
)HDWXUH 5HDFWLYDWLRQ LQ 0LQLPDOLVW 3DUVLQJ
$QLHOOR 'H 6DQWR �8QLYHUVLW\ RI 8WDK�

2YHUYLHZ $ WRS�GRZQ SDUVHU IRU 0LQLPDOLVW JUDPPDUV >0*V� �@ FDQ VXFFHVVIXOO\ SUHGLFW D YDULHW\
RI RII�OLQH SURFHVVLQJ SUHIHUHQFHV� YLD PHWULFV OLQNLQJ SDUVLQJ EHKDYLRU WR PHPRU\ ORDG >�� �� �@�
*LYHQ WKH FORVH DVVRFLDWLRQ EHWZHHQ WKLV PRGHO DQG PRGHUQ PLQLPDOLVW V\QWD[� LW LV LPSRUWDQW WR
H[WHQVLYHO\ HYDOXDWH LWV HPSLULFDO FRYHUDJH� ,Q WKLV DEVWUDFW ZH SURSRVH QHZ PHWULFV IRU WKH 0*
SDUVHU� WKDW WDNH LQWR DFFRXQW WKH VHW RI IHDWXUHV WULJJHULQJ PRYHPHQW VWHSV LQ D GHULYDWLRQ ² WKXV
LPSOHPHQWLQJ D QRWLRQ RI PHPRU\ UHDFWLYDWLRQ� $V D FDVH VWXG\ RI KRZ WKHVH PHWULFV LPSURYH WKH
HPSLULFDO FRYHUDJH RI WKH 0* DSSURDFK� ZH VXFFHVVIXOO\ PRGHO WKH SURFHVVLQJ SUHIHUHQFHV IRU
VWDFNHG UHODWLYH FODXVHV �5&� LQ >��@� DQG D YDULHW\ RI SUHYLRXVO\ PRGHOHG 5& FRQWUDVWV�
0*3DUVLQJ 7KH0* SDUVLQJ PRGHO V\VWHPDWLFDOO\ OLQNV V\QWDFWLF VWUXFWXUH WR SURFHVVLQJ GLIILFXOW\
E\ FRQQHFWLQJ WKH VWDFN VWDWHV RI D �GHWHUPLQLVWLF� WRS�GRZQ SDUVHU >�@ WR PHPRU\ EXUGHQ� 0HPRU\
XVDJH >�� �@ LV PHDVXUHG EDVHG RQ KRZ ORQJ D QRGH LV NHSW LQ PHPRU\ �WHQXUH�� &RQVLGHU WKH 0*
GHULYDWLRQ LQ )LJ� �� 7KH LQGH[ RI D QRGH n HQFRGHV WKH PRPHQW n ZDV SUHGLFWHG DQG SXW LQ PHPRU\
E\ WKH SDUVHU� 7KH RXWGH[ HQFRGHV WKH PRPHQW n LV FRQILUPHG DQG IOXVKHG RXW RI PHPRU\� 7HQXUH
IRU n LV PHDVXUHG DV outdex(n)− index(n)� DQG FDQ WKHQ XVHG WR GHILQH D VHW RI RII�OLQH PHWULFV RI
SURFHVVLQJ GLIILFXOW\ �H�J�� PD[� RU DYJ� WHQXUH DFURVV DOO QRGHV LQ WKH GHULYDWLRQ >�@��
,PSOHPHQWLQJ )HDWXUH 5HDFWLYDWLRQ :H ZDQW WR PDNH WKH SDUVLQJ PRGHO VHQVLWLYH WR VWUXFWXUDO
UHSHWLWLRQ� ,QVSLUHG E\ SUHYLRXV OLWHUDWXUH RQ V\QWDFWLF SULPLQJ� ZH VWLSXODWH WKDW LI D PRYHG HOHPHQW
KDV EHHQ UHFHQWO\ VWRUHG LQ PHPRU\� VWRULQJ WKH QH[W LWHP RI WKH VDPH NLQG �H�J�� WULJJHUHG E\ D ZK�
IHDWXUH� VKRXOG EH OHVV FRVWO\ �IHDWXUH UHDFWLYDWLRQ�� 1RWH WKDW WKHVH LWHPV DUH QRW LQ PHPRU\ DW WKH
VDPH WLPH� VR WKLV LV GLIIHUHQW IURP LQWHUIHUHQFH HIIHFWV� :H LPSOHPHQW WKLV SURFHGXUH E\ FRXQWLQJ
WKH QXPEHU RI SDUVLQJ VWHSV EHWZHHQ PRYHPHQWV RI WKH VDPH W\SH� &RQVLGHU WKH GHULYDWLRQ LQ )LJ�
�� ZLWK WZR 13 PRYHUV DVVRFLDWHG WR D IHDWXUH f � 3UDFWLFDOO\� UHDFWLYDWLRQ IRU 132 LV PHDVXUHG E\
VXEWUDFWLQJ IURP LWV LQGH[ WKH RXWGH[ RI WKH SUHYLRXV QRGH DVVRFLDWHG WR f �131� VR w − y�� )LQDOO\�
VLQFH UHDFWLYDWLRQ LV VXSSRVHG WR HQFRGH IDFLOLWDWRU\ HIIHFWV LQGXFHG E\ VWUXFWXUDO UHSHWLWLRQ� ZH
RSHUDWLRQDOL]H LW DV� R(mi) := 1 − 1

i(mi)−o(mi−1)
� $GGLWLRQDOO\� ZH ZHLJKW WKH WHQXUH RI D QRGH E\

LWV UHDFWLYDWLRQ YDOXH �ERRVW� BT := Tenure(mi) ∗ R(Mi)�� WR LQYHVWLJDWH WKH LQWHUDFWLRQ EHWZHHQ
UHDFWLYDWLRQ DQG QRWLRQV RI VWRUDJH SUHYLRXVO\ HPSOR\HG E\ WKH 0* SDUVHU� :H WKHQ GHULYH PHWULFV
WKDW XVH UHDFWLYDWLRQ DQG ERRVW WR FRPSXWH SURFHVVLQJ FRVWV RYHU IXOO GHULYDWLRQV �H�J�� PD[� 5��
$ &DVH 6WXG\ :H FRQVLGHU VWDFNHG 5& FRQVWUXFWLRQV� LQ ZKLFK D QRXQ SKUDVH �WKH UHSRUWHU� LV
PRGLILHG E\ WZR UHODWLYH FODXVHV� =KDQJ >��@ H[SORUHV WKH SURFHVVLQJ RI VWDFNHG 5&V LQ (QJOLVK ���
DQG 0DQGDULQ &KLQHVH ���� LQ D 2 × 2 GHVLJQ FURVVLQJ H[WUDFWLRQ W\SH �VXEMHFW RU REMHFW� ZLWK WKH
SRVLWLRQ RI WKH 5& �5&� RU 5&��� 6KH UHSRUWV IDVWHU UHDGLQJ WLPHV ZKHQ 5&� DQG 5&� DUH RI WKH
VDPH W\SH� WKDQ ZKHQ WKH\ DUH RI GLIIHUHQW W\SHV �L�H� 66>26 DQG22> 62�� &UXFLDOO\� QRQH RI WKH
PHWULFV XVHG LQ WKH SUHYLRXV 0* SDUVLQJ OLWHUDWXUH LV DEOH WR DFFRXQW IRU WKLV HIIHFW� :H PRGHO WKHVH
FRQWUDVWV DV LQ ��� DQG ���� DQG ZH DOVR FRQVLGHU D FODVVLFDO FRQWUDVW EHWZHHQ VXEMHFW �65&� DQG
REMHFW �25&� 5&V ERWK LQ (QJOLVK DQG 0DQGDULQ� ZKLFK KDV EHHQ IRFXV RI PXFK 0* SURFHVVLQJ
ZRUN LQ WKH SDVW >�� ��� D�R�@� 6LQFH WKH SDUVHU LV VHQVLWLYH WR GHWDLOHG JUDPPDWLFDO LQIRUPDWLRQ�
ZH FRQVLGHU WZR DQDO\VHV IRU WKH 5& FRQVWUXFWLRQ� D SURPRWLRQ DQDO\VLV >�@� DQG D ZK�PRYHPHQW
DQDO\VLV >�@� 2XU VLPXODWLRQV VKRZ WKDW WKH SDUVHU QRZ VXFFHVVIXOO\ FDSWXUHV WKH IDFLOLWDWRU\ HIIHFW
DVVRFLDWHG WR FRQVHFXWLYH SURFHVVLQJ RI VLPLODU PRYHPHQW W\SHV �25&�25&� 65&�65&�� DV ZHOO
DV WKH PRUH FODVVLFDO 65&�25& FRQWUDVWV� :H GLVFXVV KRZ WKHVH UHVXOWV UHODWH WR WKH ZD\ GLIIHUHQW
UHDFWLYDWLRQ PHWULFV DUH VHQVLWLYH WR GLIIHUHQFHV EHWZHHQ V\QWDFWLF DQDO\VHV� 7KLV H[WHQVLRQ WR WKH
FRPSXWDWLRQDO PRGHO ZLOO FOHDUO\ UHTXLUH H[WHQVLYH HPSLULFDO HYDOXDWLRQ� +RZHYHU� WKHVH UHVXOWV
SURYLGH D YDOXDEOH SURRI�RI�FRQFHSW LQ IDYRU RI D FDUHIXO H[SORUDWLRQ RI KRZ LGHDV IURP WKH SULPLQJ
OLWHUDWXUH FDQ EH LQFRUSRUDWHG LQ IRUPDO PRGHOV RI VWUXFWXUDO SURFHVVLQJ�
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The Poster in One Sentence

We extend the empirical coverage of a Minimalist grammar

(MG) parser as a model of o�-line processing di�culty, by

looking at comprehension asymmetries for Italian RCs.

Introduction

Stabler’s [7] top-down parser for MGs combined with complex-

ity metrics can model o�-line processing preferences [6].

Parser behavior … Memory metrics … Processing di�culty

Assumptions:

• MG derivation trees as the central data structure

• Parser as an oracle ∆ no ambiguity!

Perks:

• sensitive to fine-grained structural di�erences

• explicit, transparent linking theory

Already successful on (a.o.):

• relative clause VS sentential complement

• center embedding VS right embedding

• nested dependencies VS crossing dependencies

MG Parsing

Steps Parse Action

1 CP is conjectured

2 CP expands to C’

3 C’s expands to does and TP

4 TP expands to Leia and T’

5 T’ expands to T and VP

6 VP expands to like and who

7 who is found

8 does is found

9 Connie is found

10 T is found

11 like is found

1
CP2

2
C’3

3
does8

3
TP4

4
Connie9

4
T’5

5
T10

5
VP6

6
like11

6
who7

index

outdex

Measuring Memory Usage

• Three cognitive notions of memory usage [6]:

Tenure how long a node is kept in memory

Payload how many nodes must be kept in memory

Size how much information is stored in a node

• Memory-based complexity metrics measure di�culty[4]:

MaxTenure max({outdex(n) ≠ index(n) | n a tree node})

SumSize P
m a mover(index of m ≠ index of target for m)
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Italian RC Asymmetries

Italian speakers conform to the general cross-linguistic prefer-

ence for subject over object RCs (SRC < ORC, [1,8,9]):

(1) Il

The

cavallo

horse

che

that

ha

has

inseguito

chased

i

the

leoni

lions

“The horse that chased the lions” SRC

(2) Il

The

cavallo

horse

che

that

i

the

leoni

lions

hanno

have

inseguito

chased

“The horse that the lions chased” ORC

Italian also allows for sentences (3), ambiguous between a SRC

interpretation (3a) and an ORC interpretation (3a) with the

embedded subject expressed postverbally:

(3) Il

The

cavallo

horse

che

that

ha

has

inseguito

chased

il

the

leone

lion

a. “The horse that chased the lion” SRC

b. “The horse that the lion chased” ORCp

with (3a) < (3b). Even in unambiguous cases, studies report

increased e�orts with ORCp [1,8], so that:

SRC < ORC < ORCp

Modeling

Test sentences:

(4) (pro) vedo il cavallo [RC che ...]

(I) see the horse [RC that ...]

the RC either an SRC (1), an ORC (2), or an ORCp (3b).

Syntactic choices:

• an analysis of postverbal subjects as in [2]

• Kayne’s [5] promotion analysis of RCs (following [1,6])

Results

SRC < ORC < ORCp

MaxTenure 8 11 16

Node che ha Foc

Discussion

These results support MG parsing as a plausible model of how

processing cost is tied to structure:

• MaxTenure already successful in previous studies [4]

• clarifies cost of additional projections/movement steps

• compatible with existing accounts (e.g. [3])

Future Work:

• further extend empirical coverage (e.g. compare analyses)

• feature-sensitive metrics (intervention/reactivation e�ects)
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)LJXUH �� ([DPSOH WUHH IRU
PHPRU\ UHDFWLYDWLRQ�

��� 7HVW VHQWHQFHV IRU (QJOLVK 6WDFNHG 5HODWLYH &ODXVHV
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/DQJXDJH 3URFHVVLQJ &RQWUDVW 〈0D[5′� $YJ%7〉 〈0D[%7� 0D[5′
R〉

3URPRWLRQ :K�PRYHPHQW 3URPRWLRQ :K�PRYHPHQW

(QJOLVK OO < SO ! ! ! !
SS < OS ! × ! !

0DQGDULQ OO < SO ! ! ! !
SS < OS ! ! × !

(QJOLVK SRC < ORC ! × ! !
0DQGDULQ ORC < SRC ! ! × !

7DEOH �� 6XPPDU\ RI UHVXOWV RI UDQNHG PHWULFV E\ FRQWUDVW DQG 5& FRQVWUXFWLRQ�

>�@ &KRPVN\� 1� ������� 2Q ZK�PRYHPHQW� )RUPDO V\QWD[� >�@ *LEVRQ� (� ������� 7KH GHSHQGHQF\ ORFDOLW\ WKHRU\� $ GLVWDQFH�EDVHG
WKHRU\ RI OLQJXLVWLF FRPSOH[LW\� ,PDJH� ODQJXDJH �EUDLQ� >�@*UDI 7�� -� 0RQHWWH� DQG &� =KDQJ� ������� 5HODWLYH FODXVHV DV D EHQFKPDUN
IRU 0LQLPDOLVW SDUVLQJ� -RXUQDO RI /DQJXDJH 0RGHOOLQJ� >�@ .D\QH� 5�6� ������� 7KH DQWLV\PPHWU\ RI V\QWD[� 0,73UHVV� >�@ .REHOH�
*�0�� 6� *HUWK� DQG -� +DOH� ������ 0HPRU\ UHVRXUFH DOORFDWLRQ LQ WRS�GRZQ PLQLPDOLVW SDUVLQJ� )RUPDO *UDPPDU� >�@ 5DPERZ� 2� DQG
-RVKL� $�.� ������� $ SURFHVVLQJ PRGHO IRU IUHH ZRUG�RUGHU ODQJXDJHV� 3HUVSHFWLYHV RQ VHQWHQFH SURFHVVLQJ� >�@ 5HLWWHU� '�� .HOOHU�
)�� DQG 0RRUH� -� '�� ������� $ FRPSXWDWLRQDO FRJQLWLYH PRGHO RI V\QWDFWLF SULPLQJ� &RJQLWLYH VFLHQFH� >�@ 6WDEOHU� (� 3� ������� 7ZR
PRGHOV RI PLQLPDOLVW� LQFUHPHQWDO V\QWDFWLF DQDO\VLV� 7RSLFV LQ FRJQLWLYH VFLHQFH� >�@ 7UR\HU 0�� 2¶'RQQHOO� 7�-�� )HGRUHQNR� (�� DQG
*LEVRQ (� ������� 6WRUDJH DQG FRPSXWDWLRQ LQ V\QWD[� (YLGHQFH IURP UHODWLYH FODXVH SULPLQJ� 3URF� RI WKH &RJQLWLYH 6FLHQFH 6RFLHW\�
>��@ =KDQJ� &� ������� 6WDFNHG 5HODWLYHV� 7KHLU 6WUXFWXUH� 3URFHVVLQJ DQG &RPSXWDWLRQ� 3K' WKHVLV� 6WRQ\ %URRN 8�


