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HowCromemco p 
you into the 

state of the art. 
Cromemco offers you the most 
complete line of S-100 boards and 
peripherals in the business. These 
boards use the new IEEE-696 state-of­
the-art standard. One-stop shopping 
can satisfy your design needs the easy 
way. 

You can build one system, or a 
hundred, exactly the way you want. 
and upgrade existing systems with a 
simple board swap or addition. And 
since we design our own boards for 
our own systems, we always take 
advantage of the latest developments 
in IC technology. 
68000 microprocessor performance. 
Cromemco's Dual Processor Unit 
gives you the best of both worlds : the 

68000 and the Z-80A microproc· 
essors on the same board. It's the 
easiest way to move into 68000 per­
formance and still use your existing 
8-bit software. Or use Cromemco's 
Z-80A CPU board or our Z-80A-based 
single board computer. 

For selection, Cromemco can't be 
matched. From the well-known SDI 
High Resolution Color Graphfcs board 
to the new 512MSU, 512K byte RAM 
board. From our highly reliable Local 
Area Network interface (C·NET) to our 
wide variety of general purpose inter­
face boards. And you can put them in 
one of our 8-, 12-, or 21-slot card 
cages with our 12 amp PS-8 power 
supply to get your system into opera· 
tion fast. 

We have over 30 S-100 boards to 
fil l your needs. And all are supported 
by a broad line of software. Our Board 
Products Catalog has the latest in· 
formation. Call today for your copy, or 
to get the name of our nearest dealer 
or distributor. Or, write Cromemco, 
Inc., 280 Bernardo Avenue, P.O. Box 
7400, Mountain View, CA 94039. 
Tel : (415) 964-7400. In Europe: 
Cromemco A/S, Vesterbrogade lC, 
1620 Copenhagen, Denmark. 

In the U.S .. contact your local 
Hall-Mark or Kierulff distributor. 

Cromemco �
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HOW ID �
GETMI�
IBM.PC �

FDR JUST �
81995. �

BUYA CHAMELEON. �

The Chameleon by Seequa does everything an IBM 
PC does. For about $2000 less than an IBM. 

The Chameleon lets you run popular IBM software 
like Lotus® 1-2-3 '" and Wordstar. It has a full 83 key 
keyboard just like an IBM. Disk drives like an IBM. And 
a bright 80 x 25 character screen just like an IBM. 

But it's not just the Chameleon's similarities to the 
IBM that should interest you. Its advantages should, too. 
The Chameleon also has an 8 bit microprocessor that 
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lets you run any of the 
thousands of CP/M-80 programs available. It comes 
complete with two of the best programs around, 
Perfect Writer 'M and Perfect Cale."' It's portable. And 
you can plug it in and start computing the moment 
you unwrap it. 

So if you've been interes ted in an IBM personal 
computer, now you know where you can get one ror 
$1995. Wherever they sell Chameleons. 

The Chameleon by 

SEEQUA 
COMPUTER 
CORPORATION 
8:105 ·r.,1 graph Road 
Odenton, MD 21113 

for U1e location of the Seequa dealer nearest you, 
call (800 638-6066 or (301) 672-3600. 

Circle 329 on Inquiry card. 6 







PERCOM DATA CORPORATION 
11220 Pagemlll Road• Dallas, Texas 75243 

_________ Title: _________ 

______ state: ______ZIP: _____ 

_ I’d like you to send me more Information. �
__ rm very interested, please have your rep call me at _____ �
- I’d like to know more about your PHO Hard Disk. �



lnformaiion !Mt wmiltf 
fill your company’s ledgers am 

be scared 011 the fixed disk drive ofthe 

Introducing COMPAQ PLUS, �
the first high-performance portable �

personal computer. �

T he makers of che COMPAQ� 
Portable Computer, rhe indus›

rry standard, announce another 
breakthrough-the COMPAQ PLUS"' 
Portable Personal Computer. o other 
personal computer can handle so much 
information in so many places. 

The new COMPAQ PLUS offers the 
power of an inregrared ren-megabyre 
fixed disk drive in a portable. You get 
problem-solving power rhar no other 
personal computer can march. 

Plus a bigger payload 
How much is cen megabytes? 

Enough co tackle jobs thar can’t be 
conveniently handled on most personal 
computer. 

COMPAQPLU. 

A mailing list of 100,000 names, 
addresses, cities, rate , and Zip codes. 

A fu ll year of daily prices for every 
stock on the ew York exchange. 

lnvenrory records on a quar rer mil›
lion items. 

The enc ire San Francisco phone 
book. And room left over for Peoria. 

The fixed di k drive keeps all the 
inform at ion seconds away, ready to 
be searched, sorted , ret rieved, ana›
lyzed or updated. 

Plus better use of your time 
T he in tegrated fixed disk drive will 
store programs. That mean your most 

used programs and data can be perma›
nenrly kept in the COMPAQ PLUS , 
ready to call up and run. 

With programs permanently stored, 
the COMPAQ PLUS becomes a wel I· 
informed traveling companion, at I 
to help you apply your best thinking 
anytime, anywher . 

Y, u could store a complere library of 
accounting programs on t he disk›
payables, receivables, general ledger, 
and payroll-wich rhe company’s 
book. 

You could srore an inventory control 
program with your inventory records 
and a list management program wi th 
your mail ing list and a filing program 
with your personnel files . 

The COMPAQ PLUS is also 
equipp d wirh a 360K byre diskette 
drive for entering new programs, copy• 
ing dam files, and making backup 

Plus more programs 
More programs means more 
versatility. And the COMPAQ 
PLUS is impressively versatile 
because it runs all the popular 
programs written for the IBM� 
Perwnal Computer XT, avail• 
able in compurcr scores all over 

the country. And they run as is, with 
no modification whatsoever. 

And rhe high-capaci y porta le mu!• 
tiplies the productivity of every pro›
gram it runs. Your inventory and its 

PLUSmruall 
(he poJmlar pro›
grams wriucn f<Yr the 
IBM Prnona! Com/x1ter XT. 

control programs can go with you to 
the factory. Your books and your 
accounting programs can go with you 
to a board meeting. Your building specs 
and your project management pro›
grams can go with you to the construc›
tion sire. 

You’re buying a computer co solve 
problems. Why nor have more 
problem-solving programs to choose 
fr m? 

Specially �
designed shock �
isolation syscem pror.ea.s chefU.ed �
disk from jolLs. �

Plus a traveler’s toughness 
Life can be tough on the road . A rrue 
portable has got to be tougher. The 
COMPAQ PLUS is. 

lts integrated fixed disk drive is unique, 
designed specifically ro travel. Rough 
roads and h ard landings don’t bother it 
because of a specially designed shock 
isolation system that prorecrs rhe disk 
from jolt and vibration . 

All the working componems are 
surrounded by a u niquely cross›

rnembered aluminum frame. T his 
structu re, common in race car 

I design tech nology, strengthens it 
side- to•side, front-to-back, and top›

co-bon:om. 
The outer case is made of LEXAN’ , 

the same high-impact polycarbonace 
p lastic used o make bulletproof win›
dows and faceplate for space suir 

Does a portab le personal computer 
really have ro be this tough ? Take 
a good look at your briefcase and 
chen decide. 
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Plus ease of use 
The COMPAQ PLUS is big where it 
counts . 

The display screen is big. Nine inches 
diagonally. Big enough ro show a ful I 
25-line-by-80-character page that’s ea y 
to read even if you’re leaning back in 
your chair. 

The keyboard is full-sized and 
typewriter-style for easy control. 

With irs builr-in display, the 
COMPAQ PLUS makes a smooth, 
low profile on your desk, not an ob›
scacle that you have co ralk around. 

Plus an easy way to get started 
If you’re buying your first personal 
computer and you’re not sure how 
much capacity you need, your choice 
is easier now. 

Starr wirh the COMPAQ Portable 
with single or double 320K byte disk›
ette drives. If you need more capacity 
later, upgrade co the COMPAQ PWS. 
A conver ion kit is available char 
turns the COMPAQ Portable into a 
COMPAQ PLUS, complete in every 
detail and capability. 

Plus a lot more 
The COMPAQ PLUS also works with 
optional printers, plotters, and com›
municarions devices designed for lBM’s 
personal computer fam ily. 

It has two IBM-compatible slots for 
add ing oprional expansion boards. 
With companion programs, they’ ll let 
you share information with a network 
of personal computers in your office, 
com municate with your headquarters 
compurer files while you’ re away, or 
add memory capacity if your needs 
grow. 

The COMPAQ Portable, the i11duscry standard 
in porwble personal comp11cers. ’ 

The problem-solving power of a /1igh• 
perfomumce desktop personal comprl!l.'T can 
now go where )t>ti need i1 . 

Ir’ got high-resolution graphics and 
text on rhe same screen. A detached 
keyboard. Programmable function 
keys. Expandable memory. Dozens of 
other features rha simply make i[ do a 
better job of personal compuring. 

And when you see all that the 
COMPAQ PLUS has to offer, you’l l 
be pleasancly surprised by the price. 
The fact is, it costs hundreds less than 
comparably equipped deskmp personal 
computers. 

See the fi rst hjgh-performance porta›
ble personal computer. T he COMPAQ 
PLUS-perfor mance, programs, pro›
ductiviry. Plus problem-solving power. 

The new COMPAQ PLUS, 1he first high›
per/ormance porrable personal compucer. ’ 

COMPAQ PLUS �
Specifications �

Storage 
D One integrated 10-megabyre fixed 

disk drive 
D One J60K byre di.skerre drive. 

Software 
D Runs all rhe popular program$ 

wrircen for rhe IBM XT. 

Memory 
D l 28K bytes RAM, expandable co 

640K byres 

Display 
D 9-inch diagonal monochrome 

screen 
0 25 lines by 80 characters 
0 Upper• and lowercase high-

resolution texr characters �
D High•resolucion graphics �

interfaces 
0 Parallel printer incerfacc 
0 RGB color mo11itor imerface 
D Composite video moniror 

imerfoce �
0 RF modularor imerfacc �

Expansion board slots 
D Two lBM-comparible slots 

Physical specifications �
D Totally self-comaincd and �

portable �
D 20"W x 811.!"H x 16"0 �

For the name of the 
Authorized Dealer nearest 
you, call 1-800-231-0900. 

01983 COMPAQ Compum Corpoc:"’°" �
COMPAQn.1 ond COMPAQ PLUS"’�« ’"dcm;.b. al �
COMPAQ Compu�" Corpomion. �
IBM� lu register«! crod�nmk o( lnccm.u IQtl�I 13.nln,,.. �
Mu h fu:_iCorpor-itl<m. �
l.EXAN" i> � rog;scor«l tmlcmarkof0mC’l’al Elcarlc Campany. �

BYTE f-ebruary 1984 11 































HEI has a li ght 
pen with specs lo 
suit your need, 
whether you're d o­
ing text e diting, 

menu selection, or 
more complex graph­
ics system work. Each 

pen is built With in­
tegral hybrid circuitry. 
Each can be made with 
custom sensitivity and 
¥Id-of-view tole rances. 
I light pens feature : 
o TIL outputs 

OFL ambient light 
jection 

Spot sensitivity of 7FL 
Power input of only 
SVDC @ 125 ma. 

Adjustable light sensitivity 
and coiled cord are standard 
on all models. Pens are avail­
able with cable connectors. 

HEI light pens are rugged 
and dependable. Proven in a 
number of sophisticated 
applications for over ten 
years, with more than 24,000 
units in the field. Go for the 
best in industrial quality CRT 
light pens. 

HEI 
inc. 

The Optoelectronic 
Specialists 
Victoria, MN 55386 
612-443-2500 

Letters----------------­
computation . The increased accuracy is 
a blessing or a curse, depending on your 
needs. 

The screen-updating benchmark timing 
cited is an unfortunate side effect of the 
hardware. The on1y way in which the 
68000 can get to the creen RAM is via 
the ZSO, and th is added overhead can 
only slow down accesses, no matter how 
fa t the 68000 may be. 

As far as the SIN benchmark, perhaps 
Mr. Harp or Mr. Stone may want to con­
sider switch ing to FORTRA . I ran the 
published SI benchmark (TRSDOS: 43 
seconds; Xenix: 132 seconds) on a Model 
16 under Trisoft CPIM-68K and ANSI 
FORTRA -77. TI1e time was 5.2 seconds! 

James M. Knox 
ltisoft 
4102 Avenue G 
Austin, TX 78751 

The interesting th ing to me about the 
Harp & Stone Benchmark study of the 
TRS-Xeni.x MBASIC was how slow al/ the 
listed processors were. I ran Benchmark 
I on the Z8000-based Olivetti M20, using 
Microsoft BASIC, in 8.9 seconds. Going 
to double precision by inserting "defdbl 
A-B, Z" at the beginning lengthened the 
time to 9.5 seconds. I believe the run ning 
time is this low because Olivetti MBASIC 
performs only trigonometry and ex­
ponential fu nctions in single precision . 

Examining Z after running the program 
shows a value of 0.998048. 

S. Richard Mateosian 
Consultant, Computer Systems 
2919 Forest Ave. 
Berkeley, CA 94705 

After reading "TRS-80 Model 16 Prob­
lems" (Letters, October, page 20) and the 
response from Rad io Shack, it is evident 
that a simple fact needs to be traightened 
out. 

Sup pose one used a ZSO to handle the 
110 for a CRAY. Would it outpu t char­
acters any fas ter than a 68000 making 
similar requests? 

This elementary consideration shows 
the absurd ity of the HarpfStone "bench­
mark." Their negative remarks about the 
capabilities of the Model 16 and Xenix ar 
therefore worthless an d should be re­
tracted . 

Joel Rice 
486 Route 9W 
Nyack, NY 10960 • 
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IBM PC Apple'· lie 

Base System Price1. . ... . .... $2,695 $2,750 $2,390 $3,999 $3,495 

Sena\ Port (RS232) . .. .. ..... STANDARD $119 $195 2STANDARD 2STANDARD 

2STANDARD $119 $180 2STANDARD STANDARD 

Bit-Mapped Graphics .. . .. . . . . STANDARD $240 STANDARD $499 $845 

Word Processing Software .. .. STANDARD $200-$500 $200-$500 $399 $200-$500 

Spreadsheet Software .. . .. .. . STANDARD $200-$300 $200-$300 $299 $200-$300 

Business Graphics Software ... STANDARD $200-$400 $200-$400 $200 $200-$400 

Communications Software .... STANDARD $100-$200 $100-$200 $100 STANDARD 

Graphics Resolution . . . .. . . .. 640 x300 280 x192 640x240 aoox 240 

Keys on Keyboard . . . . . . . • . . . 93 83 63 82 105 

Expandable Memory .. .. . . ... YES YES YES YES YES 

Optional Winchester . . . . .. . .. YES YES YES YES YES 

Tilt and Swivel Display .. . .. ... YES NO NO NO NO 
1-lncludes CPU. 64K User Memory, Keyboard , Display,Two Disc Drives. and Operating System. 

Based on manufacture rs' Information avauable August 1983.VISUAL 1050 includes 128K User Memory standard. 

the complete professional solution 
at an unbeatable price. 

Communications, BASIC and More . . . 

You get Terminal Emulation software which 
turnsyour VISUAL 1050 into a powertul ASCII 
terminal for dial-up access to remote computer 
resources. And you get CBASIC' for custom 
programming applications. CP/M Plus.· a new 
and Improved release of CP/M, allowsyour 
VISUAL 1050 to support hundreds of popular 
third-party packages. 

Unbeatable Value 
$2,695 is the total retail price for the VISUAL 
1050. You get the best and most popular soft­
ware packages, ready to run on hardware 
which offers the features and quality you 
should demand. Two high capacity disc drives. 
128K memory standard, expandable to 256K. 
Fast, bit-mapped graphics. Full size green 
screen. Standard primer and communication 
ports. Rugged 93-key keyboard with special 
WordStar engravings. You can't buy a more 
complete hardware and software solution at 
anywhere near the price_ 

See for yourself 

Visual Technology Incorporated 
540 Main Street, Tewksbury, MA 01876 
Telephone (617) 851-5000. Telex 951-539 

Circle 375 on Inquiry card. 



The Apple 
Macintosh Computer 
Mouse-window-desktop technology arrives for under $2500 
by Gregg Williams 

Apple established itself as one of strengthened that reputation with a The Macintosh arrives, finally, after 
the leading innovators in personal new machine, the Macintosh (above) . a history of colorful rumors. It will 
computing technology a year ago by Ln terms of technol gical sophistica­ cost from $1995 to $2495, weighs 22.7 
introducing the Lisa, a synthesis and tion and probable effect on the mar­ pounds, and improves on the mouse­
extension of human-interface tech­ ketplace, the Macintosh will outdis­ window-desktop technology started 
nology that has since been widely tance the Lisa as much as the Lisa by the impressive but expensive Lisa 
imitated. Now the company has has outdistanced its predecessors. computer. A system with printer and 
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cessory" progTams are two exceptions 
that 111 cover later). This limitation is 
largely due to the Mac's small mem­
ory space and the overall design of 
the software, which assumes that the 
current program has access to all the 
machine's memory. This is not as bad 
as it sounds; a single application can 
use multiple windows, and material 
can be cut and pasted from one docu­
ment to another by storing the 
material to be pasted on a "dipboard" 
before loading in the second docu­
ment (which replaces the first). Still, 
the absence of hardware slots and the 
inability to run two applications 
imu ltaneously are two important 

ways in which the Macintosh is fun­
damentally different from the Lisa 
computer. 

Reliability and Low Cost 
through Simplicity 

Although the Macintosh costs ap­
proximately one-third the price of a 
Lisa, the Mac has much more than 
one-third of the Lisa's power. The 
idea of reliability through simplicity 
not only makes the Macintosh pos­
sible at a relatively low price but also 
produces a machine that has a reli­
ability normally associated with 
much simpler computers. 

One component of the Mac's sim­
plicity is its low chip count- it con­
tains about 50 !Cs (integrated cir­
cui ts), which decreases its physical 
size and price and increases its relia­
bility. Mac reduces its chip count by 
combining the functions of many 
standard chips into eigh t program­
mable-logic arrays (PALs) . 

The Macintosh has only two circuit 
boards, one that holds all its analog 
circuitry and one that holds all its 
digital circuitry (see photos 2a and 
2b). By partitioning its functions and 
reducing the number of connectors 
(by decreasing the number of boards 
to be connected), the designers have 
made the Mac both more reliable and 
less expensive. They carried this 
philosophy farther by eliminating 
hardware slots; you add peripherals 
to a Mac through its two high-speed 
seriaJ ports. 

The Macintosh was designed to 
reduce (or, in the case of the digital 
board, eliminate) the number of 
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1­

Photo 2: Tfie Maci11tos/1 circuit boards. Photo 2a shows the analog board, wllile photo 2b 
shows tl1e digital hoard. These two boards plus llte video display, 31h- i11cl1 disk drive, a11rl 
housing make up the main 11nil; 011/y lire kei1board and mouse nre needed to make a complete 
Macintosh system. 

places in which hardware must be 
fine-tuned during assembly. In some 
cases, the design ers eliminated th 
need for adjustment through clever 
circuit design, wh ich also means 
there's one less thing to go wrong 
with the computer once it is in the 
owner's hands. In other cases, Apple 
eliminated fine-tuning by requiring a 
vendor of externally manufactured 
subassembli s to tune the part before 
delivery; for example, the video-di ­
play tube and yoke are delivered pre­
adj usted, and the Sony 31/2-inch disk 
drive is delivered tested and witb 
several Apple-specified modifica­
tions. 

Maximum Synergy between 
Hardware and Software 

The Macintosh' hardware and 
software were optimized for maxi­
mum performance. This means that 
the hardware an d software evolved 
over a period of time in a process of 

mutual give and take. For example, 
the p ixels displayed on the Mac' 
video display are square (not rec­
tanguJar, as in other compu ters); thi 
greatly simplifies the software that 
draws quares and circles, scales text 
and grap hics, and prints screen 
images. 

Going for the 
World Market 

Having learned from past experie11ce, 
Apple designed the Macintosh so that ii 
could easily be modified for all markets out­
side the United States. The follmoi11g ex­
amples shaw hm.o pervasive nation- or /a11­
guage-specific aspects of a computer design 
are and how Apple !ms minimized /he 
changes needed. 

•Excepl for the word 'Jl.pple" on the rear 
panel, the Macintosh !Jas no Englisli text 



(2b) 

Hardware 
The main unit of the Macintosh 

consists of eight parts: two circuit 
boards, a cable to connect them, a 
metal chassis, a 31h -inch disk drive, 
a video-display tube with yoke, and 
a plastic front bezel and rear housing 
(see photos 3a and 3b) . An external 

mouse and keyboard make for a total 
of 10 parts. The main unit takes up 
an amazingly small 10-inch by 10­
inch area (it is 13% inches high). 
True, the keyboard and mouse take 
up more area than that, but the foot­
print of the main unit is considerably 
smaller than that of comparable com­

puter . The Mac is also pleasantly 
compact and light; an entire Mac sys­
tem in an optional padded satchel 
weighs 25.6 pounds (less than many 
transportable computers) and can be 
carried onto an airplane. 

Figure 2 shows a block diagram of 
the Macintosh hardware; for more 
details, see the ''Macintosh Sy tern 
Architecture" text box. For now, let's 
look at the machine's major subas­
sembHes: 

Processor: The Macintosh uses a 
Motorola 68000 processor running at 
7.83 MHz. 

Video display: The Mac has a 
9-inch monitor that displays a non­
interlaced image at 60.15 Hz. The res­
olution of the video image is 80 pixels 
per inch, so the overall screen is 512 
by 342 pix ls. 

ROM: The Mac uses two 256K-bit 
ROMs configured as 641< bytes of 
memory. The ROM (read-only 
memory) contains most of the Mac' 
operating system and a "toolbox" of 
optimized 68000 user interface related 
routines (see the text box "The User 
Interface Toolbox" for more detail) . 
The ROM is always accessed at full 
speed, Z83 MHz. 

RAM: The Mac has 128K bytes of 
memory; at some point (Apple say 
by the end of 1984), this will be ex­
pandable to 512K bytes (by substi­
tuting 256K-bit dynamic RAM 
(random-access read /write memory) 
chips for the 641<-bit chips currently 
being used) . The screen display uses 
21,888 bytes and is drawn using this 
memory and OMA (direct memory 
access) circuitry. Apple has an un-

Texr conli1111ed on page 39 

anywhere on the product or in the ROM. 
Each plug is labeled with a picture Umt 
identifies its f11ndion . 
•The videcrdisplay rate of60.15 Hz is gen­
erated intemally instead of being derived 
from the line current. This allows the Mac 
to be used without modification in coun­
tries that have 50-Hz line current. 
•Macintosh software has been designed so 
that all text messages, message layouts, 
and icons can be stored in a resource file, 
sepamte from the program itself. A de­
signer can use n resource-editor program 
to change tex/ (for example, to another lan­
guage), icons, message layout, and t/1e for­

mats of time, dates, numbers, and c11rre11­
CIJ. With this method, tl1e progmm itself 
does not have to be cl1anged and recompiled 
to make these cha nges. 
•The keys on t/u keyboard are defined by 
tl:e software, tlrns a/lawing Apple to 
change the keybon rd easily to accommodate 
the special cltamcters needed In; same lan­
guages. In addition, Apple has designed 
tlie Mac so that two keyboards (differing 
in 011/y one key) can be used for all ver­
sio11s of the product; Apple customizes a 
key/Joa rd for a given language by printing 
the necessan; legends into the plasNc keys. 
In addition, any Mac keyboard can produce 

the full Macintosh character set; the only 
advantage ta f1aving the keyboard for acer­
tain language is that the keyboard Iayoll l 
will be more appropriate for that language. 

With these in11ovatio 11s1 the most time­
consuming part of modifying the Macin­
tosh fur another country is translating and 
printing the documentation. Apple reports 
that if will be shipping the Ma.cintosli tv 
several foreign countries "within several 
months of the Mac's 1nlroductia11." (C,om­
panies never seem ta meet such deadlines, 
so expect fo reign versions to be shipped be­
fore the end of 1984.) 
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Macintosh System Software Overview �
by Andy Hertzfeld 

Tlze Maci11tosh is more than a power­
ful, inexpensive 68000-based desktop com­
puter. It comes with a b11ilt-in personality 
provided by 64K bytes of handcrafted sys­
tem software contained in two ROM chips 
011 ils digital board. Besides perfanning 
tmditional opemting-system functions s11c/1 
a memory and file management, the Mac­
intosh ROM includes the revolutiommJ 
Qllickdmw package and a User-Interface 
Toolbox to /1elp progmmmers develop ap­
plications that share aconsiste11t, advanced 
user i11terfnce. 

T11e Macintosh ROM can be f/1ought of 
as an extension to tire 68000 instmction 
set, augmenting its 56 basic ins/ructions 
with more tha11 480 new inslntdions 
de.signed for implementing fast mouse­
based applications. fl is implemented en­
tirely in 68000 assembly-language code 
that has been handcmfted and optimized 
uver a period of almost three years. We 
c/wse assembly language over a liigher­
level language because it was ven; impor­
tant for the system to be small and fast . 
Tile Macintosh is intended to be a ve1y 
high-volume product, and we could afford 
lo lavish time and attention on every ro11­

tine, making each one as efficient as pos­
sible, knowing that our efforts would be 
11111/tiplied by the 111i/lio11s of 1-111its that we 
will eve11f11ally ship. 

II is somewhat risky lo put 64K bytes 
of intricate system software in ROM 011 a 
disk-based system, bur we did it becnrise 
we wanted tlze machine lo have fl built-in 
standarrl user i11terfnce. By 11si11g our 
ROM-based toolbox, n programmer saues 
development time mid precious memory 
space; tliis prouides a positive incentive for 
doing it our way. Also, the price per bi/ 
of ROM is significrmtly less than /lraf of 
RAM, and not !raving /he operating 
system load in from disk saves space on 
every disk yo11 hflve. Applicntion programs 
11ever reference the ROM directly; instead, 
t>1ei; use compact "trap'' instmctions fl1al 
are i11ferpreled by the SlJSlem dispntci1er. 
Tliis allows 11 lo inlercepl a11y routine lo 
fix the program bugs /'hat will inevitably 
an·se. 

Tile Mac's system software design pfzi­
Josophy emphasizes simplicity, flexibility, 
1111d high perfonnance. Wec/10se the single­
applica/io11-al-a-ti111e p/1ilosophy to help 
keep l/1i11gs relatively simple. The user-

interface software is designed to be flexible 
beca14se we are still /earning how to make 
systems easier and more ftm lo use. 
Another reason for designing the software 
.this WflY is that trying to live for years 
with what we tho11ghl was best at any 
given time would doom 11s to eventual 
failure. High perfonnnnce is extremely im­
portant in an interactive system; people 
won'/ enjoy using a system unless it is very 
responsive. 

About one-third of Ore ROM is devoted 
to what we call the Macintosh Operal"ing 
System, which contains many components 
fo1111d in more traditional systems. II in­
cludes the low-level device drivers and in­
termpt /1a11dlers, an asy11clrro11011s 110 
system, a memonJ manager, a simple, fasl 
file system, a segment loader, and various 
utility routines. Tile I/O system supports 
sumppable, RAM-based device ritivers as 
well as its built-in serial, disk, and so1rnri 
drivers. Mo t 110 and file-system calls can 
be nmde asynchro11011sly, which allows an 
applicati011 to avel'iap 110 tasks with oilier 
tasks. The memory manager minimiz.es file 
fragmenlation of available memory into 
small pieces Uy supporting relocatable ob­
jects that are always accessed indirectly; 
the memon; manager also provides a11 
flllloma l ic caching scheme by optionally 

(3a) (3b) 

Photo 3: lrisfr/e the Macintosh co111p11ter. From Ille front (photo 3a), you can see !he video display a11d tile 3 l/i-i11ch di k rlrive. From the 
rear (p/1010 3b), you can see t/1e two mai11 circuit boards (rigllt a11rl 110/10111), Ilic rear of /lie video-display tube, the 31/i-i11c/1 disk drive, and 
a row of connectors al Ille bottom of the 1111it. The co1111ectio11s go, fro 111 left to rig/ii, to tire mouse, a sec011d disk drive, huo peripherals (these 
are two serial ports), and an external amplifier (for sound 011tp11(). 
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purging objects as memon; grows fuller. 
The file system ensures against loss of data 
bi) maintaining tags on every block; these 
allow the Cimlents of a disk lo be pieced back 
togel/1er even if the directory is destroyed. 

Another third of the ROM is occupied 
by Bil! Atkinson's Quickdraw gmphics 
package. Quickdmw, which is the comel'­
sfone of Apple's "Lisa technology," is 
responsible for the Mile's extremely fnst 
user infemction. It dmws pmcticnlly every­
thing yo11see011 the screen, including text 
(in a variehJ of typefaces and styles) and 
both filled and 1mfilled rectangles, lines, 
and ooa/s, It also is capable ofrepresenting 
arbitmn1 mras of the screen called regions 
in a very compact data structure. All 
Q11ickdmw calls are clipped to the intersec­
tior1 of up to three regions, providing the 
fimdamenfal capability necessnry for over­
lapping windows. Quickdmw also is cap­
able of recording any sequence of proced11re 
calls and aving them as a picture. Pic­
tures provide an easy, -p<n.oe1f11l 111efhod for 
transferring graphics between applicatio11s. 

The ft.rial third of /he Macintosli ROM 
is occupied biJ the User-Tnlerface 1bolbax, 
a collection ofvarious managers and serv­
ices intended lo help a progmmmer develop 
applicalions that ronforn1 lo lhe Macintosh 
standard u er inte1face. Its principal com­

por1ents are r1.1so11n;es, windows. menus, 
amt.rols, dialogues, and a text-editing 
package. The winrlow, menu, nnd con/-ro/ 
ma11age1'S contaill litl/e infomialion on how 
individual windows, menus, or con/70/s 
look or behave. lnstead, this i11fon11alio11 
is encapsulated in definition functions, 
which are kepi as resources and swapped 
into memory as necessan; fo implement 
messages sent by the various nmnagers. 
This provides a very flexible sfmctttre 
Cilpable ofroolving as we leam how lo im­
prcnie Ihe user i11terfnce. 

Another important goal of the Maci11­
tosh system software is to faciWnte the 
passing of data behucen applications. A 
scrap manager is provided to help ap­
plications share data. lt defines lwo data 
h.JP8S l/1at euen1 application is requested to 
support (simple ASCIJ lext and Quickdmw 
pictures) and lets applicatfo11s define their 
ow11 custom types. 1t provides routines for 
tmrisferri11g data i11 rmd out of tile scmp. 

As stated above, Mnci11tosh supports 
011/y one application nmning nt any given 
time. This restriction is mainly d11e lo 
limited available memory. By making a few 
simple calls to the desk mn11ager, an ap­
plication may allow many usef11I 111illi­
applicatio11s to nw co11c11rre11tly with 
ilseif. These s11mll programs are called 

desk accessories a11d are capable of cut­
ting and pasting data with eaclz otlier ns 
well as with the major application. We cur­
renJly provide five desk accessories (calc11­
iator, clock, notepad, control panel for 
default system pammeters, .and scrapbook), 

By the spring of 1983, it became apparent 
that we would not be able to fit all the 
rouh'nes that we had hoped to into our 
64K-bijte ROM space. We designed afacr1­
ihJ lo allow some system code (in the 
Sljstem resource file) to be swapped in from 
disk lo RAM when needed. We now use 
five such RAM-based packages, including 
a fully IEEE-standard floating-point 
11umeric package, a sta11dard file dialogue 
package, and an fotemalional string 
package tliat deals with various fo1mnts for 
date and time display. 

111 summan;, the 64K bytes of ROM­
based finnware pl'VlJide Macintosh with a 
unique personality and user interfnce, 
fanning the foundamm far the development 
of communicating applia1tio11s that share 
a comma11 user interface. The Macintosh 
firmware is venj fnst and flexible, and it 
will be exciting lo see all tire applications 
that develop from it in the years to come. 

Andy Hertzfeld is n member of tire Apple 
Macintosh design team. 

Text co11li1111cd from page 35: 

disclosed proprietary technique for 
phase-locking the 68000 to less ex­
pensive memory, which lowers the 
product cost without sacrificing the 
speed of memory access. 

When the Mac is drawing a hori­
zontal line of the video display, the 
68000 and the video OMA circuitry 
alternate (interleave) their accesses to 
the RAM address and data Un s. 
Since these two can never access RAM 
simultaneously, the 68000 can never 
pr duce hashing or other glitches in 
the video display by accessing RAM 
at th wrong time. Because of this 
interleaving, the 68000 access s RAM 
at 3.92 MHz, half of the fuU 7.83 MHz 
rate, during the display of a hori­
zontal line of the screen. This is done 
in the following way: the DMA cir­
cuitry put a word from RAM int 
the video shift register; while the 
register is sending out those 16 bits 
erially to the screen, the 68000 uses 

RAM for its own purposes; then the 
cycle begin again wit11 the OMA 

�i�r�c�u�i�t�r�y�~� 

When the video display is doing a 
horizontal or verti al retrace, how­
ver, the 68000 gets exclusive use of 

the RAM at its fuJJ speed, 7.83 MHz. 
This ha a significant effect on the 
average speed of RAM access. 0 ut of 
the 45 µ.s (microseconds) for each 
horizontal display line, over 12 µs 
{about '2:J percent of the time) are oc­
cupied by horizontal retrace. Of these 
12 µs, about 0.5 µs is used to send 
data to the sound and disk-speed cir­
cuitry, while tJ1e re t is available to 
the 68000. Furthermore, out of the 
16.626 ms (milliseconds) used to draw 
each complete screen, 1.258 m 
(c bout 7.6 percent of the time) are 
devoted to vertical retrace. Of this, 
about 14 f-tS a.re used for sound and 
disk-sp ed control (representing the 
control work done at the end of the 
equivalent of 28 unused horizontal 
lines of video), leaving more than 
1.244 ms for the 68000 t access RAM 
at full speed. 

To summarize, th ROM is always 
accessed at 7.83 MHz, regardless of 

screen display. The RAM is accessed 
at 3.92 MHz during screen display 
and at 7.83 MHz otherwise. The 
average speed of the system is 
around 6 MHz. 

One memory area of interest is the 
sound b11ffer. A long wi th associated 
hardware, this buffer enables you to 
create four channels of arbitrary 
sound while using no more than 50 
percent f tJ1e 68000's computing 
power. The 68000 performs look-up 
operation every 44 �~�1�s� on up to four 
256-byte waveform tables; the re ult 
of these lookups is placed in a 
370-byte sound buffer, from which 
the sound hardware fetches 1 byte 
every 44 µ.s to deliver to an 8-bit 
digital-to-analog circuit (DAC). An in­
ternal VIA (versatil interface 
adapter) can also be used to generate 
a single square-wave tone while 
using an insignificant part of the 
68000's computing power. 

Mass storage: The Macintosh uses 
a custom version of the Sony 31/2-i.nch 
disk and drive (see photo 4). The 
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The Macintosh Memory Map �
The Macintosh memonj map contains 

RAM, ROM, and 110 devices that com­
municate with the 68000 through specified 
memory locations. When tlie Macintosh is 
tu med on (i.e., at boot-up), the 64K-byte 
ROM maps into the first page of memory 
and is used to get the system started. After 
boot-up, the positions of RAM and ROM 
are chm1ged so that the 128K-byte block of 
RAM occupies the first two pages of 
memory (see figu re below). 

The Phase Read area of memory is used 
to determine whether the computer's 
timing signals are correctly in phase with 
each other; this is us1m/ly done by ROM 
routines at boot-up. 

The VIA (versatile interfece adapter) 
locations are used by the Macintosh's 6522 
VlA . This chip gives the Macintosh 
pamllel ir1put, output, and interrupt lines, 
shift registers, mo11se i11fon11ation, and 
clocks. 

The IWM locations are used btj t!ie 
Macintosh's !WM (integrated Woz ma­
chi11e), which controls al/ access lo the in­
temal 31/i-incl: disk drive and the optional 
external one. 

The SCC Read and SCC Write locations 
are used for seveml purposes. They a/law 
the sec (serial communications controller) 
chip to handle two serial ports at rates be­
tween 30 and 230,400 bits per second. In 

ADDRESS (IN 
HEXADEC IMAL) 

FF FFFF 

F8 0000 �
PHASE READ � PHASE READ

FO 0000 
VIA VIAEB 0000 

EO 0000 
IWMIWM 

00 0000 

co 0000 
sec WRITEsec WRITE BO 0000 

AO 0000 �
sec READ � sec READ

90 0000 

62 0000 

128 K RAM 

60 0000 

41 0000 

DUPLICATE ROM IMAGE 64 K ROM 
40 0000 

02 0000 

01 0000 128 K RAM 

64 K ROM 
-00 0000 

addition, they allow the sec to deted 
mouse motion (in conjundion with the 
VIA) and adjust the phase of the Macin­
tosh timing signals. 

Most programmers will riot ueed in­
timate knowledge of the Macintosh 
memory map. The 64K-byte ROM contains 
sophisticated routines that take care oflow­
/eve/ processes like 110, memory manage­
ment, video display, and similar tasks. Ap­
ple encourages the use of these routi11es; 
they mean less development time, con­
frmnity to the standard Macintosh user in­
terface, fester progmms (ROM always nms 
at full speed), and more memory space for 
programs and disks. 

ADDRESS (IN 
HEXADECIMAL) 

01 FFFF 

01 FFE3 

01 FDOO 

01 FC7F 

DISK SPEED ANO 
SOUND, PAGE l 

IBOTTOM l 

VIDEO SCREEN, PAGE 1 

(TOPI 

USER SYSTEM 
MEMORY (80 Kl 

HARDWARE EXCEPTION 
VECTORS 

Ol A700 

00 0100 

00 0000 
· DURING BOOT-UP AFTER BOOT-UP 
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QUARK INTRODUCES 

CATALYST™JJe. 

The Only Hard Disk 
Program Selector 
for the Apple Ile and 
Apple II Plus. 

A hard di k makes your Apple Ile or 64K Apple 
II Plus even more powerful. And makes you even 
more productive. But you still have to load a new 
floppy and reboot when you need to change pro­
grams. And the more programs you have, the more 
time you waste. 

That's why Quark developed Catalyst tr.i II 
A unique ProDOS program selector that lets you itch 
between even copy-protected programs. Without 
rebooting. A few keystrokes move you from Word 
Juggler Ile to your spreadsheet, then to your file 
management system, and so forth. Just boot Catalyst Ile 
when you turn on your machine, and you may not 
need to touch another floppy all day. 

ID 1983 Quark Incorporated 

The convenient menu lists the programs you've 
tored on your hard disk, organized in any way you 

wish. You can automatically install virtually any 
program which use Apple's new ProDOS operating 
�s�y�s�t�e�m�~ Including software from Quark, Apple 
Computer and other leading manufacturers. . 

Catalyst Ile is an affordable $149. So see your 
favorite dealer today for a complete demon tration. 
And while you're there, look into Quark s other of­
fice automation tools for the Apple Ile and Apple ill. 
Powerful programs that are easy to learn. And u e. 
At prices that are as intelligent as the software. 

"'Not compatible with programs written for DOS 3.3, Pascal, CP/M 
or any other Apple operating system. 

Quark, Catalyst and Word Juggler are trademarks of Quark 
Incorporated. Appl.e, ProDOS and ProFile are registered trade 
of Apple Computer, Inc . 

For the name of the Quark dealer nearest you, call I (800) 543­

Office Automati.on Tools 
2525 West Evans, Suite 220 
Denver CO 802 ! 9 

Circle 309 on Inquiry card. 



Photo 4: The Sony 3Y2-inch disk is encased in a rigid plastic lio11si11g, and t11e oval window 
through which the magnetic medium is accessed is protected by a metal slwtter that slides 
out of the way when the disk is inserted in ihe drive. These factors help protect til e disk from 
casual use. 

drive can store 400K bytes on a 
single-sided 31h-inch disk; the Mac is 
designed to be able to use double­
sided drives to get SOOK bytes per 
disk, an option that Apple may pur­
sue at a later date. The standard Sony 
31h-inch disk (used to date by Hew­
lett-Packard and other vendors) puts 

- -....._--..-.-­

70 tracks of data a 135 tpi (tracks per 
inch) onto each disk. At Apple's urg­
ing, Sony now makes the drive in 
another model that has 80 tracks of 
data at 135 tpi. As a comparison, the 
Hewlett-Packard HP 150 uses the 
70-track version and conventional 
sectoring to get 270K bytes per single­
sided disk. 

Sharing Data among Programs �
Macintosh progmms, if they are de­

signed in accordance with Apple guide­
lines, will be able to trade data among 
themselves without one program having 
to know anything about the nature of the 
others. 'L'his is done through use of a 
shared memory area cal/eii the clipboard 
and the standardizati.on of the data tlrat can 
be stored in it. 

The clipboard is a relocatable piece of 
memor.v that is not ernsed when a new pro­
gram replaces an older one. It is used as 
foll ws: the first program copies data into 
the clipboard, the second progmm replaces 
the first with its own code and data, and 
the data in the clipboard is added to the 
data now in memory. The clipboard can 
contain a variable number of data items, 
though every item must be of a different 
type. Each data item consists of a four­
character data-type identifier, a 32-bit 
length (in bytes), and a stream of bi;tes that 

makes up the actual con/e11ts of the data 
item . 

Programs are free to implement their 
own data types. Apple has defined two­
text and Qidckdmw pictures-and eii­

co1m1ges every program to be able to read 
both and write at least 011e of these data 
types. Text is a simple ASCII string o[ 
cl1araciers without m1y i11fonna/io11 on tire 
size, font, or position of the text. Q11ick­
draw pictures are defined as a sequence of 
commands that ca11 be understood by the 
Quickdraw routines. A Quickdmw picture 
can contain displayable text (wilicll does 
include infonnatio11 on text size, font, and 
position on the screen), a sequence of 
�e�l�e�1�1�1�e�~�1�t�a�r�y� graphics commands that will 
recreate the image, or the image descn'bed 
as a stream of bits. These two data types 
provide a gunm11teed means of co11miunica­
t:io11 among Maci11tosf1 programs. 

In addition to the change to 80 tpi, 
Apple contracted Sony to modify the 
drive in several other ways. Two 
changes allow the Sony drive to 
mimic the behavior of the Lisa 
"twiggy" drives (which were original­
ly chosen for use in the Mac): disk 
ejection under software control and 
variable disk-rotation speed. The first 
change allows the Mac to ensure that 
a disk is correctly updated before it 
is surrendered to the user (that is, 
you can't take a disk out of the drive 
until the M ac software permits it). 
The second change enables the Mac 
to record onto the disk at a constant 
linear density (which means you can 
put more data on the outermo t 
tracks), as opposed to the constant 
radfal density approach most com­
puters use (which puts the same 
amount of data on each track regaid­
less of position). 

The Macintosh's drive rotates 
under softvvare control between 390 
and 600 rpm (revolutions per minute) 
and transfers data at the rate of 
489.6K bits per second (bits as re­
corded on the disk, not dee ded data 
bits). Most computers use a disk­
controller chip instead of the pro­
cessor to control the drive. The Mac 
(like the Apple 11) uses its processor 
to directly control the drive. Because 
the Macintosh can control more disk­
related parameters than the Apple Il 
(the variable m tor speed, for exam­
ple), Macintosh owners will be 
treated to an even greater wealth of 
copy-protection schemes than Apple 
IT owners enjoy. Also, the Macintosh 
drive uses modified group code record­
ing to encode data onto the disk. This 
technique, invented by Steve Woz­
niak for use wi th the Apple IT, en­
codes 6 bits of data into an eight­
transition group that is recorded onto 
the disk surface. 

Keyboard: The keyboard has 58 
keys; the left Shift key is split on the 
international version of the Macin­
tosh, giving it a total of 59 keys. The 
keyboard includes Return, Caps 
Lock, and Shift keys in their usual 
places, two Option keys, and a 
cloverleaf command key (see photo 
5). Combinations of the Shift, Caps 
Lock, and Option keys give each key 
up to six meanings; the command key 
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acts a a modifier and is often used 
with a Jetter key as the keyboard sub­
stitute for a mouse-selected menu 
item. The keyboard contains an 8021 
microprocessor and is connected to 
the main box by a four-wire bidirec­
tional serial c rmection. The connec­
tions on both ends use the same kind 
of square modular plug found in 
most telephones. 

Mouse: The Mac's one-button 
mechanical mou e, about the size of 
a pack of cigarettes, is essentially the 
same as the Li a's; It differs only in 
the shape of the plastic housing. The 
mou e is u ed to position the cursor 
on the screen; when you slide the 
mou e over a horizontal surface, the 
cursor move in the same direction 
on the screen. 

Serial bus: The Macintosh's serial 
bus is very important because it is the 
way that most future peripheraJ (ex­
cept the second 31/i-inch disk drive 
and the keypad) will connect to the 
computer. The bu can run in nvo 
mode : with an external clock, it can 
transfer data at up to 1 megabit per 
second; with internal clocking (which 
embeds clock bits in the data stream 
itself), it can transfer data at up to 
230.4K bits per second. The latter 

scheme wilJ be used to connect mo t 
peripherals, which need only a low 
to medium data-transfer rate, to the 
Macintosh in a pas ive daisy-chained 
line. This scheme implements what 
the Mac's d signers call "virtual 
slot :1 

Virtual slots have everal advan­
tages over conventional hardware 
peripheral slots. They reduce the 
potential problems inher nt in any 
added mechanical onnection (a 
serial interface connector has fewer 
pins than a typical interface board). 
They reduce RH (radfo-fr quency in­
terference) by keeping the main box 
leakproof and allowing easy, inex­
pensive shielding of the erial line. 
By deciding that peTipherals will 
supply their own pow r, the Ma in­
tosh designer were able to stream­
li ne the power upply of the main 
box wiU1out worrying about the 
power need of unspecified future 
peripherals. Finally, virtual slots 
eliminate the need of peripheral 
card to insert themselves some­
where in the computer's memory 
map; the unchanging memory map 
creates a known, unchanging system 
architecture that all oftware design­
ers can be assured of, regardless of 

the peripheral connected. 
The virtual-slot chem is both 

practical and elegant; it offer a 
simple, standard way to conn ct un­
sp cified future peripherals. The 
230.4K bit-per-second data-transfer 
rate is high enough to meet the needs 
of most peripheral -printers, 
modems, plotters, music synthe­
sizers, and so on. However, one class 
of add-on card will not work u ing 
this scheme: proce sor cards like lhe 
M icrosoft Softcard, which allow a 
computer to run another proces or's 
software. Such cards require full ac­
ess to the data and address lines and 

will not work via a serial "virtual 
slot:' As a re ult, despite some 
rumors to the contnrry, the Macin­
to h wi ll never use lBM PC- or MS­
DOS-based oftware. 

Power supply: Apple designed two 
power supplies for the Macinto h . 
The first on uses a 60-watt switch­
ing power upply similar to one used 
in the Apple l1 family; it can operate 
on 85 to 135 V AC at either 50 or 60 
Hz. For technical reasons, use of this 
power supply would have delayed 
the introduction of the machine, o 
Apple designed and produced a 
simpler nonswitching power supply 

Photo S: The Macintosh keyboard . 



(105 to 130 V AC, 60 Hz) for initial use 
in the first U.S. models of the Macin­
tosh . he first switching power sup­
ply w ill be used later in the year for 
the international model and possibly 
for the US. model. 

Th supply was designed to drive 
two twiggy disks; when the design 
was changed to include two 31/2-inch 
disks instead, the supply had a 
sizable margin of unused power. 

System Software 
As stated before, the Macintosh 

contains 64K bytes of ROM accessed 

at 7.83 MHz. Th ROM contain most 
of the Mac operating system and a set 
of optimized 68000 routines call ed 
the Macinto h User-Interfa e Tool­
box. he operating-system ftware 
interacts at the lowe t level with the 
hardware; it includes su h thin s as 
d vice drivers and memory- and fi le­
management routines. The toolb x 
contains variou routines that I t you 
manipulate win dows, text, the 
mouse, pull-d wn m nus, d sk ac­
cessories, dialogue boxes, fonts, and 
other aspects of the Mac user inter­
face. These are high-level routines 

SEATILE GNES YOU 
AN EDGE IN S-100 
SYSTEM DESIGNS 
You can unlock newsy ·rem capabili1ies wit h hii;h-per­
formancc S-100 boards from Seattle omputer. Al l are 
l E - E-696 compatible. But. t( r innovative system. that 
demand p rformance beyond 1he l imits of cnnvcntional 
S-100 board:. you'l l want to know more about 1hes..: 

eatlle omput r produces. or example, wit h our 
8 MHz 8086 CP • you'll be able to build system· 
that run fa tcr and consume less pow r than before. 
Take a closer look: 
8086 P Set : MHz 8086 P · CPU upport 
board include a com;ole 'erial port. a econd seri al 
port. Centronics parall el port. vectored interrupt 
cmHrnller. four 16-bit ti mers and PROM monitor 
for 8086 • M -DO 2.0 plus development utilities 
• 8087 numeric coprocc . . or is opti nal 
· Single Qty: $595.00 
64k tati R M ully . latic design make. imcr­
facing easy • Compatible with a v;nie1 of P 
amJ DMA devices · High-spced (85 ns) RA s 
11pcrate 10 10 MHz with no wail �s �t �a �t �e �~� �·� 16k. 
'.Lk. and 48k OEM ver. ions arc available 
· Single Qt : . 495.00 (64k) 

Disk M:u te ontrols as many as four 8" 
and four: .25" floppy disk drives simu lt a­
neously. in any combination • Ust:s 1793 
dbk control ler chip • Can be used wi th 
JO MHz CP s •Single Qty: $325.00 
Mult i -Port Serial ard 2- and 4-porr cr­
sions arc av:.i ilablc • These RS-132 rorts 
�~�i �p �c�r�a �t �c� a · either "data ·c1s" or 
"'d:.i ta terminal ·" • 36" cables included 
• � ingle Qty: $280.00 (4-por t) 

$210.00 2-poi·t) 

Fm the whole stury 1 n high-performance 
eaule Computer S-100 boards. call : E1-800-426-8936 1114 lntlus1ry Dri ve �
calcr and 0 - M inquires arc in i1ed. �S�c�~�m�l�e �.� ;.\ 98188 �
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that perfomt the details of such com­
plicated operations wi th mini.mum 
programming on the application de­
signer's part. For example, the 
window-management routine take 
care of correctly redrawing the di ­
play when �a wind w is moved r 
changed. For more details, see the 
text box "The Us r-lnterface Toolbox." 

The designers intend for you to ac­
cess all ROM routines indirectly via 
the 68000 '11ne 1010 unimplem nt d" 
instructions, which r ceive th ir ad­
dresses from a table in RAM; thi 
table can be changed to point to other 
routines, thereby allowing future ver­
sions of Mac software to patch the in­
vitable bug that will b found in the 

Mac ROM. Because the appli ation 
drive the ROM routines (instead of 
the other way around), the Macin­
tosh is an "open" y tem who e 
behavi r is ompletely determined by 
the contents of the disk inserted into 
it- that is, software designers can u e 
the ROM routines to create a " tan­
dard" Macintosh application, or they 
can wri te their own code to create an 
application that behaves the way they 
want it to. 

A lthough th designers of the 
Macintosh have a general pl ilosoph 
of allowing only one applicati n pro­
gram to be open at a time, they have 
included in the majn menu a collec­
tion of short, useful programs that 
can run without forcing you to end 
your current program. Apple calls 
these programs desk accessories. Many 
of the accessories are simply con­
veniences- the clock accessory, for 
e ample, hows you the current dat 
and time-but a v ry powerful a ­
cessory is call d the scrapbook. Or­
dinariJy, you can cut and paste data 
from one document t another by 
cutting the data into the clipboard, 
loading in the new document, and 
pasting in the data; this process 
would be tedious if you had several 
items of the same type to cut and 
paste. The scrapbook is a sequ nee 
of data items-text or graphics-that 
can be stored or recalled together, 
thu minimizing th numb r of 
document changes and allowing you 
to recall often-used data items easily. 
The scrapbook is actuall y imple­
mented as a di k fil ; as a result, it 
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tends to be rather large. 
System software react to aJI pe­

ripherals on an asynchronous basis­
peripheral compete for the attention 
of the 68000 by sending it interrupts, 
whkh the 68000 eivices according to 
the level of the interrupt. This keep 
the 68000 from being tied exclusively 
to a peripheral- for example, lo the 
31/i -inch disk drive waiting to get up 
to its full speed-when it could be 
doing something more useful. The 
Mac' designer have managed to do 
this even with high-speed periph­
erals that usually require the full at­
tention of a processor. For exampl , 
disk and serial-port routines ha e 
been dovetailed to permit the use of 
both peripherals at the same tim 

Disk Reliability 
Reliability was one of the main 

reason that Apple decided to u e 
the 31/2-inc.h Sony disk drive instead 
of the 51/4 ·inch twiggy drive. (A pro­
iected hortage of twiggy d riv wa 
another reason.) Apple is expecting 
the Macintosh to be the first real 
con ·um r-ori ented computer, and it 

sees the magnetic medium as being 
more lik ely to fail than the elec­
tronics. The Sony 31/2-inch di k is bet­
ter suited to the consumer environ­
ment. TI1e drive can hold an accept­
able amount of storage per disk, and 
th small dfak, with its rigid heU and 
normally clo ed ace ss wi ndow, is 
less likely to suffer from bad handling 
than a conventional 51/ii- inch floppy 
disk. In addition, th m agnetic 
medium is c nnected t a teel hub 
that the dri e mates with and rotates. 
This is an improvement over 51/4-inch 
floppy-disk drive , which clamp the 
My lar edge of the center hole. Tlie 
31/i-inch disk hub is needed t get ac­
curat enough disk-head p lacement 
to make a data d n it y of 135 tracks 
pex inch possibl . 

The data on the disk i encoded in 
a way that enables the Macintosh to 
re over from ome disk m dium or 
disk file error . The file directory is 
duplicated in a norm, l disk file 
(\ hich can be u ed if 1 for orne 
reason, the directory i damaged). 
Also, each block of data n the di k 
include a 12-byte identifier that gives 

the file number, sequence-within-fil 
number, and date/time tamp for the 
data in the rest of \hat l ck; this can 
be used in many situations to recover 
most or all of the data on the di k. 

Applications and Languages 
Neither application software nor a 

language is i ncluded in the basic 
Macintosh package. However, a two­
program set will b available for $195; 
both programs require the recently 
inLroduced Tmagewriter printer to 
print things out. The first program is 
Mac Paint, the drawing program we 
looked at earli er. Created in hous at 
Apple, Mac Paint is limited to draw­
ings that w ill fit on one 8 112- by 
11-i_nch page. Mac Paint i unlike the 
Lisa drawing pr gram (L isa Draw) in 
that it manipulates the drawing on a 
bit-by-bil level (a Li a Draw drawi ng 
i stored as a coll ection of elementary 
objects-circles, text, boxes, etc.). This 
representati n makes ome thing , 
su has arbitrary erasures, asier on 
the Mac and other t1iings, such as de­
leting a single obje t within the draw­
ing, harder. 

GETTHE SAME VIDEO TRAINING �
THE PEOPLE ATSONYGET. �

0 1 you can be trained by Sony even if ou 
uren'l employed by Sony. 

Because we're making our vast library of train­
ing videotapes avail;ible lo ou. The very tapes that 
teach ourown engineering.service and i.alcs personnel. 

The tapes cover the products anJ concept or 
video and its related technologie ·. ou can learn thi.: 
hu �i�~�0�f�v�i�d�c� recording. olor systems. 
Die.i tal video and electronic-. Televi ion 
production. nd more. 

Plu you can learn how 10 �~ �r �v�k�i�:� 
c merns.VTR's.andother idco produc:LS. 

protes i 11all y as Sony does. 
The tape urc pro­

duced entirely by 
Sonv and contain 
up-i -the-minute 
in lorrn.i1i n. They 
commLmicute clear­
1 and imply. And 
some of them are 
even pr gramrned for 
interactive learn ing. 
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And learning tlrn ugh video can be done at 
your m: n pace. in the convenience of your home. 
hop or .cha I. Reviewing is quick nnd e sy. nd 

the tape are alway available for referenc . 
Send lbr y ur cata log. which l ist mor lhan 

250 title . In vour choice of3/4" or 1/2" formats. 
- Write ny Video Products om­

pany. Tape Producti< n Services. 
700 � . Arte i:i Boulev<Hd. 

ompton. California 90220. 
Or c di (213) 37-4300. 

or course, �t �h�e�r�e�·�~� no 
ohligation. Except the 

obligation y u have to 
your ·elf: t fi nd out 
ab ut the be ·1train­
ing available in 
one of the countrv's 
faste_t-grnwing. ­
mo t lu rat i c field . 

SONY. 
Video Communica1ions 

Soll)'" a rq. 1r1Jtnwk �<�I�f �~ C'orr 

Ci rcle 340 on Inquiry card. 



DISCOVER THE DYSAN DIFFERENCE �

pysan
Software Duplication: �

It's rour name on the package label. 
And your company' repULaL ion on 
the line. '\ hether your progrnm rernil 
for - 0.00 or 400.00, or is for com­
pany internal distribuLion, the cost of 
duplicating it on diskettes is just a frac­
tion of the va ll1e of your product. 
Ooesn't it make sense to procecr the 
time, money and talent invested in 
your . oftware w ii:.h the finest and most 
complete software duplication ser­
vice· availab l ? 

QuaJity fcware Deserves 
the Quality Media. 

Dy ·an '. ofm, re dupl ication �.�~�e�r�­

vice. are un urpas ed for fideliry of re­
production. Ot only is your program 
copied unerringly omo the finest me­
lia made-d1e Dvsan di kecce-bu t 

it 's also copied on proprietary equip­
ment manufaccur l by Dysan, exclu­
si elv for Dv an. Plus Dysan offers vou 
th _.:.ide t �~�r�i�e�t�y� ofsupport ervice 
availah l - from ·ofrware protecri n t 
erialization and packaging. 

Isn 't it time )OU discovered the �
Dysan d iffer nee? For more informa­�
t ion on Dysan s frware d up lication, fi ll �
out and return this coupon today, or �
call (800) 551-9000. �

Cimle 403 on inquiry card. 

r -- ---------....--..----­
oy. an oftware Duplication Di vi ion �
5201 Pacri ck l-1.enry Drive �
ant:i Clara, CA 95050 �

(800) 551-9000 �
(408 988·3 2 �

Please send me more detai ls on �
Oy:an 's ofrware Duplication ervices. �
62 

.ompany: __________________ 
Addre:;s: ___________________ 

Ciry: ________ Scare: _ ___ Zip: ____ 

Phone: _<___�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�­
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To: Robert 
From: Elizabeth 

Re : 

Format Font 

Byt vP lain TeHt OOP 
Bold 3€8 
l/.11/ic 3€1 
Underline 3€ U 
�m�r�n�~�a�~�m�@� �~ o 
�~ lil f:lc!JQ][!]J �~ s 

�~�J�i�:�!� 

18 Point 
�.�~ .....! ...• ...L .....l ... ;. ..1?.....i.·· ...·:!:·......L. ... ...�L�~ ......L.,o...L.1....l ..... .. .1.1...l 24 Point 

�~ �~� I I I I I I 36 Point 
48 Point

1. Moving Date: Discussing 72 Point ems 
premature, since there �a�1�"�"�'�"�"�"�"�"�"�f�t�'�l�l�"�"�'�9�"�"�"�'�"�'�!�f�t�'�l�'�l�l�'�f�t�'�l�'�O�~�n�s� �.� Let's wait 
awhile. 

2 _ Manufacturing Presentation: I'm concerned about john 
giving the technical presentation. I really think Frank has Qi 

Figure 3: The Mac Wrile wotd-processi11g program. 

The second program in the set is 
Mac Write (figure 3), which was 
created out of house for Apple and 
can handle documents up to 10 
single-spaced or 20 double-spaced 
pages. Like Lisa Write, Mac Write can 
handle multiple fonts and size as 
well as variations achieved by adding 
any combination of five modifiers­
underline, bold, ital.Jc, outline, and 
shadow. 

Apple Macintosh Pascal, Assem­
bler/Debugger, BASIC, and Logo wil l 
cost $99 each; the first two will be 
available during the second quarter 
of 1984, and the other two will foll ow 
in the third quarter. The Logo is from 
LCSI, which developed Apple U 
L.ogo. Both the BASIC and Pascal 
compile on a Line-by-Line basis into an 
intermediate pseudocode, which 
gives them the speed of compiled 
languages while retainjng the interac­
tive nature of interpreted languages. 
Both languages use separate win­
dows for program source code and 
output, and both can be debugged 
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on a line-by-line basis. Both have 
graphic and mouse commands that 
call on the toolbox routines in ROM, 
and both use floaling-point arith­
metic routines (in RAM) that me t 
the ffiEE-754 floating-point standard. 

Mac Pascal, which was created out 
of house, is interesting in that it is the 
only Pascal I kn w of that can be ex­
ecuted interactively. Another nic 
feature is its syntax checker, an item 
that can be called fr m its "Rw1" 
menu. This menu item is often 
handy for finding those petty syntax 
errors to which Pascal code is prone. 

Mac BASIC was created in house 
by Donn Denman, who worked on 
Apple Ill Business BASIC. An inter­
active, multitasking BASIC, i t can ex­
ecute multiple copies of the same 
program or multiple programs simul­
taneously; each program and each 
running task has its own window. 

Other Apple programs announced 
for deHvery in 1984. include Mac Ter­
minal (which emulates the DEC 
vt:-52 and VT-100 and Teletype ASR33 

terminals- available first quarter, 
$99). Also planned are Mac Draw (an 
objed-oriented drawi ng program) 
and Mac Project (a scheduling and 
project-management program) . 
These are both Macintosh versions of 
two Usa application programs; each 
costs $125 and will be available in the 
third quarter of 1984. 

Third-Party Software 
Apple has not spent all its energy 

trying to write all the software that 
the Macintosh needs. Instead, it has 
created two exemplary Macintosh 
packages and gone to third-party 
software developers to get them to 
create the bulk of available Macintosh 
software. Apple estimates that by the 
time you read this, the Mac will be 
in the hands of more than 100 soft­
ware vendors. 

At the time this was written, some 
software developers had made com­
mitments to market Macintosh soft­
ware. Microsoft Multiplan and 
BASIC will be available at the Mac's 

Circle 352 on inquiry card. --+ 
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