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® Brewing beer with GAMS

® QOptimization hierarchy, solvers and modeling languages
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The local brewery produces two varieties of beer (lagers and ales) which are
marketed in taverns and grocery around town. At the moment, they are
planning production for fall. Each beer requires malt, hops and yeast. The
lagers return $120 in profit per batch while ales earn only $90 per batch.
Lagers are made with German hops, while ales are made with Wisconsin
hops. There are currently sufficient German hops in stock for 1000 batches
of lager and Wisconsin hops for 1500 batches of ale. Lager requires 4 kg
of malt per batch while ale uses only 2 kg. Both beers require one kg of
yeast per batch. There are 1,750 kg of yeast and 4800 kg of malt on hand.

What quantities of lager and ale should be produced from these supplies
to maximize total profit assuming that all that are made can be sold?
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Beer Production Data W

Recipe for brewing beer
kg per batch
malt yeast German Hops Wisconsin Hops | Profit ($)
Lager 4 1 1 0 12
Ales 2 1 0 1 9

Current inventory (kg)
‘ malt yeast German Hops Wisconsin Hops

in stock | 4800 1750 1000 1500
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Elements of the profit maximization model Y

@ Decision variables
x : number of batches of lager produced
y : number of batches of ales produced
® Constraints
4x + 2y < 4800 (malt budget)
x +y < 1750 (yeast budget)
x < 1000 (German hops budget)
y < 1500 (Wisconsin hops budget)
0 < x (non-negative lager production)
0 <y (non-negative ale production)
© Objective function
max 12x + 9y (profit)

in which max means maximize.
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Brewery Profit Model (optimization format) ¥

max 120x + 90y
X7y

subject to:
4x 4+ 2y <4800

x +y < 1750
0 < x < 1000
0<y <1500

¢ Note that this is an instance of a linear program (LP), which is a type
of optimization model.
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Decision Variables and Parameters W

max 120x + 90y
7.y

X

subject to:
4x 4 2y <4800

X +y < 1750
0 < x < 1000
0 < y < 1500

® Decision variables are the unknowns (endogenous), and parameters
are data (exogenous)
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Brewery Profit Model — Generic

max ryX + ryy
X,y

subject to:
aixx +ayy < b

axx + azyy < by
e < x < uy

ly <y<u

® By changing the parameters, we create a different instance of the
same model.

® |t is good practice to separate parameters (data) from the algebraic
structure of the model.
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Brewery Profit Model — GAMS Studio for Windows/Mac

2 GAMS Studio
File Edit GAMS MRRO Tools View Help

&0 tod b-u-

brewery.gms [
1 STITLE Brewery Profit Maximization

variables X Production of lager,
Y Production of ale,
4 Profit (maximand):

nonnegative variables X, Y

equations malt Malt budget,
yeast Yeast budget,
profit Defines Z;

malt.. 4 % X 42 %Y =L= 4800:
yeast.. X + Y =L= 1750;
profit.. Z =e= 12 * X + 9 * ¥;

X.UP = 1000;
Y.UP = 17507

MODEL  BREWERY /malt, yeast, profit/;

solve BREWERY using LP maximizing Z;
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Brewery Profit Model — IDE for Windows

8% gamside: DA\Opti Lect BabyLP yapr - [DAOptimizationiL. =] ). e

%% File Edit Search Windows Utiities Model Libraries Help

BEE o T )

brewery.gms
TITLE Brewery Profit Maximization a
ariables X Production of lager,
v Production of ale,
z Profit (maximand):

nonnegative variables X, ¥;

equations malt Malt budget,
vyeast  Yeast budget,
profit Defines Z;

alc. . 4 =X+ 2=
veast. . X + ¥ =L= 1750;
profit.. Z =e= 12 * X + 3 % ¥;

.UP = 1000:
Y.UP = 1750:

MODEL ~ BREWERY /malt,

yeast, profit/;

solve BREWERY using LF maximizing Z;

1: 1 Modified Insert
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Brewery Profit Model — GAMS Code

1€ gamside: DAQpi <t BabyLP gpr - DACptimization\L.. .| ) [RES

%E File Edit Search Windows Utilities Model Libraries Help

lE R T eelal &

brewery. gms
TITLE Brewery Profit Maximization -
ariables x Production of lager, Decision variables are written in upper case. GAMS
¥ Production of ale, 1 N R . . R R
z Brofit (maximand); is case-insensitive, yet this is a formatting technique

which makes it easier to read GAMS models.
nonnegative variables X, ¥:

equations malt Malt budget,
yeast  Yeast budget,
profit Defines Z;

malt.. 4 *X + 2 * Y =L= 4800; . . . . ..
N This model is written with explicit values

veast. . X + ¥ =L= 1750; < 1 which is not good programming practice
Better to read the data into parameters and
profit.. Z =e= 12 * X + 9 * X; . .
then express the equations of the model in
terms of the parameters.

.UP = 1000;
¥.UB = 1750;

| variables entering a GAMS model are those which
enter the equations of the model. For linear
i programming models, one free variable must be
ER—— 3 used to define the objective function
1: 1 [Modified Insert

MODEL  BREWERY /malt, yeast, profic/: < A GAMS model is a collection of equations. The

solve BREWERY using LP maximizing Z;
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Brewery Profit Model — Solution Listing

55 gamside: DAO) gpr - [DAO| + B

%a Fle Edit Search Windows Utilities Model Libraries Help

S
] 5] % ¥ %] o s|s]l -
bromenyoms [ bremeny st _brewery2 ams | brewery2 s |

Gompilation I5M ILOG CPLEX 24.7.1 56632 Released Mar 14,
Equation Listing  SOLVE BREWERY Using LPFrom | coaoy 12.6.3.0
Equation

Golumn Listing ~ SOLVE BREWERY Using LP From

2016 WEI x86 64bit/M5 Windows

Column Space for names approximately 0.00 Mb
Model Statistics SOLVE BREWERY UsingLPFrom | Use cption 'names no' to turn use of names off
Solution Report  SOLVE BREWERY Using LP From

& SoEGU LP status(l): optimal
mal Cplex Time: 0.00sec (det. 0.01 ticks)
yeast Optimal solution found.
b gl Objective : 17700.000000
LOWER LEVEL TUPPER  MARGINAL
---- EQU malc -INF  4800.000 4800.000 1.500 |
- EQU yeast -INF  1750.000 1750.000 6.000
- EQU profit . . . 1.000
malt Malt budget
veast Yeast budget
profit Defines Z
LOWER LEVEL TUPPER  MARGINAL

- VAR X . €50.000 1000.000
VAR ¥ . 1100.000 1750.000
VAR Z ~INF  17700.000 +INE

X Production of lager
¥ Production of ale
Profit (maximand)

o

100: 1
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Brewery Profit Model

GAMS Code with Parameters

2 BabylP\brewery2. L2 i) ‘ﬂ&

55 gamside: DAQ, \brewery.gpr - [D i 4

%= File Edit Search Windows Utilities Model Libraries Help

brewery.gs || brewery2 gms

0] 5] %] ¥ | % o= BRI T

STITLE Brewery Profit Mawimizatiom

parameters
meltq Quantity of malt on hand
yeastq Quantity of yeast on hand

malex  Malt requirements —- lager /4
malty Malt requirements —- ale /2
profitx Unit profit -- lager /
profity Unit profit -- ale ;

ariables x Production of lager,

¥ Production of ale,
z Profit (maximand);

nonnegative variables X, ¥;

equations malt  Malt budget,
yeast  ¥Yeast budget,
profic Defines Z;

alt. . maltz * X + malty * ¥ malcq:
veast.. X+ yeastq:

profit.. profitx * X + profity * ¥;
TP = 1000;

¥.UP = 1750;

MODEL ~ BREWERY /malt, yeast, profic/;

solve BREWERY using LP maximizing Z;

‘ I

36: 1 [Modified Insert

Declare parameters (scalars) and provide initial values. We
then use these in the model in place of explicit values. This
programming technigue permits us to solve the model in

sequence with different parameter values.

The most interesting answer to any question in economics
is... "It depends".
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Brewery Profit Model — Reporting

brewery gms |[[brewery2 gms

solve BREWERY using LP maximizing Zi

|summary (X", "Ref") = X.L:
summary ("Y", "Ref") = ¥.L:

summary ("malt", "Ref") = maltx*X.L + malty*Y.L:
summary ("yeast”, "Ref") = X.L + Y.L;

[summary ("Z", "Ref") Z.L;

GAMS is a scripting language, and therefore
it is quite forgiving. Parameters may be
declared without a dimension or domain,
leaving these to be determined by how they
are used. Inthis case, GAMS ascertains that
summary is a two-dimensional object when
it is assigned.

<variable>.L returns the "level value" of a variable (or equation). This the numeric value of the variable, in this case, at

the solution of the linear program.

Note that level values can be used in calculations. Here we calculate the quantity of malt and quantity of yeast employed

inthe LP solution.

As a programming language, GAMS incorporates both declarative and procedural elements. The model equations are
declarative. The assignment of values to the report parameter (summary) is procedural
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Brewery Profit Model — Sensitivity Analysis

e 3 Optmz:
85 gamside: DAOy vgpr- DA =

wa File Edit Search Windows Utiities Model Libraries Help

O ] Er]
brewery gms | brewens st [[brewenZ.oms breweri2let |

Solve BREWERY using LP maximizing 2: x
paraneter summary Summary of solution values;

lsummazy ("Z", "Ref") = 2Z.L;

lsummazy (K", "Re£") = X.L:

lsummary (YT, "Ref") = ¥.L:

summary ("malt”,"Ref") = maltx<X.L + malty~¥.L;
jsummary ("yeast", "Ref") = X.L + Y.I;

altg = maltq + 1;
solve BREWERY using LP maximizing 2:
aleg = maltg - 1:

jsummary ("Z", "maltq”) = Z.L;

lsummazy ("X, "maltq”) = X.L;
lsummazy ("E", "maleq”) = Y.L

summary ("malt”,"maltq) = malexsX.L + maloys¥.L:
summary ("yeast", "maltg”) = X.L + Y.

veasty = yeastg + 1:
Solve BREWERY using LP maximizing Z:
eastq = yeastq - 1:

summazy (727, "y

lsummary (K",
summary ("¥", yeasta”) .
jsummary ("malt”, "yeastq") = maltx*X.L + malcy*Y.L:
jsummazy ("yeast", "yeasta”) = X.L + Y.L;

display swmmary:

R —— G

451 Modified Insert
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Brewery Profit Model — GAMS IDE Listing

ationhLectures\2.BaByLP\Drewer s s e

—
s gamside: DAOptimization\Lectures\2.BabyL P\brewery.gpr - [D:\Opti

ﬁ Eile Edit Search Windows Utilities Model Libraries Help =& %
B 0] % % | e = | &|m]l - @
brewerny.gms: | brewery.lst ‘ brewery2. gms ”m
Compilation FAMS 24.7.1 1xr56632 Released =+
Equation Listing SOLVE BREWERY Using LP From line 34 Brewery Profit Maximization
+- Equation ) T )
Column Listing  SOLVE BREWERY Using LP From line 34 Compilatioaon
+- Column
Model Statistics SOLVE BREWERY Using LP From line 34
Solution Report  SOLVE BREWERY Using LP From line 34 5
+- SolEQU -
+- SolVAR 3 parameters
Equation Listing SOLVE BREWERY Using LP From line 48 4 maltg Quantit
+- Eqguation 5 N
ColumnlListing ~ SOLVE BREWERY Using LP From line 48 yeastq Quantit
- Column 6 maltx Malt re
Model Statistics SOLVE BREWERY Using LP From line 48 7 malty Malt re
Solution Report  SOLYE BREWERY Using LP From line 48 8 profitx Unit pr
i SolEqy 3 rofity Unit pr
- SolAR B vuRiT R
Equation Listing SOLVE BREWERY Using LP From line 60 10
+- Equation 11 wvariables X
Column Listing  SOLVE BREWERY Using LP From line 60 12 ¥
+- Column
Model Statistics SOLVE BREWERY Using LP From line 60 13 z
Solution Report  SOLVE BREWERY Using LP From line 60 14
- SolEQU 15 nonnegative variables
+- SolVAR 15
Execution .
+- Display q b
1:1
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Brewery Profit Model — Summary Listing

EE gamside: DAO vapr-IDAG) Babyl

%2 Ele Edit Search Windows Utiliies Model Libraries Help —=]x

EC O T el
brewery. ams | brewery st | breven2 ams || remer2 bt

Compilation <+~ REPORT SUMMERY : o NONOPT -
I EEEZ:?ZZ Listing - SOLVE BREWERY Using LP From line 34 0 INFEASTSLE
Column Listing  SOLVE BREWERY Using LP From line 34 0 UNBOUNDED
&~ Column GAMS 24.7.1 rS6632 Released Mar 14, 2016 WEX-WEI
Model Statistics  SOLVE BREWERY Using LP From line 34 Brewery Profit Mawimization
Solution Report  SOLVE BREWERY Using LP From line 34 e .
& saboy xecution
- SolVAR
Equation Listing SOLVE BREWERY Using LP From line 48
#- Equation | ARAIE i
Column Listing ~ SOLVE BREWERY Using LP From line 48 5 TER summazy  Summary of selusion
&~ Column
Model Stafistics - SOLVE BREWERY Using LP From line 48 Rer maltq veastq
Solution Report  SOLVE BREWERY Using LP From line 48
T ok 2 amos.cos 110100 17706.000
Equation Listing  SOLVE BREWERY Using LP From line 60 x §50.000 650.500 649.000
&~ Equation v 1100.000  1082.500  1102.000
L Golumn Listng - SOLVE BREWERY Using LP From e 80 . 4200.000  4801.000  4200.000
Wodel Statistics - SOLVE BREWERY Using LP From line 60 veast  1750.000  1750.000  1751.000
Solution Report  SOLVE BREWERY Using LP From line 60
&~ SolEQU
- SolVAR
Execution
E- Displa EXECUTION TIME = 0.000E+0000 SECONDS 3 [
<= »

4341

17 /25



Sensitivity Analysis and Marginal Values

® Solution listing from the first solve (reference case):

LOWER LEVEL UPPER MARGINAL
---- EQU malt -INF  4800.000 4800.000 1.500
---- EQU yeast -INF  1750.000 1750.000 6.000
---- EQU profit . . . 1.000

® Results from the piecemeal sensitivity analysis:

-——- 69 PARAMETER summary Summary of solution values

Ref maltq yeastq
A 17700.000 17701.500  17706.000
X 650.000 650.500 649.000
Y 1100.000 1099.500 1102.000
malt 4800.000 4801.000 4800.000

yeast 1750.000 1750.000 1751.000

® Notice how changes in the value of Z correspond to marginal values
in the reference case solution.
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Background Reading: Introduction to GAMS

https://www.gams.com/latest/docs/UG_Tutorial.html
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https://www.gams.com/latest/docs/UG_Tutorial.html

Outline W

® QOptimization hierarchy, solvers and modeling languages
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Optimization Hierarch Y

e Categories of models: LP, QP, MIP, NLP, MCP
types of variables (continuous versus discrete)
types of constraints (equations, inequalities, linear, nonlinear)

types of cost functions (quadratic, convex nonlinear, conic, ...)
Example: every linear program (LP) has

® continuous variables
® linear constraints
® 3 linear cost function

o Algorithms: gradient descent, simplex, interior point, quasi-Newton.
e Solvers: CPLEX, Mosek, Knitro, Minos, Conopt, Ipopt, Gurobi, Path
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Optimization Methods Y

Numerical (usually iterative) procedures can solve instances of
optimization problems. Typically, more specialized algorithms are faster.
For example, quadratic programs are a particular type of nonlinear
program. When a QP is convex, it can be solved using an interior point
linear programming solver such as CPLEX or Mosek, and these solvers will
be much more efficient than general purpose nonlinear optimization solvers
such as Conopt or Minos.

generic

generality

specialized
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Solvers are implementations of algorithms. Sometimes they can be
quite clever!

typically implemented in C/C++ or Fortran
® may use sophisticated error-checking, complex heuristics etc.

Availability varies:

some are open-source
some are commercial
some have .edu versions
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Modeling Languages \/

Modeling languages provide a way to interface with many different solvers
using a common language.
® Can be a self-contained language (GAMS, AMPL)
® Some are implemented in other languages (JuMP in Julia, CVX in
Matlab)
® Availability varies:

some are open-source
some are commercial
some have .edu versions

24 / 25



Solvers in GAMS

Options - ~ -
Editor | Execute | Output  Sotvers | Licenses | Colors | File Extensions | Charts/GDX | Execute? |

Projece Defaults - Reset | Legend

Salver l:\feme ) o | PlME i | e | | |
RLPRAECP 62 days| - B

[a¥PL 62days - - - - - - -
[ANTIGONE |Demo - - . B T - B
BARON 82 days| - | - . R T e -
GNP [62days . . .

BENGH  [s20ays - - T == -1-
GONMN[62 days . .

GONMINR[52 days . .

cec 82 days: . . -
CONGPT[s2days - - . T
CONVERT [s2days - - T == -1-
COUENNE  [s2days - - . . P .
X [s2days . B . -

DE 82 days -

DECTS 62 days .

DECSC  [62 days B

DECEM [62 days B

DICOPT[62 days . .

EAMNER 62 days - 1111111 - 1-1-1-
GAMSCHK |82 days - P [ I I N [P I R e

GLOMIGD (62 days . . .
GUROE (62 days . - . I

FOPT s20ays - | - . P [P R R
FOFTH  [s2days - - . P [P R R

3 52 days .

WESREL  [s2days - | - | - - - - - - oo
KWTRO  [s2days - - . . DR EEE
60 8200y | - . P [P R R I
TNDo Demo R P P P [P R R
NDOGLOBAL[82 days | - . P PR P [P R R

NGO B20ays | - - e - -
[OCASOVER|Demo |+ - P P P P .
OGMP (82 days .

Vv OK X Cancal
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Using Solvers in GAMS ¥

® Default solvers can be assigned for different problem types.

® A specific solver can be selected. For example, we can use the NLP
solver to solve a linear program:

option LP=conopt;

solve BREWERY using LP maximizing Z;
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Command Line Tools for GAMS (Text Editors)

EMACS (GAMS mode from ShiroTakeda)

Lugaru Epsilon (commercial version of EMACS)

VSCode (gms mode by Laurent Drouet)

ATOM (popular text editor with atom-language-gams by xhokir)
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Evaluation License for Epsilon

& Lugaru Software Ltd X+

<« C @ https//www.lugaru.com

LU@ ar-u software Ltd. L P
ugaru’se

silon

programmers edior
R

Lugaru Software, Ltd. makes the Epsilon Editor, an EMACS-style pr 's text editor for Windows, Linux, Mac OS X,
FreeBSD, OS/2 and DOS.

Purchase Epsilon Register Online. Download an evaluation More downloads.
Quick links

Latest News

® 26 May 2021 Epsilon 14.04 minor update available.
® 4 July 2021 New Evaluation Version of Epsilon 14.04 Available.

® 20 October 2020 Epsilon 14 released! Read about the new features, or order your update. Epsilon 14 includes both 64-bit and 32-bit downloads, supports the latest OS
versions, and includes a variety of new features and enhancements.

® 8 March 2020 MacOS users: Apple's new macOS 10.15 Catalina update is unable to run 32-bit programs like Epsilon 13. Users of macOS 10.15 or later should update to

Epsilon 14
® 6 February 2015 A note on running Epsilon 13 on 64-bit Linux systems. (Does not apply to Epsilon 14.)

® Latest downloads: Insert and increment, Indent to column, Revised Algol68 mode, New CMake mode, Improved Matlab mode, Show XML attributes, Mac Epsilon launcher,

Locations on our Web Server

@ Basic Information on ‘Why you really, really need to buy Epsilon right now.

Epsilon
@ AHistory of Epsilon ‘Why you really, really need to update your copy of Epsilon right now. Descriptions of new features added in each version.
& Testimonials Customers tell us how great Epsilon is.

https//www.ugaru.com/updinfo html

702 AM
R Type here to search 5 171902021
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