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6 829(() AMPL

+ ,-.%%΅ AMPL (A Mathematical Programming
Language) /012 %0132΅%41· 12325( ,2΅ 46῭ 17·-*%6
78)9-6:(4·῭ 91-42%4)7)·6%6῾.
=7248/712 46῭ 12%΅,·,᾿ %4)῭ +/; 1῭῟῾ 78)9-᾿:΅4)῾
91-42%4)7)·6%6῾ %1 :)8Α᾿ 7)-Β 5)῭42̈̀ ᾿ %46 %*῭᾿¨6
:΅¨6:΅425᾿ :)8Α᾿.
῝*῭18,(Δ14΅2 :1 7)--)Β῾ ΅-,῟82¨:)*῾ 17·-*%6῾.
῝*῭18,(Δ14΅2 :1 7)--)Β῾ 48῟7)*῾ 12%΅,·,᾿῾ 4·῭
313):/῭·῭.
Ε΅8/012 7)--)Β῾ 48῟7)*῾ 32΅01·82%6῾ 4·῭
΅7)41-1%:(4·῭.
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:΄8·῾ 8΅) 0΄. AMPL

Φ 2%4῟4)7)῾ 46῾ AMPL 98·%514΅2 %4)
http://www.ampl.com

Γ2΅ ῭΅ 5΅419(%)*:1 3)52:΅%425᾿ /53)%6 46῾ AMPL
172-/,)*:1

start for free

academics ! enthousiasts

¨΅῭%·΄( ())*+,! -+. (/0%1%

Download

Γ2΅ 4) 7-᾿81῾ 1,0128·32) 46῾ AMPL 76,΅·̈̀ )*:1 %4)
resources -> optimization books -> The AMPL book
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==᾿΅*·/;; ¨)·῟Α%΅85) ¨·38·)55)0΅(53Β ¨)·)8῝8+῾

=-΅2)48291·) 7΅8(,12 3*) 4Β7)*῾ 1-΅2)-(3)*, 4)῭
ΗΗ5-΅%25῟ΙΙ (1Θ1*,1῭2%:/῭)) 5΅2 4)῭ ΗΗ7΅8¨/῭)ΙΙ.
Κ) 1-΅2)48291·) /012 32΅¨/%2:1῾ 40 .81῾ 7΅8΅,·,᾿῾ ΅῭(
193):(3΅.
1 -·48) 5-΅%25)Β 7·-1·4΅2 10 1*8..
1 -·48) 7΅8¨/῭)* 7·-1·4΅2 15 1*8..
Κ) 1-΅2)48291·) :7)81· ῭΅ 7΅8(,12 %1 5(¨1 313):/῭6
%42,:᾿ :῟῭) /῭΅῭ 4Β7) 1-΅2)-(3)*.
῝1 1 .8΅ :7)81· ῭΅ 7΅8(,12 40 -·48΅ 5-΅%25)Β ᾿ 30
-·48΅ 7΅8¨/῭)*.
Κ) 1:7)825῟ 4:᾿:΅ 4)* 1-΅2)48291·)* 1542:( ῟42 :7)81·
῭΅ 7)*-᾿%12 4) 7)-Β 1000 -·48΅ 5-΅%25)Β 5΅2 860 -·48΅
7΅8¨/῭)* 5(¨1 193):(3΅.
Λ΅ :1,2%4)7)26¨1· ) %*῭)-25῟῾ 4Δ·8)῾ ΅῭( 193):(3΅.
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!¨΅῭%·¨΄¨()*) +, ΄.-.΄.

Oilc, Oilv : !¨ ΅῭%·΄(΄)* +,-%¨+῭. +-¨ ΅-/012῭3
),-¨῭,45῭3 ΅῭3 0- ΅-/-60῭.2 %) 7¨- )85῭745-.
9:6῭37) ΄῭ ΅.·.΅.

max 10Oilc + 15Oilv

3΅· 1
40Oilc +

1
30Oilv → 40

0 → Oilc → 1000
0 → Oilv → 860.
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!¨΅῭%·¨΄¨()*) *῭)΅ AMPL

῾῭ ΅.·.΅.

max 10Oilc + 15Oilv

3΅· 1
40Oilc +

1
30Oilv → 40

0 → Oilc → 1000
0 → Oilv → 860.

·/4=)΄-¨ %) 12-2 text editor ᾿*

## Example 01
var Oil_c; # amount of classic
var Oil_v; # amount of virgin
maximize profit: 10*Oil_c + 15*Oil_v;
subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;
subject to classic_limit: 0 <= Oil_c <= 1000;
subject to virgin_limit: 0 <= Oil_v <= 860;
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./*012 *3΅῭/4) *῭)΅ AMPL

## Example 01
var Oil_c; # amount of classic
var Oil_v; # amount of virgin
maximize profit: 10*Oil_c + 15*Oil_v;
subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;
subject to classic_limit: 0 <= Oil_c <= 1000;
subject to virgin_limit: 0 <= Oil_v <= 860;

# ↑ ;/6῟ %6῭,Α῭3.
var ↑ Β῟,᾿%( 7)΄-8,(΄῟*.
; ↑ ῾1,῭* ·/-77῟* )2΄῭,῟*.
maximize ῟ minimize + ·2῭7- + : ↑ ;2΄¨+. %32-/΄.
subject to + ·2῭7- + : ↑ ῝)/¨῭/¨%7·*.
Case sensitive ῭2·7-΄-. ῾- ῭2·7-΄- )Α2-¨ 7῭2-5¨+4.
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51῭6·%*), 70/8%(90*) /98%(+΅ *῭)΅ AMPL

9:2- -/6)Α῭ ΅῭3 ΅)/¨16)¨ 12- ΅/·8,(7--7῭2΄1,῭ ΅/1΅)¨
2- %ΔΕ)΄-¨ 7) ΄(2 )΅1+΄-%( .mod.
῝.6. ΄῭ ΅/῭(·῭.7)2῭ 0- 7΅῭/῭.%) 2- %᾿0)Α %) +4΅῭¨-
01%( ᾿* Example01.mod.
Φ¨- 2- )+΄),)%΄)Α 12- -/6)Α῭ ΅/1΅)¨ 2- ΄/1Γ῭37) ΄(2
)=-/7῭·῟ AMPL +-¨ 2- )7=-2¨%΄)Α ( -2-7῭2῟ ampl:.
:΅¨,1·῭37) -,··/¨07῭ )΅Α,3%(* (solver).
῝.6. option solver cplex;.

Η῭/΄Δ2῭37) ΄῭ ΅/·8,(7--7῭2΄1,῭.
῝.6. model Example01.mod;.

:΅¨,.῭37) 7) ΄(2 )2΄῭,῟ solve;.
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:0¨9·῾*%0, 1/0 %=᾿;΅0*) ·3*),

;2 3΅4/Γ)¨ ,40῭* %΄῭ 7῭2΄1,῭ +-΄4 ΄῭ ΄/1Γ¨7῭ ΄῭3
-,·῭/Α07῭3 )΅Α,3%(* ΄·΄)

!¨΅῭%·΄΅()* +΅ .mod ,῭-*.΅ /+΅΄ text editor.
!.́ ΅()* +0΄ *΄+΅12 reset; /+΅ AMPL.
3,΄,4΅῭+·΄΅()* +΅ )΅΄+51΅.

Ι )2΄῭,῟ solve; 0- 7-* 5Δ%)¨ +4΅῭¨)* ΅,(/῭=῭/Α)* +-¨
΄( 81,΄¨%΄( ΄¨7῟ ΄(* -2΄¨+)¨7)2¨+῟*. ῝.6.
CPLEX 6.5.3: optimal solution; objective 17433.33333
2 simplex iterations (0 in phase I)

!¨ ΄¨71* ΄᾿2 7)΄-8,(΄Δ2 %΄( 81,΄¨%΄( ,.%(
)7=-2ΑΕ῭2΄-¨ 7) ΄(2 )2΄῭,῟ display + ·2῭7- + ;.
῝.6. display Oil_c;
+-¨ display Oil_v;.
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῟΄¨·21%Α*) %4Β7¨Α *% /98%(¨

Φ¨- 2- -΅῭0(+).%῭37) ΄(2 1Γ῭5῭ %) 12- -/6)Α῭ 16῭37)
53῭ 532-΄·΄(΄)*, 2- 5(7¨῭3/·῟%῭37)--2΄¨+-΄-%΄῟%῭37)
(over-write) 12- -/6)Α῭ ῟ 2- ΅/῭%01%῭37) ΅)/¨)6·7)2῭
%) 12- ῟5( 3΅4/6῭2 -/6)Α῭.
῝.6. 7) ΄(2 )2΄῭,῟
display Oil_c > Example01.out;

0- 5(7¨῭3/·(0)Α -/6)Α῭ 7) ΄῭ ·2῭7- Example01.out .
;2 3΅4/6)¨ -/6)Α῭ 7) ΄1΄῭¨῭ ·2῭7- 0- -2΄¨+-΄-%΄-0)Α.
Θ) ΄(2 )2΄῭,῟
display Oil_c >> Example01.out;

0- ΅/῭%΄)0)Α %΄῭ -/6)Α῭ 7) ΄῭ ·2῭7- Example01.out (
7)΄-8,(΄῟ Oilc 7) ΄(2 ΄¨7῟ ΄(*.
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῝%΅(1%Α*) ΄/9/7. ΄9¨-9/==/῭0*=¨3 ΄/9/-+-2,

:,-¨῭΄/¨8)Α῭ ΅-/4·)¨ n ΄.΅῭3* ),-¨῭,45῭3.
῾῭ ),-¨῭΄/¨8)Α῭ 16)¨ 5¨-01%¨7)* t Δ/)* ΅-/-·᾿·῟* -24
)85῭745-.
1 ,Α΄/῭ ΄.΅῭3 i ΅᾿,)Α΄-¨ pi )3/Δ.
῾῭ ),-¨῭΄/¨8)Α῭ 7΅῭/)Α 2- ΅-/4·)¨ %) +40) 5)5῭712(
%΄¨·7῟ 7·2῭ 12-2 ΄.΅῭ ),-¨῭,45῭3.
Κ) 1 Δ/- 7΅῭/)Α 2- ΅-/4·)¨ ri ,Α΄/- ΄.΅῭3 i.
῾῭ )7΅῭/¨+· ΄7῟7- ΄῭3 ),-¨῭΄/¨8)Α῭3 )+΄¨74 ·΄¨ 7΅῭/)Α
2- ΅῭3,῟%)¨ ΄῭ ΅῭,. mi ,Α΄/- ΄.΅῭3 i +40) )85῭745-.
Λ- 7)·¨%΄῭΅῭¨(0)Α ῭ %32῭,¨+·* ΄ΕΑ/῭* -24 )85῭745-.
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!¨΅῭%·¨΄¨()*) +, ΄.-.΄.

xi: ! ¨΅῭%·΄·( )*(+΅*,-΅. ·/¨΅. i ¨΅. 0( ¨(1,2)·(+ ῭)
3+( )4-΅3,-(.
567΅.3) ·΅ ¨.2.¨.

max
∑n

i=1 pixi

.¨%
∑n

i=1(1/ri)xi → t

0 → xi → mi, i = 1, 2, . . . , n.

8+( n = 2, t = 40, p1 = 10, p2 = 15, m1 = 1000 9(+
m2 = 860 ¨(:1·΅.3) ·΅ 3+91% ¨1%4*΄3( ¨(1(2῾2=᾿.
;΅ 3+91% ¨1%4*΄3( ¨(1(2῾2=᾿ ):·(+ 3+( )+-+9=
¨)1:¨·῾῭΄ 3΅··῟*΅. 9(+ %7+ ῟·( 3΅··῟*΅.
;΅ AMPL )·0(11/·)+ ·΅ -+(7῾1+῭3% 3΅··῟*΅. (¨% ·(
-)-΅3῟·( 9(+ ·΅· (*2%1+03΅ )¨:*.῭΄᾿.
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AMPL: !¨΅῭.·¨, /%/¨0.΅1, ·2*)

 

Α+,21(33( (**΄*)¨:-1(῭΄᾿ ῭·΅+7):῾· ·΅. AMPL
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!¨΅῭%·¨΄¨()*) *῭)΅ AMPL

;΅ ¨.2.¨.
max

∑n
i=1 pixi

.¨%
∑n

i=1(1/ri)xi → t

0 → xi → mi, i = 1, 2, . . . , n.
21,Β)·(+ ῾᾿

## Example 02 - version 1
param n;
param t;
param p{i in 1..n};
param r{i in 1..n};
param m{i in 1..n};
var x{i in 1..n};
maximize profit: sum{i in 1..n} p[i]*x[i];
subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;
subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];
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34)*50¨΄¨56΅῭1, /%(7῭%, *῭)΅ AMPL
## Example 02 - version 1
param n;
param t;
param p{i in 1..n};
param r{i in 1..n};
param m{i in 1..n};
var x{i in 1..n};
maximize profit: sum{i in 1..n} p[i]*x[i];
subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;
subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];

param ↑ Α=*῾῭΄ ¨(1(3῟·1΅..
{i in 1..n} ↑ Α=*῾῭΄ -):9·΄ 9(+ ῭.·%*΅.
-+(-΅7+9῝· (9)1(:῾· ῭·΅.᾿ ΅¨΅:΅. 9+·):·(+.
56·(᾿ -):9·΄᾿ 3¨΅1): ·( (Β΅1, ¨(1(3῟·1΅.᾿, 3)·(4*΄·῟᾿,
(01΅:῭)+᾿ = ¨)1+΅1+῭3΅/᾿.

!. ¨΅῭%· - amanou@math.uoa.gr ΄΄ - ΄῭()*)+ 2



8%/¨0.΅1 *῭)΅ AMPL 9

## Data 1 for Example 02 - version 1
param n:= 2;
param t:= 40;
param p:= 1 10 2 15;
param r:= 1 40 2 30;
param m:= 1 1000 2 860;

param + %·΅3( + := ↑ Α=*῾῭΄ ·+3῝· ¨(1(3῟·1΅..
Δ· 3+( ¨(1,3)·1΅᾿ ):·(+ -+(·.῭3(·+9=, ·%·) 21,Β΅.3) ·΅
-):9·΄ 9,0) ῭.·+῭·῝῭(᾿ 9(+ 3)·, ·΄· ·+3= ·΄᾿.
;΅ AMPL (2·΅): 9)·, 9(+ (**(2῟᾿ 21(33῝· (carriage
returns).
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8%/¨0.΅1 *῭)΅ AMPL 99
## Data 1 for Example 02 - version 1
param n:= 2;
param t:= 40;
param p:= 1 10 2 15;
param r:= 1 40 2 30;
param m:= 1 1000 2 860;

↓
## Data 2 for Example 02 - version 1
param n:= 2;
param t:= 40;
param p:= 1 10

2 15;
param r:= 1 40

2 30;
param m:= 1 1000

2 860;
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8%/¨0.΅1 *῭)΅ AMPL 999
## Data 2 for Example 02 - version 1
param n:= 2;
param t:= 40;
param p:= 1 10

2 15;
param r:= 1 40

2 30;
param m:= 1 1000

2 860; ↓
## Data 3 for Example 02 - version 1
param n:= 2;
param t:= 40;
param: p r m:=

1 10 40 1000
2 15 30 860;
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AMPL !¨΅῭.·¨, /%/¨0.΅1, %΄(·:*)

;.¨+9= (9΅*΅.0:( )··΅*῝· 2+( ·΄· )+῭(2῾2= 3΅··῟*΅.,
-)-΅3῟·῾·, ·΄· )¨:*.῭΄ 9(+ ·΄· )3Β,·+῭΄ ·΄᾿ */῭΄᾿:

reset;
model Example02v1.mod;
data Example02v1d1.dat;
solve;
display x;
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34·*) *:΅῾·+΅ *῭)΅ AMPL 9 - !¨΅῭.·¨
## Example 02 - version 1
param n;
param t;
param p{i in 1..n};
param r{i in 1..n};
param m{i in 1..n};
var x{i in 1..n};
maximize profit: sum{i in 1..n} p[i]*x[i];
subject to time: sum{i in 1..n} (1/r[i])*x[i] <= t;
subject to capacity{i in 1..n}: 0 <= x[i] <= m[i];

Ε·΄· 9῾-+9΅¨΅:΄῭΄ ·΅. 3΅··῟*΅. 3) -):9·)᾿ -)· .¨,17)+
῭/·-)῭΄ ·῾· -)+9·῝· ·῾· 3)·(4*΄·῝· 3) (.·% ¨΅.
3΅··)*΅¨΅+΅/·.
Φ.7. ·΅ x[1] -)· ¨(1(¨῟3¨)+ ῭) 9,¨΅+΅ ῭.29)91+3῟·΅
·/¨΅ )*(+΅*,-΅..
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34·*) *:΅῾·+΅ *῭)΅ AMPL 99 - !¨΅῭.·¨

Δ.·% 3¨΅1): ·( 0)1(¨).·): ΅1:Γ΅··(᾿ 9(+
71΄῭+3΅¨΅+῝··(᾿ ῭/·΅*(.
Δ··: 2+( param n; ΅1:Γ΅.3) set P;.

Δ··: 2+( in 1..n 4,Γ΅.3) in P.

## Example 02 - version 2
set P;
param t;
param p{i in P};
param r{i in P};
param m{i in P};
var x{i in P};
maximize profit: sum{i in P} p[i]*x[i];
subject to time: sum{i in P} (1/r[i])*x[i] <= t;
subject to capacity{i in P}: 0 <= x[i] <= m[i];
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34·*) *:΅῾·+΅ *῭)΅ AMPL III - 8%/¨0.΅1

;΅ (17):΅ ·῾· -)-΅3῟·῾· ¨1῟¨)+ ·( ¨1΅῭(13΅῭·):.
81,Β΅.3) ·( ῭·΅+7):( ·΅. ῭.·%*΅..
Η+ ¨(1,3)·1΅+ ·΅. ῭.῭·=3(·΅᾿ (·(Β῟1΅··(+ 3) 4,῭΄ ·(
῭·΅+7):( ·΅. ῭.·%*΅..

## Data 2 for Example 02 - version 2
set P:= classic virgin;
param t:= 40;
param p:= classic 10

virgin 15;
param r:= classic 40

virgin 30;
param m:= classic 1000

virgin 860;
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34·*) *:΅῾·+΅ *῭)΅ AMPL IV - 8%/¨0.΅1
## Data 2 for Example 02 - version 2
set P:= classic virgin;
param t:= 40;
param p:= classic 10

virgin 15;
param r:= classic 40

virgin 30;
param m:= classic 1000

virgin 860; ↓
## Data 3 for Example 02 - version 2
set P:= classic virgin;
param t:= 40;
param: p r m:=

classic 10 40 1000
virgin 15 30 860;
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!%῭1=·)῭., 715 ΄14᾿0%῭4¨5 0% 2 /%(7῭%,

Ε) ¨1΅4*=3(·( 3(0΄3(·+9΅/ ¨1΅21(33(·+῭3΅/
)3Β(·:Γ΅··(+ 3)·(4*΄·῟᾿ 9(+ ¨(1,3)·1΅+ 3) 2 =
¨)1+῭῭%·)1΅.᾿ -):9·)᾿.
Ε·΄· AMPL, ῭·΅ 3΅··῟*΅ ΅+ 3)·(4*΄·῟᾿ 9(+ ΅+
¨(1,3)·1΅+ ¨(1+῭·,·΅··(+ %¨῾᾿ 9(+ ¨1+· 3) 2 =
¨)1+῭῭%·)1΅.᾿ -):9·)᾿ ¨΅. 7῾1:Γ΅··(+ 3) 9%33(.
Ε·΄· AMPL, ῭·( -)-΅3῟·(, ΅+ ·+3῟᾿ ·῾· ¨(1(3῟·1῾·
¨(1+῭·,·΅··(+ ῭) ¨+·(9+9= 3΅1Β=.
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;¨ ΄4῾=·)01 ῭), 0%῭1῟¨4᾿,

m ῭΄3):( ¨(1(2῾2=᾿, n ῭΄3):( 9(·(·,*῾῭΄᾿.
si: ΄ ¨1΅῭Β΅1, ·΅. ῭΄3):΅. i.
dj: ΄ Γ=·΄῭΄ ·΅. ῭΄3):΅. j.
cij: 9%῭·΅᾿ 3)·(Β΅1,᾿ 3+(᾿ 3΅·,-(᾿ ¨1΅Ι%··΅᾿ (¨% ·΅ i
῭·΅ j.
Ε·%7΅᾿: 6*(7+῭·΅¨΅:΄῭΄ ·΅. ῭.·΅*+9΅/ 9%῭·΅.᾿
3)·(Β΅1,᾿ (¨% ·( ῭΄3):( ¨(1(2῾2=᾿ ῭·( ῭΄3):(
9(·(·,*῾῭΄᾿.
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;¨ ΄4῾=·)01 ῭), 0%῭1῟¨4᾿, - !¨΅῭%·¨΄¨()*)

xij: ¨΅῭%·΄·( ¨1΅᾿ 3)·(Β΅1, (¨% ·΅ i ῭·΅ j.
Φ.2.¨.:

min
∑m

i=1

∑n
j=1 cijxij

.¨%
∑m

i=1 xij ↔ dj, j = 1, 2, . . . , n∑n
j=1 xij → si, i = 1, 2, . . . ,m

xij ↔ 0, i = 1, 2, . . . ,m, j = 1, 2, . . . , n.
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8%/¨0.΅1 ΄4¨=··01῭¨, 0%῭1῟¨4᾿,

;( 9%῭·΄ 3)·(Β΅1,᾿ (·, 3΅·,-( ¨1΅Ι%··΅᾿ Β(:·΅··(+
῭·΅· ¨:·(9(:
Δ¨΅0. Θ(·(῭·. HomeDepot KMart WalMart Ace

Oakland 1 2 1 3
SanJose 3 5 1 4
Albany 2 2 2 2

;( (¨΅0῟3(·( ῭·+᾿ (¨΅0=9)᾿ ):·(+
Oakland SanJose Albany

Δ¨%0)3( 250 800 760

Η+ Γ΄·=῭)+᾿ ῭·( 9(·(῭·=3(·( ):·(+
HomeDepot KMart WalMart Ace

Κ=·΄῭΄ 300 320 800 390
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!¨΅῭%·¨΄¨()*) 0% *2΅¨·1 *῭)΅ AMPL

## Example 03 - version 2

set Warehouses;
set Shops;

param cost{i in Warehouses, j in Shops};
#transportation cost from warehouse i to shop j
param supply{i in Warehouses};
#supply at warehouse i
param demand{j in Shops};
#demand at shop j

var amount{i in Warehouses, j in Shops};
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!¨΅῭%·¨΄¨()*) 0% *2΅¨·1 *῭)΅ AMPL
(*:΅.Α%51)

minimize Cost:
sum{i in Warehouses, j in Shops}

cost[i,j]*amount[i,j];

subject to Supply {i in Warehouses}:
sum{j in Shops} amount[i,j] <= supply[i];

subject to Demand {j in Shops}:
sum{i in Warehouses} amount[i,j] >= demand[j];

subject to positive{i in Warehouses, j in Shops}:
amount[i,j]>=0;
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!¨΅῭%·¨΄¨()*) 0% *:΅¨·1 *῭)΅ AMPL
(΄141῭)4·*%5,)

Θ,0) ¨(1,3)·1΅᾿ 9(+ 3)·(4*΄·= ῟7΅.· ¨)1+21(Β+9,
΅·%3(·(.
Η+ ¨(1,3)·1΅+ 9(+ ΅+ 3)·(4*΄·῟᾿ 3) -+¨*΅/᾿ -):9·)᾿
¨(1+῭·,·΅··(+ %¨῾᾿ ¨1+·, 3) ·΅.᾿ -):9·)᾿ ·( 7῾1:Γ΅··(+
3) 9%33(.
Η+ ¨)1+΅1+῭3΅: 9(+ ΄ (··+9)+3)·+9= ῭.·,1·΄῭΄
΅·΅3,Γ΅··(+ 3) ·( :-+( ΅·%3(·( 3) 9,¨΅+)᾿ 3)·(4*΄·῟᾿,
(**, 3) 9)Β(*(:΅ ·΅ ¨1῝·΅ 21,33(.
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8%/¨0.΅1 0% *2΅¨·1 *῭)΅ AMPL

## Data 1 for Example 03 - version 2
set Warehouses:= Oakland SanJose Albany;
set Shops:= HomeDepot Kart Walart Ace;
param cost: HomeDepot Kart Walart Ace:=
Oakland 1 2 1 3
SanJose 3 5 1 4
Albany 2 2 2 2;
param supply:= Oakland 250

SanJose 800
Albany 760;

param demand:= HomeDepot 300
Kart 320
Walart 800
Ace 390;
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8%/¨0.΅1 0% *2΅¨·1 *῭)΅ AMPL (΄141῭)4·*%5,)

;( -)-΅3῟·( (.·, ¨1῟¨)+ ·( ῭῾0΅/· ῭) ῟·( (17):΅ 3)
)¨῟9·(῭΄ .dat.
Φ(1(·΄1):῭·) ¨῝᾿ )+῭,2΅··(+ ΅+ ·+3῟᾿ ῭·΄· ¨(1,3)·1΅
cost:
Λ)·, ·΅ %·΅3( ·΄᾿ ¨(1(3῟·1΅. 3¨(:·)+ : 9(+
3)·, ·΅ %·΅3( ·΅. ·)*).·(:΅. -):9·΄ 3¨(:·)+ :=
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Β%45¨45*0¨( 17%415῾῭)῭1, *῭)΅ AMPL

8+( ·( -΄*῝῭΅.3) %·+ 3+( 3)·(4*΄·= ¨)1+΅1:Γ)·(+ ·( ):·(+
(9῟1(+΄, 21,Β΅.3) integer ῭·΄· )··΅*= )+῭(2῾2=᾿ ·΄᾿,
3)·, ·΅ %·΅3, ·΄᾿ 9(+ ¨1+· ·΅ ;
Φ.7.: Δ· 0῟*΅.3) ΄ 3)·(4*΄·= x ·( ):·(+ (9῟1(+(, ·΄·
)+῭,2΅.3) 21,Β΅··(᾿:
var x integer;

8+( ·( -΄*῝῭΅.3) %·+ 3+( 3)·(4*΄·= ¨)1+΅1:Γ)·(+ ·( ):·(+
-.(-+9= (0-1), 21,Β΅.3) binary ῭·΄· )··΅*= )+῭(2῾2=᾿
·΄᾿, 3)·, ·΅ %·΅3, ·΄᾿ 9(+ ¨1+· ·΅ ;
Φ.7.: Δ· 0῟*΅.3) ΄ 3)·(4*΄·= y ·( ):·(+ -.(-+9=, ·΄·
)+῭,2΅.3) 21,Β΅··(᾿:
var y binary;

Φ1῟¨)+ ΅ (*2%1+03΅᾿ )¨:*.῭΄᾿ ¨΅. )¨+*῟2΅.3) (solver)
·( .¨΅῭·΄1:Γ)+ )¨:*.῭΄ 3) (9῟1(+)᾿ 3)·(4*΄·῟᾿.
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Β141-+-· 0% 17.415%, ΄¨*῾῭)῭%,

Ε·΅ (17+9% ¨(1,-)+23( ·΅ )*(+%*(-΅ ¨῾*):·(+ ῭)
῭.῭9).(῭:)᾿ ·΅. *:·1΅..
Α)· ῟7)+ ·%΄3( ·( ¨(1(70): 3΄-(9῟1(+΅᾿ (1+03%᾿
῭.῭9).(῭+῝·.
;΅ ¨.2.¨. ·῝1( 2:·)·(+:

max 10Oilc + 15Oilv

.¨% 1
40Oilc +

1
30Oilv → 40

0 → Oilc → 1000
0 → Oilv → 860
Oilc, Oilv (9῟1(+)᾿.
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!¨΅῭.·¨ *῭)΅ AMPL

## Example 04
## with integer variables
var Oil_c integer; # amount of classic
var Oil_v integer; # amount of virgin
maximize profit: 10*Oil_c + 15*Oil_v;
subject to time: (1/40)*Oil_c + (1/30)*Oil_v <= 40;
subject to classic_limit: 0 <= Oil_c <= 1000;
subject to virgin_limit: 0 <= Oil_v <= 860;
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Β4῾=·)01 %΄5·¨-·, %-71῭1*῭᾿*%+΅

Φ1%4*΄3( )¨+*΅2=᾿ )29(·(῭·,῭)῾· = Φ1%4*΄3(
3)·(Β΅1,᾿ + Θ%῭·΄ )29(·,῭·(῭΄᾿ 2+( ·΅.᾿ ῭·(03΅/᾿
(Β)·΄1:(᾿ ((¨΅0=9)᾿) ¨΅. 0( (¨΅Β(῭+῭·): ·(
71΄῭+3΅¨΅+΄0΅/·.
;( 9%῭·΄ 3)·(Β΅1,᾿ (·, 3΅·,-( ¨1΅Ι%··΅᾿ Β(:·΅··(+
῭·΅· ¨:·(9(:
Δ¨΅0. Θ(·(῭·. HomeDepot KMart WalMart Ace

Oakland 1 2 1 3
SanJose 3 5 1 4
Albany 2 2 2 2

;( (¨΅0῟3(·( ῭·+᾿ (¨΅0=9)᾿ ):·(+
Oakland SanJose Albany

Δ¨%0)3( 550 1100 1060
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Β4῾=·)01 %΄5·¨-·, %-71῭1*῭᾿*%+΅ (*:΅.Α%51)

Η+ Γ΄·=῭)+᾿ ῭·( 9(·(῭·=3(·( ):·(+
HomeDepot KMart WalMart Ace

Κ=·΄῭΄ 300 320 800 390

;( 9%῭·΄ )29(·,῭·(῭΄᾿ ()99:·΄῭΄᾿) ):·(+
Oakland SanJose Albany

Θ%῭·΅᾿ 629(·,῭·. 500 500 500
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!¨΅῭%·¨΄¨()*)

!¨΅ ῭% ·΄(῭)*΄+΄,%-% ./%-¨·΄+΄¨΄0·) 0-1 ·)῭΅1*%῭23
openi, i = 1, 2, 3:

openi =

{
1, ΅( % ΅+΄456% i ./%-¨·΄+΄¨%4),,
0, 7¨΅8΄/)῭¨69.

openi = 0 → amountij = 0 :¨΅ 694) j.
·( % ΅+΄456% i 7)( ./%-¨·΄+΄¨%4), ῭῾῭) 7)( 4΅
·)῭΅8)/4΄0( +΄-῾῭%῭)3 ΅+῾ ΅=῭5( +/΄3 6΅(2(΅
6΅῭9-῭%·΅.
᾿=()+;3 )¨-9:΄=·) ῭΄=3 +)/¨΄/¨-·΄03:

0 ↑ amountij ↑ supplyi ↓ openi.
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!¨΅῭+·¨ *῭)΅ AMPL

## Example 05

set Warehouses;
set Shops;

param cost{i in Warehouses, j in Shops};
#transportation cost from warehouse i to shop j
param supply{i in Warehouses};
#supply capacity at warehouse i
param demand{j in Shops};
#demand at shop j
param fixed_charge{i in Warehouses};
#cost of opening warehouse i

!. ¨΅῭%· - amanou@math.uoa.gr ΄΄ - ΄῭()*)+ 2



!¨΅῭+·¨ *῭)΅ AMPL (*,΅+-%./)

var amount{i in Warehouses, j in Shops};
var open{i in Warehouses} binary;
# = 1 if warehouse i is opened, 0 otherwise

minimize Cost:
sum{i in Warehouses, j in Shops}
cost[i,j]*amount[i,j]
+ sum{i in Warehouses} fixed_charge[i]*open[i];

subject to Supply {i in Warehouses}:
sum{j in Shops} amount[i,j] <= supply[i]*open[i];
subject to Demand {j in Shops}:
sum{i in Warehouses} amount[i,j] = demand[j];
subject to positive{i in Warehouses, j in Shops}:
amount[i,j]>=0;
!. ¨΅῭%· - amanou@math.uoa.gr ΄΄ - ΄῭()*)+ 2



0%1¨2+΅/ *῭)΅ AMPL

## Data 1 for Example 05

set Warehouses:= Oakland SanJose Albany;
set Shops:= HomeDepot Kart Walart Ace;

param cost: HomeDepot Kart Walart Ace:=
Oakland 1 2 1 3
SanJose 3 5 1 4
Albany 2 2 2 2;

param supply:=
Oakland 550
SanJose 1100
Albany 1060;
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0%1¨2+΅/ *῭)΅ AMPL (*,΅+-%./)

param demand:=
HomeDepot 300
Kart 320
Walart 800
Ace 390;

param fixed_charge:=
Oakland 500
SanJose 500
Albany 500;
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!)-34/22.567 ΄4¨34/22/῭.*267 5/. AMPL

῟ AMPL ·+΄/), (΅ *0()¨ 6΅¨ +/΄1*5·΅῭΅ ·%-:/΅··¨6΄0
+/΄:/΅··΅῭¨-·΄0.
Α΅ +/2+)¨ (΅ )+¨*):), ΅*:῾/¨4·΄3 )+,*=-%3 (solver) +΄=
=+΄-῭%/,Β)¨ ῭% *0-% ῭2῭΄¨῝( +/΄1*%·9῭῝(.
Δ... ΄ solver cplex 7)( =+΄-῭%/,Β)¨ )+,*=-%
·%-:/΅··¨6;( +/΄1*%·9῭῝( +/΄:/΅··΅῭¨-·΄0, )(; ΄
minos =+΄-῭%/,Β)¨.
Ε+῾῭) 4΅ +/2+)¨ (΅ 7;-΄=·) ῭%( )(῭΄*5:
option solver minos;

῟ 7¨΅7¨6΅-,΅ )+,*=-%3 ·+΄/), (΅ 6΅῭΅*5:)¨ ·῾(΄ -)
῭΄+¨6῾ ΅6/῾῭΅῭΄ 5 -) 6/,-¨·΄ -%·),΄, ΄+῾῭) ῭΅
΅+΄῭)*2-·΅῭΅ +/2+)¨ (΅ ./%-¨·΄+΄¨΄0(῭΅¨ ·) +/΄-΄.5.

!. ¨΅῭%· - amanou@math.uoa.gr ΄΄ - ΄῭()*)+ 2



8/491%.32/ ΄.2-3.΄.

!¨΅ ῭%΅·΄῭¨΅ (΅΄)*῭· 2 (΄+,-.%΅: P1 /΅· P2.

0 ῭%΅·΄῭¨΅ 12῭· %3 45.΅%-%3%΅ .΅ 6%·)7῭· 812΄· 250 /·9) ΅(-

%+ P1 /΅· 812΄· 320 /·9) ΅(- %+ P2.

:·΅ %3. (΅΄΅*·*῾ ΅5%=. %·. (΄+,-.%·. ΅(΅·%῭¨%΅· 8·΅ (΄=%3

᾿93. ;5*/῭/΄·81.΅, *·΅ %3. (΅΄΅*·*῾ ῭.-῟ /·9+᾿ (΄+,-.%+῟

P1 2΄῭·)Α+.%΅· 0.7 /·9) (΄=%3῟ ᾿93῟, ῭.= *·΅ %3. (΅΄΅*·*῾

῭.-῟ /·9+᾿ (΄+,-.%+῟ P2 2΄῭·)Α+.%΅· 0.4 /·9) (΄=%3῟ ᾿93῟.

0 4·΅Β1῝·83 (+῝-%3%΅ (΄=%3῟ ᾿93῟ ῭¨.΅· 200 /·9).

0 ῭%΅·΄῭¨΅ *.·΄¨Α῭· -%· ΅. 6%·)7῭· x1 /·9) ΅(- %+ P1, Β΅ 12῭·

/1΄4+῟ x1(300↔ x1) Δ5΄= ΅(- %3. (=93῝3 -93῟ ΅5%῾῟ %3῟
(+῝-%3%΅῟. Δ(¨῝3῟, ΅. 6%·)7῭· x2 /·9) ΅(- %+ P2, Β΅ 12῭·

/1΄4+῟ x2(1000↔ 3x2) Δ5΄= ΅(- %3. (=93῝3 -93῟ ΅5%῾῟
%3῟ (+῝-%3%΅῟.

0 ῭%΅·΄῭¨΅ Β19῭· .΅ Ε΄῭· %·῟ (+῝-%3%῭῟ (῝῭ /·9)) (+5 (΄1(῭·

.΅ (΅΄΅2Β+᾿. ΅(- /)Β῭ (΄+,-. =῝%῭ .΅ 8῭*·῝%+(+·3Β῭¨ %+

/1΄4+῟.
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8/491%.32/ ΄.2-3.΄.

x1: +΄-῾῭%῭΅ +/΄Φ῾(῭΄3 P1 +΄= 4΅ +΅/΅.4),.
x2: +΄-῾῭%῭΅ +/΄Φ῾(῭΄3 P2 +΄= 4΅ +΅/΅.4),.
Δ.·-:.+.:

max x1(300↔ x1) + x2(1000↔ 3x2)
=+῾ x1 ↑ 250

x2 ↑ 320
0.7x1 + 0.4x2 ↑ 200
xj ↗ 0, j = 1, 2.
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!¨΅῭%·¨΄¨()*) *῭)΅ AMPL

# Example 06

var amount_1;
var amount_2;

maximize profit : amount_1*(300-amount_1)
+amount_2*(1000-3*amount_2);

subject to material : 0.7*amount_1+0.4*amount_2<=200;
subject to limit_1: 0<=amount_1<=250;
subject to limit_2: 0<=amount_2<=320;
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:΄(·,*) *῭)΅ AMPL

option solver minos;
model Example06.mod;
solve;

display amount_1;
display amount_2;
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