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Chapter 1: Introduction

This chapter describes the design process and the tools CA Gen provides for design.
During system development using CA Gen, designers usethe information discovered
duringanalysisas thebasis for describinganinformation systemthat can satisfy the
needs of the business.

The system description canbe used to build and test a prototype iteratively until users
are happy with the design.

The designis then constructed and tested.

Note: This guide covers client/server design. For information about the techniques and
best practices for block mode design, see the Block Mode Design Guide.

Design Process

The client/server design process may begin with the results of analysisand ends with a
system design ready for construction.
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Objectives of Design

The followingillustration shows the sequence of activities that make up the

client/server design process.

______ Prepare for Design
Foal : —————— I—D
S » Design Systermn Structu
(Optional ) Deliverables: Deliwerables:
Deliverables: = Dezign Team = Outlined 5ystem Structure
- Data hlodel = Dewvelopment Standards = Dezign with HighLewel Flow
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+ Docurmnent Dewvelopment Plan * Process Procedure happing
= Security Plan = Procedure hechanizm
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el Design Frocedure| g
Interaction
Deliverables:
= Mavigation Diagram
g DR #  Design GUI B » Construction
Deliverables: Delive rables:
- Data Structure List = ind cwis
. Dats Store List +Dialog Boxes
= Oata Storage Plan
Design
1 —
Procedure Lo gic
Deliverables:
=Ewents
= Procedure s

Analysis is optional for client/server design.

Data structure design may be done anytime after system structure design.

Objectives of Design

Design activities areaimed at designing and confirming the external aspects of the
system with end user representatives.

You must ensure that the external design of the systemis suitablefor the proposed
business users, locations,and broadly suitablein technology for the expected volume
andspeed of response. Detailed technical issues are usually deferred until the users
agree with the functionality of the design, its form, and its suitability to meet the
business objectives for developingthe system.

For example, an analystmay have discovered that the business needs to keep track of
customers. The analyst may have defined an elementary process, called Add Customer,
inwhichthe rules for addinga new customer arespecified to support this requirement.
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CA Gen Design Tools

You must consider the following questions during design:
m  Should customers be added online,in batch, or both?
m  |fonline, shoulda user be allowed to add multiple customers ina single execution?

m  How shouldthe user interface(screen or window) look, and how should the user
interactwith it?

m  Shouldthe process Add Customer be combined with other elementary processes,
such as Change Customer and Delete Customer, into a singleprocedure?

m  Shoulda client/server environment be used, and if so, which system components
should be implemented ina clientor server role?

Other objectives of design (constraints on the form of the system) include ensuringthat
the development of the new system, where possible, exploits and protect investment in
other systems. This requirement may involve designing procedures to make the best use
of current (sometimes called legacy) systems and data. |t may also be necessary to
design the system to work with some other system that is currently planned or under
parallel development.

CA Gen Design Tools

Throughout design, you can add detail to the business system model usingthe tools
listedinthe followingtable.

CA Gen Tool How to Use It

DialogDesign Defines procedures and designingdialog.

Action Diagram Designs procedure logic.

Data Structure List and Data Displaysthe physical structure of the databaseand

Store List modifyingthat physical structure.

Procedure Synthesis Automates the construction of procedure action
diagrams.

Structure Chart Shows the relationship between implemented action

blocks and procedure action diagrams.

Screen Design Designs screen layouts.

Note: This guide deals primarily with design techniques, not with a detailed description
of the use of CA Gen tools.

CA Gen Construction Toolsets can generate code for a wide variety of target operating
systems, database management systems, presentation management environments, and
teleprocessing monitors.In most cases, you canuse the results of design directly for
construction.
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CA Gen Design Tools

In other cases, Design Toolset reports can be collected for a system specification to be
used inimplementing procedures manually.
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Chapter 2: Preparing for Design

This chapter explains howto assemblethe design team, review analysis results,and
establish systemstandards. Preparing for design involves dealing with the technical and
non-technical issuesto be considered before beginningdesign work.

Prerequisites

Completing analysis before beginning designis optional.

Note: For more information about performing analysis, seethe Analysis Guide.

Design Process

The followingfigurelists the deliverables from preparingfor design and shows where
you areinthe overall design process.

fou are
here .

; Frepare for Design -
£nshisis » D =ign Systern Structure
[Optianal) Deliverables: Deliverables:
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Design
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Procadure Logic
Deliverables:
= Events
= Procedures
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Organizing for Design

Ordanizing for Design

The membership forthe design organization should comefrom the:

m  Information Management function-Systems designers should be experienced with
system development in general and design techniques in particular.

m  User community-User representatives should be ableto determine end-user needs
and help designers translatethose needs into the design.Some or all of the user
representatives who participated inanalysis should also participatein design.

Inorganizations with a formal quality programin place, the design team also needs
access toa quality assurance coordinator fromwithin the organization. This access will
help ensure that the resulting system meets the organization's quality standards.

Understanding Analysis Results

Design team members who participatedinanalysis will be well acquainted with the
characteristics of the business to be supported by the system.

Designers new to the development project need time to review and familiarize
themselves with the results of analysis. They need to develop a clear picture of both the
underlying Information Architecture and the users' work environment. They should
therefore take time to understand the data that the business deals with, the activities
the business performs, and the interaction between the two.

For all designers, a detailed understanding of these components is essential.

Note: CA provides other guides that describethe tasks, tools,and techniques used
duringanalysis,in particularthe Analysis Guide.

Reviewing the Business System Definition

The Business System Definition identifies which business systems will implement which
elementary processes.

Note: For a description of establishing business systemboundaries based on the results
of analysis, seethe Analysis Guide.

You need to review the project scopeand implementation planto determine the
following:

m  What business systems to create to supportthe business requirements
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Specifying Business Systemsto CA Gen

Which elementary processes to implement by the business system being developed
by the project

In what sequence those elementary processes should beimplemented

Ifthis informationis notavailable, you should complete the missingdetails before
beginningwork indesign.Use CA Gen's Analysis Toolsetto review analysisresults. If you
have not already doneso, define the business systems in CAGen.

Specifying Business Systems to CA Gen

Review the clustered Entity Type/Elementary Process Matrix. After you have addressed
all anomalies and firmly defined all clusters, you can define the business systems in CA
Gen.

Tasks for defining business systems in CA Gen include:

Give each business systema name.

If names have not yet been specified for the business systems discovered during
cluster analysis, they must be invented now.

There are no firm rules governing the formulation of business systemnames. Simply
choose words that express the function of the system.

Select the elementary processes that each named business system will implement.

Use the clustered matrix to identify the elementary processes belongingto each
business system, bypassinganythatwere not selected for implementation.

Developers specifyingbusiness systems to be implemented ina client/server
environment may find that:

Processes that areclosely clustered by their creation and maintenance of data that
is widely used by many other processes arecandidates for supportby business
systems that includeserver procedures that can be used by many clientprocedures.

Processes that need many entity types (possibly created by several different
clusters)arecandidates for supportby business systems composed of client
procedures that reuse data maintained by a combination of current systems and
provided by common server procedures.

Setting Development Standards

One aim of designis to create a consistentuser interface for the system being
constructed. This objective is especiallyimportantinanonlineenvironment where
ambiguity canlead users to make serious mistakes.
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Setting Development Standards

Some standards need to be common to many systems. These may need to be set ata
corporate level. Some standards may be set for a specific development project.
Standards may apply to the following:

m  Procedurestyle

m  Userinterface

m  Reusablelogic

m Quality

Choosing a Procedure Style

Automated procedures should employ the styles most appropriatefor each type of
system user. In design, this involves deciding which styleshould be used for each
procedureina system.

The choiceof procedure styleis usually limited by organizational standards, whichare
influenced by:

m  Strategic direction—There may be a policy to develop systems to a preferred style.
For example, if the organization has standardized use of a database management
system supporting distributed data, “remote data access” might be preferred.

m  Target production environment—The best style option couldinvolvethe use of
powerful clientmachines. Ifthese are not in place, that style option may not be
possible.

m  Cost—The costof implementing different styles will vary.Some may be

prohibitively expensive.

The frequency of procedures performed and their physical location willalso influence
the choiceof styles for the system. It might be that a number of activities are performed
inone locationonly,and so need not be distributed.

The system might have to reuse a significantamount of code from existing systems or
off-the-shelf packages. This may influence the choiceof style.

More information:

Designingthe System Structure (see page 33)
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System Defaults Standards

Setting User Interface Standards

User interface standards ensurethat users are presented with consistentdisplays, error
messages, and commands inall thesystems they use. This requires setting standards
that are uniform across theentire organization, whilealso conformingto industry
guidelines for user interfaces, for example, Common User Access (CUA).

For a graphical userinterface (GUI), guidelines need to be set within the projectfor the
modality of the interface. If the interfaceis to be very open, and therefore “modeless,”
standards need to be set for the point at which a modal interface should be enforced
and for what user actions.

Standards can be set only for delete actions, or delete and create actions.

More information:

Designingthe Graphical User Interface (see page 117)

Setting Reusable Logic Standards

Itis essential to document all new procedure logic and reused existing codeand follow
standards thatwill allow forits reuse, both within this system and for future systems.

Setting Quality Standards

Adhering to a number of quality standards and guidelines during design ensures thatthe
system meets its intended purposeand achieves a certain “quality threshold.” These will
generally be corporate standards.

System Defaults Standards

Before design work begins, specify standards for system defaults through the System
Defaults panels inthe Design Toolset. You canestablish other standards usingindividual
tools inthe Toolsets.

Tool standards relateto the followingcontrols:

m Commands

m  Functionkeys

m  Accelerator keys

m  Windows and dialogbox formats
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System Defaults Standards

m  Fieldedit properties
m  Field prompts
m  Common exitstate definitions

m  Dialect

Command Standards

A command provides a way for a user to direct the execution of a procedure.

Commands should be consistentacross thesystem so that users arecomfortable in their
choiceof commands, regardless of the procedure being executed. The lack of standards
can causeconfusion.

For example, you might choose the command D to mean DISPLAY whileanother
designer might choose D to mean DELETE. Such ambiguity can have serious
consequences.

You canalsospecify standard synonyms for menu items in windows. For example, you
might assign MODIFY the synonym M to reduce the actions required to invoke it.
Whether the user enters M or selects MODIFY, the logic associated with MODIFY will
execute.

More information:

Designingthe Procedure Interaction (see page 89)

Function Key Assignment Standards

Function keys (also referred to as “Product Function keys,” and “PF keys”) are available
on many types of video display terminals.

You canusefunction keys to provide a shorthand way for users to communicate
commands to procedures ina variety of onlineand graphical environments. For
example, you could specify thatpressing F10 will havethe same effect as entering the
ADD command.

Ifa function key represents a particular command, itshould represent that same
command inall procedures that use it. For example, if F1 invokes the CHANGE
command inone procedure and F10 invokes itin another, this will resultin user
confusionanderror.
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System Defaults Standards

You candefine function keys as standard or default:

m  Standard—You cannotoverride a standard function key. For example, no matter
what procedure is being executed, F1 means Help.

m  Default—You can overridea defaultfunction key. For example, procedures that
supporta Display command will all useF4 for display, buta procedure with no
Display capability can useF4 to represent some other command.

CA Gen supports the maintenance of both standard and defaultfunction keys across the
system.

More information:

Designingthe Procedure Interaction (see page 89)

Accelerator Key Standards
Ina graphicaluserinterface, the same principlethatapplies to standards for function
keys should be applied to accelerator keys (also known as “hot keys”) for menu items

and pushbuttons. The accelerator key (for example, Ctrl + D for Detail) that is assigned
to a command should be used wherever that command is used.

More information:

Designingthe Graphical User Interface (see page 117)

Window and Dialog Box Layout Standards

The general format of windows and associated dialog boxes should remain consistent
throughout a system. Windows should havea common look and feel.

CA Gen supports defaultfont and color usagefor windows and window components
(alsocalled “controls”). These defaults apply unless overridden by the designer for a
specific control or window.

More information:

Designingthe Graphical User Interface (see page 117)
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System Defaults Standards

Field Edit Pattern Standards

Edit patterns dictate the output format of a field (for example, the preferred format for
a date field) on a display or report.

Use consistentedit patterns for fields containingthesame information. Ina system with
part numbers, for example, one designer might causea part number to be displayed as
“123456789,” while another might format itas 12-34567/89. Such inconsistency will
lead to confusion.

CA Gen supports the maintenance of standard edit patterns to help enforce consistency
throughout a system.

Field Prompt Standards

Where possible, standardizefield prompts. Use one common prompt for fields
implementing the same attribute.

For example, if the Customer Number attribute appears on two displays,a user has a
better chanceof recognizingit as the same valueifthey see a consistentlabel (suchas
CUSTOMER NUMBER) rather than two different labels (such as CLIENT NUM: on one and
CUST NUM: on another).

CA Gen supports the standardization of prompts by reminding the designer of all
previous prompts used to describea particular attribute. This help becomes available
whenever you placea field usingthe Window Design functionality.

More information:

Designingthe Graphical User Interface (see page 117)

Common Exit State Definition Standards

Duringdesign, an exit state can be associated with a message that appears onthe
display.

We recommend that you establish standard exit state definitions for outcomes or
results common to many procedures, especially successful outcomes.

For example, if processing completed successfully, a procedure might set the exit state
to REQUESTED OPERATION COMPLETE. However, ifa problemis detected, suchasan
invalid valueentered for the command special attribute, the outcome might be INVALID
COMMAND.
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Specifying Multiple Dialects

Exit state definitions areshared acrossall thebusiness systems and business areas
defined in a single model.

More information:

Designingthe Procedure Interaction (see page 89)

Specifying Multiple Dialects

The generating business systemwill usethe same languageas that specified for the CA
Gen model. You canspecify an additional dialect.

Before the system is generated, anythingthat affects the languageused inthe user
interface must be translated intothe additional dialect. This includes literals onlayouts,
commands, and messages.

The transition plan may call for the system to be generated in different locations for
different dialects.In this case, several translations must be performed on copies of their
completed design.

If you need to use several dialects within a system, consult CA supportfor information
on the options available.

Confirming the Transition Strategy

The overall concern of transition is with changingthe business andits systems together
to supporta new set of business requirements.

Although transitionisstill someway off at this point, you should consider thetransition
strategy now. If a strategy has already been produced duringanalysis,itshould be
reviewed and revised.

The followingtransitionissues arecritical:

m Who will beresponsiblefortransition? Whatinformation will they need?

m  Ina distributed environment, where will data be stored? What processingis needed
to maintainitand provideit to applications? You need to know the location names
to be used whenever a procedure must selectalocation.Thisis especially critical
where client/server technology is to be used.
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Preparing a Documentation Plan

m  How will the newly implemented entities be populated initiallyin new databases,
either manually or through a conversion program, all atonce or portions ata time?
If you decide to use a conversion program, someone will need to designand
constructit.

m How will the newly implemented system be phasedin while the old ones phase
out? The new system may replacethe old system overnight or the oldand new
systems may runin parallel. Thenew system may be implemented all atonceor a
portion at a time. Duplicate maintenance may be required to synchronizethe old
and new databases,and possibly tointegrate them, which will alsorequire
maintenance. The duplicate maintenance could be handled dynamically, or
synchronization transactions may be batched.

The decisions arelargely dependent on the organization, butthe intent here is to fire
the imagination toconsider transition issues.

These considerations mayyield a requirement for some special procedures to be
designed for transition, or may point out some special transition logicto be addressed
during procedure logic design.

Identifyingand addressingtransitionissues atthis pointhelps you avoid later
unpleasantsurprises for the user.

Preparing a Documentation Plan

You need to establish a documentation plan definingthe requirements for:
m  Onlinehelp
m  Training

m  Reference and technical guides

Defining Online Help Requirements

Inan onlineenvironment, documentation can be provided directly to users through
their workstations or terminals.

An onlinehelp system is useful toinfrequent users who need constantassistancein
performing normal operations, as well as to frequent users who attempt unusual or
complex operations.

You should considerincludingonline help before starting system structure design.
Providingonline help will influence menu design. You will also wantto word your
definitions sothatyou can use them in help documentation. This will avoid duplication
of effort.

26 Client Server Design Guide



Capturing Data Requirements Identified During Design

Inorganizations withanonlinehelp system alreadyin place, youshouldinvestigate
whether the business systemcan be designed to use this help system.

Ifa help facility is unavailable, you should consider providing procedures thatdisplay
help information as partofthe design.

Consider the needs of non-English speakers when planningfor the help system.

Defining Training Requirements

Planningfor trainingis an extremely important aspectof design. Good training helps
ensure that the users areintroduced to a system in the best possibleway.

Trainingfor users can be conducted by many different techniques, from formal
classroom courses, and self-study tutorials, to informal “learning on the job” scripts.

The delivery medium for training canrangefrom onlineinteractive multimedia tutorials
to hand-written demonstration notes.

There are usually several types of users, such as regular user, supervisor, system
administrator,and so forth. You need to determine the most appropriatetraining
technique and medium for each type of user.

Defining Reference and Technical Guide Requirements
Reference and technical guides should accurately describe the system.

Ifthe guides are accurateand complete, they can be used both by users and developers
wishingto reuse system components.

Capturing Data Requirements Identified During Design

CA Gen automatically transforms the conceptual data model, expressed as a Data Model
Diagramduringanalysis,into a Database Definition during design.

However, when addressingimplementationissues,you may need to use the conceptual
model in different ways than were expected duringanalysis.Insomecases,you may
need to invent additional types of data needed ina particularimplementation.

CA Gen provides the followingtechniques for capturing data requirements identified
duringdesign:
m  Special attributes

m  local data views
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m  Work attribute sets

m  Designentity types

Using Special Attributes

CA Gen supplies variables called special attributes thatyou canuse to communicate
with the execution environment.

Special attributes include:

m  Current Date
m  Error Message

m  Transaction Code
More information:

Designingthe Procedure Interaction (see page 89)
Designingthe Procedure Logic (see page 163)

Using Local Data Views

The solepurpose of alocal data view s to providea temporary store for attribute values
that are to be referenced inaction statements.

Unlikeimport and export data views, a local data view cannot:

m  Receive/present data to or from displays.

m  Receive/present datato or from called Procedure Action Blocks, except in the
context of a USE statement.

m  Communicate with the underlying data model, unlike entity action views.
More information:

Designingthe Procedure Logic (see page 163)

Using Work Attribute Sets

When you need to satisfy animplementation-specific data requirement by creatinga
view of an item not known inthe data model, you need to define a new dataitem. InCA
Gen such data items are included in work attribute sets. You use work attribute sets to
keep track of execution time information such as totals and counts.
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Work attribute sets are composed of attribute definitions butarenot referred to as
entity types because they do not reflect the permanently stored reality of the business.
Work attribute sets are similarto entity types in many ways. For example, they can:

m  Appear inimport, export, andlocal views.

m  Be placedon layouts.

m  Be passedbya USE actioninanactiondiagram.

Entity actions (such as CREATE, READ, UPDATE, and DELETE) are not availablefor work
attributes. This prevents them from findingtheir way into the database.

Using Design Entity Types

Insome cases, youmay need to store implementation-specific data discovered during
design. When this is so, and the requirement is clearly notrelated to the business itself,
you may define a design entity type.

CA Gen accepts both business entity types and design data.You canadd design data
definitions as entity types and attributes to the data model defined previouslyin
analysis.

Design data might be needed to maintain:

m  Security information for the business system,such as user IDs and passwords.

m  Qualityand productivity statistics, such as error rates of high volume procedures
and keystrokes per hour, for users of the business system.

m  Informationspecifictoa particularimplementation technique, such as job
accountinginformation and printer IDs by user.

Preparing a Security Plan

You need to prepare a security planto ensure:
m  Security of design work

m  Security withinapplications

m  Privacy

The organization's standard security package should control access. You may want to
augment the standard packagewith other security procedures.
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More information:

Security (see page 229)

Ensuring Design Work Security

Security of the design work depends on the type of system being built. It might be
appropriateto dividethe system into interdependent modules and then splitthe
development among different independent development teams.

Regardless of the type of security, make surethe working procedures for securityarein

placebefore development work starts.

Ensuring Security within Applications

Security withina completed applicationinvolves allowingusers access to the

appropriatedata and processes.

Access to data candepend on the followingcriteria:

Type of data

Data values
Associations with other data

Organizational unit

Location

Access to processes can depend on the followingcriteria:

Availabletosome users.
Availableina limited way to other users.

Not availableatall to some users.

Ensuring Privacy within Systems

With the increaseof legislation aboutdata protection, itis essential toincorporate

privacy standardsinto the system.

You should alsobeawarethatifthe system will operateinternationally, data protection
legislation mayvary between different countries. This can affect international flows of

data.
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Preparing a Contingency Plan

Integrity controls can never be completely effective. Even ifit were possibletoidentify
every potential risk, the costof securingagainstall of them would probably be
prohibitive. For this reason, you must establish a contingency plan, whichis a setof
provisionsfor events that interrupt or destroy information processing capability.

Contingency handlingshould bedesigned into the system. Itis too late to start

contingency planning when things begin to go wrong.

A contingency planshould contain the procedures listed in the following:

Fallback—Allows business activities to continue while the normal computer system

is unavailable.

Back-up—Devised to take regular copies of data and transactionsto be used incase

of loss or corruption of the database.

Recovery—Can be performed to enable a return to usingroutine computing

procedures after a failure. This mayinvolve:

— Roll back—The reversal of changes made by the current transaction

— Restore—The resetting of stored data to the state immediately followingthe

most recent back-up

— Roll forward—The rerun of the current transaction after a roll back

Considering Coordination and Integration Issues

Designis rarely undertaken inisolation.There are likely to be needs for coordination
andintegration between associated design and analysis work.

Your team needs to be aware of other development projects and planappropriate
procedures to ensure coordination.

Results of Preparing for Design

The results of preparingfor design are:

Established designteam
Application development standards
Procedure style

User interface

Reusablelogic
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Quality

Technical standards
Transition strategy (revised)
Document development plan

Security plan

Contingency plan
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Chapter 3: Designing the System Structure

This chapter describes howto determine the procedures and outlinedialog for the
design, based on processes and user tasks detailed usinganalysistechniques.

System structure designis driven by user requirements and the business results of
analysis. The business processes defined in analysis can be mapped to procedures and
then organized so that users can perform those procedures in the most effective and
natural way.

As design work proceeds, the basicsystemstructurethat supports business processes
continues to evolve. Additional procedures needed to provide reports, business and
operational controls, conversion of currentdata, inter-working with current and
packaged systems, bridging between new procedures and current data stores augment
the structure.

After you have identified the need for a procedure, whatever its purpose, you use the
same techniques for that procedure's detailed definition and construction.

Prerequisites

You need to have completed the tasks in preparingfor design before beginningsystem
structure design.
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Design Process

The followingfigurelists thedeliverables fromsystem structure design and s hows
where you areinthe overall design process.
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Audience Analysis

¥

Constr ction

You need to create a profile of the potential users of the application to be developed.

The user profiledescribes these characteristics:

User experience
Frequency of task execution
Geographical location

Volatilityin thework environment
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User Experience

How experienced is the user with the job to be performed? How well developed is the
user's information technology skill set?

Often ina singleenvironment, users will rangefrom raw recruits to seasoned veterans,
and from the technology-impaired to computer genius. Clearly, this yields several
possibleuser permutations.

Ensure that the applicationisequally usableby users of all levels of experience and
knowledge. This may mean providing more than one version of the userinterface to
cater to different users' needs.

Frequency of Task Execution

If some users perform a certaintask only occasionally, they may forget how to usethe
application fromone execution to the next. In such cases, special guidance mustbe
made availableeach time the applicationisrun.

Frequent users, on the other hand, will undoubtedly become very comfortable with the
interface once the initiallearning phaseis complete. Often, such users will greatly
benefit from a fast path through the dialog.

Geodraphical Location

Ifthe applicationistobe used in more than one country or region, cultural differences
will haveto be kept in mind.

Cultural differences can manifestthemselves in many ways, including different
character sets and keyboards, the relevance of examples, different terminology, and
different idioms, to name a few.

From this, itcan be seen that different classes of user will have different requirements.
For example, some users may requirea different interface or extra help.

Itis a good idea to interview several different users when performing user taskanalysis
to ensure that you accommodate all relevantissues of experience, usageand culture.

Volatility in the Work Environment

Work environments fall into two broad categories based on their degree of volatility:

m  Constant—Deviationfrom a predictable, established pattern of work is unlikely. For
example, ajobthat involves tabulating the results of questionnaires every day
tends to be constant.
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m  Dynamic—The work pattern is sovariablethata sequence of operations is unlikely
to be repeated frequently. For example, a customer servicerole,in which the work
flow can be dramatically affected by a phone call,is dynamic.

The dialogs designed to supporta particular work environment should reflect its degree
of volatility.

A constantwork environment requires a highly structured dialogin which the system
guides the user through the work pattern.

A dynamic work environment requires a loosely structured dialogin which the user
directs the system based on shifting priorities.
A highly structured dialog tends to exhibitthe following characteristics:

m Itallows theuser limited control becausethe system determines the sequence of
actions.

m  |tusesfew menus.

A looselystructured dialog has the following characteristics:

m Itallows theuser great flexibility in switching between procedures because the
sequence of actions is largely unpredictable.

m It may useanumber of menus to simplify navigation among procedures.

m It may use function keys and shortcommand synonyms (usually singlecharacters)
to provide quickaccess to many procedures.

User Task Support

A user taskis some identifiableactivity, often partmanual and part
computer-supported, thatis carried outby the user to achievea specificresult. User
tasks represent the human activities involved in carrying outthe work of elementary
processes.

A user taskis typically triggered by a business event and may consistof several subtasks.

A key feature of a taskspecificationis thatthe user cantell when the task has been
completed. Thatis,eachtaskhas a clear beginningand a clear end. It may, however, be
subjectto interruption.
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A user tasktypicallyrequires several inputs. ltmay involvea complex arrangement of
steps, not justa linear sequence. For example, assumethat an order processingtask
requires an order form as input,and requires the use of a pricelistduringthe task.
Whilethis tasksounds clear,in practiceitcan be fraught with interruptions and
exceptions, suchas:

m  Poor handwritingor missinginformation on the form may require contact with the
purchaser to clarify details.

m  Some purchaser requests may be open.
(“Let me know when you candeliver the goods.”).

m  Some purchaserrequests may be impossibleandrequireresolution.
(“Deliver before 7 a.m.”)

m  The total price may exceed the authority of the person processingthe order,
requiringthat personto seek higher authorization.

Objectives of User Task Support

User task supportis a project-level objectiveto help ensure that users'interactions with
anapplication areeffective and comfortable and they can complete their tasks as easily
as possible.

User task supportis achieved using two techniques:

m  User taskanalysis

m  User taskdesign

These techniques resultina user interfacedesign that focuses more on the work the

user does and the way the user does itrather than on the computer processingto be
undertaken.

Rationale for User Task Support

User task support focuses the development on a client-level application thatsupports
the work flows of end users.To that end, user taskanalysisis notlimited to the
man/machine interactions. Itincludes looking atthe work flow of the user, under both
normal and abnormal conditions, to determine the required behavior of an application
that supports that work flow.

User taskanalysis helps you to understand:

m  Tasks the user performs.

m  Ways the user performs the tasks.

m  Appropriate application behavior to optimizethe user's performance of the tasks.
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User task design helps the developer to create the user interface designrequired to
produce the desired behavior.

The combination of usertaskanalysisand design yields the following benefits:

m  The user interfaceshould accurately reflectthe user's tasks.

m  The application design should meet the business requirements.

Principles of User Task Support

Duringuser taskanalysis, the application developer looks atapplication requirements
from the standpointofthe user's objectives and working conditions, not that of the
information architecture. Once the tasks have been identified and documented indetail,
the clientapplication, includingits user interface, can be designed to reflect them.

User taskanalysis isused toanswer the following questions:
m  Whoistheuser?
m  Whattasks does the user perform?

m  Whatistherelationship between the tasks?
Can one taskinterrupt another?

m  |sthere anysequence to the tasks?

m  How areinterruptions, exceptions and problems handled?

m  Whatbusiness event triggers each task?

m  What objects does the user manipulateto carryout each task?

m  How canthe usability of the final userinterfacebe measured?

Business Impact of User Task Support

Itisimportantto remember that the user's view of a business process may differ
significantly fromthe formal organization structureand current systems that tend to
supportthat structure. To satisfy his customer, the user may need to cross many
organizational boundaries, involveseveral organizational units and make use of multiple
functional systems.
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This difference inviewpoints is illustrated in the followingillustration.
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This illustration shows how the business is organized into departments that traditionally
have been supported by separate information systems:

m  The Order Processing Department has an Order system.
m  The Accounting Department has a Credit system.

m  Warehousinghas a Stock system.

These systems often will havebeen identified by a top-down analysis of the business
processes such as information engineering. Whilethis approachis still valid today, it
does not yield the optimum solution onits own.

To completely satisfy the customer request, “Pleasesupply me some goods,” a variety
of actions mustbe taken by each of these departments. Whilethe separateinformation
systems support the work of the individual department, none of them focus on the
end-to-end process of respondingas effectively and as quickly as possibleto the
customer. Only one department, Order Processing, may have contactwith the

customer. Often this contactis indirectthrough a sales person or the mail. The apparent
“customer” of the Accounting Department might be perceived as the internal Order
Processing Department.

One of the key business benefits of client/server computing is better support for the
external customer by focusing on the overall, end-to-end process. We all knowthat as
customers ourselves, we prefer to deal with a business thatis focused on us, and we
often show our appreciation by submitting repeat orders and by recommendation.
Where opportunities existfor a business toimplement improved customer-oriented
support, significantbenefits canaccrue.

How does this objective of improved customer-oriented support translateinto the
analysisand the eventual information development? The answer is through business
event analysis.
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For example, usingbusiness event analysis, we can determine that the event Order
Arrival leads to a response of Sending an Order Acknowledgment. The information
processes required to handle the Order Arrival arefound by process decompositi on and
involvethe three business areas:Order, Credit and Stock. Business event analysis
focuses attention on the flow of control from startto finish “Order Arrival.” Any
interruptioninthat flowcanleadto the delayor loss ofaresponseto the customer.

This exampleis illustrated in the followingillustration.

Order Acknowledgement

Order Aminal

Event analysisidentifies the complexity of the relationships between the various
departments, the dependencies of the existingbusiness processes.

Note: If this event were the subjectof a Business Re-engineering study, the question
might be asked whether the correctresponse to an Order Arrival is Order Delivery
rather than Sending an Order Acknowledgment.

The analysis identifies thatalthough the individual processes Order, Creditand Stock are
supported by separate information systems, there is no system to ensure timely
completion of the end-to-end process. Eachinformation system (even if linked
electronically) hands off to the next system.
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An overview of the services currently provided in this exampleis shown in the following
illustration.

Order Entry
Infarmation
Syrstem

Allocate
Stock

Order Acknowledgement
Order Amival

If we were merely setting out to rewrite our systems for client/server, then these
existinginformation systems would be redesigned as components located on one or
more servers.

The previous illustration shows which parts of the business event handlinglack support.
Any breakdowns incommunicationinthese areas would mean delays in Sendingan
Order Acknowledgment.

Business users haveto track new Orders and chasedelays inresponseby various
departments (Is there an answer yet from the Stock department to the Order from ABC
company for the supply of 10,000 left boots?). Traditional computing technologies did
not handleinter-departmental interactions easily. Typically, coordination was left to
manual mail procedures to ensure that action followed action correctly and without
delay.

Whatis needed on top of the traditionalinformation systems (now located as
components on the server) is a layer of computerized supportwith work queues,
inter-departmental messages, time-out alarms for lateresponse, and so on.
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Thisisillustratedin the followingillustration.

Infarmation
Systern

This illustration shows the business user (and perhaps most importantly, the business
customer) supported by a client-based application. The user and this clientapplication
are the mainfocus of attention.

CA Gen enables the clientapplication withits links to server components.

The prime purpose of the clientapplicationisusertask support. The application's
effectiveness can be validated by its ability to handlebusiness events.

The clientapplication makes use of one or more server components, each of whichis a
conventional information system (excludingany presentation logic). These server
components should providea complete information handlingand integrity service
incorporating both the business data and the business rules.

Ifthese components are to be reusable, they shouldalsoincorporatedata validation
even though any well-designed clientapplications would already apply validation.

This approach ensures that the enterprise data is protected and processed accordingto
agreed-upon business rules no matter how many different clientapplications (of
whatever quality) make use and reuse of these components.

Obviously, there are many ways for a business to organize, including the following ways:

®  Maintainthe separatedepartmental structure andinstitutecomputer-supported
group workflow integrated with the Order Handlingclientapplication on the
workstations of their staff.

m  Combine the many tasks previously carried out by several separate departments
into a singleintegrated taskthat completes, or atleastmonitors, completion of a
business process fromstartto finish.
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m  To providean effective environment for this type of organization, the separate

tasks should beintegrated into one desktop design.

m  |ftasks are organized arounda singleindividual whois responsiblefor carrying out
all the activities for any one customer transaction fromstartto finish, that personis

often referred to as a caseworker.

m  The supervisor of this type of organizationis often called a process owner.

m  Both the caseworker and the process owner will haveon their workstations client
applicationsthataccess manyinformation systems on servers.

User Task Analysis and Design

Task Analysis

User taskanalysis and design includethe activities shown in the followingtables.

User Task Analysis

User Task Support BSI Stage RAP Stage
Analyze user's tasks Detailed Analysis Conceptualization
Set usability criteria Detailed Analysis Conceptualization

User Task Design

User Task Design BSI Stage RAP Stage
Buildinterfacestructure System Structure Design Visualization
Prototype interface System Structure Design Visualization

These tasks arecarried out by conductinginterviews, prototyping solutions,and
observingusers.Observations should bedocumented ina project notebook.

Whilethese tasks areincluded within each of the recommended lifecycles, we have
brought them together in this section because of their heightened significancein
client/server applications where much better supportcanbe provided.

Users naturally center tasks around business events and entry objects, although other
types of objects areusuallyusedas a task progresses. For example, takingan order
primarilyinvolves fillinginan order form (an object). However, it may alsoinvolve
lookingup a priceina pricelist(another object) or even usinga telephone directory

(another object) to help phone a supplier (yet another object).
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In most cases, simply talking through the task with the user will enableyou to identify
all the required objects.

Users will be accustomed to dealing with these objects inthe real world. They
understand how they are integrated to complete a task.Special attention should be
given to the userinterface designto ensure that this integrationis reflected.

Analyzing User Tasks

User taskanalysis involves modeling the procedures performed by roles or personsin
the organizationinsupportof elementary processes.The current tasks may be analyzed,
andadditionally animproved set of tasks may be specified.

If you have not already done so, perform task analysis for thosetasks to be supported
by the application.

User taskanalysis consists of:
m  Gatheringinformation.

m Identifyingexternal, temporal, and internal events.
m  Analyzinghow the user manipulates data.
m |dentifyinguser tasks.

m  Defininguser tasks.

m  Defininguser task structures.

Gathering Information

Familiarizeyourself with the fundamental business rules defined duringanalysis.

To helpidentify the tasks that a user performs, you need to gather information about
the data (files, documents, data storage, and so forth) and activities currently involved
inthe tasks being examined.

Identifying Events

Sinceevents requirea response,they areuseful pointers to the tasks that might be
performed inorder to respond.
An event may be:

m  External —An external event is somethingthat happens outside the system being
designed. Mail arrivingis an exampleof an external event.
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m  Temporal—A temporal event is the arrival of a time pointof interest to the system,
for example, end of month.

m  Internal—Aninternal event is somethingthat occurs within the business activities
thatareincludedinthe scopeof the development project. They often ariseas the
resultof human activities thatarenot specified as partof formal procedures. For
example, makinga decisionorinitiatingananalysis of data is aninternal event.

The event analysistechniquedefines external and temporal events, and the planned
responses by business processes.

Note: For more information, see the Analysis Guide.

Analysts should haverecorded the frequency of event, and possibly therequired
responsetime. This detail is useful for assessingthe performance requirements of user
tasks and system procedures.

External and temporal events cancause userroles to initiatea systemprocedure in
order to respond. A batch procedure may be initiated by some automatic mechanism,
such as the arrival of a time of day, or the existence of data that has been transmitted
through a network.

Internal events arenow of interest to you becausethey may indicatethe need for
additional procedures (such as reporting or browsingdata), as well as providingan
additional reason for executing formal, process-implementing procedures.

Analyzing Data Manipulation

You need to examine how users manipulate data by identifyingthe actions they
perform. For example, a user may complete, authorize, amend, or cancel an order form.

Identifying User Tasks

A user taskis anidentifiable activity, either manual or computerized, that is carried out
by the user to achieve a particularresult(goal).

The taskis typically triggered by an event and may consistofseveral sub-tasks. Itis
essential for the user to be ableto tell when the task has been completed so the goal
should be measurable.

Understanding how data is manipulated enables youto listthe user tasks. At this stage,
asimplelistis sufficient;you canadd detail later.

The identified data and actions may be a useful starting point,so arethe business
processes and the events thatinitiatethem. However, these should be checked carefully
with the user.
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It may be useful to observe the user carryingouta taskandto record observations for
later discussion with the user. For example, a user may often need to switch to a higher
priority task before returning to the originaltask.Youneed to ensure that the usercan
easilyresumethe original task.

Defining User Tasks

You arenow ready to define by recording:
m  Flows between the tasks

m  Sub-tasks (components of each task)

m  Dataand documents used to complete the task

m  Flows between sub-tasks

m  Dependencies between or within tasks

m  Time constraints onthe completion of a singletask, or of a group of related tasks

m  Frequency with which the tasks are performed

m  How and when the user switches between tasks

Document tasks usingstructured English ora diagramsuch as a flowchartor a data flow
diagram.

Defining User Task Structures

Define the structure of each user task by observation or examination of task
descriptions and the data used.

Once you have defined the taskstructure, verify the design with the users. A “walk
through” is an effective technique for conductingthis type of review. It may be
necessaryto go backand review the tasks with the user to clarifyanyissues.

Example Formal Task Structure with Sub-Tasks

This is anexample formal task structure, with its sub-tasks, is shown in the following:

m  User task—Take order from a customer over the telephone. Note that the user can
be interrupted in this task.

m |nitiatingevent—Customer telephones andindicates desire to placean order.
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Task Structure

Sub-Task Description

1 All customers must be registered before anorder canbe taken, sothe
user firstchecks to seeif this customer is registered:

m Ifthe customer is alreadyregistered, user continues with the task.

m Ifthe customer is not registered, user must register the customer.
(Registering the customer is a different but associated task.)

2 Ifthe customer's registration details arecorrect, user completes
customer details on the order form.

3 User asks whatproducts the customer would liketo order andin what
quantity.

User checks the availability of the products and the current priceand
confirms the order with the customer.

4 User repeats sub-task 3 until the customer is satisfied with the products
ordered, the quantity, price,and any limitations on delivery time.

5 The completed order form is finally confirmed with the customer before
itis formally recorded and sent off.

The customer's record is amended to reflect the new order, and the
product stock levels are adjusted accordingly.

Copies of the order are sent to the appropriatedepartments.

Setting Usability Criteria

Measurable usability criteriafor the user interfaceshould be used to assess thelikely
success of the system duringtesting or user trials.

Usability criteria to consider:

m  How easydo usersfinditto learnto usethe interface?

m  How efficient areusers once they arefamiliar with the interface? (Productivity
shouldincrease.)

m  How easydo occasionalusersfinditto re-learn how to use the system after a
break? Good design features, such as keeping the number of menu levels low,
should help. Keeping a record of recurring problems will also be helpful, possibly
even usingthe system itselfto record problems.
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How often do errors occur and how serious arethey? Do any errors occur
repeatedly? These criteria can be measured by counting and classifying the errors
to give the number of errors as a percentage of the total number of times thata
procedure was used. This will help to balanceerror ratios for often and infrequently
used procedures.

How satisfied arethe users? This can be subjective, butit does helpto gauge user
acceptanceof the interface. However, the speed with which new users take up the
new system or facilities may providesome measurableindication of satisfaction.

Designing the User Interface Structure

This taskinvolves designingthe userinterface indetail and constructinga prototype to
obtain comments and acceptancefrom the user.

Mapping User Tasks to a User Interface

You build a systemstructure usinga prototype of the user tasks and sub-tasks. Examine
the opportunities and technical limitations of the products being used. In particular,
decide how to subdividethe system into procedures by consideringissues such asthe
following:

A data maintenance taskshould be supported by one or more system procedures,
depending on data integrity and other business rules.

Partof a usertask, such as a look-up display,is a partof many user tasks,andso
needs to be supported by a separate reusableprocedure.

Parts of the user task requiredifferent levels of security.

For graphical user interfaces, decide whether:

A window should remain open while the user accesses other windows.

Several windows of the same type need to be open at the same time for
decision-making purposes.

Mapping User Tasks to Procedures

User tasks aremapped to procedures to ensure that the user tasks providethe main
framework on which the user interfaceis based.

More information:

Designingthe Procedure Logic (see page 163)
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Prototyping the User Interface

Perform prototyping to check the completeness and usability of supportfor user tasks,
andto refine the design of the userinterface.

A useful method for verifyingthe design with business persons isto convert the user
interface structureinto a computer-based prototype.

The followingillustration shows this method.
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The prototype should demonstrate the graphical userinterface, windows, dialog boxes,
pull-down menus, pushbuttons, radio buttons, check boxes, and so forth.

The data usage identified earlier provides a useful basisfor the design of the user
interface. For example, you can base form layouts in the user interface on forms
currentlyinuse. An on-screen product catalogcan mimic a paper-based one.
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For client/server environments, it is importantto ook for opportunities for front-end
integration. For example, ifthe user regularly needs to switch between two tasks or use
of data, the graphical userinterfaceshould make the switch easy. If, for instance, users
canbe logged on to more thanone information system at a time, where previously they
hadto logon and off each one inturn, this couldlead to substantial time-saving.

It should be possibleto move between the displaysand dialogs sothatthe usability of
the flow of the system can be checked. You can collectinitial comments from the
potential users of the interface.

You may need to produce several prototypes, iteratingwhere necessary, before the
design canfinally be confirmed with the user.

It may be beneficial toreview the usability criteria,amendingthem as necessary.

A prototype may still promptquestions about the user interface and the movement
between the different displays. For example, consider the prototype shown inthe figure
“Prototype for a User Task.” Would users wish to display Order Forms after displaying
Customer Details, or after displaying Product Details in addition to displaying Product?
What selection criteria should beassumed?

Duringan analysis of user tasks and prototyping a user interface structure, it might
become obvious thatthe structure, sequence, andinteraction of the activities within
the user taskare not the most efficientway to perform the overall businesstask.
Although itis not the purpose of system structure design to radically re-engineer the
user task,any suggestions for improvements in workflow should be presented to the
users. Ultimately, itis the users'system. It should, therefore, work effectively for them.

Choose a Client/Server Style

The followinglistshows availablestyles for client/server applications:
m  Remote presentation
m  Distributed processing

m  Remote dataaccess
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Logic Types

Logic Types Defined

These styles arerepresented inthe followingillustration.
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For purposes of distribution, itis possibleto divideapplication softwareinto the layers
of logic shownin the followinglist.

User task support—The partof the application thatdeals with the supportingthe many
daily user tasks and workflow between users.

Typical supportofuser tasks arelisted next:

m  Providinga checklistof procedures the user needs to follow

m  Allowingthe userto telephone the current customer on screen

m  Providingadiary of partly completed tasks

The same layer provides workflow support, routing tasks or transactions between
successive operations by different users. Finally this layer makes use of the
underlyingbusiness rules layer.

Business rule—The part of the application thatdeals with business rules and policies.
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Whilemost business rules have something to do with persistent data, whichis clearly
the domain of data manipulation logic, business rulelogic holds the fundamental
definition that binds data accesses together. It defines such elements of an application
as the sequence in which steps must be performed and the conditions thatdetermine
which steps are performed.

This layer protects the underlying data manipulation layer frominadvertent actions that
might lead to data inconsistency.

Data manipulation—The partof the applicationthatdeals with data.

Data manipulation logic determines what persistent data is actually read or written. It
requests services of a data management component, the DBMS, or filesystem
responsiblefor the physical storage of the data.

In CA Gen methodology, business rulelogic and data manipulation logic aregenerally
found in elementary processes, as illustratedin the followingillustration.
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Insome application programs, thereis nobusiness logic apartfromthat directly
governing data. There may be littleor no business rulelogic.

Many current systems contain littleor no user task support or workflow (because the
technology of host-terminal was not very convenient for these purposes). This
relationshipis depicted on the left side of the previous illustration.

Most applications will, however, contain significantbusinesslogic. Even simple
information retrieval mayincludebusiness rules for allocating or groupingtransactions.
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As client/server applications become more sophisticated, they tend to includeall four
types of logic shown onthe right-hand side of the previous illustration (presentation,
user task support, business rule,and data manipulation).

The four types of logicin client/server applicationscan bedivided into the following
components targeting different machines:

m  Clientfor presentation and user tasksupport

m  Server for business rules and data manipulation

A basicinformation retrieval application may be composed of only a clientpresentation
workstationaccessinga databaseserver.

The resultis described by Paul Winsbergas a ham and cheese sandwich (Paul Winsberg,
“Designing for Client/Server” Database Programming and Design, July 1993,29-31):

m  The bread is the off-the-shelf software components that providethe functions of
presentation management and data management.

m  The ham and cheese is the interior presentation, user task support, business rule
logic,and data manipulation, which arebuiltby the developer.

Remote Presentation

Inremote presentation, most of the real work is done on the server. The presentation,
user task support, business rule,and data manipulationlogicallresideon the server
side.Only the presentation management component resides on the workstation.

This alternativeincludes thetechnique known as screen-scraping, whichis a means of
putting a new user interface on an existingmainframetransaction with little rework.

Italsoincludes the more sophisticated mechanismfor presentation distribution
employed in UNIX and Linux environments with X-terminals.

Distributed Processing

With the distributed process alternative, the presentation logic and user task support
logicresideon the workstation with the presentation management component.
Business logic and data manipulation logic reside on the server with the data
management component.

Any but the most simpleof client/server transactions usesomeform of distributed
processing.Some DBMS vendors have developed a mechanismcalled the stored
procedure, which provides a degree of logic distribution. Whilethis limited form has
value,itis not as useful as the more flexibleapproaches thatprovidegreater choiceand
supportwider distribution.
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These alternatives form a good conceptual foundation for simpleclient/server
transactions, butbusiness processes may requiresignificantly more complex
configurations. For example, an application mayrequiredata to be present both atthe
clientandat the server. This mayresultin data manipulationlogic beingrequired at
both locations.

When to Use Distributed Processing

Every factorinvolves a delicate balance between network load, server processingload
andserver databaseaccess thatcan be altered by locating parts of the logic on either
the clientor the server.

Distributed processing offers the ability to vary the location of logic and data between
clientandserver to arriveatanacceptablecompromise. CA Gen allows such design
changes to be made swiftly and with a minimum of effort.

You need to test the effect of the design decisions aboutlocatinglogicto ensure that
the delivered application performs as required.

Use distributed processing when the followingfactors aretrue:

m  Transaction rates for the applicationare high—Wheretransactionrates arehigh,
the processingload onthe server can be minimized by locatingas much processing
as possibletothe client.Sinceevery user has anindividual workstation, the effect
of hightransactionrates is dispersed.

m  Datavolumes are high—The aim here is often to minimize network traffic.

Ifa transactioninvolves retrieving many items of data and manipulatingthem by
some algorithm before selectinga small amountof data, then such manipulation
should be located on the server rather than the clientif possible.

m  The user community is geographically dispersed —Wide Area Networks (WANs) are
typically between towns [as compared with Local Area Networks (LANs) withinone
building or complex] and tend to be much slower than LANs. Therefore, minimizing
network traffic may become animportant design consideration. In this case
distributethe logic so as to minimize the data flow between clientandserver.
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m  Integrity andsecurity are critical—Any oneserver module canbe accessedin
principlenotby justone but by many different clientapplications. Ifintegrityand
security areto be maintained, every usage must be “safe.” If the server module
exposes data as inthe remote data style, each clientapplication mustimplement
the identical high quality logic to ensure safety. This can be very challenging
organizationally.

However, ifthe server module is builtusingdistributed processing, the safety logic
(integrity and security) and indeed any other common business rules canbelocated
on the server with the data. Access to the datais then allowed only through the
server logic.

Clientapplications should also ensureintegrity and security. But with the
recommended approach,thereis no relianceonthe same high qualityandidentical
logicin multipleclientapplications.

m  Mostenterprise—shared databases arebest catered for by the distributed process
style, for which the remote data styleis not usuallyappropriate.

m  Multiplelegacyscreens need to be associated with one GUI window—The
distributed processing stylelends itself very nicely to this interworking. Legacy and
Current systems residing on hosts or servers contain some logic. Further new logic
to supportuser tasks can be located on the clientapplicationthataccesses these
older modules.

Where to Locate Logic with Distributed Processing Style

The distributed processingstyle often is the best solution for user task support,
flexibility, and performance.

Try to design the end-to-end logic of the applicationsothatitrunsinone or more
modules on the client.

When access is required to shared databases, locatethe databases together with the
business logic, integrity rules,and security rules on the server. Access to the data is
always through the server logic layer not directto the database. In practicethis often
means that the information processes resideon the server while the procedural logicis
on the client.

You canconsider accessestothe server rather liketraditional accesses to sub-routines.
The overall logic should bevisibleand testable on the clientwith callsto the server
modules as necessary (by CA Gen dialoglink flows). By adoptingthis style, you should
find that your server modules can be reused by new applications withoutchange.

Also, by locatingsuchrules inone place(next to the data), changes to business rules can
be more easilyimplemented and with minor disturbanceto the usingclientapplications.
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Remote Data Access

Inthis alternative, the presentation, user task support, business and data logicresideon
the workstation with the presentation management component. Onlythe data
management component resides on the server.

The DBMS performs the remote data access.

Guidelines for Selecting a Client/Server Style

Some simplecriteria are presented shortlyto assistinthe task of selecting styles.
However, followingthis singleguidelinewill greatly simplify the whole process:

Always design applications to be modular and flexible.

By maintaininga clear distinction between the four elements of presentation logic, user
task support, business rules,and data manipulation logic, youwill bein a good position
to changebetween client/server styles as needed. This can be very useful becauseitis
difficultto fully anticipatethe behavior of an application beforeitis actually executing.
Ifyou designed an applicationtorunas a remote data access applicationand discover
after implementation that the distributed process stylewould perform better, itis
relatively easy (with CA Gen) to move the data manipulationlogic fromclientto server.

Inthe CA Gen environment, the appropriatelevel of modularizationisgenerally
achieved by ensuringthat the procedure step logic (usually associated with
presentation) is held separatefrom elementary process logic.

Use remote data whenever you can, for example, when you are:

m  Putting a GUI front-end on a legacy system

m  Building UNIXand Linux applicationsthatwill runusing X-terminals

This is the easieststyleto use becauseit relies onthe DBMS to perform the remote
access.There is nodivision of application components involved.

However, with this style, performance may not be optimum, and data integrity can be
compromised.
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Combine Client/Server Styles

Itis not unusual tofind a variety of application styles employed by a given organization.
The followingfigureillustrates howapplicationsusingdifferentclient/server styles can
be combined with legacy systems and workstation application packages.
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Client/Server Workstations

Most client/server computing uses an intelligent workstation for the client. This gives
added processing power for users to run desktop applications,as well as the CA
Gen-generated application.
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The two opportunities for improvingthe visualization display of data accessed ona
server follow:

Front-end integration—To enableusers to take full advantage of their desktop
applications,itshould bepossibletointegrate the CA Gen-generated application
into those other tools. Object Linkingand Embedding (OLE) technique canbe used.

Ifthis raises issues aboutdata security and concurrence, these need to be described
to ensure data integrity.

It may be useful to combine some technology analysiswith user taskanalysis
(describedina previous section) to determine which personal productivity tools
(word-processing, spreadsheets,and so forth) need to be availableto users,and
what user interfaces areavailable.

Current global check system and data integration—Users canimprove the
visualization display of data accessed on a server, directly or through current
systems, and can combine data accessed through different systems and on different
servers.

Considerations for System Structure Design

You canusethe results of elementary process/entity type usage, user taskanalysis,
distribution analysis,and currentsystems analysisto decide:

Whether data thatis used by users at the same type of location can be stored on
clientworkstations to supportdistributed process procedures.

Whether data should be stored on a shared server becauseitis used by a wide
range of organizational units or users.

Whether current systems logic can be reused for new distributed presentation
procedures.

Whether new logic should be placed either on a server for remote presentation, or
on aclientfor combininglocal with remote data.

How many of the user tasks should beautomated on the client.

In general, the functions of clientand server procedures should be:

Clientprocedures deal with user task support, the userinterface, simplefield
validation, work-flow logic and interworking with other workstation-based facilities
(such as for managing documents and spreadsheets).

Server procedures manage business ruleand data integrity logic, and therefore
logicthatprovides access toshared stored data.
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Results of System Structure Design

The results of system structure design are listed next:

Understanding of users' experience levels, frequencies of task execution,
geographiclocations,and work environments volatility

Objects of interest to users
Detailed tasks and subtasks theusers need to perform

Graphical userinterfacestructure of the system

Client/server style
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Chapter 4: Designing the Data Structure

This chapter describes howto transformthe conceptual data model intoan
implementation representation of the database. Data structuredesign is the design of a
relational databaseusing CAGen. The data structureis the physical version of the data
model. This version does not violatethe intent of the data model but does allow
customization for performance and specifically targeted databases.

The followingillustration shows the overall approachtocreatinga relational database
definition.
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Each databasedefined using CA Gen contains its own Data Structure List and Data Store
List. These two lists representthe physical database definition thatforms the basis for
the generation of the Data Definition Language (DDL). DDL generation yields the
Structured Query Language (SQL) statements requiredto define a databaseto a
relational database management system (DBMS).
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Also consider the means of converting data to the new database(s) (singlelocation or
distributed). Some further conversion procedures or external action blocks to interface

to database management systems not supported by CA Gen's toolsets may be needed.
Early planningfor these transition and associated implementationissues makes the
entire process much easier.

Prerequisites

You need anoutlined system structure design before beginningdata structuredesign.
See the chaptertitled “Designingthe System Structure.”

Design Process

The followingillustration shows the deliverables fromdata structure design and shows
where you areinthe overall design process.
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Note: Although the illustration, Designing the Data Structure, shows data structure
design preceding Procedure Interaction, GUI, and Procedure Logic design, data structure
design may be done in parallel with or after these activities.
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Transforming the Data Model

You begin databasedesign with the data model defined inanalysis.

Note: The detailed content of the data model is described inthe Analysis Guide.

The data model is only a conceptual definition of the database. When the data model is
complete, CA Gen canautomatically generate the initial databasedefinition thatreflects
the data model. This activityis called transformation. Further definitionis needed for
specific databaseimplementations.

More information:

Retransformingthe Data Model (see page 78)

Transformation Implications

Before startingtransformation, itis worth consideringthe implications of
transformation, which arethe differences between the:

m  Conceptual (business level) definition represented as a data model
m  logical databasedefinitionrepresented by the Data Structure List
m  Physical definition represented by the Data Store List

When you transformthe data model, a physical databasedefinitioniscreated.There is
no dynamic link from this definition back to the data model.

The implications of transformation are:
m  You can make changes to the data model with no impacton the data structure.

m  You canusethe CA Gen retransformation capability when changes need to be
reflected ina Data Structure List or Data Store List.

®  You canmake changes to a Data Structure Listwithout affectingthe data model.

®  You cannotchange the Data Structure List to violatethe rules of the data model.
For example, a text field cannot become a numeric field.

m  Ifyou usetransformation orretransformationagain, the changes you madeinthe
Data Structure List and Data Store List will belost.

m  Ifyou remove a foreign key index from a data record and then retransform, you will
typically seethe foreign key index added backin.In some cases,itmay be better to
rename unneeded indexes. For example, you could prefix each unneeded index
with ZAP. You couldthen delete them near the end of testing for a project.
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You must use meticulous change management to maintainthe business logic embodied
inthe data model whileallowing physical changes to be made to the Data Structure List.
Any modifications tothese lists need to be documented thoroughly to ensure
consistency between different versions of the lists.

Setting Technical Design Properties

Before you transform the data model, you need to establish thetechnical design
properties.

Technical design properties for each targeted DBMS provide control over the database
definition created duringthe transformation process.

The information in the technical design properties includethe following:

m  Reserved word checking

m  Referential integrity (RI) enforced by either the DBMS or CA Gen

m  Permitted valuedefaultenforcement

m  Datastructure defaults
Setting Reserved Word Checking

The technical design property options for reserved word checking arelistedin the
followinglist.

m  DBMS—Use this option if you are going to et CA Gen name the tables and you do
not want anyreserved words from the DBMS used.

m  None—Use this optionifyou are planningto name the tables such that none of the
reserved words for the DBMS are being used.

This is much more typical for those applications thatareusing coded tablenames or
a code inthe table name that would make it unique.

m  All—Usethis option ifyou are goingto let CA Gen name the tables for you, and you
would likethe tables ineach targeted DBMS to be named exactly the same.
Setting Referential Intedrity Enforcement
The technical design property options for referential integrity enforcement arelistedin
the followinglist.

m  CA Gen-enforced RI—Use this optionifyou want CA Gen to enforce RI. CA Gen
generates pieces of code to handleall of the referential integrity.
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DBMS-enforced RI—Use this optionifyou want the DBMS to handleas much Rl as
possible. This keeps the amount of code generated as small as possibleand helps
system performance.

CA Gen allows the DBMS to handleall of the referential integrity itcanand only
generate pieces of code for the referential integrity not handled by the DBMS.

Setting Permitted Value Default Enforcement

The technical design property options for permitted valuedefault enforcement are
listed in the followinglist.

Reads-Enabled—Use this option if you want the permitted valueenforcement for
read statements for all of the tables inthe database(s) to be handled by the DBMS.

By enabling the DBMS to control the permitted valueenforcement, you are
requiringall applications (CAGen or not) that will bereadingtables in the
generated databaseto adhere to the same permitted valuerules.

Ifyou allowthe databaseto handlethe permitted valueviolations,there will be no
action taken for the reads within the CA Gen application.

Reads-Disabled—Usethis optionif you want the permitted value enforcement to
be handled at the databaselevel and you want CA Gen to do the enforcement.

This is a good selectionifthere are no permitted values inthe database, or ifyou do
not want the DBMS to enforce the permitted values for READ statements.

Creates/Updates-DBMS—Use this option if you want the permitted value
enforcement for row creates and updates for all tables inthe database(s) to be
handled by the DBMS.

By enabling the DBMS to control the permitted valueenforcement, you are
requiringall applications (CAGen or not) that will becreatingor updatingrows in
any of the tables inthe generated databaseto adhere to the same permitted
values.

If you selectthis option, anSQL return code will bereturned to the CA Gen
application within thecreate statement (when permitted valueviolation exception)
andyou will handleitinthe procedure logic.See the chapter titled “Designingthe
Procedure Logic” to learn more about this technique.

Creates/Updates-CA Gen—Use this optionif you want CA Gen to handlethe
permitted value enforcement.

This is a good selectionifthere are no permitted values inthe table, or ifyou do not
want the DBMS to enforce the permitted values for create and update statements.
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Setting Data Structure Defaults

Generally, data structuredefaults do not need to be adjusted. Most of the defaults
relate to specifics of the DBMS being used.

Review data structure defaults with a databaseexpert before implementation inthe

other environments. However, the default values for the transformation producethe
DDL necessary for SQL generation and installation.

Performing Transformation

Transformation uses the data model to derive a relational database design conforming
to the technical design properties (see Setting Technical Design Properties).

Before performing transformation, CA Gen runs a consistency check againstthe data
model.

If any partof the data model (every entity type, attribute, and relationship)is
incomplete or inconsistent, the transformationis aborted. You need to correctany
errors and severe warnings (but not warnings)in the data model before continuing.

You will need to complete a transformation for each DBMS to be used.

Results of Transformation
Transformation creates a logical and physical database definition for each DBMS, even if
you are only going to target a single DBMS. This way, each of the implementations

matches at transformation time.

Transformation creates these diagrams for each DBMS targeted:

m  Data Structure List—Logical table/column definition

m  Data Store List—Physical storage method definition

These lists serveas a databasedefinition for DDL generation.

When the system designis complete, you may want to modify the Data Store List and/or
the Data Structure List to conform to local standards or optimize performance.

More information:

Completing the Data Structure Design (see page 80)
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Using the Data Structure List

A Data Structure Listis created for each DBMS for which you completed the
transformation. Each Data Structure List shows how the data in the data model is
logically mappedto a database.

After transformation, each Data Structure Listshows how the conceptual data model
represented by the data model should be translated intoa physical model containing
tables, columns, Rl constraints,and indexes.

The Data Structure List reflects any changes made in the Data Store Listand viceversa.

Use the Data Structure Listtool to:
m  Refine the data structure organization

m  Define how relationshipsareimplemented
More information:

Usingthe Data Store List(see page 78)

Data Structure Terminology

The equivalentdata modeling, relational,and production terms are shownin the
followingtable.

Data Structure Terms

CA Gen Model Relational Term Production

Data Model Data structure (physical Databaseimplementation by the
design) DBMS

Entity Type andits OneTable Table

Subtypes

Attribute - Basic Column Column

Attribute - Designed Column Column

Attribute - Derived Not implemented Not implemented physically
physically

Attribute - Auto Number Column Column

Relationship (1:1or 1:M) Foreign key Rl constraint

Relationship (M:N) Table Table
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CA Gen Model Relational Term Production

Identifier Index Index (unique)

N/A (added to the Data  Denormalized column Column
Structure List)

N/A (added to the Data  Index Index (typically non-unique)
Structure List)

One-to-Many Relationships

A one-to-many relationshipisillustrated in the followingIllustration.

1:M Relationship

* Number (dertified)
= Mame
= Address

CUSTOMER

PLACES

Pt

IS PLACED BY

= Number
ORDER * Date Placed
= Total Yalue

This illustrationis a data model fragment showing:

m  Each CUSTOMER entity sometimes places (relationship membership) one or more
ORDER entities.

m  Each ORDER entity is placed by (relationship membership) exactly one CUSTOMER.

The identifier of CUSTOMER is an attribute called CUSTOMER NUMBER.
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The followingillustrationisa Data Structure Listshowingthe

figure “1:M Relationship” as a foreign key.

Implementation of the 1:M Relationship

Type

Table
Column
Column
Column
Index (U)
Column

Table
Column
Column
Column

FK Column
RIConstraint
Index
Column

Index (U)
Column

Macro Name

CUSTOMER
NUMBER
NAME
ADDRESS

PKEY (Primary)
NUMBER

ORDER

NUMBER

DATE_PLACED
TOTAL_VALUE
FK_CUSTOMER NUMBER
<No Name> CUSTOMER

FKEY
FK_CUSTOMER NUMBER

PKEY (Primary)
NUMBER

Format

Integer
Char
Char

Integer

Integer
D ate
Float
Integer

Integer

Integer

implementation of the

Length
Optionality

4 Not Null
20 Not Null
78 Not Null

4 Not Null

4 Not Null
8 Not Null

5,2 Not Null
4 Null

4 Null

4 Not Null

The ORDER tableincludes a Foreign Key (FK) column called FK_CUSTOMERNUMBER. For
any ORDER, the number of the CUSTOMER that placesitis storedinthat column. This
will allowyour application user toaccess fromthe ORDER table the CUSTOMER who

placed an ORDER or the ORDERS a CUSTOMER has placed.
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Many-to-Many Relationships

Many-to-many (M:M) relationships should have been resolvedin analysis by definingan
additional entity type.

Most M:M relationships havesome extra information that needs to be kept on an
associativeentity type (see Associative Entity Type). Even if you do not find this during
the initialimplementation of an application, it will often happen later.

Resolvingthe M:M into anassociative entity type results ina more stable model and
requires fewer action diagrammingchanges inadditionalintersection data is found after
the initial version ofan application hasbeen implemented. If this has not been done,
anyremaining M:M relationshipsareimplemented with another table.

A many-to-many relationshipis illustratedin the followinglllustration:

» Numrber (Idertifed)
BAPLOYEE » Name
« Address

FOSSESSES}

b
IS POSSESSED BY

Type
SILL « Description

This figure is a data model fragment showing:
m  Each EMPLOYEE possesses oneor more SKILLS
m  Each SKILLis possessed by one or more EMPLOYEES.

The identifier of EMPLOYEE is the attribute Number.

The identifier of SKILL is the attribute Type.
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The followingfigureis a Data Structure Listshowingthe implementation of the figure
“M:M Relationship.”

Type Macro Name Fommat Length
Optionality

Tahle [ EMPLOYEE

Column NUMBER Integer 4 Mot Null

Column MNAME Char 30 Mot Null

Column ADDRESS Char 78 Mot Null

Index (U) PKEY (Primary)

Column NUMBER Integer 4 Mot Mull

Tahle [ IS_POSSESSED_BY

FK Column FK_SKILL TYPE Char 15 Not Mull

FK Column FK_EMPLOYEE NUMBER Integer 4 Not Null

RI Constraint =MNo Name= EMPLOYEE

RI Constraint =MNo Name= SKILL

Index (U) FKEY

Column FK_EMPLOYEE NUMBER Integer 4 Not Null

Column |: FK_SKILL TYPE Char 15 Not Null

Index (U) FKEY (Primary)

Column FK_SKILL TYPE Char 15 Not Null

Column |: FK_EMPLOYEE NUMBER Integer 4 Not Null

Tahle [ SKILL Char 15 Mot Null

Column TYPE Char 78 Not Null

Column DESCRIPTION

Index (U) PKEY (Primary) Char 15 Mot Null

Column TYPE

Note that a tablejoins the EMPLOYEE andSKILL tables andits nameis “IS POSSESSED
BY” (the name of one of the relationship memberships).The link record contains both
the key of the EMPLOYEE table and the key of the skill table. This means that if the
databaseis queried by EMPLOYEE number, it canfind all the SKILLS that the EMPLOYEE
possesses,and given a SKILLTYPE, it canfind all the EMPLOYEES who possessiit.

Data Structure List Terminology

The terms used in the Data Structure Listare:

m  Tables
m  Indexes

m  Referential integrity (RI) constraints
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Tables

A tableis animplementation of an entity type appearinginthe data model. A tableis
associated with the data model entity type thatitimplements.

Each tableis attached to at leastone index, the contents of which uniquelyidentifyan
occurrence of the tablein the database.

Each tablemay be attached to Rl constraints, which areimplementations of
relationshipsfromthe data model.

A tablewill be placedinthe Data Structure Listfor each of the M:N relationships. The
table will benamed by the M:N relationshipitself. This typeof tableis relatively rare.
Such tables contain foreign key columns to both participants intherelationship.

Each tablecreated by a M:M relationshipisgranted two unique entry points. Each entry
point contains the two foreign key columns in each of the two possiblesequences.The
only columns appearingon this type of a tableare the foreign keys to the two
participantsinthe relationship.

Each tableinthe databasehas the properties listed in the followingsections.

Properties of Tables
Entity Type

The name of the entity type inthe data model that this table logically represents.
Thisisareadonlyinthe Data Structure List.

Database
This is the databasefor which this tableis implemented.

You cannotchange which databaseimplements this table inthe Data Structure List.
(Ifyou need to change this, go to the Data Store List.)

The databasenameis a maximum of 8 characters.
Generic Name

A name that is consistent for the implemented entity type throughout all of the
technical designs. Itis called generic becauseitis not DBMS specific.

The generic name can be no more that 18 characters long.

Change this name if you want the name of this tableto be consistentthroughout all
of the technical designs, regardless of DBMS.
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DBMS Name
Used by the specific DBMS generation to identify a table.

CA Gen uses the table name as the default tablename, unless otherwise specified
here or inthe data model. If this name is changedin the data model, each time a
transformationis madeyou would not have to change the name.

The DBMS table name can be no more than 30 characters longinthe CA Gen
model. Certain databases, however, onlyallowa maximum of 18 characters. Do not
exceed 18 characters unless you arecertainyour databasesupports it.

Owner

Specifies your name or ID. The DDL uses this owner during processing.
Permitted ValueDefault Enforcement-Reads

Select from the following options:

Defaulted

Select this option if you want the permitted value enforcement to be handled
at the databaselevel.

Enable

Select this optionifyou want the permitted value enforcement for tablereads
to be handled at the table level and you want the DBMS to do the
enforcement.

By enabling the DBMS to control the permitted valueenforcement, you are
requiringall application (CAGen or not) that will bereadingthis tableto
adhere to the same permitted valuerules.

Disable

Select this optionif you want the permitted value enforcement to be handled
at the table level and you want CA Gen to do the enforcement.

This is a good selectionifthere are no permitted values inthe table, or if you do not
want the DBMS to enforce the permitted values for READ statements.
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Permitted Value Default Enforcement-Creates/Updates-Select from the following
options:

Defaulted

Select this optionif you want the permitted value enforcement to be handled
atthe databaselevel.

DBMS

Select this option if you want the permitted value enforcement for row creates
and updates to be handled at the table level and you want the DBMS to do the
enforcement.

By enabling the DBMS to control the permitted valueenforcement, you are
requiringall application (CAGen or not) that will becreating or updating rows
inthis tableto adhere to the same permitted valuerules.

CA Gen

Select this option if you want the permitted value enforcement to be handled
at the table level and you want CA Gen to do the enforcement. Thisis a good
selectionifthere are no permitted values inthetable, or if you do not want the
DBMS to enforce the permitted values for create or and update statements.

Description

Freeform text documentation about the table.

Keep information about changes that have been made to this tablein technical design.
Although CA Gen knows these changes, you may want to know what changes were
made incasethe tableis retransformed.

Note: Remember that this description will be eliminated when this tableis transformed
again (either by transformation or retransformation).

Other thanthese properties, each table contains a number of details thatare specific to
target DBMS implementations. The default settings are usually sufficient for unittesting;
they need not be considered until volume or integration testing begins.
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Indexes

Properties of Indexes

Inthe data structure, anindex describes an arrangement of columns used as anindex
into atable.

Indexes areused to:

m  Ensure uniqueness of entities represented in the database —When anindex is
specified as beingunique, it allows notwo records inthe same table to have the
same index value. For example, consider the entity type CUSTOMER with an
identifying attribute, Number. When customer is implemented as atableinthe
Data Structure List, itis given a unique index of Number. When the databaseis
subsequently generated andinstalled, notwo customers are allowed to have the
same Number.

m  Enhance performance of the generated database —The use of indexes to improve
performance depends on the access characteristics of the procedures that use the
data.

Imaginethat the CUSTOMER entity type has a non-identifying attribute called Name,
andthat no indexis defined for Name. Thus, for a procedure that lists customersin
alphabetical order by Name, at execution time the DBMS would have to execute these
steps:

1. Look atall ofthe CUSTOMER records

2. Sortthem into Name sequence

3. Present the listtothe procedure

When anindexis defined for Name, the DBMS automatically keeps track of customers in
Name sequence, eliminatingthe need for sortingthe records. CA Gen automatically

creates anindex for each identifier duringtransformation. Inaddition,itcreates an
index for foreign keys implementing relationships.

Each indexis associated with exactly one record inatable and may have the properties
shown in the followingtable.

Property Description

Generic Name A name for the index thatis consistentthroughout all of the
technical designs. Itis called generic becauseitis not DBMS specific.
The generic name canbe no more that 18 characters long.
There is no reason to change this name inthe Data Structure List.
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Property Description

Name During DDL generation and installation, this is the name of the index
that will be created usingthe properties of this entry point.

The transformation process creates a unique defaultname for each
index in the Data Structure List. Unlike columns and tables, an index
is not based on a singleobjectfrom the conceptual mode, so CA Gen
has littlebasis on which to form a meaningful name. As a result, the
names given to entry points created duringtransformationappear as
the letter “I” followed by a string of digits. Although they work
properly that way, you may choose to change the name to
something more meaningful.

Unique Indicates thatthe index will notpermit duplicate key values. If the
index is derived from a data model identifier, then itmust remain
unique.

Itis unusual to have more than one unique index for a table so
review carefully beforecreatinga second (or third) unique index.

Cluster If you want the table itselfto be sorted into the same order as the
index, sothat performance may be improved for certain types of
access,youwould add a cluster index. Review the material about
clustering for your DBMS.

Inseveral cases,the DBMS attempts to put rows in the clustering
order by only actually organizingeveryrow ina clustering order after
reorganization.

Primary Marks the index as the primary key.
The referential integrity process sets the primary key during
transformation, retransformation, or a separate (Rl) process.
Each tablehas only one primary key, whichis used as the foreign key
inrelationshipimplementation.

Description A freeform text field used to document the purpose of the index.

RI Constraints

A referential integrity (RI) constraintis the implementation of a relationshipinthedata
model. It defines how the foreign key is used to get from one tableto another, as
described in Transformingthe Data Model.

For an M:M relationship, two Rl constraints and a tableare required.

Inthe unlikely event an entity type has more than one identifier, the table that
implements itis givena uniqueindex to supporteach of them. CA Gen uses the primary
index of the related tableto implement the foreign key. Choosinganother identifier may
change CA Gen selection.
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The Rl constraintproperties in the pop-up window that can be changed arelisted in the

followingtable.

Properties of RI Constraints

Property

Permitted Changes

RI Constraint Generic Name

The generic name of the Rl Constraintis a name thatis
consistentfor the implemented relationship
throughout all of the technical designs.Itis called
generic becauseitis not DBMS specific.

The generic name can be no more that 18 characters
long.

There is no reason to change this name inthe Data
Structure List.

RI Constraint DBMS Name

Ifthe DBMS detects a referential integrity error, this Rl
Constraintname appears inthe error message.
Therefore, you should name the RI Constraint
something meaningful.

Referential Integrity Options
Enforced by

You have the option on each Rl constraintto have the
DBMS handlethe constraint(ifthe DBMS contains the
capability to handlethe particularconstraint) or letCA
Gen generate the code to handlethe constraint.
Typically better performance is gained by selecting the
DBMS to handleanythingitcan andlet CA Gen
generate the constraints nothandled by the DBMS.

Description

A free text field used to document the purpose of this
Rl Constraint.

Other Data Structure List Details

A number of additional DBMS-specific details can be modified usingthe Data Structure
List, forinstancethe placement of tables in tablespaces, the names of the databaseand

indexspaces,andsoon.

As with the DBMS-specific details of tables and indexes, CA Gen creates defaults that
enable databasegenerationto create a usabledatabase. Their values should be

adequate for the operational environment used for procedure testing, and need be
changed only to satisfyinstallation standards or performance needs.
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Using the Data Store List

A Data Store Listis created for each of the DBMS when you complete transformation.
After transformation, each Data Store Listshows how the data in the data model will be
stored ina physical database.

CA Gen's transformation facility uses a rule-based approach to examine data model
objects and determine appropriateimplementation. CA Gen generates the objects,
associations, and properties. Each Data Store List suggests aninitial storagestrategy
that you can modify to fit the needs of your DBMS.

The Data Structure List for that specific DBMS reflects any changes made inthe Data
Store Listand viceversa.

The databaseadministrator uses the Data Store List tool to:
m  Add anddefine databases

m  Add data devices

m  Add logdevices

m  Add datafiles

m  Assigntablespaces andindexes to the appropriatedatabases

m  Assignanytablespaceorindexspaceto storage parameters

m  Define tablespacepartitioning
More information:

Usingthe Data Structure List (see page 67)

Retransforming the Data Model

CA Gen Data Model tool automatically ensures thatchanges in the Data Structure List
do not invalidatethe properties s pecified in the data model.

The reverse, however, is not true. To provide you with maximum flexibility, changes to
the data model are notimmediately reflected inthe Data Structure List. You must
choose when you want the Data Structure Listto be updated.

Innearlyall cases, data model changes should be immediately followed by
retransformation. Failuretodo so couldresultinapplication codethatdoes not work.
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Important! Transformation, whichis the wholesalere-creation of the Data Structure List
andthe Data Store Listfrom the data model, results inthe loss of a customization that
has been done and should be used with extreme caution.Itis advisableto delay
customizingthe Data Structure Listuntil the data model is accurateandstable.

It may be necessaryto change the data model after either listhas been modified. For
instance,you may need to enhance an existing CA Gen-generated system.Ifso,a
selected part of the data model can be transformed usingthe retransformation
technique.

Basics of Retransformation

CA Gen retains complete knowledge of how each component of the data model is
implemented inthe data structure. Each object on the list(except for indexes)is the
directimplementation of an object or objects inthe data model. CA Gen caneasily keep
track of what has or has not been implemented. CA Gen-executed consistency check
refreshes the Data Structure Listand the Data Store List to eliminatethe errors.

Note: A change to the DSD name for an implemented entity type or attribute does not
causea consistency checkerror and so will NEVER resultina change to the name of the
correspondingtableor column.

As system development progresses and the data model changes, you may need to
transformspecific pieces of the data model. These changes may need to be
implemented into each possible DBMS, only a few, or only one. This is achieved through
incremental retransformation.

These situations mayrequireincremental retransformation:
m  Adding a new entity type, relationship, or attribute to the data model
m  Changingan existingentity type, relationship, or attribute

When new objects are added to the data model, their implementations must be added
to the Data Structure Listfor the targeted DBMS as well.

When an existing data model objectis changed, its implementation on the Data
Structure Listmust be deleted. CA Gen then puts the object on the listof
unimplemented data model objects,and itmay then be added as ifitwere a new data
model object.
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Rules of retransformation for multiple DBMS targets:

m  |fyou want to make sure the data model is transformed for all of the targeted
databases, usethe synchronization of the data model to the technical design.

m  Ifyou need to update onlya single DBMS with changes from the data model, use
specializetechnical design for current DBMS.

m  Ifyou haveonlyasingletarget DBMS, use synchronization of the data model to the
technical design.Ifthere is onlya concern about a single DBMS, this will always
keep each DBMS synchronized.

An object deleted from the data model requires no retransformation action as the
object andits dependent objects are immediately deleted from the Data Structure List.

For example, deleting anidentifyingattribute in the data model will causethe following
to be deleted:

m  Correspondingcolumninthe table

m  Columninthe unique column

m  Foreign key columns in dependent tables to be deleted

m  Foreign key columnsinthe indexes to be deleted

Identifying Changes to the Data Model

Whenever the data model is changed, and a Data Structure Listexists,a consistency
check should be used to report:

m  Whichentity types, relationships,and attributes in the data model are not yet
implemented inthe Data Structure List.

m  Whichentity types, relationships,and attributes in the data model are not
implemented properlyinthe Data Structure List.

The affected entity types, relationships, and attributes may then be retransformed.

Completing the Data Structure Design

The activities in this section should be completed after the systemis unittested. The
longer changes are deferred, the less likely they areto be lostinretransformation.
Completing the data structure design consists of these tasks:

m  Change databasenames to conform to installation standards

m  Optimize the data structure design

m  Rearrange the databasestructure
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Changing Database Names

Most installations have naming conventions for databases installedinshared
environments.

Changes to database, tablespace,indexspace,index,and column names can be made
without affectingthe names of related objects inthe data model or Data Structure List.

Optimizing the Data Structure Design

In most cases, CA Gen supports tuning database performance without changingthe data
model.

Changes should be reviewed with a specialistfor the target database.

Some of the optimizations thatcan be performed inthe Data Structure List are:

m  Adding and deleting indexes—Adding new indexes will resultin new index
definitions inthe DDL.

Analyzingthe access paths usedin procedures will determine a set of entry points
that allowthe DBMS to traverse the databaseas efficiently as possible.

After the system has been designed, itis possibletoremove any unused indexes
from the Data Structure List.

m  Denormalizing—CA Gen alsosupports a techniquecalled denormalization, which
involves replicating fields fromone record into another, related record.

Logic generated by CA Gen automatically maintainsthecorrect values of data
replicated inthis way.

m  Specifying locations for tables—A DBMS may support specified location of tables
on pages and different storagedevices. The locations of tables can be specifiedin
CA Gen.

m  Making changes specific to the DBMS—The changes that can be made to optimize
the design depends on the target DBMS. For example, DB2 allows theclustering of
records from different tables to the same tablespaceto improve access to related
records.

Some optimization needs to be performed before procedure design begins, but some
canonlybe completed after the detailed design has been completed. The DBMS expert
will need to make a leasttwo “passes” over the Data Structure Listand Data Store List
before the physical definition of the databaseis converted into DDL statements.

The optimizations should be performed to increase performancefor the predominate
processing pattern, sincefor every gaininone area,losses maybe sustainedin others.
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Rearranging the Database Structure

Physical storage characteristics of the database can be adjusted for performance
reasons.

The detailed reasons for changingthese characteristics and the techniques for doing so
are beyond the scope of this guide, but they might include:

m  Moving tables between tablespaces

m  Combiningmultipleindexes intoa singleindexspace

m  Definingmultipledatabases

m  Clusteringatablearoundanindex and partitioningtablespaces

Choose to Distribute or Replicate Data

The decisionto either distributeor replicatedatais acriticalonebecauseitinvolves
significant effort.

Rules may already be in placethat define how the datais to be distributed and or
replicated.

Avoidingdistribution andreplicationisthesimplestand most expedient option.
The mainreason for distributingand replicatingdata is toincrease performance.
Performanceis anissuethat becomes much more importantin construction and testing.

The most appropriateaction toimprove performance can be taken then.

Detailed discussions of the alternatives with DBMS and network specialists should be
sought before proceeding.

Distributed Data Alternative

Distribution of data is the division of data between a number of servers.

The complexity of the division canrangefrom simply placing differenttypes of data
(tables, or even individual columns) on separateservers to partitioning data of the same
type between servers accordingtowhere itis created or needed.

The followinglistexplainsadvantages of distributing data are:

m  Brings complexor iterative maintenance of data closer to the user

m  Provides for faster retrieval through dedicated databaseprocessors
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The followinglistexplains disadvantages of distributing data are:
m  Can create extensive network traffic
m  May not always be accessibleas quickly as needed

Data can be distributed by usinga database management system to automatically take
control of the process.

Note: Controllingthe distribution of data that is outside the scope of the DBMS can be
achieved by specifyinglocationsin procedurelogic. Remember to consider the risks of
failingto maintain data consistency, integrity, and security. This approach should be
considered onlyifyou are familiarwith these issues, as well as the techniques for
controllingdistributed data.

Mechanisms distributing data depend on the currency requirement for the data:

m Ifthe solution demands immediate, up-to-date data, a database management
system should be used.

m If, however, the solutionis a decision supportsystemand requires data distribution
on a monthly basis, itmay be quite safefor anapplication or personal productivity
software (such as a spreadsheet) to maintain the data locally.

Replicated Data Alternative

Replicating data (usually for useon a client) may improve performance considerably by
freeing up processingtime for other processes.

The followinglistexplains considerations for replicating data:

m Do clientprocedures use replicated data locally rather thana centralized source?

Ifa process requires read-only access to the data, it might be worth considering
usingreplicated data on the clientfor that process to free up processingtimefor
other processes.

m  How current does read-only data need to be?

Ifthe process performs queries on the data, such as for statistical graphs, it might
not matter ifthe datais replicated ona daily basis. The previous day's data might
be sufficient.

Challendes of Distributed and Replicated Data

Ifyou planto usedistributed or replicated data, you must carefully check for these:
m  The target operational environment

m  Whatthe DBMS canachieveautomatically
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m  Whatthe CA Gen-generated application will provide

m  Whatremains to be specified by the designer so that the full advantages of
distributed and replicated data can be realized in a safe manner

Ifyou planto usedistributed or replicated data, you must address these issues:
®  [ntegrity

m  Consistency

m  Referential integrity

m  System security

m  Performance
Integrity of Distributed Data

Ifthe datais not distributed and held on a singleserver, data integrity raises the same
issues as in a traditional host/terminal environment. However, if the datais to be
distributed across two or more processors, you will need to consider how the data is to
be distributed.

Distributing data has a major consequence on the integrity of the data. Take special care
indesigningdata distribution. The integrity of the data to be stored withinthe database
must be guaranteed. Itis vital thatthe database management system to be used fully
supports the use of distributed data.In particular, the database management system
needs to handlethe checking and cancellation of unsuccessful changes to avoid integrity
problems when updating the data.

The followinglistexplains options for distributed data:

m  Rows intables may be arranged by value. For example, all rows for customers of
each sales officecould beplaced contiguously.

m  Updating the datais relatively straightforward. Each processor can updatethe data
independently of the others.

m  Columnsintables may be splitby ownership. For example, the sales department
has CUSTOMER NAME and ADDRESS, andthe accounts department has CUSTOMER
RATING.

m  Inthiscase, the dataatonelocationshould bemaintained as the master. Data at
any other location thatuses or updates that data should be kept insynchronization
with that master.

m A combinationofsplitting by rows and tables may be used.

Deletion of any dataina distributed environment can cause problems, as other
processors may be dependent on the data for their own procedures. Deletions need to
be synchronized, possibly by performing such operations at predetermined times, such
as overnight.
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Integrity of Replicated Data

Consistency

Referential Integrity

Withreplicated data, the datais replicated as identical copies on the clients, or possibly
on a number of distributed servers.

Integrity considerations for replicated data integrity:

m  How will the data be updated?

m What mechanisms will beused to ensure that eachclienthas access tothe same
data atall times?

m  Where is the master copy of the data?

m |sthe data needed immediately, or is a snapshotsufficient?

m  Will thewhole tablebe replicated or justa subset?

Note: Ideally, replication should be used only to give read-only processes better
performance.

Updating replicated data should be avoided as itis a very highrisk process. If replicated
datais updated, the following minimum procedure is required:

1. Record the source of the data.

2. Update the source.

3. Apply the updates to the replicated data.

If one change fails butchanges to data on the other databases aresuccessful, the
changes to the other databases should berolled backto ensure that no changes are
made to any of the databases. This avoids data integrity problems.

This means usinga mechanismto applythe changes to all the databases or not atall.
The available DBMS may be ableto achievethis usinga multi-phase commit, whereby
the update is made and logged to each of the databases. The DBMS then checks to
ensure that the updates have been made successfully.Ifso, the updates arecommitted
to the databases simultaneously.

Maintainingdata consistency through the use of procedure logicis critical to data,and
therefore to business process integrity. Such logic should be defined by experienced
designers who have an understanding of the operation of the target DBMS and
operating system.

Referential integrity requires that data that has been affected by a procedure must
satisfyallintegrity rules for thatprocedure to execute successfully. For example, when
an ORDER is created, atleastone ORDER ITEM must also becreated.
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Referential integrity considerations for databaseand application design:

Location of boundaries —Every reference from data stored in one location to data
stored in another must satisfy integrity rules before a change to data can be
accepted as successful.

Any physical boundary between related data can causeextra data accesses and
checkingto maintain referential integrity. The boundary should be positioned to
minimizeaccess by procedures to related data stored in more than one location.

Relationshipsacross a boundary—Mandatory relationships across a physical
boundary must be maintained by procedure logic. This logic should identify and
attempt to fixanydiscrepancies.

For example, assumethat CUSTOMERS may be stored inone locationand
EMPLOYEES inanother location,and that each CUSTOMER must be the
responsibility of an EMPLOYEE. The name of the RESPONSIBLE EMPLOYEE is defined
as anattribute of CUSTOMER. When a CUSTOMER is created, the procedure checks
the existence of a responsible EMPLOYEE. When an EMPLOYEE is deleted, a
procedure checks that there is no CUSTOMER who is the responsibility of the
EMPLOYEE.

Use of foreign keys —Foreign keys can be useful to represent relationship
memberships across a physical boundary between two data stores. Where the
target DBMS is unableto maintainintegrity across differentphysical databases,
then the designer must specify procedure logic to maintain the data values in step.

Deletions—Deletions, such as cascadedeletes, pendant deletes, and restricted
deletes, that affect related data held in more than one location, can be very difficult
to complete successfully.

Ideally, the DBMS should make all checks. If this is notpossible, data integrity should be
maintained by procedures.

System Security

The more distributed the datais in the system, the greater the securityrisk.

Security considerations for distributed data:

What authorizationis required before a user canrun certain procedures?

Authorization with password may also be required before a user is abletouse
irreversible procedures, such as deleting data. This will probably mean holdingthe
user identifiers and passwords centrally on the server for access by client
procedures to disableoptions on the user interface.

Should the system time-out after a prolonged period of inactivity?

The enterprise's security procedures may dictatethat users should notleave
unattended machines logged on to systems. If so, a time-out facility may be
required. However, this couldlead to data integrity problems. For instance, data
integrity may be impairedifthe server times out but the clientdoes not.
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Performance

Itis likely thatthe system design will need tuning for optimum performance. The precise
nature of this tuning depends on the individual systemenvironment.

Databaseperformance considerations:

Is database performance affected by the location of the data?

Ifthe datais distributed, is accesstothe data fastenough across the network?

Ifthe datais centralized, canthe server handle the anticipated number of
transactions?

If necessary, consider using distributed data or replicated data.
Is the performance of the network adequate?

This can be assessed by lookingat the number and size of data transfers. For
instance, would a small number of largedata transfers or a largenumber of small
data transfers provide better performance?

How many concurrent clients arethere likely to be?

Ifthere are alargenumber of users accessinga singledata source, will there be
problems with users being locked out of the data?

Is there a potential bottleneck at the communications bridgeor server?

Must the system be availableatall times? Canthe system cope with machine
failures?

Ifthe workstations areconsideredinadequate for backup, a more controlled
approachis needed.

Results of Data Structure Design

The results of data structure design are listed next:

Data Structure List and a Data Store Listthat are accuratetransformations of the
data model, optimized if necessary for performance

Data storage plan showing where data is stored and which replicated data is master
data.

Chapter 4: Designing the Data Structure 87






Chapter 5: Designing the Procedure
Interaction

Prerequisites

This chapter describes howto specifyin detail the procedures and flows that will allow
users to navigate through the system. Procedure interactionis whatallows procedures
to communicate with one another. This includes client-to-clientand client-to-server
procedure communication.

The GUI, procedure interaction,and procedure logic arebest designed in parallel.
Procedure interaction and layouts may then be refined, often by prototyping. When the
initial designis stable, detailed procedurelogic can be completed, and the flows and
layouts can be finalized.

Together, the procedure interaction,layoutdesign,and logic will yield a completed

navigationdiagram, fully detailed displays,and action diagrams thatarethe basis for
generating a complete system.

You need anoutlined system structure design before beginning procedure interaction
design.

More information:

Designingthe System Structure (see page 33)
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Design Process

The followingillustration lists the deliverables from procedure interaction designand

shows where you areinthe overall design process.
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Principles of Procedure Interaction

® Construction

Procedure interaction can occur through a flow or Procedure Step USE statement:

m  Flow (transfer or link)-Aflowcan be used to communicate between anytwo client

procedures or clientand server procedures.

m  Procedure Step USE statement-This statement, sometimes genericallycalled
Remote Use, can be used to communicate between two clientprocedures if they

resideon the same platform, and between any clientand server procedure.
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Ina client/server environment, each client procedure may be associated with a
procedure actiondiagramand a graphical user interface (GUl) display. You define the
possibleseries ofinteractions between a user and the procedures in a business system
through these associated GUIs. The GUI can be a window and associated dialogboxes as
needed. You also determine when there is a need to communicate with a server
procedure to gather the correct data for the user request.

An interaction refers to a singleinstancein which a user requests anaction of the
system and the system responds.

From the user's perspective, aninteractioninvolves this procedure:
1. The user enters data on a window or dialogbox.

2. The system acts and responds with another window or dialogbox. The window or
dialogbox may be in the same format as the one on which data was entered, or it
may be ina completely different format.

3. After the system responds,the user may be prompted by the response to begin the
cycleagain by entering more data, or to select another procedure.

The followingillustration shows a very simpleinteraction thatbegins with a user

entering data on the starting window or dialogbox.

Llzer Action Systerm Action Ilzer Action

Starting Window ar Fesuttant i ind o

e FProcedure Logic

¥

Crialog Box or Dialog Bos

When the userindicates thatdata entry is complete by selectinga menu item, push
button, or a toolbaritem, the system responds by processingthedata accordingto the
procedure definition. When processingis complete, the resultingwindow or dialogbox
is presented to the user. Remember that windows and dialogboxes are associated only
with clientprocedures.

From the developer's perspective, aninteractioninvolves anindeterminate number of
procedures. Remember thatthe clientprocedure is whatcontains a window plus one or
more associated dialogboxes. There may be a need to communicate with other client
and/or server procedures before returninga window or dialogbox to the user.

There are two possibleprocedureinteractions:

m  Client/clientthrough a flow
(onlyifon the samehardware platform)

m  Client/server through a flow or a Procedure Step USE
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The user does not see the procedure interactions. The window or dialogbox associated
with a clientprocedure presents only the data.

More information:

Choose Flow or Remote Use (see page 105)
Designingthe Graphical User Interface (see page 117)

CA Gen Commands

A command is a special conceptinsystem design using CA Gen. It allows you to specify
how users caninfluence procedure execution. This special attributeis defined here
because the concept of a command is importantto the discussion of procedure
definition.

Commonly used commands should be standardized across the system.
You canassociatea command with a graphical object, such as a push button or menu
item, on a window. At execution time, a user can activatethat graphical object by

pressingthe push button to causea procedure to behave ina desired manner.

For example, the followingfigureillustrates a client procedurethat provides the user a
listof customers. The user canadda new customer or chooseone to change or delete.
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The user should be allowed to choose whether to add, change, or delete a customer at
execution time by activatingthe appropriategraphical object. These commands are
assigned and sent to the server as illustratedin the followingfigure.
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Commands tell the server what action should be performed.

The following figure shows the statements for the procedure step Customer Server.

Procedure Step: CUSTOMER SERVER

1- ----- CUSTOMER SERVER

2- | IMPORTS: Entity View import customer

3- | EXPORTS: Entity View import customer

4- | EXIT STATE IS prossing ok

5- --- CASE OF COMMAND

6- | --- CASE delete

7- | USE delete customer

8- | | WHICH IMPORTS: Entity View import customer
9- | | WHICH EXPORTS: Entity View export customer
10- | --- CASE add

11- | USE add_customer

12- | WHICH IMPORTS: Entity View import customer
13- | | WHICH EXPORTS: Entity View export customer
14- | |--- CASE update

15- | | USE update customer

16- | | WHICH IMPORTS: Entity View import customer
17- | --- WHICH EXPORTS: Entity View import customer
18-

More information:

Designingthe Procedure Logic (see page 163)
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When to Use Commands

The special attributecommand can be set inseveral places during design:

Assignedto a graphical userinterfaceobject(such as a push button or menu
item)—Assign a command to the GUI object onlyif you would likeit assigned toany
actionthat would take placewith the object.

You will notusuallyassigna command to the object sincethere may be several
events associated with a singleobject. There may be an event associated with
clickingthe object, double-clickingthe object, bringingthe object into focus,andso
on.

Assigned to anevent associated with a GUI object—This is the typical mechanism of
assigningcommands:

- Ifthe command is associated with an event, and a remote use of a server is
executed inthe event, the server procedure can evaluatethe command and
perform the correct logic.

— Ifthe command is associated with an event, and the exit stateis setto causea
flow, andif you have defined the command to be “current” on the flow, the
command will be carried to the server.

The logicinthe server will evaluatethe command to understand what the useris
trying to accomplish.

Assigned alonga flow—A command can be set alonga flow, which means that
every time that flow is executed, the command will always bethe same.

This will notbe a typical useof setting the command for client/server or
client/clientprocedureinteractions.

Set to current alonga flow—For client/server and client/clientprocedure
interactions, you will typically setthe command to current along the flow.

Since most of the flows in client/server design are links, you typically setto current
in both directions of the flow. This does not assign a valuetothe command. It
simply allows the value of the command to remain the same from the source
procedure to the destination procedure as the flow is executed.

Set to “previous” alonga return link flow—Although you will typically setthe
command to current on the return link flow, you could set the command to
whatever the command was when the send flow was executed. This means thatif
the command were changed in the destination procedure for some processing, it
would be changed backto whatever is was when the send flow was executed. This
allows you to know what command was sent to the destination procedure.

This will become more useful as server-to-server flows are implemented.
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m  Setitinalogicstatement—There is a procedure logic statement that sets the
command whenever logicis being executed. For more information abouthow

commands areset by a procedure logic statement, see the chapter “Designing the
Procedure Logic.”

You will have manyreasons to set the value of the command in the logic.
More information:

Designingthe Procedure Logic (see page 163)

Reserved Commands

Exit States

CA Gen's window and server managers, the execution-time components that govern
procedure execution, reserve several commands for their own use. You should be aware
of the commands listed in the followingand usethem appropriately.

m  HELP—Causes the window manager to invoke its HELP exit.

Note: For more information, see the Toolset Help.

m  RESET—Causes the window manager to go backto the initial window or dialogbox
for the business system.

Exit State is a special attributein the CA Gen toolset. The value of this attribute controls
what happens at the conclusion of a procedure.

Depending on the valueof exit state, the procedure may do the followingtasks:
m  Displayamessageinthe system message field

m |nitiatea flow

m  Roll backdatabaseupdates resulting from the execution of the procedure

m  Abort the procedure (roll backall database updates and abnormally terminate)
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Components of an Exit State

Each exit state definitionincludes the components shown next:

m Name—The name appears as the subjectof the EXIT STATE IS action.
For example, an Exit State customer not found may be set ifa particular customer
does not exist on the database.Inthat case, the exit stateis actioninthe action
diagramwouldread:

EXIT STATE IS CUSTOMER NOT FOUND

m  Message—A message appears inthe system message fieldifits associated exitstate
valueis set when the procedure concludes and the exit state value does not trigger
a flow or anabnormal termination.
Messages are displayed accordingto the message type (informational, warningor
error).Ina clientprocedure that contains a display, messages aredisplayedinan
appropriatedialogbox.

For example, the CUSTOMER_NOT_FOUND Exit State may have an associated
message: Requested customer not on the database.|f CUSTOMER_NOT_ FOUND is
setinthe WHEN NOT FOUND condition of a READ statement, the message
Requested customer not on the database appears inthe system message field of a
screen.

m  Termination Action—A termination actionindicates thetype of processingthatis
performed at run time when the associated exitstate value is detected.

These are the possibleterminationactions:
— Normal-the exit state message will bedisplayed or a flow will take place.

— Rollback-all database updates (the results of CREATE, UPDATE, and DELETE
actions) performed by the procedure sincethe previous checkpoint will be
backed out.

- Abort-the procedure will abnormally terminateand will roll backall database
updates.

Exit State Definitions

Exit state definitions can bebuiltusing system defaults or from anytool that can
reference exit states.In a CA Gen actiondiagram, exitstates are set accordingtothe
action performed andits outcome.

The outcome of anaction may be signaled by the followingvalues:
m  Return condition of a data action (for example, WHEN NOT FOUND)

m  Valueof areturn code attribute exported from a USED Action Block (for example,
processingsuccessful)

m  Value of anExit State returned to a clientfrom a server procedure (for example
return WITH ROLLBACK)
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These are the options for ensuringan appropriateexitstateis always set:

m  Set anexitstate onlyafter each actionis successfully achieved or each exception
conditionis discovered.

®  You mustensure that every possibleexception conditionis identified.

m  Set a positive default exit state at the beginning of the procedure logic, then test for
each “positive” outcome and every exception that can be foreseen, andreset the
exit state accordingly.

m  The defaultvalueis usedif no other exit state valueis set.

®  You mustensure that every possibleexception condition is identified, to avoid
givinga false positive result.

m  Thisis currently the most widely adopted option.

m  Set a negative exit state at the beginning of the procedure logic, then test for each
successful outcomethat is partof the procedure specificationand resetthe exit
state accordingly.

®  You mustensure that every possibleexception conditionis identified.

m  The defaultvalueis alsousedifno “positive” or known “negative” exit state valueis
set. This ensures that any unexpected exception condition will notbe assumed to
be a successful outcome.

For ease of logic design and maintenance, each organizationshouldtrytoadopta
single, consistentoption for all client, server, and common action blocklogic. Where a
mixture of these options is already adopted, be especially aware of which option is
employed by existinglogic with which their procedures must interwork.

This example raises thefollowingissues:

m  ExitState is setto “Processing OK” before any other logicis executed (line4). You
assumethat positive conditions arenot addressed in the USED action blocks.
Therefore, you initializeexitstate to the positive condition here. This avoids
handling exception conditions throughout the remainder of the procedure logic.

m  |fExit State is never set to a different valueas the result of an exception, the
positive condition will remain set. This design approach may not be safe unless you
canguarantee correcthandlingof all exception conditions thatmay arise. For
example, exception conditions could ariseifthe action blocks were subsequently
modified.

m  There is no handlingofthe exit state ifthe command sent to the procedureis not
included inthe case of command. This will be handled using one of the client/server
error handlingtechniques.

Itis essential thatall action diagrams arecompatible with the exception handling ofany
USED action blocks, and that exception conditions arehandled completely and safely.
When anexit stateis set duringa procedure execution, the results must be
unambiguous.
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Passing Data

These are the rules governingthe assignment of exit state definitions to flows:

m  An exitstate valuemay appear on the flows on exit state listof only one flow from a
given procedure.

m  No exitstate valuethat appears on the returns on exitstate listofa linkto a given
procedure may appear on a flows on exit state list of flows from the same
procedure.

More information:

Error Handling (see page 219)

When data needs to be passed fromone procedure to another, itis done usingview
matching for both flows and remote uses.

The navigationdiagramin the followingillustration represents a slightly more complex
example.

The illustration provides an example of data passingfor both a flow and a remote use
would beifthe useris onthe customer listand decides to update information about a
customer.

1 ]
i [ e T
Customer -+

Server remote

Customer
Dretail

usze
remote
Lse
I
[ o ]
Customer
Li=t

The illustration shows a navigation diagramcollection ofanairlinereservation system:
m  The user selects a customer.

m  That customer identifieris view matched alongthe flowfrom the customer list
clientto the customer detail client.
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Flows

Types of Flows

Transfer Flows

m |tisviewmatched alongthe remote use from the customer detail clientto the
customer server.

m  The customer server reads all of the data that can be updated for the customer and
returns that data to the customer detail client. The data is returned via a view
match on the remote use.

Data can pass over both flows and Procedure Step USE to its destination. Any data inthe
source procedure's export data view can be passedto the destination procedure's
import data view, as longas the views are compatible.

Link flows can alsoreturn data from the destination of the link to its source. Any datain
the destination procedure's export data view can be passed to the source procedure's
import data view, as longas the views are compatible. Remember that duringa return
from a link, the source procedure's import view is populated from the export view of its
previous execution. However, anydata returned from the destination to the source
procedure overlays the corresponding elements of that procedure's import view.

More information:

Designingthe Procedure Logic (see page 163)

A flowcan be used to communicate between anytwo clientprocedures or clientand
server procedures.

There are two types of flows:

m  Transfer

m  Llink

A transfer flow indicates thatthe source procedure passes control to the destination
procedure when appropriateconditions aremet. The source procedure may also pass
data. For more information about how control is passed to the destination procedure,
see How Flows Are Initiated.
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Link Flows

The transfer flow is not used in the followingscenarios:
m  Not used for client-to-server flows because a return is necessary

m  Not used much in GUI applicationsincea graphical user interfaceis oriented around
graphical objects and complete control transfer is not necessary

The transfer flow is used in block mode.

Note: For more information abouthow transfer flow is usedin block mode, see the
Block Mode Design Guide.

More information:

How Flows Are Initiated (see page 101)

A link flowis more complex than a transfer flow. As with a transfer flow, a link flow
indicates thatthe sourceprocedure passes control and, optionally data, to the
destination procedure.

The link flow performs the followingtasks:

m  Allows the destination procedureto return control and data to the source
procedure

m  Saves all export data known to the source procedure when itcompletes its original
execution and makes itavailableafter the destination procedurereturns

m  |salways usedin client-to-server flows becauseitis necessarytoreturn from the
server backto the clientinclient/server processing.

m Ifaflowis selected for the procedure interaction between a clientand server
procedure, the linkflowis used.

m  Isusedin client-to-clientflows sincethe processingis based ona graphical object,
and although a flow may be used to open another primary window, the focus still
comes backto the original object

For example, the illustrationin thesection Passing Data shows a Customer List. The user
may add, update, or delete a customer from that list. This initiates a flow made to the
Customer Detail client. After the actionis completed, the focus comes backto the
Customer List.

A linkflowallows a user toacquireadditionalinformation fromanother procedure
when itis needed by the initial procedure. After the informationis acquired, the initial
procedure executes againfrom the beginningwith all theinformation fromits initial
execution intact. Any new data or commands returned from the destination procedure
is alsoutilized.
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If multiplelinks execute consecutively, all information fromeach linked procedure is
savedinanticipation ofits restart.

More information:

How Flows Are Initiated (see page 101)

How Flows Are Initiated
Each flowis initiated by the source procedure setting anappropriateexitstate.

Each transfer flowon a navigation diagram mustbe associated with one or more exit
state definitions thatwill trigger the transfer. These arecalled Flows On Exit States.

Each link flow must have at least one Flows On Exit State.

Each linkflowmust also haveat least one Returns On Exit State, with the exception of
the client-to-server flows.There is animplied return from the server, and no exit stateis
necessary.The return flow will complete with the completion of the server procedure.

For a given procedure, only one flowcan be associated with each exit state value.

After the destination procedurefinishes executing, the Returns On Exit State causes
control to be returned to the sourceprocedure.

The use of exit states can be summarized as follows:

m When the logic of a procedure concludes, the value of ExitState is evaluated.

m  Ifthis valuematches that associated with any flow from the procedure whether it
be a transfer, link, or return from a link, the flowis executed.
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m Ifthis valuedoes not match any exit state values associated with any flows, you
must specify some correctiveaction.

m  The corrective actionis appropriateto the procedure implementation. In aclient
procedure, the exit state message would typically bedisplayedina dialogbox with
the appropriateiconas shownin the followingillustration.

| Errar

® This &5 an ermror exit state message

i | Wrarning

& Thie & awarning exit state mess age

AF | Information al

This &5 an informational exitstate
message

The CA Gen window manager controls this dialogbox andiconaccordingtothe message
type specified. The message dialogboxis modal;thatis,itrequires an inputbefore
proceeding.

Choose a Flow Action

Whenever a flow takes placebetween procedures in either direction, the procedure to
be initiated begins in one of the followingways:

m  DisplayFirst—Thisoption shows the window or dialog box associated with the
destination procedure and waits for user input to begin the logic of the procedure.
Displayfirstcanbeset onlyifthe procedureis designated “online with a display”
and contains a window or dialogbox. A procedure that meets these criteriais a
clientprocedure.

m  Execute First—This option executes the logic of the procedure, whichresultsin
either the display of the procedure's window or dialogbox or the execution of a
flow. The distinction relies on the definition of a flowaction associated with each
procedure.
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Using Autoflows

These are the guidelines for selecting a flow action:

m Ifthe destination procedurerequires information from the user before itcan
execute, the DisplayFirstoptionis used.

m  Ifthe procedureis aserver, which contains nowindows or dialogboxes, Display
Firstis notan option.

m  Ifthe sourceprocedure provides all theinformation required by the destination
procedure, the Execute Firstoption is used.

In many cases, the only processingassociated with a value of command is the setting of
anexit state with a particularvalue. An autoflowis appropriateifthe onlylogic placed
behind a GUI objecton a window or dialogbox sets anexit state to causea flow.

Itis possibletoassociatea particular value of command with a particularvalueof exit
state. Acommand associated with an exit state value for a procedureis calledan
autoflow becauseitcanbe used to initiatea flow without any action diagramlogic to
supportit.

At execution time, autoflows are processed as follows:

1. The CA Gen window manager evaluates the command special attribute. If the
command special attributevalue contains an autoflow, the execution of the
procedure's action diagramis bypassed. Otherwise, the value of command is passed
alongto the actiondiagramas usual.

2. ExitState is set to the exit state value associated with the autoflow. If the value of
exit state is associated with a flow, the flow happens as if Exit State had been set
with the EXIT STATE ISactioninanactiondiagram.

Executing a Command via a Flow

Most server procedures rely on the valueinthe command special attributeto direct
their processing.

When a procedure is initiated froma window or dialog box, the user selects a push
button, menu item, toolbaritem, andsoon, to influence procedure execution. The
same kind of valueis required when a procedure is initiated by a flow from another
procedure.

A command value can be specified for each direction of a flow. When the destination
procedure of the flow executes, its underlying procedureaction diagramtreats the
command value exactlyas ifitwere entered on a window or dialogbox.
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You canchooseto send one of the following:
m  Aspecificcommandvalue

m  For atransfer flow, specify the command valuethat triggers the destination
procedure.

m  Foralinkflow, specify both the command valuethat triggers the destination
procedure, and the command valuethat triggers the return to the source
procedure.

m  The current valueof command (its valueat the conclusion of the source
procedure's execution)

m  For client/server,you will mostoften sendthe command of current. This lets the
server know what the clientis tryingto accomplish.

m  Inthe caseof areturn from alink, the previous value of command (the valueinthe
command field when the procedure that initiated the link finished executing)

How Window Manader Controls a Flow

The followingillustration shows how CA Gen's window manager controls a flow. (The
diamond shaped boxes are the decisions being made by the window manager.)
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The window manager controls a flow as follows:

1. As aprocedure is beingentered, the CA Gen window manager checks to see if the
procedure is Execute Firstor Display First.

a. Ifthe procedureis Display First,the window manager checks to see if the
procedure contains an open window event.

b. Ifthe procedure contains an open window event, the event is executed, and
the primary window or dialogboxis opened.

c. Ifthe procedure does not containan open window event, the primary window
or dialogboxis opened. See How Window Manager Controls a Flow to learn
more about open window events.

d. |Ifthe procedureis Execute First,the main procedure logicis executed. See
Choosinga Flow Action to learn more about the Execute Firstprocedure.

2. At the end of the execution of the logic, the window manager checks to see ifan
exit stateis set to causea flow:

a. Ifthe exitstateis setto causea flow, go to step 1.

b. Ifthe exitstate does not causea flow, the primarywindow or dialogbox
associated with this procedure is opened.

3. For each selected GUI control that has an associated event, only the event handler
logic executes. At the end of each event logic execution, the window manager will
check to seeifan exit stateis setto causea flow:

a. Ifthe exitstateis setto causea flow, go to step 1.

b. Ifthe exit state does not causea flow, the window is presented, alongwith any
dialogboxthat may have been opened inthe event.

4. Ifany of the GUI controls areassociated witha command that is designed as an
autoflow on a flow the flow executes immediately. Go to step 1. See Using
Autoflows to learn more about executing flows in this manner.

5. Duringany of the procedures main logic or event logic,ifa remote use to another
procedureis executed, the control is passedto the destination procedure. Upon
return to this procedure, the window manager checks the value of the exit state to
see ifitcauses a flowto another procedure.

Choose Flow or Remote Use

Procedure Step USE is anactiondiagramstatement that allows interaction between
procedures.

The procedure is still thecommit point whether itis flowed to or used.

The followingtable shows the differences between the flow and Procedure Step USE
procedure interactions.
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Comparison of Flow and Remote Use

Design Parameter Link Flow Procedure Step USE
Command Passed with <current>, oritcan Passedto the

be changed alongthe flow procedure being used
Exit State Causes a flow Passedto the

procedure being used

Views View matched View matched

Return from Procedure The window manager:

Interrogates the exit state to see
ifit causes another flow (ifso, the
exit state flows).

Ifthere is no flow, interrogates
the exitstate to seeifithasa
message associated with it (ifso,
the messageis displayed).

Executes the mainlogic.

How to Design Procedure Interactions

A clientprocedure may have one primarywindow or dialogbox and as many secondary
dialogboxes as needed for the application. This allows two approaches for providing the
same informationin designing procedureinteractions:

m  Singleprocedure-usingseparate dialogboxes for each detail function

m  Multi-procedure-usingone detail dialog box with disableflags
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Single-Procedure Approach

One option ingraphical dialogdesignis toincludeall listing display and maintenance
functionalityina single procedure, as shown in the followingillustration.
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The procedure uses secondarydialogboxes as anauxiliaryaid toa primary window.

The followingillustration shows an example of the window interaction for a procedure
called MAINTAIN CUSTOMER.
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The followinglistexplainstheexample inthe figure:

m  The List Customer window is a primary window used to select objects and actions.
This primary window is the focus of the procedure.

m  The customer detail secondarydialogboxis used as partof the listcustomer
procedure.
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m  Similarsecondarydialogboxes arealso specified for add and for update functions.

m  Alistboxis usedonthe update and detail dialogboxes, so that the customer
occurrence selected inthe listis theone displayedinthe customer detail dialog
box.

m  The detail dialogbox displays all thefields but does not allow changes.
m  The update dialogboxallows changes to be made to the fields.

m  The Add dialogbox requires a singleoccurrenceinputview sothat the dialogboxis
displayed with empty fields into which the new customer details can be added.

Ifyou add a new attribute to an entity, and you need to includethat attribute on the
dialogboxes, you must add the same field to all three dialogboxes. Even a small
modification canintroducesynchronization errors,and large changes can be extremely
difficultto keep compatibleinall three dialogboxes. For example, adding several fields
and changingfield order canintroduce numerous synchronization errors.

Users will probably wantthe three dialogboxes to look the same except for field
protection levels.

Another way to modify the designis to specify only one secondary dialogbox, based on
the Display Customer Detail dialogbox. You then modify the appropriatefield properties
to supportthe Add, Update, and Delete commands.

Performance may suffer from this approach.Usinga listoccurrencerequires thatall
data to populatethe dialogbox be retrieved inthe firstexecution. No procedure logicis
executed when the dialogboxis initiated. CA Gen uses the values inthe selected rowin
the listand matches them to the fields inthe dialog box. If a small amountof datais
involved, the disadvantageis minimal. On the other hand, if views of several entity types
are to be displayed, this could mean an extensive overhead in buildingthe list.

More information:

Designingthe Graphical User Interface (see page 117)
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Multi-Procedure Approach

Inthis approach, the detail dialogboxis implemented as a primary dialogboxina
separate procedure that links back to the listcustomer procedure. An example of this
approachisillustratedin the followingillustration.

remote =
(2]
Customer ] Cugtomer
SErver D etail
&
remaoe

Lz

I
Ood

Delae

Customer
List

Confirmation

Usingtwo procedures, with one detail dialogbox employingdisableflagsinthis way,
results in windows that should be easier to maintain and execute becauseno flowis
needed.
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How to Design Procedure Interactions

Consider the followingillustration. Comparethis illustration with the second illustration
inthe section Single-Procedure Approach.
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The followinglistexplainstheprevious illustration:

m  ListCustomer isaprimarywindow.

m  Detail Customer is now a primarydialogboxina second procedure.

m  Customer action buttons have been added to the dialogbox.

m  Embedding the actionrequires maintainingjustonedialogboxforadd, update, and

displayactions.

Inthis primary window or primary dialog box interaction, the record selected and the
actionrequested field both need to be passed or mapped to the detail customer
procedure usingview matching.

More information:

Designingthe Procedure Logic (see page 163)

Comparison of the Single and Multi-Procedure Approaches

Usingsingleprocedures, with secondary dialogboxes, windows that can be modified by
export view values, and modeless windows, offers greater flexibility in thedesign of the
dialog.

The followinglistexplains other advantages of the single-procedureapproach:

m  Allows the userto display multiple occurrences of a window, or to switch to
another window without quittingthe firstwindow
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Handle Termination Conditions

m  Furnishes additional action-related information without clutteringthe primary
window

m  Simplifies thedesign by consolidatinglistand maintenancefunctions into one
procedure

The followingtable points out the differences between the two approaches.

More information:

Designingthe Graphical User Interface (see page 117)

Comparison of Approaches

Single-Procedure Approach Multi-Procedure Approach

Multiplesecondary dialogboxes One detail version with disableflags

LIST and MAINTAIN inone procedure LIST and MAINTAIN inatleasttwo
procedures

Menu items disabled accordingto Push buttons disabled accordingto function
function

Selected object used as alistboxonthe  Select listoccurrence moved to the output
appropriatedialogboxes field and view-matched to the input field of
the called procedure

These are situations whereseveral procedures may be preferred to a single procedure:

m  Processingassociated with a dialogbox needs be performed before itis displayed,
for instance, to displayavaluethatis derived or computed from primary window
input as anoutput field.

m  The procedureis too largeand should be divided into more manageable units.

Handle Termination Conditions

The database commit point for a CA Gen applicationisuponsuccessful execution of a
procedure. This is true for both clientand server procedures and whether the procedure
interactionis a flow or remote use.

Ifan error occurs inthe procedure, arollbackisto be performed.

Exit states are also used to determine the condition of the databaseaccess of the
procedure.
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You canassignthe termination actionto the exit state.

The server manager handles termination conditions for server procedures. CA Gen
invokes the server manager at the end of the execution of a server procedure.

The window manager handles termination conditions for client procedures. CA Gen
invokes the window manager at the end of the execution of a clientprocedure or at the
end of the execution of an event handler.

Map Client and Server Procedure Interaction

After the initial systemstructure is complete, some of the identified procedures will
need to be decomposed into clientand server procedures. When you finish this
decomposition, you will map these procedures. This taskis called client-to-server
mapping. Flows arenot allowed to non-cooperative procedure steps.

Client Procedure Characteristics

These are the characteristics ofa clientprocedure:
m  Usuallyhasagraphical userinterface

m  Shouldbe designated onlinewith display

m  Can flowto other clientprocedures

m  Can flowto server procedures

m  Canremote use other clientprocedures ifthe clientprocedures are both
implemented on the same platform

] Can remote use server procedures

m  Contains a commit point at the end of execution

Server Procedure Characteristics

These are the characteristics of a server procedure:
m  Does not containa userinterface

m  Must be designated onlinewithout display

m  Canreturn flow to client procedures

m  Contains a commit point at the end of execution
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Procedure Mapping Options

The options for mappingclientand server procedures are:
m  Oneclientprocedure/No server procedures

m  Oneclientprocedure/One server procedure
m  Oneclientprocedure/Many server procedures
m  Many clientprocedures/Many server procedures
One Client Procedure and No Server Procedures Mapping
This mappingassumes that all processingis performed on the client. Data is stored
remotely on a server and accessed directly fromthe clientprocedure usinga DBMS to

obtain data from the server. This is known as the remote data styleof client/server.

Maintenance is easier with this approach becauseall processingisinoneplace.Ifthere
is nodata maintenance, the procedureis there to facilitatethe display of data.

However, a more powerful clientmachineis needed to run this kind of procedure
Network traffic can be higher.

More information:

Designingthe Procedure Logic (see page 163)

One Client Procedure and One Server Procedure Mapping

With this mapping, the clientand server procedures areseen as closely coupled pairs:
m  The server procedureis developed specifically to servethe needs of the client.

m  The clientprocedureis developed specifically to receive the data provided by the
server procedure.

Chapter 5: Designing the Procedure Interaction 113



Map Client and Server Procedure Interaction

The followingillustration shows this approach.
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One Client Procedure and Many Server Procedures Mapping

This mappingimplies a multi-functional client procedure being served by many server
procedures, as shown inthe followingillustration.
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This mapping makes individual server procedures relatively simpleand easy to maintain
andreuse.
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Results of Procedure Interaction Design

However, this approach makes the maintenance of the entire system slightly more
difficultbecauseseveral server procedures must be maintained at the same time. For

instance, you will need to review the procedures that use a shared data definition each
time that definitionis changed.

Many Client Procedures and Many Server Procedures Mapping
This is an extension of the one-clientprocedure or many server procedures mapping. In

this mapping, the functionality of each server procedure is implemented to make it
reusableby many clientprocedures. This approachis illustratedin the following

illustration.
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Reusabilityis a laudableaim, buthere it may mean a more complex server and client
arrangement.

Results of Procedure Interaction Design

The results of procedure interaction design are mapped clientand server procedures.
Each mappingresultsin:

m  Aclientprocedure with associated windows and occasionally with local data access
statements inits actiondiagram.

m  Aserver procedure with no associated window(s) but one or more data access
statements inits actiondiagram.
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Results of Procedure Interaction Design

More information:

Designingthe Procedure Logic (see page 163)
Designingthe System Structure (see page 33)
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Chapter 6: Designing the Graphical User

Interface

Prerequisites

This chapter describes howto design windows and dialogboxes. The Graphical User
Interface (GUI) is the userinterface builtfor client procedures. The GUI consists of
windows and dialogboxes through which the user interacts with the application.

Clientprocedures are defined as onlinewith a display. Thedisplay can bea GUI window,
adialogbox, or some combination of windows and dialogboxes.

The GUI, procedure interaction,and procedure logic arebest designed in parallel. GUI
and procedure interactions may then be refined. Prototyping is an effective method for
refiningthese interactions. When the initial designisstable, detailed procedure logic
canbe completed, and the GUI and procedure interactions finalized.

The GUI, procedure interaction, and procedure logic combineto yield a fully detailed
user interface,a completed design navigationdiagram,andactiondiagrams.Theseform
the basis for generatinga complete system.

More information:

Designingthe System Structure (see page 33)
Designingthe Procedure Interaction (see page 89)

You need anoutlined system structure design before beginning GUI design.
More information:

Designingthe System Structure (see page 33)
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Design Process

Desidn Process

The followingillustration shows the deliverables from GUI design and shows where you
areinthe overall design process.
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How to Learn About GUI

Note: You canskipthis sectionifyouregularly usesophisticated workstation tools that
includegraphicaluserinterfaces.

If you areunfamiliar with the operation of a typical GUI, you should firstbecome
familiarwith techniques for building an effective GUI. An effectively designed GUI
provides visual cues so the user can quickly complete the correct tasks.
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Rapid Prototyping

Do the followingtasks to get started with GUIs:

m  Acquire a workstation and some reasonable, commercially available workstation
software. Spreadsheets and word processors running under Windows, Motif, or an
alternativegraphical environment will work well.

m  Purchaseone or more styleguides. There are style manuals availablethatgive
guidanceon creatinguser interfaces for all major environments, including the
windows interface and Motif.

m  Spend some time familiarizing yourself with the various elements of applications
such as tool bars, menus, dialogboxes,andsoon.

m  Critiqueapplications. Note the various areasthatappearinconsistent. [dentify the
parts that are the easiestto use. Itis even more effective to critiquewitha group.

This approach will helpyouto get a firmgrip on both the grand scheme and the
subtleties of how GUIs operate and what users expect to see.

Rapid Prototyping

CA Gen lets you rapidly build a prototype of the application for users to review.

CA Gen's Design Toolset provides window design functionality that uses definitions of
views as a source of the data to be presented. If you retain these views, they can be
promoted to data views after the GUI designis complete.

The data model does not have to be completely defined to design or prototype the user
interface. If you wish to prototype flows as anaidto developing data and view
definitions, you do not need to begin with prototypes produced usingword processing
or graphictools.The CA Gen GUI designs can be arranged completely with or without
the complete data model.

User Interface Design

One of the fundamental principles of GUI is that the design must be closely mapped to
the user's needs. To accomplishthis,itis essential to havea thorough understanding of
the users'needs. You must alsounderstand who the users are and how they will usethe
interface. This understanding must form the basis of the windows you design.

Traditional block mode interfaces reflect an expectation that tasks arelinearin nature.

Ina linear program, a well-defined series of steps should lead to a single definablegoal.
For example, consider the role of a data entry operator assigned to type data as quickly
andaccurately as possible.Such a taskis repetitive and linear in nature, which makes it
better served by a simpleblock mode, form-driven interface.
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UserInterface Design

Many tasks arenot repetitive or linear. Consider a more open-ended tasksuch as word
processinga document. This task may involveaccessingseveral sources of information,
such as other word-processed documents for text, a spreadsheet for a data, and a
graphics packagefor a diagram. The performance of the taskinvolves the ability to
make decisions and,as a result, requires an open task structure.

An open task structureis also needed when the data entry operator's work may be
interrupted by some external business event. The operator may need to suspend the

task whileswitchingto a higher priority assignment.

The linear versus open-task models are summarized in the followingillustration.

Linear Task Open Task
Structure Structure
¥ Task Task
Task /
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Task Task
Task
I Reviewand
A Confirm
Task
L 4
L 3 Exit
Ext

The lineartaskstructureis task-oriented. Block mode interfaces tend to be
task-oriented.

The open-task structure is user-oriented. Properly designed GUIs tend to be
user-oriented.

You should be aware of this major distinction as you move into the world of GUI design
if you normally build block mode interfaces.
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UserInterface Design

A GUI allows a closer mappingto the user task structure in the following ways:

Interleaving—Auser often starts a task, only to be interrupted with one of higher
priority. The user suspends the firstassignment while performing the high priority
task. The user returns to the firsttaskatthe point of interruption after completing
the high priority task.

Singletask, multipleapplication—The user employs several applicationsto
complete one task. This taskis usually of a managerial nature. For example,
scheduling a meeting may require the use of a diary, electronic mail on the server.
The user may alsorefer to the minutes of the previous meeting heldas a word
processed document on the client.

Singleapplication, multipletasks —Theuser uses one application to complete
several tasks. For example, employees use the electronic mail systemfor social
interaction, cascading company notices to subordinatestaff, and taking partinad
hoc discussions.

Multiplerepresentations —A variety of visual representations areused on the same
underlying data. For example, numbers may be viewed one at a time, together ina
table, or as a chartor graphic.

Multiplesources —Theuser requires access to several sources of information or
processes (typically on different machines) to complete the task.

Reminding and feedback—The user may become disoriented inthe computing
environment, soinformation on what tasks arecurrentlyactive(a you are here
function) becomes essential.

Context signalingandre-orienting—The users may require a reminder of what they
were doing ina particular task. For example, on resuminga taskthe useris
informed of the lastcommand executed inthe window before the task was
suspended.
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GUI Elements

GUI Elements

The followingillustration shows mostof the elements of a graphical userinterface.
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The illustration does notshow group boxes, literals, OLEareas, or OLE custom controls.

The followingtablelists all GUI elements for windows and dialogboxes.

Dialog  Provides Provides User Aid
GUI Element Description Window  Box Action Data Only

Title Bar Contains the name of the window Yes Yes No No Yes
or dialogbox.

Menu Bar Clickingeach optioninthe menu Yes No Yes No No
bar reveals a drop-down listof
menu items (not shown) designed
by the application developer.

Each menu item triggers its own
piece of application logic.

Tool Bar Optional element that may Yes No Yes No No
containonly push buttons for
pieces of applicationlogic.

Status Bar Optional element that displays Yes No No No Yes
information, typically aboutthe
status of the process.
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Dialog  Provides Provides User Aid

GUI Element Description Window Box Action Data Only

Scroll Bar GUI scrollingdevicethat allows Yes Yes Yes No No
the user to displayinformation
thatis not visibleonthe screen.

System Menu Operating system menu under the Yes No Yes No No
icon on the top left corner of the
window.

Minimize Button Shrinks the window to aniconon  Yes Yes Yes No No
the desktop, where it can be
maximized when you next need to
view the window.

Maximize Button Displaysthewindow inthe largest Yes Yes Yes No No
possiblesize,orinthe sizeitwas
firstopened, or lastresized.

Check Box Control that acts likea switch Yes Yes Yes No No
(on/off, yes/no, true/false, andso
on).

Group Box Margin box drawnaround a Yes Yes No No Yes
collection of logically related
fields.

List Box Control that displays a series of Yes Yes No Yes No
values as alist.

Entry Field Control into which the user types  Yes Yes No Yes No
information.

Field Prompt Text label that identifies a Yes Yes No No Yes
selection or entry field.

Literal Text that is displayed butcannot  Yes Yes No No Yes
be changed.

Radio Button Control that offers one choice Yes Yes Yes No No
from among a group of choices.

Push button Control that performs anaction Yes Yes Yes No No
immediately when itis selected.

Icon Small bitmap picturethat Yes Yes Yes No No
represents a minimized window
on the desktop.

Bitmaps Graphics used to distinguish push  Yes Yes No No Yes

buttons and as literalsoricons.
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Controls on Windows and Dialog Boxes

Dialog  Provides Provides User Aid

GUI Element Description Window Box Action Data Only
OLE Area InWin32 applications,an Yes Yes Yes Yes No

embedded area thatallows

communication with other

applications.
OLE Custom InWin32applications,an Yes Yes Yes Yes No
Control (OCX) embedded control,suchasaspin

button.

Controls on Windows and Dialog Boxes

A control is a window component that allows the user to select choices, enter
information, or both.

The followinglistshows some examples of controls:

Entry fields
Check boxes

Radio buttons

Listboxes

Push buttons

Windows and dialog boxes use controls to enable the user to interact with the
application.

Because of the number of control types, GUI designis anapproachthat gives greater
variety of choiceand canincreasefunctionality, butalsocanincreasecomplexity and
testing.
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Primary Windows

Primary Windows

Dialog Boxes

A primarywindowis are-sizablearea of the desktop in whichthe user carries outthe
main dialogwith the application.

The followinglistshows the elements of a primary window:

Title bar m  Group box

Menu bar m Listbox

Tool bar m  OLE area

Status bar m  OLE custom control (OCX)
Scroll bar m  Entry field

System menu m  Field prompt

Minimize button m Lliteral

Maximize button = Radiobutton

Check box m  Bitmaps

A dialogboxis a movablewindow that requests input from the user.

Dialogboxes arenot resizableand do not have menu, tool, or status bars.Instead, they
use push buttons to dictate procedure interaction.

Primary Dialog Boxes —Aprimarydialogboxis analternativetousinga primary
window for a procedure.

A primarydialogboxis appropriate when, for example, criteria need to be applied
to retrieve data before itcan be displayed, or when a passwordis required.

Secondary Dialog Boxes —Asecondary dialogboxis a dialogbox subordinateto a
primarywindow or a primarydialogbox.

A secondary dialogboxis often invoked either usinga menu option from the menu
barina window or a push button inanother dialogbox.

A clientprocedure thatis designated Online With Display may have one primary
window or dialogbox and as many secondary dialogboxes as needed for the
application.
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Message Boxes

A secondary dialogboxis dependent on its parent window or dialog box and may
not be displayed onits own. The followingillustration shows a primary window and
secondary dialogbox.

L ]
i [ e T
Cugtomer -+ Customer
Server remote Detail
use
remote
Lize

I
i o

Customer
Li=t

Note: Import views receive data. Export views populatedisplay controls.

The followinglistshows the elements of a dialogbox:

Title bar

n m  OLE custom control (OCX)
m  Scroll bar m  Entry field

m  Minimizebutton m  Field prompt

m  Maximizebutton m Lliteral

m  Check box m  Radiobutton

m  Group box m  Pushbutton

m Listbox m  Bitmaps

m OLE area

Message Boxes

A message box candisplay three types of information:

m  Informational messages usually aboutstatus
m  Action required by the user
m  Warnings aboutproblems

An informational message may or may not require the user to select a push button to
end the message and closethe box.

126 Client Server Design Guide



Graphical Design Standards

Action-required and warning message boxes require the user to selecta push button to
acknowledge the message.

CA Gen generates message boxes based on the value of the message associated with
the exit state.

More information:

Designingthe Procedure Interaction (see page 89)

Graphical Design Standards

Before identifyingapplication standards, everyone involved should give careful thought
to how an application should behave. You should discusswindow appearanceand how
to implement common functions like adding, changing, or deleting databaserecords.

Consistentapplication behavior willreducetrainingtimeand user errors. Itwill also
decrease development and maintenance time and cost.

The standards committee should discuss thesetopics and understand how GUI issues
affect the standards:

m  Approaches for single windows

m  Unit of work

m  Modal versus modeless windows

Standardize the Approach for Single Windows

Insetting standards, consider these approaches for singlewindows:

m  Putall ofthe controls on one window

m  Use progressivefocus
ALl Controls on One Window Approach

Inthis approach, you design a window to handleall the tasks a user may want to
perform. Inthis window, all thecontrols areavailableatthe same time. For example, a
listwindow may containsearch criteria, sorts, filters, a detail area,and navigation
buttons.

This approach lets the user enter search criteria, perform the search,selector add a
row, make changes to it, savethe changes, and flow to arelated business objecton one
window.
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All controls areavailableatthe same time. This may confusethe user by presenting
misleadingresults. For example:

m  The user may perform a search, then change the searchcriteria,and then be
distracted before performing the search. When the user returns from the
distraction, there is noway to tell ifthe program performed the search.The user
would perform the searchagaintobe sure.

m Ifthe userdid not perform the search before the distraction, the datainthe list
would not correspond to the searchcriteria.

Progressive Focus Approach

Focus refers to the window or the partof a window thatis active. We saythat this
window or partof the window is enabled.

For example, three windows are open on a desktop. The window whose titlebaris
highlighted has focus. This window is also referred to as the activewindow. A window
typically becomes active when the mouse is clicked anywhere within the window's area.

Parts of a window canreceive focus. For example, a radio button is clicked. Some of the
window's controls aredisabled and others are enabled. The enabled parts aresaid to
have focus.

Only one GUI control can have focus at any given time. This is usually the control that
contains the cursor on the active window.

Progressivefocus refers to the windows, or the parts of a window, that will comeinto
focus to complete a transaction.

The progressivefocus approach minimizes the number of functions per window to make
each window simple, user friendly, and limits focus to only the controls that pertain to
the action being performed. Such a window might containonlya listand buttons.

Follow these steps:

1. Pusha button orselect a menu item to flow to a search window containingall the
searchcriteria fields.

The search window now has focus.
2. Enter informationinthe fields and click OK.

The searchis performed if the data passedthe validations. The search criteria fields
are displayed and protected at the top of the listwindow, so focus would be on the
list, not the search criteria fields.

3. Pressthe appropriatebutton to add, change, or delete arecord to flow to a window
to perform the appropriatetransaction.

The resultingwindow has focus.
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4, ClickOKon the window.

The window closes. The databaseis updated. The listcontaining the new data
regains focus.

5. ClickOKto perform the search.

Ifthe listwindow has focus, the search was performed.

In this approach, the user knows what steps are completed, based on which window
(search criteria window, listwindow, and so forth) has focus.

Also, there would never be an instancewhere the datainthe listdoes not correspond to
the search criteria. Therefore, there are no misleadingresults.

The same holds true for updatinga record. Ifthe user were distracted whileupdatinga
record, the user would have no way of knowing if he committed the change when he
returned. With progressivefocus, the window performing the change transaction would
still havefocus, which lets the user that the change has not been committed.

Balance the Two Approaches

You should choosea happy medium between the two approaches. Apply the
progressiveapproachtoits fullestand then lessenitwhere the approach would hinder
more than ithelps the users.

This strategy is similarto developing a data model. Justas ananalyststrives tobuilda
third normal form data model and then downgrades to second normal forminsome
areas for performance reasons, you should design for progressive focus and downgrade
incertain areas depending on the intended users'skill setand work flow needs.

Ina client/server architecture, you must also consider the network. A design that gives

the user focus on all controlsatonce might lead to unnecessary network traffic for
actions thatthe user performed by mistake or areirrelevant.

Standardize the Unit of Work

This standards committee topic requires the analysis of a business scenario to
determine the unitof work before windows are designed to supportit.

A unitof work is the set of data necessaryto complete a transaction.
A unitof work is usuallya commitpoint, sinceitis the point where committing the data

to the databasecompletes the transaction.Sincea commit occurs atthe end of a unit of
work, the unitof work must not violateany business rules.
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For example, to add entity A, which has a mandatory relationship with entity B, the unit
of work may includeaddingattributes of entity A and either associatingittoan existing
entity B or allowingthecreation of entity B at the same time as entity A.

A unitof work may require more than one window to capture all necessary data.

Some transactions consistof a defined set of data while others consistofa minimum set
of data. The unitof work for addinga customer, for example, might require that the
customer's name, address and phone number be entered. This type of unit of work is
typically applied to entity type maintenance.

As a minimum, takingan order may requirethe order header information,one
customer, and one product. However, a customer may order several products at once.
Therefore, the unit of work for takingan order requires the order header, one customer,
andone or more products. This type of unit of work is typically applied to one-to-many
relationship and many-to-many relationship maintenance.

Another example of the minimum set of data conceptis when two entities existandall a
user needs to do is associatethe two. This type of unitof work is typically applied to
many-to-many relationship maintenance.

Window design standards should definethe presentation and processing method for
each type of unit of work-a defined set of data or minimum set of data.

The processing methods consider when the commit occurs. For entity type
maintenance, whatever is onthe window is applied to the database.

For the minimum set of data scenario, the user may visitmany windows adding,
updating, and removing entities or associatingand disassociating entities. This brings up
several questions such as listed next:

m  Does the commit occur after each add, update, remove, associate, or disassociate?

m |Isthe data collected until the useris finished and then applied to the database?

Ifthe answer is yes, these questions need answers:

m |salltheolddata removed and the new data added?

m  Arejustthe user's changes recorded and applied to the database?

You shouldalso consider network traffic, view size, and processing complexity.

Standardize Modality on Windows

This standards committee topic requires deciding whether windows should be modal or
modeless. For more information, see Set the Modality of Windows and Dialog Boxes.
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Modal Windows

Modeless Windows

Modal processingis a way of enforcing the progressivefocus approach. For a definition
of focus, see Progressive Focus Approach.

A modal window is displayed in front of the window that invoked it. The modal window
has focus. The user cannotobtain any previous window while the modal window has
focus. However, the user can move the current modal window to view the contents of
the previous window.

This approach ensures that the user completes the unitof work or cancels itbefore
returning to the previous window.

Modeless processingallows accessto more than one window without closingtheactive
one first. This works well with unrelated objects.

These are sources of confusion with modeless dialogs:

m Two modeless windows displaying thesame object can create havoc on the desktop
andeven causedata integrity problems or errors.

m Ifthe useraccidentally processes changes fromtwo windows containingthe same
object, the later change would either wipe out the effects of the firstorcausean
error to occurifitis caught.

m  There may bevalid businessreasons for needing to view different occurrences of
the same object at the same time. For example, a user may need to compare
multipleversions of a quote side by side.

m  Another sourcefor confusionis theimplementation of i mplicitcommit.

m [fthe userselects arow fromalistand flows to a modeless detail window, makes
changes, and then selects another row from the list, the changes are implicitly
committed aslongas nobusiness rules areviolated.

m Ifbusinessrules areviolated, the user is putintoan awkward situation of answering
validation checks before the change of focus can occur.

Ifthere is a good casefor modeless processing, guidelines should beset for processing
considerations,such as thelistwindow keeps track of which occurrences areopen so
the same occurrence cannotbe opened twice.

Modeless processingis usually used for menu processingto flow between applications.

The primary windows attached to a menu are modeless. After a primarywindow is
invoked, the user canclick onanother window selection on the menu to invoke another
application's primary window. Then the two applicationscanrunsimultaneously,and
the user canswitch between them. However, within each window, the dialogtraversed
by the user would be modal.
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GUI Design

You canuseCA Gen to design windows and dialogboxes.

Note: The guidelines presented here are reasonablefor GUI design using CA Gen. Do
not construethem as hardrules. The user of the applicationisthefinal arbiter of what
constitutes good practice.

Guidelines for Window and Dialog Box Design

Consider the following guidelines for designing windows and dialog boxes:
m  When indoubt, make a window or dialogbox modeless.

m  Usethe modal styleonlywhen there is a good reason (for example, when itis
impossibleto imaginethe application continuing unless theinteraction completes).

m  lay out controls with the specific userin mind.
m  Placealogical unitof work on a window.

m  Use pop-up dialogboxes for infrequently used data or for users to keep track of
their work flow.

m  Usea largewindow or dialogboxinstead of numerous pop-ups.This will haveless
fragmentation of work flowand is more efficient for the user.

m  For specific pop-ups, provideanindicator on the primary window to inform the user
if exits inthe pop-up.

Set the Modality of Windows and Dialog Boxes

The modality of a system describes the freedom of movement thata user has among
system components. This freedom involves the number of windows thata user can
access and haveopen at anytime.
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Types of Modality

The followingtablelists thetypes of modality youcanuseinorder of increasing
freedom to the user.

Type

Description

Modal

Ina fully modal system, the user may follow only one
path through the dialogatany one time.

When a user opens a modal window, other windows in
the same application may be opened only by selecting
commands directly from that window, or from windows
opened as aresultof those commands, and so forth.

Modeless Single-Instance

A modeless singleinstancewindow allows the user to
switch to another window without closingthe first
window.

Modeless Multiple-Instance

A modeless multipleinstancewindow allows theuser
to display multipleoccurrences of that window, or to
switch to another window without closingthe first
window.

The followingillustration shows the layouts for part of a system where the modality has

been varied.
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MODAL DLALOG BOX

Inthe illustration, note that only one modal Menu window may be displayed.

The List windows A, B, and C are all displays of the same primary modeless multiple
window. They areall associated with the same procedure.

The dialoghox 1 is defined as modal; when this dialogboxis displayed itmust be closed
before the user canreturn to any other window.
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Window D is modeless singleinstance. This lets the user switch to other windows (A, B,
C or menu), but only one display of window D is ever shown. This avoids the confusion
that can occur when using modeless-multipleinstances (windows A, B, C) where the
same data can be displayedin many windows. Thus ifa user edits the data in one of the
many windows displayed, confusion mightresultas to which window contains the
updated data.

Guidelines for Setting Modality

You need to mirror how the user completes a series of user activities ina user task. The
followingtabledescribes the options for modality on windows and dialog boxes.

If. .. Use. ..

The taskrequires browsing or comparing many types of Modeless Window
data before finalizing a task.

The taskrequires browsing or comparing many Modeless Multiple-Instance
instances of the same type of data before finalizinga Window

task.

Each discreteactivity performed by a window's Modal Window

procedure must be completed before the user moves or

on to the next activity (guides the user through the Modeless Single-Instance
work and helps to maintain data consistency). Window

User actions need to be confirmed because there is a Modal dialogbox

chanceof an action being performed for the wrong

object.

This can be set as a development standard, for
example, usea confirmation dialog box for all deletions.

Messages are presented to the user by exit states. Modal Dialog Box

Set the Initial Window or Dialog Box Position

Initial position specifies theinitial placement of any window or dialogbox on the
desktop. The followinglist describes the placement options for windows and dialog
boxes.

®  Mouse Alignment—The center of the generated window or dialogboxfalls
wherever the mouse pointer happens to be.

You may not want to use this placement because itwill probablyrequireuser to
move the window or dialogboxto useit.

m  Designed Position—Thewindow or dialogboxis placed where you indicateduring
design.
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Bitmaps

Literals

m  Modeless Multiple-Instance—Amodeless multipleinstance window lets the user
display multiple occurrences of that window, or to switch to another window
without closingthefirstwindow.

m  System-Placed—The operating system determines where to placethe window or
dialogbox.

Depending on the resolution of the users monitor, you may want to usethe system
placed position to let the monitor use the best fitalgorithm.

The followinglistdetails guidelines for positioningwindows and dialog boxes:

m  Position windows and dialogboxes as you expect the user would position them.

m  Sizeand positionthe window to be immediately useful when itis opened.

m  Considerthe window's or dialogbox's relationship to other windows or dialog
boxes opened at the same time.

You can placebitmaps on push buttons, window backgrounds, and dialogbox
backgrounds.You canalsousebitmaps as literalsoricons. Aniconis a small picture
used to represent a minimized window on the desktop.

You canimportbitmaps from anysourcethat creates .bmp files.

Use bitmaps that can be easily recognized by the user. The image used shouldinstantly
convey its meaning and should not be more complex than the spaceallows.For
example, avoid compleximages onicons.

The state of a push button can be normal, disabled, activated, or selected. CA Gen
enables the state of a push button bitmap to be displayed below the bitmap when the
cursoris positioned over it for more than a few seconds. This is referred to as micro
help.

Note: Bitmaps can be time-consuming to develop. When possible, either purchase
bitmaps or have a graphic artistdevelop them.

Bitmaps can be dynamically changed during runtime through action diagramming
statements.

A literal isa text or a bitmap that cannot be changed on windows and dialogboxes.

A text literal can contain multiplelines. Text literals wrap if they are not vertically
centered anddo not fithorizontally.
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For literals, you can specify color and font:

m  Color-Fields canappearinanyofa defined palette of colors, ora mixed color,
provided that the coloris supported by the target workstationandits display

m  Font-You canselect the style and design of characters.

Visual Cues

A graphicaluserinterfacelets the application communicateflexibly and sometimes
subliminally with the user.

Visual cues can be as listed next:

m  Designvisual cues

m  Automatically created by the GUI environment

m  Under the control of the application
Designed Visual Cues

The followinglistexplains guidelines for designed visual cues:

m  Havethe current status of the application (for example: current customer name, or
number of units of a productinstock, fact that the user is currently creatingan
order) continually updated atthe bottom of the window.

m  Distinguish differentwindows and parts of a singlewindow by applyingcolorand
font differences or by includinga picture.

m  Disablebuttons and menu items. They will be grayed out to showthat they are
unavailableatthis moment.

m  Enablethe applicationto givethe uservisual feedbackas actions arecarried out.

For example, icons arehighlighted as they areselected, the mouse pointer may
change shapeasitmoves over different areas of the screen, andso on.

More information:

Fonts and Colors on Windows and Dialog Boxes (see page 138)

GUI Environment Visual Cues

Many visual cues areunder the control of the GUI environment. For example, radio
buttons and push buttons appear to be physically pushed when the user clicks on them.
They create this special effect by the appearanceof a shadowaround the edge.
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Application Visual Cues

Many visual cues are under the control of the application, such asthe disabling (or
grayingout) of fields, menu items, and push buttons when their useis inappropriate.
For example, the OK button should be disabled until all the mandatory fields ona
window have been completed.

Menu items should be disabled to prevent the user performing actions thatare out of
sequence, not relevant to the current processingor for which the useris not authorized.

Menu options canalsobedisabled to advisethe user that a particularactioniscurrently
inappropriate.

Minimize and Maximize Buttons

About Scroll Bars

A minimizebutton enables the user to shrinkthe window to an icon onthe desktop,
where it can be maximized when the user next needs to view the window.

A maximize button enables the user to displaythewindow either inthe largestpossible
size, orinthe sizeitwas firstopened, orlastresized.

Use maximize and minimize buttons only on primary (top level) or modeless windows.

A scrollbaris ascrollingdeviceused in windows, dialog boxes, listboxes, and multi-line
entry fields to let users see information thatis too largeto fit in the displayed view.
Scroll bars conservespace.

A scrollbar consistsof a scrollingarea, a slider box, and boxes with arrows ateach end.
The followingillustration shows horizontal and vertical scroll bars.

Thiz iz a zample of a text bow allowing for b =

A :

A CA Gen-generated applicationautomatically handles vertical and horizontal scrolling
on listboxes. Horizontal scrolling of prompts at the head of alistis synchronized with
scrolling of the data to maintain the visual association of field names and field values.
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Fonts and Colors on Windows and Dialog Boxes

Cursor Sequencing

Title Bars Design

There are a number of studies on best use of colors, use of colors in combinations
(includingundesirable combinations),and colors and fonts that are most effective.

The followinglistexplains guidelines for using fonts and colors:

Keep the concept LESS IS BETTER as your primary objective.

Consider user community preferences.

Avoid a riot of color and fonts, which may confuse rather than assistor pleasethe
user.

Establish fontand color standards to ensure consistency withinand across
applications.

Avoid highlightingtoo many items ina window.

Note: Be aware that the fonts you select must be installed on every applicationuser's

PC.

You candynamically changethe colors and fonts at runtime usingaction diagramming
statements.

The followinglistexplains guidelines for sequencingthe cursor:

Make surethere is a well-defined default sequence of tabbing between fields.

The cursor should normally tab through the fields from left to right and top to
bottom.

When the window is first displayed, the cursor should beplacedinthe first
unprotected fieldinthe sequence.

The title bar contains the name of the window or dialog box.

The followinglistexplains guidelines for title bars:

Wherever possible, usethe name of the procedure supported by a window or
dialogboxas the title of that window or dialogbox on the title bar.

Titles on the title bar are generally objects (nouns) prefixed by actions (verbs), for
example, Accept Policy, Create Mail, Confirm Order.
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Menu Bars Design

All windows should have a menu bar. Menu bars arenot used on dialogboxes.

Selecting a menu item results in one of the followingactions for the user of the CA Gen

application:

m |nitiates a flowdue to a command set thatis anautoflow.
m  Opens asupplemental dialogbox to this procedure

m  Executes the procedure from the top.

m  Executes anevent.

m  Executes aspecial action.

The followinglist explains guidelines for menu bars:

Placefunctionality into broad categories on the menu bar.

Limit the number of items on the menu bar. A ruleof thumb is a maximum of 10
items.

You may chooseto designinthe window and help menu items.

Use menu names that would be of interest to the user, for example, Policy,
Payment, and Customer.

The drop-down listof cascading menuitems underneath each menu should contain
actions thatcan be performed on that object, for example, New, Change, and
Display.The followingillustration shows the presentation of the drop-down menus.

Help Menu

Bud geting { | |
henu tems Edit Support Help  -M—— hdenu Bar
Y bngEman s Open... F1 Accelerator

N

Delete  Del | Fales
Quit hdark eting
gl Forecast

Cascading Menus

Capitalizethe firstletter of each word, except for noise words (such as a, the, and
of). All other letters should be lowercase.

Assigna mnemonic to each menu and each menu item to let the user use the
keyboard instead of the mouse.

Ifthe selection of an option results inthe opening of a dialogbox,add anellipsis(...)
to the menu option. For example, Rename as... opens a dialog for the user to enter
anew name.
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m  Assignanaccelerator (also knownas a hot key) to a frequently used menu item.
m  The accelerator should belisted to the rightof the menu item on the drop-down.

m  An acceleratoris a key or combination of keys that perform some function defined
by the application. The accelerator allows the menu item can be selected with the
minimal number of key strokes, no matter at what level the menu item is located.

m  AvailablekeyoptionsareF1toF12,0t09, and A to Z. You can combine these
options with Ctrl, Alt or Shiftto provide more options.

m  Placethe most frequently used items firstinthe menu drop-down.
m  Placesub-menu options as follows:
— Placeinorder of frequency when top items are used most of the time
— Placeinorder of importanceto show critical items first
— Placeinalphabetic orderifthe user knows the exact wording of each item
— Placelogically when the order will showwork flow or other criteria are not met
m  Always grayout unavailablemenu items.
m  Useseparatorlines tovisually separatechoices ona drop-down menu.

m  Aseparatorlineis ahorizontal thatfocuses the user's eye on the fact that the
actionwithinthe lines is notnecessarily consistent with the rest of the menu items.

m  You should useseparator lines for thosemenu item actions thatcould causea
significantchangeto the databaseor window, suchas:

- Select All
— Deselect All

— Delete

The followingillustration shows the use of separators for the Delete and Quit menu

items.
I Budgeting ||
- Edit  Support Help

Open...
Close

Budget
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Separator = |
Bars

When to use a drop-down menu instead of the menu bar:

m  Invokinganactionfromthe menu baritselfshould bediscouraged. Users find them
awkward and hard to noticebecause they are more the exception.
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Mnemonics

Status Bars

m Ifanactionwouldbe the onlyitem inthe drop-down menu, try to placeitwithin
another drop-down menu, usingseparator bars to logically differentiateitfrom the
other items.

m  Ifyou must placethe actioninthe menu bar, make it stand out from the other
menu baritems by placingan “l” after the test to indicatethatthere areno options
under the item and the action will beinvoked when selected.

More information:

Designingthe Procedure Interaction (see page 89)

Designingthe Procedure Logic (see page 163)

Special Actions for Menu Items and Push Buttons (see page 154)
Mnemonics (see page 141)

A mnemonic is anassigned characterina menu item, push button, or selection field
prompt. The user cantype the mnemonic, inuppercase or lowercase, for a choiceto
selectitinstead of usingthe mouse.

The mnemonic is identified by an underscore. This is a visual cueto the user that the
mnemonic can be selected.
The followinglist explains guidelines for mnemonics:

m  Usethe firstletter of the choicewhen possible; otherwise, assignthefirstavailable
relevant, meaningful, and unique letter in the text.

m  Usethe samemnemonic for a choicethroughout the application.
m  Make each mnemonic unique.

m  Ina generated application, mnemonic selectionis notvalidifthe cursoris
positionedinanentry field or a listbox. The mnemonic will work with the ALT key
regardless of the accelerator setting.

The status baris an optional window element that displaysinformation aboutthe
current state of the application. Status bars arenot used on dialog boxes.
The status bar can be used to provide the followinginformation:

m  Displaystaticdata,suchas accounting period duringjournal entry posting or
variabledata related to the current transaction.
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Tool Bars

m  Providehelp by showinga brief explanation of the field to which the cursor
currently points.

The status bar can containsingle-lineentry fields thatare not modifiable by the user.
The fields within a status bar can be mapped to either an export view or a special field.

You placefields onthe status bar justas any other fields are placed on windows or
dialogboxes. They are left-justified on the bar.To achieveequidistantspacing,youcan
insertblank work attribute fields.

A tool baris anoptional window element that provides quickand convenient access to
frequently used choices and commands through push buttons. The tool bar is alsoused
to invokesub-applications within theapplication.

In CA Gen, tool bars aredefined for windows only and not for dialogboxes.

The use of a tool bar is optional. Deciding whether to use a tool bar on a window should
be based on how much spacethere is availableand how the tool bar affects the overall
appearanceof a window's design.

The followinglistexplains guidelines for tool bars:

m  Usea toolbarforall frequently used operations to reduce the number of mouse
moves and clicks the user must complete.

m  Usemicro helpfor all bitmaps on the toolbar.
m  Always placetool bar near the top of the window.
m  Usethe tool barinconjunction with a menu bar.

m  The actions represented on the toolbar should alsoappear as menu items on the
menu bar.

m  Sizethe tool barbased on its contents.
More information:

Bitmaps (see page 135)
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Entry Fields

An entry fieldis a control into which the user types information on windows and dialog
boxes.

Note: A hidden field defines animport view of data to an export view of data without
the data being placed on the window.

The followinglistexplains guidelines for fields:

m  Usemargin boxes aroundall entry fields.

m  Placethe mostimportant fields first(top left) and the leastoften accessed last
(bottom right).

m  Placelogicallyrelatedfields intoa group box (a margin boxis drawn around the
collection offields) and label the group box. For more information, see Group
Boxes.

For example, if a customer address is infour separatefields, these fields can be
assembledintoa group box labeled Customer Address.

m  Followthe guidelines for field prompts.
m  Display-onlyfields:

— Change the colorto the same as the background of the window and do not use
a margin box around the field. This helps to avoid confusion between the
prompt text and the field text.

- Usea vertical separation between fields of 10 pixel elements. The maximum
separation should be no more than 15 pixel elements.

- Left-align text fields (havevalues startin the same position fromthe left).
— Usedecimal alignment for decimal fields.

m |dentify mandatory entry fields usingthese techniques:
— Disablingorenabling options

— This canbe confusingtothe user ifthere aretoo many andthey cannoteasily
determine how to enable an object.

— Use bold text on prompts.

- Be awarethat this will takeup more space,and mixingfonts canreallyslow
down the user and make the window less appealing.

m  Provideassistancewithinthe application.

m  Placeseparategroup boxes around mandatory fields.

m Ifan attribute has an exhaustive, finitelistof permitted values, useradio buttons, a
check box, or a drop-down listbox rather than an entry field. This gives guidanceon
the permitted values for the field and avoids the entering of incorrectvalues.
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More information:

Field Prompts (see page 144)

Group Boxes

A group box is a margin box thatis drawnarounda collection of logically related fields.

The followinglistexplains when to use a group box:

Field Prompts

Use a group box around similarinformation to focus the user's eye.

For example, if a customer address is in four separatefields, and there is no need to
have a prompt for each partof the information.You canassemblethese fields into
a group box labeled Customer Address.

You do not have to name a group box, butit nearlyalways makes senseto do so.

In complex windows, a combination of named and unnamed group boxes may be
necessaryifthe spaceis available.

An alternativeto a group box is groupingrelated fields using the equivalent of blank
lines and indentation.

Placea group box around radio buttons and check boxes presenting options for the
valueof a singleattribute.

This focuses the user's eyes on the options for that singleattribute.

A group box is needed if you have more than one set of radio buttons or check
boxes on a singlewindow or dialog box.

Use a group box aroundrelated items or a domain of choices.

A field promptis a text label thatidentifies a selection or entry field.

The followinglistexplains guidelines for field prompts:

Placethe prompt near the field labels.
Use the same prompt for an attribute wherever itappears ona layout.

CA Gen keeps alistofeach prompt used to implement each attribute across the
system and allows you to chooseamong them.

Capitalizethe firstletter of the prompt; make all other letters (except for proper
nouns) lowercase.
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Check Boxes

m  CA Gen creates defaultprompts inall capitals. Werecommend that you delete
these prompts and enter prompts with initial capitalsinstead.

m  Right-justifyall prompts.
m  Keep field prompts short.

m  Assignamnemonic to each selection field to allowthe user to use the keyboard
instead of the mouse.

More information:

Mnemonics (see page 141)

A check box is a control that acts like a switch (on/off, yes/no, true/false,and so on) for
selecting choices. It consists of a box that displaysanXwhen the user selects it. (In some
windows environments, the check box is marked with a _ instead of an X).

Each check boxis independent of all other check boxes.
Using check boxes saves spaceonwindows and dialogboxes.
For a yes/no example, you will havea singlecheck box that is labeled With Totals. If the

box is marked (selected by the user), the valueis yes. Ifthe box is blank, the valueis no.
The followingillustration shows a check box that is marked for true.

—Yez/Mo Checkboy

Another exampleis a check box for anactive orinactivecustomer. The check boxis
labeled Active. If the box is marked (selected by the user), the customer is active. If the
box is blank, the customer is inactive,as is thecaseinthe followingillustration.

Activedlnactive Checkbox——
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A check box is associated with an attribute. The true (yes) and false (no) valuefor the
box can be anyvalidvalueforthe attribute's domainand sizeselected from its
permitted values.

You cangroup check boxes if you want multiple options to be set on or off. For example,
the persons covered by a policy can be selected by a series of check boxes, as shownin
the followingillustration.

— Insured Perzonz

[V Self
¥ Spouse

[~ Child

The followinglistexplains guidelines for check boxes:

m  Always use a singlecheck box for independent true/false, on/off, yes/no
information. You will recognizethis information by attributes suchas a flagand
indicator.

m  Group check boxes if you want multipleoptions to be toggled on or off. Limitthe
number of check boxes to 10-12 per related item.

m  Alignthe check boxes vertically.

m  Assigna mnemonic to each field prompt to allowthe user to use the keyboard
instead of the mouse (see the Assigning Mnemonics section in this chapter).

m  Followthe guidelines for field prompts.
More information:

Field Prompts (see page 144)

List Boxes

A listboxis a control thatenables the display of a series of attribute values as a list. The
user may selectfrom the listand, optionally, enter new valuesinthelist.

Listboxes are used on windows and dialogboxes.

Note: A CA Gen-generated application automatically handles verticaland horizontal
scrollingon listboxes.
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You canspecify the followingfor listboxes:

m  |Importand export views, which must be group views.

m Whether a user canselect more than one entry at a time.
m  Attributes andfield prompts.

m  Attribute that may be used as a selectionindicator, whichis flagged so that
procedure logic can detect the entry ina listthathas been highlighted by the user.

Possible
List Box Type Attribute Views When to Use

Non-enterable listbox Several The user will always need to see the
(the default) list.
There are multiple columns in the
list.
Multipleselections aredesirable.

Non-enterable Onlyone Spaceis limited.

drop-down list A listis rarely viewed (the default
valuedisplayedis usually accepted).
A singlechoiceis selected.
Whiledrop down lists cansave
space, too many of them on the
same window can become hard for
the user to navigate.

Note: Ifthere are fewer than 6
possiblevalues, consider usingradio
buttons instead of a listbox (see the
Designing Radio Buttons sectionin
this chapter).

Enterable listbox Onlyone Data entry and listselectionare
allowed.
Displayas a drop-down or already
dropped down ifspaceis available.

Enterable drop-down Onlyone Data entry onlyis allowed.

More information:

About Scroll Bars (seepage 137)
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Types of List Boxes

The followingillustrations show the types of listboxes.

m  Enterable

m  Listbox

m  Enterable Drop-down

m  Non-enterable Drop-down
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The followinglistexplains guidelines for list boxes:
m  Make the listbox as wideas necessaryto limithorizontal scrolling

m  Determine the default number of lines to display based on the precedence of the
listboxrelativeto other window controls, its specific use, the availablespace,and
the user.

m  The average positioncansee fiveto seven items without the user moving their
eyes.

m Ifthe listboxis the maincontrol inthe dialog, upto 20lines can be displayed
initially, depending on the spaceavailable.

m  Providesearchor filtering capability if the user would need to constantlyscroll
through a longlist(more than four or five page downs).

m Ifthe listbox contains manyfields,improvescanningeasebyplacinga blankline
after every 5th or 6th line.

m  Followthe guidelines for field prompts.
More information:

Designingthe Procedure Logic (see page 163)
Field Prompts (see page 144)

Radio Buttons

A radio button is a control on a window or dialogbox that offers the user one choice
from a group of choices. Itconsists of a circlethatis marked with a filled inner circle
when the user selects it.

Radio buttons map to the permitted values of one attribute view. Only one button can
be activeat a time.
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For example, the followingillustration shows three choices for the date format. The user
canselect only one of the three. The format MM/DD/YY is selected.

— Drate Format

& MDD

DDA

MDD

The followinglistexplains guidelines for radio buttons:

m  Useradiobuttons when there is a shortlist(up to about six) of possiblevaluesina
mandatory field.

m  To avoidvisual confusion, restrictthetotal number of radio buttons to six or less.
m  You should havea minimum of two radio buttons.

m  Alignone to two radio buttons horizontally;align longer lists vertically.

m  Followthe guidelines for field prompts.

m  Usea group box aroundrelated radio buttons.

m  Assigna mnemonic to the field prompt for each radio button to allowthe use of the
keyboard instead of the mouse.

More information:

Field Prompts (see page 144)
Mnemonics (see page 141)

Push Buttons

A push button is a control that performs an actionimmediately when itis selected. Itis a
rounded-corner rectangle with text or a bitmap inside.

Push buttons are used on dialogboxes, message boxes, and secondary windows that
have no menu bars.Push buttons canalso be used on a tool bar. For more information,
see Tool Bars.
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The followingillustration shows the use of push buttons on a dialogbox and a tool bar.
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Selecting a push button results in one of the followingactions for the user of the CA Gen
application:

m  |nitiates a flowdue to a command set thatis anautoflow.
m  Opens asupplemental dialogbox to this procedure.

m  Executes the procedure from the top.

m  Executes anevent.

m  Executes aspecial action.

Examples of push buttons for dialog boxes arelisted next:

m  Apply-Causes the applicationtoacceptuser changes indialogs thatset properties.
m  Cancel-Closes thedialog box without performing uncommitted user changes.

m  Exit-Closes the dialog box after the user has committed changes.

m  Help-Displaysonlinehelp.

m  OK-Causesthe application toacceptany changed information.

m  Reset-Cancels any uncommitted user changes and resets any changed fields to their
initial values.
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The followinglistdiscusses uses of push buttons:
m  Exitingthe dialog(OK, Select, Cancel, Exit)
m  |nvokingother functions or features (Options, Details, Help)

m  Domainspecific (does not apply to the whole dialog, for example, a prompt for a
field; may invokea listofvalues for that field)

The firsttwo uses of push buttons are shortcuts for menu actions.

The third use of push button (domain specific) may not be provided as a menu item.
This type of push button may be placed near the control to whichitapplies.

The followinglistdiscusses guidelines for push buttons:
m  Providea Cancel push button as required:

— Providea Cancel (or equivalent) push button ifthe OK (or equivalent) button
causes processingto take place.

— Do not providea Cancel push button ifthe OK button is used to indicatethat
the reader has finished readinga purely informative message.

m  Avoid yes/no andtrue/false text answers, as this will slowthe user down by making
them read the question.

By usinga one-word description of the action to be performed, the user can make an
immediate decision.

m Ifa pushbutton invokes a secondarydialog,add ellipsis(...) to the text on the
button to indicatethatanother dialogwill appear.

m  Positionthe push buttons with 10 pixel elements spacebetween them and with the
OK button inthe bottom left corner of the dialog box.

m  Ifa pushbutton is not global to the dialog, placeitnear or within the group of
related controls.

m  Recommended placement for push buttons:

— Ifpush buttons are aligned horizontally acrossthe bottom, placeaffirmative
actions to the left and non-affirmativeto the right.

— Ifpush buttons are aligned vertically down the right, placethe affirmative
actions abovethe non-affirmativeactions.

- Iffeature and exiting buttons are all aligned either horizontally or vertically,
separatethe two uses by white space(a blank equivalentto the size of a
button).

m  |dentify a default action by making the border of its push button bold.
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The default push button should be that which may be expected of the user to
choose most often, when itwill not delay the user or affect the state of the data if
chosen accidentally. Mostoften this would be the affirmativeaction (why the user
came here inthe firstplace). The exceptions are actions such as delete, purge,
archive,and sometimes printifitcancausea bottleneck. Inthese cases, the
non-affirmativeaction should bethe default as this is a form of confirmation by
forcingthe user to deliberately selectthe non-default button (as opposed to
selectingthe enter key without thinking of the resultand accidentally invokingthe
wrong action).

Push buttons automatically providevisual feedback when selected. They can be
distinguished if desired by applyinga bitmap image.

Ifa push button is covered by a bitmap, its associated text cannotnormally be seen.
CA Gen enables the text associated with a push button bitmap to be displayed
below the bitmap when the cursoris positioned over itfor more than a few
seconds. This is referred to as the micro help technique.

Assigna mnemonic to each push button to let the user use the keyboard instead of
the mouse.

More information:

Designingthe Procedure Interaction (see page 89)

Designingthe Procedure Logic (see page 163)

Special Actions for Menu Items and Push Buttons (see page 154)

Bitmaps (see page 135)
Visual Cues (see page 136)
Mnemonics (see page 141)

Radio Buttons, Check Boxes, and List Boxes

Deciding whether to use a radio button, a check box, or a drop-down listbox depends
on a number of items, such as listed next:

m  How much window spaceis available

m  Whether the user will be primarily using the keyboard or some point-and-click
device for data entry

m  How frequently the itemis accessed

Situation Radio Button Check Box List Box

2-6 static choices X X

7-12 static choices X

13 or more dynamic choices X
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Situation Radio Button Check Box List Box
Yes/No, True/False, On/Off X

Many choices, limited spaceon X
window

Special Actions for Menu Items and Push Buttons

Special actions can beapplied to either menu items or push buttons.

The

names of the special actions do not reflect the name of the specific menu item or

push button for which they are assigned.

The followinglistshows the categories of special actions:

Execution control
Help system
Window control
Edit

OLE area control

Execution Control Actions

The special action options are:

OK—Use this action to execute the users option on the window or dialogbox and
then closethe window or dialogbox.

You will typically usethis special action ona push button, but itcan also beassigned
to a menu item.

Cancel—Usethis action to simply cancel the user option on the window or dialog
box and closethe window.

You will typically usethis special action ona push button, but itcan alsobeassigned
to a menu item.

An example of the use of this special actionisfor a dialogbox askingthe user “Are you
sure you want to delete this object?” (You will wantto give the user the optionto cancel
the pending delete.)
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Help System

You will typically place help on the menu bar.This gives you the option to format the
help menu item to your own GUI standards.

The following special actions execute as part of the help system:
m  Help

m  Help for Help

m  Extended Help

m  Keys Help

m  Help Index

Special Actions for Window Control

Edit

The following describes the options for controlling windows:
m  Tile—Select a menu item that will tilethe open windows inthe CA Gen application.

m  Cascade—Selecta menu item that will cascadethe open windows inthe CA Gen
application.

The following describes the special actions for user editing.
Cut
Copies the objectinselected OLE area or selected data to the clipboard and remove
it.
This optionis disabled if there is no objectinthe OLE area or no datais selected.
Copy
Copy the objectinthe OLE area or selected data to the clipboard.
This optionis disabled if there is no object inthe OLE area or no datais selected.

Paste

Copy the object from the clipboardintotheselected OLE area or copy the data
from the clipboardinto the selected area.

This optionis disabledif the selected OLE area already contains anobject,ifthere is
no object or data inthe clipboard, or the selected object in the clipboardisnot
compatiblewith the OLE area.
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OLE Area Control

Clear

Remove the object or data from the selected area.

This optionis disabledifthere is nodata or object inthe selected area.
Undo

Reverse current actions.

Each special action thatis to be availableto the user during runtime must be associated
with a menu item or push button. Sincethe menu items can be merged with the OLE
object menu items (see Set Merge for OLE Menu Items), you will nearly always use
these as menu items.

The special action options for the OLE Area are described in the followinglist.
Save

Saves the OLE objectunder the same name as itwas inserted.
This optionis only necessaryifyou have allowed the user to update the OLE object.

Save As

Saves the OLE objectunder a different name asitwas inserted.
This optionis only necessary if you have allowed the user to update the OLE object.

Load
Loads the OLE object form a file.
Insert

Inserts the OLE object while executing the application.
You must be surethat this special actionisassigned to a menu item ifyou are not
insertingthe object atdesign time.

Paste Special
Selects one of multipleformats compatible with the OLE area that is to be pasted.
Object

Allows the user to see the verbs supplied by the OLE object.
The user will only have sub-menu items associated with the menu item that this
special actionisassociated with when there is an objectin the OLE field.

Return
Returns from the merged window backto onlythe CA Gen application window.

You will need to have this special action assigned to a menu item. To allowthe user
to return, that menu item must be merged intothe menu bar when the OLE object
is embedded (see the Setting Merge for OLE Menu ltems section in this chapter).
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More information:

Set Merge for OLE Menu Items (see page 158)

Embed OLE Areas in Windows and Dialog Boxes

Note: This information pertains to Microsoft Win32 only.

You canembed an OLE (object linkingand embedding) area on a CA Gen window or
dialogboxto allow communication fromthe CA Gen applicationtoanother desktop
application. The desktop applicationis embedded inthe CA Gen application.

The CA Gen applicationacts as an OLEautomation controller. Presentation of the
desktop application data appears within the CA Gen window or dialogbox.

The followinglistshows guidelines for OLE areas:

A singlewindow can contain multiple OLE areas.

The number of areas is limited by space. More than four will startto become
difficulttoread without a rather large monitor.

Onlyone OLE area canbe active at any one time.

When you design the OLE area you, keep in mind the size of the area needed by the
desktop application. For example,ifthe OLE areais beingdesignated to run a word
processor,you will wantto placethe area with the maximum width and as much
length as possiblefor readingthe material.

Which main window menu baritems you would liketo have merged with the OLE
application. For more information, see Set Merge for OLE Menu ltems.

The tool bar will bereplaced by the OLE objects tool bar.

When you bringthe OLE objectinto place, there are no scroll bars for thearea,
unless the object brought the scroll barswithit.

You caninsertto OLE object for the user duringdesign time, or allowthe user to
insertthe object duringapplication runtime (see Special Actions for Menu Items
and Push Buttons). You can make the OLE object either read only or update.

If you insertthe OLE object duringdesign, make the object read only.The reason
for this is thateach time the applicationisexecuted the object will startatits
designed state. Allowingthe user to update the object will givethe falseimpression
that work on that objectis beingaccomplished.

Ifyou allowthe user to insertthe object (which will leavethe OLE area unfilled
duringdesign), and the user needs the capability to update the object, allowthe
object to be updated.
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More information:

Designingthe Procedure Logic (see page 163)

Set Merge for OLE Menu Items

Note: This information pertains to Microsoft Win32 only.
You canplacea menu item inone of three menu item groups. The menu groups are
named with some OLE naming conventions, but the main difference among the three

groups is where the menu items will be placedinthe merged menu bar.

You also havethe option not to merge menu items.

Option When to Use

Do not merge Not to be merged.

Merge as a member of the file There are filemanipulation characteristics to be

group placed to the left of the merged menu bar.

Merge as a member of the There areitems to be placed toward the center of the
container group merged menu bar.

Merge as a member of the There are window manipulations to be placed toward
window group the right of the merged menu bar.

Note: When you assign a merge to the top-level menu item, it carries withitall the
sub-menu items.
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The followingillustration shows a CAGen window at design time. The window has an
OLE area with an embedded Excel spreadsheet thatis inactive.

w. Window with Menu Items =] 53

File Edit Reservation Help
’> Pushbuttons

Update | Save |

— Pushbuttons —

0K |
Clear Al |
Close |

The followingillustration shows a CAGen window at design time. The window has an
OLE area with an embedded Excel spreadsheet that has been enabled.

w. Merged Menu Items With OLE Area Enabled - |Of x|
File Edit Reservation Help
Pushbuttons
’V i ; Update l Save l
4| [ Pushbuttons— ~ Pushbuttons ——
oK | Option1 |
Clear &l | Option2 |
Default | Option3 |
Close | Option4 |
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The illustration shows how menu items are merged when the embedded spreadsheetis
active.

m  The window tool bar has been replaced with the tool bar of the embedded
spreadsheet.

m  The menu items inthe illustration were designed to be merged as follows:
— File-Merge as a member of the filegroup
- Edit-Merge as a member of the container group
— Reservation-Do not merge

m  After the menu items have been merged, there are two fileandtwo edit menu
items. The fileand edit menu items from the CA Gen window were merged, as
designed. The reservation menu item was not merged, as designed.

If you double-clickonan embedded desktop application, the default verb for that
applicationis executed. For example, the default verb for Microsoft Wordis Edit. Ina CA
Gen window, when you double-clickonan OLE area containingan embedded Word
document, the document is presented in edit mode. The CA Gen window tool baris
replaced with Microsoft Word's tool bar, and the menu items are merged as you
specifiedinthe design.

More information:

Designingthe Procedure Logic (see page 163)

Embed OLE Custom Controls

Note: This information pertains to Microsoft Win32 only.

You canembed an OLE custom control (an OCX) on a window or dialogbox thatis
controlled by a CA Gen application.

Examples of OCXs are spin buttons, gas gauges, and other graphic gadgets. These
controls letyou give the user an indication of the time it will taketo accomplisha
specific task.

The followinglistdetail considerations for OCX controls on windows or dialog boxes:
m  The OLE object does its own resizing.

m  Each OCXprovides its own sets of events.

m  Inadditionto the CA Gen properties, each OCX contains properties.

m  The number of properties is notlimited.

m  Informationabout OCX properties should be delivered with the OCX itself.
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More information:

Designingthe Procedure Logic (see page 163)
Designingthe Procedure Interaction (see page 89)

Results of GUI Design

The results of designingthe GUI are:
m  Designed windows

m  Designed dialogboxes
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Chapter 7: Designing the Procedure Logic

Prerequisites

This chapter describes howto fully detail the procedure components of the outline
system structure. Procedure logic designinvolves taking the outline system structure
andfully detailingits procedure components.

The GUI, procedure interaction,and procedure logicarebest designed in parallel.
Procedure interaction and layouts may then be refined (often by prototyping). When

the initial designis stable, detailed procedure logic can be completed, and the flows and
layouts can be finalized.

Together, the procedure interaction, layoutdesign,and logicyield a completed
navigationdiagram, fully detailed displays, and action diagrams thatarethe basis for
generating a completed system.

You need anoutlined system structure design before beginning procedure logic design.
More information:

Designingthe System Structure (see page 33)

Chapter 7: Designing the Procedure Logic 163



Design Process

Desidn Process

The followingillustration shows the deliverables from procedure logic design and shows
where you areinthe overall design process.
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Client Procedure Structure

A clientProcedure Action Diagramcan be viewed inthree parts:

m  Informationviews —These views supportall logicintheclientprocedure and
included event handlers.

m  Procedure mainlogic—This logicincludes return status from flows to server
procedures, execution firstlogic on flows from other procedures.

m  Event handler logic—Thesearethe handlers for each of the GUI events.
CA Gen automatically adds event handlers to the bottom of the procedure action

diagram. The handlers canthen be moved, but you should usea consistentapproachto
structure their actiondiagrams.
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For clientprocedures, most logic can be placedin event handlers.Sincethey are focused
groupings of logic, understandinga ProcedureAction Diagramis simplified.

Keeping together window or dialogboxes that deal with related data minimizes the
number of information views needed. This improves ease of maintenance by reducing
the number of changes that have to be made to views. This approach also minimizes the
number of flows, attendant view matching,and procedure logic. All of this leads to
increased productivityanda reductioninthe impact of change.

Client Procedure Standards

Completion and maintenanceof action diagrams areeasieriftheyfollowa predictable
pattern.

Guidelines for setting standards arecategorized as listed next:
m  Clientprocedure with flows (link) to server procedures

m  Clientprocedure with remote use to server procedures

Standards for Client Procedure with Flows (Links)

Inclientprocedures, event handlers areplaced atthe end of the actiondiagrambutare
executed independently of the main processing.
The followinglistshows standards for a procedure with flows to server procedures:
m  View definitions:

- Importviews

- Exportviews

- Local views
m  |nitial processing:

— Move import view contents to export views

- Setinitialvalues

- Set a defaultexit state

— Test for previously stored exitstate and command to control subsequent
processing
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Processingprior toanyserver:

Some application processing

Set and preserve values and commands for server procedures, andinitializing
links to servers (only one linkis activated in any one execution of the
procedure)

Move returned data to export views
Prepare for display of windows, dialog boxes, and fields
Initialize openingand closing dialog boxes

Set exit states

Exit

Processing after server procedure “A”:

Test return code values for success or failure

Some application processing

Move returned data to export views

Prepare for display of windows, dialog boxes and fields
Initialize openingand closing dialog boxes

Set exit states

Exit

Processingafter server procedure “B”:

Test return code values for success or failure

Some application processing

Move returned data to export views

Prepare for display of windows, dialog boxes, and fields
Initialize openingand closing dialog boxes

Set exit states

Exit

Event handlers onlyreached by a GUI event:

Respond to changes in windows, dialogboxes and fields and their selection
(Optionally) validate changed data
Prepare for display of windows, dialog boxes, and fields

(Optionally) Setexit states
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Standards for Client Procedure with Remote Use

Standards for a procedure with a remote use to server procedures:

View definitions:

Import views
Export views

Local views

Initial processing:

Move import view contents to export views
Set initialvalues
Set a defaultExit State

Test for previously stored exitstate and command to control subsequent
processing

Processingprior toserver procedure “A”:

Some application processing

Move returned data to export views

Prepare for display of windows, dialog boxes, and fields
Initialize openingand closingdialog boxes

Set exit states

Use server procedure “A”

Processing after server procedure “A”:

Test return code values for success or failure

Some application processing

Prepare for display of windows, dialog boxes, and fields
Initialize openingand closing dialog boxes

Set exit states

Exit

Event handlers onlyreached by a GUI event:

Respond to changes in windows, dialogboxes and fields and their selection.
(Optional) validate changed data.
Prepare for display of windows, dialog boxes and fields.

(Optional) useserver procedure “A.”
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— (Optional) processing after server procedure “A” (if used server procedure “A”).

— (Optional)setexit states.

Server Procedure Structure

A server Procedure Action Diagram contains actions needed to handlecommands sent
from the clientprocedure in order to direct the order of execution and pick up any
application errors and send them backto the client.

Server procedures are designated On-lineWith no Display.

Server procedures do not contain event handlers sinceevents are associated with the
graphical userinterface.

Completion and maintenanceof actiondiagrams areeasieriftheyfollowa predictable
pattern. The followingoutlines a possiblestandard action diagramstructurefor a server
procedure that contains link flows or remote use statements, or both from client
procedures. The structure is designed to handle links or remote use statements from
more than one clientprocedure.

m View definitions:
- Importviews
- Exportviews
- Local views
m  |nitial processing:
— Move import view contents to export views
- Setinitialvalues
—  Set a defaultreturn code
- Set a return with command
— Test for commands to control subsequent processing.
m  Processing:
— Application processing
- Move data to export views
- Set return codes
- (Optionally) setexitstates

- Exit
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Control Structure

Control is passed and results received through event handlers,commands, exit states,
flows, remote uses, andsoon.

The followingillustration provides an example of a task definition.
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In this example, a design decision was made to use a separateclientprocedure and its
primary window to present the customer detail. The alternativewas to have an
additional dialogboxinthe listcustomer client procedure. This decision was madeto
keep the amount of information about each customer returning from the customer
server to the list customer window to a minimum sinceitis not necessary.Only when a
new customer is added, an exiting customer is updated, or all data abouta single
customer need to be displayed will thedetailed window be used. This choice
significantly changes the logic.

Itis very helpful ifan organization decides on standards for common tasks such as this
example. Standards ensure ease of maintenance duringand after the development cycle
by ensuringconsistency of approach. There are userinterface standards.
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The followingillustrationandits key provide an example of the control structure. This
example illustrates pointby point, how control is passed andresults arereceived
through event handlers, commands, exit states, flows, and remote uses.
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ControlStructure

The steps inthe next tablelead you through the design shown inthe illustration.
Specific names of objects on the figureare shown initalicsinthetable.

Step Action

1 The starting state for this exampleis thatthere has been a Display First
flow to the List Customer window.
Even though the procedureis Display First, the open window event will
execute.
The open window event sets the command to openlistand executes
the remote use of the customer server procedure.
Note: You candesign this into the event handler such that each time

the event is executed the command will beset. Thatis why you do not
see anylogicto set the command in the event handler.

2 Control is passed from the customer listclientprocedureto the
customer server procedure via the window and server managers.

3 The customer server procedure processes the request of the customer
listclientprocedure by executing the case of command.
Sincethe open window event inthe customer listclient procedure sets
the command to openlist,anactionblockis usedto read and return
the list of customers.

Note: The detail of the logic of the action blockis notincluded, noris
the view matching from the server procedure. Ifthere were any
problems while tryingto read the list of customers, an exit state would
have been set.

4 Sincea remote use statement was used for the procedure interaction,
andthere is logic after the remote use statement, the control passes
backto the OPEN event via the window manager.

The window manager firstchecks to see if the exit state had changed
to avaluethat will causea flow.

Ifthe exit state has not been changed to avaluethat would causea
flow, itis checked for havinga message and the message type is
informational, warning, or error. If the message type is any of these
three values, a dialog box with the message will be presented to the
user.

For this example, there were no errors.

The caseof exit state logicinthe OPEN event is then executed.
Sincethere were no errors, the control passes to the user via the
window.

5 The user is presented with the window containinga list of customers.
The user selects one row (customer) from the listbox.

6 The user clicks on either the edit or update menu items or the update
from the tool bar.
This passes control to the menu update clicked event handler.
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Step

Action

The menu update clicked event moves the selected row to the export
view and sets the exit state to linkto detail customer.
This causes a flow to the detail customer client procedure.

Control is passed to the detail customer clientprocedure.

This clientprocedure is Display First, flowed to on the link to detail
customer exit state, and contains a view match of the selected
customer.

Sinceit contains an open window event, this event will be executed
first.

The open window event sets the command to opendtl and executes
the remote use of the customer server procedure.

Note: The command opendtl was included atdesign time. There is no
need for logic to set the command.

10

Control is passed from the customer detail client procedure to the
customer server procedure via the window and server managers.

11

The customer server procedure processes the request of the customer
detail client procedure by executing the case of command.

Sincethe open window event inthe customer detail clientprocedure
set the command to opendtl, anaction blockis usedto read and return
all of the information of a the selected customer.

Note: The logic detail of the action blockis notincluded, nor is the view
matching from the server procedure. Ifthere were any problems while
trying to read the list of customers, an exit state would have been set.

12

Sincea remote use statement was used for the procedure interaction,
andthere is logic after the remote use statement, control passes back
to the OPEN event via the window manager.

The window manager firstchecks to see if the exit state had changed
to avaluethat will causea flow.

Ifthe exit state has not been changed to a valuethat would causea
flow, itis checked for havinga message and the message type is
informational, warning, or error. If the message type is any of these
three values then a dialog box with the message will be presented to
the user.

For this example, there were no errors.

The caseof exit state logicinthe OPEN event is then executed.
Sincethere were no errors, the control is passed to the user via the
window.

13

The user is presented with the window containingthe detail of the
customer previously selected from the listcustomers.
The user modifies some information aboutthe customer.
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Step

Action

14

The user clicks on either the edit or update menu items or the update
from the toolbar.

This passes control to the menu update clicked event handlerinthe
detail customer client procedure.

15

The menu update clicked event automatically moves the import view
to the export view (you do not have to put this logicinthe event
handler) and sets the command to update.

The menu update clicked event then executes the remote use
statement to use the customer server procedure.

16

Control is passed to the customer server procedure.

17

The customer server procedure processes the request of the customer
detail client procedure by executing the case of command.

Sincethe menu update clicked event in the customer detail client
procedure set the command to update, anaction blockis usedto read,
update andreturn all of the information of a the selected customer.

Note: The detail of the logic of the action blockis notincluded, noris
the view matching from the server procedure. If there were any
problems while tryingto read the list of customers, an exit state would
have been set.

18

Sincea remote use statement was used for the procedure interaction,
andthere is logic after the remote use statement, the control passes
backto the menu update clicked event via the window manager.

The window manager firstchecks to see if the exit state changed to a
valuethat will causea flow.

If the exit state has not been changed to a valuethat would causea
flow, itis checked for havinga message. The message type can be
informational, warning, or error. If the message type is any of these
three values, a dialogbox with the messageis presented to the user.

Note: For this example, there were no errors.

The caseof exit state logicinthe OPEN event is then executed.
Sincethere were no errors, control is passed to the user via the
window.

19

The user is presented with the window containingthe detail of the
customer previously updated.

20

The user clicks the OK push button.

This passes control to the pb OK clicked event handlerin the detail
customer clientprocedure. This assumes thatall of the information the
user changed is presented properly.
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Step Action

21 The pb OK clicked event automatically moves the import view to the
export view (you do not have to put this logicinthe event handler).
The pb OK clicked event then sets the exit state to return.
Sincethis is the end of the pb OKclicked event, the window manager
checks the status of the exit state.
Sincethe valueof return causes a flow to the listcustomer client
procedure, control is passedtolistcustomer client procedure.

22 Control is passed to the listcustomer client procedure. This client
procedureis Display First, flowed to on the return exit state, and
contains a view match of the selected customer.

Sincethis procedure contains an open window event, this event is
executed first.

More information:

Designingthe Graphical User Interface (see page 117)

GUI Event Processing

GUI events (suchas click on push button or alter field contents) are executed through
individual blocks of logic called event handlers.

You canattachanevent handlerto a window or field (control).

User-defined events cansupplement or replacestandard events that aresupported by
the CA Gen window manager or by the window environment. This allows theuser to
have more control over the execution of GUI application procedures.

Note: There are other event types of interest to developers, especially events that are
relevant to the business,suchas yearend arrives. However, inthis discussion, the term
event means GUI event.

Characteristics of Event Handlers

Event handlers havethe following characteristics:

m  Events are owned by the procedure and therefore have a name thatis unique
withinthe procedure.

m  An event handler shares views with the procedure. All event handlers belongingto
a procedure have access toits views. Therefore, there is no view matching between
a procedure and an event handler.
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m  Asingleevent handler may be invoked by multiple controls.They are shareable
withina procedure.

m  All types of action diagrammingactions may be specifiedinanevent handler.
The CA Gen generated window manager detects events. Itcalls theappropriateevent

handler. When the event handler completes execution, it returns to the window
manager without havingentered the procedure.

When the user or the system triggers an event, its code is immediately executed. An
event handler's executionis similarbutnot exactly likea procedure's execution.

After anevent handler executes, the followingactions occur:

m  Llocalandentity actionviews are cleared

m Commits take place

m  Exitstates are interrogated

m  Exportviews are displayed

The default for the movement of the views is thatthe import views areautomatically

moved to export views, except for the changed event, when views remain as they were
before the event logic was executed. You can change this default.

There is a reason for the exception made for the changed event. Based on certain
conditions, the priorvalueinthe field should be displayed instead of what was entered.
For example, a defaultvalue may be displayedinanentry field. If the user makes an
incorrectentry, the default valueshould remain displayed, not the entry that was made.
This means that most action statements in event handlers should reference the export
view. (However, that procedure logic muststill moveimport views to export views.)

Further events (suchas Open or Close) that may be triggered by an event areplacedina
queue and executed inturn after the logicintheinitial eventhandler has completed.

Standards for Naming GUI Events

You should establish standards for naming event handlers.

CA Gen will producea default name for events suchas:
window/dialog box name [control typel-[object name] event
The convention used inthis example s as listed next:

m  Control type is push button (pb), entry field (ef), and soon.

m  Object name is the name of the push button, entry field,and soon.
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Both of these may be absentdepending on the event, for example, Open, Close.

Some event name exa mples are shown next:

COLLECTIONS OPEN
COLLECTIONS MN_LIST CLICK
ACCOUNTS_EF_JOURNAL_NUMBER CHANGED

Usingthis or a similar convention, you can group the event handlers by window or
dialogbox.The window or dialog box name becomes very importantand should follow

the object actionformat to keep the procedure action diagramwell organized and
understandable.

Windows and Window Controls That Signal Events

The followingtable defines the events signaled by windows and controls.

Window/Control Signals These Events

Window or Dialog box OPEN

CLOSE

ACTIVATE

DEACTIVATE

Single-lineentry field CHANGED

GAIN FOCUS

LOSE FOCUS

Multilineentry field CHANGED

GAIN FOCUS

LOSE FOCUS

Check box CHANGED

GAIN FOCUS

LOSE FOCUS

Radio button group CHANGED

GAIN FOCUS

LOSE FOCUS

Combination box group CHANGED

GAIN FOCUS
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Window/Control Signals These Events
LOSE FOCUS
Listbox CLICK

DOUBLE-CLICK

SCROLL BOTTOM

SCROLL TOP

GAIN FOCUS

LOSE FOCUS

Listbox field CLICK

DOUBLE-CLICK

GAIN FOCUS

LOSE FOCUS

Bitmap oricon CLICK

DOUBLE-CLICK

Drop-down list, enterable CHANGED
GAIN FOCUS
LOSE FOCUS

Drop-down list, non-enterable CHANGED
GAIN FOCUS
LOSE FOCUS

Non-drop-down list, enterable CHANGED
GAIN FOCUS
LOSE FOCUS

Push button CLICK

Menu item (lowest level) CLICK

OLE embedded area GAIN FOCUS
LOSE FOCUS

OLE control GAIN FOCUS
LOSE FOCUS
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OPEN GUI Event

An OPEN event is triggered justbefore a window or dialogboxis to be displayed.Itcan
be used to perform anywindow or dialogboxinitialization beforethe window or dialog
box is displayed.

OPEN can be triggered for the followingactions:

m  Atinitialmodulestartup

m  As the resultof a flow

m  Execution of an explicitOPEN statement as partof the procedure logic

m  Selecting a push button or menu item with the resultof initializinga dialogbox

For example, to open a dialogbox containinga listof departments, the procedure logic
canincludean OPEN statement.

An OPEN event handler contains statements to populatethe listas showninthe next
samplecode. The listbox for departments is then populated justbefore the Department
dialoghboxis opened.

Initialization Accompanying an OPEN Event

CLOSE GUI Event

114- --- EVENT ACTION department open

115- SET SUBSCRIPT OF export department TO 0

116- --- READ EACH department

117- | --- SORTED BY ASCENDING department number

118- | | --- IF SUBSQRIPT OF export department IS LESS THAN MAX OF
119- | | | export_department

120- | SET SUBSCRIPT OF export department TO SUBSCRIPT OF
121- | ] export department =1

122- || MOVE department TO export line department

123- | | |--- ELSE

124- | | --- ESCAPE

125- | |

126- | ---

127-

The CLOSE event is triggered when a window is closed. This even can be used to
perform any window or dialogbox clean-up required by the procedure.

CLOSE can be triggered for the followingactions:

m  As the resultof a return or transfer flow

m  Selecting a push button or menu item with a special action of OK

m  Selecting a push button or menu item with a special action of Cancel
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m  Execution of an explicit CLOSE statement as partof the procedure logic

m  Selecting Closefrom the System Menu

Inthe next samplecode, the subscriptofanexport view is set to zero.

Clean Up When a Window Is Closed

211- --- EVENT ACTION sort close
212- --- SET LAST OF export sort results TO 0
213-

ACTIVATE GUI Event

The ACTIVATE event is triggered whenever a window or dialogbox changes from
inactiveor non-displayto active. This occurs when a window is displayed initially, or
when the user brings a window into the foreground.

Ifa window or dialogboxis activeandis clicked on again, the activated event is not
triggered again.

When a window or dialogboxis opened, the OPEN event is triggered before the
ACTIVATE event.

DEACTIVATE GUI Event

The DEACTIVATE event is triggered whenever a window or dialogboxis deactivated or

closed. This may occur due to activatinganother application window, closing a window,
or dismissinga dialog box.

When a window or dialogboxis closed, the DEACTIVATE event is triggered before the
CLOSE event.

CHANGED GUI Event

The CHANGED event is triggered when a user's actions causedata inthe import view to
change.

The CHANGED event is triggered for the followingactions:
m  Tabbingoff an entry field after editingit

m  Clickingonanunselected radio button or check box

m  Selecting a different item from a drop-down list

m  Clickingonanunselected rowina listbox

The event handler runs after the import view has been updated with new data.
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The CHANGED event is provided to allowactions such as validation of fields as they are
entered and population of other fields as a resultof changinga field. The user expects
instant(or, nearlyinstant) responsetime when they tab. Processingin changed events
should meet this expectation.

Before any logicis codedin-linein the event handler, you should ask, “Can this logic be
reused?” Ifthe answer is yes, then you should constructanaction block to contain the
logic.

The next samplecode shows validatinga department if the key is changedina dialog
box.

Read a Record if the Key is Changed

394-  --- EVENT ACTION department number changed

395- | MOVE input department TO output department

396- | --- READ department

397- | | WHERE DESIRED department number IS EQUAL TO input department
398- | | number

399- | |--- WHEN successful

400- | | EXIT STATE IS dept already set

401- | |--- WHEN not found

402- | ---

403-  ---

GAIN FOCUS GUI Event

The GAIN FOCUS event is triggered whenever a control receives the input focus. This
typically occurs when the user clicks or tabs onto a control, although itmay be triggered
for other reasons, such as window initialization and autotab.

Ifa control already has the inputfocus and is clicked onagain, the GAIN FOCUS event is
not triggered again.

LOSE FOCUS GUI Event

The LOSE FOCUS event is triggered whenever a control loses the inputfocus.

Ifthe inputfocus is beingtransferred from one control to another, the LOSE FOCUS
event for the control being left is queued before the GAIN FOCUS event of the control
being entered.

The priorities of the GAIN or LOSE FOCUS events relate to existingevents inthe
following way.

Changed > Lose Focus > Gain Focus > Click
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CLICK and DOUBLE-CLICK GUI Events

These events are triggered when the user clicks theleft mouse button on a standardlist
box, listbox field (one column of a standard listbox), bitmap, or icon.

The click continues to have the display effectitnormally does. It causes a row of a list
box to be selected or unselected.

The event handler runs after the click has been processed by the control.The event
handler may use one of the following statements:

Get Row Clicked
Get Row Highlighted

Some applicationsusea single CLICK event to invoke processingonarowina listand
others use the DOUBLE-CLICK event.
For Example:

m  Given a listof customers, the user clicks onceon a row, and the selected customer's
details aredisplayedinthe detail area of the same window.

m  To invokea dialogbox containing customer details, the user double-clicksona row
inthe list.

Inthese cases, onlyone event is associated with clickingon a rowin the list.

If both a clickand double-click areassociated with the same list, then both events are
performed. This can be counter-intuitive and confusing.

You should come up with a consistentapproach throughout the applicationonwhata
singleclickwill do and whata double-click will do.The best approach would be to use
only one event throughout the application. Ifthis is notpossible, then at leastavoid

usingboth types of events for the samelistifitwill producecounter-intuitiveresults.

SCROLL TOP and SCROLL BOTTOM GUI Events

A searchis performed on a listwindowto limitthe number of rows returned from the
database, however sometimes the number of rows returned exceeds the cardinality of
the group view.

The SCROLL TOP and SCROLL BOTTOM events allow processingto retrieve the next
group of data in either direction.

When the SCROLL TOP EVENT is triggered, the followingactions occur:

m  Scrollindicatoris moved to the top of the scroll bar.

m  Up arrowkey is pressed.

m  Firstrowinthe group view is displayed.
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When the SCROLL BOTTOM event is triggered, the followingactions occur:
m  Scrollindicatoris moved bottom of the scrollbar.
m  Down arrowkey is pressed.

m  lastrowinthe group view is displayed.

For example, the user requests all the customers with addresses in Californiabesorted
by lastname. There are 15,042 customers in California.

The group view containing the customers has a cardinality of 500.

After the user scrollsthroughthe first 500 customers,a SCROLL BOTTOM event is
triggered to retrieve the next 500 customers inlastname order.

Ifthe user wants to scroll back up to the first500 customers, they move the scroll
indicator to the top of the scroll bar. The SCROLL TOP event is triggered, and the
previous 500 customers areretrieved inlastname order.

Note: If new customers were added inthe first500 group, the firstrecordis not
displayedinthe previous group of 500 customers.

The user is not ableto look at the lastwindow of data by moving the scroll indicator to
the bottom of the scroll bar sincethis action triggers the SCROLL BOTTOM event (the
same s true for the SCROLL TOP event). Even usingthe up and down arrow keys, the
user may trigger a SCROLL TOP or SCROLL BOTTOM event unintentionally.

There are three scrollingalternatives:

m  Retrieve only halfof the number of records that areallowedina list. This is the
recommended alternative.

For example, if the group view has a cardinality of 500, have the scroll bottom event
retrieve the next 250 and append them to the previous 250, displayingthe lastrow
before the fetch at the top of the listwindow.

This lets the user stayinthe context of where they are workinginthe list. When
they scroll to the bottom of the list, the next group is retrieved and appended to
the firstgroup. Then the scroll indicator bounces fromthe bottom to the middle of
the scroll bar.

Ifthe user wants to scroll backwardsfromthis point, the query does not have to be
re-executed until the user scrollsto the top of the previous 250 records. If that
happened, a Scroll Top event is triggered to retrieve the previous 250 records. The
scroll indicator moves to the middle of the scroll bar,and the firstrow before the
fetch is displayed atthe top of the window.
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User-Defined Events

Provide More buttons ineach direction, one for previous group and another for
next group. The More buttons are enabled as longas data exists in either direction
outsidethe current group view of the data.

The SCROLL TOP and SCROLL BOTTOM events are not used, except perhaps to
enable the More buttons ifthere is more data.

Ifthe user scrollstothe bottom of the list,and there is more data, the More button
is enabled. When the user selects the button, the next group or halfgroup of data is
retrieved.

Implement either of the previous alternatives without SCROLL TOP.

SCROLL BOTTOM is used alongwith refresh to populate the firstgroup view of the
list.

This avoids dealing with the complexity of SCROLL TOP processing.

User-defined events areuseful when common logicis needed for several event
handlers,and/or GUI statements are needed inthe common logic.

A user-defined event shares views with the Procedure Action Diagramthat contains the
event.

The event USEs an external action block named TIREVENT, which must be added to the
model. TIREVENT must have animport view of command, which will receivethe name
specified as the event type in CA Gen. This action block does not have to be generated.

Associatethe event with the window or primary dialogboxsothatitcanbesharedand
not duplicated within the procedure.

An example of how to specify the event type and action name fora window is shownin
the next samplecode.
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Specify a User-Defined Event

Window Accounting
Define Event
Even Type Action Name Command
makeacct ACCOUNTING MAKEACCT
READEACH ACCOUNT READ EACH
The next sample code shows a user-defined event that performs common logic and c
ontains a GUI statement.
| --- EVENT ACTION accounts pb list click
[ | SET LAST OF export _account TO 0
| | SET local ief supplied command to READEACH
[ [ USE tirevent
[ --- WHIH IMPORTS: Work Viewlocal ief supplied
I

--- EVENT ACTION account read each
--- READ EACH account
SORTED BY ASCENDING account number
WHERE DESIRED account number IS GREATER OR EQUAL TO
input_account number
ADD EMPTY ROW TO export account AFTER LAST OF export account
SET SUBSCRIPT OF export account TO LAST OF export account
MOVE account TO export line account
--- IF LAST OF export account IS EQUAL TO MAX OF export account
--- ESCAPE

--- SET output_account type TO "E"

To trigger the user-defined event, the event type READEACH is passedto TIREVENT.

The event is executed when the current event handler or procedure logicis complete.

Ifa singleevent handler triggers multipleuser-defined events, they areplacedina
first-in first-out (FIFO) queue and executed inturn when the original logic completes
execution.

GUI Presentation Actions

You canusethese GUI statements inan actiondiagramcontrol toopen andclosedialog
boxes and manipulatefields:

= OPEN
= CLOSE

m  DISABLE and ENABLE
m  MARK and UNMARK

m  REFRESH

These statements can be placedonlyinProcedure Action Diagrams or event handlers.
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OPEN Statement

The OPEN statement causes the referenced dialogbox withinthe current procedure to
be opened after execution of the procedure or event handler.

Flows must be used to initiate opening windows or dialogboxes in other procedures.
OPEN is useful ifadditional processingis needed before a dialogboxis displayed.

OPEN statements are not executed when they are encountered inthe actionlanguage.
They are placedina FIFO queue. The dialogboxes are opened once the procedure or
event handler completes execution.

The lastdialogbox opened gains the focus. Focus represents the partof the user
interface that will receive the next piece of input if no navigation occurs beforethe
inputis generated.

If you areusingthe MAKE actionto positionthe cursortoa fieldinanother dialogbox,
you must consider when the dialogboxis to open. If the MAKE action comes after
OPEN, the MAKE will haveno effect. This is becausethe opened dialogbox obtains focus
(control), which negating the MAKE action.

If multiple OPENs areexecuted for the same dialogbox duringan execution of a
procedure or event handler, that dialogbox will beopened only once. Subsequent
executions of a procedure or event handler fora modal dialogbox will notallow the box
to be open multipletimes.

A modal dialogbox requires the user to respond to the dialogbefore continuingwork in
the application.

A modeless dialogbox lets the user leave the dialogand continue working with other
dialogs intheapplication.

--- EVENT ACTION accounts pb sort click

| USE account_metadata

| WHICH EXPORTS:  Group View export sort from
Work View output sort metadata

--- OPEN Dialog Box sort

Inthis example, dataloadsinalocalviewwhen the user clicksa push button. This is
needed before the sort or filter dialogboxis opened.
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Conditional OPEN

CLOSE Statement

--- EVENT ACTION joumal entries pb balance click
[ --- IF export variance ief supplied total currency IS EQUAL TO 0
[ ] OPEN Dialog Box in_balance

| |--- ELSE

[ | OPEN Dialog Box balance

| [

In this example, a condition governs which of two dialogboxes is displayed.

The CLOSE statement canact on both the primary window/dialogbox or a secondary
dialogbox.

CLOSE pertains to only windows or dialog boxes inthe current procedure.

A CLOSE statement cannotbe executed atthe sametime as an OPEN for a dialogbox. If
the window is not open, no runtime error occurs.

A CLOSE for a window or dialogbox can be contained inthe OPEN event.
Ifthe primarywindowor dialogboxis closed, all secondary dialogboxes areclosed.

Control returns to the lastactivewindow of the procedure thatinvoked the closed
procedure. Ifthe closed step was the first procedure, then control returns to the
operating system.

CLOSE statements are not executed when they are encountered inthe actionlanguage.
They are placedina FIFO queue. CLOSE statements areexecuted when the procedure or
event handler completes execution.

In CA Gen, no relationship between secondarydialogboxes is maintained.Itis the
procedure's responsibility to close subordinate boxes if the procedure's structure has
established a relationship between secondary dialogboxes.
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The followingillustration shows how the procedure establishes this relati onship.
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Inthe illustration, thelournal Entries dialogbox is the primary dialogbox. Each of the
three other dialogboxes is dependent on it.

One of the two smaller dialog boxes is displayed when the balance push button is
clicked on the Journal Entries dialog box. A green one is displayed if debits and credits

areequal;a red one ifthey are not.

The third dependent dialogboxis displayed whenthe Postpush button is selected, and
debits do not equal credits.

Whenever Journal Entries arediscontinued, all four dialogboxes areclosed.

The logic shown inthe code inthe next section closes the journal entries box. Therefore,
the related boxes must be closed also.
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CLOSE Statement for Logically Related Boxes

--- EVENT ACTION joumal pb exit and clear click
[ SET LAST OF export _journal TO 0

| CLOSE Dialog Box joumal posting

| CLOSE Dialog Box in_balance

[ CLOSE Dialog Box balance

--- CLOSE Dialog Box joumal entries

Note: Be careful of CLOSE events that use CLOSE actions triggering other CLOSE events.
They may causeloops and unexpected results.

The code shown in next section demonstrates how a CLOSE can be used to closea
window or dialogboxifanerror occurs.

CLOSE Statement for Errors

-- EVENT ACTION journmal entries open
--- READ period
| WHERE DESIRED period status IS EQUAL TO "A"
| --- WHEN successful
| MOVE period TO output period period
| SET export status period ief supplied sort string TO
| substr (textnum(period month), 14, 2)
| SET export status period ief supplied sort string TO
| concat (trim(export status period ief supplied sort string),"/")
| SET export status period ief supplied sort string TO
| concat(trim(export status period ief supplied sort string),
| substr (textnum(period year), 12,4))
| --- WHEN not found
| EXIT STATE IS no active period
--- CLOSE Dialog Box journal entries

This example also uses the status bar to displayinformation aboutthe accounting
period to whichjournal entries are being posted.

Other uses of the CLOSE statement are listed next:

m  Closingadialogboxonlyifanoperationis successful.

m  Closingadialogboxduringan OPEN event ifa highlighted row was expected, and
no row is highlighted.

DISABLE and ENABLE Statements

The DISABLE statement causes a menu item or push button to be disabled, which means
it cannotbe clicked on.The menu item or push button is disabled until its commandis
enabled usingthe Enable statement or the window/dialogboxis closed.
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CA Gen allows menu items and push buttons to be disabled. This feature should be used
when possibletosimplify procedurelogic. However, when program control is desired,
use the Disablecommand instead. The next section shows an example.

DISABLE Statement for a Push Button

--- IF export credit ief supplied total currency IS EQUAL TO
| export debit ief supplied total currency

| --- ENABLE COMMAND post

| ELSE

--- DISABLE COMMAND post

When usingthe CA Gen disabling featurebuiltinto menu items and push buttons,
enablingis automatic. Menu items and push buttons are enabled when the disabling
conditions arenot met.

When DISABLE is used, the affected selection must be later enabled through action
logic,ifthe selectionis ever to be used.

Disablecanalso beused with modeless windows or dialogboxes to prevent users from
inadvertently opening multipledialogboxes atone time. For example, there are
separatemodeless boxes for add, change, and delete. When the user selects one of the
push buttons, the other two aredisabled.

Take carewhen disabling selections. With the emergence of the GUI, the traditional
approach of letting the user type inall the data and then validatingis replaced with
disallowing certain controls and fields depending on which field the user entered data.
Data validation went from reactive to preventive. It sounds likea good idea to disable
the OK button until all therequired datais filledin,andall thesubordinatedialogboxes
have been visited and their data has been filledinas well.Butit turns out itis notsucha
good idea if there are several required and optional fields, several combinations of
required fields, or required subordinatedialogboxes. A user can become frustrated
trying to figure out what needs to be done before the OK button becomes enabled.

You should analyzeeachsituation for the best approach to this issue. These are
alternatives to consider:

m  Change the color ofthe required fields and then disablethe OK button until they
areallfilled.

m  Users may be very familiar with the system and therefore knowing whatis required
isnotanissue.Inthis case, it makes senseto disablethe OK button.

m  Havethe system tell the user what is missingwhen they click the OK button.

m  Thisapproachis good forinfrequent users.
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m  Thisapproachdoes not have processingissues sincethevalidation logic will
probablyresideinthe clientprocedure.

m  The disadvantageofthis approachis the duplication of validation logic, which is also
inthe server procedure.

MARK and UNMARK Statements

A MARK statement immediately causes menu items that reference the command to
displaya check mark.

An UNMARK statement causes the check mark to be removed.

Only menu items placed on the windows/dialogboxes of the current procedure are
affected by MARK and UNMARK statements. Push buttons that use the same commands
are not affected.

MARK and UNMARK can be used to show what options havebeen specified fora
window or dialogbox. You can see this inthe CA Gen Options drop-down menu where
singleor multipleadds for an object can be specified. You canalso usethese statements
inany application thatadds occurrences of entity types.

The next samplecode shows examples of the use of these statements.

--- EVENT ACTION collections mi single add click
[ SET local add option ief supplied command TO COMMAND
[ --- IF COMMAND IS EQUAL TO singel
| | MARK COMMAND multiple
| |--- ELSE
| | MAKE COMMAND multiple
| --- UNMARK COMMAND single

REFRESH Statement

The REFRESH statement immediately causes all fields of all windows or dialog boxes of
the current procedure to be updated with their export view values.

REFRESH canbe used to provide status information to users duringa long-running
procedure. To serve this function, the REFRESH statement must be placed within the
repeating logic thatis causing the time delay.
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The next samplecode shows how this is done.

--- EVENT ACTION click update progress indicator

[ SET export work fields temp text 25 TO SPACES

| --- FOR local number control FROM 1 TO 24 BY 1

| --- SET export work fields temp text 25 TO

| | concat(trim(export work fields temp text 25), )
| | REFRESH

[ | FOR local count work fields rep nbr FROM 1 to 5000 BY 1
I

I

CLOSE Dialog Box modify shipment
--- OPEN?

As processing progresses, this logic extends a bar by appendinga solid box to the bar
every time a counter reaches 500,000.

Group View Manipulation

You canusethese GUI statements inactiondiagramcontrol for manipulatinggroup
views:

m SORT

m  FILTER and UNFILTER

m  ADD EMPTY ROW

= REMOVE ROW FROM

m  HIGHLIGHT and UNHIGHLIGHT

m  GET ROW HIGHLIGHTED

m  GET ROW CLOCKED

= DISPLAY

m  GET ROW VISIBLE

The same functionality is available for explicitly and implicitly indexed group views. The
techniques employed are sometimes different, depending on the action. Explicitly
indexed group views areused more inclientprocedures than implicitly indexed views .
The examples for these statements useonly explicitlyindexed group views.
Restrictions on using the group view manipulation statements:

m  These statements canonlybe placedinprocedure action diagrams or event
handlers.

m  SORT, FILTER, UNFILTER, ADD EMPTY ROW, and REMOVE ROW from areonly for
export, local, or exportableimport that includes a selection character.
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SORT Statement

This statement sorts an updateablerepeating group view based on a sortargument.

The sort argument consists of parameters made up of operators of the formn d. n is the
sequence number of the attribute inthe group view. The disanA forascendinganda D
for descending.

SORT Statement with a Character String

The next samplecode illustrates the use of a character stringto sorta group view on

one field.

15- --- EVENT ACTION accounts pb_new click

16- | --- CREATE account

17- | | SET Description TO input account description

18- | | SET type TO input account type

19- | | SET number TO input account number

20- | | --- WHEN successful

21- | | --- IF LAST OF export account IS EQUAL TO MAX OF export account
22- | | SET SUBSCRIPT OF export_account TO LAST OF export account
23- | | | --- IF input account number IS GREATER THAN export line
24- | | | | account_number

25- | | | | EXIT STATE IS account out of list box

26- | | | |---ELSE

27- | | | MOVE input account TO export line account

28- | | | --- SORT export_account BY 4A

29- | | |

30- | | |--- ELSE

31- | | | SET SUBSCRIPT OF export _account TO LAST OF export account +1
32- | | | MOVE input account TO export line account

33- | | --- SORT export account BY 4A

34- |

35- | |--- WHEN already exists

36- | | MAKE output account number Unprotected Normal Intensity Normal
37- | | Color containing Cursor

38- | | EXIT STATE IS account already exists

39- | | WHEN permitted value violation

40- | --- EXIT STATE IS account invalid permitted values

41- |

42- | GET ROW HIGHLIGHTED IN export_account STARTING AT 1 GIVING
43- | SUBSCRIPT OF export_account

44- | --- IF SUBSCRIPT OF export account IS GREATER THAN 0

45- | | MOVE export line account TO output account

46- | |--- ELSE

47 - | | MOVE local account blank account TO output account

48- | --- SET output account type TO E

49- |

50-
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Load SORT Data

Inlines 27 and 32, the group view containingaccounts issorted ascending on the fourth
fieldin the view, whichis accountnumber.

This example alsoshows howa new entity can be added to the bottom of a group view
(ifitis within the range contained inthe group view). This logicis containedin the
nested IFstatements inlines 21 through 33. The group is then sorted to put the listback
insequence.

Another method of putting lists backinsequenceis to use the ADD EMPTY ROW
statement. For more information, see ADD EMPTY ROW Statement.

Always use a local character view for the sort argument character expression. Assignita
valueinone placefor ease of maintenance. Additionally, if planscallfor the sort
sequence to be user-defined, you must use a variable.

The next samplecode shows one way to set up user definablesort sequences. The next
samplecode shows one way to set up user definablesort sequences.

--- ACCOUNT METADATA
IMPORTS:
EXPORTS:
LOCALS:

ENTITY ACTIONS:

SET output_entity metadata entity type TO ACCOUNT

SET SUBSCRIPT OF export sort from TO 0

SET SUBSCRIPT OF export sort from TO SUBSCRIPT OF
export_sort from + 1

SET export_sort from line metadata name TO Account

SET export_sort from line metadata length TO 4

SET export sort from line metadata number TO 04

SET export _sort from line metadata type TO N

SET SUBSCRIPT OF export sort from TO SUBSCRIPT OF
export_sort from +1

SET export sort from line metadata name TO Description

SET export sort from line metadata length TO 25

SET export sort from line metadata number TO 02

SET export sort from line metadata type TO T

SET SUBSCRIPT OF export sort from TO SUBSCRIPT OF
export _sort from +1

SET export sort from line metadata name TO Type

SET export sort from line metadata length TO 1

SET export sort from line metadata number TO 03

--- SET export_sort from line metadata type TO T

The samplecode shows the loading of data containingeach attribute's name, length,
sequence number, and domaininthe view.
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The attribute names are displayed on a dialogbox. The user then selects the attributes
inthe preferred sort order. As the fields areselected, they aredisplayedinthe selected
fields listbox.

Radio buttons on the dialogbox are used to specify ascendingor descendingsort, as
shown in the followingillustration.

Sort
Selected Figlds
=
FAuailable Fields
Focount I:l
Dezcription
Type e
i
2 Ascending 2 Descending

The next samplecode illustrates the entire sort operation's logic.
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User Defined SORT Sequence

--- EVENT ACTION sort open
| SET LAST OF export sort to TO O
--- SET output sort metadata ascend descent TO “A”

--- EVENT ACTION sort 1b export sort doubleclick
| GET ROW HIGHLIGHTED IN export sort from STARTING AT 1 GIVING SUB SCRIPT OF
[ export sort from

[ SET SUBSCRIPT OF export sort to TO LAST OF export sort to + 1

[ MOVE export sort from line metadata TO export sort to line metad ata

[ SET export sort to line metadata ascend descend TO input sort metadata

[ ascend descend
|

|

I

I

I

--- IF input_sort metadata ascend descend IS EQUAL TO “D”
|
--- SET export_sort to line metadata name TO
concat (trim(export sort to line metadata name), “(D)”)

--- EVENT ACTION sort pb sort click
SET local sort _argument ief supplied sort string TO SPACES
--- FOR SUBSCRIPT OF export sort to FROM 1 TO LAST OF export s ort to BY:
| SET local sort _argument ief supplied sort string TO
| concat (trim(local sort argument ief supplied sort string),
| concat (“ “, concat(export sort to line metadata number,
concat (“ “, export sort to line metadata ascend descent))) )

--- IF local sort argument ief supplied sort string IS GREATER THAN SPACES

| --- CASE OF output sort metadata entity type

[ | --- CASE “ACCOUNT”

| | --- SORT export account BY local sort argument ief supplied sort string
| --- OTHERWISE

I
I
I
I
I
I
I
I
I
I
I
I
I -
--- CLOSE Dialog Box sort

The samplecode shows four event handlers:

m  The event handleraccounts_pb_sort_clickcallstheaction block described inthe
samplecode in Load SORT Data section to load the sortoptions into the export
view.

m Itthen opens the Sort dialogbox, which triggers the next event, sort_open.
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m  The event handlersort_open initializes thesubscript of the fields the user will
request as their sort preference and sets the default sort mode to ascending. The
user specifies sort preferences by double-clickingon the availablefields.
Double-clicking triggers theevent handler sort_Ib_export_sort_doubleclick.

The event handlersort_Ib_export_sort_doubleclick moves the availablefield to
selected fields listbox. This shows the user the sortsequence that is being
constructed.

The lastevent handleris triggered when the user clicks onthe sortpush button in
the sort dialogbox.

It builds thesort argument character expression. The expression would be
constructed as “3 A 4 A” ifthe preferred sortsequence was accounttype (the third
fieldinthe view) and accountnumber (the fourth field in the view).

m  This event handler then sorts the view.

When building user-defined sort preferences, providelogicinthe actiondiagramthat
allows a user to “undo” a selection.

SORT and FILTER each work on group views, not on a database. Thus, the occurrences
thatare being sorted or filtered may only be a subsetof the data that should be sorted
or filtered. It may not be possiblefor all the data to be returned to the group view.

The group view should be largeenough to handleall occurrences thatareto be sorted
or filtered. This can be done for entity types whose number is small (usually low
thousands atmost) or by pre-filteringthe occurrences that are to be sorted/filtered as
they areread. Therefore, the SORT or FILTER statements will notalways be used when
sortand filter type logicis needed.

FILTER and UNFILTER Statements

The FILTER statement filters an updateable repeating group view to showonly those
occurrences of the view that match a filter character expression. The occurrences that
are not shown remainin the group view and can be redisplayed by using the UNFILTER
statement

The filter-character-expression contains an attribute, an operator (=, >, < andso forth),
anda value.

Attribute expressions can be strung together by using and and or operators.

For example, a filter to extract accounts in ZIP Code 75208 with a balance of over
$10,000 canbe expressed as:

zipcode = 75208 and balance > 10000”
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As recommended for the SORT statement, the filter character expressionshould bea
character view for ease of maintenance and flexibility.

A dialogbox canbe used to constructthe filter expression,as showninthe following
illustration.

; walue
attributes operatars andfar

e
e e g~
41O
4 O]F

EREES S S8 S e e i

Fiy

The four boxes atthe top of the dialogbox (attributes, operators,value, and and/or) are
the components of the filter expression. The user selects from these options.

The field on the bottom of the dialogbox shows the FILTER expressionasitis being
constructed. The user undoes by double-clicking the filter expression linethatis being

constructed inthe listbox at the bottom of the FILTER dialogbox.

The next samplecode shows the useof the FILTER statement.
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FILTER Statement for a Group View

--- EVENT ACTION filter ok
CLOSE Dialog Box filter 0O
CLOSE Dialog Box filter
SET local filter big ief supplied filter big field TO SPACES

--- FOR SUBSCRIPT OF export selected filter FROM 1 TO LAST OF
export selected filter BY 1
--- IF subscript of export selected filter IS EQUAL TO 1
| SET local filter big ief supplied filter big field TO
| concat (trim(local filter big ief supplied
| filter big field),
| export _line selected filter ief supplied
| filter input statement)
|
|
I
I

SET local filter big ief supplied filter big field TO
concat (trim(local filter big ief supplied filter big field),
concat (“ “,export line selected filter ief supplied
--- filter input statement)

--- CASE OF output meta entity ief supplied meta entity name
|--- CASE “JOURNAL"

| FILTER export je BY local filter big ief supplied

| filter big field),

|--- CASE “ACCOUNT”

| FILTER export account BY local filter big ief supplied

| filter big field),

|--- CASE “DEPT”

[ FILTER export department BY local filter big ief supplied
[ filter big field),

--- OTHERWISE

It uses data similartothat described for the SORT statement to populate the dialogbox
shown inthe illustrationin FILTER and UNFILTER Statements.

The logicinthe FOR loop constructs the filter expression from the options specifiedin
the FILTER dialogbox.

The CASE logic filters theapplicablegroup view.

After a group view is filtered, itmust be unfiltered to displayallgroup view occurrences.
This is shown inthe next samplecode.
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UNFILTER Statement for a Group View
--- EVENT ACTION account unfilter

I
--- UNFILTER export_account

ADD EMPTY ROW Statement

This statement inserts a blankrowinto an updateable repeating group. The empty row
canthen be filled with data.

The empty row may be added BEFORE or AFTER the current index if the index
expressionis omitted.

An index expression may be specified for explicitly indexed group views. There is no
need to refresh the listor to have complex expansionlogicintheaction diagram.
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The next samplecode shows addingan empty row and subsequentlyfillingit.

--- EVENT ACTION account double click
GET ROW CLICKED IN export_account STARTING AT 1 GIVING SUBSCRIPT
OF export_account

--- EXIT STATE IS aok
--- FOR SUBSCRIPT OF export budget FROM 1 TO LAST OF export budget BY 1

| account number

I
I
| --- IF export line budget account number IS EQUAL TO export line
I
| --- EXIT STAT IS duplicate accounts

--- IF EXIT STATE IS EQUAL TO aok

--- FOR SUBSCRIPT OF export budget FROM 1 TO LAST OF
export_budget BY 1

--- IF export line budget account number IS GREATER THAN

| export _line account number

| ADD EMPTY ROW TO export_budget BEFORE SU BSCRIPT OF

| export_budget

| MOVE export line account TO export line budget account
--- ESCAPE

--- IF LAST OF export budget IS EQUAL TO 1
| ADD EMPTY ROW TO export budget AFTER 0

| SET SUBSCRIPT OF export budget TO 1

|--- ELSE

| ADD EMPTY ROW TO export budget BEFORE LAST OF export budget

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| --- SET SUBSCRIPT OF export budget TO LAST OF expo rt budget - 1
I

--- MOVE export line account TO export line budget account

The logic operates on two group views that contain the accountentity type. The first
view contains a listof all accounts. The second view contains the list of accounts for
which budgets exist.

The user double-clicksonanaccountfrom the firstview to selectit for inclusionin the
second view.

Duplicates arenot allowed and are checked in the first FORloop.

The remainder of the logic places theaccount number selected into account number
sequence inthe second view.
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REMOVE ROW FROM Statement

This statement removes a row from an updateable repeating group view.

For explicitlyindexed group views, an AT INDEX expression appears when the statement
is constructed.

Ifan entity is deleted from a listand removed from the database, there is noneed to
refresh the listor to have complex compressionlogicintheactiondiagram.

The next samplecode illustrates the use of the REMOVE ROW FROM statement.

REMOVE with DELETE Action

--- EVENT ACTION delete department pd delete click
GET ROW HIGHLIGHTED IN export department STARTING AT 1
GIVING SUBSCRIPT OF export department

--- IF SUBSCRIPT OF export department IS GREATER THAN 0

--- READ department
WHERE DESIRED department number IS EQUAL TO
input_department department number
--- WHEN successful
REMOVE ROW FROM export department AT SUBSCRIPT OF
export department
DELETE department
--- WHEN not found

I
I
I
I
I
I
I
| EXIT STATE IS department not found WITH ROLLBACK

The samplecode shows the deletion of a department entity from the databaseandthe
updating of the group view through a refreshing READ.

Another example using REMOVE is shown inthe next samplecode.

REMOVE from Sort String

--- EVENT ACTION so b export sort to doubleclick

[ GET ROW HIGHLIGHTED IN export sort to STARTING AT 1 GIVING

[ SUBSCRIPT OF export sort to

--- REMOVE ROW FROM export sort to AT SUBSCRIPT OF export sort to

Inthe samplecode, the REMOVE action removes a sort optionifa user double-clicks on
itsrowinalistbox.
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HIGHLIGHT and UNHIGHLIGHT Statements

The HIGHLIGHT and UNHIGHLIGHT statements highlightor unhighlighta given row of an
export repeating group view.

For explicitlyindexed fields,an AT index expressionis used to specify the row in the
group view to be highlighted.

Although a clicked fieldis highlighted by the system, itis sometimes useful to highlighta
field under system control.

Inthe next samplecode, highlightis used to show a default. In this case,itis the default
sortorder for a list of accounts.

HIGHLIGHT Statement to Show Default

--- EVENT ACTION accounts pb sort click

| USE account metadata

| WHICH EXPORTS: Group View export sort from

| Work View output sort metadata
| HIGHLIGHT export sort from AT 2

--- OPEN Dialog Box Sort

The next samplecode shows the data for sortingaccounts was loaded.
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HIGHLIGHT Statement for the Last Entity Added

--- EVENT ACTION accounts pb new click
--- CREATE account
SET description TO input account description
SET type TO input account type
SET number TO input account number
--- WHEN successful
IF LAST OF export account IS EQUAL TO MAX OF export account
--- SET SUBSCRIPT OF export account TO LAST OF export account
IF input account number IS GREATER THAN export line
account number
EXIT STATE IS account out of list box

MOVE input account TO export line account
HIGHLIGHT export account AT SUBSCRIPT of export account
MOVE input account TO output account

--- SORT export_account BY 4A

I

I I

I I

I ---
I I

I I

I I

I I

I I

I I

I I

I I

I |

I |

I |

I |

| | SET SUBSCRIPT OF export account TO LAST OF export account + 1

| | MOVE input account TO export line account

| | HIGHLIGHT export account AT SUBSCRIPT of export account

| | MOVE input account TO output account

| | --- SORT export_account BY 4A

| |--- WHEN already exist

| | MAKE output account number Unprotected Normal Intensity

[ | Normal Color Containing Cursor

[ | --- EXIT STATE IS account already exists

[ | WHEN permitted value violation

[ --- EXIT STATE IS account invalid permitted values

Inthe samplecode, the accountdescription was the second row in the availablefields
list. That row is highlighted as the defaultsort sequence. To selectthis sequence, the
user presses Return when the sortdialogbox pops up.

The next samplecode illustrates highlightingthelastaccountadded to a list.
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UNHIGHLIGHT Statement for a Changded Entity

--- EVENT ACTION change department pb ok click
MOVE input department department TO output department department
GET ROW HIGHLIGHTED IN export department STARTING AT 1 GIVING
SUBSCRIPT OF export department
--- IF SUBSCRIPT OF export department IS GREATER THAN 0
--- READ department
WHERE DESIRED department number IS EQUAL TO
input department department number
--- WHEN successful
--- UPDATE department
| SET manager TO input department department manager
| SET description TO input department department description
| --- WHEN successful
| MOVE input department department TO
| export_department line department
| CLOSE Dialog Box change department
| UNHIGHLIGHT export department AT SUBSCRIPT OF
| export_department
| --- WHEN not unique
| EXIT STATE IS system error
| --- WHEN permitted value violation
| EXIT STATE IS dept invalid permitted values
--- WHEN not found
EXIT STATE IS department not found WITH ROLLBA CK

The samplecode shows the removal of the highlightfrom a listbox after the highlighted
row has been changed. Thisis particularlyimportantifthe system allows multiplerows
to be highlighted, each being processed in some defined sequence.

This was done to let the user easily changean entry justmade. Inaddition to being
highlighted, the accountis added to the export view used to change accounts.

The user does not have to clickonafield if the defaulthighlighted is their choice.

GET ROW HIGHLIGHTED Statement

A GET ROW HIGHLIGHTED statement determines the index of the firsthighlighted row
of an explicitlyindexed repeating group view starting from a specified position.

A row can be highlighted by the user selectingit, or by usingthe HIGHLIGHT statement.

A conditional statement may be used to test whether an implicitly indexed repeating
group view is highlighted or not.
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The next samplecode illustrates the use of this statement.

--- EVENT ACTION accounts 1b export account click

GET ROW HIGHLIGHTED IN export account STARTING AT 1 G IVING

SUBSCRIPT OF export account

SET local ief supplied subscript TO SUBSCRIPT OF export account
--- IF SUBSCRIPT OF export account IS GREATER THAN 0

MOVE export line account TO output account

ELSE

MOVE local account blank account TO output account

SET output account type TO “E”
--- EXIT STATE IS nothing selected

The logicinthe samplecode finds the firstaccount highlighted and puts it into the single
occurrence export view so that it can be changed. The row must be unhighlightedin the
change logic,and the next highlighted row, if any,is putinto the singleoccurrence
export view.

If multiplerows are selected and need to be processedinthe order in which they
appearinthe list,then GET ROW HIGHLIGHTED should be used (it works with both click
and double-click).

If processing should occur as rows areclicked, then the next statement, GET ROW
CLICKED should be used instead.

GET ROW CLICKED Statement

A GET ROW CLICKED statement can be used inthe event handler associated with a click
event to determine which element of anexplicitlyindexed repeating group was
selected. This statement is used ina similarmanner to GET ROW HIGHLIGHTED.

A conditional statement may be used to test whether an implicitly indexed repeating
group view is clicked or not.

The next samplecode illustrates the use of this statement.
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GET ROW CLICKED to Find a Row

--- EVENT ACTION account double click
GET ROW CLICKED IN export account STARTING AT 1 GIVIN G SUBSCRIPT
OF export_account
--- EXIT STATE IS aok
| FOR SUBSCRIPT OF export budget FROM 1 TO LAST OF e xport budget BY 1
| --- IF export line budget account number IS EQUAL TO
| | export line account number
| --- EXIT STATE IS duplicate accounts

--- IF EXIT STATE IS EQUAL TO aok
--- FOR SUBSCRIPT OF export budget FROM 1 TO LAST OF
export _budget BY 1
--- IF export_line budget account number IS GREATER THAN
export_ account number
ADD EMPTY ROW TO export_budget BEFORE SU BSCRIPT OF
export_budget
MOVE export line account TO export line budget account
--- ESCAPE

--- IF LAST OF export budget IS EQUAL TO 1

| ADD EMPTY ROW TO export budget AFTER 0

| SET SUBSCRIPT OF export budget TO 1

| --- ELSE

| ADD EMPTY ROW TO export budget BEFORE LAST OF export budget

--- SET SUBSCRIPT OF export budget TO LAST OF expo rt budget - 1
--- MOVE export line account TO export line budget account

Inthe samplecode, budgets can be added for each account. The accounts areselected
from an accounts list. This logicfinds theaccountthat was double-clicked and then
checks for a duplicate budget. If no duplicateis found, the accountis added to the
budget list.

The selection indicator for the repeating group view thatindicates whatrow is selected
changes when associated with the clicked event handler:

m |fthe rowisselected, itis setto +.

m  |fthe row was clicked but not selected, itis set to -.

Note: The selectionindicator remains an asterisk symbol (*) for non-event handler
procedure logic.

GET ROW HIGHLIGHTED is preferred to GET ROW CLICKED becausewith the latter, the
event handler logic mustcheck the indicatortosee ifthe row has been deselected and
should not be processed. With GET ROW HIGHLIGHTED, the mouse controls the
highlighting, and no checks arenecessaryto see ifa row has been unhighlighted.
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DISPLAY Statement

This statement places the referenced row of an export repeating group at the top of a
listbox:

m Ifthe viewis explicitlyindexed,anindex expressionis used.

m Ifthe viewis implicitlyindexed, the current row is displayed atthe top.
The next samplecode demonstrates the use of this statement.

Bring a Row to the Top with DISPLAY

--- EVENT ACTION account new ok
--- CREATE account
SET type TO input account type
SET description TO input account description
SET number TO input account number
WHEN successful

|

|

|

|---

I

| GET ROW HIGHLIGHTED IN export account STARTING AT 1 GIVING

| SUBSCRIPT OF export account

| --- IF SUBSCRIPT OF export account IS EQUAL TO O

| --- SET SUBSCRIPT OF export account TO LAST OF export account

| ADD EMPTY ROW TO export account AFTER SUBSCRIPT OF

| export_account

| SET SUBSCRIPT OF export account TO SUBSRIPT OF ex port account +1
| MOVE input account TO export line account

| HIGHLIGHT export account AT SUBSCRIPT OF export account

| DISPLAY export account WITH SUBSCRIPT OF export account ROW AT TOP
[ EXIT STATE IS enter new account

|--- WHEN already exists

| EXIT STATE IS system error_invalid account WITH ROLLBACK

|--- WHEN permitted value violation

| EXIT STATE IS system error invalid values WITH ROLLBACK

Inthe samplecode, as new accounts areadded, the lastoneadded is broughtto the top
of the listand highlighted. The next accountwill beadded to the listnext the accountat
the top, unless the user has highlighted another accountfor the new one to follow.

GET ROW VISIBLE Statement

The GET ROW VISIBLE statement can be used with a filtered group view to selecta
visiblerowinan explicitlyindexed repeating group view. The GET ROW VISIBLE
statement is a companionto the FILTER statement.
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This statement can be used to count the followingrows:

m  Number of rows visibleorinvisiblesothat the number of rows that were unfiltered
or filtered can be displayed.

m  Further process rows that were (not) filtered.

For example, the filter may have selected all accounts in ZIP Code 75208.

The next actionis toadd up all the balances for the selected ZIP Code. GET ROW VISIBLE
is usedto cyclethrough the filtered rows and add up the balances.

A conditional statement may be used to test whether an implicitlyindexed repeating
group view is visibleor not.

Implicitly Indexed Group Views

Withimplicitlyindexed group views, the subscriptis controlled using repetitivelogic,
such as READEACH.

Most group view statements can be used, but GET statements for HIGHLIGHTED, CLICK,
and VISIBLE are not availablefor implicitly indexed group views. In their placearetests
that can be made, suchas IS(NOT) HIGHLIGHTED.

ADD EMPTY ROW will add BEFORE, AFTER, or at the current subscript. REMOVE ROW
will remove the row at the current subscriptlocation. Highlightand UNHIGHLIGHT also
affect the row at the current subscriptlocation.

The DISPLAY statement uses the syntax WITH CURRENT ROW AT TOP.

Handle Repeating Groups

Each repeating group view is defined as either one of the following groups:
m  Implicitly subscripted

m  Explicitly subscripted

Implicit Subscripting

If a repeating group view is implicitly subscripted, CA Gen keeps track of position within
the group view, sothatno logicis needed to do this explicitly.

For example, when the FOR EACH actionis used, the CA Gen-generated procedure
automatically jumps to the next occurrence of the subjectrepeating group view of the
FOR EACH after each iteration.
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When the TARGETING clauseis used, the generate procedure automatically jumps to
the next occurrence of the targeted repeating group view after each iteration (if the
current occurrence is modified).

The following constructs supportimplicitsubscriptingand apply only toimplicitly
subscripted repeating group views:
m  FOREACH
m  Targeting clauseonthe actions:
- FOREACH
— READ EACH
- WHILE
- REPEAT
m  Conditionis:

- FULL

NOT FULL

EMPTY

NOT EMPTY

In most cases, implicitsubscriptingis sufficient for the handling of repeating group
views, particularly during analysis.

However, some cases existwhere the processingrequirement for repeating group views
exceeds the capabilities of implicitsubscripting. For example, itis impossibleto iterate
through two different repeating group views simultaneously usingthis technique.
Likewise, the procedure logic cannotreverse direction or select arbitrary occurrences
from the group. In cases where such processingis required, explicitsubscriptingis
helpful.

Explicit Subscripting

When explicitsubscriptingisused, the procedure logic mustensure that the proper
occurrence of the repeating group view is accessed atany given time. The current
occurrence is identified by its subscript.

The valueof a repeating group view's subscriptis a number that corresponds toits
positioninthe repeating view.
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For example, consider a circus applicationin which the names andrelativesizes of the
circus'selephants arestored in a repeating group view. It might look like this:

Elephant Name Size
DUMBO puny
HUMONGO large
KING FORTINBRAS THE BRAVE huge
LEON medium

Ifthe repeating group view's subscriptis setto 1, the occurrencefor DUMBO is current.
Ifitis setto 4, the occurrence for LEON is correct.

Subscriptvalues areset using the SUBSCRIPT option of the SET action.Each explicitly
indexed repeating group view has a singlesubscriptcalled SUBSCRIPT OF
repeating-group-view. Assumingthat the elephantlistis storedinthe repeating group
view Elephants, the followingaction points to the occurrence for KING FORTINBRAS THE
BRAVE:

SET SUBSCRIPT OF Elephants TO 3

When iteratingthrough an explicitly subscripted repeating group view, the procedure
logic mustincrement the subscriptexplicitly and test for the end of the group explicitly.

The example shown inthe next samplecode causes the size of each elephantinthe
repeating group view to be set to elephantine.

Explicit Subscripting Example

--- SET SUBSCRIPT OF elephants TO 1

SUBSCRIPT OF elephants IS LESS THAN OR EQUAL TO LAST OF elephants
SET elephant size TO “elephantine”
SET SUBSQRIPT OF elephants TO SUBSCRIPT OF elephants +1

In contrast, had the repeating group view Elephants been defined as implicitly
subscripted, the statement inthe next figure would accomplish thesame result.

Implicit Subscripting Example

--- FOR EACH elephants
[ SET elephant size TO elephantine

Note: Usingimplicitsubscripting eliminates theneed to initialize, maintain,and test the
subscriptvalue.
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Certainactiondiagramconstructs apply only to explicitly indexed repeating group
views:

m  FORaction
m  SUBSCRIPT OF repeating-group-view special attribute

m  LAST OF repeating-group-view special attributeidentifies the highest subscript
valuefor which a repeating group view occurrence exists.

m MAX OF repeating-group-view special attributeidentifies the maximum cardinality

of the repeating group view.

SUBSCRIPT OF, LAST OF, and MAX OF are used in numeric expressions

SUBSCRIPT OF and LAST OF can be the target of a SET statement.

How CA Gen Supports OLE

This discussionis notan attempt to teach you about OLE (object linkingand
embedding), but to describe how CA Gen supports OLE concepts.
CA Gen supports the following OLE concepts:

m  OLE automation
m  Embedding

m  OCXs (OLE custom controls)

Note: This information pertains to Microsoft Win32 platforms only.

CA Gen Control through OLE Automation

OLE automationis controllingoneapplication fromwithin another application using
objects. The objects used for this purposeare called OLEautomation objects. An OLE
automation objectis an exposed component of an OLE automation server.

Automation objects provide properties and methods that allowthe CA Gen application
to control the server application, justas if you were issuingcommands in the other
application.

A method is a function that performs anaction on the OLE automation object. For
example ifyou are working with a column in a Microsoft Excel spreadsheet, you may
apply a method to the column to sum the numbers containedinthe column's cells.

Properties are the characteristics of an automation object that describethe object. For
example, ifyou areworking with a columnina Microsoft Excel spreadsheet, the
column's width is a property that can be changed.
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Not all OLE servers expose both methods and properties. If you are buildinga controller
in CA Gen, you need to determine which methods and properties are availablefromthe
OLE servers you will be using.

CA Gen supports OLE automation by actingas an OLE automation controller oran OLE
automation server.

CA Gen as an OLE Automation Controller

An OLE automation controlleris anapplicationthataccesses and controls OLE
automation objects.

CA Gen canbe anautomation controller. For example, OLE automation allows you to
remotely operate OLE server applicationssuch as Microsoft Word or Excel. The
followingillustration shows thisrole.

Desl A i i caGe
HDFI ppllCﬂtlDl’l ) X
Wincdowy . - -ﬂ‘-pp"Cﬂth Window

[DOLE Automation Server]

Inthe illustration,communicationisfromthe CA Gen application to the desktop
application (for example, an Excel spreadsheet). CA Gen acts as an OLE automation
controller.CA Gen initiates thecommunication. The desktop applicationispresentedin
its own window inthe CA Gen application.

The other OLE application can havethe followingcharacteristics:

m  Be completely external, includingall of its presentation.

m  Haveits presentation embedded inthe window of the CA Gen application. For more
information, see CA Gen Control through Embedding.

CA Gen as an OLE Automation Server

An OLE automationserver is anapplicationthatcan be accessed through methods and
properties and anautomation controller.

CA Gen canbe anautomation server. The followingillustration shows thisrole.

Anplicati CAGER
Desktop Application -
Wincowy ot — Application YWindow

[DOLE Automation Server]
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Inthe illustration,communicationisfroma desktop applicationsuch asan Excel
spreadsheet. The desktop application initiates the communication. CA Gen becomes the
OLE automationserver.

The generation of the automation server is automatic. The followinglistshows the only
tasks that you need to perform:

m  Adding the names to the controls and windows inthe CA Gen model. For more
information, see the chapter “Designing the Graphical User Interface.”

m A defaultname will be generated for each control placed onthe window.

m  Buildingscripts toaccess theinterface

m  These scripts arebuiltoutsidethe CA Gen application (for example, from Microsoft
Excel or Visual Basic).

Use an OLE Automation Object

The following steps explain howto use an OLE automation object:
1. Dimensionthe object variable(createa work set in CA Gen).

2. Create anobject (use a set statement to set a work view).

3. Set the object as the contents of the object variable (usea set statements to set a
work view).

4. Do the work you wishto do with the object (use the invoke method statements to
work with the object).

5. Clearthe object when you are finished with it.

The next samplecodeillustrates anaction diagram fragment that opens Microsoft Word
and places the traveler's nameinto a field in a document.

1- --- EVENT ACTION word open

| SET local guiobj word TO APPLICATION CreatObject(T:Word.Basic)
| INVOKE local guiobj word AppShow()

4- | INVOKE local guiobj word AppMaximize()
I
I

5- INVOKE local guiobj word FileOpen (T:d:\reservation.doc)
6- INVOKE local guiobj word EditGoTo (T:person)
7- --- INWOKE local guiobj word InsertField (T:export selected customer)

The followingtableexplains thesamplecode:

Line Action

1 Builds an event to open a Word document and placeinformationintoit. Thisis
the equivalentof the dimension statement (Step 1).
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Line Action

2 Sets a local view guiobj word to the CreateObject type library fromWord. This
creates the object (Step 2 object).

3 Invokes a method to show the Word application.

4 Invokes a method Word makes availableto maximizethe application (in this

casethe applicationisalready runningonthe desktop).

5 Invokes a method to open the Word document reservation.doc.
6 Invokes a method to go the person placeholder.
7 Invokes a method to insertthe export view of the selected customer into the

person placeholder.

Name Work Views for Manipulating OLE Objects

Because you will usea significantnumber of work views for manipulating OLE objects,
you need to set standards for namingthem.

We recommend you to name them accordingtowhat objects you will be manipulating.

For example, name the workset Excel and the attributes window, push button, and tool
bar.

CA Gen Control through Embedding

CA Gen can control other OLE applications by embedding the presentation of the other
OLE applicationsinto the CA Gen window. This action uses OLE compound documents
(in-placeediting) technology.

The embedded applicationisrunbythe CA Gen applicationthroughactiondiagram
statements.

Sincethe desktop applicationis embedded, presentation commands need to beissued.
The presentation commands are simply action diagram statements.

CA Gen Control through OCXs

CA Gen supports OCXs (OLE custom controls).

Each OCX comes with its own set of events. Some of the events may have the same
names as the events CA Gen offers (for example, CHANGED or OPEN), but the events
that come with the OCXare availableonlytothe control itself.
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The followingillustration shows an example of three OCXs, two of whichare spin
buttons, whilethe other is a calendar.

= Flight Sclection _ O] x| I
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Cancel| |ba_lox Toa g fap fas [

i & i F)

Departure  Arrival Alrline Flight Plane Type
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OO0

WOO00OCLK

OO0 =
— Cost Range —

[00000000K | TO [00000000K |

The calendar contains thefollowing events that it makes availableto the CA Gen
application.

= MOUSEDOWN
. MOUSEMOVE

m MOUSEUP
= ERROR

m CLCK

m  DBLCLICK
= KEYDOWN
m  KEYPRESS
= KEYUP

m  CHANGE

These events can be filled by whatever action diagramstatements are appropriatefor
each of the possibleactions.

Attributes areprovided by certain OCX events. For example, the Calendar OCX CLICK
event makes availablean attributenamed the date. The next samplecode provides an
example of how the OCX CLICK event is used.
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OCX Click Event

More information:

Designingthe Graphical User Interface (see page 117)

--- EVENT ACTION flight_select olecontroll click

|  SET export flight departure date to export change the date

| USE flight server (procedure step)

| WHICH IMPORTS: Entity View export flight to Entity View import
| flight

| WHICH EXPORTS: Group View export group FROM Group View

--- export_group flight

The exampleinthe samplecode reads all of the flights froma certain departure cityand
a certainarrival city for a date selected through the calendar CLICK event.

The CLICK event sets an export departure date to the attribute supplied by the OCX click
event thedate. It then remote uses a server procedure to read the flights fromthe
departure city to the arrival city on the specific dateand returns a group view of those
flights.

External Action Blocks

You may need to use logic that was not defined using CA Gen. You cando this by using
an external action block.

Use an external action blockto do the followingtasks:

m  Bridgeto an existingsystem

m  Read from or write to an ASClI file

m  Constructand printreports

m  Perform databasefunctions notsupported by CA Gen

m  Perform other C functions suchas CAGen assigns a smallinteger (8 bits) for number
setto 1 position.

m  Ifmore granulartyping (domainassignment)is required, an external action block
canbe used.
An external action block has only three components:

®  Importviews

m  Exportviews
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m  External designation

An external action block contains no action statements of its own.

The designation external on the action block definition indicates thata non-CA
Gen-generated program will beused to obtainthe data for the action block's export
view. This type of action block can be the object of a USE statement in normal
Procedure Action Diagrams or Blocks.

Duringconstruction, CA Gen ensures that the programreferenced by the external action
blockis properly referenced by CA Gen-generated programs.

The next samplecodeillustrates a CA Gen-defined Procedure Action Diagramthat
references an external date manipulationroutinecalled DateServices.

Procedure Action Diagram for Date Services

--- CHECK HOLIDAY
IMPORTS: Entity View incoming customer
EXPORTS: Entity View work status
LOCALS: Entity View work date

I
I
I
I
[ SET work date request TO HOLIDAY TEST

[ USE date services WHICH IMPORTS incoming customer work date
| WHICH EXPORTS work status

[ --- IF work status flag IS EQUAL TO H

|

|

|
--- EXIT STATE IS shipment requested on_a holiday

The next samplecode shows the external action block definition of the date services
routine.

External Action Block for Date Services

| DATE_SERVICES

[ IMPORTS: Entity View incoming work date

| Entity View incoming work request
| EXPORTS: Entity View exported work status

| EXTERNAL
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Copy with Substitution

Copy With Substitution lets you copy an existingaction block or event and substitute
data duringthe copy. This capability saves timewhen you are completing similar actions
on different data.

You canuseCopy With Substitution when you want to select an event and copy that
event either into the same procedure, another procedure inthe same business system,
or another procedure outside the same business system.

For many of the events (for example, the OPEN event), you will wantto perform similar
activities for allthe listboxes. You can build a standard OPEN event, which other
designers can copy and substitute their own data.

The action block Copy With Substitution works by performing the followingtasks:
m  Selecting anexistingaction block that references a singleentity type

m  Replacingthe reference to that entity type andits attributes with another entity
type of choice

m  Creating a new actionblock

For example, consider anaction block named Add Employee. Its logic may be quite
similar toanexistingaction block called Add Customer. Using Copy With Substitution,
you canrequest that an Add Employee action block be builtfrom Add Customer,
substituting references to Customer with references to Employee. It may be used on
procedure or action blocks.

Copy With Substitution for an action blockis presented as an alternative only when both
of the followingoccur:

m  The action block to be copied references entities of only one type.

m  No relationships (exceptfor ones involved with the entity type) are referenced in
the action block.

Copy With Substitution has to make assumptions aboutthe use of attributes. For this
reason, you should check that the action block produced by Copy With Substitution
really does what it should.

Results of Procedure Logic Design

You cansee the followingresults after procedure logic design:
m  Designed clientprocedures

m  Designed server procedures
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This chapter describes how CA Gen handles runtime errors and how to build logicto
identifyand communicate application errors to users. The ability to build CA Gen
applicationsthatcan be distributed across multiple platforms opens up a key issue:how
to captureand communicate errors ina distributed environment.

Errors can be classified into two types:

m  Runtime errors—CA Gen automatically captures and communicates all runtime
errors to users.

m  Applicationerrors—Thedesigner builds logic to identify and communicate
applicationerrors to users.

Handle Runtime Errors

CA Gen automatically captures allruntimeerrors in the clientor the server. Runtime

errors includeall non-expected databasefailures, communication, and teleprocessing
monitor errors.

CA Gen automatically communicates runtimeerrors to users. Runtime error messages
aredisplayedina CA Gen dialogbox. When a message is displayed theuser canview the
message, saveitto adiskfile,andthen continue to work with the application.The
message can be used for resolving the runtime error.

Design Error Handling in Applications

You areresponsiblefor designingin the capture and reporting of applicationerrors.
Application errors include notfound conditions, validation errors,and security
violations.

Note: This discussion assumes you are usingthe distributed process model design
approach for client/server. This model implies thatbusiness logicissplitbetween a
clientprocedure supporting primarily presentation and a server procedure primarily
supporting data access. Your distributed process model could be implemented across
multiple platforms or reside entirely on the workstation. (If the application executes
entirely on the workstation, it will use remote data services toaccess data.)

There are two types of application errors thatneed to be captured when implementing
client/server applicationsusingthedistributed process model:

m  Clienterrors (those capturedin the clientprocedure)
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m  Server errors (those captured inthe server procedure)

Client Error Handling

Errors captured inthe clientprocedure canbe handled inthe same way errors are
handled for block mode and standalone GUI applications-theclient procedure detects
the error, sets the appropriateexitstate, and the error is displayed by the window
manager.

For clientprocedures, this technique is the most flexibleand easiestto implement.

Use exit states to capture clienterrors no matter what technique you use for capturing
server errors.

Server Error Handling

The results of a server action must be communicated to the clientprocedure sothe user
can be informed about the success or failure of a requested operation.

There are several design techniques to communicate errors from the server to the
client. Each of the techniques provides different capabilities.

The followinglistshows thetechniques for handlingserver errors:

m  Floworremote useand exit states
m Exitstates and actionblock

m  Server-supplied error information
Use Flow or Remote Use and Exit States

The flow or remote use and exit states technique provides a quick mechanismto
communicate errors backto the client.

The interaction between clientand server procedureis the link flowor a remote use
statement.

On a flow, CA Gen captures the exit states that causethe clientto flowto the server (the
Flows On Exit State) and the exit state that causes the server to return to the client(the
Returns on Exit State).

Inthe client/server environment, there is animplied return from a server to a client.
Upon completion of the server, control returns to the client regardless of what exit state
is setinthe server. Definingthe returns on exit state is not necessary.
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When CA Gen returns on a link flowor a remote use from the server to the client,itcan
display the message associated with the exit state set in the server procedure when it
completes.

To displaya message, the exit state must have its message type defined as
Informational, Warning, or Error. The message will bedisplayed automaticallyina dialog
box whether the returns on property is Execute Firstor Display First. After the user
presses the OK push button on the message box, ifthe client/server procedure
interactionis a link flow, one of the followingtwo things happen:

m  Ifthe upon return property on the flowis defined Execute First, the client
procedure is executed.

m  Ifthe upon return property on the flowis defined Display First, the primary window
of the clientprocedure is displayed.

Ifthe client/server procedure interactionis a remote use then the next statement inthe
procedure logic (main or event logic) executes.

Given this behavior, the server canset an exit state with the appropriate message to be
displayed. At the clientprocedure, the message displays automatically.

A linkcanhaveup to eight exit states that trigger a return to the client defined on the
flow. However becausethere isanimpliedreturn from the server to the client, defining
the exit state is optional.As a result, the server has an unlimited number of returning
conditions.

Each exit state set by the server will represent a different condition in which the server
may return to the client. Although specifyingthe upon return exit states on a link flowis
optional,anapplication may chooseto identify them so that the communication
between the clientand the server procedure is completely documented. This
documentation of a flow will helpin maintainingthe application.

The followinglistexplains advantages of this technique:

m  CA Gen handles the communication of the error messages from the server to the
client. You do not have to design any communicationarchitectureto support error
handling.

m  The message box displayed to the user will contain theappropriateiconto
represent the type of error message being displayed, which improves the quality of
end user communication.

m  Changes to exit state messages areautomatically applied by performing code
generation on the affected components.

m  Usingexitstates, you candesigna flowto return the exit state from the server to
the client, or a remote usewill return the value of the exit state. As a result, if the
clientprocedure can perform some processing (such as case of exit state) and
determine what the server error was and determine how to handleit.
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m  You will need to turn off the error message (set itto “none”) on the return exit
state if you want the clientprocedure to interrogate the error before presenting the
user with a message dialogbox.

m  Otherwise, if the exit state contains a messageand itis error,warning, or
informational, thewindow manager will capturethat exit state and present the
message to the user before it returns control to the procedure (regardless ifitis
Execute Firstor Display First).

The followinglistexplains disadvantages of this technique:

m  Distributionis a concern with this technique.

m  Changingan exit state will requirethe clientand server procedure that use that exit
state be generated andredistributed. The reasonis the exit state messageis
contained withinthe window manager as text. If the number of installed client
locations is high, this distribution could bea challenge.

Use Exit States and an Action Block

The exit state and action block technique is similar to the flow or remote use and exit
states technique.

The exit state and action block technique provides a robusterror handling mechanism
because the clientcan detect what has happened inthe server. This mechanismcan be
very effective inall types of applications. It provides anapplication theability to easily
display messages by usingthe capabilities of CA Gen, and the technique lets a client
procedure detect what has happened in the server.

With this technique, anerror codeis returned from the server to the clientto indicate
the results of the requested action. This is inaddition to the exit state that causes the
returns on flow or returning from the remote use.

The exit stateis used to display themessage. The returned error code is used by the
clientto execute actiondiagramlogic based uponthe server's results. This error code is
view matched as partof the data returned on a flow or view matched with the remote
use statement.

Setting exits states inthe server procedure will communicatethe message to the client
workstation.In addition, the returns on property for the flow is defined as Execute First
sothat the returned error code can be evaluated.

An action blockinthe server canset the returned error code. The exit state setis
evaluated and converted to anerror code thatis then returned to the client.
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The conversionaction block logic would consistof one large case of exit state statement
with a casefor every exit state. At the client procedure, the message is automatically
displayed by the window manager (see the Usinga Flow or Remote Use and Exit States
sectionin this chapter). The error code returned is then evaluatedin the client
procedure to determine what processing may be required as a result of the server
action.

The followinglistexplains advantages of this technique:

m  CA Gen handles the communication of the error messages, the display of the error
messages, and the implementation of changes through code generation.

m  The use of a return code enables the clientprocedure to determine what error has
occurredinthe server procedure.

m  As aresult, the clientprocedure can perform unique processingbased on the code
returned. This processingcanincludeflowingtoanother window or markinga field
inerror.

The followinglistexplains disadvantages of this technique:
m  Distributionis a concern with this technique.

m  [fthistechnique is used every time anexit state is changed in the server, the clients
that use that server must also begenerated and redistributed.

m  The maintenance of the exit state conversion action block could become difficult.

m  Every time a new exit state is added the conversionaction block would have to be
updated andall servers would haveto bereinstalled.

Use Server-Supplied Error Information

For complex applications, theserver-supplied error information technique provides a
robusttechnique to error handling. This technique eliminates the disadvantages of the
other error handlingtechniques such as clientdistribution, maintenance, and lack of
flexibility. The costof these advantages is that the application mustbuild and maintain
the error message architecture. The type of application thatmay best use this approach
is one with a large number of clients thatmay have messages change regularly.

With this technique, the server sends all the errorinformation back to the client. This
technique isolates the client procedures from changes in server errors.The error
information may includethe error code, the message text, and the message type (Error,
Warningor Informational).

The server contains anaction blockthat converts the exit state to a code and populates
the other information. To populate the message and the type fields, the action block can
use either set statements to assign literals, or read from a server-based table that
contains thatmessage information. The server table option provides the greatest
flexibility becausea message or message type can be changed without a logic change.
For more information, see Create an Error Data Table.
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After the messageis assigned orread, itis returned usingdata returned on the flow or
view matched with the remote use statement.

After the message informationis assigned, the procedure sets one of two exit states to
trigger the return flowto the client. One exit state is used when a rollbackisnecessary
andthe other when arollbackisnotnecessary.The exit state used for rollback is
defined with the rollback property set.

The exit states should be defined with a message type of “none” to prevent any
unwanted message displays.

Ifa flow is used for the procedure interaction, define the flow returns on property as
Execute First.

At the clientprocedure, ifa server message needs to be displayed (determined by
evaluatingthe message type), the clientwill flow, usinga link,to an error message
display procedure. Itwill send the message using view matching on the flow.

All clients inthe business systemshould reusethe error message procedure.

The followinglistexplains advantages of this technique:
m  The clientis isolated from havingto process server error messages.

m  All the clientdoes is checkthe error type code to determine if a message needs to
be displayed and display theerror message sent by the server. The server canadd
or change error messages without impactingthe client. As a resultthe client
procedureis easier to maintain.

m  The distribution of data or load modules caused by message changes at the server
are eliminated becauseall informationis stored centrally.

m  This makes management of the production environment simpler.

The followinglistexplains disadvantages of this technique:

m  Appearance of the message dialogbox.

m  CA Gen does not have the capabilityto display theerror, warning,and
informational bitmapicons onthe dialogbox.

m  You mustdevelop all the logicto supportserver errors.
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Create an Error Data Table

The server-supplied errorinformation error handlingtechnique uses databasetables to
find the error information to display.

The followingtablelists theattributes that will berepresented on the ERD.

Attribute Domain Length

Error Code—Contains the error code for the exit state. Text 5

This attribute is the identifier. It should contain the first5
characters of the exit state name.

Error Type—Contains the code to identify what is the type of Text 1
the message. Itwill contain one of the following:

m | (Informational)
m W (Warning)

m E (Error)

This attribute should contain the same valueas defined in the
model for the exit state type property. Itis used by the clientto
evaluate the severity of the error returned to determine if the
message should be displayed. For example, a client procedure
cansuppress all informational messages thatare received from
the server.

Error Action—Contains the code to identify the action for the Text 1
server to perform when this error is encountered.

The values for this attribute are either:
m R (Rollbackcompletion)

m N (Normal completion)
The server will usethe code to determine which of the two
returns on exit states to set.

The valuefor this attribute should containthe same valueas
defined in the model for the exit state type property.

Error Message—Contains the message that will be displayedto Text 80
the end user.

It should contain the same text that is defined on the exit state
message property.
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Error Handling Technique Selection

The techniques described in this chapter canall provide effective error handling for
client/server applications.

The technique you choosefor anapplication will depend on the type of application
being developed:

m  For mostapplications youshould usethe flow or remote useand exit states
technique. This technique provides the easiestand quickestway to handle
client/server errors. You will wantto select the remote use as your procedure
interactionto allow more than the 8 exit states allowed on a return flow.

m  |fyou need to use a flowfor the client/server procedure interaction (perhaps you
are putting error handlingtechniques in an existing system before the remote use
was available), one of the other techniques can be effective.

Concerns that must be addressed arethe cost of maintenance and production
administration for the application system:

m  The exitstates and action block technique helps reduce the costof development
and maintenance because the code generator implements the exit states
automatically, butitmay provide some challenges for application maintenanceand
distribution.

m  The Server Supplied Error Information technique provides some advantagesin
these areas becauseitdoes isolatethe clientfrom changes inserver errors, but it
requires the application design the error handlingarchitecture.

Note: To position applications to take advantage of future CA Gen software releases,
always useexit states and messages inthe server procedure steps.

To choosean error handling technique, map the capabilities of each technique to the
needs of the application'srequirements and select the technique that best meets those
needs.

You can modify the chosen technique to better meet the application's needs. For
example, modifyinga technique to return more than one error condition from the
server to the client.

Standardize Error Codes

Inseveral of the error handlingtechniques, anerror codeis used to communicate the
server error to the client. This error codeis directly related to exitstates.

Maintainingthis relationshipisanimportantconsiderationto the assignmentand
management of the error codes. You should establish a naming convention for both exit
states and error codes to enablethis association.
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An effective approachis todevelop a code that will prefixall exitstatenames and
represent the error code for that exit state.

The followingtable provides examples of a five-character code:

Exit State Error Code
AA001_Customer_Not_Found AA001
AA002_Customer_Add_Not_Successful AA002
AAO003_Customer_Type_Invalid AA003

In this example, the error code is made up of two parts:

m  The firsttwo characters (AA) contain a unique code assigned to every business
system.

m  This code will ensurethat exit state names and error codes are not duplicated.
m  The lastthree characters (001,002,003)are a numeric sequence number.

The business systemis the boundary for this sequence number. Every time a new
exit stateis added to the business systemthe lastnumber assignedis incremented
by one and used to name the new exit state.

Chapter 8: Error Handling 227
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This chapter describes howto designsecurityinto client/server applications.The
approachinthis chapteris designed for anapplicationthatuses the distributed process
model for client/server applications. Applications thatuseremote data access canapply
some of the techniques with modifications.

Ensuringsecurity of the client/server applicationisanimportantdesign consideration
for all projects. Transaction environments are configured to use security when they
require restricted access to their set of availabletransactions. Each transaction request
received by a secured target server must contain security datasuchasauseriDand
password. The target server uses the security data to grant execution access to users
which it deems as authorized.

Client/server application security has two major components:
m  |dentify and verify the user at both the clientand server

The identification of the user includes capturingthesecurity data of the person
usingthe clientsoftware and providingthe security data to the server. The security
datais the user ID, password,and optionally a security token.

m  Prevent unauthorized access toan application orits functions

After the userisidentified atthe clientandserver, the access rights of that user
must be determined andthe application secured withinthe applicationitself.

Securinga transactionandits functions istheapplication designer's responsibility.
CA Gen verifies security inthe server environment only.

User Identification

With CA Gen, securityis a function of the distributed processingclient, client manager,
transaction environment, and distributed processing server software.

The identification of the user is a function of the clientor client manager software.

The user IDand password areboth availableinaction diagramming statements.
Therefore the user ID and password can beentered by the userina graphicaluser
interfaceandsetinan actiondiagramstatement or setinanaction diagramstatement
by the system designer. The graphical userinterfaceinthis caseis probably partofthe
user login process.

Ifthe clientsoftware does not identify the user, it can be done at the clientmanager
level through a login process or usingthe clientmanager configuration files.
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The clientmanager has the responsibility to derive the security data to be used for each
cooperative request. A cooperative request is the instance of the data flowingas a
resultof a remote use statement ora link flow.

Assumingthe server transaction environment has enabled security, for example the
asynchronous daemonis started with the -I option or a CICS connection is enabled for
attach time security, then the target server uses the security data to grant access to
users which it deems authorized. At the server, the security data is checked. How the
check is performed varies by server environment.
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The followingillustration shows howsecurity is implemented. The top portion of the
illustration provides theimplementation for a client-to-server procedure interaction and
the middle portion of the figure shows the implementation for a server-to-client
procedure interaction and the lower portion of the illustration shows the
implementation for a communications bridge.
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Description

The clientsoftware is the code generated from the action diagramming
statements inthe clientprocedures. The user IDand password areboth
availableinaction diagramming statements. Therefore the user ID and
password can be entered by the user ina graphical userinterfaceandsetin an
actiondiagramstatement or setinan action diagramstatement by the system

designer.

The Cooperative Runtime constructs the communication message and invokes

the security token user exit.

This security token user exit has the ability toinfluence whether the security
data will be placed intothe communication message.

The security data can be supplemented by the generation of a security token
using external security software such as adding Kerberos capability. The user
exit allows you to enter the length of the token alongwith the value of the

token itself.
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Key

Description

Encryptionis not required, but this user exit is invoked in the caseyou require
encryption to be used.

The clientencryption user exit allows you to use your own or a third-party
encryption capability. This routine encrypts the communication messagefrom
the clientsoftware to the server software.

Ifthe user exitreturn valueindicates thatencryption was used, the runtime will
seta flaginthe communication message indicatingthe communication
message is encrypted. This allows theclientmanager and server runtime to
know that the communication message is encrypted.

Note: This implies thatyou will need to usea decryption routine that will
decrypt accordingto the encryptionroutine used.

Each target server configured inthe Client Manager has an associates security
level which can be set to remote, defer, or none. The default securitylevel in
the Client Manager can be set to none or remote. For more information, see
the Distributed Processing - Overview Guide and the Distributed Processing -
Client Manager Guide.

A security level associated with a target server can be set to remote inone of
two ways:

m The target server security level is set to remote.

m The target server security level is set to defer and the Client Manager
default security level is remote.

In both of these cases, the target server security will be derived to be remote.

The clientmanager needs to determine where to obtain the security data to be
used for conversation startup. If you set the flagin the security token user exit
to:

m BOOLEAN YES—The security data will bespecified by the clientsoftware
and extracted by the clientmanager

m  BOOLEAN NO—The security data will be provided by the clientmanager's
configuration data

Derive the user IDand password for the target server that will beused in the
conversation setup. At this pointthe security level of the target server has been
derived as remote, the user IDand password will firstbeassigned fromthe
target server information.

If both the user IDand password areblankin the target server, then the
conversation setup security informationis obtained fromthe clientmanager
defaults.

Ifthe user ID and/or password aredefined in the target server, then the
conversation setup security informationis obtained fromthe target server.

If both the user IDand password areblankinthe target server and blankinthe
clientmanager, then blanks will beused for both the user ID and passwordin
the conversation setup securityinformation.
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Key

Description

The client manager checks to see if the security information fromthe client
software is encrypted. This flag was set by the cooperative runtime based on
information returned from the clientencryption user exit. If the flagis setto:

m  BOOLEAN YES—The communication messageis encrypted

m  BOOLEAN NO—The communication message is not encrypted

Extract the security data information out of the communication message (as
opposed to derivingthe information from the clientmanager configuration -
see #6).

This user exit allows for the use of your own or a third-party decryption
capability to decrypt the communication message.

Note: A key pointhere is that the decryption routine used for the client
manager and the communication bridge (if used) must decrypt the information
correctly from the encryption routine used in clientencryption user exit.

10

The conversationinstancedata user exit provides the opportunity to
interrogate, use, or modify the selected user ID and/or password that will be
used by the conversational transport LU6.2.

Example: Translatea lower case password to upper case.

The user exit can be enabled or disabled. This user exitis called during the
initialization of the client manager and communication bridge (if used). If the
user exit returns disabled, itwill notbe invoked as longas the clientmanager
(or communication bridge) is running. If the user exit returns enabled, itwill be
invoked for each conversation.

Note: Any modifications madeto the user ID and/or password in this user exit
do not change the information in the communication message. The extracted,
and possibly modified, data is for use only by the target server's associated
transportlayer.

11

The server runtime checks the communication message to see ifthe flagis set
indicating whether the communication message is encrypted or not. If the
communication message is encrypted, the server decryption user exitis
invoked.

12

The server decryption user exit allows you to use your own or a third-party
decryption capability. This routine decrypts the communication messagefrom
the clientsoftware.

Note: A key pointhere is that the decryption routine used on the server must

decrypt the information correctly fromthe encryption routine used in the
cooperative runtime.

13

This user exit allows you to use your own or a third-party security packagein
the server environments.
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Key Description

14 The server software is the code generated from the action diagramming
statements in the server procedures.

15 Extract the clientmanager derived security data from the communication
message. See #6 for how the security data was derived inthe client manager.

The followingtableprovides security level, user ID, and password examples for target
server, clientmanager, and derived security data.

Target Server  Client Manager Derived
Security Data

Security level remote none or remote

User ID good-bye hello good-bye
Password dolly world dolly
Security level remote none or remote

User ID good-bye hello good-bye
Password <blank> world <blank>
Security level remote none or remote

User ID <blank> hello <blank>
Password dolly world dolly
Security level remote none or remote

User ID <blank> hello hello
Password <blank> world world
Security level remote none or remote

User ID <blank> <blank> <blank>
Password <blank> <blank> <blank>
Security level remote none or remote

User ID <blank> hello hello
Password <blank> <blank> <blank>
Security level remote none or remote

User ID <blank> <blank> <blank>
Password <blank> world world
Security level defer remote

User ID good-bye hello good-bye
Password dolly world dolly
Security level defer remote

User ID good-bye hello good-bye
Password <blank> world <blank>
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Target Server  Client Manager Derived
Security Data

Security level defer remote

User ID <blank> hello <blank>
Password dolly world dolly
Security level defer remote

User ID <blank> hello hello
Password <blank> world world
Security level defer remote

User ID <blank> <blank> <blank>
Password <blank> <blank> <blank>
Security level defer remote

User ID <blank> hello hello
Password <blank> <blank> <blank>
Security level defer remote

User ID <blank> <blank> <blank>
Password <blank> world world

How to Prevent Unauthorized Access in Applications

Applicationsecurityincludes securing the transactionand all functions withina
transaction:

m  Transactionsecurity denies or permits user access to one or more transactions.

For example, transaction security prevents a non-manager from accessingthe
maintain payrolltransaction.

m  Transactionsecurityistypically a requirement of all application systems.

m  Functional security determines a user's access based on the transaction function
being attempted.

For example, functional security allows a manager to access the maintain payroll
transaction butwill prevent a non-finance manager from approvingthe payroll.

m  Functional level securityis lesscommon.

Design Transaction Security

You candesigntransaction security in one of the followingways:

m  Usean external security package

m  Buildlogic

236 Client Server Design Guide



How to Prevent Unauthorized Access in Applications

Use an External Security Package

Code Security Logic

Wherever possibledesign transaction security withoutapplication programming
because itis easier to implement and change.

This type of security can be done by usingan external security package, such as RACF or
ACF/2, that is automatically invoked by the teleprocessing monitor when a transaction
executes.

When the user requests the execution of a transaction the external security package
should automatically validate thatthe logged on user ID can execute that transaction. If
this check fails, access to the transactionis denied,and no application logicis executed.

Using CICS as the server environment, this automatic checkingis achieved easilyandis
completely external to the application. Transaction security for serversis setup and
checked inthe same manner as block mode applications.

Note: For more information aboutthese securityissues,seethe Host Encyclopedia
Construction Guide.

In environments without a teleprocessing monitor, such as UNIX and Linux, application
logic mustbe coded for transaction security. To build logic for transaction security, the
firstthinga server must do is validatea user's authorization.

There are two ways an application canvalidatetransaction security:

m  Automatic transaction security checking can be simulated by using CA Gen TIRSECR
user exit.

— The server manager automatically calls this exit,and itcan be customized to
verify that the user who is logged on can execute the transaction.Both the user
ID andtrancode are supplied as inputto the exit.

—  After the TIRSECR exit completes, the server manager checks the return code
exported.

- Aspaceinthis codeindicates theuser has authority to execute the transaction.
— Anon-blankvalueindicates a security violation.

- The exit alsoexports a message field,a COBOL (z/OS only) or C variablethat
contains the error message to be displayed to the user. Ifa securityviolationis
detected by the server manager (a non-blankvalueinthe return code field), CA
Gen abnormal termination routines are invoked, and the message exported by
the TIRSECR exitis displayed to the user.

— The TIRSECR routine is automatically linked into every load module during
installation.
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The COBOL (z/0S only) or C code skeletons for the TIRSECR user exit routine are
supplied with the implementation toolset. Any code canbe placedinthe exit
routine to validatesecurity. However, the code added to the skeletons must be
written in COBOL (z/0S only) or C. Typically thecode does the following:

A readof afileor databaseis doneto determine ifthe user has access tothe
transaction.

Ifthe user does not have authority the return code and message fields areset.
These fields can be set to anyvalue. A non-blank characterinthe return code
causes the server manager to stop the execution of the transactionand display
the exported message field to the user.

Ifthe user does have authority to execute the transaction, the return code and
message are blanked.

Calls to CA Gen-generated action blocks, such as the Security Template action
block, can be placed within this exit. However, the calls to these action blocks
must be written in COBOL (z/0S only) or C, not in CA Gen actiondiagramlogic.

Modificationsto the TIRSECR user exit can be made once. All transactions using
the Implementation Toolset automatically linkin the modified exit.

If you usethe TIRSECR user exitis used, you do not have to buildanyaction
diagramlogicfor security. All transactionsreceivethe security logic as partof
the installation of the load module. As a result, transaction security is obtained
inaway similartousingan external security package.

Transaction security can also beaccomplished by invokinga common or external
action block within the procedure.

This action block call should be one of the firststatements inthe procedure.

The called/used action block first needs to import the user IDand transaction
code. Then the logicshouldreada fileor a databasetableto determine the
transaction authority for the imported information:

Ifthe user has the appropriatetransaction authority, the actiondiagram
returns anexit state or return code that allows further processing.

Ifa user does not have the appropriatetransaction authority, the execution of
the transactionis terminated,and a message is returned to the client
procedure.

This approachis similarto the way CA Gen Security Template implements security.
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By placingthe transaction authorization check within the procedure, anapplication
has control over what informationis availableto check authorization and what
informationis returned from the check. Using the TIRSECR user exit, the
informationimported and exported is fixed and cannotbe changed. An example of
some additional information thatmay be requiredis a password. If the information
imported and exported by the TIRSECR user exitis not sufficientto meet the
application's security requirements, then usinga common or external action block
may be necessary. The disadvantageof this approachis thattransactionsecurityis
not automatic,and applicationlogic mustbe coded in every procedure. This
disadvantage makes maintenance of security logic costlier.

Note: For information aboutthe TIRSECR exit, see the User Exit Reference Guide.

Desidgn Functional Security

Functional security restricts accessto application functions within a procedure. The
application mustprovideall logic toimplement functional security.

The approachto implementing functional securityin a client/server environment is
similar tothe common action block option for implementing application coded
transaction security. For more information, see Coding Security Logic.

The functional security check should occur early inthe procedure by usinga common or
external action block, preferably one of the firststatements.

The called or used action block first needs to importthe user ID, transaction code,and
functionrequested. Then the logicshouldread a fileora databasetableto determine
the transaction authority for the imported information:

m  Ifa userdoes not have the appropriatefunctional authority, the execution of the
transaction will beterminated and a message will bereturned to the client
procedure.

m  Ifthe user does have the appropriatefunctional authority, the actiondiagram
returns anexit state or return code that allows further processing.

This approachis similarto how the CA Gen Security Template implements security.

Functional security can beenhanced inthe client/server environment by enablingor
disabling controlsinthe CA Gen GUI designer. Disabled controlsona GUI window can
prevent a user from selectinganitem to which they do not have access. By extending
the functional security to the clientwindow, the security integrates effectively with the
GUI interface, and the application's usabilityincreases.

For example, a customer information listprocedure contains two functions, detail the
customer information and view the customer credithistory. Selecting a push button
starts both functions.
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Access to view customer credit historyis limited to loan officers only. When a loan
officer opens this window, both push buttons can be selected. When any other user
opens the window the detail customer information push button is enabled, but the view
credithistoryis disabled. The window manager prevents the non-loan officer user from
selecting the push button.

The disablingcanalso proactively prevent unauthorized use. If the push button were
not disabled, the non-loan officer user could selectthe view credit history button but be
notified of a security violation after the selection.

The type of functional security described in this examplecan be implemented in all
client/server applications. The security information used for disablingis retrieved from
the server. The GUI controls aredisabled based upon that information.

Follow these steps:

1. Onall GUI windows that have controls (such as push buttons and menu items) and
require security, create an import and export work attribute view for each control
to be secured.

The views must contain a 1-byte attribute for each control that will bedisabled. The
attribute will hold either a Y or a space:

m The Yindicates thatthe user has access tothe control and can perform the
function represented by the control.

m  Aspaceindicates theuser does not have access to the control and cannot
perform the function.

The flagattribute will be populated by the server procedure via an export view.
Usingthe customer information listexample, the secured control is the view
customer credit history push button.

The import and export views to secure the push button are:
m  IMPORT SECURE
m  CREDIT_HISTORY_FLAG
and
m  EXPORT SECURE
CREDIT_HISTORY_FLAG

2. Placethe flags onthe window so that the Disabled By feature of the window
painter can be used to disablethe controls if necessary.

Hide the flags from the user by one of these methods:
m  Extending the window or dialogbox beyond its normal size

m  Addinga read-onlyattribute inan extreme corner of the window
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m Resizingthe attribute to the smallestsize
m  Returning the window to its normal size

Inthe customer information listexample, the EXPORT SECURE
CREDIT_HISTORY_FLAG will beplaced on the window (see Step 1).

After the flagis placed onthe window, use the Disabled By feature of the GUI
painter to detail each control that requires disabling. Set each control to be
disabled when the appropriateattribute flagdoes not have data.

Itisimportantthata spaceinthe flagattribute indicatenoaccess becausewhen a
window is initiated all functions will bedisabled.IfY indicated no access then when
the window is initiated, then all functions would be enabled. Continuing with the
customer information list procedure example, the view customer credit history
push button would be disabledin the following way:

THE PUSH BUTTON 'View Credit' IS DISABLED WHEN
ENTRY FIELD 'Credit History Flag' DOES NOT HAVE DATA

Enable and disablethe controls by defining each client procedure as Execute First.
This property should be set for all procedureinteractions and the clear screen input
property of the procedure.

The client procedure action diagramshould havelogic for the initial execution of
the clientthatis sent to the server procedure to determine what functions the user
can perform. This initial check can occur either by itself or bundled with another
servicerequest.

The following sample code shows example action diagramlogic for retrieving
security information for the function Security Check.

| CASE OF COMMAND

| [ CASE firstime

| | . NOTE*****************************

| | Initial execution

| | Get function Security Information

| | sk skok ok ok 3k ok ok ok ok sk ok sk ok ok sk ok skok ok sk ok sk ok ok sk skok 5k

| | COMMAND IS security

| | USE PSTEP server (or EXIT STATE IS link to server)
| | CASE grafdel
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4. At the server, aservicemust be provided that accepts as inputthe transaction code
of the clientprocedure and the logged on user ID. It should return to the client
procedure the access flags thathold the users authority. The following samplecode
isthe actiondiagramlogicthatis contained within the server for the functional
security check.

The following sample code shows an example action block for checking security
authorizations for the function Security Check.

| CASE OF COMMAND

| .-
| | CASE security

| | Check Security Authorizations for user

| [ USE check security
| [ WHICH IMPORTS: Work View import client procedure step
| [ WHICH EXPORTS: Work View export secure

| | CASE initial

5. Functional security should bere-validated atthe server with each request for a
secured function to assureintegrity.

Security Approach Selection

The security approaches described in this chapter will provide sufficienttransactionand
functional security for most application systems.

These approaches can be enhanced to meet additional security requirements such as
data or sub-functional security. For these additional requirements, you will haveto
develop application logic thatfunctions similarly to the functional security technique.

Usingthe approaches outlined above, security for client/server applications becomes a
server function.
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The followinglistexplains advantages of locating security within the server:

m  All the authorization data and the securitylogicarelocated in one location. This
enables security changes to be implemented more easily.

m  Security functions arelocated ina more secureenvironment than on a user's
workstations. This provides a higher degree of integrity.

By integrating the security approaches in this chapter with the capabilities of CA Gen,
you canachieve effective transaction and functional security foranapplication.As a
result, a client/server applicationscan besecured as effectively as any block mode
application.

Inaddition, by integrating GUI design capabilities, you cansignificantlyimprovean
application's usability.
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