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CROM IX FlLE SYSTEM1--­

CROMIX * 

UNIXt-

CROMIX is just the kind of major 
development you’ve come to expect 
from Cromemco. After all, we’re 
already well-known for the most 
respected software in the microcom›
puter field . 

And now we’ve come up with the in›
dustry’s first UNIX-lookalike for 
microcomputers. It’s a tried and proven 
operating system. It’s available on both 
S" and 8" diskettes for Cromemco 
systems with 128K or more of memory. 

Here are just some of the features you 
get in this powerful Cromemco system: 

� � Multi-user and multi-tasking �
capability �

� � Hierarchical directories 
� � Completely compatible file, �

device, and interprocess 1/0 �
� � Extensive subsystem support 

FILE SYSTEM 
One of the important features of our 

CROMIX is its file system comprised of 
hierarchical directories. It’s a tree struc›
ture of three types of files: data files, 

"CROM IX is a 1rademark of Cromemco, Inc. 
tUNIX is� trademark of Bell Telephone Ltbora1ories 

Cromemco's outstanding 

like operating system 

directories, and device files. File, 
device, and interprocess 1/0 are com›
patible among these file types (input and 
output may be redirected inter›
changeably from and to any source or 
destination) . 

The tree structure allows different 
directories to be maintained for different 
users or functions with no chance of 
conflict. 

PROTECTED FILES 
Because of the hierarchical structure 

of the file system, CROMIX maintains 
separate ownership of every file and 
directory. All fi les can thus be protected 
from access by other users of the 
system. In fact, each file is protected by 
four separate access privileges in each 
of the three user categories. 

TREMENDOUS ADDRESS SPACE, 
FAST ACCESS 

The flexible file system and general›
ized disk structure of CROMIX give a disk 
address space in excess of one gigabyte 
per volume - file size is limited only by 
available disk capacity. 

Speed of access to disk files has also 
been optimized. Average access speeds 
far surpass any yet implemented on 
microcomputers. 

'C' COMPILER AVAILABLE, TOO 
Cromemco offers a wide range of 

languages that operate under CROMIX. 
These include a high-level command 
process language and extensive sub›
system support such as COBOL, FORTRAN 
IV, RATFOR, LISP, and 32K and 16K BASICS. 

There is even our highly-acclaimed 
’C’ compiler which allows a program›
mer fingertip access to CROMIX system 
calls. 

THE STANDARD 0-S �
FOR THE FUTURE �

The power and breadth of its features 
make CROMIX the standard for the next 
generation of microcomputer operating 
systems. 

And yet it is available for a surprisingly 
low $595. 

The thing to do is to get all this 
capability working for you now. Get in 
touch with your Cromemco rep today. 

Cromemco ™ 
in co po ated 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 � (415) 964-7400 
Tomorrow’s computers today 
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Management lnfonnation Display Ultrasonic heart sector scan Process Control 

Get the professional color �
display that has �

BASIC/FORTRAN simplicity �

LOW-PRICED, TOO 
Here's a color display that has 

everything: professional-level resolution, 
enormous color range, easy software, 
NTSC conformance, and low price. 

Basically, this new Cromemco Model 
srn • is a two-board interface that plugs 
into any Cromemco computer. 

The SDI then maps computer display 
memory content onto a convenient color 
monitor to give high-quality, high­
resolution displays (756 H x 482 V pixels) . 

When we say the SDI results in a high­ Model SDI High-Resolution Color DISPLAY M EMORY 
Graphics Interface quality professional display, we mean you Along with the SDI we also offer an 

can't get higher resolution than this optional fast and novel two-port memory 
system offers in an NTSC-conforming that gives independent high-speed access 

HIGH RESOLUTION display. to the computer memory. The two-port 
The resolution surpasses that of a color The SOi's high resolution gives a memory stores fu ll display, permit­one 

TV picture . professional-quality display that strictly ting fast computer operation even during 
meets NTSC requirements. You get 756 display. 

BASIC/FORTRAN programming pixels on every visible line of the NTSC �
Besides its high resolution and low standard display of 482 image lines. Ver­ CONTACT YOUR REP NOW �

price, the new SDI lets you control with tical line spacing is 1 pixel. The Model SDI has been used in scien­�
optional Cromemco software packages To achieve the high-quality display, a tific work, engineering, business, TV, �
that use simple BASIC- and FORTRAN­ separate output signal is produced for color graphics, and other areas. It's a �
like commands. each of the three component colors (red, good example of how Cromemco keeps �

Pick any of 16 colors (from a green , blue) . This yields a sharper image computers in the field up to date, since it 
4096-color palette) with instructions like than is possible using an NTSC-composite turns any Cromemco computer into an 
DEFCLR (c, R, G, B). Or obtain a circle of video signal and color TV set. Full image up-to-date color display computer. 
specified size, location, and color with quality is readi ly realized with our high­ The SDI has still more featu res that 
XCIRC (x, y, r, c) . quality RGB Monitor or any conventional you should be informed about. So contact 

red/green/blue monitor common in TV your Cromemco representative now and 
•u.s. Pat. No. 41 21283 work . see all that the SDI will do for you . 

Model SDI plugs into Z-2H 11 -megabyte 
hard disk computer or any Cromemco 

computer 

[3 Croine111eo 
In corpo ra ted 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 �
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Ade le Goldberg I A readers· guide to the Smalltalk articles 1n 
this issue. 

3 6 The Smalltalk-BO System by the Xerox Learning 
Research Group t How message-sending objects are used 1n the 
Smalltalk-80 system. 
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In This Issue �
Smalltalk Isn't small talk any more. Three years ago, the cover of BYTE 

depicted the Island kingdom of Smalltalk as a place where great and magica l 
things happen, though Its " craggy aloofness" kept it out of the mainstream of 
the computer programming community. During the past three years the Xerox 
Learning Research Group has continued developing Smalltalk, and this month 
we present the culmination of its work - the debut of the Smalltalk-BO 
system . 

Because of the special nature of this issue, we have added a specia l in­
troduction by Adele Goldberg, manager of the Xerox Learning Research 
Group based in Palo Alto, California. Adele guides you gently through the ar­
ray of articles ·describlng the Smalltalk-BO system and related topics. 

In addition to our regular features, we also have the concluding part of 
Steve Ciarcia 's article, ' 'Build a ZS-Based Control Computer with BASIC." And 
Stan Miastkowski presents an in-depth report on what we can expect from 
Japan in his article, "The Japanese Computer Invasion.'' 

BYTE is published monthly by BYTE Publications Inc. 70 Main Sr. Pererborough NH 03458. phone 16031 
924·9281. a wholly-owned subsidiary of McGraw-Hill. Inc. Address subscripuons. change of address. USPS Form 
3579. and rulf1llment questions to BYTE Subscnptions. POB 590. Martrnsville NJ 08836. Controlled crrcu1ar1on 
posrage paid at Waseca. M innesota 56093 ·USPS Publ1cat1on No. 528890 pSSN 0360.5280j . Canadian second 
class registration number 9321 . Subscrrprions are s19 for one year. S34 for rwo years. and S49 for three years 1n 
the USA and its possessions. In Canada and Mexico. s2 1 ror one year. s38 for rwo years. s55 for three years. s43 
for one year arr delivery lO Europe. s35 surface Clellvery elsewhere. Air Clelrvery to selected areas at addrtronal 
rates upon req uest. Single copy price is S2.SO in the USA and its possessions. S2.95 in Canada and Mexico. S4.00 
In Europe. and S4 .50 elsewhere. Foreign subscriptions and sales should be remiCTed 1n United Stares funds drawn 
on a US bank. Printed in United Stares of America . 

Address all editorial correspondence to the editor ar BYTE. POB 372. Hancock NH 03449. Unacceptable 
manuscriplS will be returned if accompanied by suffic ient nrst class posrage. Not responsible ror lost manuscrrpts or 
photos. Opinions expressed by the authors are not necessarily those of BYTE. Entire contents copyright © 1981 
by BYTE Publicauons Inc. All rights reserved. Where necessary. permission Is granted by the copyright owner for 
libraries and others registered w ith the Copyright Clearance Center jCCCj to photocopy any article herein for rhe 
base fee or s1.00 per copy of the article or item plus 25 cems per page. Payment should be sent drrectly to the 
CCC. 2 I Congress St. Salem MA 01970. Copying done fo r other than personal or internal reference use w ithout 
the permission of McGraw-Hill rs proh ibited. Requem for specia l permission or bu lk orders should be addressed ro 
che publi sher. e 

BYTE 1s available 1n m1croform from University M icrofilms Internationa l. 300 N ZeeD Rel. Dept PR. Ann Of 
ArDor Ml 48106 USA or 18 Bedford Row. Dept FR. London WC IR 4EJ England. 
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" ... stands well above 
other S-100 graphics dis­ 11 

• better monochromatic 
plays in its price and per­

• • 

. display .. .. II 
formance range." ELECTRONIC DESIGN, 

BYTE, Producl Review 1981 Technology Forecast 

MICROANCELO �
HIGH RESOLtmON GRAPHICS SINGLE BOARD COMPUTER 
512 x 480 resolution black and white and vivid color displays 

RS· l 70 com­ Light pen 
posite or direct interlace 
drive output Time multi­

plexed refresh
Local or external 

4K residentsync generation 
Screen ware TM 

Pak I operating4 Mhz ZBO 
systemmicroprocessor 

32K RAM
60 hertz real· isolated from
lime clock host address 

space
8 level interrupt 

High speedtie-in 
communications 

IEEE SlOO bus over paralJel 
compatible bus ports 

Screenware™ Pak I And now . .. COLOR!! 
A 4K byte operating system resident in PROM on The new MicroAngelo™ Palette board treats from 
MicroAngelo™. Pak I emulates an 85 character 2 to 8 MicroAngelos as "bit planes" at a full 
by 40 line graphics terminal and provides over 512 x 480 resolution. Up to 256 colors may be 
40 graphics commands . Provisions exist for user chosen from 16.8 million through the program­
defined character sets and directly callable user mable color lookup table. Overlays, bit plane 
extensions to Screenware™ Pak I. precedence, fade-in, fade-out, gray levels, blink­

ing bit plane, and a highly visual color editor areScreenware™ Pak II 
standard.

An optional software superset of Pak I which 
adds circle generation, polygon flood, program­
mable split screen for separate graphics and ter­
minal I/O , relative coordinates, faster vector and 
character plotting, a macro facility, full UCSD SCIDN 
Pascal compatibility, and more. 

8455-D Tyco Road• Vienna, Virginia 22180 • TWX: 710-831-9087 • (703) 827-0888 
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High
Technology 
We make our 
competition
obsolete 
with Information Master,TM 

Data Master,TM and Transit.™ 
Information Master is clearly the 
best information management 
software available for your Apple II .* 
and it's the easiest to use. 
Here are two very useful 
companions that add even more 
power to Information Master. 
• Data Master - Alter the fi le 

layout of existing Information 
Master files without re-enteri ng 
data . Add , om it, change fields , 
subdivide and append fi les 
seI ectiveIy. 

•Transit - Convert Vis iCalc* files 
(and almost any other files you 
may have) into Information 
Master fi les. 

See your computer dealer today 
tor al l the details. 
• V1s1Calc is a trademark ol Personal Sol1ware. Inc 

Apple II 1s a 
trademark ol 
Apple 
Comou1er 
Inc 

High 
Technology, Inc. 
Software Products Division 
PO. Box B- 14 665 
8001 N. Classen Blvd . 
Oklahoma Cily, Okla . 731 13 
405 840-9900 

·Apple II •S a trade name ol 
Apple Cornpuier. Inc 
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Editorial------------------------­
ment" on page 90) spoke about the efficiency of the 
language at the NCC. For example, suppose a user is run­
ning a complex program that chums away for nearly an 
hour-then a bug appears in the output routine. All is not 
lost. Since the Smalltalk-SO language is "modeless" (a 
concept Tesler discusses in Ms article), the user can debug 
the output routine and continue with the main routine 
without having to start from the beginning. This is only 
one of the advantages of the Smalltalk-BO system. 

Where to Start 
The order in which you read the Smalltalk-SO articles 

in this issue makes a difference. The first stopping point 
should be Adele Goldberg's article "Introducing the 
Smalltalk-BO System" on page 14, in which she provides a 
guided tour of the issue. I also recommend Dave 
Robson's "Object-Oriented Software Systems" on page 
74 as a good overview of the Smalltalk-SO philosophy. 
The glossary on page 4S will be helpful as you begin to 
absorb the rather extensive (and sometimes overwhelm­
ing) vocabulary used to describe the language. I found 
that, once the terms become familiar, the concepts begin 
to make elegant sense . 

When Can I Buy It? 
There are currently no personal computer implementa­

tions of the Smalltalk-SO language. Because of this, I'm 
sure we'll be criticized by some for introducing the 
language too early and frustrating our readers . Never­
theless, I feel that the time to begin exposing people to 
object-oriented language is now. Only by challenging 
and enticing the personal computer community can we 
stimulate the industry to create the machines we all 
dream of. 

As far as future hardware hopes are concerned, it is 
interesting to note that four of the speakers at the recent 
NCC Smalltalk-SO symposium were from Digital Equip­
ment Corporation, Apple Computer Company, 
Tektronix, and Hewlett-Packard. All four research repre­
sentatives were quick to point out that their companies 
are not necessarily working on Smalltalk products, but 
are rather exploring the language's potential. Despite the 
disclaimers, though, I would be very surprised if we do 
not see a computer with the Smalltalk-SO system built in 
sometime in the next few years- perhaps sooner . 1 hope 
this issue brings that dream closer. • 

Acknowledgments 
I wish to express my appreciation to Adele Goldberg and Dave Rob· 

son al Xerox PARC for their invaluable help in preparing th is specia l 
issue- and especially to Adele for coordinating the many authors who 
contributed their expertise. I'd also like to thank Gregg Williams for his 
editorial skills in preparing this issue . .. , CM 
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Reddy Chirra improves his vision 
with anApple. 

Reddy is an optical engineer who's 
used to working for big conipanies and using 
big mainframes. 

Butwhen he started his own consulting 
business, he soon learned how costlymain­
frame time canhe. So he bought himself a 
48K Apple II Personal Computer. 

And, like thousands ofotherengineers 





Introducing the Smalltalk-SO Systein �

Adele Goldberg �
Manager, Learning Research Group �

Xerox Palo Alto Research Center �
3333 Coyote Hi£1 Rd �
Palo Alto CA 94304 �

It is rare when one can 
indulge in one 's prejudices 
with relative impunity, 
poking a bit of good 
humored fun to make a 
point. 

W ith this statement, 
Carl Helmers 

opened his remarks in the 
"About the Cover" section 
of the August 1978 issue of 
BYTE. The issue was a 
special on the language 
Pascal , so Helmers took 
the opportunity to presen t 
Pascal 's triangle as drawn 
by artist Robert Tinney . 
The primary allegory of 
the cover was the inver­
sion of the Bermuda 
Triangle my th to show 
smooth waters within the 
area labeled "Pascal 's 
Triangle. " Jn expla ining 
the allegory, Helmers 
g uided the traveler 
through the FORTRAN 
O cean, the BASIC Sea, 
around the Isle of BAL, and up to the Land of Smalltalk. 

Traveling upward (in the picture) througli lieavy seas 
we come to the pinnacle. a snow white island rising like 
cm ivo ry tower out of tl-1e surrounding sliark infested 
waters . Here we find tlw fantastic kingdom of Smalltalk, 
wlwre great and magical things happen . But alas ... the 
craggy aloofness of the kingdom of Smalltalk keeps it out 
of the mainstream of things. 

It is rare when one can indulge in one's fantasies to re­
spond to so pointed a remark as that provided by the 

14 August 1981 © BYTE PubUcations Inc 
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puter programming com­
munity. This cover was 
a lso executed by Robert 
T inney, to the delight of 

the Learning Research Group (LRG) of the Xerox Palo 
Alto Research Center. LRG is the group that has de­
signed, implemented, and evaluated several generations 
of Smalltalk over the past ten years. 

The balloon on the cover symbo lizes the Smallta!k-80 
system that is being released this year for more general 
access. The release is in the form of publications and a file 
conta ining the Smalltalk-80 programming system. 
Twelve articles describing the system appear in this issue 
of BYTE. Through such publication, LRG's research will 
become generally accessible, dispelling the clouds. 

Sma lltalk is the name LRG assigned to the software 









Figure 1 

part of Alan Kay's personal computing vision, the Dyna­
book. The vision is a hand-held , high-performance com­
puter with a high-resolution display, input and output 
devices supporting visual and audio communication 
paths, and network connections to shared information 
resources. LRG's goal is to support an individual 's ability 
to use the Dynabook creatively . This requires an 
understanding of the interactions among language, 
knowledge, and communication. To this end, LRG does 
research on the design and implementation of program­
ming languages, programming systems, data bases, vir­
tual memories, and user interfaces. 

The ivory tower on the island of SmaUtalk is an excit­
ing, creative place in which to work on these ideas. A 
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Figwe 2 

sense of LRG's long-range goals is aptly portrayed in the 
illustrations designed by Ted Kaehler . 

In figure 1, we see a view of the conventional software 
development environment : a wizard sitting on his own 
computational cloud creating his notion of a Taj Mahal 
in which programmers can indulge in building applica­
tions for nonprogramming users. The Taj Mahal repre­
sents a complete programming environment, which in­
cludes the tools for developing programs as well as the 
language in which the programs are written. The users 
must walk whatever bridge the programmer builds. 

A goal in the design of the Smalltalk system was to 
create the Taj Mahal so that programmers can modify it 
by building application kits , which are specialized exten­
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Figure 3 

sions and / or subsets of the system whose parts can be 
used by a nonprogrammer to build a customized version 
of the application. Applications that can be created from 
a kit are related in a fundamental way : the programmer 
may, for example, create it for building bridges, but it is 
the user who pieces together the parts to create a cus­
tomized bridge (see figure 2). 

One of LRG's current research goaJs is to provide sys­
tem parts to aid the programmer in creating kits. Al­
though Smalltalk itself is conceptually sufficient for this 
task , it needs better support to help the programmer piece 
together the graphical display and the control for an in­
teractive user interface. This is the "kit maker," as shown 
in figure 3. 
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1111 �
DATA CORPORATION �

TAKE A STEP �
TOWARD TOMORROW �

At MSI our small company environment en ­
courages big ideas. If you've been thinking about 
a high technology career In micro-computers that 
offers high visibility , then why not think about 
MSI, the leader in Hand-Held Source Data Entry 
Systems. For Software Professionals, the follow­
ing positions are now aval lable. 

PROJECT GROUP LEADERS 
Needed to direct a small team of technical profes­
slonals In: 

High Level Languages 
Background in HLL, i.e., PASCAL, ALGOL, etc., 
needed for development of Automatic Program 
Generator Systems using BASIC compiler and 
other languages. Assembly language required. 

Operating Systems 
Assembly language and/or Interpreter experience 
required . Hardware Interface experience 
desirable. Must have strong documentation and 
design skills. Knowledge of FORTH and PASCAL 
preferred. 

SENIOR ENGINEERING PROGRAMMERS 
Test and Integration 

Background in test planning and evaluation. Will 
be responsible for forming new group of 
specialists to develop test programs, Implement 
test procedures and Integrate software products. 

Communications Development 
Requires extensive experience in systems and 
programming. Knowledge of BSC protocols 
desirable and Hardware interface background in 
assembly language required . Familiarity with 
FORTH or PASCAL preferred. 

Operating Systems Development 
Senior and Intermediate Engineering Program­
mers. Assembly language programming ex­
perience on micro aod mini-computers needed to 
create application solution systems for our new 
Route Accounting, Program Management Group. 
Experience in HIGH LEVEL LANGUAGE and 
FORTH would be a plus. 

SOFTWARE TECHNICAL WRITER 
Responsible for development and design of soft­
ware documentation manuals, including writing 
maintenance documents, operating Instructions 
and design specifications. Degree plus 3 years' 
software documentation experience in Assembly 
and HIGH LEVEL LANGUAGE. Background in 
FORTH would be a plus. 
We offer a complete benefits portfolio Including 
paid medical, dental and life insurance, 100% tui­
tion reimbursement, and retirement benefits. 
Please contact or call collect: 

Joan Ramstedt �

MSI Data Corporation �
340 Fischer Avenue, Costa Mesa, CA 92626 �

(714) 549-6125 �

/ 
7 

Figure 4 

As part of the Dynabook v1s1on, the system should 
help the programmer build a personal computational 
cloud (see figure 4) . Two research projects, Thinglab by 
Alan Borning and PIE by Ira Goldstein and Danny 
Bobrow, took advantage of Smalltalk's support for creat­
ing new metaphors. 

We are often asked : "What makes Smalltalk different 
from other languages?" The articles in this issue attempt 
to answer that question. Look for an emphasis on interac­
tive graphics, on modular development of programs, and 
on integrated approaches to accessing program develop­
ment tools. Also, look for the distinction between a pro ­
gramming language and a programming system, and con­
sider the difference in providing a system in which the 
user can feel individual mastery over complexity. Al ­
though each article can be read independently of the 

Text continued 011 page 26 
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Te:rt continued from µage 22: 

others, knowledge of the Smalltalk-80 system and its de­
sign philosophy is a prerequisite to understanding many 
of them. The map in figure 5 is presented to help the 
reader find a course through this hitherto uncharted 
ivory tower. 

You can begin at the drawbridge by reading Dave Rob­
son's introduction to object-oriented programming (page 
74) and then proceed by reading the description of the 
Smalltalk-80 language (page 36). The two examples of 
programming in SmaUtalk-80 are likely next steps: one, 
by Jim Althoff, tel ls you how to build data structures 
(page 230); the other, by Peter Deutsch, describes how to 
build control structures (page 322). Or, you can follow a 
hallway to the user interface window and read Larry 
Tesler's description of the Smalltalk programming envir­
onment (page 90). Trygve Reenskaug offers further per­
spectives on providing a programming interface to a 
Smal ltalk system (page 147). 

At any time, you can take the side stairs to read Dan 
Ingalls' presentation of the design principles behind 
Smalltalk (page 286). Those readers who are interested in 
implementation details can head fo r the cellar and read 
Glenn Krasner's article on the Smalltalk virtual machine 
(page 300), or Ted Kaehler's article on a Smalltalk virtual 
memory (page 378). 

The walls of the tower are covered with visual images 
that will please any graphics enthusiast. Many were 
created by the ToolBox painting component of Smalltalk, 
as described in Bill Bowman and Bob Flegal's article (page 
369). Greater detail about the Smalltalk graphics kernel is 
provided by Dan Ingalls (page 168) . 

Ivory towers are often associated with educational 
enterprises. So it is not surprising that field studies of the 
various versions of Smalltalk have been carried out most­
ly in educational settings; elementary, junior, and senior 
high school students as well as university students have 
helped us test our ideas. Joan Ross and I provide some of 
the history in an article exploring whether the Small­
talk-80 system is for children (page 348). 

Many people have helped to build our ivory tower, to 
surround it with protective clouds, and then to blow 
some of the clouds away. All the people, past and pre­
sent, of the Xerox Palo Alto Research Center contributed 
a brick or two. George Pake, vice president of Corporate 
Research, assembled the bricklayers. We especially 
herald the person who is responsible for laying the foun ­
dation, A lan Kay, and current members of LRG not 
named as article scribes: Peggy As prey, Alan Borni ng, 
Laura Gould, Bruce Horn, Neil Jacobstein, Kim McCall , 
Diana Merry, Steve Putz, and Steve Weyer. Special 
thanks to Bert Sutherland who did the "preflight 
check .'' • 

forms.There is also description of soft­
ware to generate and read all majorBAR CODE FORYOUR formats from Code 39 to HP-41C, and 
UPC to the new NATI text software pub­
lication format You get information you 
can use to program your small computer 
for bar code without detail processing by 

SMALL COMPUTER. 
time when programming and equipping a human operator.This method speedsyour small computer for bar code. the operation, eliminates translation and 
Written by the originators of Byte entry errors and, where desirable, permits
Magazine's experiments with publication the use of unskilled personnel for the 
of software in printed form, Walter Banks entry function. You save thousands of 
and Carl Helmers, this report is the only dollars as a result The $500 purchase 
complete presentation of materials on price of the report includes license for 
keyless data entry using modem bar code the commercial modification and use of 
technology. It will enable you to: all software contained therein. 
• Read HP-41C calculator formats into For detailed information, send for our 
your Apple, or other suitable computer. brochure. There is no cost or obligation. 
• Prepare and deliver machine Mail the coupon today. 
readable printed software to your r--------­
customers. . NORTH AMERICAN 
• Read a UPC code into your personal 1 ••a ' � 'TECHNOLOGY, INC. I 
computer. � I ••• Strand Building 

174 Concord S I• Print Code 39 manufacturing inven­ •••I -- Peterborough. NH 03458 
tory tags with your formed character � I(603) 924· 6048 
or dot matrix printer. I Please send me your FREE brochure on I 
Here, in clear, concise, understandable I "Contemporary Applications of Optical Bar Ilanguage is all you need to know about Code Technology:· 

I NAME _________bar code history, software engineering I 
requirements, complete machine inde­ I ADDRESS _ _________ I
pendent Pascal software in source lis­ I CITY_________ 

of dollars in research and development ting and machine-readable bar code I 
STATE ZIP 

..__ _ ___ _________________________.___------ - :.J 

"Contemporary Applications of Optical 
Bar Code Technology" is a new,compre­
hensive report from North American 
Technology that can save you thousands 
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The System 2800 is the next logical step in the 
cont inuing line of innovative products from the 
Systems Group. 

Unbeatable S-100 Memory Boards 
Fi rst was the development of the DMB6400 
series of S-100 Memory boards featuring the 

innovative Bank 
Select switching 
technique. This 
enables users to 
software select 
up to fou r totally 
independent 
memory banks 
per board . 

The 2nd Generation 
Then came the 2nd Generation of IEEE S-100 
COMPATIBLE Z80 PROCESSORS, FLOPPY DISK 
CONTROLLERS and SERIAL 1/0 BOARDS. Each 
has been designed for single user, multi-user or 

network operating systems 
such as CP/M®, 
MP/M™, GP/Net™ 
and OASIS™. 

The Next 
Logical Step ... 
We challenged our design team to create an 
innovative yet competitive system utilizing our 
existing line of field proven, dependable S-100 
boards. The result: a highly reliable, quality built , 
state of the art microcomputer that gives you 
the cost/performance edge you need to be a 
leader in your field. 

The System 2800 comes with a choice of 
operating systems: CP/M with an enhanced 
CBIOS for single user systems and either MP/M 
or OASIS tor multi-user, multi-tasking systems. 
MP/M is available with either a standard or 

CP/M MP/M and CPINet are trademarks of Digital Research �
OASIS Is a trademark of Phase One Systems �





Letters �

Advertisements, Etc 

An advertisement in the May 1981 
BYTE could cause readers to mistakenly 
conclude that certain products of Com­
puter Corporation of America are avail­
able through Computers, Etc. 

Computer Corporation of America's 
products and services are available only 
through the Computer Corporation of 
America. Additionally, the name "Com­
puter Corporation of America" is the ex­
clusive property of Computer Corpora­
tion of America , a corporation organized 
under the laws of the Commonwealth of 
Massachusetts. 

Thank you, BYTE, for this opportunity 
to eliminate any confusion concerning the 
use of our name or availability of our 
products and services . 

Joseph Jarzembowski 
General Counsel 
Computer Corporation of America 
575 Technology Sq 
Cambridge MA 02139 
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Noise from the Past 

I was pleased to see BYTE's ongoing re­
porting of new semiconductor devices 
with April's 'What's New?" mention of 
LOUD Electronics's 3N120DB NED 
(noise-emitting diode ). 

BYTE seems to be in error, however, 
when it says that the device is a "new de­
velopment in indiscreet electronics." As I 
remember, BYTE reported the develop­
ment of an earlier version of this device 
five years ago, in 1976. At that time, the 
device was only available in high-voltage 
versions and had a much shorter lifetime 
than the current component has. 

In the 1976, BYTE said : 

When connected across a +1000 V 
supply , it makes a loud noise (once). 
Th e NED was discovered by Igo r 
Pravaganda , whom, you 'll recall . 
worked many y ears trying to filter AC 
w ith polarized e lectrolytic capacitors. 
He'll alw ays be remembered as the 
father of the confetti generator. 

...., 

Circle 84 on Inquiry card. 

At that time, the schematic diagram of 
the device was also slightly different. 1as­
sume the drawing of the NED has been 
standardized to the current version in the 
past five years . 

1976 NED 1981 NED 

While I am pleased to learn of the con­
tinued development of this device , I do 
feel that, in the future, BYTE should be 
more careful in reporting of "new" semi­
conductors. 

David J Lindbergh 
49 Beechmont St 
Worcester MA 01609 

W e have been following the develop­
ment of the NED (which appeared for the 
first time on page 41 of the February 1976 

BYTE) very closely. Also at that time , we 
reported on the invention of two other de­
v ices: the Shiftless Register and the Fuzz­
Locked Loop. W e believe that these tl1ree 
devices will form the basis for data-com­
munications systems in the future. Watch 
upcoming issues for a report on the Fast­
Fourier Stepdown Transform er . . . . CPF 

April's Foolers 

The hasty printing of data concerning 
our Black-Hole Diode is not only an inva­
sion of our corporate security, but is not 
in the national interest. (See the April 
1981 BYTE, page 363 .) 

Our device, which is covered by US 
patents and is classified by the National 
Security Council as "Top Secret," should 
not be pandered about in a general-circu­
lation magazine for all to see, especially 
when those not friendly to our nation may 
learn details of this device. 

Furthermore, how BYTE learned of the 
existence of our device is unknown to us, 
but be advised that stricter security has 
been imposed to forestall any further 
lapses. 

Be also advised that the company BYTE 
lists as being responsible for creating the 

Circle 108 on Inquiry card. --+ 
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System 3 $7053 
This 16-bit Multibus•• computer 
system Includes. 
• Z8001 CPU and 256K RAM 
• 8 serial 1/0 por:ts 
• 15-slot backplane 

Dual floppy disk drives 
• Multiuser Operating System 

Fleld upgrade to 16MB RAM, 
26BMB of hard disk. 32 users. 
Pascal, BASIC, C, COBOL and 
FORTRAN languages. 

(312) 684-3183 

$1045 
• Full ASCII detached keyboard 
• Separate edit/ numeric keypads 
• 25th status line 
• 20 programmable function keys 
• 2 pages memory (4 optional) 
• 11 line drawing graphics characters 
• 10 modes block, protect, program., , 
• Monitor mode displays control codes 

MPUTE 







The guyon the left �
doesn't stand a chance. �

The guy on the left has two file folders , a news maga­
zine, and asandwich . 

The guy on the right has the OSBORNE 1 , afully 
functional computer system in aportable package the size 
of abriefcase.Also in the case are the equivalent of over 
1600 typed pages , stored on floppy diskettes. 

The owner of the OSBORNE 1 is going to get more 
work done-and better work done-in less time, and with 
less effort. 
Unfold it, plug it in , and go to work 
like you've never worked before. ... 

Go to work with WORDSTAR®word processing, so 
your correspondence, reports , and memos take less time 
to produce, and say more of what you wanted to say.And 
with MAILMERGE®-the mailing system that turns out 
personalized mass mailings in the time you 'd spend on a 
rough draft . 

Go to work with SUPERCALC , the electronic 
spreadsheet package that handles complex projections, 
financial planning, statistics, and "what if" questions in­
stantly. For the more technically minded , SUPERCALC will 
process scientific data and calculate results . 

Go to work with powerful BASIC language tools­
the CBASIC-2 business BASIC, or the Microsoft BASIC 
interpreter. 

That's standard equipment. 
Options include about athousand different software 

packages from ahost of vendors designed to run on the 
CP/M computer system . 
Go to work at the office, at home, or in the field. 

Or anywhere. Optional battery packs and telephone 

transmission couplers mean you need never work without 
the capabilities of the OSBORNE 1. That's good , because 
you won 't want to work again without it . 
All for $1795. It's inevitable. 

The OSBORNE 1 is the productivity machine that's 
changing the way people work. Put simply, the machine 
delivers asignificant productivity edge-day in and day 
out-to virtually anyone who deals with words or num­
bers . Or both. 

Since the entire system is only $1795 , it won 't be too 
long before the guy on the left has an OSBORNE 1of his 
own .The same probably goes for the person reading 
this ad . In fact , we think it 's inevitable. 
The OSBORNE 1 Includes 

100 kilobyte 

other lhings lhat 
plus 

aZBOA®CPU , 64K �
bytes of RAM memory. two �
llOP.PY disk drives. a business keyboard, �
bu1ll·in monitor, IEEE 488 and RS232 Inter· �
faces for printers and �
get connected to computers . �
CP/M, CBASIC-2, Microsoft BASIC. �
WOAOSTAA . and SUPERCALC. The �
syslem Is available lrom com­�
puter retailers nationally. �

$1795.lt's 
inevitable. 
==SBC 

COMPUTER CORPORATION 
26500 Corporate Avenue Hayward, California 94545 
Phone (415) 887-8080 TWX (910) 383-2021 



Letters-------------------------------------------------------------------­
1981 BYTE, page 98.) D(ONE) THEN T WERE W(l) l(T) 

Careful scru tiny of the works of the WERE D(ON E) QUICKLY 
Bard of Programmers reveals tha t some 
discarded program segments h ave become which , wri tten as we understand it , and 
garbled in to the text, probably as the using X for ·, gives 
result of bad fi le merges. 

IF l(T) =0(1)Take, for example, the sta tement 
WH ILE T(X) = 0(1) 

T(X)= W(L) 
If it were done when ' tis done then ' twere l(T) = 0( 1) 

QUICKLYwell it were d one q uickly 

The WEND statement is missing, but it 
or, parsing may be that QUICKLY denotes a ma­

chine-code subroutine that cou ld have 
IF f(T) WERE D(O NE) WHEN 'T IS some terminati.ng function . (Mistress 

Avoid the hassle by upgrading your LA36 for 1200 
baud operation with a DS120 Terminal Controller. 

The Oalasouth 05120 gives your DECwriter® II the high speed 
printing and versati le performance fea tures of the DECwriter® Ill 
at on ly a fraction o f the cost. The 05120 is a plug compatible 
replacement for your LA36 logic board which can be Installed in 
minutes. Standard features include : 

• 165 cps bidirectional printing •RS232 Jn1erface 
• Horizonta l & Vertical Tabs • 20 mA Current Loop Interface 
• Page Length Selec tion • Top of Form 
• 110-4800 baud opera ti on • Adjuslable Margins 
• lOOO character print buffer • Double wide characte rs 
• X-on . X-off protocol • Parity selecllon 
• Self Test • Optional APL charac ter se1 

Over 4000 05120 u nits are now being used by customers ranging 
from the Fortune 500 to persona l computing enthusiasts . In 
nu merous installations. entire networks of terminals have been 
upgraded to take advantage of to­
day's higher speed da ta com­
munications services . LSI 
microprocessor electronics 
and strict quality control 
ensure dependable per ­
formance for years to 
come. When service is 
required , we will respond 
promptly and effectively . 
Best of all, we can deliver �
immediate ly through our �
nationwide network of �
distributors . Jus t give us a �
ca ll for all the detai ls . �

DAT ASOUTH COMPUTER CORPORATION 
4740 Owlghl Evang Roa d • Char lotte, Norlh Carolina 20210 • 7041523·8500 
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Quickly is a comical character in Tir e 
MerTy Wives of Windsor-an example, 
perhaps, of a subroutine label being con­
fused with a file name7) 

Further research has revealed, hidden in 
the depths of the surviving listings, an in­
complete command syntax of a lost high­
level language . 

Typica l examples of this are 

Lost Modern 
Language Parlance 

Armou r Cha in 
Billet Log 
Breach lnpul 
Burden Load 
Count Cont 
Cu na il Edi I 
Espy Peek 
Fe ll ow Cos 
Folio Pnnt 
Hai l Call 
Inquisition Exam 
Buffe\ Poke 
Missives Dara 
Near Close 
Peasant Common 
Scotch Erase 
Scribe Wr11e 
Set Pu! 
Tally List 
Unbesmirch Clear 

There are some commands still in use 
tod ay: GOT O , END, EXJT, ERROR, RE­
STORE, RUN are typical, whi lst the use 
of functions such as SIN , HEX, DIM , and 
FIX show the ar ithmetical properties of 
the language . It can safely be assumed 
that commands such as READ and AUTO 
were not generally implemented al th is 
time. 

Research continues, but so fa r it looks 
as if Sir Francis Drake made the firs t re­
corded visit to Silicon Valley, during 

w hich, presumably, the natives acquired 
the principles of his on-board naviga­
tional computer . 

Ross Henderson 
Systems Manager 
Digital Devices Ltd 
134 London Rd 
Southborough, Kent, 
TN4 OPL, England 

It is obvious that, despi te imprnve­
rnents in hardware, some aspects of pro­
gramming never change-Shakespeare, i11 
liis time, may have suffered the "slings 
and arrows of outrageous fortune " just as 
modem programmers do . What persona/­
computer user l1as not , afeer seeing an 
advertisement for software, purchased 
same from T he Sofhvare Mere.nan\ of 
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The Smalltalk-SO System �
The Xerox Learning Research Group �

Xerox Palo Alto Research Center �
3333 Coyote Hill Rd �
Pa.lo Alto CA 94304 �

The Smalltalk-BO system represents the current state of 
the object-oriented point of view as it has been reduced to 
practice by the Xerox Learning Research Group. The 
Smalltalk-BO system is composed of objects that interact 
only by sending and receiving messages. The program­
mer implements a system by describing messages to be 
sent and describing what happens when messages are 
received. 

The Smalltalk-BO system is the latest in a series of 
programming environments that have applied the 
object-oriented point of view more and more uniform­
ly to the design and production of software systems. 
The fundamental ideas of objects, messages, and 
classes came from SIMULA. (See reference 1.) 
SIMULA allows users to create object-oriented sys­
tems, but uses the standard data/ procedure-oriented 
ALGOL language to provide numbers, booleans, basic 
data structures, and control structures. The Flex 
system, the Smallta lk-72, Smalltalk-74. and 
Smalltalk-76 (see references 5, 2, and 4, respectively) 
systems extended the object-oriented point of view to 
an increasing number of the elements of a program­
ming environment. For example, in Smalltalk-72 , 
arithmetic, list structures, and control structures were 
represented as objects and messages, but classes were 
not. In Smalltalk-74 , class descriptions as objects were 
introduced. The Smalltalk-76 system added the 
capability to express relationships between classes, 
and extended the object-oriented point of view to the 
programmer's interface. 

This article presents the central semantic features 
and most of the syntactic features of the Smalltalk-BO 
system. It was prepared by Dave Robson and Adele 
Goldberg as scribes for' the group effort of designing 
and implementing the system. Two forthcoming books 
(see reference 3) provide the full specification of the 
Smalltalk-BO system; in particular, tl1e books describe 
the implementation of the interpreter and storage 
manager, and the graphical user interface. 

Sending Messages- Expressions 
Messages are described by expressions, which are se­

quences of characters that conform to the syntax of the 
Smalltalk-BO programming language. A message-sending 
expression describes the receiver, selector, and arguments 
of the message . When an expression is evaluated, the 
message it describes is transmitted to its receiver . Here 
are several examples of expressions describing a message 
to an object. (Note: color has been added to help identify 
the receivers, selectors, and arguments in the followi ng 
examples.) 

1.1 frame Icenter Key: 0 Receiver 

2. !origrn l +I offset 0 Selector 

3. )frame j moveTo:InewLocatlon ) 0 Argument 

4. j 1ist Iat: Iindex lput: Ielement I 
Each expression begins with a description of the 

receiver of the message. The receivers in these examples 
are described by variable names: frame, origin, frame, 
and list, respectively . Generally, at least one space must 
separate the parts of an expression . 

Messages without arguments are called unary 
messages. A unary message consists of a single identifier 
called a unary selector. The first example is a unary 
message whose selector is center. 

A binary message has a single argument and a selector 
that is one of a set of special single or double characters 
called binary selectors. For example, the common 
arithmetic symbols ( +, - , *, and/) are binary selectors; 
some comparison operations are represented as double 
characters (eg: = = for equivalence, - = for not 
equal). The second example is a binary message whose 
argument is offset. 

A keyword message has one or more arguments and a 
selector that is made up of a series of keywords, one 
preceding each argument. A keyword is an identifier with 
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a trailing colon. The third example is a single-argument 
keyword message whose selector is moveTo: and whose 
argument is newlocatlon. The fourth example is a two­
argument keyword message whose selector is made up of 
the keywords at: and put: and whose arguments are index 
and element. To talk about the selector of a multiple­
argument keyword message, the keywords are con­
catenated. So, the selector of the fourth example is 
ar:pu t:. 

The message receivers and arguments in the examples 
are described by variable names. In addition, they can 
also be described with literals. The two most common 
kjnds of literals are integers and strings. An integer literal 
is a sequence of digits that may be preceded by a minus 
sign (eg: 0, 1, l 56, - 3, or 13772). A string literal is a se­
quence of characters between single quotes (eg: 'hi', 
·John· , or 'the Smalltalk-BO system') . A binary message 
with an integer literal as its receiver is 

45 + count 

A keyword message with a string literal as its argument is 

printer display: 'Monthly Payroll' 

When a message is sent, it invokes a method deter­
mined by the class of the receiver. The invoked method 
will always return a result (an object). The resuJt of a 
message can be used as a receiver or argument for 
another message . An example of a unary message 
describing the receiver of another unary message is 

window frame center 

Unary messages are parsed left to right. The first 
message in this example is the unary selector Frame sent to 
the object named window. The unary message center is 
then sent to the result of the expression w indow frame 
(ie: the object returned from w indow's response to 
frame). 

Binary messages are also parsed left to right. An exam ­
ple of a binary message describing the receiver of another 
binary message is 

index + offset • 2 

The result of sending the binary message + offser to 
the object named index is the receiver for the binary 
message • 2. All binary selectors have the same 
precedence; only the order in which they are written mat­
ters. Parentheses can be used to change the order of 
evaluation. A message within parentheses is sent before 
any messages outside the parentheses. 1f the previous ex­
ample were written 

index + (offset • 2) 

the result of the binary message • 2 to offset would be 

used as the argument of a binary message with receiver 
index and selector + . 

Unary messages take precedence over binary messages. 
If unary messages and binary messages appear together, 
the unary messages will be sent first. In the example 

frame center + w indow offset - index 

the result of the unary message center to Frame is the 
receiver of the binary message whose selector is + and 
whose argument is the result of the unary message offser 
to window. The result of the + message is, in turn , the 
receiver of the binary message - index. Parentheses can 
be used to explicitly show the order of evaluation, eg: 
(fframe center) + (window offset)) - index . Parentheses 
can aJso be used to alter the order of evaluation. In the 
example 

(center + offset) x 

the binary message + offset wouJd be sent before the 
unary message x. 

Whenever keywords appear in an unparenthesized 
message, they compose a single selector. The example 

window showText: 'Title' infant: helvetica �
Indented : 15 �

is a single message whose selector is showText:inFont:in­
dented:. Because of this concatenation, there is no left-to­
right parsing rule for keyword messages . lf a keyword 
message is to be used as a receiver or argument of another 
keyword message, it must be parenthesized. The expres­
sion 

fra me scale: (factor max: 5/ 

describes two keyword messages. The result of the ex­
pression factor max : 5 is the argument for the scale: 
message to frame. 

Binary messages take precedence over keyword 
messages . When unary, binary, and keyword messages 
appear in the same expression without parentheses, the 
unary messages are sent first, the binary messages next, 
and the keyword messages last. The example 

b1gFrame height: smallFrame height • 2 

is evaluated as if it were parenthesized as follows : 

bigFrame height: ((sma/IFrame height) • 2) 

A cascaded message expression describes a sequence of 
messages to be sent to the same object. A simple message 
expression is a description of the receiver (ie: a variable 
name, literal, or expression) followed by a message (ie: a 
unary selector, a binary selector and argument, or a set of 
keywords and arguments). A cascaded message expres-
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Figu re l continued: 

primary variable name 

literal 

block 

eicpress ion 

unary obJecl desc1 iption pri mary 

unary expression 

bonary ob1ect description unary ob)ect descript ion 

bi nary express ion 

CJ ncrY expression unary objec t descrlplion unary selector 

binar y e•pres sion bi nary obJec descri pl ion binary selector unary object descnpt Ion • 
keyword e•pression bl nory objec t description keyword inary ob ject descpp1ion 

I si mple message ex.pre"Ss 1on �:�1�-�-�-�-�-�-�-�-�-�-�~�-�-�-�-�+�1 �:� unary exp ress ion �:�1�-�- �-�-�-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�- �-�-�-�-�-�-�-�- �-�-�-�< .. 

r-----• I: binary e• pression :1-----'l 

----._: key word ex press ion �:�1�-�-�-�-�~� 

casca ed message express ion simplie messogeJ------. 
�~�-�- �- �-�-�-�- �-�- �-�-�-�-�~� 

unary se leclor 
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class name identifier 

insta.nce variable names identifier identifier identifier 

methods 

method 

method 

method 

Table 1: The basic class template. 

arithmetic. The details of methods (in particular, the use 
of 'I','.' and'!') are the subject of our next discussion. 

Methods 
A method has three parts: 

•a message pattern 
•some temporary variable names 
•some expressions 

The three parts of a method are separated by vertical 
bars (J). The message pattern consists of a selector and 
names for the arguments. The expressions are separated 
by periods(.) and the last one may be preceded by an up 
arrow (I). In the method for selector + in �f�i�~�r�e� 2, the 

class. Names of classes begin with an uppercase letter, 
and names of variables begin with a lowercase letter. As 
an example, figure 2 shows the basic template form of a 
class named Poinr whose instances represent points in a 
two-dimensional coordinate system. Each instance has an 
instance variable named x that represents its horizontal 
coordinate and an instance variable named y that 
represents its vertical coordinate. Each instance can res­
pond to messages that initialize its two instance variables, 
request the value of either variable, and perform simple 

message pattern is + aPoint, the temporary variable 
names are sumX and sumY, and there are three expres­
sions, the last one preceded by an I . 

Line breaks have no significance in methods; format­
ting is used only for purposes of aesthetics. The vertical 
bars and periods are delimiters of significance. 

As stated earlier, each message pattern contains a selec­
tor. When a message is received by an instance, the 
method whose message pattern contains the same selector 
will be executed. For example, suppose that offset were an 

class name Point 

instance variable names xy 

methods 

x: xCoordlnate y: yCoordlnate I 
x ­ xCoordinate 
y - yCoordinate 

x I I 
Ix 

Y I I 
ty 

+ aPolnt li �~ �u�m�X� sumYI I 

sumX - x + aPoint x. 
sumY - y + aPoint y. 
tPoint newX: sumX Y: sumY 

aPolnt I differenceX differenceY I 
differenceX - x - aPoint x. 
differenceY - y - aPoint y . 
1Po1nr newX: differenceX Y: differenceY 

* scaleFactor jscaledX scaledY I 
scaledX - x " scaleFactor. 
scaledY - y * scaleFactor. 
I Point newX: scaledX Y: scaledY 

Figure 2: /llustrated class l'emplate for the class Point. 
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class name DepositRecord class name CheckRecord 

superclass Object superclass OepositRecord 

instance variable names date amount instance variable names number 

methods �m�e�~�h�o�d�s� 

of: deposl t Amou nt on : deposltDate I I number: checkNum ber for: chec k A mount on: 
checkDate I I 

date - depositDate. number - checkNumber. �
amoun t - depositAmount � date - checkDa te. 

amount - checkAmount 
amo u nt I I 

I amount of: anAmount on : aDate I I 
self error: 

balanceChange I I 'Check records are initialized wi th 
I amount number:for:on: · 

ba lanceChang e I I 1 0 - amount 

Table 3 : Class template fo r class CheckRecord.T able 2: Class template for class Depos1tRecord. 

instance of Point in the expression 

offset + frame center 

The method whose message pattern is + aPoint would 
be executed in response. For selectors that take 
arguments, the message pattern also contains argument 
names wherever arguments would appear in a message. 
When a method is invoked by a message, the argument 
names in the method are used to refer to the actual 
a.rguments of that message. In the above example, aPoint 
would refer to the result of frame center. 

class name identifier 

superclass identifier 

instance variable names identifier identifie r identi fier 

class variable names identifier identifier identifier 

class messages and methods I 
met/1od 

m ethod 

m ethod 

instance messages and met hods I 
metl10d 

m ethod 

method 

Table 4: The full class template. 
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Following the message pattern, a method can contain 
some tem porary variable names between vertical bars. 
When a method is executed, a set of variables is created 
that can be accessed by the temporary variable names. 
These temporary variables exist only while the method is 
in the process of execution. 

Foll owing the second vertical bar, a method contains a 
sequence of expressions separated by periods. When a 
method is executed, these expressions are evaluated se­
quentiall y . 

So, there are three steps in receiving a message, cor­
responding to the three parts of the method. Smalltalk 
will 

1. Find the method whose message pattern has the same 
selector as the message and create a set of variables for 
the argument vaJues. 
2. Create a set of temporary variables corresponding to 
the names between the vertical bars. 
3. Evaluate the expressions in the method sequentially. 

Six ki nds of variables can be used in a method's expres­
sions: 

•the instance variables of the receiver 
• the pseudo-variable self 
•the message arguments 
•temporary variables 
•class variables 
•global variables 

The instance variables are named in the message 
receiver's class. In the example, x and y refer to the values 
of the instance variables of offset. 

There is an important pseudo-variable available in 
every method, which is named self. self refers to the 



receiver of the message that invoked the method. It is 
called a pseudo-variable because its vaJue can be accessed 
like a variable, but its value cannot be changed using an 
assignment expression. In the example, self refers to the 
same object as offset during the execution of the method 
associated with +. 

Arguments and temporary variables are similar, in that 
the names for both are declared in the method itself and 
they both exist only during the method's execution. 
However, unlike arguments, temporary variables are not 
automatically initialized. The values of temporary 
variables can be changed with an assignment expression. 

Class variables are shared by all instances and the class 
itself. Names for the class variables are shown in the full 
class template in an entry called "class variable names" 
(see table 4). Although they are variables and their values 
can be changed, they are typically treated as constants, 
initialized when the class is created, and then simply used 
by the instances. For example, if the class of floating­
point numbers wanted to provide trigonometric func­
tions, it might want to define a variable called pi to be 
used in any of its methods. 

Global variables are shared by all objects. A global dic­
tionary, called Smalltalk, holds the names and values of 
these variables. The classes in the system, for example, 
are the values of global variables whose names are the 
class names. With the exception of variables used to 
reference system resources, few global variables exist in 
the Smalltalk-BO system. Programming style that depends 
on user-defined globals is generally discouraged. 

lf the last expression in a method is preceded by an I , 
the message that invoked the method takes on the value 
of this expression. If an 1 does not precede the last ex­
pression, the value of the message is simply the receiver 
of the message. For example, the x:y : message to a Point 
(see figure 2) behaves as if it had been written 

x: xCoordlnate y: yCoordlnate I 
x - xCoordinate. 
y - yCoordinare. 
1 self 

Methods can contain comments anywhere. A comment 
is a sequence of characters delimited by double quotes . 
Two consecutive double quotes are used to embed a 
double quote within a comment. The methods in class 
Point were purposely written in a verbose style to provide 
examples. The messages for + could have been written 

+ aPoint I I 
1 Point newX: x + aPoint x Y: y + aPoint y 

The basic class template presents only the most important 
attributes of a class. The complete description of a class is 
provided by the full class template, described in the next 
section. 

Inhe.ritance 
The basic template allows a class to be described in­

dependently of other classes. It ignores inheritance 
among classes. The full class template, however, takes in­
heritance into account. (See table 4.) With it , a class can 
be described as a modification of another class called its 
superclass. All classes that modify a particular class are 
called its subclasses . A subclass inherits the instance 
variable names and methods of its superclass. A subclass 
can also add instance variable names and methods to 
those it inherits. The instance variable names added by 
the subclass must differ from the instance variable names 
of the superclass. The subclass can override a method in 
the superclass by adding a message with the same selec­
tor. Instances of the subclass will execute the method 
found in the subclass rather than the method inherited 
from the superclass. 

To assemble the complete description of a class, it is 
necessary to look at its superclass, its superclass's 
superclass, and so on, until a class with no superclass is 
encountered . There is only one such class in the system 
(ie: without a superclass), and its class name is Object. 
All classes ultimately inherit methods from Objecr. Ob­
j ect has no instance variables. The set of classes linked 
through the superclass relation is called a superclass 
chain. The full class template has an entry called 
"superclass" that specifies the initial link on the class's 
superclass chain. 

As an example, we might describe a class, 
DepositRecord, whose instances are records of bank ac­
count deposits. Each instance has two instance variables 
representing the date and amount of the deposit. The 
class template is shown in table 2. 

number: checkNumber for: checkAmount on: 
checkDate I I 
1 self new number: checkNumber 

for: checkAmount 
on: checkDate 

instance messages and methods 

number: checkNumber for: checkAmount on: 
checkDate [ I 
super of: checkAmount on: checkDate. 
number - checkNumber 

of: anAmount on: aDate I I 
self error: 'Check records are initialized with 

number:for:on:' 
balanceChange I I r O ­ amount 

Table 5: Full class template for class CheckRecord. 
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class name CheckRecord 

superclass DepositRecord 

instance variable names number 

class messages and met hods 



A class, CheckRecord, whose instances are records of 
checks written on an account is a subclass of 
DepositRecord; this new class adds an instance variable 
that represents the check number. The class template is 
shown in table 3. 

An instance of CheckRecord has three instance 
variables. It inherits the amount message, adds the 
number:for :on: message, and overrides the 
balanceChange and of:on: messages. The of:on: method 
contains a single expression in which the message error: 
'Check records are initialized with number:for:on:' is sent 
to the pseudo-variable self. The method for error: is found 
in the superclass of DepositRecord, which is the class Ob­
ject; the response is to stop execution and to display the 
string literal argument to the user. 

An additional pseudo-variable available in a method's 

class name Point 

superclass Object 

instance variable names xy 

class variable names pi 

class messages and methods 

instance creation 
newX: xValue Y: yValue I I 

I self new x: xValue 
y: yValue 

newRadlus: radius Angle: angle I I �
1 self new x: radius * angle sin �

y : radius * angle cos 

class initialization 
setPI I I pi - 3.14159 

instance messages and methods 

accessing 
x: xCoordlnate y: yCoordlnate I I 

x - xCoordinate. 
y - yCoordinate �

x / / ix �
y I I ly �
radius I I 1 ((x * x) + (y * y)) squareRoot �
angle I I I (xly) arctan �

arithmetic 
+ aPolnt I I 1 Point newX: x + aPoint x 

Y: y + aPointy 
- aPolnt I I IPoint newX: x - aPoint x 

Y: y - aPoint y 
* scaleFactor I I 1Point newX: x * scafeFactor 

Y: y * scafeFactor 
clrcleArea I r I 

r - self radius. �
I pi* r * r �

Table 6: Full class template fo r· class Point. 

expressions is super. It allows a subclass to access the 
methods in its superclass that have been overridden in the 
subclass description. The use of super as the receiver of a 
message has the same effect as the use of self, except that 
the search for the appropriate message starts in the 
superclass, not the class, of the receiver. 

For example , the method associated with 
number:for :on in CheckRecord might have been defined 
as 

number: checkNumber for: checkAmount on: 
checkDate I I 

super of: checkAmount on: checkDate. 
number - checkNumber 

Metaclasses 
Since a class is an object, there is a different class that 

describes it. A class that describes a class is called a 
metaclass. Thus, a class has its own instance variables 
that represent the description of its instances; it responds 
to messages that provide for the initia lization and 
modification of this description. In particular, a class 
responds to a message that creates a new instance. The 
unary message new creates a new instance whose in­
stance variables are uninitialized. The object nil indicates 
an uninitialized value. 

The classes in the system might all be instances of the 
same class. However, each class typically uses a slightly 
different message protocol to create initialized instances. 
For example, the last expression in the method associated 
with + in class Point (see figure 2) was 

Point newX: sumX Y: sumY 

newX:Y: is a message to Point, asking it to create a new 
instance with sumX and sumY as the values of the new in­
stance's instance variables. The newX:Y: message would 
not mean anything to another class, such as 
DepositRecord or CheckRecord. So, these three classes 
can't be instances of the same class. All classes have a lot 
in common, so their classes are all subclasses of the same 
class. This class is named Class. The subclasses of Class 
are called metaclasses. 

The newX:Y: message in Point's metaclass might be im­
plemented as 

newX: xValue Y: yValue I I �
I self new x: xValue y : yValue �

The new message was inherited by Point's metaclass from 
Class. One reason for having metaclasses is to have a 
special set of methods for each class, primarily messages 
for initiali zing class variables and new instances. These 
methods are displayed in the full class-template form 
shown in table 4; they are distinguished from the 
methods for messages to the instances of the dass. The 
two categories are "class messages and methods" and "in­
stance messages and methods," respectively. Methods in 
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the category "class messages and methods" are associated 
with the metaclass; those in "instance messages and 
methods" are associated with the class. 

If there are no class variables for the class, the "class 
variable name" entry is omitted. So, CheckRecord might 
be described as shown in table 5. 

It is often desirable to create subcategories within the 
categories "class messages and methods" and " instance 
messages and methods. " Moreover, the order in which 
the categories or subcategories are listed is of no 
significance. (The notion of categories is simply a pretty 
printing" technique; it has no semantic significance.) 

Returning to the example of class Point, if the instance 
methods of class Point include subcategories accessing 
and arithmetic, the template for Point might appear as 
shown in table 6. 

When the class Point is defined, the expression 

Point serPi 

should be evaluated in order to set the value of the single 
class variable. 

A Point might be created and given a name by 
evaluating the expression 

testPoint - Point newX: 420 Y: 26 

The new Point, tesrPoint, can then be sent the message 
circle Area : 

tesrPoint circleArea 

or used in a more complex expression: 

(testPoint * 2) circleArea 

Primitive Routines 
The response to some messages in the system may be 

performed by a primitive routine (written in the im­
plementation language of the machine) rather than by 
evaluating the expressions in a method. The methods for 
these messages indicate the presence of such a primitive 
routine by including <primitive > before the first expres­
sion in the method. A major use of primitive methods is 
to interact with the machjne's input/output devices. 

An example of a primitive method is the new message 
to classes, which returns a new instance of the receiver. 

new \ I < primitive> 

This particular primitive routine always produces a 
result. If there are situations in which a primitive routine 
cannot produce a result, the method will also contain 
some expressions. If the primitive routine is successful in 
responding to the message, it will return a value and the 
expressions in the method will not be evaluated. If the 
primitive routine encounters rufficulty, the expressions 
will be evaluated as though the primitive routine had not 
been specified. 

Another example of a message with a primitive 
response is a message with the selector + sent to a 
Smalllnteger 

+ aNumber I I <primitive> �
self error: 'Smalllnteger addition has failed' �

One reason this primitive might fail to produce a result 
is that the argument is not a Smalllnteger. In the example, 
this would produce an error report. In the actual 
SmalltaJk-80 system, an attempt is made to check and see 
if the argument were another kind of number for which a 
result could be produced. 

Indexed Instance Variables 
An object's instance variables are usually given names 

by its class. The names are used in methods of the class to 
refer to the values of the instance variables. Some objects 
also have a set of instance variables that have no names 
and can only be accessed by messages. The instance vari­
ables are referred to by an integral index. Indexable ob­
jects are used to implement the classes in the system that 
represent collections of other objects, such as arrays and 
strings. 

The messages to access indexed instance variables have 

class name A rray 

superclass lndexedCollection 

indexable instance variables 

class messages and methods 

instance creation 
with: anElement I I 

t(self new: l) ar: I put: anEJement 
with: flrstElement with: secondElement 

I anArray I 
anArray - self new: 2. 
anArray at: I put: firstElement. 
anArray at: 2 put: secondElement. 
tanArray 

instance messages and methods 

accessing 
at: anlnteger I I 

< primirive > 
self error: 'index out of range' 

at: anlnteger put: anElement I I 
<pnmmve> 
self error: 'index out of range' 

funny stul(
embed I 

I Array with: self 

Table 7: Full class template for class Array. 
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selectors at and at: put. For example 

list at: 1 

returns the first indexed instance variable of lisr. The ex­
ample 

list at: 4 pu t: element 

stores element as the value of the fourth indexed instance 
variable of list. The at: and at:pu t: messages invoke 
primitive routines to load or store the value of the in ­
dicated variable. The legal indices run from one to the 
number of indexable variables in the instance. The at: and 
at:pu t: messages are defined in class O bj ect and, 
therefore, can be understood by all objects; however, on­
ly certain classes will create instances with indexable in­
stance variables. These classes will have an additional 
line in the class template indicating that the instances con­
tain indexable instance variables . As an example, we 
show a part of the template for class Array in table 7. 

Each instance of a class that allows indexable instance 
variables may have a different number of them; such in­
stances are created using the new : message to a class, 
whose argument tells the number of indexable variables. 
The number of indexable instance variables an instance 
has can be found by sending it the message size. A class 
whose instances have indexable instance variables can 
also have named instance variables. All instances of any 
class will have the same number of named instance 
variables. 

Control Structures and Blocks 
The two control structures in the Smalltalk-BO system 

described so far are 

•the sequential execution of expressions in a method 
•the sending of messages that invoke other methods that 
eventually return values 

All other control structures are based on objects called 
blocks . Like a method, a block is a sequence of expres­
sions, the last of which can be preceded by an up arrow 
(1 ). The expressions are delimited by periods; they may 
be preceded by one or more identifiers wi th leading co­
lons. These identifiers are the block arguments. Block 
arguments are separated from expressions by a vertical 
bar. 

Whenever square brackets are encountered in a 
method, a block is created. Evaluation of the expressions 
inside the square brackets is deferred until the block is 
sent the message value or a message whose selector is a 
concatenation of one or more occurrences of the keyword 
value;. Control structures are implemented as messages 
with receivers or arguments that are blocks. The methods 
for carrying out these control-structure messages involve 
sending the blocks patterns of va lue messages. 

ln the Smalltalk-BO system, there are two types of 
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primitive control messages: conditional selection of 
blocks, ifTrue:ifFalse:, and conditional iteration of blocks, 
w hileTrue: and whileFalse:. 

The representation of conditions in the Smalltalk-BO 
system uses dfatinguished boolean objects named false 
and true. The first type of primitive control message pro­
vides for conditional selection of a block to be executed. 
This is similar to the ff . . . THEN . . . ELSE of ALGOL­
tike languages. The expression 

queue 1sEmpty 1FTrue· (index - OJ �
ifFalse: [index - queue next] �

evaluates the expressions in the first block iJ the receiver 
is true and evaluates the expressions in the second block if 
the receiver is false. Two other forms of conditional selec­
tion provide only one alternative 

queue 1sEmpry iffrue: [index - OJ. 
queue rsEmpty ifFalse: [ index - queue next] . 

When ifTrue: is sent to false, it returns immediately 
without executing the block. When ifFalse: is sent to true, 
the block is not executed. 

The second type of primitive control message repeated­
ly evaluates the expressions in a block as long as some 
condition holds. This is similar to the WHILE and UNTIL 
statements in ALGOL-like languages. This type of con­
trol message is a message to a block; the receiver, the 
block, evaluates the expressions it contains and deter­
mines whether or not to continue on the basis of the value 
of the last expression. The first form of tfos control 
message has selector whileTrue:. The method for 
whileTrue: repeatedly e;xecutes the argument block as 
�I�o�n�~� as the receiver's value is true . For example, 

frndex < = limit] wll lleTrue: [self process: list at: index. 
index - index + I ) 

The binary message < = is understood by objects 
representing magnitudes. The value returned is the result 
of comparing whether the receiver is less than or equal to 
( < = ) the argument. 

The second conditional iteration message has selector 
w hileFalse:. The method for wh1leFalse: repeatedly ex­
ecutes the argument block as long as the receiver's va\ue 
is False. For example, 

[queue isEmpry) whlleFalse: [self process: queue next) 

The messages whileTrue and whileFalse to a block pro­
vide a shorthand notation for messages of the form 
whi leTru e: a Block and wh1leFalse: a Block, if the argument 
aBlock is an empty block. 

Block arguments allow one or more of t'ne variables in­
side the block to be given new values each time the block 
is executed. Instead of sending the block the message 
value, messages with selectors value: or value: value:, and 



so on, are sent to the block. The arguments of the value: 
messages are assigned to the block arguments (in order) 
befo re the block expressions are evaluated. 

As an example, classes with indexed instance variables 
could implement a message with selector do: that takes a 
block as an argument and executes it once for every in­
dexed variable. The block has a single block argument; 
the value of the appropriate indexed variable is passed to 
it for each execution. An example of the use of such a 
message is 

lrst do: [ ;elemem I self process: element) 

The message might be implemented as 

do: aBlock I index I 
index - I 
Iindex < = self size] whileTrue: 

laBlock value: (self at: index). 
index - index + I ] 

Similar control messages can be implemented for any 
class. As an example, a simple repetition could be pro­
vided by a t1mesRepeaL aBlock message to instances of 
class Integer 

tlmesRepeat: aBlock I Index I 
index - I . 
[Index < = self] w hi leTrue: 

IaBlock value. 
index - index + I J 

Examples of implementing other contrnl messages are 
gi ven in L Peter Deutsch's article "Building Control Struc­
tures in the Smalltalk-BO System," on page 322. 

The Smalltalk-BO System: Basic Classes 
The Smalltalk-SO language provides a uniform syntax 

for retrieving objects, sending messages, and defining 
classes. The Smalltalk-BO system is a complete pro­
gramming environment that includes many actual classes 
and instances. In support of the uniform syntax, this 
system includes class descriptions for Object, Class, 
Message, CompiledMethod, and Context, whose 
subclasses are BlockContexr and MethodContexr. Multi ­
ple independent processes are provided by classes Pro­
cessorScheduler, Process, and Semaphore. The special 
object n il is the only instance of class Undefi nedObjeCl. 
These classes comprise the kernel Smalltalk-BO system. 

The system also includes class descriptions to support 
basic data structures; these are numerical and collection 
classes. The class Number specifies th protocol ap­
propriate for all numerical objects. ft s subclasses provide 
specific representations of numbers , The subclasses are 
Float, Fracuon, and Integer. For a variety of reasons, 
there are both Smalllnt egers and Largelnregers; of these, 
there are LargePosittvelntegers and largeNega­
uve/nregers. 

Clas Collection specifies protocol appropriate to ob­
jects representing collections of objects. These include 
Bag, Set, OrderedCollecrion, linkedlist, MappedCollec­
tion, SortedCollection, and lndexedCollection. The latter 
provides protocol for objects with indexable instance 
variables. It has subclasses String and Array. Elements of a 
string are instances of class Character; bytes are stored in 
instances of ByceArray. A subclass of String is Symbol; a 
subclass of Ser is Dictionary (a set of Associations). 

Interval is a subclass of Collection with elements 
representing an arithmetic progression. Intervals can be 
created by sending the message to: or to:by: to Integer. 
So, the expressions I to: 5 by: I and I ro: 5 each create a 
new Interval representing I, 2, 3, 4, 5. Asa Collection, /n­
rerva/ responds to the enumeration message do:. For ex­
ample, in 

(I w: SJ do: [ :index I anArray ar: index put: index • 21 

the block argument index takes on successive values I, 2, 
3, 4, 5. 

For programmer convenience, an Integer also responds 
to the messages to:do: and to:by:do:, allowing the paren­
theses in interval enumeration expressions to be omitted. 

The ability to stream over indexed or ordered collec­
tions is provided by a hierarchy based on class Stream, in­
cluding ReadSrream, WriteStream, and ReadAnd­
WriteStream. A file system, local or remote, is then im­
plementable as a subclass of these kinds of Streams. 

Smee instances of the system classes described above 
are used in the implementation of all applications, an 
understanding of their message protocol is as necessary to 
understanding an implementation as an understanding of 
the language syntax. These system classes are fully 
described in the forthcoming Smalltalk books. 

In addition to the basic data-structure classes, the 
Smalltalk-BO system includes class descriptions to sup­
port interactive graphics (forms and jmages and image 
editors, text and text editors), networking, standard files, 
and hard-copy printing. A complete Smalltalk-BO system 
contains about sixty class definitions, not including a 
variety of windows or views, menus, scrollbars, and the 
metaclasses. Many of these are discussed in companion 
articles in this issue. (See Daniel H H lngalls's 'The 
Design Principles Behind Smalltalk, " page 2B6, and Larry 
Tesler's "The Smalltalk Environment, " page 90.) 

The important thing to note is that each of these class 
descriptions is implemented in the Smalltalk-BO language 
itself. Each can be examined and modified by the pro­
grammer. Some of the class descriptions contain methods 
that reference primitive methodsi only these methods are 
implemented in the machine language of the implementa­
tion machine. It is a fundamental part of the philosophy 
of the system design that the programmer have such com­
plete access. In this way, system designers, such as 
members of the Xerox Leaming Research Group, are able 
to build the next Smalltalk in the complete context of 
Smalltalk itself. • 
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"It's beautiful "'1hat your bucks \Vill buy 

froni Ohio Scientific!' 


" Running our retail stores sure has 
been easier since our Challenger 
computer came to work for us. We use it 
for Accounts Receivable, Accounts Payable, 
Payroll , General Ledger. It's most important 
in Inventory Control. We must know what 
we have and haven 't. Now we do, daily. 
Terrific! Ohio Scientific:' 

Henry Fe/key, Division Manager, 
Schwartz·Kllnes 

New Philadelph ia, Ohio 

' 

Ohio Scientific was first to add Winchester hard disk drives to 
microcomputers. This advanced technology allows low cost micro· 
computers to store over 100 times as much information on line 
as they could before. 

" Our Challenger C3-B has been running almost 24 hours a day for 
the last 18 months keeping track of countless detai ls of our business. 
The Challenger's real time clock allows repetitive jobs to be scheduled 
months in advance, and runs them without operator intervention when 
the time comes. For example, every morning at 3 AM our Challenger 

knows it is time to update all the day's accounting records includ ing 
the P&L, General Ledger, and Payables. It knows when it is time to file 

a tax return , and it makes out the quarterly reports. When it is 
through with all of this , it writes the checks. Periodically it does 

a comprehensive advertis ing analysis and updates any other 
files that are necessary." 

Holly Quarles. President, Commonwealth Capital Corp. 
Charlottesville. Virginia 

" Our Challenger gives us more control 
of scrap from our blown film extrusion 

operation. By putting shift reports 
through the computer, we spot waste 

immediately. Whether the problem 
is the extruder or the operator 

it's corrected fast. Wasted 
material is wasted money:• 

Wayne Johnson. Controller. Wyard 
Industries. Cambridge, Minnesota 

Ohio Scientific hard disk based 
microcomputers start at less than 

$10,000. And are sold by more than 400 
dealers nationwide. For the one nearest 

you, call 1·800-321-6850, TOLL FREE. 

1J1vi1f1 
 Circle 273 on Inquiry card . 

. a Company 
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