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"Extension of Functional Programming Language VALID
for Symbol Manipulation”
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Ryuzo HASEGAWA and Makoto AMAMIYA

(Musashino Electrical Communication Laboratory, N.T.T.)

The authors have proposéd new functional programming language VALID for

parallel numerical/list processing
executed on dataflow computers
extended to improve
matching and lenient/lazy
introduced.
module is also proposed.
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Extended compiler is currently under development.

evaluation

symbol manipulation,
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In this paper, VALID is
Declaration, pattern
structures are
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for ( <value names> ) : <expressions>
do <expression including
recur expression>
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map: function(f:function,x:1list)
return (list)
= if null(x) then nil
else cons(f(car(x)) ,map(f,cdr(x)));
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—- Arithmetic expression type definition

aconst: type = integer | real ;
aident: type = 1dent1f1er ;
aopl: Type = '+ | '-
aop2: type = '* | '// :
aop: type = aopl | aop2 ;
aterm: type = aconst | aident |
aexpr ] | [ aexpr,aop,aexpr 1;
aexpr: type = aterm | [ aopl,aexpr ];:

~- Relational expression type definition

rop: type = '< | '> | <= | '>= |
b = | l<>;
rexpr: type = [ aexpr,rop,aexpr ];
-— Logical expression type definition
lconst: type = 'true | 'false ;
lident: type = identifier H
lop: type = 'and | ‘or | 'xor ;
lterm: type = lconst | lident | rexpr |
[ lexpr ] | [ lexpr,lop,lexpr ];
lexpr: type = 1lterm | [ 'not,lexpr ]:
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not (2+43*x > -5 and y=4)
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match <expression> with
<matching pattern> -> <expression>
{s<matching pattern> -> <expression>}*
{;others -> <expression>}

end

@ Ng -8B s ) BRI
e A TA3, B2 mtchX & A
il HA Ly o 2RT .
{matching pattern> T ¥ Kans Fa(w
G- B &t B A, ML T L) XFHAN
5Xx -9 sl . ¥t RRrEcER
> (BEFPIIKPE ; (L3I0 T H 3,

M o (matching pattern” L BB % & A 1=
BMA . vTne 1o ERIN PR
o LoxpressionY P E4T I N 3, others (3

—-- symbolic expression differentiation
deriv: function (expr:aexpr,id:aident)
return (aexpr)
=match expr with
x:aconst -> 0 ;
x:aident -> if eq(x,id) then 1 else 0;
[x:aexpr]-> deriv(x,id);
[x:aexpr,op:aop,y:aexpr] ->
match op with
opl:aopl ->
omitl([deriv(x,id) ,opl,deriv(y,id)]);
'%  —>omitl(
[omitm([x,'*,deriv(y,id)]),'+,
omitm([deriv(x,id),'*,y1)1):
'// =>omitd(
[omitl(
[omitm([deriv(x,id),’ Yie'=y

*y]
i)

omitm([x,'*,deriv(y,id
omitm([y,'*,y])])
end;
[opl:aopl,x:aexpr] =>
omitu([opl,deriv(x,id)])
end;

omitl: function
([x:aexpr,op:aopl,y:aexpr] :aexpr)
return (aexpr)
if zerop(x) then omitu([op,yl)
elsif zerop(y) then x
else [x,0p,yl;

omitm: function
([x:aexpr,op:aop2,y:aexpr] :aexpr)
return (aexpr)
= case
or (zerop (x) ,zerop(y))-> 0 ;
eq(x,1)-> y; eq(y,l)-> x;
others -> match y with
['-,p:aexpr]-> [omitu(['-,x]},0p,Pl;
others => [x,0p,¥]
end
end;

omitu: function([op:aopl,x:aexpr]
return (aexpr)
if eq(op,'+) then x
else match x with
['-,y:aexpr] -=> V¥;
others => ['=ry]
end;
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-- Generating prime number sequence

primenumber: function(n:integer)
return (list)

= sieve(l,n,integerseqfrom(2));

-— Generate infinite integer sequence

intseqfrom: function(m:integer)
return (list)

= [m . lazy intseqfrom(m+l)];

-- Remove multiples of i-th prime number
sieve: function(i,n:integer,[p.q]:list)
return (list)
= if i=n then [p.nil]
else [p.sieve(i+l,n,deleteval(p,q))];

deleteval: function(x:integer,[p.q]l:list)
return (list)

if remainder(p,x)=0

then deleteval(x,q)

else [p . lazy deleteval(x,q)];

B 3-A #iEZan v IRFERCEFHE

sequence: type = [ value .

sequence ];

sum_to_n: function(n:integer)
return (integer)
= {seg=intseqfrom(1);
for (sum,[val . rest]):(0,seq) do
if val=n then sum+val
else recur(sum+val,rest)};

intseqfrom: function(m:integer)
return (sequence)
[m . lazy intseqfrom(m+l)] ;
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-- Definition of fibonacci function
fibo: function(n:integer) return (integer)
= if n=1 or n=0 then 1

else fibo(n-1)+fibo(n-2);

Computation of fibo(5)
fibo(5)
% fibo(4)+fibo(3)
% (fibo(3)+fibo(2))+(fibo(2)+fibo (1))
> ((£ibo(2) +fibo (1)) +(£fibo (1) +fibo(0)))
+ ((fibo (1) +£fibo (0)) +(1+1))

> 8
B3-C &% o fivonacs BiELn3TH

(61)



-~ Definition of fibonacci function
with 'remind' attribute
rfibo: remind function(n:integer)
return (integer)
= if n=1 or n=0 then 1
else rfibo(n-1)+rfibo(n-2);

Computation of rfibo(5)
rfibo(5) & rfibo(4) + rfibo(3)
rfibo(4) % rfibo(3) + rfibo(2)
rfibo(3) % rfibo(2) + rfibo(l)
rfibo(2) # rfibo(l) + rfibo(0)
> 2
rfibo(3) # 3
rfibo(4) 2 5
rfibo(5) 3 8
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a) Definition of module 'stack'
tack:module()
export (push,pop,add,sub,top)=

pushstack:channel=(integer);’
pushed: channel=(signal);
popstack: channel=(signal);
popped: channel=(integer);
topstack: channel=(signal);
got: channel=(integer);

push:function(val:integer)

return (signal)
={<<pushstack!(val); return pushed?>>};
pop: function() return (integer)
={<<popstack!('sig); return popped?>>};
add: function() return (signal)
={a=pop() +pop() ; teturn push(a)};
sub: function() return (signal)
={<<a=pop() ; b=pop()>>; push(a=-b)};
top: function() return (integer)
={<<topstack! ('siqg); return got?>>};

for (stack):(nil) do_

—

(

e

{

(62)

alt
pushstack? ->

{pushed! ('done);

recur [pushstack.stackl]};
popstack? ->

{[head.tail]=stack;

popped! (head); recur taill;
topstack? ->

{[head.*]=stack;

got! (head); recur stack}

.
12

end}

b) Reference to module 'stack'
- Expression evaluation of (3 + (4 - 5))
val_expr:module import (stack)=
x=create stack;
<<x$push(3); x$push(4);

x$push(5); x$sub; x$add; p=xSpop>>;
return p}l;
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<alternative expression>
t:= alt <alternative element)>
{ i <alternative element> }*
<alternative element>
::= <channel name> ?
{ when <boolean expression> }
-> <expression>
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<sequence part>
t:= << <part element>
{ ; <part element> }* >>
<part element>
::= <expression> | <value definition>

( <actual arguments> )

end
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(a) Definition of module 'resource’
resource:module(n0:integer)
export (get,free)=

{right: type=integer;

getreq: channel=(integer);
got: hannel=(right);

c
freereq:channel=(right);
freed: channel=(signal);

get: function(m:integer) return (right)
={<<getreq!(m); return got?>>};
free:function(m:right) return (signal)
={<<freereq! (m); return freed?>>};

for (n):(n0) do
alt
getreq? when getreq<=n ->
{got!('ok); recur(n-getreq)};
freereq? ->
{freed!('ok); recur(n+freereq)}
end};

(b) Creation of named instance
—— Creation of the instance of 'resource'
def_res:module import (resource)
={x=create resource(l10) named 'res_name;

.
see i

(c) Access to named instance

~— Usage of the instance of 'resource’'

use_res:module import (resource)

={<<x=access resource named 'res_name;
r=x$get (2);

——- use 2 units of 'res_name;
x$free(r)>>; ... };
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