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Objects

Objects are entities which are able to
respond to requests to perform compu-
tations. These requests are called mes-
sages.

Objects are distinguished by the set of
requests to which they respond.

Objects encapsulate state. This state is
only visible from "inside" the object.

The state contained within an object con-
sists of references to other objects.

All objects are umformly named and
referenced.

Objects are dynamically created and
cease to exist if not referenced.



Classes

A class is an object which defines the
common characteristics of a group of
objects

Every object is an instance of some class

A class defines the internal state
representation and message responses
for its instances

A subclass is a hierarchical refinement of
its superclasses

A subclass may define additional internal
state and add or modify message
responses






Messages

A message is a request for an object to
perform a computation

An object responds to a message by exe-
cuting a method provided by its class

A method my modify the internal state
of the receiving object and may send
messages to other objects |

A message always returns a result to the
sender of the message. Result values are
object references.

The method executed in response to a
message it dynamically selected



Message Sending

Find the class of the receiver of the mes-
sage.

Look for the message selector in the
class’ message dictionary.

f the message selector is not found
search in each of the superclasses dlc-
tionaries until it is found.

When the selector is found create a new
context and start executing the com-
piled method specified in the dictionary.
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Smalltalk-80 Virtual Machine

e The Smalltalk-80 Virtual Machine
Specification is the computational model
which defines the behavior of Smalltalk
programs. The specification defines an

abstract computer known as the
Smalltalk-80 Virtual Machine.

The Smalltalk-80 compiler generates
code for this abstract machine.

Smalltalk-80 is 1mplemented on a host

computer by building a simulator for
the Smalltalk-80 Virtual Machine



Three Parts of the Virtual Machine

e Object Memory -- Provides storage for
objects

e Interpreter -- Implements the semantics
of message passing

e Primitive Methods -- Provide primitive
responses to certain messages



The Object Memory

e The object memory provides the basic
mechanisms for creating accessing and
ultimately destroying objects.

e Objects are identified by unique 16-bit
integer names |

e The object memory is responsible for
reclaiming any storage used by an object
after the object is no longer accessible
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Object Management

The object memory provides an interface
for accessing and changing the fields of
objects and for creating new objects

An object table is used by the object
memory to map oops (object names% to
the actual memory locations of objects

The object memory maintains a count of
the number of references to each object.
An object is deallocated when its refer-
ence counts reaches zero.

The object memory views physical
memory as a number of independent
segments
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The Interpreter

The Smalltalk-80 interpreter implements
the semantics of communicating objects.

The Smalltalk-80 compiler converts
smalltalk expresions into strings of
bytecodes which are the instructions of
for the virtual machine. The interpreter
carries out the actions specified by the
bytecodes. s

The interpreter uses contezt objects to
represent its current state.

Bytecodes are stored within instances of
class CompiledMethod



Table 28-1 The Smalltalk Bytecodes

Range Bits Function

015 0000iiii Push Receiver Vanable #1111

16-31 00014iiii Push Temporary Locaton #£iiii

12-63 001iiiii Push Literal Constamt #iiii1

64-95 010iiiii Push Literal Vanable #1111

96-103 01100441 Pop and Store Receiver Vanable #ii1

104-111 0110141 Pop and Store Temporary Location #1711

112-119 01110411 Push (receiver, true, faise, nil -1, 0, 1, (iid)

120-123 01111011 Rewmn (receiver. true. false, nil)ii) From Message

124-125 01111101 Rewm Suack Top From (Message, Block){1)

126-127 01111111 unused

128 10000000 Push (Receiver Varable, Temporary Location, Literal Coastant, Literal Vanable)j j)
Jikkkkkk #kkkkkk

129 10000001 Store (Receiver Variabie. Tempomry Location, liegal Literal Variable)j j]
Jikkkkkk #kkkkkk

130 10000010 Pop and Store (Receiver Variable, Temporary Location, Iiegal, Literal Variable)jj)
Jikkkkkk #kkkkkk

131 10000011 Send Luenal Seiector #kkkkk With jjj Arguments
Jijkkkkk

132 10000100 Send Literal Selector #kkkkkkkk With jjjjjjj] Arguments
RRERERER] :
kkkkkkkk

133 10000101 Send Literal Selector #kkkkk To Superclas With jjj Amguments
Jjjkkkkk

14 10000110 Send Literal Selector #kkkkkkkk To Supercias With J33iiiii Amuments
J33iiiij
kkkkkkkk

135 10000111 Pop Suck Top

136 10001000 Duphcate Stack Top

137 10001001 Push Acive Coatext

138-143 unused

144-151 10010444 Jump iii+1 (ie. 1 through 8)

152-159 1001144 Pop and Jump On False 11i+1 (e, 1 through 8)

160-167 10100411 Jump (Vii-)°256+3333333]
3333iiij

168-171 1010104 Pop and Jump On True Tic2s6+3ijdiidi
Jiiiiiii

112-175 10101144 Pop and Jump On False 1i°256+3333333]
33333333

176-191 101144434 Send (+. - ¢ ) (=, >=, =, -=, %/, \\ @ bitShift:, 7/,

bitAnd:. bitOr:) 11 11]
192-207 11004144 Send (at®, atpul®. smze®. nest®. nextPut:®, atEnd®, ==, class, blockCopy:,
valve, value:. do®, new® new:®, x°, y*)iiii]
(* indicaies a selector that @n be changed by compiler modification)

208-223 11014i4 Send Lueral Selector #1111 With No Arguments

224-239 11104444 Send Licral Sclector #1111 Wih 1 Argument

240-255 11114444 Send Literal Sclector #1111 With 2 Argumens



Compiled Methods

e A compiledMethod is an object which
hold the bytes which represent a
Smalltalk method.

e A compiledMethods consists of a htera]
frame which contains references to
other objects and an array of bytecodes.

e Bytecode operations including push and
popping the values of temporary vari-
ables and the fields of the receiver, con-
ditional and unconditional branches, and
message sending.
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Contexts

A context object represents the current
or suspended execution state of the
Smalltalk interpreter.

A new context is created whenever a
message is sent. :

A context contain space for temporary
variables, an evaluation stack, and refer-
ences to the receiver of the current
message, the compiledMethod for the
message, and the context that sent the
message. |

Contexts are normal objects which will
respond to messages, etc.
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Primitive Methods

e Primitive methods are interpreter rou-
tines which implement the responses to
selected method.

e Primitives are used when a method can
not be easily expressed in Smalltalk or
to improve performance.

e Examples of primitive methods include
integer and floating point arithmetic,
object creation, and Bitblt.
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