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A Technique for Developing Parallel Functional
tLanguage Systems Using Functional Languages
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*Information Science Center, Kyushu Institute of Technology
*¥*Department of Computer Science and Communication Engineering, Kyushu University

Abstract We 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 whole 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
p ranges over pfp program constructors
d ranges over pfp definitions
d ranges over pfp bindings
v ranges over pfp varstructs
(variable structures)
e ranges over pfp expressions
¢ ranges over pfp constants
id ranges over pfp identifiers

‘Syntax equations for pfp

. BREEOELW,

‘P ::=pl;p2i ... pn; pfp program
p ::=d function definition
| e expression
= def b recursive definition
= id = simple binding
] idviv2 .. voh = ¢ function binding
v = 1id variable
| (id1, id2, .., idn) n-tuple
e 1= ¢ constant
| id identifier
| T e negation
| hd e list head
| tl e list tail
| null e null check
| atom e atom check
| el e2 JA function application
| ~-e unary minus
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if el then e2 else el conditional

lambda vl v2 .. vn.e lambda abstraction

| el ¥ e2 L multiplication

| el / e2 A division

| el % e2 VA modulo

| el & e2 A conjunction

| el +e2 JA addition

| el - e2 JA subtraction

| el | e2 A disjunction

| el : e2 R list construction
| el " e2 R list append

| el = e2 VA atomic equality

| el "= e2 A atomic inequarity
| el < e2 L less than

| el >e2 L greater than

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

|

| [ empty list

| fel, 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. "4 or "F means that it associates to the left(Z)
or right(#) when juxtaposed with itself
For example, "el e2 e3” is parsed as "(el e2) e3".

pfp DX
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| | %%%%% pfp_abstract_syntax %kkk¥

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
INull expr
[Atom expr
|Abs_func_appli expr expr
|Abs_minus expr
|Abs_mult expr expr
|Abs_div expr expr

K3.2

|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 ::= Abs_id string

expr_list ::= Abs_empty_expr_list
|Abs_expr_list expr expr_list

expr_ntuple ::= Abs_couple_expr expr expr
|Abs_expr_ntuple expr_ntuple expr

pfp DHREXESR

def sort x = if null x then [] else insert (hd x) (sort (tl1 x))
(a) pfp 7m0 735 L0 ()

(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”)) (TI (Abs_expr_id (Abs_id "x"))))
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check (Abs_add el e2) env

= Integer_type ,if (check el env)

(check e2 env)
,otherwise

Integer_type &
Integer_type

= Error_type
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[1] Abs_func_def (Abs_binding ident expr)
expr OB ERMER c1& L, ident& v1& D% BB I
Z5.

[2] Abs_expr expr
CORFOBIBEEA VT, exprOMREET 5.

[8] Abs_constant int
HoHRNoRiE, FH Basic_type_num B &2 3,

[4] Abs_expr_id ident

WHROEL, ident WEERICEET IEARELEK
AT 2R ERTY, FELBVWHACRFLVELH 1L
3B,

[9] Atom exprl

exprl OBIRE ATV, ToMEc1&9 5., HRELRKD
L&, MAaNOBEER Basic_type_bool B Lz 3,
[10] Abs_func_appli exprl exprl

4.1

check_exp

check_exp (Abs_constant .int) env var = (Basic_type_num, Null_table, var)

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

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

HERECERINTBY, TOL32AHRN Miranda ok
HZERICELTVWECEBbh B

BB, BEBOFIKELTIR/ Y vy Oftiic, BE (env)
BLUBRHFOBEEY (var) B85 5 (D223 ~TDH
HTBELE-THY, BEERFF—5 LR -TV3E) .
BER PoMRBOETHAOHTER~E I, HMYTF
LENIEHIGT AR EDL SR EF—TATEH B, —F, &
DTNTY XATHE, REAEEFLLYW (SETikfibhTu
) BEBEEOHTHLENS BN, ZhABECHLV
bOTHBIEERET B0, BEKCIEFEEEL2 S

exprl, expr2 OB EZZhEFhcl, t2& L, FLVEEY
c1E8AT 3, t1& (v2—01) BE—LHARER SIFH
BREREIIL, BHXO0BBo1E43.

[16] Abs_add exprl expr2 .

exprl, expr? OB ZHZF N Basic_type_num I & BI (L
R SIHBERERERI L, BoOROBIIFEH Basic_typ
e_num B &2 3,

[27] Abs_if exprl expr2 expr3

exprl, expr2, expr3 OEEZzhFhcl, v2, t3&T 5L,
T 1& Basic_type_bool BUDSEA—{bLWH[EE, Mo v o2& v 38
H—{LmeR > IMRBRIKT . 2L t308—{ko
BRSERSROMLER 5, '

[28] Lambda ident expr

ident WHLTHLVEER o 1ZHEAL, ChE2BEN
B, COBBEHWCexprOB ¢ 12 R B, FOHR,
HARNOB B o 1l>71&73 . Fikic, ident EEhicX
B 3RO ERE, SHIRT 3.

BRETLVIY XA (EHD)

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

[l 7aay Xa [8]

I 7aay X4 [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 subs2 subsl), Var (n + 1))

(pty2, subs2, (Var n)) = check_exp exp2 (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? exp8) env var
= (Error, Null_table, var)

Il 7oay XA [27]

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

¥/ (eq_pty pty8 Error) ¥/ “unifiable

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

where

(ptyl, subsl, varl)
(pty2, subs2, varl)
(pty3, subs3, var3)
(unifiable, u_subs)

check_exp expl env var

,otherwise

check_exp exp2 (apply_env subsl env) varl
check_exp exp3 (apply_env (compo subs2 subsl) env) var2
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 id) exp) env {(Var n)
= (Brror, Null_table, (Var n))

where
(pty, subs, varl)

[1 7=y s [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) (Bntry (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 nevw_env ,otherwise
where

(cond_val, new_env) = eval_expr cond env

eval_expr (Lambda id exp) env = (Lambda id exp, env)
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g TR~ E 3, AEERHLELI ELTWBRHAE
FRTHR, PRCC DEROEHIER b Y 7 FHEOEE, £
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EFB. APV M ERITRE X CBNEEBREREN
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MH L, ARBicET., ERFRchSOFEHREAVT,
WMBEEXERE 2 /S b oEaTREEKT 5.
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5.3 A MU ERERE

Z by MEEREUI PN, SiKessRenLT, %
DEEBNBEOEDOTEENEI D, 2EDZORDOER
RETE21DORFOHOEBLENLEILETFRDLI O
TH B, WHETCBVWTR MY 7 FEOBRIE, &%
WEIMPLETH DR O & 5T -
ThEWn, THITRVIBESCHEFLWLIICHEML KX 5> &
+5&, SIBOFENERKCRIAREENLZ, St
CEEF 2y 7T RORFHTEENTES, Ky 2T
ATIE, PROC ft 54 2 RITHEERAB 3 oA
5.

ERAWEE, X B2O5IHIE>WTR T2 bhES
ik, Z0OF[# & LT L (bottom: non-terminating) %5
AtBERCEXOVRET S, $bB,

f 1L =1

BolE, f REOSIBICBWTRA LMY 2 NTCHD, £35T
BUHRER MY 2 FTREL,

&T, BRI MY 7 PEBIFET S DR, W
f#E (abstract interpretation) &WH FEEHA WS, &
iz,

abs L

0
abs x 1 (x # 1)

non

RAEH abs 2E L, COEBROBRTROMERD 2 &
WHASDTH B, 12X, WE abs TEHLAEHRLS
WTHK f ediBT s b0 (MRkahi 1) = 14 LT3
L, ft 0 OEN 0 THNER MY 2 +THD, FHTHR
BHERFY 27 FPTRAVWI &I E., BANLREHESK
ODVWTHRIMLLTH 2 &, ME (x +y) B2 o058
FesEhElinweEltlsvwoT, MBLlrERR

(x +## y) = (x & y) (& FEMRER) L5, Hic it i,
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