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INTRODUCTION

The purpose of the Criminal Justice Microcomputer Guide and Software
Catalogue is to assist small- or medium-sized criminal justice agencies,
unfamiliar with computer technology, in the selection of an appropriate
microcomputer system. Which is the best microcomputer system for your
agency? Of course, you want the one that matches your agency's data
processing requirements. But how do you know which is the best
microcomputer system? The answer to that question is the focus of this book:
getting the best system (both hardware and software) for your agency is the
result of an organized selection process. The Guide suggests a sequence of
steps and provides enough information for you to establish your own
systematic approach to acquiring a microcomputer system.

To select the best microcomputer system, you need a basic understanding of
the parts of a microcomputer system and how those parts work together. This
does not mean that you have to be a technical wizard or that you must
understand the circuitry of a silicon chip. You do need to know what
happens in the process — we put data into the computer, it undergoes a
process of manipulation, and information comes out, answering the problem
that we wanted to solve. The explanation of this process and the related
questions surrounding microcomputer technology are based on SEARCH's
many years of experience training criminal justice professionals in the basics
of computer technology. The oft repeated questions posed in our national
training classes, and the requests we receive from thousands of technical
assistance calls, contributed greatly to the content and format of this
publication.

The publication is divided into two major parts: Part One, the Microcomputer
Guide, defines the basic components of microcomputers and describes a
process for selecting a system. Part Two, the Software Catalogue is a listing of
operational criminal justice software applications.

The first chapter in Part One begins with a discussion of the basic components
of a system — its hardware and software. The chapter briefly describes the
computer's microprocessor and memory; input devices (keyboards, mouse
and light pens); output devices (printers and monitors); and storage devices
(hard and floppy disks and magnetic tape drives). Additional hardware
components are discussed under communication devices and local area
networks. The first chapter continues with a discussion of system software,
including operating systems, utilities, languages and industry standards, and
general and highly specialized application software. The chapter also includes
a brief explanation of public domain software.
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Once you understand the various microcomputer components, Chapter Two,
Operating System Options, moves into a detailed review of four general types
of operating systems: 1) single-user, single-tasking; 2) single-user,
multitasking; 3) multiuser, single-tasking; and 4) multiuser, multitasking.
Each type of operating system offers different capabilities and has specific
limitations. Your choice of operating system will determine which hardware
components you will be able to link together and which application programs
you can operate. Putting the right parts together is the key to success.

Chapter Three, Selecting a Microcomputer, highlights the general steps in a
systematic acquisition process. Your agency's needs determine the best system
for you. Your first step in the process, therefore, must be to define those
needs. What do you really want the microcomputer to do for you? How is
your current system managing (or mismanaging) the defined tasks? After
outlining the key points in a needs assessment, the chapter sets out a process
for analyzing, evaluating and scoring software packages and hardware
components that should help you navigate your way through dozens of
potential systems. Chapter Three also helps you to evaluate computer
vendors and the services they provide.

Throughout the text, technical jargon is kept to a minimum; we hope to
provide only the amount of technical terminology you will need to be
conversant in the selection process. To guide the reader whenever technical
words do appear, they are in boldface type the first time they are used. All
words in boldface are defined in the extensive glossary which follows Part
One. There are also many additional technical words in the glossary that you
may find helpful as you wind your way through the acquisition process.

Finally, with an understanding of computer basics, configuration options, and
an organized selection process, you will be able to turn to the software listings
in Part Two, the Software Catalogue where over 150 existing proprietary and
public domain criminal justice software packages offer the promise of
addressing your agency's computer needs. The variety of software available
for microcomputers is extensive and growing daily. The majority of the
applications found in Part Two, however, are specifically designed for use in
the criminal justice community. For each application, the listing describes
the product's function and major features, indicates the operating system and
type of microcomputer on which it operates, and provides contact names,
addresses and telephone numbers. Each entry also has a comment section
where additional information about the particular product may be found.
The Software Catalogue should not be considered a complete directory of
available criminal justice software and the appearance of a vendor or product
in no way represents an endorsement by SEARCH Group, Inc., the Bureau of
Justice Statistics or the U.S. Department of Justice. The information
contained in the Soffware Catalogue was provided on a voluntary basis and
agdditional entries are welcor..2.




The records describing the software applications are followed by four indices
which let you search the Software Catalogue in a variety of ways.. The indices
categorize the software by vendor/agency name, criminal justice discipline,
type of microcomputer used and public domain. Finally, the Software
Catalogue includes two appendices: Appendix A defines each of the fields
used to describe software in the Software Catalogue. It is an annotated sample
of the form project staff used to gather information on microcomputer
application software. This form can be used in conjunction with Appendix B,
a blank software application submittal form. If you have developed criminal
justice application software and would like to have the product information
included in the next edition of the Software Catalogue, please complete
Appendix B and mail it to SEARCH Group, Inc. SEARCH intends to
automate the information that we receive, making updated material
available on-line to the criminal justice community.

Throughout the Criminal Justice Microcomputer Guide and Software
Catalogue references are made to names of computer hardware and software.
Product names are used solely as examples and the references should not be
considered endorsements of any kind. Most of the hardware and software
names are manufacturer's trademarks and should be treated as such.

xi
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L.

BASIC MICROCOMPUTER COMPONENTS

Microcomputer systems are designed to solve problems. Unfortunately,
all criminal justice agencies do not have the same set of problems that can
be solved with the same microcomputer solution. An agency with ajail
management problem requires a different type of solution than an agency
that needs a better computer-aided dispatch system. The microcomputer
system required in each case will be different depending on the degree of
specialization in the components of the system.

The individual components that are put together, the way that they are
put together, and the capabilities that they will collectively provide,
determines the system configuration. In this section, we will examine the
basic components in a microcomputer configuration, showing how the
parts work together to make a system. Knowing the parts and functions
of a microcomputer is the first step toward choosing the system configu-
ration appropriate for your agency’s needs. Too many systems are chosen
as the result of uninformed agency decisions or the grandiose promises of
a data processing vendor.

What makes up the components of a system and how do the various
components work? The two primary components of a microcomputer
system are hardware and software. This chapter will explain both of
these major components in greater detail, but first, a general overview.
Hardware is the physical, electrical and mechanical devices — the parts
which you can touch. At the center of all the hardware in a microcom-
puter is a chip, no bigger than the fingernail on a little finger, called the
microprocessor. The microprocessor is composed of even smaller compo-
nents which, in conjunction with the microcomputer’s memory, execute
software programs. Peripheral equipment, input and output devices, are
attached to the microprocessor. Input devices, such as a keyboard and a
mouse, enter commands and data for processing. Output devices, such
as monitors and printers, display the results of the processing. Storage
devices — floppy disks, hard disks and back-up tapes — are used to store
programs and data. The microprocessor communicates with the input,
output and storage devices through a set of wires that carries electronic
impulses throughout the computer. This electronic pathway is called a
bus. Microcomputers can communicate with other computer systems
through communications devices — such as modems and networks.

Software includes programs and instructions executed by the hardware

when processing data, and is composed of electronic signals or magneti-
cally recorded elements which you cannot touch. Software can be broken
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Hardware

into two basic categories — system software and apphcatlon soft-
ware. The system software controls the activity of the microprocessor
circuitry, the functioning of the peripheral devices and controls all
software application programs. System software is designed to
control the activities of the microcomputer’s many subsystems.
Application programs — such as word processing and accounting,
computer-aided dispatch and records management — are the coded
instructions that direct the computer system to produce a result for a
user of the microcomputer. Application software is designed to solve
user problems.

We now need to examine the basic components more closely.

*Microprocessor or Central Processmg Unit

The microprocessor, which is often called the Central Processmg Unit
(CPU), or processor, can be thought of as the “brain” of the microcom-
puter. It is the electronic device that interprets the software instruc-
tions and data entered into the computer, places the instructions and
data in internal memory locations, manipulates the data and controls
the sequence of operations contained in the software instructions.

The CPU processes digital data. As a digital processor, the computer
calculates and processes the digits of the binary number system — one
and zero — which can be represented as the “on” and “off” states of
electronic circuits. A software program’s instructions are actually
stored and executed as a sequence of binary numbers. Software
languages are coding schemes for instructions which can be written in
a human-readable format, and then expressed to the microprocessor
as binary numbers. The data to be manipulated by the microproces-
sor (words, graphics, sounds) can also be represented by different
sequences of binary digits. The microprocessor’s various functions
are either arithmetical (add, subtract, multiply, divide) or logical
(true-false, and .or, not, exclusive ) and both functxons can be carried
out by the bmary number system of ones and zeros. The microproces-
sor, then, processes the coded form of the software program’s instruc-
tions into kinary numbers, which physically pass through the on/off
channels of the microprocessor’s semiconductor components.

It is also important to know s‘omething about a microcomputer’s
capacity and speed for processing and storing digital data. When
vendors begin talking in bits and bytes, you need to know that a bit is
a single digit of a binary number, either a one or a zero, and that
microcomputers store information in a byte, which is the number of
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eMeniory

bits needed toencode one character of data. Normally, abyte is composed
of 8 bits. In most computers, each character on the keyboard can bestored
and represented as one byte of data. The microprocessor is designed to
“think” and “remember” in bytes of a minimum specific width which it
inoves along a bus (a hardware interface) which connects the micropro-
cessor to the system’s memory and other devices.

There are three basic classes of microcomputer microprocessors, each
based upon the maximum width, in bits, that the microprocessor is
capable of movmg and processing data. The general classes are 8-bit, 16-
bit and 32-bit microprocessors.

The significance of the three classes of microprocessors resides in the
number of bits they can process at one time and the speed at which they
can be processed. The mdth in bits is an indication of how many
characters of information can be accessed in memory at any given time,
which is known as a memory access cycle. For example, an 8-bit micro-
processor can access only one byte (or one character) in a cycle and would
require four cycles to access four.characters. A 32-bit microprocessor,
however, can access four characters in one cycle (8 + 8 + 8 + 8 = 32 bits).
Thus, the amount of work done by the 32-bit microprocessor is four times
greater than an 8-bit microprocessor at any given moment.

The speed of a microcomputer’s microprocessor is measured in megahertz
(MHz, millions of cycles per second). The speed in megahertzis as critical
as the width in bits of the microprocessor. The more cycles per second, the
faster a microprocessor can process data, and the faster the job gets done.
When selectmg a microcomputer, it is important to get a microprocessor
with the size and speed needed for the work you want it to perform.
Usually, you try to purchase as much speed and power as you can afford.

For an idea of relative CPU processing speeds, see Table 1.

An integral part of the microcomputer is its memory. There are two major
types of computer memory: RAM and ROM.

RAM (Random Access Memory). RAM is the “thinking” memory of the
microcomputer; it is where the microprocessor temporarily stores pro-
grams and data. RAM is capable of both being randomly written to and
read from, which means the system can use RAM like a scratch pad —
storing, moving and erasing data and programs at different times as
needed. RAM is also erasable and “forgets” everything upon command
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Table 1

or any time the power goes off (such as a power failure). RAM, in
essence, is the internal working area of the computer — much like
your desktop where you place documents and writing materials.
When you placea floppy disk containing a word processing program
into your microcomputer, a copy of the program isread into the RAM.
As you begin composing your report, the data is temporarily stored in
the RAM as well. Through random access of the microcomputer
memory, the microprocessor can call upon any piece of data or any
word processing instruction with equal speed. When you are finished
with the writing session, you must save your typing to a storage
device—a floppy disk or hard disk. RAM provides only temporary
storage; when you quit the program, everything in the RAM is erased.

RAM is a strategic consideration in selecting a microcomputer be-
cause, as software programs become increasingly sophisticated and
powerful, they require larger amounts of RAM to operate. Word proc-
essing programs, for example, now come with spelling checkers,
thesauri, graphics capabilities, variable type fonts and sizes — all of
which rapidly devour RAM. If you don’thave enoughRAM, youmay
notbe able to run the program that you need, or you may find yourself
putting floppy disks in and out of the machine dozens of time to
complete a simple operation. Make sure that you have enough RAM
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at the outset or that the RAM is capable of expansion later. In general, the
only control you have over a system’s memory is the amount of RAM you
have installed. As a general rule, buy all the memory you can afford.

The other major type of computer memory is ROM (Read Only Memory).
Microcomputer designers use ROM to permanently store programs, such
as the startup program for the computer, which they do not want users of
the system to modify. In general, the more ROM a system has, the greater
variety of features are available. ROM is designed specifically for the
system and installed by the manufacturer. ROM, unlike RAM, is not
erasable and cannot be lost, for example, during a power failure.

One particularly important part of the ROM is the ROM Basic Input/
Output System (BIOS). This is one of the specialized parts of the ROM
that is usually created either by the system manufacturer or purchased
from a BIOS vendor. The ROM BIOS is the software code, contained in
one or more of the ROM chips, that tells the computer how to communi-
cate with the components of the system, such as the video display,
keyboard and storage devices.

The software code contained in these chips continues to be one of the
hotly-debated topics surrounding a given system’s “compatibility” with
the IBM Personal Computer, which, over the last few years, has been
widely accepted as the basis of the “PC compatibility standard” of micro-
computers. Because the courts have decided that the software code
programmed into the ROM BIOS is protected under federal copyright
laws, the major manufacturers of microcomputers quickly copyrighted
~ their ROM BIOSs to make “cloning” their systems more difficult. A few
software developers, however, specialize in “reverse-engineering,” a
process of observing the outputs of a product and designing a functional
duplicate, which can produce very close imitations of other manufactur-
ers’ ROM BIOSs. Most PC-compatible manufacturers purchase their
ROM BIOSs from a limited number of American companies, which have
proven their capability in “reverse-engineering.” Extreme care, however,

must be taken when considering the acquisition of a clone or “workalike”
~ microcomputer. Itis possible that a clone ROM BIOS will not perform all
of the inputs and outputs exactly as the original.

In addition to RAM and ROM, there-are also other specialized forms of
memory, including: Programmable Read Only Memory (PROM); Elec-
tronically Programmable Read-Only Memory (EPROM); and Electroni-
cally Erasable Read Only Memory (EEROM). In this brief overview, we
need not concern ourselves with them. If you are interested, these types
of memory are explained in the glossary.
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¢ Input Devices

—Keyboard

—Mouse

—Light Pen

The next category of hardware componentsis input devices, which are
used to enter data into the microcomputer. Input devices include key-
boards, a mouse, light pens, bar code scanners, optical scanners and
digitizers. This is by ri0 means a complete list of the available iniput
devices, but rather the most common devices found in an office envi-
ronment.

The keyboard is the most widely used input device. Keyboards
generally look alike and perform the same basic functions. The only
significant difference is the number and type of keys. Mostkeyboards
now feature a numeric keypad on the right-hand side and usually
have special “function keys” either across the top or down the left-
hand side. The purpose of the function keys is to allow software pro-
grammers to write their programs so that simply by pressing a
function key, the user can execute a specificinstruction. For example,
in a word processing program, a function key might cause the word
processor to underline a word, while in a database program the same
special function key might cause the database to performasearch. The
exact usage of the function keys is left unassigned for the convenience
of the software programs.

Another type of input device is called a mouse. A mouse is basically
a pointing device. Pointing devices are designed to move the cursor —
the indicator that shows where you are on the screen. A computer
mouse may be a mechanical device that is able to roll on your desk; an
optical device that uses a beam of light on a special pad; or a hybrid,
with a combination of optical and mechanical parts. The mouse
usually has one to three buttons on top which act as special function
keys. These buttons are used like the special function keys on a
keyboard in that a program may assign their use for different func-
tions as needed.

Light pens are also input pointing devices. Unlike a mouse, which
moves on a desk or a pad, light pens are moved against the display
screen (also called the Cathode Ray Tube or CRT) of the microcom-
puter. Alight penlookslike afatballpoint pen with a wireleadinginto
the microcomputer. Light pens work by sensing the beam of light
generated by the CRT and translating the time it takes for the beam to
strike the light pen into a coordinate position on the screen. Software
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must usually be specially programmed to take advantage of the pointing
capabilities of the light pen.

—Bar Code Scanner

Another type of input device is the bar code scanner. Bar codes are the
patterns of black bars of varied width and spacing which represent
numeric or alphanumeric sequences. Found on almost every product
purchased in stores, bar codes allow the store to keep track of the number
and type of items on the shelves by passing a special light pen, called a
“bar code reader” or “bar code scanner,” over the pattern of bars. A
microcomputer translates the pattern of bars into a description of the item
which the microcomputer can read as easily as if it were typed into the
keyboard. Bar code scanners are desirablebecause they tend toreduce the
human error which is normal in any data entry operation.

—Optical Scanner

One of the most specialized input devices is the optical scanner. An
optical scanner allows a microcomputer to translate printed text or
graphicsinto digital data. The optical scanner reads a page of text oneline
at a time and compares what it has read to a list of allowable shapes. Ifit
looks like an “A” to the software which operates the scanner, then the
scanner stores it in the microcomputer as an “A.” Some optical scanners
have problems deciphering fonts and sizes different from those that the
software accepts, but the more expensive models do an excellent job.
Optical scanners can make the task of converting data from a manual
recordkeeping system to an automated system much easier: old docu-
ments can be quickly scanned automatically and stored in the microcom-
puter.

—Digitizer
One of the most interesting types of input devices is the digitizer. A
digitizing tablet can translate whatever is written on it into digital data
which it then enters into the microcomputer. The video digitizer inputs
videoimages into the microcomputer. Both of these input devices require
highly specialized software to operate.

* Output Devices

Output devices transform digital data in the microcomputer into a form
that is readable by humans or other machines. For example, when you
input characters through the keyboard, the computer reads the keyboard
characters as digital data for manipulation by the CPU. For the user to see
the characters on a printed page the output device — the printer —

- converts the digital data to characters. Output devices include monitors,
printers and plotters.

BASIC MICROCOMPUTER COMPONENTS 9
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—Monitor

—Printers

The most common output device is the monitor, the video display
screen on a personal computer (also known as the Cathode Ray Tube
or CRT, the display, the screen and the Video Display Tube or VDT.)

There are generally twokinds of monitors: monochromatic (one color)
and color. Monochrome screens are black with white, green or amber
characters. Monochrome monitors tend to be high-resolution due to
their primary task of displaying text characters, although mono-
chrome graphics are not uncommon. Color displays tend to have
lower resolution than monochrome displays, although this is rapidly
changing as color/ graphic displays become more the norm in the
industry. Monitors come in varying sizes, although 12-inch and 13-
inch monitors are the most common. Standard dlsplays show 25 lines
of text in 80 columns.

The monitor is similar to a televisior: screen, but it has a much higher
resolution (there are more dots per square inch than on a TV screen).
High resolution is needed because the characters on a monitor are
small and people must sit closer to a monitor than to a television
screen. Eyestrain and neck aches are not uncommon in people who
use computers a great deal. In fact, the resolution, brightness, con-
trast, glare and angle of the display are subject to legislation in many
countries. As a general rule, buy the highest resolution color/graphic
display you can afford for general purpose computing.

A common error is to confuse a monitor with a terminal. A terminal
can look like a monitor, and in fact both have a video display. A
terminal, however, normally has a keyboaxd which enables it to
function both as an input and an output device. Most terminals are
connected to a computer by a single cable (the keyboard is cabled
directly to the housing of the CRT), whereas most monitors and
keyboards are connected by separate cables to the microcomputer.
Finally, terminals usually are not capable of color or graphics unless
especailly designed for that purpose.

Printers are the devices that produce an output on paper or other
permanent media (hard-copy). They are capable of producing text
characters and graphical output and come in two major varieties:
impact and non-impact. See Table 2 for a list of the most common
types of impact and non-impact microcommputer printers.
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Table 2

~ Impact printers are by far the most common type of printer and are

divided into two categories: dot matrix printers and wheel printers.

Dot matrix printers have a printhead composed of multiple pins in a
rectangular pattern. These pins can be used to form characters by
pressing a combination of the pins against an inked ribbon in the form of
the desired character. The ribbon then transfers the character in the form
of tightly grouped dots on the paper. Dot matrix printers normally
operate at speeds of 80 to 600 characters per second for draft copies;
approximately 40 to 300 characters per second for high-quality output;
and approximately 20 to 150 characters per second for graphical output.
Dot matrix printers normally print bidirectionally (both forward and
backwards as the printhead moves over the paper.) Dot matrix printers
are popular because they are fast, inexpensive and are capable of printing

‘both text and graphics. Some even produce colored output. Dot matrix

printers can produce very high quality, or near letter-quality output, but
most produce outpuf which is clearly composed of little dots.

Wheel printers include daisy wheel and thimble printers, both of which

- function in the same fashion. A wheel printer uses a print element of
- either plastic or metal-composed of individual arms with a fully formed
character raised on the end of the arm. This character is then pressed

against the ribbon by a single metal hammer. The wheel or thimble is

rotated into position for each of the characters as needed. Daisy wheel

impact printers use a wheel that is oriented vertically in the printer and
isparallel to the paper. Thimble impact printers use a modified wheel that
is curled into a crown shape and oriented horizontally in the printer,
perpendicular to the paper. Both printers produce letter-quality output,
but have limited graphics capability. Wheel printers normally print less
than 100 characters per second. Most wheel printers generally produce
only single-colored output. -

The first group of non-impact printers are laser printers. Laser printers are
generally thought to be the top-of-the-line for producing quality hard-
copy ouiput. Contrary to popular opinion, laser printers do not burn the
characters into the paper. Actually, the laser printer is little more than a
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smart photocopier. The laser printer exposes a metal drum to a low-
intensity laser beam which causes the exposed section of the drum to
become magnetized. This magnetized section attracts a plastic “dust,”
called toner, which sticks to the drum. The drum then rotates against
the paper and the paper and toner are heated and pressed together.
This process transfers the melted toner onto the paper, producing
output which approaches typeset quality. Laser printers are fast (6 to
8 pages per minute on the average), extremely quiet and produce
high-quality output.

There are two major types of laser printers: postscript-equipped and
non-postscript-equipped. Postscript laser printers generally are bet-
ter at producing high-resolution graphic output than non-postscript-
equipped laser printers. The postscript printing protocols are compat-
ible with a number of commercial typesetting printers, thereby allow-
ing you to take your disk to a printer should you desire typeset quality
greater than that offered by laser printers. Most laser printers are
capable of emulating or “pretending” they are other types of popular
printers. Thisis an added feature to be considered when shopping for
printers. The only problems with laser printers are the high cost of
consumable supplies, like toner cartridges and drums, and the lack of
high-capacity paper-handling options. Laser printers presenﬂ ydonot
produce colored output.

Inkjet printers are known for their ability to print smooth color output.
Inkjet printers use a reservoir of magnetic ink which is drawn elec-
trostatically out and sprayed against the paper. Inkjet printers are
usually very slow, but produce high quality color and graphical
output. Inkjet printers are used where the nature of the work man-
dates top high-quality colored output.

Thermal printers are a type of non-impact printer using a special paper
which colors when exposed to heat. Thermal printers are rarely seen
today due to the poor quality output, high cost of paper and slow
printing speed

The discussion on printers has been deliberately focused on printers
found in the average office environment. Other printers, notably the
high-speed line printer varieties, including the 400-page-per-minute
line or band printer, are usually part of a minicomputer or mainframe
computing environment.

A plotter is a specialized hard-copy output device with an arm that
holds a colored ink pen and presses it against a sheet of paper as either
the arm or the paper moves. This device produces the smooth-lined,
multicolored graphic output normally associated with computer
graphics. Plotters normally are not used for anything other than
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graphic output, typically for blueprint-like designs, maps or high-resolu-
‘ tion business graphics. Plotters normally accept a single sheet of paper
which can range from stanclard letter size to several feet in size.

*Storage Devices

Microcomputers need to be able to store data and programs for an
indefinite period of time. Re-entering a program from the keyboard each
time the computer is started would be too time-consuming and frustrat-
ing. To provide long-term storage of programs, data and operating
systems, microcomputer designers developed a category of hardware
called storage devices. Storage devices provide a medium for storing
programs and data which can be accessed quickly without having to keep
them active in memory. Storage devices are divided into two types: disk
storage devices or tape storage devices. Disk storage devices include floppy
disks, hard disks and optical disk drives. Tape storage devices include
magnetic tape drives.

—Floppy Disks

The most common storage device associated with microcomputers is the
floppy disk, also known as a flexible disk or floppy diskette. Floppy disks
are availablein threestandard sizes: 8 inches, 5-1/4inchesor 3-1/2 inches
in diameter. The 5-1/4 and 3-1/2 inch disks are the most common.

‘ Floppy disks can be thought of as magnetic recording tapes produced in
a disk shape (they look like a thin 45 rpm record) and encased in a
protective plastic or paper cover. Floppy disks work somewhat like a
stereo record in that they are logically divided into concentric rings and
data is stored or accessed by an arm which moves back and forth across
the surface of themedia. Floppy disks areinexpensive, removablestorage
media which are reusable, allowing you to read and write to them many
times before they wear out. Although they are adequate for backup and
temporary storage of data, they are inappropriate for permanéntly ar-
chiving data. The disks can be formatted to one of several generally
accepted storage capabilities. See Table 3 for common disk storage
formats. '

Table 3
BASIC MICROCOMPUTER COMPONENTS 13



—Hard Disks

Hard disks (also known as hard drives, fixed disks, rigid disks and
Winchester disks) function like floppy disks, except that they are dra-
matically faster, hold much more data and are normally not remov-
able. While floppy disks store from approximately 360 kilobytes (KB)
up to about 1.5 megabytes (MB) of data, the hard disk sizes start with
about 5 megabytes up to nearly a gigabyte (GB) of storage per drive.
A floppy disk rotates at about 300 rpm and has about 40 tracks (con-
centricrings where datais stored) per side, whereas a hard disk rotates
ataround 3,000 rpm and can have as many as 1,024 tracks in the same
physical media size. A hard disk, because of the close packing of data,
is much more sensitive to vibration, shock and temperature changes
than a floppy disk. With data packed closer and moving faster, it is
necessary to exercise considerable care with a hard disk.

—Optical Disk Drives ‘

Optical disk drives, also known as CD-ROMs (Cartridge Disk Read
Only Memory) and laser disk drives, are a new and promising data
storage medium. Optical disk drives store data by representing bits
inreflecied patterns of light on the media. Where hard disk drives are
rated in megabytes of data storage, optical disks arerated in gigabytes
(a gigabyte is equivalent to 1,000,000,000 characters or 200,000,000
words or 660,000 pages) of storage. Optical disks are fzster than a
floppy disk, but slower than a hard disk. Optlcal disks, like floppy
disks, can be removed from the computer.

The state-of-the-art in optical disks is what is known as a “Write-
Once-Read-Many” or WORM drive. After you write data to the
WORM drive, you can not write to that particular section of the disk
again. For example, if you revise a report that has been stored on an
optical disk, the new version does not replace the former version as it
normally would on a floppy or hard disk. Instead, the new version is
stored at another location on the optical disk. The system now
disregards the former location, but it is still there taking up memory.
The reason for this is that a laser in the drive actually burns little holes
in the surface of the disk. The technology is very promising for high
data storage apphcahons, especially where a full audit trail of infor-
mation changes is necessary. Until there is a clearly defined set of
standards, however, the optical disk should be evaluated carefully by
an expert before being cunsidered for the average criminal justice
application.

—Magnetic Tape Drives

Magnetictape drives (orsimply tape drives) usually serveasabackup
and restoration device on microcomputers. Magnetic tape can protect
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your programs and data against accidental loss as a result of power
failure, system errors, fatal disk errors, theft or other catastrophes, as well
as provide a medium of archiving data. Because of the size difference
between hard disks and floppy disks, backing up a hard disk onto
floppies can take 30 or more disks and upwards of two hours to complete.
Tape drives make the chore of backing up data from the hard disk much
more simple. You put a tape in the drive and instruct the system to back
up the hard disk. This can take anywhere from five to 45 minutes,
depending on the size and speed of both the tape drive and the hard disk.

Tape drives in microcomputers generally use a quarter-inch tape in a 9-
track format. The tapes come in lengths of 300, 450 and 600 feet which
store approximately 30, 45 and 60 megabytes of data, respectively.
Magnetic tape for microcomputers is normally stored on a cartridge, like
stereo cassette tapes. The standard-size cartridge, known as the DC300 or
DC600 cartridge, is about 4x6x°/s inches. This tape cartridge size is used
in both microcomputers and minicomputers and is the most common
model installed in microcomputers. The next size tape is what is known
as a DC1000 minicartridge tape. Minicartridges measure about 2x3x'/2
inches and use a tape which is only 15/1000 of an inch wide. Minicar-
tridges look a little smaller and thicker than a stereo cassette tape car-
tridge. The last common type of tape drive uses a tape cartridge thatlooks
identical to a stereo tape cassette, except that it is designed as a digital,
rather than an audio, tape.

In the microcomputer industry today, the standard for recording tech-
niques is called the Quarter-Inch Compatibility (QIC) Committee Stan-
dard. For example, the QIC-24 Standard has been in use the longest and
has the greatest market share at present. The most commonly-used tape
drives in microcomputers are DC300 or DC600 tape using the QIC-24
recording standard. In selecting a backup system, you are safest sticking
with a standard format.

* Communication Devices
Communication devices are the hardware components that allow a
microcomputer to communicate with other computer systems and pe-
ripheral devices. The major communication devices that will be dis-
cussed here are parallel and serial ports, modems, facsimiles and net-
works. Most communication devices are connected to the microcom-
puter by a large cable that is connected to a port on the back of the
microcomputer.

—Parallel Versus Serial Transmission

In a microcomputer, data are moved from one component to another by
either serial or parallel transmission. The terms “parallel” and “serial”
refer to the means through which the data are transmitted.
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~—Modems

In a parallel transmission, all of the bits of data (which compose a
byte) are simultaneously transmitted as a group on several parallel
wires (one wire per bit plus additional wires for control signals). Only
one byte can be transmitted and received at a time. Parallel transmis-
sion allows large amounts of data to be transmitted quickly without
complicated conversion or error detection techniques. However,
parallel transmission is usually limited to short distances due to this
lack of error checking. Parallel devices such as printers and internal
peripherals, like disk drives, are normally located close (less than
eight feet) to the microprocessor.

Serial transmission uses as few wires as possible (as little as two), and
moves the bits of data in a stream by disassembling the byte into bits,
and transmitting the bits one at a time — that is, they are transmitted
in a series —and are reassembled at the receiving end into bytes of
data. Sent in this mode, serial transmissions may be transmitted very
quickly, and amplified as necessary when the signal weakens. Serial
transmissions always use some form of error detection, since the bytes
of data are received in a stream rather than as one complete byte (asin
a parallel transmission) and must be reassembled into a complete
byte. Computers in two separate geographical locations commonly
employ serial communications between each other.

Modem is an acronym for MODulator/DEModulator. A modem is &
device for converting digital signals from a microcomputer into
signals which can be transmitted over a communication medium,
such as a telephone line, to a receiving modem attached to a terminal
or another computer. Modems require specialized communication
software whichis available in varying degrees of sophistication. There
are two major types of modems in use microcomputers: external and
internal.

An external modem looks like a flat metal box (usually about 4x8x1
inches in size) with blinking lights on one end and atleast three cables
coming out of the other end. External modems are normally serial
devices, and are attached by a cable from the modem to a serial port
on the computer. Another cable, which looks like a telephone line,
runs from the modem to a modular telephone jack in a wall. The third
cableisnormally the power supply cable tothemodem. Anoldertype
of external modem, known as an acoustic modem, used an acoustic
coupler which allowed you to plug the handset of the phone into
rubber cups molded onto the modem which contained a microphone
and a speaker. Acoustic modems are rare now, as they are very
sensitive to background noise.
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Internal modems are designed on a card which plugs into the internal bus
(or attachment slots) of the microcomputer. Internal modems generally
use less power and do not require the use of one of the microcomputer’s
existing serial ports. All that is needed is a telephone cable to establish a
connection between the microcomputer and the telephone wall plug.

Modems generally transmit data over a phone line in one of two ways:
asynchronous or synchronous. Thus, there are two corresponding types
of modems: asynchronous and synchronous. Asynchronous is the most
common type of micro-to-micro or micro-to-mini communications tech-
nique, mainly because it does not require complex circuitry in the micro-
computer and uses relatively inexpensive communications equipment.
In an asynchronous transmission, data characters are sent in logical
packets, which have unique bits indicating the beginning and end of the
packet. Data placed in this logical packet may be sent toanother computer
without worrying when the data will arrive, or whether the computers
need to synchronize the speed of their transmissions. The receiving
computer will also be able to identify the beginning and end of the trans-
mission.

With a synchronous transmission, however, the transmitted data is sent
athigher rates in both directions, because the two computers synchronize
their clocks and send their data packets at the same speed. This requires
rather complex circuitry in the microcomputer and uses relatively expen-
sive communications equipment. Synchronous transmission is the most
common technique for communicating between mainframe and mini-
computers and their attached or remote devices.

Modems are rated by their speed or baud rate. Baud is a measurement of
speed which roughly equates to one bit per second. Because there are 8
bits to a byte, a modem which transmits at 1200 baud is actually transmit-
ting 150 characters per second. This equals 9,000 characters a minute or
roughly 1500 words. Low-speed modems generally arerated as 300-1200-
2400 baud, which means the modem can transmit and receive atany of the
three speeds. Medium-speed modems generally are rated as 4800-9600
baud and high-speed modems as 9600-19,200 baud. Asynchronous
modems of 2400 baud are very common, and an increasing number of
9600 baud modems are being sold. A high-speed modem makes good
sense when you consider the cost of the phone call compared to the cost
of the modems. Since a 9600 baud modem is eight times faster than a 1200
baud modem, it takes up to one-eighth the time to transmit the data. If you
are transmitting and receiving enough data that the additional expense of
a faster modem will justify itself in a year or two, consider buying the
faster modem. Most modems on the market today are capable of multiple
speeds.
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One problem with fast — 4800 and 9600 baud — modems, however,
is that the quality of telephone lines is generally poor for computer
use. Modems generally transmit streams of data which sound like
hissing to the human ear. Unlike human beings, computers and
modems havedifficulty determining whatis noiseona phone lineand
what is information. In a long distance call accompanied by hissing,
popping and crackling, a high-speed modem can develop many data
transmission errors. When the communication software controlling

~ the modem determines that the data received is in error, the general
solution is to retransmit the data. If the errors continue, the modem
will slow down and the process repeats until the data is transmitted
cleanly, which may take quite’a while. One solution to the noise
problem is to purchase modems with sophisticated error-correction
routines built into their ROM. Another solution is to lease from the
phone company a “clean” or “conditioned” line which is specially set
up for data communications and is dedicated or wired directly (point-
to-point) between both communication sites. Leased lines do tend to
get expensive; if you have a high amount of traffic to the remote site,
you might do some comparison shopping for line costs. Though ex-
pensive, a dedicated line provides a measure of security and privacy;
where data must be protected, or transmitted in high volumes, the cost
may justify it.

There are modems capable of higher speeds and there are devices
called “multiplexors” which can pack multiple data streams into the
same telephone lines. The average user of microcomputer communi-
cation devices, however, will not require such complex hardware. If
you have complex communication needs, get an independent expert
to advise you. Communications is a separate data processing field
which can be as technically confusing as computer science. Seek
independent verification, as communication-oriented errors and
problems tend to get very expensive, very quickly.

In summary, four general statements can be made about modems.
First, know that a modem is only as good as the software used to
control the communications. Second, fastmodems are expensive, but
not as expensive as daily one- or two-hour long distance telephone
calls. Third, every two years the most common speed of modems
tends to get faster. And finally, you should always buy the fastest
modem you can aiford.

—Facsimile

One of the more interesting recent developments has been the facsim-
ile add-in card for the microcomputer. This card gives the microcom-
puter the capability of sending and receiving handwritten text, pic-

R4
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tures or any other image which can be transmitted by a facsimile device.
When the card is used with a high-quality scanner, you are able to have
all the functions of a facsimile unit within your microcomputer.

*Networks: Local Area Networks
A network is a telecommunications and data communications system

which allows a number of independent devices to communicate with
each other. We will be discussing two types of networks, the Local Area
Network or LAN and the Wide Area Network or WAN. A LAN is a
collection of devices (usually computers and peripherals) which are
connected in a limited geographic area in such a way as to allow commu-
nications and the sharing of peripheral devices. A WAN is a network that
uses a common protocol or procedure to interconnect different types of
computing facilities or networks over a large geographical area.

In a network, microcomputers can share not only software programs and
a common database, but also common resources such as high-capacity
hard disks and laser printers — peripherals that would be far too expen-
sive to buy for each microcomputer. Moreover, networks can establish
pathways to communicate with other computer systems in remote loca-
tions: electronic mail, electronic bulletin boards and commercial net-
works such as Compuserve and The Source, forexample. Let’s look more
closely at Local Area Networks, including their basic components, proto-
cols, signaling methods and configuration varieties (or topologies). We
will also look briefly at Wide Area Networks.

Local Area Networks (LANSs), as thename implies, are systems forlinking
inexpensive microcomputers to share programs, data and peripheral
resources, such as high-capacity hard disks, laser printers and electronic
mail in a limited geographic area, such as a building or office. Under-
standing LANSs requires that you understand three basic concepts: a
packet of information, a node and a server. A packet is simply a piece of data
or program of a specific size with additional information called a header
and a trailer attached to the beginning and rear of the packet. The header
tells where the packet is going, and the trailer tells the size of the data in
the packet. A nodeis a device which has access to the network resources.
A node can be a workstation (a microcomputer or a terminal) or a special
device called a server. A server is a specialized microcomputer which
offers some service to the network, such as storing or printing files or
providing communication capabilities. Servers may be either specialized
microcomputers made by the manufacturer of the LAN hardware or a
standard microcomputer running a specialized software application. In
some cases, standard microcomputers which are being used as servers
may simultaneously be used as workstations, although this is seldom rec-
ommended due to performance losses. '
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—Token Passing Versus CSMA/CD Protocol

Microcomputer LANs generally follow one of two standard protocois
or procedures for formatting and transmitting data: Token Passing and
Carrier-Sense Multiple-Access/Collision Detection (CSMA/CD).

Token passing networks work like a game of “hot potato.” Everynode
on the network is allowed to hold the token, the “hot potato,” for a
limited time. The token is a specially marked packet which regulates
the use of network resources. During the time the node possesses the
token, it can send or receive packets of information to and from the
network. When the node’s time runs out, the node has to pass the
token on to the next node in line, even if it has more packets of data
to transmit. The node has to wait until the token returns to finish the
transmission. Essentially, each node is granted a limited, equal turn
to use the resources on the network.

A Carrier-Sense Multiple-Access/Collision Detection (CSMA/CD)
network works like a party-line telephone system in that every node
listens all the time to detect if someone else is using the LAN. If the
LAN is idle, the node wishing to transmit will begin sending its
packets. As the node transmits its packets, it constantly receives
packets and compares them to what it is sending. If they don’t match,
the node assumes that another node was transmitting (collision detec-
tion), and will stop its transmission and wait a random period before
attempting to transmit again. Each node, then, keeps automatically
checking to see if another node is attempting to gain access to the
resources of the network.

Both LANs have their strengths and weaknesses. In general, a net-
work with a large number of nodes which has a processing load com-
posed of anumber of short, intermitterit data transmissions, will func-
tion with less delay in a token passing network. An example is an
automated records management system, a typical database function
in a criminal justice environment. There is less delay usually because
alarge volume of small data packets from a large number of nodes will
be transmitted back and forth from the server. Each individual node
only transmits a small amount of data in each packet and only inter-
mittently needs to send or receive a packet, e.g., while making an
inquiry or update of the database. Since each node is allowed to hold
the token for a set period of time, the token passing LAN is very good
atsharing the processing load evenly among its users. Token passing
LANSs, however, tend not to be as efficient at passing large amounts of
data as the CSMA /CD protocol, because the transmitting node has to
wait several turns to complete the transfer of a large file, rather than
transmitting it all at once.

. BASIC MICROCOMPUTER COMPONENTS




CSMA /CD networks generally tend to work best in environments where
there are infrequent transfers of large files. For example, a word process-
ing user will Ioad the word processor from the LAN, work on a document
for an hour, then save and print the document. In the period of time the
user was creating the document, the node did not use the services of the
LAN because everything was being done in the memory and micropro-
cessor of the workstation. During the hour the node was not using the
LAN, the other network nodes are free to transmit without waiting for the
node which is working on its local processor.

—Baseband Versus Broadband Networks
Another important consideration in the selection of a LAN is its signaling
method, of which there are two types: baseband and broadband.

In a baseband network, a carrier signal with a specified voltage is present
on the wires all the time. Nodes on the LAN transmit data either by
reversing the voltage or by raising and lowering the voltage, either of
which causes a different type of signal composed of a stream of bits to flow
down the wire. Baseband transmissions take place millions of times a
second and are extremely sensitive to things like cable lengths (which
must be installed exactly as specified) and electrical interference.

Broadband networks use a system of oscillating signals like radio or TV
signals which can be transmiited on different frequencies. Broadband
networks allow other data like television signals or radio signals to be
included in the same cable (but on a different frequency). Nodes on a
broadband network transmit data on one frequency. The data is con-
verted to oscillating signals and retransmitted by a sophisticated trans-
mitter. Broadband requires hardware which is very sophisticated and is
generally much more expensive to implement than a baseband network.

Because it is inexpensive, reliable, easy to upgrade and quick enough for
most applications, baseband is generally the signaling method of choice.
Although broadband is desirable due to its potential capabilities and the
amount of data that can be transmitted, it is not cost-effective in most
criminal justice applications.

The above explanations are extremely simplified. A systems analystmust
consider literally hundreds of cther items when determining the effec-
tiveness and capabilities of a particular LAN. Although CSMA/CD and
Token Passing are the most common protocols, others are also available,
such as Carrier-Sense Multiple-Access/Collision Avoidance (CSMA/
CA).
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—Topologies

Simply put, the topology of a LAN is its actual physical layout. There
are three major LAN topologies: bus topology, star topology, and ring
topology. Each of these topologies are explained in the following
paragraphs and are illustrated in Figure 1 and Figure 2.

In a bus topology network, a single master cable forms the bus
(backbone) of the network. Allnodes are attached by ashortlength of
cable to the bus or are directly interconnected by the bus itself. The
latter variation is called a daisy chain topology. Each end of the bus

~must have a “terrinator” device connected to it which reflects the

signals. Bus topology networks are simple to wire, but if the cable is
damaged or a connection broken, the entire network can fail. Most
problems associated with bus topology networks are caused by a
problem with the cable, and locating the trouble spot in the cable can
be chffxcult :

In a star topology network, all the nodes are connected by a separate
and independent wire to a central computer, which is usually the
network server, or to a connecting device called a hub. Because each
node has a separate wire to the server, the failure of any one node does
not affect the rest of the network. One disadvantage with a star
topology is the large number of separate cables running to every
individual node on the network. For this reason, most manufacturers
have developed a “concentrator” or “access unit” that allows a
number of nodes, usually less than eight, to be grouped in “clusters.”
These clusters are then connected to the server by a single cable which
serves all the nodes attached to the cluster. '

In a ring topology network, -all nodes are cabled together in a ring,.
Every piece of data transmitted on the network flows through each
node sequentially and is retransmitted by every node on the network.

When a node transmits a packet, it addresses the packet to a specific
node. The packet flows around the network and through each node
until itreaches the destinationnode. The destination node then marks
the packet “received,” and transmlts the packetback onto the network
to continue around the ring. The packet eventually returns to the
original node, which notices that the packet is marked “received.” A
broken cable in either a ring topology or bus topology will cause the
network to fail. :

Although simple in concept, LANs can be mixed and modified, fre-
quently trading performance for ease of installation. You cannot de-
termine the topology of a network simply by examining the cabling,
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Figure 1

Bus Topology Network

Daisy Chain Topology Network
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Figure 2

Star Topology Network

Ring Topology Network

| 24 BASIC MICROCOMPUTER COMPONENTS



as topologies may be slightly modified to aid in wiring the LAN or to
extend the cabling distance. Table 4 provides a sample of LAN configu-
rations indicating the variety of available vendors, protocols and topolo-
gies.

Table 4

Each LAN has its own strengths and weaknesses, but all can provide a
functional environment. In fact, hardware standards have enabled soft-
ware manufacturers to concentrate on writing software which will oper-
ate across all the LAN environments.

eNetworks: Wide Area Networks

Wide Area Networks are an outgrowth of Local Area Networks. A Wide
Area Network (WAN) is a network that can interconnect different types
of computers and networks over a large geographical area via telephone
or adedicated medium,such asmicrowave or fiber opticcable, by sharing
a common protocol. To be called a WAN, a remote user must be able to
share devices and services with the remote site regardless of the local
topology, systems or protocols.

WANSs imply a sharing or blending of resources to the point where users
do not need to know the exact physical location of the resources they are
using (known as “transparent” use). For example, a WAN may include
a LAN in San Francisco, a minicomputer in Chicago and a PC in Bostor,
allowing each user to have access to the information and resources of any
of the three sites. A San Francisco user may use the Boston database and
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Software

a printer in Chicago. With the use of electronic mail on a WAN, one
large distributed network can be created. Moreover, with the use of
satellite communications and high-speed fiber optic communications,
a WAN can be set up worldwide.

Software is the term for the programs or instructions computers
execute. In essence, the software you use is a very precise list of
instructions which a programmer has created to accomplish some
specific task or operation. Obviously, you want to select the software
for your specific task which performs its functions quickly, efficiently
and precisely. You should always spend some time operating and
evaluating a program prior to buying it Although you may not have
a background in programming, you will be able tell if the program
seems clumsy, difficult to use and excessively slow or if it performs all
the functions you require. Don’t let yourself be rushed through the
evaluation as you need to check all of the functions of the software.
Remember, a human being designed the software and human beings
are fallible. '

There are a number of different types of software, divided into the
standard categories of system software and application software.

System software describes any software that either controls or works
closely with the hardware and application software. System software
can be either the operating system, which functions as the master
control program for the entire system, or utility programs, which are
executed to perform special tasks related to the operation of the

system, such as a utility program which stores the dateand time. Even

programming languages (which programmers use to write software)
and hardware diagnostic programs (which technicians use to deter-
mine why the system is not working correctly) are classified assystem
software. | |

Application software performs some specific tasks for the user, such
as word processing, accounting, database management or communi-
cations. Application software usually will not function without the
operating system already loaded and running because it uses features
provided by the operating system, such as storage, retrieval and
printing functions. Thus, applications which function under a com-
plex and feature-rich operating system offer much more sophistica-
tion than those written for a rudimentary system. |
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*System Software
—OQOperating Systems

Operating systems are software programs that control all of the resources
and functions of the computer system. Think of the operating system as
the “master control” program. We stand in relation to the
microcomputer’s operating system in much the same way we do to our
automobile’s engine. Most of us have little or no idea of how an internal
combustion engine works, yet we can turn the key and drive the car. A
well-written operating system should work for us in much the same
manner. You should not have to think about how the operating system
makes the computer work; you should just be able to use it. A good
operating system does its job quietly and efficiently, insuch amanner that
most users never notice it is there.

Operating systems are generally the most complicated software pro-
grams, handling all the highly complex tasks, such as fetching files of
information, sending information to the printer, responding to the key-
board examining everything typed and controlling the monitor. An op-
erating system is responsible for simultaneously executing tasks, such as
date- and time-stamping files; keeping track of where information and
programs are stored in the memory; keeping track of where files are
stored and what the files are named; keeping track of how many and what
kind of storage devices are connected to the microcomputer and how to
talk to them; maintaining transaction logs of user interactions with the
system; compiling statistics on the use of the system’s resources; and a
host of other complicated tasks. Not only does an operating system have
to do everything correctly, it also has to do it very quickly.

As manufacturers find better, more efficient ways of providing these
services, and correct errors which may be discovered in the operating
system, they will release a new version. Make sure you get the latest
release when you buy a system. Moreover, look for microcomputer
manufacturers that provide new releases free or at least discounted as a
condition of your initial purchase. Choosing an operating system is
critical to the acquisition process and for this reason, in the next chapter,
Operating System Options, we take a much closer look at the different
types of available operating systems.

—Utilities

Utility software is a category of software that provides programs that
make using the computer easier, many of which are analogous to house-
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keeping chores. Manufacturers of operating systems normally in-
clude utilities for such things as sorting, printing and editing files
which are not necessary to the operation of the operating system itself.
Utilities provide a standard means of performing generic file opera-
tions and a minimum set of tools for any programmer who will be
working with the system. An operating system’s “richness” or
“fullness” is normally judged by the type and number of utilities that
are included.

—Languages

As noted earlier, computers are designed to understand binary
numbers coded to form instructions that allow the computer to
perform its functions. That code at its most primitive level is repre-
sented by strings of ones and zeros. As such, it is difficult for most
people to understand, much less write. Programming languages
converta more human-readable form into the binary code. In essence,
programming languages are coding schemes thatsimplify the writing
of program instructions for the computer. A discussion of program-
ming languages is included as part of system software because they
are used to create software programs, operating systems and utility
programs. Additionally, most operating systems come with some
programming language included in the standard packages.

There are several programming languages available, but today, stan-
dard programming languages include BASIC, COBOL, FORTRAN
and C, each of which is best suited to particular applications. Do not
worry about being able to write a program in any of the languages;
you do not have to understand programming or programming lan-
guages to use a microcomputer. :

Fourth generation languages (4GLs) are now the state-of-the-art pro-
gramming languages. Fourth generation languages differ from the
prior generations of languages in that a 4GL is normally nonprocedu-
ral; programmers answer questions and check boxes in menus, rather
than write out each instruction as they would in the prior generations
of programming languages. Fourth generation languages are usually
based on a database programming language with a database and
logical functions built in.

Most 4GLs also support some type of ad hoc query language, such as
the Standard Query Language (SQL) interface. A query languageisa
language built into the 4GL where the user can ask questions of the
database in an “English-like” language. Thus, the real power of the
4GL is that a person with very little programming experience can
design and write an acceptable application.
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The trade-off you make in using a 4GL is that most 4GLs execute more
slowly than the prior generations of languages. Additionally, a 4GL is
limited by the tools and functions that the programmer who designed the
4GL saw fit to include. If you find that the 4GL is limited in a feature or
function which you require, you will most likely have to have a program-
mer write an additional program in a low-level language. Unfortunately,
you are not likely to determine the limitations of the 4GL until you have
used it for a while. Because of this, it is a very good idea to “test drive”
the 4GL in the environment in which you intend to use it prior to
purchasing the program.

Mostartificial intelligence programs (used for natural language process-
ing, planning and problem-solving systems, programmed vision systems
and expert systems) use languages such as PROLOG (a logic program-
ming system) or LISP (a list processing language). Within artificial
intelligence, expert systems is one field that has already produced useful
results. These are systems in which the decisionmaking processes of an
expert are modeled and made executable. Expert systems are used as a
diagnostic tool and are in use in fields as diverse as medicine, oil
exploration and criminal justice. Expert systems usually are developed
through the interaction of the expert in a given field of study (called a
domain), a knowledge engineer (a person who translates the expert’s
knowledge into rules or logical if-then statements), and a systems engi-
neer (who, using one of the artificial intelligence programming lan-
guages, codes the rules and if-then statements for use by the computer).
Pioneering criminal justice applications currently under development
include the FBI Behavioral Science Unit's expert system for tracking serial
murderers and rapists. The behavioral and psychological variables asso-
ciated with the criminal mind, however, make expert systems a difficult
challenge.

—Standards

It is reassuring to know that some "standards" for system software exist
in the microcomputer industry. Certain operating systems were gener-
ally accepted as standards as major manufacturers began to design
products that would operate on the most commonly available systems.
Standard operating systems enable a range of programs and peripherals
to runon different models of computers with the same microprocessor. A
standard operating system generally guarantees that more software will
operate on your system than on a non-standard operating system. Italso
means that your operating system and the application program it controls
will not become obsolete too quickly. Two operating systems generally
accepted as standard for microcomputers are Microsoft Corporation’s
Disk Operating System (MS-DOS) and AT&T’s UNIX System V (UNIX).
Both MS-DOS and UNIX are designed to run on a variety of manufactur-
ers’ hardware, have long track records and can work with a large number
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of applications. Both operating systems create a standard “environ-
ment” on the microcomputer which has led to the development of
“portable” software: application software capable of running on a
number of different manufacturers’ machines.

Selecting a standard operating system helps you to deal effectively
with the compatibility issue — a major consideration in most agen-
cies” acquisition of microcomputer systems. If you have systems from
two different manufacturers, you will soon find reasons to move in-
formation between the systems. Standard operating systems enable
you to continue operating if the hardware manufacturer or system
vendor goes outof business. In the same way, standard systems allow
you toupgrade to anew system without throwing away all of the work
done on the last system.

s Application Software

Application software are the programs that contain the instructions
that carry out user tasks, as opposed to system software which assists
the computer in its tasks. Application software can be written by the
user but most is purchased from software vendors. Generally, appli-
cation software can be divided into two main categories: horizontal
market and vertical market software. The distinction is based upon
the size of the market and the generic or specialized nature of the
software application.

—Horizontal Market Software

Horizontal market software ranges across discipliries and market
groups to serve the needs of a variety of users. For example, adatabase
management package might be used by a police department, an ac-
countant, a dentist, or anyone interested in storing and retrieving
information quickly. Horizontal market software applications in-
clude: accounting, word processing, spreadsheets, database manage-
ment, communications, graphics and desktop publishing. Horizontal
market packages tend to be the most polished and heavily advertised
of software packages because the market generates millions of dollars
in business each year. The largest software vendors tend to be those
who sell horizontal market software. You should be aware that most
horizontal software packages cannot be modified; the manufacturer
will only supply you with executable code, not the source code (the
human-readable and modifiable form of a program).

One of the original uses for computers was automating accounting
systems. There are literally hundreds of accounting applications avail-
able for every type of accounting from accrual to cash-based, from
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private to public sector, and from not-for-profit corporations to sole
proprietorships. The best advice concerning accounting software is to
shop for it with the person who will be using it — your agency’s account-
ant.

Word processing allows the operator to create, edit and format text in a
temporary format, which is held in the memory of the microcomputer
until printed. This allows nearly unlimited drafts and revisions before the
final product is printed. “Boilerplating” enables the user to create a
prototype document as a source which can be modified rather than
recreated each time a new document is needed. As state-of-the-art word
processors become more sophisticated, additional capabilities such as
spell-checking, thesaurus information, merging, headers and footers,
indexing, automated table of contents and a host of other features are
available. Word processing is extremely helpful in generating daily
reports, narratives or any standard format document. Frequently, word
processing is the first piece of application software acquired by an agency.

A spreadsheet application is a management tool which can be used to
organize and calculate statistical and financial data. It can be thought of
as an electronic worksheet, with multiple columns and rows similar to an
accounting ledger. Either alphanumeric or numeric data may be entered
into the cells of the worksheet. Complex mathematical and statistical
functions can be performed on the numeric data, and many recent
spreadsheet programs enable users to create graphic representations (pie
charts, bar charts, trend lines, etc.) of the data.

A spreadsheet program is a valuable tool for manipulating empirical data
to make "what-if" predictions; as you vary assumptions and calculations,
you can measure the effect on the "bottom line."

An example of how a spreadsheet works is a checkbook register. In your
checkbook, you add deposits and subtract debits from the running total
in the right-hand column. If you were to model the checkbook into a
spreadsheet, all you would have to do is enter the values of the debits and
deposits; the spreadsheet can do all the addition and subtraction and
automatically present you with the updated balance. Law enforcement
agencies frequently use spreadsheets for crime analysis and workload
distribution. Spreadsheets are also helpful in tabulating statistics, calcu-
lating overtime hours, preparing accounting or budget information or
nearly any application which has some associated mathematical calcula-
tion.

Database management system software systematically stores and retrieves
large amounts of information in a structured fashion, and has an organ-
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ized method of inquiring about relationships in the data. Database
management systems, such as DataFlex and dBase III Plus, allow you
to create programs for your specificneeds. Such managementsystems
are like filing cabinets: they store information according to the catego-
ries you create, but they sort and retrieve the information almost in-
stantaneously. For example, let’s assume you have information about
stolen cars, which includes make, model, year and color, the day of
the week and the time of day each was stolen, and the location from
which each car was stolen. Each group of information about each car
is called a “record.” The records are kept in related groups called
“files.” Taken together, all of the files become the auto theft database.
Now you can make inquiries about the contents of the auto theft
database, such as, “show me all the cars that were stolen on the north
side of town after 10 p.m. on Fridays.” The database software searches
its files for each record that matches your selection criteria and
displays them on the screen, and can give you a printed read-out as
well. If the database manager returns 15 records from the database of
stolen cars, all of which are red station wagons, you have discovered
a relationship in the data.

The power of a database is not only that it stores and retrieves infor-
mation, but that it allows you to examine relationships in the data.
These relationships can provide you with new information. In crime
analysis, a comprehensive database of information about burglaries
might enable a detective to detect a pattern and predict the next likely
location.

The ability to perform queries on the database in a free-form manner
is known as an ad hoc query capability, one of the most powerful and
useful functions of database programs. Most fourth generation data-
base language programs provide this capability.

Communication software applications let microcomputers share data
and information with remote systems. Most agencies now use some
form of data communications system to allow them to communicate
with systems such as the National Crime Information Center (NCIC),
the National Law Enforcement Telecommunications System (NLETS)
or state motor vehicle systems. Microcomputers are capable of com-
municating with nearly any other computer available. The commu-
nication software can be either a “terminal emulation” application,
that is, the software allows the microcomputer to imitate a different
type of system and function as a workstation on the remote system, or
a “file transfer system,” where data files are copied between the two
separate systems. As a general rule, most computer manufacturers
have software that allows microcomputers to communicate with their
entire product line of systems.
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Graphics application software allows data to be represented in a graphic
format. There are hundreds of “presentation” graphics packages avail-
able. Presentation graphics allow you to create common business graph-
ics such as pie, line and bar charts to visually display numerical data. A
chart is a more expressive way of showing statistical results than simple
columns of numbers. Graphic design software, such as computer-aided
drafting or computerized “painting” programs, are also available for
microcomputers and can be used by an agency to create designs of a crime
scene or accident scene, rather than trying to draw them by hand. Since
the graphics files are stored on the system, a case file can be stored with
both the text and the graphic data.

Desktop publishing programs provide users with typesetting and design
tools, allowing for a great deal of creativity in producing reports, news-
letters, forms, overheads and instructional material. These programs can
usually be integrated with other software, such as word processing,
graphics and specific criminal justice applications; you can generally
transfer data produced in another application into a desktop publishing
system to create a final dccument. This eliminates the necessity of
preparing a document in word processing and then having it typeset by
a commercial vendor. Previously, only the largest agencies could afford
typesetting and sophisticated design services; with desktop publishing
programs agencies have in-house control of typesetting and design func-
tions and can save both money and production time. Relatively inexpen-
sive desktop publishing programs can greatly enhance the quality and
range of communications generated within an agency.

—Vertical Market Software

Vertical market software, the other major category of application soft-
ware, is highly specialized; it is designed to accomplish tasks specific to
a particular discipline or market. Medicine, law and criminal justice, for
example, are considered vertical markets. Vendors with an understand-
ing of the particular software requirements of these markets have created
customized programs to fill certain medical, legal and criminal justice
needs. A computer-aided dispatch application, for example, may have
some features, such as word processing, that are used in a variety of other
software packages, but the primary features have been developed to meet
the unique resource allocation needs of a law enforcement dispatch
center. Such a product would not be appropriate for any other discipline.
The software products listed in this publication in Part Two, the Software
Catalogue, are vertical market applications specifically designed for use
by criminal justice agencies.

Because vertical market software is tailored to the needs of specific
disciplines, and thus provides the vendor with fewer sales from which to
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—Public Domain Software

recover development costs, it is usually more expensive than horizon-
tal software packages, such as accounting, that can be used by the
general business community.

Use common sense and be cautious when reviewing a new, highly
specialized product or vendor. A successful vertical market vendor
will be able to demonstrate a sizeable number of installations and a
track record of satisfied users. Most vertical market vendors either
will allow you to purchase the source code (the human-readable and
modifiable form of a program) or will agree, as part of the purchase
contract, to place the source code in escrow for you; in the event the

“ vendor goes bankrupt or stops supporting the software, you receive

the source code.

Public domain software may be either horizontal or vertical market
software. It is not protected under a patent or copyright and, there-
fore, becauseit cannot be licensed, its useby the publicis unrestricted.
A copy of the software and its source code can usually be obtained
from its creator for a nominal fee: public domain software is typically
much less expensive than proprietary software. If available, you
should also be able to receive full documentation. Public domain soft-
ware may or may not be supported (meaning technicians are
available for help and advice) by the author. In using public domain
software, attempt to make some arrangement for continuing support,
such as training and installation assistance, if necessary, and verify
your right to modify the software to suit your specific needs.

Several agencies that have written and placed criminal justice soft-
ware into the public domain are represented in the Software Cata-

logue.
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II.

OPERATING SYSTEM OPTIONS

At this point you should have a good idea of the basic components —the
hardware and the software — that can be configured in various ways to
create a microcomputer system. We will now take a closer look at
operating systems, the software that functions as the master control
program for the entire system. The microcomputer parts that you are able
to link together to form a system will depend upon the type of operating
system you choose: not all operating systems will run every type of
configuration.

As we discussed earlier, operating systems are the programs that allow
the computer to control its resources, execute programs and manage data.
When most people are choosing a microcomputer, the type of operating
system is usually not a major consideration. But an informed user may
realize that there are differences in operating systems and ask their
friends and associates for suggestions. They may hear that there are
“thousands of programs available” for one type of operating system, and
that the amount of software available is the most important consideration
in acquiring a system. They may also hear that a particular microcom-
puter is “simple to use,” and that the “ease of use” of a system is the most
important factor. Or, they might have a friend who looks at them sagely
and states, “You should find the software you need first, and then decide
cit the hardware and operating system.” The unfortunate thing is that
each of these comments is correct to a degree, and must be examined for
your specific case.

The fact that thousands of programs are available for one specific operat-
ing system does not matter if nene of those programs meet your needs.
The availability of 500 different types of arcade games is not neCessarily .
a bonus for a criminal justice agency. Ease of use for system users is a
concern, but not enough to accept asystem that does not meet your needs
in other aspects. An easy-to-use program that does not do the job is as
poor a choice as a difficult-to-use program which meets all your needs.

Choosing your software prior to choosing the hardware is generally
accepted as the proper sequence when acquiring a system. The problem
is,normally you have to doabitof hardware selection first. People usually
have a vague idea of the type of system for which they are looking. In
general, you can exclude a number of different sizes and types of systems.
For instance, you may know that your agency cannot afford an expensive
mainframe computer or a large minicomputer. This will automatically
exclude certain operating systems and the programs designed for those
operating systems. You can waste a lot of time and effort examining
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hardware and evaluating software for systems which are out of your
budget. Frequently, your budget, more so than your software needs,
limits your selection criteria.

If you are familiar with the types of available operating systems, you
can still get a powerful system on a tight budget. Microcomputer
operating systems are becoming more sophisticated every day, and in
some cases operate the same programs and operating systems as the
more expensive mainframe and minicomputers. By knowing your
needs and the capabilities of the different types of operating systems,
you can make a more informed system acquisition.

This section will explain the differences between the four major
categories of operating systems: single-user, single-tasking; single-
user, multitasking; multiuser, single-tasking; and multiuser, multi-
tasking.

Microcomputer operating systems may be classified into one of four
different categories, each of which has different benefits and limita-
tions. The categories refer to whether the operating system is single-
user or multiuser (one person or several people using the system) and
single-tasking or multitasking (capable of processing one operation at
a time or many operations being processed concurrently.) The four
most common categories, a sample operating system for each of the
categories, and the relative degree of complexity of each category are
identified in the matrix in Figure 2. As you can see, operatingsystems
become more complex and require more resources as they develop
from single-user, single-tasking into multiuser, multitasking systems.

Single-user, Single-tasking Multiuser, Single-tasking

MS-DOS Most LANs
Apple Finder

Single-user, Multitasking Multiuser, Multitasking

0s/2 UNIX
Apple MultiFinder

Figure 2: Sample Operating Systems
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Single-User, Single-Tasking Operating Systems

A single-user, single-tasking operating system is designed to allow a
single user on asingle system to perform asingle task ata time. Single--
tasking operating systems were the first available operating systems
for microcomputers: they are relatively uncomplicated and are easier
to write than multitasking operating systems. Single-user, single-
tasking operating systems use very little memory and require simple
hardware. Such systems are inexpensive, widely available and are
generally easy to learn. Single-user, single-tasking operating systems
are the least complex of the four major categories, and although this
makes them easy to learn, they generally cannot process large
amounts of data as quickly as a more sophisticated system.

In a single-user, single-tasking system, the most mundane tasks
require the full attention of the operating system. Typically, the
system waits for your input and you wait for the system to provide
output. A common example of this slow-down is in the printing
process. After you enter the print command, the CPU must concen-
trate solely on printing the filebefore accepting additional commands.
Because the single-tasking operating system can handle only one
process at a time, the system seems unresponsive during this period.!
Single-tasking systems also slow down when reading and writing
files toand from disk storage. Thesystem cannot simultaneously con-
tinue processing while reading or writing, so the operator must wait
for the drives to complete the read/write operation.?

'To compensate for the delay, programmers have developed a process
called print spooling. A printspoolerisa “smart” program capable of printing a file
with little or no supervision by the operating system. The print spooler takes
advantage of those periods when the CPU is waiting for other tasks to finish. During
idle periods, the print spooler instructs the CPU to process the printing request. This
allows the operator to execute a printing task and proceed to other tasks while the
print spooler prints the file.

ZProgrammers have also developed a process called disk caching. When the
CPU reads a piece of information from the disk drives, the disk caching software
makes sure the CPU reads a much larger amount of data than it actually requested.
The disk caching software is “gambling” that the next time the operating system
requests another disk read, the caching software will have already placed the
requested information in memory, thus saving the time used to read the sector of the
disk drive. Additionally, the disk caching software saves up a number of the disk
writing requests, sorts theminto order and processes them in one batch. Italso keeps
the most active pieces of data in memory, and writes out those pieces of data which
are not reused, thereby increasing the chances of the data being in memory rather
than on disk.
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*The MS-DOS Qperating System

The most common single-tasking operating system used in today’s
microcomputers is the Microsoft Disk Operating System (MS-DOS).
MS-DOS is licensed to private microcomputer manufacturers who
then put their own name on the package and sell it as if they wrote the
operating system. Microsoft Corporation’s first customer for MS-
DOS was IBM Corporation, which used itinstead of the then-standard
CP/M operating system, when it introduced its PC line of microcom-
puters.® IBM assigned the name “PC-DOS” to the operating system
and the name has since become a general term used to describe any
derivative of MS-DOS.

MS-DOS is recognized as the standard in single-tasking, single-user
microcomputer operating systems. As such, it has a tremendous fol-
lowing of both users and application software developers. A rela-
tively simple system, MS-DOS has approximately 40 commands for
the user to learn.

The MS-DOS user interface, however, is crypticin that it is limited in
the number and type of characters that can be presented in a textual
format.

MS-DOS was developed in 1981 and, technclogically, is old. MS-DOS
was originally designed to function on the Intel 8088 and 8086 family
of microprocessors found in the older 8- and 16-bit IBM PC/XT class
of microcomputers. Due to the limitations of the Intel 8088 micropro-
cessor and IBM design constraints, MS-DOS will only address 640KB
of RAM, which limits the size and complexity of software that you can
use. Technology has nowadvanced, creating the Intel 80286 and 80386
microprocessors found on the 32-bit-based AT and PS/2-class micro-
computers. Although these microprccessors will support MS-DOS, -
they are more effective running operating systems such as OS/2 and
UNIX which can effectively utilize several megabytes of RAM. Re-
cent development work has attempted to provide MS-DOS as a
subtask or capability within multiuser operating systems. Inaddition,

*Digital Research Inc.’s CP/M (Control Program for Microcomputers) was
originally based on the 8-bit Intel 8080 and later the Zilog Z80 microprocessors. It
was the dominate single-user operating system for 8-bit microcomputers until the
introduction of the IBM PC, at which time PC-DOS/MS-DOS became the dominant
operating system. Whereas CP/M-80 was designed to support only 64KB of RAM
and an 8-bit microprocessor, PC-DOS/MS-DOS could support both 8- and 16-bit
processors, and up to 640KB of RAM. Digital Research did create a version of the

~ CP/M operating system for the 16-bit microcomputers (CP/M-86 and Concurrent

PC-DOS), but neither made any significant inroads into the marketplace.
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there are system software utility programs that will operate with MS-
DOS, allowing users to switch between several different applications.
An example is Microsoft's Windows program.

* The Macintosh Operating System with Finder

Apple Computer, Inc. developed The Macintosh Operating System with
Finder, a single-user, single-tasking operating system for its Macintosh
line of microcomputers. Unlike the MS-DOS interface, which is character-
oriented (displaying only text composed of characters and numbers), the
Macintosh interface is graphically-oriented (it shows icons, or pictures,
representing programs or devices). A MS-DOS operator must type com-
mands on ablank line, but with Finder, the operator need only pointto the
icon of the desired program or device and execute by pressing the button
on top of the mouse. Finder is not limited by 640KB RAM as MS-DOS is,
and can work on systems with as much as 16MB of RAM. Apple’s Finder,
as mentioned earlier, functions only on the Macintosh family of comput-
ers.

Single-User, Multitasking Operating Systems

A single-user, multitasking operating system is a powerful system de-
signed to allow a single person using a single system to perform multiple
tasks simultaneously. If you are writing a program, you can watch the
output from that program in one window, edit the program code in
another window and compile a new version of the program in a third
window. Or you could use the communication software to download a
large file from a mainframe computer while writing a report in another
window using your word processor, and at the same time be running a
statistical package in another window. This capability of running differ-
ent programs almost simultaneously gives a single user a great deal of
processing power. Generally, the 32-bit processors are the only family of
processors capable of supporting such a complex operating system.

*The OS/2 Operating System

Microsoft and IBM jointly introduced Operating System/2 (OS/2) as the
next generation of operating systems for MS-DOS-based microcompu-
ters. The system is designed to interface with only a single user and yet
will allow that user to perform multiple operations at the same time. The
system is available in two versions, the Standard Edition, and the Ex-
tended Edition. The Standard Edition provides the user with the familiar
MS-DOS interface, and a software feature called the DOS Compatibility
Box. The DOS Compatibility Box creates an environment in which the
user can also run some of the current MS-DOS programs. However, MS-
DOS-based communications programs, network software and any soft-
ware which uses non-standard capabilities of MS-DOS or ROM BIOS
code will not run in OS/2.
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The Extended Edition of OS/2 has a component called the Session
Manager, which allows up to 16 programs to run concurrently.
Another component of the Extended Edition is a graphics interface
extension called the Windows Presentation Manager. This gives OS/
2 a Macintosh-like interface; unlike MS-DOS, OS/2 can be icon-
driven. Future enhancements of the Extended Edition may include
database and mainframe communications capabilities.

Because OS/2is amoresophisticated operating system than MS-DOS,
it requires more memory. Unlike MS-DOS, which is limited to only
640KB of memory, OS/2 is capable of addressing up to 16MB of
memory. Minimum memory requirements start at 1.5 MB of RAM for
the Standard Edition, with 2MB required for support of the DOS Com-
patibility Box, and a minimum of 3MB of RAM for the Extended
Edition. OS/2 also requires the 16-bit Intel 80286 microprocessor
found in the AT class of microcomputer; it will support the 32-bit Intel
80386 microprocessor but it cannot utilize the 32-bit memory capabil-
ity. Unlike MS-DOS, OS/2 will notoperate on the older 8-bit Intel 8088
PC-class machines.

The design of OS/2is such that any microcomputer manufacturer will
be able to provide customized extensions to the operating system.
Microsoft has announced a LAN Operating System extension called
the OS/2 LAN Manager. IBM has announced plans to add the IBM
Extended Edition with an interface similar to the Microsoft Presenta-
tion Manager, support for mainframe and LAN communications, and
support for databases based on IBM’s Structured Query Language
(SQL). ,

* The Macintosh Operating System with MultiFinder

In September 1987, Apple Computer, Inc. introduced The Macintosh
Operating System with MultiFinder. MultiFinder allows a user to
have several applications open at the same time, and to perform appli-
cations in the background, such aslaser printer spooling. MultiFinder
uses the same icon-driven, graphic interface as the single-user, single-
tasking Macintosh Finder, and allows for easy integration of text and
graphic information from one application to another. MultiFinder
does not have the compatibility problems which exist between MS-
DOS and OS/2. Apple Computer, Inc. has kept software developers
informed of the capabilities and requirements of both the Finder and
MutltiFinder operating systems during their development cycle. With
this knowledge, developers were able to specifically tailor MultiFin-
der to run solely on the Macintosh line of computers, and thus
maximize the potential of the operating system. Additionally, Apple
Computer, Inc. has announced that the MultiFinder will continue to

OPERATING SYSTEM OPTIONS



be enhanced, and will evolve into a full multiuser, multitasking operating
system.

Both OS/2 and MultiFinder allow the user to concentrate more upon the
applications which the user is executing than upon the operating system.
Both require at least IMB of RAM, and function much more efficiently
when given more than 4MB.

Other single-user, multitasking operating systems are available; how-
ever, most are derivatives of a single-user version of the UNIX multiuser,
multitasking operating system, which will be discussed in the following
pages. There are additional single-user, multitasking operating systems
available which are either add-ons to MS-DOS or Finder, or are proprie-
tary systems, that is, available from only one manufacturer.

Multiuser, Single-Tasking Operating Systems

Earlier, we reviewed Local Area Networks (LANs). LANs connect
multiple microcomputers to share peripherals and software programs
and frequently, a common database. LANs are the most common
example of multiuser, single-tasking operating systems. This multiuser,
single-tasking operating system controls, or overrides, the operating
systems of the connected microcomputers. The microcomputers still
retain their single-user, single-tasking operating system, but when linked
to the LAN, the net effect is a multiuser, single-tasking system. In
addition, the user still retains all of the advantages of a standard single-
user, single-tasking operating system when the user chooses to discon-
nect from the LAN operating system. This popular arrangement enables
agencies with several single-user, single-tasking systems to share periph-
erals and data among many users and to take advantage of the additional
capabilities of the LAN, most notably file-sharing, electronic mail and
enhanced security.

The widespread use of MS-DOS software (single-user, single-tasking) in
a LAN environment has caused MS-DOS software developers to design
multiuser versions of their products for use on LANs. Because of the
various types of LANs available and the myriad ways software can be
designed to use the multiuser capability, developers have tailored their
multiuser software products to operate only in specific LAN environ-
ments. You want to be certain that the application software you purchase
runs on your specific LAN operating system.

“Two of the most common and widely used MS-DOS-based microcom-

puter LAN operating systems are 3Com Corporation’s 3Plus and Novell

- Incorporated’s Netware. For its Macintosh computers, Apple created the
AppleShare LAN operating system.

OPERATING SYSTEM OPTIONS 43



e Netware

¢3Plus

e AppleShare

Novell Netware is a MS-DOS-based LAN operating system which is
best known for the wide variety of LAN hardware and media upon
which it will function. Netware is well known for its system fault
tolerance option and its audit trail/ user statistics features. A number
of software manufacturers produce add-on products which enhance
the system administration capabilities of the Netware line of products.
Netware is acknowledged as the LAN operating system manufac-
turer with the largest base of installed users.

3Com Corporation produces the 3Plus operating system which func-
tions inbotha MS-DOS and an Apple Macintosh environment. Unlike
Novell, which supports a number of LAN media, 3Com has special-
ized in the Ethernet bus and token passing ring environments. 3Com
is widely recognized for its communications capabilities, electronic
mail and a simplified user interface based upon a menu system.

Apple Computer, Inc. designed and created the AppleSharefileserver
software, which functions on the Apple LocalTalk Local Area Net-
work. AppleTalk capability is built into every Apple Macintosh, and
allows the interconnection of computers, printers and file servers.
Apple also manufactures hardware and software to connect MS-DOS-
based systems into an LocalTalk LAN.

In summary, a multiuser, single-tasking operating system still limits
users to a single operation at a time. Microsoft Corporation, however,
has announced a LAN manager subsystem: a networking environ-
ment tied to the O5/2 operating system. This would provide each
LAN user with multitasking capabilities and would create, in effect, a
distributed multiuser, multitasking environment.

Multiuser, Multitasking Operating Systems

The multiuser, multitasking operating system is the powerhouse of
operating systems and was formerly available only on minicomputers
and mainframes. Today, due to the increased popularity of micro-
computers and tremendousadvancesin technology, multiuser, multi-
tasking operating systems such as UNIX have been developed for the
microcomputer. A multiuser, multitasking operating system for
microcomputers allows several persons on a single system to perform
multiple tasks simultaneously. For example, alarge multiuser, multi-
tasking system could simultaneously support one person who is up-
dating a records management program while another person is per-

OPERATING SYSTEM OPTIONS



forming inquiries against the records, and yet a third person is working
with a jail management program and a word processor. In general, multi-
user, multitasking operating systems such as UNIX and XENIX require a
minimum of 20MB of hard disk and as much RAM as is economically
feasible beyond a minimum of IMB. The additional RAM is needed
because operating systems allocate separate areas of memory and storage
for each user, and complex operating systems have a consumptive
appetite for memory and disk storage.

*UNIX and XENIX Operating Systems

The most common multiuser, multitasking operating systems for micro-
computers are the AT&T UNIX operating system and its XENIX deriva-
tive from Microsoft. UNIX and XENIX provide a rich operating system
environment consisting of the kernel (the smallest part of executable
program code in the operating system), utilities (upwards of 100, depend-
ing on the version), programming languages (usually FORTRAN and C),
communicationsoftware (both terminal emulation and system-to-system
file transfer) and on-line help.

AT&T licenses UNIX to most manufacturers, who in turn modify the
UNIX code to better fit their own particular hardware. UNIX is thus
available on many types of computers, from microcomputers to main-
frames. '

Oftentimes software developed on one UNIX system can be moved or
“ported” to another UNIX system. The ease of portability varies, depend-
ing on the version of UNIX. The portability lets you benefit from the
power of minicomputer and mainframe software on a microcomputer
system. Similarly, you may purchase a microcomputer system and retain
the same software and/or data, even as your hardware requirements
expand to include a minicomputer or mainframe. UNIX also has very
good security, configuration and resource-sharing capabilities, all of
which make administering the system and handling a large number of
users a relatively easy process for a trained system adininistrator.

One great strength that multiuser, multitasking operating systems such
as UNIX have over single-user, single-tasking operating systems is
communications. UNIX easily communicates with character-oriented
devices such as terminals, modems and printers. Most UNIX systems can
handle as many printers as you want to attach (up to the maximum
number of ports). Unlike a MS-DOS-based microcomputer, which
allows a maximum of five ports (three of which may be printers), UNIX
allows as many terminals as the software license specifies and as many
printers as the hardware design allows. Also as part of the standard
utilities, UNIX includes telecommunications packages for transferring
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files and electronic mail between UNIX systems and a terminal emu-
lator for asynchronous communications.

UNIX also does well handling huge hard disk drives (gigabytes of
hard disk storage on a UNIX system are not uncommon), handling
audit trails and administering resources to large numbers of users.
UNIX works very well with database languages and most program-
ming languages.

What is gained in capability, however, is lost in ease of use. UNIX and
XENIX are relatively more difficult tolearn and use than the operating
systems previously discussed in this section. In fact, most agencies
with a UNIX-based system find that they have to hire a full-time
system administrator to maintain the system. -

In making UNIX as portable as possible (that is, able to work on many
different machines), the developers of UNIX designed the system to
support the most common variety of terminals and printers. Assuch,
the programs may not be able to take advantage of any hardware
features specific to a given computer system, terminal or printer.
What this means is in the process of moving an application from one
system to a dissimilar system, it is necessary to modify the application
software to match the new hardware environment. Although you
may move your applications to alarger machine as your needs grow,
you may have to modify your source code.

Another design compromise with UNIX and XENIX was the decision
to make the output on the video screen character-based rather than
graphic-based. UNIX systems normally use serial terminals for work-
stations rather than microcomputers, because when UNIX was first
marketed, microcomputers were prohibitively expensive. A serial
terminal has a limit on the amount of data it can receive in a given
second. Graphics and color require either a very high transmission
rate (to transmit all the required color and graphical information) or
considerable local memory and processing capability in the worksta-
tion. UNIX software, therefore, normally does not provide either color
output or bit-addressable graphics, unless specifically modified and
operating with high-quality color terminals.
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III.

SELECTING A MICROCOMPUTER SYSTEM

You now have a general understanding of a microcomputer’s basic
components and how those components work together to form a
system configuration. From the previous section you understand the
generai differences between single-user and multiuser and single-
tasking and multitasking operating systems; and you know that your
decision to select a computer system will be guided to a great extent
by the capabilities and limitations of the operating system. This,
however, is only the beginning. In this section, we provide a rational,
systematic approach to guide youin the acquisition process. Youmay
at times be frustrated with all of the technical considerations and be
tempted to “just pick a system and work out the minor problems as
you go.” That’s a shortcut to disaster. You need to be extremely
thorough in your evaluation and selection of a system. With some
solid homework and an intelligent approach, you will end up with a
system appropriate to your agency’s needs, one that will be worth all
of the research and planning. So, what do we do to put the acquisition
process in motion?

Conducting a Needs Assessment

Too often agencies start the acquisition process by visitinga computer
store and selecting a system on the assurances of a salesperson thata
particular system will satisfy all of the agency’s requirements. Fre-
quently, however, neither the salesperson nor the agency was in a
position to fully understand the agency's information needs and
problems.

* Define the Problem

The crucial first step in selecting an appropriate microcomputer is to
define precisely what you want a microcomputer system to do for you
~ that is, what problems you want it to solve. If you have a problem
injail administration and management, be specific about the nature of
the problem. A problem statement does nothave tobe more than afew
sentences; the more concisely you can define it, the better. Perhapsthe
jailisalwaysbehind schedule in getting reports out; simply state, then,
that late reporting is a major problem. After determining the prob-
lems, consider what your agency needs to solve the problem. Do you
need a computer-aided dispatch system or do you need a more
efficient method of recording calls? To make this decision, you need
to know what functions your current system includes, as well as what
it is missing. ~
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e Examine the Existing System

Your present manual system is probably the model or reference point for
the automated system to come, so you will want to examine your present
system carefully. To determine your system needs, talk to the people in
each area of your operation, asking what problems they encounter and
what they think would improve the process. Youmay be surprised to find
that the people working in each section know exactly what disrupts the
flow of information in the agency. Be as thorough as possiblein this stage;
make sure you talk to as many people as you can who may have
knowledge of how your manual system operates. These are the same
front-line people who can determine the success or failure of a new
automated system. People often resist automation simply because it
represents a change in the way they do things. If you make your people
partof the process, however, by asking them toidentify both the problems
and the potential solutions, it will give them an emotional investment in
the system and generate the cooperation necessary for the system to
function effectively.

— Define the Information Flow

When conducting your needs assessment, look for the flow of informa-
tion: where information enters the existing system, where and how it is
modified as it travels through the system, and what comes out of the
system. Make a simple flowchart of the process. Try to define the
information flow as a group of separate, interacting tasks or functions. A
task normally either adds information, modifies existing information or
generates output from the information in the system. A good way to
create a flowchart of the information is to walk through the process. That
is, have one or more of the key operational personnel physically walk you
through the path of the information, following forms and documents as
they move through the system. Identify every place the form or the flow
of information stops to be manipulated in any way — from the point of
entry into your agency, through every person and place the information
travels, to the final destination of the information. At each point, verify
exactly how the process works. Ask the key person at each point to
identify problems he or she is having and to suggest solutions that might
improve the process.

It is possible that a simple change in the paper flow or condensing the
number of forms may be all that is needed. If you find that your manual
system works well, if it is getting a day’s work done in a day’s time, and
if you know that a computer will not get it done faster or more effectively,
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— Define th

then perhaps automating this function is unnecessary. When a
computer changes only the mode in which you accomplish a task, it
often does not justify the expense. Assuming that is not the case, let
us examine the nexi step in the process.

e Output

For each task, begin by identifying the output generated in each step
of the process. Starting with the outputs allows you to better
understand what it is that you are trying to produce. For instance, a
jail inmate tracking system would probably need to inquire about the
status of an inmate, list all of the inmates housed in each cell block, and
produce summary reports on booking and releases by category for a
selected time period. When defining outputs, do not assume that
every piece of information in your current system should become part
of the computerized system. As systems mature and the information
needs of administration change, information that was once useful may
no longer berelevant. Creating and processing useless information is
a waste of resources and money and, moreover, it distracts attention
from useful information.

Automating a manual process provides the opportunity to rid your
system of useless data and to streamline the data collection process.
Gather examples of the system output — that is, samples of the
physical documents generated. Go over the outputs item-by-item
with the people who receive them and note any unnecessary items.
What you are looking for are the different forms the information takes
as it flows through the system. Once you have a good idea of the
output requirements of the system, you will gain insight into the input
requirements. :

— Define the Input

Identify where and how information enters your system. How many
people look at or modify the documentation created when you book
asuspect? One? Five? Fifteen? Do they use the information asis or do
they add toit? If they add toit, find the source of the new information.
If they use the information, track where the information goes next. Be
aware of information which is “created” in the process and be certain
where it originates. One of the problems in analyzing a system is
finding where and how information is modified or changed. As you
did in the output section, get examples of the forms and documents
used to enter or modify the information., A comparison of the
information items on the input forms with the information on the
output forms will clarify the ways in which the information is modi-
fied, manipulated or changed.
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—Look for Bottlenecks

Eventually, you will begin to see several “streams” of information
flowing through the system. Once you have a feel for where the infor-
mation flows, look for any obvious bottlenecks or redundancies. For
example, does a form normally spend a day or two in someone’s in-
box before being processed?

Look for the number of times a document or form is duplicated. Du-
plicated forms may mean the information flow is branching. Is it -
flowing somewhere for noapparent use? Organizations dohavea ten-
dency to generate more paperwork than is needed. Watch for dupli-
‘cated forms or documents that have no real purpose other than
tradition. Itis not uncommon to discover an entire file system in some
obscure office thathas been updated on a daily basis for years, without
any justifiable reason.

Multiple-copy forms frequently are separated for what appear to be
good reasons, with an expectation or hope that the individual pages
will come back together at the end of the process. Quite often, copies
of a form are forwarded and then casually discarded by the recipient
as unnecessary. Carefully examine the purpose of any “blind carbon
copies” in the system. Normally, duplicating a form is an indication
that the flow of information is not following a single path through the
agency. The point to be emphasized here is that you do not want to
automate a flawed manual system. At best, it will only do a bad job
faster; at worst, the computer system will be rendered ineffective.
Planning for acomputer system s theideal time to clean up an existing
manual system. :

—Define the Minimum Contents of Files

From your work defining inputs and outputs, youshould have a clear
idea of the kinds of information your present system processes. This
knowledge is necessary to determine if the files of the automated
system will be able to accommodate the kinds of information you need
to process. If your needs assessment shows, for example, that your jail
management records include four different trust fund accounts, you
may want to seek a jail management software package capable of
handlmg multiple trust accounts. Make a list of each input data item
in your system from the various forms you have collected. The blank
spaces on the forms represent the basic data elements which must be
entered into, or calculated by, an automated system.

—Define the Minimum Size of Files
In addition to the kinds of information to be processed, file definition

includes the amount of information that you will store in the computer
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system. You will not know the exact amount of storage required by your
system, as this is a function of the software and operating system which
you will eventually acquire. At this time, however, you will need to
estimate the average number of transactions, bookings or actions that
your systermn handles daily, monthly and annually. In calculating your
data processing needs, you should allow for growth, which can be
estimated by examining your workload statistics for the past several
years. Atthe same time you are allowing for growth, you should take the
opportunity to determine the type and quality of information you intend
to keep and establish a reasonable purge schedule and criteria. Such a
schedule will prevent the accumulation of unnecessary, useless or dated
information.

® Define the Security Required

You must also assess the security level required for the system, evaluate
the sensitivity of the information you are handling and protect it to the
same degree you would paper files. If the information is governed by
federal or state security and privacy provisions, be certain you under-
stand those provisions and that your security plans comply. Most
multiuser operating systems have some sort of security built into the
software, such as password protection for programs and data. Pass-
words, however, are only one alternative and may not provide sufficient
protection. Youmightalso consider purchasing removable disks that can
be locked up separately from the system or systems that require keys to
be activated. Depending on the size of your system and the level of
security necessary, you may want to house the system in a separate,
secure area. When assessing security needs, you should also consider the
practicality of the plan and guard against unnecessary precautions that
only cause users to ignore or circumvent the security procedures.

Investigating Software

Armed with the results of your needs assessment, you can now begin the
search for a microcomputer system. When seeking an appropriate
system, you will need to investigate application and operating system
software and the computer hardware at virtually the same time because
they are dependent upon one another. For our purposes here, however,
we will first examine software because it contains the problem-solving
procedures and then proceed to computer hardware which provides the
power and flexibility necessary to execute the chosen software.

We recommend that you start with a systematic three-step process: 1)
develop a list of the full range of available packages for the kinds of
applications and the corresponding operating system you need; 2) per-
form a detailed analysis of the systems which seem to hold the most
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potential; and 3) score those packages against your required specifica-
tions. How to find those packages, how to analyze them, and how to
score them is the focus of this section of the Microcomputer Guide.

*Assemble a List of Software Products

In compiling a list of appropriate software packages, you may want to
start by reviewing the systems listed in the Software Catalogue in Part
Il of this Guide. Also,spend time on the phone talking to your contacts
in other criminal justice agencies to see what kinds of hardware and
software they are using. Reserve judgment as you listen to their
reports; many users fall victim to the subjective and fallacious logic
that says, “It’s the best. It’s the one we chose.” Youneed to ask them

- for the positive and negative aspects of their system, make notes on
their responses and compare the responses of all of your contacts. You
may start to see a pattern develop. Even if your contacts do not have
a system, they very often know someone who does. Those phone calls
generate other contacts and at the end of the trail you are often
surprised to find someone who has grappled with similar problems
and has found an excellent solution.

Next, compile a list of software vendors, contact them, and ask for
information on their products, including copies of the documentation,
if available. Ask for a list of users of the kinds of systems you are in-
vestigating.

* Analyze Software Packages

Once you have assembled a list of the software packages available for
a particular application, you are ready to begin analyzing individual
" packages. Remember from our earlier discussion of operating system
options that the kind of system configuration you desire is dependent
on a specific operating system. This is the first criterion by which will
you narrow the field of available packages. At this point, however,
you will narrow the field only to the extent of determining whether
you need a single-user or multiuser, single-tasking or multitasking
operating system. In other words, if you want to operate a multiuser
system, then you will limit the software packages you investigate to
those that can be supported by a multiuser operating system. The
particular brand of multiuser operating system you select will depend
on the particular multiuser software packages that you choose.
At a minimum, evaluate the software packages according to the
following five crltena

1) Does the software meet all or most of the needs identified in your needs
assessment? Conduct a point-by-point comparison of the require-
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ments in your needs assessment with the capabilities of the software. This
will further narrow the field, helping you to identify the software pack-
ages with the greatest potential. It is possible that during the comparison
process, you will discover that the software includes important functions
that you did not consider or include in your list of desired capabilities.
Feel free to update your requirements based on the standard capabilities
offered by the different systems. You may want to set up a comparison
chart that matches your work requirements with the software’s functions
or modules to serve as a basis for comparison and final selection.

2) Does the software have complete documentation? Review the documenta-
tion carefully. Complete and well-written documentation is an accurate
gauge of a vendor’s professionalism and commitment to the product.
Documentation should be written in understandable English, free of
jargon. The documentation should include, at a minimum, an index and
table of contents and printed representations of the display screen as it
would appear during operation of the software. Normally, software
documentation is organized into administration, reference and user
manuals. Carefully examine each manual. The administration manual
should show you every function required to administer or maintain the
software. Reference manuals usually contain a comprehensive list of
available commands, modification procedures, file structures and other
items of technical importance. '

Pay particular attention to the user manuals. These manuals should be
clearly written, enabling a novice to easily follow directions and quickly
locate any reference material required for operating the system. Make
certain that the software manuals you are reviewing are the same release
version as the software being evaluated. If it does not match or if the
vendor claims that this documentation is “basically the same” as the soon-
to-bereleased version, insist onreceiving the new documentation prior to
considering the product in your evaluation process.

3) Get a complete demonstration of the package. Do not accept the claims in
the promotional literature or-.the vendor’s interpretation of a software
package. Sit down and work with it as thoroughly as possible. If you are
looking fora word processing package, take yourbest typistalongand get
his or her reaction. If it is a jail records management package, take the
appropriate person along for the “test drive.” Include both supervisory
and line personnel who will be using the software in the evaluation
process. Take your time and thoroughly examine each operation that the
software performs. Examine all of the printed output and reports from
the package and compare each to your needs. Examine the input
requirements of the software and compare them to the inputs in your
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present system. Make sure that your procedures collect all the data
which the program requires. ‘

In addition to routine operations, ask to see a demonstration of the
program’s ability to recover from such things as users’ mistakes and
power failures. The software should be able to either automatically
correct simple errors or warn the user of their occurrence and prevent
the program from continuing until the error is resolved. Not only
should you have a demonstration at the vendor’s site, but you should
ask to see the package demonstrated in a user’s agency under real-life
conditions. If your needs analysis indicates that you should be
examining multiuser software, try to make arrangements to evaluate
the software with the same number of active users using the software
simultaneously as you anticipate at your agency.

4) Talk to users of the software package. With the lists of users obtained
from the vendor and your own contacts, ask people to evaluate the
software in terms of the specifications they required, the expectations
they had and how the system has actually performed. Try to get a
sense of their satisfaction with the software. Ask their opinions on the
level of vendor support, the quality of training and the average
response time when software problems occur. Listen carefully to
common complaints from different references. If everyone reports
that the system does not generate reports well, perhaps there is a
problem with the report module which you should discuss with the
vendor. Itis also a good idea to ask if they know any other users of the
system. Valuable information will often turn up by following leads.

5) What level of support is provided with the software? Software vendors
usually provide some level of technical support for their products,
which typically includes telephone support, a limited warranty or
more extensive support under a separate maintenance contract. Tele-
phone support is generally a toll-free phone number with a scftware
technician available during normal business hours. The software
support person should be able to answer many of your questions on
the operation of, or problems with, the software. Many vendors have
an ongoing support contract or an extended software warranty avail-
able for an annual fee. This type of contract usually provides for any
and all revisions or upgrades made during the term of the contract,
along with either unlimited support calls or a base number of calls at
agiven fee. Itisimportant that you determine how the vendor handles
revisions and upgrades, whether new documentationisincluded and
whether the software warranty extends to cover any new versions of
the software.
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¢ Establish a Scoring System

By the time you have examined a number of packages and have taiked to
users, the field of potential software packages should have narrowed
considerably. If you have a chart comparing the various packages on the
richness of their capabilities and their ability to meet your requirements,
you should have all the information necessary to create a scoring system
to determine the package best suited to your needs. You might be able
to use a ranking in terms of quality, such as excellent, very good, good,
fair, and poor for each of the five criteria above. In addition, you should
consider the cost of each package and the amount of training necessary to
learn and use the software. Perhaps one system will win easily. If they
are more closely matched, you may want to assign a point system for each
of the criteria above, such as a rating scale of one-to-10. That way, you can
take the total number of points for each of the criteria to determine the
winner. If a couple of the packages are evenly matched, do not discount
the human factor — ask the people in your agency if they have a favorite
system among the highest-ranking two or three. If all of the competing
packages will accomplish the task, you might be wise to go with the one
your people like best.

¢ Identify the Operating System Requirements

As part of your search for appropriate application software, you are
limited to those packages that can be supported by the kind of operating
system youneed. Atthesametime you are evaluating software packages,
you need to determine which operating systems will run which applica-
tions. Be sure to evaluate software on a variety of operating systems.
Some packages, theoretically designed for both single- and multiuser
operating systems, function very well on one but perform poorly on the
other. The selection of the appropriate operating system is, obviously,
critical tosystem performance. Does the software you desirerunonanin-
dustrywide, standardized operating system? Is the operating system the
most current version available? Generally speaking, avoid the non-stan-
dard operating system that makes you dependent on both the manufac-
turer of the system and the vendor —if either goes out of business or
changes marketing direction, you may quickly find yourself with an ob-
solete system.

If you require a multiuser operating system, make sure it will support the
number of users and the type of environment (single-tasking or multi-
tasking) you need. Be wary if the number of users in your agency places
it near the maximum capacity of a multiuser operating system. Remem-
ber that an operating system’s rated capacity and its functional capacity
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are seldom, if ever, the same. As a general rule, make sure that a
multiuser operating system has the capacity for approximately 50
percent more users than you require.

If, on the other hand, a multiuser, single-tasking operating system is
sufficient for your needs and you will be using a LAN, get assurance
from the vendor that he has configured such a system with your
specific LAN operating system. Most LAN operating systems are
very complex and a reputable multiuser systems vendor should have
a staff of reliable experts knowledgeable in the intricacies of the oper-
ating system. If you are uneasy about the vendor’s level of expertise,
ask a technically qualified third party to talk to the vendor’s support
personnel. This will help determine if the operating system under
which the vendor’s software operates is capable of doing the job and
that the vendor’s personnel can adequately support the system.

Investigating Hardware

58

In the selection of hardware, you should follow the same criteria as
you would for selecting software: 1) develop a list of the full range of
available hardware for the kinds of software applications and operat-
ing system you need; 2) perform a detailed analysis of the systems
which seem to hold the most potential; and 3) score those systems
against the requirements in your needs assessment, including their
compatibility with the software you have chosen. Your evaluation
criteria are also the same as those for software, including 1) comparing
the capabilities of the hardware point-by-point with the requirements
in your needs assessment, 2) reviewing documentation, 3) getting a
complete demonstration, 4) talking to users, and 5) ensuring that
support for the system is available.

While the process of selecting hardware is similar to that of software,
there are specific hardware and environmental considerations that
must be addressed to ensure the selection of the best system.

¢ Identify the System Configuration

Knowing which operating systems will run the software you desire,
you can now begin to investigate appropriate hardware. Remember
that the careful blending of hardware components constitutes a sys-
tem configuration. High-tech hardware is very seductive. There is a
tendency for some agencies to catch the vendor’s enthusiasm for a

product and suddenly find themselves buying a much larger system

than they had originally planned. There is also the opposite problem
of an agency trying to save money and purchasing a system so small
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that they quickly outgrow its capacity. You need to compare equivalent
systems in performance with the number of users you expect to have on
the system and the mixture of jobs you expect to be running. Contact all
of the references from the vendor, and explore your own contacts for
evaluations of the proposed system. Pay particular attention to com-
ments about speed, storage capacity and ease of use. Ask other agencies
how the original sizing of their system measured up under actual work-
ing conditions. Find out what chédnges people wouid make to their
system’s configuration if they were tostartover again. Most will be happy
to share their hindsight.

Based on your needs assessment, you should know generally how many
people need to access the system, what information needs to be shared,
and what are the current inputs and outputs. You now should examine
the input, processing and output requirements for the proposed system.

— Input Requirements

Examine the input requirements first. What type of keyboard, mouse or
scanner do you need? Will the software support optical scanners for
input, and if so, what kind? What type of video display will the software
and operating system support? Do you require graphics and/or color
capability? Does the display screen and keyboard create a comfortable
work environment? Involve personnel in the evaluation of the ergonom-
ics of the system. Details as seemingly insignificant as the display not
tilting and swiveling or having too much glare can cause a great deal of
discomfort to those using the system on a daily basis.

— Processing Requirements

Decide upon your processing requirements. Can the microcomputer
support the amount of processing that you anticipate? Obtain the
specifications and all of the available documentation on the microcom-
puter from the vendor. If you do not understand a particular item
discussed in the documentation, ask the vendor or discuss it with a third-
party technical expert. Most computer magazines evaluate hardware
systems, contrasting their performance with comparable microcompu-
ters; review back issues of these magazines. Contact the list of references
provided by the vendor and discuss their hardware choices in the same
manner that you discussed the software.

— Output Requirements
Examine your output requirements. Do you require the high speed

outputof adot matrix printer or the printquality of alaser or letter-quality
printer? Compare the number and type of printers you require to the
number and type of printers both the software and hardware can support.
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Carefully compare the software and hardware documentation noting
any incompatibilities that may exist between your choice of printers
and the system. Note that although the operating system may support
a specific type of printer, the application software or hardware may
not. It is important that your choice in printers is specifically sup-
ported by both the hardware and software.

* Develop a Site Plan

Anarea commonly overlooked during the hardware evaluation proc-
essis the relationship between the agency’s physical environmentand
the proposed hardware. Too often an agency forgets to examine the
work area’s physical characteristics and suddenly finds itself in need
of additional space, power, cabling and cooling facilities. A detailed
site plan canbe of tremendous assistance when choosmg theappropri-
ate hardware.

An important preliminary step, then, is to obtain a copy of the floor
plans of the area in question and mark to scale the proposed locations
of the computer system, workstations and the proposed routing of
cables. In addition to the general floor plans, locate the electrical and

heating/cooling plans of the proposed installation area and include

them in your site plan. With your site plan, walk through the area in
which you plan to install the system and look for potential problems,
such as insufficient power outlets, insufficient cooling, water sprin-
klers and overloaded electrical circuits. Try to determine if the noise
level from the new system’s cooling fans or printers will disturb the
normal function of the work space. Examine the potential route of
cables; if necessary, modify the routes to avoid areas of high traffic
where cables may be stepped on or tripped over. Incorporate this in-
formation into your proposed site plan. :

If youhavea buxldmg engineer, ask him or her to review the site plan
to identify any potential problems. You should also show your site
plan to prospective vendors and ask to have a technical staff person
physically inspect the site.

» Try to Select Standard Hardware

Many different manufacturers develop hardware peripherals such as
printers, modems, terminals and memory. When selecting a micro-
computer, you want to ensure that you have many choices in periph-
erals and a great deal of flexibility. Your agency’s best interests are
served when you purchase a microcomputer that will connect with
the largest number of peripherals that meet your needs and budget.
If your system will run peripherals from a variety of manufacturers,
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then you know that in the future you will be able to confidently expand
that system.

The computer industry recognizes the value of having many choices and
has developed standards to allow for greater connectivity between differ-
ent microcomputers and peripheral devices such as monitors, printers
and storage media. There are both official standards, created by profes-
sional organizations such as the Institute of Electrical and Electronic
Engineers (LEE.E) and the International Standards Organization
(LS.0.), and informal, commercial standards that may have no legal force
but, because they are set by major manufacturers, do enjoy general
industry support.

As we briefly discussed earlier in Basic Components of a Microcom-
puter, a bus is an electronic pathway inside a computer, that links the
microprocessor to the computer’s memory and other devices. Physically,
the bus is a circuit board with a series of sockets into which additional
circuit boards may be plugged. These additional circuit boards enable
most systems to expand; circuit boards can control peripherals, allow the
addition of memory and provide the computer with additional functions.
Because of their critical role, specific buses have been designed to meet
certain standards. Circuit cards designed to function with a specific
standard bus will usually function in any computer with that bus.*

In addition to bus standards, communication standards for connecting
peripheral devices have also been established. Device interconnection
standards allow peripheral manufacturers to design devices, such as hard
disk drives with common interfaces. Common device interfaces help to
ensure that system manufacturers include the peripherals in a wide
variety of computer systems.®

Of course, there are quality systems available that may not use one of the
industry’s standard hardware buses or interfaces. If you are interested in
such a system, discuss your concerns with the vendor and ask for an
explanation of why the product is not listed as standard. You may also

“Hardware bus standards such as Multibus, Multibus II, VMEbus, Unibus and Q-bus ini
super micro/minicomputers, or the PC/AT bus, Micro Channel Bus and NuBus standards in
microcomputers should ensure connectivity with a range of hardware upgrades from third-party
manufacturers.

SPeripheral interconnection standards such as Small Computer Systems Interface

(SCSI)or Enhanced Small Device Interface (ESDI) ensure the ability to obtain additional or larger
storage devices at a later date and at a competitive price.
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want torequest a list of third-party companies that manufacture com-
ponents that are compatible with the system.

e Review System Documentation

Ask the vendor for complete system documentation for both the
microcomputer system and all peripheral devices. Alldocumentation
should be clearly written in understandable English. The documen-
tation will help you assess the system’s specifications, capabilities and
performance. Be certain that the documentation matches the system
and peripherals you are evaluating. Review the documentation
thoroughly and ask for an explanation of anything you do not under-
stand. If you have difficulty getting a clear, objective response,
consider hiring a technical consultant to explain any functions or
features you do not understand. As you review the documentation,
determine if the system will function with all of the peripheral devices
and software you require. Above all, you want a system that matches
your requirements.

¢ Ask for System Demonstrations

It is essential to get a live demonstration of a system. This should not
be a “demo system,” but a working one, configured identically to the
system you are considering and operated by people with no vested
interest in the vendor. Preferably, the demonstration should be
conducted at a user site where the system has been operating for some
time. Take the personnel from your agency who will be responsible

for the system with you to the demonstration. Have your personnel

talk to their counterparts at the user's site about any concerns or

problems with the system and how the vendor reacted to their

requests for assistance. Do not be afraid to ask the vendor toallow you
to talk privately with the users. Determine whether the vendor’s
support staff provided prompt and competent service. What was the
user's estimate of the quality of the documentation, training and in-
stallation? Get names and phor.e numbers of key personnel at the site
and call them a few days after the demonstration if you have follow-
up questions. Discuss with your personnel any problems, concerns or
questions about the system.

 Confirm the System Version

The version of the system you purchase is critical to the amount of
support you can expect and the flexibility you will have if you want to
expand the system in the future. Reviewing recent advertisements in
computer magazines can help you determine if the manufacturer is
still advertising the hardware model the vendor wants you to pur-
chase. Knowing that a manufacturer is about to release a new micro-
computer system into its line of products — often one that renders the
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existing system obsolete — a vendor will be anxious to offer a good deal
on the existing system. Problems arise if the new system uses a different
operating system or is in other ways incompatible with the existing
system and its components. A manufacturer or vendor may stop support-
ing an existing product line after introducing a new system.

Selecting a Vendor

Before you begin knocking on vendors’ doors, carefully review all that
you have learned from the needs assessment and your examination of
available hardware and software. This knowledge will guide you as you
begin to narrow down your system choices. Generally, all systems fall
into one of the following three broad categories:

1) a stand-alone, self-contained microcomputer supporting a
single user;

2) a microcomputer processing data for several attached dumb
terminals; or

3) an arrangement of several connected microcomputers, each
using its own microprocessor; i.e., a LAN.

By making some basic assumptions about your processing needs in
relation to the desired physical configuration, you can direct the vendor
to those systems that best meet your requirements. Each type of micro-
computer system requires a different operating system and is therefore
able to support different application software. As you have already
discovered, microcomputer applications and systems differ greatly in
benefits, cost and in physical size and structure. You need to carefully
weigh the benefits and capabilities of each against your own system
requirements and budget. Only after you have made these assessments
should you seek out a vendor.

® Check Vendor Credibility

Your system will function only as well as the vendor that supports it. As
such, the selection of a vendor is a critical decision in the system acquisi-
tion process. This person, or company, will be your prime vendor, respon-
sible for orchestrating all the fine points of an acquisition, including
arrangements with subcontractors for modifications required by your
site, computer system or software.

A preliminary step in selecting a vendor is to investigate the company’s
credibility. It makes no sense to expend all of the research and time to find
a good system if the vendor has a poor reputation. You want to find a
vendor with an established reputation for assisting users in matching
their requirements with an appropriate system. Your contacts within
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other agencies who have worked with the vendor will help you assess
whether the product actually lives up to the vendor’s claims.

As part of your evaluation, you should ask the vendor for information
on the company, including financial and annual reports, and for the
names of agencies with which they have worked. Contact those
agencies and ask them the same kinds of questions you asked users of
hardware and software — thatis, for the positive and negative aspects
of the vendor. The purpose of thisinformationisto check the vendor’s
promotion of products and services against a track record with clients.
If you have any doubts about a vendor’s credibility, you should
continue searching elsewhere.

If at any stage in the investigation you find your conversations with
the vendor ladened with technical jargon, sometimes called “techno-
speak,” remember that the pressure is on the vendor: it is the vendor’s
job to help you understand. If the vendor cannot communicate in
simple English, perhaps he is intentionally engaging in technical
obfuscation because he knows he does not have an honest answer to
vour questions. Or perhaps he just cannot communicate in plain
English. If so, how can he possibly understand your needs? Do not
buy anything until you are completely satisfied that you understand
everything you need to know. If necessary, get assistance and advice
from an impartial technical consultant.

¢ Identify Optional Systems Costs

Aside from the purchase price of the system or the cost of the lease,
there are several purchasing costs that you may not expect. Many of
these are negotiable and some vendors will have more to offer than
others. Consider discussing at least the followmg items with a pro-
spective vendor.

—~Maintenance Agreements

Most microcomputer systems only have a 90-day warranty. It is be-
coming more common for systems to have a one-year warranty, but 90
days is the industry standard. After 90 days, you are responsible for
paying for repairs and service, which can be a considerable expense.
It is a good idea, therefore, to keep the system under a maintenance
agreement, which acts as an insurance policy against repairs and
service. In general, if you purchase the maintenance agreement at the
same time as the system, you can frequently negotiate a discount.
Read the manufacturer’s warranty prior to signing a maintenance
agreement to ensure that the coverage you need is in writing.

When purchasing a multiuser microcomputer system or a configura-
tion with several stand-alone microcomputers, you can protect
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against high maintenance costs by purchasing an additional machine or
twoas “floating spares.” The floating spare is used in place of any system
that fails. You can then take advantage of the vendor’s normally lower
maintenance fees for the failed equipment by taking it to the vendor’s
repair shop rather than paying for on-site service. In an environment with
a large number of microcomputers, this can be a dramatic cost savings.
The floating spare is usually a very cost effective alternative to keeping a
large number of systems under an expensive, on-site maintenance con-
tract.

— Maintenance Response Times

When you do have system problems, it is obviously important to keep
system down-time to a minimum. A four-hour response time is an
industry standard and your agency should not be charged a premium for
a response time of more than four hours during normal business hours.
If, however, you want 24-hour service or a response time of less than four
hours, expect to pay more. When you pay a premium for such immediate
response, you may want to insert a penalty clause (usually a monetary
charge against the vendor) if the agreement is not met. In other words, if
the system is not fixed in the time frame specified in the maintenance
agreement, then the vendor must fix the system at little or no cost. Also,
itis good tohave a clause in the agreement thatmandates the use of loaner
or replacement equipment if the vendor cannot get the needed parts or
make the repair in a reasonable time as stipulated in the maintenance
agreement.

—Additional Training Costs

A substantial added cost is training. Nevertheless, adequate training on
a system is imperative. Make sure that you have written confirmation of
exactly how much training comes with the purchase of the system.
Contact other users about the quantity and quality of the training they
received from your vendor. If the general consensus was that the training
was either insufficient or poorly handled, bring it to the vendor’s atten-
tion and strongly request additional training atno charge. Make sure that
you are able to keep all training materials and have the right to reproduce
the materials to train your own in-house staff.

Once you have expended the training included in the system purchase,
you may need to purchase additional training. Most large vendors have
a highly competent, full-time training staff and an ongoing schedule of
training classes. You should be offered separate training for people who
will be using the system on a regular basis and training for personnel
responsible for administering and maintaining the sys 3zn. Remember
that it could save money to have the vendor train a small number of your
personnel and have them in turn train others in the agency. These classes
arenormally moreintense than typical user training classes, and therefore
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should be attended by those personnel in your agency who have some
prior understanding of microcomputers. Finding software and hard-
ware with on-line tutorials can also help to reduce training costs. Itis
important at the outset to designate someone in your agency to stay
informed about the system. This usually means sending that person
to additional training classes and allocating time to master the opera-
tion of the system and to stay current with new developments.

— Upgrades and Enhancements

Ask about the costs of upgrades and enhancements before signing any
contract or purchase agreement. If you do not have an agreement for
free or discounted enhancements, each upgrade could possibly equal
or exceed the initial purchase price.

— Customizing Services

Most vendors provide software customizing services. Customizing
software is very expensive. After you pay for all the modifications,
make sure that the vendor will continue to provide a warranty on the
software. Always ask the vendor to supply you with the language the
program is written in, the source code to the program, and any cus-
tomized additions to the source code. This will allow a systems expert
to provide maintenance for the software if for some reason the vendor
goes out of business or stops marketing the software. Some vendors
will not provide you with the source code, but will place the source
code and all modifications in a trust account. Your agency can be
made beneficiary to the trust and receive the source code in event of
a default by the vendor. Always make sure you have some recourse
to obtain the source code for a customized program in case it becomes
necessary for your agency, or a new vendor, to support the software.

Installing the System

66

Installing the system is the part of the cycle where you start to lose
contact with the salesperson and start to meet the support personnel.
This is also the point where you find out how well the vendor’s
personnel communicate with one another. Frequently, the vendor’s
sales staff does not tell the support staff the details of a sale until the
day before delivery. Save yourself and your agency a lot of headaches
and make arrangements to meet the vendor’s support personnel early
in the evaluation process to ensure that they are aware of all the details
of your installation. The objectis to make sure that there are no hidden
problems. This is where any weak spots in a needs assessment are
revealed

Prior to the installation, be sure you have a clear understandmg of the
following issues with the vendor.
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* Verify Prime Vendor Responsibilities

The prime vendor should be responsible for all details, including the
installation of the operating system, any communication software and all
application software. In addition, the prime vendor is responsible for
making arrangements with subconiractors and obtaining required per-
mits orlicenses. As mentioned earlier, present your vendor with your site
plan and make sure both of you agree upon your requirements and the
expenses that may be incurred due to the need for additional power,
stand-by power, phone lines, cooling, fire equipinent or cabling. Do not
let any of these catch you, or the vendor, by surprise.

® Ensure Technical Support Availability

The quality of technical support is probably the most important single
item in a successful installation. Make sure you understand what the
vendor means by support. The purchase of a reputable system usually
includes a set amount of telephone support. Does support mean having
a toll-free telephone support number and the services of a technician on
call during normal business hours? Does support mean having a
technician on-site during theinstallation and the first 30 days of operation
at no additional cost? Beyond the standard warranty, most support is
offered under a separate maintenance contract. Note that usually, hard-
ware, software and training support are also under separate contracts.
Expect tc pay an annual support fee ranging from about 10 to 20 percent
of the retail cost of the hardware for hardware maintenance. Operating
system support is normally included in the cost of the hardware mainte-
nance contract. Application software support usually can be purchased
at an hourly rate as needed, or for an annual fee, which generally ranges
from 15 to 25 percent of the cost of the application software.

o Specify Delivery Acceptability

Ataminimum, the vendor should deliver the system to your site, setit up
and run diagnostics on it to ensure the operation of all components.

Normalily, the vendor is responsible for installing the operating system,

any communication software and all the application software on the
system. Insome cases, youmay need to contract with the vendor todoany
required data conversion or data entry.

As part of the installation requirements, you should require a detailed
description of the procedures necessary to install and test the system. Be
absolutely certain that the vendor’s technician tests each component and
assures in writing that the system is completely functional, including all
communication devices, printers, terminals, disk drives and peripherals.
If you have a remote site, have the vendor document a successful
connection and transmission of data to and from the site. Itis agood idea
to appoint one person as the liaison with the vendor, who is responsible
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A Final Word

for scheduling deliveries and installation times. This also prevents
someone from signing an incomplete delivery receipt or accepting a
partial shipment. Do notlet any of your personnel sign any document
accepting the delivery of the system until you are assured in writing
that all system components are installed, tested and functional.

You should request an acceptance test of the system when the vendor
has installed it and confirmed that it is functional. The purpose of an
acceptance test is to confirm that the system will perform to its
advertised and documented capabilities. Based upon your discus-
sions with the vendor, you should develop a set of requirements for
the system. A 30-day in-use performance/acceptance test, moreover,
is not an unreasonable demand. Such a test often requires that the
system maintain a performance ratio of 98 percent up-time during the
first 30 days or the agency will not accept or pay for the system until
it meets the requirement.

Selecting a microcomputer system for your agency is not an easy
process. If approached in a systematic, rational way, however, it can
return many dividends. If you are careful, if you do your homework
and if you keep asking the right questions, you can walk out of the
maze of high technology with a computer system that is right for your
agency. Armed with the information in the Criminal Justice Micro-
computer Guide and Software Catalogue, you should feel confident
that when you select a microcomputer configuration for your agency,
it is an informed decision based on an understanding of computer
basics and configuration options, a thorough needs analysis, and a
clear-headed choice of software and hardware. Using the process

outlined in the Microcomputer Gmde, you can avoid headaches,

costly problems and disaster. Your agency will get the best system for
its needs — the first time around.
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GLOSSARY

access: 1. The manner in which files or data sets are referred to by the system. Examples
are serial, random or indexed access methods. 2. The ability to read and write files
from disk storage.

access time: The time interval, usually in milliseconds, between the instanta request for
data is made to the controller of a direct access storage device, such as a hard disk,
and the instant the transfer of the data begins.

address: An identification (a label, number or name) corresponding to a particular
location in storage or any other data destination or source.

address space: The complete range of addresses available to a central processing unit
(CPU) or user.

algorithm: An established, finite set of well-defined, rules or processes guaranteed to
solve a specific problem.

allocation: The process of reserving storage space for programs or data.

alphanumeric: A set of characters which includes both uppercase and lowercase letters,
digits and some special characters (-, /,*, $, (, ), +, =, etc.).

ALU: Arithmetic-Logic Unit. The section of a central processing unit (CPU) where
arithmetical and logical operations are perforrred.

analog data: A physical representation of data that bears an exact relationship to the
original data; for example, the electrical voltages of signals on a telephone wire are
analog data representations of the original spoken voice.

analyst: A person who is skilled in the identification, definition and development of
techniques for the systematic solution of problems.

ANSI: American National Standards Institute. An organization which sets voluntary
standards for industry in the United States.

application: A specific task or set of tasks to be performed by a computer program or
system.

application software: The programs used by users of a system to perform some task or
job. Contrast with “system software.”

architecture: The physical structure, design and interconnection of the internal compo-
nents of a hardware/ software system. .

archive: To back up or store data. Archiving preserves copies of files; if the original files
aredamaged or destroyed by some unusual circumstance—power failure, acciden-
tal erasure, system failure — important data is not lost.

argument: A variable to which either a logical or alphanumeric value may be assigned.
array: An ordered arrangement of items or numbers such as a matrix, vector or table.
artificial intelligence: The capability of a device to perform functions that are normally

associated with human intelligence, such as reasoning, learning and self-improve-
ment.
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ASCII: American Standard Code for Information Interchange. The standard code
used to represent letters, numbers and special functions as a series of zeros and
ones. This seven-bit standard code was adopted to ease the interchange of data
among various types of data processing and data communications equipment.

assembler: A computer program which takes a symbolic non-machine language in-
struction prepared by a user and converts it to a binary machine-executable
form.

assembly language: A primitive, although precise, low-level language which is
specific to each processor. Assembly language is made up of brief symbolic
statements, instead of binary instructions, which directly affect the internal
components of the processor. Assembly language is noted for its obscure style
and lack of required structure.

asynchronous: A method of operation in which processes begin in response to
events external to themselves. Contrast with synchronous.

asynchronous transmission: A technique of data transmission between two com-
puter systems that operate completely independent of each other and do not
share any timing information. Each system sends data in packets which have
uniquely marked start and stop bits. Contrast with “synchronous transmis-
sion.”

attenuation: The tendency of a signal to decrease in strength as it passes through a
medium or control system.

back up: To copy files onto a second storage device so that they may be retrieved if
the data on the original source is accidentally destroyed.

backup: A stored copy of a file, to be used in case of a malfunction that causes a loss
of the data in the original file.

background: In multiprocessing, the environment in which low-priority jobs are
executed.

background processing: In a multiprogramming environment, refers to the execu-
tion of lower priority programs when higher priority programs are not requir-
ing system resources.

band: A range of frequencies between two specified limits.

bandwidth: The difference, in hertz, between the highest and lowest frequencies in
a band.

bar code scanner: A scanner designed to read bar coded information by scanning :

the bar code with a beam of light (usually either laser or infra-red light).

baseband: 'Denoting communications facilities with a narrow bandwith (whichis
lessthan voice grade), and is combined with a carrier signal (a fixed signal which
is mixed with the information signals to produce-a signal capable of transmis-
sion) ‘

"BASIC: Beginner’s All-purpose Symbolic Instruction Code. A high-level, second

generation algebraic programming language designed for ease of use and ease



of learning. BASIC has a small number of commands and simple syntax. BASIC has
been implemented on most computers.

batch processing: A data processing technique wherein a program with all the required
and associated data are processed during a single machine run without user
interaction or intervention. Contrast to “interactive” and “conversational.”

baud: A unit of signaling speed generally equal to one bit per second. Thus, 8 baud
equals 1 character per second.

bells-and-whistles: Slang for special features and extras in a system or program, such
as color, sound, graphics, etc.

benchmark: A point of reference from which comparisons between systems can be
made, such as a program to evaluate disk performance.

binary code: A coding system in which the encoding of any data is done through theuse
of bits.

BIOS: Basic Input/Output System. The part of the operating system that handles the
input and output to devices such as monitors, disks and printers.

bit: A Blnary digiT, either 0 or 1, indicating one of two states: off (0) or on (1).
bomb: A spectacular failure of a system or program.

boot: To load a computer’s operating system into the random access memory of the
computer. To start up.

bootstrap: Also known as bootstrap loader. A small program that starts a “cold”
computer. Generally, thebootstrap program tells the computer where tostart so that
it can clear the machine memory, load the operating system and set up the machine
to begin working.

BPL Bits Per Inch or Bytes Per Inch. A measurement of recording density; the number
of bits or bytes that can be recorded in one inch of magnetic tape.

bridge: A combination of hardware and software which allows either like or unlike
networks to communicate with each other. Contrast to “gateway” and “router.”

broadband: Denoting communications facilities with a bandwidth which is capable of
handling frequencies greater than those associated with normal voice range trans-
mission facilities, e.g., cable TV signals.

broadcast: A message whichis sentsimultaneously toail the workstations of amultiuser
system. Contrast with "multicast."

brute force: A slang term denoting a programming technique which relies on the raw
power of a computer to arrive at a non-elegant solution to a problem.

buffer: A software routine that controls a data flow or storage area in random access
memory (RAM) which is used to temporarily store data that is being transferred at
different speeds from one process or device to another (usually during input/
output operations).

GLOSSARY 73



74

GLOSSARY

bug: Slang for a defect in either hardware, software or firmware.

bus: 1. Commonly used as the hardware interface in a computer through which
additional central processing unit (CPU) components, options and peripherals
are attached. Buses are normally manufactured to either anindustrywide inter-
connection standard or are proprietary. 2. A channel or path through which
electrical or digital signals flow. ‘

bustopology: Anetwork topology in which thereisa single master cable that forms
the bus (backbone) of the network. All nodes are either attached by a short
length of cable to the bus or are interconnected by the busitself. See "daisy chain

topology."

byte: A group of adjacent binary digits operated on as a unit by the computer.
Normally, the eight bits that represent a character or number in binary code.

C: A general purpose, third generation, high-level programming language which
features a highly efficient code, brief expressions, low-level hardware control
and a rich set of features.

cache: A method for reducing the time it takes to access data stored in a large, slow
device, by retaining the most often accessed data in a smaller, faster device.
Normally, cacheis used in reference to a combination of random access memory
(RAM) and software for decreasing disk access times. Since memory access is
much faster than disk access, accessing data from cache rather than disk
increases performance.

canned programs: Pre-written programs prepared by the publisher and made
available to the user in a machine-readable form, usually on disk or tape.

chip: Slang for a semiconductor-based integrated circuit. May apply to anything
from microprocessors to memory arrays.

CMOS: Complementary Metallic Oxide Semiconductor. A method of makingMOS
chips which use less power and work faster than MOS chips.

coaxial cable: Cable composed of one wire, called a conductor, surrounded by a
stranded shield that acts as a ground. The conductor and the ground are
separated by a thick insulating material and the entire cable is protected by an
insulating jacket. Coaxial cable is usually used in broadband or high-speed
applications.

COBOL: Common Business Oriented Language. An "English-liké” second genera-
tion high-level programming language designed by the U.S. Navy in the 1950s.

code: Slang for a program or parts of a program.

cold boot: Reloading a computer’s operating system by turning the electricity to the
computer off and back on, Contrast with “warm boot.”

command: A user-entered instruction which specifies a computer operation to be
p>rformed.

communication device: Hardware components that allow a microcomputer to
communicate with other computer systems and peripheral devices, such as
ports, modems and facsimiles.




communication software: Software that enables microcomputers to share data and
information with remote systems.

compatible: A quality possessed by a computer which ailows it to utilize both software
and hardware designed for use in some other type of computer system.

compile: To prepare a machine language program from a program written in a higher
level program language, such as COBOL, FORTRAN, C or PASCAL.

compiler: A computer program which converts an entire high-level language program
into a machine language program froma source program. The compiler is capable
of replacing single program statements with a series of machine language instruc-
tions or with a subroutine.

concatenate: To link together or join two or more items into another.

concurrent processing: Performing two or more data processing tasks within a specified
time interval, but not at the same exact time. Contrast with * 51mu1taneous process-
ing.”

configuration: 1. In hardware, the equipment to be used and the way it is to be
interconnected. 2. In software, a procedure performed to prepare a software
program for operation or to define a system’s resources to the software program.

console: The primary (or master) display screen and keyboard from which the user
controls the computer system.

constant: A value that does not change during the execution of a program.

controller: A device required by the central processing unit (CPU) to operate and control
peripheral components such as disk drives.

convention: A standard or accepted procedure in programming or systems design.

conversational processing: An application where an input or inquiry by a user causes
an immediate response from the system. Conversational systems give the appear-
ance of conducting a dialogue with a user. Contrast to “batch” and “interactive.”

CPU: Central Processing Unit. The component of a computer which includes the
circuitry controlling the interpretation and execution of all instructions.

crash(ed): A slang term indicating that the hardware and/or software has stopped
functlonmg properly.

CRC: Cyclic Redundancy Check. An error detection method whereby a value is
calculated based upon a specific block of data and stored. The CRC value is then
compared to the value which is recalculated when the data is reread or transmitted.
If the CRC numbers match, the data is free of errors.

CRT: Cathode Ray Tube. The picture tube on a terminal or workstation used to display
text and graphic images.

CSMA/CA: Carrier-Sense Multiple Access/Collision Avoidance. A multi-access trans-
mission protocol that uses carrier detection and collision avoidance to ensure
reliable data transfer. A typical CSMA/ CA systemis Apple Computer’s AppleTalk
network.
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CSMA/CD: Carrier-Sense Multiple Access/Collision Detection. A multi-access
transmission protocol that uses carrier detection and collision detection to
ensure reliable data transfer. Typical CSMA/CD systems are Ethernet and
Starlan.

cursor: A block, an underline, a blinking character or a reverse video image, which
indicates, on a video terminal, where the next character will appear on the
screen.

cylinder: A vertical column of tracks on multiple magnetic disks treated as a unitby
the hard disk.

daisy chain topology: A type of bus network topology in which all nodes are
directly interconnected by the bus. See "bus topology."

data: The basic units of facts, concepts or instructions represented by numeric, al-
phabetic, graphic or special characters that are used for communication, inter-
pretation or processing by human or automatic means.

database: Information stored in a computer for subsequent retrieval. A set or
collection of interrelated data (with limited duplication) designed to serve one
ormoreapplications, and stored in such a fashion that the data are independent
of the programs that use them. Thus, a common, controlled approach can be
used for adding, modifying and retrieving data.

data processing: The process of converting data into information and the manipu-
lation, storage and retrieval of that information.

data transfer rate: The speed at which a computer reads or writes data to a storage
medium.

DBMS: Data Base Management System. The collection of software used to create
files, maintain data and generate reports stored in a database.

deadlock: An unresolved contention for the use of a resource. Normally associated
with two users attempting to open a file simultaneously. Also know as a
“deadly embrace.”

debug: To detect, correct and eliminate mistakes and logical flaws in computer
systems and programs.

dedicated: Hardware, software or procedures which are designed for a specific use.

default A value or ophon assumed by the computer or program when no other
value or option is specified.

defaultdrive: The drive currently in use by a workstation. Indisk operating systems
(DOS), the drive prompt (A>, C>, etc.) that identifies the default drive letter.

delete: To remove or eliminate.

demand paging: In virtual storage systems, the transfer of a page from ¢xternal page
storage to real storage at the time it is needed for execution.

device driver: A data structure that allows an operating system and its applications
to access low-level hardware or non-operating system services.




digital data: Data represented in a discrete, discontinuous form as contrasted with
analog data, which is represented in a continuous form.

digitizer: A device which converts visual images into digital data and inputs those
images into the computer.

DIP: Dual In-Line Package. The most conimon form for an integrated circuit which has
two rows of pins for connectors.

direct access: Also known as random access. The technique of obtaining and retrieving
data from a storage device in such a manner that the time required for such access
isindependent of the location of the datamost recently accessed. Ineffect, the device
“goes directly” to the data. An example would be a hard disk drive subsystem.
Contrast with “sequential access.”

directory: 1. A logical portion of disk space which is named by a user when it is created.
A directory is used to hold a list of logically related files. A directory may be part
of another directory (a subdirectory) or it may contain several other directories and
files. A directory is analogous to a drawer in a file cabinet in which the user stores
files. 2. Thelist of files displayed whena listing command isentered atany directory
level of the file structure.

disable: To deny access, remove, inhibit or turn off a normal capability.

disk: See also floppy disk, hard disk, microfloppy, minifloppy, Winchester disk. A flat,
circular, rotating magnetic media upon which magnetic pulse coded data can be
written and read.

disk cache buffer: An area in the memory of a system into which large portions of disk
files are read prior to an actual request to read the entire section. This increases the
chance that the next disk read request can be read from memory rather than from the
disk. Since memory is much faster than the disk, performance is greatly improved.

disk caching: A process of feading largé portions of a file or disk into a special buffer
thereby decreasing the number of disk reads required for the rest of the data and
improving performance.

DMA: Direct Memory Access. A technique in which data can be transferred between
peripheral devices and random access memory (RAM) without a required interven-
tion by the central processing unit {CPU).

DOS: Disk Operating System. A generic term for the operating system for IBM and IBM-
compatible personal computers. DOS is based on MS-DOS, the Microsoft operating
system.

download: The transfer of information fromaremote computer to alocal host computer.

downtime: That period of time in which is system is inoperable. It is normally used to
denote time in which the system is down due to a fault.

driver: Software which provides the computer with a series of instructions for the
reformatting of data to enable transfers with a particular peripheral device.

dumb terminal: A video displéy terminal with minimal capabilities.
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dump: Copying all or part of the contents of a storage unit, usually from random
access memory (RAM), into an auxiliary storage device (usually a disk) or onto
a printer.

duplex: Deals with the capability of a communications channel to handle two
signals headed in opposite directions at the same time. Full duplexmodems can
transmit and receive data at the same time. Half duplex modems alterrately
transmit and receive data.

EAROM: Electronically Alterable ROM. Read-only memory that can be selectively
altered without destroying all the stored data.

edit: 1. To check the correctness of data. 2. To modify or change a program or data.
3. To prepare data for further manipulation, such as format changes or code
conversions, by a subsequent process.

EEROM: Electronically Erasable ROM. A read-only memory which can be elec-
tronically erased, as opposed to an EAROM.

electronic mail: The transmission and storage of messages through use of comput-
ers and telecommunications.

emulate: To imitate one system with another so that the host system accepts the
same data, executes the same programs and maintains the same functionality as
the imitated system.

emulator: A type of program or device that allows programs written for one system
to operate on another. Emulators make a system “look like” the emulated
system to the programs.

enable: To turn on, allow access to or place in a state which will allow operation of
a computer or peripheral.

environment: Ina computing context, normally refers to the modeof operation(e.g.,
conversational, stand-alone environment).

EOF: End-Of-File. The termination or end point of a file or quantity of data. End- .
of-file marks are used to designate this point on magnetic files.

EPROM: Electronically Programmable ROM. A special programmable read-only
memory (PROM) which can be erased under ultraviolet light and reprogram-
med repeatedly. EPROMs are normally manufactured unprogrammed.

erase: To remove data from storage without replacing it.

EROM: Erasable ROM. See EPROM.

error: Any deviation of a computed or measured quantity from the theoretically
correct or true value.

en'or-correctmg code: A coding system in which transmission errors are automati-
cally detected and corrected.

error-detecting code: A coding system where errors in transmission are automati-
cally detected as forbidden combinations of bits and are reported, but not
corrected.




error file: A file generated during processing to capture error messages or as a “catch-
all” for bad data.

error message: A printed or displayed statement signifying that the computer has
detected an error condition.

ESDI: Enhanced Small DeviceInterface. A peripheral device interface standard which
allows for high data transfer rates.

executable: A program statement that gives an instruction (as opposed to labels or
comments) for some operation to be performed.

executable code: Programmmg code whichis 1mmea1ate1y executable by the computer.
See “machine code.”

execute: To run a program or carry out an instruction.
expression: A source code combination of one or more operations.

facsimile: A device which will allow the telephonic transmission of hardcopy graphic
images to another facsimile device. The images may be hand-written text, typed
pages, pictures or any black and whiteimage which can be digitized by the facsimiie
device.

fault: A physical state or condition that may cause the failure of a functional system. |

fault tolerance: The capability of some systems which are designed to continue to
function satisfactorily in the presence of faults. Some systems achieve this with
multiple processors and/or by duplicating data on different storage devices; if one
storage device fails, all data is available from the other device.

fiber optic cable: A cable made of glass or plastic fibers which transmits large amounts
of data by light pulses.

field: In a record, a group of related characters treated as a unit.

file: A collection of related information or data sets stored and manipulated as a single
unit. Files can be stored on disks, in memory, on tape or can be sent to a printer.

finite: To have limits or an end. For example, a terminating number or sequence.

firmware: Software that resides in read-only mémoty Refers to the execution of
programs from read-only memory (ROM) or programmable forms of ROM, so that
the programs seem to be as much a function of hardware as of software.

fixed-length record: A record which always has the same number of characters.
Contrast with “variable-length record.”

fixed point arithmetic: A type of arithmetic where the computer does not keep track of
the radix point and all operands and results must be between certain fixed values
(e.g., integers between -65536 and +65536). :

floating point arithmetic: A method of calculation that automatlcally accounts for the
location of the radix point.
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floating point routine: A set of subroutines which perform simulated floating point
math on a computer system which does not have built-in floating point hard-
ware.

floppy disk: Alsc known as floppy diskette and flexible diskette. A removable
magnetic storage medium composed of a thin mylar plastic coated with a
magnetic oxide material and enclosed in a semi-rigid protective plastic jacket.
Floppy disks come in three sizes; standard 8 inches, minifloppy 5-1/4 inches,
and microfloppy 3-1/2 inches.

filowchart: A diagram that uses symbols and interconnecting lines to show the logic
and sequence of a specific set of operations. Flowcharts are used to break a
complex problem into smaller, more manageable pieces.

font: A complete assortment of type of one size and style (e.g., Courier 10 point).

footer: Inword processing, refers to the text which appears in the botiom margin
of each page of a document.

foreground processing: In a multiprogramming environment, refers to the auto-
matic executionof programs whichhavebeen designed to have pre-emptiveuse
of the system resources.

foreground program: In a multiprocessing environment, a program that has a high

priority and therefore takes precedence over other concurrently operating pro-
grams.

format: 1. Thelogical and/or physical arrangement of tracks and sectors on a floppy
diskette or hard disk drive. To be usable, a disk must be formatted so that the
tracks and sectors are laid out ina manner compatible with the operating system
in use. 2. To prepare a disk or diskette to accept data.

FORTRAN: Formula Translation. A second generation high-level programming
language designed for mathematical and scientific use. It is generally consid-
ered obsolete, although it is still in limited use.

fourth generation language: A programming language, usually based on a data-
base management system, which uses a non-procedural (menus) interface for
programming rather than a procedural (source code) interface.

frequency: The number of recurrences of a periodic phenomenon in a unit of time.
Electrical frequency is specified in “hertz.”

frontend processor: A dedicated communications computer corinected to a hostat
the entry point for communications to the host computer. It may perform com-
munications line assignment, data conversion, message handling or other data
communications functions.

garbage: A slang term for unwanted or meaningless output resulting from equip-
ment malfunction or a mistake in software,

gateway: A device which interconnects two dissimilar networks or a network and
a host system. Contrast to “bridge” and “router.”

GB: G'igabyte. One billion bytes or one thousand megabytes.



generator: A program that constructs other programs to perform a specific task, such as
a report generator.

graphics: Pictures or diagrams as opposed to alphanumeric characters.

handshake: The initial exchange between two data communication systems prior to
data transmission. The first device sends a predetermined signal, then waits for a
predetermined response from the other device. A handshake method (such as
XON/XOFF) is part of a complete transmission protocol. '

hard copy: A paper printout. The term “hard” is used because it actually can be held, as
opposed to a screen display, which cannot.

hard disks: A high-capacity, high-speed, rigid, rotating magnetic media random access
storage device. Hard disks may contain multiple read/write heads and multiple
disks and allow users to read, write and erase data and files.

hardware: The physical equipment of a computer system. The electrical and mechanical
components. Contrast with “software.”

hard-wired: Physically connected to a computer, usually by electrical wiring.

head: 1. A device that reads, writes or erases data ona storage medium. 2. A special data
item pointing to the beginning of a list or set.

header: 1. In communications, refers to the first part of a message containing all the
necessary information or directing or decoding the rest of the message. 2. Inword
processing, refers to the text which appears in the top margin of each page of a
document.

hertz: Cycles per second, abbreviated as Hz.

heuristic: A rule-of-thumb procedure for attempting to solve a problem. Heuristic
approaches do not guarantee solutions to specific problems.

hex: Hexadecimal. A number system with a radix of 16 in which the digits greater than
9 are represented by the letters A through F of the alphabet.

hierarchical: Organized according to levels.

high-level language: A programming language which is oriented towards the problem
to be solved or the procedures to be used. In a high-level language the instructions
more closely resemble English.

high order: Pertaining to the digit or digits of a number which have the greatest weight
or significance. In computer memory, the most significant portion of the word.

horizontal market: Pertains to horizontal :narket software packages such as word
processing, spreadsheets, database management, communications, graphics, and
accounting which are generic in nature and can be used by most business with little
to no modification : '

housekeeping: Computer operations or programs which do not contribute directly to
the desired results; in general, initialization, set-up and clean-up operations.
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IC: Integrated Circuit. A microscopically-sized electronic circuit containing mul-
tiple electronic components (which replace thousands of transistors) bonded on
or within a single non-conductive ceramic or plastic carrier, usually a Dual In-
line Package (DIP).

icon: A simple graphic image used to represent a physical device, program or
activity. :

impactprinter: A hard copy device which forms output by the momentary pressure
of a raised element or pins against paper, using ink or a ribbon. Dot matrix
printers and wheel printers are two types of impact printers.

implementation: 1. The process of installinga computer system, including choosing
theequipment and software, installation, training, establishment of procedures
and policies. 2. The act of installing a program.

initialize: To preset a variable to proper starting values prior to execution.

input: Pertaining to the introduction, of data, information or instructions from an
external device into a system.

inquiry: A request for data from storage.

instruction: In a programming language, a meaningful command or formula which
defines one operation with its parameters, if any.

intelligent