299Chapter 9Translation into Clean

9.1About the desugaring of thelanguage9.2Simple transformations9.3List comprehensions9.4Local function definitions9.5Translating the desugaredlanguage into Clean9.6The exploitation of sharing

In this chapter the most important advanced language concepts offeredby a lazy functional language such as Miranda are transformed into anFGRS-based language such as Clean (Figure 9.1). The transformationschemes take Miranda explicitly as the source language, but they canalso serve as a guideline for the translation of other lazy functional lan-guages.As a �side-effect�, this chapter gives a better insight in the seman-tics of the treated language concepts, especially with respect to shar-ing.a

The goal of the transformation schemes is to obtain Clean codethat is as efficient as possible. The transformation schemes presentedin this chapter are based on the standard transformation techniques(Peyton Jones, 1987). However, some changes have been made togenerate better code and to employ sharing as much as possible

During the transformation auxiliary functions are inevitably generated. The transformation schemes are designed in such a way thatA significant increase of execution speed can be obtained when afunction is known to be strict in an argument of basic type (see Section8.3). The corresponding analysis is not performed during the translationfrom Miranda to Clean but it is left to the strictness analyser of the ConThe transformation is performed in two phases. In the first phasea Miranda program is desugared by translating it into an equivalent program in a Miranda subset that is very Clean-like. This approach has thetage that most transformations can be defined by using the se-mantics of Miranda itself (Section 9.1). As much as possible of Miis desugared in this way: list comprehensions (Section 9.3), local func-tion definitions (Section 9.4) and various other small syntactical conPhase two (Section 9.5) is relatively straightward: an almosttrivial syntactical transformation is needed to convert a program in thedesugared language into an equivalent Clean program. Finally we discuss how sharing can be exploited in the transformation of Miranda toIn the first phase Miranda programs are desugared by transformingthem into a Miranda subset that is syntactically similar to Clean. Thesetransformations can be split into relatively simple changes such as thetransfer from infix into prefix notation and the more complex transfor-mation schemes, such as removing list comprehensions. Miranda con-structs that are more or less part of the programming environment, suchas the module system, I/O facilities and predefined library modules, areAn important aspect in the transformations concerns a special kindof local definition: the local constant definition, i.e. a local functiondefinition with zero arguments or a local definition. In the follow-ing a strict distinction will be made between local constant and local definitions (the other local definitions). Local constants can be defined in Clean as well as in Miranda and therefore theywill be moved to a global level (see Section 9.4). In the secondphase (see also Section 9.5) the local constant definitions are translatedrectly into the equivalent node-id definitions in Clean. In Clean theywill be shared automatically such that duplication of computation isavoided. In several transformation schemes local constant definitionsMost of the program transformations are easy, others are a bit moredifficult. It is not always evident which transformation scheme will yield the most efficient code. In some cases several alternatives for aparticular transformation are given. The following remarks hold for allThe transformation schemes produce standard Miranda expres(e.g. infix notation). This is merely done for readability. Actually,the expressions thus generated in their turn also have to be trans-Some transformations require the insertion of new local defini-tions. In Miranda local definitions are only allowed at parplaces. The transformation schemes do not take this into account,Often it does not matter very much in which order the transforma-tions are being performed. But rule lifting, i.e. moving all localfunction definitions (including the ones inserted by the transformaIn some transformations (new) names are introduced. It is asTrivial transformations are explained with the help of examples. Inother cases the transformation schemes (called MirSMir) are more for-Since pattern matching is available in Miranda as well as in Clean, pat-tern matching can generally be translated directly without any changes.However, some special patterns are allowed in Miranda and not inClean. In particular, irrefutable patterns, comparing rules, constructors and omitted arguments in function definitions have to betransformed into Clean-like definitions. Furthermore, Miranda allowsIn Miranda there are many predefined infix operators with variousbinding powers. User-defined infix operators are also possible. Further-more, mathematical expressions like a < b < c can occur. In Clean, theprefix notation is generally used and all functions have the same bindingpower. Infix notations can be removed easily. The general transforma-tion is (in which 1, 2 stand for infix symbols, and e1, e2 and e3 stand for

In the transformation new local constant definitions are generated toThe match on syntactic constructs automatically takes care of theIn Miranda a variable can occur multiple times on a left-hand side. Sucha function alternative is called a comparing rule, which is only choComparing is not allowed in FGRSs and hence it is also prohibited inClean. However, a -rule is defined that tests the equality of normalSince the guard is evaluated after the pattern is matched, in parcases (e.g. when the left-hand side of the rule is f x x 2) one has to takecare that the order in which the tests and matches are performed is notchanged by the transformation. This can be realized by generating aux-In Miranda no evaluation is forced for an argument corresponding to apattern if the type checker guarantees that the evaluated argument will

In this function a tuple is specified as pattern, but the tuple elements are notused in the function body. The type system guarantees that the function is alClean would force evaluation for these kinds of pattern. This may leadto unintended non-termination if the function is not strict in its argumentThe problem is solved by eliminating the pattern match and includ-ing some way in which the components of the pattern can be accessed ina lazy manner. This is done by adding local constructor definitions (seeA constructor definition is a (possibly local) definition in which thedefined symbol is not a function but a constructor. Such a definition iseffectively used to define projection functions yielding the arguments of is a Miranda constructor. In this way projection functions and y are deA possible translation involves the explicit definition of the correIf the definitions are local, then after the transformations of the second phase A disadvantage of this method is the generation of new projection func-tions for each occurrence of a constructor definition. In practice the

In Miranda it is not required to specify the same number of argumentsbe transformed. The omitted arguments are added on the left-hand sideIn this section we shall formally specify how dotdot expressions andnon-diagonalized ZF-expressions can be desugared into function definitions. Diagonalized ZF-expressions are not treated. For non-diagonal-ized ZF-expressions besides the standard transformation method (Pey-ton Jones, 1987) a method that generates more efficient code is de-scribed. This method makes use of patterns and compile-time continIn Section 2.2 the semantics of dotdot expressions was explained withthe help of two auxiliary functions, inbetween and from. The generaltranslation of such dotdot expressions is as follows (in which a, b and

The translation of non-diagonalized ZF-expressions is more difficult.Two methods are given. The first scheme is primarily given to make thetics of non-diagonalized ZF-expressions clear, but it is not veryefficient. At run-time a lot of time is wasted concatenating empty lists.The second scheme presented is more complex, but it also generatesThe following transformations are essentially the same as the basictransformation schemes given in Peyton Jones (1987). As with thetransformation of the dotdot expressions, the original expression is notduplicated during the transformation. Instead new local definitions aregenerated in such a way that, after the transformations of the secondZF-expressions can be translated as follows (in which stands foran arbitrary expression, b for a Boolean-valued filter, q for a list offiers, p, p1 and n for patterns, x, y and z for simple variables, andThe function cond is the conditional with boolean, �then� part and �else� partarguments. This function is used instead of guards, since guards cannot benested easily. It is sensible to replace, at a later stage, the applications of The local constant definitions for l1 are generated to create sharing inClean. The local function definition for f is generated in order to achieve theproper projection from the pattern p to the expression e. The second alternative of f is only needed for the case where the pattern p is not just a simple

In spite of the introduced sharing the transformation scheme givenabove is not very efficient because at run-time many empty lists areTake the following Miranda expression computing all Pythagorean trianglesAccording to the simple transformation scheme given above, this ZF-expresThere are several ways to improve the transformation schemes givenabove (see also Peyton Jones, 1987). We will treat here the scheme ofKoopman and N�cker (1988). It presents an alternative transformationby using patterns. Furthermore, an additional argument is used in thetransformation scheme to remember where the generation of list elements has to be continued. The advantage of the scheme is that it doesnot generate empty lists nor append functions. The proposed scheme is used to remember where the evaluation has to be continued if a generatorhas come to the end of the generated list. This is specified in the first alternative of the locally defined function in the scheme. The last alternative of thisAn empty list is passed as an additional argument to the new transfor-mation scheme. The previous transformation schemes are only slightlychanged to pass the extra argument. Furthermore, two rules are insertedto obtain better code in the case that multiple filters are specified. Fi-nally, the two rules for generators are replaced by two rules that employ

ZF-expressions are very concise constructs. A disadvantage is thateven with the most efficient transformation scheme they are trans-formed into many function definitions and applications. So a functionalprogram with many ZF-expressions might be a beautiful specification,The previous scheme for ZF-expressions is further extended such that itcan also deal with recurrent generators. In Chapter 2 we explained thatthe meaning of a recurrent generator can be expressed with the help ofthe function iterate. So a recurrent generator can be translated by addingA functional program containing local function definitions has to betransformed in such a way that all function definitions are on the globallevel, such as is the case in Clean. This transformation is called rule lift-. The general idea is to make the local functions self-contained byadding parameters for certain variables ( variables). The extra ar-guments have to be added in front of the original parameters, since forcurried applications of functions generally not all original arguments arep is used in a curried way. Therefore it is necessary that the extra argument is added in front of the original argument. This extra argument is added both to the definition of p as well as to the applications of p. Now the definition ofA self-contained local definition can be moved freely to the globallevel. Of course, when moving a local definition to a global level,names have to be changed if the name of the function already occurredat that level. In this section rule lifting is discussed in general and an ex- are well-known lifting algorithms (Johnsson, 1985) thatare defined for l-calculus-based expressions. The lifting process defined in this section basically follows the same algorithm but there aresome differences. In particular, rule lifters are able to handle patternsRule lifting is not so easy. First of all, all rule alternatives of onefunction definition can be mutually dependent, and therefore they allhave to be lifted together. In Miranda, even functions defined on difent levels can depend on each other (see the example after the speccation of the lifting algorithm). Therefore, all local functions of a globalfunction have to be lifted simultaneously, taking the scope rules of Mi-randa into account. Furthermore, local constant definitions should notbe lifted to the global level. However, local constant definitions can benested (in contrast to node-id definitions in Clean) so they do have to beFirst of all, it is assumed that all names are (made) unique. Then, let bea function, defined on the global level, and be functions (not con-stants) defined locally at some level of that rule. Furthermore, where inthe following definitions right-hand side is used, it stands for the ex-pression on the right-hand side of a function definition with its constant definitions but without the local function definitions. Withthe set of variables on the right-hand sides of the rule-alterna-tives of g: i.e. all identifiers on the right-hand sides that areneither defining names of global definitions nor of local func-the set of names of local functions applied on a right-handthe set of bound variables of the rule-alternatives of ; variablesare the names that occur as (part of the) arguments on the left-hand side of a rule-alternative or as a definingthe complete set of free variables of a local function . Thisin which is the union of all FV(g), g LF(g and deDue to mutual dependencies in LF, the defining equationof FV can be recursive. So possibly a collection of recursiveset equations has to be solved. This can be done by repeatedlysubstituting approximations in the equations until a fixedpoint is reached, i.e. all resulting sets of two subsequent ap-proximations are the same. When empty sets are used as thefor each local function g determine the sets , LF, and FV byadd the elements of the set of free variables FV(g as extra paters (in front of the original parameters) to each occurrence of alift all remaining local constant definitions to one local level in theThere are three local functions defined (g, and k) and three local constants

To all occurrences of and the variables of the corresponding

The subset of Miranda resulting from the program transformations de-scribed in the previous sections is chosen in such a way that the transla-tion of this subset into an equivalent Clean program is relativelystraightforward: it is reduced to merely a syntax transformation. Expres-sions will be represented by graphs, and function definitions becomerewrite rules. Variables in functions are represented by node identifiers.Furthermore, local constant definitions are syntactically transformed into node definitions, yielding again sharing of computation. Foreach kind of Miranda type there is an equivalent in Clean via a simpleThe following syntax transformations are needed to change a functionRename every function in such a way that it starts with an uppercase character, to make it a proper Clean symbol (be careful tocause no name conflicts with constructors); also rename the stan-Replace the � symbol by a �,�, replace the �=� by a �whereit separates left- and right-hand sides in a rule definition, but by a:� where it is used to separate sides in a local constant definition;;in guards: replace �if� by �IF� and remove � and �otherwise� whereIn Miranda, there is no upper bound to the numerals that can be used inarithmetic. In Clean however, the standard integer arithmetic available on the machine is used. So if the reach of this arithmetic is not sufficientone can either use Clean reals (floating-point numbers) or one has todefine a suitable module that implements Miranda-like unboundedThe generation of sharing and of cycles is, in particular, very important,since it can greatly improve the efficiency of the program, effectivelyreducing the computational complexity of the specification. In the pre-vious sections local constant definitions were introduced when possiblesuch that expressions are not unnecessarily duplicated and becomeshared in Clean. In this section three important transformations are dis-cussed that carry the exploitation of sharing even further: sharing ofcommon subexpressions, creating cycles and sharing results of For subexpressions that occur more than once on a right-hand side anIt is also possible to make use of the occurrence of common subexsions on the left- and right-hand sides. This is the case when a term isused as a pattern while this same term is also used in the function body.In Clean, rebuilding of the graph for such a term can be avoided byexplicitly specifying a node-id for the term on the left-hand side and byusing that node-id on the right-hand side instead of duplicating the term

The transformations described in the previous sections generate cyclesSince the local constant definition is translated directly to a node-id definitionGenerating cycles for global constant definitions can be achieved byWhen in a lazy evaluation of a computation sharing is applied in such away that even every partial application is evaluated at most once, thisevaluation is called fully lazy. In general, computation in Clean is notfully lazy since the semantics of Clean does not require any special

Evaluating H 35 the partial application G 35 is constructed. But no specialcomputation is involved for such a partial application. The two calls G 35 3some sense the computation involved with the partial application G 35 is doneIt is, however, possible to transform Miranda in such a way into Cleanrules that effectively the Miranda computation is performed in a fullylazy manner. This can be achieved by generating (Hughes, 1982). have the property that evaluationIn Clean, all classes of combinatory expressions can be expressed.Hence it is also possible to specify or generate super-combinators,which can be done as follows. First, the largest subexpressions that onlydepend on one argument of the function, the maximal free expressionsare determined. Then, for each maximal free expression a new functionIn the example above is a maximal free expression in the function . So aFurthermore, a new function is defined with as body the body of theoriginal function in which every maximal free expression is replaced bya fresh variable. In the parameter list of the new function such a freshvariable replaces the argument on which the corresponding maximalfree expression depends. Finally, the original function body is adjusted,After defining the new function g’’ and adjusting the definition of g the finalThe main drawback of super-combinators is the huge number ofcombinator rules that are generated in this way. Besides that, they areonly of use if there really are such partially applied shared functions.Even in that case it is doubtful whether the additional effort needed tomaintain the sharing will be less than the resulting increase of executionspeed. If the choice is made to transform a Miranda program into a super-combinator program this transformation has to be done before therule lifting, and on local definitions the algorithm for generating suThe definitions of g’ and g are local constant definitions to increase sharing.A Miranda program can be translated into an equivalent Cleanprogram in the following way: first, a Miranda program is trans-lated into an equivalent program in a Clean-like Miranda subset,then the program in this subset is transformed via simple syntacti-Most of these transformations are straightforward. The more diffi-The transformations give (as a side-effect) a better underof the precise meaning of many constructs in Miranda. One of thereasons for this is that by defining the transformation into a graphrewriting language one defines the places whereDuring the transformations can be introduced in severalways: by introducing local constant definitions, by sharing com-mon subexpressions, by creating cycles and by generating sucombinators. Sharing can greatly improve the efficiency of the

Use both of the given translation schemes for ZF-expressions toTranslate the exercises of Chapter 2 to Clean. Explain whichtransformations have been used. Measure the time—space be-haviour of the original programs and the Clean programs. Explain