
4 Lqwurgxfwlrq
Wklv qrwh dguhvvhv vrph srlqwv udlvhg e| Fkduohv Hqjho dqg Vklx0Vkhqj Fkhq
derxw wkh prqwh0fduor h{shulphqwv lq rxu sdshu1 Zh kdyh fkhfnhg rxu uhvxowv
dqg grqh d ihz pruh Prqwh Fduor h{shulphqwv1 Rxu uhvxowv frq�upv wkh h{lv0
whqfh ri wkh djjuhjdwlrq eldv wkdw zh glvfxvv lq wkh sdshu1

5 H{shulphqw 4
Zh uhshdw rxu ruljlqdo h{shulphqw xvlqj wkh iroorzlqj GJS=

| ��� � @ � � | ��� � . y ��� � +4,
y ��� � �Q+3> 4,>

Q @ 554> W @ 433
� � lv vdpsohg iurp furvv vhfwlrq vshfl�f ROV hvwlpdwhv rewdlqhg iurp rxu rulj0
lqdo sdqho1 Wkdw lv/ zh dssur{lpdwh wkh glvwulexwlrq ri � e| gudzlqj llg �errw0
vwuds� vdpsohv iurp wkh Q�4 yhfwru ri hvwlpdwhv ri � � rewdlqhg yld furvv vhfwlrq
vshfl�f ROV rq wkh sdqho ri uhodwlyh sulfhv1 Dw hdfk lwhudwlrq/ Q vdpsohv ri �
duh gudzq dqg Q DU+4, vhulhv jhqhudwhg1 Wkhvh duh wkhq dyhudjhg dqg dq DU+4,
prgho lv hvwlpdwhg1 Wdeoh 4 jlyhv wkh uhvxow iurp 4333 lwhudwlrqv=�� Wuxh

31<8;6393< 31<639:58;
Wklv lqglfdwhv d frqvlghudeoh srvlwlyh ROV eldv1

6 H{shulphqw 5
Wkh deryh uhvxowv pd| vxjjhvw wkdw wkh h{shulphqwdo ghvljq xvhg e| Fkduohv
Hqjho pd| eh lqdssursuldwh dv lw uhvwulfwv wkh ghjuhh ri khwhurjhqhlw| wrr pxfk1
Lw fdq dovr eh dujxhg wkdw jlyhq wkh idfw wkdw xqlw urrwv duh qrw uhmhfwhg iru
vrph uhodwlyh sulfhv/ h{foxglqj doo qrq0vwdwlrqdu| vhulhv iurp wkh prqwh0fduor
vdpsohv pd| qrw eh ydolg1

Dovr/ iru qhdu xqlw urrw surfhvvhv wkdw Fkduohv Hqjho frqvlghuv/ wkhuh lv d
frpshwlqj qhjdwlyh eldv lq wkh ROV hvwlpdwhv wkdw zh glvfxvv lq vrph ghwdlo lq
wkh sdshu1 Lq wklv fdvh/ wkhq wkh h{shulphqw zloo jlyh d glvwruwhg slfwxuh li wkh
hvwlpdwhv duh frpsduhg wr wkh phdq ri wkh � � v xvhg wr vwduw wkh h{shulphqw +
ehfdxvh wkh hvwlpdwhg frh!flhqwv duh eldvhg grzqzdugv,1

Lq rughu wr ghdo zlwk wkhvh lvvxhv zh prgli| wkh h{shulphqw vxjjhvwhg e|
Fkduohv Hqjho lq wkh iroorzlqj zd|1 Zh dvvxph Q/W@533 dqg gudz wkh DU
vhulhv iurp wkh iroorzlqj GJS=

4



| ��� � @ +�. � � , | ��� � . y ��� � +5,
� @ 3=;

� � �Xqlirup +	3=4<,
y ��� � �Q+3> 4,

Wklv hqvxuhv wkdw sureohpv dvvrfldwhg zlwk d vpdoo vdpsoh dqg qhdu xqlw urrw
surfhvvhv duh plqlplvhg dqg d odujhu ghjuhh ri khwhurjhqhlw| fdq eh doorzhg iru
zlwkrxw lqfoxglqj h{sorvlyh vhulhv1 Uhvxowv duh lq wdeoh 51�� Wuxh

31;86:4;58 31;3354638
Djdlq/ dv deryh zh vhh wkdw wkh djjuhjdwlrq eldv lv d uhdo lvvxh dv zh dujxh

lq wkh sdshu1

7 H{shulphqw 6

Fkduohv Hqjho*v h{shulphqw dovr dsshduv wr eh vhqvlwlyh wr wkh dvvxpswlrq ri d
xqlirup glvwulexwlrq iru � � 1 Zh uhshdw wkh h{shulphqw deryh +Q@433/W@483,/
xvlqj d qrupdo glvwulexwlrq iru � wuxqfdwhg durxqg 	3=38< dqg zlwk � @ 3=<7=
Wkh hvwlpdwhg shuvlvwhqfh ri wkh dyhudjh vhulhv lv 31<875; frpsduhg wr d wuxh
ydoxh ri 31<73451 Zh dovr frqvlghu dq h{shulphqw zlwk � @ 3=< zlwk � � iroorz0
lqj d qrupdo wuxfdwhg durxqg 	3=3<<= Wkh hvwlpdwh irup wkh dyhudjh vhulhv lv
31<677:9 frpsduhg wr wkh wuxh dyhudjh ydoxh ri 31;<<9671

8 H{shulphqw 7
Zh qrz lqyhvwljdwh wkh fodlpv lq Vklx0Vkhqj Fkhq +5336,1 Wkh gjs lv wkh
iroorzlqj=

| ��� � @ � � . +�. � � , | ��� � . y ��� � +6,
� @ 3=<7

� � > � � �Xqlirup +	3=8<,
y ��� � �Q+3> 4,

Wkh jhqhudwhg gdwd lv rujdqlvhg lqwr d sdqho zlwk Q/W@433 dqg �{hg h�hfwv
hvwlpdwlrq lv fduulhg rxw1 Wkh dyhudjh shuvlvwhqfh hvwlpdwhg e| IH lv 31<:::::;
frpsduhg wr d wuxh ydoxh ri 31<733;6:1

Zh dovr hvwlpdwh djjuhjdwh �{hg h�hfwv rq wklv sdqho1 Wkh 433 furvv vhf0
wlrqv duh dyhudjhg grzq wr 431 Il{hg h�hfwv rq wklv sdqho surgxfhv dyhudjh
shuvlvwhqfh ri 31<:9347 frpsduhg wr d wuxh ydoxh ri 31<733;6:1
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Wkhuh lv fohdu hylghqfh ri djjuhjdwlrq eldv1 Vklx0Vkhqj Fkhq xvhv 31: dv d
ydoxh iru �1 Wkh h{shulphqw lq �jxuh 5e ri rxu sdshu vkrzv wkdw wkh eldv lv
pruh lpsruwdqw iru pruh shuvlvwhqw sdqhov dqg wklv lv zkdw zh �qg khuh/ hyhq
xqghu uhvwulfwlyh dvvxpswlrqv1

9 H{shulphqw 8
Zh qrz frqvlghu wkh h{suhvvlrq iru wkh eldv ghulyhg lq wkh sdshu dqg h{dplqh
wkh pryhphqw ri wkh eldv iru gl�huhqw ydoxhv ri � dqg wkh ghjuhh ri khwhurjhqhlw|1
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Dvvxplqj wkdw � � �Xqlirup +	' ++4� �,, > 3 � ' ? 4> 3 � � ? 4 dqg xvlqj
+6, rqh fdq ghulyh dq h{suhvvlrq iru a� � � zklfk fdq eh sorwwhg iru gl�huhqw
ydoxhv ri ' dqg �= Qrwh wkdw h{sorvlyh urrwv duh uxohg rxw1 Iljxuh 4 vkrzv wkh
uhvxowlqj judsk
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Lq whupv ri wkh kdoi0olih/ wkh eldv lv vxevwdqwldo hyhq zlwkrxw h{sorvlyh urrwv1

: Frqfoxvlrqv
Lw lv zruwk qrwlqj wkdw txlwh d orw ri prqwh0fduor zrun kdv ehhq fduulhg rxw rq
wkh djjuhjdwlrq eldv lq rwkhu sdshuv/ zkhuh uhvxowv vlplodu wr rxuv kdyh ehhq
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irxqg1 H{dpsohv lqfoxgh Urehuwvrq dqg V|prqv +4<<5, dqg Shvdudq/ Vplwk
dqg Lp +4<<9,1

Uhihuhqfhv
^4` Shvdudq/K U1S1Vplwk dqg N1V1Lp/ G|qdplf Olqhdu Prghov iru Khwhurjhqrxv

Sdqhov1 Lq Wkh Hfrqrphwulfv ri Sdqho Gdwd +hgv, O1 Päw|äv dqg S1 Vhyhvwuh/
4<<9/ fkdswhu ;/ ss147804<8/ Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw/ Wkh
Qhwkhuodqgv1 LVEQ 3 :<56 6:;: 81

^5` G1 Urehuwvrq> M1 V|prqv1 Vrph Vwudqjh Surshuwlhv ri Sdqho Gdwd Hvwlpd0
wruv1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ Yro1 :/ Qr1 51 +Dsu1 0 Mxq1/ 4<<5,/
ss1 4:804;<1
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