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ABSTRACT

The Parrondo’s Paradox is described as two individually losing games can be combined in producing winning
expectations. To date, Parrondo’s Paradox has wide applications on biology, heuristic effect, evolution, investment,
but there are few researchesfocus on the business and public. Thereare two versionsof Parrondo’sParadox, whichis
termed as capital -dependent Parrondo’s Paradox and history-dependent Parrondo’s Paradox. Initial application of the
Parrondo’s Paradox in investment disciplineincludesthe mixed individual -losing investment strategies leading to the
winning outcomes. Subsequently, the heuristic effect of Parrondo’s Paradox also demonstrate that information exchange
can make market participants choosing corresponding investment strategiesin amorerational way by reducing the
potential risk of financial assets and mitigating the potential losses. Lastly, the application of Parrondo’s Paradox will
be extended into the other business disciplines, some potential applicationswill be addressed in this paper including

business strategy, cluster effect and public management.
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INTRODUCTION

The Parrondo’s Paradox was initially proposed by
Spanish physicist, JM.R. Parrondo. Then theoriginal
capital-dependent version of Parrondo’s Paradox was
expanded to the history-dependent Parrondo’s Paradox
by Parrondo, Harmer and Abbott (Harmer and Abbott
1999, Parrondo et. al.2000). L ater, the Parrondian effect
can befurther atered by modifying therelated parameters
in the probability space (Harmer and Abbott 2002).
Moreover, two winning games may also lead to the
undesired outcomes (Percus 2002, Hammer et. al.
1999). After that, the original Parrondian effect was
deliberately expended in the formation of strong
Parrondian effect (Shu and Wang 2014).

In additionto theinitial modificationapplied to the
original verson of Parrondo’s Paradox, the Parrondo’s
game might also extend in many disciplines such as
gpecies coexistence and persstence, evolution, species
divergty (Williamsand Hastings 2011). For instance, in
the environment of limited resources, the designated
experiment proved that species can coexist by evolving
according to the multi-resource model (Huang et. al.
2016, Armstrong & McGehee 1976). Moreover, high

modularity and hierarchical level will increasethe sability
of speciesinthefluctuating environment (Pan and Sinha
2009). Intriguingly, inaspecified environment, natural
selection prefersto favor the organismwith sensor of
low accuracy instead of more accurate sensor (Kang
Hao Cheong et. al. 2016) which meansbacteriaclones
inagtateknown asrandom phrasevariation canredlize
gableevolution. Inaddition, if combining the nomadism
and colonialism can increase the population and take
these two measures individually will lead to the
maladaptive (Tan and Cheong 2017) and territory aso
can be expanded because of the population growth and
habitat expangon (Tan and Cheong 2019).

I n-so-far, mgjority of mentioned contributions have
no straightforward relationship with the discipline of
business. In redlity, the framework of Parrondo’s
Paradox can be adopted in investment, which means
two losing strategies may lead to the winning outcomes
by combining these business strategiestogether (Ho Fai
Ma et. al. 2017, Chakrabarti A. 2014). It can be
demongtrated asfollows market participants can take
two strategies, thefirst one istaking the same strategy
as the nearest neighbor who obtain return from the
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specified financia assets. The second srategy isavoiding
to practice the losing strategies, whereas market
participantsknow hisnearest neighborslosemoney from
thisregpectively financia ingrument. The participant will
not adopt suchlosing strategy and shift itsstrategy into
dternative version. If the market participants choose
these two rategiesindependently, the capital gainfrom
eechindividua strategy will beanegativeamount (i.e., a
losing game for certain), a wining outcome can be
produced via combining these two isolatedly losing
strategies. Inspired from the application as specified
above, market participants can exchangeinformationto
determine which assets can be profitable and simply
invest onit. Inaddition, market participants can choose
the specified strategy to obtain positive return on
investment if they know thewinning probability for both
drategies. Thecluster effect addressed inthisexample
cannot be simply neglected, that is, it is essential for
market participants know the entity which profits by
investing on specified assets, and then follow such
winning srategy.

2 ORIGINAL PARRONDO’'SPARADOX

Thedefinition of Parrondo’sParadox isthat two individud
losing games can be combined to obtain the winning
expectations. The origina Parrondo’s Paradox includes
two versions, namely, capital-dependent and history-
dependent Parrondo’s Paradox. Thesetwo versions of
Parrondo’s Paradox will be conclusvely summarizedin
thefollowing two sub-sections.

2.1 Capital-dependent Parrondo’sParadox

The capital-dependent Parrondo’s Paradox includes
two separate games, namdly, gameA and gameB. Game
A is simple coin-tossing game, a winning result will
provide the player one unit of capita, and losing result
will deduct oneunit of cgpitd fromtheplayer. Thewinning
probability of gameA iscontrolled by abiased coin 1
which offerswinning probability of 7, = 0.5 — =, andits
losing probability is1-p, = 0.5 + ¢ . GameB isdlightly
complicated in contrast to gameA, which consists of
two separate scenarios, namely, scenario 1 and scenario
2, each scenario isassociated with abiased coin offers
different winning probabilities — for scenario 1, the
winning probability isg,,, = 0.1 — & for scenario 2, the
winning probability isg,,, = 0.75 — =. Deciding which
scenario to be selected and played is depending on

whether indantaneouscapitd of the player can or cannot
be divisible by apredefined integer M. Ininitia case, M
= 3isddiberately specified, supposethecapitd isdivisble
by M, scenario 1 will be selected, otherwise, scenario 2
will be chosen. The outcome of game B isidentical to
that of gameA, that is, awinning outcome will enable
the player again one unit of capital, and conversdly, a
losing outcomewill deduct one unit of the capital from
theplayer. GameA and game B can be mathematicaly
illustrated by using the following probability transtion
metrix:

0 P, 1-P,
gA)=[1=P, 0 Py D
Py 1-P, 0
0 Py 1-Py,
gB)=|1— Py, 0 Py, (2)
Py, 1-Py, 0

Obvioudy, gameA isafair gamewhen ¢ =0, which
means p, = 0.5. When ¢ >0, coin-tossing will entitle
gameA withalosing outcomeinthelong-run. GameA
will beawinning gameif ¢ <0. Moreover, thewinning
probaility of scenario 1 of gameBisp,, =0.1- ¢ and
winning probability of scenario 2isp,,, =0.75- «.

Thelong-term effect of game B can be described
by discrete-time Markov chain, which means the
probability of each state(i.e.,c, mod =0, 1, 2) should
be corrected as -, = and = instead of -. The derived
date probability isillustrated in (3):

1 5 32 3 6 1
MEwmtimtinTz O

Asspecifiedin (3), gameB isafair gameby usng
the corrected state probability. When ¢ =0, inorder to
explore whether game B of Parrondo’s paradox will
produce awinning or losing outcomeindividualy, placing
all the probabilitiesin the same probability space may
result in equation (4) as stated below:

PuiPwa" ™ = (1= Py) (A =P (4)
Thisequationimpliesthe probability of winningis
identical to itslosing probability. Predefined integer M
eguals 3 in capital-dependent version of Parrondo’s
Paradox, the resulting equation should be described as

)
PW1PW22 —
(1 — Py1)(1 — Py)?
Equation (5) can be modified to express the

1 ()
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relationship between g, and g,.., which results in
equation (6) as sated below:

(A= Pyp)?
Py’ + (1= Pya)? ©)
By referringto theequation (5), the entire probahility
gpace can be expressed as shown in Figure 1. As
indicated in Figure 1, the probability space can be
separated into two regionswhich canbe mathematically
described asequation (7) and (8).
Py1Pwz® > (1= Py1)(1 = Py)? (7)
Py1Puw2? < (1= Py)(1 = Pyr)*  (8)
By setting the probability 7, =g, =p,., the
equation (5) canbetransferred into the equation (9) as
stated below:

PWl

PA3 :(1_PA)3 (9)
|t ispossibleto obtain onered number solution 7, = -

and two imaginary number solutions p,=% _22; and
p, =11+ Z:1f p, > 1/2, gameAisawinning game, the
selected probability islocated inthewinning region as
specifiedinFigurel, if < 1/2, it impliesthat gameA isa
losing game, the selected probability islocated in the
losing region. Therea solutionis= 1/2, thissolution
implies that winning probability equals to the losing
probability, which means game A is afair game. The
smilar andyticd method can be employed intheandyds
of gameB.

2.2 History- Dependent Parrondo’s Paradox

The second version of Parrondo’s Paradox is history-
dependent. GameA isidentical to the capital-dependent
Parrondo’s Paradox. But the game B is much more
complicated in contrast to that of capital-dependent
verson, game B isdependent of theoutcomesof previous
two games, the selected scenario intime + dependson
theresult of thetime+ — 1, and+ — 2. Suchthat, gameB
includes 4 scenarios, namely, scenario 1 implies the
outcome of previoustwo gamesis{lose, lose}, scenario
2 impliesthat the outcome of previoustwo gamesis
{lose, win}, scenario 3 impliesthe outcome of previous
two games is {win, lose}, scenario 4 specifies the
outcome of previous two games is {win, win}. The
associated probabilitiesof 7., , 7., B, , 7, arespecified
in(10):
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Figure2 (a). Gameof History-dependent Parrondo’s Paradox.

The same analytical methods, which employed in
capital-dependent Parrondo’s paradox, can be utilized
in history-dependent version. The probability transition
meatrix can be expressed interms of amatrix, as shown
inequation (11) and (12).

0 P, 1-P,
PA)-|1-P 0 B (11)
p, 1-P, 0
1-Ps 0 1-Py 0O
_| Ps2 0 Pg 0
P®) 0 1-Psy, 0 1—Pgy (12)
0 Py, 0 Py

According to theresult of game B, there are eight
groups of theresult intotal, whichisdemonstrated as
Figure2(b). Thep(g) isthetransition probability matrix
of game(B). There are eight results such
aS{LLW}=09-z {LLL}=09+¢& {LWW}=025-¢,
{LW,L}=0254+&, (WLW=025-—g, {WLL}y=1025+¢,
(W, W,W}= 07—z {WWwWL=o07+c T1he identical
andyticd method, whichemployed in cgpita-dependent
Parrondo’s paradox, can be employed hereaswell. By
referring to discrete-time Markov chain, the obtained

probability of each state can be expressed as =, =, and

. Therefore, the associated probability for each state of

game B can be described by using equation (13).
1 5 1 3 1 3 7 5 1

V= nti ety T 22 (13)

According to equation (13), gameB isafair game.

In addition to that, the boundary probability can be
gpecified inequation (14):

Ps1(1+ Pg; — Psy)

N =
37 PgyPs; + (1 — Pgy) (1 + 2Ps; — Ps3)

(14
According to equation (14), suppose v, = -, the

corresponding gameisawinning game. Andif v, < 3
the gameisalosing game. |nsummary, the property of
the compound game could be atered by modifying the
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probability of each state as pecified above. In addition
tothat, there aremany correlated researches surrounded
withthereversed Parrondo’s paradox, which meanstwo
winning games can be combined in the formation of a
losing expectation. Besides, it is possible to change
predefined timing of using gameA and gameB inorder
to alter theresult of combined strategy (Shu and Wang
2014). Inthispaper, major contributionislying onfurther
extending the concept of Parrondo’s paradox into other
potential business applications, which provides some
indghtsfor researchersfrom disciplinesof businessand
public management.

1-P1

1-P7

Figure 2(b). Path-dependent Markov chain of history-
dependent Parrondo’s Paradox (3levels).

3 INITIALAPPLICATION OF PARRONDO’S
PARADOX IN BUSINESS

Inthediscipline of business, the concept of Parrondo’s
paradox wasfirstly extended in refining and selecting
appropriate investment strategy. I nitially, when market
participants use both strategies separately, it would lead
to losing outcomes. However, once market participants
chooseto mix theinitia two losnginvestment Srategies,
thewinning expectation can be produced.

In order to handle the uncertainty and mitigate
potential losses of investment portfolio, market
participantsseek to discover an effectiveway of retaining
their wealth, and preferably, achieving desired level of
return oninvestment. Meanwhile, it isknownto al that
the futuretrend of price movement of financial assetsis
almost unpredictable. Thereby, the risk management
technique adopted in contemporary financiad market is
congtructing the portfolio congstsof multiple negatively-

correlated financia assets, which amsto minimizethe
firm-specific risk. And with such believe, many scholars
desgnamoduleto minimizethesystematic risk. Market
participants can createwinning expectation viaswitching
thar investment strategiesdeterministically or completely
randomly asadvocated by Parrondo’s paradox.

By referring to theinvestment strategy as specified
above, it ispossble to concludethat individually losing
financial assetswhich analogousto thelosng gamesin
Parrondo’s paradox, can be combined intheformation
of aportfolio (aliketo compound game of Parrondo’s
paradox) to minimize the potentid firm-specificrisk. For
instance, the first selected investment strategy can
represent gameA, and the second onerepresentsgame
B, market participantscan choose the mixed investment
strategy instead of one strategy alone. If the market
participantsknow theamount of theingtantaneous capital
and thewinning probability of each game, it ispossible
to choose gppropriateinvestment strategy accordingly.
Therefore, if information can be exchanged by
communicating among market participants, it will boost
the probability of profitability of selected portfolio.
According to such phenomenon, thefollowing conclusion
can be concluded by determining an efficient way to
realize the information exchange and correcting the
cognition of the game, and then select the game by
comparing thewinning probability of both games.

Inthe prolonged evolution hisory of human beings,
it’snaturefor apersonto berisk-averse. For ingtance, if
market participants notify that other market participants
obtain postivereturn oninvestment, they will follow the
sameinvestment strategy. This phenomenon explainsthe
reality that information can lead to the herd behavior of
human beings. Inreality, the entire financial market is
one sophisticated system due to the partial available
information and capacity. Theinformation obtained by
market participantsthrough theinternet only coversa
very smdl portion of availableinformationinthefinancid
market. Theentiremarket isatypical zero-sum game,
while thewinnerswin at the cost of the losers, so the
best solution is to minimize the potential risk via
constructing the portfolio consists of two correlated
financial assets. Asadvocated by most recent research
inthedisciplinesof investment, theflow of the message
caninfluence and modify theinitial behavior of market
participantsto promotether potentia gains.



A Study on the Potential Application of Parrondo's Paradox in Industrial Clusters, Business Strategy and Public Affairs

In conclusion, responsible government agency
should pay closeattention to information transparency
of thefinancia market. Taking the advanced measures
to promote the information transparency which
maximizesthe potentia gains, and hence, stimulatethe
investment interest of market participants, and promote
theoverdl hedth of thefinancial market.

4. POTENTIAL APPLICATION
PARRONDO’SPARADOX

As mentioned above, the application of Parrondo’s
paradox is highly concentrated on non-business
disciplineslike species coexistence, evolutionary theory
and speciesdiverdfication. And theinitial application of
Parrondo’s Paradox inthefield of financeis primarily
lying on selecting appropriate investment strategies. In

OF
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this section, the framework of Parrondo’s paradox is
further extended into other sectorsof busnessinvolving
thestudy of cluster effect, tragedy of the commons, and
the refinement of management strategy.

4.1 Parrondo'sParadoxin Industrial Clusters

Themgjority of the competitive busnesscan be classfied
asazero-sumgameastheresourceare scarce. Inthe
gpecified region, the smal company decreasestheprice
of productionand sale of asingle typeof product leading
to gainhigh profit inthelong run, that’sthelosng game.
Besides, the small company which produces single
production will decrease the risk resistance capacity,
that’s another losing game. But inreality, many small
companiesaccumulateintheindustry park and run well,
that’ sthe phenomenon of Parrondo’s Paradox.

Figure4 (a). The process of cluster effect.
Asspecifiedinfigure4(a), the phenomenon specified
aboveisnot conflicting if andyzing it with theknowledge
about operation management. There are many small
companiesopenedinthat region, which prefer to produce
and sell the heterogeneous product or complementary
product rather than produce ahomogeneous product.
Oncethese small companies decrease the price of the

material, which means the entire industry chain will
decrease the cost and thefinal product will also lower
prices. Inthat way, according to the supply-demand
curve, thevolume of demand will augment, which leads
to anincreaseintheyield of the company, foaming the
good businesscyclesuch asfigure4(a). Thereasonwhy
this phenomenon happened in industrial parksisthat
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many companies heresdl complementary productssuch
asmaterial, intermediate products, and fina products,
thenforming theindugtrial chain. If one of the companies
decreases the price of the material or intermediate
product, the price of thefinal product will decreaseas
wadll, then the customer placesahigh amount order to
thefina product company leading to anincreasing order
of intermediate product and materia. Consequently, each
company can gain profit fromthe fina product and put
partial profit into research and development, thenreduce
the cost of producing further. However, they still can
benefit from the product because of the low cost and
many companies also establish the branch here and
decrease the cost of producing. That's why these
companies tend to accumulate in one single region
because it can decrease transportation costs and
transaction cogts.

The instance specified above is one kind of
Parrondo’s Paradox, thecombination of two individual-
losng gamescanlead to awinning outcome. Thisingtance
isaclassca clugtering effect, much more companiesand
manufacturersaccumulate together because of forming
the cost advantage as Figure 4(a) demongtrated above.
Thiseffect aso happened in themegalopolis, more and
more farmers pouring into the ity leading to traffic jams
and short of resource especialy for the medical resource
and real estate. Parrondo’s Paradox can make an
explanation of this phenomenon viathe analysis of the
forming mechanism of the megalopolis. Besides, game
theory canaso provide agood solution or inspirationto
solvethese problems.

4.2 Parrondo’sParadox In BusinessStrategy

Except for the cluster effect in running a business,
Parrondo ‘s Paradox can also be used in business
strategy. For instance, the small company cuts
unnecessary production lines and increases the debt
ratios, thereby surviving fromthefierce competition and
then occupying aspecified market share. Inthedynamics
of internet technology, the small company, which
produces homogeneous products that lacking
technology, will be superseded oncethey losethe cost
advantage. Moreover, many small company’s devices
areold, theproduction linesare also outdated and the
efficiency of productionisquitelow, inorder to keep a
low price, they will not invest extramoney inimproving
the quality of products. Conversely, the big company

with advanced equipment and high efficiency can possess
the cost advantage, which meansselling the products at
alower price and eroding the market share of small
companies, leading to the bankruptcy of amal companies.
Mogt of the smal companieswill be eliminated by the
market, but parts of the small company are still alive.
The Parrondo’s Paradox can explain this phenomenon,
the small company hasalittle resourceand small market
share, which leadsto theless cashflow and fewer product
types. Because of these disadvantages, the big company
can erodethe market share of thesmall company easly,
that’sthelosing game. Moreover, theremaining small
companies compete with each other to compete the
remaining proportion of the market share, which leads
to fierce competition. In order to keep the competition
with other companies, small companies borrow from
banks, that’sthelosng gametoo. Theoreticdly, because
of fierce competition and high debt ratio, most of the
small companies will fade away, but the truth tells a
different story, theremaining small companies perform
well inthe competition, that’sthewinning expectation.
These two factors can also be seen as weaknesses of
thesmadl companies, forcing the small company to adopt
different srategiesto survivefromthefierce competition,
whichmeansreforms, like biologica evolution.
Actualy, thereason why the small company canrun
well isthat thelr core competitiveness | nternet technology
can makethe information accessble easly and eliminate
theinequality of information, which leadsmost of the
wholesale and traditional companiesto die out asthe
developing of information technology. Because of fierce
competitionwith peer companiesand thelow technology
product, forcesthe small company to improveitscore
competitiveness, only inthat way, the small company
cansurvivefromthe fierce competition. Initially, because
of the high-cost and high salesprices of the product, the
small company cannot compete with the big company.
Thereasonwhy leading to the high cost in operation and
production, that is, non-clear responsibility and small
production scale. In order to decrease the cost and
improve competitiveness, thesmall company beginsto
focuson refining the organizationa structure, reduces
the operation cost and improves production efficiency.
After that, thesmall company can invest more capital to
improvethe product quality and product functiondity,
focusonthedemand of cusomersand potentia demand.



A Study on the Potential Application of Parrondo's Paradox in Industrial Clusters, Business Strategy and Public Affairs

Figure 4 (b). The process of business Srategy.

Asindicated in Figure4(b), inorder to improvethe
competitiveness and technical content of the products,
the small company may usethe strategiesof cutting its
unnecessary production line, and increasing the debt
ratios, focusng on R&D. While cutting the production
linewill lead to thelossof revenue, that’sthekey problem
of the small company, in order to run the company
continuoudly, the small companies|oan capital fromthe
bank. Inthat way, developing the core product of the
company, and other companies cannot copy or imitate
it. Core product enablesthe small company a unigque
competitive advantage, makesthe company can compete
with other companies. For example, asmall company
can make the product possess high technology, good
operability, and convenience according to theresearch
about the potential demand of customers. Besides, the
small company can aso meet the specified demand for
customers to achieve a competitive advantage. For
instance, the auto corporation producesthe specified
car for thearmy to obtainthe big amount order of the
military vehiclemarket, in that way, thereby getting huge
profit and market share. Except for theprofit and market
share, the company aso winsagood reputation, getsa
fixed customer. In that way, because of the good
reputationand high quality of the car, the country which

entralizatio
strategy
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competiliveness

Diversification

strategy

needsto buy the vehicle for their army will choosethe
specified company above, which is called the
differentiation strategy.

If the company achieves success through the
differentiation Srategy, it can expand itsbusnessincivilian
cars to win the favors of the public, which is called
correlated diversfication strategy. The small company
can also focus on the specified region or customer to
form the competitiveness advantage in the specified
product market or process field, which is called the
centralization strategy. For instance, it can produce
beautiful dothesor cosmeticsfor theyoung lady, produce
the toy for the children. Although the small scale of
production in small companies, the product possesses
good competitiveness and even irreplaceable, which
enablesthe product ahigh price and excess profit. Once
the company beginsto gain profit, it can pay the debt
back to thebank and decrease the debt ratio. Besides,
the small company can put the part of profit into research
and development, perfect their product continuoudy. In
thisway, the company producesahigh-qudity product,
which sdllsit at ahigh priceto get high profit, then puts
theprofit into therefinement of the product and eventualy
formsaclosed loop of continuousimprovement. That's
theinstance of combining two individua-losing games
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into winning expectation, the company candevelop fast
through the strategy, which expandsitsbusinessfield.

Maybe thebig company pays attentionto thissmall
company, but the small company has gained thefirst-
mover advantage and loyalty of customers, it's not
economicd for abig company to competewith the small
company, that’scalled the barrier of competition. This
barrier not only can mitigate therisk of competition and
give some spaceto preparefor the competition but also
can set ahigh barrier for the potential business, then
decrease the risk of the small company. The small
company focusing on specified cusomers and special
products, forming aunique advantage, whichhelpsthe
small company keep the core competitivenessand reach
successinthelongrun. Inashort, the strategy aboveis
shrinking productionlineand loaning capital fromthe
bank to develop the core product, that’s one application
of Parrondo’s Paradox.

4.3 Parrondo’'sParadoxin Publicp Affairs

The Parrondo’s Paradox can also be applied in the
tragedy of thecommons it Satessuchagory that herders
graze sheep on public grassland, which leads the
grassland to be destroyed and even degenerate to the
barren land serval years later. But if the responsible
government specifies the number of sheep in each
alocated grassand, grassland can be preserved very
wel and be used continuoudy. Asspecified phenomenon
above, because of grazing theinitial number of the sheep
in alocated grassand leading each sheep cannot be
digtributed with enough grassand lack of nutrition, the
sheep cannot grow well, that’ sthelosing game. Besides,
each herder’ sshegp cannot exceed the maximum number
of government-specified and only grazing in their
specified grassand. In the absence of sufficient grass,
herders must reduce the number of sheep. Because of
grazing less sheep, the herdersgain lessprofit, that’sthe
losing gametoo. But if combining thesetwo individual-
losing games, theresult bresksthetragedy of commons,
that’sthe paradox.

The original intention of setting public grassland
institutionsisto offer convenience for herders, which
cannot generate a good effect. The game theory can
explain thisphenomenon, let’s make an assumption that
there are two herders grazing in the grassand, Tom
overgrazing inthegrasdand and Jm grazing moderately,
Tomwill get payoff 12 and Imwill get payoff 4. Both of

themwill get payoff 5 if Tomand Jmovergrazing inthis
grassland. Tomwill get payoff 4 and Imwill get payoff
12if Tomgrazing moderately and Jmovergrazing. Both
of themwill get payoff 10if Tomgrazing moderately and
Jm do the same. The detall of payoff listed in the
following figure 4(c):

‘ Jim

|
oG ‘
o
4,12 [1010}

MG

0G

Tom

Q

L

‘ 0G:Overgraze MG:Moderate graze

Figure4(c). The process of game theory.

Fromthefigure4(c) above, thefollowing concluson
can bedetermined, Tom choosesto overgrazefirst, Jim
will also choose to overgraze as his best response
because hewill get payoff 5 if he chooses overgrazing,
Jmwill get payoff 4 if he choosesgrazing moderately. I
Tom choosesgrazing moderatdly first, Jmwill prefer to
chooseto overgrazerather than choosegraze moderately,
because hewill get payoff 12 if hechoosesto overgraze
and get payoff 10if he choose grazing moderately. So,
Tom's best response is overgrazing and Jm's best
responseisaso the same, that'scalled Nash equilibrium,
and both of themwill get payoff 5 rather than 10. That
the explanation of the gametheory.

Actually, thereason why the public territory hasa
losing result isthat the genera public pursues maximum
profit inthe supposition of rationa mankind, the genera
public doesn't need to take responsibility for destroying
the grasdand. If a responsible government assigns
grasdand to each herder, then the herderswill havetheir
owngrasdand, so they cannot occupy the grasdand of
other herders. If herders carry out high-intensity
shepherds, each sheep cannot feed enoughgrass. Once
the grasswaseaten up, these sheep will die of hunger.
Besdes, grassland degeneratesto the barrenland due
to overgrazing, the herder will be punished. Because of
none responsibility and abundant resources, herders
pursue maximum profit and feed sheep as much as
possible, regardlessof the result of overgrazing, which
leadsto the grassland degeneration and environment
destroyed. Maybe they consider that effect, but they
underestimate the effect of overgrazing. With the
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institution of specified grassand and limited sheep
number, thewhole grasdand can be preserved very well.
Inaddition, each sheep can grow well, whichcansdeat
ahigh price, then herders also get identical or higher
profit incontrast to the sheep inovergrazing. Fromthe
perspective of gametheory, though bothherdersgrazing
moderately can get a more positive payoff than
overgrazing, but overgrazing is the best response of
herders, that’sthe same asthe prisoner’sdilemma. To
overcomethisdilemma, the Parrondo paradox was used
asananalytical tool to assign grassland to each herder
and limit the number of grazing sheep.

The tragedy of commonsis not only happened in
grassland but also in the public field, such as marine
resources, water pollution, ar pollution and deforetation,
the generd public abusesthese resourcesdueto theloss
of supervisonand effectiveregulations. Theform of the
tragedy of commons can be divided into intangible asset
losesand tangibleast loses, theintangible asset includes
the trademark, patent, and reputation, tangible assets
include national assets. For instance, severa companies
possess a common corporate trademark, but these
companies produce productswith uneven quality and
tied with the same trademark. Because of lacking
supervision, onceone of the companiesproduced alow-
qudlity product, the entiretrademark will be destroyed
completely. Inthisway, no company iswilling to build
this trademark, because some companies dedicate to
promote it while some othersdestroy it by producing
the low-quality products or services. Moreover, inthe
fishing industry, each genera public hasthe certification
of fishing can catch fish in the sea, because of lacking
supervision of the high seas, the fisher can catch fish
randomly, which leadsrapid reduction of fish resources,
and somekindsof fish even becomesextinct because of
overfishing. From theinstances above, the following
conclusion canbedetermined, the publicresourceisvery
special, which lacking clear responsibility bound and
effective supervision, leading to the resource being
abused and can't reach theided effect. Therefore, the
government should clearly definethe ownership of assets,
delineate the boundaries of ownership, improve the
sysemof public resources, and achievethe private supply
of public goods. In addition, pay attention to the
innovation of the motivation system and build the
appropriaereward mechanism. Parrondo’sParadox can
offer muchingpiration for themeasuresof thereformetion
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and help the company or responsblegovernment to make
thestrategy to redizeitsgoal.

CONCLUSION

Fromthecontent above, thispaper explained Parrondo’s
Paradox, and gives a brief inference of Game A and
GameB to demongrate thedetailsof Parrondo’sgame.
This paper aims to display how to use Parrondo’s
Paradox to solve the problem happened in busnessand
the publicfield. Besides, introducing initia application at
first, analyzing the meaning of theinitial application and
influence of the information, then comes up with the
correspondent measures. Furtherly, analyzing the cluster
effect inthe businessfield, explaining the reason why
many small companiesaccumulate in onesingleregion.
The government also can use Parrondo’s Paradox to
analyze the problemsin the megalopolis and take the
appropriate measuresto solveit. Because of thefierce
competition and continuous improving internet
technology, previousstrategy of productiondiversfication
isnot effectivefor smal company anymore. Parrondo’s
Paradox can be used for busnessprocessreengineering.
The company can reduce operating costs by cutting
unnecessary production linesand increase debt ratios
for R& D investment, focusing on coreproductsto adapt
to the changing economic environment and seize
opportunitiesto deveopitsdlf. And thussurvive. If this
company adoptsthesetwo measures separately, it will
lead to afailure result, because only borrowing funds
fromthe bank, once the company cannot repay theloan
intime, the company will go bankrupt or be acquired by
another company. | naddition, cutting multiply production
lineswill lead to adecreasein profit. Parrondo’s Paradox
can also beused to solvethe problem of the public field.
Therearemany problemsin society management, which
cannot be solved by one single general public or firm,
leading to thewrong result if the government letsit go.
Because of theassumption of rational human beings, each
individua pursuesthe maximum profit and leadsto the
prisoner ‘sdilemma, but use Parrondo’s Paradox can
solveit fromathird-party perspective. Inner attack is
hard to break sysem equilibrium, but the vulnerability of
the system can befound from the external view. So the
Parrondo’s Paradox can be used to solve the problems
of the public field effectively.
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