) d' o Ad'
ﬂNﬂﬂ1§1ﬁﬂ§!!ﬂﬁﬂJ LINGO mf:)‘nmmamlmmzaumeﬂumama

A (1

weanndIe Juinsal

= 9 Y a dy I U = = [ a a o =
M3fn¥IAUANDaTE T uaIuniaueIMsnEIUMangas s yanuImsgInaumuma
HYUIIFILIWITFIND @11IHINGINTIANT UHIINA0F TYNIFITVITINY

N.7. 2554



The Manual for using LINGO Program to Solving Mathematical

Optimization Model

Mr. Somvang Pinpakorn

An Independent Study Submitted in Partial Fulfillment of the Requirements for
the Degree of Master of Business Administration
School of Management Science
Sukhothai Thammathirat Open University
2011



Qs

v = %4 Y a
JVINTIIANHIAUN INDAIS

Younzauana
MYV
aIN

iy
21w13anisnmn

ailems 1911 sunsu LINGO iilemdmeniimang auos
Tunaneadiameans

wiwaun s Yutnsel

STERIRPS PHE

MHIMIIANS WAy 1uiess su1591%

509MANS195095 10588 FHUNAN

< Y Y a 2 v o ] ) & <
MIFNHIAUANDHISU ulﬂ'iﬂﬂ'ﬂll!ﬁll“ﬁ@‘l_lclﬂyﬂuﬂ')uﬁuﬁﬂlﬂx‘lﬂ’lﬁﬁﬂ‘}ﬁ

ﬂWNﬁﬁﬂgﬁSﬁ%ﬂUﬂ%iyiUﬂiﬂ WoIUN 13 SUNAN 2554

ANENITUNTHOUMSANEIAUATIDATE

____________________________ T | 13 1) P13 b+ Viah
(509PNAATINTOIIINTA GTUNEANT)
: - A
oml]  mdagmd AFTUNS

o =y a
(599N EA519150152n 195 wa?fﬁmwm%)

o as a
(3DIMNTNTINTUDING, %’szxgaﬂ%)

551N suMIUseaaunIBIINeIN1SIAMS



FomsanmAuaivas: gilonmsldTlsunsy LINGO iemfmaeuimunzauvesTuma
nAdAMEAS

Y= o A o v v K = a v A

Aanen weanwnds uilnsal sWaipfin 2523000509 Yagyeynr UFHIIFINVNHITUGIA

da = ¢ W a =
?)1“1]158]7]1.|§ﬂ15ﬂ TOIMAANTIVITYITINTU FHUNAN ‘Ianﬁﬁﬂ‘tﬂ 2554

Y
a [ 1 [y [} 4
sUnvumssuadaszlsznnmisdeqgilomsldTsunsuniiniititngsz aen
e (1) sarigiiouesllsunsu LINGO  uazsiwazidealuaiuaieguesnislellsunsy
o 1U1d0u (2) Ysziiumagiions 14 isunsy LINGO
as =® I =* ) 1A 9
My umsAneinsianuvedldsunsuangiems lsanuvealsunsy
. I [ @ a
LINGO  Version  12.0 #uduniwianndszma TagldmiinauvoaununIfainssnued
Aa o o < 1 @ 1 a 1A A Y o = Y=L Y
U3EN Mo tod sudt 1funqualedslumsdsziiiumagiediedimsaneladnyioud 1y
dy Y KX o Aa = 1 I dy 1A = Y
iwovdr vahunagluazesuteazideansuiionvesgionis Inedailsznoudae
[ 1 ~ o o 9 % ] A A Y o a o
druaenddayveans 15nu Tsunsy nagdreganagsnanlsduuuniadiamanslu
F) o 3’, [ a o [
msunyrinazmimmaouae11siunsy LINGO wiouninaae14nuauass 1 Ao
[ 3
namsfne (1) ldgiiemsldauvesldsunsy LINGO Wunwnedsznou i
Y & A ANY v yYd o ' a o oA Y a &
arelom lugiien ldutis 1hitludedranegsnanazdredniinaassldniclagluilomves
Y ] a 9 o A U a [ 4 1
dregraneginatsznou lddredmuudyisesaiulseauvosnaadmst  nisvuds
o Y] A o g Y] 1 <3 o o w
AT IUHUMTINNUVINTNNU WPALNMTNAIURAUAATY MTAIrUamaInu Taguand
I o < o < [ A @
ponuUPUTIANT TIUIUAVAVTIUAD,TIUILANAVFIUADINTAAIUNAUNAAS DAL
(% a 4 o L (% a
duilsdaszvosnisneinsa uag lauirldnaaeslszgnaldnuaruveaununisnangsu
A o [ 4 A [ a @ 4 ) a = g‘/ I
VIHM N ed s Tuisesdinlszanvosnannua (2) gisziiiugUenanuailumese

== @ a A A ll ] a3 1 [l a 1A 1
mMsAnuIszavsyaastetgedluaie 30-35 Yidluaiulng laswanissalugionuin

1 I T A

A A [l e I A @ a g
1]@11f"l:]’]llu1ﬁu1§]ﬂg1ulﬂﬂ!"V]V]ﬂllﬂlu@\ifl]'lﬂeluLu'ﬁ]ﬂ’llﬂuﬁ@\ima\imﬂllﬂﬂ'ﬂ’l\?ﬂﬂ!@]ﬁ’la@i

e®_

9
v ~ Y

Y14 qomy o o ~ & v v a ¢ a '
wumsnezldgie 1w lanasuiludedinugiuanuimeiiumsinngiisalSnamneu
9 a 1A 1 [~ [ Y o a 14
vagdisziiuglediuIvgifiviimslgdnuunisadiamansuaz 11sunsu LINGO
tanuiaulagensii il 1Fauesa

% A

Mmdey gie TilsunsuLINGO Tueansndiamans



paanssudszma

v
v A o & 1

o A v o Y Y a Y A Yo
ﬂﬁﬂn‘u‘uﬂﬁi]@‘I/Hﬂﬁﬂl!ﬂ’]'l@ﬁi%ﬂ’ﬂﬂuT;Tnii]ﬁﬁ’]\‘mﬂllmﬁﬂﬂiﬂﬂhlﬂiﬂﬂ’ﬂh

Q

[

I ' A a @ 1
ﬂ?m']L'IJu@ﬂ’lﬂﬂﬂﬂ’lﬂi@ﬂﬁ’lﬁ@]i’lﬂ’lig%i'lﬂiﬂi q‘ﬁll?J’ﬁﬂ’l A1V1INYINITIANT LU
a 1% o a A 99 Y o o o = Y a
NW'I'JT]EJ'IﬁEthIﬂJﬂU‘ﬁ'iﬁ?JTﬁiW“K ﬂﬂ?ﬂ“ulﬂﬁl‘ﬁﬂuluglﬂ RRSIER R ﬂi?%&!ﬂll"ll uagaaniy

o A v o FY Y a ' ya A o 9 ' ' Y Y
ﬂ'lﬁﬂ1&1«!1!ﬂ'lﬁﬂﬂ‘ﬂ'lﬂ'l'ﬁﬂuﬂ'J'lf)ﬁ'ﬁg@ﬁl'l\?slﬂﬁ%ﬂw\lﬂﬂﬁﬂﬂ?ﬁl@ﬂﬂWﬁ’E]\WI'I\?G]sllfN\ﬂuﬂuﬂ'N
a A T Y 14 o a o & ' 9 a 9 P
DHITLIDIUAVYAAADANN mum‘imuuumawﬁm%qmmﬂmmm LHYUIDULAS AT
Yo A = YR é‘ ' I A
Al HuuﬂTﬁﬁﬂ‘H']gﬁﬂ“]ﬂ‘]JG]f\isluﬂ'J'lﬂJﬂ?ﬂ!'l"llf]\i‘lfl'lu!ﬂuﬂEI'NEN

4 4 a o 4 o
u@ﬂﬁﬂﬂﬁ Nz}ﬁﬂ‘]el'IGU'E]SU’E)‘U‘W3$ﬂﬂ!ﬂﬂﬂ’ﬂ138ﬁ1ﬂ113ﬂﬂﬂ15‘ﬂﬂﬂ15 Lﬁﬂuuﬂﬁﬂ‘HT nag
sid'd [ ~ Y ] A 9 gﬂ Yo o A 9 Y a dy Yo o 1
Qﬂﬂﬁ?ﬂlﬂﬂ?‘“@\ﬂuﬂ'ﬁGH'JEJLW'Q’EJWS@NVI\‘]GlWﬂ'mQGlﬂLW@ﬂWiﬂuﬂ’Nﬂﬁizullﬂﬁ'llﬁﬂljﬁ'Nﬁ\‘]
’a A Yo = Y Y a o X g ' a
ﬂﬂl'lli3Iﬂ“ﬁuﬁ\‘]alﬂ‘ﬂ’ﬂ$ulﬂ§‘Uﬂ']ﬂﬂWﬁﬁﬂHTﬂWiﬂuﬂﬂTﬂﬁﬁ%ﬂU‘UuQﬁﬂ‘kﬂﬂ]ﬂw@ﬂlm UATNIIAN
S A 9 o a Q‘{ a Yq ¥ 19 o =
A3019138 18 1dAanuglmszensudsdon uallszansdszaminanud Inundsiimsdnm

gﬁ a o A Y c&’ ' Y o =
ﬁ’J‘JJ‘VNﬁiJ']‘;D'ﬂ‘V!ﬂﬂuﬂluﬂﬁﬂﬂﬂi?ﬂqmﬁﬂ’ﬂhlﬂﬁﬂaﬂ@I}ﬁnﬂ'ﬁﬂﬂ‘bﬂiﬂjﬂ‘c’llﬁwﬂ

aunds Yuilnsal

AAAY 2554



asvey

9
o
uneagemenlne 3
NAANSSNUSEMIA )
MU o
svyMW ol
NN T UM 1
I o w
anudunazanudayvesayv 1
[ 4 =
Yoqszeedmseown 2
4 H 1 [
dsglewinaadwglésy 2
< i o
UseudlymNmsany 3
YouwavesMsANgNe 3
Jenwdwa 3
~ A A 9
UNN 2 ATTUNTTUNID IO 4
WORAAMNNGYR 5
VOMHUALLUITIEY (Linear Constraints) 5
o ~ [ a . .
orvuan lunluwady (Nonlinear Constraints) 6
Mmawealdsupsuileyly winoow 12
Maan 1yl Window vuu®dn 14
= a0 A aw
UNN 3 ABAUUUMGIVY 28
Useminsuagnguddons 28
A A Aq Y aw
WIoNON IS IUMSIG 29
< 9
L e 5 e V3 V] 29
VNN 4 WAMSANE 30
dy A A 9 v W a 4
WUTIUNNNOHYNNIUDINVAWVUNWNAUATAT 30
maavelUsunsy 31
Y
dupeumsaswdwuvvestly___ 31
& Ay v = P
e ldninasdnwdoya 32
mssuaulslUsunsy LINGO 32



UITUIYNTY

asiey (90)

@ % a o
MIwaazadawuvYa 1Usunsy LINGO TuiuTand (WINDOWS)
A10819V03A WUV Tayi

' a <Y @ 1A
daumianizidoyani lvesgile

a g Y Y a 1 dy =
Naﬂﬁ'Jl,f"lii‘éﬁﬁsllﬂ‘llasllﬂﬁW@]’f)‘]JLL‘]J“]J‘]Ji%L?JuGlUﬁ'JHﬂJ’ENLUE’JW1?;]116

EU G

HamsATIzHYeyavedaounDYsziliuludiuvesdoiauenus

a3UM3390 ons1ona tagderauouz
=2 a o
azUwamsAnyIIY

on1s1ema

MANUIN

Usziaganmn

=

¥ Ae819ve Y lulssiiiugie

a 1A Y o a
fl lf]ﬂ?ﬂifﬂiﬂi%mu@u@ﬂWﬂlﬂ‘ﬂWﬂWﬁﬂi%ﬂJu

87
&9
90
91

91

92

92

94

96

97



A
TN 4.1

A
MTNNN 4.2

A
MITNNN 4.3

A
MTNNN 4.4

A
AITNN 4.5

AUy

U a <Y < a 1A
L!ﬁﬂ\iﬁﬁu"uﬂ\iWafﬂﬁ'JLﬂi?%ﬁmﬂuﬁﬂﬂqﬂﬂlﬂﬂllﬂﬂﬂﬁg!JJL!@?J@

1 Aa J a
dIuv0IHANIANTIZHIOYAS DeRzYBIRAD UL T2IiY

U

Tagd NNy

dauveInani N e iveyasvoazvodao Uiy

Iﬂﬂﬁhuuﬂ@nuﬂ"liﬁﬂy"l

naaInans Nzt yavegaouuuulssiuludiuvesszauanui

88

88
&9



~
NINN 2.1
~
NINN 2.2
~
NINN 2.3
~
NN 2.4
~
NINN 2.5
~
NINN 2.6
~
NINN 2.7
~
NINN 2.8
A
NINN 2.9
A
NN 2.10
A
NINN 2.11
A
NINN 2.12
~
NINN 2.13
~
NN 2.14
~
NINN 2.15
~
NN 2.16
~
NN 2.17
~
NINN 2.18
~
NINN 2.19
~
NINN 2.20
~
NN 2.21
~
NINN 2.22
~
NN 2.23
~
NN 2.24
~
NINN 2.25
~
NINN 2.26

=
NINN 2.27

AUy

v v
nslugaInNUFNRUTYI Iz YT am

[ v 7 e
N5 1LEAINNUTUNUTURINIATU X*@COS(3.1416%X)

[ Iy J e
AFINUAAIANVFUNUTUDINIAFY 4%(X-3)2+.5

nsludaanyuzvesIdayudase

AsmuaasdnyazveaIdai

a o ' Y% )
nsmliaasmstnanmsinsesdense Ui luisaruve ABS(X)

v A =}
gﬂuﬁmaﬂymmamﬂimm

= U A )=}
E‘IJLlﬁﬂ\1'i"IElﬁ3&98ﬂﬂ]6ﬂﬂﬂ1ﬂllﬂﬂlﬂi@ﬂﬂ@

JiuaaIBazdea lumdIved File 1y

giluaaani9emds File New

giuaaanii9emds File Open

giluaaanieemds File/Save As...

sUnaaani 9o File/Print...

sUnaani 1993 File/Print Setup

sUnaaIn199Md3 File/Print Preview

gﬂllﬁﬂﬁﬂﬁ@ﬂﬁﬁﬁ@hﬁ License Key.

gﬂllﬁﬂﬁﬂﬁ@ﬂﬂﬁﬁ@hﬂ Database User Info

siuaaIsIwaz@eaue I 1Y Edit

siuaasmsidla’lg Exceliitoloaddoya

gﬂuﬁmﬂ’dm%mm Paste Spacial

siuaasT1lsunsumsload Yoya1n 1Wd Excel

iludaindosonumdq EditFind. ..

jiluaaindosdonu1da EditReplace

iluaaindosdonumda EdivGo to Line

3 1uaa9A1d9 Edit/Paste Function

iludaindosdondumd BdivLink

JiuaAsIBazBeAYRIMIA 1Y LINGO

& &
THOUSIUBDINGA

15
16
16
17
17
18
19
19
20
21
22
22
23
23
23
24
24
25



A
DINN 2.28
A
NINN 2.29
A
NINN 2.30
A
NINN 2.31
A
NINN 2.32
A
NNN 4.1
A
NNN 4.2
A
NINN 4.3
=
NN 4.4
=
NINN 4.5
=
NNN 4.6
=
NNN 4.7

P~
NINN 4.8

2

MITYMN (A10)

iludasswazidenvoInToUToANURANE N
pRL T RN IR IYEA R C LG R ITATR QI
silugasTn UM UAAIHAYDITIADY
suanamAIda LINGO/Solution
iR IEazBeareaiAs LINGO/Option
giluaaaniiiA19 LINGO License Key

siluaaaniia1aTisunsy WINDOW

= J ' g
ﬂﬂwuﬁﬂx‘lﬂﬂﬁzlﬂﬁlﬂﬂlﬂ\iﬂﬁwmﬂiﬂ!iu%’Nﬂ’JfJMGiﬁ@qﬂ



1. anuiunsazanudnyvesifyn

Y
a o

a 9 a a % % o (% Y
msane ludmnumuuimsginaiuseIsmilaagadinnudinguazindny

Y
A

a a 1 a a a d a =Y
NUMULTMITEINReIiIUMsAnE1 TuT 183 HA0 ¥ NS AT 1L BT 9l (Quantitative
. a 1Y 1 =3 [ o 1 a d a Ay A a oA
Analysis) Tagdmainanenaiennulaena 1 msdeszddalsnm, msiteslfiams
A Ao o a = 24} I o Y Y A 1 A 1
¥30 NM33TeaniuMIF luenuilumihveyanduavnlegulszuraiesas
msaaduly wmInendog luiesssinias.dagadnm. 2551: 1-10) & 1danunuieuns
a J a - ' = o 9 A g o I ¥ s v
M3nsgnFalSuaimuetensihdeyaiidudavuidszuiald ldesdaiiui
(Knowledge) 1130@15aUNA (Information) e l¥lumsaadulaniegsne uazmsdadule
9 [ @ a 9 @ Y o 4 Y 3 1 = Aa a
NIMUMITANMTInIINEIVeIn UM lamsnernsvesoaans 1iilu ldedralidssansam
[y 4 < = d‘ 1Y a dy d’ v Aa 9 =
NINBINTV0I09ANT IaoNa 1nanede 1AT099n3 139911 [JUNU 1181 NuNAdIFUM W30
o a g Y A oA A A o Yy A o ' Y a
Fagau Wudu Tansesilonuaaamansninnlineselumsud lvidymdenaiiivde
a 9 . . =~ A [ * =~ ds! A Aa o
TUsunsu¥uay (Linear Programming) BINADEUNITAN FUVSUIUINODFTUIIAILUVVOS
Y
Mayriue
9 a 9 a 9 g’; ~ o vy as
msuntgrimagineaie ldsunsuFaduinannsofemiinon 1da1075
. ax a 3 J . 1 o ya & a
A3 (Graphical method) g ITFUWANY (Simplex method) maua1n1510 1 1993 Biuiew
a 4 4 1 [ 4 (% 1
lumslFTsunsumensunamesiveso lumsudywiswiissunandnuuveslamnd
v 9 Aa [y} d'do 2’,
anuaaugFuFouguuveslymnivna vy dulsnisuwnaugdunudyniniueg
Yo 2 ' .. . .
sl ldsunsulumsudtlyruFadwsu Tasunsy LINGO (Optimization Modeling Software
for Linear, Nonlinear, and Integer Programming) ‘Vidiﬂ LINDO (Linear Interactive discrete
o I
optimizer) 11sunsud15931 AB: QM 30 1151050 QM for Windows (Hudu Talsunsu
I . ¥ o a 4 13 v 1 a3 {9y o
LINGO luTdsunsunilayaihunlduddymmundamansuands ludlunisnnseldau
[ [ Y] Yy Y Y o < =3 9
pgnunInateuIninlulszma lne nadauadiauiudeanuazaInduigvonis e
1 9 ) ~ o 9 (] I~ A dg@l
Tsunsulumsmenddymiazmsimaeuiainisosznsziin laed 195193 mng93u

) (2 { { J L o =
dmsudneaulanegldlse TominnTsunsudalisiwaziBoauazanuawsonatolszns



Y Y Y KR o = = asy o A v o 1A
Ejﬂuﬂ?’lﬂﬂﬂWﬂ’]ﬁﬁﬂHWﬁWﬂﬁgL't‘)‘(’Jﬂllag'J'ﬁﬂ']ﬁVI'N']usUfNI‘lJillﬂﬁiJLW'ﬂﬁjﬂiﬂﬂllagﬂﬂﬂuﬂuﬂmﬂ
<

U

=)

TumsldauvesTdsunsuainan ludruauuazununauvesgauiumsansidauaitenil
o A ~ A 9 9 = [ a d A Aa oA % 1 ] v A
mMsdntuunngIveaz 1FwngInumsianzniyaliansaedrusunsdadula

9 A ) Aa 1 A Y A Y Aw A = o o a
ﬂ'lflsl,@]!,\‘]@Ll]lleGlJf’Nm@uaﬂu@glu@ﬂﬁ]TﬂﬂlelTT1!”IVI'iUWﬂGIf’E]ULﬂEJ'JﬂTJﬂTi@]ﬂﬁu%] NITINLUNU

Rl
9 [

~ A a o 3 Y [ = 1 2z
mimwumsmamiwammzmiﬂiuﬂgwmyﬂu@u ‘Vl\ﬁ/illﬂ‘ﬂﬂﬁ"ITHJ"IULﬂUQTHGluLLNLlﬂ

1A 4

v 9
AAINTIUUDIVUIEN Y 1O ﬂﬂ!“'ﬁ’ N4 C‘J?WNE’JEJVIHﬂiJ@G]ﬁWWﬂSﬁJL’JﬁaIﬂi’S’ V.RSLPINTN

U 9

v YA

A o N = A o o A a a £ 1 o 3 v
Iﬂﬂﬁﬁyﬂqﬂlﬁuﬂ@@\?mﬂﬂ N.f. 2539 IﬂEJ‘]J'iHVIﬂTLuuﬁiﬂ%ﬂ?ﬁﬂﬁ@%”ﬁﬁuiﬂﬂu@lﬂuﬁﬂﬂ Gh!
' Y o = Y 9 o a ~ 9 1
’ﬁ'JuQ’lusll@\‘lﬂ‘l/]'lﬂ'liﬁﬂ‘H']ﬂuﬂ']'lﬁ']ﬂ@'lluuﬂ'liIﬂEJ‘WET'III']ﬁﬂbl"]fiﬂil,!ﬂill‘n’l“]f')ﬂeluﬂ'ﬁ“YT'I
o A g1 A o Y o a < Y A
ﬂ']@]'t’]ll?iﬁ'ﬁ]ﬂﬁgll')aﬂﬁﬂu’ﬁ/ﬁ]&ﬂ’liﬂﬂ'lﬁ‘i/l'l\‘l'lulﬂﬂﬂ'ﬂ‘nﬁgﬂﬂﬂll,a35’3@L53l!a3@,ﬂ@®QLWN3J'Iﬂ

4 2
VU
(Y] d =
2. ’Jﬂil‘].li%ﬁﬂﬂﬂ]‘iﬂﬂ‘kﬂ

2.1 tedarhgiions 19 Tsunsy LINGO iierimaeuiiiuzauves Tumanis
a 4 4 o
Adlamaasazs1wazdenved TUsunsunori T4
4 o a y 4.4
2.2 elsziunagiion1s 141150051y LINGO  tiiomifiae uinanzanves
a J @ a A o @ Jd 1 (% I
Tumanadiasnaas IasldminauununianssuusEm 1e od s Wunqualedialy

MsUszu
d H Y]
3. Yslawiinmanazlasy

3.1 ez Iaflulsg TomildundnaulaivzAnynazdideanisiag 19w

TsunsulumsudamuFadunadiamans lasmsilasunsy LINGO T 1Fau 1 185y
] v Y
ANNAZAINUAZTIAGURNUINGITY

3.2 ez Iditluilse TemnilRundiaulafvzAnuuazdidesms oz 1918

Y 2K o a P A o A F) A A Y

W ladedununiadiameans i IsunsuLINGOm s aRvzduiiumsudyruionaz 1

il udegauneu@esuions1dau



4. Uszauifymniimsanin

I = = ' Y ° '
l‘]Ju‘ﬂ’]ﬁﬁﬂH'lj'lfJagl@ﬂﬂ@ﬁl\ic]sll@\ijﬂﬁllﬂﬁll LINGO ﬁ\iﬂsﬁl‘lﬂ']ﬁﬂ']\ﬂuﬁ']\‘]"]m@\i

Tdsunsy msadreduuvvestymwazmsthldsunsu i ldau
= T A
5. YVOUVAVDINTANHIAND

= A g = Y .
yourwansanyglotlumsanyinsldauTisunsy LINGO Version 12.0 910
49' 1A 9 9 @ 1 A A a = = 1
HerIvedglen s lFnuduniiumyiaelszmeaieNaz au1I00T U199 19a210806199)
0 (J . o < (% 4
voelsunsy jluvumsi ll1idaunazduouveslymnaunsov lhiudnuuive
I Y = 2 9 o 2 o 1 9 @
M3tlszgnalums 1oy BnNIMAeIds WAMDVIUAINAIBE1AURITY RunT1)sunsy agi
a = 1 9 Y] ?xJJ 9 ~ Y o =
nazodulesIvazidean1envesmsldauTsunsunasniniusiusmdoyan lavnmsdne
v o 1A ° Y ' Y a A o v Jdo w
vaiudugiieniz Ineii lnasedldninsnuauiaanssuvesusen 1o o Ausing

U

Y= o 9 cij 1A a A o 1
lagnuvhanud luiionnngile uaz Usziiunagioninan

LINGO vinneds IdsunsudmsumsmdineuNangavesdanuuneaudaudu
1 a Y A g ) 3
lidlwsaduuazndlusuauay
a 4 =2 o A @ ' A g ds! A o Y A
Tuaanuaalasnaas vuene uuusiaseaniedresenaswvwie 1 ldaun

A 1% o Aaa o Y a Y 1 a3 a Y A o <
!,ﬂEI'Jﬂ“]Jﬂ1i‘Vi1ﬂW]EJ'U‘1/]ﬂ‘1/]’(,:fﬂGUENG]’JLL“JJ“U‘1/1'Nﬂ'luLG]NL’duU]JJIJJUL%QLﬁu!La$ﬂlﬂuﬁ]1u’Jum‘M



2

=).

un

[y
FITUNITINNINYIVON

TumsdAnp13eams1¥1Usunsu LINGO  tieMf1ae UL auueIf L
) Aa J A = 1 [ A 9 Y
neAufalamans I3eaziooaludiuanguesldsunsy  emslvaulaglsznevaie

A A 9 [ = [ dy
’JiimﬂiiuﬂlﬂﬂlﬂlﬂﬂﬂiJﬂﬁﬁﬂH”lﬂQ@’E]wlﬂu

1. HUIAANIINGHY)

(LINDO System Inc. 2010: 618-628) msudilaydreTusunsy LINGO Sfauuvd
HANANNU 4 Uszinnio

1. ﬂTiLLfgl}‘]jﬂJu‘HTVINGIN (A direct solver)

2. MmauATTyruFudu (A linear solver)

3. maudtTayvi WSl ady (A nontinear solver)

4. waz miudamuusane3 iy ( A Branch-and —bound manager)

TunsudtymdvunagiamansvesTusunsy azisudrenisudlyn
mansa( A direct  Solvenlasi3usuanavessau snsnarefiilulyIgnou dman
msuddynineasmusuisinsesuiudenuavesiunlsi linsumdladniialy

@ < v W { 1 1 1 v W o Y
I‘]JﬂlﬂillG]’JI‘]J?!,Lﬂi11ﬂi]$ﬂ”|1/iLlﬂﬂ1]1‘1JEJ\WI’JLL‘]J?‘ﬁ]liJ‘VIiTDﬂTﬁ@iﬂﬂuﬂﬂ%@ﬂWﬁuﬂuu

9 dy ad A LY A [ [ Y A =Y ~ 1
ﬂTiLLﬂﬂﬂJuﬁTVIN@i\iu%3EJ@]ﬂ@@mi’)‘l’i"l?ﬂ@’JLL‘IJTV]hlll‘ﬂ3Ti.lﬂTllﬂWiﬂulilllﬁ’luﬂﬁﬂiﬂﬂﬂﬂﬂg

3

= 1

1] [ Y o A Y A Y ) 3 2 9 @
asanuiudomMuaimacegudomsuniyrineaseldnaaiaauas d1inaants
Y v o ) < o 4 "y
navua lagamuauads Tsunsy LINGO 79z51801unavodaanisiigeonu saa1min
T W A o [} 1 @ =\ ] a o 9y a
Nawlsndalunsuadindieg  Tisunsuazinsanmuamsunidym Taenoisanon

% a P [l \ ) a [ %
TassadaazduuunntamaninlognieluTdsunsumieduiumsun lvae 1 ninda
~ A ' g 9 @ a Y R <} ~
HUUNANae0gUUTPAAARINUF DUV UFUFY (A linier  solver) T1/sunsunvzizon
v a F) 9 19 1w A o 9 Idy 9 1 & 1 ~
msuntgrusaduinlyny tagmnnanuundideegiilszneualsaiunilaaiulan
I iaq 1 A I lag 1 A
AngduovnilasaduTsunsunszBonmauddymuuundlmFaduA non-linier solver)

[

) A o Y o g Aao Y o
1111“1)’\‘111“!@% meauuuﬂﬁzﬂauhlﬂmammumuﬂum f mmﬂﬂﬂmﬂuaﬂumzmm



] v o

o a <
8an03Ny (Branch-and-bound manager) nvzgniuItIAu ¥ IaeluTsunsuesaziien

U

[ a P " A 4 Y g’/ 3 (Y
Tdsunsuludnvazvoududu vieo Tsunsundlngadunuionddynniuviuegny
Uszinnvesamunndidveggiuunvesdonnua (Type of  constrains) AAOANTT 19N

Y o Y ' @ @ Y o A ) dsl
untlayriniease Tdsunsuvimiaunuaivesdauals ludauunndemruangnivuaay

U @ Y o A A o a 9 A A (Y 9) P
ﬁ’Ju@lTJLL‘ﬂiLm%ﬁlli’)ﬂ”l‘l’il!ﬂ‘ﬂmﬁﬂﬁlzg]ﬂﬂ"lﬁ‘LmTﬂ&lg‘]JLL‘]J‘]JLGINLﬁuﬁiﬂﬁJGlGHLGNLZ‘T‘L!LL‘]J“]JGLﬂLL‘]J“]_I‘I’iuQ

Y o a Y . .
2. VoM KiHANUUIYItaY (Linear Constraints)

] g

Y A Y o A2 o A g ¥ g a g & = o
ﬂ”le]‘L!llﬂlﬂlf’]\ﬁlﬂﬂ"lﬁﬂﬂ‘ﬂ!,ﬂLlﬂTﬁﬁlﬁﬂ\l@]uuulﬂuﬁﬁlﬁuuuﬁlﬂﬂﬂﬂ"ﬂ@ﬂ?ﬁuﬂuu

v
(2

! Y o A d o w A o w A o AA o A ' &
’1]3llll‘]Ji$ﬂi’)‘]_lul‘ﬂﬂ’JEJG]’JLL‘]J'ET]L‘]J‘LALEI"UEJﬂﬂTEN2 39 N1A33 HIDAUAVNUNIAINUINNITNUN

Y
=

[l 1A X o T o < A
Llagnﬂﬂ‘Vfi.!ﬂﬂﬁLWNq‘?Uﬂéﬂﬁﬂaﬂﬂlﬂﬂﬁulﬂi f’n@TQ‘]@]Tllﬁlsllﬂﬂ"Iﬂuﬂﬂﬂz!WM%uﬁ%@ﬁﬂaﬂﬁWN

v o

Y Y o Ay v Yy 9 a 9 A v o & ] )
ﬂ‘LlTﬂEJﬂJE]ﬂTHuﬂ‘VIblﬂﬂﬂUQﬂ‘le’Jlm’J ’s;f@iﬂlﬂﬂ!“]ﬁ\‘llﬁ'uﬂﬂ@ﬂ’JHJﬁiJWH‘ﬁﬂJ’EN”LﬁHG]SQ”%Q

U
Y

i’ Y = v A
Wugmmmmummqmmu
Y=mX+5b

. VAREAY
(19 m uag b 1WuaInIn

o ' ] A A A = ] 4 Ea]
aedraru Tumsidensouzlomaluiin 1.5 viseyasous mudasiandu

o A e A A
Glu’ﬂ’]ﬁﬂ']u'JUT]ﬂ'] (©) Glul\‘]@uulsllsll@\‘]ﬂ'ﬁ“]fﬂﬂgwﬂlﬂﬁ (T) Ao
C=15+*T.

A [ o A
ANNUYNIIINAD 51A1(C) ISNINY 1.5 ANy T (‘]_Gil'lﬂlsuﬂ\iuglsualﬂﬁ) 131803190

{ 1 s A 33 @ . 1
‘ﬁﬁ]gﬂ']ﬂﬂﬂ"lflvlﬁlﬁ']ﬂﬁ'W\l51]'E]\1ﬂﬂﬂ‘ﬁuﬂ%glﬂulﬁjuﬁiﬂﬂﬁﬂ517\|ﬁLlﬁﬂﬂgﬁua']ﬁ

$60

$50

$40

Cost $30
$20

$10

$0

0 10 20 30 40
Tomatoes Purchased (lbs.)

A v o J dy A
NN 2.1 P NuFUNUSVoITIA ez S INUMsFouz I A



¥ 4 4 da o A 42 .
iuasanaaeonuIduIsaNvzuaatoani lugduuninmsgaal sau v uag
15 I ' A o I @ ] 4 1 4 a { 1 4
@oe1uru ausuiuamlsihioiudse (P) 10.75 av Yous uaz uodila (A) 71.25 astloud

s A A 2 <
WIAFUNNNVUUDIT 1IN A0 1

C=15*T+075*P+125*4

< 1w @ A @
ﬂ’ﬂllﬂiﬂﬂﬂﬁf‘] 31071(C) ILNIND 1.5 ANy T (ﬂimmmmms%mﬁ) UINNY

E4

0.759aAU P (Snave uiudsy) vaniu 1.25 quiu A (WSnaveweiitla) delusianTnuil

]
A o

<o ) & A o a9 =
aduaaarnasenunluglveuduasniueuilosnnduuuiidnsazithusuduamnsoneg
o ) < = A T W Aaq 1A 9 9 o =< o
wimae 18539 wag Tanussesanndwuundlngadulumsadedmuuinivaue
TdadrgasdunuuTaslduuuzadudramwisonoznsziila e Tsunsuduiiuns
v o & Ay Yo 0 a ¢ v o o v 2
udymaindidan 185 Tdsunsuazihmsinnzdanuduiusvesdnun Sisnuagn

' Y
mnualugduundadu Tusunsuagisnuag 185 Teminndauuumuuniu

3. Yamyiuan lidudaau (Nonlinear Constraints)

a Y Y o g.’l g’; g’; =\ 1 o A o A d a 9
Taetenuiad 611@ﬂmmﬂmwmﬂmﬂamuuaqﬁmaﬂymzﬂﬂmlmuwLﬂqumu

Y A o ~

[~1 a [l [ 9 9 Y R Ao w A
L!,azllmﬂmmmu uwilu"llmﬁum'i‘ﬂllifl“lﬂ"mLﬁuilzﬂizﬂfmllﬂmtlml,!,ﬂ‘imummﬁm nio

v
v A

o w A Ao ' & A 2 o v o A R

mmmwsaumawmmmmmmamsgmuazmi«mﬂmmxﬂumgmmmﬁmmiw"lmﬂu
a Y o o Y 1 A g a Y @ A (] a Y o Y
wuamzmmsmmmu%mﬂmmmmﬁmﬂqumu ﬂauuuﬂmﬂmwmumwﬂw

Tsunsuisiannmanisiaey wie 1sunsueramimiaovaesauuin idlumadulae

] I A Aa ! X o &Y . ¥ '
Usingniluiludnaanaiga” dediaeviion ldnsdsoulddsingiu iilesains

v ° A g VY A A A P} A o AN 1 g A
@]’ENﬂ"lﬁﬂ']@]’E)‘UV]L‘]J‘HﬂWU@fJVIﬁﬂﬂﬁ@iJ'IﬂVIﬁﬂ Gh’i!,iw\l%']3ﬂ!1Eﬂ1ﬂLLH'JVINEU’ENWJLL‘UUVIU],ML‘]JULGHQ

Q Q

o - 4 @ { g )
1&uail (Local Optima tag Global Optima)tije TlsunsumwasnsniuagavesTusunsy

v d

a Y o Ay ¥ < v d Y Aaa A = Y1 I Aa A
LHAUAU ﬂWli’]‘]J‘1/]Ilﬂ‘ﬂ%L‘ﬂuNﬁﬁ‘W‘ﬁQQVI”IEJTI@]TIQ’@]LTI@’WN"ITEWI%&?Elﬂvlﬂ’;ﬂ L‘]JuWﬁﬁWﬁ‘Vlﬂ‘Vlf;(ﬂ

o

¥ ] ] 3 o !
INMIYUA (Global Optimum) HANNICUBINITAUDIVANDY @ﬂ?ﬂllﬁﬂ@nllwaa‘W‘ﬁﬁaﬁq@inﬂ

Y 1

b4 9 H 1
wanuatudenadns ndlu 'l 1dnadnals fagilszasdasdniolianmilulliduinng

o oA @ = o JaaA ? Y oz A Y
Nﬁﬁ‘Wfﬁ@H“’]GluG]’JLL‘]JU mmmmmmmamwaa‘wwwq@mﬂmwmuumummmﬂ%

v = v

A o A d a vy @ 5% 2 19 1 S
mﬁﬂﬂ@]ﬂlluu@umﬁ]QQQLLUUWLﬂUL%Q!ﬁHUUL@Q ll@aﬂﬂmgufﬂgVlﬂiﬂfjuﬂimﬂ]@\iwa NINA

~
fl
= v A9 g1 a g A a o Jaaa X ¥ 4 aa Ao
ﬂq@m@ﬂﬁjllﬂﬂwl’lui“}ﬂ“}fﬂ!ﬁu lu'ﬂﬂi]'lﬂ'E]'lfl]LﬂﬂWﬁaWﬁVIﬂﬂq@ﬂluﬂﬁ1ﬂﬂ5QHUﬂﬂ@ IANA 'q

=h.
hO)



v
A Y o

{ . 2 Y { A < [
MW (Locally Optimal) Uszinnnanuavesmsudamnd Iddugaduivazussauduwd

o
Sl

fAaammeiimuiue19r i nadnia

q

.

U A ) A A v J A
gyanuganangamnizi MsvivaansvoIgai

q

I A

=)
an
a 2 1 Y o == A
Lﬂﬂ"’Uu‘ViNl‘lﬂamﬂNﬁﬁWﬁﬂiJﬂﬂiuﬂﬂ%‘]J“L!LmﬂmWﬁﬂﬂ

ﬂﬂW%LLﬁﬂﬁﬂmﬂﬂﬁLlﬂ’J@ﬂﬂi ﬁ\‘]ﬂ“lJfN

£
= [ =

GI’JLLU‘UVHJLLﬂH’CTﬁLmW‘iJS Iﬂ“lfuﬂJ”lﬂﬂ’J”INaaW‘ﬁ"UﬂQ%ﬂ‘Vl mﬁﬂmwuﬂuﬂ%uu ﬂ?ﬂlﬁ@ulﬁ’ﬂ

q

H H 9
U 1 Y

muuum%mmu'lﬂgmmﬂmw”| Limwﬂmnmaa”wm‘i’m:mu@ﬂﬁwqﬂmwwmmmu

9
A A

9 1 A A [P ) [ d
Pﬂ%ﬂ?ﬁ‘ﬂiTU'N?JT‘MJWif’J“hJﬁJTIﬂTIﬂVIﬁﬂﬂu‘]Lﬂﬂﬂ]uﬂﬂ‘i\]u'ﬂﬂﬂﬂﬁﬁﬂ%umﬂﬂﬂﬁflﬂigﬁﬂﬂuu

U

A o ~ I ) A = 9 tg
Wmmnml,muw'lmﬂummﬁuwmfﬂm”lﬂqmmuumt’dmimazmElﬂ”lﬂmmlu

e Y [
INIATUAIUA

MIN = X ¥ @COS( 3.1416 *X);
X <6

ERR

A a o s ) ' Y 1 = P )
ﬂﬁ'l“l’\hfllﬂﬂ"Uuhlﬂ%']ﬂ'lﬂilﬂ3317\3?]611@\11”\1?]%“61]@\1?” X LA 0 D9 6 DUIININTUDY

q

e

o
A o

d't:; ! % t:; 1 1 é A ddd

Vlﬁﬂhﬂﬂ q@LﬂWT%‘VI“VI X m1nv 0,1.09,3.03,14085.02 mgclusmmﬁmﬂ@x% ANANgA
A 1 ] 1 o A a )

ﬂlﬂﬂﬁﬂgﬁ?ﬂﬂﬂ’ﬂﬂ X=5.02 LWT]Z'JTE]QG],HGH'NTWI'IQ'@I anbuzveInI Il NNAINTIAY

HU

< o A
ansouaaseeni Imilugduuueail

K=502

6L
Graph of X * @COS( 3.1416 * X)

M 2.2 aauaaen UL ITaRTY X*@COS(3.1416%X)

~ A o A A Y 9 % 1 A o
’ﬁﬂ'l‘W"ll'f]\‘lﬂiTV\l“I/ILLﬁﬂ\‘lE]’EJﬂiJHJ@ﬂEmZ‘VIWi]15%1!'lhlﬂ’J'lﬂﬁﬁlﬂ‘]Jﬂ“L"lﬂ@fJLuﬂ\“lﬂu
& o w Ay A A o A N = =
FIUTINTNHIPANUDINGTANIDATNG A ﬁﬂ'l'JZﬂli’]\?ﬂi'l‘V\l'ﬂWi]'lim'lm.i]ﬂﬂ X=2.5 nne N
A A 9 1 o Y a A ldﬂf 7 ) '
waoud A 2.0 vz ldnaanimi lavu luawanusuvesns i wag yaqgaidimm

¥ g o Y a Ay @ 1 < A A 9 1 kS
3.0uuﬂﬂ$ﬂ11ﬂlﬂﬂﬁﬂ1w1ﬂ1@]ﬂﬁ%Wﬂﬂ'ﬂﬂJ‘]ﬂu"U@QﬂﬁTV‘I@fJ’Nhlﬁﬂﬁ’lllﬂ’]'imaf]u‘ﬂﬁﬂ‘ﬁ’lﬂ’l 3.04U



Y

a3 9 A A S
ﬂ’]ﬁﬁ’]fﬂﬂ 1@’ﬂﬂfﬂ$§l@\1lﬂa@u @EJNWOL‘L!?NLW?JVI% u1ulﬂllﬂ fﬂﬂ ']ﬁ Quulll@!ﬁ']ﬂnllﬂ

a

01 Y1 ak A ) o oA <
ﬂ\iﬂqﬂﬂ X=3.03 N % TAUNN llﬂ 11]WHV]311JU@EJG] (ﬂ'J']'JJGD'UE‘ﬂ']ﬂU 0) Li]@!ﬂa@uwﬂﬂlu@ﬁvlﬂﬂﬂg

4 4% 4 42 2 < A4 4
ma@umu”lﬂmmﬂmmﬂﬁw 1AL ¥INDININNMTIAGIUNVTINIZNABT UMTIARDUNAY

a

' ' '
1 JAA A

~ 1 1 dy Ao A < Y o I dy I Ao A '
yuzioglugrnniganmnganaz Indny waaninanga eg1a lsnagatiiluganmingaly

D.

'
= L%

A [} 1 v o A o o A o Yy
ﬂii’)ulll? "lummzmiwﬂuwummm@uwmmumﬂm"lummmmmaumam”lﬂafm

] 1 ~ a A g Ao A a Y 11 o v 4
UUUDUI WU, i]ﬂ‘VIL’iTWi]15‘El!WGQHL‘]JL!i].ﬂ‘ifl@]"I‘VIfjﬂﬁ]5QTﬂ5Llﬂillilgslﬂl,iﬂﬁﬂ"l’dWﬁi‘Uﬁl’Juﬂi@N
Y 1 A A Y o [ Y Yo o . 1 Aa A
AU (LGD'LIﬁﬂﬂlillﬁuﬁ”miﬂﬂﬁﬂu‘tﬁ) Tﬂﬂslﬂfﬂ1ﬁ\1 INIT Section AULANANUBIIANANG A

a

[ v
=

A 2K o Y Y A 1 o 1 [ @ 1 A
m‘W’I%'ﬂ'ﬂﬁ]i]géllEﬂﬁlllﬂﬂwnuﬂ‘]J“I/IvlﬂQﬂllﬂﬁﬂluﬂﬂui]ﬂﬂlmﬂ@]NﬂU"UENﬂW X @NGLHGI’JE]EJNHWI

]
'

g v v & o JAaA 1A Ay Y A R A

AIAUVDY X=6 AuTUKAGNT NANGA TAsTIWIzEgN X=5.02 IveapeNiniuds luasonag
[ ) Aa s { 1 & Aa
Svdseiumeaovlamaz Tdsunsuazdszanamanuasanelaieasun liidhusadulas

o ] a g A o o A ° ) Aa 2 ' <
'ﬂ'lﬁﬂﬁﬂﬂﬂfu"llaﬂL"]f\uﬁuuﬁ3%5@f’fllﬂ"lﬁﬂWQQﬁ@QL‘W@W1ﬂ1ﬁﬁ]ﬂ‘luﬂluﬁ'ﬂu‘VILﬂﬂﬂJu@ﬂ%Ti']ﬂﬁ')

(5 dy 4 a I 1 1 1 9 1
VIR VDY ﬁ"mﬁamﬂwaawﬁT@EJ‘]Jﬂ@aaﬂmtﬂumiﬂizmmmmamuﬂinﬁ”lﬂ athals

aAa A

<] v o { 1 v o A
ﬂaiuﬂ’liﬁ’lwaav\l‘ﬁﬂﬁﬂUm@ﬁﬁ')ilﬂﬂﬁ’lu’lﬁﬂﬁﬂgﬁﬁWallﬂq%qﬂﬂﬂﬂﬁﬂlﬂw'] ‘VI% nJuﬂWlmefl

'
a

uearasoonun ludinuyld diensuaisunsnudd 151a25n9z laa1lu INIT Section tWNIANLAY

L) 4 ) @ A 4 { o A H
151919@09 1FW9A T @BND Lﬁemwuﬂ w513 Aremawannaaudunlndnugaisudui

q

(2

Y
m”lmmmﬂumuclm "lﬂwaa f,:fﬂﬁll’f]\‘mﬂllﬂﬂu L‘iWﬁNﬂﬁ?jﬂﬂﬁﬁlﬂﬂﬁﬂﬂﬂﬁﬂl@ﬁﬂ1i

Y
U

kY @ [ o Y 1 o 3 ' Y
L!ﬂﬂﬂ]‘l’iﬁ]ﬂ\‘]@nllﬂﬂﬁa"m@]ﬂﬁQIﬂﬂﬂ1WUﬂﬂW]\WIU%LL@ﬂﬂNﬂu@@ﬂulﬂﬂﬁ]gﬁTiJ']iﬂ%'JﬂclﬁﬁW

A A Y A 1 ' @ < o 9
ﬂ']@]ﬂﬂﬂﬂﬂq@Ulﬂﬂa’]'lﬂ@')1l31allEJ']fJSUfJ‘UL"’U@ﬂ']ﬁW']ﬂ'l‘U@Qﬂ'] X @@ﬂl‘lﬂUUL@Qﬂﬁ]gﬂﬁlﬁlﬁﬁﬁlcﬂﬁ']U
v o Ao A

4 4 a & ¢ A X - 7 A
NaanveIIaNANgamIzINuaNLaziluilsy Teviunegavy T‘]Jmﬂsmmaqmmmaaﬂ

Q a

A 9 A a a v A A A A Ya

WaWﬂ’f)EJNLW’E)Gb"JEJGluﬂ'IiL!ﬂﬂiyﬁui]ﬂlﬂﬂﬂ"liﬂﬂ%zﬂﬂﬂﬂﬂﬂﬂﬂq’ﬂ!ﬂw1$ﬂ1ﬂﬂﬂ131%’3°ﬁ
Y o a o o 9 1

uAyMUDOane3 MY (Branch-and-bound) lumsuengiuuvvesiinuveemiluiuiaim

Tﬁ'wmaqd’miﬂ31,mmﬁmaﬁuﬁ'ﬂﬁ'ﬁawmm@Tmmmmwﬂzﬁﬂﬁ’mmmmﬁamwaQi;ﬂ

‘Vlﬂ‘l/lﬁﬂmw13‘1/]&’@3518\1114&%61/‘!““%@% Vlﬁﬂllﬂﬁwﬂ?]ﬂﬂﬂéllu

a Q

Tmuu (Convexity) AUTNLU ian LLﬁﬂQﬂﬂﬂ’J"liJIﬂQuuLLﬁ i‘IJLL‘].I‘UTIGLﬂmﬂfNﬂuTI

= ddd

BennmwIfudiilumsldss Tenilirusuuiiefudseiuinaiaigammeiiua

fafgaveaaiun waesfinsangasuiivesanuIdunuluduuudaymigesmsdaey

1 [

Y
HGLPRIAN Ell@ﬂTPT‘L!ﬂVIWQﬂmﬁﬁ1ﬁﬁiﬂJ’€Nﬂ’J!mUﬂ’ﬂ§JIf’N‘Ll il

e
=l.

314

o,

fv) £afix) + (1-a) fiz). where y=a*x + (1-a)*z



9 @ g’; I ~ o a 4 =) 1
ﬂ’]ﬁﬁ’]jﬂQHCHSU’ﬂ\jﬂﬂ]uﬁ’]ﬁa’]ﬂ@'ﬂllﬂﬁuu&ﬂUQWUWﬂﬁlﬂ UNAUAAITATILLITYNIN
] a o o v I3 1 o <3
WensuveIms Iasyuduuasnouaudesveseyiusiluuinvselimanymzmmiziduuin

1 < ° o I Y A 9 9
’E]‘c’J'Nhliﬂﬁnﬂ’iTﬂ!,i1%8@1’11]']'iﬂﬂﬁ’iuﬂﬁﬁlm‘ﬂjﬂil!ﬂiuﬂlﬂﬂlﬁ'lL‘iJl!Iﬂ\‘iHULWfJGI@\‘Iﬂ'liﬂTL!f]fJ

' b4
1%

A v ] A @ Y1 o < A =
‘V]f]:ﬂklﬂlﬁWﬂﬁ'lll'liﬂ‘ﬂﬁ]gﬂJucl{ﬂ1@'3']?1']9’]@1]ﬂ3L‘]_IuEU?)‘]JLGUﬁﬂ!tﬁﬂﬂﬂﬂﬂWWﬂﬂq@ﬂlﬂﬂﬂﬂﬁﬂﬂ

% { [~{ a
Gmdadnuun lidlumadudie)

{ a ' { a ! ! { o
TR uNuRv39 (Strictly - Convex)WeAdu Idayunuias sliganiosigaiyan

q
o v 2 . s A
voInenilunanangavesnanuansaruaisezuaainu Idayuaoaiandun

u

151987

-300
5
)

5
-100
5

50 ¢
100

5

)

5
300

A Strictly Convex Function: .4%*(x-3)2+.5

~ v o )
7NN 2.3 novliaasnNuduNusvo Il AT A*(X-3)2+.5

)}

) v A4 ya A 14y A A &£ A °
GlUﬁ\iﬂqfuﬂJ@QIﬂ\ik!u%uWFﬂﬁqu ﬂ1ﬂu@ﬂq@ﬂ3u!WﬂQﬂu%ﬂﬂ’) ﬁ’liJ’liﬂﬂ’lﬂuﬂi]ﬂ

v

U o T W { ' ' ' v
Waasuaulsves X 1mnu3 msilasuaives X NWﬂﬂ?TWgﬂﬁjﬂﬂﬂQW 3 HAANFYRINIATUN

&

2 da! 4 a s Y a 2 Y o I
NI TAIYUDATY (Loosely Convex) WentuvoeInsyudaszuudoimuaaz luliadige

= 1 I 19 P~ Y a a v A N v &y @
[RNIEN ’E]Eﬂ\‘lhliﬂﬂ ﬂWMfJEW]tjﬂ"U’ENIﬂ\‘lgu@ﬁizmﬂmﬂNﬁﬁW‘ﬁ‘VlI,Lﬁﬂ@]1\1"ll®\‘1ﬂ1ﬁ\‘mu"llﬁ)\‘lﬁ’3

Y

Y ' RS Y a <3 ] 1
!Lﬂi ﬂ1ﬂ1ﬂli'I‘VI5TU'J'lﬁ\?ﬂ%ulﬂuiﬂﬁl‘{u@ﬁﬁgﬁ'lﬂﬂgﬂi'l'UWﬁaWﬁﬂW!ﬂuﬂ’]uﬂﬂ’q@Iﬂﬂﬁ')N

v X A4 A o A = s A '
wu wundurursumennusuiu 0 910 -200 89 150 Tudsddunuanseglugy

e

Y ' I o Y A
ﬂ']uaWQULﬂu@jlluumﬂ\iIﬂQHu@ﬁiz



10

40000
35000 ¢
30000 ¢+
25000 +
20000 ¢
15000 ¢
10000 ¢
5000 ¢

A Loosely Convex Function

d‘ [ 9 a
NN 2.4 ﬂ5TWLLﬁﬂQﬁﬂHmzﬂJ@QIﬂQHUGﬁig

. 4 o 4 Y ' { <
TAu (Concavity) 1iie Taayu lagmiwieuddymeaniosnga Taudine: 14
A ) VoA ~ s Y Yy Y g Y A 9 v 9 19
iountyvivesminigaveslensuaies TaudufudunasedwnuinTdagy  dvae

ueraslugddiuai

The following function 1s strictly coneave:

ST
-3

00
250
T-20
150
100
)

(
100
1150

)
300

04
-10000
-20000
-30000
-40000
-50000
-60000
-70000

-80000
-90000

A Strictly Concave Function: Graph of -(x?)
A o Yy v
NN 2.5 ﬂﬁﬂllﬁﬂﬂﬁﬂ‘]ﬂﬂmﬂlﬂﬂﬂmﬂ

s d Y YA ya 2 v { o
TulsdduaesIduiuiasemigegavosnanuaainison langaeaanis X

[y 4 o [ [ o % 4 e [
iy 0 mMalasunlaslvesdnlsunnivsesiesnit 0 sz liHasnsvealaAsula



11

9 I Yy v ' Y a A o Y ' v v Y '
IREGN ﬁ\i‘ﬂ5])'1!%@\119\1&'3’]@81\1“7]%3\19']ﬂﬂW”Jf]UﬂﬂIﬂQHULlﬁﬁ]gﬂaUﬂ"IUﬂuﬂ']ﬁ'lﬂaﬁlﬁ']

o @ { (] a 1 13
anunsomimaevvesmuun ludwdaduudmunluduldawunio Taudildnswla

v A v

& sy Aa X o g ad o ) Y
VI“LJ‘VILﬁfJ’NHJHﬁQﬂG]SHVILﬂﬂﬂ]u%']ﬂﬂ'lﬁﬂﬁuﬂﬁWuﬂu Llﬁ$ﬂ$L“]Juﬂ'lﬁﬂﬂ‘l’ﬂﬂﬁuﬂﬂmﬂﬁ'ﬂﬂﬂi%
v Ay oA ' o o A ° Y A .
ﬂ”ll,illﬂu‘lfllmﬂ@]Nﬂu’ﬂi’)ﬂhl‘]J"lJf’J\i@’JLL‘]J'iLWi’)ﬂ1ﬂ1@@ﬂ1ﬂﬂﬂ§ﬂuﬂﬂﬂlﬂﬂ Local Optima vs

Global Optima Warsunatuaue taz Tiaitauo (Smooth vs Non-smooth Function) aAau

'
A o

o A Y o 9 Y] J o [ & @ A A
NAVUTUDNUDNHUAAIYDUNUTDUAD N U (ANVYU Y159 ANIIY) NN YA ns ey

1 '
IS4 o v

s o : g L4 & .
quuwﬁmmuammmuﬂﬂﬁmmg?\mmmsaﬁ%ﬁ%’mﬂmﬁ’ummﬁaﬁﬂuﬁmmma

1 v A o A o [ o [ ] ~ Y I 9 3’/ Id @ 1
pg1nuiinulanioviaeonainiulunngyieaiegreaisg s lamunudrnuiludeds

AYAULUOUTUNMNANTINIDI19NT LN UITU

€

1 A @ s A [ A
ﬂl@ﬂﬂ?]'lll@]@l,u’E]\Tﬂuﬂﬂﬂ"lfuﬂulll@@!,uﬂﬂfﬂg

1 4 % T < o [} ~ 1 dy
mauysaiveanns Tuilinru@ABS(X) Nededvesgduuinanil

100
90
80
70
60
50
40
30
20
0

-100 -50 0 50 100

Graph of ABS(X)

H a o v v W 7
AN 2.6 pLEAINSINANSHNtooe1nTE Ui U TulsATUvo ABS(X)

(2

A ] A a @ é’ A s A [ A '
UM ’Jf’)fJN“]Ji’)x‘lﬂiT‘I/\I‘i/llﬂﬂﬂﬁﬁﬂﬂﬂsllu‘ﬂi}ﬂo Wﬂﬂ%uﬂmmumwu
1 o { o a Y ] o o
@MAX,@MIN,@SMAX,@SMIN 91993 1Nilensuini 1¥inan1sinsesdianseiuiu

AoMandun liaeios TudiTusunsuazsmdalef ¥ @SIGN 1ag @FLOOR



12
4. masvaaldsunsunlyly WINDOW

(LINDO System Inc. 2010: 117-159) Tuiuyaoa11/5unsn LINGO 9z11anqua1aa
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1. File Menu Commands:

New

Opens anew model window.

Open

Opens an existing model previously saved to disk

Sme

Saves the contents of the current window to dislk.

Save As

Saves the contents of the current window to a new name.

Close

Closes the current window.

Print

Prints the contents of the current window.

Print Seiup

Configures your printer

Print Preview

Displays the contents of the current window as 1t would
appear if printed.

Log Output

Opens a log file for logging output to the command window

Take Commands

Runs a command script contained in a file.

Export File

Exports a model in MPS or MPI file format.

License

Prompts vou for a new license password to upgrade your
ystem

Database User Info

Prompts vou for a user id and password for database access
via the @CODBC) function.

Exit

Exits LINGO.

2. Edit Menu Commands:

Undo

Undoes the last change.

Redo

Redoes the last undo command.

Cnt

Cuts the current selection from the document.

Copy

Copies the current selection to the clipboard.

Paste

Pastes the contents of the clipboard into the document.

Paste Special

Pastes the contents of the clipboard into the document,
allowing cheice as to how the object is pasted.

Select All

Selects the entire contents of the current window.

Find

Searches the document for the ocowrrence of a specified text
string.

Find Next

Repeats the find operation for the last string specified.

Replace

Replaces a specified text string with a new string

Go To Line

Moves the cursor fo a specified hne number.

Match Par

Finds the parenthesis that closes a selected parenthesi

Paste Function

Pastes a template of a selected LINGO @function.

Select Font

Specifies a font for a selected block of fext.

Insert New Object

Embeds an OLE (Object Linking and Embedding) object into
the document.

Links

Controls the links to external objects in your document.

Object Properties

Specifies the properties of a selected, embedded object

3. LINGO Menu Commands:

Solve Solves the model in the current window.

Solution Generates a solution report window for the current model.

Range Generates a range analysis report for the current window.

Oprions Sefs system options.

Generate Generates the algebraic representation for the current
model

Picture Displays a graphical picture of a model in matrix form.

Debug Tracks down formulation errors in infeasible and
unbounded linear programs

Model Staristics Displays a brief report regarding the technical detail of a
model

Look Generates a formulation report for the current window.
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4. Window Menu Commands:

Command Window | Opens a command window for command-line operation of
LINGO.
Opens the solver's status window.

Starns Window

Send to Back Sends the current window behind all other open windows.
Close All Closes all open windows.

Tile Arranges all open windows info a tile pattern.

Cascade Arranges all open windows into a cascading pattern.
Arrange Icons Aligns all iconized windows at the bottom of the main frame

window.

5. Help Menu Commands:

Help Topics Accesses LINGO's Help facility.

Register Regsters your version of LINGO online.

AutoUpdate Checks to see if an updated copy of LINGO 15 available for
download on the LINDO Systems Web site

About LINGO | Displays the version and size of your copy of LINGO. along with

information on how to contact LINDO Systems.

5. Maan il Window HuLITIAN

1. File 1y v04115unsy LINGO aznaasnsglasazlsznoudemdaluiGos

o o A A o 9 9
V]'Julﬂsll@\‘]ﬂ'ﬁﬂ'uuu’ﬂ'ﬁLW@uqlmqllagﬂﬂﬂﬂlaqmﬂHa

Mew F2
Open... Crl+2
Save Chrl+s
Save As... FS

Close F&
Print... F?

Print Setup... F&

Print Preview Shift+Fa
Log Output... F9

Take Commands,.. F11
Export File 3
License

Database User Info

Exit Fi0

M 2.9 Jluaassazoealumaaved File iy

1.1 f&4 File/New

I o & A~ 9 A A o o
WumdunenladeyalvuilionuaonaA1d New

A = [
1A303N0A31)

O] F2

1S19ENUA VNI 90
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File New E|
Open a new file of tppe:
2. LINGO Madel (Test Only) [ Ing)
%3. LINGD Data [* Idi] ki

4, LINGOD Command Script [=.1t)
|5. LINDO Mode! "1 Help

2l 2.10 JUuaarieMAq File New

Y A oo ¥ Yy 9 =2 3 3 &
ideudenlszmnues ldnsdesmsaddoyadanoziduniialy
4
dszanves g
2 A ¢ &
1. LINGO Model(*.1g4) WosuvaeLG4lagnareuiione i suduea
< s o 4 I~ o
TdsunsuLINGoJunuuWesuvdanvesldsunsuie ldinudoyanieldnisiiaiuves
. 4 dy v v o W vy
Windows tuuesuiisessuiudienys lavaiequuy
I
2. LINGO Model(Text Only)(*.Ing) suunlesu LNG @uvuunesuly
, - TS : 3 ¥
nmsvuasteyalimedamnudailuduiasgulsluTdsunsuaaldgnadsiuindaua
A ) PR 4 v < a 9 A o o
FunINIUNTENBITUN4 LNG IWdvzgnianuludasieyesionys ASCII
I 4 { o
3. LINGO Data(*1dt) LDTIWl@ilulvadoyaveunsesnuisivindunly
13 v v v £4
auluTdsunsuive ldluileds @FILE dalarduiiaunsasiuldmmne Iidvesdionys
3 o v
4. LINGO Command Script(*.1tf) LTF Il@iludunvvvesmdalulysunsuy
gatlsznenTdae ascilvaluTisunsy LTF Tildae lisessudasnusnaten jiunu
y A . .
5. LINDO Model (*.Itx) LTX W& Inddwuunldlulysunsuneadi
o v J 9 o v d dy A Y 3 v 9
anuduius TumsleanuduiusvesLiNnpotive 1saais 1 Tumslddvoyaveslisunsw

a Y A <
BT UNNUHIANLATNAN

1.2 fids File/Open Ctrl+O

I o o 4 a 1 H 1 Aa @ I~ . 4

Wumdunodadoyannfiogandelsunsuyldvanuwe 135 e
I 4 o W o 4 [
flugduuuves(x LG4) o udendids iseznununiivemsoslonagll
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3

File Open...
Loak in: |._:_} Samplez j ﬁF Ea-
C3)Samptext P cress.iga [Ponnisk.igs Pezcee
P sieanigs P cre 1 igs [Povmiame.igs Peereqrk
BAYES.lgd B CompuQuick. g4 EOQCAP Ig4 GENPRT K
BLEND. lg4 B cononr Ige EZCOUNT. g4 INTPTD. g
Feoxios EPoeamon. g [Pezrrerarios  [Pmtersig
PP cepLoc g BPoevmn g [Peznews ig4 P oesitig
S >
Fie name | Open I
Files of type:  [LINGO Madels [ lo4) ~| Cancel
Help

A7 2.1 JUueraaniiivemeds File Open

1.3 ﬁ”lﬁbﬂ File/Save Ctri+S

< o o y a 1 Z Il 4 °
flumduioviveyaasludamni lvaiudlildgnasreazdesivua

1.4 Ad4 File/Save As... F5
4 2

3 o o A 9 v A A Yo R 3 A
L”]J‘L!f’ﬂffNLW@L%WM@H&%@WU%%H%@BHW ﬂﬂW‘HuﬂﬂluiﬁM%’ﬂﬂ%%Nﬂi@U

Y Y I [
Yor e aaaIenu Iniuaagl

21X

File Save As ...
Save in: |n_J Samples j = B = B
| Ssamptext [PCHESS gt Poriskigs [PEzouUelE]
ASLEAL.Ig4 CHMBL1.Ig4 DYNAME Ig GENEQ1 b
BAYES g4 CompuQuick.lgd EOQCAP.Ig4 GENPRT I
Peieroos BP cononr.igs BPezcount.ios P rrero.ig
B0, Ig4 DEAMOD Ig4 EZMREPAR g4 INTPTS.Ig
CAPLOC.Ig4 DEMRND.Ig4 EZNEWS.Ig4 J0BSLT g
< >
File name: ]My Flanning todel
Save aslype: [LINGD Models [*1g4) =l Cancel
Help

AR 2.12 3uaaniivemda File/Save As. ..

1.5 f1d4 File/Close F6
Wumdunetansldauinniiavesldsunsulasunmsud luTae

Usrnnmsalvestoya Tsunsuazduiiumsnuneuiayila Tididesmstazaldoya

v Y
nlasuiumsnlasuulasiuvse la
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E] F7

T¥maaSuiinedsveya lldunsesSuiienarilasnoudullsunsuay
uaasiinenaumIFuiasgl

1.6 f&4 File/Print. ...

Print RIx
Printer
Marne: HF Laser el v Propesties. ..
Status Ready
Type: HP Laseret
where:  LPT1:
Comment: I Print o file
Print range: Copies
Al Number of copies: m
" Pages from |1 to:
LLE T
o 1 2 3

2 2.13 guaanivemda File/Print. ..

1.7 A1¢14 File/Print Setup F8

I Yo & A o A Q o = Y
L'IJ‘L!ﬂWiGléIfﬂTﬁQL‘Wi’)ﬂ"liﬂ"lﬂuﬂmiﬂﬂﬂiu‘ﬂlﬂﬂﬁ”liiﬂﬂi]%llﬂﬁi’)ll"lli’)ﬂﬁu"l

[ Y o A A '3
ﬁ]ﬂllﬁﬂﬂNﬁﬂﬂgﬂuagiﬁLiTﬂTﬁuﬂ%ﬂLﬂﬁ@ﬂlﬁu‘V]L@ﬂﬁTi

Print Setup ri|®

Printer

Nare: HP Laseret > Propesties...
Status: Ready

Type: HP Laserlet

Where:  LPT1:

Comment:
Paper Orientation

Siz: Latter - &+ Porrait
Source: IAulo Select A " Landscape
Metwork.. Cancel

27 2.14 3Uudasnemda File/Print Setup

1.8 ﬁﬁ%\i File/Print Preview Shift+F8

I o & A 9 A o A SR
!ﬂuﬂ1ﬁQlWﬂGlﬁ!lﬁﬂﬂgﬂullllm@uﬂﬂﬁﬁlstﬂfllgﬂ']luuﬂ']ﬁﬂ%UW"h'Q!lﬁﬂQﬁﬂTW

k4 v
TagsldasnnaeuaziinsaniuilumslSunlaelisduulumsuaaseaninasgl
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Z7LINGO - [LINGO Model - Mexico]

Pages1-2 Mao

NN 2.15 gﬂllﬁﬂﬂﬂﬁ}Wi}@ﬁWﬁ’/ﬂ File/Print Preview.

1.9 ﬁﬁgfbﬁ File/Log Output F9
Taondaudaiions 19Tsunsy LINGOduSuTUsunsuiuTaad T)sunsy
%zﬁw1u1ugﬂuu‘ummmsa‘i’umﬁ@uzﬁamzﬁeﬂﬁﬁ’qmnﬂﬁ14ﬁ'mmmguazﬁmummﬂu
Tusunsu SuTand M LogOutput viila IWd3u TardanFoved 1Wd log 51amsas Hou

waupImda1uIu Iand lagmIns19eaouN1ii199U8ICheckbox.

1.10 Ad4 File/Take Commands. ... F,”
o W Yo @ Yo o
A4 Take Commands l¥dmsvgenlvimdeveslisunsy LINGO
UfiamsamdunuvvesllsunsuiedoyanvarnnatsvoanwluTsunsu LINGO
1.11 Ad4 File/Export File
o ¥ i d o & a Y 9
A9 Export File 1iludaneenlvdsesnvoyalugiunuves Mpsiag
s =X 23 & Ay yo o &
mp1lwa gamps Ianwihugiuouinasgiulugaanssui lasumsiamininn IMB 4
T¥aerudmunlumsud lvilyrivseuwanesu ldsgiunudug daugiuuumprldsy
o < a J a J {
m3wan Iag szUUveILINDOlumManusIUT W Tl sunsunundiasnaassudugiionsi
(J Ao @ a g
mwzuazamuun iy ludnvasgadu
1.12 Fd4 File/License
) Y 9 Yq 11 .
11919935 5UUea 1151050 LINGO Ao9n15 1M 19 1daA1we4 License Key

1119151 Upgrade  11/51n531518098151un15 1 Password  1vai tie Ta/sunsuriimsdndiums

Y o o . = Y @
NWNATUATETIVDN License ﬂgﬂﬂﬁﬂﬂﬁu'lﬁ'l\?ﬂﬁWﬂj‘]ﬂ\‘lgﬂ
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(X

LINGO License Key

Please enter your LINGO license key below:
]

If you dont have a license key you can press the "Dema’’ button ta
automatically generate a temporany licenze for a demonstration wersion
of LINGD. Demo versions function the same as standard versions with
the one exception that marimum problem dimensions are restricted,

If pour licenze key iz available in the Windows clipboard you may paste
it inta this dialog box by pressing Cily. Othemwize, carefully enter your
bcense key as one long string.

You can access this dailog box at any time using the FilelLicense
command.

Help | Cancel Demo | | K |

(=]

. . _
A 2.16 gﬂuﬁmﬂiauwmmq License Key.

1.13 a4 File/Database User Info
LINGO TsunsulddmnuvesTisunsusonToaTasasanugiudoya
' o & 73 = S 4
iumsldmdalensn @opBcOTunarenasuiierhinmsion Tosdoyallsunsuvziosveld

Td Use IDtazPassword lagaziaainseuveegiuunasgll

o

Cancel
Password:

I Help

Al 2.17 Juaaansouna1 Database User Info.

1.14 f1d9 File/Exit F10

Flusmdaune 1l umsesnainlsunsy LINGO Iaeriud winndilidoya

U

o

" vy o Aa v I A 13 o A v < = A o a
dlagaduiumsdanuidasgnzgaduiiumssanunuiineud lusunsuegrhiniste

=h.

. Yo [ v o a J o W
2. 1wy Edit 920 Bdmsuud lvdsnuineluiuland suuvvvessids
9

14wuﬂuaﬂwwaz@ammmanﬁ’méw
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Undo 42
Redo Chrl+y
Cut Chri+¥
Copry ChrHC
Paste Chrl+Y
Paste Special...

Select all Chrl+a
Find... Chri+F
Fird Mext Chrl+h
Replace, ., Chrl+H
Go To Line... Chr+T

Match Parenthesis  Chrl+P
Paste Function LS
Select Font. .. Chri+]

Insert New Object...

Links., .,

Object Properties Alt+Enter
Object

AN 2.18 JuaAIIBAZIDIAYDIAIT 1Y Edit

2.1 M4 Edit'Undo Ctri+Z

o o 4 a gﬂ a 4
14#1d9 Undo 1ieeniannisun luassgaievesiioazidoaluiuland
[ 9
M35Undo axn5afezaniiums lananuaeniiun1syi Drag-and-Drop #30M3sanuagINg

T51nTHE LINGOTU0 UUa 9N gnanns iiausu@enu

2.2 Mdd Edit/Redo CtritY

' '
o v A

o o IS Y o o A 2 a g & @ Ay Yo
f1183 Redo lﬂJuﬂ’lﬁ'QL‘W'E]GLWﬂﬁUﬂ’]Luuﬂ’li%’l'ﬁ]ﬂﬂi\?ﬂﬂ\iﬂﬁ\?ﬂ’lﬂﬂqﬂﬂ'l
9

a o g ' v ¥ v

mssnanmImauluvuasunouniiniuliud)
o & . .éé

2.3 s Edit/Cut Ctri+X

' v
[

m3ldids  cutiiedadonuiil@iimsideniiiofiazaitlnely
Julardaaduesa
24 fdeEdivCopy 2l Ciri+C
i511%ida Copy tlemsmgTennuvesiisnes lumsitlnaiie1d

2 9 Ay < k9
mmemmmm"lﬂazmmmznmimmmu

2.5 ﬁ?ﬁl‘lﬂ Edit/Paste Ctri+V

194 Paste tWounundrus ldiaon 13 Taemsihdoyais 1diden

1FnouniindnunluTysunsy LINGO
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2.6 fd4 Edit/Paste Special...
193 Paste Special tWounuidiuinladon 13 lagmsihdoyaii
9 v
Iaaen BneuninanunluTysunsy LINGO Tasns Paste 11 Special Hanunsaiagiam

Y ' o 9 9y <3| 9 ' = o 9 w A 1 A o
"lﬂﬂJTﬂﬂ'JTﬂTiuTGU@ﬂaljﬁlleTﬁJ']lﬂJulef’]ﬂ'J’]?Jﬂﬁ’]'Jﬂf’)ﬁ”ljJ”lﬁﬂH“ﬂlTJ@lQ ﬂTil%ﬂNIﬂﬂqﬂQﬁjuﬂuﬂq

Y
@1081900 111

(2 ]

AUYARIDENVBIAMUUMFVUEIAITI0AZIDIAA LA

! A 3 Warehouse, 4 Cuatomer
Transportation Proklem;

ZETES:
WAREHOUSE / WH1, WH2, WH3/: CRDPRCITY:
CUSTOMER / C©1, ©2, C3, C4/: DEMEND;
ROUTES {(WAREHCOUSE, CUSTCMER) : COST, VOLUME;

ENDSETS

! The objective;

MIN = @SUM({ROUTES: JOST * WVOLUME) ;

! The demand constraints;
@FCR (CUSTOMER (J) :
ESUM (WAREHOUSE (I) : VOLUME(I, J)) ==

DEMAND (J) ) ;
! The supply constralnts;
@FOR (WARREHOUSE (I} : [SUF]
ESUM(CUSTCMER (J) : VOLUME(I, J}) <=
CRPACITY(IN) ;

| Hera are the parameters;

DATA:
CAPACITY = @O0LE('D:‘\LN3)TRANLINES.XLS');
DEMAND = @OTLE{'D:\LNG'\TRANLINES.ZLS');
CCST = @OLE('D:'\LNGTRANLINKS.XLS') ;
@CLE ('D: Y LNG, TRANLINES.XLS') = VOLUME;

ENCDATA

Y

mdesmsiuideyann g Excel 1 T ludaunuiivh 18 Taudla

I Y o Y J @ ' 9 1
llwa"]l’f]u"a"llf]\i Excel 1s01ZN1015 Load ﬂl@yjﬁ%’lﬂulwa Excel AMUAI081N9A1UAY

E3 Microsoft Excel
Bk Edt Yow Iset Fomet Iods Oebs  Widon
DPeEs Y & & -2
24 - A

2 trantinks.xls

i 2.19 3uuanansda’lild Exceliitoloaddoya
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] v Y v v
e ladendennundesmsudininin iy Bdic 1@ends Copy

udanavang Tilsunsu LINGO i@enf1da Paste Special Hevzinanaasdoniuasgl

Paste Special _'?_ |

Source: Sheel1IR2C2A2ICE
Asg Cancel

" Paste Microsoft Excel Workshest

" Paste Link [~ Display As lcon

— Result

Inserts a picture of the clipboard contents into your

@_.@ document. The picture iz inked to the source file
z0 that changes bo the file will be reflected in pour
document.

M 2.20 JUETAINABITOAW Paste Spacial

U { J ] o '
gamenalu oK dennuitsuaenlulid Excel nzamnsoudiung

T1Jsunsu LINGOIddsg 1

L5 LINGO Mode] - TRANOLE

! Hece are Che parCalmeLers: ~
Rernn 3%
Chicago 25
Mewark 21
San Francisco 15
Dallas 17
SLous 2z
rliarmi 12

ce Dallas St Louis Wiami

Total Cost:
§221.00
DATA:
CRPRCITY, DEMAND, COST = BOLE( *) LINGOY SAAP
EDLE( "\LINGQ\SRHMPFLES) TRANOLE, ZLS", "VOLUNE
ENDDATR P

A 2.21 guuaaslilsunsunsioad Yoyasin lwd Excel

2.7 &4 Edit/ Select All

I o W 4 g’/ 4 o U o g
Wumduiomentoanunanuamoi 11 uaruve i sdeansvigm
Y
NIDAUNINUA

2.8 f1d4 Edit/ Find... Ctr+F
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' ' f ' . Y
¥4 Find tiemiaumidonnundosnsluldsunsudios ldadail

= [ Y o 42‘ vyq 1 Y A 9 A Y = o v 9
wiindostonnuaigidiingiulildadennuisidesmstizdumasszsi ldmmzdona

NIDAIONYT

Find what: |

Caeb

[~ Match whole word only Cancel

™ Match case

A 2.22 3UudaInaestenUAIAN Edit/Find. .

2.9 &4 Edit/ Find Next CHHN

1¥/1d4 Find Next liiom3iausaoanuaae lunmideans lulasunsuy

2.10 e Edit/ Replace

o O 4 1 [ a P
19M1&3 Replace  tioununtonnvasluaivvesldsunsuiulardn

o A 9 1A Yo & 2 A D] o P '
auiiums lvediie lyAmaatlazinasstennuilsngasgdaiuai

Find what: ] |:|
Feplace with: I

[~ Match whole word only 4
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Solution Report or Graph @
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LINGO License Key 3

Flease enter your LINGD license key below:

If you don't have a license key you can press the "Dema" button to
automatically generate a temporary license for a demonstration version
of LINGO. Demo versions function the same as standard versions with
the one exception that maximum problem dimensions are restricted.

If your licenze key is available in the Windows clipboard you may paste
it inta this dialog box by pressing Child/. Otherwise, carefully enter your
license key az one long string.

‘Y'ou can access this dailog box at any time using the FilelLicense
command.

Help | Cancel Demo | aK |
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'Here is the total profit objectiwve function:
MiX = 100 * SITLNDARD + 150 * TUREOQ:

'Con=straints on the production line capacity:
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'"our lakbor supply is limited;
ITANDARD + 2 * TUREQ <= 160;

1519099114198 11 Tl sunsy LINGO Tdansafiazidhladdnusiiuiianuay
Tn) ldms1Fdsnusinaulumssmuaiiudinlsnisezseiase Salums Islume
1 v
msuddymiveslusunsy e Idmmsadiegiuuvesldsunsuaiaau

v 9 H J
Foviesudrlumsdald Tsunsuhmsudtigunivihidlasden lmds Solve Ty

¥o3 1151051 LINGO #50naily Solve ©)p #1 Tool bar YoM UUUNTOUUDI T 51NTH

™ < A o o & s 2 <
a1 Tdsunsunazisuiimsiszuana vinasiszulanaduSuasaauas ldsunsunag



37

24

uerasnannmuIn ldeanun uasminn ldsunsunannuranaama e s Ina g lag

A a la X2 o

<3 @ < 9 dy A Y ] = Aaa a
ﬂﬁ'm@’ﬂﬂil!ﬂﬁllﬂﬂZ!Lﬁﬂ\?‘llf)ﬂ?'I‘JJGULl!Wﬂllﬁ'ﬂ\ﬂﬁﬂiTﬂ!Lﬁ%‘U\‘]U@ﬂﬂ\iﬁ\iﬂﬂﬂﬂﬁﬂmﬂﬂ]uﬂﬂ

= k) '
IYASIDYAATUAN
LINGO Error Message EJ
i Enor Code: ™ 1 Helo I ,TI

Emor Text:
Invalid input A syntax error has occurred

2] MAX = 100 QTANDARD + 150 TURBO:

A A éj a Y = 9
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LINGO Solver Status [LINGO1] I
Solver Status——————— — “ariables -
Model Class: 1P Total 2
Maonlinear: a
State: Global Optimum Integers: a
Objective: 0 Constraints
| nfeasibility: 0 Total: 4
Monlinear: a
[terations: 2
MNonzeros
Extended Solver Status Taotal: [
Nonli : a
Solver Type Y il
Best Obj: o Generator Memory Used [K)
3
Dbj Bound:
Steps: - Elapsed Runtime [Hh:mm:ss)
Active: S QO:00:00
Ilpdate interval; |2 | I Cloge I

AN 4.3 Juaasaauzmsautiuauved llsunsy
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Field Description

Model Class | Displays the model’s classification. Possible
classes are “LP”, “QP”, “MILP”. “MIQP”,
“PILP”, “PIQP”, “NLP”, “SOCP”, “MISOCP",
“PISOCP”, “MINLP”, and “PINLP".

State Gives the Status of the current solution. Possible
states are “Global Optimum”, “Local Optinmum”,
“Feasible”, “Infeasible”, “Unbounded”,
“Interrupted”, and “Undetermined”.

Objective Current value of the objective function.
Infeasibility | Amount constraimnts are violated by.
Tterations Number of solver iterations.

AUAVUA TUA U ULTAINNUNIOLAT T10021DIAAIATHATUA

Abbreviation Class Deescription

LF Linear All expressions are linesr and the
Program miodel contains no ineger
resticions on the varables.
QF Jradratic All expressions are linear or
Program quadratic, the model is convex, and
there ars no e ger resriomons.
MILF hdixed All expressions are linesr, and &
Integer sufrser of the vanables is resmicred
Linear o integer values.
Program
MIOF hdixed All expressions are erther linesar or
Integer quadratic, the model is convex, and
Cradratic a snlrset of the variables has integer
Program resOLCTLONnS.
FILF Pure All expressions are linesr, sand 211
Integer vartairles are resmicted to integar
Linear valwes.
Program
FIQF Pure All expressions are linear or
Intager quadratic, the model is comvesx, and
Jruadratic all warizbles are reswicted o
Program inreger values.
S0OCP Second- The miodel 1s a second-order cone
Ooder program and all vartables are
Cone cowtnnons
Program
MISOCP Mixed The model iz a second-ordsr cone
Integer program. and a subser of the
Second vartaibles is rasimcred to mreger
Oxder values.
Cone
Program
FISOCPE Pure The miodel 1z a3 second-order cone
Integer program. snd all the varakles are
Second- resmicied o integer values.
Oxder
Cone
Program
NLF MNonlinear | At least one of the reladonships in
Program the mode] is ponlinear with respect
o the vanables
MINLF Integer At least ope of the expressions in
Monlinear | the model is nonlinear, and a
Prozram sulrset of the variables has integer
rasmcions. Jn gemeral, this class
af model will be very difffcenlt ie
sodve fior all but the smallest cases.
PINLFE Pure At least one of the expressions in
Intager the model is nonlinear, and sl
Monlinear | varables have inreger resmictions.
Program In general, this clasy af model will
be very difficnlt o selve for all bui
e smallest cases.
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2 Solution Report - CompuQuick - E|E|
Zlobal optimal solution found. LS
Ohjective walues: 14500. 00
Infeasikbilities: 0.aooooo
Total solver iterations: u}
Nodel Class: LP
Total wvariables: 2
Honlinear wvariasbles: u]

Integer wvariables: a
Total constraints: 4
Honlinear constralnts: a
Total nonzeras: &
HNonlinear nonzeros: u}

Variabhle Value Reduced Cost

STLANDALRD 100.0000 0.00o0000

TUREOD 30.00000 O.o0oo00

Raowr Flack or Zurplu=s Dnual Price

1 14500.00 1.000000

2 0.000000 25.00000

3 90. 00000 O.o0oooo

4 0.000000 75.00000
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Warehonse Widgets On Hand

1 60
2 53
3 51
4 43
5 41
] 52

Widget Capacity Data

Vendor | Widget Demand

1 33
2 37
3 22
4 32
5 4
& 32
7 43
8 38

7 V2 7
Whil ] 2 & 7 4 2 5 9
Whi 4 9 5 3 8 5 g 2
Wh3 5 2 1 9 7 4 3 3
Wh4 7 & 7 3 9 2 7 1
Whs 2 3 9 3 7 2 6 5
Wheo 3 5 2 2 8 1 4 3

Shipping Cost per Widget ($)
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§ * VOLUME 1 3 + 7 * VOLUME_1 4 +
4 * VOLUME 1 5 +

8 * VOLUME

6§ 5 + VOLUME_6_& + 4 * WOLUME &_7 +
2 % YOLUME 6_8;

Tums@suTdsunsuaedsenndnauolamliinaanuranainld lagdie vin

a o ] I { 1
Li"I‘Wﬁnm”li18@’18@8@%8\‘1@3@EJNﬂﬁTll"liﬂﬁLlﬁﬂ\iﬂﬂﬂZJ”IGLug‘]JLL‘]J‘]J“Ui’)QﬁﬂJﬂTi"l@s]}'ﬂ

Minimize E..- C'G‘STI_I . F'GLL’.HE_

v [ Y ] Y
e ldluTdsunsy LINGO o ldanunsameuTdsunsu'ldduasazaingaau

Y
wazdenuan TUsunsuued LINGOwz@eu T sunsy laaail
MIN = ®SUM(LINKES(I,J): COST{I,J) * VOLUME(I,J)):
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2 g 4 =
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(ANKNIBAABNATINYDIAT(D)HS ® WAREHOUSES(I) 19 VOLUME(LJ) 92 1M1171

o [ 1 % I o w 4 ) Y
DEMAND(J) ﬁ'TﬁﬁUnﬂﬂﬂW Jﬁlu VENDORS G?Q@FORL‘IJH?TI@N"U@QIﬂillﬂﬁulﬁﬂﬂWﬁuﬂﬂ1ﬁ\i
£ Y 1o A ° sd Y o Y ¥ o0 A ] IS
@luiﬁuﬂ@nllﬂi) !1!’E]f’ﬂll1§ﬂﬂ1ﬂu@ﬁﬁﬂ“ﬁuﬂl@ﬂ1ﬁuﬂllﬁﬂhlﬂlm')ﬂﬂ“uuﬂWﬁﬁi1ﬁﬁﬁﬂ“]5u

Y o ~ v A v 1 oa g = 9
%@ﬂTﬁuﬂﬂﬁ@Qﬁﬂiﬂﬂﬂ ﬂﬂWNﬁWNWiﬂTuﬂ1iﬂﬂﬁiﬁuﬂ1ﬁWNWiﬂﬁmuiugﬂuUUmGQﬁMﬂWiqﬂ

ZVOLUME <= CAF,, for all i in WAREHOUSES

L

v [l Y 1] Y
e ldluTdsunsy LINGO e ldanunsameuTdsunsuldduasazaingaau

P
Yo A

tazdenIuan Tlsunsuue LINGOvz sy 1aaatl

EPCR (WAREHOUSES (I :
@STM (VENDORS {J) : WOLUME (I, J)) ==
CAPASITY (I)) ;

(ANURGAADNATINYDIA(I)HIDVENDORS(J) ARDVOLUME(LJ) 92111111 CAPACITY ()

v
o

v I Y
dmfunnaai 11y WAREHOUSES #s@FORTlusidsvesTsunsuiemvuaninady
Tungals)

A od 1% Yy ¥y o I Y, a a o A
!N@ﬁﬁﬂﬂﬁﬂ%u%ﬂﬁﬂﬂﬂﬂﬂ?ﬂﬂuﬂﬂ$1ﬂ51ﬂﬁ&®8ﬂﬂ1ﬂmﬂuiﬂiuﬂiﬂﬂﬂu

MCCEL :
MIN = @SUM{LINES(I, J):
COST(I, J) * VOLUME(I, J));:
@FOR {VENDORS (J) :
@EUM (WAREHOUSES (I} : VOLUME (I, J)) =
DEMAND (J} ) ;
@FOR (WAREHOUSES (I) :
FESUM{VENDORS (J) : VOLUME (I, J)) ==
CRPRCITY(I) ) ;
END

Model: WIDGETS

o sy A 1 Y @ ' A o Yo A A v A
iﬂﬂfﬂiﬂ'Wi‘L!ﬂﬁ\iﬂ5]51!1/]ﬂfﬂ’JlIHLEI’JI’]JiLmiSJENUlll’ﬁ'ﬂﬂiﬂ‘l/]i]gW1ﬂ1¢]f]ﬂ1ﬂﬂuﬂlu€]ﬁﬂﬂﬂ\‘lh

{o ) 1] Yo 9. ' Yy o
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« warehouses,
« vendors, and
+« shipping arcs from each warehouse to customer.

Y o 1 = v 9 % A 9 Y ' =)
L'iW]’t’Nﬂ”IWLJﬂﬂQiJ(Set) sumswazmﬂﬂ“lummamﬁmmmmmmuﬂauiﬂmwu

Y
=1

<3 = Y o <3 Yo
lﬂuiqﬂaglﬂﬂﬂmaﬂ']cﬁu@ellf]\u“]fcl/lllﬂﬂ\i

EETS:

WAREHOUSES: CAPRCITY;

VENDCRE : DEMAND

LIMES{ WAREHOUSES, VEMNDCRS): C28T, VOLUME;
ENDEETS

dloduiiumadiouliiuluzduuuvesTsunsuay 16

DATA :
laat membersa;
WAREHCOUSES = WH1 WH2Z WH2 WH4 WHS WHE;
VENDCRS = V1 V2 V3 V4 WE Ve V7 Ve

lattribute wvalues;
CAPACITY = &0 55 B1 43 41 52;

DEMARND = 25 37 22 22 41 32 43 28;

COST =6 2 6 74 265 3
4 25285182
521595974233
T67329271
2395857265
ES5 22814 3;

ENDTATR

N ' TUT Y Y Y o Y ¥
Lﬁ'ﬁ]i’)ll’ﬁ’)uﬂl'ﬂﬁﬁﬁﬂ%uﬂﬂﬂﬂﬂ!ﬂl?ﬂ’)ﬂﬂuﬁ]%ﬁ'm'liﬂL%ﬁJuLﬂu@'Jl!‘]J‘]JI‘]Jil,!,ﬂfillul,ﬂ
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MODEL :

| B & Warehouse & Vendor Transportaticon Problem;

SETS:
WARREHCUZES &
VENDORE : DEMAND
LINES |

ENLEETS

! Here 1is the data;

DATA:
laat members;
WAREHOUSES =

ltattribute wvalues;

CAPARCITY
DEMAND = 35 37 22 32
COST = &6 2 6 74 265
4 35386518
521595743
T6 7 3927
2395726
E5 22814
ENCLCATA
! The ckjectiwve;
MIN = @SUM{ LINES( I

COST{ I,

CAPACITY;

WAREHOUSES, VENDCRS) :

VE Ve

WH1 WHZ WH2 WH4 WHS WHE;
VENDORE = W1 VI V3 W4

VT ove;

= 60 55 E1 43 41 52;

41 22 43 28;

[T, I P S Y]

[

| The demand constraints;

@FOR{ VENDORZ{ J):

@EUM{ WAREHOUSES( I):

DEMAND{ J)) ;

| The capaclty constraints;

@FOR({ WAREHOUSES [ I):

@SUM( VENDOES( J): VOLUME( I,

CAPACITY( I));
END

fup]
J) * VOLUME( I

VOLUME (| I,

‘

Jl

J) ) ==

C22T, VOLUME;

Jh) =

Model: WIDGETS

]
A o

< { 7
L’Jfﬂiﬂﬂ@ﬁJ‘V]ﬂ"l@]f’J'iJ‘ﬁllﬁli]"lﬂIﬂiuﬂﬂJ LINGO HULTAINADDNNUININNIY 131
= A = . A = <
gnsanozaenlun Options YHINYUD LINGOta®n 119 Interface Tap 11aZ4¥N Output Level
I < o v 2 {
option 1 UTerse Tdsunsuy LINGONIZUAAINDADDNUURNIEAINDUNIUU wazlunmisnee

I 1w A ] 1 o A Ao .
LLTCWNNa’ﬂi’)ﬂjJWL‘]JLlﬂWI’JLL‘]Jiﬂlluﬂl%ﬂuﬂsllﬂﬂ\folume Lﬁ’dﬁJ”liﬂLai’)ﬂ]l‘]J‘ﬂﬂWﬁﬂ Solution 1N

< = < o
LINGO wynvzd Dialog Box ttaasesnin Iviiuasgl

Solution Report or Graph @

Aftribute or Row Name: Type of Output; Ok
| j f* Text
Header Text: WL m
| [~ Morzeros Orlp Help

{+

r & [More

. "~

-

d’ Y 1 .

NINN 4.5 gﬂLLﬁﬂQﬂquNﬂJ’m Solution Report



nawin1iaon Volume 910 Attribute or Row Name Liag ([A0nMIUAAINAN

Non-zeros Only AN UA LA

Solution Report or Graph

Attribute or Bow Name:

Header Text:

[VOLUME |

I
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Type of Dutput:

(v Texst
" Graph

¥ Monzeros Only

(X

0K
Cancel
Help

A o A A g ~ 9 Y | < ~ 1
LUDNINITLADNATUNABDINITLIIUIDILAD ﬂﬂljll OK Iﬂillﬂiﬂﬂﬂglﬁu@l,w&l\ulﬂ

9

alution Repart - WIDGETS

Yariahle
YVOLUME [ WHL, VZ)
YVOLUME [ WH1, V5)
TOLUME [ WHZ, Vi)
VOLUME [ WHZ, V)
VOLTUME [ WH3, VZ)
YVOLUME { WH3, W7
VOLUME [ WHE, V&)
VOLUME [ WH4, Va)
VOLUME [ WHS, Vi)
YVOLUME [ WHE, V2)
VOLUME { GTHE, W3
VOLTME { WHE, Va)
VOLUME [ WHE, V1)

Valus
L3 .00000
41 .00000
1.000000
33 ..00000
1100000
40 . 00000
5. 00oooo
38 .. 00000
34 00000
7. 00000
22 00000
2700000
4. gooooo

A [~ g Z, [ =) 9 1
VIUAUDN Volume vmm"l,mﬂufguﬂmmumswazmﬂﬂmuaw

Feduzed Cost
Loooooog
.ooooooag
Loooooad
Looooood
. ooooood
Looooood
.ooooooog
Looooaoag
Loooooog
LOoooood
.Dooooon
Loonoong
ooooooog

oooDooo Qoo Doooog
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MIAUMITLAAIAMVUNINNIET MTINUFDVDIVOAMUA (Constraint  Name)

o 4 o o 4

Tdsunsu LINGO  Tanuansolumsmuuasevestommuualudiuy Tastidse Towi

a 2 Yy | o A q v Y

NATUA095EMIAe0 U nilaAoFevesd e 19 lumsuaadna uazulsanuvueld
1 ag A a Y a [} o A F) o

NV gosnevintnaveranatnn1eq luldsunsuninsimvuarevesvonivualu

< I ' { a o 1 4
Tdsunsueor3udrnazitlunisirefiegdredenan ldumasdoyaionisasivdounas

'
S a

) 9 1 " 4 o 1 ) 1
YSvdgaudlunad s lifigevssdoiimuaniegol s a1 Idisimuvasiiia
Y A % A2 = o A Y o ! PR v A A
Fonanain laenngeaiuLazi@anainin Msmiuarevesvomruaneuuila lngde a9

9 0o I A [ ld’ A 9 g}/ < 1 Y 9 o 1 A @ 1 Y
31deainmeualasenisideamsas I3 luuduneuntndeiruanieg seainainded
< o L A 2 A v o o
Auldamnasgiveesldsunsy viednianialeNnInuAIZABUTURIAIDNYT(A-Z) A7

1 I v v % <3 4 ) v W
A Ia NI UAISNYT,AaY (0-9)¥5e ()N ld ¥eauisamruald c4dronusluuad

v 1 9 1

ANFIDYINATUANN
Example 1. [OBJECTIVE] HIN = K;
assizns the name GEJECTIVE w the model’ s objective row,
Example 2. aFCR(LINEE (I, J1: [DEMAND ROW]
@EUM [SOURCES (I ¢ SHIP (I, J1} e
CEMAMD [.J]1 ) &

assigns the name DEMAND ROW to the demand constraints o & mansporiaton model

A o w 1 9 Y 1 (Y ~
Wosnhdregaveau Il laludruuuves WIDGET Tuaalumsuaainaniim

o A (% Y o Y (J T dy
ﬂTiﬂ1‘ViLlﬂGIff’J%@Qﬁ?!tﬂﬂqﬁﬂ$ﬁ1ﬂ1§ﬂﬂ11ﬂ@”IiJ@'I’Ji’JfJNl.!



49

HOCEL :
! A £ Warshous= 8 Vendor Transportation Problem;
EETE :
WAREHCUEEE: CAPACITY;
VENDCEE : DEMAHND;
LINEE [ WAREHCUEEE, VENDORS) : COET, WOLUHE;
EMCEETE
CATR:
lpet m=nbers:
WAREHCOUEEE = WH1 WHZ WH3 WH4 WHE WHS;
VENDCEE = W1 VI V3 W4 VB Ve V7 Vi,

lattributes valuess:
CAPACITY = €0 E5 C1 43 41 K2

DEHAMD - 35 317 22 32 41 12 43 3g;
CET - € 2 ET74 2568
43E386¢82
E21585741213
7TET3IA8z271
23 2E72EE
5522814 3;

ENCCATR
| The cbj=ctiwve;
[OBJECTIVE] HIN = &EUM[ LINES( I, J}:
QOET( I, J) + VOLUHEY I, J1);
! The demand constraints;
@FCR([ VENODORE( J): [DEHAND ROW)
SEUM( WAREHZUEES( I): VOLUME( I, Jv) -
CEHANDE JI11 ;
! The capacity constrainktm;
@FCR ([ WAREHOUTEES{ I): [CAPACITY ROW]
EUM[ VENDORS [ J) : VOLUME{ I, J1} ==
CAPARCITYL L)l
END

WIDGETS with Constraint Names

A ° o g ¥ Y 1 o 4 X
L?Jﬂﬂ1ﬂ15ﬂ1u3utla$ﬂﬁgﬂ')aWa"l]87]1114!Lﬁﬂ\iWallﬂ?)ﬂTQGHﬂ!ﬂullTﬂﬂﬂmu

= Y '
FYASIBYAATIUAN

Blow Elack or Surplus Dual Price

OBJECTIVE SE4.0000 1.000000
DEMAND ROW (W1} [} ) ]

DEHAND™ ROW (V2 )

CEHAND ROW (V1)

CEHAND ROW (V4

DEHAND BOW (VS )

DEHAND ROW (VE )
DEMANDT ROW (V7 )
DEHAND ™ RiOW (VE )
CRPACITY FOW (WH1)
CRPACITY ROW (WHZ)
CRPACITY ROW (WH3 )
CAPACITY ROW (WH4 )
CAPACITY ROW [WHS)
CRPACITY RIW (WHE )

Row Report for WIDGETS with Constraint Mames

'
B3B3 b G e G b3 0 b ] G A

MINUFB509U09A VY (MODEL  TITLE) 1518101509 NUFDI509U098 MU 1agnig
A a do I a 4 v @ [
FUAUAWMINUNWAIN TITLE  1aZ9UaIa28MI NUHAITIgR101ATDINEAIDNHIOANA
H [ [ o I 4 [ I Y] 4
(Semicolon) 90AMMNBDYTZNI19A1I TITLE  1aziA3on1eomnInazgnuaauiluniiiGe
o [ ] d' SIAQ' ﬁl d’ v 9J v o 1
VOIMLVVNY A3820819 51 TauFaE o ldided19uee WIDGET Tuiaa

[ - 1 9 1

NAIDYNATUAN
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MCODEL :
TITLE Widgats;
I & & Warehouse & Vendor Transaportaticn Problem;
SETS:
WAREHOUISES: CAPACITY;

Excerpt from WIDGETS Model with a Title

Note that when we display the solution report, the title is now displayed along the top:

Model Title: Widgets

Varilable Valus Reduced Cost
CAPRCITY [ WHL) 50.00000 Q.0000000
CAPRCITY [ WHZ) SE.00000 Q.0000000
CRPACITY [ WH2) 51.00000 0.0000000
CRPACITY [ WH4) 43.00000 Q.0000000

Excerpt from Solution Report to WIDGETS Model with a Title

M31%dn (Using Set)

2 1]
=

A A 1 = ' A A < A 9 @ 2 ] v
ﬁ\?ﬂlﬁ1ﬂ$ﬂa1'33\111!ﬁ?uuﬂ’l’)l;llf’)1@ﬂﬁW?JV]Lﬁ’]ﬁﬁTQ@'I'JL!‘]J‘]J‘UuﬂJTIﬂﬂ@ﬂ@gﬂu
4

A I a 4 = & 1 A v = o v IR W v Q 1
wugmanuiusanziidoyanilanguriominnnuuianuduiusaadunaziuilungy
I o ] 1 1 1 [ [
Wunwandresrusunguued1ssau ngugnal ngueTunIvug vienguauay 1isunsy
Y TR A o v d @ 9y [ I A A [ <
LINGO TéimisameinguaiianudunusaenusauduilunguiluwinTasiiFeniudn
$ A o 1 ° < L
(Sets)Tunnilorswihmsansdnsieg Iadrlaimsiudn lddszgnaldlu T sunsy
o 1 o <3 Id @ { o
aunsaldednals  mludedesldidn why Use Sers? wniilundnveanmizninleluds
9 < o YA A ds! o Y
uuvvesldsunsy msasuaenves ldsunsuezinm Ivuanuamnsamuiu laonsviilv
9 1 <3 = = v W Y o A A G Y 2K o o
W ledugm Fusreunsaleuouauvesiemruaitioursondieaasnulumsmrua

~ 2 A o 1 Aoy o Jo l [ 2 A -
eensuRemazudaInuuehesen lhilhgasag nduiusnuegldsanuauluniiog

q
Y

° Yo A ' A ° Y] @ 3 v & v
mldawvunivunalvgamwisofeimualdnsgduazainitatnazietiulaglHdn
@061UFY NTIETEUATIAUATIUSTUAMVUMTVUEL 100 Adadumzns linaauile

. y \ . ; o y C
NUBUAZTIFINNINADININUATO AN UANADINT LAV UN YA 15U (Frvuald

v A F) [ ' v Y

~ 9 (BRI 1 Ao o Y a 9 [ 1
AR UAINI ﬂ@QVlNﬁQﬂJ@QNWﬂﬂ'J']ﬂQﬂ INUvY, myuualiaaeaunaing ﬂ@\iulllﬁ\i"llﬂﬁll"lﬂﬂ’ﬂ
9 Y

Y
v 1

d‘d o d‘ o v A % Y
AIAANNNBY LS ﬂWﬁuﬂulﬂLi@ch]ﬂuﬂi‘]JsUfJﬂ'lﬁuﬂﬂl’ﬂﬂﬂﬁﬂﬁuﬂWﬂﬁﬂiJﬂ) TdsunsuLINGO 1%

a A o A Ay Yo 2 ' ' ° 9 ' ° '
Lﬁ’]LGUﬂuq@3lW@ﬂ1ﬁu@ﬁ\1ﬁ1\1q1/]1]Ulﬂ\?']'(’JGUUG]'f)ﬂ’]ﬁ@’]uuagfﬂ']ﬂj']illsuﬁlclﬂ LFH DI UAIN

v Aa Y

(B 1 1 [ 1 < 1
mnaasdumaed ludeeunnnnianasiiod) idnaees s What are Sets? 15naonguuns

[ o

A J o ] Y a < < a Y 1 A Yy I Y
ANUANUTUNUINUBYINLUNDIN LWV]E]’I%%%L‘]JU?’I?JT]’IT’U@Q?(U?\’] NITUUAN UTD @jﬂi]’l\iﬂhlﬂ
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a <3 o ] ] % 1 o v IR W o
NN auFnvoudnelnuanyuzedlaedinilinieunn i Ianuduwussanutaziu
o g 1 A o 1 1 a o I v <3
31GenuanyuzINAUANIA (Attribute)  AIDIIUFY NNRAANUNNOY T UIENVDI
a o 4 = va g 1 <3 1 = va <
Hannao1vlguautaus I Nngmsvudsludnveansvudarsigaauiianu
1 Y < Y A A 19 I wa A
ANUANT0 TUMTVUED LAz gRIN luENYe g 190 NRUAIINTuANaUTR 13
v Aa I A I~1 o a3 Y
Tunailugueautia Uszanveudn Type of Setslulisunsu LINGO azvasudnlddoq
o =~ .. . . A 3 A 9 o s Y & 1
AnywzAB( Primitive 11a Derived) Primitive Set AotdmAdsznoumeingilseaenmniugl
A o 1 Y ' @ ' . . <
asonvzansiuiuasae 11U 1aon ivuludied19ueq Wireless  Widgets  1%NU09
= v v 3 g Lo VoA W
WAREHOUSES &41/5¢nov a8 6 urianaziiy Primitive Set 15uifednuaiusenauves
3
8Vendor NA® Primitive Set
. = Y &£ d A3 A o A o &
A Derived set H11899M 5 Idnviladnlansoynous acludnaiedaniiaves
<3 4 Y]
Wireless Widget t¥n1/sznovlidromsienleq (LINKS) vodWarehouse6hiHan18Vendor
= 1 X A . T <3 .
a9 1uaIUUDI(LINKS) D Derived Set HuIANYUDUEN 11 T11Aa (A Sets Section of a Model)
] A Y I @ Y o Y2 o v ¥ g
nouts1az 1HdnluTsunsu LINGO aanuuveusidesmvualdaansnaromaiiuily
1 < = 1 = (] <3 ) Y A 9 9 a 4
NUIANYVOUFMTINOU FIrNIArUouFNiIvua1d lagsudua1on15Wun Keyword
SETS: 1a29Ua4a38 Keyword ENDSETS
M3MNUA Primitive Sets 131A0IMHUA
4 :4
® YU aHn
a A ' <3
o auynnilsznevaglugn
A a < . ~ =
® AuauiiavoIaFNIlu Attributes 019921

9
[ Y [

5 3 g 2
auuiﬂgmﬂumimﬁum«nmmﬂumu

U

setname [/ member _list ] [: attribute_list];
A a <3 9 ] 9 9 1 A a g’/ [
WeundasanFnvoudnoonu lanivueund I ldyevesanFnninuauenin
Tagldinseannioganin 1uA10619009A MDY Wircless  Widget 151010150792 110A

s1azdeaaENvousnIuWAREHOUSES laaqtl

WAREHOUSES / WH1 WH2 WH3 WH4 WHS WHe&/: CAPACITY;
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A a = <3 Y XY 1 Yo A a
LﬂJE’JLLﬁﬂQﬁiﬂ%ﬂllazﬁﬂamﬂﬂﬂﬂlﬂﬂL“]f“l/lLLﬁ’JLLﬂENVI,iJulﬂﬂWﬁuﬂﬁt’J%’@ﬂlfNﬁNﬂfﬂ

% <3 @ gﬁ Y o A 9 Joy o dy
nﬂﬂ?ﬂl@ﬁl“ﬁﬂﬂquuLTWI’E'Nﬂ’]ﬂuﬂﬁ1ﬂ%ﬂjﬂﬂisﬁﬁﬂﬂsﬁuﬂqu

setname [ memberl.memberN [ [: attribute list].

A < A A a < = a A A a o
VIﬁiJTfJLaGU1‘UENL“]f“l’lﬂﬂ“lf@"llf)\iﬁ'ﬂ?“lfﬂlliﬂﬁlulﬁl)'ﬂﬂlt!ﬂ\’iﬁu'lsb'ﬂﬂN ADTUIVNAD

Y <3 ¥y A A A ] ' A o A K 1% v
FANYUDIUYN ITJﬂlﬂﬁN%ZﬁﬁWQGHfJSIJ?JQﬁiﬂG]fﬂTI'E)Qigﬁ'ﬂ\iﬂa']\iﬁiﬂcb'ﬂﬂ'lﬂlﬂQNTﬂﬂ@ﬁTuuﬁ

Q

=<

o q ¥ v s X Y ' 2 o oA o A Y
“]N%3‘I/lﬂ‘ﬁﬁzﬂ%ﬂﬁluﬂﬁﬁiﬁlﬁmmum GlTiNﬂTL!aNLl,?fﬂQmﬂﬁﬂﬂNVIﬁmﬁﬂmLuumﬁllﬂ

< ' Y

Funpvae la
Implicit Member List ' Example | Set Members
Format
l.n 1..5 1, 2, 3, 4, 5
stringM..stringIN TRUCKS3. .TRUCKS204 | TRUCKS2, TRUCKS4, ..,

- TRUCKES204
dayM..dayN MON. .FRI MON, TUE, WED, THU,
) ' FRI
monthM..monthN OCT. .JRN oCcT, NOV, DEC, JAN
monthYearM..monthYearN OCT2001. .JANZ002 OCT2001, NCV2001,
DEC2001, JAN2002

@ A o <
TuMsHanI0eNUIVOIAILUY Wireless Widget @1U1TDNIENIHUALLENUD

WAREHOUSES 131

WAREHOUSES / 1..6/: CAPACITY;

v ) A g £y ° ° ' <
ﬂTVHﬂLiﬂG]fE‘]JLL‘U‘UVILﬂH l1...n memwu@muwumazmmmasummmclu

] E4

9 =2 o Yo A
ﬂlayamﬂmuﬂ%mu
DATA :
NUMBER_OF WH = 6;
ENDDATA
SETS:

WAREHOUSES / 1..NUMBER_OF WH/: CAPACITY;
ENDSETS
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MIAMUA Derived Sets 151909AHUA
A <
® FPUDIKEN
[~
® UANAVDAULN

a A a L g {
o mn¥nuaznUANIAVITINFNNIY Attributes NO19ILY
o o Yo dy
Tagmsmvuadnsanszi laaell

setname(parent_set_list) [ [ member list /] [ attribute_lisf];

@ ] 1 <
G]’JE]EJN@%HUQNLL?(N‘NEJE]%L%EJWUEN!,CB‘VI

SETS :

PRODUCT / A B/;

MACHINE / M N/;

WEEK / 1..2/;

ALLOWED (PRODUCT, MACHINE, WEEK) ;
ENDSETS

1 nindlu PRODUCT,MACHINEtaY WEEK  15/% Primitive 160 5247190
ALLOWED INAIINYAINAUBIENAD PRODUCT,MACHINEIA WEEK 471 18310

v v g J a [ ds’
ANVTUNUTVDINIET N TIUVDITUITN 11 ALLOWEDVI,@%J@QL!

1 (AM1)
2 (4,M,2)
3 (AN.1)
4 (4,N.2)
5 (B,M,1)
6 (B.M,2)
7 (BN.1)
8 (B,N,2)

ALLOWED Set Membership
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o v d <3 I 9 T
ﬂ'JnJﬁuwuﬁﬁ'l\?‘:]ﬂl@ﬁl“ﬁﬂ!iﬁﬂ\?@f)ﬂiJ'lLﬂuﬂﬁ'l“l’\Iﬂ'lua'l\i

(\ Derived > __ Primitive j)

Membership
Filter

LINGO Set Types
Al 4.6 gUluaasnuFuTUT YD Set

Primitive  Set Examples 1UA13A11UA UNUAIHUANITUDY Staff Ao 1%
. < > a 9 o ' Y, S A
Primitive (% 1AgALUUUDIIUTANUADINTMIHINIUANNIA1V0N Staff Taoivmuenao
o ) 9 [l ) o A
mshauldasemuunu Tagl4Staff gz auazdunuimnga
Me1ehi4.3 myad1euuuilyriSesnsNuRumM U antinaIu
(The Staff scheduling Problem)
auyAInsIMaeduiunemsdvegenaeni lasua1uiiende Pluto doglag
a 1) 1 Y] o 9 9 o ) [ o Y [
Wavie 7 duaediaii lagmidesdiaminaulumsiiaug siumhaunas Ivnga2iu
Y] Yo a I o J [ o 'd 1 Vo A
wiinaunnau lasuRwiusiedldard auuisiuvesddaiiezgauninniiiuoug Iae
S o 1 Y] 1 [ [ d 1 1
dszavunsainriiuuiiliisimssivindesmsminauluudas Suvesddarvimi us

= ¢ A Y [ Y !
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SETS :
DAYS;
ENDSETS
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SETS:
DAYS;
ENDSETS
DATA:
DAYS = MON TUE WED THU FRI SAT SUN;
ENDDATA
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SETS:
DAYS;
ENDSETS
DATA:
DAYS = MON. .SUN;
ENDDATA
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SETS:
DAYS: REQUIRED, START;
ENDSETS
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CATA:
DAYS = MCN TUE WED THU FRI SAT SUN;
REQUIRED = 20 1f 13 1l& 15 14 12;
ENDDATRZ
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Minimize: 2; START;
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MIN = @SUM( DAYS( I): START( I));
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Number working today = Number starting today +
Number starting 1 day ago ~ Number starting 2 days ago +
Number starting 3 days ago + Number starting 4 days ago.
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Zj = j.q, j START; >REQUIRED ;, for j& DAYS

nlasunaudunsvesldsunsy LINGO 1aaqil

@FOR ( DAYS( J):
@3UM( DAYS({ I) | I #LE# 5: START( J - I + 1))
== REQUIRED( J)
) ;
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LINGO Error Message @
Error Code: I—I
20 Hep | oK

Error Text:

Subscript out of range on attribute:
START
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START( 4 - 1 + 1) + START( 4 - 2 + 1) +
START( 4 - 3 + 1) + START( 4 - 4 + 1) +
START( 4 - 5 + 1) == REQUIRED( 4);
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START( 4) + START( 3) +
START( 2) + START( 1) +
START( 0) == REQUIRED( 4);
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Tudiifyrunann START(0) iHlesn lifiaeg i lieguenmilenilu
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Twdegadailasldsunsu LINGo  fifsadulumsldfedsndu @WRAP.Hadsu
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@FOR( DAYS( J):
@SUM( DAYS( I) | I HLE# 5:
START( @WRAP( J - I + 1, 7))}
== REQUIRED( J)
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MCDEL:
SETS:

DAYS: REQUIRED, START;
ENDSETS

DATA:
DAYS = MON TUE WED THU FRI SAT SUN;
REQUIRED = 20 1& 13 16 19 14 12;
ENDDATA
MIN = @SUM({ DAYS( I): START( I));

@FOR( DAYS( J):

@SUM({ DAYS( I) | I HLE# 5:
START( @WRAP( J - I + 1, 7)))
>= REQUIRED( J)

Vi
END

Model: STAFFDEM

1 Y
wan lauean1s RUN Tdsunsuaz ldaaouaatl

Global optimal scolution found.

Objective wvalue: 22.00000
Infeasibilities: 0.000000
Total solver iterations: 5
Variable Value Reduced Cost
REQUIRED( MON) 20.00000 0.000000
REQUIRED( TUE) 15.00000 0.000000
REQUIRED( WED) 13.00000 0.000000
REQUIRED( THU) 16.00000 0.000000
REQUIRED( FRI) 19.00000 0.000000
REQUIRED( SAT) 14.00000 0.000000
REQUIRED( SUN) 12.00000 0.000000
START ( MON) 8.000000 0.000000
START ( TUE) 2.000000 0.000000
START ( WED) 0.000000 0.000000
START ( THU) 6.000000 0.000000
START( FRI) 3.000000 0.000000
START ( SAT) 3.000000 0.000000
START ( SUN) 0.000000 0.3333333
Row Slack or Surplus Dual Price
1 22.00000 -1.000000
2 0.000000 -0.3333333
3 0.000000 0.000000
4 0.000000 -0.3333333
5 0.000000 0.000000
) 0.000000 -0.3333333
7 0.000000 -0.3333333
g 0.000000 0.000000

Solution to STAFFDEM
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SETS: .
NUTS / PEANUTS, CASHEWS/: SUPPLY;
BRANDS / PAWN, KNIGHT, BISHOP, KING/:

FRICE, PRODUCE;
ENDSETS
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SETS:
WUTS / PEANUTS, CASHEWS/: SUPPLY;
ERANDS / PAWN, KNIGHT, BISHOP, KING/:
FRICE, PRODUCE;
FORMULA (NUTS, BERNDS) : OUNCES;
ENDSETS
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iFnvesnuliguanyuziomvadru lgmvanualsziriuiluimmin
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SETS:
NUTS / PEABNUTS, CASHEWS/: SUPPLY;
BRANDS / PAWN, KNIGHT, BISHOP, KING/:
PRICE, PRODUCE;
FORMULZ (NUTS, BRANDS): OUNCES;
ENDSETS

A v Y . < o = Y @ A3 @
1519 290UD 3 Derived set 1iugas lumsmuiuialsznoudieslsaetimin

< 4 : v 3 @ v & A 1 J a 4 o
Hueous  Falilaaniminuesonilussudginldneloudvesnnasidum e lamnua

iinveusuaieaunazldaives SUPPLY, PRICE tay OUNCES fadoya

DATA :
SUPPLY = 750 250;
PRICE = 2 3 4 &5;
OUNCES = 15 10 & 2
1 & 10 14;
ENDDATA
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MAX = @SUM(BRANDS (I):
PRICE(I)} * PRODUCE(I));

[

Y
sazimaunsammualdiilulusunnTdsunsy 1daail

@FOR (NUTS (I) :
@SUM (BRANDS (J) :
CUNCES(I, J) * PRCDUCE(J) / 16} <=
SUPPLY (I)

Y

o Y } o g £ 2 o
TagdgmuuvedTsunsunivvaioadndemuua ldas aauaszitluaail

SETS:
NUTS / PEANUTS, CASHEWS/: SUPPLY;
BRANDS / PAWN, KNIGHT, BISHOP, KING/:
PRICE, PRODUCE;
FORMULA (NUTS, BRANDS) : OUNCES;

ENDSETS
DATA:
SUPPLY = 750 250
PRICE = 2 3 4 5;
OUNCES= 15 10 & 2
1 & 10 14;
ENDDATA

MAX = @3UM(BRANDS(I):
PRICE(I} * PRODUCE(I));

@FOR (NUTS (I) :

@SUM (BRANDS (J) :
OUNCES (I, J) * PRODUCE(J) / 16) <=
SUPPLY (I)

N

Model: CHESS

J o ]
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Glcobal optimal solution found.

Objective value: 2692 .308

Infeasibilities: 0.000000

Total solver iterations: 2

Variable Valus Reduced Cost

SUPEPLY { PEANUTS) T50.0000 0.000000

SUPPLY { CRSHEWS) 250.0000 0.000000

PRICE ( PAWN) 2.000000 0.000000

FRICE( EKNIGHT) 3.000000 0.000000

FEICE( BISHOP) 4.000000 0.000000

FEICE( EKING) 5.000000 0.000000

FRODUCE ( PAWN) Teo.,2308 0.000000

FRODUCE{ ENIGHT) 0.000000 0.15328462
FRODUCE{ BISHOP) 0.000000 0.7692208E-01

FRODUCE ( KING) 230.7882 0.000000

OUNCES ( PEANUTS, PAWN) 15.00000 0.000000

OUNCES { PEANUTS, KENIGHT) 10.00000 0.000000

OUNCES { PEANUTS, BISHOP) &.000000 0.000000

QOUNCES { PERNUTS, KING) 2.000000 0.000000

OUNCES { CASHEWS, PAWN) 1.000000 0.000000

OUNCES { CASHEWS, ENIGHT) &5.000000 0.000000

OUNCES ( CASHEWS, BISHOP) 10.00000 0.000000

OUNCES { CASHEWS, EKING) 14 . 00000 0.000000

Row Slack or Surplus Dual Price

1 2692 .308 1.000000

2 0.000000 1.769231

3 0.000000 E.451538

Solution to CHESS
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Task Weeks

Finalize Design 10
Forecast Demand 14
Survey Competition 3
Set Prices 3
Schedule Production Run 7
Cost Out 4
Train Salesmen 10
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SETS:
TASKS / DESIGN, FORECAST, SURVEY, PRICE,
SCHEDULE, COSTOUT, TRAIN/: TIME, ES, LS, SLACK;

PRED (TRSKS, TASKS) /
DESIGH, FORECAST,
DESIGH, SURVEY,
FORECAST, PRICE,
FORECAST, SCHEDULE,
SURVEY , FRICE,
SCHEDULE, COSTOUT,
DRICE, TRAIN,
COSTOUT, TRAIN [
ENDSETS
DETA:
TIME = 10, 14, 2, 2, 7, 4, 10;
ENCDATE
EFOR (TASKS (J) | T #GT# 1:
ES(J) = @MAX(PRED(I, J): ES(I) + TIME(I)}
1

IE-FWORI,'TASKS(I:'| I #LT# LTARSHK:

LS{I) = @MIN{PRED(I, J}: L8{J) - TIME(I)};
1

EFCR (TASKS (I): SLACKI(I} = LS{I] - ES{(I});
ES({l) = 0;

LTALEK = @2SIZE(TASKS) ;

LS (LTASK) = ES (LTASK) ;

Model: PERT
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Feazslble scluticn found at step: ©

variable Value
LTASK 7.000000

EZ (DESIGH) 0. 0000000

ES (FORECRST) 10.00000
EZ (SURVEY} 10.000400

ES (FRICE) 24.00000

ES (SCHEDULE) 24.00000
ES (COSTOUT) 31.00000

ES (TRAIN) 35.00000

L2 (DESIGH) 0.0000000

LS ({FORECAST) 10.000400
LZ (SURVEY ) 29.00000

LZ (FRICE) 2Z.00000

LS {SCHEDULE) 24.00000
LS (COSTOUT) 31.00000

LE (TRAIN) 35.00000
SLACK (DESIGH) 0.0000000
SLACK({FORECRST) 0.0000000
SLACK [SURVEY } 13.00000
SLACK(PRICE} 2.000000
SLACK {SCHEDULE} 0. 0000000
SLACK (COSTOUT} 0.0000000
SLACK (TRAIN) 0. 0000000

Solution to PERT

o @ dy @ A <A 1 a %',
ﬁ]TﬂﬂWlﬂ‘]JBU’(’NG]TJLL‘]J‘]JH@]TJLL‘]J?VIH"Iﬁuol%ﬂﬂ’O Slacks Gmeazmmsu N3

= A o o o sa o v A
SURVEY uag PRICE U Slack 1uLaa1Lsum@qaﬂﬂ1ﬁﬂ19uazﬁﬂmwm81%amu NINTIUNIT

29nUUY (DESIGN) ,fﬂiWEﬂﬂiﬂi(FORECAST),ﬂﬁ’JNLLNH (SCHEDULE),ﬂﬁﬁHﬁu@ﬁﬂW

=

9
(COST OUT)MIDUTN(TRAIN)NA Slack nmndJu 0 muuuu?ﬁmﬂﬂ”lﬁ'mﬂumfmmﬂfm

o v A g @ ° 0o @ W a as A <
dmfuninssuil mstamsndesianudidyiuaioauingatidessuaziasansaa
¥ 1 1 o a Y] r'd A
naganeila1ued ES(TRAIN) Ao 35 veniwaarlunisauiiunsssalanilumsisums
9 J 2 £ a o 4
pusunazlynarlumseusuneuasaaudn 10aa
Y o o . . L . A
ms3lgaandsveuiunvosiensu (Using Variable Domain Function)U8nt1iudd N
g o % @ I (%] [~ 1T A
Msvany anertanindsluldsunsy LINGO Wudndonuuy lutluaidaavnasy
1 A % @ a = 1 a =R @ = a1
AD1BANY Tasmn1zduls s auyAgINDIAI939INgUENI0TUA DNHa18NIAA

a

A o ) [ ] o ] 9 o A A
"U'E')‘ULGUGW]ﬂTViuﬂﬁ?ﬁiﬂ?‘nllﬂi@WﬂquﬁﬂJﬂﬁi Elﬂm’é)ElNﬂtumi]ﬁmmimuﬂiﬂﬁmm"umﬂu

[

1 J A 9 o v 1. a d o [ a ' Y o [ ]
mgfua ‘wiEmmmimﬂﬂm%iuﬂummumu Iﬂiuﬂill LINGO Lﬂﬂ“lf’é)ﬂﬂﬁWﬂiULi]ﬂ NHY

ee

l g o 4 1 9 H 9 a @ Y
niludtlsveuwavesiandy FeonlmsiawnsoneziuvouaduyagIuvesls 18

4 e { g’/ YRR | ¥
¥ovuanansun lanavualiaaae 1
0o v w I 1 o <3
@GIN naalslumsuluay
9 % I @ 1 v A
@BIN ainanlsiluszuunugIuaed A9819%U 0 130 1
@ 1 a I~ ]
@FREE  goulddalsuaasansa, fuaiuin vwie av

@BND  vouavesdulsldedneldveuuaiising



69

o <3 Y] { { o w
@SOS Mruadnuesilsszuuauguas A nuiveteing

PUAN MAUA

o 3 % g ~ Y o w
@CARD  MHUAENUDIA LT Te LUV LTI WUNUDIUDTINA

VUV UUAGIGAVDIHATIN

° I T 1 % ' 4 1
@sEMIC  iadwunlsiilusdelasgianiisszningudniennn

m@mmmmeﬂ’@ﬁmuﬂ

o {0 < .
aausidlusuauau (nteger  Variable) 1sunsy LINGO W lameansa
o o < 9 A ) < o [ A
fvuatiuwan ldgeslszinn Ae TIaUALETINAT Lag TIuaUE@ITINEDY Al il
) <3 a g o Yo o ?z’.: U %] A g I~
watnwauilnauarrzmrualinudnaunivuadiudavnduaugiudeuiluaiu
v A A A d s A A . \ & A Y o
doamamutiemvuaaimiuguanseniisedialaograniaie 19a1u v1ednuULe
Yy o A& o < LA ' v Yy < Yy a v o
sznaudrearnilsniludiuu@urilansouinnin M ldanuiunazenevq gy

o

{ < < o
Tdsunsumdusuauay Integer Programming (IP) I 00 uvo9via1es 1nsan1sis1ogwuns

v
A v

v A 1 q 1 @ ' <3 < o J o A A [
aadulauuilansuy lsuag lily vededsnazitluludnvuzazduiunmsnio b
o Aa a A A 1 A LY 9 Y & [ Y
auiiums, iWanselalseny, devse ludedumainTssnuvesdaawensieniie lUdagnan,
' a ' 1 o 1A o g I ax v Aa
ne e 1591emedivse bina,dulsnitumgiuaessziuismasglumsdaguls
Tawn5o Taily

Tsunsu LINGO Tiemnsaduiiums ladelumsidasvesmsuanwalioglu
sUsuay madamuesdaouaii llguaiilu 'l bi'ldvse ldnavesanuduaiisesas

Y Y
19 Mumsanudnlenstitiuaasldidiu 1 Tasauuuil

a (% 4 { o [l [ 4 o al
msnosandnuuiansanezih lgradniing X=y=12.75  auyaing
v o ~ ' 2 o < ' 3 g o q Y
ARIMTANOUNMINEAUVDIAT X (DU uwman mMsfamvues X Wua 131uazsi1va)

dy I n v 1 1A 1 o ] ~ o o Y o 3’, A a
suutdlu Tl T ldmsizneg lidadmsy Y Amangaudvsudomvuaniaod nisosuie

Y 1 <A v oA g}.: 1 Aa A v oA
18 Tasnszaanfonadns NIz auYed X=12, Y=13.5 1u'luinana vSonadnsnuizay
@ 1 o I o < @ gl.l a I~ 1

Tudwvuvualvydedwd niusrurwdunarsdniuTasutesuiluldli'ld Tuns

Y dy o an v AR R A J =
uﬂﬂtymuiﬂmﬂm LINGO UUa@UDITUUUDANDINUEITYNIT Branch-and-bound HI51)



70

Y] v J @ A 3 o 3 A A A FY A o aa A 3 Yo o
ﬂ'JTlJﬁl]Wu‘ﬁmaﬂﬂ’]llﬂiﬂlﬂu%1u’)ul@uﬂLGD"[’)ﬂ'[’)llﬂlwaﬁ']ﬂ']ﬁ@l]ﬂﬂﬁﬂﬂlﬂullﬂllﬂﬂQ@]jllﬂﬂ

Q

a K o

v Y
WI 1P WTIznaImsmuIunmgyidesnsduiumsuuusanes ny inamue iy
= = A 9 o A g o <3 = o A < A a s dyda! A

vanaeanee s iidlusuduuaziimsuuzinie lanamwimansalisuiivuiiosnin

o Y Y A tg v o A Yo Aa A o A 3 o I
narlumssiuiuszdedlfnuiulasnseiunuie laduiumsnuanlstusmwau

o 1 ;: o [ o da 1
w1 i lddh T IdedwadnanefimsnwvesTisunsy LINGO  dwisuwadwinegly
o g A 1 Ay A A 9

sunpuswauileanaduiitosnnuiol 16 19

o A Qo < . 2
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Example 1: @GIN (X) ;
makes the scalar variable X general integer,

Example 2: @GIN (PRODUCE (5) ) ;
makes the variable PRODUCE(5) general integer,

Example 3: @FOR (DAYS (I): @GIN(START(I)));
makes all the variables of the START attribute general integer.
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! Here is the total profit objective function;
MAX = 100 * STANDARD + 150 * TURBO;

! Constraints on the production line capacity;
STANDARD <= 103;
TURBO <= 120;

! Our labor supply is limited;
STANDARD + 2 * TURBO <= 160;

4 { 0o A Y P
waziio Run 1lsunsui laauiiumaud lvudwaaninldne

3lobal optimal sclution found.

Objective wvalue: 14575.00

Infeasibilities: 0.000000

Total soclwver iterations: 0

Model Class: LP
Total wvariables: 2
HNonl inear wvariakles: 0
Integer wvariables: 0
Total constraints: 4
HNonlinsar constrainta: 0
Total nonzeros: &
HNonl insar nonzerog: 0

Variakble Value Reduced Coszt

STANDLERED 1032.0000 Q.,000000

TUREQ 28.50000 Q.,000000

Fow Slack or Surplus Dual Price

1 1457E5.00 1.000000

2 Q.000000 25.00000

3 91.50000 Q.000000

4 0.000000 TE5.00000

o A 1 o @ a a J A & 13 o
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! Here ig the total profit cbijective function;
MAX = 100 * STANDARD + 150 * TURBO;

! Constraints on the production line capacity;
STANDARD <= 103;
TURBO <= 120;

! Oour labor supply is limited;
STANDAED + 2 * TUEBO == 1&0;

! Integer wvalues only;
@GIN (STANDARD) ; @GIN (TURBO) ;

[l P ] v Y
HaziiieIM3s Run TUsunsudnais ldnadnsnnlaou liaail

Global optimal sclution found.

Objective value: 14550.00

Cbjective bound: 14E550.00

Infeagibilities: 0.000000

Extended solver steps: 0

Total solver iterations: o}

Model Class: PILP
Total variables: 2
Nonlinear variables: 0
Integer variables: 2
Total constraints: 4
HNonlinear constraints: 0
Total nonzeros: &
Nonlinear nonzeros: 0

Variakle Values Reduced Cost

STANDARD 102.0000 -100.0000

TURBO 29.00000 -150.0000

Row Slack or Surplus Dual Price

1 14550.,00 1.000000

2 1.000000 0.000000

3 91.00000 0.000000

4 0.000000 0.000000
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NUIVANNANUABINIMFUINIT N LY Txtpelunsnassmsaadulavesdanuunlyvse

119 msardraanuduiusvesianduldilefsu@BINA®
(@BIN( variable name);

4 o ! o I ]
11/ Variable Name foausnamandaldifluszuuevgivass Maasu@BIN

@ ' < Aadq 11 ° @ {
9199 1¥uduy nazedialsimuTaslnanlaavestemivualy Weddu@BINaWITaN
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' o S U 1 4 1 o ' o W
asaldeg ldlumsimuaiandu@FoRr saudaeiie 14 19911410 daod1nuesmdI@BIN
A
Ao

Example 1: @BING X);
makes the scalar variable, X, a bmary infeger,

Example 2: @BIN( INCLUDE( 4));
makes the vanable INCLUDEY( 4} binary,

Example 3: @FOR ( ITEMS: @BIN( INCLUDE));
makes all variables in the INCLUDE attribute binary.

f20819 4.6 MIaedmImUuveId IMAaYgIuaeInsaifynives

Knapsack (Binary Integer Example-The Knapsack Problem.)

Y
aAaAA % 1 o (% A KR d‘

¥y o g @ ] {
N3 NADAI08 19T NIVDY Knapsack Hui il udreg1anad msunsalanyised
Y o A d @ dyd = 1 A A Y o 1
ns lddaulsniluwavgiuaes ludwnuvesdyminesilinguuesdvesndsinissala
] H )
wovussyan 1l lunszidhussydumse Tvafeinnsathdunszveusniuiveuasinalu
1 H Y H 9
mMinazaossesuvesnaglddn ldadainicdldansonigtalavesnanua 1 1d vn
2 ¥ A ' @ ' A9 ° ' 1Y +
Uszianvesdavosiuligunivesaeatazuiveuidosnisaziihn lasiunulunszih
@ 2 A 1Y o A ° i A ~ + @
dumseiidymnaondesdutiumsmuuangudesuesdvesnvzussgaslunszihdumse
A A o Y a 1 A A Y A 1T a 1
oz liifanasuguavesdavesiozussy leunigalas iiimudennuausnves
! (3 { { o A [ : 4 L o
nsziihiussy 18 luduuvveslymillaunsanegauiiunmsdsunldaswielszgna e lany
2 s Y A < Y
(T94MINHUNAYNT, AUNUVBIIUNY 1T uAY

Tudwvvvesdymiae liisnmuienis lUilatia vazlavimssivua
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s10az1B0Av0979vBI NI IRp N Aad ue M tatiamedaeveanng asiulimindeue e
o 4 o A ?zl.l A Y o a ?z}.l 9 1 a Jd o ?zlz = 9
anpaziminasesninuanaesmsthaaaa lidudeslumu 15 Joua auiusides
o A o ' o v 2 I 1 g‘; J v A g’; 4 1
autumsmmuanvesnudngvesdweudumaa 19910 Idnuasvesnauaiose
lumsaaaulatazimuadavesiszdonirldussyaslunsziihdunise Taelisrwazidon
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Ant Repellent 1 2
Beer 3 9
Blanket 4 3
Bratwurst 3 a
Brownies 3 10
Frisbee 1 6
Salad 5 4
Watermelon 10 10

3’, I~ ~ 1 4 1
voanarNaueneenilus1emsae o119 laua (Ant Repellent), 11185 (Beer), AM¥iy(Blanket), 1§
@ { o a o [
NIDNEYDTUU (Bratwurst), SIERRRIL (Brownies), 3 1UWANE9N (Frisbee), NNAQA (Salad),LmﬂﬂJ
(Watermelon)

A < < @
lumsEuiieugas svziiswazidealsznoy ludradmiieudn@er luamuy

Yy '
A A

R = a A A @ = a < R ]
u‘ﬂﬁﬂ@ﬁ\i‘l/l!i'lW‘fﬂﬁ’LlHLW?JVIEDSUﬁﬁ“D‘ENGluﬂi&Lﬂ']ﬁiJﬂWﬁZCBQLS'IWTHQANTHJU Primitive ENU

Muald g

SETS:
ITEMS: INCLUDE, WEIGHT, ERATING;
ENDSETS

& A o 1 PR o v d o v 3A
Funiamlsegawilszinnitanudunusaenuiiunae INCLUDE ,WEIGHT,
[] < = [ g}J I o A 9
RATING 1sznovoglutdnifedny INCLUDEV Wzt uanisiavgiuaouieldlunis
: e L2,
Mvuasemaiesvaslunsziihdunise WelGHT 011314 aa1dauilsFoimiinues
kS 1 g}.l L %I % U [ Q’ 1
518M3NnNe dIURATINGUU I3 ldaniminanududguesdsves ae lihsidesmsadi
9 =\ Y d‘ (] a I~ = 9 = %’ Ly
Tasaarravessivazdealuduuuiie lamausnveudnaailsznoudlssisazidea 1imiin

o W & I @ g
waz Anuday laeseaziReaninuaewiulilsunsuaat

DATA:
ITEMS WEIGHT ERATING =

ANT EEPEL
BEER
BLANEET
BEATWUERST
BROWNIES
FRISEEE
SALAD
WATEEMELON

[ o B S VU P S PU I P
=

[T S s T T PRI I N

-

=
=

FNAPSACK CAPACITY = 15;
ENDDATR
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pazs1 lammuannuansalumsussgvesdumszgagaas I luTdsunsudoe
= ° 9 = £ A 2 A = v 2 o0
FeaziIdsreazidealulUsunsvauysaivingadiu iosieaziBeaasuudusiniivua

Ex [ I3 9 o tdy Y Qy [V = 9 1
ﬁ\iﬂclfuslla\j']@flﬂﬁgﬁ\iﬂﬂﬂgﬁ'lm'ﬁﬂﬁﬁ']\?@jllﬂﬂuulﬂlﬁﬁ%ﬁuﬂ\iﬁ']ﬂazlﬂﬂﬂﬂ']ua'm

MCODEL :

SETE:
ITEMS: INCLUDE, WEIGHT, RATING;
ENLDSETS

DATA:
ITEMS WEIGHT RATING =
ANT REPEL 1 2
EEER =]
ELANEET 3
ERATWURST
ERCWNIES
FRISEEE
SALAD
WATERMELCH 1

S N Ry}
=
A

=

FHAPSACE CAPACITY = 15;
ENCCATA

MA¥ = ®SUM( ITEMS: RATING * INCLULCE) ;

@SUM ([ ITEMS: WEIGHT * INCLUDE] ==
FNAPEACK CAPRCITY;

EFCR ( ITEMS: @EBIN{ INCLUDE)) ;

END
Model: KNAPSACK

A, 3 A 9 Y o 2
1WaN1N1T RUN Iﬂjllﬂﬁﬂlﬁiﬁ]ﬁﬂﬂj@ﬂuaj %mewaﬂﬂﬂmiuaﬂyiuzu

Global optimal scoluticon found.

objective value: 25.00000
Objective bound: 35.00000
Infeasibilitica: 0.000000
Extendad solver steps: a
Total solwver lterations: [u]
Variable Valus Raduced Cost
INCLUDE ( .Il;ISIT_R.EPELfI 1.000000 =2, 000000
INCLUDE ( BEER) 1.000000 -2, 000000
INCLUDE{ BLANEET) 1.000000 -3.000000
INCLUCE [ BRATWURST) 1.000000 -8.000000
INCLUDE | BROWNIES) 1.000000 -10.00000
INCLUDE{ FRISEEE) 1.000000 -&.000000
INCLUDE{ SALAD) Q. 000000 =4, 000000
INCLUDE { WATERMELCHN) Q. 000000 -13.00000

Solution to KNAPSACK

= A + [ dy 1 Y I3 4 1%
518@13!@ﬂ@ﬂﬂﬂﬁglﬂ']ﬁi]ﬂ’]ﬁguﬂgclﬁ"’llﬂ\illﬂlﬁil 15 Joua isramnsavudunise
A Y 9 o v IA =4 Y o AR 1
nﬂﬁ\?llﬂulﬂﬂﬂﬂuaaﬂ!lﬁgllﬁﬂiil DINITINANIUNABDIVYT, Glﬁﬂ’if)ﬂ!,ﬂf)’iim LUAaZUINIUY G]Nuhl

1 o 1 { < o
AsvziiuilszTemfmminuasheigansgsihldinianela 18
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f0e19N 4.7 MIaNMVDVBITIIMAMAVF IMaINs ATV ST IUNEN
[ d o Y
mmwaﬂnmmnuﬁunumﬁ (Binary Integer Example- Product Mix with Fixed Cost.)
4 a A a A o ] ' a
luﬁﬁﬂﬁl“]ﬁﬂWuﬂTiﬂl"llfNﬂi]ﬂ‘iﬁﬂJmW1$‘lflﬂfJEl1’9ijlﬂﬂgljunuﬂ\‘]ﬂ A0g1usUNIITa
a o a Aa Y 1 1 Y o A A o 4 a Y 1 1 dy
VIHN NMITNAATUAT NITYATHIIH U ﬂﬁ"ﬂﬂﬂﬁ@\iﬂ@!&ﬁ%ﬂWllﬁuﬂWiWﬁ@]iu@’)@ﬂ%ﬁﬁ'ﬁl’lﬂu

o w v a o J v W . o 1
!31%3u1ﬁ3llﬂ‘ﬂﬁ’3uWfffll"ll@QWﬁ@lﬂﬂ!"ﬂﬂéHﬂﬂﬂ@]?@ﬂWQﬂl@QComputer Quick TlhlﬁlVHWWHNHLﬁI’J

@ ° T a <3| @ a 4 a
wlsuldmainanedymileg auyalisuiludgianms Tssnusdaniosiulaos1doans

a

o 1

[ Ao A a A a 1 9 =] )
mwaawwwqﬂmwwammuwauwmuizmmmmuuwﬂgumaﬂumﬂﬁzﬂauma
Rocket,Meteor,Streak,Comet,Jet  L10¢ Biplane nﬂq;'ummmwaﬁw'lmazﬁ’unumﬂmm

a o s = Y (4 Y '
ADANTUN “If\ulﬁ'ﬂ\ialﬁﬂﬁT]Jﬂ\iﬂ']ﬁ']\iﬂ’luﬁ'l\‘]

Plane Profit | Setup

Rocket 30 33
Meteor 43 20
Streak 24 60
Comet 26 70
Jet 24 75
Biplane 30 30

R-

a o [ a @ < a
insesdunnadeslFigannsiinalonune 1an, NowAL,NAITAN,019,U02 LAY

2 o a A ' £ R, v v '
o ﬂ%uqmjﬁﬂﬂlﬂi@\jﬂuuﬁagﬂjglﬂﬂﬁ@\jﬂ’]ﬁthvmﬁllﬂuﬁﬂ\iﬂ\wnj1\1@1“@11\3

q

| Rocket | Meteor | Streak Comet | Jet Biplane Available

Steel 1 4 0 4 2 1 800
Copper 4 5 3 0 1 0 1160
Plastic 0 3 8 0 1 0 1780
Rubber 2 0 1 2 1 5 1050
Glass 2 4 2 2 2 4 1360
Paint 1 4 1 4 3 4 1240

Y
=\ 9y 1 a

o < a o I o o
Yymwesamuviinae Inmdiunauvesnaanuannim i lamlsgnigegalae

1A A o ' A {1 ° e N !
vzdod hinulSnuvesiaquaaz viiafitiog gas lumsdIuIu 1514091 5Primitive 19504

9 1 i1 ] v [
g1 luaunil vluioaue lumavoun3oddu tag dnvilaluauoIngALTId 150

4
Aenoan gty 1dail

PLANES :
PROFIT, SETUP, QUANTITY, BUILD;
RESOURCES: AVAILABLE;
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A o A 4 o <3 4 a
LﬁLW‘JJfﬂﬁ@"IL‘L!‘L!ﬂTi!%ﬂﬂﬂmﬁﬂﬂﬁﬂlﬂﬂlmﬂﬂlﬂﬂlﬂéﬂﬂﬂu

¢ PROFIT stores profit contribution for the plane,

¢ SETUP stores setup cost to begin producing the plane,

¢ QUANTITY  awvarable for quantity of planes to produce, and

¢ BUILD a bmary variable, 1 if we produce the plane, else 0.

I

= =) s ] 1 o A a 3 o I '
Iﬂﬂﬁ'lﬁlaglaﬂﬂll JU ﬂ'lhl'i : Lﬂ‘Uﬂ'lﬂ'lhlﬁﬁZﬁiJsll@\‘]!ﬂiaﬂ‘Uu LENDW : INUIIANIAN
A

< @ 2 o A 4 a = (% ) [ = 4 a
LG]f‘VIfJWMﬂﬁL‘ﬁJ@uuum‘iﬂlmlﬂimuu Usum muﬂiﬁmﬁuﬂﬁmmﬂm%ﬂ%muuium’a‘

a9 nazmsad e dulseugiuded 1 umuamvInIu UM a3 unsosdudIunin

Tils1gfianiugud desmsauydgiulas]¥lfidn RESOURCE uaz 1dm PLANE lu iy

<3 [ 1 o 1 J 4 o oA 4 a
IﬂﬂlﬁWa]j’i]\‘]ﬂ'lﬁslﬁjl“lfﬂﬂ\?ﬂfﬂTJﬂTHuﬂﬂ"lelJﬂ\iﬂﬂllllﬁ USAGE L“ﬁamwummmﬁi%’mmm‘%amu

A ~ S o o Yy 9 9 g o A
nﬂlﬂﬁ@ﬂ LIUTYNIN !,GlmRXPwmmﬂmwuﬂ”lﬂumm@ya%mﬂumu

SETS:
PLANES :

PROFIT, SETUP, QUANTITY, BUILD;
RESCURCES: AVAILARLE;
FXP({ RESOURCES,

ENDSETS

PLANES) : USAGE;

g K a <
Tusieazidealudoyaveusiu azisududloan1Fnuoadn PLANE 1ay

9
RESOURCE au@3edoya PROFIT, SETUP, AVAILABLE 1azUSAGE autiusiag ladeya

Y
daao i

DATA:

PLANES
ROCKET
METECE
STREARK
CCMET
JET
BIPLANE

PROFIT SETUP =

30
45
24
26
24
30

RESCURCES AVAILAELE
STEEL, 800 COPPER, 1160 PLASTIC, 1780
RUBBEE, 1050 GLASS, 1360 PAINT, 1240;

USAGE = 1

[l S I O R I

ENDDATA

4

= o= o w o

D wo

Lo S T 5 e R B )

2

Wk

0

== o o
“e

35
20
&0
70
75
30;
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o g’/ D o Sy W 4 o 4 g}/ 9
Wa\jfﬂ1ﬂuulﬁ']ﬂﬂ'lﬁu@ﬁ\iﬂ%ua@]qjjﬁgﬁ\iﬂ Tﬂﬂ?ﬂi}ﬂixﬁﬁﬂﬂl@%ﬁﬂﬂﬂ@ﬂﬂﬁ
Mlsgega lumsmuauwasium’ls szezna1 msadruniesdiuuaazlszinn neenain

< @ o J @ (% f
nsnaany mIaedulsvesavgiuass Tusunsuaunioaiieiglszasd lanil

MAX - @SUM( DLANES:
PROFIT * QUANTITY - SETUP * BUILD) ;
) v 9 o < dy Y [l 1w Aa 9 1 1
dmsudeimuansnveadnilsidesnsanumileiniagavazdes ignaawen
a 1 9 9 Y .
NUABANABINS IaolFA1unIIen190 18118791 909 Source Y04 i HasIWNN USRIV
. 9 o 1 Ag Y Y .9 9 ' A [ % 1A
Plane j @319 Taga 9 Taetraan 19 Source i N Plane j #941108NHIDIMNULHAINUIVO

v
5 1 A

Az 18ves Source i TaoswlauiiumuimaTusunsuldi

@FOR { RESQURCES [ I):

@SUM{ PLANES ( J) :
USRGE( I, J) * QUANTITY( J)) ==
AVAILAPLE( I)

< o o 1 < o 4 1
investeiuamae lunde 51 ldaulsiaugiuaessliyedn BUILD lu
1 Y 9 '
ﬂ15ﬁ1lﬁu@ﬁTﬂlﬂéaﬂﬂuﬂgﬁjﬂﬁﬁéﬁﬁﬁu ﬂﬂuuﬁ”lﬁn{]ﬁﬂﬂ"lﬁu@ﬂ']!l%}“ﬂTﬂﬂﬂﬁﬁ"lﬁﬁﬂﬂWiﬁ%)Tﬂ
A a Sy v s A A 9 <A o Y o [
Lﬂﬁ@ﬂﬂuiuﬂﬂﬂ%u?ﬁf}ﬂﬁgﬁﬂﬂ ﬁ\ﬂ/]@l@\‘lﬂ']5ﬂﬂf’)ﬂﬂ!ﬁﬂymgﬂlﬂﬁ"l]@ﬂ']ﬁu@gluﬂ"ﬁWaﬂﬂu

I ' d a 4 a . Y o o A
BUILD (1) IiflualifleiswanifSumveuasostiv (1) # limnugud Tasimuanil

@FCOR ( PLANES:
QUANTITY <= 400 * BUILD;
@BIN( BUILD)

o ) vha 2T W o a Yy
q@iiuﬂ'ﬁﬂ'lu’)u‘]/lﬁﬂllﬂllﬁﬂ\‘l(lﬂlﬂutﬂu@ni‘]fJ'l\?ﬂ\ﬁ']ﬂﬁgl,@flﬂﬂ'ILlﬁ'N
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MCOCEL :
SETS:
PLANES :
PROFIT, SETUP, QUANTITY, BUILD;
RESOURCES: AVAILAELE;
RXP|{ RESOURCES, PLANES): USAGE;

ENDSETS
DATA:

FLANES FPROFIT SETUP =
ROCEET 20 35
METEOE 45 20
STEEAK 24 &0
CCOMET 26 70
JET 24 7
EIFLANE 30 30;

RESCURCES AVAILABLE =
STEEL, 00 COPPEE,1le0 FLASTIC, 1730
EUEBEE, 1050 GLASS, 1360 PAINT,1240;
USAGE = 1 4 4 a

R B O oW
Lo = YT )
Lol SR = S V]
kYR OO
[EU R e S
= = n oo

ENCDATA

MAY = @5UM( PLAMNES:
FROFIT * QUANTITY - SETUP * EUILLD) ;
EFCR ([ RESOURCES( I):
@5UM( PLANES{ J}:
USARGE( I, J) * QUANTITY( J}) ==
AVATLAELE( I) ;
Vi
@FCR ([ PLANES:
QUANTITY == 400 * BUILD;
@RIM{ BUILL} ;
Vi

@FCR( PLAMES: @GIN{ QUANTITY});

END
Model: PRODMIX

[

s A o wdy
naansies s RUN TUsunsuaziaasooniiaail

Glckal cptimal scluticn found.

objective value: 14784 .00
objective bound: 14764.00
Infeasibilitiea: 0.0000040
Extendsd solver steps: 7
Total solver iterations: 298
Variable Value Reduced Cost
QUANTITY [ ROCEET) 96.00000 -30.00000
QUANTITY [ METECR) 0.000000 -45.00000
QUANTITY ( STREREK) 135.0000 -24.00000
QUANTITY { COMET) 0.000000 -26.00000
QUANTITY{ JET) 191.0000 -24.00000
QUANTITY | BIPLANE) 24, 00000 -30.00000
BUILD [ ROCEET) 1.000000 35.00000
BUILD( METECR) 0.000000 20.00000
BUILD ([ STREAK) 1.000000 60. 00000
BUILD{ COMET) Q.000000 T0. 00000
BUILD{ JET} 1.000000 T5.00000
EUILLD [ BIFLANE] 1.000000 30.00000

Solution to PRODMIX

o Ay Y A ' A ' o JAn YD 1
1NAINDUN ﬂlﬂu‘ﬂllﬂﬁﬂ‘lﬂ'ﬂﬂ'l\ul'lﬂ‘ﬂli'ﬁ/]iT]J'J'lWﬁﬁW‘ﬁ‘V]hlﬂuuli’mghlllﬁ'lll'liﬂ
)

o o . Slgl.ld'do 1 A A 1 [ o ~ Y a
ﬂ1ﬂ115ﬂﬁ1NknomqﬂﬂﬁﬂlﬁﬂqiﬂWﬂﬁﬂﬁﬁﬂQNTﬂﬂQQLWﬂuvnﬂﬁiﬂﬂum1hﬂ1ﬁﬂﬂﬂqﬁﬂﬂNﬁﬁ

. =3 Yo Y N Y1 Y o
Rocket,Streak, Jet ttag Biplane 99z lam lsgaganust lamamsal 1iaraniaauls BUILD
9 o a A a A 9 <3 I 1
dmsunnqrtiaveunsosliuiignaoudniuem 1

U



80

A1l58d52 Free  Variables a2om1iiminua 13 1uTsunsugndaiimaansn

o A 4 A A v do @ o o A v LA 1 a
AFAADFUILUASHINNTANAIDUUAATT @FREEﬁ]gﬂiﬁJﬂ']ﬁ']ﬁ;ﬂﬂﬂ']ﬂuEJL‘]JUﬂ']ﬁﬂa‘U

Taseadaveamsldmdane

@FREE( variable_name);

(2

A o A 3 IA A 9 Yy a @ 1
Iﬂﬂ‘ﬂG]’JLL“]Jiﬂlulﬂlaﬂﬂﬂﬂﬁluﬂiﬂliiﬁﬂﬂﬂ'licl,ﬂl,ﬂuaﬁi% FIVDYINUBDINIT

< v o 1 1 [
1%@FREENans ¥ uAsdI98198 118149

Example 1: @FREE ( X) ;
makes the scalar variable, X free,

Example 2: @FREE ( QUANTITY( 4)];
makes the variable QUANTITYY 4) free,

Example 3: @FOR ( ITEMS: @FREE( QUANTITY)) ;
malkes all variables in the QUANTITY attribute free.

[y} H Y] Y] a 4 d
fean 4.8 MIad e 1avasInlsdasziseanIsnennIal

(FREE Variable Example-Forecasting)

@ ] anl I a o a Aa
Tudegrauyainsuiudaiuquaudininas 11e1/an  Shack4Shades §3NIUDA

Y ] v
AUz MzIza lum et us UL I A Ua BN NS NNITININITUNA1LT 9

[

151ADIMINIZ AT NAMVUMINGINT A NITUBUDILIUNUUAAN G T UT1AIBIADS
o 4

o A ) o o a 9 o Y Y Y I =
ﬂﬂhl‘lJLW'EJGl“lfsluﬂW‘iﬂWWl‘!ﬂigﬂU“ﬂfl\‘lﬁuﬂWﬂﬁﬂai L‘iWhlﬂﬁ'ﬁWQLLWHQNLW@LLﬁﬂQGlWLWUQQ

= 4 Y @
‘ﬂﬁlﬂglﬁlﬂﬂﬂlﬂﬂllﬂﬂﬂﬁﬂmﬂﬁq@ﬂ’lﬂﬂﬁgﬂ

Shack4Shades Sales

(5]
(=)

[ ]
(=, |
L L

15 1
10 4

Sunglasses Sold (000

(=) |
I

(=]
% ]
=
a4
o
-
o

~ = o 1 Jd
NN 4.8 ﬂﬁwllﬁﬂ\‘li"lfmgL’l’)fJﬂ"’U’fNﬂﬁWfﬂﬂiﬂ!Glu%’)ﬂﬂlﬂlﬁﬂi@ﬂulﬂ
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~ dy o g a ds! Aa Y
AAUHUN NS IMANTINMsVIBveus 1 uzAY Tavu Tuanmitiuu Ty
iduase uanmsdsznmasudiezulsdsi Tl lusduuovesgania wulunihiowdle
v v a 1] A a A ' A ° Y a
Aaudeuduniallmenia uazlumiimvuniawdumnaie liauaiiiegiilding
Jd a L%I @ @ dy o = 7
angmssinatuludnyauzasunuanil isniuguengufuesiendsunisdszuiw

[

s Yo X
N13YDAVY LIS ﬁdﬂ%uﬂjmnaﬂ’mm

Predicted Sales(r) = Seasonal Factor(t) * (Base + Trend * 1)

where,

Predicted Sales(t) represents predicted sales for quarter ¢,

Seasonal_Factor(t) 1s one of four multipliers (one for each quarter of the
vear) to account for seasonal variations,

Base 1s the y-intercept of the hypothesized linear function, and

Trend is the slope of the linear function.

4 I o 4
1o Predicated Sales(t) Wumstudumsvislualemes t,

= aJ é Q' 1 = d‘ a
Seasona_Factor(t) Aogrgaunieludaiuvesthieatuisnnuuilsisiuves
da 3
gamMannaIy
A (I [ a S
Base AeAtleanuanyag vy Ilan Ty y
I o P
Trend Wuanusuvsatensduasa

[ 2 1
iwotsdeansaniuns 1 ldsunsy LINGO  ludruuudisduil laaSuain
o LY @ SO [ 4 ?zl/d' 9 dy o
msmuruamasunaa luiendu u ulamesvesggniansd, uua Tduiugiuanudu
Y Y d‘ ~ o A A dy 9 A 1 o @ o d'
wazuun Tiluveannusu) wenszauiuns luaatisidoudonadmsudnilsivonasiy
¥y A A A ' ' p AN Y (A wad Y A
Hosfigavoaiuuananszniemsaamsainazeeavion lddjiaiudoyaionans
A ) ¥ Myyli by o L) )
(599517 M3d319gAT 131R0INMTARPrimitiverdn ludnuuveus1 dusmiudeslsznouaie

a v Y @ A ) 9 & A J A 9y A Ao
ﬂ'ﬂﬂ“]fﬂll,ﬂﬂﬁ’Jﬂ’JElﬂ‘L!LW@HHETuﬂﬂl@uﬁﬁﬁu\ﬂuﬁﬁflu ﬁ’)u‘ﬂf;’ffNi]%ﬂi%ﬂf]ﬂhlﬂﬂﬁﬂﬁMW%ﬂﬁ@l’J

(% =S [ A

A o A &~ 3 A dy Y A o 4
‘mmﬂymzmmﬂmwamzﬁuaﬁmuiuwmﬂ Glmwwﬁmu%mamwumudﬂmaiﬂlmqgma

Y
S <

=) A A =) g.ll
MAMIHUAUADTIYASIDYAUD UG NNIT D

SETS :
FERICODE: OBSERVED, FREDICT, ERRCE;
CURRTERS: SEASFALC;

ENLCSETS
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AuauAnedudauves  PERIODISN OBSERVED, PREDICTIAZERROR i
dnuazfinsadulumsinganguawesmsne Kuneiinune uagiueanuianain
NA179189A8MIHIEANUAANEIAABMTTNUINTVIa DN B0V AATNITASEASFAC
Twdnves SEASONS fidnumziRursusuunnessenuisnuggmaseezdiuaula
Tdsunsu indeamsiivziiindruvesdoyaiioineniiozshnmvesaindnludnuas

A [ o Aa 3
AMANIAY0IOBSERVED nudoyad1umsviesiamisaauiums laoowilullsunsy

U

[

N

=Dle

DATE :
FERIODS = P1..P8;
QURRTERS = Q1..04;
CBSERVED = 10 14 12 19 14 21 19 26;
ENDLCETE
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@SUM (| QUARTERS: SERSFAC) = 4
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Local optimal soluticn found.
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Total solver iteraticons:
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OBSERVELD{ PS) 14 . 000D
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ERROR{ P3) O.85Z21268
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SEASFRAC{ 1) a.82610%6
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SERSFRC{ Q3) 0.2338783
SEASFAC( 4] 1.180482
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Predicted Sales(9) Seasonal Factor(l) * (Base + Trend * 9)
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Zi Lingo 12.0 - Lingo Model - Prong#1

Ele Edit LINGO Window Help -
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2, Lingo Model - Prong#1

MAX = 300*X1+400%*X2;
1.5*X1+X2<=1200;
0.58*X1+0.58%X2<=1200;
X1+2*X2<=1200;
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X Lingo 12.0 - Solution Report - Prong#1
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[ | Global optimal solution found

1~ Solver Status 1 Wariabl
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lodel Class:
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Total solver iterations: 2 State: Global Opt Integers: i}
Model Class LP Objective: 200000 - Canstraints -
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Nonlinear variables: o | lterations: z e
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Assembly Line Balancing Model: ASLBAL

The following madel illustrates how to balance an assembly loe moordar to miniuzs its total oycle
tme. A detailed discussion of this model may be found in Chaprer 12, Dievelaping More Advanced
AMadels.

MCDEL:
| Agszambly linae balanciog modal
! Thir modal imvolwvas asslgning tasks to
staktions ino an assenbly line so bottlanecks
ars avoldsd. Idsally, sach statlon would ba
asglgned ap sgqual anount of work.:

EETS:

| Tha oot of tacks to be assigned ars A th
E, and axch task hazs o time to complata, T

ThSEf A, B CDEF GHIJEK': T:

| Bome pradacarsor,SUuccaessor palrings ouskt ba
obsarved (&.g. A must bs done bafors B, B
bafors O, @bo.):

DRED(TASK, TRSE)f A,B B,C C,F C,2 F,J @.J
J,E D,E E,H E,I HJ I,J/;:

! Thare ara 4 workstatlone:
STATIONS L. .4, ;

TES TAFK, STATION) : K;
! ¥ 1r tha akbribute from the darived sab THE
that repraseants tha assignment. L(I K} = 1
1f task I is assigned to statiom E:
ENCSETE

LATR:
! Data takan from Thasa and Aquilano, DPOH;
! Each task hag an estimabtsd tine regquirad:
A B T D E F @ H I J E;
T= 45 11 3 S0 15 12 1Z 12 1 & 5;
ENCCATA

| Tha modal
| *Warning* oay be slow Ior more than 15 basks;

! For «ach task, thara must ba ooa I.El'lig'l.'l.ﬂﬂ
staktlom;
GFCE ITAEK (I} : #EIM(ETATIONE : KII, Ei) = 1];:

| Pracedanca constraints;

| For sach pracedsnce palr, tha predecsssor bask
I camnmot be ascigned to a later station than
its pucoesoor task J;

WFCE [PRED (I, J]:

@SUH ETATICH (E] :
K+* Xi{J, K} - E* EKII, E]l} »= O];

| For «ach statlion, tha btobtal tine for tha
azsigned tasks must be less thao the paxinum
oycla tima, CYCTIME;

WFCR [ETATICH (E] :

SEUH(THE (I, El: Ti{I} * I{I, Kj} «= CYTTIHE];

! Mipimiza the maximum cycla tima:
MIH = CYCTTIME;

! Tha X{I,J) assignmant variables ars kinary intsgears:
&FCE [TXE: &BIN(X]1) ;

END
Model: ASLBAL
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Plant | ocalion Model- CAPLOC

In this example, we build a meodal to balp decide what plants to open apd how mwach product to ship
from each plant to 2ach customer. A detailed discussion of this medel may be fmmnd in Cheprer 12,
Dievelaping More Advemced Models.

HODEL :
! Capacitatsd Plant Locaticn Prokblean;
EETE:

PLANTE: FCOET, CAP, CPEN;

CUSTOMERE : LEM;

ARCE ([ PLANTE, CUETCMERES] : OOET, VOL;
ENDEETE

DATA:
! The plant, their fix=d cocks
and capacity;
PLANTE, FCOET, CAP -

Fl 51 g
FZ T it
F2 24 a1;

! Cuskecmers and their demands;
CUSTOMERE, CEH =

Cl 15
Cz 17
C1 22
cd 12;

! The plant to cust cost/unit
chipment matrix;
O0ET = &

d
]

%
R
LR

=

]

a

ENCDATA

! The objective;
[TTL CCET] HWIN = @EUM( ARCE: COET * WVOL) +
oEUF( FLANTE: FCOET & OFEN) -

| The demand constrainte:
@FOR [ CUETIHERE ( J) : [DEMAND]
@ETM{ PLANTE([ I): VOL{ I, J)} == DEH{ J)]
(]

! The supply conotraints;
SFOR[ PLANTE{ I]: [SUPFLY]
@EUM | CUSTOMERE [ Jh: VOL{ I, J)1) w=
CAP{ I) * OPEH[ I}
(]

! Make OFPEN bdnary (0/1];

#FOR( PLANTE: &BIM( QPEN:);
END

Maodel: CAPLOC
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Generating Random Numbers Model- DEMRND

In cazes whers you are modeling under uncertaingy, it s wsafnl o kave a randoon munber generator o
bkelp simmlate a simation. LINGD supports the (@ /R4AND finction, which can be wsed o generate
sequences of psendo random nuanbers with vodform dismibuien kerween 0 apd 1. By using the sams
seed valne, you can recreate a series of muwbers. In this example, we generate 15 random mumbers,
and then wse them with the (@ PS5V and (@ PTD fanctions to generate abservations from both the anit
Mormal and T dismibunons.

HOLCEL :

! Ganerat= a g=ries of Hormal and T distribured
randon variables

ZETE:
EERIEE/S1..15/: T, EZHCRAM, ZIT:

ENDEETE

! Firgt uniform is arbitrary;
Ull]l = @EAND{.1234];

Generate the rest recursively;
FOR(EERIEE(I] | I #GT¥% 1:

Uil = @RAND(DJ(I - 1)

1

! Generate gom=...;
PR {EERIEE [I] :

1 Hornmal deviates...;
@PEM(ZHORHM (I} = W{Ll};

1 and t deviates[2 degrees of freedom];
@FTD(2, IT(I1} = W{Ll};

[ INCFM and IT may take on negaktive values;
@FREE [ZNOEM{I}); ®FEEE(ZTI(I]};

1
END
Maodel: DEMRND
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Scenano-based Portfolio Model Model- DNRISK

[o this model, we are affampting 1o cowme np with sn optimal portfolio that meets a certain level of
return while minimizing dewnside risk. Downstde risk 1= 2 measure of the nsk of fallng below our
target rapumn. An additonal fezmire of this model is it is scenario-based. More specifically, we hava
seven scenarios that will eack ooour with 2 given probabilicy. The modal incorporates this disothbudbon
of predicted cutcomes in deriving the opmual portfolic

HOCEL : ! [dorisk.lngl;
! Downsid= risk portfolio mod=l:
ZETE:
AESET: INVEEST: ! Ancunt to inw=st in =ach aos=t:
ECEMARRIO:
TRETEH, | Raturn und=r this sc=nario;
CRIZE: ! Downsid= risck und=r this cce=naric;:
TAELE{ SCEMARIC, AESET) :
ARETEH: ! Return in ccenaric I of acs=t J:
ENDEETE
DATA -

! Humbker of scenarios;
ECEMARIO = 1..7;

! Tha availabls ags=kts in which to inwvest;
AEEET = ATT @GMC TEX;
ARETRH =
-.071 .144 .1E9
L0BE 107 -.03E8
.039  .3221 .1313
L0Es L3I0E (732
L0900 .195 .021
L0e3  .230 .111
L35 - 072 LO00E;

! Dempired return;
I - .13,

! Threshold, bE=low which we are unhappy;
THEEEH = .11;

| Power to upe for risk(l or 2);
! When HPOW = 1, it is a linear program;
! When HPOW = 2 and thr=shold = d=gir=d return;
! it is the cemi-varisncs:
HEOW = 2
ENDDRTA

HECEN = @5IZIE( ECENARIO] ;

| Hinimize average downside rigk;
MIN = @ESUM( SCEMARIO: DRISK * NPOW) S NSCEM;

! Compute return for =ach scenario;
®FOR [ ECENARIOL I} :

TRETREN{ I] = @EUM( ASSET{ J):

ARETEM ([ I, J) * INVEET( J)1;

! .. and how mach w= £al1]l sheort of thresheld ;
CRISE( I} »= THREEH - TRETENI[ I} :

! Beturn in a pericd could be negative;

@FEEE [ TRETEM[ I}];

! Cur budget constraint(dividad by & kBdllion)
[EUDZET] @SUM{ AEEET: IMVEET ] = Ll:

! Jur degirsd returm:

[FRICER] @SUM{ SCEMARIO I): TRETRM( I}),/ NSCEN »= DREETURN:
ENL

Madel: DNRISK
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Dynamic Programming Model: DYNAMB

Drvnamic progranuuing (D) 1= a creative approach to problem solving that invelves breaking a larze,
difficul: problem into 3 series of smaller, ezsy to solve problems. By solving this senes of smaller
problems, we zre ahle o assemble the optimal soluton to the inttial large problem. A derailad
dizcussion of this moedal may be fonnd in Chapter 12, Davelaping More Advanced Models

HOCEL :
EETE :

! Dwpamic programning illustration [(ces And=rscon, Swesney &
Williame, An Intro to Hgt SEcisnce, Eth Ed.). We have a network of
10 cities. We wank ko find the length of the shortest route from
city 1 to cicy 10.:

! Here iz cur primitive get of ten cities, where F[i] represents thes
shortest path distance from city i te the last city:

CITIEE .l'.l..ll:'.l": F:

! The derivad get ROADE lists the roads that exist betwesn ths
citi=s [nokte=: mot all city pairs are direcktly linked by a road,
and roads are apsum=d to b= cnme way. )

ROADE (CITIES, CITIES)S

1,2 1,1 1.4
2,5 2,6 2,7
3,5 3,6 3,7
4,5 4.6
5,8 5,9
6,82 6,9
7,8 7,9
4,10
3.1':'.-". D
! D§i, j) is the distance from cikty i to j:
EMDEETE
DATR :
! The distances corr=sponding to th= links:
O m
1 5 2
13 12 11
E 1a 4
12 14
el a
E 5
B 1a
g
::
EMODATA
! If wvou are already in City 10, then the cost te travel to Cicy 10
iz Q;

F(@EIZE (CITIEE) )} = 0O,

! The following is the classic dymanic programming recursicn. In
words, th= shortest distance from City i to City 10 is the minimun
over all cities j re=achabls from i of the sum of th= distance from
i to j plus th= mininal distance from j to Cicw 10;

GPCRICITIES(i) | i #LT&# &EIZE(CITIEG) :

Fli] = @MIN[ROADS{i, §1: DIi, j} + Fiq1}

END
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Machine Repair Problem Model' EZMREFAR

Thizs model analyzes a quenmg system with a fixed population of members that periodiczlly require
servicing. Althouzh we model 3 commputer timesharing system in this example, this modal 1s ypically
refermred o as the mochme reparr probism, becauze one caxn think of it a5 applying to a group of
machines pertpdically requiring repair by a purober of service personnel. A detailed discussion of this
adel may be found mw Chapter 12, Developing More Advanced Wadeais.

HOCEL «

! Model of & computer timesharing system;

! The m=zan think time for =ach user [more
generally, Hezan Tine Batws=en Failurs=s in a
repair system] ;

MIEF = 40;

! The mnean kine toc process =ach compute requeskt
{nore geoerally, Mean Tim= To Repair in
seconds) :

MITE = 2;

! The ounbk=r of users:
HIUZER = 312

| Tha mumber of ::r'.re:::,-":l:e[::.irrlen,-
HEEPE = 1;

! The m=an nunber of users waiting or in searvics
{nore generally, the nzan ounber of nachine=s
down) ;

HOOEH =
@PFS {HTTE * NUSER/ MTEF, NREFR, NUEER):

The= cverall request for service rate= {(nore
generally, owverall failurs rat=], FR, muct
catisfy;

FE. = (NUSER - HDOWH) S MTBF:

Th= m=an tin= waiting for or in service {(more
generally, the mean time down), MID, must
catisfy;

HOOWH = FE * HTD:

ERD

Madel: EZMREFPAR

Simple Queuing Example Model EZQUEUE

Given a guens with & certain srriving load and mumber of servers, the @ FEL funcdon determiines the
fraction of customers lost due o all servers being busy. In this example, we nse (@FPEL to solve for the
wunber of servars thar lonit customer loss to 5%

HOCEL :

! Arriwval rate of custom=rsz/ hour:
AR = 2E;

! Bervice tine per custcomer in minutss;
ETH = E;

! Bervice tine per customer in hours;
STH = ETHM/ £0;

! Fraction customers finding all s=rvers busy;
FB = .05;

|The PEL function finds mumber of pervers pesdsd NE:
FE = @PEL[AR * 5TH, HE);

EHND

Maodel: EZGUEUE
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Markowitz Portfolio Example Model: GENFRT

o the March, 1852 tzsue of Jowrnal of Frnance, Harry ML Markowditz published ap amicle tited
FPorfeiio Selecron. In the article, ke demonstrares how to reduce the risk of asset portfolios by
selecting assets whose valies aren’t highly correlated. The follewins model implements these ideas in
constmicting a simple portfolio with three assafs. A detailed discussion of this model may be found in
Chapter 12, Developing More Advanced Models.

HOCEL :
| GENPET: Genesric Markowitz portfolic;
EETE :
ASEET/1..3/: BATE, UB, XI;:
COVHAT (AEEET, RAESET): V;
ENDEETS

DATA «

! The data;

! Expected growth rate of each asset;
FATE = 1.3 1.2 1.08;

! Upper bound on irvestment in each;
= = .7E .75 L5

! Cowvariance matrix;
ir 3 l -

" - 4
1
t

=k N

2z
-.4

! Degired growth rate of portfolio;
GROWTH = 1.1Z2;
EMCOATA

| The modsl;
! Min the warianoe;
[VAR] HIN = &CST0M[COWMATII, JI:
VI, J ¥ X(I) ¥ X(J1);

! Hugt ke fully inwvested;
[FULL] &EUM[REEET: X} = 1;

! Uppar bounds on =ach;

®FCR (AESET: @BMD(D, X, TB)1;

| Depired walus= or return after 1 pericd;
[FET] @SUM{ASEET: RATE * X] w»= GROWTH;

EHD

Maodel: GENPRT
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Job Shop Scheduling Model: JOBSLT

In this model, there are six jobs that can be done on one machine. The machive can only work oo one
job at 8 dme. Each job has a doe date. If we can't complate 2 job by its dae date, we do not take the
job. Cur chjectve is to maxinuze the total value of the jobs selacted.

Although we have based this mode] on a job shop scensrio, the basic principles should be applicable in
amy area where dme 1s the lmitng factor n decidmg what projects o undertake.

HODEL :
! Cne machine job selecticn;
EETE

IThar= are pix jobs =ach of which has a Tue Date,
Processing Time, WValu=, and a flag variable ¥
indicating if the job has besn selected.:

JUBSL. .6f: | Each job has a...;

CD, | Tue dste;
ET, ! Proce=msing tim=;

VAL, ! Value= if job ir sel=cted;

|

T = 1 if job io pelected, =lao= O;
ENDEETE
[ATA:
VAL = 3 2 4 X 4 &
0= 3 3 € & 7 2
PT = £ 2 4 3 1 2
ENDDATR

! Maximiz= the total value of the jobs tak=n;
HAX = TVAL;
TVAL = @SUM(JOE: WAL * ¥}
! For the jobs we do, we do in due date order;
2FOE {JOB [J] ¢
! Ooly joks with =sarlisr du= dates can
precede job J, and jobs must b= conpleted
by their due dates;
EUM [(JOE (I)| COI{Iy 4LTH DD(J) #OR#
(DO(I) #EQ% COOJ: $AND% I HLE# J):
FTII] * Y(I1} «= DDI(JI;
! Hake the ¥'s binary:
®BINI(Y) ;

1
EMD
Model: JOBSLT

Maiching Model Model: MATCHD

Pamr-marching problems require 2 number of objects be grouped into pams subject 1o some citteria. The
objective may be to muininvze cost, to group like objects, etc. As an example. the following matching
model pairs workers e offices to mininuze total incompatibilities befween paired individuals. A
demiled discussion of thiz model may be found i Chaprer 2, Using Sets.

HODEL «
EETE :
AMALYETE / 1..8/;:
PAIRE (AMALYETE, AMALYETE) | &2 #3T# &l:
RATING, HWATCH;

EHMLCSETE
DATR:
FATING =
g 31 4 2 1 E €
1 7 3 5 2 1
4 4 2 & Z
l1 5 £ 2
a 7T &
2 1
4;
EMCOATA

MIN = @EUM(FAIRE(I, J):

RATING (I, J1 * MATCH{I, Ji];

SFOR (AMALYETE (1) ¢

@EUMIPAIRE(J, K} | J #EJ% I #0R& E 4EQ# I:
MATCH (J, K1} = 1

] I

SPOR(PAIRE (I, J1: eBIN(MATCH(I, J)1);

EMD

Model: MATCHD
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Oplimal Airfine Overbooking 1 Model: OBOOKO

Closely related o the vewshoy problem (in a mathematical sensza) is the aifline-overbooking problem.
(ziven thar 3 certain percentage of flisrs with reservations will not show wp for 2 flighe, airlines thar
don't overzook will be sending most planes up with empry seats. Assuming the penalty cost fior
overbooking 15 not too high an sirlins that hopes to maximize revemne should overbiook its flights. The
following model detenuines the opimal munber of ressrvations to allow on 2 flighe, and assunes the
wnber of po-shows oo a fight has 8 binoanial dismibuton

HOCEL :
1

This ocwerbooking model determines the mumber of
regervations, M, to allow on & flight if the
no-chow distribution is binomial;

! Ecm= available data ;

H = 1&; ! total seats available;

V = Z2L; !Revenu= from a sold peat;

F = 100; !Penalty for a turned down customer;
0 = .04; !Prchability a customer is a no-show;

! The probability to turn down customers im
2FEN(Q, H, M - H), ther=for= the corr=sponding
expected losr due to imperfect information is:
[V + P) ¥ @FENIQ, H, M - H}, and w= want the
loes to egqual the rewvenue= ¥ on the margin. Eo,
the break-even egquation ig:;

[V + F] * @PEBN(Q, M, M - H] = V;

! Note, you should round up if M is fractional;

END

Maodel: OBOOKO

Minimal Spanning Tree Model- MSPAN

Io the minnmal spaoning mee, we nead o find 2 set of links (3 mea) in a nerwork that connects all cines.
Furthenmors, the sum of the distances over all the links m the mea should be mintmiized Amaong other
things, this applicadon is usefil in consmacting comuuumications networks at nunimal cost.

[t tarms ot that this becomes 2 very difficult problem to solve using optimizaton as the munber of
wodes grows. For large versions of this problem, the optimization technigues provided by LTNGO are
ot the appropriate tool. Ome would be wise to pursue altematives such as heuristcs or dynamic
Programmning

HOCEL :
!Given th= number of nod=s and the dictance
betwesn than, finding the shortest total dictance
of links on the petwork to coonect all the nodes
is the clasgic problen called minimal rpanning tre= [MET).
This mod=l finds the [MST} coonecting Atlanta,
Chicago, Cincionati, Houston, LA, and Montr=al so
that messages can be sent from Atlanta (bas=] tc
cthar citi=s through the network at ninimum coot;
CETE:
CITY f 1.. €f: TU; ! U[I] = lewal of ciky I;
UML) = 0
LIME(CITY, CITY):
DIET, | The dictanc= matrix;
X: ' X(I, Jf m 1 if we ua= link I, J:

EHDEETE
CATR: ! Motance matrix need not be symmetric;
! However, city 1l is bas= of th= tres;
'to: Atl Chi Cion Hou LA Heoo g
DIET = @ 702 4C4 42 238E 11586 lfrom Ael;
702 O 3124 1451 2136 TS lfrom Chi;
4C4 124 0 1137 2180 792 !from Cing
B42 1083 1137 0 1ele 12E7 !from Howu;
Z3ge 213€ 2180 1Ele 0 2900 !from LA;
11%¢ 754 7T%E 1BET 2900 g:; !from Mon;

ENDDATRA

! The mod=l pize: Warning, nay be slow for H »= 3;
H = &SLIEI(CITY];

! Minimiz= total distance of the lioks:
MIN = @EUM(LIME: DIST * X}

! For city K, swcspt the bap=, ... ;
@FOR [CITY (K] | K #3T#% 1:

! It must be snktered;
@EUM(CITY(I) | I #ME# B: X{(I, K}] = 1;
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! If ther= are Z disjoint tours from 1 ziey to
ancther, we can remove a link withoub
breaking conn=cticns. Hote: The=se ares not
very powserful for large problems;

@FOR (CITY (J) | J #GT# 1 HANDY J #NE% K-
VTl == TIE] + X (K, J} -
H- 21 % {1 -XIK, J} +
(H - 2] & XiJ, El: }:

! Ther= nuot b= an arc out of cicy 1;

@EUM [CITY [J)| J #3T# 1: X(1, Ji) »= 1;

! Make th= X's 0/1;:

@FCR (LINK: @BIN(X): }:

! The l=wel of & city ewcept the base iz at
le=apgt 1 but no more= than H-1, and ig 1 if it
links to the baps;

@FOR(CITY (K]l | XK #GT§# 1:
2BHD {1, TIE), 533538) .
TUIE)] «= H - 1 - [H - 2] * X{1, ¥]; 1
EMD
Maodel: MSPAN

Matenal Requirements Flanni Model- MRP

Marerial Requirements Planning, or MEER, is used to generate production schedules for the
mammifacture of complex products. MEP takes the demand schedule for a finished product and the lead
times to produce the finished product and all the varons subcomponents that go into the findshed
praoduct, and then works backwsrds to come up with 3 detailed, just-m-ome production schadule that

meets the dernand schedule. A daratled discussion of this model may be found in Chaprer 12,
Dievelaping More Advanced Models.

HOCEL :

! Data for thic mod=l is re=ad from HRP.LDT:
EETS:

! The set of partso;

FART: LT;

! LT(i) = Lead tim= to produce part i;

! The get of time periods;
TIME;

! A relationship called UEEE betwe=n pairs of parts;
UEEE [ PART, FART) : HWEEDE;
! Par=nt part i ne=ds NEEDE(i, j} units of

child part j;

! For =ach part and tine period we'rs interested in;
FIT{ PART, TIME};: ED, TD;
! ED[i, j] = External denand for part i at time j;
! TD(i, j] = Total d=nand for part i at tim= j;
ENLCEETE

CATA:
! Load th= data from an =<ternal £il=;

! Parts liskt;
FART = @FILE( 'MEF.LIT'):

! Tine= periods;
TIME = &FILE( 'MEF.LIT'];

! G=t th= par=ot child relations and the
nunber of parts required;
UEES, NEEDE - @FILE( 'MREP.LDT'};:

! Gat the l=ad tin=g from the file;
LT = @FILE[ 'HRP.LDT'}:

! Get the external demands
over time for =ach part;
ED = @FILE( '"HEP.LDT'}:
EHNCCATR
! Eet NP = no. of time periods in the= problem;
HPF = ®EIZE{ TIHE] ;

! For =ach part F and periocd T, the total demand =
external demand + de=nand generat=d by parents
on= lead time= in the future;
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@FCR[ PXT( P, T} | T + LT{ P) HLE# HP

T™{ F, T1 = ED{ F, T + LTI P1} +
@EUM[ USEE( P2, Pl: TD( P2, T + LT[ P11} *
HEEDE{ FZ, Pil:

DATh:

! Display a table showing the productiom achedule;
FTEXT{] = ' The production schadule:';

GTEXT{] = @&TRELE[ TD};

EMCODATA

EHD

Maodel: MRP

FProduct-Mix with Setup Costs Model- FRODMIX

In a produc-miz model, the decision is how much of 3 number of differanr produces should be
produced mo maxmmize tofal revenns. Each product coanpetes for a munbar of scarce resougcas. In this
examnple, we produce s different flving maclkines from six different raw marerials. This modzl alse
Las the fearure that, should we produce a given product, we or & fixed semp cost.

HOCEL :

EETE:
FLAMES/ ROCKET, METECR, ETRERE,

COMET, JET, EIFLAME /-

PROFIT, SETUP, QUANTITY, BULLD:
REECOURCES /ETEEL, OOFPER, PLASTIC,
RUEBER, GLASS, PAINT/: AVAILABLE:
BXP {RESCDRCEE, FLANES) : TSAGE;

ENLEETE
CATR:
FROFLT EETUFP =
in i5
4t z0
z4 EQ
Za 70
z4 75
in 10;
AVAILAELE =
EOD 1le® 1720 1050 130 1240;
UERGE = 1404 Z2 0
483010
0180010
2012165
242224
141413 4;
ENCDATA

HAX = @EUM(FLANEE: PROFIT*QUANTITY - EETUFY*BUILLD} ;

@FOF {RECOURCES (I} ¢
@EUM [PLANES [J) :
USAGE(I,J} * QUANTITY(J]} == AVAILABLE(I)
:I X
@FOF | PLANEE :
QUENTITY <= 400 * BUILD;
2B I {BUILD)
:I L
@FOH {BLANEE :
®3TH (IRHTITY)
] &

ED‘UE‘
Model: PRODMIX
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