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1.

NUOPT

NUOPT

1.1 NUOPT
NUCPT

+ S| VPLE
* NUCPT
NUOPT

1.2 NUOPT

NUOPT
w ndows

GUl

1.3 NUOPT

1 SIMLE
2
3
Qul
2,3
wi ndows

2,3

UNI X/ Li nux

pr onpt % nknuopt - ST

.exe [

pronpt %

nknuopt

nknuopt . bat
i . exe
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UNI X/ Li nux
pr onpt % nknuopt . CC
pronpt % ./ [
3
au
S| MPLE
A 4
S| MPLE

nknuopt




SIMPLE

2. SIMPLE
SI MPLE
SI MPLE
SI MPLE
Ct+
Ct+
S| MPLE Ct+
Ct+

S| MPLE

Ct+

Ct+

S| MPLE

S| MPLE

11
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3. SIMPLE
3.1
3.1.1

S| MPLE

X +y <=1,

X +y <=1

3.1.2

X+y<=3;

X +y <=3

Vari abl e x;
Paraneter a;

Vari abl e x;

Paraneter a;

Vari able x;

X +y <=3
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Var i

abl e x;

3.1.3

S| MPLE

Vari abl e x;
Paraneter a;

Paraneter a;
Vari abl e x;

oj ective f;
f = x;
Vari abl e x;

3.1.4

S| MPLE Vari abl e, Paraneter

C++ cl ass, enum

I nt eger Vari abl e enum

Par aneter Vari abl e;

3.1.5 name
a NUOPT nane
¥ " <>

NUCPT
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3.2 windows UNIX/ZLinux
S| MPLE w ndows UNI X/ Li nux
3.2.1
W ndows .smp  UNI X/ Li nux . CC
3.2.2 UNIX/Linux
UNI X/ Li nux uf un voi d
uf un
sinmple.h
#i ncl ude "si npl e. h"
voi d ufun(){
/1
}
w ndows UNI X/ Li nux
X+y
X+2y=2
x>0, y>0
w ndows

Vari abl e x;
Vari abl e v;

f=x+y;
X + 2y == 2;
X >= 0;
y >= 0;

oj ective f(type=ninimze);

UNI X/ Li nux
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#i ncl ude "si npl e. h"
voi d ufun(){
Vari abl e x;
Vari abl e v;
oj ective f(type=ninimze);
f=x+y;
X + 2y == 2
X >= 0;
y

>= 0;

w ndows uf un

3.2.3 /
type=mni n ze
type= W ndows

UNI X/ Li nux

w ndows

t ype=maxi ni ze

UNI X/ Li nux

Vari abl e x;
Vari abl e v;
oj ective f;
f=x+y;

3.2.4 name

w ndows
nane

nane

nane

nane

UNI X/ Li nux
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S| MPLE

SIMPLE

Vari abl e

oj ective

Constrai nt

Par amet er

I nt eger Vari abl e

sum prod

2

I1

Expr essi on

SynmetricMatri x

El enent

Set

O der edSet

Sequence

i felse

exp, sin, cos, log ..

rcpsp

wesp

SIMPLE

Di screteVari abl e
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alldiff

sel ection

har dConstr ai nt

seni Har dConst r ai nt

sof t Constrai nt

Bool ean

0-1

rcpsp

SIMPLE

Activity

Resour ceRequire

Resour ceCapacity

nodeOr der

fixActivity

unfi xActivity

Gant t

RcpspSt at us

SIMPLE

Graph

Variable

Vari abl e

Vari abl e x;
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Set El enent
3 y[1].y[2],y[3]
Set S
S="12 3";
El ement i (set=S);
Variabl e y(index=i);
= X 3
X = 3
y[ 1], y[2],y[3] 5
yli]l =5;
4.2 Objective
oj ective
2X + 3y
oj ective f(type=ninimze);
f = 2*x + 3*y;
oj ective 2*x + 3*y (type=minim ze);
ohjective f = 2*x + 3*y (type=m ni mze);

type=mni ni ze t ype=maxi ni ze

type=
UNI X/ Li nux

w ndows




oj ective f(index=i,

fLi]

= 2*x[i] + 3*y[il;

type=ni ni m ze);

4.3 Constraint

Constr ai nt

Constraint co;

co = x - 2*y <= 0;

X - 2%y <0

X1_2y1SO,

Set
X2 - 2y2 S 01

El enent

X3_2y3SO

Set S

S="12 3";

El emrent i(set=S);
x[i] - 2*y[i] <= 0;
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Set S

S="12 3"

El ement i (set=S);
Constraint co(index=i);

coli] =x[i] - 2*y[i] <= 0;

X +yl=-1;
wesp
10 SDP | sdp, csdp, qnsdp
X
SymetricMatrix X((i,j));
X >= 0;
>= 0 0
X 2 X —2E>0
X >= 2;
>=
X <= 0;

SymetricMatrix X((i,j));
SymetricMatrix Y((i,j));
X >=Y,;

X[n] >= 0;

SymmetricMatrix X(index=n, (i,j)):

4.4 Parameter

Par amet er
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Paraneter a;

Set El enent
3 b[ 1], b[ 2], b[ 3]
Set S
S="12 3",
El enent i(set=S);
Par anet er b(i ndex=i);
6 c[1,p],c[1,a]l,c[2 p],.c[2q],c[3,p],c[3,d]
Set S
Set T;
S="12 3",
T="pq";

El enent i(set=S);
El enent j (set=T);
Par amet er c(index=(i,j));

= 0
a 3

a =3
b[ 1], b[ 2], b[ 3] 5

b[i] =5

b[1] = 5;

b[2] = 5;

b[3] = 5;

c[1,p],c[L,a],c[2,p],c[2,q],c[3,p],c[3,q] 6
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cli,j] = 6;
c["1,p"] = 6;
c["1.9"] = 6;
c["2,p"] = 6;
c["2,9"] = 6;
c["3,p"] = 6;
c["3.9"] = 6;
Par amet er nanme
a 3 f 0o. dat
Par anet er a(name="cost");
f 00. dat
cost = 3;
nanme
w ndows nanme
Paraneter a;
Par anet er a(nane="a");
UNI X/ Li nux w ndows nanme
Par amet er nanme
b[ 1], b[ 2], b[ 3] 5 f 00. dat

Par amet er b(nanme="b");

f 00. dat
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b=1[1] 5[2] 5[3] 5

c[1,p].cl[1,0],c[2 p].c[2 q].c[3, p].c[3, 0] 6
f 0o. dat
Par anet er c(nanme="c");
f 0o. dat
c =[1p] 6[1,q] 6
[2,p] 6[2,q] 6
[3,p] 6[3,0] 6;
8
4.5 IntegervVariable
I nt eger Vari abl e X
I nt eger Vari abl e x;
Set El enent
3 y[1]l,y[2],y[3]
Set S
S="12 3"
El ement i (set=S)
I nt eger Vari abl e y(index=i);
0-1 t ype=bi nary

I nt eger Vari abl e z(type=bi nary);
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I nt eger Vari abl e z(type=bi nary, index=i);

I nt eger Vari abl e z(index=i, type=binary);

4.6 sum, prod

2: I]: S| MPLE sum

prod

Set S

S="12 3"

El ement i (set=S)
Variabl e x(index=i);
sum(x[i],i) == 10;

sum

Set S

S="12 3"

El ement i (set=S)
Variabl e x(index=i);

x[1] + x[2] + x[3] == 10;

rixi:ZO
i=1

Set S

S="12 3"

El ement i (set=S)
Variabl e x(index=i);
prod(x[i],i) == 20;

prod




Set S

S="12 3";

El ement i (set=S)
Variabl e x(index=i);
X[ 1] *x[ 2] *x[ 3] == 20;

Set S="12 3";
Set T="12";

El ement i (set=S)
El ement j (set=T);

Variabl e y(index=(i,j)):
Par amet er a(i ndex=i);
Par anet er b(index=j);

sun(ali]*b[j]*y[i,j],(i,j)) == 10

Set S="12 3";
Set T="12";

El ement i (set=S)
El ement j (set=T);

Variabl e y(index=(i,j)):
Par amet er a(i ndex=i);
Par anet er b(index=j);

sun(sun(ali]*b[j]*y[i,j].,j),i) == 10;
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Set S

S="123 45"

El ement i (set=S);
Variabl e x(index=i);
sun(x[i], (i,i>=3)) == 10;

> x =10 > x =20

ieT igT

Set S="pqgr s";

Set T(super Set=S);
T="pr";

El ement i (set=S);
Variabl e x(index=i);
sun(x[i], (i,i<T)) == 10;
sun(x[i], (i,i>T)) == 20;

4.7 SymmetricMatrix

SynmetricMatri x

X = X+3 4y+15z
- 4y +1.5z 2x+10y

Set S="1 2",

El ement i(set=S),]j(set=S);
Variable x,vy, z;
SymmetricMatrix X((i,j));
X["1,1"] = x+3;

X["1,2"] 4*y+1, 5% z;
X["2,2"] 2*x+10%y;

[1,2] [2,1]



X["1,1"] = x+3;

X["1,2"] 1.5%y+4*z; [/ [2,1]
X["2,1"] = 4*y+1.5%z;

X["2,2"] = 2*x+y,

X = X+3 4y+1.5z
_4y+1.52 2X+Y

Variablex,y, z Par anet er

Set S="1 2",

Set T="1 2 3";

El ement i(set=S),]j(set=S);
El ement k(set=T);

Vari abl e x(i ndex=k);

Par amet er a(i ndex=(k,i,j));
Par aneter b(index=(i,j));
SymmetricMatrix X((i,j));
/1
"1,1,1"]
"1,2,2"]
"2,1,2"]
"2,2,2"]
"3,1,2"]
1"] = 3

X[(i,j] = sunmafk,i,jl*x[k],k) + b[i, j],i <=j;

TRNTIT
R DbMR

5;
10;

2
P W NN PR

w

[ x+3 4x, +10x,
| 4x,+10x, 2x +1.5x,

>= 0 X
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SymetricMatrix X((i,j));
X >= 0;

X —-2E>0

X >= 2;

SymetricMatrix X((i,j));
SymetricMatrix Y((i,j));
X >=Y,;

Set S="1 2",

El ement i(set=S),]j(set=S);

Set N="1..10";

El ement n(index=N);
SynmetricMatrix X(index=n, (i,j));

(i)

n i ndex=

i ndex=

SymmetricMatrix X(index=n, (i,j));
X[n] >= 0;

Paraneter a, b
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Set ST,

El ement i(set=S),]j(set=S);

El ement k(set=T);

Vari abl e x(i ndex=k);

Set A(di me3, superSet=(T,S,9));
Set B(di nme2, superSet=(S, 9));

Par amet er a(nanme="a", index=A);
Par amet er b(nanme="b", index=B);
A=A]| "1"*B;

B = Aslice(2,3);

S =Aslice(l);

T =Aslice(2) | Aslice(3);

SymetricMatrix X((i,j));
X[l

= sun(alk, i,j]*x[k], (k, (k,i,j)<A)) + bli,j],(i,])<B;

Paraneter a, b

N

N

~
o N W e

[1,1] 10
[1,2] 4
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X, +10 4
X= 4 2x, +0.5%, 3x,
3X, 5X,
A
{(1,1,1),(1,2,3),(2,2,2),(3,2,2),(3,3,3)}
B

{(1,1),(1,2)}

A=A] "1"*B;
B = Aslice(2,3);

A
{(1,1,1),(1,1,2),(1,2,3),(2,2,2),(3,2,2),(3,3,3) }

B
{(1,1).(1,2),(2,2),(2,3),(3,3)}

slice()
A B
|Al =6, |Bl =5
|A =27, |B =9

4.8 Expression

Expr essi on
2x + 3y

Expressi on g;
g = 2*x + 3*y;

Expression g = 2*x + 3*y;

Set El enent

3 g[1],9[2],9[3]
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Set S

S="12 3";

El ement i (set=S);
Expressi on g(index=i);
gli] = 2*x[i] + 3*y[i];

Expr essi on

Expr essi on Expr essi on

Expr essi on

4.9 Element
El ement X i
Set Vari abl e Const rai nt
Par anet er I nt eger Vari abl e Expr essi on
set s
3 yl1l,y[2],y[3] 3 b[ 1], b[2], b[ 3]
Set S
S="12 3"

El enent i(set=S);
Vari abl e y(index=i);
Par amet er b(i ndex=i);

i ndex El enent El enent Set

Set S

S="12 3"

El ement i (set=S);
Vari abl e y(i ndex=S);
Par anet er b(i ndex=S);

x["1,p"], x["1,9"],x["2,p"],x["2,9"],x["3,p"],x["3,0"]
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Set S

Set T;

S="12 3"

T="pq";

El enent i(set=S);

El ement j (set=T);
Variabl e x(index=(i,j));

12
a["1,p,p"],a["1,p,q"],a["1,q,p"],a["1,q,q9"],a["2,p,p"],a["2,p,q"],a["2
,q,p"],al"2,q9,9"],a["3,p,p"],a["3,p,0"],a["3,0,p"],a["3,d,0"]

T 2 ik

Set S

Set T,

S="12 3";

T="pa%

El ement i (set=S);

El ement j (set=T);

El ement k(set=T);

Variabl e x(index=(i,j,k));

y["1,p"] >= b["1,p"] + 3;

yli,jl >=b[i,j] +3;

) + - / *

% ceil fl oor

a[ 1], a[ 2], a[ 3] 2,4,6
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Set S="1 2 3",

i (set=S)

Par anet er a(i ndex=i);
a[i] = 2*i;

El enent

X, +X, +X, <5

Set S

S="123456";

i (set=S)

Variabl e x(index=i);
sum(x[i], (i,i%®==0)) <= 5;

El enent

Set S="1 2 3 4";

i (set=S)
Variabl e x(index=i);
X[1] <= x[i+1], i !'= 4

El enent

Set

Set

Constrai nt Par anet er

Expr essi on

El enent
I nt eger Vari abl e
1,2,3

Set S
sSs="12 3"

Set S="12 3";

3 y[1],y[2],y[3], 3

b[ 1], b[2], b[ 3]
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Set S

S="12 3";

El ement i (set=S)
Variabl e y(index=i);
Par amet er b(i ndex=i);

z[p], z[d] 2 alp],9ldl

Set T,

T="pqa";

El ement j (set=T);

I nt eger Vari abl e z(index=j);
Expressi on g(i ndex=j);

gljl = 2*x[j] + 3*y[jl;

Set T = "before after”

1 <= 2["p'] <=2

1 <= 2[j] <= 2

Set S="1.. 10";
Set S="1234567 89 10"
Set T="a.. k";
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1,2,3 S f 0o. dat
Set S
f 0o. dat
Ss="12 3"
S| MPLE
S 1,2,3
Set S
El enent i(set=S);
Par amet er a(i ndex=i);
a[1] = -1;
a[2] = -1;
a[3] = 1;
f 0o. dat a
Set S
El enent i(set=S);
Par amet er a(i ndex=i);
f 0o. dat
a=1[1] -1[2] -1[3] 1
super Set T S
Set S
Set T(super Set =S)
<, > a[ 1], a[ 2] -1 a[ 3] 1
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Set S

S="12 3"

Set T(super Set=S);
T="12";

El ement i (set=S);

Par anet er a(i ndex=i);

a[i] = -1, i<T; Il i T
a[i] =1, i>T;, /1 i T
set O set O
S a[i] >0 T
Set S ="1 2 3";
Set T;
El enent i(set=S);
Par amet er a(i ndex=i);
a[1] = -1;
a[2] = -1;
a[3] = 1;
T =setOf(i, a[i]>0); // 3 T
card card i nt
n S
int n =S card();
4.11 OrderedSet
O der edSet
O der edSet
O der edSet Set
o first
+ | ast

+ next




* prev

¢ position

+ el enent At

37

C++
/1 OrderedSet
El enent first(); 11
El enent |ast(); 11
El ement next(const Element& i); // i
El ement prev(const Element& i); // i
int position(const Element& i); // i
El ement el enentAt(int p); // p

O der edSet

X <X X <X, X <X O der edSet

OrderedSet S="p q r s";

El ement i (set=S);

Variabl e x(index=i);

X[1] <= x[S. next(i)], i !'=S. last();

| ast

i '=S.last() i =s

prev first

next

OrderedSet S="p q r s";

El ement i (set=S);

Variabl e x(index=i);

X[S.prev(i)] <= x[i], i !'= S first();

O der edSet
O der edSet

Set S="1 2 3 4";

El ement i (set=S);
Variabl e x(index=i);
X[1] <= x[i+1], i !'= 4
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Set S="1 2 3 4";

El ement i (set=S);
Variabl e x(index=i);
X[i-1] <= x[i], i !'=1;

O der edSet
a[p],alq],a[r]

2,4,6

OrderedSet S="p q r";
El enent i(set=S);
Par amet er a(i ndex=i);

for(i=S.first(); i<S; i=S.next(i)){
a[i] = 2*S.position(i);

OrderedSet S="p q r";
El enent i(set=S);
Par amet er a(i ndex=i);

for(int p=1, p<S.card()+1; p++){

i = elementAt[p];

a[i] = 2*p;
}
O der edSet
a[ 1], a[ 2], a[ 3] 2,4,6 2
Set S="1 2 3";
El enent i(set=S);
Par amet er a(i ndex=i);
a[i] = 2*i;
M 1] a, b,c M 2] d, e, f
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Set S="1 2",
El ement i (set=S);
Set M ndex=i);

M1]="a b c";
M2]="d e f";
4.12 Sequence
Sequence from to,
by from to by
1 9 2

Sequence S(fronel, to=9, by=2);
//l Set S="1 3 5 7 9";

1
Sequence O der edSet

/'l Sequence

El enent first(); 11

El enent |ast(); 11

El ement next(const Element& i); // i
El ement prev(const Element& i); // i
int position(const Element& i); // i
El ement el enentAt(int p); // P

4.13

Vari abl e Par anet er
Expr essi on
a[ 1], a[ 2] -1 a[ 3] 1
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Set S ="12 3";

El enent i(set=S);

Par amet er a(i ndex=i);
ali] = -1, i<=2;
a[i] = 1, i>=3;

== <= >=

a[i] 0 Zai

asum

Set S

El enent i(set=S);

Par amet er a(i ndex=i);

Par anmet er asum

asum = sum(a[i], (i,a[i]>0));

< >
a[ 1], a[ 2] -1 al 3] 1

Set S
S="12 3"
Set T(super Set=S);
T="12";
El enent i(set=S);
Par amet er a(i ndex=i);
a[i] = -1, i<T; /10 T
a[i] =1, i>T;, /] i T
set O

S a[i] >0




41

Set S ="12 3",

Set T;
El enent i (set=S)
Par anet er a(i ndex=i);
a[l1l] = -1;
a[2] = -1
a[3] = 1;
T =setO(i, a[i]>0); // 3
I, &&, || not,
and, or b[1],b[4] -1 b[2],b[3] 1
Set S ="12 3 4";
El enent i (set=S)
Par amet er b(i ndex=i);
b[i] = -1, (i<=1]] i>=4);
b[i] =1, (i>=2 && i<=3);
b[i] = -1, !(i<=1 || i>=4);
Vari abl e x;
Vari abl e v;
3*x + 2*y == O’ X>:O;
3*x + 2*y <= 0, x<0;
4.14 ifelse

s

oj ective

x*, x>0
0,x<0

Expr essi on
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Vari abl e x;
oj ective f(type=ninimze);
f = ifelse(x>=0, x*x, 0);

Vari abl e x;
oj ective f(type=ninimze);

f = ifelse(x>=0, x, -Xx);
4.15
S| MPLE
C/ C++
+ - / *
sin cos tan asin acos at an
sec csc cot asec acsc acot
si nh cosh t anh asi nh acosh atanh
sech coth asech acsch acoth
atan2 hypot erf
exp | og l ogl0 pow sqrt
ceil floor fabs f nod
4x° <=11
4*powm X, 3) <= 11
pow 2
asqgp
pow
9 erf

erf (x) E%J'e“zdt X €[00, 0]
0

N




5. wcsp

5.1 wcsp
wesp
Variable
wesp 0-1 ( type = binary I nt eger Vari abl e )
( DiscreteVariable) 0-1
wesp

SIMPLE

oj ective

Constrai nt

Par amet er

I nt eger Vari abl e

sum Z

Expr essi on

El enent

Set

O der edSet

Sequence

i felse

exp, sin, cos, log ..

Di screteVari abl e

alldiff

sel ection

har dConstr ai nt

seni Har dConst r ai nt

sof t Constrai nt

Bool ean
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wesp
NUCPT
0>=1 1 0>=0.99
0
1000 !
5.2 Objective
wesp oj ective t ar get
t ar get
wesp t ar get 10
oj ective f(type=m nin ze, target=10);
t ar get 0 t ar get t ar get 0
oj ective f(type=m ninm ze, target=0);
oj ective f(type=ninimze);
t ar get Par anet er
Par aneter p;
p = 10;
oj ective f(type=m ninm ze, target=p);
t ar get def aul t Obj ecti veTar get
options. def aul t Obj ectiveTarget = 5;
oj ective t ar get def aul t Obj ecti veTar get

oj ective
def aul t Obj ecti veWei ght
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options. def aul t Obj ecti veWei ght =

def aul t Obj ecti veWei ght

5.3 Constraint
wesp 3
*
*
*
(
2
5.3.1 hardConstraint

har dConstr ai nt

har dConstrai nt ();
sum(ali]*x[i], i) == 3; [/

har dConstr ai nt seni Har dConst r ai nt

5.3.2 semiHardConstraint

seni Har dConst r ai nt

sof t Constrai nt
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sem HardConstraint ();
sum(ali]*x[i], i) == 3; [/

har dConstr ai nt seni Har dConst r ai nt sof t Constrai nt

5.3.3 softConstraint

sof t Constrai nt
sof t Constr ai nt ( )

soft Constraint(int weight, double a, double b);

X
p
p = (a*x*x + b*x)*weight;
sof t Constrai nt 2 3
2,3
soft Constraint(w) ==> softConstraint(w,0,1)[p = x*wei ght

3

soft Constraint (w, a) ==> softConstraint(w, a, 0)[p = a*x*x*wei ght

softConstraint(1); // softConstraint(1,0,1)
softConstraint(1,2); // softConstraint(1,2,0)

sof t Constrai nt 2,3 -1, -2
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softConstraint(-1);
sum(ali]*x[i], i) == 3; [/

soft Constraint(-2);
sum(ali]*x[i], i) == 3; [/

har dConst r ai nt sem Har dConst r ai nt sof t Constr ai nt
8, 9 softConstraint sof t Constraint (i nt wei ght)
10
8, 9 wesp sof t Constrai nt (w)
10
8, 9 sof t Constr ai nt 10
5.3.4 defaultConstraintWeight

def aul t Const rai nt Wi ght

12
sum(ali]*x[i], i) == 3; [/ 12
options. def aul t Constrai nt Wi ght = 12;
sum(b[i]*x[i], i) <= 20; // 12
sum(c[i]*x[i], i) <= 100; /1 12
sum(d[i]*x[i], i) >= 15; [/ 12
def aul t Const rai nt Wi ght 0
def aul t Constrai nt Wi ght 0
def aul t Constrai nt Wi ght Constr ai nt har dConst r ai nt

seni Har dConst r ai nt sof t Constr ai nt
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sum(ali]*x[i], i) == 3; [/ 12
options. def aul t Obj ecti veWei ght = 12;
sum(b[i]*x[i], i) <= 20; [/ 12

hardConstraint();

sum(c[i]*x[i], i) <= 100; [//

sem HardConstraint ();
sum(d[i]*x[i], i) <= 100; [/

sof t Constrai nt (5);

sum(e[i]*x[i], i) >= 15; // 5

5.4 IntegerVariable

wesp 0-1 I nt eger Vari abl e
t ype=bi nary
Di screteVariabl e
0<x<10

I nt eger Vari abl e x;
0 <= x <= 10;

Set S="1 .. 10";
Di screteVari abl e x(domeS)

5.5 DiscreteVariable
Di screteVari abl e wesp
dom dom Set O der edSet
Sequence
1 3 X
Set S="1 2 3";

Di screteVari abl e x(domeS)

Di screteVari abl e

open cl osed y
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Set S="open cl osed";

Di screteVari abl e y(doneS);

Di screteVari abl e
cl osed y[1],y[2],y[3]

open

Set S="open cl osed";

Set T="1 2 3";

El ement i (set=T);

Di screteVari abl e y(doneS, index=i);

5.6 alldiff

all diff Di screteVari abl e

y[1],...,y[10] 1,...,10

alldiff

Set S="1 .. 10";

El ement i (set=S);

Di screteVari abl e y(doneS, index=i);
alldiff(y[i],i);

al 1di ff(y[i]);

alldiff

y[1],...

al | diff
, Y[ 5]

Set S="1 .. 10";

El ement i (set=S);

Di screteVari abl e y(doneS, index=i);
alldiff(y[i],(i,i<=5));

alldiff(y[i],i<=5);
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yl[1],y[2],y[3] a, b, c

Set S="1 .. 10";
Set T="a b c¢";
El ement i (set=S)

Di screteVari abl e y(dom=T, index=i);

alldiff(y[i], (i,i<=3));

5.7 selection

sel ection

sel ection 0-1

sum
3

3 0-1 z[ 1], z[ 2], z[ 3]

wesp

Set S="1 2 3",

El ement i (set=S)

I nt eger Vari abl e z(type=bi nary,
selection(z[i],i);

i ndex=i);

selection(z[i]);

sum

sun(z[i],i) == 1;

sel ection
1

z[1],2z[ 2]

Set S="1 2 3",

El ement i (set=S)

I nt eger Vari abl e z(type=bi nary,
selection(z[i], (i,i<=2));

i ndex=i);

3

sel ection 0-1
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selection(z[i],i<=2);

5.8 Boolean
Bool ean
1
Bool ean( ); /10 1
1 4 x[1],...,x[10]
x[1],...,x[10] 3
Set S="1 .. 10";
Set T="1 2 3 4";
El ement i (set=S);
Di screteVari abl e x(domeT, index=i);
sum(Bool ean(x[i] >= 3),i) <= 1,
3 ryu, ken, guy a, b,c,d x[a],
X[ b], x[c], X d] ken 2
Set Wbrkers="ryu ken guy";
Set Tasks="a b c d";
El ement j (set=Tasks);
Di screteVari abl e x(dom=Wbrkers, index=j);
sum(Bool ean(x[j] == "ken"),j) == 2;
5.9 min max
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/1

Expression nin( /1
Par anet er m n( /1
/1

Expression nax( /1
Par anet er max ( /1
mn max

wesp

NUOPT



Set Mesh;//

El ement i (set=Mesh);

Set Facility;//

El ement j(set=Facility);

/1 i i 1 0
I nteger Vari abl e x(type = binary,index = (i,j));

/1 i 1 0
IntegerVariable y(type = binary,index = j);

/1 i j

Paramet er dist(index = (i,j)):

!/
selection(x[i,j],j);

/1 i
Expression res_dist(index = i);
res dist[i] = sum(x[i,j]*dist[i,j]l.,]);

/1

/1

Paranmeter M//
M = 1000000;

res_dist[i] <= mn((y[j] -1 )*M+ dist[i,j]l.j);

/1 mn
/1 res_dist[i] <= (y[j] -1 )*M+ dist[i,j];

wesp nmn nax

m n/ max

nuopt - support @rsi . co. j p

5.10 argmin argmax

argmin argmax
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/1

El enment ar gm n( , ) 1]

El enment ar gm n( , ) 1]

/1

El enment ar grmax ( , ) 1]

El enent ar gmax( , ) 1/
argmn ar grmax

argmn, argmax

WCSP
5.11 count
count
/1
Expression count( , ) /1
count
sof t Const r ai nt
Variable x(index = 1,type = binary);

hj ective obj (type = minimze);
obj = count( 3 <= x[i] <=5 ,i);
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Variable x(index = 1,type = binary);
Par aneter rand(index = 1);

Par ameter M

hj ective obj (type = minimze);

obj = count(3 <= x[i] <= 5,i)*M+ sum(x[i]*rand[i],i);

r and M
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6. rcpsp
rcpsp
rcpsp 3 Activity,
ResourceRequire, ResourceCapacity rcpsp
rcpsp rcpsp
SIMPLE
oj ective
Const rai nt
Par anet er

sum z

Expr essi on

El enent

Set

O der edSet

Sequence

sof t Constrai nt

0-1
Bool ean

Activity

Resour ceRequire

Resour ceCapacity

nodeOr der

fixActivity
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unfi xActivity

Gant t

RcpspSt at us

6.1 Objective

rcpsp 2

oj ective

oj ective conpl eti onTi ne;

oj ective = tardi ness;

def aul t Obj ecti veWei ght
5

options. def aul t Obj ecti veWei ght = 5;

def aul t Obj ecti veWei ght 1
6.2 Constraint
rcpsp
*
*
¢ Activity

*

*

sof t Constrai nt

def aul t Const rai nt Wi ght
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6.3 Activity
Activity
Activity rcpsp node
4 a,b,c,d x[a], x[b], x[c],x[d]

1,2,3

Set A="a b c d";

Set ME"1 2 3";

El ement i (set=A);

Activity x(index=i, node=M;
Activity Par anet er

duedat e 4 a,b,c,d

3,5,10,7

Set A="a b c d";

Set ME"1 2 3";

El ement i (set=A);

Par amet er due(index=i); //

Activity x(index=i, nmode=M duedate=due[i]);

due["a"] = 3;
due["b"] = 5;
due["c"] = 10;
due["d"] = 7;
node
a 1,2 b 1,3 c 2
3




59

Set A="a b c d";
Set ME"1 2 3";

Set M2(index=i); [/
Me["a"] = "1,2";
MR["b"] = "1, 3";
Me["c"] = "2";
Me["d"] = "3"
Activity x(index=i,

node=M2[i]);

6.3.1

a b

Activity

Set A="a b c d";
Activity x(index=i,
x["a'] < x["b"];

node=M ;

a, b, c

Set A="a b c d";
Activity x(index=i,

x[i] < x["d"], i !=

node=M ;
n dll ;

b 2

Par amet er

Set A="a b c d";
Activity x(index=i,
Paraneter p = 2;
x["a"] < x["b"], p;

node=M ;

x["a"] < x["b"], 2;

Activity

<<
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a, b X
a b

X["a'] << x["b"], "X';

6.3.2 Activity

Activity.startTine //
Activity.endTime //
Activity.processTine //

Bool ean( Acti vity== ) Activity.startTi ne
Bool ean( Acti vity== ) Activity. endTi ne
a 2

Set A="a b c d";
Activity x(index=i, node=M;
x["a"].processTi ne <= 2;

6.3.3

Activity

rcpsp

/1
Activity

[ ]
Activity = Paraneter],

/1

Activity. order

Activity. order Par anet er

2 sol ve()

rcpsp
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1
2 i < i i i
3
6.4 ResourceRequire
Resour ceRequire
Resour ceRequire rcpsp node
resource
duration 3
M R D req
Set M //
Set R //
Set D; //
Resour ceRequi re req(node=M resource=R, duration=D);

aonly, bonly, both a, b

1 aonly a 1 bonly

b 1 bot h a, b 1

Set M="aonly bonly both";

Set R="a b";

Set D="1"

Resour ceRequi re req(node=M resource=R, duration=D);
req["aonly,a, 1"] = 1;

req["aonly, b, 1"] =0; //

req[ "bonly,a,1"] = 0; //

req["bonly, b, 1"] = 1;

req["both, a, 1"] 1;

req["both, b, 1"] 1;

Resour ceRequire 0
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0 def aul t val

Set M="aonly bonly both";

Set R="a b";

Set D="1"

Resour ceRequi re req(node=M resource=R,
durati on=D, defaultval=1); // 1

req["aonly, b, 1"] = 0;
req[ "bonly,a, 1"] = 0;

aonly a 3 bonly b 3
bot h a, b 1

Set M="aonly bonly both";

Set R="a b";

Set D="1 2 3" //

El ement i (set=D);

Resour ceRequi re req(node=M resource=R, duration=D);
reg["aonly,a,i"] =1, 1<=i<=3;

reg["bonly,b,i"] =1, 1<=i<=3;

req["both,a, 1"] = 1;
req["both, b, 1"] = 1;
6.5 ResourceCapacity
Resour ceCapacity
resource
ti meStep

R T cap

Set R //

Set T; //

Resour ceCapacity cap(resource=R, tinmeStep=T);

0 10 a, b 1
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Set R="a b"; //
Set T="0 .. 10";
El enent j (set=T);

11

Resour ceCapacity cap(resource=R, tinmeStep=T);
req["a,j"] = 1, 1<=j<=10;

req["b,j"] = 1, 1<=j<=10;

0
wei ght
10
Set R //
Set T; //

Resour ceCapacity req(resource=R,

ti meStep=T, wei ght=10);

Par amet er
10 b

wei ght

20

Set R="a b"; //

Set T="0 .. 10";
i (set=R);
El ement j (set=T);

/1
El enent

Par amet er w(i ndex=i);

wra] = 10;

wbt] = 20;

Resour ceCapacity cap(resource=R,

timeStep=T, weight=wi]);

6.6 modeOrder

nodeOr der Activity

Activity
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Set A="a b";

El ement i (set=A);

Set M ndex=i);

M"a]="1 3";

M"b"]="2 1"

Activity x(index=i, nmode=Mi]);
nodeOrder (x["a"]) == nodeOrder (x["b"]);

a, b

Set A="a b c d";

El ement i (set=A);

Activity x(index=i, node=M;

nodeOrder (x["a"]) == nodeOrder (xX["b"]);

Activity b

a

Set A="a b c d";
El ement i (set=A);
Activity x(index=i, node=M;

modeOrder (x[i,i!="b",i!="a"]) == nmodeOrder(x["a"]);
6.7 fixActivity
rcpsp Activity, Activity.startTime, Activity.endTine

fixActivity

a 5

Set A="a b c d";

Activity x(index=i, node=M;
x["a"].startTine = 5;
fixActivity(x["a"].startTinme);
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Set A="a b c d";
Activity x(index=i, node=M;

x[i].endTinme = 10, i!="hb";
fixActivity(x[i].startTine, i!="b");

fixActivity a
5 100

Set A="a b c d";

Activity x(index=i, node=M;
x["a"].startTine = 5;
fixActivity(x["a"].startTine, 100);

6.8 unfixActivity

unfi xActivity
fixActivity
a

Set A="a b c d";

Activity x(index=i, node=M;
x["a"].startTine = 5;
fixActivity(x["a"].startTine);
unfi xActivity(x["a"].startTine);

b

Set A="a b c d";
Activity x(index=i, node=M;

x[i].endTinme = 10, i!="hb";
fixActivity(x[i].startTine, i!="b");
unfixActivity(x[i].startTine, i!l="b");
6.9 Gantt
Gantt rcpsp Excel

add Activity
NUCPT
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Excel

Set A="a b c d";
Activity x(index=i,
Gantt g; /1
g.add(x[i], i); /1
g. dunp(); //

node=M ;

b

Set A="a b c d";
Activity x(index=i,
Gantt g; /1
g.add(x[i], i!'="b");
g. dunp(); //

node=M ;

11

6.10 RcpspStatus

RcpspSt at us

RcpspSt at us
. save(
. 1 oad(

11
11

6.11

rcpsp
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7.1 Graph

arc(di me2)

Graph
S| MPLE node

Set n(nane="n");
Set a(nanme="a", dinme2);

Graph g(node=n, arc=a); //
El ement i (set=gq);
node arc
arc
NUCPT
<]
8
4
il
& 5
3

Set n="ABCDXY",

edge["C, Y"]
edge[ " X, B"]

El ement i (set=n), j(set=n);

Par amet er edge(index=(i,j)); //

edge["A, C'] = 5; edge["B,C'] = 4; edge["B,D']
8; edge["D, Y'] = 5; edge["X A"]
6; // edge["A Y']

non
W




Set n="ABCDXY"; I/

Set a ="ACBCBDCYDYXAXB"; [//
Graph g(node=n, arc=a); //

El ement k(set=g.arcs);

Par anet er edge(i ndex=k); //

edge["A, C'] = 5; edge["B,C'] = 4; edge["B,D'] =
edge["C, Y'] = 8; edge["D Y'] = 5; edge["X A'] =
edge["X,B"] =6; [/

G aph g;

El ement i (set=g. nodes);

El ement e(set=g.arcs);

El ement eout (set=out(g,i)); // i
El ement ein(set=in(g,i)); // i

in(g,i), out(g,i) g.arcs

Variabl e f(index=e);
sum(f[ein],ein) == sunm(f[eout], eout);

Variabl e f(index=e);
sum(f[ein],ein) == sum(f[eout],eout), i!="X";

dat

Graph g(name="network");

network.nodes = AB CDXY,; //
network.arcs = ACB CBDCYDY XAXB;, [//
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Set n
Set a
G aph

g(nodes=n,

"ABCDXY"; [/l
"ACBCBDCYDYXAXB",;

arcs=a);

11

11
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8.
8.1
S| MPLE Par anet er S Vari abl e
dat
. dat csv . CSV
dat csv
nodel . snp
dat al. dat, data2.csv w ndows
pr onpt % nknuopt nodel . snp
pronpt % nodel . exe datal. dat data2.csv
pr onpt % nodel . exe data2.csv datal. dat
8.2 dat
dat Par anet er S Vari abl e
dat . dat
namne
w ndows nanme
namne

Paraneter a;

Par anet er a(nanme="a");

dat ;

dat a(nane="aa") 10
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Par anet er a(nane="aa");

dat

aa = 10;

dat

X( name="xx")

Vari abl e x(name="xx");

dat
XX = 4;
dat S 123
Set S
dat
S=123;
dat
a( nane=aa) 10 X( nane=xx)

23

Par anet er a(nane="aa");
xx");

Vari abl e x(nanme=
Set S

dat

dat
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aa = 10;
XX = 4;
S=12 3
/1

/1

aa = 10;
/1

XX = 4;

/1

S=12 3

Par anet er Vari abl e

[]

a[1],a[2], a[ 3]

1, 0.5

-1

Set S="12 3";
El ement i (set=S)
Par anet er a(name="aa", index=i);

dat

aa [1] 2 [2] 0.5 [3] -1

aa [1] 1
[2] 0.5

[3] -1,
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a[1] = 1;
a[2] = 0.5;
a[3] = -1;

x["1,p"], x["1,9"],x["2,p"],x["2,9"]

1,3,5,7

Set S="1 2",
Set T="p q";
El ement i (set=S);

El ement j (set=T);
Vari abl e x(name="xx", index=(i,j));

dat

xx =[1,p] 1[1,q] 3
[2,p] 5[2,d] 7;

xx["1, p"] = 1;
xx["1,q"] = 3;
xx["2,p"] = 5;
xx["2,9"] = 7;
SI MPLE
S 1,2,3
Set S

El enent i(set=S);
Par amet er a(i ndex=i);

dat

a=1[1] -1[2] -11[3] 1

csv a[ 1], a[ 2], a[ 3]
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L REeT
L1
NS

a[1],a[2],a[3]

Set S
El enent i (set=S)
Par amet er a(i ndex=i);

a[l1l] = -1;
a[2] = -1;
a[3] = 1;
8.3 csv
csv Par anet er Vari abl e
dat Set
csv . CSV
nanme
w ndows nanme
nanme
Paraneter a;
Par anet er a(nane="a");
csv

csv a(nane="aa") 10

Par anet er a(nane="aa");

CcSsv

aa
10

csv X( name="xx") 4
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Vari abl e x(name="xx");

csv
XX
4
csv
a( nane=aa) 10 X( nane=xx) 4
Par anet er a(nane="aa");
Vari abl e x(name="xx");
csv
aa, xx
10,4
/1
/1
aa, xx
10,4
Par anet er Vari abl e
a[ 1], a[ 2], a[ 3] 1, 0.5, -1

Set S="12 3";
El ement i (set=S);
Par anet er a(nanme="aa", index=i);

CSv
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i,aa
1,1
2,0.5
3,-1

al 1]
a[ 2]
al 3]

1
0.5;

]
1
(S

CSsv

a[1],a[2],a[ 3] 1, 0.5, -1 b[ 1], b[2], b[ 3]
3,5,7.1
Set S="12 3";
El ement i (set=S)
Par anet er a(name="aa", index=i);
Par anet er b(name="bb", index=i);
csv
i,aa, bb
1,1,3
2,0.5,5
3,-1,7.1
a b csv a, b
Set S="12 3",
Set T="pqg",;
El ement i (set=S)
El ement j (set=T);
Par anet er a(nanme="aa", index=i);
Par anet er b(name="bb", index=j);
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csv 2 Par anet er Vari abl e
1D 2D
x["1,p"1,x["1,9"],x["2,p"],X["2,q9"] 1,3,5,7

1D 2D

Set S="12";

Set T="pqg",;

El ement i (set=S)
El enent j (set=T);

Vari abl e x(name="xx", index=(i,j));
csv 1D

i,j,xx

1,p,1

1,q9,3

2,p,5

2,q,7
csv 2D

XX, p, q

1,1,3

2,57

xx["1,p'] = L

xx["1,9"] = 3;

xx["2,p"] = 5;

xx["2,9"] = 7;

1D
2D csv

X[ "11 p"] ’ X[ "11 q"] ’ X[ "21 p"] ’ X[ "21 q"] 11 31 51 7

a["1,p"],a["1,q9"],a["2,p"],a["2,q"] 2,4,6,8 1D
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Set S
Set T

"1 2"
"p Qg

El ement i (set=S)
El ement j (set=T);

Vari abl e x(name="xx", index=(i,j));
Par amet er a(nane="aa", index=(i,j));
csv 1D
i,j,Xxx,aa
1,p,1,2
1,q,3,4
2,p,5,6
2,0,7,8
S| MPLE

S 1,2,3

Set S

El ement i (set=S)

Par amet er a(i ndex=i);

CSsv

'
N

LT
'_\ 1

dat

a[1],a[2], a[ 3]

a=1[1] -11[2]

-1 [3] 1;

a[1],a[2],a[3]
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Set S

El ement i (set=S);

Par anet er a(i ndex=i);
a[l1l] = -1;

al 2] -1;

al 3] 1;




S| MPLE NUCPT
. sol
SI MPLE print,
sinmple fprintf
9.1
print sinple_printf sinple_fprintf
Vari abl e val
init
dual
ub
b
oj ective val
init
Const rai nt val
init
dual
ub
b
Par anet er val
I nt eger Vari abl e val
init
dual
ub
b
Expr essi on val
init
SynmetricMatri x val

init

81

GUl

sinmple_printf,
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Set val
O der edSet val
9.2 print
print Vari abl e hj ective Constr ai nt
Par anet er I nt eger Vari abl e Expr essi on
SynmetricMatri x Set O der edSet
print
.print();

Vari abl e x;
x.val .print();

oj ective f;
f.init.print();

Constraint Co;
Co.dual . print();

Paraneter a;

a.val .print();

I nt eger Vari abl e z;

z.lb.print();

SymetricMatrix X((i,j));
X.val.print();
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Expr essi on g;
g.init.print();

Set S
S.val.print();

O deredSet O
Oval.print();

sol ve print

sol ve

Vari abl e x;

oj ective f(type=ninimze);
= 2*%Xx;

>=5; [/

= 10; //

.val.print();

X X X =

sol ve

print

Vari abl e x;
oj ective f(type=ninimze);
f = 2*x;

x >=5; [/
x = 10; [/
sol ve();

x.val.print();




84

sol ve

print

Vari abl e x;

oj ective f(type=ninimze);
= 2*%Xx;

>=5; [/

= 10; //

.val.print();

sol ve();

X X X

x.val.print();

x=10
x=5

x[1], x[ 2], x[ 3]

Set S="12 3";

El ement i (set=S)

Variabl e x(index=i);

oj ective f(type=ninimze);
f = 2*sum(x[i],i);

x[i] >=5; [/

x[i] = 10; [/

sol ve();

x.val.print();

X[ 1] =5
X[ 2] =5
X[ 3] =5
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Set S="1 2",

El ement i (set=S), j(set=S)

Set N="1 2 3";

El ement n(set=N)

Variable Xx,vy;

x = 10;

y = 2;

SynmetricMatrix X(index=n, (i,j));
XIn,i,j] = 100*n+x*i +y*j, i <= j;
X.val .print();

11

X[1,1,1]=112
X[1,1,2]=114
X[ 1,2, 2] =124
X[ 2,1, 1] =212
X[ 2,1, 2] =214
X[ 2, 2, 2] =224
X[ 3,1, 1] =312
X[ 3,1, 2] =314
X[ 3, 2, 2] =324

x[1],x[ 2]

(x[i].val, i<3).print();

X[ 1] =5
X[ 2] =5

9.3 simple_printf

sinmple_printf Cl C++
printf i nt, doubl e,

char

printf

S| MPLE
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sinmple_printf

sinmple_printf Vari abl e oj ective Constr ai nt
Par anet er I nt eger Vari abl e Expr essi on
SynmetricMatri x
Set O der edSet

sinmple_printf

sinmple_printf( , , yoe )

%l

Vari abl e x;
X = 3
sinmple_printf("%l¥n", x.val);

3
sinmple_printf("x = %l¥n", x.val);
X =3

sinmple_printf . val

sinmple_printf("x %¥n", Xx);

sinmple_printf
%

sinmple_printf("x % ¥n", x.val);

X = 3. 000000

%
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sinmple_printf("x = %¥n", x.val);

X = 3. .000000e+000

sinmple_printf("x % 2f ¥n", x.val);

sinmple_printf("x = % 2e¥n", x.val);
= 3.00
X = 3. 00e+000
15

sinmple_printf("x
sinmple_printf("x

%d5f ¥n", x.val);
%5e¥n", x.val);

3. 000000
3. 000000e+000

x
1]

sinmple_printf("x
sinmple_printf("x

%5. 2f ¥n", x.val);
%5. 2e¥n", x.val);

= 3.00
3. 00e+000

x
1]

sol ve print

sol ve
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Vari abl e x;

oj ective f(type=ninimze);
f = 2*x;

x >=5; [/

10; //

sinmple_printf("x = 9% ¥n",

X

x.val);

X = 10. 00000

sol ve

sinmple_printf

Vari abl e x;

oj ective f(type=ninimze);
f = 2*x;

x >=5; [/

10; //

sol ve();

sinmple_printf("x = 9% ¥n",

X

x.val);

X = 5. 000000

Set S="12 3";

El ement i (set=S);

Variabl e x(index=i);

X[i] = 3;
sinmple_printf("%l¥n", x.val);
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sinmple_printf("x[%l] = %¥n", i, x[i].val);
X[ 1] =3
X[ 2] =3
X[ 3] =3
x[ 1], x[ 2]
sinmple_printf("x[%l] = %l¥n", i, x[i].val, i<3);

x[ 1]
X[ 2]

I
w w

sinmple_printf

.val

x[1], x[ 2], x[ 3]

a[1],a[ 2], a[ 3]

Set S="12 3";

El ement i (set=S)
Variabl e x(index=i);
Par anet er a(i ndex=i);
X[i] = 3;

a[i] = 5;

simple printf("x[%l] =%, a[%] = % ¥n"

i, x[i],

i,oali]);

x[ 1]
X[ 2]
X[ 3]

3. 000000, a[ 1]
3. 000000, a[ 2]
3. 000000, a[ 3]

5. 000000
5. 000000
5. 000000
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SynmetricMatri x

Xl’XZ’ 3
Set S="1 2",
El ement i (set=S), | (set=S)
Set N="1 2 3";
El ement n(set=N)
SynmetricMatrix X(index=n, (i,j));
X[n,i,j] = 100*n + 10*i + j, i <=j; I/
sinmple _printf("X%[ %, %] = % ¥n", n, Xn]);
1] %l, %d
X1[1,1] = 111;
X1[1,2] = 112;
X1[2,2] = 122;
X2[1,1] = 211
X2[1,2] = 212;
X2[2,2] = 222;
X3[1,1] = 311;
X3[1,2] = 312;
X3[2,2] = 322;
sinmple_printf result
result

nvars i nt

nf unc i nt

iters i nt

feval s i nt

opt Val ue doubl e

tol erance doubl e

resi dual doubl e

el apseTi e doubl e
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error Code i nt
A21

Variable Xx,vy;
oj ective f(type=ninimze);
f = 2*x + 3*y;
X + 2*y == 15;
X >= 0;
y >= 0;
sol ve();
sinmple_printf(" %¥n", result.nfunc);
sinmple_printf(" %¥n", result.iters);
sinmple_printf(" %¥n", result.fevals);
sinmple_printf(" %e¥n", result.optValue);
sinmple_printf(" %¥n", result.tolerance);
sinmple_printf(" %e¥n", result.residual);
sinmple_printf(" %¥n", result.elapseTine);
sinmple_printf(" %¥n", result.errorCode);

2
5
8
2. 250000e+001
1. 000000e- 008
3. 978422e- 008
0
0

9.4 simple_fprintf

sinmple fprintf

sinmple_printf

sinmple_printf
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1 sinple_printf
sinmple _fprintf( , v )
out put . t xt
Vari abl e x;
FILE* fp; I/
fp = fopen("output.txt", "w');
X = 3
sinmple fprintf(fp, "%l¥n", x.val);
fclose(fp); //
out put . t xt
3
result
dat a. t xt

Set S="12 3";
El enent i(set=S);
Vari abl e x(index=i);

FILE* fp; I/
fp = fopen("result/data.txt",
X[i] = 3;

fclose(fp); //

sinmple fprintf(fp, "x[%] = % ¥n",

11

i, x[i].val);

resul t/data.txt

x[1] = 3.000000
x[2] = 3.000000
x[3] = 3.000000

fp = fopen("result/data.txt",




9.5

NUOPT

93

. sol

options. out put Mode = "silent";

options.outfilenane = " NULL_";
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10.
10.1 solve

sol ve NUOPT

sol ve();

sol ve

sol ve

Vari abl e x;
oj ective f(type=ninimze);

f = 2*x;
x >=5; [/
x = 10; //
sol ve();

x.val.print();




Vari abl e x;

oj ective f(type=ninimze);
= 2*%Xx;

>=5; [/

= 10; //

.val.print();

X X X

Vari abl e x(name="x"), y(nanme="y");
oj ective f(nane="f", type=nmaxi m ze);
oj ective g(nane="g", type=nmaxi m ze);

f = x+y; /1 f

g =xy, [l g

pow( x-1, 2) +pow(y-1,2) <= pow 0.5, 2);

sol ve(); /1 g

solve(f); [/ f

solve(q); I/ g

sol ve()
sol ve(f) f sol ve(Q)
sol ve()
X—y

Vari abl e x(name="x"), y(nane="y")

oj ective f(nane="f", type=naxi m ze);
f = x+y; /1 f

pow( x-1, 2) +pow(y-1, 2) <= pow 0.5, 2);
solve(); I/

x-y >= 0.5;

solve(); //
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10.2

( showSystem )

oj ective Constr ai nt Synmet ri cMatri x
showSyst em

showSyst em

showSyst en() ;

Set S

El ement i (set=S);

Par amet er c(index=i);

Par amet er a(i ndex=i);

Vari abl e x(index=i,type=bi nary);
oj ective f(type=naxim ze);

f = sunm(c[i]*x[i],i);

x[i1] <= a[i];

showSyst en() ;

dat

[1] 13 [2] 7 [3] 201 [4] 14 [5] 23;
[1] 23 [2] 5 [3] 4 [4] 12 [5] 1;

Q
1]

(a.smp:8[1]): x[1l] <= 23
(a.smp:8[2]): x[2] <=5

3 (a.smp:8[3]): x[3] <=4
4 (a.snp:8[4]): x[4] <= 12
5 (a.smp:8[5]): x[5] <=1

f <obj ective>: 13*x[ 1] +7*x[ 2] +201*x[ 3] +14*x[ 4] +23*X[ 5] (maxi m ze)

showSyst em nane=

nanme=

nane

"W
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Set S(nanme="S");

El ement i (set=S)

Par amet er c(nanme="c",index=i);

Par amet er a(nanme="a",index=i);

Vari abl e x(name="val x", i ndex=i , type=bi nary);
oj ective f(nanme="obj",type=naxim ze);

f = sunm(c[i]*x[i],i);

Constrai nt co(nanme="co",index=i);

co[i] = x[i] <= a[i];

showSyst en() ;

1-1 (co[1]): valx[1] <= 23
1-2 (co[2]): valx[2] <=5
1-3 (co[3]): valx[3] <=4
1-4 (co[4]): valx[4] <= 12
1-5 (co[5]): valx[5] <=1

obj <obj ecti ve>:
13*val x[ 1] +7*val x[ 2] +201*val x[ 3] +14*val x[ 4] +23*val X[ 5]
(maxi m ze)

showSyst em
showSyst em

showSyst en{co[ 1])

1-1 (co[1]): x[1] <= 23

co[ 1], co[ 2]

showSysten(co[i],i<3);

1-1 (co[1]): x[1] <= 23
1-2 (co[2]): x[2] <=5
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ShowSyst em

SymmetricMatrix X((i,j));
X["1,1"]=2*x[ 1] ;
X["1,2"] =1,

X["2,2"]=x[ 2] ;

X >= 0;

showSyst en() ;

Synmmet ri cMatri x{
elem#0 X[ 1,1] 2*(x[1])
elem#l X[1,2] 1

el em#2 X[2,2] 1*(x[2])
}

>= 0

10.3

Par amet er

S| MPLE

Vari abl ePar anet er



99

Variable Xx,vy;

Vari abl eParaneter a; //

oj ective f(type=naxim ze);

f = -a*x+y;

pow( x-1, 2) +pow( y+0. 5, 2) <= 0. 25;
options. out put Mbde = "silent"; //
for(int i=-5; i<5; i++){

a=i;
sol ve();
sinmple printf("a =%, x =%, vy =%, f = %¥n",
a, x, vy, f);
}
Var i abl ePar anet er Par anet er
( a) vy a
a=-5 x =1.490290, y = -0.401942, f = 7.049510
a=-4, x =1.485071, y = -0.378732, f = 5.561553
a=-3, x = 1.474342, y = -0.341886, f = 4.081139
a=-2, x =1.447214, y = -0.276393, f = 2.618034
a=-1, x =1.353553, y = -0.146447, f = 1.207107
a = 0, x = 1.000000, y = -0.000000, f = -0.000000
a =1, x = 0.646447, y = -0.146447, f = -0.792893
a =2, x =0.552786, y = -0.276393, f = -1.381966
a =3, x =0.525658, y = -0.341886, f = -1.918861
a =4, x = 0.514929, y = -0.378732, f = -2.438447
Var i abl ePar anet er Par anet er

Par anet er Var i abl ePar anet er
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NUOPT
NUOPT
NUCPT S| MPLE MPS
NUCPT
NUCPT
NUCPT
PROBLEM_NAME a
NUVBER_OF_VARI ABLES 2
NUVBER_OF_FUNCTI ONS 2
PROBLEM TYPE M NI M ZATI ON
METHOD H GHER_ORDER
<preprocess begin> ......... <preprocess end>
<iteration begin>
res=2.4e+001 .... 4.0e-008

<iteration end>
STATUS
VALUE_OF_OBJECTI VE
| TERATI ON_COUNT
FUNC_EVAL_COUNT
FACTORI ZATI ON_COUNT
RESI DUAL
ELAPSED TI ME(sec.)
SOLUTI ON_FI LE

OPTI VAL
22.50000001
5
8
6
3.97842202e- 008
0.01
a. sol

12.1

PROBLEM NAME

NUVBER OF VARI ABLES

NUVBER _OF FUNCTI ONS

Vari abl e




102

oj ective Constr ai nt Expr essi on
2 1 1 PROBLEM TYPE
M NI M ZATI ON MAXI M ZATI ON
METHOD
H GHER_ORDER STATUS NUOPT
OPTI MAL
VALUE_OF OBJECTI VE RESI DUAL
ELAPSED_TI ME( sec.) SOLUTI ON_FI LE
12.2
<preprocess begin> ......... <preprocess end>
<iteration begin>
res=2.4e+001 .... 2.7e-005 1.4e-008
<iteration end>

<pr eprocess begi n> <preprocess end>
<iteration begi n> <iteration end>
2. 4e+001, 2.7e-005

12.3

<iteration begin>

<iteration end>

(1

options. crossover="on"
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<iteration begin>
res=2.4e+001 .... 2.7e-005 1.4e-008
<iteration end>
<iteration begin>
1222
<iteration end>

12.4 (wcsp)

(wesp)

<iteration begin>

(hard/soft) penalty= 364/1157, tine= 0.00(s)
<greedyupdate begin>......... <gr eedyupdat e end>
greedyupdate time= 0.01(s)

(hard/soft) penalty= 91/1295, tinme= 0.01(s), iteration=1
(hard/soft) penalty= 70/1314, tinme= 0.01(s), iteration= 2
(hard/soft) penalty= 52/1320, tinme= 0.01(s), iteration= 3
(hard/soft) penalty= 38/1282, tinme= 0.01(s), iteration= 4
(hard/soft) penalty= 19/1259, tinme= 0.01(s), iteration=5

(hard/soft) penalty= 0/4, tine= 1.16(s), iteration= 7425

(hard/soft) penalty= 0/3, tine= 14.13(s), iteration= 98738
(hard/soft) penalty= 0/1, tine= 14.17(s), iteration= 99061
(hard/soft) penalty= 0/0, tine= 39.10(s), iteration= 267557

# (hard/soft) penalty= 0/0
# cpu tine = 39.10/39. 10(s)
# iteration = 267557/ 267557
<iteration end>

(hard/ soft)
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penalty= 1/ 2 2
time= 3 iteration= 4 3 4

#penal ty=. .

#cpu tinme=..

#itereation=..

#stat us=. ..

<iteration begin>

(hard/soft) penalty= 364/1157,
<greedyupdate begin>......... <gr eedyupdat e end>

(har d/ sem hard/ soft)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)

time= 0.00(s)

greedyupdate tine= 0.01(s)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)
(har d/ sem hard/ soft)

0/ 91/ 1295,
0/ 70/ 1314,
0/ 52/ 1320,
0/ 38/ 1282,
0/ 19/ 1259,

penal ty=
penal ty=
penal ty=
penal ty=
penal ty=

0/ 0/ 4,
0/0/ 3,
penal ty= 0/0/ 1,
penalty= 0/0/0, tine= 37.46(s),

penal ty= time= 1.06(s),

penal ty=

time= 0.01(s),
time= 0.01(s),
time= 0.01(s),
time= 0.01(s),
time= 0.01(s),

time= 13.72(s),
time= 13.77(s),

iteration= 1
iteration= 2
iteration= 3
iteration= 4

iteration= 5

iteration= 7425
iteration= 98738
iteration= 99061

iteration= 267557

# cpu tine =
# iteration =
<iteration end>

# (hard/ sem ard/ soft) penalty= 0/0/0
37. 46/ 37. 46(s)
267557/ 267557

penal ty

(hard/semihard/soft)

penalty= 1/ 2/ 3
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12.5

<iteration begin>
.1.2B
up: le+50 |l o: 8.6617e+05 tinme: O0.1s:nmem M)=0

I len:1 #prob: 10 #piv: 210

#1 up: 9.0859e+05 1 0: 8.6655e+05 gap: 42036 tine: 1.6s: nmem M) =2
I 1 en: 359 #pr ob: 1009 #pi v: 4223

#2 up: 9.0746e+05 | 0: 8.6655e+05 gap: 40901 tine: 6.6s:nmem M)=4
1 en: 1002#pr ob: 2652 #pi v: 6493

#3 up: 9.0713e+05 | 0: 8.6655e+05 gap: 40574 tine: 12.4s: nmem( M) =8
I1en: 1876 #prob: 4776

#pi v: 9105

#4 up: 9.0692e+05 1 0: 8.6655e+05 gap: 40361 tinme: 17.9s: mem( M) =12

I'1 en: 2756#pr ob: 6896#pi v: 11802

«C )
I'1 en: 2680#pr ob: 58708i v: 65012

#47 up: 8. 7972e+05 | 0: 8. 6655e+05 gap: 13161
time: 174. 4s: men{ M) =43
'l en: 2167#pr ob: 59374
pi v: 65851
up: 8. 7972e+05 | o: 8. 6655e+05 gap: 13161
time: 180. 1s: men{ M) =43

| en: 2169#pr ob: 60990#pi v: 67529
#48 up: 8. 7907e+05 | o: 8. 6655e+05 gap: 12518
time: 184. 3s: men{ M) =43

1 en: 1470#pr ob: 62102
pi v: 68561
#49  up: 8.79e+05 lo: 8. 6655e+05 gap: 12446
time: 190. 4s: men{ M) =43

I en: 1396#pr ob: 64450#pi v: 71062
#50 up: 8. 7843e+05 | o: 8. 6655e+05 gap: 11876
time: 192. 2s: men{ M) =43
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. 50Mb
+ 60

up

lo

gap ( - )
tinme

nem( Mb) /

avai | (M)

Il en

#pr ob

#pi vot

" nent
"avail "
50 11876
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12.6 (rcpsp)

(rcpsp)
2

12.6.1

<iteration begin>
(soft) penalty= 18, time= 0.00(s),iteration=

(soft) penalty= 17, time= 0.00(s),iteration=
(soft) penalty= 15, tine=

(soft) penalty= 14, tine=

0
0

(soft) penalty= 16, time= 0.00(s),iteration=
0
0.03(s),iteration=
0

0
2
3
.00(s),iteration= 4
6
8

(soft) penalty= 13, time= 0.05(s),iteration=

(soft)

penalty= 1
time= 2 iteration= 3 2 3
12.6.2

<interation begin>
(obj ective value) value= 18, tine= 0.00(s),iteration= 0
(obj ective value) value= 10, tine= 0.03(s),iteration=1

(obj ective value) value= 4, tinme= 0.05(s),iteration= 8
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(obj ecti ve val ue)

value= 1 1 (
time= 2 iteration= 3 2 3
2
12.7 iisDetect
i i sDetect
/

i i sDet ect

( p.snp )

Variable x,vy, z;
oj ective f(type=ninimze);
f =x +y + z;

X >=vy ; /1 11S
1+2z >=x; /1 11S
y >= 2 + z; Il 11Ss

X +y +z >= 0;

1S

X,Y,Z

i i sDet ect

I rreduci

ble Infeasible Set 1I1S
IS
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ERROR_TYPE

DETECTED |1 S_SI ZE
(#1 1 S_RELATED_VAR)

| NFEASI BI LI TY_OF_I 1S

<<NUOPT 11>> i nfeasi bl e.
3
3
1

DETECTED |1 S_SI ZE 1S
1S
(#1 1 S_RELATED_VAR)
I NFEASI BILITY._ OF 11S  11S
NO | 1 S_FOUND_BY 1S
1S
(#NONLI NEAR_CONSTR. )
1S

IS

Variable x,vy, z;

f =x+y+ z

X +y +z >=0;

X*X >= y*y /1
1+2z >=x; /1
y >= 2 + z; /1

oj ective f(type=ninimze);

S
S
IS

ERROR_TYPE
NO | 1 S_FOUND_BY
(#NONLI NEAR_CONSTR. )

<<NUOPT 11>> i nf easi bl e.
NON_LI NEARLI TY
1
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12.8

PROBLEM NAME

S| MPLE
MPS < TITLE

NUVBER OF VARI ABLES

NUVBER _OF FUNCTI ONS

)

nmninze
PROBLEM TYPE o

maxi m ze
METHCD
ERROR_TYPE

opti nal
STATUS non_opti nmal

VALUE_OF_OBJECTI VE

| TERATI ON_COUNT

FUNC_EVAL_ COUNT

FACTORI ZATI ON_CQOUNT

RESI DUAL

SI MPLEX_PI VOT_COUNT

PARTI AL_PROBLEM COUNT

DUAL_SI MPLEX_PI VOT_COUNT

PENALTY wesp/ repsp
TERM NATE_REASON wesp/ repsp
IS
DETECTED | |1 S_SI ZE 1S
IS
(#1 1 S_RELATED VAR) 1S
I NFEASIBILITY OF I1S IS IS
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NO I S_FOUND_BY IS IS
IS
(#NONLI NEAR_CONSTR. ) 1S
NUMBER_OF_ACTI VI TI ES rcpsp
NUMBER _OF RESOURCES rcpsp
NUMBER _OF _PRECEDENCE rcpsp
NUMBER _OF_| MPRECEDENCE rcpsp
NUMBER _OF _GENERAL _CONSTRAI NT rcpsp
NUMBER _OF MODES rcpsp
12.9
nuopt . prm nuopt . prm

out put : node = sil ent

S| MPLE

options. out put Mode = "silent";
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13.

NUOPT
NUOPT
GUl NUOPT

. sol

resul t solfile.txt

—3X, — 2X, —4X,

X, +X,+2X; <4
2X, + 2%, <5
2X + X, +3X; <7

X, 20, X,=20, x,=0

13.1

hi gher

NUMBER_OF_VARI ABLES
NUMBER_OF_FUNCTI ONS
PROBLEM TYPE

METHCD

STATUS
VALUE_OF_OBJECTI VE
| TERATI ON_COUNT
FUNC_EVAL_COUNT
FACTORI ZATI ON_COUNT
RESI DUAL
ELAPSED TI ME(sec.)

3
4
M NI M ZATI ON
HI GHER_ORDER
OPTI MAL
-10.5
6
9
.
1. 354127444e- 008
0.01

si mpl ex

| TERATI ON_COUNT FUNC_EVAL_COUNT FACTORI ZATI ON_COUNT
SI MPLEX_PI VOT_COUNT
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NUMBER _OF VARI ABLES
NUMBER _OF _FUNCTI ONS
PROBLEM TYPE

METHOD

STATUS

VALUE_OF_ OBJECTI VE
Sl MPLEX_PI VOT_COUNT
RESI DUAL

ELAPSED Tl ME(sec.)

3

4

M NI M ZATI ON
SI MPLEX

OPTI MAL
-10.5

3

0

0. 00

si npl ex

PARTI AL_PROBLEM CCUNT
DUAL_SI MPLEX_PI VOT_COUNT

RESI DUAL
RESI DUAL

NUMBER _OF VARI ABLES
NUMBER _OF _FUNCTI ONS
PROBLEM TYPE

METHOD

STATUS

VALUE_OF_ OBJECTI VE

Sl MPLEX_PI VOT_COUNT

PARTI AL_PROBLEM COUNT
DUAL_SI MPLEX_PI VOT_COUNT
ELAPSED Tl ME(sec.)

3

4

M NI M ZATI ON
SI MPLEX

OPTI MAL

-10

4

3

6

0.017

13.2

9%
%% VARl ABLES
9%
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%%
%% VARl ABLES
%%
NANMVE VALUE STATUS [ BOUND TYPE
V# 1 x1 2.499999998 FREE | 0 <= x1
V# 2 x2 1.499999999 FREE [ 0 <= x2
V# 3 x3 1.223480816e-009 LONER | 0 <= x3
VALUE STATUS
BOUND
VH# 1 x1 (2.5)
(" FREE") X1 ([1
STATUS
LONER ( active)
UPPER ( active)
FREE
I NFS
I NFS
(rcpsp)
%%

%0 ACTI VI TI ES
%0
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%0

%% ACTI VI TI ES

%0

NAME MODE [ START/ END TI ME
V# 1 sourceActivity "DummyMode"  ACT [ 0 <= sourceActivity <= 0
V# 2 act[1] "A does" ACT [ 6 <= act[ 1] <= 12 ]
V# 3 act[ 2] " C_does" ACT [ 0 <= act[2] <= 11 ]
V# 4 act[ 3] "B_does" ACT [ 0 <= act[ 3] <= 8 ]
MCDE
START/ END TI ME
13.3
%%
%86 FUNCTI ONS
%%
4
%%
986 FUNCTI ONS
%%
NAME VALUE STATUS | CONSTRAI NT/ OBJECTI VE TYPE ]
F# 1 f -10.5 FREE | OBJECTI VE (M NI M ZE) ]
F# 2 g1 3. 999999999 UPPER [ gl <= 4 ]
F# 3 g2 4.999999998 UPPER | g2 <= 5 ]
F# 4 g3 6.499999998 FREE | g3 <= 7 ]
VALUE STATUS
CONSTRAI NT/ OBJECTI VE TYPE
F# 1 F ( ) (-10.5)
("M N M ZE") F# 2 Gl
(" UPPER")
&% (rr )

STATUS
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LONER ( active)

UPPER ( active)

FREE

I NFS

TA N

TGOUT

I NFS

13.4

9%
%% BOUNDS
9

9%
%86 CONSTRAI NTS
9%
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%%
%% BOUNDS
%%
[ BOUND TYPE ] DUAL VALUE
B# 1 [ 0 <= x1 ]  4.891837406e- 010
B# 2 [ 0 <= x2 ] 8.151927281e-010
B# 3 | 0 <= x3 ] 1. 000000001
%%
%86 CONSTRAI NTS
%%
[ CONSTRAI NT/ OBJECTI VE TYPE ] DUAL VALUE
Cit 1] OBJECTI VE (M NI M ZE) ] 0
Cit 2 | gl <= 4 ] -1. 999999998
C#t 3| g2 <= 5 ] - 0. 4999999986
Cit 4] g3 <= 7 ] -2.443858094e- 009
BOUND TYPE CONSTRAI NT/ OBJECTI VE TYPE DUAL VALUE
B# 1 x1 0 <=x1
0

reduced cost

active

( active)

( active)

13.5
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Variable x,vy, z;
oj ective f(type=ninimze);
f =x +y + z;

X >=vy ; /1 11S
1+2z >=x; /1 11S
y >= 2 + z; Il 11Ss

X +y +z >= 0;

%W
WollS
A%
#2 | p.snp: 5 y X
<= 0 0)
#3 | p.snp: 6 1+ x z
<= 0 ( 0)
#4 I p.snp: 7 INFS : 2 +z y
<= 0 ( 1)
IS
X,Y,Z
I NFS
IS IS
IS
IS
INFEASIBILITY_OF_IIS
13.6

wesp
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%0
9% WCSP_PENALTY
90

F# 246 nodel
F# 432 nodel
F# 946 nodel
F# 7080 nodel
F# 7586 nodel
F# 7675 nodel
F# 7756 nodel
F# 7780 nodel
F# 8293 nodel

. snp:
. snp:
. snp:
. snp:
. snp:
. snp:
. snp:
. snp:
. snp:

TYPE VALUE BOUND

83[ 6] HARD 0  >=
91[ 13] S. HARD
119[ 17, E] S. HARD
152[ 1] (u) SOFT
156[7,3] SOFT

156[ 2, 10] SOFT

0

7

3

5
156[21,6] SOFT 3 <=

4

156[1,11] SOFT 3

0

162[ 19, 25] SOFT

1 1
1 1
6 1
2 1 100
2 3 10
2 1 10
2 2 10
2 1 10
5 5 1

AMOUNT WEI GHT PENALTY

100
30
10
20
10

9

HARD S. HARD SOFT
246 nodel . snp: 83[ 6]
nodel . snp: 152[ 1] (u)
2
3
()
wesp
wi ndows “wespout ”
au
13.7
%%
%% MATRI CES
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X, + X,
X 2x, 1
I O

%o
%86 MATRI CES
%o

NAVE
ME 1 X[ 1,1]
Mt 2 X[ 1,2]
Mt 3 X[ 2,1]

VALUE

1.414215
1. 000000
0. 707107

VALUE
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14. NUOPT
NUCPT NUCPT
14.1
NUCPT
¢ LP (Linear Programm ng: )
¢+ MLP (M xed Integer Linear Programm ng: )
MP (M xed
I nt eger Progranmi ng)
* MQP (Mxed Integer Quadratic Programm ng: )
« MNLP (M xed I nteger Nonlinear Progranm ng: )

¢ CQP (Convex Quadratic Programm ng: )
¢ CP (Convex Programm ng: )
¢ NLP (Nonlinear Programi ng: )

*

SDP (Seni Definite Program ng: )
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¢ NLSDP ( NonLi near Sem Definite Program ng: )

+ WCSP (Wi ght ed Constrai nt Sati sfaction Problem )

wesp

+ RCPSP (Resource Constrai ned Project Scheduling Problem

)

M LP
rcpsp

14.2
NUCPT

METHOD
+ sinplex : ( SI MPLEX)

/

(Branch and
bound net hod)
"cross:on"

s asqp (ACTI VE_SET_QP)

(Li ne Search Met hod)
1/ 10



*

hi gher

[ipm:
| epm :

line :

bf gs :

tipm:
tepm:

trust

Ver.

( H GHER_ORDER)

(LI NE_SEARCH_| PM

(LI NE_SEARCH_EPM

(LI NE_SEARCH)

[ipm | epm

Ver.7

[ipm

(BFGS_LI NE_SEARCH)

(50

TRUST_REG ON_| PM

( TRUST_REG ON_EPM

( TRUST_REG ON)

ti pm

(trust)
trust Ver. 8

123

"cross:on"
(l'ine)
line Ver.8
l/bf gS ”
500 )
tepm

ti pm
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* |lsgp :

100

s tsqp :

*

¢ csdp :

* gnsdp :

*

* Wwesp

| sdp :

trsdp :

gnsdp

(WCSP)

(LI NE_SEARCH_SQP)

(50
lipm|lepnline
( TRUST_REGQ ON_SQP)
/ ti pmtepm trust
| sdp
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* rcpsp ( RCPSP)
rcpsp
S| MPLE
¢ gl obal : (GLOBAL)
NUCPT
(bfgs,trust)
NLP
NUOPT/Global NUOPT/Global
+ DFO :
NLP NUOPT/DFO NUOPT/DFO
NUOPT/DFO
NUOPT/DFO

NUOPT S| MPLE
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+ -
sin cos
sec csc

si nh cosh
sech coth
atan2 hypot

tan
cot
t anh

asin acos at an
asec acsc acot
asi nh acosh atanh

asech acsch acoth

erf

exp | og l ogl0 pow sqrt
ceil floor fabs f nod
erf 9
erf (x) Eij'e“zdt X €[00, 0]
NI
+ iisDetect
NUCPT

on

(LP)

(M LP)
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14.3
NUOPT NUOPT
o
LP ML MQ MN. CQP CP NP SDP NLSD RCPS

P P P P P
si mpl ex o o -- -- -- - - -- --
asqp o -- o -- o - - - - --
hi gher o -- -- -- -- - - -- -- -
[ipmlepmli -- -- -- o o -- -- -- -
ne
bf gs/ | bf gs -- -- -- -- o -- -- -
tipmtepntr -- -- -- -- o -- -- -
ust
I sgp -- -- -- o o -- -- -
tsqp -- -- -- o o -- - --
| sdp -- -- -- -- o -- -
csdp -- -- -- -- o -- -
gnsdp -- -- -- o -
trsdp -- -- -- o -
wesp -- o o o ce e ee e -
gl obal o o o o
DFO ST o - .- -
rcpsp -- - -- -- -- -- - -- -- o
i i sDet ect o -- -- --
wcsp o 0-1
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14.4

nuopt . prm

DFO

si mpl ex

asqp

hi gher

[ipm

| epm

i ne

bf gs

ti pm

tepm

trust

I sqp

tsqp

| sdp

csdp

gnsdp

trsdp

wesp

rcpsp

gl obal

4.2
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options. method = *

nuopt . prm

nmet hod

si mpl ex

options. nethod = “si npl ex”;

nuopt . prm

nmet hod: si npl ex

i i sDetect

nuopt . prm

options.iisDetect = “of f”

nuopt . prm

paramii s=of f

14.5
NUCPT
si mpl ex
asqp
hi gher
wesp Di screteVari abl e, selection
rcpsp Activity, Resour ceRequire,
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Resour ceCapacity

| sdp

csdp

trsdp
ti pm

14.5.1

asqp

gl obal

gl obal
wesp

14.5.2

ti pm
asqp

tepm trust tsqp
tepm
trust

tsgp

14.5.3

S| MPLE
[ipm

14.6
( LP) ( QP)
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( higher/lipmilepmline/bfgs/tipmtepnmtrust )

options.crossover = “on”;

nuopt . prm

Cross: on
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15.
NUCPT
SI MPLE Par anet er
nuopt . prm
NUCPT
aul NUCPT 1
2
nuopt . prm
15.1 nuopt.prm
nuopt . prm
begi n end

end

begi n

end

begi n end
si mpl ex

begi n

nmet hod: si npl ex

end
10*

begi n

crit:eps=1.0e-12
end
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begi n
crit : eps = 1.0e-12
end

10™ hi gher

begi n
crit:eps=1.0e-4
net hod: hi gher
end

*

3 nmet hod: hi hger

begi n
crit:eps=1.0e-4
*net hod: hi gher
end

9.836d-5 1.347D-4 3.4e-3 4.562384E-2

begi n

maxi ni ze

nmet hod: t r ust
scal i ng: on
crit:eps=1.0e-8

end
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<readi ng paraneter file: nuopt.prne
begi n
maxi n ze
nmet hod: t r ust
scal i ng: on
crit:eps=1.0e-8
end
<reading MPS file: nyprob.nps >
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15.2

15.2.1

si mpl ex

asqp
hi gher

[ipm
| epm

i ne

bf gs

ti pm

tepm

trust

I sqp

tsqp
| sdp

csdp

gnsdp

trsdp

wesp

rcpsp

global

options. method = * ;

nuopt . prm
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nmet hod:

si mpl ex

options. nethod = “si npl ex”;

nuopt . prm

nmet hod: si npl ex

i i sDetect

options.iisDetect = “of f”
nuopt . prm

paramii s=of f

15.2.2
NUCPT
. sol
options. out put Mode = "silent";

nuopt . prm

out put : node=si | ent

15.2.3

options.outfilenane = " NULL_";




nuopt . prm
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out put : name=_NULL_

options.outfilenane ="

nuopt . prm
out put : nane=
. sol
15.3
15.3.1 ( higher )/ ( lipn/lepm/line )/
Isgp/tsqp

Isdp/csdp/qgnsdp/trsdp

options.scaling = “on”;

nuopt . prm

scal i ng: on

hi gher
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options.crossover = “on”;

nuopt . prm

Cross: on

options.eps = 1. 0e-8;

nuopt . prm

crit:eps=1.0e-8

150

(<<NUOPT 10>> IPMiteration limt exceeded.)
( I'sgp/tsgp ) ( <<NUOPT 40>>

SQP iteration limt exceeded.)

options. maxitn = 150;

nuopt . prm

crit:maxitn=150

. | epmftepm

(<<NUOPT 55>> exterior solution obtained.)

exr ho
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exr ho
exr ho exr ho
1. Oe3

options.exrho = 1. 0e3;

nuopt . prm
par am exr ho=1. 0e3

15.3.2 ( simplex )/ ( asgp )

options.scaling = “on”;

nuopt . prm
scal i ng: on

told 1. 0e-6

options.told = 1. Oe- 6;

nuopt . prm

si nmpl ex: tol d=1. Oe-6
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tol x 1.0e-8

options.tol x = 1. Oe-8;

nuopt . prm

si nmpl ex: tol x=1. 0e-8

15.3.3 ( wesp/repsp )

( wesp/rcpsp )

-1
options.maxitn = -1;
nuopt . prm
crit:maxitn=-1
*
-1

options. maxtim= -1;

nuopt . prm

crit:maxtine-1

def aul t Constrai nt Wi ght
12
def aul t Constrai nt Wi ght



141

opti ons. def aul t Constrai nt Wi ght 12;

def aul t Const rai nt Wi ght 0
def aul t Constrai nt Wi ght 0
def aul t Const rai nt Wi ght Constr ai nt har dConst r ai nt

seni Har dConst r ai nt sof t Constrai nt

def aul t Obj ecti veWei ght
def aul t Obj ecti veWei ght
5

options. def aul t Obj ecti veWei ght = 5;

def aul t Obj ect i veWei ght 1

. wcsp

t ar get def aul t Obj ecti veTar get

options. defaul t GbjectiveTarget = 5; // wcsp

oj ective t ar get def aul t Obj ecti veTar get
oj ective t ar get
0 rcpsp
*
wespRandonteed

opti ons. wspRandonSeed = 3;
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wespRandonteed

wespTryCount

options. wspTryCount = 5;

maxtim

wespPhaseOneMaxt i e

options. wcspPhaseOneMaxti ne = 60;

wespPhaseTwoMax| nt er val

opti ons. wcspPhaseTwoMaxl nt eger Val = 5;

15.3.4 ( simplex/asqgp )/ global
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( sinplex )/ ( asqgp )/
( gl obal )
( gl obal )
NUCPT
*
0,1,2
1 2



144

2
0 NUCPT
V12
V11 V12 cl evel 0
options.clevel = 1;
nuopt . prm

branch: cl evel =1

roundi ng, feasibility Punp, nei ghbour search
0 1 roundi ng
2,3
feaibility Punmp nei ghbour search

NUOPT
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options. roundi ng -1, /1 -1,0,1,2,3
options. f easPunp -1, /1 -1,0,1
options. nei ghbour Search = -1; // -1,0,1

nuopt . prm

branch: round=-1 * -1,0,1,2,3
branch: feas=-1 * -1,0,1
branch: nei gh=-1 * -1,0,1

1
p
p=1( )
options.p = 10;
nuopt . prm
branch: p=10
NUOPT finc
fInC fCUt
fcut - finc _Af ( )
fcut = flnc +Af ( )




146

Af addToCut of f

rel addToCut of f
1.0e-6 1.0e-4 addTocCut of f
rel addToCut of f
1.0e-6 0
1. 0e-6 1. 0e-6

1.0e-4

gl obal
1. Oe-5

LP

LP

options. addToCutoff = 1.0e-6; //
options.rel _addToCutoff =1.0e-4; //

gl obal

nuopt . prm

branch: add=1. Oe- 6 *
branch: rel add=1. Oe-4 * gl obal

cut of f

(<<NUCPT16>> Infeasible MP.)

cut
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options.cutoff = 1.0e-2;

nuopt . prm

branch: cut of f =1. Oe- 2

-1

LP(QP)

maxtim

<<NUOPT 21>> B&B itr. tineout

(with feasible.sol).

<<NUOPT 22>> B&B itr. tineout

(no feasible.sol).

options. maxtim= -1;

nuopt . prm

crit:maxtine-1

maxi nt sol

<<NUCPT 37>> B&B terninated with given # of feasible.sol.

options. maxi ntsol =

_l’

nuopt . prm
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branch: naxi ntsol =-1

NUOPT
Mo 1000 138
138
- maxnem
NUCPT43 NUCPT44

).

<<NUCPT 43>> B&B nenory error (with feasible.sol.).

<<NUCPT 44>> B&B nenory error (no feasible.sol.).

options. maxmem = -10;

nuopt . prm

br anch: maxnene- 10

gap =( - ) gap

<<NUCPT 45>> B&B gap reaches under the linit.

options.gaptol = 1.0e-2;

nuopt . prm
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branch: gapt ol =1. Oe-2

15.4 MPS
MPS MPS
nuopt . prm
MPS
*
MPS /
nmaxi ni ze
*
MPS RHS/ BOUNDS/ RANGE/
mpsfile:rhs = (RHS )
npsfile:bou = ( BOUNDS )
mpsfile:ran = ( RANGE )
npsfile:obj = ( )
<<MPS FI LE 13>> Specified rhs: RHS not found
<<MPS FI LE 11>> Specified bound: BOUND not found
<<MPS FI LE 15>> Speci fi ed range dat a: RANGE not found.
<<MPS FI LE 12>> Specified objective: not found

15.5

NUCPT
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Def aul t
out put Mbde “stlent”, "nor mal "
"nornmal ", [ out put: node = nornal ]
"aut o,
“1ipnm,
"l epnt,
"line",
"hi gher",
"tipn,
"tepnt,
"trust",
met hod "bf gs" | "aut o" [ met hod: aut 0]
"1 bf gs",
"si npl ex",
"asqp”,
"I'sqp”,
"t sqp"
"wesp”
"rcpsp”
scal i ng coft "on"
"on" [ scal i ng: on]
maxitn i nt 150
[crit:maxitn = 150]
eps doubl e )
[crit:eps = 1.0e-38]
cl evel 0/1/2 1 ( 0 )
[ branch: cl evel =1]
roudi ng
-1
roundi ng -1/0/1/2/3 -1
( )
[ branch: r oundi ng=1]
Feasi bility Punmp
f easPunp -1/0/1 -1

-1
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(

[ branch:

)

f eas=0]

Nei ghbor search

-1
nei ghbour Sear ch -1/0/1 -1
( )
[ branch: nei gh=1]
1. Oe-6
gl obal
addToCut of f doubl e ( )
1.0e-5 [ branch: addt ocut of f =1
gl obal Oe- 6]
-1
rel _addToCut of f doubl e 0 ( gl oba
)
[ branch: rel add=1. Oe- 4]
cut of f doubl e ( )
[ branch: cutoff = 1.8]
p i nt 10 ( )
[ branch: p = 10]
maxnod i nt -1 ( )
[ branch: maxnod=100000]
()
maxtim i nt -1 ( )
[ branch: maxt i m=3600]
: -10 (M)
maxmem i nt
10Mb ( Mo)
[ branch: maxmem=500]
-1
gapt ol doubl e
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t ol x doubl e 1.0e-8
[ param t ol x=1. Oe- 8]
told Doubl e 1. 0e-6
[ param t ol d=1. Oe- 6]
nmaxi nt sol i nt -1 )
[ branch: maxi nt sol =3]
. "of f" IS
i 1 sDet ect "on"
"on" /
NUCPT
“_NULL_”
outfil enane char* 0( )
[ out put : nane=nyout ]
) sol ve()
noDef aul t Sol ve i nt 0
) Sol out ()
noDef aul t Sol out i nt 0

out put Par anet er 0
Par anet er, Set, El ement
out put Set . 0 )
i nt Expression CSV
out put El enent 0
out put Expr essi on 1
nmul t Dat aPol i cy i nt 0
def aul t Constrai nt W (
) doubl e -1
ei ght )
def aul t Obj ecti veWe
) doubl e 1 (
i ght
)
def aul t Obj ectiveTa (
doubl e 0

rget ) wesp
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16. MPS
NUCPT MPS
MPS f 0o. nps
pronpt % nuopt f o0o. nps
MPS aul
MPS
16.1 MPS
MPS nuopt

pr onpt % nuopt ex1. nps

<reading MPS file: exl.nps >

PROBLEM NANME( Tl TLE) exanpl el
RONS 4
COLUMNS 3
NONZERCS 11
OBJECTI VE f
RHS b
NUMBER_OF_VARI ABLES 3
NUMBER_OF_FUNCTI ONS 4
PROBLEM TYPE M NI M ZATI ON
METHCD H GHER_ORDER
<preprocess begin> ......... <preprocess end>
<iteration begin>

res=2.4e+001 .... 2.7e-005 1.4e-008
<iteration end>
STATUS OPTI VAL
VALUE_OF_OBJECTI VE -10.5
| TERATI ON_COUNT 6
FUNC_EVAL_COUNT 9
FACTORI ZATI ON_COUNT 7
RESI DUAL 1.354127444e- 008
ELAPSED Tl ME(sec.) 0.01

SOLUTI ON_FI LE ex1. sol

NUOPT 6. 0. 0, Copyright (C) 1991-2001 Mat hemati cal Systens I nc.
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<reading MPS file: exl.nps >

PROBLEM NANME( Tl TLE) exanpl el
RONB 4
COLUMNS 3
NONZERCS 11
OBJECTI VE

RHS b

MPS MPS NANMVE
exanpl el ROA5 (4) COLUWNS
(3) (11) (F)

(B)
SI MPLE NUOPT

12

16.2 MPS

nuopt

MPS . nps . sol

MPS

exl exl. sol

ex1l. nps ex1l. sol . . sol

ex1l. 4. nps ex1l. 4. sol . . sol

/ nuopt / sanpl es/ ex1. nps ex1. sol

MPS
BOUNDS, RANGES MPS BOUNDS RANGES

BOUNDS BNDL FR(2)
RANGE RNGL
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BOUNDS ( ) BOUNDS
UP(21) / FX(3) # 21/ 3
UP(131) / FX(16)/ FR( 14) # 131/ 16 / 14
UP(65) / LO(64) / FX(18)/ FR(1) # 65 |/ 64 | 18 / 1

NONZEROS_| N_HESSI AN | NI T_VALUE_G VEN_COLUWNS

NONZERCS | N HESSI AN 4
I NI T_VALUE G VEN_COLUWNS 2
COLUWNS MARKER
COLUWNS 2 INT(2)
16.3 MPS
MPS MPS
nuopt . prm
MPS
*
MPS /
MPS
maxi n ze

MPS RHS/ BOUNDS/ RANGE/
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mpsfile:rhs = (RHS )
npsfile:bou = ( BOUNDS
mpsfile:ran = ( RANGE

npsfil e: obj

]
—~

<<MPS FI LE 13>> Specified rhs: RHS
<<MPS FI LE 11>> Specified bound: BOUND
<<MPS FI LE 15>> Speci fi ed range dat a: RANGE
<<MPS FI LE 12>> Specified objective:

not found
not found
not found.
not found

16.4 MPS
MPS /
/
f(x)
¢, <g(x)<c,, i=L---m
b, <x;<by,, j=1--n
X; =X, j=L-n
FO) g:(x)
f(x):c1x1+c2x2+---+cnxn+%X‘H0x
1.
9 (X) =X + X, + oo+ 8, X, +EX Hix
MPS MPS




MPS

Hessi an

MPS

nuopt - support @rsi . co. j p

MPS

157

2
4AX, — X5 + X,

X, + X,

X, +2X, = X5 + X X,

X, + X3

MPS
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NANME SAMPLE

ROgIgoR

o8]
3R

BOUNDS
LO BND1 X1
LO BND1 X2
UP BND1 X2
HESSI AN
X2 X2
R2
X1 X2
I NI TI AL
X1
X2
ENDATA

3 8

16.5 MPS

16.5.1 MPS

SI MPLE
MPS

Vi sual Studio

nmpsout




159

mpsout (); // MPS

MPS .snp . nps
MPS . nps
npsout ("filenane"); // filenane.nps MPS
16.5.2
MPS
MPS X1, X2, ...
F1, F2. .. S| MPLE
MPS MPS

VARI ABLE NAME ( MPSFI LE - original)

X1 -
X2 -

var[ 1]
var[ 2]

FUNCTI ON NAME TABLE (MPSFILE - original)

F1 - 0bj
F2 -

9999999
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17. 0-1
0-1
*
*
i ndi cat or
17.1
B —X,Xx<0
y= X,X >0

i felse

0-1

Variable Xx,vy;

Paranmeter M
M = 10000; //

I nt eger Vari abl e d(type=bi nary);

-Md <= x <= M(1-d);
X - M(1l-d) <=y <=x + M(1-d);
-X - Md <=y <= -x + Md,

d=1=x<0

X d=0=0<x<M d=1=-M<x<0
M d=0=0<x
y d=0=x-M<y<x+M

d=1=x<y<X

d=1=y=x

d=0=y=-x
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17.2

I nt eger Vari abl e x,yvy;

I nt eger Vari abl e d(type=bi nary);
Par ameter M

M = 10000; //

- Md <= x <= M(1-d);

- Md <=y <= M(1-d);

M d=0=0<x d=1=x<0
d=0=0<y d=1=y<0 X, Yy
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18.
18.1
Activity
6 1,..,6 ABC 3
A B, C
3 A B, C
A does 1 2 3 6
B does 3 2 3 8
C _does 4 5 2 11
A B, C
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1 rcpsp
j(j=1..6) s=1,2,3 18
act[j,s]
i, s j=1..6 s=1,2,3
A does 1 1 A act[j, 1]
A does_2 2 A act[j, 2]
A does_3 3 A act[j, 3]
B does_1 3 B act[j, 1]
B _does_2 2 B act[j, 2]
B does_3 3 B act[j, 3]
C does_1 4 C act[j, 1]
C does_2 5 C act[j, 2]
C _does_3 2 C act[j, 3]
A B C
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/1

/1 1 )

/1

Set M

El ement m(set=M); //

Set R

El ement r(set=R); //

Set D

El ement d(set=D); //

/1

Resour ceRequi re req(node=M resource=R, duration=D);
Set T="0.. 40"; //

El ement t(set=T);

Resour ceCapacity cap(nane="cap", resource=R ti nmeStep=T);
cap[r,t] = 1;

Set J ="1.. 6"; //

Set S="123"; [/

El ement j (set=J);

El ement s(set=S);

Set stepToMode(i ndex=s);

Activity act(index=(j,s), node= stepToMbde[s]);
/1

act[j,s-1] < act[j,s], s > 1 ;

/1

oj ective f(type=ninimze);
f = conpl eti onTi ne;
options. maxtim= 10;

sol ve();

/1

Gantt g;
g.add(act[j,s].j.s);

g. dunp() ;
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req=
[ Adoes 1, A 1] 1 [ Bdoes 1, B, 1] 1 [ Cdoes_ 1, C 1] 1
[ Bdoes 1, B, 21 1 [ Cdoes 1, C 2] 1
[ Adoes 2, A 1] 1 [ Bdoes 1, B, 3 1 [ Cdoes_1, C 3] 1
[ Adoes 2, A 2] [ Cdoes 1, C 4] 1
[ Bdoes 2, B, 1] 1
[ Adoes 3, A 1] 1 [ Bdoes 2, B, 21 1 [ Cdoes 2, C 1] 1
[ Adoes 3, A 2] [ Cdoes 2, C 2] 1
[ Adoes 3, A 3] 1 [ Bdoes 3, B, 1] 1 [ Cdoes 2, C 3] 1
[ Bdoes 3, B, 21 1 [ Cdoes 2, C 4] 1
[ Bdoes 3, B, 3] 1 [ Cdoes 2, C, 5] 1
[ Cdoes 3, C 1] 1
[ Cdoes 3, C 2] 1
st epToMode =
[1] A does_1 B does 1 C does_1
[2] A does 2 B does 2 C does_ 2
[3] A does_3 B does 3 C does_3
st epToMbde

rcpsp

[on o R O o T e ]

A does 1
B_does 2
B_does 3
A _does 2
C _does 3
A does 3
C _does1
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18.1.1 Activity

Activity
18

El ement j (set=J);

El ement s(set=S)

Set stepToMode(i ndex=s);

Activity act (index=(j,s), node=stepToMde[s]);

Activity act(index=(j,1), node=stepToMde[1]);
Activity act (index=(j,2), node=stepToMde[2]);
Activity act (index=(j,3), node=stepToMde[3]);

El ement j (set=J);

El ement s(set=S)

Set stepToMode(i ndex=(j,s));

Activity act (index=(j,s), node=stepTohMode[j, s]);

18.1.2

18
act[1,1],act[1,2],act[1, 3]

act[1,2] act[1,1] act[1l,3]

a<b

a.endTine <= b.startTine
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/1
act[j,s-1] < act[j,s], s > 1 ;

/1 i
act[j,1] < act[j,2] [/
act[j,2] < act[j,3] [/

/1
act[j,s-1] < act[j,s], s > 1, 10

s-1 S
b i nt eger
a.endTine + integer <= b.startTine
a<b, Par anet er Par anet er
hard
sof t ( )
18.1.3
Activity

10

<<
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11

act[j-1,1] << act[j, 1],

A

AT

j

> 1;

[ R o T e ]

A _does 1
B_does 2
C_does 3
C_does 2
A does 3
B does 3
A does 2




18.2

Bool ean( Activity
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/[l Activity 1 0
Activity.startTinme
Activity.endTi nme
Activity. processTi ne
Bool ean( Acti vi ty==" ")
Activity startTinme ,endTine ,processTi ne
S| MPLE
Par anet er
2
A B, C 2
1000
A does 1 2 3 6
B does 3 2 3 8
C does 4 5 2 11
A does 2000 1000 0 6
B does 0 1000 0 8
C does 0 0 1000 11
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A does_1
A does 2
A does_3
B does 1
B does_ 2
B does_3
C does_1
C does_2
C does_3

b lo|lo|o |k ook |d]|A

cost

/1

Par amet er cost (i ndex=nj;

Expr essi on cost Sum

cost Sumesum( Bool ean(act[j,s]==m*cost[n], (j,s, mnxstepToMdde
[s]));

soft Constraint (10); //

costSum<= 0; //

cost

cost =

[A does 1] 2 [B does 1] O [C does 1] O
[A does 2] 1 [B does 2] 1 [C does 2]

[A does 3] O [B does 3] 0O [C.does 3] 1

rcpsp
12

sof t Constrai nt
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soft Constraint (10); //
costSum<= 0; //

36

N S e I
)

22

B_does 1
Z _does 2
B_does 3
A does_ 3

5

3000

Lo ) I O o T e

17

B _does 1
A does 2
B_does 3
A does 3
C doeg 2
C _does 1

1

def aul t Cbj ect i veWei ght

2

9000
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M = LD

B_does_1
A _does 2
A does 3
C _does_3
A does_1
C_does 1
B does 3
C _does 2
B_does_2

10 15
a2k (FH)

20

23
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18.3
*
*
*
18.3.1
3
3 1
1
a, b d
a, b, d R
d << a, "R';
d << b, "R';

a, b
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/1

/1 3

/1

Set M

El ement m(set=M); //

Resour ceCapacity cap(resource=R, ti neSt ep=T);
cap[r,t] = 1;
cap[ "dunmyResource",t] = 10; //

Set J ="1.. 6"; //
I

Activity durmmy(name="dummy", node=Set (" dunmyMode"));
dunmmy << act[j, 1], "dumryResource", 1 <= | <= 3;

req =
[ Adoes 1, A 1] 1 [ Bdoes 1, B, 1] 1 [ C.does_1, C, 1]

[ _dummyMbde, dunmyResource, 1] 1
[ A does 1, dumyResource, 1] 1
[ Cdoes 1, dumyResource, 1] 1

st epToMode =
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[ ) R R o T e ]

A _does 1
B_does 2
C_does_ 3
B_does 1
C_does 1
A_does 2
B _does 3

Adoesd [N

18.3.2

act[j, 1] <<dummy , "dummyResource", 1 <= j <= 3;

act[j, 1]
endTi me dunmy



176

Lo ) B R o T e

C_does 1
A does 2
A does_3
B_does_1
B_does_3
A does 1
B_does_ 2

Coves3 [N

18.3.3
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4)

1 4 7 9

2 3 5 8

3 1 5 9

4 2 3 6

5 0 7 10

6 0 1 4
1 A does_1 B does_ 2 B does_3
2 A does_1 A does 2 C does_3
3 A does_1 B does_2 A does_3
4 A does_1 B does_2 C does_3
5 C does_1 A does 2 C does_3
6 A does_1 B does_ 2 C does_3
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act[1]
act[2]
act[3]
act[4]
act[5]
act[d]

A does 1
C _does_1
A does_2
B_does_2
A does 3
B does 3
C _does 3

S| MPLE

B {EH 18]
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/1

/1 4 ( )
/1

Set M

El ement m(set=M); //

Resour ceCapacity cap(nane="cap", resource=R ti meStep=T);
cap[r,t] = 1;

cap["B",t] =0, t >=5; // 5 B

/1

Set Fi xAct (name="Fi xAct", di m=2);

Parameter initStart(name="initStart", index=(j,s));

act[j,s].startTinme = initStart[j,s], (j,s) < FixAct;

Par anet er i nit Mode( nane="i ni t Mode", index=(j,s));
act[j,s] = initMde[j,s], (j,s) < FixAct;

fixActivity(act[j,s].startTinme, (j,s) < FixAct);
fixActivity(act[j,s], (j,s) < FixAct);

/1

Set Not Fi xAct (name="Fi xAct", dim2);

Not Fi xAct = setOF ((j,s), (j <J, s <9S)) - FixAct;
sourceActivity < act[j,s], (j,s) < NotFixAct,5;

/1

oj ective f(type=ninimze);
f = conpl eti onTi ne;
options. maxtim= 5;
showSyst en() ;

sol ve();
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initStart =
[1,1] 4
[2,1] 3
[3,1] 1
[4,1] 2
[4,2] 3
[5,1] ©
[6,1] O
[6,2] 1
[6,3] 4
i ni t Mode =

[1,1] "A does_1"
[2,1] "A does_ 1"
[3,1] "A does 1"
[4,1] "A _does_1"
[4,2] "B does_ 2"
[5,1] "C does_ 1"
[6,1] "A does 1"
[6,2] "B does 2"
[6,3] "C does_ 3"
Fi xAct =

1

o oo g M D WN PR
W N R RPN R RP R

fixActivity
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sourceActivity

E

act[1]
act[2]
act[3]
act[4]
act[5]
act[d]

A does
C does 1
A does 2
B_does 2
A does 3
C does_3

18.4.1 fixActivity

fixActivity
Activity
Activity.startTinme
Activity.endTi nme
3 fixActivity

fixActivity(act[j,s], (j,s) < FixAct);
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fixActivity(act['
fixActivity(act]
fixActivity(act]
fixActivity(act]
fixActivity(act['
fixActivity(act['
fixActivity(act]
fixActivity(act]
fixActivity(act['

'1,1);
"2,1');
"3,1'1);
"4,1');
'4,2']);
'5.1'1);
"6.1'1);
"6.2'1);
6.3'1);

fixActivity

-1

fixActivity(Activity,

)

fixActivity(Activity.startTine, );
fixActivity(Activity.endTi ne, );

rcpsp

18.4.2 unfixActivity

fixActivity
fixActivity

unfi xActivity

unfi xActivity
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18.5
a mL, n2, nB
b n2, nl, nB
a b
nodeOrder (a) == nodeOrder (b);
a ni b nP
a nP b ni
a nB8 b nB8
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/1

/1 5 ( nodeOr der )
/1

Set M

El ement m(set=M); //

Set R

El ement r(set=R); //

Set D

El ement d(set=D); //

Set stepToMode(i ndex=s);
Activity act(index=(j,s), node= stepToMode[s]);

/1 1 3
modeOrder (act[j,1]) == nodeOrder(act[j,3]);

sol ve();

nodeOrder (act[j,1]) == nodeOrder(act[j, 3]);

Activity act(index=(j,s), node= stepToMode[s]);

st epToMode

st epToMode =

[1] A does_1 B does 1 C does_1
[2] A does 2 B does 2 C does_ 2
[3] A does_3 B does 3 C does_3

act[j, 1] A does_1 act[j, 3] A does_3
act[j, 1] B does_1 act[j, 3] B does_3
act[j, 1] C does_1 act[j, 3] C does_3



=
O © >

O © >

act[1]
act[2]
act[3]
act[4]
act[5]
act[5]

A does 1
C _does_1
B does 2
A does 3
C _does 3

185
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19. NUOPT/SIMPLE FAQ

NUOPT
FAQ NUOPT/ SI MPLE

19.1
0
Vari abl e x;
1/x >=5; [/
| og 0
Vari abl e x;
log(x) >=3; [//
19.2

SI MPLE C++
a 1/ 6

Paraneter a;
a=1/6; // 0

1/6

Paraneter a;
a=1.0/6.0;
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19.3

19.3.1
Set S="p q"; //
El enent i(set=S);
Par amet er a(i ndex=i);
al"p] = 2

19.3.2

El enment

Set S="p q";
Set T="1 2 3";
El enent i(set=S), j(set=T);
Par amet er a(index=(i,j));
a["p,1"] = 2; I/
a["p",j] =3, /I p
a[i,j] = 4; I/

19.3.3

El enent
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Set S="p q";

Set T="1 2 3";

Set U="r s"

El ement i (set=S), j(set=T), k(set=U)
Par ameter a(index=(i,j,k));
a["p,1,r"] 2; 11

a["p, 1", k] 3; 11

af"p",j,"r"] =4, 11

afi,"1,r"] =5; 1/

afi,j,"r"] =6; I/
a[i,1, k] =7; 1/
a["p",j, k] =8; [/

ali,j, k] =9 //




A NUOPT/SIMPLE
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A.1SIMPLE
SI MPLE UNI X W ndows
<<S| MPLE 1>> I nfeasible bound for variable XX . XX
<<S| MPLE 1>> XX
<<S| MPLE 2>> M N M ZE/ MNAXI M ZE
<<S| MPLE 3>> I nfeasible bound for constraint XX . XX
<<S| MPLE 3>> XX
<<SI MPLE 4>> Warni ng: Length of a subscript exceeds 30. 30
<<S| MPLE 4>> 30
(30 )
<<S| MPLE 5>> Subscript has the w ong di nension
<<S| MPLE 5>> (
(i ndex=?) [i,j]
)
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6 <<SI MPLE 6>> I|llegal characters ("[", "]", "..." and so «r", "1,
on)included in subscript. " " )
<<S| MPLE 6>> Gl T )
10 <<S|I MPLE 10>> Subscri pt expected on rhs assignnent.
<<S|I MPLE 10>> XX YY ( ) "[]1"
zz
11 <<SI MPLE 11>> Data fil e: Val ue expected on rhs of assi gnnent.
<<S| MPLE 11>> XX Yy
zz WV
12 <<SI MPLE 12>> <<SIMPLE 17>>Internal Error! SI MPLE
<<S|I MPLE 12>> <<SI MPLE 17>> ! (nuopt - support @si . co.jp )
19 <<SI MPLE 19>> Warning: No auto-assignment perforned for
constant set. ( ) ( Set
<<Sl| MPLE 19>> super Set
)
20 <<SI MPLE20>>Datafile: Can't matchthepattern"from.. to". fromto
<<S| MPLE 20>> “from... to" fromto
22 <<SI MPLE 22>> Data file: Number of values not matched wth
t he i ndex di mension of set. “T1" El enent
<<S| MPLE 22>> i ndex
23 <<S| MPLE 23>> Expand fromto: "..." or ".." appeared at the fromto

head or the tail of the stream
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<<S| MPLE 23>> Dot o

24

<<SI MPLE 24>> Attenpt to find the maxi mumof an enpty set.
<<Sl| MPLE 24>>

26

<<SI MPLE 26>> Only one-di nension data can be specified as
i nterval nunber.
<<S| MPLE 26>> i nterval

I nt erval

di nF1

30

<<S| MPLE 30>> | nterval data not matched withthe format: | ower
bound, upper bound.
<<S| MPLE 30>> I nterval " , "

I nt erval

33

<<S| MPLE 33>> A call has been made to an i nvalid function on
I nt erval
<<S| MPLE 33>> I nterval ( )

I nt erval

34

<<SI MPLE 34>> Warning: No auto-assignment perforned for
interval set.
<<S| MPLE 34>> : Interva

I nt erval

36

<<S|I MPLE 36>> Sequence is enpty.
<<S| MPLE 36>> Sequence

Sequence

37

<<SI MPLE 37>> Only one-di nension data can be specified as
Sequence.
<<S| MPLE 37>> Sequence

Sequence

di nF1

39

<<S|I MPLE 39>> Sequence data not matched with the fornat:

Sequence
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"“first .. last, step". (def aul t =1)
<<Sl| MPLE 39>> Sequence " - , "
40 <<S| MPLE 40>> Sequence: |l egal operation. Sequence
<<S| MPLE 40>> Sequence
41 <<S| MPLE 41>> Sequence
46 <<SI MPLE 46>> Attenpt to fi ndthe maxi mumof an enpty sequence.
<<Sl| MPLE 46>> Sequence
47 <<SI MPLE 47>> Warning: No auto-assignment perforned for
sequence. Sequence ( )
<<S| MPLE 47>> . Sequence
49 <<S|I MPLE 49>> A call has been made to an invalid function.
<<Sl| MPLE 49>>
53 <<SI MPLE 53>> (peration between elenments of different El enent
di mensi on.
<<S| MPLE 53>>
58 <<S| MPLE 58>> Set difference: sl1-s2: sl doesn't include s2. (s1-s2) s2 sl
<<S| MPLE 58>> : s1-s2 s2 sl
59 <<S| MPLE 59>> Fi exed value ( ... ) out of definedrange ( ...). | El enent
<<S| MPLE 59>> (...) (...)
60 <<SI MPLE 60>> ||l egal characters included in subscript.

<<S| MPLE 60>>
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62 <<SI MPLE 62>> Conparison between elenments of different El enent
di mensi on.
<<Sl| MPLE 62>>
64 <<SI MPLE 64>> Constraint: subscript not matched.
<<S| MPLE 64>> (Constraint):
67 <<SI MPLE 67>> Index error in reference of XX
<<Sl| MPLE 67>> XX
XX
XX XX
XX
70 <<SI MPLE 70>> Unnat ched or anbi guous el enent (s).
<<S| MPLE 70>> )
74 <<SI MPLE 74>> | nproper use of a dependent subscript.
<<S| MPLE 74>>
El enent j(set=Si]);
El enent i
)
75 <<S|I MPLE 75>> | ndex di nension error in assi gnnent to object XX

XX , scal ar

<<S| MPLE 75>>

(

but with index.

XX
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76 <<SI MPLE 76>> I ndex di nension error in assignment to
obj ect XX, Defined on index set Nbut try to assign a val ue
with index of dimension M
<<S| MPLE 76>> XX ( N
M
XX . (El ement
)
77 <<SI MPLE 77>> I ndex dinension error in assignment to XX
obj ect XX, Defined on index set with Nbut try to assign a
scal ar val ue.
<<S| MPLE 77>> XX ( : N)
78 <<SI MPLE 78>> No el ement exists in [...] function. T 1" El enent
<<SI MPLE 78>> "[...]"
81 <<SI MPLE 81>> Subscri pt m smatch.
<<Sl| MPLE 81>>
82 <<S| MPLE 82>> Subscript ... out of range.
<<S| MPLE 82>> ... i ndex="?
91 <<SI MPLE 91>> Qperati on between set of different dinension. (dim
<<S| MPLE 91>>
92 <<SI MPLE 92>> Warni ng: No aut o- assi gnment perforned for ...

<<S| MPLE 92>>




195

97 <<SI| MPLE 97>> War ni ng: No aut o- assi gnment performed for sets
nmade by set of. set O ( )
<<S| MPLE 97>> : "setof"
98 <<SI MPLE 98>> from... to has been defined before data file
readi ng.
<<S|I MPLE 98>> "“from... to"
102 <<SI MPLE 102>> Set assignnent: dinmension of |Ihs. and rhs
conflicts.

<<S| MPLE 102>>

103 <<S|I MPLE 103>> Di nensi on not mat ched when usi ng super Set.

<<S| VPLE 103>> "super Set"

( Set T(dim=2); Set S(dinel, superSet=T);
)

104 <<SI MPLE 104>> ... (1) can not be used as a superset of ...(2) ["... ()" "...(2)"

<<S|I MPLE 104>> ... (1) ... (2) super Set
105 <<S| MPLE 105>> Argunent error: ...(1) of ...(2)

<<S| MPLE 105>> Do (D) ... (2)
106 <<S| MPLE 106>> Argunent arcs must be a 2-di mensi onal set. arcs di me2

<<S| MPLE 106>> "arcs" 2
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107 <<S|I MPLE 107>> Argunent nodes nust be a 1-di nensional set. nodes di ne1
<<Sl| MPLE 107>> "nodes" 1

108 <<SI MPLE 108>> ERROR in check(): ... condition is not check()
sati sfi ed.
<<S| MPLE 108>> check()

110 <<S|I MPLE 110>> Argunent: invalid use of index. i ndex
<<S|I MPLE 110>> "i ndex="

111 <<SI MPLE 111>> Assignnent: rhs includes free subscript. ( El enent)
<<S| MPLE 111>>

113 <<SI MPLE 113>> Invalid assignment.
<<S| MPLE 113>>

114 <<SI MPLE 114>> Argunent: Invalid use of set. set

<<S| MPLE 114>> "set ="

116, 117 <<SI MPLE 116>>, <<S| MPLE 117>>

"set ="
118 <<S| MPLE 118>> Set (
)
119 <<SI MPLE 119>> Assignnment: "[" or "]" occured both in I hs and
rhs of = when assigning a set by a string.
<<S| MPLE 119>> [ 1 = (

L "] L "]
Set S; §[1]1="[1] a1
2 [1] 3", )

120 <<S| MPLE 120>> Qperators "+=", "-=", " =" "[=" "++" and "--" += == = [= 4+ --
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are not all owed here.

<<S| MPLE 120>> B R T e e
121 <<SI MPLE 121>> I nval i d constrai nt specification: ( paranmeter | SI MPLE ( <=
<= expr => paraneter is not allowed ). >= >= <= )
<<SI MPLE 121>> ( "paraneter <= expr =>
paraneter" )
122 <<SI MPLE 122>> Data file: = expected. =
<<S| MPLE 122>> .. (1) XX
-(2) =" ( a[1] =3; a[2]=5;
a=[1] 3[2] 5;
[]
)
123 <<S| MPLE 123>> Data file: Syntax error. (
<<Sl| MPLE 123>> (1) XX "
-(2) )
125 <<S| MPLE 125>> Renove/ Restore Constraint: Constraint nunber /
out of range.
<<S| MPLE 125>> Renmove/ Rest ore
127 <<SI MPLE 127>> String unconpleted ( mssing a " mark ) "

<<S|I MPLE 127>> String (" )
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128 <<SI MPLE 128>> String is enpty.
<<Sl| MPLE 128>>
129 <<SI MPLE 129>> String contains space(s).
<<Sl| MPLE 129>>
130 <<SI MPLE 130>> Invalid cast fromcharacter to int. i nt
<<Sl| MPLE 130>>
131 <<SI MPLE 131>> Invalid cast fromcharacter to double. doubl e
<<S| MPLE 131>> doubl e
135 <<SI MPLE 135>> Syntax error occured within [...] function. T 1"
<<S| MPLE 135>> [...]
136 <<SI MPLE 136>> Syntax error occured within <...> function. <>
<<Sl| MPLE 136>> <...>
140 <<S|I MPLE 140>> Fi xed val ue out of range for variable.
<<S| MPLE 140>> Vari abl e
142 <<S| MPLE 142>> Constrai nt object required in function call.
<<S| MPLE 142>> del et eCo() restoreCo()
Const rai nt
( deleteCo()/restoreCo()
Const rai nt
del et eCo(x[i] +y[i] >=6)
)
148 <<S|I MPLE 148>> Argunent: invalid use of superSet. super Set
<<S| MPLE 148>> "super Set ="
150 <<SI MPLE 150>> Set Assignnent: |hs of assignment nust be an
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set instance.
<<S| MPLE 150>>

ST ="12 3"—
)
151 <<S|I MPLE 151>> Set Auto-assignnent fail ed. (
<<S| MPLE 151>>
)
160 <<SI MPLE 160>> Enpty data can't be casted to doubl e.
<<S| MPLE 160>> doubl e doubl e
162 <<SI MPLE 162>> Invalid assignnent to current init or dual y[i].val
nenber . X.init z.dual
<<S| MPLE 162>> (.val) (.init) (.dual) ( Par anet er
( ). )
163 <<SI MPLE 163>> No current value for enpty constraint.
<<S| MPLE 163>> (.val)
164 <<SI MPLE 164>> No init value for enpty constraint.
<<Sl| MPLE 164>> 0
165 <<S| MPLE 165>> Dual val ue of constraint XX is assunmed zero Const rai nt
Constraint is enpty or nodel is not sol ved.
<<Sl| MPLE 165>> XX 0
167 <<SI MPLE 167>> Leftnost part of Constraint XX is used for XX
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output. Contains nore than two constraints. co = x[i]<=y[i]<=z[i]
<<S| MPLE 167>> XX
8.3
168 <<S|I MPLE 168>> (bj ective can only be assigned for once.
<<S| MPLE 168>> (oj ective) ( Obj ective 1
169 <<S| MPLE 169>> Argunent: type Error! type
<<S| MPLE 169>> "type="
171 <<SI MPLE 171>> Invalid assignment to bjective:
<<SI MPLE 171>> (oj ective)
"(Cbj ective = Expression”
172 <<SI MPLE 172>> (bj ective has not been assigned. (sol ve() ) (
<<SI MPLE 172>> (oj ective) )
173 <<SI MPLE 173>> dual nmenber only exists in Constraints and dua
Vari abl es.
<<Sl| MPLE 173>>
174 <<SIMPLE 174>> Set data can not be transforned to val Par anet er
Par anet er by . val (
<<SI MPLE 174>> (.val) (Par anet er) Par anet er
)
177 <<SI MPLE 177>> No | ower bound for enpty constraint.
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<<SI MPLE 177>>

181

<<SI MPLE 181>> Argunent: fromis required in defining a
Sequence.
<<SI MPLE 181>> Sequence “from="

Sequence

from

182

<<SI MPLE 182>> Argunent: toi srequiredindefininga Sequence.
<<S| MPLE 182>> Sequence "to="

Sequence

to

183

<<SI MPLE 183>> Argunent: Either left or oleft isrequiredin
defining an Interval.
<<SI| MPLE 183>> I nt er val “left=""oleft="

I nt erval
ol eft

| eft

184

<<S| MPLE 184>> Argunent: Either right or oright is required
in defining an Interval.
<<Sl| MPLE 184>> | nt erval “right=" "oright="

I nt erval
ori ght

ri ght

185

<<SIMPLE 185>> Argunent: name is ignored in the
I nt erval / Sequence definition
<<S|I MPLE 185>> | nterval / Sequence "nanme="

I nt erval

namne

)

Sequence

(

186

<<SI MPLE 186>> Argunent: index 1is ignored in the
I nt erval / Sequence definition
<<S| MPLE 186>> | nt erval / Sequence "i ndex="

I nt erval
i ndex

)

Sequence

(
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187

<<SI MPLE 187>> Argunent: dim is ignored in the
I nt erval / Sequence definition
<<S| MPLE 187>> | nt erval / Sequence "di me"

I nt erval
dim

)

(

Sequence

188

<<SI MPLE 188>> Argunent: left, right, oleft, oright are
ignored in

<<S|I MPLE 188>> Sequence "left=, right=
ol eft=, oright="

Sequence

| eft

189

<<S| MPLE 189>> Argunent: from to are ignoredinthe Interval
definition.
<<S| MPLE 189>> | nt er val “frome, to="

I nt erval
to

from

190

<<S| MPLE 190>> | nterval has no val nenber.
<<S| MPLE 190>> | nt erval ", val"

I nt erval

( I'nterval

)

val

val

191

<<SI MPLE 191>> No assignnment is allowed to Sets having
<<S| MPLE 191>> super Set

( )

192

<<S| MPLE 192>> Fatal Error in sol ve() before sol uti on process
<<SI MPLE 192>> NUOPT ( )

NUCPT

193, 194

<<S| MPLE 193>>, <<S| MPLE 194>>
Error in solve(), Fatal Error in solve()
NUOPT : XX NUCPT XX

NUCPT
194:

193:

195

<<SI MPLE 195>> I ndex with SuperSet error

Super set
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<<SI MPLE 195>> | ndex Super Set

196 <<SI MPLE 196>>War ni ng: Obj ective function is constant.
<<Sl| MPLE 196>>
197 <<SI MPLE 197>> Set of fixed el enent can not be a superset. super Set
<<S| MPLE 197>> super Set
198 <<S| MPLE 198>>Wong argunent for slice function. Slice slice
<<S| MPLE 198>> slice
199 <<SI MPLE 199>> Character-value (.. ) appeared in
constraint/objective definition. Par anet er
<<S| MPLE 199>> (..)
200 <<S| MPLE 200>> ;o sinple_fprintf() Set sinple_printf  Set
202 <<SI MPLE 202>> {...} appears invalid position
<<SI MPLE 202>> {...}
203 <<SI MPLE 203>>Insufficient # of Data after {...}..{...} ..}
expect ed
<<SI MPLE 203>> {...}..{...} XX
YY
204 <<SI MPLE 204>>Try to unlock Set w th nonane.
<<S| MPLE 204>> unl ock() unl ock()
205 <<SI| MPLE 205>>War ni ng: Any Set wi t hout nanei s al ready | ocked.
<<S| MPLE 205>> I ock() I ock() I ock()
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I ock() I ock()
206 <<SI MPLE 206>> Locked Set XX cannot be assigned. XX l ock()
<<SI MPLE 206>> | ock() XX
207 <<SI MPLE 207>> Auto-assignment nmechanismtry to add sone XX l ock()
elenent[s] to locked Set XX. In setting object YV.
<<S| MPLE 207>> YY | ock YY
XX
208 <<S| MPLE 208>> Not e: Ski p aut 0-assi gnment to | ocked base Set XX I ock()
in assignment to XX
<<S| MPLE 208>> i XX (lock )
209 <<SI MPLE 209>> Note: Skip assignment to | ocked superSet XX XX lock()
<<S| MPLE 209>> i XX super Set (1 ock )
211 <<SI MPLE 211>> User Termi nation(at Data | nput)
<<S| MPLE 211>> ( )
212 <<SI MPLE 212>> User Term nation(at Mdel Expansion)
<<S| MPLE 212>> ( )
213 <<SI MPLE 213>> Warning from sol ve(): XX NUOPT XX
<<SI MPLE 213>> NUOCPT i XX
214 <<SI MPLE 214>> Warni ng constrai nt# XX reduce to YY (al ways XX YY
sati sfi ed)

<<S| MPLE 214>> XX YY ( ).
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215 <<S| MPLE 215>> constrai nt# XX reduce to YY (never satisfied)
<<Sl| MPLE 215>> XX YY ( ) 216
216 <<SI MPLE 216>> Trivial and Infeasible constraint appeared. XX
<<S| MPLE 216>> | nf easi bl e
215
217 <<SI MPLE 217>> Internal Error XX
<<S| MPLE 217>> XX
218 <<SI MPLE 218>> Error in CSV file XX. The header col um have csv XX
N fields but line Mhas P fields.
<<SI MPLE 218>> = CSV XX N csv
M p
219 <<SI MPLE 219>> Error in CSV file XX Only the header row and Ccsv
no data row exi st.
<<S| MPLE 219>>CSV XX
220 <<SI MPLE 220>> Error in CSV file XX No data row exist. csv
<<S| MPLE 220>> CSV XX
221 <<SI MPLE 221>>FError in CSVfile XX Doublicate name YY( field csv
# N, and M) in header row.
<<Sl| MPLE 221>> CSV XX YY
( N M )
222 <<SI MPLE 222>> Error in CSVfile XX. Invalid field string XX Ccsv
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at line# N.
<<S| MPLE 222>> CSV XX
XX N

223 <<SI MPLE 223>> Error in CSV file XX. Enpty field at |ine# N, csv
field# M
<<S| MPLE 223>> CSV XX N , M

224 <<SI MPLE 224>> | n readi ng scalar YY fromCsSV file XX, found csv
too many N |lines or scalar.
<<Sl| MPLE 224>> CSV XX YY

, (N)

225 <<S| MPLE 225>> Try to read data YY (wi th Nindex), from csv
CsV file XX but it has too few ( M) precedi ng col um(s).
<<S| VPLE 225>> YY( N) csv XX

(N)

226 <<SI MPLE 226>> Try to read data YY (with Nindex, [1 or 2]D Ccsv
format) and ZZ (with Mindex, [1 or 2] Dformat ) fromthe 1D 2D
sane CSV file XX (This file | ooks anbi guous )
<<S| MPLE 226>> YY( N, [1or 2]D ) ZZ(

M [1 or 2]D ) Csv file XX
( ) -
227 <<SI MPLE 227>> Multiple data entry XX found in data YY [and

77] .
<<S| MPLE 227>> XX Y 7z

2z
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231
228 <<S| MPLE 228>> Fiel d# NN of the first row (index) is enpty. | XX 2D
In reading data XX (with YY index, 2D format) fromCSV file
Z7Z. NN
<<S| MPLE 228>> XX YY Csv file
zz NN
229 <<SI MPLE 229>> Error from asDouble(): this object is not asDoubl e()
scal ar. doubl
<<S| MPLE 229>> asDoubl e()
230 <<S|I MPLE 230>> Error in datafile FF at line NNIn the RHS of XX
xx, dinmension of element [YY] should be sane as others. YY
<<S| MPLE 230>> FF NN a=1[1 3.0[2 3] 4.0[5] 5.0 ;
XX YY
231 <<SI MPLE 231>> Mul ti pl e data definiti on found. This nmay cause
severe performance deterioration. options. mul t Dat aPol i cy 0
<<Sl| MPLE 231>>
232 <<S| MPLE 232>> Proxy object is used before set Par anet er, Vari abl e

Can be used only after declaration.
<<Sl| MPLE 232>>
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233 <<S| MPLE 233>> Floating point arithnetic error.
<<Sl| MPLE 233>>
234 <<S| MPLE 234>> is not inthe donmain of DiscreteVariable. | DiscreteVariable donai n
The donai n:
{Di screteVariable donain X  domain a,b,c
<<S| MPLE 234>> Di screteVari abl e Bool ean(x == “d”)
Di screteVariable donain
235 <<S|I MPLE 235>> Di screteVari abl e ‘s domain is invalid|DiscretevVariable donain
( should contain only positive integer or string).
domai n: { DiscreteVariable donain
<<S| MPLE235>> Di screteVari abl e domai n
donai n
{ DiscreteVariable domain
236 <<SI MPLE 236>> DiscreteVariable ‘s domain has no
el enent
<<S| MPLE 236>> Di screteVari abl e domai n
237 <<SI MPLE 237>> = is inappropriately used. X+y = z;
to define equality constraint, use == instead of = . =
<<S| MPLE 237>> = ==
=( ) ==
238 <<SI MPLE 238>> =i s i nappropriately usedindefinitionof Set

<<S| MPLE 238>> =

239

<<S| MPLE 239>> Di screteVari abl e has no doonai n.
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<<S| MPLE 239>> Di screteVariabl e

donai n

240 <<SI| MPLE 240>> Di screteVari abl e ‘s domai n shoul d not be
i ndexed.
<<S| MPLE 240>> Di screteVari abl e domai n

241 <<SI MPLE 241>>Tabl e/ Paraneter Table 4
Di screteVari abl e

242 <<S| MPLE 242>> ResourceRequire “ ” duration

243 <<S| MPLE 243>> " " rcpsp rcpsp alldiff, val group

244 <<S| MPLE 244>> rcpsp Resour ceRequire

245 <<Sl| MPLE 245>> r cpsp Resour ceCapacity

246 <<S| MPLE 246>> Resour ceCapacity “tinmeStep"

247 <<S| MPLE 247>> ResourceRequire " "
Resour ceCapacity

248 <<S| MPLE 248>> rcpsp Activity
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249 <<S| MPLE 249>> “ 8

250 <<S| MPLE 250>> Bool ean " "

251 <<S| MPLE 251>> rcpsp Bool ean

252 <<S| MPLE 252>> Bool ean startTime, endtine,
processTi me Activity

253 <<S| MPLE 253>> Activity

255 <<S| MPLE 255>> Activity

.startTine, endTine, processTinme

258 <<S| MPLE 258>> ResourceRequire " ”
Activity

259 <<S| MPLE 259>> sourceActivity Activity

260 <<S| MPLE 260>> sinkActivity Activity

261 <<S|I MPLE 261>> Activity ™ " i ndex node ™ ”
i ndex

262 <<S| MPLE 262>> Activity " " node
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263 <<S| MPLE 263>> Activity ™ ” duedate ™ ” i ndex
264 <<S| MPLE 264>> 2 Activity i ndex
265 <<S| MPLE 265>>

har d
266 <<S| MPLE 266>>

har d

267 <<S| MPLE 267>>
268 <<S| MPLE 268>> i ndex i ndex
269 <<S| MPLE 269>>
270 <<S| MPLE 270>> i ndex i ndex
271 <<S| MPLE 271>>
272 <<S|I MPLE 272>> 1
273 <<S| MPLE 273>> ResourceCapacity " " resource
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274 <<S| MPLE 274>> ResourceCapacity " " ti neStep
275 <<S| MPLE 275>> Resour ceCapacity ” i ndex wei ght
" ” i ndex
276 <<S|I MPLE 276>> ResourceRequire ™ ” node
277 <<S| MPLE 277>> Resour ceRequire " " resource
278 <<S| MPLE 278>> Resour ceRequire " " duration
279 <<S| MPLE 279>> ResourceRequire ™ ” duration
280 <<S| MPLE 280>> Resour ceRequire
281 <<S| MPLE 281>> : " " Resour ceRequi re
282 <<S| MPLE 282>> : " " Resour ceRequi re
283 <<S| MPLE 283>> : " "
Resour ceCapacity 0
284 <<S| MPLE 284>> rcpsp har d

( )
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285 <<S| MPLE 285>>
286 <<S| MPLE 286>>
( har d
288 <<S| MPLE 288>> )
289 <<S| MPLE 289>> ) hard
290 <<Sl| MPLE 290>>
291 <<Sl| MPLE 291>>
(-1 har d
292 <<S| MPLE 292>>
har d
293 <<S| MPLE 293>> 2 Activity
Bool ean
294 <<S|I MPLE 294>>
295 <<Sl| MPLE 295>>
296 <<S| MPLE 296>> Bool ean Activity
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297 <<S| MPLE 297>> Gant t dunp » ”
298 <<S| MPLE 298>>r cpsp (Activity, ResourceRequire,
Resour ceCapaci ty)
299 <<S| MPLE 299>> Resour ceCapacity "
" Resour ceRequi re
300 <<S| MPLE 300>> ResourceRequire " " ¥"tinmeSt ep¥"
1
301 <<S|I MPLE 301>> ResourceRequire " " “timeStep"
302 <<S| MPLE 302>> ResourceRequire " " “timeStep"
0
303 <<S| MPLE 303>> ResourceRequire " " “timeStep"
1
304 <<S| MPLE 304>> . ResourceCapacity " "
305 <<S| MPLE 305>> . ResourceCapacity " "
306 <<S| MPLE 306>> . ResourceRequire " "
307 <<Sl| MPLE 307>> : " "
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308 <<S| MPLE 308>> : ( )

310 <<S| MPLE 310>> rcpsp

311 <<S| MPLE 311>> rcpsp Qoj ecti ve t ype=nmaxi m ze
312 <<Sl| MPLE 312>> > rcpps

313 <<S| MPLE 313>> Activity " " node

314 <<SI MPLE 314>>

315 <<SI MPLE 315>> tardi ness Activity

316 <<S| MPLE 316>> ResourceRequire " " def aul t

317 <<S| MPLE 317>> conpl eti onTi e, tardi ness Qoj ecti ve rcpsp
318 <<S| MPLE 318>> ResourceRequrie " "

319 <<SI MPLE 319>> ResourceCapacity " "




216

320 <<SI MPLE 320>> ResourceCapacity " " -1 har d
321 <<S| MPLE 321>> ResourceCapacity " " " "
- ( )
322 <<S| MPLE 322>> t ar di ness
Activity duedat e
323 <<SI MPLE 323>> ( )
324 <<S|I MPLE 324>>
325 <<S| MPLE 325>> sour ceActivity
326 <<S| MPLE 326>> si nkActivity
327 <<S| MPLE 327>> Durmmy Mode
328 <<SI MPLE 328>> rcpsp Activity
329 <<SI MPLE 329>> rcpsp Activity
Activity.startTine
330 <<S| MPLE 330>> rcpsp

Activity.startTine Activity.endTi nme
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331 <<S| MPLE 331>>rcpsp Activity.startTinme
Activity.startTine
332 <<SI MPLE 332>> rcpsp Activity.endTi nme
Activity.endTi nme
333 <<S|I MPLE 333>> rcpsp Activity
Activity.endTi nme
334 <<S| MPLE 334>> conpl eti onTi ne Activity
335 <<S|I MPLE 335>> ResourceRequire " "
Activity
336 <<S| MPLE 336>> ResourceRequire " "
Activity
337 <<Sl| MPLE 337>> " "
338 <<S| MPLE 338>> fixActivity
339 <<S| MPLE 339>> fi xActivity
340 <<Sl| MPLE 340>> Bool ean " " "
341 <<S| MPLE 341>> : nordeOrder

har d
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342 <<S| MPLE 342>>
343 <<S| MPLE 343>> nodeCr der 2 Activity i ndex
344 <<S| MPLE 344>> nodeOr der
345 <<S| MPLE 345>> nodeOr der
346 <<S| MPLE 346>> nodeCr der 2 Activity " nodeOr der Activity
347 <’<SI MPLE 347>> Activity nodeOr der
348 <<S| MPLE 348>> 0 (",
349 <<S| MPLE 349>> (" ").
350 <<S| MPLE 350>> (" ").
351 <<S| MPLE 351>>

"y
352 <<S|I MPLE 352>> tineStep

.
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353 <<S| MPLE 353>> : Activity

354 <<S| MPLE 354>> " " " "

355 <<S| MPLE 355>> fixActivity

356 <<S| MPLE 356>> fixActivity

357 <<S| MPLE 357>> " "

358 <<S| MPLE 358>> " "

359 <<S| MPLE 359>> ( 1

Activity
360 <<S| MPLE 360>> set Nuopt Wat chFi | e() " "
Excel

361 <<SI MPLE 361>> ResourceCapacity " " def aul t val def aul t val Resour ceRequi re

370 <<S| MPLE 370>> The i ndex di mof the Matri x <<Nanme>> shoul d
be 2.
<<S| MPLE 370>> "nt 2
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371 <<SI MPLE 371>> Invalid index dimof the Matrix <<Nanme>> or
its Element. Nowits index is di m<<Nunmber>> but should be
<<Nunber >> (as Matrix) or <<Nunber>> (as Matrix El enment).
<<S| MPLE 371>> "m( : 1) 0
1
3
372 <<SI| MPLE 372>> Warni ng: The Matrix <<Name>>is null The SDP
constraint on this matrix is ignored.
<<Sl| MPLE 372>> : "nf
373 <<SI| MPLE 373>> Wi ght coefficients of the constrai nt <<Name>>
are invalid.
(a: Quadratic ,b: Linear) = (<<Nunber>>, <<Nunber >>)
a and b both should be non-negative
<<S| MPLE 373>> "p"
(a: b ) =(2,-0.5)
a,b
374 <<SIMPLE 374>> entryVariable should not be called (DFO specific). entryVari abl e Derivative Free
<<SIMPLE 374>> entryVariable DFO Opti nzi ati on
375 <<SIMPLE 375>> count/max/min/argmax/argmin contains | count / max/ m n/ ar gmax/ ar gm n

DiscreteVariable.

<<SIMPLE 375>> count/max/min/argmax/argmin DiscreteVariable

Di screteVari abl e /
0-1
I nt eger Vari abl e (type=binary)
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376 <<SIMPLE 376>> 1st argument of count is invalid type. count
<<SIMPLE 376>> count [ <=] [<=
[ >z [>= ] <= <=
>= >=
377 <<SIMPLE 377>> Hash table overflow.
<<SIMPLE 377>>

A_.2 NUOPT /
NUOPT /
+ NUOPT /

<<NUOPT >> /

<<PARAMETER >>

¢ MPS /

<<MPS FI LE >>
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W ndows GUI S| MPLE
ex2.smp 5
<<S| MPLE 193>> NUOPT : <<NUOPT 10>> IPMiteration limt exceeded..
S| MPLE SI MPLE  NUOPT
A_2_.1 NUOPT /
[ ] [
1 <<NUOPT 1>> nmenory error in preprocessing.
]
2 <<NUOPT 2>> infeasible (linear constraints and i nfeasible
vari abl e bounds). [ ]
3 <<NUOPT 3>> no variables in this nodel. ( ) [ ]
<<NUOPT 5>> i nf easi bl e i nteger vari abl e bounds. i nfeasible
(
) [ ]
6 <<NUOPT 6>> unbounded (linear constraints and
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vari abl e bounds).

7 <<NUOPT 7>> internal error. | ]
(nuopt - support @si . co.jp ) ]
8 <<NUOPT 8>> nenory error in optimzation phase. [
]
9 <<NUOPT 9>> step reduction linmt exceeded. step reduction
(
i nf easi bl e

) | ]
10 <<NUOPT 10>> |IPMiteration limt exceeded. (

150 criteria: maxi tn =300

) | ]
11 <<NUOPT 11>> i nf easi bl e. [ ]
13 <<NUOPT 13>> unbounded. [ ]
14 <<NUOPT 14>> integrality is violated.
[ ]
15 <<NUOPT 15>> sinplex msapplied to NLP. [ ]
16 <<NUOPT 16>> Infeasible MP. (LP/ QP
) | ]
17 <<NUOPT 17>>B &Bnode linit reached (feasible).
(branch: maxnod ) ]

18 <<NUOPT 18>> MP iteration failed (feasible)
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19 <<NUOPT 19>>B&Bnodelimt reached (i nf easi bl e) 17 LP P

[
20 <<NUOPT 20>> MP iter. failed (infeasible) 18 LP QP

[
21 <<NUOPT 21>> B & B itr. tineout (feasible). NUOPT

(branch: maxnod ) ]
22 <<NUOPT 22>> B & Bitr. tineout (infeasible). 21 LP/ QP
[
25 <<NUOPT 25>> Can't openfileincurrent directory (.sol
[no .sol made] ) |
26 <<NUOPT 26>> LP/ I P nodul e cannot handl e NLP. LP/ I P
]
27 <<NUOPT 27>> SIMPLEX iteration |imt exceeded.
28 <<NUOPT 28>> hi gher-order nmethod is only for LP.
[
29 <<NUOPT 29>> iteration diverged. ]
30 <<NUOPT 30>> term nated by user.
31 <<NUOPT 31>> B&B terni nated by user (feasible).
]

32 <<NUOPT 32>> B&Bt ermi nat ed by user (infeasible). |31 LP/ QP
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33 <<NUCPT 33>> Bound vi ol at ed.
*. sol "1 NFS"
[ ]
35, 36 <<NUOPT 35>> Constraint viol ated.
<<NUOPT 36>> Equality Constraint violated. *. sol "1 NFS"
[ ]
37 <<NUOPT 37>> B&B termnated with given # of | options. maxintsol
f eas. sol . [ ]
38 <<NUOPT 38>> dual i nfeasible.
[ ]
39 <<NUOPT 39>> |[PMiteration tineout options. maxtim
[ ]
40 <<NUOPT 40>> SQP iteration limt exceeded SQP |sgp,tsqp
[ ]
41 <<NUOPT 41>> SQP internal error SQP |sgp,tsqp
[ ]
42 <<NUOPT 42>> You cannot apply crossover for MP options. crossover ="on”
[ ]
43 <<NUOPT 43>> B&B nenory error (with feas. Sol) options. maxnem
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44 <<NUOPT 44>> B&B nenory error (wthout feas. Sol) options. maxnem
[
]
45 <<NUOPT 45>> B&B gap reaches under the limt. options. gapto
[ ]
46 <<NUOPT 46>> Conti nuous Vari abl e cannot be wesp wesp
i ncluded in nodel for wcsp. [ ]
47 <<NUOPT 47>> |ntegerVariable shoul d be | 0-1 wesp
decl ared as binary. [ ]
48 <<NUOPT 48>> Variable appear in two sel ection 0-1
sel ection() [ ]
49 <<NUOPT 49>> Variable is fixed to|O0-1 0 1 [ ]
i nf easi bl e val ue.
50 <<NUOPT 50>> Bot h of two vari abl es 1 and 1 2 sel ection
2 cannot be 1. 1 [ ]
51 <<NUOPT 51>>wcsp i s not avail abl e wi t hout SI MPLE. | wesp  SI MPLE [
]
52 <<NUOPT 52>> th sel ection() statenent has no sel ection()
novabl e bi nary vari abl es. [ ]
53 <<NUOPT 53>> Constrai nt 's weight is -1 [
shoul d be -1 or non-negative val ue. ]
54 <<NUOPT 54>> Constrai nt 's weight is -1 [

shoul d be -1 or non-negative val ue.
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55 <<NUOPT 55>> exterior solution obtained. | epm t epm
exr ho 1. 0e4
[ ]
56 <<NUOPT 56>> not install ed. gl obal , DFO
57 <<NUOPT 57>> You cannot use any net hod but "rcpsp" | Activity rcpsp
for nodel with Activity." [ ]
58 <<NUOPT 58>> You cannot use any net hod but "rcpsp" | Resour ceRequire rcpsp
for nodel with ResourceRequire. [ ]
59 <<NUOPT 59>> You cannot use any net hod but "rcpsp" | ResourceCapacity rcpsp
for nodel with ResourceCapacity. [ ]
60 <<NUOPT 60>> You cannot use any net hod but "rcpsp" t ardi ness/ conpl eti onTi ne
for nmodel with tardi ness and conpl etionTi ne. rcpsp [
]
61 <<NUOPT 61>> You cannot use any et hod but "rcpsp" | sourceActivity rcpsp
for nodel with sourceActivity [ ]
62 <<NUOPT 62>> You cannot use any et hod but "rcpsp" | si nkActivity rcpsp
for model with sinkActivity [ ]
63 <<NUOPT 63>> You cannot use Variable for "rcpsp" | rcpsp Vari abl e [ ]
64 <<NUOPT 64>> You cannot use IntegerVariable for | rcpsp I nt eger Vari abl e [
‘rcpsp” ]
65 <<NUOPT 65>> failed to generate an initial |rcpsp [ ]

sol ution
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66 <<NUCPT 66>> can't find feasible solution. rcpsp
]

67 <<NUOPT 67>> Di screteVari abl e "sbound: | DiscreteVariable

[a,b] and dormain: {..} conflicts. (Regard Bound [ ]

as a definition).
68 <<NUOPT 68>> can't open saveFile for restart rcpsp

all
69 <<NUOPT 69>> can't open loadFile for restart rcpsp
all
70 <<NUOPT 70>> initial order is invalid between " | rcpsp
" and " " . activities related i nprecedene Activity

have to conti nue. [ ]
71 <<NUOPT 71>> initial order is invalid. " "'s | rcpsp

order have to be previous to " " by way of Activity

precedence. ]
80 <<NUOPT 80>> # of vari abl es( ) reached size NUOPT

l[imtation for LP, NLP, LP/ QP
81 <<NUOPT 81>> You cannot use any net hod but “wcsp” | Di screteVari abl e wesp

for nodel with DiscreteVariable(s). [ ]
82 <<NUOPT 82>> Trust region too snall

[ ]

83 <<NUOPT 83>> Feas. sol found (numerical error in

B&B) . [
110 <<NUOPT 110>> CF fail ed at getcky




229

111

<<NUOPT 111>> CF failed at | ogdet

112

<<NUOPT 112>> | nvMat cannot obtai ned at cal xx1

113

<<NUOPT 113>> GSEP fail ed at

m nevl

114

<<NUOPT 114>> trianglization failed at

m nevl

115

<<NUOPT 115>> M ni mumei genVal ue cannot obt ai ned

120

<<NUOPT 120>> PDgap i s too | arge[ PDf easi bl e]

121

<<NUOPT 121>> PDgap i s too | arge[ Pfeasible]

122

<<NUOPT 122>> minus stepsize detected

trust

123

<<NUOPT 123>> The SDP constraint cannot be treated
by specified algorithm.

124

<<NUOPT 124>> No SDP constraint is detected.

A.2.2

nuopt . prm

options NUOPT
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1 <<PARAMETER 1>> Syntax error in paraneter file.
<<PARAMETER 2>> Paraneter file is enpty.
3 <<PARAMETER 3>> Invalid val ue for
par anet er )
4 <<PARAMETER 4>> Internal error [ ]
( nuopt - support @si.co.jp )
5 <<PARAMETER 5>> I nval i d opti on i n nuopt options. | AMPL
nuopt _opti ons
( 1) W ndows aul

begi n

maxi nm ze

nmet hod: t r ust

cliteria: eps=1.0e-8

W ndows GUI
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<readi ng paraneter file: nuopt.prm>

begi n

maxi m ze

nmet hod: t r ust
cliteria: eps=1.0e-8

+error+ undefi ned conmand.
cliteria

+error+ | ast command mnust
end

check the command nane.

( )

be end- command
( end )

i nput data error occurred ----

<< PARAMETER 1 >> Syntax error in paraneter file.

A.2.3 MPS

<<MPS FI LE 1>>

Failed to open nps file:

MPS

<<MPS FI LE 2>>

Undef i ned row nane:

COLUWMNS/ RHS/ RANGES

<<MPS FI LE 3>>

Internal error. |

[ ]
( nuopt - support @i .co.jp

<<MPS FI LE 4>>

Syntax error in

secti on.

<<MPS FI LE 5>>

Too many ' I NTORG narker.

"I NTORG " | NTEND

(' | NTORG
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6 <<MPS FI LE 6>> Too nmany '|INTEND narker. "1 NTORG " | NTEND
(' I NTEND )
7 <<MPS FI LE 7>> Unknown narker: "I NTORG , ' | NTEND
( NUOPT MPS "I NTORG , ' | NTEND
)
8 <<MPS FI LE 8>> Undef i ned r ow i n HESSI ANsecti on. | HESSI AN
9 <<MPS FI LE 9>> Undefined col um: i n HESSI AN | HESSI AN
section.
10 <<MPS FI LE 10>> row: appeared nore than once. | ROAS
11 <<MPS FI LE 11>> Specified bound: BOUND (nmpsfile: bound = BOUND
not found. ) BOUNDS MPS
12 <<MPS FI LE 12>> Speci fi ed obj ecti ve: not (nmpsfile: objective =
f ound. ) MPS
13 <<MPS FI LE 13>> Specified rhs: RHS not (mpsfile: rhs = RHS
f ound. ) RHS MPS
14 <<MPS FILE 14>> Range data: RANGE RANGE RANGE
contai ns unsuitable row
15 <<MPS FI LE 15>> Specified range data: RANGE ( npsfile: range = RANGE

not found.

RANGE MPS
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<<MPS FI LE 17>> Undefined columm nane: in| N TIAL
I NI TI AL secti on.

<<MPS FI LE 18>> Bound spec. on col um : shoul d

appear earlier. (

<<MPS FI LE 19>> col um(s) appeareddi sorderlyin | BOUNDS section
BOUNDS section ( 18 )

<<MPS FI LE 20>> 2-pass required for reading from| MPS MPS

stdin. Please try again. (

MPS
)

<<MPS FI LE 21>> Undefined columm nane: i n | BOUNDS section
BOUNDS sect i on.

<<MPS FILE 22>>Hessian is inplicitly bound for | HESSI AN ( )
nonexi stent obj ecti ve. MPS

<<MPS FI LE 23>> Sane bound spec. on colum: BOUNDS section
appeared nore than once.

<<MPS FILE 24>> Colum : has bound | BOUNDS secti on FX
speci fication FX and ot her.

<<MPS FILE 25>> Colum : has bound | BOUNDS secti on FR
speci fication FR and ot her.
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26 <<MPS FILE 26>> Colum has bound | BOUNDS secti on LO M
specification LO and M.
27 <<MPS FILE 27>> Colum has bound | BOUNDS secti on UP PL

speci fication UP and PL.




B NUOPT

B.1
B.1.1

f(x), xeR",
g(x)=0, x>0

7 X:(X]_u"'uxn)t n f

g:R">R™ m
L(x,y,2) = f(x)-y'g(x)-z'x
Kar ush- Kuhn- Tucker ( KKT)

V. .L(X,y,z) =0,
g(x) = o,
0,

XZe = x>0,z>0.

X =diag(x,---,x,) e R",Z =diag(z,,---,z,) e R",e=(L---,1)' e R"

XZe=0 XZe=pue u>0 KKT
NUOPT
F(x,2)= f(X)—,uZIOQ(Xi)+pZ|gi(X)|+U(XTZ—,u2|Og(XiZi )]
i1 i-L i1
u>0 p>0
v>0
KKT
F(x,2)
R (x,2) F (x2) 8
KKT
KKT
7 NUGPT

8 [14][ 15] [ 16]

KKT
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B.1.2
KKT
G+X7'Z —A"[|MXy| _ |-r =X,
—A 0 Ay, r. ’
Az, = —X'ZAx, - X 'r..
(Axy,Ayy,Azy ) G
P G
AR, (X,2,A%y,Azy ) <0
(04
a e
a* :min{ i |(Ax ).<o}
T (A ) " ,
2
azmax:m.m —|(Az )i<0}!
! {(A nDi "
amzmin{axm,azm}
a=ap', a=mn{ya,, 1}
y€(0),8<(0) I
F(x+&ﬂ'AxN,z+5ﬂ'AzN)—F(x,z)Sg(J&,B'AFl(x,z,&ﬂ'AxNﬁﬂ'AzN)
® g €(0])
F(x,2)
(Axy,Ayy,Azy) a
. ( )

Armjo's Rule
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G
B.1.3
G G
w 60>0 a
[wj<,
.| o
a < mni—,ra }
{IIWII -
amax

(AXSD ) AySD!AZSD)
D+X7'Z —-A"||Mgp |  |-r =X,
—A 0 AYep r. '
A _ -1 -1
Zgp = —XTZAXgp - X1,
D>0 a Ay

AF, (x,2,A%,Az)

a* =ag min{AFq (X, 2,aAXgp , 0AZgp ) |||a(Ax5D +Azgp )|| <68,a€l0, 5]}

a= min{l;/ama(} 7 €(0,1),

(04
AF, (x,z,an,aAz)s%AFq (x,z,a*Ax,a*Az)< 0,

x| < M A%
Az < M [[Azso |
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(AX,Az)

[Ax] _ V[AXSD] Lo V)[AXN ]
Az Azg, Az,
velol] v=0,0.102,--,0910

AF, (X, 2,aAX,aA7) < %AFq (x,z,a*Ax,a*Az) <0

(Axsp . AZgp ) (Axy,AZy )

B.1.4
KKT
V. L(X,y,z) =0,
g(x) =0,
XZe =0 (1)
1 2 3
1
AX, AZ,e
(AX, AZ,
(
(Hi gher Order) )
NUOPT
B.1.5
f(X) xeR", X €SP
g(x)=0,Xq(x)=X,x>0,X>0
X=(X,X) n f

g:R">R™ m X p X>0
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L(w)= f (x)—yTg(x)—(XO(x)—X,Y>—<X,Z>

Kar ush- Kuhn- Tucker ( KKT)

ALZ
Ai(x):axao(x) A (X)Z = < > XoZ=2(XZ+2X)
(A7)
NUOPT KKT Newt on

F (X X,Z)=Fgp (% X) +vFop (X, X,Z)
Fep (X, X )= f (x)—ulog(detx)+p||g(x)||1 +p ||X0(x)— X||1
Fep (X,Z)=(X,Z) - ulog(det X detZ)

1>0 p,p >0
v>0
Newt on
( G+H —Vg(x)TJ(AxJ:_[Vf () -V (x) y—uA ()X 4 A (x)(2XX *-2)
—Vg(x) 0 Ay g(x

AX = Xq (X+Ax) - X

AZ =uXt-z —% ZAXX T+ X‘lez)

Hy =(Ai, X A Z) AL A, H;
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KKT
Newt on KSH
NUOPT
G
B.2
c'x xeR"
b, = Ax=b, b, 2x>b,
1 t t n
2 X'QX+C X XxeR
b, = Ax=b, b, 2x>b,
B.2.1
NUOPT
[3]
B.2.2
NUOPT
[ 13] 5
(Li ne Search Met hod)
1/ 10
B.2.3

NUOPT
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( )
2.
[9]
B.3 SQP
10
f(x) -
9;(x)=0je ¢
9;(x)20,jeJ,
SQP
NUOPT SQP
B.3.1
1, . .
EAX B, AX+Vf(x,) Ax -
gj(xk)+vgj(xk)TAX:Olje‘]E
9;(x)+Vg,;(x) Ax>0,je],
Bk
AX
B.3.2

%(AXED)T D, AX® +Vf (x, )T AX® .

gj(xk)+vgj(xk)TAXkSD =0,je ¢
gj(xk)+vgj(xk)TAXkSD >0,jed,

10
NUOPT
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3

J/l; :{jEJEUJl |gj(xk)+ng(Xk)TAXkSD =0}

%(Aka)TGkAka FVE(x)T A

gj(xk)+vgj(xk)TAXkN =0,jel;

G, AXy
KKT

G, =V, (X)) axe ) (= VE(x)

VQJE\ (x) 0 y:‘+1,3§ 9y (%)
N
yk+1,J,§
AXgp
Mgy AX,
AX, (v ) = v, AP + L=V, )AX,
B.4 wcsp
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CiUZgi(Xll' ' X "X)chL' I=1---,m
Xj
f(xll...'xj'...'xn)
U
. u—~f(x)>0
. f(X)—u>0
1
( )
[10], [11]
B.5

11 1

11
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B.6
wesp
[18]
B.7
B.1.1
f(x) + pD[x|., xeR",
i
g(x)=0
KKT
NUOPT | epm
t epm
Jo)

yo) exhro
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