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Agenda

ÅWednesday 9:00-12:00, 
ïErwin: Intro, GAMS/GDX

ÅWednesday 13:30-16:00
ïPaul: Gdxviewer, Excel

ÅThursday 9:00-12:00
ïErwin: Advanced GAMS/GDX, Databases, 

Applications

ÅThursday 13:30-16:00
ïPaul: Tools, Charting, Other subjects (let us know)  



Ordering

ÅThe way GAMS and GDX order data is 
somewhat unique

ÅOften automatically what you want, but 
sometimes a surprise

ÅWe need some background info to understand 
the behavior



Set Implementation

ÅGAMS stores a single large pool of set 
elements. This pool can be displayed as 
follows:
ÅAlias (*,pool);

ÅDisplay pool;

---- 21 SET pool  Aliased with *
seattle ,    san-diego,    new-york ,    chicago,    topeka



Set Ordering

set
i /a,c/
j /b,c/

;
display j;

----5 SET j
c, b

alias (pool,*);
display pool;

----8 SET pool Aliased with *
a, c, b

The ordering  looks 
strange

Reason: the ordering 
in the pool (aka 

universe)

Note: set j is called 
unordered



Set Ordering 2

set 
t1 /2001*2005/ 
t2 /2000*2006/;

display t2;

----5 SET t2
2001, 2002, 2003, 2004, 2005, 2000, 2006

This is probably 
unwanted. Also 

parameters  based on 
t2 will be displayed 

reordered.
Quick solution: use a dummy set

set 
dummy /2000*2010/
t1 /2001*2005/ 
t2 /2000*2006/; 

display t2;

---- 6 SET t2  
2000, 2001, 2002, 2003, 2004, 2005, 2006



Unordered sets

ÅCannot use ord() on unordered sets



Unordered Sets (2)

Pool of uels

Ordered if arrows 
ŘƻƴΩǘ ŎǊƻǎǎ



Explanatory text set elements

ÅLimited value, not visible in display

01, 02 is explanatory text for set 
elements. I use it mainly for self-

documentation. They are 
preserved in the GDX file.



Solving Linear Equations

ÅSolve Ax=b for x

ÅOften not a good idea to calculate A-1

ÅIn GAMS we can solve by specifying Ax=b as 
equations



Inverse

ÅIf you really want the inverse of a matrix:

IAA =-1

i.e. solve for A-1



Speed Up: Advanced Basis

ÅWe can provide advanced basis so the 
calculation takes 0 Simplex iterations

ïInv.m(i,j) = 0;  (var: basic)

ïInverse.m(i,j) = 1; (equ: non-basic)

method=1   method=2   
n=50       0.637       0.433    
n=100      8.267       4.036    
n=200    313.236      53.395 



External Solver using GDX

execute_unload'a.gdx',i,a;
execute '=invert.exe a.gdx i a b.gdx pinva';
parameter pinva(i,j);
execute_load'b.gdx',pinva;

i,A(i,j)

pinvA(i,j)

InvertGAMS

a.gdx

b.gdx



Test Matrix:PeiMatrix
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method=1   method=2   method=3
n=50       0.637       0.433      0.027
n=100      8.267       4.036      0.055
n=200    313.236      53.395      0.118



Other tools

ÅCholesky

ÅEigenvalue

ÅEigenvector



Max Likelihood Estimation

ÅNLP solver can find optimal values: estimates

ÅBut to get covarianceswe need:

ïHessian

ïInvert this Hessian

ÅWe can do this now in GAMS 

ïKlunky, but at least we can now do this

ïGDX used several times



MLE Estimation Example
*  Data:
*  Number of days until the appearance of a carcinoma in 19
*  rats painted with carcinogen DMBA.

set i /i1*i19/;
table data( i ,*)

days   censored
i1        143
i2        164
i3        188
i4        188
i5        190
i6        192
i7        206
i8        209
i9        213
i10       216
i11       220
i12       227
i13       230
i14       234
i15       246
i16       265
i17       304
i18       216     1
i19       244     1

;

set k( i ) 'not censored';
k( i )$(data( i,'censored ')=0) = yes;

parameter x( i );
x( i ) = data( i,'days ');

scalars
p 'number of observations'
m 'number of uncensored observations'

;

p = card( i );
m = card(k);

display p,m;



MLE Estimation

* -------------------------------------------------------------------------------
* estimation
* -------------------------------------------------------------------------------

scalar theta 'location parameter' /0/;

variables
sigma 'scale parameter'
c     'shape parameter'
loglik 'log likelihood'

;

equation eloglike ;

c.lo = 0.001;
sigma.lo = 0.001;

eloglike .. loglik =e= m*log(c) - m*c*log(sigma)
+ (c - 1)*sum( k,log (x(k) - theta))
- sum(i ,((x( i ) - theta)/sigma)**c);

model mle / eloglike /;
solve mle maximizing loglik using nlp ;



Get Hessian

* -------------------------------------------------------------------------------
* get hessian
* -------------------------------------------------------------------------------
option nlp =convert;
$onecho > convert.opt
hessian
$offecho
mle.optfile =1;
solve mle minimizing loglik using nlp ;

*
* gams cannot add elements at runtime so we declare the necessary elements here
*
set dummy /e1,x1,x2/;

parameter h(*,*,*) ' - hessian';
execute_load " hessian.gdx",h ;
display h;

set j / sigma,c /;
parameter h0( j,j );
h0(' sigma','sigma ') = h('e1','x1','x1');
h0(' c','c ') = h('e1','x2','x2');
h0(' sigma','c ') = h('e1','x1','x2');
h0(' c','sigma ') = h('e1','x1','x2');
display h0;



Invert Hessian

* -------------------------------------------------------------------------------
* invert hessian
* -------------------------------------------------------------------------------

execute_unload "h.gdx",j,h0;
execute "=invert.exe h.gdx j h0 invh.gdx invh ";
parameter invh ( j,j );
execute_load " invh.gdx",invh ;
display invh ;



Normal Quantiles

* -------------------------------------------------------------------------------
* quantile of normal distribution
* -------------------------------------------------------------------------------

* find
*   p = 0.05
*   q = probit (1 - p/2)

scalar prob /.05/;

* we don't have the inverse error function so we calculate it
* using a small cns model
equations e;
variables probit ;
e.. Errorf ( probit ) =e= 1 - prob/2;
model inverterrorf /e/;
solve inverterrorf using cns;

display probit.l ;

* verification:
*> qnorm(0.975);
*[1] 1.959964
*>

Or just use 1.96



Finally: confidence intervals

* -------------------------------------------------------------------------------
* calculate standard errors and confidence intervals
* -------------------------------------------------------------------------------

parameter result(j,*);
result(' c','estimate ') = c.l ;
result(' sigma','estimate ') = sigma.l ;

result( j,'stderr ') = sqrt (abs( invh ( j,j )));

result( j,'conf lo') = result( j,'estimate ') - probit.l *result( j,'stderr ');
result( j,'conf up') = result( j,'estimate ') + probit.l *result( j,'stderr ');

display result;

---- 168 PARAMETER result  

estimate      stderr conf lo     conf up

sigma     234.319       9.646     215.413     253.224
c           6.083       1.068       3.989       8.177



LS: linear regression

ÅSolver for linear regression

ÅReturns number of statistics in GDX file

ïVariance-covariance matrix

ïConfidence intervals

ïEtc.

ÅGAMS distribution has forgotten to include 
the documentation



Coefficients become variables

variables
constant     'estimate constant term coefficient'
income       'estimate income coefficient'
sse 'sum of squared errors'

;

equations
fit( i )     'the linear model'
obj 'objective'

;

obj..     sse =n= 0;
fit( i )..  data( i,'expenditure ') =e= constant + income*data( i,'income ');

option lp =ls ;
model ols1 / obj,fit /;
solve ols1 minimizing sse using lp ;

---- 81 VARIABLE constant.L =        7.383  estimate constant term coefficient
VARIABLE income.L =        0.232  estimate income coefficient
VARIABLE sse.L =     1780.413  sum of squared errors



Log

=============================================================
Least Squares Solver                                       
Erwin Kalvelagen , Amsterdam Optimization Modeling Group    
www.amsterdamoptimization.com                              

=============================================================

Parameter      Estimate    Std. Error       t value      Pr(>|t|)
constant   7.38322E+00   4.00836E+00   1.84196E+00   7.32959E - 02 .

income   2.32253E - 01   5.52934E - 02   4.20038E+00   1.55136E - 04 ***
---
Signif . codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1

Estimation statistics:
Cases: 40  Parameters: 2  Residual sum of squares:   1.78041E+03
Residual standard error:   6.84492E+00   on  38 degrees of freedom
Multiple R - squared:   3.17077E - 01  Adjusted R - squared:   2.99105E - 01
F statistic:   1.76432E+01 on 1 and 38 DF, p - value:   1.55136E - 04

GDX library version: GDX Library      BETA  4Nov08 22.9.1 WIN 7279.7544 VIS x86
/MS Windows
GDX file: ls.gdx



Ls.gdx



Ls.gdx



Read ls.gdx

---- 91 PARAMETER covar

income    constant

income         0.003      - 0.213
constant      - 0.213      16.067

---- 91 PARAMETER confint

lo          up

90%.income         0.139       0.325
90%.constant       0.625      14.141

Ordering
Problem



Multiple Regression

ÅRegression is still linear
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Parameter      Estimate    Std. Error       t value      Pr(>|t|)
b(j0)  - 1.46749E+03   2.98085E+02  - 4.92307E+00   5.34684E - 06 ***
b(j1)  - 2.77218E+03   5.59780E+02  - 4.95227E+00   4.78349E - 06 ***
b(j2)  - 2.31637E+03   4.66478E+02  - 4.96566E+00   4.54488E - 06 ***
b(j3)  - 1.12797E+03   2.27204E+02  - 4.96458E+00   4.56374E - 06 ***
b(j4)  - 3.54478E+02   7.16479E+01  - 4.94751E+00   4.87122E - 06 ***
b(j5)  - 7.51242E+01   1.52897E+01  - 4.91338E+00   5.54762E - 06 ***
b(j6)  - 1.08753E+01   2.23691E+00  - 4.86176E+00   6.74865E - 06 ***
b(j7)  - 1.06221E+00   2.21624E - 01  - 4.79286E+00   8.75366E - 06 ***
b(j8)  - 6.70191E- 02   1.42364E - 02  - 4.70760E+00   1.20510E - 05 ***
b(j9)  - 2.46781E- 03   5.35617E - 04  - 4.60741E+00   1.74863E - 05 ***

b(j10)  - 4.02963E- 05   8.96633E - 06  - 4.49418E+00   2.65146E - 05 ***



Plots: GNUPLOT



GnuplotInput

b0=- 1.46748962028755E+3
b1=- 2.77217960148754E+3
b2=- 2.31637108806308E+3
b3=- 1.12797394340319E+3
b4=- 354.478234242291000
b5=- 75.124201807597610
b6=- 10.875318038818510
b7=- 1.062214985565215
b8=- 0.067019115397592
b9=- 0.002467810778920
b10=- 0.000040296252419
fit(x)=b0+b1*x**1+b2*x**2+b3*x**3+b4*x**4+b5*x**5+b6*x**6+b7*x**7+b8*x**8+b9*x**9+b10*x**10
set term png
set output "filip.png"
plot " filip.dat",fit (x)



Generated by PUT



Plot by IDE



IDE via GDX file



GnuplotvsIDE vsExcel

ÅWhatever you are used to (taste)

ÅFunction plotting better in GNUPLOT

ÅGantt charts easiest in IDE

ÅInterfaces:

ïGnuplot: text files, PUT statement

ïGnuplot:UweSchneider tools

ïIDE: gdxfiles

ïExcel: gdxxrw



Plastic Pellet Production

GE Plastics, now SABIC

Carthagena(Spain) Plant

http://nl.wikipedia.org/wiki/Afbeelding:Nurdles_01_gentlemanrook.jpg


Similar Application

ÅPrinting of colored paper

ÅColor difference determines setup time

ïClose colors are cheap

ï²ƘƛǘŜ Ҧ ŀƴȅǘƘƛƴƎ ƛǎ ŎƘŜŀǇ

ï.ƭŀŎƪ Ҧ ŀƴȅǘƘƛƴƎ όŜȄŎŜǇǘ ōƭŀŎƪύ ƛǎ ŜȄǇŜƴǎƛǾŜ

ïLonger cleaning



Example



Abigger instance



Nonlinear Regression

ÅEngine: NL2SOL

ÅUses GAMS provided gradients

ÅNot in GAMS distribution

ÅCan be downloaded



Formulation



Example

it    nf f        reldf preldf reldx

0     1  0.842E+03
1     2  0.178E+01  0.998E+00  0.998E+00 0.100E+01
2     3  0.432E+00  0.757E+00  0.836E+00  0.121E+00
3     4  0.210E+00  0.514E+00  0.406E+00  0.276E - 01
4     5  0.145E+00  0.309E+00  0.323E+00  0.166E - 01
5     6  0.135E+00  0.727E - 01  0.729E - 01  0.862E - 02
6     7  0.135E+00  0.692E - 03  0.691E - 03  0.514E - 03
7     8  0.135E+00  0.153E - 07  0.153E- 07 0.264E- 05
8     9  0.135E+00  0.462E - 13  0.466E - 13  0.678E - 08

X- and relative function convergence.

function     0.134624E+00   reldx 0.678399E- 08
func . evals 9         grad. evals 9
preldf 0.465683E- 13   npreldf 0.465683E- 13
=======================================================================

Parameter      Estimate    Std. Error       t value      Pr(>|t|)
a1   5.63991E+00   1.99670E - 02   2.82461E+02   4.09093 - 106 ***
a2   1.30584E+02   5.72503E+00   2.28093E+01   1.41196E - 33 ***
a3   3.76029E+01   2.32299E+00   1.61873E+01   5.09560E - 25 ***

---
Signif . codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1

Residual standard error:   6.29247E - 02   on  68 degrees of freedom



nlsplots



nls.gdx



Bootstrap Statistics



Database Connectivity

ÅMdb2gms

ïImport data from Access data bases 

ÅSql2gms

ïImport data from other databases 

ÅGdx2access

ïExport data to Access



Example: USDA Farm database

Å Imports 3 MDB + 1 XLS file  Ÿ 1 GDX file

ïÑ5 million records (raw data)

File Size (bytes)

FARMLandWaterResourcesDraft.mdb 80,650,240

FARMResourcesProductionDraft.mdb 429,346,816

GTAP54-NonLandIntensive.mdb     303,616,000

FIPS2&FAOCountries.xls          29,184

farm.gdx              119,811,434

farm.gdx (compressed) 52,924,664

ÁGood, compact way to distribute and reuse large data sets 
(input or output)
ÁAggregation easier in GAMS than in Access!



Example: USDA Reap Model

ÅMerge data from different sources



Example

Sample.mdb
Table: data



Mdb2gms interactively


