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//********** In put
nA =2;
nTr =4,
Vir =0.21;




nD =20;

a = [44, 62];
[[FFFFIAAARE [ndices and Parameters
int nA .

mt nTr =..;

float Vtr =...;

mt nD =..;
range area = l..nA;
range tractor = 1..nTr;
range day = 1.nD;
range time = 1..8;
int afarea] =...;

[FFFFEEREEE Decigsion Variables

dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean

y[area][tractor]|[day][time];
rp[area][area][tractor][day][time];
galarea][day];

gblarea][day];

ka[area][day];

kb[area][day];

e e L

dvarint+  ST[area];
dvarint+  FNJarea];
dvarint+  cmax;
[[FFFFIAAARE Time Restrictions
execute{
cplex.tilim=80;
cplex.epagap=0.001;
cplex.submipnodelim=600;
}
[[FFFEIAAARE Objective Function
minimize 0.9*cmax+0.1 *(sum(p in tractor,d in day,t in time:(t!=4 && t!=8),1in area,il in
area:il =)rp[il[il [ipI[d][e]);
[[FFFFIAAARE Constraints
subject to {
forall(il in area,p in tractor,d in day,t in time:t!=8)
sum(i in area:i!=i1)y[i][p][d][t+1]<=1-y[il][p][d][t];
//***************************************************************
forall(i in area,il in area:i!=il,p in tractor,d in day,t in time:t!'=4 && t!=8){
yIIpIAE+y T pI [+ 1 ]>= 2*p[iTfil Tp][d]Ie;
YIlpI[dIe+yli1 [Pl [d][t+ 1 <=1 +p[il[i L[pI[dI[t];)
//**************************************************************
forall(il in area,i2 in area ,p in tractor,d in day,t in time)
if(i1=—i2 || t=4 || ==8)rp[il [i21[p1[d[]-=0 ;
//**************************************************************

forall(i in area)ST[i]<=FN[i];



forall(i in area)FN[i]<=cmax;
ﬁ**************************************************************

forall(i in area)Vtr *( sum(p in tractor,d in day,t in time)y[i][p][d][t])>=a[i];

ﬁ**************************************************************

forall(p in tractor,d in day,t in time)sum(i in area)y[i][p][d][t]<=1;
ﬁ*****************************************************************
forall(i in area)sum(d in day)ga[i][d]==1;

forall(i in area)sum(d in day)gbl[i][d]==1;
ﬁ**************************************************************
forall(i in area,d1 in day:d1!=1)

(sum(p in tractor,d in day:d<dl,t in time)y[i][p][d][t])<=(nTr)*nD*8*(1-ga[i][d1]);
forall(i in area,d1 in day:d1!=nD)

(sum(p in tractor,d in day:d>d1,t in time)y[i][p][d][t])<=(nTr )*nD*8*(1-gb[i][d1]);
ﬁ**************************************************************
forall(i in area,d in day){

(sum(p in tractor,t in time)y[i][p][d][t]>=ga[1][d];

(sum(p in tractor,t in time)y[i][p][d][t])>=gb[i][d];}
ﬁ**************************************************************
forall(i in area,d in day:d!=1){

ka[i][d-1]>=ka[i][d];

kb[i][d-1]>=kb[i][d];}
ﬁ**************************************************************
forall(i in area,d1 in day){

forall(d in day:d<=d1)ka[i

sum(d in day:d>d1)ka[i][d ]
forall(d in day:d<=dl)kbl[i][d]>=gb[i][d1] ;
sum(d in day:d>d1)kb[i][d]<=nD*(1-gb[i][d1]);}

ﬁ**************************************************************

[ma——

[d]>=ga[i][d1] ;
<=nD*(1-ga[i][d1]);

—

forall(i in area){
ST[i]==sum(d in day)ka[i][d];
FNJ[i]==sum(d in day)kb[i][d];} }

¥ Joe oS Y-8
ﬁ**********lnput
nA =2;
nTr =35;
nWf =8§;
nNe =2;

Vir  =0.21;
Vwf  =0.05;
Vne =0.16;
nD =30;

a = [44, 62];
at =[2.2];

[FFFFEEREER Ty dices and Parameters



nA
nTr
int nWf
int nNe
float Vtr
float Vwf
float Vne
int nD
range area
range tractor
range
range
range day
range time
int afarea]
int at[area]

int
int

nesha

//********** DeCiSiO

dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar int+
dvar int+
dvar int+
dvar int+
dvar int+

STa[area
STb[area];
FNa[area];
FNbJarea];
cmax;

e

=1..
=1..

workforce = 1..nWf}

=1..
=1.nD;
=1..8;

cee g

Variables
y[area][tractor]|[day][time];
x[area][workforce][day][time];
wlarea][nesha][day][time];
rp[area][area][tractor][day][time];
rs[area][area][nesha][day][time];
ga[area][day];
gb[area][day];
ha[area][day];
hb[area][day];
ka[area][day];
kb[area][day];
la[area][day];
Ib[area][day];

]

e L

9

[[FFFFIAAARE Time Restrictions
execute{
cplex.tilim=80;
cplex.epagap=0.001;
cplex.submipnodelim=600;
}
[[FFFFIAAARE Objective Function
minimize 0.9*cmax+0.1 *((sum(p in tractor,d in day,t in time:(t!=4 && t!=8),i in area,il in
area:il =)p[il[il [pI[d]t])
+(sum(s in nesha , d in day,t in time:(t'=4 && t!=8),i in area,il in

area:il I=i)rs[i][i1][s][d][t]));



[[RFFFARAEAE Constraints
subject to {
forall(il in area,p in tractor,d in day,t in time:t!=8)
sum(i in area:i!=il)y[i][p][d][t+1]<=1-y[il][p][d][t];
forall(il in area,j in workforce,d in day,t in time:t!=8)
sum(i in area:i!=i)x[i][j][d][t+1]<=1-x[11][j][d][t];
forall(il in area,s in nesha,d in day,t in time:t!=8)
sum(i in area:i!=11)wl[i][s][d][t+]1]<=1-w[il][s][d][t];
ﬁ***************************************************************
forall(i in area,il in area:i!=il,p in tractor,d in day,t in time:t!'=4 && t!=8){
YIP Iy P+ 1]>= 2*1p[il[i 1 [p][d]Ie];
YilIpIdIlel+yi TP+ 1 ]<=1+rp[il[i L 1[p[][t];}
ﬁ**************************************************************
forall(i in area,il in area:i!=il,s in nesha,d in day,t in time:t!=4 && t!=8){
wli][s][d][t] + wlil][s][d][t+1]>=2 * rs[1][il ][s][d][t];
wli][s][d][t] + wlil][s][d][t+1] <=1 + rs[i][i1][s][d][t];}
ﬁ**************************************************************
forall(il in area,i2 in area ,p in tractor,d in day,t in time)
if(i1==i2 || t==4 || t==8)rp[i [i2][p][d][t]==0 ;
forall(il in area,i2 in area,s in nesha,d in day,t in time)
if(i1==12 || t==4 || t==8)rs[i1][i2][s][d][t]==0;
ﬁ**************************************************************
forall(i in area)STa[i]<=FNali];
forall(i in area)STa[i]<=FNbli];
forall(i in area)STb[i]>=FNali]+1;
forall(i in area)STb[i]<=FNali]+at[i];
forall(i in area)STb[i]<=FNb[i];
forall(i in area)FNb[i]<=cmax;
ﬁ**************************************************************
forall(i in area)Vtr *( sum(p in tractor,d in day,t in time)y[i][p][d][t]}>=a[i];
forall(i in area)Vne *( sum(s in nesha,d in day,t in time)w[i][s][d][t])*VW{*( sum(j in
workforce,d in day,t in time)x[i][j][d][t])>=a][i];
ﬁ**************************************************************
forall(p in tractor,d in day,t in time)sum(i in area)y[i][p][d][t]<=1;
forall(s in nesha,d in day,t in time)sum(i in area)w[i][s][d][t]<=1;
forall(j in workforce,d in day, t in time)sum(i in area)x[i][j][d][t]<=1;
ﬁ***************************************************************
forall(il in area,j in workforce, d in day,t in 2..4)
sum(i in area:i!= i1)x[i][j][d][t] <=nA * (1-x[11][][d][1]) ;
forall(il in area,j in workforce,d in day,t in 6..8)
sum(i in area:i = il)x[i][j][d][t] <=nA * (1- x[i1][][d][5]) ;
ﬁ*****************************************************************

forall(i in area,j in workforce,d in day,t in time:(t!=4 && t!=8))
x[][1dI[t>= x [ d][t1];

ﬁ*****************************************************************

forall(i in area)sum(d in day)ga[i][d]==1;



forall(i in area)sum(d in day)gb[i][d]==

forall(i in area)sum(d in day)ha[i][d]==

forall(i in area)sum(d in day)hb[l][d]——l

ﬁ************************** sk sk sk sk skeoske sk sk skeosk skoske sk sk sk sk skeoskoskeoskeoske sk seoskosk skeoskeoskeoske skeoskoskokoskosk
forall(i in area,d1 in day:d1!=1)

(sum(p in tractor,d in day:d<dl,t in time)y[i][p][d][t])<=(nTr)*nD*8*(1-ga[i][d1]);
forall(i in area,d1 in day:d1!=nD)

(sum(p in tractor,d in day:d>d1,t in time)y[i][p][d][t])<=(nTr )*nD*8*(1-gb[i][d1]);
ﬁ**************************************************************
forall(i in area,d1 in day:d1!=1)

(sum(j in workforce,d in day:d<dl, t in time)x[i][j][d][t]+sum(s in nesha,d in day:d<d1,t
in time)w[i][s][d][t])<= (nNe+an)*nD*8*(1 -ha[i][d1]);
forall(i in area,d1 in day:d1!=nD)

(sum(j in workforce,d in day:d>d1, t in time)x[i][j][d][t]+sum(s in nesha,d in day:d>d1,t
in time)w[1][s][d][t])<=(nNe+tnWf)*nD*8*(1-hb[i][d1]);
ﬁ**************************************************************
forall(i in area,d in day){

(sum(p in tractor,t in time)y[i][p][d][t])>=ga[1][d];

(sum(p in tractor,t in time)y[i][p][d][t]>=gb[i][d];

(sum(s in nesha,t in time)w[i][s][d][t]+ sum(j in workforce,t in
time)x[i][j1[d][t])>=halil[d];

(sum(s in nesha,t in time)w[i][s][d][t]+ sum(j in workforce,t in
time)x[i][j][d][t])>=hblil[d];}
ﬁ**************************************************************
forall(i in area,d in day:d!=1){

ka[i][d-1]>=ka[i][d];

kbli][d-1]>=kb[i][d];

la[i][d-1]>=la[i][d];

Ib[i][d-1]>=Ib[i][d];}
ﬁ**************************************************************
forall(i in area,d1 in day){

forall(d in day:d<=d1)ka[i][d]>=ga[i][d1] ;

sum(d in day:d>d1)ka[i][d]<=nD*(1-ga[i][d1]);

forall(d in day:d<=d1)kbl[i][d][>=gb[i][d1];
sum(d in day:d>d1)kb[i][d]<=nD*(1-gbl[i][d1]);
forall(d in day:d<=d1)la[i][d]>=ha[i][d1];

sum(d in day:d>d1)la[i][d]<=nD*(1-ha[i][d1]);

forall(d in day:d<=d1)Ib[i][d]>=hb][i][d1];

sum(d in day:d>d1)Ib[i][d]<=nD*(1-hb[i][d1]);}

ﬁ**************************************************************

[a—
g

forall(i in area){

STa[i]==sum(d in day)kal[i][d];
FNa[i]==sum(d in day)kb[i][d];
STb[i]==sum(d in day)la[i][d];
FNbl[i]==sum(d in day)Ib[i][d];} }



¥ e oS Y-

nA =2;

nWf =8;

Vwfl =0.15;

Vw2  =0.25;

nD =30;

a =[44 62];

ata =[1010];

atb  =[1515];
[[FFFFIAAARE [ndices and Parameters
int nA =..;

int nWf =...;

float Vwfl =..;

float Vw2 =..;

int nD =..;

range area = l..nA;
range workforce = 1.nWf;
range day =1..nD;
range time =1..8;

int afarea]

int atafarea]
int atb[area]
[[¥FFFEREEEE Decision Variables

xa[area][workforce][day][time];
xb[area][workforce][day][time];

dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean
dvar boolean

dvarint+  STa[area

ey

ey

ey

ga[area][day];
gblarea][day];
ha[area][day];
hb[area][day];
ka[area][day];
kb[area][day];
la[area][day];
Ib[area][day];
]

9

9

dvarint+  STb[area];
dvarint+  FNa[area];
dvarint+  FNb[area];
dvarint+  cmax;
[[*FFFFREEEE Time Restrictions

execute{

cplex.tilim=80;
cplex.epagap=0.001;
cplex.submipnodelim=600;

}



[[FFFFIAAARE Objective Function
minimize cmax;

[[RFFRAREAE Constraints

subject to {

forall(i in area)STa[i] ;
forall(i in area)STa[i]<=FNbli];
forall(i in area)STb[i]>=FNali]+1;
forall(i in area)STb[i]<=FNali]+atb[i];
forall(i in area)STb[i]>=FNali]+ata[i];
forall(i in area)STb[i]<=FNb[i];

forall(i in area)FNb[i]<=cmax;
ﬁ**************************************************************
forall(i in area)Vwf1*( sum(j in workforce,d in day,t in time)xa[i][j][d][t])>=al[i];
forall(i in area)Vw{2*( sum(j in workforce,d in day,t in time)xb[i][j][d][t])>=a[i];

ﬁ**************************************************************

i]<=FNali];
1<

[
[

forall(j in workforce,d in day, t in time)sum(i in area)xa[i][j][d][t]<=1;
forall(j in workforce,d in day, t in time)sum(i in area)xb[i][j][d][t]<=1;
ﬁ***************************************************************
forall(il in area,j in workforce, d in day,t in 2..4)

sum(i in area:i!= il)xa[i][j][d][t] <=nA * (1-xa[il][F][d][1]) ;
forall(il in area,j in workforce,d in day,t in 6..8)

sum(i in area:i =il )xa[i][j][d][t] <= nA * (1- xa[il][J][d][5]) ;

forall(il in area,j in workforce, d in day,t in 2..4)

sum(i in area:i!=i1)xb[i][j][d][t] <= nA * (1-xb[il][j][d][1]) ;
forall(il in area,j in workforce,d in day,t in 6..8)

sum(i in area:i = il)xb[i][j][d][t] <= nA * (1- xb[il][j]1[d][5]) ;

ﬁ*****************************************************************

forall(i in area,j in workforce,d in day,t in time:(t!=4 && t!=8))

xa[i][jl[d][t]>= xa[i][j][d][t+1];
forall(i in area,j in workforce,d in day,t in time:(t!=4 && t!=8))

xb[i][jI[d][t]>= xb[i][j][d][t+1];
ﬁ*****************************************************************
forall(i in area)sum(d in day)ga[i][d]==1;
forall(i in area)sum(d in day)gb[i][d]==1;
forall(i in area)sum(d in day)ha[i][d]==1;
forall(i in area)sum(d in day)hb[i][d]==1;
ﬁ**************************************************************
forall(i in area,d1 in day:d1!=1)

(sum(j in workforce,d in day:d<d1,t in time)xa[i][j][d][t])<=(nW{)*nD*8*(1-ga[i][d1]);
forall(i in area,d1 in day:d1!=nD)

(sum(j in workforce,d in day:d>d1,t in time)xa[i][j][d][t])<=(nW{ )*nD*8*(1-gb[i][d1]);
ﬁ**************************************************************
forall(i in area,d1 in day:d1!=1)

(sum(j in workforce,d in day:d<dl, t in time)xb[i][j][d][t])<=(nW{)*nD*8*(1-ha[i][d1]);



forall(i in area,d1 in day:d1!=nD)

(sum(j in workforce,d in day:d>d1, t in time)xb[i][j][d][t]) <=(nW{)*nD*8*(1
ﬁ**************************************************************
forall(i in area,d in day){

(sum(j in workforce,t in time)xa[i][j][d][t])>=ga[i][d];

(sum(j in workforce,t in time)xa[i][j][d][t])>=gbl[i][d];

(sum(j in workforce,t in time)xb[i][j][d][t])>=ha[i][d];

(sum(j in workforce,t in time)xb[i][j][d][t])>=hb[i][d];}
ﬁ**************************************************************
forall(i in area,d in day:d!=1){

ka[i][d-1]>=kal[i][d];

kb[i][d-1]>=kb[i][d];

la[i][d-1]>=la[i][d];

Ib[i][d-1]>=Ib[i][d];}

ﬁ**************************************************************

5

forall(i in area,d1 in day){
forall(d in day:d<=d1)ka[i][d]>=ga[i][d1] ;
sum(d in day:d>d1)ka[i][d]<=nD*(1-ga[i][d1]);
forall(d in day:d<=d1)kbl[i][d][>=gb[i][d1];
sum(d in day:d>d1)kb[i][d]<=nD*(1-gbl[i][d1]);
forall(d in day:d<=d1)la[i][d]>=ha]i][d1];
sum(d in day:d>d1)la[i][d]<=nD*(1-ha[i][d1]);
forall(d in day:d<=d1)Ib[i][d]>=hb][i][d1];
sum(d in day:d>d1)Ib[i][d]<=nD*(1-hb[i][d1]);}

ﬁ**************************************************************

forall(i in area){

STa[i]==sum(d in day)kal[i][d];

FNa[i]==sum(d in day)kb[i][d];

STb[i]==sum(d in day)la[i][d];

FNbl[i]==sum(d in day)Ib[i][d];} }

MODEL:

DATA:

A=2;

T=18;

ENDDATA

SETS:

area/l..A/;

time/1.. T/;
sdlink(area):v,bo,d,h,vol;
hhlink(area,time):z,e.f,ff,tt,dd,ab,ll,g1,22,23;
ENDSETS

-hb[i][d1]);

F Joe aS -0

min=0.99*@sum(area(i):(@sum(time(t):z(i,t))))+0.01 *@sum(area(i):(@sum(time(t):11(i,t))

));



......................................................................................................................................

@for(area(1):@for(time(t):f(1,1)=(bo(i)+ab(i,1)-tt(1,1))));

@for(area(i): @for(time(t)t#GE#2# AND# t#LE#d(1):f(i,t)=(ff(i,(t-1))+ab(i,t)-tt(i,t))));
@for(area(i):@for(time(t)t#GE#d(1)+1:(i,t)=ab(i,t)-tt(i,t+(ff(i,(t-1))) *(1-z(i,(t-
(W) +D)))HV() 2 (3 (i) 1))));
@for(area(i):@for(time(t):f(i,t)>v(i)-1000*(1-g3(i,1))));

@for(area(i): @for(time(t):f(i,t)<=v(1)+1000*(1-g2(i,t))));
@for(area(i):@for(time(t):f(i,t)>=-1000*(1-g2(i,t))));
@for(area(i):@for(time(t):f(i,t)<+1000*(1-g1(i,t))));

@for(area(1):@for(time(t): gl (1,t)+g2(1,t)+g3(1,t)=1));
@for(area(i):@for(time(t):ff(i,t)=g2(i,t)*f(i,t)+g3 1L,Y*v(1)));

......................................................................................................................................

.......................................................................................................................................

@for(area(l) @for(time(t)|t #GE#(d(1)):f1(i,t) >=vol(i)-1000*z(i,t-h(i))-(1000*e(i, t))))
@for(area(i):@for(time(t)[t #GE#(d(1)):ff(i,t)-1000*e(i,t) <vol(i)+1000*(1-z(i,t-h(1)))));
@for(area(i):@for(time(t)|t #GE#(d(1)):z(i,t-h(1))=@if(ff(i,H) #EQ#vol(1),0,z(i,t-h(1)))));
@for(area(i):@for(time(t): z(i,t)*(@sum(time(p) | p #GE# t # AND # p #LE#
t+(h()):(dd(i,p)-1))) = 0));
@for(area(i):@for(time(t):11(i,t)>=dd(i,t)));
@for(area(1):@for(time(t):@bin(gl(i,t))));
@for(area(1):@for(time(t): @bin(g2(i,t))));
@for(area(i): @for(time(t): @bin(g3(i,t))));
@for(area(1):@for(time(t):@bin(z(i,t))));
@for(area(i):@for(time(t): @bin(dd(i,t))));
@for(area(i):@for(time(t): @free(ft(i,t))));
@for(area(i): @for(time(t): @free(f(i,t))));
DATA:
h =12;
d =24,
v =5050;
bo =0 0;
vol=20 20;
tt =77777777777777777
77777777777777777;
ab=21343200000000000
2134320000000000 0;
e=00000000000000000
0000000000000000 O0;
ENDDATA
END
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