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.........When you want to talk price. 


· 

KX-1091i 180 cps, 80-Column ...... 299.00 
KX-1592 180 cps, 132-Column ... . .439.00 

MONITORS. 

Amdek 410 12 11 

TTL Monitor 
Amdek 
Video 310A Amber TTL.. ......... $149.00 
Color 722 RGB, CGA/EGA ....... .479.00 
Magnavox 
8CM515 RGB Monitor-80 .......... 289.00 
7BM623 PC Monitor-80 Amber.... 99.99 
8CM873 14" Multimode ... ......... 549.00 
Mitsubishi 
XC 1409C 14" RGB..... ............ 319.00 

NEC 
12" TIL Green or Amber...... .... 109.00 

JC-1401 P3A Multi-Sync ............. 579.00 

Princeton Graphics 
MAX-12 12" Amber TIL. .... ..... . 169.00 

HX-12 12" Color RGB ..... .. .... .. . .429.00 

HX-12E 12"RGB/EGA. ... .. ........ .499.00 

Quadram 
8460 Quadchrome Enhanced .... 439.00 
Taxan 
Model 124 12" Amber.......... ..... 119 .00 


MODEMS. 
Anchor 
6480 C64/128 1200 Baud ...... ....$119.00 
Omega 80 Amiga ....................... 129.00 
VM520 ST520/1040 1200 Baud ... 139.00 
Expressi PC-1200 Half Card ........ 149.00 
Everex 
Evercom 1200 Baud Internal ..... .. 119.00 

Hayes 
Smartmodem 300 External. .. ....... 139.00 

Smartmodem 1200B lnternal .... ...359.00 

Smartmodem 2400B lnternal ....... 539.00 

Practical Peripherals 
Practical Modem PC-1200 ........... 139.00 

Quadram 
Quadmodem II 1200 Baud .. .... .... 299.00 

Supra 
MPP-1064 AD/AA C64 .... .............. 69.99 

1200AT 1200 Baud Atari ...... .. ..... 149.00 

U.S. Robotics 
2400 Baud Internal. .. .. ... ... ... ....... 189.00 


PRINTERS. 
Canon 
LBP-8A1 Laser, 8 Page/Min ..... $1899.00 
Citizen 
MSP-10 160 cps, 80-Column ....... 319.00 
Premier 35 35 cps Daisywheel .... 499.00 
C.ltoh 
8510-SP 180 cps, 8C>Column .. ........ Call 
310-SEP Epson/IBM 80-Column .... ... Call 
Cordata 
The Desktop Printshop Laser .. .. . 2199.00 
Epson 
LX-86 120 cps, Dot Matrix ... ....... 199.00 
FX-86E 240 cps, 80-Column ... .. .. .. ... Call 
FX-286E 240 cps, 132-Column.. ...... Call 
EX-800 300 cps, 80-Column ....... .449.00 
LQ-800 180 cps, 24-Wire Printhead .. Call 
Hewlett ·Packard 
Thinkjet ... ............ ... ............. ....... 399.00 
Juki 
6300 40 cps Daisywheel. ...... ...... 659.00 
6100 10 cps Daisywheel. .. ........ .. 389.00 
5510C Color Dot Matrix ..... ... .. .... 349.00 
NEC 
Pinwriter 660 24 Wire ... ............. .489.00 

Pinwriter 760 24 Wire ......... ........ 689.00 

Okidata 
ML-182 120 cps, 80-Column ........ 239.00 
ML-192+ 200 cps, 80-Column .... 369.00 
ML-193+ 200 cps, 132-Column ....... Call 
ML-292 200 cps, 80-Column .. ..... ..... Call 
Panasonic 
KX-1080i 120 cps, 80-Column ...... 219.00 

Star NX-10 
120 cps Dot Matrix $209 
Star Micronics 
NX-10C 120 cps, C64 lnterface.219.00 
NX-15 120 cps, 132-Column ...... 369.00 
Texas Instrument 
Tl-855 150 cps, 80-Column ... .. ... 599.00 

Toshiba 
P321 216 cps, 24-Pin Printhead479.00 
P341 216 cps, 24-Pin Printhead589.00 

SOFTWARE. 
FOR AMIGA 

Aegis Development 
Animator & Images ...... ........ ..... $99.99 

Commodore 
Textcraft/G raphcraft .....................59. 99 
Electronic Arts 
Deluxe Paint.. .............................64.99 

Microillusions 
Dynamic CAD.... ..... .... .. ....... ..... 359.00 

Micro Systems 
Scribble Word Processor ........... .. 79.99 

Sublogic 
Flight Simulator 11 .. . .................... 37.99 


l 'rilll Sh1111

• e 

The Print Shop For IBM $3999 

For Commodore & Atari $2999 


FOR ATARI ST 

Access 
Leader Board Golf. ...... .. ... . .. ....... 27.99 

Batteries Included 
D.E.G.A.S. Elite ................. ...... .. .59.99 

Microprose 
Silent Service................... .. ........ 29.99 

Paradox 
Wanderer 3D .... ...... ....... .... .... ..... 29.99 

Sublogic 
Flight Simulator II .. .. ................... 37.99 

Timeworks 
Swiftcalc ... ... ...... ........... .. ... ..... .... 54.99 


FOR IBM 

Ashton-Tate 

d-Base Ill+ ......... ...... ..... ..... ... .. .429.00 

5th Generation 
Fastback Utility.......... ..... ... ........ . 89.99 

IMSI 
Optimouse w/Dr. Halo ................. 99.99 

Lotus 
Lotus 1-2-3................... ... ......... 329.00 

MicroPro 
Professional 4.0 w/GL. ... .... ....... 239.00 

Microstuf 
Crosstalk XVI ..... .... .................... . 89.99 

P.F.S. 
First Choice................ ............ .. 119.00 

Satellite Systems 
Word Perfect 4.2 ............. .... ...... 209.00 


In the U.S.A. and in Canada 

Call toll-free: 1-800-233-8950. 

Outside the U.S.A. call 717-327-9575 Telex 5106017898 

Educational, Governmental and Corporate Organizations call toll-free 1-800-221-4283 

CMO. 477 East Third Street, Dept. A104, Williamsport, PA 17701 


ALL MAJOR CREDIT CARDS ACCEPTED. 
POLICV: Add 3% tmln1mum $7.00) shipping and handling. Larger shipments may require additional charges. Personal and company checks require 3 weeks 
to clear. For faster delivery use your credit card or send cashier's check or bank money order. Pennsylvania residents add 6% sales tax. All prices are U.S.A. 
prices and are subject to change and all items are subject to availability. Defective software will be replaced with the same item only. Hardware will be replaced 
or repaired at our discretion within the terms and limits of the manufacturer's warranty. We cannot guarantee compatibility. All sales are final and returned shipments 
are subject to a restocking fee. 
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STACK MACHINES 

the NC4016 versus 240 clock cycles total 
forthe 68000 . 

Code Density and Simplified 
Compilation 
The NC4016 compiler permits stripping 
small redundant code phrases from mem­
ory because of the low cost of subroutine 
invocation and return. The savings in­
creases with the redundancy in the pro­
gram flow. The more times a code frag­
ment is reused, the greater the code 
density compared to in-line code. Any 
high-level-language overlay like a C com­
piler can take advantage of the NC4016 ' s 
underlying "assembly" FORTH code 
density . 

The low overhead for passing parame­
ters via the stack permits extreme code 
modularity. Instructions for all opera­
tions (including operating-system and ap­
plication code) are stored in respective 
chunks in memory and jumped to in the 
appropriate order to create an applica­
tion. A one- or two-cycle subroutine 
jump and return permits high code den­
sity. Because the 24- to 36-cycle jump­
and-return overhead imposed by a normal 
architecture is avoided, the code is 22 to 
34 cycles faster for each subroutine call. 
For each call to the same subroutine, the 
overall code storage becomes denser by 
the length of code in the subroutine . 
Since the chunks of code are jumped to 
rather than placed in-line, FORTH sys­
tems require less memory space than in­
line assembly language code. (For this 
reason, video-game manufacturers have 
used FORTH extensively to decrease 
memory cost.) The NC4016. speeds up 
subroutine accesses leading to dense 
code, measured either by the number of 
bytes accessed or by the time required for 
code interpretation. 

Implicit reference of most of the arith­
metic operators that operate on data in the 
stack achieves some additional increase 
in code density because these instructions 
do not need to store addresses for the 
operands. Other instructions encode 
short addresses within the instruction 
(see figure 1) to decrease storage. Final­
ly, some increase in density is achieved 
by encoding simultaneous control of 
multiple data paths in one instruction. A 
single instruction may simultaneously 
operate the ALU, perform a store or 
fetch, and cause a subroutine return (see 
figure I and table2). 

Another advantage to compiling to 
FORTH on the NC4016 is simplicity of 
compilation. A complicated machine re­
quires a complicated compiler to handle 
the multiple options and addressing 
modes. A complex compiler can tame a 
complicated architecture at the expense 

continued 

1able 2: The 123 Novix instructions created by combining FOKJ'H primitives. 

Instruction Corresponding to Multiple FORTH Words 

Data Fetch (16-bit-word data) 

@+ @­
@+c @-c 
@SWAP - @swap - c 
@OR @XOR 
@AND 
DUP @SWAP nn + (incrementing fetch) 
DUP @ SWAP nn - (decrementing fetch) 
1@1 (swap the top of stack and any internal register) 

Data Store (16-bit-word data) 

COPY STORE  
SWAP OVER STORE nn+ (incrementing store)  

Short Literal Fetch (address embedded in the last 5 op code bits) 

nn + nn+c 
nn - nn-c 
nn SWAP - nn SWAP -c 
nnOR nnXOR 
nnAND 

Full Literal Fetch 

n+ n +c 
n­ n -c 
nSWAP - n SWAP -c 
nOR n XOR 
nAND 

Return Stack 

R>Swap R> R>DROP 

Stack Manipulation 

SWAP DROP DROP COPY 
SWAP - SWAP -c 
OVER+ OVER +c 
OVER - OVER -c 
OVER SWAP - OVER SWAP -c 
OVER OR OVER XOR 
OVER AND MODULUS ­

All stack-manipulation operations above may be followed by the shift  
operators ·, 21, or < Oin a single combined op code.  

Internal Data Fetch Local Data Fetch 

nn i@ + nn I@ ­
nn@ - nn@ -c 
nn @ + nn @ +c 

nn I@ SWAP - nn !@SWAP OR 
nn @SWAP - nn @SWAP -c nn I@ XOR nn l@AND 
nn@OR nn@XOR COPY nn I@ + COPY nn I@ ­
nn@AND COPY nn I@ SWAP - COPY nn !@OR 

COPY nn I@ XOR COPY nn I@ AND 
Local Data Store 

Internal Data Store 
COPY nn 1 COPY nn 1 + 
COPY nn 1 - COPY nn ! SWAP ­ COPY nn I! COPY nn ii+ 
COPY nn ! OR COPY nn ! XOR COPY nn I! - COPY nn I! SWAP ­
COPY nn ! AND COPY nn II OR COPY nn II XOR 

COPY nn 11 AND nn I@! 
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STACK MACHINES 

The NC4016 encourages 

simple modular code by 

using a simple data type. 


of execution speed and code size. But 
pushing complexity into the compiler 
doesn't necessarily make it reliable. It 
makes the compiler/CPU combination 
obscure to the programmer who must 
know its conditions, exceptions, bugs, 
and failures. The programmer has the 
ultimate responsibility for his or her ap­
plication's reliability. The best solution 
from a compiler writer's perspective is a 
machine with a regular instruction set, a 
limited number of addressing modes, and 
few complicated instructions. 

The NC4016 chip uses only 4000 gates 
built from just 16,000 CMOS transistors, 
a comparatively simple gate array chip 
that simplifies code compilation. Each 
field in every instruction specifies a de­
fined data path or controls a simple oper­
ation (see figure l). The FORTH com­
piler can therefore be simple and short. 
The public domain cmFORTH compiler 
written by Chuck Moore is typical. Be­
cause it is simple, it has room to include 

the cmFORTH language kernel, one-in­
struction look-back optimization, a meta­
compiler for generating custom applica­
tion ROMs, an in-line assembler, a 
serial-port manager, and a mechanism to 
access a host computer's disk drives-all 
in only 2K words of memory. 

The NC4016 also encourages simple 
modular code by using a simple data type 
(16-bit integers). Address modes are 
limited. Instruction length is fixed to 
eliminate packing and unpacking. The 
modularity of code encourages breaking 
up any routine or complex formula into 
small, understandable chunks . The in­
puts to each chunk can be tested and an 
application assembled from small, easily 
understood, and interactively developed 
FORTH subroutines (words). 

Hardware protection prevents uncon­
trolled recursion or uncontrolled multi­
ple-subroutine reentry that would use up 
all available stack space. For example, in 
a conventional multiuser system, if multi­
ple tasks called multiple nested proce­
dures-each task not knowing what other 
tasks had piled on the stack-the total 
available stack could be consumed . 
FORTH multitasking systems have set 
aside a separate set of stacks, and a small 
amount of memory for system variables, 
for each user or task. A task manager 

1able 3: A subroutine call and return operation for three microprocessors and 
the associated number ofclock cycles needed to perform the operation. 

Cost of Operation (16-bit operations, in clock cycles) 


Sample 16-bit Operations NC4016 (16-bit) 68010 (a) 8088 (b) 


CALL SUBROUTINE and BSR 18 CALL NEAR 23 
RETUR N 0or1 RTS 16 20 

REGISTER-REGISTER MOVE 1 (c) 8- >16(d) 2 
REGISTER-MEMORYMOVE 2to4 8- >16 17- >24 

DIVIDE unsigned integer 31 108 159- >184 

MOVE pseudo register to stack 2 8(e) 15(0 
SUB 16-BIT INTEGER DA.TA 1 4 - >16(g) 18- > 25 
ADD 16-BIT INTEGER DA.TA 4 - >16 18- >25 
BRANCH CONDITIONAL 6- >10(h) 4or16(h) 
BRANCH ALWAYS 10 15 

(a) M68000 Programmer's Reference Manual, 4th ed, Motorola. The range of time 
is because time varies with address mode. 

(b) iAPX 86188 User's Manual Programmer's Reference, Intel, May 1983. 
• • Move one-word-size register. Decreases to four for each subsequent 

register transfer. 
(c) Used to access the external control ports. 
(d) The range includes the variation in effective address source and/or 

destination calculation due to the various addressing modes. 
(e) Move.W Dn, - (A7) pushes a register to top of stack. 
(f) Push register to staD]. 
(g) SUB.W <EA>, Dn Destination register subtract. 
(h) The smaller time is if the branch is not taken. 

controls switching the multiple stacks, 
which may be physically separated by 
bank switching so a user can access only 
his or her stack. In the NC4016, the 
stacks are circular. The stack-pointer 
register rolls over (like the mileage 
odometeF in a car), and an uncontrolled 
stack access wipes out only the individual 
user's stacks and does no damage to any 
other running task. This eliminates sys­
tem crashes due to stack underflow and 
overflow. 

Small-C for the NC4016 
The limited data-type C-language com­
piler front end, hosted on an IBM PC de­
velopment station, outputs FORTH for 
the NC4016 as its intermediate stack lan­
guage. This FORTH intermediate code is 
fed to an optimizing FORTH compiler 
that functions as the NC4016's native­
code assembler. The C-language com­
piler is based on the Small-C compiler 
originally written by Ron Cain, with en­
hancements provided by J. E. Hendrix. 
Small-C is a C-language subset that in ­
cludes integer, character, external-inte­
ger, and character data types, pointers, 
and simple arrays . It does not include 
two-dimensional arrays, arrays of point­
ers, and structures. [Editor's note : Small­
C for the NC4016 is available as Delta-C 
from Silicon Composers, 210 Cal{fornia 
Ave., Suite/, Palo Alto, C4 94306, (415) 
322-8763; $195. Novix Small-C NS4100 
is available from Novix Inc . , 19925 
Stevens Creek Blvd., Suite 280, Cuper­
tino, CA 95014; $149. 1he public-do­
main cmFOKI'H compiler is available on 
BJX and BITEnet Listings.] 

According to the newsletter Novix Reg­
ister (February 7, 1987), the NC4016 
runs the compiled C code Sieve bench­
mark approximately six times the speed 
of an IBM PC AT. (Using cmFORTH in­
stead of C, the time is 0.45 second per 10 
iterations at 6 MHz. This is three times 
the speed of the Sieve in C on a VAX 
780). When coupled with fast static 
memory, the Novix chips can run at 8 
MHz to further increase performance. 

The NC4016 runs at an 8-MHz clock 
speed with a consistent 8-million-instruc­
tions-per-second operation. Because of 
the compacted parallel field instruction 
set (see table 2), the effective number of 
operations per second may be 1.6 times 
greater for a typical instruction mix. 

The translation to FORTH greatly sim­
plifies the code-generating portion of the 
C compiler, since it does not have to deal 
with the assembly of the instruction fields 
or with multiple addressing modes . The 
FORTH source code is address indepen­
dent and can be loaded anywhere in 
memory since it does not use absolute 

continued 
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SEAGATE GOES BIKING 

At Bikecology,® the Santa Monica bicycle store, 

Don Pensack uses a Seagate disc drive to keep 
track ofmillions ofdollars worth of recreational, 
racing and mountain bikes. 

Don's business depends on this information. 
That's why Don depends on a Seagate drive. 

Worldwide, over 5 million of our SW' hard 
disc drives provide dependable data storage 
for quality-conscious people. 

If your business is looking for a new 
computer, disc memory upgrade or add-on, 
ask for Seagate by name. 

Big wheels do. 
Seagate Technology, 920 Disc Drive, 

Scotts Valley, CA 95066. 800-468-DISC. 
In California, 800-468-DISK. 

~Seagate 
lnquir~ 260 for Encl-C.:scrs. 

TI1e fug name in disc drives. Inquiry 261 for DEALERS 01\'.U'. 



STACK MACHINES 

Listing 1: A Small-C source-code fragment. 

sflags(i,v) int i,v; l 
int j, x; 
j = flgs[i»4]; 
j = i&:15; 
x=1<<j; 

if (v) fl~s[i>>4] := x; 

else f lgsLi>>4] &:= (x); 

! 

references, only named variables. The 
FORTH compiler, not the C compiler, 
assigns the absolute addresses required. 

Listings 1 and 2 show examples of 
Small-C source code and the FORTH in­
termediate code generated by the Small-C 
compiler that in turn can be compiled by 
cmFORTH. In listing 1, the procedure 
sflags(i,v) has two arguments and de­
clares two local variables. The C stack 
frame viewed while sflags is running 
would look like figure 2. A separate stack 
(the FORTH return stack) holds the 
pointer to the calling routine's C stack 

Listing 2: The FOKIH intermediate code corresponding to the C source code in listing 1. 

: sflags RECURSIVE 
*CSP @ >R 
2 #params 2 #locals 
4 ]local @ 15 AND 
2 ] I oca I ! 
1 2 ]local @ « 
1 ] I oca I ! 
3 ] I oca I @ 

IF figs 4 ]local @ 4 » + DUP @ 1 ]local @ AND SWAP ! 
THEN 


R> *CSp ! ; 


PC Scheme­
.a simple, modern LISP 


for under $100. 

Texas Instruments presents PC Scheme, the 
$95 ·solution to your symbolic processing needs. 

Whether you're an experienced USP user, or 
just beginning to discover the power of symbolic 
programming languages, PC Scheme is the right 
product for you. It runs on IBM® Personal Com­
puters, as well as the TI Professional Computer 
family, including the Business-Pro'" computer. 

Powerful features include an optimizing 
incremental compiler for ease of programming 
and fast execution; an EMACS-like editor; 
extensions for debugging, graphics, and window­
ing; OOS-CALL capability; and a programming 
system for the development of object-oriented 

applications-all designed to work efficiently on 
personal computers. 

To order, or for more information, call toll-free: 

1..soo..527..3500 
·Suggested li st price. 

Business,Pro is a trademark of T exas Instrnments Incorporared. 

IBM is a registered trademark of International Busi ness 

Machines Corporanon. 


TEXAS. 
INSTRUMENTS 


Creating useful products 
and services for you. 

<!l l986TI 26 17<•1-02 
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ST ACK MACHINES 

pointer. In listing 2, RECURSIVE marks 
the function as being able to call itself, 
and •esp@ > R pushes the calling func­
tion' s C stack-frame pointer onto the re­
turn stack. 2 #params and 2 #locals push 
the parameters onto the C stack and allo­
cate local variables. At the end of the 
function, R> •esp ! restores the C stack 
frame of the caller. 

These code sequences constitute the 
function-calling overhead. Within the 
listing 1 code fragment is the C assign­
ment statement x = 1< <j;. Its FORTH 
translation is 

(load the constant 1 onto 
the stack) 

2 ]local @ (load the value of j onto the 
stack) 

< < (shift each bit in j one 
place to the left) 

1 ]local ! (store the result into x) 

Similarly, the C code while (x=z) 
doit( ); Jtranslates to FORTH as 

BEGIN JSR UNTIL :SUBR X 
@ Z@ = IF DOIT DROP 0 EXIT THEN 

1 EXIT 
;SUBR 

This basic structure in pseudocode is 

indefinite loop: 
BEGIN jump-to-subroutine UNTIL 
subroutine: TEST DOIT EXIT? 

The subroutine is inside an indefinite 
loop. It contains the test condition and the 
code to be executed while the condition is 
true. Failing the test exits the subroutine 
and sets a flag that halts the loop. The 
definition of the subroutine pair is inter­
esting, since it creates a labeled goto 
statement with automatic return not pro­
vided for in the usual structured FORTH 
environment. The subroutines :subr and 
;subr are defined and the source code is 
included in the small run-time macro-in­
struction FORTH library that heads each 
compiled file. This library of several 
commonly used routines is compiled into 
low memory when the translated C code 
is loaded. These macroinstructions save 
space, since you can call the frequently 
needed macros repeatedly without speed 
penalty, and they need not be repeated in­
line in the code. 

Conclusion 
Implementing a C compiler on the Novix 
chip had the positive side effects of code 
relocatability, interactive debugging, and 
portability. The FORTH intermediate 
code does not have to be loaded at a cer­
tain location. Memory locations are re­
ferred to by named variables and con­
stants. The FORTH source is a unique 

Figure 2: The C stackframefor the code fragment shown in listing 1. 

nonbound assembly code for the Novix 
processor. Library modules, in high­
level FORTH code, can be called and 
compiled almost instantaneously due to 
the chip's speed. Libraries of C-trans­
lated-to-FORTH code can be brought in 
by passing the code through the FORTH 
compiler/optimizing assembler, which 
then assumes the functions of a tradition­
al loader and linker. The FORTH com­
piler/optimizing assembler is also inter­
active. Input from the keyboard or files is 
immediately executed and can be imme­
diately debugged. A C function can be 
compiled independently to the FORTH 
stack language. You can test the trans­
1ated code by using the interactive 
FORTH system to inspect or set the vari­
ables and the parameters. 

The Kernighan and Ritchie C standard 
is widely ported. Translation to FORTH 
intermediate code adds an additional 
layer of portability at the FORTH level. 
The translated code can be run on any 
machine hosting a compatible FORTH 
compiler. A FORTH language can be im­
plemented on a new machine, providing 
an additional pathway of C-language por­
tability at the FORTH intermediary level. 

An extension of the NC4016 series, 
the NC6016, is in the final design stage 
and is of interest to future compiler 
writers because it includes supervisor 
and user-space protection; 16-megabyte 
segmented address range and segments 
for program, data, and local memory 
space; and byte-addressing operators. 
The instruction set is more regular than 
the NC4016, allowing easier code gener­
ation. A window of 32 memory locations 
with two-clock access can be slid any­
where in memory and used to speed pa­

rameter passing between functions and 
facilitate stack frames. 

The Novix chips offer flexibility and, 
with the Small-C language translator, fa­
miliarity to C programmers. There is a 
synergy in the combination of the Novix 
hardware, optimizing FORTH assem­
bler/compiler, and C-language compiler. 
The applications will be interesting. • 
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Four- and Eight-Channel 
Statistical Multiplexers 
from Multi-Tech Systems: 

When it has to 

be as simple 

as it is smart 

• There are a lot of good reasons to buy a pair of 
statistical multiplexers. Reduced line expenses, 
network security and the elimination of transmission 
errors are the three main ones. 
• Unfortunately, most multiplexers come with a big 
reason not to buy them: They're nearly impossible for 
mere mortals to install and understand. In other 
words, they're just not worth the trouble. 
• With that in mind, we'd like to introduce you to the 
new MultiMux;"' from Multi-Tech Systems. The biggest 
difference between the MultiMux and other muxes is 
that you can easily install a pair of them yourself, 
without the excessive time, expense and frustration 
you've avoided in the past. 

• You may know us best for our Multi Modem™ line of 
1200 and 2400 bps dial-up modems. The same 
simple approach we use for our modems is now used 
for our MultiMux. We even use similar "AT' type 
commands. 
• The MultiMux is offered in four-and eight-channel 
versions, with or without an integral 9600 bps V.29 
modem. Instead of paying for up to eight dial-up lines 
for your asynch terminals, PCs or printers, you can 
use a pair of MultiMuxes to combine them all into a 
single leased line, for much less money. 
• Convinced?~ not, consider that the MultiMux 
is completely command driven, with a supervisory 
port, help menus, downline loading, full LED display, 
statistical reporting, and an integral 1200 bps dial-up 
modem for remote configurations and diagnostics. 
Also, consider that the MultiMux (like all of our prod­
ucts) is manufactured and supported by us in Minne­
sota, and that we've been doing so since 1970. Finally, 
consider our price. You'll find that to be a pleasant 
surprise too. 
• Please call us toll-free at 1-800-328-9717, for 
additional information ... get a multiplexer that's as 
simple as tt is smart! 

MultiMux. MultiModem andthe Multi-Tech Systems logo 
are trademarks of Multi-Tech Systems, Inc. 
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INSTRUCTION SET STRATEGIES 


The WISC Concept 

A proposal for a writable instruction set computer 

THE TRADITIONAL COMPLEX in­
struction set computer architecture with 
its large, complicated instruction set has 
become the mainstay of the microproces­
sor industry. Recently, however, pro­
ponents of the reduced instruction set 
computer architecture have made the 
controversial claim that RISC architec­
tures can execute programs more quickly 
than CISC machines. Before you decide 
which side of the line you're on, I'd like 
to present an alternative computer archi­
tecture that combines elements of both 
RISC and CISC philosophies to produce 
an interesting, streamlined, flexible, and 
potentially fast machine. 

My proposed architecture is called 
WISC, for writable instruction set com­
puter. My purpose is not to show that 
either the RISC or CISC approach is 
somehow wrong, but rather to introduce 
an alternative that blends RISC and CISC 
concepts into a simple but powerful ar­
chitecture. 

First, I want to look at the key ideas 
from the RISC and CISC concepts. Then 
I can select the best ideas for the pro­
posed WISC architecture. Finally, I will 
combine these ideas to define the WISC 
architecture and consider an overview de­
sign for a generic WISC machine. 

Key RISC Concepts 
RISC systems are based on the concept of 
optimizing the few instructions that are 
used the most and eliminating infre­
quently used instructions to reduce hard­
ware complexity and increase hardware 
speed. I will look at the key RISC con­
cepts, examine their strong or weak 
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points, and pick the ones that are most 
desirable for an alternative architecture. 

First, RISC machines must execute all 
instructions in a single memory cycle. 
Some authors have referred to this as sin­
gle-clock-cycle operation, but the real 
resource limitation is the amount of time 
required to reference program memory. 
The idea here is that if a CPU can execute 
instructions as quickly as they are fetched 
from memory, maximum system through­
put speed will result. Clearly, using as 
much of the memory bandwidth as is 
available is a desirable goal for WISC. 

RISC machines must use hard-wired 
control. The intent of using hard-wired 
control is to allow for fast single-mem­
ory-cycle operation of op codes and 
(when combined with a very small in­
struction set) reduce the amount of sili­
con area required for implementation on 
a single chip. 

But it is not clear whether hard-wired 
control is an absolute requirement. Since 
a designer can make a small amount of 
microcode memory extremely fast in re­
lation to large amounts of program mem­
ory (while achieving a reasonable cost/ 
performance trade-off), there is no rea­
son why a microcoded processor cannot 
achieve single-memory-reference-cycle 
operation for most operations. 

As for the chip-area argument, micro­
coded designs can have fewer gates than 
hard-wired designs (exclusive of the 
actual microcode memory). If I wish, I 
can use the extra silicon area available in 
a streamlined WISC single-chip imple­
mentation for microcode memory. 

Next, RISC machines use relatively 

few instructions and addressing modes. 
This concept is a side effect of the need to 
keep things simple in a hard-wired, sin­
gle-cycle processor. If a chip can support 
additional instructions without reducing 
the clock-cycle speed for basic instruc­
tions-as is often the case with micro­
coded CPUs but usually not with hard­
wired CPUs-no real incentive exists to 
limit the number or types of instructions. 
Instructions with fancy indirect-address 
modes or multiple-memory-cycle opera­
tion should be supported if the net result 
is a speed-up of the entire system for an 
important application program or lan­
guage run-time environment. So a WISC 
design should not unnecessarily restrict 
the number and variety of possible in­
structions. 

RISC processors use a load/store de­
sign, which allows "load from memory" 
and "store to memory" as the only mem­
ory-reference instructions. This tends to 
reduce clock-cycle times by shortening 
delays in the memory-to-CPU data path 
and simplifying control logic. It also sim­
plifies restarting after a virtual memory 
page fault. However, if virtual memory is 
not being used (as is the case in the vast 
majority of personal computers today) or 
if a memory reference can be combined 
with another operation for a net savings 

continued 

By day Phil Koopman is a U.S. Navy sub­
mariner and engineering duty officer; by 
night he designs computer hardware, 
software, and microcode. He can be 
reached at 20 Cattail Lane, North Kings­
town, RI 02852. 
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WISC CONCEPT 

No evidence exists 

that a fast computer 

requires an architecture 

with a difficult 

assembly language. 

in time, then no reason exists for restrict­
ing . the system to a load/store design. 
Thus, WISC computers should not be 
limited to a load/store design. 

RISC machines use a fixed instruction 
format. Fixed instruction formats allow 
simpler decoding of instructions and re­
duced hard-wired logic. They also mini­
mize the number of microcoded instruc­
tions that are wasted on shifting and 
interpreting op codes and operands. 

Making all instructions the same size 
(e.g ., a 16-bit format aligned on even­
byte boundaries on a 16-bit machine) 
makes a lot of sense for simple, fast hard­
ware design. You can argue· that com­
pressing variable-length instructions into 
the smallest space possible speeds pro­
gram execution by reducing the number 
of memory accesses. But the trade-offs in 
unpacking these compressed instructions 
and formatting them properly for execu­
tion might eat up much of the savings 
with more complex hardware and extra 
instruction fetching when refilling a pre­
fetch pipeline after a branch . Most people 
seem willing to increase memory space 
somewhat for faster program execution 
speeds. So WISC should use a fixed in­
struction format. 

Finally, RISC machines trade offmore 
sophisticated compiler technology for 
less complex hardware . This argument is 
based on the assumption that all program­
ming is done in high-level languages that 
shield the user from the machine. No 
doubt sophisticated compiler technology 
can improve the speed of a high-level lan­
guage program. It remains to be seen 
whether this speed increase can surpass 
the capability of an experienced assembly 
language programmer to handcraft the 
few lines of code that might break the 
speed bottleneck for a complex applica­
tion program. Inasmuch as no eviC:ence 
exists that a fast computer requires an ar­
chitecture with a difficult assembly lan­
guage, WISC should not have features 
that demand the use of a sophisticated 
compiler, although it could benefit from 
such a compiler. 

A Major RISC Problem 
For all its good, the RISC design has an 
Achilles' heel. The low semantic content 
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of each instruction requires a high mem­
ory bandwidth, resulting in a sharp mem­
ory price/performance trade-off. 

Consider the common operation of de­
crementing the value at a memory loca­
tion. In a RISC machine this would be ac­
com pl ishe d by a load, decrement 
register, and store using five memory 
cycles: three for instructions and two for 
memory data references. An efficient 
CISC or WISC architecture might sup­
port a single decrement instruction that 
uses only three memory cycles: one for 
the instruction and two for memory data 
references. If many commonly required 
high-level language functions are not 
supported in a RISC machine, memory 
access for instructions can create a 
bottleneck. 

Another example is the absolute value 
operation applied to a value already resi­
dent in a CPU register or hardware data 
stack. In any processor without this func­
tion as a built-in primitive, absolute value 
determination consists of a sign compari­
son, a conditional branch, and a subtrac­
tion (or two' s complement). This is a to­
tal of three instructions and a possible 
conditional branch that upsets any in­
struction pipelining that might exist. If 
the absolute value function is included in 
the instruction set, execution requires 
only one memory reference. 

Now you might be thinking, "What 
about a memory cache? Doesn't that 
solve the memory bottleneck problem?" 
But a cache is only a partial solution. 
First a cache speeds up memory refer­
ences only on the second and subsequent 
accesses to a memory location. Thus, the 
effectiveness of a cache is reduced by 
compiler optimizations such as unrolling 
loops. Second, a cache introduces addi­
tional system cost and complexity and re­
sults in extra delay when encountering a 
cache "miss" that requires fetching an in­
struction from memory. Finally, a cache 
design is often based on the concept of 
"locality" of programs. This contradicts 
the current software doctrine of breaking 
up programs into smaller and smaller 
procedures and functions for modularity 
and reusability-or forces greater mem­
ory usage by compiling functions and 
subroutines as in-line code, which fur­
ther reduces cache effectiveness. 

Simply put, it is better to have no mem­
ory bottleneck problem than to have a 
limited memory bandwidth with a cache. 
Therefore, WISC should be designed to 
minimize the number of memory refer­
ences needed to accomplish each func­
tion in a high-level program. 

To avoid the RISC memory bottleneck 
problem and achieve high performance, I 
can borrow some concepts from CISC 
machines. A CISC machine's CPU has 

an extensive and complex instruction set 
that attempts to support high-level lan­
guage control and data structures di­
rectly . All of today's widely used 16-bit 
microprocessors are CISC designs. 

Borrowing from CISC 
Two common CISC traits that might be 
useful in a WISC design are a minimal se­
mantic gap and the inclusion of as many 
high-level language-oriented instructions 
as possible. 

The driving force behind the complex­
ity of a CISC machine is the desire to 
speed up common high-level language 
operations such as character-string ma­
nipulation, pointer maintenance, loop­
ing, and array handling. By reducing the 
so-called semantic gap between the high­
level language statements used in a pro­
gram and the machine-code instructions 
available on the CISC machine, programs 
should require fewer memory references, 
take up less space, and run faster. To 
handle the very complex instructions that 
can be used, designers of CISC machines 
often use microcoded implementations. 
Likewise, to provide complex instruc­
tions while minimizing hardware com­
plexity, WISC should employ a micro­
coded design. 

An unfortunate side effect of complex 
and comprehensive instruction formats 
can be an excessive amount of decoding 
logic or multiple microcycles just to de­
code an instruction before any real work 
is done. But this side effect can be re­
duced by the adoption of a simple fixed 
instruction format for WISC instruc­
tions. Using a fixed instruction format 
eliminates complex manipulation of in­
structions to extract the meaning of an op 
code and its operands, thus reducing 
hardware requirements and speeding up 
the processor. 

Powerful high-level language-oriented 
instructions, such as decrementing a 
memory-location value or string manipu­
lations, can speed up programs signifi­
cantly by reducing the number of instruc­
tion fetches from program memory. The 
only pitfall is that such instructions must 
be well suited to high-level languages, or 
compilers ignore them in favor of synthe­
sizing primitive instruction sequences 
that do the job exactly. Examples ofprob­
lem areas include zero-based versus one­
based arrays and loop counters, subrou­
tine calling, parameter passing, and 
list/record data-structure manipulation. 

The answer to the semantic mismatch 
caused by high-level language instruc­
tions that don't quite meet high-level lan­
guage requirements is to customize the 
processor's instruction set for each lan­
guage environment. This customization 
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Assemblers/Simulators/Compilers 

Macro Assemblers/ 
Cross Assemblers 
for Series 3.0 
Series 3 requires at least 256k 
of memory to run under MSDOS 
& CPIM86 and 54k TPA of mem­
ory to run CP/M80. Series 3 
products have: Full Listing 
Control, Conditional Assembly & 
Built in Cross Reference. There is 
Unlimited Program Size, Number 
of Symbols and Macros. The Link­
ers output: Intel Hex, Extended 
Intel Hex, Tektroni x He x, and 
Motorola S19, S28, S37 formats. 

Macro Assemblers/ 
Cross Assemblers 
for Series 4.0 
Series 4 requires 512k of memory 
to run. These products have all 
the features of Series 3 plus: 32 
Character Labels, Library and 
User Defined Sections. There is 
one Linker on Series 4 which 
outputs all the same formats as · 
Series 3. Series 4 runs under 
MSDOS, UNIX, VMS and ULTRIX. 

Simulator-Debuggers 
The Simulator-Debuggers run 
with 256k of memory. The Simu­
lator has 16 Breakpoints with 
optional Counter Field. The 
Symbol Table is limited only by 
the amount of memory. Buffers of 
256 bytes may be opened for 1/0 
ports. The Simulators are avail­
able for MSDOS, UNIX, VMS and 
ULTRIX. 

CCompilers 
The C Compilers support the full 
C language and include the fol­
lowing: Macro Processor, full 
Floating Point support, complete 
Assembler, Linker, and Libraries. 

Software 
Product 

Macro Assemblers 
Cross Assemblers 

Simulator· 
Debuggers CCompilers 

Series3 Series4 

MSDOS 
AT&T 
UNIX 

VMS 
Zeus 

ULTRIX 

MSDOS 
AT&T 
UNIX 

VMS 
Zeus 

ULTRIX 

CP/MBO 
CP/M86 
MSDOS 

MSDOS 
AT&T 
UNIX 

VMS 
Zeus 

ULTRIX 

Supers 199.50 995.00 149.50 499.50 
Z-8 199.50 199.50 995.00 149.50 499.50 
Z-80 199.50 199.50 995.00 149.50 499.50 500.00 2000.00 
Z-280 299.50 1250.00 
Z-8000 299 .50 299 .50 1250.00 
1802 199.50 
6301 199.50 199.50 995.00 149.50 499.50 
64180 199.50 199.50 995 .00 500.00 2000.00 
6501 199.50 199.50 995.00 
6502 199.50 199.50 995.00 
65c02 199.50 199.50 995.00 
65c816 299.50 1250.00 
6800,2,8 199.50 199.50 995.00 149.50 499 .50 
6801 ,3 199.50 199.50 995.00 149.50 499 .50 
6804 199.50 199.50 995.00 
6805 199.50 199.50 995.00 
6809 199.50 199.50 995.00 149.50 499.50 
68c11 199.50 199.50 995.00 
68000,8, 10 299 .50 299.50 1250.00 
68020 399.50 1500.00 700.00 2500.00 
8400/cOO 199.50 199.50 995.00 
8452 199.50 199.50 995.00 
8044/51 199.50 199.50 995 .00 149.50 499 .50 
80515 199.50 995 .00 
8080 199.50 199.50 995.00 149.50 499.50 
8085 199.50 199.50 995.00 149.50 499.50 
8086/88 99.50 99.50 1250.00 
8096 199.50 199.50 1250.00 
80186/286 199.50 199.50 1250.00 
83c351 199.50 995.00 
8748 199.50 199.50 995.00 149.50 499.50 
V20/30 199.50 199.50 1250.00 
Cops400 199.50 
FS/3870 199.50 
NCR32 399.50 
NEC7500 199.50 
NSC800 199.50 199.50 995 .00 149.50 499 .50 500.00 2000.00 

(Shipping 1s $20.00 per unit for overseas orders. Toll Free numbe r does 
not apply to overseas. 2500AD pays COD charges.) 
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Expiration Date -------------­To order, call toll free in U.S. (including HI, PR and VI): 

More formats available 

1 800 843-8144 

In Colorado: (303) 369·5001 17200 East Ohio Drive 

Aurora, Colorado 80017 
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hardware-implemented push-down last­
in/first-out stacks. 

The stack concept has proved its value 
in computers and modern-language im­
plementations that use stacks for imple­
menting subroutine return-address stor­
age or parameter passing. However, 
these stacks are generally realized as an 
address register that points to main mem­
ory, with perhaps the top few elements of 
the sta_ck located in special registers. I 
propose using completely independent 
high-speed memories to implement two 
stacks for the WISC architecture. One 
stack would be primarily for subroutine 
return-address storage and the other for 
data storage. 

The advantage of a hardware return­
address stack is that subroutine calls and 
returns can be processed at a high speed, 
with the return address transferred to or 
from the return stack in parallel with de­
coding the next instruction. A hardware 
data stack lets subroutine parameters be 
passed to subroutin!'!s without main­
memory accesses in addition to providing 
for a large amount of scratch work space 
for storing temporary results. In fact, the 
underlying structure of modern lan­
guages such as Modula-2 seems to pre­
sume the existence of a stack of some 
sort. 

In addition to reducing subroutine-call 
overhead, use of a data stack simplifies 
(and quickens) the machine's operation 
by eliminating the need for operand de­
coding. Since a stack machine implicitly 
addresses certain elements on the stack 
relative to the current stack pointer posi­
tion, the CPU does not suffer any delays 
while source and destination registers are 
selected from a large register bank. Fur­
thermore, the instruction bits freed by not 
needing fields for selecting registers 
allows the use of a narrow word size ( 16 
bits or less), packing multiple op codes 
into each program word, or using con­
stants or other values in the same word as 
an op code, all while maintaining a sim­
ple instruction format. 

In-line literal values are required in a 
stack machine only for providing values 
for variable initialization, arithmetic con­
stants, or branching addresses. These 
values can either be incorporated into un­
used instruction bits or placed into a 
memory cell after the instruction requir­
ing the value. One interesting approach 
that some stack-oriented processors use 
is to have two instruction types : one for 
operations (consisting of an op code with 
no parameters) and one for subroutine 
branches (consisting of only an address 
with a flag indicating an implied op code 
of a call). 

So the WISC design should include 
continued 

would be accomplished in WISC with a multiple simple instructions for a particu­
writable microprogram memory, some­ lar application or high-level language 
times called a writable control store, that run-time environment. Of course, in­
employs high-speed RAM to store micro­ structions involving memory operand ac­
code. Such an arrangement would let the cess will be longer than a single memory 
processor's microcoded instruction set cycle, but they will nonetheless tend to 
be changed as the operating system keep the memory productively engaged at 
requires. all times. 

Therefore, a WISC goal should be to 
execute all instructions in a single mem­ Using Stacks 
ory-reference cycle and use 100 percent The WISC architecture should use one 
of available memory bandwidth, except final feature to synergistically work with 
where a microcoded complex instruction other design aspects to increase speed 
clearly results in performance superior to and decrease complexity of the system: 

Pride Software Development 

A wards $25,000 


in the 

First Hacker Challenge. 


AUTO-EVALUATES loans and leases, from "excellent" to "terrible." 


ALLOWS two loans to be engineered and compared simultaneously. ~ 

ACCOMMODATES up to 500 modified and other irregular payment.<· ~· 8
~
STORES loan histories in "text" and "data" formats for easy access. ~~w_ ~ · 
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Some time ago, Pride Software 

Development Corporation developed a 

new softwa;.~-security philosophy called 

Smarti Arti. Rather than stopping users 

from making legal ba?,!'.:ups, Smarti Arti's 

unique Copi-Control system stops only 

the illegal use of backups. Endowed with 

artificial intelligence, Smarti Arti doesn't 

just hide from hackers, he actively 

defends himself. We were so impressed 

with Arti that we put him to the ultimate 

test: The First Hacker Challenge. 

Fort Lauderdale's Ken Claggett 

accepted the challenge and successfully 

cracked Smarti Arti. Claggett's clever 

hacking helped strengthen Smarti Arti. 

Now he's ready to go to battle again. 

Pride announces the Second Hacker 

Challenge. Be the first to strip the new 

Smarti Arti from Pride's Loan Ranger 

program and win $10,000. 

Even if you don't crack Smarti Arti, 
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amortization program. The Loan Ranger 
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complete amortization tables available, it 
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banking laws so you can avoid paying 
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TM 

Any Software. 

Any Monitor. Any Time·. 


Any Software on a 

TTL Monochrome Monitor 


Any Software on 
an EGA Monitor 

Upgrade to EGA without an EGA Monitor 
The unique ATI EGA WONDER allows upgrade to the 
new EGA graphics standard without the purchase of an 
expensive EGA monitor. EGA WONDER runs EGA, CGA, 
MDA, Hercules and 132 column software on EGA Color, 
RGB Color, TTL Monochrome and Composite monitors. 
Extremely flexible, EGA WONDER maintains downward 
compatibility to both existing software and existing 
monitors. On the internal monitor of a Compaq PC 
Portable, EGA WONDER displays EGA , CGA, MDA and 
Hercules software via an optional expansion module.' For 
EGA monitor users, the ATI EGA WONDER improves 
the display of CGA software by producing high resolution 
8x14 text and double scanned graphics. Old CGA software 
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Any Software on an RGB 
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Polaroid Palette. 

SoftSense Automatic Mode Switching 
User friendly and easy to use, the ATI EGA WONDER 
has built-in SoftSense Automatic Mode Switching. It is 
actually able to sense and automatically switch between 
EGA and CGA color modes or between EGA, MDA and 
Hercules monochrome modes. The ATI EGA WONDER 
is compatible at the hardware level to the IBM Enhanced 
Graphics Adapter, the IBM Color/Graphics Adapter, the 
IBM Monochrome Display Adapter and the Hercules 
Graphics Card to minimize software incompatibilities. 

EGA WONDER is now available from all major computer 
stores, callus today at (416) 477-8804 for more information. 
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hardware stacks. The use of hardware 
stacks will reduce subroutine-call over­
head and the complexity and delay asso­
ciated with operand decoding, since all 
operands are implicit. 

A Generic WISC Computer 
Having described the attributes of a 
WISC computer, I would like to present a 
generic architecture for WISC imple­
mentation. Figure 1 shows a block dia­
gram of one possible format for a WISC 
computer. 

The resources of this generic WISC 
computer are a data stack, an ALU with a 
small number of registers (perhaps only 

one), a return stack with a bidirectional 
data path to the program counter for sub­
routine-call address manipulation, a pro­
gram memory, and a microcoded con­
troller. All the resources are connected to 
a central data bus, with access to 1/0 ser­
vices through an appropriate interface. 

The WISC machine in figure 1 has sev­
eral interesting aspects. One feature not 
always found on hardware-based stack 
designs is that the registers above the 
ALU can hold the top one or two data­
stack elements. These registers allow the 
use of a single-ported data-stack RAM. 

The entire instruction decoding path, 
from the return-address stack all the way 

Figure 1: A block diagram ofa possible WISC machine implementation. 
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through to the microinstruction register, 
is completely independent of the data 
bus. This independence allows for ALU 
and data-stack operations on data while 
instructions are fetched and decoded 
simultaneously. This structure allows use 
of nearly 100 percent of the memory 
bandwidth. An added benefit is that there 
is no need to implement an instruction 
prefetch unit; no time is lost flushing an 
instruction queue when a branch is en­
countered. In fact, implementing a de­
layed branch similar to the ones used by 
some RISC machines can eliminate ·al­
most all idle or wasted memory cycles. 

The microinstruction register forms a 
one-stage microinstruction pipeline and 
eliminates wasted time that would other­
wise result from waiting for micropro­
gram memory access in a nonpipelined 
design. The only drawbacks to this de­
sign are that a two-microcycle minimum 
is imposed on all op codes and that de­
layed microinstruction branches must be 
used for condition code testing. How­
ever, the small high-speed memory used 
to implement the microprogram memory 
and data-stack memory should allow for 
multiple microcode cycles within each 
memory-cycle time, essentially eliminat­
ing the impact of these drawbacks on sys­
tem performance. 

A design approach for instruction de­
coding that could greatly simplify the 
CPU hardware would be to use, for exam­
ple, an 8-bit op code that directly ad­
dresses a word in the microcode mem­
ory. This would directly address the first 
microprogram instruction of a page of 
microprogram memory; one page of 
microprogram memory would be allo­
cated to each op code. This would allow 
complete flexibility in instruction set as­
signment while using very little instruc­
tion decoding logic. 

The Past, Present, and Future 
ofWISC 
Constructing a hodgepodge of previously 
successful computer design techniques 
does not guarantee success. The WISC 
design criteria presented here represent a 
careful balance of often conflicting de­
sign requirements. That said, I will look 
at some past and current computers that 
inspired some of the WISC machine's 
unusual design features. 

The Burroughs B 1 700, a microcoded 
machine, had a different instruction set 
for each language it supported: BASIC, 
FORTRAN, and COBOL/RPG-IL The 
tailored instruction set for each language 
resulted in smaller programs and much 
faster execution speed than that found on 
comparable machines of the time. But the 
complexity of the architecture for vari­

conri1111ed 
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WISC CONCEPT 

able-width operand support made the 
machine expensive. 

The current RISC II and MIPS proces­
sors (see "How Much of a RISC?" by 
Phillip Robinson on page 143) strive to 
achieve single-memory-cycle execution 
with the use of fixed instruction formats. 
Interestingly, the IBM RT PC and the 
Pyramid 90x computers use hybrid hard­
wired/microcoded designs to allow for 
some complex instructions within a RISC 
framework. 

One early reference to a stack machine 
was a design for a 1950s ALGOL lan­
guage-specific processor known as 
ALCOR. While it was never built, it 
called for a two-stack machine that would 
have used one stack for operand storage 
and another stack for instruction storage. 

More recently, the Novix NC4016 
chip (see "Stack Machines and Compiler 
Design" by Daniel L. Miller on page 
177) efficiently executes the dual-stack­
based FORTH language with a hard­
wired RISC architecture. The NC4016 is 
designed with single-cycle operation in 
mind and has low procedure-calling over­
head due to the use of stacks, but it has a 
hard-wired instruction set like other 
RISC processors. Another stack-oriented 
processor, the MVP Microcoded CPU/ 

16, combines hardware stacks with writ­
able microprogram memory to allow 
redefinable instruction sets but is not op­
timized for single-memory-cycle instruc­
tion execution. 

While none of the individual design 
features of WISC are new, I believe that 
implementing a true WISC machine will 
lead to discoveries about the nature of 
modern computer architectures and how 
to make them better. In the end, design­
ing a more efficient computer architec­
ture will lead to less expensive, more cap­
able computers. • 
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No,vThere'sAManagementTool 

That Lets You \Vork More Efficiently... 


\Vithout Changing The \Vay You \Vork. 

Lotus Metro. 


Lotus® MetroT" is a memory-resident 
program that combines the powerful effi­
ciency of 12 business management tools 
with the time-saving convenience of 
macros. 

Metro gives you more ways to get your 
work done. Metro has the same command 
and menu structures as l-2-3®or Symphony® 
so you already know how to use it. And 
since it's from Lotus, you can count on its 
high quality and reliability to let you 
start working more efficiently- and in 
complete confidence-right away. 

In fact, when you consider everything 
Metro can do, you won't believe its low 
price-just $85. 

TheMost 

Co1nprehensive 


Product OfIts I\incl. 

Metro lets you handle daily tasks on 

your PC more quickly and easily than ever 
before. You'll simplify routine-and com­
plicated- jobs. Handleworkflow interrup­
tions more effectively. Organize your day. 

In short, you'll become more productive 
by minimizing the time you waste. 

BringAll 

Your Work 

Together. 


You can customize Metro to your needs 
by choosing any of the following manage­
ment tools: 
• Clipboard lets you easily move data and 

text between 1-2-3, Symphony or other 
software products-as well as between 
theMetro management tools themselves. 

• Appoimment book keeps track of your 
schedule. 

• Plwne book compiles names, addresses 
and phone numbers-and can even dial 
your phone. 

• Calculator includes memory and finan­
cial functions. 

• Notepad lets you jot down quick ideas 
and memory-joggers you can retrieve at 
the touch of a button. 

• Editor creates business letters and 
spreadsheet reports, and allows you to 
view and edit existing files. 

• Li)tmaru:iger orders daily tasks, and 
effectively segments/tracks "to do" lists . 

• Wat.ch helps you keep records of time 
spent on as many as 100 different 
projects. 

• IXJSfi /,e maru:iger executes DOS com­
mands from within applications. 

• Kaleidoscope specifies colors on your 
screen, Configuration lets you build the 
product that best fits the way you work, 
Special clwracters contain afull 256 
character IBM extended ASCII table. 

• And Macros let you tum even your most 
complicated multi-step tasks into one­
step commands. 

High Quality... 
Tutal 

Co1npatibility. 
Metro is built to the high quality stan­

dards of 1-2-3and Symphony- so it won't 
endanger your data.Metro is unprotected, 
so it's easy to install and easy to use. And 
it can be easily removed from memory 
whenever you need more room for your 
spreadsheet or other functions. 

As amember of the Lotus family, Metro 
is the management program best suited­
and designed-to work with other Lotus 
products. And it comes complete with 
Lotus' unparalleled commitment to cus­
tomer service, reliability and support. 

© 1987 Lotus Development Corporalion. Lotus, J-2·3 andSymphony 
arc registeredtrademarks of Lotus Development Corporation. Metro is 
a trademark of l..<Jtus Development Corporation 
System Requirements: 

IBM~PC, XT, lbrtable, AT, COMPAQ'" lbrtable, PLUS, DESK PRO. Two 
5.25 8 double-sided disk drives (hard disk recommended foroptimal 
performance). Minimum of80K rcquired for RAM-resident portion of 
Metro. DOS 2.0 or higher. Metro is unprotectedand can be removed from 
memory. 
Lotus Metro runs with a wide variey of software programs, including 
1 · 2 - 3.~ Symphony.Oil Symphony Spelling Checker, Symphony 1h l 0utliner, 
l-2-3 Report Writ.er,"' andSignal"."" 
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Try 
Lotus Metro 

'lbday. 
No other' 'desktop'' product offers you 

the power and efficiency of Metro ... 
The unique combination of compre­

hensive management tools and macros 
that allows you to manage your PC ... 
organize your workday... and increase 
your productivity. 

And, at only $85, no other product even 
comes close to its value. (Especiallysince 
Metro will quickly pay for itself again and 
again.) 

Which is why you should visit your 
nearest Lotus dealer to sample Metro. 

Or, if you're already convinced,simply 
use the coupon below to order Metro 
directly from Lotus. 

Or order Metro (Product No. YA1690) by 
calling Lotus, toll free, 

1-800-345-1043 

Lotus Metro 
The memo1y-resident desktop manager 

combining twelve accessories and a poweijul 
macros program. 

lcomplete and return to: Lotus Developmen_t_ I 
Corporation, 90 Annex, Atlanta, Georgia, I 
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•Introducing ShapeScan. OnJy $795 abundle. 

Until now, when you shopped for a scanner, 

you'd need to carry along a calculator. First you'd 
use it to figure out how to justify a base price in 
the range of a good computer. Then you'd have 
to total up all the salesperson's add-ons. 

"Oh, by the way," the sales rep would say, 
"you'll need an interface card." Add about $300. 

"'Oh, by the way, you'll need an interface 
cable." Add $50 or so. 

"Oh, by the way, you'll probably want a 
graphics editor." Add $150. 

Now you don'tneeda calculator-or a fat bank 
account - to buy a scanner. ShapeScan is priced 
hundreds of dollars under competitive models. 
Better yet, there are no "Oh, by the way" add-ons. 
ShapeScan bundles together everything you 

Scanned-in computer image 

Thescanner has one moving part, so it 's the 
ultimate in reliability and ease of use. Price 
also includes PC Paintbrush+ , interface 
card, and interface cable. 

need for image scanning and editing. At one 
incredibly low price. No surprises. 

Besides saving you money up front, ShapeScan 
will save you time for years to come. Because it 
turbocharges your personal productivity. In less 
than a minute, it captures artwork that would 
take you many hours to recreate on your 
computer. Ditto for logos, fancy typography, 
graphs and charts, engineering diagrams, 
documents, or whatever. 

Scan, then paint. 
Most scanners just scan. Then they call it 

quits. But since ShapeScan includes the 
top-selling PC Paintbrush®+, you have all the 
tools to turn a scanned-in computer image into 
your own masterpiece. Get creative! Rotate or 
flip the image, expand or shrink it, color it, and 
zoom in on a portion of it. Cut, paste, and add 
headings, text, lines, circles, or boxes. You can 
even import art or text from other systems, and 
export your completed creations to a desktop 

publishing system. 
So don't pay big bucks for a scant 

scanner. Get ShapeScan - the total 
solution at a price that's absolutely 
scantastic. Call 800-247-1724 today. 

Dealer inquiries invited. 

® 

PC Painlbrush is a registered trademark ot ZSott Corporet1on. 

IBM PC/XT!AT are registered lrademarks ot lnternalionel Business Machines. 
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Powerful Statistics, Sophisticated Graphics 

In One Complete Software System 


STATGRAPHICS from STSC is simply 
the most complete and powerful statis­
tical software available for your PC. 
STATGRAPHICS integrates powerful 
statistics with high-resolution color 
graphics-in one single software 
system-to give you an extraordinarily 
powerful analytical environment. 

"{STATGRAPHICS] is unusually 
complete as software systems go 
in terms of statistical capabilities. 11 

(PC Week) 

With more than 250 statistical and math­
ematical procedures, STATGRAPHICS 
offers you the power and precision of 
mainframe software-right on your PC. 
All the tools you need for comprehensive 
statistical analysis: ANOVA, complete 
regression analysis, experimental design, 
quality control procedures, multivariate 
techniques, nonparametric methods, and 
extensive forecasting and time series 
analysis, including Box-Jenkins. 

"I've found STATGRAPHICS to be 
one of the most complete and 
easy-to-use statistics programs 
that I have come across/I 

(Whole Ear th Software Catalog) 

All this statistical power is even 
more valuable with STATGRAPHICS' 
unique interactive environment. 
STATGRAPHICS is completely menu­
driven so you can get into your 
statistical analysis work quickly and 
be productive right from the start. You 
can easily go back and forth between 
your numerical and graphical analysis­
change variables as many times as you 
want-and see the effect immediately. 

You can also enter and access data easily. 
STATGRAPHICS has a full-screen data 
editor and interfaces with standard ASCII 
files, Lotus® 1-2-3® and Symphony® work­
sheets, and dBASE® files. 

STATGRAPHICS-the best overall choice! 

lnte~rated 
Stahstical 
Graphics 

Ofr11cl 
lotus &dBASE 

lnlerfaces 

Menu-
Crivan 

Minimum 
Hardwara 
Required 

Helpline 
Support 

U.S. 
Sug~ested
Rela I Prit9 
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5795• 

SPSS/PC+'" NO NO NO 10Meg 
Hard Disk S138S 

~ 
SAS'/PC NO NO 

' ----------- · ­

2GMeg 
Hard Clsk 

- -·---·· ­ ··­ ---- ­-­ -

S2700 +Annual 
Maln1enance 

Fee 

Data comp/led as of April 1986 

"Verdict: {STATGRAPHICS is] a 
model PC software system which 
will set standards for PC statistical 
software.11 

(PC User Magazine) 

STATGRAPHICS offers you a wide variety 
of graphics capabilities to help you 
visually analyze your data-more options 
and more sophistication than any other 
PC statistical software. Included are 
histograms, two- and three-dimensional 
line and surface plots, scatter plots, time 
sequence plots, quality control charts, 
as well as bar and pie charts. 
STATGRAPHICS supports a wide range 
of graphics boards; printers, and plotters. 

For the most complete, advanced statis­
tical graphics software system available, 
order STATGRAPHICS today. To order, 
contact your local dealer. If they don't 
have it, tell them to call STSC toll-free. 

(800) 592-0050 

In Maryland or Canada call (301) 984-5123. 
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REVIEWER'S NOTEBOOK 


BYTE's review procedure is such that 
it's often several months before we 

can give you the results of testing new 
systems, software, and peripherals. To 
shortcut our normal process, we'll occa­
sionally use this page to give you an early 
look at products we think are significant · 
or noteworthy. This month, BYTE tech­
nical editor Rick Grehan worked up some 
preliminary tests for Meta Ware's High C 
Compiler and Phar Lap Software's as­
sembler package for 80386 machines. 
Rick tested final versions of both pack­
ages. "They're definitely fast," he re­
ports, as the benchmarks below attest. 
We'll bring you a full-fledged review in 
an upcoming issue. 

-Cathryn Baskin 
Senior Technical Editor, Reviews 

The High C compiler from Meta Ware 
(903 Pacific Ave., Suite 201, Santa Cruz, 
CA 95060-4429, (408) 429-6382) is now 
in release 1.3, which produces code for 
execution on an 80386 in protected mode. 
I tested the compiler on a Compaq Desk­
pro 386 running Compaq's DOS version 
3.10. 

You can configure High C programs to 
generate a variety of memory models: 
small, compact, medium, big, and large. 
The 80386 version of the compiler I test­
ed currently incorporates a version of the 
small memory model only. This model 
requires that the code generated be less 
than 64K bytes (the code-segment regis­
ter remains fixed). Likewise, the pro­
gram's data (including stack and heap) 
must fit within a 64K-byte segment. 

The list of High C's features is quite 
extensive and includes the following: 
• The ability to generate source code that 
you can tailor for use with assemblers. 
• Extensive compiler-checking normally 
found in "lint" programs, along with 
type-checking, as specified in ANSI C. 
• Support for the 8087 and the 80287 
math coprocessor chips. Special routines 
in the compiler detect the presence of a 
math coprocessor and set a toggle that 
you can use to control compilation. 
• Two object files that, when linked with 
your program, generate postmortem 
dumps. One file contains code to dump 
the contents of the heap in the event of an 
error condition; the other will display the 
call-chain of currently active functions. 
• The ability to make use of "prag­

mas" - statements for controlling com­
piler parameters. For example, you can 
specify a directory-search path, alter or 
reinstate compiler switches, perform 
conditional source-file includes, and 
more. 

The documentation for High C con­
sists of a thick three-ring binder divided 
into three sections: a programmer's 
guide, a library reference manual, and a 
language reference manual. Each section 
is well-indexed and has a fair number of 
code fragments included as examples. 
The software we received came with a 
demonstration .BAT file that compiled 
and executed three example programs. 

To execute code in protected mode, I 
used Phar Lap Software's 386/Link and 
RUN386 programs; the latter allows 
80386 protected-mode programs to run 
within an MS-DOS environment. The 
performance results were impressive. 
Forthe Sieve (a file size of 34,896 bytes), 
compile time was measured at 14 sec­
onds, link time was 21 seconds, and exe­
cution took less than 1 second. For the 
Sort benchmark (a file size of 30,888 
bytes), compile time was 15 seconds, link 
time was again 21 seconds, and execution 
was 1 second. The execution times for the 
compiler were so small it was obvious 
that the Compaq was spending more time 
loading the programs than executing 
them. 

386/Link and R UN386 are part ofPhar 
Lap Software's (60 Aberdeen Ave., Cam­
bridge, MA 02138, (617) 661-1510) 
80386 Software Development Series. 
This package consists of the 386/ ASM 
assembler, the 386/Link linker, the 
Minibug debugger, and the RlTN386 run­
time environment. Versions of this pack­
age are available for the IBM PC, PC AT, 
the VAX/VMS, and a number of UNIX 
systems. I tested the package on a Com­
paq 386 Deskpro running Compaq's 
DOS version 3 .10. 

386/ASM is a full-featured macro as­
sembler with enough option switches to 
allow generation of code for practically 
every Intel microprocessor since the 
8088 (this includes the 8088, 8086, 
80186, 80286, and 80386). You can also 
assemble instructions for either the 
80287 or 8087 numeric coprocessors. In 
operation, 386/Link acts much like any 
other linker, combining object files to 
create an MS-DOS .EXE file. You can 

optionally output the program in the Intel 
hexadecimal file format. 

The Minibug debugger lets you debug 
80386 programs in either real or pro­
tected mode. It can run on MS-DOS, 
manage up to four breakpoints, and it 
boasts commands similar to the standard 
MS-DOS/PC-DOS DEBUG program. 
Additionally, Minibug incorporates an 
on-line help screen that you invoke by en­
tering a question mark. 

RUN386 creates an 80386 protected­
mode run-time environment within MS­
DOS. This means that programmers can 
work within the familiar MS-DOS world, 
creating applications that make full use of 
the 80386's power, plus enjoy access to 
the standard MS-DOS system calls. 
(Some system calls are not supported; 
specifically, those involving memory al­
location and interrupt-vector manipula­
tion.) 

R UN386 initializes necessary descrip­
tors, loads the application into memory, 
switches into protected mode, and passes 
control to the application program. The 
package will also transfer command-line 
arguments to the application, and it will 
intercept all hardware interrupts to pass 
them along to standard interrupt 
handlers. 

I rewrote the C version of the Sieve 
benchmark program into 80386 assembly 
language and ran it through 386/ ASM, 
386/Link, and RUN386. Assemble time 
was clocked at less than 4 seconds, link 
time was less than 2 seconds, and execu­
tion time was so short that in order to 
make measurements I had to increase the 
number of iterations from 10 to 50. I then 
measured the program's execution time 
at 3 .5 seconds. [Editor's note: The 80386 
assembly version of the Sieve benchmark 
is available as theft.le SIEVE386.ASM on 
disk, in print, and on BIX. See the insert 
card following page 208 for details. List­
ings are also available on BYTEnet. See 
page 4.] 

Phar Lap's 386/ ASM manual was in its 
second draft when we received it, and it 
had 238 pages with no index (we sincere­
ly hope Phar Lap includes one). The 
386/Link, Minibug, and RUN386 man­
uals were in better shape, being 62, 54, 
and 21 pages, respectively (and with 
indexes). 

-Rick Crehan 
Technical Editor 
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State of the Art 
in Dot-Matrix Impact Printers 


George A. Stewart and Jane Morrill Tazelaar 

Dot-matrix impact printers have ity of the human hearing sys­BYTE tests 53 
always been economical com­ tem) and slow meter response 
pared to printers based on daisy­ (to average the noise peaks). current models ranging in price
wheel, ink-jet, plotter, laser, and 
similar technologies. Over the 
years, they have improved sub­
stantially in terms of graphics 
capabilities, speed, and output quality. 

For an up-to-date look at the dot-matrix 
printer market, we asked 28 companies to 
send representative models from their 
printer lines. Our only prerequisites were 
that the printers be compatible with the 
IBM PC through a parallel interface and 
that they be equipped with a tractor-feed 
mechanism. 

We tested the printers' throughput in 
draft and high-quality modes, sound 
level, and print quality in text and graph­
ics modes (see figure 1). We also per­
formed benchmark tests and compiled 
additional information supplied by the 
companies: general specifications, gen­
eral features, and convenience features. 
This information is presented in tables 1 
through 4. The text box on page 213 lists 
the addresses of all the companies whose 
printers we tested. Figure 2 presents our 
rankings ofthe top 10 printers in three ap­
plication areas: correspondence, high­
volume printing, and general personal 
computer use. (Note: Our tests focused 
on word processing and graphics. We did 
not test performance for other uses, such 
as printing extra-wide spreadsheets.) 

Printer Tests 
•Price. Although price is not a bench­

mark item, we included it in table 1 to 
help you judge each printer's price/per­
formance ratio. The price quoted applies 
to the printers as equipped for our tests­
with a parallel interface and a tractor-feed 
mechanism. 

•Throughput. Most printer companies 
rate speed in terms of the maximum char­
acters per second (cps). This figure is 
useful for comparisons with other simi­
larly ranked units, butitdoes not give you 
an accurate figure of a printer's speed on 
typical text including carriage returns, 

-Inquiry 40 

from $329 to $2645 

blank lines, columns, and form feeds. 
To get a more realistic measurement of 

throughput, we put together a five-page, 
300-line, 16,000-character test document 
based on a BYTE review manuscript. It's 
typical of routine professional correspon­
dence: single-spaced copy with indented 
paragraphs, top and bottom margins of 
approximately 1 'h inches, a ragged-right 
margin, and a left margin ofapproximate­
ly 11.4 inches. The last page contains 
three simple tables (i.e., text arranged in 
columns and rows). We ran the test in 
draft and high-quality modes for all the 
printers. Output was on standard 8'h- by 
11-inch office-grade computer paper. 

The throughput test results reveal that 
comparing nominal cps figures is not 
always a good way to determine the fastest 
printer. Other factors affecting through­
put include the speed of carriage returns, 
the speed of the paper-advancing mecha­
nism, and the printer's intelligence (its 
ability to optimize performance by com­
pressing horizontal and vertical spacing 
into a single continuous motion). Our 
throughput tests factor in all these ele­
ments (see photo 1). 

The graphics throughput test was per­
formed on printers with IBM or Epson 
emulation. First, we printed a series of 
gray-scale patterns in each of four modes 
(single density, double density at half 
speed, double density at full speed, and 
quad density); next, we ran a graphics 
stress test consisting of 25 solid black 
bars at quad density. The graphics test 
file contained about 72K bytes. 

•Sound level. During the three through­
put tests, we measured the noise pro­
duced by the printers using a Radio Shack 
sound-level meter (model number 33­
2050). The meter was set for "A" 
weighting (corresponding to the sensitiv-

For each test the meter was set 
at ear level in front of and 
slightly above the printer; the 
actual printer-to-meter distance 

was 2 feet. Sound-level ratings are in 
decibels (dB) above 0 dB, which is de­
fined as a sound-pressure level of .0002 
micro bars. 

For comparison purposes, a sound 
level of 60 to 70 dB is considered "very 
noisy" for a private office, rendering 
telephone conversation difficult, and 
"noisy" in a general office, according 
to L . L. Beranek' s book Acoustics 
(McGraw-Hill, 1954). 

•Print quality. The outputs of the three 
throughput tests were used to evaluate the 
print quality of each printer. A group of 
23 BYTE staff members ranked each 
print sample for sharpness and unifor­
mity of characters and graphic patterns. 
No judgment was made on the aesthetic 
merits of one type font versus another. 
The results were compiled and each 
printer was rated according to its average 
score from the individual scoresheets 
(see figure 1). [Editor's note: Four print­
ers could not be tested in time for this re­
view (Genicom 3410.02, Mannesmann 
Tally MT-490, NEC P5XL, and Newbury 
Data OSP-3). 1hose results will appear 
in a future issue.] 

Specifications 
Many of the specifications found in table 
2 are self-explanatory. Some of the less 
obvious include the following: 

•Maximum CPS/Draft and NLQ give 
the printer's rated maximum-output rate 
on a single line in the 10-pitch setting 
with draft and highest-quality characters, 
respectively. Compare these numbers 

continued 

George A. Stewart and Jane Morrill 
Tazelaar are BYTE technical editors. 
1hey can be reached at BYTE, One Phoe­
nix Mill Lane, Peterborough, NH 03458. 
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REVIEW: DOT-MATRIX PRINTERS 

Photo 1: Output Technology's OT-700e uses a three-head 
design to achieve a max:imum speed of 700 cps. The three 
heads give the greatest advantage for printing on wide 

with the throughput figures obtained in 
our tests. Note that not all companies 
refer to their highest quality as near-letter 
quality; some call it high quality, and 
others call it correspondence quality. In 
this article, the term "NLQ" refers to a 
printer_'s highest-quality output, regard­
less of what the company calls it. 

•Character matrit is the size of the 
grid used to define each character in the 
l 0 characters-per-inch NLQ font; the 
higher the numbers, the more detailed the 

I 
accepts the accepts 
pi-int e1- con printer 
U.S. If yoL U .s. If 
oi­ the ISO or the 
01- ask the or ask the we 
pi-inters i-e printers revi 

1 

ac:;c:;c·:·1pti.:; th~: accepts the · 
pi- i ntei- COl'lMcpr· :i. n t.~:·1 r· con 
U. s. If yourU. !:> . If yen. 
oi- the ISO s~or t. he·:~ :r:~:;o 

or ask the ltl(c:>Y· a i:; I< ·U·u·:·l 
printers 1-ev:pr :i. n t.c·:i r· ~=; r ~: 

Figure 1: Representative samples ofdraft, NLQ, and graphics printing. On a scale 
of1to5 the samples on the top row received a rating of5 (excellent); those on 
the bottom received a rating of1 (unacceptable). 

character forms can be. 
•Graphic density shows how many dots 

a printer can place in one inch, both hori­
zontally and vertically. For comparison 
purposes, laser-printer density is 300 by 
300 dpi; typeset resolution is 1200 by 
1200 dpi or higher. 

•Buffer. Computers are capable of 
sending data to the printer much faster 
than it can be printed. To free up the com­
puter during printing, most printers in­
clude a memory buffer, which accepts 

the 1 
comm< 
your 

ISO s1 

data from the computer at high speed and 
then distributes it to the printing mecha­
nism at what is typically a much slower 
speed. This allows the computer to 
"think" it has completed its printing task 
sooner than it actually has. The larger the 
buffer, the greater the savings of com­
puter time. 

Note, however, that the operating sys­
tem or application running on the com­
puter must be designed to take advantage 
of buffered printing. In addition, the only 
time that buffered printing makes a guar­
anteed difference is when the amount of 
text to be printed is no larger than the 
buffer size. For reference in evaluating 
buffer sizes, one single-spaced page of 
text will fill approximately 2K bytes of 
buffer memory. 

Specifications related to paper han­
dling will help you decide ifa given print­
er can handle the forms or mailing labels 
that you intend to use. The chart indicates 
whether various capabilities are available 
in either standard or optional form. 

•Maximum characters per line may be 
an important specification if you plan to 
print multicolumn spreadsheets or re­
ports. The maximum number is ordinari­
ly obtained using condensed-pitch char­
acters. 

•Maximum copies is the company's 
rating based on no-carbon-required 
paper; the number indicated includes the 
original and all copies. 

•Bottom feed indicates whether the 
printer has a slot in its underside to allow 
fanfold paper to feed directly up from the 

Photo 2: 1he Genicom 1020 has a novel method of 
accessing the tractor-feed mechanism: "lifting the hood. " 1his 
printer is one ofthe most versatile in terms ofform 

forms because all three heads are used. On 8-inchforms, only handling. It even lets you rip offa form and begin printing at 
two ofthe print heads are used. the top line ofthe nex:tform. 
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Table 1: Benchmark results. Prices include a parallel interfece and tractor feed. 1hroughput is in cps. Sound Level is in dB 
(OdB=JXJ02µbar) . Print quality: 5 =excellent; 4 =good; 3 =average; 2 =poor; I =unacceptable; * =not availnble. 

Company Model Price 	 Throughput Sound level Print quality 

Draft NLQ Graphics Draft NLQ Graphics Draft NLO Graphics 
Advanced Matrix Technology AMT 2002 $1995 137 33 73 82 2 4 
Alps America AL0218 $660 121 74 449 70 70 156 3 3 3 

AL0324 $1080 106 50 337 70 71 208 3 4 3 
P2000 $995 145 39 737 70 67 95 3 3 3 
P2100 $1595 187 56 833 65 63 84 3 3 3 

Brother International Corp. 2024L $1295 93 63 461 70 73 152 4 3 2 
M-1709 $699 113 32 412 71 68 170 2 3 4 

C. ltoh Digital Products Inc. C·310XP $699 161 29 467 70 69 150 4 4 4 
C-815 Supra $1995 187 94 458 76 72 153 4 4 2 

Canon USA Inc. A-50 $499 92 26 427 70 71 164 2 2 3 
A-60/G $679 116 71 385 71 70 182 4 4 3 

Citizen America Corp. 1200 $269 90 21 461 71 70 152 3 2 3 
Tribute 224 $949 119 57 73 74 4 4 

Dataproducts Corp. 8012 $535 94 18 178 69 67 393 2 3 4 
8070 Plus $1999 226 56 476 73 71 147 2 3 3 

Datasouth Computer Corp. OS 180 Plus $1395 130 	 75 2 

Epson America Inc. EX-1000 $899 136 44 1458 71 70 48 3 3 2 
L0-2500 $1595 93 34 400 72 72 175 3 3 3 

Fujitsu America Inc. DL 2600 $1495 145 72 933 70 68 75 3 2 2 
DX 2200 $695 119 30 496 72 71 141 3 3 3 

Genicom Corp. 1020 $999 125 76 519 72 71 135 3 3 3 
3210 $1495 176 38 78 76 3 2 2 
3410.02 $2645 

IBM Corp. 	 Proprinter XL $799 123 30 254 75 73 276 3 3 2 
I nfoscribe Inc. 1100P $1490 125 35 77 75 3 3 

1400 $1845 183 56 74 72 2 2 

JDL Inc. 	 JOl.:850 EWS $2495 110 96 504 67 65 139 4 4 4 

Mannesmann Tally MT-290 $1099 143 38 414 74 72 169 4 3 4 
MT-490 $2549 

NEC Information Systems P5XL $1674 

Newbury Data Inc. OSP-3 $1560 

Nissho Information Systems NP-2410 $2040 175 104 833 72 71 84 4 4 2 
NP-910 $1445 191 36 631 72 71 111 4 3 3 

Okidata ML193 Plus $749 115 36 435 73 71 161 3 3 3 
ML294 $1499 201 77 625 72 70 112 3 3 2 

Olympia USA Inc. NP 136 $649 133 38 574 70 69 122 4 3 3 

Output Technology Corp. OT-700e $1995 198 75 642 79 79 109 3 2 3 

Panasonic Industrial Co. KXP-1092i $549 111 34 515 72 73 136 3 4 3 
KXP-1080i $329 87 22 361 72 73 194 3 2 2 
KXP·1091i $429 102 27 71 69 2 3 

Printronix Inc. P1013 $795 109 43 464 79 78 151 2 4 3 

Seikosha America Inc. BP-5420 Al $1849 247 84 1458 70 70 48 2 2 2 
MP-1300 Al $699 159 43 579 71 68 121 2 3 3 
Sl.:80 Al $549 57 30 251 67 69 279 2 3 2 

Star Micronics America Inc. NB24-15 $1099 112 50 507 74 75 138 4 4 2 
NR·15 $799 138 37 673 74 71 104 4 3 2 
NX-15 $499 78 19 348 72 70 201 3 2 3 

Tandy Corp./Radio Shack DMP 130 $350 60 14 120 63 62 583 2 2 2 
DMP 2110 $1295 138 65 470 70 74 149 4 4 2 
DMP 430 $699 119 67 380 72 74 184 3 3 2 

Texas Instruments Inc. Omni 880 $2195 183 56 70 69 2 3 

Toshiba America Inc. P341e $999 96 45 75 74 4 4 
P351- 2 $1599t 142 65 625 71 72 112 4 4 3 

t At press time, Toshiba lowered the price of the P351-2 to $1399. 

floor (while the printer is on a stand or a Word Processing Features concerns a printer's response to escape 
table with a slot). This is the preferred Table 3 lists many key word processing codes for font changes, graphics, paper 
paper path when dealing with heavy features. Emulation indicates the soft­ control, and so forth. 
multipart forms, since it minimizes jams ware compatibility ofa printer as stated in A font is a set ofletterforms for a given 
and drag on the tractor (see photo 2). the documentation. Emulation primarily continued 
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Thble 2: General spec(fications. Max. CPS is the company's spec(fication. Density = dots per inch. Buffer measurements 
are in K bytes. Pull= pull tractor; push =push tractor; tractor= type not spec(fied. Paper handling: S = standard; 0 = 
optional; • =feature is available. Linear measurements are in inches; * = not available or not applicable. H x V = 
horizontal by vertical. 

Max. CPS 	 Paper handlingCompany 	 Model 

Draft NLO Print Char. Graphic Buffer Max. Accept. 
wires matrix density size charJ form 

HxV (Std-Opt.) line width 

Wt. 
lbs. 

Alps 	 1-\LUC:: JO <'.UU IUU 18 'i C::'iU.11.C:::IO 7-64 1tiu 4-10 v v v 6x1Bx16 
ALQ324 240 BO 24 16 240x216 7-64 272 4-16 s 0 0 6x24x16 
P2000 250 55 9 '3 240x216 4-256 272 4-16 s s s 0 6x24x16 
P2100 400 BO 18 '.3 240x216 4- 256 272 4-16 • s s s () 6x24x16 

C-310XP 9 24Ux72 2-10 1Jf 4 ::; u 
C·B15 Supra 24 i 360x180 42 ­ • 232 5 S 0 

--------- ­
-.;anon A·50 IOU J4 9 240x72 2 - • 132 3 S S i.IXIOXl,j 

A-60/G 200 100 1B 24ox· 8.5 ­ • 137 3 s s O 4x15x12 
-----------------~ 

Citizen 1200 120 25 9 17x17 240x216 160 3 S S 0 4x15x9 
Tribute 224 200 66 24 36x24 360x180 244 3 S S 0 5x23x14 

Dataproducts 8012 180 30 9 36x18 165x83 2 - • 136 3-10 3 S S 5x17x1 
8070 Plus 400 100 18 1fMR 165xB3 4-6 226 4-15 6 S S 0 10x23xt 

----------------- ­ --------------------~ 

Datasouth OS 180 Plus 180 9 75x72 4 - • 272 4-16 6 S 7x24x16 
- ---------------- ­ -----------------
Epson EX-1000 250 50 9 240x216 8- 12B 272 4-16 3 S S 0 5x24x15 

LQ-2500 270 90 24 360x1BO B - • 272 4-16 4 S S 0 6x23x15 

FUJl!SU DL 2600 288 24 36x24 360x180 8 - • 272 4-16.5 5 S S 0 L 6x22x15 
DX 2200 220 9 19x16 240x60 8- 16 272 4-16.5 3 S s 0 5x23x14 

Genicom 1020 200 100 18 3 240x144 2-64 232 4-16 4 s S 0 0 • 10x24x15 
3210 240 60 8 9: I 240x144 2-8 217 • - 15.5 4 0 S 0 6x25x16 
3410.02 400 120 1 B 18 240x144 228 • - 15.5 6 0 s 0 0 

IBM Proprinter XL 200 9 120x144 4-B 232 3 t5 4 s s 5x16x14 

lnfoscribe 1100P 200 IUU 9 19x1B 144x144 3 - • 224 1.5-16 6 s s 0 7x26x15 
1400 400 BO 1B 24x1B 144x144 B-32 224 1.5-16 6 s s 0 7x26x15 

------------~ 

JDL JDlB50 EVvS 3, 120 24 1BOx180 12B ­ • 272 3-18 4 s s s 0 8x26x17 

Manne: nn Tally MT-290 200 50 9 288x144 B - • 264 3-16 5 s s 0 5x20x10 
MT-490 400 150 18 240x72 8 - • 225 3-16 4 0 0 0 9x26x1B 

NEC P5XL ?on 100 24 17x32 360x180 -40 272 5-16.5 4 s 0 0 6x23x15 

Newbury OSP-3 20( 50 1B 40x16 240x216 6-13 3 s 0 0 
------ ­

9x21x19 

Nissho NP-2410 300 150 24 24x36 360x180 6- 54 23B 4- 16 5 s 0 0 6x24x17 
NP-910 350 58 9 17x24 240x72 4-52 237 4.5-16 5 s 0 0 5x24x16 

------------------~ 
Okidata ML193 Plus 200 40 9 17x17 240x72 B ­ ' 233 3-16 4 s s 0 5x21x15 

ML294 400 100 18 17x17 288x72 B-32 233 3-16 4 s 6x21x13 

Olympia NP 136 200 9 18x24 240x144 '-8 233 4-lb 3 s s 0 4x24x14 

OTC Of-700e 700 9 100x69 226 4-16 6 s • 6x27x17 

Panasonic KXP-1092i 24U 4B 9 240x72 b-J2 1J( 4-10 3 s ::; 0 5x17x14 
KXP-1080i 120 24 9 1ox 10 240x72 1- 4 137 3-10 3 s s 5x16x11 
KXP·1091i 160 32 9 1Bx1B 240x72 1-4 137 3-10 3 s s 5x16x11 

Printronix P1013 178 63 24 ?Av~<; 360x180 137 2-10 3 s s 5x16x12 

Seikosha BP-5420 Al 420 104 8 24x16 240x120 1B - • 217 5-15.5 5 s s 0 Bx23x16 
MP-1300 Al 300 50 9 24x18 240x72 10-16 160 4-10 5 s s 0 6x1Bx1B 
Sl80 Al 135 45 24 36x17 360x180 16-. 160 4-10 3 s s 0 10x22x17 

Star Micronics NB24-15 180 60 24 24x31 360x360 5- 21 272 4- 15.5 3 s s 0 5x23x15 
NR-15 240 60 9 1Bx23 240x216 12-2B 272 4-15.5 3 s s 0 4x21x14 
NX-15 120 30 9 1Bx23 240x216 4-20 272 4-15.5 3 s s 0 4x21x14 

Tandy DMP 130 100 9 19x19 240x144 4-10 3 s s 0 5x15x10 
DMP 2110 240 83 24 30x24 240x120 226 4-15 4 s s 0 6x22x15 
DMP 430 184 108 9 1Bx18 240x144 220 4-15 3 s s hv??v1d 

Omni RAO 9 1Sx1A ?40 x • ::> R nn 1-1s 4 8x26)(20 

1osn1oa f'J41e 1C!U tiU 24 360x18u 2 - • 226 4-15 3 5 v u 6x22x15 31 
P351-2 250 83 24 360x1BO 4 - • 266 4-15 6 s 0 0 • 6x22x15 33 
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character set. Typical fonts are Courier 
and Elite, which resemble the l 0-pitch 
and 12-pitch settings on IBM Selectric 
typewriters; other typical fonts are roman 
and sans serif. 

•Pitch lists the different character den­
sities in cpi, including proportionally 
spaced density. Some printers can output 
each font in draft and Nl..Q; other units 
include draft as one of their fonts. The 
Number of fonts and Draft & NLQ col­
umns in table 3 clarify this point. 

The two primary ways of expanding a 
printer's text capabilities are throughfont 
cartridges, which increase the number of 
entire character fonts available, and 
downloadable characters, which you can 
create on your PC (with appropriate soft­
ware) and append to the printer's pro­
vided character set. 

•Character sets indicates whether a 
printer can reproduce the full IBM ex­
tended character set, referenced by 
ASCII codes 128 through 255; the Epson 
character set, referenced by the same 
range of characters; the international 
character set; or some other special char­
acter set such as APL. 

•Styles tells whether a printer is able to 
apply the following attributes to each 
character in a font: superscript, sub­
script, bold, underlined, and italic. 

•Color. We noted whether a printer 
could accept and use multicolor ribbons, 
but we did not test this feature. 

Convenience Features 
Other important printer features relate to 
ease of use, versatility, and potential 
long-term satisfaction with a product. 
This information appears in table 4. 

•Ribbon. Printers were ranked accord­
ing to the ease of changing their ribbons. 
A rating of l means the ribbon cartridge 
dropped right in with no need to handle 
the ribbon itself; a 2 rating means the 
ribbon required some additional handling 

to be positioned properly. Estimated rib­
bon life and cost are also listed. 

Today's dot-matrix printers are in­
tended to operate in a number ofdifferent 
hardware and software environments: 
with a parallel or serial interface, with 
IBM, Epson, or other emulation, with 
paper-empty detection or override, with a 
default text-quality setting, and so forth. 
In addition to software controls (com­
mands sent from the host computer), the 
printers offer a hardware means of setting 
the configuration. 

•DIP switches (DIP). Most printers al­
low you to define the power-up conditions 
of the unit by setting DIP switches. Con­
ditions you can set may include the type 
of interface, the default character set, and 
software-emulation modes. 

•Front panel (FP). In addition to DIP 
switch settings, most printers let you 
modify the print characteristics (e.g. , 
draft or high-quality, font, and character 
pitch) by using a set ofbuttons and indica­
tors (see photo 3). This is handy when 
you don't want to go to the trouble of in­
cluding the needed escape codes in your 
word processing text. 

•Menu. A few printers let you make a 
much larger set of changes by using the 
front-panel buttons in conjunction with a 
menu that is outpuron the printer or on a 
built-in display. 

Printer Evaluation 
Before trying to judge printers based on 
the benchmark results and feature lists, 
it's important to have a clear idea of what 
general printer application you have: 
business-letter printing, high-volume 
business printing, or general applica­
tions, including word processing and 
graphics generation. 

For printing letters, output quality is of 
first importance. Here, dot-matrix print­
ers generally attempt to emulate the qual­

continued 
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Photo 3: The Nissho NP-24/0 has two control panels, exemplifying this method 
ofselecting printer features . 

WHY YOU 

SHOULD 

MAKEA 

CORPORATE 

CONTRIBU­
TION TO 
THE AD 
COUNCIL 
The Advertising Council is the biggest 
advertiser in the world. Last year, with 
the cooperation of all media, the Coun­
cil placed almost six hundred million 
dollars of public service advertising. 
Yet its total operating expense budget 
was only $1,147,000 which makes its 
advertising programs one of America's 
greatest bargains ... for every $1 cash 
outlay the Council is generating over 
$600 of advertising. 
U.S. business and associated groups 
contributed the dollars the Ad Council 
needs to create and manage this 
remarkable program. Advertisers, ad­
vertising agencies, and the media 
contributed the space and time. 
Your company can play a role. If you 
believe in supporting public service 
efforts to help meet the challenges 
which face our nation today, then your 
company can do as many hundreds of 
others-large and small-have done. 
You can make atax-deductible con­
tribution to the Advertising Council. 
At the very least you can, quite easily, 
find out more about how the Council 
works and what it does. Simply write to: 
Robert P. Keirn, President, The Adver­
tising Council, Inc., 825 Third Avenue, 
New York, New York 10022. 

f!WI A Public Service of This Magazine 
~ & The Advertising Council. 

The cost of preparation of this advertisement 
was paid for by the American Business Press, 
the association of specialized business publi­
cations. This space was donated by this 
magazine. 
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Tuble 3: Printer features. Pitch measurements are in cpi. Draft & NLQ tells {fseparate modes are available for every 
font. Styles: ', = superscripts and subscripts; b = bold; i = italic; u = underlined; • =feature is available. 

0 
~ ~ !? J;

·lf 'll' ."t:J<5J;? 
i:s ~ ~ ~ 

Company Model Emulation Pilch ~ <l' (J'li <J Char. sets Styles Color 

AMT AMT 2002 Diablo 630 & lhk Jet, Qume 
Sprint 11, NEC Spinwriter·, IBM 
Color; Epson JX-80 

10, 12, 13.3, 15, 17.1, 20 4 Epson, IBM 5 biu s -

Alps ALQ218 

ALQ324 

P2000 

P2100 

Epson FX-80, Epson JX-80, 
IBM Graphics Printer 
Epson LQ-2500 

Epson FX­100, Diablo 630S 

Epson FX· 100 

10, 12, 17, 20 

10, 12, 17, 20 

5, 6, 8.5, 10, 12, 17 

5, 6, 8.5, 10, 12, 17 

Epson, IBM, 
International 
Epson, IBM, 
International 
Epson, IBM, 
International 
Epson, IBM, 
International 

5 biu s -

5 biu 
s -

s bi u 
s -

5 biu s -

Brother 

C. ltoh 

2024L 

M-1709 

C-310XP 

C-815 Supra 

Epson FX-80, Diablo 630 

Epson FX-286, IBM Proprinter 
XL 

Epson FX-80+, IBM Proprinter 

IBM Proprinter XL, Toshiba 
P351, Qume Sprint 11 

10, 12 , 16.7, 20 

5, 6, 8.5, 10, 12, 17, 20 

10, 12, 17.1 

10, 12, 17 

3 

2 

2 

2 

. • 

. 

International 

Epson, IBM, 
International 

Epson, IBM, 
lntema\ional 
IBM, 
International 

s b u 
s -

5 biu 
s -

5 biu 
s -

5 biu 
s -

Canon A-50 Epson FX, IBM Graphics 
Printer 

5, 8.57, 10, 12, 17.14 Epson, IBM, 
International 

5 biu 
s -

A-60/G Epson FX, IBM Graphics 
Printer 

5, 6, 8.5, 10, 12, 17 Epson, IBM, 
International 

8 biu 
s -

Citizen 120D 

Tribute 224 

Epson FX, IBM Graphics 
Printer 
Diablo 630, Epson 
LQ-800/1000, Qume Sprint 11, 
Toshiba 1340 

5, 6, 8.5, 10 , 12, 17, 20 

10, 12, 16.7, 18 2 . 
Epson, IBM, 
International 
Epson, IBM, 
lnternalional 

8 biu 
s -

8 biu 
s -

Data-
products 

8012 

8070 Plus 

IBM Color Printer; IBM 
Graphics Printer 
Dataproducts P80/8070/8072, 
IBM Color Printer; IBM 
Graphics Printer; IDS Prism 

10, 12, 13.3, 17.1 

10, 12, 17.1 

IBM 

IBM, 
International 

s b u 
s -

s b u 
s -

Datasouth OS 180 Plus None 5, 6, 8.25, 10, 12, 16.5 APL, IBM, 
International 

u 

Ep~on EX-1000 

L0-2500 

Epson FX, IBM Graphics 
Printer, IBM Proprinter 
Epson ESC/P. Epson EX 

10, 12, 17. 20 

10, 12, 15 

3 

6 

Epson, IBM, 
International 
Epson, 
International 

5 biu 
s -

8 biu 
s -

Fujitsu DL 2600 

DX 2200 

Diablo 630, Epson JX-80, 
Fujitsu, IBM Graphics Printer 
Epson FX-80/JX-80, IBM 
Graphics Printer; IBM 
Proprinter 

10, 12, 15, 17, 18, 20 

10, 12. 15, 17.1 , 20 

2 

2 

IBM, 
International 
Epson, 
International 

s bi u 
s -

5 biu 
s -

Genicom 

IBM 

1020 

3210 

3410.02 

Proprinter XL 

Diablo 630, Epson FX-80/100, 
IBM Color Grapl;iics, IBM 
Graphics Printer; ANSI 
X3.64-1979 
IBM Graphics Printer; Okidata 
ML 84 Step 2 
ANSI X3.64-1979, IBM 
Graphics Printer 

IBM Proprinter; IBM Graphics 
Printer 

10, 12, 17.1 

5, 6, 6.55, 7.5, 8.25, 10, 
12, 13.1. 15, 16.5/17 
5, 6, 8.35, 10, 12, 13.1, 15, 
16.7 

5, 6, 8.55, 10, 12, 17.1 

2 

2 

IBM, 
International 

IBM, 
International ' 
IBM, 
International 

IBM, 
International 

s b u 
s -

s b u 
s -

s b u 
s -

s b u 
s -

lnfoscribe 1100P Diablo 630, Epson MX-80, 10, 12, 16.5 International s bi u 
IBM Graphics Printer; IDS s -
Prism 

1400 Diablo 630, Epson MX-80, 
IBM Graphics Printer; IDS 

10, 12, 16.5 2 Epson, IBM, 
lnternalional 

s bi u 
s -

Prism 
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______________________ _ 

BYTE 
LISTINGS 
YOUR WAY! 
- a;.
It's easy. Now there are 
three ways to get sou rce­
code listings that go w ith 
BYTE articles-on disk, 
in print or on line. 

LISTINGS ON 
DISK BYTE list ings on 
disk are right for you if 
you wa nt to compile or 
run programs quickly. 
Disks are now available 
by annual subscription as 
well as indi vidual orders. 
BYTE offers listings in 11 
popular disk formats. 

LISTINGS IN 
PRINT This print sup­
plement co ntains source­
code listings described in 
the issues of BYTE. 

LISTINGS FROM 

BIX (BYTE Information 
Exchange) By joining 
BIX, yo u can download 
BYTE so urce-code 
listings at standard BI X 
rates. See BI X informa­
tional ad listed in Reader 
Service index in t hi s 
issue. 

·.·: 
FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 
Call: M-F, 8:30 a.m. to 
4:30 p.m. Eastern Time 

(603-924-9281 for New 
Hampshire residents) 

For credit card 

orders only. 


ON DISK 

Please send me single disks in 
the format checked for the 
following 1987 issues: 

D January D August 

D February D Sep tember 

D March D October 

D April D November 

D May D December 

0 June 0 IBM PC Issue 

D July 

Disks of listings for December 
1985 and all 1988 issues are 
available at the prices stated at 
the right. Please mark the 
appropriate format and note 
the issue date below. 

Monih - ------ -­

Year -------- -­

IN PRINT 
1987 Annual 
Supplement 
Subscription Rates 

IN USA: 
on ly $18.00 
!Save $4.851 

OUTSIDE USA: 
only $21.00 
!Save $4.851 

5% inch: 

0 IBM PC 

0 Apple II 

0 Kaypro 2 CP/M 

D Tandy Mod 4 

0 MS-DOS 8 Sector 

D Tl Professional 

3y, inch: 

D Apple Macintosh 

0 Atari ST 

D Amiga 

0 HP 150 

8 inch: 

0 CP/M 

IN USA: OUTSIDE USA: 
Single Annual Single Annual 
Month Subscription Month Subscription

(one disk) (13 disks) (one disk) (13 disks) 

D $8.95 D $69.95 D Sl0.95 D $89.95 
!Save $46.401 !Save $52.401 

D $9.95 D $79.95 D Sl l. 95 D $99.95 

!Save $49.401 ISave $55.40! 

D $9.95 D $79.95 D Sll .95 D $99.95 
!Save $49.40! ISave $55.401 

1987 Supplement Issues 
IN USA: 

D January through March 1987 for 
only $6.95. 

D Apri l through June 1987 for on­
ly $6.95. 

D July through September 1987 
for only $6.95. 

D October through December 
1987 for only $6.95. 

OUTSIDE USA: 

D January through March 1987 for 
only $7.95. 

D April through June 1987 for on­
ly $7.95. 

D June through September 1987 
for only $7.95. 

D October through December 
1987 for only $7.95. 

1986 Supplement Issues FOLD 

IN USA: HER E 

D January through June 1986 for 
only $8.95. 

D July through September 1986 
for only $6.95. 

D October through December 
1986 for only $6. 95. 

D 1986 Annual Subscri ption for 
only $18.00 I Save $4.851. 

OUTSIDE USA: 

D January through June for only 
$9 .95. 

D June through September for 
only $7.95. 

D October through December for 
only $7.95. 

D 1986 Annual Subscription for 
only $21 .00 !Save $4.851. 

COMBINED DISK 
AND PRINT 
SUBSCRIPTION 
Bundled together, 
giving you the 
convenience of disk­
based source-code plus 
the ease of reference of 
print . 

Name 

IN USA: OUTSIDE USA: 
Annual Subscription Annual Subscription 
113 disks & 4 Issues) 113 disks & 4 Issues) 

D $104.95 
0 IBM PC 

D $84.955% inch: 
ISave $60.251 

0 Apple II 
0 Kaypro 2 CP/M 
D Tandy Mod 4 
0 MS-DOS 8 Sector 
D Tl Professional 

ISave $54.251 

D $11 4.95 
D Apple Macintosh 
3Y, inch: D $94.95 

!Save $57.251 ISave $63.251 
0 Atari ST 
D Amiga 
0 HP 150 

D $94.95 D $114.95 
0 CP/M 
8 inch: 

(Save $57.251 ISave $63.251 

f OL[ 

HERE 

APRIL 1967 

Addross _____________________ _ 

City __________ State ___ Zip _______ 

County or Parish---- - --- Country _______ _ 

Credit Card.# _____________ _ ______ 

Exp. Date __ Signature Date----­

Please allow 4-8 weeks for delivery. 

D Check enclosed 

D MasterCard 

0 VI SA 

D US. Funds enclosed llf ordering 
from outside the U.S. please remit in 
U.S. funds drawn on a U.S. bank. 
Thank you .I 



FOLD 

HERE 

II NO POSTAGE 

NECESSARY 

IF MAILED 


IN THE 

UNITED STATES 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO. 10 PETERBOROUGH, NH 

POSTAGE WILL BE PAID BY ADDRESSEE 

IJ'1JE Listings 
One Phoenix Mill Lane 
Peterborough, NH 03458-9990 
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REVIEW: DITT-MATRIX PRINTERS 

Company Model Emulat ion Pitch 

0 
r? ~ig 
~ '>:! -~ ;? 
c-~ t' J..,<Sv"'<:J Char. sets Styles Color 

JDL JDL850 EWS Epson FX, MX, RX, LX , and 
JX series, IBM Color Graphics 
Printer 

10, 12, 15, 17.1. 20 2 . APL, Epson, 
IBM, 
International 

5 biu s -

Mannesmann 
Tally 

NEC 

Ml290 

MT-490 

P5XL 

Ml140, Epson FX, IBM 
Proprinter 

ANSI, Epson FX-100, IBM 
Proprinter 

Epson FX/MX, JX-80, L0­1500 

5, 6, 7.5, 8.6, 10, 12, 17.1, 
20 

5, 6, 7.5, 8.6, 10, 12, 15, 
17.1 

10, 12, 15, 17, 20 3 

APL, Epson, 
IBM, 
International 
Epson, IBM, 
lnt!lrnational 

Epson, IBM, 
International 

s bi u 
s -

s bi u 
s -

s bi u 
s -

Newbury OSP-3 IBM Proprinter 10, 12, 15, 17 2 IBM, s bi u 
International s -

Nissho NP-2410 Epson L0-1500 10, 12, 15, 18 4 Epson, IBM, s bi u 
International s -

NP-910 Epson FX­100+, IBM Graphics 10, 12, 15, 18 2 Epson, IBM, s bi u 
Printer International s -

Okidata ML193 Plus IBM Graphics Printer; IBM 5, 6, 8.5, 10, 12, 17.1 IBM, s bi u 
Proprinter International s -

ML294 Epson JX-80, MX-801100, IBM 
Color Printer, IBM Graphics 

5, 6, 8.5, 10, 12, 17 IBM, 
International 

5 biu 
s -

Printer 

Olympia NP 136 Epson FX-80, IBM Proprinter 10, 12, 17 Epson, IBM, 5 biu 
International s ­

OTC Ol700e DEC LA 120 (DEC ANSI) , Ep- 5, 6, 8.3, 10, 12, 16.6 Epson, IBM, s
Sb~son FXIMS-100 International 

Panasonic KXP-1092i Epson FX-80, IBM Proprinter 5, 6, 7.5, 8.5, 10, 12' 15, 17 3 Epson, IBM, s bi u 
International s -

KXP-1080i IBM Graphics Printer; Epson 
RX-80 

5, 6, 75, 8.5, 10, 12, 15, 17 2 IBM, 
International 

s s bi u 

KXP-1091i Epson RX-80, IBM Proprinter 5, 6, 7.5, 8.5, 10, 12, 15, 17 2 IBM, s bi u 
International s -

Printronix P1013 Diablo 630, Epson L0-1500, 
IBM Proprinter 

10, 12, 17.1 Epson, IBM, 
International 

5 biu 
s -

Seikosha BP-5420 Al Epson FX-80, IBM Color 
Printer 

10, 12, 16, 20 IBM, 
International 

s bi u 
s -

MP-1300 Al Epson FX-80, IBM Graphics 
Printer 

10, 12, 17, 20 IBM , 
International 

s bi u 
s -

Sl.:80 Al Epson L0-1500, IBM Graphics 
Printer 

10, 12, 17, 20 IBM, 
International \bi~ 

Star NB24-15 Epson L0-1000, IBM Graphics 10, 12, 15, 17, 20 Epson, IBM, 5 biu 
Micronics Printer, IBM Proprinter International s -

NR-15 Epson FX-85, IBM Graphics 10, 12, 15, 17 Epson, IBM, 5 biu 
Printer; IBM Prnprinter International s -

NX-15 Epson FX-85, IBM Graphics 10, 12, 15, 17 Epson, IBM , s bi u 
Printer International s -

Tandy DMP 130 IBM Graphics Printer 5, 6, 8.5, 10, 12, 17 IBM , lnterna­ s bi u 
tional , Tandy s -

DMP 2110 IBM Graphics Printer 5, 6, 8.3, 10, 12, 16.7 2 IBM, lnterna­ 5 biu 
tional, Tandy s -

DMP 430 IBM Graphics Printer 5, 6, 8.3, 10, 12, 16.7 IBM , lnterna­ s bi u 
tional, Tandy s -

Tl Omni 880 IBM Proprinter; Tl Model 5, 6, 8.3, 10, 12, 16.7 IBM, s b u 
8501860 XL International s -

Toshiba P341e IBM Graphics Printer, Oume 
Sprint 5 & 11 

5, 6, 6.7, 8.3, 10, 12, 13.4, 
16.7 

3 IBM, 
International 

biu 

P351-2 IBM Graphics Printer, Oume 
Sprint 5 & 11 

5, 6, 6.7, 8.3, 10, 12, 13.4, 
16.7 

3 IBM , 
International 

s s bi u 
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REVIEW: DITT-MATRIX PRINTERS 

Table 4: Convenience features. Ribbon ease: 1 = easiest; 2 = average. Ribbon-life measurements are in millions of 
characters. Documentation ease and technical quality: 3 = best; 2 = average; 1 = inadequate. 

Company Model Ribbon Interfaces Documenta lion Comments 

.~ 
if' c;;- Q. I ~~ 

-~c/J ...., c>° ~ ft-~ Std. Opt Manuals: pages c/Jd 

AMT AMT 2002 10 $35 • parallel, serial Programmer's Reference 2 2 Print-head life given as one year. 
Manual:184, Operator's Has draft, memo, and letter-quality 
Manual:83 print styles. 

Alps AL0218 2 $15 parallel, serial User's Manual:240 24-wire head also available. Inter­
face cartridges available for various 
compatibilities. 

AL0324 2 $15 parallel serial User's Manual:240 18-wire head also available. Inter­
face cartridges available for various 
compatibilities. 

P2000 2 3 $12 • parallel, serial User's Manual:130 Interface cartridges available for 

P2100 2 3 $12 . parallel, serial User's Manual:130(0RC") 
various compatibilities. 
Interface cartridges available for 
various compatibilities. 

Brother 2024L 
M-1709 

1 
2 

2 
2 

$10 
$12 

. . parallel, serial 
parallel, serial 

Owner's Manual:84 
Owner's Manual:126 

3 
2 

2 
2 Forms "parking" allows single-sheet 

printing without unloading forms. 

C. ltoh C-310XP 2 $9 •parallel serial User's Manual:215(0RC) Has draft, near-letter-qual ity. and 
letter-quality print styles. 

C-815 Supra 2 6 $35 parallel, serial User's Manual:150 2 2 

Canon A-50 2 3 $10 . parallel serial, Operation Manual:171 2 2 Ribbon cartridges sold in 6-packs 

A-60/G 2 $13 . parallel or serial 
loop 

Operation Manual:116 2 2 
for $60. 
Ribbon cartridges sold in 6-packs 
for $78. Has draft, near-letter-quality, 
and near-letter-quality "plus." 

Citizen 1200 2 2 $6 parallel serial User's Manual:184(QRC) 2 2 
Tribute 224 2 4 $22 • parallel, serial Reference Font cartridges are credit-card-like 

Manual108(0RC), User's cards. Emulator modes are enabled 
Manual:82(0RC) with similar cards. 

Data· 8012 2 4 $10 •parallel Owner's Guide:80 2 3 Ribbon cartridges sold in 6-packs 
products for $61. Has draft, text, and letter 

quality. 
8070 Plus 2 7 $10 • parallel, serial Operating Guide:75(0RC) 2 2 Ribbon car1ridges sold in 6-packs 

for $60. Has draft, correspondence, 
and letter quality. 

Datasouth OS 180 Plus 4 $10 parallel or serial loop Operator's 2 2 
Manual:85(QRC) 

Epson EX-1000 3 $15 • parallel, serial loop User's Manual:225(0RC) 1 2 
L0-2500 2 $18 • parallel, serial User's Manual: 2 Control panel includes SelecType 

225(QRC) with an LCD. 

Fujitsu DL 2600 2 15 $30 parallel, serial User's Manual:191 2 2 
DX 2200 3 $13 • parallel or serial dual, User's Manual:168 2 2 

parallel, 
& serial 

Genicom 1020 2 4 $12 . parallel or serial Operator's Manual:100. 2 2 Has personality cartridges contain· 
Personality Reference ing emulation and interface informa­

3210 2 4 $12 . parallel, serial 
Manual:80(0RC) 
User's Manual:150 3 2 

lion. Zero-inch tear-off saves forms. 

3410.02 2 15 $24 • parallel, serial User's Manual:150 3 3 Also prints bar codes. 

IBM Proprinter 2 3 $13 . •parallel serial Guide to Opera­ 2 "Quiet" printing mode . 
XL tions:175(0RC), Guide to 

Programming:100 

lnfoscribe 1100P 2 5 $11 . parallel, serial, Operator's Manual:100 2 2 Bar code printer option. Draft, near-
dual (switch­ letter, and correspondence quality. 

1400 2 5 $11 . able), or loop 
parallel dual, Operator's Manual:100 3 3 Bar code option. Draft, cor­

parallel, respondence, and near-letter quality. 
& serial 

JDL JDL.S50 2 $60 • parallel or serial Operator's Manual 90 2 Optional emulation ROM cards. 
EWS Control panel includes an LCD. This 

is also a color plotter. 

• ORC = quick-reference card 
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REVIEW: DITT-MATRIX PRINTERS 


Company Model Ribbon Interfaces Documentation Comments 

Opt. Manuals: pages 

Mannes­
mann Tal ly 

Ml290 3 $14 • • parallel serial, 
loop 

Operator's Manual:80, Ap­
plications Manual:114 

2 2 Ribbon cartridges sold in 5-packs 
for $69.75. 

MT490 2 5 $7 parallel. serial Operator's Manual:50, Ap­ 2 Ribbon cartridges sold in 10-packs 
plications Manual:140 for $69.50. 

NEC P5XL 3 $14 • parallel. serial Technical Reference 2 
Guide:173, User's 
Guide:42 

Newbury OSP-3 2 $8 parallel, serial parallel, User Handbook:240 2 2 Has draft, near-letter-quality, and 
serial letter-quali ty print styles. 

Nissho NP-2410 6 $15 • parallel, User's Manual:118, Pro­ 2 2 Optional zero-inch tear-off saves 
serial gramming Manual:106, forms. 

IBM coax and twinax 
NP-910 6 $15 • paralle l, User's Manual:87, Pro­ 2 2 Has plug-in font chips, not car­

serial grammer's Manual:93. In ­ tridges. Optional zero-inch tear-off 
terface Manual :1 1, IBM tractor system. 
coax and twina x 

Okidata ML193 Plus 3 $9 • parallel. serial Getting Started:22. IBM 2 Personality modules. Okifont soft­
Compatible Reference ware included. 
Guide:46 

ML294 2 5 $19 • parallel, serial Printer Handbook:25, IBM 2 Plug-in personality ca11riciges, Oki­
Compatible Reference font software, and color print 
Guide:107 software. 

Olympia NP 136 2 3 $10 • parallel serial Operation Manual:157 2 Font cartridges are credit -card-like 
cards that slide into a slot. 

OTC onooe 2 6 $20 • parallel, serial Operator's Guide:115 2 2 	 Three-head design achieves max­
imum throughput when printing on 
wide (136-column) forms. Also prints 
bar codes. 

Panasonic KXP-1092i 3 $12 • parallel serial Operating lnstructions:150 Exceptional manual. Lots of informa­
tion packed into first three pages. 

KXP-1080i 3 $1 0 • parallel serial Operating lnstructions:107 2 2 
KXP-1091i 3 $10 • parallel serial Operating lnstructions:120 1 

Printronix P1013 3 $10 • parallel User's Reference 2 2 Identity cartr idge includes character­
Manual 225(QRC) set. font, and emulation mode. Has 

a serial 24-wire hammer-and-shuttle 
assembly. 

Seikosha BP-5420 Al 2 8 $15 • parallel, serial Operation Manual:90 2 2 
MP-1300 Al 8 $19 • parallel, serial Owner's Manual:161 1 
s1~80 Al 2 $9 parallel Preliminary Technical 3 2 128 downloadable characters. 

Document:54 

Star N824-15 2 5 $11 • parallel serial, User's Manual:240, User's 2 2 
Micronics loop Guide:2 

NR-15 2 3 $12 • parallel serial, User's Manual: 214, User's 2 2 
loop Guide:2 

NX-15 2 3 $12 • parallel serial, User's Manual:195, User's 2 2 
loop Guide:2 

1andy DMP 130 2 2 $11 • parallel, serial Operation Manual:118 2 3 Ribbon refi lls sold in 3-packs for 
$12.95. Has Microfont, which lets 
you print everything in subscript-size 
type. 

DMP 2110 2 $14 • parallel Operation Manual:180 2 2 Microfont lets you print everything in 
subscript-size type. 

DMP 430 4 $16 • parallel, serial Operation Manual:132 2 2 Microfont lets you print everything in 
subscript-size type. 

Tl Om_ni 880 2 $5 • parallel. serial Quick Reference Guide:20. 2 2 Ribbon spools sold in 6-packs for 
User's Manual:100, $27. Has interfaces for IBM, Tl PC, 
Worldwide Service and and Macintosh. 
Support:12 

Toshiba P341e 2 $12 • parallel, serial User's Manual:154, Annex 
II to User's Manual:13 

P351-2 2 $12 • • parallel, serial User's Manual:224 2 Quiet-printi ng mode. Bidirectional 
tractor available. Electronic in­
tegrated sheet feeder optional. 
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REVIEW: DITT-MATRIX PRINTERS 

Printer Companies 

.Advanced Matrix Technology Inc. 
Model tested: AMT 2002 Office 

Printer 
1157 Tourmaline Dr. 
Newbury Park, CA 91320 
(805) 499-8741 

Alps America 
Models tested: P2100, P2000, 

AL0324, ALQ218 
3553 North First St. 
San Jose, CA 95134 
(800) 828-2577 

Brother International Corp. 
Models tested: 2024L, M-1709 

8 Corporate Place 
Piscataway, NJ 08854-0159 
(201) 981-0300 

C. ltoh Digital Products Inc. 
Models tested: C-310XP. C-815 

Supra 
19750 South Vermont SI., Suite 220 
Torrance, CA 90502 
(213) 327·2110 

Canon U.S.A. Inc. 
Models tested: A-50, A-60/G 


One Canon Plaza 

Lake Success, NY 11042-9979 

(516) 488-6700 

Citizen America Corp. 
Models tested : Tribute 224. 1200 


2425 Colorado Ave 

Santa Monica, CA 90404 

(213) 453-0614 

Dataproducts Corp. 
Models tested: 8070 Plus, 8012 


Roule 13 S 

Milford, NH 03055 

(603) 673-9100 

Datasouth Computer Corp . 
Model tested: OS 180 Plus 

4216 Stuart Andrew Blvd. 
Charlotte. NC 28210 
(800) 222·4528 

Epson America Inc. 
Models tested: EX-1000, LQ-2500 

2780 Lomita Blvd. 
Torrance, CA 90505 
(213) 539-9140 

Fujitsu America Inc. 
Models tested: OX 2200, DL 2600 

3055 Orchard Di: 
San Jose, CA 95134-2017 
(408) 946-8777 

Genicom Corp. 
Models tested: 1020, 3410.02, 

3210 
One Genicom Dr: 
Waynesboro, VA 22980 
(703) 949-1000 

IBM Corp. 
Model tested: Proprinter XL 


Old Orchard Rd. 

Armonk, NY 10504 

(800) 426-2468 

lnfoscribe Inc. 
Models tested: 1100P. 1400 


1808 Michael Faraday Ct. 

Reston, VA 22090 

(800) 233-4442 

JDL Inc. 
Model tested: JDL-850 EWS 

2801 Townsgate Rd .. Suite 104 
Westlake Village, CA 91361 
(805) 495-3451 

Mannesmann Tally 
Models tested: MT-490, MT290 

8301 South 180th St. 
Kent, WA 98032 
(206) 251-5500 

NEC Information Systems Inc. 
Model tested: Pinwriter P5XL 

155 Swanson Rd. 
Boxborough, MA 01719 
(800) 343-4418 

Newbury Data Inc. 
Model tested: OSP-3 

2200 Pacific Coast Hwy .. Suite 
208 
Hermosa Beach, CA 90254 
(213) 372-3775 . 

Nissho Information Systems 
Models tested: NP-2410, NP-910 

10855 Business Center Dr., 
Suite 100 
Cypress, CA 90630 
(714) 952-8700 

Okidata 
Models tested: ML294, ML 193 


Plus 

532 Fellowship Rd . 

Mt. Laurel, NJ 08054 

(800) 654·3282 

Olympia USA Inc. 
Model tested : NP 136 


Box 22, Route 22 

Somerville, NJ 08876 

(201) 722-7000 

Output Technology Corp. 
Model tested: OT?OOe 

East 9922 Montgomery, Suite 6 
Spokane, WA 99206 
(800) 468-8788 

Panasonic Industrial Co. 
Models tested: 
KXP-1080i,KXP-1091i, 

KXP-1092i 

2 Panasonic Way 

Secaucus, NJ 07094 

(201) 348· 7000 

Printronix Inc. 
Model tested: P1013 

17500 Cartwright Rd. 
Irvine, CA 92713 
(714) 863-1900 

Seikosha America Inc. 
Models tested: SL 80 Al, 

MP-1300 Al, BP-5420 Al 
1111 Macarthur Blvd. 
Mahwah, NJ 07430 
(201) 529-4655 

Star Micronics America Inc. 
Models tested: NX-15, NR-15, 

NB24-15 
200 Park Ave .. Suite 3510 
New York, NY 10166 
(212) 986-6770 

Tandy Corp./Radio Shack 
Models tested: DMP 130, 


OMP 2110, OMP 430 

1800 One Tandy Center 

Fort Worth, TX 76102 

(817) 390-3011 

Texas Instruments Inc. 
Data Systems Group 
Model tested: Omni Model 880 
PO. Box 809063 
Dallas, TX 75380·9063 
(800) 527-.3500 

Toshiba America Inc. 
Models tested: P351 Model 2, 


P341e 

2441 Michelle Or. 

Tust in, CA 92680 

(714) 730-5000 

ity of a daisy-wheel printer output by 
placing the dots so close together that 
they approximate solid lines. This can be 
done with multiple passes of the print 
head or by increasing the number and 
density of the wires on the print head. 
The printers we tested had print-head 
densities ranging from 8 to 24 wires. 

For correspondence, the availability of 
single-sheet paper-handling systems such 
as friction-feed and cut-sheet feeders will 
probably be an important factor, in addi­
tion to print quality . 

High-volume applications include 
printing regular reports, mailing lists, 
and forms. Here the key feature is speed. 
Special form-handling capabilities such 
as bottom feed, the ability to tear off a 
form and continue printing on the top line 
of the next form, and the ability to print 
multipart forms may also be important. 

Included in general applications are 
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full-featured word processing and bit­
map graphics printing. Font availability, 
print quality, and available attributes are 
all important for word processing. For 
bit-map graphics, resolution and soft­
ware emulation determine how useful a 
given model will be. Since graphics 
printing usually involves a high volume of 
data, the presence and size of an input 
buffer may assume extra importance as 
well. 

To assist you in sorting out all the infor­
mation contained in the charts, we've 
ranked the top 10 printers in the three 
general application areas of high-quality 
correspondence, high-volume printing, 
and general use (see figure 2). Printers in 
the top row achieved the highest scores on 
the NLQ print-quality test. Printers in the 
second row had the highest throughput in 
draft mode; to be considered for this cate­
gory, a maximum form width of at least 

13.5 inches was required. The bottom 
row features the 10 least-expensive quali­
fying printers. To qualify, printers had to 
offer superscripts, subscripts, underlin­
ing, boldface, and italic, and had to have 
an overall print-quality score (draft+ 
NLQ+graphics)/3 of at least 3. 

A Safe Buy 
No printing technology on the horizon 
can compete with dot-matrix impact 
technology as a low-cost yet versatile sys­
tem of printing. Dot-matrix printers have 
put daisy-wheel quality under siege, and 
they can even make a respectable attempt 
at laser printer productions. 

In summary, you can purchase a print­
er without fear that tomorrow's printer 
will render yours obsolete. The real 
challenge is in finding the printer with the 
features you need, and that's where our 
tables will help. • 



REVIEW: DOT-MATRIX PRINTERS 

PRICE SOUND THRUPUT QUALITY 
LEVEL SPEED 
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HP 136 
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Figure l~ TI1e top-ranked printers in three categories: NLQ printing (top row), high-volume printing (middle row), and 
general personal computer applications (bottom row) . See te.xtfor further infonnation. 
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MC68020 vs. 80386. 

How to run apples-to-apples vs. apples-to-oranges 


benchmarks on these archrival 32-bit rvrr>Us. 

Choosing the world's highest-perform­

ance 32-bit microprocessor should be 
as easy as making an apples-to-apples 
comparison with such industry-standard 
benchmarks as Whetstone and Dhrystone 
performance. 

How to tell apples from oranges. 
When pulling an apples-to-apples 

comparison, anyone, anywhere, should 
be able to easily duplicate the compari­
son factors and results. Repeatably. 

Attempt no. 1. 
So, when comparing the MC68020 and 

80386, the first task is to find one of each. 
Motorola shipped over a quarter of a 

million MC68020s last year, so finding one 
is easy. Get the fastest available-a 25 
MHz-and a 20 MHz Motorola floating­
point coprocessor, the MC68881. 

Next (things get harder), try to get 
your hands on a fully functional, bug free 
80386 MPU and 80387 floating point. 

And now you know why it's so hard 
to make an apples-to-apples comparison: 
you can get the Motorola devices, but 
"comparable" '386 and '387s? No way. You 
have to settle for the slower '386 and the 
promise of silicon yet to come on the '387. 

Attempt no. 2. 
All right, if you can't find the chips, 

go for readily-available 32-bit systems and 
compare real, live, '020- and '386-based 
systems from the commercial market. 

Exasperating, isn't it? There are hun­
dreds of choices of commercially-available, 
'020-based systems. But, finding compara­
ble '386-based systems ... ? 

Attempt no. 3. 
Running real benchmarks on real 

products is the best comparison. We've 
looked at two questionable comparison 
attempts. Now it's time to try some 
industry-standard approaches, such as 
Whetstone and Dhrystone benchmarking. 
That should allow an apples-to-apples 
comparison, shouldn't it? If not, at least 
it should be apples-to-apples on paper. 

Here are currently-available Whet­
stone and Dhrystone procedures for the 
MC68020 and the 80386 32-bit processors. 
To use industry-standard methods of 
comparison, you'll have to-must-rerun 
the Whetstones and Dhrystones for the 
'386 along the same universally-accepted 
lines as for the '020. 

And discover which has the greater 
potential for being a keystone and which 
for being a millstone in your new 
design. The MC68020 is still the highest­
performance microprocessor no matter 
how you slice it! 

MC68020/68881 
•Execution of standard Whetstone benchmark 

written in FORTRAN:recognized and run by 
all leading systems manufacturers (Cray, DEC, 
IBM, etc.). 

• Double-precision floating point: specified by 

standard Whetstone for high accuracy. 


•Complete, 10-Joop-count execution: 1million 

Whetstone instructions. 


• Unary instructions executed:specified by stand­
ard Whetstone; single-operand operations. 

•Entire Whetstone benchmark pro­
cedure was not modified from 
the odgina1 s.tandard: no I-Ficks 
or tweaks to hype performance. 

Result: 1.24 million Whetstones/ 
second with commercially­
available silicon (68020, 68881). 

DHRYSTONE PERFORMANCE 
The Dhrystone Benchmark measures CPU performance on a typical mix of high-level 

WHETSTONE PERFORMANCE 
The Whetstone is a standard double-precision, floating-point benchmark written in FORTRAN. 

r-------------------------,

I To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 I 
I 

I 
Please send me more information on the MC68020 32-bit system solution 
and apples-to-apples comparisons. 

289BYTEOQ0087 

I
I 

I Name I 
I
I Title 

I
I 

I Company I 
I 
I 

Address I 
I 

I City State Zip I 
I Call me ( ) I 
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language statements. 

MC68020 
• Dhrystone results measured on commercially­

available system: Sun Microsystems 3/200 
workstation. 

• Commercially-available operating system 

(UNIX®). 


•Commercially-available UNIX® Ccompiler(ccl. 

• Real-world memory architecture: 
Dhrystone WRITE operations 
must pass through to main­
memory DRAM. 

Result: 6362 Dhrystones with. 
commercially-available, real­
world systems. 

UNIX is a registered trademark of AT&T. 

For an engineer-to-engineer or senior­
rnanager-to-senior-manager update on 
the real 32-bit system products, call toll­

1-800-521-6274 

free any weekday. If the call can't cover 
your needs, we'll have the appropriate 
person get in touch. 

For more information on the MC68020, 

80386/80387 
•Execution of vendor-modified Whetstone bench­

mark written in C: nobody else in the industry 
uses this particular procedure. 

• Single-precision floating point: non-standard 
Whetstone sacrifices accuracy for "performance:' 

• Incomplete, 2-loop-count execution: only 200,000 
Whetstone instructions. 

• No unary instructions executed: intentional '386­
vendor modifications to Whetstone spec avoids 
single-operand operations. 

•Altered Whetstone benchmark f --T­
procedure allowed '386 vendor 
more favorable results: avoided 
branch control overhead. 

Result: Claims that provide no 

ability for apples-to-apples 

comparison. 


80386 
• Dhrystoneresults measured on specially-modified 

"hot box" built by '386 vendor: '386 "starter kit" 
version not commercially available. 

• No operating system used: '386 vendor used own 
modified debug monitor. 

• '386 Vendor used own internal "beta" version of 
C compiler: not commercially available. 

•Utopian memory architecture: 
zero-wait-state WRITE opera­
tions to unlimited cache SRAM 
-no write through to main 
memory. 

Result: Claims that provide no 

ability for apples-to-apples 

comparison. 


and an apples-to-apples comparison, 

send the coupon to Motorola 

Semiconductor 
 V\'...reProducts, Inc., 
P.O. Box 20912, pn \ 1r 
Phoenix, AZ cl . ign-in 
85036. re~ m. 

®MOTOROLA 



Ar Codex, we understand that all the speed in 
the world won't get you anywhere if you can't depend on 
it. And that's why we developed our V.32 modem to give 
you 9600 bps full-duplex dial transmission, rivalling the 
reliability of a dedicated leased line. 

Admittedly a pretty big claim. 
But then, it's really what you'd expect from the rec­

ognized leader in high speed modems. In fact, more data 
communications professionals pref er Codex than any other 
brand: And it's our high speed modem expertise that has 
allowed us to make a modem that not only meets, but 
exceeds the V.32 standard. 

formance and ~ 
So, you can be sure of continuous reliability, we're not 

high quality transmission over a wide blowing smoke. ® MOTOROLA 

Our V.32 modem uses the same VLSI tech­

range of line conditions. This now allows you to cut connect 
time and save money by sending data at up to 9600 bps full 
duplex over ordinary dial lines. 

We've even added a proprietary long haul echo can­
cellation feature, eliminating both local and distant echoes 
that can plague dial networks. So even if the phone com­
pany sends your data over satellite links, it arrives intact. 

Plus our V.32 modem includes a soft strap front panel, 
multiple ACUs, a nest card option for maximum space savings , 
and operates in synchronous or asynchronous applications. 

To find out more about the Codex V.32 modem,call 
1-800-426-1212, Ext. 235. Or write Codex Corporation, 

Dept. 707-35, 7 Blue Hill River Road, 
nology and forward error correction scheme Canton, MA 02021-1097. You'll discover 
(Trellis Coded Modulation) as our that when we tell you about a V.32 with 
high speed leased line modems that high speed per­ codnv 
reliably transmit data up to 19,200 bps. 

' McGraw-Hill's Da ra C onmnmicmions Br;md Pref crence srudy c ir cs Codex as offer ing chc bcsr rechno logy, bcsr price pe rformance ra rio. besc service organirnri o n. and mm r inf ormaci vc liccrarurr for variom 
modem, mulrip lcxcr and ncrwork comrol product carcgorics. © 1986 Codex Corporarion. Mornrola <1 nd® arc rr adcmnrks of Mororob , Inc. Code:.; is ..i regisrcrcd rradcmnrk of Codex Corpora tion. 
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SYSTEM REVIEW 


An Evolutionary Quartet 


The original IBM PC AT was 
introduced in 1984. Three years 
later IBM, NEC, Tandy, and 
Hewlett-Packard have each 
taken that original design and 
speeded it up, created new key­
boards, and added enhanced 
graphics adapters and monitors. 
In using the original PC AT de­
sign, each company sought to 
improve it and to make its com­
puter distinctive · from the rest. 
All these evolutionary changes 
are a mixed blessing since some 
of the features of the original 
PC AT, such as a satisfactory 
keyboard layout, have been 
changed. 

These four new computers, 
the 8-MHz IBM PC AT (upper 
left), the NEC APC IV (upper 
right), the Tandy 3000 HD 
(lower left), and the HP Vectra 
(lower right), differ in size, 
compatibility, and ease of use. 
However, they are as alike in 
performance as any group I've 
ever tested. 

Similarities 
The 8-MHz IBM PC AT and the three 
clones are more remarkable for their sim­
ilarities than for their differences. All of 
them have the same capabilities, run at 
the same 8-MHz speed (except for the 
NEC APC IV, which is switchable be­
tween 6 and 8 MHz), and have the same 
basic internal and external design. Each 
has a 20-, 30-, or 40-megabyte hard disk 
drive, a 1.2-megabyte high-capacity flop­
py disk drive, and an 8-MHz version of 
the Intel 80286 processor. Each also has 
640K bytes of RAM except for the new 
PCAT, whichhas512K. The new PC AT 
that I reviewed came with an optional 
360K-byte floppy disk drive, although 
this does not come standard with the 
computer. Also, each machine was deliv­
ered with an optional enhanced graphics 
adapter and an enhanced graphics color 
monitor. The principal differences 

of AT· Clones 
Wayne Rash Jr. 

These clones are The PC AT is equipped with a 
front-panel key lock. This de­
vice locks the case shut and dis­more remarkable for similarities 
ables the keyboard. While it 

than for differences 	 won't prevent criminal activi­
ties, it will prevent casual 
snooping and carelessness. 
This is an item that should be on 
all PCs. 

The PC AT keyboard has al­
ways had excellent tactile feed­
back, and the enhanced key­
board carries on that tradition. 
Regrettably, the layout takes the 
IBM PC's history of unfortu­
nate design and expands on it. 
The sad part about this is that 
the original keyboard layout for 
the PC AT was significantly 
better. 

Specifically, in the new lay­
out IBM has moved some of the 
keys around and has added two 
small keypads for editing com­
mands and cursor control. The 
Ctr! and Alt keys are now on the 
same row as the spa·ce bar, 
which is now shorter. The 12 
function keys form a row along 

among the units are in external size, in­
ternal space, and ease of use. There are 
also differences in standard accessories 
and bundled software. 

IBM PC AT 
The new IBM PC AT ($5295) can't tech­
nically be described as a clone, but it is a 
derivative of the original design. Its large 
size allows you to mount two floppy disk 
drives and two hard disks internally . 
However, the unit takes up a lot of space 
on a desktop-so much that you may want 
to consider mounting it sideways next to 
your desk. The larger size might be in­
convenient, but it is an advantage if you 
need that many disk drives. The mother­
board has eight slots; five are left open 
for future expansion. This is one area 
where I would consider the larger size to 
be a worthwhile trade-off. 

the top of the keyboard. The 
SysRq key has been made a secondary 
function. 

The result of all these changes is that 
some programs have become much hard­
er to use. WordStar's control codes, for 
example, are now difficult to enter be­
cause you have to stretch one finger down 
to the lower left corner in order to press 
the Ctr! key. Your only other option is to 
use two hands where one was once suffi­
cient. To make matters worse, the Caps 
Lock key has been moved next to the A 
key, where the Ctr! key is located on most 

continued 

Wayne Rash Jr. is a member ofthe profes­
sional staff of American Management 
Systems Inc. (1777 North Kent St., Ar­
lington, K4 22209), where he consults 
with the federal government on micro­
computers. 
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REVIEW: AT CLONES 

IBM PCAT 

Company 
IBM Corp. 
113 Westchester Ave. 
White Plains. NY 10604 
(800) 447-4700 

Size 
211/4 by 16V2 by 61/4 inches 
51 pounds 

Components 
Processor: 80286 running at 8 MHz 
with one wait state 
Memory: 512K bytes, expandable to 
16 megabytes 
Mass storage: One half-heiglll 1.2­
megabyte 51/4-inch floppy diSk drive or 
one 360K-byte floppy disk drive and a 
30-megabyte hard disk 
Display: Optional 12-inch green 
monochrome, EGA, or RGB; 80 
characters by 25 lines 
Keyboard: 101 keys; 12 function keys; 
irdcator lights for Caps Lock, Scroll Lock, 

d Num Lock keys 
llO interfaces: Eight slots-two IBM 
PC compatible; si x PC AT compatible; 
one serial and one parallel port 

Software 
BASIC in ROM 

Documentation 
Guide to Operations. 192 pages 

Price 
$5295 

NECAPCIV 

Company 
NEC Information Systems Inc. 
1414 Massachusetts Ave. 
Boxborough, MA 01719 
(617) 264-8000 

Size 
21 V2 by 16V2 by 6V2 inches 
40 pounds 

Components 
Processor: 80286 running at 6 or 8 
MHz with one wait state 
Memory: 640K bytes, expandable to 
1Omegabytes 
Mass storage: One half-height 1.2· 
megabyte 51/4-inch flopll!lfttisk drive or 
one 360K-byte floppy dilfk rive and a 
20- or 40-megabyte hard disk 
Display: Optional 12-inch 
monochrome, EGA, or RGB; 80 
characters by 25 lines 
Keyboard: 84 keys; 10 function keys; 
in<icator lights for Caps Lock, Scroll Lock, 
a'ld Num Lock keys 
l/Oi nterfaces: Eight slots-two IBM 
PC compatible; six PC AT compatible; 
two serial ports and one parallel port 

Software 
MS-DOS 3.11; GW-BASIC 

Documentation 
MS-DOS User's Guide, 346 pages 
GW-BAS/C User's Guide, 326 pages 

Price 
$5420 

Tandy 3000 HD 

Company 
Tandy Corp. 
1800 One Tandy Center 
FortWorth, TX76102 
(817) 390-3700 

Size 
19 by 18 by 6V2 inches 
26 pounds 

Components 
Processor: 80286 running at 8 MHz 
with one wait state 
Memory: 640K bytes, expandable to 
1 megabyte on motherboard (12 
megabytes under XENIX) 
Mass storage: One half-height 1 .2­
megabyte 51/4-inch floppy disk drive or 
one 360K-byte floppy disk drive and a 
40-megabyte hard disk 
Display: Optional 12-inch 
monochrome, EGA, or RGB; 80 
characters by 25 lines 
Keyboard: 101 keys; 12 function keys; 
indicator lights for Caps Lock, Scroll Lock, 
and Nu m Lock keys 
1/0 interfaces: Ten slots-three IBM 
PC compatible; seven PC AT compatible; 
one serial and one parallel port 

Software 
None 

Options 
MS-DOS 3.2; GW-BASIC; DeskMate II 

Document.lion 
Installation ;ffld Operation Manual, 
123 pages 
MS-DOS Handbook, 73 pages 

Price 
$4299 

keyboards. A number of programs that view. The first unit suffered a series of NECAPCIV 
depend on standard PC AT key positions hard disk crashes, even after I replaced Of the four computers in this review, the 
are going to be difficult to use with this the hard disk. I was not able to determine NEC APC IV ($5420) is the one I pre­
keyboard unless the program can re­ a specific cause for the hard disk failures. ferred in terms of overall quality. Unlike 
assign keys. The original IBM PC AT has also had a the new PC AT, the APC IV has a key­

The initial computer that I received for history of hard disk problems. The prob­ board based on the older PC AT standard, 
this review was so unreliable that I had to lem did not occur with the replacement and the hard disk drive caused no prob­
swap it for a new one to complete the re- unit. lems. The chassis is approximately the 
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REVIEW: AT CLONES 

Company 
Hewlett-Packard Co. 
974 East Arques Ave. 
Sunnyvale, CA 94086 
(800) 367-4772 

Size 
163A by 151/2 by 63/4 inches 
26 pounds (with one floppy disk driv ') 

Components 
Processor: 80286 running at 8 MHz 
with one wait state 
Memory: 640K bytes, expandable to 
3.64 megabytes 
Mass storage: One half-height 1.2­
megabyte 51/4-in l floppy disk driv• d 
a full-height 40-n ~gabyte hard disk 
Display: Option< 12-inch 
monochrome, EGA, or RGB; 80 

characters by 25 lines 

Keyboard: 103 keys; 18 function keys; 

indicator lights on bezel for Caps Lock, 

Scroll Lock, and um Lock key< 

110 interfaces: Seven slots-two lt::JIVi 

PC compatible; five PC AT compatible; 

one serial and one parallel port 


Software 
None 

Options 
MS-DOS 3. 1; Personal Application 
Manager; Executive MemoMaker; 
Executive Card Manager; Charting 
Gallery; Drawing Gallery; HP Mouse 

Documentation 
Using \kctra , approximately 300 
pages; \kctra MS-DOS User's Refe 9nce, 
approximately 375 pages 

Price 
$5495 
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The graphs for Disk Access in BASIC show how long it takes to write 
and then read a 64K-byte sequential text file to a hard disk. (For the 
program listings, see BYTE's Inside the IBM PCs, Fall 1985, page 
195.) The Sieve graph shows how long it takes to run one iteration of 
the Sieve of Eratosthenes prime-r benchmark. -he Calcula­
tions graph shows how long it takes to do 10,000 multiplication and 
10,000 division operations using single-precision numbers. The 
40K Format/Disk Copy benchmark was not performed because all 
the computers had only one 1.2-megabyte floppy disk drive. The 

NEC APCIV • TANDY 3000 HD • HPVECTRA 

............ --------------~~-..--------= 

40K File Copy graph shows how long it takes to copy a 40K-byte file 
using the DOS COPY command. The Spreadsheet graphs show 
how long it takes to load and recalculate a 25- by 25-cell spread­
sheet in which each cell e 1als 1.001 times the cell to its left. The 
spreadsheet used was Mic soft Multiplan. Tests on the two IBM PC 
AT co Jters were done 1 "C-DOS 3.2 and BASICA; the NEC 
APC 1v used MS-DOS 3. 11 and GW-BASIC; the Tandy 3000 HD 
used MS-DOS 3.11 and GW-BASIC; and the HP Vectra used MS· 
DOS3.1 and GW-BASIC. 

same size as that of the PC AT. The 
motherboard has eight slots, with five 
available for expansion. The APC IV is a 
dual-speed machine; you must move a 
slide switch to change speeds from 6 to 8 
MHz. It is also the quietest of the group. 

The touch of the APC IV keyboard is 
crisp with an excellent tactile feedback, 

and the layout of the original PC AT key­
board has been retained. At about % inch 
in thickness, the keyboard is slimmer 
than the others. In addition, because the 
bezel extends only slightly beyond the 
keys, it takes up less space on your desk. 

The NEC Enhanced Graphics Monitor 
that accompanied the APC IV that I re­

viewed was the best in this group of excel­
lent monitors. The characters on the 
screen were crisp and fully formed, and 
they seemed slightly easier to read than 
those on the other monitors. The NEC 
monitor is mounted on a stand that allows 
tilting and swiveling. 

continued 
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REVIEW: AT CLONES 

These machines 

are fast, relatively quiet, 

and easy to use. 

Like the PC AT, the APC IV has a key 
lock to protect your machine. However, 
unlike the PC AT, the key lock on this 
unit has a reset position. This allows you 
to invoke a hardware reset without having 
to turn the machine off. The lock assures 
that resets won't be accidental. 

Tandy 3000 HD 
The Tandy 3000 HD system unit ($4299) 
is slightly smaller than the PC AT and the 
APC IV. This conserves desk space, but 
the computer can hold only three disk 
drives. Tandy makes good use of the 
available internal space, however, by pro­
viding ten expansion slots, seven of 
which are available for use. This is the 
largest number of available slots in any of 
the four machines. To cool this large unit, 
the computer has two fans, making the 
3000 HD the noisiest of the quartet. 

The 3000 HD's front panel does not 
have a key lock, but it does have a reset 
switch. All four machines should have 
both, but of the two, the reset switch is 
more useful. 

Tandy followed IBM exactly when it 
came to laying out the 3000 HD key­
board, but not when it came to providing 
tactile feedback. The keys feel like they 
are mounted on foam rubber and give 
poor tactile response. 

The enhanced graphics monitor sup­
plied with the 3000 HD also has its flaws. 
Unlike the monitors supplied by other 
companies, which have a matte screen 
finish, the 3000 HD monitor has a very 
shiny finish. This caused viewing prob­
lems due to reflections on the screen. 

HPVectra 
The HP Vectra ($5495) is the smallest of 
the four computers. Accordingly, it also 
has the least interior space for drives and 
boards. The keyboard is Hewlett-Pack­
ard's own design and does not resemble 
either the original or the enhanced PC AT 
keyboard. It features ten function keys 
down the left side, eight function keys 
across the top, and separate cursor and 
numeric keypads on the right side. 

The HP Vectra's small size will save 
you some desk space, but in this case 
you've got to compromise quite a bit. 
There is room for only two disk drives 
and seven expansion slots, with four 
available for expansion. If you get the 
hard disk version of the HP Vectra, all the 
disk drive space is taken, and you will 
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need an expansion chassis to add more. 
Another area of compromise is com­

patibility. While most software for the 
IBM PC AT will run properly on the HP 
Vectra, there may be some isolated prob­
lems. For example, I could not get Fox 
Research's 10-Net, a local area network 
package, to run. I suspect that some of the 
incompatibility is due to the section of 
ROM BIOS provided by Hewlett-Pack­
ard. The remainder of the ROM BIOS is 
provided by Phoenix, and normally it 
does not cause compatibility problems. 

Hewlett-Packard also has areas of in­
compatibility with itself. You need to run 
a program called Patch to support the op­
eration of the HP EGA card. Worse yet, 
Hewlett-Packard's own graphics pro­
gram, Drawing Gallery, would not work 
with the HP EGA or the HP Mouse at 
first. The mouse itself is Hewlett-Pack­
ard's own design and is not completely 
compatible with other mouse-oriented 
software. 

Hewlett-Packard has provided the HP 
Vectra with a DOS shell program cal'ed 
the Personal Application Manager. This 
is a menu-driven system that allows you 
to move a highlighted cursor around with 
the arrow keys or a mouse and then press 
Return to invoke a function. The pro­
gram's documentation mentions support 
only for the HP Mouse. I tried using the 
Microsoft Mouse with the HP Vectra, but 
the cursor became very touchy to even the 
slightest movement, and this made it very 
hard to control. The HP Mouse was much 
easier to control. 

You can move around the menus with 
the mouse, but you can't run all the appli­
cations that you can call. The setup pro­
gram, for example, will not work with the 
mouse. 

Setting Up 
The setup procedures for getting these 
four machines running differed, but with 
the exception of the 3000 HD, the process 
was quick and relatively easy. Each of the 
systems provides a menu for you to 
choose the setup alternatives, and you 
simply make the appropriate choices. All 
the machines also require you to partition 
the hard disk and determine the boot 
partition. 

Because PC AT clones have such a 
wide variety of equipment that can be in­
stalled in them, you need to have more in­
formation about the individual compo­
nents than you do to set up a PC or PC 
clone. The setup programs require that 
you know the type of drive that is in­
stalled or the number of heads and cylin­
ders that the drive has. Normally, the 
drive type is posted on the outside of the 
drive. 

Tandy makes the setup process much 

harder by requiring you to run a low-level 
format program as the first step in prepar­
ing the hard disk. This program requires 
that you enter the list of bad tracks on the 
disk by typing in the number of the head 
and the track that's defective. The list is 
attached to the floppy disk drive cover in­
side the computer. In my review unit, 
several entries listed on the error map as 
being bad produced an error message, in­
dicating that there was no such cylinder. 
The formatting program refused to accept 
these entries, and I had to skip them 
entirely. 

According to the bad-track list that ac­
companied the 3000 HD, the computer's 
hard disk had 23 bad tracks . This is a rel­
atively high number; most hard disks 
have only two or three. The format pro­
gram handled all 23 bad tracks when it 
prepared the disk for MS-DOS. How­
ever, I encountered problems when I 
tried to format the disk for use with Con­
current PC DOS; the format program 
simply would not accept a hard disk with 
that many bad tracks. [Editor's note: 
Tandy will repair or replace a hard disk 
found to have an excessive number ofbad 
trach] 

Tandy compounds the setup process by 
requiring you to move a jumper inside the 
machine if you plan to use an enhanced 
graphics adapter. Hewlett-Packard, on 
the other hand, doesn't mention the EGA 
in its standard documentation; it instead 
tells you how to hook up separate cables 
to drive an RGB monitor. Instructions for 
using the Hewlett-Packard EGA are 
covered only in a separate manual. 

Using the ATu 

These machines are fast, relatively quiet, 

and easy to use. They all have sufficient 

hard disk space, run the same software, 

and are even the same shade of beige. The 

primary difference is the keyboards. Be­

cause keyboard selection is very subjec­

tive, you should try each keyboard 

yourself. 


Once you have loaded whatever soft­
ware you plan to use, running these ma­
chines is very simple. Since they all have 
hard disks, you need only turn them on. 
The HP Vectra starts more quickly than 
the others because it dispenses with the 
display of the memory test. The other 
computers display each 64K bytes of 
RAM as it is tested. The more memory 
you have installed in your computer, the 
longer this process takes. 

I tried a variety of business software 
packages on these machines, including 
WordStar, dBASE II and III, Lotus 1-2-3, 
and Framework. They all performed 
properly. The Hewlett-Packard graphics 
software had problems running on the HP 
Vectra, but this was due to an installation 
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problem. A few packages, including 
poly-COM/240, a communications 
package, had trouble with the enhanced 
keyboard on the PC AT and the 3000 HD 
because the software designers had set 
things up for the original PC AT 
keyboard. 

· The only other operational consider­
ation of any significance is the speed of 
the microprocessors. All four computers 
run at 8 MHz. Unfortunately, a few pro­
grams have copy-protection schemes that 
work only on a PC AT with a 6-MHz 
clock rate. The switchable speed on the 
APC IV avoids that compatibility prob­
lem. Presumably, newer software will 
have this problem fixed. 

There are few differences in compati­
bility beyond those I've noted. I was able 
to use 360K-byte double-density disks 
formatted in the high-capacity 1.2-mega­
byte drives of all the review machines in 
any of the other MS-DOS computers I 
have access to. The PC A Tthat I reviewed 
was delivered with both a 1.2-megabyte 
high-capacity drive and a 360K-byte dou­
ble-density drive, which eliminated any 
problems with disk compatibility. All the 
review units were delivered with a ver­
sion of MS-DOS 3.1 or PC-DOS 3.2. 

Documentation 
Like the machines themselves, the docu­
mentation for these computers is fairly 
uniform. All the machines include a 
booklet that tells you how to connect the 
keyboard and monitor, how to run the set­
up program, and where to find out about 
disk formatting and loading MS-DOS. In 
addition, all the review machines came 
with an MS-DOS manual and a manual 
for BASIC, if the language is included. 
The PC AT and the HP Vectra units I re­
viewed both included a separate optional 
hardware operations manual. 

All the manuals are clearly written, 
and they all matched the machines that 
they were shipped with, except for the HP 
Vectra, which had a supplementary man­
ual for the EGA card and monitor. The 
start-up guide for the A PC IV is particu­
larly well done with excellent color 
photos detailing every step of the installa­
tion process. The other manuals use 
drawings and sketches that serve their 
purposes well. 

Benchmarks 
In keeping with their other similarities, 
these machines all performed at much the 
same speed in the benchmarks. The HP 
Vectra was somewhat faster than the 
others in the Disk Access in BASIC Write 
benchmark on the hard disk, but it ran at 
about the same speed in the correspond­
ing Disk Access in BASIC Read test. The 
PC AT was slightly slower in the BASIC 

Performance Calculations and Sieve 
benchmarks. This difference in speed 
seems to be related to the PC AT's ROM 
BASIC, since the difference did not show 
up in the Spreadsheet Recalculate bench­
mark. The HP Vectra, however, was 
slightly slower than the others in the 
Spreadsheet Load test. See page 219 for 
the complete benchmark results. 

The Final Verdict 
You can safely select from any machine in 
this group on the basis of personal prefer­
ence, keyboard feel, or price. There are 

very few operational differences among 
them, and those that exist are minor. The 
only serious hardware problem I had was 
with the PC AT, although Tandy's long 
hard disk bad-track list could have caused 
a problem. 

In short, these are fast, capable ma­
chines that will meet most business 
needs. The differences in their perfor­
mance are so slight that you might as well 
choose on the basis of the dealer or the 
way you feel about the individual brand. 
Any of them should provide satisfactory 
service. • 

Do You Ever Get the Feeling 
That No One Speaks Your Language? 

Arity/Prolog. 
The Language That ~pans the Generation Gap. 

Software that roars. 

,,. 
t car1 take you to new places You'll discover amazing speed, 

power, and flexibility using the Arity/Prolog programming 

environment, with its one gigabyte of virtual memory and 

fast, compact compiled code, for conventional applications. 

And if you're working in new territories, like expert systems or 

sophisticated database management systems, you'll be speak­

ing the native tongue. 

Speak it freely _ Our products are not copy protected and we 

charge no royalties, so you can use them in as many end-user 

applications as you'd like. Why keep the language of solutions 

all to yourself? 

Join the thousands of assembly and C programmers who 

already use Arity/Prolog-the language of solutions. 

Call 1-800-PC-ARITY Today. 

Massachusetts residents call 617-371-1243. 

ARITY CORPORATION 

30 Domino Drive, Concord, MA 01742 U.S.A. 

1-800-722 -7489 or in Massachusetts call 617-371-1243 
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SYSTEM REVIEW 


The Apple IIGS 


When you purchase an Apple 
IIGS you get the system unit, a 
detachable keyboard, a mouse, 
the ProDOS 8/ 16 utilities, and 
documentation for $999. The 
IIGS comes with 256K bytes of 
memory on the motherboard, 
two serial ports, a mouse port, 
40-/80-column RGB and com­
posite video output, a real-time 
clock, and a smart disk control­
ler that supports both 800K­
byte 3 V2-inch and 143K-byte 
5 1.4-inch floppy disk drives . 
You will need to purchase at 
least one 3 V2 -inch disk drive 
($399) because the system soft­
ware comes on 3 1/2-inch disks. 
You will also need to purchase a 
monitor: RGB, composite, or 
monochrome. See page 226 for 
a list ofoptions and their prices. 

Detachable Keyboard 
I found the keyboard to be one 
of the nicest features of the 
IIGS; it is easy to use, reliable, 
and comfortable. Unlike the 
Apple II keyboards, the Apple 
IIGS's keyboard is detachable 
and includes a built-in numeric keypad. 
Most users will enjoy the convenience of 
a standard keypad but, as a left-handed 
person, I miss a detachable keypad that 
can be placed where it's convenient. The 
layout of the keyboard is similar to that of 
the Apple Ile, although some changes 
have been made: A couple of minor keys 
have been rearranged, and the closed 
Apple key has been renamed the Option 
key for compatibility with the Macintosh. 
The Reset key has been placed at the top 
of the keyboard in a position where it is 
almost impossible to hit by accident, but · 
easy to reach if necessary. 

The Apple IIGS includes built-in key­
board maps and character sets for seven 
foreign languages and the Dvorak key­
board arrangement. Because the keys are 
all made from the same mold, it is practi­
cal to remove the key caps and move them 

- Inquiry 177 

Philip Chien 

Graphics and sound advantage of the full address 
space of the 65C816; it is ex­

capabilities, expanded memory pandable up to 8 megabytes 
only. The 65C816 is software-

capacity, and more 	 compatible with the 6502, and 
anyone who can program the 
6502 should have no problem 
programming the 65C816. 

On the Apple IIGS, most of 
the circuitry that needed 70 
TTL chips on the original 
Apple and 20 chips on the 
Apple Ile has been shrunk into 
one surface-mount-device 
(SMD) chip named the Mega II 
[Editor's note: See "1he Apple 
JJGS" by Gregg Williams and 
Richard Grehan in the October 
1986 BITE for more informa­
tion on the Mega II]. The SMD 
design means the IIGS will be 
much more reliable than earlier 
Apple machines since there are 
fewer components to fail. Un­
fortunately, because the SMD 
chips are soldered to the 
motherboard, the entire 
motherboard must be replaced 
if repairs become necessary . 

to the correct positions for the layout you 
choose. On a sculpted keyboard like that 
of the Apple Ile, the key caps are not de­
signed to be moved, and a keyboard will 
feel "lumpy" if you swap the keys . 

System Design 
The IIGS's microprocessor is Western 
Design Center's 65C816, which is capa­
ble of operating in 16-bit native mode or 
in 6502-emulation mode. The 65C816 
can address up to 16 megabytes of mem­
ory-256 banks of 64K bytes each-and 
it can operate at either 1 or 2.8 mega­
hertz. The slower speed may be required 
for Apple II games and hardware that rely 
on a system speed of 1 MHz for proper 
operation. [Editor' s note: Jn this article, 
"Apple JI" refers to the entire Apple II 
series, which consists of the Apple II, 
ll+, lie , and Ile.] The IIGS cannot take 

The IIGS has seven Ile-com­
patible multipurpose expansion slots and 
a dedicated memory-expansion slot that 
supports up to 8 megabytes of RAM. 
Each of the Ile-compatible expansion 
slots has a default assignment to one of 
the built-in 1/0 functions: Slot 1 is set to 
the printer port, slot 2 is set to the serial 
modem port, slot 3 is for the 80-column 
display , slot 4 is for the mouse, slot 5 is 
set to the 3 V2 -inch disk drives, slot 6 is set 
to the 5 1A-inch disk drives, and slot 7 is 
set to Apple Talk. If you want to place an 
expansion board into one of the slots, you 
have to give up the built-in function as-

continued 

Philip Chien (Earth News, 3094 Coney 
Island Ave., Brooklyn, NY 11235) is a 
freelance author who has written over 
I 50 articles about the space, video, and 
computer industries. 
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signed to whatever slot you choose. 
In addition, the IIGS has a game 110 

port, a sound-interface port, and the 
desktop bus. The game port is available 
as a 16-pin socket inside the machine and 
a DB-9 connector at the rear of the unit. 
The sound-interface port is a 7-pin con­
nector on the IIGS motherboard that can 
be attached to an audio processor; the 
desktop bus is a mini-DIN 4-pin serial 
connector that attaches the keyboard, 
mouse, and other input devices to the 
IIGS. 

Externally, the IIGS's connectors look 
more like a Macintosh Pius's than an 
Apple II's (see photo l) . Both serial ports 
use the Mac Pius's sub-8 connector, a 
miniserial connector that eliminates 
handshaking and DCE-to-DTE prob­
lems. Apple's sub-8 cables have a built-in 
crossover circuit, and the same cable that 
attaches an Apple to a printer can attach 
an Apple to a modem, one Apple to an­
other, or even a printer directly to a 
modem for remote applications. For 
compatibility with other equipment, 
adapter cables are available for other 
products that use standard DB-25 con­
nectors. The SmartPort is a set of rou­
tines for controlling block 110 devices 
such as 3 'h-inch and 5 1A-inch floppy disk 
drives, but you can also use it for a vari­
ety of block applications including work­
ing with hard drives and file transfer. 

Hard drives are not considered an inte­
gral part of the IIGS 's structure, but they 
are available as options. A hard drive can 
operate off the built-in SmartPort, the 
AppleTalk serial port, an SCSI interface, 
or a custom interface card. Hard drives 
are . available in internal, external, and 
multiuser network models. Apple sells a 
20-megabyte external SCSI drive, the 
Apple Hard Disk Drive 20SC ($1299), 

and the Apple II SCSI Controller Card 
($129) . 

For the first time, Apple is offering a 
system fan as an option ($49), and it is 
recommended if you have more than 
three interface card~ or more than a 
megabyte of RAM. 

Firmware and Memory 
The Apple IIGS has more built-in ROM 
than any other Apple Il-128K bytes . 
This I28K contains Applesoft BASIC, a 
resident toolbox, resident desk accesso­
ries, 110 interface routines, the Smart­
Port protocol converter, the AppleTalk 
driver, the monitor, and a general set of 
1/0 driver routines. 

The toolbox routines are similar to 
those found in the Macintosh and include 
graphics, sound, calculations, and other 
utilities. The desk accessories include a 
Mac-like Control Panel that lets you set 
up the various defaults in the IIGS. The 
Control Panel also lets you choose the 
color of the text and display; set the time; 
configure the slots, serial ports, and the 
RAM disk; choose the keyboard layout 
and language; set the system speed (either 
l or 2.8 MHz); and even adjust the vol­
ume and pitch of the speaker's beep. A 
battery-protected portion of memory 
stores the Control Panel data and powers 
the IIGS's clock. 

The IIGS employs an expanded version 
of the Monitor, which is the set of bot­
tom-level programming and access utili­
ties built into the Apple. The mini-assem­
bler and the disassembler are both 
improved and use all the 65C816 op 
codes. Figure I compares an improved 
IIGS disassembly listing with the same 
code disassembled on an earlier Apple. 
It's quite easy to use the monitor to exam­
ine memory, change memory, or write a 

///!///II //l 
-

II I 

-
Photo I: The back ofthe computer shows the wealth ofbuilt-in 110. From left to 
right are the headphone jack, two serial ports, a joystick port, a disk drive port, the 
RGB and monochrome/composite video connectors, and the keyboard connector. 

quick program. The new monitor func­
tions include pattern search, ASCII in­
put, toolbox calls, store and restore regis­
ters, a hex/dee converter, a hex/ ASCII 
dump, and direct access to the clock. The 
step and trace functions, which have been 
missing in every Apple since 1980, have 
returned in the IIGS. 

Depending on which video modes and 
operating systems you use, anywhere 
from 64K to over 200K bytes of RAM is 
available for your programs . Under the 
6502 8-bit mode, extra memory beyond 
64K is accessed as a RAM disk. Under 
the 65C816 16-bit mode, all the expan­
sion memory is configured as one contin­
uous bank of memory. Booting Apple­
works on a standard unexpanded IIGS 
gets you 56K bytes free-the same 
amount offree space you would get with a 
128K-byte Ile. When you enter Applesoft 
BASIC, you still have only 47K of free 
space and 36K free with ProDOS in­
stalled, which is the same amount of 
space you would have with the Ile. 

The IIGS includes a special slot just for 
memory expansion. Apple sells a 256K­
byte memory-expansion card ($129) that 
can be upgraded to 1 megabyte of RAM 
($336), but third-party manufacturers 
have more powerful and less expensive 
memory boards. For example, Applied 
Engineering sells two different expansion 
boards: The GS RAM board, with a 
megabyte of RAM, costs $299 and can 
hold up to 1.5 megabytes of RAM using 
256K-bit RAM chips. The GS RAM Plus 
board costs $599 with a megabyte of 
RAM and can be expanded to 8 mega­
bytes using I-megabit RAM chips. At the 
time of this writing, one megabyte of 
RAM retails for about $300 (the same 
price as 16K bytes back in 1978), but 
prices are expected to come down. 

Graphics and Sound 
The IIGS supports all the current Apple 
text and graphics modes including 40­
and 80-column text, lo-res graphics, hi­
res graphics, double hi-res graphics, and 
combinations of mixed graphics and text. 
In addition, two new super hi-res modes 
have been added: either 320 by 200 pixels 
with 16 colors per line, or 640 by 200 
pixels with 4 colors per line. You can 
select from a palette of 4096 colors . As 
with earlier Apple graphics modes, the 
horizontal resolution is limited to specific 

. color choices, so the actual true horizon­
tal resolution is half of what Apple claims 
[Editor's note: See "The Apple JJGS" in 
the October 1986 BITEfor more details.] 

The IIGS's graphics modes may be 
typical of most good computers, but its 
sound capabilities are unmatched. An 
Ensoniq sound processor, which is also 

continued 
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Our best-selling P351 dot matrix 
printer has a new front panel that puts the 
controls in easy reach. 

No more straining for the dip­
switch or shuffling through software. Now 
you change the pitch or change a font with 
just a fingertip. 

Then sit back as the P351 rifles 
out draft jobs at 300cps. Or letter-quality 
work at lOOcps in more than 40 different 
type styles, all available on both down­
loadable disks and plug-in cartridges. With 
a printhead proven to last up to two times 
longer than most other 24-pin printers. 

It's also IBM PC1-compab.ble, emu­
lates IBM Graphics and Qume Sprint n; · 
and runs just about every major software 
package you could want it to. 

·And if ifs color graphics you need, 

the P351C will tum a bright idea into a 
brilliant presentation. It gives you all the 
features of the P351 and puts high-resolu­
tion color graphics on paper for printed 
reports, or on transparencies for overhead 
projection 

All of which may explain why 
there are more Toshiba printers serving 
more businesses than any other 24-pin dot 
matrix printer in America~ 

To find out why your business 
should be using Toshiba printers call 
(800) 457-7777 for the Toshiba printer 

and computer dealer 
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Apple llGS 

Company 

Apple Computer Inc. 

20525 Mariani Ave. 

Cupertino, CA 95014 

(408) 996-1010 

Size 
11 by 13V4 by 4V2 inches; weight: 83f.1 
pounds 

Components 
Processor: 65C816, switchable 
between 1 and 2.8 MHz 
Memory: 256K bytes of RAM, 
expandable to 8 megabytes 
Mass storage: Purchased separately 
(see options) 
Display: 40- or BO-column by 24-line 
text; 40- by 48-pixel or 80- by 48-pixel, 16­
color lo-res graphics; 280- by 192· 
pixel or 560- by 192-pixel, 6-color hi-res 
graphics; 320- by 200-pixel, 16-color 
or 640- by 200-pixel, 4-color super hi-res 
graphics 
Keyboard: Detached with 80 keys; 
built-in numeric keypad and cursor keys; 
one-button mouse that plugs into 
keyboard 
110 interfaces: Seven lie-compatible 
slots; one dedicated memory-expansion 
slot; two serial ports; mouse port; RGB 
and composite video ports; smart disk 
controller; game 110 port; sound­
interface port 

Software 
ProDOS 8/16 utilities; Applesoft 11 
BASIC; tutorial 

Options 
Analog RGB monitor: 
Composite color monitor: 
Monochrome monitor: 
3112-inch, SOOK floppy disk drive: 
51/4-inch, 143K floppy disk drive: 
256K-byte memory-expansion 

card: 
Apple Hard Disk Drive 20SC: 
Apple II SCSI controller card: 
System fan: 

$499 
$379 
$129 
$399 
$299 

$129 
$1299 

$129 
$49 

Documentation 
200-page owner's guide; Setting Up 
Your Apple //GS; Apple I/GS System Disk 
User's Guide: A Touch of Applesoft 
BA.SIC 

Price 
$999 
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The graphs for Disk Access in BASIC show how long it takes to write 
and then read a 64K-byte sequential text file to a blank floppy disk. 
(For the program listings, see BYTE ' s Inside the/BM PCs, Fall 1985, 
page 195.) The Sieve graph shows how long it takes to run one itera­
tion of the Sieve of Eratosthenes prime-number benchmark. The 
Calculations graph shows how long it takes to do 10,000 multiplica­
tion and 10,000 division operations using single-precision num­
bers. The System Utilities graphs show how long it takes to format 

and copy a 40K-byte file using the system utilities. The Spreadsheet 
graphs show how long it takes to load and recalculate a 25- by 25­
cell spreadsheet in which each cell equals 1.001 times the cell to its 
left. The BASIC tests for the llGS and the Apple lie were performed 
under Apple soft II BASIC; the spreadsheet tests for these machines 
were performed under Appleworks version 2.0. The spreadsheet 
used with the Macintosh was Microsoft Multiplan version 1.02, and 
the BASIC benchmarks were performed with Microsoft BASIC 2 .0. 
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