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ABSTRACT

The three-way decisions theory is formulated basethe notions of acceptance, rejection and noncomment. The
theory, which is an extension of the commonly UBedry-decision model with an added third optiomashbeen
widely used in many fields and disciplines. Comaidethe costs of noncommitment are often the sauitle
misjudgment in the positive region or negative oegiThat the basis of nhoncommitment decision caimgeto
acceptance or rejection and the invert costs funmctire given as an aid in the scheme of decisiokingafurther
improved the three-way decisions.
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INTRODUCTION

The Three —way decisions is a new theory propoged¥Yao et al who based on decision-theoretiogtosets [1].
Professor Y.Y.Yao gave congress academic reporsgsigmatically introduced the background, the &aork and
the application of three-way decisions theory a& fough Set and Soft Computing Conference in Cloima
October,2012. The Theory and Application of Thrempwecisions[2] marked the three-way decisionsgnagually
developed from the semantic interpretation of rosghin the three intervals developing to a denisieeory under
the condition of uncertainty or incomplete inforinat Many scholars not only researched and exparbted
three-way decisions theory, but also applied itmaltiple disciplines [3-9]. In 2013, the Chineseademic
conference on rough sets and soft computing spatiifiset up discussion class on three-way dedsiBrperts and
scholars from all over the world discussed the riwvelopment of the research and the future of tvae
decisions. Three-way decisions use acceptancectimje and noncommitment to express three types in
decision-making. In fact, the effect of the noncaimment equals to acceptance. As in investment sgsResults of
ideas based on three-way decisions will be “invdailure to invest, noncommitment to invest". But
"noncommitment to invest” is equivalent to "now ddnvest", and it also needs to undertake thesfis8-13] and
various consequences when the economic situatianggs. And in some emergency actions, such asofoe s
serious patients, three-way decisions’ consequesiee$surgery, no surgery, noncommitment to surgemhe risk

of “noncommitment to surgery” is equivalent to tiiek of “no surgery”. Therefore, it is not enoughgresent only
three-way decisions, it is necessary for us to idemnsthe noncommitment decision’ costs, and turned
noncommitment decision into acceptance or rejecf\m conversion costs function should be given.

This paper discusses how to deal with the threedemysions’ noncommitment decision, and gives dosistion of
conversion from noncommitment to acceptance octigje. This is a further study of the three-wayidien theory.

THT ESSENTIAL IDEA OF THREE-WAY DECISIONS

The essential idea of Three-way decisions is tm¢hice two thresholds to entity evaluation functiand construct
three needed domains. Suppose U is a finite nonesaptor decision alternatives and C is a finiteodeonditions.
Each condition in C may be a criterion, an objesgtier a constraint. Our Decision task is to makeesponding
decision based on the given conditions of eachyeritiu . Conditions setC give the basis of the decision and the
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result by constructing evaluation function. Whefoimation is uncertain or incomplete, we may notafxe to
determine whether the entity is to meet the coowidi In other words, evaluation function estimatectlier the
entity satisfies the conditions. It is not a precislue. Due to the uncertainty of the estimatibis, not appropriate
to apply binary decision. We bring in the three-wd@gisions when the evaluations function valuesigher high nor
low, in which both acceptance and rejection appeagasonable. The given thresholds areand g:

When the evaluations function value is greater thraequal tqQz, we choose to accept the entity,

When the evaluations function value is smaller thaaqual tar , we choose to reject the entity;

When the evaluations function value is betwegandg, we neither refused nor accepted but to choosemot
promise.

In decision making, when lack of information or @bt letter requires a certain price, we can giveedhway
decisions of acceptance, rejection and noncommitnRough set is a typical three-way decision-makimgdel.
The positive domain, negative domain and boundarieRough Set model can be interpreted to acceptanc
rejection and noncommitment of the three-way denisi

Table 1: three-way decisions table

Decision
function f Results of three-way decisions
[0al rejection
[a,B] noncommitment
[BA] acceptance

RISK ANALYSIS ON NONCOMMITMENT DECISION OF THREE-WA Y DECISIONS
In practical application, the costs of noncommitinare often the same with misjudgment in positivenegative
domains.

Such as in medical diagnosisiccording to the patient's clinical performanceréharen’t sufficient evidence for the
doctor to determine whether patients suffer fromisease ¢, while the patient is in such a state of emergency
(such as life-threatening) that he must immediatehkes a decision. The actual result of noncomnmtrdecision

is equivalent to no cure. Then he has to acceptitkeof no cure with patients taking diseasesabttuWe need to
clarify the price of how noncommitment decisionnwiinto cure and no cure and then choose the snaatgsion
cost scheme.

In the peer review systenthe journal organization experts review manuscriptslecide whether manuscripts is
adopted, revised or rejected. The revised manusasp takes revising costs and cycle, etc. We teédentify the
manuscript value, in order to ensure that the aufstevise are not greater than the costs to aslopgject.

In deciding an investment, we analyses the cursgnation and their condition to decide whetheineest. The
actual effect of noncommitment is equivalent to ingestment now. But if we missed the best investmen
opportunity, we may need to pay a greater price.

Suppos& ={C,C°} is the set of two state<C expresses that entity is a member of €5t c° express that entity

is not a member of set. To facilitate the discussion, here apply €&t to signify the set itself and its corresponding
states. Each state corresponds to three kinds oiside actions, a collection of these three actioss

A={a,,a,,a;}. a,,a, andag respectively are the entity 's classification aoti which decideX in
positive domairk[1POS,, ;) (C) . decidexin negative domain X[OJNEG,, ; (C) and decide xin boundary
domainx[1BND,, 4 (C) . If an entity belongs to a collection &€, App, AypandAg, respectively show the
corresponding costs o8, , 8, anday; If an entity does not belong to a collection &, App, AypandAg,

respectively show the corresponding costsayf, a, anday .
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Table 2: Decision price table
C(P) C°(N)

ap App Aen
ay Awp A

aB ABP /]BN

The value in decision price table meets the coomki

/]pp < /]Bp < /]Np /]NN < /]BN < /]PN @

Risk on three-way decisions’ “noncommitment degcisias reflected in two aspects

(1) Existence 8 2 0gngflen 20
(2) Importance when “="in @ is found the three-way decisions’ noncommitment cost theesavith

misjudgment in positive or negative domains, antkitds to take the equivalent risk (/)]f“’ or/]PN .

Based on the above two point#t is not enough to present three-way decisions, ecessary for us to consider the
noncommitment decision’ costs, and turn noncommiitni@ acceptance or rejection. And conversion cfststion
should be given.

MANAGEMENT ON THREE-WAY DECISIONS’ NONCOMMITMENT DE CISION
We should choose the least costly solution to tnomcommitment into acceptance or rejection. Sumgpsi

evaluating function ist, we bring irﬂPBand/‘NBto express the costs. When evaluating functibis in boundary
domain but we give the positive decision or negafigsition.

It is not difficult to draw the following conclusis:
When /‘PB </]NB , the costs of making positive decision are smaliel the decision result is more reasonable

when/iPB >/]NB , the costs of making negative decision is smalfet the decision result is more reasonable.

Negative Positive decisions
decisions I >

a vy P

Fig. 1: Three-way decision

The realization of three-way decisions’ noncommitineecision turning into binary decisions requitbsee
important steps:

determine the classification thresholé%,'gof the three-way decisions

A
calculate the value 6f"Band “'NB ,

/1PB<ANB,
A

;when” PB>"'NB "the costs of making negative decision are smaherthe decision result is more reasonable

When the costs of making positive decision are smalled the decision result is more reasonable

input: classification threshold of the three-way decisigns 3
output decision table like the following table 3
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Table 3: output decision table

Decision function result of three-way decisions  turn into the bindegisions costs

O, a rejection rejection tolerance interval
[ ]
rejection APB /]NB
. >
[0’, ,3] Noncommitment
acceptance /]PB < /]NB
[ ﬂ y 1] acceptance acceptance tolerance interval

APPLICATION CASE

A Couple decided to buy a house in the city, expgcto buy it at price 7000 yuan per square meteith

living space of 90 square meters. Currently theclpasing power of them is as follows: at present tineney that
can be used to buy house is 20,0000 yuan andfémily income per month is 8000 yuan. Please adogrtb the
present housing situation and the economic comddfathe couple, help them to make decisions, wdretith buy or
not and why.

(1) For the total revenue, the proportion of monthlypenses for real estate is recorded as the evatuatio

functionf . The smaller thJ is, the smaller the impact on life will be. Theuktsan be more acceptable; on the
contrary, they may live in shabby conditions inale time, and the result would not be acceptedledsis a

process for people to accept it, with thfe changing from little to large. After overall codsration, the threshold
values are seff =0.3, 'B:O.S. When f< 0'3, it is a completely acceptable payment scope.hid time the
family can make the decision “ to buy a house”; whg > 0.5, it is beyond the expectations of the family.tiis
time the family can make the decision “not to bulgcaise”; when 0.31 <0.5, the family hesitate about it. With
three-way decision ideas, the decision in the rasmtemporarily not considering buying a house.

In view of the case,with accumulation fund loan Inoet and the “mortgage calculator——equal principglayment
method”, the results are as follows:

Total price: 630000 yuan

Total loan: 441000 yuan

Total repayment: 669596.1 yuan
Total interest: 228596.1 yuan
Initial payment: 189000 yuan
Repayment schedule: 240 month
Monthly payment: 2789.98 yuan

Fig.2 computing result

f f

At this time ' ~ 2789.98/8000=0.35 0.3<' <0.5, the results of three-way decisions is “not consitebuying

a house”:

Table 4: Case output in three-way decisions

decision function case output three-way decisions

[0, 0.3] buy a house
[0-3, O.E] temporarily not considering buying a house
[ 0.5, ]] not to buy a house

(2)But for ordinary families, choosing the rightng to buy a house is a major decision of the faménd once the
decision-making is wrong, they will suffer greas¢es. Such as when they decide not to buy one atghit time,
they may lose the best price advantage; and whgmahouse at wrong time, one may receive a lobh@fésts and
at the same time hold up the money. Besides, thelaeffect of “temporarily not consider to buy ause” is
equivalent to not to buy a house. It also needske losses when should buy but didn't do it. Walyae values

f

of/]PB( costs of evaluating function' are in boundary domain but we give the positiveisden)and/]NB ( costs of
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f

evaluating function * are in boundary domain but we give the negativési®yg) as follows.

/]PB includes two factors related factorsCearly high repayment pressure less related causegprices may fall

). A includes two factors related factorsearly high repayment pressure, but all of themtaawercome, less
related causegprices may rise. Score the comprehensive risk of related factodsless related causes from 1to10.
The higher the score is, the higher the risk iso@Sle the weighting method to conduct the risk @ssent of the
above four factors respectively

A

PB= related factorg early high repayment pressuré30% + less related causégrices may fall *70% =
7*30%+1*70%=2.8

A

NB = related factorsearly high repayment pressure, but all of themtda@m’overcome*30% + less related causes
(prices may rise *70% = 3*30%+8*70%=6.5

Obviously at this timé]F’E‘</1NB , although evaluating functionf is in boundary domain, the positive decision is
better than the negative decision. So in the chseaessity, turning “temporarily not consider tayta house” into
“buy a house” is less risky.

(3)input: classification threshold of the three-way decisiof6=0.3. '8=0.5
output decision table like table5

Table5: Case output three-way decisions auxiliary

decision function result of three-way decisions turn into the bindegisions costs
[ 0, 0.3] buy a house buy a house tolerance interval
= ) I .
[ 0-3, O-\-] temporarily not considering buying a house buy aseo /1PB S /1NB
[0.5,]] not to buy a house not to buy a house toleraneevialt
CONCLUSION

We do not deny the importance of three way-decssionthe decision-making problems, but to perfecOn the
basis of the given three-way decisions, we give phecess converting noncommitment decision intoatyin
decisions, which provides reference comments foisam-makers. And it has important applicationuealinder the
condition without risky commitment.
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