
We've gathered the family to show you why 
PERCOM 'S™ Number 1 

in cassette data systems for microcomputers. 
Pardon us for doing a little boasting, but we're proud of our 
family. Proud of each member's reputation for performance and 
reliability. And pleased that we can offer the best in cassette 
data systems and data terminal interfacing at low, home-com-
puting prices. 

It took more than guts and a little luck to 
forge a position of leadership. We're 
nunnber 1 because you get more when 
you buy PERCOM™. The reason, simply, 
is experience. Every product described 
in this ad is based on nearly 10 years of 
crucial involvement in the design and 
manufacture of computer peripherals 
that use cassettes for mass storage. 

Experience. It's why we developed a 
more reliable data cassette for home 
computing. Why our interfacing units 
provide both cassette and data terminal 
interfacing. Why you get the fastest, 
most reliable cassette data rates from 
PERCOM™. Experience. It'sfAje reason 
for PERCOM™. 
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For y o u r S S - 5 0 bus c o m p u t e r — t h e 
C I S - 3 0 + 

• Interface to data terminal and two cas-
sette recorders wit t i a unit only 1/10 
the size of SWTP's AC-30. 

• Select 30, 60, or 120 bytes per second 
cassette interfacing, 300, 600 or 1200 
baud data terminal interfacing. 

• Optional mod kits make CIS-30+ work 
with any microcomputer. (For MITS 
680b, ask for Tech Memo TM-CIS-
3 0 + — 0 9 . ) 

• KC-Standard/Bi-Phase-M (double fre-
quency) cassette data encoding. De-
pendable self-clocking operation. 

• Ordinary funct ions may be accom-
plished wi th 6800 Mikbug^" monitor. 

• Pr ices: K i t , S79 .95 ; Assemb led , 
S99.95. 

Prices include a comprehensive instruction 
manual. Also available: Test Cassette, Re-
mote Control Kit (for program control of 
recorders), IC Socket Kit, MITS 680b mod 
documentation. Universal Adaptor Kit 
(converts CIS-30+ for use with any com-
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For y o u r S - 1 0 0 c o m p u t e r — t h e C I - 8 1 2 

• Both cassette and data terminal inter-
facing on one S-100 bus PC board. 

• Interfaces two recorders. Record and 
playback circuits are independent. 

• Select 30, 60, 120, or 240 bytes per 
second cassette interfacing, 110 to 
9600 baud data terminal interfacing. 

• KC-Standard/Bi-Phase-M (double fre-
quency) encoded cassette data. De-
pendable self-clocking operation. 

• Optional f i rmware (2708 EPROM) 
Operating System available. 

• Pr ices : k i t , S 9 9 . 9 5 ; assemb led , 
$129.95. 

Prices include a comprehensive instruction 
manual. In addition to the EPROM Operating 
System, a Test Cassette, Remote Control Kit 
(for program control of recorders), and an IC 
Socket Kit are also available. 

puter). MIKBUG® Motorola, Inc. 

For y o u r d a t a s t o r a g e — P i l o n - 3 0 " " 
d a t a c a s s e t t e s 

• Orders-of-magnitude improvement in 
data integrity over ordinary audio cas-
settes. 

• Pilon-coated pressure pad eliminates 
l in t -producing felt pad of standard 
audio cassettes. 

• Smooth pilon coating minimizes erra-
tic tape mot ion. 

• Foam pad spring is energy absorbing. 
Superior to leaf spring mounted pad 
which tends to oscillate and cause f lut-
ter. 

• Five-screw case design virtually pre-
cludes deformation dur ing assembly. 

• Price: $2.49. 

P E R C O M " ' p r o d u c t s m a y be p u r c h a s e d 
f r o m h o m e c o m p u t e r d e a l e r s n a t i o n -
w i d e , or m a y be o r d e r e d d i r e c t f r o m t h e 
f a c t o r y . * 

•Texas res iden ts m u s t inc lude an 
additional 5 % for factory orders. IVIC & 
Visa cards honored. 

PERCOM™ 'peripherals for personal computing' 

PERCOM DATA COMPANY, INC. 
D E P T . K 

318 BARNES • GARLAND, TEXAS 75042 
Phone:(214)276-1968 
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Converting a binary num-
ber to one's complement. 
Write down the binary num-
ber. Then invert each bit — 
that is, change each 1 to a 0 
and each 0 to a 1. For ex-
ample, the one's complement 
of 10110 is 01001. 

Converting an octal num-
ber to one's complement. 
Write the octal number. Then 
above each digit put a 7. Now 
subtract each bot tom digit 
from the top digit. 

To convert the octal 0145, 
for example, you proceed like 
this: 

7 7 7 
± 

7 

7 6 3 2 

7 7 7 7 7 8 0 0 
-0 -2 -3 -0 -7 -5 -0 -0 

7 5 4 7 0 3 0 0 

Example 2. 

Remember that in the 
binary number that's actually 
in your computer, each 0 is 
being inverted into a 1 as you 
complement. Any extra zeros 
you put in wi l l produce extra 
ones in the complement. For 
example, octal 5 is binary 
101. But it is also 0101, 
00101, 000101, etc., since 
putt ing extra zeros in f ront of 
a binary number does not 
change it. But look what 
happens if you t ry to get the 
one's complement (Fig. 1). 

An octal 5 can have many 
different complements; but 
notice that the only differ-
ence between them is the 
presence of extra ones at the 
left. The solution is to use 
only as many ones at the left 
as wil l f i t the word length of 
the computer being used. For 
example, in an eight-bit com-
puter the complement of 5 
would be 11111010 binary, 
or 372 octal. 

So, whenever you f ind the 
complement of any number, 
always be sure to keep in 
mind the word length of your 
computer, and modi fy the 
answer to f i t your word 
length. In the case of hobby 
c o m p u t e r s , this problem 
usually arises on either the 

Heath H8 computer or any 
8008 system, which use octal 
wi th an eight-bit word length. 
Since the leftmost octal digit 
of any octal number on these 
computers only stands for 
two binary digits, the largest 
it can be is octal 3 (or binary 
11). Hence, any complement 
that starts wi th a digit greater 
than 3 is wrong. The usual 
tr ick is to subtract a 4 f rom 
the leftmost digit. 

Suppose you want the 
one's complement of 005. If 
you fo l low the rule for con-
verting, you get 

777 
-005 

772 

Since the leftmost digit is 
greater than 3, there is an 
extra bit. Remove it by sub-
tracting 4 f rom it , so the 
actual complement is 372. 

Converting a hex number 
to one's complement. T h e 
rule is the same as for octal 
numbers, except that we 
write a 15 above each digit 
and convert hex digits to and 
f rom decimal. 

The one's complement of 
hex 68 is hex 97. 

15 
- 6 

15 
- 8 

15 
- 9 

15 
-E (14) 

1 

Binary Number 

101 
0101 

00101 
000101 

Binary Complement 

010 
1010 

11010 
111010 

Fig. 1. 

Octal Complement 

2 
12 
32 
72 

have to convert 14 to a 
E: 

hex 

Write the binary number. 
Now f ind the rightmost 1 and 
put a vertical line just to the 
left of it. Invert all bits to the 
left of this line. Leave the bits 
to the right of the line un-
changed. 

Convert the binary num-
ber 10110 thus: 

1 0 1 1 0 
0 1 0 1 0 

15 15 
0 1 0 1 0 

A invert leave 
9 14 (E) alone 

The one's complement of hex 
9E is hex 61; we have to 
convert E to 14: 

The one's complement of hex 
61 is hex 9E; this t ime we 

The same warnings about 
extra ones in the complement 
apply here as when using 
octal numbers; but we don't 
usually have to worry about 
it because in most computer 
systems the number of bits 
matches the hex digits ex-
actly. For example, the two 
hex digits used in eight-bit 
computers like the 8080 or 
6800 match the word length 
exactly. 

Converting numbers in 
one's complement to two's 
complement. As mentioned 
before, most systems use 
t w o ' s rather than one's 
complements. It's easy to 
convert f rom one's to two's 
complement: add 1. If the 
one's complement of some 
number is 110, the two's 
complement is 111; if it's 61, 
the two's complement is 62; 
if it's 9B, the two's comple-
ment is 9C - adding 1 to B 
(which is 11) makes it C (12). 

Be careful how you add 1 
— it has to be done right. For 
example, if the one's comple-
ment is a binary 101, adding 
1 does not give you 102 
because a 2 is not allowed in 
binary! 101 plus 1 is 110 
(refer to the table). 

Although this is irrelevant 
anyway since there are other 
ways of converting, it is of 
some interest since many 
microprocessors convert to 
the two's complement by 
first f inding the one's comple-
ment and then adding a 1. 
For instance, the Intersil 
6100 has a CIA (complement 
and increment accumulator) 
i n s t r u c t i o n . {Increment 
means to add one.) 

Converting a binary num-
ber to its two's complement. 

The two's complement of the 
eight-bit number 00000101 is 
11111011: 

0 0 0 0 0 1 0 
1 1 1 1 1 0 1 

invert 

Converting an octal num-
ber to its two's complement. 
Write the octal number and 
see whether it has any zeros 
at its right end (ignore zeros 
in the middle or at the left). 
If so, put a zero above each 
zero at the right. For in-
stance, if you wanted to con-
ve r t t he oc ta l number 
02307500, you would now 
have 

0 0 

0 2 3 0 7 5 0 0 

Continue from the right and 
put an 8 above the next digit 
and a 7 above each of the 
others. Finally, subtract each 
digit f rom the one above it 
(see Example 2). The two's 
complement in this case is 
75470300. 

Just one warning: Every-
thing we said about extra 
ones in the one's complement 
conversion applies here, too. 
For instance, in an eight-bit 
computer the complement of 
005 would be 373, not 773. 

If you f ind this method 
too hard to remember, you 
can always convert your octal 
number to binary, f ind the 
two's complement of that, 
and then convert that back to 
octal. 

Converting a hex number 
to its two's complement. 
Look at the hex number to 
see whether it has any zeros 
on the right end (ignore zeros 
in the middle or at the left). 
If i t does, put a zero above 



each of these r ightmost zeros. 
To convert COBO, you would 
wri te: 

0 
C O B O 

Continue f rom the right and 
write the number 16 above 
the rightmost nonzero digi t 
of the hex number; wr i te 15 
above each of the other 
digits. Finally, subtract each 
of the hex digits f rom the 
number above it, converting 
f rom letters to numbers — or 
back if needed. COBO con-
verts to 3F50 (Example 3). 

As another example, the 
two's complement of hex 05 
is FB: 

15 
- 0 

16 
- 5 

15 
-F (15) 

0 

16 
-B (11) 

15 15 16 0 
-C (12) l O - B (11) 

3 1 5 ( F ) 5 0 

Example 3. 

15 (F) 11 (B) 

By the way, the two's 
c o m p l e m e n t of a two's 
complement is the original 
number; the two's comple-
ment of FB is 05: 

Converting Decimal to BCD 
Many computers allow 

calculations to be done in 
binary coded decimal (BCD) 
rather than only in binary. 
(BCD is a combinat ion of 
binary and decimal.) Con-

verting decimal to BCD is 
performed in the same way as 
convert ing hex to binary: 
Replace each decimal digit by 
its four-bit binary equivalent 
f rom the table. To convert 
decimal 93, replace 9 by 
1001 and 3 by 0011 to get 
10010011. 

Notice that this result is 
d i f ferent f rom the 01011101 
you would get if you con-
verted 93 to binary. In con-
verting to binary, you convert 
an entire decimal number at 
once; in convert ing to BCD, 
you convert only one digit at 
a t ime. 

Watch out for one big area 
of confusion. If you convert 
decimal 93 to BCD you get 
10010011, which looks l ike 
binary. Consequently, you 
might be tempted to convert 
this " b i n a r y " number to hex, 
by fo l lowing the standard 
procedure, t o get 93. 

This might fool you in to 
th ink ing that hex 93 is the 
same as decimal 93, which is 
not so. The " h e x " 93 is not a 
true hexadecimal number; i t 

is only a f o r m of shorthand 
that allows you to express the 
bi t pattern 10010011 in a 
simpler fo rm. If you were 
employing an assembler that 
used hex, you might use what 
looks l ike hex 93 when you 
really meant BCD 10010011. 

BCD to Decimal 
This conversion is the 

same as that for binary to 
hex: Arrange the bits in 
groups of four starting f rom 
the right, and convert each 
group into hex using the 
table. For instance, BCD 
10001001 is grouped in to 
1000 and 1001, which gives 
the decimal 89. 

In BCD to decimal, you 
should never get the digits A 
through F. If you do, then 
the BCD number was wrong. 
For instance, to convert 
00111100, you wou ld get 
two groups 0011 and 1100. 
The 0011 converts into a 3, 
but 1100 converts to C, 
which is not al lowed in 
decimal. Hence, 00111100 
was not a valid BCD number. 

So - What's All This Used 
For? 

If all your programming is 
in BASIC, you wi l l probably 
never need to know any of 
this hex magic. But if you do 
any machine- or assembly-
language programming, i t wi l l 
help a lot. 

For example, suppose you 
want to set up a counter at 
-50 (decimal) and want to 
convert this to hex. First f ind 
+50 in hex: 50 divided by 16 
is 3, w i t h a remainder of 2; 3 
divided by 16 is 0, w i th a 
remainder of 3. So, a decimal 
-h50 is hex 32. Now change 
this to -50 by f inding the 
two's complement: 

15 16 

A 

12(C) 14 (E ) 

-50 is CE in hex. 
Or suppose you want to 

subtract 2 f rom some hex 
number. If your computer 
does not have a subtract in-
struct ion, you can do the 
same th ing by adding a -2. In 
hex, 2 is 02, and the -2 is 
found as the two's comple-
ment: 

15 
- 0 

16 
- 2 

1 5 ( F ) 1 4 ( E ) 

You should add hex FE. 
Once you figure it out , 

hex magic can be fun. • 

16K 
S-lOO 

STATIC RAM 

' 2 9 5 
• FULLY STATIC (Not pseudo static) 
• PHANTOM DISABLE (A16) 
• MWRT OR PWR 
• FULLY BUFFERED 
• 128-2102L1PCS 
• 400NS GUARANTEED (250NSTYP.) 
• ASSEMBLED/BURNT-IN 
• 90-DAY GUARANTEE 

A l s o : 

8 K S T A T I C R A M ' 1 5 5 

2 1 0 2 L 1 P C n . 4 0 

Cain Residents add 6% • Master Ctiorge & Visa welcome 

P.O. BOX 1 7 2 9 6 

IRVINE, OA. 9 2 7 1 3 

G15 
(714 ) 751-7341 

RO-CHE Systems 
MULTI-CASSETTE 

CONTROLLER 

' Read and write records from and to up to 4 
cassette recorders witt i one Tarbell Cassette 
Interface. 

' Included software handles Assembly Lan-
guage and BASIC. 

' File Maintenance System and Text Editor 
available. 
Write for broctiure: 

RO C H E Systems " i® 
7101 Mammoth Avenue 

Van Nuys, California 91405 

Canadian 
8K MEMORY KITS 

• Low Power. 500NS, S I 0 0 BUS 
• On-Board Regula t ion, No Duty 
• Prime Qua l i t y . First Run 2 I LO 2 ICs 
• WAMECO PC Board. SST Inc luded 
• Full Documen ta t i on , Tl Sockets 
• Solder Mask 

Price . . . $ 2 1 9 . 9 5 (Canadian) 

|cHx|viS^ 
C H A R G E X & VISA 

H O N O R E D 

Mail orders to: /'^Tn^Jine. 

O R T H O N C O M P U T E R S 
12411 Stony Plain Rd 

Edmonton, Alberta Canada T 5 N 3 N 3 
0 8 



Try COMPUTER DIGEST... 
And Get A Digest ot 

EDP & Scanning News 
Without Risk 

By s u b s c r i b i n g to C O M P U T E R D I G E S T , y o u 
have t h e f a c t s y o u n e e d a b o u t c o m p u t e r s a n d 
o p t i c a l s c a n n i n g . 

W i t h t h i s i n f o r m a t i o n , y o u c a n ac t i m m e d i a t e -
ly o n n e w b u s i n e s s o p p o r t u n i t i e s . S u b s c r i b e a n d 
e a c h m o n t h y o u g e t : 

• A 12-page newsletter digesting the im-
portant news in the computer and optical scan-
ning field. There is coverage of new equipment, 
new optical scanning and computer forms, who 
is expanding, who is gett ing promoted—a wide 
variety of facts, all wri t ten in concise style, so 
you can read the reports in minutes. 

• Over 50 news reports in each issue cov-
ering new equipment, new uses of computers 
and scanning equipment, new products and 
software. 

the 
• Not only can you find new markets, but 

reports wi l l help you solve customer 

problems, because you wil l be more knowledge-
able about computers and optical scanning. 

• It's a timely summary of what is being 
written about computers and optical scanning in 
the business press. You save reading time, plus 
you can be sure of getting hundreds of new 
items of interest each year. 

To subscribe, just complete the form below 
and mail it back. The newsletter is fully guaran-
teed. Read 2 issues, see if you can use the infor-
mation. If you find you don't need COMPUTER 
DIGEST, just write "cance l " on the invoice we 
send you, and owe nothing. If you want to con-
t inue to read COMPUTER DIGEST, simply pay 
the $40 invoice we send. We have found this is 
the best way to introduce businessmen to this 
newsletter. This way, we take all the risk, so you 
have nothing to lose by trying this publication. 

• C L I P A N D M A I L -

Send to: 
C O M P U T E R D IGEST 
North American Building, 401 N. Broad St., Philadelphia, PA 19108 

Yes send me COMPUTER DIGEST, also incorporat ing OPTICAL 
y SCANNING NEWS. I understand I can look at 2 issues, and if not 

satisfied, I wil l owe nothing. I can write "cancel" on the bill, and 
owe nothing. If I like the newsletter, I wil l pay the $40 bill I receive. 

• Bill company for $40 

• Bill me for $40 

• Payment enclosed 

Name-

Company. 

Address. 

-T i t le . 

City/State/Zip. 

m Computer Digest is published by North American Publishing Company, leaders in editorial excellence KB/5/78 



George Young 
Sierra High School 
Tollhouse CA 93667 

In the last session, we covered 

t h e m a j o r i t y of t h e T T L 
counters and some of the regis-
ter chips. We per formed many 
exper iments w i th these ch ips, 
thus bui ld ing your background 
ski l ls in reading c i rcu i t dia-
grams and, I hope, bu i ld ing up 
your conf idence as well . As you 
can see, the sess ions are be-
g inning to get a bit rougher. 
Hang in there; we wi l l make it 
yet. 

In th is session, we wi l l take 
up decoders, decoding, three-
state devices, and how t ra f f i c is 
cont ro l led on the microproces-
sor data bus. 

Introduction 

Most of our modern micro-
processor ch ips have 16 ad-
dress l ines provid ing the capa-
bi l i ty of se lect ing 65,535 dis-
crete memory locat ions. These 
separate memory loca t ions are 

Bus Traffic Control 

re fe r red to as t he add ress 
space of the mic roprocessor . 
Fig. 1 shows the microproces-
sor and 16 address l ines. These 
are labeled A j th rough A,5.1 K o f 
RAM requires ten address l ines 
f rom the m i c rop rocesso r t o 
select the 1024 separate mem-
ory cel ls in each RAM chip; so 
we have drawn the 10 address 
l ines Ao th rough A, runn ing 
f rom the mic roprocessor t o the 
I K RAM block. 

We are go ing to d raw the I K 
R A M b l o c k in an u n u s u a l 
f a s h i o n . There are a c t u a l l y 
eight separate RAM ch ips in 
the RAM block, and we have 
drawn t hem s tacked up in order 
to conserve space. We did not 
draw e ight rec tang les in the 
s tack, but the concept of more 
than one ch ip is readi ly con-
veyed by th is d iagram. 

As shown in Fig. 1, our I K of 
RAM w i l l not f unc t i on ; t w o 
th ings are wrong. First , the ten 
address l ines wi l l not drive the 
address inputs of the I K RAM 
block. M ic roprocessor ou tpu t 

pins are capab le of dr iv ing one 
TTL load. We are ask ing each 
address l ine to dr ive e ight in-
pu ts to the RAM block. There-
fore, we must provide bu f fe r ing 
on each of the address l ines out 
of the m ic roprocessor . A buf fe r 
is a c i rcu i t p laced between two 
c i rcu i ts to provide iso la t ion . We 
need a bu f fe r on each address 
l ine not for i so la t ion , but to in-
crease the dr ive capab i l i t y . 

The second reason Fig. 1 
won ' t work is tha t the ch ip en-
able ('CE) p ins on the RAM 
ch ips are floating. The CE and 
the sma l l c i rc le on the symbo l 
both ind ica te tha t we need an 
act ive low enab le here to make 
the RAM func t ion . 

In Fig. 2a, we have added 
non inver t ing bu f fe rs to each 
address l ine to provide the dr ive 
capabi l i t y required. Our f i rst 
idea is to use the A,„ address 
l ine for the 'CE input for the f i rst 
I K RAM block. A f te r all, th is 

l ine wi l l be low for the f i rst 1K of 
memory space; and when th is 
l ine goes h igh, the f i rs t 1K RAM 
block wi l l be de-selected. 

W e a re a l s o i n t r o d u c i n g 
another concept in Fig. 2a. The 
ten address l ines, A„ t h rough 
A„ are shown enter ing a rec-
tangle . Feeding f rom the rec-
tang le is a w idened arrow that 
g o e s to e a c h of t he R A M 
blocks. Data l ines and address 
l ines are o f t en drawn in th is 
fash ion. The broadened l ine in-
d ica tes that more than one l ine 
is inc luded in the wide l ine. Th is 
saves d raw ing the ind iv idual 
l ines involved and takes less 
space in the d iagram. As long 
as the idea is unders tood by 
everyone, there is no prob lem, 
and the d iag ram is clearer and 
a c t u a l l y m o r e eas i l y under-
s tood. 

Fur thermore, in Fig. 2a we 
have added a second I K RAM 
b lock . Our f i rs t t hough t on 

M I C R O P R O C E S S O R 

*I0 A9 Aa AT A6 * 5 43 *2 A; 40 

Fig. 1. Addressing the IK RAM block. 



M I C R O P R O C E S S O R 

112 Al l AlO A9 AS A7 A6 AS A4 A2 A1 AO 

A D D R E S S E S A I 5 A I 4 A I 3 A I 2 A l l A l O 

4 - 1 0 2 3 0 0 0 0 0 0 1ST IK 

1 0 2 4 - 2 0 4 7 0 0 0 0 0 1 2 N 0 IK 

2 0 4 8 - 3 0 ? ! 0 0 0 0 I 0 3RD IK 

3 0 7 2 - 4 0 9 5 0 0 0 0 1 1 4 T H IK 

4 0 9 6 - 5 1 1 9 0 0 0 1 0 0 5 T H IK 

5 1 2 0 - 6 1 4 3 0 0 0 1 0 1 6 T H IK 

Fig. 2. Adding the second IK RAM biock. 

handl ing the second group of 
"CE p ins on th i s b lock is to add 
an inverter be tween the CE on 
the f i rs t RAM block and the"CE 
on the second RAM block. Th is 
will work if we only have 2K of 
memory in our sys tem. If we 
have more RAM or ROM, then 
an exam ina t i on of the t ru th 
table in Fig. 2b wi l l help us f ind 
out why th is s imp le me thod of 
enabl ing the 2K wi l l not work . 

The t ru th tab le s h o w s that 
the A,„ l ine does indeed star t 
out low for the f i rs t I K of 
memory space and then is h igh 
for the second I K . But l ines 3 
and 5 of the tab le a lso show the 
A,o l ine low. Therefore, the f i rst 
I K RAM b lock wi l l be se lec ted 
every t ime the A,o l ine goes low. 
In other words , the s ing le in-
verter decoder wi l l not do for 
memory sizes above 2K. 

Fig. 3 shows the exper imental 
setup for the des ign conso le 
breadboard and the address 
lines f rom the mic roprocessor . 
Since we don ' t have a micropro-
cessor (yet), we ' l l use th i s cir-
cuit to show how the l ines are 
related; the ac tua l tes t c i rcu i t is 
shown in Fig. 4a. The ch ip en-
able LEDs have been ar ranged 
in the c i rcu i t to tu rn on the LED 
when the CE l ine goes low. 

In Fig. 4 we are a t t emp t i ng to 
p lace an equiva lent c i rcu i t on 
the conso le b readboard that 
wi l l represent wha t happens 
w i t h the address l ines and the 
d e c o d i n g p r o c e s s . F i g . 4a 
s h o w s the equiva lent bread-
board c i rcu i t for Fig. 2. Note 
tha t we are not cons ider ing the 
A, t h rough A , address l ines in 
the decod ing process. These 
l ines are used by each 1K b lock 
of memory t h roughou t the ad-
dress space and are not used in 
the decod ing process for each 

CEI 

CE4 

. C E - Z 
^ 

CE-1 

L E D O N - C H I P E N A B L E 

Fig. 3. Experimental setup for decode testing. 

1K block. 
In order to have a 1K RAM 

block se lected only once in the 
memory space, we must use 
some fo rm of decod ing. We can 
use gates and inverters and de-
code each I K b lock in th is 
fash ion. Fig. 4b shows th is k ind 
of decoder . You can set th is cir-
cu i t up on the conso le bread-
board and use it to decode the 
four CE l ines; but there is an 
eas ie r w a y — u s e a decoder 
ch ip. Th is makes a rather long 
in t roduc t ion , but I th ink tha t we 
have the prob lem fair ly wel l 
de l im i ted . 

Experiment #51 
The 7442 Decoder 

Problem: How can the ad-
dress l ines of the microproces-
sor decode the memory ch ips? 

So lu t ion : We wi l l invest igate 
th is on the conso le breadboard. 

The exper iment uses the 7442 
decoder, but the 7441, the 7445, 
the 74145, the 8250 or the 8251 
may a lso be used for th is ex-
per iment . 

Procedure: Refer to Fig. 5. 
Fig. 5a shows the 7442 pin-
outs ; Fig. 5b shows the 7442 
t ru th table. Not ice the row of 
zeros (lows) t ravel ing diagonal-
ly across the t ru th tab le . . . th is 
is exact ly wha t we need for chip 
enable pins. Put the 7442 on the 
conso le breadboard (don't for-
get power and ground). Use 
four jumper w i res to represent 
the A,,, th rough A,3 address 
l ines. Start w i th all four inputs 
to the 7442 grounded. The LED 
marked CE-1 shou ld be on. 

Theory: The 7442 is a one-of-
ten (usual ly wr i t ten 1:10) de-
coder. It has four input l ines 
marked A, B, C and D on our dia-
gram. The t ru th table of Fig. 5b 

0 J > ^ 

C E 3 

Fig. 4. Deiimiting the address decoding problem. 



shows that w i th all Inputs low, 
the 0 ou tpu t l ine (pin 1) wi l l be 
low. This shou ld turn on CE-1. 
This line would, therefore, go to 
the first I K RAM block"CE pin, 
and would select that RAM 
b l o c k . (F i g . 5c I l l u s t r a t e s 
decoding 4K of RAM.) 

Now take the A,o jumper wire 
high. This shou ld turn on CE-2 
and turn of f CE-1. This l ine 
(fronn pin 2 on the 7442) wou ld 
go to the second I K RAM block 
and se lec t t h i s RAM b lock 
while, at the same t ime, the 
f i rs t I K RAM b l o c k is de-
selected. 

If you now encode a binary 2 
by tak ing the A „ l ine h igh and 
the A,„ l ine low, pin 3 on the 
7442 shou ld go low, tu rn ing on 
CE-3 and turn ing of f CE-2. This 
line f rom pin 3 on the 7442 
would go to the th i rd I K RAM 
block and select it wh i le b locks 
1 and 2 are de-selected. 

F i na l l y , if you e n c o d e a 
binary 3 w i th both the A,o and 
A „ l ines high, CE-4 wi l l I l lumi-
nate and CE-3 wi l l tu rn o f f . Pin 4 
of the 7442 wou ld go to the 
four th I K RAM block se lect ing 
it whi le the highs on pins 1, 2 
and 3 wi l l de-select the f irst 
three RAM blocks. Thus, we 
have a decoder for 4K of mem-
ory chips. 

But wai t , we did not use all 
the ou tpu ts of the 7442. What 
about the rest of the ou tpu t 
pins? 

The 7442 may be operated as 
a 1:4 decoder, 1:8 decoder or 
1:10 decoder. To use only the 
f irst eight ou tpu ts of the 7442, 
we do not use the D input to the 
7442; we leave It grounded. We 
can then operate the 7442 as a 
1:8 decoder and use the eight 
output pins to decode 8K of 
RAM. To operate the 7442 as a 
1:4 decoder as we jus t did In the 
exper iment, leave the C and D 
Inputs grounded and operate 
the 7442 as a 1:4 decoder to 
decode 4K of address space. 
We may use all ten out pins of 
the 7442 and decode 10K of ad-
dress space w i th the 7442. 

Fig. 6 gives the p in-outs for 
several more decoder chips. 

Experiment #52 
The 74154 Decoder Chip 

Problem: To decode more 

than 10K of address space. 
So lu t ion: Use a decoder that 

has more ou tpu t pins. 
Procedure: Refer to Fig. 6e, 

where the 74154 1:16 decoder is 
set up in a test c i rcu i t . This 
24-pin ch ip was des igned for 
a d d r e s s d e c o d i n g In c o m -
puters. It has t w o enable pins, 
I B a n d 19. U s e t w o j u m p e r wi res 
on these pins to represent the 
A,4 and A , , address l ines. Any 
binary counter may be used to 
s imu la te the A,o t h rough A „ ad-
dress l ines. Set up the c i rcu i t 
w i th the 74161 counter ch ip. 
S ix teen LEDs are shown moni-
tor ing the 74154 ou tpu t l ines. 

If you do not have 16 LEDs, 
then use as many as you can 
for the tes t c i rcu i t . Remember 
that the conso le logic probe 
may be used for one LED and 
that you have eight LEDs in the 
conso le 7-segment readout . If 
you have the FND 70 readout , 
then it wi l l be necessary to 
drive the segments of the FND 
70 th rough inverter sec t ions 
s ince FND 70 requires an act ive 
h igh to tu rn on each segment . 
The 74154 wi l l decode 16K of 
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address space. 

Experiment #53 
The Traffic Cops 

Problem: What Is all th is stuf f 
hung on the da ta bus l ines? 

So lu t ion : Let 's take a look. 
Procedure: Fig. 7 s h o w s the 

mic roprocessor ch ip and i ts 
e ight da ta l ines. It a lso s h o w s 
ar rows s ign i f y ing da ta travel-
ing bo th d i rec t ions on these 
data l ines. Dur ing a read cyc le, 
the da ta is t rave l ing f rom mem-
ory (or i npu t /ou tpu t devices) in-
to the m ic roprocessor . Dur ing a 
wr i te cyc le, da ta t ravels f r om 
the m ic rop rocessor out t o ex-
ternal devices. Fig. 7b s h o w s a 
s ing le da ta l ine (D„) and a pair 
of open co l lec to r N A N D gates 
ac t ing as t ra f f i c cops on the 
da ta l ine. 

Theo ry : A s s u m e t h a t t he 
m ic roprocessor is in a memory 
read cyc le. Th is means that the 
R/W Is h igh. The h igh on pin 2 
of the 7403 wi l l enable th is 
gate, w h i c h means the da ta to 
be read in to the processor wi l l 
be enabled. Th is h igh is a lso In-
verted to a low by the inverter 

I N P U T S OOTPUTS 

0 c B A 0 1 2 3 4 s 6 7 B 
0 0 0 0 0 1 1 1 1 1 1 1 
0 0 0 J 1 0 1 1 1 I 1 
0 0 1 0 1 1 0 J 1 \ 

0 0 1 1 I I 1 0 I 1 I 
0 1 0 0 1 1 1 1 0 1 I 1 
0 I 0 I 1 1 i 1 I 0 1 J 

0 I 1 0 1 1 1 1 I 1 0 1 
0 t 1 1 1 1 1 1 1 1 0 
I 0 0 0 1 I 1 1 1 1 1 
1 0 0 1 1 1 1 1 \ 1 1 1 
1 0 \ 0 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 1 1 
1 1 0 0 I 1 I 1 I I 1 1 
1 1 0 1 1 1 1 1 1 1 J 
I t 1 0 1 I I 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 

I n ) T 4 4 2 T R U T H T I B L E 

5 V 

1 5 0 
• 5 V 

0 

IS 1 

2 

14 3 

13 

7 4 4 2 

4 

5 

6 

"2 

7 

9 

CEZ 

C E 3 

CE4 

( c ) O E C O O I N G 4 K OF RAM 

Fig. 5. The 7442 decoder. 

sect ion, and the low on pin 5 
wi l l d isab le th is gate ( taking It 
out of the c i rcu i t for the t ime 
being). 

Next, the mic roprocessor Is 
assumed to go Into a memory 
wr i te cycle. The R/W goes low, 
and the low on pin 2 of the 7403 
now d isab les th i s gate and pin 
3 f l oa ts on the end of the 2.2k 
pul l -up res is tor . The low on the 
R/W l ine is inverted by the in-
verter sec t ion , and the result-
ing h igh ou tpu t app l ied to pin 5 
wi l l enable th is gate. The data 
to be wr i t ten in to memory ( f rom 
the processor) wi l l now be en-
abled on to the da ta bus. This 
c i rcu i t i l l us t ra tes how the two-
way t ra f f i c on the da ta bus is 
cont ro l led by the " t r a f f i c c o p s " 
In the c i rcu i t . The R/W l ine and 
the inverter con t ro l the two 
gates and the d i rec t ion of the 
t ra f f i c f low. 

Fig. 7b is f ine for an in t roduc-
t i on and examp le of con t ro l l i ng 
da ta on a bus go ing to and f rom 
the processor . However, it isn ' t 
p rac t ica l f r om a des ign stand-
po in t ( for severa l reasons) . 
First , the dual -gate conf igura-
t ion wou ld have to be repeated 
for each da ta l ine. Th is means 
the R/W ou tpu t f r om the micro-
p r o c e s s o r w o u l d be d r i v i ng 
eight ga tes . You ' l l recal l f rom 
an earl ier d i scuss ion that all of 
the m ic roprocessor ou tpu ts are 
capab le of dr iv ing on ly one TTL 
gate each. Fig. 7c i l lus t ra tes a 
so lu t ion to the p rob lem—the 
add i t ion of an inverter, and a lit-
t le reconf igur ing . Now the R/W 
s igna l is go ing in to the 7404 
(pin 1), wh i ch Is dr iv ing the 
e ight wr i te gates (only one of 
wh i ch is shown). 

The second, and most impor-
tant , reason why th is c i rcu i t is 
to ta l l y unaccep tab le l ies In the 
use of the 7403 ga tes for inter-
fac ing w i t h the bus. The who le 
idea beh ind a bus sys tem Is 
that several devices can be 
p lugged Into the bus (I.e., o ther 
gates w i l l be t ied to the bus fur-
ther down the line). These addi-
t iona l gates have a " l o a d i n g ef-
f ec t " on the bus. W i thou t my 
go ing Into a deta i led techn ica l 
exp lanat ion , it wi l l su f f i ce to 
say that such sys tems con-
sume a lot of power and are 
noisy (i.e., have g l i t ches and 



spikes that can be in terpreted 
as logic ones or zeros). The 
answer to the prob lem is to use 
Tri-state ga tes for in te r fac ing 
to a bus. 

Tr i -s tate gates, such as the 
8T97 shown in Fig. 8a, are 
e i ther e n a b l e d or d i s a b l e d . 
When they are enab led by a low 
on the D isab le p ins (1 and 15), 
the o u t p u t s w i l l be de te rmined 
by the logic levels (HI or LO) at 
the input p ins. In o ther words , 
the gates are wo rk ing jus t l ike 
any other gates . When they are 
d isab led (by a h igh on the Dis-
able line) the ga tes are effec-
t ively d i sconnec ted f rom the 
bus. The o u t p u t s are sa id to 
have gone in to a h igh- imped-
ance or open cond i t i on and do 
not present any load ing to the 
bus ( i .e. , t h e y a re d i s c o n -
nected). Fig. 8b is a t r u th tab le 
for the ope ra t i on of the 8T97 
and Fig. 8c i l lus t ra tes a t yp ica l 
bus in ter face con f i gu ra t i on . 

In summary , there are three 
advantages to us ing Tr i -s tate 
gates when you are in te r fac ing 
to a m ic rocompu te r bus (one of 
wh ich I haven' t men t ioned be-
fore). Fi rst , lower power con-
sumpt ion ; second, less load ing 
on the bus (thereby ma in ta in ing 
waveform integr i ty) ; and f ina l ly , 
higher speed (faster sw i t ch ing 
f rom a h igh to low or v ice versa). 

Note tha t the 8T97 is a nonin-
ver t ing buf fe r and has four sec-
t ions con t ro l l ed by one l ine and 
two sec t ions con t ro l l ed by a 
second l ine. The t w o sec t ions 
may be opera ted independent ly 
of each other . The DM 8097 and 
the 74367 are a lso the same 
type of ch ip . The 8T97 is more 
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Fig. 6. The 74154 decoder. 

Fig. 7. Traffic control or) the data bus. 



expensive than the others, but 
my own experience wi th these 
chips indicates that the 8T97 
has more drive capabi l i t ies and 
proves superior in operat ion in 
the c i r c u i t . . . j u s t i f y i n g i ts 
greater cost. 

Other chips are becoming 
available for this buffer ing job 
on the data and address buses; 
1 think that soon we may see a 
new family of microprocessors 
wi th the buffers, as well as 
RAM and ROM, buil t into the 

OUT 1 

IN 2 

OUT 2 

IN 3 

OUT 3 

GND • 

t 

4 

1 

ID 

Or--

chip. In fact, Intel has a new 
m i c r o p r o c e s s o r c h i p , w i t h 
many of these capabi l i t ies built 
in, w h i c h w i l l be s e c o n d -
s o u r c e d by S i g n e t i c s . Th is 
points the way that th ings are 
heading in the subsequent gen-
e r a t i o n of m i c r o p r o c e s s o r 
chips. 

Preview 

We have looked at the micro-
processor address bus, how de-
coding of the address space 
may be accompl ished and how 
t raf f ic is contro l led on the data 
bus. 

. IN 5 

. OUT 5 

D I S A B L E 
0 I S 2 D I S 4 

INPUT O U T P U T 

0 0 0 0 

0 0 I I 

0 t X HI 2 

1 0 X HI Z 

1 1 X HI 2 

(b ) T R U T H T A B L E 

Next t ime we wil l turn our at-
tent ion to the memory chips, 
both ROM and RAM. Using the 
7489 (8225), we wi l l set up 64 
bytes of memory on the con-
sole breadboard, and also burn 
a 7488 (8223) PROM on the con-

sole. Sierra Electronics, Box 11, 
Auberry OA 93602, wi l l furnish a 
package for us of two 8225s 
and two 8223s for $4 postpaid 
in the U.S. and Canada. Califor-
nia residents, add 6 percent 
sales t a x . H 

(a ) 8 T 9 7 P I N - O U T S 
D M 8 0 9 7 
7 4 3 6 7 

TO MEMORY CHIPS 

Fig. 8. 8T97 data bus buffering. 
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Expand Your KIM 

Part 5: A/D interfacing (for joysticl<s!) 

ciA i irTigri 

M i h i h i i i i i i r i k 

Photo 1. Four channels of A/D, two channels of D/A and an input 
port for sense switches. 

John Blanl<enship 
data mart, inc. 
3001 No. Fulton Dr. N.E. 
Atlanta GA 30305 

CLOCK Jinn. 

8 - B I T 
C O U N T E R 

NO mat te r what k ind of com-
puter you have, th is ar t ic ie 

can help you add four channe ls 
of ana log input for a f rac t ion of 
the cos t of o ther me thods I've 
seen. If you 've been bu i ld ing 
the KIM System, th is ana log 
board wi l l comp le te the pro ject . 

I des igned the KIM Sys tem 
w i th several requ i rements in 
mind for the ana log por ts : I re-
qu i red four channe ls (so that 
two joys t i cks cou ld be inter-

4 WORD 
a - B I T / W O R D 
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D E T E C T O R 
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C O M P A R A T O R 

4 TO I 
DATA 
M U L T I P L E X E R 

Photo 2. Circuits are wire-wrapped on a 44-pin board. Fig. 1. Block diagram of the A/D converter. 



faced) , w i t h e a c h s a m p l e d 
o f ten enough to provide rea-
sonable accuracy for use as 
a video game input device. To 
mal<e the use of these por ts 
easy, I wan ted each to be read 
as a normal memory . Final ly , 
each of the A/D (analog-to-digi-
tal) channe ls had to be easi ly 
sw i t chab le to o ther dev ices be-
sides the joysticl<s. 

Besides the A/D por ts , I a lso 
wan ted at least two D/A (digital-
to-analog) por ts to exper iment 
w i th mus ic , speech synthes is , 
m o t o r c o n t r o l , e t c . 1 a l s o 
wan ted a port for sense swi tch-
es to give me a fu l l comp lemen t 
of me thods for in te r fac ing w i th 
my mach ine . I comb ined all 
these c i r cu i t s on one board and 
labeled it External Interfacing 
in my previous ar t ic les. 

Photos 1 and 2 show the 
board i tse l f . A l t hough I was 
able to c ram the c i rcu i t on to a 
4y2- inch-square board, I wou ld 
recommend epoxy ing a vector 
board on the top to give more 
room for the componen ts . 

Fig. 1 s h o w s the bas ic b lock 
d iagram for the A/D c i rcu i ts . 
The four -word memory is one of 
the major secrets of mak ing 
th is c i rcu i t ry bo th inexpensive 
and easy to use. This memory is 
made up of t w o 74LS170 ch ips 
composed of four 4-bit words 
each. I chose these ch ips be-
cause they have separa te read 
and write con t ro ls , t hus en-
ab l ing read and wr i te opera-
t i ons to occur s imu l taneous ly . 

The A/D c i rcu i t ry wi l l upda te 
each of these memory loca-
t ions w i t h a number tha t is pro-
por t iona l to the ana log input . 
The ou tpu t of the memory ch ips 
is connec ted to the da ta bus so 
that they appear as s tandard 
memory to the processor . 

The eight-b i t coun te r cont in-
u a l l y g e n e r a t e s s e q u e n t i a l 
numbers f rom 0 to 255. A D/A 
converter conver ts these num-
bers t o an a n a l o g v o l t a g e 
w h i c h , for a l l p rac t i ca l pur-
poses, is an inc reas ing ramp. 
This ramp is fed to four com-
parator c i r cu i t s tha t compare 
the ramp vo l tage to the ana log 
inputs. 

The compara to rs ou tpu t a 
level 1 when the ramp vo l tage 
equa ls the ana log input . Since 

the ramp vo l tage a lso equa ls 
t he number in the e ight -b i t 
counter , it is impl ied that the in-
s tan t a compara to r f i res, the 
eight-bi t coun te r con ta ins the 
d ig i ta l equivalent of the ana log 
vo l tage being appl ied to that 
compara to r . 

The remainder of the c i rcu i t 
has one major f unc t i on . . . it 
must dec ide wh i ch compara to r 
f i red, and fo rm an address for 
the four -word memory so the 
e ight-b i t coun te r da ta can be 
gated in to the appropr ia te lo-
ca t ion . 

I chose to con t ro l the wr i te 

address w i th a two-bi t counter . 
Since th i s counter increments 
every t ime the eight-bi t counter 
comp le tes a fu l l cycle, the ad-
dresses 0, 1, 2 and 3 are being 
app l i ed s e q u e n t i a l l y t o t he 
write address, and each is held 
there for the fu l l cyc le of the 
eight-bi t counter . 

A d d i t i o n a l l y , t h i s t w o - b i t 
counter is decoded and used to 
enable only one of the four 
c o m p a r a t o r s (the one corre-
spond ing to the wr i te address) 
at a t ime. The level change in-
d ica t ion f rom the mul t ip lexer is 
conver ted to a narrow pulse 

and used to act ivate the wr i te 
l ine on the memory chips. 

As exp la ined above, the four 
memory locat ions are cont inu-
a l l y , a n d a u t o m a t i c a l l y , re-
f reshed w i th the d ig i ta l equiva-
lent of four ana log inputs. The 
processor needs only to read 
these locat ions for the latest 
updates. 

Fig. 2 shows the actual sche-
mat ic of the A/D circui t . The 
7493 s imply reduces the fre-
quency to a t rackable rate. The 
1408L8, D/A converter, ou tpu ts 
a current ramp that is convert-
ed to a vo l tage ramp by the 741 

4 CAPS 
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Fig. 2. Schematic of A/D converters. 
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Fig. 3. Schematic of D/A converters and input port for sense switches. 

op amp. The 7400 labeled B 
acts as a one-shot to per form 
as the edge detector . 

Half of the 7420 is used to de-
code the address bus for pro-
cessor reads. Address decod-
ing wi l l be d iscussed in more 
detai l later in th is ar t ic le. 

Since the 74LS170s are open 
co l lector , rather than Tr i-state 
outputs , pul l-up res is tors are 
required for in ter fac ing w i th the 
bus. The DIP sw i tch discon-
nects the joys t i ck inputs. Once 
they ' re d isconnected , you can 
input o ther s ignals to the con-
verter by way of the backp lane 
jacks (see my earl ier art icles). 

The other t w o func t ions , D/A 
and sense swi tches , are de-
ta i led in Fig. 3. Since I felt that 

the accuracy of the D/A conver-
s ion was not cr i t ica l , I chose 
not to use the Motoro la D/A 
conver ter ch ip used in the A/D 
c i rcu i t . If I had used the Moto-
ro la ch ip , I wou ld have had to 
use two eight-bi t reg is ters to 
ho ld the data , the two D/A ch ips 
themselves and a current-to-
vo l tage conver ter . 

I chose to use MOS registers 
for my ou tpu t por ts . Since MOS 
gates ou tpu t exactly Vcc and 
zero vo l ts for their correspond-
ing h igh and low levels, I used 
them to drive a resist ive ladder 
d i r e c t l y . A d d i t i o n a l l y , s i n c e 
MOS ch ips represent a very 
smal l load, they can be hung on 
t h e b u s w i t h o u t b u f f e r i n g . 
(Note: MOS ch ips do represent 

a re la t ive ly large capac i t i ve 
load, and hang ing t h e m d i rec t ly 
on the bus is not good prac t ice 
in expandab le sys tems. In th is 
case, however, I knew exact ly 
what loads I wou ld be deal ing 
w i t h and was ab le to de termine 
that enough dr ive capab i l i t y 
was present.) 

The 741s in Fig. 3 are used as 

unit ga in ampl i f ie rs for buffer-
ing purposes. The 7410 is used 
to decode out the address l ines 
to d e t e r m i n e w h i c h por t is 
being used. The sense swi tch-
es are connec ted to the inputs 
of Tr i -s tate buf fers . The out-
puts of these bu f fe rs gate the 
sw i t ch da ta on to the bus when 
enabled. 

Port Function Page Loc 

Dazzler Mode cont ro l 80 OF 
Dazzler ON/OFF, Address 80 OE 
Right ver t ica l j oys t i ck 80 10 
Right hor izonta l joys t i ck 80 11 
Left ver t ica l j oys t i ck 80 12 
Left hor izonta l j oys t i ck 80 13 
Sense sw i t ches 80 80 
D/A port A 80 20 
D/A port B 80 40 

AID D A 1 ABO 
A/D C B 2 AB1 
A/D B 0 3 AB2 
MD A D 4 AB3 
D/A B E 5 AB4 
D/A A F 6 AB5 

- 1 2 H 7 AB6 
JS REF. Vol t . J 8 AB7 

02 K 9 RAM R/W 
Ground L 10 + 12 
SS 0 M 11 
SS 1 N 12 -1-5 
SS 2 P 13 I/O ENABLE 
SS 3 R 14 W/R 
SS 4 S 15 DB7 
SS 5 T 16 DB6 
SS 6 U 17 DBS 
SS 7 V 18 DB4 
JS LH w 19 DB3 
JS LV X 20 DB2 
JS RH Y 21 DB1 
JS RV z 22 DBO 

Fig. 4. Summary of special addresses used by the KIM-1 System. Fig. 5. Pin-out designations for the external interface board. 



In o rder t o be t te r u n d e r s t a n d 
the I/O f u n c t i o n s , y o u m i g h t re-
read my a r t i c l e ( " E x p a n d Your 
K I M ! " Part 3, Kilobaud, Feb-
ruary 1978, p. 68) In w h i c h I ex-
plain h o w I d e c o d e d par t of t he 
address l ines t o i n d i c a t e an I/O 
opera t ion , ra ther t h a n a mem-
ory t rans fe r . 

A l l my I/O po r t s ( i nc l ud ing 
the f ou r -wo rd m e m o r y used for 
A/D) are pa r t i a l l y e n a b l e d by 
th is I/O enab le . S i nce I k n o w 
how m a n y t o t a l p o r t s I de-
s i g n e d f o r , t o n l y p a r t i a l l y 
decoded t he low-order a d d r e s s 
l ines. Th i s d r a s t i c a l l y l i m i t e d 
the n u m b e r of po r t s ava i l ab le 
on t he K IM S y s t e m , bu t t he 
ease of i m p l e m e n t a t i o n , as we l l 
as t he r e d u c t i o n in c o s t , m a d e 
it we l l w o r t h w h i l e . 

Fig. 4 s u m m a r i z e s the I/O ad-
dresses used u n i q u e l y by my 
sys tem. If y o u conve r t t h e s e 
hex a d d r e s s e s t o b ina ry , y o u 
can see h o w the a p p r o p r i a t e 
address l ines are used t o en-
ab le e a c h por t decode r . 

The re are o n l y t w o m a j o r dif-
f e r e n c e s b e t w e e n I npu t a n d 
o u t p u t d e c o d i n g . T h e f i r s t is 
tha t t he R/W or t he R/W l ine is 
used t o i n d i c a t e t he d i r e c t i o n of 
the t r a n s f e r . S e c o n d , t he write 
pu lse for an o u t p u t por t m u s t 
be c o i n c i d e n t w i t h t he t r a i l i ng 
edge of t he 02 c l o c k . A g a i n , I 
refer you t o Part 3 of t h i s ser ies 
for m o r e de ta i l s . 

F ig . 5 s h o w s t h e p i n - o u t 
d e s i g n a t i o n s for t he ex te rna l 
i n t e r f a c i n g boa rd . T h e s e m a t c h 
t h e m a i n f r a m e w i r i n g d o n e in 
Part 2 of t h i s ser ies . 

In o r d e r t o i n s u r e t h a t 
bu i l de rs of t he K IM S y s t e m ful-
ly u n d e r s t a n d h o w to u t i l i ze t he 
j o y s t i c k i n te r f ace , I have inc lud-
ed a sho r t p r o g r a m in Fig. 5 t h a t 
w i l l e n a b l e y o u to d r a w w i t h the 
j o y s t i c k on t he TV sc reen . The 
sense s w i t c h e s c o n t r o l t he col-
o rs of t he two -co lo r do t t h a t is 
moved by the j o y s t i c k . 

T h i s p r o g r a m serves a u s e f u l 
f u n c t i o n as an e d u c a t i o n a l en-
deavor , and t h a t ' s abou t al l . 
However , I do fee l t h a t bu i l de rs 
of t he K IM S y s t e m w i l l f i nd it 
use fu l as a re fe rence . I have 
t r i ed to f u n c t i o n a l l y desc r i be 
each s e c t i o n w i t h c o m m e n t s . 

Th i s c o m p l e t e s t he h a r d w a r e 
ser ies o n my KIM-1 s y s t e m , 
w h i c h n o w c o n t a i n s 17K of 
R A M and s u p p o r t s b o t h BASIC 
and FOCAL . I 'm a l so in t h e pro-
c e s s of i m p l e m e n t i n g a new 
l a n g u a g e w i t h an ease of use 
and a speed of o p e r a t i o n some-
w h e r e b e t w e e n a s s e m b l y lan-
g u a g e a n d BASIC. 

B e c a u s e my s y s t e m is t o be 
m u l t i l i n g u a l , I have c h o s e n to 
avo id ROM in favor of R A M for 
al l f u n c t i o n s excep t t he KIM 
m o n i t o r . I 'm a l s o p l a n n i n g sev-
era l s u r p r i s e s tha t I hope to 
sha re irt t he f u t u r e . • 

Address 

00 00 

02 

04 

07 

09 

OC 

OF 

10 
11 
12 
13 

15 

18 
lA 

IC 

IE 

21 
23 

25 

26 

28 
2A 

2C 

2F 

31 

33 

Contents Label Mnemonic 

LOC PAGE DATA STORE POINTER 

:Set mode and starting address for the dazzler 

A9 10 INIT LDA #S10 

8D OF 80 STA MODE 

A9 90 LDA #$90 

8D OE 80 STA BEGADDR 

:Get horizontal joystick position 

A D 11 80 START LDA J O Y H O R 

: Place 4 MSB into 4 LSB and save 

4A LSR 

4A LSR 

4A LSR 

4A LSR 

85 00 STA LOC 

:Get vertical joystick position 

A D 10 80 LDA JOYVER 

:Check for and set up proper page of screen 

display 

TOP 30 07 

AO 20 

84 01 

4C 25 00 

AO 21 

84 01 

BOTTOM 

BMl BOTTOM 

LDY #$20 

STY PAGE 

JMP CONT 

LDY #$21 

STY PAGE 

: Remove MSB and keep only the next four 

OA CONT ASL 

29 FO AND #$F0 

:Combine LSB and MSB into one word and save 

05 00 O R A LOC 

85 00 STA LOC 

:Put color (sense switches) into accumulator 

A D 80 80 LDA SENSE 

:Prepare for an indirect store using 00 and 

01 as pointer 

A2 00 LDX #$00 

:Store color 

81 00 STA LOC PAGE 

: Begin Again 

4C OC 00 JMP START 

Fig. 6. Sample program for drawing on TV using joystick. 

NoitliStarS(̂ hvaie 
Maillitt 
MaiUst is a general purpose maikng label program capable ol 
producing formatted lists for tractor-fed or Xerox type labels 
Mailtst will also sort lists for any field. 

Price S39.95 on (tsKene wilti manualIstock to 14 day detvery. 

In-oul driver 
Dos in-out driver is designed to set up mapped memory video 
boards In conjunction with hard copy device. The user may 
switch output under software control. Any f ie directory may be 
listed while in BASIC without jumping to dos. Spacebar will stop 
output for line by line Kstings. Designed for use with 3P-I-S and 
any tv board. 

Price S12.95 on diskette witti manual/slocl( to 14 day delivery. 

RMlstef 
Register is a cash register and inventory control program. The 
software will control a point of sale terminal and printer. It will 
search inventory for an Item, price and ticket it. Roister has 
provisions for min-max. automatic reorder, and critical list. 
Price S299.95 on diskette mtti manual 

All prices are FOB Santa Bartara, CaHtomia. 
Terms COD Residents add 6 \ sales tax and SI.00 shipping. 

Alpha Data Systems a48 
Box 267, Santa Barbara, Ca. 93102 • 805/682-5693 

Datapoint 2200 Computer 

Full-Assembled 
Operating 

$995. 
#2200 VI used 

• Add $25 packing 
• Shipped FOB Washington. D C, Terms check. M O Of 
charge. 
• Guaranteed operating • Program package S49.50 
• 8 K memory • Upper ana lower case ASCII Display 
• Parallel I /O • 80 col. screen • dual tape cassette 
drives. The Datapoint 2200 VI is a complele self-con-
tained general-purpose computer. May be used as an 
intelligent terminal. While they tasl. v«ith each 2200 w e 
will ship, at no additional cost, a printer which may tje 
adapted to run with the processor (no guarantee on 
printer). 

ALSO AVAILABLE: Datapoint 3000 
CRTs $675.00 

TELECOMMUNICATIONS SERVICES CO. 
Box 4117 , A lexandr ia , Va. 22303 j 2 6 

7 0 3 - 6 8 3 - 4 0 1 9 I TLX 89 -823 

R A I N B O W COMPUTING INC. 
S u p p l i e r o f 

AppU 
Wav« M i t t 

The Dif l i tJl Group 
Southwest Technical Products 

Digital Equipment Corporat ion 

C o m p u t e r Products 
Per ipherals a n d Suppl ies f r o m 

PtrSci Computer Dcvicet 

Cont ron ix Lear-Siegler 
Diablo Mul t i -Tech 
Max t l l Texas Instruments 
'Scotch' Brand Magnetic Media 

Specialists in Design, Implementat ion and 
Support of Custom Hard ware/So f t ware 

for Business, Educat ior«l . and 
Personal Use 

Consul t ing/Con tract/Programming 
Operat ing Systems/Appl icat ions Software 

E x p e r t s in most m a j o r c o m p u t e r 
so f tware inc lud ing 

CDC. IBfVl, PDP 
B A S I C . C O B O L , F O R T R A N , PL1 
Lisp, Simula, Snobol, SPSS, BMD's 

C O M P A S S . M A C R O , 6 8 0 0 , & Z 8 0 assembly languages 

1 0 7 2 3 W h i t e Oak Ave. , Granada Hi l ls , Ca. 9 1 3 4 4 
(213 ) 3 6 0 - 2 1 7 1 RIO 



Sheila Clarke 
CyberGrafix 
518 N. Brand 
Glendale OA 91203 

What's Happening 
with the IBIVi Selectric? 
Micro Computer Devices has the answer 

Art Ch i lds needed a pr inter 
for a long t ime. An IBM 

Selectr ic had been Ar t 's and my 
cho ice for a coup le of years. It 
was ideal because of its smal l 
size and beaut i fu l pr int qual i ty . 
However, we both were skepti-
cal about pr inters avai lable for 
use w i th a computer . In most 
cases , e i ther the t ypewr i t e r 
was used and recond i t ioned or 
a lot of in ter face kit assembly 
was required. Like many com-
puter-users. Art can ' t a f fo rd to 
risk having an unrel iable unit 
r e q u i r i n g c o n t i n u a l m a i n t e -
nance; nor does he have t ime to 
assemble a kit . 

When we f i rst heard about 

t h e S E L E C T E R M , m a d e by 
M i c r o C o m p u t e r D e v i c e s 
(MCD), we were impressed that 
someone had f inal ly conver ted 
a b rand new t y p e w r i t e r for 
m ic rocompu te rs . Because both 
IBM and Micro Computer De-
v ices prov ide wa r ran t i es for 
the i r respect ive por t ions of the 
device, we dec ided to ob ta in a 
SELECTERM. 

Ar t 's sys tem cons i s t s of an 
Al ta i r 8800, dua l ICOM f loppy-
disk drive, and an ADM CRT ter-
mina l . He uses the 3P -f S inter-
f a c e b o a r d f r o m P r o c e s s o r 
T e c h n o l o g y . A f t e r s p e n d i n g 
two hours s t rugg l i ng to deci-
pher the board 's schemat i cs , 

wh i ch seemed to be wr i t t en 
solely for hardware types, Art 
f i n a l l y c a l l e d h i s e n g i n e e r 
f r iend, Steve Gr i f f i s , who came 
over and had everyth ing run-
n ing in f ive minu tes . A l t hough 
the SELECTERM wi l l in ter face 
to any m ic rocompu te r , wha t if 
you can ' t read the in ter face 
board schemat i cs? Micro Com-
puter Devices is prov id ing a 
so lu t ion w i th spec i f i c connect -
ing ins t ruc t ions for each inter-
face avai lab le on every com-
puter now being sold. 

Ar t 's reac t ion to the pr inter 
was posi t ive f rom the moment 
the t w o large c a r t o n s were 
del ivered. One car ton held the 

Select r ic and the other con-
ta ined the e lec t ron ics package. 
He w a s impressed w i t h the 
pack ing, wh i ch held the uni ts 
so l id ly w i th fo rmed foam to pre-
vent damage caused in ship-
ping. Open ing the f lap of the 
car ton, Art uncovered a sheet 
that sa id STOP, w i th comp le te 
unpack ing and typewr i ter as-
sembly ins t ruc t ions . Art , in too 
big a hurry, merely made a men-
ta l note tha t ins t ruc t ions were 
there and, consequent ly , ran in-
to a l i t t le t roub le secur ing the 
cover la tches of the typewr i ter . 
(Somet imes I wonder if anyone 
reads any th ing before mak ing 
p a n i c c a l l s t o t h e m a n -
ufacturer.) 

He was a lso impressed w i th 
the d o c u m e n t a t i o n and the 
SELECTERM's accep tance of 
ASCII. W i t h no convers ion nec-
essary, Art began wr i t ing a driv-
er. It took h im f ive minutes , us-
ing a s s e m b l y l a n g u a g e fo r 
FDOS-III. He sa id the only dif-
ference between th is pr inter 
and another l ine pr inter driver 
or hard-copy ou tpu t driver is 
that you might have to put out 
some nul ls af ter tabs and l ine 
feed. But it was s imp le for h im 
to wr i te the nu l ls in to the driver. 
Fig. 1 shows the driver for the 
8080 and 3P S. 

Art commen ted : "The IBM 
pr int qua l i ty is nice. And I l ike 
the fact that I can change type 
fonts . Put t ing the who le th ing 
toge the r—remov ing it f rom the 
car tons to pu t t ing the cover on 
the typewr i ter and hook ing up 
the c a b l e s — w a s a hal f -hour 
task. The fact that it requires 



one paral lel port makes it easy. 
If you have only one serial port , 
which is o f ten the case, you ' l l 
usually lose it to your pr int de-
vice. Wr i t ing the driver and in-
tegrat ing it in to the so f tware 
completed the process. A l l in 
all, it was very easy; every-
th ing's been done for you. The 
unit runs very cool , the elec-
tronics box is barely wa rm to 
the touch af ter running con-
sistent ly for about three hours, 
and it runs cooler than the 
typewri ter i t se l f . " 

I 'm us ing the SELECTERM to 
prepare th is ar t ic le for Kilo-
baud', I am inpu t t ing the text in 
the computer , f rom f i rst dra f t to 
the f inal , ed i ted version. I t 's a 
pleasure to l^now I don ' t have to 
retype th is th ing t w o or three 
t imes before I get it r ight . The 
advantages of the SELECTERM 
are only evident when I begin to 
use it. For example, the sales 
l i terature doesn ' t te l l me how to 
input uppercase and lowercase 
letters w i th a te rmina l that has 
only uppercase. So MCD owner 
Shelly Howard po in ted out the 
ADM has sw i t ches beneath the 
namepla te . Set t ing the LC EN 
swi tch enables me to input up-
p e r c a s e a n d l o w e r c a s e fo r 
printer ou tpu t . I d id d iscover, 
however, tha t the sw i t ch must 
a lways be returned to the UC 

pos i t ion af ter us ing the Insert 
mode of the text edi tor . Af ter 
that l i t t le sw i t ch is f l ipped, the 
CRT may only see uppercase 
characters , but when I hit sh i f t 
for uppercase charac ters , the 
p r in te r o u t p u t s c a p s whe re 
they shou ld be—jus t l ike us ing 
a typewr i ter . 

Af ter us ing the SELECTERM 
for a coup le of weeks. Art and I 
ran into d i f f i cu l t y ge t t ing clear 
p r i n t — t h e n it j a m m e d . The 
p rob lem w a s a loose mo to r 
mount . Because the typewr i ter 
por t ion w a s under war ran ty , 
IBM service came out and f ixed 
it at no charge. 

How It All Began 

To f ind out how his product 
came about I spent some t ime 
t a l k i n g w i t h She l l y H o w a r d . 
L ike many o ther sma l l - sca le 
m a n u f a c t u r e r s . She l l y knew 
re la t ive ly l i t t le abou t micro-
compu te rs two and a half years 
ago. In fac t , he was prepar ing 
his thes is for h is PhD on an IBM 
Selectr ic . Af ter ga ther ing suf f i -
c ient research data, he wan ted 
it comp i led th rough a compu te r 
and ou tpu t on a Select r ic tha t 
ma tched the type of his own 
typewr i ter . He was to ld by t w o 
compu te r ou t f i t s tha t IBM had 
d i s c o n t i n u e d m a k i n g i ts I/O 
device. He was fo rced to ei ther 

If we lift the typewriter up off the baseplate, we see the elec-
tronics added to convert the typewriter to a printer. 

scrap his or ig ina l p lans or buy 
his own compute r . Assum ing 
the cost of ownersh ip wou ld be 
prohib i t ive, he searched and 
d i s c o v e r e d t h e w o r l d o f 
m i c r o c o m p u t e r s . He a l s o 
d iscovered Don Lancaster 's TV 
Typewriter Cookbook. 

Now They Tell Mel 

A l t h o u g h he f o l l o w e d the 
book 's i ns t ruc t ions to the let-
ter, Shel ly fa i led to get a uni t up 
and running. He later discov-
ered the book had been based 

1 0000 ROUTINE TO DRIVE SELECTERM WITH 8080 AND 3P-t-S 

2 0000 1 

3 0000 DB04 LO: IN 4 GET STATUS 
4 0002 E601 ANl 1 MASK 

5 0004 CAOOOO JZ LO NOT READY 

6 0007 79 MOV A,C GET CHAR 
7 0008 D306 OUT 6 OUTPUT 

8 OOOA FE09 CPl 9 WAS IT A TAB? 
9 OOOC CAICOO JZ LOTAB YES 

10 OOOF FE08 CPl 8 NO - BACKSPACE? 

11 0011 CA1700 JZ LOLF YES 
12 0014 FEOA CPl OAH NO - LINE FEED? 

13 0016 CO RNZ NO - RETURN 
14 0017 J 

15 0017 OEOO LOLF: MVl C,0 OUTPUT A NULL 

16 0019 C30000 JMP LO AND RETURN 

17 OOlC J 

18 OOlC 05 LOTAB: PUSH B 

19 OOID 010004 LXl B,400H 4 NULLS 

20 0020 CDOOOO LOTBl: CALL LO OUTPUT 
21 0023 05 DCR B LAST ONE? 
22 0024 C22000 JNZ LOTBl NO 
23 0027 CI POP B YES - RESTORE B 
24 0028 C9 RET AND RETURN 
25 0029 J 

26 0029 0000 END 

TOTAL ERRORS = 00 

Fig. 1. ICOM 8080/1-80 Fleloc-Macro Assembler Ver. 1.0. 

on theory only; no one In Lan-
caster 's organizat ion had ac-
tua l ly put the theory to prac-
t ice. By now Shelly was too 
c o m m i t t e d to back out, so he 
decided to s tar t over w i th the 
help of two des ign engineers, 
Steve Garner and J immy Carter 
(no, another one). 

Mon ths of des ign develop-
ment , f ie ld tes t ing and improve-
ments resul ted in p roduc t ion of 
a pr inter w i th all pa r t s—the 
b a s e p l a t e , a c t u a t o r s , c o i l s , 
t r a n s f o r m e r and l i n k a g e s -
manufac tu red by MCD. Final ly, 
the design was approved by 
IBM. That 's why IBM service 
w i l l come and fix your pr inter if 
anyth ing goes wrong; you can 
a l s o b u y y e a r l y s e r v i c e 
agreements f rom IBM after the 
w a r r a n t y e x p i r e s . For t h i s 
reason, MCD wi l l not sel l the 
SELECTERM in kit form. IBM 
has only approved the factory 
assembled and tested model . 

In Full Swing 

F i r s t s h i p m e n t s o f t h e 
S E L E C T E R M were m a d e in 
August 1977; current ly about 
three per day are del ivered to 
dealers. The target is f ive per 
day, but the cash- f low s i tua t ion 
is tough w i th MCD in a cont in-
ual f isca l squeeze. Though IBM 
sanc t ioned the design, MCD is 
t reated l ike any other indiv idual 
consumer , as far as open credit 
goes. When you buy in quant i-
ty, w i th no quant i ty d iscount , at 
the same price I paid for my 



1st Row - Uppercase: ! A tf $ % & • ( ) + 
1st Row - Lowercase: 1 2 3 4 5 6 7 8 9 0 - -

2nd Row - Uppercase: Q W E R T Y U I 0 P i 

2nd Row - Lowercase: q w e r t y u 1 0 P J 

3rd Row - Uppercase: A S D F G H J K L 

3rd Row - Lowercase: a s d f S h J k 1 

4th Row - Uppercase: Z X C V B N M ? 

4 th Row - Lowercase: z X c V b n m / 

Fig. 2. ASCII character set for SELECTERM output device. 

Selectric II, a lot of bucks are 
going out the door at one t ime. 
To handle the di lemma, MCD 
sells through dealers only, on a 
COD basis. Because requests 
have been made by s o m e 
manufacturers, the f i rm wants 
to produce OEM versions to 
speci f icat ion. Shelly wi l l proba-
bly f ind investors, or perhaps 
release MCD for acquis i t ion by 
another company. But he loves 
what he's doing: sel l ing and de-
livering SELECTERMs to deal-
ers across the country. 

Competition 

Presently, only one other 
company in the country sel ls an 
IBM Selectric printer w i th ASCII 
encoding. Other companies of-
fer used Selectr ics complete 
with interfacing. Even recondi-
t ioned uni ts wi l l not qual i fy for 
the IBM Service Agreement. 

If you're looking for a good 
printer, this could be it. But 
take heed that 15 characters 
per second may not be fast 
enough. Long l ist ings could 

take hours. For most home 
computer is ts , however, speed 
may not be a determin ing fac-
tor in making a printer selec-
t ion. And the benef i ts are 
numerous: All the basic 
features of the printer inc lude 
the special typ ing element, tab 
command, back space, vert ical 
tab, bell, serial and paral lel in-
ter facing, cable sets and soft-
ware in PROM wi th in the elec-
tronics. Also included is a 
special ASCII typ ing element 
that IBM has produced to MCD 
speci f icat ions. Fig. 2 shows an 
output of the character set. 

The pr ice of $1750 appears 
prohibi t ive, unt i l you consider 
that you' l l be using an extreme-
ly wel l -designed unit that wi l l 
last for years—type fonts are 
changed at wi l l , no spec ia l 
paper is needed, IBM r ibbon is 
easy to order, and service is vir-
tual ly hassle-free. 

Options 

The same extras as those of-
fered by IBM, inc luding dual 

When the typewriter cover is off, the SELECTERM iooiis about like 
another Selectric II. Here it sits alongside Art's Altair 8800 with 
cabling interface to the 3P + S. 

pi tch and correct ing feature, 
can be ordered for your SELEC-
TERM. MCD has developed a 
noise-reduct ion feature (recom-
mended if you live in a residen-
tial neignborhood). 

T r a c t o r - f e e d p l a t e n a n d 
RS-232 inter face are also being 
of fered as opt ions. 

Af ter using the SELECTERM 
a great deal for two months 
now. Art and I are def in i te ly 
convinced that we did a good 
th ing for his computer . And a 
nice plus is that we now have a 
second t y p e w r i t e r — t h a t is, 
when it 's not being used w i th 
the c o m p u t e r . • 

8 68 § § 
886 6 8 

8 8 68 6 
8 8 6 6 8 
8 6 8 68 
886 8 8 

MTIOmiVE CLASSIFIEV AC NEUSLETTEH 

MILEV lit CLASS EVERy THREE WEEKS 
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ARE YOU L O O K I N G F O R ? 

- LOW COST USED COMPUTER EQUIPMENT 
- " " NEW 
- ADVANCED INFORMATION ON NEW PRODUCTS 
- NEW SOFTWARE: UTILITIES/BUSINESS/etc. 
- A WAY TO ASK FOR INFORMATION OR AID 
- INFORMATION ON COMPUTER CLUB MEETINGS 

I T ' S ALL IN 0 N _ L I N E ! 

18 ISSUES (1 Yr.)-$3.75 36 I5S.-S7.00 
Simple, on icqacit, addcrf to iufaicixp. 

2 4 6 9 5 SANTA CRUZ HWY, 

LOS G A T O S , CA 9 5 0 3 0 
02 

APPLE 
OWNERS 

Interactive Trap and Chase games for 
two people. Software allows choice of 
speed and points and requires 8K RAM. 
Hardware consists of two game control 
boxes. Each box has four micro switches 
and specially designed printed circuit 
with 5 feet of cable completely assembled. 
Plugs right into your game 1 'O connector. 
Control boxes can also be used with the 
game Dragon Maze 

Hardware and software cassette— 
S49.95. (Texas residents add 5% sales 
tax.) 90 day warranty parts and labor. 
Guaranteed 30 day delivery. Allow time 
for processing personal checks. Send 
check or money order to: 

B & G Interfaces 
P.O. Box 59364 
Northhaven Sta. 
Dallas, Tx. 75229 B28 

P R O F E S S I O N A L Q U A L I T Y 

A U D I O C A S S E T T E S 

^ ^ F O R T A R B E L L . D G S , K C , E T C 

D O N ' T W A S T E Y O U R M O N E Y 

O N C H E A P T A P E S . 

O E X T E N S I V E T E S T I N G H A S 

R E S U L T E D I N S E L E C T I O I M 

• O F T H I S T A P E F O R B A U D 

R A T E S I N E X C E S S O F 1 2 0 0 

S U P E R H I G H D E N S I T Y 

H I G H F R E Q U E N C Y R E S P O N S E 

L O W N O I S E . S I G N A L T O 

N O I S E R A T I O D B 

— T E N S I L I Z E D P O L Y E S T E R 

• B A S E . 6 9 M I L S T H I C K 

S O N I C W E L D E D C A S S E T T E 

O 3 0 M I N T A P E S 3 A T $ 5 . 5 0 

1 0 - $ 1 5 . 5 0 , 2 5 - $ 3 5 . 0 0 P P D 

P I T T S E N T E R P R I S E S 

I 5 1 6 K B O W E N S T . 

L O N G M O N T , C O . 8 O 5 O I 
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TIMESHARING 
The 80-103A works both ways. Your system can call a timesharing service and communicate as an intelligent 
terminal OR your S-100 system can be the timesharing system where the 80-103A answers the phone and 
communicates w i th terminals or other processors. 

80-103A DATA COMMUNICATIONS ADAPTER 

The 80-103A DATA COMMUNICATIONS ADAPTER was developed to function as an S-100 bus 
compatible serial interface incorporating a fully programmable modem and Telco interface. These 
functions are usually accomplished by the use of two separate modules: 1) a serial I/O board, and 
2) an external modem. By combining these features on a single board, the 80-103A can offer 
microcomputer applications significant cost/performance advantages over other implementations. 

• FULLY P R O G R A M M A B L E FEATURES 
• A U T O M A T E D D IAL ING AND AN-

SWER 
• O R I G I N A T E OR ANSWER MODE 
• 110-300 BIT/SEC DATA RATES 
• CHARACTER FORMAT AND PAR ITY 
• E R R O R DETECTION 
• FULLY BUFFERED, OUTPUTS D R I V E 

25 S-100 BUS LOADS 

DC Hayes Associates offers a ful l range of capabilities 
for solving your information handling problems. 
Whether your problem is large or small, we wi l l apply 
innovative techniques for f inding the best solution. 
Contact us about our products and services. 

• S T A N D A R D U.S. FREQUENCIES 
• FULL TELCO COMPATIB IL ITY WHEN 

ATTACHED TO DAA 
• COMPATIBLE WITH EX IST ING TELE-

TYPES AND T IME SHAR ING MODEMS 
• A L L D IG ITAL MODULAT ION AND 

DEMODULAT ION. NO ADJUSTMENTS 
REQUIRED. 

PRICES: 
Assembled 80-103A with 48 hour burn in 
and 90 day warranty is $279.95 

Bare Board with manual is $49.95 

ACCEPTED 

D C Hayes associates 
P.O. Box 9884 • Atlanta, Georgia 30319 • (404) 231-0574 



The Top-Down 
Approach 

with some practical exampies 

Dr. Lance A. Leventhal 
PO Box 1258 
Rancho Santa Fe CA 92067 

In Kilobaud No. 14 ( "Why 

St ructured Programming?" p. 
84), I d iscussed s t ruc tured pro-
gramming, a method for mak-
ing the logic of large programs 
s imple and repeti t ive, thereby 
making them easier to debug 
and test . But a fur ther problem 
in wr i t ing large programs is 
how to put sec t ions of the pro-
grams toge ther . Th is a r t i c le 
d e s c r i b e s a w i d e l y u s e d 
m e t h o d c a l l e d t o p - d o w n 
design, by wh ich the program-
mer s t a r t s w i t h an ove ra l l 
out l ine of the program and pro-
ceeds to steadi ly descr ibe each 
sect ion in greater detai l , debug-
ging and tes t ing a long the way 
in an in tegrated manner. 

Modular Programming 

Obviously, a large program 
can only be wr i t ten by d iv id ing 
it in to sect ions. No one (I hope) 
wou ld s imply wr i te the e r ' i r e 
p rogram and then see if it 
worked. Clearly, a better idea is 
to wr i te a smal l sect ion, see if 
that works, correct it, wr i te 
another smal l sect ion, and so 

on. This procedure is known as 
modular programming and the 
sect ions of the p rogram are 
ca l led modules. 

Some typ ica l modu les in an 
o v e r a l l a c c o u n t i n g , g a m e , 
w o r d - p r o c e s s i n g or i n s t r u c -
t iona l p rogram might be: I/O 
rout ines, f i le -handl ing rout ines, 
m a t h e m a t i c a l c a l c u l a t i o n s , 
s t r ing-handl ing rout ines, tab le 
s e a r c h e s , s o r t i n g r o u t i n e s , 
t a b l e l o o k u p a n d l i s t pro-
cess ing. 

The advantages of modu lar 
p rog ramming are clear. 

1. Y o u c a n c h e c k t h e 
modu les ind iv idual ly and be 
sure they work proper ly. Thus, 
you can assume that any errors 
in the overal l p rogram are in the 
connec t ions or the superv isor 
program. 

2. You can bu i ld a l ibrary of 
modules that wi l l be usefu l in 
oth'^r programs. Many of the 
previously ment ioned modu les 
wi l l be needed f requent ly . 

3. You can use modu les that 
you have previously developed, 
found in books or magaz ine ar-
t i c l e s , o r b o r r o w e d f r o m 
fr iends. You can a lso use mod-
ules such as f i le handlers, code 
conver te rs and I/O hand le rs 
tha t compr i se part of your mon-

itor or opera t ing sys tem. 
4. You can p lan p r o g r a m 

d e v e l o p m e n t a n d h a v e a 
reasonab le idea of how much 
progress you have made and 
w h a t t h e m a j o r s t u m b l i n g 
b locks are. 

5. You can e l im ina te many 
s imp le errors at an early s tage. 

Modu la r p r o g r a m m i n g has 
ser ious d isadvantages , though . 
Somehow, the modu les never 
qu i te seem to f i t together at the 
end. Di f ferent modu les may use 
d i f f e r e n t r e g i s t e r s , m e m o r y 
loca t ions or subrout ines . Some 
m ay w i p e o u t r e s u l t s t h a t 
o thers need or not use da ta that 
o thers provide. Modu le integra-
t ion o f ten tu rns out to be a b ig 
task you must s t rugg le w i th 
af ter every th ing seems to be 
done. 

The prob lem of in tegra t ing 
modules is independent of the 
prob lem of tes t ing and debug-
ging them. The modu les may al l 
work separate ly , but s t i l l not 
work together . The c a t c h is tha t 
t he o r i g i n a l d e b u g g i n g and 
tes t ing checks the work ings of 
the modu le out of con tex t (i.e., 
all by i tsel f rather t han as part 
of a comp le te program). 

In f a c t , d e b u g g i n g a n d 
tes t ing a modu le in i so la t ion 

can be qu i te d i f f i cu l t . A game 
program, for example , may con-
sist of the fo l l ow ing modules: 
(1) de te rmine in i t ia l cond i t ions , 
(2) read and check proposed 
move (see if it is valid), (3) deter-
mine new cond i t i ons , (4) pr int 
s ta tus . 

But how can you wr i te the 
rout ine tha t reads and checks 
the proposed move unless you 
know the prev ious s ta te of the 
game and can see the new 
state? How wi l l you be able to 
tel l if the MOVE modu le is work-
ing proper ly? Typ ica l ly , you wi l l 
have to ei ther manua l l y enter 
the required da ta and examine 
the resu l ts or wr i te spec ia l pro-
g rams to per fo rm those tasks . 
These spec ia l p rograms (some-
t imes ca l led driver programs) 
can save a lot of manua l e f fo r t ; 
however, they in t roduce extra 
work and may act qu i te dif-
ferent ly f rom the real rou t ines 
for wh ich they subs t i tu te . (Note 
tha t you don ' t save the driver 
p r o g r a m s ; y o u t h r o w t h e m 
away when the job is done.) 

Clear ly, the prob lem of com-
b in ing modu les is even more 
ser ious in large c o m m e r c i a l 
p rog ramming pro jects . Not on-
ly can the number of modu les in 
a pro ject be very large, but a lso 
many p rogrammers may be in-
volved in wr i t i ng them. Now the 
prob lem is to in tegrate mod-
ules wr i t t en by people w i th dif-
ferent s ty les, d i f fe rent levels of 
e x p e r t i s e , d i f f e r e n t d o c u -
m e n t a t i o n m e t h o d s and di f -
ferent in te rp re ta t ions of tasks . 

Top-down Design 

Most commerc ia l program-
ming shops now use some ver-
s ion of top -down des ign. This 
method d i f fe rs f rom the more 
t r ad i t i ona l b o t t o m - u p des ign 
(see Fig. 1) in wh i ch the spec i f ic 
m o d u l e s are w r i t t e n be fo re 
they are in tegrated in to more 
comp lex programs. Top-down 
des ign (see Fig. 2) proceeds as 
fo l lows: 

1. The overal l superv isor pro-
g ram is wr i t ten , debugged and 
tested. Major subprograms are 
replaced by program stubs that 
may produce the answer to a 
se lected prob lem, record the 
entry or do no th ing at all. 

2. Each s tub is then s imi lar ly 



( 0 W R I T E THE M O D U L E S 

UJ M2 M 3 M 4 M5 M 6 

( I ) W R I T E THE O V E R A L L PROGRAM 

( 2 ) C O M B I N E THEM INTO PROGRAMS OF INCREASING C O M P L E X I T Y 

SI S 2 

M2 

t 

M 3 M 4 M 5 U 6 

Fig. 1. The procedure for bottom-up design. 

( 2 ) E X P A N D EACH SUBPROGRAM. ADDING DETAIL AS REQUIRED UNTIL THE 
P R O B L E M D E F I N I T I O N IS M E T . 

J L J i 
Ml M 2 M S M 4 MS M 6 

Fig. 2. The procedure for top-down design. 

expanded, w i t h debugg ing and 
tes t ing occur r ing at each step. 

A d v a n t a g e s of T o p - d o w n 
Design 

The advantages of top-dovi(n 
design are: 

• It modu la r i zes debugg ing , 
tes t ing and In tegrat ion, as 
wel l as cod ing (the wr i t i ng of 
Ins t ruct ions) . 

• It a l l ows subprog rams to be 
debugged and tes ted In the 
ac tua l env i ronment of the 
ent i re program. No spec ia l 
d e b u g g i n g a n d t e s t i n g 
p rog rams (or dr ivers) are 
needed to provide data or to 
Interpret resul ts . 

• It resu l ts In overal l p rogram 
logic be ing checked f i rs t . 
Th is o f ten means that the 
p rogrammer can Immediate-
ly d iscover and e l im ina te In-
cons is tenc ies and miscon-
cep t ions tha t o the rw ise may 
be very d i f f i cu l t to f ind and 
c o r r e c t ( a f t e r a l l t h e 
modu les have been wr i t ten). 

• It p rov i des a s y s t e m a t i c 
f r a m e w o r k f o r p r o g r a m 
deve lopment and tes t ing . It 
gives the p rogrammer a f i rm 
Idea of how much of the task 
has been accomp l i shed . 

Disadvantages of Top-down 
Design 

Of course, l ike al l me thods , 
top-down des ign has disadvan-
tages. A m o n g these are: 

• A s u i t a b l e p r o g r a m s t u b 
may be d i f f i cu l t t o wr i te , par-
t icu lar ly if it must appear in 
many d i f fe rent p laces and 
produce many d i f fe rent inci-

denta l e f fec ts . 
• The t o p - d o w n e x p a n s i o n 

may not mesh we l l w i t h 
hardware or a l ready ex is t ing 
so f tware . 

• Errors in the overal l p rogram 
can have ca tas t roph i c ef-
fec ts on the ent i re pro ject . 
O f ten c r i t i ca l des ign deci-
s ions must be made early 
before you know what prob-
l e m s e x i s t ( o r w i l l be 
created) at the lower levels. 

F u r t h e r m o r e , t o p - d o w n 
des ign a s s u m e s a s imp le pro-
g ram s t ruc tu re w i th indepen-
dent subsec t i ons (I.e., a tree 
s t ruc tu re , as shown in Figs. 1 
a n d 2) . S o m e p r o g r a m s 
(perhaps even most) can logi-
ca l ly be cons t ruc ted in that 
manner . But there Is no proof 
tha t all, or even most , p rograms 
can be. O f ten p rograms have in-
te rconnec t i ons at al l levels that 
defy s imp le ana lys is . 

Of course, top -down des ign 
is no p a n a c e a ; it p r o v i d e s 
nei ther rules nor gu idance for: 
(1) d i v i d i n g p r o g r a m s I n t o 
modu les tha t can be wr i t t en In-
dependent ly of o ther modu les ; 
(2) wr i t i ng the modu les (here, 
s t r u c t u r e d p r o g r a m m i n g 
comes in to play); (3) de f in ing or 
u s i n g d a t a s t r u c t u r e s . . . In 
many s i tua t ions , the s t ruc tu re 
of the da ta may be more Impor-
tant and more d i f f i cu l t to deter-
m ine than the s t ruc tu re of the 
program. 

But top -down des ign does 
prov ide a s y s t e m a t i c f rame-
work , rather t han a haphazard 
approach. Th is f ramework has 
been shown to s ign i f i can t l y in-
crease p rogrammer product iv i -

ty In the commerc ia l wor ld. Fur-
thermore, it seems to result In 
p r o g r a m s tha t have c learer 
logic and are easier to test , 
d e b u g , e x t e n d and use. Of 
course, p r o g r a m m e r s shou ld 
never d isda in a l i t t le bo t tom-up 
des ign where that method per-
m i ts better u t i l i za t ion of hard-
ware, ex is t ing so f tware or other 
resources. The a im of program-
ming is to produce programs that 
work, not to fo l low the tenets of 
one methodo logy or another . 

Much of wha t we have said 
so far about top -down des ign Is 
vague. Now let us see how It 
works In a real example. 

The Vote Analysis Program 

The purpose of th is program 
is t o coun t ba l lo ts and print the 
to ta l s In decreas ing o r d e r -
s tar t ing w i th the cand ida tes 
who received the most votes. C 
is the number of cand ida tes , 
and the ba l lo ts are coded as 
fo l lows: 

0 — a b lank ba l lo t (no vote for 
any candidate) . 

1 to C—vo te for the ind ica ted 
cand ida te . 

C -I- 1—vote for a wr i te- in 
cand ida te . 

C + 2—I l lega l vote ( two or 
more cand ida tes marked). 

C + 3—spec ia l mark ing for 
last (dummy) bal lo t . 

Fig. 3 shows the in i t ia l pro-
g ram f l owchar t . The Impor tan t 
var iab les are: N ( I )—number of 
votes for cand ida te I, V—to ta l 
number of votes, M (I)—can-
d i d a t e n u m b e r s f o r r a n k -
order ing. 

We have not t r ied here to 

make the programs part icular ly 
ef f ic ient or to make the I/O 
real is t ic . Rather, we have tr ied 
to show how program develop-
ment proceeds, s tar t ing w i th an 
overal l ske le ton program and 
c o n t i n u i n g t h r o u g h ever- in-
creasing levels of detai l . The 
language is a s imple version of 
BASIC that shou ld run on most 
computers . 

Initial Program 

Fig. 4 con ta ins the Init ial pro-
g ram l is t ing. The three major 
s e c t i o n s of t h e p r o g r a m -
c o u n t i n g , o rde r i ng and out-
pu t—have been replaced by 
p r o g r a m s t u b s t h a t s i m p l y 
mark those sect ions that have 
been entered. We can test the 
overal l p rogram logic by enter-
ing a value for the number of 
cand idates , C, and running the 

Fig. 3. Initial flowchart for the 
vote-analysis program. 



L I S T 
10 
lb 
ao 
2b 
30 
35 « 

50 
55 
60 
6b 
70 
75 
80 
8b 
99 9 
1000 
1010 
1020 
aooo 
9010 
a020 
3000 
30 10 
3020 
9999 
RUN 
NUMBEK 0F CANDIDATES = ? 
ATTFMPTFD V0TF C0UNTING 
ATTFMPTED 0H(DE:RING 
REACHED 0IJTPUT ROUTINE 
READY 

= 0 
DIM N ( 2 0 ) . M < 2 0 ) 
REM NUMBER 0F V0TES ( V ) 
LET V= 0 
REM GET NUMBER 0F CANDIDATES (C> 
PRINT "NUMBER 0F CANDIDATES = "> 
INPUT C 
REM CLEAR ALL V0TE C0UNTERS 
F0R 1= 1 10 Ct 2 
LET N ( I > = 0 
NEXT I 
REM C0UNT V0TES 
G0SUB 1000 
REM 0RDER V0TE I0TALS 
G0SUB 2 0 0 0 
REM 0UTPUT T0TALS 
G0SUB 3000 

END 
REM V0TE C0UNTING PROGRAM 
PRINT "ATTEMPTED VOTE COUNTING" 
RETURN 
REM T0TAL ORDERING PROGRAM 
PRINT "ATTEMPTED ORDERING" 
RETURN 
REM OUTPUT ROUTINE 
PRINT "REACHED OUTPUT ROUTINE" 
RETURN 
END 

0 

Fig. 4. Initial listing for the vote-analysis program. All the sub-
programs are left as unexpended stubs. 

program (note the RUN resu l t s 
at t he bo t tom) . In fac t , the re 
v a s a s l i g h t e r r o r i n i t i a l l y 
caused by the o m i s s i o n of t he 
f ina l END s t a t e m e n t . Th is error 
was qu i ck l y co r rec ted be fo re 
any s t u b s were expanded . 

The First Level of Expansion 

Fig. 5 is the f l o w c h a r t of the 
e x p a n d e d v o t e - c o u n t i n g pro-

Fig. 5. Flowchart for the vote-
counting subprogram. 

g r a m . Here t h e r e are t h r e e 
cases to cons ide r : 

1. The last ba l lo t (ma rked 
w i t h the n u m b e r C + 3) is not 
c o u n t e d in t he to ta l s . 

2. B lank ba l l o t s (ma rked by 
zero) are i n c l u d e d In t he t o t a l 
number of vo tes but a re not 
c red i t ed t o any ca tego ry . 

3. O t h e r b a l l o t s m u s t be 
c r e d i t e d t o t h e a p p r o p r i a t e 
ca tego ry (i.e., to a c a n d i d a t e , 
wr i te- In c a t e g o r y or i m p r o p e r l y 
ma rked ca tegory ) . 

Fig. 6 c o n t a i n s t he BASIC 
p rog ram w i t h t h e v o t e - c o u n t i n g 
s t u b e x p a n d e d . W e c h e c k e d 
th i s p r o g r a m w i t h t h e d a t a In 
E x a m p l e 1 (see t he resu l t s at 
the b o t t o m of F ig. 6). 

Fig. 7 c o n t a i n s t he BASIC 
p r o g r a m w i t h t he o u t p u t s t u b 
expanded . Th i s p r o g r a m w a s 
a l so c h e c k e d w i t h c a s e s 1 and 
2. No te t he a d d e d s t a t e m e n t 

3020 IF C = OTHEN 3045 

Th is c o r r e c t i o n m e a n s tha t if 
t he re are no c a n d i d a t e s , t he 
p r o g r a m does not pr in t head-
ings , a l is t of c a n d i d a t e s or vo te 
t o t a l s . N o t e t h a t t h e c a s e 

L I S T 
10 DIM N ( 2 0 > . M C 2 0 ) 
15 REM NUMBER 0F V0TES ( V ) = 0 
20 LET V= 0 
25 REM GET NUMBER 0F CANDIDATES <C) 
30 PRINT "NUMBER 0F CANDIDATES = "J 
35 INPUT C 
43 REM CLEAR ALL V0TE COUNTERS 
/15 FOR 1= 1 T0 C» 2 
50 LET N( I )= 0 
55 NEXT I 
60 REM C0UNT V0 IES 
65 G0SUB 1000 
70 REM 0RDER TE 10TALS 
75 G0SUB 2 0 0 0 
80 REM 0UTPUT TOTALS 
85 G0SUB 3 0 0 0 
999 END 
1000 REM V/0TE COUNTING PROGRAM 
1005 REM FETCH NEXT V0TE < J ) 
1010 PRINT "NEXT VOTE I S " J 
1015 INPUT J 
1020 REM DONE I F VOTE I S ENDING MARK ( C » 3 ) 
1025 I F J = C<- 3 THEN 106b 
1030 REM ADD VOTE T0 TOTAL <V) 
103b LET V=V» 1 
1040 REM IGNORE V0TE IF BALLOT UNMARKD ( J = 0 ) 
1045 I F J= 0 THEN 1010 
10 50 REM ADD VOTE 10 APPROPRIATE TOTAL 
1055 LET N ( J > = N ( J ) * 1 
10 60 GOTO 1010 
1065 RETURN 
2000 REM TOTAL ORDERING PROGRAM 
2010 P R I N T "ATTEMPTED ORDERING" 
20 20 RFTURN 
3000 REM OUTPUT ROUTINE 
M I O PRINT "RFACHED OUTPUT ROUTINE" 
3020 RETURN 
9999 END 

RUN 
NUMBER 0F CANDIDATES = 7 0 
NEXT VOTE IS? 3 
ATTEMPTED ORDERING 
REACHED OUTPUT ROUTINE 
READY 

RUN 
NUMBER 0F CANDIDATES = ? 1 
NEXT VOTE IS? 1 
NEXT VOTE I S ? 4 
ATTEMPTED ORDERING 
REACHED OUTPUT ROUTINE 
READY 

Fig. 6. Listing for the vote-analysis program with the vote-
counting subprogram expanded. 

w i t h o u t a c a n d i d a t e , a l t h o u g h 
it s e e m s u s e l e s s , is by no 
m e a n s an u n c o m m o n s i t u a t i o n 
in real e l e c t i o n s , pa r t i cu l a r l y at 
t he loca l level. The resu l t s f r o m 
th i s e x p a n d e d p r o g r a m are in 
F ig. 8. 

F ig. 9 Is a f l o w c h a r t for t he 
f i r s t e x p a n s i o n of t he rank-
o rde r ing rou t i ne . The Idea Is t o 
k e e p I n t e r c h a n g i n g p a i r s of 
e l e m e n t s un t i l a l l pa i rs are In 
t he co r rec t o rder (I.e., l a rges t 
number f i rs t ) . F lag F is c l ea red 
in i t i a l l y and se t t o 1 if an Inter-
c h a n g e is p e r f o r m e d . So, if F = 

1 at t he end of a pass t h r o u g h 
t h e l i s t , a n o t h e r p a s s i s 
necessa ry . If F = 0 at the end, 
t h e l i s t m u s t be in o r i e r . 
A l t h o u g h th i s may appea r an 
u n s o p h i s t i c a t e d s o r t i n g meth-
od, It is pe r f ec t l y a c c e p t a b l e for 
shor t l i s t s l ike t he o n e s han-
d l e d by t h i s p r o g r a m . T h e 
number of c a n d i d a t e s In an 
e l e c t i o n ra re ly e x c e e d s ten . 
N o t e t h a t n o s o r t i n g Is 
necessa ry If the re is on ly one 
c a n d i d a t e or a re none . 

F ig. 10 is t he BASIC p rog ram 
w i t h t he o rde r i ng rou t i ne ex-



L I S T 
10 D I M N C 2 0 ) . M ( 2 0 > 
15 REM N U M B E R 0 F VPITES < V > = 0 
aO L E T V= 0 
2 5 REM G E T N U M B E R 0 F C A N D I D A T E S C O 
30 P R I N T " N U M B E R BE C A N D I D A T E S = 
3 b I N P U T C 
4 ) REM C L E A R A L L V 0 T E C 0 U N 1 E R S 

E 0 R 1= 1 T 0 C * 2 
50 L E T N ( I ) = 0 
55 N E X T I 
60 REM C 0 U N T V 0 T E S 
6 5 G 0 S U B 1 0 0 0 
70 REM 0 R D E R V 0 T E T 0 T A L S 
7 5 G 0 S U B 2 0 0 0 
RO REM 0 U T P U T T 0 T A L S 
R5 G 0 S U B 3 0 0 0 
9 9 9 E N D 
1 0 0 0 REM V 0 T E C 0 U N T I N G P R 0 G R A M 
1 0 0 5 REM F E T C H N E X T V 0 T E < J > 
1 0 1 0 P R I N T " N E X T V 0 T E ! S " I 
1 0 1 5 I N P U T J 
1 0 2 0 REM D 0 N E I E U 0 T E I S E N D I N G MARK ( C » 3 ) 
1 0 2 5 I F J = C * 3 T H E N 1 0 6 5 
1 0 3 0 REM A D D V 0 T E T 0 I B T A L 
1 0 3 5 L E T I 
1 0 ^ REM I G N 0 R E V 0 T E I f B A L L 0 I U N M A R K E D ( J = 0 ) 
1 0 4 5 I F J = 0 T H E N 1 0 1 0 
1 0 5 0 REM A D D V 0 T E T 0 A P P R O P R I A T E T 0 T A L 
1 0 5 5 L E T N ( J ) = N ( J ) » 1 
10 6 0 G 0 T 0 1 0 1 0 
1 0 6 5 R E T U R N 
a o o o REM T 0 T A L O R D E R I N G P R O G R A M 
a O l O P R I N T " A T T E M P T E D O R D E R I N G " 
2 0 2 0 R E T U R N 
X O O REM O U T P U T R O U T I N E 
M 0 5 P R I N T " N U M B E R OF C A N D I D A T E S = " » C 
3 0 1 0 P R I N T " N U M B E R OF V O T E S = " J V 
3 0 1 5 REM S K I P C A N D I D A T E T O T A L S I F N 0 C A N D I D A T E S 
3 0 2 0 I F C = 0 T H E N 3 0 4 5 
3 0 2 5 P R I N T " C A N D I D A T E N U M B E R V O T E T O T A L " 
3 0 3 0 FOR 1 = 1 T 0 C 
3 0 3 5 P R I N T TAB< 5 ) . I . T A B ( 2 5 ) . N ( I ) 
3 0 4 0 N E X T I 
30 4 5 P R I N T " N U M B E R 0F ^ R I I E - I N S = " I N ( C » 1 ) 
M 5 0 P R I N T " N U M B E R OF I M P R O P E R B A L L O T S = " I N ( C » PI 
X 5 S R E T U R N 
9 9 9 9 E N D 

Fig. 7. Listing for the vote-analysis program with the vote-
counting and output subprograms expanded. 

RUN 
NUMBFR OF 
NEXT V0TE 
A T T E M P T E D 
NUMBER 0 F 
NUMBER 
NUMBER 
NUMBER 
READY 

0 F 
0 F 
0 F 

C A N D I D A T E S = ? 0 
I S ? 3 
0 R D E R I N G 
C A N D I D A T E S = 0 
V 0 T F S = 0 
v J R I T E - I N S = 0 
I M P R 0 P E R B A L L 0 I S = 0 

= ? 1 

1 

RUN 
NUMBER 0 F C A N D I D A T E S 
NEXT V 0 T E I S ? 1 
NEXT V 0 T E I S ? 4 
A T T E M P T E D 0 R D E R I N G 
NUMBER 0 F C A N D I D A T F . S 
NUMBER 0 F V 0 T E S = 1 
C A N D I D A T E NUMBER V0TE TOTAL 

I 1 
NUMBER 0 F ' ^ R I T E - I N S = 0 
NUMBER 0 F I M P R 0 P E R B A L L 0 T S = 0 
READY 

RUN 
NUMBER 0 F C A N D I D A T E S = ? 8 
NEXT V 0 T E I S ? 1 
NEXT V 0 T E I S ? 1 
NEXT VOTE I S ? 2 
NEXT V 0 T E I S ? 5 
A T T E M P T E D O R D E R I N G 
NUMBER 0 F C A N D I D A T E S = 2 
NUMBER 0 F V 0 T E S = 3 
C A N D I D A T E NUMBER VOTE TOTAL 

1 
2 

2 
1 

NUMBER 0 F j J R I T E - I N S = 0 
NUMBER OF IMPROPFR B A L L O T S = 
READY 

Fig. 8. Resuits from the program of Fig. 7. 

CASE 1. NO CANDIDATES, NO VOTES 
C = 0 

V = 3 (ENDING MARKER) 
CASE 2. ONE CANDIDATE, ONE VOTE 

C = 0 
V = 1 
V = 4 (ENDING MARKER) 

Example 1. 

panded. Note that the inter-
change subrout ine is left as a 
program stub. It wi l l be ex-
panded later. For some s imple 
cases for check ing th is pro-
gram, see Example 2. Fig. 11 
shows the results f rom th is pro-
gram. Note that an interchange 
was a t tempted in Case 4, but 
not in Case 3. 

The Second Level of Expansion 

Fig. 12 shows the program 
with the interchange stub ex-
panded. Statement 3035 now 

p r i n t s t h e i d e n t i f i c a t i o n 
number M(l), wh ich is inter-
changed, but s ta tements 2010 
and 2033 had to be changed to 
give a value to M(l) when there 
is only one candidate. 

Fig. 12 also conta ins a fur-
ther expansion of the ordering 
rout ine (see f lowchar t in Fig. 
13) to handle more ef f ic ient ly 
the simple, but common, case 
where there are only two can-
d ida tes . Fur ther expans ions 
c o u l d check for e r roneous 
values of number of candidates Fig. 9. Flowchart for the rank-ordering subprogram. 



L I S T 
10 

15 
ao 
25 
3 0 
3 b 
43 
Ab 
a) 
5b 
60 
6 5 
70 
7 5 
BO 
8 5 
9 9 9 
1000 
100 5 
1010 
101 b 
1 0 2 0 
1 0 2 b 
1 0 3 0 
1 0 3 b 
10 
1 0 1 b 
10 50 
10 b b 
10 6 0 
1 0 6 5 
aooo 

D I M N C 2 0 ) , M ( ? 0 ) 
RFM NUMBt;i< V / 0 1 F S ( V ) = 0 
L F T V= 0 
HEM G E T N U M R E R OF C A N D I D A T E S ( C ) 
P R I N T " N U M B E R 0 F C A N D I D A T E S = " I 
I N H U T C 
REM C L E A R A L L V0 T E C 0 U N 1 E R S 
F 0 R 1= 1 1 0 C * 2 
L E T N C I ) = 0 
N E X T I 
REM C 0 U N T V 0 T E S 
G 0 S U B 1 0 0 0 
REM 0 R D F R V 0 T E T O T A L S 
G 0 S U B 2 0 0 0 
REM 0 U T P U T T B T A L S 
G 0 S U B 3 0 0 0 

END 
REM V 0 T F C 0 U N T I N G P K P G K A M 
REM F E T C H N E X T V0 T E ( J ) 
P R I N T " N E X T V 0 T E I S " I 
I N P U T J 
HEM D 0 N E I F V 0 T F I S t N U I N G MARK 
I F J = C » 3 T H E N 1 0 6 b 
REM A D D V 0 T E 1 0 T 0 T A L ( V > 
L(T 1 
REM I G N 0 R E V 0 T E I F B A L L 0 T U N M A R K E D ( J = 0 ) 
I F J = 0 T H E N 1 0 1 0 
REM A D D V 0 T E TB A P P k 0 P R I A l E T 0 T A L 
L E T N ( J ) = N ( J ) » 1 
G 0 T 0 1 0 1 0 
R E T U R N 
REM T 0 T A L O R D E R I N G P R 0 G R A M 

2 0 0 5 REM N 0 O R D E R I N G N E C E S S A R Y I f ^ E H B 0K « N t C A N D I u A i t S 
2 0 1 0 I F C< 2 T H E N 2 0 8 5 
2 0 1 5 REM A S S I G N M A R K E R S TB C A N D I D A l f S (-BR S O R T I N G 
2 0 2 0 FOR 1= 1 TO C 
a 0 2 5 L F T M t n = i 
2 0 3 0 N E X T I 

2 0 3 5 REM S 0 R T V 0 T E l O T A L S 
2 0 4 0 L F T F= 0 
2 0 4 5 FOR 1= 1 T 0 C - 1 
2 0 5 0 REM C H E C K I F T O T A L S A R E I N 0 K D E R 
2 0 5 5 I F N ( I ) > = N < I » 1 ) T H E N 2 0 7 0 
3 0 6 0 REM I F 0 U I OF O R D E R . I N I E R C H A N G E P A I R 
2 0 6 5 G 0 S U B 2 5 0 0 
2 0 7 0 N E X T I 
2 0 7 5 REM DO A N O T H E R P A S S I F ANY I N I E H C H A N G E S O C C U R K t U 
2 0 8 0 I F F = 1 T H E N 2 0 4 0 
2 0 8 5 R E T U R N 
2 5 0 0 REM I N T F R C H A N G E T O T A L S . M A R K E R S F 0 R O R D E R I N G 
2 5 1 0 P R I N T " A T T E M P T E D I N T E R C H A N G E " 
2 5 2 0 R E T U R N 
3 0 0 0 REM O U T P U l R 0 U 1 I N E 
M O b P R I N T " N U M B E R CF C A N D I D A T E S = " I C 
X I O P R I N T " N U M B F R OF V 0 T E S = " I W 
3 0 1 5 REM S K I P C A N D I D A T E T O T A L S I F N 0 C A N D I D A l t S 
3 0 2 0 I F C= 0 T H E N 3 0 4 b 
3 0 2 5 P R I N T " C A N D I D A I E N U M B E R V0 1 1 T O T A L " 
3 0 3 0 FOR 1 = 1 T0 C 
M 3 5 P R I N T TAB< b ) . I . T A B ( 2 b ) . N ( I ) 
3 0 4 0 N E X T I 
3 0 4 5 P R I N T " N U M B E R OF . V R I I E - I N S = " I N ( C » 
3 0 5 0 P R I N T " N U M B E R OF I M P R O P E R B A L L 0 T S = 
3 0 5 5 R E T U R N 
9 9 9 9 E N D 

1 > 
" J N ( C * 2 > 

Fig. 10. Listing of vote-analysis program with all subprograms expanded by one level. 

RUN 
NUMBER 0 F 
NEXT V 0 T E 
NUMBER 0 F 
NUMBFR 
NUMBER 
NUMBER 
READY 

0 F 
0 F 
0 F 

C A N D I D A T E S = ? 0 
I S ? 3 
C A N D I D A T E S = 0 
V 0 T E S = 0 
W R I T E - I N S = 0 
I M P R 0 P F R B A L L 0 1 S 

RUN 
NUMBFR 0 F C A N D I D A T E S = ? 1 
NEXT V 0 T E I S ? 1 
NEXT V 0 T F I S ? 4 
NUMBFR 0 F C A N D I D A T E S = 1 
NUMBER 0 F V/0TFS = 1 
C A N D I D A T E NUMBER V 0 T E T 0 T A L 

1 1 

NUMBER 0H W R I T E - I N S = 0 
NUMBER 0 F I M P R 0 P F R H A L L 0 T S = 0 
READY 

RUN 
NUMBER 0 F C A N D I D A T E S = 
NEXT V 0 T E I S ? 1 
NFXT V0TE I S ? 2 
NEXT V 0 T E I S ? 2 
NEXT V 0 T E I S ? 5 
ATTEMPTED INTERCHANGE 
NUMRER 0 F C A N D I D A T E S = 
NUMBER 0(- V 0 1 E S = 3 
C A N D I D A T E NUMBER V 0 T F T O T A L 

1 1 
2 2 

NUMBER 0 F W R I T E - I N S = 0 
NUMBER 0 F I M P R 0 P F R B A L L 0 T S = 0 
READY 

Fig. 11. Results from the program of Fig. 10. 

CASE 3. TWO CANDIDATES. THREE VOTES (2 
FOR NUMBER 1, 1 FOR NUMBER 2) 

C = 2 
V = 1 

V = 1 

V = 2 

V = 5 (ENDING MARKER) 

CASE 4. TWO CANDIDATES, THREE VOTES (I 
FOR NUMBER I, 2 FOR NUMBER 2) 

C = 2 
V = 1 
V = 2 
V = 2 

V = 5 (ENDING MARKER) 

Example 2. 

(less than zero or more than the 
program can handle) and er-
roneous data (values that are 
undefined). Other expansions 
could check for t ies, handle 
cases where more than one 
vote is a l lowed (e.g., vote for 
four of the above) and ident i fy 
the bal lo ts on which wri te- ins 
were marked. 

Conclusion 

Top-down design is a method 
for designing, debugging and 
test ing large programs. It re-
quires the programmer to start 
w i th the overal l program logic 
and to cont inue expanding sub-
programs unt i l the task is ful ly 
defined. Each level is checked 

in its actual work ing environ-
ment before the next level is at-
tempted. Thus, in tegrat ion of 
m o d u l e s a n d s y s t e m - l e v e l 
debugging and test ing are per-
fo rmed t h r o u g h o u t p rogram 
development rather than all at 
the end. Program stubs replace 
unexpanded programs or mod-
ules at each level. Top-down 
des ign is a sys tema t i c ap-
proach to wr i t ing large pro-
g r a m s . P e r s o n a l c o m p u t e r 
users should careful ly consider 
its use when a t tempt ing com-
plex projects. • 
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L I S T 3 0 3 8 
10 D I M N ( a O ) , M ( g O ) 2 0 4 0 
15 REM N U M R E R 0 F V 0 T F S < w> = 0 a O « b 
ao L E I V= 0 3 0 5 0 
2 5 REM G E T N U M R F R 0 F C A N D I D A T E S < C ) 2 0 5 5 
3 0 P R I N T " N U M B E R BK C A N D I D A T E S = " I 3 0 6 0 
3 5 I N P U T C 3 0 6 5 
O REM C L E A R A L L V 0 T E C 0 U N I E K S 3 0 7 0 
4 5 F 0 R 1= 1 T 0 C * 3 3 0 7 5 
M L E T N< I >= 0 aOSO 
55 N E X T I 2 0 8 b 
60 REM C O U N T V 0 T E S 2 0 9 0 
6 5 G0.SUB 1 0 0 0 2 0 9 5 
70 REM 0 R D E R V 0 T E T 0 T A L S 2 1 0 0 
7 5 G 0 S U H 3 0 0 0 2 1 0 5 
BO REM 0 U T P U T T 0 T A L S 2 1 1 0 
B5 G 0 S U B 3 0 0 0 31 1 5 
9 9 9 E N D 3 1 3 0 
1 0 0 0 REM V B T E C 0 U N T I N G P R 0 G R A M 3 5 0 0 
1 0 0 5 REM F E T C H N E X T V 0 T E ( J > 3 5 0 5 
1 0 1 0 P R I N T " N E X T V O T E I S " I 3 5 1 0 
101 5 I N P U T J 3 5 1 5 
1 0 3 0 REM D 0 N E I F V 0 1 E I S E N D I N G MARK ( 0 * 3 ) 3 5 3 0 
1 0 2 5 I F J = C f 3 T H E N 1 0 6 5 2 5 3 5 
1 0 3 0 REM A D D V 0 T E T 0 T 0 T A L ( U ) 2 5 3 0 
1 0 3 5 L E T V = V * 1 3 5 3 5 
1 0 4 0 REM I G N 0 R E V 0 T E I F R A L L 0 T UiNMARKED CJ = 0 ) 2 5 4 0 
1 0 4 5 I F J = 0 T H E N 1 0 1 0 3 5 4 5 
10 5 0 REM A D D V 0 T E 1 0 A P P K 0 P H I A T E I 0 T A L 3 5 5 0 
1 0 5 5 L E T N ( J ) = N ( J ) * 1 3 5 5 5 
1 0 6 0 G 0 T 0 1 0 1 0 3 0 0 0 
1 0 6 5 R E T U R N 3 0 0 5 
2 0 0 0 REM T O T A L 0 R D F R I N G P R 0 G R A M 3 0 1 0 
2 0 0 5 REM D 0 N E I F N 0 C A N D I D A T E S M I S 
2 0 1 0 I F C= 0 T H E N 3 0 8 5 M 2 0 
3 0 1 5 REM A S S I G N M A R K E R S T 0 C A N D I D A T E S f 0 R S 0 R T I N G 3 0 3 5 

3 0 3 0 F 0 R 1= 1 T 0 C 3 0 3 0 
2 0 2 5 L E T M ( n = I X 3 b 
3 0 3 0 N E X T I : » 4 0 
3 0 3 1 REM N 0 0 R D E R I N G N E C E S S A R Y I F 0 N L Y 0 N E C A N D I D A T E 3 0 4 5 
3 0 3 3 I F C- 1 T H E N 3 0 8 5 3 0 5 0 
2 0 3 5 REM S 0 R T V 0 T E T 0 T A L S 30 5 5 
3 3 3 6 REM H A N D L E C A S E 0 F 0 N L Y IWO C A N D I D A T E S S L P A H A l t L Y 9 9 9 9 

I F C= 3 T H E N 2 0 9 0 
L E T F = 0 
F 0 R 1= 1 T 0 C - I 
REM C H E C K I F r 0 T A L S A R E I N O R D E R 
I F N ( I > > = N ( I * 1> T H E N 2 0 7 0 
REM I F 0 U T 0 F O R D E R . I N T E R C H A N G E P A I R 
G 0 S U B 2 5 0 0 
N E X T I 
REM D0 A N O T H E R P A S S I F ANY I N T E R C H A N G E S O C C U R R E D 
I F F= 1 T H E N 2 0 4 0 
R E T U R N 
REM 0 R D E R T O T A L S FOR T;<0 C A N D I D A T E S ONLY 
REM NO P R O B L E M I K A L R E A D Y I N ORDER 
I F N ( 1 ) > = N < 3 ) T H E N 3 1 3 0 
REM I F O U T 0 F O R D E R . I N T E R C H A N G E 
L E T 1= 1 
G O S U B 3 5 0 0 
R E T U R N 
REM I N T E R C H A N G E T O T A L S . M A R K E R S FOR O R D E R I N G 
REM MARK T H A T I N T E R C H A N G E O C C U R R E D ( E = l ) 
L E T F = 1 
REM I N T E R C H A N G E T O T A L S 
L E T T = N { n 
L E T N ( I ) = N ( I » 1 ) 
L E T N ( 1 ) = T 
REM I N T F R C H A N G E M A R K E R S 
L E T T = M ( I ) 
L E T M ( I > = M ( I » I ) 
L E T M C I * 1 ) = T 
R E T U R N 
REM O U T P U T R O U T I N E 
P R I N T " N U M B E R OF C A N D I D A T E S = " I C 
P R I N T " N U M B E R OF V / O I E S = " J V 
REM S K I P C A N D I D A T E T O T A L S I F N 0 C A N D I D A T E S 
I F C= 0 T H E N 3 0 4 5 
P R I N T " C A N D I D A T E N U M B E R VOTE T O I A L " 
FOR 1 = 1 1 0 C 
P R I N T T A B < 5 ) . M ( I > . T A B < 2 5 ) . N ( I ) 
N E X T I 
P R I N T " N U M B E R OF ^ R I T E - I N S = " ) N ( C » 1 ) 
P R I N T " N U M B E R 0 F I M P R O P E R B A L L 0 I S = " ) N C C > 2 > 
R E T U R N 
E N D 

Fig. 12. Listing of vote-analysis program with improved ranl<-ordering subprogram. The subprogram now handles the case of two 
candidates more efficiently. 

G i D 

Fig. 13. Flowchart of the improved rank-ordering subprogram. 
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RUN 
NUMBER 0 F C A N D I D A T E S = ? P. 
N F X T v e T E I S ? 1 
N E X T V 0 T E I S ? 1 
N E X T V 0 T E I S ? 2 
N E X T V 0 T E I S ? 5 
NUMBER 0 E C A N D I D A T E S = 8 
NUMBER 0 E VOTES = 3 
C A N D I D A T E NUMBER 

1 

2 
NUMBER 0 F a ) R I T E - I N S = 0 
NUMBER 0 F I M P R 0 P F . R B A L L 0 T S = 
READY 

V/01E T 0 T A L 
2 

1 

RUN 
NUMBER 0 F C A N D I D A T E S = ? 2 

NEXT V 0 T E I S ? 1 
NEXT V 0 T F I S ? 2 
N E X T V 0 T E I S ? 2 
N E X T VOTE I S ? 5 
NUMBER 0 F C A N D I D A T E S = 2 
NUMBFR 0 F V 0 T E S = 3 
C A N D I D A T E NUMBER \ / 0 T E T 0 T A L 

2 2 
1 1 

NUMBER 0 F v J R I T E - I N S = 0 
NUMBER 0 F I M P R 0 P E R B A L L 0 T S = 
READY 

Fig. 14. Results from the program of Fig. 12. 



wire wrapping 
center 

for quality electronic parts and tools. 

Wire-wrapping, stripping, unwrapping tool for 

HOBBY WRAP ^^ on.025 (0,63mm) Square Post. 

TOOL Regular Wrap W S U - 3 0 $6 .95 
Modi f ied Wrap W S U - 3 0 M $ 7 . 9 5 

WIRE-WRAPPING TOOL 

For .025" (0 ,63mm) sq. post 
"MODIFIED' wrap, positive 
indexing, anti overwrapping 
device. 

For AWG 3 0 BW-630 $ 3 4 . 9 5 * 

For AWG 2 6 - 2 8 BW 2 6 2 8 $ 3 9 . 9 5 ' 

Bit for AWG 3 0 BT-30 $3 .95 

Bit for AWG 2 6 - 2 8 B T - 2 6 2 8 $7 .95 

USE -C-S12E Nl CAD BATTERIES 

{NOT INCLUDED) 

WIRE-WRAPPING KITS 

Contains: Hobby Wrap Tool WSU-30. 
(50 ft .) Roll of w i re 
Prestripped wire 1" to 4 " 
lengths (50 wires per package) 
stripped 1" both ends. 
vvifp Wiaopine Kii iBiue WK ? B $12 95 
Wire WraromE Kit iVellowl WK ? y $12 95 
WiipWiappingKi l 1 While WK ? W $12 95 

Wire Wrapping Kit i Red i WK ? R $12 95 

ROLLS OF WIRE 
Wire for wire-wrapping AWG-30 
(0.25mm) KYNAR" wire. 50 ft. roll, 
silver plated, solid conductor, 
easy stripping. 

• 4WC. HI;,.' Wire 5011 Roll H (HH iiOSi $1 98 
AWti Wire 50ft Roll R ^iiy (Ml')! $ i 98 

10 AW(; While Wire 50tt Rnll R fOW 11050 $ 1 9 8 
1̂1 AW(. Reil Wire 5011 KoM R (OR 0050 $1 98 

WIRE-WRAPPING KIT 

Contains: Hobby Wrap Tool WSU-30. 
Roll of w i re R - 3 0 B - 0 0 5 0 . ( 2 ) 14 
DIP'S, ( 2 ) 16 DIP'S and Hobby Board 
H-PCB-l. 

Wire-WrappineKi l | w K - 3 B IBIue) | $ 1 6 . 9 5 1 

WIRE DISPENSER 
• With 50 ft. Roll of AWG 30 

KYNAR" wire-wrapping wire. 
• Cuts the wire to length. 
• Strips 1 •• of insulation. 
• Refillable (For refills, see above) 

Blui 'V. ' i r . - WD-30-B $ 3 3 6 
yel lov, '.Vir.' WD-30-Y $ 3 . 9 5 
Wh i te / . ' i re WD-30-W $ 3 . 9 5 
Reel V.'rre W 0 3 0 R $ 3 9 5 

WIRE-WRAPPING KIT 

Contains: Hobby Wrap Tool WSU-30 M , 
Wire Dispenser WD-30-B, (2) 14 DIP'S, 
(2) 16 DIP'S, Hobby Board H-PCB-l, 
D IP / IC Inser t ion Tool INS-1416 and 
DIP/IC Extractor Tool EX-1 

Wire-Wrapping Kit | w K - 4 B (Blue)| $ 2 5 . 9 9 | 

PRE CUT 
PRE STRIPPED WIRE 

Wire for wire 
w r a p p i n g . A W G - 3 0 
( 0 . 2 5 m m ) KYNAR* 
wire. 5 0 wires per 
package st r ipped 
1 both ends. 

x/AW>,biueWifp 1 Long '1 H '' Jl;' 
iO AWf. r̂ iio* Wifp 1 long X7 t -rvOlO 
JO AW(, WMP W.'f r Lon« JO wyiOlO $99 

AWC, ««J WifP 1 long JON 50 010 
AWf, Biu»' Wi'e ?" l<y)g JO B WOK) $io; 
flWl, TPii.,* WrfP r La»K K) V W0?0 SI 07 
AWf W»ii'e W.fp ?"long K) W 5(10?0 SI 07 

«)AW(,Hp<tWi'P P long W RSOOTO SI 07 
AW(. Hiuf Wir̂  » lonR JOB SO 030 SI 16 

V'AW(j Vflliw, A.rp \ long JO V 50 030 SI 16 
' AWG While Wire i long JO WW 030 St 16 
- AW(, i long J0W50030 SI 16 
• AW(, Blue W"f 4 long K> H bn 040 SI 23 
XI AW(. y«»llr>w Wi'f 4 • I ong JO V 50 040 SI 23 
)0 AW(, Whitp Wif̂  4 I erg JO W 50 040 SI 23 
JO AWG Wife 4 lOTR 10 H 50 040 Sl?3 
JOAWGfliirfWitf b long <0 fl 50 050 SI 30 
V AWG "eiiow Wi'r 5' Icxig V 50 050 SI 30 
J()AWGWh.ipW,fe 5 lf«R «'W50 050 SI 30 
JO AWf, Wi'e b Long iO P50OS0 SI 30 
jr AWf, fliirf Wi'f 6 long JO 8 50 060 SI 38 
30 AWG YH<om Wir«> 6 lon̂  JO* W06f) SI 38 
JO AWG WMp Wifo 6 long JO W50 060 SI 38 
V) h long «1H50 060 iii6 

KYNAH (t NNWAi T 

MINIMUM ORDER S25.00. SHIPPING CHARGE S1.00, N Y. CITY AND STATE RESIDENTS ADD TAX 

OK MACHINE & TOOL CORPORATION 
3 4 5 5 C o n n e r S i . Bronx . N Y 1 0 4 7 5 « ( 2 1 2 ) 9 9 4 - 6 6 0 0 • Te lex 1 2 5 0 9 1 



S T R A I G H T E N P I N S I R E L E A S E 

I 1 4 - 1 6 P i n D i p IC I n s e r t e r | I N S - 1 4 1 6 [ $ 3 . 4 9 | 

DIP/IC EXTRACTOR TOOL 
The EX 1 Ex t rac to r is ideal ly su i ted fo r hobby is t o r 
lab eng inee r . Fea tu r i ng one p iece s p r i n g steel con 
s t r u c t i o n . It w i l l ex t rac t al l LSI. MSI and SSI dev ices 
of f r o m 8 to 2 4 ' p i n s . 

E x t r a c t o r T o o l E X - 1 I $ 1 . 4 9 I 

P.C. BOARD The 4 X 4.5 X 1 / 1 6 i nch boa rd is m a d e of g lass coa ted EPOXY L a m i n a t e 
and fea tu res solder coa ted 1 oz. copper pads. The board has p rov is ion 
fo r a 2 2 / 4 4 t w o s ided edge connec to r , w i t h con tac ts on s t a n d a r d .1S6 
spac ing . Edge c o n t a c t s are non-ded ica ted f o r m a x i m u m f l ex ib i l i t y . 
The boa rd c o n t a i n s a m a t r i x of .040 in. d i a m e t e r holes on .100 inch 
centers . The c o m p o n e n t s ide con ta ins 76 two-ho le pads tha t can accom-
m o d a t e any DIP size f r o m 6-40 p ins , as we l l as d isc re te componen ts . 
Typ ica l dens i t y is 16 of 14-Pin o r 16-Pin DIP'S. C o m p o n e n t s may be 
so ldered d i rec t l y to t h e boa rd or i n t e r m e d i a t e sockets may be used lo r 
so lde r i ng or w i re -wrapp ing . 

Two i n d e p e n d e n t bus sys tems are p rov ided fo r vo l t age and g r o u n d on 
bo th s ides of t h e board. In add i t i on , t h e c o m p o n e n t s ide con ta ins 14 
i nd i v i dua l busses r u n n i n g t h e fu l l l eng th of t h e boa rd fo r c o m p l e t e wir -
ing f l ex ib i l i t y . These busses enab le access f r o m edge con tac ts to d i s tan t 
c o m p o n e n t s . These busses can a lso serve t o a u g m e n t the vo l tage or 
g r o u n d busses, and may be cut to l eng th fo r p a r t i c u l a r app l i ca t i ons . 

H o b b y B o a r d H P C B - 1 I $4.99] 

PC CARD GUIDES 
TR I cons i s t s of 2 gu ides p rec i s i on m o l d e d w i t h 
u n i q u e s p r i n g f inger ac t i on that d a m p e n s shock and 
v i b ra t i on , yet p e r m i t s s m o o t h inse r t i on or ext rac-
t i o n . G u i d e s a c c o m m o d a t e a n y c a r d t h i c k n e s s 
f r o m . 0 4 0 1 0 0 inches. 

Q U A N T I T Y - O N E P A I R ( 2 pes. ) 
C a r d G u i d e s T R - 1 $ 1 . 8 9 

PC CARD GUIDES & BRACKETS 

TPS 2 kit i nc ludes 2 TR 1 gu ides p lus 2 m o u n t i n g 
b racke t s . Suppo r t b r a c k e t s f ea tu re un ique s tao i l i z i ng 
post tha t p e r m i t s secure m o u n t i n g w i t h on ly 1 screw. 

Q U A N T I T Y - O N E S E T { 4 pes . ) 

G t j i d e s & B r a c k e t s | T R S - 2 | $ 3 . 7 9 1 

Q U A N T I T Y - O N E S E T (4 pes . ) 

PC EDGE CONNECTOR 

4 4 Pin, dual read out. .156" (3.96 
mm) Contact Spacing. .025" (0.63 
mm) square wire-wrapping pins. 

I P.C.. E d g e C o n n e c t o r | C O N - 1 | $ 3 . 4 9 | 

P.C.B. TERMINAL STRIPS 
The TS s t r i ps p rov ide pos i t i ve screw ac t i va ted c l a m p 
ing ac t ion , a c c o m m o d a t e wi re sizes 14 30 AWG (1. 8-0. 
2 5 m m ) Pins are so lde r p la ted c o p p e r . .042 inch ( 1 m m ) 
d iamete r , on 200 men ( 5 m m ) centers 

4 - P o l e T S - 4 $ 1 . 3 9 

8 - P o l e T S - 8 $ 1 . 8 9 

1 2 - P o l e T S - 1 2 $ 2 . 5 9 

DIP SOCKET 

Dual-in-l ine package, 3 level wire-
wrapping, phosphor bronze contact, 
gold plated pins .025 (0,63mnn) sq., 
.100 (2.54mm) center spacing. 

1 4 P i n D i p S o c k e t 1 4 D i p $ 0 . 7 9 

1 6 P i n D i p S o c k e t 1 6 D i p $ 0 . 8 9 

RIBBON CABLE ASSEMBLY 
SINGLE ENDED 

W i t h 1 4 P i n D i p P l u g 
2 4 ' L o n g ( 6 0 9 m m ) S E 1 4 . 2 4 $ 3 . 5 5 

W i t h 1 6 P i n D i p P l u g 
2 4 " L o n g ( 6 0 9 m m ) S E 1 6 - 2 4 $ 3 . 7 5 

DIP PLUG WITH COVER 
FOR USE WITH RIBBON CABLE 

1 4 P i n P l u g 4 Cover 1 4 - P L G $ 1 . 4 5 

1 6 P i n P l u g & Cover 1 6 - P L G $ 1 . 5 9 

QUANTITY: 2 PLUGS. 2 COVERS 

RIBBON CABLE ASSEMBLY 
DOUBLE ENDED 

W i t h 1 4 P i n D i p P l u g - 2 " Long D E 1 4 - 2 $ 3 . 7 5 
W i t h 1 4 P i n D i p P l u g - 4 " Long D E 1 4 - 4 $ 3 . 8 5 

W i t h 1 4 P i n D i p P l u g - 8 " Long D E 1 4 - 8 $ 3 . 9 5 
W i t h 1 6 P i n D i p P l u g - 2 " L o n g D E 1 6 - 2 $ 4 . 1 5 
W i t h 1 6 P i n D i p P l u g - 4 " Long D E 1 6 - 4 $ 4 . 2 5 
W i t h 1 6 P i n D i p P l u g - 8 " L o n g D E 1 6 - 8 $ 4 . 3 5 

TERMINALS 
• .025 (0,63mm) Square Post 
• 3 Level Wire-Wrapping 
• Gold Plated 

S l o t t e d T e r m i n a l W W T - 1 $ 2 . 9 8 

S i n g l e S i d e d 
T e r m i n a l 

W W T 2 $ 2 . 9 8 

I C S o c k e t T e r m i n a l W W T - 3 $ 3 . 9 8 

D o u b l e S i d e d 
T e r m i n a l 

wwn--4 $ 1 . 9 8 

25 PER PACKAGE 

TERMINAL INSERTING TOOL 
For inserting WWT-1, WWT-2, WWT-3, 
and WWT-4 Terminals into .040 
(1 ,01mm) Dia. Holes. 

I I N S - l I $ 2 . 4 9 I 

WIRE CUT AND STRIP TOOL 

Easy to operate place wires (up to 4) in stripping slot witti 
ends extending t)eyood cutter blades press tool and pull 

* i r e IS cut and stripped to proper wire wrapping lengtn 
Trie ^a^dened steel cutting blades and sturdy construction ot 
the tool insure long lite 

Strip length easily adjustable for your applications. 

2 4 ga. W i r e C u t a n d S t r i p T o o l 

2 6 ga. W i r e Cut a n d S t r i p T o o l 

2 6 ga. W i r e C u t a n d S t r i p T o o l 
2 8 ga. W i r e C u t a n d S t r i p T o o l 

3 0 ga. W i r e C u t a n d S t r i p T o o l ST- t 00 -30 

MODEL 
NUMBED 

ST-100 -2S 

S T - 1 0 0 - 2 6 - 8 7 5 

S T - 1 0 0 - 2 8 

tOlUSTIBLE 
"SHINER' LENGTH 
OF STRIPPED WIRE 

INCHES TO INCHES 

ISV IV." 

P r i c e 

$ 8 . 7 5 

U'.-

IM( »B0« list or CUT »HD SttIP tools Wt SPPliCWK lOi M.i(N( Of IfflOn INSUUTIWl 

OK MACHINE & TOOL CORPORATION 
3 4 5 5 C o n n e r S i . B r o n x , N Y 1 0 4 7 5 B ( 2 1 2 ) 9 9 4 - 6 6 0 0 • T e l e x 1 2 5 0 9 1 



The North Star 
Floppy System 

an 11-year-old can build It! 

Howie DiBlasi 
Director, Vocational Education 
Lake Havasu High Scliool 
Lal^e Havasu AZ 86403 

mMy name is Mark; I am 
• 11 years o ld. I just 

f in ished a Nor th Star Floppy 
Disk Kit. It was easy; I really 
made it. And guess what? It 
worked the f i rs t t ime I hooked it 
u p ! " 

M a r k l o o k e d a t me a n d 
smi led. He was real ly proud of 
h imsel f , and I was too. If an 
11-year-old can put the North 

Star Kit together , so can you. 
"Hey , Dad, am I go ing to be 

r ich and f a m o u s because I put 
the Nor th Star together and you 
a r e w r i t i n g a b o u t m e in 
KiiobaudT 

I l a u g h e d . R i c h ? N o . 
F a m o u s ? N o . P r o u d a n d 
sa t is f ied? Yes. 

Here We Go 

I ordered the Nor th Star Kit 
and received it in a week f rom 
the By te Shop in Phoen ix . 
When I opened the box and ex-
amined the con ten ts , I was im-

pressed w i t h the qua l i ty of the 
c i rcu i t boards and parts. A l l the 
par ts were there, and comp le te 
i ns t ruc t i ons were inc luded. 

Af ter look ing over the in-
s t ruc t i on manua l , I had my son 
read it to see if he unders tood 
w h a t t o do . He sa id , " N o 
sweat , " and at tha t po int I 
dec ided to let h im go ahead and 
bu i ld the kit . 

Printed Matter 

Four i n s t r u c t i o n m a n u a l s 
came w i t h the k i t : (1) M in i f loppy 
Disket te Storage Drive OEM 

SA^lOO 

Diskette 

W/jaf you see is what you get. The kit comes complete for the North Star Disk System. The Shugart 
disk drive (back right) comes complete and assembled. 

Manual ; (2) Nor th Star Disk 
Opera t ing Sys tem Manual ; (3) 
Nor th Star BASIC Manual ; (4) 
N o r t h S t a r M I C R O - D I S K 
SYSTEM MDS-A I n s t r u c t i o n 
Manual . 

The i n s t r u c t i o n manua l is 
d i v i d e d i n t o th ree sec t i ons : 
theory of opera t ion , assembly 
i n s t r u c t i o n s and s y s t e m in-
tegra t ion and schemat i cs . The 
manua ls are al l wel l wr i t ten and 
detai l numerous s i tua t ions and 
how to set th ings up. It was a 
p leasure to read th rough and 
unders tand the mater ia l . Right 
on, Nor th Star ! 

Assembly 

All par ts were checked of f by 
M a r k , w h i c h h e l p e d h i m 
become fami l ia r w i th the parts 
and learn the i r use. As he 
checked them, I took a few 
momen ts to exp la in the func-
t i o n o f t h e v a r i o u s p a r t s . 
Every th ing w a s there. Some 
k i ts don ' t a lways inc lude all 
i tems; but Nor th Star has it al l 
together . 

Mark i n s t a l l e d t he 47 IC 
socke ts and so ldered them in 
place. He had so ldered a few 
t imes before so he was fami l iar 
w i th the correct c i rcu i t -board 
so lder ing procedure. He had a 
few prob lems w i th br idges, but 
a l i t t le Solder-Wick removed 
them. I was p leased to see a 
very professional so ldermasked 
board; properly so ldermasking a 
b o a r d h e l p s t o e l i m i n a t e 
problems. 

The e ight res is tors and 40 



WOWt Five volts. After the power supply was completed, the con-
nector plug was checked for correct voltages. All OK. 

capac i to rs were then so ldered 
to the board, and the crysta l , 5 
volt regu la to r and heat -s ink 
hardware fo l lowed. It was now 
necessary to solder a 34 pin 
cab le connec to r to the board. 
The MDS Cont ro l le r board was 
p l ugged in to t he c o m p u t e r . 
Hold ing his breath, Mark con-
nected the meter , w h i c h read + 
5 vol ts. So far so good. 

IC Installation 

M a r k w a t c h e d w h i l e I 
demons t ra ted the cor rect way 
to insta l l the ICs in the socke ts . 
I made a qu ick check to make 
sure he had t hem in the cor rect 
locat ion. The manua l then gave 
two deta i led pages of instruc-
t ion for wave fo rms on a scope. 
Since I d id not have a scope 
avai lable we sk ipped th is step. 

Power Board Assembly 

The d isk dr ive can receive 
power three ways : (1) From -(-5 
and -I-12 vo l ts f rom an ex is t ing 
power supp ly ; (2) power PC 
board to regulate power f rom 
an ex is t ing unregu la ted power 
supply ; (3) Nor th Star power-
supply op t i on (MDS-PS). 

S ince I knew we wou ld be us-
ing the Nor th Star w i t h two dif-
ferent compu te rs f rom one t ime 
to another , I had purchased the 
Nor th Star power-supply op-
t i o n . M a r k m o u n t e d t h e 
t rans fo rmer in the cab ine t and 
hooked up the wires, sw i t ch 
and fuse to comp le te the power 
supply . Ready to test the power 
supp ly for - ^ 5 a n d -i-12 vo l ts at 
the power p lug, Mark hooked 
up the meter and checked for 
the proper vo l tages. To our 

Look Dad, I did it! A very proud young man. If he can build the 
North Star System, you can. Let's go. 

Disk drive assembly. The power supply is assembled to the disk 
drive assembly with two spacers and screws on each side. The unit 
is then connected to the case. 

sa t i s fac t ion , they were OK. 

The last th ing to do was to 
make two t race cu ts on the 
MDS cont ro l le r board and in-
s ta l l two jumper wires. Done! 

Final Check 

The real tes t was d rawing 
near. Mark ins ta l led the MDS 
cont ro l le r board in the com-
p u t e r a n d h o o k e d up t h e 
cab les. W i th the power s w i t c h 
and compute r on and the d isk 
in the d isk drive, Mark typed EX 
E900 and hit return. As he d id 
tha t I exp la ined that an aster isk 
on the screen s igna led that 
every th ing was OK. The next 
c o m m a n d was GO BASIC. Mark 
d id tha t and BASIC was loaded 
in 2 seconds. READY appeared 
on the screen and we were 
ready to p rogram. 

Up And Running 

Mark and I input a sma l l pro-
gram to make sure everyth ing 
was OK. It was. We sat at the 
compute r for over three hours 
inpu t t ing programs and run-
ning them. It was ge t t i ng late, 
so we s topped and dec ided to 
input some more p rograms dur-
ing the next few days. 

Summary 

Tota l cons t ruc t ion t ime for 
the project was 4 hours and 20 
minu tes . You cou ld probably 
comp le te it in less t ime if you 
have exper ience bui ld ing ki ts. 
Mark took his t ime bu i ld ing the 
ki t , but the t ime spent paid off 
because the sys tem worked the 
f i rst t ime. 

Whi le Mark was running a 
few programs, I looked over the 
manuals . Nor th Star BASIC is 
an extended vers ion and has 
numerous func t ions . It a lso has 
an edit f unc t i on to correct er-
rors; it is a joy to use. 

The OEM manua l gives com-
plete and deta i led descr ip t ion 
of the d isk dr ive and comple te 
schema t i cs . The Nor th Star 
D i s k O p e r a t i n g S y s t e m s 
Manual features comp le te in-
s t ruc t ions and opera t ions for 
the DOS. It con ta ins descr ip-
t ions on creat ing f i les, types of 
f i l e s , d e l e t i n g f i l e s , j u m p 
rout ines, read and wr i te and 
many more procedures that are 
a v a i l a b l e f o r u s e . A l l t h e 
manua ls are wr i t ten so you can 
unders tand them. Maybe some 
other manufac tu re rs wi l l take a 
lesson f rom Nor th S ta r .B 



A Simple Mailing System 
a money-making time-saver 

Stephen Gibson 
PO Box 38386 
Los Angeles CA 90038 

One of the f i rs t t asks a 
sma l l b u s i n e s s m a n w a n t s 

his new c o m p u t e r t o do is han-
dle the c o m p a n y ma i l i ng l is t . A 
review of the many p rog rams 
avai lab le reveals a b ig p rob lem: 
Unless y o u have a d isk s to rage 
sys tem, you are forever con-
d e m n e d t o l o a d a l l t h o s e 
names and add resses v ia the 
DATA s ta temen t . 

To read ou t the l is t or pr in t 
labels, the d a t a is usua l l y read 
in to a set of var iab les , t hen for-
ma t ted to f i t your par t i cu la r 
hard-copy pr in ter . If you f i l l 
your memory or w a n t separa te 
l is ts , you have to w r i t e a w h o l e 
new p rog ram. To upda te , you 
are fo rced to l ist the p rog ram to 
f ind where the last DATA state-
ment ended, t hen c h a n g e the 
read rout ine. 

A l l t h i s nonsense takes valu-
ab le t i m e and makes you a 

s lave to the mach ine . It w o u l d 
be easier t o w r i t e the p r o g r a m 
on ly once , and s i m p l y c h a n g e 
the l is ts . Here are t w o w a y s to 
do it : (1) the c a s s e t t e m e t h o d 
and (2) t he bare-bones me thod . 
At least one is b o u n d to wo rk 
for you. 

Sneaky Software 
Secrets Revealed 

The p rob lem is not how to 
s t r u c t u r e the ideal l is t p rog ram 
in BASIC, but how t o save the 
n a m e s and add resses in a lan-
guage tha t doesn ' t know how 
to save var iab les . The ma in pro-
g r a m s h o u l d have to be saved 
on ly once . 

Su rp r i s ing l y enough , a num-
ber of ra ther c lever t e c h n i q u e s 
have been deve loped to so lve 
t h i s p r o b l e m . O n e m e t h o d 
breaks d o w n the name, a s t r i ng 
var iab le , and feeds it t o t a p e as 
a ser ies of OUT s t a t e m e n t s . 
A n o t h e r m e t h o d uses the tape 
i n te r face hard-wi red in para l le l 
w i t h t h e t e r m i n a l I /O. S t i l l 

ano the r c h o o s e s a s o f t w a r e 
m e t h o d by p a t c h i n g BASIC 'S 
t e rm ina l I/O over t o t he tape in-
t e r f a c e por t , and then o u t p u t s 
the l ist v ia PRINT s t a t e m e n t s 
as t h o u g h it we re the t e rm ina l 
. . . very c lever , b e c a u s e t he 

p rog ram does al l t he pa t ch ing 
us ing POKE s ta temen ts . 

U n f o r t u n a t e l y , t h e advan -
tages of one m e t h o d of sav ing 
your ma i l i ng l ist over ano ther 
are o v e r s h a d o w e d by s p e e d 
and tape s to rage p r o b l e m s w i t h 
your un i t . 

Is Speed Your Thing? 

A l t h o u g h s o m e w h a t s lower 
t h a n a 250K b i t / second f loppy-
d isk t rans fe r , the low ly cas-
se t te is s t i l l a g o o d m e d i u m for 
s a v i n g d a t a f o r l a t e r u s e . 
Several c a s s e t t e i n te r face sys-
t ems are ava i lab le . They d i f fe r 
w ide l y w i t h respec t t o speed. 

I p i cked the Tarbe l l h igh-
speed i n te r face and c o u p l e d it 
t o the Da ta Duf fe r (see Kilo-
baud, M a r c h 1978, " H e a r It and 

The entire system here is an Imsai 8080 with 24K of memory, 
ADM-3 terminal. Data Duffer, Teletype... and one efficient 
secretary. 

J l 78 

Add these lines to the program to let the computer tell you 

when to abbreviate. 

12 A = 20 :REM WIDTH OF TTY LABEL 

1050 IF LEN(NA$(N)) > A THEN GOSUB 5000 : GOTO 1040 

1060 IF LEN(CO$(N)) > A THEN GOSUB 5000 : GOTO 1055 

1070 IF LEN(AD$(N)) > A THEN GOSUB 5000 : GOTO 1065 

1080 IF LEN(CS$(N)) > A THEN GOSUB 5000 : GOTO 1075 

1090 IF LEN(ZP$(N)) > A THEN GOSUB 5000 : GOTO 1085 

5000 REM 

5005 REM LINE LENGTH ERROR 

5010 REM 

5015 PRINT:PR1NT"LINE TOO LONG! ! " :PR INT:RETURN 

Add these lines to run the program with Mits 3.2 12K BASIC 

3020 POKE 1776,110 : POKE 1778,32 : POKE 1784,1 

3300 POKE 1776,0 : POKE 1778,128 : POKE 1784,1 

4015 POKE 1787,110 : POKE 1789,16 : POKE 1794,111 

4020 POKE 1778,0 : POKE 1784,255 

4090 POKE 1787,0 : POKE 1789,1 : POKE 1794,1 

4095 POKE 1778,128 : POKE 1784,1 

Add these lines to modify Mits 3.2 8K BASIC to recognize 

leading spaces. 

13 SP$ = " " :REM A SPACE CHARACTER 

4022 POKE 528,54 : POKE 529,32 : POKE 530,35 

4023 POKE 531,195 : POKE 532,224 : POKE 533,7 

4039 POKE 1171,16 : POKE 1172,2 

4041 POKE 1171,224 : POKE 1172,7 

4046 IF B$ = (E$ -h SP$) THEN 4090 

4087 POKE 528,0 : POKE 529,0 : POKE 530,0 

4088 POKE 531,0 : POKE 532,0 : POKE 533,0 

Make these patches to Mits BASIC if you get hung up in the 

Tape Input routine and need to return to command level. All 

numbers are hexadecimal. 

8K 3.2 12K 3.2 

Address Byte Address Byte 

04D3 80 06F2 80 

04D9 01 06F8 01 

04DC 00 06FB 00 

04DE 01 06FD 01 

04E3 01 0702 01 

Fig. 1. Mits BASIC patches. 



See I t ! " ) as a re l iable way to use 
casse t tes w i thou t the hassle of 
a seeming ly end less wai t for a 
load or the fear tha t da ta was 
lost because a sw i t ch was of f 
or a knob tw i s ted the w rong 
way. The Tarbel l nnanual sug-
ges ts a var iable-saving me thod 
in wh ich the te rm ina l I/O is sof t -
ware pa tched to the casse t te 
I/O for a t ransfer . The rout ines 
in t h e m a i l i n g - l i s t p r o g r a m 
mal<e these pa tches to M i ts 3.2 
8K BASIC (see Program A). The 
normal M i ts TTY I/O convent ion 
of s ta tus port " 0 " and da ta port 
" 1 " is used. Patches to M i ts 3.2 
12K BASIC are a lso l is ted in 
Fig. 1. If you don ' t have Mi ts 
BASIC or a Tarbel l , there 's st i l l 
hope; you can use the bare-
bones me thod descr ibed later. 

Hard-Copy Hassles 

Regis t ra t ion is the key ingre-
d i en t f o r a l i g n m e n t o f t he 
labels on your pr inter . A sprock-
eted feed mechan i sm is a lmos t 
a necess i ty . Of course, you can 
s imply cut your labels out w i th 
a large paper-cut ter , but the 
peel-of f - type labels are more 
convenient and bet ter look ing. 
You need the sprocket feed to 
make t hem work proper ly . You 
might even cons ider c u s t o m 
labels w i th fancy a r twork or the 
company logo. 

1 had qu i te a t ime f i nd ing of f -
the-she l f l abe l s fo r my o l d 
sprocket- fed Teletype. A lmos t 
e v e r y o n e s e l l s r e a d y - m a d e 
fo rms for larger pr in ters. There 
are a few compan ies tha t spe-
cial ize in s tock or c u s t o m la-
bels f rom camera-ready ar twork 
(see a c c o m p a n y i n g "Sou rces 
for More In fo rmat ion " ) . 

If you do star t w i t h a Tele-
type, by al l means change the 
r ibbon! Use a ca rbon r ibbon 
rather t han the s tock c lo th one 
—the pr in t ing looks so much 
better. Unique type f on t s are 
also avai lab le for the Teletype. 
Even the Te le type can be made 
to look as good as an IBM Se-
iectric . . . as long as you don ' t 
mind al l c a p s — n o t an earth-
shaking p rob lem for a s imp le 
mail ing sys tem such as th is . 

You wi l l have to change the 
platen if your Te le type is a fr ic-
tion-feed model . The modi f ica-
tion to your mach ine is s imp le 
and Inexpensive. I 'm not advo-

ca t ing the Te le type as the ideal 
pr inter for th is sys tem; my com-
pany jus t happens to have one. 
Besides being s low, i t 's no isy ! 
Eventual ly , I had to s t ick ours 
off in a room by i tsel f to d rown 
out the c la t te r . The advantages, 
of course, are tha t the mach ine 
is re l i ab le a n d i nexpens i ve . 
Used mach ines abound, and 
serv ice is readi ly avai lable. 

Simple Program Does It All 

Only four rou t ines make up 
the casse t te p rogram. In the 
l i s t ing in Program A, l ines 1 to 
50 in i t ia l ize the program. A gen-
erous 10,000 bytes are c leared 
away based on an average l ine 
length of 20 charac te rs , w i t h 5 
l ines g iven to each company 

and a l ist size of 100 com-
panies. The var iab les S and L 
represent the m a x i m u m size of 
the l ist and the current l ist size, 
respect ively. The subscr ip ted 
var iab les in l ine 25 are dimen-
s ioned to the size of the l ist. Of 
course, you can set th is value 
higher for a larger l ist if your 
memory capac i ty w i l l permit it. 
The c o m m a n d level r ou t i ne 
p r i n t s s u i t a b l e p r o m p t s for 
those un fami l ia r w i th the pro-
gram. A branch is made at l ine 
155 based on the value of C. 

To enter names at l ine 1000, 
t h e l i s t c o u n t e r L i s in-
c remented by 1 and a test is 
made to see if the l ist size is 
g rea te r t h a n 100 names . It 
might be later on, so we must 

check it out. If so, the list 
counter is decremented back to 
100 and a return is made to the 
c o m m a n d rout ine. In line 1030, 
a message indicates that the 
number symbo l (#) can be used 
to exit the rout ine. A FOR/ 
NEXT loop inputs the names 
and addresses into the sub-
scr ip ted var iables. 

You might w ish to make the 
p rompts d i f ferent for your ver-
s ion. Instead of "Z IP . . . , " for 
instance, you might want the 
p r o g r a m t o p r i n t " C O U N -
TRY . . . , " if you mai l overseas. 
Or you could e l iminate "Z IP" 
(ZP$) a l together and squeeze it 
in to the CITY/STATE line. 

If # is typed in l ine 1045, a 
branch is made and the list 

1 
2 
3 

4 

5 

6 
7 

8 
9 
10 
15 

20 

25 

30 

35 

40 

50 

100 
105 

1 1 0 

115 

120 

125 

130 

135 

140 

145 

150 

155 

1000 
1005 

1010 
1015 

1020 

1025 

1030 

1035 

1040 

1045 

1047 

1050 

1055 

1060 

1065 

1070 

1075 

1080 

1085 

1100 
1200 

1300 

1400 

1500 

MAILING LIST 

BY STEPHEN GIBSON 1/10/77 

RUNS ONLY ON MITS 3.2 8K BASIC 

AND TARBELL CASSETTE INTERFACE 

INITIALIZE 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

REM 

CLEAR 10000 :REM CLEAR SPACE FOR LIST 

S = 100 :REM M A X I M U M LIST SIZE 

L = 0 :REM CURRENT LIST SIZE 

DIM NA$(S),CO$(S),AD$(S),CS$(S),ZP$(S) 

E$ = " # " :REM END OF LIST CHARACTER 

OUT 1,26 :REM CLEARS SCREEN 

PR1NTTAB(20);"'"* THIS IS MAILING LIST 

PRINT 

REM 

REM C O M M A N D LEVEL ROUTINE 

REM 

PR1NT"PLEASE ENTER YOUR COMMAND: " :PR INT 

PR1NT"ENTER NAMES INTO LIST = 1 " 

PRINT"PRINT-OUT OF LIST = 2" 

PRINT"STORE LIST ON TAPE = 3" 

PR1NT"READ LIST FROM TAPE = 4 " 

PRINT 

l N P U T " C O M M A N D " ; C 

I F C > 4 THEN 115 

ON INT(C) GOTO 1000, 2000, 3000, 4000 

REM 

REM ENTER NAMES ROUTINE 

r e m 
L = L-(-l 

IF L > 100 THEN 1400 

PR1NT"1F YOU WISH TO EXIT THIS ROUTINE . . . " 

PR1NT"TYPE ONE OF THESE '#',THEN 'RETURN' . " 

FOR N = L T O 100 :PRINT:PR1NT"NUMBER ";N:PR1NT 

1NPUT"NAME : ";NA$(N) 

IF NA$(N) = " # " THEN 1300 

IF NA$(N) = THEN N = N - 2 :GOTO 1100 

REM 

lNPUT"COMPANY : ";CO$(N) 

REM 

1NPUT"ADDRESS : "•,AD$(N) 

REM 

1NPUT"CITY & STATE : ";CS$(N) 

REM 

INPUT"ZIP : ";ZP$(N) 

NEXT 

L = 100 : GOTO 1500 

L = N - 1 : GOTO 1600 

L = L - 1 

PRINT:PRINT"THE LIST IS FULL.":PR1NT 



1600 

1700 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

2035 

2040 

2045 

2050 

2055 

2060 

2065 

2070 

2075 

2080 

2085 

2090 

2095 

3000 

3005 

3010 

3011 

3012 

3013 

3014 

3015 

3020 

3025 

3030 

3035 

3040 

3045 

3050 

3055 

3060 

3065 

3070 

3075 

3080 

3085 

3090 

3095 

3100 

3200 

3300 

3400 

4000 

4005 

4010 

4011 

4012 

4013 

4014 

4015 

4020 

4025 

4030 

4035 

4040 

4045 

4050 

4055 

4060 

4065 

4070 

4075 

4080 

4085 

4090 

4095 

4100 

4200 

4300 

PRINT:PRlNT"YOU HAVE " ;L ; "NAMES ON THIS LIST." 

GOTO 100 

REM 

PRINT-OUT ROUTINE 

PRINT 

" D LINE UP LABELS IN PRINTER. " 

-2) TURN ON PRINTER." 

'3) TYPE ANY LETTER, THEN 'RETURN' . " 

I N P U r ' W A l T l N G . . . " ;W$ 

= 1 TO L STEP 3 

+ 1 : Z = X + 2 

TAB(O) ; NA$(X) 

TAB(O) ; CO$(X) 

TAB(O) ; AD$(X) 

TAB(O) ; CS$(X) 

TAB(O) ; ZP$(X) 

:PR1NT 

TAB(25) ; NA$(Y) ; TAB(51) ; NA$(Z) 

TAB(25) ; CO$(Y) ; TAB(51) ; CO$(Z) 

TAB(25) ; AD$(Y) ; TAB(51) ; AD$(Z) 

TAB(25) ; CS$(Y) ; TAB(51) ; CS$(Z) 

TAB(25) ; ZP$(Y) ; TAB(51) ; ZP$(Z) 

100 
r 

STORE ON TAPE ROUTINE 

REM 

REM 

REM 

PRINT' 

PRINT 

PRINT' 

PRINT 

PRINT' 

PRINT: 

FOR X 

Y = X 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

NEXT 

GOTO 

REM 

REM 

r e m 
PRINT:PRINT"1) PLACE NEW CASSETTE IN RECORDER . " 

PRINT:PRINT"2) PUT IN RECORD MODE AND ZERO COUNTER. ' 

PRINT:PRINT"3) WAIT A FEW SECONDS TO ALLOW A LEADER. 

PRINT:INPUT"4) TYPE ANY LETTER, THEN 'RETURN' . " ;W$ 

S$ = CHR$(195) + CHR$(230) 

POKE 1233,110 : POKE 1235,32 : POKE 1241,111 

FOR N = 1 TO L 

D$(l) = NA$(N) 

D$(2) = CO$(N) 

D$(3) = AD$(N) 

D$(4) = CS$(N) 

D$(5) = ZP$(N) 

FOR J = 1 TO 5 

FOR K = 1 TO 100 : NEXT K 

B$ = S$ + D$(J) 

PRINT B$ 

NEXT J 

NEXT N 

FOR T = 1 TO 3 

B$ = S$ + E$ 

FOR K = 1 TO 100 : NEXT K 

PRINT B$ 

NEXTT 

POKE 1233,0 : POKE 1235,128 

GOTO 100 

REM 

REM 

REM 

POKE 1241,1 

READ FROM TAPE ROUTINE 

PRINT:PRINT"1) PLACE CASSETTE IN RECORDER . " 

PRINT:PRINT"2) SET COUNTER AND PUSH PLAY . " 

PRINT:PRINT"3) ALLOW TIME FOR LEADER . " 

PRINT:INPUT"4) TYPE ANY LETTER, THEN 'RETURN' . " ;W$ 

POKE 1244,110 : POKE 1246,16 : POKE 1251,111 

POKE 1235,0 : POKE 1241,255 

FOR N = 1 TO 101 

FOR J = 1 TO 5 

OUT 110,16 

INPUT B$ 

IF B$ = E$ THEN 4090 

D$(J) = B$ 

NEXT J 

NA$(N) = D$(l) 

CO$(N) = D$(2) 

AD$(N) = D$(3) 

CS$(N) = D$(4) 

ZP$(N) = D$(5) 

N E X T N 

POKE 1244,0 : POKE 1246,1 : POKE 1251,1 

POKE 1235,128 : POKE 1241,1 

L = N - 1 

PRINT:PR1NT"THIS LIST HAS " ; L ; " NAMES ON IT." :PRINT 

GOTO 100 

Program A. Program listing for A Simpie Maiiing System. Here are the routines you need to patch 
Mits 8K 3.2 BASIC to load or save your mailing list using the Tarbell high-speed cassette interface. 
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counter L is decremented by 
one (1) and a return is made to 
the c o m m a n d rout ine. Some-
t imes I mal<e mistal^es when en-
ter ing a name (my secretary 
never does). I f ind it convenient 
to be ab ie to type a character 
tha t te i is the program to go 
back one name and star t over. 
Line 1047 does it al l . I chose a 
backs lash , but you shou ld feel 
free to choose your ow/n char-
acter to personal ize th is pro-
gram. You cou ld insert th is l ine 
af ter every input if you 'd rather 
check your work a l ine at a t ime. 

Another usefu l add i t ion is to 
pr in t a space , for example , 
where the name goes in the 
event you have a company 
name, but no one ind iv idual to 
mai l to. A space is a log ica l en-
try. Don' t try it un less you add 
the appropr ia te l ines f rom Fig. 
1 because Mi ts BASIC ignores 
l e a d i n g s p a c e s . The l i s t e d 
POKES change the input rou-
t ine to add a space if a carr iage 
return is received. I f ound it 
conven ient to pr int the current 
l ist size in l ine 1600 before ex-
i t ing th is rout ine. 

The pr in tou t rout ine must be 
ta i lo red to your par t icu lar print-
er. The p rogram fo rmat given is 
for a s tandard Teletype using 
peel-of f labe ls spaced three 
across. Lines 2020 to 2045 give 
ins t ruc t ions . The var iable W$ is 
on ly a buf fer to wai t unt i l you 
are ready to pr int . Extra PRINT 
s t a t e m e n t s in l ine 2085 ad-
vance the fo rm to the next set 
of labels. To pr int your labels 
three at a t ime for the popular 
mach ine-gun mai l ings , s imply 
subs t i t u te the l ines in Fig. 2. 

The s to re (on tape) rout ine at 
l ine 3000 beg ins the really use-
fu l aspec ts of th is program. It is 
here tha t the names and ad-
dresses only are fed to tape. In-
s t ruc t ions are given in l ines 
3011 to 3014. W$ is st i l l only a 
wai t buf fer . S$ is set to the 
value of the Tarbel l start and 
sync by tes . POKEs to M i ts 
BASIC are then made in l ine 
3020 to sh i f t the te rmina l I/O to 
t h e c a s s e t t e I/O po r t . The 
n a m e s a n d a d d r e s s e s a re 
p laced in a D$ buf fer , then out-
put w i th the star t and sync 
b y t e s a s B$ v i a P R I N T 
s ta tements . 



Instead of this format . . 

John Craig 

Editor 

Kilobaud Magazine 

Peterborough NH 

03458 

Wayne Green 

Publisher 

Kilobaud Magazine 

Peterborough NH 

03458 

Stephen Gibson 

Famous author 

PO Box 38386 

Los Angeles CA 

90038 

You might want this . . . 

John Craig 

Editor 

Kilobaud Magazine 

Peterborough NH 

03458 

John Craig 

Editor 

Kilobaud Magazine 

Peterborough NH 

03458 

John Craig 

Editor 

Kilobaud Magazine 

Peterborough NH 

03458 

Wayne Green 

Publisher 

Kilobaud Magazine 

Peterborough NH 

03458 

Wayne Green 

Publisher 

Kilobaud Magazine 

Peterborough NH 

03458 

Wayne Green 

Publisher 

Kilobaud Magazine 

Peterborough NH 

03458 

Then substitute these lines 

2050 REM 3-UP FORMAT 

2055 FOR N = 1 TO L 

2060 PRINT TAB(0);NA$(N);TAB(25);NA$(N);TAB(51);NA$(N) 

2065 PRINT TAB(0);CO$(N);TAB(25);CO$(N);TAB(51);CO$(N) 

2070 PRINT TAB(0);AD$(N);TAB(25);AD$(N);TAB(51);AD$(N) 

2075 PRINT TAB(O); CS$(N);TAB(25); CS$(N);TAB(51); CS$(N) 

2080 PRINT TAB(O); ZP$(N);TAB(25); ZP$(N);TAB(51); ZP$(N) 

Fig. 2. Instead of this format... 

The delay loop In l ine 3060 
bears some exp lanat ion . When 
data Is brought back Into the 
program, a l low t ime for BASIC 
to reinsert the da ta in to the ap-
propr iate subscr ip ted var iab les 
by Imp lement ing a delay dur ing 
t he o u t p u t s e q u e n c e . Y o u 
cou ld , perhaps , sho r ten the 
delay, but you migh t lose some 
of your data . A value of 100 for T 
a l lows p lenty of safety . 

The End of List charac ter , E$, 
must a lso be ou tpu t . The com-
puter w i l l look for th is charac-
ter when the l ist is p layed back 
into the mach ine to set the l ist 
coun te r . Th is p a r t i c u l a r ar-
rangement a l l ows l is ts of vary-
ing size and the add i t i on of 
more names to a short l ist . 

Beg inn ing on l ine 3090, E$ is 
l inked to the start and sync 
bytes and ou tpu t three t imes. 
Why three; isn ' t once enough? 
That 's r ight . But suppose you 
had a d ropou t on the tape. It 
does happen on o ld casset tes , 
par t icu lar ly cheap ones. Even if 
you use top-no tch casse t tes , 
you may st i l l lose a byte be-
cause your r eco rde r ' s s l o w 
AGC a t tack t ime may tu rn the 
beginning of a byte to garbage. 

I proved it w r i t i ng th is program. 
The c o m p u t e r m issed the E$ 

on p layback. It jus t sat there 
wa i t ing . It w a s very annoy ing 
. . . especia l ly because the pro-
gram had POKEd the I/O away 
f rom my te rmina l to the cas-
set te in ter face. I had no way to 
ta lk to my mach ine except via 
the sys tem mon i to r and the 
f ront panel t o pa tch th ings up 
between my compu te r and i ts 
program. The pandemic Mur-

phy 's Law says you won ' t need 
to use the pa tches I made if I 
l ist them in Fig. 1. I ou tpu t the 
E$ th ree t imes , ra ther t han 
once, and beat o ld Edsel Mur-
phy by even a New York sec-
ond ! (That 's easy for me to say, 
you say.) The rout ine ends by 
POKEIng BASIC back to normal 
I/O and j u m p i n g to the com-
mand rout ine. 

The tape input rou t ine is very 
s imi lar . Ins t ruc t ions are given 

in l ines 4011 to 4014. The I/O is 
POKEd to the casse t te port just 
as before, and data is input by 
another FOR/NEXT loop. It is 
useful to pr int out the size of 
the l ist a f ter the I/O is POKEd 
back because not al l l ists wi l l 
be set at the max imum size. 
You wi l l then be able to add to 
the current l ist by using the in-
put r ou t i ne . Then save the 
who le th ing as a fu l l l ist. 

The Bare-Bones Method 

Suppose you have a compu-
ter and a Teletype, but neither 
speaks M i ts BASIC nor recog-
nizes Tarbel l format . If your 
T e l e t y p e h a s a p a p e r - t a p e 
punch (most do), you can st i l l 
benef i t f rom th i s system. 

Start by mak ing those ni f ty 
mods to the Teletype, especial-
ly the r ibbon. Then enter the 
program in Program B. The vari-
ables are the same as the cas-
set te program, but the prompts 
are d i f ferent and the save and 
read rout ines are left out . 

Next, run the program and 
e n t e r t h e n a m e s a n d ad-
dresses. When you print the 
l ist, s imply turn on the paper-
tape punch at the same t ime. 
You wi l l have an exact copy of 
the pr in tout , as wel l as a set of 
labels, on paper tape. You can 
then reprint the l ist by us ing the 
Teletype in the local mode and 
reading of f the paper tape. Turn 
on the punch aga in whi le print-
ing if you need a spare copy of 
your l ist. Use a separate punch 
if you have one. 

1 REM 

2 REM •»»• BARE BONES MAIL ING LIST *•»» 

3 REM 

4 REM BY STEPHEN GIBSON 12/11/76 

5 REM RUNS ON ASR-33 TTY OR SIMILAR 

6 REM PRINTER WITH PAPER TAPE PUNCH 

7 REM 

8 REM INITIALIZE 

9 REM 

10 CLEAR 10000 :REM CLEAR SPACE FOR LIST 

15 S= 100 :REM M A X I M U M LIST SIZE 

20 L = 0 :REM CURRENT LIST SIZE 

25 DIM NA$(S),CO$(S),AD$(S),CS$(S),ZP$(S) 

30 E$ = " # " :REM END OF LIST CHARACTER 

35 OUT 1,26 :REM CLEARS SCREEN 

40 PRINTTAB(20);"*** THIS IS MAILING LIST » * • " 

50 PRINT 

100 REM -

105 REM C O M M A N D LEVEL ROUTINE 

110 REM 

115 PRINT"PLEASE ENTER YOUR COMMAND: " :PR INT 

120 PRINT"ENTER NAMES INTO LIST = 1" 

125 PRINT"PRINT-OUT OF LIST = 2" 

140 PRINT 
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145 

150 

155 

1000 

1005 

1010 

1015 

1020 

1025 

1030 

1035 

1040 

1045 

1047 

1050 

1055 

1060 

1065 

1070 

1075 

1080 

1085 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

2035 

2040 

2045 

2050 

2055 

2060 

2065 

2070 

2075 

2080 

2085 

2090 

2095 

INPUT"COMMAND" ;C 

IF C > 2 THEN 115 

q N INT(C) GOTO 1000, 2000 

REM 

REM ENTER NAMES ROUTINE 

REM 

L = L + 1 
IF L > 100 THEN 1400 

PR1NT"IF YOU WISH TO EXIT THIS ROUTINE . . . " 

PR1NT"TYPE ONE OF THESE ' r ,THEN 'RETURN' . " 

FOR N = L TO 100 :PRINT:PR1NT"NUMBER ";N:PRINT 

INPUT"NAME : ";NA$(N) 

IF NA$(N) = " « " THEN 1300 

IF NA$(N) = " V THEN N = N - 2 :GOTO 1100 

REM 

";CO$(N) 

";AD$(N) 

";CS$(N) 

";ZP$(N) 

INPUT"COMPANY : 

REM 

INPUT"ADDRESS : 

REM 

1NPUT"CITY & STATE 

REM 

INPUT"ZIP : 

NEXT 

L = 100 : GOTO 1500 

L = N - 1 : GOTO 1600 

L = L - 1 

PR1NT:PRINT"THE LIST IS FULL." :PRINT 

PRINT:PRINT"YOU HAVE " ; L ; " NAMES ON THIS LIST." 

GOTO 100 

REM PRINT-OUT ROUTINE 

REM 

PRINT 

PRINT"1) MAKE PAPER TAPE LEADER IN 'LOCAL' M O D E . " 

PRINT 

PRINT"2) SWITCH PRINTER TO 'LINE' AND LINE UP LABELS." 

PRINT 

PRINT"3) TYPE ANY LETTER, THEN 'RETURN' . " 

PRINT:INPUT"WAITING 

FOR X = 1 TO L STEP 3 

Y = X + l ; Z = X + 2 

PRINT TAB(O) ; NA$(X) ; 

PRINT TAB(O) ; CO$(X) ; 

PRINT TAB(O) ; AD$(X) ; 

PRINT TAB(O) ; CS$(X) ; 

PRINT TAB(O) ; ZP$(X) ; 

PRINT:PRINT 

NEXT 

GOTO 100 

" ;W$ 

TAB(25) 

TAB(25) 

TAB(25) 

TAB(25) 

TAB(25) 

NA$(Y) 

CO$(Y) 

AD$(Y) 

CS$(Y) 

TAB(51) 

TAB(51) 

TAB(51) 

TAB(51) 

ZP$(Y) ; TAB(51) 

NA$(Z) 

CO$(Z) 

AD$(Z) 

CS$(Z) 

ZP$(Z) 

Program B. Listing for the bare-bones version of the program. The format is set for a Teletype. Sim-
ple adjustments can be made to fit other printers. A paper-tape punch is used to save the list. The 
Teletype is run in local mode to print additional lists. 

We don ' t have to con f ine our 
l ist to names and addresses. 
Add ing a few more var iables in 
the program a l lows the luxury 
of ob ta in ing other impor tant 
da ta f rom our l ist, such as 
types of merchand ise each cus-
tomer wan ts or has ordered. 
You migh t choose to save im-
por tant da tes for each custom-
er—wr i te a s imp le rout ine to 
search the current l ist and pop 
out names that need co l lec t ion 
let ters, b i r thday greet ings or 
war ranty fo l low-up let ters. The 
personal ized fo rm let ter, men-
t ioned before, cou ld be pr in ted 
just for those on the l ist who 
need it. A l l you need do is add 
to the rout ines given. 

Perhaps you can begin to see 
that what s ta r ted as a s imp le 
sys tem cou ld easi ly be expand-
ed in to a f i rs t -c lass data base 
for your bus iness. You can start 
w i t h the p rogram given and up-
grade f rom there, even to disk. 
You lose no th ing by s ta r t ing 
now w i t h just the l ist . In fact , 
you may gain in the long run be-
cause you wi l l be ab le to ta i lor 
the p rog ram to your own needs. 
The rea l ly i m p o r t a n t proce-
dures wi l l be yours, thereby 
end ing forever tha t locked- in 
fee l ing you get w i th someone 
else 's so f tware . 

If you know that fee l ing or 
need an u p w a r d c o m p a t i b l e 
ma i l ing p rogram for your busi-
ness, you shou ld get th is pro-
g ram up and runn ing and begin 
to save t ime and money now 
whi le p lann ing for the f u t u r e . • 

This par t icu lar method is in-
expensive and does not take 
any t ime at all to load or make 
because the paper-tape copy is 
punched as you print the l is t ! 
How easy can someth ing be? 

If It Works . . . Modify It! 

Suppose your names are 
longer than your labels. When 
do you abbreviate? Add ing the 
appropr ia te l ines f rom Fig. 1 
a l lows the compute r to count 
the number of input characters . 
The LEN func t ion , if you have it 
(Mits does), can test aga inst 
the size of your line. If the test 
is val id, GOSUB to an error mes-
sage. Further mod i f i ca t i ons in-
c lude another modu le to read a 

who le let ter f r om casse t te us-
ing the POKES given. Then print 
a personal ized copy to each 
cus tomer on the l ist . 

You can now cons ider sen-
tence s t ruc tu res l ike " a n d in 
c los ing, 'IVIr. Jones, ' we 'd l ike to 
o f f e r . . . , " jus t as the big mail-
order opera t ions do i t ! St i l l an-
other usefu l mod i f i ca t i on is a 
casset te tape d i rec tory of your 
l is ts . . . a good idea when you 
get up to a thousand . An ex-
cel lent example of th is me thod 
appeared in 73 Magazine ( "The 
S o f t Ar t of P r o g r a m m i n g , " 
Parts 1-3, Oct-Dec 1976, by Rich 
Didday) and was repr in ted in 
The New Hobby Computers, 73 
Inc., 1977. 

Sources For More Information 

High-speed casset te Tarbel l Electronics 
interface. 20620 S. Leapwood Ave. Suite P 

Carson CA 90746 
(213) 538-4251 

Teletype labels and Uarco Incorporated 
ready-made forms for 2600 Wi lshi re Bl. Suite 408 
printers. Los Angeles CA 90057 

(213) 380-2595 
Cus tom labels for any Avery Label Company 
printer. 777 E Foothi l l Bl. 

Azusa CA 91704 
(213) 969-3311 

Teletype sprocket feed I T S 
ki ts and special type 2928 Nebraska Ave. 
fonts . A lso carbon Santa Monica CA 90404 
r ibbons for Teletype. (213)829-2611 



THE SSB '150 
FLOPPY DISCOUNT 

Affordable 
The tribe at Smoke Signal Broadcasting took our 
BFD-68 disk system and scalped the price, but 
not the features to create the ABFD-68 (Affordable 
Basic Floppy Disk). We appreciate the fact that 
the computer hobbyist gave us our start and we 
haven't forgotten you. 

$649 Assembled 
Compare Price. Our SS-50 bus compatible disk 
system is $150 less than the assembled price of the 
leading S-100 disk system. And you can at least 
double that savings when you buy one of the 
computers manufactured by MSI or SWTPC that 
use the superior 6800 microprocessor. 

Programmable 
The BFD-68 is well known for its fine software. The 
system comes with the best disk operating system 
available and we offer a multitude of other com-
patible software products. These Include a BASIC 
interpreter with disk file handling capability. By 
the way, our DOS now easily handles true random 
access files as well as sequential. Also, we have a 
super fast BASIC compiler for business applica-
tions. In addition, a Text Editor, 2 Assemblers, a 

Trace Disassembler useful for program debugging 
and an Object to Source Code Generator are all 
stock items available for immediate delivery. 
A word processor will be available very soon. 

Reliable 
We delivered our first mini-floppy disk system a 
year ago — 6 months ahead of any other 6800 
based mini system. Thus, we've had twice the 
experience in building reliability into the system. 
Our NEW disk controller was designed using all 
we have learned in the past year about system 
reliability. 

The ABFD-68 contains all the built in reliability 
of our regular BFD-68 plus you save money by 
supplying your own cabinet and power supply 
for the disk. 

Available 
We've shipped literally tons of our BFD-68 disk 
system in the past year and have learned to keep 
our production up with demand. Give us a call and 
chances are we'll be able to ship you the new 
ABFD-68 from stock and charge it to your Master 
Charge or Visa card. Better yet, ask us for the name 
of the computer store nearest you that carries our 
complete line of computer products. 

P.O. Box 2017. HollvwDod. C".A y()()2S • ( 2 I 3 ) 462-5652 



Dr. Adam Osborne 
Osborne & Associates, Inc. 
PO Box 2036 
Berkeley OA 94702 

Number Crunching: 
Two Hardware Solutions 
faster and smoother than software 

People a t tempt ing to use 
mic roprocessors in scient i -

f ic app l i ca t ions are probably 
the f i rst to discover that micro-
processors do indeed have limi-
t a t i o n s . A m i c r o p r o c e s s o r ' s 
abi l i ty to execute ins t ruc t ions 

in m ic roseconds may, on the 
sur face, sound very impress ive, 
and it i s—un t i l you try to han-
dle t r i g o n o m e t r i c f u n c t i o n s , 
logar i thms, exponen t ia t i on or 
even mu l t i d ig i t mu l t i p l i ca t i on 
and d iv is ion. 

Fig. 1. An arithmetic processor in a microcomputer system. 

INSTRUCTION 
CODES 16 B IT I 

CONTROL 
LOGIC 

^— 
CONTROL SIGNALS 

6 BCD DIGIT 
REGISTERS 

X 
Y 
Z 
T 
M 

> 
> 

OIOIT ADDRESS 
( 4 8 I T I 
DIGIT OUTPUT 
( 4 e i T I 

Fig. 2. MM57109 arithmetic processor functional logic. 

Tr igonomet r i c and logar i th-
mic f unc t i ons are general ly re-
ferred to as " t r a n s c e n d e n t a l " 
f unc t i ons . Wr i t i ng a microcom-
puter p rogram to handle t rans-
cendenta l f unc t i ons is far more 
d i f f i cu l t t han the mos t complex 
payro l l sys tem cou ld ever be. In 
fac t , des ign ing a p rogram that 
w i l l genera te t ru ly accu ra te 
t ranscenden ta l f unc t i ons is a 
f o rm idab le task . The prob lem 
w i th these f unc t i ons is that 
o v e r l i m i t e d r a n g e s t h e y 
change rapid ly . Programs that 
generate t ranscenden ta l func-
t i ons mus t generate very ac-
cura te answers , par t icu lar ly in 
the fas t -mov ing range, because 
on rare occas ions you wi l l wan t 
to sub t rac t a lmos t ident ica l val-
u e s — a n d a sma l l d i f fe rence be-
t w e e n t w o la rge, e r r o n e o u s 
numbers may be comple te ly 
wrong. 

Therefore, when examin ing 
a r i t h m e t i c p r o c e s s o r s , y o u 
mus t look at the accuracy of 
r e s u l t s in t h e f a s t - m o v i n g 
numer ic range. If you are ac-
cus tomed to eva luat ing ch ips 
s imp ly on the bas is of cyc le 
t imes and p rog rammab le op-

t ions , you now have an impor-
tan t new c o n s i d e r a t i o n — t h e 
m e t h o d u s e d t o g e n e r a t e 
resul ts . 

Two ar i thmet ic processors 
w i l l s o o n be ava i l ab le : the 
MM57109 f rom Nat iona l Semi-
c o n d u c t o r and the AM9511 
f rom Advanced Micro Devices. 
About the only th ing these two 
dev ices have in c o m m o n is that 
t h e y b o t h p e r f o r m a p p r o x -
imate ly the same t ranscenden-
ta l f u n c t i o n s , a n d e a c h is 
t rea ted as a suppor t device 
w i t h i n a m i c r o c o m p u t e r 
sys tem. 

Suppose, for example, you 
wan t to c o m p u t e the natura l 
l ogar i thm of a number. You wi l l 
t ransmi t the number , as data, 
to an a r i thmet ic processor , ad-
dress ing it as an I/O port . At 
some later t ime you wi l l read 
back the answer , as da ta being 
input f rom an I/O port . Th is use 
of an a r i thmet i c processor is il-
lus t ra ted concep tua l l y in Fig. 1. 

The pr imary d i f fe rence be-
tween the MM57109 and the 
AM9511 is tha t Nat iona l Semi-
conduc to r ' s MM57109 is a cal-
cu la tor ch ip; it looks no th ing 



A C K N O W L E D G E -

PREVIOUS 
OPERATION 
COMPLETED 
BY M M 5 7 I 0 9 

M M 5 7 I 0 9 WAITS 
FOR NEXT 
INSTRUCTION 

^ N E W INSTRUCTION ACCEPTED 
I BY M M 5 7 I 0 9 

(OUTPUT FROM 
M M 5 7 I 0 9 ) 

( INPUT TO 
M M 5 7 I 0 9 ) 

MICROPROCESSOR T R A N S M I T S 
NEW INSTRUCTION TO M M 5 7 I 0 9 

Fig. 3. 

DEVICE 
S E L E C T 
LOGIC 

" INT 

- A O 

ACKNOWLEDGE •« c t 
Fig. 4. 

l ike the typ ica l m ic rop rocessor 
suppor t device. The AM9511, in 
c o n t r a s t , i s i m m e d i a t e l y 
r e c o g n i z a b l e t o a n y e x -
per ienced m ic rocompu te r user 
as a t yp i ca l m i c r o p r o c e s s o r 
suppor t device. 

Let 's lool< at each part in 
t u r n . T h e d i s c u s s i o n t h a t 
follovi/s w i l l g ive you some idea 
of part capab i l i t i es ; how^ever, 
deta i led opera t ing procedures 
are not prov ided. 

MM 57109 
Fig. 2 i l l us t ra tes the general 

l o g i c o r g a n i z a t i o n o f t h e 
MM57109. The most impor tant 
charac te r i s t i c of th is part is 
t h a t it o p e r a t e s on b inary-
coded dec ima l (BCD) numbers 
up t o e i g h t d i g i t s l o n g . 
Numbers may be handled in 
f ixed-point or f loa t ing-po in t for-
mat . A f i xed-po in t number is 
e ight d ig i t s long, w i t h a dec ima l 
po int loca ted at any d ig i t boun-
dary. Thus , n u m b e r s in the 
r a n g e 9 9 9 9 9 9 9 9 t h r o u g h 
.00000001 may be represented. 

F loa t ing-po in t numbers have 
the fo rm: 

{ ± O.XXXXXXXX)ExP( ± YY) 

X and Y represent any dec ima l 
d ig i ts . Thus, any number in the 
range 1 x 10 + 99 t h rough 1 x 
1 0 - 9 9 c a n be r e p r e s e n t e d , 
w i th e ight d ig i t s of accuracy . 

As you m igh t expec t , you 
mus t opera te the MM57109 by 
t r a n s m i t t i n g d a t a a n d com-
mands to it. Resul ts are re-
ceived as da ta . C o m m a n d s are 
summar ized in Tab le 1. No te 
tha t the WM57109 is not a fas t 
device.; Execu t i on t i m e s are 
shown based on a ten-micro-
second mic rocyc le , the recom-
mended m a x i m u m rate for th is 
device. It takes at least four 
m i l l i seconds to enter a s ing le 
e ight-d ig i t number (in f ixed- or 
f loa t ing-po in t notat ion) , wh i le 
t r i g o n o m e t r i c f u n c t i o n s may 

t a k e a l m o s t a s e c o n d t o 
resolve. 

In order to cope w i th these 
relat ively s low t imes , al l da ta 
c o m m u n i c a t i o n s be tween the 
MM57109 and a microproces-
sor use reques t /acknowledge 
handshak ing con t ro l s igna l 
p ro toco l . Upon comp le t i ng any 
opera t ion , the MM57109 out-
puts a ready s igna l true. Nor-
mal ly the m ic roprocessor wi l l 
hold an acknow ledge input 
fa lse to suppress any new 
opera t ions . Upon de tec t ing the 
t rue ready, the mic roprocessor 
wi l l t ransmi t a new c o m m a n d 
to the MM57109 and set the 
acknow ledge input t rue. Th is is 

i l lus t ra ted in Fig. 3. 
Th is h a n d s h a k i n g scheme 

readi ly lends i tsel f to a lmos t 
any mic roprocessor ; the ready 
" t r u e " s igna l can be used to re-
quest an in ter rupt , wh i le the 
acknow ledge can be t ied direct-
ly to a comb ined MM57109 de-
v ice-se lec t and wr i te -con t ro l 
s ignal . For 8080A s igna ls , th is 
is i l lus t ra ted in Fig. 4. 

The me thod of t r ansmi t t i ng 
con t ro l c o m m a n d s to an 
MM57109 device d i f fe rs mark-
edly f r om the s tandard method 
used w i t h i n m ic rocompute r 
sys tems. The s tandard method 
(which is used by the AM9511) 
takes the device-select logic 

output to a select pin, then has 
a cont ro l /da ta d iscr iminator 
that usual ly cons t i tu tes part of 
the device address. Memory-
read and memory-wr i te contro l 
s igna ls then become s imple 
cont ro l s t robes that accom-
pany an address-act ivated 
select logic. Fig. 5 i l lustrates 
th is . 

There are three ways you can 
enter data to the MM57109; in 
each case the register stack is 
pushed and da ta is wr i t ten into 
the X register (see Fig. 6). 

The f i rst data entry method is 
approx imate ly equivalent to 
ca lcu la tor -keyboard entry; sep-
arate c o m m a n d s ident i fy the 

Table 1. MM57109 instruction description table ('indicates two-word instruction). 

E X E C U T I O N 
E X E C U T I O N T I M E 

T I M E (M ICROCYCLES) 
(M ICROCYCLES) (WORST-CASE 

(AVERAGE) VALUES) M N E M O N I C * 

0 

1 

2 

3 
4 
5 
6 
7 
8 
9 
DP 
EE 
OS 

PI 
EN 

N O P 

H A L T 

ROLL 

238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
152 
151 
166 

1312 
552 

122 

134 

905 

DESCRIPTION 

Mant issa or exponent digits. On first digit (d) the 
fol lowing occurs: Z—T 

Y - Z 
X - Y 
d - X 

See descript ion of number entry on page 11. 

Digits that follow wili be mant issa fraction. 
Digits that fol low will be exponent. 
Change sign of exponent or mant issa. 
X m = X mant issa 
Xe = X exponent 
OS causes - Xm—Xm or - X e - X e depending on 
whether or not an EE instruction was executed 
after last number entry initiation. 
3 . 1 4 1 5 9 2 7 - X . stack not pushed. 
Terminates digit entry and pushes the stack. 
The argument entered will be in X and Y. 

Z - T 
Y - Z 
X - Y 

Do nothing instruction that will terminate digit 
entry. 
External hardware detects HALT op code and 
generates H O L D = 1. Processor wai ts for HOLD 
= 0 before continuing. HALT acts as a N O P and 
may be inserted between digit entry Instructions 
since it does not terminate digit entry. 
Roll Stack. 

T Y 



POP 

XEY 

XEM 

MS 

MR 

LSH 

RSH 

X 
I 
YX 
INVH 

I N V - • 
I N V x -
I N V / ' 
1/X 

SORT 
SO 
10X 
EX 
LN 
LOG 
SIN 

COS 
T A N 
INV S I N -
INV C O S -
INV T A N -
DTR 
RTD 
MCLR 

ECLR 
J M P -

T J C -

T E R R -

TX = 0 -

T X F -

TXLTO-

IBNZ 

DBNZ 

IN -

2200 

2200 
3200 
7800 

55400 
1700 

1700 
2700 
7300 
4500 

7000 
3000 

27400 
30800 
24800 
30700 
56200 

56200 
35000 
54000 
54000 
30200 

9600 
9600 

448 Pop Stack. 
Y - X 
Z - Y 
T - Z 
0 - T 

652 Exchange X and Y. 
X — - Y 

812 Exchange X wi th memory. 
X — M 

839 Store X In Memory. 
X - M 

1385 Recal l Memory Into X. 
M - X 

168 X mant issa Is left shi f ted whi le leaving dec imal 
point In same posit ion. Former most signif icant 
digit is saved in lini( digit. Least signif icant digit is 
zero. 

173 X mant issa Is right shi f ted whi le leaving dec ima l 
point In s a m e posit ion. Linit digit, wh ich is normal-
ly zero except after a left shift , is shi f ted into the 
most signif icant digit. Least signif icant digit is 
lost. 

6600 A d d X t o Y . X + Y - X . On + , - , x , / a n d YX in-
structions, stacl< Is popped as fol lows: 

Z - Y 
T - Z 
O - T 

Former X, Y are lost. 
6600 Subtract X from Y. Y - X - X 

22700 Mult iply X t imes Y. Y x X - X 
22300 Divide X into Y. Y X - X 
95500 Raise Y to X power. Y * - X 

5000 Add X to memory. M -f X - M 
On INV - f , - , X and I Instructions, X, Y, Z , and T 
are unchanged. 

5000 Subtract X from memory. M - X - M 

21400 Mult iply X t imes memory. M x X - M 
21100 Divide X into memory. M i - X - M 
22800 1 -f X - X. On ail F (X) m a t h instructions Y,Z,T and 

M are unchanged and previous X is lost. 
30200 vO< - X 
21900 X2 X 
96500 1 0 * - X 
93900 e * - X 
92000 In X - X 
92600 log X - X 
95900 SiN(X) - X. On ail F(X) trig funct ions, Y,Z,T, and M 

are unchanged and the previous X is lost. 
95900 COS(X) - X 
97600 TAN(X) - X 
93900 S I N - ' (X) - X 
93900 C 0 S - 1 ( X ) - X 
92900 T A N " ''(X) - X 
41700 Convert X from degrees to radians. 
41700 Convert X f rom radians to degrees. 

734 Clear all Internal registers and memory; Init ial ize 
I/O control signals, M D C = 8, M O D E = f loat ing 
point. (See initialization.) 

163 O - Error flag 
186 Uncondi t ional branch to address specif ied by sec-

ond Instruction word. On all branch instructions, 
second word contains branch address to be load-
ed into external PC. 

208 Branch to address specif ied by second Instruc-
tion word if JC (Ig) is true ( = 1). Otherwise, skip 
over second word. 

191 Branch to address specif ied by second Instruc-
tion word if error f lag Is true ( = 1). Otherwise, skip 
over second word. May be used for detect ing 
specif ic errors as opposed to using the au tomat ic 
error recovery scheme dealt wi th in the sect ion on 
Error Control . 

278 Branch to address specif ied by second Instruc-
t ion word if X = 0. Otherwise, skip over second 
word. 

277 Branch to address specif ied by second instruc-
t ion word if |X| < 1. Otherwise, skip over second 
word. (I.e., branch if X is a fraction.) 

197 Branch to address specif ied by second instruc-
tion word If X < 0. Otherwise, skip over second 
word. 

2314 M -(• 1 - M. if M = 0, skip second instruction 
word. Otherwise, branch to address specif ied by 
second Instruction word. 

2314 M - 1 - M. If M = 0, skip second instruction 
word. Otherwise, branch to address specif ied by 
second Instruction word. 

395 T h e processor suppl ies a 4-bit digit address (DA4-
DA1) accompan ied by a digit address strobe (DAS) 

decimal digits 0 through 9, the 
decimal point and signs for the 
mantissa and exponent—If 
floating-point format is 
specified. 

The other two input tech-
niques transmit data to the X 
register under program control. 
An IN instruction is executed 
once for entry of an entire num-
ber, while an AIN instruction is 
executed once per digit of a 
number being entered. In each 
case the number is entered into 
the X register after the stack is 
pushed, as illustrated for key-
board entry. Following execu-
tion for the IN or AIN instruc-
tion, digits are entered as data. 
Input is clocked by an output 
control signal accompanying 
the 4-bit digit address il-
lustrated in Fig. 2. 

Handshaking protocol simi-
lar to the ready-acknowledge 
sequence illustrated for in-
struction input controls data 
entry. Thus, It is relatively easy 
for any microprocessor to work 
asynchronously with the 
MM57109. 

MM57109 data output is con-
trolled by an OUT instruction 
which is equivalent to the IN in-
struction. 

MM57109 data input and out-
put philosophy contrast sharp-
ly with normal microprocessor 
protocol . Observe that the 
MM57109 requires the micro-
processor to input an ap-
propriate control command, 
after which the MM57109 out-
puts strobe signals to time data 
input or output . Thus, the 
MM57109 is not behaving like a 
s tandard per ipheral device, 
rather, it becomes temporary 
bus master while inputting or 
outputting data. 

In a normal microcomputer 
system, the microprocessor 
will input or output data from a 
support device just as it would 
for read/write memory. The 
device is selected via an ap-
propriate I/O port or memory 
address, then a read or write 
control signal causes the data 
transfer to occur; this is how 
the AM9511 works. 

National Semiconductor lit-
erature describes the MIV157109 
as either a stand-alone micro-
processor or as an adjunct to 



another microprocessor. In re-
ality, the MM57109 is not a 
practical stand-alone micropro-
cessor. It should be used only 
in conjunction with another 
microprocessor because the 
MM57109 has no internal mem-
ory-addressing logic. A pro-
gram counter, if present, must 
be implemented externally, us-
ing some appropriate register 
whose contents get triggered 
when appropriate timing sig-
nals are output by the 
MM57109. Branch instructions, 
though identified in Table 1, 
really do not exist; they simply 
create a control signal that ex-
ternal logic must use to cloci< 
an address into the external 
program counter. 

By the time you have config-
ured the necessary additional 
logic to surround a stand-alone 
MM57109, you will probably 
find it is cheaper and a good 
deal faster to use some simple 
microprocessor, even if its sole 
function is to monitor and con-
trol MM57109 operations. 

AM9511 
Now let's look at the AM9511. 

Functional logic for this device 
is illustrated in Fig. 7. The most 
important difference between 
the AM9511 and the MM57109 
is that the AM9511 is a binary 
device. All data operations 
within the AM9511 handle 
binary data; in contrast, the 
MM57109 handles only BCD 
data. AM9511 data may be 
specified in fixed-point or float-
ing-point format. Fixed-point 
numbers may be single- or 
double-precision; in each case 
they are treated as signed 
binary numbers. A single-pre-
cision fixed-point number is il-
lustrated in Fig. 8. 

Th is is s t a n d a r d s igned 
binary data. Thus, single-preci-
sion fixed-point numbers may 
range in value from - 32768 to 
-h 3 2 7 6 7 . D o u b l e - p r e c i s i o n 
fixed-point numbers are 32 bits 
wide, and again use standard 
signed binary da ta format . 
T h u s , a d o u b l e - p r e c i s i o n 
number may have values in the 
range - 2 1 4 7 4 8 3 6 4 8 through 
-(-2147483647. 

Floating-point numbers are 
all 32 bits wide, and are inter-

O U T -

A I N 

SF1 
PF1 

S F 2 
PF2 

P R W 1 

P R W 2 

T O G M 

S M D C -

INV 

for each digit to be Input. The high order address 
tor the number to be Input would typically come 
trom the second Instruction word. The digit Is In-
put on D4-D1, using ISEL = 0 to select digit data 
instead of instructions. The number of digits to be 
Input depends on the calculat ion mode (scientific 
notat ion or f loating point) and the mant issa digit 
count (see Data Formats and Instruction Timing). 
Data to be input Is stored In X and the stack Is 
pushed (X — Y — Z — T). At the conclusion of the 
input. DA4 DA1 = 0. 

583 Addressing and number of digits is Identical to IN 
Instruction. Each t ime a new digit address is sup-
piled, the processor places t h e ^ i g l t to be output 
on D 0 4 - D 0 1 and pulses the R/W line active low. 
At the conclusion of output, D 0 4 - D 0 1 = 0 and 
0 A 4 . 0 A 1 = 0. 

284 A single digit Is read Into the processor on D4-D1. 
ISEL = 0 is used by external hardware to select 
the digit instead of Instruction. It will not read the 
digit until ADR = 0 ( iSEL = Oselects ADR Instead 
of 15), Indicating da ta valid. F2 is pulsed active low 
to acknowledge data just read. 

163 Set F1 high. I.e., F1 = 1. 
185 F1 Is pulsed active high. If F1 Is already high, this 

results In It being set low. 
163 Set F2 high. I.e., F2 = 1. 
185 F2 is pulsed active high. If F2 is already high, this 

results in It being set low. 
130 Generates R/W active low pulse which may be 

used as a strobe or to clock extra Instruction bits 
into a flip-flop or register. 

130 identical to PRW1 instruction. Advantage may be 
taken of the fact that the last 2 bits of the PRW1 
op code are 10 and the last 2 bits of the PRW2 op 
code are 01. Either of thes^b i ts can be clocked In-
to a flip-flop using the R/W pulse. 

157 Change mode from floating point to scientif ic 
notat ion or vice versa, depending on present 
mode. The mode affects only the IN and OUT In-
structions. Internal calculat ions are always in 
B<jlgit scientif ic notation. 

163 Mant issa digit count Is set to the contents of the 
second instruction word ( = 1 to 8). 

166 Set Inverse mode for trig or memory function In-
struction that will Immediately fol low. Inverse 
mode Is for next instruction only. 

preted as in Fig. 9. The man-
tissa and exponent are both 
binary numbers; therefore, 
numbers in the range ± (2 .7 x 
10-20 to 9.2 X 10-18) may be 
represented. 

Observe that the AM9511 has 
a smaller range of valid 
numbers than the MM57109. 
You might argue that the 
AM9511, by handling numbers 
in the exponential range 10"20 
through i C ® , must surely have 
a range adequate for any ap-
plication. This is not always 
true. 

In particular, chemical-en-
gineering and astronomical 
computations frequently han-
dle numbers outside the range 
allowed by the AM9511. The 
principal advantage of the 
AM9511 over the MM57109 is 
that the former is much faster. 
Table 2 summarizes AM9511 in-
structions. Notice that the in-
struction sets for the two 
devices are approximately 

CHIP SELECT 
DEVICE 
S E L E C T 
LOGIC 

C O N T R O L / D A T A • 
- R E A D STROBE 
- W R I T E STROBE 

Fig. 5. 

Fig. 6. 

Fig. 7. AM9511 arithmetic processor functional logic. 



I I I I I I I M I I I I l ° l — B,T N . M B E H E H 

- N U M B E R 
- SIGN 

Fig. a. A single-precision fixed-point number. 
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L - M A N T I S S A 
- EXPONENT 

EXPONENT SIGN 
M A N T I S S A SIGN 

Fig. 9. 

equivalent; however, based on 
a 500-nanosecond c lock, for 
the AM9511 it is more than 100 
t imes faster than for the 
MM57109. Also, the AM9511 is 
incredibly easy to incorpora te 
into a lmost any m ic rocomp i ' t e r 
system. Contro l s ignals , data 
buses and address buses are 
typ ica l of an 8080A suppor t 
device. The AM9511 is se lected 
via the chip-select (CS) and C/D 
inputs. This is the s tandard 
method used in any 8080A sup-
port device to access da ta con-
trol and s ta tus locat ions as two 
memory addresses or I/O ports. 

The s tandard read and wr i te 

cont ro l s t robes are used to in-
put or ou tpu t data . Thus, the 
CS, C/D, ^ and WR cont ro ls 
together ident i fy events as in 
Table 3. 

Data and ins t ruc t ions are in-
put v ia the b id i rec t iona l data 
bus; resul ts and s ta tus are out-
put via the same bus. Whi le the 
AM9511 is busy execu t ing any 
opera t ion , a PAUSE s igna l is 
ou tpu t low. At the end of the 
opera t ion the END cont ro l sig-
nal is ou tpu t low. The micropro-
cessor acknowledges the END 
output by inpu t t ing EACK low. 

Any c o m m a n d ou tpu t to the 
Af\/19511 can, in add i t ion to al l 

CS C/D RD WR Function 

1 X X X Device not se lec ted 
0 0 0 1 Read da ta f rom device 
0 0 1 0 Wr i te da ta to device 
0 1 0 1 Read s ta tus f rom device 
0 1 1 0 Wr i te c o m m a n d to device 

Table 3. 

other op t ions , spec i fy a serv ice 
request to fo l low comp le t i on of 
the AM9511 opera t ion . Dur ing a 
service request , CPU wi l l pro-
cess AM9511 resu l ts before ini-
t i a t ing a new AM9511 opera-
t ion. If a serv ice request is 
spec i f ied , when the AM9511 

C O M M A N D CLOCK 
M N E M O N I C CYCLES C O M M A N D DESCRIPT ION (1) 

SADD 17 Adds T O S to NOS. Result to NOS. Pop Stack 
SSUB 30 Subtracts TOS from NOS. Result to NOS. Pop Stack 
S M U L 92 Mult ipl ies N O S by TOS. Result to NOS. Pop Stack 
SDIV 92 Divides N O S by TOS. Result to NOS. Pop Stack 

DADD 21 Adds T O S to NOS. Result to NOS. Pop Stack 
DSUB 38 Subtracts T O S from NOS. Result to NOS. Pop Stack 
DMUL 208 Mult ipl ies N O S by TOS. Result to NOS. Pop Stack 
DDIV 208 Divides N O S by TOS. Result to NOS. Pop Stack 

FADD 56-350 Adds T O S to NOS. Result to NOS. Pop Stack 
FSUB 58-352 Subtracts TOS from NOS. Result to NOS. Pop Stack 
F M U L 168 Mult ipl ies N O S by TOS. Result to NOS. Pop Stack 
FDIV 171 Divides N O S by TOS. Result to NOS. Pop Stack 

SORT 800 Square Root of TOS. Result in TOS. 
S I N 4464 Sine of TOS. Result in TOS. 
C O S 4118 Cosine of TOS. Result in TOS. 
T A N 5754 Tangent of TOS. Result in TOS. 
ASIN 7668 Inverse Sine of TOS. Result In TOS. 
A C O S 7734 Inverse Cos ine of TOS. Result in TOS. 
ATAN 6006 Inverse Tangent of TOS. Result in TOS. 
LOG 4490 C o m m o n Logar i thm (base 10) or TOS. Result in TOS. 
LN 4478 Natural Logar i thm (base e) of TOS. Result in TOS. 
EXP 4616 Exponential (e*) of TOS. Result in TOS. 
PWR 9292 N O S raised to the power in TOS. Result to NOS. Pop Stack. 

N O P 4 N o Operat ion 
FIXS 92-216 Converts T O S from floating-point to single-precision fixed-point format. 
F IXD 100-346 Converts TOS from floating-point to double-precision fixed-point format. 
FLTS 98-186 Converts TOS from single-precision f ixed point to f loating-point format. 
FLTD 98-378 Converts TOS from double-precision fixed-point to f loating-point format. 
C H S S 26 Changes sign of single-precision fixed-point operand on TOS. 
C H S D 34 Changes sign of double-precision f ixed point operand on TOS. 
C H S F 16 Changes sign of f loating point operand on TOS. 
PTOS 16 Push single-precision fixed-point operand on T O S to NOS. 
PTOD 20 Push double-precision fixed-point operand on T O S to NOS. 
PTOF 20 Push floating-point operand on TOS to NOS. 
POPS 10 Pop single-precision fixed-point operand from TOS. N O S becomes TOS. 
POPD 12 Pop double-precision fixed-point operand from TOS. N O S becomes TOS. 
POPF 12 Pop f loating-point operand from TOS. N O S becomes TOS. 
XGHS 18 Exchange single-precision fixed-point operands T O S and NOS. 
X C H D 26 Exchange double-precision fixed-point operands TOS and NOS. 
X C H F 26 Exchange floating-point operands T O S and NOS. 
PUPI 16 Push floating-point constant "n" onto TOS. Previous T O S becomes NOS. 

Notes: 1. Nomenclature: T O S Is Top Of Stack. N O S is Next On Stack. 
2. All derived floating-point funct ions destroy tfie contents of the stack. Only the result can be 

counted on the be valid upon c o m m a n d complet ion. 
3. Format conversion c o m m a n d s (FIXS, FIXD, FLTS, FLTD) require that f loating-point da ta format be 

specif ied (command bits 5 and 6 must be 0). 

Table 2. AM9511 instruction description table. 

comp le tes any opera t ion it out-
puts a low service-request sig-
nal. The CPU acknowledges 
th is s igna l w i th a service-ac-
know ledge input . Thus, the 
AM9511 a l lows the micropro-
cessor to d i f fe ren t ia te between 
an AM9511 opera t ion that does 
or does not require fur ther 
handl ing by the CPU. 

When you compare the 
AM9511 and IV1M57109 devices, 
se lec t ion shou ld be based on 
the fo l l ow ing t rade-of fs : 

1. The MM57109 is a BCD de-
vice and wi l l there fore be easier 
to use in a purely dec ima l ap-
p l ica t ion. 

2. The IV1M57109 has a larger 
numer ic range; however, you 
shou ld be sure that the exten-
sive AM9511 numer ic range is 
insu f f i c ien t before you go to 
the MIV157109 based upon th is 
cr i ter ion. 

3. The AtVI9511 is s ign i f icant -
ly faster than the MM57109. 
There may be app l i ca t ions in 
w h i c h the AIVI9511 must be 
se lected based on i ts speed, 
even if BCD-to-binary and 
binary- to-BCD convers ions are 
required. 

4. The AM9511 f i t s natura l ly 
in to any 8080A mic rocompute r 
con f igu ra t ion ; i ts bus and con-
t ro l s igna l in ter face is abso-
lutely compa t i b l e w i th the 
8080A. In con t ras t , the 
IVIM57109 is a ca lcu la to r part 
tha t wi l l need mu l t ip lex ing and 
de-mul t ip lex ing c i rcu i ts sur-
round ing it. 

W h e t h e r y o u c h o o s e t h e 
AM9511 or the MM57109, you 
wi l l be mak ing the r ight cho ice 
if your a l ternat ive is to wr i te 
y o u r o w n t r a n s c e n d e n t a l -
f unc t i on c a l c u l a t i o n s . • 



ELECTRONIC SYSTEMS 
P.O. Box 9641 San Jose C A 95157 

(408) 374-5984 

mffil 
UART 
&BAUD 
RATE 
GENERATOR 
Pari no. 101 
• Converts serial to parallel and 

parallel to serial 

• Low cost on board band rate 

generator 

• Baud rates: 110, 150, 

300, 600, 1200, and 2400 

• Low power drain +5 volts and 

-12 volts required 

• TTL compatible 

• All characters contain a start 

bit, 5 to 8 data bits, 1 or 2 stop 

bits, and either odd or even 

parity. 

• All connections go to a 44 pin 

gold plated edge connector 

• Board only Si 2.00; with parts 

S35.00 

8K 
STATIC 
RAM 
Part no. 300 

• 8K /Vltair bus memory 

• Uses 2102 Static memory chips 

• Memory protect 

• Gold contacts 

• Wait states 

• On board regulator 

• S-100 bus compatible 

• Vector input option 

• TRI state buffered 

• Board only S22.50; with parts 

•Si 6 0 . 0 0 

RS-232/TTL 
INTERFACE 

Part no. 232 

• Converts TTL to RS-232, and 

converts RS-232 to TTL 

• Two separate circuits 

• Requires -12 and +12 volts 

• All connections go to a 10 pin 

gold plated edge connector 

• Board only S4.50; with parts 

S7.00 

DC 
POWER , 
SUPPLY 
Part no. 6085 

• Board supplies a regulated +5 

volts at 3 amps., +12,-12, and -5 

volts at 1 amp. 

• Circuit has filters, rectifiers, 

and regulators. 

• Power required is 8 volts AC at 

3 amps., and 24 volts AC C.T. at 

1.5 amps. 

• Board onlv SI2.50 

TIDMA 
Part no. 112 

• Tape Interface Uirect Memory 

Access 

• Re<;ord and play programs with-

out bootstrap loader (no prom) 

has FSK encoder/decoder for 

direct connections to low cost 

recorder at 625 baud rate, and 

direct connections for inputs and 

outputs to a digital recorder at 

any baud rate. 

• S-100 bus compatible 

• Board only S35.00; 

with parts SllO.OO 

Part no. 111 

TAPE 
INTERFACE 
• Play and record Kansas City 

Standard tapes 

• Converts a low cost tape 

recorder to a digital recorder 

• Works up to 1200 baud 

• Digital in and out are TTL-serial 

• Output of board connects to 

niic. in of recorder 

• F)arphone of recorder connects 

to input on board 

• Requires +5 volts, low power 

drain 

• Board 87.60; with parts S27.50 

• No coils 

Part 
no. 107 

RF 
MODULATOR 
• Converts video to AM modu-

lated RK, Channels 2 or 3 

• Power required is 12 volts AC 

C.T., or +5 volts DC 

. Board S7.60; with parts SI 3.50 

Apple II 
Serial iNp 
Interface 
Part No. 2 

• Baud rates up to 30,000 

• Plugs into Apple Peripheral 

connector 

. Low-current drain 

. RS-232 Input and Output 

SOFTWARE 

• Input and Output routine from 

monitor or BASIC to teletype or 

other serial printer. 

. IVograni for using an Apple II 

for a video or an intelligent ter-

minal. Board only - SI 5.00; 

with parts - .S42.00; assembled 

and tested - S62.00. 

TELEVISION 
TYPEWRITER 

' A n t f v T a i ' a t B i t c a * i d 

Part no. 106 

• Stand alone TVT 

• 32 char/line, 16 lines, modifi-

cations for 6-t char/line included 

• ParaUel ASCII (TTI,) input 

• Video output 

• 1K on board memory 

• Output for computer con-

trolled curser 

• Auto scroll 

• Non-distructive curser 

• Curser inputs: up, down, left, 

right, home, EOL, EOS 

• Scroll up, dow n 

• Requires +5 volts at 1.5 amps, 

and -12 volts at 30 mA 

• Board only S39.00; with parts 

S145.00 

MODEM 

Part no. 109 

• Type 103 

• Full or half duplex 

• Works up to 300 baud 

• Originate or Answer 

• No coils, only low cost com-

ponen ts 

• TTL input and output-serial 

• (Connect 8 ohm speaker and 

crystal mic. directly to board 

• Uses XR FSK demodulator 

• Requires +5 volts 

• Board S7.60; with parts S27.50 

To Order: Mention part number and description. For parts kits add "A " to part number. Shipping paid for orders 

accompanied by check, money order, or Master Charge, BankAmcricard, or VIS.\ number, expiration 

date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% for tax. 

Parts kits include sockets for all ICs, components, and circuit board. Documentation is included with 

all products. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984. ^21 



Ken Barbier 
Borrego Engineering 
PO Box 1253 
Borrego Springs CA 92004 

Money Manipulations 

keep ahead of 
those cash-flow problems 

"PR1NCIPAL=":P 
"INTEREST = ";I 
"DRAW=";D 
" INFLATION=";A 

I REM CASH FLOW PROGRAM 29 JULY 77 

7 As="$sil ll a a Ini • # r r " 

8 BS=" ///'//;,-" 
9 PRINT:PRINT:PR1NT 
JO PRINT"INVESTMENT MINUS DRAW" 
I I PRINT" QUARTERLY STATEMENT" 
15 PRINT 
20 PRINT"PRINCIPAL: S; INTEREST: %/YR; DRAW: $/MO." 
21 PRINT" INTEREST EARNED SHOWN BY QUARTER TOTAL' 
22 PRINT" DRAW IS CURRENT MONTHLY RATE, INFLATED" 
25 PRINT:PRINT 
30 M=0 
31 Y=0 
35 0=2 
40 INPUT 
50 INPUT ' 
60 INPUT' 
61 INPUT' 
62 A=A/1200 
70 1=1/1200 
80 PRINT:PRINT:PRINT 
90 PRINT"MONTH PRINCIPAL EARNED D R A W " 
100 E=P*I 
110 P=P+E 
120 P=P-D 
125 IF P < 0 THEN 190 
130 M=M+1 
135 D=D*(1+A) 
137 Y=Y+E 
138 IF M=123 THEN 180 
140 IF M > 2 4 0 THEN 1200 
141 IF C=0 GOTO 144 
142 C=C-1 
143 GOTO 100 
144 C=2 
146 PRINT USING BS:M;:PRINT" " : 
150 PRINT USING AS;P,Y.D 
151 Y=0 
170 GOTO 100 
180 PRINT:PRINT:PRINT: PRINT 
181 GOTO 141 
190 PRINT:PRINT:PRINT:PRINT:PRINT 
1200 END 

Fig. 1. Cash Flow program listing. Written in 12K Extended BASIC, 
it can be run on smaller BASICs by changing lines 146 and 150 to: 
150 PRINT M,P.Y,D. Lines 7 and 8 can then be dropped. The 
output will not be so nicely formatted, however. 

YOU say y o u ' r e g e t t i n g 
ready t o p u n c h y o u r 

boss's l i gh ts o u t , b u t y o u ' r e 
n o t sure y o u r l i f e savings w i l l 
s u p p o r t t h e w i f e a n d k i d d i e s 
u n t i l y o u get o u t o f j a i l ? O r 
m a y b e y o u ' r e j u s t g e t t i n g o l d 
( l i ke nrie) a n d t h i n k i t ' s t i m e 
t o r e t i r e , b u t y o u w a n t t o be 
sure y o u have e n o u g h l o o t 
s tashed a w a y t o s u p p l e m e n t 
U n c l e Sam 's p i t t a n c e and p ro -
v i de e n o u g h t o l ive o n — 
f o r e v e r a n d ever . Or pe rhaps 
y o u are r e a d y t o t h r o w i n t h e 
t o w e l at t h e bo i l e r f a c t o r y 
a n d o p e n y o u r o w n c o m p u t e r 
s t o re . . . a n d w a n t t o k n o w 
h o w l o n g y o u can h o l d o u t 
u n t i l t h e f i r s t cash c u s t o m e r 
c o m e s w a l k i n g i n . W e l l , t e l l 
y o u w h a t I ' m g o i n g t o d o . . . 

C o m p u t i n g Cash F l o w 

T h e Cash F l o w p r o g r a m 
l i s t i n g in F ig . 1 assumes t h a t 
an i n i t i a l i n v e s t m e n t is m a d e 
a t a f i x e d ra te o f i n t e r e s t 
( c o m p o u n d e d m o n t h l y ) . B u t 
i n s tead o f s i m p l y f i g u r i n g 
c o m p o u n d i n t e r e s t , Cash 
F l o w assumes t h a t w e w i l l be 
d r a w i n g o n these reserves, f o r 

reasons s u c h as t hose l i s t ed 
above . F u r t h e r m o r e , l i f e be-
ing w h a t i t is, t h e a m o u n t w e 
have t o w i t h d r a w w i l l be sub-
j e c t t o i n f l a t i o n , so t h e p ro -
g r a m takes t h i s f a c t o r i n t o 
a c c o u n t as w e l l . S ince U n c l e 
Sam insists w e pay i n c o m e 
t a x o n t h e i n t e res t pa id o n 
o u r i n v e s t m e n t s , w e w i l l a lso 
need a s t a t e m e n t s h o w i n g in-
t e r e s t ea rned . W h i l e t h e pro-
g r a m w i l l n o t f i l l o u t y o u r 
i n c o m e t a x f o r m f o r y o u , i t 
w i l l , c o n s i d e r i n g al l these 
f a c t o r s , te l l y o u h o w l ong 
y o u r l o o t w i l l last. 

F o r e x a m p l e , let 's t a k e a 
l o o k a t a t y p i c a l Cash F l o w 
r u n (F ig . 2 ) . D i c k a n d Jane 
have b o t h been w o r k i n g a n d 
d i l i g e n t l y s q u i r r e l i n g m o n e y 
a w a y . T h e y have a c c u m u l a t e d 
f o r t y k i l o b u c k s a n d w o u l d 
l i k e t o use i t t o f i n a n c e an 
ea r l y r e t i r e m e n t . W h a t t h e y 
need t o k n o w is w h e t h e r o r 
n o t t h e m o n e y w i l l h o l d o u t 
u n t i l soc ia l s e c u r i t y he lps 
t h e m o u t (assuming i t d o e s n ' t 
go b r o k e f i r s t ) . 

B e i n g conse rva t i ve , t h e y 
w i l l i nves t t h e m o n e y in in-



sured savings, which, for our 
example, we wi l l assume pays 
5.75 percent per year, com-
pounded month ly . They have 
moved into a less expensive 
house, but there are stil l pay-
ments to make. Now, our 
couple must figure the maxi-
mum amount per month that 
they wi l l have to draw f rom 
their savings to live on. This 
f ict ional account shows that 
they have arrived at a figure 
of $750 per month , which 
certainly should be enough to 
feed two mouths. 

Next, we th row in a l i t t le 
magic. D. and J. have con-
sulted their f inancial expert, 
and he assures them they can 
expect an inf la t ion rate of 3 
percent per annum to apply 
t o the commodit ies they w i l l 
be consuming. This f igure 
sounds low today, but if 
coffee, new cars, etc., are 
avoided i t is not too unrealis-
t ic. 

A l l the above condit ions 
established, we load Cash 
Flow, which is wr i t ten in 
Al ta i r BASIC, 12K Extended, 
Version 3.2. Instructing it to 
run, we are in formed that we 
wi l l be provided w i t h a quar-
ter ly statement, and we are 
asked to enter the amount of 
principal (in dollars); the 
interest rate (in percent per 
annum); the amount we wish 
to w i thdraw (in dollars per 
month) ; and the expected 
annual rate of in f lat ion. Hav-
ing received these variables. 
Cash Flow proceeds to pro-
duce the quarterly-statement 
table shown in Fig. 2. 

Since this is a quarterly 
statement, the number of the 
month for which the figures 
app ly wi l l increment by 
three. The amount of princi-
pal remaining at the end of 
that month is shown in the 
next column. The th i rd col-
umn shows the total interest 
e a r n e d for the previous 
quarter, which is what we w i l l 
have to pay income tax on. 
This last co lumn shows our 
draw for the current month. 
This amount always increases 
because we have to assume 
that inf lat ion w i l l cont inue to 
spiral. 

When all of the money is 

used up. Cash Flow wi l l ter-
minate, and we wi l l have to 
go back to work . We see that 
Dick and Jane can survive for 
about five years. Well, maybe 
they 'd better t ry to cut costs 
a l i t t le. Then we can t ry the 
program again, using a lower 
Draw figure. 

When this program was 
f irst run, the nice round num-
bers in the cents co lumn 
under Principal raised sus-
picion. The BASIC manual 
states that single-precision 
numbers are pr inted w i t h a 
max imum of six decimal dig-
its, and we are asking BASIC 
to work w i t h seven digits! So, 
we should add the fo l low ing 
line to our program: 2 
D E F D B L P . 

Now when we run the 
program w i th the same vari-
ables, we get the ou tpu t 
shown in Fig. 3, since Princi-
pal is computed in double 
precision. We can see the 
pennies and nickles, but the 
results don ' t change! This is 
because we had suff ic ient ac-
curacy to begin w i th , the 
internal representation of our 
principal being in binary bits, 
which don ' t exactly relate 
evenly t o six-decimal digits. 
Our ini t ial accuracy was bare-
ly suf f ic ient , though, so it 
wou ld be a good idea to leave 
the second line in our pro-
gram, in case a rich uncle dies 
and leaves more money to 
play w i th . 

Since Dick and Jane are 
only 23 years old (surprise!) 
they have decided to post-
pone the early ret irement and 
keep on work ing and saving. 
Now they can use the same 
program to estimate how 
their savings wi l l grow if lef t 
untouched. If no money is 
drawn f r o m the investment. 
Cash F l o w becomes a 
s t ra igh t fo rward compound-
interest program, as we can 
see in Fig. 4. 

Here, we set draw and 
inf lat ion to zero, and Cash 
F low gives a quarter ly state-
ment o f earnings and accumu-
lation for our savings ac-
count. The program gets t i red 
and quits after 20 years. Dick 
a n d Jane probably w i l l , 
t oo l • 

INVESTMENT MINUS DRAW 
Q U A R T E R L Y STATEMENT 

PRINCIPAL: S; INTEREST: %/YR: DRAW: S/MO. 
INTEREST E A R N E D SHOWN BY QUARTER TOTAL 
DRAW IS CURRENT MONTHLY RATE, INFLATED 

PRINCIPAL=? 40000 
INTEREST=? 5.75 
DRAW=? 750 

INFLATION=? 3 

MONTH PRINCIPAL EARNED DRAW 
3 $38311.30 $566.95 $755.64 
6 $36581.20 $542.48 $761.32 
9 $34808.90 $517.41 $767.05 

12 $32993.80 $491.73 $772.81 
15 $31135.00 $465.43 $778.62 
18 $29231.70 $438.49 $784.48 
21 $27283.30 $410.92 $790.38 
24 $25289.00 $382.69 $796.32 
27 $23247.80 $353.80 $802.31 
30 $21159.10 $324.23 $808.34 
33 $19022.00 $293.97 $814.42 
36 $16835.70 $263.02 $820.54 
39 $14599.20 $231.35 $826.71 
42 $12311.90 $198.96 $832.93 
45 $9972.66 $165.83 $839.19 
48 $7580.74 $131.95 $845.50 
51 $5135.21 $97.31 $851.86 
54 $2635.15 $61.90 $858.26 
57 $79.62 $25.69 $864.71 

Fig. 2. Sample Cash Flow run. This printout shows how long an 
initial investment of $40,000 will last while earning 5.75 percent 
interest, but being drawn on at the rate of $750 per month, inflated 
3 percent per year. 

INVESTMENT MINUS DRAW 

QUARTERLY STATEMENT 

PRINCIPAL: $: INTEREST: %/YR: DRAW; $/MO. 
INTEREST E A R N E D SHOWN BY QUARTER TOTAL 
DRAW IS CURRENT MONTHLY RATE, INFLATED 

PRINCIPAL^? 40000 
INTEREST=? 5.75 
DRAW=? 750 

INFLATION=? 3 

MONTH PRINCIPAL EARNED DRAW 
3 $38311.32 $566.95 $755.64 
6 $36581.21 $542.48 $761.32 
9 $34808.94 $517.41 $767.05 

12 $32993.78 $491.73 $772.81 
15 $31134.96 $465.43 $778.62 
18 $29231.74 $438.49 $784.48 
21 $27283.34 $410.92 $790.38 
24 $25288.97 $382.69 $796.32 
27 $23247.83 $353.80 $802.31 
30 $21159.12 $324.23 $808.34 
33 $19022.01 $293.97 $814.42 
36 $16835.66 $263.02 $820.54 
39 $14599.24 $231.35 $826.71 
42 $12311.86 $198.96 $832.93 
45 $9972.66 $165.83 $839.19 
48 $7580.75 $131.95 $845.50 
51 S5135.22 $97.31 $851.86 
54 $2635.15 $61.90 $858.26 
57 $79.62 $25.69 $864.71 

Fig. 3. A double-precision run. The net results have not changed. 
but would for larger principals. Double precision results in a more 
accurate printout, but the program takes longer to run. 

INVESTMENT MINUS DRAW 
Q U A R T E R L Y STATEMENT 

PRINCIPAL: $; INTEREST: %/YR ; DRAW: 

INTEREST EARNED SHOWN BY QUARTER TOTAL 

DRAW IS CURRENT MONTHLY RATE, INFLATED 

PRINCIPAL=? 10000 
INTEREST=? 6 

S/MO. 



8 0 8 0 & Z 8 0 Users 

I v' IS here ^e 

DRAW=? 0 
INFLATION= 

Can your computer 
read and solve 

this problem by itself? 

ON THEIR VACATION, TOM AND 
DICK VISITED A FARM. WHILE 
THERE, THEY NOTICED A PEN 
CONTAINING CHICKENS AND 
PIGS. TOM SAID THERE WERE 3 
TIMES AS MANY CHICKENS AS 
PIGS. DICK SAID HE COUNTED 
100 LEGS IN THE PEN. HOW 
MANY CHICKENS WERE IN THE 
PEN?" 

With NLOS/I, it can! 
NLOS/1 is a cassette-based 
system requiring a minimum 
of 12K, a serial I/O board and 
any cassette interface. The 
system comes complete with 
a fully documented set of as-
sembly language source list-
ings. The cost is only $50.00. 

STOP 
PROGRAMMING 

YOUR COMPUTER, 
EDUCATE IT! 

ORDER T O D A Y ! 

CYBERMATE 
R.D. #3 BOX 192A 

NAZARETH PA 18064 

C57 

MONTH PRINCIPAL EARNED DRAW 

3 S lO l 50.75 $150.75 $0.00 
6 $10303.78 $153.02 $0.00 

9 S10459 . l l $155.33 $0.00 
12 S10616.78 $157.67 $0.00 
15 $10776.83 $160.05 $0.00 
18 $10939.29 $162.46 $0.00 
21 $11104.20 $164.91 $0.00 
24 $11271.60 $167.40 $0.00 
27 $11441.52 $169.92 $0.00 
30 $11614.00 $172.48 $0.00 
33 $11789.08 $175.08 $0.00 
36 $11966.81 $177.72 $0.00 
39 $12147.21 $180.40 $0.00 
42 $12330.33 $183.12 $0.00 
45 $12516.21 $185.88 $0.00 
48 $12704.89 $188.68 $0.00 
51 $12896.42 $191.53 $0.00 
54 $13090.83 $194.42 $0.00 
57 $13288.18 $197.35 $0.00 
60 $13488.50 $200.32 $0.00 
63 $13691.84 $203.34 $0.00 
66 $13898.25 $206.41 $0.00 
69 $14107.77 $209.52 $0.00 
72 $14320.44 $212.68 $0.00 
75 $14536.33 $215.88 $0.00 
78 $14755.46 $219.14 $0.00 
81 $14977.90 $222.44 $0.00 
84 $15203.70 $225.79 $0.00 
87 $15432.89 $229.20 $0.00 
90 $15665.55 $232.65 $0.00 
93 $15901.71 $236.16 $0.00 
96 $16141.43 $239.72 $0.00 
99 $16384.76 $243.33 $0.00 

102 S16631.76 $247.00 $0.00 
105 $16882.49 $250.73 $0.00 
108 $17136.99 $254.51 $0.00 
111 $17395.34 $258.34 $0.00 
114 $17657.57 $262.24 $0.00 
117 $17923.76 $266.19 $0.00 
120 $18193.97 $270.20 $0.00 
123 $18468.24 $274.28 $0.00 
126 $18746.65 $278.41 $0.00 
129 $19029.26 $282.61 $0.00 
132 $19316.13 $286.87 $0.00 
135 $19607.32 $291.19 $0.00 
138 $19902.91 $295.58 $0.00 
141 $20202.95 $300.04 $0.00 
144 $20507.51 $304.56 $0.00 
147 $20816.66 $309.15 $0.00 
150 $21130.47 $313.81 $0.00 
153 $21449.02 $318.54 $0.00 
156 $21772.37 $323.35 $0.00 
159 $22100.59 $328.22 $0.00 
162 $22433.76 $333.17 $0.00 
165 $22771.95 $338.19 $0.00 
168 $23115.24 $343.29 $0.00 
171 $23463.70 $348.47 $0.00 
174 $23817.42 $353.72 $0.00 
177 $24176.47 $359.05 $0.00 
180 $24540.94 $364.46 $0.00 
183 $24910.89 $369.96 $0.00 
186 $25286.43 $375.53 $0.00 
189 $25667.62 $381.20 $0.00 
192 $26054.57 $386.94 $0.00 
195 $26447.34 $392.78 $0.00 
198 $26846.04 $398.70 $0.00 
201 $27250.75 $404.71 $0.00 
204 $27661.55 $410.81 $0.00 
207 $28078.56 $417.00 $0.00 
210 $28501.84 $423.29 $0.00 
213 $28931.51 $429.67 $0.00 
216 $29367.66 $436.15 $0.00 
219 $29810.38 $442.72 $0.00 
222 $30259.78 $449.40 $0.00 
225 $30715.95 $456.17 $0.00 
228 $31178.99 $463.05 $0.00 
231 $31649.02 $470.03 $0.00 
234 $32126.13 $477.11 $0.00 
237 $32610.44 $484.31 $0.00 
240 $33102.04 $491.61 $0.00 

4. Compound-interest run. If Draw is set to zero. Cash Flow Fig. 
becomes a straight compound-interest computation. Here, $10,000 was 
invested at 6 percent for 20 years. Changing program line 140 can vary 
this time limit. 



THE mm\m COME ON UP AND 
SEE ME SOMETIME 

Give your 6 8 0 0 compu te r the g i f t of s igh t ! The M i c r o Works Dig isector" opens up a w h o l e new 
wor l d for your compute r . Your m ic ro can now be a part of the act ion, t ak ing p ic tures like this 
one to amuse your f r iends, w a t c h i n g your h o m e wh i l e y o u ' r e away , he lp ing you r househo ld 
robot avo id b u m p i n g into wal ls , p rov id ing fast to s low scan convers ion for you hams . . . the 
app l ica t ions abound . 

The M ic ro W o r k s Digisector is a comple te ly un ique device, its reso lu t ion and speed are un-
matched in indust ry a n d the pr ice is unbeatab le anywhe re . The Digisector a n d a cheap TV 
camera are all you 11 need to see eye to eye w i t h your 6 8 0 0 Since opera t ion is s t ra igh t fo rward , 
you don t have to be a so f tware w izard to uti l ize the Digisector s extensive capabi l i t ies The 
M ic ro Works Digisector board prov ides the fo l l ow ing exclusive features 

• H igh Resolut ion—a 2 5 6 x 2 5 6 p ic ture e lement scan 

• Prec is ion—64 levels of grey scale 

• Speed—Convers ion t imes as l ow as 3 mic roseconds per pixel 

• Versat i l i ty—Accepts e i ther in ter laced (NTSC) or non- in ter laced ( Industr ia l ) v ideo inpu t 

• Compactness—Ut i l i zes 1 1 / 0 slot in your SWTPC 6 8 0 0 or equ iva lent 

• Economy—The Digisector is a professional tool pr iced for the hobby is t 

The Digisector (DS-68), l ike all M ic ro W o r k s products , comes ful ly assembled, tested and 
bu rned in On ly the h ighest qua l i t y c o m p o n e n t s are used, a n d the boards are doub le s ided 
w i t h p la ted t h r o u g h holes, solder mask a n d s i lkscreen Al l so f tware is fu l ly source l is ted a n d 
c o m m e n t e d The M ic ro W o r k s is p roud to a d d the D S - 6 8 to its l ine of qua l i ty compu te r acces-
sories for the hobby is t . Price 169.95 

T h e (Vlicro W o r k s 6 8 0 0 ser ies of c o m p u t e r accessor ies a lso i n c l u d e s 
P S B - 0 8 P R O M S y s t e m Boa rd 1 1 9 9 5 

r e g u l a t e d - 1 2 v o l t s 1 2 4 9 5 

B OB 2 7 0 8 E P R O M P r o g r a m m e r 9 9 9 5 
r e g u l a t e d - 1 2 vo l t s 1 0 4 9 5 

U 2 7 0 8 E P R O M S o f t w a r e 
C a s e t t e t a p e 

U I O U n i v e r s a l I / O Boa rd 
X - 5 0 Ex tender B o a r d 
X - 3 0 Ex tender Boa rd 

2 9 9 5 
9 9 5 

2 4 9 5 
2 9 9 5 
2 2 9 5 

V isa a n d M a s t e r C h a r g e A c c e p t e d 

P . O . B O X I l i a D E L M A R , C A . 9 8 0 1 4 7 i a - 7 5 B - 2 B 8 7 M31 

A Name To Remember., 

^oooro^ 
for 

4 4 P I N 5 V O L T 

4 . 5 " X 6 . 5 ' ' C A R D S 

RAM, PROM, EPROM, PARALLEL I / O , SER IAL I / O , A / D , D / A , CPU 

Watch For New Product Releases W13 

25 SOUTH 300 EAST SUITE 215-SALT LAKE CITY, UTAH 84111 •714/7521374 



Strings and Things 
BASIC conversion techniques 

Richard Roth 
TSA Software 
5 N. Salem Road 
Ridge field CT 06877 

You h a v e a d v a n c e d f a r 
enough in p rogramming to 

use c h a r a c t e r s t r i n g s ; ye t , 
when you try to run a program 
using character s t r ings f rom a 
book or art ic le, you f ind haif of 
them don' t mal<e any sense. If 

so, or if you are in terested In 
handl ing charac ters in general , 
th is ar t ic le is for you. 

A character s t r ing, bas ica l ly 
a one-d imens iona l array or vec-
tor of charac ters , is a sequence 
o f c h a r a c t e r s o n e a f t e r 
another. Wha t d i s t i ngu ishes it 
f rom a vector of numbers is tha t 
it is used as a whole, rather 
than a charac ter at a t ime. 

In a game, the p rogram may 
ask for someone 's name, but it 

D I M AA(3) 
READ AA(1), AA(2) . AA(3) 
D A T A ' S A L L Y ' , 'JOE' , 'SPOT' 
PRINT 'A GIRL IS'. AA(1) 
PRINT 'A BOY IS', AA(2) 
PRINT 'A DOG IS', AA(3) 

Example 1. 

HP BASIC DEC BASIC 
HP DEC 
Data General (DG) M i t s /M lc roso f t 
Nor th Star BASIC-E 
Computer Sc ience Corp. Tymshare 

Micro-po l ius (??) 

Table 1. 

doesn ' t care tha t J O H N is a J 
fo l l owed by an O, H, N. The indi-
v idual le t ters are cons idered a 
uni t . In con t ras t , a mai l ing- l is t 
p rogram that pr in ts a l ist by 
last names scans M A R Y b b J . b -
JONES to f ind the last word . It 
does th is by scann ing the char-
acters unt i l it f inds a sequence 
of charac te rs fo l l owed on ly by 
b lanks. A space (represented 
by b or blank) breaks the se-
quence of charac ters that com-
prise a word . We cal l such a 
break cha rac te r a delimiter. 
C o m m a s a n d p e r i o d s a l s o 
break the sequences of wo rds 
i n t o s m a l l e r u n i t s — p h r a s e s 
and sentences. A smal le r uni t 
of a charac ter s t r ing is ca l led a 
substring. Ano ther spec ia l fea-
tu re of cha rac te r s t r i ngs is 
length; a uni t ca l led N A M E can 
vary f r om ED to STASTICOVICH. 
Usual ly , we f ix a m a x i m u m 
length, but o f ten we wan t to 
know the cur rent length. 

The prob lem ar ises when you 
wan t t o use s t r ings in BASIC, 
or ig ina l ly in tended to work w i th 
numbers . Of course, a let ter 
can be represented by a num-
ber, such as A = 1, B = 2 . . . or 
by the ASCII charac te r set . In 

ASCII, d ig i t s (0-9), le t ters and 
spec ia l cha rac te r s (such as 
Bell or Return) are all repre-
sented by a s ing le integer f rom 
0 th rough 127 ( funny—i t jus t 
f i t s in one byte!). In work ing 
w i t h s u c h s i m p l e n u m b e r s , 
BASIC was tes space because it 
is prepared for many d ig i t s of 
p rec is ion and doesn ' t know 
how s imp le a number is. Deal-
ing w i t h vary ing length and the 
s t r ing as a uni t requires some 
bui l t - in features. In the sc ient i -
f ic l anguage FORTRAN, t he 
p rogrammer mus t have a who le 
set of spec ia l subrou t ines to 
deal w i th s t r ings . 

When BASIC was f i rst devel-
oped by Da r tmou th ' s Kemeny 
and Kurtz, t he on ly s t r i ngs 
a l lowed were l i tera ls in pr int 
s ta tements for t i t le and labels 
such as: 100 PRINT " X = " ,X. In 
early vers ions of BASIC, such 
as GE-635 Mark I T imeshar ing , 
ex tens ions were added to a l low 
the s to rage of s t r ings, wh i ch 
were handled l ike s ing le num-
bers. However, no advanced 
c a p a b i l i t y w a s ava i l ab le . A 
s t r ing array w a s spec i f ied by 
giv ing it a two- le t ter name. Al l 
one cou ld do was pr int the 



HP DEC 

100 DIM N${30).L$(10) 100 REM 
110 S>M) (state is tieginning) 110S = 0 
120 C = 1 (character 1) 120 C = 1 
130 N$ = "SALLYbbJ .b JONES" 130 NS = "SALLYbbJ .b JONES" 
140 IF C>LEN(N$) GO TO 200 140 IF C>LEN(N$) GO TO 200 
150 IF N$(C,C) = " b "THEN S = C 150 IFMID$(N$,C, I ) = " b "THEN S = C 
160C = C-(-l 160C = C-l-l 
170 GO TO 140 170 GO TO 140 
200 REM Now S = Char of last space 200 REM 
210 LS = N$(S-l-l) 210 L$ = RIGHT$(L$,S-l-I) 

Example 2. 

whole string. (See Example 1.) 
This extension was short 

lived, but it set the stage for 
what we now have. The idea of 
uniquely specifying a string 
name became more prevalent, 
and '$' was finally accepted as 
the last character of a string 
name. But we are still plagued 
by the questions: How does 
one specify a single character 
of a string; and how does one 
specify a matrix of strings? 
Two primary approaches devel-
oped—one by Digital Equip-
ment Corporation (DEC) and 
the other by Hewlett-Packard 
(HP) in the HP-200 series. 

D E C e m p h a s i z e d m a n y 
strings grouped as a matrix; 
and so A$(1) became the first 
element in a string matrix. HP 
emphasized each character in 
the string; and so A$(1) became 
the first character of string A$. 
These approaches led to a ma-
jor difference in string han-
dling. DEC BASIC requires a 
special way of getting a single 
character of a string, while HP 
BASIC must handle a string ar-
ray specially. Table 1 shows a 
s u m m a r y of the d i f f e r e n t 
BASICS. 

From now on I will refer to the 
two schemes simply as HP or 
D E C , even t h o u g h m o s t 
schemes I will be referring to 
have not been written by either 
company. 

What's It All Mean? 

The issue involves how one 
deals with strings. For simple 
strings, such as printing the 
name of a single game-player, 
there is (almost) no difference 
(see Table 2). 

Since HP BASIC uses the 
subscript notations to refer to 
substrings, DIK/1 specifies the 

length of the string. DEC BASIC 
uses DIM to indicate how many 
strings in a string matrix; if no 
DIM occurs, it is just a single 
string (also called a scalar 
string, as opposed to a matrix). 

DEC BASIC has no way of 
specifying maximum string 
length. They allow a maximum 
limit, usually 255 characters, 
set by the BASIC designer. HP 
BASIC tends to allow length 
limited only by memory size. 
Since HP BASIC knows how big 
a string can get, it can reserve a 
fixed space. DEC BASIC must 
constantly shift the strings 
around as lengths change. In 
this respect, HP BASIC enjoys 
a speed advantage. 

Character Manipulations 

There are two levels of ma-
n ipu la t ions—charac te r and 
string. Each scheme of BASIC 
has its own home ground: 
character for HP and string for 
DEC. G e t t i n g at a s ing le 
character is required for many 
functions. An early example 
suggested extracting a last 
name to alphabetize a mailing 
list. Example 2 shows this in 
both schemes. 

To get at the fifth character 
of a string, HP BASIC uses only 
N$(5,5), while DEC BASIC uses 
MID$(N$,5,1). In our example, 
the program considers one 

character at a time from the 
string N$ with the name, until it 
gets to the end. Each time it 
sees a blank, it saves the char-
acter number in S. With no trail-
ing blanks, the program, when 
it reaches line 200, S will point 
to the last blank. So the last 
name is S-H1 through the end. 
(For simplicity, I am assuming a 
statement can follow an IF-
THEN statement, as in most 
current BASICs.) 

Table 3 shows how to get at a 

specific character. By HP rules 
the first subscript is the start-
ing character, the second is 
ending character : if A$ = 
"ABCD", then A$ (2,3) = "BC". 
If no second subscript exists, 
then the rest of the string is 
used: if A$ = "ABCDEF" then 
A$(3) = " C D E F " . DEC uses 
f u n c t i o n s M I D $ , R I G H T S , 
LEFTS (as shown in the table) 
for the string AS = "ABCDEF". 

Single-character string func-
tions are shown in Table 4. 

String Manipulations 

While DEC BASIC has awk-
ward functions when dealing 
with substrings, HP BASIC has 
a far greater problem when 
many strings must be manipu-
lated. It has no way to handle a 
group of strings of variable 
length. In the HP-3000 BASIC 
this was remedied in an elegant 
manner—especial ly true to 
BASIC syntax; unfortunately, 
only HP-3000 and Computer 
Science have implemented this 

HP DEC 

DIM A$(30) 
INPUT A$ 

PRINT "HELLO " , A$ 
INPUT A$ 
PRINT "HELLO" , A$ 

RUN 
?SAM (CR) 
HELLO SAM 

RUN 

?SAM (CR) 
HELLO SAM 

Table 2. 

DEC HP 

M1D$(A$, starting char, length) 
MID$(A$,2,2) = " B C " 
LEFT$(A$, length) 
LEFT$(A$,3) = " A B C " 
R1GHT$(A$, starting char) 
R1GHT$(A$,3)="CDEF" 

AS(2,3) 

A$(l,3) 

A$(3) 

(Note: The parameter for RIGHTS is starting 
character in DEC BASlC-plus, but length 
from the right in Mits BASIC and BASIC-E.) 

Table 3. 

Function 

Length 
Substring 

HP DEC 

- 1 char at I 

- N chars at I 
- Char I to J 

- Char I to end 
- Char 1 to Char I 

LEN(A$) LEN(A$) 
A$(I,I) MID$(A$,I,1) 
A$(I,I-l-N-l) MID$(A$.I,N) 

A$(I,J) MID$(A$,I ,J-I-hl) 

A$(I) RIGHT$(A$,I) 
A$(1.I) LEFT$(A$,I) 

Table 4. 



in the i r BASICS. They have 
added: 

DIM S(3)$(5) 

A$ = S(1)$(3,4) 

The f i rst subsc r i p t is a ma t r i x ; 
t h e s e c o n d , a s u b s t r i n g . 
S imi la r ly , the f i rs t DIM va lue is 
mat r i x size; t he s e c o n d is max-
i m u m length . 

Mos t peop le w^lth HP BASIC 
can hand le (w^ith d i f f i cu l t y ) a 
f o rm of s t r i ng ma t r i x . Imag ine 
the s t r ing V$, l eng th 100, t o be 
made of ten subs t r i ngs , each 
ten cha rac te rs long. The key is 
to f i l l out each s t r i ng to a fu l l 
ten cha rac te rs ; o t he rw i se , the 
larger s t r i ng vi*ill have ho les . 
Creat ing one of t h o s e ho les by 
pu t t i ng in a shor te r s t r i ng w i l l 
c h o p o f f the rest of the larger 
s t r ing . Th is a lso m a k e s a l l t he 
pseudomat r i x e l e m e n t s a f i xed 
length , w h i c h is a n n o y i n g but 
bet ter t h a n no s t r i ng ma t r i x . 
For examp le , t he f i f t h s t r i ng in 
s t r ing mat r i x V$ is e x t r a c t e d by 
u s i n g : S 5 $ = V $ ( 4 ' L + 1 , 5 * L ) 
( this is for a ma t r i x s t a r t i n g at 
e lement 1). T w o s i m p l e user 
f u n c t i o n s w i l l ease t h i s ca lcu la -
t i on (see Examp le 3). 

Concatenation 

The s e c o n d ma jo r f u n c t i o n in 
s t r i ng m a n i p u l a t i o n is conca te -
n a t i o n , i .e. , c o m b i n i n g t w o 
s t r i ngs t o m a k e one. For exam-

ple, " H E L " - f " L O " = " H E L L O " 
(us ing DEC c o n c a t e n a t i o n op-
erator) . HP has no c o m m o n , 
d i rec t way of d o i n g th is . Bo th 
-I- and , a re a l l o w e d in s o m e HP 
BASICS as c o n c a t e n a t i o n oper-
a to rs . If no ope ra to r ex i s t s , HP 
BASIC a l l o w s a ra ther s t r a n g e 
use of t he s u b s c r i p t / s u b s t r i n g 
t o do t h i s (see Tab le 5). At the 
L I and L2 c a l c u l a t i o n s , X$ is 
kep t at fu l l l eng th and need not 
be re f i l led . 

W h e n us i ng HP f o r m s t r i n g s 
for p s e u d o s t r i n g m a t r i c e s or 
c o n c a t e n a t i o n , one m u s t be 
very ca re fu l t o f i l l ou t each 
s t r i ng a s s i g n m e n t whe re t he 
s u b s c r i p t / s u b s t r i n g is o n t he 
left s ide , i.e., S$(1,4) = A$. A n 
i m p r o p e r a s s i g n m e n t m a y 
c h o p o f f t he end of t he s t r i n g o n 
the le f t . Th is var ies b e t w e e n 
HP-s ty le BASICS, for e x a m p l e : 

A$(5,9) = B$ where LEN(BS)<4 

AS(5) = BS 

In b o t h cases , t he l eng th of A$ 
m i g h t b e c o m e 5 - i - L E N ( B $ ) . 
(Data Genera l had t h i s p r o b l e m 
be fo re Re lease 3 RDOS BASIC, 
whereas , N o r t h S tar Re lease 2 
d o e s not have t he prob lem. ) 

Commands, Special Characters, 
Numbers and Input/Data 

There are severa l less impor -
t a n t d i f f e r e n c e s t h a t re la te t o 
asso r t ed a reas t h a t vary be-

DEF FNL(X) = (X - 1)*L -I-1 /DEF FNH(X) = (X*L) 

A$(FNL(X),FNH(X)) references element X where: 

X = subscript, L = length and A$ is pseudomatrix. 

Example 3. 

H P 

100 IF A = B THEN PRINT " E Q U A L S ' V G O TO 300 

110 GO TO 400 

OEC 

100 IF A = B THEN PRINT " E Q U A L S " : G O TO 300 

110 GO TO 400 

Example 4. 

(from DEC BASIC-PLUS 

A $ = " B C D E F A F " 

INSTR(1 ,A$ , "AF") = 6 

INSTR(1 ,AS, "ABD") = 0 

INSTR(6,A$,"F") = 7 

(6th char position) 

(not found) 

(start looking at 6th char) 

Example 5. 

t w e e n b o t h s c h e m e s , a l l ver-
s ions . C o m m a n d s vary f r o m 
BAS IC t o BASIC, fo r e x a m p l e , 
NEW or SCR (sc ra tch) , w h i c h is 
used to c lear ou t an o ld pro-
g ram. 

G e t t i n g s p e c i a l c h a r a c t e r s 
i n to a n d ou t of s t r i n g s requ i res 
spec ia l care . N o r m a l l y , a be l l , 
for e x a m p l e , c a n n o t be en te red 
i n to a s t r i ng . S o m e B A S I C s 
a l l o w the c o d e to be t y p e d in a 
q u o t e d l i te ra l . Th i s c a n c a u s e a 
p r o b l e m b e c a u s e a l i s t i ng w i l l 
not s h o w the c h a r a c t e r or, even 
wo rse , it w i l l d o t h e f u n c t i o n 
( for e x a m p l e , t u r n on t he paper-
t a p e punch) . One s c h e m e by 
DG a l l o w s a spec ia l f o r m in 
l i te ra l < # > in w h i c h t he n u m b e r 
is t h e i n t e r n a l f o r m of t h e 
spec ia l code . For e x a m p l e , < 7 > 
is an ASCI I BEL Code . The m o r e 
c o m m o n ve rs ion a l l o w s a func -
t i on , usua l l y CHR$, t ha t con-
ver ts t he n u m e r i c va lue t o a 
s t r i ng of t he s a m e c h a r a c t e r 
( B E L L C o d e = CHR$(7) ) . T h e 
reverse f u n c t i o n is A S C for 
ASCI I va lue , w h e r e A S C ( " A " ) 
= 65 ( the va lue of t h e le t te r A in 
t he ASCI I code) . (Some B A S I C s 
use an ASCI I nu l l ( t rue 0 by te) t o 
i n d i c a t e t h e e n d of a s t r i ng . So 
A$(10) = CHR$(0) w i l l c h o p o f f 
t he s t r i n g at 9 c h a r a c t e r s — i f 
you r BAS IC d o e s th is . ) 

A s i m i l a r c o n v e r s i o n f r o m in-
te rna l t o c h a r a c t e r s t r i n g f o r m 
is o f t e n ava i l ab le fo r n u m b e r s , 
too . NUM$(A) = " 0 . 0 " if A = 0 or 

V A L ( A $ ) = 0 if A $ = " 0 . 0 " . If 
you r BAS IC d o e s not have a 
f o r m a t t e d p r i n t , t h e s e a r e 
use fu l in d o i n g spec ia l o u t p u t 
or i npu t f o r m a t t i n g . Read your 
m a n u a l b e f o r e t r y i n g t h e s e 
f u n c t i o n s ; t hey m i g h t no t d o 
w h a t y o u w o u l d expec t . De-
p e n d i n g o n t h e BAS IC , t he 
f o l l o w i n g s e q u e n c e c o u l d g ive 
a lot of t r oub le . 

10 A = 1 0 

20 A$ = NUM$(A) 

30 F$ = "FILE"-i-AS 

40 OPEN FILE F$ 

S o m e B A S I C S f o r m a t a 
" N U M $ " ca l l e x a c t l y l i k e o u t p u t 
and put a s p a c e be fo re t h e nu-
mer i c s t r i ng . For e x a m p l e , F$ = 
" F I L E b l O " — n o t " F I L E 1 0 " 
S o m e spec ia l f u n c t i o n s a l l o w 
any s t r i ng , e x p r e s s i o n or l i te ra l , 
w h i l e o t h e r s m u s t be a s i m p l e 
va r i ab le . (The d i f f e r e n c e be-
t w e e n i n te rna l f o r m of a num-
ber and ASCI I by te or a cha rac -
ter s t r i ng c a n be c o n f u s i n g fo r 
the nov ice . 10 is not t he s a m e 
as " 1 0 " a n d if y o u are not su re 
w h y , f i nd s o m e o n e w h o k n o w s . 
For e x a m p l e , a BEL c o d e is an 
ASCI I 7, no t 7.0 or " 7 " - t h e di f -
f e rence d e p e n d s o n t he func -
t i o n requi red. ) B e c a u s e it is not 
c lear w h i c h is t h e " o b v i o u s 
w a y , " b o t h ex i s t (see E x a m p l e 
4). DEC s t y l e says w h e n t h e IF 
c o n d i t i o n is t rue e x e c u t e t he 
rest of t h e s t a t e m e n t ; if it is 
fa l se , c o n t i n u e o n t he nex t l ine. 

D E C H P 

10 A $ = " H E L " 10 DIM X$(80) 

20 BS = " L O " 20 XS = " (SO blanks) 

30 SS = A$-HB$ 30 A S = " H E L " 

40 PRINT "STR ING = " ,S$ 40 BS = " L O " 

Run 50 L1 = LEN(A$) 

STRING = H E L L O 60 L2 = LEN(B$) 

70 X$(1,L1) = A$ 

80 X$(LI-l-l,Ll-^L2): = B$ 

90 S$ = X$(1,L1 -I-L2) 

100 PRINT "STR ING = = ",SS 

Run 

STRING = HELLO 

Table 5. 

5-190 — Dimension and Functions 

200-299 — Read in names and Data Statements 

300-499 — Swap names, last name first 

500-699 — Bubble sort alphabetically 

700-899 — Print sorted list 

Table 6. 



Most HP BASICS only a l low a 
l ine number after THEN. North 
Star says if true, execute the 
rest; if false, skip only the 
THEN clause, not the line. HP-
style BASIC may or may not 
pr int "EQUALS, " but it w i l l 
a lways go to l ine 300; DEC style 
wi l l on ly go to l ine 300 if 
"EQUALS" is pr inted; other-
wise it wi l l go to l ine 400. 

A n o t h e r f e a t u r e of s o m e 
BASICS is a s t r i ng search , 
wh ich locates a subst r ing in a 
larger st r ing (see Example 5). 

Back to Reality 

Let 's condense al l th is dis-
c u s s i o n i n t o one e x a m p l e 
which compares a l ist sort in 
HP-style and DEC-style BASIC. 
To add character func t ions we 

enter the list f i rst name first 
and sort it f i rst name last. Both 
are l isted in Programs A and B 
and have approx imate ly cor-
responding line numbers (see 
Table 6). 

For the HP-like BASIC, we 
used North Star BASIC, wh ich 
took 22 seconds f rom run to 
ready; the DEC-like BASIC was 
BASIC-E, wh ich took 10 sec-

onds (but i t 's a partial com-
piler). Neither t ime reflects a 
great sort but it works and il-
lustrates our discussion here. 
(Fig. 1 is a run of the program.) 

Peculiari t ies of the HP-like 
version are primari ly related to 
the pseudomatr ix required be-
cause the names func t i ons 
FNL and FNH are used to cal-
cu late the start and end charac-

READY 
LIST 

100 REM WRITTEN IN NORTHSTAR BASIC (RELEASE 2) 
110 READN9 

120 DIM N$(N9*30), F$(30),F1$(30),F2$(30),A$(30) 
130 REM USE FUNCTIONS FOR PSEUDOMATRIX OF STRINGS 
140 DEF FNL(X) = (X - 1 )*30-I-1 \ DEF FNH(X) = X'30 

150 DEF FNA$(A$) 

160 IF LEN(A$)> = 30 THEN RETURN A$ 
170 A$ = A$-t-"b" \ GOTO 160 \ FNEND 

200 REM IN NAMES 
205 PRINT " »»*» NAMES * » " " \ PRINT 

210 N$ = " " \ REM CLEAR MATRIX 
220 FOR I = 1 TO N9 

230 READ F$ 
235 PRINT F$ 
240 F$ = F$-(-"$" \ REM MARK END OF NAME FOR REVERSE ROUTINE 

250 F$ = FNA$(F$) \ REM FILL NAME TO 30 CHARS 
260 N$ = N$ -I- F$ 
270 NEXT I 
280 REM DATA 
282 DATA 10 
284 DATA "SALLY JONES", "SAM SMITH", " JOE SMITH", "TIM CAMBELL" , "ED HILL" 
286 DATA "STEVE MOODY" , "ROGER HEAD" , "SHIRLEY JONES", "ISSAC DEAR" , "RICH KING" 
300 REM RE-ORDER LAST NAME FIRST 

310 F O R N l = l T O N 9 
320 F$ = N$(FNL(N1),FNH(N1)) 

330 C = 1 
335 REM LOOP UNTIL END MARK FOUND 
340 IF F$(C,C) = " $ " THEN 380 

350 IF F$(C,C) = " b " THEN S = C 

360 C = C-l-l 
370 GOTO 340 

380 REM REVERSE FIRST & LAST NAMES 
390 F1$ = F$(1,S-1) \ REM FIRST NAME 
400 F2$ = F$(S-H,C-1) \ REM LAST NAME 

410 F$ = F2$-t-","-t-Fl$ 

415 REM PUT BACK IN MATRIX (NOTE FULL 30CHARS SO NO LEFT-OVERS) 
420 N$(FNL(N 1), FNH(N 1)) = FNA$(F$) 

430 NEXT N1 
500 REM BUBBLE SORT, LOOP UNTIL NO SWAP ON A PASS 
510 F = 0 
520 FOR 1 = 2 TO N9 
530 IF N$(FNL(I),FNH(I))> = N$(FNL(I - 1),FNH(I - 1)) THEN 590 
540 REM SWAP 
550 F = 1 / REM REMEMBER A SWAP WAS DONE 

560 F$ = N$(FNL(I),FNH(I)) 
570 N$(FNL(I),FNH(I)) = N$(FNL(I - I),FNH(I - 1)) 

580 N$(FNL(I-1),FNH(I-1)) = F$ 
590 NEXT I 

600 IF F>0 THEN 510 \ REM KEEP TRYING TILL NO SWAPS 

800 REM PRINT SORTED LIST 
805 PRINT \ PRINT \ PRINT " SORTED NAMES \ PRINT \ PRINT 

810 FOR 1 = 1 TO N9 
820 F$ = N$(FNL(1),FNH(I)) 

830 PRINT F$ 
840 NEXT I 
850 END 
READY 

Program A. Mailing list (HP style). 



MAILING. BAS WRITTEN IN BASIC-E (11/6/77) 

5 
7 
10 

15 
200 
205 
210 
220 
225 
230 
240 
250 
260 
300 
310 
320 
325 
330 
340 
350 
360 
365 
370 

379 
380 
390 
392 
395 
400 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
800 
810 
820 
830 
840 

REM WRITTEN IN BASIC-E 
REM GET NUMBER OF NAMES 
READ N9 
DIM N$(N9) 

REM READ IN NAMES 
PRINT " NAMES 

FOR I = 1 TO N9 
READ N$(I) 
PRINT N$(l) 
NEXT 1 
DATA 10 

DATA SALLY JONES, SAM SMITH, JOE SMITH, TIM CAMBELL, ED HILL 
DATA STEVE MOODY, ROGER HEAD, SHIRLEY JONES, ISSAC DEAR, RICH KING 
REM RE-ORDER LAST NAME FIRST 
FOR N1 = 1 TO N9 

C=1 : FS = N$(N1) : L = LEN(FS) 

REM LOOP UNTIL LAST CHAR AND MARK LAST BLANK 
IF O L THEN 365 

IF MID$(F$,Cl) = " b " THEN S = C 
C = C-l-1 
GOTO 330 

REM ACTUALLY SHUFFLE NAMES 
F1$ = LEFT$(F$,S-1) : REM FIRST NAME 

REM NOTE RIGHT${NAME,LENGTH) 
F2$ = RIGHT$(F$,L - S) : REM LAST NAME 
F$ = F2$-I-","-HF1$ 

REM FILL OUT LENGTH SINCE 3 CHAR STR<4 CHAR STR 
N$(N1) = F$ + LEFT$(" ",30-LEN(F$)) 

NEXT N1 
REM DO SIMPLE BUBBLE SORT 
F = 0 : REM LOOP UNTIL NO SWAPS ON A PASS 
FOR I = 2 TO N9 

IF N$(I)>N$(I - 1) THEN 590 
REM SWAP 
F=1 : REM REMEMBER SWAP 
F$ = N$(I) 
N$(I) = N$(1-1) 
N$(1-1) = F$ 

NEXT I 
IF F>0 THEN GOTO 500 : REM TEST FOR DONE 
REM PRINT SORTED LIST 

PRINT : PRINT : PRINT " SORTED LIST * • » • " 
FOR I = 1 TO N9 
PRINT N$(l) 
NEXT I 

Program B. Mailing list (DEC style). 

ferent ways of using str ings in 
B A S I C , b o t h a re c o m m o n 
enough to have a fo l lowing, but 
the most useful one is the one 
on your computer . Which is bet-
ter? It 's not for me to know; 
however, I have used both long 
enough to know that st r ings 
make a program really fun to 
use—even if i t 's a business pro-
gram. That is because we talk 
in st r ings, not numbers. Like 
other computer users, I have 
braved s t r ings in FORTRAN 
(which has no str ings) and 
thr i l led to a real str ing lan-
guage l ike SNOBOL (running 
on a 360/65 in 250K). You use 
what you have! And hope some-
one's coming along wi th some-
th ing better. Unti l then, keep on 
cod ing! • 
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ters of a name element of 30 
characters in the pseudomatr ix 
N$ of names. FNA$ is used to 
f i l l a name out to 30 characters. 
Since a pseudomatr ix element 
must be a f ixed length, $ is used 
at the end of a name on init ial 
entry so the first name/last 
name swap te l ls where the 
name ends. 

The DEC-style version looks 
much nicer, primari ly because 
it accepts a tab character whi le 
being typed in and thus is 
easier to format (called pretty-
print). It is wise to do this if you 
can since it makes the reading 
of the program easier. 

Line 380 uses the RIGHTS 
funct ion. This part icular BASIC 
has the second parameter as 

the length, so RIGHTS returns 
the r ight n-most charac ters 
(i.e., RIGHT$C'ABCDEF",3) = 
"DEF") . Yet a true DEC-writ ten 
BASIC wi l l return f rom the nth 
c h a r a c t e r t o t h e end ( i .e., 
R I G H T $ ( " A B C D E F " , 3 ) = 
"CDEF") . Line 395 i l lustrates 
one of the nice th ings about a 
DEC-like B A S I C — s t r i n g ele-
ments of variable length. This 
part icular BASIC says a long 
str ing of As is greater than a 
short str ing of Bs, i.e., A A A > 
BB. Well , to each his own. 
(Note: This is speci f ic to th is 
BASIC (BASIC-E), not to al l 
DEC-like BASICs.) 

Summary 

We have looked at two dif-

•**» NAMES 

SALLY JONES 
SAM SMITH 
JOE SMITH 
TIM CAMBELL 
ED HILL 
STEVE MOODY 
ROGER HEAD 
SHIRLEY JONES 
ISSAC DEAR 
RICH KING 

SORTED NAMES 

CAMBELL, TIM 
DEAR, ISSAC 
HEAD, ROGER 
HILL, ED 
JONES, SALLY 
JONES, SHIRLEY 
KING, RICH 
MOODY, STEVE 
SMITH,JOE 
SMITH, SAM 
READY 

Fig. 1. List sort. 



YOUR BEST BUYS ARE AT 
C C m p u t e r c c ' 

NEW 
JERSEY 

240 WANAOUE AVE.. 
POMPTON LAKES. N.J. 07442 

(201) 835-7080 
Telex-130-376 

micrc-mini ccmputer center 
STORE HOURS: M0N.-FRI.6:30p.ni.t0l0p.m. SAT.10 a.m. to 6 p.m 
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LOOK AT THESE PRICES! 
Only at Computer Corner of N.J. 

TECHNICO TIVIS 9900-16 Bit Processor 
Super Starter System T-9900-SS-U 

Regularly $299 NOW 
Also the 
New Netronics ELF II, RCA COSMAC microprocessor , 
minicomputer for only $139.95 wired & tested! 

VERBATH\rt Removable Magnetic Storage Media 
Minidiskenes M D 5 2 5 0 1 MD525-10 ' ' ^ ^ 26100 

MD525-16 < 50 4 25 3 75 

Standard Size f d 3 4 - i o o o f d 3 2 - i o o o 1 9 1 0 2 5 26100 

Diskettes Foes-icoo 550 525 475 
TO ORDER: 
Send check or money order and include $1.00 for shipping, 1.00 (optional) tor 
insurance, and please include 5 % sales tax it you are a New Jersey state 
resident. Phone orders accepted with Mastercharge or Visa. 

NORTH STAR 
DISK ASSEMBLER 

and 
DISK EDITOR 

Both programs read and write disk files; file size not 
limited by memory. Assembler will assemble up to 
ten source files at a time; permits modular pro-
gramming with programs easily relocated by 
reassembling at the desired address. Editor does 
not use line numbers; it searches for strings. Lines 
may be inserted, deleted and displayed. Large disk 
source files allow programs to be fully commented. 

ASSEMBLER/EDITOR on disk 
with users manual...$30 

COMPUTER SYSTEMS DESIGN 
1611 E. Central Wichita, KS 67214 

D E A L E R S I N Q U I R I E S INV ITED 
C46 

y 

16K Static RAM 
S-100 Systems 

NEW 
LOW PRICES 
^ 3 3 0 Kit *365 Assembled 

• Very Low P o w e r - 6 5 0 M A + 5 V ; SOIVIA+iaV.-
i e M A - S V 

• Applications N o t e s - 6 8 0 0 and 6 5 0 2 Sys. 
• Low-profi le sockets for all chips 
• Solder mask; silk screen; plated through holes 
• Each 4K addressable to any 4K boundary 
• Fully buffered S-100 bus-gold-plated contacts 
• N E C a iPD 4 1 0 D memories 
C O D , Master Charge, B of A , Visa Accepted 
Orders shipped prepaid. California residents 
add 6% sales tax. 

ANDENBERG DATA PRODUaS 

P0B0X2S07 
SANTA MARIA. CALIfOHNIA 93454 805-937-795I V I 4 


