A M inimal Specification L anguage

*

Walter W. Wilson

Computer Sciences Corporation

6100 Western Place, MZ5302, Fort Worth, TX 76107

& The Universityof Texas at Arlington

wwilson3@csc.com

Abstract. This paper describes a logic programming language intended as a specification

language where theuser specifies soft ware functionalitywhile ignoring efficiency. The language

objectives are (1) a pure specification language -- "what, not how", (2) minimal -- as small and

simple a language aspossible, and (3) a meta-language -- able to imitate other languages. The

language is higher-order in that variables can represent both predicate names and entire predicates.

The language alsohas"string variables", which match zero or more expressionsin a sequence.

1 Introduction

Wit h current progra mming languages onewrit es programs wit h efficiency in mind. Even in thelogic

programming field, wher ewesupposedly "t ell thecomput er what to do wit hout telling it how to do

it", theprogrammer must understand the execution process in order to writ eclauses that terminateand

are efficient. Programtransfor mation pot entially offers a way of achieving thegoal of declarative

programming in which oneca n writ enicespecifications without considering their implementation and

then ha vethemtransfor med int o efficient algorit hms. Onemay thus ask what kind of programming

languagewould wewant if wecould ignor e efficiency and assumet hat a smart translator could

transfor mour specifications.

This paper describes a previously-proposed logic programming language, called "axiomatic

language" [Wil82], that is intended as just such a programming/specification language. The

object ives of t helanguageareas follows:

(1) purespecification language-- Theprogra mmer writ es specifications whileignoring efficiency

and implementation difficulty. Programtransfor mation is thus requir ed. Weassumethat a smart

translator can bebuilt that can transfor mthespecifications int o efficient progra ms.

(2) minima l, but extensible-- Thelanguageshould beas small as possiblewith sema ntics as simple

as possible. Nothing is built-in that can bedefined. This means that arithmet ic would not bebuilt-in.

(Weassumethesmart translator can "recognize" t heabstract definit ions of arithmet ic and replace

themwit h thecorresponding hardwareoperations.) Of course, any minima l la nguagemust also be

highly ext ensible, so that those features which arenot built-in can be easily defined and used for

specification as if they had been built-in.

(3) meta -language-- Therearemany ways in which one might want to specify soft ware: first-order

logic, set operations, funct ional programming, doma in specific language, even procedurally, etc. An

ideal langua gewould beablet o simulatewithin itself ot her languages and languageparadigms, which

theuser could then usefor softwarespecification. With such a meta-la nguagecapability onecould

not only definefunct ions, but definenew ways of defining functions.

Thet wo ma in features of this la nguagein comparison to pureProlog areits higher-or der property,

in which variables can repr esent predicat es and predicat ena mes, and string variables, which match

zero or mor e expressions in a sequence. Thehigher-order property is essent ially equivalent to that of

HiLog [CKW93], but wit h somesyntax differ ences. This languagema y also beuniquefor what it

expression is defined to be an atom (a symbolic constant), an expression variable , or a sequence of zero or mor e expr essions and string variables .

Thehierarchical structureof expr essions is adopt ed from t hefunct ional programming la nguageFP

[Bac78]. Atoms arerepresent ed by symbols that start with the backquot echaracter: ‘ abc, ‘X3, ‘+.

(Thenon-variablesymbols in section 2.1 are not atoms, as section 2.3 explains.) Expression and string variables arerepresent ed by symbols beginning with % and $, respectively: % expr, %, and $ str,

$1. A sequenceis represent ed by a string of expressions and string variables, separated by blanks and enclosed in parentheses: (‘M %y), (‘ xyz () $ (‘)). It should bement ioned that theseand other syntax details aresomewhat arbitrary.

An axiom consists of a conclusion expression and zero or mor e condition expressions, in oneof thefollowing for mats:

conclu < cond1 , ..., condn . ! n > 0

conclu . ! an "unconditional" axiom

Axioms may bewritt en in freefor mat over mult iplelines and a comment ma y appear on theright side

of a line, following an excla mation point. Notet hat thedefinit ion of expr essions allows atoms and

expr ession variables to beconclusion and condition expressions in axioms.

A finit eset of axioms generat es valid expr essions by first generating an infinit eset of axiom

instances by thesubstitution of values for the expression and string variables. Each occurrenceof an

expr ession variablein an axiomcan bereplaced by an arbitrary expression, thesame expr ession

replacing t hesamevariablethroughout. Likewise, each string variablecan bereplaced by a string of

zero or mor e expressions and string variables. For example, theaxiom

(‘A %x $str1 $str2)< (‘B %x), ($str1 ‘C ($str2)).

has an instance

(‘A (% ‘a) $w ‘*)< (‘B (% ‘a)), ($w ‘* ‘C ()).

by thesubstitution of (% ‘a) for %x, ’$w ‘*’ for $str1, and ’’ (thenull string) for $str2.

Axiominstances generate valid expressions by thesimplerulethat if all thecondit ions of an

axiominstancearevalid expr essions, then theconclusion is a valid expression. By default, the

conclusion of an unconditional axiominstanceis a valid expression. For example, thetwo axioms

(‘ a ‘b).

((%) $ $)< (% $).

generatethevalid expressions (‘a ‘b), ((‘a) ‘b ‘b), (((‘a)) ‘b ‘b ‘b ‘b), etc. Notethat valid expr essions

arejust abstract symbolic expressions without any inherent mea ning. Their association wit h real

computation and inputs and outputs is by int erpretation, as discussed in sect ion 3.4.

2.3 Some Syntax Extensions

This sect ion defines someuseful syntax ext ensions for axiomatic la nguage. Theset of atoms is

ext ended t o includesymbols consist ing of singleprintablecharacters in singlequot es: ’a’, ’3’. Note

that theseareabstract symbols and their association to actual characters is only by int erpretation.

A character string in singlequot es within a sequenceis equiva lent to thecharacter atoms written

separately:

(... ’ abc ’ ...) = (... ’ a’ ’b’ ’c’ ...)

A character string in doublequot es is equivalent to a sequenceof character atoms:

" abc" = (’ abc’) = (’a’ ’b’ ’c’)

A symbol not beginning with ‘ ’ " % or $ is syntactic short hand for an expression consisting of the

atom‘ and thesymbol as a character sequence:

abc = (‘ " abc")

This is useful for higher-order definitions and for defining inequality bet ween symbols, which is not

built-in.

3 Examples

This sect ion gives some exa mples of axiomatic language and discusses its features. In section 3.1 we

give exa mples of thehigher-order property of thelanguage. Sect ion 3.2 discusses the meta-language

capabilit y of thelanguage. Sect ion 3.3 comments on thosecommon logic-programming la ngua ge

features that areabsent fromt his language. Finally, section 3.4 describes how programs can be

defined by int erpreting theset of generated valid expressions.

3.1 The Higher-Order Property

This sect ion gives exa mples of thehigher-order property of axiomatic language, in which variables

can beused for predicatena mes and for entir epredicates. Thefollowing exa mples show how higher-

order constructs enable easier definition of sets and relations:

(% set % elem)< ( finite_set %set ($1 % elem $2)).

! used to define finite sets:

( finite _set day (Sun Mon Tue Wed Thu Fri Sat)).

! generates valid expressions such as (day Tue)

% < ( valid $1 % $2).

! specify multiple facts in one expression:

( valid (father Sue Tom) (father Bill Tom) (father Jane Bill)).

( one _valid $1 % $2)< % .

! at least one expression in list is valid:

( parent %x %y)< ( one_valid (mother %x %y) (father %x %y)).

Axioms themselves can berepr esent ed as expressions:

( all _valid).

( all _valid % $)< % , ( all_valid $).

! all expressions in list are valid

% conclu < (axiom % conclu $ conds), ( all_valid $ conds).

! specify axiom in a single expression:

( axiom (sort %1 %2) (permutation %1 %2) (ordered %2)).

( axiom $axiom)< ( axiom_set $1 ($axiom) $2).

! a set of axioms in a single expression:

( axiom _set ((length () 0))

(( length (% $) (s %n)) (length ($) %n))).

This last axiomgenerates valid expressions such as (lengt h (a b c) (s (s (s 0)))).

Thefollowing axioms makeuseof symbol repr esentation to "map" functions and relations to

sequences of arguments:

((‘ ($ rel ’*’)) $nulls)< ! empty sequences of arguments

( zero _or_more () ($nulls)).

((‘ ($ rel ’*’)) $ argseqsx)<

((‘ ($ rel ’*’)) $ argseqs),

((‘ ($ rel)) $ args),

( distr ($ args) ($ argseqs) ($ argseqsx)).

( zero _or_more % ()). ! zero or more copies of an expression

( zero _or_more % (% $))< ( zero_or_more % ($)).

( distr () () ()). ! distribute elements over sequences

( distr (% elem $ elems) (($ seq) $ seqs) ((% elem $ seq) $ seqsx))<

( distr ($ elems) ($ seqs) ($ seqsx)).

Theseaxioms generatevalid expressions such as (day*(Sat Tue Tue)) and (append*((a b) ()) ((c) (u

v)) ((a b c) (u v))).

Axiomatic language’s higher-order property is essent ially t hesameas that of HiLog [CKW93].

That is, thelanguagehas higher-order syntax but thesema ntics arereally first-order. (TheXSB

[XSB] implementation of HiLog, however, does not allow variables for head predicates in clauses

[W ,S00].)

3.2 The Meta-Language Property

Thehigher-order property plus string variables plus theabsenceof commas giveaxiomat ic

languageits meta-languageproperty -- its ability to imitateother languages. Theoriginal paper gave

an exa mpleof a simpleprocedural languagedefined in axiomatic language. In this sect ion wedefine

theevaluation of LISP-like expr essions. First weneed decima l number repr esentation:

( finite _set digit "0123456789"). ! set of decimal digits

( index %set % elem %index)< ! index for each element in set

( finite _set %set ($1 % elem $2)),

( length ($1) %index).

( eval (‘ (%digit)) %value)< ! single-digit symbol

( index digit %digit %value).

( eval (‘ ($digits %digit)) % valuex)< ! multi-digit symbol

( eval (‘ ($digits)) %value),

( index digit %digit %n),

( times %value (s (s (s (s (s (s (s (s (s (s 0)))))))))) %10val),

( plus %10val %n % valuex).

Now wedefinetheevaluation of nest ed expressions:

( eval (quote % expr) % expr). ! " quote" returns expr unchanged

( eval (% fn $ args) %result)<

( eval* ($ args) ($results)),

(% fn $results %result).

Theseaxioms turn someof the pr eviously-defined predicat es into funct ions which can beapplied in a

LISP-likema nner :

( eval (times (length (append (quote (a b c))

( reverse (quote (e d)))))

( plus 3 15)

) % value)

When t his expression is used as a condition, thevariable%va luewill get instantiat ed to thenatural

number repr esentation for 90.

3.3 What T his Language Does Not Have

In this section wecomment on thosecommon logic progra mming features that axiomatic langua ge

does not ha ve:

(1) non-logical operations -- No execut ion model, such as SLD resolution [Llo87], is implied by t he

languagesema ntics, so non-logical operations such as "cut" haveno mea ning.

(2) built-in predicates -- Weassumeprogra mtransformation can map definitions of thesepredicates

to efficient implementations, as if they had been built in.

(3) built-in inequalit y -- Inequality bet ween symbols and expressions containing them must be

explicitly defined, first by defining inequalit y between the character atoms, then inequality bet ween

character strings and symbols, and finally inequality bet ween expr essions of unequal elements.

(4) negation -- Negation must also bedefined, eit her by explicit definit ion of negativepredicat es

frominequalit y (such as a ^ not_member~ predicate) or by representing axioms in encoded for mand

defining an SLD int erpreter to generatenegation as failure. Explicit definit ion of negat ion is a little

tedious, but eliminating built-in negation is a great theoret ical simplification for thelanguage.

(5) assert/retract -- A set of axioms is static. Modifications to theset aredone"outside" t helanguage.

(6) input/output -- Ther eareno input/ output operations in thelanguage. Inst ead, a programthat does

input/output is defined by int erpret ing t hestatic set of va lid expressions. This is described in t henext

section.

3.4 Defining Programs by Interpretation

This sect ion describes how a real programthat does input/ output can bedefined by a formal syst em

that generates abstract symbolic expr essions. As ment ioned earlier, axioms and t hevalid expressions

they generat earepurely syntactic ent ities wit hout any inher ent mea ning. However, they can beused

to represent real computations by int erpreting theset of valid expr essions in some way.

A programthat reads an input fileand writ es an output filecan bedefined by an infinit eset of

valid expr essions of thefor m

( program <input> <output> )

wher e <input> and <output> areabstract symbolic expr essions that areint erpret ed to repr esent actual

input and output files, respectively. A text file, for example, might berepresent ed by an expr ession

which is a sequenceof sub-expressions, each represent ing a lineof t ext and consist ing of a sequence

of character atoms. Theseprogramvalid expressions would begenerat ed for all possibleinput files,

and would givet hecorresponding output filefor each input file. For example, a programthat reads

an input text fileand writ es an output fileconsisting of each linereversed could bedefined by the

following axiom:

( program %input %output)<

( reverse* %input %output). ! reverse each line in input file

This axiom, of course, generates programvalid expr essions for expr essions ot her than text files, but

thosenon-r elevant expressions would beignored.

An int eractiveprogra m might berepresent ed by a set of programvalid expressions that each

contain thesequenceof inputs and outputs for an execution hist ory. Valid expressions would be

generated for all possible execut ion histories.

4 String Variable Elimination

String variables enableconvenient pattern matching but they add a level of complexit y in that two

expr essions wit h string variables may havemultiplemost-general unifications. For example, ($ a)

and (a $) havean infinit enumber of most-general unifications wit h thesubstitutions $ = ’’ (thenull

string), $ = ’a’, $ = ’a a’, $ = ’a a a’, etc. In this section wegivea simpletransformation that eliminates

theproblem of multiple unifications.

Multiplemost-general unifications arecaused by "non-tail" string variables -- thoset hat do not

occur at the ends of sequences. (In ($ a) the$ is non-tail whilein (a $) the$ is "tail".) Notethat if

only tail string variables arepresent, unification is analogous to unification of Prolog lists and yields

just a singlemost-general result. Wewa nt to eliminateoccurrences of non-tail string variables, which

havet hefollowing for m,

... ( ..x .. $1 ..y ..) ...

wher e..x .. is a string of zer o or mor e expressions and ..y .. is a string of oneor more expressions and

string variables. ($1 is ther efor ethefirst string variableand is non-tail.) For each occurrenceof such

a sub-expression in eit her a conclusion or condit ion of an axiom, wereplacethestring ’$ 1 ..y ..’ with a

new string variableas follows,

... ( ..x .. $1x) ...

and add thefollowing condit ion t o theaxiom:

(APPEND ($1) ( ..y ..) ($1x))

If the..y .. string also contains non-tail string variables, thetransfor mation st ep is applied recursively

to this new condit ion. Finally weadd t o theset of axioms t hefollowing classic definition of the

APPEND predicat e, which uses only tail string variables and is dist inct fromtheappend predicat e

defined earlier :

(APPEND () ($2) ($2)).

(APPEND (% $1) %2 (% $3))<

(APPEND ($1) %2 ($3)).

Theset of generated valid expressions will bethesameaft er this transformation, except for the

addition of theAPPEND predicateand theelimination of non-tail string variables.

A fina l transfor mation is to represent sequences as nested pairs, similar to thewa y lists are

represent ed in Prolog, in which casetail string variables can betreated as ordinary expression

variables. Details areomitt ed.

5 Conclusions

A typeof logic programming la ngua geint ended as a purespecification la ngua gehas been described.

Theprogrammer is expect ed to writ especifications without concer n about efficiency. Higher-order

definitions and the meta-languagecapability should providepowerful tools for softwarespecification,

but makeprogramtransfor mation essential. Thedifficult problem of transfor mation should behelped,

however, by thesimplicit y and purity of thelanguage, such as theabsenceof non-logical operations,

negation, built-in functions, statechanges, and input/output. Axiomat ic langua geshould thus be well-

suit ed t o transfor mation met hods such as unfold/fold [e. g., PP99]. Futurework will addr ess the

problemof transfor mation.

Acknowledgements

Carl Bruggema n of UTA gavemuch helpful advice. Luis Tovar, D. R. Richardson, and Echo Wilson

provided support. Lockheed Martin and Comput er Sciences Corporation provided funding.

References

[Bac78] J. Backus, "Can programming beliberated from the von Neumann style? ", Comm. ACM,

21(8):613-641, Aug. 1978.

[CKW93] W. Chen, M. Kifer, & D.S. Warren, " HiLog: A foundation for higher-or der logic

programming", J. of Logic Progra mming, 15(3) :187-230, Feb. 1993.

[Llo87] J.W. Lloyd, Foundations of Logic Programming (S econd Edit ion), Springer Verlag, 1987.

[PP99] A. Pettorossi & M. Proietti, "Synthesis and transfor mation of logic programs using unfold/fold

proofs", J. of Logic Programming, 41(2&3): 197-230, Nov. 1999.

[W ,S00] D.S. Warren, K. Sagonas, privatecommunication, 2000.

[Wil82] W.W. Wilson, "Beyond PROLOG: soft warespecification by grammar", SIGPLAN Notices,

17(9) :34-43, Sept. 1982. ( at <http://cseweb.uta.edu/~wwwilson>)

[XSB] TheXSB Research Group, <http://www.cs.sunysb. edu/~sbprolog/ index.ht ml>.