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I l channel J.
process!  process2 process3 ... processh
access | access
Horn Clause Board
Data Base
1 POPSO#EBE
generator
process

consumer consumer
process | - « | process
B2 7atZ/Fvl
70t HRORGTERTHD ., (HRERGFETES. 7
Ot i, HEahOclauselc /b L. fid--61,62 &
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R—REEBIND. COF vRIUC Mbitsubgoal a(x)icxd
IEM. Era(1),a(2)..., BESNTLBEKES,
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T, PORKETRNER, Xy £—Ib(1,10) ZCUTHE
Ufz&ahid, PlidHead&Goals Mar—a(X') <-- b(X',10)
. C(X') ZERU, Goals OEBEFRD(X',10) LAy t—Ib(
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T 5ETRE—clauseFOERORE—#., derivationiHiF
ERORM, 0R-clause FOHNTHAZRIL TWS,

*3 Bastructure S Deopy §' £id, § ROBMELTH
OEBCBBRUIZDDOTHS, HL, BLOernTEHED
BIMRIC & SR KIS T DeopyrhDERIE, PRIVESHT
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3. POPS in Concurrent Prolog

A¥ETIE, Concurrent Prolog [Shapiro 8314C & BPOPSICD
WORNRS,

3.1 Concurrent Prolog

Concurrent Prologidand-parallelise &or-parallelism%
HAL., WELUATOC2OERIC, E%non-deterninis
tic 7OtEZOEBRACANTINS, PrologTidor-paral lelism
idbacktrackingiC & OERE B/, Concurrent Prolog Tid
—E—D0OclauseHBEND L&, DchoicelBTSNTLE
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urrent Prolog (X"Don’t care determinisn"THAELBRD.
Concurrent Prolog Tik, ¥ITUTES7OLXATHESN
ABHE 70 AEBERCAVN TS, Concurrent Prolog
DOEMICONTIL [Takeuchi 831&BMITH_ & &L, CCT
2. MBE7 005 ADRIC S ORORRACARGRBIOBE
7455,

(a) opposite-sex-child(X):-man(X) |
daughter(X,Y), output(X,¥?).
(b) opposi te-sex-child(X) : -woman(X) |
son(X,Y), output(X,¥?).

CO7DISLKEDND " | SLT'? KConcurrent Pro
log BEDESTHD. ki, '," EProlog LIZRE > fo Bk
#-oTW5, '| ' ikguard bar &PHZhguard sequence
&goal sequence ZXY]> T\ 5, guard bar (Zcut symbol &
s E%ER S, fhoalternative clausezxcut 95, °,°
izparal lel-AND> RV TH O, REMICIHEROMND >R
NERUTHSM operational KIERE->THO, 'P, 'i&P
&0 2T S5RERL TS, Concurrent Prolog T
ikserial-ANDIXREE &' THRDOT,

"7 Ok [? OO THSEERAnon-variable term I
instantiate LTRRESEV] LNSETHO, (a) TEAE
Y #instantiate ¥3Mid daughter’ 7O THO, "outpy
U70EARY #HFHAHUFHE U TROBLRBH TS, CO
"7 @C &% read only annotation’, ‘7" DK ZEME rea
d only variable' LRER, COBBEIC LD, 20U 7Ot
ZBRDOHEERC L HBENIELE> TWS (FTOEAEE
{§) . 1. Concurrent Prolog Tk, read only variable%
Fo70tk, TOERCHOTOERICLOEMinstanti
ate FhAETWILTS (FOL2EAW) .

3.2 Concurrent Prolog &4 2P0PS7 Ot DR
Concurrent Prolog (C&BPOPSTIE, 7Ot RILRDternT
FRENS,

process(Status, OutputChanne |+ InputChanne ! +Head<--Goals,
Board)

FTOt20O%ERE, "process :- processl, process2” D& D
paral lel-ANDTiTaDh, 7OLZAOHRSZO7OEAD
termination "process :- true" TERINTWS, FrRI
t2Concurrent Prolog OUAF O AFMOIEBER. 7Ot
fAMkread only annotationiC KOERINTND, o, 7
RTO7OEANSaccessEndR— Rz, £TO7OEIMR
RETHEK Board’ KLORRSN TS, "Board’ K, F
yIVAY FR7POSH SROBEEETNL, TORRE
REETH DM, CCTirbinary tree ZHVTRRLTNS,
[Warren 80] 7o, CCTHERENTIVEH, HIB (XConc

urrent Prolog DPIEEFT— 2~ — X ax(horn clause )’ ®A
L2FREANTRRL TN,

ZicConcurrent Prolog i< &k HPOPSOprocess OELHRERT

(e1) process(active,QutCh+_+Cls,Brd) :-
call((derivationp(Cls,RemTop,InCh,Brd,Alt_or_not_vyet),
new(RemTop, NextGoal) )) | .
process(wait,OutCh+InCh? +Cls,Brd) ,
process_fork(Alt_or_not_yet,InChs«NextGoal,Brd).

(e2) process(active,OutCh+_+Cls,Brd) :-
terminatep(Cls,Mess) |
sendmess(Mess,OQutCh).

{e3) process(active,_+_+Cls,Brd) :-
call( (write('process killed
portray(Cls),
nl) ).

')1

(cl) process(wait,OutCh+{Terminated_Goal {C1]+Cls,Brd) :-
newels(Cls,Terminated_Goal,NewC) |
process(wait,OutCh+C1? +Cls,Brd) ,
process(active,QutCh+_+NewC,Brd).

(c1) - (c3) &, activeZ7OtROEMEE, (c4)idwaifing
7Ot 2OBEEERL TS, (c1)id, derivation&{Th>
BAICHEY TS, R derivationp” i36oals OICEREFRAHD
B KCEHRINTWAMEFav oL, EHRINTHSEEKR,
SHKZOERCHL TR—RADESR 881745, 88
DRA Alr-or-not-yet'iCalready A, ZBORAEnot-ve
t Minstantiate dhd, COEHIE, ARE process-fork' i
RETHD. KRAERHHIB ICMOIBAIHRTR derivatiop’ (&
failgd, 'new' X, copyZEITi>RRTH S, CDGuard
ifsuccess 35&, goal#HM 2 DDA process’ &'pro
cess-fork’ SPFCEITEI NS, 'process’ i, HeO7OE
Affwaiting &> HOTHY, BH InCh' L' K
ahd, 'process-fork’ ik, HLO7OEADGals DFEHRE
FEDcopyiCBAL Tselection 137440y, HircCMShizclause
OEOSDICHIDI E THI-Gactive7 O AE4ERT 5. B
U, 'Alr-or-not-yet' Aalready OR&EIR, TTKENSODT
Ot ZANEEY HOH LNT O AEZERT HDEENL A
BLLN,

(c2)id, termination MIBACIHEY T 5, 5 terminatep’
'Cls’ M'X <-- true' DERLEF 1 v 295, bR sendm
ess' iy z—#&0tCh (D-List)iCHED GBNYSD) . Fk.
pARR I T et E ‘

(c3) k. (c1), (c2) OVWTNICHIELLENRE. Thbb,
ZFnLlEOderivation AR algE& x> ICBATSH O, "process
killed' Xy —>%iHAL, 7O0LXBEBEHRT 5.
(c4)i&, waiting 7O EXOWEEERL TS, () TR,
Input-Channel #fread only variableTdH ¥, CCIC@Minst
antiate ShicRE (XY E—COR(E) KHET 5. BE'n
ewcls' i, waiting LT\ 570t AMHead, Goalsdcopy H,G6
EERU. G OXRBBEREA Y E-DEMifY U, 6K, T
OREERERVVCROEG LUT, FikKERTAEF 7Ot



AOHead &Goals %D, 7O0JSLAOT-VOBA T,
TO7 Ot AMcopy &l activer 7otz & forkLTH
%, CO7095 AOEITARRBRICRT .

SLETRUIKDIC, POPSIZConcurrent Prolog TiTbnTas
THd, CHIEVENIE, AND-parallelism ik OOR-par
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5% - GRAMMAR AND EXECUTION -

% very simple English grammar
s(s(NP,VP)) --> np(NP), vp(VP).

np(np(NOUN)) --> noun(NOUN).

np(np(and(NP1,NP2))) --> /* Left Recursive rule #/
np(KP1), [and], np(NP2).

np(np(NP,NPMOD)) --> np(NP), srel(NPMOD).

vp(vp(V)) -=> verb(V).
vp(vp(V,NP}) --> verb(V), np(NP).

srel(srel(RP,RPP)) --> rp(RP), s(RPP).

rp(rp(who)) --> [who].
rp(rp('Empty’)) --> []. /% epsilon rule #%/
noun(noun( john)) ~-> [ john].

noun(noun(mary)) --> [mary].

noun(noun{lucy)) -~> [lucy].

verb(verb(loves)) --> [loves].
verb(verb(hates)) --> [hates].

'C'([XiY1,X,Y). /* Connect definition #/

SIMPLE PARSING EXAMPLES

AL S R TY

| ?- do(s(K,{ john,loves,mary],[]1)).
Killed noun(noun(mary),[john,loves,mary],X)

K==~ C([ john,loves,mary],mary,X)
noun(noun(luey),[ john,loves,mary],X)

<== C([john,loves,mary],lucy,X)
np(np(and(np(noun( john)),X)),[ john,loves,maryl,¥)

<== (C([loves,mary]l,and,Z),np(X,Z,Y))
rp(rp{who),[loves,mary],X)

<-~- C([loves,mary],who,X)
verb(verb(loves),[loves,mary],[])

<-- C([loves,mary],loves,[])
verb(verb(hates),[loves,mary],[])

<-= C([loves,mary],hates,[])
verb(verb(hates),[loves,mary],X)

<-- C([loves,mary],hates,X)
noun(noun( john),[loves,mary],X)

<=~ C([loves,mary], john,X)
noun(noun(mary),[loves,mary],X)

<-- C([loves,mary],mary,X)
noun{noun(lucy),[loves,mary],X)

<-- C([loves,mary],lucy,X)
noun(noun( john) ,[mary],[])

<-- C([mary],john,[])
noun(noun(lucy),[mary],[])

<=~ C([mary]},lucy,(])
noun(noun( john) ,[mary],X)

<~-= C([mary], john,X)
noun{noun(luey),[mary],X)

<=~ C([mary],lucy,X)
np(np(and(np(noun(mary)),X)),[mary],Y)

<-- (¢([1,and,2),np(X,2,Y))

Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed

Killed

Killed

rp(rp(who),[1,X)

<== C([],who,X)
noun(noun( john),[1,X)

<=~ C([1, john,X)
noun(noun(mary),[],X)

<== ¢({],mary,X)
noun(noun(luey),[]1,X)

<-- C([1,1uey,X)
np(np(and(np(noun(mary)),X)),[mary],[1)

<-- (€([]1,and,Y),np(X,Y,[]1))

Killed
Killed
Killed
Killed
Killed

s(s(np(noun( john)),vp(verb(loves),
ap(noun(mary)))),[ john,loves,mary],[])

Message =

Execution Time = 15197 ms

% PARSING A SNTENCE USING
% A EPSILON RULE.

! 2= do(s(s,[John,loves,mary,lucy,hates],g])).

Killed noun(noun(mary),[ john,loves,mary,lucy,hates],X)
<-- C([ john,loves,mary,lucy,hates],mary,X)

Killed np(np(an&(np(np(#),srel(#,#)),X)):[mary,lucy,hates],!)

<-- (€([],and,2),np(X,2,¥))

s(s(np(noun( john)),vp(verb(loves),
np(np(noun(mary)),srel(rp(Empty),
s(#,#))))),
[ john,loves,mary,lucy,hates],[1)

Message =

Execution Time = 35926 ms

% PARSING A SENTENCE USING
%4 A LEFT RECURSIVE RULE.

! ?- do(s(S,[ john,loves,mary,and,lucy],[])).

Killed noun(noun(mary),{ john,loves,mary,and,lucy],X)

<~- C([ john,loves,mary,and,lucy],mary,np)

Killed npz(and(np(and(#,#)),X)),[mary,and,lucy],!)
<-- (C([],and,2),np(X,2,Y))

s(s(np(noun( john)),
vp(verb(loves),np(and(np(#),np(#))))),
{ john,loves,mary,and,lucy],{])

‘Message =

Execution Time = 27389 ms
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