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Abstract

Purpose: In many real-world optimization problems, we are facing uncertainties in parameters describing the problem.
In general, as a simplifying assumption, uncertainty is ignored. In the school bus routing problem, there are uncertain
parameters that are assumed to have deterministic values. As a result of this simplifying assumption, the obtained
solutions may be mismatched with the real world. This issue arose by violating some hard constraints.

Methodology: In this research, a mixed linear integer programming for school bus routing with mixed loading by using
a heterogeneous fleet is presented. The uncertainty of travel times is modeled as interval numbers. We propose a heuristic
algorithm to generate extreme scenarios. Each scenario is generated in order to make the last found optimal solution into
an infeasible one as much as possible.

Findings: Experimental results show that deploying this novel algorithm for generating extreme scenatios, efficiently
produces diverse scenarios. After the scenatio generation algorithm is converged, the intersection of the feasible optimal
solutions under diverse scenarios is extracted as robust sub-tours or robust trips.

Originality/Value: It is the first time to apply the notions of robust optimization using the extreme scenatios generation
scheme. At each iteration of the extreme scenario’s generation, the most conflicting scenatio against a given optimum
solution is generated. The main advantage of this method over other present robust optimization methods is its emphasis
on maintaining the feasibility of the optimal solution when dealing with the most diverse set of uncertainty scenarios
while keeping the computational effort needed as low as desired.
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Table 1- Trip times for the 8 nodes example.

P B A 5 4 3 2 1
1.204 1.3 2343 3.052 28 1702 1.204 0 1

10 089 1166 1.878 2.06 1.204 0 1204 2
2012 2.08 1403 2501 3.106 0 1204 041 3
1.204 15 222 1612 0 319 1204 2.8 4
1.063 2.06 1.118 0 1612 2501 1.878 3.052 5
1.077 1811 0 1118 222 1403 1166 2.343 a

10 0 1811 206 15 208 0.89 13 b

0 10 1.077 1.063 1204 2.012 10 1204 4.
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Figure 1- The routes resulting from an arbitrary scenario.

25 3e5S 5 (6 7S e

-Jl 52,60 31 Jeol> (6l pane =Y JSCi
Figure 2- The routes resulting from the first scenario.
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Figure 3- The routes resulting from the second scenario
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Figure 4- The routes resulting from the third scenario.
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Figure 5- The routes resulting from the fourth scenario.
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Figure 7- The routes from the sixth scenario.

ErS Az g gdae -4

o sl 3l 2 33 sl 5 sl Sy il (Slassl 55 s i 31 ol (Ll 5 s o) (slal o s
.J::‘a.l.:w) LSJ‘}:““ “ Lﬁ)js LONEY «J)‘) g;a.]a.;} 4:.‘)‘ ﬂbkj.a )\ OY’% Wbﬁw QL&) 45(..:“.:«'}9.)[.\.“ )_5 g;.w‘ Jif} 6[.&0)L: )D Lﬁ)}:
uﬂ};}:‘ L_;’L.’.J"“'A Jlwws BN ol S)4° 63}))@ )LJ'&\} &w)) olad OL;J )bﬁw‘ LSJ'.’.)MLJ" v:%)jil\ L’ oJ.&J>— 6L¢ﬁ)L«w c{l}.}

Sl M)Jﬁ

Olwebsl pie Lol 53 (6525800 2 e o35 amuns Jadlize (- (Sla gl W5 (sl L) 3 45 SELIS r;i,}il\ 3208 op e
G303 Olyeay oiad Ay eandd Lot ase 0l S5y Wl s Slaebly Combad pe ST ) Jis 4 L2
ol La b a5 b bbb ol ey Comdad o Jasl 2 55 A5 (6505000 Wlle o i 4 e S S Sl 52,08
o Mde Lol 3,5 2L ) Jaes la el 3 s DDIBI S e 5 A8 ST IS (500l Ol g AR5 00 e
L S Ll sl 35udome Ll gy 03 g 4 ool (Sl ke (my £0)5 (6 Ry iy gl 45T dns i |y end (Gln e
Home Dlped 3l 45 AAL parendd lasiite 53 1o Gk Ol b ase Slaclsz @ ey 5 Sl 035 4mpe oo 4 S5
U el (5o pite pIUS e Sl i Ay IS gl 3148 dms e Ole 4 1y St ool SELIS o, 831 ool 503 28 agT
b 350 405 e Sygeots |y s i ol Jle aslsl 55 B 515 Olgm (93,5 50 (595 (6 o SB35 S 288 (555 (5 08

S g e LIS

IS 0450 oy Lg\J{SELISr:.U)QUI asliazad JLis 4 ol &5 ¢c,:ala5(a.x;.bilj;)>uy\>543_,§wl Sl el wa=g b
I ol 5 A5 (55000 1 ey S0l dloz 3 L2l (552500l ladie plus 55 a 2alls (Glojly Cualad pe &y e
gl b5 538 Condad e b agrlys Sl SELIS alis ooz ;55 (glojl Coonlas phe e 358 o0 dleiley ST Ol olgen

Juli w}J ‘g;.w‘ ol 03l w)S M LAQTL;:} L;.,abh) LSJ.’.)ML’J" J.Lo 45&;:)4.&[.!}0 J..l‘LM

&l

[1] Soyster, A. L. (1973). Convex programming with set-inclusive constraints and applications to inexact linear
programming. Operations research, 21(5), 1154-1157.

[2] Ben-Tal, A., & Nemirovski, A. (1998). Robust convex optimization. Mathematics of operations research, 23(4),
769-805.

[3] Ben-Tal, A., & Nemirovski, A. (1999). Robust solutions of uncertain linear programs. Operations research
letters, 25(1), 1-13.

ova

3,
)
%

25 Ge5D 3 (6 S e

0FF-0vVY ladpo AfY J:;_L; Y a)Lwi' A 093 <



ovy

/‘&mj

b amybe g 1 lgml (2l et 612 LS o2

Bglf,ls IV

Z

(4]
(5]
(6]
[7]
(8]
(9]

Ben-Tal, A., & Nemirovski, A. (2000). Robust solutions of linear programming problems contaminated with
uncertain data. Mathematical programming, 88, 411-424.

El Ghaoui, L., & Lebret, H. (1997). Robust solutions to least-squares problems with uncertain data. SIAM journal
on matrix analysis and applications, 18(4), 1035-1064. DOI:10.1137/S0895479896298130

El Ghaoui, L., Oustry, F., & Lebret, H. (1998). Robust solutions to uncertain semidefinite programs. SIAM journal
on optimization, 9(1), 33-52. DOI:10.1137/S1052623496305717

Bertsimas, D., & Sim, M. (2004). The price of robustness. Operations research, 52(1), 35-53.
DOI:10.1287/opre.1030.0065

Sungur, 1., Ordénez, F., & Dessouky, M. (2008). A robust optimization approach for the capacitated vehicle routing
problem with demand uncertainty. lie transactions, 40(5), 509-523.

Yan, Y., Meng, Q., Wang, S., & Guo, X. (2012). Robust optimization model of schedule design for a fixed bus
route. Transportation research part C: emerging technologies, 25, 113-121. DOI:10.1016/j.trc.2012.05.006

[10] Agra, A., Christiansen, M., Figueiredo, R., Hvattum, L. M., Poss, M., & Requejo, C. (2013). The robust vehicle

routing problem with time windows. Computers & operations research, 40(3), 856-866.

[11] Movafaghpour, M. A. (2016). Project sequence scheduling with interval uncertainty on activities [presentation].

International conference on industrial engineering and management. (In Persian). https://civilica.com/doc/504368

[12] Park, J., Tae, H., & Kim, B. I. (2012). A post-improvement procedure for the mixed load school bus routing

problem. European journal of operational research, 217(1), 204-213. DOI:10.1016/j.ejor.2011.08.022



