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180x +160y

6X+y>12
4x + 6y > 24
0<x<5
0<y<5




S| MPLE

[windows ]

11

/1 X /
Vari abl e x(nanme="
Vari abl e y(nanme="

Il ( )

oj ecti ve cost (nane="
cost = 180*x + 160*y;

/1
6*x +y >= 12; 11
4*X + 6*y >= 24; /1

/1

0 <= x <= 5; /1
0 <=y <= 5; 11
/1

sol ve();

/1

x.val . print();
y.val.print();
cost.val.print();

type=mini nm ze);
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[UNI X Linux ]

#i ncl ude “si nple. h”
voi d ufun()

{
/1 X /
Vari abl e x(name=" X ")
Vari abl e y(name=" Y ")
/1 ( )
oj ecti ve cost (nane=" ", type=ninimze);
cost = 180*x + 160*y;
/1
6*x + vy >= 12; /1 /
4*x + 6*y >= 24; /1 /
/1
0 <= x <= 5; /1 X
0 <=y <= 5; /1 Y
/1
sol ve();
/1
x.val . print();
y.val.print();
cost.val.print();

}

wi ndows /UNI X Linux SI MPLE

wi ndows /UN X Linux




S| MPLE
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#i ncl ude "si npl e. h"
voi d ufun()

{
}
UNI X W ndows UNI X
W ndows UNI X S| MPLE
UNI X

/1 X /

Vari abl e x(name=" X ")

Vari abl e y(name=" Y ")

nane="_." nane="_."

ll//ll

/1 ( )

oj ecti ve cost (nane=" ", type=m nimze);

name="_."

name="_."

type=mni ni ze type=maxi ni ze

cost = 180*x + 160*y;
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* + S| MPLE
(exp(), sin().)
/1
6*x + vy >= 12; /1
4*x + 6*y >= 24; /1
>=
SIMPLE
>= >
<= <
/1
0 <= x <= 5; /1
0 <=y <= 5; 11
S| MPLE X,y
/1
sol ve();
sol ve() sol ve()
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/1
x.val.print();
y.val.print();
cost.val.print();

sol ve()

S| MPLE
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NUOPT

S| MPLE Xx. X. X,

Expandi ng
Expandi ng constrai nt
Expandi ng constrai nt
Expandi ng constrai nt
Expandi ng constrai nt
NUOPT Xx. X. X,
PROBLEM NANMVE
NUMBER_OF_VARI ABLES
NUMBER_OF_FUNCTI ONS
PROBLEM TYPE

METHCD

<preprocess begin>..

<iteration begin>
res=4.0e+01 ....
<iteration end>

Copyri ght
<system code file nane:
objective (1/5 sanple.

Copyri ght

(O 1994-200x Mat henmti cal
sanpl e. cc>

Systens |nc.

cc: 10 name=" ")
13)
14)
17)
(5/5 sanpl e. cc: 18)
(O 1991-200x Mathermatical Systens I|nc.
sanpl e
2
3
M NI M ZATI ON
H GHER_ORDER
<preprocess end>

(2/5 sanple.cc
(3/5 sanpl e.

(4/5 sanpl e.

CC:
CC:

2.5e-06 1.2e-09

STATUS OPTI VAL
VALUE_OF_OBJECTI VE 750
| TERATI ON_COUNT 6
FUNC_EVAL_COUNT 9
FACTORI ZATI ON_COUNT 7
RESI DUAL 1.238460294e- 09
ELAPSED TI ME(sec.) 0. 00
SOLUTI ON_FI LE sanpl e. sol

name="_"

print()




S| MPLE
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2.2

costX - X + costY -y /
costX
costY

costX, costY X, Y / S| MPLE

cost = 180*x + 160*y;

l

Par anet er cost X( name=* X ”);
Par anet er cost Y( name=*“ Y ")
cost = costX*x + cost Y*y,

Par amet er
name="_."
. dat
" X " = 180;
" Y " = 160;

= name="_."
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NUOPT
X =1.5
Y =3
=750
Par anet er

" X " = 100;
" Y "= 170,

X =5

Y =0. 666667

=613. 333




20

2.3

5
<5
OilField ={0,1}
X; i € OilField
costX
costY

costX - X, + costY - X,

6X, + X, 212
4x, +6x, =24
0<x <5, ieOilField




S| MPLE
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/1

Set O | Fi el d( name=" ")
QlField="01";

El ement i(set=Q I Field);

/1 i /
Vari abl e x(nanme=" ",

/1 /

Par anet er cost X( nane=" X
Par anet er cost Y(nane=" Y
/1 I )

oj ecti ve cost (nane="
cost = cost X*x[ 0] + costY*x[1];

/1
6*x[ 0] + x[1] >= 12; /1
4*x[ 0] + 6*X[1] >= 24, /1

Il [
0 <= x[i] <= 5;

/1
sol ve();

/1
x[i].val.print();
cost.val.print();

type=m ni m ze) ;




22

S| MPLE
Set G| Field(nane=" "),
S| MPLE
name="."
name="."
OlField="01";
{0, 1} 0, 1
El ement i(set=Q I Field);
set =...
Vari abl e x(nanme=" ", index=i);
i ndex=i

cost = cost X*x[0] + costY*x[1];

/1
6*x[ 0] + x[1] >= 12;
4*x[ 0] + 6*X[1] >= 24,

X,y x[0], x[1]
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/1
0 <= x[i] <= 5;
i i e OQilField
/1
x[i].val.print();
i i e OQilField
x[i]
3 NUOPT
x[i].val.print()
[0]=1.5
[1]=3
QlField x[i]
cost X, costY i
costX;, i< OilField i /

costX,, costX,; costX, costY SI MPLE
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Par amet er cost X( nane=" X "),
Par anet er cost Y(nane=" Y "),
cost = cost X*x[ 0] + costY*x[1];

Par amet er cost X( nane=" ", index=i);
cost = costX[0] *x[0] + costX[1]*x[1];

i ndex=i
" = [0] 180 [1] 160;
[ ] [ ]

( 3 NUOPT
)
[0]=1.5
[1] =3

=750
0, 1 SI MPLE
SI MPLE 0,

GlField="01"




S| MPLE
S| MPLE

Product ={ : }

norma;, je Product

S| MPLE

6*x[ 0] + x[1] >= 12;
4*x[ 0] + 6*X[1] >= 24,

l

Set Product (nane=" "),

El ement j (set=Product);

Par anet er nor na( nane=" ", indexsj);
6*x[0] + x[1] >= norna[" "1;

4*x[ 0] + 6*x[1] >= norna[" "1;

" = [0] 180 [1] 160;
ol GO I U R )

S| MPLE
S| MPLE
S| MPLE
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S| MPLE

OilField ={0,3}
Product ={ : }

costX;, ieOilField
norma;, je Product
X, i € OilField
CostX, - X, + COstX; - X,

6X, + X, = norma
4x, + 6x, = norma

0<x <5, iecOilField




/1
Set O | Fi el d( name=" ")
El ement i(set=Q I Field);

/1
Set Product (nane=" "),
El ement j (set=Product);

/1 i /

Par anet er cost X( nane=" ", index=i);

/1 j /

Par anet er nor na( nane=" ", index=j);

/1 i /

Vari abl e x(nanme=" ", index=i);

/1 /

oj ecti ve cost (nane=" ", type=ninimze);

cost = cost X[ 0] *x[ 0] +cost X[ 1] *x[ 1] ;

/1

6*x[0] + x[1] >= norna[" "1; /1 /
4*x[ 0] + 6*x[1] >= norna[" "1, 11 /
/1 I

0 <= x[i] <= 5;

/1

sol ve();

/1
x[i].val.print();
cost.val.print();
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2.4

cost = costX[0] *x[0] + costX[1]*x[1];

cost = ) costX; - X,
i

S| MPLE

cost = sun{costX[i]*x[i], i);

sum() Z

sun( , )
sun()
6*x[0] + x[1] >= norma[" "1
4*x[ 0] + 6*x[1] >= norma[" "1
/

prodXi]j
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> prodX, ;- X, > norma;,
i

j /
i € OilField, je Product
prodX;;, ieOilField, je Product i /
norma;, je Product j
SI MPLE
Par anmet er pr odX(nane=" ", index=(i,j));
sum(prodX[i,j]*x[i], i) >= norma[j];
i ndex=(i,j,..) sum()
i Y sun( (1))

" = [0] 180 [1] 160;
S CR BT R 2

[o, " "16 [1 " "]1
(o, = "1 413, " "] 6
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S| MPLE

OilField ={0,1
Product ={ : }
costX;, ieOQilField

norma;, je Product

prodX; ;,

i € OilField, je Product
X, i € OilField

costX, - X, + costY; - X;

> prodX ;- X, > norma,

i cOilField , j e Product
0<x <5, iecOilField
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/1
Set O | Fi el d( name=" ")
El ement i(set=Q I Field);

/1
Set Product (nane=" "),
El ement j (set=Product);

/1 i /

Par amet er cost X( nane=" ", index=i);

/1 j /

Par anet er nor na( nane=" ", indexsj);

/1 i j

Par anmet er pr odX(nane=" ", index=(i,j));
/1 i /

Vari abl e x(nanme=" ", index=i);

/1 /

oj ecti ve cost (nane=" ", type=ni nimze);

cost = sun{costX[i]*x[i], i);

/1 j /
sum(prodX[i,j]*x[i], i) >= norma[j];

Il [
0 <= x[i] <= 5;

/1
sol ve();

/1
x[i].val.print();
cost.val.print();
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2.5

pmdj:z:pmdxu-n,ieOHme, j € Product

i /
S| MPLE
Expr essi on prod(nane=" ", index=j); [/
prod[j] = sun(prodX[i,j]*x[i], i); I/
Expr essi on nane, index Vari abl e
nane i ndex prod[j] =
Expr essi on
sun(prodX[i,j]*x[i], i) >= norma[j];
prod[j] prod[j ]

prod[j] >= norma[j];

prod[j]

prod[j].val.print();
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1=12
]1=24
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2.6

1.5

1.5

Vari abl ePar anet er nor maR( nane="

sol ve()
Par anet er
prod[j] >= norma[j] ;
!
prod[j] >= norma[j] * normaR;

1

1

5

2.

0
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/1

normaR = 1.0;

sol ve();

/1
prod[j].val.print();
x[i].val.print();
cost.val.print();

/1

normaR = 1.5;

sol ve();

/1
prod[j].val.print();
x[i].val.print();
cost.val.print();

/1

normaR = 2.0;

sol ve();

/1
prod[j].val.print();
x[i].val.print();
cost.val.print();

normaR = ..

sol ve()
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1 sol ve()

2 sol ve()

[O]:2.25
[1]=4.5
=1125

3 sol ve()

C++

2.

0

2.0

for

2.

0

S| MPLE

1.

C++

for(doub|e nr
nor maR

sol ve();

1.0;
nr;

nr

<= 2.0;

nr

nr + 0.5) {

C++

C++
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Vari abl e x(nanme="

i ndex=i);

l

I nt eger Vari abl e x(nanme="

i ndex=i);

I nt eger Vari abl e

I nt eger Vari abl e
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2.8
print() SI MPLE
<< (C++ ostream )
sinmple_printf()
C++
C++ C++
2.8.1
sinmple_printf()
print()
sinmple_printf()
x[i].val.print();
!
sinple_printf(“ %l = %d¥n”, i, x[i]);
=2
1 =3
sinmple_printf()
sinmple_printf( , 1, 2, .)

Ct+

printf()




2.8.2

dunp()

x[i].val.print();

int len;

int* idx;

doubl e* val ueAry;
x[i].val.dunp(len, idx, valueAry);

X i nt i dx doubl e

val ueAry i nt, doubl e, C++

int k;
for ( k =0; k<len; ++k ) {
printf(“idx[%] = %, valueAry[%] = %. 1f ¥n”
K, idx[ k], k, val ueAry[Kk]);

i dx, val ueAry X

i dx[0] = 0, val ueAry[ 0]
i dx[ 1] 1, valueAry[1]
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int |en;
int* idx1;
int* idx2;

doubl e* val ueAry;
Matrix[i,j].val.dunp(len, idxl1l, idx2, valueAry);

i dx1,idx2

int len;

char** idx;

doubl e* val ueAry;
prodX[i,j].val.dunmp(len, idx, valueAry);

(char*)
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2.9
showSyst en() showSyst en()
showSyst en() sol ve()
showSyst en() ;
sol ve();
showSyst en()
1-1 . -6* [0] - [ 1] +12* <=0
1-2 . -4~ [0] - 6% [ 1] +24* <=0
2-1: [0]>= 0, <=
2-2 [1]>= 0, <=
<obj ective>: 180* [ 0] +160* [ 1]
(mnimze)
1-1, 1-2
prod[j] >= norma[j] * normaR;

2-1, 2-2

0 <= x[i] <= 5;

<obj ecti ve>:

cost = sun{costX[i]*x[i], i);

showSyst en()
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2.10 SIMPLE FAQ

S| MPLE

o /]

+ nane=

e mninze maxi m ze
+ nane type

* name type

43
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3. NUOPT

wi ndows /UNI X Linux

1 SIMPLE
2
3

wi ndows /UNI X Linux

w ndows

NUOPT

NUOPT/ SI MPLE



3.1 windows
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wi ndows  NUOPT/ SI MPLE U
3.1.1 GUI
1 SIMLE
SI MPLE .snp
foo.smp

/1

Set S, T,

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

/1

Par aneter c(name="c", indexsj);

Par anet er cu(nane="cu", index=i);

Par aneter cl (nane="cl", index=i);

Par anet er A(name="A", index=(i,j));

Par anet er bu(nanme="bu", index=j);

Par aneter bl (nane="bl", index=j);

/1

Vari abl e x(name="x", index=j);

11

bj ective f(nane="
f = sum(c[j] * x[j],
11

cu[i] >= sun(A[i,]j]

i)

* x[jl,

bulj] >= x[j] >= bI[j];

type=mnin ze);

i) >=cl[i];
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f oo. dat

. dat

c =1[1] -31[2] 1;

cu = [1] 1000 [2] 1000 [3] 1000;
cl =[1] -11[2] -2[3] 2

A =

[1,1] -1 [1,2] 0.1

[2,1] -0.2[2,2] -1

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

bu =[1] 1[2] 2
bl =[1] 0 [2] O;
3

NUOPT GUI

@ MUOPT

T8 ExcelPEA AP WA=l
T8 ExcelPEA D22 b=l
M8 MUOPT GLI
M8 MUCPT Licenze hetaller

B MUCPT %370 B3 L T{ESDERE
@ S1tua1-Hoesg
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#{NUOPT - [F 0315 F¥Project] pro]

[l 7090 2B #EW O A7 —{ 5] 5
cwwl@|[ttBDx
Object Browser |

D72
] TR
i |__—| ﬁ:’T’t

[ 240zt
i l__—l __Jiui/lﬂjl"
H |__—| ;:t'lﬁ

[ Invors-k |
[ AISITHR I ]
Message @
[ Atz — TR VRS ]
1aETA2 12/20/9004

f oo. dat

f oo. snp
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<readi ng data file:

f 0o. dat >

(1/3 foo.snp: 18 nane=" ")
(2/3 foo.snp:21)
(3/3 foo.snp: 22)

NUOPT x. X. X, Copyri ght

PROBLEM NANME
NUVBER OF VARI ABLES
NUVBER _OF FUNCTI ONS
PROBLEM TYPE

METHOD

<preprocess begin>..

<iteration begin>

(O 1991-200x Matheratical Systens I|nc.

f oo
2
4
M NI M ZATI ON
H GHER_ORDER

<preprocess end>

res=1.4e+005 .... 4.5e+002 .... 5.4e-004 . 6. 3e-008
<iteration end>
STATUS OPTI MAL
VALUE OF OBJECTI VE -2.999999999
| TERATI ON_COUNT 12
FUNC_EVAL_ COUNT 15
FACTORI ZATI ON_COUNT 13
RESI DUAL 6.349512715e- 008
ELAPSED TI ME(sec.) 0. 00
SOLUTI ON_FI LE f 00. sol

3.1.2
1 SIMLE
2
3.1.1 &J

3

foo.smp f 0o. dat
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f oo

- NUCPT NUGPT

MR ExcelPEA QA A=l
MR ExcelPEA O LAR—I
™8 MUDPT GLUI

™8 MUCPT License Installer
B NUOPT 5790 B L THES R OEE
R St A1-HoEn

> nknuopt foo.snp

> fo0o0.exe foo.dat

3.1.1 &J

3.2UNIX Linux

1 SIMLE

S| MPLE

. CC

f 0o. cc
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#i ncl ude “si nple. h”
voi d ufun()

{

/1
Set S, T,
El enent i(set=S), j(set=T);
/1
Par aneter c(name="c", indexsj);
Par anet er cu(nane="cu", index=i);
Par aneter cl (nane="cl", index=i);
Par anet er A(name="A", index=(i,j));
Par anet er bu(name="bu", index=j);
Par aneter bl (nane="bl", index=j);
/1
Vari abl e x(name="x", index=j);
/1
oj ective f(nanme=" ", type=mnimze);
f = sun(c[j] * X[j], J);
/1
cufi] >= sun(Ali,j] * x[j], j) >=cl[i];
bulj] >= x[j] >= bl[j];

}

2.1 UNI X Li nux

#i ncl ude “si nple.h”
voi d ufun()

{
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f oo

2
. dat

f 0o. dat
c =[1] -3[2] 1;
cu = [1] 1000 [2] 1000 [3] 1000;
cl =11] -11[2] -2 [3] 2
A =
[1,1] -1 [1,2] 0.1
[2,1] -0.2[2,2] -1
[3,1] 2 [3,2] 1
bu =11] 1[2] 2
bl =[1] 0 [2] ©;
3

foo. cc f oo. dat

pr onpt % nknuopt f oo. cc

pronpt % f oo foo. dat
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SI MPLE x. x.x, Copyright (C
<system code file nane: foo.

<readi ng data file:

f 0o. dat >

Expandi ng (1/3)(2/3)(3/3)ok
NUOPT x. Xx. X, Copyright (C 1

PROBLEM NANME
NUVBER OF VARI ABLES
NUVBER _OF FUNCTI ONS
PROBLEM TYPE

METHOD

<preprocess begi n>.

<iteration begin>
res=5.7e-01 ....
<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

1.4e-04 .. ..

1994- 200x Mat henmatical Systens Inc.
cc>

991- 200x Mat hematical Systens Inc.
f oo
2
4
M NI M ZATI ON
H GHER_ORDER
<preprocess end>

4. 8e-10

OPTI VAL
-2.999998016

10

12
11
4.751236142e- 10
0.01

f 0o. sol




4. RCPSP

S| MPLE
4.1
*
*
NUOPT rcpsp
4.2
6 1,..,6 A B C 3
A B, C
6
1-6
6
B 8
11
A B, C

S| MPLE
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/1

/1 1 )
/1

Set M= "A does B does C does"; //
El ement n(set=M;

Set R="ABC"; [/

El ement r(set=R);

Set b="1 .. 11"; [/

El ement d(set=D);

/1

Resour ceRequi re req(node=M resource=R, duration=D);

req["A does,A",d] =1, 1 <=d <= 6;

req[ "B does,B",d] =1, 1 <=d <= §;

req["C does,C',d] =1, 1 <=d <= 11;

/1

Set J ="1.. 6";

El enent j (set=J);

Activity act(nanme="act",index=j, node=M; [/ (j=1,..6)
/1

Set T="0.. 40"; // ( )

El ement t(set=T);

Resour ceCapacity cap(resource=R, ti neSt ep=T);

cap[r,t] = 1;

oj ective f(type=ninimze);

f = conpl eti onTi ne;

options. maxtim= 2;

sol ve();

/1

sinmple printf("job=2d % 9%Rd %d %R2d¥n",j,act[j],act[j].startTim
e,act[j].endTine,act[j].processTi ne);

rcpsp

*
*

*

¢ Activity
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+ ResourceRequire

+ ResourceCapacity

rcpsp

rcpsp

3
Activity
rcpsp Activity
Resour ceRequire
Resour ceCapacity
1
0
Resour ceRequire Resour ceCapacity

A
Y
A
Y

Activity ResourceRequire

Set J="1 .. 6";

M

Set M="A does B does C does”;
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A B C 3 R
Set R="A B C';
rcpsp
1
j(j=1..86)
2
i
1-6
A does 6
B does 8 B
C does 11
3
A B C
1
B 1
1
3
Activity
S M

Set J="1 .. 6";

El ement j (set=J);

Set M="A does B does C does”;
Activity act(index=j, node=M;

Resour ceRequi re
M R D
11 D="1 .. 11"
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Set M="A does B does C does”;

Set R="A B C';
Set D="1 .. 11";
El ement d(set=D);

Resour ceRequi re req(node=M resource=R, duration=D);

A does A 6 B does B 8
C does C 11 ResourceCapacity

Resour ceRequi re req(node=M resource=R, duration=D);

req["A does, A',d] = 1, 1<=d<=6;

req[ "B _does, B",d] = 1, 1<=d<=8§;

req["C does, C',d] = 1, 1l<=d<=11;

Resour ceCapacity 2
1
40 T T="0 .. 40" 0

Set R="A B C';

El ement r(set=R);
Set T="0 .. 40";
El ement t(set=T);

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

cap[r,t] =117/

rcpsp

oj ective f(type=ninimze);

f = conpletiontine; //

options. maxtim= 2;
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job=1 "A does" 6 12 6
job=2 "B does" 8 16 8
job=3 "A does" 12 18

job=4 "C does" 0 11 11
job=5 "A does" 0O 6 6
job=6 "B does" 0O 8 8

sol ve()

11

sinmple _printf("job=%d % %d %®d %2d¥n",j,act[j],act[j].startTine
,act[j].endTine,act[j].processTine[j]);

rcpsp
A does
6 12
1
12 11
4.3
NUCPT
1
sol ve()
Gantt g; //
g.add(act[j], j); //
g. dunp(); //
1 3

g.add(act[j], (j, 1 <5j<=3));

11
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Excel Excel NUOPT
Excel (NGant t Chart Sheet 1)
Excel Excel Excel
1
o
3
4
)
5
A does
B_does
C _does
A 51 3 B 6 2 C 4
A B C

Resour ceCapacity

cap[r,t] = 1;
cap[“‘A,/3"] =0; /] A

1 NGant t Chart Sheet, NGantt Chart Col or | ndexSheet
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1
p
3
4
]
]
B_does
C _does
A does
4.4
1
1 10
2 10
3 10
4 17
5 17
6 6
Activity

Set J ="1 .. 6";
El enent j (set=J);
Par anet er due(i ndex=j);

Activity act (index=j, node=M duedat e=due[j]);
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/1
oj ective f(type=ninimze);
f = tardiness;

2 S| MPLE

/1

/1 2 ( )

/1

Set M= "A does B _does C does"; //
El ement n(set=M;

Set R="ABC"; [/

El ement r(set=R);

Set b="1 .. 11"; [/

El ement d(set=D);

Resour ceRequi re req(node=M resource=R, duration=D);
req[ " A does, A", d] 1, 1 <=d <= 6;
req[ " B_does, B", d] 1, 1 <=d <= §;
req[ " C _does, C', d] 1, 1 <=d <= 11;
Set J ="1.. 6";

El enent j (set=J);

Par anet er due(i ndex=j);

due[j] = 10, 1<=j<=3;

due[j] = 17, 4<=j<=5;

due[j] = 6, j==6;

Activity act (name="act", i ndex=j, node=M duedat e=due[j]);
Set T="0.. 40"; // ( )

El ement t(set=T);

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

oj ective f(type=ninimze);

f = tardiness; //

options. maxtim= 2;

sol ve();

/1

sinmple printf("job=2d % 9%Rd %d %R2d¥n",j,act[j],act[j].startTim
e,act[j].endTine,act[j].processTi ne);
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om0 B RO o T e ]

B does
C does
A does
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4.5 rcpsp showSystem
SI MPLE
showSyst em Activity
showSyst em
kkhkkkkkkk*k*x aCthlty kkhkkkkkkk*k*x
act [ 1, l] . (Inf )
duedate = inf
"A does 1": tine =1 N
A
( o, 1]... 1
"B does_1": time = 3

o ( 0 3... 1 >

"C does_1": tine
"C':

1
N

( 0 4]... 1

1 predecessor(s):
sourceActivity

1 successor(s):
act[ 1, 2]

SERSTA

kkhkkkkkhkkkk*k resour ce kkhkkkkkhkkkk*k

A

J

sourceActivity
act[ 1, 1]
act[ 1, 2]
act[ 1, 3]

act[ 6, 3]
si nkActivity
( 0, 41]... 1/ hard
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kkhkkkkkkk*k*x precedence kkhkkkkkkk*k*x
act[1,1]<act[1,2]: (STANDARD) act[1, 1]
act[1,2]<act[1,3]: (STANDARD) act[1, 2]

kkhkkkkkhkkkk*k ObJ eCtIVG kkhkkkkkhkkkk*k

conepl eti onTi ne: —{

--(tinmelag: 0)--> act[1,2]
--(tinmelag: 0)--> act[1, 3]

N~
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LP M P(M LP)
RCPSP

S| MPLE

67

WCSP

LP

MIP

QP WCSP

RCPSP
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5.1
30% 30% 40%
1 2 3 4 5 6 7 8 9
(9 20 50 30 30 30 60 40 10 10
(9 30 40 20 40 30 30 50 30 10
(9 50 10 50 30 40 10 10 60 80

($/1b) 7.3 6.9 7.3 7.5 7.6 6.0 58 43 4.1

NUOPT [1]
1,2,3,.,9
X1y Xp s Xgyee ey Xg

30% 30% 40%
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N l—‘><

w

X

X X X X X X X
N7 6T A

©>< [e¢]

( )
7.3%, +6.9%, + 7.3%X; + 7.5X, + 7.6X; + 6.0%, + 5.8, + 4.3%; + 4.1X,

|2

X5

X =0
>0
X; =0
X, 20
Xs >0
Xs =0
X, 20
Xg =0
Xy =0

9

Xp+ X, + Xy 4+ Xy + X+ X+ X, + Xg + X =1

0.2x, +0.5x, + 0.3x; + 0.3x, + 0.3 + 0.6X, + 0.4x, + 0.1x; + 0.1X, = 0.3
0.3x, + 0.4x, + 0.2x, + 0.4x, + 0.3x; + 0.3, + 0.5, + 0.3%; + 0.1x, = 0.3
0.5x, + 0.1x, + 0.5%; + 0.3x, + 0.4x; + 0.1x, + 0.1x, + 0.6x, + 0.8x, = 0.4




S| MPLE

/1

Vari abl e x1(name=" 1 ")
Vari abl e x2( name=" 2 ")
Vari abl e x3(name=" 3 ")
Vari abl e x4(name=" 4 ")
Vari abl e x5( name=" 5 ")
Vari abl e x6( name=" 6 ")
Vari abl e x7(name=" 7 ")
Vari abl e x8( name=" 8 ")
Vari abl e x9( name=" 9 ")
/1

bj ective z(nane=" "),

z=7. 3*x1+6. 9*x2+7. 3*x3+7. 5* x4+7. 6*xX5+6. 0*x6+5. 8* x7+4. 3*x8+4. 1*x9;
/1

X1 >=
X2 >=
X3 >=
X4 >=
X5 >=
X6 >=
X7 >=
X8 >=
X9 >=
/1
X1+X2+X3+X4+X5+X6+X7+x8+x9 == 1

0. 2*x1+0. 5*x2+0. 3*x3+0. 3*x4+0. 3* x5+0. 6*x6+0. 4*x7+0. 1* x8+0. 1*x9==0. 3;
0. 3*x1+0. 4*x2+0. 2*x3+0. 4*x4+0. 3* x5+0. 3*x6+0. 5*x7+0. 3*x8+0. 1*x9==0. 3;
0. 5*x1+0. 1*x2+0. 5*x3+0. 3*x4+0. 4*x5+0. 1*x6+0. 1*x7+0. 6* x8+0. 8*x9==0. 4;
/1

sol ve();

/1

z.val.print();

CLeLLLLLLo e




71

Alloy ={1,2,3,4,5,6,7,8,9}
Blend ={Lead, Zinc,Tin}

.1 € Alloy, j € Blend
c,,i € Alloy

b;, j € Blend

X;,1 € Alloy

D cx

ieAlloy

X, =2 0,i € Alloy
> %=1
ieAlloy

> 1% =b;, jeBlend

ieAlloy
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/1

Set Al l oy(nane="

El ement i (set=Alloy);
Set Bl end( nane="

El enent j (set =Bl end);

/1

Par amet er r(nanme="
Par amet er c(nanme="
Par amet er b(nanme="

/1
Vari abl e x(nanme="

/1
oj ective z(nane="

z = sun(cli]*x[i],i);

11
x[i] >= 0;

/1
sum(x[i],i) == 1;
sun(r[i,j]*x[i],i) ==

/1
sol ve();

/1
z.val.print();
x.val.print();

", index=(i,j));
", index=i);
", index=j);

", index=i);

blj1;




. dat

[1,Lead] 0.2 [1,Zinc] 0.3 [1, Tin] 0.5
[2,Lead] 0.5 [2,Zinc] 0.4 [2, Tin] 0.1
[3,Lead] 0.3 [3,Zinc] 0.2 [3, Tin] 0.5
[4,Lead] 0.3 [4,Zinc] 0.4 [4, Tin] 0.3
[5,Lead] 0.3 [5,Zinc] 0.3 [5, Tin] 0.4
[6,Lead] 0.6 [6,Zinc] 0.3 [6, Tin] 0.1
[7,Lead] 0.4 [7,Zinc] 0.5 [7, Tin] 0.1
[8,Lead] 0.1 [8,Zinc] 0.3 [8, Tin] 0.6
[9,Lead] 0.1 [9,Zinc] 0.1 [9, Tin] 0.8
[1] 7.3

[2] 6.9

[3] 7.3

[4] 7.5

[5] 7.6

[6] 6.0

[7] 5.8

[8] 4.3

[9] 4.1

[Lead] 0.3

[Zinc] 0.3

[ Tin] 0.4

6 40% 8 60%

4.98
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5.2

250 a 200
450 200
c 200
a b
3.4 2.2
3.4 2.4

NUOPT

[1]
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( )
3.4x, +2.2%, + 2.9X,, +3.4X,, + 2.4X,, +2.5X,,

x
b

><N><N><g><g><
L= 2N <]

vV v v IV IV IV
O 0O o © o o

N
o

Xip + Xy + X <250
Xpq + X + X, <450

Xla + X2a =200
Xy + Xy, = 200
ch + X2c =200

N NN R R R

0O T ® 0o T o




S| MPLE

/1

Vari abl e xla(name=" 1 a "),
Vari abl e x1b( name=" 1 b "),
Vari abl e x1c(nanme=" 1 c "),
Vari abl e x2a( nanme=" 2 a "),
Vari abl e x2b( nanme=" 2 b "),
Vari abl e x2c(nanme=" 2 c "),
/1

xla >= 0;

x1lb >= 0;

xlc >= 0;

x2a >= 0;

x2b >= 0;

x2c >= 0;

/1

xla + x1b + xlc <= 250;

x2a + Xx2b + x2c <= 450

/1

xla + x2a == 200

x1lb + x2b == 200

xlc + x2c == 200;

/1

oj ective z(nanme=" ", type=minimze);

Z = 3.4*x1a + 2.2*x1b + 2.9*x1lc + 3.4*x2a + 2.4*x2b + 2.5*x2c

/1
sol ve();

/1
z.val.print();
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Cannery ={1, 2
Warehouse ={a,b, c}
upper;,i € Cannery

demand , j € Warehouse

c;,i € Cannery, j € Warehouse

x;,1 € Cannery, j € Warehouse

2 2 %

ieCannery jeWarehouse

X; >0

D, % Supper,

jeWarehouse

> x; =demand,

ieCannery
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/1

Set Cannery( nhane=" "),
El ement i (set=Cannery);
Set War ehouse( nanme=" "),
El ement j (set =War ehouse);

/1

Par anet er upper (nane=" ", index=i);
Par anet er demand( nane=" ", index=j);

Par anet er cost (nane=" ", index=(i,j));

/1
Vari abl e x(name=" ", index=(i,j));

/1
oj ective z(nanme=" ", type=minimze);
z = sun(cost[i,j]*x[i,j],(i,j));

/1
x[i,j] >=0;

/1
sum(x[i,j],j) <= upper[i];

/1
sum(x[i,j],i) == demand[j];

/1
sol ve();

/1
z.val.print();
x.val.print();




. dat

79

[1]
[2]

[a]
[ b]
[c]

[1,a]
[1,Db]
[1,c]
[2,a]
[2,Db]
[2,c]

250
450

200
200
200

NN W W
IS I O ORI NN

=1620

[lr"
[lr"
[lr"
[21"
[21"
[21"

a"] =26. 4602
b"]=200
c"]=1.79049¢e- 008
a"]=173.54
b"]=3. 58099e- 008
c"]1=200
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5.3
2 A B 2 1,11
1
| |1 | |1
2 7 75 50
B 5 3 8 7
| |1 A B
1 30 20 1 920 790
2 60 50 2 750 600
3 80 90 3 500 480
NUOPT [2]
LTl X1 X1 Xi2s X120 X35 X3
Yo Y Yizr Yz
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=

( )

75X, +50x,, +8Y,, + 7Y,; + 75X, + 50X, +8Y,, + 7Y,, + 75X ; + 50X,

X, 20, x,,20

X,20, %,,=20
X320, X,320
yllzo’ ylllzo
yIZZO' yII220

<920

1L =

<790

n =

<750

12 =

<600

12 =

<500

13 =

<480

13 =

2%+ 7X
5X,; +3X
2X, + 7X
5X,, +3X
2X5+7X
SX5 +3X

X1 = Y =30

X1 — Yy = 20

Xi2 + Y11~ Y1 = 60
Xiiz + Yiiz = Yiiz =90
X3+ Y, =80

Xz + Yip =90

W > W >» W >

W W NN P
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11

Vari abl e x11( name="

Vari abl e x21( name="

Vari abl e x12( name="

Vari abl e x22( name="

Vari abl e x13( name="

Vari abl e x23( name="

Vari abl e y11( name="

Vari abl e y21( name="

Vari abl e y12( name="

Vari abl e
/1

oj ective z(nanme="

y22( name="

", type=minimze);

z=75*x11+50*x21+8*y11+7*y21+75*x12+50* x22+8*y12+7*y22+75*x13+50* x23;

/1

x11 >= 0; x21 >= 0;
x12 >= 0; x22 >= 0;
x13 >= 0; x23 >= 0;
yll >= 0; y21 >= 0,
yl2 >= 0; y22 >= 0,
/1

2*x11 + 7*x21 <= 920
5*x11 + 3*x21 <= 790
2*x12 + 7*x22 <= 750;
5*x12 + 3*x22 <= 600;
2*x13 + 7*x23 <= 500;
5*x13 + 3*x23 <= 480
/1

x11 - yll1 == 30;
x21 - y21 == 20;
x12 + yl1l1 - y12 == 60;
x22 + y21 - y22 == 50;
x13 + y12 == 80;
X23 + y22 == 90
/1

sol ve();

/1

z.val.

print();
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Product ={I, 11}
Material ={ A, B}
Period ={1,2,3

use.,i € Product, j € Material

ij?

out. ,i  Prodcut,t € Period

it?

upper;, j € Material,t  Period

costp,,i € Product
costi;,i € Product

X,,1 € Product,t € Period
Y,..1 € Product,t € Period

D> > costp,x, +costi,y,

tePeriod ieProduct

X, =0
Yi 20

D" use;x, <upper,

ieProduct

Xy — Y = 0Out;

Xip + Yip — ¥ip = OUL,
X3+ Y, =0ut;,
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/1

Set Product (nane=" "),

El ement i (set=Product);

Set Material (nane=" "),

El ement j(set=Material);

O deredSet Peri od( nane=" "),

El ement t(set=Period);

/1

Par anet er use( nanme=" ", index=(i,j));
Par anet er out (nanme=" ", index=(i,t));

Par anet er upper (nane=" ", index=(j,t));
Par anet er cost p(nane=" ", index=i);

Par anet er costi (nane=" ", index=i);

/1

Vari abl e x(nanme=" ", index=(i,t));

Vari abl e y(nanme=" ", index=(i,t));

/1

oj ective z(nanme=" ", type=minimze);

z = sum(sum(costp[i]*x[i,t]+ costi[i]*y[i,t],i),t);
/1

X[i,t] >= 0;

y[i,t] >=0;

/1

sum(usel[i,j]*x[i,t],i) <= upper[j,t];

/1

x[i, 1] - yli,t] == out[i,t], t == 1;
x[i,t] + y[i,t-1] - y[i,t] == out[i,t], t == 2;
x[i,t] + y[i,t-1] == out[i,t], t == 3;
/1

sol ve();

/1

z.val.print();
x.val.print();
y.val.print();




. dat

85

, 1] 920
, 2] 750
, 3] 500
, 1] 790
, 2] 600
, 3] 480

Q®®EXRER R

["1"] 75
["11"] 50

["1"] 8
("] 7

21199. 2
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5.4

65

65
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coffee
water
banana

apple
rice_ball

bread

120coffee +130water + 80banana +100apple + 250rice _ball +185bread

10coffee +12water + 7banana + 9apple + 21rice _ball +16bread < 65

coffee>0 0

water >0 0
banana>0

apple>0 0

rice_ball >0 0

bread >0 0
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S| MPLE

/1

I nt eger Vari abl e cof f ee(nane= " ")

I nt eger Vari abl e wat er (nane=" ")
I nt eger Vari abl e banana( nanme=" ")

I nt eger Vari abl e appl e( nane=" ¥

I ntegerVariable rice_ball (name=" ")

I nt eger Vari abl e bread(nane=" ")

/1
oj ective total val ue(nanme=" ", type=nmaximn ze);
total val ue=120*cof f ee+130*wat er +80* banana+100* appl e+250*ri ce_bal | +185* br ead;

/1
10*cof f ee+12*wat er +7* banana+9* appl e+21*ri ce_bal | +16* br ead<=65;

/1 0
cof f ee>=0;
wat er >=0;
banana>=0;
appl e>=0;

ri ce_ball >=0;
br ead>=0;

/1

sol ve();

cof fee.val .print();

wat er.val .print();
banana. val . print();
apple.val .print();

rice ball.val.print();
bread. val . print();

total value.val.print();
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NUOPT
=3
=0
=2
=0
=1
=0
=770
1
SI MPLE
dat
Sl MPLE dat
Object ={ : , }
count, ,i e Object
capacity
value, i e Object 1
weight, i € Object 1
> value; -count,
ieObject
Z weight, - count; < capacity
ieObject
count > 0,i € Object 0
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S| MPLE
NUOPT

dat

/1
Set (bj ect;
El ement obj ect (set =(hj ect) ;

/1

Par amet er capacit y(nane="
Par anet er val ue( nane="
Par anet er wei ght (nanme="

/1
I nt eger Vari abl e count ( nane="

/1
oj ective total val ue(nane="

11

/1 0
count [ obj ect ] >=0;

/1

sol ve();
count.val.print();

total value.val.print();

");

", i ndex=object);

", i ndex=object);

", index=object);

", type=nmaximn ze);

total val ue=sun{val ue[ obj ect] *count [ obj ect], obj ect);

sum( wei ght [ obj ect] *count [ obj ect], obj ect) <=capacity;




dat

91

—_ ———

—_ —— —

121
116;
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0-1

S| MPLE 0-1
S| MPLE

I nt eger Vari abl e count (nane="

", index=obj ect, t ype=bi nary);

0 1
count [ obj ect ] >=0;
NUCPT

=745

1
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93

A B CDEFG

7

200

280

175

560

205

245

80

195

265

190

10
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=1 200
x =0
0
200x
1
A 1
X +Xx +x 21
0-1
X , X , X, X X , X, X X

A0x +28X +I/Ax +580X  +ABx  +245¢ +8X  +H1bx  +XBx +H19X

X X X X X X X

+ X
+ X
+ X
+ X
+ X
+ X

+ X

+ X
+ X
+ X
+ X
+ X
+ X

+ X

>1
+ X
+ X
+ X
21
+ X

+ X

@ Mmoo O m >
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/1
I nt eger Vari abl e x_sat o( nane=" ", type=bi nary);
I nt eger Vari abl e x_suzuki ( nane=" ", type=bi nary);
I nt eger Vari abl e x_t akahashi (nanme=" ", type=bi nary);
I nt eger Vari abl e x_t anaka( nane=" ", type=bi nary);
I nt eger Vari abl e x_wat anabe( nane=" ", type=bi nary);
I nt eger Vari abl e x_ito(nane=" ", type=binary);
I nt eger Vari abl e x_yamanot o( nane=" ", type=bi nary);
I nt eger Vari abl e x_nakanur a( nane=" ", type=bi nary);
I nt eger Vari abl e x_kobayashi ( name=" ", type=bi nary);
I nt eger Vari abl e x_sai t o( nane=" ", type=bi nary);
/1

oj ective total _cost(type=ninim ze);

total cost=200*x_sat 0+280*x_suzuki +175*x_t akahashi +560* x_t anaka+
205*x_wat anabe+245*x_i t 0+80*x_yamanot 0+195*x_nakanur a+
265*x_kobayashi +190*x_sai t o;

/1 1

X_sat o+x_suzuki +x_wat anabe>=1

X_sat o+x_t akahashi +x_it o+x_sait o>=1

X_sat o+x_t anaka+x_nakanur a+x_kobayashi >=1
X_suzuki +x_t anaka+x_i t o+x_yamanot 0>=1
Xx_takahashi +x_t anaka+x_sai t 0>=1

X_suzuki +x_t anaka+x_wat anabe+x_it o+x_kobayashi >=1
X_tanaka+x_nakamnur a+x_kobayashi +x_sai t 0>=1

/1

sol ve();

X_sato.val.print();

X_suzuki . val .print();

Xx_takahashi.val.print();

Xx_tanaka. val . print();

X_wat anabe. val . print();

X_ito.val.print();

X_yamanot o. val . print();

X_nakanura. val . print();

X_kobayashi . val .print();

X_saito.val.print();

total _cost.val.print();
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A 1
X +x +x 21
Ix +Ix +0x +0x +Ix +0x +0x +0x +0x +0x =21
0 1
SI MPLE
Man:{ ] ] ] 1 1 1 l H }
Area={A,B,C,D,E,F,G}
. i 1
X, ,leMan '
0
deliver;; ,i € Man, j € Area ' :
0

cost, ,ieMan

D cost;x

ieMan

D deliver, x, >1, j  Area
ieMan




S| MPLE

/1

Set Man;

El ement i (set=Man);

Set Area,

El ement | (set=Area);

/1

Par amet er del i ver ( nane=" "yindex=(i,j));
Par anet er cost (nane=" ",index=i);

I nt eger Vari abl e x(nanme=" ",index=i,type=bi nary);
/1

oj ective total cost(nane=" ", type=m nimze);
total cost=sum{cost[i]*x[i],i);

/1

sum(deliver[i,j]*x[i],i)>=1;

/1

sol ve();

x.val.print();
total _cost.val.print();

csv dat

,AB,CDEFG =
,1,1,1,0,0,0,0 [ 1200
,1,0,0,1,0,1,0 [ 1280
,0,1,0,0,1,0,0 [ 1175
,0,0,1,1,1,1,1 [ 1560
,1,0,0,0,0,1,0 [ 1205
,0,1,0,1,0,1,0 [ ]245
,0,0,0,1,0,0,0 [ 180
,0,0,1,0,0,0,1 [ 1195
,0,0,1,0,0,1,1 [ 1265
,0,1,0,0,1,0,1 [ ]190;
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3
635
NUCPT
0-1 wesp
wesp SI MPLE sol ve();
options. nmet hod="wcsp";
wesp
wWesp 1
options. maxti mel;
NUCPT/ SI MPLE
3 3
1 2
S| MPLE
sum(deliver[i,j]*x[i],i)>=1; sum(deliver[i,j]*x[i],i)==1;

650



99

5.6
Sour ce
Si nk
X Y
2 1
1
]
8
4
il
6 5
3
X Y 1
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total

O 0O ®m W >

o 0O W >

O 0O ®m W >
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/1

I nt eger Vari
I nt eger Vari
I nt eger Vari
I nt eger Vari
I nt eger Vari
I nt eger Vari
I nt eger Vari
I nt eger Vari
/1

abl e total (nanme="
abl e f_XA(nane="
abl e f_XB(nane="
abl e f_AC(nane="
abl e f_BC(nane="
abl e f_BD(nane="
abl e f_CY(nane="
abl e f_DY(nane="

OO0 W w >

oj ective obj (name="

obj =t ot al ;
/1

total ==f _XA+f XB;

f _XA==f AC,

f _XB==f _BC+f _BD,
f _AC+H BC==f CY;

f _BD==f_DYV;

f_CY+ Dy==

/1

0<=f _XA<=4;
0<=f _XB<=6;
0<=f _AC<=5;
0<=f _BC<=4;
0<=f BD<=3;
0<=f _CY<=8;
0<=f _DY<=5;
/1

sol ve();

t ot al

f_XA val.print();
f_XB.val.print();
f _AC val.print();
f BCval.print();
f_BD.val.print();
f_CY.val.print();
f_DY.val.print();
total.val.print();

O 0

", type=nmaxim ze);
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A =4
B =6
A c =4
B C =4
B D =2
c =8
D =2
=10
1 10
SI MPLE

City={A,B,C,D, X,Y}

total

f. ,ieCity, j eCity

ij
total
upper; ,i e City, j € City

total = > f,;

jeCity

> f = fy keCity, k=X k=Y
i j

> f, =total

ieCity

0< f; <upper; ,iCity, j eCity
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/1
Set City;
Element i(set=City),j(set=Cty);
/1
I nt eger Vari abl e total (nane=" "),
IntegerVariable f(index=(City,Gty));
/12
Par anet er upper (nane=" ",index=(City,Gty));
/1
oj ective obj (name=" ", type=naxi m ze);
obj =t ot al ;
/1
total ==sun(f["X",j1.,]);
sum(f[i,j],j)==sum(f[j,i],j),i!t="X",il="Y";
sum(f[i,"Y"'],i)==total;
/1
O<=f[i,j]<=upper[i,j];
/1
sol ve();

total.val.print();

CSsv

A B, CDXY
A 0,0,50,0,0
B,0,0,4,30,0
¢co0,0000,8
D 0,0,0,0,0,5
X, 4,6,0,0,0,0
Y,0,0,0,0,0,0

SI MPLE Graph
Graph




104

S| MPLE

/1 Graph

Graph g(name="network");

El ement i (set=g. nodes);

El ement e(set=g.arcs);

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

/1

I nt eger Vari abl e f(name="2 ",index=g. arcs);
I nt eger Vari abl e total (nane=" "),
/12

Par amet er upper _fl owi ndex=g. arcs);

/1

oj ective obj (type=maxim ze);

obj =t ot al ;

/1

sum(f[eout], eout)==total,i=="X";
sum(f[ein],ein)==sun(f[eout],eout),i!="X",i!="Y";
sum(f[ein],ein)==total ,i=="Y";

0<=f[ e] <=upper _flow e];

/1

sol ve();

f.val.print();

total.val.print();

dat

net work. nodes=X AB CDY;
network.arcs=X, A X BACB CBDCYDY;
upper _flow=[ X, A4 [ X, B]6 [A C]5 [B C]4 [B D3 [CY]8 [DY]5;

dat
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5.7

250
200
270
300
220
190
170

t ot al
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f)(A

fra B
fac A C
fac B C
fao B D
foy C

f D

2501, + 200f,, + 2701, +300f,. +220f,, +190f., +170f,,

8=fiu+ fie

f)(A_ fAC A

f)(B fBC-i_fBD B

fAC-i_fBC fCY C

fBD_ fDY D

fCY-i_fDY 8

0< f,, <4

0< f,; <6 B
0< f,. <5 A C
0< f. <4 B C
0< f; <3 B D
0< f,, <8 C

0< fy, <5 D
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/1
I nt eger Vari abl e f_XA(nane=" A "),
I nt eger Vari abl e f_XB( hane=" B "),
I nt eger Vari abl e f_AC(nanme="
I nt eger Vari abl e f_BC(nane="

O 0

I nt eger Vari abl e f_BD( nane="
I nt eger Vari able f_CY(nanme="
I nt eger Vari abl e f_DY(nanme="
/1

hj ective total cost(nhane=" ",type=ninimnze);

t ot al cost =250*f XA+200*f XB+270*f AC+300*f BC+220*f BD+190*f CY+
170*f _Dy;

/1

8==f XA+f XB;

f _XA==f AC,

f _XB==f _BC+f _BD,

f _AC+H BC==f CY;

f _BD==f _DY;

f _Cy+f Dy==8;

/1

0<=f _XA<=4;

0<=f _XB<=6;

0<=f AC<=5;

0<=f BC<=4;

0<=f _BD<=3;

0<=f _CY<=8;

0<=f _DY<=5;

/1

sol ve();

f XA val.print();

f _XB.val.print();

f _AC val.print();

f BCval.print();

f _BD.val.print();

f _Cy.val.print();

f _DY.val.print();

total cost.val.print();

OO0 o w >
O
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A =2

B =6
A C =2
B Cc =3
B D =3
Cc =5
D =3

=5260
0

City={A,B,C,D, X,Y}

f. ,ieCity, j eCity i

ij

upper; ,i e City, j € City i

cost; ,

i e City, j e City
supply, ,i € City i

Z Z cost; - f;

jeCity ieCity

> £, =D f; =supply, ,keCity

ieCity jeCity

0< f; <upper; ,ieCity, j eCity i
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/1
Set City;
El ement i(set=City),j(set=Cty),k(set=City);

/1

I nt eger Vari abl e f (nanme=" ",index=(CGty,Gty));

/1

Par anet er upper (nane=" ",index=(City,Gty));
Par anet er cost (nanme=" ",index=(CGty,Gty));

Par amet er suppl y(nanme="suppl y", i ndex=City);

/1
oj ective total cost(nane=" ",type=m nimnze);
total cost=sum(sum(cost[i,j]1*f[i,j],i),]);

11
sun(f[i,Kk],i)-sun(f[k,j],j)==supply[k];

11l
O<=f[i,j]<=upper[i,j];

/1
sol ve();
total _cost.val.print();

2 csv 1 dat
ABCD XY ABCD XY suppl y=
A 0,0,50,0,0 A 0,0,270,0,0,0 [A]O
B,0,0,4,30,0 B, 0, 0, 300, 220,0,0 [B]O
C 0,0,0,0,0,8 C 0,0,0,0,0,190 [0
D 0,0,0,0,0,5 D 0,0,0,0,0,170 [DO
X,4,6,0,0,0,0 X, 250, 200,0,0,0,0 [X -8
Y,0,0,0,0,0,0 Y,0,0,0,0,0, O [Y]8;
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Graph SI MPLE

/1 Graph

Graph g(name="network");

El ement i (set=g. nodes);

El ement e(set=g.arcs);

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

/1

I nt eger Vari abl e f (nanme=" ",index=g.arcs);
/1

Par anet er suppl y(nanme="suppl y", i ndex=g. nodes) ;

Par anet er upper _fl owm nane=" ",index=g.arcs);
Par anet er cost (nane=" ",index=g.arcs);

/1

oj ective total cost(nane=" ",type=m nimnze);

total cost=sunm{cost[e]*f[e],e);

/1

sum(f[ein],ein)-sumf[eout], eout)==suppl y[i];
0<=f[ e] <=upper _flow e];

/1

sol ve();

f.val.print();

total _cost.val.print();

dat

net wor k. nodes=X AB CDY,;
network.arcs=X,A X,B ACBCBDCYDY,
suppl y=[X]-8 [A]O [B]O [C]O0 [D0 [Y]8;
=[X,Al4 [X,B]6 [A C]5[B,C4 [BD3][CY]8][DY]5;
=[ X, A] 250 [X,B]200 [A CJ270 [B,C]300 [B,D]220 [C, Y]190
[D, Y] 170;
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5.8

13

10

18

15

10

i

15

12

11
12

12
10

11

11
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—
<
3
BY)
@)
3
OO0 m®w > >
0

12TV, +10TV,, + 4TV, +11TV,, +6TV,, + 11TV, +9TV,,
+11PC,, +12PC,, +5PC,. + 7PC,, + 9PC,. +5PC,,

TV, + PC,, <15,TV,, + PC,, <12,TV,. +PC,. <18
TV,y <3,TV,, + PC,, <3,TV,. + PC,. <10,TV,, <10,PC_, <15

TVia +TVyg =8 , TV, +TV,, =TV, + TV, TV + TV =TV,
TVey =TV, +TV, ,8=TV,, +TV,,

PC,,+PC, =13 ,PC,. +PC,, =PC,, +PC,, ,PC,, +PC,. =PC,; ,
PC., =PC,. +PC,. ,13=PC,,

TV, 20TV, =0,TV,. 20,TV,, =0,TV,, >0,TV,. 20,TV,, >0,

AY — BA — Ccy =—

PC,, >0,PC,, >0,PC,. >0,PC,, >0,PC,. >0,PC,, >0

BA —
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S| MPLE

/1
I nt eger Vari abl e
TV_XA, TV_XB, TV_AC, TV_AY, TV_BA, TV_BC, TV_CY,
PC_XA, PC_XB, PC_AC, PC_BA, PC BC, PC_Cz;
/1
oj ective total cost(nane=" ", type=m nimze);
total cost=12*TV_XA+10* TV_XB+4* TV_AC+11*TV_AY+6*TV_BA+11*TV_BC
+9* TV_CY+11* PC_XA+12* PC_XB+5* PC_AC+7* PC_BA+9* PC_BC+5* PC_CZ;
/1
TV_XA+PC_XA<=15;
TV_XB+PC_XB<=12,;
TV_AC+PC_AC<=18;
TV_AY<=3;
TV_BA+PC_BA<=3;
TV_BC+PC_BC<=10;
TV_CY<=10;
PC Cz<=15;
/1
TV_XA+TV_XB==8;
TV_ACH+TV_AY==TV_XA+TV_BA,
TV_BA+TV_BC==TV_XB;
TV_CY==TV_AC+TV_BC,
8==TV_AY+TV_CY;
/1
PC_XA+PC_XB==13;
PC_AC==PC_XA+PC_BA;
PC_BA+PC_BC==PC_XB;
PC_Cz==PC_AC+PC_BC,
13==PC_CZz;
/1
TV_XA>=0; TV_XB>=0; TV_AC>=0; TV_AY>=0; TV_BA>=0; TV_BC>=0; TV_CY>=0;
PC_XA>=0; PC_XB>=0; PC_AC>=0; PC_BA>=0; PC_BC>=0; PC_CZ>=0;

S| MPLE
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City ={A,B,C,X,Y,Z}

TV,

ij !

i e City, j e City

PC.

j

i e City, j e City

upper; ,i e City, j € City
TV _cost; ,i € City, j € City
PC _cost; ,i eCity, j € City

TV _supply; ,i e City

PC _supply, ,i e City

> TV _cost, TV, +PC _cost, - PC,

ij
jeCity i<City

TV; +PC; <upper; ,ieCity, j € City

D TV, = > TV, =TV _supply, ,k City

iCity jeCity

> PC,- Y. PC, =PC_supply, ,keCity
iCity jeCity

0<TV; ,ieCity, jeCity

0<PC. ,ieCity, j eCity

ij !
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/1
Set City;
Element i(set=City),j(set=City),k(set=City);
/1
I nt eger Vari abl e TV(nane=" ",index=(City,Gty));
I nt eger Vari abl e PC(nane=" ",index=(Cty,Gty));
/1
Par anet er upper (nane=" ",index=(City,Gty));
Par amet er TV_cost ( nane=" ",index=(City,Gty));
Par amet er PC _cost ( nane=" ",index=(City,Gty));

Par amet er TV_suppl y(name="TV_suppl y", i ndex=Ci ty);

Par amet er PC _suppl y(name="PC suppl y", i ndex=City);

/1

oj ective total cost(nane=" ", type=m nimze);

total _cost=sum(TV_cost[i,j]*TV[i,j]+PC cost[i,j]*P(i,j],(i,j));
/1

T, j1+P] i, j] <=upper[i,j];

/1
sun(TV[i,K],i)-sum(TV[k,j],j)==TV_suppl y[K];
/1
sun(PC[i, k], i)-sun(PA k,j],})==PC_suppl y[ kI;
/1
T™i,j]1>=0;
Pdi,j]>=0;
3 CcsvV
1 dat TV _supply PC suppl y
A BCXY,Z A BCXY,Z
A 0,0,18,0,3,0 A 0,0,4,0,11,0
B, 3,0,10,0,0,0 B,6,0,11,0,0,0
C 0,0,0,0,10,15 C 0,0,0,0,9,0
X, 15,12,0,0,0,0 X,12,10,0,0,0,0
Y,0,0,0,0,0,0 Y,0,0,0,0,0,0
Z,0,00,0,0,0 Z,0,0,0,0,0,0
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VABCX Y, Z TV supply=[A]0 [B]0O [C] O
A 0,0,5,0,0,0 [X]-8 [Y]8 [Z]0;
B,7,0,9,0,0,0 PC supply=[A]O0 [B]O [C] O
c 0,0,0,0,0,5 [X]-13 [Y]0 [Z]13;
X,11,12,0,0,0,0
Y,0,0,0,0,0,0
Z,0,0,0,0,0,0

Graph SI MPLE
/1 Graph

Graph g(name="network");

El ement i (set=g. nodes);

El ement e(set=g.arcs);

El ement eout (set=out(g,i));
El ement ein(set=in(g,i));
/1

I nt eger Vari abl e TV(nane="

I nt eger Vari abl e PC( nane="
/1

",index=g.arcs);
",index=g.arcs);

Par amet er supply_TV(name="supply_ TV', i ndex=g. nodes);

Par anet er suppl y_PC(name="supply_PC', i ndex=g. nodes) ;

Par anet er upper _fl ow nane="
Par amet er cost _TV(nane="
Par amet er cost _PC( nane="

/1

oj ective total cost(nane="

",index=g.arcs);
",index=g.arcs);
",index=g.arcs);

", type=m nimze);

total _cost=sum{cost_TV[e]*TV[e] +cost _P(e]*P( €], e);

/1
TV[ e] +PC e] <=upper fl ow e];

sum(TV[ ei n], ei n) -sun{TV[ eout], eout ) ==supply_TV[i];
sum(PC ei n], ei n) -sun{ P eout], eout)==supply PCi];

0<=TV] €] ;

0<=P( €] ;

/1

sol ve();
sinmple_printf("% %
¥n",e, TV[e],PCe]);

total _cost.val.print();

%l %l
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net wor k. nodes=X A B CY Z
network.arcs=X,A X,BACAYBABCCYCZ
supply_TVv=[X]-8 [A]0 [B]O [C]O [Y]8 [Z]O0;
supply_PC=[X]-13 [A]0 [B]O0 [C]O [Y]O0 [Z]13;
=[ X, A]15 [ X, B]12 [A, C]18 [A Y]3 [B,A]3 [B,C]10 [C Y] 10

[ C, Z] 15;
=[X, A]12 [X, B]10 [A, CJ4 [A Y]11 [B,A/6 [B, CJ11 [C V]9

[C Z] 0;
=[X,Al11 [X, B]12 [A, CJ5 [A Y]O [B, A7 [B,C]9 [C Y]O

[C Z] 5;

494
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5.9

800
550
780
600
1020
360

X;j

0-1



119

Zi: Xi

X

Xj < X;

1 # ]

X

i

17
10
18

19
12
20

13

14

14
20
18

13
19
17

12
10
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XAA'XAB'XAC'XAD'XAE'XAF'XBA'XBB'XBC'XBD'XBE'XBF'XCA'XCB'XCC'XCD'XCE'XCF'
XDA' XDB'XDC ! XDD'XDE ! XDF ! XEA' XEB ! XEC ! XED'XEE'XEF ! XFA' XFB'XFC ! XFD' XFE'XFF
0 1

800(7X g + 2X,c +13X,p +19X,c +17X,:)
+550(7Xgp +8Xge + 6Xgp +12X5: +10X,:)
+780(2X 5 +8%cp +14Xp + 20X +18%.)
+600(13X;, +6Xp5 + 14X + TXpe +4Xpe )
+1020(19x, +12X 5 + 20X + 7Xgp + 3Xer )
+360(17X., + 10X +18X + 48X +3Xe)

Xaa T Xgg + Xee + Xpp + Xgg + X

=2
Xap + Xpg + Xpe + Xpp + Xpg + X5 =1
Xga + Xgg + Xge + Xgp + Xgg + Xgr =1
Xea + Xop + X + Xop + Xeg + Xer =1
Xpa + Xpg + Xpe + Xpp + Xpe + Xpr =1

Xea + Xeg + Xee + Xep + X + Xge =1

mm o O w >N
A N

Xea T Xeg + Xee + Xep + Xee + X =1
Xpg < Xegs Xac S Xeer Xap S Xpp 1 Xag S Xee s Xap S X

XBA < XAA' XBC < XCC ! XBD < XDD' XBE < XEE ! XBF < XFF'

< Xanr Xcg < Xag1 Xcp < Xpp » Xce < Xeg 1 Xcp < Xee s

eer Xor < Xee s

oo Xer = Xep

DD XFE < XEE

S| MPLE
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/1

I nt eger Vari abl e
X_AA(type=hi
X_AD(type=hi
X_BA(type=bi
X_BD(type=bi
x_CA(type=hi
X_CD(type=hi
x_DA(type=bi
x_DD(type=bi
X_EA(type=bi
X_ED(type=bi
X_FA(type=bi
X_FD(type=bi

/1

nary), x_AB(type=bi
nary), x_AE(type=bi
nary), x_BB(type=bi
nary), x_BE(type=bi
nary), x_CB(type=bi
nary), x_CE(type=bi
nary), x_DB(type=bi
nary), x_DE(type=bi
nary), x_EB(type=bi
nary), x_EE(type=bi
nary), x_FB(type=bi
nary), x_FE(type=bi

nary), x_AC(type=bi
nary), x_AF(type=bi
nary), x_BC(type=bi
nary), x_BF(type=bi
nary), x_CC(type=bi
nary), x_CF(type=bi
nary), x_DC(type=bi
nary), x_DF(type=bi
nary), x_EC(type=bi
nary), x_EF(type=bi
nary), x_FC(type=bi
nary), x_FF(type=bi

hj ective total _distance(type=ninimze);

total _di stance=800*( 7*x_AB+2*x_AC+13*x_AD+19*x_ AE+17*x_AF)
+550* ( 7* x_BA+8* x_BC+6* x_BD+12*x_BE+10* Xx_BF)
+780* (2*x_CA+8*x_CB+14*x_CD+20*x_CE+18*x_CF)
+600* ( 13* x_DA+6*x_DB+14*x_DC+7*x_DE+4*Xx_DF)
+1020* ( 19* x_EA+12* x_EB+20* x_EC+7* x_ED+3*x_EF)
+360* ( 17*x_FA+10*x_FB+18*x_FC+4*x_FD+3*x_FE) ;

11

X_AA+Xx_BB+x_CCtx_DD+x_EE+x_FF==2;

11

X_AA+X_AB+X_ACHX_AD+X_AE+x_AF==1,
X_BA+x_BB+x_BC+x_BD+x_BE+x_BF==1;
X_CA+x_CB+x_CCtx_CDt+x_CE+x_CF==1,;
X_DA+x_DB+x_DC+x_DD+x_DE+x_DF==1;
X_EA+x_EB+x_EC+x_ED+x_EE+x_EF==1,;
X_FA+x_FB+x_FCtx_FD+x_FE+x_FF==1,

/1

X_AB<=x_BB;
X_BA<=x_AA,
X_CA<=x_AA;
X_DA<=x_AA,
X_EA<=x_AA,
X_FA<=x_AA,

X_AC<=x_CC,
x_BC<=x_CC,
x_CB<=x_BB;
x_DB<=x_BB;
X_EB<=x_BB;
X_FB<=x_BB;

X_AD<=x_DD,
X_BD<=x_DD,
x_CD<=x_DD;
x_DC<=x_CC;
x_EC<=x_CC,
x_FC<=x_CC;

X_AE<=x_EEFE;
X_BE<=x_EE;
x_CE<=x_EE;
X_DE<=x_EFE;
X_ED<=x_DD,
X_FD<=x_DD,

nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary);

X_AF<=x_FF;
X_BF<=x_FF;
X_CF<=x_FF;
X_DF<=x_FF;
X_EF<=x_FF;
X_FE<=x_EFE;
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Clty:{A, B,C; D! E! F}

x;,1€City, j e City

distance;,

i eCity, j eCity i j

population,,i € City i

Z(populationi- z (distanceij-xij)]

i<City jeCity,i=]

Z‘,Xii:2 2

ieCity
> x =1 1
jeCity
X; < Xx;,1 €City, jeCity,i # ]
SI MPLE NUOPT

sinple_printf()
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/1

Set City;

El ement i(set=City);
El ement j(set=City);

/1

Par anet er di st ance( nane="2 ",index=(City,Gty));

Par anet er popul ati on( nane=" ",index=Cty);

/1

I ntegerVariable x(index=(Cty,Cty),type=binary);

/1

hj ective total distance(nane=" ", type=m nimze);

total di stance=sun(popul ation[i]*sun(distance[i,j]*x[i,j],(j,i!=|
). i)

/1

sum(x[i,i],i)==2;
sum(x[i,j].j)==1,
[, jl1<=x[j.jl.il=j;

/1

sol ve();

sinmple_printf("% ¥n",i,x[i,i].val ==1);
2 csv dat

2 ,A B, CDEF =

A 0,7,2,13,19,17 ["A"] 800

B, 7,0,8,6,12,10 ["B"] 550

C 2,8,0, 14, 20, 18 ["C']780

D 13,6,14,0,7,4 ["D'] 600

E, 19, 12,20,7,0,3 ["E"] 1020

F, 17,10, 18,4, 3,0 ["F"]360;
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5.10

800
550
780
600
1020

360

X;j
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XAA'XAB'XAC'XAD'XAE'XAF'XBA'XBB'XBC'XBD'XBE'XBF'XCA'XCB'XCC'XCD'XCE'XCF'

Xoar Xpg s Xpc » Xop » Xpe » Xor + Xeas Xes s Xec s Xep s Xee s Xer s Xeas Xepo Xec s Xpp s Xee s Xer

0 1
v
v
V> 800% 7X,g,V = 800x 2X .,V > 800x13X,,,V > 800x19X .,V > 800x17X,.,
V 2 550% 7Xg,,V = 550x 8X; , V = 550 6X;p, ,V = 550x 12X, , v > 550x 10X,

V> 780x 2X.,,V = 780x8X5,V > 780x 14X,V > 780x 20X,V = 780x 18X,
V > 600x13Xp,,V = 600x 6Xy5,V = 600x14X,. ,V > 600x 7X;c,V = 600x 4X,.,
v >1020x19x.,,V >21020x12x_;,V 2 1020x 20X ,V = 1020 7Xp,V = 1020x 3X ,

V2 360x17Xg,,V = 360x10X;,V = 360x18X,.,V > 360x 4X.,,V > 360x 3X
Xpn + Xgg + Xeo + Xpp + Xeg + Xer =

2
Xap + Xpg + Xpe + Xpp + Xpg + X5 =1
Xga + Xgg + Xge + Xgp + Xgg + Xgr =1
Xea + Xop + X + Xop + Xeg + X =1
Xpa + Xpg + Xpe + Xpp + Xpe + Xpr =1

Xea + Xeg + Xee + Xep + X + Xge =1

mm o O @ >N
A N

Xea T Xeg + Xee + Xep + Xee + X =1

Xag < Xeg1 Xac < Xoo 1 Xap < Xppr Xag < Xeg» Xap < Xee s
Xga < XpaarXge < Xec 1 Xgp = Xppr Xge = Xee Xgr < Xep s
Xoa < Xaar Xc <XBB'XCDSXDDX < Xeg o Xer = Xeps
Xoa = Xan: Xpg < Xpg 1 Xpe = Xeer Xpe < Xge s Xpr < Xees
Xea < Xpar Xeg = Xggs Xec = Xeer Xep < Xpp s Xer < Xee s
Xea < Xpar Xeg = Xggs Xee = Xeer Xep < Xpp s Xeg < Xee

S| MPLE
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/1

I nt eger Vari abl e
X_AA(type=hi
X_AD(type=hi
X_BA(type=bi
X_BD(type=hi
X_CA(type=hi
X_CD(type=hi
x_DA(type=bi
x_DD(type=bi
X_EA(type=bi
X_ED(type=bi
X_FA(type=bi
X_FD(type=bi

Vari abl e v;

/1

nary), x_AB(type=bi
nary), x_AE(type=bi
nary), x_BB(type=bi
nary), x_BE(type=bi
nary), x_CB(type=bi
nary), x_CE(type=bi
nary), x_DB(type=bi
nary), x_DE(type=bi
nary), x_EB(type=bi
nary), x_EE(type=bi
nary), x_FB(type=bi
nary), x_FE(type=bi

nary), x_AC(type=bi
nary), x_AF(type=bi
nary), x_BC(type=bi
nary), x_BF(type=bi
nary), x_CC(type=bi
nary), x_CF(type=bi
nary), x_DC(type=bi
nary), x_DF(type=bi
nary), x_EC(type=bi
nary), x_EF(type=bi
nary), x_FC(type=bi
nary), x_FF(type=bi

hj ective max_di stance(type=nini m ze);

max_di st ance=v;
v>=800* 7* x_AB;
v>=800*17*x_AF;
v>=550*12*x_BE;
v>=780*14*x_CD;
v>=600* 6* x_DB;

v>=360*4*x_FD;
/1

v>=800* 2* x_AC;

v>=550*7* x_BA;

v>=550*10* x_ BF;
v>=780* 20* x_ CE;
v>=600*14*x_DC,
v>=1020*19*x_EA; v>=1020*12*x_EB; v>=1020* 20* x_EC; v>=1020* 7*x_ED,
v>=1020*3*x_EF; v>=360*17*x_FA; v>=360*10*x_FB; v>=360*18*x_FC,
v>=360* 3* x_FE;

X_AA+Xx_BB+x_CCtx_DD+x_EE+x_FF==2;
X_AA+X_AB+x_ACHx_AD+x_AE+x_AF==1,
X_BA+x_BB+x_BC+x_BD+x_BE+x_BF==1;
X_CA+x_CB+x_CCtx_CD+x_CE+x_CF==1,
X_DA+x_DB+x_DC+x_DD+x_DE+x_DF==1;
X_EA+x_EB+x_EC+x_ED+x_EE+x_EF==1,;
X_FA+x_FB+x_FC+x_FD+x_FE+x_FF==1;

X_AB<=x_BB;
X_BA<=x_AA,
X_CA<=x_AA;
X_DA<=x_AA,
X_EA<=x_AA,
X_FA<=x_AA,

X_AC<=x_CC;
x_BC<=x_CC;
x_CB<=x_BB;
x_DB<=x_BB;
X_EB<=x_BB;
X_FB<=x_BB;

X_AD<=x_DD,
X_BD<=x_DD,
x_CD<=x_DD;
x_DC<=x_CC;
x_EC<=x_CC;
x_FC<=x_CC;

v>=800*13*x_AD;
v>=550*8*x_BC;
v>=780*2* x_CA;
v>=780*18*x_CF;
v>=600* 7* x_DE;

X_AE<=x_EEFE;
X_BE<=x_EFE;
Xx_CE<=x_EE;
X_DE<=x_EFE;
X_ED<=x_DD,
X_FD<=x_DD,

nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary),
nary);

v>=800*19* x_ AE;
v>=550*6* x_BD;
v>=780*8*x_CB;
v>=600*13*x_ DA,
v>=600*4*x_DF;

X_AF<=x_FF;
X_BF<=x_FF;
X_CF<=x_FF;
X_DF<=x_FF;
X_EF<=x_FF;
X_FE<=x_EFE;
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SI MPLE
City={A,B,C,D,E,F}
;i €City, j City 0 !
v
distance; ,i € City, j e City i j

population,,i € City i

v > population; - distance; - x;,i € City, j € City,i # ]

D, X =2 2

ieCity

> x =1 1
jeCity
X; < X;,i € City, j e City,i # j

i
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S| MPLE

/1

Set City;

El ement i(set=City);
El ement j(set=City);

/1

Par anet er di st ance( nane=" ",index=(City,Gty));
Par anet er popul ati on( nane=" ",index=Cty);

/1

I ntegerVariable x(index=(Cty,Cty),type=binary);
Vari abl e v;

/1

hj ective max_di stance(type=nini m ze);

max_di st ance=v;

/1

v>=popul ation[i]*distance[i,j]*x[i,]];
sum(x[i,i],i)==2;

sum(x[i,j].j)==1,

[, jl1<=x[j.jl.il=j;

/1

sol ve();

sinmple_printf("% ¥n",i,x[i,i].val ==1);

2 CcsvV
dat

A B,CDEF =
A 0,7,2,13,19,17 ["A"] 800
B, 7,0,8,6,12,10 ["B"]550
C 2,8,0, 14, 20, 18 ["C']780
D, 13,6,14,0,7,4 ["D'] 600
E, 19, 12,20,7,0,3 ["E"] 1020
F, 17,10, 18,4, 3,0 ["F"]360;

p
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211

5.11.1
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a3

a2

al

bl

b2

b3
b4

5.11.2

0-1
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0-1
1 2 3 4
1 x11 | x12 | x13 | X14
2 x21 | x22 | x23 | X24
3 x31 | x32 | x33 | X34
4 x41 | x42 | X43 | X44
0-1 X113 X101 X135 X4
Xa1s Xa2 X3 Xa4 0
Xa1s Xg21 Xaz1 X34
Xgpr Xap1 Xyzy Xyq

)(11"')(12"')(13"')(14:2
Xpy + Xop + Xpg + Xpp =2
Xgg + Xgp + Xgz + X5y =2
Xg + Xgp + Xgg+ Xy =2
)(11"")(21"')(31"')(41:2
Xpp + Xpp + Xgp + X, =2
Xz + Xpg + Xz + X4 =2
Xpg + Xop + Xgq + X, =2
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S| MPLE
IntegerVariable x _11(type = binary);
I ntegerVariable x 21(type = binary);
I ntegerVariable x 31(type = binary);
I ntegerVariable x _ 41(type = binary);
IntegerVariable x _12(type = binary);
I ntegerVariable x _22(type = binary);
I ntegerVariable x_32(type = binary);
I ntegerVariable x_42(type = binary);
I ntegerVariable x _13(type = binary);
I ntegerVariable x _23(type = binary);
I ntegerVariable x _33(type = binary);
I ntegerVariable x_43(type = binary);
I ntegerVariable x_14(type = binary);
I ntegerVariable x_24(type = binary);
I ntegerVariable x_34(type = binary);
I ntegerVariable x_44(type = binary);
X_11 + x_ 12 + x_13 + x_14 == 2;
X_ 21 + x_ 22 + x_ 23 + x_24 == 2;
X 31 + x 32 + x_ 33 + x_34 == 2;
X_ 41 + x_42 + x_43 + x_44 == 2;
X_11 + x 21 + x_31 + x_41 == 2;
X_12 + x_ 22 + x_32 + x_42 == 2;
X_13 + x_ 23 + x_33 + x_43 == 2;
X_ 14 + x_ 24 + x_34 + x_44 == 2;
/1
sol ve();
sinmple printf("%l % % %d¥n",x 11,x 12, x 13, x_14);
sinmple printf("%l % % %d¥n",x 21,x 22, x 23, x_24);
sinmple printf("%l % % %d¥n",x 31,x 32, x 33, x_34);
sinmple printf("%l % % %d¥n",x 41,x 42, x 43, x_44);
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NUOPT

1010
1100
0101
0011
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S| MPLE

1={1234
J={1234

X,iel, jed @i, )

X =

Set | "1 2 3 4";
Set J "1 2 3 4";
El ement i(set =1);
El ement j(set = J);
I ntegerVariable x(type = binary,index = (i,j));
sum(x[i,j].i) == 2
sum(x[i,jl.j) == 2

/1

sol ve();

simple printf("%l % % %d¥n",

X[i, 1, x[i,j+1],x[i,j+2],x[i,j+3],] == 1);




5.11.3
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-1 3 -2 3 -4

-2 3 -4 5

3 -2 3 -1
-3 -1 1 1 2
1 -1 3 1 -1
-1 -1 1 0 2

-2 2 -3 4
5 -2 0 1 5
570 1400 520 1410 450
1800 1000 1700 1050 2300
800 1500 500 1500 600
500 600 1000 1000 1200
800 600 1200 800 600
600 600 800 700 1300
1200 500 1200 500 1300
1500 1000 1200 1200 1500
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-1

JOB=

PEOPLE =

X, j € JOB, p e PEOPLE

cost ] p
jyukuren, ] p

Zcostjpxxjp
ip
zxip =2 je
p
zxip =lje
p

ijp <3
i

> jyukuren, x X, >0
p

P

> x, =L, MAINJOB =

J,jeMAINJOB

X, =1 MAINJOB =

J,JeMAINJOB,( j,p)eJPPari
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Set Job;

Set Peopl €;

El ement j(set = Job);

El ement p(set = People);

I nt eger Vari abl e x(type = binary,index
Par anet er cost (index = (j,p),nane ="
Par anet er jyukuren(index = (j,p), nanme

sum(x[j,p],p) == 2,

jo=" o= o=
jo=" o= ",
sum(x[j,p],p) == 1,

jo==r o= Sy ==

sum(x[j,pl,]j) <= 3;
sum(x[j, p] *j yukuren[j,p],p) >= O;
sum(x[j,pl,(j, ] ==" ) o==

hj ective total _cost(type = ninimze, n

(i.p));
");

]
~

")) <=1,

ane ="

total cost = sum(cost[j,p]l*x[j.pl,(i,p));

/1

sol ve();

total _cost.val.print();

simple _printf("%, %¥n",j,p, X[j,p].val
sinmple_printf("¥n");

sinmple printf("% %a¥n",
j.sun(jyukuren[j,p]*x[j,p].val,p));

== l)’
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CSsv

, 570, 1400, 520, 1410, 450
, 1800, 1000, 1700, 1050, 2300
, 800, 1500, 500, 1500, 600
, 500, 600, 1000, 1000, 1200
, 800, 600, 1200, 800, 600
, 600, 600, 800, 700, 1300
, 1200, 500, 1200, 500, 1300
, 1500, 1000, 1200, 1200, 1500
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NUOPT

=13380




sol ve()

141

== (Q;

== (Q;

] ==0;
== (Q;

] ==0;

=13470
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JPPair

*+ (j,p) e JPPair & |

p



JPPair
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-1

JOB=
j €JOB
PEOPLE =
p e PEOPLE

(j,p)eJPPair< j p

. : J p
X;,»(J, p) € JPPair
Xjp =1
cost ., (j, p) € JPPair J p
jyukuren,,,(j, p) € JPPair ] p

COS'[jp X ij
J,p.(j,p)eJPPair

2 Xp=2je

p.(j,p)edPPair

>, Xp=lje

p.(j,p)elPPair

j.(j,p)eJPPair

> jyukureng xx,, >0

p.(j,p)eJPPair

X;, =1, MAINJOB =

(i.p), jeMAINJOB,( j, p)eJPPair
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Set Job;

Set Peopl €;

El ement j(set = Job);

El ement p(set = People);

Set JPPair(dim= 2, superSet = (Job, People));

I ntegerVariable x(type = binary,index = JPPair);
Par amet er cost (i ndex = JPPair, nane = " "),

Par anet er jyukuren(i ndex = JPPair,nane =" "),

sum(x[j,p]l, (p, (j,p)<IPPair)) == 2,

jo==r gl o==t g == "
jo==cot o=
sun(x[j,p]. (p. (j,p)<IPPair)) == 1,

jo==r gl == g o=r

sum(x[j,p]. (j,(j,p)<IPPair)) <= 3;
sum(x[j, pl *j yukuren[j,p], (p, (j,p)<JPPair)) >= O;
SurT(X[j,p],(j,(j,p)<JPPair,j =" " || J =" ")) <= l,

Qbj ective total _cost(type = mnimze, name = " ")
total _cost = sum{cost[j,p]*x[j,pl,(j,p, (j,p)<IPPair));

/1

sol ve();

total _cost.val.print();
x.val.print();




JPPai r

[i.pl]

i.p,

, 3, 1400
, - 2,520
, 3, 1410
, - 4,450
, 5, 1800
, 3,1700
, -4,1050
, 5, 2300
, 0,800
, 3, 1500
, 3, 1500
, - 1,600
, -3, 500
, - 1,600
, 1, 1000
, 2,1200
, 1,800
, - 1,600
, 3, 1200
, 1,800
, - 1,600
, - 1,600
, 1,800
, 0,700
, 2, 1300
, 2,1200
, - 2,500
, 2,1200
, -3, 500
, 4, 1300
, 5, 1500
, -2,1000
, 0,1200
,1,1200
, 5, 1500

145
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wesp

options. et hod "wesp";// wesp

options. maxtim= 10;//
Set Job;

Set Peopl €;

El ement j(set = Job);

El ement p(set = People);

Set JPPair(dim= 2, superSet = (Job, People));

I ntegerVariable x(type = binary,index = JPPair);
Par anet er cost (i ndex = JPPair, nanme = " "),

Par anet er j yukuren(i ndex = JPPair,nane =" "),

sum(x[j,p]l, (p,(j,p)<IPPair)) == 2,
e

/1 wesp sel ection
sel ection(x[j,p],(p, (j,p)<IPPair)),
jo==" v o= T j o= "

sum(x[j,p]. (j,(j,p)<IPPair)) <= 3;
sum(x[j, pl *j yukuren[j,p], (p, (j,p)<JPPair)) >= 0;
SurT(X[j,p],(j,(j,p)<JPPair,j =" " || J =" ")) <= l,

Qbj ective total _cost(type = mnimze, name = " ")
total _cost = sum{cost[j,p]*x[j,pl,(j,p, (j,p)<IPPair));

/1

sol ve();

total _cost.val.print();
x.val.print();
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f(t)=at®+bt+c

a,b,c
t y
0.5 1. 22470
1.0 0.87334
1.5 0. 99577
2.0 1. 34215
2.5 2.12172

t y

3. 22933

4. 44744

6. 13509

8. 14697

5.0 10. 50759

y(®) f ()

a, b, c 3

at® +bt+c—y(t)
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(0.5%a+0.5b + ¢ —1.22470) + (1.0°a+1.0b + ¢ — 0.87334)?
+(1.5°a+1.50+¢—0.99577)% + (2.0°a + 2.0b + ¢ —1.34215)?
+(25%°a+2.50+c—2.12172)* + (3.0°a + 3.0b + ¢ — 3.22933)*
+(3.5%a+3.50 +C—4.44744)* + (4.0°a + 4.0b + ¢ — 6.13509)*
+(4.5%a+4.50+ ¢ —8.14697)° + (5.0?°a + 5.0b + ¢ —10.50759)?

S| MPLE
/1
Vari abl e a(nanme=" "),
Vari abl e b(nanme=" "),
Vari abl e c(nanme=" "),
/1

oj ective err(type=mnimze);
err=(0.5*0. 5*a+0. 5*b+c- 1. 2247) * (0. 5*0. 5*a+0. 5*b+c- 1. 2247)

+(1.0*1. 0*a+l.
+(1.5%1. 5*a+1.
+(2.0%2. 0*a+2.
+(2.5%2.5%a+2
+(3.0*3. 0*a+3.
+(3.5*3. 5*a+3.
+(4.0%4. 0*a+4.
+(4.5%4,. 5*a+4.
+(5. 0*5. 0*a+5.
/1

sol ve();

a.val .print();
b.val .print();
c.val.print();

0*b+c- 0. 87334) *(1. 0*1. 0*a+1. 0* b+c- 0. 87334)
5*pb+c- 0. 99577) * (1. 5*1. 5*a+1. 5*b+c- 0. 99577)
0*b+c- 1. 34215) *( 2. 0*2. 0*a+2. 0*b+c- 1. 34215)

. 5*b+c- 2. 12172) *(2. 5*2. 5*a+2. 5*b+c- 2. 12172)

0* b+c- 3. 22933) * (3. 0*3. 0*a+3. 0* b+c- 3. 22933)
5*b+c- 4. 44744) * (3. 5* 3. 5*a+3. 5*b+c- 4. 44744)
0* b+c- 6. 13509) * (4. 0* 4. 0* a+4. 0* b+c- 6. 13509)
5*b+c- 8. 14697) * (4. 5* 4. 5* a+4. 5*b+c- 8. 14697)
0* b+c- 10. 50759) * (5. 0*5. 0* a+5. 0* b+c- 10. 50759) ;




149

SI MPLE
t y(t) f(t) e(t)
e(t) =at®+bt+c—y(t)
e(t)® t S| MPLE Expr essi on
e(t) Expr essi on
sun() t y(t)
csv

ObserveTime ={0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5,5.0}

a 2
1
Cc
y(t),t € ObserveTime t

doe®)?’= D (at?+bt+c-y(t))?

teObserveTime teObserveTime
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S| MPLE

/1

Set QbserveTi e;

El ement t(set=CbserveTi ne);
/1

Par ameter y(index=t);

/1

Vari abl e a(nanme=" "),
Vari abl e b(nanme=" "),
Vari abl e c(nanme=" "),

/1 Expr essi on

Expressi on e(index=t);
e[t]=a*t*t+b*t+c-y[t];

/1

oj ective err(type=mnimze);
err=sum(e[t]*e[t],t);

/1

sol ve();

a.val .print();

b.val .print();

c.val.print();

CSsv

y

5, 1. 22470
0,0.87334
5, 0. 99577
0, 1. 34215
5,2.12172
0, 3. 22933
5, 4. 44744
0, 6. 13509
5, 8. 14697
.0, 10. 50759

e PN EREPRPROT
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=0. 644402
=-1.47656
=1. 76057

f (t) = 0.644402t*-1.47656t +1.76057
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5.13

12

0.25

0.2

0.15

01

0.05

-0.05

-0.1

20
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Asset ={1,2}
Sample ={1,2,3...20}

I;,t € Sample, j € Asset

F= > 1, /|Sample]

teSample

X;, J € Asset

> dev,/|Sample|

teSample

dev, = > rx,—F,

jeAsset

=2 TX

jeAsset

X; 2 0,V] € Asset

> ox =1

jeAsset

p

>0
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S| MPLE

/1

Set Asset (nane=" "),
El ement j (set=Asset);

Set Sanpl e( nanme=" "),
El ement t(set=Sanple);

/1
Par anet er r(name=" ", index=(t,j));
Par anet er rb(nane=" ", index=j);

rb[j] = sum(r[t,j],t)/Sanple.card();

/1

Vari abl e x(name=" ", index=j);
/1

Expressi on rpb(nane=" ")

rpb = sun(rb[j]*x[j].]);

Expr essi on dev(nanme=" ", index=t);

dev[t] = sum(r[t,j]*x[j],j)-rpb

/1
bj ective V(nane=" "),
V = sun{dev[t]*dev[t],t)/ Sanpl e.card();

/1

x[j] >= 0.0;
sun(x[j],j) == 1.0;
rpb >= 0.0;

/1
sol ve();

/1

V.val .print();
rpb.val.print();
x.val.print();
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. dat

[ 1,1] 0.0000 [ 1,2] 0.100
[ 2,1 0.0162 [ 2,2] 0.161
[ 3,1] 0.0307 [ 3,2] 0.197
[ 4,1 0.0419 [ 4,2] 0.192
[ 5,1] 0.0485 [ 5,2] 0.148
[ 6,1] 0.0498 [ 6,2] 0.084
[ 7,1 0.0458 [ 7,2] 0.026
[ 81 0.0368 [ 8,2] 0.000
[ 9,1 0.0238 [ 9,2] 0.016
[10,1] 0.0082 [10,2] 0.068
[11,1] -0.0082 [11,2] 0.132
[12,1] -0.0238 [12,2] 0.184
[13,1] -0.0368 [13,2] 0.200
[14,1] -0.0458 [14,2] 0.174
[15,1] -0.0498 [15,2] 0.116
[16,1] -0.0485 [16,2] 0.052
[17,1] -0.0419 [17,2] 0.008
[18,1] -0.0307 [18,2] 0.003
[19,1] -0.0162 [19,2] 0.039

0. 0000 [20,2] 0.100

[ 20, 1]

=0. 000951734

=0. 0199126

[ 1] =0. 800874
[ 2] =0. 199126
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5.14
( )
( )
(serial machines)
3
(1)
(2)
(3)
5.14.1
3
1( 1) 2( 2) 3( 3)
a 5 8 4
b 5 4 6
c 6 5 5
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machi nel
nmachi ne2
nmachi ne3
dl

d2

d3
node_a 1
node_a 2
node_a_ 3
node b 1
node b 2
node b 3
node c 1
node c_2
node c_3
act, ,
act, ,
act, ,
act, ,

act, ,

act, ,

' 5

machi nel, d1

18

nmachi ne2, d1

4

nmachi ne3, d1

' 5

nmachi nel, d2

4

nmachi ne2, d2

16

nmachi ne3, d2

16

nmachi nel, d3

' 5

nmachi ne2, d3

' 5

nmachi ne3, d3
1
node_a 1
2
node_a 2
3
node_a_ 3
1
node b 1
2
node b 2
3
node b 3
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act,, c 1
node c 1
act_ , c 2
node c_2
act_ , c 3
node c_3
( ) conpl eti onTi ne
T 30
S| MPLE
Set M //
El ement n(set=M;
Set R //
El ement r(set=R);
Set D; //

El ement d(set=D);

ResourceRequire reg(nane="req", node=M resource=R, duration=D);
/1

Set T(name="T"); //

El ement t(set=T);

Resour ceCapaci ty cap(nanme="cap", resource=R tineStep=T); //

cap[r,t] = 1;

Set J; [//

Set ' S; //

El ement j (set=J);

El ement s(set=S);

Set Avai | Mode( nane="Avai | Mode", index=(j,s)); //

Activity act(name="act", index=(j,s),node= Avail Mode[j,s]);
oj ective f(type=m nimze); //

f = conpl eti onTi ne;

options. maxti m= 15;

showSyst en() ;

sol ve();

sinmple _printf("act[%, %] = %l¥n", j, s, act[j,s].startTine);




159

T=0..

30; //

Avai | Mode =

[a 1]
[a 2]
[a 3]
[b,1]
[b, 2]
[b,3]
[c, 1]
[c.2]
[c,3]

node_a 1
node_a 2
node_a_ 3
node b 1
node b 2
node b 3
node c 1
node c_2
node c_3
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req =
[ rode_a 1, nachi
[ rode_a 1, nachi
[ rode_a 1, nachi
[ rode_a 1, nachi

[ rode_a 1, nachi

[ rode_b_1, nachi
[ mode_b 1,
[ rode_b 1,
[ mode_b 1,

[ mode_b 1,

nmachi
nmachi
nmachi
nmachi

[ rode_c_1, nachi

[ rode_c_1, nachi
[ rode_c_1, machi
[ rode_c_1, nachi
[ rode_c_1, nachi
[ rode_c_1, nachi
[mode_a 1, d1, 1]
[ mode_a 1, di, 2]
[mode_a 1, di, 3]
[ mode_a 1, di, 4]

[ mode_a 1, di, 5]

nel, 1] 1 [node_a_2, machi ne2, 1]
nel, 2] 1 [node_a_2, machi ne2, 2]
nel, 3] 1 [node_a_2, machi ne2, 3]
nel, 4] 1 [node_a_2, machi ne2, 4]

nel, 5]

nel, 1]
nel, 2]
nel, 3]
nel, 4]
nel, 5]

nel, 1]
nel, 2]
nel, 3]
nel, 4]
nel, 5]
nel, 6]

I I S

1

[ rode_a_ 2, nachi ne2, 5]
[ rode_a_ 2, nachi ne2, 6]
[ rode_a 2, nachi ne2, 7]
[ rode_a 2, nachi ne2, 8]

1 [node_b_ 2, machi ne2, 1]
1 [ node_b_ 2, machi ne2, 2]
1 [ node_b_ 2, machi ne2, 3]
1 [ node_b_ 2, machi ne2, 4]

1

N e T

[ mode_a 2, d1, 1]
[ mode_a 2, d1, 2]
[ mode_a 2, d1, 3]
[ mode_a 2, d1, 4]
[ mode_a 2, d1, 5]

[ mode_c_2, nachi ne2, 1]
[ rode_c_2, nachi ne2, 2]
[ rode_c_2, nachi ne2, 3]
[ rode_c_2, nachi ne2, 4]
[ rode_c_2, nachi ne2, 5]

I R S

[mode_a 2,d1,6] 1
[mode_a 2,d1,7] 1
[mode_a 2,d1,8] 1

I o

A

N

[ mode_a_3, d1, 1]
[ rode_a_3, d1, 2]
[ mode_a_3, d1, 3]
[ rode_a_3, di, 4]

[ rode_a_3, nachi ne3, 1]
[ rode_a_3, nachi ne3, 2]
[ rode_a_3, nachi ne3, 3]
[ rode_a_3, nachi ne3, 4]

[ rode_b_3, nachi ne3, 1]
[ rode_b_3, nachi ne3, 2]
[ rode_b_3, nachi ne3, 3]
[ rode_b_3, nachi ne3, 4]
[ rode_b_3, nachi ne3, 5]
[ rode_b_3, nachi ne3, 6]

[ rode_c_3, nachi ne3, 1]
[ rode_c_3, nachi ne3, 2]
[ rode_c_3, nachi ne3, 3]
[ rode_c_3, nachi ne3, 4]
[ rode_c_3, nachi ne3, 5]

N

A

B R R R R e

N
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[mode_b 1, d2, 1]
[mode_b 1, d2, 2]
[mode_b 1, d2, 3]
[mode_b 1, d2, 4]
[ mode_b 1, d2, 5]

[mode_c_1,d3, 1]
[ mode_c_1, d3, 2]
[ mode_c_1, d3, 3]
[ mode_c_1, d3, 4]
[ mode_c_1, d3, 5]
[ mode_c_1, d3, 6]

N

N A = = =

[ mode_b_2,d2, 1]
[ mode_b_2,d2, 2]
[ mode_b_2,d2, 3]
[ mode_b_2,d2, 4]

[ mode_c_2,d3, 1]
[ mode_c_2,d3, 2]
[ mode_c_2, d3, 3]
[ mode_c_2, d3, 4]
[ mode_c_2, d3, 5]

N

I e S

[ mode_b_3,d2, 1]
[ mode_b_3, d2, 2]
[ mode_b_3, d2, 3]
[ mode_b_3, d2, 4]
[ mode_b_3, d2, 5]
[ rode_b_3, d2, 6]

[ mode_c_3, d3, 1]
[ mode_c_3, d3, 2]
[ mode_c_3, d3, 3]
[ rode_c_3, d3, 4]
[ rode_c_3, d3, 5]

N

I e S

act["a",1] =0
act["a",2] =5
act["a",3] = 13
act["b",1] =6
act["b",2] = 13
act["b",3] =0
act["c",1] =11
act["c",2] =0
act["c",3] =6
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5.14.2

act,, < act,,

act, , < act, ,

act, 1= act, 2

aCtb’2 < aCtb’3

act,, < act,,

aCtC’2 < aCtC’3
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Set M //
El ement n(set=M;
Set R //
El ement r(set=R);
Set D; //
El ement d(set=D);

ResourceRequire reg(nane="req", nmode=M resource=R, duration=D);

/1

Set T(name="T"); //

El ement t(set=T);

Resour ceCapaci ty cap(nanme="cap", resource=R ti neStep=T); //

cap[r,t] = 1;

Set J; [//

Set ' S; //

El ement j (set=J);

El ement s(set=S);

Set Avai | Mode( nane="Avai | Mode", index=(j,s)); //

Activity act(name="act", index=(j,s), node= Avail Mde[j, s]);
act[j,s-1] < act[j,s], s >1; [/
oj ective f(type=m ninmze); //

f = conpl eti onTi ne;

options. maxti m= 15;

showSyst en() ;

sol ve();

sinmple _printf("act[%, %] = %l¥n", j, s, act[j,s].startTine);
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req =

[ rode_a 1,
[ rode_a 1,
[ rode_a 1,
[ rode_a 1,
[ rode_a 1,

[ mode_b 1,
[ mode_b 1,
[ mode_b 1,
[ mode_b 1,
[ mode_b 1,

[ mrode _c_1,
[ mrode _c_1,
[ rode _c_1,
[ mrode _c_1,
[ rode _c_1,
[ rode _c_1,

nmachi
nmachi
nmachi
nmachi
nmachi

nmachi
nmachi
nmachi
nmachi
nmachi

nmachi
nmachi
nmachi
nmachi
nmachi
nmachi

nel, 1] 1 [node_a_2, machi ne2, 1]
nel, 2] 1 [node_a_2, machi ne2, 2]
nel, 3] 1 [node_a_2, machi ne2, 3]
nel, 4] 1 [node_a_2, machi ne2, 4]
nel, 5] 1 [node_a_2, machine2, 5]
[ rode_a_ 2, nachi ne2, 6]
[ rode_a 2, nachi ne2, 7]
[ rode_a_ 2, nachi ne2, 8]

nel, 1] 1 [node_b_2, machi ne2, 1]
nel, 2] 1 [node_b_2, machi ne2, 2]
nel, 3] 1 [node_b_2, machi ne2, 3]
nel, 4] 1 [node_b_2, machi ne2, 4]
nel,5] 1

nel, 1] 1 [node_c_2, machine2, 1]
nel, 2] 1 [node_c_2, machine2, 2]
nel, 3] 1 [node_c_2, machine2, 3]
nel, 4] 1 [node_c_2, machine2, 4]
nel, 5] 1 [node_c_2, machine2, 5]
nel, 6] 1

N

A

N

I I N

[ rode_a_3, nachi ne3, 1]
[ rode_a_3, nachi ne3, 2]
[ rode_a_3, nachi ne3, 3]
[ rode_a_3, nachi ne3, 4]

[ rode_b_3, nachi ne3, 1]
[ rode_b_3, nachi ne3, 2]
[ rode_b_3, nachi ne3, 3]
[ rode_b_3, nachi ne3, 4]
[ rode_b_3, nachi ne3, 5]
[ rode_b_3, nachi ne3, 6]

[ rode_c_3, nachi ne3, 1]
[ rode_c_3, nachi ne3, 2]
[ rode_c_3, nachi ne3, 3]
[ rode_c_3, nachi ne3, 4]
[ rode_c_3, nachi ne3, 5]

N

e e

I = = S
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( 1) 2( 2) 3( 3)

a 1
b 1
(o 2

act,, <act, , a

act, ;< act,, a

act,, < act,, b

act, , < act,, b

act , < act,, c

act., <act,, c

S| MPLE
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Set M //

El ement n(set=M;

Set R //

El ement r(set=R);

Set D; //

El ement d(set=D);

ResourceRequire reg(nane="req", node=M resource=R, duration=D);
/1

Set T(name="T"); //

El ement t(set=T);

Resour ceCapaci ty cap(nanme="cap", resource=R ti neStep=T); //

cap[r,t] = 1;

Set J; [//

Set S; //

El ement j (set=J);

El ement s(set=S);

Set Avai | Mode( nane="Avai | Mode", index=(j,s)); //

Activity act(name="act", index=(j,s),node= Avail Mode[j,s]);
Set Prec(name="Prec", dinme3);

Set U,

Set V,

El ement u(set=S);
El ement v(set=S);

act[j,u] < act[j,v], (j,u,v) < Prec ; //

oj ective f(type=m nimze); //

f = conpl eti onTi ne;

options. maxti m= 15;

showSyst en() ;

sol ve();

sinmple printf("act[%, %] = %l¥n", j, s, act[j,s].startTine);
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T=0..

30; //

Avai | Mode =

[a 1]
[a 2]
[a 3]
[b,1]
[b, 2]
[b,3]
[c, 1]
[c.2]
[c,3]

o O T T 9

P NN P W
W L W NN W

node_a 1
node_a 2
node_a_ 3
node b 1
node b 2
node b 3
node c 1
node c_2
node c_3
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5.14.4
3C 3)
0 14 5
5 10 14
10 0 20
10
2 5

sourceActi vity(
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fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity(act, ,)
fixActivity(act, ,)
fixActivity(act, ,)

fixActivity(act, ,)

node_a 1

node_a_ 3

node b 1

node c_2

sourceActivity < act, ,,10 10
sourceActivity < act, ,,10 10
sourceActivity < act, ,,10 10
sourceActivity < act, ,10 10
sourceActivity < act_ ;,10 10
2 10 5
machi nel 1
machi ne2 10 15 0
machi ne3 1

S| MPLE
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Set M //

El ement n(set=M;

Set R //

El ement r(set=R);

Set D; //

El ement d(set=D);

ResourceRequire reg(nane="req", nmode=M resource=R, duration=D);
/1

Set T(name="T"); //

El ement t(set=T);

Resour ceCapaci ty cap(nanme="cap", resource=R ti neStep=T); //

cap[r,t] = 1;

cap["machine2", t] =0, 10 <=t <= 14; //

Set J; [//

Set ' S; //

El ement j (set=J);

El ement s(set=S);

Set Avai | Mode( nane="Avai | Mode", index=(j,s)); //

Activity act(name="act", index=(j,s),node= Avail Mode[j, s]);
Set Prec(name="Prec", dime3);

Set U,

Set V,

El ement u(set=S);

El ement v(set=S);

act[j,u] < act[j,v], (j,u,v) < Prec ; //

oj ective f(type=m nimze); //

f = conpl eti onTi ne;

[* --- .- %)

/1 (0 .. 10)

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

Paranmeter fixTi ne(nane="fi xTime", index=(j,s));
act[j,s].startTinme = fixTinme[j,s], (j,s) < FixAct;
Par anet er fi xMode( nane="fi xMdde", index=(j,s));
act[j,s] = fixMde[j,s], (j,s) < FixAct;

Fi xAct.val .print();
fixActivity(act[j,s].startTime, (j,s) < FixAct);
fixActivity(act[j,s], (j,s) < FixAct);
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/1 10

Set Not Fi xAct (nanme="Not Fi xAct", di m=2);

Not Fi xAct = setOF ((j,s), (j <J, s <9S)) - FixAct;
sourceActivity < act[j,s], (j,s) < NotFi xAct, 10;
/* ____________________________________ */
options. maxti m= 15;

showSyst en() ;

sol ve();

sinmple _printf("act[%, %] = %l¥n", j, s, act[j,s].startTine);
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T=0.. 30; //
Avai | Mode =

[a,1] node_a 1
[a,2] node_a 2
[a,3] node_a 3
[b,1] node_ b 1
[b,2] node_b 2
[b,3] node_b 3
[c,1] node c_ 1
[c,2] node c 2
[c,3] node_c_3

o O T T 9

P NN P W
W Pk W NN W

o T 9 9

fixTime =[a,1] 0[a,3] 5[b,1] 5 [c,2] O;
fixMbde=[a,1] node_a 1[a, 3] node_a 3[b,1] node_b 1[c, 2] node c_2;

[1] George B. Dantzig, Mukund N. Thapa, Linear Progranmi ng 1:1ntroduction
Springer, 1997
[2] : : , 1996
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140
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Windows , 44

QP, 67

, 60, 157, 169

rcpsp, 55, 56, 57, 59, 60

RCPSP, 55, 67
ResourceCapacity, 57, 59, 61 14, 38, 43

ResourceRequire, 57, 58

, 156

showSystem, 41
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