The Smalltalk-80
Virtual Machine

The Smalltalk-80 system is a
powerful system that encourages the
development of large applications
programs. The system contains a
compiler, a debugger, a storage man-
agement system, text and picture
editors, and a file system. It also con-
tains a highly interactive user inter-
face based on graphics that include
overlapping windows.

Typically the task of bringing up
such a powerful system on a new
computer includes writing code to im-
plement these pieces. The Small-
talk-80 system is different in that
most of these pieces are written in
Smalltalk-80 itself. The part that can
be written in Smalltalk-80 is called
the Smalltalk-80 Virtual Image, and it
includes the compiler, debugger,
editors, decompiler, and the file sys-
tem.

Smalltalk -80 Virtual Image

(300 K bytes)

Smalltalk - 80 Virtual Machine

(10 K bytes)

1: The
Machine. Most of Smalltalk-80 is written
in Smalltalk-80 (the Virtual Image), leav-
ing only a small amount of code that has
to be rewritten for each processor on
which the language is implemented (the
Virtual Machine).

Figure Smalltalk-80 Virtual
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The remaining part of the Small-
talk-80 system is defined in terms of
an abstract machine called the Small-
talk-80 Virtual Machine (see figure 1).
The Smalltalk-80 compiler translates
source code into machine instructions
for this virtual machine, rather than
translating directly into machine in-
structions for a particular hardware
machine. The task of bringing up a
Smalltalk-80 system on a new
“target” computer consists only of
implementing (writing a program to
simulate) the Smalltalk Virtual Ma-
chine on the target computer.

In this article, we will present an
overview of the elements needed to
implement the Smalltalk Virtual Ma-
chine. These elements are:

ethe Storage Manager
e the Interpreter
ethe Primitive Subroutines

Background

A Smalltalk-80 system is made up
of objects that have state and exhibit
behavior. Their state consists of the
values of both named and indexed in-
stance variables (which we will call
fields), and their behavior is exhibited
through sending and receiving mes-
sages. Objects are members of
classes.

Classes may be subclasses of other
classes—that is, they may inherit at-
tributes from other classes. Program-
ming in Smalltalk-80 is done by defin-
ing the procedures, or methods, that
are executed when objects receive
messages. Typically, messages are

sent to other objects to invoke their
methods. Sometimes messages invoke
primitive (machine-code) subroutines
rather than Smalltalk-80 methods.

From this brief description of
Smalltalk-80, we can consider the in-
formation needed to implement each
of the three elements of the Smalltalk
Virtual Machine:

1. To implement the storage
manager, we need the information
necessary to represent objects in the
computer’s memory. This informa-
tion consists of the amount of mem-
ory that each object will occupy,
which can be computed from the
number of fields the object has, and
the representation of fields in mem-
ory. Objects that describe classes de-
fine the number of fields their in-
stances will have, so we also need to
know how this number is repre-
sented. With this information, we can
design a storage manager for objects
in a Smalltalk-80 system that will:

efetch the class of objects
efetch and store fields of objects
ecreate new objects

e collect and manage free space

2. The interpreter executes the ma-
chine instructions of the Smalltalk-80
Virtual Machine. The information
needed to design the interpreter is a
description of these machine instruc-
tions, called bytecodes (the idea is
similar to Pascal p-codes). The byte-
codes are contained in methods, so
we also need to know the representa-
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Who's Who
The design of the Smalltalk-80 Virtual Machine is based on previous Smalltalk
systems implemented by the Learning Research Group at Xerox PARC. The original
bytecode interpreter design was made for Smalltalk-76 by Dan Ingalls (Ingalls, Dan.
“The Smalltalk-76 Programming System: Design and Implementation.” In Fifth An-
nual ACM Symposium on Principles of Programming Languages, 1978, pages 9
through 16). Smalltalk-76 was implemented on the Xerox Alto by Dan Ingalls, Ted
Kaehler, Dave Robson, Steve Weyer and Diana Merry, on the Xerox Dolphin by
Peter Deutsch, and on the Xerox Dorado by Bruce Horn. Tiny Talk was implemented
on a Xerox microcomputer by Larry Tesler and Kim McCall (McCall, Kim and Larry
Tesler. “Tiny Talk, a Subset of Smalltalk-76 for 64KB Microcomputers.” In Proceed-
ings of the Third Symposium on Small Systems, ACM Sigsmall Newsletter, Volume
6, Number 2, 1980, pages 197 through 198). Smalltalk-78 (a revised version of
| Smalltalk-76 similar to Smalltalk-80) was implemented on the Xerox microcomputer
by Dan Ingalls, Ted Kaehler, and Bruce Horn, on the Xerox Dorado by Jim Stamos,
and on a Norwegian microcomputer (under a research license from Xerox) by Bruce
Horn. Smalltalk-80 has been implemented on the Xerox Dorado by Peter Deutsch,
on the Xerox Dolphin by Kim McCall, and on the Xerox Alto by Glenn Krasner. The
designs of these systems were made by the implementors and other members of the

Learning Research Group.

tion of methods. From this informa-
tion we can decide how the inter-
preter will fetch and execute byte-
codes and how it will find methods to
run when messages are sent.

3. The last piece of information we
need to know is which messages will
invoke primitive subroutines; that is,
which methods we must implement in
machine code to terminate the recur-
sion of message sending and to op-
timize performance.

Before we go into more detail
about these elements of a Small-
talk-80 Virtual Machine implementa-
tion, here are a few typical figures
that will provide a little “reality” to
implementors. For the systems that
we have implemented at Xerox, the
Smalltalk-80 Virtual Image consists
of about 300 K bytes of objects. Our
typical implementation of the Small-
talk-80 Virtual Machine is 6 to 12 K
bytes of assembly code, or 2 K micro-
code instructions plus 10 K bytes of
assembly code. Of this, about 40% is
in the storage manager, 20% in the
interpreter, and 40% in the primitive
subroutines. Our average is about
one person-year to implement a fully
debugged version of this code.

The Storage Manager

Although the storage manager
tends to be the largest and most com-
plex of the three parts of a Small-

talk-80 implementation, the functions
it provides are few and relatively sim-
ple to understand.

Everything in a
Smalitalk-80 system is
an object.

Everything in a Smalltalk system is
an object, so from a storage point of
view memory needs to be divided
into blocks, one for each object, plus
a pool of memory that is not yet used.
Every time a new object is created, a
new block of the appropriate size
must be found for that object: when
objects are no longer used, their
memory block may be returned to the
pool (see figure 2).

A special entity called an object
pointer is assigned to each object. If
an object pointer were the actual core
address of the memory occupied by
that object, then there would be fast
access to an object given its pointer.
However, in the Smalltalk-80 system
the object pointer is an indirect
pointer to the object through a table
kept by the storage manager. This
allows the storage manager to move
an object around in memory without
affecting any object that refers to it. It
also insures that the storage manager
is the only entity in the system con-
cerned with (and allowed to change)
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Figure 2: Objects and memory usage in
Smalltalk-80. Each Smalltalk-80 object
has an object pointer that points to a
block of memory that describes the ob-
ject. When an object is no longer used, its
memory is made available for use.
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Figure 3: Typical object representations
in Smalltalk-80.

the actual memory. In the Small-
talk-80 Virtual Image, object pointers
are single 16-bit words. This allows
for 64 K objects in the system; these
objects may take up much more than
64 K words of memory.

Since an object’s class and fields are
themselves objects, we can see that
the block of memory corresponding
to an object contains the object
pointer of the object’s class plus the
object pointer for each of the object’s
fields. The storage manager also
keeps the length of the block as one
word of the block. This means, for
example, that the block correspond-
ing to an object that is an instance of
class Point (see figure 3) will have:

eone word that says this block is four
words long

eone word that is the object pointer
of the object that describes class Point
eone word that is the object pointer
of an object that is the x-coordinate
field of the point

eone word that is the object pointer
of an object that is the y-coordinate
field of the point

Similarly, the block corresponding to
an object that is an instance of class
Triangle will have:

eone word saying this block is five
words long

eone word that is the object pointer
of the object that describes class
Triangle

eone word that is the object pointer
of an instance of class Point, repre-
senting one vertex field

eone word that is the object pointer
of an instance of class Point, for the
second vertex field

eone word that is the object pointer
of an instance of class Point, for the
third vertex field

For performance optimization, the
values in the fields of some objects,
such as instances of class ByteArray,
will be interpreted as the numerical
values themselves, rather than as
object pointers. The block corres-
ponding to the byte array containing
the elements 1, 2, 3, and 4, in order,
will have:



eone word saying this block is four
words long

e one word pointing to the object that
describes class ByteArray

eone byte encoding the number 1
eone byte encoding the number 2
eone byte encoding the number 3
eone byte encoding the number 4

We will represent all objects as hav-
ing fields interpreted as object
pointers or numerical values, not
both. Objects may store numerical
values as bytes or words, but not
both,

As we have mentioned, the objects
that describe classes also need to
represent the form of instances of
those classes. The essential informa-
tion is the number of fields the
instances will have, and whether
these will be pointer or nonpointer
fields. For example, the describer of
class Point says that its instances will
have two fields (x- and y-coordinates)
and that these will be pointers (see
figure 4). The describer of class
ByteArray says that its instances may

(Length)

(Class description)
Class of class-
describing objects

(Number of fields)2

(Pointers) True

Figure 4: Class-describing object for class
Point.

have a variable number of fields and
that these fields will not be pointers
but will be numerical values stored in
bytes.

The purpose of the storage
manager is to fetch and store fields of
objects, to create objects, and to
manage free space. A clean
plementation of the storage manager

im-
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would be one in which the other parts
of the system had access only to the
object pointers and made requests of
the storage manager only through the
following subroutine calls:

e getClass(objectPointer) returns the
object pointer of the class of the given
object

e getField(objectPointer, fieldOffset)
returns the field
estoreField(objectPointer, fieldOff-
set,newValue) replaces that field
with the new value newValue
enewlnstance(classObjectPoint-
er,numberOfFields) returns the object
pointer of a new instance of that
class, and, if that class can have in-
dexed instance variables, this instance
has the given number of fields
(numberOfFields)

Requests can be made for new storage
(with the newlnstance subroutine),
but not to return used storage. In
some other systems, storage that is no
longer used must be explicitly re-
turned to the free storage pool. The
Smalltalk-80 philosophy is that
neither the user nor any part of the
system other than the storage
manager need have such concerns.
Therefore the storage manager must
know which objects are no longer be-
ing used, so that their storage may re-
enter the free pool. Typically,
Smalltalk-80 Virtual Machine im-
plementations use reference-counting
to accomplish this. For every object
in the system, the storage manager
keeps a count of the number of other
objects that point to it. This number
will change only during execution of
the four storage-manager sub-
routines. When this count reaches
zero, the object’s memory block may
be reused because there are no
references to that object anywhere
else in the system.

The Interpreter

The interpreter is that portion of
the Smalltalk-80 Virtual Machine that
performs the actions described in the
bytecodes of methods (ie: the
machine code of the Virtual
Machine). The information needed to
implement the interpreter is the



description of the bytecodes, the
representation of methods, and the
technique to find the method to run
when sending a message.

The bytecodes define the
Smalltalk-80 Virtual Machine as a
stack-oriented machine. Each byte-
code represents one of the following
actions:

epush an object onto the stack
estore the top of the stack as the
value for a variable

epop the top of the stack

ebranch to another bytecode

esend a message using the top few
elements of the stack

ereturn the top of the stack as the
value for this method

In the Smalltalk-80 Virtual Machine,
each of these actions is realized by
one or more bytecodes. Note that
pushing, storing, popping, and
branching are standard instruction
types for any stack machine, that
sending a message corresponds to
calling a procedure using the top few

—

Stack Contents After Execution (Top of Stack to Right)

Bytecode
-1- Push 3 (3)
2- Push 4 (3 4)
-3- Push 5 (345)
-4-Send + (39)
-5-Send * (27)
Table 1: Bytecodes for the Smalltalk expression 3 * (4 + 5).

elements of the stack as arguments,
and that returning an object from a
method corresponds to returning a
value from a procedure. The dif-
ference between the Smalltalk-80 Vir-
tual Machine and procedure-based
stack machines is in the way the pro-
cedure is found. In most procedure-
based stack machines the address of a
procedure is provided in the execute
procedure instruction; in the
Smalltalk-80 system only the “name,”
called the selector, of the message is
provided; the method (or procedure)
to be executed is found through a
strategy involving the receiver of the
message and its class. We will first
describe the bytecodes, then how
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methods are represented, and finally
give a strategy for finding methods.

Stack Operations

The Smalltalk-80 Virtual Machine
and corresponding bytecode set are
stack oriented. Object pointers are
pushed and popped from a stack, and
when a message is sent, the top few
elements of the stack are used as
receiver and arguments of the
method. These are replaced by the
object returned as the value of that
method. For example, the Small-
talk-80 expression:

3*(4 +5)

is encoded by the bytecodes shown in
table 1.

As bytecodes labeled -1-, -2-, and -3-
are executed by the interpreter, the
objects 3, 4, and 5 are pushed onto
the stack. When bytecode -4- is ex-
ecuted, the message + is sent to the
second object on the stack (4) with
the top object of the stack as the argu-
ment (5). The 4 and 5 are popped off
this stack when the message is sent,
and the interpreter begins executing
the bytecodes for the method cor-
responding to the message + in the
Smalltalk class of small integers. This
method will eventually return an ob-
ject, in this case 9, as its value, and
the interpreter will push the 9 onto
the original stack above the 3 and
resume execution with bytecode -s-.
Bytecode -5- will produce an effect
similar to that produced by -4-, leav-
ing the object 27 on the stack. In the
same way that other stack machines
push data onto a stack and use the
top few data items as arguments for a
procedure, replacing them with the
value returned from that procedure,
the Smalltalk-80 Virtual Machine
pushes object pointers onto a stack



Bytecode Stack Contents After Execution (Top of Stack to Right)
-1- Push 3 (3)
-2- Push 4 (3 4)
-3-Send + (7)
-4- Store into a (7)

Table 2: Bytecodes for the Smalltalk expression a — 3 + 4.

[ e T T R S T T e e |

Bytecode Stack Contents After Execution (Top of Stack to Right)
-1- Push 3 (3)
-2- Store into a (3)
-3- Pop ()
-4- Push 4 4)
-5- Store into b (4)

Table 3: Bytecodes for the Smalltalk expression a — 3. b — 4.

Bytecode Stack Contents After Execution (Top of Stack to Right)
-1- Push 3 (3)
-2- Store into a (3)
-3-Pop ()
-4- Push a (3)
-5- Return top of stack ()

Table 4: Bytecodes for the Smalltalk expression a — 3. 1 a.
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and uses the top few as receiver and
arguments of a message, replacing
them with the object returned from
that method.

In both machines, values from the
top of the stack may be stored as the
values of variables. As an example,
the Smalltalk expression:

a—3+4

will be represented by the bytecodes
in table 2. Here, -1-, 2- and -3- act as
before and the interpreter executes
bytecode -4- by storing the top of the
stack 7 into the variable a.

Stack machines in general, and the
Smalltalk-80 Virtual Machine in par-
ticular, also have the ability to pop
the top element off the stack. In the
statements:

{
A

speiey
b4

once the 3 is stored into variable a3, it
is no longer needed, so it is popped
from the stack. These statements are
represented by the bytecodes shown
in table 3.

The top of the stack may be re-
turned as the value for the method.
The statements:

- 3.
ta

are represented by the bytecodes
shown in table 4.

Branching Operations

Conditional and looping messages
are used so often that they are
represented not by actual messages
but by bytecodes for conditional and
unconditional jumps. (This is only for
performance reasons; these branching
and looping messages would work if
they were actually sent like other
messages.) For example:

a> 4ifTrue:[a~—a - 1]

(which in the Smalltalk-80 system
means execute the code within the
brackets only if the object returned
from the > message is not false) is
represented in table 5 (ignoring the
stack from now on).
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-1- Push 4

-2- Push a

-3- Send >

-5- Push a

-6- Push 1

-7- Send —

-8- Store into a
9- Pop

Bytecode

-4- Jump to -10- if the top of the stack is false

-10- < the next bytecode >

Table 5: Bytecodes for the Smalltalk expression a > 4 ifTrue: [a — a — 1].

-1- Push a

-2- Push 4

-3- Send >

-5- Push a

-6- Push 1

-7- Send —

-8- Store into a
9- Pop

-10- jump to -I-

Bytecode

-4- Jump to -11- if top of stack is false

-11- < the next bytecode >.
Table 6: Bytecodes for the Smalltalk expression [a > 4] whileTrue:[a — a — 1].

Table 6 shows the bytecodes for the
looping expression:

[a > 4] whileTrue: [a — a — 1]

(which means execute the code in the
second brackets as long as the code in
the first set of brackets evaluates to
something other than false).

Addressing Variables

Methods are implemented as ob-
jects whose fields contain the
bytecodes plus a group of pointers to
other objects called the literal frame.
The interpreter can use the getField
subroutine of the storage manager to
fetch the next required bytecode to
execute. This takes care of returns,
jumps, and pops, but for the other
bytecodes we need to represent more
information. In particular, for the
push and store bytecodes, we need to
represent where to find the object
pointers to push; for the send
bytecodes, we need to represent
where to find the selector of the
message and which stack elements are

the receiver and arguments.

The source code for a method con-
tains variable names and literals, but
the bytecodes of the Virtual Machine
are defined only in terms of field off-
sets. From the Virtual Machine’s
point of view, there are three types of
variables: variables local to the
method (called temporaries),
variables local to the receiver of the
message (instance variables), or
variables found in some dictionary
that the receiver’s class shares (global
variables). Note that class variables
are treated in the same way as other
global variables. The Smalltalk-80
compiler (itself written in Small-
talk-80) translates references to
these variables into bytecodes that
are references to field offsets of the
receiver, the temporary area, or
globals. The instance variables are
translated using a field of class-
describing objects that associates in-
stance variable names with field off-
sets. The assignment of offsets to tem-
poraries is done when the compiler
translates a method by associating
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names of temporaries to offsets in the
temporary area. The compiler creates
instances for the literals, puts their
object pointers into the literal frame
of the method, and produces byte-
codes in terms of offsets into the
literal frame. For global variables, the
compiler uses system dictionaries that

Receiver

Stack

Stack Pointer

Method

Current Bytecode

Temporaries
(including arguments)

associate global names to indirect
references to objects. Object pointers
of the indirect references to the global
objects are also placed in the literal
frame of the method. The bytecodes
for accessing globals are encoded as
indirect references through field off-
sets of the literal frame.

(Length)

(Class description)

(Instance variable,
offset = 0)

(Instance variable,
offset =last)

(Length)

(Class description)

(Stack Element)

(Stack Element)

(Stack Element)

(Length)

(Class description)

(Literal frame,
offset = 0)

(Literal frame,
offset = last)

(First bytecode)

(Last bytecode)

(Length)

(Class description)

(Temporary variable,
offset =0)

(Temporary variable,
offset =last)

Figure 5: Object pointers held by the interpreter.
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Microhouse

SPELLSTAR

New! Option for Wordstar. Compares words in
your text to its 20,000-word compressed
dictionary. Jumps back to WordStar for correction
of errors or addition of new words to the
dictionary. Price includes update of registered
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List Price:  $250.00
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Microhouse Price: $322.00/$40.00
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Microhouse Price:
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List Price:  $200.00
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List Price: $350.00
Microhouse Price: $273.00/$30.00
MICROSOFT BASIC 80 COMPILER
Language compatible with MBASIC but code runs
3-10x faster.

List Price: $395.00
Microhouse Price: $308.00/$30.00
MICROSOFT FORTRAN 80

Compiler is ANS| '66 compatible (except for
COMPLEX).

List Price:  $500.00

Microhouse Price: $345.00/$30.00

muSIMP/muMATH by Microsoft
List Price:  $250.00

Microhouse Price: $195.00/$25.00

COBOL 80 by Microsoft
List Price:  $750.00

Microhouse Price: $562.50/$30.00

MACRO 80 by Microsoft
List Price:  $200.00

Microhouse Price: $140.00/$20.00

EDIT 80 by Microsoft
List Price: $120.00
Microhouse Price: $84.00/$20.00
WHITESMITHS C

List Price:  $630.00
Microhouse Price: CALL/$30.00
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List Price: $100.00
Microhouse Price:

TINY C Compiler
List Price:  $250.00
Microhouse Price:

SPELLGUARD
Fast stand-alone program works with nearly any
CP/M® word processor.

List Price:  $295.00
Microhouse Price:

$79.00/$50.00

$195.00/$50.00

$230.00/$25.00
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List Price: $175.00
Microhouse Price: $160.00/$30.00
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Circle 228 on inquiry card.

This means that when the inter-
preter is executing a method, it has to
keep a stack, a temporary area, a
pointer to the receiver and arguments
of the method, and a pointer to the
method itself (see figure 5). It uses the
storage manager’'s getField and
storeField subroutines to push and
pop pointers from the stack object, to
retrieve and set values of variables in
the temporary area, to retrieve and
set values of variables of the receiver,
and to get bytecodes and values of
global variables from the method.

Finding Methods

When a message is sent, the
receiver and arguments must be iden-
tified, and the appropriate method
must be found by the interpreter. The
technique used in Smalltalk-80 is to
include in each class-describing object
a dictionary, called the method dic-
tionary, that associates selectors with
methods. Pointers to the selectors
that will be sent by any method are
kept in the method (along with global
variable pointers and bytecodes). The
bytecodes that tell the interpreter to
send a message encode a field offset in
the literal frame where the selector is
found, plus the number of arguments
that that method needs. By conven-
tion, the top elements of the stack are
the arguments and the next one down
is the receiver. For example, the send
bytecode for the expression:

3+4

will stand for “send the selector in
field X of the method (which will
be +), and it takes one argument.”
The interpreter will ask the storage
manager for the X field of the
method, will get the top of the stack
(4) as the argument, and the next ele-
ment down (3) as the receiver. It will
locate the receiver’s class, its method
dictionary, search it for an associa-
tion of the + selector with some
method, and, when found, execute
that method.

If no such association is found, the
searching does not end. The receiver’s
class may be a subclass of another
class, called its superclass. If this is
the case, the method for + may be



(Length) 7

(Class description)
Class of class-
describing objects

(Number of fields)2

(Pointers) True

(Instance Variable
Names) “"xCoordinate
yCoordinate"

(Global Variable
Dictionaries)

(Method Dictionary)

(SuperClass)

Figure 6: Class-describing object for class
Point, revisited.

defined in the superclass, so the inter-
preter must check there. This means
that each class must have a field that
refers to its superclass (see figure 6).
The interpreter searches the method
dictionary of the superclass, its
superclass, and so on, until either an
appropriate method is found or it
runs out of superclasses, in which
case an error occurs.

To execute a method, the inter-
preter needs a place for temporaries
and a stack for that method. In the
Smalltalk-80 Virtual Machine, this is
done by allocating an object that is an
instance of class MethodContext. Ob-
jects in MethodContext keep track of
the method, the stack for that
method, a pointer to the next byte-
code to be executed in that method,
the temporary variables for that
method, and the context from which
that method was invoked, called the
caller of that method (see figure '7).
When a method returns, the value
returned is pushed on the stack of the
caller context, and execution con-
tinues at the next bytecode of the
caller’s method.

The New ADDS Viewpoint
Video Terminal.

Features a detachable Tektronics-made
keyboard with keypad. Function keys.

Reverse video, half-intensity, underlining by
fields. Printer port. ADDS quality construction.

CALL FOR LOW PRICES ON IMS Series 5000 and
8000 Computers

C ITOH STARWRITER |
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List Price: $1895.00

Microhouse Price: $1431.00

C ITOH STARWRITER | (Serial)
List Price: $1960.00
Microhouse Price: $1502.00
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Letter-quality printer uses plastic and metal
printwheels. 40 cps, bidirectional, logic-seeking.
Optional tractor: $225.

List Price: $2710.00

Microhouse Price: $1999.00

EPSON MX70

Includes GRAFTRAX Il dot-addressable graphics.
Monodirectional. 80 cps. Adjustable tractor.
Parallel only.

List Price: $450.00

Microhouse Price:

EPSON MX80

Removable print head, bidirectional, logic-
seeking, adjustable tractor, parallel interface.
Easily converted to RS232, IEEE 488, Apple or
ATARI. CALL FOR INFORMATION ON THE NEW
GRAPHICS ROM PACK!

List Price: $645.00

Microhouse Price:

EPSON MX-80 FT

Friction AND tractor feed version of the MX-80.
Parallel interface included.

List Price: $745.00

Microhouse Price:

TELEVIDEO 910 Terminal
List Price:  $699.00
Microhouse Price: $595.00

TELEVIDEO 950
List Price: $1195.00
Microhouse Price: $995.00

CALL OR WRITE FOR FREE CATALOG

PRICES AND SPECIFICATIONS SUBJECT TO
CHANGE WITHOUT NOTICE

Software Manual
& Manual/Only
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Microhouse

ASK ABOUT THE NEW Televideo COMPUTER
SYSTEMS
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List Price: $1695.00
Microhouse Price: $1464.00

" VIDEX VIDEOTERM SPECIAL!

Carried over by popular demand. Converts your
Apple screen to 80x24 upper and lower case.
Purchase VIDEOTERM with WordStar and save!
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List Price: $345.00

Microhouse Price: $270.00

MORROW DISCUS 2D

8 inch single-sided double-density floppy disk
drive subsystem. Includes CP/M® and MBASIC.
List Price: $1199.00

Microhouse Price: $995.00

MORROW HARD DISK SUBSYSTEM
10 Megabyte. Includes S-100 controller card,
CP/M®, and enclosure.

List Price: $3695.00

Microhouse Price: $3062.00

MICROSOFT APPLE SOFTCARD

Purchase the softcard with MicroPro's WordStar
and save $70! Converts your Apple Il or Il plus to
a CP/M® system. Includes MBASIC! Price if
purchased separately: $295.

List Price: $349.00

Microhouse Price: $279.00

TCS/Atlanta INTERACTIVE
ACCOUNTING SYSTEM

for small businesses. Ver. 5.0. Each package can
be used alone or post automatically to the
General Ledger. Compiled version (no support
language needed). Price listed is per package.
Generalledger, Accounts Receivable, Accounts
Payable, and Payroll packages available. Call for
details on new Order Entry & Inventorypackages.
ALSO AVAILABLE FOR APPLE II. Also available in
source.

List Price: Compare at $530

Microhouse Price: $79.00/$25.00

ALL FOUR TCS PACKAGES (compiled)
List Price: Compare at $530/pkg.
Microhouse Price: $269.00/$90.00

CP/M is a registered trademark of Digital Research
UNIX is a registered trademark of Bell Labs

APPLE is a registered trademark of Apple Computers
TRS80 is a registered trademark of Tandy Corp.

SHIPPING: Add $5 per manual or software package.
Add $2.50 for COD orders. Call for shipping charges
on other items. Pennsylvania residents add 6 per cent
sales tax.

Microhouse
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BETHLEHEM, PA 18016

(215) 868-8219
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If you’re looking for
the best prices
in the U.S.A.on

MICROCOMPUTERS

We have consistently offered the
TRS-80 line at savings up to 20%. You
can save up to $1500 by buying
from Computer Discount of America.

r
i i
J

ATAR! s

F N
MICROCOMPUTERS |

We have the full line of ATARI per-
sonal computers and systems.

Model Il
26-4002 64K 1 disc $3385.00
Model llI
26-1061 4K, Level | $ 610.00
26-1062 16K, Level Ill $ 845.00

26-1066 48K. Level Il 2-drive/RS-232 $2115.00
Color Computer

26-3001 4K $ 329.00
26-3002 16K w/Ext. Basic $ 499.00
EPSON

MX70 Printer $ 375.00
MX80 Printer $ 485.00
MX80FT  Printer $ 639.00

Our savings are as big on expansion
interfaces, printers, diskettes, Apple
Computers, OKIDATA Microline,
C-ITOH Starwriter, Lexicon Modems
— everything for your computer.
We have the largest inventory in the
Northeast, and most models are in
stock, for immediate delivery.

Our full price catalog or a price
quote is as near as your phone.

GCALLTOLL FREE:
800-526-5313

Computer

Discount
of America

15 Marshall Hill Road, West
West Milford, New Jersey
In New Jersey Call 201-7

ilford Mall
480

COMPUTER DISCOUNT OF A?RICA. INC.
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Current Context

'7 (Length)

(Class description)
MethodContext

(Receiver)

(Stack)

(Stack Pointer)

(Method)

(Current Bytecode)

(Temporaries)

(Caller)

Figure 7: The only object pointer used by the Smalltalk-80 interpreter is a reference to

a MethodContext.

The Smalitalk-80
Virtual Machine
implementation is a
program running in
the machine language
of the target
computer.

Primitive Subroutines

The Smalltalk-80 Virtual Machine
implementation is a program running
in the machine language of the target
computer. The storage manager is the
collection of subroutines in this pro-
gram that deals with memory alloca-
tion and deallocation. The interpreter
is the collection of subroutines in this
program, one of which fetches the
next bytecode from the currently run-
ning method and calls one of the
others to perform the appropriate ac-
tion for that bytecode. In addition to
these functions, we have found that
there are several other places in the
Smalltalk-80 system where perfor-
mance considerations make it
necessary, or at least desirable, to im-
plement certain functions as machine-
code subroutines in the Smalltalk-80
Virtual Machine. These places are:

einput/output: connecting the

Smalltalk-80 system to the actual
hardware

e arithmetic: basic arithmetic for in-
tegers

esubscripting indexable objects:
fetching and storing indexable in-
stance variables

escreen graphics: drawing and mov-
ing areas of the screen bitmap quickly
eobject allocation: connecting the
Smalltalk-80 code for creating a new
instance with the storage manager
subroutines

We call this set of subroutines the
primitive subroutines.

The primitive subroutines are
represented in the Smalltalk Virtual
Image as methods with a special flag
that says to run the corresponding
subroutine rather than the
Smalltalk-80 bytecodes. When the in-
terpreter is executing the code to send
a message and finds one of these flags
set, it calls the subroutine and uses
the value returned from it as the value
of the method. The number of these
methods in Smalltalk-80 is small
(around one hundred) in order to
keep the rest of the system as flexible
and extensible as possible. We will
not list those methods that are
primitives, but will refer the reader to
Smalltalk: the Language and Its Im-
plementation (Goldberg, Robson,
and Ingalls, 1981) for details.
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* Truly hardware independent
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+ Terminal Handler is CP/M BDOS compatible

+ Console Driver supports Intel iSBC boards
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Includes ADA Compiler and Compiler ADA Programming Support
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......................................................... $995.
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DIGITAL ELECTRONIC SYSTEMS, INC.
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A few of these primitive methods
are executed so often that even the
cost of looking them up in their
classes’ method dictionaries would be
excessive. These methods are instead
represented as special versions of the
Send Message type of bytecodes. The
message + , for example, is rep-
resented this way. When this
bytecode is executed and the top two
elements of the stack are small
integers, then the primitive method is
called as a subroutine. When this
bytecode is executed and the top two
elements of the stack are not small in-
tegers, then the + message is sent
normally.

Conclusion

The Smalltalk-80 Virtual Machine
is a fairly small computer program
that consists of a storage manager, an
interpreter, and a set of primitive
subroutines. The task of implement-
ing a Smalltalk-80 Virtual Machine
for a new target computer is not large
(especially when compared with the
task of implementing other large pro-
gramming systems) because most of
the functions that must usually be im-
plemented in machine code are
already part of the Smalltalk-80 Vir-
tual Image that runs on top of the Vir-
tual Machine.

The Smalltalk-80 Virtual Machine
could also be implemented in hard-
ware, although this has not yet been
done. Such an implementation would
sacrifice some of the flexibility of
software, but it would result in the
performance benefits that hardware
provides. Given the evolving nature
of Smalltalk, it may not yet be time to
implement the Virtual Machine in
hardware: new Smalltalks that are
more powerful would likely need at
least small changes in Virtual
Machine definition and implementa-
tion. However, hardware assists to
Smalltalk-80 Virtual Machine soft-
ware can greatly improve perfor-
mance. Writable microcode stores for
the pieces of code that are frequently
run, hardware assists for graphics, or
hardware assists for the fetching of
bytecodes could all potentially im-
prove the performance of a
Smalltalk-80 Virtual Machine im-
plementation. m
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