GDX: Advanced GAMS +

Databases + Applications

Erwin Kalvelagen



 Wednesday 9:00-12:00,
— Erwin: Intro, GAMS/GDX

 Wednesday 13:30-16:00

— Paul: Gdxviewer, Excel

e Thursday 9:00-12:00

— Erwin: Advanced GAMS/GDX, Databases,
Applications

* Thursday 13:30-16:00
— Paul: Tools, Charting, Other subjects (let us know)




* The way GAMS and GDX order data is
somewhat unique

e Often automatically what you want, but
sometimes a surprise

* We need some background info to understand
the behavior



Set Implementation

* GAMS stores a single large pool of set
elements. This pool can be displayed as
follows:

 Alias (*,pool);
* Display pool;

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



Set Ordering

F
i /a,c/
j/b,c/

display j;

]
alias (pool,*);
display pool;

Note: set j is called

unordered

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 t2

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

This is probably
unwanted. Also

parameters based on
t2 will be displayed
reordered.

Quick solution: use a dummy set

set
--—-- 6 SET 12
dummy /2000*2010/
t1 /2001*2005/ 2000, 2001, 2002, 2003, 2004, 2005, 2006
t2 /2000*2006/;

display t2;



Unordered sets

e Cannot use ord() 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)

11 12 i3 0

A \

11 12 13

il i2 23 10

0 i1 42

Figure 1.5: Ordered and unordered set

Pool of uels

Ordered if arrows
don’t cross




Explanatory text set elements

* Limited value, not visible in display

=et

1a ""E‘gzrl,ﬁ”’ﬁ* for use “1"“8’1‘*“5' / 01, 02 is explanatory text for set
Sorghum B2 elements. | use it mainly for self-
Dats a3 :
pariey on documentz.atlon. They are
Wheat B5 preserved in the GDX file.
Sovbeans a6
Cotton a7
FeedGrains a8
FoodGrains a9
0ilCrops 18

£




Solving Linear Equations

* Solve Ax=b for x
* Often not a good idea to calculate A1

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

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



Inverse

* |f 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 A1

A*A=|



Speed Up: Advanced Basis

* We can provide advanced basis so the
calculation takes O Simplex iterations
— Inv.m(i,j) = O; (var: basic)
— Inverse.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;

a.gdx

— o —

Invert

-~

b.gdx



Test Matrix:Pel Matrix

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

* Cholesky
* Eigenvalue
* Eigenvector



Max Likelihood Estimation

* NLP solver can find optimal values: estimates
* But to get covariances we need:

— Hessian
— |Invert this Hessian

e We can do this now in GAMS

— Klunky, but at least we can now do this
— 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 /i1*i19/;
table data(i,*)
days censored

i1 143

i2 164

i3 188

i4 188

i5 190

i6 192 set k(i) 'not censored’;

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

i9 213 parameter x(i);

ile 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 5

ile6 265

i17 304 p = card(i);

il18 216 1 m = card(k);

i19 244 1

display p,m;



IMILE Estimation

scalar theta 'location parameter' /0/;

variables
sigma 'scale parameter’
C 'shape parameter’

loglik 'log likelihood'

5
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

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';
execute_load "hessian.gdx",h;
display h;

H: individual row Hessians

set j /sigma,c/;

parameter ho(j,j);

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

he('c','c') = h('el’,"'x2",'x2"); el |x1 il S EE -0 025752T570747253
he('sigma','c') = h('el',"'x1","'x2");

he('c', 'sigma') = h('el’, 'x1','x2"); %2 0.934221386133885

display he;



Invert Hessian

execute_unload "h.gdx",j,ho;

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

execute_load "invh.gdx",invh;

display invh;



Normal Quantiles

* quantile of normal distribution

K L o e e e e e e e e e e e e e e e e e e m e m m m o m  m — m — — — — m — — — — — — — — — — — — — — —m o — e — e ———————————— -
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.1; Or just use 1.96
* verification:

*> gnorm(0.975);

*[1] 1.959964

*>



Finally: confidence intervals

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

1;
result('sigma’, 'estimate’') =

C.
D) sigma.l;

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

result(j, 'conf lo')
result(j, 'conf up')

result(j, 'estimate’) - probit.l*result(j, 'stderr');
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

e Solver for linear regression
* Returns number of statistics in GDX file

— Variance-covariance matrix
— Confidence intervals
— Etc.

 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'
5
equations
fit(i) "the linear model'’
obj 'objective’
5
obj.. sse =n= 0;

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

option lp=1s;
model olsl /obj,fit/;
solve olsl minimizing sse using 1p;

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

---- 81 VARIABLE constant.L
VARIABLE income.L
VARIABLE sse.lL



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: © "***' 9,001 "**' 9.01 "*' ©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 4Nove8 22.9.1 WIN 7279.7544 VIS x86
/MS Windows
GDX file: 1ls.gdx



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 /'98%'/ Ordering

Problem

F
parameter covar(v,v),confint{perc,v,bnd);

execute load 'ls.gdwx',covar,confint;
display covar,confint;

—=== 91 PARAMETER covar

income constant
income 0.003 -0.213
constant -0.213 16.067

—m=e 91 PARAMETER confint
1o up

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



Parameter
b(je)
b(j1)
b(j2)
b(j3)
b(j4)
b(J5)
b(j6)
b(j7)
b(j8)
b(j9)

b(j10)

Multiple Regression

Estimate

.46749E+03
.77218E+03
.31637E+03
.12797E+03
.54478E+02
.51242E+01
.08753E+01
.06221E+00
.70191E-02
.46781E-03
.02963E-05

cOUTPEFENNENDNDPUDN

* Regression is still linear

Std. Error
.98085E+02
.59780E+02
.66478E+02
.27204E+02
.16479E+01
.52897E+01
.23691E+00
.21624E-01
.42364E-02
.35617E-04
.96633E-06

t value

.92307E+00
.95227E+00
.96566E+00
.96458E+00
.94751E+00
.91338E+00
.86176E+00
.79286E+00
. 70760E+00
.60741E+00
.49418E+00

NPRPROOOUVUANDNDIDNDRNUU

Pr(>[t])

.34684E-06
.78349E-06
.54488E-06
.56374E-06
.87122E-06
.54762E-06
.74865E-06
.75366E-06
.20510E-05
.74863E-05
.65146E-05

y =b, +bx+b,x* +b,x° +b,x* +b.x* +b,x° +b,x" +b,x° +b,x’ +b X + ¢

k 3k 3k
)k %
%k k%
%k k%
%k k%
X %k Xk
X %k Xk
X %k Xk
X %k Xk
X %k Xk
X %k Xk



68,94

8,92

68,88

8,84

a.82

8,78

Plots: GNUPLOT

"filip.dat"
Fit{u)

+




Gnuplot Input

b0=-1.46748962028755E+3
bl=-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)=bO+b1*x**1+b2*x**2+b3*x**3+b4*x**44+b5* X **54+b6* X * ¥*6+b7*X**7+b8* x**8+b9*x**9+b10O*x**10
set term 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';
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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’



Gnuplot vs IDE vs Excel

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

* Interfaces:

— Gnuplot: text files, PUT statement
— Gnuplot:Uwe Schneider tools
— IDE: gdx files

— Excel: gdxxrw



Plastic Pellet Production

GE Plastics, now SABIC

Carthagena (Spain) Plant



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

Similar Application

* Printing of colored paper

* Color difference determines setup time
— Close colors are cheap
— White - anything is cheap
— Black = anything (except black) is expensive
— Longer cleaning



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

Engine: NL2SOL

Uses GAMS provided gradients
Not in GAMS distribution

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 ©.998E+00 ©0.998E+00 ©.100E+01
2 3 0.432E+00 ©.757E+00 ©.836E+00 ©.121E+00
3 4 0©0.210E+00 ©0.514E+00 0.406E+00 ©0.276E-01
4 5 ©0.145E+00 ©0.309E+00 ©.323E+00 0.166E-01
5 6 ©0.135E+00 ©.727E-01 ©0.729E-01 ©.862E-02
6 7 ©.135E+00 ©0.692E-03 ©0.691E-03 ©.514E-03
7 8 ©.135E+00 ©.153E-07 ©.153E-07 ©.264E-05
8 9 ©.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 Sstd. Error t value 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 5.09560F -25 ***

Signif. codes: @ “***' @.001 "**' @.01 "*' ©.05 ".' 0.1 ~ ' 1

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



nls plots

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



nls.gdx

Entry|Symbol |Type|Dim|Nr Elem confint: confidence intervals

1rss Par 0 1

2 df Par 0 1

3'sigma Par 0 1 L0 UP

djresvar |Par | 0 ! a1 [ L LR PLE) 5.67320794499147

5 estimate Par | 1 3 22|121.036813881872 140.130602337118

6 se Par | 1 . 23|33.7291008706744 41.4766094822408

Twal  Par 1 . a1|5 60006782257375 5 67975507289061

8 wa_l Par | 1 . a2|119.159597276743 142 007818942247

9resid  Par 1 r 23| 32.9674001820916 42.2383101708236

10 covar  Par | 2 " a1|5.59414461671684 5.68567827874752

11|confint |Par | 3| 24 22| 117 461273895637 143 706142323353

12gad  |Par | 1 . 23| 32.2782873299624 42.9274230229527

13jac  Par | 2 213 a1|5.58699714466823 5.69282575079613
a2 | 115.411924406663 145 755491612327
ald|31.4467418851624 43 7589684677527




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

e Mdb2gms

— Import data from Access data bases

* Sql2gms

— Import data from other databases

e Gdx2access
— Export data to Access



Example: USDA Farm database

Imports 3 MDB + 1 XLS file — 1 GDX file
— =+ 5 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

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

(input or output)
" Aggregation easier in GAMS than in Access!



Example: USDA Reap Model

* 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



Example

[ Model Libraries ] Help

1 GAMS Model Library
GAMS Test Library

GAMS Data Utilities Medels

Practical Financial Optimization Models i
SalesPrafitDBE1 Single-valued tables
Imial | [l P oy PN 1] ') R Y | N | By P Tlac cCTIRIICRD Lo oo o d .
£ data

year ~| loc - prod ~| sales -~ profit -
9974E! hardware 80 8
Samp|emdb 1997 la software 60 16
. 1997 nyc hardware 110 5
Table: data 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

F5 mdb2gms L x ]

MOE2GMS BETA 4Mowld 2291 WIN EEl‘IIII.?El

; (= Browse...
Input file [.mdb) ——— Emwin K.alvelagen, GAMS Development Corp
II::"-.prl:uiects"'.gd:-: training workzhophS ample. mdb LI
Cutput; GAMS Include file [ inc)  Browse..

B Tables ? Help

=]

Dutput: GO file [.gds) I Browse..

ﬁ € Close o OK

B3 Batch

SOL quemny

SELECT prod, loc, year,sales -
FEOM data

Database: C:\projectsigdx training workshop\Sample.mdb -
Options: R=100 v=0
Query: SELECT prod, loc, year,sales
FRCM data
Number of rows: 16
Elapsed time: 0.02 seconds
Done




Mdb2gms batch

set y years /1997%1993/;
=et loc locations /nyc,was,la,sfo/;
set prd products /hardware, software/;

parameter sales(prd,loc,y) /

fcall =mdb2gms I=Sample.mdb Q="select prod,loc,year,sales from data” O=sales.inc
finclude sales.inc

/3

display sales;

parameter profit(prd,loc,y) /

$call =mdb2gms I=Sample.mdb Q="select prod,loc,year,profit from data" O=profit.i
$include profit.inc

/3

display profit;

nc




Response file

set y  ‘years' /1997*1998/ ;
set loc "locations' /nyc,was,la,sfo/;
set prd 'products'  /hardware, software/;

set q ‘quantities' /sales, profit/;

fonecho > comd.txt
I=Sample.mdb
Q=select prod, loc, year, 'sales’,sales from data |
union |
select prod, loc, year, 'profit’,profit from data
O=salesprofit.inc
foffecho

fcall =mdb2gms @cmd.txt

parameter data(prd,loc,y,q) /
finclude salesprofit.inc

/3

display data;



Multiple queries

fonecho > cmd.txt
I=Sample.mdb

Ql=select distinct({year) from data
OI=year.inc

Q2=select distinct{loc) from data
02=loc.inc

Q3=select distinct(prod) from data
O03=prod. inc

Q4=select prod, loc, year,sales from data
Od==zagles.inc

Q5=select prod, loc, year,profit from data
O5=profit.inc
foffecho

fcall =mdb2gms {dcmd.txt

set y years /
finclude year.inc
/3

set loc locations /
$include loc.inc

/3

set prd products /
finclude prod.inc

/3

parameter sales(prd,loc,y) /
finclude sales.inc

/3

display sales;

parameter profit(prd,loc,y) /
finclude profit.inc

/3

display profit;




Via GDX File

fonecho > cmd.txt
I=Sample.mdb
X=sample.gdx

Qi=select distinct(year) from data
si=year

Q2=select distinct({loc) from data
s2=loc

@3=select distinct(prod) from data
s3=prd

Qd=select prod, loc,year,sales from daota
pd=sales

@5=select prod, loc,year,profit from data
pS=profit
foffecho

fcall =mdb2gms (@cmd.txt
fcall =shellExecute gdxviewer sample.gdx

set y 'years';

set loc "locations';

set prd "products’;
parameter sales(prd,loc,y);
parameter profit(prd,loc,vy);

fgdxin 'sample.gdx’
$load y=year loc prd sales profit

display sales;
display profit;



ERS Problem

* Convert feedgrains database to GAMS
e MDB2GMS

B thIFG_UpDate - = X
FG_Key ~| PUB ~ |TABL -~ | YEAR ~t [PERIOD ~ | COMMODIT' ~ | ATTRIBUTE ~| GEQOCODE ~ | UNIT - VALUE - -
JAMOATAMFPCUSREP FED 13 JAM QAT AMFP cus RP 0.055 FE[:'13IC}.«'-‘1.|:I
AUGBARAPFMICUSPEB FED 13 1908 AUG BAR APFM cus PBE 0.57 FED13BAI
APROATAPFMCUSPE FED 13 1908 APR QAT APFM cus FB 0.5 FED130A
DECCORAPFMCUSPBE FED 13 1908 DEC COR APFM cus PBE 0.61 FED13CO
DECBARAPFMCUSPE | FED 13 1908 DEC BAR APFM Cus PB 0.56 FED13BAI
AUGOATAPFMCUSPE FED 13 1908 AUG QAT APFM cus PE 0.48 FED130A
MOVBARAPFMCUSPE | FED 13 1908 MOV BAR APFM Cus PB 0.55 FED13BAI
MOVCORAPFMICUSPE FED 13 1908 MOV COR APFM cus PE 0.62 FED13CO
MAYOATAPFMCUSPB FED 13 1908 MAY OAT APFM Cus FB 0.51 FED130A
QCTBARAPFMCUSPE FED 13 1908 OCT BAR APFM cus PE 0.55 FED13BAI
NMOVOATAPFMCUSPE| FED 13 1908 MOV QAT APFM Cus PB 0.47 FED130A
QCTOATAPFMCUSPE FED 13 1908 OCT QAT APFM cus PB 0.47 FED130A
QCTCORAPFMCUSPE | FED 13 1908 OCT COR APFM Cus FB 0.68 FED13CO
JUMOATAPFMCUSPE FED 13 1908/ JUN QAT APFM cus PBE 0.51 FED130A
MAROATAPFMCUSPE FED 13 1908 MAR QAT APFM cus FB 0.49 FED130A
DECOATAPFMCUSPE FED 13 1908 DEC QAT APFM cus PBE 0.48 FED130A
JAMOATAPFMCUSPE FED 13 1908/ JAN QAT APFM Cus PB 0.47 FED130A
JULBARAPFMICUSPBE FED 13 1908 JUL BAR APFM cus PE 0.58 FED13BAI
JULOATAPFMCUSPE FED 13 1908/ JUL QAT APFM Cus PB 0.3 FED130A
Record: W ¢ 10f378347 | » M v | K Unfiltered | Search [4[ m | >




Conversion mdb -> gdx

$onecho > cmd.txt
I=FeedGrainsData.mdb
X=FeedGrainsData. gdx

gl=select commodity from tblCommodities
sl=commodity

g2=select attribute from tblAttributes
s2=attribute

g3=select period from tblTimePeriods
s3=period

gd4=select unit from tblUnits
s4=unit

g5=select distinct(iif(isnull(isource), 'blank’,isource)) \
from tblFG_update where \
not isnull(year)

s5=isource

g6=select geo from tblgeography
s6=geocode

g7=select commodity,attribute,unit,iif(isnull(isource), 'blank’,isource),geocode,year,period,value \
from tblFG_update where \
not isnull(year)

p7=feedgrains

$offecho

$call mdb2gms @cmd.txt



st

year /1983%2889/
period

geocode
commodity
attribute

unit

isource

3
parameter feedgrains(commodity,attribute,unit,isource,geocode,year,period);
fgdxin FeedGrainsData.gdx

f$load commodity,attribute,unit,isource,geccode,pericd
fload feedgrains

parameter barley(attribute,year);
barley(attribute,year) = feedgrains('BAR',attribute, 'AAM', '38881a", "CUS' ,year, "ANN");

display barley;




Typical Problems

e NULLs
* Duplicate records
* Multivalued tables

* More difficult processing:

— Get latest available number
e Difficultin SQL and in GAMS

comm year forecasty value comm year value
COrmn 2010 2006 12 ‘ COrmn 2010 12.5
corn 2010 2007 12.5 barley 2010 9.1
barley 2010 2005 9

barley 2010 2006 9.1



Sqgl2gms

 Works with any database
— Odbc
— ADO

e Such as:
— Oracle
— SQL Server
— Interbase
— Mysdal
— |BM DB2
— Etc.



gdx2access

* Dumps gdx file to an MDB file

set

i /i1*i1@/

j /j1*jlea/
parameter a(i,j);
al(i,j) = uniform({@,1);

execute unload 'a.gdx’,a;
execute 'gdxlaccess a.gdx';

execute 'shellexecute a.mdb’;



|O matrix

* column headers in spreadsheet
set col /1*438/;

parameters makea(ic,col),makeb(ic,col);

FCALL 'GDXXRW makel.xls se=0 index=Index!Al"’
fgdxin makel.gdx
FLOADdc makea

SCALL 'GDXXRW make2.xls se=8 index=Index!Al'

fgdxin make2.gdx
fL0ADdc makeb

display makea,makeb;

=

* combine makea and makeb

=

* check one of them is always zero
abort$sum((ic,col),makea(ic,col)*makeb(ic,col)) "oops, wrong data";

parameter makec(ic,col);
makec(ic,col) = makea(ic,col)+makeb(ic,col);

display makec;



|O Matrix 2

L

map col -> ic

set mapper(ic,col);
mapper(ic,col)$(ord(ic)=ord(col)) = yes;
display mapper;

alias(ic,ic2)

parameter make({ic,ic);
* glternative 1

make(ic,ic2) = sum(mapper(ic2,col), makec(ic,col)});

L

L

alternative 2
loop(mapper(ic2,col),
make(ic,ic2) = makec(ic,col);

);

1T111A0

111180

111200
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111335

111400
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1115920
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Linux

File Edit View VM Team Windows Help

wals  GGE|DEE0 DEE)

-(_prplications Places System = @l Thu Dec 4, 7:13 AM erwin

erwin@erwin-desktop: ~/workspace/gdxls
! File Edit Wiew Terminal Tabs Help

erwin@erwin-desktop:~/workspace/gdx1ls$ gams randy
--- Job randy Start 12/04/08 0
GAMS Rev 228 Copyright (C) 19

CHEAPEDATASZ 00 TEGEone VA O P ENOhicerorg Calc

Licensee: GAMS Development Cor| File Edit wiew Insert Format Jools Data Window Help X
Free Demo, 202-342- ) . .
--- Starting compilation H @,j v % e 5 N ﬁ L A P u
--- randy.gms(19) 2 Mb
--- call gdxls -propertyfile r| - - o, 01 ]
GDXLS V 9?1, Ansterdan gptimiz [ -] A 4 A o
gdx2xls,input=CREAP-DATA-2001-
‘ Parameter;name=fd; range=FD!Al: = |
Parameter;name= range=0U!Al:
Parameter;name=in; range=IN!Al: A ‘ H ‘ B ‘ o ‘ E | B | & | L | I | J | < B
gdx2xls done 1 JuTL MIN MEV GON  (CS8V  SSV PRI FFM  PMF  WRT
Ul randy.gms(21) 2 Mb 2 [UTL 108 1851.2  1353.3 490.2 16250.7 93058 10456 898.5 85554 8487
--- Starting execution - empty|| 3 [MIX 12 180 96.9 6019 41289 12297  2765.9 77.9 301.9 43
#** Status: Normal completion 4 |AFF 14.1 0.4 4225 7127 10194 443.5 10879.8 19949 10162.97 8
Il --- 3ob randy.gms Stop 12/64/8|[ 5 |mIN 160.2  3935.2 220.5  6734.6 14.1 169.9 17.3 533 85053 4
erwin@erwin-desktop:~/workspac|["5 |FuE 4450 17804  604.68 12346 35352 206614 1729.5 506.5 28682 3003
:mﬂgsmi::g::ﬁ:gf:ﬁ:g:k:g:i 7_|MFT 0.3 1 397487 9.5 13016.04  20.2  4224.5 14350.6  499.9 2
: 8 |0SM 48,5 1621.71 210655 20255.02 34314.01  7887.0 410513  6069.8 85002.66 3393
9 [MEV 785.9 2262 8412585 9012.64 27606.93 4775.26 829.3 37.3 5054.47 261
10 [CON 855  797.19 385.9 7 8235 5008 971 97.9  3261.2 5|
11 [TRS 341 5811  2147.4 18566 11499.89 30762 12727 17748 7350.7 2049
12 [csV 3604 17589.3 31168.5 26277.1 163021.4 54421.2 90825 11869.9 44720 5329
13 [ssv 469 37 42.8 407 414, 26237.5 107.9 1.1 7
14 [ITX 1735 1386 1381.8 5270 36528  B465.8  2002.8 578.6  3340.8 B8
15 [suB 3031 132 .204.2 85 1903 -1972.2 35052 974  -267.4 3
16 [LAB 6313 11564 30776.8 38848 129383 151954.8  7473.8  10200.6 56058.6 756
17 [CAP 19137 46702 21910.9 6767 99155 24556.9 109959 12154.8 44439.8
18
19
20
21
110 FD /DU IN 1Kl I
|sheet3/3 | PagesStyle_IN | 100% | [so [ [ | Sum=0

@ erwin@erwin-desktop... @CREAP-DATA-ZUUI-G... l

To return to your computer, press Ctrl+Alt. L;) = H E 'a'i r] r] | A




Applications

* Excel, Access are good tools to build
applications around

* They have enough GUI widgets to allow to
build front-ends



Portfolio2.xls

Wiew Insert Format Tools Data window Help DPlotb

Portfolio

=8| x]

EXE

DEE SRy $BRT o

Y Y E

J » @ Security.., |@,§ﬁ | w .

EEEEEE TN

2

Historical retums

1.075 0852 0815 0698 1.023) 0851
1.084 0735 0716 0662( 1.002] 0768
1.081 1371 1385 1318 1123 1354
1.052 1236 1.266| 12800 1156 1.025
1.055 0926 0874 1.093( 10300 1.181
1.077 1064 1.093] 1.146] 1012| 1326
1.109 1184 1286 1307 1023 1.043
1127 1323 1337 1367 1031 1226
1.156 0943 0963 0990 1073 0977
1117 1215 1187 1.213] 1311 05981
1.092 1.224( 1235 1217 10800 1.237
1.103 1061 1.030] 0803 11500 1.074
1.080 1316 1.328| 1333 1213| 1562
1.053 1186 161 1.088) 1.156| 1624
1.061 1.052( 1.023] 0859 1023 1246
1.071 1168 1179 11658 1076 1.283
1.087 136 1.292) 1.204) 1142) 1105
1.080 0968 08233 0830 1.083] 0766
1.057 1304 1.342( 1.8%4] 1181 112
1.036 1.076( 1.090| 1.174] 1076\ 0.878
1.031 1100f 113) 1182 11100 1326
1.045 1.012( 0993] 0063 0985 1.078
Optimal portfolios (percentages

6.2%
18.4%
2BE%
38.9%
43.1%
559.3%
B3.5%
79.7%

11.4%
33.8%
46.0%
36.3%
31.9%
28.0%
24.2%
20.4%
16.6%
12.8%

9.0%

5.2%

1.4%

23.4%
311%
30.4%
277%
250%
222%
19.5%
16.8%
14.0%
11.3%

100.0%
100.0%
100.0%
100.0%
G8.6%
BB.2%
55.0%
40.4%
37 0%
33.3%
287%
260%
22.3%
18.6%
14.9%
11.3%

7B%

EREEEQERENR

1412
1412
1412
1412
1392
1353
1333
1233
1202
1161
1116
1072
1028
1.0984
1.0839
1.0895
1.0851

Select here your instruments

FRONTIER(A)

migimize ¥ G — Ml x
x
subject to 3, ;=1
x>0

0.0523
0.0529
0.0528
0.0528
0.0464
0.0365
0.0331
0.0214
0.0184
0.0148
0.018e
0.0087
0.0063
0.0043
0.0028
0.0m7
0.0010
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Sudoku

Sudoku?. xls

ile Edit Yiew Insert Format Tools Data ‘Window Help DPlot = ﬂ

SG-2 0 SRV FBBd £ 3 E 2 ) o, HRE o, MEd -
Al ] =
"ol o2 o3 cd b B o cf o8 ol cll cl2 c13 cld o5 clB cl7 clf o198 c20 21 c22 o8 o4 25 il
r1 L u K G ci o 1 X
2 QfH R K v A:iM:T
3 D/ A B ' H 1 [ X1 T F ViK
[ Uu:v: X 'w DiJIiE 1 R:i A 1] CiH
i3 K G X F Biwl|la:D L 0
16 Q 1 u 0 S R PiN
17 E D:iViK J PiQ L Al M:l Y H
18 F [ RiA NiU!G Al iwls B
it} 1 Q: H 0:Y L D B | K| T u
10 M G Wi cC T J R DV
1 M R E| B D c H A G :w
2 P W G Ay E X N
13 K@Y WiulT N:iD
4 | Hi L T8 w v K| X F Qi J
s | N B H SIY|F:P cil K E L T:0
neg | L1 Q E UJR F Bl X| D J T
7 | B A c Y| S u:vi|p X
g | T X P J QA w E|JRIY C
19 H N|lY :iQ X i1 SiE F T K:WiA
20 K Y F|T!A G P i N Jiojail u
21 V. w u P H R|G X NiM Q
122 G ] T F X BiN|M KiC E Y
23] CciU J G Y!N:iO:S 1 v F B
24 1 R:iE W:is:o0 J A K
25 P T|]C XimMm:D Q Y UuiLio
Letters ‘ Numbers ‘
Sabve ‘ Clear solution

This spreadsheet soles a 26x25 Sudoku problem using a MIP formulation. YWhen you press [Solve] the grid will be saved to a GDX file, the
model is written and GAMS is invoked to solve the model using CPLEX. After the model is solved the solution is stored in a GDX file, which
is read by the spreadsheet and displayed in the grid. To run this model you need a GAMS/CPLEX license. Mote: this version has been
updated to handle GAMS22.6 GDX files. It also works with older GAMS versions.

N

Ready



Access

Traveling Salesman/Minimum Spanning Tree Example

Home ll

(==

| Paste

Create External Data Database Tools

& Cut

123 Copy =
F Format Painter [B_I H]’E”E

=

Show table with dty coordinates
Show distance table

Run GAMS

Quit this application

Algorithm
() Minimum Spanning Tree
(@ Traveling Salesman Tour

] "@ IE:;-New 3 Totals

A

F
| =8 save “F spelling E
Refresh t
Al- | X Delete ~ = =

7 Selection ~
V=) Advanced -

o

Size to Switch

W Toggle Filter || Fit Form Windows ~ |

ab
Cac

5 simplified
= GoTo~ # Traditional
lg select - | 55 Translate with Options |

Replace

500 43 cutoff E55.0000  £95.8000

Zerohall culs applied: 7
Fiking integer variables, and solving final LP'
Tiied aggregator 1 time

LP Presolve eliminated 73 rows and 862 columns,
All rows and columns eliminated

Fresolve time = (.00 sec.

Praven optimal salution.

MIP Solution:

Final Solve: £99.000000 (O iterations)

1438 0.46%

£99.000000 (1560 iterations. 562 nodes)

Best possible:
Abzalute gap:
Rielative gap:

£99.000000
0.000000
0.000000

- Restarting execution

- madel. gms(205) 0 Mb

- Reading solution for model tep

- madel.gms(233) 3

- Putfile sol C:\U sershensinhappD atailaocalh T empheolution. cey
= Status: Mormal completion

- Job model.gms Stop 01/09/08 13:48:16 elapsed 0:00:03 217

DELETE * FROM salution

INSERT INTO solution SELECT * FROM [Text:FMT=Delimited: HDR=No.DATABASE =L \Users\enwinkdppDatablLanal Temp
] [solutiontosv]:

fine [10140,2338) - (10382,2515]

line [8144,3245] - [10140,2338]

5] cities

code name
m | [Manchester, N.H.
|e02 | Mortpelier. V.

[e03 | [Detrait, Mich.

B | [Cleveland, Ohio

|05 || Charlestan, W ¥a

|06 | |Lavisville, Ky

|7 | /Indianapalis, Ind

ol | Chicaga, Il

[[search |

[Record: W« T T

city code




Scenario Analysis

iz CleanAirBxds [Compatibilit

item

A

v Mode]

description

eta

epsilon

etal

tmo

O oo = | on ] s ha =L

Run

Help

Clean Up

35
M4 M| SSA

PSA

Configuration

c

default

D E G H I J K
values Systematic Sensitivity Analysis
7.00 8.00 9.00 10.00 11.00
7.00 8.00 9.00 10.00 11.00
7.00 8.00 9.00 10.00 11.00
0.54

ScenarioSett|

Gams Farm

Scenario 125 of 125

Pivot Tables

Close




Pivot Tables

@ Cleanfirl9.xls [Compatibility Mode] = =] x
[ 4 A B | c | D [ B | okttt oottt D itciinalChouninl
1 |Index fprice Factg{pffce fmpac{s {% chi Clean Air & Climate Change, Environment Canada

- EEY - Canaaa ™™ Ganaaa "
6 [eta (All 5
7 epsilon All) ]
8 |ScenarolD |epsilon20 |-
=
10 |Sum of value |item [=]
11 factor > |pffpc pfipd pffpfx

12 K 4.032936915  4.407638373 -0.109741107|
L 2978691897 3349596219 -1.122005212|
1N -13 81231417 13 50188698 -17 24437946

10

2
22| o
3 K

24
i
26 |
2r
8
29
30 -15 Thomas R. Rutherford .
L | i Christoph Boehringer Clean Al r &
32| - Angelo Proestos .
a3 -20 | | ¥ Randall M. Wigle
34 : Erwin Kalvelagen Cllmate Change
35
36
3r|
38
3
40
4
42
43
44
45 |
46

a7
44> M| Csv gprice - Csv_fprice - Piot_hev , Pivot_quant . Pivot_gpct -~ Pwvot gprice | Pivot_fprice /¥




