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LINGO LINGO
LINGO
LINGO
LINGO
LINGO
LINGO
Demo
1.1.2 LINGO
Windons
Windons
LINGO 1-2

LINGO
LINGO
LINGO

LINGO Windows
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1.1.3 LINGO

CompuQuick
100
100 /

Sandard
Turbo

CompuQuick

Turbo
150
120 /

160 Sandard

CompuQuick

Sandard  Turbo

Sandard STANDARD  Turbo

CompuQuick

STANDARD
CampuQuick

MAX =100 * STANDARD + 150 * TURBO

LINGO

STANDARD < =100

TURBO < =120

LIN@ “ < — “ g11

“ ” “

< > =

” “

STANDARD + 2 * TURBO< =160

STANDARD + 2 * TURBO <

1-3

Sandard
Sandard  Turbo
Turbo
Sandard  Turbo
LINGO
CampuQuick
TURBO
TURBO Sandard  Turbo
" MAX - ”
13 < ”
160



LIMEEY Model - 1 IMGT

Here 1= the total profit obiective funct
HaX = 100 * STANDARD 4 150 * TURBO:
natraints | 18 produst ine npRcity :
STANDARD <= 100:
TURBD <= 1202
ur labor =ipply 1= limiced:
STANDARD + 2 = TUREBD <= 160:
1-3
MAX =100 * STANDARD
+ 150 * TURBO
LINGO
LINGO

X=1.5%Y + 2/2 %Y

This is a comment

X=1.5 % This is a comment in the middle of a constraint

Y+ Z/2 %Y
LINGO

TURBO
Turbo

turbo

32
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1.1.4

Sve =] uNnco
LINGO
1-4
1-4

LINGO

LINGO

LINGO

LINGO



LML) Error Message

Emni Code
11

Enpi Tast

3¢

He | [ ok ]

Inyalid anpur & syntam srror has occurred

] HEAX = 100 STAHDARD + 150 TUREOD:

1.1.5

LINGO
1-5

LINGD Solver Slatus [LINGOT)

Solver Stabus Wanahles
Model Clazs Totat 2
Mordneat; 0
Stale: Global Optimun Intepers i
Inteasbity 0 Tolat 4
MNarirear: 1]
[tesationz 2
Morzeos
Erterded Salven Sislus Tatal 3
HNorinear; ]
Solver Typa
Best Obj Gereator Memany Used (K]
(i B ownd 4
Sleps Elapaesd Runbime [ mm:za)
Actrs 00:00:00
Updale intseval [2 | Cloze |

E3

1-5



“ Interrupt Solver”

LINGO LINGO
2
Interrupt Solver Close
Windons Satus Windons
Update interval Update interval
LINGO 0 LINGO
LINGO
1.1.5.1 Variables
X+Y =100
* Y =100 X Y
X*X+Y=100
X Y Y
LINGO
X=1
X+Y=3
X 1Y 2 X Y 1 2
1.1.5.2 Congtraints



1.1.5.3

Nonzeros

1.1.5.4 Generator Memory Used
LINGO| Opions
1.1.5.5 Elapsed Runtime
1.1.5.6 Sdver Satus
1-1
1-1
Maodd Class LP QP ILP IQP PILP PIQP NLP INLP  PINLP
Glaba Optimum Lo
Sate cd Optimum Feasble Infeasble Unbounded
Interrupted Undetermined
Objective
Infeasibility
Iterations
1. Modd Class
1-2
1-2
Li Pri
P inear Program
Quadratic Progam
QD
| Li Pr
P nteger Linear Program




P Integer Quadratic Pragram

ALP Pure Integer Linear Program

AP Pure Integer Linear Pragram

i
NLP Nonlinear Program
i

INLP Integer Nonlinear Program
BINLP Pure Integer Nonlinear Program

2. Sate

LINGO
“ Undetermined’ “ Infeasiblé
LINGO
“ Feesble
“ Gloole Optimunt  “ Loca Optimunt
LINGO LINGO
LINGO
LINGO

“ Interrupted’

3. Objective

N/A

4. Infeasibility

LINGO

5. Iterations

LINGO LINGO




1.1.5.7 Extended Solver Satus
LINGO
Brand and Bound Solver
Goba Solver
Multistart Solver
_’]__
3
1-3
Solver Type
Gldba Optimum
Best dbj Locd Optimum Feesble Infeasible Unbounded
Interrupted Undetermined
Obj Baund
Seps
Active
1. Solver Type
“ B-and-B’ “ Gladod” “ Multistart’
LINGO
Hiuier  Lieberman 1995
LINGO
2. Best Qb Obj Baund
LINGO
3. Seps
1-4
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Seps
1.1.6
LINGO CompuQuick Solution Report
1-6
L Solutton Report - Comput] ubck |L |E|E
Global oprimal scolucion found at acep: 2
Cigjective value: 14500, 00
Varishle Value Fedured Coste
STANDARD 100. 0000 0. 0000000
TURED id.Doooo 0. DOD0O00o0
Row Slack or Surplus Dual Price
L 14500.00 1. 000000
3 0. 0000000 £ 3. 00000
| [0 . D00on 0, DOm0
L 0.000D00oo T8 . 00000
1-6  CompuQuick
1.1.7
File| Sve (2]
LINGO LA
1.2 LINGO
1.2.1
Windons LINGO LINGO
LINGO
LINGO

10




LINGO
LINGO
1.2.2
“ MODEL " LINGO
LINGO
CompuQuick
LINGO
MODEL
MAX = 100 * STANDARD + 150 * TURBO
STANDARD < = 100
TURBO < = 120
STANDARD + 2 * TURBO < = 160
END
END END
GO LINGO LINGO
LINGO
CampuQuick LINGO
Optimal solution found at step 2
Objective value 14500.00
Variable Value Reduced Cost
STANDARD 100.0000 0.0000000
TURBO 30.00000 0.0000000
Row Slack or Surplus Dual Price
1 14500.00 1.000000
2 0.0000000 25.00000
3 90.00000 0.0000000
4 0.0000000 75.00000

LINGO

11



1.2.4

DIVERT LINGO
DIVERT MYFILE MYFILE
LOOK ALL MYFILE
GO MYFILE
RVRT
SAVE
SAVE MYFILE.LNG
MYFILE. LNG
1.3
1.3.1
CompuQuick
1 LINGO
2 $ 14 500
3 Sandard Turbo
Turbo
1.3.2 Reduced Cost
LINGO
Reduced Cost
Reduced Cost
Reduced Cost 10
10
Reduced Cost

12

100 30

Reduced Cost

STANDARD

Reduced Cost

TAKE

10

TURBO

10



5 LINGO| Range

1.3.3 SHack o Surplus
LINGO Sack or Surplus
“ <= Jack > =
Sack  Surplus
Sack  Surplus
CompuQuick TURBO< =120
TURBO 30 120 0
1.3.4 Dud Price
LINGO Dua Price
CompuQuick
75 75 14 575
Dual Price
CompuQuick CompuQuick 75
Dua Price Dua Price
5 LINGO| Range
1.4 LINGO
LINGO LINGO
LINGO
1.4.1 LINGO
LINGO LINGO
LINGO
LINGO
CompuQucik
STANDARD  TURBO TURBO < =120

Qrplus

Sack 90

Reduced Cost

13



LINGO

1.4.2

1.4.2.1

6

Wireless Widget W

1-7

1.4.2.2

7

1-6 1-

5

1

1-6

1-5

37

41

51

4

14



1-7 $

V1 V2 V3 V4 V5 V6 V7 V8
WH1 6 2 6 7 4 2 5 9
WH2 4 9 5 3 8 5 8 2
WH3 5 2 1 9 7 4 3 3
WH4 7 6 7 3 9 2 7 1
WH5 2 3 9 5 7 2 6 5
WH6 5 5 2 2 8 1 4 3
1.4.2.3
WW VOLUME
I J | J
MIN = 6 * VOLUME_1_1 + 2 % VOLUME _1 _2 +
6 ¥ VOLUME 1 3 + 7 *VOLUME 1 4 +
4 % VOLUME _1_5 +
8 ¥ VOLUME 6 _ 5 + VOLUME 6 6 + 4 * VOLUME 6 7 +
3 % VOLUME 6 8
Minimize >’ij QOST ij- VOLUME ij
LINGO
MIN= @SUM LINKS I J CosST I J * VOLUME I J
LINK VOLUME QaosT 1-8
LINGO
1-8 LINGO
LINGO
Minimize MIN=
i @SUM LINKS | J
COST j COST |
VOLUME ij VOLUME | J

15



1.4.2.4

)i VOLUMEIj = DEMANDj for dl j in VENDORS
LINGO

@FOR VENDORS J
@SUM WAREHOUSES I VOLUME I J =

DEMAND J
LINGO 8
1-9 LINGO
1-9 LINGO
LINGO
for dl j in VENDORS @FOR VENDORS J
i @3UM WAREHOUSES |
VOLUME ij VOLUME | J
DEMAND | DEMAND J

>j VOLUME ij < = CAPAQTY i for dl i in WAREHOUSES
LINGO

@FOR WAREHOUSES I
@SUM VENDORS J VOLUME I J < =
CAPACITY I

1.4.2.5

MODEL
MIN= @SUM LINKS I J
COST I J *VOLUME I J
@FOR VENDORS J
16




@SUM WAREHOUSES I VOLUME I J =
DEMAND J

@FOR WAREHOUSES I
@SUM VENDORS J VOLUME I J < =

CAPACITY I
END
LINGO
1.4.2.6
LINGO LINGO
“ SETS” “ ENDSETS
LINGO @FOR
2
SETS
WAREHOUSES / WH1 WH2 WH3 WH4 WHS WH6/ CAPACITY
VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/ DEMAND

LINKS WAREHOUSES VENDORS COST VOLUME

ENDSETS
WAREHOUSES WH1 WH2 WH6
CAPACITY 1-10 LINKS
DEMAND
LINKS 48 ) VL
cost > WHL>V2
VOLUME 3 WH1>V3
LINKS WAREHOUSES VEN- 47 WH6—>V7
DORS 48 8 WHE—>V8
1-10 LINKS

17



1.4.2.7

LINGO

DATA
CAPACITY = 60 55 51 43 41 52
DEMAND = 35 37 22 32 41 32 43 38

COST = 62674259
49538582
52197433
76739271
23957265
55228143
ENDDATA
“ DATA” “ ENDDATA
WAREHOUSES CAPACITY VENDORS DEMAND
LINKS QOst LINGO
COoST WH1 V1 COoSsT WH1 v2  COST WHL V8
Vi
LINGO
OLE  Excd oDBC
MODEL
SETS

WAREHOUSES/ WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY

VENDORS/ V1 V2 V3 V4 V5 V6 V7 V8/ DEMAND

LINKS WAREHOUSES VENDORS COST VOLUME
ENDSETS

MIN = @ SUM LINKS I J
COST I J * VOLUME I J

@ FOR VENDORS J
@ SUM WAREHOUSES I  VOLUME I J =

18
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DEMAND J

@ FOR WAREHOUSES I
@ SUM VENDORS J VOLUME I J < =
CAPACITY I

DATA

CAPACITY = 60 55 51 43 41 52

DEMAND = 35 37 22 32 41 32 43 38

COST=62674259
49538582
52197433
76739271
23957265
55228143

ENDDATA
END
1.4.2.8
Win-
dons LINGO LINGO Sve 8|
GO LINGO
LINGO Windows LINGO Op-
tions Interface Terse autput LINGO
Windons TERSE GO
VOLUME LINGO Slution
1-8
Attribute or Row Name VOLUME Nonzeros Only
oK 1-9
Windows LINGO Nonzero VOLUME
1.4.2.9
LINGO
LINGO

19



]

Solution Heport or LGraph

Altitnds on Flow Hame= Tipa of Dulpul (118 |
[WVOLLME ;j & Tad
Header Tas " Graph _“"_“‘_f
! W Honzesos Orky ___Efﬂ__J

I

r = Form

I F r————————

=
1-8

Solution Report - WIDGETS

Variable Valus Reduced Cost
VOLUME {WH1, V2| 15.00000 0. 0oooood
VOLTUME (WH1, V5 41.00000 0. 0000000
VOLUME (VH2, Vi 1.000000 0. 0000000
VOLUME [UHz, V4 3.2 . 00004 0. Doooooo
WOLUME (WH3, VI 11.00000 0. ooooood
VOLUME [WH3, V7T 40. 00004 0. ooooooo
WOLUME (UHa, V& 3. 000000 0 QDOooog
VOLUME (WH4, VEB) 38.00000 0. 0000000
VOLUME {WHS, V1) 3400000 0. 0000000
VOLUME [ WHS, V2] 7. 000000 0. Ooooood
VOLUME (WHE, W3] 22 .00000 0. ooooooo
VOLUME {WHG, V&) Z7.00000 0. 0002000
VOLUME (WHE, V7| 3.000000 0.oDoooog




1.5 LINGO

1.5.1

LINGO
LINGO
LINGO LINGO
A~Z
_ 32
OBJECTIVE
OBJECTIVE MIN = X
DEMAND _ ROW

@FOR LINKS I J DEMAND ROW
@SUM SOURCES I SHIP I J > =DEMAND J

WIDGETS

MODEL

SETS
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY
VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/ DEMAND
LINKS WAREHOUSES VENDORS COST VOLUME

ENDSETS

OBJECTIVE MIN = @ SUM LINKS I J
COST I J *VOLUME I J

@ FOR VENDORS J  DEMAND _ ROW
@ SUM WAREHOUSES I VOLUME I J =

DEMAND J

@ FOR WAREHOUSES I CAPACITY _ROW

21



@ SUM VENDORS J VOLUME I J < =
CAPACITY I

DATA
CAPACITY =60 55 51 43 41 52
DEMAND = 35 37 22 32 41 32 43 38
COST=62674259
49538582
52197433
76739271
23957265
55228143
ENDDATA
END

Row Slack or Surplus Dual Price
OBJECTIVE 664.0000 1.000000
DEMAND _ ROW V1 0.0000000 -4.000000
DEMAND _ ROW V2 0.0000000 -5.000000
DEMAND _ ROW V3 0.0000000 -4.000000
DEMAND _ ROW V4 0.0000000 -3.000000
DEMAND _ ROW V5 0.0000000 -7.000000
DEMAND = ROW V6 0.0000000 -3.000000
DEMAND _ ROW V7 0.0000000 -6.000000
DEMAND _ ROW V8 0.0000000 -2.000000
CAPACITY _ ROW WH1 0.0000000 3.000000
CAPACITY _ ROW WH2 22.00000 0.000000
CAPACITY _ ROW WH3 0.0000000 3.000000
CAPACITY _ ROW WH4 0.0000000 1.000000
CAPACITY _ ROW WH5 0.0000000 2.000000
CAPACITY _ ROW WH6 0.0000000 2.000000
LINGO
1.5.2
“ TITLE TITLE
WIDGETS

22



MODEL
TITLE Widgets
A 6 Warehouse 8 Vendor Transportation Problem
SETS
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY

Model Title WIDGETS

Variable Value Reduced Cost
CAPACITY WH1 60.00000 0.0000000
CAPACITY WH2 55.00000 0.0000000
CAPACITY WH3 51.00000 0.0000000
CAPACITY WH4 43.00000 0.0000000
LINGO
@BIN @GIN
LINGO 1-11
1-11 LINGO
Demo/ Web 300 30 30 150
SoverQiite 500 50 50 250
Quper 2 000 200 200 1000
Hyper 8 000 800 800 4000
Indugtria 32 000 3200 3200 16 000
Extended
Help Abaut LINGO
LINGO LINDO LINGO

23



LINGO

2.1
LINGO
100
1
2.2
LINGO
LINGO
ES 6
LINKS
ES VENDORS

24
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LINGO

LINGO

Wireless Widgets
8

Wireless Widgets

LINKS

LINGO

WAREHOUS

8
WAREHOUS



2.3

LINGO
“ FETS” “ ENDSETS
2.3.1
setname [/ member list / attribute 1list
Ssthame
merber _ list

WAREHOUSES

WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY

setname / memberl. .memberN / attribute 1list

memberl memberN
memberl  memberN

21

LINGO

LINGO

12345

25




stringM. . stringN TRUOKS3. . TRUCKS04 TRUCK3 TRUCK4  TRUOK204
dayM. . dayN MON. .FRI MON TUE WED THU FRI
monthM. . monthN OCT. . JAN OCT NOV DEC JAN
monthYearM. . monthYearN OCT2001. . JAN2002 OCT2001 NOV2001 DEC2001 JAN2002
1..n 1 gringM. .
stringN LINGO M N
dayM. . dayN

Mon Tue Wed Thu Fri S& un  monthM. . monthN

May Jun Jul Aug Sep Oct Nov  Dec monthYearM. . monthYearN

Wireless Widgets

WAREHOUSES / 1..6/ CAPACITY

1..n

DATA

NUMBER _ OF _WH = 6

ENDDATA

SETS

WAREHOUSES

WAREHOUSES / 1. .NUMBER _ OF _ WH/ CAPACITY

ENDSETS

CAPACITY

Jan Feb Mar Apr

attribute _ list

WAREHOUSES

WAREHOUSE

WAREHOUSES / 1..6/ CAPACITY LOCATION DOCKS

2.3.2

26



4
setname parent _set _list / member list / attribute 1list
setname parent _ st lig
merber _ lis  LINGO
SETS
PRODUCT / A B/
MACHINE / M N/
WEEK / 1..2/
ALLOWED PRODUCT MACHINE WEEK
ENDSETS
PRODUCT MACHINE  WEEK ALLOWED PRODUCT MACHINE  WEEK
ALLOWED 2-2 ALLOWED
2-2 ALLOWED
1 AMI1 5 BM1
2 AM?2 6 B M2
3 AN1 7 BN1
4 A N2 8 B N2

ALLOWED PRODUCT MACHINE WEEK
/AM1 AN2 BNL1/

27



ALLOWED 8 AM1 AN2 BN13

TRUCKS CAPACITY
TRUCKS

HEAVY _ DUTY TRUCKS | CAPACITY &1 # GT# 50000

HEAVY _ DUTY |
50 000 HEAVY _ DUTY &1
LINGO
&1
&2 TRUCKS &2 #GT#
“« o 2-3 LINGO
2-3
#EQ# #GT#
# NE# #LT#
#CGE# #LE#

2.3.3

LINGO

LINGO

28



meagsizse )| [ msmex |

2.4

2-1 LINGO
LINGO —_—
“ DATA " “ ENDDATA’
attribute 1list = value 1list
atribute _ list
vaue lis
SETS
SET1L/A B C/ X Y
ENDSETS
DATA
X =123
Y =456
ENDDATA
X Y FT1 X 123Y
456
SETS

SET1/A B C/ X Y
ENDSETS
DATA
XY =14
25
36
ENDDATA

LINGO



LINGO
LINGO

SETS

SET1 X Y
ENDSETS
DATA

SET1 XY =A14

LINGO

B25
C36
ENDDATA
LINGO
2-4
2-4
@FOR
@3UM
@MIN
@MAX
@function setname set index 1list
| conditional _qualifier expression _ list
@ function setname
=t index  list
ditional _ qudifier LINGO
expression _ list
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@3JM @MAX  @MIN

setname
2.5.1 @UM
SETS
VENDORS / V1 V2 V3 V4 V5 / DEMAND
ENDSETS
DATA
DEMAND = 51346
ENDDATA
VENDORS DEMAND ENDDATA
DEMAND
TOTAL _ DEMAND = @SUM VENDORS J DEMAND J
LINGO @SUM 0 LINGO
VENDORS J VENDORS V1
DEMAND V1 DEMAND
DEMAND TOTAL _ DEMAND
VENDORS

TOTAL _ DEMAND = @SUM VENDORS DEMAND

DEMAND

DEMAND

DEMAND _ 3 @SUM VENDORS J | J #LE# 3 DEMAND J
LINGO J JH#LE# 3
DEMAND J LINGO  DEMAND
9
2.5.2 @MIN @MAX
@MIN  @VAX

DEMAND

MIN _ DEMAND

@MIN VENDORS J DEMAND J

MAX _ DEMAND = @MAX VENDORS J DEMAND J
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@MIN  @MAX

MIN DEMAND = @MIN VENDORS DEMAND
MAX DEMAND = @MAX VENDORS DEMAND

LINGO DEMAND MIN _ DEMAND
MAND 1.000 000  6.000 000
DEMAND

MIN _ DEMAND3 =
@MIN VENDORS J | J #LE# 3 DEMAND J
MAX _ DEMAND3 =

@MAX VENDORS J | J #LE# 3 DEMAND J

1.000 000  5.000 000

2.5.3 @FOR

@FOR
@FOR LINGO
@FOR
@FOR

SETS
TRUCKS / MAC PETERBILT FORD DODGE/ HAUL
ENDSETS

4 HAUL HAUL
2500

@FOR TRUCKS T HAUL T < = 2500

LINGO
Windoas LINGO| Generate| Display | model
GENERATE LINGO

HAUL MAC < = 2500

HAUL PETERBILT < = 2500
HAUL FORD < = 2500
HAUL DODGE < = 2500

LINGO
@FOR VALUE 5

SETS
NUMBERS /1..5/ VALUE RECIPROCAL
ENDSETS
32
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MAX _ DE-

@FOR



2.5.4

@MIN

2.5.5

2.6

2.6.1

DATA
VALUE = 342710
ENDDATA
@ FOR NUMBERS I
RECIPROCAL I = 1/VALUE I

5
RECIPROCAL 1 0.3333333
RECIPROCAL 2 0.2500000
RECIPROCAL 3 0.5000000
RECIPROCAL 4 0.1428571
RECIPROCAL 5 0.1000000
0 @FOR

@FOR NUMBERS I | VALUE I #NE# O
RECIPROCAL I = 1/VALUE I

@FOR

Wireless Widgets
LINGO
@ FOR VENDORS J
@ SUM WAREHOUSES I VOLUME I J =
DEMAND J
@FOR

@M

@3UM @MAX
@FOR
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26.1.1

LINGO SAMPLES

2-5

STAFFDEM

20 16 13 16 19 14

2.6.1.2

34

DAYS

SETS
DAYS /MON TUE WED THU FRI SAT SUN/
ENDSETS

SETS
DAYS / MON. . SUN/
ENDSETS

DAYS
REQUIRED  START

SETS
DAYS / MON TUE WED THU FRI SAT SUN/
REQUIRED START

ENDSETS

REQUIRED START

DATA
REQUIRED = 20 16 13 16 19 14 12
ENDDATA

REQUIRED




MIN = @SUM DAYS I  START I

Mi = j-4 jSTARTIi =REQUIRED | for j€ DAYS
LINGO

@ FOR DAYS J
@SUM DAYS I | I #LE# 5 START J - I + 1
> = REQUIRED J

| ML) Brror Mensape

Ente Code
T e | ]

Ener Tt

Subscript out of range on sttrilmt=
START

2-2

DAYS 4

START 4 - 1 +1 + START 4 - 2 + 1 +
START 4 - 3 + 1 + START 4 - 4 + 1 +

START 4 - 5 + 1 > = REQUIRED 4

START 4 + START 3 +
START 2 + START 1 +

START 0 > = REQUIRED 4



START 0 0 ! aut of range ” 0

0 7  Sunday -1 6 Saturday LINGO
@WRAP
@WRAP INDEX  LIMIT J
J = INDEX- K * LIMIT
K J 1 LIMIT @WRAP INDEX
LIMIT INDEX 1 LIMIT
@WRAP

@ FOR DAYS J
@SUM DAYS I | I #LE# 5
START @WRAP J - I + 1 7

> = REQUIRED J

2.6.1.3

SETS

DAYS / MON TUE WED THU FRI SAT SUN/

REQUIRED START
ENDSETS
DATA

REQUIRED = 20 16 13 16 19 14 12
ENDDATA
MIN @ SUM DAYS I START I
@ FOR DAYS J

@SUM DAYS I | I #LE# 5

START @WRAP J - I + 1 7
> = REQUIRED J
LINGO
Optimal solution found at step 8
Objective value 22.00000
Variable Value Reduced Cost

START MON 8.000000 0.0000000
START TUE 2.000000 0.0000000
START WED 0.0000000 0.0000000
START THU 6.000000 0.0000000
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START FRI 3.000000 0.0000000

START SAT 3.000000 0.0000000
START SUN 0.0000000 0.0000000
Row Slack or Surplus Dual Price
1 22.00000 1.000000
2 0.0000000 -0.2000000
3 0.0000000 -0.2000000
4 0.0000000 -0.2000000
5 0.0000000 -0.2000000
6 0.0000000 -0.2000000
7 0.0000000 -0.2000000
8 0.0000000 -0.2000000
22 22 2-6
2-6
8 2 0 6 3 3 0
0
2.6.2 —
LINGO SAMPLES CHESS
2.6.2.1
Chess Pawn Knight Bishap
King 2-7
2-7
Pann Knight Bishap King
15 10 6 2
1 6 10 14
2 3 4 5
Chess 750 250
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2.6.2.2

NUTS BRANDS
SETS
NUTS / PEANUTS CASHEWS/ SUPPLY
BRANDS / PAWN KNIGHT BISHOP KING/
PRICE PRODUCE
ENDSETS
NUTS SUPPLY BRANDS PRICE
PRODUCE
NUTS BRANDS
SETS
NUTS / PEANUTS CASHEWS/ SUPPLY
BRANDS / PAWN KNICHT BISHOP KING/
PRICE PRODUCE
FORMULA NUTS BRANDS OUNCES
ENDSETS
FORMULA OUNCES
LINGO
SUPPLY PRICE OUNCES
DATA

SUPPLY = 750 250
PRICE =2 3 4 5
OUNCES = 15 10 6 2

1 6 10 14
ENDDATA

MAX = @ SUM BRANDS I
PRICE I * PRODUCE I

@ FOR NUTS I
@ SUM BRANDS J

OUNCES I J * PRODUCE J /16 < =
38



SUPPLY I

16
2.6.2.3
SETS
NUTS / PEANUTS CASHEWS/ SUPPLY
BRANDS / PAWN KNIGHT BISHOP KING/
PRICE PRODUCE
FORMULA NUTS BRANDS OUNCES
ENDSETS
DATA
SUPPLY = 750 250
PRICE = 2345
OUNCES = 1510 6 2
1 61014
ENDDATA

MAX = @ SUM BRANDS I
PRICE I * PRODUCE I
@ FOR NUTS I
@ SUM BRANDS J
OUNCES I J % PRODUCE J /16 < =

SUPPLY I
LINGO
Optimal solution found at step 2
Objective value 2692.308
Variable Value Reduced Cost
PRODUCE PAWN 769.2308 0.0000000
PRODUCE KNIGHT 0.000000 0.1538461
PRODUCE BISHOP 0.000000 0.7692297
PRODUCE KING 230.7692 0.0000000
Row Slack or Surplus Dual Price
1 2692.308 1.000000
2 0.000000 1.769231
3 0.000000 5.461538
769.2 Pawn 230.8 King
$2692.30
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$1.77 $5.46

Chess Knight Bishop Reduced Cost Knight
15.4 Bishap 76.9
2.6.3 —
PERT Prgect Evduation and Review Technique
PERT 20 50
PERT
LINGO SAMPLES PERT
2.6.3.1
Wireless Widgets Sdar Widget
PERT
2-8
2-8
10 7
14 4
3 10
3
2-3

Slar Widget PERT
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2.6.

SGN

3.2

TAXKS

TASKS / DESIGN FORECAST SURVEY PRICE

SCHEDULE COSTOUT TRAIN/ TIME ES LS SLACK

TAXKS

TIME—

ES—

LS—

JACK— LS ES
TIME

DESGN
DESGN FORECAST TAXKS

PRED TASKS TASKS /
DESIGN FORECAST
DESIGN SURVEY
FORECAST PRICE
FORECAST SCHEDULE
SURVEY PRICE
SCHEDULE COSTOUT
PRICE TRAIN

COSTOUT TRAIN /

DESGN FORECAST

PRED

TIME

DATA
TIME = 10 14 3 3 7 4 10
ENDDATA

ES

FORECAST

TAXKS
49

DE-
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t
LINGO

@FOR TASKS J | J #GT# 1
ESJ = @MAX PREDI J ES I + TIME I

J#GT# 1

LS ES t

LINGO

@FOR TASKS I | I #LT# LTASK
LS I = @MIN PREDI J LS J - TIME I

LS ES

@FOR TASKS I SLACKI =LSI - ESI
ES1 =0

LINGO

LS7 =ES7

“T LINGO

LTASK = @SIZE TASKS
LS LTASK = ES LTASK

@SZE 7
@SZE

2.6.3.3

PERT

SETS
TASKS / DESIGN FORECAST SURVEY PRICE
SCHEDULE COSTOUT TRAIN/ TIME ES LS SLACK
PRED TASKS TASKS /
42



DESIGN FORECAST
DESIGN SURVEY
FORECAST PRICE
FORECAST SCHEDULE
SURVEY PRICE
SCHEDULE COSTOUT
PRICE TRAIN
COSTOUT TRAIN /
ENDSETS
DATA
TIME = 10 14 3 3 7 4 10
ENDDATA
@FOR TASKS J | J #GT# 1
ES J

= @MAX PRED I J ES I + TIME I
@FOR TASKS I | I #LT# LTASK
ILSTI = @MIN PREDI J LS J - TIME I

@FOR TASKS I SLACK I =LSI - ESI
ES1 =0
LTASK = @ SIZE TASKS

LS LTASK = ES LTASK

Feasible solution found at step 0

Variable Value
LTASK 7.000000

ES DESIGN 0.0000000
ES FORECAST 10.00000
ES SURVEY 10.00000
ES PRICE 24.00000

ES SCHEDULE 24.00000
ES COSTOUT 31.00000
ES TRAIN 35.00000

LS DESIGN 0.0000000
LS FORECAST 10.00000
LS SURVEY 29.00000
LS PRICE 32.00000

LS SCHEDULE 24.00000
LS COSTOUT 31.00000
LS TRAIN 35.00000
SLACK DESIGN 0.0000000

SLACK FORECAST 0.0000000



SLACK SURVEY
SLACK PRICE
SLACK SCHEDULE
SLACK COSTOUT
SLACK TRAIN

19.00000
8.000000
0.0000000
0.0000000
0.0000000

SURVEY  PRICE

19

DESGN FORECAST SCHEDULE OOSTOUT  TRAIN

0
ES TRAIN 35 45
10
2.6.4 —
N
IJ J | I J [N
I J
LINGO SAMPLES MATCHD
2.6.4.1
8
4 4
1 10 1 10
29
2-9
1 2 3 4 5 6 7 8

1 — 9 3 4 2 1 5 6

2 — — 1 7 3 5 2 1

3 — — — 4 4 2 9 2

4 — — — — 1 5 5 2

5 — — — — — 8 7 6

6 — — — — — — 2 3

7 — — — — — — — 4

R




2.6.4.2
8
ANALYSTS/1..8/
ANALYSTS
PATIRS ANALYSTS ANALYSTS
PAIRS | J J>1
1J J |
PATIRS ANALYSTS ANALYSTS | &2 #GT# &1
| &l
LINGO PAIRS ANALYSTS
PAIRST J | J &1 &2
LINGO 1 J
PAIRS | J
RATING MATCH PAIRS
PATIRS ANALYSTS ANALYSTS | &2 #CT# &l
RATING MATCH
RATING
DATA
RATING =
9 3 4 2 1 5 6
1 7 3 5 2 1
4 4 2 9 2
1 5 5 2
8 7 6
2 3
4
ENDDATA
MATCH MATCH | J 1 | J
0

MIN = @SUM PAIRS I J
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RATING I J * MATCH I J

LINGO
@ FOR ANALYSTS I
@SUM PAIRS J K | J #EQ# I #OR# K #EQ# I
MATCH J K =1
JH#EQ# | #OR# K #EQ# | @SIM
I I MATCH 1 I
I MATCH
I J MATCH | J 1 0
LINGO 0 MATCH 0 1
@BIN MATCH
@BIN 0 1
@BIN

MATCH @FOR

@FOR PAIRS I J @BIN MATCH I J

2.6.4.3

SETS
ANALYSTS / 1..8/
PATRS ANALYSTS ANALYSTS | &2 #GT# &1
RATING MATCH
ENDSETS
DATA

ENDDATA
MIN = @SUM PAIRS I J
RATING I J * MATCH I J
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@ FOR ANALYSTS I
@SUM PATIRS J K | J #EQ# I #OR# K #EQ# I

MATCH J K =1

@FOR PAIRS I J @BIN MATCH I J

Optimal solution found at step 9
Objective value 6.000000
Branch count 0
Variable Value Reduced Cost
MATCH 1 2 0.0000000 9.000000
MATCH 1 3 0.0000000 3.000000
MATCH 1 4 0.0000000 4.000000
MATCH 1 5 0.0000000 2.000000
MATCH 1 6 1.000000 1.000000
MATCH 1 7 0.0000000 5.000000
MATCH 1 8 0.0000000 6.000000
MATCH 2 3 0.0000000 1.000000
MATCH 2 4 0.0000000 7.000000
MATCH 2 5 0.0000000 3.000000
MATCH 2 6 0.0000000 5.000000
MATCH 2 7 1.000000 2.000000
MATCH 2 8 0.0000000 1.000000
MATCH 3 4 0.0000000 4.000000
MATCH 3 5 0.0000000 4.000000
MATCH 3 6 0.0000000 2.000000
MATCH 3 7 0.0000000 9.000000
MATCH 3 8 1.000000 2.000000
MATCH 4 5 1.000000 1.000000
MATCH 4 6 0.0000000 5.000000
MATCH 4 7 0.0000000 5.000000
MATCH 4 8 0.0000000 2.000000
MATCH 5 6 0.0000000 8.000000
MATCH 5 7 0.0000000 7.000000
MATCH 5 8 0.0000000 6.000000
MATCH 6 7 0.0000000 2.000000
MATCH 6 8 0.0000000 3.000000
MATCH 7 8 0.0000000 4.000000

16 27 38 45



2.7
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3.1
LINGO
LINGO
1 @GN
2 @BIN 01
3 @FREE
4 @BND
3.2
LINGO -
0 1
IP
Yes/No
/ J | / J |
/ Yes/No
5121 787.5 5121787 5121788
MAX = X
X+Y=25.5
X< =Y
X=Y=12.75 X
X 13 X=12 Y=13.5

LINGO
49



3.2.1

@GIN

@ GIN variable name

variable  name @GIN
@FOR @GIN
X
@ GIN X
PRODUCE 5

@ GIN PRODUCE 5
START
@FOR DAYS I @GIN START I

3.2.1.1

@GIN CompuQuick
Sandard 103

STANDARD < =103

CompuQuick

MAX =100 * STANDARD + 150 * TURBO
STANDARD < =103
TURBO< =120

STANDARD + 2 * TURBO< =160

Global optimal solution found at step 0
Objective value 14575.00
Variable Value Reduced Cost
STANDARD 103.0000 0.0000000
TURBO 28.50000 0.0000000
Turbo 28.5
@GIN STANDARD  TURBO

MAX =100 * STANDARD + 150 * TURBO
STANDARD < =103
TURBO < =120

50



STANDARD + 2 * TURBO< =160
@ GIN STANDARD @ GIN TURBO

Global optimal solution found at step 4
Objective value 14550.00
Branch count 1
Variable Value Reduced Cost
STANDARD 102.0000 -100.0000
TURBO 29.00000 -150.0000
e Branch count
LINGO
LINGO 4
0
3.2.1.2
2.6.1
20 16 13 16 19 14
16 12 13 18
SETS

DAYS/MON TUE WED THU FRI SAT SUN/
REQUIRED START
ENDSETS
DATA
REQUIRED =20 12 18 16 19 14 12
ENDDATA
MIN= @ SUM DAYS I START I
@ FOR DAYS J
@SUM DAYS I |I #LE# 5
START @WRAP J-I+1 7
> = REQUIRED J

Global optimal solution found at step 7

Objective value 23.66667
Variable Value Reduced Cost
START MON 9.666667 0.0000000

START TUE 0.0000000 -0.2980232E-07

12



START WED 3.666667 0.0000000
START THU 5.666667 0.0000000
START FRI 0.0000000 -0.2980232E-07
START SAT 4.666667 0.0000000
START SUN 0.0000000 0.3333333

10+4+6+5=25

@GIN START

@ GIN @ START MON

@ GIN @ START TUE

@ GIN @ START WED

@ GIN @ START THU

@ GIN @ START FRI

@ GIN @ START SAT

@ GIN @ START SUN

@GIN @FOR
@ FOR DAYS I @ GIN START I
@FOR

Global optimal solution found at step 6

Objective value 24.00000

Branch count 1
Variable Value Reduced Cost
START MON 9.000000 1.000000
START TUE 3.000000 1.000000
START WED 1.000000 1.000000
START THU 6.000000 1.000000
START FRI 0.000000 1.000000
START SAT 4.000000 1.000000
START SUN 1.000000 1.000000

24 25
0/1 0 1 Yes/No
@BIN
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@ BIN variable name

variable _ name @BIN
@FOR
@BIN

X
@ BIN X
INCLUDE 4
@ BIN INCLUDE 4
INCLUDE
@ FOR ITEMS @ BIN INCLUDE

3.2.2.1 —_—
1.
15 kg 10
31
31
kg kg
Ant Repellent 1 2 Broanies 3 10
Beer 3 9 Frisbee 1 6
Blanket 4 3 Sdad 5 4
Bratwurst 3 8 Watermelon 10 10
2.
SETS
ITEMS/ANT REPEL BEER BLANKET
BRATWURST BROWNIES FRISBEE SALAD
WATERMELON/
INCLUDE WEIGHT RATING
ENDSETS
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DATA

WEIGHT RATING =

1

U W W W

10

> O 20 W wuwN

10

INCLUDE WEIGHT  RATING INCLUDE

WEIGHT

KNAPSACK _ CAPACITY =15

ENDDATA

INCLUDE | 1 0 RATING

LINGO

MAX = @ SUM ITEMS RATING * INCLUDE

INCLUDE

54

@SIM

ITEMS

WEIGHT  INCLUDE

LINGO

@ SUM ITEMS WEIGHT * INCLUDE < =

KNAPSACK _ CAPACITY

@ BIN
@ BIN
@ BIN
@ BIN
@ BIN
@ BIN
@ BIN
@ BIN

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

@ INDEX
@ INDEX
@ INDEX
@ INDEX
@ INDEX
@ INDEX
@ INDEX
@ INDEX

INCLUDE

ANT _REPEL
BEER
BLANKET
BRATWURST
BROWNIES
FRISBEE
SALAD
WATERMELON

RATING

INCLUDE

RATING



@INDEX
@BIN @FOR

@ FOR ITEMS @ BIN INCLUDE

SAMPLES

SETS

KNAPSACK

ITEMS/ANT _ REPEL BEER BLANKET

BRATWURST BROWNIES FRISBEE SALAD

WATERMELON/

INCLUDE WEIGHT RATING

ENDSETS
DATA

WEIGHT RATING =

1

g R W W W

10

~ Oy 0 W N

10

KNAPSACK _ CAPACITY =15

ENDDATA

MAX = @ SUM ITEMS RATING * INCLUDE

@ SUM ITEMS WEIGHT * INCLUDE < =

KNAPSACK _ CAPACITY

@ FOR ITEMS @ BIN INCLUDE

Global optimal solution found at step

Objective value

Branch count

Variable

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

ANT _ REPEL
BEER
BLANKET
BRATWURST
BROWNIES
FRISBEE
SALAD
WATERMELON

o o B B B B PP

38.00000
0

Value

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

LINGO
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15 kg SHad  Watermelon
Bratwurst Broanies
4, —_— Lo

INCLUDE @ INDEX SALAD + INCLUDE @ INDEX WATERMELON

SETS
ITEMS/ANT _ REPEL BEER BLANKET
BRATWURST BROWNIES FRISBEE SALAD
WATERMELON/
INCLUDE WEIGHT RATING
MUST _EAT _ONE ITEMS
/SALAD WATERMELON/
ENDSETS
DATA
WEIGHT RATING =

1 2
3 9
4 3
3 8
3 10
1 6
5 4
10 10

KNAPSACK _ CAPACITY =15

ENDDATA

MAX = @ SUM ITEMS RATING * INCLUDE

@ SUM ITEMS WEIGHT * INCLUDE < =
KNAPSACK _ CAPACITY

@ FOR ITEMS @ BIN INCLUDE

@ SUM MUST EAT ONE I INCLUDE I > =1

MUST _ EAT _ ONE

Global optimal solution found at step 11
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Objective value 37.00000

Branch count 0
Variable Value
INCLUDE ANT _ REPEL 0.000000
INCLUDE BEER 1.000000
INCLUDE BLANKET 0.000000
INCLUDE BRATWURST 1.000000
INCLUDE BROWNIES 1.000000
INCLUDE FRISBEE 1.000000
INCLUDE SALAD 1.000000
INCLUDE WATERMELON 0.000000
Ant Repellent  Blanket Sad
3.2.2.2 —_—
CompuQuick
1.
Rocket Metear Sresk Comet Jet Biplane
3-2
32
10° 10° 10° 100
Rocket 30 35 Comet 26 70
Meteor 45 20 Jet 24 75
Sresk 24 60 Biplane 30 30
3-3
33
Rocket Meteor Sresk Comet Jet Biplane
1 4 0 4 2 0 800
4 5 3 0 1 0 1160
0 3 8 0 1 0 1780
2 0 1 2 1 5 1050
2 4 2 2 2 4 1360
1 4 1 4 3 4 1240
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Meteor

Meteor

PLANES/ROCKET METEOR STREAK

COMET JET BIPLANE/

PROFIT SETUP QUANTITY BUILD

RESOURCES/STEEL COPPER PLASTIC

RUBBER GLASS PAINT/ AVAILABLE

PLANES
PROFIT—
SETUP—

QUANTITY—

BUILD—

1

RESOURCES  AVAILABLE

RESOURCES

PLANES

RXP RESOURCES PLANES USAGE

DATA

PROFIT SETUP =

30 35
45 20
24 60
26 70
24 75
30 30
AVATILABLE =

800 1160 1780 1050 1360 1240

USAGE =

ENDDATA

58

140420
453010
038010
201215
242224
141434

USAGE

PROFIT SETUP AVAILABLE  USAGE



BUILD LINGO

MAX = @ SUM PLANES
PROFIT * QUANTITY — SETUP * BUILD

PLANES

J I

@ FOR RESOURCES I

@ SUM PLANES J
USAGE I J * QUANTITY J < =

AVAILABLE T

BUILD
| BUILD | 1

@ FOR PLANES
QUANTITY < =400 * BUILD
@ BIN BUILD

0/1 BUILD QUANTITY BUILD 1
0/1
BUILD 400 400
BigM BigM

BigM
BUILD 1
BUILD 0 BUILD
BUILD SFETUP
BUILD 1 BUILD 0
BUILD 0
QUANTITY

@ FOR PLANES
@ GIN QUANTITY

PRODMIX
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SETS
PLANES/ROCKET METEOR STREAK
COMET JET BIPLANE/
PROFIT SETUP QUANTITY BUILD
RESOURCES/STEEL COPPER PLASTIC
RUBBER GLASS PAINT/ AVAILABLE
RXP RESOURCES PLANES USAGE
ENDSETS
DATA
PROFIT SETUP =

30 35
45 20
24 60
26 70
24 75
30 30
AVATILABLE =

800 1160 1780 1050 1360 1240
USAGE= 140420
453010
038010
201215
242224
141434
ENDDATA
MAX = @ SUM PLANES
PROFIT * QUANTITY — SETUP * BUILD
@ FOR RESOURCES I
@ SUM PLANES J
USAGE I J * QUANTITY J < =
AVATLABLE I

@ FOR PLANES
QUANTITY < =400 * BUILD
@ BIN BUILD

@ FOR PLANES
@ GIN QUANTITY

Global optimal solution found at step
Objective value 14764.00

Branch count 17



Variable Value
QUANTITY ROCKET 96.00000
QUANTITY METEOR 0.000000
QUANTITY STREAK 195.0000
QUANTITY COMET 0.000000
QUANTITY JET 191.0000
QUANTITY BIPLANE 94.00000
BUILD ROCKET 1.000000
BUILD METEOR 0.000000
BUILD STREAK 1.000000
BUILD COMET 0.000000
BUILD JET 1.000000
BUILD BIPLANE 1.000000

Meteor
LINGO 0
0
@ FREE variable name
variable  name
@FOR
@FREE
X
@ FREE X
QUANTITY 4
@ FREE QUANTITY 4
INCLUDE
@ FOR ITEMS @ FREE QUANTITY
3.3.1 —
Shack4Shades
31 8
31

Rocket Sreek  Jet

@FREE

@FREE
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Shack4Shades Sales

B4 (X1 0008])

0 2 4 6 8 o

31

Predicted Sdles t = Seasond  Factor t X Base+ Trend x t

Predicted  Sdes t t 1 000 Seasondl _ Factor t
Base y Trend
8 LINGO 6
3.3.2
8
4 4
SETS

PERIODS/1..8/ OBSERVED PREDICT
ERROR
QUARTERS/1..4/ SEASFAC

ENDSETS
PERIODS OBSERVED PREDICT  ERROR
QUARTERS
FAC LINGO
OBSERVED
DATA

OBSERVED =10 14 12 19 14 21 19 26
ENDDATA

LINGO

@ FOR PERIODS ERROR = PREDICT — OBSERVED

MIN= @ SUM PERIODS ERROR™2
62
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3.3.3

@ FOR PERIODS P PREDICT P = SEASFAC @WRAP P 4 * BASE+ P * TREND

@WRAP 4 4
1

@ SUM QUARTERS SEASFAC =4

@FREE

@ FOR PERIODS @ FREE ERROR

SETS
PERIODS/1..8/ OBSERVED PREDICT
ERROR
QUARTERS/1..4/ SEASFAC
ENDSETS
DATA
OBSERVED =10 14 12 19 14 21 19 26
ENDDATA
MIN = @ SUM PERIODS ERROR™2
@ FOR PERIODS ERROR =
PREDICT - OBSERVED
@ FOR PERIODS P PREDICT P =
SEASFAC @WRAP P 4
* BASE + P * TREND
@ SUM QUARTERS SEASFAC =4
@ FOR PERIODS @ FREE ERROR

Optimal solution found at step 27
Objective value 1.822561
Variable Value

BASE 9.718875

TREND 1.553017

PREDICT 1 9.311819

PREDICT 2 14.10136

PREDICT 3 12.85212

PREDICT 4 18.80620
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3.4

64

PREDICT
PREDICT
PREDICT
PREDICT
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

0 < o Uk w NN

ERROR
SEASFAC
SEASFAC
SEASFAC
SEASFAC

0.826

3-2

Predicted Sales 9

o < o u;m

s oW N e

@FREE

14.44367
20.93171
18.40496
26.13944
-0.6881806
0.1013619
0.8521245
-0.1938018
0.4436698
-0.6828707E-01
-0.5950383
0.1394362
0.8261097
1.099529
0.8938788
1.180482

1550

0.826 1.01 0.894 1.18

82.6%

1.55

Sheckdbhudes Sale-Ohaorvmd VE
izl

m Hiserved |

™ Prodicted|

9

= Seasonal _ Factor 1

* Base+ Trend * 9

=0.826% 9.72+1.55%9

=19.55

19 550

@BND

@BND



@ BND lower _bound variable name upper _ bound

varidble _ name upper _ bound loner _ bound
@BND
@FOR
@BND @BND
@BND
@BND LINGO
LINGO
@BND
X -11

@BND -1 X 1
QUANTITY 4 100 200
@BND 100 QUANTITY 4 200
Q 10 20
@ FOR ITEMS @BND 10 Q 20
Q OL QU OL QU
@ FOR ITEMS @BND QL Q QU



LINGO

4.1

4.1.1

object list

object list

cbject list
value list

SETS

SET1/A B C/ XY

ENDSETS

DATA
X=123
Y=456

ENDDATA

ET1

SETS

LINGO
“ DATA” “ ENDDATA’
=value list
dbject list
X Y X 123Y

SET1/A B C/ XY

ENDSETS
DATA
66

cbject list
cbject list

456



Xy=14

25

36
ENDDATA

X 123 LINGO

n n LINGO

SETS

SET1 X Y
ENDSETS
DATA

SET1 X Y=A14

B25
c36
ENDDATA
4.1.2
LINGO
8.5%
DATA

INTEREST _RATE = .085
ENDDATA

LINGO

DATA
INTEREST _ RATE INFLATION _RATE=.085 .03

ENDDATA

4.1.3

67



2% ~
6%
LINGO What If
AndySS “ ”
DATA

INFLATION _ RATE =
ENDDATA

4-1 INFLATION _ RATE

| IGO0 Runtime Inpuf

Piease ppul o valus
MFLATION RATE

41

oK LINGO INFLA-
TION _ RATE
LINGO INFLATION _ RATE
Enter

4.1.4

LINGO

SETS
DAYS/MO TU WE TH FR SA SU/
NEEDS

ENDSETS

DATA
NEEDS = 20

ENDDATA

LINGO NEEDS 20

68



SETS
DAYS/MO TU WE TH FR SA SU/
NEEDS COST

ENDSETS

DATA

NEEDS COST =20 100

ENDDATA
LINGO NEEDS 7 20 cosT
4.1.5
5
SETS
YEARS/1..5/ CAPACITY
ENDSETS
DATA
CAPACITY = 34 34
ENDDATA
CAPACITY A
3 CAPACITY
LINGO
4.2
LINGO
LINGO
LINGO LINGO
“INIT” “ ENDINIT’

CAPACITY

LINGO

LINGO

100
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70

Y< = @LOG X
X2+Y2< =1

@LOG X X

Feasible solution found at step

Variable Value
Y 0.5721349E - 03
X 1.000419
12
INTIT
X=.999
Y=.002
ENDINIT

Y< = @LOG X
X2+Y2 <=1

Feasible solution found at step

Variable Value

X 0.9999995

Y 0.0000000
3

12

12

XY

10



Windons LINGO
LINGO 6

5.1

Windons

5.1.1

Windoas LINGO

1 File

2 Edit

3 LINGO

4 Window

5 Hep

File Edit
LINGO Window
Help

5.1.2

51

Di=dS8| =@ oo Yo BRBE BBE 78
51 LINGO

LINGO LINGO
| Options Interface Toolbar
LI Nm 13 ”
52

71



Flle Menu:
D sy

i | Ll iy
!" Fikdl 5 g g Fima| B it

E Cod|Cinga EJ Coil] Sy
li FatCu E E ] S
L] £l asie ‘bl Etil] Find
= Eoi|izp Tp Line ﬂl Ediif| Matich Pangibhes

LINGD __-ll'll:
EI:: INTZC S obe El L B al T s

Apfions g] LiNG O\ Profie

Window Menu;
é! ‘Wil ©and T Bach EJ .."..'2131_] Ame i
2l Wriirngional Tk

Hulp Manu:
] [— | /[

52

5.1.3

LINGO

5.2

Windows LINGO
File Edit LINGO Window Help 5-1 52 53 54 55

51 File

New

Sve As

Close

Print

72



Print Setup

Print Preview

Log Qutput

Take Commends

Impart LINDO File

LINDO LINGO

Export File

MPS  MPI

License

LINGO

Database User Info

@ODBC

Exit

LINGO

52 Edit

Undo

Redo

Paste

Paste Soecid

Sdect All

Find

Find Next

Replace

Go To Line

Match Parenthesis

Paste Function

LINGO

Sdect Font

Insert New Object

Links

Object Properties

53 LINGO

Sdution

Range

Options

73




Cenerate

Picture

Debug

Modd Stetistics

Look

54 Window

Commend Window LINGO

Satus Window

Send to Back

Close All

Tile

Cascade

Arrange lcons

55 Hep

Help Topics LINGO

Regjster LINGO

Auto Update

About LINGO LINGO LINDO System

5.3

5.3.1 File
LINGO File 53 File
5.3.1.1 File|New

New F2 New

1.LINGO Model . Igh
LG4 LINGO 4.0 LINGO  Windons
74



v Fi
L., F3
Save [ ]
SaWE RS-, Fa
Clerse Fiy
Print.-. Fr
At ()
Prinit Presiiewss shift+F3
L Ciutpiikt, , . Fa E:T;;::E:ITN'T“.E
Take Commands... Fll 2 LINGO Model [T ext Oriy| *ing] Cowel |
it LIDO ... F12 dimoac v
Export File L!
Licanss
Databasze User info
Exit Fio
53 File 54 New
OLE L4
2.LINGO Modd Text Only
LNG LINGO 4.0
Windons LNG AClI
LNG PC
LNG OLE
3.LINGO Data * .ldt
LDT @FILE LINGO @FILE
LDT ATl LDT
OLE
4.LINGO Commend Script * . Itf
LTF LINGO LINGO AT
LINGO File| Take Commands LTF
OLE
New F2 LINGO LINGO
LA
LINGO| Options LA LNG New
F2 LINGO LNG

75



5.3.1.2 File|Open...

Open F3 LINGO
LINGO Moddl  » . Igh AT Open
55
File Opii
Lok v | L3 Samples
_ISENEE CHESS. g
ASLOA. ¥ iy CHHE]
BES e g ikl
H N g ORI g
g AR b
P O g [EMFEAD I
L | ¥
| name | [a[™
Pl e LI Bochels | g | =] Cancel
Hak
55 Open
File name
Open Cancd Help
Files of type LINGO
.MPS LINGO MPS MPS
IBM
MPS LINGO MPS
LINGO
5.3.1.3 File|Save
Save F
5.3.1.4 Fle|SeAs. ..
Sve As F5 Sve As
56
File name
LINGO
LINGO

76



Flie Save As .. ||

Savnin | Senple = &= B ¥ -
e JaTEL L CHES b CFR1TE g4 EXJNLE
ASLEAL lge CHMELS Jgv DreriARE, kg GERECL b
BAVES Ag# Compu i g EOQCAF JicA GENFRT.
BLPME gt CONINT s ERCOUNT, k4 [MHTETL kg
B, igd LE MO0, ESMREPLS, Iga MTFT Sk
a0 gt CLMAND g4 (e T WOIFSLT by
i k
Fia ramg by Planreng Minded | T |
Sares e g | LINGU Modeds |* kgl -| Cancel
Halp
56 SaveAs
Sve Cancel Help
Sve as type
LA LNG
5.3.1.5 File|Cose
Close F6
5.3.1.6 File|Print. ..
Print F7 LINGO 57
Print
Name Properties Print
range Nurmber of copies
K
Cancdl
5.3.1.7 File|Print Setup. . .
Print Satup F8 LINGO 5-8 Print Setup
Paper Orientation Cancel
K Print Setup

77



Print e 7

Frinm
o (TR < roce |
EE T Ay
T iipe HP Laseilel
wihere  LPTY:
L it ™ Pk b i
Fiml iange Copwi
* A Hutbe of popies. |1 :J
™ Pager  hom || |
; i =
- Ll el
| ok ] cence

57 Print
Pl Selup i (%
Fimhai
vane | EEETTI > Froveees |
Sialus Huale
Ty HP | il st
whee  LFT1
Crvdorid
Fare: i dden
fem  |Leks - R Posd
Sogcw  |dun Seleo = @ 7 Lardeage
Homwk | B | Cacel
58 Print Setup
5.3.1.8 File|Print Preview
Print Preview Sift+ F8
Print Preview 5-9
Print—
Next Page——
Prev Page—
One Page— Two Page
Two Page—— One Page
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| IMGEY - [LINGD bode] - Mexico]

B | bewae|[ ] oePage | Zoowm | 00| ce |

Pages 12 P
59 Print Preview
Zoom In——
Zoom Out—— Zoom In
Close— LINGO
5.3.1.9 File|Log Qutput. . .
LINGO
LINGO
Log Qutput F9  Log Qutput
Echo to screen
Append
output
File Lag Output
Log Qutput
5.3.1.10 File| Take Commends. . .
Take Commands F11 LINGO
Take Commands
New New LINGO Commend Script K LINGO
5-10

79



MyScript. [tf

80

File| Save

- LNGEY Command Seript - MySeripl

ICommand script to =olve & small
| pradiest mis mobs |
5IT ECHOIN 1 'Eohn The inpuc
SET TERSED 1 Pae LINGO in tece= owtput mode
HODEL |HEE® 1® £l modsl

HAX = 00 ®" X + 30 ™ ¥y

X o= H50:

Y &= g0

X =31 T <= 120;
ENT
L& ALL iLook at Che formulacion
Lrs] 'Solve the model
PIVERT ACLO . LOR 'Opem & fils fop Lhe @ |utjoi
SCLOTION ISend= aolution to open £11s=
HEVET Mo lomses solution £11=

510
Take Cammands 511

Taks Comwtianie
Loak in | 2 UMBDT «| = g ey (-

s
[

e

i Spees

L b=
PPrvsonce

Flarasm | e ]

Fissolgpn  [LINGO Sesiel | ) -] Carcel

511 Take Commands

MyScript. Itf LINGO
LINGO LINGO
5-12
LOLU. g
Variable Value Reduced Cost
X 50.00000 0.000000
Y 35.00000 0.000000




i Windes

o 'Cremarnsd seTript oo osmive & pesl |
¢ product mix mesdel:
¢ SET ETHASIN 1 EcEto the input
Focssricr J1dl Vi Huw Wmlus
ECHO1M k 1
| BET TERSED 1 Ml EENUD LH EBESE Dibjnil mails
Parsserer 21d Walae Hew Walie
TERBET k 1
1 AGEL wrs L8 Ehs sode |l
] MiX = 20 ¢ X 4 30 # g
] X o= B;
| T &m §0IC
I X & T ® W om IR0
1 EHD
I LOOK ELL Libi & ths ToEmiilaklsn
I} HAZ = 30 * X & 30 * %)
] & A= 0
¥ o= By
= T4 7T 1300
I GO Soive the sodsl
Olnhs] opties] solespom found an sbep: |
hiective welom: 2030, 000
: DIVERT SOLO.LGE Mogam = fila for the solutioca
¢ DOLOTICOW !Tg=mixr aoluktion to Tpen £ile
I BYRET Mo kedes SBlubibn Tlblé
i

512
Row Slack or Surplus Dual Price
1 2050.000 1.000000
2 0.000000 5.000000
3 25.00000 0.000000
4 0.0000000 15.00000
5.3.1.11 File|lmport LINDO File. . .
Import LINDO File F12 LINDO LTX
LINDO LINGO LINDO LINGO
LINGO LINDO
Import LINDO File
LINDO MPS Open LINGO
MyMode! . Itx LINDO
MIN 100 XMON + 100 XTUE + 100 XWED +

100 XTHU + 100 XFRI + 100 XSAT + 100 XSUN

SUBJECT TO

SUN  XWED + XTHU + XFRI + XSAT + XSUN > =

18

81



MON  XMON + XTHU
TUE XMON + XTUE
WED XMON + XTUE
THU  XMON + XTUE
FRI XMON + XTUE
SAT XTUE + XWED
END

Import LINDO File
MIN =

XFRI

XFRI

XWED

XWED

XWED

XTHU

XSAT + XSUN >
XSAT + XSUN >
XSAT + XSUN >
XTHU + XSUN >
XTHU + XFRI >

XFRI + XSAT >

16
15
16
19
14
12

MyMode! . Itx LINGO

100 * XMON + 100 * XTUE + 100

* XWED + 100 * XTHU + 100 * XFRI +

SUN
MON
TUE
WED
THU
FRI
SAT

1 MIN

2

3

4

5

LINGO

5.3.1.12 File|Export File

100 * XSAT + 100 * XSUN
XWED + XTHU + XFRI + XSAT
XMON + XTHU + XFRI + XSAT
XMON + XTUE + XFRI + XSAT
XMON + XTUE + XWED + XSAT
XMON + XTUE + XWED + XTHU
XMON + XTUE + XWED + XTHU
XTUE + XWED + XTHU + XFRI
LINGO
SUBJECT TO
LINDO
MPS  MPI

Export File

5.3.1.13 File| Database User Info

BC

82

File

DBPWD

Database User Info

AUTOLG. DAT

ID

+ XSUN 18
+ XSUN 16
+ XSUN 15
+ XSUN 16
+ XSUN 19
+ XFRI 14
+ XSAT 12
5-13
LINGO
AUTOLG. DAT

LINDO

LINGO

@OD-

DBUID
LINGO



Datahaas Liser Info "E

LINGO

. —
Cancel
Fatoword
| Heip
513 Database User Info
AUTOLG. DAT DBUID DBPWD
5.3.2 Edit
LINGO Edit 514
5.3.2.1 Edit|Undo Lincn =2
Pt iy
UndO Ctrl +7Z (=T} = TR
Copw e
Undo Bt e
LINGO Paste Spedial..
LINGO St & Cirid
Fird... Chosl
) First Bt Ciria
5.3.2.2 Edit|Redo it g
Redo arl + v o ToLina.. ChieT
LINGO LIN- Mabd Feentheds i 21
m Fasia Forabem [}
Selail Furl fa TN |
5.3.2.3 Edit|Cut Trisert Mswy biject
Lirdis.
Cbenot Propertes Gt e e
Cut Crl + X o
5-14 Edit
Cut
Windows
5.3.2.4 Edit|Copy
Copy arl+C

Qut

83



5.3.2.5 Edit|Paste

Paste Crl +V Windons
Paste Copy LINGO

5.3.2.6 Edit|Paste Specid . . .

Paste Soecid Windons
Paste

3 WAREHOUSE 4 CUSTOMER
SETS
WAREHOUSE/WH1 WH2 WH3/ CAPACITY
CUSTOMER/C1 C2 C3 C4/ DEMAND
ROUTES WAREHOUSE CUSTOMER COST VOLUME

ENDSETS
MIN = @ SUM ROUTES COST * VOLUME

@ FOR CUSTOMER J
@ SUM WAREHOUSE I VOLUME I J > =
DEMAND J

@ FOR WAREHOUSE I SUP
@SUM CUSTOMER J VOLUME I J < =

CAPACITY T

DATA
CAPACITY = @OLE 'D \ LNG \ TRANLINKS.XLS'
DEMAND = @ OLE 'D \ LNG \ TRANLINKS.XLS'
COST= @OLE 'D \ LNG \ TRANLINKS.XLS'
@OLE 'D \ LNG\ TRANLINKS.XLS' = VOLUME

ENDDATA
Excel TRANLINKS. XLS
Excel
Excel 5-15
B2 F21 Excel
84

LINGO



EY pie rawndt | mo

H ¥
4 -5 k|
B B &

1h

10 4 IF 2 U

r 13 I F

1] g o x d

19

R g o

|  11=11

515 Excd
Edit | Paste Specid Paste Link 5-16
Masie Special Ir? J':.'I_I|

e R3S

[ Carco |
" Paie
= Pain Link T Digplas i leon
Azl

|reds & pciune o the choboasd conlamt oo
@_.D decumenl T poiae o eked o #s wace B
] o et charget 8o U e vl b ie8eciel in s
documen

516 Paste Jecid

oK LINGO 5-17

LINGO
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Taral Casr
$32.00
DETdI
CAPACTTY, DENERS, CONT = WOLE| i CINGOT) BAEF
FOLE | ™ LINGOT SANFLYN TRANCLY . ELS™, “WOLEED
INDDETE

517 LINGO Excel

LINGO Edit | Links

Open Links
LINGO

5.3.2.7 Edit|Sdect Al

Select All

5.3.2.8 Edit|Find. ..

Find arl+F Find
5-18
Find what Match whde word only LINGO
Match case LINGO
Find Next

5.3.2.9 Edit|Find Next

Find Next Cirl + N Find
86



Fircl what | | |
bhatih v siord ok Cancel ]
ot case
518 Find
5.3.2.10 Edit|Replace. . .
Replace Crl+H Re-
place 5-19
Heplace kAl
Prdmnst | [mter ]
Raplscs it |
[ Hlsich whols wod oni =
Conce
| sl cace
519 Replace
Find what Replace with
Find Next LINGO Replace
Replace All
Go To Line Qrl+T
Go To Line
5-20 Gia b e numiber Sa
= T
Go to line number » 3/ -
oK LINGO i
iy
Top Battam —_—
5.3.2.12 Edit|Match Parenthesis 52 GoToline
Match Paren-

87



thesis arl +P
@FOR FXA I J

JP I J =MPF I *CAGF I J
JP I J =MPA J *CFGA I J

Match Parenthesis

Match Parenthesis LINGO
LINGO | Options
Match LINGO
LINGO
5.3.2.13 Edit| Paste Function
Paste Function LINGO
LINGO
521 Externa Files
LINGO
Mabch Paemhess 4=
Fasta Furtion ¥ Ewternal Fies ¥ SO E war Lirowel ], ..., waimroem ]|
Firuans iel b FILE TR
Mabthermhe a ¥ o0aC] 'diacow e’ tabae', ol Y, .., ol
Traert Masw Ot Frofusbadey ¥ OB "’ rangel T, ragenTh
St B RDRANGED] ward (rowt], -, saeniron])
Warsbls Domar # @Rk warlrowe], ., wernfrovn ]l
7 B AETATLS )
T i)
A g kgl [l,u!L.lj'h'l_'ul)glﬂ'_J"qll_ﬁ'l
521 Peste Function

5.3.2.14 Edit| Sdlect Font. ..

SHect Font
Courier

88
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5.3.2.15 Edit|Insert New Object. . .

Insert New Object
Edit | Paste Specia
Insert New Object
22
NEED ODBC

Edit | Insert New Object

- LINGD Madel - statODHC

Paste Soecial

@ODBC
START

IETSY

EMIEETS

AGIM(BTART) 1

AT

ENGDATA

BAY / BODBEC|'STAFFING',
"BAY" i f ¢ NEEE,

PR (DAY (TODAY) §
IETE(DAY (COMNT) | COUNT HLER St
START (| A WRAP |TODAT - COOONT+1,

BSIIECDRAT)Y ) b b == MELD [ JORAY] &

START:

BIN = HSOR|DAY: ETLET)!

MEED = BGDBC| STAFFING',
'STAFTING' , 'REODIEERENTSj:
AODEC (' STAFFING' ,
STAFFING' , 'START') = JITAET:

ITAFFING' ,

522

2 Edit| Insert New Object
3 Create fram File

4 Bronse
5 Display As lcon

6 K
2

cess 5-26
LG4

LINGO

5-23
5-24

5-24

LINGO

STAFFING

Microsoft Ac-

89



90

Insert Lehpect

™ Cinoln How

Wearrme il | el [ ot
gyl Emil ok phesd

Mool Graph Chad

Miroeoll Pchan [—

Wicrosol Wi [ipoumen I Display A boon
W0 Saquancs ¥

7 Crmsbe bom Fie

Irpits i o B g olaecl i e

@Mm

523 Insart Object

Inmerl rject

s
o Fie Microsot Access fwcel |

[ ALINGOEYS srphes staling

¥ Create lrom Fi=
Browsun ¥ Lk
' Duplayhsicen
P whaffng. mcdb

Irasits & s9odioul wheoh efeadants e s The
@ ifwatvail vall b lkad B e (s e sl changes:
1 thes files vl o rllischiaed mn i ddowiimsed,

524  Insert Object

L LINGD Model - stalODBC

DATA:
NEED = BODBC| 'STAFFING',

'STAFFING', "REQUIREMENTS') :

BODBC{ "STAFFING' ;
ISTAFFING', "START'] = START:

ERNDDATA

staffirg.mdb

525



i Staffing : lable

Requirements
12 0
14 5
10 0
19 [
11 2
Id. 0
[
Eecord: 'l]l” | | |-DEE|
526 Access
5.3.2.16 Edit|Links. . .
Links LINGO 5-27
Links icdld
Liks pe Lipaisie Coree
Lipsdsis M oss
Cipers Souton |
Change Spmce |
Biwas Lk |
Sowce  CALINGO TSk ik sl Seel TRZCZAICH
1 Wazscr ol E szl ' osk siaal
Lpdsis 7 usdomalic I Wanus
5-27 Links
Autometic LINGO Manual
Update Now Open Source
LINGO Change Source
Bresk Link
5.3.2.17 Edit| Object Properties
Object Properties

Alt + Enter

91



Sobvee TS
Solubion, Chi+0
Fange iR
Ciptians Chrl]
=aneraka L
Fctire Chrl+k
Dby Chrl+D

Mode| Statskics Chil+E

Liook, ., Chritl

528 LINGO

5.3.3.2  LINGO| Sdution. . .

Solution

Attribute or Row Name

LINGO
Header Text
Type of Output
Text LINGO
Line Pie
Nonzercs Only

Vaues

92

5.3.3 LINGO

crl+0

LINGO 5-28
LINGO Option
5.3.3.1 LINGO|Sdve
Sdve arl+S
LINGO
1-4 Error Text
LINGO
LINGO
LINGO
LINGO 1-5
LINGO
LINGO| Solution 5-29
values for X
Text Graph
Graph LINGO
Bar
Graph Properties

Primal Dud Bounds

Loner LINGO
Upper LINGO

Include Labdls LINGO



Solution Report or Graph

dirgile ar Few M ame Type: of Output ok

| - & Teul

H T ™ Graph Cancel |

| [~ Monzemns Orly Help

Diaph Praperss:
Graph Type Walues:
& Ba Bounds
" Line & Primal Lower |None
. Clual Upper [Nane
W Include Labelz
529 Sdution
K LINGO
LINGO LINGO| Solve
Sdlution LINGO
5.3.3.3 LINGO|Range
Range arl+R
Range camputations
LINGO| Options
General Sdve Dua Computations Prices and Ranges

OBJECTIVE MAX=20%A+30%C
ALIM A< =60
CLIM C< =50
JOINT A+2*%C< =120

93



Ranges in which the basis is unchanged

Objective Coefficient Ranges

Current Allowable Allowable

Variable Coefficient Increase Decrease
A 20.00000 INFINITY 5.000000

C 30.00000 10.00000 30.00000

Righthand Side Ranges

Row Current Allowable Allowable
RHS Increase Decrease
ALIM 60.00000 60.00000 40.00000
CLIM 50.00000 INFINITY 20.00000
JOINT 120.0000 40.00000 60.00000

Objective Coefficient Ranges
Variable Current Coefficient
Alloagble Increase
Alloneble Decrease

LINGO

Righthand Sde Ranges
Row Current RHS
Allonable Increase Allonable Decrease

Allonable Increase Allowable
Decrease ALIM 20 120
CLIM 30 JOINT 60 160

LINGO

Current Coefficient
94



NONLINEAR
NONLINEAR

Current RHS

INFINITY

ALIM A< =60

ALIM A=60

LINGO A A ALIM

Objective Coefficient Ranges ALIM
Righthand Sde Ranges

Ranges in which the basis is unchanged
Objective Coefficient Ranges
Current Allowable Allowable

Variable Coefficient Increase Decrease

C 30.00000 INFINITY 30.00000
Righthand Side Ranges

Row Current Allowable Allowable
RHS Increase Decrease

CLIM 50.00000 INFINITY 20.00000

JOINT 60.00000 40.00000 60.00000

Solution LINGO LINGO| Sdve
Range LINGO

5.3.3.4 LINGO| Generate

Generate arl + G/Crl + Q LINGO
LINGO| Generate
1 Display model
Don t display model
Display model LINGO
Don t display model
LINGO

Generate
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5.3.3.5 LINGO|Picture

Picture

LINGO

5-31

5-32

96

LINGO

arl +K

DNRIXK. LG4

5 OLINGD Matrix Picture -

1
E :‘;::h:-—a-—p-nh

Picture

=3

530 DNRIXK.LGA

Matrix Picture

LINGO

5-30



L LINGD Matrix Pleture
DRIER(T)

LLLERET S

INWEET [ATT)  INVEET (GB)

INVEST | UBL)

1 ZoomIn

2 Zoom Out

3 View All

4 Row Names

5 Var Names

6 Scrdl Bars

LINGO
Windows

Capy

5.3.3.6 LINGO|Debug

Debug crl+D

Debug

5-33
5-34
LINGO| Debug
Debug
Debug

531

ROWA4

Matrix Picture

0.55

5-35

Zoom In
Z000T LILE
Wisw Al

w Fow Names
w War Names
w Scroll Bars

Edit
| 5-32 Matrix Picture

5.5

Debug
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% LINGO - LINGO Model - infeasible  [= B3]
Flie Edt LINGO Window Hel

Dizal@ ||| 2] vl el

LINGD Model - infeasitile |- |51 [

[ROW1] Max = 37X + TrY¥;
[ROEE] X + 2*7 <=3:
[ROW3] 2%% + ¥ <= 2:
[ROWE] D.55*K + YT >=4;

533

LINGD Error Messaps

E3
Enor Code:
6l Hep | [ oe ]
Ener Test
Ho feasible solution found
534
ROW3 Z3 ROW3 Z3
LINGO| Sdve 5-37
Debug 5-38 Debug
Debug Z3
Debug
5.3.3.7 LINGO|Mode Satistics
Model Satistics arl+E
TRAN. L4 Modd Satistics
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5. LINGO - [LINGO Debug Repart - infeasible] [ [[5][X]
& Fie Edt LINGO ‘Window Help - A %

Disi@le] |8 || Slo] 2l

.Y

Sufficient Rowa:
P:D-'II'I]' o5 X+ Y »= 4

Necezgary Rows:

ROWZ] X + 2 ¥ «= 3

Necessary Variable Bounds:
T »= 0

or Help, press Fl

535 Debug

2o LIMGD - JLINGLD Model - unbounded|

& Fla Edb |INGD YWindow Help -

Die||S | |8 = | PEol BFB|E|

[ROW1] Max = 12%*I1 + 139*HE + JE2*T1 + 23*E1 +
28722 + X3 + Y3 #+ I3:

[ROWZ] X1 + X2 + X3 <= 400;

[ROW3] Y1 4« ¥2 4+ Y3 - £3 <= 500;

[ROW4] 21 + Z2 <= so0f

5-36
5-39 Model Satistics TRAN.L&A
dl are line
Congtraint nonz
+1 -1
+1 LINGO
/ X -1

Density
0.01
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LIMGD Error Messape

Emm Cocde

= Wb | [ ok ]

Emm Tes
Unbound=d =olution

537

*. LINGD - [LINGO Debug Report - unbounded] [~ |[5]%

¥ Fie Edt LINGD Window Help . & x

Disld|S] ‘8] = | | PlEo] 2]

e

Sufficient Varishles:
Z1

NHecessary Variablea:
Y1

iFo rﬁ:r.meI

5-38 Debug

10 LINGO Modal Stats - TRAN - 8|
.

Rows= B Var== 12 MNo. intege:s varss 0 [ Aall st linsar]
Konzecoo= 4] Conatralnt mone= IH4| ZI4 Aare +- 1) Densicy= O.413
Zwallest and largesat elarments in aba valuse= 1.00000 0. 0000
Ko, € ¢+ 3 HNo. =i 0O Bo. > & 4, Obj= HIN, GO0E2 <= 4§

Singl= coalss= o

539 TRAN

1 0.0001 100 00O
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< = >
MIN Generalized Upper Bound GUB GuUB
LINGO
GUB
Snde cds LINGO
5-40 Model Satistics DNRIK.LA

~ LINGD) Model S1ats  DNREISKE

17 Vare= 17 Ho. Lhteget Vvaras Q

| Powgs
Hapllnsse roums 1 Kanlinsar varas T Manlinsar consecaipres 1]
Hopzaroaa™ ES CORSCTRINT RowD™ 52 Density=0.ZEZ
Ho, < 1 O No. =t B Mo, = ¢ B; Obj= AINM Single colaw 1]
540 DNRIXK
GUB

5.3.3.8 LINGO|Lo. ..

Look Crl +L
5-41 All  SHected
View Formulalion E|
o —) [}
= Al Cancel
" Salactad
Help ]

(——
| =]

541 Lok

SHected SHected Roas
LINGO

Look
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5.3.3.9 LINGO|Optiors. . .

Options Cirl + 1 LINGO LINGO
Options 5-42
LINGD Dptions
Herlrear Solver | inlsger Pre-Sobver | inleger Solver | Global Sobver |
|_ _imisface :l Cimrerm Soiver | Liraar Solver |
Gerers fil= Fomat
W Eromn Dislogs W Solssh Sowmen
W Sy Bar ¥ Smhe Wrdow ™ lod (mended)
I TemeOupe W Tookar ™ Ing fma oriy)
Sabutien Cutolf. [ 12-00%
Syriizm Colonng
Ure mt: [1000 Delay: [0 ¥ Parmn Match
Commana Window
[™ Send Faperts o Command YWindow =T
Lorse Caund Limila: Page Siee Limils:
hlm-.nrha:l;- 3 Lenggh: |H:r¢ E
Mo [0 Widh- [T =+
l-au|t.m|£uru|5au m“m'
542 Options
Apply oK
LINGO
Default
Options
1 Interface
2 Genera Solver
3 Linear Solver
4 Nonlinear Solver
5 Integer Pre-Solver
6 Integer Solver
7 Gaobd Solver
Options Interface Interface General Solver
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Linear Solver Nonlinear Solver Integer PreSolver  Integer Solver

1. Interface
Interface 5-41 LINGO
1 Generd
Interface Generd 5-43
Errors in Didogs
LINGO Genecat
LINGO » Enors inDialogs & Splash Screen
w Ghabus B v Shabus \wWindow
LINGO Terse Ouipit ' Toobs
Solutios Cugolt | 1e-005
543 Interface| General
LINGO
LINGO
Flash Screen LINGO
LINGO
Satus Bar LINGO
Status Bar
Satus Window LINGO| Sdve LINGO
Terse Cutput LINGO
LINGO
Todbar LINGO
LINGO
Fika Farmat o 10
& jok [emandad] Solution Cutoff
bra Rt ok
Solution Cutoff 1e-009
2 File Format
544 Interface|File Interface File Formet 5-44
Formet LINGO
L&A  LNG
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3 Yyntax Cdaring
Sntax Caaring 5-45

- Spntay D::h:ﬂml;
Line Lim: 1000 Cialays |0 W Faren Match

545 Interface| Smtax Cdaring

LINGO LINGO
LINGO
Line Limit
0 1000
Delay LINGO
0
Paren Match LINGO
4 Command Window
Interface Command Window 5-46
Command Window:
I Send Aeooits to Cammand ‘Window [ Echo lnput
Lime Cownt Lz Fage Sie Limkz
bl st IEJEI __,l Lengih |l| ]
M (400 = widh [76 =
546 Interface| Command Window
LINGO
LINGO Window| Cammand Window
LINGO Windows
LINGO
Send Reports to Command Window LINGO
File| Take LINGO
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Echo Input

Line Count Limits

Maximum
Minimum
File| Log Output Line Count Limits
400
Page Sze Limits
Sze Limits Length LINGO
5-47
LINGO More
None LINGO
LINGO
HIPMENTS WAREHOUSEL CUSTOMER2
Page Sze Limits Width
76
2. Genera Solver
Options Generd Salver 5-48
LINGO
1 Generator Memory Limit
General Solver Generator Memory Limit 5-49

Generator Memory Limit

LINGO

LINGO

LinGo  [X|

5-47

“ The moddl generator ran out of memory’

Generator Memory Limit

Sve LINGO
LINGO Help | About About
LINGO
Generator Memory Limit 32 MB LINGO
Generator Memory Limit LINGO  Windowns

LINGO

Generator Memory Used
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Monkresr Solver | Inieger Pre-Sobver | Inicger Salver | Giobal Soiver
Feedacs | Genersl Sclyer Linear Satver

Gerersbs Memary Limi (MB1. Furime Linis
fhh:nl -!-l
e re— Tere (vec)
|F'fl'_=. .'.l tigne -
Madel Fsgereraton
['u'ihlnlmdw-: oF WM exeT rereercey :]

Linesegahian:
Dagres Big M Cefia
|Soiver Deces =]  [100000 |Te-006

I Mcre urwpeinciad coe of primliee sef meTer rarmes
[ Check for dodeste romess o dets mnd sodsl
I e AT fosne namas bor MPS L0

o | ot | Do | 5o | o | 0% ]

548 Gengd Sver

Gensaton Memaony Limid [ME]

R

549 Generd Sdver|Generator
Memory Limit

2 Runtime Limits

Generd Sdver Runtime Limits

None
None
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550 Generd Sdver|Runtime
Limits

5-50
Iterations

Time sec

LINGO



LINGO

3 Dua Computations
General Solver Dua Camputations 5-51

None Prices Prices and Ranges

Dual Compueations:

LINGO

None  LINGO | Prices =
LINGO| Range 5-51 Generd Solver| Dud
Prices  LINGO Computations

Prices and Ranges  LINGO

LINGO Prices
4 Model Regeneration
General Solver Maodd Regeneration 5-52

Modsl Fegensration
| '"when test changes of with esdemnal ielerences =)
552 Generd Solver|Modd Regeneration
LINGO Moddl Regeneration LINGO
| Sove LINGO|Generate LINGO|Modd Satistics LINGO| Picture LINGO| Debug File| Export File

Only when text changes——
When text changes or with external references——
LINGO
Always— LINGO
5 Linearization
General Solver Linearization 5-53
Lmeaesrslion
Cegres HigM Dieka
| Sobved Decidea =) { 100000 1=006

553 Generd Solver|Linearization

LINGO

LINGO
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Degree LINGO Sover Decides None Low

High None LINGO Low LINGO
@ABS @MAX @MIN @SVAX @SMIN High Low
High #LE# #EQ# #GE# #NE# Solver De-
Cides 12 LINGO LINGO
LINGO Solver Decides
Ddta
Deta LINGO Ddta
1e-006
LINGO

f Adjustable Cells = My

M BigM y 01 y 1
BigM BigM
Big M
6 Allow unrestricted use of primitive set member names
General Solver Allow unrestricted use of primitive set member names
LINGO
LINGO 4.0
LINGO
LINGO 4.0
MODEL
SETS

DAYS /MO TU WE TH FR SA SU/
ENDSETS

INDEX OF _FRIDAY = FR
END

DAYS FR @INDEX
INDEX OF  FRIDAY = @ INDEX DAYS FR

LINGO
7 Check for duplicate names in data and modd

General Solver Check for duplicate names in data and model
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LINGO

LINGO
8 Use R/C formet names for MPS I/O
Generd Solver Use R/C formet names for MPS 1/0O
R/C
3. Linear Solver
Options Linear Solver 5-54

LINGD Options

LINGO

LINGO
LINGO

™ Mgirte Decomposton
¥ Scmle Model

Heb | Cancel | Defaut | Save

"l!ﬁs'| C'I'-’.I

554 Linear Sver

LINGO

1 Method
Linear Solver Method LINGO

Solver Decides—
Primal Smplex—
Dua Snplex—

MPS

R/IC
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Barrier——

Interior pant  Barrier
Barrier
Barrier LINGO Bar-
rier
Barrier LINGO Solver Decides
2 Initial Linear Feasibility Td  Final Linear Feasibility Tdl
Linear Solver Initial Linear Feasibility Td Fina Linear Feasibility Td
LINGO LINGO
Initiad Linear Feasibility Toerance ILFT Final Linear Feasibility Tderance
FLFT 0.000 003 0.000 000 1
ILFT
LINGO FLFT
FLFT ILFT
LINGO
Sack o Surplus
ILFT  FLFT
3 Model Reduction
Linear Solver Model Reduction LINGO
reduction
Q‘-f_
O«]__
Solver Decides——LINGO
LINGO
LINGO Solver Decides
4 Pricing Strategies
Linear Solver Pricing Srateges 5-55
LINGO
Primal Solver
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Sdver Decides——LINGO

Partidl——

edge
Partial

Dua Solver
Saver Decides——LINGO

Dantzig——
Seepest-Edge——
Dantzig
Seepest-Edge
Seepest-Edge
Primal Solver  Dua Solver
5 Matrix Decomposition
Linear Solver Matrix Decampasition
LINGO
6 Scde Madd
Linear Solver Scale Moddl
LINGO
4. Nonlinear Solver
Options Nonlinear Solver

1 Initidl Nonl Feasibility Tdl
Nonlinear Solver

0.001 1e-006

Steepest-

Devex

5-56

Final Nonl Feasibility Td
Initial Nonl Feasibility Tdl

Prcng Shateges
Frimal Sabss

sobees Lgcides =

Duial Solves
i'i:ﬂﬂ'r:f".-cnina -
555 Linear Solver|Pricing
Srateges
Solver Decides
LINGO
LINGO

Fina Nonl Feasibility Td
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LING Dptions

Itadacs | Generai Solver | Linear Salver |
Nordrsr Soiver | intager Pre-Sobver | Inieger Sohver | Global Sabver |
Intiml Noni Fesshity Tol Final Norl Feambity Tol:
|E:Eﬁl....._. s M ﬁu._.é.ﬁi.._..,,.... i
Iorfrmear Opomainy Tel: S Prograse Bersuan Lisd
2007 5 -
Tlasrtwairenn Simmimges
I Comsh irdind Seddien
T I” Duadratic Recogriion
™ Analytical I Sslactve Constraint Eval
W FLP [imchions
I Sizepest Edge

o | coce | ouna | see | _sow | [ox ]

556 Nonlinear Saver

2 Nonlinear Optimality Td
Nonlinear Salver Nonlinear Optimelity Td

Nonlinear Optimality Td

Nonlinear Optimdlity Tadl

3 Yow Progress Iteration Limit

Nonlinear Salver Sow Progress Iteration Limit  SPIL
n
n SPIL
FIL 5
4 Derivatives
Nonlinear Solver Derivatives
Numerica Analytica
LINGO
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LINGO

LINGO
5 Sraeges
Nonlinear Solver Srateges 5-57
Crash Initid Solution
LI N@ 13 ”
LINGO
Crash Initial Sdution
Quadratic Recognition LINGO
Quadratic Programming QP
Q:)
LINGO
Quadratic Recognition
SHective Constraint Eval LINGO

SHective Condraint Eval
SHective Condtraint Evel
S P Directions
gamming 9P
9 P Directions
Directions
Seepest Edge

LINGO

LINGO
Seepest Edge

Seepest Edge

Seepest Edge

LINGO Seepest Edge

5. Integer Pre-Solver
Options

Integer Pre-Salver 5-58

LINGO

Numerica

Srogpey
Lrash initisl Schution
~ Ouadrabe Recognibon
Seastive Cormirmirt Eval
¥ SLP Direclions
Steapest Edge

557 Nonlinear Solver| Srategies

QI)

LINGO

LINGO

LINGO

Successive Linear Pro-

LINGO

Seepest-Edge

Integer Pre-Solver

SP
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LINGD Dptions

imetaze |

Gereral Sobver |

Lnaar Sover

Hevmsbce
Leveed M Seconds: Frobing Level:
= [Sctver Docdes » |
Cormtret Cite
Flaistive Limi
|Solvar Decides w| |07
igs Fazsan .
Root! (200 =5 Tres: |4
Types
I Pass I+ EUe
W Coeficent Aeducton ¥ Hnessack Cover
[+ Disaggregation W Lamice
i Flaw Cover ¥ Lifng
=] e Ciisective
M Gomory ¥ Plart Location
Hep | Cancet | Defmnt | Save | mooh |[ ox ]

558 Integer Pre-Solver

@BIN @GIN
1 Heuristics
Integer Pre-Solver Heuristics
Level 0 100 Min Seconds
Level 3 Min Seconds 0

2 Prabing Level
Integer Pre-Solver Probing Level
Probing Level 5-59 Probing Level

1 2 7
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cide

LINGO
3 Congtraint Cuts

Congraint Cuts Application

Roat Only All Nodes  Sdlver Decides
Roat Only
All Nodes
Solver Decides
Congtraints Cuts Relative Limit
LINGO
0.75
Congraint Cuts Max Passes
LINGO
200 2
Congtraint Cuts Types LINGO
12
6. Integer Solver
Options Integer Solver 5-60
1 Branching
Integer Solver Branching Direction
LINGO
5.6
6 5 Direction
Direction 5-61
Bath LINGO
Up LINGO
Bath
Priority LINGO
Binary LINGO

Frofing L evs|

| Sclver Decides |

Application
« Hignest
559 Integer Pre-solver|
Prabing Level
0.75
Root  Tree
LINGO
Besis
Priority LINGO
LINGO
LINGO
Doan LINGO
5-62
LINGO Decides LINGO
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LINGD Dptions

Inteiface |

Branching

Ceecmon

[Batn 5
e gralty

iEnohin

|1e—|JI
LF Solver

Norirmar Solver | irtmger Fre-Sohwn | Integer Soiver || Giohal Soiver

Linaar Solver

Chprtiribty

Abaph e Heoprgs Tree ta Relste:
|Be-008 {5e-008 (100

e

Hurde Hode Sesction:

Strong Branch
Nare [LINGO Decides =] [10

Mo | Cancel |  Defaut |

ow | v | [0 ]

560 Integer Solver

Branching
Diimelion

|Bioth ]

IMFH ;
Dpwmn

1008

561 Integer Solver|Branching|

Direction
LINGO Decides
2 Integraity
LINGO
Solver Integrality Absolute Integrality
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Ficety:

|LINGD Decdes =]

5-62 Integer solver|
Branching|
Priority

Relative Integrality

Integer



Absdute Integrality X

I X
| X- 1<
X 1e-006 0
Relative Integrality I X
1X- 1] _
I X =
X 8e-006
3 LP Solver
LINGO
LINGO Primal Snplex Dud Srmplex  Barrier
Integer Solver LP Solver Wam Sart  Cdd Sart
Warm Sart
Cdd Sart
Warm Sart 5-63
LE S plivey
LINGO Decides Barrier Y —
|LINGD Decides =}
Dua  Primd
Cod Sart Warm Sart Abad Frimal v
4 Optimdity |1Tt'.[|!'h:‘ D8
Integer Solver Optimelity Absdute Rela-
tive Time to Relative 563 Integer solver|LP Solver|
Warm Sart
Absdlute Optimality r
r
Absdute Optimality
Relative Optimal-
ity Absdute Optimality  Absdute Optimality 8e-008
Relative Optimdity 0 1

117



r x 100%

r x 100%
Relative Optimality 0.01~0.05
1% ~ 5% Relative Optimality 5e-008
Rdative Opti-
mality
Relative Optimality Time to Relative
Relative Optimality n n  Timeto Relative
Relative Optimality n Relative
Optimdlity
5 Tderances
Integer Salver Tderances Hurdle Node SHection
Srong Branch
Hurdle
LINGO Hurdle
LINGO LINGO
LINGO Hurdle
Relative Optimelity Tderance
LINGO
Node
e RER © Sdedtion Node Se-
LINGD Decides =
lection 5-64
Depth Fest LINGO Decides—— LINGO
"ozt Houwnd -
Hest Hound
= Depth Firg——
564 Integer solver| Worst Bound——
Tderances| Best Bound——
Node Section LINGO Decides
Srong Branch n n  Srong
Branch LINGO
Srong Branch
Srong Branch 10
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7.Globa Solver
Options Global Solver 5-65 LINGO
LINGO

LIMGEY Chistigens

inbesface | Genenal Sciver I Lingar Saiver |

Gabal Hoher Citions
I L Glabal Salver
Wamable Upper Bound:

TEranc=s

Optmalty: | 1=-008 Deta [1=007
Srleges

Erancng Box Sefecton Fefomuimian

|l visistion =] [Worst Baund =] [Hgh =]

Mutstar Sover

giempis |5uhrDu-:-:I=| 3_

hop | Cacce | Dot | seve | meoh | [ ok ]

565 Gobd Sdver

LINGO LINGO
NLP LINGO
LINGO
Global Solver Multistart Solver

- Divide-and-Conquer
NLP

1 Use Globa Solver
Use Globa Solver LINGO
LINGO
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120

MODEL
MIN=X * @COS 3.1416* X
@BND 0 X 6

END

5-66

5-66

Local optimal solution found at step

Objective value

Variable Value
X 1.090405
Row Slack or Surplus
1 -1.046719
Use Global Salver

Global optimal solution found at step
Objective value

Variable Value

LINGO

11
-1.046719
Reduced Cost
0.1181082E-07
Dual Price

-1.000000

35
-5.010083

Reduced Cost




X 5.020143
Row

1 -5.010083

Slack or Surplus

2 Variable Upper Bound

-0.7076917E - 08

Dual Price

-1.000000

Variable Upper Bound d
-d d Vaue
Vdue le+010 Application
None All  SHected None
All SHected
LINGO Selected
3 Tderances
Tderances Optimelity  Delta Optimality
1e-006 Deta
1e-007
4 Srateges
Srateges Branching Box Sdection  Reformulation
Branching Absdute Width Local
Width Globa Width Gldbal Distance Absdute Vidation — Relative Vidation Branching
Relative Vidation
Box Sdlection
Depth Fir¢  Worst Bound Worst Bound
Reformulation
None Low Medium  High
High
5 Multigtart Solver
Global Sdvers Multistart Solver Attermpts Multistart
NLP Solver Decides
5 NLP Multistart Multistart
1 NLP Multistart Multistart 1
NLP NLP Multistarts 5
Multistart
Multistart
5-66 Multistart
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5.3.4 Window

Window 567

L Command Window

Command Window Ctrl+1
Shatus Window Chl+2
Send To Back Ctel+H
Close &l Ctrl+3
Tike Cerld
Cascads Chrl+5
Arrange loons Chil+6
567 Window 5-68

5.3.4.1 Window| Command Window

Window| Cammand Window Crl+1 LINGO
5-68
LINGO
MODEL LOOK ALL GO
5-69
LINGO

5.3.4.2 Window| Satus Window

LINGO| Sdlve 15
Window| Satus Window crl +2

5.3.4.3 Window|Send To Back

Window| Send To Back Crl+B

5.3.4.4 Window|Close All

Window| Close Alll Crl+3

5.3.4.5 Window|Tile

Window| Tile Crl +4

Window| Tile
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Commdng Windew

midEL

mncie=]

MEN = JEETy - Ty
T om e W0
Ty <= Elp
T om o+ Oy
ToEmil

¢ lmok &ll
P loak mil

MOTEL
1] mas
B]E <= 30;

Iy <= A0;
¥l + 17y €= LEIDO:
ENT

L
| go

't'IIITLI'\'l' wm s

= 0K + JQ"y:

Glochml optizmi soluticn foumd &bk step:

20583,300

Yariabls Ve lun Fodured Cark
k o -+ . C LRI B safa]ils]
T 1% L0000 [ minfmn]iis]
Eas Sleck ot JAutplas Cuml Fgicwe
1 2050 400 = 1 . DULTI0
i L DECOG0 % . faoand
= o= N0 L. Dupo
q e LRI 15 LU
5-69
570 —
Ho- IR %
izontal Vertica Siis
LINGO 4
= Honzontal
Cancel |
i Wertical
Help |
5.3.4.6 Window| Cascade
Window| Cascade crl +5 570 Window|Tile

5.3.4.7 Window|Arrange Icons

lcons arl+6

Window| Arrange
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Help Topics 5.3.5 Hep

Ragster Help 571 LINGO

Austolpdats

AR LINGO 5.3.5.1 Help|Help Tapics

571 Hep Help Topics arl +6 572

Help Toplcs: LINGD

Contaris | inaes | Find |

Dk, & bige . ] When Sck Umpdsy. D chok, arolbse Labe puch & Irdies

A
NG RO Usars Marusl

| Displwy I P | Coanced

572 Hedp Topic
Contents
Index Find
5.3.5.2 Hep|Regder
Help| Reg ster LINGO Register
5-73
Regster LINDO Systers
5-74 K LINGO
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Lindo Systems Product Registration

Ham= |

Tie |

Company |

Addess |

|

Ly s Zn |

Counyp, |

Phan= I Far |

Eied

‘what it pour company's main busingss *
f En:kmuquni " Conauling ™ Maruisciuang
™ Aocounting L, Garvemmental ™ Palicchamical
™ hgcuisd Medcd 7 Transportation
- Frarcid T Maskel Resaand T Dihe

Telscommuncaiion: | [mussrce |
whal cibel oplvezaton packagen hive oy ued?
I

wihint val be wour pimary appicaton of our product 7

Commeris
|
_Cwen |
573 Regder
5.3.5.3  Help| AutdUpddte Registration Complele rﬁ
Help| AutoUpdate LINGO Onine Registration Submited.
LINDO Systers LINGO
L 4
AutoUpdate AutoUpdate
LINGO LINGO 574
LINGO
AutoUpdate LINGO
5-75
Remind me in AutoUpdate
Help
Yes LINGO 5-76

5-77
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AutoUpdale rﬁ

A updated verson of pow Lindo Spsteme Product vwas found on the
wiehitils

“oould pou ke Autollpdste o eeieve B for pou?

| e I Fllrrmw:lrn:nl |_'." Dz Disable Autol pdalbe

575 AutoUpdate

Auto Update rH_

Dizemivadng the new Inslal Hs

5-76

InstaliShield Self-extracting EXI x|

Thez wall mztall LIMGD. Do you wizh o conbmue?

Ie: | fio I
577
Yes Ingtall Shield Wizard LINGO
AutoUpdate Disable AutoUpdate AutoUpdate
AutoUpdate
5.3.5.4 Help|About LINGO
About LINGO 5-78
About LINGO LINGO
LINDO Systems Limits for this Installation
5-6
License Expiration
Perpetua License Usage
Nurmber
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of Licenses LINGO Additional License Informetion
LINGO
56 LINGO
Demo/ Web 300 30 30 150
SdverQlite 500 50 50 250
Quper 2000 200 200 1 000
Hyper 8 000 800 800 4 000
Industria 320 003 200 3200 16 000
ExtendedUnlimited Unlimited Unlimited Unlimited
Estended LINGD/FPL
Release B0 ‘
Copynght @ 2002
Linda Syslem
1415 Menth Diaylon Stest
Chizago, |L B0EZ2
N2
#vai bnda eam

Lirrite fou B Prostsllation

Canstrarty Unlimited
‘wanables Mnlimited
Horfinean Vanzhbles pnlimited
Integer ' anabiez: UInlimited
Gensrator Meamaiy (M) x
License Espishan Licenes Uzage
FPerpetual Connercial

MNumbei of Lcenzet
1

Sdditional Licensze Infamation:

o

‘ Eval U==

| oK

5-78 About LINGO

127



5.3.5.5 Help|Pointer ¥¥|

Help Help
LINGO
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6.1

LINGO
Windons

LIN-
Command Window

Windons

LINGO

6-1

HELP

MEM

6-2

FRMPS

MPS

MODEL

RMPS

MPS

TAKE

6-3

GENL

LINDO

HIDE

LOOK

PICTURE

STATS
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6-4

DIVERT

MPI

MPS

6-5

DEBUG

6-6

ALTER

DELETE

EXTEND

6-7

PAGE

PAUSE

TERSE

VERBOSE

WIDTH

6-8

DBUID

@ODBC

DBPWD

@ODBC

FREEZE

LINGO
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6-9

NEWPW
QUIT LINGO
TIME
6.2
LINGO
6.2.1
6.2.1.1 CAT
CAT LINGO CAT
LINGO CAT
6.2.1.2 COM
oM LINGO
6.2.1.3 HELP
HELP LINGO
HELP LINGO
6.2.1.4 MEM
MEM MEM
MEM
Total generator memory 5242880
Peak generator memory usage 12048
Current generator memory usage 1312
Total handles 96
Peak handle usage 9
Current handle usage 5
Total bytes moved 1552
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Total blocks moved

Total heap compacts

Fragmentation ratio 0.002
Tatal generator memory LINGO
FT Peek generator memory usage
Current generator memory usage
Tatal handles LINGO Peak handle usage
LINGO Current handle usage
Tatal bytes moved
Tatal blocks moved
Tatal hegp campacts
FET Fragmentation ratio

6.2.2

6.2.2.1 FRMPS RMPS

FRMPS RMPS
FRMPS  RMPS
RMPS
MPS LINGO

0
MPS MPS IBM
MPS
FRMPS MPS
MPS
MPS LINGO

ObjRow Maximize 20X + 30Y

Subject To
Rowl X< 50
Row2 Y< 60

Row3 X+2Y<120
MPS

NAME SAMPLE
OBJSENSE

MAX
ROWS

N OBJROW

L ROW1
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L ROW2

L ROW3
COLUMNS
ROW3 1.0000000
X OBJROW 20.0000000
X ROW1 1.0000000
Y OBJROW 30.0000000
Y ROW2 1.0000000
Y ROW3 2.0000000
RHS
RHS ROW1 50.0000000
RHS ROW2 60.0000000
RHS ROW3 120.0000000
ENDATA
MPS
LINGO MPS
MPS LINGO

rmps ¢ \ sample.mps
look all
1 TITLE SAMPLE

2 OBJROW MAX = 20 % X + 30 * Y
3 ROWL X < =50
4 ROW2 Y <= 60
5 ROW3 X + 2 % Y <= 120
MPS LINGO
MPS
LINGO
LINGO X_ 1

Error Code 179

The MPS reader had to patch names to make them compatible

var names patched 1
row names patched 0

Name collisions may have occurred.

LINGO
LINGO
RC RC

LOOK
SMVPS
LINGO MPS
MPS LINGO
LINGO
X.1 X%l
MPS I/O
Rn n
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MPS
SET RCMPSN 1

LINGO

SET RCMPSN 0

set rcmpsn 1

Parameter

RCMPSN

RC
MPS RC
MPS RC
0ld Value New Value
0 1

rmps ¢ \ sample.mps

look all

1 TITLE SAMPLE

ROBJ MAX

2

3 R1I (1<
4 R2 c2 <
5

R3 Cl +

RC
6.2.2.2 MODEL

MODEL

LOOK

MODEL

20 * C1 + 30 * C2
= 50

= 60

2 % C2 < =120

RC

MPS LINGO
28 37

LINGO LINGO

END LINGO
‘o MODEL

How many years does it take

to double an investment growing

10 % per yvear
1.1" YEARS = 2
END

LOOK ALL

1 How many years does it take

2 to double an
134
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3 10 % per year
4 1.1" YEARS = 2

GO

Feasible solution found at step 0

Variable Value

YEARS 7.272541
Row Slack or Surplus
1 0.000000

6.2.2.3 TAKE
TAKE SAVE
TAKE

TAKE filename

LINGO

SAVE C hLINGOMOD h MYMODEL . LNG
LINGO

TAKE C \ LINGOMOD \ MYMODEL.LNG

TAKE LINGO LINGO

D hLNG hMYSCRIPT.LTF

MODEL

For a given probability P this
model returns the value X such
that the probability that a unit
normal random variable is less
than or equal to X is P

Here is the probability

P = .95

Solve for X

P = @PSN X
END

Terse output mode
TERSE

Solve the model
GO

Report X
SOLU X
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TAKE

TAKE D \ LNG \ MYSCRIPT.LTF

Feasible solution found at step 0
Variable Value
X 1.644854
6.2.3.1 GEN
GEN
GEN
GEN
MODEL
SETS

136

SUPPLY/WH1 WH2 WH3/ CAP
DEST/C1 C2 C3 C4/ DEM
LINKS SUPPLY DEST COST VOL
ENDSETS
MIN= @ SUM LINKS COST * VOL
@ FOR DEST J INTO
@SUM SUPPLY I VOL I J > =

DEM J

@ FOR SUPPLY I FROM
@SUM DEST J VOL I J < =
CAP I

DATA
CAP=30 25 21
DEM=15 17 22 12
cosT=6 2 6 7

4 9 53
8 815
ENDDATA
END
GEN
MIN 5 VOL WH3 C4 +VOL WH3 C3 +



8 VOL WH3 C2 + 8 VOL WH3 Cl +
3 VOL WH2 C4 +5 VOL WH2 C3 +
9 VOL WH2 C2 +4 VOL WH2 Cl +
7 VOL WH1 C4 +6 VOL WH1 C3 +
2 VOL WH1 C2 +6 VOL WH1 C1

SUBJECT TO

INTO C1 VOL WH3 Cl +VOL WH2 Cl1 +
VOL WH1 C1 > =15

INTO C2 VOL WH3 C2 + VOL WH2 C2 +
VOL WH1 C2 > =17

INTO C3 VOL WH3 C3 + VOL WH2 C3 +
VOL WH1 C3 > =22

INTO C4 VOL WH3 C4 +VOL WH2 C4 +
VOL WH1 C4 > =12

FROM WH1 VOL WH1 C4 +VOL WHLI C3 +
VOL WH1 C2 +VOL WH1I C1 < =30

FROM WH2 VOL WH2 C4 +VOL WH2 C3 +
VOL WH2 C2 +VOL WH2 Cl < =25

FROM WH3 VOL WH3 C4 +VOL WH3 C3 +
VOL WH3 C2 +VOL WH3 Cl1 < =21

END
GEN GEN DIVERT
6.2.3.2 GENL
GENL LINDO GENL  GEN
LINDO 8 GENL
GENL GEN LINGO

MIN 5 VOLWH3C4 + VOLWH3C3 + 8 VOLWH3C2 +
8 VOLWH3C1 + 3 VOLWH2C4 + 5 VOLWH2C3 +
9 VOLWH2C2 + 4 VOLWH2C1 + 7 VOLWH1C4 +
6 VOLWH1C3 + 2 VOLWH1C2 + 6 VOLWH1C1

SUBJECT TO

INTO C1 VOLWH3C1 + VOLWH2C1 + VOLWH1C1
> =15

INTO C2 VOLWH3C2 + VOLWH2C2 + VOLWH1C2
> =17
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INTO C3 VOLWH3C3 + VOLWH2C3 + VOLWH1C3
> =22

INTO C4  VOLWH3C4 + VOLWH2C4 + VOLWH1C4
> =12

FROM WH1  VOLWH1C4 + VOLWH1C3 + VOLWH1C2
+ VOLWHIC1 < =30

FROM WH2 VOLWH2C4 + VOLWH2C3 + VOLWH2C2
+ VOLWH2C1 < =25

FROM WH3 VOLWH3C4 + VOLWH3C3 + VOLWH3C2
+ VOLWH3Cl < =21

END
LINDO 8
TRANSPRT.LTX
DIVERT TRANSPRT.LTX
GENL
RVRT
LINGO TAKE TRANSPRT.LTX LINGO
LINGO LINDO LINDO
8 VOLM VOL
GENL VOLM WH1 Cl VOM WH1 Q2 VOLMWH1C
6.2.3.3 LOOK
LOOK LOOK
LOOK row _ index | beg _row_ index end _row _ index | ALL

ALL
LOOK

LOOK ALL
For a given probability P this
model returns the value X such
that the probability that a unit

normal random variable is less

1

2

3

4

5 than or equal to X is P

6

7  Here is the probability
8 P = .95

9

0

1 Solve for X
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11 P = @PSN X
12

LOCK 8

8 P = .95
LOOK 10 11

10 Solve for X
11 P = @PSN X

6.2.3.4 PICTURE

PICTURE PICTURE
6-10 Letter Code PICTURE
6-10
z 0.000 000 0.000 001 A 110
Y 0.000 001 0.000 01 B 10 100
X 0.000 01 0.000 1 C 100 1000
W 0.000 1 0.001 D 1000 10 000
v 0.001 0.01 E 10 000 100 000
u 0.01 0.1 F 100 000 1 000 000
T 0.11 G > 1 000 000
PICTURE

PICTURE

take \ 1lingo8 \ samples \ tran.lg4d

pic

m 2 g o o0 g
m R c o O <
m 2 c o o0 <
m R c o o0 <
m R c o o0 <
m 2 c o O <
m R c o O <
m R c o O <
m 2 c o O <
m 2 c o O <

=
=
=
=
=
=
=

m 2 c o O <
m R c o O <

=
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cccccecceccc cc
3
OBJ 62674953 1 5 MIN
DEM C1 1 L >B
DEM C2 L " >B
DEM C3 ! 1 1 1 >B
DEM C4 ! 1 "1 1 >B
SUP WH1 11" 117 ! ! <B
SUP WH2 ! 1111 <B
SUP WH3 ! ! ! 11 <B
20 30 B
0
PICTURE
Windows LINGO PICTURE
6.2.3.5 STATS
STATS LINGO|Modd Statis-
tics
6.2.4
6.2.4.1 DIVERT RVRT
DIVERT LINGO OLUTION RANGE
LOOK DIVERT
DIVERT DI-
VERT
DIVERT filename
filename
RVRT DIVERT DIVERT
MODEL GO DI -
VERT

Enter a small model

MODEL
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MAX = 20*% X + 30*Y
X< =50
Y< =60
X+2*%Y¥< =120
END
Solve the model
TERSE
GO

Global optimal solution found at step

Objective value

Create a DIVERT file with

the formulation & solution

DIVERT MYFILE.TXT

LOOK ALL
SOLU
RVRT
DIVERT
1 MAX=20%X+30*%Y
2 X< =50
3 Y< =60

4 X+2%Y< =120

Variable Value
X 50.00000
Y 35.00000
Row Slack or Surplus

1 2050.000
2 0.000000
3 25.00000
4 0.000000

1 DIVERT

DIVERT

2 DIVERT

6.2.4.2 SAVE
SAVE

SAVE filename

2050.000

Opens the file
Sends model to file
Sends solution to file

Closes DIVERT file

MYFILE. TXT

Reduced Cost

0.000000
0.000000

Dual Price

1.000000
5.000000
0.000000
15.00000
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filename
LINGO

Enter a small model
MODEL
MAX=20*%X+30*Y
X< =50
Y< =60
X+2*%Y< =120
END
Save model to a file

SAVE MYMODEL. LNG

MYMODEL . LNG

MODEL
1 MAX=20*%X+30*Y
2 X< =50
3 Y< =60
4 X+2*%Y¥< =120
END

6.2.4.3 SQvF

SV
MP MPI LINDO
LINGO

SAVE

6.2.4.4 S9VIPS

SVIPS
MPS
MPS
SVIPS

SMPS filename

filename  MPS
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LINGO

MPS

LINGO
MYMODEL . LNG

MM

TAKE

Mathemetical Programming Interface

MM

MPS



Enter a small model

MODEL

SMPS MYMODEL.MPS

MAX=20*%X+30*Y

X< =50
Y< =60
X+2%Y< =120

END

Save model to an MPS file

NAME

ROWS

COLUMNS

N1
L2
L3
L4

XXX <Ko

RHS

RHS
RHS
RHS

ENDATA

3 MPS

6.2.4.5 HIDE

HIDE

LINGO GENERATED MPS FILE MAX

N O U R Y

SAVE

MPS

30.0000000
1.0000000
2.0000000

20.0000000
1.0000000
1.0000000

50.0000000
60.0000000
120.0000000

LINGO
SMPS

MPS

MPS

MPS

143



144

HIDE

GEN GENL LOOK
ALTER

HIDE
HIDE

TAKE D \ LNG \ TRAN.LNG Read in a model
LOOK 4 6 Display some rows
4 SUPPLY / WH1 WH2 WH3/ CAP
5 DEST/Cl C2 C3 C4/ DEM
6 LINKS SUPPLY DEST COST VOL
HIDE Now hide the model
Password
TIGER
Please reenter password to verify
TIGER
Model is now hidden.
Model is hidden so LOOK will fail
LOOK ALL
Error Code 111

Command not available when model is hidden.

TERSE

GO
Global optimal solution found at step 6
Objective value 161.0000

And get a solution report

NONZ VOL

Variable Value Reduced Cost
VOL WH1 C1 2.000000 0.000000
VOL WH1 C2 17.00000 0.000000
VOL WH1 C3 1.000000 0.000000
VOL WH2 C1 13.00000 0.000000
VOL WH2 C4 12.00000 0.000000
VOL WH3 C3 21.00000 0.000000

Now unhide the model
HIDE

Password

SVIPS
ALTER

LIN-

LINGO



TIGER

Once again we can view the model
LOOK 4 6

4 SUPPLY/WH1 WH2 WH3/ CAP

5 DEST/C1 C2 C3 C4/ DEM

6 LINKS SUPPLY DEST COST VOL

6.2.5

6.2.5.1 DEBUG

DEBUG

DEBUG
6.2.5.2 GO
GO LINGO
LINGO
GO TERSE
GO
ST LINGO

6.2.5.3 NONzZ

NONZ NONZERCS

TION NONZ

NONZ 'header text’ wvar or row_name

NONZ
LINGO

header _ text

var o _ row_ name
Chess Shackfoods

LINGO| Debug

GO DIVERT

NONZ
NONZ SOLU-

NONZ
LINGO

header _ text LINGO

NONZ
145



TAKE CHESS.LNG
TERSE
GO

Global optimal solution found at step

Objective value

Generate a standard NONZ report

0
2692.308

NONZ
Variable Value Reduced Cost
SUPPLY PEANUTS 750.0000 0.000000
SUPPLY CASHEWS 250.0000 0.000000
PRICE PAWN 2.000000 0.000000
PRICE KNIGHT 3.000000 0.000000
PRICE BISHOP 4.000000 0.000000
PRICE KING 5.000000 0.000000
PRODUCE PAWN 769.2308 0.000000
PRODUCE KING 230.7692 0.000000
FORMULA PEANUTS PAWN 15.00000 0.000000
FORMULA PEANUTS KNIGHT 10.00000 0.000000
FORMULA PEANUTS BISHOP 6.000000 0.000000
FORMULA PEANUTS KING 2.000000 0.000000
FORMULA CASHEWS PAWN 1.000000 0.000000
FORMULA CASHEWS KNIGHT 6.000000 0.000000
FORMULA CASHEWS BISHOP 10.00000 0.000000
FORMULA CASHEWS KING 14.00000 0.000000
Row Slack or Surplus Dual Price

1 2692.308 1.000000

2 0.000000 1.769231

3 0.000000 5.461538

Generate a NONZ report for PRODUCE

NONZ PRODUCE

Variable Value
PRODUCE PAWN 769.2308
PRODUCE KING 230.7692

Now add a header

Reduced Cost
0.000000
0.000000

NONZ '"NONZERO PRODUCTION VALUES ' PRODUCE

NONZERO PRODUCTION VALUES
769.2308
230.7692

6.2.5.4 RANGE

RANGE
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SET DUALCO 2

Range

RANGE LINGO| Range

6.2.5.5 SOLU

OLU SOLUTION

SOLU 'header text’

header  text
LINGO
var _of _ rov_ name

Chess Shackfoods OLU

TAKE CHESS.LNG

TERSE

GO

Global optimal solution found at step
Objective value

Generate a standard SOLU report

SOLU
Variable Value
SUPPLY PEANUTS 750.0000 0
SUPPLY CASHEWS 250.0000 0
PRICE PAWN 2.000000 0
PRICE KNIGHT 3.000000 0
PRICE BISHOP 4.000000 0
PRICE KING 5.000000 0
PRODUCE PAWN 769.2308 0
PRODUCE KNIGHT 0.000000 0
PRODUCE BISHOP 0.000000 0
PRODUCE KING 230.7692 0
FORMULA PEANUTS PAWN 15.00000 0
FORMULA PEANUTS KNIGHT 10.00000 0
FORMULA PEANUTS BISHOP 6.000000 0
FORMULA PEANUTS KING 2.000000 0
FORMULA CASHEWS PAWN 1.000000 0

Range

var _ or _ row _ name

LINGO

header  text

0
2692.308

Reduced Cost
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.1538461
.7692297E - 01
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
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FORMULA CASHEWS KNIGHT 6.000000 0.0000000

FORMULA CASHEWS BISHOP 10.00000 0.0000000
FORMULA CASHEWS KING 14.00000 0.0000000
Row Slack or Surplus Dual Price

1 2692.308 1.000000

2 0.000000 1.769231

3 0.000000 5.461538

Generate a SOLU report for PRODUCE
SOLU PRODUCE

Variable Value Reduced Cost
PRODUCE PAWN 769.2308 0.0000000
PRODUCE KNIGHT 0.000000 0.1538461
PRODUCE BISHOP 0.000000 0.7692297E- 01
PRODUCE KING 230.7692 0.0000000

Now add a header
SOLU ' PRODUCTION QUANTITIES’ PRODUCE
PRODUCTION QUANTITIES
769.2308
0.000000
0.000000
230.7692

6.2.6

6.2.6.1 ALTER

ALTER ALTER

ALTER line_number | line_range | ALL 'old_ string’ new_ string’

line_ number line _ range ALL
od_ string new_ string
ALTER knapsack
TAKE ALTER.LNG
LOOK ALL
1 SETS

2 THINGS /1..4/ VALUE WEIGHT X
3 ENDSETS
4 DATA
5 VALUE = 8 6 4 3
6 WEIGHT = 66 44 35 24
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7 ENDDATA

8 MAX = @ SUM THINGS VALUE * X

9 @ SUM THINGS WEIGHT * X > = 100
10 @ FOR THINGS @ BIN X

Change the direction of the constraint
ALTER9 '> ="< =’

9 @ SUM THINGS WEIGHT * X < = 100

Change 'THINGS’ to 'ITEMS’ in ALL rows
ALTER ALL 'THINGS'ITEMS’

2 ITEMS /1..4/ VALUE WEIGHT X

8 MAX = @SUM ITEMS VALUE * X

9 @ SUM ITEMS WEIGHT * X < = 100
10 @FOR ITEMS @BIN X
LOOK ALL

1 SETS

2 ITEMS/1..4/ VALUE WEIGHT X
3 ENDSETS

4 DATA

5 VALUE = 8 6 4 3

6 WEIGHT = 66 44 35 24

7 ENDDATA

8 MAX = @ SUM ITEMS VALUE * X

9 @ SUM ITEMS WEIGHT * X < =100
10 @ FOR ITEMS @ BIN X
ALTER

6.2.6.2 DELETE

DELETE DELETE
DELETE line number | line rangel|ALL

line_ number line _ range ALL
DELETE

DELETE 3

DEL 2 10

DEL ALL
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6.2.6.3 EXTEND

EXTEND

EXTEND

LOOK ALL

1 MAX 20* X + 30*Y
2 X < =50
3Y<=60

4 X + 2%Y < =120
Use EXTEND to add another line
EXTEND

X> =30

END
LOOK ALL

1 MAX20* X + 30*Y
2 X <=50

3Y <=260

4 X + 2%Y < =120
5 X >= 30

6.2.7

6.2.7.1 PAGE

PAGE

PAGE n

n PAGE 25

25 PAGE

PAGE 0
PAGE O
6.2.7.2 PAUSE

PAUSE

6.2.7.3 TERSE

TERSE LINGO GO
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EXTEND
END
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PAUSE



TERSE NONZ OLU

LINGO

TERSE LINGO VERBOSE
6.2.7.4 VERBOSE

VERBOSE TERSE LINGO
LINGO

6.2.7.5 WIDTH

WIDTH WIDTH

WIDTH n

LINGO

6.2.8

6.2.8.1 DBUID DBPWD

DBUID DBPWD @ODBC

DBUID my user _id

DBPWD my _ password

6.2.8.2 FREEZE

FREEZE LINGO
LINGO LINGO LINGO. CNF
&ET
FREEZE
LINGO

SET DEFAULT
FREEZE
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6.2.8.3 &ET

T LINGO LINGO
SET ET

SET parameter _name | parameter ~index parameter value

parameter _ name parameter _ index parameter _
value LINGO

6.2.9

6.2.9.1

6.2.9.2 NEWPW

NEWPW LINGO
LINGO LINGO LINGO Systems
www. lindo. com
HELP

6.2.9.3 QUIT
QUIT LINGO LINGO
6.2.9.4 TIME

TIME LINGO
TIME

TIME
Cumulative HR MIN SEC=2 22 39.54
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7 LINGO

LINGO
1 _
2 RS
3 _
4 _
5 P
6 _
7 _
2.5
8 R
7.1
LINGO
7.1.1
LINGO
LINGO ]
72

7-1

Posson  Erlang

7-1

7-2

LINGO
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7.1.2

LINGO
TRUE FALSE LINGO 1 TRUE 0
FALSE 0 FALSE 17 -1
0.1234 TRUE
LINGO 9 # NOT # 7-3
LINGO
7-3

# NOT # FALSE TRUE FALSE

# EQ# TRUE FALSE

# NE# TRUE FALSE

#GT# TRUE FALSE

# CGE# TRUE FALSE

#LT# TRUE FALSE

#LE# TRUE FALSE

# AND # TRUE TRUE FALSE

#OR# FALSE FALSE TRUE

7-4
7-4
# NOT #
v #EQ# #NE# #GT# #CGE# #LT# #LE#
#AND# #OR#
7.1.3
LINGO
7-5 LINGO
LINGO P S
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LINGO

7-5
A B ;
A<B <=
> =
A+ e< B
13 A
B
7.1.4
7-6
7-6
# NOT # -
* /
+
#EQ# #NE# #GT# #CGE# #LT# #LE#
' # AND # #OR#
< = = > =
7.2
LINGO
7-7
7-7
@ABS X X
@COS X X X
@EXP X e 2.718281... X
@FLOOR X X X = 0 @FLOOR X
X<0 @FLOOR X
ALaM X X gamma log X-1 X
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@LOG X X

@3CGN X X<0 -1 +1

@SN X X X

@IVAX X1 X2 XN X1 X2 XN

@SMIN X1 X2 XN X1 X2 XN

@TAN X X X

7.3
LINGO

1.@FPA | N
@FPA | N 1 N
1 I 0.1 10%

2.@FPL | N
@FPL | N N 1

7.4

1.@PBN P N X
@PBN P N X N

X
2.@PCX N X
@PCX N X N o 1
X
3.@PEB A X
@PEB A X Erlang X
A A

4. @PEL A X
@PEL A X Erlang X
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1.0

@PEL

X
5.@FD N D X
@PFD N D X

F
6.@PFS A X C
@PFS A X C

7.@PHG POP G N X
@PHG POP G N X

POP G
8.@PPL A X
@PPL A X

A
9.@PPS A X
@PPS A X

10. @PL X
@PL X

11. @PSN X
@PSN X

12.@PTID N X

@PTD N X N
X
13. @QRAND SEED
01
m n

m=4 n=2
0.51

D F
C A
A
N
POPGN X
MAX 0 Z- X
A X
MAX 0 Z- X
0.0
X
t
@QRAND
n
00.5
0.5 0.5 8
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@QRAND 1 8 @QRAND 4 2

@QRAND

MODEL

DATA

M= 4

N = 2

SEED = 1234567
ENDDATA
SETS

ROWS /1. .M/

COLS /1. .N/

TABLE ROWS COLS
ENDSETS
DATA

X = @QRAND SEED
ENDDATA

END

@QRAND
14. @RAND SEED
01

7.5

LINGO
@INDEX
@WRAP

SFEED  LINGO SEED

SEED

@IN
@SZE

1.@IN set_name primitive_ index _ 1 primitive _index_2 ...

SETS

PLANTS / SEATTLE DENVER

CHICAGO ATLANTA/

CLOSED PLANTS /DENVER/

OPEN PLANTS

#NOT# @ IN CLOSED &1

ENDSETS
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primtive_index_ 1 primtive _index 2
st nare @IN

TRUE @IN



OPEN PLANTS
CLOSED OPEN
BY

@INDEX

SETS

S1/ABC/

S2 /XY zZ/

S3 81 S2 /JAXAZBYCX

ENDSETS

X = @IN S3 @INDEX S1 B @ INDEX S2 Y

2. @INDEX st_name primitive_ set _ eement

@INDEX st nare
=t nare LINGO
LINGO primitive _ set _ element
@INDEX
SETS

GIRLS /DEBBIE SUE ALICE/
BOYS /BOB JOE SUE FRED/

ENDSETS
BOYS SUE
@INDEX SUE 2 3
LE BOYS
UE @INDEX
3. @WRAP INDEX LIMIT
@WRAP
@WRAP J J=INDEX - Kx LIMIT
IT @WRAP
LIMIT
4. @9ZE st nare
@S ZE st nare

7.6 /

@IN

primtive _ st _ element

primitive _ set _ dement

3

GIRLS
@INDEX BOYS

J

INDEX



LINGO
1. @DUAL varidble o row_ name

@DUAL
DATA
@ TEXT 'C \ RESULTS \ OUTPUT.TXT' = X @DUAL X
ENDDATA
X C hRESULTS hOQUTPUT. TXT
2. @FILE *filename
@FILE
filename
LINGO LIN-
GO ~ @FILE LINGO
LINGO @FILE
@FILE @FILE
3. @ODBC ‘'data_source  ‘teble_nameé  ‘'cd _ 1 ‘cd _2 ...
@ODBC LINGO OoDBC
data _ source
ODBC ODBC table  name
ca _| table _ name
4. @OLE 'spreadsheet file  range _ name_ list
@OLE OLE EXCEL
EXCEL OLE @OLE
LINGO EXCEL EXCEL
@OLE EXCEL 5.0 @OLE
@OLE
Soreadshect _ file range_ name_ ligt
5. @POINTER N
@POINTER Windows LINGO DLL

6. @RANGED vaiable or _row_ name
@RANGED
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DATA
@ TEXT 'C \ RESULTS \ OUTPUT.TXT' = X @RANGED X
ENDDATA

X
C hRESULTS hOUTPUT. TXT
7. @RANGEU variable or _ row_ name

@RANGEU
@RANGED
8. @STATUS
@STATUS 7-8
7-8  @STATUS

0

1

2

3

4

5 presalving

6

7 LINGO

8

9

@STATUS 0 @STA-

TUS

9. @TEXT ‘filenare

@TEXT filename

'filename
7.7

1. @IF logica _ condition true  result fase result

@IF logical _ condition true _ result fase
_ result @IF

MIN = COST

COST = XCOST + YCOST
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XCOST

@IF X #GT# 0 100 0 + 2 % X

YCOST

@IF Y #GT# 0 60 0 + 3 * Y

X+ Y >= 30

X Y
100
@IF

@IF
@IF
@IF
@IF
@IF

LINGO

Local optimal solution found at iteration 42

Objective value 160.0000
Value
160.0000
160.0000
0.000000
30.00000

0.000000

Variable
COST
XCOosT
YCOST
X
Y

160
150

Generd Sdver
Global Optimization

| Options

Glabal Solver Glabal Solver

LINGO

Global optimal solution found at iteration 6

Objective value 150.0000

Variable Value
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Linearization Degree

<

LINGO
@IF

LINGO

LINGO
High

LINGO| Options
LINGO



COST 150.0000

XCOST 0.000000
YCOST 150.0000
X 0.000000
Y 30.00000

2. @WARN 'text logica condition
@WARN logicl  condition

“ INVALID INTEREST RATE'

A model of a home mortgage

DATA
Prompt the user for the interest
rate vyears and value of mortgage.

We will compute the monthly payment

YRATE
YEARS

LUMP =
ENDDATA
Number of monthly payment
MONTHS = YEARS * 12
Monthly interest rate
1 + MRATE "~ 12 = 1 + YRATE
Solve next line for monthly payment
LUMP = PAYMENT * @ FPA MRATE MONTHS
Warn them if interest rate is negative
@ WARN 'INVALID INTEREST RATE'
YRATE # LT# O

3. @QUSER  user _ determined _ arguments
@USER

] t@(t'
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LINGO
LINGO LINGO
LINGO LINGO
LINGO ACII LINGO
LINGO

8.1

Windons
8.1.1 Excd

LINGO
Excd LINGO 2
DATA REQUIRED
SETS

DAYS / MON TUE WED THU FRI SAT SUN/
REQUIRED START
ENDSETS
DATA
REQUIRED =
ENDDATA
MIN = @ SUM DAYS I  START I
@ FOR DAYS J
@SUM DAYS I | I #LE# 5
START @WRAP J - I + 1 7

> = REQUIRED J
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Excel 81

LI» |

1
F Day:
3 SEURCTTIEEEN 20 1B 13 18 18 14 12
4 I:
81
Excel LINGO
1 a3 13
G I3
2 Exce * " ‘ "
3 LINGO
4 “ REQUIRED ="
5 LINGO * ‘ "
LINGO

DATA
REQUIRED = 20 16 13 16 19 14 12

ENDDATA

LIN% “ ”
LINGO Excel
8.1.2 Word
LINGO
Word
LINGO Solution Repart Window
LINGO Edit| Select All |
3 LINGO Edit| Copy |
4 Word
5 Word Edit| Paste | Word
8.2
LINGO
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LINGO

LINGO @FILE
@FILE
8.2.1 @FILE
LINGO @FILE
LINGO @FILE
@ FILE 'filename’
filename LINGO
filename
@FILE
8.2.2 @FILE
Wireless Widgets
6  WAREHOUSES 8
SETS

@TEXT
LINGO @TEXT
LINGO
LINGO ~
@FILE LINGO
LINGO @FILE
VENDORS

WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY

VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/

LINKS WAREHOUSES VENDORS

ENDSETS

MIN = @SUM LINKS I J

cosT I J

@ FOR VENDORS J

@ SUM WAREHOUSES I

DEMAND J

@ FOR WAREHOUSES I

* VOLUME I J

VOLUME I J

@ SUM VENDORS J VOLUME I J

CAPACITY I

DATA

CAPACITY = 60 5551 43 41 52
DEMAND = 35 37 22 32 41 32 43 38

COST =62674259
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COST VOLUME
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49538582

52197433

76739271

23957265

55228143
ENDDATA

WAREHOUSES
DATA CAPAATY DEMAND

LINGO @FILE

SETS
WAREHOUSES / @ FILE 'WIDGETS2.LDT' / CAPACITY
VENDORS / @ FILE 'WIDGETS2.LDT / DEMAND
LINKS WAREHOUSES VENDORS COST VOLUME
ENDSETS
MIN = @SUM LINKS I J
CoST I J * VOLUME I J
@ FOR VENDORS J
@ SUM WAREHOUSES I VOLUME I J =
DEMAND J
@ FOR WAREHOUSES I
@SUM VENDORS J VOLUME I J < =
CAPACITY I
DATA
CAPACITY = @FILE 'WIDGETS2.LDT’
DEMAND = @FILE 'WIDGETS2.LDT’
COST = @FILE 'WIDGETS2.LDT'
ENDDATA

WIDGETS2. LDT

WAREHOUSES
WH1 WH2 WH3 WH4 WH5 WH6 ~
VENDORS
V1 V2 V3 V4 V5 Ve V7 V8 ~
WAREHOUSES
60 55 51 43 41 52 ~
VENDORS
3537 22 32 41 32 43 38 ~

62674259
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49538582
52197433
76739271
23957265
55228143

.LDT LINGO
- LINGO
~ LINGO
LINGO @FILE ~
@FILE WIDGETS2. LDT
~ LINGO
LINGO
@FILE @FILE
WIDGETS2.LDT
WAREHOUSES
WH1 WH2 WH3 WH4 WH5 WH6 ~
VENDORS

V1 V2 V3 V4 V5 V6 V7 V8 ~

LINGO @FILE WIDGETS2. LDT

WAREHOUSES / @ FILE 'WIDGETS2.LDT' / CAPACITY

VENDORS / @ FILE 'WIDGETS2.LDT' / DEMAND

@File
WAREHOUSES / WH1 WH2 WH3 WH4 WH5 WH6/ CAPACITY
VENDORS / V1 V2 V3 V4 V5 V6 V7 V8/ DEMAND
16
8.2.3 @TEXT
@TEXT @TEXT LIN-

GO @TEXT
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@ TEXT 'FILENAME'

FILENAME FILENAME
@TEXT
LINGO
@TEXT LINGO
@TEXT
@ TEXT 'RESULTS.TXT' = X
LINGO X RESULTS. TXT
@ TEXT = DAYS START
FILENAME DAYS
@TEXT
8.2.4 S— @TEXT
@TEXT
SETS
DAYS / MON TUE WED THU FRI SAT SUN/
REQUIRED START
ENDSETS
DATA
REQUIRED = 20 16 13 16 19 14 12
@ TEXT 'OUT.TXT' = DAYS START
ENDDATA
MIN = @SUM DAYS I START I
@ FOR DAYS J
@SUM DAYS I | I #LE# 5
START @WRAP J — I + 1 7
> = REQUIRED J
@ TEXT 'OUT.TXT' = DAYS START
DAYS START OQUT. TXT
LINGO OQUT.TXT

MON 8.0000000
TUE 2.0000000

START
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Lo B PR E R e s N R

el

WED 0.0000000
THU 6.0000000
FRI 3.0000000
SAT 3.0000000
SUN 0.0000000
OUT. TXT
Access Access ¢ | ?
Access Sart
Excd Exw 13 ”
8-3
Diay Ezan =
B g 1 MOM
|| TUE 2 2 TUE
WD 0 3 'WED
|| THu & - i,
FRI 3 E FRI
AT :| b SAT
WED 0f«f 7 5w
Recod: 14 4 ] a b M| o e Ot |
82 Acces 83 Excd
DAYS
START OUT. TXT
DATA
@ TEXT 'OUT.TXT' = DAYS START
@ TEXT = DAYS START
ENDDATA
LINGO LINGO
Windowns LINGO| Options Options Interface
Terse autput K Windoas
Terse output
Global optimal solution found at step 8
Objective value 22.00000

MON  8.0000000
TUE  2.0000000
WED  0.0000000
THU  6.0000000
170
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FRT  3.0000000
SAT  3.0000000
SUN  0.0000000
8.3 LINGO
LINGO LINGO LINGO
LINGO LINGO
“ Fle| Take Commends Windons LINGO
LINGO TAKE
LINGO
QUIT LINGO LINGO
8.3.1
Pluto Dogs MarsDogs ~ Saturn Dogs 81
81
Pluto Dogs 20 16 13 16 19 14 12
Mars Dogs 10 2 10 1 14 16 8
Saum Dags 8 2 16 16 18 2 19
LINGO

SET ECHOIN 1

LINGO

SET TERSEO 1

MODEL

SETS

DAYS / MON TUE WED THU FRI SAT SUN/

ENDSETS

REQUIRED START
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DATA
REQUIRED = @ FILE 'PLUTO.LDT’
@ TEXT 'PLUTO.TXT' = START

ENDDATA

MIN = @ SUM DAYS I  START I

@ FOR DAYS J

@SUM DAYS I | I #LE# 5
START @WRAP J — I + 1 7

> = REQUIRED J

@ FOR DAYS @ GIN START
END
Pluto Dogs
GO
Mars Dogs
ALTER ALL 'PLUTO'MARS’
Mars Dogs
GO
Saturn Dogs
ALTER ALL 'MARS'SATURN’
Saturn Dogs

GO

SET TERSEO 0
SET ECHOIN 0

&ET LINGO

LINGO MODEL
LINGO MODEL

DATA
REQUIRED = @FILE 'PLUTO.LDT’

@ TEXT 'PLUTO.TXT' = START
ENDDATA
@FILE LINGO
START PLUTO. TXT
END GO Pluto Dogs
'"PLUTO "MARS
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ECHON 1 LINGO
TEREOC 1

LINGO
END

@TEXT

ALTER



DATA

REQUIRED = @ FILE 'MARS.LDT’

@ TEXT 'MARS.TXT' = START
ENDDATA
Mars Dogs MARS. LDT
Mars Dogs START Saturn Dogs
START ET TERSEO ECHOIN
LINGO PLU-
TO.TXT MARS.TXT  SATURN. TXT Pluto Dogs Mars Dogs

Sturn Dogs STSRT

8.3.2 AUTOLG.DAT

LINGO LINGO
AUTOLG. DAT LINGO
LINGO  LINGO
8.4
Windoas LINGO  LINGO 82
82
LINGO Filename File| Teke Commends LINGO
-tFilename
AUTOLG. DAT AUTOLG. DAT
-oFilename LINGO Filename File| Open
LINGO File| Log Cutput
-IFilename
Filename
MODEL

MAX = 20 * X + 30 ¥ Y X < = 50
Y < =60
X + 2 %Y <=120

END

SET TERSEO 1
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GO

DIVERT SOLU.TXT

SOLUTION
RVRT
LINGO
QUIT
SOLU. TXT TEST. LTF LINGO
tTEST. LTF LINGO TEST.LTF
Windowns LINGO
" “ ” “ " LINGO
LINGO LINGO. EXE
84 LINGO
LINGO u ” 85 84 LINGO
“ Shorteut” “ Target’ -
tTEST.LTF LINGO “ Rur?
“ Minimized’ Apply oK
LINGO LINGO
SOLU. TXT
Variable Value Reduced Cost
X 50.00000 0.000000
Y 35.00000 0.000000
Row  Slack or Surplus Dual Price
1 2050.000 1.000000
2 0.000000 5.000000
3 25.00000 0.000000
4 0.000000 15.00000
8.5
Unix LINGO
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LINGL Praperi os

Genenl| Shortcul | Compasblly

g LINGD
!

Targei iyper  Applcaton
Target locator LINGD
T apgel: \LINGOALIMNGD E=E 4TEST LTF

Skarl o \IKGORSAMPLES
Shotoul kay | None

Fiun Hiormal vendarr -

Coomment:

(e ] (e ioan ] [ Advewowi. |

{ ok || Concel ||_.=pp|_..- |

85

LINGO < input _ file > output _file

LINGO input _ file
file LINGO
LINGO  “ ?
LINGO
TEST.LTF
OLU. TXT CAPTURE. TXT

LINGO < TEST.LTF > CAPTURE.TXT

CAPTURE. TXT

output
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LINGO

Excel OLE
LINGO OLE LINGO
LINGO

9.1

LINGO
Excd

9.1.1 @OLE Excel

@OLE OLE
OLE

@OLE

Excel

Excel 5.0 @OLE

@OLE

@OLE

LINGO

object list = @OLE 'spreadsheet file'

doject _ list
Spreadsheet _ file
range_ name_ lis  LINGO

176

@OLE

LINGO
LINGO
OLE Exce
Excel Windoas
LINGO
Excel
@OLE LINGO Excd
@OLE
n n
Exced
Exce
range _name _ list
dbject _ list
LINGO Excedl
dbject  list



LINGO dbject ligt
dbject ligt

@OLE
COST CAPACITY = @OLE 'SPECS.XLS'
@OLE LINGO
Excel SPECS. XLS QCoSsT  CAPACITY

PACITY
COST CAPACITY = @OLE 'SPECS.XLS’ 'DATATABLE'

oSt CAPACITY
LINGO aosT

CoSsT  CAPACITY

COST CAPACITY = @OLE 'SPECS.XLS' 'COST01’ 'cap01l’

CoSsT  CAPACITY
GosT01 QosT CAROL CAPACITY

9.1.2 @OLE

Wireless Widgets LINGO

SETS
WAREHOUSES CAPACITY
VENDORS DEMAND
LINKS WAREHOUSES VENDORS COST VOLUME
ENDSETS
MIN = @SUM LINKS I J
COST I J * VOLUME I J
@ FOR VENDORS J
@ SUM WAREHOUSES I
VOLUME I J = DEMAND J
@ FOR WAREHOUSES I
@ SUM VENDORS J VOLUME I J
< = CAPACITY I
DATA

LINGO

cbject _ list

costr CA-

DATATABLE
CAPACITY

LINGO

@OLE
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WAREHOUSES VENDORS CAPACITY DEMAND COST =
@OLE 'C \ LINGO \ SAMPLES \ WIDGETS.XLS'
'WAREHOUSES’' 'VENDORS' 'CAPACITY’

'"DEMAND’ 'COST’

ENDDATA

GETS. XLS 9-1 WIDGETS. XLS

Ef Microsofi Excel - WIDGETS. xis

E] ps Bt Wew Jneed Fomal Took [als Wieins WEI [min - F M
DEFEHaY &A% X o . E-3 0L g
R - [ 3
& B ElDIE|F| 8| H| 1] K L=
¢ ]
s Wendoms
4 Warehouses Wi WS WE
| WH1 2 B rl 4 4 & H kU -
& L L, g B & 8 1 55
I WWH3 4 8| -3 al
B WHA B rf T | 43
2 WHS 3 d B B 41
1] WHhb =1 A = £
11 Nemand; T g & W 43 W
Woa v nySheetl J Sheetd [ Gheetd / [ 1 ®
Heady Ll
91 WIDGETS. XLS
91
QOST CAPACITY DEMAND VENDOR  WARE-
Capacity K5 K10 HOUSE o1
Cost G J10
Demand C11 a1 Excel
Vendars A n 1
Warehouses B5 B10 2
3 Insert | Name| Define
4

@OLE Exce LINGO

WAREHOUSES VENDORS CAPACITY DEMAND COST =
@OLE 'C \ LINGO \ SAMPLES \ WIDGETS.XLS'
'"WAREHOUSES' 'VENDORS' 'CAPACITY’

'DEMAND’ 'COST’
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@OLE

Excd

WAREHOUSES VENDORS CAPACITY DEMAND COST =

@OLE 'C \ LINGO \ SAMPLES \ WIDGETS.XLS'

@OLE
@OLE @OLE
LINGO Excd WIDGETS
CAPACITY QCOST DEMAND

WAREHOUSES VENDORS LINGO

Optimal solution found at step 16

Objective value 664.0000

Variable Value Reduced Cost

VOLUME WH1 V2 19.00000 0.0000000

VOLUME WH1 V5 41.00000 0.0000000

VOLUME WH2 V4 32.00000 0.0000000

VOLUME WH2 V8 1.000000 0.0000000

VOLUME WH3 V2 12.00000 0.0000000

VOLUME WH3 V3 22.00000 0.0000000

VOLUME WH3 V7 17.00000 0.0000000

VOLUME WH4 V6 6.000000 0.0000000

VOLUME WH4 V8 37.00000 0.0000000

VOLUME WH5 V1 35.00000 0.0000000

VOLUME WH5 V2 6.000000 0.0000000

VOLUME WH6 V6 26.00000 0.0000000

VOLUME WH6 V7 26.00000 0.0000000
9.2
9.2.1 @OLE Excd

@OLE
@OLE
@ OLE 'spreadsheet file’ range name list = object list

cbject list spreadshest  file

SETS

Sl X

range_ name_ lig
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S2 81 Sl Y

ENDSETS

DATA
S1 X =ML1 M22 M3 3
S2 Y =ML M24 M3 M5

ENDDATA
Variable Value
X M1 1.000000
X M2 2.000000
X M3 3.000000
Y M1 M2 4.000000
Y M3 M1 5.000000
X Y
4 5 S
M1 M2 M3 M1
@OLE

@OLE 'C \ XLS \ DEVELOP.XLS'

_FEET HOW _

@OLE 'C \ XLS \ DEVELOP.XLS'

'BUILD IT'

BIG

= BUILD SQ_ FEET

LINGO
LINGO BUILD SQ FEET Excel
@OLE 'C \ XLS \ DEVELOP.XLS' 'SOLUTION’
—S0OLUTION
BUILD
BUILD SQ_ FEET
@OLE
@OLE
LINGO
@OLE ... = object_1list
object _list = Q@OLE ...
9.2.2 @OLE
Wireless Widgets
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X 123 Y
M1 M2 M3
5%
"HOW _BIG' = BUILD SQ _ FEET
BUILD BUILD IT
DEVELOPR. XLS
= BUILD SQ_ FEET
N FEET
@OLE
LINGO @OLE
@OLE Ex-



@OLE LINGO

SETS

WAREHOUSES CAPACITY

VENDORS DEMAND

LINKS WAREHOUSES VENDORS COST VOLUME
ENDSETS

MIN

@ SUM LINKS I J
COST I J * VOLUME I J
@ FOR VENDORS J
@ SUM WAREHOUSES I
VOLUME I J = DEMAND J
@ FOR WAREHOUSES I
@ SUM VENDORS J VOLUME I J
< = CAPACITY I
DATA

WAREHOUSES VENDORS CAPACITY DEMAND COST

@OLE 'C \ LINGO \ SAMPLES \ WIDGETS.XLS’
"WAREHOUSES' ' VENDORS' 'CAPACITY’

'"DEMAND’ 'COST'

@OLE 'C \ LINGO \ SAMPLES \ WIDGETS.XLS'

WIDGETS. XLS

'"VOLUME' = VOLUME
ENDDATA
@ OLE VOLUME Excdl
@OLE
@ OLE '\ LINGO \ SAMPLES \ WIDGETS.XLS' = VOLUME
WIDGETS VOLUME LINGO
LINGO VOLUME VOLUME
@OLE
Export Summery Report
@OLE LINGO
Wireless Widgets @OLE Excel
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E* Microsef! [xcel - WIDGETS. xls =17

@) pe Bt wew [neet Format  [ools  Dats  Window  WE  Hep
- i N
g @ a2 «-4 -4 D> ?»
M25 -
Y B B LDLELE | U H| | M.
12
13
14 Vendors:
15 Wareshouses: 1 Wil WS Ve W v
18 WH1 O: 19 0 0O 43 al o o
17 WHZ of 0 o3 0 a O 1
18 Wil Of 192 L 0 0O O 1% D g
13 WH4 o 0 o o & O 3
2 WWHS BB O Of O o O 0o
21 WHE D 0 O 0O O 2 26 O
24 -
4 4+ Wi\ Sheetl /sheets [Sneetd / | | [
Ay ML
9-2 VOLUME
Export Summary Report
Transfer Method OLE BASED
Spreadsheet \ LINGO \ SAMPLES \ WIDGETS.XLS
Ranges Specified 1
Ranges Found 1
VOLUME
Range Size Mismatches 0
Values Transferred 48
Transfer Methad @OLE @OLE
“ OLE BAED'
Foreadshect
Ranges Soecified
Ranges Found
Excd
Range Sze Mismatches
Vaues Transferred
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9.3 OLE

LINGO

Excedl LINGO
Visual Basic

9-3 Excd

Excel

OLE

Cient-Server

E! Micrsaoit [mcel  STAND L. o

Bl b il pen (aev Fgme [k ea

- LR -

L T LR

o

15

i

]

i}

i i
W i Fii
I3 [ i
] u J
{Em

Dot @A
--”‘-‘1 -. - L
A B =
4
i
= I
& na
T na
a nag
iy
;E:-' ¥ i Fl
11
12
13
14
1%
1] Fesginiisd
I? Cn Dary
12 St
1%
.1}
H
e ]
rl“l & #y Dala /o S
A iy
MENTS C18 118
STAFOLEL. XLS
ECHOIN 1
2 21
Data

STAFOLEL. XLS| Data

Cl16 116

START LINGO

LINGO

@OLE

LINGO
Excd
= W=
LS
)
il
REQUIRE-
START
1 SET
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W] Fe E® Vew freet Fyes Toch Oete Window WO e -8 x
Do @GRY IDR-T - Q- B0 -

HAA - &

! = -
| |SET ECHOIN 1 B
4 |mocEL:
3 isETS:
4|  DATE / BOLE " CoALINGO\SARPLESSTAFOLEL.ELE' | /3
g | BEQUIRED, START:
B |EmpsETS
T
B (oATA:
8| EBEQUIRED = POLE|"C:\LINGO SARPLES, STAFOLEL. XLS )
0| @OLEI 'Co\LINGONSANPLESVETAFOLEL.ELG') = ETART:
|1 [EmooaTa
12 |
13 {AIN = SSON[BAYA[ 1)z START| Xij:
14|
|5 [fFoRipaYS[ J)2
[ HSOMIDAYS | 17 | I #LEF 5:
17| START| BWRAP| J - I + 1, Thi|
18 | = BEOUIRED| J30 4
19|
20 AFOR(bAYI: MOIN{ITART]]:
21 |Enn
22 | TERSE
23:'3':' =
M ooy e
We o o' Data ) Model / |+ |
Bmacly UM

9-4 STAFOLEL.XLS|Madd
REQUIRED START 22
Al AZ3 MODEL
LINGO
LINGO OLE Data Sdve
Excel Visual Basic

Sub LINGOSolve
Dim iErr As Integer
iErr = LINGO.RunScriptRange "MODEL"
If iErr > 0 Then
MsgBox "Unable to solve model”
End If

End Sub

OLE LINGO  RunScriptRange
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MODEL RunScriptRange Excel MODEL
QUIT
RunScriptRange 0
9-2
9-2  RunScriptRange
1 9
2 10
3 1 LINGO
4 12 CLE
5 13 Excd
6 14 Excd
7 15 Excel
8
Data Auto  Open
Dim LINGO As Object
Sub Auto _ Open
Set LINGO = CreateObject "LINGO.Document.4”
End Sub
LINGO
CreateObject LINGO
Sdve 9-5
START C18 118
9.4 LINGO Excel
LINGO OLE
LINGO OLE Excel
LINGO Exced LINGO
LINGO LINGO
LINGO Excel Insert |
Object | 9-6 LINGO
Document oK LINGO
LINGO
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LINGO
Excd LINGO
LINGO LINGO
LINGO h SAMPLES STAFOLE2. XLS
Excel 9-7
REQUIRED START
< Embedded
LINGO Modd > 9-8
LINGO LINGO Exce
Excel LINGO LINGO LINGO
Excd OLE
LINGO
SETS

DAYS / MON TUE WED THU FRI SAT SUN/
REQUIRED START
ENDSETS
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Media Jip
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DATA
REQUIRED =

@OLE 'C \ LINGO \ SAMPLES \ STAFOLE2 .XLS’

187



E¥ Microsoft Fxcel - LINGD in STAFOLEZ . xis
] Fle Edt LINGO ‘Window Help

e ] ee B e

A B C D E E

BETSi -~
DAYS / NOM TUE WED THU FRI SAT 20
=10
REQUIRED, START: g 15
e 10

1 DATA:
REQUIRED = BOLE(*C:\LINGO\ASARPLES
1 YSTAFOLEZ .¥LS ) ; u
BOLE (*C:4 LINGDY SAHFLES

7]

il | el | il { il
”__,mmm-uq.m.mhmm

9-8 STAFOLE2.XLS|

@OLE 'C \ LINGO \ SAMPLES \ STAFOLE2.XLS'

= START
ENDDATA
MIN = @ SUM DAYS START
@ FOR DAYS J

@SUM DAYS I | I #LE# 5

START @WRAP J - I + 1 7
> = REQUIRED J

@ FOR DAYS @ GIN START

LINGO LINGO LINGO| Solve
LINGO
9-9

9.5 LINGO Excel

LINGO LINGO
LINGO SAMPLES STAFFOLE

9-10

Excel STAFFOLE. XLS
LINGO
LINGO Edit| Insert New Object 9-11
Create fram File
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10

DBMS
LINGO Open
Database Connectivity ODBC DBMS CDBC  DBMS
LINGO ODBC LINGO
Access DBase Excd FoxPro Oracle Paradox QL Server Text Files oDBC
LINGO @ODBC @ODBC
ODBC ODBC @0DBC
Windowns LINGO
10.1 ODBC
Windows LINGO
TRANDB. LG4 h LINGO h SAM-
PLES h
MODEL
3 PLANT 4  CUSTOMER
ODBC Access Oracle ODBC
“ Transportation’

TITLE Transportation
SETS
PLANTS CAPACITY
CUSTOMERS DEMAND
ARCS PLANTS CUSTOMERS COST VOLUME

ENDSETS

OBJ MIN = @ SUM ARCS COST * VOLUME

@ FOR CUSTOMERS C

@SUM PLANTS P VOLUME P C > = DEMAND C
192



@ FOR PLANTS P

@ SUM CUSTOMERS C VOLUME P C < = CAPACITY P

DATA
ODBC
PLANTS CAPACITY = @ ODBC
CUSTOMERS DEMAND = @ ODBC
ARCS COST = @ODBC
ODBC
@ ODBC = VOLUME
ENDDATA
END
@ODBC ODBC
ODBC
1 DBMS DBMS ODBC
2 ODBC ODBC
DBMS OoDBC
Windons ODBC Microsoft
Access Oracle L Server
10.1.1 Access ODBC
LINGO Microsoft Access
SAMPLES TRANDB. MDB
ODBC
1 p ”
> p ”
3 “ ODBC ? 10-1 ODBC
4 ODBC Add 10-2
5 Microsoft Access Driver Finish 10-3
6 Data Source Name “ Transportatior? De-
scription “ Data source for a LINGO trangportation model”
SHect “ LINGO h SAMPLES h TRANDB.
mdd’ 10-4
7 oK ODBC 10-5 “ Trans-

portatio?’ Driver “ Microsoft Access Driver  * .mdb ”
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€7 DDOC Dala Source Adminisirator

Uses DSN | System DSN | File SN | Drivers | Tracing | Cormnection Poging | Abeout |

Usei Daa Souces

Meme | Diiver | A, |

i

Remove |

Configuie |

An DDBC Uper data source shores information about how to connect o
the indicated data piovider A Uger data gowrce iz only viable bo pou
and can anly be ussd on the cunerd machne

[ ok ] canea | | Hel

Creale Mew Data Source

Select & denesr fon winich pou want bo et up & data souce

x|

2

|

Microzoll fooses-Treibe | mdb)
Microzoll &8 sz Diiver |° db)
Miztozoll 88 &s= VP Dipee [° dbl]
Microaoll o8 aze-T raiear [* dbl)
Macrosoll Exced Dipear |° ds)
Microzolt Exced Trabe [ ulz)
Microzoll FoxPro Diver |7 dbf|
Microsall FauPra VEP Diver |* dbi)

YT T o 1o 7= ] gl  STRSSISE ISy P

L1

I o S

Ll

{

W

Finith Caneel
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ODBC Microsoft Access Sefup

Dala Soutce Name: ||

Diescrplior: |
Datebass

Diatatase
Select. |  Creats | Flepair Emna:;l]

Syeiem [ atabars

P

* Hone

e
i

[Fatabaze

10-3 ODBC Microsoft Access

DDBC Microsoft Access Setup

Diata Souce Name: | Transpoitaton

Drescnplion |0 st nource for a LINGO ansportation model
Databass

Databaser CALINGOMS amples\TRAMNDE. mdk

Creabs.. | Repar. Compact.. ]
Syeten [ alshars
i Hons
I Database

Dphonz:»
10-4 ODBC Micrasoft Access
8 oK ODBC
LINGO TRANDB. LG4
“ Transportatior’ LINGO
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£ 1 0DAC Nata Source Adminisiralor

User DEN | System DSN | File DSM | Divess | Tracing| Cormection Poaing | About |

L eer [hata Sources
Hame I Cirvme ] | Ardd I
dBASE Files Micaosalt dBase Diwves 7 dbi)
Excel File: iciosoit E wcel Diveed [ ulz] Removee |
M5 Bccess Database  Miciosoft Access Divves [ mdbi|

Trarzpoetalion

Miciosoft Access Diver [*mdb] Cordiguie.

#n OOBC User data sounce stones mfamation abouwt how b cormect bo
the ndcated dats prowider A Llzer data zowrce i only visble to pou,
and zan only ba used on e cuient machine

DK Cancsl | | Help

10-5 Transportation

Global optimal solution found at step 6
Objective value 161.0000

Model Title Transportation

Variable Value Reduced Cost
CAPACITY PLANT1 30.00000 0.0000000
CAPACITY PLANT2 25.00000 0.0000000
CAPACITY PLANT3 21.00000 0.0000000

DEMAND CUST1 15.00000 0.0000000
DEMAND CUST2 17.00000 0.0000000
DEMAND CUST3 22.00000 0.0000000
DEMAND CUST4 12.00000 0.0000000
COST PLANT1 CUST1 6.000000 0.0000000
COST PLANT1 CUST2 2.000000 0.0000000
COST PLANT1 CUST3 6.000000 0.0000000
COST PLANT1 CUST4 7.000000 0.0000000
COST PLANT2 CUST1 4.000000 0.0000000
COST PLANT2 CUST2 9.000000 0.0000000
COST PLANT2 CUST3 5.000000 0.0000000
COST PLANT2 CUST4 3.000000 0.0000000
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COST

COST

COSsT

COSsT
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME

Ro
OB

LINGO

TRANDBZ2. MDB

TOMER TRANDB2. MDB 50
“ Transportation?’

TLE Trangportation2 ”

10 000

10.1.2 Oracle

LINGO
Oracle SQL Plus

SAMPLES

1 Windons
“ LPLUSWY “ "

PLANT3
PLANT3
PLANT3
PLANT3
PLANT1
PLANT1
PLANT1
PLANT1
PLANT?2
PLANT?2
PLANT?2
PLANT?2
PLANT3
PLANT3
PLANT3
PLANT3

W
J

o ~J o Ul W N

CUST1 8.000000 0.0000000
CUST?2 8.000000 0.0000000
CUST3 1.000000 0.0000000
CUSsT4 5.000000 0.0000000
CUST1 2.000000 0.0000000
CUST?2 17.00000 0.0000000
CUST3 1.000000 0.0000000
CUST4 0.0000000 2.000000
CUST1 13.00000 0.0000000
CUST?2 0.0000000 9.000000
CUST3 0.0000000 1.000000
CUST4 12.00000 0.0000000
CUST1 0.0000000 7.000000
CUST2 0.0000000 11.00000
CUST3 21.00000 0.0000000
CUST4 0.0000000 5.000000
Slack or Surplus Dual Price
161.0000 1.000000
0.0000000 -6.000000
0.0000000 -2.000000
0.0000000 -6.000000
0.0000000 -5.000000
10.00000 0.0000000
0.0000000 2.000000
0.0000000 5.000000
TRANDB2. MDB SAMPLES
TRANDB. LG4 TRANDB. MDB
TRANDB. MDB 3 PLANT 4 QUS
PLANT 200 CUSTOMER ODBC
“ TRANDB2. MDB’ “ TI-
“ Transportation?’ LINGO
12
ODBC
TRANDB.SQL QL
TRANDB. L4
Oracle AL Plus “ "
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2 Oracle Oracle “ gyd

“ change_ on_ ingal’ Oracle

3 L Pus “ @C hLINGO8 h SAMPLES h TRANDB. SQU”
TRANDB. QL

4 “EXIT L Plus

5 ODBC

6 ODBC “ Microsoft ODBC far Oracl€’

“ Oracle ODBC Driver”

7 “ Transportatio?

8 LINGO TRANDB. LG4

9 Oracle LINGO Or-
acle LINGO File Database User Info
10.1.3 L Server ODBC

LINGO Access
TRANDB. MDB Microsoft QL Server Microsoft Access Mi-
crosoft QL Server

1 Microsoft QL Server

2 “ DTS / ? “ ” 10-6 “

i “ Microsoft Access’ TRANDB. ndb

3 “ ? 10-7

4 L Serve Mi-
crosoft ODBC m ? “ ?

L Server ? “ Lingo ”
“ Lingo TRANDB. mdb Access
AL Server “ Lingo ?

5 “ ” 10-8 “ ”

6 10-9 TRANDB. nmdb Ac-
cess L Server “ Lingo ” “ Arcs “ CQustomers’
“ Plants “ ” Microsoft
Access Microsoft SQL Server Microsoft SQL Server

“ Arcs * Custamers “ Plants * Lingo ”
Microsoft Access Microsoft QL Server
nvarchar char
LINGO
Microsoft Access Microsoft SQL Server
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Microsoft SQL Server “ Lingo ? ODBC
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10.2 @ODBC

10.2.1 @ODBC

ODBC @QODBC
@ODBC @ODBC

djject _lis = @ODBC 'data_ sourceé  'table _ name

‘'cdum_name_1' ‘'cdumn_name_ 2'...

doject _ ligt OobBC
object _ ligt
doject _ ligt
dbject _ ligt doject _ list
data _ source ODBC ODBC table _
name coum _ name
data_ source TITLE
table  name doject _ list
dbject _ list dbject _ list
cdumn  name LINGO object _ list
LINGO
LINGO
LINKS OURCE DES
TINATION SOURCE  DESTINATION
@QODBC
1

SHIPPING _ COST =
@ ODBC 'TRANSPORTATION' 'LINKS' 'COST’
201



LINKS ODBC

TRANSPORTATION LINGO QaosT
HIPPING _ COST HIPPING _ COST
2
VOLUME WEIGHT =
@ ODBC 'TRUCKS' 'CAPACITY’
VOLUME  WEIGHT
LINGO VOLUME  WEIGHT CAPACITY
oDbBC TRUCKS LINGO VOLUME  WEIGHT
VOLUME  WEIGHT
3
REQUIRED DAYS = @ ODBC
PRODUCTION REQUIRED JOB
WORKSTATION REQUIRED JOB WORKSTATION DAYS
REQUIRED
@0DBC LINGO PRODUCTION
REQUIRED JOB WORKSTATION DAYS
@Q0ODBC
REQUIRED DAYS = @ODBC 'PRODUCTION’ 'JOB’ 'WORKSTATION' 'DAYS’
10.2.2 PERT @ODBC
2 PERT @0ODBC Microsoft Access
SETS
TASKS TIME ES LS SLACK
PRED TASKS TASKS
ENDSETS
DATA
TASKS = @ ODBC 'PERTODBC’ 'TASKS' 'TASKS’
PRED = @ ODBC 'PERTODBC’ 'PRECEDENCE’
"BEFORE’ 'AFTER’
TIME = @ ODBC 'PERTODBC’
ENDDATA

@FOR TASKS J | J #GT# 1

ESJ = @MAX PREDI J ES I + TIME I

@FOR TASKS I | I #LT# LTASK

LSI = @MINPREDI J LS J - TIME I

202



@FOR TASKS I SLACK I =
ES1 =0
LTASK = @ SIZE TASKS

LS LTASK = ES LTASK

“ TAXKS = @ODBC
TAXKS
TAXKS

PERTODBC

Access TAXKS

TASKS

b |DESIGN
FORECAST
SURVEY
PRICE
SCHEDULE
COSTOUT
TRAIM

:
Record: M) 4 [ 1

10-10 PERTODBC. MDB|TAKS

“ PRED = @ODBC 'PERTODBC 'PRECEDENCE

PRED
PRECEDENCE
Access

ODBC

10-11
TIME

TIME = @ ODBC 'PERTODBC’

@ODBC
LINGO
TAXKS
TAXKS
PERTODBC

TIME

@ODBC

LS I

BEFORE AFTER

- ES I

'"PERTODBC 'TAXKS 'TAXS "~ oDBC
PERTODBC TAXKS
TAXKS 10-10

W PRECEDENCE - Table  [= |[B5[5€]
B

BEFORE
DESIGH
DESIGM
FORECAST
FORECAST
SURYEY
SCHEDULE
PRICE
COSTOUT

AFTER
FORECAST
SURVWEY
FPRICE
SCHEDLILE
PRICE
COSTOLT
TRAIN
TRAIN

10-11 PERTODBC. MDB | PRECEDENCE

"AFTER "
PERTODBC
PRED

' BEFORE'
PRECEDENCE

0ODBC

TIME LINGO
TIME

TIME TAXKS

TIME = @ODBC 'PERTODBC’ 'TASKS' 'TIME'

PERT
@ODBC
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10.3 @ODBC
10.3.1 @ODBC
@0ODBC
@0ODBC ODBC @ODBC
@ODBC 'data_source’ 'table_name’ 'column_name 1’
'column _name 2’ ... = object 1list
10.2
@ODBC ODBC
1
@ ODBC 'TRANSPORTATION'
'"LINKS' 'VOLUME' = VOLUME
LINGO VOLUME LINKS VOLUME LINKS
TRANSPORTATION
2
@ ODBC = NUMBER _ WORKING
@ODBC LINGO
SCHED-
ULING TITLE SCHEDULING NUMBER _ WORK-
ING SCHEDULES LINGO NUMBER = WORKING
SCHEDULES NUMBER = WORKING SCHEDULES
SCHEDULING
10.3.2 PERT @ODBC
PERT ES
LS PERTODBC
SOLUTION TAXKS EARLIEST
START  LATEST START TAKS TAXKS
ES LS EARLIEST START LATEST START 10-
12 SOLUTION

SOLUTION

SETS
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@ SOLUTION : Table =13
EARLIEST START | LATEST START | =

4 0 0i=]
recordt M| 4 |[T B » M|k a

10-12 PERTODBC. MDB| SOLUTION

TASKS TIME ES LS SLACK
PRED TASKS TASKS
ENDSETS
DATA
TASKS = @ ODBC PERTODBC’ 'TASKS' 'TASKS'

PRED @ ODBC PERTODBC’ 'PRECEDENCE’' 'BEFORE’ 'AFTER’

TIME = @ ODBC 'PERTODBC’
@ ODBC 'PERTODBC’ ’'SOLUTION’ 'TASKS'
"EARLIEST START' 'LATEST START =
TASKS ES LS
ENDDATA
@FOR TASKS J | J #GT# 1
ESJ = @MAX PRED I J ES I + TIME I

@FOR TASKS I | I #LT# LTASK
ILSI = @MINPREDI J LS J - TIME I

@FOR TASKS I SLACK I =LSI - ESTI
ES1 =0

LTASK = @ SIZE TASKS

LS LTASK = ES LTASK

SOLUTION 10-13
10.3.3
@ODBC LINGO
@ODBC
@ODBC PERT
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s SOLUTION : Table =1

TASKS EARLIEST START | LATEST START | =
DESIGN 0
FORECAST 10
EURVEY id

FRICE 24
SCHEDULE 24
COSTOUT |
F | TRAIN K

mecords M| A |[T 7 b [ bi|e#|of 8

10-13 PERTODBC. MDB| SOLUTION

Export Summary Report
Transfer Method ODBC BASED
ODBC Data Source PERTODBC
Data Table Name TASKS
Columns Specified 3

TASKS

EARLIEST

LATEST
LINGO Column Length 7

Database Column Length 7

@0ODBC Transfer Method

“ ODBC BASED ODBC Data Source ODBC

Table Name Coumns Foecified

LINGO Cdumn Length Database Cdunn Length
LINGO Cdumn Length Database Caunn Length

LINGO

LINGO
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11

LINGO
LINGO
LINGO Windoas LINGO
Windons DLL
LINGO LINGO
LINGO
LINGO LINGO DLL
@USER
11.1 LINGO
Windows LINGO Dynamic Linked Libraries DLL
DLL Windoas Visual Basc Delphi  Visua C+ + LIN-
GO DLL 32 Windons
Visual C/C+ + Visua Basic Delphi LINGO DLL
LINGO DLL LINGO
LINGO LINGO
LINGO LINGO
DLL LINGO DLL
11.1.1 LINGO DLL
LINGO DLL Pluto Dogs
Visud C+ + Visud Basic 11-1
Needs Sdve
LINGO DLL
Sart
On Duty Tota
11-2
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£= Stalf Scheduling Example Using ¥C+ + and the LINGD DLL [3]

11-1

11-2

11.1.2

LINGO DLL LINGO

MODEL
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“ END

SETS
DAYS / MON TUE WED THU FRI SAT SUN/
NEEDS START ONDUTY
ENDSETS
OBJECTIVE MIN = @ SUM DAYS I START T
@ FOR DAYS TODAY
Calculate number on duty
ONDUTY TODAY =
@SUM DAYS D | D #LE# 5
START @ WRAP TODAY - D + 1
@ SIZE DAYS
Enforce staffing requirement
ONDUTY TODAY > = NEEDS TODAY

@ GIN START

DATA
NEEDS = @ POINTER 1
@ POINTER 2 = START

@ POINTER 3 = ONDUTY

@ POINTER 4 = OBJECTIVE

@POINTER 5 = @ STATUS

ENDDATA
END

LINGO
DAYS ONDUTY
On Duty

Total

11.1.3 @POINTER

LINGO

LINGO

@POINTER LINGO

@POINTER

LINGO DLL
n DLL OLE

@POINTER

NEEDS = @ POINTER 1

@POINTER

“ MCDEL "

OBJECTIVE

@POINTER n
LINGO  @POINTER

LINGO
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@POINTER
DOUBLE FORTRAN
PRECISON

@POINTER

DATA
NEEDS = @ POINTER 1

@ POINTER 2 = START
@ POINTER 3 = ONDUTY
@ POINTER 4 = OBJECTIVE
@ POINTER 5 = @ STATUS
ENDDATA
NEEDS

TIVE

11.1.4 LINGO DLL

11.1.4.1
LINGO DLL
LIB Microsoft C FORTRAN Visual Basic
hDLL hLINGD80. BAS Borland Delphi
DLL hLingodd . pas
hLINGO8 hDLL hLINGD80. DEF DEF
LINGD80.DLL LINGO
Windoas LINGD80. DLL DLL
GO LINGD80.DLL DLL
Walker LINGD80. DLL Dependency Walker
pendencywalker.cam  Dependency Walker
DLL
LINGO DLL
Visud Basic hLINGO8 hDLL hLINGD80. BAS
Borland Delphi hLINGO8 hDLL hLingoded! .
phi

210

BASC C/IC+ +

REAL * 8

DOUBLE

LINGO

START ONDUTY  OBJEC-

@STATUS

hLINGO8 h DLL h LINGD8O0.

h LINGO8
h LINGO8 h
LINGO DEF

LIN-
Dependency
http //vwww. de-

DLL

Basic



10

1.vod LSlearPointersLng  pLSenvLINGO pL

@POINTER LSstPainterLng
pL— LINGO LScreateEnvlng
2.int LScloselogFilelng  pLSenvLINGO pL
LINGO LSopenLaogFilelng
0
3. pLSenvLINGO CALLTYPE LScresteEnving
LINGO LINGO DLL
LINGO LSdeleteEnving
0 LINGO
4.int LdeeteEnving pLSenvLINGO pL
LScreateEnving LINGO
LINGO
0
5.int LSexecuteScriptlng  pLSenvLINGO pL  char *  pcScript
LINGO LINGO DLL
TAKE
pcScript—— LINGO ACI
NULL ASCII O
0
6.int LSpetCallbackinfoLng pLSenvLINGO pL int nObject vaid * pResult
LINGO
LINGO LSgetCallbackinfoLng
LINGO
nObject— 11-1
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111

0 LS_ IINFO_ VARIABLES_ LNG Int

1 LS_ [INFO_ VARIABLES _ INTEGER _ LNG Int

2 LS_IINFO_ VARIABLES NONLINEAR _LNG Int

3 LS_ IINFO_ OONSTRAINTS_ LNG Int

. LS _ [INFO _ CONSTRAINTS _ NONLINEAR _ |

nt
LNG

5 LS_ [INFO_ NONZEROS_ LNG Int

6 LS_ IINFO_ NONZEROS_ NONLINEAR _ LNG Int

7 LS_ [INFO_ ITERATIONS_ LNG Int

8 LS_ [INFO_ BRANCHES_ LNG Int

9 LS_ DINFO_ SUMINF _ LNG Dauble
10 LS_ DINFO_ OBECTIVE _ LNG Dauble
1 LS_ DINFO_ MIP_ BOUND _ LNG Dauble
2 LS_DINFO_ MIP_ BEST_ OBECTIVE_LNG | Double

pResult— LINGO LINGO

4 8
0
7.int LSopenLogrilelng pLSenvLINGO pL  char * pcLogFile
LINGO
pcLogrile—
0
8.int LSstCalbackErrorLng pLSenvLINGO pL  IngCBFuncError _ t pcbf vaid *  pUserData
LINGO
pchf——
pUserData—— LINGO
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NULL

int MyErrCallback pLSenvLINGO pL void * pUserData int nErrorCode char * pcErrorText
LINGO nErrorCode
pcErrorText 200
9.int LSsetCdllbackSaverLng pLSenvLINGO pL  IngCBFuncError _ t pegf vad * pUserData
LINGO

int MySalverCallback pLSenvLINGO pL  int nReserved vad »  pUserData
nReserved

10.int CALLTYPE LSstPointerLng pLSenvLINGO pL  double ¥ pdPointer int * pnPainter-
sNow
LINGO LINGO @POINTER
LINGO

pdPointer —— @POINTER

pnPointersNow —— LINGO
@POINTER LSsetPaintersng
1 LSclearPointersLng

11.1.4.2

LINGO DLL 11-2

11-2

0 LSERR _ NO_ ERROR _ LNG

1 LSERR _ OUT _ OF _ MEMORY _ LNG

2 LSERR _UNABLE _TO_ OPEN_ LOG_FILE _ LNG
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3 LSERR _ INVALID _ NULL _ POINTER _ LNG

4 LSERR INVALID INPUT LNG
5 LSERR _INFO_NOT _ AVAILABLE _LNG
11.1.5 LINGODLL Visud C+ +
Microsoft Visual C/C+ + LINGO DLL
Visua C+ +

hLINGO8 hDLL hVC+ + h STAFFL h STAFF. EXE

Visud C+ +  AppWizard

hDLL hVC+ + h STAFF1
C/C+ + 6.0
1 Visud C+ + File| New
2 Project MFC AppWizard Exe
3 Diaog based Next
4 About box LINGO DLL OLE
Automeation OLE Contrds Next
5 Next
6 Finish
11-3
K AppWizard
11-4
Visual C+ + ClassWizard
View ClassWizard Member Varigbles
Prgiect| Add to Prgject | Files hLINGO8 hDLL hLINGD80.LIB
LINGO DLL
LINGO DLL
LINGD80. h

/I s&ffDlg.h  header file
1
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Hew Project Information

AppWizard will crzales a nesy slelsion peogect with the follawing spechicatons:

Apphealion yps of sall
Disfog-Bated Applicahon t@getng
Winiz

Classes o be I:E:?“d -
Apphcabon: LStefApp mostalth staff cpp
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+ Localizable best
Engiizh [Linked Statez]

Praged Da=claig
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Te  [Ed o o
wed  [Ea i 0
Thea [Ed‘r 0 1]
Fr [Edl ] 0
Sa Edt ) i]
Sun |Ed i 0
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11-4 Visud C+ +
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# include "lingd80. h"
#if
defined AFX _ STAFFDLG_ H __ 74D746B7 _ CA4D _ 11D6 _ AC89 _ 00010240D2AE __ INCLUDED _
# define
AFRX _ STAFFDLG_H _ 74D746B7 = CA4AD _ 11D6 = AC89  00010240D2AE  INCLUDED
#if MSC_ VER > 1000
# pragma once
#endif // _MSC_VER > 1000
T T T
/I C&ffDlg didog

LINGO
Resource View Sve
OnSave OnSdve

vod CSaffDlg OnSdve

int nError  nPaintersNow

CSring cseript ¢s

double dNeeds 7 dSart 7 dOnDuty 7 dSatus dToa
1

UpdateData

/1 LINGO
/I LINGO

dNeeds 0 = double m_ nNeeddVion

dNeeds 1 = double m_ nNeedsTue

dNeeds 2 = dauble m_ nNeedsWed
dNeeds 3 = double m_ nNeedsThu
dNeeds 4 = double m_ nNeedsHi

dNeeds 5 = double m_ nNeedsSat

dNeeds 6 = double m_ nNeedsun

/1 LINGO

pLSenvLINGO pLINGO

pLINGO = LScresteEnving

if pLINGO

AfxMessageBax "Unable to creste LINGO Environment”
return

Il LINGO
nError = LSopenLogFilelng pLINGO " h hLINGO8 h hLINGO. log'
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if nError goto ErrorExit

1 LINGO

/I @POINTER 1

nError = LSsetPointerlng pLINGO dNeeds &nPaintersNow
if nError goto ErrorExit

/I @POINTER 2

nError = LSsetPointerLng pLINGO dSart &nPaintersNow
if nError goto ErrorExit

/I @POINTER 3

nError = LSsetPointerLng pLINGO dOnDuty &nPaintersNow
if nError  goto ErrorExit

/I @POINTER 4

nError = LSsetPointerLng pLINGO &dTatal  &nPointersNow
if nError goto ErrorExit

/I @POINTER 5

nError = LSsetPointerLng pLINGO &dSatus  &nPaintersNow
if nError  goto ErrorExit

1 LINGO

csript = "SET ECHOIN 1 hn"

csript = esript +

"TAKE hhLINGOBhhSAMPLEShhSTAFFPTR. LNG hn*
csoript = csSript +

"GO hn"

csXript = cseript +

"QUIT hn"

1

dSatus = - 1.€0

nError = LSexecuteScriptlng  pLINGO  LPCTSTR - csSript
1

LScloselogFilelng  pLINGO

/I Any prablems

if nError || dSetus

1l

AfxMessageBox "Unable to sdlve "

dse

11

m_ csSartMon. Foomet "%d"  int dSart O
m_ csSartTue. Formet "%d" int dSat 1
m_ csSatWed. Foomat "%d"  int dSart 2
m_ csSatThu. Format "%d" int dSart 3
m_ csSartHi. Fomat "%d'  int dSat 4
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m_ csYartSat. Format "%d"  int dSart 5

m_ csSSatun. Format "%d"' int dSart 6

m_ csOnDutyMon. Formet "%d"  int  dOnDuty O
m_ csOnDutyTue. Format "%d"  int dOnDuty 1
m_ csOnDutyWed. Format "%d"  int dOnDuty 2
m_ csOnDutyThu. Format "%d"  int dOnDuty 3
m_ cOnDutyFri . Formet "%d"  int dOnDuty 4
m_ csOnDutySet. Formet "%d"  int  dOnDuty 5
m_ csOnDutySun. Fomat "%d"  int  dOnDuty 6
m_ cCodt. Fomat  "%g' dTotd

UpdateData FALSE

goto Exit
ErrorExit
cs.Fomat  "LINGO Erracode %d" nError

AfxMessageBox  ¢s
return
Exit
LSdeleteErvlng  pLINGO

LINGO

LINGO

OnSdve
LINGO

LINGO LINGO

1 LINGO
pLSeVLINGO pLINGO
pLINGO = LSoresteErving
if  pLINGO

AfxMessageBax "Unable to create LINGO Environment"
return

pLSeNVLINGO LINGO LINGD80. h
LINGO

1 LINGO
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dNeeds

dSart donDuty dTotdl

nError = LSopenLogFileLng pLINGO "hhLINGOBhhLINGO. log'

if nErrar gato ErrorExit

LINGO

1l LINGO
/I @POINTER 1
nError = LSsetPointerLng
if nError goto ErrorExit
/I @POINTER 2
nError = LSsetPointerLing
if nError gato ErrorExit
/I @POINTER 3
nError = LSsetPointerLng
if nError goto ErrorExit
/I @POINTER 4
nError = LSsetPointerLng
if nError gato ErrorExit
/I @POINTER 5
nError = LSsetPointerLng
if nError goto ErrorExit

pLINGO

pLINGO

pLINGO

pLINGO

pLINGO

LINGO

11 LINGO

@POINTER 2
dSatus

csript = "SET ECHOIN 1 hn'

csript = csSoript +

LINGO

@POINTER

dNeeds &nPointersNow

dSat &nPointersNow

dOnDuty  &nPaintersNow

&dTatd  &nPaintersNow

&dSaus &nPointersNow

@POINTER 1

"TAKE hhLINGCBhhSAMPLEShhSTAFFPTR. LNG hn"

csSeript = csSoript +
"GO hn'

csSeript = csSoript +
"QUIT hn'

LINGO

1

dSatus = - 1.€0

nError = LSexecuteScriptlng  pLINGO

ACll 10

LPCTSTR  csScript

@POINTER 5

LINGO

LINGO

NULL ASCII O
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dSatus -1 LINGO 5 @POINTER 5
dSatus LINGO
LINGO dSatus
dSatus LINGO
LSclosel ogFilelng LINGO
1l
LScloselogFilelng  pLINGO
LINGO
/1
if nError || dSatus
/I Had a problem
AfxMessageBox "Unable to salve "
dse
nError
@POINTER @STATUS LINGO
dSatus L SexecuteScript
@STATUS — @POINTER 5 — dSatus
“ Unable to sdve’
LINGO
Exit
LSeeteEnving  pLINGO
Visud C+ +
11.1.6 LINGO DLL  Visud Basic
Microsoft Visud Basic LINGO DLL
Visuad Basic

hLINGO8 hDLL hVBASIC h STAFFL h STAFFVB. EXE

1 Visua Basic File| New Prgect
2 Sandard Exe oK
115
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= Slall Scheduling Example Using ¥B and (he LINGD BLL

[ & [ 0
| 0 | D
[0 [0
Th o [0 | 0
Fii in | 0 | 0
Sat ; o ]
Sun o ) | 0
Todal . . . s 1]
11-5 Visud Basic
Exit
Exit Exit
Private Qub Exit _ lick
End
End Sub
Save Sove
LINGO LGVBSCRIPT
Sve LINGO Visual Basic
Prgect| Add h LINGO8 hDLL h LINGDS80. BAS
LINGO DLL
Sve
Private ub Solve  lick
LINGO DLL
STAFFPTR. LNG

Dim dNeeds 7 As Double
Fori = 1To7

dNeeds i = Needsi - 1 .Text
Next i

LINGO
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Dim pLINGO As Long
pLINGO = LScreateEnving
If pLINGO = 0 Then
MsgBox "Unable to creaste LINGO Environment. "
GoTo Find Exit
End If
LINGO
Dim nError As Long
nError = LSopenLogFileLng pLINGO " hLINGO8 h LINGO. log'
If nError < > 0 Then GoTo ErrorExit
LINGO
DimdSat 7 AsDouble dOnDuty 7 As Double
Dim dTatal As Double dSatus As Double
@POINTER 1
nError = LSsetPointerLng pLINGO dNeeds 1 nPaintersNow
If nError < > 0 Then GoTo ErrorExit
@POINTER 2
nError = LSsetPointerLng pLINGO dSat 1 nPaintersNow
If nError < > 0 Then GoTo ErrorExit
@POINTER 3
nError = LSsetPointerLng pLINGO dOnDuty 1 nPointersNow
If nError < > 0 Then GoTo ErrorExit
@POINTER 4
nError = LSsetPointerLng pLINGO dTatd nPointersNow
If nErrar < > 0 Then GoTo ErrorExit
@POINTER 5
nError = LSsetPointerLng pLINGO dSatus nPaintersNow
If nErrar < > 0 Then GoTo ErrorExit
LINGO ACl 10
Dim ccript As String

cript = "SET ECHOIN 1" & Chr 10
LINGO
cSript = cSoript &
"TAKE hLINGO8 h SAMPLES h STAFFPTR.LNG' & Chr 10

cSeript = cSeript & "GO' & Chr 10
LINGO DLL

cSoript = cSoript & "QUIT" & Chr 10
NULL  ASTIO

cScript = cSoript & Chr 0



dSatus = - 1#
nError = LSexecuteScriptlng pLINGO  cScript

LclosalogFilelng  pLINGO

If nError > 0 Or dSatus < > 0 Then
MsgBox  "Unable to solve "
GoTo ErrorExit

End If

Fori = 1To7
Qat i - 1 .Caption = dSat |
Next i

Fori = 1To7

OnDuty i - 1 .Caption = dOnDuty i
Next i

Totd . Caption = dTod
LSdeleteErving  pLINGO
GaTo FinaExit
ErrorExit
MggBox "LINGO Errar Code " & nError&
LSjeeteEnving  pLINGO
Final Exit
End Qb

Sive  dick

LINGO LINGO

' LINGO
Dim pLINGO As Long
pLINGO = LScreateEnving
If pLINGO = 0 Then
MsgBox "Unable to creste LINGO Environment. "
GoTo Fina Exit
End If

LINGO

LINGO
Dim nError As Long
nError = LSopenLogFileLng pLINGO " hLINGO8 hLINGO. log'
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If nError < > 0 Then GoTo ErrarExit

LINGO

@POINTER
LINGO

LINGO
DimdSat 7 AsDouble dOnDuty 7 As Double
Dim dTotal As Double dSatus As Double
' @POINTER 1
nError = LSsetPointerLng pLINGO dNeeds 1 nPaintersNow
If nErrar < > 0 Then GoTo ErrorExit
' @POINTER 2
nError = LSsetPointerLng pLINGO dSart 1 nPaintersNow
If nErrar < > 0 Then GoTo ErrorExit
' @POINTER 3
nError = LSsetPointerLng pLINGO dOnDuty 1 nPointersNow
If nErrar < > 0 Then GoTo ErrorExit
' @POINTER 4
nError = LSsetPointerLng pLINGO dTatd nPaintersNow
If nErrar < > 0 Then GoTo ErrorExit
' @POINTER 5
nError = LSsetPointerLng pLINGO dSatus nPaintersNow
If nErrar < > 0 Then GoTo ErrorExit

LINGO @POINTER 1
@POINTER 2~ @POINTER 5 LINGO

dOnDuty dTotal  dSatus

LINGO Al 10
Dim ccript As String
' Causes LINGO to echo input'
cSript = "SET ECHOIN 1" & Chr 10
LINGO
cSript = cSript & _
"TAKE hLINGO8 hSAMPLES h STAFFPTR.LNG' & Chr 10

cSeript = cSeript & "GO' & Chr 10
LINGO DLL
cSoript = cSoript & "QUIT' & Chr 10
NULL  ASOI0
224
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cSeript = cSoript & O 0

LINGO

dSaus = - 1#
nError = LSexecuteScriptlng pLINGO  cScript

dSatus Visua C+ + LSclosel ogFilelng LINGO

LcloselogFilelng  pLINGO

LINGO

If nError > 0 Or dSatus < > 0 Then
MsgBox "Unable to salve "
GoTo ErrorExit

End If

Visud C+ + nError
nError  dSatus

LINGO

LSdeleteEnving pLINGO
GoTo FinaExit

Visua Basic
11.1.7 LINGO DLL  Delphi

Delphi LINGO DLL
Delphi

Delphi Delphi 5.0 File| New
Application oK

Delphi Exit
procedure TForml. btn _ ExitQlick Sender TObject
begn

Jdo=
end
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o GEatl Gehiedisding Example lsing Delpk and Oee LINGO D4

Doy Hesds Starl (im Dby
Mon |o jo o Extt
Tue 1] jo o _'_I
‘Wad 1] jo o
e o P [
Fi o jo [o
St o jo [o
Suin ]D Fl [I]
1 i -1 PR, 1
11-6 Dephi
Sove Solve
LINGO
Sve LINGO Delphi
Prgect| Add to Prgject. . . hLINGO8 hDLL hLingodd . pas
LINGO DLL
implementation
uses lingodel 11
$R *x .DFM
Slve Delphi Sdve

procedure TForml. btn _ SolveClick Sender TObject
label FindExit NormelExit ErrorExit
var
dNeeds dSart dOnDuty array 1..7 o Double
dTod dSatus Double
nError  pLingo nPointersNow  integer
cSoript - peher
cMgg dring
i integer
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begn

/1 STAFFPTR. LNG Delphi
1
fori =1to7 do
dNeeds i = SrToHoat TEdit FindComponent 'Needs + inttostr i . Text
/1 LINGO

pLingp = LScresteEnving
if plingo = 0 then
begn

ShonMessage ' Can'' t create LINGO environment'

gato Final Exit
end
/1 LINGO

nError = LSopenLogFilelng pLINGO 'LINGO. log
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit

/1 LINGO
/l @POINTER 1
nError = LSstPointerlng pLINGO dNeeds 1 nPaintersNow
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 2
nError = LSstPointerLng pLINGO dSat 1 nPaintersNow
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 3
nError = LSsetPainterlng pLINGO dOnDuty 1 nPointersNow
if nError < > LERR_NO_ ERROR_ LNG then gato ErrorExit
/l @POINTER 4
nError = LSsetPointerlng pLINGO dTatd nPaintersNow
if nError < > LSERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 5
nError = LSstPointerLng pLINGO dSatus nPointersNow
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/1 LINGO
cXript = "SETECHOIN 1 + Char 10 +

'"TAKE STAFFPTR.LNG + Char 10 +

'GO + Char 10 +

"QUIT + Char 10 +

Char 0
1
nError = LSexecuteScriptlng  pLINGO  cSeript
if nError < > LSERR_ NO_ ERROR _ LNG then gato ErrorExit
1
LSloselogFilelng  pLINGO
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1l
if nEror <> LSERR_NO_ERROR_LNG o
dSaus < > LS_STATUS  GLOBAL _LNG then
ShonMessage ' Unable to sdlve
/1
dee
begn
11
fori =1to7 do
TEdit FindComponent ' Sart' +inttostr i . Tet =HoaToSr dart i
11
fori =1to7 do
TEdit FindComponent 'OnDuty’ + inttostr i . Text = FloatToSr  dOnDuty i
1
Totd . Caption = FoatToSr dTotd
end
goto Normal Exit
ErrorExit
cMsg = Fomet 'LINGO Errorcode %d  nError
Sholessage  cMgg
gato Final Exit
Normel Exit
1 LINGO
LSddleteEnving pLINGO
Final Exit
end

Sve

228
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11 LINGO

pLingp = LScresteEnving

if pLingo = 0 then

begn
ShonMessage ' Can'' t create LINGO environment'
goto Final Exit

end

LINGO

/! LINGO
nError = LSopenLogFileLng pLINGO 'LINGO.log
if nError < > LERR_NO_ ERROR _ LNG then gato ErrorExit



@POINTER
LINGO

11 LINGO

/] @POINTER 1

nError = LSstPointerlng pLINGO dNeeds 1 nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then goto ErrorExit
/Il @POINTER 2

nError = LSsetPointerlng pLINGO dSat 1 nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 3

nError = LSsetPointerLng pLINGO dOnDuty 1 nPaintersNow
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
|l @POINTER 4

nError = LSstPainterLng pLINGO dTod nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then goto ErrorExit
/I @POINTER 5

nError = LSstPointerlng pLINGO dSatus nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit

LINGO @POINTER 1 LIN-
GO  dNeeds @POINTER 2 @POINTER 5 LINGO
dSart donDuty dToid  dStatus

11 LINGO

cript = "SETECHOIN 1 + Char 10 +
'TAKE STAFFPTR.LNG + Char 10 +
'GO + Char 10 +
'QUIT + Char 10 +
Char 0

LINGO

i
nError = LSexecuteScriptbng pLINGO  cSript
if nError < > LERR_ NO_ ERROR _ LNG then goto ErrorExit

LSclosel agFilelng LINGO

1l
LSdoseLogFilelng  pLINGO

LINGO

11
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if nErroar <> LFERR_NO_ ERROR _LNG o
dSatus < > LS STATUS GLOBAL LNG then
ShonMessage ' Unable to solve

Visud C+ + Visua Basic nError
nError  dSatus

11
dse
begn
/1
fori =1t07 do
TEdit FindComponent ' Sart' +inttostr i . Text =floatToSr dSart i
1l
fori =1to7 do
TEdit FindComponent 'OnDuty' +inttostr i . Text = floatToSr dOnDuty i
1l
Totd . Caption = floetToSr dTatal

end
LINGO
/1 LINGO
LSdeleteErving  pLINGO
Del phi
11.1.8
LINGO
LINGO DLL LINGO
Visud C+ +  Visud Ba-
sc
11.1.8.1
LINGO LINGO LS
setCalback LINGO LSsetCallbackSalverLng

int LSsetCalbackSalverLng pLServLINGO pL  IngCBFuncError _ t pcbf  vad * pUserData
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pL—  LScresteEnving LINGO
pchbf—
pUserData—— LIN-
o) NULL

int MySolverCallback  pLSenvLINGO pL  int nReserved void * pUserData

nReserved
LSgetCd IbackinfaLng
LINGO
11.1.8.2 Visud C+ +
Visual C+ +

Interrupt
hLINGO8 hDLL hVC+ + hSTAFF2

Mew Integer Solubion: El

11-7 Iy shicn |

Iteration Objective Otectve: |

Bound Inter- Bairt |

rupt K
Inkemgt | 0K, |
CassWizard

ONewiPDIg 17

/I NewiPDIg.h  header file
11
# include "resource. h*
T
/I CNewlPDIg didag
class ONewlPDIg  public CDidog
/I Congtruction
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public
CNewlPDIg CWnd * pParent = NULL //standard congtructor
/I Didog Data
/I AFX _ DATA CNewiPDIg
enum IDD = IDD_ NEW _ IP_ SOLUTION
CSringm_ csBound
CSrringm _ cdlteration
CStringm _ cObjective
/I AFX _ DATA
/I Overrides
/I JassWizard generated virtual function overrides
/I AFX _ VIRTUAL CNewPDIg
protected
virtua vaid DoDataExchange CDataExchange *  pDX
/I AFX _ VIRTUAL
/1 Implementation
protected
/1 Generated message mep functions
/I AFX _MSG CNemPDig
/I NOTE the AassWizard will add member functions here
/I AFX _ MSG
DECLARE MESSAGE MAP

/I NeMPDIg.h  header file

11
T T T
/I CNemPDIg dialog

class CNewlPDIg  public CDidog

/I Congtruction
public
CNewlPDIg CWnd * pParent = NULL /I sandard congtructor
/I Didog Data
/I AFX _ DATA CNewPDIg
enum IDD = IDD_NEW _IP_ SOLUTION
CStringm _ csBound
CSringm_ cdteration
CSringm_ csObjective
/I AFX _ DATA
/1 Overrides
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/I dassWizard generated virtual function overrides
/I AFX _ VIRTUAL CNewiPDIg pratected
virtua vaid DoDataExchange CDataExchange *  pDX
/I AFX _ VIRTUAL
/1 Implementation
pratected
/1 Generated message mep functions
/I AFX _ MSG CNewPDIg
/I NOTE the assWizard will add member functions here
/I ARX _ MSG
DECLARE = MESSAGE _ MAP

ClassWizard

vad* int_ stdcall MyCalback void* pModel int nReserved  pUserData

11
1l
int nErr
double dBestIP
nErr = LSgetCallbackinfoLng pModel S_ DINFO _ MIP_ BEST _ OBJECTIVE _ LNG &dBesIP
if nErr return O
/1
doublex pdBestiPShomn = daublex pUserData
11
if dBestlP < * pdBestIPShoan

1

* pdBestIPShoan = dBestIP

11 LINGO

int nlterations

LSetCallbackinfoLng pModel  LS_ [INFO_ ITERATIONS_ LNG
&nlterations

/1 LINGO

double dBound

L SgetCallbackinfo_ng pModel LS_ DINFO_ MIP_ BOUND _ LNG  &dBound
11

CNeMPDIg digNeM P

1

dgNeMP.m_ cdteration. Format  "%d" nlterations
dgNemP.m_ csObjective. Format  "%d" int dBestIP
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dgNeMP.m_ csBound. Format  "%d" int dBound
1l

if dgNeMP.DoModd = = IDCANCEL return - 1
reun 0
LSpetCallbackinfo
int nErr
double dBestIP

nErr = LSpetCallbackinfoLng pModd
LS DINFO_MIP_ BEST OBJECTIVE LNG &dBedtIP
if nEr retun O

LS_ DINFO_ MIP_ BEST _ OBJECTIVE LINGD80.H

double x pdBestiPShoan = daublex pUserData

pUserData
LINGO

if dBeslP < * pdBestIPShown

LINGO

CNewlPDIg digNewiP

digNeMP.m_ cdteration. Formet  "%d" nlterations
dgNeMP.m_ csObjective. Format "%d"  int dBestIP
dgNeMP.m_ csBound. Formet  "%d" int dBound

-1
11
if digNewiP.DoModal = = IDCANCEL return - 1
LSsetCallbackSolverLng LINGO
Sve OnSdve
LINGO
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/1 LINGO
pLSevLINGO pLINGO
pLINGO = LScreateEnving
if pLINGO

AfxMessageBox "Unable to create LINGO Environment"

return

/I LINGO

nError = LSsatCallbackSolverLng pLINGO &MycCallback

& dBestI PShown

if nError goto ErrorExit

1 LINGO

nError = LSopenLogFilelng pLINGO " h hLINGO8 h hLINGO. log'
if nError goto ErrorExit

11.1.8.3 Visual Basic

Visua Basic Visud
C+ +
h
LINGO8 hDLL hVBasic h STAFF2
Mod-

ule. bas
Public Function MySdverCallback ByVa pModd AsLong
ByVa nReserved As Long ByRef dBestIP As Double As Long

Dim nReturnVd As Long
nReturnva = 0

Dim dOgj As Double
Dim nError As Long
nError = LSetCallbackinfoDoubleLng pModdl
LS_ DINFO _ MIP_ BEST _ OBJECTIVE _ LNG dChj
If nError = LSERR_NO_ERROR _LNG Then
If dObj < dBestIP Then

dBestlP = dOhj
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LINGO
Dim niterations As Long
nResult = LSpetCdlbackinfoLongLng pModd
LS_ IINFO_ ITERATIONS_ LNG nlterations
LINGO
Dim dBound As Dauble
nResult = LSgetCalbackinfoDoubleLng pMode
LS_DINFO_ MIP_ BOUND _ LNG dBound

Dim nButtonPressed

Dim cMessage As Sring

cMessage = "Objective " + Sr dBedtIP _
+ Chr 10 + "Bound " + Sr dBound _
+ Chr 10 + "lterations " + Sr nlterations

nButtonPressed = MggBox cMessage vbOK Cancel
If nButtonPressed = vbCancd  Then
nReturnval = - 1
End If
End If
End If
MySdverCdlback = nReturnva
End Function
Visua Basic . bas frm

Visual Basic AddressOf

int _ stdcall MySdverCallback pLSenvLINGO pL int nReserved vaoid *  pUserData
Visud Basic

Public Function MySdverCallback ByVa pModdl AsLong _

ByVd nReserved As Long ByRef dBestIP As Double

Visua Basic _ stdcall
pUserData dBestIP
LSgetCdl Ibackinfo

Dim dObj As Dauble
Dim nError As Long
nError = LyetCalbackinfoDoublelng pModd
LS_ DINFO_ MIP_ BEST _ OBJECTIVE _ LNG dObj
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Visuad Basc  LINGO LINGD80.BAS LSgetCalbackinfolng
LSgetCall backlnfoDoublelng LSpetCallbackInfoLongl.ng LINGO
Visua Basic C vad
LSpetCallbacklnfoDoublelng

If nError = LSERR_NO_ ERROR _ LNG Then

If dObj < dBestIP Then

dBestIP = dOhj
LINGO
Dim niterations As Laong
nResult = LSpetCdlbackinfoLongLng pModd
LS_ [INFO_ ITERATIONS_ LNG nlterations
LINGO
Dim dBound As Dauble
nResult = LSgetCalbackinfoDoublelng pMode
LS_ DINFO_ MIP_ BOUND _ LNG dBound

Dim nButtonPressed
Dim cMessage As String
cMessage = "Objective " + Sr dBegtIP _
+ Cr 10 + "Bound " + Sr dBound
+ Chr 10 + "lterations " + Sr nlterations
nButtonPressed = MggBax cMessage  vbOKCancel

Cancdl LINGO -1
If nButtonPressed = vbCancd  Then
nReturnva = - 1
End If
End If
End If
MySolverCalback = nReturnVal
End Function

LSsetCallbackSalverLng LIN-
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&0 Sdve

LINGO

Dim nError As Long

Dim dBestObj As Dauble

dBestOhj = 1E+30

nError = LSsetCallbackSdverLng pLINGO _
AddressOf MySalverCallback  dBestObj

LSsetCallbackSalverLng AddressOf
AddressOf Visual Basic 5.0 Visua Basic
LINGO Visua Basic for Application VBA  Microsaoft Office
Visua Basic AddressOf VBA LINGO
11.1.9
LINGO DLL DLL LIN-
GO
Visua Besic Visual C+ + Delphi DLL FOR-
TRAN  Java hLINGO8 hDLL
LINGO DLL
LINGO DLL LINGO
LINDO
LINDO
11.2
@USER LINGO Windons LINGO
32 DLL @UER Windows
DLL Windows LINGO C FORTRAN
@USER LINGO @USER
@USER
LINGO @USER
@USER @USER
LINGO @USER
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@USER

@USER
@USER
11.2.1 Windons @USER
Windoas LINGO MYUSER.DLL  DLL LINGO
LINGO LINGO
LINGO LINGO MYUSER. DLL
DLL @USER MYUSER
11.2.2 Visua C+ +
Microsoft Visual C/C+ + 32 DLL
@USER Visua C+ + AppWizard DLL
LINGO USER hMsvC Visud C
+ + Develgper Sudio
1 File| New
2 New Prgect Workspace oK
3 New Project Workspace groat Type MFC
AppWizard dil Cregte
4 MFC AppWizard Finish
5 New Prgect Information 11-8
oK DLL
sgroat. cpp

/I sgroat.cpp  Defines the initiaization
/I routines for the DLL .
1
# include "gtdafx. h"
# include "sgroct. h"
# ifdef _ DEBUG
# define new DEBUG _ NEW
# undef THIS_ FILE
detic char THIS_ FILE = _ FILE
# endif
T T
/1 CyroatApp
BEGIN _ MESSAGE _ MAP CSyrootApp  OWinApp
/I AFX _ MSG_ MAP CSyrootApp
/I NOTE the assWizard will add and
/1 remove mepping mecrcs here.

239



Mew Project Information

dppifizard wil cieaie a neve skalston pioject weeh the lowng specilicahons:

Wind

|Hainmowce code e corool b @nd sqioot oo

FProject Diectony
IC: agrant

LIE

{Cimatng Flaguar DLL [usrg a shaed copy of MFC| squoct di targating

Cancel

11-8

/I DO NOT EDIT what you see in these
/1 blocks of generated code
/I AFX_ MSG_ MAP
END _ MESSAGE _ MAP

CSyrootApp  CSyrodtApp

/1 The congtructor
/I Remove next line for a "quiet” verson
/I of MyUser .DLL
AfxMessageBox "@USER DLL ingalled"

CyroatApp theApp

#include <math.h>

extern "C" __ declspec dllexport

void MyUser int ¥ pnNumber OfArgs
doublex pdArgs double* dReault
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/I Thisis an @USER routine callable by LINGO. In
/1 this particular case we smply take the
/I ;quare root of the first argument.

* dResult = ggrt  * pdArgs

DLL Visud C+ + SQROQOT. DLL
LINGO LINGO. EXE MYUSER. DLL

LINGO 11-9 DLL

[ |

'l'! @USER DL irstaled

0K

11-9 @USER DLL
9 11-10

LG - LMD Mode] - LINCEH
Fe ER LNGD Window Hel

Dizdé 8 = seo 8RB RaE

L LINGD Model - LINGO1  [< 81X

I=flUSKER (3] ¢

2 Baluiban Bepart - LIMEGON

Feas:ble =plution found at step:

Varisole Valus
X 3 . D00

Eow Slmck or Surplu=
1 0. ODD 0000

am Moo ETH T
11-10
Visud C+ + LINGO DLL LINGO
LINGO USER hMS/C SOROOT.DLL
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12

LINGO LINGO
LINGO
LINGO LINGO
12.1 LINGO
LINGO
LINGO LINGO
LINGO LINGO
LINGO
LINGO
LINGO LINGO
LINGO
LINGO
LINGO Successive Linear Programming 9P
Generalized Reduced Gradient GRG
LINGO : ”
12.2
LINGO
LINGO
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12.2.1

Y=mX+b
m b

1.5

C=15xT

1.25 A

C=15xT+0.75xP+1.25x A

LINGO| Solve LINGO
LINGO

Nonlinear

LINGO

XI'Y=10

X=10xY

12.2.2

Variable

Congtraints

0.75

LINGO
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LINGO LINGO

12.3

LINGO

12.4
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X* @QC0S 3.1416 * X

12-2
12-2
12.5
@ABS X 12-3
0 @MAX @MIN @SMVAX
@SVIN
LINGO

@IGN  @FLOOR
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LINGO

12.6
12.6.1
1 100
X
12.6.2
1 LINGO
2 LINGO
12.6.3
1000 LINGO
10°
10*
12.6.4
X/Y<10

246

Ll Nm " ” "
LINGO
5 75 @BND
50 75
/X X
0
LI N@ “ ”
8.5% 0.085 $ 12 850 000
LINGO 10*

$12.85 12 850 000



X<10xY

12.6.5
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13 LINGO

LINGO
LINGO LINGO
LINGO
13.1
13.1.1
I 1
20 30
13-1
131
104 /kt
A B C D
| 2 1
II 2 1 0 2
10* 14 10 16 12

mexS=2x; + 3%,
S.t.
2%, + 2%, <14
2%, + X, <10
4x, <16
248

1 000

1000



X, +2X, <12

X, X, I 1
13.1.2 LINGO

SETS

PLANT /P1 P2 P3 P4/ CREDIT COSTA COSTB

LINGO

PRODUCTION /A B/ COUNT GAIN

ENDSETS
DATA

CREDIT = 14 10 16 12

CoOSTA =2241
COSTB =2102

GAIN =23
ENDDATA

TOTAL _ GAIN MAX

@FOR PLANT I COSTA I *COUNT 1 + COSTB I * COUNT 2 < =CREDIT I

13.1.3

Global optimal solution found at iteration

Objective value

Variable

CREDIT
CREDIT
CREDIT
CREDIT
COSTA
COSTA
COSTA
COSTA
COSTB
COSTB

Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2

Value

14.00000
10.00000
16.00000
12.00000

2.000000
2.000000
4.
1
2
1

000000

.000000
.000000
.000000

10°

@ SUM PRODUCTION I GAIN I * COUNT I

3

190.0000

Reduced Cost

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

o O O O O o O o o

000000
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COSTB P3 0.000000 0.000000
COSTB P4 2.000000 0.000000
COUNT A 2.000000 0.000000
COUNT B 5.000000 0.000000
GAIN A 20.00000 0.000000
GAIN B 30.00000 0.000000
Row Slack or Surplus Dual Price
TOTAL _ GAIN 190.0000 1.000000
2 0.000000 5.000000
3 1.000000 0.000000
4 8.000000 0.000000
5 0.000000 10.00000
I 1 2 000 5000
190 LINGO
13.2.1
ABC
BOD; 1.6 myL
1 2
3
BOD, 13-2
13-2 BOD;
BODs nmglL
A B C A B C
0 1.2 0.8 1.6 0 0 0
1 0.6 0.6 1.0 8 4 10
2 0.2 0.4 0.6 14 8 15
3 0 0 0 17 14 22
13.2.2 LINGO
LINGO
SETS
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FACTORY/1..3/

METHOD/1. .4/

SCHEME FACTORY METHOD COST BOD _OUT SELECTION
ENDSETS
DATA

COST = 0814 17
04814
01015 22
BOD
BOD_OUT = 1.20.60.20
0.80.60.40
1.61.00.60
ENDDATA
MIN= @ SUM SCHEME COST * SELECTION
@ FOR SCHEME @ BIN SELECTION

@ FOR FACTORY I @ SUM SCHEME I J SELECTION I J =1
@ SUM SCHEME BOD _OUT * SELECTION < = 1.6
13.2.3
Global optimal solution found at iteration 0
Objective value 29.00000
Variable Value Reduced Cost
CosT 1 1 0.000000 0.000000
CoST 1 2 8.000000 0.000000
cosT 1 3 14.00000 0.000000
COST 1 4 17.00000 0.000000
COosT 2 1 0.000000 0.000000
COST 2 2 4.000000 0.000000
COST 2 3 8.000000 0.000000
COST 2 4 14.00000 0.000000
COoSsT 3 1 0.000000 0.000000
COST 3 2 10.00000 0.000000
COST 3 3 15.00000 0.000000
COST 3 4 22.00000 0.000000
BOD_OUT 1 1 1.200000 0.000000
BOD_OUT 1 2 0.6000000 0.000000
BOD_OUT 1 3 0.2000000 0.000000
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13.3

13.3.1

252

BOD_OUT 1 4 0.000000 0.000000
BOD_OUT 2 1 0.8000000 0.000000
BOD_OUT 2 2 0.6000000 0.000000
BOD_OUT 2 3 0.4000000 0.000000
BOD_ OUT 2 4 0.000000 0.000000
BOD_OUT 3 1 1.600000 0.000000
BOD_OUT 3 2 1.000000 0.000000
BOD_OUT 3 3 0.6000000 0.000000
BOD_OUT 3 4 0.000000 0.000000
SELECTION 1 1 0.000000 0.000000
SELECTION 1 2 0.000000 8.000000
SELECTION 1 3 1.000000 14.00000
SELECTION 1 4 0.000000 17.00000
SELECTION 2 1 1.000000 0.000000
SELECTION 2 2 0.000000 4.000000
SELECTION 2 3 0.000000 8.000000
SELECTION 2 4 0.000000 14.00000
SELECTION 3 1 0.000000 0.000000
SELECTION 3 2 0.000000 10.00000
SELECTION 3 3 1.000000 15.00000
SELECTION 3 4 0.000000 22.00000
Row Slack or Surplus Dual Price

1 29.00000 -1.000000

2 0.000000 0.000000

3 0.000000 0.000000

4 0.000000 0.000000

5 0.000000 0.000000

1,000 kg/d 500 kg/d 2 000 kg/d
1000 kg /d X, t
15X,% 10X, 20X,
X
1000 1- X,/100 +500 1- X,/100 +2000 1- X,/100 <1 000

10 X, +5 X, +20 X5 =2 500



2 500 kg

mnZ = 15X,% + 10X,% + 20X,

S.t.

10 X; +5 X, +20 X;= 2500

X, <100
X, <100
X;< 100

13.3.2 LINGO

LINGO

SETS

PLANTS/A B C/ PERCENTAGE DISCHARGE COST _ COEFFICIENT

ENDSETS
DATA

DISCHARGE = 1000 500 2000
1510 20

COST _ COEFFICIENT =
ENDDATA
MIN = @ SUM PLANTS I

@ SUM PLANTS DISCHARGE *

COST _ COEFFICIENT I

1 - PERCENTAGE/ 100

@ FOR PLANTS PERCENTAGE < = 100

LINGO

13.3.3

Local optimal solution found at iteration

Objective value

Variable

PERCENTAGE
PERCENTAGE
PERCENTAGE
DISCHARGE
DISCHARGE
DISCHARGE
COST _ COEFFICIENT
COST _ COEFFICIENT
COST _ COEFFICIENT

A

B
c
A
B
c
A
B
C

Row

Value
57.14286
42.85714
85.71429
1000.000
500.0000
2000.000
15.00000
10.00000
20.00000

Slack or Surplus

* PERCENTAGE I

< =

1000

48

214285.7

Reduced Cost

.000000
.6558638E - 06
.000000
.000000
.000000
.000000
.000000
.000000
.000000

Price

* PERCENTAGE T
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1 214285.7
2 0.000000
3 42.85714
4 57.14286
5 14.28571
13.4
13.4.1
1 kg 3 kg
2 kg/n?
100 000 kg/ 55 000 kg
0.90  /kg 70 000 nt/
W 10 000 nt/
1- 0.06W
13.4.2 LINGO
LINGO
MAX = P*¥ 1.3-0.9 -w*10000%0.2
P < = 55000
W<=7
P*¥3/2 >=W
P*¥3 — Wx10000*% 1-0.06*W %2 < = 100000
13.4.3

Local optimal solution found at iteration

Objective value

Variable Value
P 45486.11
W 2.083333
Row Slack or Surplus
1 14027.78
2 9513.891
3 4.916667
4 68227.08
5 0.000000

254

-1.000000
171.4286

0.000000

0.000000

0.000000

1.30

100

14027.78

Reduced Cost

0.

000000

/kg
0.20

-0.7108588E - 07

Dual Price
.000000
.000000
.000000
.000000
.1333333

1

0
0
0
0

[P



13.5

13.5.1
13-1
005 0.~03 0,~04 0~05
o BOD.1:200 pBOD.2:200 pBODJ:ZOO o BOD.4:200
pDO.l=1 PDO2=1 pDDJ:l pDO.4=1
Y Y Y Y
0,~10 K,=0.3 K.=03 K.=0.3 K,.=03
Propz=2 > K,=03 K,=0.3 K,=0.3 K,=03
Poox=8 1=0.5 £=0.5 t,=0.5 t=1
Y Y Y Y
0,=0.2 0,=02 0,=02 0,~0.2
131
(R rTg/S
Qsi— I mgy/'s
Qu— my's
Cen.i Pro.i BOD, DO mg/L
Peoo.20 Po BOD, DO mg/L
Kii Kz BOD, DO 1/d
t— i
i=1234
BOD; 5 mg/L DO
C =200Q!"° +1 000Q) %7 i=1234

7 I

Q i=1234
C, =115+ 5747, ?
C,=76.3+382y,°
C, =96 + 4807,
C, =115+574y,°

6 my/'L
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CG+G+G+C,

SP

m,——BOD, m=55 55"
n,——DO nn=6 6 6 6"

0.048 54 0 0 0
U:EO.O3483 0.031 25 0 0
£0.02477 0.2223 0.0400 0
[b.01738 0.01560 0.02807 0.052 63"
0 0 0 0 oo
B- 0.090 3 0 0 og
V=0-0.003 0 0 oo
g- 0.01118 - 0.005 759 0 og
U-0.01032 -0.007038 - 0.007276 OU
m= 1.6378 1.1753 0.08359 0.5867 '
n= 7.9253 8.3110 8.5335 8.6118 "
BODs BODs
7, =1- ppp /200

[

mnZ = 24] C
S.t. -
Uppp + M< Mg
Vogp ¥ N=Ng
O<yp <1

Opep =0

13.5.2 LINGO

LINGO
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SETS
RIVERS/A B C D/ OUTBOD RIVERDO RIVERBOD M N RATE COST
BODMAX DOMIN Al A2
RIVERPOINTS RIVERS RIVERS U V
ENDSETS
DATA
M=1.6378 1.1753 0.08359 0.5867
N=7.9253 8.3110 8.5335 8.6118
U=0.04854000
0.03483 0.0312500
0.02477 0.02223 0.0400 0
0.01738 0.01560 0.02807 0.05263
v=0000
-0.0903000
-0.01118 -0.00575900
-0.01032 -1.007038 -0.007276 0
Al =11576.3 96 115
A2 =574 382 480 574
BODMAX=5555
DOMIN=6 6 6 6
ENDDATA
MIN= @ SUM RIVERS COST
@FOR RIVERS I COST I =A1 I +A2 I *RATE I *RATE I
@ FOR RIVERS RATE I =1-0OUTBOD I /200
@ FOR RIVERS @SUM RIVERS J U I J *0OUTBOD J +M I < =BODMAX I
@ FOR RIVERS @SUM RIVERS J V I J *0OUTBOD J +N I > =DOMIN I
@ FOR RIVERS RIVERBOD I = @SUM RIVERS J U I J *OUTBOD J +M I
@ FOR RIVERS RIVERDO I = @SUM RIVERS J V I J *OUTBOD J +N I

@ FOR RIVERS RATE I < =1

H o H H H H H H

@ FOR RIVERS RATE I > =0

13.5.3
Local optimal solution found at iteration 25
Objective value 1672.786
Variable Value Reduced Cost
OUTBOD A 25.59247 0.000000
OUTBOD B 93.86606 0.000000
OUTBOD C 54.89605 0.000000
OUTBOD D 18.30249 0.000000
RIVERDO A 7.925300 0.000000
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RIVERDO
RIVERDO
RIVERDO
RIVERBOD
RIVERBOD
RIVERBOD
RIVERBOD

Z zZ 2 2 2 2 2 =

» U Q wWw » U Q W P U Q W P U QW PP U Q@O P U QWP UQ WP O Q@ PP OOQO® P OO

RATE

RATE
RATE
COST
COST
COST
COST
BODMAX
BODMAX
BODMAX
BODMAX
DOMIN
DOMIN
DOMIN
DOMIN
Al

Al

Al

Al

A2

A2

A2

A2

U A

[ e S B © 2 B O B N R U RN B o))

0.8359000E-01

.000000
.706802
.287633
.880058
.000000
.000000
.000000
.637800
.175300

0.5867000

7
8
8
8

.925300
.311000
.533500
.611800

0.8720377
0.5306697
0.7255197

0.9084875
551.4981
183.8752
348.6619
588.7507

5

5
5
5
6.
6
6
6

.000000
.000000
.000000
.000000
000000
.000000
.000000
.000000

115.0000
76.30000
96.00000
115.0000
574.0000
382.0000
480.0000
574.0000

0.4854000E-01

0

.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000



13.6

13.6.1

13-2

Row

o W 0 N o U W N

W W W W NN NN DN NN R R R R R Rl Rl
W N P O W W 9O o W N R O W O JdoU W NP

Slack or Surplus

o O O O o o o o

1
0
0

0.

O O O O O O O O kP o P O O O M o o o o o

672.786
.000000
.000000
000000
.000000
.000000
.000000
.000000
.000000
.119942
.000000
.000000
.000000
.925300
.000000
.706802
.287633
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.1279623
.4693303
.2744803
.9151247E-01
.8720377
.5306697
.7255197
.9084875

Dual Price
-1.000000
-1.000000
-1.000000
-1.000000
-1.000000
-1001.099
-405.4318
-696.4991
-1042.944
0.000000
2.936071
17.53114
99.08265
0.000000
-30.42006

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

O O O O o O O O O O O O o o o o o o
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260

10°

- {3.3
1.4
06 Y 7J<EB {3.3—Y
0'4 +Y
4 I {0.4251
3.9-Y-9.425] S 0.5721
1.8+Y-9.5751 } HEDC 0.151
3.9-Y-0.2751 {0.451
Ls+y-0125] | Aﬂzdi%c
{3.9—Y—Z—O.2751
3.0 } 1.8+Y+2-0.1257
2.1 {6.9—Y—Z—0.2751
EE JKHE 3.9+¥+2-0.1251
13-2
10° nt
B, E = 320E + 2F?
B, | =454l,+ 15.31,+ 1045lg 1 + 0.2I
_ 43Y
Ki Y = 7302y
_ 472
K 2= 95037
K, E = 20.6E- E®
K, | = 441, +641,+4.5]] +0.51,
Y—B 10°n?
Z—C 10°n7
|— 10°n7
B, E— 10°
B, | — 10°
K, Y —B Y 10°n? 10°
K, Z —C Z 10°n? 10°
K, E — E x 10° 10°
K, | — | x 10°nT
K, | 3x10° n?
Iy I, (P P
I>0 |7 1
rTHX7T=BlE+Bz|-KlY-KZZ-K3E-K4|
s.t.
3.3- Y=0

I, <3



3.9- Y- 0.4251 =0

1.8+ Y- 0.575=0

3.9- Y- Z-0.275=0

Y+ Z+0.275] +3.47TE<6.9

- Y- Z+0.251 +3.47TE<3.0
T 10°

mex r =229.4E+E + 1.4, - 48.71,+1045lg 1+0.21 - 4.51] - 0.5I;

43Y 477
1+0.2Y = 1+0.3Z

13.6.2 LINGO
LINGO

max =Bl +B2-Kl -K2-K3-K4
Bl1=320*%E+2*E*E
B2=45.4%T1+15.3 % I2+1045% @QLOG 1 +0.2%* T
Kl1=43*Y/ 1+0.2%1T

K2=47%7/1+0.3%2Z

K3=20.6*EE*E

KA4=44*T1+64*%I2+4.5% @IF I1#GT#0 1 0 +0.5*% @IF I2#GT#0 1 0
I1+1I2=1

3.3-Y>=0

3.9-Y-0.425*%I> =0

1.84+4Y-0.575%I> =0

3.9-YZ-0.275%I> =0
Y+Z+0.275*%I+3.47*%E< =6.9
-Y-Z2+0.25%IT+3.47%E< =3.9

I1<=3

LINGO @IF

13.6.3

Linearization components added

Constraints 30
Variables 20
Integers 12
Local optimal solution found at iteration 837
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Objective value 963.0488

Variable Value Reduced Cost
Bl 364.5683 0.000000
B2 957.6204 0.000000
K1l 28.95391 0.000000
K2 0.000000 0.000000
K3 22.02452 0.000000
K4 308.1615 0.000000
E 1.131277 0.000000
I1 2.816394 0.000000
I2 2.800627 0.000000
5.617021 0.000000
Y 1.429787 0.000000
Z 0.000000 77.03798
Row Slack or Surplus Dual Price
1 963.0488 1.000000
2 0.000000 1.000000
3 0.000000 1.000000
4 0.000000 -1.000000
5 0.000000 -1.000000
6 0.000000 -1.000000
7 0.000000 -1.000000
8 0.000000 -48.70000
9 1.870213 0.000000
10 0.8297872E- 01 0.000000
11 0.000000 -50.28848
12 0.9255319 0.000000
13 0.000000 59.13825
14 0.000000 29.10027
15 0.1836060 50.10000
LINGO
@IF
13.7
13.7.1
7 3
g g i =123 13-3
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Ok
0 1 2 3 4 5 6 7
g
O1 Gk 0 5 15 40 80 0 95 100
O2 Gk 0 5 15 40 60 70 73 75
O3 Ok 0 4 26 40 45 50 51 53
LINGD
LINGO
SETS
USER/1..3/
WATER _AMOUNT/1..8/
ARCS USER WATER AMOUNT BENEFIT SELECTION STATUS
ENDSETS
DATA
BENEFIT = 051540 80 90 95 100
051540 60 70 73 75
042640 45 50 51 53
STATUS = 01234567
01234567
01234567
ENDDATA
MAX = @ SUM ARCS I J BENEFIT I J * SELECTION I J
@ FOR ARCS @ BIN SELECTION
@FOR USER I @SUM ARCS I K SELECTION I K =1
@SUM ARCS I J STATUS I J * SELECTION I J =7
ARCS SELECTION STATUS

SELECTION STATUS
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13.7.3

264

Global optimal solution found at iteration

Objective value

Variable

BENEFIT 1 1

BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
STATUS
STATUS
STATUS
STATUS
STATUS
STATUS
STATUS
STATUS

o d o U e W N e o oy Ul W N R o s WD R oy U W N R

0.

9 o U W N o O 0O 0O O O O O kP O O O O P O O O O O O B O O O O

Value

000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0

120.0000

Reduced Cost

0.000000

0.000000

-5.000000

-15.00000

-40.00000

-80.00000

-90.00000

-95.00000

-100.0000

0.000000

-5.000000

-15.00000

-40.00000

-60.00000

-70.00000

-73.00000

-75.00000

0.
-4.

000000
000000

-26.00000

-40.00000

-45.00000

-50.00000

-51.00000

-53.00000

0.

0
0
0
0.
0
0
0

000000

.000000
.000000
.000000

000000

.000000
.000000
.000000



Row Slack or Surplus Dual Price
1 120.0000 1.000000
2 0.000000 0.000000
3 0.000000 0.000000
4 0.000000 0.000000
5 0.000000 0.000000
7 430 3
13.8.1
13-3 12 N =12
1 2 inputl  input2
output 1 J 1=01 11 J=1234
4 storage | J
input2
N IKPE storage (1,2)
PN output
a2
inputl
storage
[CAD) storage
1,3
t
(21;::1131)1 output
13>

O<soae | 1 <10

O<soae | 2 <10

O<sioage | 3 <10

O<doage | 4 <15
1=12 12

I output (7,4)

FREBRX

13-3

storage (/,4)

output | 4
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O<output | 1 <3
O<output | 2 <4
O<output | 3 <4
O<output |1 4 <7
=01 11

soge | 1 =goage [-11
soge | 2 =goage |- 12
soge | 3 =doage |-13
soge | 4 =soage |- 14

=12

12

inputl =2 input2=3

+inputl- output 1-1 1
+input2 - output 1-1 2
+input I-212 -output 1-13
+input 1-13 +output 1-11 -output 1-14

autput 1 4
n 1
F=>)>) benefit | J xoutput | J + > benefit | 5 xoutput | 4 +
|:o J=1 =0
‘reservoir J storage | J expectation | J
J=1
F—12
benefit | J —1  1-1 12 5
benefit 1 J
13-4
13-4
| benefit | 1 benefit | 2 benefit | 3 benefit | 4 benefit | 5
0 1.1 1.4 1 1 1.6
1 1 1.1 1 1.2 1.7
2 1 1 1.2 1.8 1.8
3 1.2 1 1.8 2.5 1.9
4 1.8 1.2 2.5 2.2 2
5 2.5 1.8 2.2 2 2
6 2.2 2.5 2 1.8 2
7 2 2.2 1.8 2.2 1.9
8 1.8 2 2.2 1.8 1.8
9 2.2 1.8 1.8 1.4 1.7
10 1.8 2.2 1.4 1.1 1.6
11 1.4 1.8 1.1 1 1.5
12 0 0 0 0 0
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reervor J soage | J expectation | I —— I J

soage | J expectation |1 J J=12314
reervor J doage | J  expectation | J = - 40 doage | J - expectation
\] 2

storage | J < expectation | J

reservar J sorage | J expectation | J =0 dorage | J > expectation | J
expectation 1 J expectation 12 J

expectation 1 J =5 5 5 57

expectation 12 J = 5 5 5 57

13.8.2 LINGO

LINGO

SETS
RESERVOIR /P1 P2 P3 P4/ EXPECTATION MINSTORAGE MAXSTORAGE
MINOUTPUT MAXOUTPUT
TIME/0123456789101112/
PURPOSE /Bl B2 B3 B4 B5/
LINKS1 TIME RESERVOIR STORAGE OUTPUT
LINKS2 TIME PURPOSE BENEFIT
ENDSETS
DATA

EXPECTATION MINSTORAGE MAXSTORAGE MINOUTPUT MAXOUTPUT =

@OLE 'D \ LINGO _ DATA \ 10.XLS’
BENEFIT = @OLE 'D \ LINGO _ DATA\ 10.XLS’
INPUT1 =2 INPUT2 =3 1 2
T/A
@OLE 'D \ LINGO _ DATA \ 10.XLS" = OUTPUT
@OLE 'D \ LINGO _ DATA\ 10.XLS" = STORAGE
ENDDATA

TOTAL _ GAIN MAX= @SUM LINKS1 I J |I#LE#12 OUTPUT I J * BENEFIT I J
+ @SUM TIME I |I#LE#12 OUTPUT I 4 *BENEFIT I 5
+ @ SUM RESERVOIR J @ IF STORAGE 12 J # LE # EXPECTATION J
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-40* STORAGE 12 J - EXPECTATION J "2 0
+ @ SUM RESERVOIR J @ IF STORAGE 1 J # LE# EXPECTATION J
-40*% STORAGE 1 J - EXPECTATION J "2 0

@FOR TIME I |I#GT#1
STORAGE I 1 =STORAGE I-1 1 + INPUT1-OUTPUT I-11
STORAGE I 2 =STORAGE I-1 2 + INPUT2 - OUTPUT I-1 2
STORAGE I 3 =STORAGE I-1 3 +OUTPUT I-12 -OUTPUT I-13
STORAGE I 4 =STORAGE I-1 4 +OUTPUT I-13 +OUTPUT I-11 -OUTPUT I-1 4

@FOR LINKS1I I J STORAGE I J > =MINSTORAGE J STORAGE I J < = MAXSTORAGE J
OUTPUT I J > =MINOUTPUT J OUTPUT I J < =MAXOUTPUT J

Excdl 13-4 13-5
| & B C | b E F |

1 i

T' Eni P1 P2 P3 Pd
3 | espectahon 5 5 E] ]

A | Mistorage 0 1] 1] 1]
E | MAMSOras 10 10 0 15
B | MMoumul 0 0 Q 1]

¥ MAHADW .| 4 4 T
B
|

10 | M bansfil]

11 | EiTH B b2 B3 b bS5
13 | L2 1.4 14 1 1 18
13 ] 1 1 11 1 12 15
14 | Fi | 12 1.8 18
15 | -t 12 1 18 258 18
16 | 4 18 12 25 o) 2
v 5 5 18] 22 . 2
18 | g | 2h i 18 ]
19 | 7 2 22 18 22 12
M | E 18 2l X3 18 18
21 a e 1.8 8 1.4 1
= 10 18] 23] 14 11 15

=] 11 14] 18] 11 1 15
24 2 al o @ i ]

134
13.8.3
Local optimal solution found at iteration 126
Objective value 494 .6804

Export Summary Report
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= Fi P2 Pl P - F1 P2 1 P4
= 0 a
s 1 !
oL ' o
A 1 ]
2 - -
ﬂ ll—.5 N 5
=, S - ] |51
- T T
= 8 8
-1 9 g
= 1d 10
= 11 11
i ] 12
135
Transfer Method OLE BASED
Spreadsheet D \ LINGO _ DATA\ 10.XLS
Ranges Specified 1
OUTPUT
Ranges Found 1
Range Size Mismatches 0
Values Transferred 52
Export Summary Report
Transfer Method OLE BASED
Spreadsheet D \ LINGO _ DATA \ 10.XLS
Ranges Specified 1
STORAGE
Ranges Found 1
Range Size Mismatches 0
Values Transferred 52
Variable Value Reduced Cost
STORAGE 0 P1 10.00000 0.000000
STORAGE 0 P2 10.00000 0.000000
STORAGE 0 P3 10.00000 0.000000
STORAGE 0 P4 15.00000 0.000000
STORAGE 1 P1 9.000000 0.000000
STORAGE 1 P2 9.000000 0.000000
STORAGE 1 P3 10.00000 0.000000
STORAGE 1 P4 15.00000 0.000000
STORAGE 2 P1 8.000000 0.000000
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270

STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE

O W W W W W 0w <N 9 9 9 oo o0 o o U U U U R R W W W W NN NN

10
10
10
10
11
11
11
11
12
12
12

P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3

8.949998
10.00000
14.05000
10.00000
9.379697
8.570300
11.05000
10.00000
10.00000
6.949998
10.05000
9.000000
10.00000
5.949998
10.05000
8.000000
9.000000
5.949998
10.05000
7.000000
8.000000
5.949998
10.05000
6.000000
7.000000
5.949998
10.05000
.977499
.000000
.949998
.072504
.977499
.963749
.986249
.072504
.977499
.963749
.986249
.072504
.977499
.963749
.986249

W W oo M 0O I U U O U Y O

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o O o oo o o o o o o o

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.2585229E - 08
.7912372E - 08
.000000
.000000
.000000
.000000



STORAGE 12

OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT

OUTPUT 1

0
0

0
0
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
6
6
6
6
7
7
7
7
8
8
8
8
9
9
9
9
0

P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl

(O T S L O R e T e O T T O e L T e O e O O B O T S o R e O S e O R O = T " e el

.072504
.000000
.000000
.000000
.000000
.000000
.050002
.050002
.000000
.000000
.570300
.000000
.000000
.000000
.379697
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.022501
.000000
.000000
.000000
.000000
.036251
.000000
.000000
.000000

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o O o oo o o o o o o o

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.1675176E - 07
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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OUTPUT 10 P2 4.000000 0.000000

OUTPUT 10 P3 4.000000 0.000000

OUTPUT 10 P4 7.000000 0.000000

OUTPUT 11 P1 3.000000 0.000000

OUTPUT 11 P2 4.000000 0.000000

OUTPUT 11 P3 4.000000 0.000000

OUTPUT 11 P4 7.000000 0.000000

OUTPUT 12 P1 3.000000 0.000000

OUTPUT 12 P2 4.000000 0.000000

OUTPUT 12 P3 4.000000 0.000000

OUTPUT 12 P4 7.000000 0.000000

BENEFIT 0 B1 1.100000 0.000000

BENEFIT 12 B5 0.000000 0.000000

Excel 13-6
Al o (X auEs I = A Mg
o3 i B1_| P2 Fa i 2 Reailll P2 i Fa
== ] 3 L g T ] i1 i 10 T3
- 3 3% [ ses [ 7 9 [ » i | 35
r) 2 i) 25703 4 T . A a2es 10 14.08
1 3 2 23747 4 T 3 10 | 85797 | 85708 1103
b L 3 ] A T L 10 i) £ 395 1005
= e 3 ; 3 i £ 3 0| 5 00
4 3 4 4 7 e T e [ o [ 5 [ foos
- L | 4 4 I 7 B e e
k] B 10325 | 4 il T B 5] T 535 1005
1 1] 3 303628 4 T 1] 6T | & Bas 07
= 1] : S A 3 T 2 SorTh PRARKTS L4 GG | RO
- S 1 4 N 46775 |4 08375 |4 68625 | BOTES
A0 1Z 3 4 4 T 13 A BT75 [ 396375 | 468835 | BOTIS
13-6
13.9.1
100 kn?
90 000
1 000 /kn? 4 000 /kn? 5000 [kn?
7 000 /kn?
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Z=F X *F, X, "F3 X °
X1 Xz X3—
F1 X1 Fz Xz Fa X3 -

abc—

mxZ= F, X, *F, X,
s.t.
X, + X, + X5 =100

" Fs X

1 000X, +4 000X, - 2 000X;< 90 000

X, =0
X, =0
X;=0
13-5

13-5

X X X

a+b+c=1

knrf

| kn?

X knt

20

1000

3

8

0.2

4000

818|888

8

0.5

5000- 7000= - 2000

8188 |8 |0

0.3
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13.9.2 LINGO

0 20 40 60 80
100

SETS
WEIGHT EXPEND VA
OBJ/1..3/ WEIGHT EXPEND Z
020 40 60 80 100
KM2/1..6/

ARCS OBJ KM2 VALUE SELECTION STATUS
ENDSETS
DATA
WEIGHT = 0.2 0.50.3
EXPEND = 1000 4000 -2000
VALUE = 1258910
168101010
1357910
STATUS = 020 40 60 80 100
0 20 40 60 80 100
020 40 60 80 100

ENDDATA
MAX = 21 %22 *Z 3
@FOR OBJ I Z I = @SUMARCS I J VALUE I J * SELECTION I J "WEIGHT I
@ FOR ARCS @ BIN SELECTION
@FOR OBJ I @SUM ARCS I K SELECTION I K =1
@SUM ARCS I J STATUS I J * SELECTION I J =100
@SUM ARCS I J STATUS I J * SELECTION I J *EXPEND I < =90000

mx Z =In Z =0.2InF;, X, +0.5InF, X, + 0.3InF; X,
InF, X 13-7
Wi
Ln F, =2.08W,; +2.30W,,
Ln F, =1.79W,; +2.30W,, + 2.30W,,

Ln Fy =1.10W, +1.95W,, +2.30W,,

mex Z =0.416W,; +0.46W,, +0.895W,, + 1.15W,, + 1.15W,; +0.33W,, + 0.585W,, +
0.69Wj,
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201 ,

InF,
~

Lo /

20 40 60 80 100

X, (km?)
230 230 23
Oo-—-0-—-0 ° _-0
o-” 195 -~
200 qg9 7 201 b
[e] Ve
o / - O//
N ¢ %
- ! - 1.10,7
/ o]
10+ / 1.0F /7
! /
i /
! /
! /
! /
! /
! /
O 1 1 1 1 1 C 1 1 1 1 1
20 40 60 80 100 20 40 60 80 100
X (km’) X,(km?)
13-7 InF X

X, =60 W, +100 W,,
X, =20 W, + 60 Wi, + 100 Wi,
X; =20 Wy, +60 Wiy, + 100 Wi

max Z =0.416W,, +0.46W,, +0.895W,, + 1.15W,, + 1.15W,, +0.33W,, + 0.585W,, +
0.69Wj,

s.t.
60W,; +100 W, +20 W,; +60 W, + 100 W,; +20 Wy +60 W;, +100 Wy, =100

BOW,, + 100W,, + 80W,, + 240W,, + 400Wi, - 40 Wy, - 120 Wi, - 200 Wy <90
Wi, + W, + W, =1
Wy, + Wy + Wy + Woy =1
Wiy + Wy + Wo + Wy =1
W, >0 0<i<3 0<j<3
LINGO

SETS
275



S/ABC/ X
T/ABCD/

UusT W OBJ STl ST2 XW INCLUDE

ENDSETS
DATA
OBJ = 00.416

00.8951.151.15

0.46 0

00.330.5850.69
ST1 = 0601000
020 60 100
020 60 100
ST2 = 0601000
0 80 240 400
0 -40 -120 -200
Xw = 0601000
02060100
020 60 100

ENDDATA

MAX = @EXP @SUM U W * OBJ * INCLUDE

@FOR U I J INCLUDE I J
@SUM U W % ST1 * INCLUDE
@SUM U W % ST2 * INCLUDE

@FOR S I
@FOR S I X I

13.9.3

276

@stM T J

= @IFOBJ I J #EQ# 001

= 100
< =90
W IJ * INCLUDE I J

= @SUM T J XWIJ *WIJ

Local optimal solution found at iteration

Objective value

Variable

WEIGHT
WEIGHT
WEIGHT
EXPEND
EXPEND
EXPEND
Z

Z

Z

VALUE 1

1

2
3
1
2
3
1
2
3
1

Value
0.2000000
0.5000000
0.3000000

1000.000
4000.000
-2000.000
1.379730
2.449490
1.620657
1.000000

+WI1l =

* INCLUDE I J

1551

5.477226

Reduced Cost

0.
0.000000
0.000000
0.
0
0

000000

000000

.000000
.000000

-2656413

0.
0.
0.

000000
000000
000000

1



VALUE 3 6 10.00000 0.000000
SELECTION 1 1 0.000000 0.000000
SELECTION 1 2 0.000000 0.000000
SELECTION 1 3 1.000000 0.000000
SELECTION 1 4 0.000000 0.000000
SELECTION 1 5 0.000000 0.000000
SELECTION 1 6 0.000000 0.000000
SELECTION 2 1 0.000000 0.000000
SELECTION 2 2 1.000000 0.000000
SELECTION 2 3 0.000000 0.000000
SELECTION 2 4 0.000000 0.000000
SELECTION 2 5 0.000000 0.000000
SELECTION 2 6 0.000000 0.000000
SELECTION 3 1 0.000000 0.000000
SELECTION 3 2 0.000000 0.000000
SELECTION 3 3 1.000000 0.000000
SELECTION 3 4 0.000000 0.000000
SELECTION 3 5 0.000000 0.000000
SELECTION 3 6 0.000000 0.000000

STATUS 1 1 0.000000 0.000000

STATUS 3 6 100.0000 0.000000

Row Slack or Surplus Dual Price
1 5.477226 1.000000
2 0.000000 0.000000
3 0.000000 0.000000
4 0.000000 0.000000
5 0.000000 0.000000
6 0.000000 0.000000
7 0.000000 0.000000
8 0.000000 0.000000
9 50000.00 0.000000
40 knt 20 knt 40 knt
Local optimal solution found at iteration 17
Objective value 5.150732
Variable Value Reduced Cost
X A 56.66667 0.000000
X B 20.00000 0.000000
X C 23.33333 0.000000
WA A 0.5555556E-01 0.000000
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= = = =2 = = = = = = =
> QO QO Q0 QW w w W
> O Q W » U Q W » U QW

OBJ

ST1

ST2 C

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

Q. Q0 Q0 Q0 W w o w o ow oo o
U Q w » U Q W Pr U Q w >

Row

= e

R o W W < o U B W N

0.9444444

0
0
0
1.
0
0
0

.000000
.000000
.000000
000000
.000000
.000000
.000000

0.9166667

0.8333333E-01

0
0

0

.000000
.000000

.000000

-200.0000

0

e N = R e R R e e e e =)

1.
Slack or Surplus

5.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

o O O O O O O o o o

.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
000000

150732

0.000000
1.201838
0.000000
3.838155
0.000000
0.2300673
1.773570
1.043023
0.000000
0.000000
0.7726097
0.000000

0.000000

0.000000
0.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

O O O O O O O O o o o o

Dual Price
1.000000
0.000000

0.9685980E- 04
0.000000
0.000000
0.000000

0.5026493E-03
0.000000
0.000000
0.000000

0.5741911E - 04



12 0.000000 0.1491410E- 05
13 0.000000 0.000000
14 0.000000 0.3475314E- 01
15 0.000000 0.9586104E - 03
16 0.000000 0.000000
17 0.000000 3.838155
18 0.000000 1.043023
19 0.000000 0.000000
20 0.000000 0.000000
21 0.000000 0.000000
LINGO
13.10.1
13-6
13-6
10°
1 2 3 4
20 40 15 30
5 10 13 6
8 35 16 28

s.t.
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G— | i 10° /
X j i
13.10.2 LINGO
LINGO
SETS

SERVICE/POOL PARK TENNIS/
PLACES /P1 P2 P3 P4/
PATRS SERVICE PLACES COST MATCH

ENDSETS
DATA
COST = 20 40 15 30
510136
8 35 16 28
ENDDATA

MIN = @SUM PAIRS I J COST I J * MATCH I J
@ FOR SERVICE I

@SUM PATIRS I K MATCH I K =1
@ FOR SERVICE I

@SUM PAIRS J I MATCH J K =1
@FOR PAIRS I J @BIN MATCH I J
13.10.3
Global optimal solution found at iteration 0
Objective value 29.00000
Variable Value Reduced Cost
COST POOL P1 20.00000 0.000000
COST POOL P2 40.00000 0.000000
COST POOL P3 15.00000 0.000000
COST POOL P4 30.00000 0.000000
COST PARK P1 5.000000 0.000000
COST PARK P2 10.00000 0.000000
COST PARK P3 13.00000 0.000000
COST PARK P4 6.000000 0.000000
COST TENNIS P1 8.000000 0.000000
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13.11

13.11.1

COST TENNIS

COST TENNIS

COST TENNIS

MATCH

MATCH

MATCH

MATCH

MATCH

MATCH

MATCH

MATCH

POOL

POOL

POOL

POOL

PARK

PARK

PARK

PARK

MATCH TENNIS

MATCH TENNIS

MATCH TENNIS

MATCH TENNIS

1t

13-7
80%

P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3
P4
Pl
P2
P3

P4

Row

95 kg

35.00000

16.00000

28.00000

0.

000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000

Slack or Surplus

29.00000

0

0.

.000000
000000
.000000
.000000
.000000
.000000
.000000

TSP

400 000 t/a 300 000 t/a

0.000000
0.000000
0.000000
20.00000
40.00000
15.00000
30.00000
5.000000
10.00000
13.00000
6.000000
8.000000
35.00000
16.00000
28.00000

Dual Price
-1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

85 kg
250 000 t/a
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T
% % It ta kg't kga
59 41 1.00
1 % 6 2.00 400 000 % 38 000 000
97 3 2.80
59 41 1.40
2 % 6 2.20 300 000 % 28 500 000
97 3 3.00
59 41 1.10
74 26 1.20
250 000 85 21 250 000
84 16 1.50
% 6 3.00
87 750 000 kg/a 80%
17 550 000 kg/a

MmN Z =1.0Xy +2.0Xy, +2.8Xys +1.4Xy +2.2X5 +3.0X
+1.1Xy +1.2Xg +1.5Xg +3.0Xs,

s.t.
Xp + Xyg + Xy + Xy5 =400 000
Xop + Xop + Xo5 + X5 = 300 000

Xy + Xg + Xg + Xg + Xy =250 000
95Xy +39.0X;; +5.7X, +2.9X5 + 95X, +39.0X, +5.7X, +2.9X5

+ 85Xy + 34.9Xy +22.1Xy +13.6Xg + 5.1 X5, < 17 550 000

X; =100
|— 1 12 23
— 0 1
4 5
X i J
LINGO
SETS
POLUTION/ELEC] ELEC2 CEMENT/ COAL DISCHARGE
CONTROLS/CONO . . CON5/ EFFECT
ARCS POLUTION CONTROLS PRODUCTION FARE INCLUDE
ENDSETS
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DATA

COAL = 400000 300000 250000

DISCHARGE = 95 95 85

EFFECT = 0 0.59 0.74 0.84 0.94 0.97

FARE = 01.00002.002.80
01.40002.203.00

01.001.201.503.000

ENDDATA

MIN= @ SUM ARCS I J FARE T

J * PRODUCTION I J * INCLUDE I J

@ SUM POLUTION I @ SUM CONTROLS J DISCHARGE I * 1 - EFFECT J

J * INCLUDE I J < = @SUM POLUTION I COAL I * DISCHARGE I
@ FOR POLUTION I @ SUM CONTROLS J PRODUCTION I J

* INCLUDE I J

@FOR ARCS I J INCLUDE I J =@IF FAREI J #EQ#0 0 1

@ FOR ARCS @ GIN PRODUCTION

13.11.3

Global optimal solution found at iteration

Objective value

Variable

COAL ELEC1

COAL ELEC2

COAL CEMENT

DISCHARGE ELEC1
DISCHARGE ELEC2
DISCHARGE CEMENT
EFFECT CONO

EFFECT CON1

EFFECT CON2

EFFECT CON3

EFFECT CON4

EFFECT CON5
PRODUCTION ELEC1 CONO
PRODUCTION ELEC1 CON1
PRODUCTION ELEC1 CON2
PRODUCTION ELEC1 CON3
PRODUCTION ELEC1 CON4

Value
400000.0
300000.0
250000.0
95.00000
95.00000
85.00000
0.000000
.5900000
.7400000
.8400000
.9400000
.9700000
0.000000
241654.0
0.000000

o O o o o

0.000000
158346.0

11

*0.2

1518346

Reduced Cost

o

N O O kP O O O O O O O O O o o O

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

* PRODUCTION I

=COAL I
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PRODUCTION
PRODUCTION
PRODUCTION
PRODUCTION
PRODUCTION
PRODUCTION
PRODUCTION

ELEC1
ELEC2
ELEC2
ELEC2
ELEC2
ELEC2
ELEC2

PRODUCTION CEMENT

PRODUCTION CEMENT

PRODUCTION CEMENT

PRODUCTION CEMENT

PRODUCTION CEMENT

PRODUCTION CEMENT

FARE
FARE
FARE
FARE
FARE
FARE
FARE
FARE
FARE
FARE
FARE
FARE

ELEC1
ELEC1
ELEC1
ELEC1
ELEC1
ELEC1
ELEC2
ELEC2
ELEC2
ELEC2
ELEC2
ELEC2

FARE CEMENT

FARE CEMENT

FARE CEMENT

FARE CEMENT

FARE CEMENT

FARE CEMENT

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

ELEC1
ELEC1
ELEC1
ELEC1
ELEC1
ELEC1
ELEC2
ELEC2
ELEC2
ELEC2
ELEC2

CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4
CON5
CONO
CON1
CON2
CON3
CON4

o o O O

.000000
.000000
.000000
.000000
0.

000000

300000.0

0.
0.
0.

000000
000000
000000

250000.0

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.800000
.000000
.400000
.000000
.000000
.200000
.000000
.000000
.000000
.200000
.500000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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000000

.800000
.000000
.400000
.000000
.000000
.200000
.000000
.000000
.000000
.200000
.500000
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.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0000000
0.000000
0.000000
0.000000
0
0
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13.12

13.12.1

700 t/

2

INCLUDE ELEC2

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

65 000

CEMENT
CEMENT
CEMENT
CEMENT
CEMENT
CEMENT

CON5
CONO
CON1
CON2
CON3
CON4
CON5

Row

O 0 3 o U W N

I N T s e N e
W N P O W o Nd oUW NP O

.000000
.000000
.000000
.000000
.000000
.000000
.000000

o B B B B O B

Slack or Surplus

1518346

4.500000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

o

O O O O O O O O O O O O O o O o o o o

1200t/

1

.000000
.000000
.000000
.000000
.000000
.000000
.000000

o O O o o o o

Dual Price
-1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
-241654.0
0.000000
0.000000
-316692.0
0.000000
0.000000
0.000000
0.000000
0.000000
-660000.0
0.000000
0.000000
0.000000
-300000.0
0.000000
0.000000
0.000000

40 000

13-8
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0.5 /[ t km

13-8
1 2
km km / It
1 15 10 3850 12
2 5 15 1150 16
3 30 25 1920 6
LINGO
SETS
CITY/A B/ WASTE
PLANT/FIRE OCEAN BURY/ MATCH FIX CHANGE ABILITY
PLAN CITY PLANT PRODUCE DISTANCE
ENDSETS
DATA
FIX = 3850 1150 1920
CHANGE = 12 16 6
ABILITY = 1000 500 1300
DISTANCE = 155 30
10 15 25
WASTE = 700 1200
ENDDATA
MIN = @ SUM PLANT MATCH* FIX + @ SUM PLAN I J
PRODUCE I J * CHANGE J + PRODUCE I J *DISTANCE I J *0.5
@FOR CITY I SUM PLAN I J PRODUCE I J = WASTE I
@ FOR PLANT J @ SUM PLAN I J PRODUCE I J < =MATCH J * ABILITY J
@ FOR PLANT @ BIN MATCH
Global optimal solution found at iteration 27
Objective value 41070.00
Variable Value Reduced Cost
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WASTE A 700.0000 0.000000

WASTE B 1200.000 0.000000
MATCH FIRE 1.000000 2350.000
MATCH OCEAN 1.000000 -100.0000
MATCH BURY 1.000000 1920.000
FIX FIRE 3850.000 0.000000
FIX OCEAN 1150.000 0.000000
FIX BURY 1920.000 0.000000
CHANGE FIRE 12.00000 0.000000
CHANGE OCEAN 16.00000 0.000000
CHANGE BURY 6.000000 0.000000
ABILITY FIRE 1000.000 0.000000
ABILITY OCEAN 500.0000 0.000000
ABILITY BURY 1300.000 0.000000
PRODUCE A FIRE 169.2308 0.000000
PRODUCE A OCEAN 500.0000 0.000000
PRODUCE A BURY 30.76923 0.000000
PRODUCE B FIRE 830.7692 0.000000
PRODUCE B OCEAN 0.000000 7.500000
PRODUCE B BURY 369.2308 0.000000
DISTANCE A FIRE 15.00000 0.000000
DISTANCE A OCEAN 5.000000 0.000000
DISTANCE A BURY 30.00000 0.000000
DISTANCE B FIRE 10.00000 0.000000
DISTANCE B OCEAN 15.00000 0.000000
DISTANCE B BURY 25.00000 0.000000
Row Slack or Surplus Dual Price
1 41070.00 -1.000000
2 0.000000 -21.00000
3 0.000000 -18.50000
4 0.000000 1.500000
5 0.000000 2.500000
6 900.0000 0.000000
13.13
13.13.1
5~8 56
7 8 500t 400t 300t 300t
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13-9

500 t

300t 600t 800t

13-10

500 t

139

10°

100

700

13-10

108

100

13-8

13-8

S+l

Sa=S+1L-X

0 S4+|4' X4

S

rtsxt
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1,=400 1,300

1,=500 X, =300 X,
&/500-)( 400 X \l/ 300 300 -X,

r1(S1a-’Y1) ¥ SZ,XZ) rl(Sa’)(a) ¥y Su-X;)
13-8
4
mxZ=>) B-C
t=1
S.t.
S =0
S, - S + X, =500
S-S+ X,=400
- S+ X, =300
- S, + X, =300
S <500
X;€0,= 0 300
X, €0,= 0 600
X;€0,= 0 800
X, €02,=0 500
B, t c t
13.13.2 LINGO
LINGO
SETS
MONTH/MAY JUNE JULY AUGUST/ SALE STORE PRODUCE
SALEAMOUNT/1..9/ AMOUNTFORSALE
STOREAMOUNT/1. .6/ AMOUNTFORSTORE
MONTHSALE MONTH SALEAMOUNT INCOME YN1
MONTHSTORE MONTH STOREAMOUNT FARE YN2
ENDSETS
DATA

PRODUCE = 500 400 300 300
AMOUNTFORSALE = 0 100 200 300 400 500 600 700 800
AMOUNTFORSTORE = 0 100 200 300 400 500
INCOME = 012300000
023444400
023456899
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012467000

FARE 134578
122344
233455
233455

ENDDATA

MAX = @ SUM MONTHSALE I J INCOME I J * YNl I J * AMOUNTFORSALE J
- @SUM MONTHSTORE I J FARE I J *YN2 I J * AMOUNTFORSTORE J

@FOR MONTH I SALE I = @ SUM SALEAMOUNT J AMOUNTFORSALE J *YN1 I J

@ FOR MONTH I STORE I = @ SUM STOREAMOUNT J AMOUNTFORSTORE J * YN2 I J

@FOR MONTH I |[I#LE#3 STORE I+1 - STORE I - PRODUCE I + SALE I =0
SALE 4 - STORE 4 = PRODUCE 4

@FOR MONTH I @ SUM SALEAMOUNT J YN1 I J =1

@ FOR MONTH I @ SUM STOREAMOUNT J YN2 I J =1

@ FOR MONTHSALE @ BIN YN1

@ FOR MONTHSTORE @ BIN YN2

13.13.3

Global optimal solution found at iteration 0

Objective value 6600.000

Variable Value Reduced Cost

SALE MAY 300.0000 0.000000

SALE JUNE 100.0000 0.000000

SALE JULY 800.0000 0.000000

SALE AUGUST 300.0000 0.000000
STORE MAY 0.000000 0.000000
STORE JUNE 200.0000 0.000000
STORE JULY 500.0000 0.000000
STORE AUGUST 0.000000 0.000000
PRODUCE MAY 500.0000 0.000000
PRODUCE JUNE 400.0000 0.000000
PRODUCE JULY 300.0000 0.000000
PRODUCE AUGUST 300.0000 0.000000
AMOUNTFORSALE 1 0.000000 0.000000
AMOUNTFORSTORE 6 500.0000 0.000000
INCOME MAY 1 0.000000 0.000000
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INCOME AUGUST
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY
YN1 MAY

YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JUNE
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 JULY
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
YN1 AUGUST
FARE MAY

FARE AUGUST
YN2 MAY

}—‘goooqmm%wwH\OOO\]G\U‘I»&U)MH@OO\]O‘\U‘\;&U)M}—\LOOO\]O\U'\»bwwl—‘m

Hooooo}—\oool—‘ooooOOOOOOOOOOO)—\OOOOOOHOOOO

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000
.000000

0.000000
0.000000
-100.0000
-400.0000
-900.0000
.000000
.000000
.000000
.000000
.000000
.000000
—-200.0000

o O o o o o

-600.0000
-1200.000
-1600.000
-2000.000
—-2400.000
0.000000
0.000000
0.000000
-200.0000
-600.0000
-1200.000
-2000.000
-3000.000
-4800.000
-6300.000
-7200.000
0.000000
-100.0000
-400.0000
-1200.000
-2400.000
-3500.000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
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YN2 MAY
YN2 MAY
YN2 MAY
YN2 MAY
YN2 MAY

YN2 JUNE

YN2 JUNE

YN2 JUNE

YN2 JUNE

YN2 JUNE

YN2 JUNE

YN2 JULY

YN2 JULY

YN2 JULY

YN2 JULY

YN2 JULY

YN2 JULY

AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST

o NS 2 BT~ OO N NG S S o N © 2 | O R O R & N & 2 B O R A N 2 B = CE R AV

Row
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Slack or Surplus

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

6600.000

O O O O O O O O O O o o o o o o

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

300.0000
800.0000
1500.000
2800.000
4000.000
0.000000
200.0000
400.0000
900.0000
1600.000
2000.000
0.000000
300.0000
600.0000
1200.000
2000.000
2500.000
0.000000
300.0000
600.0000
1200.000
2000.000
2500.000

Dual Price

1.

0

O O O O O O O O O o o o o o o

000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



18 0.000000 0.000000

19 0.000000 0.000000
20 0.000000 0.000000
21 0.000000 0.000000
13.14
13.14.1
1 000 hnt 1
/hn? 2 150 /hn? 1
/hn? 2 50 /hn? 1 0.9 kga
0.5 kga 632.5 kg/a
X1 X 1 2 hnt
/a

Z= 300- 160 X, + 150- 50 X, = 140X, + 100X,

mex Z = 140X, + 100X,
s.t.

0.9 X; +0.5 X, < 632.5

X, + X,< 1000

X;=0

X, = 0

13.14.2 LINGO

LINGO

SETS
CROP /1 2/ PESTICIDE COST GAIN AREA
ENDSETS
DATA
PESTICIDE = 0.9 0.5
COST = 160 50
GAIN = 300 150
TOTAL _ AREA = 1000 TOTAL _ PESTICIDE = 632.5
ENDDATA

TOTAL _ GAIN MAX = @ SUM CROP I GAIN I -COST I *AREA I

160
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@ SUM CROP I PESTICIDE I * AREA T

< = TOTAL _ PESTICIDE

@SUM CROP I AREA I < =TOTAL AREA

13.14.3

Global optimal solution found at iteration

Objective value

Variable

TOTAL _ AREA

TOTAL _ PESTICIDE
PESTICIDE 1
PESTICIDE 2
COST 1
COST 2
GAIN 1
GAIN 2
AREA 1
AREA 2

Row

TOTAL _ GAIN

2
3
13.14.4 Delphi
Delphi 13-9
implementation
uses lingodd  //
$R * .DFM

Value
1000.000
632.5000
0.9000000
0.5000000
160.0000
50.00000
300.0000
150.0000
331.2500
668.7500

Slack or Surplus

113250.0
0.000000
0.000000

procedure TForml. BtnCaculatedick Sender  TObject

label FindExit NormalExit  ErrorExit
var

dPedticide dCost dGain dArea array 1..2 of Double

dToid dlimit dSaus Double
nError  pLingo nPantersNow  integer
cScript  pchar
cMgg dring
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Reduced Cost
0.000000
0.000000

.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000

o o o o o o 9@ ©

Dual Price
1.000000
100.0000
50.00000
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139
i integer
begin
/1 LINGO DLL
/! pedticide. Ing Delphi
/1
foi =1to2do
begn
dPedticide i = SrToFloat TEdit FindComponent ' pedticide’ + inttostr i . Text
dCodt i = SrToHoat TEdit FindComponent 'cost' + inttostr 1 . Text
dGain i = SrToHoat TEdit FindComponent "gain' + inttostr i . Text
end

dTotd = SrToFloat total . Text
dLimt = SrToHoat limit. Text

Il LINGO

pLingp = LScreateEnving

if pLingo = 0 then

begn
ShomMessage ' Can''t create LINGO environment'
gato Final Exit

end

1 LINGO
nError = LSopenLogrileLng pLINGO 'LINGO.Ilog
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
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/1 LINGO

/l @POINTER 1

nError = LSstPointerLng pLINGO dPegticide 1 nPaintersNow
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 2

nError = LSstPointerLng pLINGO dCost 1 nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 3

nError = LSstPaointerlng pLINGO dGain 1 nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 4

nError = LSsetPointerlng pLINGO dTatd nPaintersNow

if nError < > LSERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 5

nError = LSstPainterLng pLINGO dLimt nPaintersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 6

nError = LSstPainterlng pLINGO dArea 1  nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit
/I @POINTER 7

nError = LSstPointerLng pLINGO dSatus nPointersNow

if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit

1 LINGO

cript = "SETECHON 1 + Char 10 +
'TAKE pedticide.LNG + Char 10 +

'GO + Char 10 +

'"QUIT + Char 10 +

Char 0

1l
nError = LSexecuteScriptlng  pLINGO  cScript
if nError < > LERR_ NO_ ERROR _ LNG then gato ErrorExit

1
LScloselogFilelng  pLINGO

1l

if nError < > LEERR. NO_ ERROR _LNG o
dSatus < > LS_ STATUS_ GLOBAL _ LNG  then
ShonMessage ' Unable to sdlve

dee



/!
begn
/!

fooi =1to2do
TEdit FindComponent 'ared +inttostr i . Text = floetToSr dArea i
end
goto Normal Exit
ErrorExit
cMsy = Fomet 'LINGO Errarcode %d  nError
Sholessage  cMgg
goto Final Bxit
Normal Exit
/1 LINGO
LSeleteErving  pLINGO
Final Bxit
end
“ ? 13-10
F EERTRRER AL R
HWEH (1000 pa A EEERERE 228 agla
Crupe Paaticidn Cmil Cain Aii
Bf aEFIEE=SE sEEEHERE s IEEEES  EEH
(g arhaall = Tt i T it
1 0.8 184 300 e T ]
{ENz 0.5 5 150 WHE TS
|! ir 8 | B
—
13-10
13.15
13.15.1
LINGO
100 000 n? 1 000 hnt

LINGO
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C mg/L c

c c C 1 mg/L 100
mg/L
1 000 hnt
13-11
1311
hn? kg/hn? % [hnt?
1 Xq 6 15 300 1500/ X;
2 X5 2.5 20 150 600 / X,
1 hnt 1
6 kg 15% 1 6x0.15x X, =0.9X,
2 2.5%x0.20x X, =0.5X%,

0.9X, +0.5X, /200 000 mg/L

C:O.9X1 +0.5X,

200
c 100 mg/L
(0.9X12300.5X2)4$100
mex Z =300X; - 1500+ X; +150X, - 600+ X,
S.t.

(0.9X12500.5X2)4$100

X, + X, <1000

X, =0

X, =0

13.15.2 LINGO

LINGO

SETS
CROP /1 2/ PESTICIDE LOST COST GAIN AREA
ENDSETS
DATA
298



PESTICIDE = 6 2.5
LOST = 1520

COST = 1500 600
GAIN = 300 150
TOTAL _ AREA = 1000

MAX _ CONCENTRATION = 100
LAKE _ VOLUME = 100000
RT = 6
ENDDATA
TOTAL _ GAIN MAX = @ SUM CROP I GAIN I *AREA I - COST I * AREA I "0.5
@ SUM CROP I PESTICIDE I * AREA I * LOST I /100 = 1000/ LAKE_VOLUME * 12
/RT < = MAX_ CONCENTRATION "~ 1/4
@ SUM CROP I AREA T < = TOTAL _ AREA

Local optimal solution found at iteration 56
Objective value 171055.0

Variable Value Reduced Cost
TOTAL _ AREA 1000.000 0.000000
MAX _ CONCENTRATION 100.0000 0.000000
LAKE _ VOLUME 100000.0 0.000000
RT 6.000000 0.000000
PESTICIDE 1 6.000000 0.000000
PESTICIDE 2 2.500000 0.000000
LOST 1 15.00000 0.000000
LOST 2 20.00000 0.000000
COST 1 1500.000 0.000000
COST 2 600.0000 0.000000
GAIN 1 300.0000 0.000000
GAIN 2 150.0000 0.000000
AREA 1 702.7284 0.000000

AREA 2 0.000000 2683283

Row Slack or Surplus Dual Price
TOTAL _ GAIN 171055.0 1.000000

2 0.000000 60379.50

3 297.2716 0.000000
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