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A DTU
T GAMS download =

WWW.gams.com

GAMS

Welcome to the GAMS Home Page!

The General Algebraic Modeling System (GAMS) is a high-level modeling system for mathematical programming
maintainable models that can be adapted quickly to new situations.

An Introduction to GAMS

Documentation (including FAQ)

Contributed Documentation

Presentations. Books. Posters f
Download Current GAMS System

Download Older GAMS Systems

* Contributed Software

- ® * @

L N ]

*® Courses and Workshops
* Mailing List. Google Group. and Newsletters

® The GAMS World
* Solution Specialists
# Other Sites on the Web
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E File Edit Search Windows Utilities Model Library  Help

IR
INEIEY

El%lil%lmlvm

T o] g[n]

T

Transporte.gms | Transportelst | Untitled 2.gms | Untitled_2.Ist || Equil_v4.gms  practlab2 gms
qui_v4.g

file
put

out Ssalida wl.outs;
onue ;

fjonuellist

option mcp = path

alias (N,MN1):

Positive Wariahles
carana (I, B) ,

delta(J),

eta(d, K,

phi (N,N1) ,

taol (N,N,L), tac2 (M, N,L),
Pgik (I, B} 'Potencias
Pdik(J, K} 'Potencias
Pgz2ib (I, B) 'Potencias
PdZ ik (J,E) 'Potencias

thetal (N,N,L), thetaZ (N,N,L)

Sets
I ' Generadores!
J ' Demandas'
E 'Blocues gen'
K 'Blocues dem'
o) 'Nudos'
L 'Parametro L'

# Programa para el Trabajo de la asigunatura de doctorador
* Modelos de Eguilibro en Mercados Eléctiricos

filwizg
f33*34s
/bl%b2/
/K3 *Ras
fnl+ngs |
fF11+11/ ;

por nudo v blogue!
por nudo ¥ blogue!

& Henerar,
de demands,
auxiliare=s a generar,

auxiliares de demandsa,

por nudo ¥ blogue'
por nudo ¥ blogue'

|»

Wariables
rho (M) ,
p (I, By,
nu(J, K]
. -
o | _'l_I
| B: 1| [Insert [
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INDUSTRIALES GAMS files

*GMS | | e)sT

GAMS

/
Input file Output file

/

4 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets

=
 cm

i



I

INDUSTRIALES
ETSII | UPM

* GMS

Input file

/

Additional input files
(optional)

GAMS files

e

—/‘

Model

Solver

GAMS

>

_./‘

Solution

=
—
=

<=

L=

ES
* LST
Output file
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Additional output files

(optional)

Tools for decision making under uncertainty in electricity markets
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INDUSTRIALE GAMS file structure

» Definition of sets, parameters, tables, variables, etc.

* Definition of objective function
 Definition of equality constraints

 Definition of inequality constraints
e Definition of the model
 Solve statement

 Display solution (optional)
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s GAMS basic commands

Command Purpose

Set(s) Name the indices and their possible values

Scalar(s) Name the scalars and assign them values

Parameter(s) | Name the vectors and assign them values

Table(s) Name arrays and assign them values

Variable(s) Declare variables, assign them a type (optional)

and give them upper and lower bounds

Equation(s) | Name the function to be optimized and the constraints

Model Name models and the list of associated constraints

Solve Tell GAMS the solver to be used and solve the model

Display Tell GAMS the elements to be listed in the output report

7 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets



Y

 laaal |

INDUSTRIALES E I
ETSII | UPM

Examples:

° SET j /ml,m2,m3/;
° SET j /ml*m3/;

° SET Jj /1*3/;

° SET j explanation /1*3/;

Related commands:

Alias (N,N1)

Card (N)

Ord (N)

8 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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SCALARS

amples:

SCALAR f /0.056/;

SCALAR f explanation /0.056/;

Lecture 1: “When uncertainty matters”
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wems PARAMETERS (vector of data)

Examples:

. PARAMETER a (i) capacity of plant i in tons
/pl 300
p2 500/;

° PARAMETER c (i, j) transportation cost
/pl.ml 300
pl.m2 500
p2.ml 400

p2.m2 250 /;

10 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Examples:

TABLE d(i,j) distance in km

IpreIALES TABLES (matrix of data)

ml m2 m3
pl 2 1.6 1.8
p2 2.5 1.2 1.4;

° for((i,J), c(i,j)=3);

° C(lrj) = 3;

° c('pl’,3) = 3

° c('pl’,'ml’”) = 3;

11 Lecture 1: “When uncertainty matters”
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Examples:

VARIABLES

° Variable x(i,]j) explanation;

° Variable a, b, c(i);

o Free Variable h;

o Positive Variable h;

Types:

Free, Binary, Integer,
Options:
x.lo(i,3)=20

x.fx(’il", ’7527)= 50

12 Lecture 1: “When uncertainty matters”

Positive and Negative

x.up(x,’j1’) = 50

x.1(i,3)=50

Tools for decision making under uncertainty in electricity markets
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EQUATIONS

Examples:

o Equation Egl Texto descriptivo;
Eql.. a =e= b*5 + 3 ;

o Equation Eg2 (i) Texto descriptivo;
Eql(i).. a =g= b(i)*5 + 3 ;

Types:

13 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Examples:

e MODEL Transporte /Eql,Eq2/;

° MODEL Transporte /All/;

14 Lecture 1: “When uncertainty matters”

MODEL

MODEL Transporte explanation /All/;

Tools for decision making under uncertainty in electricity markets
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Examples:

° SOLVE Transporte using nlp maximizing z;

° SOLVE Transporte using lp minimizing z;

Solver name Purpose

1p linear programming

nlp non-linear programming

dnlp non-linear programming with discontinuous derivatives
mip mixed integer programming

rmip relaxed mixed integer programming

minlp mixed integer nonlinear programming

rminlp relaxed mixed integer nonlinear programming

mcp mixed complementary problems

mpec mathematical problems with equilibrium constraints
cns constrained nonlinear systems

15 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Sufijos:

.modelstat
.Solvestat

.resusd

Opciones:

16

OPTION iterlim = 1le8

OPTION reslim = 1elO0
OPTION optcr = 0.1

OPTION optca =0

Lecture 1: “When uncertainty matters”
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SOLVE
Code modelstat solvestat
1 optimal (1p, rmip) normal completion
2 locally optimal (nlp) iteration interrupt
3 unbounded (1p, rmip, nlp) resource interrupt
4 infeasible (1p, rmip) terminated by solver
5 locally infeasible (nlp) evaluation error limit
6 intermediate infeasible (nlp) error
i intermediate non-optimal (nlp) -
3 integer solution (mip) -
9 intermediate non-integer (mip) -
10 integer infeasible (mip) -
11 - -
12 | error unknown -
13 error no solution -

°
7

[\o

[\o

[\o

Tools for decision making under uncertainty in electricity markets
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Examples:

17

DISPLAY c;
DISPLAY Eg2.m, Eql.m;
DISPLAY x.1;

DISPLAY “Hello!”;

Lecture 1: “When uncertainty matters”
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FUNCTIONS

Function name |

Description

abs(xr)
arctan(r)
ceil(x)
cos(x)
errorf(x)

exp(x)
floor(x)
log(x)
log10(z)
mapval(z)
max(x,&a,...)
min(x;.,xs,...)
mod(z,y)
normal(x,y)

power(x.y)

T % *yY
round(x)
round(z.y)
sign(x)
sin(z)

sqr(x)
sqrt(x)
trunc(z)
uniform (r,y)

Absolute value of

Inverse of the tangent function (in radians)
Smallest integer greater or equal to x

Cosine function (x in radians)

Cumulative distribution function

of the normal N(0, 1) distribution at x
Exponential function

Largest integer less or equal to x

Natural logarithm of =

Logarithm in base 10 of &

Mapping function

Largest value in the list

Smallest value in the list

Remainder obtained after dividing x by y
Random number from a normal random variable
with mean x and standard deviation y

Power function x¥ (where y must be an integer)
Power function x¥ (where z must be positive)
Round x to the nearest integer

Rounds x to y decimal places

Sign of x, 1 if positive, -1 if negative, and 0 if null.
Sine function (in radians)

Square of =

Square root of x

Is equal to sign(z) * floor(abs(x))

Random number from a uniform distribution U(x, y)

Lecture 1: “When uncertainty matters”
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FUNCTIONS SUM and PROD

Examples:

19

EQUATION Eq2(j):

Eg2(j).. a =e= sum(i, x(i,3) ):

EQUATION Eqg3;

Eqg3.. a =e= prod((i,J), x(i,3) )

EQUATION Eqg4;

Eq4.. a =e= sum(i, x(i,i) ):

Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Ex

amples:

FUNCTION $

c(i,j)S$(ord(i) ge ord(j)) = 1;

EQUATION Eqg2(j);:
Eq2 (j) $ (ord (7)

gt 2).. a =e= 1);

a = sum(i$(ord(i) gt 2), x(i,i) ):

y=1; aS(y < 5) = 3;

Logic functions:

and

; Or, not, Xxor

20
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FUNCTION FOR

ample:

for(itecount= 1 to 3,

Solve transport using lp minimizing z ;

b(j)=b(j)+ord(j):;
) s

Lecture 1: “When uncertainty matters”
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Example:

22

while (itecount le 3,

FUNCTION WHILE

Solve transport using lp minimizing z ;

b(j)=b(j)+ord(j):;
itecount = itecount+l;

) 2

Lecture 1: “When uncertainty matters”
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Example

Transport
problem

Lecture 1: “When uncertainty matters”
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e Transport problem example

Assume that a product 1s to be shipped in the amounts u4. ..., U,,. from each

of m shipping origins, and received in amounts vq,...,v,, by each of n ship-
ping destinations. The problem consists of determining the amounts z;;, to be

shipped from origins 7 to destinations 7, to minimize the cost of transportation.

24 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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1

. Data:

m: the number of origins.

n: the number of destinations.

u;: the amount to be shipped from origin 7.

;1 the amount to be received in destination j.

c;;: the cost of sending a unit of product from origin 7 to destination j.

2. Variables:

25

x;j: the amount to be shipped from origin ¢ to destination j.

It 1s assumed that these variables are non-negative, that 1s

rzij = 0i=1,...,m; j=1,...,n.

=7

Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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B Transport problem example

3. Constraints: The constraints of this problem are:

T
doxyy = wzi=1,...,m,
=1
T

ri; = v j=1,...,n,
i=1

4. Function to be optimized. In the transportation problem we are nor-
mally interested in minimizing the total cost of transportation (sum of the
unit costs times the amounts being shipped), that is, we

Minimize

26 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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e Transport problem example

Minimize
Il T
/= CijLij.
i=1 j=1
subject to
T
Yoxiy = wuy; Yi=1...m,
=1
e

Yoxy, = v Vi=1...n,
i=1
riy; = 00 Yi=1l...m:;7j=1...n,

27 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Transport problem example

1. Data:

.

.

the number of origins.

the number of destinations.

.. the amount to be shipped from origin 1.
;1 the amount to be received in destination 7.

: the cost of sending a unit of product from origin i to destination j.

where m = n = 3 and

1 2 3 2 5
C = 2 1 2 u= | 3 and v =1 2
3 2 1 4 2

28 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets
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Transport problem GAMS
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I
)
i
11}
I
ot L

rigins.
estinations.
= - - - = rr=r
sets members 1n a compact way.

]
[
%)
-
H.

i

FI1*I3/
S I1*J3/;

*+ First, 1ndices arse declars

** Tndex I 15 used to refer t

*#+ Tndex J 15 used to refer t

#+ Note how the symbol “#7 15
SETS

I index of shipping origins

J index of shipping destinations

m: the number of origins.

n: the number of destinations.

m=n=23
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*+ Vector
PARAMETERS
T{I) the
FI1
IZ
I3
V{J) the
FJ1
J2
J3

30 Lecture 1: “When uncertainty matters”

amount of good to be shipped from origin I

2
3
=7

amount of good to be received in destinmation J

L]

[ S

!

2 D

u= |3 |,andv=| 2
-— T -— J r T — . — — -— —_
La U{L)}) and }} are derined 85 paramerers

=
—
=

i

Transport problem GAMS

u;: the amount to be shipped from origin i.

v;: the amount to be received in destination j.

Tools for decision making under uncertainty in electricity markets



I

INDUSTRIALES
ETSII| UPM

I1
Iz
Iz

31

TABLE C(I,J)

P - - J - — — — L] :_' L] — — - T -
S Ao g e A= S a7
1= L{l,d) data macrlx 15 derined a5 8 Cablese
. A = 7 o
208 are as551lgneda o MaECrFrlX S1lSmeEnts

cost of sending a unit from origin I to destination J

Jl J2 J3
1 2 3
2 1 2
3 2 1:

=
—
=

i

c;j: the cost of sending a unit of product from origin ¢ to destination j.

[ I
Lo

C

o
o = D
—_ D
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Transport problem GAMS

my T T [ - o wp P, . N
* & = Aastas mS = = = = 2] =
L LIik= —r J._r_l_.l gaabd Macrlx 15 derined as a4 I ar A
1
- o Thmy 4= = - - - . L i
= iaca are ‘:55J.=u..._l\_-|. Lo MartrlxX Slemencs

TABLE C({I,J)}) co=t of sending a unit from origin I to destination J

- — -
J1 e J3
-
I1 1 P 3
- - -
Iz P 1 2
-
Iz 3 P 1;
= Ml = T T ETaET BT | + 3T e Swva Aoaam] 3vasd
e OpLIml1Z3ahlon Varldoles Irs decldrnsd.
- + % = rr e - st a3 T - - ] 7 3 ]
*+ First, the objective functieon variable (z) 15 declaresd.
- =+ e mEaT Rt Ee tramialR] e e e T T TT e TEAT e = e Ame ] s
WeXLT, LS raemalnlllg varldoles 100 Controlllng l1nadloss dre aecldrsed.

[(VARTABLES
= ocbjective function wvariable
X(I,J)y the amount of product to be shipped from origin I to destination J:;
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I _-_'.-‘-.\_-'_5 oI Arlaples ars oLl wWisll L1l crne roflilo L Ll Sentence.
= 1rn Lie LCransportaClan problem, 4141 Lhne vVvarladbles gre posS1ITlve eXoeEph
- __— o — K e e =
= Lrne aD]Jectlve Iunctlan varlidole.
POSITIVE VARTARLE x(I,J):
. -
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Transport p

H
3

- — —_ 2 —_ -
ne Lypes Varigoles dre Jglven Il
= Iln choe Cransportation probiem, 211
, - . . — - e e
= che gbjecCive rTunctlion variable.
POSITIVE VARTARLE x(I,J):
- Lrch S, T a~rtTtra SR~ T - merrm = e mwm w
E :'.-\.-'___-.-J.-\._ IUunccloll = atlon 15
, —- e - L _ R
= I'he remalning S1Xx eguartlions are dec
1 — - - L] — L] L] - — -
= 85 CWo 1lndsex-dependsent Sguablions.

EQUATIONS

COS5T objective function eguation

SHIP(I)
RECEIVE (J)

34 Lecture 1: “
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receiving egquation:;
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roblem GAMS
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Example

Run

the model

Lecture 1: “When uncertainty matters”
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-——— C08T =E= ogobjective function eguation
CoST.. =z - x(I1,J1) - 2*x(I1,J2) - 3#*=x(I1,J3) - 2*x(I2,J1) - x({I2,J2)

- 2#%x (I2,J3) - 3*x(I3,J1) - 2*x(I3,J2) - =x(I3,J3) =E= 0 ; (LHS = 0)
———— S5HIP =E= shipping eguation
SHIP(I1).. =({I1,J1) + =x=(I1,J2) + =(I1,JdJ3) =E= 2 ; (LHS = 0, INFES = 2 ###%#)
SHIP(T2).. =x=(I2,J1) + x(I2,J2) + =(I2,J3) =E= 3 ; (LHS = 0, INFES = 3 ##%#%w¥)
SHIP(I3).. =x=({I3,J1) + x(I3,J2) + =x(I3,Jd3) =E= 4 ; (LHS = 0, INFES = 4 #®#®*%#)
———— RECEIVE =E= receiving equation
EECEIVE (J1).. ==(I1,J1) + =(I2,J1) + =(I3,J1) =E= & ; (LHS = 0, INFES = 5 ##&#=#)
RECEIVE (J2) .. =(I1,J2) + ={I2,J2) + =(I3,J2) =E= 2 ; (LHS = 0, INFES = 2 ###w)
RECEIVE (J3) .. =(I1,J3) + =(I2,J3) + =(I3,J3) =E= 2 ; (LHS = 0, INFES = 2 ##~##)
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MODEL STATISTICS
BLOCES COF EQUATTCHNS

BLOCES OF VARIABLES
HON ZERC ELEMENTS
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st file

SINGLE EQUATICHNS 7
SINGLE VARIABLES 10
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AL st file
S OLVE SUMHMARTY
MODEL Lransport CEJECTIVE =z
TYPE LP DIRECTIOCN MINIMIZE
SOLVER CPLEX FRCHM LINE 77
k&k&® GOLVER STATUS 1l Normal Completion
#x&xx MODEL STATUS 1l Cptimal
#xkd OBRJECTIVE VALUE 14.0000
RESOURCE USAGE, LIMIT 0.031 1000.000
ITERATION COUNT, LIMIT S 2000000000

41 Lecture 1: “When uncertainty matters” Tools for decision making under uncertainty in electricity markets

=
—
=

i



I

INDUSTRIALES
ETSII | UPM

42

———— EQU S5HIP
LOWER
I1 2.000
IZ 2.000
I3 4.000

———— EQU RECEIVE

LOWEER
J1 2.000
J2 2.000
J3 Z2.000

Lecture 1: “When uncertainty matters”

st file

shipping equation

LEVEL UPPER
2.000 2.000
3.000 2.000
4.000 4.000

LEVEL UOPPEER
=.000 2.000
2.000 2.000
2.000 Z2.000

MARGINAL

1.000
2.000

receiving eguation

MARGINAL

1.000
EF5S
—-1.000

Tools for decision making under uncertainty in electricity markets

=
—
=

i



Y

 laaal |

INDUSTRIALES

ETSII | UPM

--—- VAR x

I1.
I1.
I1.
LJ1
2
LJ3
I3.
I3.
I=.

Iz
Iz
Iz

43

J1
J2
J3

Jl
J2
J3

Lecture 1: “When uncertainty matters”

LOWER LEVEL
2.000
1.000
2.000
2.000

2.000

st file

UPPER

+INHF
+INHF
+INHF
+INHF
+INF
+INF
+INF
+INF
+INHF

the amount of product to be shipped from origin I to destimation J

Tools for decision making under uncertainty in electricity markets
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Thanks for your attention!
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