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7KLV�QHZ�HGLWLRQ�RI� * 77� ,QVLGH�UHIOHFWV� * 77µV�XQZDYHULQJ
FRP P LWP HQW� WR� LQQRYDWLRQ� DV� ZH� DGGUHVV� WKH� HQHUJ\ � DQG
HQYLURQP HQWDO� FKDOOHQJHV� IDFLQJ� P DULWLP H� WUDQVSRUW� WRGD\ �
,Q� D� FRQWH[ W� RI� WLJKWHQLQJ� UHJXODWLRQV� DQG� DFFHOHUDWLQJ
HQHUJ\ � WUDQVLWLRQ�� ZH� DUH� GHOLYHULQJ� SUDFWLFDO�� KLJK�
SHUIRUP DQFH�VROXWLRQV�WR�VXSSRUW�RXU�SDUWQHUV�RQ�WKH�SDWK
WR�D�VXVWDLQDEOH�IXWXUH�

3 KLOLSSH�%HUWHURWWLqUH
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<RXU�IHHGEDFN�RQ�* 77�,QVLGH�LV�HVVHQWLDO�WR�NHHSLQJ�LW
HQJDJLQJ�IRU�DOO�RXU�UHDGHUV��

7KLV� P RQWK�� ZH� KLJKOLJKW� RXU� 5 HF\ FRROŒ� WHFKQRORJ\ �� D� FXWWLQJ�HGJH
UHFRQGHQVHU�V\ VWHP �WKDW�RSWLP LVHV�ERLO�RII� JDV� �%2 * ��P DQDJHP HQW�RQ� / 1 * �
SRZHUHG� YHVVHOV�� UHGXFLQJ� HP LVVLRQV� DQG� HQKDQFLQJ� HQHUJ\ � HIILFLHQF\ �� 7KLV
LQQRYDWLRQ�GHP RQVWUDWHV�RXU�DELOLW\ �WR�FRP ELQH�WHFKQRORJLFDO�SHUIRUP DQFH�ZLWK
HQYLURQP HQWDO�UHVSRQVLELOLW\ �

: H� DOVR� H[ SORUH� WKH� DUULYDO� RI� 8 OWUD� / DUJH� ( WKDQH� &DUULHUV� DQG� KRZ� * 77µV
FXWWLQJ�HGJH� P HP EUDQH� WHFKQRORJ\ � LV� VHWWLQJ� QHZ� EHQFKP DUNV� LQ� RSHUDWLRQDO
IOH[ LELOLW\ ��HQHUJ\ �HIILFLHQF\ ��DQG�FDUERQ�UHGXFWLRQ�

) LQDOO\ �� ZH� DGGUHVV� WKH� FKDOOHQJHV� DVVRFLDWHG� ZLWK� / 1 * � FDUJRHV� FRQWDLQLQJ
KLJK�QLWURJHQ�OHYHOV�° �D�FRP SOH[ �LVVXH�WKDW�* 77�LV�WDFNOLQJ�ZLWK�SURYHQ��UREXVW
VROXWLRQV� WR� HQVXUH� WKH� VDIHW\ � DQG� SHUIRUP DQFH� RI� YHVVHOV� XQGHU� FKDOOHQJLQJ
FRQGLWLRQV�

,QQRYDWLRQ� UHP DLQV� DW� WKH� KHDUW� RI� RXU� VWUDWHJ\ �� %\ � LQYHVWLQJ� LQ� WRP RUURZµV
WHFKQRORJLHV�� ZH� FRQWLQXH� WR� VWUHQJWKHQ� RXU� DELOLW\ � WR� DQWLFLSDWH� RXU� FOLHQWV

UHTXLUHP HQWV�DQG�GHOLYHU�LQFUHDVLQJO\ �HIILFLHQW�DQG�VXVWDLQDEOH�VROXWLRQV�

7KDQN�\ RX�IRU�\ RXU�FRQWLQXHG�WUXVW�LQ�* 77�
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5 HJXODWRU\ �/ DQGVFDSH�DQG�0 DUNHW�&RQWH[ W�

7KH� DGRSWLRQ� RI� WKH� ,QLWLDO� ,0 2 � 6WUDWHJ\ � RQ� * + *
HP LVVLRQV� UHGXFWLRQ� LV� SXVKLQJ� VKLS� RSHUDWRUV
WRZDUG�D�FOHDQHU�IXHO�FKRLFH��/ 1 * ��WKDQNV�WR�LWV�ORZ
FDUERQ�WR�K\ GURJHQ� UDWLR�� LV� VHHQ� DV� WKH� P RVW
YLDEOH� WUDQVLWLRQ� WRZDUGV� ORZ�HP LVVLRQV� VROXWLRQV�
$GGLWLRQDOO\ �� / 1 * � KDV� EHFRP H� WKH� LQGXVWU\ 
V
SUHIHUUHG�DOWHUQDWLYH�IXHO�LQ�WHUP V�RI�WKH�QXP EHU�RI
RUGHUV� SODFHG� LQ� � � � � �� 7KH� ODWHVW� UHJXODWLRQV
HQFRXUDJH� VKLS� RSHUDWRUV� XVLQJ� / 1 * � DV� IXHO� WR
DGRSW� HIILFLHQW� HQJLQH� WHFKQRORJLHV� ZLWK� ORZ� * + *
HP LVVLRQV��

2 QH�RI�WKH�SUHIHUUHG�FKRLFHV�LV�WKH�WZR�VWURNH�KLJK�
SUHVVXUH�0 ( �* ,�HQJLQH��ZKLFK�UHTXLUHV�D�KLJK�JDV
VXSSO\ � SUHVVXUH� �DURXQG� � � � � EDU��� &RP SDUHG� WR
WZR�VWURNH� ORZ�SUHVVXUH� HQJLQHV�� 0 ( �* ,� HQJLQHV
SURYLGH� KLJKHU� HIILFLHQF\ � DQG� D� VLJQLILFDQWO\ � ORZHU
P HWKDQH�VOLS��

+RZHYHU��P DLQWDLQLQJ�KLJK�SUHVVXUHV�DW�WKH�HQJLQH
LQWDNH� UHTXLUHV� ODUJH�� HQHUJ\ �LQWHQVLYH� DQG��
H[ SHQVLYH� KLJK�SUHVVXUH� FRP SUHVVRUV�� UHJDUGOHVV
RI� WDQN� WHFKQRORJ\ � �ZKHWKHU� DWP RVSKHULF� RU
SUHVVXULVHG��� 7KHVH� FRP SUHVVRUV� DOVR� KHOS
P DLQWDLQ� WDQN� SUHVVXUH� DQG� DYRLG� DQ\
RYHUSUHVVXUH�� ZKLFK� FRXOG� IRUFH� JDV� WR� EH� EXUQHG
XQQHFHVVDULO\ ��

$Q� DOWHUQDWLYH� DSSURDFK� LV� WR� LQWHJUDWH� D
UHFRQGHQVHU� VROXWLRQ� ZLWKLQ� D� IXHO� VXSSO\ � V\ VWHP
HTXLSSHG�ZLWK�D�ORZ�SUHVVXUH�FRP SUHVVRU��

�

$ V� HQYLURQP HQWDO� UHJXODWLRQV� FRQWLQXH� WR
HYROYH�� LP SURYLQJ� HQHUJ\ � HIILFLHQF\ � DQG
UHGXFLQJ� HP LVVLRQV� IURP � / 1 * �IXHOOHG� VKLSV
KDYH�EHFRP H�FULWLFDO�FKDOOHQJHV��+LJK�SUHVVXUH
0 ( �* ,� HQJLQHV�� FKRVHQ� IRU� WKHLU� ORZ � P HWKDQH
VOLS� DQG� KLJK�SRZ HU� HIILFLHQF\ �� DUH� RIWHQ
VHOHFWHG� DV� WKH� P DLQ� YHVVHO� SURSXOVLRQ�
+RZ HYHU�� P DQDJLQJ� WKH� ERLO�RII� JDV� �%2 * �� LQ
VXFK� KLJK�SUHVVXUH� HQJLQHV� UHP DLQV� FRP SOH[ �
UHTXLULQJ� D� UHOLDEOH�� VLP SOH� DQG� FRVW�HIIHFWLYH
VROXWLRQ��

,Q� / 1 * �IXHOOHG� VKLSV� SRZHUHG� E\ � 0 ( �* ,� HQJLQHV�
WKH� IXHO� JDV� VXSSO\ � V\ VWHP � UHTXLUHV� D� IRUFHG
YDSRULVDWLRQ�RI� / 1 * �� JHQHUDWLQJ�D�ODUJH�DP RXQW�RI
FROG�HQHUJ\ ��5 HF\ FRROŒ��WKH�5 HFRQGHQVHU�V\ VWHP
GHYHORSHG�E\ �* 77��RSWLP LVHV�FROG�HQHUJ\ �UHFRYHU\ �
RIIHULQJ� VHYHUDO� DGYDQWDJHV� FRP SDUHG� WR� RWKHU
VROXWLRQV� DYDLODEOH� RQ� WKH� P DUNHW�� 7KH� ILUVW
VXFFHVVIXO� DSSOLFDWLRQV� RQ� FRQWDLQHU� VKLSV� KDYH
FRQILUP HG�LWV�HIILFLHQF\ �DQG�UHOLDELOLW\ �LQ�RSHUDWLRQ�
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* 77µV�5 HF\ FRROŒ�6ROXWLRQ�

7KH� SULP DU\ � UHFRQGHQVHU� VROXWLRQ� DYDLODEOH� RQ� WKH� P DUNHW� WRGD\ � � ' LUHFW� &RQWDFW� 7\ SH� 5 HFRQGHQVHU�
RULJLQDWHV�IURP �WKH�) ORDWLQJ�6WRUDJH�DQG�5 HJDVLILFDWLRQ�8 QLW��) 65 8 ��VHJP HQW��7KLV�V\ VWHP ��ZKLFK�DOORZV
GLUHFW�FRQWDFW�EHWZHHQ� / 1 * �DQG�%2 * �VWUHDP V��HIIHFWLYHO\ �SURP RWHV�%2 * �FRQGHQVDWLRQ��EXW�FRP HV�ZLWK
DQ�RSHUDWLQJ�OLP LW��7KH�P D[ LP XP �VHSDUDWRU�SUHVVXUH�LV�FRQVWUDLQHG�E\ �WKH�P D[ LP XP �SUHVVXUH�RI�WKH�%2 *
FRP SUHVVRUV��ZKLFK��LQ�WXUQ��OLP LWV�WKH�P D[ LP XP �WHP SHUDWXUH�WR�ZKLFK�WKH� / 1 * �FDQ�EH�KHDWHG��UHGXFLQJ
FROG�HQHUJ\ �UHFRYHU\ ��7KH�QHHG�IRU�D�VHSDUDWRU�OLP LWV�WKH�FRP SDFWQHVV�RI�WKH�XQLW��

7R�RYHUFRP H�WKHVH�OLP LWDWLRQV�� * 77�KDV�GHYHORSHG�5 HF\ FRROŒ��ZKLFK�XWLOLVHV�DQ�LQGLUHFW�KHDW�H[ FKDQJH
SURFHVV�EHWZHHQ�H[ FHVV�%2 * �DQG�/ 1 * �� ,QGLUHFW�KHDW�H[ FKDQJH�GHFRXSOHV�WKH�LQOHW�SUHVVXUH�RI�WKH�KLJK�
SUHVVXUH� SXP S�� DQG� LV� LQGHSHQGHQW� IURP � WKH� %2 * � FRP SUHVVRU� SUHVVXUH� UDWLR�� WKHUHIRUH� HOLP LQDWLQJ� WKH
QHHG�IRU�D�VHSDUDWRU��

5 HF\ FRROŒ�RIIHUV�WKH�EHVW�UHOLTXHIDFWLRQ�SHUIRUP DQFH��$ �ORZ�%2 * �FRP SUHVVRU�RXWOHW�SUHVVXUH�IDYRXUV�WKH
5 HF\ FRROŒ�SHUIRUP DQFH�DQG�WKHUHIRUH�JLYHV�D�KLJKHU�SHUIRUP DQFH�WKDQ�WKH�' LUHFW�&RQWDFW�5 HFRQGHQVHU��

$VVXP LQJ�D�KLJK�SUHVVXUH�SXP S�LQOHW�SUHVVXUH�IRU�5 HF\ FRROŒ�RI�� �EDU��ZKHQ�WKH�ORZ�SUHVVXUH�FRP SUHVVRU
RXWOHW� SUHVVXUH� LV� DW� D� W\ SLFDO� RSHUDWLQJ� YDOXH� RI� � � EDU�� WKH� V\ VWHP � SHUIRUP DQFH� LV� � � � � EHWWHU� WKDQ� WKH
' LUHFW�&RQWDFW�5 HFRQGHQVHU�SHUIRUP DQFH��0 RUHRYHU��WKLV�SHUIRUP DQFH�LP SURYHP HQW�FRXOG�EH�FRQVLGHUHG
HYHQ�KLJKHU�LI�WKH�DGGLWLRQDO�KHDW�LQSXW�GXH�WR�WKH�SUHVHQFH�RI�D�EXIIHU�VHSDUDWRU�LV�WDNHQ�LQWR�DFFRXQW�

5&$) �*/ �' 0$645&$) �*/ �' 0$64���3&$: $00-‹ 
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7KH�5 HF\ FRROŒ�GHVLJQ�DOORZV�IRU��
$ �P RUH�FRP SDFW�V\ VWHP ��HOLP LQDWLQJ�WKH�QHHG�IRU�D�EXIIHU�VHSDUDWRU��
2 SWLP LVHG�HIILFLHQF\ �DQG�VWDEOH�RSHUDWLRQ�
,QFUHDVHG�%2 * �UHOLTXHIDFWLRQ�FDSDFLW\ �

! ! !



/ 1 * �SRZHUHG� FRQWDLQHUVKLSV� EXLOW� DW� 6DP VXQJ
+HDY\ � ,QGXVWULHV�VKLS\ DUG��$OO�WHQ�YHVVHOV�DUH�QRZ
LQ� FRP P HUFLDO� RSHUDWLRQ�� $QRWKHU� RUGHU� WR� HTXLS
WHQ� P RUH� / 1 * �SRZHUHG� FRQWDLQHUVKLSV� ZDV
DQQRXQFHG�RQ�6HSWHP EHU�� � � � ��

7KH� 5 HF\ FRROŒ� VNLG� LV� SODFHG� QH[ W� WR� WKH� KLJK�
SUHVVXUH�SXP S�VNLG��DOORZLQJ�VHDP OHVV�LQWHJUDWLRQ�

,Q� WKLV� ILUVW� DSSOLFDWLRQ�� * 77� FRP ELQHG� WKH
3UHFRROHU� ZLWK� WKH� KLJK�SUHVVXUH� YDSRULVHU� LQWR� D
VLQJOH� KHDW� H[ FKDQJHU�� IXUWKHU� HQKDQFLQJ� V\ VWHP
FRP SDFWQHVV��
��
5 HF\ FRROŒ� SHUIRUP DQFH�� YDOLGDWHG� GXULQJ� JDV
WULDOV� DQG� FRP P HUFLDO� RSHUDWLRQV�� GHP RQVWUDWHV
VWDEOH� RSHUDWLRQ� HQDEOLQJ� WKH� FUHZ� RSWLP DO
P DQDJHP HQW�RI�WDQN�ERLO�RII�DQG�SUHVVXUH�

: LWK� LWV� SURYHQ� SHUIRUP DQFH� DQG� UHOLDELOLW\ �
FRP SDFW� GHVLJQ�� DQG� RSWLP LVHG� HIILFLHQF\ �
5 HF\ FRROŒ� VWDQGV� RXW� DV� D� NH\ � VROXWLRQ� IRU� / 1 * �
IXHOOHG� YHVVHOV� SRZHUHG� E\ � KLJK�SUHVVXUH� WZR�
VWURNH� HQJLQHV�� FRQWULEXWLQJ� WR� ERWK� RSHUDWLRQDO
FRVW�VDYLQJV�DQG�HP LVVLRQV�UHGXFWLRQ��

0 HDVXUHV�SHUIRUP DQFH�DV
H[ SHFWHG�YDOXHV�

3HUIRUP DQFH�YDOLGDWHG�RQ
WZ R�RSHUDWLQJ�VSHHGV��

� � �NQRWV
' HVLJQ�a�� � �NQRWV

%2 * �0 DQDJHP HQW�&DSDFLW\ �Z LWK�5 HF\ FRROŒ�

� N�7( 8 �&RQWDLQHU�9HVVHO

5&$) �*/ �' 0$645&$) �*/ �' 0$64���3&$: $00-‹ 
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5 HF\ FRROŒ� P LQLP LVHV� WKH� YROXP H� RI� %2 * � WKDW
ZRXOG�RWKHUZLVH�EH�GLUHFWHG�WR�WKH�ERLOHUV��7KLV�LV
DFKLHYHG� E\ � FRROLQJ� WKH� FRP SUHVVHG� %2 * � �IURP
WKH� %2 * � FRP SUHVVRU�� E\ � UHFRYHULQJ� FROG� HQHUJ\
IURP � WKH� IXHO� JDV� VHQW� WR� WKH� KLJK�SUHVVXUH
HQJLQHV��7KH�FRQGHQVDWHV�DUH�WKHQ�UHWXUQHG�WR�WKH
WDQN�LQ�OLTXLG�IRUP ��

7KH�V\ VWHP �RSHUDWHV�ZKHQ�WKH�VKLS
V�P DLQ�HQJLQH
LV� UXQQLQJ� RQ� JDV� �L�H�� WKH� VKLS� LV� LQ� P RWLRQ��� ZLWK
FROG� HQHUJ\ � UHFRYHU\ � RFFXUULQJ� LQ� WZR� GLIIHUHQW
ORFDWLRQV��

' RZQVWUHDP �RI�WKH�KLJK�SUHVVXUH�SXP SV�LQ�WKH
3UHFRROHU�
8 SVWUHDP � RI� WKH� KLJK�SUHVVXUH� SXP SV� LQ� WKH
5 HFRQGHQVHU��

: KHQ� LQWHJUDWHG� ZLWK� D� SRZHU� WDNH�RII� �372 ��
5 HF\ FRROŒ� IXUWKHU� HQKDQFHV� WKH� DGYDQWDJHV� RI
XVLQJ� WKH� 0 ( �* ,� HQJLQH� IRU� HOHFWULFLW\ � JHQHUDWLRQ�
RIIHULQJ� RSHUDWLRQDO� H[ SHQVH� UHGXFWLRQ� DQG� ORZHU
JUHHQKRXVH�JDV�HP LVVLRQV��

) LUVW� : RUOGZ LGH� $ SSOLFDWLRQ� DQG� 3HUIRUP DQFH
9DOLGDWLRQ�

5 HF\ FRROŒ�KDV�EHHQ�VXFFHVVIXOO\ �LQVWDOOHG�RQ�WHQ�

3HUP DQHQW
&RQVXP HU�
�KRWHO�ORDG�

5 HF\ FRRO�&DSDFLW\
) OH[ LELOLW\ �	 �6DIHW\



$ Q�2 SWLP DO�,QYHVWP HQW�6WUDWHJ\

7KH� FXUUHQW� P DUNHW� IRU� HWKDQH� FDUULHUV
SUHGRP LQDQWO\ � LQYROYHV� YHVVHOV� ZLWK� D� FDSDFLW\ � RI
DSSUR[ LP DWHO\ �� � � �� � � �P ��,Q�FRQWUDVW��W\ SLFDO�/ 1 *
FDUJR� YROXP HV� WUDGHG� DUH� DURXQG� � � � �� � � � P �
&RQVHTXHQWO\ �� XVLQJ� D� � � � �� � � � P � YHVVHO
H[ FOXVLYHO\ �GHVLJQHG�IRU�/ 1 * �WUDQVSRUW�P D\ �QRW�EH
WKH� P RVW� HIILFLHQW� RU� FRVW�HIIHFWLYH� VROXWLRQ�� ,Q� WKLV
FRQWH[ W�� GHGLFDWLQJ� WKLV� FDSDFLW\ � WR� HWKDQH
WUDQVSRUWDWLRQ� LV� D� VWUDWHJLF� DQG� UHOHYDQW
LQYHVWP HQW�� ,W� VKRXOG� DOVR� EH� QRWHG� WKDW� WKLV� ¨
HWKDQH� ©� GHVLJQ� LV� DOVR� FDSDEOH� RI� WUDQVSRUWLQJ
/ 3* ��( WK\ OHQH��%XWDQH��HWF�

�

�

�

: LWK� LWV� 0 DUN� ,,,� WHFKQRORJ\ � GHGLFDWHG� WR� 9/ ( &V
DQG� 8 OWUD� / DUJH� ( WKDQH� &DUULHUV� �8 / ( &V�� ZLWK
FDSDFLWLHV� RI� XS� WR� � � � �� � � � P �� * 77� UHDIILUP V� LWV
FRP P LWP HQW� WR� SURYLGLQJ� LQQRYDWLYH�� FRVW�HIIHFWLYH
VROXWLRQV� WDLORUHG� WR� WKH� HYROYLQJ� QHHGV� RI� WKH
OLTXHILHG�JDV�WUDQVSRUW�VHFWRU�

�
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7KH� GHP DQG� IRU� HWKDQH� WUDQVSRUW� LV� LQFUHDVLQJ
DQG� LV� H[ SHFWHG� WR� JURZ � VWHDGLO\ � RYHU� WKH
FRP LQJ� \ HDUV�� : KHQ�YHVVHO� IOH[ LELOLW\ � ��VXFK�DV
WKH� DELOLW\ � WR� FDUU\ � GLIIHUHQW� W\ SHV� RI� FDUJR� OLNH
/ 1 * � �/ LTXHILHG� 1 DWXUDO� * DV��� LV� QRW� UHTXLUHG� �
* 77� KDV� GHYHORSHG� D� P HP EUDQH� WHFKQRORJ\
VSHFLILFDOO\ �GHVLJQHG� IRU�HWKDQH�WUDQVSRUWDWLRQ�
OHYHUDJLQJ�WKH�SURYHQ�H[ SHULHQFH�RI�LWV�0 DUN� ,,,
V\ VWHP �

$ �7HFKQRORJ\ �$ GDSWHG�WR�( WKDQH�6SHFLILFLWLHV

7KH� FRQWDLQP HQW� V\ VWHP � GHYHORSHG� E\ � * 77� LV
EDVHG�RQ��WKH�ZHOO�HVWDEOLVKHG�0 DUN�,,,�WHFKQRORJ\ �
ZKLFK� KDV� GHP RQVWUDWHG� H[ WHQVLYH� UHOLDELOLW\ � DW��
VHD�� +RZHYHU�� XQOLNH� YHUVLRQV� GHVLJQHG� IRU� / 1 *
WUDQVSRUWDWLRQ�� WKLV� QHZ� VROXWLRQ� LV� GHGLFDWHG� WR
HWKDQH�� 2 QH� RI� WKH� � NH\ � GLIIHUHQFHV� EHWZHHQ
HWKDQH� DQG� / 1 * � OLHV� LQ� WKHLU� ERLOLQJ� SRLQWV�� $V
HWKDQH�KDV�D�KLJKHU�ERLOLQJ�SRLQW�FRP SDUHG�WR�/ 1 * �
LW� LV� SRVVLEOH� WR� UHGXFH� WKH� LQVXODWLRQ� WKLFNQHVV�
7KLV� DGDSWDWLRQ� UHVXOWV� LQ� D� VLJQLILFDQW� FRVW
UHGXFWLRQ� FRP SDUHG� WR� WKH� VWDQGDUG� 0 DUN� ,,,
WHFKQRORJ\ �� $GGLWLRQDOO\ �� GHFUHDVLQJ� WKH� LQVXODWLRQ
WKLFNQHVV� LQFUHDVHV� FDUJR� FDSDFLW\ � E\ � P RUH� WKDQ
� �� � � � P �� WKHUHE\ � HQKDQFLQJ� WUDQVSRUWDWLRQ
HIILFLHQF\ ��$V�D�UHVXOW��0 DUN�,,,�WHFKQRORJ\ �DGDSWHG
WR� 9HU\ � / DUJH� ( WKDQH� &DUULHUV� �9 / ( &V�� LQFUHDVHV
WKH� FDSDFLW\ � RI� WKHVH� YHVVHOV� IURP � � � � �� � � � P � WR
� � � �� � � �P �RQ�WKH�FXUUHQW�ODUJHVW�FDSDFLW\ �9/ ( &�

�

�

�
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