CVAMIT Concurrent VLSI Architecture Memo 51RevisedConcurrent SmalltalkManualWaldemar HorwatMIT Concurrent VLSI Architectures GroupApril 13, 1993

Table of ContentsChapter 1. Introduction................................................................................ 1Implementation................................................................................................................ 1Reading Guide.................................................................................................................. 1Differences from Previous Version.................................................................................. 1Language Changes.................................................................................................... 1Compiler Changes...................................................................................................... 2Chapter 2. Concurrent Smalltalk................................................................ 3Introduction...................................................................................................................... 3Functions.......................................................................................................................... 3Extracting Methods.......................................................................................................... 4Classes.............................................................................................................................. 4Overriding Methods......................................................................................................... 5Type Restriction......................................................................................................... 5The Class object................................................................................................................ 5Local Variables................................................................................................................. 6Types................................................................................................................................. 6Locks................................................................................................................................. 8Distributed Objects.......................................................................................................... 9Macros............................................................................................................................. 10Chapter 3. Concurrent Smalltalk Reference.......................................... 113.1. Introduction................................................................................................................ 11BNF........................................................................................................................... 12Methods, Functions, and Primitives....................................................................... 123.2. Syntax........................................................................................................................... 13Tokens.............................................................................................................................. 13Identifiers........................................................................................................................ 13Symbols............................................................................................................................ 15Constants......................................................................................................................... 153.3. Programs..................................................................................................................... 17Constant Expressions..................................................................................................... 17Global Definitions........................................................................................................... 173.4. Classes.......................................................................................................................... 19Built-in Classes............................................................................................................... 19Defining New Classes..................................................................................................... 19Class Inheritance...................................................................................................... 19Instance Variables.......................................................................................................... 20Reader and Writer Methods..................................................................................... 20Class Definition Options................................................................................................. 203.5. Methods and Functions............................................................................................ 21Introduction..................................................................................................................... 21Formals..................................................................................................................... 21Return Values........................................................................................................... 21Method and Function Declarations......................................................................... 22The Calling Process.................................................................................................. 22Scoping of Local Variables....................................................................................... 22Functions......................................................................................................................... 23Methods........................................................................................................................... 23

Revised Concurrent Smalltalk Manualiiiiii3.6. Statements................................................................................................................... 25Cfutures........................................................................................................................... 25Argument Evaluation..................................................................................................... 25Application Statement.................................................................................................... 26Type Assertion................................................................................................................ 27Variable Bindings........................................................................................................... 27Multiple Values......................................................................................................... 28Syntactic Sugar......................................................................................................... 28Flow of Control................................................................................................................ 29Loops......................................................................................................................... 30Primitive Control...................................................................................................... 31Returning Values............................................................................................................ 31Continuations........................................................................................................... 313.7. Built-in Methods and Functions............................................................................. 33Built-in Classes............................................................................................................... 33Primitive Selectors.......................................................................................................... 343.8. Objects.......................................................................................................................... 36Objects............................................................................................................................. 36Copiers....................................................................................................................... 36Deallocators.............................................................................................................. 36Class Inquiries................................................................................................................ 37Node Numbers................................................................................................................. 383.9. Distributed Objects.................................................................................................... 40Group and Constituents................................................................................................. 40Creation........................................................................................................................... 40Operations....................................................................................................................... 403.10. Logical and Arithmetic Operations..................................................................... 42Comparisons.................................................................................................................... 42Logical Operations.......................................................................................................... 42Bitwise Logical Operations...................................................................................... 43Arithmetic Operations.................................................................................................... 43Floating-Point Operations........................................................................................ 45Character Operations..................................................................................................... 453.11. Lists............................................................................................................................. 46Creating........................................................................................................................... 463.12. Strings and Arrays................................................................................................... 47Creating Arrays............................................................................................................... 47Operations on Entire Arrays.......................................................................................... 48Accessing Arrays............................................................................................................. 48Strings............................................................................................................................. 493.13. Locks........................................................................................................................... 50Lock Operations.............................................................................................................. 503.14. Input and Output..................................................................................................... 51Streams............................................................................................................................ 51Input and Output Streams....................................................................................... 51Creating Streams............................................................................................................ 51Reading............................................................................................................................ 52Writing............................................................................................................................. 52Formatting....................................................................................................................... 52Terminal Stream Operations......................................................................................... 533.15. Macros........................................................................................................................ 543.16. Low-Level Operations............................................................................................. 55Constants......................................................................................................................... 55 ivRevised Concurrent Smalltalk ManualivIntegers............................................................................................................................ 56Tags.................................................................................................................................. 56Physical Segments.......................................................................................................... 57Allocation.................................................................................................................. 57References................................................................................................................. 58Objects............................................................................................................................. 58Allocation.................................................................................................................. 58References................................................................................................................. 59Class Inquiries.......................................................................................................... 59Arrays.............................................................................................................................. 603.17. Environment............................................................................................................. 61Errors............................................................................................................................... 61Chapter 4. Using Optimist II...................................................................... 62Starting the Compiler..................................................................................................... 62Batch Mode Compilation................................................................................................ 62Top-Level Commands..................................................................................................... 63Utility Commands.................................................................................................... 63Viewing Objects........................................................................................................ 63Compiling Programs................................................................................................. 64Options............................................................................................................................. 65Bibliography................................................................................................... 68Index................................................................................................................. 69

Revised Concurrent Smalltalk Manual1Chapter 1. IntroductionThis document describes the Concurrent Smalltalk language as of March 1993. Concurrent

Smalltalk evolved significantly since it was originally implemented as part of a Master�s thesis in May 1989. Additions and modifications since [3] are marked on the margin; the major differences are summarized later in this chapter. Scott Furman, Todd Dampier, and Shaun

Kaneshiro assisted with Concurrent Smalltalk and Cosmos enhancements such as floatingpoint arithmetic, queue overflow handling, garbage collection, and miscellaneous bug fixes and enhancements. Details on some of these are published in separate documents.

ImplementationTo use the features in this document, be sure that you are using the Optimist compiler version 3.0 or later [3][2], Cosmos version 3.0 or later [5], and MDPSim version 7.2c or later [4].

The Optimist II compiler is written in standard revised Common Lisp as specified in [6].

Unlike previous versions of Optimist II, this one uses the ANSI version of the LOOP macro.

Optimist II was developed on a Macintosh using Apple Common Lisp 2.0. It runs on a Macintosh and on Sun Sparcstations using Lucid Common Lisp 4.1.0 or later.

Reading GuideChapter 2, Concurrent Smalltalk, provides an introduction to the Concurrent Smalltalklanguage in general. Chapter 3, Concurrent Smalltalk Reference, is the specification ofthe Concurrent Smalltalk language. Chapter 4, Using Optimist II, provides a detailed de-scription of the Optimist II features not listed in Chapter 3.Differences from Previous VersionThe following is a list of major changes for the 3.0 version of Concurrent Smalltalk and Op-timist:Language Changes

¥Function calls can now be executed on particular nodes. Objects can also be allocated on specified nodes.

¥set and cset on local variables now return nil instead of the value being stored to prevent touches when cset is used within a begin. set and cset still return the object being modified when used on an instance variable of a specified object.

¥Added the cond, when, unless, clet*, let*, for, and _loop macros.

¥Added the integer divmod function.

¥Documented floating-point routines.

¥Added character and string operations.

¥Added support for many low-level operations, including reading and writing object instance variables, low-level object creation primitives, physical segments, MDP global variables, and node number and tag manipulations.

¥Array operations and the array class hierarchy are different from those described in earlier documents.

2Revised Concurrent Smalltalk Manual¥Documented input/output directives as implemented in the runtime library.

¥Futures, parallel, and nparallel were removed from the language specification; they were never implemented. See the concurrency section in Chapter 2 for a way of guaranteeing concurrent execution.

¥Removed the magnitude class. Some of the comparisons never worked right and would be inefficient to implement.

¥Inline instance variables and classes were removed from the language specification; they were never implemented, and their implementation in Concurrent Smalltalk would be difficult. This is one of the subjects of Aida research [1].

¥Removed discussion of declaring user-defined methods for primitive (restricted) selectors such as * and +, as this is not implemented in Cosmos. See [3] for restrictions that would be in effect if this feature were to be implemented.

¥Removed references to the small-integer and large-integer classes, which were never implemented.

Compiler Changes

¥Many compiler register allocation problems and other bugs were fixed.

¥Function call messages can now be up to 64 words long.

¥Objects can now be arbitrarily long, but only objects small enough to fit in the message queue can migrate.

¥Added support for fast context switching used by Cosmos 3.0; Optimist now assumes that register values and the incoming message are destroyed by cfuture faults.

¥Code for allocating remote objects is now in the runtime library rather than part of Cosmos.¥Code for looking up methods and allocating closures is now inlined by Optimist rather than being part of Cosmos.

¥The code generated by Optimist is compatible with Cosmos changes [5], including threeword headers on all objects, code caching changes in function objects, and new array formats.

¥Optimist now generates code for Cosmos�s new fast cfuture context switching scheme.

¥Object numbering in compiled code is now independent of the machine size. The objects� numbers have their bits scrambled for reasonable distribution on a variety of machine sizes.

Also, compiler-generated objects are in a separate namespace from dynamically generated objects.

Revised Concurrent Smalltalk Manual3Chapter 2. Concurrent SmalltalkIntroductionA Concurrent Smalltalk program is a sequence of top-level definitions. Figure 2-1 shows asample program that calculates Fibonacci numbers using double recursion.(defmethod fib integer ()(if (<= self 2)1(+ (fib (- self 1)) (fib (- self 2)))))Figure 2-1. A simple Fibonacci programThis program calculates Fibonacci numbers using double recursion. Although it does not use the most efficient al-gorithm to calculate Fibonacci numbers, it does illustrate Concurrent Smalltalk�s implicit concurrency.The program is a single method associated with the selector fib and class integer. The factthat the method takes no arguments other than the integer receiver is indicated by the emptylist, (), on the first line. The following three lines contain the body of the method. self rep-resents the receiver object, which is the number to which fib was applied. The if statementchecks whether that number is less than or equal to 2. If so, fib returns 1. Otherwise, fibreturns the sum of (fib˚(-˚self˚1)) and (fib˚(-˚self˚2)), which are computed con-currently. This concurrent evaluation of arguments is one of the important differences be-tween Concurrent Smalltalk and sequential Smalltalk.fib can be invoked by calling it on an integer (the receiver object):(fib 30)fib would then calculate and return the answer 832040. If fib had any more arguments,they would be included after the receiver object, as in:(fib 30 x y z)FunctionsThe Fibonacci program was defined as a method. It is also possible to define it as a function,as in Figure 2-2. A function is a method not associated with any class or selector. Althoughin this example methods and functions are equivalent, in other cases, such as in iterators,functions may be more useful than methods.(defun ffib (n)(if (<= n 2)1(+ (ffib (- n 1)) (ffib (- n 2)))))Figure 2-2. A simple Fibonacci program as a functionFunctions have no receiver object, so the parameter n has to be specified explicitly.The syntax for a method and a function call is the same, so ffib would also be called by:(ffib 30)The meaning of applying ffib to arguments (30 in this case) depends on whether ffib is aselector or a function. If ffib were a selector, a method lookup would be done to determinethe class of the first argument and then call the method corresponding to the selector andthat class, while if ffib is a function, it is called directly.

4Revised Concurrent Smalltalk ManualExtracting MethodsA manual method lookup can be done using the method primitive. method takes two pa-rameters, a selector and a class, and returns a function which performs the same action asthe method. For example, the method shown in Figure 2-1 can be extracted using(method fib integer)The result behaves just like the ffib function in Figure 2-2. It can be called using((method fib integer) 30)A method extracted in this way does not have to be a direct method of the class; it can be aninherited method.ClassesA Concurrent Smalltalk class is a type; the two words are used interchangeably in the lan-guage definition1. A few built-in classes are predefined; these include symbols, booleans, in-tegers, floating point numbers, characters, functions, and other classes. A complete list isgiven in Table 3-2. All classes are subclasses of the class object.The defclass primitive can be used to add user-defined classes. A class definition consistsof a list of superclasses and zero or more new instance variables. Each instance object of thatclass contains those instance variables. The user may also define a number of methods forthat class. A simple class that implements Lisp-like lists is shown in Figure 2-32.(defclass pair (object) car cdr);(defmethod car pair () car);(defmethod cdr pair () cdr);(defmethod get-car pair () car);(defmethod get-cdr pair () cdr);(defmethod put-car pair (value):pair (set car value) self);(defmethod put-cdr pair (value):pair (set cdr value) self)(defun cons (first second):pair(put-car-cdr (new pair) first second))(defmethod put-car-cdr pair (first second):pair(cset car first)(cset cdr second)self)Figure 2-3. The pair classThe six methods that are commented out by semicolons are defined automatically by defclass (in addition to afew others described in Section 3.4). car and get-car do the same thing; both are defined because car is moreconvenient, but it cannot be used in the body of a method of class pair because static scoping shadows themethod car by the instance variable car.The :pair constructs define the result types of the methods. They are unnecessary, but they do improve effi-ciency and allow rudimentary type checking.The class pair is defined on the first line of Figure 2-3. The defclass primitive specifiesthe class name (pair), the superclasses ((object)), and the instance variables (car andcdr).Whenever a class c is defined, a class predicate and reader and writer methods are definedautomatically, as well other, less-used methods described in Section 3.4. The class predicateis a function named c? that accepts one argument a and returns true if a is a member of

1Nonetheless, the words type and class have slightly different meanings in the discussion of the compiler in Chapter3.2This class is similar to the pair class predefined in Concurrent Smalltalk�s library.

Revised Concurrent Smalltalk Manual5class c (or one of its subclasses) and false otherwise. Also, for each instance variable x of c,the methods x, get-x, and put-x are defined. The first two methods take an instance objecto as an argument and return the value of x in o, while put-x takes two arguments, an in-stance object o and a new value v of x, and assigns v to x in o. The methods x and get-x areknown as reader methods, while put-x is called a writer method. The writer methods returno, the object to which the value is written.After a class is defined, additional methods may be defined for it. In the above example, amethod put-car-cdr is defined for the class pair. put-car-cdr sets the value of a pair�scar and cdr variables and returns the pair. Inside a method, the receiver�s instance vari-ables can be accessed by their names.Overriding MethodsConsider a class c2 which is a subclass of c1. When a class c2 defines a method m2 with thesame selector s as a method m1 of c1, the class c2 is said to be overriding the method m1.When selector s is applied to an object of class c2 or one of its descendants, method m2 will beused instead of m1.Nevertheless, sometimes it is desirable to call m1 on an object of class c2. For example,method m2 might want to call the method it is overriding. An overridden method m1 can becalled by performing a manual method lookup using the form (method˚s˚c1). The resultingmethod can be called normally.Type RestrictionThe type of an overriding method must be a subtype of the type of the overridden method.For instance, in the above example the type of m2 must be a subtype of the type of m1. Thismeans that both methods must have the same number of arguments, the types of the argu-ments of the overriding method must be supertypes (superclasses) of the types of the argu-ments of the overridden method, and the result type of the overriding method must be a sub-type (subclass) of the result type of the overridden method. If any argument of the overrid-den method is declared inline or using any other declaration, either explicitly or by default,the corresponding argument of the overriding method must have the same type and declara-tions. The results of violating the above rules are undefined. The compiler may issue errorsif the above rule is violated, but it is not guaranteed to do so.The above restrictions apply only to methods being overridden. There are no restrictions onmethods with the same name declared for disjoint classes (i.e. classes which are not sub-classes of each other).The Class objectMethods of class object are very similar to functions. There are two main differences be-tween functions and methods of class object:¥A method of class object can be overridden by a method of a more specific class. For ex-ample, if cons in Figure 2-3 is defined as a function, no other function or method may becalled cons. On the other hand, if it is defined as a method of class object, it may be over-ridden by a method cons defined for integers. However, a method may not be overridden bya function.¥A function that takes no parameters can be defined, while a method must always take atleast one parameter�the instance object.In the interest of code maintenance and readability, it is recommended that functions be usedin cases when overriding makes no sense; parameter functions to iterators fall into this cate-gory. On the other hand, if overriding a function might be desirable, that function should be

6Revised Concurrent Smalltalk Manualdefined as a method of type object. It is not clear whether overriding cons (Figure 2-3)would be useful, so it might be defined either as a function or a method, depending on one�staste.Local VariablesA method or a function can declare local variables using the clet or let statements or theirderivatives. For example, the function fib from Figure 2-1 could be rewritten using two lo-cal variables as in Figure 2-4.(defmethod integer lfib ()(if (<= self 2)1(clet((a (lfib (- self 1))) (b (lfib (- self 2))))(+ a b)))Figure 2-4. Fibonacci program with local variablesThe above program is equivalent to the one in Figure 2-1 and actually compiles into the same code.Local variables declared with a clet or a let statement have a scope which is the body ofthe clet or let statement (except for the bindings themselves). clet and let statementscan be nested. Local variables can be altered using a cset or a set statement; the differencebetween the two will be explained in the Concurrency section below.TypesThe types (i.e. classes) of various values can be declared explicitly. Such declarations servethree purposes:¥Types allow the compiler to generate faster code by allowing it to perform operationssuch as method lookup at compile time.¥The compiler can perform type checking to find simple errors such as passing a value ofone type to a function that is expecting a value of a different type.¥Declaring types of function parameters and results serves to document the code.For the purposes of type inclusion, a type is its own supertype and subtype.Due to the common use of generic types, the compiler�s type checking is necessarily limited.In particular, when an expression of type t1 is assigned to a variable of type t2 or passed as aparameter to a function that expects type t2, the compiler usually will give an error or awarning if t1 is not t2, t1 is not a superclass of t2, and t2 is not a superclass of t1. This doesnot mean, however, that the semantics of function parameter and return type declarationsare any different from their standard interpretations�when a function parameter is declaredtype t, every value passed as that parameter must be a member of type t, and when a func-tion result is declared type t, the function must return a value that is a member of type t asthat result�the only difficulty is that the compiler is not able to do full type checking, so itusually follows the rules outlined above.For example, integer and boolean are both subclasses of the object class (see Figure 3-2), but they are otherwise unrelated to each other. Thus an integer can be passed to afunction that expects an object, an object can be passed to a function that expects aninteger, but a boolean cannot be passed to a function that expects an integer. The sec-ond possibility, passing a more general type to a function that expects a less general one, isincluded to handle the common case of extracting values from general storage class. One

Revised Concurrent Smalltalk Manual7could, for example, keep a pair of integers and desire to add the pair�s car and cdr to-gether. Since a pair is a generic data structure, it can contain values of type object; a com-piler has no simple way of knowing at compile time that the pair will contain integers, sothe best it can deduce is that the pair�s car and cdr are objects.Types can be declared as follows:¥To specify the type of a local or an instance variable, follow the variable name with acolon and its type. Several locals can be declared using the same type by separating theirnames with commas.¥To specify the type of a function or method formal, follow the formal name with a colonand its type. Several formals can be declared using the same type by separating their nameswith commas.¥To specify the result type of a function or method, follow the list of formals with a colonand the result type1.¥A type of an intermediate result can be specified using a type-assertion statement2.The three kinds of declarations are illustrated in Figure 2-5, yet another copy of the Fi-bonacci program. All untyped variables, parameters, and functions and methods are typedobject by default.(defun tfib (n:integer):integer(if (<= n 2)1(clet((a:integer (tfib (- self 1))) (b:integer (tfib (- self 2))))(+ a b)))Figure 2-5. Fibonacci program with typesThere are three type declarations here. In order, they are a declaration of the parameter type of n, a declaration oftfib�s result type, and declarations of the types of the local variables a and b.ConcurrencyConcurrency is expressed in Concurrent Smalltalk in several ways:¥Concurrent argument evaluation. In(+ (big-computation 3) (time-sink 738))the expressions big-computation and time-sink can be evaluated concurrently.¥ Expressions in concurrently and nconcurrently statements may be evaluated con-currently.¥The variable bindings in clet and let statements can also be evaluated concurrently.For example, the expressions big-computation and time-sink can be evaluated concur-rently in(cset a (big-computation 3))(cset b (time-sink 738))(+ a b)as well as in(let ((a (big-computation 3)) (b (time-sink 738)) (+ a b))

1See also return values in Section 3.5 for a description of specifying types of multiple results.2See Section 3.6.

8Revised Concurrent Smalltalk Manual¥The computations in assignments using cset and in function calls whose result valuesare unused can be done concurrently with neighboring statements.Note that, in general, there is no guarantee of concurrent execution�components of nconcurrently, concurrently, clet, and let statements may be serialized. There is one way to ensure concurrency when running on a J-Machine: any functions called inside nconcurrently and concurrently statements or clet and let bindings whose results are not referenced inside those statements or bindings are guaranteed to run concurrently if these functions are declared &not-inline. Note, though, that the interpreter built into Optimist does not support concurrency and will serialize all computations.

The action of a cset can be thought of as storing a promise (known as a cfuture) to calculatethe value of a variable. For example, after(cset a (big-computation 3))is executed, a will contain either the value of (big-computation 3) or a cfuture promisingto deliver that value when it is needed. If a contains a cfuture, (big-computation 3) isevaluated in parallel by a different task. At the same time, execution of the method can pro-ceed and the method can perform another time-consuming task. It will not have to wait for(big-computation 3) to complete until the value of a is needed.Sometimes it is desirable to explicitly wait until the value of an expression is available beforecontinuing. This is called either touching the expression. Touching an expression that eval-uates to a normal value does nothing. Touching an expression that evaluates to a cfuturecauses evaluation to wait until the value of the cfuture is available.An expression can be touched using the touch statement. Since built-in methods and func-tions usually touch, touching is rarely done explicitly.The reference manual in Chapter 3 defines more precise semantics for what expressions mayor may not be evaluated concurrently.Locks(defclass resource (object) l:lock � other fields)(defmethod init resource () (cset l (new-simple-lock)) ;Creates an initially available lock � other initialization code)(defun new-resource () (init (new resource)))(defmethod access resource (parameters) (acquire l) � code to perform the access using parameters � (release l))(defmethod access2 resource (parameters) (with-locks (l) � code to perform the access using parameters �))Figure 2-6. Lock ExampleThis example defines a class resource that contains a lock. Every call to access acquires the lock when itstarts and releases it when done, so the code in the middle of the access method cannot be interrupted by an-other access method. The with-locks macro is a convenient shorthand for acquiring and releasing locks; theaccess method could have been rewritten as access2.Locks are used to synchronize computation by Concurrent Smalltalk programs. Locks areespecially useful around critical sections of code where only one process may access a re-

Revised Concurrent Smalltalk Manual9source; a process that wants the resource acquires a lock before accessing the resource andreleases it when it is done. Two variants of locks are provided. simple-locks are fast lockswhich, however, perform poorly when many processes are waiting for a resource; simple-locks should be used in situations in which the probability of contention for a resource issmall. queueing-locks are slower locks designed to handle a large amount of contention.As an example of the use of locks, suppose one wants to restrict the use of a resource so thatonly one process can access it at a time. To accomplish this exclusion, a lock can be associ-ated with the resource, in which case every process should acquire the lock before using theresource and release it when done. Figure 2-6 shows sample code used to access the resource.Distributed Objects(defclass distarray (distobj) value)(defun new-distarray (size:integer) (new distarray size)(defmethod get distarray (index:integer) (get-value (co group index)))(defmethod put distarray (index:integer new-value) (set (get-value (co group index)) new-value))(defmethod size distarray () (logical-limit self))Figure 2-7. Distributed Object ExampleThis example defines a class distarray used for distributed arrays. The get method returns the element atposition index in the array; since each constituent contains only one element of the array, the get method returnsthe value in the constituent specified by the given index. Similarly, the put method routes the message to theconstituent specified by index, where it stores new-value. The size method simply returns the array�s size.Whereas standard objects serialize messages sent to them1, distributed objects can acceptand process many messages at a time. A distributed object is comprised of an array of con-stituent objects and a common, group name. When a message is sent to the group name, theoperating system routes it to a constituent of its choosing. The constituent can then processthe message or send it to another constituent; constituents know how to address each other.The co primitive is used to find a particular constituent of a distributed object, while thegroup instance variable can be read to determine the group name of a distributed objectgiven one of its constituents.For example, a large array might be implemented as a distributed object. When a get mes-sage is sent to the array to read a value of a particular element, the message is routed to oneof the constituents. That constituent examines the given index and forwards the message tothe constituent containing the element, which reads and returns the value.Figure 2-7 shows a simple example of the use of distributed objects to create a distributed ar-ray. Each constituent contains only one element of the array to keep this example short; abetter implementation would use a simple-array at each constituent to reduce the numberof constituents needed.The advantages of using a distarray class like the one in Figure 2-7 is that many accessescan be made to the array simultaneously; they do not have to pass through a common bottle-neck to access the array. In addition, as will be clarified in Section 3.3, the get and putmethods do not access any instance variables of distarray themselves, so they could be in-

1Except for a few special cases such as immutable objects and messages which do not need to access an object�s datato execute, only one message may be processing on a standard object at a time.

10Revised Concurrent Smalltalk Manuallined wherever they are called1; thus, reading or writing the distarray in Figure 2-7 couldinvolve only two message sends, which is no less efficient than reading or writing a simple-array.MacrosConcurrent Smalltalk provides a macro facility which can be used to extend the language. Amacro consists of a pattern and a replacement. The pattern can contain variables or key-words. If it matches with an expression, that expression is replaced by the replacement,which can be either another pattern or a Common Lisp function2. Much of the language it-self has been implemented in terms of macros. Figure 2-8 contains a sample macro which de-fines a when form that is the equivalent of a Common Lisp when3.(defmacro (when ?test . ?body)(if ?test(begin . ?body))Figure 2-8. when macroThe when form defined by this macro takes a test and a number of statements comprising the body. If the test istrue, the statements are executed one after another, as in begin. If the test is false, when returns nil. Thismacro takes advantage of the fact that if returns nil if there is no else-clause and the condition is false. TheLisp dot notation is used to indicate that the body forms the rest of the given list.

1The compiler�s handling of group would have to change a little to permit this optimization; the compiler currentlytreats group solely as an instance variable, but there is no intrinsic reason why the compiler could not provide a by-pass path that checks whether a method was called on a group ID (as opposed to a constituent ID) and just uses thegroup ID if it was provided instead of always using the group instance variable. When this optimization is imple-mented, distributed arrays such as the one above will be as efficient as simple arrays.2Concurrent Smalltalk functions may be added as replacements later, when the entire compiler and developmentsystem is rewritten in Concurrent Smalltalk.3This macro is defined in the runtime library.

Revised Concurrent Smalltalk Manual11Chapter 3. Concurrent Smalltalk Reference3.1. IntroductionConcurrent Smalltalk (CST) is a concurrent descendant of Smalltalk. It is an object-orientedprogramming language developed for multiple instruction/multiple data concurrent comput-ers such as the J-Machine. It is an interesting language for a message-passing concurrentcomputer because it encourages locality and disciplines the use of message-passing.GoalsConcurrent Smalltalk is a high-level language intended for general-purpose programming ofthe J-Machine. It was created and revised with the following goals in mind:¥Expressiveness. Concurrent Smalltalk must be expressive enough to support the paral-lel programming paradigms we desire to research on the J-Machine. In particular, it mustsupport object-oriented programming and fine-grained parallelism. Also, since a large part ofthe Concurrent Smalltalk runtime system is written in itself, Concurrent Smalltalk mustsupport higher-order features such as reasoning about classes of objects.¥Consistency. Features which would interact destructively with other features were leftout. For example, become, although a useful Smalltalk-80 construct, would confuse the typesemantics so it was left out.¥Simplicity. Concurrent Smalltalk should be as simple as possible. In order to reach thegoal of simplicity, Concurrent Smalltalk should consist of a few orthogonal concepts. It isvery important that Concurrent Smalltalk contain no surprises�one should be able to tellwhat a program should do by reading it. Features involving action at a distance (i.e. havinga statement invisibly affect another statement far away) were intentionally excluded.¥Familiarity. Programmers familiar with existing languages should be able to carry overtheir experience to Concurrent Smalltalk. Also, corresponding features should act in thesame ways, which reinforces the �no surprises� philosophy. On the other hand, ConcurrentSmalltalk is most similar to Smalltalk-80, Common Lisp, and Scheme in this respect. Hence,static scoping is used for variables.¥Efficiency. It is important to be able to compile Concurrent Smalltalk programs into ef-ficient machine code. An efficient implementation allows a programmer to concern himselfprimarily with algorithms and implementation rather than performance tuning. ConcurrentSmalltalk is not a tightly bound low-level language in order to give the compiler latitude inoptimizing code.¥Commonality. The sets of built-in classes and methods presented in this language spec-ification are by no means minimal. However, the built-in classes are frequently used andwere included in order to provide a common base for Concurrent Smalltalk programs. Theinclusion of frequently used classes has three advantages:¥The built-ins are implemented only once, saving time and effort.¥The built-ins provide a consistent functional and naming specification.¥The built-ins can be optimized for efficiency.

12Revised Concurrent Smalltalk ManualFormatBNFThe syntax of commands is presented in BNF. Literals are presented in bold, while non-ter-minals and metasymbols are plain. There are two enhancements to the BNF syntax:The {expr1 | expr2 | � | exprn} form specifies that each expr can appear at most once, butthey can appear in any order. The symbol ” expr form is a macro used for readability. Itspecifies that whenever symbol appears, it should be replaced by expr before any productionsare done.Methods, Functions, and PrimitivesThe declarations of methods and functions are presented in a syntax similar to that used bydefmethod. To give an example,(move what:robot x, y, z:integer theta:float):resultMethoddeclares a method called move of class robot that takes a receiver argument what of classrobot, three integer arguments, x, y, and z, and a float argument, theta. That methodreturns an object of class result.Sometimes an abstract class like number is declared that has no direct instance objects; in-stead, every object of class number is also an object of one of number�s subclasses. Methodsof an abstract class may or may not have definitions for that class. A method that does nothave a definition for the abstract class is called an abstract method. For example, + is an ab-stract method of class number; there exists no generic method to add two arbitrary numbers.Instead, when + is called on two numbers, the definition of + for either the class integer orthe class float is used. Were a third number subclass, complex-number, defined, it wouldhave to define its own + method. On the other hand, the zero? method of class number isnot abstract because it uses the = method (a method defined on all numbers). Thus, com-plex-number does not have to define its own zero? method.The right side of the declaration line indicates the kind of entity being described. Abstractmethods are indicated by the words Abstract Method. Primitives and macros are indicatedby the word Primitive or Macro; they are not first-class values and cannot be manipulatedfrom within the language. To use a primitive such as eq as a first-class function, declare anew function feq that calls eq on its two arguments.

Revised Concurrent Smalltalk Manual133.2. SyntaxTokensA Concurrent Smalltalk token is an arbitrarily long string composed of the characters A-Z, a-z, 0-9, _, !, ?, %, +, -, *, /, ., <, =, >, &, @, and ^. The characters !, ?, &, and @ may not beused at the beginning of a token, and a token may not be composed entirely of periods (.) orunderscores (_). Also, tokens beginning with an underscore (_) or a percent sign (%) are re-served for system purposes and macros and should not be used by user programs. Case isnot significant.A token is considered to be a number if it consists entirely of the characters 0-9, _, +, -, /, .,E, or I; it contains at least one digit; it begins with +, -, or a digit; and it does not end with adigit. These rules are borrowed from Common Lisp. E introduces an exponent, while I canbe used for complex numbers if they are implemented. Any token that is not a number is anidentifier.IdentifiersConcurrent Smalltalk uses static scoping of identifiers. Local identifiers shadow identicalglobal identifiers, and the meaning of an identifier can be determined by its location in thetext of the program. Global identifiers are introduced by the following top-level statementsand their derivatives:¥defconstant, to define a constant;¥defglobal, to define a global variable;¥defclass, to define a class;¥defselector, to define a method selector;¥define, to define one global identifier in terms of another.The syntactic sugar defmethod expands into, among other statements, a defselector, de-fining a global identifier. Similarly, defun expands into a defconstant statement that de-fines the function.Except for classes, the above categories share a single name space. Redefining a global iden-tifier causes an error or a warning unless the new definition is identical to the old one. Classnames have lower precedence than other global identifiers, so a global constant can shadow aclass name.All macros are global; however, macros are also in a name space separate from the oneshared by the above categories. Since macros match patterns instead of just names, twomacros may share the same name. If more than one pattern is applicable, one is chosen atthe implementation�s discretion. Whenever a macro is applicable, it is expanded, unless oneof the literals specified in the macro pattern is shadowed by a local identifier.Local identifiers are introduced by the following statements and their derivatives:¥lambda and defun introduce the names of formal parameters.¥method-lambda and defmethod introduce self, group, names of the instance vari-ables, and names of the formals. If a name conflict occurs between the formals, instancevariables, self, and group, the results are unspecified.¥let, clet, mv-clet, and mv-let introduce names of the locals.¥lambda, method-lambda, defun, defmethod, block, and loop introduce the names ofcontinuations.

14Revised Concurrent Smalltalk ManualAll of the shadowing rules are summarized in Figure 3-1.GlobalLocalLanguageLocal

SelfInstanceVariablesGroupContinuationsContinuationFormalsLocalVariablesContinuations

PredefinedClasses

SymbolsNilTrueFalse’identifier#:identifieridentifier

�#’identifier

�? Macro Variables! Macro Variables!identifier in macro?identifier in macro

Keywords&identifier(option identifier)CompilerOptions

ClassesGlobalsConstantsPredefinedConstantsPredefined FunctionsPredefined SelectorsParametersFunctionsSelectorsPrimitivesTop-LevelFormsMacrosPredefinedMacrosFigure 3-1. Scopes of IdentifiersThe scopes of various kinds of identifiers are shown above. Except for macros, sets of identifiers connected bythick lines are mutually exclusive and may not contain duplicate names. To find the meaning attributed to an iden-tifier, follow the arrows from the bold pattern indicating the identifier�s usage to the first box that contains the identi-fier. For example, if i is encountered in a program, it is first checked to be a local in the innermost scope, then alocal in the next innermost scope, and so on until the global scope is reached. If i is not a valid macro pattern, it ischecked against the globals, parameters, and constants, and finally classes. On the other hand, if #:i is encoun-tered, i is checked against the names of classes only. #’i searches only globals, parameters, and constants,both user and predefined.

Revised Concurrent Smalltalk Manual15Identifiers that are not defined globally1 or in any enclosing scope are defined as globals.They must be defined before they are used. The exceptions to this rule are identifiers en-closed in quote or class statements listed below.(global identifier)Primitive#’identifierglobal returns the global identifier identifier, which, if already defined, must be a global(not a class). If identifier is not already defined globally, it is defined as a global.(class identifier)Primitive#:identifierclass returns the global class class. Since classes are in a separate name space from otherglobals, no error occurs if there is already a global identifier defined with the same name asidentifier.Symbols(quote constant)Primitive

’constant constant ::= nil | true | false | identifier | number | character | string | list list ::= (constant*)

Symbols can be specified by preceding including them in a quote form as above, which canbe abbreviated by a quote mark (’). When presented with an identifier, the quote expres-sion evaluates to a symbol. Any valid identifier except nil, true, and false can be used�symbols cannot be captured by any scope, nor can they be globally redefined. nil, true, andfalse are treated specially�( q u o t e ˚ n i l ) returns the null object n i l , while(quote˚true) returns the boolean true and (quote˚false) returns the boolean false.(quote number), (quote character), and (quote string) just return the number number,character, or string.quote also accepts lists of constants (which may be other lists) in parentheses. Any such lists are constructed using cons. An empty list generates nil.

ConstantsA few constants are predefined. Some of these are listed in Table 3-1 below. In addition, anynumber can be specified by just including the number. Characters can be specified bypreceding them with #\. Strings can be specified by enclosing them in double quotes (").Double quotes can be included inside strings by preceding them with \.Table 3-1. Predefined ConstantsConstantValueClassTRUEtruetrue2FALSEfalsefalse3NILnilnull

1It is up to the implementation to define the meaning of a global definition here. When a file is compiled, an im-plementation might choose to read all of the definitions in the file and then compile the code, or it could compile thefile incrementally. In the latter case forward-referenced identifiers will be considered undefined.2Since true is a global constant, #:true has to be used to refer to class true. Also, class true is a subclass of classboolean.3Since false is a global constant, #:false has to be used to refer to class false. Also, class false is a subclass ofclass boolean.

16Revised Concurrent Smalltalk ManualCommentsComments may be placed anywhere in source files. A comment starts with a semicolon (;)and is terminated by the end of the line. Comments are treated as if they were line breaksby the reader.

Revised Concurrent Smalltalk Manual173.3. Programsprogram ::= (top-level | statement)*A Concurrent Smalltalk program is a sequence of top-level forms. Additionally, an imple-mentation may allow begin and if as top-level forms if test is a constant expression andstatements in body, consequent, and alternative are top-level forms. Other statements mayalso be allowed at the top level by extended implementations. Statements at the top level areexecuted sequentially as if they were enclosed in a begin.Constant ExpressionsConstant expressions are expressions that have to be evaluated at compile time. A constantexpression can include any expression or function call, except that constant expressions maynot produce distributed objects as values and may not call functions that use futures.Global DefinitionsAll constants, parameters, and globals reside in a single name space; in general, redefiningan identifier with a different meaning causes an error. Macros reside in a separate namespace and do not conflict with each other or any other global objects (although they may beshadowed by local static scoping).(defconstant name[:type] value)Top-Level Primitivedefconstant defines a constant named name. The constant can be any valid ConcurrentSmalltalk type. If type is specified, the value must have that type. Once a constant is de-fined, it may not be changed (another constant is accepted, though, if it has the same value).Constants encountered in methods are replaced by their values at compile time. Value mustbe a constant expression. Predefined constants are listed in Table 3-1.Language primitives and built-in functions and selectors are defined as global constants.(defparameter name[:type] value)Top-Level Primitivedefparameter defines a parameter named name. The parameter can have any valid Con-current Smalltalk type. If type is specified, the value, if present, must have that type. If notype is specified, type is assumed to be object, the most general type. Parameters encoun-tered in methods are replaced by their values at compile time. Value must be a constant ex-pression. Unlike constants, parameters may be redefined at the top level, but their typesmay not be changed. The value of a parameter may not be changed by a running program.User functions and selectors defined using defun, defmethod, and defselector are de-fined as parameters. Hence, they may be redefined.(defglobal name[:type] [value])Top-Level Primitivedefglobal defines a global named name. The global can have any valid ConcurrentSmalltalk type. If type is specified, the value, if present, must have that type. If no type isspecified, type is assumed to be object, the most general type. Value must be a constant ex-pression.A global may be defined several times, but only the value from the first definition is used.Nevertheless, all definitions of a global must have the same type.

18Revised Concurrent Smalltalk Manual(define name name)Top-Level PrimitiveThis primitive defines the first name as an alias for the object specified by the second name.For example, if the second name refers to a global, after this primitive is executed, bothnames will refer to the same global.(undef name)Top-Level PrimitiveThis primitive removes the top-level definition of name, if any. It should be used with cau-tion, as it is possible to bring the system into an inconsistent state using undef.

Revised Concurrent Smalltalk Manual193.4. ClassesBuilt-in ClassesA few classes are predefined. These are listed in Table 3-2, and their hierarchy is shown inFigure 3-2. The defclass primitive can be used to define other classes, which may be basedon the built-in ones shown in bold in Figure 3-2.Defining New Classes(defclass class {class-declaration} superclassesTop-Level Primitive instance-var-spec*)class ::= namesuperclasses ::= (class+)instance-var-spec ::= typed-names | (typed-names {instance-var-declaration})typed-names ::= name (, name)* [: type]instance-var-declaration ” &reader names|&writer names | &cwriter names |&cas-er namesnames ::= name | (name*)defclass defines a new Concurrent Smalltalk class. A class is a template for specifying ob-jects and methods. Each object belonging to the class contains the instance variables definedin the class definition as well as the instance variables inherited from its superclasses, if any.In the class definition, class is the new class name. It is followed by an optional declaration,described later, the class�s superclass list, and finally the additional instance variables de-clared by the class.Class InheritanceEach user-defined class must have at least one superclass, but it may have more than one. Aclass inherits the instance variable and method definitions from its superclasses. It may addits own instance variables and methods, and it may attempt to override existing methods. Ifa class is overriding a method, the new method must be a subtype of the existing one.A simple form of multiple inheritance is allowed. Two or more superclasses may be specifiedfor a class under the following conditions:¥There must be no instance variable conflicts among the superclasses. Formally, this re-quirement is satisfied if and only if out of the superclasses s1, s2, � sn provided there is one sisuch that if v is an instance variable of sj, 1£j£n, then v is an instance variable of si or one ofits superclasses.¥There must be no inherited method conflicts among the superclasses. Formally, thismeans that if selector s is associated with method mi for superclass si and method mj for sj,then mi and mj are the same method (Textual equivalence of the method code is not enough;mi and mj must �point� to the same method).The class then inherits all of the instance variables and all methods from all of its super-classes.

20Revised Concurrent Smalltalk ManualInstance VariablesAfter the superclasses in the class declaration is a list of new or redefined instance variables.Instance variables without any type are given the type object. An instance variable may bespecified to have the same name as an instance variable of one of the superclasses. If so, thespecified type must be a subtype of the original instance variable�s type, and either both orneither must be inline.Reader and Writer MethodsA few methods are automatically defined when a class c is defined. For each instance vari-able x of c, two functionally identical methods are defined, named x and get-x, that, whencalled on an object o of class c, return the value of x in o. These methods are called readermethods; two are defined in order to avoid name conflicts with instance variables. Similarly,a writer method put-x is defined that, when called on an instance object o of c and a newvalue v of x, and assigns v to x in o and returns o. Furthermore, a cwriter method cput-x isdefined that behaves just like the writer method put-x except that it is not strict�it doesnot necessarily touch its second argument v. Finally, a cas-er method cap-x is defined thatperforms an atomic compare-and-put operation: (cap-x˚o˚comparison˚replacement) checkswhether the value of instance variable x in o is eq to the value of comparison. If so, it storesthe value of replacement in x and returns true; otherwise, it returns false.If it is desirable to produce reader, writer, cwriter, or cas-er methods with names differentfrom the defaults, the &reader, &writer, &cwriter, and &cas-er options can be used tospecify the new names. More than one method name may be specified for an instance vari-able. If &reader, &writer, &cwriter, or &cas-er is used, the corresponding defaultmethod name is not defined. For example, if &writer is used with an empty list of names,the corresponding writer method name is not defined.Class Definition Optionsclass-declaration ”&immutable |&predicate namesA class definition allows a couple of options which are described in more detail below.Objects of an immutable class declared with the &immutable option may be shallow-copiedat any time at the system�s discretion, which can lead to significant performance improve-ments. They are also often passed by value to methods and functions. It is not necessarythat no methods ever write to instance variables, but only that the effects of such writes notbe visible outside the class data abstraction. The compiler is free to ignore &immutable dec-larations.The &predicate option defines the name or names of the class predicate. A class predicateis a function that returns true when called on an object of the specified class or its sub-classes and false on all other objects. The default name of a class predicate is obtained byconcatenating a question mark (?) to the end of the class name, so (integer?˚x) testswhether x is an integer.

Revised Concurrent Smalltalk Manual213.5. Methods and FunctionsIntroductionMethods and functions are the basic blocks of computation in Concurrent Smalltalk. Eachmethod and function can accept a number of arguments, which are assigned to the formalsfor the duration of the execution of the body of the method or function. Furthermore, amethod has a special first argument, called the receiver, which contains an object of themethod�s class on which the method was called. In general, methods and functions executeconcurrently unless explicitly synchronized. This is true even if they are accessing sharedobjects.Formalsformal-spec ::= typed-opt-names | (typed-opt-names {formal-declaration})typed-opt-names ::= opt-name (, opt-name)* [: type]opt-name ::= name | _formal-declaration ” &value | &no-leak | &name nameA method�s or function�s formals are listed when the method or function is declared. Eachname specifies the name of a formal. Typed-opt-names specifies one or more names separatedby commas followed by an optional type. The character _ can be used to indicate anunnamed formal; unnamed formals accept arguments but cannot be referenced from withinthe method or function. If type is not present, it defaults to object. If the long form of aformal-spec is used, the formals in typed-opt-names can be declared using declarations.Arguments are passed by value, just as in Smalltalk-80, Scheme, and Common Lisp. Thetypes of the arguments to the method or function must be subtypes of the types of the corre-sponding formals. A method or a function may assign a value to a formal, which onlychanges the method�s or function�s local value. Of course, a method or a function is also freeto mutate a formal using some other method; such changes are visible to the outside. Thiskind of mutation corresponds to communication via shared objects.A formal may be declared &value, which means that, at the implementation�s discretion, themethod or function may be passed a shallow copy of the argument when it is called. Thus,not only is the formal passed by value, but its first-level structure may also be passed byvalue. All formals declared using an &immutable class are automatically declared &value.Declaring a formal &no-leak is a hint to the compiler that the value of the formal is notpassed out of the method or function, and it will not be referenced after the method or func-tion returns. Thus, the implementation is free to perform a shallow deallocate on the valueof the formal when the function returns. This declaration is especially helpful for argumentsof type funct. The compiler is free to ignore this declaration.&name can be used to name an anonymous function or method. The name is saved for de-bugging purposes. &name is only allowed in a lambda or a method-lambda.Return Valuesreturn-specs ::= : type | :: (return-spec*)return-spec ::= typed-names | (typed-names {return-declaration})typed-names ::= name (, name)* [: type]return-declaration ” &valueA method�s or function�s return specification may be listed when the method or function isdeclared. Most methods and functions return only one value. For these functions, the short

22Revised Concurrent Smalltalk Manualform, consisting of a colon (:) followed by the return type, is adequate. If the return type isobject, the entire return specification can be omitted altogether.The long form of declaring a method�s or function�s return types uses the double colon (::)notation and allows explicit naming of the return continuation. The name is called a contin-uation name. Continuation names are lexically scoped and may be referenced in the body ofthe method or function. The syntax and semantics of continuation declarations are analo-gous to those of formals, and the continuation names reside in the same namespace as formaland variable names. The only declaration allowed is &value. If the short form is used, a de-fault continuation name continuation is used. Some implementations may also allow re-turning multiple values. Multiple values do not all have to be returned at the same time, butall have to be returned at most once by the time the method or function finishes.Since the implicit return statement at the end of a method�s or function�s body returns itsvalue to continuation, it is an error to allow execution to �fall through� the method orfunction to the implicit return statement unless one of the continuations is named contin-uation.Method and Function Declarationsfunct-declaration ”&non-strict |(&inline | &not-inline) |&side-effect-freeThe following declarations are allowed for methods and functions:¥The &non-strict declaration specifies that the arguments do not have to be touched be-fore the body of the method or function begins executing. Thus, the method or function mayat the compiler�s discretion receive cfutures in the formals. This declaration is useful mainlyfor inline functions.¥The &inline and &not-inline declarations specify that the method or function shouldor should not be included inline at the points where it is called. This declaration is only ahint, and the compiler does not have to obey it.¥The &side-effect-free declaration is a hint to the compiler that the method or func-tion does not perform any visible side effects on its arguments or on the global environment.This information lets the compiler better schedule calls to the method or function. This di-rective is also useful on methods and functions that do perform side effects; it tells the com-piler that those side effects are not essential. One example of a method that falls into thiscategory is a method operating on an immutable class of complex numbers that allows redun-dant representations in rectangular or polar form. The method could side effect a complexnumber to calculate its polar representation from its rectangular one, but that side effect isnot essential for the program to work correctly.The Calling ProcessWhen a function or a method is called, the values of the arguments are computed and as-signed to the formals. The formals are touched unless the function is declared &non-strict. After all formal values are evaluated, execution of the method�s expressions pro-ceeds as if the expressions were enclosed in an implicit block�initially the first expressionis evaluated, then the second one, and so forth. The value of the implicit block, which is thevalue of the last expression, is returned to the caller unless an exit or return statement isencountered first.Scoping of Local VariablesLocal variables are statically scoped. Any lambda or method-lambda created within amethod or a function is a full closure and may reference and alter the method�s or function�s

Revised Concurrent Smalltalk Manual23local variables. Similarly, the method or function may alter its locals, and such changes willbe visible to any lambda or method-lambda nested within it.If concurrency and efficiency are desired, however, such sharing should be avoided wheneverpossible. A lambda or method-lambda should declare its own temporaries for local compu-tations instead of using ones belonging to an outer static scope. If a method or functionwants to pass values into a closure, it should initialize the appropriate temporaries beforethe closure is created and not change those temporaries afterwards. The closure should notchange those temporaries either, unless it wants to pass a result back to the method or func-tion that created it.Functions(lambda (formal-spec*) [return-specs] {funct-declaration}Primitive body)lambda defines and returns an anonymous function. Formal-spec* is a list of the function�sformals and their types. Return-specs specifies the function�s return type, or, if it returnsmultiple values, the number of return values and their types. The function may also havedeclarations, as explained above. Body is a list of statements that form the body of the func-tion.(defun name (formal-spec*) [return-specs] {funct-declaration}Top-Level Macro body)defun defines a global function with name name, formals as specified in formal-spec*, returnvalues defined by return-specs, optional declarations funct-declaration, and body body.Methods(method-lambda class (formal-spec*) [return-specs] {funct-declaration}Macro body)method-lambda returns a method of class class. The resulting method does not have a se-lector. Nevertheless, it can be called as a function if the first argument is an instance objectof class. The other parameters are as in lambda.Method-lambda also introduces into the scope of body the names of the instance variables ofan object of class class as well as two special variables: self and group. self refers to thefirst argument of the method call, also known as the receiver object. If class is a subclass ofdistobj, group refers to the group name of the distributed object of which self is a con-stituent.(defselector selector)Top-Level Primitiveselector ::= namedefselector defines name as a selector. This primitive is rarely used explicitly, as all un-defined names are assumed to be selectors by default.(add-method selector class value)Top-Level Primitiveadd-method associates a method with its class and selector. When selector is called with areceiver object that belongs to class, value is called. Value should be a function or a method.(method selector class)Primitivemethod performs the inverse of the add-method operation�it returns the method associ-ated with selector and class. If no method is associated with selector and class, method re-turns nil.

24Revised Concurrent Smalltalk Manual(defmethod selector class (formal-spec*) [return-specs]Top-Level Macro {funct-declaration} body)defmethod defines a global method with the given selector and class. The rest of the syntaxis analogous to defun.When a method is called, the values of the selector and arguments are computed, and themethod associated with the selector and the class of the receiver object is found. Of course,this method may have been defined for a superclass of the class of the receiver object (i.e. itmay be inherited). It is an error occurs if no such method exists. Otherwise, the process ofcalling a method is the same as that of calling a function.

Revised Concurrent Smalltalk Manual253.6. Statementsvalue ::= statementexpression ::= statementbody ::= statement*In the definitions below, the non-terminals value, expression, and statement all refer tostatements, although value usually denotes a side-effect-free statement that is executed forits return value, expression denotes a statement that may have side effects but is executedmainly for its return value, and statement denotes a statement that is executed mainly for itsside effects. A body is a sequence of statements executed one after another just like inbegin; the value of a body is the value of its last statement.CfuturesCfutures (context futures) are the main means of achieving concurrency in Concurrent

Smalltalk. A cfuture is a promise to produce some value at a later time. Cfutures are generated by almost all primitive operations. touching a cfuture forces it to calculate and return its value. Cfutures are always eager�if left alone, they will tend to evaluate to their values.

Cfutures are intended to be very cheap�they can be created and touched in a few assembly language instructions.

Note that, unlike MultiLisp futures, cfutures are not guaranteed not to be touched�they may be touched at any time at the compiler�s and operating system�s discretion. In an extreme case, cfutures may be touched as soon as they are created, leading to a sequential implementation of Concurrent Smalltalk1.

Cfutures may have values of complicated expressions as their promises. For example, if (f3)=30, (g 7)=49, and (h 30 49)=79, during the execution of the statement(cset a (h (f 3) (g 7)))a may be computed in arbitrary order, and f and g need not have returned values by thetime the next statement is executed. If a is later touched, it will assume the value 79.The semantics become more complicated if the functions f, g, and h have side effects. Theorder of evaluation of arguments of function calls is undefined and may be parallel, so f andg may be evaluated in parallel. Furthermore, if h is declared &non-strict (as many built-ins are), the evaluation of h may overlap with the evaluation of its arguments. If, say, h doesnot use the value of its second argument until late in its execution, h may already be execut-ing while (g˚7) is still being calculated. Finally, if h can return without ever requesting thevalue of its second argument, (g˚7) may never be completely evaluated (since cfutures areeager, it will keep evaluating, but the entire program may finish before it is done). A goodexample of this phenomenon is (and˚b˚false), where the program can proceed withoutever determining the value of b.Argument EvaluationUnless a method or a function is declared &non-strict, method and function calls are strictwith respect to cfutures�the arguments of a method or function are guaranteed not to becfutures when the method or function begins evaluation. For example, in

1However, the J-Machine implementation guarantees concurrency in some cases, as outlined in the concurrencysection in Chapter 2.

26Revised Concurrent Smalltalk Manual(cset a (h (f 3) (g 7)))(cset b (k 10))(touch a)(cset c (l 10))(f˚3) and (g˚7) are guaranteed to be done evaluating before (h˚30˚49) begins evaluating. Also,(f˚3), (g˚7), and (h˚30˚49) are guaranteed to be done evaluating before the evaluation of (l˚10)is started. However, (k˚10) can be evaluated concurrently with any of (f˚3), (g˚7), (h˚30˚49), or(l˚10).The arguments of functions are evaluated concurrently. This means they may be evaluatedsequentially, in parallel, or any combination of the two. Using side effects can sometimeslead to deadlock. For example, suppose that the function release-lock releases a globallock and acquire-lock waits until the lock is released and then acquires it. Further, sup-pose that global-lock is originally acquired. Then, the expression(h (release-lock global-lock) (acquire-lock global-lock))can lead to deadlock because the implementation might choose to evaluate acquire-locksequentially before release-lock.Concurrent evaluation order is also distinct from an arbitrary sequential order. For example,suppose that c is a local variable with an initial value of 0 and consider the value of the ex-pression(cset a (+ (begin (cset c (+ 1 c)) c) (begin (cset c (+ 1 c)) c)))(touch a)(touch c)Under sequential evaluation of arguments, the final value of a would always be 3 and the fi-nal value of c would always be 2 when this expression completes. Under concurrent evalua-tion of arguments, the final value of c could be 1 if, say, both increments were done before ei-ther assignment to c. In this case, a would get the value 2.(touch expression)Primitive

(touch expression*)Macro

If expression is not a cfuture, touch does nothing. Otherwise, touch waits until the value ofthe cfuture is available and then returns that value. It should be kept in mind that if touchis used in a subexpression, other subexpressions may or may not continue evaluating whilethis touch is waiting. Also, a touch in a subexpression does not guarantee that the entireexpression will not yield a cfuture, as is demonstrated in one of the examples above.If more than one expression is specified, touch touches them all and returns the value of the last one. If no expressions are specified, touch returns nil.

Application Statement(funct arg*)Primitive

(funct @node arg*)Primitive funct ::= expression node ::= expression arg ::= expression

The first item of an application statement is either a method selector or a function. If it is aselector, the method corresponding to the selector and the class of the first argument is calledusing the arguments provided. If it is a function, it is applied to the specified arguments.The first item can also be any expression that evaluates to an object of type funct. Thevalue of the application statement is either the return value or a cfuture promising thatvalue.The order of evaluation of arguments is not specified; in fact, some of them may be (but arenot guaranteed to be) evaluated concurrently. The arguments are not guaranteed to betouched before being passed to the funct�some of them may be passed to the funct as futures

Revised Concurrent Smalltalk Manual27or even cfutures (However, all user-defined methods and functions not explicitly declared:non-strict will touch their arguments before their code begins executing). For example,(cset a (+ 0 a)) does not touch a, and (and b false) does not touch b.The node number where the function or method is to be executed can be specified explicitly as node. The J-Machine implementation will obey this directive and run the function or method on the node with NNR equal to node, which must be an integer and a valid node number (see Section 3.8). If no node is specified, the function or method is generally called on the node containing the first argument or a random node if there are no arguments or the first argument is a primitive constant; this node is what would be returned by the homenode call on the first argument (see Section 3.8). These defaults can be adjusted using the apply-default-local-node directive in Chapter 4.

The J-Machine implementation also performs optimizations if node is a recognizable form such as (local-node), in which case the function or method is more likely to be inlined.

Type Assertion(:type expression)PrimitiveThe type assertion statement asserts that the type of expression�s value is a subtype of type.It returns expression�s value. The compiler is not required to generate an error if expressionevaluates to a value that is not a subtype of type, but it may do so.Variable Bindings(clet (binding-spec*) body)Primitive

(clet* (binding-spec*) body)Macro binding-spec ::= typed-opt-names | (typed-opt-names {variable-declaration} [value]) typed-opt-names ::= opt-name (, opt-name)* [: type] opt-name ::= name | _ variable-declaration ” <none currently defined> clet creates local variable bindings and evaluates body within the scopes of those bindings.Each name specifies the name of a new variable. Typed-opt-names specifies one or morenames separated by commas followed by an optional type. The character _ can be used to in-dicate an unnamed local variable; unnamed local variables can be used to evaluate the initialvalue expression without binding a name in the static scope. If type is not present, it de-faults to object. If the long form of a binding-spec is used, the variables in typed-opt-namescan be declared using declarations and can be given an initial value. Value, the initial valueis an expression evaluated outside the scope of the clet. Each initial value is evaluated onlyonce, even if it is assigned to more than one variable. The new variables are bound concur-rently. Their initial values may be evaluated concurrently, and they are not guaranteed tobe touched by the time body begins executing�in body the new variables may still containcfutures.The value returned by a clet is the value returned by the last statement in body.clet* is the same as clet except that it brings the new variables into scope one at a time, so later variables can refer to earlier ones. As in clet, the new variables may be evaluated concurrently and are not guaranteed to be touched by the time body begins executing.

(let (binding-spec*) body)Macro

(let* (binding-spec*) body)Macro let is the same as clet except that all newly-bound variables are touched before body be-gins executing. As with clet, the initial values are evaluated concurrently.

28Revised Concurrent Smalltalk Manuallet* is the same as let except that it brings the new variables into scope one at a time, so later variables can refer to earlier ones. Unlike let, the new variables are evaluated sequentially.

(cset name expression)Primitivecset sets the variable name to expression. The variable gets either the touched value of expression or a cfuture promising to evaluate expression. cset returns nil.

(set name expression)Macroset sets the variable name to the value of expression. The value is touched before it is assigned to the variable, so the variable will not contain a cfuture or a future after this statement. set returns nil.

(cas name comparison replacement)Primitivecomparison ::= expressionreplacement ::= expressioncas (compare-and-set) is an atomic1 operation that checks whether the value of variablename is eq to the value of comparison. If so, the value of replacement is stored in variablename and cas returns true; otherwise, cas returns false. The value of variable name isnever a cfuture when cas completes.Multiple ValuesThe constructs below are used for receiving multiple values from methods and functions.Multiple values may not be supported by all implementations of Concurrent Smalltalk.(mv-cset (name*) (funct arg*))Primitivemv-cset sets the variables name* to the multiple values returned by (funct˚arg*). Thevariables get either the touched return values of expression or cfutures promising to evaluatethem. Some of the return values may be available before others. mv-cset returns nil.(mv-set (name*) (funct arg*))Macromv-set is just like mv-cset except that it touches all variables in name* before continuing.(mv-clet (mv-binding-spec*) (funct arg*) body)Macromv-binding-spec ::= typed-opt-names | (typed-opt-names {variable-declaration})typed-opt-names ::= opt-name (, opt-name)* [: type]opt-name ::= name | _variable-declaration ”(mv-let (mv-binding-spec*) (funct arg*) body)Macromv-clet and mv-let are just like clet and let except that they initialize the new vari-ables to the values returned by (funct˚arg*).Syntactic Sugar[arg*]MacroThis form is equivalent to (get arg*).

1In the current implementation, in order for cas to be atomic, neither name nor replacement can be a future. Ifreplacement could be a future, it should be forced before a cas is done. There is no easy solution if name could be afuture. Fortunately, there is usually little reason to store a future in a semaphore.

Revised Concurrent Smalltalk Manual29(cset (funct arg*) expression)MacroWhen the first argument of a cset is a function or a method call, cset is desugared into an-other function or a method call. The above forms are converted to (funct’˚arg*˚expression),where the identifier funct’ is obtained by appending the characters cput- to the beginning ofthe identifier funct, unless:funct is get, in which case funct’ is cput;funct is get-x, in which case funct’ is cput-x (x is any sequence of characters);funct is put, put-x, cput, cput-x, cap, or cap-x, in which case an error occurs.Funct must be a function name or a method selector. It may not be an expression or a vari-able reference. (funct˚arg*) may, however, be a macro or contain macros; these macros areexpanded before the above conversion takes place.For example, (cset˚(first˚sequence)˚3) is converted to (cput-first˚sequence˚3),while (cset˚[big-array˚7]˚12) is converted to (cput˚big-array˚7˚12).(set (funct arg*) expression)MacroWhen the first argument of a set is a function or a method call, set is desugared into an-other function or a method call. The above forms are converted to (funct’˚arg*˚expression),where the identifier funct’ is obtained by appending the characters put- to the beginning ofthe identifier funct, unless:funct is get, in which case funct’ is put;funct is get-x, in which case funct’ is put-x (x is any sequence of characters);funct is put, put-x, cput, cput-x, cap, or cap-x, in which case an error occurs.Funct must be a function name or a method selector. It may not be an expression or a vari-able reference. (funct˚arg*) may, however, be a macro or contain macros; these macros areexpanded before the above conversion takes place.For example, (set˚(first˚sequence)˚3) is converted to (put-first˚sequence˚3),while (set˚[big-array˚7]˚12) is converted to (put˚big-array˚7˚12).(cas (funct arg*) comparison replacement)MacroWhen the first argument of a cas is a function or a method call, cas is desugared into an-other function or a method call. The above form is converted to(funct’˚arg*˚comparison˚replacement), where the identifier funct’ is obtained by appendingthe characters cap- (compare-and-put) to the beginning of the identifier funct, unless:funct is get, in which case funct’ is cap;funct is get-x, in which case funct’ is cap-x (x is any sequence of characters);funct is put, put-x, cput, cput-x, cap, or cap-x, in which case an error occurs.Funct must be a function name or a method selector. It may not be an expression or a vari-able reference. (funct˚arg*) may, however, be a macro or contain macros; these macros areexpanded before the above conversion takes place.Flow of Control(begin body)Primitivebegin evaluates the statements in body sequentially, touching each one except the last be-fore it begins the next, and returns the untouched value returned by the last one. If thereare no statements in body, begin returns nil.(nconcurrently statement*)Macro(concurrently statement*)Macro?statementMacroThese macros evaluate the statements in statement* concurrently and return nil.concurrently waits until all statements have finished executing before returning, whilenconcurrently does not. ?statement is an abbreviation for (nconcurrently˚statement).

30Revised Concurrent Smalltalk Manual(if test consequent [alternative])Primitivetest ::= expressionconsequent ::= expressionalternative ::= expressionif evaluates the test expression, which must return either true or false. If it returnstrue, the consequent expression is evaluated and its value returned; otherwise, the alterna-tive expression, if any, is evaluated and its value returned. if is not guaranteed to touch thetest value. However, it is guaranteed to evaluate only the appropriate arm of the condi-tional.(when test body)Macro test ::= expression when evaluates the test expression, which must return either true or false. If it is true, when evaluates body and returns its last value. If test evaluates to false, when returns nil.

(unless test body)Macro unless evaluates the test expression, which must return either true or false. If it is false, unless evaluates body and returns its last value. If test evaluates to true, unless returns nil.

(cond (test body)*)Macro cond evaluates the test expressions, which must return either true or false, in order until it finds one that evaluates to true. That test�s body is then evaluated and its value returned. If no test evaluates to true, cond returns nil.

LoopsNote: Optimist now generates true loops which run on a single node until completed or until they suspend for some reason such as a non-inlined function call or remote data access.

Long, uninterrupted loops prevent other computations from taking place on the node and can cause network backups.

(while test body)Primitivetest ::= expressionwhile evaluates the test expression, which must return either true or false. As long as itreturns true, body is evaluated and test reevaluated. When test evaluates to false, whilereturns nil.(repeat body until test)Primitivetest ::= expressionrepeat first evaluates body and then the test expression, which must return either true orfalse. As long as it returns false, repeat goes back to evaluating body. When test evalu-ates to true, repeat returns nil.(for (name start end) body)Macro start ::= expression end ::= expression for evaluates body sequentially with variable name bound to consecutive integers starting from start inclusive and ending at end exclusive. If end is less than or equal to start, body is not evaluated. for returns nil. The values of start and end are evaluated before body begins executing.

Revised Concurrent Smalltalk Manual31Primitive Control(block continuation body)Macroblock is just like begin except that it allows the use of return and reply statements toleave it. The statements in body are evaluated as in a begin. Continuation specifies theblock�s continuation for use in return and reply statements.(_loop body)Primitive

(loop continuation body)Macro

_loop and loop define a loop body. The statements in body are evaluated as in a begin, except that after the last statement in body has been evaluated, the first statement is evaluated again, and so on. The loop does not terminate unless an explicit return or reply statement is encountered.

_loop generates a plain loop without defining a continuation; loop defines a loop with a continuation continuation which can be used in return and reply statements.

Returning ValuesSince the last expression in the method code is implicitly returned to continuation, thestatements below are necessary only if it is desired to return a value from the middle of amethod or function, if a block or loop should be terminated, if multiple values are being re-turned, or if a value is returned to a continuation with a name other than continuation.reply and exit should be used with caution, as exit may cause the caller to hang, whilereply may cause the caller to crash if two replies are inadvertently sent. Care must be takento reply to each continuation at most once�sending a second reply to a continuation will al-most certainly cause a system crash, and it is quite difficult to protect the system againstthis type of error. When using reply it is important to remember that there is an implicitreply of the last expression in the method code to continuation.ContinuationsContinuations are introduced by lambda, method-lambda, defun, defmethod, block, andloop. lambda, method-lambda, defun, and defmethod define the default continuationcontinuation unless told otherwise. They also reply to continuation if allowed to com-plete executing without an intervening exit. Thus, care must be taken when using nestedfunction and method definitions to make sure that reply and return reply to the right con-tinuation.Continuation manipulation can become quite complicated, and not all features have to besupported by all implementations. A minimal implementation only has to allow replying tothe innermost construct that defines continuations; hence, an implementation may restrictnon-local replies. A more sophisticated implementation may allow replies to all continua-tions accessible in the current lexical scope. Finally, an advanced implementation maychoose to make continuations first-class values of class #:continuation and allow them tobe stored in variables.(exit)Primitiveexit is a statement that hangs, never returning a value. In most cases exit can be thoughtof as exiting the current method or function, but it does not necessarily do so if used in acset, concurrently, nconcurrently, block, or loop statement, let or clet bindings, orsome other statement that permits parallel execution without synchronization.

32Revised Concurrent Smalltalk Manual(reply expression)Macro(reply (continuation expression)*)PrimitiveThe first variant of reply evaluates expression and sends its value to continuation. Exe-cution then proceeds with the next statement of the current method, if any. reply is notstrict�it may reply a future or a cfuture. The value of a reply statement is nil.The second variant of reply is used to return values to named continuations. The replytakes an even number of arguments; within each pair, the first argument is the continuationname and the second one its value.(return expression)Macro(return (continuation expression)*)Macroreturn is equivalent to a reply followed by an exit�the values of the expressions are sentto the caller, and the execution of the method or function terminates subject to the caveats inthe exit statement description.(return-value-expected?):booleanFunction(return-value-expected? continuation):booleanFunctionreturn-value-expected? returns true if the caller of the method or function is expectinga reply for continuation (or continuation if continuation is not specified). It is not guaran-teed to return false otherwise, so an implementation that always returns true is accept-able.

Revised Concurrent Smalltalk Manual333.7. Built-in Methods and FunctionsBuilt-in ClassesTable 3-2. Built-in ClassesClassMetaclassValues null�primitive-classnil symbolprimitive-classSymbols, including nil, but not true and false true�primitive-classThe boolean true false�primitive-classThe boolean false booleanprimitive-classThe booleans true and false characterprimitive-classASCII characters integerprimitive-class32-bit signed integers floatprimitive-classFloating-point numbers1 realprimitive-classReal numbers numberprimitive-classArbitrary numbers pairstandard-classLisp-style cons cells primitive-classprimitive-classPrimitive classes defined by Concurrent Smalltalk standard-classprimitive-classStandard (non-distributed) classes distributed-classprimitive-classDistributed classes class�primitive-classGeneral classes closureprimitive-classClosures functionprimitive-classFunctions, methods, and closures selectorprimitive-classMethod selectors functprimitive-classFunctions, methods, closures, and method selectors simple-streamstandard-classStreams for communicating with the outside world buffered-output-streamstandard-classBuffered output streams shadowing other streams streamstandard-classSources of input or destinations for output simple-lockprimitive-classVery cheap and simple locks queueing-lockprimitive-classMore expensive locks that queue pending tasks lockstandard-classGeneral locks integer-arrayprimitive-classSmall arrays of integers stringprimitive-classSmall arrays of characters boolean-arrayprimitive-classSmall arrays of booleans packed-arraystandard-classSmall arrays of packed objects general-arrayprimitive-classSmall arrays of arbitrary objects simple-arraystandard-classSmall arrays (confined to single processors) arraystandard-classArrays of arbitrary objects collectionstandard-classIndexed collections of objects distobjdistributed-classAll distributed objects physical-segmentprimitive-classCosmos physical segment descriptors

_object-headerprimitive-classCosmos low-level object header words

_contextprimitive-classUsed internally; no operations defined

_continuationstandard-classUsed internally; no operations defined objectstandard-classAll first-class values

Built-in classes are provided for reasons of efficiency and convenience. Many methods onbuilt-in classes are compiled into single assembly language instructions instead of methodcalls, improving their speed greatly. Other built-in classes may be defined by methods writ-

�This class name conflicts with another global name, so it has to be preceded with #: whenever it is used.1Floating point numbers may not be implemented in all Concurrent Smalltalk implementations.

34Revised Concurrent Smalltalk ManualObjectSymbolFunctionSelectorFunct

BooleanIntegerFloatNumber

CharacterSimple-LockQueuing-LockStreamSimple-StreamLock

Distributed-ClassClassStandard-ClassArrayInteger-ArrayBoolean-ArraySimple-Array

StringCollection

DistObjReal

TrueFalse

NullPrimitive-Class

Closure

Packed-Array

General-Array_Object-HeaderPhysical-Segment_Context_ContinuationPairBuffered-Output-Stream

Figure 3-2. Hierarchy of built-in classesThe superclasses are shown to the left of their subclasses. All classes are subclasses of object. Classes with metaclassprimitive-class are shown in bold, classes with metaclass standard-class are shown in standard type, and the oneclass with metaclass distributed-class is shown in italic. User-defined classes may be defined as subclasses of anyof the classes having standard-class or distributed-class as a metaclass.ten in assembly language and linked with the programs generated by the compiler. Arraysmay be defined this way. The built-in classes are listed in Table 3-2, and their hierarchy isshown in Figure 3-2.The metaclass of a class is the class of the class object itself. Metaclasses govern certain as-pects of class behavior such as inheritance and the action of new. Only classes havingstandard-class or distributed-class as a metaclass permit user-defined subclasses.At the implementation�s discretion some classes with primitive-class as a metaclass mayactually be instances of standard-class or distributed-class, but portable programsshould not rely on this.Primitive Selectors

Built-in methods are provided for the basic arithmetic and logical operations. The methods are explained in the following sections. Some built-in method calls compile into assembly

Revised Concurrent Smalltalk Manual35language instructions. The selectors and methods used for those calls are called primitive

(restricted in [3]), and user-defined methods cannot be defined for them. Moreover, the method directive cannot be used on primitive selectors to obtain methods. These selectors are listed in Table 3-3 and are also labeled in their descriptions.

Table 3-3. Primitive Selectorsnot and or xor lognot logand logor logxor< <= > >= = <>neg + - * / // mod ash integer-length

36Revised Concurrent Smalltalk Manual3.8. ObjectsObjects

(new c:standard-class):objectMacro

(local-new c:standard-class):objectMacro

(new-on node:integer c:standard-class):objectMacro

(new @node c:standard-class):objectMacro new, when applied to a standard class, creates and returns a new instance object of the specified class on a random node. The object�s data is not initialized.

local-new is the same as new except that the object is created on the local node. new-on creates the object on the specified node (see node numbers later in this section). The node number must be valid. For compatibility with older versions of Concurrent Smalltalk, node can also be one of the symbols (not expressions) ’here, ’west, ’east, ’south, ’north,

’down, ’up, ’neighbor, or ’random, which are shorthands for (local-node),

(direction-node west-direction), �, (neighbor-node), and (random-node).

However, the use of these shorthands is discouraged for future compatibility.

The last form, (new @node c), is just an alternate syntax for new-on.

new, local-new, and new-on can only allocate objects of standard classes of fixed-size objects. For lower-level primitives for allocating relocatable objects, see new-size, localnew-size, and new-on-size in Section 3.16.

Copiers(deep-copy o:object):objectMethoddeep-copy returns a copy of the object. Any of the object�s instance variables are also recur-sively copied using deep-copy. If the class of the object is immutable, deep-copy may justreturn the object it received. deep-copy may fail to terminate on circular object references.(shallow-copy o:object):objectMethodshallow-copy returns a copy of the object without copying any of the object�s instance vari-ables. If the class of the object is immutable, shallow-copy may just return the object it re-ceived.(copy o:object):objectMethodcopy is the most appropriate copying routine for a given object. It defaults to shallow-copy.DeallocatorsIn addition to waiting for garbage collection, the following methods can be used to explicitlydeallocate the storage for an object. Accessing an object after it has been deallocated causesan error.(deep-dispose o:object):nullMethoddeep-dispose deallocates the object�s storage. Any of the object�s instance variables are also recursively disposed using deep-dispose. deep-dispose should not be used on circular or multiple object references. Also, deep-dispose should not be called on a distributed object because it will just dispose one constituent, corrupting the distributed object structure.

Revised Concurrent Smalltalk Manual37(shallow-dispose o:object):nullMethodshallow-dispose deallocates the object�s storage without disposing any of the object�s instance variables. shallow-dispose should be used with caution on distributed objects, as it will only dispose one constituent; take care never to refer to the distributed object again after one or more of its constituents are deallocated.

(dispose o:object):nullMethoddispose is the most appropriate deallocating routine for a given object. It defaults to shallow-dispose. dispose should be used with caution on distributed objects, as it will only dispose one constituent; take care never to refer to the distributed object again after one or more of its constituents are deallocated.

Class Inquiries(symbol? o:object):booleanFunction

(null? o:object):booleanFunction

(false? o:object):booleanFunction

(true? o:object):booleanFunction

(boolean? o:object):booleanFunction

(character? o:object):booleanFunction

(integer? o:object):booleanFunction

(float? o:object):booleanFunction

(real? o:object):booleanFunction

(number? o:object):booleanFunction

(primitive-class? o:object):booleanFunction

(standard-class? o:object):booleanFunction

(distributed-class? o:object):booleanFunction

(class? o:object):booleanFunction

(closure? o:object):booleanFunction

(function? o:object):booleanFunction

(selector? o:object):booleanFunction

(funct? o:object):booleanFunction

(integer-array? o:object):booleanFunction

(string? o:object):booleanFunction

(boolean-array? o:object):booleanFunction

(packed-array? o:object):booleanFunction

(general-array? o:object):booleanFunction

(simple-array? o:object):booleanFunction

(array? o:object):booleanFunction

(collection? o:object):booleanFunction

(distobj? o:object):booleanFunction

(physical-segment? o:object):booleanFunction

(_object-header? o:object):booleanFunction

These predicates return true if the object is a member of the corresponding class or its descendants. Note that a few built-in classes don�t have predicates, including object,

_context, and _continuation.

(class-kind? o:object c:class):booleanMethod(class-member? o:object c:class):booleanMethodclass-kind? returns a boolean value that specifies whether the given object is an instanceof the given class or one of its subclasses. class-member? is just like class-kind? exceptthat it returns true only if the object is a direct instance of the given class.

38Revised Concurrent Smalltalk Manual(class-of o:object):classPrimitiveclass-of, when applied to an object, returns its class.(class-name o:object):stringMethod class-name, when applied to an object, returns the name of its class as a string. The name is derived from the class name in the source code by capitalizing it.

(subclass? c1, c2:class):booleanPrimitivesubclass? returns true if c1 is a subclass of c2 and false otherwise.Node Numbers

Machine node numbers (NNRs) are represented as integers for efficiency. The mapping from

(x,y,z) node coordinates to node numbers is implementation-dependent. For the J-Machine implementation, node numbers are NNR register values, which means that node numbers are not contiguous.

The following operations are provided to manipulate node numbers. All of the functions are inlined for efficiency by default.

max-x-node:integerConstant max-y-node:integerConstant max-z-node:integerConstant

These constants contain the maximum x, y, and z extents of the block of node numbers available to the current program. The allowable x coordinates range from 0 to max-x-node, inclusive, and likewise for y and z coordinates.

(make-nnr x, y, z:integer):integerFunction make-nnr returns the node number matching the given coordinates. The x, y, and z coordinates should be within range for the currently allocated J-Machine block; no range check or wraparound is done.

(nnr-x node:integer):integerFunction

(nnr-y node:integer):integerFunction

(nnr-z node:integer):integerFunction nnr-x, nnr-y, and nnr-z extract the coordinates from the given node number.

_node-mask:integerConstant

(_make-safe-nnr node:integer):integerFunction

The _node-mask constant is the node number of the node with the maximum x, y, and z coordinates. _make-safe-nnr masks any integer to become a valid node number.

(local-node):integerPrimitive local-node returns the node number of the node on which this statement is executed.

(random-node):integerPrimitive random-node returns the node number of a random node on the machine.

Revised Concurrent Smalltalk Manual39west-direction:integerConstant east-direction:integerConstant south-direction:integerConstant north-direction:integerConstant down-direction:integerConstant up-direction:integerConstant

(direction-node direction:integer):integerMacro direction-node returns the node number of the neighboring node in the given direction.

The mesh of nodes is considered to be a torus, so the direction-node relation wraps around the edges of the mesh. Direction must be one of the six integer constants above.

(neighbor-node):integerPrimitive neighbor-node returns the node number of a random neighboring node (one of the six neighbors returned by direction-node).

(home-node o:object):integerPrimitive home-node returns the node number of the node containing the given object. If the object is a distributed object, the node containing the nearest constituent is returned. If the object is a one-word primitive object not allocated on a heap, home-node returns a random node number. The home node of an object is where a function or method call on that object is generally executed.

40Revised Concurrent Smalltalk Manual3.9. Distributed ObjectsdistobjClassdistobj is the distributed object class.Group and ConstituentsA distributed object consists of a group name and one or more constituent objects. The con-stituent objects act just like normal objects except that they inherit methods and instancevariables from the class distobj and they respond to the group and get-group messages.A group name indicates the entire collection of distributed objects. When a method is calledon the group name, it is processed by one of the distobj�s constituent objects, as though themethod were called on that constituent object. The identity of the constituent object receiv-ing the message is left unspecified; implementations are encouraged to heuristically pick dif-ferent constituent objects for different calls to the group, thereby facilitating concurrency fordistributed object operations. When a constituent object is processing a method, self is theconstituent object, not the group name.Creation

(new c:distributed-class n-constituents:integer):distobjMacro new, when applied to a distributed class, creates and returns a new distributed object of the specified class with the given logical number of constituents. The constituents are not initialized.The distributed object that is created may contain more constituents than n-constituents.

The runtime system determines an appropriate physical number of constituents for the distributed object that is at least as large as n-constituents; the current implementation rounds up n-constituents to the nearest power of 2. The additional constituents should be prepared to respond to messages sent to the distributed object.

To allocate distributed objects with constituents of a parametrized size, see new-size in

Section 3.16.

Operations(co o:distobj n:integer):distobjPrimitiveco returns the nth constituent object of the distributed object. O can be either the group ob-ject or any of its constituents. N must be between 0 and the physical number of constituentobjects in the distobj minus one.(logical-limit o:distobj):integerMethodlogical-limit is the logical number of constituent objects in the distributed object.(physical-limit o:distobj):integerMethodphysical-limit is the physical number of constituent objects in the distributed object. Theconstituent objects are numbered between 0 and physical-limit minus one, inclusive.physical-limit is never less than logical-limit.

Revised Concurrent Smalltalk Manual41(index o:distobj):integerMethodindex is the number of a particular constituent object in a distributed object. index rangesbetween 0 and physical-limit minus one, inclusive.group:distobjInstance Variable(group o:distobj):distobjMethod(get-group o:distobj):distobjgroup is the inverse of co�it returns the group object of the given distributed object. O canbe either the group object or any of its constituents; if o is already a group object, group justreturns it. get-group is functionally equivalent to group; it is provided to avoid name con-flicts with the group variable inside distributed object methods.

42Revised Concurrent Smalltalk Manual3.10. Logical and Arithmetic OperationsComparisons(eq o1, o2:object):booleanPrimitive(neq o1, o2:object):booleanPrimitiveeq returns true if the two objects are indistinguishable�there is no legal way of distin-guishing o1 from o2. For mutable objects this means that o1 and o2 are the same object. Forimmutable objects, eq may in addition return true if o1 and o2 are different objects thatcontain the same data.neq is the logical negation of eq.(= o1, o2:number):booleanPrimitive Method

(<> o1, o2:number):booleanPrimitive Method

(= o1, o2:boolean):booleanPrimitive Method

(<> o1, o2:boolean):booleanPrimitive Method

(= o1, o2:symbol):booleanPrimitive Method

(<> o1, o2:symbol):booleanPrimitive Method

(= o1, o2:character):booleanPrimitive Method

(<> o1, o2:character):booleanPrimitive Method

These comparisons return true if o1 is equal to or not equal to o2, respectively. Equality means numeric equality for numbers; an integer is considered equal to a mathematically equal float.

(< m1, m2:number):booleanPrimitive Method

(<= m1, m2:number):booleanPrimitive Method

(> m1, m2:number):booleanPrimitive Method

(>= m1, m2:number):booleanPrimitive Method

(< m1, m2:boolean):booleanPrimitive Method

(<= m1, m2:boolean):booleanPrimitive Method

(> m1, m2:boolean):booleanPrimitive Method

(>= m1, m2:boolean):booleanPrimitive Method

These comparisons return true if m1 is less than m2, m1 is less than or equal to m2, m1 is greater than m2, or m1 is greater than or equal to m2, respectively. For the purposes of comparison, false is considered to be less than true.

Note that these comparisons will not work on characters. Use char<, char<=, char>, and char>= to compare characters.

Logical Operations(not b:boolean):booleanPrimitive Methodnot returns the logical negation of b.(and (b:boolean)*):booleanPrimitive Methodand returns the logical AND of its arguments. If no arguments are specified, and returnstrue.

Revised Concurrent Smalltalk Manual43(or (b:boolean)*):booleanPrimitive Methodor returns the logical inclusive OR of its arguments. If no arguments are specified, or re-turns false.(xor (b:boolean)*):booleanPrimitive Methodxor returns the logical exclusive OR of its arguments. If no arguments are specified, xorreturns false.(sc-and (b:boolean)*):booleanMacro(sc-or (b:boolean)*):booleanMacroThese are short-circuit versions of and and or. They evaluate arguments sequentially fromleft to right only as far as necessary for the answer to be unambiguously determined.Bitwise Logical Operations(lognot b:boolean):booleanPrimitive Method(logand (b:boolean)+):booleanPrimitive Method(logor (b:boolean)+):booleanPrimitive Method(logxor (b:boolean)+):booleanPrimitive Method(lognot b:integer):integerPrimitive Method(logand (b:integer)*):integerPrimitive Method(logor (b:integer)*):integerPrimitive Method(logxor (b:integer)*):integerPrimitive MethodThese methods perform bitwise logical operations. When called on booleans, they performthe same operations as not, and, or, and xor, respectively. When called on integers, theyperform the corresponding operations bitwise on semi-infinite two�s complement representa-tions of the integers, treating 0 as false and 1 as true. The integers do not have to be in-ternally stored in the two�s complement form; all that is necessary is that these operationsact as if they were. When supplied with no arguments, logand returns -1, while logor andlogxor return 0.Arithmetic OperationsFor most binary arithmetic operations, the class of the result is the class of the most generalargument. For example, if two integers are added, the result is an integer, but if an in-teger and a float are added, the result is a float. User-defined classes may define othernumeric subclasses, in which case they have to handle appropriate coercions themselves�if anumber is added to a member of a user-defined subclass of number, the + method for theuser-defined subclass will have to dispatch on the type of its second argument.Note: When using arithmetic operations, especially floating-point ones, the code generated will be much more efficient if the compiler knows the types of arguments. Specifically, neg,

+, -, *, comparisons, and ash will be compiled to direct floating point library calls rather than causing MDP exceptions if the compiler knows that they are applied to floats and the optimize-float-library-calls option is set; there is no need to declare types if these are used only on integers. On the other hand, abs and sqrt will be compiled more efficiently, avoiding a type check, if the compiler can deduce that they will be passed only floats or only integers.

(zero? n:number):booleanMethodzero? returns true if n is zero and false otherwise.

44Revised Concurrent Smalltalk Manual(plus? n:number):booleanMethod plus? returns true if n is greater than zero and false otherwise.

(minus? n:number):booleanMethod minus? returns true if n is less than zero and false otherwise.

(abs n:number):numberMethod abs returns the absolute value of n. The class of the result value is the same as the class of n.(max n1, n2:number):numberMethod

(min n1, n2:number):numberMethod max returns the greater of n1 and n2, while min returns the lesser one.

(neg n:number):numberPrimitive Abstract Methodneg returns the negation of n. The class of the result value is the same as the class of n.(+ (n:number)*):numberPrimitive Abstract Method+ returns the sum of its arguments. If no arguments are specified, + returns 0.(- n1, n2:number):numberPrimitive Abstract Method- returns the difference of its arguments, n1-n2.(* (n:number)*):numberPrimitive Abstract Method* returns the product of its arguments. If no arguments are specified, * returns 1.(/ n1, n2:number):numberPrimitive Abstract Method/ returns the quotient of its arguments, n1/n2. If n1 and n2 are both integers and n1 is notexactly divisible by n2, the result is a float. If n2 is zero, either an error occurs or somerepresentation of infinity is substituted as an answer.(// n1, n2:integer):integerPrimitive Method// returns the integer quotient of its arguments rounded towards -¥, ºn1/n2ß. If n2 is zero,either an error occurs or some representation of infinity is substituted as an answer. Having// round towards -¥ allows the use of ash to divide when the divisor is an integral power oftwo.(mod n1, n2:integer):integerPrimitive Methodmod returns the nonnegative remainder of dividing n1 by n2, n1-n2*ºn1/n2ß. If n2 is zero, ei-ther an error occurs or some representation of an indeterminate number is substituted as ananswer. Having mod return the nonnegative remainder allows the use of logand to find theremainder when the divisor is an integral power of two. When the remainder is nonzero, itssign is always the same as the sign of the divisor n2. Also, (+ (mod n1 n2) (* n2 (//n1 n2))) ” n1.(divmod n1, n2:integer)::(quotient:integer remainder:integer)Primitive divmod returns both the integer quotient, as computed by //, and the remainder, as computed by mod, of n1 and n2. Using divmod is more efficient than calling // and mod separately.

Revised Concurrent Smalltalk Manual45(ash n1:integer n2:integer):integerPrimitive Method(ash n1:float n2:integer):floatPrimitive Methodash returns n1 multiplied by two raised to the n2th power, n1*2n2. If n1 is a float, no rounding takes place�the operation is simply an exponent adjustment. However, if n1 is an integer and n2 is negative, the result is rounded towards -¥.

See also _lsh and _rot in Section 3.16.

(integer-length n:integer):integerPrimitive Methodinteger-length returns the bit �size� of n. For positive n this is Ølog2(n+1)ø, while for neg-ative n it is equal to Ølog2(-n)ø.Floating-Point Operations

(integer-to-fp n:integer):floatPrimitive integer-to-fp converts an integer to a float.

(sqrt n:number):floatAbstract Method sqrt returns the nonnegative square root of n. The result is always a float, even if n is an integer.

(floor n:float):integerPrimitive floor returns the greatest integer less than or equal to n.

Character Operations

(char-code c:character):integerFunction char-code returns ASCII code of character c.

(code-char n:integer):characterFunction code-char returns a character with ASCII code n, which must be an integer between 0 and

255.(char< c1, c2:character):booleanFunction

(char<= c1, c2:character):booleanFunction

(char> c1, c2:character):booleanFunction

(char>= c1, c2:character):booleanFunction

These comparisons compare the ASCII codes of c1 and c2 and return true if c1 is less than c2, c1 is less than or equal to c2, c1 is greater than c2, or c1 is greater than or equal to c2, respectively. Case is significant.

Use = and <> to compare characters for equality.

46Revised Concurrent Smalltalk Manual3.11. Lists pair:standard-classClass

The Concurrent Smalltalk library provides a few functions that manipulate Lisp-style lists, which are chains of objects of class pair terminated by nil. Each pair object has two instance variables, car and cdr, which can be read and written normally. All of the standard accessor methods are defined, the main ones of which are documented below.

(car l:pair):objectMethod

(get-car l:pair):objectMethod

(put-car l:pair value:object):pairMethod

These functions return and set the value of the car instance variable of the pair object.

Note that, unlike in Common Lisp, calling car on nil is an error.

(cdr l:pair):objectMethod

(get-cdr l:pair):objectMethod

(put-cdr l:pair value:object):pairMethod

These functions return and set the value of the cdr instance variable of the pair object.

Note that, unlike in Common Lisp, calling cdr on nil is an error.

(length l:null):integerMethod

(length l:pair):integerMethod length returns the length of the list, following cdr pointers. The length of nil is 0.

Creating

Lists can be created using quote, new, and local-new. In addition, the cons function also creates lists.

(cons car, cdr:object):pairFunction cons creates and returns a new pair with the given car and cdr values. The pair is created on the local node.

Revised Concurrent Smalltalk Manual473.12. Strings and Arrays array:standard-classClass simple-array:standard-classClass general-array:primitive-classClass integer-array:primitive-classClass packed-array:standard-classClass string:primitive-classClass boolean-array:primitive-classClass

Strings and arrays are the primitive data structures for keeping track of indexed collections of data. All primitive strings and arrays are subclasses of the class array. strings, and boolean-arrays are packed to conserve space and time. string and boolean-array are subclasses of packed-array, which is a subclass of array.

Creating Arrays

(new-general-array size:integer):general-arrayFunction

(new-general-array-on node:integer size:integer):general-arrayFunction

(new-general-array @node size:integer):general-arrayMacro new-general-array creates a new general-array of arbitrary objects on the local node.

Size specifies the number of elements in the array; the elements are numbered 0 through size-1. The array�s elements are not initialized. new-general-array-on creates the array on the node with the given number, which must be a valid node number. The last form is just an alternate syntax for new-general-array-on.

(new-integer-array size:integer):integer-arrayFunction

(new-integer-array-on node:integer size:integer):integer-arrayFunction

(new-integer-array @node size:integer):integer-arrayMacro new-integer-array creates a new integer-array of integers on the local node. Size specifies the number of elements in the array; the elements are numbered 0 through size-1.

The array�s elements are not initialized. new-integer-array-on creates the array on the node with the given number, which must be a valid node number. The last form is just an alternate syntax for new-integer-array-on.

(new-string size:integer):stringFunction

(new-string-on node:integer size:integer):stringFunction

(new-string @node size:integer):stringMacro new-string creates a new array of characters, also called a string, on the local node. Size

The array�s elements are not initialized. new-string-on creates the string on the node with the given number, which must be a valid node number. The last form is just an alternate syntax for new-string-on.

(new-boolean-array size:integer):boolean-arrayFunction

(new-boolean-array-on node:integer size:integer):boolean-arrayFunction

(new-boolean-array @node size:integer):boolean-arrayMacro new-boolean-array creates a new boolean-array of booleans on the local node. Size

The array�s elements are not initialized. new-boolean-array-on creates the array on the ternate syntax for new-boolean-array-on.

48Revised Concurrent Smalltalk ManualOperations on Entire Arrays

The following functions operate on entire arrays. Currently they call their function parameter f sequentially, but the implementation can be optimized or overridden to call f in concurrently if desired.

(fill a:array value:object):arrayAbstract Method fill destructively writes value to every element of the given array. If the array is an integer-array, a string, or a boolean-array, the value must have the correct type or the results are unspecified. fill returns the updated array.

(fill-range a:array begin, end:integer value:object):arrayAbstract Method fill-range destructively writes value to every array element with index between begin inclusive and end exclusive. If end is less than or equal to begin, nothing happens; otherwise, begin and end should be such that only elements in the array are filled. If the array is an

(init a:array f:funct):arrayAbstract Method init calls f on integers between 0 and the size of a minus one, inclusive, and stores the results in the corresponding elements of a. f should not access the values of elements of a.

init returns the a array after all calls to f have returned.

(map src:array dst:array f:funct):arrayAbstract Method map calls f on each element of the src array and stores the results in the corresponding elements of the dst array. The sizes of the two arrays must be equal. If src is a simple-array, so must be dst. Src and dst may be the same array. f should not access the values of elements of dst. map returns the dst array after all calls to f have returned.

(for-each a:array f:funct):arrayAbstract Method(nfor-each a:array f:funct):arrayAbstract MethodBoth of the above methods call f on each element of the array and then return the arraywithout modifying it. nfor-each does not wait until any of the calls to f return, while for-each does.Accessing Arrays[a:array pos:integer]:objectAbstract Method(get a:array pos:integer):objectget returns the element at position pos of the given array. get may signal an error if pos is outside the bounds of the array. The results of accessing an uninitialized element are unspecified.

(set [a:array pos:integer] value:object):arrayAbstract Method(put a:array pos:integer value:object):arrayput destructively writes value at position pos of the given array. put may signal an error if pos is outside the bounds of the array. If the array is an integer-array, a string, or a boolean-array, value must have the correct type or the results are unspecified. put returns the updated array.

(size a:array):integerAbstract Methodsize returns the number of elements in the array, as specified when the array was created.

Revised Concurrent Smalltalk Manual49Strings

(string-append string*):stringMacro string-append appends all of the strings and returns the combined string. stringappend returns the empty string if no strings are given.

(string= s1, s2:string):booleanFunction

(string<> s1, s2:string):booleanFunction

(string< s1, s2:string):booleanFunction

(string<= s1, s2:string):booleanFunction

(string> s1, s2:string):booleanFunction

(string>= s1, s2:string):booleanFunction

These comparisons compare two strings and return true if s1 is equal to s2, s1 is not equal to s2, s1 is less than s2, s1 is less than or equal to s2, s1 is greater than s2, or s1 is greater than or equal to s2, respectively. Case is significant.

(strcmp s1, s2:string):integerFunction strcmp returns 1 if s1 is greater than s2, 0 if they are equal, and -1 if s1 is less than s2.

Case is significant.

50Revised Concurrent Smalltalk Manual3.13. LocksLocks are used to synchronize processes. A lock can be acquired by only one process at atime, and the acquiring operation is atomic. After a process has acquired a lock, it can pro-ceed to perform whatever exclusive operations it wants to do. When it is done, it should re-lease the lock to make it available again. If a process attempts to acquire a lock that is busy(acquired), it will wait until the lock is available.lock:standard-classClasssimple-lock:primitive-classClassqueueing-lock:primitive-classClassTwo built-in lock classes are provided: simple-lock and queueing-lock. simple-lockis a very cheap and fast implementation intended for situations in which a lock is not ac-quired for long periods of time and there is little contention for the lock. simple-locks areadequate for most purposes. queueing-locks are heavy-duty locks for use in situationswhere there may be significant contention for a lock.Lock Operations(new-simple-lock):simple-lockFunction(new-queueing-lock):queueing-lockFunctionnew-simple-lock creates a new simple lock, while new-queueing-lock creates a newqueueing lock. The lock is initially available.(init l:lock):nullAbstract Methodinit reinitializes the lock, making it available regardless of its previous state.(acquire l:lock):nullAbstract Methodacquire acquires the lock. If the lock is busy, acquire waits until the lock is available be-fore acquiring it and returning.(release l:lock):nullAbstract Methodrelease releases the lock. If the lock is already available, release signals an error.(busy? l:lock):booleanAbstract Methodbusy? returns true if the lock is busy and false otherwise.(with-locks ((l:lock)*) body)Macrowith-locks first acquires all of the locks listed, in the order in which they are listed, thenevaluates body, and finally releases all of the locks. It returns the value of body.

Revised Concurrent Smalltalk Manual513.14. Input and Output

Streams stream:standard-classClass simple-stream:standard-classClass buffered-output-stream:standard-classClass

Streams are sources and sinks of data. A stream is usually a connection to a terminal or to a file, but other uses of streams are possible. Concurrent Smalltalk defines a general class stream as well as specific implementations of streams, simple-stream, and bufferedoutput-stream. A simple-stream is used for sending output to an external device or file.

A buffered-output-stream buffers information sent to another stream and forwards it to the stream in larger chunks; characters are forwarded either when the buffer is filled, a newline character is printed, or when force-output is called. Other user-defined stream classes may be defined as subclasses of stream.

Input and Output Streams unbuffered-terminal-stream:simple-streamGlobal terminal-stream:buffered-output-streamGlobal unbuffered-terminal-stream is the simple-stream used for interaction with the terminal. terminal-stream is a buffered stream for output to the terminal; using it is more efficient than using unbuffered-terminal-stream.

See also Terminal Stream Operations at the end of this section.

Creating Streams

(new-simple-stream port-number:integer):simple-streamFunction new-simple-stream creates and returns a new simple-stream that sends its data to the given port number. Port number 1 is used for general text output. Other ports may be defined by Cosmos or the low-level firmware that communicates with the J-Machine.

(get-port-number s:simple-stream):integerMethod get-port-number returns the simple-stream�s port number.

default-stream-buffer-length:integerConstant

(new-buffered-output-stream s:stream buffer-length:integer)

:buffered-output-stream Method new-buffered-output-stream creates and returns a new buffered-output-stream that forwards its output to stream s . buffer-length specifies the length of the buffer.

default-stream-buffer-length is a good default value for buffer-length.

(get-underlying-stream s:buffered-output-stream):streamMethod get-underlying-stream returns the stream to which the buffered-output-stream is forwarding its data.

(get-buffer-length s:buffered-output-stream):integerMethod get-buffer-length returns the size of the buffered-output-stream�s buffer.

52Revised Concurrent Smalltalk ManualReading

Currently no operations are defined for input from streams. See [3] for a proposed implementation of input.

Writing

The results of stream-writing and formatting methods and macros are not specified. They may be null, or may return some other value.

(write-stream-char s:stream ch:character)Abstract Method write-stream-char writes character ch onto stream s.

(write-stream-string s:stream string:string)Method write-stream-string writes string onto stream s. write-stream-string is equivalent to calling write-stream-char on each character in string.

(write-stream s:stream o:object)Method write-stream writes some representation of the given Concurrent Smalltalk objects onto stream s. It is the same as write with the arguments transposed. Care should be taken when writing circular structures to make sure that write-stream terminates.

(force-output s:stream)Method force-output flushes the output cached in the stream. Currently this method does nothing for simple-streams while flushing the buffer from buffered-output-streams.

Formatting

(terpri s:stream)Method terpri writes a newline onto stream s.

(write-space s:stream)Macro write-space writes a space onto stream s.

(write o:object s:stream)Abstract Method write is used for formatting arbitrary objects for the purposes of write-stream. write should output some readable representation of object o onto stream s. Characters and strings are printed unquoted, and integers are printed in decimal.

(describe-object o:object s:stream)Abstract Method describe-object prints information about object o onto stream s. describe-object prints more information than write, including the object�s class and, for complex objects, contents.

(write-nnr node:integer s:stream)Function write-nnr writes �NNR� onto stream s followed by the x, y, and z coordinates of the node number node.

Revised Concurrent Smalltalk Manual53(write-id o:object s:stream)Macro write-id treats o as a word and writes its low-level representation onto stream s. The word is written as tag:data, where tag and data are integers. See Section 3.16.

(write-brackets o:object body)Macro write-brackets prints �#<�, executes body, and then prints a �>�. The return value is unspecified. This macro is used to format complex objects.

Terminal Stream Operations

The following operations are provided as shorthands for working with terminal-stream.

(terpri)Macro

This function is the terminal-stream equivalent of the general stream method terpri above.

(print object*)Macro print writes every object onto terminal-stream and returns the value of the last one, or nil if none were given.

(print1 o:object):objectFunction print1 writes a newline, object o, and a space onto terminal-stream and returns o.

(vdescribe o:object):objectFunction vdescribe writes a description (from describe-object) of object o on a separate line onto terminal-stream and returns o.

54Revised Concurrent Smalltalk Manual3.15. MacrosConcurrent Smalltalk provides a macro facility which can be used to extend the language. Amacro consists of a pattern, an optional guard, and a replacement. The pattern can containvariables or literals (a literal is an identifier). If it matches with an expression and the guardis satisfied, that expression is replaced by the replacement, which can be either another pat-tern or a Common Lisp function.(defmacro pattern [guard] replacement)Top-Level Macropattern ::= literal | ?name | !name | (pattern* [pattern . pattern]) | @patternreplacement ::= r-pattern | lisp-statementr-pattern ::= literal | ?name | !name | (r-pattern* [r-pattern . r-pattern])guard ::= &guard lisp-statementlisp-statement ::= #L lispThe macro pattern is a nested list of literals and macro variables. Variables are preceded byquestion marks (?) or exclamation points (!). Question-mark variables can match identifiers,numbers, and lists, while exclamation-point variables can only match identifiers. The dottednotation at the end of a list indicates that the rest of the list should match the pattern afterthe dot. When a pattern is matched to a candidate statement, all instances of the same vari-able have to match identical forms. The pattern can be as simple as ?x, which will matchany statement.If an @ symbol precedes a pattern, the form to which the pattern would match is macro-ex-panded before it is matched to the pattern. To avoid infinite loops, @ should not be the firstsymbol in a macro pattern.The guard, if present, is a Common Lisp statement that returns a boolean value. If the valuereturned is true, the macro replacement is substituted for the pattern; if not, the macro isnot expanded. The values of the ? and ! variables are bound in a Common Lisp scope justoutside the statement, so the Common Lisp statements can refer to the matched values of thevariables just by referring to the correct variable names (including the leading ? or !).Replacement can be either another pattern or another block of Common Lisp statements. Ifreplacement is a pattern, the values of the macro variables are substituted in it, and the re-placement pattern replaces the original pattern in the code. If replacement is a Common Lispstatement, it is expected to return a list which replaces the original pattern in the code. Asin the case of a guard, the Common Lisp statement has access to the matched values of themacro variables.The macro replacement pattern can be another macro. Macros are expanded until the result-ing form does not satisfy any of the existing macro patterns and guards. When severalmacros match a form, the form is expanded using the macro that was most recently defined.

Revised Concurrent Smalltalk Manual553.16. Low-Level Operations

These operations provide access to low-level MDP and Cosmos operations. They are intended mainly for system and library development; use them with caution. Most of these operations are emulated either partially or not at all by the interpreter in Optimist II.

Constants

_max-call-msg-size:integerConstant

_max-call-msg-size is the maximum number of words allowed in a function or method call message. This does not include the initial destination node number word. Note that

Cosmos�s overhead for such messages is two words for the header, one word for each parameter, and two words for each continuation.

User programs can rely on this number being at least 72.

(asm-word cosmos-constant [optimist-constant]):objectPrimitive

(asm-int cosmos-constant [optimist-constant]):integerPrimitive cosmos-constant ::= string optimist-constant ::= expression asm-word returns the value of a link-time assembler expression, which must be given as a string literal. The expression can be an arbitrary tagged word expression that is valid for an

MDPSim DC directive [4].

The optional optimist-constant is a top-level Concurrent Smalltalk expression that specifies a value that Optimist may1 substitute for the constant when interpreting this primitive. It is useful for providing dummy values to let Optimist interpret programs which perform calculations on link-time constants. Optimist-constant must be a valid top-level expression�it is evaluated outside the scope of this expression, and should not perform any side effects or rely on partial results from the currently evaluated top-level expression. If optimist-constant is not specified, Optimist will leave the asm-word or asm-int value unevaluated when interpreting code.

Examples:

(+ (asm-word "4" 7) 1) ;Returns 8 in interpreter, 5 on J-Machine!

(asm-word "unchecked|Reply<<offsetN")

(asm-word "{foo}")

(asm-word "IP:abs|fault|unchecked|BlockMove<<offsetN")

Caution: The word generated by cosmos-constant must not have one of the INSTn tags.

Also, in order to keep the object file cube-size-independent, the expression should not rely, directly or indirectly, on the following MDPSim constants: MEMSIZE, XNODES, YNODES, ZNODES,

NNODES, LGXNODES, LGYNODES, LGZNODES, LGNNODES.

asm-int is the same as asm-word except that it tells the Optimist compiler that the expression evaluates to an integer, which improves some optimizations.

1Optimist might not perform this substitution if the value is not passed to any functions.

56Revised Concurrent Smalltalk ManualIntegers

(_lsh n1:integer n2:integer):integerPrimitive

_lsh returns n1 shifted to the left by n2 bits; if n2 is negative, the shift is to the right. All bits shifted in are zero; if any one bits are shifted off the most significant end, an overflow occurs.(_rot n1:integer n2:integer):integerPrimitive

_rot returns n1 rotated to the left by n2 mod 32 bits; n2 can be negative. The bits rotated out are rotated back in from the other end.

(_ffb n:integer):integerPrimitive

_ffb returns the MDP FFB instruction applied to n. The result is the maximum amount by which n can be shifted to the left without causing an overflow of a 32-bit signed word; if n is 0 or -1, the result is 31. (_ffb n) is equal to (- 31 (integer-length n)) but faster.

Tags

The main tag operations are listed below; all of these compile to fast, inline MDP code.

_tTAG0:integerConstant

_tINT:integerConstant

_tBOOL:integerConstant

_tADDR:integerConstant

_tIP:integerConstant

_tMSG:integerConstant

_tOBJ:integerConstant

_tCFUT:integerConstant

_tFUT:integerConstant

_tID:integerConstant

_tDID:integerConstant

_tTAGA:integerConstant

_tFLOAT:integerConstant

_tINST0:integerConstant

_tINST1:integerConstant

_tINST2:integerConstant

_tINST3:integerConstant

These constants provide names for the MDP tags. They have integer values between 0 and

15. _tMSG is the same as _tOBJ.

(_rtag o:object):integerPrimitive

_rtag returns the MDP tag field of the word o as an integer between 0 and 15.

(_value o:object):integerMacro

_value returns the MDP value field of the word o as a 32-bit signed integer.

(_check o:object tag:integer):booleanPrimitive

_check returns true if word o�s tag matches the given tag number and false otherwise.

(_wtag o:object tag:integer):objectPrimitive

_wtag changes the word o�s tag to tag, which is treated modulo 16. o does not have to be an integer.

Revised Concurrent Smalltalk Manual57_stSYM:integerConstant

_stCLASS:integerConstant

_stSEL:integerConstant

_stCHAR:integerConstant

These constants provide names for the MDP subtags of TAG0. They have integer values between 0 and 15.

(_rsubtag o:object):integerPrimitive

_rsubtag returns the MDP subtag field (bits 28 through 31, inclusive) of the word o as an integer between 0 and 15. The subtag field distinguishes several kinds of words which share the tag TAG0.

(_checksubtag o:object subtag:integer):booleanFunction

_checksubtag returns true if word o�s tag is TAG0 and its subtag matches the given subtag number and false otherwise.

Physical Segments physical-segment:primitive-classClass

Physical segments are absolute address/limit pairs that denote a range of memory words on a node. All physical segment operations refer to the local node only. Physical segment descriptors can be manually constructed using the physical-segment macro, or the segments can be allocated using physical-new or disposable-physical-new.

(physical-segment address:integer limit:integer):physical-segmentMacro

(physical-segment cosmos-constant cosmos-constant):physical-segmentMacro cosmos-constant ::= integer | string physical-segment constructs a nonrelocatable physical segment descriptor with the given

MDP address and limit fields. The address is an absolute MDP memory address. These fields can be either integer expressions or Cosmos assembly language constants [4], which are either integer or string literals.

For example,

(physical-segment˚7˚(+˚x˚y)) and

(physical-segment˚"NNRNodes"˚6) are both valid (assuming the NNRNodes label is defined in MDPSim when the program is linked), but

(physical-segment˚"NNRNodes"˚(+˚x˚y)) is not valid. One can also use MDPSim expressions within quotes, as in:

(physical-segment˚"NNRNodes"˚"NNRNodesSize+1")

Allocation

(physical-new size:integer):physical-segmentPrimitive

(disposable-physical-new size:integer):physical-segmentPrimitive physical-new allocates a new segment with size words memory on the local node and returns a physical segment descriptor for it. The segment�s words have offsets 0 through size-1, inclusive, and can all be used for user data. The first word is initialized to an integer holding the length of the segment but can be overwritten if desired. The segment descriptor will have a tight, nonzero limit field unless the size exceeds 1023.

disposable-physical-new is similar to physical-new, except that the segments it allocates can be disposed later. Also, the size of segments allocated with disposable-

58Revised Concurrent Smalltalk Manualphysical-new can be rounded up by the operating system, and the first word of segments that will later be disposed must not be modified.

(physical-dispose s:physical-segment):nullPrimitive physical-dispose deallocates a segment allocated with disposable-physical-new.

Since physical segments are allocated from the top of memory and cannot be relocated and the operating system itself allocates physical segments at times, careless use of disposable-physical-new and physical-dispose is likely to lead to memory fragmentation.

References

(get-physical s:physical-segment slot:integer):objectPrimitive get-physical returns the word at the given offset in the physical segment s. A limit fault occurs if slot is not an integer between 0 and the size of s minus one (unless the object is larger than 1023 words).

(set (get-physical s:physical-segment slot:integer) value:object):nullPrimitive put-physical sets the contents of the word at the given offset in the physical segment s to value. A limit fault occurs if slot is not an integer between 0 and the size of o minus one

(unless the object is larger than 1023 words, in which case a bad offset can corrupt memory).

Objects

_object-header:primitive-classClass

This class represents MDP words that are used as object headers. An object header includes information about the object�s class as well as a number of Cosmos-specific flags pertaining to the object. Some of these flags are used for internal bookkeeping and may be changed by

Cosmos at any time.

Allocation

(new-size h:object-header size:integer):objectMacro

(local-new-size h:object-header size:integer):objectFunction

(new-on-size node:integer h:object-header size:integer):objectMacro

(new-size @node h:object-header size:integer):objectMacro new-size creates and returns a new relocatable object with the given header and physical size (including headers) on a random node. Only the object�s header is initialized�the data is not. The header and size for a standard class can be obtained with the _instanceheader and _instance-size functions described later in this section.

local-new-size is the same as new-size except that the object is created on the local node. new-on-size creates the object on the specified node. The node number must be valid.

The last form, (new-size @node h size), is just an alternate syntax for new-on-size.

See new, local-new, and new-on in Section 3.8 for higher-level operations to allocate objects.

(new-size h:object-header size:integer n-constituents:integer):distobjMacro new-size creates and returns a new distributed object with each constituent having the given header and physical size (including headers). Only the constituents� headers are ini-

Revised Concurrent Smalltalk Manual59tialized�their data is not. The header and size for a distributed class can be obtained with the _instance-header and _instance-size functions described later in this section.

References

_object-header-slot-num:integerConstant

_object-size-slot-num:integerConstant

_instance-id-slot-num:integerConstant

_first-instance-slot-num:integerConstant

These constants provide offsets of the Cosmos object header, size, ID slots and first data slot for use with _ivar and put-_ivar.

The following functions can be used to directly access objects� contents. They compile into efficient, inline code. When working with several objects, try to group references to a particular object together to avoid thrashing of the MDP�s address registers.

Warning: The object o below should have metaclass standard-class or distributedclass or be a member of the function, closure, selector, one of the class classes, or one of the array classes. The low-level primitives below may fail in bizarre ways if applied to other primitive objects.

(_ivar o:object slot:integer):objectPrimitive

_ivar returns the contents of the given slot of object o. A limit fault occurs if slot is not an integer between 0 and the size of o minus one (unless the object is larger than 1023 words).

(set (_ivar o:object slot:integer) value:object):nullPrimitive put-_ivar sets the contents of the given slot of object o to value. A limit fault occurs if slot is not an integer between 0 and the size of o minus one (unless the object is larger than 1023 words, in which case a bad offset can corrupt memory).

The results of using this function to modify immutable objects are unpredictable; Cosmos assumes that it can cache copies of immutable objects at will.

(_object-header o:object):object-headerMacro

_object-header returns the contents of the header slot of object o, which is always a member of the _object-header class.

(_object-size o:object):integerMacro

_object-size returns the physical size, including headers, of object o.

Class Inquiries

(_instance-header c:class):object-headerMacro

_instance-header returns instance header of objects of class c. If the class�s objects are one-word primitive objects and don�t have instance headers, _instance-header returns nil. For classes such as number which allow creation of instance objects only indirectly through subclasses, _instance-header can return either nil or an object header.

(_instance-size c:class):object-headerMacro

_instance-size returns the physical size (including headers) of objects of class c. If the class�s objects are one-word primitive objects and don�t have instance headers, or if they have variable size as in arrays and functions, _instance-size returns nil.

60Revised Concurrent Smalltalk ManualArrays

_simple-array-first-value-slot-num:integerConstant

_packed-array-first-value-slot-num:integerConstant

_packed-array-size-slot-num:integerConstant

These constants provide offsets of the first array data slots in simple and packed arrays and the number of elements slot in packed arrays for use with _ivar and put-_ivar.

_boolean-per-word:integerConstant

_char-per-word:integerConstant

These constants provide the number of booleans and characters packed into a single word of packed arrays.

Revised Concurrent Smalltalk Manual613.17. EnvironmentErrors(error (msg:object)*)Functionerror signals a run-time error. The arguments, if any, should contain descriptive informa-tion about the error. The interpretation of the arguments� values is implementation-depen-dent.(halt)Primitivehalt halts execution of the current program due to a run-time error. Debugging informationabout the function or method in which the halt took place may be printed.

62Revised Concurrent Smalltalk ManualChapter 4. Using Optimist IIThis chapter describes the procedure for using the Optimist II compiler to compile Concur-rent Smalltalk programs. In addition, a few helpful Optimist II debugging commands aredescribed.Starting the Compiler

To start the compiler interactively, load the image containing the compiler and the Common

Lisp environment; on the Suns you can do this by running optimist with no parameters from the UNIX shell. If such an image is not available, load Common Lisp, CLOS, and the

Optimist.Lisp file. If running on the Suns, make sure you are using Lucid Common Lisp

4.1.0 or later! Execute the (optimist:compile-optimist) command to compile and load the compiler, or, if it was already compiled, use (optimist:load-optimist) to load the compiler.

The compiler provides only one useful external Lisp function. It is (interactive-cst).

Typing (interactive-cst) will enter an interactive Concurrent Smalltalk listener loop. It is also possible to build a stand-alone executable of Optimist on the Suns using

(optimist:build-optimist nil "file-name") or, if one is already loaded into memory,

(optimist:save-optimist "file-name").

Batch Mode Compilation

You can specify the arguments listed below on Optimist�s UNIX shell command line. If you don�t specify any arguments, Optimist will start up in interactive mode, running

(interactive-cst).

file-nameSpecify the input file to be compiled. At least one input file must bespecified. Multiple input files are allowed and are readsequentially.

-o file-nameSpecify the assembly language output file. If no file is specified, theoutput is sent to the standard output stream. At most one -o canbe used.

-r functionSpecify a root function for compiling (see the compile command inthe next section). function must be a function name. At least oneroot must be specified. Multiple roots can be specified by precedingeach one with -r.

-pTurn on progress messages as generated by the progress optionlater in this chapter. Progress messages default to off for batchmode compilation.

Revised Concurrent Smalltalk Manual63Top-Level CommandsUtility Commands(begin body)Top-Level PrimitiveDue to constraints in the compiler, a select few forms such as include and defclass (butnot all of the top-level primitives; most of the primitives listed as top level really only re-quire that they not be included in any function or method) must be present at the top level.However, sometimes it is desirable to emit sequences of those directives as results of macros;to allow this, a special form of begin was provided. If begin appears at the top level, everyform inside it is also evaluated at the top level.(set name expression)Top-Level Macroset normally sets the variable name to the value of expression. However, if it is placed at thetop level, it is also allowed to create a new global variable name if one does not exist already.Thus, at the top level, set acts as either set or defglobal, depending on whether theglobal variable name already exists.(cd "directory-name")Top-Level Primitive cd sets the current default directory for reading and writing files.

(include "file-name")Top-Level Primitive(include)Top-Level Primitiveinclude reads the definitions in the file named file-name, as if that file were included inplace of the include primitive. include, when passed no file argument, will let the user in-teractively choose a text file and then include it. The latter feature is only available on theMacintosh version of Optimist II.The default directory for file-name is the current directory or, if the include is embedded in a file currently being read in, the directory containing that file.

(quit)Top-Level Primitive quit quits the Lisp environment of Optimist II. On the Suns you will be returned to the

UNIX shell.

Viewing ObjectsWhile the listener loop is active, any Concurrent Smalltalk command will be immediatelyevaluated, and the results displayed in the listener window. The resulting object may bedisplayed in a somewhat strange syntax; for example, integers may be displayed as#<Integer˚5>, and booleans as #<True> or #<False>. The following commands may beused to show the internal structure of objects:(show o:object):objectTop-Level Primitiveshow shows as a side effect the Optimist II internal representation of an object. If the objectis a function, its hcodes are shown; if the object is a complex object, some of its structure maybe shown. The output is controlled by the CLOS show generic function. The value of theshow directive is the object itself, so the object is usually printed normally after it is shown.Please note that the hcodes shown for a function are only an approximation of the actualhcode data structure used internally to represent the function. Some of the more esotericfields are not shown, and sometimes a function may have two variables with the same name,which leads to confusing output. Variable names were included for human readability only;Optimist II does not use them internally. It is able to keep the variables distinct regardless

64Revised Concurrent Smalltalk Manualof their names. Also, since a digraph is a nonlinear structure, pseudo-hcodes such as jumplabels in conditionals and jump, label, and break hcodes are inserted into the output tomake it readable.(describe o:object):objectTop-Level Primitivedescribe describes as a side effect the Optimist II internal representation of an object. It isjust like show except that the information displayed is longer and more detailed.(show-hcode f:function [#Llisp-function-name]):functionTop-Level Primitiveshow-hcode calls Optimist�s non-MDP-specific optimizations to optimize the function andshows the resulting hcode. show-hcode may invoke global optimizations and try to inlinethe functions called by f, so this directive may take some time to execute. When theprogress option is true (the default), progress information is displayed in the listener win-dow while this directive is executing. Detailed progress can be obtained by setting the de-tailed-progress option. show-hcode performs no side effects on the ConcurrentSmalltalk environment, and it does not do a treewalk of the Concurrent Smalltalk program.show-hcode returns f as its result.If lisp-function-name is provided, instead of showing the optimized hcode, show-hcode callsthe Lisp function lisp-function-name with the optimized hcode as an argument. describe-dinodes is a useful Lisp function that will describe the compiled hcode in a little more de-tail.show-hcode will not optimize a selector. If viewing optimized method code is desired, themethod must be extracted explicitly using the Concurrent Smalltalk method primitive.(show-mdp-hcode f:function [#Llisp-function-name]):functionTop-Level Primitiveshow-mdp-hcode is just like show-hcode except that it also performs the MDP-specifichcode optimizations.(show-asm f:function [#Llisp-function-name]):functionTop-Level Primitiveshow-asm compiles the function f all the way to assembly code and prints the resultingMDPSim-compatible text. If lisp-function-name is supplied, it is assumed to be a lisp func-tion and called with the assembly language module as its only argument.Compiling Programs

(compile object ["output-file-name"]):objectTop-Level Primitive

(compile (object*) ["output-file-name"]):objectTop-Level Primitive compile compiles and treewalks the Concurrent Smalltalk data structures starting with object as a root. Normally object is a function, in which case it is compiled to assembly language along with any other functions that it might need. If output-file-name is specified, the

MDPSim file is written to a new file named output-file-name; otherwise, the output is sent to the listener. When the progress option is true (the default for interactive compilation), progress information is displayed in the listener window while this directive is executing.

Detailed progress can be obtained by setting the detailed-progress option.

The second form of compile allows the specification of many roots. Note that if object is an expression, the second form must be used.

Revised Concurrent Smalltalk Manual65Options(pragma �)Top-Level Primitivepragma is a general compiler declaration and can contain any implementation-dependent in-formation.(declare option value)Top-Level Primitivedeclare sets the compiler option named option to the value specified. Value must be a legalvalue for the option; most compiler options are booleans, and for these value must evaluate toeither true or false. Value must be a constant expression.(option option)Primitiveoption returns the compile-time value of the specified compiler option.Concurrent Smalltalk options can be set using the declare primitive and examined usingthe option primitive. The options currently provided by Optimist II are listed in Table 4-1.Table 4-1. OptionsOptionDefaultAction n-nodes4Define the number of nodes of a simulated J-Machine. This option only affects Opti-mist�s internal interpreter; the compiled code is generic and will work on a J-Machineof any size, as long as the dimensions are powers of two.precisefalseInhibit optimizations that would affect the semantics of writing to constants in a few esoteric cases. This option should be set to false for normal use.

delete-dead-defstrueRemove assignments to variables that will not be used again.delete-movestrueTry to remove unnecessary move intermediate compiler language statements.delete-touchestrueTry to remove unnecessary touch intermediate compiler language statements.vflow-optimizationstrueCalculate dataflow information and use it to perform a variety of optimizations suchas changing x‹y=0, branch if x false sequences to BNE instructions.vflow-ivar-optimizationsfalse

Use dataflow information to convert i‹a; �; f(i) to f(a) where a is an instance or global variable, i is a local, and � doesn�t contain any function calls. This is a dangerous optimization and may introduce semantic errors or expand code.

fold-constantstrueFold constants. For example, replace 1+2 by 3. Also remove conditional brancheswhen it can be determined that the condition is always true or always false.fold-global-constantstrueFold constants globally. For example, replace a call through a selector with a call ofthe method when the method can be determined using type analysis. This option isrelevant only when fold-constants is true.

66Revised Concurrent Smalltalk Manualforward-tailstrueEnable the altering of application hcodes immediately followed by returns intotail-forwarded applications which allow the process to be deallocated and the an-swer directly forwarded to the caller. This is the equivalent of tail recursion.merge-codetrueMerge common pieces of code wherever possible.inlinetrueInline small functions.inline-size-cutoff15

Set the size cutoff for automatically deciding whether to inline a function. Increasing this number causes larger functions to be inlined.

local-inline-size-cutoff60

Set the size cutoff for automatically deciding whether to inline a function which is known to execute on the same node as it was called from. Increasing this number causes larger functions to be inlined.

max-function-size450

Set the maximum size for deciding whether a function is too large already to allow any inlining to take place inside the function. Increasing this number will cause the compiler to be more aggressive about performing inlining in larger functions.

apply-default-local-nodefalse

If true, function calls default to being made on the local node rather than the node of the first argument.

optimize-built-instruePerform local built-in optimizations such as changing multiplications to shifts.optimize-float-library-callstrue

Replace instructions such as ADD and MUL that fault on floats with direct calls to the floating point library when the arguments are known to have type float.

compact-varstrueCompact variables in the context to use as few slots as possible.reg-variablestrueAssign variables to registers whenever possible.lru-register-allocationtrueUse the least-recently-used algorithm to allocate temporary registers during codegeneration.frame-regstrueKeep track of variables in the registers during code generation and use values fromthe registers instead of from memory whenever possible.frame-migratetrueKeep track of whether it is possible for the instance object to have migrated away.Don�t touch it if it could not have migrated away.lazy-ivar-accesstrueDon�t XLATE the instance object if there are no references to it.lazy-contextstrueDon�t allocate a context unless it is actually used.

Revised Concurrent Smalltalk Manual67fast-contextstrueUse fast contexts whenever possible.optimize-send-selftrueSend message to the current node if the receiver is self and it is not atomic.fast-applytrueUse ApplyFunction and ApplySelector instead of Apply whenever possible.compact-sendstrueTry to combine SENDs and SENDEs into SEND2s and SEND2Es.compact-DCstrueTry to align DCs on word boundaries whenever possible.optimize-br-to-suspendtrue

Replace unconditional branches to SUSPENDs by SUSPEND instructions.

delete-localstrueDelete local variables in an intermediate stage of the compilation. This makes no dif-ference in the final output, but makes the hcode look prettier and may speed up codegeneration.warn-free-referencesfalseEmit a warning every time a free reference is found in a method or function.progresstruePrint progress reports. Progress messages default to off for batch mode compilation.detailed-progressfalsePrint very long progress reports.monitor-compilerfalse

Monitor time spent in different parts of compiler.

print-pctruePrint program counter values as comments in output.assembly-commentsfalse

Insert hcode and other comments in assembly output.

permanent-definitionsfalseUse defconstant instead of defparameter when compiling function and methoddefinitions. When this option is set, a warning is emitted every time a free referenceis found in a method or function regardless of the setting of warn-free-references.lisp-breaktrueEnter a Common Lisp break loop upon a Concurrent Smalltalk warning or error.

68Revised Concurrent Smalltalk ManualBibliography[1]Waldemar Horwat. �AIDA: Data Structure Optimization on a MIMD Parallel Com-puter.� Proceedings of the 1992 MIT Student Workshop on VLSI and Parallel Systems,Charles Leiserson, ed., 1992, pp. 17-1—17-2.[2]Waldemar Horwat. A Concurrent Smalltalk Compiler for the Message-Driven Proces-sor. MIT Artificial Intelligence Laboratory Technical Report 1080, May 1988.[3]Waldemar Horwat. Concurrent Smalltalk on the Message-Driven Processor. MIT Ar-tificial Intelligence Laboratory Technical Report 1321, September 1991.[4]Waldemar Horwat. Message-Driven Processor Simulator, Version 7.2c. MIT Concur-rent VLSI Architecture Memo 53, February 1993.[5]Waldemar Horwat. Revised COSMOS Manual. MIT Concurrent VLSI ArchitectureMemo 52, April 1993.[6]Guy L. Steele, Jr. Common Lisp: The Language, Second Edition. Digital Press, DigitalEquipment Corporation, 1990.

Revised Concurrent Smalltalk Manual69Index" 15^ 13! 13, 14, 54#’ 14, 15#: 14, 15#L 54#\ 15% 13& 13, 14&cas-er 20&cwriter 20&guard 54&immutable 20&inline 22&name 21&no-leak 21&non-strict 22, 25&not-inline 22&predicate 20&reader 20&side-effect-free 22&value 21, 22&writer 20’ 14* 44+ 44- 44/ 44// 44: 19, 21, 27, 28:: 21; 4, 16< 42<= 42<> 42, 45= 42, 45> 42>= 42? 13, 14, 29, 54@ 14, 54abs 44abstract class 12abstract method 12acquire 50ADD 66add-method 23and 42, 43short-circuit 43Apple Common Lisp 1application 26, 66apply-default-local-node 27,66argument 3, 21evaluation order 26passing convention 21array 1, 33, 47, 59boolean, see boolean-arraycharacter, see stringgeneral, see general-arrayinteger, see integer-arrayarray? 37ASCII 45ash 45asm-int 55asm-word 55assembly-comments 67become 11begin 6, 17, 25, 29, 63big-computation 7block 13, 22, 31BNF 12body 25boolean 33boolean-array 33, 47boolean-array? 37boolean-per-word, see_boolean-per-wordboolean? 37buffered-output-stream 33,51, 52bug fixes 1build-optimist 62busy? 50cap 29cap- 20, 29car 4, 46cas 28, 29cas-er method 20cd 63cdr 4, 46cfuture 2, 8, 25, 26semantics 25changes 1-2char-code 45char-per-word, see _char-per-wordchar< 42, 45char<= 42, 45char> 42, 45char>= 42, 45character 15, 33, 45character? 37check, see _checkchecksubtag, see_checksubtagclass 4, 15, 19, 33, 59abstract 12assertion 27built-in 19, 33hierarchy 34immutable 20inheritance 19inline 2inquiry 37metaclass 34predicate 4, 20class-kind? 37class-name 38class-of 38class? 37clet 6, 7, 13, 27multiple value 28clet* 1, 27CLOS 62closure 22, 33, 59closure? 37co 40, 41code-char 45collection 33collection? 37comment 16comments 4Common Lisp 1, 10, 11, 13,21, 46, 54, 67compact-DCs 67compact-sends 67compact-vars 66compare-and-set, see cascompile 62, 64compile-optimist 62compiler option 65complex numbers 13complex-number 12concurrency 7concurrently 7, 29cond 1, 30conditional 30cons 4, 46constant 17expression 17predefined 15constituent 40number 40context future, see cfuturecontext, see _contextcontinuation 22, 31-32continuation, see also_continuationcopy 36Cosmos 1, 51, 57, 58

70Revised Concurrent Smalltalk Manualcput 29cput- 20, 29cset 1, 6, 8, 28, 29multiple value 28cwriter method 20DC 67declare 65deep-copy 36deep-dispose 36defclass 4, 13, 19defconstant 13, 17defglobal 13, 17, 63define 13, 18defmacro 10, 54defmethod 13, 17, 24, 31defparameter 17defselector 13, 17, 23defun 3, 13, 17, 23, 31delete-dead-defs 65delete-locals 67delete-moves 65delete-touches 65describe 64describe-object 52, 53detailed-progress 64, 67direction-node 36, 39directory 63disposable-physical-new 57dispose 37distarray 9distobj 9, 23, 33, 40creation 40, 58distobj? 37distributed object, see distobjdistributed-class 33, 34, 59distributed-class? 37divmod 1, 44down 36down-direction 39east 36east-direction 39eq 12, 42error 61evaluation order 26exit 31exponent 13expression 25constant 17false 15, 33false? 37fast-apply 67fast-contexts 67feq 12ffb, see _ffbffib 3fib 3, 6file 62, 63fill 48fill-range 48float 1, 33, 42, 43, 45, 66float? 37floor 45fold-constants 65fold-global-constants 65for 1, 30for-each 48force-output 51, 52formal 21no-leak 21value 21format 12forward-tails 66frame-migrate 66frame-regs 66funct 33funct? 37function 3, 4, 5, 21, 33, 59calling 22, 26inline 22non-strict 22not-inline 22predicate 4, 20return value 22, 31side-effect-free 22function? 37future 2, 25garbage collection 1general-array 33, 47general-array? 37get 28, 29, 48get- 5, 20, 29get-buffer-length 51get-car 46get-cdr 46get-group 41get-physical 58get-port-number 51get-underlying-stream 51global 15, 17goals 11group 13, 23, 40, 41halt 61here 36home-node 27, 39identifier 13undefined 15if 17, 30immutable class 20include 63index 41inheritance 4, 19multiple 19init 48, 50inline 22, 66class 2inline-size-cutoff 66input 2, 51input file 62instanceobject 4, 36, 58variable 4, 20, see also_ivarinstance-header, see_instance-headerinstance-size, see _instance-sizeinteger 33, 42, 43integer-array 33, 47integer-array? 37integer-length 45integer-to-fp 45integer? 37interactive-cst 62ivar, see _ivarJ-Machine 11lambda 13, 22, 23, 31large-integer 2lazy-contexts 66lazy-ivar-access 66length 46let 6, 7, 13, 27multiple value 28let* 1, 28lfib 6LGNNODES 55LGXNODES 55LGYNODES 55LGZNODES 55lisp-break 67list 15, 46load-optimist 62local variable 6local-inline-size-cutoff 66local-new 36, 46, 58local-new-size 58local-node 27, 36, 38lock 8, 33, 50logand 43logical-limit 40lognot 43logor 43logxor 43loop 13, 30, 31low-level operation 55lru-register-allocation 66lsh, see _lshLucid Common Lisp 1, 62Macintosh 1macro 10, 12, 13, 54guard 54magnitude 2make-nnr 38make-safe-nnr, see _make-safe-nnr

Revised Concurrent Smalltalk Manual71map 48max 44max-call-msg-size, see _max-call-msg-sizemax-function-size 66max-x-node 38max-y-node 38max-z-node 38MDPSim 1, 55, 57, 64MEMSIZE 55merge-code 66metaclass 34, 59method 3, 4, 21, 23, 35, 64abstract 12built-in 34calling 22, 26cas-er 20cwriter 20inline 22non-strict 22not-inline 22overriding 5primitive 35reader 5, 20return value 22, 31side-effect-free 22writer 5, 20method-lambda 13, 22, 23, 31min 44minus? 44mod 44monitor-compiler 67move 65MUL 66multiple inheritance 19multiple value 22, 28, 31mv-clet 13, 28mv-cset 28mv-let 13, 28mv-set 28n-nodes 65name 13undefined 15name space 13nconcurrently 7, 29neg 44neighbor 36neighbor-node 36, 39neq 42new 36, 40, 46, 58new-boolean-array 47new-boolean-array-on 47new-buffered-output-stream51new-general-array 47new-general-array-on 47new-integer-array 47new-integer-array-on 47new-on 36, 58new-on-size 58new-queueing-lock 50new-simple-lock 50new-simple-stream 51new-size 58new-string 47new-string-on 47nfor-each 48nil 15, 33, 46NNODES 55NNR 27, 38nnr-x 38nnr-y 38nnr-z 38no-leak formal 21node 27, 38, 65node-mask, see _node-masknon-strict 22, 25north 36north-direction 39not 42, 43not-inline 22nparallel 2null 15, 33null? 37number 13, 15, 33complex 13number? 37object 4, 5, 7, 33, 37class 37constituent 40creation 36, 58distributed, see distobjinstance 4, 36, 58object-header, see _object-header, see _object-headerobject-size, see _object-sizeOptimist 1, 62-67optimize-br-to-suspend 67optimize-built-ins 66optimize-float-library-calls43, 66optimize-send-self 67option 65or 43short-circuit 43output 2, 51output file 62overriding 5packed-array 33, 47packed-array? 37pair 4, 7, 33, 46parallel 2parameter 3, 17, 21passing convention 21permanent-definitions 67physical-dispose 58physical-limit 40, 41physical-new 57physical-segment 33, 57physical-segment? 37plus? 44pragma 65precise 65predicate function 4, 20primitive 12primitive method 35primitive selector 35primitive-class 33, 34primitive-class? 37print 53print-pc 67print1 53program 17progress 62, 64, 67put 29, 48put- 5, 20, 29put-car 46put-cdr 46put-physical 58put-_ivar 59queue overflow 1queueing-lock 9, 33, 50quit 63quote 15, 46random 36random-node 36, 38reader method 5, 20real 33real? 37receiver 3, 23reg-variables 66release 50repeat 30reply 31, 32resource 8restricted selector 35return 31, 32return value 22, 31declaration 21multiple 22return-value-expected? 32root 62, 64rot, see _rotrsubtag, see _rsubtagrtag, see _rtagsave-optimist 62sc-and 43sc-or 43Scheme 11, 21scope 13, 14static 22selector 3, 33, 59primitive 2, 35restricted 2, 35

72Revised Concurrent Smalltalk Manualselector? 37self 3, 13, 23, 40SEND 67SEND2 67SEND2E 67SENDE 67set 1, 6, 28, 29, 63multiple value 28shallow-copy 36shallow-dispose 37show 63show-asm 64show-hcode 64show-mdp-hcode 64side-effect-free 22simple-array 9, 33, 47simple-array? 37simple-lock 9, 33, 50simple-stream 33, 51size 48slot 59small-integer 2Smalltalk-80 11, 21south 36south-direction 39sqrt 45standard-class 33, 34, 59standard-class? 37statement 17, 25application 26strcmp 49stream 33, 51strict 22, 25string 15, 33, 47, 49string-append 49string< 49string<= 49string<> 49string= 49string> 49string>= 49string? 37subclass 6subclass? 38subtag 57subtype 6superclass 6, 19supertype 6SUSPEND 67symbol 15, 33symbol? 37tag 56terminal-stream 51, 53terpri 52, 53tfib 7time-sink 7token 13top-level form 17touch 8, 25, 26, 65true 15, 33true? 37type 4, 6assertion 27checking 6declaration 7unbuffered-terminal-stream51undef 18unless 1, 30up 36up-direction 39value 21, 25formal 21multiple 22, 28, 31return 22, 31declaration 21value, see also _valuevariableinstance 4, 20, see also_ivarlocal 6scope 22vdescribe 53vflow-ivar-optimizations 65vflow-optimizations 65warn-free-references 67west 36west-direction 39when 1, 10, 30while 30with-locks 50write 52write-brackets 53write-id 53write-nnr 52write-space 52write-stream 52write-stream-char 52write-stream-string 52writer method 5, 20wtag, see _wtagXLATE 66XNODES 55xor 43YNODES 55zero? 12, 43ZNODES 55[ ] 28\ 15_ 13, 21, 27_boolean-per-word 60_char-per-word 60_check 56_checksubtag 57_context 33, 37_continuation 33, 37_ffb 56_first-instance-slot-num 59_instance-header 58, 59_instance-id-slot-num 59_instance-size 58, 59_ivar 59_loop 1, 31_lsh 56_make-safe-nnr 38_max-call-msg-size 55_node-mask 38_object-header 33, 58, 59_object-header-slot-num 59_object-header? 37_object-size 59_object-size-slot-num 59_packed-array-first-value-slot-num 60_packed-array-size-slot-num60_rot 56_rsubtag 57_rtag 56_simple-array-first-value-slot-num 60_stCHAR 57_stCLASS 57_stSEL 57_stSYM 57_tADDR 56_tBOOL 56_tCFUT 56_tDID 56_tFLOAT 56_tFUT 56_tID 56_tINST0 56_tINST1 56_tINST2 56_tINST3 56_tINT 56_tIP 56_tMSG 56_tOBJ 56_tTAG0 56_tTAGA 56_value 56_wtag 56