ICOT Technical Report: TR- 008

[

1 - S 1 .
Chart Parcing in Corcurrent Prolog

by

Hidekt Mirakowa

Ao beebusan Isidy, 200

R R L
IDD I L= Mot 1-Ubeenn Fedew [LUNY 524904
Elinate-bu Fadove 102 D

Institute for New Generation Computer Technology




Ingzitvie [or New Geners

(]
2
T
H

v3
*o

by

=
b

Hideki

ARSING IN COHCURRENT P

"1

gkava

ICOT Resesrch Center
tion Cogputer Techoology

A0LOC

Mita Hokuszi Blég.

Minato-XKu,
Tel:03-456-3195,

21F, 1-4-2
Tokyo, 104
Telex:ICOT

8 Mitz,

J329e4



CHART PARSING 1N CONCURRENT PROLODG
H.HIRAKAALA (ICOT 2nd lao.)
1. Introduction

There have bean developed various parsing systems based oan
logic prograsming languags Proleog(for example, DCG [Pereira B33
and BUY [Meatsumote 8313). In these systems, grammar rules are
translated ints VProlog programs which parses inout sentsnces=.
Since the control mechanism of Pralog is based on backtracking,
all ithe parsing systems developed on Prolog are backtrack based.
Thls type of parsing mathods hnave an inefficiency that many
identical conputations along the diffarant parsing paths are
duplicated. OUn the other hand, parallel parsing stratagies ecan
aveid this problem of duplication by becktracking 5y keepinmg all
information about parsing processes in some memory areas. Thesa
metheds ars callad book<es2ping parsing methods. 1In this mEmo ,
one ef the boox<eeping parsers (CHART PARSER) is introduced =and
the experiment on PCP (Parser in Concurrent Prolog) is describess.
PCP i1mplemants thne algoritha squivalent to chart parsing, using
multicle Procass forxs and message passing mechanism of
Concurrsnt “rolog.

2. hctive Cnarct Parser

In this s2ction, “Chart Parser” [Kay 671, which is a2 hish
efticient oszarser for Context Free Grammar, is introgucsd. 35a
Chap. 3 of L[ainograd B33 for the details.

2.1 Chart Parsing Features

(1 Parsing strategy
The Chert Parser applies rules in Top Doun and Psazudg
Parallel ways.

(2) Uses Chart as Boodkeepina
A Chart Parsing  1s one of the bookkeepingy parsing
methods. A chart is a data structure which keeps all the
inforzation about what has heen tried and what is vet to
De tried.

{3) Grammar With Left Recursive Zules
Singz the chart k=2eos track of parsing process, infinite
rules application can pe avoidad by checking the chart.

(4) No Computational Duplication ,
The bzcktracking based parsing strategy duplicates many
Computations tnat are the same along s2parate patihs,
shile the paralle! stratagy makes it possible ts combine
common subcalculations by the use of bookkeaping (Chart).

2.2 Structure of Chart
The chnart i1s a booxkeeping data structure wilch contains

vertices and edges. 4 vertex is a number which specifiss the
position on an input santence. For examole, numoers 1 throujn



n in tne following figure are vertices.
1 Sonn 2 npits 3 bkall 4 witn 5 bat 6

e represents partial 2 constituent anc consists of a

an 2dg
startins wvertex, an ending vertex, a label and a remainder.
Tha surfac:z werd ssaguencs which corresponds te the edge is
racrasantad by starting and ending vertices. A lakel is =
laft nand side syimbol o0f & CFG tule (A label is sometimss =
lexizzl cztegory). Th2 remaindarc iz a2 part of & seguenca of
svrbols in a righthand side of a CFG rule (possibly a null
SEQUaTTa). The edgs can D2 represa2nted in the follcaing
farc.
CSTASTING_VERTEY LAZEL --2> gat .. cat
ENDING_VERTEX RHEMAINDzRI
Sz7e exzmples 2ra shaowWn:
1 Jjohn 2 hits 3 . ball 4 «ith 5 #at &
| I i |
————fm—— = ————— VP=mm————
{a) L1 42 =-=-> 1 HOUK3
() LCI NF -=> HODUY 21
ke L2 WP --» VEEZ NP 4 PPI
Siz2 (a) represants a2 null strinmg {thne starting and tha
encins wverticzs are the same), and its remainder is HJUN.
YZze (5) rensrasents the string “john® and its remainder s

null. Edge (c) represents string “hits ball”® and iis
remeinder is PP+ An edge which has & null remaindsr sucn as
(b} is5 czlled a terninated edge. The formal descriptiocn of
the zcnart is shosn bDelow. CHART has EDGES and PZNDING
EDGES. Tne former 15 a storage for active edges and the
lzttzar fer pending edges.

THART :i=  VERTICES (a segquence of vertices)
EDZES - {a set of edges)
PENDING EDGES (a set of pending edges)

S HEED ii= S5TERTIYWNG VEATEZX (a vertices 1n thz chart)
ZRIING VERATEX {a vertex in the cnart)
LAZEL {3 symnaol)
HZBAINDZIR {a sequence 2f symbols,

possibly emoty)

VEITEL 1= IHZOMING EDGES (The set of sdges
in the chart having
this vaertex as thneir
ending vertax)
UUTGOING EDGES  (The set of adges in the
chart having this vertex
a5 their starting vartex)

2.3 PErsing Algaritnm



Sagqe 3

1
The chart o3rsar appliss grammar rules in & topdown oarallzl
ALY f givan rul=ss ars
3. 3 ==3 3P yp
5. NE o—-=> NGOUY

c. MPo--2 DET NIUXN

tnen the first rulz, (2) is tried, and tnen (o) and (c)} are
applied simultaneously. Tne applied rule (2) 15 stored in
£ZUD106G EQSZ and the newly applied rules are stored In ERGE in
the chart. Tn this derivation, left recursian chesk is done and
tne rule alrsady applisc in the same context will never be
derived. when & derivation meets a lexizal cata2gory, that of
tne input wors is checxad wnether its lexical catagery 1is
identical teo that of tne rule. If idantical, the derivatien is
tried on c3tsgory followsing that lexiczal c=ztegory in the riuala.
If there”s no succesding category, tne edges is terminated. If a
terminztea edize is detectad, the parser cnhecks a1l pending edges
and sats é&psrooriate adges inte active adge in tne chart. 1In
tnis way the parsar cenatinues parsing until thera’s no edge  in
ECGE.

3. rarser in Concurrent Srolog

ECP is a parssar ba2sed on multiple 2rocaess ifar<s and the
Message Das3ing szchnanism  supported oy Concurrent Prolog
[Shapiro 831, =2nd prowvid:is tho parsing algorithm  =guivaleat to
the Shart Parsing. Conseguently, P20P7 provides the same
characteristics as tne Chart Farsar does,

Top Down 2nd Fseudo Parallzl {(Concurvent)
Using multiple processes and shared variaolzs
ag Jookkeesping

{3) Grammar with Leit Recursive Rules

{4) No Comcutaticnal Duslication

J
J

rb

{
(

3.1 Parsing Stratesy

In FCF, a basic 2arsing component is a oroczess caorresponding
to an edge, &nd tnere i:s no explicit bookkeeping data structure
a5 the cnart, ccach procass fan cormualcste With each other in
term of a communication channal. Thesze process are consists of
four elemantis 35 300WD DExt;

orocess(Ztats, <352, Channsll, Chenaell ¢,033)

’
State 15 “active”® or “wait”. &dge <eeds the sams information
described in the Chaptecd {1.2. ASTARTING VEATEX, ZNDINS VIATEX,
LAZnL, RcdriInlDZx). Znannz2ll 1= communication a channal for tne
terminated edges. Channel’ 1T a2 channel for th2 trisa edges,
Which 15 nmecaessary for rule Jderivation loop checxing. £3 is
used for kKeeoilng the head ol the Channell (D-list).

Tne following CP progran shows the benavior ot the above
DPrOCRSS.
{(The “hole program 15 listed in Appandix 2}



{cl) Dtacasr{=ct1va,?d;a,c,22} -
cict{zdss, 2sz332) |
process{active,Mewzdse,C,CE).

(ci) »r rocess{activa,Sdge,C,02) -
nen_terminzla(adsze) |

p1ocass{4a1t,: dge,C?,22,C00 1/
mrocass_for«(2<32,C,22).

23) rrac es={*ct1¢-,_d, sC.02) -
rerminate(zas |
broadcs st{~ dgesC).

[{c4) nrocassz(active,sdg2,C,C2).

(ct) =rocss={wazit,Sdzfa,lTermpinated_=dgelC3,C02,02) -
reactivatz(Edge,Terainated_cdge,Naw "1] |
process{wait,zdge,0?2,02,C03) I
proczssi{active,Ya4df1,03,22).

{cs) srocess{wait,Zdg2,0_1C3,C2,23) -
true |
srac2ss(walt,fdge,c?,C02,03).

(cli-(c4) spaciiy the behavier of 2n active procass and (c3)
and  (cad) soecify tnst of 2 wait process. In the 3Jove PIOSTLET,
MpM N N ang MM gre speciric symbols  peculiar to Concurrent
Prolos. W) je= a2 guard har wnich separates a guarded seguence
irom gc:l gajuenca. dnce a guard seaguence i3 processss
successiully, 1tnan the cheice points for anolner clauses arsz
removez. In this sanse "I" worxs like “cut” in Proleg. "//" is
2 parallel-%) symool whnicn logically denotes AND. The goals
connected by s=arallel AND must be executed in parzllel. nan
attached to a variable specitizs that tne varisole must not be
uritisd with & non-variasls term (Re2ad only annotation). The
reac only annotatian can gensrally be used to the variables
sharza by concurrant precesses in order  to restrict the
direction of data flow. The process which annotates the shared
variacle can noat instantiate tne wvariasle and wait fer taes
veriaole to bacome instantiated by tne otner procass Wnicn does
not annotate it.

Active orocasses are categorized inte  four E325. In tae
first c=zs2 ot {(z1), the head elemaent of tae Q'diIdDLQ in the
=age 15 lexicel catagory. For exanple, the eadge has Lne
tellewing form:

[1 40 ==> 1 2T XNOUN]

Wwhera2
vartes 1 L3 1 thne 2 man ...-.
*the* haz 2 lexical catagory DET

Tn this case, ‘dict’ produces "NeasZdge” &lth updated "RYAINDER”
and fTENDIAC EDGE", 1.2. L1 HPp ==> DET 2 N3JUN3., ARG a n2u
active process 15 created.



Fage 3

cf (c2), tha head element of the

In tne =econs C2ase t
ranmztical category. The sdge has folleowing

TEZMAINDERT 15 2 4
torm, tor example:
£1 53 --> 1 W2 VP3
where & grammar ruls "“yF --> DET NOUN®
apd MR --3 NIUUM axist

clauze 'nua,lerminalp' succaeeds. Then the

2 ara
uqufnt Q pozss  bocome & w2li procass which pends until some
messagfe is seant throuda uhanﬂell. This oending mzchanism 13
snpacified by the re=ac only annotation. “oracess_ford” plcds up

all tne grammar rules whose létthand zide is the haad element of
tTha REMAINDER, and creates the elgzs corresponding to the rules.
Tnen each eage 1is cihecked by scanning C2  wnether it already
exizt or not., If it i= 8 new edge, then Lt 1s recistered into
C2 anc 2 naw active process with that edge is produced. If 1t
has psen =already registered 1in C2, thers"s no nezd to continue
nracassing W€ith this edge because the old one will produce or
has besn producsd the =ame effact as this one. This machanism
inhibits an infinite rule applicatien 1looz and provides no
duplication of tiiz same subcalculations. A moTrTe precise
explanation 1s g3ivea in Chap 3.2 1in connection with the
zuomentation of CPC.

In the tinird case of (Y, tne e2d3e 15 a termninated edge.
Guard clavuss “toroinats” <hecks whetnar the REMALINDER of the
sage i= null or not. If it is null, thsan 1t°s a terminated
edga. "oro=dcasts  sonds this edge to 2ll the other Drocesses,
Afiech is z=conzlished by attzcning tne edge to the tail of
communicziion channell (9=11is3t CJ.

The fourtn czze {(c4) is ather than (=21) to (c3). This case is
an inaperazsriate one. For examnple,

[1 4P =-=-> 1 "0U0N1
Wiare
1 the 2 boy ceeaa’

In this case thne process terainates (or vanishes).

{c5) ara (ce) define the behavier of a  wait proacess. Since
the channall of wait prosc2sses are all read onlv variables, then
{cS) and {co) Wwait until = m=2ssage (=dge) 15 sent through the
channell by other orocssszas, In the case ot (cS5}, a guard
‘reactivata” chacks that the massaje "Terminatad_Fdge” , can
rezctivate Lnis proc=ss of not. The reactivate conditions are

(1% Tnz LAZEL of the terminated_eige i3 tne same as the
neaa element ot tne AESMAINDER of the waiting process.

(2) Tne ZTARTING VEATEX of the tarminated_edge is the same
as the £NDINHS VESTEX of the walting process.



2235, the currant wait process producas =
2is new procass has the edge with STARTING
nd L.?\EEL tha:. are
S

VEET:K a tha samas as thos2 of the current Wwalt
sracess, 2N0ING VERT thiz same as tazt of the terminated edge
tne DEMAISDES tna same as tnat of the walt process except for
the ton elanent.

Exzmple

£1 5 -=-» 1 NP VP2
{1 8F -=-> DET NOUN 23
£r 5 --> NP 2 VvP1

2d3e of tne #3lt process
tne terminatad edge
gdge of nesd process

e s

qots tnat, aiter tne creatien of nes proca2ss, the 2ld waiting
oracess =till exists.

ITm tma cassz 0f (cH), the w=2it process neslacts the message zad
continuas waiting

To show tna parsing process, a simpls example 1is given. The
examcle sentence 1is "John hits ball with bat."™ The input
sentence, orzmmar rules and dictionary are;d

1) 1 joan 2 hits 3 pall 4 @witn 5 batls

(21) &8 ==> np, V3. {dly dict{n, Johnl.
(223 mnp =-=> noun. {62y dictins, balll.
(a3) WD ==> V. (23) dict{n, bat J.
(34) WS == W, NGy BP0 {24y dict{v, nils).
(23) 27 ==> g, na. (d5) dict{z, witn).
2arcing safins witn the following active process.

{»1) process(zctiva, [l 5 --> 1 np vpl, C1, C2)

The hezd of the remzinder "npg vp”™ 1is nonteraminal, then program
(c2?) is azonlied and produces the following concurrant preocesses.

{22) process(wait, £1 s =-> 1 np wvpl, C12, C2)
(23} procass{active, {1 np =--> 1 nounl, C1, c2)

(22} has & r=ad only varishble Cl, then this Drocass Walits.
(p3) has & remainder “noun” and anding vertex 1 whilch points
*q0nn’, tnan “dict® clause of (cl) succeeds and thz next process
is producel.

(=4) nrocess(active, (1 n» =--» noun 21, {1, C2)

(p4) rnas 2 null remainaer, so (c3) is 2pplied and "hroadcast’
sets the tarminated edge to Cl. (c3) has no “procass”™ clause in
the oody, then (p4) and consaguently (p3) tarminates
successtully. In tne otner words, (p3) and (p4) vanish.

VoW the wessz2g9e L1 np ==» poun 217 is sent to procass (p2)
tnrough Ol. “aiting of (p2)is released, 2and both {ch5) and (c&)
are applied. 1In tnis case, (p2) waits for a message in the form
ot *C1 n3 ..17, (c5) 1is saslected. (c3) newly produces next
process &3 tollows:



{ 'j orocess(wait, {1 s --> 1 np vpl, ciz, c2}
(25) oracess{active, {1 5 ==> np 2 vpl, C1, C2)

44 ud

tls LF

(p5) 15 &2 42
£

oy 0 old process {(pd). New process (ph)
creztzs tnsz |

srocesses according to (c2).

{=7) processldzit, 1 = ==> np 2 vpl, C1?, C2)
(23) process(active, [2 wp --> 2 vi, C1, C2)
(=%) sracass(active, [Z vp ==-> 2 v ap »pd, Cl, C2}

Then (od) creatss tne following procssses.
(=13) sracsss{active, L2 vp ==-> v 31, C1l, C2)

ind (z13) has 2 terminatesd edge, then broadcasts the message “C2
;o ==3 % 23%., This messajzs reactivatss (p7). (p7) creates &
cooay of itsclf and tase following process.

{=i1) srogess{active, L1 5 ==> np vo 331, Cl, C2)

3 52 is a terminated one, so this broadcasts "Ll 5 =-=-> np
I amc o wvanishzs. This edae has root 7s° but is not a
c arsing ons, Jecausa it only corrasponds to  “jonn  hits

[n tais wav, active process (pd) creates the following

{712) process(sctive, [2 v --> v 3 np p2l, Cl, C2)
{=217) process(astive, [32 ng ==> 3 nounld, CL, C2)
{o12) arocess({active, [3 vp ==> v np 4 223, Cl, C2)
{(21%) arpcess{zctiva, [4 20 =-=> 4 p npl, Cl, C2)
{=~15) praocess(active, [4 pg ==2> p 5 nepl, Cl, C2)
(217) srocess{active, (5 np --» 5 nounl, Cl, C2)

{oi7) sencs message "C3 np -=-» noun 61" and this terminatas
{ole). Tnan (plo) s:znds me=sagde L4 pp --> p np 61",
terminating {pld4). (pld) sends “(3 vp =-=> v np pp 63° and this
terminztes (z27). (27) s2nds tn2 following ecge.

Cl § ==» no vp ol

Tnis ma2sss3e mezans that thne santence “john hits oall with bat”
is corractly analyzz2a as “"s5°.

In ¢C2 the parsing coentinuss as long a2s some active Drocesses
exizt. IT na activa process is detected, comoutation terminates
with a czadleock. At tnis point all possible analysis has been
tried. In this sensz, the whale slgerithm is complete. , The
sroo? o7 comnleianess 15 omitted.

3.2 Augazntation

Trns »rojran cescrihecz im 3.2 is a vary fundamental one that
can trezat anly simole 755 rules. in a practical parsing svstem,
zogme aiditional machanisms are required to provide a structure
puilding facility, semantic checking facility and g0 on. It is
gasy To aulment CPC to handle CFC with argumants. Augmentatian
is to cnange tha LASEL and the elements ol REMAIHNDER frem an
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atam to @ structura. Tne eaje: is reprasantad as fnllows:

£1 s(s{%2,YF)) ==> 1 na(iP) vp(VP)l

cE(NELVEYT ani THFC,VPT ars argumants for graamar category
*s*,"rp” ani “wva'. The capital lattars specify those words to
he wvarianlas. Tn nandling variables in the grammar rule, tase
Oz-marzallal opraorl:zm must be solved. In the parser, thz problan
i syoidsc oy cooving edzes when one procass forxs to aultiple
Jrocosses. ins tpns ra-oinding of wvariaples 1is donz in tae
"rasctivara”® procassing. 3 next figursz snows the variable
manipulation Froc2ssas.

{a) P(act,tunp(X) ==> noun(X)1) ==--—-===--———====== -

\ |
5 1
{cl) 2{zct,Cnoun(x1)1) (c2)2(act,Cnoun(Xd)1)
Crnoun(dohn)li¢-message=>C{noun{and(jonhn,aary))]
| i

¥
|
|
|
|
|
H
I ¥ |
(p) P(wait,[az(L) ==-> noun{i)l) |
| N |
: Y ]
£ (32) Blact,fnpijonn) ==2» noun(jeonn)l) |
. !
: |
i +

Xy ==» noun{¥Xil) {-—=-—-===—=-- —mmmm———————
by
A
(2} Flact,npland(jonn, maryl}) --2
noun{and(jehn,mary))l)

(B PlwaitsIaz

~s simplify tne explanation, VERTICES and comnunication
channals =ars abriiged in tnis figure. *P° spacifies a DroCcass.
Procass (a) atas (b), (ecl) and (c2). Process (b) is a dead
cooy of | axcest that it 1is a waiting process. Process
{cl),(cz) = 9% sarallsl daughter processes of (a) 4ith new
variahlaes ¥1° =234 ‘%27 instead of “X*. Process (cl) finally
hroafcssts messase ‘Cnoun{jenn)l® whare “X1° is bound to "john’.
This messigs resactivates (o). {b) ereates (d) by neans af
creatisg the co2y 2f the sdge (l.e2. Cnp(Y) ==> naoun(¥)l) and
unityisag the m=2ss332 "noun(jein)” and “noun(¥) . Process (b) 1is
still wzitinc far a new message after tnes production of {d), and
creztas (2) by res2lving mesSs3aje “Cnoun{and{iohn,maryl))1 .

1= =moun above, tne calculation of the daughter is executed
inde-endently o1 1ts 2arent, and the variable binding b2laean
tinaon is done tarcagh the unilfication of tha messaja. Sinca &
wait grfocess reczives all the messages that are sa2nt from all
obher processas, LN process must recogitize the corract Nessayz.
In the cCase oI srammar wita variables, tne chec< of tne
uniitication batwasz tne meossaga and the head element of
REMATNOER is insuificient. Consider the following example:

=1



|

|
| , |
| {2) 2lact,Caz(jenn)-->n(johnl)l) I (ol) Flwzii,ea-
| |

(al)P(wait,Cnpl(X)==30({X)]) (=e==memmemmmemm———— -+

| N,

| (f) P(act,Caz{jehn)=-=-»n{Jjohn) 3l

\ \
{a) Plact,innp(X)=-=>n(X)Jd) {2) Plact,Cap(jonn)=-=>n(Jonnl)l}
| h 5 1
| (2). B(act,Ln(X1l) 1) (4) Plact,ia{jenn) ) I
| | | |
| n{john) £-= messaje ==>2 ni{jonn) ]
1 | 1 I
i y |
falifi{@ait, Laos{dy==200433) |
|
|
|

In this =xamele, tnere arsz similar active procssses, (&) and
(ol hese must not be shared because thare 1s no guarantas
that botn orocasses will produce the samne results. (a) anéd (5)
create {c)y and {4). Conseguantly, the sane two messsgzes of
“n{ john)” are broadcastaed and wait process (al) crzates (2) and
(). Ta aveaid tnis cduplication, 2 massage idantifisr is

introducas, Tnz massage idenatifier 1s an integer to distinguisn
sach maszzyga. =acn process has  tdo message identifiers: a
parent idsntifier and s daughter one. & parent identifiszc is an
jdantifizar whicn tLo2 g2rocess 2ttacnes T2 message when tne 223e
terminatas. Y daugater identifis=r 1is used to chascx  The
messages By the Walt porocess. In the a>dsvse axzmple, twWwa
nescagzs of *rn{jonn}" have cdiffzreat idzntifizrs =0 the
guolicstien 1s avoided.

Trne pars=r in Concurrant Prelog is described. It prowidzs a
top-down 2seudo  parallel and bookkeeoing parsing machaaiswa.
This mezns tast the parsing eftfticiency is better than ozt of
backtracxing bzsed parsing method. As for its gsensrative pouar,
PCP can o2 augmnantad to handle the grarmar writtan in L2585 with
Left recursive rules and enpty aderivatiocn rules.
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APPENDIX A

=

simple example of parsing 1s civen.

The dafinition af srammar

gri{s(a(uP,VP)), Cnp(NPY,vp(VP) ).
;r(vp(??(u)ﬁr Lv{v)I).
gr{va(vol{V,%7)), Tv(vI,np(N?)33.

(valvp(V,NP,PP5)),  Cw{V},np(N?),pps(PP5)1).
;.(13{hguh}}z calirdd.
ar(ap(no(5z2T,0) ), Caet{UET),n(N)I).
ST (na(np (%, PE)), Enp(N),22(PP)1).
sri{=o(oo(P, %)), Co(Py,np(n)]).
srlpps(pps(PP,PR3)), Tpp(PP),pps(PP5)1).
gripps(nos(PE)), Cep(?P)1).
gri{start{3),s5(5)).

Tne definition of dictionarcy

gictionary(n{room), Lroom]X3,%X3.
cictisnary(n{bat}), Chat|X¥3,X).

distiosnzrvindjean), Liochn|X3,¥).
dictionarv(n{ball), CozlliXKd,X).
dictionarv(v{walks), CwalksiXxl,X).
Siectianzry(v(hits), Cnits]|%d,x).
dictionarviplwitnl, Cwitnixi,X).
Cictionaryi(p(inl, LinlkEl,X).

Thne toilawing sutput shows tne 2arsing process.  An input sentence is
"Jonn hits bell witn pat". Messazas passed through a communication
chaannel zrz specified by *"Mss3z3¢0 =7. The killed srocesses are shown
2y "orocass killes2d”.

I 7= tas1. J/*® jonhn hits -all with bat =-- ambiguous *f
orecess Killed Cool(oo(X,.Y)),Lo(X),np(¥)],Chits,ball,with,02t3l]
srocess billed Cmp({ap(¥,Y)),Cdet{¥y,n(¥)2,Cichn,hits,ball,with,batld

Mezsage = [np(np{john)),In{john)l,cl,Ljohn,hits,ball,,with,batl,
thits,ball,«ith,08tl3

srocess Yilled Con(oo(X, Y33, ,020(¥),na(¥)3,022
procass killzd [Cnpd{no(X,Y)),ldet(X),n(¥)}1,Chatll
orocess «£illed [npinp(X,Y)),Cdet{¥), n(¥)l,Lball,with,batl]

i3
[iE
L
[Fy
41
u’l
[4F)
]

o{vp(nits)),vinits)l,C1,Chits,pall,witn,batl,
Lball,with,52133
Coo{noiball)),inozll)3, C3,Coell,with,patl,[uith,batd]

(=]
L
%3]
W
L N
i
mn oo

z Eno{ng(bat)),Cn{bat)d,21,lbatl, {21
t85820a Csi{s{nap{Jjonnl,vpl{hits))),inpl{no(ionn) ), vp({vp{nits))d,C1,
Cionnghits,ozll,with,pa3tl,Chall,with,bat]]
d2sszge = Lwolvol{nits,nz(oell))),Cvinits),np{no(bally)l, L1, 1

Chits,ball,witn,batl,lwith,batl]

dessage = [pploo{with,nalbzod ), Colwicnlenod{nel(bat )}, 0], Cuwith,batl, L]
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Message = [vpivpihits,no{ball),pol{with,np{bat}))),
Cwl{hats),nplinc(ball)),pplo2(with, npl(bat)))i,c3l,
tnits,bsll,witn,batl, 1]

istarv(s(nz(jenn),vplhits)) ), Cs(s{npljonn),vp{hits))¥1,L1,
Jehn,hits,0all,dith,batl,Cball, witn,5at]]

45
wi
5]
-
Wi
e
[ 1]

{s{z(np(john),vp(hits,no(ball),op(with,no(bat)))})).
tnplnap(jonn)),ve(volhits,np{ball),osp(with,np(bat)))),
Cl,0denn,hits,ball,4ith,batl,L11]

L
Messaye

¥essage = (s(s(npl{jaobn),vei{aits,nploall))l),
Cro{np(jonn)d,vol{valhits,np(ball))y3 L2,
Tiann,nito,bzll,with,batl, Luith,batl]

Inp(no(np(ball),op{with,np(bat)))),
fnpl{np(ozil)),pp(pp(withn,no{Dat))}l ,
tl,Lball,witn,batl, 1]

=
AT
Lin
“
L]
Y
Lt4
]

“essage = [stert(s{np(iohn),vplhits,noi{balll}d)),
Cs(s(np{joenn),vefhits,np(ball}yd)d,
Cl,Cjonn,nits,ball,with,batl, [with,batll

Mecoage = [ rtisinz(jonndsvplhits,np(ball),polwith,np(bat)iddy,
Cs{z(na(John),volhits,npl{ball),pnl{sitn, J))}3,
El,Lionn,nits,ball,with,natl, 1]

Yessage = Lvp(vplnits,np(na(ball),pp{uwitn,np{bat))))),
Lvlhits),no{npinp{ball),ppl(xith,no{bat)}d)l,
Cl,fnits,ball,with,b=t],C11

HesszeEge = FE{SE“.‘-‘(th:J; Q{thr;u,’["\F’k ll}{r‘pkﬁltﬁf })}}}f
tnpinp(Jonn)l,vp(valhnits,no(np(tall), pplwith, 3)))1,
Ll,Cjohn,nits,ball,witn,batld, 012

trsage = [start(s(np(jehn),ve(hits,np(no(ball),pplwith, ))))),

Ls(s(no(Joan),vo(hits,apl , ))})31,
Ci,CJonn,nits,ball,witn,batl, [23

Computation deadlock
Step = 9
ves

1He= wnich have parsing trees (the first =alazent
t “"start”. The first two pa2rsing trees correspani
22 ifor input 3sentences {“jonn hits” and “john nits
Dall”). The last t trass represent Jdifferent parsing results for tn=
inout sentzanca. The ampiguity of the modifiestien ot a prepssitisaal
phirase provides two parsing results.

There arse Iour me
o0f messsajz) «Lith 1

53
oo
to partial parsing tr
Wao
5

b}

fﬁlla-lnj examnoles show the use of an emdty derivation rule whica
iss tne 4qarEV1¢tion ¢I a relational prezositisn. The messzdes
rhe.

[ E I |
'l
[y I i ]

i W
= 3
I'_.l.

1
[

L5

-

FUR Z¥NFTY 2EATVATION
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| 7= as(ljohn,hits,mary,hits,lucyl).

Enp,tﬁ,srel],r1,[juhn,hits,mary;hits,iucy],[nits,lucfjl

Messa48 =

Yess5z58 = Enp,En,sre11,[J,[jahn,hits,mary,hitﬁ,luch,E]}
Megssage = Cno,Cn,sreld,C3,Cmary,hits,lucyl, 1]

Ypssage = Enn,En],[J,:jnhn,nits,mary,hits,lucyj,[nitz,mary,nits,iucy]]
Megssawe = Lnp,End,C03,2lusyl, L1]

Messase = [np,Cnl,C1,Cmary,nits,lucyld, Chits,lucyll]

tancage = Lroro,Cl,0d,Chits,lucyd,Chits,lucyld

vz553z2 = Er;rn,E],E],Ehits;mary,nitﬂ,Iu:y},{nitsfmary;nits;lu:PJJ
fessage = {ropro,C3,00,E83,011]

wessage = [s,Lno,v¥0i,C3,[Jonn,nits, mary,nits,lucyd,Chits,lucyll
wesszsa = (s,Cnp,vpl,L3,{iohn,nits, mary,nits,lucyld, 1]

lemsage = Ls,lnpg,vodsCcisljonn,nites, marv,nits,lucyl, L1313

Yezszge = [srel,frorz,vpl,03,Lhits,lucyl, L]

vessaga = [srel,f{rpro,vpl,0d,lhits,mary,nits,lucyl,Chits,lucyld
yeeszze = [srel,Crpro,vpl,Ll,Chits,mary,nits,lucyl, 1]

‘essage = [start,I{s3,L3,Ljohn,hits, mary,nits,lucyl,Chits,lucyl]
Mesgsanme = Cstart,f=1,03,C3ohn,hits, marv,hits,lucyl, (2]

“assaze = [start,[s),C],Cjohnshits,marv,nits,lucyd, 1]

Wesszage = [vp,Lv,npl,Li,lhits,lucyl,C3]

Yessaza = [vp,Lv,nol,Cd,Cnits,mary,hits,lucyl,Chits,lucyld
Masgsaze = Cyo,Cv,nel,[3,Chits,mary, hits,lucyl, 03]

crecess zallzd Lrorortrod,Lrpd Chits,lucyd,fhits,lucyl]

mroc2ss <1llad
Crpro,Crol,frpl,fhits,mary,hits, lucyl,(hits, mary,hits,lucyl]
orocess =illed Lropro,Crod,Lrpl,l3,L11

procees wiltec LCvo,fv,npl,Liv,.no2l,I3,013

| 7= dol(ijenn,Wwno,nits, mary,hits,lucyl).

Meggsagzse = fnp,Cn,stall,ll,Llohn,who,nits, mary,hits,lucvl, . Chits,lucyl]
sesszge = LhossCngsreli,Ll,0)onn,who,nits, narty,hits,lucy2,L1]

11.‘-553;'2 - Cn:‘:zn;Sr&l:,E};:m?rthitSf1”:?];':3]

#8587z = .

CnpsLn2 CLis030nn,dn00it s, maryvenits,lucylswho,nits, mary,nits,lucyl]
Yessase = [no,tnl,03,0lucyd,C]]

Messasze = [no,Cnd,0d,Cmary,hits,lucyd,Chits,lucydd

Mgsssce =

lroro,lrol,CL),Cuho,nits, mary,hits,lucyd, fhits, mary,aits, lucyll
Megsgsga = [rpro,ll,C03,Cnit=,lucyl,Chits,fucyli]

Aes55a35e8 =

rrpro,C2,031,0xho,nits, mary,hits, lucyl,fwho, hits, mary,hits,lucyd]
Yessage Croro,Ll,03,03,011

Cs,Cnpsvplsclsijohnswnonits, mary,hits,lucyd, 031
[sral,Crprao,vpl,CirsChits,lucvi, I3

,
lessagje = Csrel,Lrova,vpld,0l,0vhohits,nary, . nits,lucyld,Coits,lucvll
dessage = Lsrel,lrpro,vpl,Llnwho,nits, marvohits,lucyd,D3J .
Mesgagje = [start,[s33,C0];,Cjohn,whno,nits, mary,nits,lucyl,C3]
Mmessase = Lvp,Lfv,npa,0d,cnits, lucyl, (1]
2585232 = vp,sLlv,npl,0d,inits,maryehits, ducyld,Chits,lucyll
wesgaze = [vp,Cv,npl,Cf],Cnits,macy,hits,lucyl, 1]
orocess killed Crpro,lrol,Crpl,Chits,lucyd,Cnits,lucyldd
srocsss iilled Lrorva,lr2l,0rsl,03,.,01)
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Eup,Ev,np:,Eu,npj,[sno,nits,mﬁry,hits,lu:y],twha,hlts,mary,hit,lu:y]]
procass killeac twvo,Cv,npl,CLv,npl,C2,031
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PPENDIA B

re

. vig3sn 14 CANCURIZNT #R0L0OG

i H.liirakawa (2nd lab. IZOT)
B

L Drpgrammned on one rainy dav in ¥arch 1943

Pevised an fFriday, 13 “Yay 137563

W

g

Tsis oroqran implaments chart oarsing using tne communication
=2Cnanlsm In Consurrent frolog.

5

3 l. Cata structure

5

% fr3s ¢ [NoenTerminsl, Derivation, CurDerivation, 5, 383
i .

H Tdge r2aoresents a status of one process. Aryuments in a
3 :d&ea AT 2

% HonTerminal @ Lett hand side of CFG rule

* Derivatiun ¢ 2ig9nt h=nd sidz of CFG rule

5 Zurisri.. i derivation sart tao be anaslysed
% 3, 53 : Ditfersntial list of input words
w,

t TX .

k Cnp, voast,adj,nounli, [Cnounl,

CLlm s,y 2oV, 00V p e e Ja D0V s aedl

+

i tris 2432 represents that "no” derives "det,ac],noun”;

i Lnt,nagga' i5 anelysed 25 “det,z2dj"; next step 15 1o

% Analvie "D0¥V...” 3235 NO0OUN.

*

® de TIDC23F

! nroces=s(3tata,rfdge,Channall,Cnannell)

&

t Ztate is *active” or “wait-. Tf "42it”, then process waits
: dntil! sane messages(data) are transfered through “Channel”.
% ‘Channeli” is a common communication pass among all

i 2COCB3S585.
3
;

C VIESIOY SPECIFICATION

L Tnls version ca&ntt nancle variaobles

3

5

tofessiactive,idge, 0, 08) - dict{Zfdge,nealdge) |

crocesslactive,Newddge, L, C2).
prTo2ssiactive,foge,0,00) - HDh»&FMlﬁDIJ[ agel} |
cfosessiaEit,Rdga, 00, 00,0y fFf processfork(Edge,C,02).

15
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srocess{activa,edgn, 2,040 - torminate(idge) | broadcast(Edge,C).

srocess(astive,zdga,C,C2) 1- call((write(“process killed 7).
write(Edge),nl)).

WIDLJJS{Halt,LGqﬂ [LErﬂlnatEd dg_iﬂJ;CE;ua} H
; reactivate(fage,Terminatedidge,Neuwkdge) |
srocass(wait,Ed3e,C?2,C2,C3) 7/
nrocess{active,NewEdge,C3,02).

srocass{wait,Sdge,0)23,02,03) = true | srocess(wait,Bdge,C2,02,03).

resactivate __ga,”grminated,ﬂaw} HE
cali((sége=0LT,%onl, {0 donkestd, 5,341,
Tarninated=L¥,,,53,321,
Hew=[T,HNonl,NonRest,5,523)) | true.

dict(LHead,Dd,[Curiead|Rest]l, 58,5],Head, D, Rest,S58,513) i-
fictionary{(CurHead,3,51).

nonterminalo(id,,LCurdeadld, 1) -
gr{Curdead,} | tru=.

e E;;Lj;f;o

sroadcast(idge,Channzl) - czll({var(Channsl) , Channel=CEdge]|1))
] truz.
sroazfcset(Sdie,Cnananel) t= Channel=C|C] | broadcast(Edge,C).

fork(Edge,C,C2) 1= call(trisd(£dge,C2)) | true.
sfo r:LL*eau,#onstUqutl,uun=tﬂllnt;;SJ;C;CAI He
cell¢{ Constdlist2=CdonTernld,
ragistar(LHea:,CenﬁiﬂLiStl;CnnstDlist?;;SJrCE}:
rules{donTarm,Pulalizst))) |
f:}rﬂ’j{HuléLiﬂtrE;CzCEJ.

tried(Zdze,Ci

2y, ', tail.
tried(Eagel,L -

EdgEl=E;;EGtopi];5ﬂ;513;
;LUtﬂPI];SE;Sl]; .
“J{nu&ﬁ;uL}-

Hﬁ

L
register{ndge,C2).

rules{NenTzrm,2ulelist) :-
setafa(lyonTarm, Kl gr(tonTermsX)RBulelist).

forks{Cl,rr)a
forks(LAulelrestl,58,C,C02) - .
czll{({ traca(tork,{Rule + Hest)},
Fule=L, qustsﬂg
appznc(zule,lConsts, 50,581, NewEdge))) |
nracass{active,NewSdge,C,C2) // forks(Rest,59,C,02).
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%
gri{s, [ng,vsl).

ar{vo,lv,nps,ppl).
cri{vo,C[v1).
sriveyLivenpl}.

srinn,Tnl).
grinpg,ln,223).
scino,tn,srelll.

stiposLp,nnll.
ari{srel,Lrpra,vnl).

sr{rore,C3).
st{roro,Lroll.

Jr{start,si.

dictienaryv(n,LiohnlX3,4).
Zictionary(n,Clucy|X1,%).
dictionary(n,Coaryl X3, %).

dicticnary{n,Croom| X3, X},
dictionary({n,Ceat|X3,X).

dictionary(v,Lwal«Ls| 81,50
Zictianarv(v,Chits|iI, n).

Zictionary{rp,Cwho|K3,%).

Aicticonacylp,Luitntxl5).
dictionarv({o,linlX3,¥).

~arse(s) = true |
process{active,
EStEft;ESJfEHJ;S;SI{
C,C2) /f writemsg(C7?).

do(3) :- solvel{parse(S),3es,t),nl,nl,srite(” Computation "},urite(zes),
al,Wcite( "Stap = "y urita(N).
aol(53) 2= =alva(parsa{5)}).

Zoo 1= do(Ciohn,wzlksd).

tesll - ilruz |
osroces=(active,
s, Lnp,vpd,Lnp,vpl,Ciohn,walks], 033,
C,C02) /) writemsg(l?).
test = true |
procasslzctive,
Cs,np,vol,inp,vpl,Cdohn, w2zl 0)onn,salks1l,
, CLC2) JF writeasg(C?).
sTitemsz(CX|Rest]) = call({write( "Maessage = "J.write{Xxli,nlli
| writemsg{Rest?).



