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A Technique for Developing Parallel Functional
iLanguage Systems Using Functional Languages

Hitoshi NAKAYAMA¥, Hiroshi NAKAMURA¥* and Keijiro ARAKI**

#Information Science Center, Kyushu Institute of Technology
**Department of Computer Science and Communication Engineering, Kyushu University

Abstract ¥e are studying a parallel execution method of functional languages based on the combinator
graph reduction. We are building a simple functional language system to provide a experimenting
environment for test and evaluation of our parallel execution method. This system consists of
parser, executor (sequential), type checker and parallel combinator graph generator. The parser
translates source programs into intermediate form (abstract syntax tree). The vhole system are
written in another functional language. All the subsystems except for the parser are organized
with an uniform methodology based on pattern driven. This system describing method can be

implemented naturaly using a functional language.
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We shall use variables to range over the various
constructs of pfp as follows:

P ranges over pfp programs
ranges over pfp program constructors
ranges over pfp definitions
ranges over pfp bindings
ranges over pfp varstructs
(variable structures)
e ranges over pfp expressions
¢ ranges over pfp constants
id ranges over pfp identifiers
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Syntax equations for pfp

P ::=pl; p2; ... pn; pfp program

p ::=d function definition
| e expression
d = def b recursive definition
b ::=1id = simple binding
| id vl v2 .. vn = e function binding
v ::=1id variable
| (id1, id2, .., idn) n-tuple
e ::=¢ constant
| id identifier
| T e negation
| hd e list head
| tle list tail
| null e null check
| atom e atom check
| el e2 L function application
| -e unary minus
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if el then e2 else el conditional

| el * e2 / multiplication

| el / el A division

| el % e2 )5 modulo’

| el & e2 A conjunction

| el + e2 A addition

| el - e2 )/ subtraction

[ el | e2 4 disjunction

| el : e2 V.4 list construction
| el ~ e2 R list append

| el =e2 )/ atomic equality

| el =62 Y atomic inequarity
| el <e2 ) less than

| el > e2 A greater than

| el <= e2 L less than or equal to
| el >=e2 [ greater than or equal to
|

| lambda vl v2 .. vn.e lambda abstraction
| [ empty list

| [el, e2, .., en] list of n elements
| (el, e2, .., en) n-tuple

| (e) equivalent to e

Notes:

1. In the syntax equations, constructs are listed in
order of decreasing binding power. For example
since "el e2” is listed before "el + 27,
function application binds tighter than addition
so "el e2 + e3” is parsed as "(el e2) + e3".

2. "1 or "KF means that it associates to the left (/)
or right(#) when juxtaposed with itself
For example, "el e2 e3" is parsed as "(el e2) e3".

pfp DX
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| I4%k%% pfp_abstract_syntax #kkkk

string == [char]
int == num
p_bool == bool

pfp_program ::= Abs_pfp_program constructors

constructors ::= Abs_empty_program
|Abs_func_def binding constructors
|Abs_expr expr constructors
binding ::= Abs_binding ident expr
expr ::= Abs_constant int

|Abs_expr_id ident
|Abs_negation p_bool

|Hd expr

IT1 expr

|Null expr

|Atom expr
|Abs_func_appli expr expr
|Abs_minus expr

|Abs_mult expr expr
|Abs_div expr expr

3.2

|Abs_mod expr expr
|Abs_conj expr expr
|Abs_add expr expr
|Abs_sub expr expr
|Abs_disj expr expr
|Abs_list_con expr expr
|Abs_list_app expr expr
|Abs_atomic_eq expr expr
|Abs_atomic_ineq expr expr
|Abs_less expr expr
|Abs_greater expr expr
|Abs_lesseq expr expr
|Abs_greatereq expr expr
|Abs_if expr expr expr
|Lambda ident expr
|Expr_list expr_list
|Expr_ntuple expr_ntuple

ident 1:= Abs_id string

expr_list ::= Abs_empty_expr_list
|Abs_expr_list expr expr_list

expr_ntuple ::= Abs_couple_eXxpr expr expr
|Abs_expr_ntuple expr_ntuple expr

pfp OMBEEXESR

def sort x = if null x then [] else insert (hd x) (sort (t1 x))
(a) pfp w75 20 (FH)

(Abs_binding (Abs_id "sort”)
(Lambda (Abs_id "x")
(Abs_if (Null (Abs_expr_id (Abs_id "x")))
Abs_empty_expr_list

(Abs_func_appli (Abs_func_appli (Abs_expr_id (Abs_id "insert”)) (Hd (Abs_expr_id (Abs_id "x"
(Abs_func_appli (Abs_expr_id (Abs_id "sort”)) (T1 (Abs_expr_id (Abs_id "x"))
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check (Abs_add el e2) env

= lntegqr_type ,if (check el env)

(check e2 env)
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[1] Abs_func_def (Abs_binding ident expr)
expr ORI AR LR ¢ 1& L, ident& v1& DX EBBE I
2B,

[2] Abs_expr expr
COBFROBEEHVT, exprOBREZITS.

[8] Abs_constant int
WHR ORI, FH Basic_type_num B &7 5,

[4] Abs_expr_id ident
HHRORL, ident BB
Ming aRERY, FELREVWE
5.

B&icikzhii

HBET 3
BlREFLVWEEH1E

[9]1 Atom exprl

exprlOBREZITV, ToMEc1&L9 5. BHRENRY
LiBa, BORXNOEIER Basic_type_bool Bl &35,
[10] Abs_func_appli exprl expr2

K4.1

check_exp

check_exp (Abs_constant int) env var = (Basic_type_num, Null table, var)

check_exp (Abs_func_appli expl exp2) emv var
(Error, Null_table, var)

"on

where
(ptyl, subsl, varl) = check_exp expl env var

MERBECEREWTED, 00X BHFRY Miranda £ &
ZHRBICBELTWE LMD

BB, BEEOFIHE LTy yofbiz, BE (env)
BLUBHORER (var) 53 (I D223 F<RTOH
HMTELS->TBY, BEEEFF—5ERB-TVW3) .
BER LoARBOETHAOHR TR L S, AT
EENEHIBT AR EMOBZF—TAVLTHB. —H,
OTATY XATE, RAEFILL (FFTfibhTw
BW) BEREEOHTSLESS M, ThBELHFLL
bDOTHBEERET S0, BERCIEFEEE2S

exprl, expr?2 OMEEnhFhcl, v2&L, FLVEEY
cl%BAT S, t1& (v2—>01) BE—(LAHER S IFH
RERWRIIL, BOXN0BEo1L£725.

[16] Abs_add exprl expr2

exprl, expr? ®EABZ N ZH Basic_type_num & B —1L
TR S RRBRKRIIL, BAROR BT Basic_typ
e_num B&Eix5,

[27] Abs_if exprl expr2 exprd

exprl, expr?, exprd OMEThEhcl, v2, 13&F5¢&,
T 1& Basic_type_bool B H—{LEIHE, DT 2& 7348
B EHE R o WRREBERKIDT 3. v2& 30— {LD
BRoABBOIZ 0B L5,

[28] Lambda ident expr

ident X LCH LWEERH o 1ZEAL, ChERE
13, COBEAREWTexprOR 12D B, TORKR,
WAROH T o1l-71&73% . BRI, ident ¥ hiH
B aEoNEBEE, SHIRT 3.

BRBETALTY XA (B

: expr -> type_env -> type_var -> (pfp_type, type_subs, type_var)

|| 7=y X4 [8]

| 7A=Yy XA [10]

,if (eq_pty ptyl Error) ¥/ (eq_pty pty2 Error) -¥/ unifiable
(apply_type u_subs (Type_variable (Var (n + 1))),
,otherwise

compo u_subs (compo subs?2 subsl), Var (n + 1))

(pty2, subs2, (Var n)) = check_exp exp? (apply_env subsl env) varl
(unifiable, u_subs) = unify_eq (Is (apply_type subs2 ptyl)
(Function_type pty2 (Type_variable (Var (n + 1)))))

check_exp(Abs_if expl exp? exp3) env var
= {(Error, Null_table, var)

Il 7oy s [27]

,if (eq_pty ptyl Error) ¥/ (eq_pty pty2 Error)

¥/ (eq_pty pty3 Brror) ¥/ “unifiable

= (apply_type u_subs pty3, compo u_subs (compo subs3 (compo subs2 subsl)), var3)

where

(ptyl, subsl, varl)
(pty2, subs2, var2)
(pty8, subs3, var3)
(unifiable, u_subs)

check_exp expl env var

wonowon

,otherwise

check_exp exp2 (apply_env subsl env) varl
check_exp exp3 (apply_env (compo subs2 subsl) env) varl
unify_eqs (Lists (Is (apply_type (compo subs3 subs2) ptyl) Basic_type_ bool)

(Lists (Is (apply_type subs3 pty2) pty3) Empty))

check_exp (Lambda (Abs_id i1d) exp) env (Var n)
= (Error, Null_table, (Var n))

where
(pty, subs, varl)

I 7oy X a [28]

,if eq_pty pty Error
= (Function_type (apply_type subs (Type variable (Var (n + 1)))) pty., subs, varl)

,otherwise

= check_exp exp (Table (Key id) (Entry (Gen (Type_variable (Var (n + 1))))) env) (Var (n + 1))
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eval_expr (Abs_func_appli expl exp2) env
= eval_expr (beta_reduce explr id exp2) new_env
where
(Lambda (Abs_id id) explr, new_env)
= eval_expr expl env

eval_expr (Abs_if cond then_exp else_exp) env
eval_expr then_exp new_env ,if cond_val
eval_expr else_exp new_env ,otherwise
vhere

(cond_val, new_env) = eval_expr cond env

“eval_expr (Lambda id exp) env = (Lambda id exp, env)
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abs L
abs x

0
1 (x # 1)
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