User Defined Functions

by Jon Svede, Brian Bush

1. How to Create and Use User Defined Functions

1.1. Description

This document describes the User Defined Functions within POI. User defined functions
allow you to take code that is written in VBA and re-write in Java and use within POI.
Consider the following example.

1.2. An Example

Suppose you are given a spreadsheet that can calculate the principal and interest payments
for amortgage. The user enters the principal loan amount, the interest rate and the term of the
loan. The Excel spreadsheet does the rest.

mortgage cal culation spreadsheet

When you actually look at the workbook you discover that rather than having the formulain
a cdll it has been written as VBA function. You review the function and determine that it
could be written in Java:

VBA code

If we write asmall program to try to evaluate this cell, we'll fail. Consider this source code:

import java.io.File ;

i mport java.io.FilelnputStream

i mport java.io.Fil eNot FoundException ;
i mport java.io. | OException ;

i mport org.apache. poi . openxmi 4j . excepti ons. | nval i dFor mat Excepti on ;
i mport org.apache. poi .ss.fornmul a. functi ons. FreeRef Functi on ;

i mport org. apache. poi . ss. fornul a. udf . Aggr egat i ngUDFFi nder ;

i mport org.apache. poi . ss. fornul a. udf . Def aul t UDFFi nder ;

i mport org.apache. poi . ss. fornul a. udf . UDFFi nder ;

i mport org.apache. poi . ss. usernodel . Cel | ;

i mport org. apache. poi . ss. user nodel . Cel | Val ue
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apache. poi . ss. user nodel . Row ;

apache. poi . ss. user nodel . Sheet ;

apache. poi . ss. user nodel . Wr kbook ;
apache. poi . ss. user nodel . Wr kbookFactory ;
apache. poi .ss. util.Cel | Reference ;

s Eval uator ({

public static void main( String[] args ) {

}

Sys
Sys

Fi |

"fileName: " + args[O] ) ;
"+ args[1] ) ;

temout. printl n(
temout.println( "cell:

e wor kbookFile = new File( args[0] ) ;

try {

} c
} c
} c

FilelnputStream fis = new Fil el nput St ream wor kbookFi | e) ;
Wor kbook wor kbook = Wor kbookFactory. create(fis);

For mul aEval uat or eval uat or = wor kbook. get Creati onHel per (). cr eat eFor nul aEval

Cel | Ref erence cr = new Cel | Ref erence( args[1] ) ;
String sheet Name = cr. get Sheet Nanme() ;

Sheet sheet = workbook. get Sheet ( sheet Nanme ) ;
int romdx = cr.getRow) ;

int colldx = cr.getCol () ;

Row row = sheet.get Rowm( rowl dx ) ;

Cell cell =row getCell( colldx ) ;

Cel | Val ue val ue = eval uator.evaluate( cell ) ;

Systemout.println("returns value: " + value ) ;

atch( Fil eNot FoundException e ) {
e.printStackTrace();

atch( I nval i dFormat Exception e ) {
e.printStackTrace();

atch( | Oexception e ) {
e.printStackTrace();

If you run this code, you're likely to get the following error:

Exception in thread "main" org.apache. poi.ss.formul a. eval . Not | npl enent edException: Erro

at
at
at
at

org.
org.
org.
org.

apache. poi . ss. f or mul a. Wr kbookEval uat or . addExcept i onl nf o( Wor kbookEval uat or . |
apache. poi . ss. f or nul a. Wor kbookEval uat or . eval uat eAny( Wor kbookEval uat or . j ava: 2
apache. poi . ss. f or mul a. Wr kbookEval uat or . eval uat e( Wor kbookEval uat or. j ava: 221)
apache. poi . hssf . user nodel . HSSFFor nul aEval uat or . eval uat eFor mul aCel | Val ue( HSSF
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at org. apache. poi . hssf. user nodel . HSSFFor nul aEval uat or . eval uat e( HSSFFor mul aEval uat or
at poi.tests. Eval uator. mai n( Eval uator.java: 61)
Caused by: org.apache. poi.ss.formul a. eval . Not | npl enent edExcepti on: cal cul at ePaynent
at org. apache. poi . ss. formul a. User Def i nedFuncti on. eval uat e( User Def i nedFuncti on. j ava:
at org. apache. poi . ss. formul a. Oper ati onEval uat or Fact ory. eval uat e( Oper ati onEval uat or F
at org. apache. poi . ss. f or mul a. Wr kbookEval uat or . eval uat eFor mul a( Wr kbookEval uator.ja
at org. apache. poi . ss. formul a. Wr kbookEval uat or . eval uat eAny( Wr kbookEval uat or. j ava: 2
4 nore

How would we make it so POI can use this sheet?

1.3. Defining Your Function

To 'convert' this code to Java and make it available to POl you need to implement a
FreeRefFunction instance. FreeRefFunction is an interface in the
org.apache.poi.ss.formulafunctions package. This interface defines one method,
evaluate(ValueEval[] args, OperationEvaluationContext ec), which is how you will receive
the argument values from POI.

The evaluate() method as defined above is where you will convert the ValueEval instances to
the proper number types. The following code snippet shows you how to get your values:

public class Cal cul ateMortgage i npl enents FreeRef Function {

@verride
public Val ueEval eval uate( Val ueEval [] args, OperationEval uati onContext ec ) {
if (args.length != 3)
return ErrorEval . VALUE | NVALI D
}

doubl e principal, rate, years, result;
try {
Val ueEval vl

Oper andResol ver. get Si ngl eVal ue( args[ 0],

ec. get Row ndex(),

ec. get Col uml ndex() )
Oper andResol ver . get Si ngl evVal ue( args[1],

ec. get Rowl ndex(),

ec. get Col uml ndex() ) ;
Oper andResol ver . get Si ngl eVal ue( args|[ 2],

ec. get Rowl ndex(),

ec. get Col uml ndex() ) ;

Val ueEval v2

Val ueEval v3

princi pal = OperandResol ver. coerceVal ueToDoubl e( vl ) ;
rate = OperandResol ver. coerceVal ueToDoubl e( v2 ) ;
years = QperandResol ver. coer ceVal ueToDoubl e( v3 ) ;

The first thing we do is check the number of arguments being passed since there is no sense
in attempting to go further if you are missing critical information.
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Next we declare our variables, in our case we need variables for:

principal - the amount of the loan
rate - the interest rate as a decimal
years - the length of the loan in years
result - the result of the calculation

Next, we use the OperandResolver to convert the ValueEval instances to doubles, though not
directly. Firss, we stat by  getting discreet  vaues. Using the
OperandResolver.getSingleVaue() method we retrieve each of the values passed in by the
cell in the spreadsheet. Next, we use the OperandResolver again to convert the ValueEval
instances to doubles, in this case. This class has other methods of coercion for gettings
Strings, ints and booleans. Now that we've got our primitive values we can move on to
calculating the value.

As shown previously, we have the VBA source. We need to add code to our class to calculate
the payment. To do this you could simply add it to the method we've already created but I've
chosen to add it as its own method. Add the following method:

publ i c doubl e cal cul at eMbrt gagePaynent ( doubl e p, double r, double y ) {

double i =r /[ 12
double n =y * 12
doubl e princi pal Andl nterest =
p* ((i * Mth.powm((1 +i),n) ) / ( Math.pow((1 +i),n) - 1))

return principal Andl nt er est

}

The biggest change necessary is related to the exponents; Java doesn't have a notation for this
so we had to add calls to Math.pow(). Now we need to add this call to our previous method:

result = cal cul at eMort gagePaynment ( principal, rate, years )

Having done that, the last things we need to do are to check to make sure we didn't get a bad
result and, if not, we need to return the value. Add the following code to the class:

private void checkVal ue(doubl e result) throws Eval uati onException {
if (Double.isNaN(result) || Double.islnfinite(result)) {
t hr ow new Eval uati onExcepti on( Error Eval . NUM ERRCR) ;
}

}

Then add a line of code to our evaluate method to call this new static method, complete our
try/catch and return the value:
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checkVal ue(result);

} catch (Eval uati onException e) {
e.printStackTrace() ;
return e.getErrorEval ();

}

return new Nunber Eval ( result )
So the whole class would be as follows:

i mport org.apache. poi . ss. fornmul a. Oper ati onEval uati onCont ext ;
i mport org. apache. poi . ss.fornmul a. eval . Error Eval

i mport org.apache. poi . ss. fornul a. eval . Eval uati onExcepti on ;

i mport org. apache. poi . ss. fornul a. eval . Nunber Eval

i mport org.apache. poi . ss. fornul a. eval . Oper andResol ver

i mport org.apache. poi.ss. fornul a. eval . Val ueEval

i mport org.apache. poi . ss.fornmul a. functi ons. FreeRef Functi on ;

/**

* A sinple function to cal culate principal and interest.
*

* @ut hor Jon Svede

*

*/

public class Cal cul ateMortgage i nmpl enents FreeRef Function {

@verride

publ i c Val ueEval eval uate( Val ueEval [] args, OperationEval uati onContext ec )
if (args.length != 3)
return ErrorEval . VALUE | NVALI D
}

doubl e principal, rate, years, result;
try {
Val ueEval v1

Oper andResol ver. get Si ngl eVal ue( args[ 0],

ec. get Row ndex(),

ec. get Col uml ndex() )
Oper andResol ver . get Si ngl eVal ue( args[1],

ec. get Row ndex(),

ec. get Col unmml ndex() )
Oper andResol ver . get Si ngl eVal ue( args|[ 2],

ec. get Rowl ndex(),

ec. get Col uml ndex() )

Val ueEval v2

Val ueEval v3

princi pal = OperandResol ver. coerceVal ueToDoubl e( vl ) ;
rate = OperandResol ver. coerceVal ueToDoubl e( v2 ) ;
years = OperandResol ver. coer ceVal ueToDoubl e( v3 ) ;

result = cal cul at eMort gagePaynment ( principal, rate, years ) ;

checkVal ue(result);
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} catch (Eval uati onException e) {
e.printStackTrace() ;
return e.getErrorEval ();

return new Nunber Eval ( result )

}
publ i c doubl e cal cul at eMort gagePaynent ( doubl e p, double r, double y ) {
double i =r [/ 12 ;
double n =y * 12 ;
[IM=P[ i(12+i)n] /[ (2 +i)n- 1]
doubl e princi pal Andl nterest =
p* ((i * Math.pow((1 +i),n) ) / ( Math.powm((1 +i),n) - 1)) ;
return princi pal Andl nt er est
/**

* Excel does not support infinities and NaNs, rather, it gives a #NUM error in th
*

* @hrows Eval uati onException (#NUM) if <tt>result</tt> is <tt>NaN</> or <tt>I|nfi
*/
static final void checkVal ue(doubl e result) throws Eval uati onException {
if (Double.isNaN(result) || Double.islnfinite(result)) {
t hr ow new Eval uati onExcepti on( Error Eval . NUM ERRCR) ;
}

Great! Now we need to go back to our original program that failed to evaluate our cell and
add code that will allow it run our new Java code.

1.4. Registering Your Function

Now we need to register our function in the Workbook, so that the Formula Evaluator can
resolve the name "calculatePayment” and map it to the actual implementation
(CalculateMortgage). This is done using the UDFFinder object. The UDFFinder manages
FreeRefFunctions which are our analogy for the VBA code. We need to create a UDFFinder.
There are afew things we need to know in order to do this:

The name of the function in the VBA code (in our case it is cal cul atePayment)
The Class name of our FreeRefFunction

UDFFinder is actually an interface, so we need to use an actua implementation of this
interface. Therefore we use the org.apache.poi.ss.formula.udf.DefaultUDFFinder class. If
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you refer to the Javadocs you'll see that this class expects to get two arrays, one containing
the alias and the other containing an instance of the class that will represent that alias. In our
case our adias will be caculatePayment and our class instance will be of the
CalculateM ortgage type. This class needs to be available at compile and runtime. Be sure to
keep these arrays well organized because you'll run into problems if these arrays are of
different sizes or the aias aren't in the same relative position in their respective arrays. Add
the following code:

String[] functionNames = { "cal cul at ePaynent "
FreeRef Function[] functionlnmpls = { new Calculatehbrtgage() }

UDFFi nder udfs = new Def aul t UDFFi nder ( functionNanmes, functionlnpls )
UDFFi nder udf Tool pack = new Aggr egati ngUDFFi nder ( udfs ) ;

Now we have our UDFFinder instance and we've created the AggregatingUDFFinder
instance. The last step isto pass this to our Workbook:

wor kbook. addTool Pack( udf Tool pack) ;

So now the whole class will look like this;

import java.io.File

i mport java.io.FilelnputStream

i mport java.io. Fil eNot FoundExcepti on
i mport java.io.| OException ;

i mport org. apache. poi . openxmni 4j . excepti ons. | nval i dFor mat Excepti on ;
i mport org.apache. poi . ss. fornul a. functi ons. FreeRef Functi on ;
i mport org.apache. poi . ss. fornul a. udf. Aggr egat i ngUDFFi nder

i mport org. apache. poi . ss. f or nul a. udf . Def aul t UDFFi nder

i nport org. apache. poi . ss. fornul a. udf . UDFFi nder

i mport org.apache. poi . ss. user nodel . Cel |

i mport org. apache. poi . ss. user nodel . Cel | Val ue

i mport org.apache. poi . ss. user nodel . Row ;

i mport org. apache. poi . ss. user nodel . Sheet ;

i mport org. apache. poi . ss. user nodel . Wr kbook

i mport org.apache. poi . ss. user nodel . Wr kbookFactory ;

i mport org.apache. poi.ss.util.Cell Reference

public class Eval uator {
public static void main( String[] args ) {

Systemout.println( "fileNane: " + args[0] ) ;
Systemout.println( "cell: " + args[1] ) ;

Fil e workbookFile = new File( args[0] ) ;
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try {
FilelnputStreamfis = new Fil el nput Streanm wor kbookFi | e) ;

Wor kbook wor kbook = Wor kbookFactory. create(fis);

String[] functionNames = { "cal cul at ePaynment" } ;
FreeRef Function[] functionlnmpls = { new Cal cul at eMor t gage() }

UDFFi nder udfs = new Def aul t UDFFi nder ( functi onNanes, functionlnpls )
UDFFi nder udf Tool pack = new Aggr egati ngUDFFi nder ( udfs ) ;

wor kbook. addTool Pack( udf Tool pack) ;

For mul aEval uat or eval uat or = wor kbook. get Creati onHel per (). cr eat eFor nul aEval

Cel | Ref erence cr = new Cel | Reference( args[1] ) ;
String sheet Nanme = cr. get Sheet Nane() ;

Sheet sheet = wor kbook. get Sheet ( sheet Nanme ) ;
int romdx = cr.get Rom)

int colldx = cr.getCol () ;

Row row = sheet.get Row( rowl dx ) ;

Cell cell = row getCell( colldx )

Cel | Val ue val ue = eval uator.evaluate( cell ) ;

Systemout.println("returns value: " + value ) ;

} catch( Fil eNot FoundException e ) {
e.printStackTrace();

} catch( InvalidFornmat Exception e ) {
e.printStackTrace();

} catch( 1 OCException e ) {
e.printStackTrace();

Now that our evaluator is aware of the UDFFinder which in turn is aware of our
FreeRefFunction, we're ready to re-run our example:

Eval uat or nortgage-cal cul ati on. xlI s Sheet 1! B4
which prints the following output in the console:

fileNane: nortgage-cal cul ation.xls
cell: Sheetl!B4
returns val ue: org.apache. poi . ss. usernodel . Cel | Val ue [790. 7936267415464]

That isit! Now you can create Java code and register it, allowing your POI based appliction
to run spreadsheets that previously were inaccessible.
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This example can be found in the src/examples/src/org/apache/poi/ss/examples/formula
folder in the source.
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