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0 Introduction  
(NQCVKPI HGCVWTGU CPF NCVGPV UGIOGPVU 
QIJQUVUR� CTG VTCFKVKQPCNN[ EQPUKFGTGF VQ DG FKUVKPEV GPVKVKGU

YJQUG FKHHGTGPEGU EQTTGNCVG YKVJ VJG RTGUGPEG QT CDUGPEG QH CP WPFGTN[KPI TQQV PQFG� 6JG HNQCVKPI HGCVWTGOU
NCEM QH C TQQV PQFG 
�� CNNQYU KV VQ GUECRG DGKPI RCTUGF KP EQPVGZVU YJGTG HWNN UGIOGPVU OWUV UWTHCEG

HQNNQYKPI .GDGP ����� )QNFUOKVJ ������ .CVGPV UGIOGPVU� UWEJ CU VJG 5NCXKE [GTU QT HKPCN EQPUQPCPVU KP
(TGPEJ� NKMGYKUG JCXG C URGEKCN KOOWPKV[ HTQO TGIWNCT RCTUKPI EQPUVTCKPVU� *QYGXGT VJG[ CTG VJQWIJV VQ
TGSWKTG TQQV PQFGU RTKOCTKN[ DGECWUG QH VYQ QVJGT VTCKVU YJKEJ FKUVKPIWKUJ VJGO HTQO HNQCVKPI HGCVWTGU� 
C�
(NQCVKPI HGCVWTGU ECP OQXG CTQWPF VQ HKPF C RNCEG VQ FQEM YJKNG NCVGPV UGIOGPVU CTG TGUVTKEVGF VQ C UKPING
RQUKVKQP 
/1$+.+6;� CPF 
D� (NQCVKPI HGCVWTGU CVVCEJ VQ GZKUVKPI UGIOGPVU YJKNG NCVGPV UGIOGPVU UWTHCEG
KPFGRGPFGPVN[ 
#76#4%*;�� 6JKU FKUVKPEVKQP JCU PGEGUUKVCVGF VJG WUG QH FKCETKVKEU QT VJG NCTIGN[ TGFWPFCPV

:�VKGT� VQ ECRVWTG VJG FGHGEVKXG RCTUKPI RTQRGTVKGU QH VJG NCVGPV UGIOGPVU� CU KNNWUVTCVGF D[ VJG
TGRTGUGPVCVKQPU KP 
���


�� 5')/'06 (.1#6+0) ('#674'
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^

HGCVWTGU HGCVWTG


�� 2TQRQUGF 4GRTGUGPVCVKQPU HQT NCVGPV UGIOGPVU

C� .CEMKPI CP :�UNQV 
*[OCP ����� -GPUVQYKE\ � 4WDCEJ ����� 4WDCEJ �����

: :
s s s
^ ^ ^
V ' V

D� /CTMGF NGZKECNN[ CU PQP�U[NNCDKH[KPI 
#TEJCPIGNK �����

4GRTGUGPVCVKQP� �V ' V� %QPFKVKQP� &QPOV U[NNCDKH[ '

                                                           

� + CO ITCVGHWN VQ .CTT[ *[OCP� 5JCTQP +PMGNCU� #TOKP /GUVGT CPF #NCP 2TKPEG HQT VJG KPUKIJVU VJG[ JCXG
RTQXKFGF CU VJKU RCRGT JCU RTQITGUUGF� + CNUQ YKUJ VQ VJCPM ,C[G 2CFIGVV CPF /QKTC ;KR HQT XCNWCDNG
EQOOGPVU QP CP GCTNKGT XGTUKQP�

�(QT CTIWOGPVU HQT TGFWPFCPE[ QH VJG UMGNGVCN VKGT HQT QVJGT RJGPQOGPC UGG *[OCP 
������ /E%CTVJ[ �
2TKPEG
������ *C[GU 
������ +VQ 
������
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F� *CU C FGHGEVKXG TQQV PQFG


5\R[TC ����� =αEQPUQPCPVCN?

$GVJKP ����� =�EQPUQPCPVCN?

+P VJKU RCRGT + FGOQPUVTCVG VJCV VJG RQVGPVKCN OQDKNKV[ CPF KPFGRGPFGPEG QH C RJQPQNQIKECN GPVKV[
FQ PQV EQTTGNCVG GKVJGT YKVJ GCEJ QVJGT QT YKVJ VJG RTGUGPEG QT CDUGPEG QH C TQQV PQFG� 6JGTGHQTG VJGUG
RTQRGTVKGU ECPPQV DG WUGF VQ OQVKXCVG C UVTWEVWTCN FKUVKPEVKQP DGVYGGP NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU�
+ RTQRQUG KPUVGCF C WPKHKGF WPFGTN[KPI TGRTGUGPVCVKQP HQT DQVJ NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU 
��� VJWU
CNNQYKPI C WPKSWG EJCTCEVGTK\CVKQP QH VJGKT KOOWPKV[ HTQO VJG FGOCPFU QH TGIWNCT RCTUKPI� CPF UJQY VJCV
VJGKT UWTHCEG FKHHGTGPEGU HQNNQY UVTCKIJVHQTYCTFN[ HTQO C ITCOOCT WVKNK\KPI EQPUVTCKPVU YJKEJ CTG PGEGUUCT[
KPFGRGPFGPVN[ QH VJG UWDUGIOGPVCN RJGPQOGPC�


�� (7.. 5')/'06
.#6'06 5')/'065

#0& (.1#6+0) ('#674'5

4QQV
^

HGCVWTGU HGCVWTGU

1 Assumptions 

6JTQWIJQWV VJKU RCRGT + CUUWOG C UGRCTCVKQP DGVYGGP EQPUQPCPVCN RNCEG HGCVWTGU CPF XQECNKE RNCEG
HGCVWTGU� HQNNQYKPI %NGOGPVU ����� %NGOGPVU CPF *WOG ����� CPF 0O %JKQU¶KP CPF 2CFIGVV ����� (QT VJG
RWTRQUGU QH VJKU RCRGT KV FQGU PQV OCVVGT YJGVJGT VJKU UGRCTCVKQP KU GHHGEVGF VJTQWIJ KPFGRGPFGPV RNCEG
PQFGU QT D[ WUKPI FKHHGTGPV PCOGU HQT VJG EQPUQPCPVCN CPF XQECNKE HGCVWTGU� *GTG HQT ENCTKV[ QH GZRQUKVKQP +
YKNN WUG VJG VTCFKVKQPCN XQYGN HGCVWTGU ]JKIJ� NQY� DCEM� TQWPF� #64� 464_ HQT XQYGNU CPF TGUGTXG RNCEG QH
CTVKEWNCVKQP PCOGU ]EQTQPCN� FQTUCN� NCDKCN� RJCT_ HQT EQPUQPCPVU� 1VJGTYKUG VJG IGQOGVT[ + CFQRV KU KP 
���
0QVG JGTG VJCV VJG ENQUG CUUQEKCVKQP DGVYGGP RNCEG CPF UVTKEVWTG KU TGKHKGF KP VJG IGQOGVT[�

(4) Geometry of features: (Clements 1985, Sagey 1986, McCarthy 1988, 
    Selkirk 1988, Hume 1992, Padgett 1992) 

[ ]consonantal
 sonorant root

•

LAR
 PLACE  
   

articulator  stricture
nasal

+ CNUQ YKUJ VQ ENCTKH[ VJG VGTOKPQNQI[ + YKNN DG WUKPI� +P VJG CTGPC QH IJQUV UGIOGPVU VJGTG KU C NQV
QH EQPHWUKQP UKPEG DQVJ NCVGPV UGIOGPVU YJKEJ UQOGVKOGU OCVGTKCNK\G� CPF VJG CNYC[U KPXKUKDNG HGCVWTGNGUU
EQPUQPCPV CPF XQYGN UNQVU� UWEJ CU VJQUG VJCV JCXG DGGP RTQRQUGF HQT (TGPEJ J�CURKTÃ� JCXG DGGP ECNNGF
IJQUVU� + CO PQY KP FCPIGT QH CFFKPI VQ VJKU EQPHWUKQP D[ GSWCVKPI VJG HGCVWTCN IJQUVU YKVJ HNQCVKPI
HGCVWTGU� +P CP CVVGORV VQ MGGR VJKPIU ENGCT + YKNN TGHGT VQ HGCVWTGU YJKEJ NCEM C TQQV PQFG� VJCV KU� VJG
HNQCVKPI HGCVWTGU CPF HGCVWTCN IJQUVU CU QNCVGPVR HGCVWTGU HTQO PQY QP� TGUGTXKPI VJG VGTO IJQUV HQT VJG
CDUVTCEV EQPUQPCPVU CPF XQYGNU VJCV PGXGT CRRGCT� 6JG VGTO QNCVGPV UGIOGPVR UJQWNF DG EQPUKFGTGF VQ OGCP
HNQCVKPI HGCVWTGU YJKEJ OCVGTKCNK\G CU HWNN UGIOGPVU KP EQPVGZVU FGVGTOKPGF D[ VJG ITCOOCT�
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2 The Relationship between (Im)mobility and Autarchy 

6YQ QH VJG OCLQT TGCUQPU YJ[ NCVGPV UGIOGPVU JCXG DGGP EQPUKFGTGF VQ PGGF C TQQV PQFG VQ
FKUVKPIWKUJ VJGO HTQO HNQCVKPI HGCVWTGU CTG TGRGCVGF JGTG KP 
���


��

(NQCVKPI HGCVWTGU .CVGPV 5GIOGPVU

/1$+.+6; (NQCVKPI HGCVWTGU ECP OQXG

CTQWPF VQ HKPF C RNCEG VQ FQEM

.CVGPV UGIOGPVU CTG TGUVTKEVGF

VQ C UKPING RQUKVKQP

#76#4%*; (NQCVKPI HGCVWTGU CVVCEJ VQ

GZKUVKPI UGIOGPVU

.CVGPV UGIOGPVU CNYC[U

UWTHCEG CU VJGKT QYP UGIOGPV

6JGUG FKHHGTGPEGU CTG KNNWUVTCVGF D[ VJG RTQVQV[RKECN ECUGU QH NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU

KP 
����� +P %JCJC 
��� HQT GZCORNG� VJG VJKTF�RGTUQP UKPIWNCT QDLGEV KU KPFKECVGF D[ NCDKCNK\CVKQP QP VJG XGTD


/E%CTVJ[ ����� 4QUG ����� #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI��� +V CUUQEKCVGU VQ VJG TKIJVOQUV

NCDKCNK\CDNG UGIOGPV� GKVJGT C NCDKCN QT C FQTUCN EQPUQPCPV� +H VJGTG KU PQ UWEJ EQPUQPCPV VJG NCDKCNK\CVKQP

HCKNU VQ UJQY WR� CPF ETWEKCNN[ KV PGXGT JGCFU C UGIOGPV QP KVU QYP�


�� %JCJC QDLGEV NCDKCNK\CVKQP 
/E%CTVJ[ ����� ����

PQ QDLGEV YKVJ QDLGEV

C� HKPCN F¿P¿I F¿P¿IYJKV

P¿M¿D P¿M¿DYHKPF

D� OGFKCN O¿M¿T O¿MY¿T DWTP

U[¿H¿T U[¿HY¿T EQXGT

E� KPKVKCN S¿V¿T SY¿V¿T MKNN

O¿U¿T OY¿U¿TUGGO

F� PQPG U¿F¿F U¿F¿F EJCUG

6JKU EQPVTCUVU YKVJ ECUGU UWEJ CU VJG ;CYGNOCPK NCVGPV XQYGN KP 
�� 
0QUMG ����� <QNN ����D��

6JKU XQYGN UWTHCEGU QPN[ CU C HWNN UGIOGPV CPF QPN[ KP QPG RQUKVKQP� +V KU RCTUGF LWUV YJGP KV DGEQOGU

PGEGUUCT[ VQ TGUEWG CP QVJGTYKUG WPU[NNCDKHKCDNG EQPUQPCPV 
-KUUGDGTVJ ������
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�� �O
+� RTGECVKXG 
&CVC HTQO 0GYOCP ����� ����

C� �COKE�O+� COKE�O+ �COKE�OV JCXKPI CRRTQCEJGF

D� �RCPCC�O+� RCPCOV �RCPCC�O+ JCXKPI CTTKXGF

6JG RTQDNGO YKVJ CEEQWPVKPI HQT VJG FKHHGTGPEGU DGVYGGP VJGUG VYQ V[RGU QH ECUGU YKVJ VJG

TGRTGUGPVCVKQPU KP 
���� KU VJCV VJG FKXKFKPI NKPG DGVYGGP VJG VYQ ENCUUGU QH RJGPQOGPC KU PQV ENGCT EWV� CPF

VJG RTQRGTVKGU NKUVGF KP 
�� FQ PQV CNYC[U EQTTGNCVG YKVJ GCEJ QVJGT� (KTUV� KV KU PQV CNYC[U VJG ECUG VJCV VJKPIU

TGUVTKEVGF VQ C UKPING RQUKVKQP YKNN CNUQ DG CDNG VQ JGCF VJGKT QYP UGIOGPVU� (QT GZCORNG� VJG KORGTCVKXG

RCNCVCNK\CVKQP HGCVWTG KP %JCJC KU TGUVTKEVGF VQ VJG TKIJV GFIG 
�C�D�� +H VJG HKPCN EQPUQPCPV KU PQV C

RCNCVCNK\CDNG EQTQPCN QT FQTUCN QDUVTWGPV VJGP RCNCVCNK\CVKQP YKNN HCKN VQ UWTHCEG 
�E� 
/E%CTVJ[ ����� 4QUG

����� #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI��� 6JG HGCVWTG KU TGUVTKEVGF VQ VJG GFIG� DWV PGXGT

OCVGTKCNK\GU CU KVU QYP UGIOGPV�


�� %JCJC +ORGTCVKXG 2CNCVCNK\CVKQP 
#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� �����

C� n‘k‘s   n‘k‘sy  love  

D� Y‘V¿S Y‘V¿S[ fall  

c. S¿V¿T SY¿V¿T MKNN

.KMGYKUG� UQOG OQDKNG HNQCVKPI HGCVWTGU YKNN WPFGT EGTVCKP EKTEWOUVCPEGU CRRGCT CU KPFGRGPFGPV

UGIOGPVU� +P ;CYGNOCPK� HQT GZCORNG� UWHHKZ�KPFWEGF INQVVCNK\CVKQP HNQCVU KPVQ VJG UVGO CPF UWTHCEGU CU VJG

TGNGCUG QH C RQUV�XQECNKE UQPQTCPV 
�C�D�� +H VJGTG KU PQ UWEJ VCTIGV KP C VTKEQPUQPCPVCN TQQV� INQVVCNK\CVKQP

YKNN HCKN VQ UWTHCEG 
�E�� 6JWU HCT VJG INQVVCN NQQMU UKORN[ NKMG C YGNN�DGJCXGF HNQCVKPI HGCVWTG� $WV KP C

DKEQPUQPCPVCN TQQV YJKEJ EQPVCKPU PQ INQVVCNK\CDNG UQPQTCPVU� INQVVCNK\CVKQP YKNN GOGTIG CU C UWHHKZ�KPKVKCN

INQVVCN UVQR 
�F�� YKVJ UWDUGSWGPV UJQTVGPKPI QH VJG XQYGN KP VJG PQY ENQUGF U[NNCDNG YJKEJ RTGEGGFU KV


#TEJCPIGNK ����� ����� 0QUMG ����� 0GYOCP ����� #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI��� #

HGCVWTGOU OQDKNKV[ VJGP FQGU PQV RTGENWFG OCPKHGUVCVKQP CU CP CWVCTEJKE UGIOGPV�


�� )NQVVCNK\CVKQP KP ;CYGNOCPK 
#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI��

C� ECCY�
��CC� ECCY�CC� INQVVCNK\GU 4�OQUV RQUV�XQECNKE UQPQTCPV

D� �elk�
��CC� �el�MCC�
E� JQIP� 
��CC JQIPCC� HCKNU VQ UWTHCEG

F� OCZ� 
��CC OCZ�CC� UWTHCEGU KP DKEQPUQPCPVCN TQQV CU UVQR

(KPCNN[� OGVCVJGUKU CPF KPHKZCVKQP CRRGCT VQ KPXQNXG VJG OQXGOGPV QH WPFKOKPKUJGF EQPUQPCPVU

CPF XQYGNU� UQ KV KU PQV VJG ECUG VJCV OQDKNG UGIOGPVU PGEGUUCTKN[ NCEM TQQV PQFGU� +PHKZCVKQP KP 6CICNQI� HQT

GZCORNG� CU CPCN[\GF D[ 2TKPEG � 5OQNGPUM[ ���� CPF /E%CTVJ[ � 2TKPEG ����C� KPXQNXGU VJG OQXGOGPV

QH CP GPVKTG CHHKZ 
���� 6JG WO� KU RTQPQWPEGF CV VJG DGIKPPKPI QH XQYGN KPKVKCN XGTDU 
��C� DWV CRRGCTU

CHVGT VJG GPVKTG QPUGV KP XGTDU YJKEJ CTG EQPUQPCPV KPKVKCN 
��D�E��


��� 6CICNQI �WO� +PHKZCVKQP 
/E%CTVJ[ CPF 2TKPEG ����C� ���

4QQV �WO�

C� CTCN WO�CTCN VGCEJ

D� UWNCV U�WO�WNCV YTKVG

E� ITCFYGV IT�WO�CFYGV ITCFWCVG

.KMGYKUG +NQMQ 
CNUQ MPQYP CU +NQMCPQ� EQPVCKPU CHHKZGU YJQUG RQUKVKQP KU PQV HKZGF


8CPQXGTDGTIJ ������ 6JG RCUV VGPUG KP� KU RTQPQWPEGF YQTF�KPKVKCNN[ DGHQTG XQYGN KPKVKCN XGTDU 
��C� DWV

HQNNQYU VJG QPUGV KP EQPUQPCPV KPKVKCN QPGU 
��D�� 6JKU CHHKZ JCU GXGP ITGCVGT HNGZKDKNKV[ VJCP VJG 6CICNQI

WO��� +P YQTFU YJKEJ DGIKP YKVJ UQPQTCPV EQTQPCN EQPUQPCPVU OGVCVJGUKU QH VJG CHHKZCN UGIOGPVU

VJGOUGNXGU OC[ VCMG RNCEG KPUVGCF QH KPHKZCVKQP 
��E�� [KGNFKPI PK� CV VJG DGIKPPKPI QH VJG YQTF KPUVGCF�
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��� +NQMQ KP� +PHKZCVKQP CPF /GVCVJGUKU 
8CPQXGTDGTIJ �����

4QQV �KP� 2#56 6'05'

C� CUQ KP�¶UQ IQV ���

D� FCLICY F�KP�CLICY FGXCUVCVGF ���

E� NWMCV¶P PK�NWMCV¶P ♠  N�KP�WMCV¶P QRGPGF ��

%NGCTN[ VJGP RTQRGTVKGU KP 
�� FQ PQV EQTTGNCVG GKVJGT YKVJ GCEJ QVJGT QT YKVJ VJG RTGUGPEG QT

CDUGPEG QH C TQQV PQFG� %CUGU UWEJ CU %JCJC CPF ;CYGNOCPK� YJGTG OQDKNKV[ CPF CWVCTEJ[ CTG KPFGRGPFGPV

QH GCEJ QVJGT� TGSWKTG VJG ITCOOCT KVUGNH VQ FGVGTOKPG VJG OCPPGT KP YJKEJ C HNQCVKPI HGCVWTG OCPKHGUVU

KVUGNH� KPENWFKPI YJGP KV OC[ UWTHCEG CU CP KPFGRGPFGPV UGIOGPV� +P VJG PGZV UGEVKQPU + CPCN[\G UWEJ ECUGU�

GZVGPFKPI VJG OQFGN HQT KPHKZCVKQP QH 2TKPEG � 5OQNGPUM[ ���� CPF /E%CTVJ[ � 2TKPEG ����� CPF

FGOQPUVTCVG VJCV VJG ITCOOCT YJKEJ KU PGEGUUCT[ VQ JCPFNG VJGUG CNUQ CEEQWPVU HQT VJG RTQVQ[RKECN ECUGU QH

NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU� 6JG FKUVKPEVKQP TGKHKGF KP 
���� DGVYGGP NCVGPV UGIOGPVU CPF HNQCVKPI

HGCVWTGU VJWU KU PGKVJGT PGEGUUCT[ PQT FQGU KV CEEWTCVGN[ EJCTCEVGTK\G VJG XCTKGV[ QH RJGPQOGPC CUUQEKCVGF

YKVJ FGHGEVKXG RCTUKPI KP RJQPQNQI[�

3 Affix (Im)mobility 

#U YG UCY CDQXG� OQDKNKV[ QH RJQPQNQIKECN OCVGTKCN KU PQV TGUVTKEVGF VQ HNQCVKPI HGCVWTGU� 
���

RTGUGPVU CPQVJGT GZCORNG QH C HWNN[ UGIOGPVCN KPHKZ KP +NQMQ� .KMG 6CICNQI� +NQMQOU WO� CHHKZ CRRGCTU KPUKFG

VJG YQTF KP XGTDU YJKEJ CTG EQPUQPCPV KPKVKCN 
��D��


��� +NQMQ �WO� +PHKZCVKQP 
8CPQXGTDGTIJ ���� � ����


UCOG RJGPQOGPQP CU 6CICNQI KP /E%CTVJ[ CPF 2TKPEG ����C� ���

4QQV �WO� 24'5'06 6'05'

C� KUGO WO�OUGO 
VJTGCVGPU VQ� UOKNG

D� MCICV M�WO�CI¶V 
VJTGCVGPU VQ� DKVG

9G ECP EQPVTCUV VJKU YKVJ CPQVJGT +NQMQ CHHKZ YKVJ VJG UCOG UJCRG UJQYP KP 
���� *GTG VJG CI�

RTGHKZ KU HQWPF YQTF KPKVKCNN[ PQ OCVVGT YJCV HQTO VJG XGTD VCMGU� 9JGVJGT VJG TQQV KU XQYGN�KPKVKCN 
��C� QT

EQPUQPCPV KPKVKCN 
��D�� VJG CHHKZ CNYC[U UVC[U CV VJG NGHV GFIG QH VJG YQTF�


��� %QORCTG VQ +NQMQ RTGHKZ CI� 
8CPQXGTDGTIJ �����

4QQV �CI� 24'5'06

C� KUGO CI�OUGO 
CEVWCNN[� UOKNGC ���

D� MCICV CI�MCI¶V 
CEVWCNN[� DKVGU ���

2TKPEG � 5OQNGPUM[ ���� CPF /E%CTVJ[ � 2TKPEG ���� CTIWG VJCV KPHKZGU UWEJ CU VJG 6CICNQI

CPF +NQMQ �WO� FQ PQV EQPUVKVWVG C FKUVKPEV VJKTF ENCUU QH CHHKZGU� DWV TCVJGT VJCV VJG[ FKHHGT HTQO HKZGF CHHKZGU

QPN[ KP VJCV RTQUQFKE EQPUVTCKPVU QWVYGKIJ VJG KPHKZOU QYP KORGTCVKXG VQ CNKIP YKVJ VJG NGHV 
QT TKIJV� GFIG QH

VJG UVGO� +P VJKU ECUG VJG[ RTQRQUG VJCV VJG RQUKVKQP QH �WO� KU FGVGTOKPGF D[ VJG KPVGTCEVKQP QH VJG HCOKNKCT

01�%1&# EQPUVTCKPV 
��C� YKVJ CP CNKIPOGPV EQPUVTCKPV VJCV UC[U VJCV �WO� YCPVU VQ DG CV VJG NGHV GFIG QH

VJG UVGO� KP QVJGT YQTFU� VJCV �WO� KU GUUGPVKCNN[ C RTGHKZ 
��D��


��� %QPUVTCKPVU 
/E%CTVJ[ CPF 2TKPEG ����C� ���

C� 01�%1&# 5[NNCDNGU CTG QRGP

D� #.+)0�WO #NKIP .GHV 
WO� 5VGO� K�G�� �WO� KU C RTGHKZ
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E� 4CPMKPI� 01�%1&# � #.+)0�WO

4CVKQPCNG� #NKIPOGPV YKNN DG XKQNCVGF VQ CXQKF CFFKVKQPCN

EQFC XKQNCVKQPU

+PHKZCVKQP CTKUGU YJGP #.+)0 KU UWDQTFKPCVG VQ 01�%1&# 
���� +P VJG QRVKOCN HQTO VJG CHHKZ

YKNN VWTP WR KP VJG NGHVOQUV RQUKVKQP CV YJKEJ KV ECP CXQKF XKQNCVKPI 01�%1&#� 6JWU KP CP[ HQTO YJKEJ

DGIKPU YKVJ QPG QT OQTG EQPUQPCPVU �WO� OWUV HQNNQY VJG QPUGV� 6JG ECPFKFCVG KP 
��D� KU QRVKOCN DGECWUG

VJGTG VJG KPHKZ CXQKFU ETGCVKPI CP CFFKVKQPCN EQFC XKQNCVKQP� +V KU QRVKOCN FGURKVG VJG OKUCNKIPOGPV QH VJG

RTGHKZ� DGECWUG #.+)0 XKQNCVKQPU CTG NGUU UGTKQWU VJCP VJQUG QH VJG OQTG JKIJN[ GUVGGOGF 01�%1&#�

 

 Key: 
* = violation p� YKPPGT

�� � HCVCN XKQNCVKQP
 


��� 01�%1&# � #.+)0�WO � HTQO ]WO� MCICV_5VGO

%CPFKFCVGU 01�%1&# #.+)0�WO

C� =�WO�MCICV ���

D� p =M�WO��CICV � M

(QT XQYGN KPKVKCN XGTDU� UWEJ CU VJG QPG KP VJG VCDNGCW KP 
��� �WO� FQGU UWTHCEG CV VJG NGHV GFIG


��D� UKPEG RGTHGEV CNKIPOGPV FQGU PQV GPVCKN CP[ CFFKVKQPCN 01�%1&# XKQNCVKQPU�


��� WO�OUGO HTQO ]WO� KUGO_5VGO

%CPFKFCVGU 01�%1&# #.+)0�WO

C� =�WO�KUGO �

D� p =KU�WO�GO � KU�

7PFGT VJKU CPCN[UKU VJG FKHHGTGPEG DGVYGGP KPHKZKPI �WO� CPF RTGHKZKPI �CI� HQNNQYU HTQO VJG

TGNCVKXG TCPMKPI QH VJGKT CNKIPOGPV EQPUVTCKPVU YKVJ TGICTF VQ 01�%1&#� 6JG EQPUVTCKPV YJKEJ IQXGTPU VJG

RNCEGOGPV QH CI� OWUV FQOKPCVG VJG 01�%1&# EQPUVTCKPV UKPEG CFFKVKQPCN EQFC XKQNCVKQPU YKNN DG VQNGTCVGF

KP QTFGT VQ OCKPVCKP RGTHGEV CNKIPOGPV 
����


��� C� #.+)0�CI #NKIP .GHV 
=CI?#H�5VGO� K�G�� CI KU C RTGHKZ

D� 4CPMKPI� #.+)0�CI � 01�%1&#

4CVKQPCNG� #FFKVKQPCN EQFC XKQNCVKQPU VQNGTCVGF KP QTFGT VQ OCKPVCKP

RGTHGEV CNKIPOGPV

6JG VCDNGCW KP 
��� KNNWUVTCVGU VJG GHHGEV QH VJKU TCPMKPI� 'XGP KP VJG ECUG QH C EQPUQPCPV KPKVKCN

XGTD VJG QRVKOCN ECPFKFCVG 
��C� RNCEGU VJG CHHKZ CV VJG DGIKPPKPI QH VJG YQTF� 6JKU TGUWNVU KP CP CFFKVKQPCN

XKQNCVKQP QH 01�%1&#� DWV UKPEG VJKU KU NQYGT TCPMGF KV FQGU PQV NGCF VQ KPHKZCVKQP�


��� #.+)0�CI � 01�%1&# HTQO ]CI� MCICV_UVGO

%CPFKFCVGU #.+)0�CI 01�%1&#

C�p CI�MCI¶V ��

D� M�CI�CI¶V M� �

6JGUG VYQ GZCORNGU [KGNF VJG OKPK�ITCOOCT HQT +NQMQ UJQYP KP 
���� 6JG XCTKGF DGJCXKQT QH VJG

VYQ FKHHGTGPV CHHKZGU HQNNQYU FKTGEVN[ HTQO VJG TCPMKPI QH VJGKT TGURGEVKXG OQTRJQNQIKECN CNKIPOGPV

EQPUVTCKPVU XKU�C�XKU VJG RWTGN[ RJQPQNQIKECN EQPUVTCKPV 01�%1&#�


��� #.+)0�CI � 01�%1&# � #.+)0�WO
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4 (Im)mobility of Floating Features: Chaha 

+P VJG ECUGU FKUEWUUGF KP 2TKPEG � 5OQNGPUM[ ���� CPF /E%CTVJ[ CPF 2TKPEG ����C VJG ETWEKCN

KPVGTCEVKQP NGCFKPI VQ KPHKZCVKQP KU DGVYGGP CNKIPOGPV QH UGIOGPVCN OQTRJGOGU CPF VJG FGOCPFU QH U[NNCDNG

UVTWEVWTG EQPUVTCKPVU� DWV VJGKT CEEQWPV GCUKN[ GZVGPFU VQ NCVGPV HGCVWTGU�� +P VJKU UGEVKQP + UJQY VJCV VJG

FKHHGTGPV DGJCXKQT QH %JCJC KOOQDKNG 
UWHHKZKPI� RCNCVCNK\CVKQP CPF OQDKNG 
KPHKZKPI� NCDKCNK\CVKQP TGHNGEVU

C FKHHGTGPEG KP VJG RQUKVKQP QH VJGKT RCTVKEWNCT #.+)0 EQPUVTCKPVU YKVJ TGURGEV VQ RJQPQNQIKECN EQPUVTCKPVU

QP HGCVWTGU KP VJG %JCJC JKGTCTEJ[�

6JG FCVC VQ DG CEEQWPVGF HQT KP %JCJC CTG TGRGCVGF JGTG KP 
������� 6JG VJKTF RGTUQP OCUEWNKPG

UKPIWNCT QDLGEV OQTRJGOG KU CP KPHKZKPI =TQWPF? HGCVWTG� +V UJQYU WR CU NCDKCNK\CVKQP QP VJG TKIJVOQUV

NCDKCNK\CDNG EQPUQPCPV 
/E%CTVJ[ ������ YJGTG NCDKCNK\CDNG EQPUQPCPVU KPENWFG NCDKCNU CPF XGNCTU 
��C�E��

+H VJGTG KU PQ UWEJ EQPUQPCPV VJG HGCVWTG HCKNU VQ GOGTIG 
��F��


��� %JCJC QDLGEV NCDKCNK\CVKQP 
/E%CTVJ[ ����� ����

PQ QDLGEV YKVJ QDLGEV

C� HKPCN F¿P¿I F¿P¿IYJKV

P¿M¿D P¿M¿DYHKPF

D� OGFKCN O¿M¿T O¿MY¿T DWTP

U[¿H¿T U[¿HY¿T EQXGT

E� KPKVKCN S¿V¿T SY¿V¿T MKNN

O¿U¿T OY¿U¿TUGGO

F� PQPG U¿F¿F U¿F¿F EJCUG

6JKU RCVVGTP EQPVTCUVU YKVJ VJCV QH KORGTCVKXG RCNCVCNK\CVKQP� YJKEJ JCU RWTGN[ UWHHKZCN DGJCXKQT


���� 2CNCVCNK\CVKQP VWTPU WR QP VJG TKIJVOQUV EQPUQPCPV KH RCNCVCNK\CDNG� YJGTG RCNCVCNK\CDNG EQPUQPCPVU

KPENWFG VJG EQTQPCN CPF XGNCT QDUVTWGPVU 
��C�D�� 7PNKMG NCDKCNK\CVKQP� JQYGXGT� RCNCVCNK\CVKQP KU TGUVTKEVGF

VQ VJG TKIJV GFIG� +H VJG HKPCN EQPUQPCPV KU PQV RCNCVCNK\CDNG VJGP VJG HGCVWTG YKNN HCKN VQ CRRGCT 
��E��


��� %JCJC +ORGTCVKXG 2CNCVCNK\CVKQP 
#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� �����

C� n‘k‘s  n‘k‘sy  love  

D� Y‘V¿S Y‘V¿S[ fall  

c. S¿V¿T SY¿V¿T MKNN

# EQORNGVG CPCN[UKU QH VJKU FCVC OWUV 
K� URGEKH[ NKEKV VCTIGVU HQT VJG HNQCVKPI HGCVWTGU� 
KK� CEEQWPV

HQT VJG FKHHGTGPV DGJCXKQT QH VJG VYQ CHHKZGU� CPF 
KKK� GZRNCKP YJ[ VJGUG HGCVWTGU ECP FQEM QPVQ GZKUVKPI

UGIOGPVU DWV PGXGT JGCF VJGKT QYP� +P VJG PGZV UGEVKQPU� CHVGT RTQXKFKPI VJG UGIOGPV UVTWEVWTG EQPUVTCKPVU VQ

YJKEJ FGNKOKV VJG TCPIG QH RQVGPVKCN VCTIGVU� + YKNN UJQY VJCV VJG FKHHGTGPEG DGVYGGP NCDKCNK\CVKQP CPF

RCNCVCNK\CVKQP HQNNQYU HTQO VJG RQUKVKQP QH VJGKT TGURGEVKXG CNKIPOGPV EQPUVTCKPVU YKVJ TGURGEV VQ C

RJQPQNQIKECN EQPUVTCKPV IQXGTPKPI VJG RCTUKPI QH HGCVWTGU� + YKNN VJGP CTIWG VJCV VJGKT KPCDKNKV[ VQ RTQLGEV

CWVCTEJKE UGIOGPVU KU VJG TGUWNV QH C EQPUVTCKPV OKPKOK\KPI VJG PWODGT QH U[NNCDNGU KP C YQTF�

��� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU CPF 2QVGPVKCN 6CTIGVU 

                                                           

�6JG GZVGPUKQP QH CNKIPOGPV VQ HGCVWTGU YCU HKTUV KORNGOGPVGF D[ -KTEJGPGT ����� (QT C DTQCFN[ UKOKNCT

CRRTQCEJ VQ VJG QPG VCMGP JGTG UGG #MKPNCDK �����
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'XGT[ CEEQWPV QH HNQCVKPI HGCVWTGU OWUV KPENWFG UGIOGPV UVTWEVWTG EQPUVTCKPVU YJKEJ IQXGTP

RQUUKDNG HGCVWTG EQODKPCVKQPU KP C NCPIWCIG� 6JG VGTO Q5GIOGPV 5VTWEVWTG %QPUVTCKPVUR 
��� YKNN DG WUGF KP

VJKU RCRGT CU C EQPXGPKGPV EQXGT VGTO HQT VJG ITQWR QH WPFQOKPCVGF EQPUVTCKPVU YJKEJ TGPFGT EGTVCKP

EQODKPCVKQPU QH HGCVWTGU KORQUUKDNG KP C RCTVKEWNCT EQPVGZV�


��� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU� #XQKF WPFGUKTCDNG HGCVWTG EQODKPCVKQPU

+P %JCJC VJG UGIOGPV UVTWEVWTG EQPUVTCKPVU ECP DG TGCF FKTGEVN[ HTQO VJG KPXGPVQT[ QH WPFGTN[KPI

UGIOGPVU UJQYP KP 
��� 
/E%CTVJ[ ����� ����� 1PN[ NCDKCNU CPF XGNCTU JCXG NCDKCNK\GF EQWPVGTRCTVU� CPF

VJWU NCDKCNK\CVKQP VCTIGVU QPN[ NCDKCNU CPF XGNCTU� .KMGYKUG� VJG RCNCVCNK\GF UGIOGPVU CTG NKOKVGF VQ EQTQPCN

CPF XGNCT QDUVTWGPVU� #U YG UCY VCTIGVU HQT OQTRJQNQIKECN RCNCVCNK\CVKQP CTG NKOKVGF VQ LWUV VJGUG UGIOGPVU�


��� %JCJC %QPUQPCPVU 
/E%CTVJ[ ����� ����

RNCKP� D R F V I M

V� S

O P T

H \ U Z

Y [

RCNCVCNK\GF � F[ V[ I[ M[

V�
[

\[ U[ Z[

S[

NCDKCNK\GF � DY RY IY MY

HY ZY

OY SY

6JGTGHQTG VJG GHHGEV QH VJG UGIOGPV UVTWEVWTG EQPUVTCKPVU KP %JCJC KU VQ RTQJKDKV VJG V[RGU QH

UGIOGPVU NKUVGF KP 
�����


��� GHHGEV QH 55%U HQT %JCJC� �.CDKCNK\GF EQTQPCNU

�2CNCVCNK\GF .CDKCNU

�2CNCVCNK\GF UQPQTCPVU

#U WPXKQNCVGF EQPUVTCKPVU KP %JCJC� VJG 5GIOGPV 5VTWEVWTG %QPUVTCKPVU UKV CV VJG VQR QH VJG

JKGTCTEJ[� 5KPEG VJG[ OWUV FQOKPCVG VJG 2#45'�('#674' EQPUVTCKPV 
��� VJG[ OC[ HQTEG VJG

WPFGTRCTUKPI QH HNQCVKPI HGCVWTGU YJKEJ YQWNF QVJGTYKUG TGUWNV KP KNNKEKV UGIOGPV V[RGU� 6JKU KU KNNWUVTCVGF D[

VJG VCDNGCW KP 
��� HQT U¿F¿F KP C NCDKCNK\KPI GPXKTQPOGPV� 6JG OQUV JCTOQPKE ECPFKFCVG 
��F� HCKNU VQ

RCTUG =TQWPF?� VJWU CXQKFKPI VJG OQTG UGTKQWU 5GIOGPV 5VTWEVWTG %QPUVTCKPV XKQNCVKQPU YJKEJ YQWNF

QVJGTYKUG GPUWG CU VJG TGUWNV QH NCDKCNK\KPI C EQTQPCN�


��� C� 2#45'�('#674'� (GCVWTGU UJQWNF DG RCTUGF

D� 4CPMKPI� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU � 2#45'�('#674'

4CVKQPCNG� (GCVWTGU TGOCKP WPRCTUGF TCVJGT VJCP TGUWNVKPI KP KNN�HQTOGF UGIOGPVU

                                                           

�(QT FKUEWUUKQP QH VJG PWCPEGU QH EQPUVTCKPVU QP UGIOGPV UVTWEVWTG KP 16 CPF VJG FGTKXCVKQP QH ITQUU

TGUVTKEVKQPU QP UGIOGPV UVTWEVWTG HTQO OQTG DCUKE EQPUVTCKPVU UGG 2TKPEG CPF 5OQNGPUM[ 
����� CPF

5OQNGPUM[ 
������ # OQTG FGVCKNGF FKUUGEVKQP QH UGIOGPV UVTWEVWTG EQPUVTCKPVU OC[ DG PGEGUUCT[ HQT ECUGU

YJGTG UQOG VCTIGVU CTG DGVVGT VJCP QVJGTU UWEJ CU ,CRCPGUG OKOGVKE RCNCVCNK\CVKQP 
/GUVGT CPF +VQ 
�������

RCNCVCNK\CVKQP KP )WFG 
*QUMKUQP 
������� CPF -WTFKUJ GORJCUKU 
*QDGTOCP 
�������
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��� U¿F¿F HTQO �U¿F¿F� =TQWPF?�

%CPFKFCVGU 55% 2#45'�(

C� U¿F¿FY� ��

D� U¿FY¿F� ��

E� UY¿F¿F� ��

F� p U¿F¿F �Y �

��� 6JG 4GNCVKQPUJKR DGVYGGP #.+)0 CPF 2#45'  

1PEG VJG UGV QH RQVGPVKCN VCTIGVU JCU DGGP FGVGTOKPGF� VJG PGZV UVGR KU VQ CEEQWPV HQT VJG RQVGPVKCN

OQDKNKV[ QT NCEM QH OQDKNKV[ QH C NCVGPV HGCVWTG KP KVU SWGUV HQT C VCTIGV� 6JKU KU IQXGTPGF D[ VJG TGNCVKXG

TCPMKPIU QH VJG 2#45' CPF #.+)0 EQPUVTCKPVU� HQNNQYKPI VJG KPHKZCVKQP OQFGN QH 2TKPEG CPF 5OQNGPUM[

���� CPF /E%CTVJ[ CPF 2TKPEG ����� 9JGTG 2#45'�('#674' FQOKPCVGU #.+)0 VJG NCVGPV HGCVWTG YKNN

OQXG HTQO VJG GFIG KP QTFGT VQ HKPF C UWKVCDNG VCTIGV KH PGEGUUCT[ 
��C��� 6JKU KU VJG TCPMKPI YJKEJ IQXGTPU

VJG QDLGEV NCDKCNK\CVKQP OQTRJGOG KP %JCJC� 1P VJG QVJGT JCPF� YJGTG #.+)0 FQOKPCVGU 2#45'�

('#674' VJG HNQCVKPI HGCVWTG KU TGUVTKEVGF VQ C VCTIGV CV VJG GFIG URGEKHKGF D[ VJG CNKIPOGPV EQPUVTCKPV


��D�� 6JKU TCPMKPI TGIWNCVGU VJG RCVVGTP QH %JCJC KORGTCVKXG RCNCVCNK\CVKQP� 6JGUG VYQ TCPMKPIU [KGNF

KPHKZCVKQP CPF UWHHKZCVKQP TGURGEVKXGN[� VJG FKHHGTGPEG DGKPI JGTG VJCV VJG CHHKZGU KP SWGUVKQP CTG HNQCVKPI

HGCVWTGU TCVJGT VJCP HWNN UGIOGPVU�


��� &KHHGTGPEG KP OQDKNKV[ FGRGPFU QP TGNCVKXG CNKIPOGPV QH 2#45'�('#674' CPF #.+)0

C� 2#45'�('#674' � #.+)0 HGCVWTG YKNN OQXG VQ DG TGCNK\GF

D� #.+)0 � 2#45'�('#674' HGCVWTG YKNN FGNGVG TCVJGT VJCP OQXG

6JG EQPUVTCKPVU IQXGTPKPI %JCJC QDLGEV NCDKCNK\CVKQP URGEKHKECNN[ CTG UJQYP KP 
���� 5KPEG VJG

OQTRJGOG KU C OQDKNG HGCVWTG� 2#45'�('#674' OWUV FQOKPCVG VJG OQTRJGOG�URGEKHKE #.+)0

EQPUVTCKPV�


��� %JCJC 1DLGEV .CDKCNK\CVKQP

C� 2#45'�('#674'

D� #.+)0=TQWPF?#H #NKIP�4KIJV 
=TQWPF?#H� 5VGO�

K�G�� VJG QDLGEV OCTMGT KU C UWHHKZ

E� 4CPMKPI�

2#45'�('#674' � #.+)0=TQWPF?#H

F� 4CVKQPCNG� (GCVWTG OQXGU HTQO GFIG VQ HKPF VCTIGV

6JG VCDNGCW KP 
��� KNNWUVTCVGU VJG GHHGEV QH VJG JKGTCTEJ[� #.+)0=TQWPF?#H XKQNCVKQPU CTG

ECNEWNCVGF D[ EQWPVKPI VJG PWODGT QH EQPUQPCPVCN TQQV PQFGU DGVYGGP VJG TKIJV GFIG CPF VJG HGCVWTGOU

FQEMKPI UKVG 
UGG /E%CTVJ[ ������ 6JG JKIJGUV TCPMGF 5GIOGPV 5VTWEVWTG %QPUVTCKPVU TWNG QWV ECPFKFCVG


��C� UKPEG EQTQPCNU ECPPQV JQUV UGEQPFCT[ NCDKCNK\CVKQP KP %JCJC� 9G MPQY 2#45'�('#674' FQOKPCVGU

VJG CNKIPOGPV EQPUVTCKPV� UKPEG =TQWPF?#H OQXGU HTQO VJG GFIG VQ HKPF CP CRRTQRTKCVG FQEMKPI UKVG 
��F�

TCVJGT VJCP HCKN VQ UWTHCEG 
��D�� 6JG YKPPKPI ECPFKFCVG 
��F�� YJGTG VJG OKFFNG EQPUQPCPV KU NCDKCNK\GF� KU

OQTG JCTOQPKE VJCP 
��E� DGECWUG 
��F� XKQNCVGU #.+)0 QPN[ OKPKOCNN[�


��� OæMYæT HTQO �OMT� =TQWPF?#H�

                                                           

�6JKU TCPMKPI UJQWNF CNNQY OQXGOGPV QPN[ QH WPFGTN[KPIN[ HNQCVKPI HGCVWTGU� + CUUWOG VJCV VJGTG KU C

JKIJN[ TCPMGF EQPUVTCKPV QH UQOG UQTV VJCV RTGUGTXGU WPFGTN[KPI CUUQEKCVKQPU KP VJGUG ECUGU� 5GG /[GTU

���� HQT FKUEWUUKQP�
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%CPFKFCVGU 55%U 2#45'�( #.+)0=TQWPF?#H

C� OæMæTY ��

D� OæMæT �Y ��

E� OYæMæT ���

F� p OæMYæT �

2CNCVCNK\CVKQP FKHHGTU HTQO NCDKCNK\CVKQP KP VJCV KV QPN[ CRRGCTU KH KV ECP FQ UQ QP VJG TKIJVOQUV

EQPUQPCPV � 6JKU KU CEJKGXGF D[ FQOKPCVKQP QH #.+)0�=RCN?#H D[ VJG 2#45'�('#674' EQPUVTCKPV 
����


��� %JCJC 2CNCVCNK\CVKQP

C� #.+)0�=RCN?#H #NKIP 
=RCN?#H� 4� 4QQV� 4�

K�G�� VJG KORGTCVKXG OCTMGT KU C UWHHKZ

D� 4CPMKPI�

#.+)0�=RCN?#H � 2#45'�('#674'

E� 4CVKQPCNG�

(NQCVKPI HGCVWTG HCKNU VQ UWTHCEG TCVJGT VJCP XKQNCVG CNKIPOGPV

6JG VCDNGCW KP 
��� KNNWUVTCVGU VJG KORNGOGPVCVKQP QH VJKU TCPMKPI� %CPFKFCVG 
��C� HCKNU DGECWUG KV

XKQNCVGU VJG JKIJN[ TCPMGF 5GIOGPV 5VTWEVWTG %QPUVTCKPVU� YJKEJ NKOKV RCNCVCNK\CVKQP VQ EQTQPCN CPF FQTUCN

QDUVTWGPVU� $GECWUG #.+)0�=RCN?#H QWVTCPMU 2#45'�('#674' KP VJKU ECUG KV KU DGVVGT PQV VQ RCTUG VJG

HGCVWTG 
��E� TCVJGT VJCP VQ XKQNCVG #.+)0�=RCN?#H 
��D��
� 6JGTGHQTG KP VJG CDUGPEG QH C UWKVCDNG YQTF�

HKPCN VCTIGV VJG HGCVWTG HCKNU VQ UWTHCEG�


��� SYæVæT HTQO �SYæVæT �=RCN?#H�

55%U #.+)0�=RCN?CHH 2#45'�(

C� SYæVæT[ ��

D� SYæV[æT� ��

E� p SYæVæT �[ �

6QIGVJGT VJGUG TCPMKPIU [KGNF VJG RCTVKCN JKGTCTEJ[ KP 
��� HQT %JCJC� 2QVGPVKCN VCTIGVU CTG NKOKVGF

D[ VJG JKIJN[ TCPMGF 5GIOGPV 5VTWEVWTG %QPUVTCKPVU� YJKNG VJG FKHHGTGPV TGNCVKQPUJKR QH VJG CNKIPOGPV

EQPUVTCKPVU VQ 2#45'�('#674' TGUWNV KP VJG FKUVKPEVKQPU YKVJ TGICTF VQ RQVGPVKCN OQDKNKV[ QH VJG HNQCVKPI

NCDKCNK\CVKQP CPF RCNCVCNK\CVKQP CHHKZGU�


��� 55%U � #.+)0�=RCN?#H � 2#45'�('#674' � #.+)0�=TQWPF?#H

��� �5647%
σ�� 

9G UCY VJCV KV FQGU PQV HQNNQY CWVQOCVKECNN[ VJCV C HNQCVKPI HGCVWTG ECPPQV JGCF KVU QYP UGIOGPV�

+P VJG ;CYGNOCPK GZCORNG KP 5GEVKQP �� HQT GZCORNG� VJG HNQCVKPI INQVVCN EQWNF GKVJGT FQEM VQ CP GZKUVKPI

UGIOGPV QT UWTHCEG CU C HWNN INQVVCN UVQR FGRGPFKPI QP VJG EKTEWOUVCPEGU� *CXKPI FGNKOKVGF VJG TCPIG QH

RQUUKDNG FQEMKPI UKVGU CPF CEEQWPVGF HQT VJG FKHHGTGPV OQDKNKV[ QH VJG VYQ OQTRJGOGU KP %JCJC� YG UVKNN

                                                           

�5GG 2WNNG[DNCPM ���� HQT FKUEWUUKQP QH NCEM QH CNKIPOGPV XKQNCVKQPU HQT WPRCTUGF HGCVWTGU�

� 2CNCVCNK\CVKQP CPF NCDKCNK\CVKQP %#0 EQ�QEEWT KP VJG UCOG YQTF� 5GG HQT GZCORNG U[¼IY¼T NEJCPIGO
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OWUV GZRNCKP YJ[ VJGUG HNQCVKPI HGCVWTGU PGXGT OCPKHGUV VJGOUGNXGU CU KPFGRGPFGPV UGIOGPVU� UKPEG CU +

JCXG CTIWGF VJKU FQGU PQV HQNNQY FKTGEVN[ HTQO VJG CDUGPEG QH CP WPFGTN[KPI TQQV PQFG�

<QNN ����D RTQRQUGF VJCV C EQPUVTCKPV YJKEJ HWPEVKQPU VQ OKPKOK\G VJG VQVCN PWODGT QH U[NNCDNGU KP

C YQTF��5647%
σ�� RNC[U CP KORQTVCPV TQNG KP NKOKVKPI VJG CDKNKV[ QH HNQCVKPI HGCVWTGU VQ UWTHCEG

KPFGRGPFGPVN[ 
���� 6JKU EQPUVTCKPV OWUV QWVTCPM 2#45'�('#674' KP %JCJC UKPEG VJG HNQCVKPI HGCVWTGU

FGNGVG TCVJGT VJCP UWTHCEG CU KPFGRGPFGPV XQYGNU� [KGNFKPI VJG JKGTCTEJ[ KP 
����

(32) a. �5647%
σ��7 #XQKF U[NNCDNGU

K�G�� N&QPOV CFF WPPGEGUUCT[ U[NNCDNGUO

D� 4CPMKPI� �5647%
σ� � 2#45'�('#674'
4CVKQPCNG� (GCVWTG FGNGVGU TCVJGT VJCP UWTHCEG CU KPFGRGPFGPV XQYGN


��� 55%U� �5647%
σ�� #.+)0�=RCN?#H � 2#45'�('#674' � #.+)0�=TQWPF?#H

6JG GHHGEV QH VJG HKPCN RKGEG QH VJG TCPMKPI KU KNNWUVTCVGF D[ VJG VCDNGCW KP 
���� *GTG� UKPEG CNN QH

VJG TQQV EQPUQPCPVU CTG EQTQPCNU� NCDKCNK\CVKQP KU KORQUUKDNG� +P VJGQT[ VJG =TQWPF? HGCVWTG EQWNF RTQLGEV KVU

QYP XQYGN 
��C� DWV KU MGRV HTQO FQKPI UQ D[ VJG JKIJN[ TCPMGF �5647%
σ�� 6JG QRVKOCN ECPFKFCVG 
��D��
YKVJ PQ UWTHCEG TGCNK\CVKQP QH VJG HNQCVKPI HGCVWTG� EQPVCKPU QPN[ C NGUUGT 2#45'�('#674' XKQNCVKQP�


��� �5647%
σ� � 2#45'�('#674' � HTQO ]UFF� =TQWPF?_4QQV

�5647%
σ� 2#45'�(

C� U¿F¿F7 ����

D� p U¿F¿F �Y �� �

6JG VCDNGCW KP 
��� FGOQPUVTCVGU VJG GZCEV UCOG GHHGEV HQT RCNCVCNK\CVKQP� 6JG CFFKVKQP QH CP GZVTC

XQYGN VQ JQUV VJG QVJGTYKUG WPRCTUGCDNG RCNCVCNK\KPI HGCVWTG ECWUGU C HCVCN XKQNCVKQP 
��C�� 6JG QRVKOCN

HQTO 
��D� UKORN[ NGCXGU VJG HGCVWTG WPRCTUGF�


��D� �5647%
σ� � 2#45'�('#674' � HTQO ]SYVT� =RCN?_4QQV

�5647%
σ� 2#45'�(

C� SYæVæVT+ ����

D� p SYæVæT �[ �� �

6JGTG CTG QH EQWTUG C PWODGT QH QVJGT RQUUKDNG YC[U VQ MGGR C HNQCVKPI HGCVWTG HTQO OCPKHGUVKPI

KVUGNH CU C HWNN UGIOGPV� # (+.. EQPUVTCKPV EQWNF RTQUETKDG KPUGTVKQP QH C PGY TQQV PQFG 
<QNN ����C�� QT YG

EQWNF EQWPV CFFKVKQPCN UGIOGPVU TCVJGT VJCP U[NNCDNGU CU GZVTC UVTWEVWTG XKQNCVKQPU� *QYGXGT QPN[

�5647%
σ� EQTTGEVN[ RTGFKEVU CP CU[OOGVT[ VJCV GZKUVU DGVYGGP VJG DGJCXKQT QH HNQCVKPI EQPUQPCPVCN CPF
XQECNKE HGCVWTGU� 0COGN[� UKPEG GZVTC EQPUQPCPVU ECP DG CP QPUGV QT EQFC VQ CP CNTGCF[ GZKUVKPI U[NNCDNG CPF

VJWU FQ PQV PGEGUUCTKN[ CFF VQ U[NNCDNG EQWPV� VJG[ YKNN PQV PGEGUUCTKN[ XKQNCVG VJG EQPUVTCKPV YJGP VJG[

UWTHCEG CU KPFGRGPFGPV UGIOGPVU� 6JG XCTKGF DGJCXKQT QH VJG NCVGPV HGCVWTGU KP ;CYGNOCPK� FKUEWUUGF KP VJG

PGZV UGEVKQP� UWRRQTV VJKU WUG QH �5647%
σ� CPF FGOQPUVTCVG KVU EQPUGSWGPEGU�

5 A Feature is a Segment: Yawelmani 

                                                           

�6JKU KU CP 16 KORNGOGPVCVKQP QH 5GNMKTM 
�����OU 5[NNCDNG /KPKOK\CVKQP 2TKPEKRNG� 5GG CNUQ $TQUGNQY 
VQ

CRRGCT� HP ���� 0QUMG 
����� FGXGNQRU C XGT[ FKHHGTGPV KORNGOGPVCVKQP QH C UKOKNCT KPUKIJV� 
EH� +VQ 
�����

QP OKPKOCNKV[��
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+P 5GEVKQP � YG UCY VJCV KP ;CYGNOCPK C HNQCVKPI =EQPUVTKEVGF INQVVKU? HGCVWTG JCU VJG ECRCEKV[ VQ

OCPKHGUV KVUGNH CU CP KPFGRGPFGPV UGIOGPV WPFGT EGTVCKP EQPFKVKQPU� ;CYGNOCPK JCU KP CFFKVKQP VYQ QVJGT

V[RGU QH NCVGPV UGIOGPVU� +P VJKU UGEVKQP + YKNN UJQY JQY VJG DGJCXKQT QH CNN VJTGG V[RGU HQNNQYU HTQO CP

CPCN[UKU RCTCNNGN VQ VJG QPG FGXGNQRGF HQT VJG %JCJC HNQCVKPI HGCVWTGU� CPF OQVKXCVG VJG WUG QH �5647%
σ�
D[ FGOQPUVTCVKPI KVU TQNG KP CEEQWPVKPI HQT CU[OOGVTKGU KP VJG DGJCXKQT QH ;CYGNOCPKOU NCVGPV EQPUQPCPVU

CPF NCVGPV XQYGNU�

��� 6JTGG -KPFU QH .CVGPV 5GIOGPVU

6JG ;CYGNOCPK INQVVCNK\CVKQP RTQEGUU KU CP GZCORNG QH C NCVGPV HGCVWTG YJKEJ YKNN GKVJGT OQXG VQ

HKPF C UWKVCDNG FQEMKPI UKVG QT YKNN RTQLGEV KVU QYP TQQV PQFG� FGRGPFKPI QP EQPVGZV� 6JG FCVC KU TGRGCVGF KP


���� 6JG INQVVCNK\CVKQP UWTHCEGU QP VJG TKIJVOQUV RQUV�XQECNKE UQPQTCPV KH VJGTG KU QPG� 1VJGTYKUG� KP C

DKEQPUQPCPVCN TQQV KV YKNN OCPKHGUV KVUGNH CU C UWHHKZ KPKVKCN INQVVCN UVQR 
��F�� 0QVG VJCV KP 
��C� XQYGN

UJQTVGPKPI KU WPPGEGUUCT[ UKPEG =EQPUVTKEVGF INQVVKU? ECP FQEM CU C UGEQPFCT[ HGCVWTG QP VJG RTGEGFKPI

UQPQTCPV� YJGTGCU KP 
��F�� C DKEQPUQPCPVCN UVGO YKVJ PQ INQVVCNK\CDNG UQPQTCPV� XQYGN NGPIVJ KU UCETKHKEGF

VQ VJG RCTUKPI QH VJG HWNN INQVVCN� +P VJG VTKEQPUQPCPVCN TQQV KP 
��E� VJGTG KU PQ YC[ VQ RCTUG VJG HGCVWTG UKPEG

VJGTG KU PQ RQUV�XQECNKE UQPQTCPV� PQT KU VJGTG URCEG HQT C HWNN INQVVCN UVQR YKVJQWV GRGPVJGUK\KPI C XQYGN� UQ

VJG HGCVWTG KU PQV GZRTGUUGF�


��� ;CYGNOCPK INQVVCNK\CVKQP

C� �ECCY�
��CC�� ECCY�CC� UJQWV

D� ��iilk�
��CC�� �el�MCC� UKPI

E� �JQIP� 
��CC�� JQIPCC� HNQCV 
�JQIP8�CC�

F� �OCZ� 
��CC�� OCZ�CC� RTQEWTG

6JG FWCN DGJCXKQT QH VJG INQVVCN EQPVTCUVU YKVJ VJCV QH QVJGT NCVGPV UGIOGPVU KP ;CYGNOCPK� # NKUV

QH VJG UWHHKZGU EQPVCKPKPI QVJGT NCVGPV EQPUQPCPVU� UJQYP KP RCTGPVJGUGU� KU RTQXKFGF KP 
����

(37) Yawelmani suffixes with latent features 
#TEJCPIGNK �����


J�PGN RCUUKXG CFLWPEVKXG


O�CCO FGEGFGPV


N�UCC ECWUCVKXG TGRGVKVKXG


P�KKV FGEGFGPV

.KMG VJG HNQCVKPI INQVVCN VJGUG NCVGPV UGIOGPVU CTG FKUVKPIWKUJGF HTQO TGIWNCT EQPUQPCPVU KP VJCV

VJG[ FGNGVG TCVJGT VJCP VTKIIGT GRGPVJGUKU VQ CXQKF HQTOKPI CP KNNKEKV ENWUVGT� 6JG FCVC KP 
��� KNNWUVTCVG VJKU

EQPUVTCUV� 6JG UWHHKZ�KPKVKCN J KP JKP KU C HWNN UGIOGPV� +P 
��C� UWHHKZCVKQP TGUWNVU KP C VTKEQPUQPCPVCN IPJ

ENWUVGT YJKEJ OWUV DG TGUQNXGF� UKPEG VJG OCZKOCN U[NNCDNG KP ;CYGNOCPK KU %8:� $GECWUG CNN VJTGG CTG HWNN

UGIOGPVU VJG[ OWUV CNN DG RCTUGF� CPF VJGTGHQTG C XQYGN KU GRGPVJGUK\GF�8 +P 
��D� UWHHKZCVKQP QH 
J�PGN

NKMGYKUG JCU VJG RQVGPVKCN VQ RTQFWEG C VTKEQPUQPCPVCN ENWUVGT� DWV UKPEG JGTG J KU C NCVGPV UGIOGPV� NKMG VJG

INQVVCN CDQXG� KV HCKNU VQ CRRGCT� TCVJGT VJCP HQTEG GRGPVJGUKU� +V KU VJG JCNNOCTM RTQRGTV[ QH VJGUG NCVGPV

UGIOGPVU CU YGNN CU VJG INQVVCN UVQR VJCV VJG[ PGXGT VTKIIGT GRGPVJGUKU QH C XQYGN VQ UCXG VJGOUGNXGU�

CNVJQWIJ CU YG ECP UGG CICKP KP 
��E� XQYGN NGPIVJ YKNN DG UCETKHKEGF VQ URCTG C NCVGPV UGIOGPV� 9JCV

FKUVKPIWKUJGU VJGUG NCVGPV EQPUQPCPVU HTQO VJG INQVVCN� JQYGXGT� KU VJCV VJG[ PGXGT OCPKHGUV VJGOUGNXGU CU

TGNGCUG HGCVWTGU QP CP GZKUVKPI UGIOGPV�


��� 
&CVC HTQO #TEJCPIGNK �����

                                                           

�5GG $TQUGNQY 
������ <QNN 
����D�� 0QUMG 
������ CPF #TEJCPIGNK 
����� HQT EJQKEG QH GRGPVJGUKU UKVG KP C

ENWUVGT�
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C� �JKP �JQIP�JKP� JQ� I K P�JKP

D� �
J�PGN �JQIQP�
J�PGN� JQ� IQP� �VPGN �JQ� IJQP� �PGN

E� EH �OCZCC�
J�PGN� OC� ZC�J� PGN

;GV C VJKTF MKPF QH DGJCXKQT KU GZJKDKVGF D[ NCVGPV XQYGNU� GZGORNKHKGF KP 
���� .CVGPV XQYGNU� NKMG

VJG NCVGPV EQPUQPCPVU� UQOGVKOGU HCKN VQ UWTHCEG� 7PNKMG VJG EQPUQPCPVU JQYGXGT VJGUG XQYGNU CTG RCTUGF

QPN[ YJGP PGEGUUCT[� +P 
��C� VJG HKPCN XQYGN KU TGSWKTGF VQ HCEKNKVCVG U[NNCDKHKECVKQP QH VJG UWHHKZCN O � +P


��D�� QP VJG QVJGT JCPF� VJKU O DGEQOGU VJG EQFC QH VJG RTGEGFKPI QRGP U[NNCDNG� 6JGTG KU TQQO HQT VJG

XQYGN� DWV CU KV KU PQV PGEGUUCT[ HQT CP[ QVJGT TGCUQP KV FQGU PQV OCVGTKCNK\G�


��� 8QYGN�Ó CNVGTPCVKQP� .CVGPV XQYGNU UWTHCEG QPN[ YJGP VJG[ CTG PGEGUUCT[

 �m(I) RTGECVKXG 
&CVC HTQO 0GYOCP ����� ����

a. /amic-mI/ amic-mI *amic-m• JCXKPI CRRTQCEJGF

D� �RCPCC�O+� RCPCOV �RCPCC�O+ JCXKPI CTTKXGF

6JKU KU PQV UKORN[ C XQYGN FGNGVKQP TWNG� UKPEG KV KU PQV VJG ECUG VJCV CNN GZRGPFCDNG HKPCN XQYGNU CTG

FGNGVGF 
0QUMG ������ #U UJQYP KP 
���� HQT GZCORNG� VJG KPFKTGEV QDLGEV UWHHKZ PK JQNFU QP VQ KVU HKPCN

XQYGN GXGP UWHHKZGF VQ C XQYGN HKPCN TQQV�


��� 0QV (KPCN 8QYGN &GNGVKQP� 
0QUMG �����

%QORCTG PK N KPFKTGEV QDLGEV N 
0GYOCP� R�����

a. /talaap-ni/ talapni  DQY�+1

D� �ZCVCC�PK� ZCVCCPK �ZCVCPV HQQF�+1

5WRGTHKEKCNN[ KV CRRGCTU VJGP VJCV VJGTG CTG VJTGG FKHHGTGPV MKPFU QH NCVGPV UGIOGPVU KP ;CYGNOCPK�


K� INQVVCNU YJKEJ UJQY WR YJGTGXGT VJG[ ECP GKVJGT CU HWNN UGIOGPVU QT UGEQPFCT[ HGCVWTGU 
KK� QVJGT NCVGPV

EQPUQPCPVU YJKEJ QPN[ EQOG VQ NKIJV CU HWNN UGIOGPVU YJGP VJGTG KU TQQO HQT VJGO CPF 
KKK� NCVGPV XQYGNU

YJKEJ VWTP WR QPN[ YJGP VJG[ CTG CDUQNWVGN[ PGEGUUCT[� VJGUG NCVVGT VYQ CNYC[U CU KPFGRGPFGPV UGIOGPVU�

#NN VJTGG QH VJGUG EQPVTCUV YKVJ HWNN UGIOGPVU YJKEJ CTG CNYC[U RCTUGF GXGP KH KV TGSWKTGU GRGPVJGUKU�

6JG CDUGPEG QH CP WPFGTN[KPI TQQV PQFG HQT CNN VJTGG V[RGU QH KTTGIWNCTN[ RCTUGF UGIOGPVU KP

;CYGNOCPK YQWNF CEEQWPV HQT VJGKT KOOWPKV[ HTQO PQTOCN RCTUKPI� 1PEG YG JCXG OCFG VJKU FKUVKPEVKQP

DGVYGGP HWNN UGIOGPVU 
YJKEJ JCXG C TQQV PQFG� CPF NCVGPV HGCVWTGU 
YJKEJ NCEM C TQQV PQFG� VJG FKXGTUKHKGF

DGJCXKQT QH VJG FKHHGTGPV NCVGPV HGCVWTGU HQNNQYU HTQO VJG UCOG HCOKNKGU QH EQPUVTCKPVU WUGF VQ CEEQWPV HQT

%JCJC 
��� TCPMGF CU KP 
��G�� + YKNN HKTUV OQVKXCVG VJG TCPMKPI HQT VJG INQVVCNK\CVKQP ECUG CPF VJGP UJQY

JQY VJG UCOG JKGTCTEJ[ OCMGU VJG TKIJV RTGFKEVKQPU HQT VJG QVJGT NCVGPV UGIOGPVU KP ;CYGNOCPK�


��� ;CYGNOCPK EQPUVTCKPVU CPF TCPMKPI

C� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU

D� �5647%
σ��  #XQKF =WPPGEGUUCT[? U[NNCDNGU

E� 2#45'�(GCVWTG (GCVWTGU UJQWNF DG RCTUGF

F� #.+)0 'UVCDNKUJGU GFIG CHHKPKV[ HQT NCVGPV HGCVWTGU

G� 4CPMKPI�

5GIOGPV 5VTWEVWTG %QPUVTCKPVU � �5647%
σ� � 2#45'�(GCVWTG � #.+)0
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��� )NQVVCNK\CVKQP� 

����� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU� 

(KTUV KV KU PGEGUUCT[ VQ GUVCDNKUJ VJG UGV QH CRRTQRTKCVG VCTIGVU HQT VJG HNQCVKPI INQVVCN HGCVWTG� 6JG

KPXGPVQT[ QH EQPUQPCPVU KP ;CYGNOCPK KU UJQYP KP 
���� #NVJQWIJ VJGTG CTG OCP[ FKHHGTGPV MKPFU QH

INQVVCNK\GF UGIOGPVU� FGTKXGF INQVVCNK\CVKQP KU TGUVTKEVGF VQ C QRQUV�XQECNKE UQPQTCPVR� GKVJGT KP VJG QPUGV QT

EQFC 
#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� ��� QP CWVJQTKV[ QH 0GYOCP ��������� (QT PQY YG ECP

NC[ VJG DWTFGP QH VJKU QP C TQWIJ 5GIOGPV 5VTWEVWTG %QPUVTCKPV RTQJKDKVKPI VJG NKPMKPI QH C HTGG =EQPUVTKEVGF

INQVVKU? HGCVWTG VQ CP[ UGIOGPVU DWV VJQUG UQPQTCPVU KP KP VJG CRRTQRTKCVG RQUKVKQP��


��� ;CYGNOCPK +PXGPVQT[ 
#TEJCPIGNK ����� �� HTQO 0GYOCP �����

b p �  d t Ê   ± Æ Æ�   x g k �  
   Û c Ç  Û ç ç�   
   s  ‹ 
 m m�  n n�  l l�     
         
 w w�   y y�      h �  

����� /QDKNKV[� 

5KPEG VJG INQVVCN HGCVWTG YKNN OQXG VQ HKPF CP CRRTQRTKCVG VCTIGV YKVJKP C YQTF� 2#45'�('#674'

OWUV QWVTCPM #.+)0� +P VJKU ECUG VJG CNKIPOGPV EQPUVTCKPV YCPVU VQ NKPG WR VJG NGHV GFIG QH VJG UWHHKZ YKVJ

VJG TKIJV GFIG QH VJG TQQV 
��D�� #P[ UWHHKZCN OCVGTKCN YJKEJ OQXGU NGHVYCTF CYC[ HTQO VJG TQQVOU GFIG KPVQ

VJG TQQV YKNN EQPUVKVWVG C XKQNCVKQP�


��� C� 2#45'�(GCVWTG (GCVWTGU UJQWNF DG RCTUGF

D� #.+)0�=
��CC?#HH #NKIP 
=
��CC?#HH�.�TQQV� 4�

E� 4CPMKPI� 2#45'�(GCVWTG � #.+)0�=
��CC?#HH

F� 4CVKQPCNG� =E�I? OQXGU VQ HKPF YGNN�HQTOGF FQEMKPI UKVG

6JKU KU KNNWUVTCVGF D[ VJG VCDNGCW KP 
���� 6JG PWODGT QH #.+)0 XKQNCVKQPU KP VJG EJCTV TGHNGEVU VJG

PWODGT QH TQQV PQFGU DGVYGGP VJG UGIOGPV VQ YJKEJ INQVVCNK\CVKQP CVVCEJGU CPF VJG TKIJV GFIG QH VJG TQQV�

0QVG VJCV JGTG VJG INQVVCN ECPPQV UWTHCEG CU CP QPUGV VQ VJG UWHHKZ UKPEG VJKU YQWNF ETGCVG CP KNN�HQTOGF

VTKU[NNCDKE ENWUVGT� #NKIPOGPV ECPPQV DG UCVKUHKGF KP VJKU ECUG D[ VJG HNQCVKPI HGCVWTG DGECWUG VJG TQQV HKPCN

EQPUQPCPV KU PQV C NKEKV FQEMKPI UKVG 
��C�� +P VJG QRVKOCN ECPFKFCVG 
��E� INQVVCNK\CVKQP VWTPU WR VYQ TQQV

PQFGU VQ VJG NGHV� XKQNCVKPI #.+)0 VYKEG� 6JKU KU RTGHGTCDNG VQ UKORN[ NGCXKPI VJG HGCVWTG WPRCTUGF 
��D�

JQYGXGT� UKPEG 2#45'�('#674' QWVTCPMU VJG CNKIPOGPV EQPUVTCKPV�

                                                           
� 6JKU KU C OCPKHGUVCVKQP QH VJGR GOGTIGPEG QH VJG WPOCTMGFR KP FGTKXGF GPXKTQPOGPVU 
/E%CTVJ[ CPF

2TKPEG 
��������� 5GG CNUQ #TEJCPIGNK � 2WNNG[DNCPM 
HQTVJEQOKPI� %JCRVGT �� HQT C FKUEWUUKQP QH VJKU KP

VGTOU QH ITQWPFKPI� 9JKNG VJG TGUVTKEVKQP VQ UQPQTCPVU OKIJV UGGO UVTCPIG� KV KU PQV QVJGTYKUG WPMQYP� +P

OCP[ 5CNKUJCP NCPIWCIGU� HQT GZCORNG� QPN[ UQPQTCPVU CTG VCTIGVU HQT FKOKPWVKXG INQVVCNK\CVKQP GXGP VJQWIJ

VJG NCPIWCIGU FQ EQPVCKP INQVVCN QDUVTWGPVU

G�I�� 6YCPC FKOKPWVKXG 
0KEJQNU ����� ����

UCR™N™N HNQWT

U™�UR™N�™N� NKVVNG NQCH �U™�UR�™N�™N�
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��� 2#45'�('#674' � #.+)0 HTQO ]�GNM� �CC_

55%U 2#45'�( #.+)0

C� �GNM��CC ��

D� �elk��� CC ��

E� p �GN�M�CC �� 
NM�

6JG NCEM QH C UCPEVKQPGF OQQTKPI CV VJG GFIG QH VJG TQQV VJWU UGPFU C NCVGPV HGCVWTG UCKNKPI KPUKFG VQ

NQQM HQT QPG� UKPEG KVU PGGF VQ DG RCTUGF GZEGGFU VJG KORQTVCPEG QH CNKIPOGPV� $WV YJCV UGVU VJG ;CYGNOCPK

INQVVCNK\CVKQP CRCTV HTQO RTQVQV[RKECN GZCORNGU QH HNQCVKPI HGCVWTGU KU VJCV WPFGT EGTVCKP EKTEWOUVCPEGU KV

FQGU UJQY WR CU CP CWVQPQOQWU UGIOGPV � 9JGTG VJGTG KU PQ INQVVCNK\CDNG UQPQTCPV� KV YKNN GOGTIG CU C HWNN

UGIOGPV KH� KP VJG RTQEGUU� KV PGKVJGT FKURNCEGU C HWNN EQPUQPCPV PQT TGSWKTGU XQYGN GRGPVJGUKU� &WG VQ VJG

VGORNCVKE TGUVTKEVKQPU QP VJG HQTO QH ;CYGNOCPK YQTFU� VJKU DQKNU FQYP VQ VJG UVCVGOGPV VJCV =EQPUVTKEVGF

INQVVKU? EQOGU QWV CU C HWNN INQVVCN UVQR KP DKEQPUQPCPVCN TQQVU YJKEJ EQPVCKP PQ INQVVCNK\CDNG UQPQTCPV


#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� CPF TGHGTGPEGU VJGTGKP��

6JKU KU KNNWUVTCVGF D[ VJG VCDNGCW KP 
���� 6JGTG KU PQ INQVVCNK\CDNG 
RQUV�XQECNKE� UQPQTCPV KP OCCZ

UQ UGEQPFCT[ INQVVCNK\CVKQP KU KORQUUKDNG� 6JG QPN[ YC[ 2#45'�('#674' ECP DG UCVKUHKGF VJGP KU D[ VJG

KPUGTVKQP QH C HWNN INQVVCN UVQR 
��D�� FGURKVG VJG TGUWNVKPI XQYGN UJQTVGPKPI� 6JG PGGF VQ RCTUG VJG HGCVWTG

QWVYGKIJU CP[ EQUV KPEWTTGF D[ UJQTVGPKPI��� 0QVG VJCV VJG #.+)0 EQPUVTCKPV QRGTCVGU JGTG VQ OCMG UWTG

VJCV VJG TGUWNVKPI INQVVCN UVQR UWTHCEGU CU VJG QPUGV VQ VJG UWHHKZ� 6JGTGHQTG VJG NQIKECNN[ RQUUKDNG ECPFKFCVG

KP 
��E�� YJGTG OGVCVJGUKU JCU VCMGP RNCEG� YKNN PGXGT DG QRVKOCN KP ;CYGNOCPK� #.+)0 VJWU UWDUWOGU VJG

RNCEG�JQNFKPI TQNG WUWCNN[ CVVTKDWVGF VQ VJG TQQV PQFG�


��� 2#45'�('#674' � RTGUGTXG %88 VGORNCVG � #.+)0

%CPFKFCVGU 2#45'�( RTGUGTXG %88 VGORNCVG #.+)0

C� OCC�Z� �=E�I�? CC ��

D� p OCZ��CC �

E� OC�Z� CC � ��

5.2.3 6JG TQNG QH �5647%
σ�� 

9JGP =EQPUVTKEVGF INQVVKU? OCPKHGUVU KVUGNH CU C HWNN UGIOGPV KP 
��� KV FQGU UQ YKVJQWV CFFKPI CP

GZVTC U[NNCDNG VQ VJG QWVRWV UKPEG KV HWPEVKQPU CU VJG QPUGV VQ C RTG�GZKUVKPI XQYGN PWENGWU� 6JGTGHQTG KV FQGU

PQV ECWUG C XKQNCVKQP QH �5647%
σ�� 6JKU KU PQV VQ UC[ VJCV VJG EQPUVTCKPV RNC[U PQ TQNG KP VJG U[UVGO�

JQYGXGT� �5647%
σ�� YJKEJ MGRV VJG XQECNKE RCNCVCNK\CVKQP HGCVWTGU HTQO UWTHCEKPI CU C XQYGN KP %JCJC�

FQGU RNC[U CP KORQTVCPV TQNG KP ;CYGNOCPK KP TGIWNCVKPI GRGPVJGUKU� TWNKPI QWV KPUGTVKQP QH VJG XQYGN YJKEJ

YQWNF DG PGEGUUCT[ VQ CNNQY =E�I�? VQ UWTHCEG CU C HWNN INQVVCN UVQR KP YJCV YQWNF QVJGTYKUG DG C

VTKEQPUQPCPVCN ENWUVGT 
����


��� 4CPMKPI� �5647%
σ� � 2#45'�('#674'
4CVKQPCNG� 0Q XQYGN GRGPVJGUKU VQ OCMG TQQO HQT NCVGPV HGCVWTG CU UGIOGPV

(QT �JQIP��CC�� KP VJG VCDNGCW KP 
���� HQT GZCORNG� INQVVCNK\CVKQP HCKNU VQ UWTHCEG CU VJG TGNGCUG QP

CP GZKUVKPI EQPUQPCPV UKPEG VJGTG KU PQ RQUV�XQECNKE UQPQTCPV 
��C�E�� ;GV WPNKMG VJG GZCORNG KP 
���� KV CNUQ

HCKNU VQ OCVGTKCNK\G CU KVU QYP UGIOGPV� 6JKU KU DGECWUG VJG %8: OCZKOCN U[NNCDNG NKOKV MGGRU =E�I�? HTQO

                                                           

�� (QT FKUEWUUKQP QH VJG HWPEVKQP QH VGORNCVG RTGUGTXCVKQP KP ;CYGNOCPK UGG <QNN 
����D� CPF $TQUGNQY


������
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VWTPKPI WR CU C HWNN INQVVCN UVQR YKVJQWV XQYGN GRGPVJGUKU� DWV GRGPVJGUKU YQWNF NGCF VQ C HCVCN XKQNCVKQP QH

�5647%
σ� 
��F�� 6JG OQUV JCTOQPKE ECPFKFCVG HCKNU VQ RCTUG =EQPUVTKEVGF INQVVKU?� VJGTGD[ CXQKFKPI VJG

OQTG UGTKQWU 5VGIOGPV 5VTWEVWTG CPF �5647%
σ� XKQNCVKQPU YJKEJ YQWNF QVJGTYKUG GPUWG�


��� 5GIOGPV 5VTWEVWTG� �5647%
σ� � 2#45'�('#674' HTQO ]JQIP� �CC_

%CPFKFCVGU 55%U �5647%
σ� 2#45'�(

C� JQIP��CC ��

D� JQI�P�CC ��

E� J�QIP�CC ��

F� JQI 8 P��CC ��

G� p JQIP� �� CC �

6JWU VJG OKZGF DGJCXKQT QH VJG ;CYGNOCPK INQVVCN HQNNQYU HTQO VJG KPVGTCEVKQP QH C JKGTCTEJ[ QH

IGPGTCN EQPUVTCKPVU YKVJ VJG NCVGPV 
TQQVNGUU� INQVVCN HGCVWTG� 6JG TCPMKPI QH VJG OCLQT EQPUVTCKPVU KU IKXGP KP


���� 6JG FQOKPCVKQP QH #.+)0 D[ 2#45'�('#674' CNNQYU OQDKNKV[ QH CHHKZCN OCVGTKCN� *KIJ�TCPMKPI

�5647%
σ� HCXQTU FGNGVKQP QXGT GRGPVJGUKU CU VJG TGUQNWVKQP QH RQVGPVKCNN[ VTKEQPUQPCPVCN ENWUVGTU� (KPCNN[

VJG GHHGEV QH VJG NQY�TCPMKPI CNKIPOGPV EQPUVTCKPV KU VQ MGGR VJG INQVVCNK\CVKQP CU HCT VQ VJG TKIJV KP VJG YQTF

CU RQUUKDNG� UWDUWOKPI YJCV JCU DGGP EQPUKFGTGF VJG RNCEG�MGGRKPI HWPEVKQP QH VJG TQQV PQFG� +P VJG PGZV

VYQ UGEVKQPU + YKNN UJQY JQY VJKU JKGTCTEJ[ CNUQ CEEQWPVU HQT VJG FKXGTUG DGJCXKQT QH ;CYGNOCPKOU QVJGT

NCVGPV EQPUQPCPVU CPF XQYGNU�


��� ;CYGNOCPK *KGTCTEJ[�

5')/'06 5647%674' %10564#+065 ��5647%
σ� � 2#45'�( � #.+)0

��� .CVGPV %QPUQPCPVU

9G UCY KP VJG RTGXKQWU UGEVKQP VJCV VJKU EQPUVTCKPV JKGTCTEJ[ KPVGTCEVU YKVJ C NCVGPV HGCVWTG UWEJ

VJCV KV YKNN FQEM QP CP GZKUVKPI UGIOGPV YJGTG KV ECP� YKNN OKPKOCNN[ FKUTWRV VJG VGORNCVG CPF GOGTIG CU C

HWNN UGIOGPV KH KV OWUV� DWV KP VJG HCEG QH KORGPFKPI GRGPVJGUKU KV YKNN HCKN VQ DG RCTUGF� 6JG QPN[ VJKPI VJCV

UGVU VJG DGJCXKQT QH VJG QVJGT NCVGPV EQPUQPCPVU CRCTV HTQO VJG INQVVCN KU VJCV VJG[ PGXGT FQEM UGEQPFCTKN[ QP

CP GZKUVKPI UGIOGPV� + JCXG TGRGCVGF VJG NKUV QH UWHHKZGU YKVJ RTQRQUGF WPFGTN[KPI TGRTGUGPVCVKQPU KP 
������


��� ;CYGNOCPK UWHHKZGU YKVJ NCVGPV %

  74 QH NCVGPV UGIOGPV

C� 
J�PGN RCUUKXG CFLWPEVKXG =524'#& ).166+5?

D� (m)aam FGEGFGPV =.#$?

E� 
N�UCC ECWUCVKXG TGRGVKVKXG =.#6?

F� 
P�KKV FGEGFGPV =%14?

 
7PFGT CP CEEQWPV YJGTG VJG NCVGPV EQPUQPCPVU CTG TGRTGUGPVGF CU HNQCVKPI %2NCEG QT NCT[PIGCN

HGCVWTGU� VJG TQNG QH VJG 5GIOGPV 5VTWEVWTG %QPUVTCKPVU KU ENGCT� UKPEG VJGTG KU PQ UGEQPFCT[ CTVKEWNCVKQP KP

;CYGNOCPK YJKEJ EQTTGURQPFU VQ VJGUG HGCVWTGU 
0GYOCP 
������� 6JG 5GIOGPV 5VTWEVWTG %QPUVTCKPVU

MGGR VJG NCVGPV HGCVWTGU HTQO VWTPKPI WR CP[YJGTG GZEGRV CU VJG RTKOCT[ CTVKEWNCVKQP QP CP KPUGTVGF TQQV

PQFG� #.+)0 KPUWTGU VJCV YJGP VJGTG KU TQQO HQT VJG GRGPVJGVKE TQQV PQFG KV YKNN DG KPUGTVGF UWHHKZ

KPKVKCNN[� UQ YG PGGF PQV FGRGPF QP WPFGTN[KPI TQQV PQFGU VQ MGGR NCVGPV HGCVWTGU KP RNCEG� 6JG TCPMKPI QH

�5647% 
σ� CDQXG 2#45'�('#674' GPVCKNU VJCV YJGP VJGTG KU PQ CXCKNCDNG URQV KP CP GZKUVKPI U[NNCDNG�

                                                           

��5GG DGNQY� UGEVKQP � � HQT FKUEWUUKQP�
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VJG HGCVWTGU YKNN HCKN VQ CRRGCT� 6JKU KU KNNWUVTCVGF D[ VJG VCDNGCWZ KP 
������� (QT VJG VTK�EQPUQPCPVCN TQQV

JQIQP� KP 
���� VJG QPN[ YC[ HQT VJG UWHHKZOU NCVGPV 
J� VQ UWTHCEG YQWNF DG VJTQWIJ GRGPVJGUKU QH C XQECNKE

PWENGWU� 6JG EQPUGSWGPV CFFKVKQP QH CP CFFKVKQPCN U[NNCDNG RTQFWEGU C HCVCN XKQNCVKQP QH �5647%� UQ

KPUVGCF VJG DGUV EJQKEG 
��D� KU VQ NGV VJG HGCVWTG IQ�


��� JQIQPPGN HTQO �JQIQP� 
J�PGN�

%CPFKFCVGU �5647%
σ� 2#45'�( #.+)0

C� JQ� IQP� J8 PGN �����

D� p JQ� IQP� PGN � =CUR? ��� �

%QORCTG VJCV TGUWNV VQ VJG DKEQPUQPCPVCN TQQV OCZCC� *GTG YKVJ XQYGN UJQTVGPKPI KP 
��C� VJG

QRVKOCN ECPFKFCVG JCU TQQO HQT VJG NCVGPV HGCVWTG VQ UWTHCEG CU CP KPFGRGPFGPV UGIOGPV� 6JKU ECPFKFCVG

DGCVU 
��D� YJGTG VJG HGCVWTG KU NGHV WPRCTUGF� 0QVG CICKP VJCV C ECPFKFCVG NKMG 
��E�� YJKEJ FKHHGTU HTQO

VJG YKPPGT QPN[ KP VJCV VJG KPUGTVGF TQQV CRRGCTU HWTVJGT VQ VJG NGHV� NQUGU QP VJG ITQWPFU VJCV KV XKQNCVGU

#.+)0�


��� OCZCJPGN HTQO �OCZCC� 
J�PGN�

%CPFKFCVGU �5647%
σ� 2#45'�( #.+)0

C� p OC� ZC�J� PGN ���

D� OC� ZCC� PGN � =CUR? ��� ��

E� OCJ� ZCC� PGN ��� ����

9JCV FKHHGTGPVKCVGU VJG UQ�ECNNGF HNQCVKPI INQVVCN HTQO VJG QVJGT NCVGPV EQPUQPCPVU VJGP KU VJCV VJG

QPN[ UGEQPFCT[ TGNGCUG RQUUKDNG KP ;CYGNOCPK KU INQVVCNK\CVKQP� 6JG QVJGT RQVGPVKCNN[ OQDKNG EQPUQPCPVCN

HGCVWTGU ECP QPN[ VWTP WR CU KPFGRGPFGPV UGIOGPVU� #ICKP #.+)0 HWPEVKQPU VQ MGGR VJG NCVGPV EQPUQPCPV CV

VJG DGIKPPKPI QH VJG UWHHKZ� 6JWU VJG DGJCXKQT QH VJG NCVGPV EQPUQPCPVU FQGU PQV GPVCKN VJCV VJG[ JCXG CP

WPFGTN[KPI TQQV PQFG� UKPEG VJGKT HQTO CPF RQUKVKQP CTG EQORNGVGN[ RTGFKEVCDNG HTQO VJG ITCOOCT�

��� .CVGPV 8QYGNU

(KPCNN[ YG TGVWTP VQ VJG NCVGPV XQYGNU� 6JG TGNGXCPV FCVC KU TGRGCVGF KP 
���� 6JGKT DGJCXKQT FKHHGTU

HTQO VJCV QH VJG NCVGPV EQPUQPCPVU� KPENWFKPI VJG INQVVCN� KP VJCV VJG[ FQ PQV OCVGTKCNK\G GXGT[ VKOG VJGTG KU

TQQO HQT VJGO� 4CVJGT VJG[ CRRGCT QPN[ YJGP ECNNGF WRQP VQ TGUEWG CP QVJGTYKUG WPRCTUGCDNG EQPUQPCPV� CU

KP 
��C��


��� 8QYGN�Ó CNVGTPCVKQP� .CVGPV XQYGNU UWTHCEG QPN[ YJGP VJG[ CTG PGEGUUCT[

 �m(I) RTGECVKXG 
&CVC HTQO 0GYOCP ����� ����
 
C� �COKE�O+� COKE�O+ �COKE�OV JCXKPI CRRTQCEJGF

D� �RCPCC�O+� RCPCOV �RCPCC�O+ JCXKPI CTTKXGF

6JG DGJCXKQT QH VJG NCVGPV XQYGNU� CPCN[\GF CU HNQCVKPI 8�RNCEG HGCVWTGU� CNUQ HQNNQYU HTQO VJG

EQPUVTCKPV JKGTCTEJ[ CNTGCF[ GUVCDNKUJGF� +V KU VJG �5647%
σ� EQPUVTCKPV� YJKEJ OKNKVCVGU CICKPUV

UWRGTHNWQWU U[NNCDNG DWKNFKPI� VJCV FKUVKPIWKUJGU VJG DGJCXKQT QH VJG NCVGPV XQYGNU HTQO VJG NCVGPV

EQPUQPCPVU� 6JKU EQPUVTCKPV JCF PQ KORCEV QP VJG EQPUQPCPVU VJGOUGNXGU� UKPEG VJG[ GOGTIG D[ UKORN[

UNKRRKPI KPVQ GZKUVKPI U[NNCDNG UVTWEVWTG� 6JG EQPUVTCKPV HWPEVKQPGF VJGTG QPN[ VQ GZENWFG XQYGN GRGPVJGUKU

YJQUG QPN[ RWTRQUG YQWNF JCXG DGGP VQ TGUEWG CP QVJGTYKUG FQQOGF NCVGPV HGCVWTG� �5647%
σ� YKNN NKOKV
VJG TGCNK\CVKQP QH NCVGPV XQYGNU VJGOUGNXGU� QP VJG QVJGT JCPF� DGECWUG C XQYGN CNYC[U JGCFU KVU QYP

U[NNCDNG KP VJKU NCPIWCIG� 'XGT[ VKOG C XQYGN EQOGU QP VJG UEGPG� KV VTKIIGTU C XKQNCVKQP QH �5647%
σ�� UQ
NCVGPV XQYGNU QPN[ UJQY WR YJGP XKQNCVKQP QH �5647%
σ� KU HQTEGF D[ UQOG JKIJGT EQPUVTCKPV� KP VJKU ECUG
VJG PGGF VQ RCTUG C HWNN UGIOGPV� 5KPEG VJG NCPIWCIG JCU PQ UGEQPFCT[ XQECNKE CTVKEWNCVKQPU� 5')/'06
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5647%674' RTGXGPVU VJGO HTQO QVJGTYKUG FQEMKPI QP GZKUVKPI HWNN UGIOGPVU� 6JKU UVCVG QH CHHCKTU KU

KNNWUVTCVGF D[ VJG VCDNGCWZ KP 
������� 6JG YKPPGT� KP 
��C�� UWEEGGFU KP RCTUKPI CNN VJG HWNN UGIOGPVU KPVQ

QPN[ VYQ U[NNCDNGU UQ XKQNCVGU �5647% 
σ� QPN[ VYKEG� YJKNG RCTUKPI VJG NCVGPV XQYGN KP VJG PQP�QRVKOCN

��D� TGSWKTGU VJTGG U[NNCDNGU�


��� RCPCO HTQO �RCPCC�O =JK?�

2#45'�5') �5647%
σ� 2#45'�( #.+)0

C� p RCPC�O�=JK? �� �

D� RCPCC�O+ ����

+P VJG VCDNGCW KP 
���� QP VJG QVJGT JCPF� VJG NCVGPV XQYGN KU PGGFGF VQ TGUEWG VJG QVJGTYKUG

WPRCTUGCDNG O � 6JKU ECWUGU CP CFFKVKQPCN �5647% XKQNCVKQP DWV KU PGEGUUCT[ KP QTFGT VQ CXQKF FGNGVKPI C

HWNN UGIOGPV� 6JGTGHQTG 
��D� KU QRVKOCN���

                                                           

��6JG RQVGPVKCN ECPFKFCVG COKE�+O KU TWNGF QWV KPFGRGPFGPVN[ D[ QVJGT EQPUVTCKPVU QP YQTF UJCRG� 5GG <QNN


KP RTGRCTCVKQP��
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��� COKEOK HTQO �COKE�O =JK?�

2#45'�5') �5647%
σ� 2#45'�( #.+)0

C� COKE�O �=JK? �� � �

D� p COKE�O+ ��

6JWU KP ;CYGNOCPK VJGTG KU PQ PGGF VQ FKUVKPIWKUJ OQDKNG HGCVWTGU HTQO VJQUG YJKEJ OWUV TGOCKP

CV VJG GFIG� UKPEG DQVJ VJGKT OQXGOGPV CPF�QT RQUUKDNG UGIOGPVJQQF KU RTGFKEVCDNG HTQO VJG KPVGTCEVKQP QH

5')/'06 5647%674' YKVJ VJG VJTGG EQPUVTCKPVU TCPMGF CU KP 
��� GODGFFGF KP VJG NCTIGT VGORNCVKE

ITCOOCT QH VJG NCPIWCIG�


��� 5')/'06 5647%674' � �5647% � 2#45'�('#674' � #.+)0

��� 5WOOCT[� 

6JG TGUWNVKPI TCPMKPIU HQT DQVJ %JCJC CPF ;CYGNOCPK CTG IKXGP KP 
������� 6JG UCOG EQPUVTCKPV

HCOKN[ YJKEJ CEEQWPVGF HQT VJG NCVGPV UGIOGPVU CPF OKZGF DGJCXKQT QH VJG ;CYGNOCPK INQVVCN CNUQ OCMGU

VJG TKIJV RTGFKEVKQPU CDQWV VJG DGJCXKQT QH DQVJ VJG OQDKNG CPF PQP�OQDKNG NCVGPV HGCVWTGU KP %JCJC� 6JG

FKUVKPEVKQPU DGVYGGP VJGUG RCVVGTPU HQNNQY HTQO VJG KPFGRGPFGPVN[ PGGFGF 5GIOGPV 5VTWEVWTG %QPUVTCKPVU�

VJG FKHHGTGPV RQUUKDNG TGNCVKQPU DGVYGGP 2#45' CPF #.+)0 KP VJG JKGTCTEJ[� CPF VJG TQNG QH �5647%
σ�
KP MGGRKPI FQYP VJG PWODGT QH U[NNCDNGU KP VJG QWVRWV�


��� %JCJC

5')/'06 5647%674' %10564#+065 � �5647%
σ� � #.+)0�=RCN?CHH � 2#45'�(� #.+)0�=TF?CHH


��� ;CYGNOCPK

5')/'06 5647%674' %10564#+065 � �5647%
σ� � 2#45'�( � #.+)0

6 Another possible solution? 

6JG NCUV VYQ UGEVKQPU FGXGNQRGF CP CPCN[UKU QH C XCTKGV[ QH UWDUGIOGPVCN RJGPQOGPC YJKEJ
UVTCKIJVHQTYCTFN[ CEEQWPVGF HQT VJG KPFGRGPFGPEG QH RQVGPVKCN /1$+.+6; CPF #76#4%*;� VJG VYQ
EJCTCEVGTKUVKEU WUWCNN[ WUGF CU FKCIPQUVKEU HQT VJG RTGUGPEG QT CDUGPEG QH C TQQV PQFG� #NKIPOGPV EQPUVTCKPVU
VQQM QXGT VJG CPEJQTKPI HWPEVKQP QH VJG TQQV PQFG� YJKNG RQVGPVKCN CWVCTEJ[ YCU IQXGTPGF D[ VJG KPVGTCEVKQP
QH 5GIOGPV 5VTWEVWTG %QPUVTCKPVU YKVJ �5647%
σ�� 6JKU NGF VQ VJG EQPENWUKQP VJCV VJGTG KU PQ PGGF VQ
FKUVKPIWKUJ NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU HTQO GCEJ QVJGT TGRTGUGPVCVKQPCNN[� *QYGXGT� KV KU PQV
KORQUUKDNG VQ FGXGNQR CP CEEQWPV QH VJG OKZGF ECUGU UWEJ CU ;CYGNOCPK INQVVCNK\CVKQP GXGP YJKNG
OCKPVCKPKPI C UVTWEVWTCN FKUVKPEVKQP DGVYGGP NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU� +P VJKU UGEVKQP + YKNN
UJQY� JQYGXGT� VJCV VJKU FKUVKPEVKQP EQORNKECVGU VJG TGRTGUGPVCVKQP YKVJQWV CP[ UKORNKHKECVKQP QH VJG
ITCOOCT QXGTCNN�

+H� HQNNQYKPI *[OCP ����� -GPUVQYKE\ CPF 4WDCEJ ���� CPF 4WDCEJ ����� IJQUV UGIOGPVU CTG
PQV FGHGEVKXG OGNQFKECNN[ DWV KPUVGCF UKORN[ NCEM C UMGNGVCN UNQV� YG ECP TGRTGUGPV VJG ;CYGNOCPK
INQVVCNK\KPI UWHHKZ ��CC CU KP 
��� �
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���
: :
^ ^

s s s
^ ^ ^

=EQPUVTKEVGF INQVVKU? C C

&GURKVG KVU TQQV PQFG� VJKU TGRTGUGPVCVKQP KU PQV KPEQORCVKDNG YKVJ HCEV VJCV VJG INQVVCN OC[ UWTHCEG
KPFGRGPFGPVN[ 
��C� QT FQEM QPVQ CP GZKUVKPI UGIOGPV 
��D��


��� $KEQPUQPCPVCN ;CYGNOCPK TQQVU YKVJ �
�)CC
C� PQ HKPCN UQPQTCPV �OCCZ� 
��CC�� OCZ�CC�

D� HKPCN UQPQTCPV �ECCY�
��CC�� ECCY�CC�

+H VJG INQVVCN KU WPFGTN[KPIN[ C UGIOGPV� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU 
��C� YQWNF DG
UWRRNGOGPVGF YKVJ C EQPUVTCKPV QP EQPUQPCPV ENWUVGTU RTQJKDKVKPI VJG UGSWGPEG UQPQTCPV�INQVVCN UVQR

TGRTGUGPVGF CU 4� � KP FGTKXGF GPXKTQPOGPVU 
��D�� #U DGHQTG� VJGUG EQPUVTCKPVU QWVYGKIJ VJG 2#45'

EQPUVTCKPVU 
��E�F� UKPEG VJG INQVVCN UVQR OC[ HCKN VQ DG RCTUGF KP EGTVCKP EKTEWOUVCPEGU� 1PG CRRCTGPV
UKORNKHKECVKQP KP VJKU ITCOOCT KU VJCV PQY #.+)0 CRRGCTU VQ DG WPPGEGUUCT[� CUUWOKPI VJCV VJG TQQV PQFG
ECP DG TGNKGF WRQP VQ MGGR VJG UGIOGPV KP RNCEG� *QYGXGT UQOG CNKIPOGPV UVCVGOGPV YKNN DG PGGFGF KP CP[
ECUG UQ YG MPQY VJCV VJG CHHKZ KU C UWHHKZ�


��� %QPUVTCKPVU HQT 4QQVGF UQNWVKQP�

a. Segment Structure Constraints   
b. Cluster Constraint    *R�

D� �5647%
σ�� #XQKF U[NNCDNGU
E� 2#45'�5')� 2#45'�('#674'� 2CTUG UGIOGPVU CPF HGCVWTGU
F� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU � �5647%
σ� � 2#45'�4� 2#45'�('#674'

6JG VCDNGCWZ KP 
������ KNNWUVTCVG JQY VJKU JKGTCTEJ[ [KGNFU VJG FGUKTGF QWVRWV HQT GCEJ QH VJG TQQVU�
6JG FGTKXCVKQP QH OCZ�CC KU SWKVG UVTCKIJVHQTYCTF� CU UJQYP KP VJG VCDNGCW 
���� 6JGTG KU TQQO HQT VJG

WPFGTN[KPI INQVVCN UVQR CFLCEGPV VQ CP QDUVTWGPV UQ KV UWTHCEGU VJGTG YKVJQWV XKQNCVKPI CP[ EQPUVTCKPVU��� +H
TQQVGF UGIOGPVU CTG MGRV HTQO OQXKPI CTQWPF KP VJG WPOCTMGF ECUG� YG GZRGEV VJG UVQR VQ UGVVNG KPVQ VJKU
RQUKVKQP CWVQOCVKECNN[�


��� �OCCZ� 
�)aa �

%CPFKFCVGU 55%U �5647%
σ� 2#45'U

K� OCCZ� �� CC ��

KK� p OCZ��CC

+P C HQTO YKVJ C UQPQTCPV UWEJ CU �ECCY�
��CC�� � CU UJQYP KP VJG VCDNGCW KP 
���� VJG INQVVCN UVQR

ECPPQV UWTHCEG UKPEG VJG =4�? UGSWGPEG KU TWNGF QWV D[ VJG %NWUVGT %QPFKVKQP 
��C�� �5647%
σ� NKMGYKUG
TWNGU QWV VJG ECPFKFCVG YJGTG C XQYGN JCU DGGP GRGPVJGUK\GF 
��D�� (CEGF YKVJ VJG EJQKEG QH FGNGVKPI VJG
YJQNG UGIOGPV QT UCXKPI CV NGCUV C HGCVWTG� =EQPUVTKEVGF INQVVKU? FQEMU QP CP GNKIKDNG UQPQTCPV � UCETKHKEKPI
QPN[ C TQQV PQFG CPF VJGTGD[ OKPKOCNN[ XKQNCVKPI VJG 2#45' EQPUVTCKPVU 
��E��

                                                           

��4GECNN VJCV XQYGN UJQTVGPKPI KU CNYC[U RQUUKDNG YJGP KV YKNN JGNR VQ CXQKF C 2#45' QT �5647%
σ�
XKQNCVKQP�
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��� ECCY�� CC HTQO �ECCY� 
�)aa� 
s � TQQV PQFG�

%CPFKFCVGU %NWUVGT
%QPFKVKQP

�5647%
σ� 2#45'U

C� ECY�� CC ��

D� ECC� Y8�� CC ��

E� ECCY� CC

n
s
^

=EQPUVTKEVGF INQVVKU?

�

�s
�=EQPUVTKEVGF INQVVKU? �

KKK� p ECCY�� CC ns� �s

6JG VTCFG�QHH KP VJKU ECUG VJGP UGGOU VQ DG DGVYGGP TGN[KPI QP #.+)0 XU� JCXKPI CP GZVTC UMGNGVCN
NGXGN VQ MGGR VJG IJQUV INQVVCN KP RNCEG� 9G OKIJV HCXQT #.+)0 LWUV QP VJG ITQWPFU QH TGRTGUGPVCVKQPCN

GEQPQO[ CPF VJG HCEV VJCV OQUV QH KVU QVJGT HWPEVKQPU QH VJG UMGNGVCN VKGT JCXG DGGP UWDUWOGF D[ VJG OQTC

CPF VJG TQQV PQFG 
*[OCP ����� /E%CTVJ[ � 2TKPEG����� *C[GU ����� +VQ ������ $WV VJGTG KU [GV CPQVJGT

TGCUQP VQ HCXQT #.+)0� #.+)0 KU PGGFGF KPFGRGPFGPVN[ HQT VJG HNQCVKPI HGCVWTG PQ OCVVGT JQY YG EJQQUG

VQ TGRTGUGPV VJG NCVGPV UGUIOGPVU� 4GECNN VJCV KP %JCJC VJGTG KU C FKUVKPEVKQP DGVYGGP OQDKNG NCDKCNK\CVKQP

CPF UVCVKQPCT[ RCNCVCNK\CVKQP 
���� 0GKVJGT HGCVWTG GXGT UWTHCEGU CU CP KPFGRGPFGPV UGIOGPV� UQ VJGUG YQWNF

DG ENCUUKHKGF CU HNQCVKPI HGCVWTGU� +H TGCN HNQCVKPI HGCVWTGU NCEM TQQV PQFGU VJGP YG OWUV TGN[ QP UQOG

ITCOOCVKECN EQPUVTCKPV VQ MGGR VJG PQP�OQDKNG HNQCVKPI RCNCVCNK\CVKQP KP RNCEG�


��� %JCJC CICKP

C� .CDKCNK\CVKQP� TKIJVOQUV NCDKCN QT XGNCT

P¿M¿D P¿M¿DY HKPF

O¿M¿T O¿MY¿T DWTP

D� 2CNCVCNK\CVKQP� HKPCN EQTQPCN QT XGNCT QDUVTWGPV

I[¿M[‘V I[¿M[‘V[ CEEQORCP[  

 S¿V¿T SY¿V¿T MKNN

6JKU KU KNNWUVTCVGF D[ VJG VCDNGCW KP 
��� HQT RCNCVCNK\CVKQP� 5GIOGPV 5VTWEVWTG %QPUVTCKPVU MGGR C

HNQCVKPI HGCVWTG HTQO UJQYKPI WR QP VJG HKPCN UGIOGPV UKPEG KV KU C UQPQTCPV 
��C�� +P VJG CDUGPEG QH GKVJGT C

TQQV PQFG QT CP #.+)0 EQPUVTCKPV VJGTG KU PQ YC[ VQ RTGXGPV VJG RCNCVCNK\KPI HGCVWTG
U� HTQO HNQCVKPI KPVQ

VJG YQTF VQ HKPF C UWKVCDNG OQQTKPI� 7PFGT VJKU CPCN[UKU YG YQWNF GZRGEV VQ HKPF KV OGFKCNN[� QP CPCNQI[

YKVJ VJG DGJCXKQT QH VJG NCDKCNK\KPI UWHHKZ� CPF 
��D� YQWNF DG QRVKOCN���


���

%CPFKFCVGU 55%U 2#45'�('#674'

C� �S¿V¿T [ ��

D� k �S¿V[¿T

E� S¿V¿T n[� ��

                                                           

��1PG EQWNF KOCIKPG C UKVWCVKQP YJGTG VJG FKHHGTGPEG DGVYGGP NCDKCNK\CVKQP CPF RCNCVCNK\CVKQP KU VJCV VJG

RCNCVCNK\KPI OQTRJGOG JCU CP WPFGTN[KPI TQQV PQFG CPF VJG NCDKCN QPG FQGU PQV 
HQNNQYKPI VJG TGCUQPKPI QH

5YKPING 
������� $WV QPEG VJG HGCVWTG FGVCEJGF HTQO VJG TQQV CPF CUUQEKCVGF YKVJ UQOGVJKPI GNUG YJCV

YQWNF HQTEG KV VQ UVC[ NQECN! 5KPEG VJG TQQV PQFG KVUGNH YQWNF PQV DG RCTUGF VJKU YQWNF GPVCKN C

TGRTGUGPVCVKQP YJGTG VJG RCNCVCNK\KPI HGCVWTG TGOCKPGF RCTUGF D[ VJG WPRCTUGF TQQV PQFG CPF FQWDN[ NKPMGF

VQ CP CFLCEGPV RCNCVCNK\CDNG UGIOGPV� $WV VJCV JCTFN[ UGGOU NKMG CP CFXCPEG QXGT CNKIPOGPV�
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+V KU PGEGUUCT[ KP VJKU ECUG VQ DTKPI KP UQOG UQTV QH CNKIPOGPV EQPUVTCKPV VQ MGGR VJG RCNCVCNK\KPI

HGCVWTG HTQO HNQCVKPI KPVQ VJG YQTF 
���� 6JG FQOKPCVKQP QH 2#45'�('#674' D[ VJKU EQPUVTCKPV TGUVTKEVU

VJG HNQCVKPI HGCVWTG VQ HKPCN RQUKVKQP� UQ KP VJKU ECUG 
��E� KU QRVKOCN�


��� #.+)0�4 � 2#45'

%CPFKFCVGU 55% #.+)0 2#45'�(

C� S¿V¿T [ ��

D� S¿V[¿T ��

E� p S¿V¿T n[� �

6JGTGHQTG PQV QPN[ KU KV RQUUKDNG VQ FQ YKVJQWV CP GZVTC NGXGN VQ FKUVKPIWKUJ VJG FKHHGTGPV

RJGPQOGPC CUUQEKCVGF YKVJ FGHGEVKXG RCTUKPI� DWV KV KU FGUKTCDNG UKPEG KVU KPVTQFWEVKQP KU PQV PGEGUUCT[ PQT

FQGU KV CNNQY CP[ UKORNKHKECVKQP QH VJG QXGTCNN ITCOOCT QVJGTYKUG� 6JKU TGUWNV HWTVJGT UWRRQTVU C UQNWVKQP

YJKEJ WPKHKGU VJG TGRTGUGPVCVKQP QH NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU�

7 Grammar Factorial  

6JKU RCRGT JCU CTIWGF VJCV VJG VTCFKVKQPCN TKIKF FKEJQVQO[ DGVYGGP HNQCVKPI HGCVWTGU CPF NCVGPV

UGIOGPVU UJQWNF DG CDCPFQPGF UKPEG VJG RTKOCT[ FKCIPQUVKEU HQT VJG FKXKUKQP� RQVGPVKCN OQDKNKV[ CPF

CWVCTEJ[� FQ PQV EQTTGNCVG GKVJGT YKVJ GCEJ QVJGT QT YKVJ VJG RTGUGPEG QT CDUGPEG QH C TQQV PQFG� +P KVU RNCEG

C PGY V[RQNQI[ JCU DGIWP VQ FGXGNQR YJGTG VJGUG RTQRGTVKGU XCT[ KPFGRGPFGPVN[ QH GCEJ QVJGT� IQXGTPGF D[

C ITCOOCT YJKEJ EQPUKUVU QH C JKGTCTEJ[ QH XKQNCDNG EQPUVTCKPVU� +P VJKU UGEVKQP + YKUJ VQ HNGUJ QWV VJCV

V[RQNQI[ D[ UMGVEJKPI VJG RCVVGTPU RTGFKEVGF D[ VJG UKZ RQUUKDNG TCPMKPIU QH VJG VJTGG DCUKE EQPUVTCKPVU

#.+)0� 2#45'�('#674' CPF �5647%
σ�� 6JKU TGTCPMKPI TGUWNVU KP HQWT FKUVKPEV ITCOOCTU�

GPEQORCUUKPI VJG DGJCXKQT CUUQEKCVGF YKVJ RTQVQV[RKECN HNQCVKPI HGCVWTGU CPF NCVGPV UGIOGPVU� CU YGNN CU

QVJGT RJGPQOGPC KPXQNXKPI KTTGIWNCTN[ RCTUGF RJQPQNQIKECN WPKVU PQV RTGXKQWUN[ ENCUUKHKGF VQIGVJGT YKVJ VJG

OQTG HCOKNKCT ECUGU� 6JGUG TCPMKPIU CTG UWOOCTK\GF KP 
����
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���


K� G�I�� %JCJC RCNCVCNK\CVKQP

�5647%
σ�� #.+)0 � 2#45'�('#674'   


KK� G�I� ;CYGNOCPK� %JCJC NCDKCNK\CVKQP

�5647%
σ� � 2#45'�('#674' � #.+)0


KKK� 
UGG DGNQY�

2#45'�('#674' � �5647%
σ� � #.+)0


KX� G�I�� 2CRCIQ PQOKPCNK\CVKQP� +MCNCPIC EQRWNC JKIJ VQPG 
UGG DGNQY�

#.+)0 � 2#45'�('#674' � �5647%
σ�

7.1 9JGTG 2#45'�('#674' KU NQYGUV� %JCJC 2CNCVCNK\CVKQP 

�5647%
σ� � #.+)0 � 2#45'�('#674'

6JKU TCPMKPI QH VJG VJTGG DCUKE EQPUVTCKPVU CEEQWPVU HQT VJG RCVVGTP GZGORNKHKGF D[ %JCJC

RCNCVCNK\CVKQP� +P CP[ JKGTCTEJ[ YJGTG #.+)0 FQOKPCVGU 2#45'�('#674'� NCVGPV HGCVWTGU YKNN DG

TGUVTKEVGF VQ VJG RQUKVKQP FKEVCVGF D[ VJG CNKIPOGPV EQPUVTCKPV� *GTG� YJGTG 2#45'�('#674' KU VJG NQYGUV

TCPMGF EQPUVTCKPV� DQVJ �5647%
σ� CPF #.+)0 YKNN CNYC[U DG QDG[GF� UKPEG VJG DGUV QRVKQP� KH UQOGVJKPI

OWUV DG XKQNCVGF� YKNN DG VQ HNQWV 2#45'�('#674' D[ NGCXKPI VJG NCVGPV HGCVWTG WPRCTUGF� 6JWU KP %JCJC

VJG RCNCVCNK\KPI HGCVWTG EQWNF QPN[ UWTHCEG CU C UGEQPFCT[ HGCVWTG QP C HKPCN EQTQPCN QT XGNCT QDUVTWGPV� +P

VJG CDUGPEG QH CP CRRTQRTKCVG YQTF�HKPCN VCTIGV VJG HGCVWTG HCKNGF VQ UWTHCEG� UKPEG VQ OQXG KPVQ VJG YQTF

YQWNF JCXG XKQNCVGF #.+)0� CPF VQ RTQLGEV C XQYGN YQWNF JCXG XKQNCVGF �5647%
σ��

7.2 9JGP #.+)0 KU NQYGUV 

9JGP #.+)0 KU VJG NQYGUV EQPUVTCKPV KV YKNN DG XKQNCVGF KP QTFGT VQ CXQKF XKQNCVKQP QH VJG VYQ

JKIJGT TCPMGF EQPUVTCKPVU� [KGNFKPI OQDKNG HNQCVKPI HGCVWTGU� OGVCVJGUKU QT KPHKZCVKQP FGRGPFKPI QP VJG

EKTEWOUVCPEGU� +P VJKU ECUG VJG EQPFKVKQPU WPFGT YJKEJ KV YKNN DG XKQNCVGF XCT[ EQPVKPIGPV QP VJG TGNCVKXG

TCPMKPI QH �5647%
σ� CPF 2#45'�('#674' CDQXG KV�

7.2.1 �5647%
σ� � 2#45'�('#674' � #.+)0  

6JKU KU VJG TCPMKPI YJKEJ CEEQWPVGF HQT %JCJC NCDKCNK\CVKQP CPF VJG YKFG XCTKGV[ QH NCVGPV

UGIOGPVU KP ;CYGNOCPK� +P VJKU JKGTCTEJ[ UKPEG #.+)0 KU VJG NQYGUV EQPUVTCKPV C HNQCVKPI HGCVWTG YKNN OQXG

VQ CXQKF WPFGTRCTUKPI� 5KPEG �5647%
σ� FQOKPCVGU 2#45'�('#674'� JQYGXGT� KP VJG CDUGPEG QH CP

GNKIKDNG VCTIGV CP[YJGTG VJG HGCVWTG YKNN HCKN VQ UWTHCEG KH KV YQWNF QVJGTYKUG CFF CP GZVTC U[NNCDNG� 6JWU KP

;CYGNOCPK VJG NCVGPV EQPUQPCPVU� KPENWFKPI VJG INQVVCN� EQWNF UQOGVKOGU UWTHCEG CU KPFGRGPFGPV UGIOGPVU

DGECWUG VJG[ FKF PQV XKQNCVG �5647%
σ�� DWV VJG NCVGPV XQYGNU YGTG QPN[ RCTUGF KP QTFGT VQ CXQKF XKQNCVKQP

QH C EQPUVTCKPV YJKEJ KVUGNH FQOKPCVGF �5647%
σ��

7.2.2 2#45'�('#674' � �5647%
σ� � #.+)0 

6JKU TCPMKPI RTGFKEVU [GV C VJKTF RCVVGTP� QPG HQT YJKEJ + JCXG PQV [GV HQWPF C ENGCT GZCORNG� 6JG

TCPMKPI QH 2#45'�('#674' CDQXG #.+)0 GPVCKNU VJCV C HGCVWTG YKNN HNQCV VQ HKPF C RNCEG VQ FQEM� DWV
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WPNKMG %JCJC NCDKCNK\CVKQP� YJGP PQ IQQF FQEMKPI UKVG KU CXCKNCDNG CP[YJGTG KP VJG YQTF� �5647%
σ� YKNN
DG XKQNCVGF VQ CXQKF YJCV YQWNF DG JGTG C OQTG UGTKQWU 2#45'�('#674' XKQNCVKQP� 6JKU TGUGODNGU VJG

EQPFKVKQPU WPFGT YJKEJ VJG HNQCVKPI INQVVCN HGCVWTG KP ;CYGNOCPK OCVGTKCNK\GU CU CP KPFGRGPFGPV UGIOGPV�

DWV DGECWUG KP VJKU ECUG 2#45'�('#674' FQOKPCVGU �5647%
σ�� KV YQWNF CNNQY HNQCVKPI XQECNKE

HGCVWTGU VQ UWTHCEG KPFGRGPFGPVN[ CU YGNN� 6JKU CEEQWPV VJWU RTGFKEVU VJG GZKUVGPEG QH C NCPIWCIG NKMG VJG

J[RQVJGVKECN Q%JCEJCR KP 
���� +P UWEJ C NCPIWCIG YG OKIJV HKPF C NCDKCNK\CVKQP RTQEGUU YJKEJ UGCTEJGU HQT

CP CRRTQRTKCVG VCTIGV 
2#45'�('#674' � #.+)0�� DWV PQV HKPFKPI QPG UGVVNGU CV VJG GFIG CU KVU QYP

XQYGN 
�5647%
σ� � #.+)0� 
��F�� 5KPEG 2#45'�('#674' FQOKPCVGU �5647%
σ�� =NCDKCN? YKNN PQV
HCKN VQ UWTHCEG WPNGUU HKPCN XQYGNU CTG TWNGF QWV KPFGRGPFGPVN[ KP VJG NCPIWCIG�


��� Q%JCEJCR NCDKCNK\CVKQP

6#4)'6 PQ QDLGEV YKVJ QDLGEV

C� HKPCN % F¿P¿I F¿P¿IYJKV

P¿M¿D P¿M¿DYHKPF

D� OGFKCN % O¿M¿T O¿MY¿T DWTP

U[¿H¿T U[¿HY¿T EQXGT

E� KPKVKCN % S¿V¿T¿ SY¿V¿T MKNN

O¿U¿T OY¿U¿TUGGO

F�PQPGU¿F¿F¿U¿F¿F7EJCUG

��� 9JGTG �5647%
σ� KU NQYGUV 

#.+)0 � 2#45'�('#674' � �5647%
σ�

6JG HKPCN TCPMKPI CEEQWPVU HQT C HQWTVJ RCVVGTP QH KTTGIWNCT RCTUKPI YJKEJ JCU PQV DGGP FKUEWUUGF KP

VJG CTGC QH GKVJGT HNQCVKPI HGCVWTGU QT NCVGPV UGIOGPVU DWV HQT YJKEJ VJKU CPCN[UKU RTQXKFGU C UVTCKIJVHQTYCTF

CEEQWPV� 9JGP �5647%
σ� KU FQOKPCVGF D[ DQVJ 2#45'�('#674' CPF #.+)0 C HNQCVKPI HGCVWTG YKNN

CNYC[U UJQY WR CV VJG FGUKIPCVGF GFIG� 9JGP VJG HKPCN UGIOGPV FQGU PQV EQPUVKVWVG CP CRRTQRTKCVG VCTIGV

HQT C HNQCVKPI HGCVWTG VJG HGCVWTG YKNN UWTHCEG CU CP CWVCTEJKE UGIOGPV GXGP KH KV XKQNCVGU �5647%
σ�� ��

6YQ GZCORNGU QH VJKU RJGPQOGPQP CTG UJQYP JGTG KP 
������� +P 2CRCIQ 
��� HNQCVKPI
RCNCVCNK\CVKQP FQEMU QP HKPCN EQTQPCN UGIOGPVU ]F� P� ±, ‹_ 
��G�K�� +P VJG CDUGPEG QH CP GNKIKDNG VCTIGV KP VJKU
RQUKVKQP� JQYGXGT� VJG HGCVWTGU OCVGTKCNK\G CU CP KPFGRGPFGPV XQYGN 
��C�F��


��� 1PG MKPF QH PQOKPCNK\CVKQP KP 2CRCIQ 
*CNG ����� ������
C� �FW�M�K� �Õ�MK TCKP

D� �YC�KI�K�Y¶�KIK YCVGT IQVVGP

E� �DK� J�K� DO� J�K VCMGP

F� �PK� ��K� PO� ��K UQPI

                                                           

��6JG FKHHGTGPV TCPMKPIU QH 2#45'�('#674' YKVJ TGURGEV VQ #.+)0 KP VJGQT[ EQWNF [KGNF FKHHGTGPV

RJGPQOGPC� 9G OKIJV GZRGEV VJCV YKVJ 2#45'�('#674' TCPMGF JKIJGUV VJG HGCVWTG YQWNF PGXGT HCKN VQ

UWTHCEG� $WV KP DQVJ ECUGU KV KU WNVKOCVGN[ VJG 5GIOGPV 5VTWEVWTG %QPUVTCKPVU YJKEJ YQWNF MGGR VJG HGCVWTG

HTQO UWTHCEKPI� 6JKU FQOKPCVGU 2#45'�('#674' KP GKVJGT TCPMKPI� QDNKVGTCVKPI VJG FKUVKPEVKQP DGVYGGP

VJG VYQ JKGTCTEJKGU�
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G� �PC�F�K� P¶�� (di∅ ��   MKPFNGF

H� �‹K� ±KP�K� ‹O� NKL 
PK∅ L� UVTCKIJVGPGF

I� �YKFKP�K� YO�KL VYKUVGF� YTKPMNGF

J� �hK� YK� ±�K� hO� YK� l (±i∅ l)  YKPF 
 i. /ko:‹-i/ k—:s (‹i∅ s)   UNGGR

6JG GHHGEV QH JCXKPI �5647%
σ� CV VJG DQVVQO QH VJG JKGTCTEJ[ KU KNNWUVTCVGF D[ VJG VCDNGCW KP


���� 6JKU UKVWCVKQP TGUGODNGU %JCJC RCNCVCNK\CVKQP KP VJCV VJG HGCVWTG FQGU PQV OQXG KPVQ VJG YQTF VQ HKPF

CP GNKIKDNG VCTIGV 
��C�� UKPEG VJKU XKQNCVGU VJG OQTG JKIJN[ TCPMGF #.+)0 EQPUVTCKPV� 7PNKMG %JCJC�

JQYGXGT� 2#45'�('#674' CNUQ QWVTCPMU �5647%
σ�� UQ KP VJG QRVKOCN HQTO 
��E� C HKPCN TQQV KU

KPUGTVGF VQ JQUV VJG HGCVWTGU KPUVGCF� CXQKFKPI C RCTUG XKQNCVKQP YJKNG RTGUGTXKPI CNKIPOGPV�


��� #.+)0�4� 2#45'�( � �5647%
σ� HTQO ]PK� �� =JKIJ?_5VGO

#.+)0�4 2#45'�( �5647%

C� LK� � ��

D� PK� � nJKIJ� ��

E� p PK� �� K �

# UKOKNCT V[RG QH RJGPQOGPQP KU KNNWUVTCVGF D[ VJG EQRWNC JKIJ VQPG KP +MCNCPIC 
/CVJCPIYCPG

������ 6JKU JKIJ VQPG NKPMU VQ VJG OQTC QH C PQWP ENCUU RTGHKZ� YJKEJ OC[ FQOKPCVG GKVJGT C XQYGN 
��C� QT

C U[NNCDKE PCUCN 
��D�� +P VJG CDUGPEG QH CP QXGTV PQWP ENCUU RTGHKZ� JQYGXGT� C XQYGN KU GRGPVJGUK\GF VQ

ECTT[ VJG EQRWNC JKIJ VQPG 
��E����


��� +MCNCPIC %QRWNC *KIJ 6QPG #UUQEKCVKQP VQ %NCUU 2TGHKZ 
/CVJCPIYCPG ����� ��

C� �NK��CCVOK� NO��CCVOK +VOU C FQQT

D� �O�RKKPK�O′ �RKKPK +VOU CP CZG QT JQG JCPFNG

E� �DGGRG� O �DGGRG +VOU C ECNCDCUJ

6JG UCOG EQPUVTCKPV TCPMKPI CNUQ CEEQWPVU HQT VJKU RCVVGTP� CU UJQYP KP 
���� +P VJG QRVKOCN

ECPFKFCVG 
��E�� C XQYGN JCU DGGP GRGPVJGUK\GF KP QTFGT VQ RTQXKFG CP CPEJQT HQT VJG EQRWNCT JKIJ CV VJG

GFIG� HQTEKPI XKQNCVKQP QH VJG NQYGUV TCPMGF �5647%
σ�� 6JKU KU VJG OQUV JCTOQPKE ECPFKFCVG DGECWUG VJG

2#45'�* CPF #.+)0 EQPUVTCKPVU CTG RCTCOQWPV�


��� #.+)0�4� 2#45'�( � �5647%
σ� HTQO ]Ó�DGGRG� *_

#.+)0 2#45'�* �5647%
σ�
C� Ó�DÃGRG ��

D� n*� Ó�DGGRG ��

E� p
O �DGGRG �

8 Inventory 

6JKU RCRGT JCU FGOQPUVTCVGF VJCV VYQ HWPEVKQPU WUWCNN[ CVVTKDWVGF VQ VJG TQQV PQFG� HGCVWTG

KOOQDKNKV[ CPF VJG CDKNKV[ QH CP WPFGTN[KPI UGV QH HGCVWTGU VQ OCPKHGUV KVUGNH CU CP KPFGRGPFGPV UGIOGPV�

ECPPQV DG WUGF CU FKCIPQUVKEU HQT VJG RTGUGPEG QT CDUGPEG QH C TQQV PQFG� 4CVJGT� C JKGTCTEJ[ QH TCPMGF CPF

XKQNCDNG EQPUVTCKPVU UWEJ CU #.+)0 CPF �5647%
σ�� KP EQPLWPEVKQP YKVJ NCPIWCIG RCTVKEWNCT UGIOGPV

                                                           

�� #P #.+)0 EQPUVTCKPV MGGRU VJG VQPG QWV QH VJG PQWP UVGO KVUGNH� 5GG /CVJCPIYCPG 
����� HQT FGVCKNU�
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UVTWEVWTG EQPUVTCKPVU� IQXGTP YJGTG CPF JQY NCVGPV HGCVWTGU OCPKHGUV VJGOUGNXGU QP VJG UWTHCEG� +V KU

KPVGTOGFKCVG ECUGU UWEJ CU ;CYGNOCPK INQVVCNK\CVKQP CPF %JCJC RCNCVCNK\CVKQP YJKEJ PGEGUUKVCVG UWEJ CP

CEEQWPV� DWV YKVJ C ITCOOCT VJCV ECP FGVGTOKPG RQUKVKQP CPF UGIOGPVJQQF VJG FKXGTIGPV UWTHCEG DGJCXKQT

QH RTQVQV[RKECN ECUGU QH NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU PQ NQPIGT OQVKXCVGU CP WPFGTN[KPI

TGRTGUGPVCVKQPCN FKUVKPEVKQP DGVYGGP VJGO� 6JG TGTCPMKPI QH VJG EQPUVTCKPVU IQXGTPKPI VJG DGJCXKQT QH

HNQCVKPI HGCVWTGU RTQXKFGU C ETQUU�NKPIWKUVKE V[RQNQI[ QH VJG GPVKTG TCPIG QH RJGPQOGPC CUUQEKCVGF YKVJ

UWDOKPKOCN RJQPQNQIKECN WPKVU� KPENWFKPI NCVGPV HGCVWTGU YJKEJ CNYC[U OCVGTKCNK\G CU KPFGRGPFGPV UGIOGPVU

CPF QVJGT RCVVGTPU VJCV FQ PQV JCXG C RNCEG KP VJG VTCFKVKQPCN TQQV�PQ�TQQV FKEJQVQO[�

6JG VJKTF OCLQT HWPEVKQP WUWCNN[ CVVTKDWVGF VQ VJG TQQV PQFG KU VQ CPEJQT VJG FKHHGTGPV UGVU QH

HGCVWTGU YJKEJ EQORTKUG C UGIOGPV� .CEMKPI C TQQV PQFG� EQPXGPVKQPCN HNQCVKPI HGCVWTGU CTG VJQWIJV VQ DG

NKOKVGF VQ PQ OQTG VJCP C UKPING PQFG QH VJG HGCVWTG JKGTCTEJ[ 
%NGOGPVU ����� ����� 5CIG[ ����� �����

CPF UWDUGSWGPV YQTM QP HGCVWTG IGQOGVT[�� + YKNN TGHGT VQ VJKU CU VJG 5KPING 0QFG *[RQVJGUKU HQNNQYKPI

2WNNG[DNCPM ����� 1P VJG QVJGT JCPF� KV KU DGNKGXGF VJCV CP[ EQODKPCVKQP QH HGCVWTGU ECP EQPUVKVWVG C IJQUV

UGIOGPV� CPF VJCV VJGTGHQTG C TQQV PQFG KU PGEGUUCT[ KP QTFGT VQ MGGR VJGUG HGCVWTGU VQIGVJGT 
4WDCEJ ������

+P VJKU UGEVKQP + YKNN FGOQPUVTCVG� JQYGXGT� VJCV VJKU NCUV TGOCKPKPI OQVKXCVKQP HQT CP WPFGTN[KPI

TGRTGUGPVCVKQPCN FKUVKPEVKQP DGVYGGP IJQUVU CPF HNQCVKPI HGCVWTGU KU NKMGYKUG WPVGPCDNG� (KTUV� PQV CNN ECUGU QH

EQPXGPVKQPCN HNQCVKPI HGCVWTGU UWRRQTV VJG 5KPING 0QFG *[RQVJGUKU� CPF + YKNN CTIWG VJCV YJGTG OQTG VJCP

QPG PQFG KU ETWEKCNN[ KPXQNXGF� #.+)0 EQPUVTCKPVU UWDUWOG VJG QTICPK\KPI TQNG CVVTKDWVGF VQ VJG TQQV PQFG

CU YGNN� 5GEQPF� KPUQHCT CU VJG 5KPING 0QFG *[RQVJGUKU FQGU RTGFKEV YJCV YG GZRGEV VQ HKPF KP VJG UKORNGUV

ECUG HQT HNQCVKPI HGCVWTGU 
2WNNG[DNCPM ������ VJGUG GZRGEVCVKQPU CTG CNUQ OGV KP OQUV� KH PQV CNN� QH VJG ECUGU

QH NCVGPV UGIOGPVU FGUETKDGF KP VJG NKVGTCVWTG� (KPCNN[� WPFGTUVQQF CU NCVGPV HGCVWTGU WPFGTN[KPIN[� VJG

HGCVWTGU V[RKECN QH NCVGPV UGIOGPVU HKNN YJCV YQWNF QVJGTYKUG DG C ICR KP VJG ETQUU�NKPIWKUVKE KPXGPVQT[ QH

HNQCVKPI HGCVWTGU�

8.1 #NKIPOGPV QH /WNVKRNG 0QFGU� 6KX 

6KX� CU CPCN[\GF D[ #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI�� EQPUVKVWVGU C ENGCT EQWPVGTGZCORNG

VQ VJG 5KPING 0QFG *[RQVJGUKU HQT HNQCVKPI HGCVWTGU� 6JG 6KX XQYGN KPXGPVQT[ KU UJQYP KP 
���� #TEJCPIGNK

CPF 2WNNG[DNCPM 
HQTVJEQOKPI� CTIWG VJCV VJGUG XQYGNU CTG WPFGTN[KPIN[ WPURGEKHKGF HQT VJG HGCVWTGU =NQY?

CPF =TQWPF? DWV IGV VJGKT XCNWG VJTQWIJ VJG NKPMKPI QH HNQCVKPI HGCVWTGU� CU KNNWUVTCVGF KP 
������ #UUQEKCVKQP

QH C HNQCVKPI =NQY? [KGNFU C� QH HNQCVKPI =TQWPF? [KGNFU Q� CPF YJGP VJG VYQ NKPM VQ C UKPING XQYGN VJG TGUWNV

KU ò� +P VJG CDUGPEG QH CP[ CUUQEKCVKQP� FGHCWNV TWNGU QT OCTMGFPGUU RTKPEKRNGU ECWUG VJG XQYGN VQ UWTHCEG CU

G�


��� 6KX 8QYGNU 
#TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� ����

K W

G Q

C ò


���

[e]
V
 

                                                           

�� 6JG[ CNUQ CTIWG VJCV =JKIJ? KU C HNQCVKPI HGCVWTG� DWV VJG EQPFKVKQPU QP KVU CUUQEKCVKQP CTG KPFGRGPFGPV

HTQO VJQUG QP =NQY? CPF =TQWPF? CPF PGGF PQV EQPEGTP WU JGTG�
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6JG #.+)0 EQPUVTCKPV YJKEJ IQXGTPU CUUQEKCVKQP QH =NQY? CPF =TQWPF? KU IKXGP KP 
������ +V KU

UCVKUHKGF YJGP VJG HNQCVKPI HGCVWTG NKPMU VQ VJG NGHVOQUV XQYGN 
��C� ��C�D�� CPF VJWU VJGTG CTG PQ YQTFU

YJGTG CP GNKIKDNG HKTUV XQYGN JCU DGGP UMKRRGF KP HCXQT QH CUUQEKCVKQP VQ VJG UGEQPF� 6JG 
��D� GZCORNG

KNNWUVTCVGU VJG HWTVJGT URTGCF QH =TQWPF? TKIJVYCTF VQ XQYGNU YKVJ VJG UCOG XCNWG QH JKIJ� 1VJGTYKUG VJG

URTGCF QH =TQWPF? KU DNQEMGF�


��� #.+)0�.'(6 
HGCVWTG� OQTRJGOG� HNQCVKPI HGCVWTG NKPMU VQ NGHVOQUV XQYGN


��� =TQWPF? NKPMU VQ NGHV GFIG 
#2 
HQTVJEQOKPI� ����

C� �JKTG� JÔTG �JKTQ FTKXG CYC[

D� �KPFK� ÕPFW NGCXG RGTUQP QT VJKPI DGJKPF

 
[round]

 
   
h V r V
 |  
 [high]  

[round]    
    
V n d V
|    

[high]    

                                                           

��+P #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI� VJG HGCVWTGU CTG CUUQEKCVGF KP KPFGRGPFGPV .+0- QRGTCVKQPU�

+P VJG FKUEWUUKQP YJKEJ HQNNQYU JGTG #.+)0 UGTXGU VJG HWPEVKQP QH C IGPGTCN .+0-�('#674' TWNG� YJGTG

VJG VCTIGV KU VJG NGHVOQUV RQUUKDNG XQYGN� DWV VJG DCUKE CPCN[UKU KU QVJGTYKUG VJCV QH #TEJCPIGNK CPF

2WNNG[DNCPM 
HQTVJEQOKPI��
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��� =NQY? NKPMU VQ NGHV GFIG 
#2 
HQTVJEQOKPI� ����

C� ¶UGT �GUCT YTGPEJ QHH DTGCM QHH

D� O´UG �OGUC UQOGYJCV NCVGT VJCP VJG HKTUV XGTD� RGTUQP

FKF UWDUGSWGPV CEVKQP

V s V r
    

[low]    

%QPVTCT[ VQ YJCV YG OKIJV GZRGEV WPFGT VJG 5KPING 0QFG *[RQVJGUKU� JQYGXGT� UQOG OQTRJGOGU
JCTDQT DQVJ HNQCVKPI =NQY? CPF HNQCVKPI =TQWPF? HGCVWTGU 
���� +P 
��C�D�� CU KNNWUVTCVGF KP 
��E�� #.+)0
HCXQTU VJG NKPMKPI QH DQVJ HGCVWTGU VQ VJG NGHVOQUV XQYGN�


��� HNQCVKPI =NQY? CPF =TQWPF? VQIGVJGT 
#2 
HQTVJEQOKPI� ����

C� PòPFe =PòPFQ? FTKR

D� UòUGO =UòUQO? CRRTQCEJ

E�
=TQWPF?

P 8 PF 8

=NQY?

 

=TQWPF?
^

P 8 PF 8
^

=NQY?

 

6JG GZCORNGU KP 
��C�D�� KNNWUVTCVGF KP 
��E�� FGOQPUVTCVG VJCV VJKU KU TGCNN[ C ECUG QH OWNVKRNG
HNQCVKPI HGCVWTGU� TCVJGT VJCP QH C UKPING 8RNCEG PQFG� 9JGP =JKIJ? KU CNTGCF[ CUUQEKCVGF VQ VJG KPKVKCN XQYGN�
NKPMCIG QH =NQY? KU DNQEMGF CPF KU HQTEGF QXGT QPG XQYGN VQ VJG TKIJV� YJKNG =TQWPF?� YJKEJ FQGU PQV EQPHNKEV
YKVJ =JKIJ?� NKPMU KPFGRGPFGPVN[ VQ VJG HKTUV XQYGN� 4GECNN VJCV URTGCFKPI QH =TQWPF? KU DNQEMGF DGVYGGP
XQYGNU YJKEJ FQ PQV CITGG HQT =JKIJ?� UQ =TQWPF? ECPPQV URTGCF QP VQ VJG NQY XQYGN KP VJGUG GZCORNGU�


��� C� DÕUC �DKUò DTGCM HTCIOGPV QHH

D� MÔOC �MKOò UWHHKEG

E�
=TQWPF?

D 8 U 8
^

=JKIJ?
=NQY?

 

=TQWPF?
^

D 8 U 8
^ ^

=JKIJ?
=NQY?

 

+P VJKU ECUG QH OWNVKRNG HNQCVKPI HGCVWTGU KV KU PGEGUUCT[ VQ TGN[ QP VJG #.+)0 EQPUVTCKPV VQ
FGVGTOKPG VJGKT TGURGEVKXG UWTHCEG RQUKVKQPU� 0QVG VJCV CNKIPOGPV OKOKEU VJG GHHGEV QH C WPKH[KPI PQFG KP VJG
ECUGU YJGTG PQVJKPI RTGENWFGU CUUQEKCVKQP QH DQVJ HGCVWTGU VQ VJG UCOG XQYGN� 9G EQWNF RQUKV CP
WPFGTN[KPI TQQV QT 8RNCEG PQFG VQ UCVKUH[ VJG 5KPING 0QFG *[RQVJGUKU� DWV VJKU YQWNF WPPGEGUUCTKN[
EQORNKECVG CUUQEKCVKQP KP YQTFU YJGTG VJG HGCVWTGU CTG HQTEGF VQ FQEM QPVQ FKHHGTGPV XQYGNU� 6JKU
EQORNKECVKQP FQGU PQV CTKUG KP CP CPCN[UKU YJGTG VJG CEVKXG DWV XKQNCDNG #.+)0 EQPUVTCKPV IQXGTPU VJG
RNCEGOGPV QH KPFKXKFWCN HNQCVKPI HGCVWTGU� 6JGTGHQTG� UKPEG VJG 5KPING 0QFG *[RQVJGUKU FQGU PQV JQNF GXGP
HQT EQPXGPVKQPCN HNQCVKPI HGCVWTGU� CPF DGECWUG CNKIPOGPV HWPEVKQPU VQ CIITGICVG FKURCTCVG HGCVWTGU KP VJGUG
ECUGU� VJG 5KPING 0QFG *[RQVJGUKU ECPPQV DG KPXQMGF VQ OQVKXCVG C TGRTGUGPVCVKQPCN FKUVKPEVKQP DGVYGGP
HNQCVKPI HGCVWTGU CPF NCVGPV UGIOGPVU WPFGTN[KPIN[�
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8.2 5KORNKEKV[ CPF VJG 5KPING 0QFG *[RQVJGUKU 

#NVJQWIJ VJG 5KPING 0QFG *[RQVJGUKU KU PQV CP CDUQNWVG� KV FQGU UGV C UVCPFCTF HQT UKORNKEKV[ KP

CPCN[UGU QH RJGPQOGPC KPXQNXKPI HNQCVKPI HGCVWTGU 
2WNNG[DNCPM ������ 6JG NGCUV EQORNKECVGF CEEQWPVU NKPM

QT URTGCF LWUV C UKPING HGCVWTG ENCUU� CPF YJGP C VCTIGV TGSWKTGU CFFKVKQPCN HGCVWTGU VJG[ CTG UWRRNKGF D[

FGHCWNV TWNGU QT OCTMGFPGUU RTKPEKRNGU TCVJGT VJCP D[ KPETGCUKPI VJG PWODGT QH HNQCVKPI PQFGU 
UGG 4KEG

����OU TGXKGY QH .KGDGT ������ +P VJKU UGEVKQP + YKNN UJQY VJCV VJG UCOG UVCPFCTF QH UKORNKEKV[ KU OGV KP

OQUV� KH PQV CNN� QH VJG ECUGU QH NCVGPV UGIOGPVU FGUETKDGF KP VJG NKVGTCVWTG�

6JG URGGEJ QH 4CXGPOU 9KHG KP 3WKNGWVG 
(TCEJVGPDGTI ����� KNNWUVTCVGU VJG EQPXGPVKQPCN FKXKUKQP

QH NCDQT DGVYGGP HNQCVKPI HGCVWTGU CPF HGCVWTG�HKNNKPI�EJCPIKPI QRGTCVKQPU 
���� 9JGP URGCMKPI KP C O[VJ

VJG 4CXGPOU 9KHG RTGHKZGU VU � VQ GCEJ YQTF CPF VJGP PCUCNK\GU UQOG QH VJG EQPUQPCPVU� EJCPIKPI F CPF N VQ

P 
��C�D� CPF D VQ O� 
��E��


��� 3WKNGWVG (TCEJVGPDGTI 
����� ����

4GIWNCT 4CXGPOU 9KHG
C� .�QtZ� YCOFCt U VU�.�QtZ� YCOPCt U QNF OCP

D� JGt OVMWNK VU�JGt VMWPK + CO UKEM

E� DQt O[Wt MYCt OVU�Qt O VU�OQt O[Wt MYCt OVU�Qt O UQOGVJKPI

6JG FKHHGTGPEGU DGVYGGP VJG KPRWV CPF QWVRWV KP 
��� ENGCTN[ KPXQNXG OQTG VJCP C UKPING HGCVWTCN
PQFG� +P GXGT[ ECUG =PCUCN? JCU DGGP CFFGF� DWV KP CFFKVKQP 
��D� TGSWKTGU
=�EQPV?� 
��C�E� FGOCPF =
UQPQTCPV? GVE� +P C ECUG NKMG VJKU� JQYGXGT� KV KU WPPGEGUUCT[ VQ RQUKV OWNVKRNG
HNQCVKPI PQFGU� 4CVJGT VJG UVCPFCTF RTQEGFWTG KU VQ NKOKV VJG HNQCVKPI HGCVWTG VQ =PCUCN? CPF VQ TGN[ QP FGHCWNV
TWNGU QT OCTMGFPGUU RTKPEKRNGU VQ UWRRN[ VJG TGUV 
����


���

hē’tkuli

[nas]

[nas]

[nas]

[+son]

→

→

[-cont]

+H� CU + JCXG CTIWGF� NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU JCXG VJG UCOG WPFGTN[KPI TGRTGUGPVCVKQP�
VJGP KV KU PQV WPTGCUQPCDNG VQ GZRGEV VJG OCLQTKV[ QH NCVGPV UGIOGPVU VQ [KGNF VQ VJG UCOG UQTV QH CEEQWPV�
6JG TGUVTKEVKQP QH VJG WPFGTN[KPI TGRTGUGPVCVKQP QH C NCVGPV UGIOGPV VQ C UKPING PQFG KP VJG WPOCTMGF ECUG
IKXGU TKUG VQ EGTVCKP RTGFKEVKQPU CDQWV VJG V[RGU QH KPXGPVQTKGU QH NCVGPV UGIOGPVU VQ DG HQWPF OQUV
EQOOQPN[ ETQUU�NKPIWKUVKECNN[� )KXGP VJG HGCVWTG IGQOGVT[ KP 
��� YG FQ PQV GZRGEV VQ HKPF OCP[
NCPIWCIGU YJQUG NCVGPV UGIOGPVU CTG ETWEKCNN[ FKUVKPIWKUJGF D[ DQVJ RNCEG CPF NCT[PIGCN HGCVWTGU� PCUCN CPF
RNCEG HGCVWTGU� QT PCUCN CPF NCT[PIGCN HGCVWTGU� (WTVJGTOQTG� UKPEG CFFKVKQPCN HGCVWTG XCNWGU OWUV DG
FGVGTOKPGF D[ FGHCWNV TWNGU QT OCTMGFPGUU EQPUVTCKPVU� YG GZRGEV VJCV C NCVGPV UGIOGPV YKNN TGRTGUGPV VJG
WPOCTMGF OGODGT QH KVU ENCUU YJGP HWNN[ URGEKHKGF QP VJG UWTHCEG� 6JGUG GZRGEVCVKQPU CRRGCT VQ DG NCTIGN[
HWNHKNNGF�

(81) Geometry of features: (Clements 1985, Sagey 1986, McCarthy 1988, 
    Selkirk 1988, Hume 1992, Padgett 1992) 
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[ ]consonantal
 sonorant root

•

LAR
 PLACE  
   

articulator  stricture
nasal

6JG KPXGPVQT[ QH NCVGPV EQPUQPCPVU KP ;CYGNOCPK RTQXKFGU CP GZEGNNGPV KNNWUVTCVKQP QH VJKU RQKPV�
6JG EQPUQPCPV KPXGPVQT[ KU TGRGCVGF JGTG KP 
���� 6JG EQPUQPCPVU YJKEJ QEEWT CU NCVGPV UGIOGPVU KP UQOG
EQPVGZVU CTG GPENQUGF KP DQZGU�


��� ;CYGNOCPK +PXGPVQT[ 
#TEJCPIGNK 
����� �� HTQO 0GYOCP 
������
b p �  d t Ê   ± Æ Æ�   x g k �  

   Û c Ç   Û ç ç�   
   s  ‹ 

 m   m� n   n�       

         

 w   w�  y y�      h  ÷    

    l   l�  

(KTUV QH CNN� KH NCVGPV UGIOGPVU� NKMG HNQCVKPI HGCVWTGU� CTG EQOOQPN[ NKOKVGF VQ C UKPING PQFG
WPFGTN[KPIN[ VJGP KV KU PQV UWTRTKUKPI VJCV CNVJQWIJ INQVVCNK\GF UGIOGPVU CDQWPF KP ;CYGNOCPK VJGTG CTG PQ
RCKTU QH NCVGPV EQPUQPCPVU YJKEJ EQPVTCUV UQNGN[ YKVJ TGICTF VQ VJG RTGUGPEG QT CDUGPEG QH INQVVCNK\CVKQP�
6JKU KU VQ DG GZRGEVGF� UKPEG VJKU EQPVTCUV YQWNF TGSWKTG DQVJ 2.#%' CPF .#4;0)'#. HGCVWTGU VQ DG
URGEKHKGF WPFGTN[KPI 
����


��� Y �w� 

PLACE

dorsal

PLACE

dors

LAR

constricted 
glottis

+P HCEV� KP ;CYGNOCPK CNN QH VJG NCVGPV EQPUQPCPVU ECP DG FKUVKPIWKUJGF HTQO GCEJ QVJGT QP VJG
DCUKU QH GKVJGT NCT[PIGCN HGCVWTGU QT RNCEG�UVTKEVWTG HGCVWTGU CNQPG 
���� 9JKNG KV KU PGEGUUCT[ VQ UVKRWNCVG JGTG
VJCV CNN QH VJG NCVGPV EQPUQPCPVU CTG =
UQPQTCPV?� DQVJ KPXGPVQT[ URGEKHKE CPF WPKXGTUCN FGHCWNV TWNGU QT
OCTMGFPGUU EQPXGPVKQPU GCUKN[ UWRRN[ VJG TGOCKPKPI HGCVWTGU PGEGUUCT[ HQT HWNN[ URGEKHKGF UGIOGPVU QP VJG
UWTHCEG 
UGG #TEJCPIGNK 
����� ����D�� CPF OQTG TGEGPVN[ /E%CTVJ[ CPF 2TKPEG 
����� 2TKPEG CPF
5OQNGPUM[ 
����� #TEJCPIGNK CPF 2WNNG[DNCPM 
HQTVJEQOKPI���
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���
�O�

=NCD?

�Y�

=FQTU?

�P�

=EQT?

�N�

EQT
=NCV?

�÷�

=EQPUVTKEVGF INQVVKU?

�J�

=URTGCF INQVVKU?

+P CFFKVKQP� IKXGP VJCV FGHCWNV URGEKHKECVKQP WUWCNN[ KPXQNXGU OKPKOCN HGCVWTG CFFKVKQP� KV HQNNQYU
VJCV VJG RNCKP UQPQTCPVU TCVJGT VJCP VJGKT INQVVCNK\GF EQWPVGTRCTVU UGTXG CU VJG NCVGPV UGIOGPVU� #NVJQWIJ KV KU
NQIKECNN[ RQUUKDNG VQ CUUKIP =
EQPUVTKEVGF INQVVKU? D[ FGHCWNV VQ GXGT[ UGIOGPV WPFGTN[KPIN[ WPURGEKHKGF HQT
VJCV HGCVWTG� PQ VJGQT[ QH OCTMGFPGUU VJCV + MPQY QH YQWNF RQUKV UWEJ C TWNG� +H QP VJG QVJGT JCPF VJG NCVGPV
UGIOGPVU YGTG PQV OGNQFKECNN[ FGHGEVKXG� VJG CDUGPEG QH INQVVCNK\GF NCVGPV EQPUQPCPVU YQWNF PQV HQNNQY
HTQO VJG TGRTGUGPVCVKQP� 6JGUG UQTVU QH CU[OOGVTKGU� YJKEJ EQPHQTO VQ VJG 5KPING 0QFG *[RQVJGUKU CU YGNN
CU CP[ ECUG QH EQPXGPVKQPCN HNQCVKPI HGCVWTGU OKIJV� CTG OGTGN[ CEEKFGPVCN KP QVJGT VJGQTKGU QH NCVGPV
UGIOGPVU YJKEJ OCKPVCKP C TGRTGUGPVCVKQPCN FKUVKPEVKQP DGVYGGP VJG NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU�
CNN QH YJKEJ NGCXG VJG UGIOGPV KVUGNH KPVCEV�

6JG 5KPING 0QFG *[RQVJGUKU RWVU VJG UCOG NKOKVCVKQPU QP VJG V[RG QH RQUUKDNG NCVGPV XQYGN
EQPVTCUVU YG OKIJV GZRGEV KP C NCPIWCIG� DWV UKPEG XQYGNU CTG RTKOCTKN[ FKUVKPIWKUJGF D[ 2.#%'� CPF UKPEG
VJGKT RNCEG HGCVWTGU EQPUVKVWVG C UKPING PQFG KP VJG HGCVWTG VTGG 
���� GXGT[ RNCKP 
UJQTV� XQYGN ECP
EQPEGKXCDN[ JCXG C NCVGPV EQWPVGTRCTV YKVJQWV EQPVTCXGPKPI VJG J[RQVJGUKU� 6JKU KU VJG ECUG KP 5NQXCM� HQT
GZCORNG� YJQUG XQYGN KPXGPVQT[ KU UJQYP KP 
���� #NN QH VJGUG XQYGNU FQ HWPEVKQP CU NCVGPV XQYGNU KP UQOG

YQTFU 
4WDCEJ 
�������19


��� C� 5NQXCM 8QYGNU 
4WDCEJ 
����� ����

K W
G Q
¼ C

+P HCEV OQUV FQEWOGPVGF ECUGU QH NCVGPV UGIOGPVU ECP DG GCUKN[ CEEQOQFCVGF YKVJKP VJG DQWPFU QH
VJG 5KPING 0QFG *[RQVJGUKU� +V KU UVTKMKPI VJCV OQUV NCPIWCIGU JCXG QPN[ QPG QT VYQ NCVGPV EQPUQPCPVU� CPF
VJGUG CTG PGXGT EQORNGZ 
���� (WTVJGTOQTG� KP GXGT[ NCPIWCIG VJG UGIOGPVU GKVJGT CTG 
K� CV FKHHGTGPV RNCEGU
QH CTVKEWNCVKQP 
G�I�� 9QNQH�� 
KK� FKHHGT KP UVTKEVWTG CV VJG UCOG RNCEG QH CTVKEWNCVKQP 
G�I�� 6KYK�� QT ECP DG
FKUVKPIWKUJGF YKVJ PCUCN QT NCT[PIGCN HGCVWTGU CNQPG 
G�I�� #TOGPKCP� &CMQVC�� 6JGTG CRRGCT VQ DG PQ ECUGU�
HQT GZCORNG� YKVJ DQVJ CP CNVGTPCVKPI - CPF CNVGTPCVKPI )� UKPEG UWEJ C ECUG YQWNF TGSWKTG DQVJ RNCEG CPF
NCT[PIGCN HGCVWTGU VQ OCMG VJG TKIJV FKUVKPEVKQPU WPFGTN[KPIN[�


���

C� #TOGPKCP� M� P 
HKGNF OGVJQFU PQVGU�

D� #ZKPKPEC %CORC� Ñ 
UGG /2 ����D�

E� &CMQVC� M� � 
5JCY �����

G� 5YCJKNK� N 
/QZNG[ 
�����

H� 9QNQH� M� F 
-C 
�����

I� -QTGCP� P� N � M 
0COMWPI 
R�E���

J� (TGPEJ V� \� I� Ù 
UGG DGNQY�

                                                           

�� 4WDCEJ 
��������� ENCKOU VJCV QP VJG EQPVTCT[ QUWEJ C RTGFKEVKQP KU PQV OCFG D[ VJG HGCVWTCN =TQQVNGUU?

CEEQWPV� DGECWUG OWNVKRN[KPI VJG PWODGT QH [GTU YQWNF NGCF VQ EQORNKECVKPI VJG KPXGPVQT[� CU OCP[ PGY

WPFGTN[KPI EQPVTCUVU KP VGTOU QH RJQPQNQIKECN HGCVWTGU YQWNF JCXG VQ DG KPVTQFWEGF����9G YQWNF RTQDCDN[

TWP QWV QH RJQPQNQIKECN HGCVWTGU�R 9KVJQWV OQTG FGVCKN CDQWV JKU CUUWORVKQPU TGICTFKPI HGCVWTG

QTICPK\CVKQP KV KU KORQUUKDNG VQ GXCNWCVG VJKU ENCKO�
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L� 6KYK R�{�V�N�T�[ 
#TEJCPIGNK 
�����

J� 2QNKUJ� G 
5\R[TC 
�����

K� 5NQXCM� Q�W�G�C�¼�K 
4WDCEJ 
�����

'XGP VJG NCTIG KPXGPVQT[ QH NCVGPV UGIOGPVU HQWPF KP (TGPEJ OC[ HCNN WPFGT VJG EQPUVTCKPVU QH VJG

5KPING 0QFG *[RQVJGUKU� 6TCPGN 
����� ECTGHWNN[ UGRCTCVGU QWV VJG FKHHGTGPV MKPFU QH EQPUQPCPV�\GTQ

CNVGTPCVKQPU KP (TGPEJ� #RCTV HTQO VJG EQPUQPCPVU CFFGF VQ HQTO VJG HGOKPKPG PQWPU CPF CFLGEVKXGU VJG
NCVGPV EQPUQPCPVU CNN DGNQPI VQ VJG UGV ]V�\�I��_� 6JGUG CTG VJG EQPUQPCPVU YJKEJ RCTVKEKRCVG KP VTWG

RJQPQNQIKECNN[ EQPFKVKQPGF CNVGTPCVKQPU KP XCTKQWU U[PVCEVKE CPF OQTRJQNQIKECN EQPVGZVU� #U YG OKIJV

GZRGEV� VJGUG NCVGPV EQPUQPCPVU CTG GCUKN[ FKUVKPIWKUJGF QP VJG DCUKU QH RNCEG�UVTKEVWTG� DWV PQPG TGSWKTGU C

EQODKPCVKQP QH RNCEG CPF NCT[PIGCN HGCVWTGU WPFGTN[KPIN[� 5Q HQT GZCORNG� VJGTG KU PQ NKCKUQP EQPVTCUV

DGVYGGP M CPF I � V CPF F� QT U CPF \�

6JG CRRCTGPV EQWPVGTGZCORNGU VQ VJG 5KPING 0QFG *[RQVJGUKU TGUKFG GPVKTGN[ YKVJ VJG HQTOCVKQP QH

VJG HGOKPKPG� +V KU VJG QPN[ UWEJ KPXGPVQT[ YJKEJ JCU DGGP FGUETKDGF� CPF EQWNF DG EQPUKFGTGF� NKMG VJG

HNQCVKPI HGCVWTGU KP 6KX� CU C OCTMGF ECUG YJKEJ TGNKGU QP CNKIPOGPV VQ MGGR FKURCTCVG HNQCVKPI HGCVWTG PQFGU

KP RNCEG� *QYGXGT� 6TCPGN 
����� �������� RTGUGPVU UGXGTCN FKHHGTGPV MKPFU QH GXKFGPEG KPFKECVKPI VJCV

NKCKUQP CPF IGPFGT CNVGTPCVKQPU CTG CEVWCNN[ KPFGRGPFGPV RJGPQOGPC� VJG OQUV EQORGNNKPI QH YJKEJ EQOGU

HTQO FKCNGEVU QH (TGPEJ YJGTG CFLGEVKXG NKCKUQP JCU FKUCRRGCTGF DWV YJGTG VJG IGPFGT FKUVKPEVKQPU TGOCKP�

6JGTG KU UQOG TGCUQP VQ VJKPM VJCV VJG IGPFGT EQPUQPCPVU UJQWNF PQV GXGP DG CPCN[\GF CU NCVGPV UGIOGPVU�

UKPEG WPNKMG VJG QVJGT NCVGPV EQPUQPCPVU VJG HGOKPKPG HQTOU FQ PQV WPFGTIQ CP[ MKPF QH RJQPQNQIKECN

CNVGTPCVKQP� +P VJKU ECUG YG YQWNF PQV GZRGEV VJG KPXGPVQT[ VQ EQPHQTO VQ VJG GZRGEVCVKQPU QH VJG 5KPING

0QFG *[RQVJGUKU���

6JWU VJGTG KU PQ CTIWOGPV DCUGF QP NCVGPV UGIOGPV KPXGPVQTKGU HQT CP WPFGTN[KPI TGRTGUGPVCVKQPCN

FKUVKPEVKQP DGVYGGP NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU� 1P VJG EQPVTCT[� VJG UKOKNCTKVKGU DGVYGGP VJG VYQ

RTQXKFG HWTVJGT GXKFGPEG HQT C WPKHKGF TGRTGUGPVCVKQP�

8.3 (NQCVKPI %2NCEG (GCVWTGU  

(KPCNN[� YJGP NCVGPV UGIOGPVU CTG TGEQIPK\GF CU HNQCVKPI HGCVWTGU CP CRRCTGPV ICR KP VJG ETQUU�

NKPIWKUVKE KPXGPVQT[ QH EQPXGPVKQPCN HNQCVKPI HGCVWTGU FKUCRRGCTU� # NKUV QH VJG HNQCVKPI HGCVWTGU + JCXG HQWPF

KP VJG NKVGTCVWTG KU UJQYP KP 
���� +V EQPVCKPU GZCORNGU QH CNN VJG HGCVWTGU VJCV EQWNF EQPEGKXCDN[ GZKUV

KPFGRGPFGPVN[ QH VJG TQQV PQFG� CPF VJWU HNQCV� GZEGRV HQT %2NCEG HGCVWTGU� ;GV IKXGP VJG QTICPK\CVKQP QH

HGCVWTGU KP CNN XGTUKQPU QH HGCVWTG IGQOGVT[ VJGTG KU PQVJKPI CDQWV %2NCEG YJKEJ UJQWNF RTGENWFG KV HTQO

HNQCVKPI NKMG VJKU�

                                                           

�� 5GG <QNN 
KP RTGRCTCVKQP� HQT OQTG FGVCKNGF FKUEWUUKQP�
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��� # UWTXG[ QH EQPXGPVKQPCN HNQCVKPI HGCVWTGU

'ZCORNG 4GHGTGPEG

PCUCN 6GTGPC

'OCK

2KIIQVV 
�����

'IDQMJCTG 
�����

NCVGTCN 3WKNGWVG (TCEJVGPDGTI 
�����

EQPV (WNC GVE�

6GRGJWC

.KGDGT 
����� �����

9KNNGVV 
�����

XQKEG 1VQOK

,CRCPGUG 4GPFCMW

9CNNKU 
�����

+VQ CPF /GUVGT 
�����

E�I� &CPKUJ UVÓF

;CYGNOCPK

&CMQVC

6GRGJWC

$CUDÓNN 
�����

#TEJCPIGNK CPF 2WNNG[DNCPM 
HEOPI�

5JCY 
�����

9CVVGTU 
�����

U�I� *CTCWVK #NNGP 
�����

VQPG OCP[ DGIKPPKPI YKVJ� .GDGP 
�����

)QNFUOKVJ 
�����

RCN #K\K!

)WFG

$CUSWG

,CRCPGUG

*GTCWNV 
�����

*QUMKUQP 
�����

+XGTUQP 
�����

/GUVGT CPF +VQ 
�����

JKIJ #KPW

%JCJC

+VQ 
�����

/E%CTVJ[ 
���� GVE��

TQWPF %JCJC

9CTNRKTK

/E%CTVJ[ 
���� GVE��

*WNUV GV� CN� 
�����

464 #TCOCKE

-WTFKUJ

5[TKCE

#\GTDCKLCPK

%JKNEQVKP (NCVVGPKPI

*QDGTOCP 
����� �����

%QQM 
�����

7PFGT VJKU CEEQWPV VJQWIJ YG ECP UGG VJCV VJKU KU PQV C TGCN ICR KP VJG KPXGPVQT[ QH HNQCVKPI

HGCVWTGU DWV KU TCVJGT CP CTVKHCEV QH VJG KORTQRGT FKCIPQUVKEU VTCFKVKQPCNN[ WUGF VQ ENCUUKH[ HNQCVKPI HGCVWTGU�

9JCV TGCNN[ FKUVKPIWKUJGU %RNCEG HGCVWTGU HTQO VJG EQPXGPVKQPCN HNQCVKPI HGCVWTGU KU VJCV VJG[ ECPPQV LWUV

CFF QP VQ GZKUVKPI UGIOGPVU CU GCUKN[ CU C TGNGCUG HGCVWTG UWEJ CU INQVVCNK\CVKQP ECP� 5KPEG VTCFKVKQPCNN[ QPG

QH VJG OCLQT FKCIPQUVKEU HQT HNQCVKPI HGCVWTGU KP VJG NKVGTCVWTG KU VJCV VJG[ FQ PQV UWTHCEG KPFGRGPFGPVN[ KV

YQWNF DG VJG TCTG %2NCEG HGCVWTG YJKEJ YQWNF UCVKUH[ VJCV EQPFKVKQP� +P QVJGT YQTFU� HNQCVKPI %2NCEG

HGCVWTGU� NKMG VJQUG RTQRQUGF HQT ;CYGNOCPK� YQWNF EQOOQPN[ DGJCXG NKMG C NCVGPV UGIOGPVU� TCVJGT VJCP

NKMG EQPXGPVKQPCN HNQCVKPI HGCVWTGU� 5KPEG VJKU KU C HWPEVKQP QH VJG PCVWTG QH VJG HGCVWTG KVUGNH� KV UJQWNF PQV DG

PGEGUUCT[ VQ CFF CP WPFGTN[KPI TQQV PQFG VQ GXGT[ KPUVCPEG QH C HNQCVKPI %2NCEG YJKEJ DGJCXGU CU C NCVGPV



 34 

UGIOGPV� +H� CU + JCXG CTIWGF� CNN NCVGPV UGIOGPVU CTG WPFGTN[KPIN[ HNQCVKPI HGCVWTGU VJGP YG ECP GNKOKPCVG

VJKU TGRTGUGPVCVKQPCN TGFWPFCPE[ CPF HKNN VJG QVJGTYKUG WPOQVKXCVGF ICR KP VJG ETQUU�NKPIWKUVKE KPXGPVQT[ QH

HNQCVKPI HGCVWTGU�

9 Conclusion 

6JKU RCRGT JCU RTQXKFGF UGXGTCN CTIWOGPVU CICKPUV VJG VTCFKVKQPCN FKEJQVQO[ DGVYGGP NCVGPV

UGIOGPVU CPF HNQCVKPI HGCVWTGU� +V YCU UJQYP VJCV VJG VTCFKVKQPCN TQNGU CUUQEKCVGF YKVJ VJG TQQV PQFGM

KOOQDKNKV[ CPF CWVCTEJ[MFQ PQV EQTTGNCVG YKVJ VJG RTGUGPEG QT CDUGPEG QH C TQQV PQFG WPFGTN[KPIN[� CPF C

ITCOOCT DCUGF QP C JKGTCTEJ[ QH XKQNCDNG EQPUVTCKPVU YCU FGXGNQRGF VQ CEEQWPV HQT VJG KPFGRGPFGPV

OCPKHGUVCVKQPU QH VJGUG VYQ HWPEVKQPU� $[ RQUKVKPI C WPKHKGF WPFGTN[KPI TGRTGUGPVCVKQP HQT CNN KPUVCPEGU QH

IJQUVU CPF HNQCVKPI HGCVWTGU� VJKU CPCN[UKU WVKNK\GU VJG IGPGTCNK\CVKQPU YJKEJ IQXGTP VJG OKZGF DGJCXKQT QH

UQOG HNQCVKPI HGCVWTGU VQ IGPGTCVG C ETQUU�NKPIWKUVKE V[RQNQI[ QH VJG GPVKTG TCPIG QH DGJCXKQT CUUQEKCVGF YKVJ

UWDOKPKOCN RJQPQNQIKECN WPKVU� YJKNG CNNQYKPI C WPKSWG EJCTCEVGTK\CVKQP QH DQVJ VJG NKOKVGF KPXGPVQTKGU QH

NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU CPF VJGKT KOOWPKV[ HTQO VJG FGOCPFU QH TGIWNCT RCTUKPI� 9JKNG VJKU

RCRGT JCU PQV FKUEWUUGF GXGT[ CTIWOGPV GXGT RTQRQUGF VQ OQVKXCVG VJG TGRTGUGPVCVKQPCN FKUVKPEVKQP DGVYGGP

NCVGPV UGIOGPVU CPF HNQCVKPI HGCVWTGU 
UGG HQT GZCORNG 4WDCEJ ������ KV FQGU RTQXKFG C UVTQPI DCUKU HQT VJG

TG�GXCNWCVKQP QH VJGUG ENCKOU KP NKIJV QH VJG GXKFGPEG RTGUGPVGF JGTG UWRRQTVKPI C WPKHKGF TGRTGUGPVCVKQP�
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