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The objective of this research is to develop a method to solve the multi-depot vehicle
routing problems (MDVRP). The method for solving the MDVRP consists of three major steps
with the goal of minimizing the total distrance. First, customers are clustered for each depot (or
warehouse) by using the Arbitrary Nearest Neighbor Algorithm. Then a route for each depot is
constructed using the Saving Algorithm and improved by the Arbitrary Insertion technique. Last
a Genetic Algorithm is applied to improve the route. The computational results have shown

substantial improvement in each step.
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M319i 11 agimanmsmuiuszeznanaznalonudanes NuUUUsznda, Arbitrary Insertion 1182 0AN0I NUITINUFNTTN

wmsuuvilszvida Arbitrary Insertion 0N NUTINUFNTTN

Ty ' — ' — ' ——
JLEENN (MUIY) a1 (ui) ITEZNN (MUIY) 1A (i) ILHZNN (M18) a1 ()

1 703.27 1.00 661.86 1.00 590.43 5.28

2 646.14 1.00 530.69 1.00 486.69 4.16

3 888.30 1.00 709.45 1.00 662.45 4.54

4 1406.68 8.00 1114.66 1.00 1058.33 29.83

5 1418.68 9.00 919.90 1.00 792.90 9.93

6 1174.47 5.00 943.00 1.00 897.01 23.45

7 1163.23 3.00 962.94 1.00 911.94 20.55
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My : — - — - —
JEYSNN (VUIY) 11 (AUIMN) FEYSNN (VUIY) 11 (AUIMN) JEYSNN (VUIY) 1391 (AUIN)
8 1209.13 2.00 837.62 0.00 785.45 7.04
9 1072.42 1.00 822.12 0.00 779.22 6.83
10 1154.60 1.00 810.64 0.00 767.93 6.72
11 1005.92 1.00 874.17 0.00 837.15 6.19
12 1016.66 1.00 866.12 0.00 812.22 5.77
13 923.69 0.00 770.27 0.00 723.13 5.08

HNgIma | naundgaejuvedllszang

6¢



40

M990 12 a1 uIu IHnuamagaatdun1g

Ty S Tnuamdenoduns
1 5.85
2 9.14
3 7.77
4 7.52
5 11.09
6 8.25
7 7.88
8 13.11
9 14.5
10 14.6
11 6.17
12 6.69
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a 4
3. A5 UNAINFTLIZTN (Build distance matrix)
4. ﬂ”l’iﬁﬂgﬂﬁﬁﬂlﬁ}LLﬁiazﬂﬁjﬁauﬁﬁﬁﬁlﬂﬁjﬁQQ (The nearest neighborhood method)
a 4 o 1 v Aa
5. afawas nduuulssndaveaunazadadum (Initialize the savings matrix of each
depot)
' Y ' Y v a 9 . .
6. uﬁ)ﬂmﬂgﬂﬂ1"!;1Ju¢1azmumwamamum (Savmgs matrix method)
70 9 . . [ 9 A A = ~
7. ‘]J‘JS:EJﬂG]GlG])' nearest insert algorithm ﬂunﬂ@]mumﬂus:w LWDNAISUINITIALTYIN
18 szezmaiosngavosunazidunia (Nearest insert method)
o @ a a Y o 1
8. ‘]Jizq%ﬂ‘]%ﬁﬂ@iﬁm‘lﬁwuﬁﬂi511ﬂmmaziz‘U‘U (Genetic algorithm module)

9. a3191a3 T Taudunuuvedlns Tu Teunionazis (Generate ancestors and apply

v [
1 AaA

genetic algorithm) Waf lane ANANgaveInmdumslutgazad duAMaINHIY
0aN0I NUTINUFNTTN

v Aa Y

- A3NUTTNYTHNINNNNFUN VD ILAAZAGITAUR (generate ancestors from
routeAllDepot) HBINNANIHANHAEROUIUSaNe3 T TN TY

- 1¥5anes MuFaiugnssunuTas TuTsuussnysunnaa (apply genetic algorithm to
each ancestor)

10. a5UM3IdUNIINOUHIU Nearest insert method, 9ANDI NUITINUFNTTN 1AL

v v
WﬁﬂNWU@ﬁﬂ@ﬁﬁm%ﬁWMﬁﬂiﬁM w%’aumﬁmmizﬂwNmﬁmmmgmaziwu

2. stiamaan¥lulilsunsy Mathemetica MmSuadauuudians

starttime=AbsoluteTime[DateString[]];

(1) Initialize the dataset and parameters

(* list of coordinates of depots: lstDepot *)
1lstDepot={{20,20},{30,40}, {50, 30},{60,50}};

(* list of coordinates of customers: 1lstCust ¥*)
lstCust={{37,52},{49,49},{52,64},{20,26},{40,30},{21,47},{17,63},{31,62},{52
,33},1{51,21},{42,41},{31,32},{5,25},{12,42},{36,16},{52,41},{27,23}, {17, 33},
{13,13},{57,58},{62,42},{42,57},{16,57},{8,52},{7,38},{27,68},{30,48},{43,67
},{58,48},{58,27},{37,69},{38,46},{46,10},{61,33},{62,63},{63,69},{32,22},
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{445,35},{59,15},{5,6},{10,17},{21,10},{5,64},{30,15},{39,10},{32,39},{25,32
},{25,55},(48,28},{56,37}};

(* list of orders of customers: lstOrder *)

(* number of values in the list MUST be equal to number of customers ¥*)

(* values are only POSITIVE INTERGER number *)

1storder={7,30,16,9,21,15,19,23,11,5,19,29,23,21,10,15,3,41,9,28,8,8,16,10,2

8,7,15,14,6,19,11,12,23,26,17,6,9,15,14,7,27,13,11,16,10,5,25,17,18,10} ;

(* capacity of a truck *)

capacity=80;

(* number of ancestors before genetic algorithm *)

numancestor=10;

(* number of changes of each ancestor from initial ancestor *)

numchange=3;

(* GENETIC ALGORITHM PARAMETERS ¥*)

(* number of generation - should bigger than 1000 *)

numgen=150;

(* initial population size of each generation *)

popsize=200;

(* number of best chromosomes to be kept ¥*)

elitism=2;

(* number of offsprings in each generation *)

numchilds=100;

(* number of mutation *)

nummutate=80;

(* crossover probability ¥*)

Pc=0.8;

(* mutation probability *)
Pm=0.01;
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SeedRandom|[] ;

(* find number of depots: nDepot ¥*)
nDepot=Length[lstDepot] ;
Print["number of depots = ", nDepot]

(* find number of customers: nCust *)
nCust=Length[lstCust];

Print["number of customers = ", nCust]

(* find number of customers ordering ¥*)
Print["number of customers ordering = ", Length[lstOrder]]

MatrixForm[lstOrder] ;

(* find the maximum absolute value in lstDepot and 1lstCust *)

len=Max[Join[Abs[lstDepot] ,Abs[lstCust]]];

(* plot positions of depots *)
plotDepot=ListPlot[lstDepot,PlotStyle-{RGBColor[1l,0,0] ,PointSize[0.04]},Dis
playFunction-Identity];

(* plot positions of customers *)
plotCust=ListPlot[lstCust,PlotStyle-{RGBColor[0,0,1] ,PointSize[0.01 ]} ,Displ
ayFunction-Identity];

(* plot positions of all ¥*)
Show[plotDepot,plotCust,PlotRange»{{-len-1,len+l}, {-len-

1,len+l}} ,Axes—»False,Frame-»True,FrameLabel-{"x","y"},ImageSize-»600,AspectRat
io-Automatic,DisplayFunction-$DisplayFunction]

number of depots = 4

number of customers = 50

number of customers ordering = 50
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(2) A collection of modules
(* collect all modules used in this code *)
Keep information of a number of routes and customers of each route of each depot

(* keep information of a number of routes and customers of each route of

each depot: keepinform *)

(* routeAll = list collecting all routes of all depots, such as

routeAllDepot and routeAllDepotNearest *)

keepinform[routeAll ]:=Module[{inform,informin,numroutes,numcusts,k,i},
inform={};
For [k=1,6k<=nDepot, k++,
informin={};
numroutes=Length[routeAll[[k]]];
For[i=1,i<=numroutes, i++,
numcusts=Length[routeAll[[k]][[i]]];
informin=Join[informin, {numcusts}];
1;
inform=Join[inform, {informin}];
1;
inform

1
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Compute a number of orders in a route

(* numOrders is used to compute the number of orders in a route:numOrders *)

numOrders [route_,1stOfOrder_]:=Module[{numroute,orderroute, sumorder},
numroute=Length[route] ;

orderroute=0;

(* accumulate orders of each customer in the route *)
For [sumorder=1l, sumorder numroute, sumorder++,

orderroute+=1stOfOrder|[ [route[ [sumorder]]]];

1;

orderroute

1
Compute distance of a route (DC - Custs - DC)

(* distRoute is used to compute total distance of a route, starting from

depot to customers to depot: distRoute *)

(* kDepot = depot # *)
(* route = route used to compute the distance *)
distRoute[kDepot ,route_]:=Module[{oneroute,nsum,sumdst,i,ipos, fpos},

(* join depot and customers in one route ¥*)

oneroute=Join[{kDepot},h route+nDepot, {kDepot}];

(* the number of connections in oneroute *)

nsum=Length [oneroute] -1;

(* start summing distance *)

sumdst=0;

For[i=1,i<nsum,i++,
ipos=oneroute[[i]];
fpos=oneroute[[i+1]];
sumdst+=dstMat[[ipos]] [[fpos]]:
1;

sumdst
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Compute total distance of the system (all routes)

(* distTotal is used to compute total distance in the system. it accumulates

all distance of every route: distTotal ¥*)

(* routeAll = list collecting all routes of all depots, such as

routeAllDepot and routeAllDepotNearest *)

distTotal [routeAll ]:=Module[{k,thisdepotroute,accudist,numroutes, i},

accudist=0;

(* accumulate distance of all routes in all depots *)
For [k=1,6ks<nDepot, k++,
thisdepotroute=routeAll] [k]];
numroutes=Length[thisdepotroute];
For[i=1,i<numroutes,i++,
accudist+=distRoute[k, thisdepotroute[[i]]];
1;
1;

accudist

1
Sequence customers in a route by using nearest insert algorithm

(* using nearestinsert algorithm to sequence customers in a route:seqcust *)

(* kDepot = depot # *)

(* route = route used to sequence customers ¥*)

seqcust[kDepot_,route_] :=Module[{seqroute, seqroutetempl, seqroutetemp2,i,j, th

iscust,gapseqroute, keepmindist,caldist},
seqroute={};
For[i=1,i<Length[route] ,i++,
thiscust=route[[i]];
gapseqroute=Length[seqroute]+1;
keepmindist=distRoute [kDepot, Insert[seqroute, thiscust,1]];
(* try inserting a customer into each gap and compute distance *)

For[j=1, j<sgapseqroute, j++,

seqroutetempl=Insert[seqroute, thiscust,j];
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caldist=distRoute [kDepot, seqroutetempl] ;

(* accept a route of minimum distance *)
If[caldist<keepmindist,
keepmindist=caldist;
seqroutetemp2=seqroutetempl ;

l4

(* EXIT IF *)
1;
1;

seqgroute=seqroutetemp?2;

1;

seqroute

1

Generate chromosome (a list of position in depot and route of each customer)
from routeAllDepot™*

(* sequence position of customers from the first to the last customer:

genchromosome *)

(* lstrouteAllDepot = a list, structured as same as routeAllDepot *)

genchromosome [1strouteAllDepot_] :=Module[{chromo,i},

chromo={};

Table [chromo=Join[chromo,Position[lstrouteAllDepot,i]], {i,1,nCust}];
chromo

1
Generate routeAllDepot* from a chromosome

(* generate a list,such as routeAllDepot,from chromosome:genrouteAllDepot *)

(* lstchromo = a list structured as same as genchromosome *)

(* inform = information of system, calculated from MODULE keepinform ¥*)

genrouteAllDepot[lstchromo_,inform_ ] :=Module[{lstrouteAllDepot, k,i,j,1lstrout
eindepot,lstcustinroute,pos},

lstrouteAllDepot={};

(* scan depot *)

For [k=1,6k=<nDepot, k++,
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lstrouteindepot={};

(* scan route in the depot *)
For[i=1,is<Length[inform[[k]]],6 i++,

lstcustinroute={};

(* scan customer in the route *)
For[j=1,j<inform[[k]][[i]],6 j++,
pos=Position[lstchromo,{k,i,j}];
lstcustinroute=Join[lstcustinroute,pos];

1;

lstrouteindepot=Join[lstrouteindepot, {Flatten[lstcustinroute]}];

1;

lstrouteAllDepot=Join[lstrouteAllDepot, {1strouteindepot}];
1;

lstrouteAllDepot

1

Check whether the number of orders in each route exceed the capacity or not

(* checkOrderQ is to check if the number of orders in each route exceed the
capacity or not: checkOrderQ *)

(* this module return TRUE if not exceed, but FALSE if exceed *)

(* lstchromo = a list structured as same as genchromosome *)

(* inform = information of system, calculated from MODULE keepinform ¥*)

checkOrderQ[lstchromo ,inform ]:=Module[{lstRouteAllDepot,lstRouteAllDepotTe
mp,1lstQ},

lstRouteAllDepot=genrouteAllDepot[lstchromo,inform] ;
lstRouteAllDepotTemp=Flatten[lstRouteAllDepot,1];

1stQ=Map|[ (TrueQ[numOrders[#,1lstOrder] <capacity]) &,lstRouteAllDepotTemp] ;
If [MemberQ[lstQ,False],h False, True]

1
Compute a list of fitnesses of all chromosomes

(* calcualte fitness values of all chromosome: lstfitness *)
(* in this study, a fitness value is total distance of a system *)

(* lstchromoall = a list of all chromosomes, as same as lstchromosome *)
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lstfitness[lstchromoall ,inform ] :=Module|[
lstchromoall] ;

dist=Map]|[ (distTotal[#]) &, routeAll]

1

Roulette wheel module

(* roulette wheel method is used to select good chromosomes: roulettewheel*)
(* this module returns a list of all good chromosomes (parents) *)

(* lstoldchromoall = a list of all chromosomes, as same as lstchromosome *)
roulettewheel[lstoldchromoall ,inform ]:=Module[{fitness,totalfitness,ratiof
itness,totalratiofitness,probselect,lst,lstelitism,

intervalprob, lstrnd,lstnamechromo, selected,i,j,lstparents},

(* build a list of fitnesses of all chromosomes *)

fitness=1stfitness[lstoldchromoall,inform];

(* sum all fitnesses *)

totalfitness=Total[fitness];

(* calculate totalfitness/fitness of each chromosome ¥*)

ratiofitness=totalfitness/fitness;

(* sum all ratiofitnesses *)

totalratiofitness=Total[ratiofitness];

(* calculate probability of selection of each chromosome ¥*)

probselect=ratiofitness/totalratiofitness;

(* keep two chromosomes of two most probselect *)

lst=Sort[probselect, Greater] ;

lstelitism=Join[Flatten[Position[probselect,1lst[[1]]]],Flatten[Position[prob
select,lst[[2]1111];

(* build a list of interval of probability *)

intervalprob=Accumulate[probselect];

(* buil a list of random numbers *)

lstrnd=RandomReal [1l,Length[intervalprob]];

(* selection *)
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selected=Select[lstrnd, #<intervalprob[[1]]&];

lstnamechromo=Table[1l,{j,1,Length[selected]}];

For[i=2,i<Length[intervalprob] ,hi++,
selected=Select[lstrnd,intervalprob[[i-1]]<#< intervalprob[[i]]&];
lstnamechromo=Join[lstnamechromo,Table[i, {j,1,Length[selected]}]];
1;

lstnamechromo=Join[lstelitism,lstnamechromo] ;
lstnamechromo=RandomSample[lstnamechromo] ;

lstparents=Map]|[ (1stoldchromoall[[#]]) &, l1stnamechromo]

1

Crossover

(* crossover a pair of parents. the output is two childs: crossover *)
(* father & mother - each is chromosome *)
(* inform = information of system, calculated from MODULE keepinform ¥*)

(* method: start with father and mother - {

OverscriptBox["A", " "] ,

OverscriptBox["B", "_"] ,C,

OverscriptBox["D", "_"] ,E} && {(C,

OverscriptBox["B", "_ "] ,

OverscriptBox["A", " "] ,

OverscriptBox["E", "_"] ,D} - ones with bar are chosen ¥*)

(* A,B,C,D,and E are positions of customers in a system *)

(* so childl - {

OverscriptBox["A", " "] ,
OverscriptBox["B", "_"] ,C,D,
OverscriptBox["E", "_"] } and child2 - {C,
OverscriptBox["A", " "] ,
OverscriptBox["B", "_"] ,E,
OverscriptBox["D", "_"] } *)

(* childl = crossover[father,mother][[1]] and child2 =

crossover[father,mother] [[2]] *)

crossover[father ,mother ,inform ]:=Module[{numrand,checkorder, switchedmothe
r,switchedfather,unswitchedmother,unswitchedfather,lst,lstposswitchedmother,
lstposswitchedfather,lstposunswitchedmother, lstposunswitchedfather,unchanged

,changed, trans,childl,child2,1stchilds,nloop},

(* a number of randomization *)

numrand=Floor [nCust/4];
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nloop=0;

checkorder=True;

(* return childl if accepting constraint ¥*)

While[checkorder,

(* give labels of positions of customers in mother chromosome, as will be
switched *)
switchedmother={};
While[Length[switchedmother]<numrand,
switchedmother=Union[switchedmother, {RandomInteger[{1l,nCust}]}];
1;

(* give labels of positions of customers in mother chromosome, as will
not be switched *)

lst=Range[nCust];
unswitchedmother=Delete[lst,Partition[switchedmother,1]];

(* lists of positions of switched and unswitched genes of mother ¥*)
lstposswitchedmother=Map|[ (mother[[#]]) &, switchedmother];
lstposunswitchedmother=Map|[ (mother[[#]]) &, unswitchedmother] ;

(* give labels of positions of customers in father chromosome,
uncrossovered and crossovered by mother *)
unchanged=Flatten[Map[ (Position[father, #]) &, 1lstposunswitchedmother]];
changed=Delete[lst,Partition[unchanged,1]];

(* generate childl ¥*)
trans=MapThread|[ (#1-#2) &, {changed, 1stposswitchedmother}];
childl=ReplacePart[father, trans];

(* check if order in each route is less than the capacity ornot. if NO,
do all over again ¥*)

If[checkOrderQ[childl,inform],checkorder=False,checkorder=True];

(* break while loop, prevent infinite loop *)
nloop++;

If[nloop>100,

childl=father;

Break[];

17

1;
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nloop=0;

checkorder=True;

(* return child2 if accepting constraint ¥*)

While[checkorder,

(* give labels of positions of customers in father chromosome, as will be
switched *)
switchedfather={};
While[Length[switchedfather]<numrand,
switchedfather=Union[switchedfather, {RandomInteger[{1l,nCust}]}];
1;

(* give labels of positions of customers in father chromosome, as will
not be switched *)

lst=Range[nCust];
unswitchedfather=Delete[lst,Partition[switchedfather,1]];

(* lists of positions of switched and unswitched genes of father ¥*)
lstposswitchedfather=Map]|[ (father[[#]]) &, switchedfather];
lstposunswitchedfather=Map|[ (father[[#]]) &, unswitchedfather];

(* give labels of positions of customers in mother chromosome,
uncrossovered and crossovered by father *)
unchanged=Flatten[Map[ (Position[mother, #]) &, 1lstposunswitchedfather]];
changed=Delete[lst,Partition[unchanged,1]];

(* generate child2 *)
trans=MapThread|[ (#1-#2) &, {changed, 1stposswitchedfather}];
child2=ReplacePart[mother, trans];

(* check if order in each route is less than the capacity or not. if NO,
do all over again ¥*)

If[checkOrderQ[child2,inform] ,checkorder=False,checkorder=True];

(* break while loop, prevent infinite loop *)
nloop++;

If[nloop>100,

child2=mother;

Break[];

17

1;
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lstchilds={childl,child2}
1

Mutation

(* use 2-swap method to mutate genes in a child, output is a new chromosome:

mutation ¥*)
(* lstchromo - a chromosome *)

(* inform = information of system, calculated from MODULE keepinform ¥*)

mutation[lstchromo_,inform ] :=Module[{len,checkorder,intl,int2,lstfront,lstc

enter,lstback,trialchromo},

len=Length[lstchromo] ;

(* return a new chromosome if accepting constrint *)
checkorder=True;

While[checkorder,

(* random two integer numbers ¥*)
intl=RandomInteger[{1l,len}];
int2=RandomInteger[{1l,len}];
While[intl==int2,int2=RandomInteger|[{1l,len}];];

(* build a new chromosome *)
If[intl<int2,
lstfront=Take[lstchromo,intl-1];
lstcenter=Reverse[Take[lstchromo, {intl,int2}]];
lstback=Take[lstchromo, - (len-int2)];
lstfront=Take[lstchromo,int2-1];
lstcenter=Reverse[Take[lstchromo, {int2,intl}]];

lstback=Take[lstchromo, - (len-intl)];
1;

trialchromo=Join[lstfront,lstcenter,lstback];

(* check if order in each route is less than the capacity or not. if NO,

do all over again ¥*)

If[checkOrderQ[trialchromo,inform] ,checkorder=False,checkorder=True];

1;

trialchromo

1
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(3) Build distance matrix

(* build distance matrix: dstMat *)
U=Join[lstDepot,lstCust];
dstMat=Table[Table[

(* calculate distance between two vertices *)

dx=U[[i]][[1]1-U[[311([[1]];

dy=U[[i]1][[2]1-U[[311[[2]1;

dst=1. Sqrt[dx*dx+dy*dy]

, {j, 1, nDepot+nCust}], {i, 1, nDepot+nCust}];
MatrixForm[dstMat];

(4) The nearest neighbourhood method

(* distance between all customers and each depot ¥*)

distcusttodepot=Table[dstMat[[j]] [[i+nDepot]],{i,1,nCust},{j,1,nDepot}];

(* minimum distance of customers to a depot *)

mindistcusttodepot=Table[Min[distcusttodepot[[i]]],{i,1,nCust}];

(* iDepot of above *)

nearDepot=Table|[

(* the nearest depot of each customer ¥*)

numdepot=Position[distcusttodepot[[i]],mindistcusttodepot[[i]]];
(* sometimes the distance from customer to many depots is equal, so
choose the first depot *)
First[Flatten[numdepot]]
+{i,1,nCust}];
(* assign each customer to the nearest depot ¥*)
(* lstCustinDepot keeps lists of customers in each depot ¥*)

lstCustinDepot=Table[Flatten[Position[nearDepot,j]],{j,1,nDepot}];

(*Print["list of customers in each depot = ", MatrixForm[lstCustinDepot]]*)



(5) Initialize the savings matrix of each depot

(* inisavmat keeps the initial savings matrix of each depot: inisavmat *)
inisavmat={};
For [k=1, k[ nDepot, k++,

(* number of customers in each depot ¥*)

numCustinDepot=Length[lstCustinDepot[[k]]];

(* temporary initial savings matrix of each depot ¥*)
tmpinisavmat=Table[

(* at the same vertices, the elements in the savings matrices are all

zero *)
= dist(dc,x) + dist(dc,y) - dist(x,y) *)

(* otherwise, s(x,y)

If[ill5,

eleTable=0,
eleFirst=1stCustinDepot[[k]][[i]]+nDepot;

elelast=lstCustinDepot[[k]][[j]]+nDepot;
eleTable=dstMat[[k]] [[eleFirst]]+dstMat[[k]] [[eleLast]]-

dstMat[[eleFirst]] [[elelLast]]]
,{i,1,numCustinDepot}, {j,1,numCustinDepot}

1;

(* join the temporary savings matrix with inisavmat *)

inisavmat=Join[inisavmat, {tmpinisavmat}];

1

(* print the initial savings matrices *)
(*

= n
’

For[k=1, k[ lnDepot, k++,
Print["Depot# =", k, " the initial savings matrix

MatrixForm[inisavmat[[k]]]]

*)

63



64

(6) Savings matrix method

(* routeAllDepot keeps every route of all depot: routeAllDepot *)

routeAllDepot={};
For[k=1,6ks<nDepot, k++,

(* number of customers in each depot: numCustinkDepot *)

numCustinkDepot=Length[inisavmat[[k]]];

(* list of customers in this depot: lstCustinkDepot *)

lstCustinkDepot=1stCustinDepot]|[[k]];

(* arrange elements in the savings matrix of each depot from max to min:

arrele *)

arrele=Flatten[Table[inisavmat[[k]][[i]]1[[j]1],{i,2,numCustinkDepot},{j,1,i-

111+
arrele=Reverse[Sort[arrele]];

(* number of elements in arrele: numarrele ¥*)

numarrele=Length[arrele];

(* create list of orders of each depot: lstOrderkDepot *)

lstOrderkDepot={};
For[i=1,is<numCustinkDepot, i++,

(* ith-customer ¥*)
ithcust=lstCustinkDepot[[i]];
l1stOrderkDepot=Join[lstOrderkDepot, {1stOrder[[ithcust]]}];

1;

(* keep all routes in this depot: routekDepot *)

routekDepot={};
For[1l=1l,l<numarrele,l++,

(* choose each element from arrele *)

chosenarrele=arrele[[1l]];

(* a pair of iTemp and jTemp from inisavmat with an element chosen by

chosenarrele *)
iTempjTemp=First[Position[inisavmat][[k]], chosenarrele]];

iTemp=iTempjTemp[[1]];
jTemp=iTempjTemp[[2]];
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(* NOTE - saving matrix algorithm!!!
check whether iTemp is in routekDepot

YES (1) - check whether jTemp is in routekDepot

YES (1.1) - check whether iTemp and jTemp are in the same route or
not
YES (1.la) - exit IF
NO (1.1b) - try combining both routes and check whether #

of orders exceed the limit
YES (1.1.1) - exit IF
NO (1.1.2) - delete those two routes and join the
combined route
NO (1.2) - try attaching jTemp to the list of iTemp and check
whether # of orders exceed the limit
YES (1.2.1) - build another new list for jTemp and exit IF
NO (1.2.2) - exit IF
NO (2) - check whether iTemp is in routekDepot

YES (2.1) - try attaching iTemp to the list of jTemp and check
whether # of orders exceed the limit
YES (2.1.1) - build another new list for iTemp and exit IF
NO (2.1.2) - exit IF
NO (2.2) - build new list for iTemp, try attaching jTemp to the

list of iTemp, and check whether # of orders exceed
the limit
YES (2.2.1) - build another new list for jTemp and exit IF
NO (2.2.2) - exit IF

*)

(* prepare MODULE often used in saving matrix method ¥*)

(* 0- nthrow - used to find nth-row of any iTemp or jTemp in routekDepot
*)

(* ijTemp = iTemp or jTemp *)

nthrow[ijTemp ,routeofkDepot ]:=Module[{posnthrow},
posnthrow=First[First[Position[routeofkDepot,ijTemp]]]

1;

(* 1- numorder - used to compute # of orders of each route ¥*)

(* route = a list of route *)

numorder [route_,lstofOrderkDepot ] :=Module[{numroute,orderroute,sumorder},
numroute=Length[route] ;
orderroute=0;
For [sumorder=1, sumorder<numroute, sumorder++,

orderroute+=lstofOrderkDepot|[ [route[ [sumorder]]]];
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1;
orderroute

1;

(* check whether iTemp is in routekDepot ¥*)

If [MemberQ[Flatten[routekDepot] ,h iTemp],

(* YES - 1 *)
(* check whether jTemp is in routekDepot ¥*)

If[MemberQ[Flatten[routekDepot], jTemp],

(* YES - 1.1 *)
(* try combining both routes ¥*)
rowofiTemp=nthrow[iTemp, routekDepot] ;

rowofjTemp=nthrow[jTemp, routekDepot] ;

(* check whether iTemp and jTemp are in the same route or not *)

If [rowofiTemp==rowofjTemp,
(* YES - 1.1a *)
(* EXIT *)
(* NO - 1.1b *)
routeofiTemp=routekDepot[ [rowofiTemp]] ;
routeofjTemp=routekDepot|[ [rowofjTemp]];

routeofiTempjTemp=Join[routeofiTemp, routeofjTemp] ;

(* check whether # of orders exceed the limit ¥*)

If [numorder[routeofiTempjTemp,lstOrderkDepot]>capacity,
(* YES - 1.1.1 *)
(* EXIT *)
(* NO - 1.1.2 *)
(* delete routes of iTemp and jTemp and then join the combined route
in routekDepot ¥*)
routekDepot=Delete[routekDepot, rowofiTemp] ;
rowofjTemp=nthrow[jTemp, routekDepot] ;
routekDepot=Delete[routekDepot, rowofjTemp] ;
routekDepot=Join[routekDepot, {routeofiTempjTemp}] ;
1;

1;

(* NO - 1.2 *)

(* try attaching jTemp to the list of iTemp *)



rowofiTemp=nthrow[iTemp, routekDepot] ;
routeofiTemp=routekDepot[[rowofiTemp]] ;

routeofiTemp=Join[routeofiTemp, { jTemp}] ;

(* check whether # of orders exceed the limit *)

If[numorder[routeofiTemp,lstOrderkDepot]>capacity,

(* YES - 1.2.1 *)
routekDepot=Join[routekDepot, {{jTemp}}];
(* NO - 1.2.2 ¥*)
routekDepot=Delete[routekDepot, rowofiTemp] ;
routekDepot=Join[routekDepot, {routeofiTemp}] ;
1;
1;
(* NO - 2 *)
(* check whether jTemp is in routekDepot ¥*)

If [MemberQ[Flatten[routekDepot], jTemp],

(* YES - 2.1 *)

(* try attaching iTemp to the list of jTemp *)
rowofjTemp=nthrow[jTemp, routekDepot] ;
routeofjTemp=routekDepot[ [rowofjTemp]] ;

routeofjTemp=Join[routeofjTemp, {iTemp}];

(* check whether # of orders exceed the limit *)

If[numorder[routeofjTemp,lstOrderkDepot]>capacity,

(* YES - 2.1.1 *)
routekDepot=Join[routekDepot, { {iTemp}}];

(* NO - 2.1.2 ¥*)

routekDepot=Delete[routekDepot, rowofjTemp] ;
routekDepot=Join[routekDepot, {routeofjTemp}];

1;

(* NO - 2.2 *)

(* build new list for iTemp and try attaching jTemp to the list of
iTemp *)

routeofiTemp={iTemp, jTemp} ;

(* check whether # of orders exceed the limit *)
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If [numorder[routeofiTemp, lstOrderkDepot]>capacity,

(* YES - 2.2.1 ¥*)
routekDepot=Join[routekDepot, { {iTemp}}, {{jTemp}}];
(* NO - 2.2.2 *)
routekDepot=Join[routekDepot, { {iTemp, jTemp}}];
1;
1;
1;

1; (* reach i = numCustinkDepot ¥*)

(* change labels of customers, used in FOR LOOP k, to their real labels *)
lenroutekDepot=Length[routekDepot] ;
routekDepotlbl={};
For[i=1,i<lenroutekDepot, i++,
subroute=Map|[ (1stCustinkDepot[[#]]) &, routekDepot[[i]]];
routekDepotlbl=Join[routekDepotlbl, {subroute}];

1;

(* routeAllDepot keeps all tracks in the same list ¥*)

routeAllDepot=Join[routeAllDepot, {routekDepotlbl}];

1;:(* reach k = nDepot *)
(7) Nearest insert method

(* apply nearest insert algorithm (MODULE seqcust) with routeAllDepot and
obtain: routeAllDepotNearest *)
routeAllDepotNearest={};
For[k=1,6k=<nDepot, k++,
subroute=Map [ (seqcust[k, #]) &, routeAllDepot[[k]]];

routeAllDepotNearest=Join[routeAllDepotNearest, {subroute}];

1
(8) Genetic algorithm module
(* apply MODULE geneticalgorithm with each list of routeAllDepot:

geneticalgorithm ¥*)

(* lstrouteAllDepot = a list, structured as same as routeAllDepot *)
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geneticalgorithm[lstrouteAllDepot ] :=Module[{inform,iniChromosome, lstChromos
ome , numchromo, rndcustl, rndcust2,posrndcustl,posrndcust2, trialChromosome,1stN
ewChromosome,childs,nloop,numlstNewChromo, rndnum,intrndl,intrnd2, father , moth
er,twochilds,newoffspring,del,lstfit,lstfitsort,elimilstfit,poselimilstfit,p

osfinal,finalchromo,routeAllDepotFinal, n},

(* generate a set of chromosomes before passing them into the kernel:

lstChromosome *)

inform=keepinform[lstrouteAllDepot] ;
iniChromosome=genchromosome[lstrouteAllDepot] ;

lstChromosome={iniChromosome} ;

numchromo=Length[lstChromosome] ;

While [numchromo<popsize,

(* random a chromosome from lstChromosome *)

iniChromosome=1lstChromosome [ [RandomInteger[{1l,numchromo}]]];

(* random two different customers and switch positions of two customers*)
rndcustl=RandomInteger[{1l,nCust}];
rndcust2=RandomInteger[{1l,nCust}];
posrndcustl=iniChromosome[ [rndcustl]];
posrndcust2=iniChromosome [ [rndcust2]] ;
While[ (rndcustl==rndcust2) || (posrndcustl==posrndcust?),
rndcustl=RandomInteger[{1l,nCust}];
rndcust2=RandomInteger[{1l,nCust}];
posrndcustl=iniChromosome[ [rndcustl]];

posrndcust2=iniChromosome[ [rndcust2]];

1;

trialChromosome=ReplacePart[iniChromosome, {rndcustl-posrndcust2, rndcust2-pos

rndcustl}];

(* accept trialChromosome if (1) no trialChromosome in lstChromosome and

(2) # order of each route is less than the capacity *)

If[(('MemberQ[lstChromosome,trialChromosome]) &&checkOrderQ[trialChromosome, i

nform]) ,

lstChromosome=Join[lstChromosome, {trialChromosome}] ;

14

1;
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1

(*
(*
(*
(*
(*
(*
(*

(*

umchromo=Length[lstChromosome] ;

’

this is the main kernel of genetic algorithm

- selection by roulette wheel

- random two parents with a random number accepting Pc
- crossover

- random an offspring with a random number accepting Pm
- mutate the offspring

- combine sets of parents and offsprings

- eliminate chromosomes with high fitness

Print[" number of generation = ", numgen];
For[n=1,n<numgen,n++,

Print[" nth-generation = ", n,"/",numgen];

Print[" ...selection..."];

(

* selection by roulette wheel ¥*)

lstNewChromosome=roulettewheel[lstChromosome,inform] ;

Print[" ...crossover..."];

(

* crossover until # of childs = numchild *)

childs={};

nloop=0;
While[Length[childs]<numchilds,

(* random two different parents with a random number accepting Pc *)

numlstNewChromo=Length[lstNewChromosome] ;

rndnum=1;

intrndl=1;

intrnd2=1;

father=1stNewChromosome[[intrndl]];

mother=1stNewChromosome[ [intrnd2]];

While[ (rndnum>Pc || intrndl==intrnd2| |father=--mother),
intrndl=RandomInteger[{1l,numlstNewChromo}] ;
intrnd2=RandomInteger[{1l,numlstNewChromo}] ;
father=1stNewChromosome[ [intrndl]];
mother=1lstNewChromosome|[ [intrnd2]];
rndnum=RandomReal[] ;

1;

*)
*)
*)
*)
*)
*)
*)

*)
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twochilds=crossover[father,mother,inform];

childs=Union[childs, twochilds];

(* break while loop, prevent infinite loop *)
nloop++;
If[nloop2100,

Break|[]:;

1;

17

Print[" ...mutation...."];

(* let nummutate-offsprings have mutation ¥*)

For[i=l,isnummutate,i++,

(* random an offspring with a random number accepting Pm ¥*)
rndnum=1;
While[rndnum>Pm,
intrndl=RandomInteger|[{1l,Length[childs]}];
rndnum=RandomReal|[] ;

1;

(* mutate the offspring *)

newoffspring=mutation[childs[[intrndl]],inform];

If[!'MemberQ[childs,newoffspring],
childs=ReplacePart[childs,intrndl-onewoffspring];
1;

1;

(* combine parents and childs' chromosomes *)

lstChromosome=Union[lstChromosome,childs];

(* eliminate chromosomes with high fitnesses ¥*)
del=Length[lstChromosome] -popsize;
lstfit=1stfitness[lstChromosome,inform];
lstfitsort=Sort[lstfit,Greater];
elimilstfit=Take[lstfitsort,del];

poselimilstfit=Flatten[Map|[ (Position[lstfit,#])&,elimilstfit],1];

lstChromosome=Delete[lstChromosome,poselimilstfit];

1;
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(* choose a chromosome with the smallest fitness *)
lstfit=1stfitness[lstChromosome,inform];
posfinal=Flatten[Position[lstfit Min[lstfit]]];
finalchromo=Flatten[lstChromosome[ [posfinal]], 1]’

routeAllDepotFinal=genrouteAllDepot[finalchromo,inform]

1

(9) Generate ancestors and apply genetic algorithm

Generate ancestors from routeAllDepot

(* generate ancestors from routeAllDepot ¥*)
lstancestor={routeAllDepotNearest};

While[Length[lstancestor]<numancestor,

ancestor=routeAllDepot;

countchange=0;
inform=keepinform[ancestor] ;
ancestortmp=ancestor;

While[countchange<numchange,

(* random two different depots *)
rndDepotdel=RandomInteger[{1l,Length[inform]}];
rndDepotin=RandomInteger[{1l,Length[inform]}];
While[rndDepotdel==rndDepotin,
rndDepotdel=RandomInteger[{1l,Length[inform]}];
rndDepotin=RandomInteger[{1l,Length[inform]}];

1;

(* random two routes in two depots *)
rndRoutedel=RandomInteger[{1l,Length[inform[[rndDepotdel]]]}];
rndRoutein=RandomInteger[{1l,Length[inform[ [rndDepotin]]]}];

(* random two customers in two routes *)
rndCustdel=RandomInteger[{1l,inform[[rndDepotdel] ] [ [rndRoutedel]]}];

rndCustin=RandomInteger[{1l,inform[[rndDepotin]] [ [rndRoutein]]+1}];

tempcust=ancestor[ [rndDepotdel] ] [ [rndRoutedel]] [ [rndCustdel]];
trialancestor=Insert[ancestor, tempcust, {rndDepotin,rndRoutein,rndCustin}];

trialancestor=Delete[trialancestor, {rndDepotdel, rndRoutedel, rndCustdel}];
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trialancestor=DeleteCases|[trialancestor, {},Infinity];

(* accept or decline newancestor, depending on constraint *)
inform=keepinform[trialancestor] ;
If[checkOrderQ[genchromosome|[trialancestor],inform],
countchange++;

ancestor=trialancestor;

ancestortmp=trialancestor;
inform=keepinform[trialancestor];

’

ancestor=ancestortmp;

inform=keepinform[ancestor] ;

1;
1;

lstancestor=Union[lstancestor, {ancestor}];

1
Apply genetic algorithm to each ancestor

(* apply genetic algorithm to each ancestor *)
len=Length[lstancestor];
Print["number of ancestors = ", len];

Print[""];

possiblerouteAllDepot={};
For [npos=1,npos<len,npos++,

Print["nth-ancestor = ", npos,"/",len];

possiblerouteAllDepot=Union[possiblerouteAllDepot, {geneticalgorithm[lstances
tor[[npos]]l}];
1

(* search for the best chromosome (the most minimum routeAllDepot) *)
possiblemindist=Map[ (distTotal[#]) &, possiblerouteAllDepot] ;
mindist=Min[possiblemindist];
pos=Flatten[Position[possiblemindist,mindist]];

routeAllDepotFinal=Flatten[possiblerouteAllDepot|[[pos]], 1]’

possiblemindist
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(10) Show result

(* print list of routes of all depots *)

Print["---=-=---- solution before passing nearest insert method-------- "1,
Print[""];
For[k=1,6ks<nDepot, k++,

Print["Depot# =", k, " all routes = ", MatrixForm[routeAllDepot[[k]]]]:
1

Print[""];

Print["Total distance = ", distTotal[routeAllDepot]];

Print[""];

Print[""];

Print["-------- solution after passing nearest insert method but before

genetic algorithm-------- "1,

Print[""];

For[k=1,6ks<nDepot, k++,

Print["Depot# = ", k, " all routes = ",
MatrixForm[routeAllDepotNearest[[k]]1]];

1

Print[""];

Print["Total distance = ", distTotal[routeAllDepotNearest]];
Print[""];

Print[""];

Print["-------- solution after passing genetic algorithm-------- "1;
Print[""];

For[k=1,6ks<nDepot, k++,

Print["Depot# = ", k, " all routes = ",
MatrixForm[routeAllDepotFinal[[k]]]];

1

Print[""];
Print["Total distance = ", distTotal[routeAllDepotFinal]];
Print[""];
Print[""];

endtime=AbsoluteTime[DateString[]];

(* Collapsed time used in program *)

Print[" total elapsed time = ", (endtime-starttime)/60.," minutes"];
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1. WnavesnasdumIuuaazdyrivesnsmise

M3 19NUINA V1 gatoyannAveIAaIau

Yy HnAveInaITUM
1,2 (20,20), (30,40), (50,30, (60,50)
3, 10,13 (40,40), (50,22), (55.55), (25.45), (20,20)
4 (35,20), (35,50)
5 (15,35), (55.35)
68,11 (15,20), (50,20), (35,55)
7,9,12 (15,35), (55.35), (35.20), (35,50)

2. NALAZANUABINITVDIGNM

M3HUINT 12 gadoyannataznuAInIsvegnavelyIng

£

anA1 50 AL
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qnfaui W AWADINTT anfaud The) AWADINS
X y X y
1 37 52 7 12 31 32 29
2 49 49 30 13 5 25 23
3 52 64 16 14 12 42 21
4 20 26 9 15 36 16 10
5 40 30 21 16 52 41 15
6 21 47 15 17 27 23 3
7 17 63 19 18 17 33 41
8 31 62 23 19 13 13 9
9 52 33 11 20 57 58 28
10 51 21 5 21 62 42 8
11 42 41 19 22 42 57 8
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ANUADINT

=h.

ANUADINT

gAY i qnAIAY i
X y X y
23 16 57 16 37 32 22 9
24 8 52 10 38 45 35 15
25 7 38 28 39 59 15 14
26 27 68 7 40 5 6 7
27 30 48 15 41 10 17 27
28 43 67 14 42 21 10 13
29 58 48 6 43 5 64 11
30 58 27 19 44 30 15 16
31 37 69 11 45 39 10 10
32 38 46 12 46 32 39 5
33 46 10 23 47 25 32 25
34 61 33 26 48 25 55 17
35 62 63 17 49 48 28 18
36 63 69 6 50 56 37 10
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anfaud #ina ANMUADINTS anfaud Wi ANMUABINIS
X y X y
1 22 22 18 25 17 64 14
2 36 26 26 26 41 46 18
3 21 45 11 27 55 34 17
4 45 35 30 28 35 16 29
5 55 20 21 29 52 26 13
6 33 34 19 30 43 26 22
7 50 50 15 31 31 76 25
8 55 45 16 32 22 53 28
9 26 59 29 33 26 29 27
10 40 66 26 34 50 40 19
11 55 65 37 35 55 50 10
12 35 51 16 36 54 10 12
13 62 35 12 37 60 15 14
14 62 57 31 38 47 66 24
15 62 24 8 39 30 60 16
16 21 36 19 40 30 50 33
17 33 44 20 41 12 17 15
18 9 56 13 42 15 14 11
19 62 48 15 43 16 19 18
20 66 14 22 44 21 48 17
21 44 13 28 45 50 30 21
22 26 13 12 46 51 42 27
23 11 28 6 47 50 15 19
24 7 43 27 48 48 21 20
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ANUADINT

qnAIAY i qnAIAY
X y X y

49 12 38 5 63 20 30 11
50 15 56 22 64 15 5 28
51 29 39 12 65 50 70 9
52 54 38 19 66 57 72 37
53 55 57 22 67 45 42 30
54 67 41 16 68 38 33 10
55 10 70 7 69 50 4 8
56 6 25 26 70 66 8 11
57 65 27 14 71 59 9 3
58 40 60 21 72 35 60 1
59 70 64 24 73 27 24 6
60 64 4 13 74 40 20 10
61 36 6 15 75 40 37 20
62 30 20 18
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ANUADINT

9

=
N

@

T

ANUADINT

qnAIAY 0 qnAIAY
X y X y
1 41 49 10 25 65 20 6
2 35 17 7 26 45 30 17
3 55 45 13 27 35 40 16
4 55 20 19 28 41 37 16
5 15 30 26 29 64 42 9
6 25 30 3 30 40 60 21
7 20 50 5 31 31 52 27
8 10 43 9 32 35 69 23
9 55 60 16 33 53 52 11
10 30 60 16 34 65 55 14
11 20 65 12 35 63 65 8
12 50 35 19 36 2 60 5
13 30 25 23 37 20 20 8
14 15 10 20 38 5 5 16
15 30 5 8 39 60 12 31
16 10 20 19 40 40 25 9
17 5 30 2 41 42 7 5
18 20 40 12 42 24 12 5
19 15 60 17 43 23 3 7
20 45 65 9 44 11 14 18
21 45 20 11 45 6 38 16
22 45 10 18 46 2 48 1
23 55 5 29 47 8 56 27
24 65 35 3 48 13 52 36
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ANUADINT

ANUADINT

qnAIAY 0 qnAIAY e
X y X y

49 6 68 30 73 44 17 9
50 47 47 13 74 46 13 8

51 49 58 10 75 49 11 18
52 27 43 9 76 49 42 13
53 37 31 14 77 53 43 14
54 57 29 18 78 61 52 7
55 63 23 2 79 57 48 23
56 53 12 6 80 56 37 6
57 32 12 7 81 55 54 26
58 36 26 18 82 15 47 16
59 21 24 28 83 14 37 11
60 17 34 3 84 11 31 7

61 12 24 13 85 16 22 41
62 24 58 19 86 4 18 35
63 27 69 10 87 28 18 26
64 15 77 9 88 26 52 9
65 62 77 20 89 26 35 15
66 49 73 25 90 31 67 3

67 67 5 25 91 15 19 1

68 56 39 36 92 22 22 2

69 37 47 6 93 18 24 22
70 37 56 5 94 26 27 27
71 57 68 15 95 25 24 20
72 47 16 25 96 22 27 11
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qnfaud 0 ANVUADINT
x oy
97 25 21 12
98 19 21 10
99 20 26 9
100 18 18 17
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