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Figure 6: A terminal-simulator circuit used to test the functioning of an RS-232C communication link. This simple-minded device 
transmits a single, switch-selected ASCII character on demand or receives a single character for display in hexadecimal form. 

ceiver/transmitter), IC2, to generate pie. SW2 sets the status inputs to the output lines RDl through ROB. The 
and accept data on the RS-232C line. UART for parity, word length, and DAV signal is delayed, inverted and 
(Because I have written elsewhere stop bits. The character to be trans­ used to reset . itself through the 
about the functioning of UARTs, I mitted is set on SWl (the most signifi­ RDAV input. This same logic signal 
won't take the time now. See refer­ cant bit is BOB) in hexadecimal or is used to latch the 8 data bits onto a 
ence 2 for more information.) !Cl is a binary format. It is transmitted each 2-digit hexadecimal LED display. 
crystal-controlled data-rate genera­ time pushbutton switch PBl is Each time a character is received, the 
tor. Depending on the settings of pressed. display will be updated, although you 
SW3, the clock rate of the UART will Data reception is just as easy. won't be able to read a continuous 
be set for one of the 16 data rates. When a character has been received, data stream. 
Both the transmitter and receiver are the DAV (data available) output line Of course, more sophisticated com­
set to the same rate. of the UART goes high, and the re­ mercial terminal simulators exist that 

The transmitter section is very sim- ceived character can be read from the incorporate some processing power, 
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code in the software. This additional 
code typically takes up the room 
saved by carrying around only 16 bits 
of address. 

One way to get around the single­
page limitation of paging is to 
provide many page registers. Other 
characteristics that determine which 
register will be active on a particular 
bus cycle include instruction fetch, 
data read/write, and stack access. 
While these additional registers give 
the programmer access to more than 
one page at a time, there is still only 
one page available for each type of 
access. 

Some extensions to paging came 
out to compensate for some of the 
losses experienced in paging. 
Segmentation, for example, follows 
the same general principles of 
pagination. The key difference in 
segmentation is that the page number 
becomes a segment number and the 
segment number is essentially added 
to the core 16-bit address. This allows 
some relocation of the core address 
but still forces the programmer to 
check that the desired segment is 

loaded, and limits the range of any 
segment to only 64K bytes of 
memory. 

To a programmer, the simplest 
address technique is a direct address­
ing of any memory location. This 
would be without regard for whether 
the wanted data is near recently 
accessed data or whether it is miles 
away. The programmer wants a 
linear view of data, that is, the ability 
to specify a very simple, albeit long, 
address that will access any data. 

Now, beyond the processor's mem­
ory-addressing method, memory 
management is sometimes used. With 
it more sophisticated systems dynam­
ically relocate or control the various 
blocks of memory. This is done for 
protection purposes in larger systems. 
The advantage is that you can protect 
one user's work space from the de­
vastating effects of another user's 
poor programs running amuck. To 
this end, a separate memory manage­
ment unit (MMU), in conjunction 
with the operating system, performs 
some addition to or translation of an 
address. This technique may sound 

similar to paging and segmenting 
memory, but this is done to serve a 
completely different purpose, and in 
a different way. The application 
program writer never sees this 
memory management and writes 
code as though the entire memory 
were available. 

To expand the memory space on 
the MACSS, the best option, though 
not the easiest to implement on the 
chip, is a linear address space. This 
space is not broken up by paging, 
segmentation, or banking schemes. It 
is a very simple addressing technique, 
requiring the least effort by the 
programmer, while still allowing 
more advanced operations such as 
memory management. 

A linear address is simply a 
straightforward 32-bit, for example, 
address. The address space is not 
broken up into blocks; and it is 
contiguous. Accessing such an 
address merely requires the 
expression of the 32-bits in the 
instruction or using a single address 
register. For convenience, if the upper 
16 bits of the address are either all Os 

Did You Hear  
the One About  

the Computer
That Talks? 

It's no joke. 
With the ECHO speech synthesizer 
from Street Electronics whatever you 
type on the keyboard, your computer 
can say. The ECHO's text-to-speech 
system gives your computer an 
unlimited vocabulary while using a 
minimum of memory. And now a 
diskette of fixed, natural sounding 
words is available to enhance the 
ECHO J['s voice output. 
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Nearly 400 language rules are contained in the 
ECHO's text-to-speech algorithm. These rules enable 
the computer to pronounce most correctly spelled 
words. When in the text-to-speech mode the user can 
select any of 63 different pitch levels, and have 
words spoken either monotonically or with intonation 
by using simple control character sequences. The rate 
of speech can be fast or slow; words can be spoken 
in their entirety or spelled letter by letter. The 
ECHOs also pronounce punctuation and numbers. 
Words can be encoded using phonemes and diph­
thongs when the text-to-speech or fixed vocabulary 
is not required. 

Applications are unlimited, ranging from phone 
answering, educational and training programs, to 
games and aiding the sight and speech impaired. 
The ECHO is a complete stand alone unit which is 
compatible with most any computer; it sells for 
$299.95. The ECHOH, which plugs into the AppleH, 
is priced at $149.95. 

Contact us about the new ECHO/PC for the IBM/PC. 

Street Electronics Corporation 
1140 Mark Avenue, Carpinteria, CA 93013 
Telephone (805) 684-4593 

Call toll free for demonstration (800) 221-0339 
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praqmatic deiq[p 
Pragmatic Designs, Inc. 950 Benicia Avenue Sunnyvale, CA 94086 
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Trademarks: Wordstar of MicroPro, SuperCalc of Sorcim. d8ase II of Ashton Tate. CP/M of Digital Research, 

CompuPro of Godbout Electronics. 
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space of 32 bits for the MC68000. 
Now, from a practical packaging 

standpoint, 32 address signal lines are 
quite a few. The placement of inte­
grated circuits (!Cs) in dual inline 
packages (DIPs) with greater than 40 
leads was rare before 1980. With only 
a few systems in the early '80s requir­
ing more than 16 megabytes of mem­
ory, it seemed a reasonable trade-off 
to bring only the 24 least significant 
address bits to the outside world. 
That way fewer pins would be 
required, and MACSS could fit with­
in a 64-pin DIP. Still, all 32 bits of 
address are maintained within the 
processor, and there are simple means 
of determining the upper 8 bits' 
values. 

Multiple Registers 
With the size of the memory 

address space determined, it was 
easier to settle on the register scheme 
of the new processor. The size and the 
number of registers had to be de­

1 cided. 
Designers originally envisioned 

onboard registers for a processor 
because operating on memory data 
requires a time-consuming transfer 
across the external bus. It just 
happens that in programming most 
data is operated on a number of times 
in succession before a result is ob­
tained. Often many combinations 
with many different data pieces are 
used. The merging of these two 
observations leads to onboard or on­
chip registers for fast manipulation of 
frequently used data. 

It seems that from the day registers 
were brought into the processor, 
programmers have wanted more 
registers for their use. The goal, then, 
when designing processors, is to 
provide as many registers as possible 
for the programmer. In the MC6800, 
only two registers (A and B) were 
available for data manipulation, and 
one index register (X) to point to non­
stack data. These few registers are 
being loaded and saved almost as 
often as the data within them is ma­
nipulated. 

The loading and saving of registers 
is usually wasted time. The amount 
of time spent bringing data into on­
chip registers for fast manipulation 

or all ls, then a shorter, 16-bit form 
of the address can be sign-extended to 
automatically provide the correct 
address. This is the way the MC68000 
accesses memory and 110. 

How big an address space should a 
16-bit microprocessor address? The 
natural address sizes greater than 
16 bits are 24 and 32 bits, which are 3 
and 4 bytes long, respectively. For a 
16-bit microprocessor, the odd num­
ber of bytes becomes slightly un­
wieldy. Looking a little further into 
the future, it seemed that even the 16 

megabytes of a 24-bit address might 
not meet the needs of large systems. 

While 32 bits of address, reaching 4 
gigabytes of memory, seems tremen­
dous, once the need for more than 16 
bits is established, 32 bits is the next 
most convenient size. It takes exactly 
two 16-bit bus transfers to move an 
address into the processor, and once 
the second transfer is needed, as it 
would be even for an 18-bit address, 
it is just as well to use the whole 16 
bits brought in. Thus, engineers 
selected a virtual-memory address 
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depends upon the exact use of that 
data. However, the more registers 
available, the more likely it is that a 
register will not have to be saved just 
so that some other data can be 
operated on in that register. 

The design of the internal execution 
of instructions through a micropro­
cessor will determine many things 
about the suitability of the chip for 
programming. Instructions may 
operate either on what are called 
dedicated registers or on a general 
register set. Each of these methods 
has advantages and disadvantages. 

In a microprocessor that uses dedi­
cated registers, an instruction in­
cludes the address of the data to be 
worked on in specific registers. These 
registers are inherent in the instruc­
tion. The ADD instruction, for 
example, will add only from a mem­
ory location to, say, register A-not 
to register B, and not from register A 
to memory. If the value to be added 
to is not already in register A, it must 
first be placed there. Before it can be 
placed there, a number in A may 
have to be saved. All of this can be 
quite troublesome. This is not very 

different from the situation in which 
there simply are not enough registers. 

Contrast this with the example of a 
processor that uses true general-pur­
pose registers. In a general-register 
machine, the ADD instruction may 
add data from memory to any of the 
internal registers. The instruction 
must contain information on which 
register it will operate on. This is 
determined when the instruction is 
assembled. If there were four registers 
in the processor, the ADD operation 
could be performed in register A, B, 
C, or D, as selected by the 

----------------------------------.programmer. 
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OTRONA ATT ACHE PORT ABLE COMPUTER: full 80 x 24 screen. Soft­
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Dual dble density drive. 

ESQ 1: Legal time and billing software implemented on our MASTER MAX or IMS 
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AUTOCAD: Interactive graphics software for architects, engineers, others. HOUS­
TON INSTRUMENTS digitizer and plotters. 

Now if the value to be added to is 
in register C, the programmer simply 
designates C as the operand register. 
There is no need to shuffle registers 
and no need to save any register 
contents. The general-register 
machine, then, is easier to program 
and typically requires less time to 
execute an operation. 

As it always happens, this ease of 
programming does not come free. 
You will see later that allowing a 
selection of registers requires bits in 
the op code for encoding and, there­
fore, more bits of the op code. Also, 
it is typically more difficult for the · 
microprocessor designer to imple­
ment the circuitry that incorporates 
various registers because it takes time 
to determine which register is to be 
used and to activate that register. 
Streamlining internal operations so 
that this time is not detectable 
requires quite a bit of planning. 

So while fewer registers or dedi­
cated registers may be easier for the 
microprocessor designer to imple­

ACT SINGLE OR DUAL WINCHESTER SUBSYSTEMS: Dual version 
solves back up problems! Implemented for CP/M, Turbodos, TRS 80, IBM PC, 
Osborne, Apple, many others. 

• MODEMS: US ROBOTICS DC Hayes compatible modems at lower prices. 

SPECIAL INVENTORY SALE: (while they last) IMS boards at 25% off list price. 

PERIPHERALS: CRTS (Televideo, WYSE, Haze.ltine); dot matrix and letrer quality 
printers, S-100 boards & mainframes, floppy disk subsystems (Shugart, Qume, 
Tandon, Per Sci). Full line of RAM and ac:cessories for IBM PC. 

3270 NETWORK: 
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ment, they make programming the 
new chip more cumbersome and less 
flexible. But the extra time, effort, 
and expense of implementing general­
register principles pays off by easing 
the programming of these devices. 

Therefore, the MC68000 was de­
signed with general-purpose registers . 
Any instruction may select any reg­
ister for use as a source or destination 
operand or as a pointer in any allow­
able addressing mode. This tremen­
dous flexibility gives programmers 
the ultimate in data and pointer 
placement. 

A close observation of the use of 

Circle 423 on Inquiry card . .....,. 
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registers indicates they usually have 
one of two purposes: they may retain 
data for manipulation, or they may 
contain an address that points to a 
memory location. The use of a 
register for each of these purposes is 
quite different. 

When data is moved into or out of 
a register or is manipulated within the 
register, all types of conditional 
information from the operation are 
important. Thus, you typically 
would like all condition codes to be 
properly set after a data operation. 
This way these condition codes may 
be used to branch or with other data 
operations. 

On the other hand, an address 
might be placed in or taken from a 
register, or modified by incrementing 
or decrementing. Rarely is it impor­
tant whether a carry comes out of the 
ALU or whether the result is negative 
(i.e., has a 1 in the most significant 
bit). In fact, a programmer would 
prefer manipulation of an address to 
have no effect on the condition codes. 

Often in the middle of a complex data 
operation, you must bring in a new 
address or increment an address. To 
have this operation modify the 
condition codes most of the time will 
foul up the data operation in 
progress, and so is undesirable. 

Therefore, two generic register 
types emerge: a data register (DO 
through 07) and an address register 
(AO through A7). The MC68000 has 
both types. In a data register, any 
operation will affect the condition 
codes of the microprocessor as is 
appropriate for the operation and the 
data used. However, in an address­
register operation, condition codes 
will not be changed, but the codes 
from previous data operations will be 
retained. This way you can have 
address and index pointer changes 
made, without affecting the accuracy 
of the results, in the middle of a 
complex data operation that requires 
many instructions and transfers from 
memory. 

What size and how many of each 

type of register should be included in 
the microprocessor? The more reg­
isters there are, the better it is for the 
programmer. Unfortunately, the 
more register and control circuits in 
the chip, the more expensive it is. A 
good balance must be attained. 

Two registers are too few, four are 
nice, but it is difficult to imagine even 
a complex routine requiring more 
than eight different memory pointers. 
The encoding of eight registers re­
quires an even three bits. Because it 
seemed that eight was a good upper 
bound, the MC68000 has eight ad­
dress registers and also eight data 
registers. 

With 16 registers available, divided 
half and half for data and address, 
almost any sizable routine will never 
require the temporary storing of a 
value in a register just so that the 
register can be used for something 
else . And, within the routine, manip­
ulations of memory pointers in 
address registers will not interfere 
with an ongoing data calculation, 

PICKA SYSTEM! 
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disk drives, your choice. Either way your system comes 
with a full size (12" diagonal) non-glare tillable green 
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able keyboard has a numeric pad with cursor control and 
function keys. 

Nationwide on-site and depot repair service 
through ths professionals st INDESERV. 

ecP/M is aregistered trademark of Digital Research. Inc. 

• Single Board Technology • CP/M® Operating System 
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• 8-lnch Dual Density Floppy Drives 
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because of the distinction of how the 
condition codes work for the different 
register types. It is easy to see how the 
MC68000 is easier to program. 

Earlier I explained that MACSS 
would handle all of its addresses as 
32-bit quantities. Anyone who has 
ever programmed 8-bit micropro­
cessors, which have 8-bit accumula­
tors and 16-bit index registers, has 
seen the difficulty with the two 
different sizes. Once programmers 
figure out how to put the 16-bit value 
in both 8-bit accumulators, things get 
tougher when they try to get arith­
metic carries from the lower half to 

the upper half of the value. 
A little of this experience led the 

MC68000 designers to decide that 
using data that is the same size as the 
address register could make some 
software design significantly easier. 
In order to handle a linear 32-bit 
virtual-address space, the MC68000 
needed to have 32-bit address regis­
ters. How would 32-bit data registers 
fit into a 16-bit microprocessor? 

You would expect a 16-bit micro­
processor to process 8- and 16-bit 
data, but does it make sense for it to 
also process 32-bit data? Obviously, 
the addresses will have to be handled 
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in that size. Designers recognized that 
in 8-bit microprocessors the ability to 
handle 16-bit data came in quite 
handy for more advanced applica­
tions. The 8-bit processors soon had 
to be upgraded to handle 16-bit 
operands, and users of 16-bit mini­
computers needed 32-bit operations. 

Once a few 32-bit operations be­
come necessary in a microprocessor, 
you need a whole array of opera­
tions. If a multiplication operation 
generates a 32-bit result, in order to 
do anything with that result, other 
32-bit operations are needed. For 
consistency, again, Motorola decided 
that the data registers would be 32 
bits wide and operations on all 32 bits 
could take place with a single 
instruction. 

Three Arithmetic Units 
The exact manner of processing 

data and addresses through the 
MC68000 came about later, with 
careful analysis of the internal 
architecture and the need for address 
and data in the sequence of instruc­
tions. The chip ended up with three 
separate arithmetic units, which 
could work in parallel. I'll describe 
their purpose to give some insight 
into how the machine works. 

The MC68000 has a 16-bit-wide 
ALU that essentially performs all data 
calculations and provides single-pass 
evaluation of the 16-bit data, for 
which the MC68000 is primarily de­
signed. There are also two other inter­
nal arithmetic units. Both are 16 bits 
wide and are generally used in con­
junction with each other to perform 
the various address calculations asso­
ciated with operand effective ad­
dresses. This makes sense because all 
addresses are 32 bits wide. An effec­
tive address (EA) is the calculated 
result based on a selected addressing 
mode of the processor. In the 
MC6800, for instance, if an "index­
register-plus-offset" address mode 
were used, the EA would be the result 
of adding the contents of X with the 
given offset. Because EA evaluation 
takes time and can be a significant por­
tion of the instruction, it is important 
to perform this quickly. 

At one time, then, one 32-bit 
address and one 16-bit data calcula­
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tion can take place within the 
MC68000. This speeds instruction 
execution time considerably by pro­
cessing addresses and data in parallel. 
The MC68000 also operates on 32-bit 
data. This is usually done by taking 
two passes of 16-bit data, one for the 
lower word and one for the upper 
word. This is reflected in the 
execution time of many 16- and 32-bit 
instructions. 

Prefetch Queue 
Another way designers made the 

MACSS faster was to include what is 
called a pre fetch queue. This pref etch 
queue is more intelligent than other 
microprocessor queues; its control 
varies according to the instruction 
stream contents. 

The prefetch queue is a very 
effective means of increasing micro­
processor performance; it attempts to 
have as much instruction information 
as possible available before a 
particular instruction begins execu­
tion. The microprocessor uses an 
otherwise idle data bus to pref etch 
from the instruction stream. This 
keeps the bus active more of the time, 
increasing performance because 
processing of instructions is often 
limited by the time it takes to get all 
the relevant information into the 
processor. 

The part of memory from which in­
structions are fetched, the program 
space, contains op codes and address­
ing information. The prefetch queue 
can contain enough information to 
execute one instruction, decode the 
next instruction, and fetch the 
following instruction from memory­
all at the same time. 

Exactly what is in the queue is very 
dependent upon the exact instruction 
sequences. The queue is intelligent 
enough to stay fairly full without 
being too wasteful. 

For instance, when a conditional 
branching instruction is detected, the 
prefetch is ready to either branch or 
not by the time a decision is made. 
The queue tries to fetch both the op 
code following the branch instruction 
and the op code at the calculated 
branch locafion. Then, when the 
condition codes are compared and a 
decision is made whether to branch, 
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the processor can begin immediate 
decoding of either instruction. The 
other unnecessary op code is ignored. 

You can use the prefetch queue in 
many other special ways as well. One 
example is in speeding up the re­
petitious Move Multiple Registers 
instruction, where it is used to 
accelerate successive data transfers. 
The prefetch queue allows many fre­
quently used instructions to execute 
in exactly the time it takes to fetch the 
op code (actually, the time to pref etch 
the next op code). 

Microcoding 
One other significant implementa­

tion feature from the MACSS project 
emerged from the choice between a 
random logic design versus a 
microcoded design. Both techniques 
have advantages and disadvantages. 
Earlier microprocessors were largely 
of random logic design. Advanced 
techniques of very large scale inte­
gration (VLSI) and the increasing 
complexity of the chips have made 

microcoding more attractive. 
Random logic design of a micro­

processor or other logic device is the 
building of the device from discrete 
components-gates, buffers, and 
transistors. This limits the 
components to those that are 
essential. There are no unused gates, 
duplicated circuits, or clever uses of 
otherwise unused components. The 
design is usually packed as tightly as 
possible and is quite fast. 

The difficulty is that, as the design 
becomes more and more complex, as 
VLSI has, the planning and layout of 
the components and signal traces 
become exponentially more difficult 
and often impossibly so. This means 
that it takes exorbitant amounts of 
time to design the circuits. 

Another problem with the use of 
random logic in very complex circuits 
occurs in modeling and testing. 
Before such circuits are finally placed 
in silicon, they must be modeled and 
simulated on computers because of 
the great difficulty in running down 
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bugs once the chip is in silicon 
compared to debugging a wire-wrap 
board. The entire circuit must be 
modeled all at once to ensure that one 
combination of signals affects only 
the expected section of the device. 

Similarly, once the circuit is in 
silicon, the pass/fail testing of the 
components in a random logic chip is 
quite difficult. You typically have 
only a few lines to send sequences of 
patterns through for testing. Because 
a particular section of the circuit may 
be exercised only by a very few given 
inputs, a normal test may not detect a 
stuck gate or other error caused by 
some strange combination of inputs. 

On the other hand, in much the 
same way that microprocessors made 
designing systems with medium-scale 
integration/large-scale integration 
(MSI/LSI) easier, microprogramming 
has come to ease the complications in 
the design of microprocessors. Micro­
programming is to a microprocessor 
what a microprocessor is to a logic 
design of a system. A microprocessor 
has central components that can be 

considered black boxes with inputs 
and outputs. For each given opera­
tion (instruction, interrupt condition, 
etc.), the microprocessor can route 
certain information to these black 
boxes as inputs, and the outputs can 
be routed to other components. The 
control of this routing is performed 
by a microcontroller or micro­
sequencer. 

Similar to a microprocessor, the 
microsequencer directs the flow of 
data through the various components 
(ALU, registers, condition flags, 
shifters, buses, etc.) according to 
microprogrammed instructions. Each 
instruction has its own microroutine, 
or sequence of microwords, which 
routes the associated data to the 
proper component in the proper 
order. Conditions and branches may 
redirect the microroutines. 

Microcoding a complex circuit 
simplifies design mostly because it 
makes the circuit modular. It takes a 
controller, a block of microprogram, 
and the components through which 
data is to flow. Each of these elem~nts 
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may be modeled, built, and tested 
with individual inputs and outputs. 
Microcoding is a big step toward 
simplifying the design process 
because it breaks up the design into 
manageable blocks, thereby easing 
the testing of the finished product. 

Another advantage of microcoding 
is that it allows tremendous flexibility 
in the exact operation of the circuit. 
Its microwords allow more combina­
tions of the inputs through the 
components than most random logic 
would allow. Microcoding's pro­
grammability makes it especially 
attractive to silicon designers because 
random logic in silicon is not easily 
changed. 

Last-Minute Changes Possible 
You can change the microROM of 

the microcoded device right up to the 
minute before the masks for the 
device are processed. To change a 
small facet of an operation may 
mean altering a few bits in the 
microROM, but this changes only 
whether or not there is a gate on the 
bit's transistor-a simple alteration. 
Similarly, after the silicon is cast, 
should a change be necessary, it will 
likely be just a microcode change, 
which would be much easier than 
random logic modification in silicon. 

The disadvantage of a microcoded 
circuit lies primarily in its generality. 
Because it is made up of modules and 
is programmed, the microcoded cir­
cuit is more wasteful of transistors 
and therefore makes a larger circuit. 
This may add up to 20 percent more 
board space or chip area than a tight 
random logic design. But microcod­
ing has advantages that make up 
for this disadvantage, making it the 
design choice for modem VLSI cir­
cuits. 

There are two types of micropro­
gramming, horizontal and vertical 
(see figure 4). Horizontal microcod­
ing is . the more direct form. It is 
unencoded, so that, for instance, 1 bit 
in each microword would enable each 
register. For 16 registers, then, 16 bits 
of microcode must be dedicated. 
Horizontal microwords tend to be 
quite long, and because the size of the 
microcode directly affects chip size, 
they can quickly increase chip cost. 
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HORIZONTAL MICROWORD 

Figure 4: Comparison of horizontal and vertical microcode patterns. 

A denser but slower form of 
microcoding is vertical microcoding. 
Here, control functions are encoded, 
so that only 4 bits of microcode are 
required to select one of 16 registers. 
While it needs a much shorter micro­
word, vertical microprogramming is 
potentially slower than horizontal 
microprogramming. Vertical micro­
programming will take at least one 
level of logic gates to decode the 

, encoded signals. This level of gates 

1 

may just throw the total gate 
propagation delay over the threshold 
of the clock pickets, forcing an 
additional clock cycle into the in­
struction. 

In the MACSS project, the 
MC68000 was selected to be micro­
coded. In retrospect this was a very 
wise decision. The first silicon 
prototype worked well enough so 
that the major circuits in the device 
could be tested, and subsequent 
"fixes" were often just microcode 
corrections. The instruction set was 
not firm until just before the masks 
went to wafer fabrication, allowing 
some late decisions to . be made to 
improve the performance of the chip. 

A combination of horizontal and 
vertical microcoding was used on the 
MC68000 to gain the optimum 
advantages of both. Essentially, a 
microcode and a nanocode were 
developed. The microcode is a series 
of pointers into assorted microsub­
routines in the nanocode. The nano­
code performs the actual routing and 
selecting of registers and functions, 
and directs results. This combination 
is quite efficient because a great deal 
of code can share many common 
routines and yet retain the 

individuality required of different 
instructions. 

Decoding of an instruction's op 
code generates starting addresses in 
the microcode for the type of 
operation and the addressing mode. 
Completion of an instruction enables 
interrupts to be accepted or allows 
access to the pref etch queue for the 
next op code. The pre fetch queue 
actually keeps bus use at 85 to 95 
percent, i.e., the bus is idle only 5 to 
15 percent of the time! 

Conclusion 
Let's look back now at the 

MC68000 and see what parts of it 
might qualify it as a 16-bit device. 
The internal data ALU is 16 bits. It 
processes 32-bit addresses, though 
only 24 bits are brought off chip. The 
op code that tells the processor what 
operation to perform is 16 bits wide . 
The data bus is 16 bits wide. The 
microprocessor will operate on 
either 8, 16, or 32 bits of data auto­
matically. There are 16 general­
purpose 32-bit-wide registers in the 
chip. 

The MC68000 is generally con­
sidered a 16-bit microprocessor, 
though it uses 32-bit addresses and 
contains 32-bit registers. It also can 
operate on 32 bits of data as easily as 
8 and 16. Many users of the MC68000 
consider it a 32-bit just as much as a 
16-bit processor. Whatever you 
consider it there is no doubt that the 
MC68000 is indeed a powerful micro­
processor. In coming articles, I will 
discuss in more detail exactly what 
operations are available in the 
MC68000 and will illustrate examples 
of MC68000 code.• 
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The CRT 9007 Video Processor 

and Controller 


Explore the heart of a smart terminal. 

The CRT 9007 VPAC (video pro­
cessor and controller) is a powerful 
new "next-generation" CRT (cathode­
ray tube) controller that features 
advanced memory-addressing tech­
niques and flexible video-timing pa­
rameters. 

To better understand the virtues of 
the VP AC, we should first review the 
function of the basic CRT controller. 
Characters are "painted" by the scan 
of a modulated electron beam across 
the screen phosphors. All CRT dis­
plays demand continual readdressing 
of a video memory to refresh the 
screen before the characters fade. 
This screen addressing must be syn­
chronized to the raster scan (via the 
horizontal and vertical sync pulses) to 
ensure that the characters are in the 
same screen position every frame or 
refresh period. In the most elemen­
tary sense, a CRT controller is 
nothing more than a memory-address 
generator to refresh and synchronize 
the video screen. 

If a CRT controller is to gain accep­
tance, users must be able to program 
its screen parameters and format (i.e., 
the number of characters per row, the 

About the Authors 
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number of rows, the character cell 
size, sync pulse widths, and so on). 
Moreover, the controller should offer 
other characteristics desirable in a 
display system. These include cursor 
generation, retrace blank generation, 
and interlace capability. 

The first-generation L~I (large­
scale integration) controllers all fit 
this description. Some of them differ 
architecturally in the techniques of 
addressing data and so on, but they 
all provide much the same function. 
The first-generation CRT controllers 
revolutionized the terminal market­
place by reducing the chip count of 
earlier CRT terminals built with SSI 
(small-scale integration) and MSI 
(medium-scale integration) tech­
niques by some SO to 60 chips. As a 
result, they substantially reduced 
both cost and board space and made 
relatively inexpensive multifeature 
terminals possible. The CRT con­
trollers also removed much of the 
black magic associated with CRT dis­
play design, bringing the design of 
CRT displays within the reach of 
most engineers. 

Although the first-generation CRT 
controller chips were very successful 
in reducing hardware costs by re­
ducing component counts, they did 
nothing to improve the actual ter­
minal performance. Over the last few 
years, however, the terminal market­

place has changed. Computer 
manufacturers, wanting to enhance 
their powerful new mini- and micro­
computers with powerful new dis­
plays, were forced to surround the 
first-generation CRT controllers with 
the discrete circuitry needed to pro­
vide smooth scrolling and more trans­
parent memory-contention schemes. 
In addition, they overburdened CRT 
processors with the software required 
to provide editing features. 

A New Generation 
When Standard Microsystems Cor­

poration began on a next-generation 
CRT controller to replace the first 
generation CRT 5037 (introduced in 
1977), the company decided that a 
true next-generation CRT controller 
should not only simplify hardware 
design decisions but carry out soft­
ware tasks previously relegated to the 
system's processor. The designers 
also felt that the CRT controller 
should not dictate the hardware ar­
chitecture of the CRT terminal. The 
controller should be versatile enough 
to give the terminal designer max­
imum freedom in specifying com­
ponents. 

The result was the CRT 9007 
VPAC and a family of ancillary cir­
cuits. Four LSI circuits resulted from 
this project: the CRT 9007 VP AC, the 
CRT 9006 SRB (single-row buffer), 
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Auxiliary ICs 

CRT 9006 single-row buffer: contains RAM, an address counter, and data latches. Two 
versions are available: CRT 9006-135 (up to 135-column display) and CRT 9006-83 (up to 
83-column display). Both versions can be cascaded for longer data rows. 

CRT 9212 double-row buffer: essentially two single-row buffers in one package. One buf­
fer fills with character data while the other provides screen refresh. It has separate 
clocks for reading and writing the buffers to allow for different input and output data 
rates. 

CRT 9021 B video a !tributes contra lier: controls video attributes (blink, blank, reverse 
video, underline, and intensity along with double height/double width and programmable 
cursor) and graphic attributes (wide and thin modes). Contains 28.5-MHz video shift 
register. 

Table 1: The three auxiliary !Cs developed by Standard Microsystems Inc. to 
support the CRT 9007 VPAC. 

ROW START 80 CHARACTERS ROW END 

ADDRESS ADDRESS 


1000 ABC"""""""""""'R 1079 

1080 
 1159MN p, • · • · · · • · · • • • · · • · · • · · · · H 

24 DATA ROWS 

2840 2919FGH · · · · · • · · • · • · · • · • · · · · • · · T 

Figure 1: A typical (80 by 24) display employs sequential memory addressing for its 
1920 bytes of video memory. 

the CRT 9212 ORB (double-row buf­ cessive memory locations. As each 
fer), and the CRT 90218 VAC (video character is read out for display 
attributes controller). See table 1. refresh, an internal video-address 

counter is incremented by one, to 
VPAC Design point to the next character to be ac­

The CRT 9007 contains 30 reg­ cessed. For example, an 80-character 
isters, 12 of which contain the vital by 24 data-row display will require 
screen parameters, the data that 1920 sequentially located bytes that 
determines the screen format. The re­ represent all character locations on 
maining registers provide for cursor the screen (see figure 1). 
control, light-pen operation, and the Intelligent terminals must provide 
software features that are unique to on-screen data manipulation through 
the VPAC. editing functions. Typically, such 

Traditionally, video memory is ad­ designs also include display features 
dressed sequentially. In sequential ad­ such as double-height and double­
dressing, the characters on the width characters, bidirectional 
display screen are located in sue- variable-speed smooth scrolling, and 
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multiple-width screens (83 and 135 
columns). 

With sequential memory address­
ing, inserting and deleting single 
characters within a row are relatively 
trivial examples of data manipula­
tion. However, when whole lines are 
inserted or deleted, large blocks of 
data must be moved rapidly to avoid 
screen flashing, "garbage" displays, 
or undesirable blanking of the entire 
screen. A single-line insertion in an 
80-column display requires that every 
succeeding memory byte be moved 
forward by 80 address locations. On 
a 24-row display, this can involve 
moving up to 2K bytes of data. The 
microprocessor manipulating this 
data must also be able to service the 
various interrupts coming from data­
communication ports , the keyboard, 
and possibly even a magnetic-storage 
medium. 

Nonsequential Memory 
Addressing 

To take some of the burden off the 
microprocessor, the VPAC provides 
not only sequential memory address­
ing but two modes of row-table 
oriented nonsequential memory ad­
dressing to assume the duties of mov­
ing data from the host processor. 

The row table, a list of starting ad­
dresses for the rows, resides in mem­
ory for addressing by the VP AC. 
Row-table addressing links each data 
row by pointers, eliminating the need 
to locate the rows in sequential mem­
ory addresses. Instead of manipulat­
ing entire data rows, only the 
pointers need be moved. Two for­
mats for the row-table organization 
are provided-contiguous and linked 
list. In the contiguous format, a start 
address register in the VP AC points 
to the first entry of the row table (see 
figure 2). In the linked-list format, the 
start address register points to the be­
ginning of the linked !is t. The first 2 
bytes of each data row point to the 
starting address of the following data 
row, as shown in figure 3. 

To insert a data row using a row 
table, the VPAC modifies the row 
table by entering the starting address 
of the new data into ·the table. To 
delete a data row, the VPAC deletes 
the existing entry in the row table. 
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Figure 2: Contiguous row-table format. 
Each data row (screen line) is stored con­
tiguously within memory. The start ad­
dress register points to the first row table. 

Additional Features 
. Another addressing feature of the 
VPAC is the provision of sequential 
break and auxiliary address registers. 

When a break is encountered in the 
sequential addressing mode, the 
VPAC begins addressing the memory 
locations indicated by a starting ad­
dress stored in one of two auxiliary 
address registers. This enables you to 
scroll a portion of the screen while 
keeping the rest fixed. The position of 
the sequential breaks is defined in se­
quential break registers 1 and 2 and 
programmed with the data-row num­
ber that starts the particular break. 

You can combine a row-driven 
screen for the top portion of the 
display with a sequential screen for 
the bottom portion of the screen (i.e., 
split screen) by specifying a row­
driven format in the table start 
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START ADDRESS REGISTER 

ROW TABLE ADDRESS FOR SECOND DATA ROW 

BYTE I IBYTE 2 IBYTE 3 IBYTE 4 I . . . I BYTE N 

CHARACTERS FOR FIRST DATA ROW 

ROW TABLE ADDRESS FOR THIRD DATA ROW 

BYTE I l BYTE 2 IBYTE 3 I BYTE 4 I . . . I BYTE N I 
CHARACTERS FOR SECOND DATA ROW 

'------;•.-ETC. 

Figure 3: Linked-list row-table format. The start address register points to the address 
for the second data row. The first 2 bytes of that data row point to the address of the 
next data row, and so on. 

register and then using sequential 
break register 1. If sequential break 
register 1 is programmed within the 
displayable screen parameters, the 
row address for that data row will be 
overridden and the remainder of the 
screen will be addressed sequentially, 
starting at the address specified in 
auxiliary address register 1. 

Combining a row-driven screen 
with a sequential screen could be 
useful in some communications ap­
plications. A high-priority message to 
the terminal could be stored sequen­
tially. As more of the message came 
in, sequential break register 1 would 
be decremented to allow the message 
to overlay the row-driven screen one 
data row at a time. By programming 
sequential break register 1 outside the 
display range, the original row­
driven screen is restored. 

Display Formatting 
To allow the terminal designer 

maximum freedom, nine registers are 
used to store the horizontal and ver­
tical timing parameters that are out­
put to the monitor. 

Horizontal timing is determined by 
four registers (RO-R3). Both RO and 
RI are 8-bit registers that contain, 
respectively, the number of character 
time periods per horizontal period 
(i.e ., 1 scan line) and the number of 
displayable characters per horizontal 
period (i.e., the active display time). 
R2 is a 6-bit register that can be pro­

grammed for the time between the 
beginning of horizontal sync and the 
end of horizontal blanking. R3 is a 
7-bit register that defines the horizon­
tal sync width. When you program 
these registers, sync widths can be 
generated narrow enough for so­
called sync monitors or wide enough 
for drive monitors. The sync pulse 
can be extended well into the active 
video portion of the horizontal time 
or kept within the blank time. 

Vertical timing capabilities are as 
broad as the horizontal, with five reg­
isters used to store the vertical timing 
parameters: R4 defines the vertical 
sync pulse width, RS the delay be­
tween the leading edge of vertical sync 
and the end of the vertical blank, R7 
the number of data rows per frame, 
RB the number of scan lines per data 
row, and R9 (an 11-bit register) the 
number of scan lines per frame. An 
11-bit register enables the designer to 
program the VPAC for as many as 
2048 scan lines per frame so that it 
can be used in systems ranging from 
low-cost terminals to high-resolution 
word-processing and graphics ap­
plications. 

Some Hardware Configurations 
An intelligent terminal must allow 

both the CRT controller and the host 
processor contention-free access to 
the video memory. Unless the CRT 
controller has continuous memory 
access, the display will flicker. The 



ome people buy a computer monitor 
the same way they buy a TV-for 
the esthetics of it. It looks good. But 

after looking at its screen for a good half hour, their 
eyes begin to wonder- and burn. 

Other people would give the monitor no mind 
even if they went blind-they're buying a computer. 

At USI, we have nothing 
against computers, we have a lot for 
them. But we know that the thing 
you interface with most is the 
monitor, not the computer. And we 
design and build monitors as 
if your computing depends on it. 

WE'VE 
THOROUGHLY 
RESEARCHED 
WHAT HAPPENS 
TO EYES THAT 
STARE AT 
MONITORS. The 
result: we adopted the 
same screen colors 
many European coun­
tries recommend for health and safety. 

We found that the color of the display is not 
just a matter of preference, it's a matter of visual 
acuity and comfort. We saw amber (we were the 
first to see it) as the wave of the future. And the 
response from the marketplace has made others 
amber with envy. For people who prefer a green 
screen, we have it, too, but with higher resolution 
than any other green monitor. 

USI makes a full range of 9" and 12" amber 
and green monitors for personal and small business 
computing. All offer 1000 lines at-center resolu­
tion, the sharpest you'll see anywhere. All have 
non-glare screens. And all have an inverse video 
switch. If your eyes should begin to get fatigued, 
switch for a while (graphics look great this way). 

A COMPUTER MONITOR 

SHOULDN'T BE 


A SITE FOR SORE EYES. 


We also make a 14" color monitor that's 
noticeably sharper than any TV screen. Move 
your game over to our field and enjoy it more. And 
we're about to introduce our RGB (red-green-blue) 
monitor for business graphics. It will bring you 
color clarity like you've never experienced: 720 
lines horizontal resolution and .3lmm dot pitch. 

USI IS DEDICATED TO MONITORS 
THAT ARE DEDICATED TO COMPUTERS. 
Use them with Apple, Atari, Commodore, 
IBM, Osborne and most others. We make 
monitors to ease your workday or please 
your playnight. Or both. 

Here's a letter we got recently. 

"Dear USI. I just 
did the ultimate test. 
I looked at you 24 
hours straight. After 
that, I could still see! 11 

Do you want to 
look into our monitors 
more deeply? We've 
put out a colorful 

brochure which goes 
into them in detail, and tells about our other 
computer accessories. We'll be happy to send it to 
you; just mail us the coupon. 

~liiiil"- For USI's free guide to computer moni­
tors and accessories, mail to: 
USI Com uler PrQ.ducts 

71 Park Lane 
Brisbane. Clllifomia 94005 
Telephone 4151468-4900 

ame _______ ______ _ _ 
Title ________ _____ _ _ 
Company _______ _____ ~ 

City _ _ __________ ___ 

State _ _______ Zip _ _ ____ 

Phone ..___ _ ~---------~ 
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MEMORY ADDRESS MEMORY DATA (8 BITS) 
!TYPICAL! 

ODOO 

ODO! 

OD02 

OD03 

2N 

2 N +I 

ATTRIBUTE 0 

CHARACTER 0 

ATTRIBUTE I 

CHARACTER I 

ATTRIBUTE N 

CHARACTER N 

Figure 4: The Attribute Assemble mode 
lets the programmer create a pseudo 
16-bit word that describes both the 
character and its attributes (see text). 

processor cannot, however, be denied 
access to memory. 

The simplest and most common 
terminal configurations may be re­
ferred to as repetitive memory ad­
dressing. In the repetitive addressing 
configurations, the microprocessor 
and the VP AC share memory. The 
VP AC will repeat the sequence of 
video addresses for every scan line of 
every data row. To allow the pro­
cessor access to the memory, you can 
use one of several schemes. In one ap­
proach, retrace intervention, the pro­
cessor is given memory access during 
the blanked portion of the display 
and the VP AC has priority during ac­
tive video. 

The retrace-intervention approach, 
although simple, does reduce micro­
processor throughput by denying the 
host processor access to memory dur­
ing active video. An alternate-and 
more expensive-variety of repetitive 
memory addressing uses double­
speed memory. In double-speed 
memory addresing, both the pro­
cessor and the VPAC are allowed 
video-memory access during alter­
nating time slots within one character 
time. 

Single-Row Buffer Operation 
By using the VPAC's OMA 

mechanism and SMCs CRT 9006 
single-row buffer, efficient sharing of 
the video memory results in systems 
that have high throughput. In this 
system, data is loaded into the single­
row buffer during the first scan line of 
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every data row. The CRT 9006 also 
allows this data to be simultaneously 
sent to the character generator and 
the CRT 90218. During all subse­
quent scan lines, the display is driven 
by the row buffer, which frees up the 
video memory. In a display with 12 
scan lines per data row, the processor 
will have uncontested access for 11 
scan lines, or 92 percent of real time. 

In a single-row buffer arrangement, 
the processor must be idle for one en­
tire scan line, which could be for SO to 
60 microseconds. This delay means 
that the processor's ability to respond 
swiftly to real-time events is compro­
mised. A second OMA device within 
the system, if needed, might create 
restrictive timing conflicts. The pro­
cessor itself might not be able to toler­
ate a OMA cycle of SO to 60 microsec­
onds . 

Double-Row Buffer Operation 
The use of the VP AC with the CRT 

9212 double-row buffer lets the user 
overcome such restrictions by evenly 
distributing the OMA requests for 
each data row throughout all scan 
lines within the data row. With a 
double-row buffer, while one buffer 
is fully loaded and supplying data to 
the character generator for the data 
row currently being painted, the 
other buffer is being loaded with the 
data for the next data row. In the 
double-row buffer mode, the user can 
program the number of OMA cycles 
for each burst and the delay between 
each OMA burst. In this way, the 
processor and other OMA devices 
can perform their tasks more quickly. 

Attribute Assemble 
In addition to the 7 or 8 bits used to 

provide character or graphic data, 8 
bits may be used to provide attributes 
such as color, reverse-video, blink, 
blank, underline, and intensity. This 
will typically result in 16 bits per 
character. There are, however, many 
reasons to keep the video memory 8 
bits wide while still providing all the 
advantages of wide-memory ter­
minals. First, an 8-bit processor might 
be all that you need to meet the CRT 
system's design goal. Second, the 
most inexpensive memory devices, 
dynamic RAMs (random-access 

read/write memories), are all 1 bit 
wide. An 8-bit-wide video memory 
requires 8 devices; a device must be 
added for each bit increase in 
memory-data width. 

The Attribute Assemble mode lets 
the user maintain an 8-bit-wide video 
memory but "assemble" a 16-bit-wide 
word for the CRT display. By arrang­
ing an 8-bit-wide memory as shown 
in figure 4, the user can sacrifice time 
to gain memory-bit width. In other 
words, for 80 characters per data 
row, instead of accessing 80 locations 
of 16 bits each, the VP AC accesses 
160 locations of 8 bits each. The 
VPAC "assembles" the first 8 bits in 
an internal attribute latch during the 
first access and outputs these 8 bits 
while accessing the second 8 bits. At 
this time the VP AC causes a 16-bit 
word to be loaded into two double­
row buffers every other video-mem­
ory fetch. 

Double-Height Double-Width 
Display 

The VP AC will enable double­
height/ double-width characters to be 
displayed on a row-by-row basis as a 
function of the two most significant 
bits of the particular row-table entry. 
When a particular scan line is to be 
painted in double height or double 
width, the VPAC activates the CURS 
output during the retrace interval 
(CBLANK). (See figure S.) This 
allows logic external to the VP AC to 
divide the character and dot clocks to 
produce the desired visual effect. 
Proper phasing of the divided 
character clock with respect to 
CBLANK is necessary so as not to cut 
the first visible character on the data 
row in half. The CRT 90218 video at­
tributes controller will automatically 
perform the division and phasing of 
the character and dot clock as re­
quired to display the double-height or 
double-width data rows with no addi­
tional hardware. 

Smooth Scrolling 
When a page is filled in a typical 

CRT system, the entire display jumps 
up one row, making room for more 
data to be entered on the bottom row. 
When jump scrolling takes place on a 
frequent basis, the display is hard to 



~ 

Every Executive Needs an 

Organizer Like T.I.M: 


Your valuable business complex sales reports, T.l.M. organization. For more 
information needs to be helps you put it all together information see your local IBM· 
organized. T.I.M. can do it easily using plain English commands - PC dealer or contact Innovative 
and quickly on your IBM-PC. As no programmerese to confuse Software for the name of the 
the executive's data base you. Plus T.l.M. interfaces with T.I.M. dealer nearest you. 
management system, T.l.M. all of the most popular word 
makes it easy for you to processing systems as well as 
assemble all your information so powerful tools like Visicalc® In Eli! developers of 
it can be ordered, changed or T.l.M. is the executive's solution practical 
retrieved and then printed to that's simple to use, easy to learn businessware for 

the executive.suit a variety of circumstances. and pays off in bottom line 
From phone lists through efficiency for you and your 

T.I.M. III is sold at Computerland® , Sears Business Centers, The Xerox Stores, Computer Marts, Entre' 

Computer Centers5~, CompuShops® and other independent dealers. Circle 201 on Inquiry card. 


9300 W. !10th St. , Suite 380 • Overland Park, KS 66210 USA • 9131383- 1089 • Telex: 209542 



0 00 

c 

1-\ 

"" 
.,,> 

.... "' "' "' "' @ 

"' :4 .,,"' 
<T 

Q 
g. 
~ 

~ 

:rl 

= .... 
11> 

~ 
~ 
Cl'" 
0 
f) 

~ 

::.!­
~-
;:: 
3 
0-;;. 
"' n 
~ V07-0 
>-..j 

'() 

Q 

Q 

'1 

< 
~ 
("') 

VA13-0 L 

TSC/ACK ­

cs 

CHAR/HORIZ PERIOD CURSOR, BLANK SKEW 
INTERRUPT· ENABLE I IOATA ROW I
REGISTER START REGISTER CHAR/OATA ROW OATA ROWS/ FRAME 

HORIZ DELAY SCAN LINES/OATA ROW 

HORIZ SYNC WIOTH SCAN LINES/FRAMEICONTROL 11 VPAC STATUS II I SEQUENTIAL BREAK I OATA ROW ENO 
VERT SYNC WIDTH OMA BURST, DELAY COUNTSEQUENTIAL BREAKREGISTER REGISTER REGISTER 1 

REGISTER 2 VERTICAL DELAY PIN CONFIGURATION REG 

I 
I 

lI 
)< OATA BUS 

I • 
I ATTRIBUTE I 

I 
AUXILIARY AOORESS 

I 
AUXILIARY AOORESS I 

II 
TABLE START I HORIZONTAL I I VERTICAL 1 11 LIGHT PEN 

ILATCH REGISTER 1 REGISTER 2 REGISTER CURSOR CURSOR REGISTER 

. .. 
) ~ INTERNAL BUS· ... - ··~, __; 

I COMPARE r CURS -- ­

I I 

I 
I 

,I 111\lCIRDllENITElR 
I 

INTERNAL VIDEO ROW TABLE POINTER II 
AOORESS REGISTER REGISTER 

. 

I 
CSYNC - LPSTB<,J= 1'-BIT ;ADDRESS BUS -

ADDRESS HS 
BUFFER -

V S 
-

TIMING CBLANK 

I 

ANO INT 
CONTROL 

SL3 /0MAR/BLANK-
SL21WBEN/CSYNC 

VA!i - 0 ) REGISTER 

OECOOE SELECT Sll/SLG 

SLO/SLD -
RST VLT 

'T CCLK ·- ORB 





Circle 207 on Inquiry card. 

LISP 

For The 

IBM 

Personal Computor 

THE PREMIER LANGUAGE 

OF ARTIFICIAL INTELLIGENCE 


AVAILABLE 

FOR YOUR IBM PC 


.,.DATA TYPES 

Unlimited Precision Integers 

Floating Point Numbers 

Character Strings 

Mul tidim ens ion al Arrays 

Files 

Machine Language Functions 


.,.MEMORY MANAGEMENT 
Dynamic Allocation 
Compacting Garbage Collector 
Full Memory Space Supported 

.,.FUNCTION TYPES 
Call-By-Name/Call-By-Value 
Fixed/Variable Number Of 

Arguments 
Macros 
Machine Language/Interpreted 
Over I 50 Primitive Functions 

.,.IO SUPPORT 

Multiple Display Windows 

Cursor Control 

All Function Keys Supported 

Read And Splice Macros 

Disk Files 


.,.POWERFUL ERROR 

RECOVERY 


.,.8087 SUPPORT 

.,.LISP LIBRARY 
Editor And Formatter 

Package Support 

Debugging Functions 

.OBJ File Loader 


.,.RUNS UNDER PC-DOS 

from

Jq Integral Quality 
P. 0. Box 31970 
SEATTLE, WA 98103-0070 
(206) 527-2918 

5Y<i diskette and manual 125.00 
manual only 25.00 

(Wash. State residents add sales tax) 
VISA and Mastercard Accepted · 
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read. If the increments occur one scan 
line, rather than one data row, per 
frame time, the scroll is smoother and 
easier to read. The CRT 9007 VPAC 
provides smooth scrolling at variable 
rates. Furthermore, bidirectional 
smooth scrolling may take place over 
any selected portion of the display 
rather than the whole display. 

Smooth 'scrolling adds some inter­
esting requirements to system design. 
You can no longer assume that a par­
ticular scan line (usually the first or 
last one within a data row) has an 
absence of dots as defined by the 
character generator. Smooth scrolling 
can define any scan line as the first 
one in a data row. In any given 
frame, fractions of full data rows will 
be displayed when the display is in 
the process of scrolling. Thus the data 
row that is defined to start a smooth 
scroll interval and the data row one 
less than the data row defined to end 
a smooth scroll interval can show 
fractional data rows. The first and 
last data row for a partial-page 
smooth-scrolling operation is defined 
in the data row start and data row 
end registers respectively . Because a 
constant number of scan lines is 
painted on each frame, as one data 
row loses scan lines, another must ap­
pear to take up the extra scan lines. 
Because of this, it is necessary to 
maintain an extra data row within the 
row table. Once the display is 
scrolled, a portion of the extra data 
row must enter the display at the ap­
propriate place. If 24 data rows are 
defined, then for an unscrolled dis­
play 24 data-row boundary (ORB) 
signals are generated, all equally 
spaced in time as defined by the 
number of scan lines per data row. In 
this case, the data-row boundary 
signals will coincide with scan line 
count 0. Once the display is 
scrolled, an extra ORB will appear, 
and some ORBs will not be equally 
spaced. 

A smooth scrolling operation in­
volves a data-row insertion at the 
point defined by the data-row end 
register when it goes from an un­
scrolled frame (no offset) to a scrolled 
frame. In each successive frame, the 
offset is updated. If the software up­
dates the offset by 1 scan line each 

frame, the display will scroll 
smoothly at the rate of 1 scan line per 
frame. Under software control, it is 
possible to update the offset register 
by any number of scan lines to pro­
duce a variable-speed smooth scroll. 
When the offset register is again 
loaded with 0, it means that the 
smooth scroll of a single data row has 
concluded. 

A smooth scroll-down operation is 
accomplished by reversing the pro­
cess. ·The offset register is decre­
mented and a data row is inserted at 
the data-row start position when go­
ing from an unsrolled to a scrolled 
display section. A data row can be 
deleted in a similar fashion. 

Conclusion 
The use of LSI circuitry in the CRT 

9007 video processor and controller 
has two major consequences for 
manufacturers of video terminals. 
First, because so many functions are 
integral to the chip, the component 
count can be substantially reduced­
to less than 20 chips in some applica­
tions. As the chip count decreases, 
the costs of design and manufacturing 
decrease. Second, some of the fea­
tures of the VPAC, such as Standard 
Microsystems' scheme of nonsequen­
tial memory addressing, were not 
previously available on a cost-effec­
tive basis. The primary benefit of 
nonsequential memory addressing is 
data-row insertion/deletion without 
moving large blocks of data. There­
fore the terminal procesor is not over­
worked and the video display is free 
from flickering and blanking. The 
other major feature is bidirectional 
smooth scrolling. 

For the end user, these improve­
ments mean the next generation of 
smart terminals will contain even 
more features at a reduced cost-a 
trend to be encouraged.• 

For Further Information 
For those who want more information on 

the VPAC and its support chips, Standard 
Microsystems Corporation has published a 
data sheet, two technical notes, and two ap­
plication notes covering the VPAC's pro­
gramming and use. For copies, contact 
SMC at 35 Marcus Blvd., Hauppage, NY 
11788. 



Use your personal computer to reach 
Knowledge Index, and you've tapped into a 
wealth of information on business, personal 
money management, education, consumer prod­
ucts, medicine, current affairs, computers. 
And much more. 

It's a special service for personal computer 
users from Dialog, the world's leading online in­
formation retrieval service. Now, the same infor­
mation used by thousands of corporations, Ii­
braries and professionals is available to you 
nights and weekends at special low rates. 

Knowledge Index offers you millions of sum­
maries of articles, books, reviews, reports, and 

computer Index and International Software Data­
base. You can even order complete documents 
and software packages right from your terminal. 

A one-time initiation fee of only $35 gets you 
your password, a complete, self-instructional user 
manual, and two free hours of Knowledge Index­
a value of over $50' One low cost-40q: a min­
ute-covers it all, and a typical inquiry takes 
only a few minutes. There is no monthly mini­
mum-you pay only for what you actually use. 

So, use Knowledge Index to extend your reach. 
Call or write for complete information.------- --- ·- . -­r..-~ • .;=.==.-~;.-; • .;.....~ 

news items. Plus unique databases like Micro- A Service of Lockheed Dialog. 

3460 Hillview Avenue, Palo Alto, CA 94304 • 800/528-6050 x 415 (in Arizona 800/352-0458 x 415) 

Circle 234 on inquiry card. 



Ifyou just bought another computer, 

boy are you gonna be sorry. 




The new Epson QX-10 is unlike any per­
sonal computer you've ever seen. It's a com­
puter for people who don't have the time to 
learn computers; a computer you can be 
using within minutes . 

And fortunately, you don't have to take 
our word for it. Here's how Byte, one of the 
computer industry's most prestigious maga­
zines, describes the QX-10. 

The first anybody-can-use-it computer. 
"The Epson QX-10 (is) a computer for less 
than $3000 that may well be the first of a new 
breed of anybody-can-use-it 'appliance' 
computers ... In addition to being a highly 
integrated word processing/computer sys­
tem that offers as much usable processing 
power as almost any existing microcompu­
ter, the QX-10 . . . system is designed to be 
used by people with minimal technical 
knowledge. We've certainly heard that 
claim before, but Epson has delivered on 
this promise in a way and to an extent that 
no microcomputer manufacturer has done." 

That's nice to hear from a magazine like 
Byte, of course, but it doesn't surprise us. 
It's just what we intended the QX-10 to be 
all along. 

More computer. Less money. 
But useability isn't the only thing the QX-10 
has going for it. As Byte says, "the QX-10 
gives you a great deal for your money. 

"Help is available at any time through the 
HASCI (Human Application Standard 
Computer Interface) keyboard Help key .. . 
Text can be entered at any time just as you 
would in a conventional word processor. 
The Cale key turns the system into a basic 

4-function calculator. Graphics can be cre­
ated via the Draw key. The Sched (schedule) 
key gives you access to a computer-kept 
appointment book, a built-in dock/timer/ 
alarm, and an event scheduler." 

Advanced hardware for advanced 
software. 
As for hardware, Popular Computing, 
another industry leader, says: "The QX-10 
includes .. . a number of advanced hardware 
features . .. The basic components of the 
system are a detachable keyboard, a high 
resolution monochrome display, and a sys­
tem unit containing two 51/4 inch disk 
drives. The drives use double-sided, 
double-density disks (340K bytes per disk) 
and are amazingly compact . .. The QX-10 
uses an 8-bit Z80A microprocessor. The sys­
tem contains 256K bytes of RAM. Some of 
the RAM is . . . battery powered .. . which 
lets the computer retain information when 
the power is off." 

You won't have to wait much longer. 
The new Epson QX-10 may very well be the 
computer you've been waiting for. And for­
tunately, you won't have to wait much 
longer - it will be appearing soon in com­
puter stores all · across the country. In the 
meantime, write Epson at 3415 Kashiwa 
Street, Torrance, CA 90505, or call (213) 
539-9140. We'll be happy to send you copies 
of our reviews. 

After all, as Popular Computing puts it, the 
QX-10 will "do for computing what the 
Model T did for transportation." 

And we couldn't have said it better 
ourselves. 

EPSON 

EPSON AMERICA, INC. 
COMPUTER PRODUCTS DIVISION 

3415 Kashiwa Street 
Torrance, California 90505 
(213) 539-9140 

Circle 165 on inquiry card. 



New Japanese Microcomputers 

A Report from the Japan Data Show 

and Electronics Show 

The Japanese will make mistakes in 
the process, but sooner or later they 
will make some excellent personal 
computers. That is the lesson of the 
Japan Data Show '82, held October 
19 through 22 at the Tokyo Interna­
tional Trade Center Exhibition Site 
on Harumi Island. The Japan Elec­
tronics Show, held at the same site 
during the following week, confirmed 
this impression and also revealed 
more about the intentions of the 
Japanese consumer-electronics com­
panies. In short, most of the major 
Japanese electronics manufacturers 
are now or soon will be offering every 
type of microcomputer from hand­
held units to extremely powerful 
desktop systems. Most of the Japa­
nese companies have chosen the Intel 
8088 and 8086 microprocessor chips 
for their top-of-the-line personal 
computers. In addition, the con­
sumer-electronics companies are 
beginning to produce home com­
puters of a type not yet seen in the 
United States: sleek, consumer­
oriented machines that will enter the 
home as part of an advanced video­
entertainment system. 

In this article I'll describe the most 
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Phil Lemmons 

West Coast Editor 


impressive machines I saw in Tokyo. 
I'll also touch on some interesting 
new developments such as an infrared 
modem, both infrared and fiber-optic 
local networks, and the continuing 
spread in Japan of high-resolution 
video graphics and dot-matrix and 
inkjet printers. 

The Japanese offer 
broad product lines 

aimed at all segments 
of the world market. 

Japanese 16-bit Microcomputers 
At least twenty 16-bit microcom­

puters were on view at the Japanese 
electronics shows. I will report on the 
machines of greatest interest to per­
sonal computer owners and shoppers. 
(The order of the following presenta­
tion is random.) 

National Mybrain 3000: This is the 
personal computer that you would 
expect from Matsushita, whose brand 
names in the United States include 
Panasonic, National, and Quasar. As 
photo 1 shows, the Mybrain 3000 

comes in four separate units: de­
tached keyboard with eight program­
mable function keys, a numeric pad, 
cursor keys, editing keys, and palm 
rest; a system unit; a video monitor 
for high-resolution color graphics; 
and disk drives. 

The Mybrain 3000 has an 8088 cen­
tral processor, a minimum of 96K 
bytes of user RAM (random-access, 
read/write memory), and 32K bytes 
of additional video RAM, plus a 
16K-byte ROM (read-only memory). 
Video RAM can be increased to 128K 
bytes. Video graphics have a resolu­
tion of up to 640 by 400 dots. The 
available floppy-disk drives include 
3-inch, 5114-inch (160K-byte), and 
8-inch (1.2-megabyte) drives, all in 
separate vertical units. An RS-232C 
serial input/output (110) port is stan­
dard, and an IEEE-488 port, a light­
pen, joysticks, and a graphics tablet 
are available. 

National is offering both MS-DOS 
(from Microsoft) and CP/M-86 (from 
Digital Research) as operating sys­
tems, along with many of the lan­
guages available with these operating 
systems in the United States. Applica­
tions software can be expected to ap­



I 

A NEW CONCEPT IN STATIC CONTROL 

YOU'LL NEVER TOUCH A 
''NAKED1'COMPUTER AGAINI 

,, 


A"naked" computer is any computer that 
sits on a bare table or desk top, without a 
TouchMat'" static dissipative table mat 
ctectly Ll1der it. 

"NAKED" COMPUTERS ARE 
VULNERABLE to some of the most 
frustrating static-related problems a computer 
user can encounter - erratic or erroneous data 
transmission, loss of progams or data, damage 
to discs or accesscry cards, component failure, 
or "unexplained" down time. 

During the dry winter heating season, you are 
probably more aware of static electricity 
because you can feel it. However, your 
computer is vulnerable to a much smaller ZAfJ 
than you can possbly feel, and that level of 
static may occur at any time of the year. Even 
air conditioning can aggravate the problem by 
ctyi1g the ai". 

IT ONLY TAKES ONE ZAP to make your 
perfectly logical computer act irrational and 
temperamental. Experienced computer users 
know that static electricity cannot be completely 
eliminated from the environment or the 
rricrocomputer, since people are prime 
generators of static. The best solution is to 
channel static charges harmlessly awfJJ before 
they have a chance to spark to sensitive 
components and accessories. 

THE TOUCHMAT SITS ON THE TABLE, 
directly under the computer, within easy reach 
of ytiur hands and fingers. To discharge static 
from your body, si"rply touch the mat before 
turning on the computer, and then periodically 
during operation. 

Discharging takes less than a second, does not 
produce a spark, and is absolutely assLred by 
the simple fact that your skin contacts the mat 
directly. (The sweat layer of the hLrnan skin is a 
primary conductor of electricity.) Anytime your 
hands or wrists rest on the mat, static discharge 
is automatic. 

A DRAMATIC IMPROVEMENT OVER 
CONDUCTIVE FLOOR MATS, the 
TouchMat does not require users to wear 
leather-soled shoes for effective static 
discharge. A floor mat may be rendered virtually 
ineffective by today's popular synthetic and 
rubber-soled shoes, whi:::h insulate the user. 

TouchMat 

INSTEAD. 

THE BEST THING NEXT TO YOUR 
COMPUTER, the a.JShioning material of the 
TouctMat also serves to dampen noise and 
vibration, and prevents your computer from 
sliding around on the desktop. Available in a 
computer-compatible beige, 24" x 26", it 
accorrmodates al popular micros. 

IF YOU'RE UNCOMFORTABLE NOW, 
ABOUT YOUR "NAKED" COMPUTER ­
you should be. Static problems cost you time 
and money. Prudent computer users in offices, 
homes and schools everywhere are protecting 
their computer investment with a TouchMat 

Get yru hands on a TouchMat now! For the 
name d your nearest TouchMat dealer, cal 
tol-free: 

1·800-328-0223~~ 

If not yet available i1 your area, you may order 
ctect for a limited time only. Allow 2-4 weeks for 
delivery. Visa and MasterCard accepted. 
Shipping and handling charges extra. 

- Suggested retai price- $89. 
V1S4 

Dealer inquiries welcome. 



Photo 1: National Mybrain 3000. 

Photo 2: Mitsubishi Multi16. 

Photo 3: Toshiba Pasopia 16. 
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Photo 4: NEC PC-9800. 

pear by the time the Mybrain 3000 
reaches the United States, probably in 
mid-1983. 

With two 5%-inch disk drives, a 
video monitor, an 80-column dot­
matrix printer, an operating system, 
and BASIC, the system lists for 
783,500 yen (about $3000. at the ex­
change rate of 265 yen per dollar, 
which I will use throughout). With 
one 5%-inch floppy-disk drive and 
no printer, the cost in Japan is about 
$2000. Of course, shipping the ma­

. chines to the United States and mar­
keting them here should add to the 
cost. 

Mitsubishi Multi16: Since the 
Multi16 has already been introduced 
in the United States, I'll be brief. The 
Multi16 looks like an "all-in-one" 
microcomputer (all the components 
in one box), but the combined 
monitor/disk-drive unit is detachable 
from the system unit/keyboard com­
bination (see photo 2). The Multi16 
has an 8088 processor and an op­
tional 8087 coprocessor, standard 
memory of 128K bytes expandable to 
576K, 640- by 400-dot video resolu­
tion, one or two 300K-byte 5%-inch 
floppy-disk drives, an RS-232C port 
with optional GP-IB, a general­
purpose parallel bus, and the 
CP/M-86 operating system. Several 
different disk drives and several dif­
ferent printers are also available. 



HITACHI Personal Computer 
BASIC MASTER 0000 · · 

Photo 5: NEC N5200. It is marketed as the Advanced Personal Photo 6: Hitachi BASIC Master 16000. 
Computer in the U.S. 

Microsoft BASIC, Multiplan, and 
Supercalc-86 are among the available 
software, as well as a Japanese word 
processor with the intriguing name 
Multiword-J. Could this be related to 
Microsoft's rumored Multiword? 

Toshiba Pasopia 16: The Toshiba 
personal computer, sold in the United 
States as the TlOO, is called the 
Pasopia in Japan, and the Pasopia 16 
is its big brother. (In the United 
States, the Pasopia 16 will be called 
the T300. ) A variety of video moni­
tors is available with resolution rang­
ing from 320 by 200 to 640 by 500 
dots . The monitor rests on its own 
pedestal or on the top of the compact 
system unit, which contains two thin­
line 5 1/4-inch disk drives holding a 
total of 640K bytes. Photo 3 shows 
the Pasopia 16 with an optional 
80-column dot-matrix printer resting 
on the system unit. Eight-inch floppy 
disks are also optional. The slender 
detached keyboard has a cursor dia­
mond, numeric pad, editing keys, 
and programmable-function keys. 
The processor is an 8088; an 8087 
math coprocessor is optional. Stan­
dard memory is 4K bytes of ROM 
and 192K bytes of RAM expandable 
to 512K. Users can also add video 
RAM of 128K or 256K bytes. Stan­
dard equipment includes one RS­
232C port and one parallel printer 
port. 

MS-DOS is the only operating sys­
tem available for the Pasopia 16. 
Toshiba offers T-BASIC 16 and other 
Microsoft languages. 

In addition to the Pasopia 16, 
Toshiba showed the Tosbac UX-300, 
based on the Toshiba 88000 pro­
cessor, which has segment registers 
and seems to be very much like an 
8086. The UX-300 runs Unix and has 
a vertically oriented video monitor 
resting on a pedestal, 512K bytes of 
RAM, two RS-232C ports, and an 
8-inch disk drive holding 1 megabyte 
and resting horizontally in the sepa­
rate system unit. With a IO-megabyte 
hard disk, the UX-300 costs about 
$9300. 

NEC PC-9800 and Advanced Per­
sonal Computer: One of the surprises 
at the Japan Data Show was the NEC 
(Nippon Electric Company) PC-9800 
(see photo 4), a personal computer 
based on the Intel 8086-the true 
16-bit version. The PC-9800 surprised 
people because · NEC introduced its 
8086-based Advanced Personal Com­
puter (APC) in the United States in 
mid-1982. In Japan, the APC machine 
sells under the name NS200 (see 
photo S). How many American com­
panies make two 16-bit microcom­
puters based on the same processor? 

In Japan, the APC (NS200), with 
128K bytes of RAM, two 8-inch 
floppy disks holding 1 megabyte 

Photo 7: Hitachi PT-1 Personal Terminal . 

Photo 8: Sanyo MBC-55. 
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ERG/68000 

MINI-SYSTEMS 

D 	Full IEEE 696/S100 

compatibility 

HARDWARE OPTIONS 
D 	8MHz, 10MHz or 12MHz 68000 

CPU 

D Memory Management 

D Multiple Port Intelligent 1/0 

D 64K or 128K STATIC RAM 

(70 nsec) 

D 256K Dynamic RAM, with full 

parity (150 nsec) 

D 8" DID, D/S floppy disk drives 

D 5MB·40MB hard disk drives 

D Full OMA host adaptor 

D 20MB tape streamer 

D 10 to 20 slot backplane 

D 30 amp power supply 

SOFTWARE OPTIONS 
D 	68KFORTH1 systems language 

with MACRO assembler and 

META compiler 

D Fast Floating Point package 

D Motorola's MACSBUG 

D IDRIS2 operating system with 

C, PASCAL, FORTRAN 77, 

68K·BASIC1 compilers 

D CP/M-68K3 O/S with C, 

Assembler, 68K1·BASIC, 

+ 68K1·FORTH 
Trademark 'ERG, Inc. 

2Whltesmiths 'Digital Research 

30 day delivery 


with valid Purchase Order 


OEM prices available 


For CPU, Integrated Card Sets 


or Systems. 


Empirical Research Group, Inc. 

P.O. Box 1176 


Milton, WA 98354 

206-631-4855 
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each, a high-resolution monochrome 
monitor (640 by 475), a serial port, 
and a printer port, has a list price 
equivalent to about $2800. The same 
system lists in the United States for 
$3900. 

With its separate keyboard (cursor 
keys, programmable keys, numeric 
pad, and editing keys), system unit, 
monitor, and disk drives, the 
PC-9800 looks more like a home ma­
chine than the APC does. The stan­
dard memory is 128K bytes expand­
able to 640K. However, the PC-9800 
also has a 96K-byte ROM containing 
NBASIC-86, and you can get another 
96K bytes of video RAM. NEC offers 

I monitors for the PC-9800 with resolu­
tion as high as 640 by 400 dots and 
also an assortment of disk drives. 
Both MS-DOS and CP/M-86 are 
available. With two 8-inch drives 
storing a megabyte each, the key­
board, and the system unit containing 
128K bytes of RAM, the PC-9800 
costs the equivalent of about $2600 in 
Japan. When the PC-9800 reaches the 
United States (and the NEC spokes­
men would not say whether or when 
that will happen), the list price will 
probably be about the same as that of 
the APC. 

When I pressed the hosts in the 
NEC booth about the differences be­
tween the APC and the PC-9800, they 
would say only that the PC-9800 
lacks the software power-down that 
the APC has. There's also the BASIC 
in ROM, of course, and the PC-9800 
system unit is clearly too small to 
hold the boards that go in the APC's 
large card cage. (I was not allowed to 
look inside the PC-9800 or any other 
machines at the Japanese shows.) The 
last obvious difference is that the 
APC has 22 programmable-function 
keys to the PC-9800's ten. 

Both the APC and the PC-9800 are 
impressive machines. NEC deserves 
praise for basing both of its top per­
sonal computers on the 8086 rather 
than imitating IBM and choosing the 
less powerful 8088. 

Hitachi BASIC Master 16000 and 
PT-1 Personal Terminal: Like NEC, 
Hitachi is offering two 16-bit personal 
computers, the BASIC Master 16000 
(photo 6) and the PT-1 Personal Ter­
minal (photo 7). The BASIC Master 

16000 has an 8088 processor, runs 
MS-DOS, and has 320K bytes of 
RAM as standard equipment. Video 
resolution is 640 by 400. The system 
unit, unlike most of the other 
modular Japanese microcomputers, is 
taller than it is deep. Two 5114-inch 
floppy disks hold 320K bytes. The 
Hitachi booth had no brochures 
about the BASIC Master 16000, and 
information about it was limited, but 
the price quoted was 490,000 yen, or 
about $1850. I was unable to deter­
mine for certain whether that in­
cluded the video monitor and two 
disk drives, but it seems hard to 
believe that it could. 

The PT-1 also uses the MS-DOS 
operating system. Video resolution is 
720 by 520, and each of the 8-inch 
floppy disks holds a megabyte of 
data. The Hitachi exhibits of office 
automation equipment showed the 
PT-1 communicating with larger 
Hitachi systems. 

Both the PT-1 and the BASIC 
Master 16000 have detached key­
boards. Besides the numeric keypad, 
cursor keys, and editing keys, the 
PT-1 has 24 programmable-function 
keys. The BASIC Master 16000 has 
10 programmable-function keys 
besides editing and cursor keys and a 
numeric pad. 

Sanyo MBC-55: Sanyo's top-of-the 
line personal computer is the 
8088-based MBC-55. The compact 
system unit contains two thin-line 
5 1/4-inch floppy disks holding 160K 
bytes each. Although a Sanyo repre­
sentative in the booth at the Electron­
ics Show said the disk format used is 
not the same as the IBM PC's, he also 
said that the hardware bus is compat­
ible. Buyers should, therefore, be able 
to use boards made for the IBM PC in 
the Sanyo MBC-55 when it reaches 
the United States . 

The MBC-55 runs CP/M-86, Con­
current CP /M-86, and MS-DOS. 
Standard memory is 64K bytes ex­
pandable to 256K. A 4K-byte "boot" 
ROM (which contains instructions 
for reading the operating system from 
a floppy disk) is standard. An 8087 
coprocessor is optional. The MBC-55 
will go on sale in the United States in 
June or July 1983. Although the exact 
price in the United States has not been 



Do any QUAD function IBM PC 
expansion boards measure up to MegaPlusM? 


This may really be the only board you need 
to expand your IBM personal computer. 
We've now added the most wanted feature 
on a quad function board: two asynchronous 
ports along with memory, clock / calendar, 
and parallel printer port. And unlike most 
big memory boards, you don't have to 
sacrifice multiple functions to get 
512k of add-on memory in a single 
slot. 

THE BASICS 

The main board has three functions 
standard: Parity checked and fully 
socketed memory up to 256k in 
64k increments. clock / calendar 
with battery back-up. asynchronous 
communication port (RS232C ser­
ial) which can be used as COM 1 or 
COM2, (DCE for a printer, or DTE 
for a modem). Optional is a 1 00% 
IBM compatible parallel printer port, 
and a second async port for another $50 
each. Also included are: SuperDrive™ disk 
emulation and SuperSpooler™ printer buf­
fer software. 

NO CORNERS CUT 

We didn't lower the quality to give you all 
this. The board is a four layer design with 
solder masking, silk screened locations. 
and gold plated edge connectors. Compo ­
nents are premium grade and meet or 
exceed IBM specifications. Each board is 
burned in and tested prior to shipment. 

CLOCK/CALENDAR 

& CLIP-ON BATTERY 


Our clock is powered by a simple $4 lithium 

watch battery available at your corner drug 

store. It is clipped on, not soldered like 

some other clock boards. How useful is a 

battery warranty that requires you to send 

your board to the manufacturer to replace 

it? We send you a diskette with a program 

that sets the time and date when you turn 

on your computer. Now your programs will 

always have the correct time and date on 

them wi thout you ever having to think 

about it. (Just which version of that program 

you were writing is the latest one?) 

MEGAPAK OF MEMORY 

The picture in the inset shows the optional 
256k MegaPak™ board mounted "piggy ­
back" on the main board. This expandability 
feature gives those who need it 512k of 
add-on memory in a single slot. Now you 
can create disk drives in memory up to 

320k, set aside plenty of space for pr int 
spooling, and still have plenty of memory 
for your biggest programs. An exclusive 
design allows the memory to be split at two 
memory addresses to take full advantage of 
the memory disk feature of concurrent 
CP/ MT". 

FREE SOFTWARE 

The disk emulation software creates " disk 
drives" in memory which access your pro­
grams at the speed of RAM memory. The 
print spooler allows the memory to accept 
data as fast as the computer can send it and 
frees your computer for more productive 
work. Some manufacturers sell hardware 
printer buffers that do only this for hundreds 
of dollars. SuperSpooler™ eliminates the 
need for these slot robbing products. 

CHEAP SOFTWARE TOO 

What good is great hardware without some 
great software to use it with? We offer 
some terrific prices on some of the popular 
programs you will want to use your board 
with. How about the cream of the spread­
sheetprograms, SUPERCALC, for just $1 76. 
Or maybe dBASE II by Ashton-Tate for just 
$419. 

WHY BUY IT FROM US? 

Because we provide the service and support 
most companies just talk about. We realize 
how integral this board is to the use of your 
computer. What good is a warranty if it 
takes weeks for repa irs to be made? We 
offer 48 hour turnaround or a replacement 
board on all warranty repairs . Do you hear 
anyone else making this promise? If you 
still are not convinced, and want to compare 
prices, remember we don't charge extra for 
credit cards, shipping, or COD fees. If you 
still want to buy elsewhere. ask them if 
they will face the acid test. 

THE ACID TEST 

Qubie say ( Q- B -A ) gives you a 30 day 
satisfaction guarantee on all board pur ­
chases. If you are not completely satisfied 
we will refund the entire amount of your 
purchase. If you can get any of our com­
petitors to give you the same guarantee, 
buy any other board you think compares 
and return the one you don't like. We know 
which one you will keep. One year parts 
and labor warranty included. 

TO ORDER BY MAIL SEND 

-Your name and shipping address 
-Memory size, and opt ions requested 
-Software and cables needed 
-Daytime phone number 
-California residents add 6% sales tax 
-Company check or credit card number 

with expiration date (personal checks 
take 18 days to clear) 

~-TO ORDER BY PHONE 

In California (806) 482-9829 
Outside California (800) 821-4479 
PRICES: 64k $349 192k $469 

128k $409 256k $529 
512k $928 

(Includes async port. memory, clock/ 
calendar, SuperDr ive™, and Super 
pooler™ software) 

OPTIONS: 
Parallel Printer Port $35 
Second Async Port $35 
MegaPak™ with 256k of memory $399 
Cable to parallel printer $35 
Cable to modem or serial printer $25 
Memory Diagnostics Program SlO 
SUPEACALC by SOACIM $176 
bBASE II by Ashton-Tate $419 
SHIPMENT 
We pay UPS surface charges. UPS 2 day 
air service S5 extra. Credit card or bank 
check orders shipped same day. 

QUBIE' 
DISTRIBUTING 

4809 ca11e Alto 
camarlllo, CA 93010 

Circle 450 on Inquiry card. 
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Photo 9: Sord M-343. 

decided, the Sanyo booth attendant 
said that the MBC-55 with 64K bytes 
and one floppy will cost about $1000. 
That does not include the video 
monitor. 

As photo 8 shows, the MBC-55 is 
very compact and seems aimed at the 
home market. Sanyo did not exhibit 
the machine at the Data Show, saving 
it for the more consumer-oriented 
Electronics Show. Sanyo showed a 
great deal of video-recording equip­
ment, and the MBC-55 looks as if it 
might be part of the same family of 
products. The MBC-SS's system unit 
is only 41h inches (11 cm) thick, just 
deep enough to accept boards made 
for the IBM PC. To keep the key­
board as small as possible, Sanyo 
chose to supply only four program­
mable-function keys. The numeric 
keypad, as on the IBM PC, doubles as 
a cursor-control pad. Although no 
Sanyo spokesman said so, I would 
not be surprised to see the MBC-55 
sold as part of a home-video system 
and used to control video storage 
systems and to mix computer graph­
ics with video images. (See the section 
on the Sharp Xl microcomputer later 
in this article.) The marketing ap­
proach would be to say, "Since you're 
buying a new color television, why 
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not let us throw in an IBM-com­
patible personal computer?" 

Sord M-343: Sord, one of Japan's 
few new companies, makes several 
interesting microcomputers. (See the 
comments on the MS home computer 
and the M23P portable later in this 
article.) As photo 9 shows, the 
M-343's color graphics are im­
pressive. The M-343 is the Sord flag­
ship and is powerful indeed. The pro-

The M-343's 
color graphics 
are impressive. 

cessors include an 8086, and 8087, 
and a Z80A. The M-343's large, all­
in-one unit can hold up to 1176K 
bytes of RAM. The video resolution 
is 640 by 400. There are four serial 
110 ports, and the M-343 can serve as 
the hub of a network of Sord M23 
Z80A-based computers. Standard 
floppy-disk storage is 1.2 megabytes. 
The keyboard has 20 programmable­
function keys, cursor-control keys, a 
numeric keypad, editing keys, and 
another 12 keys that I believe are 
dedicated to communications and 
system operations. Finally, the M-343 

is the only major Japanese 16-bit 
microcomputer that has three vacant 
S-100 bus slots. 

Sord offers five different operating 
systems: the Realtime Disk Operating 
System, the Realtime Multi-job Disk 
Operating System, MS-DOS, 
CP/M-86, and the UCSD p-system. 
Sord has developed an applications 
system (PIPS) that integrates data­
base, spreadsheet, and graphics func­
tions. Sord achieved this software in­
tegration sooner than its American 
competitors. 

Anritsu Packet II Hy Personal 
Computer: What happened to the 
68000 processor chip? The only new 
68000-based personal computer that 1 
saw in Japan is the Anritsu Packet II. 
This powerful machine is an all-in­
one computer with two 5%-inch flop­
py disks (lSOK bytes each) horizon­
tally mounted to the right of the 
video monitor. The keyboard has 
cursor keys, editing keys, 10 pro­
grammable keys, 12 keys dedicated to 
BASIC commands, and a numeric 
keypad. A printer is built in and 
sends 40-column paper scrolling out 
above the monitor. Standard equip­
ment includes 256K bytes of RAM. 
You can add memory in 128K and 
256K increments. You can also add 
various kinds of ports and an analog­
to-digital (AID) converter. One of 
the best features of the Packet II is the 
way it accommodates added features. 
The back has six horizontal metal 
plates that come off and allow you to 
slide a board in just as you slide a 
drawer into a chest. Each board has a 
metal plate on its back that closes the 
opening in the back of the machine. 
Each I /0 board has appropriate 
sockets in its back. Anritsu intends 
the Packet II for technical users, and 
the software supports engineering 
graphics. 

AI Electronics Al-M16: Another 
hefty and powerful Japanese micro­
computer is the AI-M16 from AI Elec­
tronics. Based on the 8086, the M16 
also has an 8089 110 processor and 
an optional 8087 math coprocessor. 
The keyboard is detached, but every­
thing else comes in one big package 
with disk drives mounted vertically 
to the right of the monitor. Standard 
equipment includes a calendar clock. 



The Universal Operating Systelll: 

Finally, all the tools for your trade. 


The UCSD p-System* is the first truly universal 
operating system ever developed. Its capabilities allow 
you to develop integrated, high quality applications 
faster and more efficiently with virtually no limit on 
size. And whether it's an IBM PC or Displaywriter, an 
Apple, a DEC, an HP, an Osborne, a Philips, a Sage, 
a Tandy, or a TI, the p-System is portable across vir­
tually any popular micro made anywhere today. Which 
means you can develop your program, on any micro­
computer, then compile to object code, and it's totally 
transportable. 

All the tools you'll need. 
The p-System lets you write your programs using 

any combination of UCSD Pascal; FORTRAN-77 and 
BASIC. Each language operating effectively with the 
others. So you can take advantage of the best features 
of each-in a single program. 

And you also get a completely integrated • For product information or information on 
set of software development tools that work Ftna}}y. how to get a copy of the p-System Applica­
together to make your job even ' tion Catalog, call or write to us 
simpler. Including a screen editor, Once is Enough. at SofTech Microsystems. 

macro assemblers, a debugger and a print spooler. 
There are also portable graphics utilities and native 
code generation-where and when you need it. And 
the p-System provides for dynamic memory manage­
ment, as well as automatic linking, multi-tasking, 
and more. 

Truly universal, truly efficient. 
When we set out to develop the p-System, we 

wanted it to be truly universal, truly portable, truly 
efficient. And we weren't going to be satisfied with 
anything less. We didn't think you would be, either. 

So now you can get all the tools you'll need to 
develop applications faster. Less expensively. More 
dependably. For a much larger market. 

All at the same time. 
All on one micro. 
Finally, once is enough. 

Sofl'ech Microsystems· 16885 West Bernardo Drive· San Diego, Calif. 92127 · (714) 451-1230 
•Universal OperatinJ? System is a trademark of SofTech Microsystems Inc .. UCSD p-System and UCSD Pascal are trademarks of the Regents of the University of California 
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TH~~~~~~ 
PURCHASING AGEN~ 
is 'i_Our purchasing agent 
As our name implies, we shop the wholesale market and negotiate the 

best price for you. We have access to over 500 manufacturers and 

purchase millions of dollars of hardware and software each year. Our 

buying power gives you more for your money. Our fee is 25% of what 

we save you off list price. By participating in the savings, we share a 

common goal-to save you money. 


Call us for your price on any product not listed. Prices shown include our fee. 

COMPUTERS COMPUTERS PRINTERS 

Alpha Micro 1000 vw $5,960 IBM Personal comp. CALL Brother, parallel, daisy 910 
Alpha Micro 1030 12.047 Amdex Color Ill monitor 429 C. ltoh. F-10 .daisy 1.300 
Alpha Micro 1051 17.634 AST 33% OFF Doisywrller 2000 48K 1, 150 
Alspo AC1 -2/SS 2.320 Baby Blue 530 Dioblo 620. dsy. 25 cps 990 
Altos 8000-1 o 5, 760 Dovong 5 meg. H.0. 1.569 Dioblo 630. daisy 2.050 
Altos 8600·12 9.690 Dioblo 630 APl 1,825 IDS Prism 132 all opts. 1.430 
Altos580·10 4,779 NEC 3550 1.920 NEC 3510 CALL 
Altos Series 5-15D 2. 100 Seollle boards CALL NEC 7710 RIO 2.325 
Altos Series 5-5D 3. 999 & all IBM peripherals CALL NEC/Sellum 1, 16K, Ire. 2,595 
California Computer Molecular CALL Okidoto 92L 51 O 

Systems300-1A 4.414 Morrow Micro Decisions CALL Qume 9/45 full panel 1. 799 
Columbia Doto CALL NEC 16 bit APC system CALL Qume9/55full panel 2.180 
Compupro GodboutrM Norlhstor Advantage 2.669 Qume11/35 1.280 

Sys 816/A. 4.350 Northstar Adv. H.0 . 5 4.395 Smith Corona TP-1 . daisy 545 
Sys. 816/B" 5.560 Onyx 5001 MU·6 7.350 Tolly 160L w/lroctor 790 
Sys 816/C" 7.030 Onyx 8000 MU·10 7.900 Texas Instr Tl 810 1.240 
M-Drlve-H 1,398 Sage . 3.200 Texas Instr. Tl 810LQ 1,944 

68K 513 Sanyo 1000 w/soflwore 1.540 

CPU-Z 6 mhz 218 Seattle Gazelle 4.920 
 OTHER PERIPHERALS 
Rom 21 . 128K 807 Televideo TS-802 2.600 

Disk II H.D. Contr . 586 Televideo TS·802H 4.450 Amdek Color II monitor 694 

Morrow 20 meg . H.O 2.990 Televideo TS-806 5.200 Amdek Color Ila (ttl) 768 

Pragmatic Televldeo TS·1602G 3,479 Ventel 212 + modem 765 


20 meg. HD 2.915 Televideo TS·1602GH 5.409 Corvus 10 mag. H.D. 2,995 
·Assembled and tested Vector 4 CALL Houston Instr . DMP-29 1. 779 

Cromemco System 1 CALL Victor CALL Houston Instr . DMP-40 775 
Cromemco System 2 CALL Zenith ZF-100-21 2.525 Houston Instr. DMP·41 2.209 
Cromemco 68000 Zenith ZF -110-22 3.099 Morrow 20 meg H D 3.650 

System 1 CALL Zenith ZF-120-22 3 .176 Qume QVT 102 terminal 53 7 
DEC Rainbow 3.072 
Dynobyte 26%0FF 
Eagle 11 2.350 BARGAIN CORNER -Oneota kind items in stock 
Eagle 1600 5,158 at wholesale cost (no fee] limited to quantity on hand 

Apple Bos1c Compiler 256 Spe11guora [ISAJ 8" 112SOFTWARE 
IBM Wordstor 240 Supercolc - 8" 23 7 


Coll for prices on all your 
 Haves Micromoden 100 279 Supercalc - Apple 177 

sottwore needs. 


Mastercard. VISA at 3% handling fee. Prices subject to change without notice. Minimum fee 5150. 

EXPORT SERVICES AVAILABLE tor overseas computer dealers 

and distributors through AMERICAN BUYING AND EXPORTING SERVICES. 

INTERNATIONAL TELEX 470851 or call (415) 376-7600 (export only). 

THE 
PURCHASING 
AGENT 
1635 School Street 

Moraga, CA 94556 

Call Toll Free 800-227-2288 
In California (415) 376-9020 

Standard RAM is 256K bytes expand­
able to 1 megabyte. The public bus is 
an IEEE-796 bus. There are two serial 
ports and provision for a lightpen. A 
16K-byte boot ROM and an BK-byte 
character-generator ROM are stan­
dard, and a 128K-byte kanji (Japa­
nese-character) ROM is optional. 
Mass storage can be on 8-inch floppy 
disks or 5114-inch Winchester hard 
disks. 

The M16 comes with a wide choice 
of opera ting systems: Genix, 
CP /M-86, Concurrent CP /M-86, 
MP /M-86, MS-DOS, or the UCSD p­
System. Languages mentioned include 
LISP, PL/I, and C. 

Seiko 9500 and 8600: The 16-bit 
Seiko microcomputer shown in 
Tokyo was the 9500 Super Personal 
Computer. All the components come 
in one large package with disk drives 
mounted horizontally beside the 
monitor. What makes the 9500 super? 
It has an 8086 processor, an 8087 
math coprocessor, and two 8088s: 
one to manage I /0 and the other to 
control communications. Standard 
RAM is 256K bytes, maximum is 
512K. The operating system is 
RMX/86 (from Intel?). The color 
video is dazzling, with 512 by 480 
resolution. But the large package 
would be awkward in most settings. 

While I was in Japan, Seiko intro­
duced the 8600, based on the 8086 
microprocessor, intended for the 
American market, and decidedly 
smaller and better looking than the 
9500. 

Slick Consumer Computers 
Sharp Xl: One eight-bit computer 

made a big impression at the Elec­
tronics Show, the Sharp XI. The Xl 
has two primary components, the 
CZ-8000 and the CZ-800C. Shown in 
photo 10, the Xl is a Z80A-based 
machine but certainly not another 
ZBOA desktop system. Sharp offers 
the CZ-8000 14-inch color television 
monitor for 113,00 yen, or about 
$425. The CZ-8000 has one button 
that other color televisions don't; it 
turns the television into a color moni­
tor. For another 155,000 yen (about 
$585) you can have the CZ-800C, 
consisting of an integrated computer 
and keyboard unit. The computer is 
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Ifyou stick with timesharing after 
reading this ad,you haven't 
read this ad. 


Typically, financial planning 
on a timesharing service runs $2,000 
a month and more. Month after 
month after month. 

And it doesn't take a spread­
sheet to figure that as a $24,000­
a-year-after-year expense. 

The incredibly cheap alternative. 
The Financial Planner™ from Ashton-Tate 

can stop this cash drain once and for all. 
You pay $700- one time - for the Planner. 

And handle your financial planning quickly, easily 
and completely on your microcomputer. 

Without having to share your time or your 
money with anyone. 

A forecaster's dream come true. 
The Financial Planner has enough depth to 

solve the most complex business problems you can 
foresee, yet can be used almost intuitively. 

The Planner automatically performs calcula­
tions on individual items, rows, columns and entire 
models. Understands conditional logic. Solves 
simultaneous equations. Computes Present Value 
and Internal Rate of Return. Reads and writes 
dBASE II™ files. And much, much more. 

But you use abbreviated names, not mysteri­
ous formulas. And you communicate with the 
computer in the English-like vocabulary of FPL™ 
(Financial Planning Language), so you can easily 
set up your budgeting and evaluation models. 

Editing and report-writing are an integral part 
of the package, and you can preview results on 
the screen, then produce presentation-quality 
financial reports directly. 

And when you have your models and reports 
just right, you can automate them so even your 
President can run them. 

With the Planner, you produce P & L forecasts 
and financial consolidations in minutes. Explore 

"what if" alternatives. Analyze new business 
ventures and mergers. Plan real estate acquisition 
and development. And fine tune operations until 
you reach the financial objectives you've set. 

It's one of the most comprehensive business 
tools available on any computer. All for a frac­
tion of what you've been spending on timesharing 
services to do the same things. 

For the ardent skeptics. 
It may sound too good to be true, but you 

can check out the Financial Planner with no 
financial risk. 

Run through a hands-on demo at your nearest 
computer or software store. Then take a package 
home and use it for 30 days on your IBM PC or 
CP/M microcomputer. If it's not everything we 
said it was, just return it and you'll get your 
money back. 

For the name of your nearest dealer, contact 
Ashton-Tate at 10150 West Jefferson Th 
Boulevard, Culver City, CA e 
90230. Or better yet, call (213) Financial 
204-5570 today. p} ™ 

Time's a-wasting. anner 

ASHTON ·TATE 

CP/M i; a trademark ci Digital Research <!:)Ashton-Tate 1983 
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Photo 10: Sharp Xl. The symbol of the Tokyo Data Show is superimposed on the 
television broadcast. 

Photo 11: Aval AVC-777/2. 

based on a Z80A and has 64K bytes 
of RAM, 4K bytes of video RAM, 
and 6K bytes of character RAM. The 
80C48 and 80C49 processors supple­
ment the Z80A. You can add another 
48K bytes of video RAM as an op­
tion. 

The computer unit includes a built­
in cassette-tape recorder for data 
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storage. Also standard in the com­
puter unit are a Centronics-type 
printer interface, an interface for two 
joysticks, a clock with battery back­
up, and sound-synthesis output 
capacity ranging over eight octaves. 
When the system is being used as a 
computer, it can display 25 lines of 80 
characters on the monitor. Four addi­

tional 110 ports are optional, as is a 
unit containing two very thin, 
5%-inch floppy disks. 

An optional digital Telopper (the 
CZ-8DT) lets you connect the com­
puter to a video camera, video-tape 
recorder, or videodisc. The keyboard 
has five separate blocks: character 
keys, number keys, function keys, 
television-monitor-control keys, and 
tape-operation keys. A color BASIC 
interpreter is standard equipment and 
includes a function that assigns a 
priority to each character and color in 
order to achieve the appearance of 
perspective. You can enlarge, reduce, 
or move graphics displays under pro­
gram control. You can change each 
color variable instantly. You can 
paint and hatch graphic "phrases" 
(areas that can be manipulated as 
units) in eight basic colors and neutral 
colors to achieve the effect of "tile­
painting." You can mix five different 
character styles in the same display. 
The calendar clock works with a pro­
grammable timer and can turn on the 
television for a broadcast while you 
are away. 

The Sharp Xl lets you superimpose 
your computer graphics on video im­
ages. You can, in other words, dis­
play television signals and computer 
graphics simultaneously. An RGB 
(red-green-blue) mix circuit makes the 
superimpositions possible. Sharp has 
named the concept visual integration 
and calls the Xl the world's first per­
sonal computer I television monitor 
system. Suggested applications in­
clude video editing, art, and games. 
The most obvious use would be put­
ting titles on home videotapes. 

Sony SMC-70: The SMC-70 is 
another Z80A-based microcomputer 
and seems destined for integration in 
a video system too. Sony revealed at 
the electronics show that the 
SMC-70's add-on 8086 unit will run 
MS-DOS. Sony has sold the SMC-70 
in the United States only as a business 
system and has not sold the system in 
Japan at all. The system differs from 
the Sharp Xl in several important 
respects: the SMC-70 has two 
31/z-i;ich disk drives as standard 
equipment, can be upgraded by add­
ing an 8086 microprocessor, has a 
numeric keypad only as an optional 

Circle 285 on inquiry card. --+ 





















http:BUSINF.SS


















































http:LaCros.se














http:rP.nistP.rP.rl


























http:4S,OOO.OO
http:1S,OOO.OO
























































http:o�'l<.NO




















































http:Mario.el








http:1L6~8.1s












http:138.426.75
http:FOX&GEl.J.BI










http:surveyi.ng


http:MASTrnC/>.PD


http:74LS'.18
http:WJT5,6.8,9.12
http:74LS'.17
http:74l~2'.i1




http:V.f~MJi.kN


http:r;.'!fi';t.11












http:soltw.u1


























http:M�>1erC.ro


































http:lt311.BB
http:11449.88
http:14911.BB
http:231111.BB
http:1231111.BB
http:l2tllll.88
http:ltll211.BB
http:llllllll.8B
http:St0211.BB
http:17811.88
http:18011.88
http:Ullll.88
http:l4tll.B8
http:15711.88
http:11ee11.aa
http:St4511.B8


mailto:�+,-./0123456789:;<=>?@abcdeT9hijklmnopqrstuvwx~z
mailto:�+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ
http:0)::::.UB




mailto:X&'<>�+,-./0~23456789:;<=>?@abcde�ghiJklmnopqrstuvwxwz
mailto:X&'<>�+,-./0~23456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ




http:F.'.01.iJ
http:PATTEF.'.tl
http:PATTEF.'.tl






























































http:Sl,889.00
http:Sl,329.00
http:Sl,395.00
http:Sl,039.00
http:Sl,239.00










http:PERMITN0.39
















http:only$179.00






http:l,~,1.11
http:sofrw.1n








http:56999.00
http:14950.00
http:11295.00
http:11295.00
http:12750.00
http:11295.00










http:Cunco.d.MA
http:uton.:i.Js
http:Techmc.ll
http:Ol'gam7.mg
http:tl'~lhu.-.ks






http:01bor.ne
http:greendlsplay.80






http:999,999,999.99




http:al$29.95






http:3,495.00






http:lncludes.3.4K








http:S2395.00
http:S1595.00
http:COMP\JSH,.cK
http:S2999.00
http:S2695.00
http:S1995.00
http:S1199.00
http:S2999.00


http:S5000.00
http:S4500.00
http:S1699.00
































http:10365.00














http:SlS49.00


http:FRANKi.iN


http:S2,135.00
http:S1,895.00


























































http:cnP.1.nr




















































http:CONTJ\.OL








http:11525.00
http:11255.00
http:t1795.00
http:t1795.0D
http:maboia.ls














http:stored.in
















































http:54399.95










































http:STATES;$18.00
http:4,;~~~.:.:�;;9-.95
http:AY51013A-12.95
http:eR2so1-14.95
http:8155-111.50


http:ea,S5.00
http:8/510.50
http:4116120ns8/$15.50
http:4116120ns8/S14.50
http:4116150ns8/Slt.50
http:8/Sl0.00




http:CP/Mt-295.00




http:ELIZA.COM
http:El1ZA.COM










http:Em.)-$.59
http:10-$269.00
http:2-$289.00


http:Rdvanc.ed
















http:dis~ette-S9.95
http:Concc/Jf.li




http:TUIMINot.LS
http:K11299.95
http:S225_.95
http:S1145.95
http:S1095.95
http:S1065.00


http:i1195.00
http:FDIOO-$695.00
http:sided-----$219.95


http:110-19.2K


http:or$249.95
http:Manual------$199.95




http:O�Q�l.al
http:01t>t.al
http:OGFl�P.32
http:01111t.1I
http:GBl�oc.67
http:Co11vr.1t
http:1'175.00








http:5817410.95


http:74LS245$2.20
http:74005.19
http:1yplc.al
http:pOin1orO.!Jilizcs2.76


http:S:.!49.00


http:S1495.00
http:51125.00
http:S1065.00
http:S1050.00
http:onlyS850.00


http:10.636.00










http:On/y-455.00
http:Only-360.00
http:On/y-330.00
http:On/y-255.00
http:On/y-69.50


http:Onty-$675.00








http:SS/00199.95
http:ELCOMP-$14.95























	Front cover
	In The Queue
	Features
	Build an RS-232C Breakout Box 
	The National Semiconductor NS 16000 Microprocessor Family
	Design Philosophy Behind Motorola's 

MC68000, Part  1
	The CRT  9007  Video Processor and Controller 
	New Japanese Microcomputers
	Intel's 80186: A  16-Bit Computer on a Chip
	The Intel 8087  Numerics Processor Extension
	Super  Graphics  Hardware from NEC 
	NAPLPS:  A  New Standard  for Text and Graphics, Part 3:  Advanced Features
	Virtual Memory for Microcomputers
	BYTE  West Coast:  Hard Choices  for Software Houses
	50 and  100 Years  Ago in BYTE
	The Enhanced VIC-20, Part 3:  Interfacing an MX-80 Printer
	Building a Hard-Disk lnterface for an  S-100 Bus System, Part 2: Hardware
	User's Column: Terminal Solutions, Manual Madness, BASIC  Bits,  and Info Helpers
	Build This  Memory, Part 2: 
	Modula-2 
	The Design of an Advanced Logic  Simulator 
	Information Hiding: A  Brief Example

	Reviews
	Two Ways to Use  CP/M-80 on the IBM  PC 

	Nucleus
	Editorial
	Letters
	BYTELINES
	Clubs and  Newsletters
	Ask BYTE
	Event Queue
	Books Received
	BYTE's  Bits 

	Software Received
	What's New?
	Unclassified Ads 
	BOMB
	Reader Service

	Back cover



