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Sets

Ji X [j1%]100
Kk y /k1*k20

/i cons /i1*i50

Parameters
'c(j)'nominal
f(k)

rQ)

‘a(i,j) 'nominal
d(i,k)

b(i)

h(k)

'e 'nominal

;(10,20)c(j) = uniform

;0,50r(j) = uniform

:(700,1000)f(K)

;2,8)a(i,j) = uniform
;(300,500)d(i,k) = uniform
-(1500,2500)b (i)

;1,3)h(k) = uniform
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Parameters
PR_C(j)
PR_a(i,j)
PR e

2

:PR_C(j) = 0.30
:PR_a(i,j) = 0.50
:PR_e = 0.60

Scalars
Gamma_o
Gamma_cl

Gamma_c2

3

;Gamma_o = sqrt(card(j))
;Gamma_c1 = sqrt(card(i)*card(j))

;Gamma_c2 =1

Positive Variables
()]

2
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Binary Variables
y(k)

2

Free Variables
"Z1 "min

"Z2 "max

Equations
obj1

obj2

obj RC
consl
consl RC
cons2

cons_add

2

Positive variables
p_o())
g_o

p_c1(iJj)
;0_¢1(i)

3

WWW.optimyar.com
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minse

; objl..  Z1=g= sum(j,c(j))*x(j)) + sum(k,f(k)*y(k)) + sum(j,p_o(j) ) + Gamma_o*qg_o

;0bj_RC(j).. p_o(j) + g_o =g= x(1)*c(i)*PR_c(j)

maxsi

;0bj2..  Z2 =e= sum(j,r(j)*x())

;consl(i)..  sum(j,a(i,j)*x@)) + sum(k,d(i,k)*y(Kk)) - (sum(j,p_c1(i,j) ) + Gamma_cl*q_c1(i) ) =g= b(i)

- cons_add(i).. sum(j,a(i,j)*(1-PR_a(i,j))*x(j)) =I= b(i)

;consl RC(i,j).. p_c(i,j) + g_cl(i) =g= x(j)*a(i,j)* PR_a(i,j)

; cons2.. sum(k,h(k)*y(k)) =I= e - Gamma_c2*e*PR_e

Model BS_RC
/

obj1

obj2

obj_RC

consl

consl RC
cons2

cons_add

/
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Options

MIP = CPLEX
OPTCR =0
RESLIM =100

; Solve BS_RC us MIP min Z1
Display

"Focus on min Z1"

z1.1

z2.1

X

y.l

; Solve BS_RC us MIP max Z2
Display

"Focus on max Z2"

z1.1

z2.1

x.

y.l

3
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*hkkhkkhkkhkhkhkhkkkhkkikkhkhhkkhkkiikkhkkhhkkiiikkkkikx

Fxx*xx** The Best Payoff Matrix
ek ek e ek e ek e ek ok
Set Objs

/

ofl

of?2

Alias(Objs,of)

’

Parameter
Payoff(of,of)
Max_o(of)
Min_o(of)
R_o(of)

*khkkkhkhkhkkkhkhkikiikhkkhiikx P ro b I em FO rmu I at I 0 n/M Odel I ng *hhkkhkhkhkhkkkhkhkhhkhkhkkhkhiikhhhhkhiiihix

Sets

j x /j1*j100/
k 'y /k1*k20/
i cons /i1*i50/
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Parameters
c(j)'nominal’
f(k)

r@)

a(i,j) 'nominal’
d(i,k)

b(i)

h(k)

e 'nominal’

c(j) = uniform(10,20);

r() = uniform(0,50);

f(k) = uniform(700,1000);
a(i,j) =uniform(2,8);

d(i,k) = uniform(300,500);
b(i) = uniform(1500,2500);
h(k) = uniform(1,3);

e =10;

Parameters
PR_C(j)
PR_a(i,j)
PR e

PR_C(j) = 0.30;

PR_a(i,j) = 0.50;

WWW.optimyar.com
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PR_e = 0.60;

Scalars
Gamma_o
Gamma_cl

Gamma_c2

Gamma_o = sqrt(card(j));
Gamma_c1 = sqrt(card(i)*card(j));

Gamma_c2 =1;

Positive Variables
X))

Binary Variables
y(K)

Free Variables
Z1 "min"

Z2 "max"
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Equations
obj1

obj2

obj RC
consl
consl RC
cons2

cons_add

Positive variables
p_o(j)
q_o

p_c1(i,j)
q_c1(i);

*min

objl.. Z1=g= sum(j,c(j)*x()) + sum(k,f(k)*y(k)) + sum(j,p_o(j) ) + Gamma_o*q_o ;

obj_RC(j).. p_o(j) +0_0 =g= x(j)*c(i)*PR_c();

*max

obj2.. Z2=e= sum(j,r(j)*x());
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consl(i).. sum(j,a(i,j)*x(j)) + sum(k,d(i,k)*y(k)) - (sum(j,p_c1(i,j) ) + Gamma_cl*q_c1(i) ) =g= b(i) ;

cons_add(i).. sum(j,a(i,j)*(L-PR_a(i,j))*x()) =I= b(i) :

consl RC(i,j).. p_c1(i,j) + g_cl(i) =g= x(j)*a(i,j)* PR_a(i,j);

cons2.. sum(k,h(k)*y(k)) =I=e - Gamma_c2*e*PR_¢ ;

Model BS_RC
/

obj1

obj2

obj RC

consl

consl RC
cons2
cons_add

/

Options

MIP = CPLEX
OPTCR =0
RESLIM =100
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*hkkkhkhkkkkhkkkhkhkkhkkhkhkkhhhkkhkhkhkhihkkhiiikkx Find the "Payoff" matriX***********************

Solve BS RC us MIP min Z1;
Payoff('ofl','of1") = Z1.1;

Solve BS RC us MIP max Z2 ;
Payoff(‘'of2','of2") = Z2.1;

Z2 fx=Payoff('of2','0f2");

Solve BS RC us MIP min Z1;
Payoff('ofl','of2") = Z1.I;
Z2.lo=-inf ;

Z2.up=inf;

Z1.fx=Payoff('ofl','of1");

Solve BS RC us MIP max Z2 ;
Payoff('of2','ofl") = Z2.1;
Zl1.lo=-inf;

Z1.up=inf ;

nnnnnn * Kk KKK Min Max Range

Min_o(of)= smin[objs,payoff(of,objs)];
Max_o(of)= smax[objs,payoff(of,objs)];
R_o(of)= Max_o(of) - Min_o(of) ;

*hkhkkhkhhkhkhkkkhhhhkkhhkhhhkhkhkhhkhhhkhkhkhrhhkrhkhihrrhkhhkhrhkirhhhkhihhhiiiiixdx
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Display
Payoff

Min_o

AV

OptimYar
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Robust TH

* MODM Method (TH) A. Papi

* Trading-off between Compensatory (Norm 1) and Non-compensatory Solutions (Norm inf)

*hkkkhkhkkkkkiiikkkhkkhk P ro b I em FO rmu I at | 0 n/M Odel I ng *hkkkhkhhhkhkkkkhkhhkhkhkkhkhhikhkkhkkhkhiihkkikx

Sets

j x /j1*j100/
k 'y /k1*k20/
i cons /i1*i50/

Parameters
c(j)'nominal’
f(k)

r@)

a(i,j) 'mominal’
d(i,k)

b(i)

h(k)

e 'nominal’

c(j) = uniform(10,20);
rG) = uniform(0,50);
f(k) = uniform(700,1000);
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a(i,j) = uniform(2,8);

d(i,k) = uniform(300,500);
b(i) = uniform(1500,2500);
h(k) = uniform(1,3);

e =10;

Parameters
PR_C(j)
PR_a(i,j)
PR e

’

PR_C(j) = 0.30;
PR_a(i,j) = 0.50;
PR_e = 0.60;

Scalars
Gamma_o
Gamma_cl

Gamma_c2

Gamma_o = sqrt(card(j));

Gamma_c1 = sqrt(card(i)*card(j));

Gamma_c2 =1;

WWW.optimyar.com
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Positive Variables
(),

Binary Variables
y(k)

Free Variables
Z1 "min"

Z2 "max"

Equations
obj1

obj2

obj RC
consl
consl RC
cons2

cons_add

Positive variables
p_o(j)
g_o

WWW.optimyar.com
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p_c1(i,j)
q_c1(i);

*min

objl.. Z1=g= sum(j,c(j)*x(j)) + sum(k,f(k)*y(k)) + sum(j,p_o(j) ) + Gamma_o*q_o0 ;

obj_RC().. p_o() + q_0=g= x(j)*c(j)*PR_c(j);

*max

obj2.. Z2=e= sum(j,r(j)*x(j));

consl1(i).. sum(j,a(i,j)*x(j)) + sum(k,d(i,k)*y(k)) - (sum(j,p_c1(i,j) ) + Gamma_cl*qg_c1(i) ) =g= b(i) ;

cons_add(i).. sum(j,a(i,j)*(1-PR_a(i,j))*x(j)) =I=b(i) ;

consl_RC(i,j).. p_c1(i,j) + q_c1(i) =g= x(j)*a(i,j)* PR_a(i,j);

cons2.. sum(k,h(k)*y(k)) =I=e - Gamma_c2*e*PR_¢ ;

Model BS_RC
/
obj1
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obj2
obj_RC
consl
consl _RC
cons2
cons_add

/

Options

MIP = CPLEX
OPTCR =0
RESLIM =100

*hAhkAkhkhkhkhkhrhhkhkhkhhiikhhhkikiiihhkiixkx

FxFHAx* The Best Payoff Matrix
ek ok ok ok ek ko ok Ak
Set Objs

/

ofl

of2

Alias(Objs,of)

Parameter

Payoff(of,of)

WWW.optimyar.com
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Max_o(of)
Min_o(of)
R_o(of)

*hkhkkhkkikhkhkhkkkhkkikikhkhkhkkhkkiikhkkhhkkhkkiikhkkikikikx Find the "Payoff" matriX***********************

Solve BS_RC us MIP min Z1 ;
Payoff('ofl','of1") = Z1.1;

Solve BS RC us MIP max Z2 ;
Payoff('of2','0f2") = Z2.1;

Z2.fx=Payoff('of2','0f2");

Solve BS RC us MIP min Z1;
Payoff('ofl','of2") = Z1.1;
Z2.lo=-inf ;

Z2.up=inf;

Z1.fx=Payoff('ofl','of1";

Solve BS_RC us MIP max Z2 ;
Payoff('of2','of1") = Z2.1;
Z1.lo=-inf;

Z1.up=inf ;

*hkkkhkhhkkkhkhkkhkhkikkkhhkhhhkhkhkhhkhihkhkhihhkikhkhiiikiikihikx M | n M ax Range
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Min_o(of)= smin[objs,payoff(of,objs)];
Max_o(of)= smax[objs,payoff(of,objs)];
R_o(of)= Max_o(of) - Min_o(of) ;

*hkkkhkhkkhkkkhkhkhkhkkhhkkhkhhkhkhhhkkhhhkhkhhhhkikhhhrikhkhkhhhhkihhhkhhihhkhhiiiidx

Display
Payoff
Min_o
Max_o

R 0

B L R R L L R e R R e S R R R R R S R R R R

** TH Method

Positive Variable
N1
N2

Equations
Norm_ofl 'min : the least is the best'

Norm_of2 'max : the least is the best'

Norm_of1l.. N1 =e= [Z1 - min_o('of1)]/R_o(‘of1");
Norm_of2.. N2 =e= [max_o('0f2") - Z2]/R_o('0f2");
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Positive Variable
Lpl
Lpinf

Equations
E_Lpl

E Lpinf ofl
E Lpinf of2

E Lpl.. Lpl =e= [N1+N2]/2;
E Lpinf ofl.. Lpinf=g= N1,
E Lpinf of2.. Lpinf=g= N2;

*hkkkhkkkhkkkikk TH Measure
Equations
Me_TH

Free Variable Z TH 'min'
Scalars

w1 /0.999/

w2 /0.001/

1
Me TH . Z_TH =e= wl*Lpl + w2*Lpinf;


http://www.optimyar.com/

WWW.optimyar.com

Model Robust_ TH
/

BS_RC

Norm_ofl
Norm_of2

E_Lpl

E Lpinf ofl
E_Lpinf_of2
Me_TH

/

Solve Robust_TH us MIP min Z_TH,;

*hkkkhkkkhkkkikk Final ResuIt/Output**************************************************
Display

z1.1

z2.1

N1l

N2.1

Lpl.l

Lpinf.l

X.|

y.
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* MODM Method (TH) A. Papi

* Trading-off between Compensatory (Norm 1) and Non-compensatory Solutions (Norm inf)

*hkkkhkhkkkkkiiikkkhkkhk Probl em Formu I atl 0 n/M Ode I | ng *hkkkhkhkkkkkhkhhkhkhkhkhhkhkkhkhkiihkkhkikx

Sets

j x /j1*j100/
k 'y /k1*k20/
i cons /i1*i50/

Parameters
c(j)'nominal’
f(k)

r@)

a(i,j) 'mominal’
d(i,k)

b(i)

h(k)

e 'nominal’

c(j) =uniform(10,20);
rg) = uniform(0,50);
f(k) = uniform(700,1000);
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a(i,j) = uniform(2,8);

d(i,k) = uniform(300,500);
b(i) = uniform(1500,2500);
h(k) = uniform(1,3);

e =10;

Parameters
PR_C(j)
PR_a(i,j)
PR e

’

PR_C(j) = 0.30;
PR_a(i,j) = 0.50;
PR_e = 0.60;

Scalars
Gamma_o
Gamma_cl

Gamma_c2

Gamma_o = sqgrt(card(j));

Gamma_c1 = sqrt(card(i)*card(j));

Gamma_c2 =1;

WWW.optimyar.com
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Positive Variables
(),

Binary Variables
y(k)

Free Variables
Z1 "min"

Z2 "max"

Equations
obj1

obj2

obj RC
consl
consl RC
cons2

cons_add

Positive variables
p_o(j)
g_o

WWW.optimyar.com
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p_c1(i,j)
q_c1(i);

*min

objl.. Z1=g= sum(j,c(j)*x(j)) + sum(k,f(k)*y(k)) + sum(j,p_o(j) ) + Gamma_o*q_o0 ;

obj_RC().. p_o() + q_0=g= x(j)*c(j)*PR_c(j);

*max

obj2.. Z2=e= sum(j,r(j)*x(j));

consl1(i).. sum(j,a(i,j)*x(j)) + sum(k,d(i,K)*y(k)) - (sum(j,p_c1(i,j) ) + Gamma_cl*qg_c1(i) ) =g= b(i) ;

cons_add(i).. sum(j,a(i,j)*(1-PR_a(i,j))*x(j)) =I=b(i) ;

consl_RC(i,j).. p_c1(i,j) + q_c1(i) =g= x(j)*a(i,j)* PR_a(i,j);

cons2.. sum(k,h(k)*y(k)) =I=e - Gamma_c2*e*PR_¢ ;

Model BS_RC
/
obj1
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obj2
obj_RC
consl
consl _RC
cons2
cons_add

/

Options

MIP = CPLEX
OPTCR =0
RESLIM =100

*hAhkAkhkhkhkhkhrhhkhkhkhhiikhhhkikiiihhkiixkx

FxFHAx* The Best Payoff Matrix
ek ok ok ok ek ko ok Ak
Set Objs

/

ofl

of2

Alias(Objs,of)

Set Iter /iter1*iters/

WWW.optimyar.com
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Parameter
Payoff(of,of,iter)
Max_o(ofiter)
Min_o(of,iter)
R_o(of,iter)

*hkkkhkhkkhkkkhkhkkhkkhhkhhhkkhhhhhhkkhhiikkx Find the "Payoff" matriX***********************

Parameter
teta(iter)

/

iterl -0.2
iter2 -0.1
iter3 0.1

iter4 0.2

iter5 0.3

/

Parameter

f_SA(K,iter);

f_SA(K,iter)=(1+teta(iter))*f(k);

Loop(iter,

f(k)=f_SA(k,iter);
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Solve BS RC us MIP min Z1;
Payoff('ofl','of1'iter) = Z1.1;

Solve BS_RC us MIP max Z2 ;
Payoff('of2','of2'iter) = Z2.1;

Z2 fx=Payoff('of2','o0f2',iter);
Solve BS_RC us MIP min Z1 ;
Payoff('ofl','of2'iter) = Z1.1;
Z2.lo=-inf;

Z2.up=inf;

Z1.fx=Payoff('ofl','of1' iter);
Solve BS_RC us MIP max Z2 ;
Payoff('of2','of1',iter) = Z2.1;
Z1.lo=-inf;

Z1.up=inf ;

WWW.optimyar.com

*hkkkhkhhkkkhkhkkhkhkikkkhkhkhhhkhkhkhhkhhhhkkhkhihhkikhkhiiiikkiikx M i n M ax Ran ge

Min_o(of,iter)= smin[objs,payoff(of,objs,iter)];

Max_o(of,iter)= smax[objs,payoff(of,objs,iter)];

R_o(of,iter)= Max_o(of,iter) - Min_o(of,iter) ;
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Display
Payoff
Min_o
Max_o

R o

*hkkkkhkhkkhkkkhkhkikhkkhhkkhkhhkhkhkkhhkhhhkhkhkhhhkikhkkhhrihkhkhhhhkhhkhkhkhihhkhkhiiidxkx

** TH Method

Parameters
min_o_iter(of)
max_o_iter(of)

R_o_iter(of)

Positive Variable
N1
N2

Equations
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Norm_ofl 'min : the least is the best'

Norm_of2 'max : the least is the best'

Norm_ofl.. N1 =e= [Z1 - min_o_iter('of1")]/R_o_iter('ofl";
Norm_of2.. N2 =e= [max_o_iter('of2') - Z2]/R_o_iter('of2');

Positive Variable
Lpl
Lpinf

Equations
E_Lpl
E_Lpinf_ofl
E_Lpinf_of2

E_Lpl.. Lpl =e= [N1+N2]/2;
E_Lpinf_ofl.. Lpinf=g= N1,
E Lpinf of2.. Lpinf=g= N2;

Fhkkkkkrrkx TH Measure
Equations
Me TH

Free Variable Z_TH 'min’
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Scalars
w1 /0.999/

w2 /0.001/

WWW.optimyar.com

Me TH . Z_TH =e= wl*Lpl + w2*Lpinf;

Model Robust TH
/

BS RC

Norm_ofl
Norm_of2

E Lpl
E_Lpinf_ofl

E Lpinf of2

Me TH

/

Loop(iter,
min_o_iter(of)=min_o(of,iter);
max_o_iter(of)=max_o(of,iter);

R_o_iter(of)=R_o(of,iter);

Solve Robust_ TH us MIP min Z_TH,;
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*kkkkhkkikkkkk F i n al R esu I t/o utp ut**************************************************

Display
'iter’
iter

z1.1

z2.1
N1
N2.1
Lpl.l
Lpinf.l
X.|

y.
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