Massaging Data

[JParameters/scalars can also be set by
assignment
OSCALAR rho;
Orho=10;

[JAssignments are performed in order
OSCALAR a/15/;
Oa=al3;
Ha=a*2;
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Massaging Data

[JHere is an example where ALIAS helps:

OSET i/ z1*z4 /;

OALIAS (i,)) ;

OPARAMETER s(i,j) A matrix ;
Os(@i,)=1;

Os(z1'))=2;

Os@j)=3;
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Massaging Data

[JLet's see what happens during assignments:

0 s(i,)=1; s('z1',)=2; s(,)=3;
110 @2 2 203 2 20
[] ] []
%115%115%315
A 113 82 1 1 8 1 30
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Displaying Results

[IDisplaying results during execution can be
useful

LE.g., the following might be useful to see in
the above program:
DISPLAY *“s after one assignment”,s ;
DISPLAY *“s after two assignments”,s ;

[INote we can display titles and that domain
lists are not specified in DISPLAY commands
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Data Massaging

Oaxb = a(XbP) or (aX)b?

[JUsually, one takes the first answer as being
correct

JWhy is this, and are there any general rules?
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Data Massaging

OArithmetic is a lot like Excel, BASIC, C and
other languages

Precedence of operations is:
» Exponentiation (**)
* Multiplication (*) and division (/)
» Addition (+) and subtraction (-)

OAIl numbers are treated as real with a few
extensions
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Data Massaging

[JWith real numbers, a computer calculates y*
as exp(x*log(y))

UThis is a problem if y < 0!

[OHowever y* makes sense when y < 0 when x is an
integer (a whole number)

LJGAMS provides a special function: yx =
POWER(y,x) that works for integer x and all y
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Data Massaging

[JOther functions operate over sets
USET row /r1,r2/, col / c1*c3/;
OTABLE data(row,col) A bunch of numbers
0 ¢l c2 c3
Orll 2 5
dgrz 3 3 1,
OPARAMETER rowsum(row) ;
Orowsum(row) = SUM(col,data(row,col)) ;
USCALAR matsum ;
Omatsum = SUM((row,col),data(row,col)) ;
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Data Massaging

[JOther functions that operate over sets:

UPROD(i,s(i)) yields the product over the set i of the
values in the parameter s(i)

OSMIN(j,s(j)) yields the minimum value in s(j)
ranging over the set |

LUSMAX is analogous to SMIN, but produces the
maximum rather than the minimum
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Data Massaging

[JThe following provides examples of PROD,
SMIN, and SMAX:
OSET j/1*3/;
OPARAMETER x(j)/15,23,32/;
OSCALAR xprod,xmin,xmax ;
Oxprod = PROD(j,x())) ;
Oxmin = SMIN(,x()) ;
Oxmax = SMAX(j,x())) ;
[JResults: xprod = 30, xmin = 2, xmax =5
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Data Massaging

LOGAMS extends arithmetic as follows

Values Operation

Ox vy X**y POWER(x,y) x/y
02 2 4 4 1

0-2 2 UNDF 4 -1

02 21 4.29 UNDF 0.95
ONA 25 NA NA NA
03 0 1 1 UNDF
UINF 2 INF INF INF
2 INF  UNDF UNDF 0
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Data Massaging

[JConditional assignments can also be used
OSET j /1*5/, m(j) /1,3,5/;
DALIAS (i) ;
OPARAMETERS a(j),g(j),s() ;
O a(j) =ord() ; 9() =a() ;
O a(j) = 1$(ord(j) le 3) ;
O g()$(ord() le 3)=1;
0 s() = (90)-1)/sum(jj,g(ii)-2) ;
0 a(m) = (1/g(m))$((ord(m) eq 2) or (ord(m) eq 3)) ;
0 s($s()) = 1/s()) ;

Purdue University Ag. Econ. 652
Lecture 4 12




Data Massaging

ULine 4: a(j) = ord(j) ; 9(j) =a() ;

OAfter line 4: a(j) = [1,2,3,4,5], 9(j) = [1,2,3,4,5]
OLine 5: a(j) = 1$(ord(j) le 3) ;

OAfter line 5: a(j) = [1,1,1,0,0], g(j) =[1,2,3,4,5]
OLine 6: g(j)$(ord(j) le 3) =1 ;

UAfter line 6: a(j) =[1,1,1,0,0], () = [1,1,1,4,5]
OLine 7: s(j) = (9()-1)/sum(jj,g(ij)-2) ;

UAfter line 7: a(j) = [1,1,1,0,0], g(j) = [1,1,1,4,5],

0 s(j) =[0,0,0,1.5,2]
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Data Massaging

OLine 8:

Oa(m) = (1/g(m))$((ord(m) eq 2) or (ord(m) eq 3)) ;
OAfter line 8: a(j) = [0,1,1,0,0.2], g(j) = [1,1,1,4,5],

O s(j) = [0,0,0,1.5,2]
OLine 9: s(j)$s(j) = 1/s(j) ;

UAfter line 9: a(j) =[1,1,1,0,0.2], g()) = [1,1,1,4,5],

0 s(j) = [0,0,0,0.667,0.5]
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Data Massaging

OSummary
JConditional statements involving EQ, LE, GE, LT,
GT may all be used
JCompound conditions can use AND, OR and NOT
OIf the condition appears on the right-hand side of

the assignment and is false the preceding token
vanishes

UIf the condition appears on the left-hand side of
the assignment and is false the assignment is not
performed

UNumbers have logical value: only zero is FALSE
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Data Massaging

UIF ... THEN ... ELSE structure is useful when
a list of operations depends on one condition:
UIF (alpha GT beta,
O s(i) = t(i)*2 ;
O g() =s() + () ;

OELSE

O s@i)=0;
O ai)=7;
0);
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Variables
Unlike parameters, variables are “concepts”
rather than numbers

[JValues for variables are typically computed by
solving a model

[JA variable’s value may also be initialized prior
to solving a model

Purdue University Ag. Econ. 652
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Variables

[OVariables are declared via a VARIABLES
statement:

UVARIABLES x(time),y(time,space),z ;

OVARIABLES
[0 bananas(tree) Number of bananas per tree
[0 snakes(pit,t) Number of snakes in pit attime t;

UlIncluding units in comments is a good idea!

Purdue University Ag. Econ. 652
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Variables

OIn addition to values, variables have bounds

[JOne way to set the bounds is through the
declaration:

UPOSITIVE VARIABLE X ;

Ox will be bounded between 0 and +INF

[0The word POSITIVE determines the bounds

Purdue University Ag. Econ. 652
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Variables

[JOther variable types and their bounds:

UVariable Type Lower Upper
ONEGATIVE —INF 0
UFREE (Default) —INF +INF
OINTEGER 0 100
OBINARY 0 1

UlInteger and binary types must also be whole
numbers

Purdue University Ag. Econ. 652
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Variables

[JWe refer to attributes (e.g., bounds, values)

via suffixes:
L Suffix Meaning
0.LO Lower bound
0.UP Upper bound
O.L Current level
.M Marginal (i.e., penalty cost)
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Variables

[JA variable with a suffix appended acts just
like a parameter:

Oxlo(j)=7;
O land.up = 100 ;
0 area.l(crop,t) = base.l(crop,t) ;

[JThe exception is the additional bound type
.FX which refers to both upper and lower
bounds simultaneously
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Equations

[0These are declared much like variables:

OEQUATIONS

[0 cost Cost function

O prd(t) Production in period t

0 bal(t,s) Balance in period t at site s ;
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Equations

[JStructure of equations is defined by a special
type of assignment:

{cost .. total =E= sum(t,output(t)*costs(t)) ;
JForm is:

[J<eqn. name> .. <expression> <rel> <expression>;
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Equations

LThe different types of relations are:

URelation  Meaning
O=E=
O=L=
0=G=

IV IA 1

[JNote that there are no strict inequalities —
those make sense mathematically, but not for
numerical mathematical programming
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Equations

[JEquations can be indexed:
Oprd(t) .. SUM(g,supply(g,t)) =L= demand(t) ;

[JConditions can be used to define equations:

Oprd(t) .. SUM(g,supply(g,t)) =L=
O demand(t)$(ORD(t) gt 1) ;
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Equations

[JConditions can also be used to suppress
equations:

Oprd(t)$(ORD(t) gt 1) ..
OSUM(g,supply(g,t)) =L= demand(t) ;

[JConditions for equation assignments work the
same as for parameter assignments

[ This only works with “$” not with IF ... ELSE
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Equations

LIf the condition appears on the right-hand side
of the equation assignment, the preceding
token disappears when the condition is false

L1f the condition appears on the left-hand side
of the equation assignment, the equation is
not generated (assignment not done) when
the the condition is false
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Equations

[JLike variables, suffixes are used to refer
ULevel (.L)
OLower bound (.LO)
OUpper bound (.UP)

Marginal (.M) which is also called the shadow
price
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Model Statement

[0The model declaration serves two functions:

[UNaming the model
OProviding a list of the equations in the model

[JExamples of valid model commands:

[OMODEL economy / bal,cost / ;
[OMODEL route A vehicle routing model / ALL /;
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Solve Statement

[1The solve statement instructs GAMS to
assemble the equations for a particular model
based on current parameter values and solve

LIt also tells GAMS what type of model it is
(and therefore what to use to solve it)

LFinally, the solve statement indicates what
variable is to be optimized and whether it
should be minimized or maximized
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Solve Statement

[IHere are some legitimate solve statements:
SOLVE economy USING LP MAXIMIZING gdp ;

OSOLVE route USING NLP MINIMIZING fuelcost ;

[JThe general form is:

[OSOLVE <model name> USING <model type>
O<MINIMIZING or MAXIMIZING> <variable name> ;
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Solve Statement

JPrinciple model types are:

UType Features

OLP Linear program

OMIP Mixed integer program

ORMIP Relaxed mixed integer program
CONLP Nonlinear program

UUDNLP Nondifferentiable nonlinear program
OMCP Mixed complementarity problem
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More on Sets

[JSet membership can also be achieved by
direct assignment:

OSET firms All firms /i1*12000 /
O efirms(firms) Efficient firms ;
...

Oefirms(firms)=YES$(profit.I(firms) EQ opt.I(firms)) ;
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More on Sets

[JIn some models it is useful to be able to refer

to the “current”, “next” or “previous” element
of a set

UThe current element is referred to as x(j)
OThe next element is x(j+1) this is called a “lead”
[OThe previous element is x(j-1) this is called a “lag”

LThis only works of the set is ordered
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More on Sets

[JComplications come at the ends of the set
OWhat does x(j-1) mean if j is the first element in

the set?

OWhat does x(j+1) mean if j is the last element in
the set?

[IThe answer in both cases is zero!

[These are called “end-off” lags and leads
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More on Sets

[JSometimes lagging from the first set element
should give the last element, and

ULeading from the last element should give the
first element

L(This is like time ona clock 1, 2, 3,4, 5, 6, 7,
8,9 10,11,12,1, 2,...)

[JThese are called circular leads and lags
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More on Sets

[Circular leads and lags are specified by
doubling the lead or lag operator
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Data Massaging

[JWhen a block of commands needs to be done in
sequence across a set, use LOOP:

OSETj/1%4/;

O PARAMETERS a(j),b(j) ;
Ob() =2;

O LOOP(j,

0 a() =a(-1) + b() ;

a);

[J At the end, a(j) = [2,4,6,8]
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