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A Wednesday 9:00.2:00,
I Erwin: Intro, GAMS/GDX

A Wednesday 13:306:00
I Paul:Gdxviewer Excel

A Thursday 9:0€.2:00

I Erwin: Advanced GAMS/GDX, Databases,
Applications

A Thursday 13:3016:00
I Paul: Tools, Charting, Other subjects (let us know)




A The way GAMS and GDX order data is
somewhat unique

A Often automatically what you want, but
sometimes a surprise

A We need some background info to understand
the behavior



Set Implementation

A GAMS stores a single large pool of set
elements. This pool can be displayed as

follows:
AAlias (*,pool);
ADisplay pool;

-- 21 SET pool Aliased with *
seattle, sandiegg newyork, chicago, topeka



Set Ordering

F

I /a,d
j/b,d
display j

]
alias (pool,*);
display pool;

Note: set j is called

unordered

---5 SET |

c,b
\ The ordering looks

strange

----8 SET pool Aliased with *
a,cb

\ Reason: the ordering

in the pool (aka
universe)




Set Ordering 2

set

t1 /2001*2005/ ----5 SET 12

t2 /2000*2006/: 2001, 2002, 2003, 2004, 2005, 2000, 2006
display t2;

This is probably
unwanted. Also

parameters based o
t2 will be displayed
reordered.

Quick solution: use a dummy se

set

--——- 6SET1t2
dummy/2000*2010/
t1 /2001*2005/ 2000, 2001, 2002, 2003, 2004, 2005, 2006
t2 /2000*2006/;

display t2;



Unordered sets

A Cannot userd() on unordered sets

set i /i1,i2,13/;

set j /i0,i1,i2/;

set inotlast(i);
inotlast (i) $(ord(i)<card(i)) = yes;
set jnotlast(j);
jnotlast(j)$(ord(j)<card(j)) = yes;
display 1,j;

set 1 /i1,1i2,1i3/;

set j /10,11,1i2/;

set inotlast(i);

inotlast (i) $(ord(i)<card(i)) = yes;

set jnotlast(j);
6 jnotlast(j)$(ord(j)<card(j)) = yes;

ook ok $198

****x 198 Set used in ’ord’ or lag is not ordered
7 display 1i,]j;

o W R =



Unordered Sets (2)
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Figure 1.5: Ordered and unordered set
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Explanatory text set elements

A Limited value, not visible in display

set
Ja ‘modelerops, for use with A.A8"/ 01, 02 is explanatory text for set
orn ) .

Sorghum B2 elements. | use it mainly for self
E’ZEEF gj documentation. They are
Wheat 85 preserved in the GDX file.
Sovbeans a6
Cotton ay
FeedGrains a8
FoodGrains a9
0ilCrops 18

£




Solving Linear Equations

A Solve Ax=b for x
A Often not a good idea to calculatel A

A In GAMS we can solve by specifying Ax=b as
equations

linsys(i).. sum(j, a(i,jl*x(j)) =e= b(i);



Inverse

A If you really want the inverse of a matrix:

alias(i,j,k);

parameter unity(i,j);
unity(i,i)=1;

variable inv(i,j);
equation inverse(i,j);

inverse(i,j).. sum(k, inv{(i,k)*a(k,j)) =e= unity(i,j);

i.e. solve for A

AA=



Speed Up: Advanced Basis

A We can provide advanced basis so the
calculation takes 0 Simplex iterations

I Inv.m(1,}) = O0; var. basic)
I Inverse.nfi,j) = 1; équ: 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 unloada.gdx',i,a

execute '=invert.exe a.gdxa b.gdxpinva;
parameterpinva(,));

execute loadb.gdx',pinva

a.gdx

LAGD) [

@

b.gdx

Invert

-~




TestMatrix:PeiMatrix

al+a 1 1 1
2

21 1+ta 1 1
x 1 1 1+a 1

?1 1 1 1+a

O0O: O: O: OO

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

A Cholesky
A Eigenvalue
A Eigenvector



Max Likelihood Estimation

A NLP solver can find optimal values: estimates

A But to getcovariancesve need:
I Hessian
I Invert this Hessian

A We can do this now in GAMS

I Klunky but at least we can now do this
I GDX 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 /il*i19/;
table data( i ,*)
days censored

i1 143

i2 164

i3 188

i4 188

i5 190

i6 192 setk( i) 'not censored’

i7 206 k(i)$(data( i,'censored ")=0) =yes;
i8 209

i9 213 parameter x( i );

i10 216 x(i)=data( i'days ");

i11 220

i12 227 scalars

i13 230 p ‘'number of observations'

i14 234 m 'number of uncensored observations'
i15 246 :

i16 265

i17 304 p=card( i),

i18 216 1 m = card(k);

i19 244 1

display p,m;



MLE Estimation

*

* estimation
*

scalar theta 'location parameter' /0/;

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

equation eloglike ;

clo =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( 1) -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 /el,x1,x2/;

parameter h(*,",*) -hessian’ H: indimidual row Hessians
execute load "hessian.gdx",h ; ’
display h;

setj/ sigma,c /;

parameter hO( j,j ):

hO(" sigma’,'sigma ') = h('el’,'’x1','x1"); X1 x2

ho(" c''c ') =h('el''x2''x2)); el |x1 R Sl -0 0257527570747253
hO(" sigma’,'c ') = h('el’,'x1','x2");

hO(" c','sigma ') = h('el’,'x1','x2"); x2 0.934221386133885

display hO;



Invert Hessian

*

* invert hessian

*

execute_unload "h.gdx",j,hO;

execute "=invert.exe h.gdx j hO invh.gdx invh ";
parameter invh (j,j );

execute load "invh.gdx",invh ;

display invh ;



NormalQuantiles

*

* 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 lel;

solve inverterrorf using cns;

display probitl ;

* verification:

*> gnorm(0.975);
*[1] 1.959964

*>

Or just use 1.96



Finally: 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 ') - probitl *result( j,'stderr '),
result( j'conf up)=result(  j'estimate ')+ probitl *result( j'stderr °);

display result;

168 PARAMETER result
estimate stderr conflo confup

sigma 234.319 9.646 215.413 253.224
c 6.083 1.068 3.989 8.177



LS: linear regression

A Solver for linear regression

A Returns number of statistics in GDX file
I Varlancecovariance matrix
I Confidence intervals
i Etc.
A GAMS 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 Ip =ls ;
model olsl/ objfit /
solve ols1 minimizing sse using Ip;

81 VARIABLE constant.L
VARIABLEincome.L
VARIABLESsse.L

7.383 estimate constant term coefficient
0.232 estimate income coefficient
1780.413 sum of squared errors



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

Parameter  Estimate Std. Error tvalue  Pr(>t])
constant 7.38322E+00 4.00836E+00 1.84196E+00 7.32959E
income 2.32253E -01 5.52934E -02 4.20038E+00 1.55136E

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
/IMS Windows
GDX file: Is.gdx

-02.
- 04 ***



Entry|Symbol |Type [Dim|MNr Elem

1r2 Par 0 1
2 rss Par 0 1
3 df Par 0 1
4 sigma | Par 0 1
5 resvar  Par 0 1
6 estimate Par 1 2
?|5-Ee |F'ar | 1| 2
g tval Far 1 2
9 pval Far 1 2
10 resid Far 1 40
11 fitted Par 1 40
12 covar Par 2 4
13 confint  Par 3 16

se. Standard errors

Flane Index (empty)

4.00835633479187

Income

0.05652934293700572




confint: confidence intervals

LO LIF

90% |constant BIAS Sl 14.1411233181389

income | 0.139031132885651 0.325475527770996

95% |constant |-0.731274947250641) 15.4977100334167

income | 0.1203176439985824 0.3441589016657823

97 59constant| -1.97116743676858 16.7376025229346

income | 0.103213898206427 0.36129276245022

99% [constant| -3.48567081944515 18.2521059056112

Income IDDBESEED21 6300179 0.362184639026629 covar: variance-covariance matrix

constant Income
constant| 16.0669205066661 850 0396( |
income |[-0.213403960538805 0.00305673633315015




Read Is.gdx

sets
v JSconstant,income/
bnd /lo,up/

perc /'9@%'/ Ordering

Problem

»
parameter covar(v,v),confint{perc,v,bnd);
execute load 'ls.gdwx',covar,confint;

display covar,confint;

91 PARAMETEROvar
income constant
income 0.003 -0.213
constant -0.213  16.067
-—=- 91 PARAMETERoONfint
lo up

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



Multiple Regression

A Regression is still linear
Y=, +BXHB X +BX b 4R +BC b bl +0x +hK e

Parameter  Estimate Std. Error tvalue  Pr(>Jt])
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 -0Q5 ***
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 ***



68,94

8,92

68,88

8,84

a.82

8,78

Plots: GNUPLOT

"filip.dat"
Fit{u)

+




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(xX)=b0+b1*x*1+b2*x**2+b3*X**3+b4*x*4+Db5*X**5+b6*X**6+b 7*X**7+b8*Xx**8+b9I*x**9+b 10*x**10
setterm png

set output "filip.png"

plot " filip.dat" fit (x)



Generated by PUT

file pltdat /filip.dat/;
loop(i,
put pltdat data(i,'x"):17:5,data(i,'y"):17:5/;
)i
putclose;

file plt /filip.plt/;
put plt;
loop(],
put "b",v(j):@:0,"=",b.1(j):0:15/;
)i
put "fit(x)=ba";
loop(jl,
put "+b",v(jl):@:8,"* x**" v(jl):08:8
)i
put /;
putclose 'set term png'/
"set output "filip.png"'/
'plot "filip.dat™,fit(x)'/;

execute 'type filip.plt';

execute '=wgnuplot.exe filip.plt';
execute '=shellexecute filip.png';



L]
O
>
O
S
0

plotdata

M plotdat
— fitdata

e e it Bl il d il it il

B e e e

v g gy

O | s Oy
O U | s

ettt el s Bl e Sl

0 ¥ s

0g2t------
0914------

oat------

089 4------

-3.5




IDE via GDX file

plot results

First we need to make sure x comes before y.

we had before declared 'y' before 'x' so we introduce
'x8" and 'y8@' where we make sure 'x8' comes first.

* if you load plotdata in the gdxviewer you will see that
indeed 'x@', 'y@' are ordered correctly. If this step
was not performed, we would have seen an inverted

graph. execute _unload 'chartdata.gdx',plotdata,fitdata;

fonecho > filip gch.gch
[CHART]

VERID=GAMSIDE Chart(s) VI
GDXFILE=chartdata.gdx
TITLE=plotdata

parameter plotdata(i,*);
plotdata(i, 'x8') = EPS+data(i, 'x");
plotdata(i, 'y@') = EPS+data(i,'y');

set k/pointl*point2ea/;

scalar minx, maxx, stepx;

minx = smin(i,data(i, 'x"));

maxx = smax(i,data(i, 'x"));
stepx = (maxx-minx)/(card(k)-1);
parameter xfit(k), yfit(k);
xfit(k) = minx+stepx*{ord(k)-1);

[SERIES1]
SYMBOL=plotdata
TYPE=scatter2d

[SERIESZ2]
SYMBOL=f1itdata

yfit(k) = sum(j, b.1(Jj)*power(xfit(k),v(3))); TYPE=function
parameter fitdata(k,*); $offecho
fitdata(k, 'x2') = EPS+xfit(k);

fitdata(k, 'y@') = EPS+yTit(k);

execute '=idecmds FileOpen filip gch.gch’



GnuplotvsIDEvVsEXxcel

A Whatever you are used to (taste)
A Function plotting better in GNUPLOT
A Gantt charts easiest in IDE

A Interfaces:
I Gnuplot text files, PUT statement
I Gnuplot:UweSchneider tools
| IDE:gdxfiles
I Excelgdxxrw



Plastic Pellet Production

GE Plastics, now SABIC

CarthagendSpain) Plant



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

Similar Application

A Printing of colored paper
A Color difference determines setup time

I Close colors are ¢
i2 KAOS TIh
i.fF Ol TIh

I Longer cleaning

neap

-y e U KAY 3

- yeUKAY3I A4 OK!

~ \\ o ~



Example

0 1 * X L) 2 & n B %0 100 10 20 10 190 19 160 m W 190 200 210 20 20 M0 %0 %0

GALS Devoiopment Corz




A bigger instance

transL EX-1
LEXA1
transL EX-10

LEX-10 1

transLEX-11
LEX-11
transl EX-14
LEX-14 H

transLEX-15 |/
LEX-15

transLEX-16
LEX-16

transLEX-17

LEX-17 {1
trans EX-18
LEX-18

transLEX-19 |

LEX-19
transL EX-2
LEX-2
transLEX-3
LEX-3
trans| EX-4
LEXA4
transL EX-6
LEX-6

transLEX-8 |

LEX-8
transL EX-91
LEX-91




Nonlinear Regression

A Engine: NL2SOL

A Uses GAMS provided gradients
A Not in GAMS distribution

A Can be downloaded



Formulation

parameters
Age(i) 'Age of rabbit in days '
Lens(i) 'Dry weight of eye lens in milligrams'

.
¥

Age(i) = data(i, 'Age');
Lens(i) = data(i, 'Lens');

variables
al ‘'parameter to be estimated’
a2 ‘'parameter to be estimated'
a3 'parameter to be estimated’
sse "sum of squared errors’

.
¥

equation
fit(i) ‘equation to fit'
sSumsq "dummy ocbjective’
3
SUMSQ. . s58 =n= @;

fit(i).. log(Lens(i)) =e= al - a2/(Age(i)+a3);
option nlp=nls;

models m /sumsg,fit/;
solve m minimizing sse using nlp;



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 tvalue  Pr(>|t])
al 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



nisplots

Age

258

2808

158

1688

a8

log{Age}

8 16868 288 388 408 588 608 780 §6868 980

Lens

B8 1868 2688 388 46968 568 608 788 §08 980

Lens



Entry|Symbol [Type |[Dim|Nr Elem
1 rss Far 0 1
2/ df Far 0 1
3 sigma Par 0 1
4 resvar  Par 0 1
5 estimate Par 1 3
b se Far 1 3
7 tval Far 1 3
o pval Far 1 3
9 resid Far 1 [

10 covar Far 2 9
|confint |Par | 3] 24
12 grad Par 1 3
13 jac Far 2 213

confint: confidence intervals

al

a3

al

a3

al

a3

al

a3

LO UF

LIEpE) 5 67320734499147
121.036813881872 140.130602337118
33.7291008706744 41.4766094522408
5 60006782257375 5. 6797550728906
119.159597276743 142.007818942247
32.9674001820916 42.2383101708236
5.59414461671684 5 68567827874752
117.461273895637 143.706142323353
32.2782873299624 42 9274230229527
5.58699714466823 5.69282575079613
115.411924406663 145.755491812327
31.4467418851624 43.758968467 7527



Bootstrap Statistics

parameter bbar(e) "Averaged estimates”;
bbar({e) = sum{s, sb(s,e)) / card(s);

parameter sehat(e) "Standard errcrs of bootstrap algorithm”;
sehat(e) = sqrt(sum(s, sqr(sb(s,e)-bbar(e)))/(card(s)-1));

parameter tbootstrap(e) "t statistic for bootstrap”;
thbootstrap(e) = bhat(e)/sehat(e);

scalar df 'degrees of freedom’;
df = card(i) - (card(e) - 1) - 1;
parameter pbootstrap(e) "p-values for bootstrap";

2
* pvalue = 2 * pt{ abs(tvalue), df)

: =2 * 8.5 * ppeta( df / (df + sgr{abs(tvalue))), df/2, 8.5)
: = betareg( df / (df+sgr{tvalue)), df/2, 8.5)

&

pbootstrap(e) = betareg( df / (df+sgqr(tbootstrap(e))), df/2, 8.5);

parameter bootstrap(e,*);
bootstrap(e, 'estimates") = bhat(e);
bootstrap(e, 'std.error') = sehat(e);

bootstrap(e, 't value') = tbootstrap(e);
bootstrap(e, 'p value') = pbootstrap(e);
display
B et BOOTSTRAP MODEL ------------------------ "

bootstrap;




Database Connectivity

A Mdb2gms

I Import data from Access data bases
A Sqgl2gms

I Import data from other databases

A Gdx2access
I Export data to Access



Example: USDA Farm databas

A Imports 3MDB +1 XLSfile 1 GDX f |
i N5 million records (raw data)

File
FARMLandWaterResourcesDraft. mdb
FARMResourcesProductionDraft.mdb
GTAP54-NonLandIntensive.mdb
FIPS2&FAOCountries.xls

farm.gdx

farm.gdx (compressed)

Size (bytes)
80,650,240
429,346,816
303,616,000
29,184

119,811,434
52,924,664

A Good, compact way to distribute and reuse large data sets

_ (Input or output)
A Aggregation easier in GAMS than in Access!



Example: USDA Reap Model

A Merge data from different sources

baseline databases

— =

baseline.mdb

—_—
baselinedbnew.mdb

last minute updates

dbupdate.xls

script.vbs

— =

baselineall.mdb

mdb2gms )
mappings

ccmapek2.inc
""--—-_._._--—-/'/’—'_‘—H‘

old usmp data cropmapiek.inc
w
blcrop.inc
— cropmap2ek.inc
bllvsk.inc
"—-—-_._._--/‘_'—“h“

parameters
¥ bsac

bllvsk blcrop

bldatamerged.gdx



[ Model Libraries ] Help

1 GAMS Model Library
GAMS Test Library

GAMS Data Utilities Medels

Practical Financial Optimization Models

[nim | [y P oy

Sample.mdb
Table: data

Example

Single-valued tables

| N | By P Tlac cCTIRIICRD Lo oo o d .
£ data
year ~| loc - prod ~| sales -~ profit -
9974E! hardware 80 8
1997 la software 60 16
1997 nyc hardware 110 5
1997 nyc software 100 10
1997 sfo hardware 80 9
1997 sfo software 50 10
1997 was hardware 120 7
1997 was software 70 20
1998 la hardware 70 6
1998 la software 70 10
1998 nyc hardware 120 7
Record: M 1 ofl6 L I | % Mo Filter | |Search



Mdb2gms interactively



