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@ Blue: No traffic delays.
Orange: Medium amount of traffic.
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Traffic colors: the color code shows you the speed of traffic on the road Risk of traveling:
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! Medium risky transportation

! Lowrisky transportation

S 4SS 5l ahadi 95 s 5 g g0 e Gl e Sl N JSKS

TD-CITRM (gkins o (slo e s sl ko 1 ) It

bl

8
N N={1..,n} L b 45 soms
P P={0Un+1} gles ,Ll 5 Ll 6,8
ij i,j €E (N UP)&Ls bli
K ke {1,.. |K|} i Lls el
M;; ME {1, My} i % J o j 514 53 5310 Sl 45 pams
D; U gabis 5o Lol
Si L gab 53 (23 5 o Oe

oo bl cs b

e A Gl sle S ST

S s 2 Sl Sl 55 00 Ole SSTU
Trlf}l ])lé%)éwr\mdpjédﬁ&ﬁjdw\
H, he{l, ., [Hpl}J 50 gebais 53 o ol AL 55 Lo slacsl 45 gome

h h
Aijm» bjm

J sl st 55 o ol ML 55 i Olej end 8l il 2

J sl 55 o fl M bl L Gles slaosl

(s ita) T galal 31K 4l o oy 3o Olo

kA.:u.yU} l{(i,j,m)&;:!);géﬂ&m.u

Vijm

J sl sabi 53 m fl M JL 55 s i 2l

Cpf

(pod ize) K 4l by 5 1 a3 oila3ly L Ol e

Ve Q)\:M.A)'/a\\ DJL&Q/{}J}MJL&/&:}\}‘;‘AW P I

A}



S5 el ps Ll ot s Bl) g Sy g (S 0 o b BN (545 55 AB I g Jom su0L) 5 (b e

(Olgro! i 1530 andllan)

RL’-‘ (Mﬁ:«“)k%m%)@ﬁ)i@ﬁ@@&w

Xt (oo i) 23] 08wl e 8 51K 4l dlews STl Sl o8 o jeiie

X (pransts ta) 532 08 w805 3l plh (go3b 3 ol I base i b ol aoes 81 ol Sl oS aad uite
E Sy ake

qQ W E Q sy i 45 garms

S s [SRE S Sy 43 (6535 Doy b Jl=1 Y
sl 0l e3ls el Vi 6 byl 5556 L O
Sy Olgae 53 313 3505 s iy 53457 VIS Oljee £
Jar Olsee Jslae Sltie ) i ol S5 ol IS 50
D) el T galais 1330 5l s K a5 )3 0 leily
(CPF | el Jslas ks
S Gy e Sy O slaysSh o4 g L
1 = Trif vijm. Cpf. (¢ = <ibs (i, j,m)
5556 031 s 4y S Tl 338 e e £ = 5))
Gadlas  plas 5 andlas pl 3 el sy (§ pdoand
ok o5 ol el sl e ((T010) OLas 5 S VG
SVsleo 311y 5586l Ol o Sl Bl ol
R s it o 555003 Zalgins 3.8 Gl (silaane:
Jsb o5 el gaats 33l 5l dey reand Sy o ks OLES
Stk oo Jsb 53 Sy 3L K e 55 (6, M) e
Ll s 4 (V) dsles 51k
Rf =Trjt.Cpf. (¢f —tf —s)+RE )
e K U e s IS S, TD-CITRM (gedis s
35 oo e (] 038 s5dome 353 0 JES P Sl
o el s ola e b Wil (Ug) eyl glaVIS G
Stels (Sosed QAL Sopdsy $lp ¥ IS0 Ly Aade
skt 63,51 P =0 Polas Sy Slms dm e L Sy

.k;vw\

Ol 5 Ky Grdasin b alfus el V-V
S5 4wl
33 0 LSSl Gl 3B sial)l gl sl
G5l i T 0l elad o aomstiys 3ls &5 55 3 aais
Y Al S ik Wl o LIS xS i Oloy &S L e
i 0le3 G, TD-CITRM-ST Jie 55 8 ol 55
@l p ladl &Sl s 4o (60508 L 0p g (oS s
5 i Ol Jels 5 saasie 55 slls CIT sl
s e S
B 40 3 Sy (25, YT
ge 035 SU s Oljee bl 2 Sy w5 odas 5 5bey
CIT alins 3 dipd o sy o3l Ll 5 o 5,50
ool 5 S St 5 me po AdE Gl o Comex
03wkl olay i cpl 3 ey Dbl o ki s e
Sy s 20 50 Sthims 55 515 18 (6355 Sy (o 2
£ Ll oS Lo (6,7,m) Jb Jsb s 333 g5
ol S5 ol 55
S S dsb s adls iy e Ol 4 255 dlezl )
Loas Oley >ty o3 Jb dsb oo g352 & ezl Y
bt o Tr™ jliie .ol s osls 0L TTT byl
G Sl Y Slaed 4 Ol 0 &S ol anely Alks
sl s ol s il s px il (B8 s

J.J:L» M‘j oﬂﬁ

VE0) Olins /Y o5l /o33 5 oy Il /S35 i aslida

Yo



R S 00, R§:666>5x o
/,/ B 00 S \B/ 001, 12 N
AN, T I C)1s - -'\\ - ] ,
Trip s /8 AN e Y C § (
S\ o \NT \ — c.\
= \ ni | ‘ N
Y < S \ |~
D > o re /\’"\ J g
| A ~ N /< |’ A / =
(Demand) 001 gd}l’ﬂ
zﬂ RL=165<5 ‘/
(a). Multigraph with multi-attribute arcs (b) Infeasible solution (c) Acceptable solution

(a0 O [y 4503 4o (s jp0 slodl a o dos) Gl iz (G4K0d 40 4l dhsy S5 (50 Sy (Gl (50507 Jlio X IS

Sl e jshe ool (gl .ol sl eslizel CITRM-ST

L b g (S 423 33 4y alias e
ool Sl prie ol 4 dls i peenal Sla i @
Gl bl adls eslie G Sl i oS Jy) sd e
byye sla e dis opl 55 0,8 o e o akd
oo Slasanal s ahs S 5 X e ,S I ns
Kes J
et Slapite gl 4 il eedd gla ke @
S el 3l pslie G 5l &S £9° s> s
Sla gl (S48 pomn IS (258 S on pllde el 2
b a4 e 555 eals  iled b alis ol e
gw‘jrjjéwﬁwéuwﬂ.weﬂﬂ)b
i ol 03 LS e 5t 4 Golie sl gl
Lol bla oo eslitwlsy g0 Jb e 4 bgy o sla it
£ (@) Cilos Bl 51l Ll plssl 0l X (@)
& W o sl e R}‘(a)) i bl et Sy s
Arn g3

w TD-CITRM-ST 51 ot & slebom o 55 _islai Jot

.cmlﬂ)'u\&,:

Stage one (P1):
min E¢ [h(X,$)]

-

i€(OUN),i#j kEK

Vi e(Nun+1)

Ve Oliasy /40 DJL&J/(})}WJL&/&,@\J:WW P I

A\n!

s Oy AT g3 ks ¥

JCELIS PP RGO Ry Woa's B VRP Bl 3 a3 s

‘Cy}a Slosl s

53 48 sl s Jsb Ly ja Oley 03,5 2 5does b jlne
13 3168 Cod e 55 5 . o2 Bl TD-CITRM-ST
b Gl s ol Olgn &S e o0l CIT glacs
Sl ey ol 4 e Ol S5 LEL LOVL e

R

TD-CITRM-ST galinws g3ldte £-Y

oo S 5 olajea ol TD-CITRM-ST (salec
Il 4 alis kS a1 e o (3150 sladl 5 Lol
M;&AS\)@&M))SMQD)CMASW\QT
Sl Sy 5 Sk i Ol lacyssdos S5 5k
5> Coalsd pde 035 e shinenr 355 03,5l 4l il
33 Saadad pde (gpoaal D) son i e e SIS
e el sl st 3 51l s el 0l Jus (slel o

TD- s T TGV BT FURE Y8 oI IS PR C

M

)



S5 el ps Ll ot s Bl) g Sy g (S 0 o b BN (545 55 AB I g Jom su0L) 5 (b e

(Olgro! i 1530 andllan)

xff=1 Vie@dNu0) )
jEM+1UN),i#j kEK
xlkj = x}i VjEN,Vk €K ()
ie(OUN) ie(n+1UN)
PSS ®
JEN k€K
Cp(’)C <Q Vk € K V)

Cp(’)‘=ZDi Z x{; vk € K )

iEN  je(n+1UN)

Cpf = Cpf —D; — (1 —x[)E Vi,j E(NUP),Vk EK,i #j @)
xk=0 Vi E(NUP),Vk €K ()
xk =0 Vi E(NUP),Vk €K )
X(nt1y; =0 Vvj € (NUP),vk € K v
xfs = {0,1} Vi,j E(NUP),Vk €K (%)
Cpk =0 vie (NUP),Vk €K (%)

Cda CUL.N; Sl o Jde @ gl o bl a4 aslsl s

yde Aed e b s s B (X, $(w))
Stage two (P2):

hOxE@) =Min ) th, (@) 00
keK
Z xlE (@) = Z xk Vi e(Nun+1),vkeK -
i€(OUN),i#j mEM;j h€Hnm, i€(OUN),i#j
t}‘(a)) - t{‘ (w) = ag-m(a)) + bl-hjm(w)t{‘(w) + 55+ (x{‘j’fn(w) - l)E Vi av)
EQOUN),Vje(NUn+1),Vk € K,Ym € M;;,Vh € Hp,,i # j
ti(w) = Tl (@) + (1 -x%,(@)E Vie(QUN),Vjem+1UN)Vk €K, Vm on
€ M;j,Vh € Hp, i # j
th(w) < E Z xk Vie (0UN),Vk €K a8
jeE(NUn+1)
RE (w)=0 vk € K (X
R}‘(w) = Tri’}‘. Cp;‘. (t}‘(w) — t{‘(w) — sj) + R{‘(w) —(1- Z xl’;’fn (w))E Vi
()
h€H,
EOUN),VjeEm+1UN)Vk €EK,Vm € M;j,i #j
0<RF(w)<p VieE(NUP)VkeK A
th. (w)<6 vk € K (Y¥)
x4 (w) = {0,1} Vi,j € (NUP),Vvm € M;;,Vh € Hy, ,Vk €K )

VEY O3 / QY o3l /ps 5 oy Sl /K3 pnilige aslila

YV



tk(w), RF(w) =0

ool lade bl &Sl W a iz s B Ol 5o 5
GGE sy e Do e ede e sk
aasiie L gbadl coundsd pie Oboy 4 wly a8
Sladde b i D0 63,08 sblassd=s Lo
J= Nl bt o ol @Bloos ol Dule ety
el cpl ool N3 5 L ol sls 2 535
Slp e JIg s Slp 0l il s GA (2, S
4 iy ool 5l edslcsa Gzl wslsl 3 ezailyl e S
Al Ll gl B ossse Jll LSESN )

S Lol el Bld Jsl 56 55 oS glacys jdoe

el o 0313 0L Y 25 S s s Sl S T 3

vie (NUP),Vk €K

(Yo)

0 by e (PL) Jsl g o Jie (V6) B (F) slacys sidous
Lol dE gl b b Cusgde 5 ol e DL
bols (P2) sais 15 53 SVsles 5 Laos gt &S b5
sl il e &S ol i Sy 5 Sl slays s
o o Jie &S S Ul e Ko gt el ol i g
e s 6 L ls e b VRP Jue (P1) Uy

ool galis (P2) 55 Goua &5 ol 5 4

TD-CITRM-ST slda j> £

ca.waGbl le..wd Q)f vjd}./'«& E) L;J‘:ar.;.: “ 4;-}3 l;

S sS slal s a4 3B o (o)l glaoiS

Rled (g iz 5 A3 03l oL b S5 o, K S a5 25551

Set UP « oo, Jt < 1

For each chromosome CH € POP,,
If (CH is repetitive)

Else

OO0 N O U e Wb e

10 End if

11 | While (termination criteria is not met) do

Generate an initial random population POP,,

Input Parameters: Popsize. P.. P,.. cogfficients 6 and o

| Use cache table to achieve the fitness value

Decode the CH, calculate the related fitness value and update the cache table
Update the UP based on fitness value of CH

12 Select two parents from POP,, using Tournament Selection
13 Apply self-adapted crossover to generate the offsprings

14 Evaluate the fitness values of offsprings

15 Apply self-adapted local-search to generate the offsprings with probability P, .

16 Evaluate the fitness values of gffsprings

17 Rank the individuals of the current population and determine new population

18 If (exist some individuals with fitness value UP)

19 | Replace these repetitive individuals with some randomly generated individuals
20 End if

21 Itelt+1
22 | End while

23 | Return The best individual in the last population
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Abstract

The transportation of cash, banknotes, and other valuable items is known as one of the new branches in
the field of Cash-In-Transit (CIT). Due to the high-value density of these products, incorporating
security strategies in carrier operations is crucial. In this regard, this paper provides a two-stage
stochastic transportation model with traffic uncertainties at different times of the day in an inner-city
multigraph network. The presented model not only yields to provide a new approach for calculating the
travel risk but also helps to increase the quality of the obtained solution by considering multi-
characteristic arcs (including time and travel risk). Taking into account various constraints such as
maximum travel time, travel risk, and the presence of multi-characteristic arcs with stochastic traffic
conditions brings high computational challenges.To this end, a multi-stage hybrid optimization
algorithm is proposed to solve the problem. Finally, the proposed model has been implemented on the
Isfahan city network and the results have been reported.

Keywords: Routing, cash transportation, multigraph network, time-dependent traffic, travel risk
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