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VEIES

* Choosing meaningful names is very important
for large models

* Choose shorter names for much used symbols
* Don’t overdo: very long names add clutter



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

set
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/
t2 /2000*2006/;
display t2;

Quick solution: use a dummy set

set

dummy /2000*2010/
t1 /2001*2005/

t2 /2000*2006/;
display t2;

---- 5 SET 12
2001, 2002, 2003, 2004, 2005, 2000, 2006

This is probably
unwanted. Also

parameters based on
t2 will be displayed
reordered.

--—-- 6 SET 12
2000, 2001, 2002, 2003, 2004, 2005, 2006



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

cce(jb) /
"FOR Reserve" 015
"CCC Inventory" 016
/

015, 016 is explanatory text for

set elements. | use it mainly for
self-documentation.




Find the source of the error

19
20
21 SEEs
22 i canning, plants / seattle, san-diego /
23 7 markets / new-york, chicago, topeka / ;
24
25 Parameters
26
27 a(i) capacity of plant 1 in cases
28 / seattle 350
* kx k% $361
*xx* 361 Values for domain 1 are unknown - no checking possible
29 san-diego 600 /
30
31 b(j) demand at market j in cases
32 / new-york 325
33 chicago 300

34 topeka 275 / ;



2-pass execution

* 1: Compilation (1,
Sset name "hello"
— Parser else

Sset name "world"

— Handle declarations )

— Do all Scommands display "%name%":

* 2: Execution
— Execute compiled code



Example

° PUt iS exeCUtion ; ;iiiliséxéi?;i;play 'hello';"/;
time, Sinclude o I
] *xxk 282 Unable to open include file
run-time 4
* Sonecho compile Model m/all/;
m.optfile=1;

time, solve
execution time

Solve m minimizing z using lp;

Sonecho > cplex.opt
lpmethod 4
Soffecho



Special Values

* Unexpected behavior

scalar a /EPS/; Division by zero because EPS is not the

scalar b; same as zero.

bSa=1/a;

display a,b;
scalar s /NA/: Returns 3.14. Because any operation on NA
s$(s>1) = 3.14; returns NA, $(s>1) is S(NA) which is evaluated

display s; as true.



Leads and Lags

* |[nventory balance

Always check equation listing

inventory, = inventory,_, — outflow, + inflow, in listing file

inventory,  , = inventory, — outflow, + inflow,.
Il IT

I Ir_
2 L =t

Stock and flow variables I

set t ftisth/;

positive variables
inv(t) ‘’inventory’ t=20 t=1 =12 t=7T-1 =T
buy(t)
sallit)

Zero if t-1 outside
domain

Trick: initial inventory is parameter
indexed by t but only contains a
value in first period.

parameter init_inwvi{t) 'initial inventory’ /tl1 100/,

egquation
inv_bal(t) 'inventory balance’;

inv_ballt).. invit) =e= inv(t-1) + buyi(t) - =ell(t) + init_inw(t);



Leads and lags (2)

set t StlstE/;

positive variables
invit) ‘inventory’
buy(t)
sellit)

parameter init_inv(t) ’initial inventory?' /tl1 100/;

squation Equation listing shows expanded
inv_bal(t) 'inventory balance’; rfESlJIt.

inv_bal(t).. invi(t)} =e= inv(t-1) + buyit) - =e211{t) + init_inwvit);

-——— inv_bal =E= inventory balance

inv_bal(tl).. invi{tl) - buyitl) + sellitl) =E= 100 ; (LHS = 0, INFES = 100 #%%)

inv_bal{t2).. - iov(tl) + iov(t2) - buy(t2) + sell(t2) =E= 0 ; (LHS = 0}
inv_bal(t3).. - inv(t2) + inv(t3) - buy(t3) + =ell(t3) =E= 0 ; (LHS = 0)
inv_bal{t4).. - inv{(t3) + inv(t4) - buy(td) + sellit4) =E= 0 ; (LHS = 0

inv_balitE).. - invitd4) + inv(th) - buy(tb) + sell(tE) =E= 0 ; (LHS = 0)




Debugging constraints

* Equations are difficult to debug

* Only once you have a complete running model
you can use the equation and column listing

* Try to move as much complexity out of the
equations to sets

* Then you can use DISPLAY to debug in an early
development stage



Debugging constraints (2)

sos(i).. lambda(i) =1= delta(i-1) + delta(id$(i1(i));

To understand this we could have used:

set 52(1,j) ’ses 2 simulation’;
52(1,i-1) = yes;
52(1,i)$(ord(i)<card(i)) = yes;
display s2;

sos(i).. lambda(i) =1= sum(s2(i,j), delta(j));

Now we can look at s2 before developing the rest of the model:

-——— T SET 22 so0s 2 zimulation
i1 i2 i3 id
il YES
iz YES YES
i3 YES YES
i4 YES YES

ib YES



Stop GAMS in the middle

* Sstop

— Not inside loop

* AbortS1 “Stopped”;

— Works inside loop



Matrix expression

* Gams does not have matrix expressions
 Example (Lyapunov Equation):

AX + XA' +Q =0

lyapunov(i,j)..
sum(k, a(i,k)*x(k,j)) + sum(k,x(i,k)*a(j,k)) + q(i,j) =e= 0;

* Thereis no inv(A). Often not needed:
write Ax=b as equation:

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

* This will automatically be solved for x



Matrix Expressions

* |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=I



Tracing a loop

. —_———— 4 SET t
This does not work:
2000, 2001, 2002, 2003, 2004, 2005
sett /2000*2005/;
—_——— 4 SET t
loop(t, 2000, 2001, 2002, 2003, 2004, 2005
display t;
)' —_——— 4 SET t
V4
2000, 2001, 2002, 2003, 2004, 2005
—_——— 4 SET t
2000, 2001, 2002, 2003, 2004, 2005
—_——— 4 SET t
2000, 2001, 2002, 2003, 2004, 2005
- 4 SET t

2000, 2001, 2002, 2003, 2004, 2005



Alternative 1

Tracing a loop (2)

Alternative 2

Alternative 3

set
t /2000*2005/
tnow(t) /2000/

’

loop(t,
tnow(tnow) = no;
tnow(t) = yes;
display tnow;

);

set
t /2000*2005/
tnow(t) /2000/

alias(t,tt);

loop(t,
display tnow;
tnow(tt)=tnow(tt-1);
);

set
t /2000*2005/
tnow(t)

I

loop(t,
tnow(t) = yes;
display tnow;
tnow(t) = no;

);

2000

2001

2002

2003

2004

2005

SET tnow

SET tnow

SET tnow

SET tnow

SET tnow

SET tnow



Packaging in Excel

Portfolio2.xls
File Edt Wiew Insert Format Tools Data indow Help DPlat == x|
AN NEHSRY BT o-0 - G5 AR 2]y e [BRE e, | MED s mE S o AR,
=] =]
Historical returns Select here your instruments
1.075 0.852) 0615 0698) 1.023) 0651 i
1.084 0735 0716 0662 1.002] 0768 ]
1.061 1371 1.388| 1315 1.123[ 1354
1.052 1.236) 1.286| 1.280| 1.156( 1.025 Iv]
1.055 0.5926) 00974 1.093) 1030 1181 ]
1.077 1.084| 1.093| 1145 1.012[ 1326
1109 1.184| 1258| 1307 1.023[ 1048 (cd
1127 1323 1337 1367 1.031] 1236 I
1156 0949) 0983 0990 1073 0977
1117 1215 11687 1.213| 1.311] 0881 d
1092 1224] 1235 1.217| 1.080[ 1237 1
1.103 1.061| 1.030| 0903 1.1500 1.074
1.080 1316 1.328| 1.333 1.213[ 1882
1.063 1.186) 1.161| 1.085 1.156( 1534
1.061 1.052| 1.023| 0959 1.023) 1248
1.071 1.085| 1178 1.185| 1.078[ 1.283 — = =5
1.087 1316 1292 1204 1142 1108 FRONTIER(A) mpumize @ Qo — At
1.080 0963| 0938 0830 1083 0768 subject to &, =1
1067 1304) 1342|1594 1161) 1121 >0
1036 1.076| 1090 1174 1.076( 0878 —
1031 1100 1113 1162 1.110[ 1326
1.045 1.012) 0899 0965 0965 1078
Optimal portfolios (percentages:
Efficient frontier
100.0% 11412] 00528
100.0% 11412 0.0529 11500
100.0% 11412 00529 1.1400 —
100.0% 11412 00529 //4_
11.4% 83.6% 11392  0.0464 1.1300
33.8% 56.2% 11383 0.0365 = 11200 /
45.0% 55.0% 11333 0.0331 5 /
36.3% 23.4%| 40.4% 11233 00214 S 11100
31.8% 3N.1%| F7.0% 11202 0.0184 /
8.2% 28.0% 30.4%| 33.3% 11161 00148 1.1000
18.4% 24.2% 7 T%| 297% 11118|  0.0116 1.0000 /
26.6% 20.4% 25.0%| 26.0% 11072|  0.0087 &
36.9% 16.6% 22.2%| 22.3% 11028| 0.0083 1.0800 : . . . T
49.1% 12.8% 19.5%| 18.6% 10984 0.0043 0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600
53.3% 9.0% 16.8%| 14.9% 10938 00028 Risk
£9.5% 5.2% 14.0%| 11.3% 10895 0.0017
79.7% 1.4% 11.3%| 7.6% 1.0851) 0.0010

J 1"

,
Readly ¥ I o




Packaging in Excel (2)

@ File Edit Wiew Insert Format Tools Data Window Help DElot ;Iilﬂ
-2 0 E &R & B @< Fe i 5 @ 2| » esecuty. #32E oo, k& s
[ A | =
"¢l 2 3 ¢4 5 6 of B cd oll cll 12 cl3 c¢l4 cl5 clB c17 clB cl9 c20 21 22 cZ3 o2 o2 =
[l L U K G cig | X
12 Q) H R K v ACMIT
13 D:AiB:H I C X'T F Vi K
r4 Ut v:x:w D:JIE | R: A 0 C!H
1] K G X i F Biwl|o D L 0
15] [*] I u 0 s R PN
7 E D:V!:IK J P:Q L Al M I Y H
[i:] F C R i A N U:G At L TWIS B
13 1 Qi H oY L D B i KT 1]
[alu} M: G Wi C T J R DV
11 M R E|l B D c H A G W
2 P W G ALY E X N
3 KiY W:u|lT N:D
Md | HiL:T:!S§ w v K| X F Q! J
s | N: B H S:Y|F!P C: 1 K E L T.0
e | L ia E Ul R F B 1 X|D J T
17 | B A Cc Y|.s U:vi]Fp X
g | T Xt P J Qi A w E|JRIY C
g H N|lY iaQ X i1 S | E F T K:iW:A
20 K:Y i F|T:A G P N JiojailL U
121 Viw u P H R|G X N:iM Q
22 G 0 T F X B:iNIM KiC E Y
23 | Ci U J GIY i N:OD!:S | v F B
124 | R:E W, s:io J A K
24 P T] C XiM:iD Q Y U:LiO
Letters ‘ MNumbers ‘
Solve ‘ Clear solutian
This spreadsheet solves a 25x25 Sudoku problem using a MIP formulation. Yhen you press [Solve] the grid will be saved to a GOX file, the
rnodel is written and GAMS is irvoked 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 GAMSZ2.6 GOX files. It also warks with older GAMS versions.
<

Ready



Packaging in Access

Traveling Salesman/Minimum Spanning Tree Example

Home | Create External Data Database Tools

= W]
o 2 copy
Paste
F Format Painte

__. Clipboard

Show table with dty coordinates

Show distance table
Run GAMS
Quit this application

Algorithm
() Minimum Spanning Tree
(@ Traveling Salesman Tour

=i New ¥ Totals Bl ? 7 Selection ~ I T @ | [ﬁ ab_Replace i & simplified
i
& spelling i zl V] Advanced - 11

I
{ Filter Size to. Switch = Find
X Delete = =5 More ~ |! ) 7 Togagle Filter || Fit Form Windows~ || [3 Select~

Records Sort & Filter __ Window Find

=8| Progress
Edl Prog

= GoTo~ || B Traditional

| % Translate with Options

Chinese Translation

B00 439 cuteff £33.0000 B35.8000 1438 046%

Zerohalf cuts applied: 7

Fixing integer wanables, and solving final LP...
Tried agaregator 1 time.

LP Presalve eliminated 73 rows and 862 columns.
All 1ows and columng eliminated

Presolve time = 0.00 sec.

Proven optimal solution

MIP Salution: 699.000000 (1560 iterations, 562 nodes)
Final Salve: £99.000000 [0 iterations]

Best possible.  £33.000000
Absolute gap 0.000000
Relative gap 0.000000

- Restarting execution

- model gms(205] 0 Mb

- Reading solution for model tsp

- model. gms(233) 3 Mb

- Putfile zol C:A\sersherwiniappD ataiLocalhTemphsolution. csy
** Status: Mormal completion

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

DELETE # FROM solution

INSERT INTO zolution SELECT * FROM [T ext:FMT=Delimited:HDR=MNoDATABASE =C:AU sersherwiniappD atatLocalhT emp
4] [solutionHcsv]:

line: (1011 40,22338) - [10382,2519)

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

cities

cade name

Al | [Manchester, N H

[e02 | [Mantpelier, vt

[e03 | Detroit, Mich.

BT | Eleveland, Ohia

o5 || Charleston, iz

|08 ||Louisville, Ky

|el7 | lIndianapolis, Ind.

[c08 | [Ehicaga, i
[Recora: 4 <[Lofaz [+ mb [ G

Search




Scalar x;
X=pi;
Display x;

Save/restart

Scalar x;

X=pi;

Display x;

Gams ml.gms s=saveml

Gams m2.gms r=saveml



Hide code: GOO file

 Compile only, save to restart file
— Main.gms a=c S=XXX
* Read restart, execute only

— Dummy.gms r=xxx



Hide Code Complete Example

In trnsport.gms change how c(i,j) is calculated:

execute_load "trnsport.gdx", c;

Parameter c(i,j) transport cost in thousands of dollars per case ;

Compile as: > gams trnsport a=c s=tmodel

Give tmodel.g00 to user

User creates spreadsheet:

‘-DIWMI-'

User model:

A

seattle
san-diego

B

C

D

new-york chicago topeka

4
1

2 3
6 4

$log- R R d b b A b b A b b A b b b b b b b A b i b b b i 4

$log * POLYSYS *

$log- R R d b b A b b A b b A b b b b b b b A b i b b b g 4

Scall 'gdxxrw.exe i=trnsport.xlsx o=trnsport.gdx par=c rdim=1 cdim=1"

Run as: > gams user.gms r=tmodel




--- Job user.gms Start 07/14/08 23:18:55
GAMS Rev 227 Copyright (C) 1987-2008 GAMS Development. All rights reserved
Licensee: Erwin Kalvelagen G070509/0001CE-WIN
GAMS Development Corporation DC4572
--- Starting continued compilation
3k 3k 3k 3k 3k sk sk 3k sk sk 3k sk sk 5k sk sk 3k sk sk sk ok sk sk sk sk sk k ko k

* POLYSYS *

3k 3k 3k 3k 3k sk 3k 3k sk sk 3k sk sk 3k sk sk 3k sk sk sk ok sk sk sk sk sk k ko k

--- user.gms(4) 2 Mb

--- call gdxxrw.exe i=trnsport.xlsx o=trnsport.gdx par=c rdim=1 cdim=1

GDXXRW May 1, 2008 22.7.1 WIN 4378.4700 VIS x86/MS Windows

Input file : C:\projects\Polysys\VersionJuly\model based on Energy Reserve\gams\restart\trnsport.xlsx
Output file: C:\projects\Polysys\VersionJuly\model based on Energy Reserve\gams\restart\trnsport.gdx
Total time = 359 Ms

--- user.gms(4) 2 Mb

--- Starting execution: elapsed 0:00:00.374

--- user.gms(51) 3 Mb

--- GDXin=C:\projects\Polysys\VersionJuly\model based on Energy Reserve\gams\restart\trnsport.gdx
--- Generating LP model transport

--- user.gms(72) 3 Mb

--- 6 rows 7 columns 19 non-zeroes

--- Executing CPLEX: elapsed 0:00:00.380



LS Solver

" efilip.dat™  +

variables o0z | fitG
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 ols1 /obj,fit/;

solve ols1 minimizing sse using Ip;

display constant.l, income.l, sse.l;


http://amsterdamoptimization.com/models/regression/filip.png

Regression Output

Least Square Solver V2

Erwin Kalvelagen,

Amsterdam Optimization Modeling Group
www.amsterdamoptimization.com

Parameter
b('jo') -1
b (! jl ) -2
b('j2") -2
b('j3") -1
b('j4") -3
b('j5") =7
b('jo") -1
b('37") -1
b('j8") -6
b('j9") -2
b('j10") -4
Signif. codes: O

Estimation statistics:
Cases: 82 Parameters:
Residual standard erro
Multiple R-squared:

F statistic:

DLL version:
GDX file: ls.gdx

Estimate

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

Sk kT

11

0.001

O U NN <IN 0N

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

Sk

0.01

on

Adjusted R-squared:
2.16244E+03 on 10 and 71 DF, p-value:

_GAMS_GDX 237 2007-01-09

N

Residual sum of squares:
r: 3.34801E-03
9.96727E-01

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

0.05 "." O.

1

N P = 00 o O b b b O

Pr(>|tl)

.34685E-06
.78349E-06
.54488E-06
.56374E-06
.87122E-06
.54762E-06
.74865E-06
.75365E-06
.20510E-05
.74863E-05
.65146E-05

7.95851E-04

71 degrees of freedom
9.96266E-01

0.00000E+00

* k%

* Kk *

* k *

* k kx

* Kk *

* k%

* Kk *

* k *

* Kk %

* Kk %

* Kk %



