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Abstract: This paper addresses the problem of allocating 30 unclaimed items to researchers
in a fair manner. Five definitions of fairness are derived, considering philosophical, social,
and economic aspects. A quantitative evaluation system is established to measure fairness.
The allocation is then evaluated using this system. Foundational models, based on zero-one
integer linear programming, are developed for each definition. Social interactions between
researchers are incorporated into the models, including competition, collaboration, and an
auction model. The second section introduces the concept of item relationships, as the value
of items can be enhanced when certain items are possessed together. Matrices are used to
represent these relationships, making the model more applicable to real-world situations.
Sensitivity analysis is conducted to assess the accuracy of each model. The coding
implements linear programming and analysis, presenting the results in various visual forms.
After refining the model, distributions are calculated using different models and compared.
The model is then applied to distribute items among five researchers, and multiple fairness
assessments are conducted based on different definitions. The results indicate that, out of four
definitions (sixteen in total), two are fair, one is relatively fair, and one is unfair. In conclusion,
this paper utilizes linear programming to evaluate fairness in allocation scenarios. The model
is refined with adjustments such as mutual interactions, auctions, item interdependencies, and
relationships. It provides a comprehensive assessment of fairness and offers practical insights
for decision-makers when addressing allocation issues, not only for this particular problem
but also for similar situations in society.

Keywords: Allocation, Fairness, zero-one integer Linear Programming, System Analysis

1. Introduction

There is no absolute fairness in the world. Problems regarding fairness arise every day, and
humanity is continually on the course of seeking relative fairness. Fairness issues are involved in the
majority of social processes, among which is the distribution fairness that is discussed in this paper.

The problem will be solved and discussed is set in this background: By the beginning of the 23rd
century, mankind has settled Mars, the Moon and other bodies of the solar system. Under the direction
of a heuristically programmed algorithmic computer HAL-13, the Humankind Post Global System is
delivering cargoes between numerous colonies and space stations. IMMC team, Alice, Bob, Charlie,
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David and Erin live on a remote research base on Mars. One fine day, a transport Humankind Post
ship arrives at the base with cargo that was clearly destined for some other addressees. But HAL-13
denies the error, denies the arrival of the transport and the very existence of this ship. Since it is
impossible to return the shipment, the researchers decide to split the goods among themselves.

In this paper, we first define what is fairness, and then create a model to determine the optimal
assignment option corresponding to each definition of fairness which is transferred into formulas and
established via the models. Finally, data is applied in Zero-one integer programming, testing the
model in the context of a realistic problem.

Also, refinements are made to improve the model so that it’ll be more applicable and practical. We
include social interactions, competition, and collaboration, into consideration with a new set of
calculations provided in this context. We also determine the possession and combination of different
items influence one’s valuation of the product. Finally, we use the model that we have refined after
the calculations of different scenarios to find what will the allocation of items be for 5 researchers.

2. Preliminary Assumptions and Definitions
2.1. Assumptions

Assumption 1: Fairness is relative therefore can be clearly defined. This assumption is the basis
of our definition of fairness because what is fairness is a philosophical problem and hard to define,
we assume that fairness can be defined and thus be expressed in the form of a formula. Accordingly,
we can transfer fairness into limitations and put them in the model.

Assumption 2: Fairness can be determined via purely quantitative means. This assumption is
the basis of our definition of fairness. Additionally, there are already many diverse quantitative
measures available to employ in modeling, so limiting the factors used to quantitative ones will still
provide a comprehensive result.

Assumption 3: Each person's valuation is aligned with their thoughts and their valuation is
transparent without any information hidden deliberately. For the sake of simplicity and
straightforwardness, we assume that each person gives their valid subjective valuation independently.

Assumption 4: Each item is unique and cannot be further divided. Dividing the items in the
list to several persons may destroy items thus lowering the subjective valuations given by each person,
and provided that some items cannot be divided, making sure that each item can only be given to one
person can ensure the authenticity and credibility of the result produced by the model.

Assumption 5: The value of a thing can and can only be measured by valuation. To make the
results only based on each person’s valuations, we assume that other factors like market price have
no influence on the valuation of items.

2.2. Variable Chart

Table 1: Variable Definitions

Notations  Descriptions

Xij The possession of item i for person j (1: possess, 0: not possess)
P;; The value of item i evaluated by person j

The minimum individual sum of value
B Initial budget

o; Fairness Deviation for standard i
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Table 1: (continued).

P; Fairess Coefficient for standard i
P3
a In—
03
R Relationship Matrix
M; Market Price for item i, which is the second highest value among researchers + 1
G Gain Matrix
n The number of researchers in a distribution
S Total Amount of Items (30)

3. Related works of definition of Fairness and Assessment
3.1. Fairness Definition

As said in the Introduction, there’s no absolute fairness. Therefore, different definitions of fairness
may end in different allocation scenarios. Taking social, philosophical, and market factors into
consideration, the following definitions of fairness are listed below:

Define by Utilitarianism

From a utilitarian perspective, fairness is achieved when resource distribution maximizes overall
societal happiness or well-being [1]. In this context, the happiness of attaining an item for these five
people is reflected in their evaluations, where a higher evaluation by a certain person indicates a
higher happiness [2]. Therefore, achieving maximized fairness, under the utilitarian view, means
distributing items according to each person’s preference [3]. Whoever evaluates an item with the
highest price will derive the item.

Defined by Definite Amount Equality

To distribute items merely considering their amount, disregarding the value of each item, and
treating them as if they are identical, is a reasonable perspective of equality. In this situation,
specifically, 30 items are allocated to 5 people, thus receiving 6 items for each person.

Defined by Veil of Ignorance (V1)

This is the distribution scheme corresponding with the philosophical assumption, Vein of
Ignorance. Suppose one of the five people is required to dictate the scheme of allocating but is
ignorant of whom he or she will be, the allocation dictated should favor the disadvantaged groups, in
this case, to maximize the least sum of total value of individual researchers [4].

Combining Amount Equality and Veil of Ignorance

Distributing by pure amount equality and by pure Veil of Ignorance is both defective. The former
lacks the confine of value, which may end in some researchers getting more inferior items while
others getting more superior items. The latter, on the other hand, overlooks the quantity, which may
result in some getting a lot of inferiors while others getting few superiors.

Defined by Markets with Equal Initial Budgets for Each Researcher

In this situation, allocation from fair market competition is considered fair. Each researcher
receives a same initial budget, and they cost their budgets when receiving an item with the price of
their evaluation [5]. In other words, the evaluation of every item is how much the researcher can
accept paying.
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3.2. Fairness Assessment

Quantitatively measuring fairness is imperative for assessing the fairness of an allocation, once each
definition is clearly defined. The ensuing definitions will translate abstract notions of fairness into
specific and measurable expressions [6].

3.2.1.Fairness Deviation

The fairness deviation, denoted as o, is defined to quantify the extent to which an allocation deviates
from the optimal allocation according to a specific fairness definition. Consequently, ¢ varies across
different definitions.

e Pure amount: Under the pure amount definition, its fairness deviation, a;, is defined as:

o =1 (1)

3n
e Veil of Ignorance: Under the pure value definition, its fairness deviation, o, is defined as:

NidjXijXPyj

0>, =
2 3n

)

e Amount equality and the Veil of Ignorance: Combining the pure value definition and pure
amount definition, its fairness deviation, o3, is defined as:
_ o2
03 = €7 100 3)

e-exponent is used here to ensure when o; = 0 the equation will not equal 0 directly. This is the
same reason for the definition of ¢5.

e Utilitarianism: Under the Utilitarianism definition, its fairness deviation, a,, is defined as:

_ max{};Xx; jXP; j}-min{},;¥ ix; j¥P; j}

Y= 3 (4)

3.2.2.Fairness Coefficient

Define the optimal coefficient, ¢, for pure amount equality as

Si(|Zix—2])
, = D) (5)

Define the optimal coefficient, ¢,, for the Veil of Ignorance as

max {Zixi,j xPi‘j}—min{Zixi'iji,j}

P2 = > (6)

Define the optimal coefficient, ¢4, for the combination of amount equality and the Veil of
Ignorance as

[
05 = e¥1 00 (7)

Define the optimal coefficient, ¢,, for Utilitarianism as
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@4 = max{y; ¥ x; ;i X P i} — XX ixij X P j (8)
3.2.3.Fairness Extent

¢ will be compared with o to determine fairness extension:

o If @; < g;, then its deviation has a relatively small value. In this case, the allocation will be
called fair for this definition.

e Ifo; <p; < 20;, then its deviation has a medium value. In this case, the allocation will be
called relatively fair for this definition.

e If ¢; > 20y, then its deviation has a large value. In this case, the allocation will be called
unfair for this definition.

For the third definition, the criterion is a little different since it involves an e-exponent. Napierian
logarithm is used to derive a comparable result:

a=In (‘g—: (9)

e If a <0, the allocation will be called fair for this definition.
e If0 < a <5, the allocation will be called relatively fair for this definition.
e If a > 5, the allocation will be called unfair for this definition.

4.  Modelling
4.1. Zero-one Integer Programing

In the model, zero-one integer programming is used to incorporate criteria that can be modelled
linearly [7]. These criteria can be either objective functions to be maximized or minimized, or
restrictions on those functions. The variables involved are assumed to be continuous. The resulting
solution is definitive and represents the best possible solution, given the available resources and
restrictions imposed.

4.2. Criteria 1: Allocation Under Utilitarianism

Under utilitarianism, the society aims to maximize the overall welfare, by allocating an item to the
person who value it most. The allocation option that yields the highest results should be the “best” in
that aspect, as it would have the highest fairness, provide the item to researchers who prefers it most.
Similar to the model in Section 3, this criterion extends the allocation from 2 researchers to 5.

max Ziiji,j X Pi,j (10)
s.t. Z] xl-'j =1 (11)

Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j.

4.3. Criteria 2: Allocation Under Equality by Number of Items

On the base of maximizing total values, the number of items every researcher get should be same,
which is 6 in this situation.
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max Zl’z]'xi‘j X Pi,j (12)
iXi; =6

s.t. ' 13

{Z,- x5 =1 13

Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j.

4.4. Criteria 3: Allocation Under Veil of Ignorance

According to Rawls’ Veil of Ignorance, people would have to prepare for the disadvantage situation
and prefer an allocation of resources to lift the living standards of the lower class. Translating to our
model, the society aims to maximize the total value that is possessed by the researcher who are
allocated with lowest value of items, a max-min model was used to maximize the least sum of total
value of individual researchers.

max Z (14)

Yixij=1

Zixl-,j X Pi,j >7

s.t. joci j=lixi j>Pi j=7 st. { (15)

Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j, Z is an auxiliary variable that denotes the minimum individual sum of value.
4.5. Criteria 4: Allocation Definite Amount Equality and Under VI

Since allocation merely under definite amount equality results in significant differences in individual
value, and allocation under Veil of Ignorance causes discrepancy in number of items, this model
combines the two criteria and fully take advantage of each criteria’s properties.

max Z (16)
Yjxy;=1

s.t. Zixi,j X Pi,j =7 a7)
diXij =6

Where P is the overall value, x; ; is the possession of item i for person j, P; ; is the value of item i
evaluated by person j, Z is an auxiliary variable that denotes the minimum individual sum of value.

4.6. Criteria 5: Allocation Under Markets with Equal Initial Budgets

This model represents the allocation under markets, where every researcher receives items by costing
their evaluations on it, and the total cost cannot exceed the same initial budget for everyone.

max Zizjxi'j X Pi,j (18)

s.t.{ 2% =1 (19)

Zi Xij X Pi,j <B
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Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j, B is the initial budget.

47. Model’s Refinement

In this section, the model is refined by considering social interaction between researchers. Two
models are established according to different situations: relationship and auction.

4.7.1.Situation 1: Allocation with Relationship Matrix

In this model, three types of relationships are defined:

« Collaboration means the researchers having this relationship will share their gains, benefiting
each other. The quantitative description is once one of the collaborators gets an item, all the
researchers who collaborate with him will be added 0.2 P; ; to their total value where P; ; refers
to the value of the item i the researcher j gets.

«  Competition means the researchers having this relationship will bring bad effects when either
one of them receives an item, harming the others. The quantitative description is once one of the
competitors gets an item, all the researchers who compete with him will be subtracted 0.2 P
from their total value.

* No Relation means there is no relationship between the researchers having this relationship. One
of them gaining an item will not affect others, thus maintaining each of their total values the
same.

Therefore, their mutual relationships can be expressed in a symmetric matrix. Since the problem
provide no relationship between these researchers, the following relationship is randomly generated
for the researchers as an example:

1 02 -02 O 0
02 1 0 0 -02
—02 0 1 02 0 (20)
0 0 02 1 -02
0 -02 0 -02 1

Relationship Matrix (0.2 Ally, -0.2 Rival, Neutral 0, 1 self)
Incorporating this matrix, the following model is derived:

max Zi Z] Zk xi,]- X Pi,j X Rj,k (21)

Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j, R; x is the relationship between j and k

4.7.2.Situation 2: Allocation by Auction

In this model, each researcher is given a certain budget initially and they will conduct an auction
process, where each researcher increases their bidding price until the bidding price exceeds their
subjective value or no one else competes. Therefore, the bidding price stops at the second highest
value plus one, which is defined as M;. The researcher who wins the item enjoys the consumer surplus
(P;,j — M;). The objective for this society is to maximize the total consumer surplus.
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max Zi Z] Xi j X (Pi,j — Ml) (23)
Xjxy;=1
s.t. {Zixi,j x M; < B (24)

Where P is the overall value, x; ; is the possession of item i for person j, P, ; is the value of item i
evaluated by person j, B is the initial budget, M; is the market price or bidding price for item i.

4.7.3.Situation 3: Allocation with Complement and Substitute Gains

Researchers’ subjective value of goods may change depending on the possession situation of cargoes.
To quantify the distinction of judgment, a gain matrix is adopted in our mathematics model through
our thorough discussion of different relationships within different cargoes [8].

Gain Matrix

In the following is an example from our gain matrix that pairs different items together and finds
whether some pairs got by one person would increase, or decrease their total value by considering
complements and substitutes. Otherwise, the total value of the pairs would stay the same.

Complement and substitute are divided into 5 levels: Complements: 0.2, Relative Complementary:
0.1, No relationship: 0, relative substitutional: -0.1, Substitutes: -0.2

3 4 s ” 1 19 » n 2 ] i = % Ed » ® s

g

1 0 0 0 a o 0 0 0 [ ) 0
17 02 o [ 02 o o a o o a 0 o o 0 o [N
[ o a o 0 a o 0 0 o

BUBNENEEREES R

Figure 1: Gain Matrix

When the subjective value of researchers can be influenced by different possession situations of
others, it is necessary to introduce new variables into the original zero-one integer programming
model. These variables include G; ,, which represents the gaining coefficient from the Gain Matrix,
andx, ;, indicating whether researcher j possesses item k. Building upon the previously defined model
and incorporating the new situation, the updated model becomes:

max X; X Xk Gige X X j X x5 X Py j (25)
S.t. Z] Xij = 1 (26)
5. Applications

In this section, the models designed are applied respectively to find the different distribution results
of cargoes and comparing them.
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5.1. Result for Criteria 1: Allocation Under Utilitarianism

Item [12|3|4(5|6|7|8|9|10|11|12|13|14|15|16 |17 |18 |19 |20 |21 |22 (23|24 |25|26 |27 |28 29 |30
Alice
Bob
Charlie
David
Erin

Figure 2: Allocation Result for Task 2.1
The accurate numbers and values for each member listed as Alice for 5 items and 166 acr, Bob for 6
items and 985.0 acr, Charlie for 7 items and 1100.0 acr, David for 4 items and 1610.0 acr, Erin for 8
items and 1215.0 acr.

5.2. Result for Criteria 2: Allocation Under Equality by Number of Items

Item [1(2|3|4(5|6|7|8|9|10|11|12|13|14|15|16 |17 |18 |19 |20 |21 |22 (23|24 |25|26 |27 |28 29 |30
Alice
Bob
Charlie
David
Erin

Figure 3: Allocation Result for Task 2.2

Besides five items for every members, the accurate values for each member listed as Alice for 186.0
acr, Bob for 985.0 acr, Charlie for 1075.0 acr, David for 1633.0 acr, Erin for 1180.0 acr.

5.3. Result for Criteria 3: Allocation Under Veil of Ignorance

Ttem |1/2|3|4(5|6|7[8[9(10(11|12|13|14|15|16 (17|18 19|20 |21 |22 |23 |24 (25|26|27 |28 |29 |30
Alice

Bob
Charlie
David

Erin

Figure 4: Allocation Result for Task 2.3

The accurate values for each member listed as Alice for 11 items and 900.0 acr, Bob for 4 items and

910.0 acr, Charlie for 5 items and 900.0 acr, David for 1 items and 1100.0 acr, Erin for 9 items and
900.0 acr.

5.4. Result for Criteria 4: Allocation Definite Amount Equality and Under VI

TItem |1(2(3|4|5[(6[7[8|9|10|11 (12|13 |14 (15|16 |17 |18 19|20 |21 |22 |23 |24|25|26 |27 |28 |29 |30
Alice
Bob
Charlie
David
Erin

Figure 5: Allocation Result for Task 2.4

Besides the 6 items for each member, the accurate values for each member listed as Alice for 860.0
acr, Bob for 882.0 acr, Charlie for 875.0 acr, David for 1138.0 acr, Erin for 890.0 acr.
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5.5. Result for Criteria 5: Allocation Under Markets with Equal Initial Budgets
5.5.1.Result under B = 1500

Ttem |1(2(3|4|5[6[7[8(9|10|11 (12|13 |14 |15|16 |17 |18 19|20 |21 |22 |23 |24 |25|26 |27 |28 |29 |30
Alice
Bob
Charlie
David
Erin

Figure 6: Allocation Result for Task 2.5

Under 1500 acr budget, the accurate numbers and values for each member listed, as Alice for 4 items
and 162 acr, Bob for 7 items and 989 acr, Charlie for 8 items and 1195 acr, David for 3 items and
1490 acr, Erin for 8 items and 1235acr.

5.5.2.Sensitivity Analysis

Budget can be tested and manipulated to conduct a sensitivity analysis of zero-one integer
programming. The budget is adjusted from 500 to 2000 with a unit increment of 100, resulting in the
change of total value and total numbers of items. Figure 11 indicates the fluctuation in stacked graphs.

Stacked Graph of Total Values by Budget Stacked Graph of Cargo Counts by Budget

1
Tgog:
22

3000

Total Value

2000

1000

600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200
Budget Budget

Figure 7: Stacked Graphs of Total Values and Numbers

The sensitivity analysis graph for total values shows an increase of values from 500 to 1200,
suggesting that as budget increases, each researcher are able to receive objects with higher values.
From 1200 to 2000, the fluctuation mitigates, indicating that the budget has less effect on the
allocation results.

The sensitivity analysis graph for total numbers shows an irregularly fluctuation of numbers from
500 to 1200, suggesting that the number of items each researcher got is restricted by the tight budget.
From 1200 to 2000, the fluctuation mitigates, indicating that the budget no longer becomes the
restriction.
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5.6. Results under Social Interactions

5.6.1.Result for Situation 1: Allocation with Relationship Matrix

Item |1]2(3|4(5|6|7(8|9]10|11|12|13|14|15|16|17 |18 19|20 |21 |22 |23 |24 |25|26|27 |28 29|30
Alice
Bob
Charlie
David
Erin

Figure 8: Allocation Result for Task 3.1

The accurate values for each member listed as Alice for 6 items and 346.0 acr, Bob for 6 items and
985.0 acr, Charlie for 8 items and 1120.0 acr, David for 5 items and 1740.0 acr, Erin for 5 items and
845.0 acr.

5.6.2.Result under Situation 2: Allocation by Auction
Results under B = 1500:

Ttem [1(2(3(4|5|6|7|8|9|10(11 (12|13 |14 |15[16|17 |18 |19 |20 |21 |22 |23 |24 (25|26 |27 |28 |29 |30
Alice
Bob
Charlie
David
Erin

Figure 9: Allocation Result for Task 3.2

Under 1500 acr budget, the accurate numbers for each member listed, as Alice for 6 items and 186
acr, Bob for 7 items and 1095 acr, Charlie for 6 items and 990 acr, David for 4 items and 1590 acr,
and Erin for 7 items and 1215 acr.

Sensitivity Analysis:

Budget can be tested and manipulated to conduct a sensitivity analysis of zero-one integer
programming. The budget is adjusted from 100 to 2000 with a unit increment of 100, resulting in the
change of total value and total numbers of items. Figure 14 indicates the fluctuation in stacked graphs.

Stacked Graph of Total Values by Budget Stacked Graph of Cargo Counts by Budget

1
§g98k

o
1600 1700 1800 1900 2000 1300 1400 1500 1600 1700 1800 1900 2000
Budget Budget

Figure 10: Stacked Graphs of Total Values and Numbers

The sensitivity analysis graph for total values shows an increase of values from 1300 to 2000,
suggesting that as budget increases, the overall value among five researchers increases, but individual
total value remains relatively constant, indicating that the budget is a restrain to overall values not
individual values.
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The sensitivity analysis graph for total numbers shows a relatively low fluctuation of numbers
from 1300 to 2000, suggesting that the budget is not the restriction to number of items.

5.6.3.Result under Situation 3: Allocation with Complement and Substitute Gains

Item |[1(2(3|4(5/6|7[8|9(10|11|12|13 |14 |15 16|17 |18 |19 |20 |21 |22 |23 |24 (25|26 |27 |28 |29 |30
Alice
Bob
Charlie
David
Erin

Figure 11: Allocation Result for Task 4

The accurate values for each member listed as Alice for 5 items and 166.0 acr, Bob for 6 items and
985.0 acr, Charlie for 8 items and 1100.0 acr, David for 3 items and 1610.0 acr, Erin for 8 items and
1215.0 acr.

6. Fairness Assessment

In this section, those previously designed models are integrated into 1 single model by putting all the
constraints in different criteria and social situations together. That single model is then used to find
the distribution of cargoes between 5 people, and the result is assessed whether it is fair.

6.1. Allocation Result

TItem [1|2(3|4(5|6(7|8[9|10|11 (12|13 |14 (15|16 |17 18|19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30
Alice
Bob
Charlie
David
Erin

Figure 12: New Allocation Result for 5 researchers
6.2. Fairness Assessment

Recall that in 3.2, expression determining o’s value and ¢’s value are defined.

6.2.1. Assessment based on pure amount equality

Table 2: g, and ¢, Value

Participants o, Value @, Value
A, B,C,D,and E 2 1.2

@1 < 01, therefore this allocation is fair according to the criteria of pure amount.
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6.2.2. Assessment based on the Veil of Ignorance

Table 3: g, and ¢, Value

Participants o, Value @, Value
A B,C D, andE 278 784

¢, > 20, therefore this allocation is unfair according to the criteria of the Veil of Ignorance.

6.2.3. Assessment based on amount equality and the Veil of Ignorance

Table 4: 5 and ¢4 Value

Participants o3 Value @3 Value
A, B,C,D,and E 119 8,434

Table 5: a Value

Participants a Value
A B,C,D,and E 4.259

0 < a < 5, therefore this allocation is relatively unfair according to the criteria of amount equality
and the Veil of Ignorance

6.2.4. Assessment Based on Utilitarianism

Table 6: g, and ¢, Value

Participants o4 Value @4 Value
A /B,C,D,and E 1283 1274

@4 < ay, therefore this allocation is fair according to the criteria of Utilitarianism
6.3. Allocation Summary

Under different definitions of fairness, the result varies, but with improved algorithm that includes
the Veil of ignorance and the complementation items, the allocations achieve fairness in the majority
of definitions. For some cases, the results appear to be unfair because Alice’s estimations are
generally low. The table below summarize the fairness with different definitions.

Fairness

Amount Fair
VI Unfair
Amount&VI [Re. Fair
Utilitarianism Fair

Figure 13: Summary for Allocation Fairness
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Conclusion

This paper aims to create a thorough and quantitative methodology for allocating resources to reach
fairness. By considering several standards of fairness in the beginning, the model successfully
quantifies the concepts to mathematics expression. Tangling the tasks, we gradually extend our model

into

more complicated scenes. The model also simulates the potential social impacts, which discuss

how the distribution will be affected, by introducing social behavior, like auction, and preference.
Though the results couldn’t be equal for every member, the model manages to reach the fairness,
based on our standard, in a maximum degree. The budget constraint is altered, proving the basic
versatility of our model.
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Appendix
List of Cargoes and Value Estimated by Researchers of the Base on Mars
9 in?
Alice’s Bob’s  Charlies  Davies  ErinS
No. Cargo value, value,
value, acr. value, acr.  value, acr.
acr. acr.
1 Handyman toolset 30 70 60 45 45
) Box of survival food 20 2 25 23 15
packs
3 Length of silk cloth 110 70 50 90 80
4  Computer memory 50 100 50 90 20
banks
Electronic
5 thermometer (lab 200 310 200 320 300
grade)
Pet dog-butterfly
6 hybrid (in cryostasis) 180 >0 -0 0 200
7 Tableware set 7 6 5 5 6
8 Space suit 200 700 450 550 550
9 Space bow-tie 3 10 3 4 1
10 Rolled-up 300" flat TV 75 50 90 50 40
11 Table cutlery set 4 4 1 1 3
12 Summer shoes 15 5 7 5 10
13 Holodeck access key 10 110 110 30 40
card
14  Boxofrare paper 120 80 90 150 170

books
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15

16

17
18
19
20
21

22

23

24

25

26

27

28

29
30
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Sundew-pumpkin

5 3 15 30
seeds
Scar}nlng quark 200 800 600 1100
microscope
Web videostreaming 150 50 300 100
gear
Knit sweater 20 20 20 20
Adjustable‘-wavelength 5 8 7 20
projector
Albanian keyboard 9 10 15 2
Foldable real estate
(high tax) >0 7 0 >0
Bottle of spice 50 25 95 100
melange
Automatic chicken 20 75 20 70
counter
Antique 1Phqqe 17 200 300 340 125
(good condition)
Lightsaber (out of 50 100 220 110
order)
ngh—schqol student 200 250 150 400
correction tool
Unsuspicious
mechanical parts 3 30 . !
Suspicious mechanical 3 45 50 70
parts
“We were known as
BTS” memoirs (books) 70 40 10 o
Luke's birth certificate 30 5 25 10

100

1000

100

50

90

150

70

500

45

120
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