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Food Price | Protcin | Fiber | Carbs | Calories | Chol- | Vitamin | Vitamin | Saturated | Sodium
esterol A C fat
Big Leo $3.29 | 24 3 44 530 65 10% 4% 10 1,020
Burger
Banana $3.99 | 8 3 96 510 30 3% 33% 8 180
Split
Raw 45¢ 3 3 5 25 0 27% 137% 0 24
broceoli, 1
cup
Whole grain | 48¢ 5 3 27 140 0 0 0 0 270
| bagel
2% Milk, 1 | 40¢ 8.5 0 13 130 20 10% 4% 3 125
cup
Orange 25¢ 2 1 27 110 0 2% 100% 0 0
juice, 1 cup
RDA > 56 230 | 2130 | € 18K, | <300 |=100% |=>100% | <24 < 2,400
2.2K

RDA: recommended daily allowance
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\* Problem: diet *\

Minimize

cost: 3.29 burgers + 3.99 bananaSplit + 0.45 broccoli
+ 0.48 bagels + 0.40 milk + 0.25 orangeluice

Subject To
rotein:

fiber:
carbs:
calorieslb:
caloriesUb:
cholesterol:
vitaminA:

vitaminC:

saturatedFat:

sodium:

End

24 burgers + 8 bananaSplit + 3 broccoli

+ 5 bagels + 8.5 milk + 2 orangeluice >= 56

3 burgers + 3 bananaSplit + 3 broccoli

+ 3 bagels + 0 milk + 1 orangeluice >= 30

44 burgers + 96 bananaSplit + 5 broccoli

+ 27 bagels + 13 milk + 27 orangeJuice >= 130
530 burgers + 510 bananaSplit + 25 broccoli

+ 140 bagels + 130 milk + 110 orangeJuice <= 2200
530 burgers + 510 bananaSplit + 25 broccoli

+ 140 bagels + 130 milk + 110 orangeluice >= 1800
65 burgers + 30 bananaSplit + 0 broccoli

+ 0 bagels + 20 milk + @ orangeJuice <= 300

10 burgers + 3 bananaSplit + 27 broccoli

+ 0 bagels + 10 milk + 2 orangeluice >= 100

4 burgers + 33 bananaSplit + 137 broccoli

+ 0 bagels + 4 milk + 100 orangeluice >= 100

10 burgers + 8 bananaSplit + 0 broccoli

+ 0 bagels + 3 milk + 0 orangeluice <= 24

1020 burgers + 180 bananaSplit + 24 broccoli

+ 270 bagels + 125 milk + @ orangeJuice <= 2400
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Problem:

Rows : 10

Columns: 6

Non-zeros: 50

Status: OPTIMAL

Objective: cost = 5.933600425 (MINimum)

No. Row name St  Activity Lower bound Upper bound Marginal
1 protein NL 56 56 0.0234516
2 fiber NL 30 30 0.0683507
3 carbs B 388.834 130
4 calorieslb B 1800 2200
5 caloriesUb  NL 1800 1800 0.00112635
6 cholesterol B 19.4772 300
7 vitaminA NL 100 100 0.00542349
8 vitaminC B 1284 .53 100
9 saturatedFat B 2.92157 24
10 sodium B 1342.18 2400
No. Column name St  Activity Lower bound Upper bound Marginal

1 burgers NL 0 0 1.87091
2 bananaSplit NL ¢] 0 3.00662
3 broccoli B 2.66482 0 f
4 bagels B 4.28332 0
5 milk B ©.973858 0
6 orangeluice B 9.15558 0

Karush-Kuhn-Tucker optimality conditions:

KKT.PE: max.abs.err
max.rel.err
High quality

1.07e-14 on row 2
1.75e-16 on row 2

KKT.PB: max.abs.err
max.rel.err
High quality

.00e+00 on row 0O
.00e+00 on row O

o
[N o]

KKT.DE: max.abs.err
max.rel.err
High quality

.33e-16 on column 2
.12e-16 on column 2

nn
= W

.00e+00 on row 0
.00e+00 on row O

KKT.DB: max.abs.err
max.rel.err
High quality

o

nn

End of output
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\* Problem: Cargo Plane *\

Maximize

Profit: 310 clc
380 c2c
350 c3c

285 c4c

310 clf
380 c2f
350 c3f
285 caf

310 clr
380 c2r
358 ¢3r
285 c4r

+
+
+
+

+ + + +
+ + + +

Subject To
Weight_1:
Weight_2:
Weight 3:
Weight_4:

clr <= 18
c2r <= 15
c3r <= 23
cd4r <= 12

clf + clc
c2f + c2c
c3f + c3c
c4f + céc

+ + + +

+
+
+
+

Weight Front: + clf + c2f + c3f + c4f <= 10
Weight Centre: + clc + c2c + c3c + cd4c <= 16
Weight_Rear: + clr + c2r + c3r + cd4r <= 8

Space_Front: + 480 clf + 650 c2f + 580 c3f + 390 c4f <=
Space_Centre: + 480 clc + 650 c2c + 580 c3c + 390 cdc <=
Space _Rear: + 480 clr + 650 c2r + 580 c3r + 390 cdr <=

Weight Ratio_fc: + 16 clf + 16 c2f + 16 c3f + 16
- 10 clc - 10 c2c - 10 c3c - 10

Weight_Ratio fr: + 8 clf + 8 c2f + 8 c3f + 8 c4f
- 10 clr - 10 c2r - 10 c3r - 10

Weight Ratio cr: + 8 clc + 8 c2c + 8 c3c + 8 c4c
- 16 clr - 16 c2r - 16 c3r - 16

Bounds

End

GLPSOL: GLPK LP/MIP Solver, v4.57

Parameter(s) specified in the command line:
--1p Cargo_Plane.lp --output out.txt

Reading problem data from 'Cargo_Plane.lp'...

13 rows, 12 columns, 60 non-zeros

32 lines were read

GLPK Simplex Optimizer, v4.57

13 rows, 12 columns, 60 non-zeros

Preprocessing...

13 rows, 12 columns, 60 non-zeros

Scaling...

A: min|aij| = 1.000e+00 max|aij| = 6.560e+02
GM: min|aij| = 8.006e-01 max|aij| = 1.24%e+00
EQ: min|aij| = 6.410e-01 max|aij| = 1.000e+00

Constructing initial basis...
Size of triangular part is 12

c4f
cdc =

cdr =

cdr =

ratio
ratio
ratio

* 0: obj = -0.000000000e+00 inf = 0.000e+00 (10)
* 8: obj = 1.215157895e+04 inf = 1.332e-15 (0)
OPTIMAL LP SOLUTION FOUND

Time used: 0.0 secs

Memory used: 0.0 Mb (39701 bytes)
Writing basic solution to 'out.txt'...

6800
8700
5300

6.500e+02
1.560e+00
1.560e+00



Problem:

Activity

12151.57895 (MAXimum)

Lower bound

Upper bound

Marginal

15
15.9474
3.05263

10

16

8
6290
8700
5200

0

Activity

Lower bound

16
6800

8700
5300

Upper bound

545.329

0.342105

39.375

-35

Marginal

Rows: 13
Columns: 12
Non-zeros: 60
Status: OPTIMAL
Objective: Profit =
No Row name St
1 Weight_1 B
2 Weight_2 NU
3 Weight_3 B
4 Weight_4 B
5 Weight_Front B
6 Weight_Centre
NU
7 Weight Rear B
8 Space Front B
9 Space_Centre NU
10 Space_Rear B
11 Weight Ratio_fc
NS
12 Weight_Ratio_fr
NS
13 Weight_Ratio_cr
B
No. Column name St
1 clf NL
2 ele NL
3 clr NL
4 c2f B
5 ¢2¢ NL
6 c2r B
7 c3f B
8 c3c B
9 c3r NL
10 c4f NL
11 c4c B
12 c4r NL

3.05263
0

Karush-Kuhn-Tucker optimality conditions:

KKT.PE:

KKT.PB:

KKT.DE:

KKT.DB:

End of

max.abs.err
max.rel.err
High quality

max.abs.err
max.rel.err
High quality

max.abs.err
max.rel.err
High quality

Inn

max.abs.err
max.rel.err
High quality

output

1.42e-14
8.83e-17 on

1.42e-14 on
1.42e-14 on

1.14e-13 on
9.02e-17 on

5.68e-14 on
5.68e-14 on

on row 12
row 12

row 13
row 13

column 4
column 7

column 9
column 9

[cfofoofofofoRoRolololo)

-40
-5.78947
-40

-23.9474

< eps
-65

-65



fw@aﬁm ‘@@:&cﬂ% 3:(%/3;&07(1/@6'64-«
Sranopert preblom,

ik UmGade 058y 1 Undloote pobun

g E?m(arf@?f: Quschnsngn pellom g Ot

m&v\@m@o@c{’f&. A: JEQ@?« M’A’\gﬁv\qg
o(oo‘%w{ﬁo Berent & 20

A Ubehfanport By frogen Mhapa by
o, ik,  nech $,20



D me% Men 7- 0O sSem , oles
Geoambangebet mpwo@ww@%
f«%\mdmae@v& ode/WQngy@or‘(“ oéuol@
Uberchise Bee 500t OO(QJGL-@‘JW) : “'
Hoslon cos 7 O P Treropet e €l
von A ; M B 5, o pblve 07k ;=0
Qann b Tramopelot ol » Loy = |

Sornlas ung als Bnsae S M marting g
Bw% : X’;,Ov L}O&Q XWMW%WA;

nacly B
Geun] Bl Bomme ol Imlin ol Tmaspedwes :
?‘:;ca SamECY @9)@,&,«,%%
Seodhoran 2umgas
v Mgk QAT wed Gnglelt ofyerfon
2 X4 = g SN



‘{QM@‘%@& B aweel Remphbtt Beolord .

M
X
;
%

=) iy W La

i L GET 1

F=1

R

-ZKKB- = /&‘&' 8.*..—./’, _“/,24

c=1
%M iRl i gd Bl e D)
ZG\:--:ZG-E; Do Taestat whaiebi
=1 N="7

e Loumy  fos olas Freropot problom



0 Sm%ﬁmﬁen wnss Geliand, Moge., an o
SoctuSliny Satlin Hanbury (% Facdingpn ) wncf
?M:;(’?“f Wgw) cuf Eages .

15 Sadungen n mach Gusafon, S mod
Furcelora A (D Moctn  FQoens gelleldd
Welen . TreaspelGot, pe dading HTE
oA | Bopbon B lmn Fhxens  Ingbot
Mwo & G 3 16 T 1L
Saiw ] % 2 T4 TL
Michfrage| 27T STL  OTL  30TL

{DQ/“‘U‘% x’]:{ ; Xa2 '5<'?3

\<A’TI?\ZQ { KQS




= “ x R X
L s, 6-}(,“-\-\(;(42 +S§<13+3K27+2 2 T R

g ¥Kan ¥ Xaq s 74 .

X179 X Xqq = 45
Naal Y R (Uhed fragy )
= X 43 % X,3 =10

RKer =Xy = 0O

*
Touny ak GLPNOL: 2= 38
|
¥4 FIT X =D Xop = 1D

)(2_1: 4&\ )<'1_7_: O )(23 = O

—




ii MaArx. cloy Wsbenbedmpeinstn ooy ‘éoamcé; :
I guoles Spalls. Sghon &a@m el o
Yo Rusamaliie Rt~ Dreacls gedeh . :




T&W% .

gfam/z"ioﬂpx? s wt 3&0&. Cﬁ?,wr,@.bw%,
&M;@%ﬂbwgﬁ -

- St dos momalii Fhare T Bl 2a 1ppobashins
el A
\jfowl West —Eekenr - Rogl

S prollon: Seolinme, din fooTonminimalen
E%:’eu/\b on D> 'v’l-aac,g\_t~




\V%%MLP“&;{MM (o onnsn
. M—cﬁ['-ﬂ@’w']:‘v%ne I M
o Rt *



\* Problem: Getraenketransport *\

Minimize

Kosten: 6 x11 + 4 x12 + 3 x13 + 3 x21 + 2 x22 + 2 x23

Subject To
Angebotl: x11 + x12 + x13 = 16
Angebot2: x21 + x22 + x23 = 14
Nachfragel: x11 + x21 = 15
Nachfrage2: x12 + x22 = 5
Nachfrage3: x13 + x23 = 10

Bounds

Generals

Binaries

End

GLPSOL: GLPK LP/MIP Solver, v4.57
Parameter(s) specified in the command
--1p Getraenketransport.lp --output o

line:
ut. txt

Reading problem data from 'Getraenketransport.lp'...

5 rows, 6 columns, 12 non-zeros
19 lines were read

GLPK Simplex Optimizer, v4.57

5 rows, 6 columns, 12 non-zeros

Preprocessing...

5 rows, 6 columns, 12 non-zeros
Scaling...

A: min|jaij| = 1.000e+00 max|aij| =

Problem data seem to be well scaled
Constructing initial basis...
Size of triangular part is 4
0: obj 9.100000000e+01 inf
1: obj 1.030000000e+02 inf
* 2: obj = 9.800000000e+01 inf
OPTIMAL LP SOLUTION FOUND
Time used: 0.0 secs
Memory used: 0.0 Mb (39701 bytes)
Writing basic solution to 'out.txt'...

Problem:

Rows: 5
Columns: 6
Non-zeros: 12
Status: OPTIMAL

Objective: Kosten = 98 (MINimum)

1.000e+00

6.000e+00
0.000e+00
0.000e+00

Lower bound

ratio = 1.000e+00

(1)
(0)
(0)

Upper bound

No. Row name St  Activity
1 Angebotl NS 16
2 Angebot2 NS 14
3 Nachfragel NS 15
4 Nachfrage2 NS 5
5 Nachfrage3 B 10

No. Column name St Activity

Upper bound

R

Marginal
3
< eps
3
1

Marginal
1
2






Lineare Optimierung mit CPLEX
Testbeispiel: Das Orangenproblem

max 0.2z + 0.25x5
2£L'1 + Zo S 200
0.2561 + o < 110

1,72 20

x1 produzierte Menge Orangensaft, xo: produzierte Menge Orangenmarmelade

Aufruf aus der Kommandozeile
Ip-File: Orangen.lp
\* Orangenproblem *\

Maximize
Gewinn: 0.2 x1 + 0.25 x2

Subject To
Orangen: 2 x1 + 1 x2 <= 200
Zucker: 0.2 x1 + 1 x2 <= 110

End

Kommandoskript: Orangen.cmd
read Orangen.lp
optimize

display solution variables -
display solution dual -

Aufruf aus der Kommandozeile

cplex -f Orangen.cmd



Aufruf aus dem CPLEX Optimization Studio

<} IBM ILOG CPLEX Optimization Studio - m} X
Datei Bearbeiten Mavigieren Suche Ausfihren Fenster Hilfe
- N EER Gz = e | B0 b
i Bt R Schneller Zugriff
@ oPL-Pr. 2 %FDebug = O = B 5= Gliederung 3 =8
= <;==(> =
122 Cargo Plane Es ist keine Gliederung
122 Getraenke verfugbar.
v =2 Orangen
(@ Ausfihrungskonfigurationer
=2 production (A simple productior
TEDTEFT]FI'EtE
El Eigenschat. 22 &= 8
BlpEo
Eigensch.. Wert
B Lesu_. 2 54 = = 40
< >
]
® @
S U.. &2 = 0
s | &4
-
22 1 Elemente ausgewahlt 00:00:00:00

OPL-Projekt Orangen anlegen

Datei Orangen.mod hinzufiigen durch Drag & Drop aus dem Windows Ex-
plorer

doppelklicken zum editieren

zu Ausfiihrungskonfiguration hinzufiigen

Ausfiihrungskonfiguration ausfithren

Direkte Modellierung: Orangen.mod

/okosk sk sk sk sk ok ok sk sk sk sk ok ok sk sk sk sk ok ok sk sk sk sk ok sk sk sk sk sk ok sk sk ok sk ok ok ok ok
* OPL 12.6.3.0 Model



* Author: skoerkel

* Creation Date: 18.01.2017 at 20:15:48
Kook ok ok ok 3 ok K ok ok o ok K ok ok ok ok ok K ok ok 3 ok ok ok sk ok ok ok sk ok ok sk sk ok ok sk k ok /

dvar float+ Orangensaft;
dvar float+ Orangenmarmelade;

maximize
0.2 * Orangensaft + 0.25 * Orangenmarmelade;

subject to
{ Orangen: 2 * Orangensaft + Orangenmarmelade <= 200;
Zucker: 0.2 * Orangensaft + Orangenmarmelade <= 110;

+

execute

{ writeln("Zielfunktionswert = ", cplex.getObjValue() );
writeln("Orangensaft = ", Orangensaft );
writeln("Orangenmarmelade = ", Orangenmarmelade );
writeln("Orangen dual = ", Orangen.dual );
writeln("Zucker dual = ", Zucker.dual );

}

Modellierung mit Daten: lp.mod

/K oKk sk ok ok sk ok ok sk s ok ok sk ok ok sk o ok ok sk sk ok sk ok ok sk sk ok ok ok ok ok ok ok sk ok ok ok ok ok
* OPL 12.6.3.0 Model
* Author: skoerkel

* Creation Date: 18.01.2017 at 20:30:25
sk ok sk sk ok sk ok 3k ok 3 ok 3k ok sk sk ok K ok ok 3 ok 3k sk sk sk ok K ok 3k ok 3 ok sk ok ok k ok ok ok sk ok k /

int m R
int n R

range Rows
range Cols

1..m;
1..n;
float A[Rows][Cols] = ...;

float b[Rows] = ...;
float c[Cols] = ...;



dvar float+ x[Cols];

maximize
sum( j in Cols ) c[j] * x[j];

subject to
{ forall( i in Rows )
ct: sum( j in Cols ) A[i][j] * x[j] <= blil;

}

execute

{ writeln("Zielfunktionswert = ", cplex.getObjValue() );
write("Primale Loesung: x = [ " );
for( var j in Cols ) write( x[jl, " " );
writeln("]");
write("Duale Loesung: u = [ " );
for( var i in Rows ) write( ct[i].dual, " " );
writeln("]");

}

Datenfile: Orangen.dat

/KoK sk ok ok sk sk ok ok sk ok sk K ok ok sk ok ok sk ok ok sk K ok ok sk ok ok ok ok ok 3k ok ok ok ok ok ok ok
* OPL 12.6.3.0 Data
* Author: skoerkel

* Creation Date: 18.01.2017 at 20:50:25
st ok sk ok ok K ok sk ok ok o ok ok K sk ok ok K ok ok s ok sk ok ok sk ok ok ok sk ok ok sk sk ok ok sk k ok /

m= 2;

n=2;

A=[T[21]
[0.2111;

b= [ 200 110 1;

c=10.20.251];

e Ip.mod und Orangen.dat zum OPL-Projekt Orangen hinzufiigen

4



e beide zu einer neuen Ausfithrungskonfiguration hinzufiigen

e diese Ausfithrungskonfiguration ausfithren

Anderes Datenfile: diet.dat
Anwendung auf weiteres Beispiel Diet

e diet.dat zum OPL-Projekt Orangen hinzufiigen
e Ip.mod und diet.dat zu einer neuen Ausfithrungskonfiguration hinzufiigen

e diese Ausfithrungskonfiguration ausfiihren

/KoK sk ok ok sk sk ok ok sk ok sk K ok ok sk ok ok sk ok ok sk K ok ok sk ok ok ok K ok ok 3k ok ok K ok ok ok oK
* OPL 12.6.3.0 Data
* Author: skoerkel

* Creation Date: 18.01.2017 at 18:29:35
Kok sk ok ok ok K ok ok 3 ok ok ok sk ok ok K ok ok s ok ok ok sk ok ok ok sk ok ok sk sk ok ok sk k ok /

m = 14;
n=6;
A=1[1[ -24, -8, -3, -5, -8.5, -2 1]
[ -3, -3, -3, -3, 0, -11]
[ -44, -96, -5, -27, -13, -27 ]
[ 530, 510, 25, 140, 130, 110 ]
[ -530, -510, -25, -140, -130, -110 ]
[ 65, 30, 0, 0, 20, 0 ]
[ -10, -3, -27, 0, -10, -2 ]
[ -4, -33, -137, 0, -4, -100 ]
[ 10, 8, 0, 0, 3, 0]
[ 1020, 180, 24, 270, 125, 0 ]
[0, 0, 0,0,1, 1]
[0, 0,1, 0, 0, 0]
[0, 0, 0, 1, 0, 0]
[0, 0,0,0,0,111;
b = [ -56 -30 -130 2200 -1800 300 -100 -100 24 2400 6 3 4 4 ];
c=1[-3.29 -3.99 -0.45 -0.48 -0.4 -0.25 1;



b IBM ILOG CPLEX Optimization Studio - O x

Datei Bearbeiten Mavigieren Suche Ausfihren Fenster  Hilfe
= MENERE Tz | =IO NN

U BT - Schneller Zugriff

@orPL-pPr. 2 |%sDebug = OB 3

B Iipmod 52 d

= B8 5= Gliederung &2 = 8

= <}==(> = I e T T Tt -~ laz
2 Cargo Plane 2| * OPL 12.6.3.0 Model @ unter Verwendung ve A
=0 Getraenke 8 | * Enthor: akoerkel v &L Interne Daten (2)
v bo Orangen : * Creation Date: 18.01.2017 at 20:30:25 <> Cols: range
v (@ Ausfohrungskonfigurationer 2 okl

w Konfiguration 1 (5tandar
Orangen.mod: CPLE!
v Konfiguration 2
Ip.mod : CPLEX

int m = ...;
int n = ...}

£ Orangen.da 11 [cange cats - 1.0 Segenscnat. 11 =
v nfiguratinn3 ) 2 B = 7
Ip-med : CPLEX float A[Rows][Cols] = ...: Eigensch.. Wert
[ diet.dat 1¢ float b[Rows] = ...;
(& Ip.mod : CPLEX 15 float c[Cols] = .
@ Orangen.mod : CPLEX 16
[T diet.dat 17 dvar float+ x[Cols]:
@ Orangen.dat 18 b
=2 production (A simple productior
TEDTemplatE
5 @Lésu... b Konfl Rela {.d ENg Profile DoC CPL = 8
< >
B &R
T - | = K // Max. unscaled (scaled) |x| = 4 (4) A
// Max. unscaled (scaled) |slack]| = 733.271 (5.72868)
% e 8w G| ¢ s/ Max. unscaled (scaled) Ipil = 3.67 (3.67)
- // Max. unscaled (scaled) |red-cost| = 0.504167 (0.504167)
// Condition number of scaled basis = 2.0e+001
I
x = [1.1286
0.5381 3 4 0 4]:
v
[ 1 Elemente ausgewahlt : 00:00:00:09
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