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The Data Modeling process XE "DataModelling process" 
Introduction XE "Introduction" 
The first stage of any X-Web or X-Browse implementation is to map the host database and salvage application logic. This is a process built around Databorough’s core Data Modeling technology. The process interrogates a host application and database and outputs the Data Model files which describe the internal structure and composition of the system. This information is then converted into a format more suitable for rapid application access.

Legacy applications, such as those on the DB2/400, have often been developed over decades and need sophisticated techniques to unlock information about their logic and structure. Databorough has developed advanced reverse-engineering processes that can dependably extract meta-data from AS/400 database applications. These processes are complicated by the fact that such applications will often have structural information embedded in the application logic itself. Using Databorough’s Data Modeling process one can build a reliable data-model from the data itself, augmented by the application logic and override files.

Databorough’s X-Web and X-Browse need a solid data-model in order to integrate with the host database. By reverse-engineering the original AS/400 legacy application, Databorough’s Data Modeling process provides just that. The five Data Model files that are produced are designed to comprehensively represent every attribute and function of a database application.

Once the Data Model files have been built, the Function Builder program transforms them into the XFUNDEF file that X-Web, or X-Browse, uses directly. The XFUNDEF file is the definition of all the X-Web/X-Browse functions and marks the end of the Data Modeling process.

The XFUNDEF (Function Definition) file contains all the X-Web/X-Browse function data generated by the Data Modeling process. Each record is a meta-program that describes the logic and capabilities of a particular function. Databorough’s applications can use XFUNDEF records to interrogate physical files and emulate the functionality of the original legacy application. For more information about the composition of the XFUNDEF file, read the XFUNDEF overview document.

This document will start by briefly describing the stages of the Data Modeling process. It will then concentrate upon the five Data Model files in more detail.

Building the Data Model XE "Building the DataModel" 
The Data Model produced by X-Rev is the core component of the technologies used by X-Web and X-Browse. The Databorough Data Model describes an application database in terms of its structure and how the database is used by an application. The Data Model itself is held in five files: an enhanced data dictionary (XDD), a list of the primary identifiers (XPIDS), a list of the file access paths (XKEYMAP), a list of the relationships between files (XRELS) and the description of how files are joined together (XSHKEYS). 

X-Rev generates the Data Model in 3 stages:

1. Building the data dictionary (XDD)

2. Identifying the files and access paths – in particular the Primary Identifier (XKEYMAP and XPIDS)

3. Determining the relationships between the files (XRELS and XSHKEYS)

Using the Data Model XE "Using the DataModel" 
Visualisation

The Data Model can be viewed and analysed in X-Analysis

Export to other CASE tools

The Data Model can be exported to other CASE tools such as COOL:Biz. 

Generating Screen Functions

The generation of Screen Functions is incorporated into the XDMODEL command, ready to be used with products such as X-Browse and X-Web.

Building the data dictionary (XDD) XE "Building the data dictionary (XDD)" 
The X-Rev data dictionary (XDD) contains very detailed information for every field in each file in the application database. Much of this data is the standard metadata extracted for each file and stored on the XDD file - for instance field and column names, field size and field type. Thus record metadata is readily available for use by other applications.

Apart from extracting the metadata when building the Data Model, X-Rev also does the following:

1. Determine the format of the date in non-timestamp fields

2. Discover a field that will act as a descriptor for the record

3. Reverse engineer column and field sequence from application screens

Determine the format of the date in non-timestamp fields

X-Rev examines each field for date information. Indications of date information are the field name and the associated text with the field. This is re-enforced by examining the data to see if it contains date information and the format in which the date is stored, whether the date held is in year, month day order or month, day, year order and the number of digits used. This information is stored with the metadata.

Discover a field that will act as a descriptor for the record

A descriptor sums up the information on a record. This information is used when building the screen functions. X-Rev can automatically determine which field is the most likely contender, using the field name, field type, field length and the associated text as clues.

Reverse engineer column and field sequence from application screens

This feature is available if the X-Analysis repository has been built. The fields and columns used in the screen displays are ranked in order of appearance and position in the screen displays. Those that appear more often are given higher ranking than fields which are seldom used if at all. 

Discovering the Access Paths and the Primary Identifier for each file (XKEYMAP and XPIDS) XE "Discovering the Access Paths and the Primary Identifier for each file (XKEYMAP and XPIDS)" 
The XKEYMAP is built for each file, storing access path information for each physical and logical file in the database. Up to 10 key fields can be associated with each field. Once all the access paths have been found, the next stage is to identify the Primary Identifier for each physical file. This id defined as the shortest access path for the file that will return a unique record. 

The importance of the Primary identifier XE "Primary identifier" 
The identification of the correct primary identifier is crucial to the building of an accurate Data Model. The primary identifier is determined by an examination of all the access paths for the file and is verified against the data in the file. All the primary identifiers are written to the XPIDS file.

Determining and verifying relationships between files XE "Determining and verifying relationships between files" 
This is the heart of the Data Modeling process, and is done when all the primary identifiers have been found and the data dictionary has been built.

There are three types of relationship which can be identified:

1. Owns – PID to PID relationship

2. Accesses – Access Path to Access Path relationship

3. Refers to – foreign key to PID relationship.

Once the PID has been identified, the other file relationships can be determined. The three types of relationship refers to, accesses and owns can be dealt with separately.

Types of file relationship XE "Types of file relationship" 
Owns

This is a PID-to-PID relationship – that is the PID of the owning file forms the first part of the PID of the dependent file. 

Accesses

Here the PID of the owning file is contained in an access path other than the PID. 

Refers to

This is the weakest of the relationships and is dependent by discovering the foreign keys in the dependent file. If foreign keys are required, every field is tested to see if it can be used as a key into another file by its PID. These relationships are flagged as reference only as it is not possible to access the dependent file from the owning file.

Identifying the relationships XE "Identifying the relationships" 
Key to identifying relationships is the ability to map one field to another. For a possible match between two fields, the algorithm overleaf is used:
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Relationship algorithm

For the ownership and accesses type relationships, all possible combinations of access paths and PIDs are tested and verified. 

If foreign key relationships are required, each field is tested to see if a link between the field and a PID in the XPIDS file can be established and verified. These relationships can be augmented by programmatic relationships highlighted using the X-Analysis XE "X-Analysis"  repository if available. If a relationship is found, this relationship will be flagged as “reference only” as it is only possible to move from the “dependent” file to the “parent”. 

When a valid relationship is found, details of the relationship are written to the XRELS file, and the precise nature of the join between the two files (the join rules) is written to the XSHKEYS file.

Matching Fields

There is a parameter on the XDMODEL command, MATCHVAL (allow unmatched field names) which provides a degree of control over the field matching process. Four values are allowed: *ALL, *PREFIX, *ONLY and *NONE. The effects of each value are as follows:

	*ALL
	This is the most comprehensive and least restrictive option. This means that all variations in field names are considered.

	*PREFIX
	Here, only the first characters in field names are allowed to vary, the last four characters must match. However if there are no other relationships between fields on the files, then this rule is waived.

	*ONLY
	Different field names are only allowed when there are no other relationships between the two files

	*NONE
	All field names must match precisely.


All relationships discovered are checked against the data. A relationship between FILEA and FILEB has to be verified against the data on the file. Thus if it seems that FILEA owns FILEB by FIELD1, X-REV tests the relationship by checking that it is possible to chain from FILEB to FILEA using data in FIELD1.  

Foreign Keys

X-Rev takes as a foreign key any field that is not an access path for that file yet can be used to access another file via its PID. Thus in a file, FILEA, with fields FIELD1, FIELD2, FIELD3, FIELD4 where FIELD1, FIELD2 form the access path, FIELD4 is a foreign key accessing FILEB if a relationship can be established with the PID for FILEB. This can be done in the following ways:

1. Using database only relationships

2. Using the application program logic

3. Using the SYNON data model for a SYNON application.

If foreign keys are required (FORGNKEYS is *DATABASE or *PGMLOGIC), the first stage is to identify a relationship and then to verify the relationship.

Database only relationships (*DATABASE)

The method of determining a foreign key relationship between any field and the PID of another file uses the same algorithm as above.  The establishment of a foreign key relationship is first taken from the database description and then verified against the data.

Using Application Program Logic (*PGMLOGIC)

To use this option, X-Analysis4 must have been run for the application prior to building the Data Model. With this option, any relationships which are established through the program logic can be identified. This is particularly useful in situations where the field names and descriptions do not meet the criteria for the filed matching algorithm. For example in FILEA there may be a field PCODE which accesses FILEB using FIELDP.  When these relationships have been determined, the database only relationships are identified as above.

Using the SYNON data model for a SYNON application

Foreign keys are automatically generated for a SYNON application (SYNON = *YES). X-REV uses the SYNON model library to extract information about foreign keys. For this option the parameter FORGNKEYS is *NO.

Verifying the foreign key relationships

At this point, referential integrity within the database can be determined. 

The basic method of verification is to chain from the child to the parent (that is, the Data Modeler establishes that the data in the dependent file can be used to access a record in the parent file). One example is the verification of a field called PRODID in an order line record does in fact link to the Product file. So if the PRODIDs in the Orderline file are 01, 02, 03, etc. and can be found in the product file, then a relationship can be established. However, if the target field PRODID on the product file are AA,BB,CC, the Data Modeler will determine that the relationship is invalid. The aim of the verification process is to eliminate spurious relationships and to ensure the database integrity. 

It is possible to control the accuracy of the verification process and to allow for some mismatches if required. This is controlled by the parameter TOLVAL, the tolerance value. The default value is 0, which means that all values for a foreign key must have a valid target on the parent file.  The higher the value of TOLVAL, the greater the number of miss matches that can be allowed before the relationship is rejected as invalid.  The special value of *NOMAX means that there is no ceiling to the number of mismatched relationships.

Incorporating static references and constants tables

Often an application will rely on a table file with text associated with certain constants. Alternatively an application may derive static text from constants programmatically. Both cases can be accommodated within X-REV. 

XCODES – for static text

	Field
	Field name
	Size
	Description

	Field Name 
	VFLD          
	10A
	

	 Code value 
	VALUE   
	10A
	

	Code description
	VTEXT     
	50A   
	


This file is used when displaying a record on the screen. If the field is flagged as a code field, than the value is read for XCODES when generating the screen data. 

Overriding the Data Modeling Process XE "Overriding the DataModelling Process" 
If it is necessary to amend the Data Model, then the specific overrides should be added to one of the 7 Data Model override files:

· The constant override: XOVRCON,

· The Data Model overrides: XOVRDD, XOVRPIDS, XOVRRELS, XOVRSHKS 

· The function building overrides: XOVRDPFS, XOVRFLDS. The Data Model can then be rerun.

The constants overrides file

Often there will be a reference table in the application database. This table will often be of the format:

· Record type

· Code field

· Description

The file will typically be keyed by record type and code field. These tables are used to supply values for account types, record status, item type etc. The importance of such tables is that they provide the descriptions for code fields throughout the application.

Because of the way that X-REV derives the Data Model, these relationships will often be missed. The way to include these reference tables in the Data Model is to use the Override Constant feature.

To use this, details about the reference table need to be entered into the OVRCON file as follows:

	OVRLIB
	Application Library

	OVRPF
	Physical file for reference table

	OVRFLD
	Constant field


After the XOVRCON file has been updated, the Data Model must be run.

The following example from a payroll system illustrates how this can be used:

Contents of Table CODES

This shows how a 3-character constant is used as part of the key for the table so different descriptors can be accessed by the system:

	TYPE
	CODE
	DESC

	DED
	L
	Loan

	DED
	S
	Student Loan

	DED
	P
	Phone calls

	ALL
	L
	London Weighting

	ALL
	T
	Travel

	ALL
	L
	Foreign Language

	PRT
	W
	Weekly paid


Table XOVRCON – entries required

	OVRLIB
	OVRPF
	OVRFLD

	MYLIB
	CODES
	TYPE

	MYLIB
	ATYPES
	ACCTYP


The table is keyed by TYPE and CODE; the contents of DESC provide the description for the codes used in screen displays and reports. Because the table is keyed by TYPE, X-REV will not discover the necessary relationships. This table can be entered into the override constants table XOVRCON. This can be done before the Data Model is created (in this case place the file in a separate library for override files, XOVRCON is found in the base library XBRWBASA). Alternatively, if the Data Model has been created, the data is entered into the OVRCON file, which again should be saved to the overrides file library.

Data Model Override files XE "DataModel Override files" 
These four files, XOVRPIDS, XOVRDD, XOVRRELS & XOVRSHKYS, allow an administrator to more finely specify the nature of the resultant data-model. They reflect four of the five Data Model files produced by the Data Modeling program: XPIDS, XDD, XRELS and XSHKEYS. 

When the Data Modeling program is run it will use data from the Override files in preference and in addition to its own logic. For instance, if an access path for a physical file is specified in XOVRPIDS then that value will be used instead of the value automatically chosen by the Data Modeling program. 

Overrides are specified by using the primary key of the field or file. For example, if one wanted to override properties of a field one would insert the name of the physical file and field in XOVRDD. Then one would enter the chosen values in the relevant fields of XOVRDD. The Data Modeling program will then use those values entered when defining that field.

Data Model properties that can be overridden include:

· The access paths for physical files

· The external programs to be used to validate fields

· The date types used for fields

· Field edit codes

· The code fields to use to validate fields

· The dependent files of physical files

· The reference type of inter-file relationships

· The constant to use when joining to a field

All of this information and much more can be altered using the Override files. To see the full range of information that can be overridden investigate the five Override files. Each one reflects a different Data Model file, the composition and effects of which will be described later in this document.

Also included in the override files are the two files which override the screen functions. These are XOVRDPFS (override dependent functions) and XOVRFLDS (override fields displayed on screen).

The Data Modeling Program XE "DataModelling Program" 
The Data Modeling program is the core component of the process. It reads the data and the application code and strips out the business logic and data-structure. All of this information, including any overrides, is output into the five Data Model files: XPIDS, XDD, XRELS, XSHKEYS and XKEYMAP.

Much of the complexity of the Data Modeling process is concerned with discovering foreign key relationships between physical files. Two methods are used to find the relationships. Firstly, the files themselves are interrogated; field data types are compared and then the data of potentially related fields is tested and, if possible, matched. Secondly, the source code of the legacy application is parsed for references to database files. These references are then interpreted to establish whether they involve any inter-file joins.

All the application and structural information found by the internal logic of the Data Modeling program is merged with the Override data. The five files output by the program contain all of the data that is needed to determine and emulate the functionality of the original legacy application. These Data Model files will be the focus of this document and are discussed in detail later on.

Function Override files XE "Function Override files" 
Function Override files shape the Function Builder program during the transformation of the Data Model files into an XFUNDEF file. 

Every XFUNDEF record contains all the logic and data necessary to interface with and interrogate a particular physical file. The records also contain display information and data for navigating to other XFUNDEF records. X-Web and X-Browse use the XFUNDEF records to build functions, programs that imitate and extend the functionality of the original legacy application. 

The Function Override files can be used to control the creation of the function definitions. Each file directs a different side of the Function Builder program; XOVRDPFS deals with dependent physical files and XOVRFLDS handles field definitions. 

The Function Override files are used in a different way to the Data Model Overrides. Function Overrides do not add or overwrite information to XFUNDEF but specify which parts of the Data Model are to be included. For instance, without overrides a function F would be built with three dependent physical files - A, B & C. If XOVRDPFS has a record that stipulates dependent physical file A for function F, then only file A will be added as a dependent in function F. The same methodology is used for fields; if a function has fields specified in XOVRFLDS then only those specified fields are included.

Function Overrides do not let the administrator edit the content of the field or dependent physical file records. That level of editing has to be done through the Data Model Override files. Function Overrides only specify which elements of the data-model are to be included in particular XFUNDEF records. All the data for the selected elements is then ported over from the Data Model files.

The Function Builder XE "Function Builder" 
The Function Builder is a program that converts the five Data Model files into an XFUNDEF file for X-Web or X-Browse  to use. The Function Builder process can be customized by using the Function Override files as described above.

The Function Builder not only converts data from the Data Model but also generates screen formatting and layout values. Once the Builder has been run, the X-Web or X-Browse application can plug straight into the file and use the data to create graphical user-interfaces that emulate the original legacy application. For more information about the XFUNDEF files, read the XFUNDEF overview document.

Generating Data Model Diagrams using X-Analysis

Data Model Diagram displays the file relationships for an application/application area. The related members are displayed distinctly in yellow, while the external objects are displayed in blue. 

Data Model Diagram is available with XREV module only.
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The Data model diagram button when clicked presents the Data Model Diagram dialog. It prompts the user to:

1. Select the Application area name, if available, else leave it as *NONE.

2. The Object Name on the Object group can be:

· *ALL

· Member Name (maximum 10 characters long).

· Initial characters of member name followed by an asterisk e.g. C*, OE*, etc.

3. DMD option to use cached data or regenerate data.

4. Whether to display external relationships.

5. Click OK
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Data Modelling Diagram Dialog Box


The Data Model Diagram option is also available below the Application and the Application Area Nodes.

The Data Model Diagram is presented for the selected criteria. 
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DMD of XAN4CDXA demo application

1. Single click on a specific object shows the references of that object.
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DMD of XAN4CDXA demo application with CUSTS selected

2. Double click on the object brings up a view specifically displaying the references of that object.
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Detailed DMD for CUSTS

Since the DMD shown is a File Centered DMD, an additional File Connection Details panel is attached to the bottom of the screen. Refer to Detailed Data Model Diagram section for more details on this panel.

All the objects for which some annotation has been made, may be identified by a small icon on its top left corner in the DMD view.

3. Single click on any object, other than the primary object, shows the relationship between this object and the primary object.

4. Single click on the view, and not on any object, shows the references of all the objects present, i.e. the original display.

On the DMD Dialog, if a specific Application Area Name is picked and under the DMD Data options, the Display External Relationships is checked, the DMD with external relationships is produced showing the external objects in blue colour.

[image: image6.png]STRGRP3

STRIAS

[sweac DELIVA _ PROTRK
|
cusdre
[ouer
STiaRe oisTs STiaRrz





DMD on SALES application area with external relationships
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Data Model Diagram showing Multiple Relationships using black line

DMD legend depicts the type of object displayed.
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DMD legend

	Line Colour
	Relationship
	Representation

	Red
	ACCESS
	FILEA>------FILEB

	Green
	REFERS TO
	FILEA>------FILEB

	Blue
	OWNS
	FILEA>------FILEB

	Black
	Multiple
	FILEA>------<FILEB


	Rectangle Colour
	Representation

	Dark Yellow
	Internal Files 

	Light Blue
	External Files

	Light Yellow
	Other Files 


	Rectangle Border
	Representation

	Pink
	Interface Files

	Black
	Other Files


Using the three options in the Action Menu, namely Export to Visio, Export to XML and Export to XMI, the DMD may be exported to the desired format.

File Connection
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File Connection details can be obtained by clicking on the object’s border joined by connection line. E.g. there are three links terminating on the file CONDET. The links numbered here can be clicked to get the File connection information. Click on link 2 to see file connection details.
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File connection details dialog

Detailed Data Model Diagram

Detailed view of Data Model Diagram displays file relationship details along with the diagram.
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Detailed DMD for CUSTS

The file Connection Details panel (at the bottom of the Detailed DMD view) shows the relationship details of each file in the DMD.

If X-Analysis is setup for interactive DMD entries, then and only then the relationships shown in the Connection Details Panel can be changed to “Accesses” or “Owns” relationship by editing the corresponding drop boxes respectively. The relationship can be deleted by checking the respective Delete checkbox.

A new relationship may be added using the Add Panel below. Pick a file from the first drop list and the file to-link-to from Refers drop list. Pick a field from the By drop list, listing fields of the first file (comma separated list of fields can also be supplied).

If the Matching Attributes option is selected, then only those fields are displayed which match with any of the PID keys of the referred file.

The Qualifier To option makes the last textbox displaying the PID keys of the referred file, editable. In this box the criteria for the extent of match with the owned file field is specified.

The first drop list is disabled and contains the object name in case of object specific DMD.
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Add Panel on Detailed DMD

The relationships marked for deletion and the ones newly created show up in the diagram above on pressing Apply Changes button. 

Note that if the interactive DMD entries are restricted then the relationship addition bar is suppressed. The checkboxes are however displayed but no changes are allowed.

Appropriate entries are made in XRELS and XSHKEYS for the changes in the relationships, so that the effects of these changes may be viewed instantly. However, simultaneously entries are made in the override files (XOVRRELS and XOVRSHKS) as well. These are referred whenever remodeling is done in future, so that the changes in the model may be reapplied.

Authorise interactive DMD entry

The interactive DMD entry can be restricted if the client decides to freeze the datamodel. The restricting and allowing of interactive DMD entries is governed by the values - *NO and *YES in the XINTUPD dataarea on the AS/400 server. This data area can be found in the X-Reference library. Use the following commands to change this data area.

CHGDTAARA DTAARA(<X-Reference library >/XINTUPD) VALUE(*NO)

To restrict the interactive DMD entry, Or

CHGDTAARA DTAARA(<X-Reference library >/XINTUPD) VALUE(*YES)

To allow the interactive DMD entry.

Further, if XINTUPD is *YES and user has X-Browse installed, the user’s design authority is fetched to decide whether to authorize interactive DMD entry or not.

Invoking X-Browse

X-Browse is Databorough’s advanced Inquiry and Reporting Tool. It is possible to invoke X-Browse from X-Analysis, provided X-Browse is installed on the machine. 

X-Analysis allows two entry modes to X-Browse:

	Option
	Icon
	Description

	View Data
	[image: image12.png]



	Invokes X-Browse for a particular selected PF.

(See figure 1 below)

	Invoke X-Browse on Data Dictionary
	[image: image13.png]



	Invokes X-Browse on the Data Dictionary generated by XREV. (See figure 2 below)


These options are also available on right click popup menu.
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Figure 1 – Displaying CUSF – Site by Name records
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Figure 2 – Displaying XPIDS – Primary identifiers records
The Data Modeling Files XE "DataModelling Files" 
The Data Modeling program creates five Data Model files that store the data-structure and the business logic retrieved from the host application. The table below shows a summary of the information retrieved from the host database application and the location of that information within the Data Model files:

	Information retrieved
	Stored in file

	Physical files
	XPIDS

	Primary access paths
	XPIDS

	Primary keys
	XPIDS

	The field composition of the physical files
	XDD

	Field information such as name, data-type, length and constants
	XDD

	Descriptor fields and date types defined
	XDD

	Foreign key relationships between physical files
	XRELS

	Foreign key relationships between fields
	XSHKEYS

	Logical file and access path information
	XKEYMAP


The next five sections analyse the composition of these Data Model files in detail.

XPIDS - The Physical Files XE "XPIDS – The Physical Files" 
XPIDS stores information about the physical files present in the host database. XPIDS describes each file’s primary key and primary access path.

There is one XPIDS record for each physical file. The Data Model files allow a physical file up to 10 keyfields; the names of these keyfields are stored in 10 fields (KEY1 – KEY10). Each file is also permitted one primary access path, stored in PIDLF. See the table below for the full composition of the XPIDS file:

	Field Name
	Field Type
	Description

	PIDPF
	10A
	Physical File Name

	PIDLF
	10A
	Logical File Name

	TEXT
	50A
	Title

	NORMLF
	10A
	<Not Used>

	PIDNUM
	1A
	Sequentially Allocated Key (Y/N)

	KEY1 – KEY10
	10 x 10A
	Keyfields 1 – 10

	ALWDSP
	1A
	Allow Display? (Y/N)

	ALWUPD
	1A
	Allow Update? (Y/N)

	ALWDEL
	1A
	Allow Deletion? (Y/N)

	PFLVID
	13A
	Format Level ID

	PIDTYP
	10A
	Primary Key Data Types

	PFTEXT
	50A
	Title of Physical File

	XWAMTF
	10A
	E-Commerce Amount Field Name

	XWDESC
	10A
	E-Commerce Descriptor Field Name

	XWQTYF
	10A
	E-Commerce Quantity Field Name

	XWUTYF
	10A
	E-Commerce Unit Field Name

	PDPFLB
	10A
	Physical File Library Name


Physical File Name

The name of the physical file.

Physical File Library Name

The name of the library that the physical file belongs to.

Logical File Name

This is the name of the logical file used as the primary access path to the physical data. If an access path from a physical file is used then the file name will be entered in both PIDPF and PIDLF.

Title

This is the title used for the logical file. It normally describes the order of the access path; for instance, ‘Products By Product Code’. This title is used for display purposes.

Sequentially Allocated Key?

Sometimes a file may have a numerical key that is assigned automatically by the system. In such cases the number allocated will be sequential. If the field is set to the value ‘Y’ then such a key is present.

Keyfields 1 –10

Each of these fields holds the name of a field in the physical file. These fields describe the composition of the primary key.

Allow Display? Allow Update?  & Allow Deletion?

These Yes/No (Y/N) flags indicate the types of action that are allowed upon the given file.

Format Level Identifier

This AS/400 generated value determines the version the file that the record describes. This helps administrators ensure that the Data Model files are current and correct.

Primary Key Data Types

This field contains an array of 10 character values that indicate the data types of the keys. The first character relates to field ‘KEY1’, the second to ‘KEY2’, etc. The available datatype flags are:

· Alphanumeric (‘A’)

· Packed (‘P’)

· Zoned (‘S’)

Title of Physical File

This is the title used for the record’s Physical File. This title is used for display purposes.

E-Commerce Fields

These fields determine which fields should be used for e-commerce transactions. X-Web uses the e-commerce fields to allow users to purchase and reserve items (database records) online. 

Amount Field
- This is field that stores the price of the item.

Descriptor Field - This is the field used to describe the item.

Quantity Field
- This is the field that records the number of items available.

Unit Field - This is the field that stores the unit of the item being sold.

XDD - The Data Dictionary XE "XDD – The Data Dictionary" 
The data dictionary file holds the field information extracted by the Data Modeling process. Each field from each physical file in XPIDS is listed. The meta-data extracted can be interpreted and utilised by applications to read, write and format the fields correctly. This section will detail the composition of this important file:  

	Field Name
	Field Type
	Description

	VFLD
	10A
	Field Name

	VFILE
	10A
	Physical File Name

	FLDCLS
	10A
	<NOT CURRENTLY USED>

	SEQGRD
	5P2
	Grid Sequence 

	SEQFSC
	5P2
	Flat Screen Sequence 

	FTYP
	1A
	Field Type

	ECDE
	1A
	Edit Code

	FGNK
	1A
	Foreign Key (Y/N)

	BNAW
	1A
	Blank Not Allowed (Y/N)

	CDFD
	1A
	Code Field (Y/N)

	YNFD
	1A
	Yes/No Field (Y/N)

	DATP
	1A
	Date Type

	DATF
	10A
	Date Format

	VPGM
	10A
	Validation Program

	VPRM
	1A
	Validation Parameters

	VCHK
	1A
	Check Blank Entry (Y/N)

	XVAL
	1A
	<NOT CURRENTLY USED>

	WPTYP
	2A
	Word Processing Type

	GATTR
	1A
	Global Attributes

	WHCHD1
	20A
	<NOT CURRENTLY USED>

	WHCHD2
	20A
	<NOT CURRENTLY USED>

	WHCHD3
	20A
	<NOT CURRENTLY USED>

	FLDHDG
	50A
	Heading

	FDATTR
	1A
	Data Type

	FLDLEN
	3A
	Length

	FLDDEC
	2A
	Decimal Places

	FLDBFP
	5A
	Input Buffer Position

	FLDDLN
	3A
	Display Length

	FMGRP
	1A
	Main Group


Field Name

The database name of the field

Physical File Name

The physical file to which the field belongs.

Grid Sequence

The Data Modeling process orders each field in a physical file. This field contains the sequence number of the field. When the fields are displayed in a ‘Grid Function’ they are ordered by this number.

Flat Screen Sequence

This field stores the sequence number of the field for ‘Flat Screen Function’ ordering.

Field Type 

The Data Modeling process will flag one of the fields of a physical file as the ‘Descriptor’. A descriptor is a human-intelligible field that represents a record instead of the primary key. For example, rather than using the field ‘PID’ to represent a record the function will use its descriptor, ‘CUSTOMER NAME’. If a field is, a descriptor it will be flagged ‘D’.

Edit Code

This function specifies the platform specific edit code to be used for this field. Sample AS/400 edit codes might be ‘1’, ‘2’, etc.

Foreign Key

If the field is part of the foreign key to another physical file then this field will be flagged ‘Y’.

Blank Not Allowed

A value of ‘Y’ means that the recorded field requires a value and is not nullable.

Code Field

CDFD indicates whether there are records in the XCODES file for this field (Y/N). XCODES stores customisable values to restrict user input into the given field. For instance, a field ‘SEX’ might be constrained by the values ‘M’ and ‘F’ in XCODES; therefore only ‘M’ and ‘F’ are acceptable.

Yes/No Field

This indicates that the field is a Yes/No field. If set to ‘Y’ then only the values ‘Y’ or ‘N’ are acceptable.

Date Type

The Data Modeling process uses this field to indicate how a date/time field is stored. By default, the Data Modeling process is coded to recognise many common date formats:

· Time (‘T’)

· Date (‘D’)

· Six Numeric (‘6’)

· Seven Numeric (‘7’)

· Eight Numeric (‘8’)

Date Format

This field allows for customisable date formats. Sample entries in DATFRM might be ‘CCYYMMDD’ or ‘DDMMYY’. If a date format used is not recognised as one of the more popular hard-coded data/time types then the Data Modeling process can decipher the format and represent it ‘longhand’ in the DATF field.

Validation Program

Validation programs are external programs that can be called on to enforce certain rules upon a given field or record. This field stores the name of the program that will be called to validate the field. Please see the XEXIT section of the XFUNDEF overview for further details on how external programs can be called by X-Web.

Validation Parameters

VPRM indicates whether the validation program above requires only the specific field as a parameter or whether all the fields of the database record are needed:

· Only specific field required (‘ ‘)

· All fields required (‘A’)

Check Blank Entry?

VCHK specifies whether the field needs to be validated if it is left blank (or NULL).

Word Processing Type

This determines the nature of the content in the field so that the whole record can be formatted for output into a Word Processing format. Available values are:

· ‘  ‘
Normal

· ‘An’
Address

· ‘Nn’
Name

· ‘Tn’
Title
and more.

Global Attribute

This value records the display and editing characteristics of the field. There are four possible values:

· Hidden (‘H’)

The field is not displayed and is thus not editable

· Output Only (‘O’)
The field is displayed but is not editable

· Both (‘B’)

The field is both displayed and editable

· Potential (‘P’)
The field cannot be used by an application.  

Field Heading

This value will be the heading that should be used when displaying the field to the user.

Data Type

This value indicates the data types of the field. The available data-type flags are:

· Alphanumeric (‘A’)

· Packed (‘P’)

· Zoned (‘S’)

Length

The length of the field in bytes.

Decimal Places

If the field is a numerical data-type then this value indicates the number of decimal places it uses.

Input Buffer Position

This value indicates the buffer position of the field within the DB/2 record.

Display Length

This informs the X-Web application how much of the field value is to be output when displayed.

Main Group

Fields will sometimes be grouped together on the display. FMGRP records which main group a field belongs to.

XRELS - The Database Relationships (File-to-File) XE "XRELS – The Database Relationships (File-to-File)" 
The third Data Model file is XRELS. This file records the relationships between all the physical files that form the data model. The XRELS file has a counterpart, XSHKEYS, which records the relationships between fields. This section will detail the design of the XRELS file:

	Field Name
	Field Type
	Description

	OWNPF
	10A
	Owning Physical File

	OWNTXT
	50A
	Owning Physical File Text

	DEPPF
	10A
	Dependent Physical File

	DEPSEQ
	5P2
	Dependent Physical File Sequence Number

	DEPTXT
	50A
	Dependent Physical File Text

	DEPLF
	10A
	Dependent Logical File

	RFONLY
	1A
	Reference Only

	ORIGIN
	1A
	<NOT CURRENTLY USED>

	OWNLF
	10A
	<NOT CURRENTLY USED>

	RELID
	5P0
	Relationship ID

	R1T1
	1A
	1 to 1 Relationship

	RELPTY
	1A
	Relationship Priority


Owning Physical File

This is the name of the Physical file that is the ‘One’ side of a ‘One-to-Many’ relationship. Such a file will ‘Own’ some ‘Dependent’ physical files. This means that dependent files hold a foreign key value that refers to the primary key of the owning physical file. An owning physical file can have one or many dependent records.

Owning Physical File Text

This is the title of the owning physical file. This title is used for display.

Dependent Physical File

This is the name of the file that is the ‘Many’ side of a ‘One-to-Many’ relationship. Such a file will contain foreign key values that will reference the primary key of an owning file. This means that each dependent record will, usually, have a relationship with one owning record. 

Dependent Physical File Sequence Number

This field orders all of the relationships that a file has with its dependent files. These values are principally used when displaying a file’s dependent relationships.

Dependent Physical File Text

This is the title of the dependent physical file. This title is used for display.

Dependent Logical File

This is the logical file that the owning file should use to access the dependent file. This logical file will have an access path indexed by the foreign key field taking part in the relationship.

Reference Only

This indicates the nature of the relationship and instructs a function how the relationship should be used. There are three possible values:

‘Y’

This value flags that the relationship is ‘Reference Only’. This means that there is no access path available to the dependent file’s foreign key. Because of the lack of this index, it is impossible to join to the dependent file by foreign key values. Though the relationship exists in the structure of the data model, the owning file cannot actively use the relationship; there is no access path that permits the owner to join to its dependents. This, of course, does not affect the dependent joining to the owner; the primary key of the owner will always be indexed.

‘O’

This flag indicates that the DEPLF is the primary access path for the dependent physical file. The primary access path is specified in the PIDLF field of XPIDS. In this case, the owning function is permitted to join to dependents by this relationship.

 ‘ ‘ (Blank)

This is the standard case for relationships. The dependent logical file is not the primary access path for the dependent physical. In this case, the owning function is permitted to join to dependents by this relationship.

Relationship ID

This number is the unique ID of the ‘File-to-File’ relationship as specified in XRELS. It is used to identify which ‘Field-to-Field’ records belong to which relationship.

1 to 1 Relationship

This indicates that rather than being a ‘One-to-Many’ relationship, the relationship is ‘One-to-One’. This means that the relationship guarantees that there is only one dependent record for each owning record.

Relationship Priority

This value is used when validating and displaying values entered into a file. The foreign key fields of a dependent file have to match the primary key of the owning file. RELPTY orders the relationships that a file has with owning files so that validation and display can occur in a specific sequence.

XSHKEYS - The Database Relationships (Field-to-Field) XE "XSHKEYS – The Database Relationships (Field-to-Field)" 
This file is the counterpart to XRELS. It describes in further detail the composition of every ‘File-to-File’ relationship recorded in XRELS. XSHKEYS describes each of the ‘Field-to-Field’ relationships that make up these XRELS relationships.

For example, a relationship exists between file A, the owner, and file B, the dependent. File A has a key composed of two fields, K1 and K2. File B therefore needs two foreign key fields, F1 and F2, to refer to the primary key of A. When this relationship is entered into, XRELS it will have take record to describe the ‘File-to-File’ relationship. However, it will require two records to describe the ‘Field-to-Field relationships, F1 to K1 and F2 to K2.

This section will detail the properties of the XSHKEYS file:

	Field Name
	Field Type
	Description

	FILE
	10A
	Dependent Physical File

	MFILE
	10A
	Owning Physical File

	KSEQ
	5P2
	Key Sequence

	FLD
	10A
	Dependent Field (Foreign Key)

	MFLD
	10A
	Owning Field (Primary Key)

	CONST
	20A
	Constant

	RELID
	5PO
	Relationship Identifier


Dependent Physical File 

This is the name of the dependent physical file. This file will be the ‘Many’ side of a ‘One-to-Many’ relationship.

Owning Physical File

This is the name of the owning physical file. This file is the ‘One’ side of a ‘One-to-Many’ relationship.

Key Sequence

Within each ‘File-to-File’ relationship, the ‘Field-to-Field’ relationships are ordered. KSEQ specifies the sequence in which the ‘Field-to-Field’ relationships should be used. The sequence is extremely important to the Join Rules of XFUNDEF where the lowest relationship will sometimes be dropped to allow the user to select a new foreign key combination. The order of the sequence will depend upon the key order of the owning physical file (as laid out in XPIDS).

Dependent Field

This value is the field name from the foreign key of the dependent file.

Owning Field

This value is the field name from the primary key of the owning file.

Constant

Join Constants are used where relationships have an assumed additional value that is ‘hard-coded’ into the logic of the data-structure. In such cases, there will be no foreign key value in the base table because the value remains constant.

For example, if file A is related to file B via two key fields in file B. Ordinarily a file A record would contain 2 foreign keys, F1 and F2, to link to file B. However, in some cases one of those foreign key values might remain constant through all records of B and thus will not need to be explicitly included as a field. For instance, if all possible records for file A would have an F1 of ‘BLUE’ then the inclusion of F1 in file B would be superfluous. 

This field can be used instead of the FLD field to join on a particular value rather than the contents of a field.

Relationship Identifier

This is the unique identifier for each ‘File-to-File’ relationship – as set out in XRELS. The ‘Field-to-Field’ records for a particular relationship are picked out using this value.

XKEYMAP - The Access Paths XE "XKEYMAP – The Access Paths" 
The last file produced by the Data Modeling process is the XKEYMAP file. This file records all of the access paths available to each physical file. There is one XKEYMAP record for each access path. XKEYMAP stores its files in fifteen fields:

	Field Name
	Field Type
	Description

	KMFILE
	10A
	Physical File Name

	KMLF
	10A
	Logical File Name

	KMKFLD
	200A
	Key Fields (20 x 10A)

	KMRFLD
	200A
	<FOR INTERNAL USE>

	KMFAT1
	200A
	<FOR INTERNAL USE>

	KMFAT2
	200A
	<FOR INTERNAL USE>

	KMPFUN
	1A
	Physical File with Unique Key

	KMSUPR
	10A
	<FOR INTERNAL USE>

	KM#OWN
	2S0
	<FOR INTERNAL USE>

	KMLFTX
	50A
	Logical File Description

	KMLFSQ
	5P0
	Logical File Sequence

	KMDKIX
	20A
	Key Description Index

	KMSELO
	1A
	Select/Omit Specified

	KMFSEL
	1A
	Field Selection

	KMLFLB
	10A
	Logical File Library Name


Physical File Name

This is the name of the physical file that the access path is based upon.

Logical File Name

This is the name of the logical file that contains the access path. Sometimes this value will be a physical file if the physical file has an access path itself.

Key Fields

This field contains an array up to 20 field names, each of up to 10 characters in length. The field names are the fields by which the access path is ordered. The position of the field names within the array is vital; the fields are sequenced by importance, from the highest (1st position) to the lowest (20th position). 

Physical File with Unique Key

If ‘Y’ then the file is a physical file with a unique key

Logical File Description

Typically, this will describe the order of the logical file – i.e. ‘By Customer Number’.

Logical File Sequence

This gives the ordering sequence of the logical files per underlying physical file. This field is used when listing the files for display.

Key Description Index

This field contains 20 characters each of which indicates the data type of their equivalent KMKFLD field. For example, the first character refers to the first field name in KMKFLD. Supported data types are:

· Alphanumeric (‘A’)

· Packed (‘P’)

· Zoned (‘S’)

Select/Omit Specified
If set to ‘Y’ this flag indicates that the logical file has select/omit criteria specified.

Field Selection

If set to ‘Y’ this flag indicates that the logical file has renamed some of the base physical file’s field names.

Logical File Library Name

The library that the logical file belongs to.

XREV - Reverse Engineering the Functions XE "XREV – Reverse Engineering The Functions" 
What is a function? XE "What is a function?" 
Functions lie at the heart of the operation of both X-Web and X-Browse. A function is a set of data that describes how information is to be displayed on a screen and also governs the user interactivity with that information. For instance, validation information may be held for a field or details of a program to be called when the record is updated. In short, a function is a set of meta data relating to a screen display.

The functions are stored in a file XFUNDEF. This file is essentially an un-normalised file, with one record per function. All the information taken from the data model for a specific function is held on this record, details of dependent functions, alternate views which fields and columns are to be displayed and the associated behaviour.

The XFUNDEF – Function definition – file lies at the heart of the X-Web application. Each XFUNDEF record is a pseudo-program, containing all the properties for an X-Web function to operate.

Rather than hard-coding logic and variables into the code, X-Web relies on values from the fully configurable XFUNDEF file. This means that X-Web functions can be quickly edited and updated to suit the user’s needs. No coding has to be done to make changes to an X-Web function, merely adjustments to the relevant XFUNDEF record.

When a user makes a request to X-Web a function needs to be created. First, X-Web reads in the necessary XFUNDEF file. The data from XFUNDEF will be used to initialise a Java server-side object; a program that executes according to the specification of a XFUNDEF file. Once it has the XFUNDEF information the object is then enabled to read the record on the host database. The object can interrogate the database, format the results and return a web-based interface to the user. Together the object and the XFUNDEF values work together as an X-Web function.

A XFUNDEF record holds information about which files to query, which fields to display, what constraints to use. It holds formatting information, validation data and links to other functions and programs. Given these parameters an X-Web function becomes a potent tool with limitless capabilities and applications. 

XFUNDEF is un-normalised; all the information is held in one record in one table rather than over many tables. This file structure ensures high-performance when reading and writing functions from the database and thus helps X-Web achieve its quick request response times. Unfortunately the structure also makes XFUNDEF more difficult for an administrator to read and understand.

The values in an XFUNDEF record are crucial to X-Web function definition. XFUNDEF is the backbone of an X-Web allowing the rapid development and deployment of powerful database-driven applications. Each field helps in some way to specify the scope and abilities of an X-Web function. This section will detail the structure of this critical file and the functionality that it provides.

The Four Steps to the XFUNDEF file XE "Four Steps to the XFUNDEF file" 
Four steps need to be taken to build an XFUNDEF file from legacy application data:

Update the Data Model Override files

The Data Modeling program reverse-engineers much of a legacy application’s program logic and data-structure. However, some of the more specialised detail needs to be entered manually. This detail is added by selectively updating the ‘Data Model Override’ files. 

Run the Data Modeling program 

The Data Modeling program uses its reverse-engineering logic, augmented by the Override files, to build the Data Model files. The Data Model files are designed to comprehensively represent every attribute and function of a database application.

Update the Function Override files

By this stage, the Data Model files will comprehensibly represent the internal logic and data-structure of the legacy application. All the data that is needed to build the XFUNDEF file is present. However, more individual tailoring of XFUNDEF functions is possible. This is achieved by updating the Function Override files. 

Run the Function Builder program

The Function Builder coverts the Data Model files into a compacted XFUNDEF file. All of the information set in the Function Override files is incorporated to build exactly the X-Web/X-Browse  functions required. Once the XFUNDEF file is built, X-Web and X-Browse  are ready to be run.

These four steps may need to be run many times to get all of the detail right. Features like validation routines, external program calls and access paths might take a little time to settle upon. By adding more information to the Override files, the Data Modeling program and Function Builder will become increasingly accurate. The product of this process will be an XFUNDEF file that represents the complexity and power of the original legacy application. 

The XFUNDEF is the end result of the Data Modeling process and should never be edited directly. The Override files are the correct tools for data-model tailoring and tweaking. If the underlying legacy application is changed in anyway, the Data Modeling process will need to be run again. In such a case, all of the XFUNDEF data and Data Model files will be rewritten and any additions will be lost. The Override files however provide a record of interventions made in the Data Modeling process and their information will be reflected in the resultant Data Model and XFUNDEF files.

See the diagram overleaf for a graphical representation of the Data Modeling process.
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The Data Modeling Process

XFUNDEF basics XE "XFUNDEF basics" 
Basic details

Function name, title, physical file name and the library for which the function is created, PID fields of the file and if it has a sequentially allocated key comprise the basic details of the function held in XFUNDEF.

	Field Name
	Format
	Title

	FUN
	20A
	Function 

	PFILE
	50A
	File Name

	PFLIB
	50A
	File Library

	TITLE
	50A
	Title

	PIDFLD
	40A
	20 x PID Field Indexes

	PIDNUM
	1A
	Sequentially Allocated Key?


Function

Every X-Web function has a unique function name. Upon initial deployment X-Web generates these names automatically. X-Web adopts a specific naming convention for functions that distinguishes the nature of the function. By this convention physical file names are prefixed by a two-letter identifier:

· List Functions (‘WA’)

· Grid Functions (‘AA’)

· Flat Screen Functions (‘ZA’)

· Drop Down Functions (‘DD’)

· Reverse Engineered Functions (‘UA’)

This naming convention is not mandatory; functions can be given any name. However it helps to identify functions when viewing the XFUNDEF data directly.

File Name

Each X-Web function is based on a specific physical file or table. Fields from other files may be joined in to add to the fields in the base file. X-Web queries on this field to identify all functions for a particular physical file.

File Library

The library (or database) where the physical file or table resides.

Title

This is the value that is displayed to the user to identify the function.

PID Field Indexes

This field records the primary key fields of the given physical file. This field contains an array of up to 20 entries, each of 2 characters. Each entry is an index to the FLDNAM field (see below), the field containing the field names of the physical files. For example, a PIDFLD value of ‘010810’ would indicate that the 1st, 8th and 10th fields in FLDNAM were primary key fields.

Sequentially Allocated Key?

Sometimes key values are numerical and need to be automatically generated. When a new record is created it is assigned a numerical value that is the next in the sequential order. For instance, a new record for a file with a highest key ‘26’ will be given the primary key ‘27’. A value of ‘Y’ indicates that the key is sequentially allocated.

Field Meta Data XE "Field Meta Data" 
XFUNDEF stores much of its data in ‘Field Groups’. Rather than storing function data in multiple files, all X-Web function information is kept in XFUNDEF records. 

XFUNDEF contains long fields that are used as arrays of fields. These arrays of fields mean that one field of 100 bytes might be used to store 10 sub-fields of 10 bytes each. In most cases an array field is related to other field arrays in XFUNDEF. Together these form Field Groups.

As a brief example we will look at the ‘Field Meta-data’ group in XFUNDEF. An X-Web function is allowed up to 100 fields and needs much field meta-data. For instance, a field must have a name, a length and a datatype. Rather than storing field meta-data in separate database files XFUNDEF contains the information internally in a group of array fields:

FLDNAM (Field Name) has a length of 3000 characters. This can contain up to 100 field name values each of thirty characters.

FLDLEN (Field Length) has a length of 300 characters. This can hold up to 100 field length values each of three characters.

FLDATTR (Field Datatype) had a length of 100 characters. This can hold up to 100 field datatype values each of one character.

The X-Web function relies on the fact that the lengths of array field elements are known. What is also critically important is that the order within the field group remains the same; the third element in each array field must refer to the same object (i.e. an X-Web field).

When using these grouped arrays of data, the X-Web application will navigate through the arrays by index. For example, the first field name is at index 01 in FLDNAM. Its field length is at index 01 in FLDLEN, and so on. This system means that X-Web can quickly identify and gather the necessary information to build a given function.

Using group of array fields gives X-Web a significant performance boost. A more normalised data structure would entail complex database joins every time an X-Web function is loaded. By adopting this un-normalised methodology XFUNDEF loading is quick and efficient.

Because of these advantages, X-Web makes great use of Field Groups in XFUNDEF. This document will discuss many different Field Groups including the ‘Field Meta-data’ group, the ‘File-to-File’ join group and the ‘Field-to-Field’ join group.

General Field Information XE "General Field Information" 
The FUNDEF file can store the meta-data of up to 100 fields.  All necessary field and formatting data are held in a number of array fields.

For the purposes of explanation we will look at a normalised view of one field. Rather than examining all 100 fields within the field group we will look at just one. Here are some of the properties that form meta-data for one X-Web field:

	Field Name
	Format
	Title

	FLDNAM
	30A
	Database name of the field

	FDTYP
	1A
	Field Type

	FDATTR
	1A
	Data Type

	FLDLEN
	3A
	Length 

	FLDDEC
	2A
	Decimal places

	FLDDSP
	1A
	Display Attribute

	FLDEDT
	1A
	Edit Code

	FDWTYP
	2A
	WP Type

	FLDDLN
	1A
	Display Length

	FDDTYP
	2A
	Date Type


The fields such as name, data type, length and decimal places are all self-explanatory. However a couple of these properties need further explanation:

Field Type

This field is an internal flag that signals how the field is used by inter-file relationships. These flags are used by processes such as the Screen Designer that need convenient and in depth knowledge about field properties. The possible values are:

· Key (‘K’)

· Foreign (‘F’)

· Both Key and Foreign Key (‘S’)

· Higher Level Key (‘H’)

· Higher Level Key & Foreign Key (‘J’)

This flag is used when restricting lists of records. If a list is restricted by a higher key value then there is no need to display the restricted field; it is constant. This flag indicates that the field may be dropped from the display in such cases. For instance, a typical three key function would have key field types ‘HHK’.

Descriptor (‘D’)

A descriptor is a human-intelligible field that represents a record instead of the primary key. For example, rather than using the field ‘PID’ to represent a record the function will use its descriptor ‘CUSTOMER NAME’.

Computed (‘W’) with formula

This field is computed from a formula encoded into the function. Rather than being directly sourced from the database this value passes through a routine before display.

Computed (‘Z’) without formula

This field is computed programmatically. Rather than being directly sourced from the database this value passes through a routine before display.

Display Attribute

This is an internal value that informs the application about display and editing characteristics of the field. There are three possible values:

· Hidden (‘H’)

The field is not displayed and is thus not editable

· Output Only (‘O’)
The field is displayed but is not editable

· Both (‘B’)

The field is both displayed and editable

Display Length

This informs the X-Web application how much of the field value is to be output when displayed. 

Date Type

See section ‘Date Types’ below.

Edit Code
This function specifies the platform specific edit code to be used for this field. Sample AS/400 edit codes might be ‘1’, ‘2’, etc.

WP Type

This determines the type of the field so that the whole database record can be formatted for output into a Word Processing format. Currently available values are:

·  ‘  ‘
Normal

· ‘An’
Address

· ‘Nn’
Name

· ‘Tn’
Title

Date Types XE "Date Types" 
Types of date and time storage are very irregular and fragmented. X-Web is designed to understand many date/time formats and XFUNDEF allows for the creation of new user-defined date types. The FDDTYP field informs X-Web how a particular date/time field is stored. By default X-Web is hard-coded to handle many common date formats:

· Time (‘T’)

· Date (‘D’)

· Six Numeric (‘6’)

· Seven Numeric (‘7’)

· Eight Numeric (‘8’)

However, if the value in FDDTYP is a 2 character code then it signals the existence of a user-defined date/time format in DATFRM:

	Field Name
	Format
	Title

	DATFRM
	100A
	10 x Function Date Formats


These array fields allow for customisable date formats. A two-character code in FDDTYP acts as an index to DATFRM – i.e. the code ‘02’ refers to the second entry in DATFRM. Sample entries in DATFRM might be ‘CCYYMMDD’ or ‘DDMMYY’.

This customisable feature allows X-Web to handle any date/time format without the need for programming or data reformatting.

Screen Formatting XE "Screen Formatting" 
The screen formatting fields are part of the same field group as Field Meta-data. They can be accessed through the same order and index. Just as with the Field Meta-data group we will view just one set of field properties, rather than all one hundred.

When a record is displayed on a ‘Flat Screen’ display each field is laid out next to its ‘Constant’. A Constant is the label or title for a field. Both the Field and the Constant can be positioned and formatted using X-Web’s Screen Designer. Each Field in XFUNDEF holds formatting information for itself and for its Constant. The formatting of the Field and the Constant are entirely independent.

	Field Name
	Format
	Title

	CON
	50A
	The value of the Constant

	FDL, FDC, CDL, CDC
	3A
	Screen coordinates

	HIN, CHIN
	1A
	Highlight flags

	RIM, CRIM
	1A
	Reverse Image flags

	CLR1, CLR2
	3A
	Field/Constant colour

	FMGRP
	1A
	Field Main Group

	FSGRP
	1A
	Field Sub-Group

	CONIDX
	2A
	Field/Const. Index


Constant value

This is the title or label of a particular field. The constant is typically displayed alongside the field value in the user interface.

Field and Constant Coordinates

These coordinates define the absolute positions of the Field and Constant on the screen. The Screen Designer offers a handy way to edit Field and Constant information by dragging and dropping fields.

Highlight and Reverse Image Flags

The HIN and RIM flags are used to hold the Key Sequence and Key Structure name respectively for the Dependent on Alternate Keys (DAK) functionality. CHIN and CRIM fields are not used currently.

Field/Constant Colour

These properties allow the user to customise the colours and style of the Constant and/or the Field.

Field Main Groups

Fields can be grouped together on the display. FMGRP records which main group a field belongs to. Not in use.

Field Sub-Groups

Within main groups fields can be further grouped into sub-groups. FSGRP indicates which sub-group a field belongs to. Not in use.

Field / Constant Index

Related Fields and Constants are ordinarily stored at the same index position in the array field group. However, with the use of the Screen Designer this might not always be so. In such cases, the CONIDX field is used to link the field and the constant together; the CONIDX of the field will maintain an index to the related constant and vice versa.

Field Validation Properties XE "Field Validation Properties" 
The field validation fields are part of the same field group as Field Meta-data – there is one element for each field. Just as with the Field Meta-data group we will view just one set of validation properties, rather than all one hundred.

The field validation properties indicate the type of validation processes that a value must be put through before it is accepted into the given field:

	Field Name
	Format
	Title

	BNAW
	1A
	Blank Not Allowed

	CDFD
	1A
	Code Field

	YNFD
	1A
	Y/N Field

	VPGM
	10A
	Validation Program

	VPRM
	1A
	Validation Parameters

	VCHK
	1A
	Check Blank Entry?


Blank Not Allowed

When this field is flagged ‘Y’ the function can ensure that the user enters a value and does not leave a null value.

Code Field

CDFD indicates whether there are records in the XCODES file for this field (Y/N). XCODES stores customisable values to restrict user input into the given field. For instance a field ‘SEX’ might be constrained by the values ‘M’ and ‘F’ in XCODES. If the user enters an unacceptable value then an error message will be returned. 

Y/N Field

When this field is flagged ‘Y’ the function can ensure that only the values ‘Y’ or ‘N’ are acceptable.

Validation Program

The entered value can be put through a validation program before being accepted into the file. Validation programs can also be called to accept all of the fields from a file. Validation programs will be external to the X-Web application and VPGM holds the name of the program to be called. Validation programs might be written in Java, Cobol or in RPG.

The communication between the X-Web function and the validation programs relies upon the XEXIT interface. Please see the XEXIT section (below) for further details on how external programs can be called by X-Web.

Validation Parameters

VPRM indicates whether the validation program requires only the specific field as a parameter – or whether all the fields of the X-Web function are needed:

· Only specific field required (NULL)

· All fields required (‘A’)

Check Blank Entry?

VCHK specifies whether the value needs to be validated if it is left blank (NULL). 

Database relationships XE "Database relationships" 
Of course displaying fields from a physical file is extremely limited without the power to utilise relationships with other files. Much of the sophistication of XFUNDEF file lies in how foreign key relationships are captured to give the X-Web user a convenient interface for operating upon whole networks of relationships. Two important capacities are given by foreign key relationships to X-Web functions: 

Links

Foreign key relationships link one record to another. X-Web builds on this relationship to allow the user to traverse from one record to another. Join rules tell the function which other function to link to and what key values to use. 

Descriptor fields can also be joined in to give meaning to otherwise undecipherable foreign key values. This adds greatly to the readability of the data.

Validation

It is vitally important to the integrity of the data structure that all foreign key values refer to primary key values that are correct and present. X-Web can restrict the choices that a user has via X-Web Drop Down functions. These force the user to select a foreign key value from the available primary key values. This feature reinforces the integrity of the database and gives the user a helping hand when entering foreign key values.

Joining files, fields and functions XE "Joining files, fields and functions" 
A Join Rule describes the data relationships between fields and files. Using the Join Rule, an X-Web function can access and display vital data from related files. Join Rules are stored in 10 fields within XFUNDEF; this section will describe the fields and their uses in detail.

All of the Join Rule fields are arrays containing information about many different relationships.  Each field is part of a group of array fields, each of which describe a different aspect of a join rule.

VALPFS, VALIBS and JENTRY are grouped together and hold information about relationships between the base file and other physical files; they are the ‘File to File’ group. The group VLPFIX, TOFLD and FRMFLD refer to individual relationships between fields; these form the ‘Field to Field’ group. 

Foreign key relationships between physical files might involve many keys and so will have multiple field-to-field relationships. By allowing up to 100 field-to-field relationships for 30 foreign key relationships there will be more than enough to go round.

File to File join group XE "File to File join group" 
	Field Name
	Format
	Title

	VALPFS
	900A
	30 x Validation Physical Files

	VALIBS
	900A
	30 x Validation Libraries

	JENTRY
	30A
	30 x Join on Entry (Y/N)


The ‘File to File’ group holds the details of up to 30 inter-file relationships:

Validation Physical Files (VALPFS)

This is the record of the files that the base file has relationships with.

Validation Libraries (VALIBS)

This is the record of which library a physical file is from.

Join on Entry (JENTRY)

This record flags whether or not a relationship is to be used when the function is loaded. If a field joined in from another field is not displayed by the function then there is no need to execute the necessary query. This field determines whether or not to use the relationship in the main query.

Field to Field join group XE "Field to Field join group" 
	Field Name
	Format
	Title

	VLPFIX
	200A
	100 x Validation Physical File Origin

	TOFLD
	3000A
	100 x Field to Join to

	FRMFLD
	200A
	100 x Index of From Field


The ‘Field to Field’ group holds the details of up to 100 inter-field relationships.
Validation Physical File Origin (VLPFIX)

Each field-to-field relationship within the function uses VLPFIX to store the index of its physical file (in VALPFS). For instance, VLPFIX value ‘01’ will refer to the first element in VALPFS, VALIBS and JENTRY. This information determines which physical file the TOFLD field value belongs to. The elements are held in ascending order and each change of VLPFIX value means a new JRULE.

Field to Join to (TOFLD)

TOFLD records field names in physical files other than the base file. Such fields will invariably be the primary keys of foreign physical files.

Index of From Field (FRMFLD)

The elements of FRMFLD hold an index to an element in the FLDNAM field (See ‘Field Meta-Data’ above). This field will hold the foreign key value that links the base file to a foreign file.

Join Rule Example XE "Join Rule Example" 
Now that we have a detailed picture of the Join Rule fields we will examine how they are used by the X-Web application.

A function F is built upon the physical file A in library L. A has a relationship with file B. Fields A.FKEY1 and A.FKEY2 are foreign keys relating to fields B.KEY1 and B.KEY2. 

When function F is loaded into the application its XFUNDEF record is loaded. The function needs to determine which fields from which files to join in with a query. Firstly the function must go to the Field-to-Field relationship information. The elements in VLPFIX will start at value ‘01’. By reading in TOFLD and FRMFLD until the VLPFIX value changes the function will recover details of the first Join Rule. 

In our example function F reads in two Field-to-Field relationships:

	Library Name (From VLPFIX)
	File Name (From VLPFIX)
	Field Name (From TOFLD)
	Join On Entry (From VLPFIX)
	From Field (From FRMFLD)

	01
	01
	KEY1
	01
	03

	01
	01
	KEY2
	01
	04


The values from VLPFIX can then be used to recover detail about the Table-to-Table relationship that these fields belong to. The function finds information at position ‘01’ in VALPFS, VALIBS and JENTRY. Similarly the function uses the indexes in FRMFLD to recover information from FLDNAM. This leaves the building of our example Join Rule complete:

	Library Name (From VALIBS)
	File Name (From VALPFS)
	Field Name (From TOFLD)
	Join On Entry (From JENTRY)
	From Field (From FLDNAM)

	L
	B
	KEY1
	Y
	FKEY1

	L
	B
	KEY2
	Y
	FKEY2


With this information the X-Web function F can join to a record in file B. However function F still does not know what value to retrieve from the joined physical file B. This is where the FLDPF comes into play:

	Field Name
	Format
	Title

	FLDPF
	2A
	Field File Origin


File Origin

This field indicates which physical file a field comes from. Many fields will have been joined in from files other than the function’s base file. 

Fields from the base physical file will be listed as having File Origin ‘00’, i.e. they originate from the base file. However many fields have foreign key relationships with other files and fields can be joined in as descriptors. X-Web uses the file origin value to determine which file and field needs to be joined.

Like VLPFIX, FLDPF contains values that index the Table-to-Table field group. To find the correct field the function needs to navigate along FLDPF until it finds a match to the VLPFIX value for this rule. For instance, if the VLPFIX is ‘05’ then the correct display field will have the FLDPF value ‘05’.

Once a match is found the function can traverse across into the FLDNAM field and pick up the field name. The field name of a joined field will always be the same as that in its base file.

Function F now knows which record to join to and which field value to retrieve from that record.

Join Rules provide X-Web functions with the essential ability to link data records in physical files. Because functions are aware of the relationships that there base files use, X-Web offers an able means to display and interact with relational data:  

· Descriptors of foreign records can be added to function. Vital information from related files can be displayed alongside the fields of the base file.

· Fields from related files can be used for navigation to other X-Web functions. This allows the user an intuitive means to traverse and drill down through the data-structure to collect necessary information.

Join rule validation XE "Join rule validation" 
The other use that X-Web makes of relationships is in field value validation. To maintain the integrity of the data-structure it is necessary to validate that data entered into foreign key fields does indeed refer to key values in the related table. Otherwise the relationships will become corrupted and the structure unmanageable.

X-Web functions use Drop Down Functions to restrict the data that can be entered into a foreign key field. The structural integrity of the database depends upon valid key values being entered. This operates much like a ‘list box’ or ‘combo box’; a Drop Down function allows the user to choose the value he wants from a list. 

Drop Down Functions are specialist functions stored in the XFUNDEF file. They will typically have a name based on the physical file name; for instance, the ‘PRODS’ file will have a drop down called ‘DDPRODS’. Drop down functions have the powerful capabilities of other X-Web functions but serve to provide a list of descriptor values that enable the user to choose the correct record and foreign key value. 

Each physical file will usually have one Drop Down Function. If a function needs the user to choose a foreign key it will load in the Drop Down Function for that field. Rather than choosing from a list of undecipherable key values the drop down can offer a list of more meaningful fields. When the user selects a record its key can then be stored in the foreign key field.

The Validation fields XE "Validation fields" 
The system underpinning validation is quite complex and we will start with the basics. To facilitate drop downs each field in a XFUNDEF record has a FLVLPF attribute:

	Field Name
	Format
	Title

	FLVLPF
	2A
	Drop Down VALPF Index


The FLVLPF value contains an index to the ‘File to File’ group of join fields (see above). If the value is ‘00’ then the field has no drop down function attached, otherwise it refers to the ‘File to File’ grouping. The ‘File to File’ fields used by the validation process are:

	Field Name
	Format
	Title

	VALPFS
	900A
	30 x Validation Physical Files

	VALIBS
	900A
	30 x Validation Libraries

	DDFUN
	600A
	30 x Drop Down Functions

	DDHKYS
	30A
	30 x Drop Down Higher Keys? (Y/N)


You will remember how VALPFS and VALLIBS are used as part of the Join Rules (see above). However DDFUN and DDHKYS are new:

Drop Down Functions

This contains the names of the Drop Down Functions used by the function for the particular XFUNDEF record. The names refer to function names in the XFUNDEF file.

Drop Down Higher Keys

DDHKYS is a Yes/No field indicating whether a relationship contains more than one key.

The Drop Down Function mechanism XE "Drop Down Function mechanism" 
In the simple case a foreign key will encompass only one field. To produce a Drop Down for such a foreign key field one first needs to iterate to the FLVLPF value for the field. Using the FLVLPF index value one can recover the relevant ‘File to File’ information for the particular relationship. For a one-field foreign key there will be no higher keys and the DDHKYS value will be set to ‘N’.

The Drop Down Function specified in DDFUN is then loaded. This function records which fields are to be displayed and how they should be formatted. The user can then make his selection; the key value is returned to the calling function and is stored in the foreign key field.

If there is more than one field in the foreign key then the process is more complex. With a one-field foreign key, the value of the field being edited can simply be changed to any primary key value in the related file. However, with multiple fields the other fields that complete the foreign key relationship restrict the possible primary key values. 

For example, a relationship occurs between files N and M. N holds foreign key values that refer to the primary key of M. The primary key, and thus the foreign key, uses 3 fields: A, B and C. If one wants to alter the value in field B in the foreign key of file N then one is constrained by the values in A and C. One cannot simply choose any value from field B in file M because the primary key is a composite of A, B and C; many B values will produce A, B, C combinations for which there is no primary key in M. Such an occurrence would upset the integrity of the data model.

To find an appropriate value for foreign key field B one must find all values for B where the primary key values for A and C match those of the foreign key. One is then guaranteed to choose a B value that combines with the A and the C values to form a valid, existing primary key.

If a field is part of a composite foreign key then the value in DDHKYS for its relationship will be ‘Y’. To constrain the Drop Down Function properly the calling function must find only primary key values that match the other field values of the foreign key. To do this the function needs to find out which other keys form the foreign key and what values the record holds for them.

To find these values the function needs to refer to the ‘Field to Field’ group. These are the fields that are used to reconstitute the Join Rule (see above).

	Field Name
	Format
	Title

	VLPFIX
	200A
	100 x Validation Physical File Origin

	TOFLD
	3000A
	100 x Field to Join to

	FRMFLD
	200A
	100 x Index of From Field


To find all the other fields that form the foreign key, the function must use the index provided by FLVLPF. By iterating through VLPFIX the function can find those values that match the FLVLPF index. By this method the function can collect all the TOFLD field names and FRMFLD values that are needed.

The function needs to discard information about the field that is being chosen by the drop down. This field is not constrained. All information from allied foreign key fields needs to be recovered in order to restrict the query. When the query for the Drop Down Function is produced the query will be appended so as to tie the possible key values to the foreign key of the record in question. The Drop Down Function can then be displayed to the user who can choose a new foreign key from the restricted list.

X-Web functions provide Drop Down Functions to help the user make any changes to foreign key values. Even when a field is part of a composite foreign key the function will only display valid selections to the user. The use of Drop Down Functions ensures that data entered via X-Web is valid and that the integrity of relationships is maintained.

Join Constants XE "Join Constants" 
Join Constants can be used by both Join Rule and Drop Down Functions. They carry join information is not part of a file’s foreign key fields.

Join Constants are used where relationships have an assumed additional value that is ‘hard-coded’ into the logic of the data-structure. In such cases there will be no foreign key value in the base table because the value remains constant.

For example, if file A is related to file B via two key fields in file B. Ordinarily a file A record would contain 2 foreign keys, FK1 and FK2, to link to file B. However, in some cases one of those foreign key values might remain constant through all records of the file and thus will not need to be explicitly included as a field. For instance, if all possible records for file A would have an FK1 of ‘BLUE’ then the inclusion of FK1 as a field would be superfluous. In this case we might want to hard-code the value of FK1 in application logic. X-Web gets around this hard coding by defining FK1 as a Join Constant.

	Field Name
	Format
	Title

	FRMFLD
	200A
	100 x Index of From Field

	JCONST
	100A
	5 x Join Constants

	JCONDT
	5A
	5 x Join Constant Datatype


Join Constants JCONST 

are the values of the constant (each of size 20).

Join Constant Datatype JCONDT 

Constant datatype. This is used to format the constant into the correct syntax.

A XFUNDEF has room for up to five Join Constants. When a Join Rule or Validation routine scans through the FRMFLD array it will normally find values such as ‘00’ or ‘02’; these are indexes to the field arrays. However, in the case of a Join Constant the FRMFLD values will be one of C1, C2, etc. These values indicate that a Join Constant is to be used rather than an explicit field.

When a function finds that a Join Constant is used it uses the ‘C’ value to pick up the correct JCONST and JCONDT values. The value and the datatype are then applied to the Join Rule in the place of a field value.

Join Constants help to ensure that X-Web functions do not need to have application logic hard-coded into them. Rather than embedding such rule in program code, Join Constants offer an effective and configurable means to achieve the same result.

Alternative Functions XE "Alternative Functions" 
Alternative functions are other ‘Flat Screen’ functions built over a function’s base physical file. These give the user a choice of how he wishes to view and interact with the record. An alternative function might give the user a more specialised view of a record or offer more advanced editing functionality. ‘List’ or ‘Grid’ functions use the alternative function field to designate which ‘Flat Screen’ function should be used to display a selected record.

XFUNDEF can store up to 5 alternative functions. The alternative function capability relies upon a group of two array fields:

	Field Name
	Format
	Title

	ALTFUNS
	100A
	5 x Alternative Functions

	ALTFUNT
	250A
	5 x Alternative Function Text


Alternative Functions

ALTFUNS stores the name of the alternative function.

Alternative Function Text

ALTFUNT carries the title used for the alternative function.

Dependent Functions XE "Dependent Functions" 
Dependent Functions can be X-Web functions for files that the base physical file has a ‘One-to-Many’ relationship with. For example, a XFUNDEF record is based upon the physical file ‘CARS’. The ‘CARS’ file has a ‘One-to-Many’ relationship with the ‘PARTS’ file – so that a car has many parts. In such a case a function built upon the ‘PARTS’ file will be listed as a Dependent X-Web function.

Dependent X-Web functions are only used in ‘Flat Screen’ functions where all of the attributes and relations of a record are displayed. Dependent functions are displayed in tab-boxes at the bottom of a ‘Flat Screen’ function. Dependent functions are typically ‘List’ or ‘Grid’ functions that list all related records. When the ‘CARS’ function is displayed all dependent functions will be displayed in tab-boxes at the bottom of the screen. One of these tab-boxes is ‘PARTS’, displaying a list of all the parts related to the particular ‘CARS’ record.

Dependent functions are attached to a XFUNDEF record. They will usually be other X-Web functions for files related to the base file, but sometimes other programs, ‘Exit Programs’, can be called. An XFUNDEF record has room for up to 50 dependent functions. There are four array fields that make up the ‘Dependent Function’ field group:

	Field Name
	Format
	Title

	DPFUNC
	1000A
	50 x Dependent Functions

	DEPLFS
	1500A
	50 x Dependent Logical Files

	DPFUNT
	2500A
	50 x Dependent Text

	DPFTYP
	50A
	50 x Exit Program Type/Function


Dependent Functions

This field holds the names of dependent functions used. This value is used to call the dependent exit program or X-Web function.

Dependent Logical Files

This field is used when the dependent function is an X-Web function. This field specifies which logical file the dependent function should use as default. For instance, one can specify that dependent records should be ordered by ‘PART NAME’ rather than by ‘PART NUMBER’.

Dependent Text

This is the title used for the dependent function.

Exit Program Type/Function

DPFTYP indicates what kind of object this dependent function is. There are three possible values for DPFTYP:

· X-Web Function (‘F’)- The Dependent function is an X-Web function stored in the XFUNDEF file.

· Local Exit (‘L’) - This is a flag used only for X-Browse functions. This indicates that the dependent function is a program stored and called on the local client.

· Server Exit (‘S’) - This indicates that the dependent function is a program stored and called on the server-side.

Dependent Exit Programs

X-Web functions use the DPFUNC value to call an exit program. Such a program would be an external RPG, COBOL or Java object and would be passed parameters by the calling X-Web function. The DPFUNC is used as the unique identifier for the exit program in question. Such an exit program might produce a report, issue a picking slip or initiate a payroll run. The possibilities for an exit program are endless. Dependent exit programs would be listed in a ‘Flat Screen’ function and would be identified by their DPFUNT title names. By selecting a DPFUNT value the user would call and start the dependent exit program.

Default Authorities XE "Default Authorities" 
These are a group of flags that inform X-Web about what capabilities the function has. All of these flags are set with yes/no values: ‘Y’ & ‘N’.

	Field Name
	Format
	Title

	ALWDSP
	1A
	Allow Display

	ALWMEM
	1A
	Allow Memos

	ALWENT
	1A
	Allow Entry

	ALWUPD
	1A
	Allow Update

	ALWDEL
	1A
	Allow Delete

	CDPAUT
	1A
	Check dependent function authority 

	CATAUT
	1A
	Check alternate function authority


Allow Display, Entry, Update, Delete

These flags enable, or disable, display and editing features. 

Allow Memos

This flag informs the application whether memos can be attached to records via this function. If ‘Yes’ then the memo module will be utilised, previous memos will be searched for and displayed.

Check dependent and alternate function authorities

These flags enable X-Web’s authority system. If a user does not have the correct authority to navigate to related dependent or alternate functions then those functions will be blocked. When the flags are set to ‘Y’, X-Web can discretely stop unwanted access to sensitive information.

Alternative Logical Files XE "Alternative Logical Files" 
A physical file, upon which XFUNDEF records are built, will have many logical files based upon it. Each of these Logical Files has a different index order or restriction. An X-Web function can support up to twenty Logical Files. The following array fields form the ‘Alternative Logical File’ field grouping and describe the logical files available to an X-Web function:

	Field Name
	Format
	Title

	LFNME
	600A
	20 x Alternative Logical Files

	LFLIBS
	600A
	20 x Alternative Logical File Libraries

	LFSELO
	20A
	20 x Selects

	LFTXT
	1000A
	20 x Alternative Logical File Text

	LFKEY
	800A
	20 x Alternative Logical File Keys

	LKDESC
	40A
	10 x Index to Descriptor Keys


Alternative Logical Files

LFNME is that name of the Logical File built over the base physical file.

Alternative Logical File Libraries

The name of the library that the logical file comes from.

Selects

This field describes the properties of the given logical file. This following flags ensure that the X-Web function uses the logical file correctly:

· ‘N’
The file does not have any select/omit criteria

· ‘S’
The file has select/omit criteria

· ‘R’
The file has renamed some of the base file field names

· ‘B’
Both ‘S’ & ‘R’

· ‘F’
The file uses computed fields

· ‘X’
‘F’ as well as either ‘R’ or ‘S’

Alternative Logical File Text

The title used to represent the logical file. This normally described the order of the file – i.e. “By Name”.

Alternative Logical File Keys

LFKEY contains a list of indexes (each of 2 characters) to the fields that the logical file is ordered by. The indexes all point to the FLDNAM array field. For instance, an order ‘010506’ would suggest a logical field ordered by the 1st, 5th and 6th fields in FLDNAM. 

Index to Descending Keys

By default all key orderings are assumed to be ascending. Sometimes however a key order is descending. LKDESC handles just this case; when a key is descending it will have an entry in LKDESC. A LKDESC entry is four characters long. The first two characters contain an index to the logical file – i.e. the value ‘02’ points to the 2nd logical file. The second two characters point to the key within that logical file that descends – i.e. the value ‘0203’ means that the third key of the second logical file is descending.

Shadow Programs

Shadow programs are a powerful way to extend the functionality of X-Web and to reuse the logic of valuable legacy code. Shadow programs are closely tied to particular X-Web functions and operate along side them. An X-Web function can be configured to call its shadow program at allotted times during function’s execution.

There can be one shadow exit program associated with each function. A parameter list is passed to the shadow exit program Relevant data is stored in a group of seven fields:

	Field Name
	Format
	Title

	SHWPGM
	20A
	Shadow Program Name

	SHWPEN
	1A
	Shadow Pre-Entry?

	SHWDSP
	1A
	Shadow Pre-Display?

	SHWVAL
	1A
	Shadow Validation?

	SHWBUP
	1A
	Shadow Pre-Update?

	SHWAUP
	1A
	Shadow Post-Update?

	SHWEXT
	1A
	Shadow on Exit?


Shadow Program Name

This is the name of the shadow exit program which can either be written in RPG or RGP ILE. The default name name is the function name.

Shadow Flags

These six flags indicate the allotted point of execution when the X-Web function should refer to its shadow program. The execution phases allow the function to employ its shadow at all of the critical stages of operation. The X-Web function can be flagged with any or all of these values being set to yes (‘Y’). The available flags are:

Shadow Pre-Entry

The program is called as soon as the user calls the relevant X-Web function. For instance, this could allow the shadow to so such things as altering function routing – i.e. if the user requests function ‘ZACUSF’ the shadow could decide to route the user to ‘ZBCUSF’ instead.

Shadow Pre-Display

The program is called before function display. For example, this would allow the shadow to alter the formatting of fields or to perform calculations before the function is displayed.

Shadow Validation

The shadow is called when the user enters the updated data. This allows the shadow to check the validity of the data and, if necessary, return error responses to the user.

Shadow Pre-Update

The shadow is called before the base database file is updated.  The program could, for instance, convert the input data into a specialised storage format.

Shadow Post-Update

The program is called after the database file has been updated. An example use for this call might be for the shadow to perform further database updates upon ancillary files.

Shadow on Exit

The program is called when the user leaves the current function. For instance, the shadow might route the user to a new page or might perform some kind of data clean-up routine.

This section has provided an overview of what Shadow Programs offer X-Web functions and how this support is represented in XFUNDEF. The mechanisms behind Shadow programs are more complex. The communication between the X-Web function and the Shadow programs relies upon the XEXIT interface. Please see the XEXIT section (below) for further details.

Generating a shadow exit program

This is done through the command XBWRTSHD and will automatically generate the source for any specified function. The source can either be in RPG or RPG ILE. 

The XEXIT interface

The XEXIT interface is the method by which external programs can be integrated with X-Web to perform field validation or to act as their shadow programs. The XEXIT interface that we will use as an example is implemented on the AS/400 and can be used by programs written in RPG, COBOL, C or Java. The ability to call external programs gives X-Web functions the power to leverage legacy code or to extend X-Web beyond the limits of the XFUNDEF functionality. 

Validation or Shadow programs are called by name. If such a program is attached to an X-Web function then the program name and other function details are passed to the XEXIT interface. XEXIT then formats the data and calls the program, passing a standard parameter list. External programs will have been especially devised or altered to accept the XEXIT interface. 

This section describes the content of the parameters that an external program must accept and meaning of the parameters that it must return to the X-Web function. 

Input Parameters XE " XEXIT interface :Input Parameters"  

When calling an external program, XEXIT passes the following parameters:

	Parameter
	Size
	Description

	INUSER
	10
	The identification of the user calling the function

	INDATE
	8
	The date that the function is called

	INTIME
	6
	The time that the function is called

	ACTION
	10
	The record action: ADD, UPDATE, DELETE, DISPLAY

	ENTRYPOINT
	10
	The point in the X-Web Function’s execution path that the program was called (used by Shadow programs)

	DBF
	21 x 3000
	Data arrays to hold all field information

	RETURNFUN
	20
	The name of the X-Web function that the user should be returned to (used by Shadow programs).

	OUTMSGTP
	1
	The output message type

	OUTMSG
	20 x 80
	Array of output messages

	ERRFLDS
	20 x 10
	Array of field names to which the messages are related

	UPDBUF
	1
	Flag indicating changes to data arrays (Y/N)

	GTOTS
	30,9
	Total value for a group of records. There can be one for each function


In User, In Date, In Time

The user id, date and time of the XEXIT call.

Action

This parameter describes the action requested for a record. The values are:

· ADD

· UPDATE

· DISPLAY

· DELETE

Entry Point

This parameter indicates at what point in the X-Web function’s execution path the shadow was called. Shadow Programs can thus provide different functionality for each of these entry points. These values are linked to the Shadow program flags (see above for further details):

· ‘PREENTRY’

· ‘PREDISPLAY’

· ‘VALIDATION’

· ‘PREUPDATE’

· ‘POSTUPDATE’

· ‘EXIT’

DBF

This parameter is a block of data containing all the field data for the selected record. If the call is for a Shadow Program or an ‘All-Field’ validation routine this data will be a long array of concatenated field data. If the call is for a ‘Single-Field’ validation then only one entry of field data will be present. The external program will have been designed to handle the specific format of data passed – i.e. specific to a given record or field.

Out Message Type

The external program should pass this parameter to indicate the type of message being sent back to X-Web. Example values that can be interpreted by X-Web are:

· No Message (‘ ‘)

· Error (‘E’)

· Informative (‘I’)

· Warning (‘W’)

Out Message

This return parameter contains an array of up to 20 messages from the called program, each of 80 characters. The messages should provide helpful advice that can be displayed to the user by X-Web. Each of the messages relates to a field passed in the DBF parameter. This synchronises with the field names stored in ERRFLDS (below).

Error Fields

ERRFLDS is a return parameter containing an array of up to 20 field names, each of 10 characters. Each entry in the array relates to its direct counterpart in OUTMSG; i.e. the entry at the 3rd array position is associated with the 3rd value in OUTMSG. X-Web will use this value to identify which field causes the related message in OUTMSG.

GTOTS

This parameter is used to validate a total for a group of records in grid update made and gives some spreadsheet type functionality to a grid display. This total is calculated for one column on the table (identified by the VPGM entry for the column set to *VARTOT in an ‘A’ type function. This value is passed for the ‘VALIDATETOTAL’ entry point.

XFUNDEF requirements XE " XEXIT interface :XFUNDEF requirements" 
The XEXIT interface requires one important field in the XFUNDEF file. FLDBFP allows XEXIT to decode concatenated field data in order to format it for XEXIT parameter passing:

	Field Name
	Format
	Title

	FLDBFP
	500A
	100 x Input Buffer Positions


FLDBFP contains an array of 100 entries, each of 5 bytes. Each FLDBFP record gives the field buffer positions of the record upon which the XFUNDEF entry is based. With this information the XEXIT interface can parse the record and format the data into a suitable parameter for XEXIT-enabled programs.

Return Parameters XE " XEXIT interface :Return Parameters"  

The external program interfacing with XEXIT can return data to an X-Web function via a series of return parameters. This section will detail three uses of such parameters:

XEXIT message parameters allow a validation or shadow program to route error messages directly to the user. The external program indicates the presence of any errors or warnings via the OUTMSGTP flag. When errors do exist the function can relate messages in OUTMSG to actual fields in the base physical file via ERRFLDS. For example, if the user has entered an inappropriate value ‘£24.00’ into the field ‘FNDS’, an external program could throw an error message. To do this it would flag ‘E’ in OUTMSGTP, leave the message ‘Error: This value must be divisible by 10’ in position 1 of OUTMSG and the related field name, ‘FNDS’, in position 1 of ERRFLDS. The X-Web function can then use these values to pass back advice to the user.

If the external program has changed values in the data fields then it will flag this fact to X-Web by changing the UPDBUF value to ‘Y’. X-Web can then reclaim the newly updated values and the function will be re-displayed to the user.

If a Shadow program decides that the user should be re-routed to a different X-Web function then the name of the new function should be inserted into the RETURNFUN parameter. When control returns to X-Web the RETURNFUN parameter is checked and if necessary the user is re-routed.

By adopting the XEXIT interface, external programs can be written to seamlessly integrate with X-Web and provide validation or other functionalities. XEXIT is a simple device that can be easily incorporated into existing business logic; this will cut development costs though the re-use of legacy code. XEXIT allows the capabilities of an X-Web function to be endlessly extended, bringing further power and flexibility to an X-Web application.

Refer Appendix A for more on Shadow Programs.

Other files

For a fuller description of these files, please see the X-LAYOUT documentation.

 XE "Other files" 
The function builder also initialises several other files for the XWEB and XBROWSE applications. Once the function builder has been run and all three files are created, XWEB and XBROWSE can be run for the application.

The principle files that are created by the function builder are:

· XFUNDEF – the function definition file

· XPAGE – the page definition file

· XLAYOUT – page elements

· XMENOPT – The menu options file.

For each function created in the XFUNDEF file, the following:

The function builder creates a page definition for every function generated. This page definition describes how the page will appear and the style sheets (.css file) used by X-WEB. A page consists of several elements which are defined in XLAYOUT.

Also created is the general menu, GENMENU. This is a menu that provides access to all the “top-level” files.

Page Definition file – XPAGE

There is one page per function. This describes how the page is to be displayed and the style sheet to use. XE "Page Definition file – XPAGE" 
	Field
	Field name
	Size
	Description

	Page identifier
	PAGEID
	20A
	A page is created for each function, with the function name.

	Page Title
	TITLE
	50A
	This is the page title, the default value is taken from the file name

	Code Type
	CDETYP
	
	This indicates the page type – default value is HTM

	Load Priority
	LODPTY
	3S
	Load Priority

	Static Page flag
	STATIC
	1A
	Values are Y, N default value is N

	Public page flag
	PUBLIC
	1A
	Indicates whether this is a public [age, i.e. viewable without a password. Values are blank, N. Default is N

	Background image
	BCKIMG
	50A
	File name for background image if used

	Background colour
	BCKCOL
	7
	Background colour

	Style sheet file
	CSSFIL
	50A
	Style sheet

	Data type definition
	DTDFIL
	50A
	Data type definition

	Help ID
	HELPID
	100A
	File name of help system (if available)

	Control values
	CTLVAL, CTLVAL2,

CTLVAL3, CTLVAL4
	4x10A
	Control values – see X-DESIGNER documentation for these

	Parameters 1-20
	PARM1…PARM20
	20x20A
	

	User lock
	USRLK1, USRLK2,

USRLK3
	3x10A
	


Page Layout file – XLAYOUT

There is one record for each component and element on a page. XE "Page Layout file – XLAYOUT" 
	Field
	Field name
	Size
	Description

	Page identifier
	PAGEID
	20A
	This identifies the page. There is a set for each function

	Pane Number, Pane Sequence
	PANENO PANESQ
	2A

3S 0
	These values specify the relative location for the page element on the page.

	Scale factors
	SCALE

SCAL2
	4A

4A
	

	Font identifiers
	FONT1

FONT2
	1A
	

	Component program
	COMP
	10A
	

	Modifier
	TYPE
	10A
	

	Function name
	NAME
	50A
	

	Control values
	CTLVAL, CTLVAL2,

CTLVAL3, CTLVAL4

CTLVAL5, CTLVAL6
	6x10A
	Control values – see X-DESIGNER documentation for these

	Anchor name
	ANCHOR
	10A
	

	CSS override
	CSSOV1
	100A
	

	Parameters 1-20
	PARM1…PARM20
	20x20A
	

	Suppress Option flags
	SBKMRK

S1TO1

SMEMO

SECOMM
	1A
	4xSuppress bookmarks

Suppress 1 to 1

Suppress memos

Suppress e-commerce features


Menu Option file – XMENOPT XE "Menu Option file – XMENOPT" 
This file is used to describe each item in the menus. The main menu, GENMENU is automatically generated.

	Field
	Field name
	Size
	Description

	Menu name
	MENU
	20A
	This identifies the page. There is a set for each function

	Sequence number
	SEQNO
	5S 0
	These values specify the relative location for the page element on the page.

	Dependent sequence number
	DEPSEQ
	5S 0
	

	Caption
	CAPT
	100A
	

	Image
	IMAGE
	100A
	

	Action type
	ACTTYP
	3S 0
	

	Selector key values
	KEYLIST
	100A
	

	Selector Function
	SLTFUN
	20A
	

	No of selector keys to prompt
	SLTKEYS
	3S 0
	

	Action
	ACTION
	100A
	

	Menu groups
	MENGP1, MENGP2,

MENGP3, MENGP4,

MENGP5
	5x1A
	

	Alternate description
	DSC
	20x20A
	

	Machine URL
	MCHURL
	1A
	

	Application library
	APPLIB
	30A
	

	Database type
	DBTYPE
	5A
	

	Target
	TARGET
	20A
	

	Shape
	SHAPE
	7A
	

	Co-ordinates
	COORDS
	300A
	


Overriding Relationships in the Data Model

Overrides to the data model can be entered in two ways:

· Through X-Analysis

· Using the override files in the function library or a specific overrides library

Override files are covered in the next section.

When X-Analysis is used to display the data model, if the user has the correct authority then he or she can add, change or delete relationships using the entry fields at the bottom of the screen.

These changes to the model are stored in the X-Analysis encyclopaedia file and can be reapplied whenever the model is rebuilt.

The encyclopaedia file is XLENC. It has members for the data model, dataflow diagrams and structure charts. The member with the same name as the file (ie XLENC) is used to store the data model changes.

The XLENC fields and their (data model) usages are listed below:

	Field
	Field name
	Size
	Description

	E#SUBJ
	Subject          
	30A
	The owning PF for OWNS relationships, the dependent PF for ACCESSES/REFERS TO relationships.

	E#VERB
	Verb
	10A
	The type of relationship: OWNS/ACCESSES/REFERS TO.

	E#OBJ
	Object
	30A   
	The dependent PF for OWNS relationships, the owning PF for ACCESSES/REFERS TO relationships.

	 E#STRC
	Structure
	30A
	The override type: E=Exclude, A=Add, R=Change to Reference Only, D=Change to Dependents Only.

	E#SEQ
	Sequence No.
	3 0 
	Not used.

	E#SDTA
	Subject Data 
	30A
	Not used.

	E#ODTA
	Object Data
	30A
	Used as a continuation of E#OTXT – see below.

	E#OTXT
	Object Text
	50A
	A list of the PID keys for OWNS relationships, a list of the foreign keys for ACCESSES/REFERS TO relationships. Each key field name is separated by a comma and the last name is followed with a full stop. If necessary the list of key fields can be continued into field E#ODTA.


OVERRIDE files

The default location for these files is the X-Analysis library. They can however be copied to a separate overrides file library from the base library XBRWBASA before the data model is built if required.

The override files available for use are:

	XOVRALIAS
	Alias Overrides

	XOVRCKYS
	*CALC Key Overrides

	XOVREPKS
	Effective PID Keys Overrides

	XOVRMAKS
	Minimum A/P Keys (for uniqueness) Overrides

	XOVRCON
	Constant field overrides

	XOVRDD
	XDD field overrides

	XOVRDPFS
	Dependent function overrides

	XOVRFLDS
	Function field overrides

	XOVRPIDS
	XPIDS Primary Identifier overrides 

	XOVRRELS
	XRELS relationship overrides

	XOVRSHKS
	XSHKEYS shared key overrides

	XOVRSLFS
	Selection LF Overrides File


Override Files used by the XDMODEL command

XOVRALIAS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRALIAS" 
	Field
	Field name
	Size
	Description

	Alias Override Field
	AOL1FL
	10A
	Name of the file

	Alias Override File
	AOL1FD
	30A
	Name of the field

	Alias Override Field
	AOL2FL  
	10A
	Name of the file of the field which is alias

	Alias Override File
	AOL2FD
	30A
	Name of the field which is alias


XOVRCKYS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRCKYS" 
	Field
	Field name
	Size
	Description

	*CALC Key
	OVRCKY
	10A
	*CALC Key


XOVREPKS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVREPKS" 
	Field
	Field name
	Size
	Description

	PID PF
	OVRPPF
	10A
	PID PF

	PID Key Field
	OVRPFD
	10A
	PID Key Field


XOVRMAKS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRMAKS" 
	Field
	Field name
	Size
	Description

	A/P PF
	OVRPF
	10A
	A/P PF

	Access Path
	OVRAP
	10A
	Access Path

	Min. Keys
	OVRMIN
	5S 0
	Min. Keys


XOVRSLFS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRSLFS" 
	Field
	Field name
	Size
	Description

	Owning PF
	OVROPF
	10A
	

	Dependent PF
	OVRDPF
	10A
	

	Relationship ID
	OVRRID
	5P 0
	Relationship ID of zero means any/all relns.    

	Selection LF
	OVRSLF
	10A
	


XOVRDD XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRDD" 
	Field
	Field name
	Size
	Description

	 Field Name 
	VFLD          
	10A
	Field Name

	 PF Name 
	VFILE         
	10A
	Physical file

	 Field Class 
	FLDCLS        
	10A   
	

	 Sequence grid 
	SEQGRD         
	5,2       
	

	 Sequence flat screen 
	SEQFSC         
	5  2       
	

	 Field type 
	FTYP           
	1A
	D=Descriptor  W=Computed  T=Totallable                                       

	 Edit code 
	ECDE           
	1A  
	

	 Foreign Key 
	FGNK           
	1A
	VALUES( Y   N )

	 Blank not Allowed 
	BNAW
	1A
	VALUES( Y   N )                          

	 Code Field 
	CDFD           
	1A         
	VALUES( Y   N   R )                      

	 Y/N Field 
	YNFD           
	1A
	VALUES( Y   N )                          

	 Date Type 
	DATP           
	1A
	

	 Date Format 
	DATF          
	10A   
	T=Time, U=User defined time D=Date type, 6=6numeric, 7=7numeric etc.

	 Validation Pgm 
	VPGM          
	10A
	

	 Vldn. Parameters 
	VPRM           
	1A
	A=All Fields, else just affected field                                       

	 Chk blank entry? 
	VCHK           
	1A
	VALUES( Y   N )                          

	 Further Validation 
	XVAL           
	1A
	VALUES( Y   N )                          

	 Word Processing Typ 
	WPTYP          
	2A
	An=Address, Nn=Name, Tn= Title 

	Global Attribute 
	GATTR          
	1A
	H=Hidden  O=Output B=Both P=Potential)                                      

	 Field Heading 
	FLDHDG        
	50A  
	

	 Field Display Length 
	FLDDLN         
	3A
	

	 Fld Main Grp 
	FMGRP          
	1A
	

	 Fld Sub Grp 
	FSGRP
	1A
	


XOVRPIDS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRPIDS" 
	Field
	Field name
	Size
	Description

	 Physical File Name 
	OVRPF
	10A
	

	 PID File Name 
	OVRPID
	10A
	Access path for file to be used as the PID

	 Relationship Priority 
	OVRPTY         
	1A  
	Only 1, 2  & 3 signify, 1 is the highest – this value is used when determining which “owner” file is to supply the descriptor fro screen layouts.

	 Reference Only 
	OVRRFO         
	1A
	If this relationship is reference only, enter “Y”


XOVRRELS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRRELS" 
	Field
	Field name
	Size
	Description

	 Owning PF 
	OVROPF        
	10A
	 

	 Dependent PF 
	OVRDPF
	10A
	

	Dependent LF
	OVRDLF        
	10
	

	 Reference Only Y/N 
	OVRRFO
	1A
	


XOVRSHKS XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRSHKS"  

	Field
	Field name
	Size
	Description

	 File 
	OVRFIL
	10A
	 

	 Match File 
	OVRMFIL
	10A         
	

	 Key Seq. 
	OVRSEQ         
	5P 2       
	

	 Field
	OVRFLD        
	10A
	

	 Match Field 
	OVRMFLD       
	10A
	

	 Constant 
	OVRCON        
	20A
	

	 Relationship ID 
	OVRRLID        
	5P 0       
	


XOVRCON XE " OVERRIDE files:Override Files used by the XDMODEL command :XOVRCON" 
	Field
	Field name
	Size
	Description

	Library Name
	OVRPF
	10A
	Database library name

	Physical File Name
	OVRFLD
	10A
	Reference file name 

	Constant Field
	
	10A
	Field name


Override Files used by the function Builder

XOVRDFPS XE " OVERRIDE files: Override Files used by the function Builder :XOVRDFPS" 
For the specified function, only the dependent functions listed will be attached

	Field
	Field name
	Size
	Description

	 Function name
	OVRFUN
	20A
	Function name eg. ZAFILE1

	 Fn. sequence 
	OVRSEQ
	5P 2       
	Sequence no. for dependent function

	 Dep. PF Name 
	OVRDPF
	10A  
	Dependent function

	 Grid/List? 
	GRDLST         
	1A
	Whether function is to displayed as a grid or a list. (G or L)


XOVRFLDS XE " OVERRIDE files: Override Files used by the function Builder :XOVRFLDS" 
Only these fields will be displayed on the screen

	Field
	Field name
	Size
	Description

	 Physical File 
	OVRPF         
	10A
	Name of file e.g. FILE1

	 Function Prefix 
	OVRPRE         
	2A
	2 character function prefix e.g. WAFILE1

	 Field name 
	OVRFLD
	10A
	Name of field e.g. FIELDA


Using the function builder overrides

The following example shows how the function overrides can be used:

The original screen function for ZAFILEA has the following relationships. Also shown is the grid layout for FILEB. 


[image: image17.wmf]FILEA

FILEB

FILEC

FileD


[image: image22.png]



	FIELD1
	FIELD2
	FIELD3
	FIELD4
	FIELD5

	
	
	
	
	

	
	
	
	
	


The desired screen for ZAFILEA has just two dependent functions, the order as shown with the layout for the dependent grid AAFILEB rearranged:
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To achieve this result the following overrides must be applied and the functions rebuilt:

	XOVRDPFS


	OVRFUN
	OVRSEQ
	OVRDPF
	GRDLST

	
	ZAFILEA
	1
	ZAFILED
	G

	
	ZAFILEA
	2
	ZAFILEB
	G


	XOVRFLDS
	OVRPF  
	OVRPRE 
	OVRFLD

	
	FILEB
	A
	FIELD4

	
	FILEB
	A
	FIELD2

	
	FILEB
	A
	FIELD3

	
	FILEB
	A
	FILED5


FIELD1 is hidden from the display.

XDMODEL Overrides XE " XDMODEL Overrides" 
On the XDMODEL command for the parameter OVRLIB you can select either:

· Overrides library name

· *FUNLIB

· *DGM

Overrides Library/*FUNLIB

These methods of entering overrides are carried out directly on the AS/400. You can either create an overrides library in advance of running XDMODEL  to hold override files or use the override files in the function library once it has been created.

If you are going to specify an overrides library create a library to hold the override files.

The following files can be added to the overrides library:

· XOVRRELS “Override Relationships File”

· XOVRSHKS “Override Shared Keys File”

· XOVRPIDS “Override PID’s File”

If you are specifying *FUNLIB then use these files once they have been created.

XOVRRELS “Override Relationships File”

This can be used to:

· Force a relationship to be added to the model 

· Exclude a relationship from the model

Adding a relationship

When adding a relationship specify the owning physical file, the dependent physical file and either set REFONLY to “Y” or  specify the dependent file logical view and set RFONLY to blank or “O” when the relationship is PID to PID.

You can either also specify overrides for the shared keys or let them be automatically determined by matching the owner file PID keys to the dependent file access path keys.

Excluding a relationship

To exclude a relationship from the model specify the owning physical file, the dependent physical file and the dependent file logical view and set the field RFONLY to “E”.

Set the dependent file logical view to blanks to exclude all relationships between the two files.

Set the dependent file logical view to “*NONE” to indicate a reference only (RFONLY = “Y”)  relationship is being excluded.

 XOVRSHKS “Override Shared Keys File”

This file is used to force the shared keys for a relationship. The relationship can be one which is automatically derived by XDMODEL or one which has been specified in the XOVRRELS file.

As well as specifying each matching file and field, the following special features can be used:

· Constants

· Missing keys

· Foreign keys as substrings of dependent file fields

Constants

Constants can be entered in place of dependent file foreign keys. A constant is matched to the PID key of the owner file rather than a foreign key from the dependent file.

Missing keys

An override relationship can be created with some of the shared keys intentionally not specified.  When using subsetting and archive features the dependent file record can be retrieved for a owner file record by using the foreign keys which have been specified and filling in the missing key values by using the data in the owner file record. The missing keys are automatically detected by matching the dependent file access path to the specified foreign keys. (Such relationships are flagged when set up with a relationship priority of  “9”.)

Foreign keys as substrings

It is possible to specify foreign keys as a substring of a dependent file field.  When building the key to retrieve an owning file record a substring of the data in the field is used for the key field. The constant field is used to contain the substring specification. The format is “%SST” in positions 1 to 4, “:” in position 5, a two digit start position in positions 6 and 7, “:” in position 8 and a two digit length in positions 9 and 10. Thus “%SST:01:04” means just use the first four bytes of the specified foreign key. 

*DGM

This method of entering overrides uses the X-Analysis PC product.

Overrides are stored in file XPIDS and in file XLENC.

X-REV commands XE "X-REV commands" 
XDMODEL XE "XDMODEL" 
This is the primary command for XREV and generates the prototype application.

The prototype application consists of:

· The Data Model

· Grid Functions for each database file access path

· Flat Screen Functions for each physical database file

The prototype application can be run immediately using:

· X-Web over the intranet, as browser-based application.

· X-Browse as Client-Server application.

If the *REPLACE option is taken, all information, apart from the override files is overwritten. *ADD means that the new data model is compared against the snapshot of the previous data model. Any changes to the database are added to the existing application and site data.

	Parameter
	Value
	Comments

	Function Library
	Name          


	The library where the work files, the data model files and the application specific files (the function definitions file XFUNDEF and the page layout files XPAGE and XLAYOUT) are placed. 

	Add/replace model data 
	*ADD, *REPLACE

Default value is *REPLACE 
	Specifies whether the data model is to be replaced or enhanced. 

*ADD - to add data to an existing data model.

*REPLACE - to overwrite an data model. All previous data is lost.

	Site Library
	Name, *FUNLIB

Default value is *FUNLIB
	Specifies the library in which to place the website specific files. The default is the same library as the function library.    

	Add/replace site data 
	*ADD, *REPLACE

Default value is *REPLACE 
	Specify whether the site data is to be replaced.        

	Function type 
	*GRIDS, *LISTS, *NONE 

Default value is *GRIDS 
	Specifies the default type of dependent function: 

*LISTS - When the functions are created ZA type functions will call WA type dependent functions.

*GRIDS - When the functions are created ZA type functions will call AA type dependent functions. 

*NONE - Do not create any functions. Just build the data model.

	X-Analysis Application Area
	Name, *ALL

Default value is *ALL
	If an application area is specified then only the database files which are included in that application area will be included in the data model.

If an application area is specified then the X-Analysis library must be specified below.

	Data Libraries
	
	List of Application data libraries. (Max. 100)

	Synon Model Library
	Name, *NONE

Default value is *NONE
	If the application is Synon generated then this is the name of the library which contains the Synon data model.

	Derive Foreign Keys 
	*DATABASE, *DATABASEA *PGMLOGIC,

*PGMLOGICA,

*PGMLOGICO,

*BOTH, 

*ALL,

*OWNKEYS,

*NONE,

*SYONLY

Default value is *OWNKEYS
	Determines how the foreign keys are derived. The parameter is chosen from: 

*DATABASE - Derive foreign keys from database file definitions & data. 

*DATABASEA - Derive foreign keys from database file definitions & data, allowing all relationships between files.

*PGMLOGIC - Derive foreign keys from RPG program logic as well as the database files.

*PGMLOGICA - Derive foreign keys from RPG/LE program logic, allowing all relationships between files.

*PGMLOGICO - Derive foreign keys from RPG/LE program logic.  Relationships are only considered valid when foreign keys match all the components of the owning file's primary identifier. Do not derive foreign keys for owning relationships.

*BOTH - Derive foreign keys from both database files & RPG program logic.

*OWNKEYS - Only derive foreign keys for owning relationships.

*ALL - Derive foreign keys from both database files & RPG program logic, allowing all relationships between files.

*SYONLY - Synon has generated the entire data model. Use only the Synon data model database to derive the data model.

*NONE - Do not derive foreign keys.                       

	Tolerance Value 
	Number, *NOMAX

Default value is 0 
	This parameter determines how many mismatched foreign keys which are allowed when validating a relationship 

The special value of *NOMAX means there is no maximum value.                                                 

	Allow unmatched field names
	*ALL,

*PREFIX,

*SUFFIX,

*ONLY,

*NONE,

*LAST3

Default value is *ALL
	How closely two field names must match when validating a relationship can be specified. Choose from

*ALL - Field names do not affect the determination of a relationship. You can only specify this value if the number of database file does not exceed the maximum allowed.

*PREFIX - Different field names are only allowed when there are no relationships between two files where the last four characters of the field names do match i.e. first two characters are ignored.

*SUFFIX - Different field names are only allowed when there are no relationships between two files where the first four characters of the field names do match i.e. last two characters are ignored.

*ONLY - Different field names are only allowed when there are no relationships between two files where field names do match.           

*NONE - All field names must match precisely. (Where aliases are present then they are used rather then the field names.)

*LAST3 - Field names must match on three significant characters.

	Use ref. fields for deriving
	*NO, *EXACT, *PREFIX
	*NO - Do not use reference fields when deriving foreign keys.                                    

*EXACT - Only use reference fields when deriving foreign keys when the reference field names match.

*PREFIX - Only use reference fields when deriving foreign keys when the reference field names match on the last three characters or characters 3 to 6.

	Use field texts for deriving
	*AND, *OR, *NO
	*AND - Field texts must be used to match foreign keys in addition to the use of field names as specified by the MATCHVAL parameter.                               

*OR - Field texts can be used to match foreign keys where the field names do not match as specified by the MATCHVAL parameter.

*NO - Field texts are not used to determine whether fields are foreign keys to another file.

	Overrides Library 
	Library name,

*DGM,

*FUNLIB

Default is *DGM
	Name of the override file library if it is to be separate from the X-Analysis library.

Overrides to the data model and functions can be applied by specifying either the special value *DGM which means that any changes already entered through X-Analysis should be reapplied or by specifying the name of a library containing override files.

Select *DGM to reapply changes entered interactively to the data model and functions. If a new application is being created this option will have no effect. 

You can enter the name of a library containing override files which should be copied to the function library. This enables you to set up overrides to be applied to the

data model before the X-Rev libraries have been created. Create a library and then duplicate into it as many override files from the library XBRWBASA as you need. Duplicate some or all of the following files:            

XOVRCON - Constant key overrides. 

XOVRDD - Field overrides. 

XOVRDPFS - Dependent function overrides.

XOVRFLDS - Function field overrides.

XOVRPIDS - Primary identifier overrides.

XOVRRELS - Relationship overrides. 

XOVRSHKS - Shared key overrides.

XOVRSLFS - Selection LFs. 

Accept the default value of *FUNLIB if you do not need this feature.  This will have the following effects:      

If a new function library is being created then the override files will be created in the function library. for future use as required. 

If the function library already exists then any overrides present in the override files in the function library will be applied. 

	Exclude indirect relations 
	*YES, *NO, *REF

Default value is *NO 
	Specifies whether indirect relationships should be flagged as “reference only”.

*YES - Remove all indirect ownership relationships. For example if FILEA owns FILEB which owns FILEC and FILEA also owns FILEC then delete the relationship between FILEA and FILEC.

*NO - Retain all ownership relationships. 

*REF - Downgrade indirect ownership relationships to reference only. For example if FILEA owns FILEB which owns FILEC then ensure that FILEA does not also own FILEC. 

	Validate relns by pgm. refs
	*YES,
*NO
	*YES - Only allow relationships where there is program reference data to verify the relationship. 

*NO - Do not verify relationships in this way.        

	Priority to simplest owner
	*YES,

*NO,

*ALL
	This parameter lets you to specify whether to exclude the more complex ownership relationships when there are simpler relationships for the same dependent file. It also has a special value of *ALL which means that when selecting FORGNKEYS(*DATABASE) multiple relationships between files will be generated where appropriate. You can set a limit to the number of relationships generated when specifying *ALL by using the data area.

*YES - Exclude all but the simplest ownership relationships for the dependent file. 

*NO - Include all relationships. 

*ALL - Allow multiple relationships between files.

	Ownership priority
	*NONE,

*AREA,

*PREFIX
	*NONE - Include all relationships.                     

*AREA - When there are multiple relationships with the same lowest level key then only include those relationships where the owner is in the same application area as the dependent file.

*PREFIX - When there are multiple relationships with the same lowest level key then only include those relationships where the owner has the closest name match to the dependent file.

	Exclude empty files from model
	*YES,

*NO
	*YES - Exclude all empty files.

*NO - Do not exclude empty files. 

	Derive 1 to 1 relationships
	*YES,

*NO
	*YES - Derive 1 to 1 relationships.      

*NO - Do not derive 1 to 1 relationships.

	Create replacement A/P's
	*YES,

*NO
	*YES - Create replacement access paths.      

*NO - Do not create replacement access paths.

	Ensure lower case headings 
	*YES, *NO                  

Default value is *YES 
	Specifies how the screen functions are presented. If the file texts and column headings are consistently in upper case, this parameter enables file, column headings and field text to be presented using lower case to improve appearance.

	Use field text for headings
	*YES,

*NO
	*YES - Use the field text for the field heading.

*NO - Derive the field heading from column headings.

	Max. no. of flat screens fields
	0-99, *PAGE

Default value is *PAGE
	Specifies the maximum number of fields to be displayed on a flat screen function.

*PAGE will cause the ZA function to display as many values as will fit on one page and the UA and WA function to display up to 60 fields.

	Max. No. of grid screen
	1-99
	Either specify the maximum number of fields you would like to be displayed on a grid screen function or accept the default of 6.

	Single column display
	*YES,

*NO

Default value is *NO
	Decide whether to have a single column displayed on a page or as many columns as will fit on the display. Choose from:

*YES - only display a single column on a page.

*NO - display as many columns as possible on a page.

	Reverse engineer code values
	Number, *NO

Default value is *NO
	If a number is entered then code values will be reverse engineered and that is the maximum number of records a file may contain to be examined for code values. 

If a file does not have more records than the maximum specified and has a single field primary identifier and an appropriate text field then it will be deemed a file containing codes & their values. These codes & values will be placed in the X-Analysis Codes file.

	Generate Yes/No fields
	*YES, *NO

Default value is *NO
	Specifies whether to flag fields as Yes/No fields. If fields currently only contain "Y", "N" or blank and at least some "Y" or "N" values then they can be flagged so that these are the only valid values.

	Language
	Default value is ENG
	Specifies the language to be used for validation messages etc.

	Include name in file text
	*YES, *NO

Default value is *NO
	*YES - Include the file name at the beginning of the file text.

*NO - Do not include the file name at the beginning of the file text

	Trim file text
	*YES, *NO

Default value is *NO
	*YES - Trim superfluous trailing characters from the file text.

*NO - Do not trim the file text. 

	X-Analysis Library
	Name
	An X-Analysis library name must be specified when either:

An X-Analysis application area has been specified.

FORGNKEYS(*PGMLOGIC) has been specified. 

	PC IP Address
	
	If you would like to automatically download the X-Rev function library to your PC then you should enter the IP address of your PC here. The purpose is performance gain. Having migrated the X-Rev function library to PC, X-Web and X-Browse can work with the local database.

Enter the numbers and full stops without any spaces. If you do enter an IP address then you will be further prompted for all the additional information required for the download, i.e. AS400 IP Address and User name and Password.


Creating the snapshot

After the Data Modeler has finished a snap shot of all the major files is taken for use when the XDMODEL command is run again. This snapshot if placed in the “B” files – XFUNDEFB, XPAGEB, XLAYOUTB. These files are used when the Data Model is refreshed.

XCUBE XE "XCUBE" 
X-Cube takes all the logical views for a physical file and generates a set of indexes which can be used to drill down to the information required. These indexes are populated and placed in the library specified. If it is required that the indexes are incorporated into the data model, then XCUBE should be run before the XDMODEL command.

	Parameter
	Keyword
	Value
	Comments

	Physical File
	FILE      
	File name or *ALL
	Specify name of physical file to be used

	Database Library
	LIBRARY   
	
	Location of file (files). New XCUBE files will be added to this library

	DDS Source File
	SRCF      
	Default is QDDSSRC
	Name of source file for source for the new file created

	DDS Source Library 
	SRCL      
	
	Location for new source members


XSUBSET XE "XSUBSET" 
Test Data Subsetting

X-Subset uses the data model constructed by X-Rev to produce Test Data Sets that satisfy all the constraints of the data model. The product first takes a specified number of records from each client file and then examines each data modeling relationship in turn to check that all referenced records are also included. It completes this analysis across the entire database - enabling the construction of test data libraries with no 'broken links' between related client records.

	Parameter
	Keyword
	Value
	Comments

	X-Rev Function Library
	FUNLIB  
	
	Specifies library containing the XFUNDEF screen definitions.

	Database library name 
	DBLIB   
	NAME, *LOADLIB, *LIBL
	Specifies the application database library

	Test library name
	TESTLIB 
	
	Destination library for files generated

	Number of records 
	RECORDS
	Default value is 100
	Initial number of records to be selected from base level files

	X-Analysis Application Area
	XA4AREA 
	Name, *ALL
	Specify an application area defined in an X-Analysis X-Reference library to control which files in the data model should be verified.

	Base level files
	BASEFILES
	*NODEPS, *ALL, *FILE
	The base level files are the files from which the initial selection of records is made. This is usually the files with no dependents but can be all files or an individual file. If an individual file is specified then that file and all it's dependent files are used for the initial selection of records.

	Add or replace data
	OPTION
	*ADD, *REPLACE
	You can either create a new test library (or overwrite an existing one) or add further data to files already present in an existing test library.

	Rebuild triggers/ journals data
	BLDOPTION
	*YES, *NO
	You must decide what should happen to any constraints, triggers and journals associated with any files being duplicated into the subset. If no data is built then any triggers, journals or constraints will be retained. If you opt to rebuild the data or if the data has already been built then any triggers, journals or constraints will be removed. This option only applies when OPTION(*REPLACE) is specified. (If OPTION(*ADD) is specified the files have already been duplicated into the test library.).

	X-Analysis library
	XA4LIB
	NAME
	If you have specified the name of an X-Analysis application area then you must specify the name of the X-Analysis library containing that application area.



	Auto cut-off
	AUTOCUTOFF
	*YES, *NO
	If you specify *ALL for base level files then before running the X-Subset procedures the command   XSUBAREA is run for each application area for which a filter specification of the same name has been set up (if you have specified all application areas) or for the individual application area specified if a filter specification of the same name has been set up. The specified number of records for each file is then made up by X-Subset itself.

This parameter relates to the XSUBAREA command that is called in those circumstances.

	Cut-off value
	CUTOFFRECS
	1-999
	If you have specified Auto Cut-off value as *YES then you must specify the number of records after which to stop looking. This parameter allows you to enter that number. It defaults to 999.


XSUBSET calls two subsidiary commands which can be called individually: XINISET and XCHKSET.
XINISET controls the initial seeding process and can be invoked as many times as necessary to complete this phase of the process.

XCHKSET then ensures all referenced records are included.

The utility command XBPRTFRC can be used to print the number of records per file in the original database and in the new subset.

XVERIFY XE "XVERIFY" 
Automatic Data Integrity Verification
X-Verify uses the data model constructed by X-Rev to automatically verify that all application data satisfies the relationships deduced by the data model.
The product examines each data record in turn to see if its referential integrity relationships are satisfied. Each integrity relationship that is breached is separately reported on in a comprehensive audit print produced by the product.

	Parameter
	Keyword
	Value
	Comments

	X-Rev Function Library
	APPLIB
	
	Specifies the library where the XFUNDEF screen definition file is found.

	Database library name
	DBLIB
	NAME, *LOADLIB, *LIBL
	Specifies the location of the application database.

	X-Analysis Application Area
	XA4AREA 
	Name, *ALL
	Specify an application area defined in an X-Analysis X-Reference library to control which files in the data model should be verified.

	Database library name 
	MODE
	*REPORT, *UPDATE, *PREUPDATE
	Choose from *REPORT, *UPDATE, *PREUPDATE. Default is *REPORT.

	Maximum Records
	MAXRECS
	1-999, *NOMAX, *NONE
	Choose from 1-999, *NOMAX, *NONE. Default is *NOMAX.

	Maximum Database Records
	MAXDBRECS
	1-999999999, *ALL, *NONE
	This parameter allows you to limit the total number of records processed in the entire database. Once this limit is reached the verification process is terminated.

	X-Analysis Library
	XA4LIB 
	Name
	If you have specified the name of an X-Analysis application area then you must specify the name of the X-Analysis library containing that application area.


XBLDFUN XE "XBLDFUN" 
Builds or rebuilds the screen functions.

	Parameter
	Keyword
	Value
	Comments

	Function Library
	XBLIBRARY 
	
	Library where the screen definition file, XFUNDEF is to be placed.

	Add/replace application data 
	MDLOPT
	*REPLACE. *ADD 
	*ADD - to add data to an existing application.      

*REPLACE - to overwrite an application. All previous data is lost. 

	Site Library
	SITELIB
	NAME, *FUNLIB
	Specify the library in which to place the website specific files. *FUNLIB implies same as function library.

	Add/replace site data 
	OUTPUT    
	*REPLACE 
	Specifies whether the existing functions are to be replaced or added, so existing enhancements to the screen functions can be kept.

	Data Libraries 
	LIBRARIES 
	
	List of libraries where the application database is stored

	Overrides Libraries 
	OVRLIB
	NAME,

*DGM,

*FUNLIB.
	This enables you to set up overrides to be applied to the application before the X-Rev libraries have been created. Same as in XDMODEL.

	Language
	LANGUAGE
	ENG
	Specify the language to be used for validation messages, etc.

	ZA Dependent Function Type
	ZADEPTYP
	*LISTS, *GRIDS
	· *LISTS - ZA type functions will call WA type dependent functions.

· *GRIDS - ZA type functions will call AA type dependent functions.

	Use field text for headings
	TEXTHDGS
	*YES, *NO
	*YES - Use the field text for the field heading.

*NO - Derive the field heading from column headings.

	Max. no. of flat screens fields
	FSCNMAX
	0-99, *PAGE Default value is *PAGE
	Specifies the maximum number of fields to be displayed on a flat screen function.

*PAGE will cause the ZA function to display as many values as will fit on one page and the UA function to display up to 60 fields.

	Max. No. of grid screen
	GRIDMAX
	1-99
	Either specify the maximum number of fields you would like to be displayed on a grid screen function or accept the default of 20.

	Single column display
	SINGLECOL
	*YES,

*NO Default value is *NO
	Decide whether to have a single column displayed on a page or as many columns as will fit on the display. Choose from:

· *YES - only display a single column on a page.

· *NO - display as many columns as possible on a page.

	Reverse engineer code values
	CODEVALS
	Number, *NO Default value is *NO
	If a number is entered then code values will be reverse engineered and that is the maximum number of records a file may contain to be examined for code values. If a file does not have more records than the maximum specified and has a single field primary identifier and an appropriate text field then it will be deemed a file containing codes & their values. These codes & values will be placed in the X-Analysis Codes file.

	Generate Yes/No fields
	YNFLDS
	*YES, *NO Default value is *NO
	Specifies whether to flag fields as Yes/No fields. If fields currently only contain "Y", "N" or blank and at least some "Y" or "N" values then they can be flagged so that these are the only valid values.

	Include name in file text
	NAMEINFT
	*YES, *NO Default value is *NO
	*YES - Include the file name at the beginning of the file text.

*NO - Do not include the file name at the beginning of the file text

	Trim file text
	TRIMFT
	*YES, *NO Default value is *NO
	*YES - Trim superfluous trailing characters from the file text.

*NO - Do not trim the file text. 


Other parameters are same as XDMODEL

XBWRTSHD XE "XBWRTFUN" 
Command to generate skeleton shadow exit programs. 

	Parameter
	Keyword
	Value
	Comments

	Function Name 
	FUNCTION  
	
	Name of function

	X-Browse Function Library 
	XBLIBRARY 
	
	Specifies the location of the XFUNDEF screen 

	Source File  
	SRCFILE   
	
	Specifies the location (library and source file) for the generated source code.

	Source Library 
	SRCLIB    
	
	

	Source Type 
	SRCTYPE   
	RPG, RPGLE

Default value RPG 
	Specifies whether the program is to be generated as an RPG400 program or RPG ILE program.

	Only write out primary file
	ONLYPF  
	*NO, *YES
	


XCRTSCH XE "XCRTSCH" 
This command is used to create (or recreate) the search index.

	Parameter
	Keyword
	Value
	Comments

	X-Browse Function Library
	XWFLIB
	
	Specifies the name of the X-Browse Function library built for the database over which you wish to create a search index

	File
	FILE
	Character value, *ALL
	You can build the index over an individual file or all files for which command XDMODEL has been run. Enter either the name of an individual file or the special value *ALL.                                               

	All Word Fields
	WORDFLDS
	*ALL, *DESCR, *NONE
	You can specify the type of field for which all words should be indexed. Choose from:

· *ALL - use all fields which contain words.

· *DESCR - use only the descriptor fields as identified by XDMODEL.    

· *NONE - do not use any fields.                                      

	Proper Name Fields
	NAMEFLDS
	*ALL, *DESCR, *NONE
	You can specify the type of field for which proper names should be indexed. Choose from:

· *ALL - use all fields which contain proper names.

· *DESCR - use only the descriptor fields as identified by XDMODEL.

· *NONE - do not use any fields.

	Option
	OPTION
	*ADD

*REPLACE 

Default value is * REPLACE
	Specifies whether the search index is to be rebuilt or extended:

· *ADD - to add data to an existing search index.      

· *REPLACE - to overwrite a search index. All previous data is lost.


Appendix A – Creating and Using Shadow exits 
When using a GUI application (either a client/server application or a web-based application), there are certain identifiable points in the processing cycle. These are: 

1. Before the data is displayed.

2. When any input data is to be validated

3. Before the data is updated

4. After the data is updated

5. Exiting the screen.

When either X-Web or X-Browse reaches these points in the processing cycle, the screen function is checked to see if any action is to be taken. The shadow exit program “shadows” the screen processing and is called to perform the actions required. These programs reside on the server and are normally written in RPG or RPGLE.

A standard string of parameters together with the screen data is passes to the shadow exit program. The shadow exit program in turn returns updated data and other values including error messages to XWEB/XBROWSE.

Shadow exit program

This program is automatically generated by the command XBWRTSHD. The program generated is a “shell” providing points for the developer to add the appropriate code. The program can be generated in either RGP or RPGLE depending on the system requirements.

Configuring entry points XE "Shadow exit program:Configuring entry points" 
The following need to be set for a function on the Function Maintenance tab for desired behavior:

Shadow Pre-Entry: If the flag is checked, the control is transferred to the shadow program before entering into the record display. The program can be made to perform certain checks, validations and take decision based on them. This can also be programmed to return a different Function to call, e.g. on the basis of Customer Type in the current record, having less number of fields.

Shadow Pre-Display:  If the flag is checked, the control is transferred to the shadow program before displaying the data on the screen. The shadow program should contain a pre-display routine to perform a set of operations on the data yet to be displayed. The program is called irrespective of the action i.e. add, update, delete or display. The shadow program returns modified data, which is then displayed.

Shadow Validation: The shadow validation flag, if checked, transfers the control to the validation routine of the shadow program. This routine is called whenever add, update or delete is performed. It performs a set of validations on the current record and generates messages based on the validations.

Shadow Pre-Update: If checked, the pre-update routine in the shadow program is called before performing the actual update in the database. It is called whenever add, update or delete takes place. The shadow program would perform a set of operations on the data that is to be updated and returns the modified data for the actual update.

The shadow validation and pre-update routines can also be programmed to return an alternate function to use in NEWFUN parameter, to facilitate cascaded add/update requirement taken up later. 

Shadow Post-Update: The shadow post-update flag, if checked, transfers the control to the post update routine of the shadow program. This would be done after the data has been updated in the database i.e. after add, update or delete action has been performed. 

Shadow On Exit: The shadow on-exit flag, if checked, transfers the control to the on-exit routine of the shadow program. This facilitates invoking of another function when exiting out of the current function by passing a new function name in NEWFUN parameter.

Shadow Program: Shadow Program is a user written program to which the control is transferred for executing validation checks, data modifications, etc. The program’s object should be in one of the library of the X-Browse / X-Web library list.

The above mentioned entry points for a function can be enabled or disabled with the help of checkboxes provided on the Function Maintenance tab. 

	Shadow Program Field
	Type
	Purpose…
	Value

	SHWPGM
	20A
	Shadow Program Name
	e.g. ZACUSF

	SHWPEN
	1A
	Shadow Pre-Entry
	Y/N

	SHWDSP
	1A
	Shadow Pre-Display
	Y/N

	SHWVAL
	1A
	Shadow Validation
	Y/N

	SHWBUP
	1A
	Shadow Pre-Update
	Y/N

	SHWAUP
	1A
	Shadow Post-Update
	Y/N

	SHWEXT
	1A
	Shadow on Exit
	Y/N


Messages generated XE "Shadow exit program:Shadow program Messages" 
All the shadow options generate a set of messages of the following types:

1. Warning: On warning, X-Browse presents an option dialog and the user needs to take a decision whether to proceed or cancel. On X-Web, setting the Ignore Shadow warnings to true for a site ignores the warning messages altogether. If it is set to false, the user is presented record(s) with warning, which can be ignored to proceed. However, Add on Grid with more than two add rows, if has a row in error and warning, the user needs to ignore it by checking the OK checkbox against row with a warning.

2. Error: The shadow program returns an error message or a set of error messages. They are displayed in red on the screen where the action was performed. The fields in error are highlighted.

3. Change: Only the shadow pre-entry flag generates it. This signifies that there is a change in function to be used for displaying the screen.

4. Information: All the information messages generated by the shadow program while performing an action are collected and displayed once the control returns from shadow program.

Shadow program

The skeleton for the shadow program is automatically generated by the command XBWRTSHD (XREV library should be in the library list before running this command). The program generated is a shell providing points for the developer to add the appropriate code. The program can be generated in either RPG or RPGLE depending on the system requirements.

                   Write Shadow Program Template (XBWRTSHD)  

Type choices, press Enter.                                   

Function Name  . . . . . . . . . > ZACUSTS                    

X-Browse Function Library  . . . > XAN4CDXT      Name        

Source File  . . . . . . . . . . > QRPGSRC       Name        

Source Library . . . . . . . . . > XAN4CDEM      Name        

Source Type  . . . . . . . . . .   RPG           RPG, RPGLE  

Only write out primary file  . . > *YES          *YES, *NO

Following is an extract from a RPG shadow program shell produced by XBWRTSHD command. The text in grey background indicates the subroutine executed for entry point PREUPDATE.

 ...

 I* Named Constants                                                         

 I              'PREDISPLAY'          C         LPREDS                      

 I              'VALIDATION'          C         LVALID                      

 I              'PREUPDATE'           C         LPREUD                      

 I              'POSTUPDATE'          C         LPOSUD                      

 I              'PREENTRY'            C         LPREEN                      

 I*                                                                         

 C**********************************************************************    

 C* M a i n l i n e   C o d e                                               

 C**********************************************************************    

 C* Format file records                                                     

 C           001       OCUR INDBFS                                          

 C                     MOVELINDBFS    FILE1                                

 C*                                                                         

 C* Process individual entry points etc                                     

 C                     SELEC                                         

 C*                                                                  

 C* PREDISPLAY                                                       

 C           EPOINT    WHEQ LPREDS                                   

 C                     EXSR ZPREDS                                   

 C* VALIDATION                                                       

 C           EPOINT    WHEQ LVALID                                   

 C                     EXSR ZVALID                                   

 C* PREUPDATE                                                        

 C           EPOINT    WHEQ LPREUD                                   

 C                     EXSR ZPREUD                                   

 C* POSTUPDATE                                                       

 C           EPOINT    WHEQ LPOSUD                                   

 C                     EXSR ZPOSUD                                   

 C* PREENTRY                                                         

 C           EPOINT    WHEQ LPREEN                                   

 C                     EXSR ZPREEN                                   

 C* CALL TO EXIT PROGRAM                                             

 C           ACTION    WHEQ 'CALL'                                   

 C                     EXSR ZEPROG                                   

 C*                                                                     

 C                     ENDSL                                            

 C*                                                                     

Parameters required XE "Shadow exit program:Parameters required" 
Following parameters are to be passed to the shadow program.

	1.
	INUSER
	10
	User name

	2.
	INDATE
	8
	Date

	3.
	INTIME
	6
	Time

	4.
	ACTION
	10  
	Indicates the action performed - ADD, UPDATE, DELETE, DISPLAY

	5.
	EPOINT
	20
	This parameter is set according to the type of call from XWEB/XBROWSE

· PREENTRY

· PREUPDATE

· VALIDATION

· POSTUPDATE

· PREDISPLAY

	6.
	INDBFS
	21 x 3000
	21 X 3000 bytes of data representing a single record for each of the primary physical files & up to 20 secondary files.

	7.
	RTMSGT (output)                                                                             


	1
	Return message type – used for validation and the pre-entry switch

· I - information

· E - error

· W – warning

· C - Function name changed

· Blank – no error/action

	8.
	RTM (output)
	20 x 80
	Array for return messages 

	9.
	RTI (output)
	20 x 7
	Array for return messages ID’s

	10.
	RTF (output)
	20 x 10
	Array for the fields to which messages relate 

	11.
	RTUBUF  (output)
	1
	Flag to indicate if fields have been updated 

	12.
	NEWFUN  (output)
	20    
	New function name for PREENTRY processing 

	13.
	GTOT         
	30 – 9 dec places
	Total for total processing

	14.
	ZWF (output)
	20 x 50
	Work field values.

	15.
	ZWN (output)
	20 x 30
	Work field names.

	16.
	ZWT (output)
	20 x 1
	Work field data types.

	17.
	SPF (output)
	20 x 30
	Array of fields to be suppressed

	18.
	CNF (output)
	20 x 30
	Array of fields to be shown as constant

	19.
	CLF (output)
	20 x 30
	Array of fields whose colour is changed.

	20.
	OVC (output)
	20 x 3
	Array of colours to override


Building code XE "Shadow exit program:Building code" 
The code is added to the supplied stubs in the shadow program. It gets executed only if the appropriate shadow flag is set. 

The following is where the code for each of the required exit points is inserted.

The precise nature of the exit point can be determined by the “ACTION” parameter:



ADD



UPDATE



DELETE



DISPLAY

C**********************************************************************  

C* PREDISPLAY Routines                                                   

C**********************************************************************  

C           ZPREDS    BEGSR  

Code can be inserted here – pre-entry display – can be used to populate a record for display or to calculate fields.                                            

C                     ENDSR                                              

C**********************************************************************  

C* VALIDATION Routines                                                   

C           ZVALID    BEGSR                                              

Code can be inserted here  - this is the validation routine – can return the following:

Error flag – RTMSGT = blank (no error), W (Warning), E (Error)

Error messages – up to 20 error messages can be returned in array RTM (80 characters per message)

Field names – up to 20 in array RTF

RTI – Up to 20 messages ID’s can be returned in this array                                         
The subroutine can be made to return NEWFUN with function to call to facilitate requirements like cascaded Add/Update as in the example source lines below
C           STATUS    IFEQ 'A'

C                     MOVEL'ZBCUSF'  NEWFUN                                

C                     MOVE 'Y'       RTUBUF 

C                     ELSE                               

C                     MOVEL'ZCCUSF'  NEWFUN                                

C                     MOVE 'Y'       RTUBUF 

C                     ENDIF

OR the subroutine can be made to validate fields on Add/Update as in the example source lines below
C           XWGIVA    SUB  XWIDV0    XDIFF  152

C           XDIFF     IFLT *ZERO

C                     MOVEL'E'       RTMSGT

C                     MOVELEM,1      RTM,1

C                     MOVEL'XWGIVA'  RTF,1

C                     ENDIF

C                     ENDSR                                              

C**********************************************************************  

C* PREUPDATE Routines                                                    

C**********************************************************************  

C           ZPREUD    BEGSR                                              

Code can be inserted here – called before a record is updated. Examples of use may include calculating or initializing fields not on the screen display                                            
The subroutine can also be made to return NEWFUN with function to call to facilitate requirements like cascaded Add/Update as in the example source lines below
C                     MOVEL'ZBCUSF'  NEWFUN                                

C                     MOVE 'Y'       RTUBUF                                

C                     ENDSR                                              

C**********************************************************************  

C* POSTUPDATE Routines                                                   

C**********************************************************************  

C           ZPOSUD    BEGSR                                              

Code can be inserted here – called when action is required after a record has been updated
C                     ENDSR                                              

C**********************************************************************  

C* PREENTRY Routines                                                     

C**********************************************************************  

C           ZPREEN    BEGSR                                              

Code can be inserted here – this is the function switch exit – this can be used to determine which function to be displayed for an account type or transaction type.

New function name is placed in NEWFUN and RTMSGT is set to ‘C’                                            
C                     MOVEL'ZCCUSF'  NEWFUN                                

C                     MOVE 'C'       RTMSGT                                

C                     ENDSR                                              

C**********************************************************************  

C* CALL TO EXIT PROGRAM                                                  

C**********************************************************************  

C           ZEPROG    BEGSR       

C           EPOINT    IFEQ ‘CLETN’

C                     CALL ‘CLETN’                                       

Code can be inserted here                                            

C                     ENDIF       C                     ENDSR

Sample shadow program XE "Shadow exit program:Sample" 
Let us have a closer look at the ZACUSTS shadow program. The code with grey background is the Validation code that is executed on add/update.

     H*¹--------------------------------------------------------------------

     H*ÌCOPYRIGHT DATABOROUGH LTD 2000

     H*Ì

     H*ÌPROGRAM:  Shadow Program for ZACUSTS

     H*ÌAUTHOR:   Databorough Ltd.

     H*ÌVERSION:  No:   1.00    Date: 24/07/2001

     H*¹--------------------------------------------------------------------

     H        1

     E**********************************************************************

     E*¹D e f i n i t i o n s

     E***************************************************************** 

     E                    RTM        20 80                         

     E                    RTI        20  7                         

     E                    RTF        20 10                         

     E                    ZWF        20 50                         

     E                    ZWN        20 30                         

     E                    ZWT        20  1                         

     E                    SPF        20 30                         

     E                    CNF        20 30                         

     E                    CLF        20 30                         

     E                    OVC        20  3                         

     E                    EM      1  01 80                         

     E*

     IINDBFS      DS                         213000

     I*

     I*¹Format file data

     I*

     I*¹FILE NAME

     ICUSTS     E DSCUSTS

     I*

     I*¹Named Constants

     I              'PREDISPLAY'          C         LPREDS

     I              'VALIDATION'          C         LVALID

     I              'PREUPDATE'           C         LPREUD

     I              'POSTUPDATE'          C         LPOSUD

     I              'PREENTRY'            C         LPREEN

     I              'ONEXIT'              C         LONEXI

     I*

     C**********************************************************************

     C*¹M a i n l i n e   C o d e

     C**********************************************************************

     C*¹Format file records

     C           001       OCUR INDBFS

     C                     MOVELINDBFS    CUSTS

     C*

     C*¹Process individual entry points etc

     C                     SELEC

     C*

     C*¹PREDISPLAY

     C           EPOINT    WHEQ LPREDS

     C                     EXSR ZPREDS

     C*¹VALIDATION

     C           EPOINT    WHEQ LVALID

     C                     EXSR ZVALID

     C*¹PREUPDATE

     C           EPOINT    WHEQ LPREUD

     C                     EXSR ZPREUD

     C*¹POSTUPDATE

     C           EPOINT    WHEQ LPOSUD

     C                     EXSR ZPOSUD

     C*¹PREENTRY

     C           EPOINT    WHEQ LPREEN

     C                     EXSR ZPREEN

     C* ONEXIT

     C           EPOINT    WHEQ LONEXI

     C                     EXSR ZONEXI

     C*¹CALL TO EXIT PROGRAM

     C           ACTION    WHEQ 'CALL'

     C                     EXSR ZEPROG

     C*

     C                     ENDSL

     C*

     C*¹Update buffers if necessary

     C           RTUBUF    IFEQ 'Y'

     C           001       OCUR INDBFS

     C                     MOVELCUSTS     INDBFS

     C                     ENDIF

     C*

     C*¹Perform Termination Routines

     C                     MOVEL*ON       *INLR

     C                     RETRN

     C**********************************************************************

     C*¹L o g i c a l   E n d   o f   P r o g r a m

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹PREDISPLAY Routines

     C**********************************************************************

     C           ZPREDS    BEGSR

     C                     ENDSR

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹VALIDATION Routines

     C**********************************************************************

     C           ZVALID    BEGSR

     C           XWGIVA    SUB  XWIDV0    XDIFF  152

     C           XDIFF     IFLT *ZERO

     C                     MOVEL'E'       RTMSGT

     C                     MOVELEM,1      RTM,1

     C                     MOVEL'XWGIVA'  RTF,1

     C                     ENDIF

     C                     ENDSR

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹PREUPDATE Routines

     C**********************************************************************

     C           ZPREUD    BEGSR

     C                     ENDSR

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹POSTUPDATE Routines

     C**********************************************************************

     C           ZPOSUD    BEGSR

     C                     ENDSR

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹PREENTRY Routines

     C**********************************************************************

     C           ZPREEN    BEGSR

     C                     ENDSR

     C**********************************************************************

     C*

     C**********************************************************************

     C*¹ONEXIT Routines

     C**********************************************************************

     C           ZONEXI    BEGSR

     C                     MOVEL'ZBCUSTS' NEWFUN

     C                     ENDSR

     C**********************************************************************

     C*¹CALL TO EXIT PROGRAM

     C**********************************************************************

     C           ZEPROG    BEGSR

     C                     ENDSR

     C**********************************************************************

     C*¹N o n - e x e c u t a b l e   C o d e

     C**********************************************************************

     C           *ENTRY    PLIST

     C                     PARM           INUSER 10

     C                     PARM           INDATE  8

     C                     PARM           INTIME  6

     C                     PARM           ACTION 10

     C                     PARM           EPOINT 20

     C*¹21 X 3000 bytes of data representing a single record for each of the

     C*¹primary physical file & upto 20 secondary files

     C                     PARM           INDBFS

     D*¹Return message type

     C                     PARM           RTMSGT  1

     C*¹Array for return messages

     C                     PARM           RTM

     C*¹Array for return message iDs

     C                     PARM           RTI

     C*¹Array for the fields to which messages relate

     C                     PARM           RTF

     C*¹Flag to indicate if fields have been updated

     C                     PARM           RTUBUF  1

     C*¹New function name for PREENTRY processing

     C                     PARM           NEWFUN 20

     C*¹Further fields

     C                     PARM           GTOTS  309

     C                     PARM           ZWF

     C                     PARM           ZWN

     C                     PARM           ZWT

     C**********************************************************************

**

MSG01  Balance Exceeds Credit Limit.

Appendix B – Business Rules Extraction 

Overview XE "Business Rules Extraction:Overview" 
Databorough’s Business Rules Extraction software can be used to highlight the business rules within a source member using X-Analysis or to create a fully functioning shadow program for use with X-Browse.

This document is mainly concerned with the extraction of business rules for X-Analysis.

The entire process is achieved by invoking the command XGENBRULES which runs the Business Rules Extraction command XBIZRULES for each program in the application.

XBIZRULES identifies the various components of the business rules and writes them to either:

· A new source member

· An index over the original source member

· A shadow program

The higher level command XGENBRULES specifies indexes as the form of output.

X-Analysis for Windows can display the business rules automatically using the generated index.

X-Browse can use the shadow programs to re-apply original business functions to it’s own applications.

The business rules components are:

· Field Validations

· Calls to other (significant) programs

· Secondary (database) file updates

· Non-owner file reads

Prerequisites XE "Business Rules Extraction:Prerequisites" 
The process uses:

· The X-Analysis database

· The X-Rev database

The X-Analysis database is created by the command XA4INIT. This is option 12 on the “Work with X-Analysis Applications” display.

The X-Rev database is created by the command XDMODEL.

Setup XE "Business Rules Extraction:Setup" 
The command XBIZINIT (in library XREV) will ensure that all the files required for the run are created in advance. This allows the user to enter any of the parameters detailed below before running the command itself.

The following data should be identified, wherever possible, before running command XBIZRULES:

· Error message files

· Error message fields

· Excluded programs

· Excluded subroutines

· Return code overrides

The following values will be automatically set for a SYNON application:

· Error message fields: “ZAMSID”

· Excluded programs: Y2CLMSC, Y2SNMGS (message type), Y2*, YDDSHPR

· Excluded subroutines: ZASNMS (message type), &&CHRC, &&CRRC, &&DLRC, &&RVGN (file type) &&RQRL &&NLRC.

· Return code overrides: W0RTN

The only essential data required is:

· Names of error message files

· Names of any fields used to contain error message IDs

The names of error message files should be placed in file XERMSGFS. The names of error message fields should be placed in file XERMSFDS. Both files should be in the X-Rev library.

The only data which will need to entered for SYNON application should be the names of message files as these differ from application to application.

Generating Business Rules XE "Business Rules Extraction:Generating Business Rules" 
Run the command XGENBRULES. You only need to specify the names of the X-Analysis and X-Rev databases.

Displaying Business Rules XE "Business Rules Extraction:Displaying Business Rules" 
X-Analysis for Windows allows the user to display the source member for any program in the application. When the source member is displayed select “View” from the menu bar, then select  “Highlight Business Rules” to see the business rule logic highlighted within the member. You can immediately see the business logic within the context of the program as a whole.

X-Analysis sets the following source code levels when in Highlight Business Rules mode:

SYNON Applications

· Level 0 = comments

· Level 1 = business rules logic identified within SYNON and by X-Rev

· Level 2 = business rules logic identified within SYNON

· Level 3 = other business rules logic identified by X-Rev

· Level 4 = other code

Other Applications

· Level 0 = comments

· Level 1 = validation logic

· Level 2 = batch program calls

· Level 3 = non owner reads and secondary updates

· Level 4 = other code

The Source code levels are represented in the following colours:

· Level 0 - Green

· Level 1 - Red

· Level 2 - Black

· Level 3 - Brown

· Level 4 - Blue

This means you can zoom into just the business logic and back out again to the entire program by selecting the source level to display from “View” on the menu bar. 

Interpreting Business Rules XE "Business Rules Extraction:Interpreting Business Rules" 
Field Validations

Field validations are identified by the following means:

· Comparison of a database fields or a fields tracked to database fields

· Comparison of return codes following a call to a program or subroutine

· Comparison of validation flags 

· Comparison of indicators set on by file validation or comparison statements

· Moving MSGIDs into error message fields

· Setting error message indicators

· Setting DSPATR(HI) indicators

The following field validations carried out through DDS keywords are also identified:

· Valid field values

· Valid field ranges

· Field comparison values

Program Calls

The following program calls are specifically excluded:

· Calls to interactive or print programs

· Calls to selector programs

Secondary File Updates

Database file update logic is shown when the file is not the file or files designated as update function files. Normally only one file is considered to be the update function file. However, some programs may maintain, for example, an owner and owned file at the same time.

Non-owner File Reads

Accesses to files which do not have a relationship to the update function file are shown. 

Other Exclusions

The following processing is excluded. (It is automatically created for X-Browse applications.) 

· All device file specific processing

· All file validation dependent on the data model

· All field selection processing

Technical Data XE "Business Rules Extraction:Technical Data" 
The commands referenced in this document are found in the following libraries:

XAN4

	XGENBRULES
	Generate Business Rules

	X4WRKAPP
	Work with Applications

	XA4INIT
	Initialise X-Analysis


XREV

	XBIZRULES
	Extract Business Rules

	XBIZINIT
	Initialise Business Rules

	XDMODEL
	Generate Prototype Application


Quick Start XE "Business Rules Extraction:Quick Start" 
· Ensure XA4INIT and XDMODEL have been run

· Run XBIZINIT

· Set the names of error message fields (not necessary for SYNON applications)

· Set the names of error message files

· Run XGENBRULES





































































































































Both column headings and field text descriptions are compared.


The value placed in MATCHVAL is used to determine the level to which field names have to conform.


If this is a foreign key relationship, the number of failures before a relationship is invalidated is controlled by the TOLVAL parameter.
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