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Ferramentas computacionais:

Lindo
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AULA S
PESQUISA OPERACIONAL

Ferramentas computacionais:
Solver Excel e Lindo




OBJETIVO

* Entender e implementar os modelos de PL e
obter a solucao 6tima em ferramentas
computacionais




LINDO

E uma IDE para desenvolvimento e resolugéo de
problemas de K 1200 N

e 182 Sbhe Togem Nedoe e

programacao: % Y I3 (S 0 T T - YK 3L

» Linear
* Quadratica
* Inteira
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IMPLEMENTACAO

Comandos principais:
* MAX - Para uma funcao objetivo de maximizacao
* MIN - Para uma func¢ao objetivo de minimizacao

* END - Ao final do modelo e antes de definir o dominio
das variaveis.

Operadores:




Problema 1 da Aula 3 : Determinacgao do mix de produgao

Max z = 4Xa+ 2Xg + 3Xc Max 4Xa+ 2Xg + 3Xc
Sujeito a Subject to

XA+ 3Xg +6Xc <150 7XA+ 3Xg + 6Xc <=150
4Xa+ 4Xg + 5Xc <200 4XA+ 4Xg + 5Xc <= 200

Xa20, Xg20, Xc20




& LiMDo

File Edit Zolve Reports Window Help

DEdE =elvxezal Be RABR 2Es 2

Eﬁ Luntitled -

Max 4xa + Z=b + 3=c

Subject to
7¥a + 3xb + BEc <= 150

dza + 4=b + S=Ec <= 200
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EEIJNDO
File Edit Solve Reports Window Help

DS|Z EHS leelvxelsfl O RAR BE 2

.= | I| i'._’_'._'_l-:l.’

Max 4xa + 2xb + 3xc
Subject to
7%a + 3xb + 6xc <= 150
dxa + 4xb + Sx=c <= 200
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&1 Linoo

File Edit Zolwve

Beports  Mfindow  Help

A = 1=

IR ==

Bl AR BEE 2

!_"E Zuntitled =

Max 4ma + 2=xb + 3Imc

Subject to

YEa + 3=xb + 6=mc <= 150
dza + 4xb + LS=c <= 200
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LIMDO Solver Status

— Optimizer Status

Status:
[terations:
Infeazibility:
Objective:
Best IF:

IP Bound:
Branches:

Elapzed Time:

Dptimal
2

0

100

Hod

Hod

Hod
go.oo:00

pdate Interval: I 1

Interrupt S alwer I

Cloze




Problema 1 da Aula 3 : Determinacao do mix de produgao
~

o/ 60| Save - Ropusts Wi . Hidy LP OPTIMUM FOUND AT STEP 2
Qi8IS lhedaie-xial o OBJECTIVE FUNCTION VALUE

: 1)  100.0000
TIA < B o gE e 150 VARIABLE VALUE REDUCED COST
e - XA 0.000000 0.000000
B e XB 50.000000 0.000000

XC 0.000000 0.625000

ROW SLACK OR SURPLUS DUAL PRICES
2) 0.000000 0.500000
&) 0.000000 0.125000

NO. ITERATIONS=




L

File Edit Zolwe Reports

Wifindow Help
BRI R-b=[=0

LA |

] |= ==y

aLd

= = =]

el

13

VARTAELE
XA
XB
HC

VARTABRLE
Hh

s

HC

ROW

2
3

13

VARTABLE
Y
B

1LF OFTIMUM FOUND AT STEF

2} (a)

OBJECTIVE FUNCTION WVALUE

100 0000 } (b)

VALUE
0.oooooa

S0.000000
0.oooooa

ROW SLACK OR SURPLUS

21 o.oooooa
3] 0.o00o0o0o00
HO. TITERATIONS= 2

RANGES IN WHICH THE BASTS

CUTRRENT
COEFR
4. 000000
2.000000
3.000000

CUTRRENT
RHS

150.000000

200.000000

LF QOPFTIHUM FOUND AT STEFR
OBJECTIVE FUNCTIOH

100.0000

VALUE
o.oooooa
So.ooo0o000

REDTTCED COST
O.oo0oooo
O.oooooo
0.&e25000

DUAT PRICES
o.500000
o.125000

IS THCHAHNGED:
OEJ COEFFICIENT RAHGES

ATTOWABLE
INCREASE
0. .66EEEY
2. 000000
0.625000

RIGHTHAND STIDE EAHGES

ATTOWABLE
INCREASE
200 . 000000

o.ooooono

2

VATLUE

EEDUCED COST
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(c)

ALTOWARTE

DECREEASE
1.1131111
0.285714
INFINITY

ALTOWABRTLE
DECREASE
O.oo0oooo

114 285713

LIMNDO Saleer Status

Optirizer Status

Status:
Iterations:
Infeaszibility:
Objective:
Best IF:
IF Bound:
Branches:

Elapzed Time:

Optimal
2

0

100

HoA

H A

H A
Oo:00:00

Update Interval: |1

| | Cloze I




Em Resumo teremos:
a)

b)
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Problema 2 da Aula 3 : Selecao de Midia para
Propaganda

S unoo

}Mc (a3t Schve Reports Window Hep
ERLIRISIESESL IRSIEISIRNGE] ) p OPTIMUM FOUND AT STEP 0
S— — ' OBJECTIVE FUNCTION VALUE

‘Max 400000X1 + 900000X2 + 500000X3 + 200000X4 1) 1096000000

{zub]act o
40000X1 + 75000X2 + JOOOOX] + 15S000X¢ <= 800000

VARIABLE VALUE
X1 3.000000

JO0000DX1 « 400000X2 + 200000X3 + 100000Xt »>= 2000000
40000X1 + 75000X2 <= SQ00000
X1l >»= 3

X3 10.000000
X4 10.000000

X2 )=

X1 >~
X3 <=

X4 2= S
X4 = 3




Alun@s, inserirem descri¢cdes do problema :
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Problema 2 da Aula 3 : Selecao de Midia para

Propaganda
5 LINDO

File Edit Solve Reports Window Help
Juif=2d s IR ER TR SR MU TR [V B | > P TIMUM FOUND AT STEP 0
] <untited> OBJECTIVE FUNCTION VALUE
Max 400000X1 + 900000¥%2 + S00000X3 + 200000%4 1) 1096000000
EEE%EEE :D?SEIEID}EZ _+ 30000%3 4: 15000%4 <=_ SD?DDD
qDDDml++?gggggg}af=+sﬁggggum + 100000%4 >= 2000000 VARIABLE VALUE
X1 3.000000
X1 »= 3
he o X3 10.000000
T X4  10.000000
X4 >=5§

|}{4 ¢= 10



Cuidados com a sintaxe

* Restricoes de dominio das variaveis podem ser
adicionadas ou retiradas fazendo o uso das seguintes
palavras reservadas apos ‘END’:

* INT <variavel> - Dominio dos niumeros inteiro binario.
* GIN <variavel> - Dominio dos nimeros inteiros.

* FREE <variavel> - Permite que as varidaveis assumam

valores negativos (por padrao no Lindo, as variaveis
Sao nao negativas).




Solucao Inteira:

5 LINDO

File Edit Solve Reports Window Help

5|5 E 8] WA !
0l IR L] o I P LI B o o FoUND AT STEP 35
i et OBJECTIVE FUNCTION VALUE

Max 400000X1 + 900000%2 + 500000X3 + 2000004

5

i

Subject to
40000%1 + 75000%2 + 300003 + 150004 <= 800000 L ) 1080000000
300000%1 + 400000%2 + 200000%3 + 100000X4 »= 2000000
40000%1 + 75000%2 <= 500000

VARIABLE VALUE

i z j X1 5.000000

X2 2.000000
RN ) & 10.000000
. X4 10.000000

F4 ¢= 10



Solucao Inteira:

2 LINDO

File Edit Zolee Repors Window Help

D= |ElS| =6 RE A O kAR 2ES

"l cuntited LP OPTIMUM FOUND AT STEP 35
Ma=x 400000X1 + 900000¥2 + S00000X3 + 2000004 OBJECTIVE FUNCTION VALUE

Subject to
40000%1 + 75000%2 + 30000%3 + 15000%4 <= 800000
300000%1 + 400000E2 + 2000003 + 100000E4 >= 2000000 1) 1080000000

40000¥1 + 75000X2 <= 500000

2 g 2 VARIABLE VALUE
%3 5= 5 X1 5.000000
e . 2.000000
%1 o0 10 X3 10.000000

X4 10.000000




|

File Edit Zolee  Reports  Window  Help

DlsmdHE JoslvHel=a e RAR B 2k
Max 4000001 + 900000X2 + S00000X3 + 2000004
Subject to
40000X1 + 75000X2 + 20000XE3 + 15000X4 <= 200000
J00000X%1 + 400000XKZ2 + 200000X3 + 100000X4 == 2000000
40000X1 + 750002 <= 500000
1 = 3
He »= 2 LINDO Solver Status
X3 »= &
X3 <= 10 Optimizer Status
4 = & . .
¥4 c= 10 Status: Optimal
Iterations: 38
EHND
Infeaszibility: 0
GIN 4 Objective: . 08=+007
Best |P: 1. 08=+007
IP Biound: .09=+007%7
Branches: 1
Elapzed Time: oo:00:00
Update Interval: |1
| Close




=2

File Edit =olve Reports “Window Help
D= His| dlmelRe=a] O W HEEe] 2w
il
ILF OFTIMUM FOUND AT STEF 2
COEJECTIVE VALUE = l109e0000.0
SET X2 To «= 2 AT 1. BHD= 0.1020E+02 TWIMN= 0O.1090E4082
HEW INTEGER SOLUTIOHN OF ili0go00000. 0 AT BRANCH 1 PIVOT 33
BOUND ON OPTIMUM: 0O.1090000E402
DELETE X2 AT LEVEL 1

ENTHERATION COMPLETE .

ERANCHES=

OBJECTIVE FUONCTION VATUE

1 FIVOTS=

LAST IHNTEGEERE SOLUTION IS THE EEST FOUTHD
EE-THSTATLTLING BEST SOLUTION. | .

13 0.1030000E4+08
VARTABTIE VATLTE EEDOCED COST
H1 S.000000 —400000 . 000000
2 2.000000 —200000 . 000000
i3 10. 000000 =500000. 000000
4 10. 000000 —=Z200000 . 000000
RO SLACK OF SURPLUS DUAT PREICES
27 0.o000000 O.o00000n
30 F300000 . 000000 O.o00000n
47 isoo0oo.oooooo O.o00000n
= 2.000000 O.o00000n
(=3 O.o000000 O.o00000n
7 S.000000 O.o00000n
(= O.o000000 O.o00000n
= S.000000 O.o00000n
1070 O.o000000 o.o0o000n
HO. ITERATIOHS= 38
ERAHCHES= 1 DETERHM. = 1.000E 0

38

LINDO Salwer Status

Optimizer Status

Status:
Iterations:

Infeasiblity:

Objective:

Best |F:
IP Bound:
Branches:

Elapzed Time:

Optimal
a8

Q

1 08=+007%
1. 08=+00%
1. 09=+007
1
oo:00:00

Update Interval: |1

Close




2l

File Edit Solve Reporks  indow Help
D= = EHil S5 el | |HE-] =M | fe=1 | S 2
L)
LP OPTIMUM FOUND AT STEP 8 =
OBJECTIVE WaLUE =  10960000.0 } ( )
SET 2 TO <= 2 AT . BND- 0.1080E+08 TWIN=- 0. 1090E+08 ey
NEW INTESER SOLUTION OF 10800000.0 AT BRANCH 1 PIVOT a8

BOUND OWM OPTIMUOM: 0.1090000E40%2
DETLETE 2 AT LEVEL 1
ENTHMERATION COMPFILETE. EBEAHNHCHES=

ILAST TITHTEGER SOLUOTION IS THE EBEST FOUHD
RE-THSTATTTIHNS BEST SOLUOTION. | .

OBJECTIVE FUHCTION VATUE

173 0.1020000E+082
VARIAELE VALUE
i1 S .o0000o0 —400000 .
o 2. 000000 (*) —900000 .
i3 10.000000 —SOo0ooo.
T4 10.000000 —Z00000 .
RO SLACE OF SURPLUS DUAL FPRICES
2 0O.000000 O.000000
33 3300000 . 000000 0.000000
43 150000 . 000000 O.000000
C3 2 . 0o0o00oo 0.000000
63 O.000000 0.000000
7 S .o0000o0 0.000000
g O.000000 0.000000
ad S .0o00000 0.000000
103 O.000000 0.000000
HO . ITERATIOHS= chs
ERANCHES= 1 DETERM .= 1.000E 0

1 FIVOTS=

REDUOCED COsT

agoooon
ooooon
ooooon
ooooon

LIMDO Salbeer Status

Optimizer Status

Status:
Iterations:
Infeasibility:
Objective:
Eest IF:

IF Bound:
Branches:

Elapzed Time:

Optimal
348
a

.08=4+007
.08=+007
.0%=+007%

1

oo:o0:aa

Update Interval; |1

Cloze
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Solucao Relaxada

Problema 2 da Aula 3 : Selegcao de Midia para

Propaganda

S unoo
Fle [dt Scive Reports Window Help

Disa[ala) | lgl%lmlblfﬂ_l ICIIZIEIE) | p OPTIMUM FOUND AT STEP 0
K <umttteds OBJECTIVE FUNCTION VALUE

Max 400000X1 + 300000X2 + 500000X3 + 200000X4 1) 1096000000

subject to
40000X1 + 75000X2 + J0000X) +« 15000X¢ <= BOOOOO

VARIABLE VALUE
X1 3.000000

300000X1 + 400000X2 + 200000X3 + 100000X4 >= 2000000
‘ 40000X1 + 75000X2 <= 500000

X1l > 3
X2 3= 2

X3 10.000000
X4 10.000000

l X3 »= §
3 <= 10
‘ X4 »~ S

X4 <= 10



= Solucao Inteira

File Edit Solve Reporks  indow Help
D= = EHil S5 el | |HE-] =M | fe=1 | S 2
L)
LP OPTIMUM FOUND AT STEP 8 =
OBJECTIVE WaLUE =  10960000.0 } ( )
SET 2 TO <= 2 AT . BND- 0.1080E+08 TWIN=- 0. 1090E+08 ey
NEW INTESER SOLUTION OF 10800000.0 AT BRANCH 1 PIVOT a8

BOUND OWM OPTIMUOM: 0.1090000E40%2
DETLETE 2 AT LEVEL 1
ENTHMERATION COMPFILETE. EBEAHNHCHES=

ILAST TITHTEGER SOLUOTION IS THE EBEST FOUHD
RE-THSTATTTIHNS BEST SOLUOTION. | .

OBJECTIVE FUHCTION VATUE

173 0.1020000E+082
VARIAELE VALUE
i1 S .o0000o0 —400000 .
o 2. 000000 (*) —900000 .
i3 10.000000 —SOo0ooo.
T4 10.000000 —Z00000 .
RO SLACE OF SURPLUS DUAL FPRICES
2 0O.000000 O.000000
33 3300000 . 000000 0.000000
43 150000 . 000000 O.000000
C3 2 . 0o0o00oo 0.000000
63 O.000000 0.000000
7 S .o0000o0 0.000000
g O.000000 0.000000
ad S .0o00000 0.000000
103 O.000000 0.000000
HO . ITERATIOHS= chs
ERANCHES= 1 DETERM .= 1.000E 0

1 FIVOTS=

REDUOCED COsT

agoooon
ooooon
ooooon
ooooon

LIMDO Salbeer Status

Optimizer Status

Status:
Iterations:
Infeasibility:
Objective:
Eest IF:

IF Bound:
Branches:

Elapzed Time:

Optimal
348
a

.08=4+007
.08=+007
.0%=+007%

1

oo:o0:aa

Update Interval; |1

Cloze
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VARIABLE VALUE VARIABLE VALUE
X1 3.000000 X1 2.000000
AL 2.000000
10.000000
X4 10.000000

X3  10.000000 X3
X4  10.000000

antes depois
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‘roplema 2 da Aul

~~

Propaganda

400000X] 900000X2 + S00000X3

e e

- . S L
- Owwe

40000X1

-:Iilik 10X
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Problema 2 da Aula 3 : Selecao de Midia para
Propaganda

S UnDO

Fle [dt Schve Reports Window Help

CICIRSEST RO ESLIRSIISIENE] | p OPTIMUM FOUND AT STEP 0
" OBJECTIVE FUNCTION VALUE

IMax 400000X1 + S00000X2 + S00000X3 + 200000X4& 1) 1096000000

D&

subject to
40000X1 « 75000X2 + J0000X3 + 15000X4 <= BOOOOO

VARIABLE VALUE
X1 3.000000

300000X1 + 400000X2 + 200000X3 +« 100000X$¢ >= 2000000
¢0000X1 + 75000X2 <= 500000
X1l »= 3

X3 10.000000
X4 10.000000

X2 >
X3 »e
X3 ¢= 1

X4 >+~ §
X4 ¢~ }




2l

File Edit Solve Reporks  indow Help
D= = EHil S5 el | |HE-] =M | fe=1 | S 2
L)
LP OPTIMUM FOUND AT STEP 8 =
OBJECTIVE WaLUE =  10960000.0 } ( )
SET 2 TO <= 2 AT . BND- 0.1080E+08 TWIN=- 0. 1090E+08 ey
NEW INTESER SOLUTION OF 10800000.0 AT BRANCH 1 PIVOT a8

BOUND OWM OPTIMUOM: 0.1090000E40%2
DETLETE 2 AT LEVEL 1
ENTHMERATION COMPFILETE. EBEAHNHCHES=

ILAST TITHTEGER SOLUOTION IS THE EBEST FOUHD
RE-THSTATTTIHNS BEST SOLUOTION. | .

OBJECTIVE FUHCTION VATUE

173 0.1020000E+082
VARIAELE VALUE
i1 S .o0000o0 —400000 .
o 2. 000000 (*) —900000 .
i3 10.000000 —SOo0ooo.
T4 10.000000 —Z00000 .
RO SLACE OF SURPLUS DUAL FPRICES
2 0O.000000 O.000000
33 3300000 . 000000 0.000000
43 150000 . 000000 O.000000
C3 2 . 0o0o00oo 0.000000
63 O.000000 0.000000
7 S .o0000o0 0.000000
g O.000000 0.000000
ad S .0o00000 0.000000
103 O.000000 0.000000
HO . ITERATIOHS= chs
ERANCHES= 1 DETERM .= 1.000E 0

1 FIVOTS=

REDUOCED COsT

agoooon
ooooon
ooooon
ooooon

LIMDO Salbeer Status

Optimizer Status

Status:
Iterations:
Infeasibility:
Objective:
Eest IF:

IF Bound:
Branches:

Elapzed Time:

Optimal
348
a

.08=4+007
.08=+007
.0%=+007%

1

oo:o0:aa

Update Interval; |1

Cloze
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Cuidados com a sintaxe

* Nao e possivel fazer uso dos parénteses () como
indicadores de ordem de precedéncia. Todas as
operacgoes sao executadas da esquerda para a direita.

* No lado direito das restricoes utiliza-se constantes.

* No lado esquerdo das restricoes, somente variaveis e
0 coeficiente da variavel.
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