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READY for BUSINESS

We've got it all together—the cost effectiveness and reliability of our 6800 computer system
with a high capacity 1.2 megabyte floppy disk system...PLUS—an outstanding new DOS

and file management system.

1 MEGABYTE DISK SYSTEM

DMAF1 introduces a new level of capability to
small computer systems. This disk system fea-
tures two standard size floppy disk drives using
the new double sided disk and two heads per
drive. Usable storage space of over 600 kilobytes
per drive, giving a total of over 1.0 megabyte of
storage on line at all times. Ideal for small busi-
ness applications, or for personal “super’ sys-
tems.

DMA CONTROLLER

The controller occupies one main memory slot
in an SS-50 bus and uses the Motorola MC-6844
DMA controller. The combination of a DMA

DMAF1 Disk System (assembled) . .........
DMAF1 Disk System (kit). ...............
68/2 Computer with 40K of memory (assembled)

TH [

type controller and double sided disks give the
system speed of data transfer unobtainable with
smaller drives.

OPERATING SYSTEM

To compliment this outstanding hardware we
are supplying equally superior software. The
disk operating system and file management sys-
tem is called FLEX. It is one of the most flex-
ible and complete DOS’s available for small sys-

tems, but just as important; it is easy to use.
No one can match the variety of compatible

peripherals offered by Southwest Technical
Products for the SS-50 bus and the 6800 com-
puter system. Now more than ever there is no
reason to settle for less.

............................ $2,095.00
............................ $2,000.00
......................... $1,195.00

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

Circle 350 on inquiry card.
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Model Z-2

Up to 512K of RAM/ROM

Z-ZD
oy dyindB:

Modei Z2-2D
One or two disks
Up to 512K of RAM/ROM
Up to 184K of disk

22D
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System Two
Dual disk
Up to 512K of RAM/RCM
Up to 184K of disk
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Fill your computer needs

with the industry’s

most professional microcomputers

#1 IN RELIABILITY

When you choose Cromemco you
get not only the industry’s finest
microcomputers but also the indus-
try’'s widest microcomputer selec-
tion.

What’s more, you get a computer
from the manufacturer that compu-
ter dealers rate #1 in product re-
liability.”

Your range of choice includes
our advanced System Three with
up to four 8" disk drives. Or choose
from the System Two and Z-2D with
5" drives. Then for ROM-based work
there’'s the Z2. Each of these com-
puters further offers up to ¥ mega-
byte of RAM (or ROM).

We say these are the industry’s
most professional microcomputers
because they have outstanding fea-
tures like these:

e Z-80A microprocessor — oper-
ates at 250 nano second cycle
time — nearly twice the speed of
most others.

*Rated in The 1977 Computer Store
Survey by Image Resources, Westlake
Village, CA.

Circie 80 on inquiry card.

Up to 512 kilobytes of RAM and
1 megabyte of disk storage

System Three
Two to four disks
Up to 512K of RAM/ROM
Up to 1 megabyte of disk

® 21 card slots to allow for un-
paralleled system expansion us-
ing industry-standard S-100
cards.

® S-100 bus — don't overlook how
important this is. It has the in-
dustry’s widest support and Cro-
memco has professionally imple-
mented -it in a fully-shielded
design.

Cromemco

Specialists in computers and peripherals

e Cromemco card support of more

than a dozen circuit cards for
process control, business sys-
tems, and data acquisition in-
cluding cards for A-D and D-A
conversion, for interfacing daisy-
wheel or dot-matrix printers, even
a card for programming PROMs.

® The industry’s most professional

software support, including FOR-
TRAN 1V, 16K Disk-Extended
BASIC, Z-80 Macro Assembler,
Cromemco Multi-User Operating
System — and more coming.

e Rugged, professional all-metal

construction for rack (or bench
or floor cabinet) mounting. Cab-
inets available.

FOR TODAY AND TOMORROW

Cromemco computers will meet
your needs now and in the future
because of their unquestioned tech-
nical leadership, professionalism
and enormous expandability.

See them today at your dealer.

There’'s no substitute for getting
the best.

see next
page

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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SEE YOUR LOCAL DEALER

Anchorage, AK
ALASKA DIVERSIFIED DIGITAL
1700 West Hoteco Avens

{907) 2776112

Huntsville, AL 35805
COMPUTERLAND OF NUN\'SVILL(

3020 University Drive,
{208) 539-1 1205

®Lite Rock, AR 72206
COMPUTER rnoouns UNLIMITED
2412 South Broadwa
{so1) 3710«9

Phoenix, AZ 35029

BYTE SHOP PHOENIX
12654 North 281h Drive
(602) 942.73 no

Phoenix, Al 85021

COMPUTER RESEARCH CORP,
2225 W, Min, View Road — No. &

{602} 943. -G7|9

Phoenix, AZ 85029
COMPUTER WORLD
2230 West Larkspur
(602) 9438925

® Prigenix, AZ 55281
BYTE suors OF ARIZONA
24 West Cami
(602) 967- MZI

Tucson, AZ 85716
BYTE $HOP TUCSON
2612 €ast Broadway

Berketey, CA 94703

8YTE SHOP OF BERKELEY
1514 University Avenve
(415) 2456366

® Carson, CA 90746
SUNSHINE COMPUTER COMPANY
20710 South Leapwaod Avenue
(213) 327:2118

.Cllnu Heij u,CA 95610
SHI PSACRAMENTO
6041 Grn Lane

back
{916) 961.BYTE

E) Cerrito, CA 94530
COMPUTERLAND EL CERRITO
11074 San Pablo Avenue

(#15) B35010

'Fwnuln Vallty CA 92708
ADVENTURES IN COMPUTING
8756 Warner Avenue
4 MH!!&

Fresna, CA 937
EYTEkKiop oF FRESNO
A McKinley Avenue
(209) dgs2417

Hayward, CA 94542
COMPUTERLAND OF HAYWARD
22634 Foothill Boulevard

(413) 5388080

Hunting nnBeuh CA 9.

ALGO ATHM PEVSONALCDMPUTERS
561 Rhine Drive

(7“) 751-3080

Inglewood Ch 903
P OTERLAND OF ¥, LOS ANGELES
6840 La Cienega Boulevs

(213) 776.808

whdale, CA 92060
BYTE SHOP OF LAWNDALE
6508 Hawihorne Boulevard
() 3712401

 Loamis, CA
KINGMDNT ENTERPRISES INC.
3 Re

{916) 9mm

Los Angeles, "CA 500:
KMERIEAY RECORDER CoMPANY
1655 Sawtelle Boulevard

(213} 477.2063

Menlo Park, CA 94025

COMPUTADATA FROCESSING SERVICE
2225 Sharan Road —

415) 6920535

Mission Vielo, CA 526
COMPUTERLAND SABDLEBACK VLY
24001 Via Fabricante — No. 904

{714) 7700131

® Mauntaln Viaw, CA 84040
T, VIEW
Tz, EI C:mlnu Real
{415} 969-

Dunge, CA 92657
COMPUTER MART

€338 West Katel Baulvard
{714) 6331

Palo Alto, CA
EVTE SHOP PALOALTO
2227 El Camino Reat
1415) 327-

Palo Alto, CA 94301
MICROTECH EXPORTS

912 Cow r Slmel
{41573

Pasadens,

BYTE SHGP PASADENA
96 South Lake Avenue

(m) e84

Sacramenta, CA
WICROCOUFUTER APPLICATIONS SYS
B2 colul Arenie

$in Diego, CA 922

COMPU tnumn 'SF SAN DIEGO
4233 Convo S treet

{713) 36

Si0 Diego, CA 92111

THE COMPUTER CENTER
8205 Ropson Road

(714) 292.5302

San Franchico, CA 94118
THE NETWORK:

495 Third Avcnue — No. 8
wis) 2211112

®San Funtlxo CA 94103
THE COMPUTER STORE OF S.F.
1093 Mission
(415) 43!-0640

Sln Frultl\:o, CA 94105
PUTER|

LAND OF 5.F.
l|7 Fremont Street

Sln ote, CA 95124

E SHOP #3 of SAN JOSE
2625 Union Avenuc
{108) 3774685

an Jose
e ESMAUTER RoOM
126-H Blossom Hili Raad
(408) 2268383

San Jase, CA 95132

LANE DATA WORKS
3554 Minto Cours
(408 2626566

® San Mateo, CA 94401
COMPUTER TERMINAL
309, san Mateo Dive
{415} 34

® Santa Ana, CA 92705
ADVANCED MICROCOMPUTER PROD,
1301-B East Edinger
('I|4) 558-8513

Sanu Clara, CA 95051
E BYTE 5SHOP OF SANTA CLARA
00 El Camino Real
{408) 2494221

Santa Monica, CA 90401
THE COMPUTER STORE

roadwa:
(211)4514)711

. Sunn%val! CA 94085
EATIONAL COMPUTER CENTER
324 South Mary Ar
(m 7323108

Tustin, CA 92680

COMPUTERCAND OF TUSTIN
104 West P Sves

(714) 5440542

o yanNus CcA9t4N

UTER COMPONENTS

Soan  Sepuiveds Bouterard

Walnut Creck, CA 3450

BT SHion COMPUTERS OF DIABLO VLY
2939 K. Ml Stret

{415) 9336252

Englewoad, CO 80
BYTE SHOP OF ARAPAHO COUNTY
3463 South Acoma Street
(303} 7616: zn

Fairficld, CTW
COMPUTERLAND OF FAIRFIELD
2475 Black Rock Turmplke

{203) 374

Windsor Loek

e COMPUTER STORE
63 Sﬂulh Maln Street
(203) 6

Neward, DE o711

MPUTERLAND OF NEW CASTLE CITY
iy Shopping Center, Kirkwood Highway
{302 7389659

Ft. Laudenhle. FL333i2

COMPUTERS FOR YOU, INC.
3608 W Hroward Blvd,

{305) 58)4945

Ft. Laud:rdllc, Fl.33334

FT. LAUDERDALE
1044 E O.\kland Park Bivd,
(308} 561 29 3

Fi. Meyers
MICRO CO':'PUTER SYSTEMS, INC.

5.
(B']) 4813376
Plantation, FL 33317
COMPUTER AGE
1400 S.W. 70th Avenue
{30s} 79]-808

. TImE
i) CDMPUTER SYSTEMS
144'S, Date Mabry Avenuo
(813) 8754225

© Atantz, GA 30340
LANTA COMPUTEII MART
{09!)—8 I;«lovd Highway

Marletia,
EDUCAT‘ONAL DATA SERVICES
79 Oxford Road

 Halku, Maul, H1 96708
CABACITY, INC
P.O. Box A
(808} 5752930
Honolulu, HI 48103
COMPAC CTCOMPUTERS

{808) f

Kailua, Qahu, H|

MICROCOMPUTER ENTEKPRISES
1450 Mckulul Drlvc

(808) 261-328;

Adlingtan Heights, 1L, 60004
COMPUTERLAND ARLINGTON Hs,
50 Exst Rand

(m) usass

Ep IL 618:

SHOP CHAMPAIGN
5025 Neil

(217} 352- BD

Chicage, IL 60632

BRONSON & BRATTON, INC.
516] S, Millard Avenue

{312) 7356200

.
Lisie, IL 60532

COMPUTER & CONTROL AFFILIATE
4315 Azalea — No.

{312} 690.5221

Lombard, IL 60148

MIDWEST MICROCOMPUTERS, INC.
708 South Main Street

(3¥2) 495 9!!9

Napervill, 1L 6054
LN MICROCOMPUTERS

East Ogden Avenie
(:m

Niles, IL 6064
COMPUTERUAND NILES

9511 N, Milwaykee Avenue
2 SriTie

Qak Brook, IL 60521
MICRO PLAZA, INC.

600 Enterprise Drive, Sulte 203
(312 8326337

Ok Lawn, i1, 604
COMFUTERLAND OF OAK LAWN
Jog3s Sauth Clearo Aventie
(312} 422

Rockford, IL 61101

IMPERIAL COMPUTER SYSTEMS
2105 — Btd Avenue

{815) 2268

Schwmbuu, . 60195
A DOMAIN SCHAUMBURG

TN2 Exnt Algondin Ross

(312) 39787

. Blnomh‘mn IN 47401

206 aouth Calluc Avenue
(812} 3343607

®Fort Wayne, IN 46805
DATA DOMAIN OF FORT WAYNE
2805 East State Houteval
{219) 484 7611

Tndiznapolls, IN 46268

DATA DOMAIN OF INDIANAPOLIS
7027 Mich gan Road

{317) 251.3139

Wess Lafayette IN 47906

DATA DOMAIN OF WEST LAFAYETTE
213 West Columbla

B17) 7433951

Mission, KSGGZOZ
COMPUTER CENTER
5815 Johnson Drlve

(913)432 29!3

PERSDNAL COMPUTER CENTER, INC
3819 W. 85tk Stree
{913 649 5942

Lexington, KY 40501

OATA DOMAIN OF LEXINGTON
506-1/2 Euclid Aven

606) 2333346

Louimbte KY 40222
COMPUTERLAND OF LOUISVILLE

744 Lyndon Lan

(302) 425-8308

Lnuhvllle KY

DATA DOMAIN OF LOUISVILLE
3028 Hunsinger La
(502) 456-5242

Louisville, KY 40206
PRAGMATECH
2310 Mellwand Avenue
{502) 895 1230

®Burlington, WA 01803
THE COMPUTER STORE
120 Cambridge Steeet
(617) 2728770

College Park, MD 20740
INTELLIGENT BUSINESS MACHINES

338 Ballimore, Avenue Suite 200
(301) 779 199!

.Plks\ﬂlle, MD 1208
LARSYSTEMS INC.

e
(301} mmzz

‘RMkv!ll:,MD 20852
COMPUTER WORKSHOP
1776 Eul efferson
{301 468-0463

Rockville, MD 20855

COMPUTERLAND OF GAITHERSBURG
16065 Frederick Road, Route 355

{301) 948-1676

Sllvrr Snnn.,
ENmNEERlNG INC.

93 8 Worth Avenuc

{301) 5893779

® Towsan, MD 21204
T
(301} 296.05: :&

Ann Arbor, Ml mm
COMPUMART, IN

1250 Nnrlh Mlln Snre:
(3 3) 99

Ann Arbor, M

e COMPUTER STORE
310 East Washington

(m) 995.7616

Ann Arbor, M 48104

UNITED MICROSYSTEMS CORP.
2601 South Snlc Street

{313) 6685

®Berrien Srrlnl!, M1 49103
THE ABAC!

outa No. 1, Box 193,{Niles Avenue!
(sus) 429.3634 d L

Grand Rapids, M1 43508
JEPSAN, GROUP K

4706 Mwnln?lae Orve S.E.
{616) 698.50.

Royal Oak, MI 48073

COMPUTER MART OF ROYAL OAK
1800 West 14 Mile

(313) 576-0900

Edina MN$:
comrumt DEPOT INC.
3515 Wess 7D1h Sirect

(612) 927.5601

Chesterfield, MD 6301

COMPUTER SYSTEMS CTR ST. LOuts
13461 Olive Boulevard

(314} 5765020

Nashua, NH 03

COMPUTERLAND OF NASHUA
419 Amhent

(603) 89 5238

Hoboken, N,

HOBOREN LOMPUTER WORKS
No 20 Hudson Place

(201) 420-16 44

®lselin, Nj DB!
COMPUTER MART OF NEW JERSEY
501 Route No.
(201) 2830600

Moristown, NJ 07960
COMPUTERLAND OF MORRISTOWN
2 De Harl Street
{201 5394077

A|bll Ilerqu! NM 871110
HE LOMPUTER SHACK
3150 Son A MSe N b
{505) 883.8282

®DENOTES 'SYSTEM THREE' OEALER

Renu, NV 89502
RYTE SHOF OF RENO
4104 Kietzke Llnc
(702) 826-8081

Buffalo, NY |4|SD
COMPUTERLAND OF BUFFALO
(‘?I‘Sll Nia; rl Falli Boulevard

e Wh, NY 321
COMPUTER ENTERPRISES
(]470' Erie Boulevard East

. uu"alu, NY 42
RSON COMPUTER CORP., INC.

JB]‘ Main Sireet

{118) 0320662

® Hollls, NY IMB
SYNCHRO SOUNDENTERPR!SES
193-25 Jamaica Avem
{212} 4 &7067

Ithaca, NY 14850
COMPUTERLANO OF ITHACA
225 Elmira Road

{607) 2774888
New York cn Y 10016
BYTE SHOI

130E. wxh Sneel
(212) 88

Rochester, NV 14609
COMPUTER HOUSE, INC.
721 Aulantic Avenue
{716) 654 923!

'Clndmull OH 454
ATA DOMAIN OF CINCINNATI
769‘ Camargo Road (Madiera)
(513) 5616’

Columbus, OH 43201

MIDWESTERN DIGITAL ELECTRONlCS
80 West Lane Avenue, Sulte 1)

(674) 294-; 299!

* Dayton, OH 45409
DATA DOMAIN OF OAYTON
1932 Brawn Street
($13) 223-2348

Kent, OH 44240

OHIO MICRO SYSTEMS
233 South Water Street
(216) 678 5201

Maytisid Helghts, OH 44124

COMPUTERLAND OF CLEVELAND EAST
B Som Center R

(ns) 461.1200

Oklahoma City, OK 73106
HIGH TECHNOLOGY
1611 Nnvlhwen 23rd Street
{405) 52

Beaverton, OR 9
BYYE SHOP OF BEAVERTON
3482 S.W. Cedar Hills Boulevard
{503) 644.2687

Eugenc, OR 974D1

REAL OREGON COMPUTER CO.
205 West Tenth Street, P.O. Box 52

{503) 4841 |04ll

®Tualatln, OR 97062
CREATIVE SYSTEMS
8101 5., Nyherg Road
{503) 638

Huntinzion Valley, PA 19006
MARKETLINE SYSTEMS, INC.
2337 Philmont Avenue

(215) 9476670

King of Prussia, PA

COMPUTER MART OF PENNSYLVANIA
550 De Kalb Plke (Rouse 202)

1215) 2652580

l'lmhumh PA 15237
LECTRONICS PLACE
7250 MeNIght Road

Warwick, R1 1 028
COMPUTER POWER INC.
1800 Pnst R

(s01) 73!-4477

* Columbia SC 29208
IlYTE SNOP OF COLUMBIA
Green Streat
(Bﬂl) . 7!24

Nashville YN 37206
COMPUTER WORLD
625 Maln Street
(615) 2446094

® Nashwille, TN 37211
SURYA CORPORATlON
5755 Noitmvllle Road
{615) 83456

® Austin, TX 7!
MPUTERS‘N THINGS
k Drive
(Sﬂ) ‘53 5770

*C orpus Chvlul TX 78411
MICRO SYSTEMS SERVICES, INC,
5301 Everhart, Space H— P.0, Box 6535
(512} BSS-‘SIE

.Dallu,TX 15243
MPU!

"|| Keyston Park, 13933 North Central
(214) 234-)4‘

®Howston, TX 77057
COMPUTERLAND OF S.W. HOUSTON
6439 Westheimer
{713) 977.0903

.
®Houston, TX 77098
THE MOS
1883 Richm nd Avenue
{713) 527.8008

*Houstan, TX 77006
S0 Rlzhmnnd Avenus
{713) 5266

Hnuston, TX 77036

I TERACTIVE COMPUTERS
7646-1/2 Dashwood, P.O. Box 36584

(713} 977 7037

Richardson, TX 75080

THE MICRO STORE

614 South Central Expressway
(214) 231.1096

Prove UT 84601

THE COMPUTER WORKS

715 South State Street, P.0, Box N
1801} 373-7522

Alexandris, VA 22304
COMPUTERS PLUS, INC.
6785, Pickett Sllttl
{703} 751 55

Mekean, VA 201
MPUTER SYSTEMS STORE

|9 Chaln Bridge Road

(703) mam

Bellingham, WA 8225

THE PACIFIC COMPUTER STORE
410 W, Champlon Stree

{604} 438-262

.
Seattle, WA 98115

THE RETAIL COMPUTER STORE
410N.E. 711|d Street

(206) 524.

* Apletany Wi 54911
WORLD, INC.

SOT8 W, Woeonsin Averue
{414) 734 765

Mldlmn Wi 537!
E MADISON COMPUTER STORE
1863 Monroc Slree
{608) 25.
Milwaukee, W
MILWAUKEE COMI‘UTER STORE
4710 West North Avenue
{414} 4454280

® Racine, W1 53405
COLORTRON TV
2117 Latbrop Avenue
4146372000

Carnegic, Vlu Aunulll
SONTROM IN!

17 Arawatta Slree
5600358

MENTS

¢ INTERNATIONAL @

Pcnmnl Hllll N S W Zﬂﬂ Australia
-ﬂ_;Elu Pcnlunl Hllll Rmd

Croydon, Vict., Australia, 3136
COMPUTER ART & EQUCATION
2 Stephen Crescent

Prlhnn Vlclnrll Australla, 3181
GEM I 0 COMPUTERS
"¢ X 9t

West Perth, 6005, W. Aust's
AUSYRALIAN COMPUTER PROOUCTS
1300 Hay Street

(09} 3226497

B A-2401 Fllhlmnd Aullrll
KREBS GES.
Hllnbulg:r Slrlbe 3&

Calgary, A|bem Canada
ROBO-TRONICS
509.16 Avenue N.W.
(403) 2825456

Montreal, Quzb« Can. H38 3C9
F:J;{UP% :lYT;INC.
1191 Phil uare
(514) 851 r

Toronta, Onl., Can, MAG 3BS
COMPUTER MART, LTD.
1543 Bayview Avenue

(#16) 4a4-5708

Toronto, Dm Can. M4R

FIRST CANADIAN COMPUTER STORE
Eglinton Avenue West

(415}4814030

Toronto, Ont., Can. MSY 121
TRINTRONI'S LTD.
186 Queen Sureet West
{416) 5980260

Calpary, Alta, Can, T21 479
£06

3815 Eiy mmh Street, S.W.
{403) 243.0: o1

®Line Pumn Hur\lln ron
Cambs,, Enu PE19 4N)
COMART TED
A Markel Squlu
0480-215-005

Parls 75017, France
COMPUTER BOUTIQIIE
149 Avenue de Wagr,

ChiyodaKy, Tokyo 101, Japan
BYTE SHOP S0GOH
158 Sotokanda

3 255.1984

Kashiwa Clty Chiba B 277, Japan
BELLKEY TEC. INC.
5.9,2Chome xm

Tokye 106, apin

IEE CORPORATION
433,3.Chome, Ropons, Minataka

{03) s8s- 73

Todsl srenom
"

10052 Stockholm 29, Sweden
DATORISERING KONSULT AB
Fack 2
4053 Basal, Switzerland
EUREX, INC.

Beinwiler Str. 13
061357063

©8003 Zurlch, Swiuerland
COMICRO AG
Badnerscasse 281
®Hiltrup 4400, Murster, W. Germany
BASIS MICROCOMPUTER VERTRIER
Van-FlotowStrabe §
025014800
2000 Wedel, Hosteln, W. Germa

DIGH'KDNIC COMFUTERSYST ME
Bei Do Dappeiece 3.5

Cromemco

Specialists in computers and peripherals

2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 o

(415) 964-7400

Circle 80 on inguiry card.
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A PROGRAMMABLE CHARACTER GENERATOR, Part 2: Software
Software—Weinstein
A PROGRAMMABLE IC TESTER
Test Equipment—Thorson
MORE MUSIC FOR THE 6502
Software, Music—O 'Haver
TALK TO ME: Add a Voice to Your Computer for $35
Speech Synthesis—Ciarcia
A THEATRICAL LIGHTING GRAPHICS PACKAGE
Video Displays—Hemsath-Seawright-Ghent-Garrard
GRAPH: A SYSTEM FOR TELEVISION GRAPHICS: Part 2
Software, Video Graphics—Webster-Y oung
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Background
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THE HP-67 AND HP-97: Hewlett-Packard's Personal Computers
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A LOOK AT SHUGART'S NEW FIXED DISK DRIVE
Product Description—Morgan
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About the Cover:

Robert Tinney’s cover painting this
month was inspired by the article, A
Theatrical Lighting Graphics Package
by William Hemsath, James Seawright,
Emmanuel Ghent and Mimi Garrard.
While Cyrano solilogquizes, the tech-
nical director in the wings keeps track
of the lights with the aid of an in-
genious graphics system. For more
information see page 153.

Last month, Larry Weinstein de-
scribed the hardware for a program-
mable character generator. This month,
read A Programmable Character Gen-
erator Part 2: Software and find out
how to program your own special
characters for APL programming,
music graphics, and so on. page 14

Many computer experimenters buy
surplus integrated circuits and have the
sometimes tedious job of testing them
to see if they work. Mark Thorson
offers an elegant way around this
problem with A Programmable IC
Tester. For relatively little expense,
readers can now construct a black
box that will put virtually any TTL
integrated circuit through its paces
quickly and accurately. page 28

Since the introduction of the com-
puter over 30 years ago, we have been
forced to use difficult, archaic, near
alien languages in order to communi-
cate our wishes to the machine. The
development of a system which under-
stands the human language has been
slow in coming. Now, Harry Tennant
takes the naturally “speaking’ machine
out of the realm of science fiction
and places it right in the lap of the
home experimenter. But don’t you
need a huge machine to do that sort
of thing, you protest? Read Natural
Language Processing and Small
Systems and discover the answer for
yourself. page 38
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Speech recognition is a key com-
ponent of any software and hardware
design for interesting systems ranging
from mobile robots to the interactive
and responsive house. To provide some
background information on the com-
plexities of the subject, Bill Georgiou
has written an article entitled Give an

Ear to Your Computer. page 56
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page 56

Craig A Pearce reviews two pro-
grammable calculators from Hewlett-
Packard in The HP67 and HP-97:
Hewlett-Packard’s Personal Computers
and describes Pinball Wizard, a simula-
tion game he wrote to show off the
two units. page 112

Dr William H Norton discusses the
potential impact of using microcom-
puters on computer curricula in
Notes on Teaching with Microcom-
puters. His own experiences using the
KIM-1 microprocessor for one of his
own courses at Marycrest College,
Davenport |A, illustrate their practi-
cality, ease of use, and positive effect.
Just as hand calculators revolutionized
many types of instruction, so too will
micros eventually be used to enhance
computer education. page 138

If you would like your computer to
compose music for you, read Tom
O'Haver’s More Music for the 6502.
There you will find a simple way to
use the complicated sounding tech-
nique of first order stochastic control
to create your own software sonatas

and FIFO fugues. page 140

COMPUTER SYSTEM

COMPUTER
PROCE SS0R
AND

PAOGRAM
MEMORY

HIGH SPEED
6 TO

DIGITAL CONVERTER

PAAALLEL
INPUT PORT

BLANK
MENORY SPACE

SPEAKER

LOW PASS TALK
FILTER AMELIFIER] _(ﬂ ))) 10 ME!

page 142

Would you like to try your hand at
speech synthesis on your computer?
Steve Ciarcia shows you how to make
use of your programmable memory to
store and play back digitized speech in
Talk to Me! Add a Voice to Your
Computer for $35. page 142

An unusual and creative use of
microcomputers and video displays is
described in A Theatrical Lighting
Graphics Package by William Hemsath,
James Seawright, Emmanuel Ghent
and Mimi Garrard. The authors’ sys-
tem consists of a simple modification
to a Processor Technology VDM-1
video display enabling it to simultane-
ously display five graphs of theatre
lighting intensity versus time. page 753

In part 2 of GRAPH: A System for
Television Graphics authors John Web-
ster and John Young complete their
discussion of a package for use with
videotape studio equipment in edu-
cational audio visual contexts.

page 158

Does your computer have high
fiedelity? We don't mean to imply that
it lacks character if it doesn’t, but
as Tom O’Haver shows in his article
on Audio Processing with a Micro-
computer it is possible to use the
capabilities of a personal computer
to do some interesting real time audio
processing tasks such as reverberation,
phlanging and “fuzz.” page 166

The fixed disk may soon become a
fixture in personal computing, and the
ability to store 30 megabytes of
memory on line will have a major
effect on the way we look at software.
Read A Look at Shugart’s New Fixed
Disk Drive by Senior Editor Chris
Morgan. page 174
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Editorial

Memory: The Growth

By Carl Helmers

Articles Policy

BYTE is continually seeking guality
manuscripts written by individuals who
are applying personal computer systems,
designing such systems, or who have
knowtedge which will prove useful to
our readers. For.a more formal descrip-
tion of procedures and requirements,
potential authors should send a self-
addressed, stamped envelope to BYTE
Authors’ Guide, 70 Main St, Peter-
borough NH 03458.

Articles which are accepted are
purchased with a rate of up to $50 per
magazine page, based on technical
quality and suitability for BYTE's
readership. Each month, the authors
of the two leading articles in the reader
poll {(BYTE’s Ongoing Monitor Box or
“BOMB") are presented with bonus
checks of $100 and $50. Unsolicited
materials should be accompanied by full
name and address, as well as return
postage.®
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of a Resource

Once upon a time, | had a telephone con-
versation with a gentleman whose name |
cannot recall. This gentleman was an ardent
experimenter, both personally and profes-
sionally, and was working on the develop-
ment of a personal microprocessor system.
He knew electronics inside and out, under-
stood the principles of integrated circuits,
could predict whether or not a given wire
would have to be analyzed as a transmission
line or could be treated simply as an inter-
connection, and knew how to calculate
worst case conditions in a circuit. He was
getting into microprocessors with the intent
of learning enough about computing to
enable him to incorporate them into his
designs. | must have talked to him shortly
after he had begun his project, but certainly
before it had been completed to the state
of a ““working” processor. Given this back-
ground, he was able to come up with the
statement, “Nobody will ever need more
than 1 K bytes of memory for the personal
computer. To use any more would indicate
a lack of efficiency in the design.”

| don’t believe that this gentleman still
holds this opinion, especially if he has pro-
ceeded into the world of programming and
using a computer.

Then a little bit later in my experiences,
| was having a conversation with a friend of
over a decade's acquaintance concerning
various topics of small computer design and
utilization. Now this friend of mine has had
a quite thorough background not in engi-
neering, but in systems software, and is quite
familiar with the process of allocating mem-
ory on a large system in lumps of 100 K
bytes or more if the occasion arises. He’s
lately been enamored of the concept of
interpretive languages with dynamic symbol

Continued on page 120

44 GREAT LOCATIONS

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
El Cerrito
Hayward
l_os Angeles
Mission Viejo

Mountain View

San Diego
San Francisco
San Jose

San Mateo
Santa Rosa

Thousand Oaks

Lawndale
Tustin
Walnut Creek
COLORADO
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
GEORGIA
Atlanta
ILLINOIS

Arlington Heights

Niles
Oak Lawn
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIG AN
Grand Rapids
Detroit
MINNESOTA
Minneapolis

NEW HAMPSHIRE

Nashua
NEW JERSEY
Cherry Hill
Fair Lawn
Morristown
NEW YORK
Buffalo
Ithaca
OHIO
Cleveland
OREGON
Portland
TEXAS
Austin
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

Computerland

(205) 539-1200

(415) 828-8090
{415) 233-5010
(415) 538-8080
(213) 776-8080
(714) 770-0131

Call Directory Assistance

(714) 560-9912
(415) 546-1592

Call Directory Assistance

(415) 572-8080

Call Directory Assistance

(805) 495-3554
(213} 371-7144
(714) 544-0542
(415) 935-6502
(303) 759-4685
(203) 374-2227
(302) 738-9656
(404) 953-0406
(312) 255-6488
(312)967-1714
(312) 422-8080
(502) 425-8308
(301) 948-7676

(616) 942-2931
(313) 356-8111

Call Directory Assistance

(603) 889-5238

Call Directory Assistance
Call Directory Assistance

{201) 5394077

(716) 836-6511
(607) 277-4888

(216) 461-1200
(503) 620-6170

(512) 452-5701
(713) 977-0809

(206) 746-2070
(206) 838-9363
(206) 581-0388

WASHINGTON, D.C. Call Directory Assistance
WISCONSIN

Madison Call Directory Assistance
INTERNATIONAL
Sydney, NSW Australia 29-3753



The Best Game in Town. And if your system breaks down,
our in-store service department

Welcome to ComputerLand. will get you back up and

An incredible adventure into running.
the world of personal
computers. A one-of-a-kind Right now!

shopping experience.
Great Selection.
Each ComputerLand store
presents everything you ever
wanted to know about
computers. And then some.

Your first stop at ComputerLand
may well be your last stop.

ComputerLand offers the finest
Take our Game Room, for quality and
starters. You'll find excitement
for the whole family in our
endless variety of challenging

computer games. You can battle the Klingons in an ¢ ‘(
out-of-this-worid game of StarTrek. Create an elec- .
tronic work of art with a computer controlled TV. Test
your skill in a game of computerized hangman.

You can even plot your biorhythm.

But we're more than just fun and games.
Each ComputerLand store offers a
knowledgeable and person-
able staff of professionals

largest selec-
tion of all the
major brand names.
Like Apple Computer,
Cromemco, DEC, Diablo,
Hazeltine, ICOM, IMSAI, Lear Siegler,
National Semiconductor, North Star, Texas
Instruments, Vector Graphics and more.

to serve you. ) b

Plus the greatest avail- Plus a complete inventory of tools, books and accessories.
able selection of micro components. Whether it's a data
processing system for your business or a computer controlled
sprinkler system for your home, you'll find whatever you need
at ComputerLand.

What's more, at ComputerLand, we dealin product. Not
promises. Our inventory is on our own shelves. Rather than the
manufacturer’s. So you can take delivery on tomorrow’s com-

ponents today.
Rgolion. Which means,
Genuine Service. simply put, thatat &

ComputerLand, you
We want to supply get exactly what

you with the one you wantf.

system that's right.

Rather than a com- Exactly whenyou

plete system that isn‘t. want it.
%q? iI;r.mTed system Be Our Guest.
That's why, at Com- Begin with the

grand tour of our
exhibit areas. "Test- 7
drive’ any of our

individual systems.

puterLand, you deal
with real professionals
who are also real
people. People who

speak your |
in addition to BASIC, COBOL or FOpRTRAm. urlanguage Then tell us your needs. We'll sit down and talk about the system

that's ight foryou. It's as easy as that at ComputerLand.

People, in short, who can offer both the novice and
the old hand the same expert guidance in selecting
the optimum system he or she needs.

The great computer store. RATED G.

Call or write forthe address of the ComputerLand store nearest you.

Yet, assisting in the purchase is only the beginning of Franchise opportunities available.
ComputerLand’s service. If the kit you bought requires a

N ™™
little more do-it-yourself than you yourself can do, we
provide assembly assistance. ompu e' nn

If that complex program proves to be just that, we provide
programming assistance. 14400 Catalina Street, San Leandro, CA 94577 (415) 895-9363
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The answerisa

It’s the serious
solution to the
small computer
question.

Sol Systems are the key to effective, economical
small computer power. Sol Systems give you the force of a
powerful general purpose computer, the problem solving
capability of high level languages and the operational simplicity
of everyday office equipment.

From the ground up, Sol Systems were designed to do
a complete job without adding a load of costly extras. In fact,
when you compare the “everything included” price of
a quality, field proven Sol System with anything else on the
market, you'll be happily surprised to find out how little
the extra performance and convenience costs.

For example, complete Sol Systems with 16,384 bytes
of RAMmemory start at less than $2500¥ Expanded systems
with 49,152 bytes of RAM memory, 1.5 million bytes of
on-line disk memory, disk operating system and Extended
Disk BASIC cost less than $8000F Both systems are fully
assembled, burned-in, tested and ready to go.

Sol Compatibility

Sol Systems feature the S-100 bus for pin-to-pin
compatibility with a wide variety of add-on devices such as
voice input and computer graphics. Standard Sol
parallel and serial interfaces will drive most standard printers,
modems and other peripherals.

A word about languages

No system is complete without software, and at Processor
Technology we have tailored a group of high level languages,
an assembler and other packages to suit the wide capabilities
of our hardware.

Take a look at our exclusive Extended BASIC as an example.
In cassette form, this BASIC features string and advanced

*U.S. prices only.




Sol Syst

file handling, special screen commands, timed input, complete
matrix, logarithmic and trigonometric functions, exponen-
tial numbers, 8 digit precision and square root. The language
handles serial access files, provides tape rewind and
offers cursor control for graphics capability.

The disk version has all the number crunching talents
of the cassette BASIC plus instant access to data and programs
on floppy disks. It includes random as well as sequential
files and a unique ability to update sequential data in place.

Processor Technology FORTRAN is similar to FORTRAN IV
and has a full set of extensions designed for the “stand alone”
computer environment. Thousands of special application
programs available through books and periodicals have already
been written in this well established language.

Processor Technology PILOT is an excellent language
for teachers. It is a string-oriented language designed expressly
for interactive applications such as programmed instruction,
drill and testing.

No wonder we call it the serious solution
to the small computer question.
It's the small computer system to do the general ledger and

the payroll. Solve engineering and scientific problems.
Use it for word processing. Program it for computer aided
instruction. Use it anywhere you want versatile

computer power!

Sold and serviced only by the best dealers.

Sol Systems are sold and serviced by an outstanding group
of conveniently located computer stores throughout the
United States and Canada. They are also available in Australia,
Europe, the United Kingdom, Central America, South
America, Japan and Singapore.

For more information contact your nearest dealer listed on
the following page. Or write Department B, Processor
Technology Corporation, 7100 Johnson Industrial Drive,
Pleasanton, CA 94566. Phone (415) 829-2600.

Circle 305 on inquiry card.
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See Sol at all these fine
computer centers.

ALABAMA

Birmingham ICP— Computerland
(205) 979-0707

CALIFORNIA

Costa Mesa .Orange County

Computer Center (714) 646-0221

Hayward .The Byte Shop
(415) 537-2983

Hayward .Computerland of
Hayward (415) 538-8080

Lawndale .The Byte Shop
(213) 371-2421

Modesto .Computer Magic

(209) 627-5156

Digital Deli
(415) 961-2670

Mountain View

San Rafael .The Byte Shop
(415) 457-9311
Tarzana Byte Shop of Tarzana

(213) 343-3919

.The Byte Shop
(415) 933-6252

Walnut Creek.

COLORADO

Boulder .The Byte Shop
(303) 444-6550

Denver .The Byte Shop
(303) 399-8995

FLORIDA

Ft. Lauderdale Byte Shop of
Ft. Lauderdale (305) 561-2983

Miami Byte Shop of Miami
{(305) 264-2983

Tampa Microcomputer

Systems Inc. (813) 879-4301

GEORGIA

Atlanta .Atlanta Computer Mart
(404) 455-0647

ILLINOIS

Schaumburg .The Data Domain
(312) 397-8700

IOWA

Davenport .The Computer Store

of Davenport (319) 386-3330

MARYLAND

Towson .Computers, Etc.
{301) 296-0520

MICHIGAN

Ann Arbor . .The Computer Store of

Ann Arbor (313) 995-7616

MINNESOTA

Minneapolis .Computer Depot
(612) 927-5601

NEVADA

Reno Byte Shop of Reno
(702) 826-8080

NEW JERSEY

Cherry Hill .Computer Emporium

(609) 667-7555

Iselin .The Computer Mart of
New Jersey (201) 283-0600

NEW YORK
Endwell .The Computer Tree
(607) 748-1223
New York .The Computer Mart of
New York (212) 686-7923
White Plains .The Computer

Corner (914) 949-3282
NORTH CAROLINA

Raleigh ROMSs 'N' RAMs
(919) 781-0003
OHIO

Akron Basic Computer Shop
(216) 867-0808
Columbus .The Byte Shop
(614) 486-7761
Dayton Computer Mart of
Dayton (513) 296-1248

OREGON
Beaverton Byte Shop Computer
Store (503) 644-2486
Eugene .The Real Oregon
Computer Co. (503) 484-1040
Portland Byte Shop Computer

Store (503) 223-3496

RHODE ISLAND
Warwick . .Computer Power, Inc.

(401) 738-4477
SOUTH CAROLINA
Columbia .The Byte Shop

(803) 771-7824

Processor

10  BYTL June 1978

TENNESSEE
Kingsport Microproducts &
Systems (615) 245-8081
TEXAS
Arlington .Computer Port
(817) 469-1502
Houston Interactive Computers
(713) 772-5257
Lubbock Neighborhood Computer
Store (806) 797-1468
VIRGINIA
McLean .The Computer Systems
Store (703) 821-8333
WASHINGTON
Bellevue Byte Shop Computer
Store (206) 746-0651
WISCONSIN
Madison .The Madison Computer
Store (608) 255-5552
Milwaukee .The Milwaukee

Computer Store (414) 259-9140
WASHINGTON, D.C.

Washington, D.C. .Georgetown
Computer Store (202) 362-2127

CANADA

London, Ontario .The Computer

Circuit Lid. (519) 672-9370

Toronto, Ontario . .Computer

Mart Lid. (416) 484-9708

Basic Computer
Group Lid. {604) 736-7474

Pacific Computer
Store (604) 438-3282

Vancouver, B.C.

Vancouver, B.C.

AUSTRALIA

Victoria. Sontron Instruments
(03) 569.7867

PHILIPPINES

San Juan, Metro Manila Integrated

Computer Systems, Inc.
JAPAN
Tokyo Moon base Shinjuku
(03) 375-5078.5079

Circle 305 on inquiry card.
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THE IMPORTANCE OF COLOR
GRAPHICS

The editorial about the importance
of color graphics (October 1977 BYTE)
touched on some issues that go much
deeper than most people suspect. The
story about the professional who asked,

Photo 1.

Photo 2.

“Why would anyone ever want a per-
sonal computer?’’ has several variations
that further illustrate the misunder-
standings that can arise. For example,
there is the listener to a computer based
music system who asks, ‘“Isn’t that just
a fancy new kind of record player?”
Aside from obvious acoustic differences
(our system plays real organ pipes—talk
about hi fi!), the answer is, ‘Yes, if all
you do is listen.” But that’s not the
purpose of the system at all —it’s meant
to be manipulated, to be used by crea-
tive experimenters, that is, by artists.

A good example of the consequence
-of this creative viewpoint is the work of
a high school physics teacher (Mike

Continued on page 98

~ For Your SWTP 6800 Computer...

PEBGWS An-lhled and Tested
~  FLOPPY DISK SYSTEM
) &E@D@@@

only 1859995

The LFD-400 is ready to pluginand run
the moment you receive it.
Nothing else to buy! Not even extra memory!

YOU GET:

@ The popular Shugart SA 400 minifioppy™ drive. Drive alignment
is double checked by PerCom before shipment.

@ The drive power supply—fuily assembled and tested.

@ LFD-400 Controller/Interface— piugs into the SS-50 bus «
accommaodates three 2708 EPROMSs - fully assembled and tested.

O MINIDOS™ —the remarkable LLFD-400 disk operating system on
a 2708 EPROM - plugs into the LFD-400 Controiler card « no
extra memory required - no “booting™ needed.

© Attractive metal enclosure.

Interconnecting cable— fully assembled and tested.

@ Two diskettes —one blank, the other containing numerous
software routines including patches for SWTP 8K BASIC and the
TSC Editor/Assembler.

@ 70-page instruction manual—includes operating instructions,
schematics, service procedures, and the complete listing of

__ MINIDOS™.

(%) Technical Memo updates—helpful hints which supplement the

manual instructions.

{0 90-day limited warranty.
Minifloppy is a trademark of Shugart Associates.

MINIDOS is a trademark of PERCOM Data Company, Inc.

The LFD-400 is readily expanded to either two or three drives.
Write for details. Send for our free brochure for more informa-
tion about the LFD-400 Floppy Disk System and LFD-400
software.

To save you money, the LFD-400 Floppy Disk System is available
only from PerCom. Because of the special pricing, group and
dealer discounts are not available.

MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge. Aliow three
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available
immediately. Allow three weeks for testing and transportation. Texas residents add 5%
sales tax.

|PERCOM |-

PERCOM DATA COMPANY, INC.
DeptB 318 BARNES-GARLAND, TX. 75042
(214) 272-3421

PERCOM™ ‘peripherals for personal computing’

Circle 297 on inquiry card. June 1978 < BYTE Publications Inc
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Why Apple 1Fis the world’s
est selling pel(sonal computer.

Wﬁch person'comp g w

most enjoyable and rewarding for you?
Since we delivered our first Apple®II
in April, 1977, more people have chosen
our computer than all other personal
computers combined. Here are the
reasons Apple has become such an
overwhelming favorite.

Apple s a fully tested and assembled
mainframe computer. You won’t need

to spend weeks and months in assembly.

Just take an Apple home, plug it in,
hook up your color TV* and any cassette
tape deck —and the fun begins.

To ensure that the fun never stops,
and to keep Apple working hard, we've
spent the last year expanding the Apple
system. There are new peripherals,
new software, and a 16-chapter Owner's
Manual on “How to Program in BASIC”
There’s even a free Apple magazine
to keep owners on top of what’s new.

Apple is so powerful and easy to use
that you'll find dozens of applications.

12  BYTE June 1978

There are Apples in major universities,
helping teach computer skills. There
are Apples in the office, where they're
being programmed to control inven-
tories, chart stocks and balance the
books. And there are Apples at home,
where they can help manage the family
budget, control your home’s environ-
ment, teach arithmetic and foreign
languages and, of course, enable you
to create hundreds of sound and
action video games.

When you buy an Apple II you're
investing in the leading edge of
technology. Apple was the first com-
puter to come with BASIC in ROM,
for example. And the first computer
with up to 48K bytes RAM on one
board, using advanced, high density
16K devices. We're working to keep
Apple the most up-to-date personal
computer money can buy. Apple II
delivers the features you need to

enjoy the real satisfaction a personal
computer can bring, today and
in the future.

15 colors & hi-resolution
graphics, too.

Don't settle for a black and white
display! Connect your Apple to
a color TVand BASIC
gives you instant
command of
- three display
modes: Text,
40h x 48v Color-
¢ graphics in 15 colors,
and a 280h x 192v High
‘Hesolution array that lets
you plot graphs and com-
se 3-D images. Apple gives
vou the added capability of
combining text and graphics, too.

Back to basics,and
assembly language too.

Apple speaks three languages: fast
integer BASIC, floating point BASIC
for scientific and financial applications,
and 6502 assembly language. That's
maximum programming flexibility. And,
to preserve user’s space, both integer
BASIC and monitor are permanently
stored in 8K bytes of ROM, so you
have an easy to use, universal language
instantly available. BASIC gives you
graphic commands: COLOR=, VLIN,
HLIN, PLOT and SCRN. And direct
memory access, with PEEK, POKE
and CALL commands.

Software:
Ours and yours.

There’s a growing selection of pre-
programmed software from the Apple
Software Bank — Basic
Finance, Checkbook, High
Resolution Graphics and
more. Now there’s a User
Section in our bank, to make |
it easy for you to obtain
programs developed




by other Apple owners. Our Software
Bank is your link to Apple owners all
over the world.

Alive with
the sound
of music.
Apple’s ex-
clusive built-in
speaker delivers
the added dimension of sound to your
programs. Sound to compose electronic
music. Sound to liven up games and
educational programs. Sound, so that
any program can “talk” back to you.
That’s an example of Apple’s “people
compatible” design. Another is its light,
durable injection molded case, so you
can take Apple with you. And the
professional quality, typewriter-style
keyboard has n-key rollover, for fast,
error-free operator interaction.

Apple is the
proven computer.

Apple is a state-of-the-art single
board computer, with advanced LSI
design to keep component count to a
minimum. That makes it more reliable.
If glitches do occur, the fully socketed
board and built-in diagnostics sim-
plify troubleshooting. In fact, on our

Watch the far right column of
this ad each month for the latest in our
growing family of peripherals. We call
them “intelligent interfaces.” They're
smart peripherals, so you can plug

| them in and run them from BASIC

without having to develop custom soft-
ware. No other personal computer
comes close to Apple’s expandability.
In addition to the built-in video inter-
face, cassette I/O, two A/D game pad-
dles, and two more A/D inputs, Apple
has eight peripheral slots, three TTL
inputs and four TTL outputs. Plus a
powerful, state-of-the-art switching
power supply that can drive all your
Apple peripherals, including two disks.

Available now,

Apple is in stock and ready for
delivery at a store near you. Call us for
the dealer nearest you. Or, for more
details and a copy of our “Consumer
Guide to Personal Computers,” call
800/538-9696
or write Apple
Computer, Inc.,
10260 Bandley

_ Drive, Cupertino
-} CA 95014.

assembly line, we use Apples to
test new Apples.

Programming is a snap!
I'm halfway through Apple’'s BASIC
manual and already I've programmed
#
%

my own Star Wars game.

/-

‘. ;_;_j__i.CIppIe cdmputer*’

Those math programs | wrote
last week—I just rewrote them using
Apple’s mini-assembler and got them

to run a hundred times faster.

New from Apple.

Introducing the Apple
Communication Interface
Apples of the world unite! Now
you can, with our new intelligent com-
munication interface card. Just plug
it in and it turns your Apple into an
intelligent terminal that can go on line
with other terminals,
time-sharing
computers and,
especially, with
other Apples.
You can even
play Tele-Pong!
Everything you
need is on one
small card.
;  With a modem,
it enables your
Apple to communi-
cate by phone at 110/300 baud RS232
full duplex I/0. The card is fully as-
sembled and tested and has all re-
quired software in on board ROM.
It’s controlled by simple BASIC com-
mands. And it's available from stock.

Peripherals in stock
Hobby Board, Parallel Printer Inter-
face, Communication Interface.

Coming soon

High speed serial printer interface,
General purpose serial interface,
Printer II, Printer ITA, Disk II,
Monitor II.

...........

“ Apple Il plugs into any standard TV using

an inexpensive modulator (not included).

Circle 15 on inquiry card.

Apple’s smart peripherals make
expansion easy. Just plug 'em in and
they're ready to run. I've already
added two disks, a printer and the

communications card.
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Character Generator

Larry Weinstein
Objective Design Inc
POB 20325
Tallahassee FL 32304

In part 1 last month (page 79), we saw
that a programmable memory could be
substituted for the character generator read
only memory in a video display to create and
use special character scts for special computer
applications. With a small amount of addi-
tional software overhead, it is also possible
to control high resolution screen graphics.
The techniques for using the programmable
character generator are detailed this month,
and examples are presented.

Modes of Operation

Each character to be portrayed by a
typical video display generator is represented
by an 8 bit binary code, labeled BO to B7.
B7 often is not used for character selection,
but rather serves a special hardware func-

Part 2: Software

tion: to key in reverse video, in the Processor
Technology VDM-1, for example. The
remaining seven bits are used to select from
the 128 possible ASCIIl characters. These
128 characters are shown in figure 1. The
programmable character generator allows the
user to substitute, for some or all of these,
characters created by the user (see figure
2). In each case the 7 bit code is used as
an address in the character memory.

Programmable character generator cir-
cuitry selects the character data according
to information present in the code itself
and the operation mode. There are five
such modes: fixed normal, fixed graphics,
command, programmed, and automatic
(part 1 of this article gave details on the
selection process). In fixed normal, the
programmable memory is never accessed.
For the fixed graphics, command, and
programmed modes, there is a simple con-
nection between the character code and the
programmable memory locations used to
describe the characters.

Figure 1: The ASCII character set. The seven bits of the ASCII code indicate which of the 128
possible characters will be generated. The data used for producing these characters is usually
stored in a character generator read only memory.

LOW 4 BITS OF ASCII CODE

HIGH 4 BITS 2) N |S S E E E A H (L |V |F C |S S
Ul H| X| X| T Q| K] L| 8§ T F T F R| O
{CONTROL}—
1 D |D D |D|D|N|S E C E |S E F G |R U
L 1 2 3 4 K M| B} C S S S
2 # | $ % | & { ) + /
UPPER 3 1 2 ) ?, 4 5 6 7 8 9 ; < > | ?
CASE
SET 4 @ |A | B [C D |E F G | H J KL |M|N|O
5 PlQ|R|S |TlUu Vv |w]|X|Y |z |[[ |/ |1 |a
6 a b c d e f g h i k m [ n o
[LOWER CASE}
7 P o] r 5 u v w y z { }




system for your micro. All those fanciful yarns of
capabilities, specs, and delivery. Some would put
Uncle Remus or Scheherazade to shame.

Meet EXP—our no-nonsense, down-to-earth, full-
sized floppy system. Check its benefit list. Then make
inquiries with a technical advisor or your friendly
computer shop before making a buying decision. Our
Macro EXP Disk System offers you:

1. A Darned Good Price for
What You Get.

Here’s a complete dual-drive floppy with full-sized 8" diskettes
for under $2,000. No high-priced options; great standard
features. Why not pay a little more now for a lot later?

It can be confusing to choose the right floppy disk

2. Rapid-fire Delivery.

Get a fully assembled, tested floppy system in four weeks or
less—not in several months, maybe.

—@p
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3. Super Expandability.

EXP Memorex drives are the only ones you can convert to
double-headed later (cost: $300 each). Our optional double-
density controller (also $300) doubles the disk’s density. In-
crease your original dual-drive system’s capacity to over two
megabytes!

4. Unmatched Reliability.

Our super-reliable Memorex EXP drives carry a six-month
warranty. No other competitor can make that statement.

Circle 212 on inquiry card.

THIS FLOPPY IS
NOFAIRY TALE.

Ve
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5. Up to Your Eyes in Software.

Our floppy’s disk controller features IBM 3740 compatibility
and CP/M* formatting (the industry standard). Choose be-
tween BASIC and FORTRAN, or complete business appli-
cation and word processing packages.

6. Fabulous Flexibility.

Our floppy gets along with everybody. Optional 1/0 drivers
for the SOL let you get started now with an industry standard
floppy disk system.

We Like to Keep It Simple.

EXP’s no kit. It’s assembled, tested and raring to go to work.
A serial I/0 port on our controller makes it a snap to bring
the system up. No patching or fussing. Just hit the button.

8. Comfy Compatibility.
All EXP’s are fully compatible with S-100 bus systems with
at least 16K of memory.

Never fear. EXP’s here—with the whole floppy for under
$2K. Don’t be timid or “mini-minded.’ Get the best now— for
today and tomorrow. We'll take care of the technical stuff.
You do the rest. For details, contact your nearest dealer or
query us direct.

P.S. Be sure to ask about “Z-Plus"—our sensational new
computer system that includes a Z-80 processor with 32K of
memory, serial I/0 ports and EXP series drives— with prices
starting below $4,000.

* CP/M is a trademark of Digital Research, Inc.

Where there’s always
more in store.

MICROMATION

524 UNION STREET
SAN FRANCISCO, CA. 94133
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CHARACTER

PROGRAMMABLE BEUEK
CHARACTER L]
GENERATOR B
MEMORY
HIGH 4 LOW 4
BITS BITS
l? G|5|4'3|2| |o| ASCIl CODE
: |
. 7 w
SELECT - . ke
T e I OF 128 ! — &
| CHARACTER ©
BLOCKS
| — i
TN
=y
CONTROL SELECT DATA —
HARDWARE IN THE
EUNEaTSN CHARACTER
GENERATOR
. LB BITS —»
|

Figure 2: Decoding the code byte. The highest order bit of the 8 bit code is used for control
hardware functions (such as reverse video). The remaining seven bits select character blocks in
the character generator read only memory, the programmable character generator, or both
(depending on what mode of operation is being used). Each data block consists of 16 bytes
with eight bits. The [s and Os are converted to screen dots and spaces by the hardware.

The programmable memory is divided
into 128 blocks of 16 bytes each, proceed-
ing from low to high memory address.
The seven code bits, from hexadecimal
00 to 7F, locate the block of 16 bytes
used to describe the character. This is ex-
pressed by the simple formula for the ad-
dress in memory of the first byte of a
character block:

Address = Base address + [16 X code]

where ‘“‘base address” is the lowest address
of the programmable character generator
memory, and ‘“code” is interpreted as a
number.

Each byte represents one row of the
screen dots that form the character. Row 0
is the first byte (lowest address) in the
block, and row 15 is the last byte (highest
address). We are tempted at this point to say
that row O appears at the top of a char-
acter space on the screen and row 15 at the
bottom. But this is not always true, due to
some hardware tricks in the various video
display devices. For instance, in the Proc-
essor Technology VDM-1, row 15 is on the
top, followed by row O and the other rows
in order to 12. Since row 15 is always blank
when generated by the character generator,
this is not normally apparent. With program-
mable character generator characters,
though, it will have an effect and must be
dealt with in the hardware or software.
We will assume, for now, that the rows are
projected in numerical order.

The division of the programmable char-
acter generator’s memory is slightly altered

for the automatic mode (see figure 3). In
this mode the 128 codes are split between
the character generator and the program-
mable memory, with 64 characters being
generated from each. The character gen-
erator produces all of those characters in
what is normally known as the “upper case
set.” The remaining characters come from
the programmable memory.

It is unfortunate that the split does not

512 CONTROL 3 &
BYTEs |CHARACTER| j— 3
! CODES CHA G
- . RA—‘AL"‘
Up Cr
e R
Ca R S
e, s, =]
S E
&
LOWER
CASE
EXISTING PROGRAMMABLE
CHARACTER CHARACTER
GENERATOR GENERATOR

Figure 3: Automatic mode. In this mode,
the upper case characters come from the
existing character generator while the con-
trol character and lower case codes auto-
matically reference 64 special characters in
the programmable character generator mem-
ory. This is probably the most convenient
mode of operation for many applications,
since the normal upper case character set is
available along with the special graphics
characters.



Look To The North Star HORIZON Computer.

HORIZON™_ a complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON is
attractive, professionally engineered, and ideal for business,
educational and personal applicaticns.

To begin programming in extended BASIC, merely add a CRT
or hard-copy terminal. HORIZON-1 includes a Z80A processor,
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard
with serial terminal interface — all standard equipment.

WHAT ABOUT PERFORMANCE?

The Z80A processor operates at 4MHZ — double the power of
the 8080. And our 16K RAM board lets the Z80A execute at
full speed. HORIZON can load or save a 10K byte disk program
in less than 2 seconds. Each diskette can store 90K bytes.

AND SOFTWARE, TOO

HORIZON includes the North Star Disk Operating System and
full extended BASIC on diskette ready at power-on. Our BASIC,
now in widespread use, has everything desired in a BASIC, in-
cluding sequential and random disk files, formatted output, a
powerful line editor, strings, machine language CALL and more.

NoRrTtH STAR

EXPAND YOUR HORIZON

Also available—Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. Economical serial and
parallel I/O ports may be installed on the motherboard. Many
widely available S-100 bus peripheral boards can be added to
HORIZON.

QUALITY AT THE RIGHT PRICE
HORIZON processor board, RAM, FPB and MICRO DISK SYS-
TEM can be bought separately for either Z80 or 8080 S-100 bus
systems.
HORIZON-1 $1599 kit; $1899 assembied.
HORIZON-2 $1999 kit; $2349 assembled.

16K RAM—$399 kit; $459 assembled; Parity option $39 kit; $59
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit;
$259 assembled. Prices subject to change. HORIZON offered
in choice of wood or blue metal cover at no extra charge.

Write for free color catalogue or visit your local computer store.

* CovMPUTERS

2547 Ninth Street - Berkeley, California 94710 - (415) 549-0858

Circle 285 on inquiry card.
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Figure 4: Some arbitrary special characters. The 16 bytes that form a charac-
ter are projected onto a 16 by 8 grid, each bit corresponding to one space.
The programmer can choose any combination of 1s and Os to create filled and
empty spaces, respectively.

take place in the center of the code num-
bers, as can be seen from the ASCII chart
in figure 1. In order to neatly separate the
programmable memory into special char-
acter and general purpose groups, the codes
normally located in the top 512 locations
can be moved to the second 512 spaces.
In this case the low address 1 K of memory
is devoted to special characters and the
upper 1 K is free for system use. Automatic
mode is probably the most convenient,

Photo 1: An APL charac- since the normal character set used by most
ter set generated by the software is available, along with 64 special
programmable  character characters.

generator,

RLAXTTBGAAASZD
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Creating the Characters

The 16 bytes which form a character are
chosen in a straightforward manner. The
bytes are projected onto a simple 16 by 8
grid, where each bit equals one space. The
spaces are roughly equivalent to dot spaces
on the screen. The programmer constructs
characters from filled spaces in the grid.
When converted to data bytes, the filled
spaces are 1s and the empty spaces are Os
(see figure 4).

In many cases, the circuitry in the video
display device allows only a subset of the
16 rows to appear. Also, the eighth bit in
each row is often left unused, although this
can generally be “corrected” by an altera-
tion. It is not necessary to dig through
video display device schematics to learn
which rows and columns are projected. A
study of character generator characters on
the screen plus some trial and error work
with the programmable character generator
will quickly reveal character limits.

The horizontal to vertical ratio of screen
dot size is not 1:1 in most cases. For this
reason, a grid composed of square spaces
will not accurately portray the characters.
The ratio of vertical to horizontal screen
dot size can be calculated by:

Size = (V dots/H dots)(4/3)

where 4/3 is the standard screen aspect ratio
and V and H dots are the number of dots
across the screen vertically and horizontally,
respectively. For example, if each character
is drawn on a 12 by 8 grid with a video
display of 16 rows by 64 characters per row,
one has:

V/H size (1—

(3

~— =

The grid should then be drawn with the
vertical dimension of each space twice as
large as the horizontal one.

Character Set Examples

There has been a great deal of interest
lately in APL for microcomputers. The two
great stumbling blocks have been writing
the interpreter and displaying the unique
APL character set. With the programmable
character generator, producing the special
character set is a trivial task (see photo 1).

Several of the characters are plotted here



"Our goal was to produce 100%
reliable business programs.”

li . x — i
| GENERAL LEDGeR

REFERENCE MaruaL

“What do we mean by reliable programs? Three Our programs are comprehensive yet retain their
things: good program design, documentation, and flexibility. They allow convenient backup, are easy
full support. to use and have been thoroughly tested and field

DESIGN Good program design meets a wide ERERC.

variety of customer needs without reprogramming. DOCUMENTATION We consider the quality of
the documentation to be as important as the
programs themselves. That’s why our manuals

are clear, concise and complete.

SUPPORT And when it comes to support we're
second to none. We release periodic updates,
answer your questions and are available to provide
technical assistance. Now that’s reliable ”

Our growing Business Systems series currently
includes: GENERAL LEDGER, ACCOUNTS
RECEIVABLE, NAD (Name and Address File
system), QSORT (full disk sort/merge}, and
CBASIC (a powerful business Basic). For details,
contact our sales manager, Richard Ellman.

Structured Systems Group

Keith Parsons, President 5615 KALES AVE. DEPT. B6 OAKLAND, CA 94618 (415) 547-1567

Alan Cooper, VP, Systems Development
Sz 222 on inguiry card, All systems are compatible with any Z-80 or 8080 CPIM™ < ytem
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Photo 3: Timing diagram created in the automatic mode of the programmable
character generator.
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with a simple grid. The automatic mode is
used for the entire alphabet since the upper
case character set is still needed. Placement
in the programmable character generator’s
memory determines the keyboard code {and
therefore, which keys) the characters will
match with, so using the SHIFT and CTRL
keys with the upper case set will cause
special characters to be displayed. The user
can easily add labels to a key set to produce
a full APL terminal (minus all of the pro-
gramming, of course).

From this example, it should be obvious
that any character set that will fit on the
9 by 7 (or larger, to 16 by 8) matrix used
by the character generator can be generated.
Also, multiple character sets can be stored
in memory and swapped in as needed. In
cases where more than 128 different char-
acters are required, but all characters do not
have to appear on the screen at one time, it
is possible to dynamically create them. In
this instance, a subset, possibly with only
one element, of the set is swapped as
required.

Graphics

The ability to create character sets
implies some graphics capabilities. The
simplest form of graphics will use an unusual
character set, but still be handled as an
alphabet. A good example is a set of musical
notes (see photo 2). Each character is a
single note, projected on the musical staff.
The software overhead to create such a
picture is very small, taking up less than
half of the programmable character gen-
erator memory. Using a high resolution
point by point graphic display, the amount
of time and software overhead required to
generate such a picture might be much
larger.

At the next level of graphics, the hard-
ware restrictions on the video display device
begin to tighten. The ideal display is one in
which there are no forced blank sections
between the characters. This will enable us
to build pictures from individual character
elements. The next example is a timing
diagram (see photo 3). In this case it is one
for the 8080. The video display device used
forces a single blank dot column between
characters, which goes almost unnoticed.
The diagram uses very few characters, but
repeats them many times. Those who are
applications oriented should note that stor-
ing this picture, or any picture constructed
from this character set, requires only 1 K
bytes for the screen memory and less than
256 bytes for the characters. Even a system
with limited mass storage could hold all of
the 8080 timing diagrams and information
on the signals.

The bar graph picture in photo 4 is
similar. However, its hardware restriction
is mainly in the vertical direction. In this
case it is best to eliminate the blanks be-
tween rows of characters as much as pos-
sible. Finally in the logic set (photo 5),
the restrictions are tight in both horizontal
and vertical directions. It should be re-
membered that while the human eye is
capable of noticing even the smallest flaw
in a picture, the human brain will “inte-
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The 8813 was built with you, the professional, in mind.
It quickly and easily processes cost estimates, payrolls,
accounts, inventory, patient/client records and much
more. You can write reports, briefs, and proposals on
the 8813’s typewriter keyboard, see them on the video
screen, and instantly correct, revise, or print them.

Using the 8813, one person can process what would
normally require many secretaries, several bookkeepers,
and a great deal of time. And data storage takes a small
fraction of the space used by previous methods.
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You don’t need to learn complicated computer lan-
guages. The 8813 understands commands in English. If
you want to write your own programs, the 8813 includes a
simple computer language, BASIC, that you can master in
a few days. The 8813 slashes the professional’s overhead.
It’s a powerful time and money-saving ally. Prices for
complete systems including printer start at less than $8,000.

See the 8813 at your local dealer or contact PolyMorphic
Systems, 460 Ward Drive, Santa Barbara, California, 93111,
(805) 967-0468, for the name of the dealer nearest you.
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Photo 4: Bar graph created
by the programmable char-
acter generator.,

Photo 5: A logic diagram
generated with the pro-
grammable character gen-
erator.

22 June 1978 < BYTE Pubtications Inc
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Figure 5: Dynamic generation, The user can
cause a special character (such as a space-
ship) to move smoothly across the screen by
using the technique of dynamic generation.
During its travel, the character can over-
lap up to four screen locations (the
character is shown in color). Although the
total number of characters needed to por-
tray parts of the ship as it moves across the
screen is quite large, only a maximum of
four are needed at any time. These charac-
ters are generated by mapping the image
onto the programmable character generator
memory, with the mapping function deter-
mined by the screen position,

grate” the available information and make
up for most imperfections.

Dynamic Generation

The previous examples have utilized a
simple character set with frequently repeated
elements. Now let us consider a case where
this is not sufficient. We have a figure (it
could be a spaceship) which must move
smoothly across the screen. Assuming it
is the same size as a single letter, it may
overlap as many as four screen spaces at
one time {see figure 5). Although the total
number of different characters used to
portray parts of the ship as it moves on the
screen is quite large, only four are needed
at one time. The total information on the
screen appearance of the ship is contained
in a single picture, requiring perhaps 8 to
12 bytes. The trick then is to dynamically
create the one, two, or four characters
needed at any one time from the basic ship
picture bytes. This is done by mapping the
image onto the programmable character
generator's memory, with the mapping
function determined by the screen position.
For a changing object that also moves across
the screen, it is only necessary to maintain
different sets of picture ‘“‘masters” from
which to perform the mapping. If pictures
larger than a single character space are
required, they can be created by a repetition
of the same process.

The applications of the programmable
character generator are as varied and numer-
ous as the characters it creates. Once its use
is mastered, there is virtually no character
set or graphic that cannot be portrayed
with very low overhead in cost, memory,
and programming effort. The examples I've
shown in these two articles are but the first
doodlings I've done with a flexible and
powerful kind of display hardware. Users
of this technique will find their displays
limited only by imagination.m



Builda
whole new world
with The ;Blues.

The future belongs to those with

from Cybercom.

Join the growing number of users worldwide
who are discovering the exceptional guality,
plus prompt delivery and significant cost
savings. And the new year holds even more
promise now with our MB6A 8K RAM board
(450 NS) reduced to just $165, and our
MB7 16K RAM board now only $449. Also,
you might want to check out our new

|/O-4 board that offers two serial I/O ports
(2-1 and 2-O) and two parallel ports (2-1 and

Circle 335 on inquiry card.
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2-0), eliminating jumpers, priced at $149.50.
Seek out Cybercom'’s full and versatile line
at your local computer hobbyist store, or
contact us directly, if you want to build a
world of the future today.

[€ coercom

A Division of Solid State Music

2102A Walsh Avenue
Santa Clara, CA 95050
Telephone (408) 246-2707

Ask for

MB7 16K
RAM board.
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Basic systems for
personal computing

If you are just getting into personal computing and are looking for a starter system,
you have two choices: a computer kit with RAM memory only or a fully assembled computer
with BASIC-in-ROM. From reading this magazine and talking to computer buffs it should be
obvious that itis desirable to have a computer capable of communicating in the programming
language BASIC: This language allows you to instruct the computer in English-like phrases
and to use any of the thousands of standard programs written in BASIC (there are probably
several in this magazine).

If you purchase a (RAM-only) computer kit you will have to buy additional RAM (4K to
8K), a terminal, and cassette interface for a total cost of about $1000 to run BASIC after you get
the kit together and working. Your reward for this endeavor will be a wait of about 15 minutes
every time you turn the computer on just to load BASIC into the machine!

Your other alternative is a BASIC-in-ROM computer. These machines have BASIC
built in so that it is there whenever the computer is turned on. BASIC-in-ROM computers are
also usually fully assembled and cost far less than the RAM-only kits because they are mass-
produced by the thousands.

But, you must be careful when selecting a BASIC-in-ROM computer. Some models
do not have full-feature BASIC. Instead they have Tiny BASIC or 4K BASIC which cannot run
most of the standard BASIC programs available. Still others have other shortcomings such as
a small calculator-style keyboard which makes program entry difficult, or most important,
lack of expansion capability, preventing the computer from growing with you.

Ohio Scientific offers you a line of expandable computers with full-feature 8K
BASIC-in-ROM. They all come fully assembled and tested, but give you the option of
economizing by supplying the simple things — power supply, keyboard and TV, if desired, so
that you get the most computer power for your dollar.

Compare Ohio Scientific’s $298 BASIC-in-ROM Model 500 Board (1MHz clock),
which has our Version 3.3 BASIC, against other small computers, as in the independent article
“BASIC Timing Comparisons” (Kilobaud, Oct. 1977, p. 23). In this test, the Model 500 excelled
over all our personal computing competitors, and was second in performance only to our
Challenger disk systems, compared against twenty-eight other computer systems. And the
Model 500 is our lowest-cost machine! Our larger models are even more dramatic in a com-
parison with any competitive models.

Having the fastest full-feature BASIC ROMs certainly isn’t the only criterion
necessary for a superior computer system, but it sure helps. Ohio Scientific offers all the other
features necessary, including a full line of computer accessories complete with 15 accessory
boards available in over 40 configurations. Many Ohio Scientific accessories are so innovative
that no one else in the industry has them — such as dual port memory boards, multi-
processing CPU’s and big disks.

Ohio Scientific has other unique features for the personal computerist. For in-
stance, there is Ohio Scientific’s Small Systems Journal, published bi-monthly, a full
magazine aimed specifically at the owners of Ohio Scientific computers. If you are looking for
a personal computer, be sure to look carefully at Ohio Scientific. We think you will find that we
have the system for you.
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Model 500 Board

A full 8K BASIC-in-ROM computer on a board. This unit
contains a 6502 microprocessor with our powerful 8K
BASIC-in-ROM, 4K of RAM memory, and a serial port
which can be jumpered for 20ma current loop or RS-232.
The board can be plugged into any standard OSI-
backplane and expanded by our full line of accessory
boards. The user must simply supply +5Vand — 9V power
and the serial terminal to be up and running in BASIC.
$298.00

Challenger II-P

Ourvery popular fully packaged BASIC-in-ROM computer.
Challenger IIP contains the Model 500 CPU Board with 4K
of RAM, our new 540 32x64 character video display,
keyboard and complete audio cassette interface. The unit
also has internal power supplies and a four-slot backplane
with two open slots for expansion. The user has only to
connect a monitor or modified television set to its output,
and he is ready to program in BASIC. To store programs
and data files, he needs only to connect a conventional
audio cassette recorder to the built-in audio cassette in-
terface. The unit is fully assembled and ready to go.
$598.00

1333 S. Chillicothe Road e Aurora, Ohio 44202
(216) 562-3101

Super Kit

An ideal starter computer system. The Super Kit includes
a Model 500 CPU Board with 8K BASIC in ROM, CPU, and
4K of RAM, full buffering for expansion, an eight-slot back-
plane board, and a Model 440 Video /O Board. Model 440
provides full CRT functions when connected to a video
monitor or modified television set and a standard ASCII
keyboard. The user must simply provide +5V and - 9V
power, an ASCI| keyboard, and a modified television set or
monitor to have a full computer system with 8K BASIC-in-
ROM, 4K user space and a CRT terminal with scrolling.
$398.00

=]

Challenger II Disk Systems

The ultimate in personal computing offered by Ohio
Scientific is the Challenger ll system with single- or dual-
drive full-sized floppy disk. Each floppy stores 250,000
characters. The Challenger Il is available as a video
system with keyboard so that all the user needs is a televi-
sion or monitor for operation; or as a serial version where
the user must supply his own terminal. Challenger |l disk
systems automatically load in BASIC and now have an ex-
tensive library of high-performance programs. The pro-
grams are ideal for the advanced hobbyist, educational
users, industrial development and small business applica-
tions. Challenger |l disk systems are very economical. For
instance, a 16K disk system with 250,000 bytes of disk
storage starts at under $2000.00

For more information contact an Ohio Scientific
dealer or send $1 for our 64-page buyers’ guide.

BYTE June 1978
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0S-65U The New Standard

in Micro Computer Operating Systems

System design gcais: Creale a siimiple, concise crash proof operating systerm which is easy for business
picgrammers i¢ utiiize and simpie for office workei's (and other nori-computerisis) to use. The systein must nave
the highest performance in the miciocomputer industly and must be able to support presentday floppy aid hard
disks as well as tocrmoirow’s CCD and bubble reinories without arny user program modificatiois.

This may sound outlandisn but we developed just such a sysieni aind here's how:

rirst, we staried with a fresh copy of Microsoft’s super fast 9%z digit BASIC for the 6502. (This BASIC vut
benchmarks every other miicrocompuier BASIC using the 7 Kilobaud beiichinarks except for our own ultra fast 6
digii BASIC))

We knew that all operating systemn commands and featuies should be an integial pan of this BASIC
language so we put them right in the BASIC itself. This means that all OS features can be accessed in the im-
mediate or comimand mode aind as part of BASIC prograims. All syntax such as file naimes can be litelal strings or
BASIC variabies.

We siaried with soimie simple but powerful extensioiis to BASIC to make the business systein prograi:-
miei Nappy— like $L,$R, INPUT #(D),and PRINT#(D).$Land $R aie PRINT subcominands which automaiically output
numeiic data in doilais aind whole cents in neat columns just like “PRINT USING' only siripler aind guicker

The optional # specifierin LIST, INPUT and PRINT staternents allows the user to route /0 direcily to the
consoie, 6 RS-232 poris, a cassette port, RS-232 and parallel printer ports and word processing printers, inot to
meiition vigec dispiays and paiallei keyboards.

We then added a continuous menioiy file system— the reai achievemeiit of 0S-65U. This file systerin has
no tracks, 3&cicis or reccids. The user simply allocates storage capacity to each file whei he creates it. (On a
CD-74 Hard Disk this can be over 72,000,000 bytes o1 characters.) The user can then ditectly address every entry in
the file with no awaieness or any biock, sector or track structures. Data files can siimultaneously contain strings
and pure numeric data. Files can be accessed sequenttally and randomly.

Data fiies aie handled with standard syntax including OPEN “File”, CLOSE (File), PRIN | % (Filg) and iN
PUT % (File) and the very special INDEX (File). INDEX is a special BASIC variable/ functioin which specifies the file
address of the nexi eniry to be input or output to that file. If you leave it alone, it vpeiaies sequeiitially. Howevet
you can change il at any tiimie to force arandom access. This remarkable funiction cai be on either side ot a BASIC
gquation and can take on aiiy value within the storage rainge of an opened tile. For exariple, all of the following are
legal In OS-65U:

INDEX (i) = INDEX(1) + 10 (Causes 10 characters to be skipped)

B INDEX (1) (Sets B = curreint index)
iINDEX (3) = INDEX(8) /2 (Equates two file positions, usetul in sorts and merges)
INDEX(B) = A*50 (Sets up a random access on an array with 50 chaiacter elements)

Where (N) is a channel nuimber or shorthand notation for ain open file, and is assigiied by
the OPEN command.

inis may seem exotic but it is really super simple and incredibly powerful Besides your files always
autoimaticaliy revert to simple sequential operation if you choose to ignure indexes

And, finally, for those of you who would really hate to give up plaiii old sequentiai tiles, we added a FIND
command. FIND searches for up to a 32 character string with optional “don't ¢daie” characters and will
autornaticaily scan any file from the beginniiig or other specified index. The FIND comimand is impleinented in
stiaight line page zero 6502 code (the fastest programming techitique oi the fasiesi nicio) and seaiches files at
over 250,000 bits per second.

Oniy three statements are needed to support a sequential file in a BASIC progiain; only four to support a
randoim file. A imere seven statements are required to use an indexed sequential file sysiein as part ot a progiain!

A Benchrnark: A Chaltenger Hl equipped with a CD-74 running OS-65U can access any accountentiy i a
500 account one miilion byie randomly ordered ledyer file by an alphabetic key string up to 32 characters long iti
iess tnan 40 miliiseconds (typically) using a simple two level ISAM file stiuctuie supporied by a total progiaim only
10 statements long. That’s performaiice!

05-65U also hosts multiievel passwords, elaborate error checking, piogramimable iior recovery and
end user niceties like warnings and automatic recovely when an “off” or non-existent peripheral is accessed.
Programis and fiies in 0S-65U can be fully secured so that they cainnot be lisied. copied or even accessed It
desiied.

08-65U is availabie now for use on aiy Ohio scientific fluppy o haid disk based cuinputer with 32K ot
RAM or more. Al $199, 1t’s Guite possibly the pest cutiiputer nvestinie it you'H evei iiiahke.
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1333 S. Chillicothe Road ¢ Aurora, Ohio 44202
(216) 562-3101

The Challenger III System

* Designed for small business computing.

* Uses the 510 triple processor CPU Board, runs 6502,
6800, 8080 and Z-80 programs.

* Available with up to 1 Megabyte of RAM memory; high
reliability static RAM is standard; low-cost dynamic RAM
is optional.

* Single- or dual-drive floppy disks store 250,000
characters per surface — 3 to 4 times the storage of mini-
floppies.

* Supports our ultra-fast 6-digit BASIC (see “BASIC Tim-
ing Comparisons,” Kilobaud, Oct. 1977, p. 23, where Ohio
Scientific out-benchmarks all of our com petltors) and our
new super-fast 9-digit business BASIC.

e Powerful operating systems support all standard /O
ports including multiple terminals, line printers, video
display and disk.

¢ Disk supports: sequential, random and index sequential
files.

e Applications software, including:

WP-1, a powerful disk-based Word Processor.

DMS, a unique data-base management system which
supports continuous disk addressing of up to 250,000
characters per file.

Complete business packages including Accounts
Receivable, Accounts Payable, Ledger, Payroll, Inventory
and Taxes.

* Two factory-supported terminal options and two factory-
supported line printer options.

e Optional 74-Megabyte hard disk for $6000. Reel-to-reel
mag tape coming soon.

e Optional 16-user operating system with time share and
distributed processing capabilities.

e Optional rack mounting and rack enclosures.

* Leasing programs and maintenance contracts available
through many dealers. Optional nationwide field service
coming soon.

e Challenger Ill systems have extremely high
performance-to-cost ratios. For example, a system com-
plete with triple processor CPU, 32K bytes of static RAM, a
serial I/O port, dual drive floppy disks (500K bytes of on-
line storage), fully assembled, plus DOS, BASIC and a
demonstration program library costs $3590 fully assem-
bled.

The Abacus Delawara Microsystems  Abacuz Data Pan A!Ianlln Cnmmlluv Systems, GmbH
Nties Rd 92F Man St #1 PO Box 276 61 Darm:
Beriien Springs. M1 49103 Ni)v\ztal;c DE 19711 04 Ciy, PA 16301 x:nkéunevslrasse 78
(616) 429-3034 {302) 738-3700 st Germany
Aswclalls Eonsullanls {08102) 3206
Amarican Microprocessors Greal Lakes Pholo, Inc.

Eas| vllvsmn NY 11396 Secom Systems
{516) 746-1079 541:1 New Peach Tree Rd

Equipment & Supply Corp. 5001 Eastman Rd
v Chamblee. GA 30341

20 N Milwaukee A Midland. Mi 48640

Praneview. ). 60069 1517 631-5461 BRAG M(crncnm ulers
{312) 634-0076 /8 Camputors 9 Cambr s (404) 934-3272
Y 14
Compuler Mart of Rew York 217 Easi Main St (;%‘,E:,I,Er 5':, 1 ty gmallvgrgnlc::yslams
118 Macison Ave Chatlolleswille. VA 22903 Honaluly. HI gﬁmﬁ
New York NY 10010 (804) 295-1975 Byte Shop (BO0B) 732-5246
(212) 6867923 2432 Chester Lane
Mlcmcnmp Cotumbus. OH 43221 Systems Englnaarmg Enterprises
anum‘ruluv Place ;’0 Bux l 15400 (614) 486-7761 S;‘a‘gﬂock A
4 onc-Du-Lac. W1 54935 i 1 vile Pike
Box 910 (4141 922-2515 BRI Rackville. MD 20852

Jopiin, MO 64601 LaPorte: IN {301) 468-1822

A Miceocomputer Workshop L2P0rte. IN 46350
{417) 7811986 Mleticomputor Workshp J19) d62-5812 Tek-ids. fnc.
Compuler Power Willamswille, NY 14221 Custom Compular Systems, Inc. 1513 Cram St
P 0 Box 28193 (716, 632-8270 1823 Lowry A ; Nertn Evansion, IL 60202
San Diego, CA 82128 ) Minneapols. M 55411 1312) 328-0110
(714) 746- 3064 Micro Compuler World 517) 538.3044

313 Michigan N E F:
?ml;\nlll!:’ Shop [Aircom) Grand Rapids. MI 49503 J""";';: g;’;‘ﬂ“lﬂf ga Caullll‘v'éasv é%";osz‘
Cambridge. MA 02139 ) 48

Total Dala Syslems

(En Ead Medina, OH 44256 (303) 4
Small Computer Syslems (216) 725-4560 Tricomp, Inc.

(D EETHED 4450 Innily Avenue Dmega Compuling. Lid. 18 Alameda Square
Salt Lake Cily. UT 84120 85,590 Sration P Denver. CO 80223
(80N 967-7635 Toronto. On. MSS 257 (303} 935-1100
(416} 1259200 Yingco, Inc.

2 World Trade Cntr
Penthouse 107th Fioor
New York. NY 10048
1212) 775-118

For more information contact an Ohio Scientific
dealer or the factory. Be sure to specify your interest
in business systems.
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Photo 1: The prototype for the author’s IC tester. The LEDs shown
were not included in the final design of figure 1.

A Programmable IC Tester

About the Author

Mark Thorson is cur-
rently an undergraduate at
the University of Cali-
fornia at Berkeley major-
ing in neurobiology, and
has been working with
digital logic since sixth
grade. (Early efforts in-
volved  discrete  com-
ponents and Incandescent
lamps.)

28 June 1978 © BYTE Publications Inc

Mark Thorson
1505 Spruce St
Berkeley CA 94709

The high cost of digital components can
be significantly reduced by the construction
of this simple test instrument. While com-
ponents of questionable reliability have long
been available for a fraction of their value,
the experimenter has been unable to take
full advantage of them for lack of an ade-
quate means of component testing. This
circuit, however, now offers such a means
for the rapid and accurate screening of bar-
gain components.

Conventional component testing gen-
erally takes the form of either building a
prototype circuit and substituting devices
until it works, or setting up a rig of lights
and switches and testing each gate or flip
flop on the chip individually. Although
these procedures are sufficient for the
construction of trivial circuits employing
a small number of integrated circuits,
neither is exacting enough nor fast enough
to provide the quantity or quality of parts
required for a well stocked electronics lab.

The main weakness of both approaches
is their failure to check the devices in
question under a// possible conditions of
data. As an example, consider the 7400 quad
NAND gate with the failure condition of an
internal short between the input on pin 4
and the output on pin 3. If this device is
either tested in a circuit employing the quad
NAND gate without using the input on pin
4, or tested in a rig in which each gate
is tested individually, then the device will
be passed without the failure conditions
ever having been met. To be certain of
testing all possible failure modes of this
device, all 256 possible data conditions
on the eight device inputs must be checked,
a prohibitive requirement for manual testing.

To this end, the circuit shown in figure 1
has been designed to provide an automatic,
instantaneous and exhaustive test of most
SS| and MSI components. [SSI (small scale
integration) refers to gates, inverters, flip
flops, etc, while MSI (medium scale inte-
gration) refers to counters, latches, shift
registers, etc.] The circuit operates by
sending eight lines of input data to the
device under test (DUT) and receiving
six lines of output. Upon depression of
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TO DEVICE UNDER
TEST INPUTS

FROM DEVICE UNDER
TEST OUTPUTS
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Figure 1: The author'’s automatic integrated circuit tester. The unit is connected by probes to the inputs of the integrated circuit
under test (up to eight inputs can be accommodated). 256 different combinations of logic levels are sent to the integrated cir-
cuit, and a running comparison of up to six data outputs from the device is made with a set of results stored in memory for
another integrated circuit of the same type that is known to be good. Any deviation from the accepted pattern causes an LED to
be lit. The unit is capable of testing both combinatorial ICs, such as logic gates, and sequential ICs, such as flip flops. A learn

BOTH SWITCHES - MOMENTARY PUSHBUTTONS

In the circuit diagram, unused inputs are not shown. While normally these should be
tied high through a current limiting resistor, they may be allowed to float, with the ex-
ception of the memory chip enable inputs which are tied directly to ground.

A list of alternate memories for ICs 9 thru 14 is given here. Certain memory types
will not cause the Go/No-Go light to remain lit following a successful program cycle.
This is because some memories lock out their data outputs while being written into. This
can be remedied by running a test cycle after the program cycle. The Go/No-Go light
will remain lit following the test of a known good device if the data in the memories is
accurate.

mode allows the tester to store the characteristics of virtually any TTL integrated circuit in memory for testing.

30 June 1978 © BYTE Publications Inc



Meet The North Star Family

THE NORTH STAR $-100 FAMILY—four high perform-
ance products at attractive low prices. Our boards are
designed for use in the North Star HORIZON computer
and other S-100 bus computers using 8080 or Z80 proces-
sors. Visit your computer store for a demonstration, or
write for our free color catalog.

16K RAM BOARD

No other S-100 bus memory can match the performance
of the North Star 16K RAM at any price. This low-power
board has been designed to work at full speed (no wait
states), even at 4MHz with both Z80 and 8080 systems.
Memory refresh is invisible to the processor, bank switch-
ing is provided and addressability is switch selectable in
two 8K sections. Best of all, a parity check option is avail-
able. Kit: $399. Assembled: $459. Parity Option — kit:
$39. Assembled: $59.

MICRO DISK SYSTEM

The North Star MDS is a complete floppy disk system with
all hardware and software needed to add floppy disk
memory and a powerful disk BASIC to S-100 bus com-
puters. The North Star MDS is widely considered one of
the best designed and most complete $-100 bus products

NoRrTH STAR

available. The MDS includes the S-100 interface board
with on-board PROM for system startup, Shugart mini-
floppy disk drive, cabling and connectors, and DOS and
BASIC software on diskette. Kit: $699. Assembled: $799.
Additional drive Kit: $400. Assembled: $450. Single
Drive Cabinet: $39. Optional Power Supply: $39.

Z80A PROCESSOR BOARD

The North Star ZPB brings the full speed, 4MHz Z80A
microprocessor to the S-100 bus. Execution is more than
twice the speed of an 8080, and the ZPB operates in sys-
tems both with and without front panels. The ZPB in-
cludes vectored interrupts, auto-jump startup, and space
for 1K of on-board EPROM. Kit: $199. Assembled: $259.
EPROM Option — kit: $49. Assembled: $69.

HARDWARE FLOATING POINT BOARD

If you do number crunching, then this board is for you.
The FPB performs high-speed floating point add, subtract,
multiply and divide with selectable precision up to 14
decimal digits. Arithmetic is up to 50 times faster than
8080 software, and BASIC programs can execute up to
10 times faster. A version of North Star BASIC is included.
Kit: $259. Assembled: $359. Prices subject to change.

CoMPUTERS

2547 Ninth Street - Berkeley, California 94710 « (415) 549-0858

Circle 285 on inquiry card.
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+5 V Gnd
Number Type Pin Pin
IC 1 7400 14 7
IC 2 7400 14 7
IC 3 7430 14 7
IC 4 7472 14 7
IC 5 7486 14 7
IC 6 7486 14 7
IC 7 74161 16 8
IC 8 74161 16 8
IC 9 745200 16 8
thru (or
IC 14 equivalent)

Table 1: Power wiring table for figure 1. See figure 1 for alternate memory
ICs for IC9 thru 14.

{- +5v
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Figure 2: One method of hooking the tester up to a 7400 TTL integrated
clreuit.

32

June 1978 © BYTE Publications Inc

the Test button, the binary counter driving
the DUT input lines is cleared and the
flip flop driving the Go/No-Go light is set.
Upon release, the counter increments
through all 256 input conditions to the
DUT. Between counts, the data on the six
DUT output lines is compared with the data
stored in memory, and if any mismatch
occurs, the Go/No-Go flip flop is cleared.
Once the counter reaches its terminal count,
the clear input to the clock oscillator flip
flop is driven low, thereby inhibiting further
counts until the Test button is hit again. At
this time, if the Go/No-Go light has re-
mained lit, the component has passed the
test. Programming is accomplished by
holding the Program button down during a
test cycle of a known good device. During
this time, data on the DUT outputs is
loaded into memory between counts on the
DUT input lines. Once the PROGRAM
button is released, data in the memory is
protected by a pull-up resistor on its read/
write line.

Combinatorial integrated circuits, that is,

integrated circuits such as gates or com-
parators which do not contain storage
elements such as flip flops, are tested by
connecting al! device inputs to lines Ig to 17
and all device outputs to lines Og to Os.
Any ordering of the connections is satis-
factory, because the tester will run through
all possible input conditions despite the
arrangement used. Sequential integrated
circuits, however, require special consider-
ation due to their internal data states. A
device such as the 74161 4 bit binary
counter, for example, will require its clock
input to change at least 32 times faster than
its clear input to insure the completion of a
full counting cycle before being cleared To
aid in the testing of sequential integrated
circuits with sevzral clear, preset, inhibit,
and other combinatorial inputs, the clock
input has been provided which toggles
twice as fast as 1g. This input is useful for
connecting to the clock input of counters,
flip flops, and shift registers, but should not
be used with combinatorial devices or the
combinatorial inputs of sequential devices.

As an example of the use of the tester,
consider again the 7400 quad NAND gate.
This device has a total of eight data inputs
and four data outputs to be connected. An
example of one possible configuration of the
connections is shown in figure 2. It should
be noted that two DUT outputs are allowed
to float. This is permissible, because the
same data will be present during a test cycle
as when the tester is programmed. It is also
acceptable to use less than eight DUT inputs,
because the tester will still run through all
possible data conditions on the remaining
inputs. Once the proper connections have
been made, the tester is programmed by in-
serting a known good device into the DUT
socket and holding the Program button
down while momentarily depressing the
Test button. If the tester has accurately
stored the characteristic output of the
device, the Go/No-Go light will remain lit
following the release of the Test button.
The Program button may now be released
and tests performed by inserting a ques-
tionable device and depressing the Test
button. If the Go/No-Go light remains
lit upon release of the Test button, the
device has passed.

As an example of the testing of a sequen-
tial device, consider the 74161 4 bit binary
counter. An example of one possible con-
figuration of its connections is shown in
figure 3. Unlike the case of the quad NAND
gate, the ordering of the DUT input con-
nections is very important. Combinatorial
inputs such as clear, load, and inhibit are



AN INTRODUCTION
TO PERSONAL
AND BUSINESS
COMPUTING

$6.95

This introductory text is aimed at answering the
basic question: ““What do | need in order to...?"
It covers applications, peripherals, existing systems,
how to assemble them. How to choose. The real cost of a
system. The software. Is a floppy sufficient for a mailing list?
Build or buy?

A MICROPROGRAMMED
APL [IMPLEMENTATION

Rodnay Zaks 320 pp., ref Z-10

The complete design of a real APL interpreter, including theory,
parsing, operators, dynamic block management, actual listing.

HERE

““Microprocessor Interfacing Techniques”” is an exceptional

AN INTRODUCTION
JO PERSONAL
AND HUSINESS
COMPUTING

RGONAY ZAKS

$25.00

book. There is nothing like it on the marketplace. It meets a
reéal need. Jeffrey McKeever, Chairman of the Board,
Phoenix Group Inc.; President, Micro-Age; Publisher,
Byte-Shopper

"Microprocessors’” is phenomenal. There is nothing in the in-
dustry which explains computers for people who understand
electronics, but not computers. It is excellent. | qualify the
author’s style as phenomenal. | am extremely pleased with it.
After reading it from cover to cover, | recommended it to ten
friends who went to the BYTE SHOP and bought them out. | will
be more than happy 1o tell anyone. Rick Prine, Rocklin, Ca.

—1MICROPROCESSORS

FROM CHIPS TO SYSTEMS
Rodnay Zaks
$9.95

| 420pp, 150 illustr, ref C201

Our Bestseller. This book is the result of the
author's experience in teaching microprocessors
to more than 2000 persons. It presents a com-
prehensive introduction to all the aspects of
microprocessors, from the components to the
assembly of a system. The difficulty of each
chapter is graduated from the basic concepts
to the actual technical details. It is read by
students, technicians, managers, engineers,
educators, doctors and by all those who wish to
understand rapidly and efficiently all the important aspects
of microprocessor use, selection, or application.
CONTENTS: Fundamental Concepts... Internal Operation of a

Microprocessor... System Components... Comparative Micro-
processor Evaluation... System Interconnect... Microprocessor
Applications... Interfacing Techniques... Microprocessor Pro-

gramming... System Development... The Future...

TO ORDER
* BY PHONE: call (415) 848-8233
BankAmericard/Mastercharge accepted
« SHIPPING: no charge when payment
included.
ADD: $1.00/book for fast shipping.
e TAX: in California, add sales tax.

« OVERSEAS: ggﬁehlﬂg;vla St.
SYBEX-EUROPE, 313 rue Lecourbe Callf 94704

75015 - PARIS, France Tel:(1)8282502

Circle 356 on inguiry card.

NEW

MICROPROCESSOR
LEXICON

$2.95
110 pp., pocket-size, ref X1
ALL THE DEFINITIONS AND ACRONYMS
A complete dictionary, PLUS: part numbers,
signals, for S100. RS232, IEEE 488, addresses.

SELF-STUDY COURSES

Each course includes a book plus 2 cassettes
(can be played on any cassette recorder at
home, in the car, at the office.)

S1-INTRODUCTION TO MICROPROCESSORS $29.95
2% hours. Basic introductory course.
S$2-PROGRAMMING MICROPROCESSORS $29.95

2% hours. Basic introduction to programming.

IS WHAT THEY SAY

After reading “Microprocessors, from chips to systems’’ by
Rodnay Zaks, | was very impressed with the simple yet
thorough approach which Mr. Zaks has taken in explaining the
microprocessor. Bally, Manufacturing Corporation has begun
its entry into the personal computer field, and, due to the
great amount of information that is needed by our service
people, | feel this book should be an essential part of our ser-
vice technician’s libraries. Richard Shuitz, Bally, Consumer
Products Division

I read both books, and | learnt more from them than anything |
have read. Gavin Craig, General Electric Corp.

MICROPROCESSOR
INTERFACING -

WICROPROCESSOR
INTERFACING
THCHISGUES

TECHNIQUES K

Austin Lesea, Rodnay Zaks
420 pp, 320 itlustr, ref C207 $9_95 =
|

FROM KEYBOARD TO FLOPPY
basic concepts and technigues
a complete microcomputer sy

= chapter to testing

. Assembling the Central Processing
tput... Interfacing the Peripherals... Analog
Standards... Case-study: a 32-channel Mullti-
Trouble-Shooting... Conclusion-Evolution.
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weTre looking for
someone serious about
personal computing!

8-bit? 16-bit? The better of
the two? The question is ele-
mental ~~hardly worth con-
sideration. What matters is
your “machine’s” CPU, its
“architecture,” and most im-
portantly its instruction set.
That’'s where the power is
and that's exactly why we're
telling you about the KD11.F.

The KDI11.F is the CPU we
chose for the Heath Hl1. It's
built by DEC, is the same
CPU that's the cornerstone
of the popular LSI-11 family,
and is the main reason our
16-bit is the most powerful
16-bit in its price class! Bells
and whistles? Hardly!

Fact: The KD11-F has eight
registers. Six of which are
general-purpose and non-
dedicated! That alone means
virtually unlimited program-
mer flexibility!

Fact: Most computers in
the 16-bit class use three
types of instructions (mem-
ory reference, operate or ac-
cumulator control, and I/O
instructions). The KD11-F ac-
complishes all data manip-
ulations with a single set of
instructions — which results
in very efficient operation!

Fact: The KD11.F's PDP-11
instruction set has the most

powerful repertoire of in-
structions of any computer
in its price class.

What it all boils down to
is that the Heathkit Hl11
gives you fantastic flexibili-
ty. unparalleled high-speed
program execution, and
unmatched performance!

Our HI1 CPU isn't for every-
one. It's for someone serious
about computing....some-
one like youl

Read about nearly
400 money-saving,
tun-to-build
electronic kits.

Use coupon to send for
your mail order catalog
or bring coupon to a
Heathkit Electronic

Center for your catalog.

r-----------------1

| HEATH

Heath Company, Dept. 334-420

Benton Harbor, Ml 49022

Please send me my FREE Catalog. | am not on your mailing list.

Name

Address

City State
CP-149 Zip
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Send the coupon or visit the
Heathkit Electronic Center
nearest you today!

Units of Schlumberger Products
Corporation. Retail prices on some
products may be slightly higher.

ARIZONA — Phoenix, 2727 W. Indian School Rd.
(602} 279-6247.

CALIFORNIA —~ Anaheim, 330 E. Ball Rd.

(714) 776-9420; EI Cerrito, 6000 Potrero Ave.

(415) 236-8870; l.os Angeles, 2309 S. Flower St.
(213) 749-0261; Pomona, 1555 Orange Grove Ave. N.
(714) 623-3543; Redwood City, 2001 Middiefield Rd.
(415) 365-8155; Sacramento, 1860 Fulton Ave.

(916) 486-1575; San Diego {La Mesa), 8363 Center Dr.
(714) 461-0110-San Jose (Campbell), 2350 S. Bascom
Ave. (408) 377-8920; Woodland Hills, 22504 Ventura
Bivd. (213) 882-0531.

COLORADO ~ Denver, 5940 W. 38th Ave.
(303) 422-3408.

CONNECTICUT — Hartford (Avon), 395 W. Main St.
(Rte. 44) (203) 678-0323.

FLORIDA — Miami (Hialeah), 4705 W. 16th Ave.
(305) 823-2280: Tampa, 4019 West Hilisborough Ave.
(813) 886-2541,

GEORGIA - Atlanta, 5285 Roswell Rd. (404) 252-4341.
H.LINOIS — Chicago, 3462-66 W. Devon Ave,

(312) 583-3920; Chicago (Downers Grove), 224
Qgden Ave. (312) 852-1304.

INDIANA — tndianapolis, 2112 E. 62nd St.

(317) 257-4321.

KANSAS — Kansas City (Mission), 5960 Lamar Ave.
(913) 362-4486.

KENTUCKY - Loulsville, 12401 Shelbyville Rd.
(502) 245-7811.

LOUISIANA —~ New Orleans (Kenner), 1900 Veterans
Memorial Hwy, (504) 722-6321.

MARYLAND - Baltimore, 1713 E. Joppa Rd.

{301} 661-4446; Rockvitle, 5542 Nicholson Lane
(301) 881-5420.

MASSACHUSETTS — Boston (Peabody), 242 Andover
St. (617) 531-9330; Boston (Wellesley), 165 Worcester
Ave. (Rte. 9 just west of Rt. 128) (617) 237-1510.

MICHIGAN - Detroit, 18645 W. Eight Mile Rd.
(313) 535-6480; E. Detroit, 18149 E. Eight Mile Rd.
(313) 772-0416.

MINNESOTA ~ Minneapolis {Hopkins), 101 Shady
Oak Rd. (612) 938-6371.

MISSOURI — St. Louis, (Bridgeton}, 3794 McKelvey
Rd. (314) 291-1850.

NEBRASKA — Omaha, 9207 Maple St. (402) 391-2071.
NEW JERSEY ~ Fair Lawn, 35-07 Broadway

(Rte, 4) (201) 791-6935; Ocean, 1013 State Hwy. 35
(201) 775-1231.

NEW YORK ~ Buffalo (Amherst), 3476 Sheridan Dr.
(716) 835-3090; Jericho, Long Island, 15 Jericho
Turnpike (516) 334-8181; Rochester, 937 Jefferson

Rd. (716)244-5470; White Plains (North White Plains},
7 Reservoir Rd. {(914) 761-7690.

OHIO - Cincinnati (Woodlawn), 10133 Springfield
Pike (513) 771-8850; Cleveland, 5444 Peart Rd.

(216) 886-2530: Columbus, 2500 Morse Rd.

(614) 475-7200; Toledo, 48 S. Byrne Rd. (419) 537-1887.

PENNSYLVANIA - Philadelphia, 6318 Roosevelt Blvd.
{215) 288-0180; Frazer (Chester Co.), 630 Lancastar
Pike (Rt. 30) (215) 647-5555; Pittsburgh, 3482

Wm. Penn Hwy. (412) 824-3564.

RHODE ISLAND ~ Providence (Warwick), 558
Greenwich Ave. (401) 738-5150.

TEXAS — Dailas, 2715 Ross Ave. (214) 826-4053;
Houston, 3705 Westheimer (713) 623-2090.

San Antonio, 7111 Blanco Rd. (512) 341-8876
VIRGINIA - Alexandria, 6201 Richmond Hwy.

(703) 765-5515; Norfolk (Virginia Beach), 1055
Independence Bivd. (804) 460-0997.

WASHINGTON — Seattle, 505 8th Ave. North

(206) 682-2172.

WISCONSIN - Mitwaukee, 5215 W. Fond du Lac
{414} 873-8250.
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put on the more slowly toggling lines
14 to |7, and the sequential inputs are put
on the faster lines Ig to 13. This example
also illustrates the use of the clock line
for the clock. It should be noted that there
is a minimum separation of four lines
between the clock and any combinatorial
input. As previously stated, this is necessary
to allow the counter to complete a full
counting cycle. Strictly speaking, the pre-
setting inputs to the counter are also com-
binatorial inputs, but they do not interfere
with the counting cycle, so they may be
placed within four lines of the clock. They
are, however, synchronous inputs and as
such may not be placed on a DUT input
line which toggles faster than the clock.
Also, while the ordering of the DUT inputs
is important (for reasons just explained),
there are no restrictions whatsoever on the
ordering of the DUT output connections.
Connections between the integrated circuit
tester and the DUT socket should be made
via banana plugs, matrix switches, or other
forms of connection which readily permit
modification. The DUT socket itself should
be a zero insertion force (ZIF) type socket
(Textool or equivalent).

Expansion of the testing capacity of the
unit can be achieved by extending the
counter length or the memory size, but it
has been my experience that the com-
bination of eight inputs and six outputs
has proven ideal for testing most standard
TTL components, In my first prototype
(see photo 1), a single step feature was
provided by switching in a debounced push-
button switch in place of the oscillator, and
placing LED indicator lights on the DUT
inputs and on the memory data outputs.
This made it possible to examine the
memory once it had been programmed and
verify that the tester was really doing what
it was supposed to do. This feature was
also necessary because the original version
had to be programmed manually, but the 10
to 15 minutes required to program the tester
for even a device as simple as a quad NAND
gate made the advantages of autoprogram-
mability quite apparent. Nevertheless, the
single step feature may prove useful to the
hobbyist who may wish to use this instru-
ment as a logic analyzer. Other features
that may prove useful would be the addition
of low power TTL buffers on the DUT
outputs to permit testing of CMOS inte-
grated circuits, miniaturized construction
for portable operation, and installation
of an ammeter in series with the DUT
socket power input pin to provide a measure
of power dissipation.m

FROM
TESTER

+5V

.
o
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|
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s ddddo
T O
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{08}

T0
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Figure 3: Tester hookup for a TTL 74167 integrated circuit. Note the use of
the clock line coming from the tester. This is to ensure that the integrated
circuit receives clock signals of the proper speed relative to the other test

input lines.
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6800 AUTOMATIC TELEPHONE DIALER
PROGRAM ................ $9.95 postpaid
Have your 6800 system dial your phone ® Uses
only 5 external components ® Stores 650 variable
length phone numbers ® Operates in less than 1K
bytes of memory

Includes: Paper tape in Mikbug® format and ob-
ject code e Circuit diagram and instructions
¢ Instructions for adapting to other 6800 systems

6800 TELEPHONE ANSWERING DEVICE
PROGRAM ................ $4.95 postpaid

Have your 6800 system answer your phone and
record messages automatically. Compatible with
any 6800 system.

Includes: Assembly listing and object code ® Cir-
cuitdiagram and instructions

Write to: SOFTWARE EXCHANGE
2681 PETERBORO
W. BLOOMEFIELD, MICH. 48033

Mikbug* is a registered trademark of Motorola Inc.

< FINALLY, A
—4). \TELEPHONE

i WITH BYTE!
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COOK BOOK * ASSEMBLER * EDITOR
MONITOR ¢ POCKET GUIDE ¢ TAPES
UNDERSTANDING MICROCOMPUTERS
COOK BOOK * ASSEMBLER ¢ EDITOR
MONITOR ¢ POCKET GUIDE * TAPES

\SSEMBLER * EDITOR
A<ET GUIDE * TAPES |
& MICROCOMPUTERS _

e g
2800’ instruction

manipulate stacks.

) paperbackr'-dcover-_ $14.95.

- Ha
$12.9% © ok only): $10-95-

Order your SCELBI Personal Computer Books and Tapes today! They are

“must” items for your collection. And, they make ideal special occasion gifts
' for that computer buddy too!
: = Prices shown for North American customers. Master
'([lBl (MIJ'[.! Charge, VISA, Postal and Bank Money Orders pre-
e ferred. Personal checks delay shipping up to 4 weeks.
Pricing, specifications, availability subject to change
(”N“l..'l”ﬁ IN(. without notice. IMPORTANT! Include 75¢ postage/
handling for each item delivered by U.S. Mail Book
Post Office Box 133 PP STN, Department B, Milford, CT 06460 Rate; or $2 for each item shipped First Class or UPS.

36  BYTE Junc 1978




§ome |

Scelbi's ‘8080" Standard Assembler assem-
bles programs written in symbolic language
for '8080'. Describes operation of assembler.
Detailed discussions of ali major routines.
Contains 2 completely assembled listings —
hexadecimal and octal. Operating instruc-
tions. Even includes routine for loading
programs produced by the assembler. All
memory references are labeled; can re-
assemble to reside in ROM. (Some RAM
required) $19.95. Optional object code on

punched paper tape, specify 8080SA-OPT:
$10.00. Optional commented source listing
on punched paper tape, specify 8080SA-SPT:
. & $39.00.
"’, )< |
' Understanding Micro-
d Computers and Small
4 ==z, Computer Systems. A
? profusely illustrated,
ik easy-reading “must”
f "i"' book explaining funda-
?/ mental concepts behind
operation of microcom-
s:f»'y.‘.'&.‘.ﬁi,".‘::," puters in simple English.
Gives extra knowledge
for reading and understanding computer maga-
zines and manufacturers’ literature. Makes you
feel “at home” around computers. Accepted as
the standard for the neophyte, you must own this
300-page no-nonsense, easy-reading text. Includes
simple-to-use glossary of key microcomputer-
oriented words. Order now. Hard cover: $14.95.
Soft cover: $9.95.

«trele 310 on inquiry card

octal or hexadecimal codes, that
explains instruction set in detail.
Order your copy today. Keep one
in your pocket. One near your
computer. A “must"! Only

$2.95 each.

SCELBI'S
8080
STANDARD
EDITOR

SCELSI CONPETER
s CENSOLEIRG INC.

y

Scelbi’s ‘8080’ Standard Editor 1s an efficient
way to edit text when preparing program
source listings or other text material.
Operates in 2 modes: Text Entry and Com-
mand. Memory references labeled for easy
reassembly into any general area of memory;
e.g. reassemble to reside in just 1K of
ROM. (Some RAM required) $12.95.

Optional object code on punched paper
tape, specify 8080ED-OPT: $6.00. Optional
commented source listing on paper tape
too. Specify 8080ED-SPT, $20.00.

The ‘8080’ Pro-
grammer's Packet
Guide. A compact
3 x 415", ever-
ready, instant
reference for

SCR3 CONPNTER
‘ CONIRTING inc.

Scelbi’s ‘8080' Standard Monitor. Describes
“‘Monitor Control” package to control oper-
ation from external “keyboard”. Routines to
examine and modify memory locations, CPU
registers, continuous 2-point “bug” status
report, control bulk storage, 1/0 devices.
And more. $9.95. Optional object code on
punched paper tape, specify 8080SM-OPT:
$5.00. Optional commented source listing
on punched paper tape, specify 8080SM-
SPT: $15.00.

ADVANCE NOTICE!!

Watch for the all new 3

Scelbi’s First Book of 2

BASIC Programs!
Coming soon!

Want to be on Scelbi’s exclusive
mailing list? Want to know about
upcoming Scelbi Books? Don’t |
use the “BINGO” Card — but
write us DIRECTLY. It identifies
you as a “truly interested” '
customer who is worthy of

special handling!
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and Small Systems

Harry Tennant
1001 W Oregon # 1
Urbana IL 61820

Introduction

What can possibly be said about the use
of natural languages, that is the languages
people use, with small systems? Where
research is done on natural language process-
ing, it is done on the largest computers avail-
able. To many computer scientists, the
problem of enabling computers to under-
stand natural languages at a reasonable level
of competence is beyond the current tech-
nology. Consider what are probably the two
best natural language processors yet pro-
duced by computer scientists: William
Woods’ LUNAR system which answered
questions about rocks brought back from
the moon, and Terry Winograd’s system
which manipulated blocks on a table in
response to English commands; both are
quite large programs. LUNAR uses one task
with 256 K 36 bit words to discover the
meaning of the user’s query, then uses
another task of 256 K words to answer the
question. One question could take from
three to 20 seconds to answer. Winograd’s
system did not need the quantity of data
that Woods’' system needed, but it still
required 60 K words of 36 bits to oper-
ate in its limited world, consisting of a
few blocks on a table. These are just two
examples of the many natural language
processing projects which have been con-
ducted in recent years. These two (from
the early 1970s) and nearly all the others
since then share the property that they
are large projects done on large machines

using large amounts of memory. So what
can possibly be said about natural language
processing and small systems?

The small system user is severely limited:
he or she has comparatively little memory
to work with, few languages to choose from
(and those languages are not particularly
suited to the needs of natural language
processing), and usually few aids to software
development, such as secondary storage,
editing facilities, and debugging facilities.
But among small systems users, there is a
growing interest in the application areas of
artificial intelligence: intelligent game play-
ing, math, science and engineering aids,
robotics, and natural language processing.
In this article the general problems of
computer based understanding of natural
language are discussed briefly, and a
few techniques that can be used on small
systems to do a limited amount of natural
language processing are presented.

Attempts have been made since nearly
the dawn of computer history to make it
possible for computers to understand the
languages of people. It began as translation
between natural languages, for example,
from Russian to English. That kind of work
was not successful. Later, research moved
into the areas of natural language query of
data bases and the study of the structure of
human thought and memory through the
modelling of human language behavior on
computers. This is the work that is being
done today. It looks promising, but it is
still too early to tell if the work will
actually provide users with the ability to
communicate their thoughts to computers as
efficiently as humans communicate with
one another.
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LOW DOWN BEFORE YOU BUY

SO YOU WANT TO
BUY A COMPUTER??

This new book presents an objective look at the top 24 micro systems sold

throughout the world.

It discusses the Pros and Cons of each system in No Uncertain Terms and takes a

straightforward look at the micro computer industry as it relates to YOU.

Written especially for the layman in a language he can understand. Profit from the

mistakes of others.

Includes hundreds of references.
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which go parcel post. Foreign orders add
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Natural Language Understanding
on Computers

A conversation between two humans
could proceed something like this:

Sam: Joe, how’s your micro coming?

Joe: OK. I've moved on to the video
cards.

Sam: When did you finish the cassette
interface?

Joe: Last week. It took long enough for
the chip to come.

Sam: Yeah, that’s why | always deal with
the fastest companies.

Joe: What do you think of the new
video timing generator?

Sam: It will save some board space and
maybe some money, too.

We do not know much about Joe and
Sam, but we do know from this conversation
that they both know something about micro-
processors. We know that Joe is building one
and that Sam knows quite a bit about it.
When asked how his micro is coming, Joe
thought of his computer, the problems he’s
had on it, the last section that he has been
working on, the sections that have already
been built . . . in other words, a great deal of
information about his computer came to
mind. Joe then thought of what Sam knew
of the computer, and chose a relevant piece
of information that Joe thought Sam did not
know, and said that he was working on the
video section. Now, Sam knows a lot about
the computer, too. He is thinking about it
just as Joe is. And so the conversation pro-
ceeds. Both Joe and Sam know a great
deal about the computer. Both know about
the problems of building a microprocessor,
parts availability, etc. Their conversation is
short, it uses few words, but it manipulates
very large information structures in each of
their minds as the conversation takes place.
The conversation is not just a trickle of
words between Joe and Sam, but it is mainly
an activity inside their brains involving a
great deal of information. The trickle of
words is not what is really going on, it just
triggers what is going on. The real activity is
happening in the minds of joe and Sam.

Now, what about a conversation with a
computer? If it were to happen as the con-
versation above did, the computer would
need to know a lot about the microcompu-
ter that is being built. In other words, the
computer would need knowledge very much
like Joe’s and Sam’s. It would have to have
some way of representing information about
microcomputers: what they are made of;
how they are built; the particular micro-
computer being discussed; its state of com-
pletion; and so on. In addition to this, there

must be some way for the computer to dis-
cover what the words in the conversation are
referring to. How does it know that the con-
versation is about microcomputers, for
instance? The word “micro” could refer to
a microbiology program. As if that were not
enough, let’s say that the computer did
interpret the first question correctly, did
have information about the microcomputer,
and decided on something to tell the ques-
tioner. It then has the task of presenting the
information to the questioner in a form that
he will understand. Add to this problem that
humans converse on a wide range of topics,
and learn about new topics without even try-
ing, and the problem of enabling a computer
to converse like a human becomes a large
problem indeed. A full solution to the prob-
lem is a long way off, and quite possibly will
require hardware beyond what is available
today (a HAL 9000, perhaps?). But there are
many steps toward natura!l language process-
ing that can be done without a HAL 9000
and without 30 vyears of research and
development.

As mentioned above, there are three main
problem areas in natural language processing:

1. Representation of knowledge
2. Associating words with ideas
3. Presenting ideas

The problem of presentation of ideas by a
computer will not be considered explicitly.
Representation of knowledge and associating
words with ideas will be considered in the
next sections.

Representation of Knowledge

Before we approach the problem of repre-
senting knowledge on a computer, it may
help to decide how to represent knowledge
on a piece of paper. The first thing to decide
is exactly what we want to represent.

Consider the microcomputer systems in
figure 1. If we want to be able to converse
with a computer about such systems, we
need some way of storing what is known
about them. Some of the things we know
about System 1 are:

It has an 8080 microprocessor.

It has 1 K of read only memory.

It has 2 K of programmable memory.
Its only output is lights.

Its only input is a keyboard.

AWk —

We know the following about System 2:

1. 1t has an 8080 microprocessor.

2. 1t has 1 K of read only memory and
1 K of programmable memory.

3. It has a scale as an input device (it is a
digital scale).

4. It has a small keyboard as input.



Software systems from
TSC serve — whether
your racket is business
or pleasure. TSC's
software is designed.
for business and
industrial uses as well
as for recreation. Off
the job or at work, TSC -
software serves sl
yOur needs. i
Assembly Language Programs
(Includes Source Listings)

With Object Code Cassette

SL68-5C 6800 Space Voyage S18.95
SL68-24C 6800 Text Editing System $30.45
SL68-26C 6800 Mnemonic

Assembler $30.45
SL68-29C 6800 Text Processing
System $38.95

With Object Code Paper Tape
SL68-24P 6800 Text Editing System $31.50
SL68-26P 6800 Mnemonic

Assembler S31.50
SL68-29P 6800 Text Processing
System $40.00

SL80-10P 8080 Text Editing System $37.50
SL80-11P 8080 Text Processing

System $41.00

Cassettes are in the Kansas City Standard
format. Many other programs are
available. Send 25¢ for a complete
catalog.

Technical Systems

Consultants, Inc.
Box 2574

‘W. Lafayette, Indiana 47906
317-423-5465

Specialists in Software & Hardware for Industry & the Hobbyist

o el g . - S——

Circle 370 on inquiry card.

To Order: Include 3% postage, $1.00
handling on orders under $10.00, and
Indiana residents add 4% sales tax.
Check your dedaler!

TSC Monthly Feature:

Disk Based 6800 Software

Now TSC software is available on disk. The Text
Editing System, Mnemonic Assembler, and Text
Processing System have been adapted to run
under the FLEX disk operating system found on
the Southwest Technical Products Corp. mini-disk

system. All three systems work with named files.
A single file may be as large as the disk even
though your RAM filespace is limited This
software gives your micro the power of the best
program development or word processing
systems.

SL68-24D 6800 Text Editing System
SL68-26D 6800 Mnemonic Assembler
SL68-29D 6800 Text Processing System

$31.50
$31.50
$40.00
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Figure 1: System 1 and
System 2 diagrammed as
components connected to
a common bus.

5. It has as output a display of decimal
digits.

The system can be represented hierarchi-
cally (in outline form) as:

System 1
1. Processor
8080
2. Memory
1 K read only memory
2 K programmable memory
3. Output
Lights
4. Input
Keyboard
System 2
1. Processor
8080
2. Memory
1 K read only memory
1 K programmable memory
3. Input
Scale
Keyboard
4. Output
Decimal display

Now suppose we want to use this data
base to answer questions about System 1
and System 2. (Note that a data base like
this could be extended to include many
other similar systems. It can be extended to
as many as memory will allow. But, consider
how trivial it is in detail and breadth com-
pared to a human’s knowledge. For this
reason, one cannot expect the computer to
respond with anything like the intelligence
of a human. The relevant questions are 1)
is there enough data in the data base to

8080 l l | K READ ONLY MEMORY 2 K PROGRAMMABLE MEMORY
LIGHTS KEYBOARD
SYSTEM |
8080 I K READ ONLY MEMORY | K PROGRAMMABLE MEMORY

KEYBOARD

SCALE

DECIMAL DISPLAY

SYSTEM 2
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make it worth doing and, 2) is the English
interface to the data good enough to warrant
making it.) When asked what the processor
is for System 1, we consult our outline
of System 1, look under “Processor,”
and reply that it is an 8080. When asked
what the output for System 2 is, we consult
the outline for System 2, look under the
output to find “Decimal display,” and we
return that. When asked about the inputs to
System 2, we respond that they are a scale
and a keyboard. But note that a more com-
plicated problem arises if we ask what kind
of processor is in the system that uses the
scale. First we must find all systems that
use scales (we may not even realize that a
scale is an input device). For all the systems
using scales, we must then find what their
processors are, and return that information.
This is not a problem if we have only two
systems, as in the example. But if we had
many systems whose outline descriptions
filled many sheets of paper, searching all
the descriptions for the ones that use scales
could be a major effort. One of the advan-
tages of natural language is that items can be
referred to by their descriptions instead of
their names. We referred to System 2 not by
its name, but by its description, ie: the
system that uses a scale. Because this is such
an important feature of natural language, it
is very important to be able to deal with it.
One way of doing so is to make a new set of
outlines for each of the items mentioned in
the original outlines. For example:

8080
1. Processor in
1. System 1
2. System 2
1 K Read only memory
1. Memory in
1. System 1
2. System 2
1 K Programmable memory
1. Memory in
1. System 2
2 K Programmable memory
1. Memory in
1. System 1
Lights
1. Output of
1. System 1
Scale
1. Input of
1. System 2
Keyboard
1. Input of
1. System 1
2. System 2
Decimal display
1. Output of
1. System 2



TARBELL SETS STANDARDS
For Hobbyists and Systems Developers

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and
development to produce new and efficient components to fill hobbyists’ changing needs.

O TARBELL
[@> CASSETTE INTERFACE

Plugs directly into your IMSAI or ALTAIR*

Fastest transfer rate: 187 (standard) to 540 bytes/second
Extremely Reliable—Phase encoded (self-clocking)

4 Extra Status Lines, 4 Extra Control Lines

37-page manual included

Device Code Selectable by DIP-switch

Capable of Generating Kansas City tapes also

No modification required on audio cassette recorder
Complete kit $120, Assembled $175, Manual $4

Full 6 month warranty on kit and assembled units

e IN"IRFAC! rav.D
u " BBEEBERR © i

TARBELL FLOPPY DISC
INTERFACE

¢ Plugs directly into your IMSAI or
ALTAIR* and handles up to 4
standard single drives in daisy-
chain.

® QOperates at standard 250K bits
per second on normal disc format
capacity of 256K bytes.

e Works with modified CP/M¥
Operating System and BASIC-E
Compiler.

* Hardware includes 4 extra IC
slots, built-in phantom bootstrap
and on-board crystal clock. Uses
WD 1771 LSI Chip.

e Full 6-month warranty and exten-
sive documentation.

o PRICE: CP/M with BASIC-E Compatible Disc Drives
Kit $190 ... ... Assembled $265 and manuals: $100 Ask about our disc drives priced as low as $525.

P

* Gold plated edge pins

® Takes 33 14-pin ICs or

® Mix 40-pin, 18-pin, 16-pin and
14-pinICs

® [ ocation for 5 volt regulator

¢ Suitable for solder and wire wrap

e ALTAIR/IMSAI compatible
Price: $28.00
For fast, off the shelf delivery, all Tarbell Electronlcs products may be purchased from computer store dealers

across the country. Or write Tarbell Electronics direct for complete information.

*ALTAIR is a trademark/tradename of MITS, Inc.
CP/M s a trademark/tradename of Digital Research

TARBELL g
PROTOTYPE
BOARD

Model 1010
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Figure 2: Simple semantic net. This net represents the connections of the components of System 1 and System 2. Each com-
ponent is represented by a node. The nodes are related to one another through labelled links. Notice that the names chosen

for the links and nodes are largely at the discretion of the net designer.

Now, think again about representing a
large number of systems in this way. It will
take more memory, but it will provide
access to items such as scale or 8080. If a
hundred systems are represented on sheets
of paper, we would probably have an index
or table of contents to direct us to the
appropriate page to find the outline we seek,
thus speeding up the response. | have not
forgotten that in many small systems the
trade-offs between memory and processing
time often are in favor of saving memory
space. What is presented here is intended to
illustrate the trade-offs, not to make the
decisions for the user.

It is easier to see this type of representa-
tion when it is presented in graphic form.
The representation used in figure 2 is called
a semantic net. Each outline is represented
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by a node and the relationships between
nodes are represented by directed labelled
arcs. The idea of a semantic net is that nodes
are entities and arcs are relations between
entities. The net shown in figure 2 is not the
way most natural language researchers would
represent the information about our two sys-
tems. For example, “System 2" is'the name
of something, it is not the thing itself. An
8080 is a part of the thing whose name is
“System 1,” and that thing that is called an
8080 has the function of “Processor’ in the
thing called “System 1.” A diagram of
representation like this is shown in figure 3.
It is more explicit and more correct than
the representation of figure 2, but is harder
to build, more difficult to interpret, and
requires more memory to represent.
Semantic nets, in whatever form one
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Figure 3: More complex semantic net. This semantic net represents the same systems as the net in figure 2, but in a more detailed fashion. In this net, each node represents
an entity. For example, one of the parts of System 2 is an entity called the MEMORY., [t is composed of two parts, the entity called the READ ONLY MEMORY and the
entity called the PROGRAMMABLE MEMORY. As in the other semantic net, there is some flexibility in what to call the links and nodes. For example, “IS A" suggests
that the 8080 is a member of the category of things called PROCESSORS. One could also say that a READ ONLY MEMORY is a member of a category of things called
MEMORY, but in this net, READ ONLY MEMORY is represented as a part of a thing named MEMORY. A fine distinction, but it may be significant when the net is
interpreted by a program. Notice that reverse links (ie: NAME OF, PART OF, QUANTITY OF, EXAMPLE OF) are not shown.
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prefers, are a flexible and easily accessed
way to represent knowledge. They simulate
associative memory, as humans seem to
have. But how are they represented on a
computer? The answer to this comes in three
parts:

1. Outlines can be represented by lists.

2. Lists can be represented on computers.

3. The index or table of contents to out-
lines can be represented as a hashed
table.

Nodes can be represented in lists by hav-
ing alternate elements be arc labels and
related nodes. We must first reduce each
multiple word node name and arc label to
single word names, then just list them as
follows:

8080
System 1

(Processor-in (Systeml System2))
(Processor (8080) Memory (1 K Read
only memory, 1K Programmable
memory) Output (Lights) Input (Key-
board))

Keyboard (Input-of (Systeml System2))

Most natural language projects are written
in LISP because of its ability to handle list
processing better than most other languages.
Lists are represented in LISP in the follow-
ing way: A list is composed of cells. Each
cell has two parts, as shown in figure 4a. The
two parts are called the CAR and the CDR
of the cell. Each entity (node in the seman-
tic net) is represented by a unique cell. A
list of words would be represented by a
string of cells. The CAR of each cell points
to a node cell and the CDR points to the
next cell in the string. The CDR of the last
word has an end of list marker in it, A list
of words (“The power surge exploded my
8080 chip”') is shown in figure 4b.

A list can be represented within another
list by having a CAR point to the first
element of the inside list, instead of point-
ing to a node cell. A list within a list (My
power supply (a home brew affair) was not
protected) is shown in figure 4c.

The index table for finding node names
is provided automatically in LISP. The
table is called the OBLIST or OBARRAY
and the lists are called PROPERTY LISTS.
If you do not happen to have LISP, the
index table can be built as a hashed table
of node cells with associated pointers to the
property list associated with that name. A
diagram representative of the whole config-
uration is shown in figure 5.

If the cell is a node cell, the CAR points
to a location where the name of the cell (the
character string) is held. The CDR points to
another cell which is the beginning of the
property list of the node. In cells that are

not node cells, CARs and CDRs are both just
addresses that point to other cells. (One ex-
ception is the cells that represent the rela-
tionships between nodes. These will also be
on the OBLIST as ‘“node cells,” but their
CDRs will contain end of list markers
instead of pointers to property lists.) In
LISP, a special bit is set to designate whether
a cell is a node cell (called an ATOM in
ISP} or just a regular cell. The amount of
memory that needs to be addressed by the
CAR and CDR of each cell determines the
number of bytes that each cell must be
composed of.

Associating Words with ldeas

The process of understanding natural
languages certainly has something to do with

CAR

CDR

LISP CELL

(a/

Tég ‘|'*L1|—’—'4|_, "‘i[ —

POWER SURGE EXPLODED

(b)

liH—-lil—i——brlj

MY 8080 CHIP

Iil—l—"ii 4—-|1|+—-I

MY POWER SUPPLY

H—-[il-l—iH—M

WAS NOT PROTECTED

A

(c)

NIERNES N

HOME BREW AFFAIR

Figure 4: LISP cells. In (a) a LISP cell is shown. In an actual implementation
there may be some additional bits in the CAR and CDR to carry information
about how the cell is used (whether it is an atom, for instance). In (b) the list
of words (THE POWER SURGE EXPLODED MY 8080 CHIP) is shown as a
string of cells. The pointers that point to the words are actually pointing to
the cells that represent those words (see figure 5). In (c) the cell representa-
tion of an embedded list is shown. The list is (MY POWER SUPPLY (A
HOME BREW AFFAIR) WAS NOT PROTECTED).
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associating words with ideas. It should be
stressed from the beginning, however, that
when humans understand something it is a
process that uses much more than just word
definitions. The process of understanding in
humans involves interpreting the words they
hear or see with the various meanings for
those words, all viewed in the context of
the current conversation, the environment
of the conversationalists, and other factors.

For example, the sentence, “I'll take a
CHARACTER
(NUMBER OF
0BLIST CHARACTERS) \ST.R'NGS
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Figure 5: Representation of atoms. Each node in the system is represented by
a unique cell, here called a node cell. In this figure the node cells for three
nodes are shown, for 8080, SYSTEMI, and SYSTEM2. The CAR of each
node cell points to a place in memory where the character string of the name
of the cell is stored. The CDR of each node cell points to the property list of
the node. The property list of the 8080 node is shown. The pointers to words
shown in figure 4 are actually pointers to the node cells of the words. All
node cells are chained together by the OBLIST. The character string names of
the nodes are stored in a part of memory that has not been divided into cells.
The CARs of the node cells point to an address that specifies the number of
the characters that follow that are included in the character string of the
name of the node. Links have cells on the OBLIST, just as nodes do. The only
difference is that links do not need property lists. The pointer to Processor-in
would actually be a pointer to the cell that represents Processor-in.

48  Junc 1978 @ BYTE Publications Inc

pancake,” can be assumed to mean very
different things depending on whether it
is heard in Uncle jJohn’s Pancake House, or
in a store that sells fans for relay racks (a
pancake fan), or if it is said at a cosmetic
counter (pancake makeup). The various
conflicting meanings of “pancake” do not
even occur to the people in question. A
waitress would be unique indeed if she
asked her customer if she preferred the
pancake on a plate or on her face!

The problem of multiple meanings,
contexts and other details of understand-
ing will be ignored for the time being.
In a small system there are limits to what
can be done linguistically (in this respect,
all contemporary systems seem small!). But
a step toward natural language can be taken,
however small. The goal we will assume is
that an inexperienced user will be able to
address the natural language processor in
language that the user is most fluent in,
and that the language processor will respond
in 2 manner that the user finds appropriate.

We will be considering a situation in
which natural language is being used as an
interface language between a user and either
procedures or data in a computer. The user
types a sentence and the computer interprets
the sentence and does what it is understood
{(by the computer) to mean. For example,
say the computer holds a data base about
various microprocessor systems like the one
that was described above. The user asks
questions about the systems and the com-
puter provides answers.

Keywords

The simplest method of interpreting a
sentence is to look for particular words,
called keywords. If a keyword is found, a
response is output. For our system, a useful
set of keywords would be the names of all
the nodes in the semantic net. For a re-
sponse the system could print the property
list which represents how that node is
related to other nodes in the net. For
example:

User: Tell me all about systeml
Computer: Systeml
Processor
8080
Memory
1 K Read only memory
1 K Programmable memory
Output
Lights
Input
Keyboard
User: What information do you have on lights
Computer: Lights
Output-of
Systeml

These responses would be quite appropriate
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for the questions asked. Major improvements
can be had by a few simple changes, how-
ever. First, what would happen to “Tell me
what you know about keyboards? The
language processor would not recognize
keyboards as the same as ‘“keyboard”,
so no information would be found. The
easiest way around this problem is to strip
the Ss off all the node names when building
the semantic net, then strip them off all the
words input by the user. However, this pro-
cedure runs into problems for words that
end in S, like “process”. Another problem
is words ending in “es”, like ‘“processes”.
Actually, there are algorithms for analyzing
word endings that correctly reduce words
to their roots for nearly all the special cases
like these.

The whole problem of word endings can
be avoided by using a universal character.
A universal character is one that matches all
other characters. |f # were a universal char-
acter, the node names could be written as
“light#” and “process#”. These would
match “light” and “lights”, “process” and
“processes”. Tricks like this can help, but
may produce problems by also matching
“lightning” and “lighter”, “processor” and
“processing”’. Therefore, universal characters
must be used with care.

Another improvement deals with nodes
that have multiple word names. A user
would probably ask about *“system 1’ instead
of “‘system1”. Multiple word names can be
handled by more property lists, one for each
first word in multiple word names. These
property lists would contain a list of the
words of the multiple word name, followed
by the corresponding node name in the
semantic net. For example, system1 and
system?2 could be referred to by:

System (Mult-wrd-names ((1) Systerml (One)
Systeml (2) System2)).

This property list signals the language
processor that “system 1, *‘system one”
and “‘system1” are all to be interpreted as
“system1”. Also, “system 2’ means the
same as “‘system?2”.

The same mechanism can be used to
allow synonyms. System 1 may be affec-
tionately known as the “Bit Byter”, “Old
Smokey” (for its power supply problems),
or ‘“Zapper”. These names can be interpre-
ted as the same as “systeml1” with the
following property lists:

Bit (mult-wrd-names ({Byter) System1l))
Old (Mult-wrd-names ({(Smokey) System 1))
Zapper (Mult-wrd-names ({) System1})).

Just as universal characters can be used,
universal words and phrases can simplify
specifying a large set of synonyms. For ex-
ample, the multiple word name (President #
Washington) would match all phrases that
begin with “President” and end with “Wash-
ington”. This would match (President
Washington), (President George Washington),
(President G Washington and also (President
Ford never met George Washington).

A relevant question is: What good is
putting the keyword in the middle of a
sentence? Why not just have the user type
keywords and forget about the rest of the
sentence? There probably are few if any
good reasons for trying to create an illusion
of natural language understanding in this
way other than that it is a fun trick.

Nodes and Links

The keyword approach to natural lan-
guage processing is imprecise, and so it is
prone to many errors and misinterpretations.
There is an approach that is somewhat more
precise, and allows correct interpretation of
much more complex sentences without
being much more complicated. This method
involves identifying both node names and
link names from the semantic net, then
combining them to print only the parts
of the semantic net desired by the user.
The link names in our example are proc-
essor, memory, input, output, processor in,
memory in, input of, and output of. There
will usually be many fewer link names than
node names. A user’s sentence is processed
by collecting node names, then link names,
asin:

Give me the Old Smokey processor and
output.

Using a previously mentioned definition this
is seen by the processor as:

XXX XXX Xxxx Systeml processor xxx output
(node) (link) (link)

to which the appropriate response is:

System]l
Processor
8080
Output
Lights.

The response is formed by searching the
property list of the node mentioned for each
link named. Then the node name, the link
name, and the names of the nodes pointed
to by the link are printed in outline format.

If link names are found to the left of
node names in the sentence, the inverse link
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names must be substituted. For example,
What are the input of and processor in system 2
is seen as:

XXXXX XXX xxxX Input-of xxx processor-in system2
(link) (link) (node).

The reverse links are used, and the sentence
is reinterpreted as:

system?2 input processor.

The property list of system?2 is checked for
input and processor links and the following
is printed:

System2
Input
Scale
Keyboard
Processor
8080.

This process is diagrammed in figure 6.
This technique will allow quite complicated
sentences to be interpreted if synonyms are
chosen judiciously for nodes and links. Users
on a natural language processing system tend
to use very short and incomplete sentences if
they can, which is also allowed with this
system.

LINK NODE

\\//

e OR NODE /@ OR LINK

e "END OF LIST
START

Figure 6: Node and link interpretation. This
simplified method of interpreting which
nodes and links mentioned in a sentence
should be associated will often assume the
proper interpretation to the input sentence.
However, node and link names and syno-
nyms must be chosen with care. A more
successful method requires greater atten-
tion to words other than those in node
and link names, particularly conjunctions,
prepositions and relative pronouns.

Conclusions

There is naturally a lot that keyword
based systems cannot do that humans
can. For instance, keyword systems cannot
understand pronouns, or when to use
different word meanings (like pancake).
Humans have little trouble using these.
The difference is, of course, in all the
information that keyword systems throw
out when they disregard all words that
are not keywords. Also, words carry with
them more than just a definition. Most
words say things about the words that are
surrounding them. The word “the' says
that the word to its right is either a noun
or a noun modifier. In the system described
above, the keyword “input of” tells us
that either some kind of input device has
preceded this phrase in the sentence, or a
reference to a system will follow it (*what
is the input of system 2""), or both (“‘a key-
board is input of system 2”).

Natural language research today has
moved far beyond the realm of keyword
analysis to use not only knowledge about
words, but knowledge about the things
and events that the words refer to, and
knowledge about the way text and con-
versations are structured. In a data base
like the microcomputer data base used
here, the system would retain information
about the components that every system
would probably have, the probable uses of
systems, more detailed information about
each of the components, and so on. The
information that a human uses when dis-
cussing microcomputers would be collected
and added to the knowledge base to be
used when the computer is discussing micro-
computers, This information is grouped into
collections and the collections are associated
with the concepts they describe.

It is nearly impossible to discuss how
well such a system can work. We do not yet
have any kind of scale for measuring natural
language performance if it falls into the
subhuman range. The only really useful mea-
sure is whether or not it does what it is
supposed to. Unfortunately, that too is
difficult to ascertain. | have implemented
a system like the link and node system
described here, but it was quite a bit more
ccmplex. It attempted to account for
every word in the sentence in order to
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prevent misinterpretations. It handled pro-
nouns fairly successfully and was good at
identifying items by their description.
It responded to the user in full sentences
and in outline form. It also required a large
system to run on, primarily because it had
a fairly large data base. With all this, it
still usually took a new user several examples
before he could communicate with the
system in a useful way.

With this experience, what do 1 think
natural language systems can do on small
systems? The question is vague, so the
answer is vague: a little bit, but not too
much. That not-very-helpful answer means
that one must decide why he or she wants
a natural language processor, then consider
the techniques described in this article to
decide if they will meet his or her needs.
These techniques must then be compared to
nonnatural language techniques.

The benefit of the language understand-
ing techniques described here is primarily
based on the power of the semantic net
representation. Semantic nets have one
advantage over other representations in
that concepts are associated in a way sim-
ilar to the way they seem to be associated
in human memory. An important aspect of
using natural language as an interaction
language between humans and computers
is that, if it works, it allows the user to
state his requests in the same way that he
thinks about his requests. A user using
natural language to interact with a com-
puter is manipulating an enormous amount
of information in his or her mind, encoding
a small part of that knowledge into the
words of the conversation, assuming that
the listener (the computer) can use these
few words to manipulate its large informa-
tion structures. On a small system, the in-
formation structures that the computer has
to manipulate can not be nearly as large as
the human’s. The words of the conversation
can be associated with ideas, but not on the
lavish scale of association available to
humans. Finally, most of the words of
the conversation are thrown away using the
techniques that a small system can support.
What natural language processing can be
done on small systems? Not enough to be
able to compare it to natural language proc-
essing in humans, but perhaps enough to
allow a user to learn to communicate effec-
tively with the computer in a way that is
close to the way the human brain thinks:
through associations and descriptions.®
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You pick up the phone and slowly and
clearly you pronounce into the microphone:
“Number one two one three five five five
one two one two verify.” You listen as out
of the earpiece an awkward but quite in-
telligible voice repeats what you just have
said. Then you say ‘‘Dial number.” The
sounds of dialing follow, then a ringing in
the distance and you find yourself talking
to the directory assistance operator in Los
Angeles. A sequel to 2001 with personal
HALs? Not quite. Just plain old 1977
reality. A couple of cards in your computer
and some programming can do it. Speech
recognition and voice control have come a
long way from the “Open Sesame!’’ of the
Arabian tales. Its technical foundations
were laid in the 1950s and 1960s. The
microprocessor revolution has brought it
within the reach of any computer experi-
menter, opening up a fascinating frontier
of voice control and spoken communica-
tion between human and machine.

In the following pages | will try to give
you an introduction to speech processing
and pattern recognition. To demonstrate
the principles involved, we will go into some
details of the workings of a speech recog-
nizer suitable for a small personal computer.
| hope the material to be presented will be
enough to give you an idea of what speech
recognition is, how it is done and what are
its present limitations. It is left to the reader
to get excited, read the literature to find
more about speech recognition and then
buy, borrow or build a recognizer and start
using it imaginatively.
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Figure 1: A time domain voice waveform and its energy. The top trace is the time domain signal for the word “‘three.” The
bottom trace is the energy in the above signal computed every 10 ms. Note that the signal before and after the word (arrows
mark the beginning and end of the word) is not zero. This is due to background noise picked up by the microphone, in this case
computer cooling fans and air conditioning noise.

The Speech Signal

If we connect a microphone to an oscillo-
scope and then speak into it, we will get a
jittery trace similar to the one shown in
figure 1. The vertical axis represents voltage,
the output of the microphone. The hori-
zontal axis is time and for this reason such
a representation of speech is called a ‘‘time
domain’’ representation.

You may ask can we use a time domain
representation for speech recognition? It
would be nice if we could because it is so
easy to get; all we need is a microphone.
The voltage in the output leads of the mike
is, by definition, the time domain signal. Of
course we would like to input this signal
into our computer. Since it is an analog sig-
nal and our computer is a digital machine
we will need an analog to digital converter
(ADC). The analog to digital converter gives
a binary number that corresponds to the
amplitude of the signal at the particular
time when the measurement is made. This
process is called sampling. If we take and
store equally spaced samples often enough
so that the signal does not change very much
between samples we will have a fairly
accurate representation of the time domain
signal in our computer’s memory. Figure 2
shows such a situation, in which an arbi-
trary input waveform is sampled over some
time interval, and the results of conversion

are stored as values in successive memory
locations.

[t has been mathematically proven (the
sampling theorem) that if we are to have an
accurate representation of the signal, the
sampling frequency should be at least twice
the highest frequency in the signal. It is
then called the Nyquist frequency and it is
the lowest usable sampling frequency. One
could sample at higher than Nyquist fre-
quency but this would not give a more
accurate representation of the signal. In-
stead there would be a lot more data words
to deal with, an unwelcome situation. If
we try to apply the Nyquist theorem to
speech we are faced with the question:
what is the highest frequency in speech?
Well, for high fidelity sound a bandwidth of
20 to 20,000 Hz is necessary. This means
that speech has frequencies up to this
limit, perhaps even higher. On the other
hand, telephone speech is band limited to
3200 Hz and it is still quite intelligible.
Since in speech recognition we are interested
in what has been said rather than the quality
of the sound, if we limit the signal using a
filter with a cutoff at 3200 Hz we will re-
tain the information needed for recognition.
Then we can use Nyquist’s theorem to get
a practical sampling rate since we will know
that the highest frequency in the signal is
3200 Hz, due to the filter. Sampling at twice
that frequency we will get 6400 samples
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Figure 2: Sampling in the time domain. Waveform A is a time domain signal.
If we sample it at equally spaced intervals we will retain the amplitude of the
waveform at the dotted points and the signal will be zero between these
points, as shown in waveform B. Although A and B look very different, if the
sampling is done with a frequency higher than the Nyquist frequency (see
text), both signals will contain exactly the same information.

per second of speech. Assuming our word
length is eight bits which is about the mini-
mum usable for speech and that the average
word duration is about half a second, we will
need 3.2 K bytes of memory space per word.
If we had a 20 word vocabulary and we
wished to store each word in main memory
once to be used as reference, we would run
out of memory space in any micro and most
minis.

Using the time domain signal is out of
the question because of the huge amounts
of memory required to store it. This is not
the only disadvantage of the time domain
signal. Assuming we had enough memory to
store the data, processing it would take too
much processor time because every opera-
tion we would perform on the data would
have to be performed to such a great number
of data points. Real time operation (process-
ing the signal as it occurs such that there is
no appreciable time lag between the moment
the signal ends and the time the recognizer
decides which word has been said) would be
out of the question. Yet real time operation
is highly desirable in most situations in
speech recognition. Another basic disad-
vantage of the time domain signal is its
variability between different pronunciations
of the same word. People do not repeat
words exactly the same, down to the minute
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Figure 3: Rectifying the
microphone signal at A we
obtain signal B which
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DC component propor-
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Figure 4: Amplitude envelopes of the words ‘‘one,

details of amplitude. Quite the contrary;
there is a tremendous amount of variation
in the time domain signal even for the same
person within several consecutive pro-
nunciations of the same word.

In speech recognition we would like to
transform the time domain signal into some
other signal or representation with low data
rate and which remains more or less in-
variant as long as the same word is pro-
nounced. This is easier said than done. If
we try to reduce the data rate we run the
risk of throwing away important informa-
tion. For example suppose that before going
into the analog to digital converter we
rectify the signal, then process it with a low
pass filter. A block diagram of this opera-
tion is shown in figure 3 together with the
resulting waveforms. Such an operation will
extract the envelope (c) of the signal. The
highest frequency of interest in the envelope
is only about 50 Hz. This is due to con-
straints imposed by the mechanism that
produces speech. We can thus set the low
pass filter to 50 Hz and sample at 100 Hz,
the Nyquist frequency. That gives us a very

k. ™ ONE

7N 'THREE"

TIME —=
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FTANT

three,” 'zero.”’ Note

that ""one’’ has one hump while “three’’ has two. The smaller one corresponds

to "th” and the larger one to “ee.” In "zero,

Ty
P4

is the low amplitude area

in the beginning. The dip corresponds to ‘r’’ and the humps to ‘e’ and
“0.” Vowels always have high amplitude because they are produced with the
mouth open and with strong excitation.
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reasonable data rate, 100 words per second
and well within the capabilities of all
machines.

Yet, if we try to build a recognizer using
only this information we would get very
poor performance. The reason is that we
have thrown away a lot if not most of the
information in the speech wave in the
process of rectification. The information
that remains is quite variable between dif-
ferent pronunciations of the same word,
further degrading recognition. But it is not
totally useless. If we select a vocabulary of
a few words carefully so their envelopes have
distinct characteristics we may get usable
performance out of a very simple recog-
nizer. We could select for example the words
“one,” “three,” ‘“‘zero.” Typical envelopes
for those words are shown in figure 4. We
note that the envelope for ‘““one’” consists
of one hump. “Zero” has two humps and
“three” has one main hump preceded by a
small peak that corresponds to the sound
“th.”” Based on these observations we can
write a simple program that would examine
the input data and decide which one of the
three words has been said.

Feature Extraction

The process of extracting a set of slowly
varying parameters that represent a word is
called feature extraction. It has two objec-
tives: First, as we have seen, it tries to re-
duce the amount of data necessary to
process for recognition. This is a very im-
portant consideration for any practical im-
plementation. Second (and extremely
important), the features extracted must
contain the relevant information in the
signal. The speech signal conveys a lot of
information about the sex, age, regional
origin and emotional state of the speaker.
Also it contains a lot of technical informa-
tion incidental to speech production such as
phasing and power spectra of the glottal
pulses. All this information is related but not
relevant to the meaning of the word pro-
nounced. ldeally the features will contain
as little as possible of this extraneous infor-
mation.

A good feature extraction scheme will
reduce the data rate in the recognizer by
throwing away all the unnecessary informa-
tion and retaining the information useful
to the recognizer. The information pertain-
ing to the meaning conveyed by speech is
estimated to be from 15 to 30 bits per
second, or about three orders of magnitude
less than the data rate of the unprocessed
speech signal. Practical feature extractors
are not even close to the theoretical data
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A low-cost MAX option kit (Part No. 620002) lets you
add four CURSOR keys and a HOME key if you need
those functions. Coding is already provided.

MAX low-profile switches have gold contacts with
wiping action for long life and reliability, and plung-
er action that is smooth and precise.

Maxi-Switch is a leading supplier of keyboard
products to the data terminal industry, and MAX
comes from a fine family. Get the full story on the
new MAX keyboard for personal computing.

MAX is sold only through authorized dealers such
as Century Marketing. To order your MAX, use the
coupon supplied.

Circle 207 on inquiry card.

‘RETun”
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Send to: Century Marketing
P.O. Box 35192
Edina, MN 55435

Enclosed is $69.95 (plus $5.00 shipping and handling) per
MAX keyboard. (For Cursor Kit, add $3.95.) Please send

MAX keyboards to

Address

City.

State Zip

P - - - - - - - - -
[ T T R ——

777 27
MAAS 4 .
9697 EAST RIVER ROAD » MINNEAPOLIS, MINNESOTA 55433

{612) 765-7660 g
TWX 910-576-2690 :
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FREQUENCY

AMPLITUDE IN DB

Figure 5: The frequency (logarithmic magnitude) spectrum of a 25 ms segment of speech.
It covers the frequencies from 0 to 3.2 kHz. The major peaks correspond to the formant fre-
quencies while the smaller, regularly spaced peaks are harmonics of the glottal frequency. In
this case it is obvious that the sound is voiced both from the harmonics of glottal frequency
which are highly visible and from the fact that the lower frequencies have more energy than

the higher ones.

rate and, most important, they tend to
throw away significant amounts of the use-
ful information. An example of a very inept
feature extractor is, of course, the envelope
detector mentioned previously. But it does
have the advantage of extreme simplicity.

In order to design more sophisticated
feature extractors some knowledge about
speech production is necessary. Knowledge
about speech perception would also be very
useful but at this point we have no concrete
information as to how people are perceiving
speech. In contrast, the mechanism that
produces speech is well understood and
rather simple. !t has been previously ex-
plained in the August 1976 BYTE (page 16)
in connection with speech synthesis. To
summarize, speech is produced by exciting
the vocal tract with either glottal pulses or
noise while its shape is varied by controlling
the position of the tongue and the jaws.
Noise excitation produces unvoiced sounds.
Glottal excitation produces voiced sounds,
for example vowels. The movement of the
articulators (tongue and jaws) changes the
resonant frequencies of the vocal tract,
called formants. It is well known that the
first three formants, designated F1, F2, F3,

carry most if not all meaning in speech to-
gether with timing considerations and type
of voicing. The glottal frequency, although
very important in speech synthesis because
it carries information about the particular
speaker, carries no information about mean-
ing. This rather surprising fact is easy to as-
certain in two ways: First, synthetic speech
is equally well understood whether the pitch
(another name for glottal frequency) varies
according to rules or remains constant.
Second, whispered speech, which does not
contain any glottal excitation, is well
understood.

it seems then that a good set of features
for speech recognition would be the formant
values. Information as to whether speech is
voiced or unvoiced would be useful but
not necessary. Unfortunately at this point it
is not possible to experimentally either
assert or refute this statement, simply be-
cause it is not possible to reliably and ac-
curately extract the formants all the time. In
addition, the best formant extraction
methods known are at this point out of the
reach of any imaginable personal computing
machine. They involve digital signal proc-
essing methods which for real time process-



The first Four-Headed Diskette Drive.
PerSci stays a generation ahead.

PerSci has done it. Now the industry’s only
diskette drive with voice coil positioning comes
equipped with four heads reading and writing both
sides of two eight inch diskettes to provide supe-
rior random access capabilities in microcomputer
and minicomputer applications. The new PerSci
Model 299 dual-head, dual diskette drive offers
the highest data capacity, reliability and the fastest
access speeds available among small storage
peripherals. It is the first drive to advance diskette
capability to the level of hard discs.

8 Times More Capacity...

Employing double density encoding on both
sides of two diskettes, the PerSci 299 records up
to 3.2 Mbytes of unformatted data—eight times
the capacity of a standard, single density drive.
This unmatched single drive capacity provides the
basis for an independent low cost data manage-
ment system. For maximum media interchange-
ability with other drives, the 299 will also read
and/or write one or two single sided diskettes. Up
to eight 299 drives (32 read/write heads)
can be daisy chained to achieve a total
formatted system capacity as high as
16 Mbytes. Data can be handled in a
single density IBM 3740 type for-
mat, in IBM 2D compatible double
density or in other expanded soft
and hard sectored formats.
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And Voice Coil Positioning
For 6 Times More Speed...

Only PerSci, Inc., has engineered
voice coil head positioning for
diskette drives. This design innova-
tion gives the PerSci 299 drive the
lowest average seek time of any
floppy —33 ms including settle.
The full 76 track access speed of
the Model 299 is under 100 ms.

In A Single Small Size Drive...

While the 299 provides the data capacity
and access speed of a hard disc drive, it is the

See us at NCC, Booth 1239

Circle 298 on inquiry card.

s

size of a standard floppy —only 4.38" x 8.72" x
15.4" Up to four 299 drives can be mounted verti-
cally or two horizontally in a 19" rack.

With Superior Reliability

And Ease Of Operation.
Mechanical and data reliability equal or
superior to single headed drives —6000 hour
MTBF and a soft error rate of 1in 10°—are made
possible by PerSci’s advanced drive design. A
write protect feature guards against operator
error, while front panel lights indicate the diskette
selected. Electric diskette autoload protects
diskettes from damage and allows drive
unload by remote control.

Join The Next Generation...Now.

Get PerSci's four-headed diskette drive and
get the speed, capacity and reliability of hard disc
drives at a fraction of the size...and cost. Call or

write for full information
from PerSci, Inc., 12210

Nebraska A\,/enu.é West —:h—

Los Angeles, California | pERSCIJ

90025.
(213) 820-3764.

Peripherals a
Generation Ahead.
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Figure 6: A typical Sonagram of an utterance. In a Sonagram the dark areas represent high
intensity. This example represents the word “machine.’’ The vertical (y) axis is frequency and
the horizontal axis is time. The formants are seen as the dark bands that change with time. The
large dark area about 1/5 of the way into the pattern corresponds to the sound of the ‘ch”

in machine.

ing strain the computational capabilities of
even the big number crunching computers.
There is a lesson to be learned from the
above analysis: Speech is intimately related
to the resonances of a time varying resonator
{the vocal tract) and perhaps it is more
reasonable to expect to find better features
in a frequency domain representation of
speech rather than in a time domain one.

Frequency Domain Analysis

A usual frequency domain representation
of a signal is its spectrum (amplitude versus
frequency). It can be obtained from the
time domain representation by applying
what is called the Fourier Transform to it.
Figure 5 shows the Fourier Transform of
a speech signal 25 ms long. Note that in the
time domain signal the horizontal axis of
a plot is time whereas in the frequency
domain representation the horizontal axis
is frequency. A drawback of the Fourier
Transform is that it is a digital signal pro-
cessing method and as such it operates on
the sampled waveform directly, requiring
very fast computers for real time operation.

If we are willing to settle for less accurate
results, there exist analog methods which
can give us spectral representations in real
time using relatively simple hardware. An
interesting spectral representation, based on
analog methods, is the sound spectrogram
or ‘“Sonagram” obtained using a device
called the *Sonagraph.” This device has been
in existence since the late 1940s and has
been widely used in speech research. [t gives
a three-dimensional display of frequency in
the y axis (vertical), time in the x axis
{horizontal), and intensity on the z axis.
The z axis is actually represented by shades
of black since we are using two-dimensional
paper. Figure 6 shows a Sonagram. The
dark areas correspond to areas of high
intensity and the evolution of formants can
be observed as dark bands changing with
time. The Sonagraph is a useful tool in
speech research and it is mentioned here
because it is widely referred to in the litera-
ture. It is of no value as a feature extractor
to a practical speech recognizer because it is
not a real time machine and because it costs
thousands of dollars.



Everything you've ever

wanted to know about
microcomputers in

Over 400 pages. Full 872" x 11” size.

ONE complete book
for only $10.95

The ultimate book
about microcomputers.
Written by experts

...SCELBI and BYTE. Over
400 pages. A collector’s item,

featuring The Basics

-l

from the first 16 issues of BYTE and SCELBI’s
classic library of books. Your microcomputer
bookshelf is incomplete without this priceless edition.

ou can’t buy information
y organized like this any-
where. This is the book
that everyone who is into micro-
computers needs for reference,
for ideas, for clues to problem
solving. It is a truly authorita-
tive text, featuring easy-to-read,
easy-to-understand articles by
more than 50 recognized pro-
fessional authors, who know and
love microcomputers from the
ground up. Logical and com-
plete, it features many glos-
saries, and is illuminated with
profuse illustrations and photo-
graphs.

The Scelbi/BYTE Primer is
divided into four logical sec-
tions, that take you from point
“0” through building and pro-
gramming your own computer...
step-by-step-by-step.

What can you do with a micro-
computer? Checkbook balanc-
ing. Recipe converting and food
inventory. Heating and air condi-
tioning control. Home and busi-
ness security and management.
Playing the ponies. Analysis of
the stock market. Maintaining
massive data banks. Self-instruc-
tion. Toys and games. Small
business accounting and inven-
tory. And lots, lots more.

Circle 322 on inquiry card.

How does a microcomputer do
it? Lots of “how to” theory. In-
troducing you to microcomputer
operation. 6800, 6502, Z80 CPU
chip capabilities. RAM and ROM
memories. Addressing methods.

THE :
SGHE/EUTE
FRITIES

Over 400 pages. Selected articles
from BYTE and SCELBI books,
Profusely illustrated. Many
photographs. $10.95, plus $1
shipping and handling.

How to control peripherals.
Transmission of information to
and from computers. Magnetic
recording devices for bulk stor-
age. Analog to digital conver-
sion. How a computer can talk.
Other I/0 technigues. And more.

Order your copy today!

SCELBI COMPUTER

CONSULTING INC. BITS

Post Office Box 133 PP STN | 70 Main Street

Dept. B Peterborough, NH

Milford, CT 06460 03458
1-800-258-5477

Prices shown for North American customers.
Master Charge. Postal and bank Money
Orders preferred. Personal checks delay
shipping up to 4 weeks. Pricing, specifica-
tions, availability subject to change without
notice.

All about building a micro-
computer system. Over 12 com-
plete construction articles. Flip-
flops. LED devices. Recycling
used ICs. Modular construction.
Making your own p.c. boards.
Prototype board construction.
Make your own logic probes.
Construction plans for 6800 and
Z80 computers. Building plans
for I/0s — TV and CRT displays,
cassette interfaces, etc. Mathe-
matics functions. ROM program-
mer. Plus much, much more.

How to program a micro-
computer. Programming for the
beginner. Assembling programs
by hand. Monitoring programs.
Number conversions. Game of
Hexpawn. Design your own as-
sembler. Lots more.

And that’s only the beginning!
Others have spent millions ac-
quiring the type of microcom-
puter information found within
the 400 pages of The Scelbi/
BYTE Primer. But, it costs you
only $10.95, plus $1 for postage
and handling, complete! You
know the quality of Scelbi and
BYTE. This is your assurance of
excellence throughout this MUST
text. Order your copy today! And,
get one for a friend!
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Figure 7: A filter bank
feature extractor consists
of a number of bandpass
filters (BPF1 to BPF (N))
covering the range from
about 100 to 10 kHz.
The output of the filters is
rectified and [ow pass
filtered (LPF). Then it is
multiplexed and digitized
by the analog to digital
converter for input into
the computer.
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Using Filter Banks for Feature Extraction

A less accurate yet simple and inexpen-
sive method for obtaining a spectral repre-
sentation is a filter bank. It is widely used in
existing speech recognition machines, in-
cluding the most successful commercial
speech recognition system. As shown in
figure 7, a filter bank consists of a number
of bandpass filters, covering adjacent fre-
quency bands. The output of each filter is
full wave rectified, then smoothed and
sampled by an analog to digital converter
for computer input. The output of the con-
verter for any given filter is related to the
energy present in the frequencies of the
filter’s passband.

A filter bank is a useful tool for feature
extraction. It should be obvious that the
speech spectrum can change only as fast as
we can move our articulators. The con-
straints here are about the same as in the
case of volume changes mentioned before.
That is, a bandwidth of about 50 Hz is
sufficient to accurately represent spectral
changes. This gives us a sampling frequency
of 100 Hz. Assuming eight filters in our
filter bank, we get 800 digital words per
second of speech. [f the converter is ac-
curate to eight bits, the data rate is 6400
bits per second, quite reasonable for the
degree of accuracy retained. What makes a
filter bank even more exciting for feature
extraction is that a number of parameters
are available that can be manipulated to get
various tradeoffs of datarate versus accuracy.
Thus both simple and sophisticated systems
can be built using the same type of hard-
ware. The parameters available for experi-
mentation are:

® Number of bandpass filters.

® Bandpass filter bandwidth and center
frequency.

® Bandpass filter
characteristics.

® Amplitude compression.

® Smoothing cutoff frequency (sampling
rate).

skirt  (selectivity)

It should be obvious that the more filters
we have, the more accurate the spectral
representation. A filter acts as an averaging
device over the frequency in its bandpass
and thus it destroys local information. By
increasing the number of filters and restrict-
ing their passbands this averaging is done
over a smaller frequency range.

The bandwidth of the bandpass filters can
be the same for all filters but usually it varies
depending on the filter’s center frequency.
It has been shown that the ability of the ear
to discriminate between closely spaced
frequencies decreases when these closely
spaced frequencies are high. Based on this
observation, the bandwidth of the filters in
a filter bank is rarely, if ever, the same.
Instead it is set so that the higher the center
frequency of the bandpass filter, the wider
its bandwidth. The setting of a bandwidth
for a given center frequency is done usually
on the basis of experience in an effort to
have enough filters covering the areas of
greatest importance. Once a setting is
decided upon, based on some criteria,
experimentation may be required to opti-
mize that particular filter bank. Another
approach is to decide on some rule for set-
ting the bandwidths. For example, a success-
ful recognition system has been built using
filter banks of third octave bandpass filters

BAND PASS [FULL wave | Low pass ANALOG ANALOG TO
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Now Dynabyte blultfs t
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hree Great I!emorles

‘New, 16k and 32k fully statlc RAM S. Wlth either 250 ns. or 450 ns. (: 3

s s 1

Anc:lent Egyptians didn’t stop
with just one pyramid. The Great .
Pyramid stands on the Plain of
Gizeh with two other monuments
erected for kings and queens.

Dynabyte didn’t stop with one
16k dynamic RAM, either. Now
you can get 16k and 32k fully
static RAM’s that are built with the
same unmatched engineering
ability and manufacturing skill
that went into Egypt’s wonders of
the ancient world.

When we say built, we mean
completely built. Assembled,
tested and bumed in. We don’t
leave anything undone. That way,
you can buy any Dynabyte
memory and know that it is backed
by a factory guarantee for one full
year. Kits and semi-kits can’t
say that.

Our 16k static and our 32k
static are available with either 250
ns. or 450 ns. access time. Our
250 ns. module is completely
compatible with the 4MHz Z-80A
processors. The 450 ns. modules
are compatible with the 8080 and
the faster 3MHz 8085 processors.

The Great 16k Static
Memory. 250 ns., $555. 450
ns., $525.

¢ 4k block addressing along 4k
boundaries

Circle 110 on inquiry card.

* Bank Select

¢ Write Protect with alarm for
each 4k block

e Full Schmitt trigger buffering

* No DMA restrictions

¢ Complete S-100 bus com-
patibility, including the Alpha
Micro and Z-2.

The Great 32K Static
Memory. 250 ns., $995. 450
ns., $925.

¢ 4k boundary addressing
¢ Full Schmitt trigger buffering
* No DMA restrictions

',

32h Fully Static RAM

16k Dynamic RAM 16k Fully Static

typical access time. Assembled. Tested. Burned in. Guaranteed. ” "7 = <%
. Like our 16k dynamic- RAM Bunlt as solid as the 4, 400 year-old pyramlds b

¢ Conservative thermal design

¢ Complete S-100 compati-
. -bility, including the Alpha
Micro and Z-2.
The Great 16k Dynamic
Memory. $399.
¢ Highly cost effective
* No wait states
¢ Transparent refresh
¢ 16k addressing boundaries
¢ Widest S-100 mainframe and *
disk system compatibility

All of Dynabyte’s memories
meet rigid industrial grade stand-
ards. Design, components, con-
struction, testing and perfor-
mance. But if a module ever needs
repair, we provide factory service
with 24 hour tumaround for both
warranty and non-warranty work.

Ask for the Great Memories by
Dynabyte at your local computer
store. You can also pick up com-
plete product information while
you're there.

If you haven't got a local
computer store, write Dynabyte, Inc.,
atits new address: 1005 Elwell Court,
Palo Alto, CA 94303. Or call its new
number (408) 965-1010.

DINABYUTE

Builders of Great Memories

L
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BPF | Pt LPF ™,
C@——o
P +VCC
S
THRESHOLD
ADJ.
SPEECH IN o—= .
N-BIT WORD TO
. COMPUTER
L]
BPF(N) Pt LPF

Figure 8: Using a comparator after the low
pass filter in the filter bank simplifies
hardware and reduces data rate at the cost of
discarding useful information. The thresh-
olds should be adjusted for the voice of each
individual speaker. In addition, a good
automatic gain control circuit should pre-
cede the filter bank to normalize the time
domain signal.

covering the frequencies of 150 Hz to
10 kHz. Such filters are commercially
available for audio work.

The skirt or cutoff characteristics of the
filters in a filter bank is determined by the
following factors:

® A steep skirt will give better frequency
separation than a gently sloping one.
It will also make for abrupt transitions
from one filter to the other when a
formant crosses the boundary. This is
not necessarily bad but it might affect
some systems. Both skirt types are
used in practice.

® |t is desirable that the filter exhibit
linear phase shift in its passband. For
a given filter order, that means that
the skirts will be less steep than the
case without phase restrictions. In
general, this is not a serious considera-
tion for a practical system.

® The cutoff characteristics depend on
the order of the filter (the number of
mathematical poles it has in its design
equations). Higher order filters give
steeper characteristics but require more
poles and thus cost more.

® |t is desirable that filters overlap at
the three db points of their slopes.

The amplitude (volume) of the speech
signal is dependent on two factors that
cannot be controlled easily. These .are the
distance and orientation of the speaker with
respect to the microphone and the loudness

Ccomp —_— )

|~ +VCC
Q
THRESHOLD

ADJ.

of the voice at any given time. Volume also
varies constantly within a given word as we
have already seen. This can result in a 50 db
range for the amplitude of the speech
signal. The dynamic range of an 8 bit con-
verter which is most likely to be used in
the environment of computer experiment-
ers is 20 log (256)= 48.16 db. This seems
sufficient but it will give severe quantiza-
tion errors for low amplitude signals. The
lower the amplitude of the signal, the fewer
bits will be used to encode it, thus throwing
a lot of the information out. A 12 bit analog
to digital converter would help but it costs
too much and it wastes memory space in
an 8 bit machine because it takes a word and
a half to store its output.

A different approach would be to use
some form of amplitude compression before
the analog to digital conversion. An audio
automatic gain control circuit can be in-
serted between the audio source and the
filter bank. It will limit the dynamic range
of the signal by the amount of compression
it offers, usually in the range of 20 to
40 db. Such an automatic gain control cir-
cuit (AGC) should have very fast attack.
Its release time should be about two to
three times the lowest glottal period ex-
pected. It should not be less than that
because then it will tend to distort the
signal by compressing between glottal
pulses. Amplitude compression can also
be applied after the rectifier smoothing
filters by taking the logarithm of the signal
at that point. The logarithm operation is sug-
gested by the fact that our ears (and all of
our body sensors) respond to stimuli inten-
sity in a logarithmic fashion. This fact is
utilized in every audio amplifier in the
design of the volume control potentiometer
which is made logarithmic so sound will



The AJ) 8411/0.
A completely
refurbished IBM Selectric
Terminal with built-in ASCI

interface. Just $995.

FEATURES:

e ASCI code.

¢ 14.9 characters per second printout.

e Special infroductory price — $995
(regularly $1195). 75% discount from

original price of new unit.

Parallel Inferface
(requires parallel
port for |/O
fransmission)

Order direct from
factory. \

Documentation
included.

30-day warranty
parts and labor,

High quality %‘
Selectric q
prinfing. s

available upon request!

4.
5.

HOW TO ORDER AN
AJ 841 1/0 TERMINAL

Make cashier’s check or money order
payable to:
ANDERSON JACOBSON, INC.
Address your request to:
Personal Computer Terminal
ANDERSON JACOBSON, INC.
521 Charcot Avenue
San Jose, CA 95131

. Upon written notification, pick up your

terminal at the AJ service office
located in one of the above cities.
Allow six fo eight weeks for delivery.

. A final check of your unit will be made

at the local AJ service office at fime of
pickup.

For warranty or repair service, return
unit fo designated service location.
Availabie in U.S. only.

Circle 10 on inquiry card.

* RReliable, heavy duty Selectric
mMmechanism.,

o Off-line use as typewriter.

AJ 841 WARRANTY AND SERVICE
IS AVAILABLE IN THE
FOLLOWING CITIES:

\

Los Angeles/ Cincinnati
Philadelphia/ Detroit
Hackensack / Dallas
Columbus/ Housfon
Cleveland/ Atlanta
SanJose/ Chicago
Boston/New York
Wasshington, D.C.

For further
information call
(408) 263-8520

A ANDERSON
JACOBSON

Anderson Jacobson, Inc., 521 Charcot Averue
Son Jose, California 95131
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CLIP AND MAILWITHORDER |

i

SELECT EITHER: O EBCD keyboard [ Correspondence keyboard [ ]
Number of units @ $995 each 8 [ |
Sales tax at delivery location S =

Shipping and handling $35 [ ]

each (excluding San Jose) [

TOTAL $ [ |
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NAME |
|
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seem to increase linearly with shaft rotation.
The disadvantage of taking the logarithm of
the smoothed signal is of course the number
of required log circuits which is equal to the
number of the filters in the filter bank. The
logarithm can also be taken by having an
analog to digital converter that converts
logarithmically. There is such a product
available from Precision Monolithics Inc.
It is the DAC-76 companding digital to
analog converter that can be used to build an
8 bit logarithmic analog to digital converter.

As a final note to amplitude processing
we should mention a method used in a num-
ber of small systems. In its simplest form it
consists of using in the place of the multi-
plexer and the analog to digital converter a
number of comparators which change state
when the input voltage exceeds a preset
threshold as shown in figure 8. The output
of the comparators forms an N bit binary
word where N is the number of the filters
in the filter bank. This gives a significant
reduction in data rate and works for small
vocabularies of the order of 8 to 12 words.
It requires a good automatic gain control
before the filter bank, and its major weak-
ness is that the comparator thresholds
have to be manually adjusted for each
individual speaker. A variation of this

DIGITAL FREQUENCY
PROFILE CONVERSION

it l
—

s
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i
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C: COMPARATORS
A; AMPLIFIERS

Figure 9: The differential comparator
feature extractor detects which one of two
adjacent bandpass filters has the highest
energy. The output of each pair of filters is
summed together and compared with the
sum of the next pair of filters, yielding
another, coarser comparison from the
frequency viewpoint. In this example, the
output of eight filters (we assume that the
output of the blocks labeled BPF is the
rectified and smoothed output of the
bandpass filters) is encoded into a 7 bit
digital word. The computer performs pattern
recognition on time varying sequences of
these 7 bit words.

method is used in a commercial recognizer
made by Scope Electronics (US Patent
#3,812,291). In that system the compara-
tors are connected between two consecutive
filter outputs to detect the slope or frequency
profile. Figure 9 shows this differential com-
parator connection. Compared to the fixed
threshold method it has the advantage that
no adjustment for the individual talker is
needed and the automatic gain control be-
fore the filter bank is not necessary. Its dis-
advantage is that it throws away more infor-
mation than the fixed threshold method.
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Memory is an important part of a computer
system. So don’t even think of settling for a
poor quality RAM board. Central Data offers
carefully engineered 16K, 24K and 32K RAM
boards to suit your needs. We take our RAM
boards seriously, so should you.

Reliability. Each one of our boards comes com-
pletely assembled, tested and burned in. No
fiddling with an infinite number of parts from a
kit or costly investment in equipment to test
your board. Each one of our boards is backed by
a one year warranty to insure your satisfaction.
Expandability. We offer a 16K RAM board
with capacity to 32K. You can purchase a 16K
board and expand later or buy a full 32K.
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Performance. Unlike some dynamic memory
boards, ours uses an invisible refresh that inserts
refresh cycles between your computer’s normal
memory access cycles. This eliminates loss in
performance of your computer with lengthy
refresh cycles.

Power. Our board uses less than one-half the
power of a static RAM.

Price. You can buy a 16K RAM board, com-
pletely ready to use, for only $289. A full 32K
RAM board is available for $475, or you can
add on later for only $200.
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Figure 10: The frequency
response of the two filters
is designed to separate
F1 and F2, when used in a
zero crossing based for-
mant detector. The filter
characteristics overlap in
the region of formant
overlap but their slopes are
designed to separate the
two formants.
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The final parameter that can be adjusted
in the filter bank feature extractor is the
cutoff frequency of the smoothing filters.
Reducing it reduces the data rate. Depending
on the amount of reduction significant infor-
mation may or may not be lost in this step.
Sampling the output of the filters every 20
to 30 ms is tolerable in small vocabulary
systems. The main consideration here is to
find a combination of number of filters,
analog to digital conversion quantization
and sampling rate that will maximize the
information retained and minimize the data
rate of the pattern.

In summary, a filter bank offers a good
yet inexpensive real time feature extractor
which can be utilized in a speech recognition
system. Properly used, it has performance
similar to systems based on linear prediction
residuals, a state of the art digital signal
processing technique.

Zero Crossing Detectors

Another feature extraction technique
that was popular for its simplicity in the
early days of speech recognition is formant
tracking using zero crossings. It is interesting
to note that probably the first widely known
speech recognizer capable of recognizing the
digits was built in 1952 at Bell Labs using
formant tracking based on zero crossing
measurements. The contraption was gro-
tesque by today’s standards, using vacuum
tubes as active elements and capacitors for

97 percent recognition accuracy. lts formant
tracker was based on two well known
principles: First F1 and F2 formants span
two different frequency ranges, that is F1
moves roughly between 200 and 1000 Hz
and F2 moves between 800 and 3500 Hz.
There are cases for which this is not true
but for about 98 percent of the time this
holds for any speaker, man or woman.
Second, F1 and F2 of a given speaker for a
given vowel remain about the same day after
day of testing. (This is not true for the
same vowe! pronounced by different speak-
ers and thus the machine has to be trained
to a given speaker before it can recognize his
or her speech.) This means that we could
isolate the first two formants and they
would be useful as features. Two bandpass
filters centered around the respective
formant regions would separate the formants
except when they are in the overlapping area
of 800 to 1000 Hz.

It turns out that when we highly amplify,
then clip a signal to obtain the instances
when the signal crosses zero, the problem is
taken care of automatically. If the bandpass
filters slope in the overlap region as shown in
figure 10, F1 will always be stronger than F2
at the output of the F1 filter and vice versa.
The clipper has a property called “capture”
which means that any signal that is a few db
or more stronger than another will swamp
out the weaker signal and the output of the
clipper will contain only the strong signal.

memory. It was claimed that it achieved This phenomenon occurs also in FM radio
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Fli
5
-10
=[5
=20
2
~30 1 JIET N I 1 IIJJ.
100 200 300 400 500600 800 IK 2K 3K 4K 5K 6K 7K BK9K




Radio Shack’s personal computer system?
This ad just might make you a heliever.

TRS-80 “Breakthru”

® TRS-80 microcomputer
® 12" video display

® Professional keyboard

® Power supply

e Cassette tape recorder
" e 4K RAM, Level-I BASIC
e 232-page manual

® 2 game cassettes

You can’t beat
the 4K system at

$599

...or the step-up
16K system at

$899

TRS-80 “Sweet 16”

® Above, except
includes 16K RAM

...or the fast
4K/printer system at

$1198

TRS-80 “Educator’”’

e Above, except
includes 4K RAM and
screen printer

...or the Level-ll TRS-80 “Professional”

16K/printer/disk « Above, except
system at Ljr}(s:kudrei?/e, expansion

interface, and
Level-ll BASIC

$2385

So how are you gonna heat the system that
does this much for this little? No way!

... The amazing new
32K/Level-11/2-disk/

line printer system at = cprinter,
$3874 " @"

Get details and order now at Radio Shack stores and dealers in the USA, Canada, UK, Australia, Belgium, Holland, France, Japan.
Write Radio Shack, Division of Tandy Corporation, Dept. C-002, 1400 One Tandy Center, Fort Worth, Texas 76102. Ask for Catalog TRS-80.

Radie fhaek

Prices May Vary at Individual Stores and Dealers The blggest name in little COmpUterS

TRS-80 “Business’”’

e Above, except
includes 32K RAM,
line printer,

BYTE Junc 1978 73



74

June 19784€ BYTE Publications Inc

BUFFER

7-8IT
7| F1 COUNTER

Fi ZERO CROSSING
DETECTOR
// SREQICTIER (COMPARATOR)

AUDIO
(-i prEAMP [ T

F2
PREFILTER

ZERO CROSSING
P> —»DETECTOR
(COMPARATOR)

7-8BIT 7 |
™ F2 COUNTER \X AR

FULL WAVE 20Hz
—-1
RECTIFIER

LP FILTER

COUNTER RESET
{FROM COMPUTER)

reception with a limiting (clipping) inter-
mediate frequency (IF) stage. It is one of
the reasons FM was chosen for quality
broadcasting, ie: it is not susceptible to
interference from other weaker stations
or interference from noise. Filtering and
capture ensure that the output of the
clipper contains only one frequency, the
formant we are tracking. Determining
what that frequency is requires nothing
more than counting how many times the
square wave output of the clipper crosses
zero within a given interval, perhaps 20 ms.
The data rate of the zero crossing formant
extractor (see figure 11) is quite low, about
50 samples per second consisting of two
8 bit words per sample, a total of 800 bits
per second.

In practice it works well with vowels,
especially if there is no significant F1 and
F2 overlap. Formant overlap and noise do
affect its performance and thus limit its
applicability. It is perhaps the simplest viable
feature extractor that can be used and it
does not contain any critical analog cir-
cuitry. One word of caution about the
implementation, learned the hard way: an
8080 processor running with interrupts
generated by the rising and falling edges of
the clipped F1 and F2 signals is not fast
enough to keep up with the pace in some
cases and data is lost. Rather than trying
an all software approach, | recommend that
two hardware counters be used, read and
reset by the computer every 20 ms. These
counters are shown in figure 11.

Pattern Recognition

A set of features representing a word is a
pattern corresponding to this word. Pattern
recognition is the process by which, given an
unknown pattern, we decide which word

7 e
N
[ .
BOUNDARY -
»{DE TECTOR BUFFER >
(COMPARATOR) / | 8
=
THRESHOLD
e 8 BIT DATA
h BUS TO
COMPUTER

Figure 11: A zero crossing formant extrac-
tor. The zero crossing method of formant
extraction uses two special bandpass filters
to separate the formants. The output of the
filters is passed through a zero crossing
detector (a comparator whose threshold is
set to zero) that puts out a logical 1" or a
“0" depending on whether its input is
positive or negative. The output is fed into
a counter for each formant and the number
of “0” to “1” transitions is counted for 20
ms. Then the counters are read by the
computer and reset to start the next 20 ms
counting period. An envelope detector
(rectifier followed by a low pass filter) feeds
a comparator whose threshold is set to de-
tect word beginnings and endings.

this pattern represents. An alternate term is
pattern classification. A basic process of
pattern recognition is template matching.
The unknown pattern is compared to a
number of reference patterns stored in mem-
ory and the differences between the
unknown and the references are noted.
Obviously the smallest difference indicates
a best match and the unknown word is the
word that corresponds to the reference
pattern that gave the smallest difference.

There exist many ways to compare two
patterns. Since features are represented by
numbers, the most straightforward way is to
compute the numerical difference between
corresponding samples and then sum all
those differences. That sum would be a
measure of similarity between the patterns.
There is a small precaution to be taken in
practice when computing the sum of the
differences. All differences should be posi-
tive. Otherwise when we sum them, negative
differences will cancel positive ones and the
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effect would be a smaller total difference
than is actually the case. To make sure
that all differences are positive we can take
the absolute value of the differences before
we sum them. This is done simply by making
any negative distances positive and leaving
the positive ones alone. A fancy name for
the absolute value of feature differences is
“Chebyshev distance.” “Euclidean distance”
is another fancy name used to denote the
square root of the sum of the squares of
individual differences. The square of 2 num-
ber is always a positive number and this
overcomes the problem of adding differences
with different signs. Squaring takes much
more time than finding the absolute value
and it turns out it is no better than the abso-
lute value as an indicator of degree of match.

Another pattern recognition technique
not based on template matching is “linear
discrimination.” It is not very useful in
practice but it excites people’s mathematical
instincts enough to write papers about it so
we will mention it for the sake of complete-
ness. If we view the features as dimensions in
a multidimensional space (also called hyper-
space), a pattern becomes a point in that
space. If the points for all pronunciations of
a word cluster together in a region of this
hyperspace and regions corresponding to
different words do not overlap, we can de-
fine hyperplanes that separate these regions.
To classify a pattern then we can check to
see if it is in a region enclosed by a given set
of hyperplanes and keep checking until we
find which region it corresponds to. If the
regions cannot be separated by hyperplanes
the feature space is not linearly separable
which means that we can try to enclose the
regions in sections of hyperplanes. It often
turns out to be a matter of luck whether the
feature space turns out to be even non-
linearly separable. The net result is that
linear discrimination is often difficult if not
impossible to use in practice.

Pattern recognition can also be achieved
using a set of tests on a pattern to decide
which word it represents. A simple example
of that method is the rules used in the pre-
viously mentioned case of the volume signal
to determine which one of the three words
acceptable to the system has been pro-
nounced. In a more complex system it is not
very easy or accurate to do all the recogni-
tion by rule. Too many rules might be re-
quired and mistakes in the application of
key rules might cause misrecognition or re-
jection. This last problem does not occur in
template matching because each feature has
equal say in the decision process; therefore
a few bad features do not affect the result.

Rules can be used successfully together
with template matching to speed up the

matching procedure or to act as an addi-
tional accuracy check. For example, in a
recognition system that accepts the digits
0 to 9, we might recognize a word as “‘six”
by template matching but we may not be
very sure that it is actually a “six”’: while
the distance from the reference correspond-
ing to “‘six’’ was the smallest it might also be
too close to the threshold for a conclusive
determination. Applying the rule that both
the beginning and end of “six’’ have to be
unvoiced we can either confirm our re-
cognition or increase the suspicion that
something is wrong, depending on the out-
come of the test. In another situation we
might check before template matching to
see if the volume of the word has two
approximately equal humps. If this test is
passed we can then do template matching
on the words “seven’ and ‘“‘zero’” which are
most likely to exhibit a 2 humped volume
pattern. |f template matching on one of
these words gives a very good match well
below threshold, we could accept it without
further tésting of the other patterns, thus
saving testing time.

An interesting hybrid (template matching
combined with discrimination by rule)
recognition scheme is phonemic pattern
recognition. |t is based on the observation of
phoneticians that human words are made up
of a limited number of building blocks
called phonemes. In English there are about
50 distinguishable  phonemes.  These
phonemes were designated mainly by
listening tests. Trying to automatically
extract the phonemes is very difficult be-
cause our machines do not even approach
the generalizing capabilities of the ear when
it comes to speech. Proposals have been
made to use from 200 to 700 basic units of
speech for machine recognition in the hope
that it will be easier to discriminate between
those less general “phonemes.” Reducing a
word to a sequence of phonemes gives us a
very low data rate pattern and simplifies pat-
tern recognition, assuming of course that
phoneme extraction is accurate. Phoneme
extraction can be done using template
matching, and recognition of a phonemic
sequence can be done by rule.

Unfortunately in real life things are not
that easy. The number of individual phone-
mes a machine can recognize depends on the
type and number of features its preprocessor
extracts. There exists no way to find out for
sure what are the essential features that
determine the phonemes for a given system
except by tedious trial and error. In addi-
tion, coarticulation effects tend to change
the pattern of phonemes depending on the
phonemes that come before and after it.
These effects can generate quite drastic



LOADED WITH EXTRAS
AT NO EXTRA COST

Microprocessor controller

Serial RS232C interface

Parallel TTL level interface

Full upper and lower case

ASClicharacter set (96

characters)

+ Full 8%z inch wide paper

*» Line length of 80 columns at
10 characters perinch

* Impact printing

+ 7x7 dot matrix

» Qrdinary paper—roll, fanfold,
or sheet

+ Serialbaud rate to 1200 bits
per second

e Multiple tine butfer of 256
characters

* Built-in self test mode

+ [nstantaneous printrate to
100 characters per second

+ Sustained throughput to 50
characters per second

» Muiltiple copies without
adjustment

« Reinking ribbon mechanism

+ Expected ribbon life of 10
million characters

« Front panel operator controls

« Attractive table top console

Circle 177 on inquiry card.

Check the
impressive
features on
Integral’s
new IP-125
Impact Printer
only $799

Complete, ready-to-operate ...

the firstimpact printer to offer
big printer performance ata
mini-printer cost.

Write for complete information
orcall (617)926-1011

Integral
Data Systems

BBRIDGE STFREET i
 WATERTOWN, MASS. 02172
E o e a0 "
st *ar

-

. AND FOR VERY LITTLE MORE

Line lengths to 132 columns
Instantaneous print rate to
165 characters per second
Sustained throughput to 80
characters per second

Print densities of 8.3, 10, 12
and 16.5 characters perinch
Options program selectable
by control codes

Full CRT screen size multiline
buffer (2048 characters)
Special set of graphic symbols
Graphics mode dot plotting
Form feed control

Eight switch selectable form
sizes

Automatic page boundary
skip

Remote printer selection/
deselection

Automatic line feed on
carriage retumn

1P-225
“The Tractor Impact”
only $94g

the pin feed version of the {P-125 with
tractor drive forms contral plus ali the

e gt Y .-"."'"-
i R 1’:‘.*’:’::_ ik =g J oy

standard features of the IP-125.

BYTE Junc 1978 77



78

June 1978 © BYTE Publications Inc

changes in the pattern of a phoneme to the
point that template matching is useless for
recognition. In those cases some form of
recognition by rule should be applied to
separate the phonemes.

These problems are compounded by the
fact that when we decide which phoneme
represents a segment of speech we throw
away all the features that make up the pat-
tern for that speech segment. As a result, if
our decision was mistaken for some reason,
we have lost that portion of the speech pat-
tern and even worse, we have substituted a
potentially confusing phoneme. This s
always a problem when we compress data
too much. A piece of bad information can
have very unpleasant consequences because
due to the high compression factor there is
not very much information available on
which to base alternate decisions. A way
around this problem would be to store the
raw data until the final decision is made.
If we are not confident in our decision for
some reason we could go back and check
the point of dispute. This is an example of
the hypothesize and test method where on
the basis of incomplete information a
hypothesis is made as to what the word is
and then the data is checked closely to
either verify or reject the hypothesis. A
disadvantage of this method is that it is
time consuming computationally. The alter-
native to storing thousands of reference pat-
terns in memory for template matching on a
large vocabulary is cumbersome, to say the
least. Finding a best match with templates
when the vocabulary is big will take too
much time even on very fast computers.
Training the machine by storing reference
patterns is still another disadvantage of
template matching when the vocabulary is
large because it takes a lot of user time to
pronounce the training words.

Recognition of connected speech cannot
be done using a simple template matching
recognizer for two reasons that also com-
plicate recognition of phonemes: First, it is
very difficult to find word beginnings and
endings in connected speech. Second,
adjacent words affect pronunciation because
of coarticulation. Practical recognizers at
this time are limited to isolated word recog-
nition and they require that each word be
spoken individually. This is not as restrictive
as it might seem because, with practice,
words can be pronounced in sequence quite
rapidly, up to 70 words per minute. Other
usual restrictions on current pattern recog-
nizers are the need for low ambient noise
and a cooperative speaker. Cooperative here
means a speaker who is willing to pronounce
the words clearly, evenly, and with a con-
scious attempt at uniformity.

An Example of a Speech Recognizer

The basic components of any speech
recognizer are the feature extractor and the
pattern recognizer. The feature extractor
is also called the “front end” or ‘“preproc-
essor” and it is usually made up of analog
circuits. The pattern recognizer nowadays
is always a digital computer. We have seen an
overview of what these two basic functions
are, how they relate to the speech signal and
how they are usually implemented. It is
time now to give a block diagram of a speech
recognition system using a particular method
and go into greater detail about the func-
tions and implementation of the various
elements. | have chosen for this example a
filter bank analyzer because | believe this
particular approach will give the best results
with the 8 bit microprocessors popular
with computer amateurs. It is also a well
known and proven approach, thus more
likely to give consistent results than any
other method. It is not the simplest possible
approach and | expect to see a number of
simple recognizers for personal computing
machines based on zero crossing detection
methods or combinations of zero crossing
analysis and some sort of filtering. While
it is possible that unusual feature extractors
could give surprising results, the chances
of something like that happening are very
small. Speech recognition has a history
about 30 years long and during that time
many schemes have been tried, none of
which gave better results in practical real
time situations than the filterbank feature
extractor.

Figure 12 is a block diagram of a com-
plete filter bank feature extractor. Let us
pay close attention to the specifics of
its elements.

Microphone

If the system is to operate in a quiet
room, the only consideration for the micro-
phone would be a reasonably flat frequency
response extending to about 8 kHz. In
practice a quiet room is rarely the case.
Radios, passing cars, the TV, the Teletype,
the phone ringing, people talking are all
usual sources of background noise which
might trigger the recognition system or
interfere with the words to be recognized.
Once this background noise mixes with the
desirable signal there is not very much we
can do to separate them. The most benefit
in a noisy situation can be derived by
achieving high signal to noise ratio at the
microphone. This can be accomplished
either by using a close talking microphone
like the ones used by aircraft pilots or
telephone operators or by using a direc-
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tional microphone. A directional micro-
phone such as a cardioid will work best
when the speaker is facing the noise source
and there is no sound reflecting surface
behind him. This last point is easy to over-
look when using a directional mike so it is
very important to remember that noise can
get to the mike in its sensitive direction by
reflection. A close talking mike depends
basically on its distance from the speaker’s
mouth to separate between noise and speech
and it is most helpful when the speaker
moves unpredictably with respect to the
noise source and when the environment
is very noisy and reflective. The microphone
should be positioned close to the mouth
using a headphone strap or an eyeglass clip.
This may or may not be a disadvantage
depending on the application.

Audio Preamplifier

The audio preamplifier is quite straight-
forward in design being just a low level audio
amplifier with flat frequency response unless
it is used to equalize the response of the
mike. There should be provisions to adjust
its gain so that it can be matched to differ-
ent mikes or background noise conditions.
This is an infrequent adjustment and it
should be hidden from the casual user.

Changing the gain of the preamp affects
the point at which the automatic gain con-
trol starts compressing and it should be
done carefully.

Automatic Gain Control

As mentioned previously, the AGC
should have very fast attack because in many
instances the volume of speech increases
very rapidly. Its release time should be 30
to 60 ms, fast enough to follow instances
of quick decaying speech volume but not so
fast that it will compress between glottal
periods. If the AGC has a compression range
of about 40 db it functions as amplitude
normalizer so we do not have to do any
normalization of the filter outputs in the
computer,

Filter Bank

Eight filters were chosen for the filter
bank simply because analog multiplexers
are available with either 8 or 16 inputs
and 16 filters are just too many. Another
reason is that a workable system can be
made with six filters as shown by George
White (see references) and eight will cer-
tainly give adequate performance. There
is a compromise made here between cost
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required storage and processing time on one
hand and frequency resolution on the other.
An interesting study will be to vary the
number of filters in a given recognition
system from let’s say 1 to 16 and plot the
recognition accuracy versus the number of
filters. The center frequencies and the band-
widths given for the filters are merely an
educated guess, based on knowledge of
where the “action’ is in the speech spectrum
and on experimental results published so
far