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MIN=0.1*(L*W+L*H)+0.2*H*W:;
[L*W+L*H+W*H>444;

W*L<656;

‘EJ:,;‘W*H>1516;

/H<0.718;
/H>0.518;
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MIN=N;
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=X =17 %e Cu S i F e Zn M n
TR 1.8 10. 8 0.88 1.6 0
LB 2.2 11.2 0.9 1.8 0.3

R Effi (FM)
X1 275 1.4 3,8 0.7 1.5 0.2

X2 275 2.5 8 0.8 4.5 0.2

X3 285 2.5 7.7 0.9 0.9 0.18

X4 285 2.5 9.5 0.9 0.9 0.18
X5 185 20 & 9.3 0. 95 0. 93 0.18
X6 235 2.3 8.4 0.8 3 0.21
X7 235 2.5 9 0.9 0 0
X8 260 0.2 0.2 0.5 0 0.5
X9 290 98 0 0 0 0
X10 340 0 97 0.5 0 0

X11 255 4 0.5 0.5 0.1 0.5
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MIN=275*X1+275*X2+285*X3+285*X4+185*X5+235*X6+235*X 7+260*X8+290*X9+340*X10+255*X11;
[CU2] 1.4*X1+2.5%X2+2.5¥X3+2.5¥X4+2.5*X5+2.3*X6+2.5*X7+0.2*X8+98*X9+4*X11-CU=0;
[SI3] 3.3*X1+8*X2+7.7*X3+9.5%*X4+9.3*X5+8.4*X6+9*X7+0.2*X8+97*X10+0.5*X11-SI=0;
[FE4] 0.7*X1+0.8*X2+0.9*X3+0.9*X4+0.95*X5+0.8*X6+0.9*X7+0.5*X8+0.5*X10+0.5*X11-FE=0;
[ZN5] 1.5%X1+4.5*X2+0.9*X3+0.9*X4+0.93*X5+3*X6+0.1*X11-ZN=0;

_ [MN6] 0.2*X1+0.2*X2+0.18*X3+0.18*X4+0.18*X5+0.21*X6+0.5*X10+0.5*X11-MN=0;
[MGT7] 0.8%X1+0.3*X2+0.19*X3+0.09%*X4+0.09*X5+1.4*X6+0.5*X11-MG=0;

CUS8] CU>1.8;

U9] CU<2.2;

([SI10] SI>10.8;

[SI11] SI<11.2;

[FE12] FE>0.88;

FE13] FE<0.9;

[ZN14] ZN>1.6;

[ZN15] ZN<1.8;

‘ [MN16] MN>0;

[MN17] MN<O0.3;

MG18] MG>0.34;

[MG19] MG<0.35;

[OTH1] X14+X2+X3+X4+X5+X6+X7+X8+X9+X10+X11=1;

[OTH2] X3=0.35;

END
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N

SETS:

CONTENT: UL, LL;

RAW: PRICE, PRODUCT;
MATRIX(RAW,CONTENT): SEIBUN;

ENDSETS

DATA:

UL=2.211.20.91.80.3 0.35;

L1=1.810.80.88 1.6 0 0.34;

PRICE=275 275 285 285 185 235 235 260 290 340 255;

SEIBUN=

1.4 3.3 0.7 1.5 0.2 0.8
25 8 0.8 4.5 0.2 0.3
2.5 7.7 0.9 0.9 0.18 0.19
2.5 9.5 0.9 0.9 0.18 0.09
2.5 9.3 0.95 0.93 0.18 0.09
2.3 84 0.8 3 0.21 1.4
259 0.9 0 0 0
0.2 0.2 0.5 0 0.5 0
98 0 0 0 0 0

0 97 0.5 0 0 0

4 0.5 0.5 0.1 0.5 0.5;
ENDDATA

MIN= @SUM( RAW(i): PRICE(®)*PRODUCT()):
@FOR( CONTENT(): @SUM(RAW(): SEIBUN(,j)*PRODUCT())<=UL(G)):;
@FOR( CONTENT(): @SUM(RAW(): SEIBUN(,j)*PRODUCT(1))>=LL)):;
@SUM(RAW(): PRODUCT())=1;
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CONTENT: UL, LL;

RAW: PRICE, PRODUCT;
MATRIX(RAW,CONTENT): SEIBUN;
ENDSETS

DATA:
UL=@OLE();

LL= @OLE();
PRICE=@OLE();
SEIBUN=@OLE();
ENDDATA

MIN=@SUM( RAW(@):PRICE®i)*PRODUCT());
@FOR( CONTENT(): @UMRAW(): SEIBUN(,j)*PRODUCT(1))<=UL());
@FOR( CONTENT(): @UM(RAW(): SEIBUN(,j)*PRODUCT())>=LLG));,
@SUM(RAW(): PRODUCT(i))=1; b
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6.1 DEADCCRET IV

MODEL:
SETS:
DMU/1..67/: !The decisionmaking units;
SCORE,SCORE2; FACTOR/1..4/: TW,TW2;
DXF(DMU, FACTOR): F,! F(1, J) = Jth factor of DMU I;
W, WW2; ! Weights used to compute DMU I's score;
-~ ENDSETS
\ DATA:
NINPUTS = 3; F=@OLE( ); WGTMIN =.00004; BIGM = 999999;
ENDDATA
'
SUBMODEL DEA1:
MAX = TSCORE;
TSCORE = @SUM( FACTOR(J) | J #GT# NINPUTS: FOINOW, J)* TW( J));
[SUM21] @SUM( FACTOR( J) | J #LE# NINPUTS: F(INOW, J)* TW( J)) =1;
@FOR(DMU( K):
[LE1] @SUM(FACTOR(J)| J#GT# NINPUTS: F( K, J) * TW( J))
<= @SUM( FACTOR(J)| J #LE# NINPUTS: F( K, J) * TW( J)) );
@FOR( FACTOR( J): @BND( WGTMIN, TW, BIGM));
ENDSUBMODEL
CALC:
@FOR(DMU( IU):
INOW =1U;
@SOLVE(DEA1); SCORE(IU)=TSCORE;
@FOR( FACTORC( J):
WAU,J) =TW(J) ); );
ENDCALC




7. TSPOIE 2 DFF) \

7.1 Hp25H0 Y CRE
y\ MIN = @SUM( LINK(,j): dist@,j) * Y@,
@FOR( city( K):
| @SUM( city(I)| I#NE# K: Y(I, K))= 1;
Y @SUM( city(J)| J #NE# K: Y( K, J))= 1;
Y(K, K)=0;);

@FOR(LINK(,)): @BIN(y(1,))); );
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o [ 5] U1—Uj+n*Yy<=(n-1) 1=2,...,n,J72,...,n

MODEL:

SETS:

city:U;

LINK( city, city): dist, Y;

ENDSETS

DATA:

city = @OLE();

dist = @OLE();

ENDDATA

S=@s1ze(CITY);!U(1)=s;

MIN = @SUM( LINK(,j): dist(1,)) * Y(i,)));

@FOR( city( K):
@SUM( city( )| I#NE# K: Y(I, K))=1;
@SUM( city(d) | J #NE# K: Y( K, J))=1;

! Cannot go to yourself; Y(K, K)=0;);

@FOR(LINK(,)):@BIN(y(1,))); );

@FOR( CITY(M) | M #GE# 2: @FOR( CITY(N) | N #GE#2:
@SUM( LINK( M,N): UM)-UN)+S*Y(M,N)) <= S-1,));

'@SUM( LINK( M,N) | M #GE# 1 #AND# N#GE#1: UM)-UN)+S*Y(M,N)) <= S-1;

DATA:

@OLE()=y;

ENDDATA

END
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N

MODEL:
SETS:
CITY;
Y(CITY, CITY) | &1 #GT# &2:COST, Y;
ENDSETS
DATA:
CITY=
\ ATL CHI CIN HOU LA MON NY PHI PIT STL SD SF;
COST=
702
454 324
842 1093 1137
2396 2136 2180 1617
1196 764 798 1857 2900
864 845 664 1706 2844 396
772 764 572 1614 2752 424 92
714 459 284 1421 2464 514 386 305
554 294 338 799 1842 1058 1002 910 622
2363 2184 2228 1521 95 2948 2892 2800 2512 1890
2679 2187 2463 2021 405 2951 3032 2951 2646 2125 500;
ENDDATA
MIN = @SUM( ROUTE: Y * COST);
@SUM( CITY( D) [T #GE# 2: Y, 1)) = 2;
@FOR(CITY(J) |J #GE# 2: @ SUM(CITY ) | I #GT# J:
Y, J)) + @SUM(CITY(K) | K #LT# J: Y(J, K))=2);
@FOR(ROUTE: Y <=1);
END
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7.4 LOOPTSP(Ver.1)

MODEL:
I (TSPCUT) Traveling Salesman Problem. Find the shortest tour that
visits each city exactly once. Subtour elimination method.
! Keywords: TSP, traveling sales person, routing, tour;
SETS:
CITY;
LINK( CITY, CITY):
DIST, ! The distance matrix;
Y; 'Y(I, J)=1iflink I, J is in tour;
SUBTOUR: TOURSIZE;
SXC(SUBTOUR,CITY): FLAG;
ENDSETS
ATA:
UBTOUR = 1..20; ! Number subtour cuts we allow;
ITY = @OLE();
\ ! Distance matrix for cities of National League of
US baseball, circa 2004. It need not be symmetric;
DIST =@OLE( );
NDDATA
UBMODEL TSP_CUT:
Minimize total distance traveled;
| MIN = @SUM( LINK: DIST * Y);
! The Assignment constraints;
@FOR( CITY( K):
! City K must be entered;
@SUM( CITY(I)| T#NE# K: Y(I, K))=1;
! City K must be departed;
@SUM( CITY(J)| J #NE# K: Y(K, J))=1;
! Cannot go to yourself; Y(K, K)=0; );
! Subtour cuts;
@FOR( SUBTOUR(t):
! FLAG(t,1) = 1 if city i is in subtour t;
@SUM( CITY(I) | FLAG(t,i) #EQ# 1:
@SUM( CITY(J) | FLAG(t,)) #EQ# 1: Y(i,j))) <= TOURSIZE(t) - 1; );
ENDSUBMODEL
CALC:
@SET('TERSEOQ!, 2);
N = @SIZE( CITY);
MXCUTS = @SIZE(SUBTOUR);
! Initially there are no subtour cuts;
@FOR( SXC(t,1):
FLAG(t,i) =0; );
ICUT =1,
! Loop over subtour cuts, ICUT;
QUIT1 = 1;
@WHILE( QUIT1 :
! Solve current version;
@SOLVE( TSP_CUT);

! Find subtour if any;
TOURSIZEICUT) = 0;
! Loop over cities KURSTOP to find subtour starting at 1;
KURSTOP =1 QUIT2 =1;
@WHILE( QUIT2:
! Loop over possible next cities j;
@FOR(CITY(J):
@IFC( Y(KURSTOP, J) #GT# .5:
NEXT1=J; );;! Nextj;
KURSTOP = NEXT1;
TOURSIZEICUT) = TOURSIZE(ICUT) + 1,
FLAG(ICUT,KURSTOP) = 1;

I@WRITE( ' Next stop= ', CITY(KURSTOP),' Tour size=',TOURSIZE(ICU
@NEWLINE( 1));

@IFC( KURSTOP #EQ# 1: ! Back home/Completed the subtour?;
QUIT2 =0; );
); ! End loop over cities in subtour;
! If subtour is in fact a full tour, or out of space, get out;
@IFC( TOURSIZE(ICUT) #EQ# N #OR# ICUT #GE# MXCUTS:
'We are done;
QUIT1 = 0;
@FOR(LINK: Y=Y); IFixY; );
! Get ready for next cut;
ICUT =ICUT +1; ); 'End loop over add cuts;
ENDCALC
SETS:
LINKOPT( LINK) | Y( &1, &2) #GT# .5;
ENDSETS
CALC:
! Give simple report;
@IFC( TOURSIZE(ICUT-1) #LT# N:
@WRITE( Sorry, optimum not found', @NEWLINE(1));
@ELSE
KURSTOP = 1;
CUMDIST = 0;
K=1;
@WRITE( 9*'', 'Tour: Distance:', @NEWLINE( 1));
@WRITE(' 1: ',CITY(KURSTOP), ', 8* ''0'@NEWLINE(1));
@FOR( CITY:
! Get next city;
@FOR( LINKOPT(I, J) | I#EQ# KURSTOP:
NEXT = J;
CUMDIST = CUMDIST + DIST( I, NEXT);
K=K+1;
@WRITE(@FORMAT(K, '5.0f),": ',CITY( NEXT),
' ' @FORMAT( CUMDIST, '9.0f'),@NEWLINE(1)); );
KURSTOP = NEXT; ); );
ENDCALC
END
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8. PERT A\

f

Max= 19§Tftal+ 15*Detail+8*Appli+8*ApplTest+3*OSAppli+4*OSApHard+4*LastT
t+3*Sales

+21*0STest+5*OSHard+12*SysTest+11*HardTest+5*Market;
-Total=-1;

Total-Detail=0;
Detail-Appli-OSTest-HardTest=0;
Appli-ApplTest=0;
ApplTest+D1-OSAppli=0;
OSAppli+D2-OSApHard=0;
Sales=1;

HardTest-D4=0;
OSTest+D4-D1-OSHard=0;
OSHard-D2-SysTest-Market=0;
SysTest-D3=0;
OSApHard+D3-LastTest=0;
LastTest+Market-SalEs=0;

END
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1

2

3

4 DESIGN  FORECAST DESIGN

9 DESIGN  SURVEY FORCAST
6 FORECAST PRICE SURVEY

) FORECAST SCHEDULE PRICE

8 SURVEY PRICE SCHEDULE
9 SCHEDULECOSTOUT COSTOUT
10 PRICE TRAIN TRAIN

11 COSTOUT TRAIN




WHPERTFF)L

TASKS / DESIGN, FORECAST, SURVEY, PRICE,
SCHEDULE, COSTOUT, TRAIN/: TIME, ES, LS, SLACK;,
PRED(TASKS, TASKS) ;
~ ENDSETS
DATA:

TASKS=@OLE();

PRED= @OLE();

TIME = @OLE();
ENDDATA
@FOR(TASKS(®) | J #GT# 1:
ES(J) = @MAX(PRED(I, J): ES(I) + TIME(I))
);
@FOR(TASKS(I) | 1#LT# LTASK:
LS(I) = @MIN(PRED(I, J): LS(J) - TIME(I));
);
@FOR(TASKS(I): SLACK(I) = LS() - ES());
ES(1) = 0;
LTASK = @SIZE(TASKS);
LS(LTASK) = ES(LTASK);
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9.2 HMRFEH

 MIN=3*X*X+2*Y*Y+Z*Z+2*X*Y-X*Z-
H o 0.8%Y*Z;

| X+Y+Z7Z=1;

- 1.3*X+1.2*Y+1.08%Z>1.15;

' ‘




9.3 JNJHHPortFolio®=7F)L X

MODEL:
SETS:
ASSET: RATE, UB, INVEST;
COVMAT( ASSET, ASSET): V;
ENDSETS
DATA:
\ ASSET = GOOGLE, YAHOO, CISCO:
RATE =@OLE(); UB =@OLE(); V =@OLE();
ENDDATA
SUBMODEL SUBI.:
MAX = @SUM( COVMAT(1, J): V(1, J) * INVEST(I) * INVEST( J));
RETURN = @SUM( ASSET: RATE * INVEST);
! Must be fully invested,;
@SUM( ASSET: INVEST) = 1;
! Upper bounds on each;
@FOR( ASSET: @BND( 0, INVEST, UB));
! Must achieve target return;
RETURN >= RET LIM;
ENDSUBMODEL
CALC:
'@SET('DEFAULT");
'@SET('"TERSEOQ', 2);
@SET('STAWIN', 0);
@SOLVE(SUB1);
ENDCALC
END
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MODEL:

! Solves the generic Markowitz portfolio
model in a loop to generate the points
on the efficient frontier;

SETS:

ASSET: RATE, UB, INVEST;
COVMAT( ASSET, ASSET): V;
POINTS: XRET, YVAR,;

ENDSETS

DATA:

! Number of points on the

efficient frontier graph;

NPOINTS = 10;
POINTS = 1.NPOINTS;
! The stocks;

ASSET = GOOGLE, YAHOO, CISCO;
! Expected growth rate of each asset;
RATE = @OLE( );
! Upper bound on investment in each;
UB = @OLE();
! Covariance matrix;
V = @OLE();
ENDDATA
! Below are the three objectives we'll use;
SUBMODEL SUB_RET _MAX:
[OBJ_RET_MAX] MAX = RETURN;
ENDSUBMODEL
SUBMODEL SUB_RET_MIN:
[OBJ_RET_MIN] MIN = RETURN;
ENDSUBMODEL
SUBMODEL SUB_MIN_VAR:
[OBJ_MIN_VAR] MIN =

@SUM( COVMAT(I, J): V(I, J) * INVEST(I) * INVEST( J))

ENDSUBMODEL

land the constraints;

SUBMODEL SUB_CONSTRAINTS:
! Compute return;

RETURN = @SUM(ASSET: RATE * INVEST);

! Must be fully invested;
@SUM( ASSET: INVEST) = 1;
! Upper bounds on each;

@FOR( ASSET: @BND( 0, INVEST, UB));

! Must achieve target return;
RETURN >= RET_LIM,;
ENDSUBMODEL

CALC:
! Set some parameters;
! Reset all params;
@SET( DEFAULT");
! Qutput error messages only;
@SET('TERSEO), 2);
! Suppress status window;
@SET('STAWIN', 0);
! Solve to get maximum return;
RET_LIM = 0;
@SOLVE( SUB_RET_MAX, SUB_CONSTRAINTS);
! Save maximum return;
RET_MAX = OBJ_RET_MAX;
! Solve to get minimum return;
@SOLVE( SUB_RET_MIN, SUB_CONSTRAINTS);
! Save minimum return;
RET_MIN = OBJ_RET_MIN;
! Interval between return points;
INTERVAL =
(RET_MAX - RET_MIN) / (NPOINTS-1);
! Loop over range of possible returns,
minimizing variance;
RET_LIM = RET_MIN;
@FOR( POINTS( T):
@SOLVE( SUB_MIN_VAR, SUB_CONSTRAINTS);
XRET(I) = RET_LIM;
YVAR(I) = OBJ_MIN_VAR,;
RET LIM = RET LIM + INTERVAL; ):
! Display the results;
@WRITE(' Return Variance', @NEWLINE( 1));
@FOR( POINTS: @WRITE( @FORMAT( XRET, '#12.6G'),
@FORMAT( YVAR, #12.6G"), @NEWLINE( 1)) );
ENDCALC
CALC:
! The remainder of the model graphs the efficient frontier;
NHASHY = 20;
NHASHX = 60;
SCALE = 10;
V0 = @FLOOR( YVAR( 1) * SCALE);
V0 = V0 / SCALE;
V1 = @FLOOR( YVAR( NPOINTS) * SCALE + .5);
V1 =V1/SCALE;
RO = @FLOOR( RET_MIN * SCALE);
RO = RO/ SCALE;
R1 = @FLOOR( RET_MAX * SCALE + .5);
R1=R1/SCALE;
ENDCALC
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10.3 SVMOFHEFIL N

MODEL:
SETS:
P/X1..X3/: VAR;
N/1..40/:E,SCORE;
D(N,P):IS;
ENDSETS
DATA:
IS=@OLE();
ENDDATA
SUBMODEL sub1:
MIN=0BJ ;
OBJ = SVM1/2+c*SVMZ2;
SVM1=@SUM(P() | j #NE# pn : VAR()"2) ;
SVM2=@SUMMNG):E@1));
@FOR(N(®1): @SUM(P():IS(1,j)*VAR()) > 1-E@1));
@FOR(P():@FREE(VAR()));
ENDSUBMODEL
CALC:
1@SET(DEFAULT");@SET(TERSEO',2);
'pn=@size(p);
IMNI=0;
@solve(subl);
1@FOR(N(@): SCORE@)=@SUM(P():IS(G,))*VAR)));
1@FOR(N(@): @IFC(SCOREQ) #LT# 0 : MNI=MNI+1));
ENDCALC
DATA:
1@OLE( )=MNTI;
1@OLE()=SVM1;
1@OLE()=SVMZ2;
@OLE()=VAR;
ENDDATA
END
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