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-FWFSBHJOH TQPLFO UFSN EFUFDUJPO GPS JNQSPWFE SFTPVSDF BDDFTT GPS MBOHVBHF
EPDVNFOUBUJPO BOE SFWJUBMJTBUJPO QSPKFDUT

/BZ 4BO
%FQBSUNFOU PG -JOHVJTUJDT

4UBOGPSE 6OJWFSTJUZ
OBZ�TBO!TUBOGPSE�FEV

"CTUSBDU

/FBSMZ IBMG PG MBOHVBHFT TQPLFO UPEBZ BSF DPOTJEFSFE
FOEBOHFSFE BOE UIFSF BSF NBOZ POHPJOH F੖PSUT UP SF�
DPSE SFNBJOJOH TQFBLFST PG UIFTF MBOHVBHFT� "T SFDPSE�
JOH BVEJP JT NVDI FBTJFS UIBO USBOTDSJCJOH SFDPSEFE BV�
EJP
 MBOHVBHF EPDVNFOUBUJPO F੖PSUT UFOE UP ZJFME MBSHF
BNPVOUT PG VOUSBOTDSJCFE BVEJP
 XIJDI JT EJਖ਼DVMU UP JO�
EFY BOE TFBSDI� *O UIJT XPSL
 XF JOWFTUJHBUF IPX BDDFTT
UP VOUSBOTDSJCFE BVEJP DBO CF JNQSPWFE VTJOH RVFSZ CZ
FYBNQMF TQPLFO UFSN EFUFDUJPO 	2C&�45%
� 8F FYUFOE
SFDFOU XPSL PO 2C&�45% VTJOH DPOWPMVUJPOBM OFVSBM
OFUXPSLT 	$//T
 BOE BEEJUJPOBMMZ UFTU UIFTF $//T PO
MBOHVBHF EPDVNFOUBUJPO EBUB GSPN UXP "VTUSBMJBO "C�
PSJHJOBM MBOHVBHFT
 ,BZUFUZF BOE 8BSVNVOHV� 3FTVMUT
TIPXFE UIBU UIF $//T PVUQFSGPSNFE UIF CBTFMJOF TZT�
UFN CBTFE PO %ZOBNJD 5JNF 8BSQJOH 	%58
 BOE BU B
QSPNJTJOH MFWFM PG QFSGPSNBODF GPS VTF JO MBOHVBHF EPD�
VNFOUBUJPO QSPKFDUT�

� *OUSPEVDUJPO

0G UIF FTUJNBUFE �
��� MBOHVBHFT JO UIF XPSME UPEBZ
OFBSMZ IBMG PG UIFN NBZ OP MPOHFS FYJTU BॏFS B GFX NPSF
HFOFSBUJPOT� य़FSF BSF UIVT NBOZ POHPJOH F੖PSUT UP
EPDVNFOU SFNBJOJOH TQFBLFST PG FOEBOHFSFE MBOHVBHFT
BOE UP IFMQ SFWJUBMJTF TVDI MBOHVBHFT CZ EFWFMPQJOH MBO�
HVBHF MFBSOJOH NBUFSJBMT� 'PS B OVNCFS PG UIFTF F੖PSUT

IPX FBTJMZ SFDPSEFE MBOHVBHF SFTPVSDFT NBZ CF VTFE CZ
BMM JOUFSFTUFE QBSUJFT ۘ GSPN MBOHVBHF UFBDIFST
 UP DPN�
NVOJUZ NFNCFST
 UP MJOHVJTUT ۘ JT EJSFDUMZ JNQBDUFE CZ
IPX TUSBJHIUGPSXBSEMZ UIFTF SFTPVSDFT DBO CF TFBSDIFE
BOE SFUSJFWFE�

य़JT QSPKFDU BJNT UP QSPWJEF BO FYQFSJNFOUBMMZ�
JOGPSNFE FWBMVBUJPO BOE EJTDVTTJPO PG IPX BDDFTT DPVME
CF JNQSPWFE GPS POF QBSUJDVMBS UZQF PG MBOHVBHF SFTPVSDF
ۘ VOUSBOTDSJCFE TQFFDI� 6OUSBOTDSJCFE TQFFDI JT QBSUJD�
VMBSMZ QSPCMFNBUJD GPS TFBSDI BOE SFUSJFWBM JO MBOHVBHF
EPDVNFOUBUJPO DPOUFYUT BT JOGPSNBUJPO SFUSJFWBM TZTUFNT
BSF UZQJDBMMZ UFYU�CBTFE BOE UIFSF JT SBSFMZ UIF WPMVNFT PG

BMSFBEZ�USBOTDSJCFE NBUFSJBM OFDFTTBSZ UP USBJO B TQFFDI�
UP�UFYU TZTUFNXJUI B TVਖ਼DJFOU MFWFM PG BDDVSBDZ GPS QSBD�
UJDBM VTF� Document 1

Document 1

Document 2

Query

'JHVSF �� "O JMMVTUSBUJPO PG फ़FSZ�CZ�&YBNQMF 4QPLFO
5FSN %FUFDUJPO 	2C&�45%


*O UIJT QSPKFDU
 XF JOWFTUJHBUF UP XIBU FYUFOU BDDFTT UP
VOUSBOTDSJCFE BVEJP JO MBOHVBHF EPDVNFOUBUJPO DPSQPSB
DBO CF JNQSPWFE UISPVHI UIF VTF PG RVFSZ�CZ�FYBNQMF
TQPLFO UFSN EFUFDUJPO 	2C&�45%
� 2C&�45% JT EF੗OFE BT
UIF UBTL PG ੗OEJOH BMM SFHJPOT XJUIJO B TFU PG BVEJP EPD�
VNFOUT JO XIJDI B TQPLFO RVFSZ UFSN PDDVST� 'JHVSF �
CFMPX JMMVTUSBUFT UIF UBTL XIFSF B RVFSZ UFSN 	F�H� ۜDPG�
GFF۝
 JT TFBSDIFE JO B DPSQVT PG UXP SFGFSFODF EPDVNFOUT�
य़F UFSN JT DPSSFDUMZ EFUFDUFE BU UIF FOE PG %PDVNFOU
� 	F�H� ۜ* IBE TPNF DP੖FF۝

 BT TIPXO CZ UIF HSFFO CPY

XIJMF OPOF BSF EFUFDUFE JO %PDVNFOU � 	F�H� ۜ*U JT SBJOZ
UPEBZ۝
�

� 3FMBUFE XPSL

4UBUF�PG�UIF�BSU BQQSPBDIFT UP 2C&�45% UZQJDBMMZ VTF
BO JUFSBUJWF %ZOBNJD 5JNF 8BSQJOH 	%58
 BQQSPBDI

XIFSF B XJOEPX UIF TJ[F PG UIF RVFSZ JT NPWFE BMPOH
UIF SFGFSFODF EPDVNFOU BOE B %58�CBTFE EJTUBODF TDPSF
JT DBMDVMBUFE BU FBDI TUFQ� %FQFOEJOH PO UIF TJ[F PG
UIF DPSQVT BOE OVNCFS PG RVFSJFT UP CF TFBSDIFE
 UIJT
NFUIPE DBO CF DPNQVUBUJPOBMMZ FYQFOTJWF� /FWFSUIFMFTT

%58 IBT DPOTJTUFOUMZ CFFO TIPXO UP CF IBSE UP CFBU BOE
QSPWJEFT B DPNQFUFUJWF CBTFMJOF
 F�H� <�>
 <�>�

�



B
 5SVF QPTJUJWF 	RVFSZ PDDVST JO EPDVNFOU
 C
 5SVF OFHBUJWF 	RVFSZ EPFT OPU PDDVS JO EPDVNFOU


'JHVSF �� %JTUBODF NBUSJDFT CFUXFFO TQFDUSBM GFBUVSFT PG B SFGFSFODF EPDVNFOU BOE UXP EJ੖FSFOU RVFSJFT� 0DDVSFODF
PG B RVFSZ JT BTTPDJBUFE XJUI B RVBTJ�EJBHPOBM CBOE JOEJDBUJOH B IJHI EFHSFF PG TQFDUSBM BOE UFNQPSBM DPSSFMBUJPO�

"O BMUFSOBUJWF BQQSPBDI CBTFE PO DPOWPMVUJPOBM
OFVSBM OFUXPSLT 	$//T
 IBT SFDFOUMZ CFFO QSPQPTFE JO
<�>
 <�>� *O UIJT BQQSPBDI
 UIF UBTL PG 2C&�45% JT SFGPS�
NVMBUFE BT BO JNBHF DMBTTJ੗DBUJPO QSPCMFN� "T TIPXO
BCPWF JO 'JHVSF �
 UIF PDDVSSFODF PG B TQPLFO RVFSZ
XJUIJO B SFGFSFODF EPDVNFOU JT BTTPDJBUFE XJUI UIF QSFT�
FODF PG B RVBTJ�EJBHPOBM CBOE 	SFQSFTFOUJOH B IJHI EFHSFF
PG TQFDUSBM BOE UFNQPSBM DPSSFMBUJPO
 JO UIF EJTUBODF NBU�
SJY CFUXFFO UIF GFBUVSFT PG UIF TQPLFO RVFSZ BOE UIPTF
PG UIF SFGFSFODF EPDVNFOU�

3FTVMUT GSPN <�> TIPXFE UIBU UIF $//�CBTFE BQ�
QSPBDI PVUQFSGPSNFE UIF %58 CBTFMJOF BDSPTT BMM MBO�
HVBHFT JO UIF 4QPLFO 8FC 4FBSDI 	484����
 CFODINBSL
EBUBTFU� य़JT EBUBTFU JODMVEFT BXJEF WBSJFUZ PG MBOHVBHFT

JODMVEJOH TFWFSBM ۜMPX�SFTPVSDF۝ "GSJDBO MBOHVBHFT 	JTJ9�
IPTB
 JTJ;VMV
 4FQFEJ
 4FUTXBOB
� )PXFWFS JO <�>
 B MBUFS
TUVEZ CZ UIF TBNF BVUIPST PO UIF TBNF EBUBTFUT JO XIJDI
NVMUJMJOHVBM CP॒MFOFDL GFBUVSFT XFSF VTFE JOTUFBE PG UIF
QIPOF QPTUFSJPST JO <�>
 UIF %58 CBTFMJOF XBT NPTUMZ PO
QBS XJUI UIF $//�CBTFE NFUIPE BOE PVUQFSGPSNFE CPUI
UIF $// BOE FOE�UP�FOE NFUIPET GPS UIF MPXFS SFTPVSDF
MBOHVBHFT JO UIF 484���� EBUBTFU <�
 'JH� �>�

*O UIJT QSPKFDU
 XF QFSGPSN B TJNJMBS TFU PG $//� WT�
%58�CBTFE 2C&�45% TZTUFN DPNQBSJTPOT BT JO <�>
 <�>�
*O QMBDF PG USBJOJOH CP॒MFOFDL GFBUVSF FYUSBDUPST GSPN
TDSBUDI
 XF VTF BO P੖�UIF�TIFMG CP॒MFOFDL GFBUVSF FY�
USBDUPS <�>�� *O BEEJUJPO
 XF BMTP FYBNJOF UIF QFSGPSN�
BODF EJ੖FSFODFT CFUXFFO UIF $// BSDIJUFDUVSF QSPQPTFE
JO <�>
 <�> 	IFODFGPSUI ۜ3BN����۝
 BOE PUIFS TUBOEBSE JN�

BHF DMBTTJ੗DBUJPO BSDIJUFDUVSFT TVDI BT 7(( BOE 3FT/FU�
8F UFTU UIFTF TZTUFNT PO MBOHVBHF EPDVNFOUBUJPO DPS�
QPSB GSPN UXP "VTUSBMJB "CPSJHJOBM MBOHVBHFT BOE BMTP
UFTU UIF 3BN���� NPEFM USBJOFE GPS UIJT QSPKFDU PO UIF
484���� EBUBTFU UP QSPWJEF B QPJOU PG DPNQBSJTPO XJUI
QSJPS XPSL�

� %BUBTFUT

5BCMF � CFMPX QSPWJEFT BO PWFSWJFX PG UIF EBUBTFUT VTFE
JO UIJT QSPKFDU� /PUF GPS 484���� TFUVQ
 CPUI UIF EFWFM�
PQNFOU BOE FWBMVBUJPO RVFSJFT BSF TFBSDIFE PO UIF TBNF
DPSQVT 	J�F� PG ��
��� ੗MFT TIPXO CFMPX
� 'PMMPXJOH <�>

<�>
 ��� PG UIF ��� RVFSJFT 	�
��� UPLFOT
 BSF VTFE GPS
USBJOJOH UIF $//T� 'PS UIF USBJOJOH QIBTF
 USVF OFHBU�
JWFT XFSF SBOEPNMZ TBNQMFE BU FBDI FQPDI UP QSPWJEF B
��� SBUJP PG QPTJUJWF BOE OFHBUJWF FYBNQMFT� य़F SFNBJO�
JOH �� PG ��� EFW RVFSJFT XFSF IFME PVU BT B 5SBJOJOH�%FW
TFU� 'PS UIF DVSSFOU QSPKFDU
 XF VTF UIF 8BSVNVOHV 1JD�
UVSF %JDUJPOBSZ 	81%
 BT UIF EFWFMPQNFOU TFU� य़F UXP
UFTUT TFUT 	* BOE **
 PG JOUFSFTU BSF UIF ,BZUFUZF 1JDUVSF%JD�
UJPOBSZ 	,1%� TJOHMF TQFBLFS
 BOE UIF ,BZUFUZF -FBSOFS۝T
(VJEF 	,-(�NVMUJQMF TQFBLFST
� #PUI BSF MBOHVBHF MFBSO�
JOH SFTPVSDFT GPS ,BZUFUZF XJUI BDDPNQBOZJOH BVEJP

XIJDI BSF SFQSFTFOUBUJWF EBUB GPS UIF VTF DBTFT PG JOUFSFTU
GPS UIJT QSPKFDU� 'JOBMMZ
 UP DPNQBSF PVS 3BN���� NPEFM
UP UIPTF JO QSFWJPVT XPSL
 XF BMTP UFTU PO UIF 484����
FWBMVBUJPO EBUB 	5FTU ***
�

5BCMF �� %FTDSJQUJWF TUBUJTUJDT PG EBUB VTFE JO QSPKFDU

5SBJO
	$//T


5SBJOJOH�EFW
	$//T


%FW
	$//T
 %58


5FTU 	$//T
 %58

* ** *** 	3BN�����POMZ


%BUBTFU 484�����EFW 484�����EFW 81% ,1% ,-( 484�����FWBM
फ़FSZ TFU �
��� �� ��� ��� ��� ���
$PSQVT TJ[F ��
��� ��
��� ��� ��� ��� ��
���

5SVF QPTJUJWFT
� OFHBUJWFT SBUJP
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Feature extraction
and standardisation (zero mean and unit variance for each activation row)

8 kHz 16-bit audio

BUT/Phonexia
Bottleneck features
(80 activations per time frame)

q1

r1

ND1,1

-0.5

Normalised Distance Matrix

D1,1 = D(q1, r1)

=

√√√√
80∑

i=1

(
q1[i]− r1[i]

)2

ND1,1 = −1 + 2× D1,1 −NJO(D)

NBY(D)−NJO(D)

'JHVSF �� 1SPDFTT GPS DPOTUSVDUJOH UIF OPSNBMJTFE EJTUBODF NBUSJY GSPN RVFSZ BOE SFGFSFODF BVEJP ੗MFT�

� &WBMVBUJPO NFUSJD

8F VTF F2 	Fβ XJUI β = 2
 BT UIF FWBMVBUJPO NFUSJD GPS
FYQFSJNFOUT SFQPSUFE IFSF� 'PSNBMMZ EF੗OFE CFMPX JO
	�

 Fβ QSPWJEFT BO JOUFSQSFUBCMF XBZ PG XFJHIUJOH SFDBMM
PWFS QSFDJTJPO 	XIFO β > 1
 PS WJDF WFSTB 	XIFO β < 1
�
J�F� Fβ = F1 XIFO CPUI BSF FRVBMMZ XFJHIUFE� 5XP DPN�
NPO DIPJDFT GPS β BSF ��� 	QSFDJTJPO UXJDF BT JNQPSUBOU

BOE � 	SFDBMM UXJDF BT JNQPSUBOU
�

Fβ = (1 + β2)× 1SFDJTJPO× 3FDBMM
(β2 × 1SFDJTJPO) + 3FDBMM 	�


8IJMF UIF NPTU BQQSPQSJBUF β WBMVF	T
 TIPVME CF
WFSJ੗FE XJUI VTFS FYQFSJFODF UFTUJOH JO GVUVSF TUVEJFT

JU JT DMFBS UIBU B SFMBUJWFMZ MPX QSFDJTJPO TZTUFN XJUI
NPEFSBUF�UP�HPPE SFDBMM JT NPSF VTFGVM GPS PVS VTF DBTF
	J�F� XJUI β > 1
� 6TFST BSF VOMJLFMZ UP CF TFBSDIJOH PO
VOUSBOTDSJCFE BVEJP IBE TFBSDIFT PO USBOTDSJCFE BVEJP
BMSFBEZ ZJFMEFE TVਖ਼DJFOU SFTVMUT PG JOUFSFTU� य़VT
 UIF
TZTUFN TIPVME USZ UP SFUSJFWF BT NBOZ QPUFOUJBMMZ SFMFW�
BOU EPDVNFOUT BT QPTTJCMF
 FWFO JG NBOZ BSF GBMTF QPTJU�
JWFT� "U UIF TBNF UJNF
 B SFMBUJWFMZ IJHI GBMTF QPTJUJWF SBUF
JO UIF TZTUFN JT BMTP MJLFMZ UPMFSBCMF BT UIJT IFMQT EJTDPWFS
BOE JOEFY TJNJMBS TPVOEJOH UFSNT XIJDI BSF OPOFUIFMFTT
VTFGVM JO MBOHVBHF EPDVNFOUBUJPO TF॒JOHT�

� %JTUBODF NBUSJY DPOTUSVDUJPO

8F OPX EFTDSJCF UIF QSPDFTT GPS DPOTUSVDUJOH B EJTUBODF
NBUSJY CFUXFFO B RVFSZ UFSN BOE SFGFSFODF BVEJP EPDV�
NFOU JMMVTUSBUFE BCPWF JO 'JHVSF �� 'JSTU
 HJWFO UIF BV�
EJP ੗MFT GPS B RVFSZ Q BOE B SFGFSFODF R
 GFBUVSFT DPS�
SFTQPOEJOH UP �� BDUJWBUJPO WBMVFT QFS UJNF GSBNF BSF
FYUSBDUFE VTJOH UIF #65�1IPOFYJB CP॒MFOFDL GFBUVSFT
FYUSBDUPS� य़JT FYUSBDUJPO QSPDFTT ZJFMET UXP GFBUVSF
NBUSJDFT FQ PG TIBQF (80,M) BOE FR PG TIBQF (80, N)


XIFSF M BOE N BSF UIF MFOHUIT PG UIF RVFSZ BOE SFGFS�
FODF
 SFTQFDUJWFMZ�

य़F OPSNBMJTFE EJTUBODF NBUSJY JT DBMDVMBUFE GSPN
UIFTF GFBUVSF NBUSJDFT VTJOH UIF TUBOEBSEJTFE &VDMJEFBO
EJTUBODF� 'JSTU
 WBMVFT XJUIJO FBDI BDUJWBUJPO DPNQPO�
FOU 	J�F� SPXT
 JO FBDI GFBUVSF NBUSJY BSF TUBOEBSEJTFE
UP IBWF [FSP NFBO BOE VOJU WBSJBODF JO PSEFS UP FMJNJO�
BUF TDBMF EJ੖FSFODFT CFUXFFO DPNQPOFOUT� य़F EJTUBODF
NBUSJY D PG TIBQF (M,N) JT UIFO DPOTUSVDUFE CZ DBMDV�
MBUJOH UIF &VDMJEFBO EJTUBODF CFUXFFO FBDI GFBUVSF WFD�
UPST q1, ..., qM JO FQ BOE r1, ..., rN JO FR 	J�F� DPMVNOT
JO FBDI GFBUVSF NBUSJY
� 5P BMMPX GPS DPNQBSJTPOT BDSPTT
EJ੖FSFOU DPNCJOBUJPOT PG RVFSJFT BOE SFGFSFODFT
 WBMVFT
JO D BSF SBOHF OPSNBMJTFE UP <��
 �>
 ZJFMEJOH UIF OPSN�
BMJTFE EJTUBODF NBUSJY ND JMMVTUSBUFE BCPWF JO 'JHVSF ��

(JWFO UIBU ੗YFE�TJ[F JOQVUT BSF SFRVJSFE GPS B $//

NBUSJDFT PG TIBQF (100, 800) BSF EFSJWFE GSPN OPSNBM�
JTFE EJTUBODF NBUSJDFT PG TIBQF (M,N) CZ QBEEJOH PS
FWFOMZ TBNQMJOH BMPOH FBDI EJNFOTJPO BT BQQSPQSJBUF�
'PS FYBNQMF
 BT TIPXO CFMPX JO 'JHVSF �B
 XIFO CPUI
M < 100 BOE N < 800
 UIF WBMVFT PG UIF EJTUBODF NBU�
SJY BSF QBEEFE XJUI �� 	UIF NJOJNVN WBMVF GPS OPSNBM�
JTFE EJTUBODFT
� 0O UIF PUIFS IBOE
 XIFO M = 100 BOE
N > 800 GPS FYBNQMF BT JO 'JHVSF �C
 UIF DPMVNOT PG UIF
EJTUBODF NBUSJY BSF FWFOMZ TBNQMFE�

a) Padding b) Even sampling

'JHVSF �� %FSJWJOH ੗YFE�TJ[F JOQVUT GSPN WBSJBCMZ�TJ[FE
OPSNBMJTFE EJTUBODF NBUSJDFT�

�
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'JHVSF �� *MMVTUSBUJPO PG UIF OFVSBM OFUXPSL BSDIJUFDUVSFT FYQMPSFE JO UIJT QSPKFDU�

� /FVSBM OFUXPSL BSࠩJUFDUVSFT BOE USBJOJOH

य़F OFVSBM OFUXPSL BSDIJUFDUVSFT FYQMPSFE JO UIJT QSPKFDU
BSF JMMVTUSBUFE BCPWF JO 'JHVSF �� य़F 3BN���� OFUXPSL
JO 'JHVSF �B JT UIBU QSPQPTFE JO ���� CZ 3BN FU BM� XIP
OPUF UIBU UIF EFTJHO XBT JOGPSNFE CZ ۠UIF 7(( OFUXPSL
XIJDI IBT CFFO TIPXO UP QFSGPSN XFMM JO <UIF> JNBHF
SFDPHOJUJPO UBTLۡ <�
 Q� ��>� "DDPSEJOHMZ
 XF BMTP FY�
QMPSF UIF 2C&�45% QFSGPSNBODF PG B NPSF DPNQMFY 7((
NPEFM TVDI BT 7((�� BT TIPXO JO 'JHVSF �C� 'JOBMMZ

XF BMTP FYQMPSF UIF QFSGPSNBODF PG B SFTJEVBM OFUXPSL
	3FT/FU��
 BT TIPXO JO 'JHVSF �D

 XIJDI IBT TVQFSDFEFE
7(( OFUXPSLT JO JNBHF SFDPHOJUJPO UBTLT�

5P BWPJE JNQMFNFOUBUJPOBM FSSPST
 UIF DPEF GPS UIFTF
OFUXPSLT XFSF BEPQUFE GSPN FYJTUJOH DPEFCBTFT XJUI BQ�
QSPQSJBUF NPEJ੗DBUJPOT� 'PS 3BN����
 UIJT XBT UIF SF�
QPTJUPSZ BTTPDJBUFE XJUI <�>
� 'PS 7((�� BOE 3FT/FU��

UIJT XBT UIF 5PSDI7JTJPO NPEFMT JO UIF 1Z5PSDI SFQPT�
JUPSZ�� 'PS 7(( BOE 3FT/FU
 UIF NPEJ੗DBUJPOT OFFEFE
XFSF UP UIF OVNCFS PG DIBOOFMT JO UIF JOQVU 	GSPN � UP �


UP UIF JOQVU TJ[FT GPS UIF ੗STU GVMMZ DPOOFDUFE 	'$
 MBZFS
	UP XPSL XJUI $// PVQVUT HJWFO ��� Y ��� JOQVUT

 BOE
UIF OVNCFS PG PVUQVU DMBTTFT 	GSPN ���� GPS *NBHF/FU
UP � GPS CJOBSZ DMBTTJ੗DBUJPO
� य़F 1Z5PSDI DPEF GPS BMM
UISFF OFUXPSLT JT BWBJMBCMF PO UIF (JU)VC SFQPTJUPSZ BT�
TPDJBUFE XJUI UIJT QSPKFDU��

"TJEF GSPN UIF MFBSOJOH SBUF
 BMM UISFF OFUXPSLT XFSF
USBJOFE VTJOH UIF TBNF QSPDFEVSF� 'PS 3BN����
 UIF

MFBSOJOH SBUF PG ����� XBT VTFE� 'PS 7((�� BOE 3FT�
/FU��
 B MFBSOJOH SBUF PG ������ XBT VTFE BT VQPO JOJ�
UJBM FYQFSJNFOUBUJPO USBJOJOH MPTTFT EJE OPU EFDSFBTF XJUI
������ य़F "EBN PQUJNJ[BUJPO BMHPSJUIN XBT VTFE UP PQ�
UJNJTF CJOBSZ DSPTT FOUSPQZ MPTT� य़FNJOJ�CBUDI TJ[F XBT
TFU UP �� BOE CBUDIFT PG OFHBUJWF FYBNQMFT XFSF TBNQMFE
BU FBDI FQPDI� य़F OFUXPSLT XFSF USBJOFE GPS �� FQPDIT
XJUI DIFDLQPJOUT FWFSZ � FQPDIT
 XIFO QFSGPSNBODF PO
UIF 5SBJOJOH�%FW BOE %FW EBUB XFSF BMTP FWBMVBUFE�

� 3FTVMUT BOE EJTDVTTJPO

य़F CFTU QFSGPSNJOH NPEFMT PO UIF 81% 	%FW
 EBUB�
TFU BDDPSEJOH UP UIFJS F2 TDPSFT BSF EJTQMBZFE CFMPX JO
5BCMF ��

5BCMF �� .PEFM QFGPSNBODF PO UIF EFW EBUBTFU 	81%
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/PUF UIBU UIF CFTU NPEFM
 7((��
 PVUQFSGPSNT CPUI UIF
%58 CBTFMJOF BOE UIF 3BN���� NPEFM JO CPUI QSFDJTJPO
BOE SFDBMM� 8IJMF UIF 3FT/FU�� NPEFM B॒BJOT UIF IJHIFTU
QSFDJTJPO
 JU BQQFBST UP EP TP BU UIF DPTU PG SFDBMM
 UIVT
SFTVMUJOH JO BO PWFSBMM MPXFS F2�
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5BCMF � EJTQMBZT UIF SFTVMUT PG FWBMVBUJOH UIF CFTU
QFSGPSNJOH NPEFMT EJTDVTTFE BCPWF PO UIF UFTU EBUBTFUT

,1% BOE ,-(� 'PS CPUI UIFTF UFTU TFUT
 7((�� BHBJO BU�
UBJOT UIF IJHIFTU F2 TDPSF� 'VSUIFS
 7((�� DPOTJTUFOUMZ
PVUQFSGPSNT UIF PUIFS NPEFMT BDSPTT WBSJPVT UISFTIPMET

BT JOEJDBUFE JO 'JHVSF � 	QVSQMF MJOF DPOTJTUFOUMZ DMPTFTU
UP UPQ�SJHIU DPSOFS
�

#FUXFFO UIF UFTUT TFUT
 UIFSF JT B DPOTJTUFOU ESPQ JO
QFSGPSNBODF BDSPTT BMM NPEFMT
 XIFSF IJHIFS QFSGPSN�
BODF JT TFFO PO ,1% UIBO ,-(� य़F GBDU UIBU ,1% JT B
TJOHMF�TQFBLFS EBUBTFU BOE UIBU ,-( JT B NVMUJ�TQFBLFS
EBUBTFU BQQFBST UP BDDPVOU GPS TPNF PG UIJT EJ੖FSFODF�
'PS FYBNQMF
 XIFO QSFEJDUJPOT PG UIF 7((�� NPEFM
PO ,-( XFSF BOBMZTFE JO UXP TFQBSBUF TVCTFUT 	TBNF
TQFBLFS JO RVFSZ BOE SFGFSFODF WT� EJ੖FSFOU TQFBLFST JO
RVFSZ BOE SFGFSFODF

 UIF IJHIFTU F2 TDPSF GPS UIF TBNF
TQFBLFS TVCTFU XBT ����� XIJMF GPS UIF EJ੖FSFOU TQFBLFST
TVCTFU JU XBT ������

'JOBMMZ
 XF BMTP UFTUFE UIF 3BN���� NPEFM USBJOFE
GPS UIJT QSPKFDU PO UIF 484�����FWBM EBUBTFU JO PSEFS UP
DPNQBSF JUT QFSGPSNBODF XJUI SFTVMUT QSFWJPVTMZ SFQPS�
UFE JO <�>
 <�>� 5P GBDJMJUBUF UIJT DPNQBSJTPO
 XF HFO�
FSBUFE .BYJNVN 5FSN 8FJHIUFE 7BMVFT 	.587T
 VT�
JOH UIF TBNF QBSBNFUFST 	DPTU PG GBMTF BMBSN� �
 DPTU PG
NJTTFE EFUFDUJPO� ���
 BT JO UIF QSJPS XPSL� 0VS 3BN����
NPEFM BDIJFWFT B .587 PG �����
 IJHIFS UIBO UIF SBOHF
PG ������ ۗ ������ SFQPSUFE JO <�
 5BCMF 7>� य़JT JODSFBTF
JO QFSGPSNBODF BQQFBST UP CF DPNQBUJCMF XJUI JODSFBTFT
BTTPDJBUFE XJUI BEEJUJPOBM MBOHVBHFT JO USBJOJOH UIF CPU�
UMFOFDL GFBUVSF FYUSBDUPS SFQPSUFE JO <�
 5BCMF ***>� 8IJMF
<�> USBJOFE UIFJS PXO CP॒MFOFDL GFBUVSF FYUSBDUPS GSPN
TDSBUDI PO BNBYJNVN PG � &VSPQFBO MBOHVBHFT
 UIJT QSP�
KFDU VTFE UIF QSF�USBJOFE #65�1IPOFYJB FYUSBDUPS XIJDI
XBT USBJOFE PO B UZQPMPHJDBMMZ�EJWFSTF TFU PG �� MBOHVBHFT
<�>��

� $PODMVTJPO BOE GVUVSF XPSL

*O UIJT QSPKFDU
 XF FYBNJOFE UIF QFSGPSNBODF PG UISFF
$// BSDIJUFDUVSFT BOE B CBTFMJOF %58 TZTUFN PO UIF
UBTL PG 2C&�45% PO EBUBTFUT GSPN UXP "VTUSBMJBO "C�
PSJHJOBM MBOHVBHFT� 3FQMJDBUJOH QSFWJPVT XPSL
 BMM $//
TZTUFNT XFSF GPVOE UP PVUQFSGPSN UIF %58 CBTFMJOF�
&YUFOEJOH QSFWJPVT XPSL
 UIF 7((�� BSDIJUFDUVSF XBT
TIPXO UP GVSUIFS PVUQFSGPSN UIF OFUXPSL BSDIJUFDUVSF
QSFWJPVTMZ QSPQPTFE 	3BN����
�

य़F CFTU QFSGPSNJOH NPEFMT CFJOH GPVOE SFMBUJWFMZ
FBSMZ JO UIF USBJOJOH QSPDFTT 	&QPDIT � � ��
 TVHHFTUT UIBU
BMM UISFF NPEFM BSDIJUFDUVSFT BSF RVJDLMZ PWFS੗॒JOH UP
UIF USBJOJOH EBUB� 8IJMF UIF 484�����FWBM EBUBTFU XBT
IFME PVU JO UIJT QSPKFDU UP BMMPX GPS DPNQBSJTPO XJUI QSF�
WJPVTMZ SFQPSUFE NPEFMT
 UIF 484�����FWBM EBUBTFU BT
XFMM BT UIPTF GSPN PUIFS 2C&�45% CFODINBSL EBUBTFUT
DPVME CF BEEFE UP TUSBJHIUGPSXBSEMZ JODSFBTF UIF TJ[F PG
UIF USBJOJOH EBUB JO GVUVSF XPSL�
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य़BOLT UP 4BNBOUIB %JTCSBZ BOE .ZG 5VSQJO GPS NBL�
JOH UIF 8BSVNVOHV BOE ,BZUFUZF EBUB BWBJMBCMF
 BOE
�%IBOBOKBZ 3BN GPS JOTJHIUGVM DPSSFTQPOEBODF BCPVU IJT
QSJPS XPSL� "MTP UIBOLT UP $4��� 5"T +P $IVBOH BOE
4IBIBC .PVTBWJ
 BOE GBDVMUZ BEWJTPS $ISJT .BOOJOH GPS
IFMQGVM JOQVU BCPVU QSPKFDU EJSFDUJPO�

3FGFSFODFT

<�> %� 3BN
 -� .� 8FSMFO BOE )� #PVSMBSE
 ۜ$// #BTFE फ़FSZ CZ &YBNQMF
4QPLFO 5FSN %FUFDUJPO�
۝ JO */5&341&&$)
 ����
 QQ� ��ۗ���

<�> %� 3BN
 -� .JDVMJDJDI BOE )� #PVSMBSE
 ۜ/FVSBM /FUXPSL CBTFE &OE�UP�
&OE फ़FSZ CZ &YBNQMF 4QPLFO 5FSN %FUFDUJPO
۝ *&&&�"$. 5SBOTBDUJPOT
PO "VEJP
 4QFFDI
 BOE -BOHVBHF 1SPDFTTJOH
 WPM� ��
 QQ� ����ۗ����
 �����

<�> "� 4JMOPWB
 1� .BUFKLB
 0� (MFNCFL
 0� 1MDIPU
 0� /PWPUOג
 '� (SF[M
 1�
4DIXBS[
 -� #VSHFU BOE +� $FSOPDLג
 ۜ#65�1IPOFYJB #P॒MFOFDL 'FBUVSF
&YUSBDUPS�
۝ JO 0EZTTFZ
 ����
 QQ� ���ۗ����

�$BOUPOFTF
 1BTIUP
 5VSLJTI
 5BHBMPH
 7JFUOBNFTF
 "TTBNFTF
 #FOHBMJ
 )BJUJBO $SFPMF
 -BP
 5BNJM
 ;VMV
 ,VSEJTI
 5PL 1JTJO
 $FCVBOP
 ,B[BDI

5FMVHV
 -JUIVBOJBO�

�


