
YJ

$POUFOUT
"DLOPXMFEHNFOUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YWJJ

� *OUSPEVDUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�� 6OEFSTUBOEJOH TFNBOUJDT BOE QSBHNBUJDT JT CFOFmDJBM GPS CVJMEJOH
TDBMBCMF /BUVSBM -BOHVBHF 1SPDFTTJOH 	/-1
 TZTUFNT� � � � � � � � � � � � � � � � � � � � � �
�� ,OPXMFEHF PG TFNBOUJDT BOE QSBHNBUJDT DBO JOGPSN UIF EFTJHO PG /-1
TZTUFNT GPS VOEFSTUBOEJOH BOE HFOFSBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 8IBU JT .FBOJOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�� .FBOJOH DBO CF NPEFMFE JO UFSNT PG WBMJEJUZ BOE SFGFSFODF� � � � � � � � � � � � � � �
�� /BUVSBM MBOHVBHF VOEFSTUBOEJOH SFRVJSFT DPNNPOTFOTF SFBTPOJOH� � � � � � � � �
�� .FBOJOH EFSJWFE GSPN GPSN JT EJĊFSFOU GSPN NFBOJOH JO DPOUFYU PG VTF� � ��
�� .BOZ FYUBOU NPEFMT PG NFBOJOH EJTUJOHVJTI MPDVUJPOBSZ JMMPDVUJPOBSZ
BOE QFSMPDVUJPOBSZ BDUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 1IJMPTPQIJDBM DPODFQUT MJLF JOEJSFDU TQFFDI BDUT BOE DPNNPO HSPVOE
BSF VTFGVM GPS EJBMPHVF QSPDFTTJOH CVU UIFZ IBWF B EJĊFSFOU TUBUVT GSPN
QVCMJD DPNNJUNFOUT XIFO SFTPMWJOH BOBQIPSB� � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 4PNF TQFFDI BDUT BSF SFMBUJPOT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� -JOHVJTUJD NFBOJOH JODMVEFT FNPUJPOBM DPOUFOU� � � � � � � � � � � � � � � � � � � � � � ��
�� -JOHVJTUJD NFBOJOH JODMVEFT TPDJBM NFBOJOH� � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ɩFSF JT BNCJHVJUZ BU NBOZ MFWFMT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 8IBU�T EPOF BT B QJQFMJOF JO NBOZ BQQSPBDIFT UP /-1 JT EPOF JO
IVNBO QSPDFTTJOH WJB JODSFNFOUBM JOUFSQSFUBUJPO�JODSFNFOUBM CVJMEJOH PG
UIF EJTDPVSTF NPEFM� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� *O GBDF�UP�GBDF DPOWFSTBUJPO QFPQMF VTF CPUI WFSCBM BOE OPO�WFSCBM
BDUJPOT UP DPOWFZ NFBOJOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� -JOHVJTUJD NFBOJOH BOE OPO�MJOHVJTUJD QFSDFQUJPO JOUFSBDU JO DPNQMFY
XBZT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 	%JTBNCJHVBUFE
 MJOHVJTUJD GPSN QSPEVDFT BO BCTUSBDU NFBOJOH
SFQSFTFOUBUJPO XIJMF DPIFSFODF BOE DPHOJUJWF TUBUFT ZJFME NPSF TQFDJmD
DPOUFOUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

Linguis'c	Fundamentals	for	Natural	Language	Processing	II:
100	Essen'als	from	Seman'cs	and	Pragma'cs

Emily	M.	Bender	&	Alex	Lascarides

Morgan	&	Claypool	Synthesis	Lectures	on	Human	Language	Technologies
©2020,	Morgan	&	Claypool



YJJ
� -FYJDBM 4FNBOUJDT� 0WFSWJFX � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� *O GPSNBM HSBNNBS XPSET BSF PGUFO SFQSFTFOUFE BT PQBRVF QSFEJDBUF
TZNCPMT CVU PO JUT PXO UIJT NJTTFT B MPU PG JNQPSUBOU JOGPSNBUJPO BCPVU
XPSE NFBOJOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� -FYJDBM TFNBOUJDT JODMVEFT XPSE TFOTF TFNBOUJD SPMFT BOE DPOOPUBUJPO� � ��
��� 4PNFUJNFT MFYJDBM TFNBOUJDT BUUBDIFT UP TNBMM DPMMFDUJPOT PG XPSET
SBUIFS UIBO JOEJWJEVBM XPSET� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� -FYJDBM 4FNBOUJDT� 4FOTFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� " TJOHMF XPSE GPSN DBO IBWF NBOZ TFOTFT� � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3FHVMBS QPMZTFNZ EFTDSJCFT QSPEVDUJWFMZ SFMBUFE TFOTF GBNJMJFT� � � � � � � � � ��
��� 4USVDUVSFE MFYJDBM NFBOJOH SFQSFTFOUBUJPOT DBO TVQQPSU UIF BOBMZTJT PG
DPOTUSVDUJPOBM QPMZTFNZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� )PNPOZNZ BSJTFT XIFO UIF TFOTFT PG B XPSE BSF OPU OPX SFMBUFE UP
FBDI PUIFS FWFO JG UIFZ XFSF BDDPSEJOH UP FUZNPMPHZ� � � � � � � � � � � � � � � � � � � � � ��
��� %FSJWBUJPOBM NPSQIPMPHZ DBO CF VTFE UP DSFBUF OFX XPSET XJUI
QSFEJDUBCMF TFOTFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 8PSE TFOTFT UIBU BSF QSFEJDUFE CZ QSPEVDUJWF QSPDFTTFT DBO CF CMPDLFE
CZ TVċDJFOUMZ IJHI GSFRVFODZ VOEFSJWFE XPSET XJUI UIF TBNF TFOTF� � � � � � � � � ��
��� 8PSE TFOTFT DBO DIBOHF PWFS UJNF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� :PV LOPX UIF NFBOJOH PG B XPSE CZ UIF DPNQBOZ JU LFFQT� � � � � � � � � � � � ��
��� 7FDUPS TQBDF SFQSFTFOUBUJPOT PĊFS B EJĊFSFOU QFSTQFDUJWF PO XPSE
NFBOJOH GSPN UIF TFU UIFPSFUJD DPODFQUT VTFE JO GPSNBM TFNBOUJDT� � � � � � � � � � ��
��� 8PSE TFOTFT DBO CF FYUFOEFE UISPVHI NFUBQIPS TIJGUJOH XPSE
NFBOJOH JO VOCPVOEFE XBZT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .FUBQIPSJDBM FYUFOTJPOT BSF OPOFUIFMFTT HPWFSOFE CZ FTUBCMJTIFE XPSE
NFBOJOHT BOE IPX UIFZ SFMBUF UP FBDI PUIFS� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .FUBQIPSJDBM NFBOJOHT DBO CF DPOWFOUJPOBMJ[FE� � � � � � � � � � � � � � � � � � � � ��
��� 8PSET DBO IBWF TVSQSJTJOH OPODF VTFT UISPVHI NFBOJOH USBOTGFS� � � � � � � ��
��� 8PSE TFOTFT DPNQSJTF EJĊFSFOU EJNFOTJPOT BOE TPNF PG UIPTF BSF
NBSLFE BT EFGFBTJCMF JO UIF MFYJDPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 4FNBOUJD 3PMFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 8PSE NFBOJOHT BSF TPNFUJNFT CFTU SFQSFTFOUFE BT QSFEJDBUF TZNCPMT
UIBU UBLF NVMUJQMF BSHVNFOUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 4FNBOUJD BSHVNFOUT BSF EJĊFSFOUJBUFE CZ UIFJS SPMF XJUI SFTQFDU UP UIF
QSFEJDBUF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



YJJJ
��� 4FNBOUJD SPMFT DBO CF BOBMZ[FE BU WBSZJOH EFHSFFT PG HSBOVMBSJUZ� � � � � � � � ��
��� 4FMFDUJPOBM SFTUSJDUJPOT BSF TPGU DPOTUSBJOUT PO UIF UZQF PG BSHVNFOU
FYQFDUFE UP mMM FBDI TFNBOUJD SPMF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 8IFO BO BSHVNFOU JT OPU PWFSUMZ FYQSFTTFE UIF TFNBOUJD QSFEJDBUF
TUJMM DBSSJFT B SPMF GPS JU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $PMMPDBUJPOT BOE 0UIFS .VMUJXPSE &YQSFTTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .VMUJXPSE FYQSFTTJPOT 	.8&T
 TUSBEEMF UIF CPVOEBSZ CFUXFFO
MFYJDBM BOE DPNQPTJUJPOBM TFNBOUJDT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $PMMPDBUJPOT BSF EFQFOEFOU PO XPSE GPSN BOE OPU KVTU XPSE TFOTFT� � � � � ��
��� $PMMPDBUJPOT BSF PGUFO MFTT BNCJHVPVT UIBO UIF XPSET UBLFO JO JTPMBUJPO� � ��
��� ɩF TUSFOHUI PG B DPMMPDBUJPO JT OPU FRVJWBMFOU UP JUT GSFRVFODZ� � � � � � � � � ��
��� -JLF JOEJWJEVBM XPSET .8&T DBO IBWF TFOTF BNCJHVJUZ� � � � � � � � � � � � � � ��
��� -JLF EFSJWBUJPOBM NPSQIPMPHZ UIFSF BSF QBUUFSOT GPS HFOFSBUJOH OFX
.8&T� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� -JLF EFSJWFE XPSET UIF TFOTF PG BO .8& DBO ESJGU GSPN XIBU UIF
QSPEVDUJWF QBUUFSO XPVME QSFEJDU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .8&T WBSZ JO UIFJS TZOUBDUJD nFYJCJMJUZ� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .8&T WBSZ JO UIFJS DPNQPTJUJPOBMJUZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� *U�T DIBMMFOHJOH UP SFQSFTFOU UIF SFMBUJPOTIJQ CFUXFFO UIF NFBOJOH PG
BO JEJPN BOE UIF NFBOJOHT PG JUT QBSUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $PNQPTJUJPOBM 4FNBOUJDT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $PNQPTJUJPOBM TFNBOUJDT JT MBSHFMZ BCPVU XPSLJOH PVU XIP EJE XIBU
UP XIPN XIFSF XIFO IPX BOE XIZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $PNQPTJUJPOBM TFNBOUJD SFQSFTFOUBUJPOT DBO CF DPOTUSVDUFE GPS
TUSJOHT XJUI BOE XJUIPVU UZQFT BOE XJUI BOE XJUIPVU FYQMJDJU TZOUBY� � � � � � � � ��
��� $PNQBSBUJWFT FYQSFTT UIF EFHSFF UP XIJDI BO FOUJUZ IBT TPNF HSBEBCMF
QSPQFSUZ JO SFMBUJPO UP TPNF TUBOEBSE PG DPNQBSJTPO� � � � � � � � � � � � � � � � � � � � � ��
��� $PPSEJOBUF DPOTUSVDUJPOT DBO CF VOEFSTUPPE JO UFSNT PG QMVSBMJUJFT PG
FOUJUJFT BOE FWFOUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2VBOUJmFST FYQSFTT SFMBUJPOT CFUXFFO TFUT EFTDSJCFE CZ
QSFEJDBUF�BSHVNFOU TUSVDUVSF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ɩF TFNBOUJDT PG OBUVSBM MBOHVBHF EFUFSNJOFST DBO CF SFQSFTFOUFE BT
HFOFSBMJ[FE RVBOUJmFST� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2VBOUJmFS TDPQF BNCJHVJUZ JT OPU GVMMZ SFTPMWFE CZ TZOUBDUJD BNCJHVJUZ
SFTPMVUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



YJW
��� ɩF SFMBUJWF TDPQF PG PUIFS TDPQBM PQFSBUPST IPXFWFS JT SFTPMWFE CZ
TZOUBDUJD TUSVDUVSF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ɩF JNQPSUBODF PG DPSSFDUMZ SFQSFTFOUJOH TDPQBM PQFSBUPST EFQFOET PO
UIF /-1 BQQMJDBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $PNQPTJUJPOBM TFNBOUJDT JOUFSBDUT XJUI XPSE TFOTF� � � � � � � � � � � � � � � � � � ��
��� ɩF TFNBOUJDT PG B QISBTF UIBU�T EFSJWFE CZ DPNQPTJOH EJTUSJCVUJPOBM
NPEFMT PG JUT XPSET JT IJHIMZ TFOTJUJWF UP IPX UIF WFDUPST BSF DPNQPTFE� � � � � � ��

� $PNQPTJUJPOBM 4FNBOUJDT CFZPOE 1SFEJDBUF�"SHVNFOU 4USVDUVSF � � � � � � � � � � ��
��� $PNQPTJUJPOBM TFNBOUJDT JODMVEFT HSBNNBUJDJ[FE DPODFQUT TVDI BT
UFOTF BTQFDU FWJEFOUJBMT QSFTVQQPTJUJPO USJHHFST PS QPMJUFOFTT� � � � � � � � � � � � ��
��� ɩF DPODFQUT UIBU BSF HSBNNBUJDJ[FE BOE IPX UIFZ BSF HSBNNBUJDJ[FE
WBSZ GSPN MBOHVBHF UP MBOHVBHF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5FOTF FODPEFT UIF UISFF�XBZ SFMBUJPOTIJQ CFUXFFO TQFFDI UJNF FWFOU
UJNF BOE BO BOBQIPSJDBMMZ EFUFSNJOFE SFGFSFODF UJNF� � � � � � � � � � � � � � � � � � � � ��
��� "TQFDU FODPEFT UIF EFTDSJQUJPO PG UIF JOUFSOBM UFNQPSBM QSPQFSUJFT PG
UIF FWFOU BOE IPX JU�T WJFXFE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &WJEFOUJBMT FODPEF UIF TPVSDF B TQFBLFS DSFEJUT UIF JOGPSNBUJPO UP
BOE�PS UIF EFHSFF PG DFSUBJOUZ UIF TQFBLFS GFFMT BCPVU JU� � � � � � � � � � � � � � � � � ���
��� 1PMJUFOFTT NBSLFST DBO FODPEF SFMBUJWF TUBUVT PG PS TPDJBM EJTUBODF
CFUXFFO TQFBLFS BOE SFGFSFOU PS TQFBLFS BOE BEESFTTFF� � � � � � � � � � � � � � � � � � ���
��� 1PMJUFOFTT TUSBUFHJFT DBO BMTP NJUJHBUF GBDF�UISFBUT CZ TPGUFOJOH
DPNNBOET UP SFRVFTUT FUD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 1PMJUFOFTT NBSLFST DBO CF B VTFGVM TPVSDF PG JOGPSNBUJPO GPS SFGFSFODF
SFTPMVUJPO FTQFDJBMMZ PG ESPQQFE BSHVNFOUT� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

� #FZPOE 4FOUFODFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 6OEFSTUBOEJOH NFBOJOH JO EJTDPVSTF JOWPMWFT TPNF LJOE PG GVODUJPO PG
EJTDPVSTF VQEBUF VTJOH B SFQSFTFOUBUJPO PG EJTDPVSTF DPOUFYU BOE B
SFQSFTFOUBUJPO PG XIBU�T KVTU CFFO TBJE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� %JTDPVSTF JT TUSVDUVSFE CZ DPIFSFODF SFMBUJPOT CFUXFFO DPOUFOUT PG
EJTDPVSTF TFHNFOUT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� -FYJDBM QSPDFTTJOH BOE EJTDPVSTF QSPDFTTJOH JOUFSBDU� � � � � � � � � � � � � � � � ���
��� ɩF TFNBOUJD SFQSFTFOUBUJPO PG EJTDPVSTF TIPVME CF EZOBNJDBMMZ
JOUFSQSFUFE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� %JTDPVSTF VOEFSTUBOEJOH BOE EJBMPHVF HFOFSBUJPO TFFN BNFOBCMF UP
HBNF�UIFPSFUJD NPEFMJOH CVU EJTDPVSTF JT UPP PQFO�FOEFE UP BTTVNF UIF
SFRVJTJUF DPNQMFUF LOPXMFEHF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



YW
�� 3FGFSFODF 3FTPMVUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� %JTDPVSTF QSPDFTTJOH SFRVJSFT SFGFSFODF SFTPMVUJPO� � � � � � � � � � � � � � � � � � ���
��� "O BOUFDFEFOU UP B QSPOPVO DBO CF BCTUSBDU DPOUFOU FYQSFTTFE CZ B
XIPMF TFOUFODF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 3FGFSFODF SFTPMVUJPO EFQFOET PO HSBNNBUJDBM GBDUPST� � � � � � � � � � � � � � � ���
��� 3FGFSFODF SFTPMVUJPO EFQFOET PO MPHJDBM GPSN� � � � � � � � � � � � � � � � � � � � � � ���
��� 3FGFSFODF SFTPMVUJPO JOUFSBDUT XJUI NPEBMT JO JOUFSFTUJOH XBZT� � � � � � � � ���
��� 3FGFSFODF SFTPMVUJPO EFQFOET PO EJTDPVSTF TUSVDUVSF� � � � � � � � � � � � � � � � ���

�� 1SFTVQQPTJUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 6UUFSBODFT DBO IBWF CPUI FOUBJMNFOUT BOE QSFTVQQPTJUJPOT� � � � � � � � � � � ���
��� 1SFTVQQPTJUJPO USJHHFST BSF B XJEF BOE WBSJFE TFU� � � � � � � � � � � � � � � � � � � ���
��� 4PNF MJOHVJTUJD FYQSFTTJPOT QBTT FNCFEEFE QSFTVQQPTJUJPOT VQ TPNF
EPO�U BOE XJUI PUIFST JU EFQFOET� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 1SFTVQQPTJUJPO BDDPNNPEBUJPO EFQFOET PO UIF BCTFODF PG BDDFTTJCMF
BOUFDFEFOUT JO UIF EJTDPVSTF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 1SFTVQQPTJUJPOT JOUFSBDU XJUI EJTDPVSTF DPIFSFODF� � � � � � � � � � � � � � � � � � ���

�� *OGPSNBUJPO 4UBUVT BOE *OGPSNBUJPO 4USVDUVSF � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *OGPSNBUJPO TUBUVT JT B QSPQFSUZ PG MJOHVJTUJD EFTDSJQUJPOT PG SFGFSFOUT
EFTDSJCJOH UIFJS SFMBUJPOTIJQ UP UIF DPNNPO HSPVOE� � � � � � � � � � � � � � � � � � � � ���
��� *OGPSNBUJPO TUBUVT JT SFnFDUFE JO UIF NPSQIPMPHZ BOE TZOUBY JO
EJĊFSFOU XBZT BDSPTT MBOHVBHFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� ɩF JOGPSNBUJPO TUSVDUVSF PG B TFOUFODF EJTUJOHVJTIFT XIBU UIF TQFBLFS
FYQSFTTFT BT HJWFO WT� OFX� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� (JWFO W� OFX DPOUFOU JO TFOUFODFT DBO CF VOEFSTUPPE JO UFSNT PG UPQJD
CBDLHSPVOE GPDVT BOE DPOUSBTU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� %JĊFSFOU MBOHVBHFT NBSL JOGPSNBUJPO TUSVDUVSF EJĊFSFOUMZ� � � � � � � � � � � ���
��� -BOHVBHFT UIBU NBSL JOGPSNBUJPO TUSVDUVSF XJUI JOUPOBUJPO SFRVJSF
KPJOU TFNBOUJD NPEFMT PG TUSFTT BOE UVOF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *OGPSNBUJPO TUSVDUVSF DBO JOUFSBDU XJUI USVUI DPOEJUJPOT� � � � � � � � � � � � � ���

�� *NQMJDBUVSF BOE %JBMPHVF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *NQMJDBUVSF JT BO JNQMJFE NFBOJOH UIBU HPFT CFZPOE XIBU UIF TQFBLFS
FYQMJDJUMZ FYQSFTTFE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *NQMJDBUVSFT DBO CF DPOWFSTBUJPOBM PS DPOWFOUJPOBM� � � � � � � � � � � � � � � � � ���



YWJ
��� *NQMJDBUVSFT DBO PGUFO 	CVU OPU BMXBZT
 CF SFDPHOJ[FE XJUIPVU
BQQFBMJOH UP DPHOJUJWF TUBUFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� $POTUSVDUJOH B SFQSFTFOUBUJPO PG XIBU XBT TBJE JT EJTUJODU GSPN
FWBMVBUJOH XIFUIFS XIBU XBT TBJE JT USVF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� *O TUSBUFHJD DPOWFSTBUJPO JNQMJDBUVSFT DBO CF TBGF PS VOTBGF� � � � � � � � � � ���
��� "HSFFNFOU BOE EFOJBM DBO CF JNQMJDBUFE BOE JNQMJDBUVSFT DBO CF
BHSFFE VQPO PS EFOJFE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 4JMFODF DBO CF B NFBOJOHGVM BDU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� ɩF QSPTPEZ PG BO VUUFSBODF BĊFDUT XIBU UIF TQFBLFS QVCMJDMZ DPNNJUT
UP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 3FTPVSDFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� -FYJDBM SFTPVSDFT TZTUFNBUJ[F VTFGVM JOGPSNBUJPO BCPVU XPSE TFOTF BOE
TFNBOUJD SPMFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� ɩFSF BSF BMTP SFTPVSDFT BOOPUBUFE XJUI TFOUFODF�MFWFM TFNBOUJD
JOGPSNBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 4PNF TFOUFODF QBSTJOH TZTUFNT QSPEVDF TFNBOUJD SFQSFTFOUBUJPOT� � � � � � ���
���� %JTDPVSTF JOGPSNBUJPO JO BWBJMBCMF DPSQPSB DPNFT JO NBOZ HVJTFT� � � � � ���

" "QQSPBDIFT UP %JTDPVSTF 4USVDUVSF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

# (SBNT 6TFE JO *(5 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

#JCMJPHSBQIZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

"VUIPST� #JPHSBQIJFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

(FOFSBM *OEFY � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

*OEFY PG -BOHVBHFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���


