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M he National Bureau of Standards' was established by an act of Congress on March 3, 1901. The
M Bureau's overall goal is to strengthen and advance the nation's science and technology and facilitate

their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a

basis for the nation's physical measurement system, (2) scientific and technological services for industry and

government, (3) a technical basis for equity in trade, and (4) technical services to promote public safety.

The Bureau's technical work is performed by the National Measurement Laboratory, the National

Engineering Laboratory, the Institute for Computer Sciences and Technology, and the Institute for Materials

Science and Engineering

.

The National Measurement Laboratory

Provides the national system of physical and chemical measurement;

coordinates the system with measurement systems of other nations and

furnishes essential services leading to accurate and uniform physical and

chemical measurement throughout the Nation's scientific community, in-

dustry, and commerce; provides advisory and research services to other

Government agencies; conducts physical and chemical research; develops,

produces, and distributes Standard Reference Materials; and provides

calibration services. The Laboratory consists of the following centers:

• Basic Standards^
• Radiation Research
• Chemical Physics
• Analytical Chemistry

The National Engineering Laboratory

Provides technology and technical services to the public and private sectors to

address national needs and to solve national problems; conducts research in

engineering and applied science in support of these efforts; builds and main-

tains compjetence in the necessary disciplines required to carry out this

research and technical service; develops engineering data and measurement

capabilities; provides engineering measurement traceability services; develops

test methods and proposes engineering standards and code changes; develops

and proposes new engineering practices; and develops and improves

mechanisms to transfer results of its research to the ultimate user. The
Laboratory consists of the following centers:

Applied Mathematics
Electronics and Electrical

Engineering^

Manufacturing Engineering

Building Technology
Fire Research

Chemical Engineering^

77?^ Institute for Computer Sciences and Technology

Conducts research and provides scientific and technical services to aid

Federal agencies in the selection, acquisition, application, and use of com-
puter technology to improve effectiveness and economy in Government
operations in accordance with Public Law 89-306 (40 U.S.C. 759), relevant

Executive Orders, and other directives; carries out this mission by managing
the Federal Information Processing Standards Program, developing Federal

ADP standards guidelines, and managing Federal participation in ADP
voluntary standardization activities; provides scientific and technological ad-

visory services and assistance to Federal agencies; and provides the technical

foundation for computer-related policies of the Federal Government. The In-

stitute consists of the following centers:

• Programming Science and
Technology

• Computer Systems

Engineering

The Institute for Materials Science and Engineering

Conducts research and provides measurements, data, standards, reference

materials, quantitative understanding and other technical information funda-

mental to the processing, structure, properties and performance of materials;

addresses the scientific basis for new advanced materials technologies; plans

research around cross-country scientific themes such as nondestructive

evaluation and phase diagram development; oversees Bureau-wide technical

programs in nuclear reactor radiation research and nondestructive evalua-

tion; and broadly disseminates generic technical information resulting from
its programs. The Institute consists of the following Divisions:

• Ceramics
• Fracture and Deformation ^

• Polymers
• Metallurgy
• Reactor Radiation

'Headquarters and Laboratories at Gaithersburg, MD, unless otherwise noted; mailing address

Gaithersburg, MD 20899.

'Some divisions within the center are located at Boulder, CO 80303.

•'Located at Boulder, CO, with some elements at Gaithersburg, MD.
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ABSTRACT
It is not unusual to find at least one computer system in every office today. These

systems are being used by technical, managerial, and administrative personnel to assist

them in the performance of their jobs. Various types of office tools have evolved to facilitate

information processing, and, consequently, improve the productivity of these office workers.

This report concentrates on one type of office system and office tool: the microcomputer

and integrated software products.

Integrated software products combine several applications within a single program and

enable information to be shared between the applications. This report defines five ap-

proaches to integration:

1. the multifunction application approach,

2. the product suite approach,

3. the software integrator approach,

4. the operating environment approach, and

5. the background utility approach.

Each of these approaches is designed to achieve different objectives by emphasizing the

power and importance of the features of each approach. Consequently, there is no best

approach to software integration. The selection of an approach depends on the application

requirements, current system configurations, and personal preferences.

Selecting an integrated product begins by considering the various approaches to in-

tegration and determining which one is most appropriate. Subsequently, the products

within the chosen approach are evaluated against a preestablished set of criteria relating

to the product design, technical capabilities, and product quality. Careful selection of an

integrated product will insure that the benefits to be gained from its use can be achieved.
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1 INTRODUCTION
No longer does office automation simply mean word processors for secretarial and cler-

ical personnel. Today, it implies the use of microcomputers, mini- and mainframe comput-

ers, and other technologies to assist office workers (administrative, managerial, technical

and clerical personnel) perform their jobs. Additionally, a host of office tools have evolved

to facilitate the interchange of information in this automated office environment. These

tools are directed at improving the productivity and effectiveness of the office worker and

improving the timeliness and accuracy of the information on which they depend.

The tools of an office automation system must be able to work together and inte-

grate different types of information from heterogeneous sources. For example, the tasks

performed to produce a report or make a decision may involve:

1. accessing information in different forms, such as, text, graphics, images, or voice,

2. using an office tool to process information,

3. combining one tool with another (passing information from one tool to another for

further processing), and

4. transferring the information from one computer system to another and using the

tools of the latter system.

One method for accomplishing these tasks is by providing a flexible environment, in

which an individual can select and combine the office tools required to handle the infor-

mation that needs to be processed. This method is called integration. There are two basic

types of integration: vertical integration or relaying information between computer sys-

tems (e.g., between a microcomputer and mainframe computer) and horizontal integration

or linking functional applications together (e.g., combining a data base manager with a

spreadsheet).

This report concentrates on horizontal integration and in particular, integrated soft-

ware products for microcomputer systems. These products combine several office tools or

applications within a single program. The report defines and describes five ways of achiev-

ing software integration, explores the reasons for using integrated software products, and

concludes with selection criteria.

1.1 Background

If jobs consisted of isolated, individual tasks, there would be no need for integrated

software. Single application software programs would be sufficient to meet the computing

needs of the user. However, many jobs involve multiple, heterogeneous tasks while pro-

cessing the same set of data. Additionally, as user expertise and sophistication grows, the

tendency to expand the scope and complexity of a job increases. Users want to combine
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tasks and perform operations that the software was not originally designed to do. They

seek software that will provide multiple task applications and eliminate the inability or

difficulty of sharing data between application programs and the need to learn command
languages of several programs. Several forms of integrated software are emerging as viable

solutions to software application problems.

Integrated software offers the user an alternative to working with one task and one data

file at a time. These software products can split the screen into multiple subscreens called

windows, enable data in several files to be viewed at once, combine applications, and can

accomplish this using a common command structure. Providers of integrated software also

claim that such software increases the productivity of the user by being faster and easier

to use.

1.2 Historical Perspective

Users first began to use personal computers with standalone software packages that

performed a single task. These packages helped to change the way information was pro-

cessed by automating tasks that were previously not automated. Since jobs are not defined

as single tasks, but rather incorporate several tasks, it was not long before users wanted to

combine data and applications. For example, while preparing a budget report, an analyst

wants to combine information in a personnel data base with a budget-related spreadsheet,

create a graphical representation of the spreadsheet, and put the graph and parts of the

spreadsheet into a report. An initial level of integration was achieved through file com-

patibility, the ability of one application to read and manipulate the files of another. The

output of one application package (e.g., word processor) becomes an intermediate data file

to be used as the input file to another application package (e.g., spelling checker). Typi-

cally, the intermediate file is written to disk prior to use as the input file, and may require

conversion to another data format (code representation and layout). File-level integration

is not always possible and is often complicated and time-consuming to perform.

First generation integrated software products evolved as an efficient way to eliminate

intermediate file creation and to combine data and applications within a single program.

Users could switch from one application to another and use the same data without ex-

iting the software product. However, these products typically were based on a specific

application (i.e., spreadsheet) and offered a limited range of functions for the companion

applications. As these integrated software products gained popularity, many users desired

additional applications and a fuller range of capabilitites. Particularly desired was a com-

munications capability. During this time, technology advances in the forms of cheaper

microprocessors, system memory (random access memory, RAM), and internal hard disks,

along with the increasing popularity of user interfaces such as, pull-down menus, win-

dows, mice, and icons, gave rise to the development of second generation integrated soft-

ware. Taking advantage of these advances, second generation integrated software provides

greater flexibility, power, and functionality than that of the first generation. Moreover,

2



new methods for achieving integration developed and are included in second generation

integration.

1.3 Document Structure

This document is divided into five sections and an appendix. Chapter one ])rovides

background information. Chapter two describes the meaning of integration and defines five

ways integration can be achieved. Selection criteria for choosing an integration approach

and product is presented in chapter three. Chapter four concludes with an overview of the

marketplace and some future directions. References are contained in section five and the

appendix lists currently available integrated products.

1.4 Disclaimer

Because of the nature of this report, it is necessray to mention vendors and commercial

products. The presence or absence of a particular trade name product does not imply

criticism or endorsement by the National Bureau of Standards, nor does it imply that the

products identified are necessarily the best available.

3



2 WHAT IS INTEGRATED SOFTWARE
Integrated software means different things to different software vendors and users. It

has become an umbrella term to describe software that permits data, applications, and/or

programs to be combined and manipulated within a single environment (e.g.,program).

The major differences between products stem from what is actually integrated and the

method for accomplishing the integration. Variations on the word integration have been

used to distinguish between the different approaches to integration, e.g., integrated soft-

ware, integrating software, software integrators. For this report, the term integrated soft-

ware is used to refer to all these types of software products, in other words, the entire

class of software integration products. The distinction between the different approaches

to integration is discussed in a later section. References to specific types of software and

integration approaches will be used whenever appropriate.

2.1 Attributes of Integration

Not all software products that claim to be integrated, are integrated. Many of the

features associated with integration are not a necessary condition for integration. For

example, menus, windows, mice, and macros are incorporated in many integrated products,

but are also present in non-integrated products. To understand what integrated software

is or is not, it is helpful to examine the attributes that need to be present to make the

product integrated. Based on our research and for the purposes of this report, in order for

a software product to qualify as integrated, it must exhibit two attributes:

• Multiple applications - the union of two or more applications within an environment.

The transition from one application to another is accomplished without exiting the

controlling environment. Typically, three to six applications are combined, with word

processing, spreadsheet, and file management as the predominant applications.

• Data sharing - the ability to move information from one application to another.

The transfer is performed without the user having to retype the data, convert the

application's native data format to another format, or use extraneous file conversion

software. The environment controls and performs the movement of data between

the applications. Typically, the shared data is either copied from the source to the

destination or is centrally located and accessible by any application.

The following attribute is not a necessary condition for integration, however; it is often

provided by integrated products.

• Common user interface - the use of similar command structures and syntax through-

out the software product. A command, function key, or typewriter key will perform

the same task regardless of the application module in which it is executed. This con-

sistent presentation and functionality of the command words, menus, and/or screen
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designs facilitate the learning and usage of additional applications once one has been

mastered.

2.2 Approaches to Integration

There are several approaches to integrated software. Each method is designed to achieve

different objectives and stress the power and importance of different features. Conse-

quently, each has its strengths and weaknesses and is appropriate for a variety of users

and applications. No absolute classification scheme exists. Therefore, this report defines

a categorization scheme for the purpose of better understanding the differences, and at

times nuances, of integrated product features. The following five sections describe these

categories:

1. multifunction application,

2. product suite,

3. software integrator,

4. operating environment, and

5. background utility.

To demonstrate the integrated software attributes (mulitple applications, data sharing,

and common user interface) present in the categories of approaches, Table 1 provides a

matrix of approaches and attributes.

The section organization used to describe each category is designed to demonstrate the

similarities and differences of the categories. The organization is as follows: definition of

the category, examples of products included in the category, description of key advantages,

and description of key disadvantages.
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ATTRIBUTES

INTEGRATION
APPROACH

Multiple

Applications

Data
Sharing

Common
User Interface

MULTIFUNCTION APPLICATION V V
PRODUCT SUITE

r\ f^cf (^T\ f^v ^ i f7\^(^

(1 application)

V V
/

V

SOFTWARE INTEGRATOR
degenerate case

(1 application)

V

OPERATING ENVIRONMENT
degenerate case

(1 application)

V V /

BACKGROUND UTILITY V V

Data can be shared between multiple copies of data from a single application.

A common user interface may not apply to all applications within this approach.

Table 1: Integration approaches and their attributes
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2.2.1 Multifunction application

The multifunction application or all-in-one application is a single software product that

consists of several different applications. The applications may vary, but usually include:

spreadsheet, data base mangement or file management, graphics, and word processing.

The applications are predetermined and preassembled by the vendor, thus the user has

no choice in selecting the specific applications contained in the product. Products in the

multifunction application category can be thought of as a bundled product.

Examples: 1-2-3, Framework, Enable, Jazz

Advantages

• Data can easily and quickly be copied between applications. A referencing capability

enables copied data to be automatically updated if the original data is changed.

• Switching from one application to another is accomplished quickly and with little

eff'ort.

• The screen can be divided into subscreens called windows, with each window inde-

pendently displaying data from the same or different applications. When you switch

from one window to another, the activity in the window is suspended until you re-

turn to it. This allows the user to closely coordinate different but related tasks and

facilitates data transfer between applications.

• The consistency of the command structure and documentation enable the user to

immediately use new or infrequently used applications once one application is learned.

Disadvantages

• A large amount of system memory (RAM) is required to run these programs. To

process a large database, spreadsheet, or document, additional RAM beyond the

minimum specified by the product is necessary. Usually, 512K RAM is recommended

for good performance.

• Only one application within an multifunction application product is likely to be as

good as its standalone product equivalent. The other applications are limited to

basic functions and lack many of the sophisticated features found in the standalone

product.

• Often these products are very complex and require a great deal of time and effort to

learn their full range of capabilitites, causing users to become impatient, discouraged,

frustrated, or intimidated.
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2.2.2 Product suite

The product suite or program family consists of a series of separate programs designed

to work together and share data. The products, generally from one vendor, share a common
command structure, data format, and/or data base. Since applications for the product

suite can be purchased as a set or individually, the suite can be considered an unbundled

product. Although it is possible to have a product suite with only one application, two

attributes of integrated software, multiple applications (a necessary attribute for qualifi-

cation as integrated) and common user interface, are not present in this degenerate case.

Thus, the degenerate case does not qualify as integrated.

Examples: Smart Software, Perfect Series

Advantages

• The specific applications included in the product suite are chosen by the user. The

user tailors the suite to his current needs, adding new applications only as they are

needed. This building block approach eliminates the extra RAM and money spent

on applications not needed or never used.

• Each application within the product suite offers a full range of features and depth

of functions. The quality of the application is equivalent to its standalone product

competitors.

• All applications use the same basic commands, manuals follow the same basic pattern,

and installation of each component is consistent. This consistency makes the product

suite easy to learn.

Disadvantages

• The process of transferring data may be complicated, requiring the user to perform

a complex sequence of commands. While intuitive, it must be pointed out that data

sharing is guaranteed only for those applications developed and contained within the

product suite.

• Although the user can select the type of applications contained in the product suite,

he is restricted to software written specifically for the suite. The user may need

an application that is not available for the suite, or he may have to settle for an

application package that does not contain all the features desired.

• Only one application can occupy the screen at a time. This prevents a user from

creating windows that display the data of different applications, e.g., concurrently

displaying a word processing document and a spreadsheet. However, it is possible to

create windows that display multiple copies of data from the same application.
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2.2.3 Software integrator

The software integrator or applications integrator creates an open environment within

which user-chosen application software packages can operate and exchange data. The
participating packages, usually from different vendors, retain their identity and capabilities.

The software integrator supervises the operation of the application software and loosely

ties these independent applications together. A software integrator that contains only one

application package is considered a degenerate case, and as in tlie case of the product suite

loses attributes required to be defined as integrated software.

Examples: DesQ, Windows

Advantages

• The applications can be selected from off-the-shelf standalone packages, custom or

special purpose applications, and even other integrated packages. This facility en-

ables users to continue to use applications software already in their software inventory

and to add new applications that match their needs.

• Applications with incompatible data formats can exchange data. This expands the

functionality of the application by supplementing its functions with those included in

other applications. Data produced by one application can undergo further processing

by another application. For example, if a spreadsheet package lacks a word processing

capability, then through the system integrator, a data file created by the spreadsheet

package can be transferred into a specific text processing package and edited.

• Windows can independently display data from the same or different applications.

The activity in the window stops when a second window is activated and restarts

when control is returned to that window. This allows the user to closely coordinate

different, but related, tasks, and facilitates data transfer between applications.

Disadvantages

• There are limitations on the data that can be exchanged between applications. Data

is not transferred in context, that is, the positions and relationships of numbers and

text are not maintained. For example, spreadsheet formulas and row and column

positions are not transferable. Thus, to maintain the layout and intent of the data,

it may be necessary to retype or reformat transferred data.

• As with the multifunction application category, a large amount of RAM is required

to run these programs. Additionally, a megabyte or more of hard disk storage may

be necessary to store the system and application files.

• Several different applications are combined by the system integrator, each with its

own set of commands, screens, and documentation. The user is forced to learn the
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commands and procedures of every application. This can become confusing and

frustrating especially when the meaning of commands differs from application to ap-

plication. For example, in a given word processing application, data base application,

and spreadsheet application, the function key, F5 replaces a section of data, erases a

section of data, or goes to another location, respectively.

• Not all applications will work properly in the system integrator environment. Pro-

grams that are not well-behaved, that is, bypassing normal methods for reading and

writing to the screen, may not work correctly or completely. For example, an applica-

tion program which in order to speed up operations, issues commands directly to the

computer, circumventing the operating system's routines, would not be well-behaved.

• Prior to using these products, a file that defines the applications, what they do,

and how they do it is required. To develop this file, a user must have considerable

knowledge of each application, its memory requirements, cursor control, and other

operational specifics. Most users do not have this level of expertise and will not

be able to create the system integrator's set-up file. To address this disadvantage,

the set-up files for some of the popular applications have been included in system

integrator packages, thus eliminating this problem.

2.2.4 Operating environment

The operating environment is either an operating system or a software program that

submerges the actual operating system. It controls and coordinates the applications and

their access to peripherals (e.g., video display, memory, disk drives). In contrast with

the open environment of the software integrator, only applications designed specifically for

the operating environment can run and exchange data. Interfaces into the environment

(hardware and/or software) are provided to enable third party vendors and users to develop

additional applications. An operating environment with one application is considered a

degenerate case, and as such loses attributes required to be defined as integrated software.

Examples: Gem, Topview, Macintosh

Advantages

• The user can add applications to the environment as they are needed: thus, providing

flexibility and eliminating unused or unwanted applications.

• Data is easily shared between applications. Data is transferred in context, i.e., the

positions and relationships of numbers and text is maintained.

• Windows can independently display data from the same or diff"erent applications.

The activity in the window stops when a second window is activated and restarts

when control is returned to that window. This allows the user to closely coordinate

different, but related, tasks and facilitates the data transfer between applications.
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• A unified command structure accelerates the learning of the applications williin the

environment.

Disadvantages

• As with the multifunction application and software integrator a large amount of

RAM is required to run these programs. A hard disk with at least one megabyte of

storage may also be required.

• The user is restricted to application software written specifically for the environment.

Therefore, a user-required application may not be available for the environment or

an application provided may not contain all the user-desired features.

2.2.5 Background utility

The background utility or desktop manager is a multifunction program designed to be

used in conjunction with applications software, supplementing them with functions such

as a notepad, calculator, and calendar. The utility remains hidden in the computer's RAM
until needed, while another program runs in the foreground. The utility can be invoked at

anytime, temporarily suspending operation of the current activity.

Understanding a background utility can best be illustrated by an example.

While typing a table with the word processor, the user needs to add a list of

numbers; or while using a spreadsheet, the phone rings and the user wants to

write a short note or check his calendar. Ordinarily, this means interrupting

the application, to use a hand calculator or write a note. With the background

utility the user quickly switches to an on-screen calculator, notepad, or elec-

tronic appointment calendar and then returns to the application at the point

of interruption.

Examples: Sidekick, Desk Organizer, Spotlight

Advantages

• The electronic substitutes for desktop items are always available to the user, even

while in the midst of another application. The application can be easily interrupted

and remains intact while the utility is used. This eliminates the time-consuming

chores of exiting the application, saving the work previously accomplished, and

reloading the application and data when ready to resume.

• Most people do not need the power and features of a fully loaded integrated product.

Aside from using one major application (e.g., word processing, spreadsheet, com-

munications), a user may want the ability to do other limited functions (calculating,

editing, filing, etc.). The desktop utilities offer these basic functions, integrating them

with the major applications and better yet, are relatively inexpensive to purchase

and require a modest amount of RAM.
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• Data can be exchanged within the utility as well as between the utility and an

application. Thus, data created in either the application or utility can be copied and

processed by the other.

isadvantages

• With the utility resident in RAM, the quantity of RAM left to load and run other

software packages is reduced, and may not be sufficient.

• Some software packages do not run if another program is also resident in RAM. Since

the utility is always RAM resident, the user can not use both the utility and this

type of software package.

• Unless installed on a hard disk, the utility program disk must remain within the sys-

tem to operate the program. The computer's disk drive is preempted and unavailable

to another disk. This becomes a problem for users who maintain separate program

and data disks, each of which occupy a disk drive.
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3 CHOOSING INTEGRATION
Integrated software has captured the interest of personal computer users with its in-

novative features, powerful capabilities, and the potential for new uses. A demonstration

of any one of these packages is impressive. And, if we believe the advertising claims, inte-

grated software is the answer to all of our software needs. No wonder everyone wants one.

But, is the need real, and if so, which category and i)roduct v/ithin tliat category is the

best?

The guidelines presented in the following sections are intended to assist the reader in

determining the answers to these two questions. Subsequent to the discussion on whether

to use integrated software, criteria to consider when selecting an integration approach and

finally, specific integrated products are presented. The guidance is intentionally general

in nature, since the answers are dependent upon many factors, including the type of

application and user. It is not a checklist or a cookbook approach to evaluating integrated

software, but a discussion of key issues that should be addressed. This is not intended to

be a comprehensive list of all possible issues but rather a starting point. It should be noted

that a complete software selection methodology is not included. The reader is referred to

Section 5 for additional information on selection.

3.1 Is Integration Needed?

Integrated software is not appropriate for every situation. Before making the decision

to buy an integrated product, carefully examine its costs, what it can and can not do,

and how it can alter the way you work. As with the selection of any software application

product, at least a minimal requirements analysis should be performed. Considerations

should include: a determination of application requirements, a review of current and/or

required hardware and software, and an evaluation of candidate software packages and

alternatives. Compare the benefits to be gained from using an integrated product versus

a standalone application product. Keep in mind that the benefits of integration are not

achieved overnight. Integration may make work easier and improve the quality of the work,

but will take time to master and apply.

The decision to use an integrated product will be influenced by current microcomputer

systems and applications software usage. It may be necessary to replace or augment

existing hardware in order to meet the configuration requirements of an integrated product.

Additionally, use of an integrated product may supersede, complement or incorporate

existing application software. Any changeover to a new system and software is likely to

be disruptive, consuming time to install, to learn, and to convert existing files. However,

the concerns raised in this paragraph would also be relevant for any standalone product

added to an existing microcomputer system.

There are a number of potential benefits that may be associated with the use of inte-

grated products. It must be stressed that the benefits are only potential due to a number
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of associated trade-offs between using integrated products and individual software prod-

ucts. There is no quantitative data or study results to substantiate the debate around the

tradeoffs discussed below. However, their existence must be recognized and factored into

the decision to use integrated products.

There are six classes of potential benefits to using integrated products: versatility of

switching between applications, data sharing, ease of use, reduced user resistance to new

software, reduced organizational support, and cost.

3.1.1 Versatility

The strength of integration lies in its versatility. The power of an integrated product's

individual applications is augmented by the immediate availability of its companion ap-

plications. Users who switch between tasks or need additional information from another

application to complete a task should consider using integration. It allows the user to

work in a natural way, imposing no penalties for changing the order in which work is

done. Interruptions can be dealt with as they arise by temporarily putting aside the cur-

rent application and switching to another application or data file. The integrated product

provides an effective way to handle this situation, minimizing the time and keystrokes in-

volved and retaining the status of the original application and data. Although this flexible

environment is desirable, too much switching can be unproductive; the interruption and

creation of too many tasks may impede the completion of older ones. Another concern is

that a user's eagerness to integrate will result in application requirements being sacrificed;

the applications contained in the chosen integrated product should be adequate to meet

the requirements of the job.

Using integration should provide the potential to increase personal productivity by

helping users do their job. The right mix of integrated applications should assist the user

in solving problems and performing the analysis needed to make decisions quickly and

easily. The integrated components should be useful and not get in the way or idly occupy

RAM or disk space. If the extra functionality is more than is necessary, it may be better

to use either an integrated product with fewer functions or a standalone product.

If the computer is used primarily for one task or several unrelated tasks, there may

be little incentive to switch to an integrated product. A standalone product may be more

suited to the single task than the corresponding application of an integrated product.

Standalone products may provide a range and depth of features not available in an inte-

grated product. Even if one of the applications within an integrated product contains the

required features to do the task, the additional overhead from the multiple applications,

the command language, and the memory requirements may not be worth migration to an

integrated product.

3.1.2 Data Sharing

One of the most prevalent reasons to choose integrated software is data sharing, shar-
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ing information between applications. The ability to share data promotes the recency and

accuracy of data. Before deciding that this capability makes an integrated approach essen-

tial, examine the actual need for this capability. Consider the frequency in which data will

be transferred between applications and the difficulty in sharing data between unintegrated

software products. If data will not often be shared and if provisions for import ing and

exporting data between packages are provided, an integrated approach may not be war-

ranted. Surprisingly, the methods for importing and exporting data are sometimes easier

to perform than the data sharing methods furnished in some of the integrated products.

On the other hand, many integrated products offer the advantage of data referencing, the

automatic update of copied data to reflect changes made in the orginal data.

The location and organization of the information to be shared should be considered.

Integration may be of limited use if information is scattered between different computers,

e.g., mainframe data bases, dedicated word processors, and microcomputer spreadsheets.

Aside from the ability to communicate with another computer and download files, only a

small number of integrated products can currently handle and process information located

on a different computer.

3.1.3 Ease of Use

Integrated products often offer a consistent philosophy for combining and presenting

applications, e.g., all applications look and work the same way. This consistency can

reduce the learning time per application. A user can learn one application and apply this

knowledge to the other applications in the product. In reality, however, integrated products

may not be easier to learn initially than standalone products. Integrated products are often

complex, providing capabilities and features that may be daunting to a user. Users may
not reach the levels of expertise required to maximize the benefits to be gained from using

an integrated product. Consequently, users may find the specificity of standalone products

(i.e., one application per product) less intimidating and easier to learn.

3.1.4 Reduced User Resistance

Whenever a new product is introduced into the office, it is not unusual to experience

user resistance. Some users may resist surrendering their current software for the inte-

grated products. They may feel that the integrated products lack the specialized features

and capabilities needed to accomplish their job. On the other hand, the use of integrated

softw^are has the capability of reducing the amount of user resistance or at least the number

of occurrences of resistance. For example, if an integrated product combines three appli-

cations, then three standalone software products may be required to provide those same

applications. When the integrated product is introduced, there is a single opportunity for

user resistance. However with individual products, user resistance is likely to occur every

time a new product is introduced, in this case, three separate times.
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3.1.5 Reduced Organizational Support

Many organizations are finding it easier to support integrated products than standalone

products. One integrated product can provide a variety of applications that will meet the

needs of a diverse group of users. Training and support can be generalized and applicable

to all users, as opposed to supporting multiple software products, where each product

addresses a different application and audience.

3.1.6 Cost

In general, the cost per application of an integrated product is lower than the unit

cost of the equivalent number of standalone products. However, cost savings should not

be dwelt upon since the price of software, both integrated and standalone, varies between

vendors and can range from no cost to hundreds of dollars.

3.2 Selecting an Integration Approach

Once the decision to use integration is made, what type of integration and which

product should be chosen? As expected, each vendor has his own approach to integration

and each user has his own requirements and expectations. Consequently, there is no

best integrated product or method of integrating software. The choice depends on the

application requirements, current system configurations, and personal preferences.

Begin the selection process by considering the various forms integration can take and

determine which one is most appropriate. It is not necessary to limit your selection to the

use of a single integration approach; instead, explore the possibility of using a combination

of approaches to solve your integration needs. For example, if a calendar and notepad

capability is desired while using a product suite lacking these capabilities, combine a

background utility with the product suite. Another possibility might entail operating

an multifunction application package under a software integrator, so that the capabilities

of another software product might be combined with or substitute for an application within

the multifunction application package.

The remainder of this section consists of statements and questions aimed at assisting the

reader in choosing an appropriate type of integration. Emphasis is on selecting an integra-

tion approach and not on choosing a specific integrated product. Criteria oriented toward

selecting an integrated product are discussed in the next section. The statements and

questions are classified into broad categories: application, data exchange, user interface,

configuration, and cost. Following each set of statements is a chart consisting of related

questions and the integration approach(es) that answer the question. Try to associate a

level of importance or a desirability indicator to each question. A ^y m the approach's

column indicates that it answers the question affirmatively. Due to the variability of indi-

vidual products within a category, it is possible for one category to have a/'s in seemingly

contradictory statements. The integrated products within an integration category with a
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large number of affirmative or desirable responses which meet user requirements should be

given serious consideration.
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3.2.1 Application

Each integrated product can consist of a different set of applications. The applications

can be bundled, available only as a set, or unbundled, individually available. Determine

who selects the applications that will be integrated and how well the chosen applications

will work together as an integrated product. The quality of applications can differ among
applications of the same functional type as well as between different applications of the

same integrated product. Insure that the features and capabilities for the applications are

adequate for the job.
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1. Is the selection of applications -

a. predetermined and preassembled by the vendor, v/

b. user chosen and assembled, V V
c. user chosen, but limited to applications that meet

specific conditions, or V
d. user chosen and not limited by specific condi-

tions?

2. Is the range of features and depth of capabilities

a. limited in some of the applications, or

.

b. as good as standalone product equivalents for all

the applications? V V
3. Synergy of applications: Do the applications -

a. all work correctly and completely, or V V
b. work properly only if "well-behaved"

?

v/

18



3.2.2 Data Exchange

Integrated software should provide a means of moving data between applications of

the same integrated product. The degree of difficulty and user involvement required to

perform the transfer and the relationship between the source data and the copy can differ

among the integrated products. Examine both the process of transferring data and the

characteristics attributed to the transferred data.
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1. After the data to be transferred is identified, is the

actual transfer -

a. performed automatically, with no user involve-

ment, or V v\

b. procedural, requiring the user to perform a series

of operations? V V 1—

i

2. Data path: Is the data transferred -

a. directly between the two applications, or V
b. passed through an administrator or manager pro-

gram which controls the transfer? V V

3. Referencing capability: If changes are made to the

original data, is tho copied data -

a. updated automatically to reflect the changes, or V
b. unchanged, requiring changes to be manually

replicated? V V

19



3.2.3 User Interface

Integrated products contain features and capabilities that make them easier to learn,

to use, and to remember how to use. Although the features and capabilities included in

the integrated products can vary, products with the same approach to integration will have

several features and capabilities in common. For each type of integration, examine com-

mand and documentation consistency, screen presentation, and application concurrency -

the ability to switch between applications without exiting either application. Insure that

the features and capabilities will create a workable environment, enabling the user to work

in the most effective way.
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3.2.4 Configuration

The hardware (e.g., memory, graphic board, monitor, etc.) or software (e.g., operat-

ing system) required to operate an integrated product varies from product to product,

irrespective of the type of integration. Although some types of integration require more

RAM than others, more precise statements regarding the hardware or software require-

ments are difficult to make. Although important in the determination of an integration

approach, emphasis on these requirements should be deferred until the identification of

specific integrated products.

Prior to using an integrated product, the product will need to be installed. This

process can be as easy as inserting a disk into the disk drive or as involved as writing an

information file that defines the hardware and software environments. Determine the level

of skill required to install and set up the integrated product.
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1. RAM requirements: Generally do the products

require -

a. large amounts of RAM to run, or

b. less amounts of RAM (depending upon the num-

ber of applications in the product? V V V

2. Installation of the products -

a. requires a person w ith knowledge of the applica-

tions' operating specifics to write the product's

configuration file, or

V
b. requires little knowledge beyond understanding

the basic procedures for operating the computer

system?
V V
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3.2.5 Cost

Because each type of integration offers different benefits, because each vendor has his

own pricing algorithms, and because prices between products are often negligible, price

should not be a major factor in choosing the type of integration. However, the price

of individual applications and custom programmed applications will generally cost more

than a bundled set of applications. Examine how the applications are selected and provided

within each type of integration.
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1. Is the cost -

a. fixed price for an entire product (including all

applications), or

b. based on a separate price for the base product

with additional costs for each added application? V
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3.3 Selecting Integrated Products

A large number of integrated products are available in today's marketplace. Given this

plethora of choice, the user must develop criteria to evaluate the products and to choose

the best product available for a particular purpose or at least eliminate those products

which are unacceptable.

This section describes criteria for evaluating integrated products; these criteria are

grouped based on their relationship to:

• the product design, those technical attributes that reflect the underlying structure

of the product,

• the product features, those technical attributes that reflect the capabilities of the

product, and

• the quality of the product, the non-technical aspects of the product.

Table 2 lists the criteria by these criteria types. As with previous sections, this list is

not exhaustive, but contains many of the more salient concerns with respect to selecting

integrated software. The reader is encouraged to add to the list and to establish a level

of importance for each criteria. These importance levels or desirability indicators, usu-

ally based on application requirements and user preferences are helpful in evaluating and

ranking the difi"erent products.

CRITERIA TYPE

Product Design Product Features Quality

Memory Usage

Data Exchange

Storage Allocation

Product Bias

Application Breadth

Programmability

Multitasking

Windows

Hardware Required

or Supported

Learning Aids

Product Quality

Vendor Support

Table 2: Listing of criteria by criteria type
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3.3.1 Product Design

Product design includes technical attributes that reflect the underlying structure of the

product. The attributes include: memory usage, data exchange, storage allocation, and

product bias.

Memory Usage

An integrated product can be either memory-oriented or disk-oriented. A memory-

oriented product limits the size of data to the amount of available RAM; the entire

data file must be loaded into memory in order to be processed. There is no provision

to load a portion of the data and retrieve additional portions from the disk as needed.

It naturally follows, that as the amount of RAM increases, so does the size of the file

that can be processed. In contrast, disk-oriented products do not limit the size of the

data file. If a data file exceeds the RAM size, a portion of that file is loaded into RAM.
As additional data is needed, the data in RAM is written to the disk and is replaced

by new data from the data file on the disk. Consequently, the size of RAM has little

effect on the size of the data file that can be processed.

Data Exchange

Although integrated products must be able to share or transfer data between their

' applications, the scope of the data exchange may be limited. One limitation concerns

the flow of data between applications. For instance, the data transfer may be unidi-

rectional, that is, data can be transferred from application A to application B but not

vice versa. Or, the transfer may be bidirectional, that is, data can be transferred from

application A to application B and then back to application A. A second limitation

concerns the extent of the data exchange. Can each application within a product trans-

fer data to another application? Some applications can only accept transferred data,

but can not transfer their own data to other applications. For example, application A
can accept transferred data from application B or C, but its data can not be transferred

to either application B or C or any other application contained in the product.

Storage Allocation

Because the data formats and storage algorithms of integrated products differ, the

size of a data file may vary. For efficiency, many vendors have developed data formats

that are tailored to their products. These formats may incorporate special control char-

acters and may involve unique coding representations, both may increase or decrease

the disk space used. Additionally, vendors use different storage algorithms to save data

files on disk. The storage algorithm affects the disk space occupied by a data file and

the time to store or retrieve the file. The following spreadsheet example is used to

illustrate two methods for saving a data file.

A spreadsheet contains 3 rows {A,B,C) and 4 columns (1,2,3,4).

- Row A, Column 1 contains the number 7 and
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- Row C, Column 4 contains the number 11.

- All other cells (row and column positions) are empty.

1 2 3 4

A 7

B
C 4

Some integrated products may save only those cells with information using a method called

sparse matrices. Thus, two cells are saved, Row A, Column 1 {Al) and Row C, Column

4 (C4). Whereas other integrated products may save the entire spreadsheet, putting

zero's [0] in the empty cells. Thus, 12 cells are saved, ^1, A2, A3, A4, Bl, B2, B3, B4, and

C1,C2,C3,C4.

Product Bias

Most integrated products are designed with a bias towards one of its applications.

The product either performs this application better than its others activities, is used

by all others, or controls all others. The biases are:

• Application centered - either commands are structured around one application (other

applications being a special case of the main application), or other applications rely

on the main application for their data.

• Data centered - no application bias exists and one central data file is accessed by all

the applications.

• Administrator centered all applications must pass through and are controlled by a

central program or manager.

Typically, a product's strength is commensurate with its orientation, that is, the applica-

tion it does best will be the biased application. It is advisable to choose a product whose

bias is consistent with the user's application requirements.

3,3.2 Product Features

Product features include technical attributes that reflect the capabilities of the product.

The attributes include: application breadth, programmability, multitasking, windows, and

hardware required or supported.

Application Breadth

The number and types of applications available or contained in the integrated prod-

ucts vary. Some products will allow the user to choose the applications to be integrated
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and some products do not (Section 2.2). Users should insure that the applications cur-

rently available for a product will fulfill their application requirements.

Programmability

A programming capability provides a method for automating a sequence of instruc-

tions. The user is able to customize the integrated product to his needs by defining

a series of commands that are executed with a minimum number of keystrokes. Inte-

grated products can have either of the following types of programming.

• Keyboard macros - are the simplest kind of programming. User issued commands
and keystrokes are recorded under a macro name and executed whenever that name
is invoked. They are often used to automate repetitive tasks.

• Programming languages - are high level languages that contain both commands and

logic control. For instance, these programs can branch to subroutines, perform condi-

tional logic, or control error processing. They can be used to create new commands,

customized templates, and user menus.

Multitasking

Multitasking is the ability to run two or more tasks simultaneously. Because of

operating system limitations, only a few integrated products perform multitasking.

Many of these products use a time slice approach, in which the computer processor

cycles through the tasks, rapidly switching from one to another. Some integrated

products can only multitask one task, printing. This allows the user to print one file

while editing another. Caution: a product that loads multiple tasks into memory but

freezes the background tasks, giving all processing time to the foreground task is not

true multitasking.

Windows

Windows provide a means of dividing the screen into distinct regions, with each

region capable of displaying information from disparate applications or from the same

application. This ability to concurrently view information from multiple windows can

enhance document (file) handling, e.g., transferring data from one file to another or

looking at the beginning and end of a long file. Windows, however, offer some drawbacks

if they are not well implemented or used effectively. Possible drawbacks include: slowed

cursor movement, increased memory allocations, and limits on the amount of visible

data. The number of windows, their placement on the screen (overlapping or side by

side), movement, size, etc. vary among the integrated products.

Hardware Required or Supported

As with any software, integrated products are written to operate and support spe-

cific computers and peripherals. Moreover, the integrated products may require ad-

ditional hardware such as a hard disk, a specified quantity of RAM, a color display,
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and/or a graphics display. The type of printer and its capabilities must also be con-

sidered. An integrated product may not support a specific printer or n)ay require a

specific type of printer. If a printer is not fully supported, the full range of capabilities

of the printer and integrated product may not be realized.

3.3.3 Quality

Quality includes the non-technical attributes of the product. The attributes include:

learning aids, product quality, and vendor support.

Learning Aids

Learning aids reduce the time and eff"ort a user spends on learning and using an

integrated product efficiently and effectively. The learning aids can be provided by

reference manuals, written and on-line tutorials, on-line help, error messages, com-

mand prompting, and user groups. User groups provide a forum for the exchange of

information and often include product demonstrations, lectures, and expert panels to

answer questions. Although some vendors furnish all these types of learning aids for

their integrated products, others may provide a subset of these aids.

Product quality

The integrated product should be well engineered and free of software errors or bugs.

It should be organized, clearly presented and perform efficiently. Examine the synergy

of the product, in other words, how its parts (e.g., applications, command language,

user interface) work together. Consider the intuitiveness of command names and the

number of keystrokes required to invoke the command. It is often easier to remember

a command in which the command name, the function it performs, and the keystroke

used to invoke it have a common bond (e.g., start with the same letter). Finally, insure

that the documentation for the product is complete and correct.

Vendor Support

It is not unusual for a software product to be announced and delivered late or to be

announced and never produced. The latter is often called vaporware. The marketplace

is very volatile and a product available today may not survive the competition and exist

tomorrow. Before selecting a product, find out about the vendor's stability, reputation,

product commitment, and responsiveness to customers. Will the vendor provide new

product releases that fix software bugs, contain new features and enhancements, and

support additional hardware? User support provided by the vendor is also important

and may be in the form of telephone hot lines, newsletters, and local representatives.
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4 CONCLUSIONS
Initially, it seemed as if integrated software for microcomputers would eventually re-

place standalone software products. New products were continually being announced,

introduced into the marketplace and bought. Naturally, all products claimed to solve user

computing needs and enable them to be more productive. Now however, the marketplace

has calmed down; product limitations are being recognized, fewer new products are being

introduced, and current products are being enhanced.

Many integrated products have been acquired with little or no regard for the user or the

application requirements. As a result, owners of these products may be using a minimum
number of the product's functions or have stopped using the product, reverting to previous

methods of work. To remedy this situation, the benefits afforded and restrictions imposed

by the integrated software must be examined to make certain that it can fit the user's

working style and application requirements. Three key issues to consider are product

limitations, user type, and software alternatives.

Limitations to an integrated product can be caused by the hardware con-

figuration of the system as well as the product's design and capabilities. These

limitations can include lack of support for a hardware component, degraded

performance of a feature or capability, or size restrictions on the data files.

Just because a product can perform a task, does not imply that it does it well

or completely. Thus, it is important to examine what the product can and can

not do.

Users can be classified as either casual users or power users. The casual user

has need of several applications, jumps between the applications, and uses the

standard set of features supplied by the software product. Whereas the power

user will use a few applications, rarely switch or share data between the ap-

plications, and use the advanced features of the applications, including writing

programs to customize the applications to his needs., Integrated software may

be more appropriate for the casual user than the power user.

Integrated products may not be the only software solution to user problems.

Often user needs can be fulfilled by standalone software. Many of these prod-

ucts have excellent import/export features, that is, the ability to read data files

created from other software products or write data files that can be read by

other products. Moreover, standalone products may have the range of features

and capabilities that best meet the application requirements now and in the

future. It is important to consider both the integrated and standalone products

as potential software solutions.

Although fewer new integrated products are being announced today, the marketplace

is not stagnant. Current vendors are upgrading and improving the quality of their existing

28



products. These product changes range from minor bug fixes and support of new hardware

to additional applications, improved interfaces with other software, and improved perfor-

mance. The distinction between integrated products is becoming less clear as vendors are

incorporating features and capabilitites into their products that were once unique to their

competitor's product. Examples of this waning distinction include:

• adding applications and features, such as an outline processor, macro library, or word

wrap,

• improving memory management by changing from memory oriented to disk oriented,

• changing the storage algorithm to a sparse matrix implementation.

Because of these revisions, many integrated products can now be placed into more than

one integration approach category. For instance, some of the multifunction applications

products have the ability to add-in applications, a characteristic of the product suite. And,

as applications are written specifically for a software integrator product, that product

would also be considered an operating environment. Thus, the distinction between the

integration approaches remain the same, but the product examples are no longer attributed

to a unique approach.

Over the next few years, products belonging to all five integration approaches will

continue to be available. However, within each approach, a few favorite products will

dominate, becoming defacto standards and dictating future directions. Look for products

to gain power and versatility, acquire intelligence or the ability to correct and anticipate

command sequences, and to be friendlier and more adaptive to a user's working styles.
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APPENDIX

A PRODUCTS and VENDORS
This appendix provides a listing of several of the commercially available integrated

products. It should be noted that this is by no means a comprehensive list of all integrated

products. The products are categorized by integration approach as described in Section

2 of this report. It should also be noted that the absence or presence of a particular

product does not imply endorsement or criticism by the National Bureau of Standards or

the author.

MULTIFUNCTION APPLICATION

Product Names

Ability

Appleworks

Aura

Enable

Framework

Goldengate

Integrated 7

Knowledgeman

MBA, Corporate MBA
1-2-3, Symphony, Jazz

Vendors

Xanaro Technologies

Haba Systems and Apple Computer Inc.

BPI Systems

The Software Group

Ashton-Tate

CuUinet

Mosaic Software

MDBS
Context

Lotus

PRODUCT SUITES

Product Names

InteSoft Series

IT Software

Personal Decision Series

Powerbase

Prevail

Smart Series

Vendors

Schuchardt Software Systems

Martin Marrietta Data Systems

IBM
Powerbase Systems

Inspiration Systems Inc.

Innovative Software
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SOFTWARE INTEGRATOR

Product Names Vendors

Concurrent PC-DOS
DESQ
Windows

Window Master

3270 PC

Digital Research

Quarterdeck Systems

Microsoft

Structured Systems Group

IBM

OPERATING ENVIRONMENTS

Product Names

GEM
Macintosh

Starburst

Topview

Windows

Vendors

Digital Research

Apple Computer Inc.

Micropro

IBM
Microsoft

BACKGROUND UTILITIES

Product Names

Desk Organizer

Get Organized

Macintosh Desk Assessories

My Desk

Pop-Ups

R Desk

Sidekick

Spotlight

Vendors

Warner Software

Electronic Arts

Apple Computer Inc.

Third Floor Systems

Bellsoft, Inc.

R Systems Inc.

Borlund International

Lotus
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