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Mantis H.M. Cheng

July 25, 1988

Introduction

FPL is a typed functional programming langquage supporting lazy evaluation,
higher-order functions and universal polymorphism. The notation of FPL is
modelled after the langquage ISWIM of Landin; it is a ‘‘sugar’’, typed lambda
calculus.

There are two kinds of input to FPL, definitions and applications.
A definition must be preceded by the keyword ‘‘let’’. A recursive definition
must have a '‘rec’’ immediately following the ‘‘let’’.

All functions in FPL are curried, i.e., all are unary functions.
A definition is a (symbol,expression) pair of the form:

let <symbol> = <expression).

let rec <symbol> = <expression>.

This means that <(symbol> has as value the value of <(expression>. This
(¢<symbol», <cexpression)) pair, when successfully compiled, will be added
to the current global environment. The global environment stores, in
addition to user definitions, all predefined definitions.

All other inputs which are not definitions are to be taken as function
applications, i.e., expressions to be evaluated.

Every input expression has a type. The user does not need to define the
type .of the expression. Rather, the system would infer from the e ression
a most general type for it, which may be polymorphic. A function .s
polymorphic if it is applicable to any type. For example, the identity
function ‘‘\x.x’’ is applicable to an arqument of any type; hence it is
polymorphic.
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Syntax

The following is a description of the language FPL in BNF notation.
‘‘[<item>]'’ means that <item> is optional. Terminal symbols are between
single quotes (’), non-terminal symbols between angle brackets (< >),
and comments between quotes (‘' and *’). All other symbols belong to the
meta-language, BNF.

¢<statement> ::= ( <expression> | <macro> | <op-declaration> ) ‘.’

<expression> ::= <simple-exp> |
<lambda-exp> |
<conditional-exp> |
<let-exp> |
’{’<cexpression>’)’ |
<op—expression> |
<constructor—exp> |
<macro-exp>

(Note: All comment lines begin with a *‘%’’.)

¢simple—exp> ::= <constant> | <list> | <symbol>

<constant> ::= <number> | <boolean> | ’'""<string>’"’ | ‘()"
<number> ::= [<sign>] (<integer> | <float>)
<floaty ::= <integer)>’.’<integer>[[<sign>]{’E’|’'e’)<integer>]

<boolean> ::= ’‘true’ | ’false’
<list> ::= *{]’' | *[' <expression> |’ <(expression> ']’
¢<symbol> ::= ‘‘any alphanumeric identifier including * ’,

11 and [ R -
<string’ ::= "‘any string of characters between double quotes’’

Simple expressions are composed of constants, lists and function
applications. For example, numbers, e.g.,-1.2,0,1.0e-3,..., are constants;
quoted (") strings, e.g., "this", "is", ..., are constants; ‘‘true’’ and
‘‘false’’ are constants; *‘()’’ is a unique constant denoting void.

**[1’’ denotes the empty list; [H|T! denotes a non—empty list with head H
and tail T. For example, [1,2], [1][[2]] and [1]|[2]|[]]] are equivalent

lists of two integers.

<lambda-exp> ::= ’\’[<bound-vars>]’.’<expression>
<bound-vars> ::= (<symbol> | <constructor-pattern>) [’,’<bound-vars>}

{(Note: In a lambda expression, the body expression must immediately
follow the *'.’’, i.e., there should not be any space.) The lambda
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\X,7,z.<expressiony is equivalent to \x.\y.\z.<expression>. constructor patterns. (Note that ‘[ | ]1’’ is a binary constructor.)
<conditional-exp> ::= <(clause> <clauses> <op-expression> ::= <(prefix-op> <expression»
<clause> ::= <condition>’->’<(expression> | <expression> <infix—op> <expression)
<expression>’when’<condition> | <expression) <suffix-op>
<expression>’otherwise’ |
relse’ <expression> (op—declaration> ::= <op—-type> <(op-assoc> <op-pred»> <symbol>
<clauses) ::= ';’( <clause> <clauses> | <clause> | <expression> ) <op—-type> ::= 'infix’ | ’‘prefix’ | ’'postfix’
<condition)> ::= (expression> <op-assoc> ::= ’‘left’ | 'right’ | 'mon’ | ’assoc’
<op-pred> ::= ‘‘a positive integer between 0 and 1200’'
The general form of a conditional expression is ‘‘Cl->El ; ... ; [Cn->] En’’
where n>1; the condition Cn is optional. An equivalent form of a The following declaration

conditional expression is ‘‘El when Cl; ... ; En when Cn; [En+l
otherwise]’’.
infix left 500 "++".

¢let~exp> ::= ’let’ [’rec’] <binding> [<bindings> <body-exp>]

<binding» ::= <symbol>’=’<expression> | defines a new infix operator ''++’’ which is left-associative and

<constructor-pattern)’=’<symbol> has a precedence of 500. (Note: Prefix or postfix operators can
’,7<¢binding> [<bindings>] only be 'non’ {(for non-associative) or 'assoc’ (for associative).)
'in’ <expression>

<bindings> :
<body~exp> :

<macro> ::= ’'macro’ <named-exp> ’'=’ <expression>
There are two forms of let—expression: <named-exp> ::= <(symbol>[’{’<(parameters>’)}’]
(parameters> ::= <(symbol>’,’[<parameters>]

let [rec] x1=vl, ..., xn=vn in E (1) <macro—exp> ::= <symbol>{’(’<expressions>’)’]
<expressions) ::= cexpression> [’,’<expressions>]

and
A macro definition is used to define a pattern to be replaced textually
let [rec] N = E. (2) by another pattern. This replacement takes place before any evaluation.
For example, the macro definition

(2) defines a new definition (¥,E) to be added to the global environment.

(1) is equivalent to the lambda expression (\x1l,...,xn.E}:vl:...:vn. macro from(x,y) = to:x:y.
A binding of the form f=\x.E can be rewritten as f:x=E. In general,

£=\x1,...,¥n.E is equivalent to f:xl:...:xn=E.

(Note: There is a limitation of FPL on nested ‘‘let rec’’ of the form as in says that any expression of the form ‘‘from(x,y)’’, where x and y are any
(1). The bindings must be functions (i.e., not simple expressions). subexpressions, is replaced by the expression '‘to:x:y’’. The expression
Hence, you cannot define ‘‘let rec x=1, y=x+2 in x+y’’ where the ‘‘x’’ in ‘‘*from(a,b)’’ is replaced by ‘‘to:a:b’’.

Yly=x+2’’ is ''x=1’’ within the let-expression.)

<constructor—exp)> ::= <constructor>{’(’<expressions>’)’]
<constructor-pattern) ::= ‘‘any constructor with one or more
symbols as bound variables’’
The set of valid constructors will be discussed in the section on types.

A constructor symbol is one which is used to construct a new data type.

For example, the binary constructor ’BRANCH’ is used to construct an

expression of type '‘extree’’, which is an external tree. The expression Features
'*BRANCH(x,Y)’’ is a valid constructor pattern, whereas ‘‘BRANCH(1,x)’'’ is not.
In other words, a constructor pattern is an expression of constructor

symbols and bound variables. So, ({a,b),{c,d)) and [a,b,c] are valid
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del:"<¢name>".
exit.

fns.
load:"<filename>".
macros.
op:"<symbol>",
ops.
vic:"<filename>".

val it = help : sym
The symbol ‘'‘it’’ always denotes the most recent expression entered.
It can be used to construct more complicated expressions from
previously entered expressions.

To find out the list of all built-in functions, just type

[> builtins.

val it = [{*,+,-,/,<,==,>,",acos,asin,atan,cos,del,echo,error,exp,fst, hd,

head, 1n,load,loq,mod,op,print,random, rem,save,sin,snd,sqrt,tail,tan,tl,
trunc,vi] : list{sym)

The symbol ‘'‘builtins’’ is just a predefined constant--—a list of symbols.
The expression '‘length:builtins’’ computes the total number of built-in

functions.

Similarly, you can find out the lists of macros, system predefined and
user defined functions, and operators.

[> macros.

val it = [it] : list{sym)

[> fns.

val it = [!,..,:,¢=,¢>,>=,@8,6Nth,Nths,abs,and,append,ceiling,cons,deq,
firstNs,floor,frac_part,ints,iota,length,list _to_stream,map,maps,max,
member ,min,mkstream,neg,not,null?,or,pi,quotient,rad, reverse, round,
siqnum,stream_to_list,vic] : list({sym)

[> ops.

val it = [!,7, %, +,=,=>, v, /12,47 ,4,¢=,<$>,=,==,>,>=,0," ,and,else, mod,not,
or,otherwise,rem,vi,vic,whenl : list(sym)

Given a predefined operator ‘‘and’’, you can find out its declaration by
[> ops:"and".
val it = [OP(infix,left,850)] : list(op)

It says that '‘and’’ is a left-associative infix operator with precedence
850.

Let us create the Fibonacci function in a file ‘‘myfile’’ and then load it
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into the system. To do so, you type
[> vic:"myfile".

The Unix ‘‘vi’’ editor will be invoked with the argqument ‘‘myfile’’.
After you exit the editor with the following definition in the file,

let rec fib:n =
1 when n <= 2;
fib:{n-1) + fib:(n-2) otherwise.
the system immediately loads and compiles the file, and then prints

Loading file: "myfile"

val fib = fn : nur -> num

"myfile" is loaded.
val it = true : bool

which says that **fib’’ is a function of type ‘‘num —> num’’ and the loading
of '‘‘myfile’’ is successful.

To compute the fifth Fibonacci number, enter the expression
[> fib:5.
val it = 5 : num

The function ‘‘del’’ deletes a function definition permanently from the
system. For example, if you enter

[> del:"fib".
val it = true : bool

the function ‘‘fib’’ is removed permanently. Hence, you’ll get a type
error message if you enter

[> fib:l.
Type error at fib
Unrecognisable input fib : 1
To load the file *'myfile’’ again, you can use the ‘‘load’’ function.

[> load:"myfile".
Loading file: "myfile"

val fib = fn : num —> num

"myfile” is loaded.
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val it = true : bool

[> fib:5.

val it = 5 : num
Since ‘‘vic’’, ‘‘vi’’, ‘‘load’’ and ‘‘del’’ are just functioms (not commands),
you can use them as arugments to other functions. For example, to load a
list of files, you can enter

[> map:load:["filel™,"file2",...].

val it = [true,true,...] : list{bool)

At any time if you want to find the type of a function, just enter its
name. For example, to find the type of the factorial function ‘‘!*’’, enter

> t.

val it = fn : num —-> nunm

[» 3:.

val it = 6 : num
[> itr.

val it = 720 : num

To exit the sytem, you can type
{> exit.

\\quitrv’ “‘halt’’ or \waeyr.

Predefined functions

The following is a list of all predefined functions with brief
descriptions of their usage. The notation ‘‘E —> V'’ means
that the expression ‘‘'E’’ evaluates to the value *‘'V’’.

The following operator declarations define the basic syntax of FPL.

(Note: Always define the longest operator first.)

¢ A ° dP A

postfix non 950 otherwise.
infix non 950 when.
prefix non 950 else.
prefix non 100 load.
infix left 850 and.
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prefix assoc 800 not.
infix non 400 mod.
infix non 400 rem.
prefix non 100 vic.

prefix non 100 wvi.

infix left 900 or.

infix non 700 ">=".
infix non 700 "«¢=".
infix non 700 "==".
infix non 950 "->".
infix non 700 "o".
infix non 1000 "=".
infix right 990 ";".

infix non 700 "«¢".
infix non 700 ">".
infix non 600 "..".
infix left 500 "+".
infix left 500 "-".

infix left 400 "*7,
infix left 400 "/".
infix right 200 """,
infix right 100 "@".
prefix non 50 n=".
postfix assoc 50 v,

f:x —> f:x, the function application function

et ::f:x = f:x.

% f@x —> f:x, the function application function
%

let @:f:x = f:x.

%

% true or false —> true, the disjunction function
%

let X or vy = x => true; vy.

%

% true and true —> true, the conjunction function
%
let x and y = x -> y; false.

not true —> false, the negation function

90 QP o
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%1 <> 2 —> true,
%

let x <> y = not (x==v).

2 >= 1 —> true,

let x >= y = not (x«<y).

2 <= 1 —> false,

et x <=y = not (x>y).

%

% neg:9 —> -9,

%

let neg:x = —-1*x.
%

% signum:-5 —> -1,
%

let signum:x = -1
0
1
%
% cons:2:[] —> [2],
%
let cons:x:y = [x|y].
%
% abs:-9 —> 9,
%
let abs:x = x

—-1*x

the inequality function

the greater than and equal to function

the less than and equal to function

the negative function

the sign function
when x<0;

when x==0;
otherwise.

the list construction function

the absolute-value function

when x>=0;
otherwise.
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%

% round:9.4 —> 9, round to the nearest integer

%

let round:x = X when integer?:x;
trunc:(x+0.5) when x>=0;
trunc:(x-0.5) otherwise.

%

% quotient:17:3 —> 5, the inteqer division function
%
let quotient:x:y =
integer?:x and integer?:y -> trunc:(x/v);
error:"nen integer argument!™.

%

% frac_part:4.3 —> 0.3

%

let frac_part:x = integer?:x -> 0; x-trunc:x.

%
% floor:-9.2 —> -10, the smallest integer not greater
%
let floor:x =
let tx = trunc:x
in x when frac part:x==0;
tx when x>=0;
tx~1 otherwise.

%
% ceiling:-%.2 —> -9, the smallest integer greater its
%
let ceiling:x =
let tx = trunc:x

in x when frac part:x==0;
tx+l when x>=0;
tx otherwise.
%
% max:"a":"b" —> b, the maximum function
%
let max:x:y = xX>=y -> x ; Y.

& a0

min:"a":"b" —> a, the minimum function

its argument

argument
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L PE INFERENCE
dule: type

itten by: Mantis H.M. Cheng (July/04/88)

of(E,T) :-
init_type error,
type_of (E,T,[]).

e of(E,T,N)
N is the environment of variable types, T is the type of the
expression E

of (num(C), type(simple, [num]), ) :— !.

of(const(C),type(simple,isym]), ) :— 1.

of(C,T, ) :— -

) primTtive const(C), !,
type_pf_p?imitive_ponst(C,T).

'ried the binary primitive when it is used by itself

of (F,func({T1], func{([T2],R)), ) :—
" atom(F), -

primitive2(F},

type_of primitive_func(F,func([T1,T2],R)), !.
of (F,T, ) -

atom(F}),

primitive func(F),

type of_p?imitive_func(F,T), .

of(cC,T,N) - % look the variable type in the env
atom(C),
env_type of(C,N,T), !.

of(C,T, ) := % look the variable type in the code
atom(C), code(C, ),
type(C,T), !.

structor terms

>£(C,T, ) :~

atomTC), constructor type(C,T), !.
>f(term(F,A,Args),T,N) -

constructor type(cterm(F,A,ATs),T), !

type_pf_grgE(Args,ATs,N).
>£([$arg,A,F/P,S},T,N) = 1!,

type_of (S,CT,N),

constructor type(cterm(F,P,ATs),CT), !,

choose(A,ATE,T).

’

expressions

»£([let,rec|D}],T,N) - !,
def_exprs(D,Es,E),
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check struct type(Es,N),
exprsTEs,Arg;),
vars{Es,Ns),
make env type(Ns,Nsl,NsT},
type of args(Args,NsT,[Nsl|N]),
type of(E,T,[Nsl|Nl}, !.

type of([let[D],T,N) := !,
def exprs{p,Es,E),
check struct type(Es,N),
exprsTEs,Arqg),
vars{Es,Ns),
make env type(Ns,Nsl,NsT),
type of args(Args,NsT,N),
type of (E,T,[Nsl|N1), !.

%

% conditional expressions

%

type of([’;’,C1,cs],T,R) =~ 1!,

~  type_of cond([’;’,c1,Cs],T,N).

lambda expressions

N 0 o

type_of([’'\’,P,B],T,N) :~
make env_type(P,E,PT),
type_of (B,BT, [E{N]), T=func(PT,BT), !.

curried the binary function which is definec

N N N

type of ([F,Al,A2],R,N) :~
T atom(F), binary op(F),
type of (F,func([T1],func([T2],R)),N),
type of (Al,T1,N),
type of (A2,T2Z,N), !.
%
% intercept the normal usage of binary primiti

P
%

type_ of([F,Al,A2],R,N) :~—
primitive2(F),
type of prinitive_func(F,func([T1,T2],
type—bfThl,Tl,N),
type:bf(AZ,TZ,N), i.
%
% function application
%
type of ([F|As],T,N) :-
- type of(F,FT,N),
type_of args{As,P,N),!, Fr=func(P,T), !.
type of(E,T, ) -
- priﬁf_type_error( E ), !, fail.

the envs of type N

o d¢ O° N

type_pf_pond([';',P,Cs],T,N) -1,

7 an operator

i for efficiency reason

’

type_of cond(Cls,T,N) checks if each clause in Cls is of type T given
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).

o

% show the system prompt if it is on.

o

prompt user{N) :—
- prompt(on), !,
write( N ).
prompt_gser(_).

prompt{on}.
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%
% Module: util
%
% Written by: Mantis H.M. Cheng (July/04/88)
%
% Utility predicates
%
%
% print_answer_with type( N, T, A ) prints the answer A with type
% associated with name N.
%
% N.B. It won’t print the contents of a function, only its type.
%
print_answer_with_type( N, _, error(E) ) == 1,
put{ “°G ),
write( ’val 7 )}, write( N ), write( ’ ="' ),
print_grror( E ),
write( ’ : error’ ), nl, nl.
print_answer_yith_type( N, macro, _ ) :-
t
<y
write( ‘val ’ ), write( N ), write( * : macro’ ),
nl, nl.
print_gnswer_with_ﬁype( N, func(P,T), _‘) e
1]
-
write( 'val ' ), write( N ), write( * = fn : * ),
print_ﬁype( func(P,T) ),
nl, nl.
print_gnswer_with_type( N, T, V) :=
% T &> func(_,_),
write( ’val ’ ), write( N ), write( ' ="' ),
print_answer( V ),
write( 7 : " ),
print_type( T ),
nl, nl.
%

% print_type(T) prints the type T in infix notation
%
print_ﬁype(func([],T)) -
1
write( () = " ),
var names( N ),
priﬁt type(T,N, ).
print_type(func(P,T)) :=
PN\=I[1, !,
var_names( N ),
print type(P,N,N1),
writeT S T I
print type(T,N1, ).
print type(T) :- -
~  var names( N ),
print_type(T,N, ).
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