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7KH $OWD]LPXWKDO &RXQWHU 7HOHVFRSH ZLWK D 0DJQHW
6SHFWURPHWHU LQ WKH /RZ 0RPHQWXP 5HJLRQ

6� 7VXML�� <� $RNL�� 7� .DWD\DPD�� $� 2KDVKL�� 1� 6DNXUDL�� 0� 7RNLZD�� 7� :DGD��

$� <DPDPRWR�� ,� <DPDPRWR� DQG <� <DPDVKLWD�

� 'HSDUWPHQW RI ,QIRUPDWLRQ 6FLHQFHV� .DZDVDNL 0HGLFDO 6FKRRO� .XUDVKLNL� ��������� -DSDQ
� 'HSDUWPHQW RI 3K\VLFV� )DFXOW\ RI 6FLHQFH� 2ND\DPD 8QLYHUVLW\� � 2ND\DPD ��������� -DSDQ

� 2ND\DPD 8QLYHUVLW\ RI 6FLHQFH� 2ND\DPD ��������� -DSDQ

$EVWUDFW

Xli epxe~mqyxlep gsyrxiv xipiwgsti {mxl e qekrix wtigxvsqixiv mw efpi xs qszi f} wivzsqiglermwq jsv
er} e~mqyxl erh ~irmxl erkpiw2 Mx mw epws tswwmfpi xs qiewyvi xli evvmzep xmqi0 xli mrgmhirx hmvigxmsr0
xli qsqirxyq erh xli glevki wmkr sj mrgmhirx exqswtlivmg qysrw2 [i leh qiewyvih ~irmxl erh

e~mqyxlep erkypev hitirhirgi sj exqswtlivmg qysrw mr xli ps{ qsqirxyq vikmsr 5291544 KiZ3g ex
wie pizip ywmrk xli epxe~mqyxlep gsyrxiv xipiwgsti2

� ,QWURGXFWLRQ�

Qygl i|tivmqirxep {svo lew fiir vitsvxih xs fi gsrgivrih {mxl qysr mrxirwmxmiw ex wie pizip2
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Jmkyvi 5> E woixgl sj SOE]EQE

gswqmg1ve} xipiwgsti2 W5 erh W6>
wgmrxmppexmsr gsyrxivw0 TG50 TG6

erh TG7> tswmxmsr gleqfivw0 Q>
mvsr gsvi qekrix0 E> epxe~mqyxlep

xyvrxefpi0 X> xipiwgsti qsyrxmrk2

Fyx epp i|tivmqirxw {ivi tivjsvqih erh vitsvxih ytsr srp}
mr riev1zivxmgep sv riev lsvm~srxep vikmsrw,Eposjiv ix ep20

5=;505=<505=<90 Vewxmr0 5=<80 E}vi0 5=;90 Rerhm * Wmrle0 5=;60
Fexiqer ix ep205=;50 Le}qer * [spjirhevi0 5=:60 Qexwyrs ix

ep20 5=<80 Nsomwl ix ep20 5=;=0 Oippsk * Oewle0 5=;<-2 Xli
wmkrm�gerx hm�ivirgi gsrgivrih {mxl riyxvmrs �y|iw fix{iir

wsqi i|tivmqirxw,Lmvexe ix ep20 5=<<0 Figoiv1W~irh} ix ep20
5==60 Jyoyhe ix ep205==<- erh gepgypexmsrw,Lsrhe ix ep20 5==90
Kemwwiv ix ep20 5=<<05=<=0 Pii * Osl0 5==4- mw vitsvxih2 Xliwi

gepgypexmsrw wlsyph mrgpyhi zevmsyw xivviwxvmep gsrhmxmsrw xlex
evi xli kisqekrixmg i�igx xli wspev egxmzmx} erh ws sr2 Xli ze1

pmhmx} sj xli gepgypexmsrw mw srp} i|eqmrih jsv xli gsqtevmwsr
sj qysr mrxirwmx} qiewyviqirxw mr epp hmvigxmsrw2

Xli SOE]EQE gswqmg1ve} xipiwgsti mw wymxefpi jsv xli
qiewyviqirx sj {mhiv ~irmxl sv e~mqyxlep erkypev hitirhirgi

sj qysr mrxirwmxmiw ex wie pizip0 jsv zevmsyw viewsrw2
5-2 Mx qsziw f} e wivzsqsxsv qiglermwq xlyw epps{mrk er}

e~mqyxlep erh ~irmxl erkpiw xs fi ywih2
6-2 Mx qiewyviw xli mrgsqmrk hmvigxmsrw0 xli qsqirxyq erh
xli glevki wmkr sj mrgmhirx gswqmg1ve} qysr2

[i qiewyvih xli ~irmxl erh xli e~mqyxlep erkypev hitir1
hirgi sj gswqmg1ve} qysrw2 Xli ~irmxl1erkpi hitirhirgi evi

vitsvxih mr xli qsqirxyq verki 5629� 629 KiZ3g0 6629 � 629
KiZ3g erh 8924 � 924KiZ3g0 mr xli ~irmxl erkpi verki 4p xs

<5p2 Xli e~mqyxl1erkpi hitirhirgi evi vitsvxih mr xli qs1
qirxyq verki 629 xs 729 KiZ3g0 erh 729 xs 544 KiZ3g mr xli

~irmxl erkpi verki 9p� 9p0 64p� 9p erh 84p� 9p2



� 7KH 2.$<$0$ WHOHVFRSH�
Xli SOE]EQE gswqmg1ve} xipiwgsti mw mrwxeppih mr xli fymphmrk sj Soe}eqe Yrmzivwmx} ex wie

pizip2 E Woixgl sj xli xipiwgsti mw wls{r mr Jmkyvi 5 erh xli qemr glevegxivmwxmgw evi wyqqevm~ih mr
Xefpi 52 Xli xipiwgsti gsrwmwxw sj xvmkkiv gsyrxivw ,wgmrxmppexsvw-,W5 erh W6-0 tswmxmsr gleqfivw,qypxm1
{mvi tvstsvxmsrep gleqfivw ywih ew hvmjx gleqfivw-,TG50TG6 erh TG7-0 er mvsr gsvi qekrix,Q-0

e xipiwgsti qsyrxmrk,X- erh epxe~mqyxlep xyvrxefpi,E-2 Qsvi hixemp gsrwxvygxmsrw evi hiwgvmfih mr
xli vijivirgi,]eqewlmxe ix ep20 5==:-2

[i mhirxm�ih er sfwivzih tevxmgpi ew e qysr mj mx tewwih xlvsykl xli xipiwgsti mr e wxvemklx pmri
{mxlsyx wyfwxerxmep mrxivegxmsrw erh mj mx tirixvexih ex piewx 744 k3gq� sj qexivmep mrgpyhmrk xli

xipiwgsti qsyrxmrk erh xli wspmh mvsr qekrix psehih mr xli xipiwgsti2

Xefpi 5> Xli qemr glevegxivmwxmgw sj xli SOE]EQE gswqmg1ve} xipiwgsti
*HRJUDSKLFDO HQYLURQPHQW

/RFDWLRQ ��p��
 1 ODWLWXGH� ���p��
 ( ORQJLWXGH

+HLJKW ��� P DERYH VHD OHYHO

*HRPDJQHWLF nHOG ��p��
 1 LQFOLQDWLRQ� �p��
: GHFOLQDWLRQ

KRUL]RQWDO FRPSRQHQW ���� d ��
b� 7

3URSHUWLHV RI WKH WHOHVFRSH
2SHQLQJ DQJOH ����p

7ULJJHU FRXQWHUV 6FLQWLOODWLRQ FRXQWHUV ��� d �� FP� � 6��6�
3RVLWLRQ FKDPEHUV  � 'ULIW FKDPEHUV ���d�� FP�� XQLW FHOO� ��d��d��� PP� �

3&�; � � OD\HUV � 3&�< � � OD\HUV �
3&�; � � OD\HUV � 3&�< � � OD\HUV �
3&�; � � OD\HUV � 3&�< � � OD\HUV �

=HQLWK DQJOH �PRYDEOH� �p� ��p

$]LPXWKDO DQJOH �PRYDEOH� �p����p

6ROLG LURQ PDJQHW GDWD
8VHIXO PDJQHWLF 9ROXPH �� FPd �� FP d �� FP
&XUUHQW� FRLO ���$��� WXUQV
0DJQHW LQGXFWLRQ ��h��� N*
&XW�RmPRPHQWXP E\ WKH PDJQHW PDWHULDO ���� *H9�F
0D[LPXP GHWHFWDEOH PRPHQWXP �PD[LPXP YDOXH� ��� *H9�F
*HRPHWULFDO DFFHSWDQFH VROLG DQJOH ����FP�VU
� � �*H9�F� WKH GLVWDQFH EHWZHHQ WKH WRS RI 3&�
DQG WKH ERWWRP RI 3&��
&RXORPE VFDWWHULQJ HmHFW ����

 ,Q GHWDLO LQ WKH UHIHUHQFH�<DPDVKLWD HW DO�� ������

� 5HVXOWV�

��� =HQLWK DQJXODU GHSHQGHQFH RI PXRQV� Xli efwspyxi hm�ivirxmep qysr �y|iw evi
gsqtevih {mxl xli viwypxw sj sxliv i|tivmqirxw mr zivxmgep erh riev xli lsvm~srxep0 erh xlisvixmgep

qshipw2 Xli} evi tpsxxih mr Jmkyvi 6 jsv xlvii qsqirxyq vikmsrw0 5629 � 6290 6629 � 629 erh 8924
� 924 KiZ3g0 Xli hexe wixw {ivi fmrrih eggsvhmrk xs xli mrxivzep sj xli ~irmxl erkpi 6p erh xli

e~mqyxlep erkpi {mxlmr 54p2 Xli ivvsv fevw wls{ wxexmwxmgep ivvsvw srp}2 Xli tpsxxih i|tivmqirxep
hexe gsrwmwx sj Rsxxmrkleq,Vewxmr0 5=<8- mr xli zivxmgep0 HIMWI,Eposjiv ix ep20 5=<505=<9- erh Omip1
Hiw},Nsomwl ix ep20 5=;=- riev xli lsvm~srxep2 Xli pmriw vitviwirx xli xlisvixmgep qshipw sj e qysr

mrxirwmx} wxyhmih f} Wqmxl erh Hyppiv,5=9=- erh f} Qeihe,5=;7-2 Xlimv qshipw {ivi ehstxih ew
exqswtlivmg qysrw {ivi tvshygih f} srp} tmsrw0 wmrgi tmsrw evi wxvsrkp} hsqmrexi sziv oesrw2
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Jmkyvi 6> Xli ~irmxl1erkypev hitirhirgi sj xli efwspyxi hm�ivirxmep qysr �y|iw jsv iegl qsqirxyq0
5629 � 629 KiZ3g0 6629� 629 KiZ3g erh 8924 � 924 KiZ3g2 �0 tviwirx �y|? 
0 sfwivzih �y| f}
HIMW,Eposjiv ix ep20 5=<505=<9-? �0 sfwivzih �y| mr Rsxxmrkleq,Vewxmr0 5=<8-? 90 sfwivzih �y|

f} Omip1Hiw},Nsomwl ix ep20 5=;=-? wspmh pmriw0 xlisvixmgep wtigxve f} Wqmxl erh Hyppiv,5=9=-? hewlih
pmriw0 xlisvixmgep wtigxve f} Qeihe,5=;7-2

��� $]LPXWKDO DQJXODU GHSHQGHQFH RI PXRQV� Sri e~mqyxlep erkypev hitirhirgi sj

qysrw ger fi wls{r mr xli tswmxmzi i|giww sj qysrw mr iegl e~mqyxlep erkpiw2 Xli tswmxmzi i|giww

lew fiir hi�rih ew jspps{w>

tswmxmzi i|giww � 6
j� � jb

j� / jb

{livi j� erh jb wls{ xli �y| sj tswmxmzi erh rikexmzi qysrw2

Xli ivvsvw0 sri wxerhevh hizmexmsr �0 lew fiir hixivqmrih f} xli jspps{mrk iuyexmsr>
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,R� /Rb-�

{livi R� erh Rb wls{ xli ryqfiv sj tswmxmzi erh rikexmzi qysrw2 Xli qysr tswmxmzi i|giww sj

zivmsyw e~mqyxlep erkpiw evi tviwirxih mr Jmkyvi 70 mr xli ~irmxl erkpiw0 9p� 9p? 64
p
� 9

p
? 84

p
� 9

p
2

Xli xlisvixmgep tswmxmzi i|giww iqtps}ih xli gepgypexmsrw Wqmxl erh Hyppiv,5=9=- mr xli kisqekrixmg

�iph i�igxw evi hve{r ew hewlih pmriw2 Xli vexmsw sj xlisvixmgep tswmxmzi erh rikexmzi �y|iw evi
ewwyqih ew fimrk eziveki glevki vexmsw sj xli viwypxw2 Xli hewl1hsxxih pmriw wls{ eziveki zepyi sj
tswwmxmzi i|giww2 Oeqm}e ix ep20,5=:6- vitsvxih xli epxe~mqyxlep erkpiv hitirhirgi sj tswmxmzi i|giww
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Jmkyvi 7> Xli e~mqyxlep1erkypev hitirhirgi sj xli tswmxmzi i|giww sj qysr jsv iegl ~irmxl erkpi

9p� 9p? 64p� 9p? 84p� 9p0 jsv iegl qsqirxyq vikmsr0 629 KiZ3g � 729KiZ3g0 729 KiZ3g � 544
KiZ3g2 �0 tswmxmzi i|giww sj qysr? hewlih pmriw0 xlisvixmgep tswmxmzi i|giwwiw gepgypexih f} Wqmxl

erh Hyppiv,5=9=- gsrwmhivmrk kisqekrixmg �iph? hewl1hsxxih pmriw0 eziveki vexms sj tswmxmzi i|giww2

ex wie pizip jsv xli ~irmxl erkpi ;<p2Syv viwypxw wls{ xli weqi xirhirg} sj xli Oeqm}e ix ep2 viwypxw2

5HIHUHQFHV

Epposjiv0 S2G2 ix ep20 Tvsg2 56xl MGVG ,Lsfevx0 5=;5- Zsp2805758? 5=;50 Tl}w2Pixx2 7:0 868

Epposjiv0 S2G2 ix ep20 Tvsg2 5;xl MGVG ,Tevmw0 5=<5- Zsp2 540 698?5=<90 Rygp2Tl}w2F69=0 5
E}vi0 G2E2 ix ep20 5=;90 N2 Tl}w2K 50 9<8

Fevv0 K20 Kemwwiv0 X2 O2 * Wxeriz0 X2 5=<=0 Tl}w2 Viz2 H 7=0 7976
Figoiv1W~irh}0 V2 ix ep20 5==6 Tl}w2 Viz2 H 8:0 7;64

Fykeiz0 I2 Z2 * Reyqsz0 Z2 E2 5=<=0 Tl}w2 Pixx2 F 6760 7=5
Jyoyhe0 ]2 ix ep20 5==<0 Tl}w2 Viz2pixx2 <50 59:6

Kemwwiv0 X2 O20 Wxeriz0 X2 * Fevv0 F2 5=<<0 Tl}w2 Viz2 H 7<0 <9
Le}qer0 T2N2 * [spjirhepi0E2[2 5=:6 Tvsg2 Tl}w2 Wsg2 <40 ;54
Lmvexe0 O2 W2 ix ep20 5=<<0 Tl}w2 pixx2 F 6490 85:

Lsrhe0 Q2 ix ep20 5==90 Tl}w2 Viz2 H 960 8=<9
Nsomwgl0 L2 ix ep20 5=;=0 Tl}w2 Viz20 5= H0 57:<

Oeqm}e0 ] 5=:60 N2 Tl}w2 Wsg2 Neter ,Wyttp2- 5;0 759
Oippskk0 V2K2 * Oewle0L2 5=;<0 Tl}w2 Viz2 5; H0 =<

Pii0 L2 * Osl0 ]2 5==40 Ryszs Gmqirxs F 5490 <<8
Qeihe0 O 5=;70 Jsvxwglv2 Tl}w2 650 557

Qexwyrs0 W2 ix ep20 5=<80 Tl}w2 Viz20 6= H0 5
Rerhm0 F2G2 * Wmrle0Q2W2 5=;60 N2 Tl}w2 K 90 57<8

Vewxmr0 F2G2 5=<80 N2 Tl}w2K 540 5:4=
Wqmxl0 N2E2 * Hyppiv0 R2Q2 5=9=0 N2Kistl}w2 Viw2 :80 66=;
]eqewlmxe0 ]2 ix ep20 5==:0 Rygp2Mrwxv2 Qixl2 E 7;80 689


