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จำลองทางชีววิทยาแบบสามมิติสำหรับการรักษาด้วยรังสีคาร์บอนไอออน (RADIOBIOL-

OGY EXPERIMENTAL VERIFICATION USING 3D BIO-PHANTOM FOR CARBON

ION RADIOTHERAPY). อาจารย์ที่ปรึกษา : ผู้ช่วยศาสตราจารย์ ดร.ชิโนรัตน์

กอบเดช, 96 หน้า.

คําสําคัญ: การเพาะเลี้ยงเซลล์แบบสามมิติ/ การตรวจสอบทางกัมมันตภาพรังสี/ การวางผนการ

รักษา/ การใช้รังสีรักษาด้วยลำแสงไอออน

การตรวจสอบ 3D bio-phantom ประกอบด้วย การเพาะเลี้ยงเซลล์ใน Matrigel

matrix ภายในไมโครเวลเพลทเป็นเครื่องมือทางเลือกสำหรับการตรวจสอบปริมาณทางชีวภาพได้

ถูกดำเนินการในการศึกษาครั้งนี้ โดยเซลล์ CHO-K1 ที่เลี้ยงใน Matrigel ภายในจานเพาะเลี้ยง

96 หลุมแสดงให้เห็นถึงเซลล์จำนวนมากกว่าซึ่งมีรูปร่างเซลล์เหมือนเซลล์จริงเมื่อเทียบกับการเพาะ

เลี้ยงเซลล์แบบชั้นเดียว และมีระบบที่สะดวกเป็นอย่างมากสำหรับการศึกษาการอยู่รอดของเซลล์ที่

ร้อยละ 1 หรือต่ำกว่าร้อยละ 1 ของเศษส่วนการอยู่รอด การทดลองการวัดปริมาณรังสีของแผ่น

ฟิล์มถูกดำเนินการเพื่อแยกแยะการมีอยู่ของสนามใดๆ ที่ไม่สม่ำเสมอซึ่งเกิดจากโครงสร้างโพลีสไต

รีน ของจานหลุม ความไวต่อรังสีของเซลล์ CHO ใน Matrigel หลังจากการฉายรังสีด้วยรังสีเอ็กซ์

และคาร์บอนไอออนที่มีค่าพลังงานเดียวถูกพบว่ามีความไวต่อรังสีน้อยกว่าการเลี้ยงเซลล์แบบชั้นเดียว

มาตรฐาน ในลำดับถัดมา การวางแผนการรักษาได้ถูกปรับให้เหมาะสมกับปริมาณรังสีชีวภาพแบบ

ระนาบในปริมาตรสี่เหลี่ยมใน TRiP98 โดยใช้ตารางใช้ตาราง RBE ของเซลล์ CHO เฉพาะสำหรับ

Matrigel การกระจายการอยู่รอดของเซลล์ในสามมิติถูกวิเคราะห์และเปรียบเทียบกับการอยู่รอดของ

เซลล์ที่ได้จาก stack phantom มาตรฐาน ซึ่งผลลัพธ์ที่ได้นั้นเป็นที่น่าพึงพอใจและใกล้เคียงตาม

การทำนายของ TRiP98 เป็นอย่างมาก การปรับแผ่นหลุมให้มีขนาดเล็กลงได้ดำเนินการโดยการเพาะ

เลี้ยงเซลล์ของสัตว์เลี้ยงลูกด้วยน้ำนมใน Matrigel matrix ภายในจานเพาะเลี้ยง 384 หลุม ชนิด

V-bottom เส้นโค้งการตอบสนองปริมาณรังสีของเซลล์ใน Matrigel ต่อการฉายรังสีด้วยรังสีเอ็กซ์

และคาร์บอนไอออนที่มีค่าพลังงานเดียวได้รับการวัดและเซลล์ xrs-5 แสดงความไวต่อรังสีสูงกว่าเมื่อ

เทียบกับเซลล์ CHO ดังนั้นจึงทำให้เซลล์ xrs-5 เหมาะสำหรับการตรวจสอบการอยู่รอดของเซลล์

ในบริเวณที่มีปริมาณรังสีต่ำ ลำดับสุดท้าย การตรวจสอบแผนการรักษาในบริเวณที่มีปริมาณรังสีต่ำ

จึงได้ดำเนินการโดยใช้ 3D bio-phantom การกระจายการอยู่รอดของเซลล์ในการตัดด้านข้างถูก

วิเคราะห์และการอยู่รอดของเซลล์ที่วัดได้เป็นที่น่าพึงพอใจกับผลการอยู่รอดที่คาดหวัง กล่าวโดยสรุป

คือ 3D bio-phantom นั้นเป็นเครื่องมือที่ใช้งานได้จริงสำหรับการตรวจสอบผลกระทบทางชีวภาพ
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The investigation of 3D bio-phantom consisting of cells cultured in

Matrigel matrix inside micro-well plates as an alternative tool for biological

dose verification have been performed in this study. CHO-K1 cells cultured in

Matrigel inside 96-well plate yielded a high cell number with a realistic cell

shape, compared to cells cultured in monolayer, and present a very convenient

system for studying the cell survival at and below 1% of survival fraction.

Film dosimetric experiments were conducted to rule out the presence of any

field inhomogeneities caused by the well plate polystyrene structure. The radio-

sensitivity of CHO cells in Matrigel after irradiation with X-rays and monoenergetic

carbon ions was found to be lower than for standard monolayer culture. Next,

a treatment plan was optimized for a flat biological dose in a rectangular

volume in TRiP98 employing a dedicated CHO RBE table for Matrigel. The cell

survival distribution in three dimensions was analyzed and compared to the cell

survival obtained from the reference stack phantom. The result showed very

good agreement and follow the TRIP98 prediction closely. Adaptation to smaller

well plate has been conducted by culturing mammalian cells in Matrigel matrix

inside V-bottom 384-well plate. Dose response curves of cells in Matrigel to

irradiation with X-rays and monoenergetic carbon ions have been measured and

xrs-5 cells show a higher radio-sensitivity compared to CHO cells thus making

xrs-5 cells suitable for investigating cell survival at low-dose region. Finally, the

treatment plan verification in low-dose region has been performed using refined

3D bio-phantom. Cell survival distribution in lateral cuts was analyzed and the

measured cell survivals were in a good agreement with the expected survival.
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����� 1MBUJOH FGųDJFODZ � � � � � � � � � � � � � � � � ��

����� $FMM QSPMJGFSBUJPO JO .BUSJHFM � � � � � � � � � � � ��

��� 3FTQPOTF PG YST�� DFMMT DVMUVSFE JO .BUSJHFM UP JSSBEJBUJPO � ��

����� 9�SBZT TVSWJWBM DVSWF � � � � � � � � � � � � � � ��

����� $BSCPO JPO TVSWJWBM DVSWF � � � � � � � � � � � � ��
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$0/5&/54 	$POUJOVFE


1BHF

��� 'JFME IPNPHFOFJUZ PG 7�CPUUPN ����XFMM QMBUF VTJOH

(BGDISPNJD &#5� ųMN � � � � � � � � � � � � � � � � � � ��

����� 'JMN EPTJNFUSZ TFUVQ � � � � � � � � � � � � � � ��

����� 3FTQPOTF PG (BGDISPNJD &#5� ųMN � � � � � � � � ��

��� 0VU�PG�ųFME SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH �% CJP�QIBOUPN ��

����� 5SFBUNFOU QMBOOJOH TZTUFN � � � � � � � � � � � ��

����� *O�WJUSP JSSBEJBUJPO TFUVQ � � � � � � � � � � � � � ��

����� 0VU�PG�ųFME USFBUNFOU QMBO WFSJųDBUJPO � � � � � � ��

��� 4VNNBSZ � � � � � � � � � � � � � � � � � � � � � � � � ��

7* 46.."3: "/% $0/$-64*0/ � � � � � � � � � � � � � � � � � ��

3&'&3&/$&4 � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

"11&/%*$&4

"11&/%*9 " $&-- $6-563&4 13050$0- � � � � � � � � � � � ��

"�� .BUSJHFM EJMVUJPO � � � � � � � � � � � � � ��

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO ���XFMM QMBUF ��

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM

QMBUF � %JTQBTF QSPUPDPM � � � � � � � � � ��

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM

QMBUF � $PPMJOH QSPUPDPM � � � � � � � � � ��

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM

QMBUF � $FOUSJGVHF QSPUPDPM � � � � � � � � ��

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM

QMBUF � $PPMJOH BOE DFOUSJGVHF QSPUPDPM � � ��

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO ����XFMM QMBUF ��

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ����XFMM

QMBUF � � � � � � � � � � � � � � � � � � ��

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO 7�CPUUPN

����XFMM 11 QMBUF � � � � � � � � � � � � ��

"��� .BUSJHFM DFMM SFDPWFSZ QSPUPDPM JO 7�CPUUPN

����XFMM 11 QMBUF � � � � � � � � � � � � ��

 



9

$0/5&/54 	$POUJOVFE


1BHF

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO ���XFMM

QMBUF � $FMM TFFEJOH � � � � � � � � � � � ��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO ���XFMM

QMBUF � $FMM SFDPWFSJOH � � � � � � � � � � ��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO TUBDL

QIBOUPN � $FMM TFFEJOH � � � � � � � � � ��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO TUBDL

QIBOUPN � $FMM SFDPWFSJOH � � � � � � � � ��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO 5��� 5$'

� $FMM TFFEJOH � � � � � � � � � � � � � � ��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO 5��� 5$'

� $FMM SFDPWFSJOH � � � � � � � � � � � � ��

"11&/%*9 # 53*1�� 53&"5.&/5 1-"/4 $0%& � � � � � � � � � ��

#�� ���XFMM QMBUF QMBO � � � � � � � � � � � � ��

#�� 4UBDL QIBOUPN QMBO � � � � � � � � � � � ��

#�� 0VU�PG�ųFME QMBO GPS 7�CPUUPN ����XFMM QMBUF ��

"11&/%*9 $ .*$30�8&-- 1-"5& %&4*(/ � � � � � � � � � � � ��

"11&/%*9 % .*5 5&$)/*$"- %&5"*-4 � � � � � � � � � � � � � ��

$633*$6-6. 7*5"& � � � � � � � � � � � � � � � � � � � � � � � � � ��

 



-*45 0' 5"#-&4

5BCMF 1BHF

��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JO DPNQBSJTPO UP

NPOPMBZFS TFUVQ� � � � � � � � � � � � � � � � � � � � � ��

��� -JTU PG α BOE β QBSBNFUFST PG $)0 DFMMT DVMUVSFE JO

.BUSJHFM BOE NPOPMBZFS TFUVQT� � � � � � � � � � � � � � ��

��� 4UBOEBSE EFWJBUJPOT PG (BGDISPNJD &#5� ųMN QSPųMF� � � � � ��

��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JOTJEF '�CPUUPN

����XFMM QMBUF� � � � � � � � � � � � � � � � � � � � � � ��

��� /VNCFS PG DPMPOJFT PCUBJOFE BGUFS � EBZT PG JODVCBUJPO� � ��

��� /VNCFS PG YST�� DFMMT JO .BUSJHFM TFUVQ JOTJEF ���XFMM QMBUF� ��

��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JOTJEF 7�CPUUPN

����XFMM 11 QMBUF� � � � � � � � � � � � � � � � � � � � ��

��� /VNCFS PG YST�� DFMMT SFDPWFSFE GSPN .BUSJHFM JO ����XFMM

11 QMBUF GPMMPXJOH UIF DIBOHF PG USZQTJO� � � � � � � � � � ��

��� -JTU PG YST�� α QBSBNFUFS FYUSBDUFE GSPN 9�SBZT TVSWJWBM DVSWFT� ��

��� -JTU PG YST�� α QBSBNFUFS FYUSBDUFE GSPN DBSCPO JPO TVSWJWBM

DVSWFT� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 4UBOEBSE EFWJBUJPOT PG &#5� ųMNT� � � � � � � � � � � � � ��
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'JHVSF 1BHF

��� %FQUI EPTF QSPųMF PG DBSCPO JPOT BOE QSPUPOT� � � � � � �

��� -BUFSBM QSPųMF PG DBSCPO CFBN JO DPNQBSJTPO UP QSPUPO CFBN� �

��� 4VSWJWBM DVSWFT PG $)0�,� DFMMT JSSBEJBUFE CZ 9�SBZ BOE

DBSCPO JPOT� � � � � � � � � � � � � � � � � � � � � � � �

��� 5IF ųOBM TUSVDUVSF PG .BUSJHFM MBZFST JOTJEF ���XFMM QMBUF� � ��

��� 4UBDL QIBOUPN DPOTJTUT PG 1.." CPY BOE QPMZTUZSFOF TMJEFT� ��

��� $FMM HSPXUI DVSWF PG $)0 DFMMT� � � � � � � � � � � � � � ��

��� 5IF EPVCMJOH UJNF PG $)0 DFMMT� � � � � � � � � � � � � � ��

��� 5IF TIBQF PG $)0 DFMMT DVMUVSFE JO EJGGFSFOU TFUVQ BOE

JODVCBUJPO UJNF� � � � � � � � � � � � � � � � � � � � � � ��

��� 0YZHFO TQPU TFOTPS QMBDFE JOTJEF UIF CPUUPN QBSU PG ���XFMM

QMBUF� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'JOBM TUSVDUVSF PG TFOTPS QMBDFE JOTJEF .BUSJHFM MBZFST� � � � ��

��� $FMM PYZHFOBUJPO JOTJEF .BUSJHFM NBUSJY XJUIJO �� IPVST PG

JODVCBUJPO� � � � � � � � � � � � � � � � � � � � � � � � ��

��� 8FMM QMBUFT BSSBOHFNFOU GPS SBEJPCJPMPHJDBM WFSJųDBUJPO JSSBEJBUJPO� ��

��� $FMMT XFSF DVMUVSFE JO .BUSJHFM JO UISFF XFMMT BOE JSSBEJBUFE

CZ 9�SBZ CFBNT XJUI TBNF EPTF� � � � � � � � � � � � � ��

��� &YQFSJNFOUBM TFUVQ GPS 9�SBZT JSSBEJBUJPO� � � � � � � � � � ��

��� $FMMT JO .BUSJHFM BOE NPOPMBZFS TFUVQ XFSF JSSBEJBUFE CZ

NPOPFOFSHFUJD DBSCPO JPO CFBNT� � � � � � � � � � � � � ��

��� &YQFSJNFOUBM TFUVQ GPS NPOPFOFSHFUJD DBSCPO JPO JSSBEJBUJPO� ��

��� &#5� ųMN JSSBEJBUJPO TFUVQ� � � � � � � � � � � � � � � � ��

��� 8FMMT BSSBOHFNFOU GPS SBEJPCJPMPHJDBM WFSJųDBUJPO JSSBEJBUJPO� � ��

��� *SSBEJBUJPO TFUVQ GPS SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH .BUSJHFM

TFUVQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &YQFSJNFOUBM TFUVQ GPS SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH TUBDL

QIBOUPN� � � � � � � � � � � � � � � � � � � � � � � � � ��
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-*45 0' '*(63&4 	$POUJOVFE


'JHVSF 1BHF

���� 4VSWJWBM DVSWF PG $)0 DFMMT DVMUVSFE JO .BUSJHFM TFUVQ BGUFS

JSSBEJBUJPO XJUI 9�SBZ CFBNT� � � � � � � � � � � � � � � � ��

���� 4VSWJWBM DVSWF PG $)0 DFMMT DVMUVSFE JO .BUSJHFM BOE NPOP�

MBZFS TFUVQT BGUFS JSSBEJBUJPO XJUI ��� .F7�V NPOPFOFSHFUJD

DBSCPO JPO CFBNT� � � � � � � � � � � � � � � � � � � � ��

���� &YDFTTJWF OVNCFS PG DPMPOJFT XBT PCUBJOFE BGUFS JSSBEJBUFE

CZ NPOPFOFSHFUJD DBSCPO JPO XJUI EPTF PG � (Z JO .BUSJHFM

TFUVQ� � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� $PNQBSJTPO PG ųMN QSPųMFT BU UIF FEHF BOE DFOUFS QBSU PG

���XFMM QMBUF� � � � � � � � � � � � � � � � � � � � � � � ��

���� 'JFME IPNPHFOFJUZ BTTFTTNFOU VTJOH (BGDISPNJD &#5� ųMN� � ��

���� $FMM TVSWJWBM SBUF BGUFS CFJOH JSSBEJBUFE UP BDUJWF TDBOOJOH

DBSCPO JPO CFBN� � � � � � � � � � � � � � � � � � � � � ��

���� 4VSWJWBM GSBDUJPOT PG $)0 DFMMT DVMUVSFE JO .BUSJHFM JOTJEF

����XFMM QMBUF BGUFS JSSBEJBUFE UP BDUJWF TDBOOJOH DBSCPO JPO

CFBN� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $FMM HSPXUI DVSWF PG YST�� DFMMT� � � � � � � � � � � � � � ��

��� 5IF EPVCMJOH UJNF PG YST�� DFMMT� � � � � � � � � � � � � ��

��� .FBTVSFE YST�� DFMM TVSWJWBM DVSWFT BGUFS JSSBEJBUJPO XJUI 9�SBZ

CFBNT� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� .FBTVSFE 9�SBZT TVSWJWBM DVSWFT PG YST�� DFMMT JO DPNQBSJTPO

XJUI FYJTUJOH 9�SBZT TVSWJWBM DVSWFT� � � � � � � � � � � � � ��

��� 4BNQMFT BSSBOHFNFOU GPS TVSWJWBM FYQFSJNFOU XJUI DBSCPO

JPOT BU .*5� � � � � � � � � � � � � � � � � � � � � � � ��

��� 5IF CPUUPN QBSU PG ����XFMM QMBUF XBT DPWFSFE CZ BHBSPTF

MBZFS� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� .FBTVSFE YST�� DFMM TVSWJWBM DVSWFT BGUFS JSSBEJBUJPO XJUI

NPOPFOFSHFUJD DBSCPO JPOT JO DPNQBSJTPO UP 9�SBZ TVSWJWBM

DVSWFT� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� .FBTVSFE DBSCPO JPO TVSWJWBM DVSWFT PG YST�� DFMMT JO DPN�

QBSJTPO UP FYJTUJOH DBSCPO JPO TVSWJWBM DVSWFT� � � � � � � � ��
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-*45 0' '*(63&4 	$POUJOVFE


'JHVSF 1BHF

��� 4VSWJWBM DVSWFT PG $)0�,� BOE YST�� DFMMT DVMUVSFE JO .BUSJHFM

BGUFS JSSBEJBUJPO XJUI DBSCPO JPOT BOE 9�SBZT� � � � � � � � ��

���� 'JMN EPTJNFUSZ TFUVQ VTJOH (BGDISPNJD &#5� ųMN� � � � � � ��

���� 1SPųMFT PG &#5� ųMNT BGUFS JSSBEJBUJPO XJUI BDUJWF TDBOOJOH

DBSCPO JPO CFBNT � � � � � � � � � � � � � � � � � � � ��

���� 4BNQMF BSSBOHFNFOU GPS PVU�PG�ųFME SBEJPCJPMPHJDBM JSSBEJBUJPO� ��

���� 4VSWJWBM GSBDUJPO PG YST�� DFMMT JO MBUFSBM DVUT BU FYUFOEFE

UBSHFU BOE GSBHNFOUBUJPO UBJM SFHJPOT� � � � � � � � � � � � ��

$�� %FTJHO PG ŴBU�CPUUPN ���XFMM 14 QMBUF� � � � � � � � � � � ��

$�� %FTJHO PG ŴBU�CPUUPN ����XFMM 14 QMBUF� � � � � � � � � � ��

$�� %FTJHO PG 7�CPUUPN ����XFMM 11 QMBUF� � � � � � � � � � � ��

%�� 0VUMJOF PG BDDFMFSBUPS BU .*5 BOE UIF QPTJUJPO PG CFBN PVUMFUT� ��

%�� .FBTVSFE BCTPSCFE EPTF JO [ EJTUSJCVUJPO JO XBUFS QIBOUPN

GPS TJNQMF USFBUNFOU QMBO� � � � � � � � � � � � � � � � � ��

%�� .FBTVSFE BCTPSCFE EPTF JO [ EJTUSJCVUJPO JOTJEF XBUFS QIBO�

UPN GPS PVU�PG�ųFME USFBUNFOU QMBO� � � � � � � � � � � � ��

%�� .FBTVSFE BCTPSCFE EPTF JO MBUFSBM Y�EJTUSJCVUJPO JOTJEF XBUFS

QIBOUPN GPS PVU�PG�ųFME USFBUNFOU QMBO� � � � � � � � � � ��
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$)0 $IJOFTF )BNTUFS 0WBSZ

%4# %PVCMF�4USBOE #SFBLT

&$. &YUSBDFMMVMBS .BUSJY

'#4 'FUBM #PWJOF 4FSVN

(4* (4* )FMNIPMU[ $FOUSF GPS )FBWZ *PO 3FTFBSDI

*.35 *OUFOTJUZ�.PEVMBUFE 3BEJPUIFSBQZ

-&. -PDBM &GGFDU .PEFM

-&5 -JOFBS &OFSHZ 5SBOTGFS

.( .BUSJHFM

.&. .JOJNVN &TTFOUJBM .FEJVN

.*5 .BSCVSH *PO�#FBN 5IFSBQZ $FOUSF

.0 .POPMBZFS

/*) /BUJPOBM *OTUJUVUFT PG )FBMUI

0"3 0SHBO BU 3JTL

0% 0QUJDBM %FOTJUZ

1#4 1IPTQIBUF #VGGFSFE 4BMJOF

1& 1MBUJOH &GųDJFODZ

1.." 1PMZNFUIZM .FUIBDSZMBUF

11 1PMZQSPQZMFOF

14 1PMZTUZSFOF

3#& 3FMBUJWF #JPMPHJDBM &GGFDUJWFOFTT

30* 3FHJPO PG *OUFSFTU

40#1 4QSFBE�0VU #SBHH 1FBL

5$' 5JTTVF $VMUVSF 'MBTL

53*1�� 5SFBUNFOU 1MBOOJOH GPS 1BSUJDMFT
 ���� FEJUJPO

8&5 8BUFS &RVJWBMFOU 5IJDLOFTT
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*/530%6$5*0/

$BODFS JT B EFBEMZ EJTFBTF DBVTFE CZ BCOPSNBM DFMMT XIJDI HSPX JOUP

B MVNQ PG DBODFS DFMMT 	1BSEFF BOE 4UFJO
 ����
� *U DBO TQSFBE PVU UP OFBSCZ

IFBMUIZ UJTTVF PS NFUBTUBTJ[F UP EJTUBOU MPDBUJPOT� 5IFSF BSF TFWFSBM NPEBMJUJFT

UP USFBU DBODFS BOE POF PG UIFN JT SBEJPUIFSBQZ� 3BEJPUIFSBQZ JT B USFBUNFOU

VUJMJ[JOH IJHI FOFSHZ SBEJBUJPO TVDI BT QIPUPOT BOE FMFDUSPOT UP LJMM UIF DBODFS

DFMMT� *O UIF MBUF ����T
 JPO CFBN SBEJPUIFSBQZ CFDPNFT B OFX NPEBMJUZ GPS

USFBUJOH DBODFS DFMMT
 FTQFDJBMMZ EFFQ�TFBUFE DBODFS TVDI BT IFBE BOE OFDL

DBODFST� *PO CFBN SBEJPUIFSBQZ USFBUT UIF DBODFS QBUJFOUT CZ JSSBEJBUJOH UIF

UVNPS PS DBODFS DFMMT XJUI JPO CFBNT TVDI BT DBSCPO JPOT BOE QSPUPOT� 5IF

BEWBOUBHF PG UIF JPO CFBN SBEJPUIFSBQZ MJFT JO UIF JOWFSUFE EFQUI�EPTF QSPųMF

XIFSF NPTU PG UIF FOFSHZ JT EFQPTJUFE BU UIF FOE PG UIF CFBN SBOHF GPSNFE

B QFBL XIJDI JT DBMMFE #SBHH�QFBL� #FDBVTF PG UIJT
 UIF EFFQ�TFBUFE DBODFS DFMMT

XJMM SFDFJWF B NBYJNVN EPTF XIJMF TQBSJOH UIF TVSSPVOEJOH IFBMUIZ UJTTVF� *O

����
 UIF ųSTU QSPUPO SBEJPUIFSBQZ GBDJMJUZ JO 5IBJMBOE XJMM CF PQFSBUFE BU ,JOH

$IVMBMPOHLPSO .FNPSJBM )PTQJUBM BU #BOHLPL� 5IF QSPUPO CFBNT BSF QSPEVDFE

CZ DZDMPUSPO NBDIJOF BMMPXJOH UP HFOFSBUF FOFSHZ CFBN XJUI SBOHF PG �� ı

��� .F7� 5IF CFBNT XJMM CF EFMJWFSFE VTJOH B NPWJOH HBOUSZ XIJDI DBO SPUBUF

JO ���◦ TP UIF JSSBEJBUJPO DPVME CF EFMJWFSFE GSPN BOZ BOHMF�

%VF UP UIF IJHI MJOFBS FOFSHZ USBOTGFS 	-&5
 PS NBTT TUPQQJOH QPXFS

PG JPO CFBN SBEJPUIFSBQZ
 UIF SFMBUJWF CJPMPHJDBM FGGFDUJWFOFTT 	3#&
 JT JODSFBTJOH

UPXBSET UP UIF #SBHH�QFBL 	,S¦NFS
 ����
� 3#& JT EFųOFE BT UIF SBUJP CFUXFFO

UXP EJGGFSFOU SBEJBUJPO EPTFT UIBU ZJFME UIF TBNF CJPMPHJDBM FGGFDUT 	)BMM BOE

(JBDDJB
 ����
� 5IJT JT UIF SFBTPO XIZ SBEJPCJPMPHJDBM FGGFDUJWFOFTT JT FTTFOUJBM JO

USFBUNFOU QMBOOJOH PG JPO CFBN SBEJPUIFSBQZ� )PXFWFS
 UIFSF JT B DIBMMFOHJOH JO

QFSGPSNJOH CJPMPHJDBM WFSJųDBUJPO CFDBVTF JU JT OPU FBTZ UP EP EJSFDU NFBTVSFNFOU

PO CJPMPHJDBM FGGFDUT 	,S¦NFS FU BM�
 ����
� .FBTVSJOH UIF DFMM TVSWJWBM JT UIF

FBTJFTU NFUIPE UP PCTFSWF UIF CJPMPHJDBM FGGFDUT BGUFS JSSBEJBUJPO� %JGGFSFOU

WFSJųDBUJPO UPPMT PS ķQIBOUPNTķ IBWF CFFO VTFE GPS DPOEVDUJOH 3#&�XFJHIUFE

USFBUNFOU QMBO WFSJųDBUJPO BU (4* )FMNIPMU[ $FOUSF GPS )FBWZ *PO 3FTFBSDI 	(4*


 



�

	,S¦NFS FU BM�
 ����� (FNNFM FU BM�
 ����� ,S¦NFS BOE %VSBOUF
 ����� ,S¦NFS

FU BM�
 ����� 4PLPM FU BM�
 ����
 GPS EJGGFSFOU QVSQPTFT� 5IFSFGPSF
 QIBOUPN UIBU

DPVME PCTFSWF UIF DFMM JOBDUJWBUJPO JO EJGGFSFOU BSFBT PG USFBUNFOU QMBO XJUI

IJHI TQBUJBM SFTPMVUJPO JT OFFEFE GPS QFSGPSNJOH CJPMPHJDBM NFBTVSFNFOU�

3FDFOUMZ
 NVMUJ�XFMM QMBUFT IBWF CFFO VTFE UP DVMUVSF DFMMT JO SBEJP�

CJPMPHZ FYQFSJNFOU CZ EJGGFSFOU SFTFBSDI HSPVQT 	(FNNFM FU BM�
 ����� (FNNFM

FU BM�
 ����� ,MFJO FU BM�
 ����� 1BUFM FU BM�
 ����� .FJO FU BM�
 ����
� )PXFWFS


UIF ųFME IPNPHFOFJUZ IBT OFWFS CFFO JOWFTUJHBUFE EFTQJUF UIF XFMM QMBUF XFSF

OPU DPNQMFUFMZ ųMMFE 	#VHMFXJD[ FU BM�
 ����
� "O FYQFSJNFOU PO SBEJPCJPMPHJDBM

WFSJųDBUJPO VUJMJ[JOH NVMUJ�XFMM QMBUFT IBT CFFO DPOEVDUFE BU (4* CZ PCUBJOJOH

UIF TVSWJWBM DVSWF PG $)0 DFMMT DVMUVSFE JO NPOPMBZFST JOTJEF UIF ���XFMM QMBUFT�

4JODF WFSJųDBUJPO NFUIPE VTJOH UIF ���XFMM QMBUFT XJUI NPOPMBZFST DFMM DVMUVSF

IBT MJNJUFE TQBUJBM SFTPMVUJPO JO Y� BOE Z�QMBOF
 BOPUIFS BUUFNQU IBT CFFO NBEF

CZ DVMUVSJOH UIF $)0 DFMMT JO .BUSJHFM NBUSJY JOTJEF UIF ���XFMM QMBUFT 	1FSPOJ


����
 XIJDI XPSLT RVJUF XFMM� 5P FOTVSF UIFSF BSF OP SFŴFDUJPO PS PUIFS CPSEFS

FGGFDUT GSPN UIF XBMM PG XFMM QMBUFT
 (BGDISPNJD ųMNT XFSF JSSBEJBUFE JO� BOE

PVUTJEF PG UIF ���XFMM QMBUFT JO NPOPFOFSHFUJD PYZHFO CFBN XJUI FOFSHZ PG ��

.F7�V 	,BSUJOJ
 ����
�

" OFX SBEJPCJPMPHJDBM WFSJųDBUJPO TFUVQ VUJMJ[JOH NJDSP�XFMM QMBUF XJUI

.BUSJHFM NBUSJY UP BDIJFWF IJHIFS TQBUJBM SFTPMVUJPO JT JOWFTUJHBUFE JO UIJT TUVEZ�

5IF GFBTJCJMJUZ TUVEZ PG .BUSJHFM DFMM DVMUVSF IBT CFFO QFSGPSNFE CZ PCTFSWJOH

UIF TIBQF BOE DFMM QSPMJGFSBUJPO JO .BUSJHFM NBUSJY XIJDI JT QSFTFOUFE JO $IBQUFS

***� 5IF SFTQPOTF PG DFMMT DVMUVSFE JO .BUSJHFM UP EJGGFSFOU UZQF PG JSSBEJBUJPO

BSF BMTP JOWFTUJHBUFE JO UIJT TUVEZ� *O BEEJUJPO
 UIF JOWFTUJHBUJPO PO SBEJBUJPO

ųFME IPNPHFOFJUZ XJMM CF DBSSJFE PVU CZ JSSBEJBUJOH (BGDISPNJD &#5� ųMNT QMBDFE

GPMMPXJOH TUBDLFE NJDSP�XFMM QMBUFT UP FOTVSF UIFSF JT OP BSUFGBDU DBVTFE CZ

UIF TUSVDUVSF PG NJDSP�XFMM QMBUF� "GUFS UIBU
 UIF WFSJųDBUJPO PG 3#&�XFJHIUFE

USFBUNFOU QMBO JT QFSGPSNFE VTJOH �% CJP�QIBOUPN XIJDI BMMPXT UP PCTFSWF UIF

FYQFSJNFOUBM EBUB JO TQFDJųD MPDBUJPO XIJDI JT B DPOWFOJFOU TZTUFN GPS PCTFSWJOH

UIF TQBUJBM EJTUSJCVUJPO PG DFMM TVSWJWBM JO UISFF EJNFOTJPO� 5IF EPTF SFTQPOTF

DVSWF
 &#5� ųMN NFBTVSFNFOU
 BOE USFBUNFOU QMBO WFSJųDBUJPO BSF SFQPSUFE JO

$IBQUFS *7�

/FYU
 UIF UFDIOJRVF IBT CFFO FYUFOEFE UP SBEJP�TFOTJUJWF DFMM MJOF

BOE IJHIFS TQBUJBM SFTPMVUJPO CZ DVMUVSJOH YST�� DFMMT JO .BUSJHFM JOTJEF 7�CPUUPN

 



�

����XFMM QPMZQSPQZMFOF 	11
 QMBUF� 5IF DFMM HSPXUI BT XFMM BT UIF SFTQPOTF PG

DFMMT JO .BUSJHFM JOTJEF ����XFMM 11 QMBUF UP JSSBEJBUJPO IBWF CFFO JOWFTUJHBUFE

BOE QSFTFOUFE JO $IBQUFS 7� 'JOBMMZ
 UIF SBEJPCJPMPHJDBM WFSJųDBUJPO JO PVU�PG�ųFME

SFHJPO IBT CFFO QFSGPSNFE VTJOH �% CJP�QIBOUPN UIBU IBT CFFO BEBQUFE UP

YST�� DFMM BOE ����XFMM 11 QMBUF JO PSEFS UP PCTFSWF UIF DFMM TVSWJWBM BU MPX

EPTF SFHJPO XIJDI DPVME OPU CF PCTFSWFE VTJOH $)0 DFMMT�
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3&4&"3$) #"$,(306/%

��� 1IZTJDT PG JPO CFBN SBEJPUIFSBQZ

����� &OFSHZ MPTT PG QBSUJDMF

*PO CFBN SBEJPUIFSBQZ VUJMJ[FT BDDFMFSBUFE DIBSHFE QBSUJDMFT UP JSSBEJBUF

UIF DBODFS DFMMT� *U IBT NPSF BEWBOUBHFT UIBO DPOWFOUJPOBM SBEJPUIFSBQZ CFDBVTF

PG JUT JOWFSUFE EFQUI�EPTF QSPųMF� 8IFO DIBSHFE QBSUJDMFT BSF BCTPSCFE JO NBUUFS

PS UBSHFU TVDI BT IVNBO CPEZ
 UIF DIBSHFE QBSUJDMFT JPOJ[F NBUUFS CZ USBOTGFSSJOH

TPNF PG UIFJS LJOFUJD FOFSHZ JOUP NBUUFS� 5IF BNPVOU PG FOFSHZ USBOTGFSSFE PS

UIF FOFSHZ MPTT QFS VOJU QBUI MFOHUI E&/EY JO NBUUFS 	NBTT TUPQQJOH QPXFS


DBO CF FYQSFTTFE CZ #FUIF�#MPDI FRVBUJPO 	#FUIF
 ����� #MPDI
 ����B� #MPDI


����C
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− β� − δ(βγ)
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XIFSF , = �π/"S
�
FNFD

�
 /" JT "WPHBESPĴT DPOTUBOU
 SF JT DMBTTJDBM FMFDUSPO SBEJVT


ρ JT UIF NBTT EFOTJUZ PG UBSHFU
 ;Q JT UIF BUPNJD OVNCFS PG QSPKFDUJMF
 ;U JT

UIF BUPNJD OVNCFS PG UBSHFU
 "U JT UIF BUPNJD XFJHIU PG UBSHFU
 NF JT UIF NBTT

PG FMFDUSPO
 D JT TQFFE PG MJHIU
 β =
W

D
XIFSF W JT UIF WFMPDJUZ PG QSPKFDUJMF


γ = (� − β)−�/�
 * JT UIF NFBO JPOJ[BUJPO QPUFOUJBM ! 〈ν〉
 5NBY JT UIF

NBYJNVN FOFSHZ USBOTGFS JO B TJOHMF DPMMJTJPO
 BOE δ JT UIF EFOTJUZ DPSSFDUJPO�

5IF E&�EY IBT EJNFOTJPO .F7�H DN−��

8IFO GBTU DIBSHFE QBSUJDMFT USBWFM JOTJEF UIF NBUUFS
 UIF FOFSHZ MPTT

JODSFBTFT BMPOH UIF XBZ VOUJM QBSUJDMFT MPTF BMM UIF FOFSHZ BOE UIFO TUPQ

USBWFMJOH� 5IFSFGPSF
 UIF FOFSHZ MPTT PG QBSUJDMFT GBMMT UP [FSP BGUFS JU SFBDIFT

UIF NBYJNVN WBMVF OFBS UIF FOE PG UIF QBUI BOE UIJT NBYJNVN WBMVF PG

FOFSHZ MPTT JT LOPXO BT #SBHH QFBL 	5BWFSOJFS
 ����
� 'JHVSF ��� QSFTFOUT #SBHH

QFBLT BU UIF TBNF EFQUI QSPEVDFE CZ DBSCPO JPOT BOE QSPUPOT XJUI EJGGFSFOU

 



�

'JHVSF ��� %FQUI EPTF QSPųMF PG DBSCPO JPOT BOE QSPUPOT� $BSCPO JPOT XJUI

FOFSHZ PG ������ .F7�V BOE QSPUPOT XJUI FOFSHZ PG ����� .F7 ZJFME #SBHH QFBLT

BU EFQUI PG �� NN�

FOFSHJFT�

5IF BNPVOU PG FOFSHZ EFQPTJUFE JO NBUUFS DBVTFE CZ UIF QBSUJDMFT

USBWFMJOH UISPVHI NBUUFS JO SBEJPUIFSBQZ JT LOPXO BT -&5 BOE UIF VOJU PG -&5

JT LF7�µN� )FBWZ JPOT TVDI BT DBSCPO JPOT IBWF B IJHI -&5 WBMVF CFDBVTF

DBSCPO JPOT IBWF B IJHIFS BUPNJD OVNCFS 	;Q
 DPNQBSFE UP QSPUPOT XIJDI

BSF B MJHIUFS QBSUJDMF� -&5 XJMM CF QSPQPSUJPOBM UP UIF NBTT TUPQQJOH QPXFS JG

UIF QSPKFDUJMF VOEFSHPFT MJUUMF TDBUUFSJOH TP JU USBWFMT BMPOH B TUSBJHIU MJOF BOE

CFDPNFT JEFOUJDBM JG UIF NBTT EFOTJUZ PG NFEJVN JT FRVBM UP � 	F�H� JO XBUFS
�

5IF UPUBM QBUI MFOHUI PG IFBWZ DIBSHFE QSPKFDUJMFT JO NBUUFS JT TJNJMBS UP UIF

NFBO SBOHF 3 CFDBVTF IFBWZ JPOT BSF MFTT TDBUUFSFE BOE USBWFM OFBSMZ B TUSBJHIU

MJOF� 5IF NFBO SBOHF PG IFBWZ JPOT USBWFMJOH JO NBUUFS DBO CF DBMDVMBUFE CZ

JOUFHSBUJOH PWFS UIF JOWFSTF PG UIF MJOFBS FOFSHZ USBOTGFS 	4DIBSEU FU BM�
 ����



3 =
∫ &�

�

(E&

EY

)−�

· E& 	���


XJUI E& EFQFOET PO JOJUJBM FOFSHZ XIFSF &� JT UIF JOJUJBM FOFSHZ�

 



�

����� 3BEJBUJPO EPTF

5IF BNPVOU PG FOFSHZ EFQPTJUFE JO UJTTVF JT WFSZ JNQPSUBOU JO SBEJP�

UIFSBQZ BOE JT RVBOUJųFE CZ BCTPSCFE EPTF� 5IF BCTPSCFE EPTF % JT UIF NFBO

FOFSHZ EFQPTJUFE CZ JPOJ[JOH SBEJBUJPO QFS VOJU NBTT JO NBUUFS PS UJTTVF 	*$36


����
� 'PS QBSBMMFM QBSUJDMF CFBN XJUI ŴVFODF ' QFOFUSBUJOH B NFEJVN XJUI

NBTT EFOTJUZ ρ
 UIF BCTPSCFE EPTF DBO CF DBMDVMBUFE CZ

% =
E&

EN
=

(E&

EY

)
·∆Y · /

ρ · " ·∆Y
= φ · 4

ρ
	���


XIFSF φ =
/

"
JT UIF ŴVFODF
 4 JT UIF TUPQQJOH QPXFS
 BOE

4

ρ
=

�

ρ
· E&

EY
JT UIF NBTT TUPQQJOH QPXFS� 5IF BCTPSCFE EPTF JT NFBTVSFE JO UIF VOJU 	4*

TZTUFN
 DBMMFE BT (SBZ PS (Z XIFSF � (Z JT FRVBM UP � +�LH�

'PS B HJWFO UBSHFU EPTF
 DBSCPO JPOT BOE QSPUPOT IBWF B MPX SBEJBUJPO

EPTF JO UIF FOUSBODF DIBOOFM 	CFDBVTF PG #SBHH QFBL
 DPNQBSFE UP FMFDUSPOT

BOE QIPUPOT� 5IBOLT UP #SBHH QFBL
 DBODFS DFMMT MPDBUFE EFFQ JOTJEF UIF CPEZ

SFDFJWF B NBYJNVN SBEJBUJPO EPTF XIJMF UIF IFBMUIZ UJTTVF SFDFJWFT B NJOJNVN

SBEJBUJPO EPTF 	ųHVSF ���
� *O DBTF PG MBSHF WPMVNF UVNPVS
 B TQSFBE�PVU #SBHH

QFBL 	40#1
 JT FNQMPZFE UP JSSBEJBUF UIF XIPMF UVNPVS� " TJNQMF TQSFBE�PVU

#SBHH QFBL DPOTJTUT PG UIF NVMUJQMF #SBHH QFBLT QSPEVDFE F�H� CZ NPEVMBUPS

XIFFM 	$IV FU BM�
 ����
� .FBOXIJMF BU (4*
 UIF BDUJWF TDBO TZTUFN IBT CFFO

VUJMJ[FE UP DPNCJOF EJGGFSFOU FOFSHZ CFBNT UIBU TUPQ JO EJGGFSFOU UJTTVF EFQUIT

	ķTMJDFTķ
 JO PSEFS UP JSSBEJBUF UIF XIPMF UBSHFU WPMVNF 	,S¦NFS FU BM�
 ����
�

����� -BUFSBM TDBUUFSJOH

*O JPO CFBN SBEJPUIFSBQZ
 UIF FMBTUJD $PVMPNC JOUFSBDUJPOT XJUI OVDMFJ

PG NBUUFS PS NVMUJQMF $PVMPNC TDBUUFSJOH DBVTF MBUFSBM TDBUUFSJOH 	4DIBSEU FU BM�


����
� 5IF TDBUUFSJOH BOHMF JT EFTDSJCFE CZ .PMJªSF�)JHIMBOE TDBUUFSJOH UIFPSZ

	.PMJªSF
 ����� )JHIMBOE
 ����


(θ)� =
(��.� .F7

βQD
;Q

)� E

-�

(
� + �.��� log

E

-�

)�

	���
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XIFSF Q JT QBSUJDMF NPNFOUVN
 E JT UIJDLOFTT PG UBSHFU
 BOE -� JT SBEJBUJPO

MFOHUI� )FBWZ JPOT TVDI BT DBSCPO JPOT IBWF TNBMMFS MBUFSBM EFŴFDUJPO UIBO

QSPUPOT XIJDI JT HPPE GPS JSSBEJBUJOH DBODFS DFMMT DMPTF UP PSHBO BU SJTL 	0"3
�

'JHVSF ��� QSFTFOUT UIF DPNQBSJTPO PG MBUFSBM QSPųMF CFUXFFO DBSCPO JPOT BOE

QSPUPOT JO FYUFOEFE UBSHFU BU EFQUI PG �� NN� "DDPSEJOH UP MBUFSBM QSPųMFT


DBSCPO CFBN IBT MFTT MBUFSBM TDBUUFSJOH UIBO QSPUPO CFBN XIJDI JT WFSZ HPPE

UP TQBSF UIF IFBMUIZ UJTTVF TVSSPVOEJOH UIF UBSHFU�

'JHVSF ��� -BUFSBM QSPųMF PG DBSCPO CFBN JO DPNQBSJTPO UP QSPUPO CFBN JO

FYUFOEFE UBSHFU BU EFQUI PG �� NN�

����� 'SBHNFOUBUJPO UBJM

8IFO DIBSHFE QBSUJDMFT QFOFUSBUJOH JO NBUUFS
 OVDMFBS GSBHNFOUBUJPO

QSPEVDFT MJHIUFS JPOT� .FBTVSFNFOU PG GSBHNFOUBUJPO QSPEVDFE CZ DBSCPO JPOT

XJUI FOFSHZ PG ��� .F7�V QFOFUSBUJOH JO XBUFS IBT CFFO QFSGPSNFE BOE MJHIUFS

JPOT TVDI BT QSPUPO
 IFMJVN
 ��-J
 ��#
 BOE ��#F IBWF CFFO NFBTVSFE BGUFS

#SBHH QFBL 	)BFUUOFS FU BM�
 ����� 4DIBSEU FU BM�
 ����
� 4JODF JPOT QSPEVDFE

CZ OVDMFBS SFBDUJPOT BSF MJHIUFS UIBO QSJNBSZ JPOT
 UIFTF MJHIUFS JPOT QFOFUSBUF

EFFQFS SFTVMUJOH JO B EPTF UBJM BGUFS #SBHH QFBL� .FBOXIJMF GPS QSPUPOT
 UIFSF JT

OP OVDMFBS GSBHNFOUBUJPO QSPEVDFE CVU UIFSF BSF UBSHFU GSBHNFOUT QSPEVDFE
 CVU

XJUI MFTT TJHOJųDBOU DPOUSJCVUJPO� 5IVT
 UIFSF JT OP GSBHNFOUBUJPO UBJM QSPEVDFE

 



�

BGUFS #SBHH QFBL GPS QSPUPO CFBN� 'JHVSF ��� QSFTFOUT UIF EFQUI EPTF QSPųMF

PG DBSCPO JPOT BOE QSPUPOT� 'PS DBSCPO JPOT
 GSBHNFOUBUJPO UBJM JT PCTFSWFE

GPMMPXJOH #SBHH QFBL BOE JU MFBET UP B SBEJBUJPO EPTF ķUBJMķ� *O DPOUSBTU UP

DBSCPO JPOT
 SBEJBUJPO EPTF GPS QSPUPOT DPNQMFUFMZ GBMMT EPXO BGUFS #SBHH QFBL

XIJDI JT WFSZ HPPE GPS JSSBEJBUJOH UBSHFU DMPTF UP 0"3 PS JNQPSUBOU PSHBO�

��� 3FMBUJWF CJPMPHJDBM FGGFDUJWFOFTT

%JGGFSFOU SBEJBUJPO NPEBMJUJFT XJMM DBVTF EJGGFSFOU CJPMPHJDBM FGGFDU JO

IVNBO CPEZ� 5IF EPTF SBUJP CFUXFFO TQBSTFMZ JPOJ[JOH SBEJBUJPO 	9�SBZT
 HBNNB

SBZT
 BOE EFOTFMZ JPOJ[JOH SBEJBUJPO 	QSPUPOT
 DBSCPO JPOT
 IFMJVN
 XIJDI HJWFT

UIF TBNF CJPMPHJDBM FGGFDU JT EFTDSJCFE CZ SFMBUJWF CJPMPHJDBM FGGFDUJWFOFTT PS 3#&

	)BMM BOE (JBDDJB
 ����
�

3#& =
%Y−SBZT

%JPOT

	���


3#& QMBZT BO JNQPSUBOU SPMF JO JPO CFBN SBEJPUIFSBQZ BT UIF WBMVF PG 3#& JT

JODSFBTJOH UPXBSE UIF #SBHH QFBL SFTVMUJOH JO NPSF CJPMPHJDBM FGGFDU JO UBSHFU

BOE MFTT CJPMPHJDBM FGGFDU JO FOUSBODF DIBOOFM PS IFBMUIZ UJTTVF 	8FCFS BOE

,SBGU
 ����
� 3#& EFQFOET PO UZQFT PG JPOT
 -&5
 FOFSHZ
 BOE SBEJP�TFOTJUJWJUZ PG

DFMMT 	8FZSBUIFS FU BM�
 ����
� 3#& DBO CF NFBTVSFE CZ DPNQBSJOH UXP TVSWJWBM

DVSWFT PG TQBSTFMZ JPOJ[JOH SBEJBUJPO
 F�H� 9�SBZT PS FMFDUSPOT
 BOE EFOTFMZ JPOJ[JOH

SBEJBUJPO 	ųHVSF ���
�

����� $FMM TVSWJWBM DVSWF

4VSWJWBM DVSWFT EFTDSJCF UIF TVSWJWBM QSPCBCJMJUZ PG B TJOHMF DFMM BGUFS

JSSBEJBUFE UP UIF DFSUBJO SBEJBUJPO EPTF 	)BMM BOE (JBDDJB
 ����
� *O PSEFS UP

PCUBJO TVSWJWBM DVSWF
 UIF JSSBEJBUFE DFMMT UIFO BSF SF�TFFEFE BOE JODVCBUFE GPS

POF PS UXP XFFLT JO PSEFS UP MFU UIF DFMMT GPSNJOH DPMPOJFT� "GUFS POF PS UXP

XFFLT
 UIF GPSNFE DPMPOJFT BSF DPVOUFE BOE DPOTJEFSFE BT UIF TVSWJWJOH DFMMT�

*O TVSWJWBM DVSWF FYQFSJNFOUT
 UIF QMBUJOH FGųDJFODZ PG DFMMT OFFET UP

CF DPOTJEFSFE XIFO BEKVTUJOH UIF OVNCFS PG DFMMT SF�TFFEFE BGUFS UIF JSSBEJBUJPO�

5IF QMBUJOH FGųDJFODZ 	1&
 EFTDSJCFT UIF QFSDFOUBHF PG DFMMT UIBU BUUBDI BOE

HSPX JOUP DPMPOJFT� &WFSZ DFMM MJOFT IBWF EJGGFSFOU QMBUJOH FGųDJFODZ WBMVF BOE

 



�

UIF QMBUJOH FGųDJFODZ DBO CF FYQSFTTFE BT

1& =
/VNCFS PG DPMPOJFT DPVOUFE

/VNCFS PG DFMMT TFFEFE
	���


.FBTVSFE TVSWJWJOH DFMMT BSF UIFO QMPUUFE JO MPHBSJUINJD TDBMF BT B

GVODUJPO PG SBEJBUJPO EPTF� %JGGFSFOU UZQF PG SBEJBUJPOT HJWFT B EJGGFSFOU TIBQF PG

TVSWJWBM DVSWFT BT TIPXO JO ųHVSF ���� 5IF TIBQF PG TVSWJWBM DVSWFT JT EFTDSJCFE

CZ UIF MJOFBS�RVBESBUJD NPEFM BOE JU JT FYQSFTTFE CZ UIF GPSNVMB

4 = exp (−α% − β%�) 	���


XIFSF 4 JT UIF GSBDUJPO PG TVSWJWJOH DFMMT BU EPTF % XIJMF α BOE β BSF

QBSBNFUFST UIBU EFTDSJCF UIF SBEJP�TFOTJUJWJUZ PG DFMM MJOF�

'JHVSF ��� 4VSWJWBM DVSWFT PG $)0�,� DFMMT JSSBEJBUFE CZ 9�SBZ BOE DBSCPO JPOT

XJUI FOFSHZ PG ���� .F7�V 	8FZSBUIFS FU BM�
 ����
�

'PS QSPEVDJOH B MFUIBM FWFOU 	%4#

 UIFSF BSF UXP NFDIBOJTNT� "U MPX

EPTF
 POF TJOHMF FMFDUSPO DBO CSFBL UXP DISPNPTPNF BU UIF TBNF UJNF BOE

JUT QSPCBCJMJUZ JT QSPQPSUJPOBM UP UIF EPTF� "U UIF IJHI EPTF
 UXP DISPNPTPNF

CSFBLT DBVTFE CZ UXP EJGGFSFOU FMFDUSPOT BOE JUT QSPCBCJMJUZ JT QSPQPTJUJPOBM UP

UIF EPTF TRVBSF 	)BMM BOE (JBDDJB
 ����
� 5IF TVSWJWBM DVSWF PG TQBSTFMZ JPOJ[JOH

SBEJBUJPO PS 9�SBZT TUBSUT XJUI MJOFBS DVSWF BU MPXFS EPTF XIJDI TIPXT UIF

 



��

SFQBJSJOH BCJMJUZ PG DFMMT BGUFS UIF JSSBEJBUJPO BOE UIJT TUBHF JT DPSSFTQPOEFE CZ

α QBSBNFUFS� "GUFS UIBU
 UIF DVSWF TUBSUT UP CFOE CFDBVTF JU JT JOŴVFODFE CZ

β QBSBNFUFS� *G UIF β QBSBNFUFS JT NPSF EPNJOBOU UIBO α QBSBNFUFS
 UIFO

UIF DVSWF XJMM CF NPSF CFOU BU UIF IJHI EPTF� 5IF TVSWJWBM DVSWF PG WFSZ

EFOTFMZ JPOJ[JOH SBEJBUJPO TVDI BT IJHI�-&5 JPO CFBNT JT EFTDSJCFE POMZ CZ UIF

α QBSBNFUFS XIJDI NBLFT JU IBT B TUSBJHIU MJOFBS TMPQF MJOF� 5IF TVSWJWBM DVSWF

PG JPO CFBNT BMTP DBO CF QSFEJDUFE VTJOH UIF MPDBM FGGFDU NPEFM 	-&.
 	4DIPM[

FU BM�
 ����� &MT¦TTFS BOE 4DIPM[
 ����� &MT¦TTFS FU BM�
 ����
�

��� 53J1�� USFBUNFOU QMBOOJOH TZTUFN

#FGPSF QBUJFOU VOEFSHPFT UIF SBEJPUIFSBQZ USFBUNFOU
 USFBUNFOU QMBO

OFFET UP CF EPOF JO PSEFS UP EFMJOFBUF DBODFS MPDBMJ[BUJPO BOE PQUJNJ[F UIF

BCTPSCFE EPTF EJTUSJCVUJPO JO UBSHFU
 IFBMUIZ UJTTVF BOE 0"3� 5SFBUNFOU QMBOOJOH

TZTUFN JT VUJMJ[FE UP DPNQVUF UIF USFBUNFOU QMBO� 53J1�� 	USFBUNFOU QMBOOJOH

GPS QBSUJDMFT
 ���� FEJUJPO
 JT B SFTFBSDI USFBUNFOU QMBOOJOH TZTUFN EFWFMPQFE

BU (4* 	,S¦NFS FU BM�
 ����� ,S¦NFS BOE 4DIPM[
 ����� ,S¦NFS
 ����
� 53J1��

XBT VUJMJ[FE UP NBLF CJPMPHJDBM�PQUJNJ[FE USFBUNFOU QMBO GPS QBUJFOUT EVSJOH (4*

QBUJFOU USJBM QSPKFDU XIJDI JT TUBSUFE JO ���� BOE BSPVOE ��� QBUJFOUT IBWF

CFFO TVDDFTTGVMMZ USFBUFE VTJOH UIJT BQQSPBDI BU (4* PWFS TFWFSBM ZFBST� 53J1��

IBT CFFO EFTJHOFE UP EFMJWFS UIF JSSBEJBUJPO VTJOH �% BDUJWF TDBOOJOH CFBN

BOE DPOUSPM UIF CFBN QPTJUJPO
 TJ[F
 FOFSHZ BOE JOUFOTJUZ GPS PQUJNBM JSSBEJBUJPO�

'VSUIFSNPSF
 3#& DBO CF VTFE UP PQUJNJ[F UIF USFBUNFOU QMBO SFTVMUJOH UIF

3#&�XFJHIUFE EPTF 	CJPMPHJDBMMZ FGGFDUJWF EPTF
 JO UBSHFU� 0WFS EFDBEFT
 53J1��

IBT CFFO VQHSBEFE BOE JNQSPWFE UP DPNQVUF UIF USFBUNFOU QMBO GPS NJYFE

ųFMET JSSBEJBUJPO
 NVMUJQMF JPOT JSSBEJBUJPO
 IZQPYJD JSSBEJBUJPO PS DPNQMFY USFBUNFOU

QMBO HFPNFUSJFT 	,S¦NFS FU BM�
 ����� ,S¦NFS BOE 4DIPM[
 ����� ,S¦NFS BOE

%VSBOUF
 ����� ,S¦NFS FU BM�
 ����� 4PLPM FU BM�
 ����� 4PLPM FU BM�
 ����
�

��� (BGDISPNJD &#5� ųMN

(BGDISPNJD ųMN JT B SBEJPDISPNJD ųMN UIBU IBT TFMG�EFWFMPQJOH 	EBSLFOJOH


BCJMJUZ EVF UP QPMZNFSJ[BUJPO� *U JT VTVBMMZ VTFE BT EPTJNFUSZ BOE WFSJųDBUJPO UPPMT

JO JOUFOTJUZ�NPEVMBUFE SBEJPUIFSBQZ 	*.35
� (BGDISPNJD ųMN DPOTJTUT PG B ��µN

BDUJWF MBZFS TBOEXJDIFE CFUXFFO UXP NBUUF�QPMZFTUFS MBZFS XJUI B UIJDLOFTT PG

 



��

���µN
 SFTQFDUJWFMZ 	"TIMBOE "EWBODFE .BUFSJBMT
 ����
� *U IBT IJHI TQBUJBM

SFTPMVUJPO BOE JT XBUFS SFTJTUBOU CFDBVTF PG JUT QPMZFTUFS TVSGBDF� (BGDISPNJD

&#5� ųMN JT VTFE JO UIJT TUVEZ CFDBVTF JU IBT NPSF BEWBOUBHFT DPNQBSFE UP

UIF &#5� ųMN TVDI BT TZNNFUSZ TUSVDUVSF BOE OP /FXUPOĴT SJOHT JOUFSGFSFODF

QBUUFSO PDDVSSFE 	-FXJT FU BM�
 ����
� (BGDISPNJD ųMN QIZTJDBMMZ SFBDUT DIFNJDBMMZ

UP UIF SBEJBUJPO BOE DIBOHFT JUT DPMPST� 5IJT USBOTGPSNBUJPO DBO CF EFTDSJCFE

CZ UIF OFU PQUJDBM EFOTJUZ PS OFU 0%� 5IF OFU PQUJDBM EFOTJUZ JT UIF EBSLFOJOH

EFHSFF PG UIF (BGDISPNJD ųMN DBVTFE CZ UIF JSSBEJBUJPO BGUFS FMJNJOBUJOH UIF

PQUJDBM EFOTJUZ PG CBDLHSPVOE 	VOFYQPTFE ųMN
� 5IF OFU 0% WBMVF JT HJWFO CZ

OFU0% = 0%FYQ − 0%CH = log��

( *�

*FYQ

)
− log��

( *�

*CH

)
	���


XJUI *� JT UIF NBYJNVN JOUFOTJUZ XIJDI DBO CF NFBTVSFE CZ B TDBOOFS
 *CH JT

UIF USBOTNJUUFE JOUFOTJUZ PG CBDLHSPVOE XIJMF *FYQ JT UIF USBOTNJUUFE JOUFOTJUZ PG

UIF FYQPTFE ųMN�

5IF MPOHUJNF EFWFMPQNFOU PG UIF &#5 ųMNT JSSBEJBUFE CZ DBSCPO JPOT

PG FOFSHZ ��� .F7�V XBT BOBMZ[FE GPS NPSF UIBO ųWF NPOUIT 	.BSUJÈ¯LPW£ BOE

+¦LFM
 ����
� 5IF EBSLFOJOH EFHSFF PG &#5 ųMN JSSBEJBUFE CZ DBSCPO JPOT JO

UIF QFBL BOE JO UIF QMBUFBV XBT DPNQBSFE UP UIF POFT JSSBEJBUFE CZ QIPUPOT

	��$P
 BU UIF EPTF PG � (Z� 5IF OFU0% WBMVF IBT JODSFBTFE BSPVOE ���% XJUIJO

�� EBZT GPS CPUI JO UIF QFBL BOE JO UIF QMBUFBV SFHJPO EVF UP UIF TMPX

EFWFMPQNFOU PG &#5 ųMN BOE UIF EJGGFSFOU CFUXFFO UIPTF UXP DVSWFT JT ���

" QSFMJNJOBSZ TUVEZ PO ųFME IPNPHFOFJUZ PG ���XFMM QMBUFT CZ FNQMPZJOH UIF

(BGDISPNJD ųMN IBT CFFO QFSGPSNFE 	,BSUJOJ
 ����
� 5IF ���XFMM QMBUFT XFSF

JSSBEJBUFE CZ PYZHFO CFBNT XJUI FOFSHJFT PG �� .F7�V BOE �� .F7�V� 5IF OFU0%

PG JSSBEJBUFE (BGDISPNJD ųMN JOTJEF XFMM QMBUF BOE PVUTJEF XFMM QMBUF TIPXFE

B HPPE BHSFFNFOU JOEJDBUJOH UIFSF JT OP BOZ BSUJGBDUT PS SFŴFDUJPO FGGFDUT GSPN

UIF XBMM PG ���XFMM QMBUF XFSF GPVOE�
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" DPNQSFIFOTJWF QSPUPDPM GPS DVMUVSJOH DFMMT BT XFMM BT SFDPWFSJOH DFMMT

GSPN .BUSJHFM JOTJEF ���XFMM QMBUF BSF EFTDSJCFE JO UIJT DIBQUFS� 5IF JOWFTUJHBUJPO

PG DFMM CFIBWJPS JOTJEF .BUSJHFM NBUSJY JODMVEJOH UIF NFBTVSFNFOU PG DFMM OVNCFST

BOE UIF PCTFSWBUJPO PG DFMM TIBQF JOTJEF .BUSJHFM NBUSJY IBT CFFO QFSGPSNFE�

5IF TIBQF PG DFMMT DVMUVSFE JO .BUSJHFM IBT CFFO DPNQBSFE UP DFMMT DVMUVSFE JO

NPOPMBZFS DVMUVSF GPS FWBMVBUJPO� #FTJEFT UIBU
 UIF .BUSJHFM SFDPWFSZ QSPUPDPM

IBT CFFO JOWFTUJHBUFE BOE OVNCFS PG DFMMT PCUBJOFE GSPN EJGGFSFOU SFDPWFSZ

NFUIPET BSF QSFTFOUFE JO UIJT DIBQUFS� 5IF PYZHFOBUJPO JOTJEF .BUSJHFM NBUSJY

IBT BMTP CFFO JOWFTUJHBUFE CZ NFBTVSJOH UIF PYZHFO MFWFM JOTJEF .BUSJHFM VTJOH

PQUJDBM TFOTPS�

��� $FMM DVMUVSF TFUVQT

$IJOFTF IBNTUFS PWBSZ 	$)0�,�
 DFMM MJOF IBT CFFO DIPTFO CFDBVTF JU

JT FBTZ JO IBOEMJOH BOE $)0 DFMMT IBWF CFFO VTFE JO NBOZ SBEJBUJPO SFTQPOTF

TUVEJFT� $FMMT IBWF CFFO NBJOUBJOFE JO TUBOEBSE NPOPMBZFS DVMUVSF JOTJEF 5���

UJTTVF DVMUVSF ŴBTL 	5$'
 ųMMFE XJUI DPNQMFUF HSPXUI NFEJVN DPOTJTUJOH PG

)BNĴT '��� TVQQMFNFOUFE XJUI ��� GFUBM CPWJOF TFSVN 	'#4
 BOE �� QFOJDJMMJO�

TUSFQUPNZDJO 	BMM GSPN #JPDISPN
� $FMMT XFSF JODVCBUFE BU ��◦$ XJUI �� $0� BOE

QBTTBHFE UP OFX DVMUVSF ŴBTL FWFSZ ��� EBZT 	PS VOUJM DFMMT SFBDIFE ������ PG

DFMM DPOŴVFODZ
 XJUIPVU DIBOHJOH UIF NFEJVN� *O UIJT XPSL
 DFMMT XFSF DVMUVSFE

JO UISFF EJGGFSFOU DVMUVSF TFUVQT GPS JSSBEJBUJPO XIJDI BSF .BUSJHFM
 NPOPMBZFS


BOE TUBDL TFUVQ� "MM QSPUPDPMT BSF QSFTFOUFE CFMPX�

����� .BUSJHFM TFUVQ

'PS .BUSJHFM TFUVQ
 DFMMT XFSF DVMUVSFE JO .BUSJHFM NBUSJY 	$PSOJOH


BT FNCFEEFE DVMUVSF JOTJEF ���XFMM QMBUF� .BUSJHFM JT BO FYUSBDFMMVMBS NBUSJY

	&$.
 FYUSBDUFE GSPN UIF &OHFMCSFUI�)PMN�4XBSN NPVTF TBSDPNB XIJDI DPOUBJOT

QMFOUJGVM &$. QSPUFJOT UIBU QSPWJEFT TUSVDUVSF GPS DFMMT HSPXJOH JO �% FOWJSPONFOU�

 



��

5IF QSPUPDPM GPS DFMM DVMUVSF JO UIJT TFUVQ XBT EPOF BDDPSEJOH UP UIF QSPUPDPM

TVHHFTUFE CZ .BUSJHFM 	$PSOJOH
 ����C
 XJUI TPNF NPEJųDBUJPOT DPOEVDUFE BU

(4*�

$FMM TFFEJOH

'JSTU
 UIF QSPUFJO DPODFOUSBUJPO PG .BUSJHFM NBUSJY VTFE JO UIJT XPSL XBT

BEKVTUFE UP � NH�NM CZ EJMVUJOH .BUSJHFM NBUSJY XJUI JDFE�DPME DVMUVSF NFEJVN

BDDPSEJOH UP UIF QSPUPDPM JO BQQFOEJY "��� 4VCTFRVFOUMZ
 UIF CPUUPN PG ���XFMM

QMBUF XBT QSF�DPBUFE XJUI ����µM PG .BUSJHFM NBUSJY UP SFTUSBJOT UIF DFMMT GSPN

BUUBDIJOH UP UIF CPUUPN PG ���XFMM QMBUF BOE UIFO UIF ųSTU MBZFS PG .BUSJHFM

XBT JODVCBUFE GPS BO IPVS PS VOUJM UIF .BUSJHFM CFDPNF TPMJE� /FYU
 UIF DFMM

TVTQFOTJPO XBT QSFQBSFE CZ USZQTJOJ[JOH BOE DFOUSJGVHBUJPO BU ���H GPS � NJOVUFT

BOE DFMM DPODFOUSBUJPO XBT BEKVTUFE UP �× ��� DFMMT�NM� "GUFS UIBU
 �µM PG DFMM

TVTQFOTJPO XBT NJYFE XJUI ��µM PG .BUSJHFM NBUSJY
 TP UIF ųOBM DFMM OVNCFS

CFDPNFT � × ��� DFMM�XFMM� 5IJT NJYUVSF XBT UIFO BEEFE PO UPQ PG UIF ųSTU

MBZFS BOE JODVCBUFE GPS BO IPVS�

5P QSFWFOU UIF .BUSJHFM NBUSJY HPU UFBSFE EVF UP UIF DFMM QSPMJGFSBUJPO

QSPDFTT
 UIF UIJSE MBZFS PG .BUSJHFM NBUSJY 	����µM
 XBT BEEFE PO UPQ PG UIF

TFDPOE MBZFS HJWJOH NPSF TQBDF GPS DFMMT UP QSPMJGFSBUF� 5IF XFMM QMBUF XBT UIFO

JODVCBUFE GPS BO IPVS UP TPMJEJGZ UIF UIJSE MBZFS PG .BUSJHFM NBUSJY� -BTU
 ����µM

PG NFEJVN XBT BEEFE UP LFFQ UIF NPJTUVSF PG .BUSJHFM NBUSJY BOE TVQQMZ

OVUSJFOUT
 UIFO UIF XFMM QMBUF XBT JODVCBUFE GPS �� IPVST� 'JHVSF ��� EJTQMBZT

UIF TUSVDUVSF PG .BUSJHFM MBZFST JOTJEF ���XFMM QMBUF� 4JODF .BUSJHFM NBUSJY XJMM

TPMJEJųFE BU UFNQFSBUVSF BCPWF ��◦$
 JU JT SFDPNNFOEFE UP VTF DPME QJQFUUF

UJQT BOE ���XFMM QMBUFT�

$FMM SFDPWFSZ

'PS SFDPWFSJOH UIF DFMMT GSPN .BUSJHFM NBUSJY
 EJTQBTF 	$PSOJOH
 XBT VTFE

UP EJTTPMWF UIF .BUSJHFM NBUSJY BT SFDPNNFOEFE CZ $PSOJOH 	$PSOJOH
 ����B
�

.FEJVN XBT UBLFO PVU GSPN ���XFMM QMBUF JNNFEJBUFMZ BGUFS UIF JSSBEJBUJPO�

"GUFSXBSET
 EJTQBTF XBT BEEFE BOE XFMM QMBUF XBT JODVCBUFE GPS BO IPVS PS

VOUJM UIF .BUSJHFM NBUSJY XBT DPNQMFUFMZ EJTTPMWFE� 5IF NJYUVSF PG EJTTPMWFE

.BUSJHFM BOE DFMM TVTQFOTJPO GSPN FBDI XFMM XBT UIFO DPMMFDUFE JOUP B NJDSP�

UVCF� *O UIJT TUFQ
 JU JT SFDPNNFOEFE UP XBTI UIF XFMMT B GFX UJNFT XJUI ���µM
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'JHVSF ��� 5IF ųOBM TUSVDUVSF PG .BUSJHFM MBZFST JOTJEF ���XFMM QMBUF� $FMMT XFSF

DVMUVSFE BT FNCFEEFE DVMUVSF�

PG NFEJVN UP DPNQMFUFMZ UBLF PVU UIF MFGUPWFS DFMMT JO UIF XFMM� *O PSEFS

UP TFQBSBUF UIF .BUSJHFM NBUSJY GSPN UIF DFMMT
 UIF NJDSP�UVCF XBT DFOUSJGVHFE

BU ���� SQN GPS � NJOVUFT BOE UIF TVQFSOBUBOU XBT EJTDBSEFE� 4JODF DFMMT JO

.BUSJHFM UFOE UP HSPX JO HSPVQT
 ���µM PG USZQTJO 	����� USZQTJO � ����� &%5"

JO 1#4
 GSPN 1"/ #JPUFDI
 XBT BEEFE JOUP UIF DFMMT QFMMFU BOE DFMMT XFSF

JODVCBUFE GPS � NJOVUFT JO PSEFS UP QSFWFOU UIF DFMM DMVNQJOH BOE UP PCUBJO

TJOHMF DFMMT� "GUFSXBSET
 ���µM PG NFEJVN XFSF BEEFE UP BWPJE DFMM EBNBHF

CZ UIF USZQTJO� ���µM PG DFMM TVTQFOTJPO XBT UBLFO BOE BEEFE UP �� NM PG

JTPUPOF TPMVUJPO GPS DPVOUJOH UIF DFMM OVNCFS VTJOH #FDLNBO $PVMUFS DPVOUFS

NBDIJOF 	QSPųMF $ XJUI EJMVUJPO ����
�

"O BMUFSOBUJWF DFMM SFDPWFSJOH NFUIPE CBTFE PO UIF DPNCJOBUJPO PG

DPPMJOH BOE DFOUSJGVHF QSPDFTT XBT BMTP QFSGPSNFE JO PSEFS UP SFDPWFS UIF DFMMT

JO .BUSJHFM 	$PSOJOH
 ����B
� 4JODF EJTQBTF NFUIPE SFRVJSFT BO IPVS JODVCBUJPO

TUFQ XIJDI BMMPXT UIF DFMMT UP TUBSU SFQBJSJOH UIF EBNBHF BGUFS JSSBEJBUJPO
 TP

UIF DPNCJOBUJPO NFUIPE XBT JEFOUJųFE BT BO BMUFSOBUJWF NFUIPE� 'JSTU
 UIF

���XFMM QMBUF XBT QMBDFE JO UIF �◦$ GSJEHF GPS ��� IPVST UP MJRVJGZ UIF .BUSJHFM

NBUSJY� /FYU
 UIF NJYUVSF PG DFMM TVTQFOTJPO BOE .BUSJHFM NBUSJY XBT DPMMFDUFE

UP NJDSP�UVCF UIFO UIF NJDSP�UVCF XBT DFOUSJGVHFE BU ���� SQN GPS � NJOVUFT UP

TFQBSBUF UIF DFMM TVTQFOTJPO GSPN UIF .BUSJHFM NBUSJY� "GUFS UIBU
 UIF TVQFSOBUBOU

XBT EJTDBSEFE BOE UIF SFNBJOJOH DFMM QFMMFU XBT USZQTJOJ[FE UP QSFWFOU UIF DFMM

DMVNQJOH BOE JODVCBUFE GPS � NJOVUFT� 4VCTFRVFOUMZ
 ���µM PG NFEJVN XBT

BEEFE UP UIF DFMM TVTQFOTJPO BOE UIFO ���µM PG DFMM TVTQFOTJPO XBT UBLFO

BOE BEEFE UP �� NM PG JTPUPOF TPMVUJPO GPS DPVOUJOH UIF DFMM OVNCFS VTJOH

 



��

$PVMUFS DPVOUFS NBDIJOF 	QSPųMF $
�

����� .POPMBZFS TFUVQ

'PS NPOPMBZFS TFUVQ
 DFMMT XFSF TFFEFE JO TUBOEBSE NPOPMBZFST JOTJEF

���XFMM QMBUF BDDPSEJOH UP GPMMPXJOH QSPUPDPM� 'JSTU
 DFMM TVTQFOTJPO XBT DPVOUFE

BOE �.� × ��� DFMMT XBT TFFEFE JOUP FBDI XFMM PG ���XFMM QMBUF ųMMFE XJUI

���µM PG NFEJVN� "GUFS UIBU
 UIF XFMM QMBUF XBT JODVCBUFE GPS �� IPVST� 5P

SFDPWFS UIF DFMMT
 UIF NFEJVN XBT SFNPWFE BOE ��µM PG USZQTJO XBT BEEFE UP

EFUBDI UIF DFMMT GSPN UIF CPUUPN PG XFMM QMBUF� 5IF XFMM QMBUF XBT JODVCBUFE

GPS � NJOVUFT UIFO
 ���µM PG NFEJVN XBT BEEFE UP TUPQ UIF USZQTJO BOE

UIF DFMM TVTQFOTJPO XBT DPMMFDUFE UP B NJDSP�UVCF� -BTU
 � NM PG NFEJVN XBT

BEEFE UP UIF NJDSP�UVCF BOE ���µM PG DFMM TVTQFOTJPO XBT UBLFO BOE BEEFE

UP �� NM PG JTPUPOF TPMVUJPO GPS DPVOUJOH UIF DFMM OVNCFS VTJOH $PVMUFS DPVOUFS

NBDIJOF 	QSPųMF $
�

����� 4UBDL TFUVQ

4UBDL TFUVQ DPOTJTUT PG DFMM DVMUVSF DPWFSFE QPMZTUZSFOF TMJEFT JNJUBUJOH

UIF CPUUPN QBSU PG UIF �� DN� 5$' BOE B �.� × �� × �.� DN CPY NBEF CZ

QPMZNFUIZM NFUIBDSZMBUF 	1.."
� 5IF QPMZTUZSFOF TMJEFT XBT QSPEVDFE BT TQFDJBM

PSEFS GSPN (SFJOFS BOE UIF TMJEFT DBO CF BSSBOHFE BU DFSUBJO EFQUI JOTJEF UIF

1.." CPY 	ųHVSF ���
� 4UBDL QIBOUPN JT VTVBMMZ VTFE BT TUBOEBSE NFUIPE GPS

QFSGPSNJOH USFBUNFOU QMBO WFSJųDBUJPO BU (4* 4UBDL QIBOUPN JT VTVBMMZ VTFE BT

TUBOEBSE NFUIPE GPS QFSGPSNJOH USFBUNFOU QMBO WFSJųDBUJPO BU (4* 	,S¦NFS FU BM�


����� (FNNFM FU BM�
 ����� ,S¦NFS BOE %VSBOUF
 ����� ,S¦NFS FU BM�
 ����� 4PLPM

FU BM�
 ����
� $VSSFOUMZ
 UIF TUBDL QIBOUPN JT FNQMPZFE GPS DSPTT�DBMJCSBUJPO

FYQFSJNFOU DPOEVDUFE CZ EJGGFSFOU QBSUJDJQBUJOH JOTUJUVUJPOT XJUIJO UIF &6 */41*3&

QSPKFDU�

5IF DFMM DVMUVSF JO TUBDL TFUVQ XBT QFSGPSNFE BDDPSEJOH UP UIJT GPMMPXJOH

QSPUPDPM� 'JSTU
 UIF DFMM DVMUVSF USFBUFE QPMZTUZSFOF TMJEFT XFSF QMBDFE JO TRVBSF

CJP�BTTBZ EJTIFT� /FYU
 �µM PG DFMM TVTQFOTJPO DPOUBJOJOH � × ��� DFMMT XBT

TFFEFE BU UIF DFOUFS PG TMJEF JO DFOUSBM QMBUJOH NBOOFS BOE UIF EJTIFT XFSF

JODVCBUFE GPS �ı� IPVST UP MFU UIF DFMMT BUUBDIJOH UP UIF TMJEFT� 4VCTFRVFOUMZ


DVMUVSF NFEJVN XBT BEEFE JOUP UIF EJTIFT VOUJM BMM TMJEFT XFSF DPWFSFE BOE

UIF EJTIFT XFSF JODVCBUFE GPS �� IPVST� 1SJPS UP UIF JSSBEJBUJPO
 UIF TMJEFT XFSF

 



��

'JHVSF ��� 4UBDL QIBOUPN DPOTJTUT PG 1.." CPY BOE QPMZTUZSFOF TMJEFT� B


PVUTJEF QBSU BOE C
 JOTJEF QBSU XIFSF TMJEFT BSF BSSBOHFE�

JOTFSUFE UP UIF 1.." CPY 	QIBOUPN
 BOE NFEJVN XBT BEEFE VOUJM BMM TMJEFT

XFSF DPWFSFE�

5P SFDPWFS UIF DFMMT JO TUBDL QIBOUPN
 BMM TMJEFT XFSF UBLFO PVU

GSPN UIF QIBOUPN CPY BOE SJOTFE XJUI � NM PG QIPTQIBUF CVGGFSFE TBMJOF 	1#4

%VMCFDDP
� /FYU
 � NM PG USZQTJO XBT BEEFE BOE TMJEFT XFSF JODVCBUFE GPS ���

NJOVUFT PS VOUJM UIF DFMMT XFSF EFUBDIJOH GSPN UIF TMJEFT� "GUFS UIBU
 DFMM

TVTQFOTJPOT XFSF DPMMFDUFE JOUP B UVCF ųMMFE XJUI � NM PG NFEJVN� � NM PG

DFMM TVTQFOTJPO XBT UBLFO BOE BEEFE UP � NM PG JTPUPOF TPMVUJPO GPS DPVOUJOH

UIF DFMM OVNCFS VTJOH $PVMUFS DPVOUFS NBDIJOF 	QSPųMF # XJUI EJMVUJPO ����
�

��� $MPOPHFOJD BTTBZ

5IF GSBDUJPO PG TVSWJWJOH DFMM XBT EFUFSNJOFE CZ DMPOPHFOJD BTTBZ PS

DPMPOZ GPSNBUJPO BTTBZ� " TJOHMF DFMM BCMF UP HSPX JOUP B DPMPOZ XJMM CF

DPOTJEFSFE BT B TVSWJWFE DFMM� "U MFBTU �� DFMMT BSF SFRVJSFE UP CFDPNF B

DPMPOZ� 5IF DMPOPHFOJD BTTBZ JT QFSGPSNFE BDDPSEJOH UP GPMMPXJOH QSPUPDPM�

$FMMT XFSF SFDPWFSFE GPMMPXJOH UIF JSSBEJBUJPO VTJOH QSPUPDPM EFTDSJCFE JO TFDUJPO

���� /FYU
 UIF DFMM TVTQFOTJPOT XFSF DPVOUFE VTJOH #FDLNBO $PVMUFS $PVOUJOH

NBDIJOF UP PCUBJO UIF DFMM OVNCFS JO FBDI TBNQMF� 4VCTFRVFOUMZ
 DFMMT XFSF

SF�TFFEFE JOUP USJQMJDBUFT GPS FBDI TBNQMF JO 5��� ŴBTL ųMMFE XJUI � NM PG DVMUVSF

 



��

NFEJVN� *O PSEFS UP IBWF FOPVHI TUBUJTUJD XJUI NJOJNBM PWFSMBQT CFUXFFO FBDI

DPMPOJFT
 UIF DFMMT XFSF SF�TFFEFE UP BDIJFWF ��� DPMPOJFT CZ BEKVTUJOH DFMM

OVNCFS UP UIF FYQFDUFE QMBUJOH FGųDJFODZ JO UIF ŴBTL BOE UIF FYQFDUFE TVSWJWBM�

"GUFS UIBU
 DFMMT XFSF JODVCBUFE GPS POF XFFL UP BMMPX UIF DFMMT UP HSPX JOUP

DPMPOJFT� 'JOBMMZ
 UIF DPMPOJFT XFSF TUBJOFE XJUI NFUIZMFOF CMVF TUBJOJOH TPMVUJPO

BOE DPMPOJFT DPOTJTUJOH PG BU MFBTU �� DFMMT XFSF DPOTJEFSFE BT WJBCMF BOE XFSF

DPOTJEFSFE BT POF TVSWJWFE 	PSJHJOBM
 DFMM�

��� $FMM HSPXUI UFTU

'PS DFMM HSPXUI UFTU
 ������ DFMMT IBWF CFFO TFFEFE JOUP �� ŴBTLT

5��� 	'BMDPO
 BOE JODVCBUFE BU ��◦$� "GUFS � IPVST
 UXP ŴBTL XFSF USZQTJOJ[FE

CZ EJTDBSEJOH UIF NFEJVN BOE BEEJOH � NM PG USZQTJO UP UIF ŴBTLT� /FYU
 DFMMT

XFSF JODVCBUFE GPS � NJOVUFT BOE � NM PG NFEJVN XBT BEEFE QPTU�JODVCBUJPO�

$FMM OVNCFS XBT UIFO DPVOUFE VTJOH $PVMUFS DPVOUJOH NBDIJOF 	1SPųMF #
� "GUFS

UIBU
 ŴBTLT XFSF USZQTJOJ[FE BOE DFMM OVNCFST XFSF DPVOUFE FWFSZ NPSOJOH BOE

BGUFSOPPO VOUJM BMM ŴBTLT XFSF ųOJTIFE� 5IF PCUBJOFE DFMM OVNCFST XFSF QMPUUFE

PWFS UIF UJNF UP PCUBJO UIF DFMM HSPXUI DVSWF�

����� $FMM HSPXUI DVSWF

5IF DFMM QSPMJGFSBUJPO PG $)0 DFMMT IBT CFFO PCTFSWFE GPS OJOF EBZT

BOE UIF PCUBJOFE DFMM HSPXUI DVSWF JT TIPXO JO ųHVSF ���� *O UIF ųSTU �

IPVST
 DFMMT TUBSUFE BUUBDIJOH UP UIF ŴBTL BOE UIFZ XFSF BEBQUJOH UP UIF DVMUVSF

FOWJSPONFOU TP UIFZ EJEOĴU QSPMJGFSBUF ZFU
 UIJT QIBTF LOPXO BT ķMBH QIBTFķ�

/FYU
 DFMMT TUBSUFE UP BDUJWFMZ QSPMJGFSBUF BOE BO FYQPOFOUJBM JODSFBTF

JO DFMM EFOTJUZ BSJTFT
 UIJT QIBTF LOPXO BT ĴMPHBSJUINJD QIBTFĴ PS MPH QIBTF�

&BDI DFMM MJOF XJMM TIPX EJGGFSFOU DFMM QSPMJGFSBUJPO LJOFUJDT EVSJOH UIF MPH QIBTF

BOE JU JT UIFSFGPSF UIF PQUJNBM QIBTF GPS EFUFSNJOJOH UIF QPQVMBUJPO EPVCMJOH

UJNF� *O PSEFS UP PCUBJO UIF EPVCMJOH UJNF PG $)0 DFMMT
 UIF OVNCFS PG DFMMT

JO MPH QIBTF XFSF QMPUUFE BHBJOTU JODVCBUJPO UJNF BOE ųUUFE VTJOH FYQPOFOUJBM

GVODUJPO BT CFMPX

/(U) = /� exp(HS · U) 	���


XIFSF /(U) JT UIF OVNCFS PG DFMMT BU U IPVST
 /� JT UIF JOJUJBM OVNCFS PG

 



��

'JHVSF ��� $FMM HSPXUI DVSWF PG $)0 DFMMT� /VNCFS PG DFMMT BSF PCUBJOFE GSPN

� NM PG DFMM TVTQFOTJPO BOE UIF FSSPS CBST SFQSFTFOU UIF TUBOEBSE EFWJBUJPO PG

UXP JOEFQFOEFOU SFQFUJUJPOT�

DFMMT TFFEFE
 HS JT UIF HSPXUI SBUF PG DFMMT
 BOE U JT JODVCBUJPO UJNF 	IPVS
�

5IF TMPQF JO ųHVSF ��� JT UIF TQFDJųD HSPXUI SBUF PG UIF PSHBOJTN
 XIJDI JT

B NFBTVSF PG UIF OVNCFS PG EJWJTJPOT QFS DFMM QFS VOJU UJNF� 'SPN FRVBUJPO

���
 UIF EPVCMJOH UJNF PG DFMMT DPVME CF DBMDVMBUFE VTJOH FRVBUJPO ��� BOE UIF

EPVCMJOH UJNF PG $)0 DFMMT XBT PCUBJOFE BGUFS ����� IPVST PG JODVCBUJPO�

EPVCMJOH UJNF =
ln �

HS
	���


"GUFS �� IPVST PG JODVCBUJPO
 DFMMVMBS QSPMJGFSBUJPO IBT TMPXFE EPXO

EVF UP UIF DFMM QPQVMBUJPO CFDPNJOH DPOŴVFOU� 5IF OVNCFS PG DFMMT JO UIF

BDUJWF DFMM DZDMF IBT EFDSFBTFE UP �ı��� BOE UIF DFMMT BSF NPTU TVTDFQUJCMF

UP JOKVSZ
 UIJT QIBTF LOPXO BT QMBUFBV PS ĴTUBUJPOBSZ QIBTFĴ 	)BMM BOE (JBDDJB


����
� 'PMMPXJOH �� IPVST PG JODVCBUJPO
 B TIBSQ EFDSFBTF XBT PCTFSWFE� $FMMT

TUBSUFE UP EFUBDIFE BOE DFMMT BQPQUPTJT IBWF PDDVSSFE
 UIJT QIBTF DBMMFE BT

EFBUI QIBTF�

 



��

'JHVSF ��� 5IF EPVCMJOH UJNF PG $)0 DFMMT� /VNCFS PG DFMMT XFSF QMPUUFE JO

MPHBSJUINJD TDBMF BOE BMM EBUB QPJOUT XFSF ųUUFE VTJOH FYQPOFOUJBM GVODUJPO�

��� $FMM QSPMJGFSBUJPO UFTU

5P DPNQBSF UPUBM DFMM OVNCFS BDIJFWBCMF JO POF XFMM PG ���XFMM QMBUF

	φ� ��� NN

 DFMMT XFSF DVMUVSFE JO .BUSJHFM BOE NPOPMBZFS TFUVQT BT QFS

QSPUPDPMT JO TFDUJPO ����� BOE ������ "GUFS �� IPVST PG JODVCBUJPO
 UIF TIBQF PG

DFMMT JO NPOPMBZFS TFUVQ XFSF PCTFSWFE BOE BGUFS UIBU DFMMT XFSF SFDPWFSFE BOE

DFMM OVNCFST XFSF DPVOUFE� .FBOXIJMF GPS .BUSJHFM TFUVQ
 DFMMT JO .BUSJHFM IBT

CFFO JODVCBUFE MPOHFS BT DFMMT OFFE NPSF UJNF UP GVMMZ JOUFSBDU XJUI &$. BOE

HSPX JO �% FOWJSPONFOU� "GUFS �� IPVST PG JODVCBUJPO
 UIF TIBQF PG DFMMT XFSF

PCTFSWFE BOE DFMMT XFSF SFDPWFSFE VTJOH EJTQBTF BOE DPNCJOBUJPO NFUIPE
 DFMM

OVNCFST XFSF DPVOUFE BGUFSXBSET� 5IF PCUBJOFE DFMM OVNCFST GSPN NPOPMBZFS

BOE .BUSJHFM TFUVQT XFSF UIFO DPNQBSFE GPS FWBMVBUJPO�

����� 5IF TIBQF PG DFMMT DVMUVSFE JO .BUSJHFM

*O PSEFS UP PCTFSWF UIF JOUFSBDUJPO CFUXFFO DFMMT BOE .BUSJHFM NBUSJY
 BU

ųSTU DFMMT IBWF CFFO DVMUVSFE JO .BUSJHFM TFUVQ BOE JODVCBUFE GPS �� IPVST� 5IF

TIBQF PG DFMMT JOTJEF .BUSJHFM NBUSJY XFSF PCTFSWFE VOEFS JOWFSUFE DPNQPVOE

NJDSPTDPQF� "T GPS DPNQBSJTPO
 DFMMT DVMUVSFE JO NPOPMBZFS TFUVQ IBT CFFO
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QSFQBSFE BOE JODVCBUFE GPS UIF TBNF UJNF�

'JHVSF ��� 5IF TIBQF PG $)0 DFMMT DVMUVSFE JO EJGGFSFOU TFUVQ BOE JODVCBUJPO

UJNF� 	B
 NPOPMBZFS TFUVQ BGUFS �� IPVST PG JODVCBUJPO
 	C
 .BUSJHFM TFUVQ BGUFS

�� IPVST PG JODVCBUJPO
 BOE 	D
 .BUSJHFM TFUVQ BGUFS �� IPVST PG JODVCBUJPO�

"GUFS �� IPVST PG JODVCBUJPO
 DFMMT JO NPOPMBZFS TFUVQ TIPXFE B ŴBU

BOE FMPOHBUFE TIBQF 	ųHVSF ���B
 XIJMF DFMMT JO .BUSJHFM TIPXFE B TQIFSJDBM

TIBQF TJNJMBS UP UIF TIBQF PG DFMMT JO TVTQFOTJPO BT TIPXO JO ųHVSF ���C�

4JODF OP JOUFSBDUJPO PG DFMMT XJUI &$. XBT FWJEFOU ZFU
 DFMMT XFSF SF�DVMUVSFE

JO .BUSJHFM BOE JODVCBUFE GPS �� IPVST� *O DBTF PG NPOPMBZFS DVMUVSF
 JU DPVME

CF TFFO GSPN UIF OPSNBM QBTTBHF UIBU DFMMT DPVME OPU EFWFMPQ EJGGFSFOU TIBQF

FWFO UIPVHI DFMMT XFSF JODVCBUFE GPS NPSF UIBO � EBZT� "GUFS �� IPVST JO

.BUSJHFM DVMUVSF
 DFMMT XFSF NPSF FMPOHBUFE BOE TUSFUDIFE PVU UP BOZ EJSFDUJPOT

EVF UP UIF DFMM JOUFSBDUJPO XJUI &$. XIFSF DFMMT BUUBDIFE UP &$. TJNJMBS UP

B �% TDBGGPME 	ųHVSF ���D
� )PXFWFS
 IVHF DFMM DMVNQJOHT BSF TQPUUFE BT DFMMT

UFOE UP HSPX DMPTF UP FBDI PUIFS�

����� 1SPMJGFSBUJPO PG DFMMT DVMUVSFE JO .BUSJHFM

5P PCTFSWF UIF QSPMJGFSBUJPO PG DFMMT DVMUVSFE JO .BUSJHFM TFUVQ BOE UP

ųOE PVU UIF NPTU FGųDJFOU NFUIPE UP SFDPWFS DFMMT GSPN .BUSJHFM NBUSJY
 DFMMT

DVMUVSFE JO .BUSJHFM IBWF CFFO SFDPWFSFE BGUFS �� IPVST PG JODVCBUJPO VTJOH

GPVS EJGGFSFOU NFUIPET� DPPMJOH
 DFOUSJGVHBUJPO
 DPNCJOBUJPO BOE EJTQBTF� 5IF

ųSTU BUUFNQU IBT CFFO EPOF CZ DPPMJOH UIF .BUSJHFM NBUSJY JOTJEF �◦$ GSJEHF

GPS POF IPVS BT .BUSJHFM NBUSJY XJMM EJTTPMWF JO MPX UFNQFSBUVSF� 5IF TFDPOE

BUUFNQU IBT CFFO EPOF CZ DFOUSJGVHBUF UIF .BUSJHFM NBUSJY� 5IF OVNCFS PG DFMMT

 



��

PCUBJOFE GSPN CPUI NFUIPET HBWF QPPS BOE JODPOTJTUFOU DFMM OVNCFST� #FDBVTF

PG UIJT
 UIF SFDPWFSZ NFUIPE IBT CFFO JNQSPWFE CZ DPNCJOJOH UIF DPPMJOH BOE

DFOUSJGVHBUJPO NFUIPET XIJDI JT BMTP SFDPNNFOEFE CZ $PSOJOH 	$PSOJOH
 ����B
�

5IF DPNCJOBUJPO PG DPPMJOH BOE DFOUSJGVHBUJPO NFUIPE IBT CFFO QFS�

GPSNFE BDDPSEJOH UP UIJT GPMMPXJOH QSPUPDPM� 5XFOUZ GPVS TBNQMFT JO .BUSJHFM

TFUVQ JOTJEF ���XFMM QMBUF IBWF CFFO QSFQBSFE� 8FMM QMBUF XBT DPPMFE EPXO

JO �◦$ GSJEHF GPS POF IPVS BOE BGUFSXBSET UIF .BUSJHFM NBUSJY XBT DPMMFDUFE UP

NJDSP�UVCF BOE DFOUSJGVHF GPS � NJOVUFT BU ���� SQN� /FYU
 ���µM PG USZQTJO

XBT BEEFE UP CSFBL UIF DFMM DMVNQT BOE JODVCBUF GPS � NJOVUFT� "GUFSXBSET


���µM PG NFEJVN XBT BEEFE UP TUPQ UIF USZQTJO BOE DFMM OVNCFST XFSF

DPVOUFE� 5IF MBTU BUUFNQU IBT CFFO EPOF VTJOH EJTQBTF TPMVUJPO GSPN $PSOJOH

UP EJTTPMWF UIF .BUSJHFM NBUSJY
 �� TBNQMFT JO .BUSJHFM TFUVQ JOTJEF ���XFMM QMBUF

IBWF CFFO SFDPWFSFE VTJOH %JTQBTF TPMVUJPO� 5IF EFUBJMFE QSPUPDPM GPS EJTQBTF

NFUIPE JT FYQMBJOFE JO TFDUJPO ������ 'PS FWBMVBUJPO
 DFMMT XFSF BMTP DVMUVSFE

JO NPOPMBZFS TFUVQ JOTJEF ���XFMM QMBUF BOE �� TBNQMFT XFSF SFDPWFSFE VTJOH

USZQTJO�

5BCMF ��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JO DPNQBSJTPO UP NPOPMBZFS

TFUVQ� 5IF TUBOEBSE EFWJBUJPOT BSF QSFTFOUFE JO QFSDFOUBHF VODFSUBJOUZ�

$VMUVSF TFUVQT 3FDPWFSZ NFUIPET �� IPVST �� IPVST

.POPMBZFS 5SZQTJO �� ���± ��� �

.BUSJHFM %JTQBTF � ��� ���± ����

.BUSJHFM $PPMJOH + DFOUSJGVHBUJPO � �� ���± ���

5BCMF ��� TIPXT UIF DPNQBSJTPO PG DFMM OVNCFST PCUBJOFE GSPN .BUSJHFM

BOE NPOPMBZFS TFUVQT VTJOH EJGGFSFOU SFDPWFSZ NFUIPET� .BUSJHFM TFUVQ XJUI

EJTQBTF SFDPWFSZ NFUIPE ZJFMET UIF IJHIFTU OVNCFS PG DFMMT XJUI QFSDFOUBHF

VODFSUBJOUZ MFTT UIBO ���� *O DPOUSBTU UP EJTQBTF NFUIPE
 UIF DPNCJOBUJPO

NFUIPE PG DPPMJOH BOE DFOUSJGVHBUJPO ZJFMET B MPXFS OVNCFS PG DFMMT XJUI

JODPOTJTUFOU DFMM OVNCFST SFTVMUJOH JO B MBSHF VODFSUBJOUZ PG ���� $FMM DMVNQJOH

JT POF PG GBDUPS UIBU BGGFDU UIF DPVOUJOH QSPDFTT SFTVMUJOH UIF DFMM OVNCFS JT OPU

DPVOUFE QSPQFSMZ� 'SPN UIF FWJEFODF BCPWF
 JU IBT CFFO WFSJųFE UIBU EJTQBTF

DPVME EJTTPMWF UIF .BUSJHFM NBUSJY WFSZ XFMM BOE CSFBL UIF DFMM DMVNQJOH UP

PCUBJO TJOHMF DFMMT XJUI SFMJBCMF DPVOUJOH OVNCFS 	MPXFTU VODFSUBJOUZ
 DPNQBSFE
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UP PUIFS NFUIPE�

��� 0YZHFO MFWFM NFBTVSFNFOU JOTJEF .BUSJHFM NBUSJY

*O PSEFS UP JOWFTUJHBUF UIF PYZHFO TBUVSBUJPO JOTJEF .BUSJHFM NBUSJY
 UIF

PYZHFO NFBTVSFNFOU IBT CFFO QFSGPSNFE VTJOH PQUJDBM TFOTPS EFWJDF� " ķTFMG�

BEIFTJWFķ TFOTPS TQPU 	41�14U��/"6�%��0*8�4" GSPN 1SF4FOT
 XJUI UIF EJBNFUFS

PG � NN XBT JOTFSUFE PO UIF CPUUPN PG ���XFMM QMBUF BT TIPXO JO ųHVSF ����

5IF QVSQPTF PG QMBDJOH UIF TQPU TFOTPS PO UIF CPUUPN PG XFMM QMBUF JT UP FOBCMF

UIF QSPCF UP NFBTVSF UIF PYZHFO SBUF XJUIPVU CSFBLJOH BOE DPOUBNJOBUJOH UIF

.BUSJHFM MBZFST XIJDI JT OPU QPTTJCMF EPOF VTJOH OFFEMF TFOTPS�

'JHVSF ��� 0YZHFO TQPU TFOTPS QMBDFE JOTJEF UIF CPUUPN QBSU PG ���XFMM QMBUF�

/FYU
 .BUSJHFM NBUSJY XBT BEEFE BCPWF UIF TFOTPS BDDPSEJOH UP QSPUPDPM

JO TFDUJPO ������ 'JHVSF ��� QSFTFOUT UIF ųOBM TUSVDUVSF PG .BUSJHFM DVMUVSF XJUI

TQPU TFOTPS JOTJEF ���XFMM QMBUF� 5XP XFMMT ųMMFE XJUI $)0 DFMMT BOE TFOTPST

XFSF QSFQBSFE BOE JODVCBUFE GPS �� IPVST� %VSJOH JODVCBUJPO
 UIF PYZHFO MFWFM

JOTJEF .BUSJHFM XBT NFBTVSFE VTJOH BO PYZHFO NFUFS 	09:�� 4."�USBDF�34����"0

GSPN 1SF4FOT
 CZ PQUJDBMMZ FYDJUJOH UIF DIFNJDBM DPNQPVOE 	ŴVPSPQIPSF
 JOTJEF

UIF TFOTPS TQPU XJUI B MBTFS� 5IF NPMFDVMBS PYZHFO QSFTFOU JO UIF TBNQMF

XJMM RVFODI UIJT FYDJUBUJPO TP UIBU UIF ŴVPSFTDFODF FNJUUFE CZ UIF TFOTPS

TQPU XIFO SFMBYJOH UP JUT HSPVOE TUBUF EFQFOET PO UIF MPDBM PYZHFOBUJPO� 5IJT

ŴVPSFTDFODF JT NFBTVSFE CZ UIF TFOTPS EFWJDF� 5IFSFGPSF
 UIF PYZHFO MFWFM JO

FJUIFS EJTTPMWFE
 MJRVJE PS HBTFPVT FOWJSPONFOU DBO CF NFBTVSFE POMJOF XJUI

 



��

UIF SBOHF PG NFBTVSFNFOU GSPN �ı�����

'JHVSF ��� 'JOBM TUSVDUVSF PG TFOTPS QMBDFE JOTJEF .BUSJHFM MBZFST�

%VSJOH JODVCBUJPO
 UIF PYZHFO SBUF JOTJEF .BUSJHFM XBT NFBTVSFE VTJOH

BO PQUJDBM TFOTPS EFWJDF BU ųWF EJGGFSFOU UJNFT� �
 ��
 ��
 ��
 BOE �� IPVST�

" EFDSFBTF JO PYZHFO MFWFM XBT PCTFSWFE
 CVU JU JT OPU TJHOJųDBOU 	ųHVSF ���
�

&WFO BGUFS �� IPVST PG JODVCBUJPO
 UIF PYZHFO SBUF IBT ESPQQFE UP ��� BOE

UIJT BNPVOU PG PYZHFO JT TUJMM DPOTJEFSFE BT OPSNPYJD DPOEJUJPO XIFSF UIFSF JT

FOPVHI PYZHFO JOTJEF .BUSJHFM UP CF DPOTVNFE CZ DFMMT 	.D,FPXO
 ����
�

'JHVSF ��� $FMM PYZHFOBUJPO JOTJEF .BUSJHFM NBUSJY XJUIJO �� IPVST PG JODVCBUJPO�

5IF MFWFM PG PYZHFO QFSDFOUBHF JO UJTTVF JT BMTP QSFTFOUFE JO EJGGFSFOU DPMPST

	.D,FPXO
 ����


 



��

*O PSEFS UP FOTVSF UIF PYZHFO DPOTVNQUJPO CZ DFMMT JO .BUSJHFM
 UIF

DFMMT XFSF SFDPWFSFE GSPN .BUSJHFM BGUFS UIF PYZHFO NFBTVSFNFOU IBT CFFO

DBSSJFE PVU� $FMMT XFSF SFDPWFSFE VTJOH %JTQBTF BOE DPVOUFE VTJOH #FDLNBO

$PVMUFS DPVOUFS� 5IF BWFSBHFE DFMM OVNCFS XBT �� ��� DFMMT�NM XJUI VODFSUBJOUZ

PG ����� 5IJT OVNCFS PG DFMMT JT WFSZ MPX DPNQBSFE UP UIF BNPVOU PG DFMM

OVNCFS PCUBJOFE JO DFMM QSPMJGFSBUJPO UFTU 	UBCMF ���
� 5IFSF JT B QPTTJCJMJUZ

UIBU UIF QSFTFODF PG B TFOTPS TQPU JOTJEF UIF .BUSJHFM DVMUVSF JOUFSSVQUT DFMM

QSPMJGFSBUJPO� 4JODF UIF OVNCFS PG DFMMT JOTJEF .BUSJHFM JT JOBEFRVBUF BOE

UIFSFGPSF SFTVMUJOH JO MFTT PYZHFO DPOTVNQUJPO� )PXFWFS
 UIFSF JT TUJMM B CJH

NBSHJO JO PYZHFO MFWFM EFTQJUF XF IBWF NPSF DFMM OVNCFST JO .BUSJHFM
 UIF

PYZHFOBUJPO NFBTVSFE XJMM CF GBS BCPWF DSJUJDBM MFWFM 	SBEJPCJPMPHJDBM IZQPYJB
�

��� 4VNNBSZ

#BTJD DFMM UFTU DPOTJTUJOH PG DFMM HSPXUI DVSWF BOE DFMM QSPMJGFSBUJPO BT

XFMM BT UIF TIBQF PG DFMMT JO EJGGFSFOU DVMUVSF TFUVQ IBWF CFFO JOWFTUJHBUFE�

5IF FWPMVUJPO PG $)0 DFMMT IBT CFFO PCTFSWFE BOE UIF DFMM DZDMF PG $)0

DFMMT JT �� IPVST� *O DPOUSBTU UP DFMMT JO NPOPMBZFS DVMUVSF XIJDI FYIJCJU ŴBU

TIBQF
 DFMMT JO .BUSJHFM FYIJCJU BO FMPOHBUFE TIBQF XIJDI TUSFUDIFE UP EJGGFSFOU

EJSFDUJPO BGUFS �� IPVST PG JODVCBUJPO EVF UP DFMMT BUUBDIJOH UP &$. �% TDBGGPME�

#BTFE PO UIF DFMM QSPMJGFSBUJPO UFTU
 DFMM SFDPWFSZ VUJMJ[JOH EJTQBTF JT DPOųSNFE

UP QSPEVDF IJHIFS BOE NPSF SFMJBCMF DFMM OVNCFST XJUI DPOWFOJFOU QSPDFEVSFT�

5IF PYZHFO TBUVSBUJPO JO .BUSJHFM NBUSJY IBT CFFO NFBTVSFE BT XFMM UP FYBNJOF

UIF QPTTJCJMJUZ PG DFMMT CFJOH JO IZQPYJD DPOEJUJPO� "DDPSEJOH UP UIF SFTVMU
 UIF

PYZHFO SBUF NFBTVSFE JT TUJMM DPOTJEFSFE BT OPSNPYJD DPOEJUJPO
 IPXFWFS
 UIF

DFMM QSPMJGFSBUJPO PCTFSWFE JT EFųDJFOU JO DFMM OVNCFS SFTVMUJOH JO GFXFS DFMMT

DPOTVNJOH UIF PYZHFO�
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*O UIJT DIBQUFS
 UIF SFTQPOTF PG DFMMT DVMUVSFE JO .BUSJHFM UP JSSBEJBUJPOT

IBT CFFO JOWFTUJHBUFE CZ PCUBJOJOH UIF SFGFSFODF 	9�SBZT
 BOE DBSCPO JPO TVSWJWBM

DVSWFT� 5IF TIBQF PG TVSWJWBM DVSWFT PCUBJOFE GSPN .BUSJHFM TFUVQ XFSF PCTFSWFE

BOE UIF α BOE β QBSBNFUFST BDDPSEJOH UP UIF MJOFBS�RVBESBUJD NPEFM 	)BMM BOE

(JBDDJB
 ����
 GSPN .BUSJHFM DVSWF IBWF CFFO DBMDVMBUFE BT XFMM JO PSEFS UP

PCUBJO B DVTUPNJ[FE 3#& UBCMF GPS DFMMT JO .BUSJHFM� "GUFSXBSET
 UIF SBEJPCJPMPHJDBM

WFSJųDBUJPO GPS B TJNQMF USFBUNFOU QMBO FNQMPZJOH �% CJP�QIBOUPN DPOTJTUJOH

PG DFMMT DVMUVSFE JO .BUSJHFM NBUSJY JOTJEF ���XFMM QMBUF IBT CFFO QFSGPSNFE�

'PVS XFMM QMBUFT ųMMFE XJUI DFMMT XFSF QMBDFE WFSUJDBMMZ BU EJGGFSFOU QPTJUJPOT

BOE JSSBEJBUFE CZ BDUJWF TDBOOJOH DBSCPO JPO CFBN BT TIPXO CZ ųHVSF ���� 5IF

JOWFTUJHBUJPO PO ųFME IPNPHFOFJUZ PG ���XFMM QMBUF JOTJEF .BUSJHFM NBUSJY BSF

BMTP EFTDSJCFE JO UIJT DIBQUFS�

'JHVSF ��� 8FMM QMBUF BSSBOHFNFOU GPS SBEJPCJPMPHJDBM WFSJųDBUJPO JSSBEJBUJPO� 'PVS

���XFMM QMBUFT XFSF QMBDFE JO WFSUJDBM QPTJUJPO BU FOUSBODF DIBOOFM
 FYUFOEFE

UBSHFU BOE GSBHNFOUBUJPO UBJM�

 



��

��� 4VSWJWBM JSSBEJBUJPO TFUVQ

����� 9�SBZT TVSWJWBM FYQFSJNFOU

*O TVSWJWBM FYQFSJNFOU
 DFMMT IBWF CFFO DVMUVSFE JO .BUSJHFM TFUVQ POMZ�

&JHIU ���XFMM QMBUFT IBWF CFFO QSFQBSFE GPS JSSBEJBUJPO JODMVEJOH UIF DPOUSPM XFMM

QMBUF� $FMMT XJUI DFMM OVNCFS PG �� ��� DFMM�XFMM XFSF TFFEFE JO UISFF XFMMT

BOE JODVCBUFE GPS �� IPVST 	ųHVSF ���
� "GUFS UIBU
 DFMMT XFSF JSSBEJBUFE CZ

9�SBZT CFBNT GSPN *TPWPMU %4� 9�SBZT NBDIJOF XJUI B QFBL WPMUBHF PG ��� L7

BOE EPTF SBUF PG ��� (Z�NJO BU (4*� $FMMT XFSF JSSBEJBUFE GSPN UIF UPQ PG XFMM

QMBUF 	ųHVSF ���
 XJUI SBEJBUJPO EPTFT SBOHJOH GSPN �ı�� (Z� 5IF EPTJNFUSZ GPS

9�SBZT JSSBEJBUJPO XBT EPOF VTJOH 'BSNFS�UZQF JPOJ[BUJPO DIBNCFS XIJDI QMBDFE

EJSFDUMZ CFMPX UIF ���XFMM QMBUF� 5IF EPTJNFUSZ XBT QFSGPSNFE CFGPSF UIF DFMMT

JSSBEJBUJPO BOE EPTF SBUF XBT NFBTVSFE BU UIJT QPJOU� "GUFS UIBU
 UIF FYQFDUFE

EPTF XBT TFU JOUP UIF DPOUSPM TZTUFN� 5IF DPOUSPM TZTUFN XJMM UVSO PGG UIF

JSSBEJBUJPO BVUPNBUJDBMMZ PODF UIF EFTJSFE EPTF IBT CFFO EFMJWFSFE�

'JHVSF ��� $FMMT XFSF DVMUVSFE JO .BUSJHFM JO UISFF XFMMT 	SFE DPMPS
 BOE JSSBEJBUFE

XJUI TBNF EPTF� 5IF TVSSPVOEJOH XFMMT BOE UIF TQBDF CFUXFFO XFMMT IBWF

CFFO ųMMFE XJUI DVMUVSF NFEJVN 	PSBOHF DPMPS
 JO PSEFS UP IBWF B IPNPHFOFPVT

ųFME XJUI MBUFSBM CVJME�VQ�

1PTU�JSSBEJBUJPO
 DFMMT XFSF SFDPWFSFE JNNFEJBUFMZ VTJOH EJTQBTF QSPUPDPM

JO TFDUJPO ����� BOE DFMMT XFSF UIFO SF�TFFEFE BOE JODVCBUFE JO PSEFS UP PCUBJO

TVSWJWFE DPMPOJFT BDDPSEJOH UP UIF DMPOPHFOJD BTTBZ QSPUPDPM JO TFDUJPO ���� 5P

PCUBJO UIF TVSWJWBM DVSWF
 UIF TVSWJWFE DPMPOJFT XFSF UIFO QMPUUFE JO TFNJ�

MPHBSJUINJD TDBMF BOE ųUUFE UP MJOFBS�RVBESBUJD FRVBUJPO 4(%) = FYQ(−α% −

 



��

β%�) XIFSF 4 JT UIF TVSWJWBM GSBDUJPO BOE % JT UIF SBEJBUJPO EPTF� 'PS

FWBMVBUJPO
 UIF .BUSJHFM TVSWJWBM DVSWF XBT DPNQBSFE UP UIF SFGFSFODF TVSWJWBM

DVSWF PCUBJOFE GSPN TUBOEBSE NPOPMBZFS JO 5��� DVMUVSF ŴBTL 	4PLPM FU BM�


����
�

'JHVSF ��� &YQFSJNFOUBM TFUVQ GPS 9�SBZT JSSBEJBUJPO� ���XFMM QMBUF ųMMFE XJUI

DFMMT BOE .BUSJHFM XBT QMBDFE IPSJ[POUBMMZ BOE JSSBEJBUFE GSPN BCPWF�

����� $BSCPO JPO TVSWJWBM FYQFSJNFOU

5P JOWFTUJHBUF UIF DFMMT SFTQPOTF UP JPO CFBN JSSBEJBUJPO
 DFMMT IBWF

CFFO DVMUVSFE JO .BUSJHFM BOE NPOPMBZFS TFUVQT BOE JSSBEJBUFE CZ NPOPFOFSHFUJD

DBSCPO JPO� 'PS CPUI TFUVQT
 DFMMT XFSF TFFEFE JO TJY XFMMT XIFSF FBDI XFMM

SFDFJWFT EJGGFSFOU EPTF BT TIPXO JO ųHVSF ���� "MM XFMMT XJUI DFMMT XFSF ųMMFE

XJUI DVMUVSF NFEJVN DPNQMFUFMZ BOE UIF XFMM QMBUFT XFSF BMTP TFBMFE CZ

NJDSP�QMBUF TFBMJOH ųMN� 'PS DBSCPO JPO JSSBEJBUJPO
 JU JT OPU OFDFTTBSZ UP ųMM

VQ UIF TVSSPVOEJOH XFMMT BOE UIF TQBDF CFUXFFO XFMMT BT UIF QFODJM CFBN

PG DBSCPO JPOT JT WFSZ QSFDJTF BOE XJUIPVU MBUFSBM TDBUUFSJOH� 5XP JOEFQFOEFOU

���XFMM QMBUFT XFSF QMBDFE WFSUJDBMMZ PO USFBUNFOU DPVDI BOE JSSBEJBUFE BU UIF

TBNF UJNF JO WFSUJDBM QPTJUJPO 	ųHVSF ���
� "GUFS UIBU
 DFMMT XFSF JSSBEJBUFE CZ

NPOPFOFSHFUJD DBSCPO JPO XJUI FOFSHZ PG ��� .F7�V BOE EPTF SBOHJOH GSPN

�ı� (Z BU .BSCVSH *PO�#FBN 5IFSBQZ $FOUSF 	.*5

 .BSCVSH�

5IF EPTF QMBO GPS TVSWJWBM FYQFSJNFOU XJUI DBSCPO JPO XBT DPNQVUFE

VTJOH 53J1��� 5IF EPTJNFUSZ XBT EPOF VTJOH 'BSNFS�UZQF JPOJ[BUJPO DIBNCFS

QMBDFE JO UIF FOUSBODF DIBOOFM BOE POMZ POF EPTF XBT NFBTVSFE JO POF

ųFME� /FYU
 UIJT BCTPSCFE EPTF XBT PCUBJOFE BOE VTFE BT DPSSFDUJPO GBDUPS
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'JHVSF ��� $FMMT JO .BUSJHFM BOE NPOPMBZFS TFUVQ XFSF JSSBEJBUFE CZ NPOPFOFSHFUJD

DBSCPO JPO CFBNT XJUI EJGGFSFOU EPTF BDDPSEJOH UP SFTQFDUJWF DPMPST�

'JHVSF ��� &YQFSJNFOUBM TFUVQ GPS NPOPFOFSHFUJD DBSCPO JPO JSSBEJBUJPO� $FMMT JO

.BUSJHFM BOE NPOPMBZFS TFUVQ XFSF QMBDFE WFSUJDBMMZ BOE JSSBEJBUFE GSPN CFIJOE

	CPUUPN PG XFMM QMBUF
�

GPS UIF SFNBJOJOH EPTF� 1PTU�JSSBEJBUJPO
 DFMMT JO .BUSJHFM XFSF SFDPWFSFE VTJOH

EJTQBTF QSPUPDPM JO TFDUJPO �����
 XIJMF DFMMT JO NPOPMBZFS XFSF SFDPWFSFE VTJOH

QSPUPDPM JO TFDUJPO ������ "GUFS UIBU
 DFMMT XFSF SF�TFFEFE BOE JODVCBUFE JO

PSEFS UP PCUBJO TVSWJWFE DPMPOJFT BDDPSEJOH UP UIF DMPOPHFOJD BTTBZ QSPUPDPM

JO TFDUJPO ���� 5P PCUBJO UIF TVSWJWBM DVSWF
 UIF TVSWJWFE DPMPOJFT XFSF

UIFO QMPUUFE JO TFNJ�MPHBSJUINJD TDBMF BOE ųUUFE UP MJOFBS�RVBESBUJD FRVBUJPO

4(%) = FYQ(−α% − β%�)�
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��� &#5� ųMN JSSBEJBUJPO TFUVQ

*O PSEFS UP JOWFTUJHBUF UIF JOŴVFODF PG ���XFMM QMBUF UP UIF SBEJBUJPO

ųFME IPNPHFOFJUZ
 (BGDISPNJD &#5� ųMN IBT CFFO DVU JOUP TJ[F PG ���XFMM

QMBUF BOE QMBDFE CFGPSF
 JO CFUXFFO BOE BGUFS ���XFMM QMBUFT BT TIPXO JO

ųHVSF ���� "MM XFMM QMBUFT XFSF DPNQMFUFMZ ųMMFE XJUI XBUFS BOE TFBMFE XJUI

NJDSP�XFMM QMBUF TFBMJOH ųMN JO PSEFS UP IBWF IPNPHFOFPVT ųFME� /FYU
 ųMNT

XFSF JSSBEJBUFE UP NPOPFOFSHFUJD DBSCPO JPO CFBN BU .*5
 .BSCVSH XJUI FOFSHZ

PG ��� BOE ��� .F7�V BOE EPTF SBOHF PG ��� (Z BOE � (Z EFQFOEJOH PO UIF

CFBN FOFSHZ BOE ųMN EFQUI� *O BEEJUJPO UP BTTFTT UIF QPTTJCJMJUZ PG BSUFGBDUT

DBVTFE CZ UIF XFMM PG ���XFMM QMBUF
 &#5� ųMN XBT DVU JOUP TJ[F PG XFMM XJUI

EJBNFUFS PG � NN VTJOH B QVODI� 5IPTF DJSDVMBS ųMNT XFSF JOTFSUFE JOUP UIF

XFMM BOE ųMMFE XJUI XBUFS
 UIFO JSSBEJBUFE JO UIF TJNJMBS JSSBEJBUJPO TFUVQT BT

UIF MBSHF ųMNT BCPWF�

'JHVSF ��� &#5� ųMN JSSBEJBUJPO TFUVQ XIFSF ųMNT XFSF QMBDFE CFGPSF
 JO CFUXFFO

BOE BGUFS ���XFMM QMBUF�

"GUFS UIBU
 UIF JSSBEJBUFE ųMNT XFSF TDBOOFE BGUFS �� IPVST QPTU�

JSSBEJBUJPO VTJOH ŴBU�CFE ųMN TDBOOFS 	1FSGFDUJPO 7��� 1IPUP GSPN &QTPO
 JO

QPSUSBJU PSJFOUBUJPO� *O PSEFS UP IBWF BO PQUJNVN TDBOOJOH QSPDFTT
 UIF DPMPS

NPEF XBT BSSBOHFE UP ���CJU SHC
 JNBHF SFTPMVUJPO XBT BEKVTUFE UP ��� EQJ

BOE BMM JNBHF FOIBODFNFOU GFBUVSFT XBT EFBDUJWBUFE� 5IF QJYFM WBMVFT PG

JSSBEJBUFE ųMNT GSPN SFE DPMPS DIBOOFM XFSF BOBMZ[FE VTJOH *NBHF+
 JNBHF

QSPDFTTJOH QSPHSBN EFWFMPQFE CZ /BUJPOBM *OTUJUVUFT PG )FBMUI 	/*)
 BOE UIF

TUBOEBSE EFWJBUJPOT PG SFTQFDUJWF ųMNT XFSF JOWFTUJHBUFE BT XFMM� 5IF ųMN
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QSPųMFT DPSSFTQPOEJOH UP FBDI ųMN QPTJUJPO XFSF UIFO QMPUUFE UP PCTFSWF BOZ

BSUFGBDUT DBVTFE CZ UIF TUSVDUVSF PG ���XFMM QMBUF� 'VSUIFSNPSF
 UIF TUBOEBSE

EFWJBUJPOT PG ųMN QSPųMF XFSF PCTFSWFE BT XFMM�

��� 5SFBUNFOU QMBOOJOH TZTUFN

53*1��
 B (4* JO�IPVTF USFBUNFOU QMBOOJOH TZTUFN
 IBT CFFO VTFE UP

DPNQVUF UIF EPTF EJTUSJCVUJPO BOE TJNVMBUF UIF DFMM TVSWJWBM SBUF GPS BMM USFBUNFOU

QMBOT� 5IF UBSHFU WPMVNF IBT CFFO BEKVTUFE BDDPSEJOH UP UIF QIBOUPN TFUVQ�

'PS USFBUNFOU QMBO XJUI �% CJP�QIBOUPN 	.BUSJHFM TFUVQ

 UIF UBSHFU WPMVNF IBE

MBUFSBM EJNFOTJPO PG �� × �� NN� XIJMF UBSHFU WPMVNF JO USFBUNFOU QMBO XJUI

TUBDL QIBOUPN IBE MBUFSBM EJNFOTJPO PG ��× �� NN� BOE UIF UBSHFU EFQUI GPS

CPUI USFBUNFOU QMBOT XBT SBOHJOH GSPN �� NN UP �� NN JO PSEFS UP IBWF BO

PQUJNBM DPWFSBHF PG TBNQMFT�

"MM USFBUNFOU QMBOT XFSF PQUJNJ[FE GPS B VOJGPSN 3#&�XFJHIUFE EPTF PG

��� (Z JO UBSHFU SFHJPO XIJDI JT SFTVMUJOH JO B ŴBU TVSWJWBM SBUF PG ∼��� JO UIF

UBSHFU SFHJPO� *O PSEFS UP DPNQVUF UIF FYQFDUFE DFMM TVSWJWBM EJTUSJCVUJPO
 UIF

TUBOEBSE $)0 3#& UBCMF IBT CFFO VTFE GPS USFBUNFOU QMBO XJUI TUBDL QIBOUPN

	4PLPM FU BM�
 ����
 BOE OFX $)0 .BUSJHFM 3#& UBCMF IBT CFFO VTFE GPS

USFBUNFOU QMBO XJUI .BUSJHFM TFUVQ� 5IF $)0 .BUSJHFM 3#& UBCMF XBT DBMDVMBUFE

VTJOH -&.*7 	&MT¦TTFS FU BM�
 ����� 'SJFESJDI FU BM�
 ����� 4DIPM[ FU BM�
 ����
 CZ

FNQMPZJOH UIF OFX α BOE β QBSBNFUFST PCUBJOFE GSPN 9�SBZT TVSWJWBM DVSWF

	.BUSJHFM TFUVQ
 JO TFDUJPO ������

��� 4BNQMF QSFQBSBUJPO

*O UIJT XPSL
 DFMMT XFSF DVMUVSFE JO UXP EJGGFSFOU TFUVQT� .BUSJHFM TFUVQ

BOE TUBDL TFUVQ� 'PS .BUSJHFM TFUVQ
 DFMMT IBWF CFFO DVMUVSFE BDDPSEJOH UP UIF

QSPUPDPM JO TFDUJPO ������ $FMMT XFSF TFFEFE JO ųWF XFMMT XJUI UIF BSSBOHFNFOU

BT GPMMPX� GPVS XFMMT JO UIF UBSHFU SFHJPO BOE POF XFMM PVUTJEF UIF UBSHFU SFHJPO

	SFQSFTFOUT BT IFBMUIZ UJTTVF
 BT TIPXO JO ųHVSF ���� 'PVS ���XFMM QMBUFT IBWF

CFFO QSFQBSFE GPS JSSBEJBUJPO� "GUFS UIBU
 DFMMT XFSF JODVCBUFE GPS �� IPVST

QSJPS UP JSSBEJBUJPO� .FBOXIJMF GPS TUBDL TFUVQ
 DFMMT IBWF CFFO DVMUVSFE JO

TUBDL QIBOUPN BDDPSEJOH UP UIF QSPUPDPM JO TFDUJPO ������ $FMMT XFSF TFFEFE JO

TUBOEBSE NPOPMBZFS DVMUVSF JO GPVS TMJEFT� "GUFS UIBU
 DFMMT XFSF JODVCBUFE GPS
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�� IPVST QSJPS UP JSSBEJBUJPO�

'JHVSF ��� 8FMMT BSSBOHFNFOU GPS SBEJPCJPMPHJDBM WFSJųDBUJPO JSSBEJBUJPO� 'PVS XFMMT

JOTJEF UIF SFE EBTIFE�MJOF CPY SFQSFTFOU BT UBSHFU 	DBODFS DFMMT
 XIJMF POF XFMM

PVUTJEF SFQSFTFOUT BT IFBMUIZ UJTTVF�

��� *O�WJUSP JSSBEJBUJPO TFUVQ

5IF JSSBEJBUJPO TFUVQ GPS USFBUNFOU QMBO WFSJųDBUJPO VTJOH �% CJP�

QIBOUPN XBT BSSBOHFE BDDPSEJOH BT GPMMPXT� "GUFS �� IPVST PG JODVCBUJPO
 XFMMT

ųMMFE XJUI DFMMT XFSF DPNQMFUFMZ ųMMFE XJUI DVMUVSF NFEJVN BOE TFBMFE XJUI

NJDSP�QMBUF TFBMJOH ųMN� /FYU
 BMM ���XFMM QMBUFT XFSF TUBDLFE VQ JO WFSUJDBM

QPTJUJPO BOE QMBDFE JO EJGGFSFOU QPTJUJPOT JOEJWJEVBMMZ 	ųHVSF ���
�

'JHVSF ��� *SSBEJBUJPO TFUVQ GPS SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH .BUSJHFM TFUVQ�

8FMM QMBUF XBT QMBDFE JO WFSUJDBM QPTJUJPO BOE JSSBEJBUFE GSPN CFIJOE�

 



��

8FMM QMBUF � XBT QMBDFE JO UIF FOUSBODF DIBOOFM BU B EFQUI PG

���� NN XIFSF XFMM QMBUF XBT QPTJUJPOFE BGUFS B ���� NN 8&5 PG 1.."� /FYU


XFMM QMBUF � XBT QMBDFE JO QSPYJNBM QBSU PG FYUFOEFE UBSHFU BU B EFQUI PG

���� NN BGUFS BEEJUJPOBM ���� NN PG 1.."� *O EJTUBM QBSU PG FYUFOEFE UBSHFU


XFMM QMBUF � IBT CFFO QMBDFE BU B EFQUI PG ���� NN BGUFS BEEJUJPOBM PG UXP

1.." CMPDLT 	XJUI UPUBM UIJDLOFTT 	8&5
 PG ���� NN
� "U UIF MBTU QPTJUJPO

	GSBHNFOUBUJPO UBJM

 XFMM QMBUF � XBT QMBDFE BU B EFQUI PG ����� NN BGUFS

BEEJUJPOBM PG UXP 1.." CMPDLT BOE UXP XFMM QMBUFT ųMMFE XJUI XBUFS� "GUFS

UIBU
 BMM XFMM QMBUFT XFSF JSSBEJBUFE GSPN CFIJOE JO TUBOEJOH QPTJUJPO CZ BDUJWF

TDBOOJOH DBSCPO JPO CFBN XJUI FOFSHZ SBOHF PG ������ı������ .F7 BOE EPTF

SBOHJOH GSPN �ı��� (Z BU .*5
 .BSCVSH 	ųHVSF ���
� 5XP JOEFQFOEFOU XFMM QMBUFT

XFSF JSSBEJBUFE BU UIF TBNF UJNF GPS FBDI DPSSFTQPOEJOH QPTJUJPO�

.FBOXIJMF GPS USFBUNFOU QMBO WFSJųDBUJPO VTJOH TUBDL QIBOUPN
 GPVS

TMJEFT ųMMFE XJUI DFMMT XFSF BSSBOHFE JO EJGGFSFOU QPTJUJPO JOTJEF TUBDL QIBOUPN

BT TIPXO JO ųHVSF ���� 4MJEF � XBT QMBDFE BU B EFQUI PG ���� NN XIJDI

SFQSFTFOUT UIF FOUSBODF DIBOOFM� 4MJEF � BOE � XFSF QMBDFE JO UIF QSPYJNBM BOE

EJTUBM QBSU PG FYUFOEFE UBSHFU BU EFQUI PG ���� NN BOE ���� NN
 SFTQFDUJWFMZ�

-BTU
 TMJEF � XBT QMBDFE BU B EFQUI PG ����� NN XIJDI SFQSFTFOUT GSBHNFOUBUJPO

UBJM� 5XP TUBDL QIBOUPNT XFSF QSFQBSFE BOE JSSBEJBUFE JOEFQFOEFOUMZ�

'JHVSF ��� &YQFSJNFOUBM TFUVQ GPS SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH TUBDL QIBOUPN�

'PVS TMJEFT XFSF BSSBOHFE BU EJGGFSFOU QPTJUJPO XIJDI DPSSFTQPOE UP FOUSBODF

DIBOOFM
 FYUFOEFE UBSHFU 	40#1

 BOE GSBHNFOUBUJPO UBJM�
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��� 3FTVMUT BOE EJTDVTTJPO

����� 3FTQPOTF PG DFMMT DVMUVSFE JO .BUSJHFM�CBTFE QIBOUPN UP JSSBEJBUJPOT

5IF SFTQPOTF PG DFMMT JO .BUSJHFM UP 9�SBZ JSSBEJBUJPO JT QSFTFOUFE CZ

ųHVSF ����� .BUSJHFM DVSWF TIPXT NPSF CFOE DPNQBSFE UP NPOPMBZFS DVSWF� "U

MPXFS EPTF
 .BUSJHFM DVSWF FYIJCJUT B TIPVMEFS DVSWF BOE UIFO NPSF QSPOPVODFE

EFDMJOF IBQQFOFE BU IJHIFS EPTF XIJDI JNQMJFT DFMMT JO .BUSJHFM BSF MFTT TFOTJUJWF

UP MPX EPTF SBEJBUJPO BOE NPSF TFOTJUJWF UP IJHI EPTF SBEJBUJPO� 4JODF .BUSJHFM

'JHVSF ���� 4VSWJWBM DVSWF PG $)0 DFMMT DVMUVSFE JO .BUSJHFM TFUVQ BGUFS JSSBEJBUJPO

XJUI 9�SBZ CFBNT� #MVF EBUB QPJOUT SFQSFTFOU UIF BWFSBHF TVSWJWBM GSBDUJPO PG

DFMMT JO .BUSJHFM XIJMF UIF SFE MJOF SFQSFTFOUT UIF SFGFSFODF TVSWJWBM DVSWF PG

DFMMT JO TUBOEBSE NPOPMBZFS DVMUVSF	4PLPM FU BM�
 ����
� &SSPS CBST SFQSFTFOU UIF

TUBOEBSE EFWJBUJPOT PG OJOF TBNQMFT� .FBTVSFE EBUB QPJOUT XFSF ųUUFE VTJOH

MJOFBS RVBESBUJD FRVBUJPO�

DVSWF TIPXT B CFOU DVSWF
 OFX α BOE β QBSBNFUFST IBWF CFFO FYUSBDUFE BT

TIPXO JO ųHVSF ���� BOE UIF PCUBJOFE α�β SBUJP JT ����� XIJDI JNQMJFT DFMMT

JO .BUSJHFM HJWF B MBUF SFTQPOTF UP SBEJBUJPO� /FX 3#& UBCMF EFEJDBUFE GPS DFMMT

JO .BUSJHFM IBT CFFO DPNQVUFE VTJOH UIF OFX α BOE β QBSBNFUFST UPHFUIFS

XJUI -&.*7 	&MT¦TTFS FU BM�
 ����� 'SJFESJDI FU BM�
 ����� 4DIPM[ FU BM�
 ����


UP DBMDVMBUF UIF 53J1�� TJNVMBUJPO GPS USFBUNFOU QMBOOJOH WFSJųDBUJPO XJUI �%

 



��

CJP�QIBOUPN�

'JHVSF ���� 4VSWJWBM DVSWF PG $)0 DFMMT DVMUVSFE JO .BUSJHFM BOE NPOPMBZFS

TFUVQT BGUFS JSSBEJBUJPO XJUI ��� .F7�V NPOPFOFSHFUJD DBSCPO JPO CFBNT� #MVF

BOE HSFFO EBUB QPJOUT SFQSFTFOU UIF BWFSBHF TVSWJWBM GSBDUJPO PG DFMMT JO .BUSJHFM

BOE NPOPMBZFS TFUVQ
 SFTQFDUJWFMZ� 3FE BOE QVSQMF MJOFT SFQSFTFOU TVSWJWBM

DVSWFT PG DFMMT JO TUBOEBSE NPOPMBZFS DVMUVSF BOE .BUSJHFM TFUVQ BGUFS JSSBEJBUJPO

XJUI 9�SBZT
 SFTQFDUJWFMZ� 4ZNCPMT ∗ SFQSFTFOU UIF TJHOJųDBOU EJGGFSFODFT 	Q

≤ ����
 CFUXFFO .BUSJHFM BOE NPOPMBZFS TVSWJWBM DVSWFT BGUFS JSSBEJBUJPO XJUI

NPOPFOFSHFUJD DBSCPO JPO� &SSPS CBST SFQSFTFOU UIF TUBOEBSE EFWJBUJPOT PG TJY

TBNQMFT� "MM EBUB QPJOUT XFSF ųUUFE VTJOH MJOFBS RVBESBUJD FRVBUJPO�

'PS DBSCPO JPO JSSBEJBUJPO
 ųHVSF ���� TIPXT UIF SFTQPOTF PG DFMMT JO

.BUSJHFM BOE NPOPMBZFS TFUVQ BGUFS JSSBEJBUJPO XJUI NPOPFOFSHFUJD DBSCPO JPO�

.BUSJHFM DVSWF 	CMVF MJOF
 TIPXT B TMJHIUMZ SBJTFE DVSWF JO DPOUSBTU UP NPOPMBZFS

DVSWF 	HSFFO MJOF
 FTQFDJBMMZ BU MPXFS EPTF SFHJPO� .BUSJHFM DVSWF BMTP TIPXT

B TIPVMEFS DVSWF BU MPX EPTF SFHJPO XIJDI JOEJDBUFT DFMMT SBEJP�SFTJTUBOU UP

MPX EPTF JSSBEJBUJPO� "DDPSEJOH UP UIF TUBUJTUJD BOBMZTJT EPOF VTJOH U�UFTU GPS

UXP�TBNQMF FRVBM WBSJBODF
 UIF TVSWJWBM GSBDUJPOT BU EPTF PG ���
 �
 BOE � (Z

TIPX TJHOJųDBOU EJGGFSFODFT 	Q ≤ ����
� "U IJHI EPTF SFHJPO
 UIF DVSWF TIPXT

B EPXOXBSE JODMJOBUJPO
 FTQFDJBMMZ BU EPTF PG � (Z� 5IF PCUBJOFE DPMPOJFT BU

EPTF PG � (Z GPS CPUI .BUSJHFM BOE NPOPMBZFS TFUVQT FYIJCJU OVNFSPVT DPMPOJFT

BT TIPXO JO ųHVSF ����� 5IF DPMPOJFT XFSF PWFSMBQ XJUI FBDI PUIFS BOE JU JT

 



��

EJGųDVMU UP JEFOUJGZ B TJOHMF DPMPOZ XIJDI DBVTFE VOSFMJBCMF SFTVMUT BOE UIFSFGPSF


JU XBT DPOTJEFSFE BT MPXFS MJNJU PG TVSWJWFE DPMPOJFT�

'JHVSF ���� &YDFTTJWF OVNCFS PG DPMPOJFT XBT PCUBJOFE BGUFS JSSBEJBUFE CZ

NPOPFOFSHFUJD DBSCPO JPO XJUI EPTF PG � (Z JO .BUSJHFM TFUVQ�

5BCMF ��� -JTU PG α BOE β QBSBNFUFST PG $)0 DFMMT DVMUVSFE JO .BUSJHFM BOE

NPOPMBZFS TFUVQT BGUFS JSSBEJBUFE UP 9�SBZT BOE NPOPFOFSHFUJD DBSCPO JPO� 5IF

α BOE β QBSBNFUFS PG NPOPMBZFS 9�SBZT DVSWF JT PCUBJOFE GSPN TUBOEBSE

NPOPMBZFS DVMUVSF 	4PLPM FU BM�
 ����
� 5IF SBUJP PG α UP β JT BMTP QSFTFOUFE�

#FBN $VMUVSF TFUVQ α 	(Z−�
 β 	(Z−�
 α�β 	(Z


9�SBZT
4UBOEBSE NPOPMBZFS ������± ����� ������± ����� �����

.BUSJHFM TFUVQ ������± ����� ������± ����� �����

DBSCPO JPO
.POPMBZFS TFUVQ ������± ����� ������± ����� �����

.BUSJHFM TFUVQ ������± ����� ������± ����� �����

'SPN ųHVSF ����
 JU DPVME CF PCTFSWFE UIBU UIF XBZ PG .BUSJHFM DVSWF

MJGUFE BU MPX EPTF SFHJPO JT TJNJMBS UP UIF 9�SBZ .BUSJHFM DVSWF XIJDI NFBOT CPUI

.BUSJHFM DVSWFT BSF JO HPPE BHSFFNFOU� 5IF α BOE β QBSBNFUFST PCUBJOFE GSPN

CPUI .BUSJHFM BOE NPOPMBZFS TFUVQ JT QSFTFOUFE CZ UBCMF ���� #PUI NPOPMBZFS

DVMUVSF JSSBEJBUFE UP 9�SBZT BOE NPOPFOFSHFUJD DBSCPO JPO QSFTFOU α�β SBUJP

NPSF UIBO � (Z XIJDI JOEJDBUFT DFMMT JO NPOPMBZFS DVMUVSF HJWF FBSMZ SFTQPOTF

UP JSSBEJBUJPO� *O DPOUSBTU UP NPOPMBZFS DVMUVSF
 UIF .BUSJHFM DVMUVSF JSSBEJBUFE

XJUI 9�SBZT BOE NPOPFOFSHFUJD DBSCPO JPO QSFTFOU B TNBMMFS α�β SBUJP PG

 



��

�ı� (Z� 5IFTF TNBMM α�β SBUJP NJHIU JOEJDBUF UIBU DFMMT DVMUVSFE JO .BUSJHFM

DVMUVSF FYIJCJU MBUF SFTQPOTF UP JSSBEJBUJPO�

����� 3BEJBUJPO ųFME IPNPHFOFJUZ PG TUBDLFE ���XFMM QMBUF XJUI (BGDISPNJD

&#5� ųMN

5P JOWFTUJHBUF UIF JOŴVFODF PG UIF ���XFMM QMBUF UP SBEJBUJPO ųFME

IPNPHFOFJUZ
 UIF MBUFSBM QSPųMFT PG UIF JSSBEJBUFE &#5� ųMNT BU EJGGFSFOU QPTJUJPO

IBWF CFFO BOBMZ[FE� 'JSTU
 MBUFSBM QSPųMFT PG ųMN QMBDFE BGUFS POF XFMM QMBUF BU

UIF FEHF BOE DFOUFS PG XFMM QMBUF IBWF CFFO BOBMZ[FE CZ QMPUUJOH UIF NFBO

WBMVF GSPN UIF SFE DIBOOFM BDSPTT UIF MFOHUI PG 30* 	SFHJPO PG JOUFSFTU
� 5P

SFEVDF UIF OPJTF
 HSPVQ PG TFWFO NFBO WBMVFT XFSF BWFSBHFE BOE QMPUUFE BT

TIPXO CZ ųHVSF �����

'JHVSF ���� $PNQBSJTPO PG ųMN QSPųMFT BU UIF FEHF BOE DFOUFS QBSU PG ���XFMM

QMBUF� :FMMPX MJOFT SFQSFTFOU UIF ųMN QSPųMFT BU UIF FEHF PG XFMM QMBUF XIJMF

CMVF MJOFT SFQSFTFOU UIF QSPųMFT BU UIF DFOUFS PG XFMM QMBUF�

:FMMPX MJOFT SFQSFTFOU QSPųMFT BU UIF FEHF PG XFMM QMBUF XIFSF UIF

ųFME JT OPU VOJGPSN EVF UP UIF QSFTFODF PG B ŴBU QPMZTUZSFOF SJN XIJDI

DBOOPU CF ųMMFE� #MVF MJOFT SFQSFTFOU QSPųMFT BU UIF DFOUFS PG XFMM QMBUF

XIFSF TBNQMFT BSF MPDBUFE BOE BU UIJT SFHJPO
 UIF XIPMF XFMMT BOE UIF TQBDF

CFUXFFO XFMMT BSF DPNQMFUFMZ ųMMFE XJUI NFEJVN� 1SPųMFT BU UIF FEHF SFHJPO

 



��

QSFTFOU TJHOJųDBOU QFBLT DPSSFTQPOEJOH UP UIF PVUFS QBSU PG XFMM QMBUF XIJDI JT

MBDLJOH PG NFEJVN BOE UIF QFSDFOUBHF VODFSUBJOUZ PG NFBO WBMVF XBT ������

5IFTF QFBLT EFNPOTUSBUF UIF TQBDJOH CFUXFFO XFMMT BOE UIF BQQFBSBODF PG

SFBM BSUFGBDUT JG UIF JSSBEJBUJPO ųFME XBT EPOF JO UIF CPSEFS PG XFMM QMBUF� *O

DPOUSBTU
 UIF QSPųMFT BU UIF DFOUFS SFHJPO TIPX B ŴBU DVSWF XJUI VODFSUBJOUZ

PG ����� JOEJDBUJOH UIF ųFME BU DFOUFS SFHJPO XIFSF TBNQMFT BSF MPDBUFE JT

IPNPHFOFPVT BOE UIFSF JT OP BSUFGBDU DBVTFE CZ UIF XBMM PG XFMM QMBUF�

'JHVSF ���� 'JFME IPNPHFOFJUZ BTTFTTNFOU VTJOH (BGDISPNJD &#5� ųMN QMBDFE

CFGPSF
 JO CFUXFFO
 BOE BGUFS ���XFMM QMBUFT� -BUFSBM QSPųMFT BMPOH UIF DFOUFS

PG ���XFMM QMBUF JSSBEJBUFE JO UXP NPOPFOFSHFUJD DBSCPO JPO ųFMET 	B
 ��� .F7�

V BOE 	C
 ��� .F7�V� BOE 	D
 POF NJYFE ųFME� 	E
 1SPųMFT PG TNBMM ųMNT QMBDFE

JOTJEF UIF XFMM PG ���XFMM QMBUF BOE JSSBEJBUFE UP NPOPFOFSHFUJD BOE BDUJWF

TDBOOJOH DBSCPO JPO CFBNT� 5IF QSPųMF PG ųMNT QMBDFE BGUFS ķOķ OVNCFS PG

XFMM QMBUF JT SFQSFTFOUFE CZ ķųMN Oķ XIJMF QSPųMF PG ųMN JSSBEJBUFE UP VOJGPSN

ųFME XJUIPVU BOZ XFMM QMBUF JT SFQSFTFOUFE CZ ķVOJGPSNķ� "SSPXT JO ųHVSF 	B


JOEJDBUF UIF BSUFGBDU QBUUFSO PCUBJOFE GSPN ųMN QMBDFE BGUFS � XFMM QMBUFT�

/FYU
 ųMN QSPųMFT QMBDFE CFGPSF XFMM QMBUF BT XFMM BT GPMMPXJOH POF


UXP BOE UISFF TUBDLFE XFMM QMBUFT BSF QSFTFOUFE CZ ųHVSF ����� 'PS FWBMVBUJPO


 



��

UIF PCUBJOFE ųMN QSPųMFT XFSF DPNQBSFE UP UIF QSPųMF PG ųMN JSSBEJBUFE JO

VOJGPSN ųFME XJUIPVU XFMM QMBUF 	SFQMBDFE CZ � NN PG 1.." JOTUFBE GPS CVJME�

VQ
 XJUI TJNJMBS EPTF� 5IFSF BSF OP BSUFGBDUT EFUFDUFE GSPN ųMN QSPųMFT QMBDFE

BGUFS UXP XFMM QMBUFT� )PXFWFS
 BGUFS UISFF XFMM QMBUFT JO JSSBEJBUJPO ųFME XJUI

��� .F7�V
 BSUFGBDUT XFSF TQPUUFE FWFSZ � NN JOUFSWBM BT QPJOUFE CZ BSSPXT JO

ųHVSF ����B� 5IPTF BSUFGBDUT SFQSFTFOU UIF TQBDF CFUXFFO FBDI XFMMT JO ���XFMM

QMBUF�

5BCMF ��� 4UBOEBSE EFWJBUJPO PG (BGDISPNJD &#5� ųMN QSPųMF QSFTFOUFE JO

QFSDFOUBHF VODFSUBJOUJFT�

'JMNT
*SSBEJBUJPO TFUVQT

��� .F7�V ��� .F7�V .JYFE ųFME

6OJGPSN ����� ����� �����

'JMN � ����� ����� �����

'JMN � ����� ����� �����

'JMN � ����� ����� �����

'JMN � ����� � �����

'JHVSF ����E QSFTFOUT UIF QSPųMFT PG TNBMM QMBDFE JOTJEF UIF XFMM PG

���XFMM QMBUF� 5IF PCUBJOFE QSPųMFT EJTQMBZFE ŴBU QSPųMFT XJUIPVU TJHOJųDBOU

QFBLT CVU IJHIFS OPJTF XBT PCTFSWFE EVF UP UIF TFOTJUJWJUZ PG UIF BDUJWF MBZFS

PG &#5� ųMN UP UIF IJHI SFTPMVUJPO TDBOOFS� )PXFWFS
 UIFSF JT BO JTTVF UP

SFQSPEVDF UIF FYQFSJNFOU XJUI TNBMM ųMN QBSUJDVMBSMZ JO DVUUJOH UIF &#5� ųMN

JOUP TNBMM DJSDVMBS ųMN VTJOH B QVODI� 5IF FEHF PG ųMN XBT TMJHIUMZ QFFMFE

EVSJOH UIF DVUUJOH QSPDFTT SFTVMUJOH JO B SJOH QBUUFSO JO UIF DFOUFS PG ųMN

XIJDI DBVTJOH VOSFMJBCMF ųMN QSPųMF� "MM UIF TUBOEBSE EFWJBUJPO PG ųMN QSPųMFT

JSSBEJBUFE UP DBSCPO JPO JO EJGGFSFOU JSSBEJBUJPO TFUVQ BOE EJGGFSFOU OVNCFS PG

XFMM QMBUF JT QSFTFOUFE JO UBCMF ����

����� 5SFBUNFOU QMBO WFSJųDBUJPO

*O PSEFS UP WFSJGZ UIF GFBTJCJMJUZ PG �% CJP�QIBOUPN GPS SBEJPCJPMPHZ

WFSJųDBUJPO
 DFMMT IBWF CFFO DVMUVSFE JO .BUSJHFM TFUVQ BOE JSSBEJBUFE UP BDUJWF

TDBOOJOH DBSCPO JPO CFBN� 'PVS ���XFMM QMBUFT ųMMFE XJUI DFMMT IBWF CFFO

JSSBEJBUFE BU EJGGFSFOU QPTJUJPO 	TFF TFDUJPO ���
 JO PSEFS UP PCTFSWF UIF QSBDUJDB�
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CJMJUZ PG �% CJP�QIBOUPN GPS SBEJPCJPMPHZ WFSJųDBUJPO PG NPSF DPNQMFY USFBUNFOU

QMBOT� 5P FOTVSF UIF BDDVSBDZ PG NFBTVSFNFOU
 UIF PCUBJOFE DFMM TVSWJWBM

XBT DPNQBSFE UP UIF DFMM TVSWJWBM PCUBJOFE GSPN (4*ĴT TUBOEBSE SBEJPCJPMPHZ

WFSJųDBUJPO UPPM XIJDI JT TUBDL QIBOUPN 	TUBDL TFUVQ
�

'JHVSF ���� TIPXT UIF DFMM TVSWJWBM SBUF PG DFMMT JO .BUSJHFM BOE TUBDL

TFUVQ BGUFS JSSBEJBUFE UP BDUJWF TDBOOJOH DBSCPO JPO CFBN� 53*1�� DBMDVMBUJPO GPS

CPUI USFBUNFOU QMBOT XFSF BMTP QSFTFOUFE JO ųHVSF ����� 8FMM QMBUF QMBO GPS

.BUSJHFM TFUVQ 	CMVF MJOF
 TIPXFE BO FMFWBUFE DVSWF BU UIF FOUSBODF DIBOOFM

BOE FYUFOEFE UBSHFU SFHJPOT DPNQBSFE UP TUBDL QMBO 	HSFFO MJOF
� *O TFDUJPO �����


JU XBT TIPXO UIBU DFMMT JO .BUSJHFM TFUVQ FYIJCJUFE BO JODSFBTFE SBEJP�SFTJTUBODF

BGUFS JSSBEJBUFE UP 9�SBZT BOE OFX .BUSJHFM 3#& UBCMF XBT VTFE GPS DPNQVUJOH

UIF XFMM QMBUF USFBUNFOU QMBO DBVTJOH UIF EJGGFSFODFT CFUXFFO XFMM QMBUF QMBO

BOE TUBDL QMBO�

'JHVSF ���� $FMM TVSWJWBM SBUF BGUFS CFJOH JSSBEJBUFE UP BDUJWF TDBOOJOH DBSCPO

JPO CFBN BMPOH [�EJSFDUJPO 	EFQUI
� -JOFT SFQSFTFOU UIF 53J1�� USFBUNFOU QMBO

GPS TUBDL QIBOUPN 	HSFFO
 BOE �% CJP�QIBOUPN 	CMVF
� %JBNPOE EBUB QPJOUT

SFQSFTFOU UIF NFBTVSFE TVSWJWBM PG DFMMT JO .BUSJHFM TFUVQ XIJMF TRVBSF EBUB

QPJOUT SFQSFTFOU UIF NFBTVSFE TVSWJWBM PG DFMMT JO TUBDL QIBOUPN� "MM EBUB XFSF

QMPUUFE JO TFNJ�MPHBSJUINJD TDBMF�

*O UIF FYUFOEFE UBSHFU SFHJPO
 UIF BWFSBHF DFMM TVSWJWBM NFBTVSFE GPS

.BUSJHFM TFUVQ JT ������ BOE GPS TUBDL TFUVQ JT ������� #PUI TFUVQT TIPX NPSF

 



��

DPOTJTUFOU EBUB QPJOUT XJUI VODFSUBJOUJFT PG �ı���� *O DPOUSBTU
 UIF NFBTVSFE

DFMM TVSWJWBM GSPN .BUSJHFM TFUVQ BU UIF FOUSBODF DIBOOFM BOE GSBHNFOUBUJPO

UBJM TIPXT TQSFBE EBUB QPJOUT XJUI BWFSBHF DFMM TVSWJWBMT PG ����� BOE �����


SFTQFDUJWFMZ
 XJUI VODFSUBJOUJFT PG ��ı���� 'PS TUBDL TFUVQ
 UIF PCUBJOFE BWFSBHF

DFMM TVSWJWBM BU UIF TBNF SFHJPO TIPXT NPSF DPOTJTUFOU SFTVMUT PG �����± ����

BOE �����± ����
 SFTQFDUJWFMZ� 5IF TQSFBE EBUB QPJOUT JO .BUSJHFM TFUVQ NJHIU

CF DBVTFE CZ DFMM DMVNQJOH EVSJOH UIF DFMM DPVOUJOH CFGPSF UIF SFTFFEJOH

QSPDFTT� *O DPOUSBTU UP DFMMT JO UBSHFU SFHJPO
 DFMMT JO MPX�EPTF SFHJPO IBWF B

IJHIFS QPTTJCJMJUZ UP TVSWJWF BOE HSPX JOUP DPMPOJFT
 UIFSFGPSF UIF DFMM DMVNQJOH

NJHIU BGGFDU NPSF UP UIF DFMMT TVSWJWBM MFWFM�

����� "EBQUBUJPO UP ����XFMM QMBUF

5P BDIJFWF UIF SBEJPCJPMPHJDBM WFSJųDBUJPO XJUI IJHIFS TQBUJBM SFTPMVUJPO


BO BUUFNQU UP DVMUVSF $)0 DFMMT JO .BUSJHFM JOTJEF ŴBU�CPUUPN ����XFMM QPMZTUZSFOF

	14
 QMBUF IBT CFFO DBSSJFE PVU� 5IF .BUSJHFM DVMUVSF JO ����XFMM QMBUF IBT CFFO

QFSGPSNFE BDDPSEJOH UP GPMMPXJOH QSPUPDPM FRVJWBMFOU UP UIF QSPUPDPM XJUI ���XFMM

QMBUF� �����µM PG .BUSJHFM NBUSJY XBT BEEFE UP UIF CPUUPN PG ����XFMM QMBUF

BOE JODVCBUFE GPS BO IPVS� /FYU
 UIF DFMM TVTQFOTJPO XJUI DFMM DPODFOUSBUJPO PG

�× ��� DFMM�NM XBT QSFQBSFE BOE UIFO ���µM PG DFMM TVTQFOTJPO XBT UBLFO PVU

BOE NJYFE XJUI ����µM PG .BUSJHFM NBUSJY SFTVMUJOH UIF ųOBM DFMM DPODFOUSBUJPO

PG � × ��� DFMM�XFMM� 5IJT NJYUVSF XBT UIFO BEEFE PO UPQ UIF ųSTU MBZFS BOE

JODVCBUFE GPS BO IPVS� "GUFS UIBU
 ����µM PG .BUSJHFM NBUSJY XBT BEEFE PO UPQ

PG UIF TFDPOE MBZFS BOE JODVCBUFE GPS BO IPVS UP TPMJEJGZ UIF UIJSE MBZFS PG

.BUSJHFM NBUSJY� 'JOBMMZ
 �����µM PG NFEJVN XBT BEEFE BT ųOBM MBZFS BOE XFMM

QMBUF XBT JODVCBUFE GPS �� IPVST�

5XP ����XFMM QMBUFT XJUI ųWF XFMMT ųMMFE XJUI DFMMT XFSF QSFQBSFE GPS

JSSBEJBUJPO� "GUFS �� IPVST
 BMM XFMM QMBUFT XFSF DPNQMFUFMZ ųMMFE XJUI NFEJVN

BOE TFBMFE XJUI NJDSP�QMBUF TFBMJOH ųMN� 8FMM QMBUFT XFSF QMBDFE JO WFSUJDBM

	TUBOEJOH
 QPTJUJPO BU EFQUI PG ���� NN XIJDI JT JO EJTUBM QBSU PG FYUFOEFE

UBSHFU 	TFF JO TFDUJPO ���
 BOE JSSBEJBUFE XJUI BDUJWF TDBOOJOH DBSCPO JPO CFBNT�

1PTU�JSSBEJBUJPO
 DFMMT XFSF SFDPWFSFE VTJOH EJTQBTF NFUIPE BT NFOUJPOFE JO TFF

TFDUJPO ����� XJUI TPNF NPEJųDBUJPO UP NBUDI UIF TVSGBDF BSFB PG ����XFMM

QMBUF� ��µM PG EJTQBTF XBT BEEFE UP UIF ����XFMM QMBUF JOTUFBE PG ��µM BOE

JODVCBUFE GPS BO IPVS UP EJTTPMWF UIF .BUSJHFM NBUSJY� "GUFS UIBU
 UIF DFMMT XFSF
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5BCMF ��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JOTJEF '�CPUUPN ����XFMM QMBUF

BGUFS �� IPVST PG JODVCBUJPO� $FMM OVNCFST BSF DPVOUFE JO � NM PG JTPUPO

TPMVUJPO�

4BNQMF $FMM OVNCFS�NM

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

�� �� ���

"WFSBHFE �� ���± �����

DFOUSJGVHFE BOE USZQTJOJ[FE JO UIF TBNF NFUIPET PG DFMM SFDPWFS XJUI ���XFMM

QMBUF� $FMM OVNCFST SFDPWFSFE GSPN ����XFMM QMBUF XFSF WBSZJOH DPNQBSFE UP

DFMMT SFDPWFSFE GSPN ���XFMM QMBUF XIJDI IBWF NPSF VOJGPSN DFMM OVNCFS 	UBCMF

���
�

/FYU
 UIF SFDPWFSFE DFMMT XFSF BEKVTUFE UP UIF QMBUJOH FGųDJFODZ 	���


BOE UIF FYQFDUFE TVSWJWBM 	���
 UIFO SF�TFFEFE JOUP 5��� ŴBTLT BOE JODVCBUFE

GPS POF XFFL� "GUFS POF XFFL
 UIF DPMPOJFT XFSF UIFO TUBJOFE VTJOH NFUIZMFOF

CMVF TUBJOJOH TPMVUJPO BOE DPMPOJFT XJUI NPSF UIBO �� DFMMT XFSF DPVOUFE BT

TVSWJWBM DFMMT� 5IF NFBTVSFE TVSWJWBM PG DFMMT DVMUVSFE JO ����XFMM QMBUF XBT

������ XJUI VODFSUBJOUZ PG ��� XIJDI JT JO EJTBHSFFNFOU UP UIF FYQFDUFE TVSWJWBM

	��� PS ���
� 'JHVSF ���� TIPXT UIF NFBTVSFE DFMM TVSWJWBMT JO DPNQBSJTPO UP

UIF TBNF .BUSJHFM USFBUNFOU QMBO JO TFDUJPO BOE BMM EBUB QPJOUT XFSF TQSFBE

BOE NVDI MPXFS UIBO FYQFDUFE� 5IJT NJHIU IBQQFOFE EVF UP UIF JSSFHVMBS

TBNQMFT PCUBJOFE EVSJOH DFMM SFDPWFSZ GSPN ����XFMM QMBUF�

 



��

'JHVSF ���� 4VSWJWBM GSBDUJPOT PG $)0 DFMMT DVMUVSFE JO .BUSJHFM JOTJEF ����XFMM

QMBUF BGUFS JSSBEJBUFE UP BDUJWF TDBOOJOH DBSCPO JPO CFBN BU EJTUBM QBSU PG

FYUFOEFE UBSHFU SFHJPO 	EJBNPOE EBUB QPJOUT
� #MVF MJOF DPSSFTQPOET UP UIF

53J1�� QSFEJDUJPO VTJOH XFMM QMBUF USFBUNFOU QMBO�

��� 4VNNBSZ

5IF JOWFTUJHBUJPO PG UIF DFMMT SFTQPOTF UP JSSBEJBUJPO BOE UIF BQQMJDBUJPO

PG �% CJP�QIBOUPN BT OFX WFSJųDBUJPO UPPM IBT CFFO DPOEVDUFE JO UIJT TUVEZ�

5IF SFTQPOTF PG $)0 DFMMT DVMUVSFE JO .BUSJHFM BOE NPOPMBZFS TFUVQT UP 9�

SBZT BOE DBSCPO JPO JSSBEJBUJPO IBWF CFFO QFSGPSNFE CZ PCUBJOJOH UIF TVSWJWBM

DVSWF PG $)0 DFMMT� 5IF TIBQF PG TVSWJWBM DVSWF GSPN CPUI TFUVQT IBWF BMTP

CFFO PCTFSWFE BT XFMM� *O DPOUSBTU UP NPOPMBZFS TVSWJWBM DVSWF
 UIF .BUSJHFM

TVSWJWBM DVSWF TIPXFE B TIPVMEFSFE DVSWF BU MPX EPTF BOE BO JODMJOFE TMPQF

BU IJHI EPTF XIJDI JOEJDBUJOH DFMMT DVMUVSFE JO .BUSJHFM NBUSJY BSF MFTT TFOTJUJWF

UP JSSBEJBUJPO CVU UIFZ CFDPNF NPSF TFOTJUJWF BGUFS JSSBEJBUFE UP IJHIFS EPTF�

5IF ųFME IPNPHFOFJUZ PG TUBDLFE ���XFMM QMBUFT IBWF CFFO BOBMZ[FE VUJMJ[JOH

(BGDISPNJD &#5� ųMNT XIJDI QMBDFE GPMMPXJOH ���XFMM QMBUFT� #BTFE PO UIF

PCUBJOFE SFTVMU
 UIFSF BSF OP TJHOJųDBOU BSUFGBDUT GPVOE JO ųMN QSPųMFT QMBDFE

BGUFS UXP XFMM QMBUFT
 JOEJDBUJOH JU JT QPTTJCMF UP JSSBEJBUF UXP TUBDLFE VQ XFMM

QMBUFT BU UIF TBNF UJNF JO UIF FOUSBODF DIBOOFM� 'JOBMMZ
 UIF WFSJųDBUJPO

PG CJPMPHJDBM PQUJNJ[FE USFBUNFOU QMBO IBT CFFO DPOEVDUFE VUJMJ[JOH UIF OFX

 



��

WFSJųDBUJPO UPPM
 �%�CJP QIBOUPN DPOTJTUJOH DFMMT DVMUVSFE JO .BUSJHFM NBUSJY JOTJEF

���XFMM QMBUF� .FBTVSFE TVSWJWBM DFMMT BU FOUSBODF DIBOOFM
 FYUFOEFE UBSHFU BOE

GSBHNFOUBUJPO UBJM TIPXT B HPPE BHSFFNFOU XJUI UIF SFGFSFODF NFUIPE XIJDI

DPODMVEFT UIF �%�CJP QIBOUPN BT B DPOWFOJFOU WFSJųDBUJPO UPPM GPS WBMJEBUJOH

EJGGFSFOU USFBUNFOU QMBOOJOH UFDIOJRVFT�
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"GUFS SFųOJOH UIF DFMM DVMUVSF QSPUPDPMT BOE BUUBJOJOH UIF ųSTU TVDDFTTGVM

BQQMJDBUJPOT XJUI $)0�,� DFMM MJOF
 UIF FYQFSJNFOUT IBWF CFFO FYUFOEFE UP YST��

DFMM MJOF� *O BEEJUJPO
 JO PSEFS UP BEWBODF UPXBSET IJHIFS TQBUJBM SFTPMVUJPO


GFBTJCJMJUZ UFTUT JODMVEJOH DFMM HSPXUI JO .BUSJHFM NBUSJY JOTJEF ����XFMM QPMZTUZSFOF

	14
 BOE QPMZQSPQZMFOF 	11
 QMBUF BOE DFMM SFTQPOTF UP JSSBEJBUJPO IBWF CFFO

PCTFSWFE BT XFMM� 'JOBMMZ
 UIF SBEJPCJPMPHJDBM WFSJųDBUJPO BU PVU�PG�ųFME SFHJPO

FYQFSJNFOUT IBWF CFFO QFSGPSNFE VTJOH YST�� DFMMT DVMUVSFE JO .BUSJHFM JOTJEF

����XFMM 11 QMBUF�

��� .BUSJHFM DFMM DVMUVSF XJUI YST�� DFMM

YST�� DFMM MJOF JT B NVUBOU WFSTJPO PG $)0�,� DFMM MJOF BOE TFOTJUJWF UP

JSSBEJBUJPO EVF UP JUT JODBQBDJUZ PG %4# SFQBJS XIJDI JT DBVTJOH DFMM EFBUI 	$PTUB

BOE #SZBOU
 ����� 5BDDJPMJ FU BM�
 ����� 8FZSBUIFS FU BM�
 ����� )SPNǗ¯LPW£ FU BM�


����
� 5IJT DFMM MJOF JT TVJUBCMF GPS JOWFTUJHBUJOH UIF DFMM TVSWJWBM JO MPX�EPTF

SFHJPO� $FMMT XFSF NBJOUBJOFE JO TUBOEBSE NPOPMBZFS DVMUVSF JOTJEF 5��� ŴBTL

ųMMFE XJUI DPNQMFUF HSPXUI NFEJVN α.&. 	NJOJNVN FTTFOUJBM NFEJVN
 GSPN

(JCDP
 TVQQMFNFOUFE XJUI ��� PG '#4 	(JCDP
 BOE QFOJDJMMJO�TUSFQUPNZDJO� $FMMT

XFSF JODVCBUFE JO TUBOEBSE DPOEJUJPO BU ��◦$ XJUI �� $0� BOE QBTTBHFE UP UIF

OFX DVMUVSF ŴBTL FWFSZ � EBZT XJUIPVU BEEJUJPOBM NFEJVN DIBOHF JO CFUXFFO�

*O PSEFS UP PCTFSWF UIF HSPXUI PG YST�� DFMMT
 TPNF CBTJD DFMM UFTUT

JODMVEJOH UIF DFMM HSPXUI
 QMBUJOH FGųDJFODZ BOE DFMM QSPMJGFSBUJPO JO .BUSJHFM IBWF

CFFO QFSGPSNFE CZ BQQMZJOH UIF $)0 QSPUPDPM UIBU IBT CFFO NPEJųFE UP ųU

UIF DIBSBDUFSJTUJD PG YST�� DFMMT�

����� $FMM HSPXUI DVSWF

$FMMT XFSF TFFEFE JO NPOPMBZFS DVMUVSF JOTJEF 5��� DVMUVSF ŴBTL ųMMFE

XJUI � NM PG DVMUVSF NFEJVN XJUI DFMM DPODFOUSBUJPO PG ��� ��� DFMMT�ŴBTL�

 



��

5XFOUZ ŴBTLT XFSF QSFQBSFE BOE JODVCBUFE BU ��◦$� 5XP ŴBTLT XFSF USZQTJOJ[FE

XJUI � NM PG USZTJO�&%5" BU ųYFE UJNF 	FWFSZ NPSOJOH BOE MBUF BGUFSOPPO
 BOE

DFMMT XFSF DPVOUFE VTJOH $PVMUFS DPVOUFS NBDIJOF 	1SPųMF #
� 5P PCUBJO UIF DFMM

HSPXUI DVSWF
 OVNCFS PG DFMMT XFSF QMPUUFE BHBJOTU UJNF PG JODVCBUJPO� 'JHVSF

��� QSFTFOUT UIF DFMM HSPXUI DVSWF PG YST�� DFMMT� 5IF EPVCMJOH UJNF PG YST��

DFMMT XBT PCUBJOFE CZ QMPUUJOH UIF DFMM OVNCFST GSPN MPH QIBTF JO MPHBSJUINJD

TDBMF� 5IF EBUB QPJOUT XFSF UIFO ųUUFE VTJOH FYQPOFOUJBM GVODUJPO 	TFF FRVBUJPO

���
 JO PSEFS UP PCUBJO UIF DFMM HSPXUI SBUF XIJDI JT SFQSFTFOUFE CZ UIF TMPQF

BT TIPXO JO ųHVSF ���� "GUFS UIF HSPXUI SBUF JT PCUBJOFE
 UIF EPVCMJOH UJNF

PG YST�� DFMMT XBT DBMDVMBUFE VTJOH FRVBUJPO ��� BOE UIF EPVCMJOH UJNF XBT

PCUBJOFE UP CF ����� IPVST�

'JHVSF ��� $FMM HSPXUI DVSWF PG YST�� DFMMT� /VNCFS PG DFMMT BSF PCUBJOFE GSPN

� NM PG DFMM TVTQFOTJPO BOE UIF FSSPS CBST SFQSFTFOU UIF TUBOEBSE EFWJBUJPO PG

UXP JOEFQFOEFOU SFQFUJUJPOT�

����� 1MBUJOH FGųDJFODZ

*O PSEFS UP NFBTVSF UIF BCJMJUZ PG YST�� DFMMT UP HSPX JOUP B DPMPOZ


QMBUJOH FGųDJFODZ UFTU IBT CFFO QFSGPSNFE� "QQSPYJNBUFMZ ��� DFMMT XFSF TFFEFE

JO NPOPMBZFS DVMUVSF JOTJEF 5��� DVMUVSF ŴBTL ųMMFE XJUI � NM DVMUVSF NFEJVN


FJHIU ŴBTLT XFSF QSFQBSFE� 4JODF UIF EPVCMJOH UJNF PG YST�� DFMMT JT �� IPVST


 



��

'JHVSF ��� 5IF EPVCMJOH UJNF PG YST�� DFMMT� /VNCFS PG DFMMT XFSF QMPUUFE JO

MPHBSJUINJD TDBMF BOE BMM EBUB QPJOUT XFSF ųUUFE VTJOH FYQPOFOUJBM GVODUJPO�

BMM DFMMT XFSF JODVCBUFE GPS FJHIU EBZT UP BMMPX DFMMT HSPXJOH JOUP DPMPOJFT�

"GUFS FJHIU EBZT
 DPMPOJFT XFSF TUBJOFE XJUI NFUIZMFOF CMVF TUBJOJOH TPMVUJPO

BOE DPMPOZ DPOTJTUJOH PG BU MFBTU �� DFMMT XBT TDPSFE BT TVSWJWJOH DFMM� 5BCMF

��� QSFTFOUT UIF OVNCFS PG DPMPOJFT BGUFS � EBZT PG JODVCBUJPO BOE UIF BWFSBHF

OVNCFS PG DPMPOJFT DPVOUFE XBT �� DPMPOJFT� 5IF QMBUJOH FGųDJFODZ PG YST��

DFMMT PCUBJOFE XBT ��� XJUI VODFSUBJOUZ PG ����� XIJDI NFBOT ��� PG DFMMT

XJMM BUUBDI BOE QSPMJGFSBUF JOUP DPMPOJFT BGUFS FJHIU EBZT PG JODVCBUJPO�

����� $FMM QSPMJGFSBUJPO JO .BUSJHFM

5IF QSPUPDPM GPS DPOEVDUJOH DFMM QSPMJGFSBUJPO PG YST�� DFMMT JO .BUSJHFM

IBT CFFO QFSGPSNFE FRVJWBMFOU UP $)0 .BUSJHFM QSPUPDPM JO TFDUJPO ������ $FMMT

XFSF DVMUVSFE JO .BUSJHFM NBUSJY JOTJEF ���XFMM QMBUF BOE TJY XFMMT ųMMFE XJUI DFMMT

XFSF QSFQBSFE� $FMMT XFSF SFDPWFSFE BGUFS �� IPVST PG JODVCBUJPO VTJOH EJTQBTF

NFUIPE 	TFF TFDUJPO �����
� 5IF OVNCFS PG DFMMT SFDPWFSFE XBT DPVOUFE VTJOH

#FDLNBO $PVMUFS DPVOUFS NBDIJOF 	QSPųMF $
� 5BCMF ��� QSFTFOUT UIF OVNCFS PG

DFMMT PCUBJOFE BGUFS �� IPVST PG JODVCBUJPO� 5IF DFMM OVNCFST XFSF DPOTJTUFOU

XJUI MPX VODFSUBJOUZ NFBOJOH YST�� DFMMT BSF XFMM HSPXO JO �% DFMM DVMUVSF�

 



��

5BCMF ��� /VNCFS PG DPMPOJFT PCUBJOFE BGUFS � EBZT PG JODVCBUJPO�

4BNQMFT /VNCFS PG DPMPOJFT

� ��

� ��

� ��

� ��

� ��

� ��

� ��

� ��

"WFSBHF �� ± �����

5BCMF ��� /VNCFS PG YST�� DFMMT JO .BUSJHFM TFUVQ JOTJEF ���XFMM QMBUF BGUFS ��

IPVST PG JODVCBUJPO� $FMM OVNCFST BSF DPVOUFE JO � NM PG JTPUPO TPMVUJPO�

4BNQMFT $FMM OVNCFS�NM

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

"WFSBHF ��� ��� ± �����

"T QSFWJPVTMZ NFOUJPOFE JO TFDUJPO �����
 BO BUUFNQU UP BDIJFWF IJHIFS

TQBUJBM SFTPMVUJPO IBT CFFO QFSGPSNFE
 IPXFWFS
 UIFSF BSF TPNF QSBDUJDBM JTTVFT

XIJMF XPSLJOH XJUI ����XFMM QMBUF EVF UP UIF MJNJUBUJPO PG XPSLJOH BSFB PG ����

XFMM QMBUF� 5IJT JODMVEFT GPS FYBNQMF JTTVFT XJUI BQQMZJOH UIF .BUSJHFM NBUSJY UP

UIF XFMMT BOE SFDPWFSJOH UIF DFMMT GSPN UIF XFMM QMBUF� 5IFTF QSBDUJDBM JTTVFT

NJHIU DPOUSJCVUF JO SFTVMUJOH UIF JSSFHVMBS TBNQMFT BOE SFTVMUT 	TFF UBCMF ���
� 5P

PWFSDPNF UIPTF JTTVFT
 BOPUIFS UFTU IBT CFFO NBEF CZ VTJOH 7�CPUUPN ����XFMM

11 QMBUF UP DVMUVSF UIF DFMMT 	,BSUJOJ
 ����
� *O DPOUSBTU UP UIF ŴBU�CPUUPN

QMBUF
 UIF 11 XFMM QMBUF IBT B 7�TIBQF CPUUPN BSFB XIJDI JT DPOWFOJFOU GPS

SFDPWFSJOH UIF DFMMT 	DFMMT BSF OPU BUUBDIFE UP UIF DPSOFS PG XFMM
� )PXFWFS


 



��

UIF DFMMT DVMUVSFE JOTJEF XFMM QMBUF DPVME OPU CF PCTFSWFE VOEFS NJDSPTDPQF

EVF UP UIF NBUFSJBM PG 11 XFMM QMBUF XIJDI JT OPU PQUJDBMMZ DMFBS� 5IFSFGPSF


DFMM QSPMJGFSBUJPO UFTU JO 7�CPUUPN ����XFMM 11 QMBUF IBT CFFO QFSGPSNFE VTJOH

$)0 DFMMT�

$)0 DFMMT XFSF DVMUVSFE JO .BUSJHFM JOTJEF ����XFMM 11 QMBUF GPMMPXJOH

UP UIF QSPUPDPM JO BQQFOEJY "���� 5BCMF ��� TIPXT UIF PCUBJOFE DFMM OVNCFST PG

$)0 DFMMT DVMUVSFE JO 7�CPUUPN ����XFMM 11 QMBUF BGUFS �� IPVST PG JODVCBUJPO�

$FMMT XFSF SFDPWFSFE VTJOH EJTQBTF NFUIPE XIJDI IBT CFFO NPEJųFE UP BEBQU

UIF TJ[F PG ����XFMM QMBUF
 UIF EFUBJMFE QSPUPDPM JT QSFTFOUFE JO BQQFOEJY "���

"WFSBHF DFMM OVNCFS PCUBJOFE GSPN 7�CPUUPN ����XFMM QMBUF XBT �� ��� DFMMT�

NM XJUI VODFSUBJOUZ PG ������ 5IJT JOEJDBUJOH UIF ����XFMM 11 QMBUF DPVME CF

VTFE UP DVMUVSF DFMMT JO .BUSJHFM NBUSJY�

5BCMF ��� /VNCFS PG $)0 DFMMT JO .BUSJHFM TFUVQ JOTJEF 7�CPUUPN ����XFMM 11

QMBUF BGUFS �� IPVST PG JODVCBUJPO� $FMM OVNCFST BSF DPVOUFE JO � NM PG JTPUPO

TPMVUJPO�

4BNQMF $FMM OVNCFS�NM

� �� ���

� �� ���

� �� ���

� �� ���

� �� ���

"WFSBHF �� ���± �����

/FYU
 YST�� DFMMT IBWF CFFO DVMUVSFE JO .BUSJHFM JOTJEF ����XFMM 11

QMBUF BOE DFMM QSPMJGFSBUJPO UFTU IBT CFFO QFSGPSNFE BT XFMM� )PXFWFS JO UIJT

UFTU
 OFX UZQF PG USZQTJO IBT CFFO JOUSPEVDFE GPS PQUJNJ[JOH UIF DFMM SFDPWFSZ

QSPDFTT 	,BSUJOJ
 ����
� "T SFDPNNFOEFE CZ "5$$ GPS SFDPWFSZ PG YST�� DFMMT


USZQTJO�&%5" DPOUBJOJOH PG ����� 5SZQTJO BOE ����� &%5" JO )BOLĴT #BMBODFE 4BMU

4PMVUJPO 	4JHNB
 IBT CFFO VTFE JO DFMM SFDPWFSZ NFUIPE 	"5$$
 ����
� 5FO

XFMMT ųMMFE XJUI EJGGFSFOU DFMM DPODFOUSBUJPO IBWF CFFO QSFQBSFE� ųWF XFMMT XJUI

�� ��� DFMMT�XFMM 	$�
 BOE BOPUIFS ųWF XFMMT XJUI �� ��� DFMMT�XFMM 	$�
�

"GUFS �� IPVST PG JODVCBUJPO
 DFMMT XFSF JNNFEJBUFMZ SFDPWFSFE VTJOH

EJTQBTF BOE USZQTJOJ[FE VTJOH UIF OFX USZQTJO� 5IF SFTVMUT TIPX TBNQMFT XJUI MFTT

 



��

JOJUJBM DFMM DPODFOUSBUJPO 	$�
 ZJFMET NPSF DFMMT OVNCFS PG �� ��� DFMMT�NM XJUI

VODFSUBJOUZ PG ����� DPNQBSFE UP TBNQMFT XJUI NPSF JOJUJBM DFMM DPODFOUSBUJPO

	TFF UBCMF ���
� 5IJT DPODMVEFT YST�� DFMMT BSF BCMF UP HSPX JO ����XFMM 11

QMBUF WFSZ XFMM BOE UIF OFX USZQTJO JT TVJUBCMF GPS SFDPWFSJOH YST�� DFMMT� 'PS

.BUSJHFM TFUVQ XJUI ����XFMM 11 QMBUF
 UIF ĴTUBOEBSEĴ DFMM DPODFOUSBUJPO 	�� ���

DFMMT�XFMM
 XJMM CF VTFE GPS JO�WJUSP JSSBEJBUJPO�

5BCMF ��� /VNCFS PG YST�� DFMMT SFDPWFSFE GSPN .BUSJHFM JO ����XFMM 11 QMBUF

GPMMPXJOH UIF DIBOHF PG USZQTJO� /VNCFS PG DFMMT XFSF DPVOUFE QFS � NM BOE

UIF TUBOEBSE EFWJBUJPO PG UIF DFMM DPVOUJOH JT HJWFO CZ QFSDFOUBHF VODFSUBJOUZ�

4BNQMF $� $�

� �� ��� �� ���

� �� ��� �� ���

� �� ��� �� ���

� �� ��� �� ���

� �� ��� �� ���

"WFSBHF �� ���± ����� �� ���± �����

��� 3FTQPOTF PG YST�� DFMMT DVMUVSFE JO .BUSJHFM UP JSSBEJBUJPO

����� 9�SBZT TVSWJWBM DVSWF

5P JOWFTUJHBUF UIF DFMMT SFTQPOTF UP 9�SBZT JSSBEJBUJPO
 YST�� DFMMT IBWF

CFFO DVMUVSFE JO UISFF EJGGFSFOU TFUVQT� "QQSPYJNBUFMZ � × ��� DFMMT XFSF

TFFEFE JO TUBOEBSE NPOPMBZFS JOTJEF 5��� ŴBTL
 �� ��� DFMMT XFSF TFFEFE JO

.BUSJHFM JOTJEF ���XFMM QMBUF
 BOE �� ��� DFMMT XFSF TFFEFE JO .BUSJHFM JOTJEF

����XFMM 11 QMBUF� 'PS .BUSJHFM TFUVQ
 UXP TBNQMFT FBDI IBWF CFFO QSFQBSFE

JO CPUI UZQFT PG XFMM QMBUF BOE JODVCBUFE �� IPVST CFGPSF JSSBEJBUJPO� 4FWFO

XFMM QMBUFT JODMVEJOH UIF DPOUSPM XFMM QMBUF IBWF CFFO QSFQBSFE GPS JSSBEJBUJPO�

8FMMT ųMMFE XJUI DFMMT
 TVSSPVOEJOH XFMMT
 BOE TQBDF JO CFUXFFO XFMMT 	XIFSF

BQQMJDBCMF
 XFSF DPNQMFUFMZ ųMMFE XJUI NFEJVN UP BDIJFWF B IPNPHFOFPVT

CVJME�VQ� .FBOXIJMF GPS NPOPMBZFS TFUVQ
 �� ŴBTLT JODMVEJOH DPOUSPM TBNQMFT

IBWF CFFO QSFQBSFE BOE JODVCBUFE �� IPVST CFGPSF JSSBEJBUJPO�

 



��

/FYU
 DFMMT XFSF JSSBEJBUFE CZ 9�SBZ CFBNT HFOFSBUFE GSPN *TPWPMU %4�

9�SBZT NBDIJOF XJUI B QFBL WPMUBHF PG ��� L7 BU (4*� 4BNQMFT JO NPOPMBZFS

TFUVQ
 ���XFMM QMBUF
 BOE ����XFMM QMBUF XFSF JSSBEJBUFE XJUI B EPTF SBUF PG ���

(Z�NJO
 ��� (Z�NJO
 BOE � (Z�NJO
 SFTQFDUJWFMZ� 5IF JSSBEJBUJPO XBT QFSGPSNFE

GSPN BCPWF 	TFF TFDUJPO �����
 XJUI SBEJBUJPO EPTF SBOHJOH GSPN �ı��� (Z� 5XP

EVQMJDBUF TBNQMFT SFDFJWFE UIF TBNF EPTFT GPS BMM TFUVQT� 5IF EPTJNFUSZ

GPS 9�SBZT JSSBEJBUJPO IBT CFFO QFSGPSNFE VTJOH 'BSNFS�UZQF JPOJ[BUJPO DIBNCFS

XIJDI JT DPOOFDUFE UP UIF DPOUSPM TZTUFN BOE UVSOFE PGG BVUPNBUJDBMMZ PODF UIF

EPTF IBT CFFO EFMJWFSFE� 5IF JPOJ[BUJPO DIBNCFS XBT QMBDFE VOEFS UIF XFMM

QMBUF
 FYBDUMZ XIFSF DFMMT XFSF MPDBUFE� 1PTU�JSSBEJBUJPO
 DFMMT JO .BUSJHFM TFUVQ

XFSF SFDPWFSFE JNNFEJBUFMZ VTJOH EJTQBTF QSPUPDPM JO TFDUJPO ����� BOE DFMMT JO

NPOPMBZFS TFUVQ XFSF USZQTJOJ[FE VTJOH USZQTJO�&%5" 	����� 5SZQTJO � ����� &%5"
�

3FDPWFSFE DFMMT XFSF JNNFEJBUFMZ SF�TFFEFE JOUP USJQMJDBUFT JOTJEF 5��� ŴBTL BOE

JODVCBUFE GPS � EBZT� $PMPOJFT DPOUBJOJOH BU MFBTU �� DFMMT XFSF DPOTJEFSFE BT

TVSWJWFE DFMMT� /FYU
 UIF TVSWJWBM DPMPOJFT XFSF UIFO QMPUUFE JO TFNJ�MPHBSJUINJD

TDBMF BOE ųUUFE UP UIF FYQPOFOUJBM FRVBUJPO 4(%) = FYQ(−α%)�
'JHVSF ��� QSFTFOUT UIF TVSWJWBM DVSWFT PG YST�� DFMMT DVMUVSFE JO .BUSJHFM

TFUVQ BOE TUBOEBSE NPOPMBZFS BGUFS JSSBEJBUJPO XJUI 9�SBZT� "MM DVSWFT IBWF CFFO

OPSNBMJ[FE UP UIF NFBTVSFE DFMM QMBUJOH FGųDJFODZ� #MBDL BOE HSBZ MJOF SFQSFTFOU

UIF TVSWJWBM DVSWF PG YST�� DFMMT DVMUVSFE JO .BUSJHFM TFUVQ JOTJEF ���XFMM QMBUF

BOE 7�CPUUPN ����XFMM QMBUF
 SFTQFDUJWFMZ� .FBOXIJMF
 QVSQMF MJOF SFQSFTFOU

NFBTVSFE TVSWJWBM DVSWF PG YST�� DFMMT DVMUVSFE JO TUBOEBSE NPOPMBZFS� "MM

DVSWFT EFNPOTUSBUF MJOFBS DVSWFT XJUI DPOTJTUFOU EBUB QPJOUT
 FTQFDJBMMZ ����XFMM

QMBUF TFUVQ� #PUI .BUSJHFM TVSWJWBM DVSWFT BSF JO HPPE BHSFFNFOU BOE FYIJCJU

MPXFS TVSWJWBM GSBDUJPOT DPNQBSFE UP NPOPMBZFS TVSWJWBM DVSWF JOEJDBUJOH DFMMT JO

.BUSJHFM BSF NPSF TFOTJUJWF UP 9�SBZT� 4JODF UIF TIBQF PG BMM NFBTVSFE DVSWFT

IBWF TUSBJHIU MJOFBS TMPQF MJOF
 POMZ α QBSBNFUFS DPVME CF FYUSBDUFE� -JTU PG

α QBSBNFUFS FYUSBDUFE GSPN BMM NFBTVSFE 9�SBZT TVSWJWBM DVSWFT JT QSFTFOUFE JO

UBCMF ����

'JHVSF ��� TIPXT UIF DPNQBSJTPO PG NFBTVSFE TVSWJWBM DVSWFT PG YST��

DFMMT XJUI TVSWJWBM DVSWFT GSPN EJGGFSFOU SFTFBSDI HSPVQT 	8FZSBUIFS FU BM�
 �����

(FOFU FU BM�
 ����� $BSUXSJHIU FU BM�
 ����
� .FBTVSFE TVSWJWBM DVSWF PG YST��

DFMMT JO TUBOEBSE NPOPMBZFS JT DPNQBUJCMF XJUI SFGFSFODF DVSWF 	SFE MJOF
 GSPN

QVCMJTIFE MJUFSBUVSF 	8FZSBUIFS FU BM�
 ����
� 5IJT JOEJDBUFT UIF TVSWJWBM DVSWF PG

 



��

'JHVSF ��� .FBTVSFE YST�� DFMM TVSWJWBM DVSWFT BGUFS JSSBEJBUJPO XJUI 9�SBZ CFBNT�

#MBDL BOE HSBZ EBUB QPJOUT SFQSFTFOU UIF BWFSBHF TVSWJWBM GSBDUJPOT PG DFMMT

DVMUVSFE JO .BUSJHFM JOTJEF ���XFMM 14 QMBUF BOE ����XFMM 11 QMBUF
 SFTQFDUJWFMZ�

.FBOXIJMF
 QVSQMF EBUB QPJOUT SFQSFTFOU UIF BWFSBHF TVSWJWBM GSBDUJPOT PG DFMMT

DVMUVSFE JO TUBOEBSE NPOPMBZFS� 3FE MJOF SFQSFTFOUT UIF SFGFSFODF TVSWJWBM DVSWF

JO TUBOEBSE NPOPMBZFS 	8FZSBUIFS FU BM�
 ����
� "MM NFBTVSFE EBUB QPJOUT XFSF

ųUUFE VTJOH FYQPOFOUJBM FRVBUJPO 4(%) = FYQ(−α%)� &SSPS CBST SFQSFTFOU UIF

TUBOEBSE EFWJBUJPOT PG TJY PS OJOF TBNQMFT�

DFMMT DVMUVSFE JO TUBOEBSE NPOPMBZFS DPVME CF SFQSPEVDFE QSFDJTFMZ� 'PS YST��

DFMMT DVMUVSFE JO .BUSJHFM TFUVQ
 UIF TVSWJWBM DVSWF TIPXT BO JODSFBTFE PG DFMM

TFOTJUJWJUZ JO DPOUSBTU UP BMM FYJTUJOH DVSWFT�

����� $BSCPO JPO TVSWJWBM DVSWF

'PS DBSCPO JPO JSSBEJBUJPO
 YST�� DFMMT XFSF DVMUVSFE JO TUBOEBSE NPOP�

MBZFS BOE .BUSJHFM NBUSJY JOTJEF ����XFMM QMBUFT� "QQSPYJNBUFMZ �.� × ��� DFMMT

XFSF DVMUVSFE JO TUBOEBSE NPOPMBZFS JOTJEF 5��� ŴBTL BOE JODVCBUFE �� IPVST

CFGPSF JSSBEJBUJPO� �� ŴBTLT JODMVEJOH DPOUSPM TBNQMFT IBWF CFFO QSFQBSFE� 'PS

.BUSJHFM TFUVQ
 �� ��� DFMMT XFSF DVMUVSFE JO .BUSJHFM BOE JODVCBUFE �� IPVST

CFGPSF JSSBEJBUJPO� $FMMT XFSF TFFEFE BU EJGGFSFOU MPDBUJPO JO ����XFMM QMBUF

DPSSFTQPOEJOH UP FBDI SBEJBUJPO EPTFT BT TIPXO JO ųHVSF ���� 5XP TBNQMFT XFSF

 



��

'JHVSF ��� .FBTVSFE 9�SBZT TVSWJWBM DVSWFT PG YST�� DFMMT JO DPNQBSJTPO XJUI

FYJTUJOH 9�SBZT TVSWJWBM DVSWFT� 3FE MJOF DPSSFTQPOET UP UIF SFGFSFODF TVSWJWBM

DVSWF PG YST�� DFMMT JO TUBOEBSE NPOPMBZFS BGUFS JSSBEJBUJPO XJUI 9�SBZT 	8FZSBUIFS

FU BM�
 ����
� 1VSQMF BOE PSBOHF MJOFT DPSSFTQPOE UP UIF DVSWFT PG YST�� DFMMT

JO TUBOEBSE NPOPMBZFS BGUFS JSSBEJBUJPO XJUI γ�SBZT GSPN $T��� 	(FOFU FU BM�


����� $BSUXSJHIU FU BM�
 ����
� #MVF BOE MJHIU CMVF MJOFT DPSSFTQPOE UP NFBTVSFE

TVSWJWBM DVSWFT PG YST�� DFMMT JO TUBOEBSE NPOPMBZFS BOE .BUSJHFM TFUVQ XJUI

7�CPUUPN ����XFMM QMBUF BGUFS JSSBEJBUJPO XJUI 9�SBZT�

'JHVSF ��� 4BNQMFT BSSBOHFNFOU GPS TVSWJWBM FYQFSJNFOU XJUI DBSCPO JPOT BU .*5�

$FMMT XFSF DVMUVSFE JO .BUSJHFM JOTJEF 7�CPUUPN ����XFMM QMBUF�

 



��

5BCMF ��� -JTU PG YST�� α QBSBNFUFS FYUSBDUFE GSPN 9�SBZT TVSWJWBM DVSWFT JO

EJGGFSFOU DVMUVSF TFUVQT�

$VMUVSF TFUVQ α ((Z−�)
4UBOEBSE NPOPMBZFS 	����
 ������± �����

.BUSJHFM ���XFMM 14 QMBUF ������± �����

.BUSJHFM ����XFMM 11 QMBUF ������± �����

QSFQBSFE GPS FBDI EPTF� 0OMZ XFMMT ųMMFE XJUI DFMMT XFSF DPNQMFUFMZ ųMMFE XJUI

NFEJVN BOE BGUFS UIBU
 UIF XFMM QMBUF XBT TFBMFE XJUI NJDSP�XFMM QMBUF TFBMJOH

ųMN�

/FYU
 DFMMT XFSF JSSBEJBUFE CZ NPOPFOFSHFUJD DBSCPO JPOT XJUI FOFSHZ

PG ��� .F7�V BU .*5
 .BSCVSH� 8FMM QMBUF XBT QMBDFE JO TUBOEJOH QPTJUJPO BOE

DFMMT XFSF JSSBEJBUFE GSPN UIF CPUUPN PG XFMM QMBUF XJUI SBEJBUJPO EPTF SBOHJOH

GSPN �ı��� (Z� 5IF CPUUPN QBSU PG ����XFMM QMBUFT IBWF CFFO DPWFSFE XJUI

BHBSPTF UP BDIJFWF B ŴBU CPUUPN� 5XP TBNQMFT XFSF JSSBEJBUFE BU UIF TBNF

UJNF� 1PTU�JSSBEJBUJPO
 DFMMT JO .BUSJHFM XFSF SFDPWFSFE VTJOH %JTQBTF NFUIPE

JNNFEJBUFMZ 	TFF BQQFOEJY "��
� 3FDPWFSFE DFMMT XFSF SFTFFEFE JO 5��� ŴBTL

ųMMFE XJUI � NM PG NFEJVN
 USJQMJDBUF XFSF QSFQBSFE
 BOE UIFO DFMMT XFSF

JODVCBUFE GPS FJHIU EBZT� "GUFS FJHIU EBZT
 DPMPOJFT XFSF TUBJOFE BOE DPMPOJFT

ųYBUJPO XBT EPOF VTJOH NFUIZMFOF CMVF TPMVUJPO� $PMPOJFT DPOTJTUJOH PG BU MFBTU

�� DFMMT XFSF DPVOUFE BT TVSWJWPST�

'JHVSF ��� 5IF CPUUPN QBSU PG ����XFMM QMBUF XBT DPWFSFE CZ BHBSPTF MBZFS�

 



��

'JHVSF ��� QSFTFOUT NFBTVSFE TVSWJWBM DVSWFT PG YST�� BGUFS JSSBEJBUJPO

XJUI NPOPFOFSHFUJD DBSCPO JPOT JO DPNQBSJTPO UP 9�SBZ TVSWJWBM DVSWFT� "MM

NFBTVSFE EBUB QPJOUT XFSF OPSNBMJ[FE UP UIF DPSSFTQPOEJOH DPOUSPM TBNQMFT�

.BUSJHFM 	CMVF MJOF
 BOE NPOPMBZFS 	QVSQMF MJOF
 TVSWJWBM DVSWFT TIPX MJOFBS

TVSWJWBM DVSWF
 BOE CPUI TVSWJWBM DVSWFT BSF DPNQBSBCMF� #FTJEFT UIBU
 DFMMT JO

.BUSJHFM TFUVQ JSSBEJBUFE UP 9�SBZT FYIJCJU UIF TBNF TFOTJUJWJUZ BT DFMMT JSSBEJBUFE

UP DBSCPO JPOT 	JO CPUI .BUSJHFM BOE NPOPMBZFS TFUVQT
� 5BCMF ��� QSFTFOUT UIF

α QBSBNFUFST PG YST�� DFMMT FYUSBDUFE GSPN NFBTVSFE DBSCPO JPO TVSWJWBM DVSWFT�

'JHVSF ��� .FBTVSFE YST�� DFMM TVSWJWBM DVSWFT BGUFS JSSBEJBUJPO XJUI NPOPFOFSHFUJD

DBSCPO JPOT JO DPNQBSJTPO UP 9�SBZ TVSWJWBM DVSWFT� 1VSQMF BOE CMVF EBUB QPJOUT

SFQSFTFOU UIF BWFSBHF TVSWJWBM GSBDUJPOT PG DFMMT DVMUVSFE JO TUBOEBSE NPOPMBZFS

BOE .BUSJHFM
 SFTQFDUJWFMZ
 BGUFS JSSBEJBUFE VTJOH ��� .F7�V NPOPFOFSHFUJD DBSCPO

JPOT� 3FE BOE CMBDL MJOFT SFQSFTFOU UIF 9�SBZT TVSWJWBM DVSWFT PG DFMMT DVMUVSFE

JO TUBOEBSE NPOPMBZFS BOE .BUSJHFM
 SFTQFDUJWFMZ� "MM NFBTVSFE EBUB QPJOUT XFSF

ųUUFE VTJOH FYQPOFOUJBM FRVBUJPO 4(%) = FYQ(−α%)� &SSPS CBST SFQSFTFOU UIF

TUBOEBSE EFWJBUJPOT PG TJY TBNQMF�

'JHVSF ��� TIPXT UIF DPNQBSJTPO CFUXFFO NFBTVSFE YST�� TVSWJWBM

DVSWFT BGUFS JSSBEJBUJPO XJUI ��� .F7�V NPOPFOFSHFUJD DBSCPO JPO XJUI QSFWJPVTMZ

NFBTVSFE TVSWJWBM DVSWFT GSPN EJGGFSFOU SFTFBSDI HSPVQT 	8FZSBUIFS FU BM�
 �����

(FOFU FU BM�
 ����� $BSUXSJHIU FU BM�
 ����
� #PUI NFBTVSFE TVSWJWBM DVSWFT

 



��

5BCMF ��� -JTU PG YST�� α QBSBNFUFS FYUSBDUFE GSPN DBSCPO JPO TVSWJWBM DVSWFT

JO EJGGFSFOU DVMUVSF TFUVQT�

$VMUVSF TFUVQ α ((Z−�)
4UBOEBSE NPOPMBZFS ������± �����

.BUSJHFM ����XFMM 11 QMBUF ������± �����

'JHVSF ��� .FBTVSFE DBSCPO JPO TVSWJWBM DVSWFT PG YST�� DFMMT JO DPNQBSJTPO

UP FYJTUJOH DBSCPO JPO TVSWJWBM DVSWFT� 3FE MJOF DPSSFTQPOET UP UIF SFGFSFODF

TVSWJWBM DVSWF PG YST�� DFMMT JO TUBOEBSE NPOPMBZFS BGUFS JSSBEJBUJPO XJUI ���� .F7�

V NPOPFOFSHFUJD DBSCPO JPO 	8FZSBUIFS FU BM�
 ����
� 1VSQMF BOE PSBOHF MJOFT

DPSSFTQPOE UP UIF DVSWFT PG YST�� DFMMT JO TUBOEBSE NPOPMBZFS BGUFS JSSBEJBUJPO

XJUI ��� .F7�V DBSCPO JPO CFBN BU 40#1 	(FOFU FU BM�
 ����� $BSUXSJHIU FU BM�


����
� #MVF BOE MJHIU CMVF MJOFT DPSSFTQPOE UP NFBTVSFE TVSWJWBM DVSWFT PG YST��

DFMMT JO TUBOEBSE NPOPMBZFS BOE .BUSJHFM TFUVQ XJUI 7�CPUUPN ����XFMM QMBUF

BGUFS JSSBEJBUJPO XJUI ��� .F7�V NPOPFOFSHFUJD DBSCPO JPO�

BSF DPNQBUJCMF XJUI DVSWF GSPN QVCMJTIFE MJUFSBUVSF 	$BSUXSJHIU FU BM�
 ����


XIFSF YST�� DFMMT XFSF JSSBEJBUFE VTJOH ��� .F7�V DBSCPO JPO CFBNT� "DDPSEJOH

UP NFBTVSFE 9�SBZ BOE DBSCPO JPO TVSWJWBM DVSWFT PG YST�� DFMMT
 BMM TVSWJWBM

DVSWFT TIPX B TUSBJHIU MJOFBS�TIBQFE DVSWF 	ųHVSF ���
� 5IJT JT CFDBVTF YST��

DFMMT BSF SFQBJS�EFųDJFOU DFMMT 	,V���EFųDJFOU
 NBLJOH DFMMT JODBQBCMF PG SFQBJSJOH

 



��

UIF %/" EBNBHF BGUFS JSSBEJBUJPO BOE NPTU PG UIF DFMMT DPVME OPU TVSWJWF GSPN

JSSBEJBUJPO 	8FZSBUIFS FU BM�
 ����� (FOFU FU BM�
 ����� $BSUXSJHIU FU BM�
 ����
�

'JHVSF ��� QSFTFOUT UIF DPNQBSJTPO CFUXFFO $)0�,� TVSWJWBM DVSWFT BOE YST��

TVSWJWBM DVSWFT� $)0 DFMMT IBWF TIPVMEFSFE TVSWJWBM DVSWF JOEJDBUJOH DFMMT BSF

NPSF SFTJTUBOU UP JSSBEJBUJPO� *O DPOUSBTU
 YST�� DFMMT XIJDI POMZ MBDL POF SFQBJS

QSPUFJO XIJDI JT ,V�� DPNQBSFE UP $)0 DFMMT
 TIPX TIBSQ MJOFBS TVSWJWBM DVSWFT

XIJDI BSF SFQSFTFOUFE CZ SFE BOE CMVF MJOFT�

'JHVSF ��� 4VSWJWBM DVSWFT PG $)0�,� BOE YST�� DFMMT DVMUVSFE JO .BUSJHFM BGUFS

JSSBEJBUJPO XJUI DBSCPO JPOT BOE 9�SBZT� $)0 BOE YST�� DFMMT XFSF JSSBEJBUFE

VTJOH NPOPFOFSHFUJD DBSCPO JPOT XJUI FOFSHZ PG ��� .F7�V BOE ��� .F7�V


SFTQFDUJWFMZ�

4JODF BMM NFBTVSFE YST�� TVSWJWBM DVSWFT BSF MJOFBS
 UIF 3#& WBMVF GPS

YST�� DFMMT DPVME CF PCUBJOFE GSPN UIF SBUJP PG α QBSBNFUFST FYUSBDUFE GSPN

9�SBZT BOE DBSCPO JPO TVSWJWBM DVSWFT BT GPMMPXT


3#& =
%Y−SBZT

%DBSCPO JPO

=
αDBSCPO JPO

αY−SBZT

	���


"DDPSEJOH UP UIF FRVBUJPO BCPWF
 3#& PG YST�� DFMMT JO NPOPMBZFS JT ���� BOE

3#& GPS YST�� DFMMT JO .BUSJHFM JT ∼�� 5IF MPX 3#& PG YST�� DFMMT DPNFT

GSPN UIF SFQBJS EFųDJFODZ PG YST�� DFMMT
 XIJDI JNQMJFT UIBU FWFO TJOHMF FWFOUT

 



��

	TFDPOEBSZ FMFDUSPOT
 DBO DBVTF MFUIBM EBNBHF FBTJMZ� 5IJT HSFBUMZ FOIBODFT

UIF SBEJPTFOTJUJWJUZ UP 9�SBZT BOE NFBOT UIBU UIFSF JT BMNPTU OP SPPN GPS

JNQSPWFNFOU XIFO VTJOH DBSCPO JPOT� #FDBVTF PG UIJT
 YST�� DFMMT XJMM HJWF UIF

TBNF SFTQPOTF PS TFOTJUJWJUZ UP BOZ SBEJBUJPO SFHBSEMFTT UIF UZQF PG SBEJBUJPO

BOE UIFSF TFFNT UP CF OP -&5 EFQFOEFODF GPS YST�� DFMMT�

��� 'JFME IPNPHFOFJUZ PG 7�CPUUPN ����XFMM QMBUF VTJOH

(BGDISPNJD &#5� ųMN

����� 'JMN EPTJNFUSZ TFUVQ

*O PSEFS UP JOWFTUJHBUF UIF ųFME IPNPHFOFJUZ PG 7�CPUUPN ����XFMM 11

QMBUF
 (BGDISPNJD &#5� ųMNT QMBDFE BGUFS ����XFMM QMBUFT IBWF CFFO JSSBEJBUFE

VTJOH BDUJWF TDBOOJOH DBSCPO JPOT� 1SJPS UP JSSBEJBUJPO
 UIF CPUUPN PG ����XFMM

QMBUFT IBWF CFFO DPBUFE XJUI BHBSPTF MBZFS UP PCUBJO B ŴBU CPUUPN TVSGBDF

	ųHVSF ���
� /PSNBM ����XFMM QMBUFT XJUIPVU BHBSPTF DPBUJOH XFSF BMTP QSFQBSFE

GPS JSSBEJBUJPO BT GPS DPNQBSJTPO� "GUFS UIBU
 BMM XFMM QMBUFT XFSF DPNQMFUFMZ

ųMMFE XJUI XBUFS BOE TFBMFE VTJOH NJDSP�XFMM QMBUF TFBMJOH ųMN� &#5� ųMN

XIJDI IBT CFFO DVU JOUP TJ[F PG XFMM QMBUF XFSF QMBDFE GPMMPXJOH POF BOE UXP

����XFMM QMBUFT BT TIPXO JO ųHVSF ����� 8FMM QMBUFT BOE ųMNT XFSF QMBDFE

GPMMPXJOH B TMBC PG 1.." XJUI UIJDLOFTT PG ��� DN UIVT ųMNT XFSF FYBDUMZ

QMBDFE JO UIF FYUFOEFE UBSHFU BOE SFDFJWFE B ŴBU QIZTJDBM EPTF PG ��� (Z�

'JHVSF ���� 'JMN EPTJNFUSZ TFUVQ VTJOH (BGDISPNJD &#5� ųMN� &#5� ųMNT XFSF

QMBDFE GPMMPXJOH POF BOE UXP ����XFMM QMBUF� B
 XJUIPVU BHBSPTF MBZFS BOE C


DPBUFE XJUI BHBSPTF MBZFS�

 



��

5XFOUZ�GPVS IPVST BGUFS JSSBEJBUJPO
 JSSBEJBUFE ųMNT XFSF TDBOOFE VTJOH B

ŴBU�CFE ųMN TDBOOFS 	1FSGFDUJPO 7��� 1IPUP
 GSPN &QTPO
 JO QPSUSBJU PSJFOUBUJPO�

*O PSEFS UP PQUJNJ[F UIF JNBHF TDBOOJOH QSPDFTT
 BMM JNBHF FOIBODFNFOU GFBUVSFT

XFSF EFBDUJWBUFE BOE UIF JNBHF SFTPMVUJPO XBT BEKVTUFE UP ��� EQJ XJUI DPMPS

NPEF ųYFE UP ���CJU SHC� 5IF QJYFM WBMVFT FYUSBDUFE GSPN SFE DPMPS DIBOOFM

XFSF BOBMZ[FE VTJOH JNBHF QSPDFTTJOH QSPHSBN *NBHF+ 	/*)
� 'JMN QSPųMFT XFSF

QMPUUFE JO PSEFS UP PCTFSWF UIF ųFME IPNPHFOFJUZ BOE UIF QPTTJCMF BSUFGBDU

DBVTFE CZ EJGGFSFOU BSFBM EFOTJUZ PG NBUFSJBM JO EJGGFSFOU QBSU PG UIF QMBUF� 5IF

TUBOEBSE EFWJBUJPO PG FBDI &#5� ųMNT XFSF JOWFTUJHBUFE BT XFMM�

����� 3FTQPOTF PG (BGDISPNJD &#5� ųMN

1SPųMFT PG &#5� ųMNT GPMMPXJOH ����XFMM QMBUFT XJUI BOE XJUIPVU BHBSPTF

MBZFS BSF QSFTFOUFE CZ ųHVSF ����� 'JMN QSPųMFT GPMMPXJOH POF XFMM QMBUF TIPX

B ŴBUUFS QSPųMF
 FTQFDJBMMZ XFMM QMBUF DPBUFE XJUI BHBSPTF MBZFS XIFSF UIF

QSPųMF JT TNPPUIFS BOE MFTT ŴVDUVBUFE 	ųHVSF ����B
� *O DPOUSBTU
 ųMN QSPųMFT

GPMMPXJOH UXP XFMM QMBUFT FJUIFS XJUI BOE XJUIPVU BHBSPTF MBZFS TIPX ŴVDUVBUJOH

QSPųMF XIFSF TPNF TQJLFT BSF TQPUUFE BMPOH UIF QSPųMF BT TIPXO JO 	ųHVSF

����C
� 4UBOEBSE EFWJBUJPO PG 30* JO JSSBEJBUFE &#5� ųMNT XFSF BOBMZ[FE BOE

TVNNBSJ[FE JO UBCMF ���� 4FUVQ DPOTJTUJOH PG POF ����XFMM QMBUF DPBUFE XJUI

BHBSPTF MBZFS 	ųMN �
 TIPXT B TUBOEBSE EFWJBUJPO PG ����� DPNQBSFE UP PUIFS

TFUVQT 	ųMN ���
 XJUI TUBOEBSE EFWJBUJPO WBMVFT PG �����ı������

5BCMF ��� 4UBOEBSE EFWJBUJPOT PG &#5� ųMNT JO EJGGFSFOU ����XFMM QMBUF TFUVQT�

'JMNT 4FUVQT 4UBOEBSE EFWJBUJPO 4UEFW 	�


'JMN � � XFMM QMBUF XJUI BHBSPTF ��� �����

'JMN � � XFMM QMBUF OP BHBSPTF ��� �����

'JMN � � XFMM QMBUF XJUI BHBSPTF ��� �����

'JMN � � XFMM QMBUF OP BHBSPTF ��� �����

 



��

'JHVSF ���� 1SPųMFT PG &#5� ųMNT BGUFS JSSBEJBUJPO XJUI BDUJWF TDBOOJOH DBSCPO

JPO CFBNT� &#5� ųMNT XFSF QMBDFE GPMMPXJOH� B
 POF ����XFMM QMBUF BOE C


UXP ����XFMM QMBUFT XJUI BOE XJUIPVU BHBSPTF MBZFS� 'JMNTĴ QJYFM WBMVFT XFSF

QMPUUFE BMPOH Y�BYJT�

��� 0VU�PG�ųFME SBEJPCJPMPHJDBM WFSJųDBUJPO VTJOH �% CJP�QIBOUPN

����� 5SFBUNFOU QMBOOJOH TZTUFN

"MM USFBUNFOU QMBOT IBWF CFFO DPNQVUFE VTJOH 53J1�� USFBUNFOU

QMBOOJOH TZTUFN UP DBMDVMBUFT UIF EPTF EJTUSJCVUJPO BOE TJNVMBUFT UIF DFMM

TVSWJWJOH GSBDUJPO� 5IF UBSHFU WPMVNF IBT CFFO BEKVTUFE UP UIF TJ[F PG ����XFMM

11 QMBUF XJUI MBUFSBM EJNFOTJPO PG �� × �� NN� XIJMF UIF UBSHFU EFQUI XBT

SBOHJOH GSPN �� NN UP �� NN JO PSEFS UP IBWF BO PQUJNBM DPWFSBHF PG TBNQMFT�

5SFBUNFOU QMBO XBT PQUJNJ[FE GPS B VOJGPSN 3#&�XFJHIUFE EPTF PG ��� (Z JO

UBSHFU SFHJPO XIJDI JT SFTVMUJOH UIF ŴBU TVSWJWBM SBUF PG ∼��� JO UIF UBSHFU

SFHJPO 	ųHVSF ����E
�

*O PSEFS UP DPNQVUF UIF FYQFDUFE DFMM TVSWJWBM EJTUSJCVUJPO
 $)0 .BUSJHFM

3#& UBCMF IBT CFFO VTFE UP PQUJNJ[F UIF USFBUNFOU QMBO BOE PCUBJO UIF QIZTJDBM

EPTF EJTUSJCVUJPO 	,BSUJOJ FU BM�
 ����
 CFDBVTF UIFSF JT OP DPNQMFUF 3#& UBCMF

GPS YST�� DFMMT� )PXFWFS
 BDDPSEJOH UP TVQQPSUJOH EBUB BOE SBEJBUJPO RVBMJUJFT

TUVEJFE
 UIF 3#& PG YST�� TFFNT FRVBM UP � UIVT ZJFMET UIF TBNF TVSWJWBM

DVSWF 	8FZSBUIFS FU BM�
 ����
� "GUFS UIBU
 UIF YST�� BMQIB QBSBNFUFS JT VTFE UP

 



��

DPNQVUF UIF FYQFDUFE DFMM TVSWJWBM VTJOH UIF GPMMPXJOH FRVBUJPO


4(%) = exp (−αYST−�%QIZT) 	���


XIFSF 4(%) JT UIF DFMM TVSWJWBM BU EPTF 	%

 αYST−� JT UIF α QBSBNFUFS FYUSBDUFE

GSPN DBSCPO JPO .BUSJHFM TVSWJWBM DVSWF BOE %QIZT JT UIF QIZTJDBM EPTF PCUBJOFE

GSPN 53J1���

����� *O�WJUSP JSSBEJBUJPO TFUVQ

5P PCTFSWF UIF DFMM TVSWJWBM JO UIF PVU�PG�ųFME SFHJPO
 YST�� DFMMT IBWF

CFFO DVMUVSFE JO .BUSJHFM JOTJEF ����XFMM 11 QMBUF �� IPVST QSJPS UP JSSBEJBUJPO�

$FMMT XFSF TFFEFE BU EJGGFSFOU XFMMT MPDBUJPO DPSSFTQPOEJOH UP FBDI JSSBEJBUJPO

TFUVQ BT TIPXO JO ųHVSF ����� 'PS JSSBEJBUJPO BU FYUFOEFE UBSHFU
 DFMMT XFSF

TFFEFE JO GPVS XFMMT PVUTJEF UIF UBSHFU ųFME 	ųHVSF ����B
� "QQSPYJNBUFMZ

�� NN BGUFS FYUFOEFE UBSHFU
 DFMMT IBWF CFFO TFFEFE JO ųWF XFMMT JOTJEF UBSHFU

ųFME 	ųHVSF ����C
� *O PSEFS UP PCTFSWF UIF MBUFSBM TDBUUFSJOH BU UIF FOE PG

GSBHNFOUBUJPO UBJM
 DFMMT IBWF CFFO TFFEFE JO ųWF XFMMT� UXP XFMM PVUTJEF UBSHFU

BOE UISFF XFMMT JOTJEF UBSHFU ųFME 	ųHVSF ����D
�

8FMMT ųMMFE XJUI DFMMT XFSF DPNQMFUFMZ ųMMFE XJUI NFEJVN
 BOE BMM

XFMM QMBUFT XFSF TFBMFE XJUI NJDSP�QMBUF TFBMJOH ųMN� *O FYUFOEFE UBSHFU
 XFMM

QMBUFT XFSF QMBDFE BU B EFQUI PG ���� NN GPMMPXJOH B XBUFS�FRVJWBMFOU 1.."

PG ���� NN� 'PS TBNQMFT JO GSBHNFOUBUJPO UBJM SFHJPOT
 XFMM QMBUFT XFSF QMBDFE

BU EFQUI PG ����� NN BOE ����� NN GPMMPXJOH 1.." XJUI 8&5 UIJDLOFTT PG

����� NN BOE ��� NN
 SFTQFDUJWFMZ 	ųHVSF ����E
� "MM XFMM QMBUFT XFSF JSSBEJBUFE

JO WFSUJDBM QPTJUJPO VTJOH BDUJWF TDBOOJOH DBSCPO JPO CFBN XJUI FOFSHZ SBOHF

������ı������ .F7�V� 5XP XFMM QMBUFT XFSF JSSBEJBUFE BU UIF TBNF QPTJUJPO

TIPSUMZ BGUFS FBDI PUIFS� 1PTU�JSSBEJBUJPO
 DFMMT XFSF JNNFEJBUFMZ SFDPWFSFE VTJOH

%JTQBTF NFUIPE BOE SF�TFFEFE JOUP 5��� 5$' ųMMFE XJUI � NM PG NFEJVN


USJQMJDBUF XFSF QSFQBSFE GPS FBDI TBNQMF� /FYU
 DFMMT XFSF JODVCBUFE GPS FJHIU

EBZT JO PSEFS UP MFU DFMMT HSPX JOUP DPMPOJFT� "GUFS UIBU
 DPMPOJFT XFSF TUBJOFE

VTJOH NFUIZMFOF CMVF TUBJOJOH TPMVUJPO BOE B DPMPOZ DPOTJTUJOH PG BU MFBTU ��

DFMMT XBT TDPSFE BT TVSWJWJOH DFMM�

 



��

'JHVSF ���� 4BNQMF BSSBOHFNFOU GPS PVU�PG�ųFME SBEJPCJPMPHJDBM JSSBEJBUJPO BU� B


FYUFOEFE UBSHFU
 C
 GSBHNFOUBUJPO UBJM
 BOE D
 EJTUBM QBSU PG GSBHNFOUBUJPO UBJM�

E
 %FQUI EPTF QSPųMF DPNQVUFE VTJOH 53J1�� GPS PVU�PG�ųFME WFSJųDBUJPO�

����� 0VU�PG�ųFME USFBUNFOU QMBO WFSJųDBUJPO

3BEJPCJPMPHJDBM WFSJųDBUJPO PG USFBUNFOU QMBO PVUTJEF UBSHFU ųFME IBT

CFFO QFSGPSNFE VUJMJ[JOH YST�� DFMMT DVMUVSFE JO SFųOFE �% CJP�QIBOUPN JO PSEFS

UP NFBTVSF UIF DFMM TVSWJWBM BU MPX�EPTF SFHJPO� *O UIF ųSTU FYQFSJNFOU
 NFBTVSFE

DFMM TVSWJWBMT XFSF MPXFS UIBO UIF FYQFDUFE TVSWJWBM EVF UP UIF CBE DPOUSPM

TBNQMFT BOE CBE DFMM DPVOUJOH OVNCFS 	,BSUJOJ
 ����
� #FDBVTF PG UIJT
 UIF

FYQFSJNFOU XBT SFQFBUFE VTJOH OFX USZQTJO XJUI IJHIFS USZQTJO DPODFOUSBUJPO UP

SFDPWFS UIF DFMMT GSPN .BUSJHFM 	TFF TFDUJPO �����
 BOE UIF JSSBEJBUJPO TFUVQ IBT

CFFO NPEJųFE UP PCUBJO B CFUUFS QSFDJTJPO�

'JHVSF ���� QSFTFOUT NFBTVSFE DFMM TVSWJWBM EJTUSJCVUJPOT JO MBUFSBM DVUT BU

UISFF EJGGFSFOU EFQUIT PCUBJOFE GSPN UIF SFQFBUFE FYQFSJNFOU� "MM EBUB QPJOUT BSF

OPSNBMJ[FE UP UIF BWFSBHF DPOUSPM TBNQMFT XJUI TVSWJWBM GSBDUJPO PG 4 = �.�����
.FBTVSFE TVSWJWBM GSBDUJPOT TIPX B HPPE BHSFFNFOU XJUI UIF FYQFDUFE TVSWJWBM


FTQFDJBMMZ TBNQMFT BU UIF FYUFOEFE UBSHFU XIFSF TBNQMFT SFDFJWFE EJGGFSFOU

EPTF 	ųHVSF ����B
� 'PS TBNQMFT BU �� NN BGUFS 40#1 	GSBHNFOUBUJPO UBJM
 XIFSF

 



��

'JHVSF ���� 4VSWJWBM GSBDUJPO PG YST�� DFMMT JO MBUFSBM DVUT BU FYUFOEFE UBSHFU

	B
 BOE GSBHNFOUBUJPO UBJM SFHJPOT 	C�D
� #MBDL EBUB QPJOUT BOE FSSPS CBST BSF

DPSSFTQPOEJOH UP UIF BWFSBHF TVSWJWBM GSBDUJPO BOE UIF TUBOEBSE EFWJBUJPO PG

UISFF PS TJY TBNQMFT� 3FE MJOF JT DPSSFTQPOEJOH UP UIF FYQFDUFE TVSWJWBM�

TBNQMFT SFDFJWFE TJNJMBS EPTF
 NPTU PG UIF EBUB QPJOUT TIPX TJNJMBS TVSWJWBM SBUF

BOE UIF VODFSUBJOUZ CBST PG NFBTVSFE DFMM TVSWJWBM TUJMM DPWFS UIF QSFEJDUJPO�

5IJT NFBOT UIF NFBTVSFE TVSWJWBM GSBDUJPOT BSF JO HPPE BHSFFNFOU XJUI UIF

FYQFDUFE TVSWJWBM 	ųHVSF ����C
� *O EJTUBM QBSU PG GSBHNFOUBUJPO UBJM
 UIF TVSWJWBM

GSBDUJPOT BSF DPNQBUJCMF XJUI UIF FYQFDUFE TVSWJWBM BOE UIF EBUB QPJOUT TVHHFTU

UIF TBNF QSPųMF TIBQF UIBO UIF QSFEJDUJPO 	ųHVSF ����D
� *O DPODMVTJPO
 UIFSF

JT OP TJHOJųDBOU EJGGFSFODF PCTFSWFE CFUXFFO NFBTVSFE DFMM TVSWJWBM XJUI UIF

FYQFDUFE TVSWJWBM JOEJDBUJOH UIF DFMM TVSWJWBM QSFEJDUJPO JT BDDVSBUF BOE XPSL WFSZ

XFMM�
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��� 4VNNBSZ

5IF BEBQUBUJPO PG .BUSJHFM�CBTFE QIBOUPN UP YST�� DFMMT IBT CFFO

JOWFTUJHBUFE JO UIJT DIBQUFS� $FMM QSPMJGFSBUJPO JO .BUSJHFM JOTJEF 7�CPUUPN ����

XFMM QMBUF IBWF CFFO PCTFSWFE BOE DFMM OVNCFS SFDPWFSFE VTJOH IJHI USZQTJO

DPODFOUSBUJPO JT TVGųDJFOU GPS JSSBEJBUJPO BOE DPMPOZ GPSNJOH BTTBZ� %PTF SFTQPOTF

DVSWFT JSSBEJBUFE UP 9�SBZT BOE NPOPFOFSHFUJD DBSCPO JPOT JO CPUI TUBOEBSE

NPOPMBZFS BOE .BUSJHFM TFUVQ IBWF CFFO PCUBJOFE BT XFMM� "MM TVSWJWBM DVSWFT

FYIJCJU B TUSBJHIU MJOFBS DVSWF BOE DFMMT JO .BUSJHFM TIPX UIF TBNF TFOTJUJWJUZ

BGUFS JSSBEJBUJPO XJUI CPUI 9�SBZT BOE DBSCPO JPOT� 5IF ųFME IPNPHFOFJUZ PG

����XFMM QMBUF DPBUFE XJUI BHBSPTF MBZFS IBT CFFO JOWFTUJHBUFE BOE UIFSF JT

OP TJHOJųDBOU BSUFGBDU GPVOE JO UIF ųMN QSPųMF� 'JOBMMZ
 PVU�PG�ųFME USFBUNFOU

QMBO WFSJųDBUJPO VTJOH SFųOFE �% CJP�QIBOUPN IBT CFFO QFSGPSNFE BOE DFMM

TVSWJWBMT NFBTVSFE BU EJGGFSFOU EFQUI TIPX B HPPE BHSFFNFOU XJUI UIF FYQFDUFE

TVSWJWBM� 5IJT JNQMJFT �% CJP�QIBOUPN XJUI 7�CPUUPN ����XFMM QMBUF DPVME CF

VTFE BT WFSJųDBUJPO UPPM BOE UIF 53J1�� QSFEJDUJPO JT XFMM�TVJUFE GPS QSFEJDUJOH

UIF DFMM TVSWJWBM JO UIF OPSNBM UJTTVF GFX DN GSPN UIF UBSHFU� 'VSUIFSNPSF


GPS B TQFDJųD DFMM MJOF XJUI TUSBJHIU -&5�JOEFQFOEFOU EPTF�SFTQPOTF DVSWFT
 BO

BDDVSBUF CJPMPHJDBM EFWJBUJPO DBVTFE CZ NJYFE ųFME JO UIF UBJM XPVME CF BMNPTU

JNQPTTJCMF UP EFUFDU�
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3BEJPUIFSBQZ VUJMJ[JOH DIBSHFE QBSUJDMFT IBT HBJOFE CJH JOUFSFTU EVF UP

JUT QIZTJDBM DIBSBDUFSJTUJDT FOBCMJOH UIF UVNPVS UP SFDFJWF B NBYJNVN EPTF XIJMF

TQBSJOH UIF OPSNBM UJTTVF BOE 0"3 TVSSPVOEJOH UVNPS� #FGPSF UIF SBEJPUIFSBQZ

USFBUNFOU XJMM CF EFMJWFSFE UP QBUJFOUT
 USFBUNFOU QMBO OFFET UP CF DPNQVUFE

VTJOH USFBUNFOU QMBOOJOH TZTUFN JO PSEFS UP DBMDVMBUF UIF EPTF EJTUSJCVUJPO BOE

QSFEJDU UIF DFMM TVSWJWBM JO UBSHFU BOE JUT TVSSPVOEJOH UJTTVF� )PXFWFS
 JU JT TUJMM

B DIBMMFOHF UP DPOEVDU CJPMPHJDBM NFBTVSFNFOU UP WFSJGZ UIF USFBUNFOU QMBO

FTQFDJBMMZ NFBTVSF UIF DFMM TVSWJWBM BU EJGGFSFOU BSFB PG USFBUNFOU QMBO XJUI

IJHI TQBUJBM SFTPMVUJPO�

*O UIJT UIFTJT
 UIF JOWFTUJHBUJPO PO B OFX WFSJųDBUJPO TFUVQ DPOTJTUJOH

PG DFMMT DVMUVSFE JO .BUSJHFM JOTJEF NJDSP�XFMM QMBUF 	�% CJP�QIBOUPN
 IBT CFFO

DPOEVDUFE� *O $IBQUFS �
 GFBTJCJMJUZ UFTUT JODMVEJOH DFMM QSPMJGFSBUJPO BOE DFMM

TIBQF JO .BUSJHFM NBUSJY JOTJEF ���XFMM QMBUF IBWF CFFO DPOEVDUFE� "DDPSEJOH

UP DFMM OVNCFS NFBTVSFE
 .BUSJHFM TFUVQ QSPEVDFE IJHI DFMM OVNCFS XIJDI

JT TVJUBCMF GPS JSSBEJBUJPO� 5IF TVSWJWBM FYQFSJNFOUT IBWF CFFO QFSGPSNFE BOE

EFTDSJCFE JO $IBQUFS �� %PTF SFTQPOTF DVSWFT PG DFMMT JO .BUSJHFM TFUVQ BGUFS

JSSBEJBUJPO XJUI 9�SBZT BOE DBSCPO JPOT IBWF CFFO DPNQBSFE UP UIF SFGFSFODF

DVSWFT XIJDI DFMMT XFSF DVMUVSFE JO NPOPMBZFS TFUVQ� $FMMT JO .BUSJHFM TFUVQ

XFSF PCTFSWFE UP CF NPSF SFTJTUBOU BU MPXFS EPTFT UP JSSBEJBUJPO DPNQBSFE UP

DFMMT JO NPOPMBZFS TFUVQ� /FYU
 $IBQUFS � EFTDSJCFT UIF SBEJPCJPMPHJDBM WFSJųDBUJPO

PG SFDUBOHVMBS USFBUNFOU QMBO VUJMJ[JOH �% CJP�QIBOUPN� $FMM TVSWJWBM BU FOUSBODF

DIBOOFM
 FYUFOEFE UBSHFU SFHJPOT BOE GSBHNFOUBUJPO UBJM IBWF CFFO BOBMZ[FE BOE

UIF PCUBJOFE SFTVMUT QSFTFOU UIF NFBTVSFE DFMM TVSWJWBMT BSF JO HPPE BHSFFNFOU

XJUI UIF SFGFSFODF TUBDL QIBOUPN� *O BEEJUJPO
 UIF ųFME IPNPHFOFJUZ PG ���XFMM

QMBUF IBT CFFO QFSGPSNFE CZ JSSBEJBUJOH &#5� ųMN GPMMPXJOH ���XFMM QMBUF ųMMFE

XJUI XBUFS� 5IFSF JT OP BSUFGBDU BOE XFMM QMBUF QBUUFSO GPVOE JO UIF ųMN QSPųMF�

"EBQUBUJPO UP IJHIFS TQBUJBM SFTPMVUJPO BOE SBEJP�TFOTJUJWF DFMM MJOF IBWF

CFFO DPOEVDUFE JO $IBQUFS �� *O PSEFS UP TPMWF UIF QSBDUJDBM QSPCMFNT XJUI

ŴBU�CPUUPN ����XFMM QMBUF
 7�CPUUPN ����XFMM 11 QMBUF IBT CFFO DIPTFO BT
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DVMUVSF MBC�XBSF� YST�� DFMMT IBWF CFFO DVMUVSFE JO .BUSJHFM NBUSJY JOTJEF 7�

CPUUPN ����XFMM QMBUF BOE DFMM OVNCFS SFDPWFSFE BGUFS �� IPVST PG JODVCBUJPO

XBT TVGųDJFOU GPS QFSGPSNJOH DPMPOZ GPSNBUJPO BTTBZ� %PTF SFTQPOTF DVSWFT

PG YST�� DFMMT JO .BUSJHFM TFUVQ BGUFS JSSBEJBUJPO XJUI 9�SBZT BOE DBSCPO JPOT

IBWF CFFO DPOEVDUFE BOE UIF NFBTVSFE TVSWJWBM DVSWFT IBWF CFFO DPNQBSFE

UP UIF TUBOEBSE NPOPMBZFS DVSWFT� YST�� DFMMT JO .BUSJHFM TFUVQ TIPX UIF

TBNF TFOTJUJWJUZ SFHBSEMFTT UIF JSSBEJBUJPO NPEBMJUJFT� %VF UP UIF JSSFHVMBS CPUUPN

TUSVDUVSF PG ����XFMM QMBUF
 ųMN EPTJNFUSZ VUJMJ[JOH &#5� ųMN IBT CFFO QFSGPSNFE

BOE UIF PCUBJOFE SFTVMUT TIPX XFMM QMBUF TFUVQ DPOTJTUJOH PG POF ����XFMM QMBUF

DPBUFE XJUI BHBSPTF MBZFS ZJFMET B IPNPHFOFPVT ųFME� 'JOBMMZ
 UIF SFųOFE �%

CJP�QIBOUPN DPOTJTUJOH YST�� DFMMT JO .BUSJHFM JOTJEF 7�CPUUPN ����XFMM QMBUF IBT

CFFO VTFE UP WFSJGZ UIF USFBUNFOU QMBO PVUTJEF UIF UBSHFU WPMVNF� .FBTVSFE

DFMM TVSWJWBM JO MBUFSBM DVU BU FYUFOEFE UBSHFU BOE GSBHNFOUBUJPO UBJM TIPX B

HPPE BHSFFNFOU XJUI UIF FYQFDUFE TVSWJWBM�

5P PCUBJO NPSF QSFDJTF TVSWJWBM NFBTVSFNFOU
 $)0 ��%� DFMMT DBO CF

BMUFSOBUJWF PQUJPO UP JOWFTUJHBUF UIF TVSWJWBM GSBDUJPO BU GSBHNFOUBUJPO UBJM� $)0

��%� DFMM MJOF JT $)0 DFMMT UIBU MBDL PG IPNPMPHPVT SFDPNCJOBUJPO 	)3
 %/"

SFQBJS 	)JO[ FU BM�
 ����� 8JMTPO FU BM�
 ����
� ��%� DFMMT IBWF MFTT TFOTJUJWJUZ UP

SBEJBUJPO DPNQBSFE UP YST�� DFMMT 	(FOFU FU BM�
 ����� $BSUXSJHIU FU BM�
 ����
�

5IVT
 JU IBT 3#& FGGFDU CVU NPSF TFOTJUJWF UIBO OPSNBM $)0 DFMMT XIJDI JT

TVJUBCMF UP JOWFTUJHBUF UIF DFMM TVSWJWBM BU GSBHNFOUBUJPO UBJM XIFSF UIF TVSWJWBM

GSBDUJPO JT DMPTF UP �����

'VSUIFSNPSF
 CBTFE PO UIF BHSFFNFOU CFUXFFO .BUSJHFM TFUVQ BOE

53J1�� QSFEJDUJPO
 JU DBO CF DPODMVEFE UIBU SFųOFE �% CJP�QIBOUPN XPSLT WFSZ

XFMM BOE JT TVJUBCMF UP NFBTVSF UIF TVSWJWBM GSBDUJPO BU BSFB XIJDI JT DMPTF

UP PS GFX DN UP UIF UBSHFU SFHJPO� *U DPVME BMTP CF VTFE UP WFSJGZ USFBUNFOU

QMBOT VUJMJ[JOH PUIFS JPOT CFBN TVDI BT QSPUPOT� 5IFSF JT B QPTTJCJMJUZ PG VTJOH

UIJT TZTUFN GPS QFSGPSNJOH CJPMPHJDBM NFBTVSFNFOUT BU MPX DFMM TVSWJWBM
 GPS

FYBNQMF BU IJHI EPTFT XIFSF UIF MJOFBS�RVBESBUJD�MJOFBS NPEFM JT CFUUFS VTFE

PS JO '-"4) DPOEJUJPO� 'PS UIF DBTF PG MPX DFMM TVSWJWBM
 IJHI DFMM OVNCFS JT

SFRVJSFE GPS DPMPOZ GPSNJOH BTTBZ XIJDI DBO CF PCUBJOFE CZ DVMUVSJOH UIF DFMMT

JO .BUSJHFM� 5IF DFMM OVNCFS JO .BUSJHFM DVMUVSF DPVME CF TUJMM JODSFBTFE CZ

JODSFBTJOH UIF DFMM�FNCFEEFE MBZFS UIJDLOFTT� 5IFSFGPSF
 CZ FNCFEEJOH UIF DFMMT

JO &$.
 UIF FOWJSPONFOU CFDPNFT SBEJBUJPO DIFNJDBMMZ NVDI DMPTFS UP UJTTVF
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UIBO B NPOPMBZFS DVMUVSF JO HSPXUI NFEJVN� #FTJEF UIBU
 UIJT TZTUFN IBT BMTP

CFFO VTFE UP NFBTVSF UIF PYZHFO DPOTVNQUJPO VOEFS JSSBEJBUJPO XIJDI QSPWJEFT

CFUUFS JOTJHIUT BCPVU QIFOPNFOPO PDDVSSJOH EVSJOH JSSBEJBUJPO JOTJEF UJTTVF�
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"TIMBOE "EWBODFE .BUFSJBMT 	����
� &#5� 4QFDJųDBUJPOT BOE VTFS HVJEF� IUUQ���

XXX�HBGDISPNJD�DPN�EPDVNFOUT�&#5�@4QFDJųDBUJPOT�QEG� "DDFTTFE PO ������

�����

"5$$ 	����
� YST� 	"5$$ $3-�����
� IUUQT���XXX�BUDD�PSH�QSPEVDUT�DSM������ "D�

DFTTFE PO �����������

#FUIF
 )� 	����
� ;VS 5IFPSJF EFT %VSDIHBOHT TDIOFMMFS ,PSQVTLVMBSTUSBIMFO EVSDI

.BUFSJF� "OOBMFO EFS 1IZTJL
 ���	�

 ���ı����

#MPDI
 '� 	����B
� #SFNTWFSN¸HFO WPO "UPNFO NJU NFISFSFO &MFLUSPOFO� ;FJUTDISJGU

G¾S 1IZTJL " )BESPOT BOE /VDMFJ
 ��	�

 ���ı����

#MPDI
 '� 	����C
� ;VS #SFNTVOH SBTDI CFXFHUFS 5FJMDIFO CFJN %VSDIHBOH EVSDI

.BUFSJF� "OOBMFO EFS 1IZTJL
 ���	�

 ���ı����

#VHMFXJD[
 %� +�
 #BOLT
 "� #�
 )JSBLBXB
 )�
 'VKJNPSJ
 "�
 BOE ,BUP
 5� "� 	����
�

.POPFOFSHFUJD ��� .F7�O DBSCPO�JPO CFBN CJPMPHJDBM MFUIBM EPTF EJTUSJCVUJPO

TVSSPVOEJOH UIF #SBHH QFBL� 4DJFOUJųD 3FQPSUT
 �	�

 �ı��

$BSUXSJHIU
 *� .�
 #FMM
 +� +�
 .BFEB
 +�
 (FOFU
 .� %�
 3PNFSP
 "�
 'VKJJ
 :�
 'VKJNPSJ


"�
 ,JUBNVUB
 )�
 ,BNBEB
 5�
 $IFO
 %� +�
 BOE ,BUP
 5� "� 	����
� &GGFDUT

PG UBSHFUFE QIPTQIPSZMBUJPO TJUF NVUBUJPOT JO UIF %/"�1,DT QIPTQIPSZMBUJPO

EPNBJO PO MPX BOE IJHI -&5 SBEJBUJPO TFOTJUJWJUZ� 0ODPMPHZ -FUUFST
 �	�



����ı�����

$IV
 8�
 -VEFXJHU
 #�
 BOE 3FOOFS
 5� 	����
� *OTUSVNFOUBUJPO GPS USFBUNFOU

PG DBODFS VTJOH QSPUPO BOE MJHIU�JPO CFBNT� 3FWJFX PG 4DJFOUJųD *OTUSVNFOUT


��	�

 ����ı�����

$PSOJOH 	����B
� $PSOJOH .BUSJHFM .BUSJY 'SFRVFOUMZ "TLFE 2VFTUJPOT� IUUQT���

XXX�DPSOJOH�DPN�DBUBMPH�DMT�EPDVNFOUT�GBRT�$-4�%-�$$�����QEG� "DDFTTFE PO

�����������
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$PSOJOH 	����C
� .BUSJHFM .BUSJY �% *O 7JUSP 1SPUPDPM� IUUQT���XXX�DPSOJOH�DPN�

DBUBMPH� DMT� EPDVNFOUT� BQQMJDBUJPO�OPUFT� "QQMJDBUJPO@/PUF@$-4�%-�"/�

���@.BUSJHFM@.BUSJY@�%@*O@7JUSP@ 1SPUPDPM�QEG� "DDFTTFE PO �����������

$PTUB
 /� %� BOE #SZBOU
 1� &� 	����
� 3FQBJS PG %/" TJOHMF�TUSBOE BOE EPVCMF�

TUSBOE CSFBLT JO UIF $IJOFTF IBNTUFS YST � NVUBOU DFMM MJOF BT EFUFSNJOFE

CZ %/" VOXJOEJOH� .VUBUJPO 3FTFBSDI�%/" 3FQBJS 3FQPSUT
 ���	�

 ��ı���

&MT¦TTFS
 5�
 ,S¦NFS
 .�
 BOE 4DIPM[
 .� 	����
� "DDVSBDZ PG UIF MPDBM FGGFDU

NPEFM GPS UIF QSFEJDUJPO PG CJPMPHJD FGGFDUT PG DBSCPO JPO CFBNT JO WJUSP

BOE JO WJWP� *OUFSOBUJPOBM +PVSOBM PG 3BEJBUJPO 0ODPMPHZ
 #JPMPHZ
 1IZTJDT
 ��	�
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&MT¦TTFS
 5� BOE 4DIPM[
 .� 	����
� $MVTUFS FGGFDUT XJUIJO UIF MPDBM FGGFDU NPEFM�

3BEJBUJPO 3FTFBSDI
 ���	�

 ���ı����

&MT¦TTFS
 5�
 8FZSBUIFS
 8� ,�
 'SJFESJDI
 5�
 %VSBOUF
 .�
 *BODV
 (�
 ,S¦NFS
 .�
 ,SBHM


(�
 #SPOT
 4�
 8JOUFS
 .�
 8FCFS
 ,��+�
 BOE 4DIPM[
 .� 	����
� 2VBOUJųDBUJPO

PG UIF SFMBUJWF CJPMPHJDBM FGGFDUJWFOFTT GPS JPO CFBN SBEJPUIFSBQZ� EJSFDU

FYQFSJNFOUBM DPNQBSJTPO PG QSPUPO BOE DBSCPO JPO CFBNT BOE B OPWFM

BQQSPBDI GPS USFBUNFOU QMBOOJOH� *OUFSOBUJPOBM +PVSOBM PG 3BEJBUJPO 0ODPMPHZ


#JPMPHZ
 1IZTJDT
 ��	�

 ����ı�����

'SJFESJDI
 5�
 4DIPM[
 6�
 &MT¦TTFS
 5�
 %VSBOUF
 .�
 BOE 4DIPM[
 .� 	����
�

$BMDVMBUJPO PG UIF CJPMPHJDBM FGGFDUT PG JPO CFBNT CBTFE PO UIF NJDSPTDPQJD

TQBUJBM EBNBHF EJTUSJCVUJPO QBUUFSO� *OUFSOBUJPOBM +PVSOBM PG 3BEJBUJPO #JPMPHZ
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(FNNFM
 "�
 #FSU
 $�
 4BJUP
 /�
 7PO /FVCFDL
 $�
 *BODV
 (�
 ,SBGU�8FZSBUIFS
 8�


%VSBOUF
 .�
 BOE 3JFU[FM
 &� 	����
� %FWFMPQNFOU BOE QFSGPSNBODF FWBMVBUJPO

PG B EZOBNJD QIBOUPN GPS CJPMPHJDBM EPTJNFUSZ PG NPWJOH UBSHFUT� 1IZTJDT JO

.FEJDJOF BOE #JPMPHZ
 ��	��

 �����

(FNNFM
 "�
 )BTDI
 #�
 &MMFSCSPDL
 .�
 8FZSBUIFS
 8� ,�
 BOE ,S¦NFS
 .� 	����
�

#JPMPHJDBM EPTF PQUJNJ[BUJPO XJUI NVMUJQMF JPO ųFMET� 1IZTJDT JO .FEJDJOF BOE

#JPMPHZ
 ��
 ����ı�����
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(FNNFM
 "�
 3JFU[FM
 &�
 ,SBGU
 (�
 %VSBOUF
 .�
 BOE #FSU
 $� 	����
� $BMDVMBUJPO BOE

FYQFSJNFOUBM WFSJųDBUJPO PG UIF 3#&�XFJHIUFE EPTF GPS TDBOOFE JPO CFBNT JO

UIF QSFTFODF PG UBSHFU NPUJPO� 1IZTJDT JO .FEJDJOF BOE #JPMPHZ
 ��	��

 �����

(FOFU
 4� $�
 .BFEB
 +�
 'VKJTBXB
 )�
 :VSLPO
 $� 3�
 'VKJJ
 :�
 3PNFSP
 "� .�


(FOJL
 1� $�
 'VKJNPSJ
 "�
 ,JUBNVSB
 )�
 BOE ,BUP
 5� "� 	����
� $PNQBSJTPO

PG DFMMVMBS MFUIBMJUZ JO %/" SFQBJS�QSPųDJFOU PS�EFųDJFOU DFMM MJOFT SFTVMUJOH

GSPN FYQPTVSF UP �� .F7�O QSPUPOT PS ��� .F7�O DBSCPO JPOT� 0ODPMPHZ

3FQPSUT
 ��	�

 ����ı�����

(SFJOFS #JP�0OF 	����
� $VTUPNFS %SBXJOH ��� 8FMM .JDSPQMBUF
 11
 7�

#PUUPN� IUUQT���TIPQ�HCP�DPN�FO�UIBJMBOE�QSPEVDUT�CJPTDJFODF�NJDSPQMBUFT�����

XFMM�NJDSPQMBUFT�����XFMM�QPMZQSPQZMFOF�NJDSPQMBUFT��������IUNM� "DDFTTFE PO

�����������

(SFJOFS #JP�0OF 	����
� $VTUPNFS %SBXJOH ��� 8FMM .JDSPQMBUF
 14
 '�

#PUUPN� IUUQT���TIPQ�HCP�DPN�FO�UIBJMBOE�QSPEVDUT�CJPTDJFODF�NJDSPQMBUFT�����

XFMM�NJDSPQMBUFT�����XFMM�QPMZTUZSFOF�NJDSPQMBUFT�DMFBS��������IUNM� "DDFTTFE

PO �����������

)BFUUOFS
 &�
 *XBTF
 )�
 BOE 4DIBSEU
 %� 	����
� &YQFSJNFOUBM GSBHNFOUBUJPO TUVEJFT

XJUI ��$ UIFSBQZ CFBNT� 3BEJBUJPO 1SPUFDUJPO %PTJNFUSZ
 ���	���

 ���ı����

)BMM
 &� BOE (JBDDJB
 "� 	����
� 3BEJPCJPMPHZ GPS UIF 3BEJPMPHJTU� 3BEJPCJPMPHZ GPS

UIF 3BEJPMPHJTU� 8PMUFST ,MVXFS )FBMUI�-JQQJODPUU 8JMMJBNT � 8JMLJOT�

)JHIMBOE
 7� -� 	����
� 4PNF QSBDUJDBM SFNBSLT PO NVMUJQMF TDBUUFSJOH� /VDMFBS

*OTUSVNFOUT BOE .FUIPET
 ���	�

 ���ı����

)JO[
 +� .�
 5FCCT
 3� 4�
 8JMTPO
 1� '�
 /IBN
 1� #�
 4BMB[BS
 &� 1�
 /BHBTBXB


)�
 6SCJO
 4� 4�
 #FEGPSE
 +� 4�
 BOE 5IPNQTPO
 -� )� 	����
� 3FQSFTTJPO PG

NVUBHFOFTJT CZ 3BE��%�NFEJBUFE IPNPMPHPVT SFDPNCJOBUJPO� /VDMFJD "DJET

3FTFBSDI
 ��	�

 ����ı�����

)SPNǗ¯LPW£
 )�
 ,VOES£U
 1�
 BOE -PLBK¯ǗFL
 .� 	����
� %FUBJMFE BOBMZTJT PG UIF

SFTQPOTF PG EJGGFSFOU DFMM MJOFT UP DBSCPO JSSBEJBUJPO� 3BEJBUJPO 1SPUFDUJPO

%PTJNFUSZ
 ���	���

 ���ı����
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*$36 	����
� *$36 3FQPSU ��
 2VBOUJUJFT BOE 6OJUT JO 3BEJBUJPO 1SPUFDUJPO %PTJNFUSZ�

*OUFSOBUJPOBM $PNNJTTJPO PO 3BEJBUJPO 6OJUT�

,BSUJOJ
 %FB
 "� 	����
� *NBHJOH BOE SBEJPCJPMPHJDBM BQQMJDBUJPOT GPS JPO CFBN

UIFSBQZ� (&5 */WPMWFE *OUFSOTIJQ BOE 5SBJOJOH 1SPKFDU 3FQPSU (*���5)����


'BJS BOE (4* %BSNTUBEU�

,BSUJOJ
 %FB
 "� 	����
� 3BEJPCJPMPHJDBM WFSJųDBUJPO PG DPNQMFY QBUJFOU USFBUNFOU

QMBO VTJOH B QTFVEP��% HFM QIBOUPN� (&5 */WPMWFE *OUFSOTIJQ BOE 5SBJOJOH

1SPKFDU 3FQPSU (*������,�5)�1%&
 'BJS BOE (4* %BSNTUBEU�

,BSUJOJ
 %� "�
 4PLPM
 0�
 8JFEFNBOO
 +�
 5JOHBOFMMJ
 8�
 8JUU
 .�
 $BNB[[PMB
 (�


,S¦NFS
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"�� .BUSJHFM EJMVUJPO

5P PCUBJOFE UIF FTUJNBUFE DPODFOUSBUJPO PG .BUSJHFM
 JU DBO EPOF

CZ EJMVUJOH .BUSJHFM NBUSJY XJUI JDF�DPME NFEJVN VTJOH UIJT GPMMPXJOH SBUJP

DBMDVMBUJPO� *G XF IBWF ���µM PG VOEJMVUFE .BUSJHFM XJUI DPODFOUSBUJPO ���� NH�

NM BOE XF OFFE � NH�NM EJMVUFE .BUSJHFM�

7Q = 7.(,/% × $�

7Q � ��� NM × ���� NH�NM � ���� NH

5IF OFX DPODFOUSBUJPO JT � NH�NM TP


7Q = 7.(,% × $�

���� NH � 7.(,%× � NH�NM

7.(,% =
���� NH
� NH�NM

� ����� NM

5IF WPMVNF PG EJMVUFE .BUSJHFM JT ����� NM
 TP UIF SFRVJSFE WPMVNF

PG NFEJVN XJMM CF

7.(,% = 7.(,/% + 7.
7. � ����� NM � ��� NM � ����� NM

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO ���XFMM QMBUF

�� 5IBX UIF .BUSJHFM PO JDF JO UIF �◦$ GSJEHF PWFSOJHIU�

�� %JMVUF UIF .BUSJHFM XJUI JDF�DPME NFEJVN UP DPODFOUSBUJPO PG � NH�NM XIJMF

LFFQJOH BMM UIF JOHSFEJFOUT BOE UPPMT PO JDF�

�� 1SF�DPBUJOH� QVU ����µM PG EJMVUFE .BUSJHFM
 TQSFBE FWFOMZ JO UIF XFMM PG

���XFMM QMBUF� *ODVCBUF GPS �� � �� NJOVUFT�
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�� $FMM TVTQFOTJPO QSFQBSBUJPO� USZQTJOJUF UIF DFMMT
 DFOUSJGVHF UIFN GPS �

NJOVUFT BU ���H BOE ��◦$� "EKVTU UIF EFOTJUZ UP � × ��� DFMM�NM�

�� $FMM TFFEJOH� NJY �µM PG DFMM TPMVUJPO XJUI ��µM PG EJMVUFE .BUSJHFM TP

UIF ųOBM DPODFOUSBUJPO PG DFMMT TFFEFE JT �× ��� DFMM�XFMM� .JY UIFN WFSZ

XFMM BOE UIFO QVU UIFN PO UPQ UIF ųSTU .BUSJHFM MBZFS� *ODVCBUF GPS �� �

�� NJOVUFT�

�� "EE ����µM PG EJMVUFE .BUSJHFM� *ODVCBUF GPS BOPUIFS �� � �� NJOVUFT�

�� (FOUMZ BEE ����µM PG NFEJVN� *ODVCBUF UIF DFMMT GPS �� IPVST�

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM QMBUF � %JTQBTF QSP�

UPDPM

�� %FGSPTU UIF %JTQBTF TPMVUJPO�

�� 3FNPWF UIF NFEJVN GSPN UIF XFMM XJUIPVU EBNBHJOH UIF .BUSJHFM NBUSJY�

�� 1SFQBSF UIF %JTQBTF� QFS FBDI DN� PG UIF XFMM TVSGBDF �� VOJUT BSF OFFEFE�

'PS ���XFMM QMBUF
 UIF TVSGBDF BSFB JT ���� DN�
 UIFO

���� DN�× �� 6 � ��� 6

7CPUUMF = ��� NM ≈ � ��� 6

��� NM � � ��� 6 � 7 � ��� 6

7 � ����� NM � ��µM

�� "EE ��µM PG %JTQBTF UP FBDI XFMM UIFO JODVCBUF UIF QMBUF GPS � � �

IPVST VOUJM UIF HFM JT EJTTPMWFE�

�� 1JQFUUF VQ BOE EPXO UP NJY UIF .BUSJHFM BOE DPMMFDU FWFSZUIJOH JO UP

NJDSP�UVCFT� 8BTI UIF SFNBJOJOH DFMM JO UIF XFMM XJUI ���µM PG NFEJVN

BOE QVU JOUP NJDSP�UVCFT�	8BTI UIF XFMM NVMUJQMF UJNFT JG OFDFTTBSZ
�

�� "EE NFEJVN VOUJM UIF DFMM TVTQFOTJPO SFBDI � NM BOE UIFO DFOUSJGVHF UIFN

	� NJOVUFT BU ���� SQN


�� 3FNPWF UIF MFGUPWFS NFEJVN BOE HFM
 BEE ���µM PG USZQTJO BOE NJY JU

XFMM� *ODVCBUF GPS � NJOVUFT UP HFU SJE PG UIF DFMM DMVNQT� "EE ���µM

PG NFEJVN UP TUPQ UIF USZQTJO BOE NJY XFMM�
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�� 5BLF ���µM PG DFMM TPMVUJPO UP JTPUPOF DVQ ųMMFE XJUI �� NM PG JTPUPOF

TPMVUJPO UIFO DPVOU UIF DFMMT VTJOH QSPųMF $�

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM QMBUF � $PPMJOH QSP�

UPDPM

�� 1VU UIF ���XFMM QMBUF JOTJEF �◦$ GSJEHF GPS POF IPVS�

�� 1JQFUUF VQ BMM UIF NBUSJHFM MBZFS� "EE TPNF NFEJVN UP UBLF PVU BMM UIF

DFMM�NBUSJHFM JOTJEF UIF XFMM�

�� 1VU UIF DFMM TPMVUJPO JOUP NJDSP�UVCFT BOE BEE NPSF NFEJVN VOUJM BMM

TPMVUJPO SFBDI � NM� .JY XFMM�

�� 5BLF ���µM PG DFMM TPMVUJPO BOE QVU JO �� NM PG JTPUPOF UIFO DPVOU UIF

DFMMT VTJOH QSPųMF $� 3FTFFE UIFN JOUP 5��� 5$' 	��� NM PG NFEJVN BOE

���µM PG DFMM TPMVUJPO
�

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM QMBUF � $FOUSJGVHF

QSPUPDPM

�� 5BLF PVU UIF �� XFMM�QMBUF GSPN UIF JODVCBUPS�

�� 1JQFUUF VQ BMM UIF NBUSJHFM MBZFS� "EE ���µM PG NFEJVN UP XBTI BOE

UBLF PVU BMM UIF DFMM BOE NBUSJHFM JOTJEF UIF XFMM� 8BTI UIF XFMM NVMUJQMF

UJNFT JG OFDFTTBSZ�

�� 1VU UIF DFMM TPMVUJPO JOUP NJDSP�UVCFT BOE BEE NPSF NFEJVN VOUJM BMM

TPMVUJPO SFBDI � NM�

�� $FOUSJGVHF UIF DFMM TPMVUJPO BU ���H GPS � NJOVUFT�

�� 5BLF ���µM PG DFMM TPMVUJPO BOE QVU JO �� NM PG JTPUPOF UIFO DPVOU UIF

DFMMT VTJOH QSPųMF $� 3FTFFE UIFN JOUP 5��� 5$' 	��� NM PG NFEJVN BOE

���µM PG DFMM TPMVUJPO
�
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"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ���XFMM QMBUF � $PPMJOH BOE

DFOUSJGVHF QSPUPDPM

�� 1VU UIF ���XFMM QMBUF JO UIF �◦$ GSJEHF GPS � � � IPVST�

�� .JY UIF .BUSJHFM WFSZ XFMM CZ QJQFUUJOH VQ BOE EPXO� $PMMFDU FWFSZUIJOH

JOUP NJDSP�UVCFT BOE XBTI UIF MFGU PWFS XJUI NFEJVN�

�� "EE NFEJVN JOUP NJDSP�UVCFT VOUJM BMM TPMVUJPO SFBDI � NM� $FOUSJGVHF GPS

� NJOVUFT BU ���� SQN�

�� 3FNPWF UIF NFEJVN BOE BEE ���µM PG USZQTJO� *ODVCBUF GPS � NJOVUFT

UP HFU SJE PG UIF DFMM DMVNQT� "EE ���µM PG NFEJVN UP TUPQ UIF USZQTJO

BOE NJY XFMM�

�� 4IPSUMZ WPSUFY UIF NJDSP�UVCFT TP UIBU UIF NFEJVN XJMM CFUUFS QFOFUSBUF

JOUP UIF DFMM QFMMFU�

�� 5BLF ���µM PG DFMM TPMVUJPO UP JTPUPOF DVQ ųMMFE XJUI �� NM PG JTPUPOF

TPMVUJPO UIFO DPVOU UIF DFMMT VTJOH QSPųMF $�

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO ����XFMM QMBUF

�� 5IBX UIF .BUSJHFM PO JDF JO UIF �◦$ GSJEHF PWFSOJHIU�

�� %JMVUF UIF .BUSJHFM XJUI JDF�DPME NFEJVN UP � NH�NM XIJMF LFFQJOH BMM UIF

JOHSFEJFOUT BOE UPPMT PO JDF�

�� 1SF�DPBUJOH� QVU �����µM PG EJMVUFE .BUSJHFM
 TQSFBE FWFOMZ JO UIF XFMM PG

����XFMM QMBUF� *ODVCBUF GPS �� � �� NJOVUFT�

�� $FMM TVTQFOTJPO QSFQBSBUJPO� USZQTJOJUF UIF DFMMT
 DFOUSJGVHF UIFN GPS �

NJOVUFT BU ���H BOE ��◦$� "EKVTU UIF EFOTJUZ UP � × ��� DFMMT�NM�

�� $FMM TFFEJOH� NJY ���µM PG DFMM TPMVUJPO XJUI ����µM PG EJMVUFE .BUSJHFM�

.JY UIFN WFSZ XFMM BOE UIFO QVU UIFN PO UPQ UIF ųSTU .BUSJHFM MBZFS�

*ODVCBUF GPS �� � �� NJOVUFT�

�� "EE ����µM PG EJMVUFE .BUSJHFM� *ODVCBUF GPS BOPUIFS �� � �� NJOVUFT�
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�� (FOUMZ BEE �����µM PG NFEJVN� *ODVCBUF UIF DFMMT GPS �� IPVST�

"�� .BUSJHFM DFMM SFDPWFSJOH QSPUPDPM JO ����XFMM QMBUF

�� %FGSPTU UIF %JTQBTF TPMVUJPO�

�� 3FNPWF UIF NFEJVN GSPN UIF XFMM XJUIPVU EBNBHJOH UIF .BUSJHFM NBUSJY�

�� "EE ��µM PG %JTQBTF UP FBDI XFMM UIFO JODVCBUF UIF QMBUF GPS � � �

IPVST VOUJM UIF HFM JT EJTTPMWFE�

�� 1JQFUUF VQ BOE EPXO UP NJY UIF .BUSJHFM BOE DPMMFDU FWFSZUIJOH JO UP

NJDSP�UVCFT� 8BTI UIF SFNBJOJOH DFMM JO UIF XFMM XJUI ���µM PG NFEJVN

BOE QVU JOUP NJDSP�UVCFT�	8BTI UIF XFMM NVMUJQMF UJNFT JG OFDFTTBSZ


�� "EE NFEJVN VOUJM UIF DFMM TVTQFOTJPO SFBDI � NM BOE UIFO DFOUSJGVHBUF

UIFN 	� NJOVUFT BU ���� SQN


�� 3FNPWF UIF MFGUPWFS NFEJVN BOE HFM
 BEE ���µM PG USZQTJO BOE NJY JU

XFMM� *ODVCBUF GPS � NJOVUFT UP HFU SJE PG UIF DFMM DMVNQT� "EE ���µM

PG NFEJVN UP TUPQ UIF USZQTJO BOE NJY XFMM�

�� 5BLF ���µM PG DFMM TPMVUJPO UP JTPUPOF DVQ ųMMFE XJUI �� NM PG JTPUPOF

TPMVUJPO UIFO DPVOU UIF DFMMT VTJOH QSPųMF $�

"�� .BUSJHFM DFMM TFFEJOH QSPUPDPM JO 7�CPUUPN ����XFMM 11 QMBUF

�� 5IBX UIF .BUSJHFM PO JDF JO UIF �◦$ GSJEHF PWFSOJHIU�

�� %JMVUF UIF .BUSJHFM XJUI JDF�DPME DVMUVSF NFEJVN UP DPODFOUSBUJPO PG � NH�

NM XIJMF LFFQJOH BMM UIF JOHSFEJFOUT BOE UPPMT PO JDF�

�� 1SF�DPBUJOH� QVU ��µM PG EJMVUFE .BUSJHFM
 TQSFBE FWFOMZ JO UIF XFMM PG

����XFMM QMBUF� *ODVCBUF GPS POF IPVS PS VOUJM HFM CFDPNF EFOTF�

�� $FMM TVTQFOTJPO QSFQBSBUJPO� USZQTJOJUF UIF DFMMT
 DFOUSJGVHF UIFN GPS �

NJOVUFT BU ���H BOE ��◦$� "EKVTU UIF EFOTJUZ UP � × ��� DFMMT�NM�

 



��

�� $FMM TFFEJOH� NJY ���µM PG DFMM TPMVUJPO XJUI ����µM PG EJMVUFE .BUSJHFM�

.JY UIFN WFSZ XFMM BOE UIFO QVU UIFN PO UPQ UIF ųSTU .BUSJHFM MBZFS�

*ODVCBUF GPS POF IPVS�

�� "EE ��µM PG EJMVUFE .BUSJHFM� *ODVCBUF GPS BOPUIFS POF IPVS�

�� (FOUMZ BEE �����µM PG NFEJVN BOE ųOBMMZ JODVCBUF UIF DFMMT GPS �� IPVST

CFGPSF JSSBEJBUJPO�

"��� .BUSJHFM DFMM SFDPWFSZ QSPUPDPM JO 7�CPUUPN ����XFMM 11 QMBUF

�� %FGSPTU UIF %JTQBTF TPMVUJPO�

�� 1SFQBSF UIF %JTQBTF� QFS FBDI DN� PG UIF XFMM TVSGBDF �� VOJUT BSF OFFEFE�

'PS ����XFMM QMBUF
 UIF TVSGBDF BSFB JT ���� DN�
 UIFO

���� DN�× �� 6 � ��� 6

7CPUUMF � ��� NM ≈ ���� 6

��� NM � ���� 6 � 7 � ��� 6

7 � ����� NM � ��µM

�� 3FNPWF UIF NFEJVN GSPN UIF XFMM XJUIPVU EBNBHJOH UIF .BUSJHFM NBUSJY�

�� "EE ��µM PG %JTQBTF UP FBDI XFMM UIFO JODVCBUF UIF QMBUF GPS � � �

IPVST VOUJM UIF HFM JT EJTTPMWFE�

�� 1JQFUUF VQ BOE EPXO UP NJY UIF .BUSJHFM BOE DPMMFDU FWFSZUIJOH JO UP

NJDSP�UVCFT� 8BTI UIF SFNBJOJOH DFMM JO UIF XFMM XJUI ���µM PG NFEJVN

BOE QVU JOUP NJDSP�UVCFT�	8BTI UIF XFMM NVMUJQMF UJNFT JG OFDFTTBSZ


�� "EE NFEJVN VOUJM UIF DFMM TVTQFOTJPO SFBDI � NM BOE UIFO DFOUSJGVHF UIF

DFMM TVTQFOTJPO GPS � NJOVUFT XJUI ���� SQN BU �◦$�

�� 3FNPWF UIF MFGUPWFS NFEJVN BOE HFM
 POMZ DFMM QFMMFU SFNBJOFE� "EE

���µM PG USZQTJO
 NJY JU WFSZ XFMM BOE UIFO JODVCBUF GPS � NJOVUFT UP HFU

SJE PG UIF DFMM DMVNQT�

�� "EE ���µM PG NFEJVN UP TUPQ UIF USZQTJO BOE NJY DFMM TVTQFOTJPO WFSZ

XFMM�

 



��

�� 5BLF ���µM PG DFMM TPMVUJPO UP JTPUPOF DVQ ųMMFE XJUI �� NM PG JTPUPOF

TPMVUJPO UIFO DPVOU UIF DFMMT VTJOH QSPųMF $�

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO ���XFMM QMBUF � $FMM TFFEJOH

�� 5BLF PVU BMM NFEJVN GSPN 5$' BOE BEE � NM PG 1#4 UIFO SFNPWF�

�� "EE � NM PG USZQTJO UIFO JODVCBUF UIF DFMMT GPS � NJOVUFT�

�� "EE � NM PG NFEJVN UP TUPQ UIF USZQTJO BOE UBLF PVU BMM DFMM TVTQFOTJPO

UP UIF UVCF�

�� 5BLF � NM PG DFMM TVTQFOTJPO BOE DPVOU UIF DFMMT OVNCFS 	1SPųMF #
�

�� 4FFE �� ��� DFMMT JOUP FBDI XFMM�

�� "EE ���µM PG NFEJVN BOE JODVCBUF UIF DFMMT GPS �� IPVST�

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO ���XFMM QMBUF � $FMM SFDPW�

FSJOH

�� 5BLF PVU BMM NFEJVN GSPN XFMM BOE BEE ��µM PG 1#4 UIFO SFNPWF�

�� "EE ��µM PG USZQTJO UIFO JODVCBUF UIF DFMMT GPS � NJOVUFT�

�� "EE ���µM PG NFEJVN UP TUPQ UIF USZQTJO BOE UBLF PVU BMM DFMM TPMVUJPO

UP UIF UVCF�

�� "EE � NM PG NFEJVN UP UIF UVCF 	JO UPUBM XF IBWF ��� NM
�

�� 5BLF PVU ���µM PG DFMM TVTQFOTJPO UP JTPUPOF DVQ ųMMFE XJUI �� NM PG

JTPUPOF TPMVUJPO GPS DPVOUJOH 	1SPųMF $
�

 



��

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO TUBDL QIBOUPN � $FMM TFFE�

JOH

�� 1MBDF UIF QPMZTUZSFOF TMJEFT JO UIF TRVBSF CJP�BTTBZ EJTIFT�

�� "EE ��� NM PG DFMM TVTQFOTJPO DPOUBJOJOH � × ��� DFMMT BU UIF DFOUFS PG

FBDI TMJEF 	DFOUSBM QMBUJOH
�

�� *ODVCBUF UIF EJTIFT ųMMFE XJUI TMJEFT GPS ��� IPVST JO PSEFS UP MFU UIF DFMMT

BUUBDI UP UIF TMJEFT�

�� 'JMM JO UIF UIF EJTIFT XJUI NFEJVN VOUJM BMM TMJEFT XFSF DPWFSFE�

�� 1VU CBDL UIF EJTIFT JOUP JODVCBUPS GPS �� IPVST�

�� "GUFS �� IPVST PS SJHIU CFGPSF UIF JSSBEJBUJPO
 QVU BMM TMJEFT JO QIBOUPN

CPY BOE ųMM VQ UIF QIBOUPN CPY XJUI NFEJVN�

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO TUBDL QIBOUPN � $FMM SF�

DPWFSJOH

�� 5BLF PVU BMM TMJEFT GSPN UIF QIBOUPN CPY�

�� 3JOTF UIF TVSGBDF PG TMJEFT XJUI � NM PG 1#4 %VMCFDDP�

�� "EE � NM PG USZQTJO BOE JODVCBUF GPS ��� NJOVUFT�

�� $PMMFDU UIF DFMM TVTQFOTJPO JNNFEJBUFMZ JOUP B UVCF ųMMFE XJUI � NM PG

NFEJVN� .JY UIF DFMM TVTQFOTJPO WFSZ XFMM UP BWPJE UIF DFMM DMVNQJOH�

�� 5BLF PVU � NM PG DFMM TVTQFOTJPO UP JTPUPOF DVQ ųMMFE XJUI � NM PG JTPUPOF

TPMVUJPO GPS DPVOUJOH 	1SPųMF #
�

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO 5��� 5$' � $FMM TFFEJOH

�� 5BLF PVU BMM NFEJVN GSPN 5$' BOE BEE � NM PG 1#4 UIFO SFNPWF�

�� "EE � NM PG USZQTJO UIFO JODVCBUF UIF DFMMT GPS � NJOVUFT�

 



��

�� "EE � NM PG NFEJVN UP TUPQ UIF USZQTJO BOE UBLF PVU BMM DFMM TVTQFOTJPO

UP UIF UVCF�

�� 5BLF � NM PG DFMM TVTQFOTJPO BOE DPVOU UIF DFMMT OVNCFS 	1SPųMF #
�

�� 1SFQBSF 5��� ŴBTLT BOE ųMM BMM ŴBTLT XJUI � NM PG NFEJVN�

�� 4FFE � × ��� DFMMT JOUP FBDI ŴBTL BOE JODVCBUF UIF DFMMT GPS �� IPVST�

"��� .POPMBZFS DFMM DVMUVSF QSPUPDPM JO 5��� 5$' � $FMM SFDPWFSJOH

�� 5BLF PVU BMM NFEJVN GSPN ŴBTLT BOE BEE � NM PG 1#4 UIFO SFNPWF�

�� "EE � NM PG USZQTJO UIFO JODVCBUF UIF DFMMT GPS � NJOVUFT�

�� "EE � NM PG NFEJVN UP TUPQ UIF USZQTJO BOE UBLF PVU BMM DFMM TVTQFOTJPO

UP UIF UVCF�

�� 5BLF PVU � NM PG DFMM TVTQFOTJPO UP JTPUPOF DVQ ųMMFE XJUI � NM PG JTPUPOF

TPMVUJPO GPS DPVOUJOH 	1SPųMF #
�
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53*1�� 53&"5.&/5 1-"/4 $0%&

#�� ���XFMM QMBUF QMBO

UJNF � PO

TDBODBQ � PGGI�P	�����
 SJų	�
 CPMVT	���
 NJOQBSUJDMFT	�����
 QBUI	VX�
 YNBY	���


ZNBY	���
 TDBOOFSYEJTUBODF	������
 TDBOOFSZEJTUBODF	������


IMVU ķ���������IMVUķ � SFBE

TJT � � EFMFUF

TJT ķ�V�PTPLPM�.*5�4*4�4*4�.BSCVSH@��$�TJTķ � SFBE

EEE � � EFMFUF

EEE ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��EEEķ � SFBE

TQD � � EFMFUF

TQD ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��TQDķ � SFBE

EFEY � � EFMFUF

EFEY ķ�V�LSBFNFS�53J1��%"5"�%"5"�%&%9�������YY�EFEYķ � SFBE

NBLFHFPNFUSZ ��XQ � TIBQF	CPY	��
��
��

 DUEJN	��
��
��
 DUTUFQT	�
�
�


DUFRW	�
 DFOUSF	��
��
��


DU ķ��XQ���ķ � SFBE

WPJ ķ��XQ���ķ � SFBE

SCF ķ�V�NGVTT�.*5�%#*0�$)0����.BUSJHFM�SCFķ � SFBE

SCF UBSHFU � BMJBT	DIP��NH


SCF SFTJEVBM � BMJBT	DIP��NH


ųFME � � OFX QSPK	��$
 SBTUFS	�
�
 [TUFQ	�
 GXIN	�
 UBSH	��
��
��
 EPTF�

FYU	���
 DPOUPVSFYU	���
 DPVDI	������


 



��

QMBO � EPTF	���
 UBSHFUUJTTVF	DIP��NH
 SFTJEVBMUJTTVF	DIP��NH


PQU � CJP ųFME	�
 EPTFBMH	NTEC
 PQUBMH	HS
 DUCBTFE JUFS	���
 CJPBMH	ME
 FQT	�F��


∗0VUQVU UIF HFOFSBUFE QBSUJDMF OVNCFST GPS UIF SBTUFS TDBOOFS�

ųFME � � XSJUF ųMF	$@CJPQMBO�XFMMQMBUF�STU
 SFWFSTFPSEFS

∗ųFME � � CFW	�
 ųMF	$@CJPQMBO�XFMMQMBUF�CFW�HE
 BMH	NTEC


EPTF � EFMFUF

EPTF ķ$@CJPQMBO�XFMMQMBUF�ķ � BMH	NTEC
 CJP CJPBMH	ME
 DBMD XSJUF ųFME	�


EPTF ķ$@CJPQMBO�XFMMQMBUF�[�ķ � CJP FYQPSU	HE
 XJ	����
����
����
����
�
�


EPTF ķ$@CJPQMBO�XFMMQMBUF�YZ�ķ � CJP FYQPSU	HE
 XJ	�
�
�
�
�����
�����


EPTF ķ$@CJPQMBO�XFMMQMBUF�Y�ķ � CJP FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF ķ$@CJPQMBO�XFMMQMBUF�Y�ķ � FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF �EFMFUF

EPTF ķ$@CJPQMBO�XFMMQMBUF�ķ � BMH	NTEC
 DBMD XSJUF ųFME	�


EPTF ķ$@CJPQMBO�XFMMQMBUF�[�ķ � FYQPSU	HE
 XJ	����
����
����
����
�
�


RVJU

#�� 4UBDL QIBOUPN QMBO

UJNF � PO

TDBODBQ � PGGI�P	�����
 SJų	�
 CPMVT	���
 NJOQBSUJDMFT	�����
 QBUI	VX�
 YNBY	���


ZNBY	���
 TDBOOFSYEJTUBODF	������
 TDBOOFSZEJTUBODF	������


IMVU ķ���������IMVUķ � SFBE

TJT � � EFMFUF

TJT ķ�V�PTPLPM�.*5�4*4�4*4�.BSCVSH@��$�TJTķ � SFBE

EEE � � EFMFUF

EEE ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��EEEķ � SFBE

TQD � � EFMFUF

TQD ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��TQDķ � SFBE

EFEY � � EFMFUF

 



��

EFEY ķ�V�LSBFNFS�53J1��%"5"�%"5"�%&%9�������YY�EFEYķ � SFBE

NBLFHFPNFUSZ TUBDLCPY � TIBQF	CPY	��
��
��

 DUEJN	��
��
��
 DUTUFQT	�
�
�


DUFRW	�
 DFOUSF	��
��
��


DU ķTUBDLCPY���ķ � SFBE

WPJ ķTUBDLCPY���ķ � SFBE

SCF ķ�V�PTPLPM�3#&�DIP�����SCFķ � SFBE

SCF UBSHFU � BMJBT	DIP����GVMM


SCF SFTJEVBM � BMJBT	DIP����GVMM


ųFME � � OFX QSPK	��$
 SBTUFS	�
�
 [TUFQ	�
 GXIN	�
 EPTFFYU	���
 DPO�

UPVSFYU	���
 DPVDI	������
 UBSH	��
��
��


QMBO � EPTF	���
 UBSHFUUJTTVF	DIP����GVMM
 SFTJEVBMUJTTVF	DIP����GVMM


PQU � CJP ųFME	�
 EPTFBMH	NTEC
 PQUBMH	HS
 DUCBTFE JUFS	���
 CJPBMH	ME
 FQT	�F��


∗0VUQVU UIF HFOFSBUFE QBSUJDMF OVNCFST GPS UIF SBTUFS TDBOOFS�

ųFME � � XSJUF ųMF	$@CJPQMBO�TUBDLCPY�STU
 SFWFSTFPSEFS

∗ųFME � � CFW	�
 ųMF	$@CJPQMBO�TUBDLCPY�CFW�HE
 BMH	NTEC


EPTF � EFMFUF

EPTF ķ$@CJPQMBO�TUBDLCPY�ķ � BMH	NTEC
 CJP CJPBMH	ME
 DBMD XSJUF ųFME	�


EPTF ķ$@CJPQMBO�TUBDLCPY�[�ķ � CJP FYQPSU	HE
 XJ	����
����
����
����
�
�


EPTF ķ$@CJPQMBO�TUBDLCPY�YZ�ķ � CJP FYQPSU	HE
 XJ	�
�
�
�
����
����


EPTF ķ$@CJPQMBO�TUBDLCPY�Y�ķ � CJP FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF ķ$@CJPQMBO�TUBDLCPY�Y�ķ � FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF � EFMFUF

EPTF ķ$@CJPQMBO�TUBDLCPY�ķ � BMH	NTEC
 DBMD XSJUF ųFME	�


EPTF ķ$@CJPQMBO�TUBDLCPY�[�ķ � FYQPSU	HE
 XJ	����
����
����
����
�
�


RVJU

 



��

#�� 0VU�PG�ųFME QMBO GPS 7�CPUUPN ����XFMM QMBUF

UJNF � PO

TDBODBQ � PGGI�P	�����
 SJų	�
 CPMVT	���
 NJOQBSUJDMFT	�����
 QBUI	VX�
 YNBY	���


ZNBY	���
 TDBOOFSYEJTUBODF	������
 TDBOOFSZEJTUBODF	������


IMVU ķ���������IMVUķ � SFBE

TJT � � EFMFUF

TJT ķ�V�PTPLPM�.*5�4*4�4*4�.BSCVSH@��$�TJTķ � SFBE

EEE � � EFMFUF

EEE ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��EEEķ�SFBE

TQD � � EFMFUF

TQD ķ�E�CJP�CJP�53J1��#&".������%"5"���$�3'�..���$��TQDķ�SFBE

EFEY � � EFMFUF

EFEY ķ�V�LSBFNFS�53J1��%"5"�%"5"�%&%9�������YY�EFEYķ�SFBE

NBLFHFPNFUSZ ���XQ � TIBQF	CPY	��
��
��

 DUEJN	��
��
��
 DUTUFQT	�
�
�


DUFRW	�
 DFOUSF	��
��
��


DU ķ���XQ���ķ � SFBE

WPJ ķ���XQ���ķ � SFBE

SCF ķ�V�NGVTT�.*5�%#*0�$)0����.BUSJHFM�SCFķ � SFBE

SCF UBSHFU � BMJBT	DIP��NH


SCF SFTJEVBM � BMJBT	DIP��NH


ųFME � � OFX QSPK	��$
 SBTUFS	�
�
 [TUFQ	�
 GXIN	�
 UBSH	��
��
��
 EPTF�

FYU	���
 BMH	NTEC
 DPOUPVSFYU	���
 DPVDI	������


QMBO � EPTF	���
 UBSHFUUJTTVF	DIP��NH
 SFTJEVBMUJTTVF	DIP��NH


PQU � CJP ųFME	�
 EPTFBMH	NTEC
 PQUBMH	HS
 DUCBTFE JUFS	���
 CJPBMH	ME
 FQT	�F��


ųFME � � XSJUF ųMF	YST�@CJPQMBO�DBSCPO�STU
 SFWFSTFPSEFS

ųFME � � CFW	�
 ųMF	YST�@CJPQMBO�DBSCPO�CFW�HE
 BMH	NTEC


 



��

EPTF � EFMFUF

EPTF ķYST�@CJPQMBO�DBSCPO�ķ � BMH	NTEC
 CJP CJPBMH	ME
 DBMD XSJUF ųFME	�


EPTF ķYST�@CJPQMBO�DBSCPO�[�ķ � CJP FYQPSU	HE
 XJ	����
����
����
����
�
�


EPTF ķYST�@CJPQMBO�DBSCPO�Y[�ķ � CJP FYQPSU	HE
 XJ	�
�
����
����
�
�


EPTF ķYST�@CJPQMBO�DBSCPO�YZ�ķ � CJP FYQPSU	HE
 XJ	�
�
�
�
����
����


EPTF ķYST�@CJPQMBO�DBSCPO�Y�ķ � CJP FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF ķYST�@CJPQMBO�DBSCPO�Y�ķ � FYQPSU	HE
 XJ	�
�
����
����
����
����


EPTF �EFMFUF

EPTF ķYST�@CJPQMBO�DBSCPO�ķ � BMH	NTEC
 DBMD XSJUF ųFME	�


EPTF ķYST�@CJPQMBO�DBSCPO�[�ķ � FYQPSU	HE
 XJ	����
����
����
����
�
�


RVJU
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'JHVSF $�� %FTJHO PG ŴBU�CPUUPN ���XFMM 14 QMBUF 	511 5FDIOP 1MBTUJD 1SPEVDU


����
� "MM NFBTVSFNFOUT BSF JO NN�

 



��

'JHVSF $�� %FTJHO PG ŴBU�CPUUPN ����XFMM 14 QMBUF 	(SFJOFS #JP�0OF
 ����
� "MM

NFBTVSFNFOUT BSF JO NN�

'JHVSF $�� %FTJHO PG 7�CPUUPN ����XFMM 11 QMBUF 	(SFJOFS #JP�0OF
 ����
� "MM

NFBTVSFNFOUT BSF JO NN�
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.BSCVSH *PO�#FBN 5IFSBQZ $FOUSF 	.*5
 JT B DMJOJDBM JPO CFBN GBDJMJUZ

MPDBUFE JO .BSCVSH
 (FSNBOZ� "U .*5
 QSPUPOT BOE DBSCPO JPOT CFBNT BSF

VUJMJ[FE GPS DBODFS USFBUNFOU VTJOH SBTUFS TDBOOJOH UFDIOJRVF PS BDUJWF TDBOOJOH

CFBN� .*5 BDDFMFSBUPS JT DPOTJTUJOH PG MJOFBS BDDFMFSBUPS BOE TZODISPUSPO 	4JFNFOT

)FBMUIDBSF�%BOGZTJL
 UP BDDFMFSBUF DIBSHFE QBSUJDMFT UP EFTJSFE FOFSHZ 	4DIFFMFS

FU BM�
 ����� .BSCVSHFS *POFOTUSBIM�5IFSBQJF[FOUSVN
 ����
�

'JHVSF %�� 0VUMJOF PG BDDFMFSBUPS BU .*5 BOE UIF QPTJUJPO PG CFBN PVUMFUT GSPN

	4DIFFMFS FU BM�
 ����
�

5IF CFBN TQFDJųDBUJPOT PG .*5 BDDFMFSBUPS BSF HJWFO BT GPMMPXT 	.BSCVSHFS

*POFOTUSBIM�5IFSBQJF[FOUSVN
 ����
�

�� #FBN FOFSHZ�

Ļ 1SPUPOT � ��ı��� .F7

Ļ $BSCPO JPOT � ��ı��� .F7�V

�� *OUFOTJUZ�

Ļ 1SPUPOT � VQ UP �.� × ��� JPOT�TFDPOE

 



��

Ļ $BSCPO JPOT � �.� × ��� UP �.� × ��� JPOT�TFDPOE

�� #FBN TJ[F�

Ļ 1SPUPOT � ���ı���� NN BU MPXFTU FOFSHZ PG ����� .F7 BOE ����ı���� NN

BU IJHIFTU FOFSHZ PG ������ .F7

Ļ $BSCPO JPOT � ���ı���� NN BU MPXFTU FOFSHZ PG ����� .F7�V BOE

���ı��� NN BU IJHIFTU FOFSHZ PG ������ .F7

�� #FBN PVUMFU� � IPSJ[POUBM CFBN MJOFT BOE POF TFNJ�WFSUJDBM 	��◦
 CFBN

MJOF�

�� *SSBEJBUJPO UJNF� EFQFOET PO JSSBEJBUJPO QBSBNFUFST TVDI BT WPMVNF PG UBSHFU


FOFSHJFT VTFE
 FUD� 'PS CJP�FYQFSJNFOU XJUI UBSHFU WPMVNF PG ��× ��× �

DN�
 JU UBLFT ≈ � NJOVUFT UP EFMJWFS � (Z�

1IZTJDBM EPTF NFBTVSFNFOU GPS JSSBEJBUJPO VUJMJ[JOH BDUJWF TDBOOJOH DBSCPO

JPO JO UIF FYUFOEFE UBSHFU XBT DPOEVDUFE VTJOH B QJOQPJOU DIBNCFS 	158 UZQF

�� ���
 BSSBZ QMBDFE JOTJEF B XBUFS QIBOUPN JO PSEFS UP NFBTVSF UIF EFQUI

EPTF EJTUSJCVUJPO JO DFOUFS QBSU� 'JHVSF %�� TIPXT UIF NFBTVSFE QIZTJDBM EPTF

GPS 3#&�XFJHIUFE EPTF USFBUNFOU QMBO VUJMJ[JOH $)0 .BUSJHFM 3#& UBCMF GPS

SBEJPCJPMPHJDBM WFSJųDBUJPO PG TJNQMF USFBUNFOU QMBOOJOH XJUI �% CJP�QIBOUPN

	,BSUJOJ FU BM�
 ����
�

'JHVSF %�� TIPXT UIF NFBTVSFE BCTPSCFE EPTF JO EFQUI EJTUSJCVUJPO

GPS USFBUNFOU QMBO WFSJųDBUJPO PVUTJEF UBSHFU ųFME VUJMJ[JOH UIF SFųOFE �% CJP�

QIBOUPN� 5IF NFBTVSFNFOU PG BCTPSCFE EPTF JO MBUFSBM EJTUSJCVUJPO BU EJGGFSFOU

EFQUI XBT QFSGPSNFE BT XFMM� 'JHVSF %�� QSFTFOUT UIF NFBTVSFE BCTPSCFE EPTF

JO MBUFSBM EJTUSJCVUJPO BU FYUFOEFE UBSHFU BOE GSBHNFOUBUJPO UBJM�

 



��

'JHVSF %�� .FBTVSFE BCTPSCFE EPTF JO [ EJTUSJCVUJPO JO XBUFS QIBOUPN GPS

USFBUNFOU QMBO PQUJNJ[FE GPS VOJGPSN 3#&�XFJHIUFE EPTF JO FYUFOEFE UBSHFU GPS

�% CJP�QIBOUPN TFUVQ 	,BSUJOJ FU BM�
 ����
� 3FE EBUB QPJOUT DPSSFTQPOE UP UIF

BWFSBHF PG GPVS QJOQPJOU DIBNCFS NFBTVSFNFOUT BU B TQFDJųD EFQUI�

'JHVSF %�� .FBTVSFE BCTPSCFE EPTF JO [ EJTUSJCVUJPO JOTJEF XBUFS QIBOUPN GPS

PVU�PG�ųFME USFBUNFOU QMBO PQUJNJ[FE GPS VOJGPSN 3#&�XFJHIUFE EPTF JO FYUFOEFE

UBSHFU GPS SFųOFE �% CJP�QIBOUPN TFUVQ� 3FE EBUB QPJOUT DPSSFTQPOE UP UIF

BWFSBHF PG GPVS QJOQPJOU DIBNCFS NFBTVSFNFOUT BU B TQFDJųD EFQUI�

 



��

'JHVSF %�� .FBTVSFE BCTPSCFE EPTF JO MBUFSBM Y�EJTUSJCVUJPO JOTJEF XBUFS QIBOUPN

GPS PVU�PG�ųFME USFBUNFOU QMBO PQUJNJ[FE GPS VOJGPSN 3#&�XFJHIUFE EPTF JO

FYUFOEFE UBSHFU GPS SFųOFE �% CJP�QIBOUPN TFUVQ� 3FE EBUB QPJOUT DPSSFTQPOE

UP UIF NFBTVSFE EPTF JO UIF FYUFOEFE UBSHFU BU B EFQUI PG �� NN BOE CMVF

EBUB QPJOUT DPSSFTQPOE UP UIF NFBTVSFE EPTF JO UIF GSBHNFOUBUJPO UBJM BU EFQUI

PG ��� NN�

 



$633*$6-6. 7*5"&

/BNF � .T� %FB "VMJB ,BSUJOJ

%BUF PG #JSUI � "QSJM ��
 ����

1MBDF PG #JSUI � #PHPS
 8FTU +BWB
 *OEPOFTJB

&EVDBUJPO �

���� � ���� #BDIFMPS PG 4DJFODF
 %FQBSUNFOU PG 1IZTJDT
 'BDVMUZ PG &OHJ�

OFFSJOH BOE 4DJFODF
 6OJWFSTJUBT /BTJPOBM
 *OEPOFTJB

���� ����� %PDUPS PG 1IJMPTPQIZ
 4DIPPM PG 1IZTJDT
 *OTUJUVUF PG 4DJFODF


4VSBOBSFF 6OJWFSTJUZ PG 5FDIOPMPHZ
 5IBJMBOE

1VCMJDBUJPOT �

�� ,BSUJOJ
 %� "�
 4PLPM
 0�
 8JFEFNBOO
 +�
 5JOHBOFMMJ
 8�
 8JUU
 .�
 $BNB[[PMB


(�
 ,S¦NFS
 .�
 5BMBCOJO
 $�
 ,PCEBK
 $�
 BOE 'VTT
 .� $� 	����
� 7BMJEBUJPOPG

B QTFVEP��% QIBOUPN GPS SBEJPCJPMPHJDBM USFBUNFOU QMBO WFSJųDBUJPOT� 1IZTJDT

JO .FEJDJOF BOE #JPMPHZ
 ��	��
�������

�� ,BSUJOJ
 %� "�
 .BMBE
 :�
 5BMBCOJO
 $�
 BOE ,PCEBK
 $� 	����
� *OWFTUJHBUJPO PG

$IPMBOHJPDBSDJOPNB DFMMT DVMUVSFE JO .BUSJHFM�CBTFE QIBOUPN� 465 *OUFSOB�

UJPOBM $POGFSFODF PO 4DJFODF BOE 5FDIOPMPHZ
 /BLIPO 3BUDIBTJNB
 5IBJMBOE


�� "VHVTU�
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