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Abstract: The traffic problem is an important problem which
has been broadly learnt in Operations Research domain. This
paper presents a new Rough Interval Max Algebra Approach
(RIMAA) for solving thetraffic problem with Rough I nterval data.
The proposed approach is simple and able to give a suitable
solution to this problem. Finally, a descriptive example is given to
evaluate performance of the proposed approach.
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I. INTRODUCTION

Traffic asapart of public transport develops the economy,
compacts with the protection of energy and resources,
downgrades jamming, affords critical support in danger
situations and disasters, growths the progress and usefulness
of real estate, grows mobility in small urban and countryside
communities, and decreases health costs. All of this donates
to a better quality of life. The traffic accessibility affecting
different suburban communities is a complicated process.
Problems of discovering an optimal solution, that is, tasks of
optimization, are found and solved in rea life. They are
found amost everywhere, in technical and economic
systems, in the family, companies, sports clubs etc.

Max-plus algebra is a mathematical system in which the
arithmetic operation of addition is replaced by determining
the maximum, and the multiplication operation isreplaced by
the addition. This mathematica approach provides an
interesting way suitable for modeling discrete event systems
(DES) and optimization problems in production and
transport. Moreover, there is a strong similarity with the
classical linear algebra[1]-[7].

The rough sets, first presented (Pawlak, 1982). In the
concept of rough sets, is determined by the approximation
which is the basic concept of the theory of rough sets. The
theory of rough sets uses only internal knowledge, that is,
operational data, and there is no need to rely on modeling
assumptions. In rough sets, measurement of uncertainty is
based on the uncertainty already controlled in the data (Khoo
& Zhai, 2011). This leads to objective values that are
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contained in the data. In addition, the theory of rough setsis
fit for applications that are typified by a scarcity of data, and
for which satistical techniques are not appropriate
(Pawlak,1991, 1993; Stevi¢, 2018).

In this paper using arithmetic operations of the Rough
Interval and max plus algebra, for the treatment of
uncertainty in traffic problems.[9]-[13]

[I. TRAFFIC PROBLEM

Traffic problem is the mainly problems in many urban
towns round the world. This traffic problem can touch the
economy, slow down the growth, reduce the manufacture,
growth cost, and hamper people’s daily life. There are many
effectsthat can create traffic problem in alarge town. Among
them growth sum of vehicles, shortage of enough paths and
highways, and traditional traffic light system. All of these
factors are helping the traffic security at the junction,
increasing the capacity at the intersection Fuzzy Max Plus
Algebra Algorithm for Traffic Problems and minimizing the

delayg6].

Fig .1 traffic area inter sections.

1. ROUGH SET THEORY

The theory of rough sets can be viewed as an effective
mathematical vehicle for dealing with inaccurate and
uncertain data analyses, which can be subsequently useful to
pattern recognition, machine learning, and intelligence
discovery. Rough interval using similarity classes, an
arbitrary subset can be estimated by two subsets called the
lower approximation and the upper approximation.

Definition 1 Let RRdenote a set of rough intervals. A

rough interval ARis tuple of rough intervals, and a rough
interval matrix p}; matrix of rough interval whose part are

rough intervals:
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Rough interval Max Plus Algebra for Transportation Problems

R=(.R[r,-U .+U7.71.-L .+L . R R(1x (max(al, bY,) max(a® B mar(alt b)) - (mar(al. iJ\mam;"b--') max(ei b)) . (max(al, b, = bR max(ad, b))
A {31 [[a]- A [at g ]],Vl}, A" £ gRaxm) . ,
[vmx(ni‘,'ﬂjl).n*uxw’u"‘ BE)max(adB5) (max(a), b,,:max('l.. B) maxfal b)) (ma(af ), max(efl B¥) max(a} %))
{a [[a , 1] ] [a]J , 1] ]] Vl } ARERR(an (max(cl, bn)nuzx[u Bat) max(ak;. bay)) (nmeamb ), max(af} ﬁ;'] max(ag, b)) .. (max(aks, bls), max ﬂr;r bik), max(ags, biw))

Deflnltlon 2 Assume that

aR=[[a’U . H+U]: [afL Ja ]] bR = [[b U b+U] [b L b+L]]
We define

aR+bR=[[aV + b7V ,a*V + b*V]: [a L + b7L,a* + b*L]], o b= [[a”[’;’msli‘f;m Egﬁj aigj]
aR -pR :[[a—u — ptu , atl — b—U]: [G—L — ptE ) atl — b*L]]“

af x bR=[[a™V x b~V]: [a*V x b*V]: [a™* x b7 ): [a* x b*]].

b) Determining the Rough Interval duration using
max-plus multiplication, @ in traffic problem:
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IV. THEPROPOSED APPROACH: ROUGH
INTERVAL MAX ALGEBRA APPROACH (RIMAA)

A new approach called Rough Interval Max Algebra

ot nfeler ™ a i o o e et ([ b elat e Y b el e |
’[azim &by Um]@[a_m{ ®'|J+UM] [az1* @bz Tla @b ] [[ﬁzgm ®bz?m]9[ﬁggm mz?‘“}:[ﬁf}i’“ bz ela obi) ]

(RIMAA) in order to solve the traffic problem with Rough ma[a® &4 [, B0 b b b man([ e [ )5 b o b;;”]]l
Interval data. max{fi® o) [ B v i ) manfeg® o) [ a0 o oz 2]

Step 1: Determine aset of Rough Interval traffic problem: -
I\Ilsrlegl ebsynglvggrgolif\tgoéglerégdcgrinictsinogggzs,l r:lvgllgr(;uagjrfe] [my([ah“"" 0 gt g P o g ]mﬂ[iﬁ‘\[@h&m” [max[ApU’“ Bt et bt b b*w]]
Interval case, the estimate of a travel performed by any [m[ﬂﬂw%bzxm]'mﬂlﬂfym@hﬁm]‘mlam | naf g ” [WIQMNGzzw]r“‘”lﬁ:w@bzzM]‘m[ﬂ:%’“ i ”
customer consistsin determining its connection times at each Step 4 : Convert the solution of Rough Interval traffic
vehicle change and to add them to the moving timeson each  yrohlem output solution into suitable, real crisp variable.
line from an origin point to a destination one. yga;
Step 2 : Constructing the Rough Interval matrix for duration : ij =(¥1,Y2,¥3,V4)
Construct the Rough Interval matrix of each row determine

the durations of the of the selected area M1+ Y2+ ¥3+ V4
Rl Rl RI Yout = 4
St VAt Wherey_out thefinal crisp results of RIMAA.
ARI = ag -~a§§ ﬂ_étrfl 1i=1,2, . m: =12, oM, Numerical Example
: : Thisroad consists of 3 streets: Py, P2, and Ps. Thetimesfor
Uy iy Oy P1, P2, and P; are respectively. The Rough Interval duration (

o di, d2, dz and das ),we suppose that it takest; = 2 time to get

Where m — number of rows, n — number of columns, @i from the source to Py and that it takes ts = 1 time to reach P1
representing the performance rough interval value of the i to Ps. The other transportation times (t2, ts, and ts) are
rowsin termsof thej criterion, @6'= [a5* * @' lisdefinedas  SuPPOsed to be small. A processing can only start working

Al goLAl o tLAI on new streets if it has finished the previous one. We Define.
aninterval with lower bound ¢ u =% ij ] and upper o
UAI —UAI _ +UAI dij’ = [3,101:[5,7]

bound % =[% % ] respectively. b2
Step 3:Apply Rough Interval Max Algebra Approach

(RIMAA): W G e T
a) Determining the Rough Interval duration using

max-plus addition & in traffic problem

« u(k): time instant at which streets is fed to the

¥ @8 — [[a"“ af'] %’“1] [[W B! [b%’z“wff‘q system for the kth time,
e biffat'] (b3 - adt] « Xi(k): timeinstant at which theith startsworking
it o Nl vt A v IRl ) ol el N W]] for the kth time,
(oo o] st ot 10" BT a0 (o™ ) o ol T B B b « y(k): timeinstant at which the kth finished vehicle
leaves the system.
ot @b it @bEf T ojf @bt lofi¥ @ti4] | - [l @b laft™ @A) ot @] [ en
0574 054, [ bif a4 g4 of 4 eb:twu [0 90524 [ @b azH4 @ii4) [ ebz“ AR =[[_mff;1;'};_[i;?’1_m] S S S
[9,15]: [11,13] [10,19] : [12,15] [1,9]: [3, 6]

o ot 1 et 3 o R g g g P uJ

I]l‘-lx[[aqii‘“,clfyﬂ'i] [EIH‘M,EIQ{'M] [b{f’“,b*”‘“] [bmu bMJ]] max[[ -Udl aéryﬂl] [ag'f'",agf'"][b Al bHMi] [b-LAI b+LA ” V. RESULT AND DI SCUSSI ON

[mar[cq A0 maslaf™ b manlarH b marlaff b ]} [mar[ap ) maslof® b ma o b man o BW plying the steps of RIMAA, we obtain the resultsin

[m[a-ufu B a0 B B bﬂwﬂ [max[aqq”“ B mar{ot? a3 max[sﬂ)!@ by Egs. and Defazzification for obtained RIMAA as
listed in table 2 are calculated

Y1+ V24 V34 V4
by Egs. Yout = 4
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Table 1: resultsof RIMAA Here, the Max-Plus Algebra technique using Rough Interval
< - - asthe basis for evaluating values of The Traffic Problems
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8 7 14 3. Akilbasha, G. Natargjan and P. Pandian ," Solving transportation
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ag 9 8 16 Abdellah El Moudni ," A (Max,+)-Linear Model for the Analysis of
14 14 20 Urban Traffic Networks"
_ _ 5. Balakrishnan Chandrasekaran” Survey of Network Traffic Models"
18 18 25 6. Bart De Schutter and Ton van den Boom" Max-plus algebra and
24 26 33 max-plus linear discrete event systems: An introduction”
_ . = 7. Buket Benek Glrsoy , "Stability and Spectral Properties in the Max
A 15 14 22 Algebrawith Applicationsin Ranking Schemes"' 2013
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28 29 36 colony optimization for traffic dispersion routing” , Delft University of
= 20
Technology,2010
37 41 48 9. Kasie G. Farlow” Max-Plus algebra” 2009
as 16 15 53 10. Michal Turek, Richard Turek , "Solving Selected Traffic Problems in
e - the Max-Plus Algebra’
=2 27 == 11. Stefan Pe_sko, Michal Turek, Richard Turek , "Max-plus algebra at
33 35 42 road trangportation”
as 51 58 12. W. M. Boussahel 1 & S. Amari2 & R. Kara3 "Analytic evaluation of
B the cycle time on networked conflicting timed event graphs in the
(Max,+) algebra
Table 2 Convert the solution of RIMAA
¥ Yout
a, 11 11
11
11
11
az s 1.850000e+01
17
19
23
a, 19 2.650000e+01
23
28
36
a, 25 3.675000e+01
32
39
s1
ag 26 a2
36
as
Gl
From above table 2 gives the results obtained by the
proposed approach, the proposed approach has the ability to
handle Rough Interval max agebra, while the other method
can deal with the crisp data.
VI. CONCLUSION
The major goal of this paper isto solve the traffic problem
by using anew Rough Interval max algebra. The problem has
been described as a max algebra method under uncertainty.
Anew Rough Interval of the max agebra is applied to
calculate the result.
The Rough Interval uncertainty, which is typical of real
decision problems, with Rough Interval in the time matrix.
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