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There seems to be general consensus in the computer industry that

components are a good thing. If done right, components will save

you money, especially in the long run. On the other hand, customers

in concrete projects oftentimes do not build reusable components.

I suspect that amongst the reasons for this you will find:

* Time constraints

* Lack of education of management and developers

* Lack of a decent application architecture

+  Complexity of building reusable components

* Missing commitment to use, or enforce the use of, existing
components

This article aims to alleviate this situation by telling you why you
need components for BAPI-enabled applications, showing you an
enabling component that facilitates the building of BAPI components,
and giving you a concrete example of a component that encapsulates a
set of complex BAPIs (the OpeninfoWarehouse BAPIs) to make the
development of applications using these BAPIs extremely easy.

I shall use the SAP Java Connector (JCo) as the middleware for the
concrete examples. There are several reasons for this: Java is becoming
more and more the standard for the development of server-based
applications. JCo is (un)arguably the best middleware available for RFC
(Remote Function Call) programming. Applications built on JCo can be
deployed on to a variety of platforms, including Windows, Linux, and
several other Unix dialects.

All the principles that I will cover in this article are applicable to
other middleware products as well, so you should have little difficulty
transferring the ideas presented here to the middleware of your choice.
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Why You Need BAPI Components

Everybody who does object-oriented programming
knows the value of components. They reduce the
amount of training that an application developer

has to go through, because only the component’s
author(s) need(s) to understand all the details and
idiosyncrasies of accomplishing a given task.
Components reduce maintenance cost, because
maintenance required due to a change in one area
(e.g., the interface of a particular SAP function) will
only affect one component, not many application
programs. Existing components decrease the time it
takes to build a new application, because many of the
challenging tasks have already been solved in the
components. Components improve performance,
because we can buffer (cache) information that we
have already retrieved.

Granted, building a truly reusable component
takes extra effort when building the first application.
But you profit once you need additional applications,
or even if you have to maintain one application for a
longer period of time.

I have written several articles' about BAPI
programming that emphasized the importance of
building components. For those of you who have not
read those articles or do not remember all the details,
let me summarize where components will be most
beneficial and why.

Using Unreleased SAP Functionality

So let him slap, the sap!
James Joyce: Finnegans Wake, p. 595.31°

! In this publication: “Enabling Point-and-Click Data Entry Assistance
for Your BAPI Applications” (September/October 2000), “Password
Management for Extranet Applications” (July/August 2001), “Curren-
cies and Currency Conversions in BAPI Programming” (September/
October 2001). Also cf. www.SAPinsider.com.

2 Most people like puzzles. James Joyce’s Finnegans Wake is a big
puzzle in the guise of a novel. Deciphering the book can provide
years of entertainment. The quotes I selected have a relationship to
the section they appear in, but sometimes you may have to think
around a few corners to discover it.

An RFC-enabled Function Module (RFM) can

be released for customer use or not.> Most BAPIs
are released RFMs, only very new ones may be
unreleased at first so that SAP and the customers can
test them for a while before they are released in a
subsequent release. On the other hand, there are quite
a few extremely useful RFMs that are not officially
released for customer use. Many of these RFMs are
not documented (or only in German), which makes
it harder to figure out exactly how they work.
Additionally, SAP has reserved the right to make
incompatible changes to unreleased RFMs. Using
these directly in your applications could thus result
in a huge maintenance effort. Hence all access to
unreleased RFMs must be done through components.

Metadata

The various middleware products for RFC expose a
limited amount of metadata for the RFMs, including
the data types and lengths of the fields used as
parameters. There is a lot of additional metadata
stored in the SAP Dictionary, though. Some of it

is very useful or even essential for BAPI-based
applications.

DDIF_FIELDINFO_GET allows you to retrieve
lots of useful metadata for any structure or table in
SAP. For each field, you can find out whether a
conversion routine is used, and whether there is a
check table or a fixed values list behind the field (the
importance of which will be discussed below). You
can retrieve label texts that can be used in your user
interface. You can check whether a string field is
mixed case or uppercase only. Access to all this
information should be simple for a client program,
so we need a component that encapsulates the call to
DDIF_FIELDINFO_GET and offers easy-to-use
properties. In order to optimize performance, the
component should cache the metadata it has retrieved
and thus avoid additional SAP calls for the same
information.

3 Actually, there are three states: not released, released within SAP,
released for customer use. For people outside of SAP, the two former
categories can be subsumed under unreleased.
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Some more advanced applications, especially
tools, need even more metadata, including a list of
all business objects that have BAPIs, a BAPI’s
parameters, and so on. Retrieving this metadata is
not trivial and should therefore also be encapsulated
in a component.

Helpvalues

The BAPIs return lots of codes. When you invoke
Customer.GetDetail, for example, you get back,
amongst other information, the code of the country
in which this customer resides. Users do not really
remember what all the codes stand for, though. They
want text (the code’s description) in addition to, or
even instead of, the code. Along the same lines,
when a user has to enter a code (e.g., a country code
when adding a new customer), it would be nice if we
offered a drop-down combo box with all available
choices (showing the text by itself or the code and the
text) instead of a plain text box where the user has to
guess the correct code.

In some cases, SAP offers suitable BAPIs
to retrieve the required information.
CompanyCode.GetList and GetDetail offer a list
of all company codes with associated descriptions
and detailed information for one company code,
respectively.

In most cases, though, we are not that lucky.
There is no Country object type, for instance. The
Helpvalues object type provides BAPIs that can help
us to deal with those entities for which there is no
object type in SAP. To figure out whether there is
Helpvalues support for a given entity, you must verify
whether a check table or a fixed values list is defined
for the field (DDIF_FIELDINFO_GET allows you to
do this at runtime, but you can also look it up in the
SAP Dictionary when you build your application).
Unfortunately, the Helpvalues BAPIs are hard to use
and, to make matters worse, they return different
results in different SAP releases.* The BAPIs are

4 For details, refer to my article “Enabling Point-and-Click Data Entry
Assistance for Your BAPI Applications” (September/October 2000) in
this publication.

also relatively slow, so it is imperative that we make
as few calls to them as possible and cache the results.
And some of the entities form hierarchies. Countries,
for example, contain regions (states, provinces,
Kantone, Bundesldnder). There are even multi-level
hierarchies (e.g., Sales Organizations containing
Distribution Channels containing Divisions
containing Sales Offices). You clearly need a
component to deal with all these issues.

Data Conversions

the king of saptimber letting down his humely
odours for my consternation
James Joyce: Finnegans Wake, p. 450.12

Many SAP fields are represented differently in

the user interface and in the SAP application code
and database. For reasons that I find difficult to
comprehend, SAP has decided that the BAPIs should
use the internal database format for these fields.
Before I discuss the implications of this, let me give
you two examples:

*  All-numeric customer numbers (e.g., “1234”)
are stored in the database with leading zeroes
(“0000001234”).

* Many codes are language-dependent. Units
of measure, for example, are displayed in the
user’s language in the user interface, but stored in
their German form in the database. An English-
speaking user would see “PC” for piece where a
German user would see “ST”.

In the standard SAP applications, this is not
an issue, since the data is automatically converted
between the two formats using GUI conversion
routines. You can check whether a field uses a
conversion routine by looking at its metadata at
runtime or design time. The conversion routines are
not invoked in most BAPIs, though. BAPIs expecting
the internal format for a field will fail if passed the
external format familiar to the user. This is one of the
most frequent issues encountered by developers of
BAPI-enabled applications.
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SAP created special conversion BAPIs (found on
the BapiService object type) that allow you to convert
the data yourself. These BAPIs are somewhat tricky
to use, though, and not very fast. To complicate
matters further, the aforementioned Helpvalues
BAPIs return the internal format for entities for which
conversion takes place. So if you want to display a
list of all units of measure in a user interface, you
have to first retrieve the internal codes and the
descriptions using the Helpvalues.GetList BAPI, and
then call the appropriate conversion BAPI to convert
the codes into the external format. And don’t forget
to cache the results so that we will not have to bother
SAP again.

Clearly, this is not something that every
application developer should have to study. We
need a component that hides all the complexity.

Currency Amounts

Some BAPIs do not follow the rules for dealing with
currency amounts.” The BAPI metadata (cf. above)
can be used to figure out which currency fields need
special treatment. We have to fix the amounts in
those fields. The process of checking whether this is
necessary as well as the conversion itself should be
implemented in a component.

Complex BAPIs

Tellibly Divilcult!
James Joyce: Finnegans Wake, p. 303.F1

While the Business Object Repository (BOR) offers
an object-oriented view of the BAPIs inasmuch as
they are shown as methods of object types (SAP’s
term for what most of the object-oriented world calls
classes), the BAPIs themselves are plain functions
that do not present any object-orientation. This has
certain advantages (performance, access by non-
object-oriented programming languages), but makes

> For details, refer to my article “Currencies and Currency Conversions
in BAPI Programming” (September/October 2001) in this publication.

it more demanding for object-oriented application
developers to get their job done.

Since SAP’s applications try to support business
in all industries for all countries, they are inherently
complex. This is reflected in the BAPIs, which
often have a mind-boggling number of parameters.
Figuring out how to apply a BAPI or set of BAPIs
to a given task can be a lot of work. Once that
work has been done, it is a good idea to encapsulate
this knowledge into a component that hides the
underlying complexity. In addition, having a separate
layer of business logic makes it simpler to build new
user interfaces for changing or new requirements.

Let me give you three examples:

*  The ProductCatalog object type contains a set of
BAPIs exposing the functionality to use product
catalogs in sales applications. It takes some
effort to discover the correct strategy to use
these BAPIs. Normal applications should not
have to worry about the particulars. Hence a
component with a nice, easy-to-use object model
is required.

* Several SAP object types offer functionality that
deals with extranet passwords for customers,
vendors, etc. These BAPIs allow you to manage
userids for external partners, but the BAPIs are
not very intuitive. A component encapsulating
these BAPIs for all relevant object types should
be built.®

* SAP automatically aggregates data for reporting
in so-called Information Structures. These are
tables with a set of key fields and values. When
you run a report displaying product sales by
product group by country by year, for example,
SAP does not have to read all sales orders ever
posted, but instead uses one of the Information
Structures, which contains the necessary data.
SAP ships a few dozen Information Structures

¢ For details, refer to my article “Password Management for Extranet
Applications” (July/August 2001) in this publication.
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Figure 1 The OpeninfoWarehouse BAPIs
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with the applications, and customers can add their
own. The data in these Information Structures
can be accessed by two BAPIs available on the
OpeninfoWarehouse object type. This allows
you to build your own user front-ends for
reporting or store query results in non-SAP

databases. However, these BAPIs are somewhat
under-documented (cf. Figure 1), and, due to

the rich functionality they offer, difficult to use.
Later in this article, I shall show you how to build
a component that encapsulates access to the
OpenlinfoWarehouse BAPIs.
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Listing 1: JCoComponentConnector Constructor for a Direct Connection

public JCoComponentConnector (JCO.Client connection,
IRepository repository)

throws ARAsoftException {

if (connection == null || repository == null)

throw new ARAsoftException

("Connection and/or repository are/is null.");

mConnection = connection;
mRepository = repository;

Listing 2: JCoComponentConnector Constructor for a Connection Pool

public JCoComponentConnector (JCO.Pool pool, IRepository repository)

throws ARAsoftException {

if (pool =
throw new ARAsoftException

null || repository == null)

("Pool and/or repository are/is null.");

mPool = pool;
mRepository = repository;

The Component Connector
for JCo

And such an improofment!
James Joyce: Finnegans Wake, p. 603.3

If we were to summarize the discussion so far, it
would not be an overstatement to say that we need

several components to facilitate the development of
BAPI-enabled applications.

All these BAPI-enabled components will have
to access SAP. The required generic program logic
could be contained in each component, but it makes
more sense to provide a helper component that
encapsulates all required functionality and is used
by all other BAPI components.
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Listing 3: Getting a JCO.Client Object

public synchronized JCO.Client getClient ()

try {
if (mConnection != null) {
if ( ! mConnection.isAlive() )

throws ARAsoftException {

throw new ARAsoftException("Connection to SAP is not alive.");

return mConnection;

}

mPoolConnection =

mPool.getPoolManager () .getClient (mPool .getName () ) ;

if (!
throw new ARAsoftException

mPoolConnection.isAlive () )

("Pool connection to SAP is not alive.");

return mPoolConnection;
}
catch (ARAsoftException ax)
catch (Exception ex) {

throw new ARAsoftException

("Problem getting a JCO.Client object.",

When we access SAP from JCo, we need a
connection to SAP (an object of type JCO.Client")
and a repository that contains the metadata for the
RFMs we want to invoke. Connections can be direct
connections (created with JCO.createClient()) or
connections from a connection pool. The choice
between these two possibilities is the responsibility
of the client program, so our components have to
support both approaches. The access to a JCO.Client
object differs for direct and pooled connections, and
our helper component should hide the details. Hence
we provide two constructors for this component

7 JCo calls a connection to SAP a client. The word client also has two
other meanings in our context: Firstly, when logging on to SAP, you
have to specify the client in which you want to work, client being a
logical partition within the SAP database. Secondly, a client in
general is any program that calls a service of another component. To
keep things easy, I will call a JCo client object a connection and use
the word client always for a client program calling a service. The
third meaning (logical partition of an SAP database) is not required in
this article.

{ throw ax; }

ex); 1}

(JCoComponentConnector), one for direct and one
for pooled connections (shown in Listing 1 and
Listing 2, respectively).

When a BAPI component wants to call an RFM
in SAP it calls the getClient() method (see Listing 3).
Depending on whether a pool or a direct connection is
used by the component’s client program, we have to
use a different approach. For a direct connection,
we just use the connection that was passed to the
constructor of JCoComponentConnector. For a pool,
we use JCo’s getClient() method to get hold of a
connection. In both cases, we then use isAlive() to
verify that the connection is in good shape. This step
is not really necessary, but it reduces the chance that
a subsequent RFM call will fail due to connection
problems. Handling this kind of situation here rather
than in the application logic will drastically reduce
the likelihood of connection trouble in the application
component. Note, though, that when we call the
RFM a little later, we still might experience a

For site licenses and volume subscriptions, call 1-781-751-8699.
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Listing 4: Creating a JCO.Function Object

public synchronized JCO.Function createFunction (String name)

throws ARAsoftException {
try {
IFunctionTemplate ft =

mRepository.getFunctionTemplate (name. toUpperCase()) ;

if (ft == null)
return null;
return ft.getFunction() ;
}
catch (Exception ex) {
throw new ARAsoftException

("Problem retrieving JCO.Function object.", ex);

problem with the connection because some time has
passed since the call to isAlive(). So we still will
need proper error handling for connection problems
when calling the RFM.

The next step required for an RFM call is
the creation of a JCO.Function object representing
the RFM. The createFunction() method (see
Listing 4) is used to accomplish that. It is just
a convenience method that contains the proper
error handling.

Once we have invoked the RFM to provide
whatever service our client needed, we need to deal
with the connection to SAP again. In the case of a
direct connection, we do not want to do anything,
since our client has created that connection and we
should leave it alone (i.e., not close it) in order to
avoid making our client angry®. For a connection
pool, the situation is different. In a shared resources
approach it is considered polite (i.e., good for
the overall resource requirements and system

8 Programs have feelings, too.

performance) to return a resource as soon as possible.
As long as our component does not need to keep state
in SAP — e.g., to commit two update BAPI calls in
the same Logical Unit of Work (LUW) — we should
return the connection to the pool as soon as we have
called the RFM(s) required to provide the service that
our client requested from us.

Since the component should be blissfully unaware
of the details of direct vs. pooled connections, the
JCoComponentConnector class provides the
releaseClient() method (Listing 5) that the
component should call after it has called the
necessary RFMs (unless it needs to maintain state,
in which case it calls the method whenever it has
completed its LUW).

releaseClient() does nothing for a direct
connection, but releases the connection back to the
pool for a pooled connection.

Let us now see these pieces together in a typical
component (Listing 6). mConnector is an instance
of JCoComponentConnector. We create a
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Listing 5: Releasing a JCO.Client Object

public synchronized void releaseClient ()

try {

if (mPoolConnection != null) {

{

mPool.getPoolManager () .releaseClient (mPoolConnection) ;

mPoolConnection = null;

}

catch (Exception ex) {}

Listing 6: Calling an RFM in a Component

mFunction =
if (mFunction == null)

mConnector.createFunction ("BAPI_OIW_GET_CATALOG") ;

throw new ARAsoftException ("BAPI_OIW_GET CATALOG not found in SAP.");

JCO.Client connection =
connection.execute (mFunction) ;
mConnector.releaseClient () ;

Listing 7: The executeStateless() Method

public void executeStateless (JCO.Function function)

try {
this.getClient () .execute (function) ;

}

finally {

this.releaseClient () ;

JCO.Function object for the RFM (in our example
even a BAPI) we want to call, get hold of a
connection (JCO.Client object), execute the RFM,
and release the connection.

Since many, if not most, of our components

mConnector.getClient () ;

throws Exception {

will be stateless, we can further simplify matters by
introducing a convenience method that encapsulates
the activities of getting hold of a connection,
executing the RFM, and releasing the connection.
This method is called executeStateless() and shown
in Listing 7.

For site licenses and volume subscriptions, call 1-781-751-8699.
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Listing 8: Using the executeStateless() Method

mFunction = mConnector.createFunction ("BAPI_OIW_GET CATALOG") ;

if (mFunction == null)

throw new ARAsoftException ("BAPI_OIW_GET CATALOG not found in SAP.");

mConnector.executeStateless (mFunction) ;

Listing 9: Client Code to Instantiate and Use a BAPI Component

static final String SID = "Pool";
OrderedProperties logonProperties =

OrderedProperties.load("/logon.properties") ;

JCO.addClientPool (SID,
10,
logonProperties) ;

JCO.Repository mRepository = new JCO.Repository ("ARAsoft", SID);
OpenInformationWarehouse oiw = new OpenInformationWarehouse (

new JCoComponentConnector (

JCO.getClientPoolManager () .getPool (SID), mRepository)) ;

DataSources dss = oiw.getDataSources () ;

Listing 8 shows the simplified code required in
the application component.

So far we have seen things from the component’s
viewpoint. Listing 9 contains sample code for a
client program using an application component. In
our example, the client uses a connection pool. The
component being used is OpenlnformationWarehouse®.

° Discussed in great detail later in this article.

Its constructor expects an instance of
JCoComponentConnector. Since the client is using a
connection pool, it uses the constructor that requires a
repository and a pool. The getPool() method of the
JCo PoolManager retrieves the pool, the name of
which is contained in constant STD. Once the
constructor of OpeninformationWarehouse has been
called, we can now use all of its methods, without
having to worry about how it will access SAP. In the
sample code, we call the getDataSources() method in
order to retrieve all data sources available in SAP.
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See how easy life can be, once you have invested a
little bit of effort up front?

The OpeninfoWarehouse
BAPIs

The quicker the deef the safter the sapstaff
James Joyce: Finnegans Wake, p. 512.14

SAP keeps lots of aggregated information for
reporting purposes in the Information Structures.
These are used by the SAP Information Systems,
like the Sales Information System (SIS). The
Information Structures are updated automatically
whenever relevant information is changed by the
application (e.g., a new sales order is posted). SAP
ships several dozen Information Structures and
customers can add their own.

The data in the Information Structures can be
accessed via the OpeninfoWarehouse (OIW) BAPIs.
The GetCatalog BAPI provides the necessary
metadata, and the GetData BAPI allows you to run

a query.

In order to facilitate the building of OIW-based
applications, we should have a component that makes
access to these BAPIs easier. Let us start with the
metadata representation.

The Information Structure tables are called
Data Sources in OIW. A Data Source has a code
and a description and contains columns, called
Info Objects. An Info Object has a code and a
description. Additionally, there are properties
telling us whether the Info Object has a unit
(like a currency code) and whether there is a
text (for example, the material description instead
of the material code). The GetCatalog BAPI
returns a list of all Data Sources, all Info Objects,
and the relationship between Data Sources and
Info Objects, i.e., which Info Objects are contained
in which Data Sources. An Info Object within a
Data Source can be a plain data field or used as a

parameter or selection criterion in a query. The
difference between a parameter and a selection
criterion is that for a parameter you can only specify
one value (for instance, the analysis currency for
your query), whereas for a selection criterion you
can use more advanced conditions (for instance,

run the query for all customers whose code starts
with “CUST” or all customers between “AAA”

and “CCC”).

Representing all this information in a decent
object model requires some thought, and I do not
claim that the solution I propose is the best one, but it
definitely works.

The OpenlInformationWarehouse Class

This is the main class of our object model. It offers
methods for the following activities:

*  Method getDataSources() returns a collection
of all Data Sources. For a detailed discussion
of what is returned, see below. When a client
calls this method or getlnfoObjects() for the
first time, the GetCatalog BAPI is invoked
and all the metadata is cached in the com-
ponent to avoid additional, unnecessary SAP
access.

*  Method getinfoObjects() returns a collection
of all Info Objects. Again, more details
below.

In Listing 9, we have already seen how the
OpenlInformationWarehouse class is instantiated in a
client program, using our JCoComponentConnector
class.

The DataSources Class

This class represents all Data Sources available in an
SAP system. It is a simple collection of DataSource
objects and allows you to access an individual Data

For site licenses and volume subscriptions, call 1-781-751-8699.

93



SAP Professional Journal March/April 2002

Listing 10: The DataSources Class

public final class DataSources extends SmartCollection {

protected DataSources () {

}

protected synchronized void add(DataSource item) {

super.add(item, item.getCode()) ;

}

public Iterator getIterator() {
return this.getSortedIterator () ;

}

public DataSource get (String code)
return

Source by its code or to iterate through all of them.
Listing 10 shows you the source code.

The DataSource Class

This class represents one Data Source. As you
already know, a Data Source has Info Objects, which
will be represented by classes InfoObjects (for the
complete collection) and InfoObject (for an individual
object). But in addition to the properties that an

Info Object has as such (cf. above), there is also
information that applies only to a specific Info Object
as used in a Data Source, viz., whether this Info
Object can be used as a parameter or selection
criterion for this Data Source. My object model deals
with this by introducing the InfoObjectLinks and
InfoObjectLink classes, discussed in more detail
below. Your own component might treat this
situation differently. Some architectural choices are
not totally defendable and depend on personal taste to
some extent.

The most important methods offered by
DataSource are:

*  Method getinfoObjectLinks() returns all the

{

(DataSource) this.getItem(code) ;

InfoObjectLink objects in a collection. An
individual InfoObjectLink refers to an InfoObject
object and contains additional information about the
parameterness or selection-criterionness of the Info
Object in the context of the given Data Source.

*  Method createQuery() creates an object of class
Query (see below). This will be the basis for
actually running queries against SAP.

The InfoObjects Class

This class represents all Info Objects available in an
SAP system. It is a simple collection of InfoObject
objects and allows you to access an individual Info
Object by its code or iterate through all of them.
Remember that an Info Object can be used in many
different Data Sources. The source code for this class
is similar to the one shown in Listing 10.

The InfoObject Class

This class represents one Info Object. In addition to
its code and description properties, the class lets us
find out whether this Info Object has an associated
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Listing 11: The InfoObject Class

public final class InfoObject {

private String mCode = null;
private String mDescription = null;
private boolean mUnit = false;
private boolean mText = false;

DataSources mDataSources =
protected InfoObject (String code,
boolean hasUnit,

private

mCode = code;

mDescription = description;
mUnit = hasUnit;

mText = hasText;

}

public String getCode() {
return mCode;

}

public String getDescription() {
return mDescription;

}

public boolean hasUnit () {
return mUnit;

}

public boolean hasText () {
return mText;

}

public DataSources getDataSources () {
return mDataSources;

unit and whether we can request a text instead of a
code when running a query. Also, since it might be
useful to be able to get a list of all Data Sources in
which this Info Object is contained, there is an
appropriate method. The source code for this class
is shown in Listing 11.

new DataSources() ;
String description,

boolean hasText) {

The InfoObjectLinks Class

The requirement for this class — at least in the mind
of the designer of this particular object model — was
discussed above. The class is simply a collection of

InfoObjectLink objects.
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Listing 12: The InfoObjectLink Class

public final class InfoObjectLink {
private InfoObject mInfoObject = null
private SelectionType mSelectionType

7

null;

protected InfoObjectLink (InfoObject infoObject,
SelectionType selectionType)

mInfoObject = infoObject;
mSelectionType = selectionType;

}

public InfoObject getInfoObject () {
return mInfoObject;

}

public SelectionType getSelectionType

return mSelectionType;

3

public boolean isParameter () ({

return mSelectionType

}

public boolean isSelectionCriterion/()

return mSelectionType

3

0O A

SelectionType.PARAMETER;

{

SelectionType.SELECTIONCRITERION;

public boolean isParameterOrSelectionCriterion() {
return mSelectionType == SelectionType.PARAMETER | |
mSelectionType == SelectionType.SELECTIONCRITERION;

The InfoObjectLink Class

This class refers to an Info Object used in a Data
Source and offers methods to retrieve the additional
information about potential use of the Info Object as a
parameter or selection criterion. The source code for
this class is contained in Listing 12.

We have completed our object model as far as
the GetCatalog BAPI is concerned. All information
returned by this BAPI is represented in our

component. Building a client program using this
component to visualize the metadata has become very
easy now. Figure 2 shows a simple list of all Data
Sources in the top list and the Info Objects for one
Data Source in the bottom list. The sample program
ignores the information about parameters and
selection criteria, but it would not be too much effort
(other than in the GUI code) to add this.

Now we need to add the actual query
functionality to our component.
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Figure 2 List of all Data Sources
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Start Query |
The Query Class

This class (an instance of which is created by the
createQuery() method available on the DataSource
class, see above) allows us to specify which Info
Objects we want to include in our query — including
whether we want unit information, if available, and
whether we prefer the description instead of the code
(again, if available for the specific Info Object).
Additionally, we can set parameters and selection
criteria. Finally, we can execute the query.

Listing 13: The Query Class

public final class Query {

private DataSource mDataSource = null;

Let us start with the last issue, actually running
the query. Obviously (at least if you remember
everything I have said so far), this will call the
GetData BAPI. But how should the query result be
returned? The BAPI itself returns a block of one or
more long strings containing the result data. This is
not exactly easy to use for a client program since it
must first concatenate all the strings in the block, and
then separate the resulting string into columns. A
nice component should handle this.

There were several alternatives here to the
approach I eventually chose for my component. This
is another example where personal choice matters and
you should use whatever approach suits you best in
your own software. Since [ have decided to build this
component for JCo, it seemed to make sense to me to
reuse its table functionality to represent the result
data. An object of class JCO.Table contains rows and
columns (just what we need) and any developer using
JCo is already familiar with how to use JCo tables.
Therefore, the component creates a JCo table for the
query result and offers a method in the Query class,
called getResultTable(), to access it.

The GetData BAPI returns all sorts of metadata
describing the columns of the query result. To allow
the client program full access to this metadata (in
addition to what is contained in the JCo table), the
object model contains the classes ResultColumns and
ResultColumn, to be discussed below.

After this brief overview, we now need to discuss
the details of putting together a query and interpreting
the result. Before we move on, though, the source
code for class Query is given in Listing 13.

private QueryInfoObjects mQueryInfoObjects = new QueryInfoObjects();
private Parameters mParameters = new Parameters() ;

(continued on next page)
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private SelectionCriteria mSelectionCriteria = new SelectionCriterial() ;
private ResultColumns mColumns = new ResultColumns() ;
private JCO.Table mTable = null;
protected Query (DataSource dataSource) {
mDataSource = dataSource;
}
public JCO.Table getResultTable() {
return mTable;
}
public SelectionCriteria getSelectionCriteria() {
return mSelectionCriteria;
}
public Parameters getParameters() {
return mParameters;
}
public void addParameter (Parameter parameter) {
mParameters.add (parameter) ;
}
public void addSelectionCriterion (
SelectionCriterion selectionCriterion) {
mSelectionCriteria.add(selectionCriterion) ;
}
protected synchronized void setTable (JCO.Table table) {
mTable = table;
}
public synchronized void addInfoObjectLink (
InfoObjectLink infoObjectLink)
throws ARAsoftException {
if ( ! mDataSource.getInfoObjectLinks () .exists(infoObjectLink) )
throw new ARAsoftException
("Wrong info object link for this data source.");
QueryInfoObject gio =
new QueryInfoObject (infoObjectLink.getInfoObject (),
infoObjectLink.getInfoObject () .hasUnit (),
false) ;
mQueryInfoObjects.add (gio) ;
}
public synchronized void addInfoObjectLink (
InfoObjectLink infoObjectLink,
boolean withUnit,
boolean useText)
throws ARAsoftException {
if ( ! mDataSource.getInfoObjectLinks () .exists (infoObjectLink) )
throw new ARAsoftException
("Wrong info object link for this data source.");
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sense for the following reasons:

QueryInfoObject gio =
new QueryInfoObject (infoObjectLink.getInfoObject (),
withUnit,
useText) ;
mQueryInfoObjects.add(gio) ;
}
public synchronized void addAllInfoObjectLinks () {
mQueryInfoObjects = new QueryInfoObjects() ;

Iterator it = mDataSource.getInfoObjectLinks () .getIterator() ;
while (it.hasNext()) {
InfoObjectLink iol = (InfoObjectLink)it.next();

InfoObject io = iol.getInfoObject() ;
QueryInfoObject gio =

new QueryInfoObject(io, io.hasUnit(), false);
mQueryInfoObjects.add(gio) ;

}

public synchronized void removeAllInfoObjects() {
mQueryInfoObjects = new QueryInfoObjects() ;

}

public synchronized void execute() throws Exception {
mDataSource.getOpenInformationWarehouse () .executeQuery (this) ;

}

public InfoObjectLinks getInfoObjectLinks () {
return mDataSource.getInfoObjectLinks () ;

}

public ResultColumns getResultColumns () {
return mColumns;

}

public DataSource getDataSource() {
return mDataSource;

}

protected QueryInfoObjects getQueryInfoObjects() {
return mQueryInfoObjects;

If you want to include all columns (Info Objects) *  Amounts without units are usually not very
in your query, you call method useful. Specifying that we want the units adds
addAllInfoObjectLinks(). This method assumes that unit columns to the result.
you want the available units for all columns, but
codes instead of texts. This default behavior makes *  When selecting text for an Info Object, the

GetData BAPI returns the texts instead of the
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Listing 14: The Parameter Class

public final class Parameter {

private InfoObjectLink mInfoObjectLink

private String mValue = null;

null;

public Parameter (InfoObjectLink infoObjectLink, String value) {

mInfoObjectLink = infoObjectLink;
mValue = value;

}

public InfoObjectLink getInfoObjectLink () {

return mInfoObjectLink;
}
public String getValue() {
return mValue;

}

public synchronized void setValue(String value) {

mValue = value;

code, not in addition to the code. If the client
program wants this, it will need to add Info
Object links explicitly (see below).

To be able to narrow the number of result
columns, the Query class has two
addInfoObjectLink() methods. The first one assumes
that you want units but no texts, the second one
allows you to specify the desired behavior explicitly.

The Query class also contains methods to add
parameters and selection criteria, but these require
additional classes in the object model.

The Parameters Class

This class is just another collection, this time of
Parameter objects. Enough said.

The Parameter Class

A query parameter is an Info Object that allows just
one value to be set, so this class is also very simple.

Its most important feature is that you can specify the
value to be passed to the GetData BAPI for this
parameter. The source code is shown in Listing 14.

To add a parameter to your query, instantiate a
Parameter object and add it to the Query object using
the addParameter() method (cf. Listing 13).

The SelectionCriteria Class

Another boring collection. Just mentioned for
completeness sake.

The SelectionCriterion Class

This one is a little bit more involved. The
GetData BAPI requires you to specify selection
criteria in a fashion very familiar to most ABAP
programmers, but rather strange for everybody
else. The Selection parameter of the BAPI
contains the fields shown in Figure 3.

Basically, this is just another way of describing a
part of an SQL WHERE clause.
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Figure 3 The Fields of the Selection Parameter
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+  You specify whether data should be included or To make all this as type-safe as possible, the
excluded based on the criterion (field SIGN). object model contains the class ConditionOperator
v th . fiel (shown in Listing 15) that contains an enumeration of
*  You specify the comparison operator (field all legal comparison operators.
OPTION).
*  You specify the comparison value (field LOW) or Our class contains two constructors, one for
start and end of range (fields LOW and HIGH) for use with range comparison operators and one for
range comparison operators. use with all others. Everything else in class

Listing 15: The ConditionOperator Class

public final class ConditionOperator extends Type {

private String operator;

public static final ConditionOperator EQUAL =
new ConditionOperator( 0, "EQ", "Equal" );

public static final ConditionOperator NOT_EQUAL =
new ConditionOperator( 1, "NE", "Not Equal" );

public static final ConditionOperator GREATER_THAN =
new ConditionOperator( 2, "GT", "Greater Than" );

(continued on next page)
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public static final ConditionOperator GREATER_EQUAL =
new ConditionOperator( 3, "GE", "Greater Than or Equal" );
public static final ConditionOperator LESS_THAN =
new ConditionOperator( 4, "LT", "Less Than" );
public static final ConditionOperator LESS_OR_EQUAL =
new ConditionOperator( 5, "LE", "Less or Equal" );
public static final ConditionOperator CONTAINING_PATTERN =
new ConditionOperator( 6, "CP", "Containing Pattern" );
public static final ConditionOperator NOT_CONTAINING_PATTERN =
new ConditionOperator( 7, "NP", "Not containing Pattern" );
public static final ConditionOperator BETWEEN =
new ConditionOperator( 8, "BT", "BeTween" );
public static final ConditionOperator NOT_BETWEEN =
new ConditionOperator( 9, "NB", "Not Between" );

protected ConditionOperator (int
{
super (value, desc) ;
this.operator = operator;
}
String getOperator () {
return operator;

SelectionCriterion (Listing 16) should be simple
enough to understand.

Listing 16: The SelectionCriterion Class

value, String operator, String desc)

If the client program wants to add a selection
criterion, it instantiates an object of class

public final class SelectionCriterion {

private InfoObjectLink mInfoObjectLink = null;

private boolean mInclude = true;

private ConditionOperator mConditionOperator = null;

private String mLowValue = null;
private String mHighValue = null;

public SelectionCriterion (InfoObjectLink infoObjectLink,

boolean include,
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ConditionOperator operator,
String lowValue, String highValue) ({
mInfoObjectLink = infoObjectLink;
mInclude = include;
mConditionOperator = operator;
mLowValue = lowValue;
mHighValue = highValue;
}
public SelectionCriterion (InfoObjectLink infoObjectLink,
boolean include,
ConditionOperator operator,
String lowValue) {
mInfoObjectLink = infoObjectLink;
mInclude = include;
mConditionOperator = operator;
mLowValue = lowValue;
mHighValue = null;
}
public InfoObjectLink getInfoObjectLink () {
return mInfoObjectLink;
}
public String getLowValue () {
return mLowValue;
}
public String getHighValue() {
return mHighValue;
}
public boolean getInclude() {
return mInclude;
}
public ConditionOperator getConditionOperator () {
return mConditionOperator;
}
public synchronized void setLowValue (String value) {
mLowValue = value;
}
public synchronized void setHighValue (String value) {
mHighValue = value;
}

public synchronized void setInclude (boolean value) {

(continued on next page)
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mInclude = value;

}

public synchronized void setConditionOperator

(ConditionOperator wvalue) {
mConditionOperator = value;

Listing 17: Query Sample Code

Query g = oiw.getDataSources () .get ("ISS026") .createQuery () ;

g.addAllInfoObjectLinks () ;
g.addParameter (

new Parameter (g.getInfoObjectLinks () .get ("DTMCAWAERL") ,

g.addSelectionCriterion (

"Usb")) ;

new SelectionCriterion(g.getInfoObjectLinks () .get ("DTWERKS"),

true,

ConditionOperator.EQUAL,

"1000")) ;
g.execute () ;

SelectionCriterion and adds it to the query using the
addSelectionCriterion() method (cf. Listing 13).
Listing 17 contains sample code for creating a query,
setting a parameter and a selection criterion each, and
then executing the query.

In just a few lines of code, a client program can
create and execute queries now.

Back to the query result. I already mentioned
that the data itself is returned in a JCo table, but that
additional metadata was available.

The ResultColumns Class

The last collection class mentioned in this article.
Promise.

The ResultColumn Class

This class contains all metadata for one column
returned by the GetData BAPI (see Listing 18 for the
source code). Especially useful will be the type and
description information.

* Type is the data type, usually “C” for text
(character) and “P” for amounts (packed). The
actual data returned by the BAPI is nevertheless
always a string!

*  The description can be utilized as a header text
for the column in a user interface.

This is it. Our object model to deal with the
OIW BAPIs is complete. We have access to all OIW
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Listing 18: The ResultColumn Class

public final class ResultColumn ({

private
private
private
private
private
private
private

protected ResultColumn (InfoObject infoObject,

InfoObject mInfoObject = null;
int mOffset;

int mLength;

String mType = null;

String mDescription = null;
boolean mUnit;

boolean mText;

int offset,

int length,

String type,

String description,
boolean isUnit,
boolean isText

) {
mInfoObject = infoObject;
mOffset = offset;
mLength = length;
mType = type;
mDescription = description;
mUnit = isUnit;
mText = isText;

}

public InfoObject getInfoObject () {
return mInfoObject;

}

public int getLength () {
return mLength;

}

public boolean isText () {
return mText;

}

public boolean isUnit () {
return mUnit;

}

public String getType() {
return mType;

}

public String getDescription() {
return mDescription;

}

public int getOffset () {
return mOffset;
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Figure 4 Displaying Query Results
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metadata and can create and execute queries using a
component that hides as much of the idiosyncrasies
of these BAPIs as possible. Figure 4 is a screenshot
of a demo program showing the result of running a
query for Information Structure ISS116.

Conclusion

I hope that I have proven that BAPI components are
both necessary and doable. Whether you use the
specific object models presented or your own
variations thereof must remain your decision.!?

I wish you the best of luck in either case!

10 And if you are interested in one of ARAsoft’s JCo components, please
send me an email.
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