
$* 6HPDQWLF�&RPSXWLQJ

)UHGHULN�+RJHQERRPjV�3K' GHIHQVH

z2QWRORJ\�/H[LFDOL]DWLRQl



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"HFOEB

! .VMUJMJOHVBMJUZ�PO�UIF�8FC

! 4FNBOUJD�8FC���-JOLFE�0QFO�%BUB

! 0OUPMPHZ�-FYJDBMJ[BUJPO

! 2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE�%BUB� UIF�2"-% #FODINBSL

! $PODMVTJPO



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"HFOEB

! .VMUJMJOHVBMJUZ�PO�UIF�8FC

! 4FNBOUJD�8FC���-JOLFE�0QFO�%BUB

! 0OUPMPHZ�-FYJDBMJ[BUJPO

! 2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE�%BUB� UIF�2"-% #FODINBSL

! $PODMVTJPO



$* 6HPDQWLF�&RPSXWLQJ

:KDW�LV�WKH�SRSXODWLRQ�GHQVLW\�RI
5RWWHUGDP"



$* 6HPDQWLF�&RPSXWLQJ

:KDW�LV�WKH�SRSXODWLRQ�GHQVLW\�RI
5RWWHUGDP"

2



$* 6HPDQWLF�&RPSXWLQJ

:KDW�LV�WKH�SRSXODWLRQ�GHQVLW\�RI
5RWWHUGDP"

2

2



$* 6HPDQWLF�&RPSXWLQJ

:KDW�LV�WKH�SRSXODWLRQ�GHQVLW\�RI
5RWWHUGDP"

2

2

2



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"HFOEB

! .VMUJMJOHVBMJUZ�PO�UIF�8FC

! 4FNBOUJD�8FC���-JOLFE�0QFO�%BUB

! 0OUPMPHZ�-FYJDBMJ[BUJPO

! 2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE�%BUB� UIF�2"-% #FODINBSL

! $PODMVTJPO



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4FNBOUJD�8FC�JO�B�/VUTIFMM

! *OUSPEVDF 63*T�GPS�GPS�BMM�SFTPVSDFT EFTDSJCFE�PO�UIF�8FC�	OPU�KVTU

EPDVNFOUT
 CVU�QFPQMF
 FWFOUT���F�H� B�DPODFSU
 NVTJD�QJFDFT


DPNQBOJFT
���UZQJDBMMZ�)551�63*T

! 63*T�BSF�JOUFSQSFUFE�X�S�U� B�NPEFM�PG�UIF�XPSME

! 3%' BT�EBUBNPEFM UP�FYQSFTT�GBDUVBM�LOPXMFEHF�JO�UIF�GPSN�PG

USJQMFT (T, Q, P) ��TFSJBMJ[FE�JO�9.- PS�TPNF�PUIFS�GPSNBU

! TP�DBMMFE POUPMPHJFT EFGJOF�XIBU�UIF�3%' NFBOT
 J�F� UP�EFGJOF

UIF�|NFBOJOHh�PG�UIF�TZNCPMT�BYJPNBUJDBMMZ

! SFTPVSDFT�DPOOFDUFE�UP�FBDI�PUIFS�UISPVHI�3%' USJQMFT
 SFMBUJPOT

VOJRVFMZ�JEFOUJGJFE�UISPVHI�63*T



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

-JOLFE�0QFO�%BUB� 4J[F

.PSF�UIBO����CJMMJPO�USJQMFT�



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

-JOLFE�0QFO�%BUB� %PNBJOT



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4FNBOUJD�8FC�BT�BO�*OUFSMJOHVB 

"T�UIF�MJOLFE�PQFO�EBUB�DMPVE�HSPXT
 JU�XJMM�CSJOH�UPHFUIFS�NPTU�PG�UIF

GBDUVBM�LOPXMFEHF�UIBU�JT�SFMFWBOU�UP�IVNBOT
 BCTUSBDUJOH�GSPN�TQFDJGJD

IVNBO�MBOHVBHFT�

! 63*T�BSF�MBOHVBHF�JOEFQFOEFOU
 EFOPUF�UIF�BDUVBM�FOUJUZ�JO�UIF

SFBM�XPSME

! GBDUT�BSF�MBOHVBHF�JOEFQFOEFOU

2VFTUJPO� )PX�XJMM�VTFST�UIBU�TQFBL�EJGGFSFOU�MBOHVBHFT�BDDFTT�UIJT

CPEZ�PG�MBOHVBHF�JOEFQFOEFOU�LOPXMFEHF 

4PMVUJPO�	QBSUJBM
� 4FNBOUJD�8FC�QSPWJEFT�B�OPSNBMJ[JOH


MBOHVBHF�JOEFQFOEFOU�WPDBCVMBSZÑ



$* 6HPDQWLF�&RPSXWLQJ

0XOWLOLQJXDO�4XHVWLRQ�$QVZHULQJ



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

.VMUJMJOHVBM�8FC�7JTJPO� .BJO�*OHSFEJFOUT

! -BOHVBHF�JOEFQFOEFOU�,OPXMFEHF�	'BDUT


! -FYJDBM�,OPXMFEHF�BCPVU�IPX�UIJT�LOPXMFEHF�JT�FYQSFTTFE�JO

NVMUJQMF�MBOHVBHFT�

! .PEFMT���7PDBCVMBSJFT�UP�FYQSFTT�LOPXMFEHF�BCPVU�MFYJDBM
SFBMJ[BUJPO�PG�DMBTTFT
 QSPQFSUJFT�JO�QBSUJDVMBS�MBOHVBHFT

! .FUIPEPMPHJFT�GPS�DSFBUJOH�UIJT�LOPXMFEHF
! 5FDIOJRVFT�UP�FBTF�UIF�DSFBUJPO�PG�UIJT�LOPXMFEHF



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"HFOEB

! .VMUJMJOHVBMJUZ�PO�UIF�8FC

! 4FNBOUJD�8FC���-JOLFE�0QFO�%BUB

! 0OUPMPHZ�-FYJDBMJ[BUJPO

! 2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE�%BUB� UIF�2"-% #FODINBSL

! $PODMVTJPO



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

MFNPO�	MFYJDPO�NPEFM�GPS�POUPMPHJFT


! 	NFUB�
�NPEFM�GPS�EFTDSJCJOH�POUPMPHZ�MFYJDB�XJUI�3%'

! FOSJDIFT�BO�POUPMPHZ�XJUI�MJOHVJTUJD�JOGPSNBUJPO
 JO�QBSUJDVMBS

TQFDJGJFT�IPX�POUPMPHZ�DPODFQUT�DPSSFTQPOE�UP�OBUVSBM�MBOHVBHF

FYQSFTTJPOT

! UIF�NFBOJOH�PG�MFYJDBM�FOUSJFT�JT�TQFDJGJFE�CZ�QPJOUJOH�UP�FMFNFOUT

JO�UIF�POUPMPHZ�	TFNBOUJDT�CZ�SFGFSFODF


! MFYJDPO�BOE�POUPMPHZ�BSF�DMFBSMZ�TFQBSBUFE

0F&UDH�HW�DO� ������� /LQNLQJ�/H[LFDO�5HVRXUFHV�DQG�2QWRORJLHV�RQ�WKH�6HPDQWLF�:HE�ZLWK�OHPRQ� ,Q�

3URF� RI�(6:& �����



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

MFNPO�DPSF

��������	
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4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4UBOEBSEJ[BUJPO

! 8�$ $PNNVOJUZ�(SPVQ�'PVOEFE�JO������UP�EFWFMPQ�B�TUBOEBSE

NPEFM�GPS�SFQSFTFOUJOH�JOGPSNBUJPO�BCPVU�IPX�DPODFQUT�JO�BO

POUPMPHZ�BSF�FYQSFTTFE�JO�EJGGFSFOU�MBOHVBHFT�

! $VSSFOUMZ����QBSUJDJQBOUT�	NPTU�PG�UIFN�QBTTJWF�MJTUFOFST


! 4QFDJGJDBUJPO�FYQFDUFE�TPNF�UJNF�JO�����Ñ

4FF� KWWS���ZZZ�Z��RUJ�FRPPXQLW\�RQWROH[�

http://www.w3.org/community/ontolex/


4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

7JTJPO� 5PXBSET�B�MJOHVJTUJDBMMZ�FOIBODFE
4FNBOUJD�8FC

44



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

MFNPO�MFYJDPO�GPS�UIF�&OHMJTI�%#QFEJB
POUPMPHZ

.BOVBMMZ�DSFBUFE�MFYJDPO�GPS�%#QFEJB�0OUPMPHZ�BT�B�QSPPG�PG�DPODFQU�

! %#QFEJB�POUPMPHZ�DPNQSJTFT�����DMBTTFT�BOE�������QSPQFSUJFT

! 'JSTU�SFMFBTF�PG�&OHMJTI�MFNPO�MFYJDPO�GPS�%#QFEJB�DPOUBJOT

MFYJDBMJ[BUJPOT�GPS�����DMBTTFT�BOE�����QSPQFSUJFT�

! *U�DPWFST�����PG�UIF�DMBTTFT�BOE�����PG�UIF�QSPQFSUJFT�	UIPTF�XJUI

BU�MFBTU���
����USJQMFT


! 0O�BWFSBHF
 ����FOUSJFT�QFS�POUPMPHZ�FOUJUZ�	����QFS�DMBTT�BOE����

QFS�QSPQFSUZ
�



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

0OUPMPHZ�-FYJDBMJ[BUJPO

! (JWFO� QSPQFSUZ�XJUI�3%' USJQMFT�PS�B�XIPMF�POUPMPHZ

! 'JOE� QBUUFSOT�UIBU�MFYJDBMJ[F�UIFTF�QSPQFSUJFT

! 0VUQVU� MFNPO�MFYJDPO



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

0OUPMPHZ�-FYJDBMJ[BUJPO� "50--

! *OQVU� POUPMPHZ
 3%' LOPXMFEHF�CBTF
 	EPNBJO
�DPSQVT

! "QQSPBDI�

�� GJOE�PDDVSSFODFT�JO�DPSQVT�JO�XIJDI�B�HJWFO�QSPQFSUZ�JT�FYQSFTTFE
�� HFOFSBMJ[F�PWFS�UIFTF�PDDVSSFODFT�CZ�FYUSBDUJOH�EFQFOEFODZ�QBUIT

! 0VUQVU� MFYJDPO�JO�MFNPO�GPSNBU

! .BOVBM�WBMJEBUJPO�BOE�DPSSFDUJPO�PG�MFYJDBM�FOUSJFT



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"50--��4ZTUFN�0WFSWJFX



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"50--��%FQFOEFODZ�CBTFE�"QQSPBDI



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4UFQ��� 5SJQMF�3FUSJFWBM

'PS�UIF�%#QFEJB�QSPQFSUZ VSRXVH
 XF�SFUSJFWF�BNPOH�NBOZ�PUIFST���

� �UHV�%DUDFNB2EDPD� GER�VSRXVH� UHV�0LFKHOOHB2EDPD!
� �UHV�(GZDUGB9,,� GER�VSRXVH� UHV�$OH[DQGUDBRIB'HQPDUN!
� �UHV�+LOGDB*DGHD� GER�VSRXVH� UHV�&KHB*XHYDUD!
� �UHV�0HOB)HUUHU� GER�VSRXVH� UHV�$XGUH\B+HSEXUQ!
� ���



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4UFQ��� 4FOUFODF�&YUSBDUJPO

8F�SFUSJFWF�BMM�TFOUFODFT�NFOUJPOJOH�CPUI�FOUJUJFT�JO�UIF�TBNF

TFOUFODF�

! #BSBDL�0CBNB JT�UIF�IVTCBOE�PG .JDIFMF�0CBNB�

! 1SFTJEFOU�#BSBDL�0CBNB JT�NBSSJFE�UP 'JSTU�-BEZ�.JDIFMMF�0CBNB�



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4ZOPOZNT�FYUSBDUFE�GSPN�BODIPS�UFYUT

#BSBDL�0CBNB 5FSN�'SFRVFODZ .JDIFMMF�0CBNB 5FSN�'SFRVFODZ

#BSBDL�0CBNB ����� .JDIFMMF�0CBNB ���

0CBNB ��� .JDIFMMF�3PCJOTPO ��

#BSBDL�)��0CBNB �� 'JSTU�-BEZ�.JDIFMMF�0CBNB �

#BSBL�0CBNB �� .JDIFMMF�-B7BVHIO�3PCJOTPO�0CBNB �

#BSBDL�0CBNBhT �� .JDIFMF�0CBNB �

#BSSBDL�0CBNB �� .JDIFMMF�3PCJOTPO�0CBNB �

#BSBDL �� .FMWJOJB�4IJFMET �

#BSBDL@0CBNB �� .ST� 0CBNB �

0CBNB
 #BSBDL �� .JDIFMMF�PCBNB �

4FO� #BSBDL�0CBNB �� .JDIFMMF@0CBNB �



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4UFQ��� %FQFOEFODZ�1BSTJOH

8F�VTF�UIF�.BMUQBSTFS�UP�QBSTF�BMM�TFOUFODFT�
We use the Maltparser to parse all sentences:

BarackObama is married to MichelleObama

nsubjpass

auxpass

root

prep

pobj

1

BarackObama is the husband of MichelleObama

nsubj

cop

det

root

prep

pobj

3



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

4UFQ��� 1BUUFSO�&YUSBDUJPO

&YUSBDU�TIPSUFTU�QBUI�JO�UIF�EFQFOEFODZ�USFF�
Extract shortest path in the dependency tree:

BarackObama married to MichelleObama

nsubjpass

root

prep

pobj

2

BarackObama husband of MichelleObama

nsubj

root

prep pobj

4



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

.BQQJOH�UP�MFNPO

�KXVEDQG D OHPRQ�/H[LFDO(QWU\ �
OH[LQIR�SDUW2I6SHHFK OH[LQIR�QRXQ �
OHPRQ�FDQRQLFDO)RUP > OHPRQ�ZULWWHQ5HS �KXVEDQG�#HQ @ �
OHPRQ�V\Q%HKDYLRU > UGI�W\SH OH[LQIR�1RXQ33)UDPH �

OH[LQIR�FRSXODWLYH$UJ �[BVXEM �
OH[LQIR�SUHSRVLWLRQDO2EMHFW �\BSREM @ �

OHPRQ�VHQVH > OHPRQ�UHIHUHQFH
�KWWS���GESHGLD�RUJ�RQWRORJ\�VSRXVH!�
OHPRQ�VXEM2I3URS �[BVXEM �
OHPRQ�REM2I3URS �\BSREM @ �

�\BSREM OHPRQ�PDUNHU > OHPRQ�FDQRQLFDO)RUP
> OHPRQ�ZULWWHQ5HS �RI�#HQ @ @ �



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

.BQQJOH�UP�MFNPO�VTJOH�EFTJHO�QBUUFSOT
BOE�B�EPNBJO�TQFDJGJD�MBOHVBHF

5HODWLRQDO1RXQ��KXVEDQG��GESHGLD�VSRXVH�

SURS6XEM  3RVVHVVLYH$GMXQFW�

SURS2EM  &RSXODWLYH$UJ��

6WDWH9HUE��PDUU\��GESHGLD�VSRXVH��

SURS6XEM  OH[�SDUWQHU� DV 6XEMHFW�

SURS2EM  OH[�SDUWQHU� DV 3UHSRVLWLRQDO2EMHFW��WR����



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

&WBMVBUJPO�PO�%#QFEJB

! %#QFEJB����

! 8JLJQFEJB�DPSQVT�	&/


! 5SBJOJOH�	UISFTIPME�GJYJOH
� ���DMBTTFT�BOE����QSPQFSUJFT

! 5FTU� ����DMBTTFT
 �����������QSPQFSUJFT



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

&WBMVBUJPO� %#QFEJB

&WBMVBUJPO�NFBTVSFT�
! 1SFDJTJPO�BOE�3FDBMM�

! 1SFDJTJPO� )PX�NBOZ�PG�UIF�BVUPNBUJDBMMZ�HFOFSBUFE�MFYJDBM�FOUSJFT
	BU�MFNNB�MFWFM
�BSF�BMTP�JO�UIF�HPME�TUBOEBSE�MFYJDPO 

! 3FDBMM� )PX�NBOZ�PG�UIF�MFYJDBM�FOUSJFT�JO�UIF�HPME�TUBOEBSE
MFYJDPO�BSF�BMTP�JO�UIF�BVUPNBUJDBMMZ�HFOFSBUFE�MFYJDPO 

! 'SBNF�"DDVSBDZ�

! "SF�UIF�TVCDBUFHPSJ[BUJPO�GSBNF�BOE�JUT�BSHVNFOUT�DPSSFDU 
! )BWF�UIFTF�TZOUBDUJD�BSHVNFOUT�CFFO�NBQQFE�DPSSFDUMZ�UP�UIF

TFNBOUJD�BSHVNFOUT�	EPNBJO�BOE�SBOHF�PG�B�QSPQFSUZ
 



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

&YBNQMF�GPS�TQPVTF

0CWJPVT�POFT�

; PDUULHG�PDUULHV <

; LV PDUULHG WR <

; LV WKH KXVEDQG RI <

; LV WKH ZLIH RI <

; LV WKH EHWWHU KDOI RI <

4QVSJPVT�POFT�

< LV WKH PDWH RI <

; LV WKH SDUWQHU RI <

; PHW <



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

&WBMVBUJPO� %#QFEJB�UFTU

&WBMVBUJPO�PO�����QSPQFSUJFT�BOE�����DMBTTFE�GSPN�%#QFEJB�GPS�UPQ��

MFNPO�FOUSJFT

1SFDJTJPO 3FDBMM '�.FBTVSF 'SBNF�"DDVSBDZ

��� ��� ��� ���

'BS�GSPN�QFSGFDU
 CVU�BQQSPQSJBUF�GPS�B�TFNJ�BVUPNBUJD�NPEFÑ



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

"HFOEB

! .VMUJMJOHVBMJUZ�PO�UIF�8FC

! 4FNBOUJD�8FC���-JOLFE�0QFO�%BUB

! 0OUPMPHZ�-FYJDBMJ[BUJPO

! 2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE�%BUB� UIF�2"-% #FODINBSL

! $PODMVTJPO



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

1VTIJOH�UIF�GJFME� CFODINBSLJOH

! #FODINBSLT�DSVDJBM�UP�QVTI�UIF�GJFME�GVSUIFS�BOE�DSFBUF�JODFOUJWFT

GPS�SFTFBSDIFST�UP�QBSUJDJQBUF

! 2VBOUJUBUJWF�DPNQBSJTPO�PG�EJGGFSFOU�BQQSPBDIFT�UP�UIF�TBNF�UBTL

! 4P�GBS� OP�TIBSFE�DIBMMFOHF�PO�2VFTUJPO�"OTXFSJOH�PWFS�-JOLFE

%BUB



4FNBOUJD�$PNQVUJOH�(SPVQ
 $*5&$
�6OJWFSTJU¬U�#JFMFGFME

1IJMJQQ�$JNJBOP

%JGGFSFOU�&EJUJPOT�PG�UIF�2"-%
#FODINBSLJOH�$IBMMFOHF

'PVS�FEJUJPOT�PG�2"-% CFODINBSLJOH�DBNQBJHO�

! 2"-%���	����

 DPMMPDBUFE�XJUI�UIF�8PSLTIPQ�PO�2VFTUJPO

"OTXFSJOH�PWFS�-JOLFE�%BUB�BU�&48$
�$SFUF�

! 2"-%���	����

 DPMMPDBUFE�XJUI�UIF�8PSLTIPQ�PO�*OUFSBDUJOH�XJUI

-JOLFE�%BUB�BU�&48$
�$SFUF�

! 2"-%���	����

 DPMMPDBUFE�XJUI�UIF�$SPTT�-BOHVBHF�&WBMVBUJPO

'PSVN�	$-&'

�7BMFODJB
 OFYU�XFFL

! 2"-%���	����

 DPMMPDBUFE�XJUI�UIF�$SPTT�MBOHVBHF�&WBMVBUJPO

'PSVN�	$-&'

�KVTU�BDDFQUFE



4FNBOUJD�$PNQVUJOH�(SPVQ
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