


















NSIDE THE IBM PCs 

EDITORIAL 

THE STRUGGLE FOR 
COMPATIBILITY 
The IBM Personal Computer. intro­
duced in the fall of 1981. celebrates 
its fifth birthday this year. With the 
flattery quotient nearing 1.00. the 
folks in Boca Raton should be proud 
of their progeny as the homes and of­
fices of customers around the world 
slowly fill with imitation PCs. 1986 is 
proving to be the Year of the Clone. 

What makes building clones so 
easy? Why can anybody who feels like 
it put together a clone. rent a mailbox. 
and rake in a pile of cash? 

The key to clone building is the use 
of standard parts and the availability 
of crucial system software. like 
Phoenix Technology's IBM PC-com­
patible BIOS and Microsoft's MS-DOS. 
While there are subtle incompati­
bilities from clone to clone, there are 
usually enough similarities from 
machine to machine to make most 
clones perform acceptably as copies 
of the PC. This is particularly true for 
application software written to make 
DOS and BIOS calls instead of direct­
ly addressing a machine's hardware. 

Compatibility with the IBM PC has 
been a contraposition for I.BM. Wide 
availability of machines that can all run 
the same software has prompted the 
creation of thousands of programs. 
The availability of this software has 
assured the sale of machines that will 
run all these great programs. IBM's 
problem has been that other com­
panies can provide this now-standard 
computer more cheaply than IBM. 

So the IBM PC created an archetype 
around which a flourishing industry 
has sprouted. Could this industry-
building scenario work in reverse? 

TOWARD A 32-BIT Bus 
STANDARD 
This past spring, a group of hardware 
and software makers got together to 

talk about creating a bus standard for 
extending the IBM PC ATS 16-bit bus 
to 32 bits. The extra 16 bits would ac­
commodate the Intel 803 86 micro­
processor as the engine for new com­
puters and peripheral devices de­
signed to work with the new 32-bit 
bus. The name chosen for this new 
bus is Personal Computer Extended 
Technology (PCET). 

The PCET bus makes possible the 
construction of personal computers 
and peripheral devices based on the 
Intel 80386 processor in the absence 
of a standard 80386 machine from 
IBM. Many people speculate that IBM 
wi ll either be late with an 80386­
based machine or build an 80386 ma­
chine that uses a proprietary operat­
ing system (or maybe both). In any 
case. the PCET bus circumvents IBM 
by establishing a standard bus around 
which other manufacturers can build 
80386 machines. A half dozen 80386 
machines using the PCET bus would 
establish a standard that might sur­
vive. regardless of actions taken by 
IBM. 

Since the PCET bus is an extension 
of the PC AT bus. machines built 
around this bus could use existing 

_ graphics and memory-expansion 
cards and existing versions of MS­
DOS-and thousands of existing ap­
plication programs. The PCET bus 
provides a painless way to build 
"turbo" ATs-machines that function 
like an AT but at two to three times 
the speed 

Once an existing base of turbo ATS 
develops. software houses can create 
new operating systems-or adapt 
existing ones like UNIX-to tap the 
potential of the 80386. Hardware 
companies can build graphics and 
memory boards for a new class of 
workstations that are based on the 
80386. 

Thus. a whole new genre of clones 

can be built. using standard. off­
the-shelf parts along with adapted 
BIOS software and existing operating 
system and application programs. 
These new clones will actually predate 
the machine they are designed to 
replace! It seems that the personal 
computer world may take on an odd. 
ironic tilt. 

PCET-bus-based machines may sur­
vive as a group only if IBM's 80386 
machine is not an open-architecture 
machine. Tundy is gambling that IBM 
will make an 80386 machine that can 
be cloned. If this turns out to be the 
case. any company selling a PCET-bus 
computer should get in touch with an 
auctioneer. 

The obvious question arises about 
whether or not people really need 
turbo ATS. Only 13 percent of the 
owners of IBM computers require the 
power of an AT. Maybe only 13 per­
cent of AT owners will benefit from 
the power of a turbo AT. Even if this 
were the case. that would still create 
a niche for approximately 40.000 
80386-based computers. But another 
problem is the issue of affordability. 
Is using an 80386 in a single-user 
machine a waste of hardware re­
sources? Is it cost-effective? 

Modifications are already available 
for Apple's Macintosh that permit the 
use of an MC68020 processor and 
MC6888 I math coprocessor and the 
addition of up to 4 megabytes of 
RAM. These modifications. when 
coupled with a I K- by I !<-pixel moni­
tor. transform a Mac into a high­
performance workstation. But the cost 
is high-$7000 to $9000. 

Building similarly equipped turbo 
ATS may turn out to be just as expen­
sive. At that price. buyers who need 
a full-fledged workstation (in contrast 
to the folks who want to run Lotus 
1-2-3 faster) might look at Sun. Apollo. 

(continued) 
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Inquiry 179 

INCOMPARABLY �
COMPATIBLE �

·'·5" FLOPPY DRIVE �
FOR YOUR PC �

OR COMPATIBLE �

Get 720K of Storage NOW 
On all DOS 2.0 and above. 

MANZAN A produces a full 
line of 3.5" disk drive 
systems: 
�Host-powered external drives 
� Self-powered external drives 
�Internal drives 

All MANZANA systems 
come with 3FIVE™, our 
sophisticated but easy-to­
use software package which 
allows you to read and write 
to most 3 .5" form ats 
including: 
IBM PC Convertible, Toshiba Tl 100 
& T3 100, Zenith Z- 181, Atari ST, 
DG/One, GridCase, Kaypro 2000, HP 
l I 0 & 150, Tandy 600, Datavue 23 & 
24, Apricot, Sony M35 & SMC-2000 

Mosr of our systems support popular 
copy programs fa cilirating transfer 
between 3.5’’ and 5 114" disks. 
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1-2-3 faster) might look to Sun. Apollo. 
DEC. or IBM’s RT PC for more stable 
hardware and software. 

The one application area that can 
potentially benefit most from 80386 
performance is graphics. Intel’s new 
microprocessor can permit the crea›
tion of workstations with a great deal 
of graphics power. But the trend in • 
graphics processing is to offload 
graphics to its own processor. either 
custom-built. as in the Amiga. or off›
the-shelf parts. like the Tuxas In›
struments TMS34010. There is also 
the problem of the • 16-bit EGA stan›
dard and how it can be adapted to a 
32-bit environment. 

TECHNOLOGY DRIVEN 
Regardless of the need for 80386›
based machines. technology has a 
way of evolving for its own sake. Peo›
ple need to find out what is possible. 
whether it be with airplanes or com›
puters. 

Therefore. the PCET-bus specifica›
tion effort makes sense from a re›

. search and development point of �
view. It establishes a common starting �
ground for machine designs using a 
new processor. 

The PCET-bus design goals seek to 
provide a high-speed bus for 32-bit 
memory and memory-mapped data 
transactions. The bus also needs to be 
flexible enough to permit 32-bit co›
processor cards to become alternate 
bus masters. 

The PCET bus pipelines address 
and control information. making this 
information for a subsequent bus cy›
cle available in the latter stages of the 
current bus cycle. The bus design calls 
for a default to two wait states but can 
be operated with one or no wait 
states by activating additional control 
signals. . 

Compatibility with the existing 
16-bit PC AT bus is a must for the 
PCET bus to take advantage of exist›
ing graphics and memory standards. 
(An interesting outgrowth of the PCET›
bus specification effort is that the 
committee first had to codify the AT 
bus.) A mix ot" 16- and 32-bit bus 
masters can drive the PCET bus to ac›
commodate refresh. direct memory 

access. and other tasks. 
The memory map for the PCET bus 

shows the entire 4-gigabyte address 
space of the 80386 as being available 
to the bus. except the 640K-byte to 
!-megabyte area reserved for ROM 
and video devices. • 

Mechanically. the PCET bus extends 
the data lines of the PC AT bus by 40 
pins. The data lines on the RT PC bus. 
already 40 pins instead of 36 as in the 
AT. also get another 40 pins. 

We still need to ask some legitimate 
questions about the PCET bus. Is it 
possible to achieve nearly the same 
80386 performance on a 16-bit bus 
feeding a 32-bit cache? Since 85 per›
cent of all CPU operations are read 
operations. caching operands may 
allow an 80386 to operate almost as 
fast with a 16-bit bus as it would with 
a 32-bit bus for some applications. 

Another question about a 32-bit 
standard bus: What if companies ig›
nore it and create their own bus? 
There have been widespread reports 
of 80386-machine projects at Com›
paq and Zenith that will feature pro›
prietary 32-bit bus designs. The PCET 
bus. no matter how elegant its design. 
will fade away like the dodo if every›
one ignores it. 

ANOTHER ROUND 
Regardless of the creation of the 
PCET bus. there will be new machines 
built around the 80386. The early 
machines will be expensive and will 
have no software to fully exploit their 
power. They may serve as a bridge 
from the current PC world to a future 
803 86-machine-based environment. 
These new machines will undoubted›
ly raise a different set of compatibili›
ty problems with the machines and 
software that preceded them. 

But we’ll buy them anyway. 
-G. Michael Vose 

Senior Technical E.ditor 

LDok for IBM-related conferences 
and special events on BIX starting 
in late October. Current plans call 
for a special event on "System 
Software for the 80386." plus con›
ferences on the RT PC and the PC 
Convertible. • 
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WHAT’S NEW �

IBM Introduces 
80286-based XT 

I BM’s latest version of its 
PC XT. the Model 286. is 

based on an 802 86 pro›
cessor running at 6 MHz 
with no wait states and 
features more memory than 
earlier models of the XT 
and up to three internal 
drives. 

Priced at 53995. the 
Model 286 comes standard 
with 640K bytes of memory 
that can be expanded to 
12 .6 megabytes. a half›
height 1.2-megabyte 5 !4-inch 
floppy disk drive. a 20›
megabyte hard disk drive. 
and a serial /parallel adapter. 
The machine has eight ex›
pansion slots. five of which 
can accommodate 16-bit 
boards. Internal storage op›
tions include a 3 Vi -inch 
720K-byte floppy disk drive 
($ 190). a second 5!4-inch 
floppy drive with a capacity 
of 1.2 megabytes ($2 75) . 
and a 5 !4-inch floppy drive 
that can handle 360K bytes 
($225) . The Model 286 also 
supports IBM’s external 
3Vi -inch floppy disk drive. 

The computer uses a 
number of custom gate ar›
rays to reduce chip count 
and board space require›
ments. Some of the chips 
are SlP (single in-line 
package). arranged vertically 
on the motherboard. thus 
further reducing the space 
requirements of the mother›
board. The Model 286 has 
the same footprint as the 
IBM PC and XT. 

According to the company, 
the machine’s 80286 oper›
ates in real address mode 
for compatibility with the 
8088 and in protected vir›

.. . �

IBM’s PC XT Model 286 runs 011 a 6-MHz 80286. 

tual mode. which supports 
multitasking and enables the 
processor to address up to 
16 megabytes of real 
memory and I gigabyte of 
virtual memory. The com›
puter requires DOS version 
3.2 or XENIX version 2.0. 

The older 6-MHz PC AT 
will be phased out. the com›
pany says. but IBM will con›
tinue to sell the 8-MHz ver›
sion of the AT. Contact IBM 
Corp.. Information Systems 
Group. 900 King St.. Rye 
Brook. NY 10573 . (914) 
934-4488. 
Inquiry 550. 

AT&T’s 32•bit Digital 
Signal Processor 

A T&T has developed the 
WE DSP32 . a 32-bit 

single-chip digital signal pro›
cessor with floating-point 

capabilities. Applications for 
the chip include communica›
tions functions such as filter›
ing. adaptive equalization. 
and echo canceling. The 
device can also be used for 
speech and image process›
ing. as well as graphics 
simulation. 

The chip has a clock rate 
of 16 MHz and executes its 
instruction cycle in 250 
nanoseconds. or 8 million 
floating-point operations per 
second. On-chip memory 
consists of 2K bytes of ROM 
and 4K of RAM. 

Software and hardware de›
velopment tools that 
operate under MS-DOS and 
UNIX System V are available 
for use with the chip. A 
Support Software Library 
includes a high-level "C-like" 
syntax assembler and a 
simulator. A single-board 
development system permits 
real-time testing. debugging. 
and evaluation of hardware 
and software. 

Sample OEM quantities of 

• the WE DSP32 chip cost 
$175. Contact AT&T Tech›
nology Systems. 555 Union 
Blvd.. Dept. 50AL203 I 40. 
Allentown. PA 18103 . (800) 
3 72-244 7. 
Inquiry 551. 

Object-oriented 
Programming 
Language 

A ctor is an object›
oriented language that 

makes use of the Microsoft 
Windows interface. Because 
it’s interactive. you can ex›
periment at the keyboard 
with your programming 
ideas and watch the results. 

The environment includes 
a workspace for communi›
cating with the interpreter. 
a browser. an error manager. 
a window-based debugger. 
and a save facility. You can 
send messages to any ob›
ject in the system to check 
status. change parameters. 
or learn about inherited 
behavior. A concurrent gar›
bage collector is designed 
to free you from memory 
management dutfes. Actor 
contains classes that sup›
port list processing. pattern 
matching. parsing. and 
predicate logic. 

The package sells for $495 
and comes with source code 
(except for the assembly 
language kernel) . tutorial. 
reference manual. and demo 
program. Contact The White›
water Group Inc .. 906 
University Place. Evanston. 
IL 60201. (312) 491-2370. 
Inquiry 552. 

(continued) 
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WHAT’S NEW �

1\vo Removable›
Cartridge Systems 

S ysgen introduced the 
DuraPak. an internal 

storage subsystem with 
removable hard disk car­
tridges for IBM PCs. XTS. 
ATS. and compatibles. A 
single-drive. I 5-megabyte 
DuraPak system sells for 
$1295. which includes a con­
troller and insta llation hard­
ware. A dual-drive. 30­
megabyte DuraPak sells for 
$2095. 

Each removable cartridge 
has a 15-megabyte capacity 
and measures 414 inches by 
4% inches. For more infor­
mation. contact Sysgen Inc.. 
4785 3 Warm Springs Blvd .. 
Fremont. CA 94 539. (415) 
490-6770. 
Inquiry 553. 

D ata Technology's sub­
system featu res 514-inch 

removable cartridges that 
can store 10 megabytes of 
data. The drive's average ac­
cess time is 7 5 milliseconds. 
and its data transfer rate is 
2 7 5K bytes per second. The 
cartridges consist of a flexi­
ble disk encased in a hard 
disk cartridge. 

A single half-height sub­
system retails for $119 5; a 
dual configuration sells for 
$1995. The disks cost about 
$39 each. For more informa­
tion. contact Data Tech­
nology Corp .. 2775 North­
western Parkway. Santa 
Clara. CA 95051. (408) 
496-0434 . 
Inquiry 554. 

System for 
Visual Artists 

T ime Arts. producers of 
the Lumena software 

for visual arts. has released 
another graphics package. 
EVA (Environment for Visual 
Art) . based on a 512 K-byte 
PC AT. combines raster and 

Sysgen's DuraPak uses I 5-megabyte removable cartridges. 

vector display technology 
and uses 32.000 on-screen 
colors. You can use the pro­
gram to digiti ze images and 
then manipulate them with 
the AT. Time Arts says its 
package can also duplicate 
many of the video and film 
effects produced by more 
expensive systems. 

With the digitizing tablet 
and pen. you have a selec­
tion of electronic brushes. 
colors. typefaces. and such 
capabilities as masking. 
automatic edge smoothing. 
texture rendering. and in­
stant full-color tinting. 

EVA uses two monitors: 
color for working with 
images. monochrome for 
keeping track of tools and 
system status. Images you 
develop on the 512 by 512 
RGB screen can be in­
creased to 2048 by 4096 
resolution for direct transfer 
to a digital film recorder. 
With appropriate output 
devices. the system can also 
make its own color separa­
tions. 3 5mm slides. trans­
parencies. video frames. 
tape sequences. and ink-jet. 
dot-matrix. and laser prints. 
Images can also be sent 
directly to Scitex graphics 
systems. 

Pricing depends on output 
requirements. but the com­
pany says a complete sys-

tern can cost $15.000. For 
more information. contact 
Time Arts Inc.. P.O. Box 
6476. 3436 Mendocino Ave.. 
Santa Rosa. CA 95406-0476. 
(707) 576-7722 . 
Inquiry 555. 

3-D Engineering and 
Animation on PC AT 

Renaissance Graphics 
unveiled real-time three­

dimensional solid-modeling 
and animation add-on 
boards for the IBM PC AT 
The Renaissance Graphics 
System (RCS) boards allow 
for fully animated 3-D 
shaded objects at a resolu­
tion of 512 by 512 pixels. 
256 simultaneous colors 
from a palette of 16.8 
mill ion. and flicker-free 
60-Hz display on the PC AT 

The system includes three 
68000 microprocessors 
operating at 12. 5 MHz. a 
68881 math coprocessor. 
and two video frame buf­
fers. The boards also have a 
Tl 3406 1 video controller 
and a 192K-byte ROM with 
firmware routines. Among 
the system's capabi lities are 
hidden line and surface 
removal. flat or smooth 
shading. selectable light 
source. and anti-aliasing. Its 
z-ax is clipping. infinite zoom. 
and roam enable the viewer 
to travel around in 3-D 
space. going behind or in­
side moving objects. 

The RCS is designed for 

use wi th a high-resolution 
analog RGB monitor and will 
be bundled with a 3-D paint 
system. Standard NTSC. PAL. 
and SECAM video signals 
that can be genlocked (syn­
chronized) to an external 
video source. along with 
film and slide recording. are 
also planned and will re­
quire additional hardware. 

PC AT-based workstations 
using RCS boa rds will cost 
under $20.000 and. accord­
ing to the company. will run 
five times faster than com­
peting systems costi ng 
$60.000 or more. The rec­
ommended system includes 
an IBM PC AT with a 40­
megabyte hard disk. high­
resolution analog RGB moni­
tor. and graphics tablet. The 
RCS cards. which are slated 
to be available in early 
1987. occupy three slots in 
the PC AT Contact Renais­
sance Graphics Inc.. 1050 
Walnut. Suite 32 5. Boulder. 
co 80302 . (303) 443-0191. 
Inquiry 556. 

CP/M on IBM PCs 

M icro Solutions· UniDOS 
software lets IBM PCs 

and compatibles run 8-bit 
CP/M programs without ad­
ditional hardware. The 
package emulates a Z80 
microprocessor and pro­
vides an environment com­
patible with CP/M 2.2 . You 
can run a CP/M program 
from DOS by typing its 
name. The two types of pro­
grams can reside on the 
same disk. 

UniDOS retails for $69.95. 
Contact Micro Solutions 

Inc.. Software Division. 12 5 
South Fourth St.. DeKalb. IL 
60 II 5. (81 5) 7 5 6-3411. 
Inquiry 557. 

(continued) 
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from the OINT/SOL data­
base. 

OINT/SOL needs 640K and 
a hard disk. Single-user 
price is $995; multiuser ver­
sions start at $1395. 

OINT also sells a set of 
fifth-generation tools to 
work with OINT/SOL: OINT/ 
TINA. a package that auto­
mates Nijssen·s Information 
Analysis Methodology. a 
stepwise approach to data 
analysis based on semantic 
modeling concepts. TINA 
takes you through the neces­
sary steps with a graphical 
interface and integrates and 
validates the components of 
the final Information Struc­
ture Diagram. TINA for 
micros is $5000. 

Contact OINT Database 
Systems Corp.. 12 5 Roberts 
Rd.. Waltham. MA 02154. 
(617) 891-3377. 
Inquiry 568. 

’Iandon Announces 
Line of PCs 

A fter years of selling per­
sonal computers under 

other manufacturers· labels. 
Tundon has announced a 
line of computers that it will 
sell through retailers under 
its own label. 

The XT-compatible models. 
called the PCX series. share 
the same capabilities and 
features as the IBM PC XT 
except that they include a 
parallel port as standard. A 
system with two floppy disk 
drives and 2 56K bytes of 
memory costs $1295. A 
14-inch amber monochrome 
monitor lists for S 190. and a 
display adapter card. which 
can display either text but 
no graphics on a mono­
chrome display or color 
graphics on an RGB monitor. 
lists for $90. A serial port 
FOsts about $100. 

The AT-compatible models. 
called the PCA series. are 
identical to the IBM PC AT 
except that they feature a 
dual-speed 80286 processor 

The Transpac portable hard disk drive for IBM PCs. 

that runs at 6 or 8 MHz 
with one wait state. In addi­
tion. the operating system 
for these models can access 
disk drives that are larger 
than 32 megabytes. the limit 
for most MS-DOS-based 
systems. The PCA with a 
1.2-megabyte floppy and 
512K bytes of memory costs 
$2195. without a monitor. 
The PCA is also available 
with 20- and 40-megabyte 
hard disk drives for $2695 
and $3 595. respectively. 
lbtal system cost for a 
20-megabyte unit with 
monitor and serial port is 
$3075. For more informa­
tion. contact Tundon Corp .. 
20320 Prairie St.. Chats­
worth. CA 91311. (818) 
993-6644. 
Inquiry 569. 

Portable Hard Disk 

T he Transpac from Micro­
computer Memories is 

a portable 3 !i1-inch hard disk 
drive that connects via cable 
to IBM and compatible com­
puters. The unit has its own 
controller and uses the com­
puter's power supply. Its 
average access time is 65 
milliseconds. 

The drive weighs less than 
3!i1 pounds and measures 
about 2 !i1 by 4 by 6 inches. 
Prices are $595 for a 
IQ-megabyte model and 
$895 for a 20-megabyte 
model. For more informa­
tion. contact Microcomputer 
Memories Inc.. 6855 Vine­
land Ave.. Chatsworth. CA 
91605. (818) 700-8000. 
Inquiry 570. 

WHERE DO NEW PRODUCT ITEMS COME FROM? 
The new products listed in this section of BYTE are chosen from the thousands 
of press releases. letters. and telephone calls we receive each month from 
manufadurers. distributors. designers. and readers. Tfie basic criteria for seledion 
for publication are: (a) does a product match our readers' interests? and (b) 
is it new or is it simply a reintroduction of an old item? Because of the volume 
of submissions we must sort through every month. the items we publish are 
based on vendors' statements and are not individually verified. If you want 
your product to be considered for publication (at no charge). send full infor­
mation about it. including its price and an address and telephone number 
where a reader can get further information. to New Products Editor. BYTE. 
One Phoenix Mill Lane. Peterborough. NH 03458. 

Fiber-Optic Ethernet 
,Connections 

Codenoll 'Jechnology in­
troduced two fiber-optic 

Ethernet connections for the 
IBM PC. XT. AT. and com­
patibles that operate at a 
rate of 10 megabits per sec­
ond. According to the com­
pany. the use of fiber optics 
permits throughput five 
times greater than that of 
broadband systems and two 
and a half times greater 
than that of twisted-pair 
systems. The connections. 
each of which comes on a 
plug-in board. contain a 
2000-meter fiber-optic 
Ethernet Transceiver. 

The Codenet-3051 Fiber 
Optic Ethernet PC Connec­
tion is compatible with 
3Com products and costs 
$995 . The Codenet-3061 
Fiber Optic PC Network 
Adapter Card . which sells for 
$119 5. is compatible with 
Sytek products and IBM's 
NETBIOS. For more informa­
tion. contact Codenoll 
'Technology Corp.. I 086 
North Broadway. Yonkers. 
NY 10701. (914) 965-6300. 
Inquiry 571. 

PC•based Protocol 
Analyzer 

F ELINE (Frederick Engi­
neering's Dataline 

Monitor/Protocol Analyzer) 
is a general-purpose data 
communications protocol 
analyzer on a board that 
plugs into an IBM PC or 
compatible computer. Priced 
at $1595. the board features 
multiple protocols. bit error 
rate testing. full-screen 
graphics presentation. and 
data analysis. FELINE comes 
with software. an RS-232C 
interface pod. and a carry­
ing case. Contact Frederick 
Engineering Inc.. 54 Cessna 
Court. Gaithersburg. MD 
20879. (301) 926-6772. 
Inquiry 572. 
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LOOKING FOR THE BESI �
VALUE IN PC/AT COMPATIBLES? �

INTRODUCING THE $1495 A*STAR� �
Looking for a lower priced, higher 

quality PC IAT compatible than our new 
A•Star™is like looking for a needle in 
a haystack. You're more apt to come up 
with a case of hayfever. 

A•Star gives you features you 
won't get from any other vendor. Not 
IBM. Not Compaq. Not even those for­
eign manufacturers. Features like a 220 
watt power supply, eight available ex­
pansion slots and "network ready" 
multi-user operation. All for only $1495. 
And that price includes a l .2MB dis­
kette drive, 512KB memory, a fixed 
disk Idiskette drive controller; a tactile 
feedback keyboard (you11 love it!) and a 
6/8MHz switch Isoftware selectable 
80286 CPU. 

Best of all, A*Star is quality built 
right here in America by Wells Ameri­
can Corporation - an American Stock 
Exchange manufacturer. So now you 

IBM. Personal Compuler AT and AT are lrademarks ol International Business Machines Corpora\lon 

Inquiry 301 

can buy with confidence from a vendor r------------...., 
you can trust, just like you've trusted APC/AT FOR ONLY $1495? 
IBM. And you11 get a genuine, top qual­
ity product (not a cheap imitation) for a 
price even less than those "questionable" 
mail order clones. And ifthat's notenough, 
it's all money-back guaranteed! 

The $1495 Wells American A �Star.� 

THAT’S NOTHING TO SNEEZE AT! 
[Hurry! This offer is limited.) 

D I'm tired of sneezing! Have someone call 
me immediately to t.ake my order. 

D A* St.ar sounds terrific. Tell me more. 

Name: ___________ 

Company:__________ 

Phone: __________ 

Address: __________ 

City: __________ 

St.ate: ______ Zip: ___ 

A Wells AmericanT 8031796-780().TWX 51(}.6()1-2645 
Sunset Boulevard • West Columbia, SC 29169 

L------------..J �
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WHAT’S NEW �

1\vo Megabytes of 
Memory for $398 

T he Breakthru/PC. a plug­
in board for IBM PCs 

and compatibles. provides 2 
megabytes of memory and 
conforms to the Lotus/ 
Intel/Microsoft Expanded 
Memory Specification. The 
board sells for $398 with 2 
megabytes of RAM or $I 50 
without RAM. 

Bundled with the board 
are RAM disk and print 
spooler utilities. as well as 
diagnostic software and a 
setup program for changing 
the configuration of ex­
panded memory. The com­
pany claims that the board 
performs bank switching I 5 
percent faster than Intel's 
Above Board and 2 5 per­
cent faster than AST's RAM­
page. Contact Vericomp. 
882 5 Aero Dr.. Suite 210. 
San Diego. CA 92123 . (619) 
277-0400. 
Inquiry 564. 

Productivity Thol 

P rofit Tuchnology an­
nounced Breakthrough!. 

a productivity package that 
has knowledge databases 
and idea stimulants. 

The program is divided 
into three sections: Interface 
and Work. Thought ltigger­
ing and Amplification. and 
1bols and Utilities. In the 
Interface and Work section. 
the user can use eight dif­
ferent text-editing environ­
ments. The section includes 
a 220.000-word thesaurus. In 
the Thought ltiggering and 
Amplification section. you 
can access a prepro­
grammed database. which 
includes menu selection. 
word triggers. and five 
flashing windows. The Tools 
and Utilities section includes 
a biorhythm generator. a 
program customizer. and a 
report generator. 

ProView. the windowing/ 

A screen from Profit Technology's Breakthrough! package. 

applications manager. is a 
clone of IBM's lbpView and 
enables you to run 2 50 
programs simultaneously 
rhrough its multitasking 
capability. 

Breakthrough! costs $822 
and requires an IBM PC. XT. 
AT. or compatible with 512K 
bytes of RAM. two floppy 
disk drives. a monochrome 
monitor. and PC-DOS or MS­
DOS 2.0 or higher. Profit 
Technology recommends 
using an IBM EGA. a color 
monitor. and a hard disk. 
For more information. con­
tact Profit Technology Inc.. 
39 Broadway. New York. NY 
10006. (212) 809-3500. 
Inquiry 565. 

Hewlett-Packard's 
DraftPro Plotter 

T he DraftPro from 
Hewlett-Packard is an 

eight-pen plotter designed 
for PC-based computer­
aided design. The plotter. 
which sells for $5400. pro­
duces color output on ar­
chitectural and engineering 
C- and D-size and metric Al ­
and A2-size paper. vellum. 
or film. 

Compatible with most 

computers. the DraftPro is 
supported by CAD packages 
such as AutoCAD and Versa­
CAD. It features a pen 
speed of 15 inches per sec­
ond. a 0.001-inch address­
able resolution. and 0.2 per­
cent linear accuracy. The 
plotter's pen-sorting capa­
bility enables the device to 
draw a full buffer of vectors 
for one color before pro­
ceeding to another color. 
which reduces plot time. 

An RS-232C interface and 
HP-GL support are standard; 
an HP-IB interface and Japa­
nese kanji character set are 
available as options. For 
more information. contact 
Inquiries Manager. Hewlett­
Packard Co.. 1820 Embar­
cadero Rd.. Palo Alto. CA 
94303 . (800) 367-4772 . 
Inquiry 566. 

Pop-up Outliner, 
Pop-up Calculator 

P opular Programs has 
two new RAM-resident 

packages for IBM PCs and 
work-alikes: an outline pro­
cessor and an equivalent of 
Hewlett-Packard's 12C calcu­
lator. 

Pop-Up Partner. an idea/ 
outline processor. is de­
signed to help you organize 

information as lists. It uses 
pull-down menus and comes 
with outlines that serve as 
desktop tools (e.g .. a phone 
book. calendar. and expense 
tracker) . The "paragraph" 
feature lets you write while 
in the middle of an outline; 
anything you've written in 
Partner can be copied in a 
word-processor or spread­
sheet document with a cou­
ple of keystrokes. 

Partner takes up 99K 
bytes. It sells for $99.97. 

Pop-Up PC-12C Calculator 
emulates HP's hand-held 
financial calculator and has 
the same programming fea­
tures. It costs $69.95. 

Both Pop-Ups run on the 
IBM PC line under any ver­
sion of DOS. For more infor­
mation. contact Popular Pro­
grams Inc.. 13 5 Lake St. . 
Suite 180. Kirkland. WA 
98033 . (206) 822-7065 . 
Inquiry 567. 

Relational Database 
Compatible with SOL 

a INT/SOL. a relational 
database system com­

patible with IBM's Structured 
Query Language/Data Sys­
tem and Database 2. is 
designed primarily for users 
of PCs in an environment 
where SOLIDS or DB2 is in­
stalled on IBM mainframes. 
The package enables you to 
access and manipulate main­
frame data from a PC and 
to prototype systems on the 
micro and then migrate 
them to the bigger machine. 

With the OINT/Application 
Development Tool. you can 
build customized end-user 
applications that utilize a 
database. ADT can work on 
several sets of rows of a 
table simultaneously. Calcu• 
lations and system values 
can be shown on the same 
screen as data retrieved 

(wntinued) 
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INSID E TH E IBM PCs 

B 0 0 K REVIEWS 

ADVANCED MS-DOS 
Ray Duncan 
Microsoft Press 
Redmond. WA: 1986 
468 pages. $22.95 . 

TECHNICAL TOPICS FOR THE IBM PC FAMILY 
OF MICROCOMPUTERS: An Annotated 
Bib liography of Recent Books 

ADVANCED MS-DOS 
Reviewed by John D. Unger 

I f you are a programmer who needs to interface soft­
ware and hardware with MS-DOS. Advanced MS-DOS by 

Ray Duncan will guide you. You can learn how to use MS­
DOS interrupts and their associated functions so your ap­
plication programs can do file 1/0 and write to the screen. 
or you can figure out how to access peripherals quickly 
and efficiently. 

Given the title and subject matter of the book and its 
author's expertise. you might expect Advanced MS-DOS to 
be difficult to read. but that's not so. Duncan's informal 
style is carried over from his regular columns in Dr. Dobb's 
Journal of Software Tools. The opening chapter on the history 
of MS-DOS. for instance. reads like a good biography. Ad­
vanced MS-DOS exemplifies how a highly technical book 
can be both informative and readable. 

READER REQUIREMENTS 
To benefit from this book. you should be able to under­
stand the 8086 assembly language programs that are 
liberally sprinkled throughout the text as examples. If you 
have already worked through a good introductory book 
on 8086 assembly language programming-such as 
Assembly Lanquaqe Primer for the IBM PC & XT by Robert 
Lafore (New American Library. 1984)-you will be able to 
launch yourself into a higher level of assembly language 
programming with Advanced MS-DOS. 

Duncan uses C-language programs as examples to ex­
plain how to interface high-level programs with MS-DOS 
functions. But because he is basically an assembly lan­
guage programmer. he emphasizes writing efficient assem­
bly language code either as stand-alone programs or as 
functions or procedures to be linked to other high-level 
language programs. Many of the programs are useful not 
only as examples but also as the basis of a library of 
valuable MS-DOS utility and programming tools. 

Unless you enjoy typing in endless lines of source code 
and then searching for syntax errors and other self­
induced bugs. you may want to take advantage of the com­
panion disk to Advanced MS-DOS. This disk contains the 
assembly and C-language source code for all the exam­
ple programs described in the book. Also included are 
ready-to-run. executable versions of these same examples. 

Although Duncan recommends using the latest versions 
of the Microsoft Macro Assembler. MASM version 4.0. and 
Linker. LINK version 3.05. to assemble and link the source 
code. I had no problems using MASM version 1.2 5 and 
LINK version 2.01 on an AT&T 6300. The .EXE and .COM 
programs ran perfectly. 

The disk also includes utility and example programs that 
do not have source code listings in the book but that il­
lustrate topics the author discusses. This disk is a great 
timesaver for those who will actually use the example pro­
grams; an order blank for the disk is included in the book. 

APPEARANCE AND ORGANIZATION 
The layout of Advanced MS-DOS is both handsome and 
helpful. The example programs and fragments of source 
code are printed in a reverse-video effect with black 
characters on a light brown background. This makes the 
code listings stand apart from the text without interfer­
ing with their readability. 

The material is divided into four sections. The first and 
largest describes the MS-DOS system services on a 
category-by-category basis. Section 2. a complete refer­
ence guide to all the MS-DOS interrupts. is more than you 
would expect from a typical programmer's reference 
manual. Included with the description of how to load the 
proper registers to call a specific function are notes about 
the "nonstandard" behavior of the function and how it 
behaves under different versions of MS-DOS. This is clearly 
an added bonus of the author's expertise. Every function's 
description includes a short assembly language example 
program that can serve as invaluable code fragments when 
you're writing your own programs to call functions. 1Wo 
final. shorter sections are reference guides to the special 
interrupts in the IBM PC ROM BIOS and to the Lotus/ 
Intel/Microsoft expanded memory specifications. 

HIGHLIGHTS 
One factor that distinguishes Advanced MS-DOS from a 
technical reference manual is the way in which the author 
treats nonstandard methods of accessing system services. 
Duncan explains the "correct" and most portable method 
for accessing an operating system service. He also dem­
onstrates how to use less portable. hardware-dependent 
methods when speed (rather than portability or compati­
bility with future versions of the operating system) is the 
driving force. This approach makes the book more valu­
able than a mere transliteration of a manual. The author's 
effectiveness as a programmer adds real merit to these 
explanations. providing insights into how to accomplish 
your programming tasks most efficiently. 

A chapter on accessing MS-DOS's file- and record­
manipulation functions is one of the book's highlights. 
Because of the historical ties between CP/M and MS-DOS. 
two methods of controlling files exist in MS-DOS. Dun­
can provides an in-depth discussion of file management 
first by comparing the file control block (FCB) and file han­

(continued) 
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For $200 per port, PC users can link and share printers-any type (laser, plotter, line, letter qual­
ity, dot matrix) using any application software, running on any kind of PC. PrintDirector provides: 
D an ideal solution for sharing expensive peripherals, especially laser printers, among two to twenty PCs 
D printing without waiting-up to one megabyte automatic print buffering and concurrent 1/0 for 

serial and parallel ports 
D automatic installation and operation-should never even have to use the manual 

PrintDirector is an immediate solution for today's user needs that can also become a server in 
a larger network tomorrow. 

--Erint!)irector 















TOTALCONTROL �
with LMI FORTH™ 

For Programming Professionals: 
an expanding family of 
compatible, high-performance, 
Forth-83 Standard compilers 
for microcomputers 

For Development: �
Interactive Forth-83 Interpreter/Compilers �
� 16-bit and 32-bit implementations 
� � Full screen editor and assembler 
� Uses standard operating system files 
� 400 page manual written in plain English 
� � Options include software floating point, arithmetic 

coprocessor support, symbolic debugger, native code 
compilers, and graphics support 

For Applications: Forth-83 Metacompiler 
� Unique table-driven multi-pass Forth compiler 
� Compiles compact ROMable or disk-based applications 
� Excellent error handling 
� � Produces headerless code, compiles from intermediate 

states, and performs conditional compilation 
� � Cross-compiles to 8080, Z-80, 8086, 68000, 6502, 8051, 

8096, 1802, and 6303 
� No license fee or royalty for compiled applications 

For Speed: CForth Application Compiler 
� � Translates "high-level" Forth into in-line, optimized �

machine code �
� Can generate ROMable code 

Support Services for registered users: 
� Technical Assistance Hotline 
� Periodic newsletters and low-cost updates 
� Bulletin Board System 

Call or write for detailed product information 
and prices. Consulting and Educational Services 
available by special arrangement. 

Laboratory Microsystems Incorporated 
Post Office Box 10430, Marina de/ Rey, CA 90295 

Phone credit card orders to: (213) 306-7412 '!!h• 
Overseas Distributors. 
Germany: Forth•Systeme Angelika Flesch , Titisee-Neustadt, 7651-1665 
UK: System Science ltd., London, 01•248 0962 
France: Micro-Sigma S.A.R.L., Paris , (1) 42.65.95.16 
Japan: Southern Pacific ltd., Yokohama, 045-314-9514 
Australia: Wave-onic Associates , Wilson , W.A., (09) 451 -2946 

BOOK REVIEWS 

you how to expand the PC’s usable memory beyond 640K 
(to 704K) by using the 641<-byte block of memory normally 
left unaddressed by DOS. 

To use the material presented by Miller. you should have 
experience as a high-level and assembly language pro›
grammer. You’ll also need a PC with at least two disk 
drives. 256K bytes of RAM. the• Microsoft or IBM 
assembler. a linker program. and a debugger. If you have 
the req uisi te hardware. software. and programming ex›
perience. Assembly Language Techniques for the IBM PC will 
reward you with a straightforward discussion of the 
technical problems and solutions involved in assembly 
language macro programming on the PC. 

Scanlon. Leo J. 80286 Assembly Uinguage on MS-DOS Com­
puters. New York: Prentice-Hall Press. 1986. $21.95. 316 
pages. 

Leo Scanlon’s 80286 Assembly Language on MS-DOS Com­
puters can be used by both novice and experienced high›
level language programmers who want to learn the Intel 
80286 instruction set and assembly language program›
ming on computers using it. The book starts with a brief 
introduction to binary and hexadecimal arithmetic. moves 
quickly to the fundamentals of assembly language pro›
gramming. and then covers macro assemblers and how 
to build macro libraries. 

The author uses plain English. His discussion includes 
useful programs and segments as illustrative tools. He also 
covers the SYMDEB debugger. the EDLIN line editor. and 
all the LINK utilities. He even throws in a discussion of 
how to program the Intel 80287 math coprocessor chip. 

The program examples are so useful that you may well 
use them after you’ve finished the book. They include 
high-precision arithmetic programs. sorting programs. and 
code conversions. 

Stevens. Al. C Development Tools for the IBM PC. New York: 
Prentice Hall Press. 1986. $22 .95. 240 pages. 

Not designed for the novice C programmer. C Development 
Tools for the IBM PC provides the experienced C program›
mer with a group of important development tools de›
signed to assist in creating real applications. C language 
tools that support the development of on-line. interactive 
software systems on the PC are the province of Stevens’s 
book. The book is really a tutorial workshop for tools such 
as file management. sorting. indexed data management 
(using B-trees). screen forms management. and menu 
management. 

The author supplies the examples themselves. with 
thorough discussions of their purpose and use and the 
history of their development. It is full of technical details 
that will help you design and code programs of sound 
structure and proper syntax. If you are going to be doing 

(continued) 
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System Requirements: 
CJ IBM Personal Computer, XT, or 

AT wtth 320K RAM, 2 disk drives, 
and DOS Version 2.0 or later 

O lBM Color/Graphics Adapter 
wtth RGB color or black-and· 
white monitor 

0 IBM Graphics Printer or Epson 
(=X/MX/RX serfes dot-matrix 
printer 

0 Houston Instrument DMP-41 
pen-and-Ink plotter 

O Microsoft Mouse (optional) 

Wlntek Corporation 
1801 SoOlh Street 
Lafayette, IN 47904-2993 
Telephone: (317) 742·8428 
Telex: 70-9079 WINTEK CORP OD 



OFFICE AUTOMATION �
Tech PC, we're out to capture your micro­
computer business. No one matches our 
diverse line of high performance products, or 
our comprehensive system of support, warran­
ty, and third party maintenance service op­
tions. Tech PC is a large Southern California 
computer design and manufacturing firm with 
computer research and design specialists, pro­
duction engineers, technical assistance staff, 
qualified sales personnel, and a strong 
management and investment team to provide 
you with state of the art products, state of the 
art reliability, and state of the art economy. 

PORTABLES 
Tech PC Portable Computers come in four 
different base models to match your com›
puting needs. Our entry level Tech PC/XT por­
table computer is designed to provide a non­
obstructive profile, and has a capacity to hold 
two thirty megabyte hard disks, a high resolu­
tion monochrome monitor with a Hercules 
compatible graphics card to drive it with 800 
by 400 lines resolution, and never before heard 
of 6 expansion slots in a portable computer. If 
4.77 MHz of Intel 8088 power isn't fast enough, 
try our Turbo 4.77 to 8 MHz 8088-2 or optional 
NEC V-2 microprocessor based portable 
machine. Designed to increase speed up to 170 
percent of a standard PC/XT, the Tech PC/AT 
and Tech Turbo PC/AT portable units are state 
of the art in portable performance. The 80286 
microprocessor based units can be fitted with 
up to 240 megabytes of high speed voice coil 
hard disk technology, and with the Turbo AT's 
10 MHz math co-processor socket and 10 MHz 

• 

80286 microprocessor the 
manipulate large spreadsheets 
unparalleled performance. 

unit can 
with 

DESKTOPS 
Tech PC Desktop Computers are de›
signed for survival. The XT’s leave your 
desktop looking comfortably empty with 
their slim non-obtrusive profile; The AT’s 
give you a powerful presence with a clean 
lined sturdy chassis. Combined with a 14 
inch, 800 by 400 line amber monochrome 
monitor or a 14 inch, 1280 by 800 black 
and white monochrome monitor you've 
got State of the Art staring straight back 
at you . If 8 MHz 80286 power isn't fast 
enough for you . . . try the Tech Turbo 
PC/AT with its lOMHz 80286 and 10 MHz 
80287 math co-processor socket. The Tech 
Turbo PC/AT gives you the strongest, 
most powerful 80286 performance avail­
able from anyone, anywhere . . . available 
with up to 16 megabytes of memory and 
hard disks up to 1 gigabyte with our new 
optical storage disk, the Tech Personal 
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Computer Desktops represent the cutting 
edge of desktop microcomputer technology. 

Tech Personal Computers, Inc. is a full 
service manufacturer of Micro Computer 
Products and offers a complete line of 
Desktop, Portables and Multi-User Com›
puter Systems as well as an accessory line 
of over one hundred enhancement prod›
ucts. Tech Personal Computers, Inc. are 
all backed by a full one year warranty with 
additional maintenance coverage and ex›
tended maintenance con›
tracts available through 
Momentum Service Corp. 
For more information 
concerning hundreds of 
MSC Service Centers 
throughout the United 
States, contact Tech 
Personal Com›
puters, Inc. at 
(714) 754-1170. 

OFFICE ON LOCATION �
DESKTOPS 

TECH PC/XT DESKTOP ............................ $ 529 �
Options: 

Tech PC/XT with 20MB Hard Disk ... . .. .. . . .. . ... . . .$ 979 
Tech PC/XT with 20MB Hard Disk, Monochrome Monitor, 
Herculesfi Compatible Mono/Graphics Card ......... .$1179 

TECH TURBO PC/XT DESKTOP .................... $ 629 �
Options: 

Tech Turbo PC/XT Desktop with 20MB Hard Disk . . . . .. $1079. 
Tech Turbo PC/XT 20MB Hard Disk, Monochrome Monitor, 
HerculesfiCompatible Mono/Graphics Card . . . . ..... . .. $1279 

TECH PC/AT DESK1DP ......... . .......... . ........ $1399 �
Options: 

Tech PC/AT with 20MB Hard Disk . . . .. . .. . . ......... $1799 
Tech PC/AT with 20MB Hard Disk, Monochrome Monitor, 
Herculesfi Compatible Mono/Graphics Card .. . ... . .. .$1999 

TECH TURBO PC/AT DESKTOP .................... $1599 �
Options: 

Tech Turbo PC/AT Desktop with 20MB Hard Disk ..... $1999 
Tech Turbo PC/AT with 20MB Hard Disk, Monochrome 
Monitor, Herculesfi Compatible Mono/Graphics Card .. $2199 

PORTABLES 
TECH PCIXT PORTABLE ........................... $ 899 �

Options: 
Tech Turbo PC/XT Portable with 20 MB Hard Disk . . . .$1349 

TECH TURBO PC/XT PORTABLE ................... $ 999 �
Options: 

Tech Turbo PCIXT Portable with 20 MB Hard Disk . . .$1449 
Tech Turbo PC/XT Portable with 1200 Baud Internal Hayes 
Compatible Modem and 20 MB Hard Disk ... .... . . . .$1649 

TECH PC/AT PORTABLE ....... . ... . .. . ............ $1799 �
Options: 

Tech PC/XT Portable with 20 MB Hard Disk . .... . . ... $2199 
Tech PC/XT Portable with 1200 Baud Internal Hayes 
Compatible Modem and 20 MB Hard Disk .. . . . ...... $2399 

TECH TURBO PC/AT PORTABLE ... . . . ........... .. $1999 �
Options: 

Tech PC/XT Portable with 20 MB Hard Disk . . . . .. . . . .$2399 
Tech PC/XT Portable with 1200 Baud Internal Hayes 
Compatible Modem and 20 MB Hard Disk . . . . . . . .. . .$2599 

Aii TECH PC PORTABLES available with tape backups, hard disks 
up to 1 gigabyte, networking systems, and hundreds of other 
hardware and software accessories. 

....-........-... › -• ----- . • --­-� r-•-• -•• � ­.._... - - -­
714/754.-1170 �

Tech Turbo PC/XT Portable with 1200 Baud Internal Hayes 2 I3I South Hathaway, Santa Ana, California 92705 
Compatible Modem and 20 MB Hard Disk . . . . .. . . . . .$1549 Tulex 272006 Answer Back-TECH FAX: 714I5568325 

Inquiry 312 for End-U sers. Desktop. Inqui ry 313 for End-Users. Portable. Inquiry 314 for DEALERS ONLY. 





INSIDE THE IBM PCs 

THE IBM RT �
PERSONAL COMPUTER �

Inside IBM's RISC processor and memory management unit 

BY RICHARD 0. SIMPSON �

BACK IN 1975 the IBM 
Research Division began 
a project to investigate 
the utility of simple but 
very high speed computer 
hardware in a practical 
computer system. This 
system became known as 
the 801 Minicomputer­
"801 " because the proj­
ect was located in Build­
ing 801 of the IBM T. J. 
Watson Research Center 
in Yorktown Heights. New 
York. and " minicom­
puter" because the ma­
chine was envisioned as 
being less expensive and 
physically much smaller 
than the mainframes of 
the time. 

People who observed 
noticed that programs 
running on complex high­
performance machines 
spent most of their time performing 
only very simple instructions. such as 
Load. Store. Branch On Condition. 
and Add. A good deal of the control 
logic of a complex machine exists for 
the instructions that require multiple 
cycles and for the complexities of 
memory operands that cross page 
boundaries and therefore could cause 
a page fault partway through an in­
struction's execution. 

A stripped-down machine. one that 
is simpler than the IBM System/3 70. 
for example. could be made faster if 
it didn't have to deal with complex but 
statistically seldom-used operations. 
The goal of the 801 computer project 
was to produce a machine that ex­
ecuted programs at a sustained rate 
of one instruction per machine cycle. 

To achieve this rate. the instructions 
could not be very complex. All arith­
metic and logical instructions were de­
fined to operate on the contents of 
registers; there were no instructions 
like Add 1b Memory or Move Memory 
To Memory. Only simple addressing 
modes such as base plus displace­
ment and base plus index were pro­
vided so that effective address calcu­
lation could be executed in a single 
cycle. 

Operations that would inherently 
take multiple cycles-such as Multi­
ply-were not provided. Instead. a 
single-cycle Multiply Step instruction 
was provided. In addition. provisions 
were made for very efficient linkage 
to a subroutine that would build the 
complex Multiply function out of the 

primitive Multiply Step in­
structions. 

OPTIMIZING THE 
COMPILER 
The level of the instruction 
set of the 80 I was com­
parable to the microcode 
level of more traditional 
machines. As a result. 
more 80 I instructions 
were needed to perform a 
given function than. for 
example, IBM System/370 
instructions. The size of 
the programs was not a 
problem. Memory costs 
were decreasing. and any 
product based on the 801 
would more than likely be 
a virtual memory system. 
However. if an 801 pro­
gram were a great deal 
longer than the equivalent 
program for a traditional 

machine. it would take longer to ex­
ecute even at only one cycle per in­
struction. 

The solution was a highly optimiz­
ing compiler to shorten an 801 pro­
gram by eliminating redundant calcu­
lations. moving calculations out of 

�(�c�o�n�t�i�~�u�e�d�)� 

Richard 0. Simpson holds B.S. and M.E.E. 
degrees from Rice University and is a member 
of IBM's Advanced Engineering/Scientific 
Development organization in Austin. Texas. 
Since 1981 he has been involved in the ar­
chitectural definition of ROMP and its mem­
ory management unit and more recently in 
the definition of the IBM RT Personal Com­
puter. He can be contacted at IBM Corpora­
tion. Advanced Engineering/Scientific Devel­
opment. 11400 Burnet Rd.. Austin. TX 
78758. 
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THE IBM RT PC 

loops. performing calculations at 
compile time. and eliminating unnec­
essary loads and stores. The compiler 
and the language it compiled were 
named PL.8; the language is a system­
programming dialect of PL/I. and the 
.. .8" refers both to 80 I and to the fact 
that the language was originally PL/! 
with those features not useful for sys-

tern programming (about 20 percent) 
removed. 

The design of the 801 went through 
several iterations. An early version 
had sixteen 24-bit registers and a mix­
ture of 2-byte and 4-byte instructions . 
(The registers were 24 bits wide to 
simplify construction of a prototype 
from discrete logic.) The final design 

had thirty-two 32-bit registers and 
only 4-byte instructions. Restricting 
the instruction format to only one size 
simplified instruction decoding 
enough so that the machine's cycle 
time could be reduced. 

The instruction set of 801 was spec­
ified in conjunction with the design of 
the PL.8 compiler. Instructions were 
included based on the needs of the 
compiler rather than the perceived 
needs of an assembly language hand­
coder. The high-level language was to 
be the programming interface. 
through the PL.8 compiler or other 
compilers. 

The designers provided many gen­
eral-purpose registers because it is 
easy for a compiler to manage such 
a large set and it makes for more effi­
cient code by eliminating most "spill" 
code requirements. The shift in design 
from 16 to 32 registers was based on 
compiler studies. which showed that 
the extra registers were worth the 
extra hardware cost 

MEMORY BANDWIDTH 
Each 801 instruction was one word 
(32 bits) long. aligned on a word 
boundary in memory The width of 
the data path to and from memory 
was also 32 bits. Since about 30 per­
cent of the dynamic instruction mix 
was Load and Store instructions. the 
memory interface had to supply an 
average of 1.3 words per machine 
cycle To maintain this rate the 801 
had separate caches for instructions 
and data. each of which could handle 
one word per cycle. 

A load from the cache took two 
cycles altogether. In a form of delayed 
branch called Branch With Execute. 
the instruction physically following the 
branch was always executed regard­
less of the branch condition. This gave 
the instruction cache an additional 
cycle in which to supply the branch 
target 

These efforts to keep throughput 
high were successful. Executing in­
structions on the 801 was somewhat 
like drinking from a fire hose. The sus­
tained execution rate was around I 5 .1 
million instructions per second at a 

(continued) 

If only research �
were always this simple �

There's no need to shop here, there and 
everywhere in an attempt to put together the 
system you need for processing images that 
require scientific analysis. And there's no need 
to waste time and run risks by buying from 
several different and potentially incompatible 
vendors. 

Almost as fast as you can say microscopy, 
CORECO will provide the system you need as 
well as the support and the security that come 
from dealing with acomputer-vision company 
that has built its reputation for quality systems 
by developing its own software AND hardware. 
The two go together like bacteria and culture. 

CORECO's Image Analyzer is a 
user-friendly, menu-driven program that runs on 
the CORECO Oculus 200 frame grabber board. 
This software lets you: 
• digitize images• archive images· edit and 
annotate images· enhance images• process 
images· assign pseudo colors to images 

• output images on adot matrix printer· and 
much more, including image enhancement 
through color manipulation. 

And all this at asurprisingly affordable price. 

EXCELLENCE IN MACHINES THAT SEE 

""'""'...,....."�:�:�:�: �:�:�:�:�= �,�,�.�;�'�-�'�V�~ i:'-'V 
COMPUTER-VISION 
PRODUCTS AND SUPPORT 

Tel.: 514-651-3100 (Canada and Europe) �
1-800-361-4997 (USA) �
Telex: 05-25-134 MTL ATTN: CORECO �
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Aztec C ... The Best C �
Frees the genius iri' you­

You've got a greatidea ... �
... you 're ready to write your programs. �

You don't want to be sidetracked by all the paper­
work. With Manx Aztec C and the ingenious make 
function, your creative processes won't get bogged 
down in program administration and housekeeping. 
Manx Aztec C has the most sophisticated, hardwork­
ing program administrator available' to you. Once 
you've described your project, adding new features or 
enhancements is simple. You never have to concern 
yourself with the repetitive, tedious task of rebuild­
ing your systems. 

The development process moves quickly. Com­
piles, assemblies, link edits ... all finish in record 
time. 

Manx Aztec C is the fastest, most efficient C de­
velopment system in the industry. Benchmarks show 
it ... reviews commend it . .. users praise it. 

You're ready to test the program. You're ahead of 
schedule. The Manx Aztec C Source Level Debugger 
shows you the exact C language statement giving you 
a problem. You fix the problem quickly .. . you're 
still ahead of schedule. 

You've got some time for fine tuning. 
The Manx Aztec C Profiler examines 
your program, tells you where the slow 
spots are and validates your test pro­
cedure. A few changes and it 's exactly 
what you wanted. 
You've made it! 

Aztec C is available for MS-DOS / PC 
DOS. Call for details on Macintosh, 
Amiga,Apple II, CP/ M-80, 
CP/ M-86, TRS-80, ROM and others. 

To order, or, for information 

Call Today 
1-800-221-0440 
In NJ or outside the USA call 
(201) 542-2121 

30-day satisfaction guarantee. Special Discounts 
are available to professors, students, independent 
developers, and on a "trade-in" basis. Site licenses. 

Manx Software Systems 
One Industrial Way 
Eatontown, NJ 07724 

MS is a registered TM of Microsoft. Inc .. CP/ M TM ORI , HALO TM Media Cybernetics. �P�A�N�~�l� TM 
Aoundhill Computer Systems. Ltd .. PHACT TM PHACT Assoc., PAE-C. Pl.ink-86 TM �P�h�~�e�m�x �,� db 
Vista TM Raima Corp., C-terp, PC-lint, TM Gimpel Software. C-tree TM Fa1rco_m. Inc .. �W�1�n�d �~ �w�s� lor 
c TM Creative Solutions. Apple 11 . Macintosh TM Apple. lnc .. TAS-80 TM Radio Shack. Amiga TM 
Commodore lnt 'I. 
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" ... a superb linker, a profiler, an assembler, 
and a set of development utilities are only the be­
ginning of this package .. . performed admirably 
on the benchmarks, with short compile times and 
the best link times in this review ... includes the 
most professional make utility . .. documentation 
is clear and complete. There is no doubt that this 
is a valuable and powerful programming en­
vironment." Computer Languages Feb. '86 

" .. . execution times are very good, close to the 
best on most tests .. . " PC Tech Journal Jan. '86 

" Easily one of the fastest compilers overall . . . 
library provides a lot of flexibility ... generates 
small .EXE files ." Dr. Dobbs Journal Aug. '85 

C'Prime (Compiler, Assembler, Linker) $ 99. 
Aztec C 86-d Developer's System $299. 
Aztec C 86-c Commercial System $499. 
PC ROM (8086, 68000, 8080, or 6502) $750. 
Third Party Software for Aztec C: HALO, PHACT, C-tree, �
PRE-C. Windows for C, PC-lint, PANEL, Greenleaf, db Vista, �
C-terp, Plink-86, F'irsTime, C Util Lib , �
and others. �
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