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1 Introduction

In this paper, an operational semantics of GHC is presenied. The semantics presented liere 13 not based on
a sequential state-transition model bul on a concarrent top-down denvation procedure and uses the partial
oder model that is similar to the declacative semantics [Murakami 88] of GHC. Thus the somanties of a goal
15 defined with a set of guarded streams. A guarded steeann s a partially ordered set ol guarded voifications
and represents a reactive computation of the gool. The procedure proceeds the comspitation of o ponk elapse
by building a tuple of computation trecs such that cach nede is labeled by o taple ol (sabjgonl and a goarded
stream. The label of the root node of cach tree denotes the computation of cach alom i the goal claese,

The declarative lixpoint scmanbics {Muraka B3] s desigued as the basis to show the soninliess af
the mafolding transformation mles and of venlication rales . Tl iz designed thar the semnntics ol a
goal clause is defined in compositional manner from the semantios of each goal. “There 15 no immediaie
correapondence with the informal compuatation rule of GHIO programs,

‘The operational semantic presented in this paper is designed to G the gap of the informal operational

semantics and the declarative ffixpoiat semantics.

2 Communication Channel

Thesemantics presented here is a top down derivation procedore that buill 3 model of annfinie computation
of a GHC program. The procedure iz represented in a parallel impecative langoage. We denates the parallel
compostlion of process Moo, 5 as:

parabegin M0 000, paacnd.

The communications and synchronization are performed with the feature that is an extepsion of stream
LonUnURIcataon,

That proceeds the computations of each goal in o goal elause o parallel and prodoces Lhe goarded
streans for each goal in paralbel by subprocesses. Thus the subprocess that process eacls goal cannot ontpl
an infinile partially ordercd sct as the whale result of the computation of the geal. e Lhe procedure such thal
build an infinite structure, each subprocess shonld output each clement of the partially ordered sel during
the computation, Usually, such kind of conmmumnication is stream based conminnication. Streams are hinearly
ordered sets. The data elements are prodoced sequentialty in the prodoeer process. The communications
sy SIreams are controlled with the Tieear ovder.

However the derivation procedure presented liere consizts of processes whoeh praduce partinfly ordered
sele. The data elements of are prodoced o parallel e the producer process. The conmmnmications are
controlled with the partial arder. Thos we extend the notion of streams to partial order structuces, that are
called commumicalion channefs. Namely, the communication channel defined here 15 o set type variable that
read fwrite operations are defined which are controlled with the partial order on the set.

The producer P of the conumunication channel 5 gencrates elements sucecessively and adds to 5. /7 ean
add enly clemenis that are nol smaller Lhan any elements which are already in 5. The cansiwmer 7 of 5 can
read only elements that are minimal elements of the unread part of 5.

The producer of each communication channel iz unique for each channel but morve than one consnmers
can read Lhe chiannel. The communication channel 5 s an output varizhle for the producer of 5.



Tlie aperation that add an elempent 1o output ehannel 5 s denoted as:

prutf.5)

This eperation can be exeeuted when A is not smaller Lhan any elements already in 5 and the result of
the operation is {A} U |5| where |5] denotes the set of elements which are in . If there 13 an element n &
thiag is larger that A, then this operation fails.

On the other hand, the operation that read an element to A from input chaniel 5 is denoled as fullows.

Beb(S, X))

Bf there are elements that are unread, then s ominioal clement o @ selected from the aeread pare nong-
deterministically, and let @ be the content of X We asenne iat there =i Girsess ol e selection of
clements from Whe unresd ot of 50 Naaely, any elenents added to 5 will be cvenndly read unless the
consumer termunates. ' there 35 no unread element in 5 then et S, V) sospewds. Node ahiad e nogeasd
part of 5 is locally deliped 1o eacl consmmer. Thus any cxccwbion ol bpee aperalion 10 eonsaoes roeess

does not afleet Lo any obther comsonmrs.

3 Derivation Procedure

i this section, the dervation procedure s presented. To the case of GUO progrms, Lhe execution of o
gl eclanse does ool stact with whele inpot bat aaput bindhings are given from the covirmona darimg the
execution. That situation is represented with the wotion of censtradel oet in Vhis paper. A consleiint el o=
aael T = {r.r1 T ]- where each ;im0 fintte st of wmlication goals, aned Leddd= the fotho g concitons,

1} For any fiwite subset 37 ol T, 00 17 s clased Torm below, then & = [ o0 @ defines acsuhstinnian
by exccubing all veafication goals in 2 & s called o prefie of T

2} Tor any o' and any oy il e © @ then there iz a unification goal U € o such thal oy = 0
A constraint net 15 a partially ordered with set inelison.

In the rest of this paper, the reduetion procedure 1@ presented. Uhe procedure takes a program 0«
poal elanse [y, .., G, ] and a constraint net Ty as the inputs, and produces a guarded stream O that o=
a trace representing one of the computations of [(fy, ..., Gy] en O will input Ty A gearded stremn is a
sot of guarded unifications. A guarded wnificalion s a tuple < @l = whers o oo fore set ol uaification
goils thit representing input constroint whicl shaull be salved wo exeonte the wilication goal 17 e bs called
guard part of < #)I7 > and ' iz called hody past. A guarded streans G707 a5 pactinlly ardered seele bl for
oty m o gl e O e C ooy lhiem < m |17 =S mu|ly

The tap level procedure « 30078 GO L O LA SE s as lolliws,

procedure:

RENGOALCLAVSE (lnput: Gy G BT, outpat: Glg)
bieggin

parbepin

RUNGOALG,, DT GUy )

MARFE.TRANSACTIONGU S, . GULL Ty, T/
RUNGOAL{Gs, Dy GU

MANFELTRANSACTION(GU L G, G T 150

RUNGOALG, DT GUL
MARE.TRANSACTION([GU, ..., GU;_1, GU 41, GULLTo, TV

RUNGOAL(G,, D0, GULY/
MAKE_VRANSACTION(GU,, . GU._ 1. Th. T/
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MERGE.TRACE([GU,, . ..GU.] Gy
'IIE".'L:IITJ
end

The procedure M AN ETRANSACTIONS 15 a procedure that produces a inpol consbraind nel Tor el
goal (7 from 1) and the ovipul of the aeighborliood goals.

preoeedure:

MARE THANSACTION (input:[CL7, . O, G G, L T, emtput: T3)
parbegin
repreat
got{ A, T
pull X, T
end_repeat [/
vopent
get{ 17, gul;
{7 = the body part ol g
pakil T
cud_repeat//
repeat
get Ui Zy qul;
{7 o= the body part of g
puti{f T
end_repeat /|
vepeat
get{ Gl 4y, gul:
UM o= the body part ol g
put(l, T}

end_repent /[

repreat
get( Gl gu);
M= gu the hody part of gu;
put{l/, T}]

el _pregreat

vl

el

The procedure A ERG ETRACE 15 8 merge procedure to make the aubpot S8 Trome 607 G,

IP!'[II'.{‘.‘[I'II.I.'H:
MERCGETRACE(luput: GUy, .. Gl output: GU)
parbegin
repeat
got{GU Ny )
ey = the guard part of X|;
£ = the bady paet of Xy
for all IV € oy
bogin
il 3G o G AT s n mananal mode] of £
then
G = Uyuequ{ulu € is an clement of guard part ol guf
o= = {UTHUGy;
end;



put(< o [I7 = G
end_ropeat

I

.'Illlllr
[ TR R
getl Gl Nal
g o= Lhe guard part al X,

£y = the body part of Xy
for all I £ &,
begin
if 3GEY C GEp A JGE | s s soanimal miedel of 17
4 FTai Y
G = e dule € s an elenient of guand part of yu]
T o=y — {7} U0
end;
pllt.l:{_' ”:. |.|'_'|,'.I }If_",','.'ln_l
cld_ropeat
ol
1l

RUN_GOAL 15 a procedure that takes a goal €, a progrin £ and a constraing net 1 and entpog the
guarded stream 87 that denotes a computation of (7 an I with T

I:I l"'!“'.{‘.t] e

RUNGOADinput: G 0.7, output: (717

S o= s
reprcat
got(f el
Spi=a s,
until
Lepgin
Thire exisks w renaming of:

S| :-'r':.ﬂ‘l. ' ¥ 'tllg'rll.lt'r':lll R ['rlnll: 811 H:H R 'Bﬂi

in L such that:
(1) There existz o substiution & sueh that & = @ 07
(21 For all !:'5.,: ag LSy = ":‘., a
ol
parhogin
if 5, U |C0| = Uy then
I‘“t["’- {'r-':jl.- -f'-g'r?rl }!'r-'fl’-ll:\ '-"'1':-".::-5
else iF Dy, 15 consistont with S5 0|70

tlhien
put(< {Ugy, .. Um0 =, GU)
else  faul

I

Iy
il 5 UIGU] E Upy then
put{< {Ugr o VU = 1)
else if () s consiglent with Sq U G|
then
put{< {0, . U W =, G



I

elsa  forl

I

repreat

get(T o),

I]‘ut-{l.‘-", Tllady ]
end_repeat
I
KUNGOAL.CLAUSE

[[li’_{-’gh sy 'r-'rgml u Sﬂ}Blw t =) : {'!'-ul v |‘r-"r4|:-|_: 'JSI'.I:'BHL N TJ«-—.—.f-_-.-- "-"'?'r-'rii-r---f:,u':I
P
UPDATE STREAMGE poy £, GL)
P
el

CPODATESTREAM is the procedure that takes the results of the compuiations of O, By es npuds
then updates GI7.

™ I'l']nli'.l":l'l et

PEDATESTREAMinput: Gz output: G0

ropiat
web{ Gl < w17 =]
1Tr | {r-".f:l-- . |'!I---,l1.l|,=I I"I {'r/rlu'-- ' l'[ ”'}'
gu = @ {0y
puah{ g, (507
end_roponat
ened

4 Conclusion

In this paper, an operalional seinaatics of GHC is presented as an parallel reduction procedure, This
senmantics is free from the discussion about Tairness of scheduling of processes and Atomicity of actions
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