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A Domain for a Semantics of Guarded Horn Clauses for
Programs on Distributed Environment

TORU KATO! and MASAKI MURAKAMIt

Recent network technology made programs that are allocated in dispersed computers pos-
sible to communicate each other. We can split a program into some fragments and distribute
them to dispersed computers on a network. In such environment, we sometimes get a proper
result which cannot be got from a program fragment running on a local computer by using an-
other program fragment running on a remote computer. In such case, two program fragments
that are identical as complete program act as different programs when they communicate
another programs on such a computer network. Thus these two programs must be distin-
guished. We present a domain for a semantics of GHC programs which can discriminate such
two programs above. The behavior of programs are represented by a collection of partially
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ordered events. We introduce a structure constructed from nested pairs of {} and ().
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1.1 kO3OOGHCTUZ 3LV, U, TIZ
DWTEZS

V ={ p(X,Y)—X = [a]|true, ¢(Y, Z), t(Z).
p(X,Y)=X =[d|]Y = [d].

q(Y, Z):=Z = [p]]Y = [b].
a(Y, 2):=Z = [d|Y = [d].
s(Y, 2):—=2Z = [o]]Y = [b].
r(Y,2)—2Z =[d|Y =[d].}.

U={ pX,Y)—X = [a]|true, s(Y, Z),t(Z).
p(X,Y)—X = [a]ltrue, 7(Y, Z),t(Z).
p(X,Y)—X = [d]|Y = [d].

q(Y, Z):—Z = [b]]Y = [b].
q(Y, 2)=Z = []|Y =[d].
s(Y,Z2)—Z=[D|)lY =]b

[b].
r(Y,Z)—Z = []|Y = [c].}.
T ={ t(Z)—truelZ = [b]. }.
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Oa(V) = 0a(U)
={ p(X,Y)—{ (X = [a]|true),
(X =la], Z = [B)]Y = [b]),
(X = [a], t(Z)|true)},
p(X,Y)~{ (X = [a]|true),
(X =la],Z=[]|Y =[c]),
(X = [a], ¢(Z)[true)},
P, Y)={ (X = [d]Y = [d)) },
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TUTTLV TERBTAEEIFEELZVD U 2
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ERER LOBERICAEELF L0 ) o
H5HY. XK 5) THOINA XIS 0T T LDEE
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077 LOML e BERBR T2 LiclkN, 7o
T LD EBERIITH LV Z LI ERGOKD
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EFH3.5 A FFEEAL(o|U) 7213 (0, bltrue)
LT o R ATIRA, U & true 2 HAKA LT
S A= EE—L gu 2 LT In(gu) & gu D
ANRA%E, Out(gu) & gu DHEIRALET LD
ET5. |
A= PR EBRLIIIRD L ) RIEFEE S EE S
nx.

EFHE3.6 (BFR <) gu, gus ZAH—FfHEH—
fte¥5.

guil < gusz
iff 36:.In(gu1)6: = In(gus)
AVO2.In(gu1) # In(gus)fs.

72720 In(gui)d A 0 & In(gu) DERIZE -
THONIRAEET. u]
BRI (01|UL) < (02)Us) &, U 0 U
DEHFFEFTTEETICEINEDBKILELEL TS
ZEERRLTWE, 2F D) Uy PWETTRE L 4 o728
HTE, Uy 3T TIRENTREZ>TWA,
EFE3.T GU 2 W —FHH&E—LDn&Es, Gu %
GU DHEREFEEL TS, Gu BUTO&MG%
FEE, FF0LEIIPEYDTHEICHALCWS L
v,
gu' < gu ZH2T GU FOEEDOT — A xH—1k
gu, gu' 12k L

gu € Gu — gu' € Gu. a
EFE3.8 (JAXT A7) H—FEE—~0E
& GU DTAEIHAL TV 2ETEE Gu £ %2 5.
EED gu'(€ Gu) oL, GU DEF gu »°

gu £ gu' D gu’ # gu
ZicTEE, gu® GU ICETA Guoyuys 4
TEWRE, £/ GU P gu” < gu BT EO L
GuD7ar7 47 gu' PEELEVWEE, 70
TAT gu % GU \ZT 5 Gu o470 05 147
EIES, 0
GU W, 5 T—VDOETIZL > TRELTRCO
HROEATHo/2L &, QU OTHEICHLETWV S
BOES Gu L, HE0H2R2POBEF TIZES
PEZOELETELTVAE. QU ICHT A Gu » 71
YTATER, Guilk o TEINBEEN Kb
BRIDKRRIIEZZ GU ROELLET. /7
Y7478, ZOFEN Gu $TEASEEOE
BIATDONI S GU ADEREEL TS,
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H5.

(2) QU = (1) o&HBE2@W7z TR —F X2 b
VL& $h. FhGRETN—FFERAN) —
LDLHEPMBEERESETSE. Z0k X,
GUU{G} BEF—FF&A MY —LTH 5.
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AW TR - FRHERX ) — L2 M0ES L
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VLD EEETEE, 20 LECHY {}

DD () CTERFEE. $-52885 0B

RO RDLERIRT - FRHEA M) -2k 2 L &,

—ROEEFE (BFR | RHE) L IRELHVS.

E$%3.10 (ZIEBHMR €, €) G, G 2Ry —

FHEZN) —L0EE, GU, QU %17~ FiT &

AMY—L, gu s N—FFEE—{LL+2. ZEHY

B .EL.E ERDLHIRMICER TS (12771

THBBRROAAET - FHERA M) 20 &0

A E &, EA-FHERAN)-20EEDLED

stri

o guf GU if gueGU.
gu S GU if 3G.G € GU,guk Q.
GEGU if GeqU.
GEGU if 3G'.G'eCU,GEQ.
GU' E.GU it 3G'.G' € GU,GU' £C.
e GUEG if GUeC
CQUEG if 3GU €G,GU.E GU

gu€G if 3IGU.GU € G, gu € GU.

strm

G'€G if 3GU.GU € G,G.E GU.
) [}

BB € 13, EEGLZOEFOBG e %, K
H=FFEAL) - L ZOHIIENLTRTCOES
EDRBRERT LN TELLIICPELEDLDT
Hoh. Tl W, MA-FHEAL ) —20EEL
ZOFIIHNDTRTOEFZ L OERETRT I LPT
EHEO, e RPWERLZODTH S,

B8.11 G = {GUi,GUs} #MEH— N %R b
U—LDEEETE. T2

GU: = (gui, gus, {(gui, gul), GU}),
L¥%. 20L& gup LT € D2FEDER
E0 gui EGUL k%d. 7 € 0 3ITHDER
E0gui £G %%, $72 € DAfTEOEHELY
{(gul, gul), GUILEG L% 5. O
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£%3.12 (% path, Path) G 7 — N1
XZ M) —LDEEET S, B Path, path %Ll
TOXIERETS !

Path(G) = Ucuecpath(GU).
LN EH—ALOES Gu LRI —FFEX
N —A0ES G #HVT GU = GuU {G'} L&
T &,

path(GU) = {GuU GU'|GU" € Path(G")}.
Path(G) $OEBEOEFR%* GU L T4 L %, {GU}
% G DNAEWS. T path(GU) HOEENE
FGQU' % GU DISREV), 0
$13.13 G = {GUi,GU>} Z/A—FH &AL
V- LDEEETH. F12

GU,
= (gu1, gus, { (gui, gul),
(gu, gu3, { (gud, gui),
(gui, gui)}})

Ldh, ZkE

path(GU1)
= { (gu1>gu21 guiagu%)a
(gul,gm,gu%,gu%, gu-'l:’n gug)7

(gu1, guz, gus, gus, gui, gui)}

b,

(gu1, guz, gui, gul), (gus, gus, gus, gu3, gus, gu3)
&% path(GU1) DIEBEOERIE GU, DA TH
5. ¥72 Guy € path(GU) &T5L&, Inb
GUy,GUy DEED/ISAIIH LT

{(gu1, gua, gui, gui)}
{(gur, gus, gud, gu3, gus, gu3)},

{GUZ}, e

SN LG DIRATHS. 0

BEMIC A L1k, BHOMNINEEORZR,
LrEoTwaolrl &0, 1 DOORBKNI L THA.
# LT Path B X0 path 2215 OKH%ETT
EDLIZONDLDTHAD.

THE3.14 (BE|-|) F—-FREEL (o|U)
R LT, Bt T VD& |(o|U) ETD LD
ICEFRTH .

o0 = o U{U}.
H— KA+ ZEE—1L (o, bltrue) | LT, B—{LT—)L
DES (o, bltrue)] FUTO X HITEHETS :

(o, bltrue)| = o.
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GU @A —F &AM —-2EFTHLE, |GU| &
BUTOX S G B—~LT—-VDEETHS .

16U = ¢ culoul: O
strm

% 3.15 (HF—KHFERMU—-L) GU %IRA
—Fff&AMY =2k L, GU, € path(GU) &¥
5. FLTH—FFEELOES Gu ERD LI %
MRz TLOET S

Ygu € Gu.gu € GUx
AVgu' € GUr.gu' < gu — gu' € Gu).

ZOEMEFHTTRTO Gu &, QU BT 5 Gu
DIEBOBHNTO YT 4T {o|Uy LT

U it |GulUo EFEET,

FEO U co 2t LT, U 11 |Gu| EFEET,

|Gu| =00 %723 &9 % 0 BFELERV.
CDEEDNTRTH GUL € path(GU) 124 L THK

DDk E, GU AW —FH&AMY—2 2L O

EEIICREA — N & A MY —2 &1 OR A1
FABBORKY 1 DOEZETRALZIOTHS.
H—FFEZAF ) -2 ERTRTOFHIIBNT, £
DREBHERT 5 H— N EB—ALDEEFFES <
GHC 702 5 AOEBROFELRRL TV0H L)%
A= FHFEAP—2DZETHE.

51816 Fo-KFAULF—FFEE~1LLES
2ODRH—FR/EXM ) —L4 GU1,GUz R T X
ALDETH '

GUy
= ((X = [a]ltrue), { (X = [a]]Y = [b])),
(X = [a]lY =[N}
GU,
= ((X = [a]|true), (X = [a]|Y = [b]),
(X =lallY =[c]}).
Ik E,
path(GU1)
={ (X = [a]ltrue), (X = [a]|Y" = [b])),
(X = [a][true), (X = [a]lY = [c]))}
THY QU OFTRTHNNATER 3.15 O&H
AT OTH—FNHEAMN)-LTHE. —F
path(GU:) = {GU:} ThH, GU: BHH GU2 ®
Me—D/SA X5 A. i 3.15 BIHNDS Gu D12l
(X =[alY =[d)} THY, F72 (X =[a]lY =[b])
3 GU, T A GudBA7ar747D12TH

.Y =[b] 1 |Gul LFETEDT GUy X7 —F

f & B—L Tl ]
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L@WLﬁhéﬁ FAFEE—L (X = [a]|]Y = [t])
T ({X =[a}]Y = [b]) EBLTELEbDOTH
. F72 ({X = [a]},t(2)|true) &\ Bk LizH—
N R E—{E (X = [a], ¢(Z)|true) & EW L TERAL
T2, DT CIRE (DD, COEBTELTHVAS

EFE3.17T FT—FHEALNY—20EEE2H—F
FEAPY—LKRENVD, O

AL TIRUBIERNZZ b IBVERY, gu F
i gu ICRFEERIT RS TCA— N & H—1b%,
GU %7213 GU CRFAEMI BB TH - F &2
FY—2%, G Fd G LRERFI RS TH—
FRHEAMN)—LREZERTIDET S,

AL T 1L L2 2 IR E O 7 — 1
EHAMLL 2 1B - FHERA M) —24KE
N2%6% () CHATRL, o2 NMEERE
DHA—=FFHEAM) L L) %22%4% () THAT
RY. IITHIEIEYInS 2 BEOES T ik
XRS5

R UETRM BICTEL, 47 F 72108 RMICET
SNHIBTFIv oA ABPEEL) LIz () THE
NIERFOEZL LTEENL, —H&4NOEFH
FIECHFEL, RLUTHALDPETINSEZ LER
W7 Iy R AMNEESS LIk {} CHINLE
BHROZARNO () o iciEET A, 2F WALV -
FHAM)—2RECHEETEIHL 2007 Iv 2
HABNEEL R TV~ P EE—1 guy, gus %*
Rz &, TNOOBBITRO L HIZEZTEIW. b
L gui, gus ZEIBFCETE D WAOER () & 5,
gui, gus 1EH5 1 DOEFRY EDOARTEETSH
5. b L gur, guy ZREKIZHATE DS AEIOELD {}
%o, gur, gus RHOETRYILICHEEL, —FK
PBEIFINE, b —FREFTEND I 3%,

COLIEERBTIE() & {} IR Bk e R
728, A—FFEARY) =4 OR) 12845 &/ E
HOXGY EHRTLLEIE[] 2HAE

53.18 Bl 1.1 CTERLATOS I LV OlEE
p(X,Y) 9B AR DBEREZ B L > T Ricilix7z

HERoBE % HET 5. AR TRET2ERER LT
T p(X,Y) OBEIZROABIBRETESINS ;
p(X, Y):—{({X = [a]|true),
{((X =a], Z = Pp]|Y = [0]),
(X = [a], t(Z)]true)),
(X =[a], Z =[d|Y = [c]),
(X = [a],1(2)]true))}),
(X =[dY = [d])}-

SEBBIZEIN: GHC 70 T LD -0 ERER ' 1357

= [a]|true) &) ABDEEE (X =[a],Z =
BIIY = [b]) &) AHPEIEE, Zho 2R
&S AR OIERD () % O TR—ETRY L CiEfTIcE
TENIB. —H (X =[], Z=[)Y =[]) £ (X =
lal, Z = []|Y = [e]) T s Z B CHEE &S AHE
DD {} 5OTHADORF| ETHOAHNEETH
D, BIFICETEND 2 LIk,

DX IR ANFEREAL 2T
T, #—PFEAN) - 2KREDEED AN DEMNEEL
I LOMBBTNAEDTHS. O

f518.19 LITFoX (1) idEH% And-Or A% AW
T, 5707 TLOEBEERBLIODOTHS. -
Zlx % And 7%, + % Or FUEERTHF T 5.
kB E T U AOEELRTERLTLLE, axf
o EWIEMEE B LI BIMENIRAT 2 I3E R
WWETENBLILE2RT. $ha+8da$idp
DELLP—FPEEfTESNLZ E2FET. /24, A,
B, BR7NIv s AMIBEARTERLT 5.

(. (A+A) x (..., (B+BY)). (1)

NI L DI ERERLIZODTHS. 7275 L
CIRBEREMEERL T 5.

A1) BT, A L B RE—ETRF LB LT
TEZIZBRGIETEINI 200, HDWVITHADE
TRIILEICET2020%, K2, 8510 AL LB
DHFIES B AMTEETH B DD 5 ODEHED DR
TGS R, 72821 A= (X = [a]]Y = [a]),
A= (X =By =[]), B=(X=[a]|Z = [a]),
B =(X=[Z=[) ThotHs&, AL B
B ADEFTRFI EIZORFET B, L LZOHED
OIZIZET (1) K%Ly, (1) ETHO A & B
DIERREHEPDIE, A ORATIA X =] &
B OANRA X = [a] EBFET S &L
L% 57w,

~T$%i?ﬁ%#éﬁ»kﬁ%xbu~Afu

CRENDEHBTOT T LOEETRD L H 12

N
A/ \A’ B/ \B’

B1 AQ)omszr
Fig.1 An illustration of Eq. (1).
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