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CHANCE CONSTRAINED BOTTLENECK
TRANSPORTATION PROBLEM
WITH PREFERENCE OF ROUTES
YUE GE , MINGHAO CHEN AND HIROAKI ISHI

This paper considers a variant of thebott 1 —ee—nc—k t a—rn s—portati n—o0 problem Fo
eac supply demand point pair , the transporta t i—o n tmeian n—id e—pn—e den r—a
nd m—o varia ble Preferenc of each route is attached . Our model has two criteria nam el y
minimiz ~ th  transportatio time target subj ect to a chance cons t — r ain and max ,imiz th  minima
preferenc amon th used routes . Since usually a transportat i —o n patte n—r o ptimiz i—n g
tw ob! jective simultaneousl does not exist , we define non - dominat i—on n—i thi sett i—n
ga d—n propos a efficien algorit h—m t find some non - dominated transporta t i — o n pa
tterns We th n—e s—hw—o th ntim  complexit o th proposed algorithm . Finally , a
numer i—calexamp e—1i pre s—ent d—e t illustrat epo_w ou  algorit m — h works .
Keywords : bottleneck transporta ti on , random t T—an p—sSortati o—n time chanc
constrain t

preference of routes , non-dom i—nat o—in
Classification : 90C35,90C15,90C70,68Q25
1. INTRODUCTION

The classical transportation problem i — s defined by minimizat o —in o v ariabl transporta tion
costs while meeting a set of demands fr—omaseofavaia—lbles—up plies Itisals oknow as
the cost minimizing transportati—onpro be—Im wty_chha ben—e extensivel studie
i the lit erature and several algor i —t hms four — bracketleft 6,7 1,1 417 aravail—abl t

solv. it doy well studied variant of the classical transportati—on po—r blm ? k mo—wn

a o th bottlenec transportation problem , which determinesa si—nge—1bottle—nek—csg
th  transportatio nsys tem by minimizing the maximum time for t—ranp—s orofal good
s e 1 als know a the time minimizing transportation prob 1—e m iS milarly ma y —n effi
cien’ algor® ithm ny,, been proposed by Garfinkel and Rao [ 8] Hammer bracketleft — onel] R ussel
eal [16] Srinivasa nan

Thompson [ 1 8] and Szwarc [1 9] forso ,lvi—n git Asfo so—tc hast' i progr*™ m in g th basi
properties and algorithms [ 1 5 ] the sta b ili—t, and rob ustnes [3a d —n th ¢—h, nc econstrain

condition [ 1 3 | are well studied .  Recen tly Adey e — f, and Lus,—pp djul—a w [1 presente
th main principle of multiobjec ti ve sto chas ,ti—¢ In—ieapr—oga—-rm mi—-n g St
ochasti  version o bottleneck transportation prob 1 —e m are conside e—rd [91 0] Gea
n—d Ishi [9 propose a sto chastic bottleneck transporta t i—on probe—1lm wit—h fuz

y—z s—up py—-la n—d dm-—eand Geethand Nair [ 10 ] presented a single ¢ ri—te r
o—inbottl—e e—nc—k ta—rns—p ortatin—o proble—mwit ran
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dom transportation cost . Be si des , Chenetal [5 st—u de—ida fuzz—-y ta-r
nsportatio nprobl e — m with preference of routes .

The model considered in th i—s paper s—ianext—e mnso—inof thes previou model s
We extend the bottleneck transporta ti—onpro be—lmbyconsi—dern—ig r—aneqy
nes o ftransporta tion t ime and preference of route . Randomne s—smea n h—ta th ¢t
r — a nsportatio ntim ema change according to many factors . Thepre—fr—ee—nceof o—r ut
reflect th degre o satis faction with respect to the chosen route . So t—wo critera—iar
t—akn—esy accoun t fo, 1 to minimize the transportation t ime target su b=¢c¢c o—-tac
h—a mnc o—c nstra®intT h othe ri to maximize the minimal preference among t—he u
e—sd r—o utes B u usualla transporta tion pattern optimizing two objec t i — v es simu
laneo usy—ldoeno exist Swe see som non - dominated transportation patterns

The rest of this paper is organi—zedasfolo—1wsO upr—o be—1mi for—m ulat
d—e i—n Section 2 and then in Section 3 we present an effici —entag—lorit—h, o—ti n-—d
som n on - dominate transportation patterns .  Section 4 shows how o ual—gorih—t, work u
esin a numerica example . Finally , Section 5 concludest hi—spaperand dic—s wusse furthe
rresearc hproblems

2. PROBLEM FORMULATION
In this paper , we consider the fo 1 —lown—iz  bi hyphen —crie—tri—a bo ttlene k—c tr—a
nsportati n —o  probl e — m with randomness of transportation time and pr—efee—r n—c e of
o—1r ute
(C1) There exist m supply points {Si,... Sp}andn dma n—-dp oint {Ti,..,7ny Th
total upper limit provided from each suppl—y p oines i aa d—n th tota llowe rlimi to
each demand point 7; i—s jb. Furtherwe asu—sme t—ha thes a; jb ar positiv

m

n
integersand Z a; > Z bj.
=1

i=1

(C2) Let (i,j) denote the route from suppl—yp oin S o—t dma n—dp oin Tj =
1,...,mj=1,...,n. Preference of route i—sattace—hdand ii ass—umd—e tbe measure

a real number p;; between O and 1. T hi—snumber e—rtgeer th degre o fsatisfact 0
with respect to the chosen route . Theval—ue puij=1 corresp” ° d t complet sat isfaction
, while p;; = 0 corresponds to comp le t —e  dissatisfactio n  sp, intermediat numbers , a higher
value corresponds toa hi—g he degre of satisfaction
( C 3) For each route (i,7), the transporta ti—on tme ¢ijiann—1i dep® " dentrn—a do—m
variabl )
according\y. qenotoathenormaldi — stributransportation,,, t o —in Ny, (mZan)
that these x;; are nonnegative decisi —onvara—i blesThe followin chanc constrain is attached

Prlti—j < f} > a (i,5) | wij >0 (1

where @ > 0.5 and f is also a decisi—onvara—ibl—edn—eoti—ng th targe o
bottlenec transportation time to be minim i — z ed
(C4) Weconsider two criteria: one i—stomaxmz—ie th mini—ma preferenc amon
th used routes and the other i—stominmz—ie f

_gWt—heih —t,_ muta —eng,j
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Under the above setting , our chance con s —t.,,_jed bottl1—e mnek—c tr—a nsportatio

probl m —e
with preference of routes can be formulat —edasfolo—1ws
TP : minimize f
maximize ~ min {p;_; | x;; > 0}
comma—j

subject to Pr{ti—j<f}>a (ij)|zij> 0 i= 1,..,mj= 1,.n

n
Zmijg at, =1, m
j=1
m
Zmiijj,jzl n
1=1
Zi;: mnonnegati—ve i=1 m j= 1,...,n

In order to solve problem TP | first we in t —r oduce h—t, foll-0o wn—-ig e—quv-—i

alen parametri programming formulations .
The chance constraint ( 1) reduces to
f= mij)

P > 00 (i) | 2ij > 0
Uij

where F(-) is the cumulative d i—strbuto—infuncti—onof th sa—-t n—dad-rmno

r—ma distributio N(0,1). That is ,

M) = LM g, i) aij >0
ij

= f>my+ K, oij (4,5)|xij >0
whereK,, = F~!(a).

Since f should be minimized , then pro bl—em TP e—rduce to

P: minimize  max {m; + K, oij|zij >0}
rcomma—7]
maximize min  {u,; | @ij > 0}

icomma—j

n

subjectto injg at i=1 m

j=1
m
injz bjj= 1 n
1=1
ZT;;: mnonnegati—ve i= 1 m j= 1,..,n
Next , we define the bi - objective vect —orv (x )ofa ta—r mns—p ortatin—o

x = (xij
feasible for P as
v(x )= (v(x ),v(x )2)=(maxij {miy+ K, oij|xij>0 }m din;{uij,®ij >
Generally , a transportation pattern optimizi—ng w—too bjectivessi—mula—t
ydoe sno

patter

0}

neousl



exist . Therefore , we seek some non -domi—nae—td tr—a np—s ortati—onpatterns th
definitio no
which is given as follows .
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Definition 2 . 1. Let x%, x° be two transpor —t, t 0 —in pa ttern t — h a ar feasibl efo rP . The n
we say that x* dominates x?, i — fv(x?)1 < v(x’one — parenright wvparenleft — xa) > vx — parenleftb)
a n—d (vx— parenlefta);, vparenleft — xa)2 #
(v(x®)1,v(x)2). If there ex i — s ts no transpo rtat'o —in pa? tter —n do 2mn —i atin x x i calle a
non - dominated transportation pattern .

3. SOLUTION PROCEDURE Sorting p;5,i=1,...,m,j =1,...,n,and le the resul be

O<pl< <pi<1

where ¢ is the number of different values of them

Compute m;; + Kqoy35, ¢ = 1,..,m j = 1 ,n a n—d ara—r ng thes
value i
ascending order . Let the result be

d< . <e
where [ is the number of different values of them Let C A= (mij + Ko Oijparenright—m X 7
Foru=1,...9,k=1,...,1,set
cvigt ={ M® otherw!™IZH 4 K, oij<c i= 1 . .m j= 1,..n

where M is a sufficiently large value .
Foru=1,..,9,k= 1,...,1,deno t — e the c os minimizn—ig tr— ansportatio problm—e
with the above defined cost values as PF :

m n
PZ: minimize ZZ cuijommeTk  gij
i=15=1

n

subjectto Z zij< ai, i= 1 m

j=1
m
> wij> bjj= 1 n
i=1
Ti;: nonnegati—-ve 4= 1 m j= 1,..,n

For fixed u € {1,...,g} and k € {1,... [},not—e h—taP® ia restricte—d transportatio
problem , therefore it is not always ha v —eafeasibe—1 soluti—onwih—t opti—ma valu
0 T it exists a feasible solution , then i—ts—ifeasibl—eony—lusi—ng th rout (4,j
wit  ur >

ms; + Kooy < k. e,
Denote
S(u) ={(i,7) | pi =p*i=1, m j= 1 n } u= 1.9
T(k)={(i,j) | mij + Kaoi —j=c"i=1 m j= 1 . .n} k= 1,.,

g
p=max{ tvextendsingled. S( r)>n
=r
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4
g =min { tvextendsingled. T(r)>n
r=1
It is obvious that PF is infeasib 1 —e whenu € {p+ 1 glorke {1,...,— 1}

T . P - .
such™ that®*" Pk ¢ 1s{f(;asi’§l}ejf‘fesuchthenkglvethe ¢,al — godenol_ hbmy'zu Hion—d th m — sallesOtherwises ki €

exi—ss—
Remark 3. 1.
Remark 3 . 1. If exists ug € {1, ...,p}, such that P i infeasibl foanke {q, .1}
then P¥ u =wy +1,...,p are also infeasibl —efoany ke { ¢ . .1}

For each u € {1,...,p}, we need to find the sma lles k, suc—h h—taPf i feasible
The smallest &, corresponds to thebi—gget—scf* w hi—ch f th  firs componen o th

bi - objective vector (c*, u*). Them anidea t—ofind h—t.smallest, suc—h tha ffé i
feasible is based on a binary method ,w hi—chs—i gi—vn—eas foll—0o w n—it detail
Algorithm ( To find the smal 1 — e st k such that P¥s —i  feasible
Step 1SetL = settinglfiland:L.CheCkOtherw}"’f‘:ther e, PSLeltUs — i:fealandsiblc_eore,hc,kngf,hethe I feasibly,
minat afte
bl o not
If feasible , go to Step 2. Otherwi—se e—trmi—-nae—td u t—o infeas'ibil® ity
Step 2 When U — L > 1,set K = [(L+U)/2] andch—ek—cw  hethe PX i  feasibl eo rno t
where || denotes the greate s —tn —it —egr—enot gr—eate h—ta—n -rIfeasi®ble
seU=K
and repeat Step 2 . Otherwi—se,se L =K and repea Stp—efy W heU—-L= 1goto
Step 3 .
Step 3 If Pl is feasible , set k; = L. Other wi—se se k=U
For PP u =2,...,p, thealgori—t hms—ive—rysimila o—t t—ha o kp; th onl
differenc is we first set L = k1.
Denote A = {(u,ky) | ky exi—sts,u=1, . p} f—1 t—her exist (u1,k,1 an

e ter feasi

(’LLQ, k‘u2
€ A such that uy # ug but ky, = ky,, thendelet —e (mn—i{ wu,u2yk min {up,u2t fro—m A
Let obtained set after deletion be B. No t —e that ale lm ent n—iB hav differen firs
components and also different second componen t s

For all (u, k,) € B, solve prob1 —ems P¥* "sand le dn—eot tho pti—-ma
transportatio
patterns by u¥ > s . Then we find a set of some non hyphen — d, m n — i at e — de;,_, nsportatio pattern
and that of the corresponding bi-o b™®ctv—ievectorof pr—o blm P denotd—e b
NDT an NDYV respectively .

The validity of our solu ti on procedure i—sshownn—i t—h, follown—ig p ropositio—n

Proposition 3 . 2. The solution procedure fo—r P s—ivalid

b

(u(u,k)GA. Fr—oeach ku) c A,ufparenleftku)epﬁ .B

method.Foreach . i
a i > . 11 k
binaryfeasibi1itychecking:_i};f:as‘blep“’ WehaVealgo i thmtofind t—h, smalies

Foreachu,the

an
suc—h

-t o
feasi"bley _
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i\j 1 2 3 a

1 N(3,0.5%) N(70periodffour)2 N(4 1two — period2 5

2 N(6,0.8?) N(50pem’odfthree)2 N(1,0seven — period2 8

3 N(7,0.3%) N(40period — sizj N(8 lzero— period2 3
bj 60 35 55 -

Tab . 1 The valuesof ai jband t—he distrb—i uti—omnof ¢tij
pattern u% of problem P*¥* isanon-domi—nae—td t—ra np—sortati—onpatten—1 o
fproble —m P an
(cku, u*) is the corresponding biobj—ectv—ievector t—haqis NDT = {x*u|(u,kue B }
NDV = {(c*, u*) | (u,k,) € B}. There f —ore ,oursoluto—in proce—d ur i wvalid O
Next we show the time complex i —ty, of our solut o—in proce—d wur fo P
Theorem 3 . 3. The time complex i —ty, of our soluto—in proc—e dur foP i

O(mn(m +n)3l — og(m + n))
Proof. Notethat g=1=0 (mn), sosorti—ng pij and mij+ K, ocij boh—t take a

h—m

i ogenthalgorite, ™ )t

mostfindthe® (™ °smn )) operations{; 1., Forthatkeacnpyt — hif.tmeasijbl®"folo — llexi!,”

y
smallestk € frm—o

binary search over [ values has time compl—exiy—tO (1—ogl) and eah—c feasibilit check
ing takes O (mn) because at most O (mn) el—ement h—soul—d b checked S fo eac
u

The :h—tm i exe
tm — h,ct,haalgorlpﬁ Deall Yo

needs (mn log(mn\compu tat i—onal . s
O )sma)ll—etfsk € {q 17l—b’rac€rightesu

checkingam ot t0tally o) timesOtofindthe

checking totally needs O ((mn)? log (mn)) Solvi—n gec—ah feasibl classica transportatio
problem takes at most O ((m +n)’l—og (m+mn) (se [2] a d-netotall—yatmosO
m — parenleft n

classical transportation problems should besol—ve deh—terefor thipar take a mosO
(mn(m+n)3 log (m+n)) computati—onal tmesCo nsq—euently th tim complexit i
O (max {(mn)? log (mn),mn(m+n)3l—og (m+n)}) = O (mn(m+n) 3logm—parenleft+n)) O

4. NUMERICAL EXAMPLE

Consider problem TP with a = 0.9987, tij ~ N(m;;,2; a n—d th v alue o} a; b ar
given in Table 1 . The preference of rout e —sae—r gi—vn—e i—n th folo—1 wi—ng
m atr® i x

0.5 Oeight — period  Ofour — period
U= 0.75 Operiod — six  Operiod — seven
0.85 1 Osix — period



D—-N m#.1sHI Our problem TP reduces to probl—em P :

9%4 YG E MC H-ENA
P: minimize maxij {mij + 3period — zero oij | wij > 0}
maximize mz’f*nj{ wij | xij > 0}

3

subjectto Y wij < ai i= 1,23
Jj=1
3
> wij> bjj= 1,23
i=1

nonne—gative ij,=

0<p'=04<p?=05<p?® = Operiod — siz < p* =
< u® =0.8 < pu" = Operiod — eight5 < p® =

xTij 1,2,3 Sorting p;5,%,7 = 1,2, 3, we obtain
Oseven — period < p°> = 0.7
1

Compute m;; + 3.0045,%,7 =1,2,3, weo btai—n
8period — two Tsix — period
3period — one
11zero — period

4dperiod — five
C= 8four — period  5Snine — period
Tzero — period  bperiod — eight

Arrange these values in ascending orde r that i s

Tperiod — six < * = 7.

5nine — period < ¢® =
1.0

<" =82<c = 8period— four < =1
Foru=1,...,8,k=1,...,9,set
= 1,2,3

.. i > . .. .
c*Fij={ M° otherw' " 7ZH" ;4 3period — zero aij < c*ij,

' =31< =45 < =5period — eight < ¢* =

where M is a sufficiently large value .
It is obvious that p = 6,q = 3.

Foru=1,..,6,k=3,..,9, probl—emP* has h—-t, foll-o wn—ig for—m

3 3
P* . minimize ZZ cuijeomme=k  rij
i=1j=1
3
subjectto Y wij < ai i= 1,23
J=1

> owij> bjj= 1,23
i:

rij mnonne—gative 4j,= 1,2,3
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Next we give the solution procedure forpr—obe—1m P

Find the smallest k € {3,...,9} such that P} i—sf a—esible Step 1. SetL =3 and P}

is infea sib 1 —e, Set U = 9 and P{ i feasible G t Ste 2Step 2. U—L =6 # 1. Set

K=6and P{ i—sfeasibleSeU= 6 vrepea Ste 2Step 2. U—-L=3#1. Set K=4and

P! i—sn—if —easible SeL = 4 repea Ste 2Step 2. U—-L=2+#1. Set K =5 and

P} i—sn—if—easible SeL= 5 repea Ste 2

Step 2. U—L=1,sogo to Step 3.

Step 3.P7 is infeasible , so set k1 = 6. Find the smallest k € {6,...,9} such that P i—sf a—e

sible Step 1 . Set L = 6 and P§ is feasib 1 —e_ Set k; = 6 Find the smallest k € {6,...,9} such

that P i—sf a—esible Step 1. Set L =6 and P§ is infea sib 1 —e Set U = 9 and PJ i

feasible G t Ste 2Step 2 U—-L=3+#1. Set K=7and P] i—sn—if —easible Se

L= 7 repea Ste 2Step 2. U—-L=2#1.SetK=8andP§ i—sfeasibleSelU = 8

repea Ste 2

Step 2. U - L = 1,50 go to Step 3. Step 3.P7 is infeasible , so set k3 = 8. Find the smallest

k € {8,9} such that P} i—sfeasible Step 1. Set L =8 and P} is feasib 1 — e, Set k; = 8 Find

the smallest k € {8,9} such that P¥ i—s feasible

. forPk. - 8 isinfeasi . . . .
ex1stsnosotre;’1.SetkLE{S798and}suchp5thatmnfea&le’g i—se— 1_feaSetgi_bleF =90 — rmandReman ir — kinfeasibls {1 gun-

Therefore B = {(2,6),(4,8)}.Sol—veP§and P weo btan—i tho pti—ma transportatio
patterns 28 and 4%, respectively :

2?{ : T11 = 50, T2 = 15, To3 = 55, T3l — 1 0 2z3=2 0 othe IL'Z] = 0

48 . 315 =35, 3 =30, xp3=055 w33 =3 0 othe xij= 0
which are the non - dominated transportati—onpate—tr nof pr—o blm Pa d—-—n th

correspond ing bi - objective vectors are (7. 9,0 . 5) and (8period — four,0.7) respectively T ,p, i
s

NDT = {x§4% }
NDV = {(Tperiod — nine0.5) (8.4,0.7)}

5. CONCLUSION
In this paper , we have considered a bi- criteri—acha c¢c—ne c¢c—o nstraind—e bottlenec
trans portation problem with preference of rout e —sand deveo—1 pe—dana 1g01rih_t m t fin
som non - dominated transportation pat t —erns. Furh—-tcrwehav s—hw—on th validit
an  tim complexity of the algorithm . Be si des our al—g o ri'h —t, ii® llustrat e —d u sin a
numerica
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example . As a further research prob 1 —e m , we shou d —1c onside th  flexibilit yo = suppl an
demand quantity , which is the case that the tota quantit —y frm supplie fi les y tha
that to demand customers. Thi—scasemaks—e t—h, po—r bl—em thre critera—i
on an we ar now attacking this case .  Addit i —o na lly the e —r rema i —n ma y —n o the v
ariant o bottlenec
transportation problem to be considered and s 0 1 — v ed

( Receive Augus 30 2011
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