the assumptions' abatement;

(2) Some of the methods of analyzing and solving problems in the model can still be used for other

mathematical problems and general models;

(3) It is also used more in other areas of real life, such as the fair distribution of seats, the fair

[1]

[2]
[3]

[4]
[5]

distribution of cloud computing resources, and the distribution of substances in disaster areas.
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