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ABSTRACT: A declarative semantics of a parallel programming language
passed on Horn logic such as flat GHC is presented. The -domain of
input/output histories (I/0 histories) is presented. The denotation of
a program is defined as a set of I/0 histories. The notion of truth is
re-defined for goal clauses and sets of guarded clauses. The semantics
of a program is defined as the maximum model of the program. We also
show that the semantics is characterized as gratest fixedpoint of the
function obtained from the program. The properties of programs which
contain perpetual computation controlled by guard/commit mechanisms
can be discussed using the semantics.
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DELTOBREER:T, ,

[E# 191 1/0-histOEROBSRAEERREMLS,
[%£% 201 Fun, VAR, PRED BEHLNTWVWE D ET 3,
tECNLGAGELNSI/ORE, gET—AETELE,
tHgDFL—RTHBER, tO4YRFYRIRH -
GUEW3BELTEY, BBokoWToH = g »,
HE&EDW|U> EGU K2WCo' 6 =0 gkiibo
BEEL, boUSHIERX 2= tBoifoX =01,
UBRARKZ S o BXERELLRIVWIETH 20

CITRA BEEXEABILLLEVWER, 0 X =Y
€ VAR Thb, Do2XLPMco 2z =Y LBBZEHZE
BELRWIEEWS,

(% 21] Fun, VAR, PRED BEHHATV S bDLEF 3o
12ihobhoBonsMR, exT—1ETBHLEE, g
HKITHETHZERI/OEE:t €I BEEL, tHgo
PL—RERBILETH Do

B 5) 1= {r(X) :- K{true} X ?2= a>}, r{X) :-
(<{true} |X = &)} &FB&Er(a), r(X) RITHTSH
v, r{b), r(lalY]) RETKEW,

) //
[ 22] FUN, VAR, PRED, 1% L@V &F 5%, gl,
««, gn %FUN, VAR, PRED o oh b —NEILT S
L&, gl, -, gn BITETH»I LI, &gi (Isis
NOFL—% i KE&EN, tiOERERETL YRS
YZDEF 4 WA OEE - VBERTES L TH B,
4% ($Hbb n=0 OBE) BT VHREIKET
»H3bLT 5.

I OFEHEHvwell definedTH B icik, gl, -, gn
DENENDOFL—RDA YR P ¥ ADEF + BHOREM
fle— S HBERTEDILELD, 1 VX5 Y RADRUHIK
KELEWCETH Do CHRIROMBELIDBERLRTC
EBTE Do

(8] AETEBEGUL -, GUnEMUBRAE R K>
WwT, GUL -, GUnOEBIft=— OB ERTEERSE
g GUL =,0GUn iEoWCHERTE 3,

SR AR = — P OFEHR L Dstraight forvard TH
%O

#le) 1= {pk Y)':-'l<{x al Y = b},
q(X, ) - (K{Y = b}IX = a>}}

EFBEE, p(L ), aX, V) WS T—nHEIREE
KoKW, =4,

I = {p(X, V) = {<iX = a} 1Y = b3},
p(X, Y) - {K{X = a}]Y ?= b},
q(X, Y) := {<{Y = b}IX = 2>},
q(X,'Y) - {<{Y =

bHIX ?= @)}

ik p( V), X, V) WS T NVEIRETH B,  //
HET—NgBETHEIEE, gDADPLEREEREL
DT NVEHBETH D EHBRAMTIERERICRE S,
W7 ess aBBRITHTHELEVI CLEERT
B, CNIRK-TT RIS L%2HETEERNTBbLETm
75 ADEFNVOBMEHEASH D,

[F%& 23] GUARH—FRRXFY—&, VEEHOHFRE
5EFT B, CCTGUDVIREBHEBGU | VERRD L
IRBETH B,

Vo =V, .
Viti = {X|3Y € Vi, <olU> €GU,
U =ui(Y,t)FERRY =1 € ¢ THO,
Xt icBE T 50 }
ETB L,

GUIV = {Kag|U> | <o lU> €GU,

HPoOUDEAR U Vie&gzhs.)

j—o

GUBH—FRAPY—LDESE, GUL VEA—F
ZAPY—KERD,

[F% 24] GUARA— FHR Y —4, UZBEHIZRAR
EFBEE, ULGUMOEZHAROEESBPRD Y~ F
fFRPY—LERBEE,

(Ko |UbY| <o’ |Ub> € GU, ¢ = {U) U o’}

INhZEGUSUTERDT,

[k 25] #— FiHiOoRAEDI>VWT, BR1BDOE
FrThBER, 1OEBOTLICOPVWTHEE H :-
Ug | X =7 ., Bl, =, Bk B¥EELT, 53KAc
EoWT, tDA YRS YABROESBRELTVE D
LThH Do

H :- K{Ug} |ui(X, z)>}U
((GUL | l1GUK)$ Ug) | Var(H)



CCTGUiIRBoeBidWHIT—nDdbrv—2Z (E1)
DAVRARIYADFEF 48, oide = {Ug X = 7}
U o' &W3ETHoDD, V =Var(H)U (X} &%
(EEoRVIEFHIBENIRATEHY, FEDE US>
€ (GU1 |+ IGUK)$Ug ic»nWTh < ¢ Fhid
0 = o &ith,

Bl 1) DEROLIUN— FAHIOREET S,
p(X, ¥) :-X=a | Y=h

q(X, Y) :-Y=Db} X=a
t(X, ¥) :- X =a | true, p(X, Y), a{X, Y).

COEERDIBDDEFNTH S,

I = {t(X, Y) :- {<{X = a} [trued, <{X = a} Y = b,
X = a}|X 2= 2>} p(X, ¥) :- K{X = a}]Y =
b}, p(X, V) - {K{X = allY 2= b}, a(X, V)
= <Y = bHIX = @), q(X, ¥) = {<{Y = b}
IX 2= ad}} //

[ 25lickhid, DOEFLVREBEELS . W
S EEEITEDODICOVWTEFVER B, 1RO
HEREFVOERLIDPSHRKRY LD,

(R RAFOESIdiR-WVWT, HELDOEFLIOK
Mi(i€lnd) %%Z2 %, CD& &

U Mi
i€Ind

BPROVDOEFNVTH B

LtoRBEIOVDDOLTOEFNOEEIIZ L >t bDik
PIHOVDDEFNTHD, CNIRDOBRDEFNVEL B,
HBEDDOETYF 4 7 ZERDOBRKEFNVREL-TE
HEXN3, BENCRBAEFLVERDOETESFLEY
RTCDEFERFEOREEDLODOEEL SN B,

Bl 8) ROTe 5 6PEEX B,

merge(X , Y, Z) :- X = [A1IX1] |
' 7 = [AL1Z1], merge(XL, Y. Z1).
merge(X , Y, Z) :- Y = [B1iY1] |
7 = [B1lZ21], merge(X, YI, Z1).
inva(Z, Y) :- Z = [AlZ1] |
Y = [B|Y1], inval(a, B, ZL. Y1, Y).
inval(a, B, 71, Y1, Y) :-
A=a | B=0b, inva(Zl, Y1).
inval(A, B, Z1, YL, Y) :-

A=b | true, inva(Zl, Y).
POBKEFLEH 38) © GUL, GU2 ik2WT,

inva(Z, Y) :- GU1
merge{X, Y, Z) :- GU2

EVIHOTEEL., TRbE NGO T — BT
EIFLIEE, GUL, GU2RRENZ LI NEMEE T
AAREHEND B, LOLEBOKROESIRIT—AEELT
B ETLEIBE, ThEh0T—AKLED XS Bk
2T B &RV,

inva(Z, Y), merge(X, Y, 2)

—iic Lo T VEIIcBOTXiIcanT 2 BRI 5L
ETEFILBE, (0RKR LS MBI RO ©
BERLTLEEBZIERE VW, O}, DV VT
{2 EBVWTERFNROT - L DEED L —2DEH
fte— Y DFERICOVWTD BakDHITT 3 &5 RERED
BVDABWIERRTIELE-THBHTES, DD
SEHIL [Levi 88]D AP, filornkERE S w s 5 4%
SEfHerbrandZEf) % WA L7 7 7 = — F [Sakakibara 85]
TRAAERLSOTH 5, //

BEizohfz7ass afi0EADODEFNTEENR LT~
EiiE, [Ueda 85licR~oh7-GHCOFEHAIO LS
BA—F/ 23y P Z2EEBLAEFAIKEORMA S & T”
ERCBHETS” T—L1H2EDBHIEEENELTV S,
LALABLIITHS” ERLTBHE R47 L bFRE
BTl 3T —VEEKRLRZ L, TRbBEIRBNL
Sk, BRICEREZHDLEBOHEERRITEZ T nER
CCTREERSEEETE0LRAML, TDLIU T
X EFRDLTIT—NVEIREEE B,

1, YRRV FTBELINT— 0 (BT —VED
EoWTHBAIL-TRELL S, THHBROLIN
FassaiR-o50WT,

p(X, Y) :=X=a|Y=h
q(X, Y) :=Y=b | X=a
t(X, Y) :- X =a | true, p{X, ¥), q(X, Y).

DTS A0 ETHIE Y)EWVWI T -k =z
Ny FT BN, X W a LB banB I LicLDETH
Aok, COBA, DOBKEFVICE

t(X, Y) :- {<{X = a}ltrue>,
X = a}lY = b>, <{X = a}[X ?= a’}




LVWHTEHEEN, LAB-TIDE IR T—ARBHELR
3o L LEKS, 7usr35A03FHOIOERERD
EHSREBELILIBEEREL 5,

t :- true | true, p(X, V), (X, Y).

COBET—N t EEFETBHEEK V), X, ) &0
3T AEMBETHEhZobY 2RV FL, EIREFTH
HUAREREV, COLI3RT—VREOERTIRBL
5o

4. ABpE=2YF 17 R

AHTRECERBLELEF VAN LY F 4 7 ADBDH
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-hist, B/NBREZEESTH 30
[E# 26] #— FATHOERESD»H SEE BBHOD -
IP - IP 2ROESICEHT 50

®D(S) =8N {t|tof4rrzvyRi,

H :- {K{Ug | ui(X, TH}U
((GUL |l GUK)$Ug) | Var(H)

EWwIEELTED,

3H :- Ug | X = t, Bl -, Bk €D,
GUiRo Bidwdyag—nrdbr—2 (€8)
D4R VADEF 48, oido = {Ug,
X=1} U o W ETHD, V =
Var(H)U (X} &BLEEoRVEIHIRS
hi-fRATHD, £BDOIU> € (GUIL
|-l GUKY$Ug ico\WTE < ¢ Tl
6 =0}

 #fisi:sl D s2 Do H2WT, siD/KTF
RENsIiTRbT LT %0
(% 271 LEZHREET 5, MKt : L - L, £8
Dfisi: sl D s2 D XDV T

N{t(si)lo i} = £ (N{sild =i})

tinpEE, tRTEHSKERTHE LV,

k<mmohT WA & D, B L SEEE 5 1 B

ThBo THRHOBS1I D S2 BSELI(S1) D £(S2)

THb, FLRO2OOMERICHSN LD TH S,

(] SHELOBATETEST 2L E, [ BTHER
HMETHEEOH { OBRKIABA gfp f BRO & > AT
BHSF 5B,

gfpf = N{fn(T) | n > 0}
ZTE0(T) = T, fntl(T) = £ (fn(T)) &7 3,

[GE] (PREREXOLE, [ ORATHABROSE
ADLBIcELY,

{x| f(x) D x}

PTFic, ODOWEER>HRT . MEHRERKT 5,
[FE] OD RTHIEIKEBRLTH %,
[&8E] oD (I) D 1 iff TRIDEF N,

DEcihRoOEEBPRON S,
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HBEEDOBRKAEFVMDIOD OBRARBRTHD,
RORTERbEN 5,

MD = N {®Dn(1,”O-hist) | n > 0}
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