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A Linear Approac h to Multiple
Clause Embedding

Kei Yoshimoto

22.1 Intro duction

It is generally accepted among psydolinguists that real-time human
sertence processingproceedsincremertally from left to right (seefor
example Mazuka & Itoh 1995). Recenly proposalshave beenmadein
the domain of syntax to reduce phenomenawhich have hitherto been
accourted for in terms of linguistic performanceto linear structures
given at the level of competence (for example Babyonyshev & Gib-
son 1999, Joshi 1990, Rambow & Joshi 1994, and Lewis & Nakayama
2001). Keeping in line with this tendency in researd, this paper tries
to reestablishthe much discussedrelationship betweenthe two aspects
of language,competenceand performance:the issueof processingdi -
culty dependert on sorts of multiple clauseembedding is addressedby
incorporating into HPSG a mecdanism re ecting left-to-right process-
ing and memory costs calculated at ead processingstep.

The organization of this paper is as follows. After delineating pro-
cessingdi cult y causedby multiply embeddedclausesin Section22.2,
a short intro duction to the psycolinguistic theory we rely on, the Syn-
tactic Prediction Locality Theory, is provided in Section 22.3. Section
22.4 proposesan extension of the linearization-based version of HPSG
to equip it with an architecture which evaluates sertence complexity.
Then Section 22.5 illustrates how the mecanism copes with the dif-
ferencein processingcomplexity between dierently embedded rela-
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tive clausesin Japanese.Section 22.6 proposesan application of our
approach to a yet unknown relationship between memory load and
prosady. The last section summarizesthe discussionand mertions a
possibleuse of the proposedtheory asa uniform framework to process
diverseunderstudied linguistic phenomena.

22.2 Types of Relativ e Clause Embedding and
Pro cessing Dicult vy

It is well establishedthat understanding of multiply embeddedclauses
is a ected by how they are embedded.Sertence (1la)lan examplefrom

a right-branching language, English|in  which embedded clauseseah

appear to the right of their headsis much easierto understand than

(1b) in which certer embedding or mixture of right-branching and left-

branching doubly occurs (Chomsky & Miller 1963):

(1) a. Mary saw the friend [who recommendedthe real estate agert
[who found the great apartment]].
b. *The rat [the cat [the dog chased]ate] died.

In Japanesesa typical left-branching and head- nal language,a sen-
tencewith left-branching relative clausesasin (2a), causeso di cult v,
while a certer-embeddedsertence (2b) is harder to understand.!

(2) a. [g[gRinjin ga kodomo ni kure-ta] ringo wo
neighbor sbj child obj2 givepast apple obj
kajit-ta] nezumi wo neko ga oikake-ta.
gnaw-past rat obj cat sbj chasepast

“The cat chasedthe rat which gnawed the apple the neighbor
gave to the child.'

b. ?ocho ga [ssensei ga [gnezumi ga kajit-ta]
principal sbj teacher sbj rat sbj gnaw-past

ringo wo kure-ta] kodomo wo shikat-ta.
apple obj givepast child obj scoldpast

“The principal scoldedthe child to whom the teacher gave an
apple a rat gnawed.'

Phrase Structure Grammar (PSG) and constraint-based grammars
with represefttations re ecting PSG assignrecursive structures to both
typesof embedding, disregarding the di erence betweenthem. For this
reason,and alsobecauseof gradeddistinctions in comprehensibility, the

1See Mazuka & Itoh (1995) for the result of an experiment which shows an
increase in reading time when subjects were given a sertence with this kind of
syntactic structure.
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prevailing view hasbeenthat the typesof embedding must be captured
in terms of performancerather than competence.

In recert years,accourts have beenproposedon issuessuch as mul-
tiple clauseembedding and word order basedon left-to-right processing
of sertences.Gibson and Babyonyshev, advocating the Syntactic Pre-
diction Locality Theory, attempt to rate the on-line processingcom-
plexity of a variety of nested constructions in English and Japanese
(seee.g. Gibson 1998 and Babyonyshev & Gibson 1999). (Bottom-up)
EmbeddedPushdowvn Automaton by Joshi(1990) and Rambow & Joshi
(1994) copes with Dutch and German word orders from the point of
view of limitations within a left-to-right processingmodel.? Lewis &
Nakayama (2001) setsup a hypothesisthat interference basedon syn-
tactic and positional similarity crucially a ects human sertence pro-
cessing,speci cally that of certer embedding. Furthermore, Kempson
et al. (2001) establishesa basisof a logico-semaric approac to various
syntactic di culties by incremertally building up semartic represena-
tions as sertencesare processedrom left to right.

The proposed study copes with the processingdi cult y involving
multiple embedding, which exceedshe limitations of standard HPSG,
by adopting Gibson and Babyonyshev'srating of left-to-right processing
complexity.

22.3 Syntactic Prediction Locality Theory

Gibson and Babyonyshev (speci cally, Gibson 1998)try to quantify the
sertence complexity involving multiple embedding by the memory load
of syntactically predicted categories.Their theory called “the Syntactic
Prediction Locality Theory (SPLT)' is basedon two notions of pro-
cessingcost. Memory cost is calculated in terms of how many syntactic
categoriesare required to completethe input constituent asa grammat-
ical sertence. Integration cost involves computational resourcesthat
are necessaryto integrate the new input string to the currently exist-
ing syntactic structure. The resourcesare proportional to the distance
betweenthe two constituents.

In this paper, memory cost is adopted as the only criterion to mea-
suresertence complexity, following Babyonyshev& Gibson (1999). This
is because,rst, memory cost alone coversall the phenomenadiscussed
in this paper. Furthermore, this is e ectiv ely potential integration cost'
(Gibson 1998) and the proposed constraints can be extended later to
accourt for integration cost too.

2Hawkins (1994) puts forward a similar, but less formal theory on word-order
univ ersals from the point of view of processinge ciency .
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The SPLT forms the basison which the proposal of this paper devel-
ops, sinceit can accourt for the complexity of an abundant variety of
sertencesin a manner veri able by psydolinguistic experiments. An-
other advantage of the theory is that it is neutral in terms of syntac-
tic assumptions,and accordingly easily applicable to HPSG. Thus the
proposedframework is essetially a syntactic one. In fact, it has been
pointed out that the processingdicult y is a complex issue involv-
ing lexical, semartic, pragmatic, and discoursal conditions. | assume
that constraints from the other componerts of grammar are imposed
additionally on the syntax.

The proposedstudy hasbeenconstrainedby the presert state of psy-
cholinguistic researd. Although Lewis & Nakayama(2001)isimportant
in that it explains data not accourntable by Gibson and Babyonyshev,
it is not adopted in this paper. This is because, rst, given that data
discussedby Lewis and Nakayama and those dealt with by Gibson and
Babyonyshev cannot be accourted for by eat other's theory, it is ex-
tremely dicult at this stageof researt to decidewhich sideis right.3
Second,with many syntactic details remaining unclear, it is too early
to apply the HPSG formalization to Lewis and Nakayama's hypothe-
sis. If future studies may reveal that this line of resear® has essetial
importance, the advanced theory will be revised by giving additional
constraints to the dom list proposedin the next section.

22.4 HPSG Formalization

The grammar | propose is an extension of the linearization-based
version of HPSG (Reape 1994 and Kathol 2000) in which the dom
feature is used as a record of memory costs to represen the pro-
cessingcomplexity involving the prediction and satisfaction of syn-
tactic categories. An additional feature s(ynt actic-)p(rediction-

)l(ocality)-inf(orma tion) within spl(-)u(nit), a type constituting
the dom list corresponding to Kathol's (2000) dom-obj, stands for this
information. The feature's value is a feature structure specied for
attributes loc(al)-v al(ue) , stack, prev(ious)-st ack, and base-
stack, all with values of type listitmem-cost). stack is the place
where the information on the splu's memory cost is stored. This is
obtained basedon the valuesof loc-v al and base-st ack. As a value
of loc-v al a memory costis rst brought into existenceand is then
propagated to stack. The base-st ack feature in turn is built up

3The only study | know which compares the two theories based on common data
is Kruij & Vasishth (2001). They discussthat both can account for subsets of their
data.
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from relevant principles and the value of prev-st ack represeting the
stack information of the immediately precedingsplu.

3) 8ign ! 3
PHON phon
SYNSEM  synsem 3
splu
PHON phon
SYNSEM  -gynsem 3
DOM list( LOC-V AL list(mem-cost) )
g STACK list(mem-cost)
SPL-INF

PREV-ST ACK list(mem-cost)
BASE-ST ACK list(mem-cost)

The type mem-cost has features phon, head, and a new feature
dist ance with a value of type number represening the number of
intervening sytactic categoriesprocesseduntil a predicted category is
met.

2 3
(4) a. PHON phon

mem-cost I 4 HEaD head ©
DIST ANCE  num

b. head(phon, num)

(4a) is abbreviated as (4b) hereafter.

A mem-costis introduced as a member in the vaule of loc-v al ,
percolatedto the value of stack, and later eliminated from the latter
value when the predicted syntactic categoryis processedThe introduc-
tion and elimination is speci ed by the Memory Cost Principle (MCP)
commonto Japaneseand English. In the following, and stand for
list appending and the “shu e' relation.

(5) Memory Cost Principle

Hy y
H
Hy
H
H
Hy
H
2 3 2 H 3
unsat-sign 2 3 reg-sign 2 3
*  unsat-splu + : * reqg-splu +
_ PHON |E| é : : SYNSEM LOGCj CATj HD Z
vom  [v]( gcom * ppro 4 Ho-oom - [w]g BS-STACK E'

SPLINF
SPL-INF LOC-VAL II| PR-SACK |E| E

list(splu))
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Conditions:
(i) [1]is the smallestlist of memny-cost sudh tgat

mem-cost

_ . PHON g
m = (.Ilst(mem—cost) ) g o
DIST 0
(i) [@is tge smallestli§t of mem-coss sudch that
mem-cost
EI 34 pron 5
HD

(i 812 =1 )

(iv) ([u]= head-dtr * [[]= comp-dtr) _ ([x]= comp-dtr * [[]=
head-dtr) _ ([v]= adj-dtr ~ [7] = head-dtr)

(V) [[167m]

(vi) @ ([w]= matrix-pred-splu)

Condition (i) says that m the loc-v al value of the splu into which
the memory cost [n] predicting the corresponding head is intro duced,
must be the smallestlist including this memory cost. This is becauseit
may contain other list elemeris derived asa result of multiply applying
the MCP or the principle for a relativized nominal formation de ned
in (14). Condition (ii) helps eliminate from base-st ack of the head's
splu the prediction for the head, i.e. the memory cost originating from
[n]. As with Condition (i), this memory-costis not the only elemert to
be popped 0o from base-st ack, sincethe samesplu may udergo the
MCP or (14) repeatedly.

Condition (iii) limits the application of this principle to casesin
which the unsat(is ed)-sign precedeghe req(uired)-sign. Condition (iv)
prescribes what can be the unsat-sign and req-sign the principle can
apply to a complemer and its head when the complemen either pre-
cedesor follows the head. But an adjunct and its head are subject to
the principle only whenthe former occursbeforethe latter, sincea head
doesnot necessarilycall for a following adjunct. Condition (v) is needed
to prohibit more than one complemen from introducing a mem-cost
to be popped out by one and the samehead. Thusin a right-branching
structure asin (6), the rst complemen C; may causeto exist a mem-
ory cost predicting for a head H, but the secondcomplemen C; is
forbidden to repeatedly make the sameprediction.

(6) [C1 [C2 HI]

The last condition (vi) constrains a new memory cost not to be
introducedat an splu which is a constituent of the matrix serience:the
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principle doesnot apply to the constituent of the matrix sertence,since
the prediction of the head of the matrix sertence,i.e. the matrix verb,
is assumedto be costless(Gibson 1998 and Babyonyshev & Gibson
1999).

In (5), the new mem-cost[n] appears within the leftmost elemen
of the unsat-sigris dom list. Owing to this speci cation, the mem-cost
is introduced at the rst constituent of the unsat-sign Its dist ance
value, at rst setto 0, is increasedby one by the function increase-ly-1
de ned asin (7) ead time a new input is processed,and nally the
mem-costis popped out from the list when the head of the reg-signis
met.* The h(ea)d-dom feature is usedto percolatethe dom feature of
the head constituent to the whole reg-sign

(7) increase-ly-1(td((z], [ir), hd(2) [mz)), ::: hd(@, [m])i)
E thd((z], [m] + 1), hd(2), [ma] + 1), oo, hd ([, [m] + D

By (5), the introduction of a newmeme-costis limited to a constituent
which is not a personal pronoun. This is because both in English and
Japanese,an embedded clausewith a personal pronoun casephraseis
easierto processthan a clausewith a full NP (Babyonyshev & Gibson
1999)5

(8) The pictures which the photographer | met yesterday took were
damagedby the child.

As in (5) and the other following speci cations, the value of stack
in an splu is obtained on the basisof that of prev(ious)-st ack repre-
serting the stack value of the immediately preceding splu. The rela-
tionship betweenthe two feature valuesis establishedby the following
rule commonto Japaneseand English specifying the interdependency
betweentwo adjacert splus.

(9) stack Adjacency Rule
For any pair of adjoining elemens of the dom value list [i] and

[i]sudthat [i] [i],

m: splu A _ splu
SPL-INF jSTACK E SPL-INF jPREV-ST ACK
For Japanese,the spl -related information of complemeris and ad-
juncts is formed together with (5) by the lexical information of the

4Throughout this paper, accounts are often given as if the processingwere per-
formed procedurally from left to right. But of course, they are just metaphors to
enhance intelligibilit y.

SBabyonyshev and Gibson's statement that the dierence in processing com-
plexity derives from the newness/oldness distinction in the introduced discourse
referents is incorrect.
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postposition:

(10) ponhead-pastposition ! 3 3

*  splu-clitic 2

3 +

LOC-V AL

pov g 4o i 52

SPL-INF STACK increase-by-1([2 )
BASE-ST ACK

If the value of base-st ack is not speci ed explicitly by the principles
de ned in (5) or (14), it uni es with that of prev-st ack by default. An
splu is constructed in Japaneseby the Order Domain Principle below.
The principle is divided into two parts, compaction which is applied
to casesin which the headis a function word with a clitic status and
liberation which applies otherwise. The distinction has been made so
that it canwork in parallel with a principle to form an accenual phrase
(AP), a tonal domain fundamenal in Japanesephonology, since in
JapaneseAPs are also basic units of scranbling (SeeYoshimoto 2000.
Seealso Gunji 1999and Chung & Kim 2002.).

(11) Order Domain Principle
The mother's dom feature is obtained either
(i) by compaction
If the headig a grammatical word:

3 3
*  splu +
. PHON Z Z
M. EDOM gSYNSEM
SPL-INF
Hy
H
H
H
H
2 B 3 3
NH:  bom PHON *  splu-clitic

+
3 E W
or SPL-INF
(i) by lib eration
If the head consists of (a) lexical word(s) possibly followed by
grammatical words:

M: DOM
H
Hh

H
NH: DOM H:  Dom [z }list(splu)
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(i) compactsthe last elemen of the non-headdaughter and the func-
tional headinto one splu. (i) shues the dom lists of both daughters:
the relative order within ead list is obsened, but otherwise elemeris of
both lists can be mixed up with the caveat that they obey the Japanese
linear precedencerule.

For English, let us assumethat every word carries SPL-reated infor-
mation and thus is an splu, following Gibson (1998).

Figure 1 shows how the MCP is applied to processa simple example
(12).

(12) Haha wa [sensei ga seito wo tazuneru to
mother top teacher sbj pupil obj visit guot

it ta] to omot-te iru.

say past quot think- prog

“Mother thinks that the teadcher said that he would visit the
pupil.’

Given that the matrix clausesubject involvesno memory cost pre-
dicting the main predicate, as mertioned above, only the analysis of
the parenthesized part of the sertence is shown.

Obsene that a mem-costintroducedinto stack in processingsensei
ga (‘teacher-sbj’), v([2], 0), hasits dist ance value increasedby one
ead as seito wo (pupil-obj ") and tazuneru to ('visit-quot ative ") are
read in, and is nally eliminated from the stack value whenits coun-
terpart head (i.e., the required-sign it-ta (‘say-past ') is processedIn
a similar manner, a prediction for the innermost predicate, v ([ 4], 0), is
intro ducedat seitowo, but immediately popped o whenthe predicate
tazuneru is scanned.

A question might have comeup to the reader by now: Why on earth
the dom feature? This feature was dewveloped by Reape (1994) and
Kathol (2000) to cope with word order, and as sud it originally has
nothing to do with the complexity problem discussedin this paper.

The answer is asfollows. By separatingidiosyncrasiesin word order
from other factors we can capture the commonalitiesand di erences be-
tweenJapaneseand English, becausethe main distinction betweenthe
two languagesin terms of this issuedependscompletely on word order
(or linearity). And it is by extending the dom feature already available
that we can most easily cope with the problem intricately involved with
word order without overlapping. Furthermore, as discussedin Section
22.6, metrical boost, a prosadic marking of a non-default branching,
can be accourted for by resorting to memory costs. Given the close
relationship of prosadic represenation to the dom feature (see Yoshi-
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N
w

3
2 unsat -splu 2 3

unsat-splu E h I req-splu
PHON eitowol .
* EPHON . hsensega' 5 i . é PHON hazuneruol 5 +
v( 2| 1),
STACK h/ .o)l STACK STACK L v( 2] 2),
e My o (o} v

Dom
reg-splu
4'PHON hl—lai 5
STACK hl
] Pon
Pp
vp auxv

DOM IEII DOM hsplu-cli
P

Pp
oy |
2 Pp

pp v 2 3
pp ) DOM | g req_sp[u Z
oo 1] QQ oM pon hdi 9
Q Q STACK
Q Q
_ Qs
sensega =i p _
oo DOM hsplu—cll it
Q |
2 Q tog
v 3
pp ) g reg-splu
DoM I DOM PHON Razunerd 3
Q STACK |E|
T |
seitowo tazuneru

FIGURE 1 Analysis of a Part of Sertence (12)
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moto 2000), it is reasonableto deal with the SPL-related information
within this feature too.

The proposal o ered in this paper is to add constraints to simulate
processingload, relying on sertence processingperformed within the
framework of the standard HPSG syntax. For instance, according to
the analysisof example (12) illustrated in Figure 1, the nominal phrase
senseiga (‘teacher-sbj") is interpreted asthe subject of the predicate
it-ta (‘say-past’) | and simultaneously as that of tazuneru (visit')
| following one possible analysis, while it may also be related only
to tazuneru and the outer predicate it-ta may have a zero pronominal
subject referring to another entit y. In this manner, (partial) ambiguity
of a constituent being processedis not dealt with in this framework,
assumingthat it is disambiguated by the HPSG syntax. By cortrast
Dynamic Syntax (Kempson et al. 2001) makespossiblea represertation
underspeci ed in terms of its syntactic status. Whereasthis approac
may draw someimportant generalizationsabout head- nal languages
including Japanese,it will not be further discussedin this paper.

22.5 Types of Relativ e Clause Embedding and
Pro cessing Dicult vy

According to our analysis of Japaneserelative clauses,the prediction
of a counterpart head nominal is introduced into the stack feature.
This is supported by the results of Babyonyshev & Gibson's (1999)
experiments which showvedthat the prediction a ects comprehensibility.
In the examples cited below, a construction (13b) with a sertential
complemen within a relative clause is much harder than a reverse
embedding structure (13a). The dierence can be accourted for by
the longer distance in (13b) than in (13a) from the pro introduced by
the doubly embedded relative clause predicate to the corresponding
nominal head. During this procedure,it is assumedthat the prediction
for the nominal head is retained.

(13) a. Doryo ga [kowai joshi ga [[raikyaku ga pro
covorker shj strict boss sbj visitor shj (obj)
mushishi- ta] hisho] wo hihanshi- ta  to]
ignore past secretary obj criticize past quot
it-  ta.
say past

“The coworker said that the strict bosscriticized the secretary
whom the visitor ignored.'
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b. ?’Kocho ga [[sensei ga [shojo ga pro tsunet-ta ]
principal sbj teacher sbj girl sbj (obj) pinch-past
to it- ta] otonashii shonen] wo seme- ta.
quot sa past well-behaved boy obj blame past

“The principal blamed the well-behaved boy whom the
teacher said that the girl pinched.’

A principle di erent from the MCP in (5), the Relative ClauseMem-
ory Cost Principle (RMCP) de ned as(14), appliesto arelative clause{
nominal head construction. As shovn below, the mem-costor the pre-
diction for a nominal head is introduced by meansof the sl(ashed)-
dom feature when the predicate which possessea gapped casephrase
is read in. The feature value is propagated from a gapped constituent
to another ead time the Nonlocal Feature Principle applies to pass
the information on the gap (Pollard & Sag1994), until the gap is dis-
charged. The memory cost does not rst comeinto existenceat the
leftmost constituent asde ned in (5), sinceit would make a wrong pre-
diction for the memory load. For example, in (13b), the prediction of
the head nominal would be introduced when senseiga (‘teacher-sbj ")
is processedfesulting in a memory load much heavier than in practice.

(14) Relative Clause Memory Cost Principle

SL-DOM

H H H
H
H
H
H
H
H
3 2 H
rel-hd-ph, 2 3 rel- Iler-ph2 3
splu z *  splu +
s.-oom 4 pHon 5 §SYNSEMLOCjCATjHD [n]n Z
SPL-INFLOC-VAL  [n] HD-DOM BASE-STACK
SPL-INF
PR-SRACK E E
Conditions:
® is tr? smallest list §f mem-coss such that
mem-cost
PHON s
w3 {
o
DIST 0
(i) [q] is tEe smallestlisg of mem-coss suc that
mem-cost

E34PHON 5
HD
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Figure 2 is a part of the result of processingexample (13a).. The
principle (14) applies when combining the relative clauseraikyaku ga
mushishi-ta ("the visitor ignored’) and the nominal head hisho ("secre-
tary'). Sincemushishi-ta is the predicate which triggers the gapped case
phraseand at which the prediction for the head nominal is intro duced,
its dom value Hsji unies with that of the slashed-dom feature of
the relative clause. The memory costin terms of the relative clauseis
represerted by n([9], 0).

Figure 3 partially summarizeshow memory costsare obtained con-
cerning sertence (13b). As shawn in the gure, the head predicate of
the gapped NP, tsunet-ta ("pinch-past '), is more deeplyembeddedthan
mushishi-ta in (13a); the memory cost predicting for a nominal head
accordingly stays longer in the stack value, resulting in n([s], 2) in
(at otonashii “well-behaved’) with the maximum dist ance value,
which is much higher than that of (13a). The di erence accourts for
the processingdi cult y obsened for (13b) but not for (13a).

Note that both of the elemers in the stack list of the splu cor-
responding to otonashii (‘well-behaved’), n([s], 2) and n([11], 0), dis-
appear within the subsequen splu for shonenwo ("boy-obj ). This is
the result of the applications of both the RMCP, triggered when shojo
gatsunet-ta to it-ta is combined with otonashii shonen, and the MCP,
which comesto work when the adjective otonashii is paired with its
head shonen

22.6 Metrical Boost

In this section a possibility is pointed out to extend the approac
which has hitherto been proposedto cope with relationships between
the syntactic information on memory load and phonology. Kub ozono
(1987) has shown in his statistical phonetic experiments that, in a
phrase with multiple modi ers, a modifyng nonhead (corresponding
to an unsat-signin this paper) hasdi erent pitch levels, depending on
whether the phrase structure is right-branching or left-branching. He
calls this phenomenonmetrical boost. In the examplesin Figures 4 and
5 ead with two modi ers, the peakof the secondacceriual phrase(AP)
ooki-na ("big'), which occursin the right-branching structure in Figure
4, is signi cantly higher than that of remonno (‘lemon-genitive '), an
adjunct on the left-branching structure in Figure 5.

Choi et al. (1995) obsene a similar di erence in peaksof adverbial

6In both Figures 2 and 3, the past tense marker ta, standardly given an inde-
pendent auxiliary verb status, is analyzed asif it were a verbal sux. This is just
for the simpli cation of the tree and causesno essertial di erence.
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2 3
s 2 3 2 3
neut-splu unsat-splu
PHON hﬁvyﬁgai 5 | PHON 'h(cwali 5
STACK hl S‘ZCK n(‘ 0) 3
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* unsat-splu 8 . +
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FIGURE 2 Analysis of Sertence (13a)
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FIGURE 3 Analysis of Sertence (13b)
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phrasesin syntactically ambiguous sertencesand demonstratethat the
pitch di erence is usedto disambiguate the sertence. They also report
that Korean, Mongolian, and Turkish employ prosadic meansto resolwe
the ambiguity in sertenceswith structures parallel to their Japanese
examples. Traditionally it has beenassumedthat the syntactic struc-
ture solely a ects intonational phrasing, and accordingly has a strictly
limited in uence on prosady. In cortradiction to this belief, the nd-
ings cited above show that the in uence is much more direct and the
formulation of an interface that transmits information on the syntactic
hierarchy to phonology is called for.

A hypothesis is put forward in this paper that metrical boost is
an in uence on prosadic information exerted by the information on
the meory load; it signals marked, more memory-burdening branch-
ing (i.e., right-branching for Japanese),in other words deviation from
unmarked, less memory-burdening branching (i.e., left-branching for
Japanese).The following is a constraint for di erentiating phonological
information basedon the stack valuesof splus:

&15) 3
unsat-splu2 ) 3 3
* mem-cost +
) PHON
STACK (|1 Jlist((mem-cost) ) § Z
HEAD
SPL-INF 2 piST 3 !
* mem-cost +
PHON Z
PREV-ST ACK g HEAD
DIST 0

! PHON jACC-PR OPjBOOST level-1

If the memory cost deriving from the immediately preceding splu

NP NP
Q Q
R q
P PP Q
. Q Q Q
Adj _ QQN QQ N
Adj N|:(>g Q
[apa0i [apoOKi-na ] [gpmeron] A?J I\|I ‘
green big melon : ‘s
o . , aoi remon  NOJ [yoNi0i
(lit.) a green, big melon [é",peen] [aplemon gen [agme”]

FIGURE 4 Right-Branching Structure the smell of a green_lemon
FIGURE 5 Left-Branching Structure
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FIGURE 6 Memory Load in Phrase (16)

is not eliminated and remains within the current splu's stack, then
its phon jacc(entual)-pr  op(er ty) jboost feature has a value level-
1, which stands for a higher pitch than a default value level-O.

The hypothesishasthe advantage of being ableto accourt for metri-
cal boostswithin NPswith three modifying nonheads.Kub 0zono(1987)
obsened in his experimerts that of the 4 possiblesyntactic structures
with three modi ers, only the structure of the type below

(16) [yaoi [y[sjozuni an- da] erimaki]]
blue skillfully  knit past muer

“(lit.) the blue, skillfully knit mu er'

has a boosted pitch, which is even higher than other boosted phrases,
on jozuni (Cskillfully’) occurring at the left edgeof the two embedded
subtrees. According to my formalization, both the MCP and RMCP
are applied to processexample (16), giving the analysis in Figure 6
(irrelevant memory costsare left out).

Owing to this doubly embedded syntactic structure, jozuni has a
heavier memory load than others, i.e. two memory costs, ead with
dist ance values1 and 0, predicting the nominal head and the verbal
head. The following speci cation infers a boost value level-2, repre-
serting a higher pitch than level-1, from the value of stack when this
condition is met:
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&17) 3
unsat-splu o 2 3 3
mem-cost
* PHON Z +
HEAD 3 '
STACK ([ 1 Jlist((mem-cost) ) oIS
mem-cost
SPL-INF
> DIST 3 0
* mem-cost +
PHON é
PREV-ST ACK [1 g
HEAD
DIST 0

! PHON jACC-PR OPjBOOST level-2

Kubozono(1987) found that the highest metrical boost obsened for
(16) doesnot occur within other structures with three modi ers.

(18) a. [y I[gp [\ [cp Naoko no] ani] no] [yaoi erimaki]]
name gen brother gen blue muer

"Naoko's big brother's blue mu er'

b. [y[gp Mariko no] [yokina [aoi erimaki]]]
name gen  big blue muer

“Mariko's big, blue mu er'

C. [ylgp [n[gp Ayako no] [y[gp men no] erimaki]] noj
name gen cotton gen muer gen
iromoyo]
design
“designof Ayako's cotton mu er'

Kub oznono'sobsenation squareswith the predictions by rules (15) and
(17). Aoi in (18a), okina and aoi in (18b), and men no in (18c) are all
given a boost value level-1, since splus correspnding to them has a
stack value of the typein (15). Into theseunsat-splus no new memory
cost is introduced: the prediction of the same head as the preceding
constituent's is prohibited by Condition (v) of the MCP in (5).

Thus the dom feature can serwe as an interface which transmits the
information on the syntactic hierarchy to the phonological componert.
The proposal is also motivated by the relationship of this feature to
prosadic information (Yoshimoto 2000).
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22.7 Conclusions

It hasbeendemonstratedthat a linear syntax with additional informa-
tion on the memory costsof anticipated headscan accourt for the issue
of sertence complexity causedby multiple clauseembedding. It hasalso
beensuggestedthat the dom feature can be expandedto an interface
where the linear aspect of syntax and prosadic information meet. The
proposal, still being at a seminal stage, pavesthe way for an integrated
linguistic model which shedslight on diverselinguistic issuesbasedon
processinge ciency in human languageprocessing:they include word
order discussedby Joshi (1990) and Rambow & Joshi (1994) and gar-
den path sertenceswith which sertence's complexity is known to be
involved with.
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