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MASS-STORAGE SYSTEMS

ANY interesting and useful ap-

plications of hobbyist comput-
ers require a program-controlled
mass-storage device. Although a sim-
ple audio-cassette interface can be
used, there are other more automatic,
practical storage systems.

Applications Needing Mass
Storage. Home accounting is a
computer application that is often
mentioned as needing a mass storage.
One would expect a double-entry
bookkeeping method to be used here,
with all incomes and expenditures di-
vided into a number of accounts ac-
cording to the nature of the transac-
tion. Once a week, or as needed, new
transactions would be added to the
appropriate accounts. Ideally, a verbal
description of each transaction would
be retained with the account record as
well as the amount and date. Monthly,
or as required, the system could be
instructed to compute and print a per-
sonal financial statement. Also, if the
accounts were set up properly, prepar-
ing a tax return could be a relatively
simple task. The amount of mass stor-
age needed, however, can become
substantial. Assuming a moderately
detailed system of 30 accounts and an
average of 25 transactions per ac-
count per year, yields a total of 2250
transactions to save for the 3-year
record-holding period required by the
IRS. Allowing 30 bytes for a descrip-
tion, 4 bytes for a date and 4 bytes for
an amount, gives a total of 85k bytes
required for the application.

~ Learning games are an exciting ap-
plication that benefit from mass stor-
age. A learning approach -to imple-
menting complex game-playing pro-
grams such as checkers is often easier
and can give better results than a di-
rect approach. Such a program, when
first run, would only be cognizant of
the game rules. As it plays human op-
ponents, files of data concerning fatal
mistakes made by the program and
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winning tactics employed by the op-
ponent would be accumulated. Even-
tually the program would acquire a
skill level just below that of the best
opponent and would not suffer from
“stupid’’ mistakes. Additionally, in-
termediate data files at various skill
levels may be retained. Such files may
get rather large. They are also subject
to frequent change as the program
learns. High-speed access to the data
is helpful in keeping the game moving
along.

Text editing for letters, reports, and
other documents is another mass-
storage-oriented application. The
editing process may involve frequent
changes, insertions, and deletions of
blocks of text in the document. Also, it
may be desirable to move a block of
text from one portion of adocument to
another. The amount of storage
needed varies with the type of docu-
ment. A thesis may require 300k bytes,
an article 30k and a letter 3k. Large
insertions inthe middle of adocument
may cause problems with certain
types of mass storage.

Mass-Storage Terminology. Over
the years, many terms have been de-
veloped to describe mass-storage sys-
tems. Perhaps most fundamental is
the on-line storage capacity of a sys-
tem. On-line storage capacity is the
amount of data that can be accessed
automatically by the program without
requiring human intervention to
change tapes, etc.

On all mass-storage systems, data is
organized into blocks called records.
When a data transfer between the
storage system and the computer is
performed, an entire record must be
transferred. Some systems utilize a
fixed record size, which means that all
records are of the same length. Most
tape systems, however, allow a vari-
able record size, which means that a
record may be as short as one byte or
as long as desired. Note that the use of

short records may reduce the storage
capacity substantially due to gaps be-
tween records.

The transfer rate of a system is a
measure of how fast data can be read
from, or written into, the storage
media. Often this is qualified further
by specifying a “burst” transfer rate
and an '‘average'’ transfer rate. The
burst rate is the actual speed during
reading or writing. The average rate is
measured for along transfer of several
thousand bytes. It is usually less than
the burst rate because of the gaps be-
tween blocks of data or time spent
searching for the next block of data.

In a sequential access storage sys-
tem, all of the data is stored as one

_long string of records. The access

mechanism (usually a magnetic head)
can be located at any point in the
string. In the simplest systems, only
two operations are allowed; rewind
(place the head at the beginning of the
string); and read forward, starting at
the current head position. Writing of
new data is always done at the end of
the string. More sophisticated
sequential-access systems may allow
reading backward and high-speed
search in both directions. Some may

even allow records in the middle of the

string to be updated. ;
Data records in a random-access
storage system are organized in a rec-
tangular array consisting of a number
of rows and columns. A particular re-
cord is read or written simply by giving
its row and column numbers. The
storage device goes directly to the re-

‘quested location, usually without any

searching. Individual records may be
rewritten at will. Random-access stor-
age systems almost always utilize
fixed record lengths.

Tape Mass-Storage Systems.
Tape, particularly in cassettes; is a
popular, inexpensive mass-storage
medium. The on-line storage capacity
of a C60 cassette, for example, ranges
from 50k bytes using the Computer
Users Tape System or CUTS (see
“Computer Bits,”” March, 1976) audio
format (also known as Kansas City
format) to approximately 600k bytes
using the Digital Group’s ‘‘group
coded recording’’ digital format.
Transfer rates range from about 25
bytes per second for standard audio to
over 1000 bytes per second for high-
performance digital recording. Most
tape systems for hobbyist use allow
variable-length records with perhaps
a maximum allowable length.
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The EGG plugs into any stereo amp to
create soothing, flowing environmental
sound textures - and through headphones
it's incredible, The chords and notes
EXIST in your mind, they pan and swell
and phase their way through your psyche
in unpredictable patterns never repeating,
The combination of LSI organ technology
with synthesizer-type processing and
digital randomizing/control elements
make the EGG an altogether intriguiging
package from either technological or
metaphysical viewpoints,

Kit includes: Circuit board, parts and
step-by-step instructions,

CHORD EGG Kit $24.95  postpaid

*Encephalo Gratification Generator

o g - FREECATALOG -
m ELECTRONICS DEPT. 1-P
1020 W. WILSHIRE BLVD. |
OKLAHOMA CITY, OK 73116

CIRCLE NO_ 55 ON FREE INFORMATION CARD

Our whole family helped assemble
this wonderful Schober Organ...
and now we all play if!

Talk about real family fun! We all worked
together, for a few hours almost every day. Almost
too soon, our Schober Organ was finished. Our
keen-eyed daughter sorted resistors. Mom sol-
dered transistor sockets, although she'd never
soldered anything before. And it did our hearts
good to see the care with which our son—he’s only
12—installed the transistors. Me? | was the quality
control inspector—they let me do the final wiring.

Our completed Schober Organ compares
favorably with a "ready-made” one costing twice
gszanggclh! (The five models range from $650 to

Just send the coupon for the fascinating
Schober color catalog (or enclose $1 for a 12-inch
LPrecord that lets you hear as well as see Schober
quality). ‘
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. The tq?cﬁoém Organ Corp., Dept. PE-68 |
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Magnetic tape is inherently a
sequential-access storage medium.
Here, data records are strung out
along the length of the tape with
enough blank space between records
to allow for starting and stopping the
tape. Finding a desired record on the
tape and reading it into the
computer’s memory is a fundamental
operation. If the record’s location is
not known, about the best that can be
done is to rewind the tape and start
reading until the needed record is
reached and read. This, of course, can
take several minutes even on a high-
performance digital cassette system.
One possibility for speeding up is to
maintain an “‘index record’’ at the be-
ginning of the tape that contains the
location of all of the other records on
the tape. The program would keep the
index in memory while that particular
tape is loaded on the drive. Then,on a
simple system, at least a decision be-
tween reading forward and rewinding
and starting over can be made. On a
systemwith read-backward capability,
the average search time may be shor-
tened further by reading backward
when appropriate, rather than rewind-
ing. A system with high-speed search
allows records to be counted at two to
ten times the normal tape speed in
either direction. When the required
number of records has been skipped,
normal read speed is resumed and the
desired record is read. Using the
high-speed search feature allows av-
erage random-access times of less
than 30 seconds on a 600k byte tape
with one currently available cassette
system.

All three applications described ear-
lier required data records to be up-
dated (read, modified, and rewritten)
frequently. With a simple tape system
the only possible method of updating
is to make a copy of the "old" tape
onto a "new’ tape, changing the re-
cords to be updated during the copy-
ing. Besides requiring two tape drives,
the process can be quite slow if indi-
vidual, random updates are required,
as in the game application. Some
sophisticated systems will allow re-
cords to be updated in the middle of
the tape provided the updated record
length is the same as the original. One
possibility, if records are expected to
grow as in the accounting application,
is to start with a long record padded
with zeroes and then gradually re-
place the zeroes with new data as up-
dates take place. Large insertions and
deletions such as in the text-editing

The

POLY 88
Microcomputer
System

The POLY 88 Microcomputer System
brings to the user, in one compact
package, the capability of developing
programs and hardware as well as
enjoying the interaction with computers.

The POLY 88 System uses a video
monitor for display, a keyboard for input
and cassette tape for storage. The
system will also connect to a hard-copy
terminal. Poly 88 hardware consists ofan
8080 based CPU circuit card with on-
board memory and 1/O, video display
circuit card with keyboard input port
and graphics capability, and mini-cards
that connect to the CPU board via
ribbon cable for cassette or serial
interface.

The Firmware Monitor is integral to the
POLY 88 System. This 1024 byte
program in ROM allows the user to
display data on a TV screen, enter data
into memory using a keyboard, read and
dump data to the cassette interface in
Kansas City format, and single step
through a program while displaying the
contents of each of the 8080’s internal
registers.

Prices: Rasic kit including chassis, CPU
and video cards — $595, $795
assembled. Cassette option — $90 kit
and $125 assembled. 8K of RAM — $300
in kit form or $385 assembled.

Dealers: This system will sell itself.

All prices and specifications subject to change without
notice. Prices are USA only. California residents add
6% sales tax. Prepaid orders shipped postpaid.
BankAmericard and Master Charge accepted.

PolyMorphic

Systems
737 S. Kellogg Avenue, Goleta, Ca. 93017
(805) 967-2351
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The intelligence of your
8080 system is only as great
as its capacity to communicate.
Processor Technology's VDM-1
will function as a highly cogent
link to that intelligence. This
ultra-high speed output device
plugs info your Altair or IMSAI
to provide fast, versatile
human inferface. It generates
16 lines of display: 64 charac-
ters each, both upper and
lower case. 1024 bytés of
random access memory are
on the card. The VDM-1 scrolls
upwards or downwards, Up fo
a fop speed of 2000 lines per
minute! Any combination of
cursors (Up fo 1024) car, be
displayed as blacls-on-white or
vice versa— perfect for video
games, The VDM-1 will work
with any standard video moni-
tor, or your own TV set can be
easily modified. The module
comes wifh free ferminal mode
software, for teletype replace-
ment when used with BASIC
or assembiers, ‘

Qur detailed VDM-1
Owner's Manual is available
for $4, refundable with
purchase of the VDM-1.

Kit Price: (eff. 7/1/76): $199
(premium grade, low profile
IC sockets included).

. Write Us,
about our other
plug-in modules,
compatible with
the 8800 system,

6200-N Hollis Street
Emeryville, CA 94608
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application are still best handled by
the update/copy technique when
using a tape mass-storage system.

Disk Mass-Storage Systems. A
disk-based mass-storage system has
several very desirable characteristics.
On-line storage capacity ranges from
about 300k bytes for a floppy-disk sys-
tem to over 200M bytes for some
high-performance commercial sys-
tems. The range on transfer rates is
considerably less, being from 32k
bytes per second for the floppy to
about 1.5M bytes per second for large
hard-surfaced disk systems.

Although most disk mass-storage
systems are very expensive, floppy-
disk systems are reasonable and are
becoming much more numerous
among hobbyist users. The compo-
nents to build a floppy-disk system
cost about $600 while complete kits
list for around $1500. The disk itself is
housed in a flexible plastic envelope
measuring eight inches square and
one-sixteeth-inch thick and costs
seven to ten dollars each. Each disk
holds over 300k bytes and can be in-
serted into or removed from the disk
drive in a couple of seconds.

Unlike tape, mass-storage disks are
random-access devices. The circular
disk surface is divided into a number
of concentric tracks. Each track is
further subdivided into a number of
sectors. This is equivalent to the re-
ctangular array of records mentioned
earlier. Each sector contains one data
record which isfixed in size. To access
a particular record, the magnetic head
is first positioned to the correct track
by moving it radially in or out. This is
called seeking. Then the system waits
for the proper sector to rotate under
the head for reading. The amount of
time necessary to do these operations
varies but is relatively unaffected by
where the data is on the disk. All disk
systemis allow individual sectors to be
updated. ‘ \

A floppy disk may have, for example,
77 tracks and 32 sectors on each track
for a total of 2464 possible data re-
cords. Each record has 128 useful
data bytes. Moving the head from one
track to another takes about 10 mil-
liseconds per track moved. At 360 rpm
ittakes 166 milliseconds for the disk to
rotate one revolution. Thus the
longest required time to find and read
a record will be just under a second.
The average time is less than half that
figure. Since a search of the whole
disk would take considerably longer

than this, some kind of index is always
maintained so that the exacttrack and
sector numbers of the desired data are
known.

A floppy-disk mass-storage system
is nearly ideal for all three example
applications. The accounting system,
forexample, can be setup sothateach
transaction would be stored on one
sector. Thus three years of financial
records may fit on one $7 floppy disk.
In the game program, many random
dataaccessesand updates can be per-
formed in the time allowed for the

computer to make its move. Even the

Hot soldering irons can be murder

~ on delicate electronic components
such as IC's. That's why the DIGI-
DESIGNER will become your bugs'
best friend. It's a solderless bread-
boarding instrument that can save
you time and burned out parts.

DIGI-DESIGNER comes complete with
clock, dual pulsers,- logic monitors,
voltage switches, built-in 5 volt
supply, binding posts for external
power, input/output BNC's, and
more. Everything you'll need for
fast, efficient circuit design.

Use the coupon below to order your
kit today. U.S. price - $70.00

-|
!
:
i

CIRCUIT DESIGN, INC.

Division of E &L Instruments, RPO. Box 24,
Shelton, Conn. 06484

Please send your model DDB-1K
DIGI-DESIGNER in Kit form(price

$70.00).
Name
Address
City __State
- Zip_—____Telephone

Enclose check, money order or num-
bers from BankAmericard or Master
Charge. We will ship post paid any-
Lwhere in continental U.S.
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large insertions ana aeleuons re-
guired in the text-editing application
are readily handled. With such quick
random access to records, the in-
serted text may be stored in any un-
used positions on the disk. Deleted re-
cords are simply marked as unused
and will later be overwritten. Sorting
of records using a single disk drive is
not only possible but is relatively easy.
With a tape system, at least three
drives and a number of update/copy
operations are required to do sorting.

Error Handling. Unfortunately itis a
fact of life that magnetic recording
media can have defects and can be
damaged by improper handlirng. The
result of a defect is that data recorded
over it is subject to error. Since altera-
tion of even a single bit can be disas-
terous (such as a difference between
$1081 and $9081 in the accounting
application), methods must be em-
ployed to detect the presence of these
errors and to allow recovery from
them.

Errors can be detected in a number
of ways. The most common employs a
checksum byte at the end of a record.
A checksum is simply the sum of all of
the data bytes in the record with over-
flows ignored. If the sum of the data
read back is the same as the check-
sum byte for the data written, then the
data is assumed to have been read ac-
curately.

To prevent writing over a bad spot
on the media, the data is typically read
back and compared immediately after
itiswritten. If anerror is detected, then
the record is erased and rewritten
further on or in another sector. <&
More Hobbyist Clubs
Canada
Amateur Microprocessor Club of
Kitchener—Waterloo, % Reading Rm.
Eng. Il, Dept. Electrical Engineering,
University of Waterloo, Waterloo, On-
tario, Canada N2L 3Gi.

TRACE, Toronto Region Association
of Computer Enthusiasts, Box 545,
Streetville, Ontario, Canada L5M 2CH.

Connecticut ;

Southern New England Computer
Society, 267 Willow St., New Haven,
CT 06511.

Florida

Space Coast Microcomputer Club

¢ Ray O. Lockwood, 1825 Canal Ct., -
Merritt Island, FL 32952.

(305) 452-2159.
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phase-lock loop
circuitry (PLL)

and LED digital readout.
For complete
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