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1,3 6HPLFRQGXFWRUYV

&RQWHQWYV

&KDSWFHHRXW 7KLV ODQXDO
$XGLHQFH
2UJDQL]DWLRQ
ORGXOH GHVFULSWLRQV
5HJLVWHU GHVFULSWLRQV
&RQYHQWLRQV
(GLWRULDO FKDQJHV

&KDSWIKWURGXFWLRQ
2YHUYLHZ
7DUJHW DSSOLFDWLRQV
%WORFN GLDJUDP
JHDWXUHYV
JIXQFWLRQDO RYHUYLHZ

&KDSW&HRWUH 2YHUYLHZ
,QWURGXFWLRQ
&RUWH[ O &RGH DQG 6\VWHP EXVHV
1IHVWHG 9HFWRUHG ,QWHUUXSW &RQWUROOHU 19,&
6\WWHP PHPRU\ PDS
SHULSKHUDO %ULGJH

&KDSWEHHF XULW\ 2YHUYLHZ
1RQ FODLPV
2YHUYLHZ
BHFXULW\ IHDWXUHV

&KDSWHUH &\FOH 6WDWHYV
2YHUYLHZ
/LIH F\FOH VWDWH WUDQVLWLRQLQJ
/LIH F\AFOH VWDWHYV
,GHQWLI\ WKH OLIH F\FOH /& VWDWH
5HDG RXW SURWHFWLRQ 523

&KDSW52W $3,
2YHUYLHZ

&EKDSWHWHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3URJUL
2YHUYLHZ
%RRW SHULSKHUDOV DQG GHIDXOW SLQV
)XQFWLRQDO GHVFULSWLRQ
)ODVK VZDS SDWK
.63 SURWRFRO
%RRWORDGHU SDFENHW W\SHV
3LQJ SDFNHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,63 FRPPDQG VHW

*HW 6HW3URSHUW\ FRPPDQG SURSHUWLHYV
6HULDO %RRW RQ 86% SDWK

6HULDO ERRW RQ /38%57 SDWK

6HULDO ERRW RQ /3, & SDWK

6HULDO ERRW RQ /363, SDWK
%RRWORDGHU VWDWXV HUURU FRGHYV

&EKDSWHRRW 520
2YHUYLHZ
YHDWXUHV
)XQFWLRQDO GHVFULSWLRQ
%RRW SLQV
7RS OHYHO ERRW IORZ
&03% FRQILIXUDWLRQ RSWLRQV
$00 '0 $3 FRPPDQGYV

&KDSWHHFXUH ,QVWDOOHU
2YHUYLHZ
+RZ WR HUDVH WKH 6,
6% ILOH KDQGOLQJ
7UXVW SURYLVLRQLQJ
BHFXUH SURYLVLRQLQJ XVLQJ 6,
+D]DUGYV

&KDSWHHEXJ ODLOER[ '"%*0%

&KLS VSHFLILF '"HEXJ ODLOER[ LQIRUPDWLRQ

2YHUYLHZ

)XQFWLRQDO GHVFULSWLRQ

(IWHUQDO VLJQDOV

OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ

&EKDSWHUWWHP &RQWUROOHU 6<6&21
&KLS VSHFLILF 6<6&21 LQIRUPDWLRQ
2YHUYLHZ
)XQFWLRQDO GHVFULSWLRQ
6LIQDOV
OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ
$SSOLFDWLRQ LQIRUPDWLRQ

&KDSWHWBRGH :DWFKGRJ 7LPHU &'2*

&KLS VSHFLILF &'2* LQIRUPDWLRQ
2YHUYLHZ

)XQFWLRQDO GHVFULSWLRQ
$SSOLFDWLRQ LQIRUPDWLRQ

OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ

&KDSWHILWILWDO 7DPSHU 7'(7
&KLS VSHFLILF 7'(7 LQIRUPDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH 0DQXDO

5HY

&RQWHQWYV
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1,3 6HPLFRQGXFWRUYV

2YHUYLHZ
)XQFWLRQDO GHVFULSWLRQ
(IWHUQDO VLJQDOV
,QLWLDOL]DWLRQ
5HIJLVWHU GHILQLWLRQV

&KDSWHLU . (<
&KLS VSHFLILF */,.(< LQIRUPDWLRQ
7HUPV DQG GHILQLWLRQV
2YHUYLHZ
&RQILIXUDWLRQ
$UFKLWHFWXUH GHVFULSWLRQ

&EKDSWHWUHFXUH *HQHULF ,QWHUIDFH 6%*,
&KLS VSHFLILF 6*, LQIRUPDWLRQ
2YHUYLHZ
)XQFWLRQDO GHVFULSWLRQ
$SSOLFDWLRQ LQIRUPDWLRQ
5HJLVWHUV GHVFULSWLRQ 6)5V
7HUPV DQG GHILQLWLRQV

&EKDSWBXYXEOLF .H\ &U\SWR &¢RSURFHVVRU 3.&
&KLS VSHFLILF 3.& LQIRUPDWLRQ
2YHUYLHZ
%ORFN GLDJUDP
)XQFWLRQDO GHVFULSWLRQ
+DQGOLQJ RI 3.&B&75/>5(6(7@ DQG 3.&B&75/>6723@
3.& UHJLVWHU GHVFULSWLRQV

&KDSWHUXH 5DQGRP *HQHUDWRU 751*
&KLS VSHFLILF 751* LQIRUPDWLRQ
2YHUYLHZ
)XQFWLRQDO 'HVFULSWLRQ
5HJLVWHU ,QWHUIDFH 8VDJH
2SHUDWLRQ
2WKHU $SSOLFDWLRQV
751* UHJLVWHU GHVFULSWLRQV

/HIDO LQIRUPDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

&RQWHQWYV

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
SERXW 7KLV 0DQXDO

$XGLHQFH

TKIWHIHUHQFH PDOWDQWHIQGHG IRU VA\IVWHP VRIWZDUH KDUGZDUH GHYHORSHUV DQ(
GHYHORS SURGXFWV XVLQJ WKLV FKLS ,W DVVXPHV WKDW LWV XVHUV XQGHUVWDQG
EDVLF SULQFLSOHV RI VRIWZDUH DQG KDUGZDUH

2UJDQL]DWLRQ
7KLY PDQXDO KDV WZR PDLQ VHWV RI FKDSWHUV

HL&KDSWHUV LQ WKH ILUVW VHW FRQWDLQ LQIRUPDWLRQ WKDW DSSOLHVY WR DOO Ft

M&KDSWHUV LQ WKH VHFRQG VHW DUH RUJDQL]HG LQWR IXQFWLRQDO JURXSLQJV W

§ ([DPSOHV RI WKHVH JURXSLQJVY DUH FORFNLQJ WLPHUV DQG FRPPXQLFDWLRQ

§ (DFK JURXSLQJ LQFOXGHYVY FKDSWHUVY WKDW SURYLGH D WHFKQLFDO GHVFULSW

SWWDFKPHQWYV

7KLV PDQXDO LQFOXGHV NH\ LQIRUPDWLRQ LQ WKH ILOHV DWWDFKHG WR LW )RU H[DI
DWWDFKPHQWY LQ FRQMXQFWLRQ ZLWK WKLV PDQXDO V FRQWHQW

127¢
BHOHFW WKH SDSHUFOLS LFRQ RQ WKH OHIW VLGH RI WKH 3') ZLQGRZ WR VHH \

ORGXOH GHVFULSWLRQV
(DFK PRGXOH FKDSWHU KDV WZR PDLQ SDUWYV

H7KH ILUVW AKHBWIERKFL /L F >PRGIRQMR IWPPRI@ SURYLGHV GHWDLOV VXFK DV WKH QXP
FKLS DQG FRQQHFWLRQV EHWZHHQ WKDW PRGXO HLEBFWD XM HR WKW F R@QW N Q B/HD\G W
XQGHUVWDQGLQJ WKH LQIRUPDWLRQ LQ WKH RWKHU VHEFWLRQV Rl WKH FKDSWHU

pP7KH VXEVHTXHQW VHFWLRQV SURYLGH JHQHUDO LQIRUPDWLRQ DERXW WKH PRGXC
GHVFULSWLRQ

7KH IROORZLQJ ILIJXUH VKRZV \RX DQ H[DPSOH RI WKLY GHPDUFDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

Chapter 49
Enhanced Serial Communication Interface (eSCI)

49.1 Chip-specific eSCI information

7KLV FKLS KDV VL[ LQVWDQFHV RI WKH H6&, PRGX&\ 6RPH IHDWXUH GHWDLOV YDU\ EHWZHHQ
LQVWDQFHV

7KH IROORZLQJ WDEOH VXPPDUL]HV WKH IHDWXUH GUINNUHQFHV 7KH WDEOH GRHV QRW OLVW
GHWDLOV WKDW WKH LQVWDQFHV VKDUH . e - .
Lo QF] Chip-specific information
Table 49-1. eSCl instance feature differences .
e T that should be read first

eSCI_A and eSCI_B Yes

eSCI_C, eSCI_D, eSCI_E, and eSCI_F No: descriptions of eSCI DMA functionality do not apply to
these instances

NOTE
JRU H6&,B" WKH VLQJOH ZLUH IHDWXUH GRHV [QRW DSSO\ IRU 7; 5;
YLD 3&6% EHFDXVH WKLV SDG ZRUNV RQO\ DV|DQ RXWSXW

49.2 Introduction \
7KH H6&, EORFN LV DQ HQKDQFHG 6&, EORFN ZLWK D\/,1 FRQWUROOHU LQWHUIDFH OD\HU DQG

VXSSRUW 7KH /, 17 FRQWUROOHU OD\HU FRPSOLHV ZL WKH VSHFLILFDWLRQV /,1 /,1 /, 1]
DQG 6%$( -
Beginning of general
49.2.1 Bibliography module information
$/,1 6SHFLILFDWLRQ 3DFNDJH 5HYLVLRQ '"HFHPEH
¥/,1 6SHFLILFDWLRQ 3DFNDJH 5HYLVLRQ 6Hsy EHU

Sample Reference Manual

JLIXUH[DPSOH RI FKDSWHU FKLS VSHFLILF LQIRUPDWLRQ DQG JHQHUDO PRGXOH LQI

&KLS VSHFLILF LQIRUPDWLRQ WKDW FODULILHVY FRQWHQW LQ WKI

7KH IROORZLQJ ILJXUH VKRZV DQ H[DPSOH RI FKLS VSHFLILF LQIRUPDWLRQ WKDW FOIL
FKDSWHU ,Q WKLV FDVH WKH FKLS VSHFLILF UHJLVWHU UHVHW YDOXHV VXSHUVHGH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

Introduction
SIUL2 Module P Modules I
Pad Control and Pin Muxing
System Integration Unit Lite2 (SIUL2) L’D
Chapter 9 Y
System Integration Unit Lite2 (SIUL2) < | SRS
IMCRs +
. - . . GPIO

9.1 Chip-specific SIUL2 information 10 PADS
9.11 F fi i [ r— e

. eature configurations

J¢] - B DiaRegsers | <A g

In this device, the SIUL2_0 module instance does not support the following features described in the generic description: 18 [ b

€ Interrupt: controller

€ DMA channels

-
-
9.1.2 Notes for IMCR Interrupt/DMA Request
Out of reset, PA_00, PA_04, and PA_05 pads have JTAG input functionality selected by default. It should be disabled in the
corresponding IMCR registers (IMCR61, IMCR60, and IMCR50 ively) in order to use other functionality such as GPIO. .
-+
‘ Interrupt
= controller
. g Interrupt
9.2 Introduction 2 | - Configuration
g = P - Glitch Filter
. 5 - e

9.2.1 Overview - DMA
The System Integration Unit Lite2 ide all the electrical pit ports with 16 bits of bidirectional, general-
purpose input and output signals. One of the most important functions of the SIUL2 is to enable the user to select the functions
and electrical characteristics that appear on external device pins. It also controls the multiplexing of internal signals from one
module to another. ip 1/O. It 32 i trigger event tion. The following

figure is the block diagram of SIUL2 and its interfaces to other system components.
Figure 23. System Integration Unit Lite2 block diagram

This module provides dedicated pad control to general-purpose pads that can be configured as either inputs or outputs. The
SIUL2 module provides registers that enable user software to read values from GPIO pads configured as inputs, and write values
to GPIO pads configured as outputs:

€ When configured as output, you can write to an internal register to control the state driven on the associated output pad.
€ When configured as input, you can detect the state of the associated pad by reading the value from an internal register.

€ When configured as input and output, the pad value can be read back, which can be used as a method of checking if the
written value appeared on the pad.

To assist software development, GPIO data registers can be accessed using various mechanisms. These differing mechanisms
allow support for port access or for bit manipulation without the need to use read-modify-write operations:

€ Access to two 16-bit ports in one access
€ Read/write access to a single bit

€ A 16-bit port write with a bit mask, using single 32-bit access.

‘Sample Reference Manual Sample Reference Manual

NXP Semiconductors NXP Semiconductors

JLIXUH[DPSOH RI FKLS VSHFLILF LQIRUPDWLRQ WKDW FODULILHV FRQWHQW|LQ WKH

&KLS VSHFLILF LQIRUPDWLRQ WKDW UHIHUV WR D GLITHUHQW FKL

5HODWHG FKLS VSHFLILF LQIRUPDWLRQ PD\ EH SURYLGHG LQ GLIITHUHQW FKDSWHUYV |
WZR VXFK FRQQHFWHG SLHFHV RI LQIRUPDWLRQ ,Q WKLV FDVH UHDG ERWK EHIRUH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

Chapter 10 Chapter 9

Crossbar Integrity Checker (XBIC) Crossbar Switch (XBAR)

10.1 Chip-specific XBIC information 9.1 Chip-specific XBAR information

7KLV FKLS KDV RQH LQVWDQFH RI WKH ;%,& PRGXOH 7KLV FKLS KDV RQH LQVWDQFH RI WKH ;%$5 PRGXOH
10.11 XBIC controller and target assignments 9.1.1 XBAR controller and target assignments

7KH ;%,& LGHQWLILHV HDFK ;%$5 FRQWUROOHU DQG WPUJHW LQ WHUPV RI7WK‘}-\II'V'E \9‘4@%@@@ WHYWHWMKH :%$5 SKIVLFDO SRU
SK\VLFDO SRUW QXPEHU 6HH WKH 3K\VLFDO FRQWURGQDHU SRUW vauo§ﬁgiwvs PHE 1 U DXRGY Ky Wk H GHIDXOW SULRULW

WDUJHW SRUW DVVLJQPHQWYV LQ 7DEOH FRQWUROOHU SRUW 7KLV GHIDXOW SULRULW\ HTXDOV
FRQWUROOHU GRUW LQ WKH 356 UHJLVWHUV

t$ SULRULW\ YDOXH RI LV WKH KLJKHVW SULRULW\ 7K
SULRULW\
H[é(VB PRGXOH DQG FRUH GDWD EXV VKDUH WKH VI

PHOVERG .

10.1.2  Unimplemented MCR and ESR fields

2Q WKLV FKLS WKH 0&5>6( @ DQG (65>'36( @ I&tHOGV DUH QRW LPSOH
ORGXOH &RQWURO 5HJIDQMGBHE& (WRBGBXMDWXYV 5HILVWH 1%,

WKHVH ILHOGY DUH UHVHUYHG 7KH ORJLFDO FRQWUROOHU ,' FRUUHVSRQGV WR WKH OF

DQG LV XQLTXH IRU HDFK PRGXOH 7KH ORJLFDO FRQW
FRQQHFWHG WR WKH ;%$5 7KH 1H[XV FRQWUROOHU LV |l
) ILHOG WKDW VXSSOLHV WKH FRQWUROOHU ,' QXPEHU
10.2 Overview
7KH &URVVEDU ,QWHJULW\ &KHFNHU :%,& YHULILHV WKH LQWHJYLW\ RI WKH FURV VBB WD op ey and logical controller IDs
JRU IRUZDUG VLJQDOV FRQWUROOHU WR WDUJHW LW| LV GRQH E\ YHULILQUYNYKH"EQWHIULIWYRIWKH DWWULEXWH
LQIRUPDWLRQ XVLQJ DQ ELW (UURU 'HWHFWLRQ &RGH (‘& 7KH (\& GHWHEWYDQ\vLGIoH RU®
GRXEOH ELW HUURUV LQ WKH DWWULEXWH LQIRUPDWLRQ DQG VLIQDOV WKRH¥DXOW &ROOHRWLRQ DQG &ROWURO
8QLW )&&8 ZKHQ DQ HUURU LV GHWHFWHG )RU IHHGEDFN VLJQDO V' {WBHIHW WRFROQWUROOHU LW LV GRQH

E\ FRPSDULQJ WKH FRQVLVWHQF\ Rl WKH VLIJQDOV GXULQJ WKH $+% GDWDSKRVH TKHUH DU WKUHH

VLIQDOV IURP WDUJHW WR FRQWUROOHU KUHDG\ KUHVS DQG KUHVS ,eB@F RT WKH FRQWURGO H U |Wisd QBi@:VilcVet darm for X3AR pori3
GLIIHUHQW IURP WKH WDUJHW VLJQDOV GXULQJ GDWDSKDVH WKH HUURU[ZLOO EH UHSRUWHGkHQ WKHLIURU

6WDWXV 5HILVWHU

Sample Reference Manual Sample Reference Manual

JLIXUH[DPSOH RI FKLS VSHFLILF LQIRUPDWLRQ WKDW UHIHUV WR D GLIITHUHQW FKD ¢S

SHILVWHU GHVFULSWLRQV
ORGXOH FKDSWHUV SUHVHQW UHJLVWHU LQIRUPDWLRQ LQ WKH IROORZLQJ
HOHPRU\ PDSV ZKLFK FRQWDLQ
§ $Q RIIVHW IURP WKH PRGXOH V EDVH DGGUHVYV
§ 7KH PQHPRQLF DQG QDPH RI HDFK UHJLVWHU
§ 7KH ZLGWK RI HDFK UHJLVWHU LQ ELWV
§ 7KH UHVHW YDOXH RI HDFK UHJLVWHU
H5HIJLVWHU ILIXUHV
H)LHOG GHVFULSWLRQ WDEOHYV
H$SVVRFLDWHG WH[W
7KH IROORZLQJ ILJXUH VKRZV UHJLVWHU ILJXUH FRQYHQWLRQV XVHG WKURXJKRXW \

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

Access type Access description DITA output Effect of Write on Value Readback
Value
RW Read/write R Changes to Written Value Current Value
w
RO Read-only R d No Effect Current Value
w
RU Reserved, R - No Effect Value
Reserved
unimplemented w Undefined
ROZ Reserved, R No Effect Returns All
Read-only zero w Zero
ROO Reserved, R[1 No Effect Returns All
Read-only one w | Ones
wo Write-only R Changed to Written Value Value
W/| Mnemoni Undefined
woz Reserved, R Write Value Must Be All Os. Value
Write-only zero w| 0] Undefined
wWoo Reserved, R | Write Value Must Be All 1s. Value
Write-only one w| 1] Undefined
woc Write zero to clear R | Mnemoniq If a Bit in the Written Value Current Value
W is a 0, the Corresponding Bit
in the Field is Set to 0.
Otherwise, the Field Bit is
Not Affected.
wic Write one to clear R | Mnemoniq If a Bit in the Written Value Current Value
Wl wlc is a 1, the Corresponding Bit
in the Field is set to 0.
Otherwise, the Field Bit is
Not Affected.
R2C Read to clear Value is cleared following Current Value
the read operation
ROWZ Read-only, writes zero R | Mnemoni Write Value Must Be All Os Current Value
w
ROWO Read-only writes one R m Write Value Must Be All 1s Current Value
w1 ]
ROWU Ready-only writes R | Mnemoni Writes Operation Undefine Current Value
undefined w
WORZ Write-only reads zero R ﬁ Changes to Written Value Returns All
w g Zero
WORO Write-only reads one R 1 Changes to Written Value Returns All
W/ Mnemonid Ones
WORU Write-only reads R - Changes to Written Value Value
undefined W Undefined

JLIXUBHJILVWHU ILIJIXUH FRQYHQWLRQV

5HVHW YDOXHV RI

GLDJQRVWLF SXUSRVHYV

0&; $

DQG $

127¢
UHVHUYHG ORFDWLRQV GRFXPHQWHG LQ WKLV PDQXDO DUH VXEMH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO
&RQYHQWLRQV

1RWHV DQG FDXWLRQV
6SHFLILF LQIRUPDWLRQ LV SURYLGHG DV SDUW RI QRWHV DQG FDXWLRQV WKURXJKR

127¢
(PSKDVL]HV LQIRUPDWLRQ WKDW GHVHUYHV H[WUD DWWHQWLRQ

&%$87,21
,QIRUPV \RX RI VLWXDWLRQV WKDW FRXOG OHDG WR KLJKO\ XQGHVLUDEOH RXWFRPHYV
LUUHYHUVLEOH PDOIXQFWLRQ

IXPEHULQJ V\VWHPV
7KH IROORZLQJ VXIIL[HV LGHQWLI\ GLIIHUHQW QXPEHULQJ V\VWHPYV

7TDEOHXPEHULQJ V\VWHPYV

7KLV VXIIL] ,GHQWLILHV D

E %LQDU\ QXPEHU )RU H[DPSOH WKH ELQDU\ HTXLYDOHQW RI[{WKH QXI|
FDVH¥LV SUHIL[HG WR ELQDU\ QXPEHUV

G '"HFLPDO QXPEHU 'HFLPDO QXPEHUV DUH IROORZHG E\ WKLV |[VXIIL[ R
FRQIXVLRQ ,Q JHQHUDO GHFLPDO QXPEHUV DUH XVHG ZLWKRXW D V

K +H[DGHFLPDO QXPEHU )RU H[DPSOH WKH KH[DGHFLPDO HTX|LYDOHQ
&K ,Q VRPH FDLWH¥UHIL[HG WR KH[DGHFLPDO QXPEHUV

7\SRJUDSKLF QRWDWLRQ
7KH IROORZLQJ W\SRJUDSKLF QRWDWLRQV DUH XVHG WKURXJKRXW WKLV GRFXPHQW

7TDEOH\SRJUDSKLF QRWDWLRQ

([DPSOH '"HVFULSWLRQ

/[ DQG RWKHU LWDOTZRH]H® DAH[FAL ]HG LW RX¥HMGFDYHD SODFHKROGHU IRU UHSOD|FHDEOH
LWDOLFL]JHG WH[W LV XVHG IRU WLWOHV Rl SXEOLFDWLR|QV DQG
EH XVHG IRU PHWDV\PEROV LQ VIQWD[ GHVFULSWLRQV 30DLQ OF
SODFHKROGHUV IRU VLQJOH OHWWHUV DQG QXPEHUV

code font JLIHG ZLGWK IRQW VXFK DV &RXULHU XVHG IRU FRGH ,W LV XVH
ZDQW WKH XVHU WR W\SHRe)® D GIGDPSIOWHY (W U

7KLV W\SH RI IRQW LV DOVR XVHG IRU LQVWUXFWLRQ PQHPRQLF\
SDUDPHWHUV RSHUDWRUV FRPSXWHU ODQJXDJH HOHPHQWYV FR
UXQQLQJ WH[W DQG IRU VDPSOH FRGH ,QVWUXFWLRQ PRHPRQLF
PHQWLRQHG LQ DOO FDSV IRU H[DPSOH %65

65>6&0@ $ POHPRQLF LQ VTXDUH EUDFNHWY UHSUHVHQWY WKH QDPH RI D
WR WKH 6FDOLQJ ORGH 6&0 ILHOG LQ WKH 6WDWXV 5HJLVWHU ¢

5(912> @ ;%$'> @1XPEHUV LQ EUDFNHWV WKDW DUH VHSDUDWHG E\ D FRORQ UHSU
p$ VXEVHW RI D UHJLVWHU V QDPHG ILHOG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

7DEOH\SRJUDSKLF QRWDWLRQ FRQWLQXHG

(IDPSOH '"HVFULSWLRQ
YRU H[DPSOH 5(912> @ UHIHUV WR ELWYV WKDW DUH SDUW
ELWV RI WKH 5(912 UHJLVWHU
H$ FRQWLQXRXV UDQJH RI LQGLYLGXDO VLJQDOV RI D EXV
YRU H[DPSOH ;$'> @ UHIHUV WR VLJQDOV RI WKH {$' EXV
02" 5(* $ SHULRG VHSDUDWHY WKH HOHPHQWYV RI D KLHUDUFK\ VXEV\VW

uM6:7 72 PHDQV WKDW WKH 72 UHJLVWHU LV ORFDWHG L¢(

p608 ;5'& &5 PHDQV WKDW WKH &5 UHJLVWHU LV ORFDW
608 VXEV\VWHP

D WKH 6:
HG LQ W

6SHFLDO WHUPYV

7KH

IROORZLQJ WHUPV KDYH VSHFLDO PHDQLQJV

7TDEOWSHFLDO WHUPV

THUP

OHDQLQJ

$VVHUWHG

S5HIHUV WR WKH VWDWH RI D VLJQDO DV IROORZV
pM$Q DFWLYH KLJK VLIJQDO LV DVVHUWHG ZKHQ KLJK

p$Q DFWLYH ORZ VLJQDO LV DVVHUWHG ZKHQ ORZ

'HDVVHUWHG

5HIHUV WR WKH VWDWH RI D VLJQDO DV IROORZV
p$Q DFWLYH KLJK VLIJQDO LV GHDVVHUWHG ZKHQ ORZ
p$Q DFWLYH ORZ VLIQDO LV GHDVVHUWHG ZKHQ KLJK
,Q VRPH FDVHV GHDVVHUWHG VRDHYIDOAHGBUH GHVFULEHG DV

SHVHUYHG

5HIHUV WR PHPRU\ VSDFH UHJLVWHU ILHOG RU SURJUDPPL
UHVXOW LQ XQSUHGLFWDEOH IXQFWLRQDOLW\ RU EHKDYLRU

H%HIRUH ZULWLQJ WR D ORFDWLRQ ZKLFK FRQWDLQ UHVHU
RSHUDWLRQ ZLOO ZULWH WKH UHVHUYHG ELW ZLWK YDOX
PDQXDO

M&RQVLGHU XQGHILQHG ORFDWLRQV LQ PHPRU\ WR EH UHV

<RX PLIJKW JHW D %(55 WUDQVIHU HUURU UHVSRQVH RQ D

H,I XVHU UHDGV GDWD IURP PHPRU\ DUHD FRQWDLQLQJ UHV
EH LJQRUHG DQG QRW XVHG IRU DQ\ IXQFWLRQDO SXUSRV

127¢

%RRW520 FRXOG PRGLI\ WKH UHVHUYHG ELW YDOXHYV DIWHU

%RRW520 VHWWLQJYV DWWDFKPHQW

QJ VHWYV
<RX PX

YHG ELW
1 VSHFLI

HUYHG D
FFHVV W

HUYHG |
HV

UHVHW

ULWH

WR FO

HCHIHBWVW WR WKH DFFHVV WASH RI D UHJLVWHU ILHOG WKDW L

vV XVHG V

8QGHILQHG X

5HIHUV WR XQGHILQHG UHVHW YDOXHV

(GLWRULDO FKDQJHV
(DFK QHZ UHOHDVH RI WKLV GRFXPHQW LQFOXGHV HGLWRULDO LPSURYHPHQWYV VXFKk

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$ERXW 7KLV ODQXDO

H6SHOOLQJ
H*UDPPDU
H3XQFWXDWLRQ
HORLFH

H7HQVH
H&DSLWDOL]DWLRQ
H)RUPDWWLQJ
H3UHVHQWDWLRQ
H1IDYLJDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
QWURGXFWLRQ

2YHUYLHZ

7KLV JURXS RI SURGXFWV H[&SDWQWBHW KSH R&GXFWP RITHULQJIY ZLWK PXOWLSOH KLJK VSHH
WR 0+] VHULDO SHULSKHUDOV WLPHUV DQDORJ DQG ORZ SRZHU FRQVXPSWLRQ

7DUJHW DSSOLFDWLRQV
7KLV GHYLFH KDV IROORZLQJ WDUJHW DSSOLFDWLRQV
,QGXVWULDO
H(QHUJ\ 6WRUDJH DQG ODQDJHPHQW 6\VWHP
H6PDUW OHWHULQJ
H)DFWRU\ $XWRPDWLRQ
H,QGXVWULDO +0,
HORELOH 5RERWLFV (FRV\VWHP
HORWLRQ &RQWURO DQG 5RERWLFV
HORWRU 'ULYHV
H%UXVKOHVV '& ORWRU %/'& &RQWURO
H3HUPDQHQW ODJQHW 6\QFKURQRXV ORWRU 3060 &RQWURO
6PDUW +RPH
H+RPH &RQWURO 3DQHO
HODMRU +RPH $SSOLDQFHV
HS5RERWLF $SSOLDQFH
H6PDUW 6SHDNHU
H6RXQGEDU
H*DPLQJ $FFHVVRULHV
H6PDUW /LIJKWLQJ
H6PDUW 3RZHU 6RFNHW DQG /LIJKW 6ZLWFK

%ORFN GLDJUDP
7KH IROORZLQJ ILIJXUH VKRZV D WRS OHYHO RUJDQL]DWLRQ Rl WKH PRGXOHV ZLWKL!

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

$QDORJ &RUH &RQQHFWLYLW\
[ ELWS'& $U8$S&\'fv%‘i’”@0+] [/3, & [/38$57
55503 038 )38 6,0' '63
[ZR3*$ (/3803
i o $FFHOHUDWRUYV [/363, [ &

0$8 ODWK DFFHOHUDWRYP XQLW
7THPS VHQVRU

)XOO 6SHMH ,
6PDUW'0$ 86% Z 3+k [&%1)

OHPRULHYV

8S WB% IODVK Z (&&
$GYDQFHG PRWRU FRQWURO - o FDEKH "
[JOH[3:0
YODVK Z 6HFXUH ,QVWp JOH[.2
[H4'& [$2,
4XDGUDW $1' 25
GHFRGHU LQYHUW 8SWR  N%65%0 N% 2Z (& BHIPHQW /&'
[
520 Z ERRW ORDG-IT
SNV WIEE 7LPHUV
6HFXULW\
3RZHU PDQDJHPH QW | [ ELWWLPHUV|
Edgelock: Accelerator 325 /9' +9' ['2
(TRNG, PKC (ECC, RSA), .
SGI (AES256, SHA-2, KeyStore)) QORFN JHQHUDWLRR | SN WL PR |
/RZ SRZHU LQWHUQDJ Ho==>
6HFXULW\PRQLWRpIQ 0+] 0+] N+] 3// JUHTXHQF\ PHDVXUH|PH
WDPSHUDQG LQWUXVIRQ ([WHUQDO ;78/ 04]
:LQGRZHB| IRz srRzHU
ILIHF\FOH PDQDJHPH ]V 0% At WLPHU
SFFHVV FRQWURQ 3HULSKHUDO LQSXW BXofw OLFUR WLR 26 HYHQW
PHPRU\DQG GHEXJ ,138708; WLPHU WLPHU

JLIXUHHDWXUHV EORFN GLDJUDP

JHDWXUHYV
7KLV JURXS RI SURGXFWV RIITHU WKH IROORZLQJ IHDWXUHYV
HL&RUH

§ $UP ELW &RUWH[ O &38 ZLWK )38 DQG '63 HIWHQVLRQ LQVWUXFWLRQ VHW D
'ULYH PRGH 0] DW 2YHU 'ULYH PRGH 9

I1HVWHG 9HFWRUHG ,QWHUUXSW &RQWUROOHU
&ORFN JDWLQJ IRU FRUH SURFHVVRU
OXOWLOD\HU $+% %XV 0ODWUL][

w w W W

0$8 ODWK $FFHOHUDWRU 8QLW VXSSRUWV WULJRQRPHWULF UHFLSURFDO V]
DOJRULWKPV

§ 6PDUW'0$ FR SURFHVVRU IRU DSSOLFDWLRQV VXFK DV SDUDOOHO FDPHUD LQV
HOHPRULHYV

§ 0% )ODVK DUUD\ LPSOHPHQWHG DV VLQJOH DUUD\ 7KH VPDOOHVW SURJUDPP

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

X ELW ELW (&& .% VHFWRU VL]H

X .% ,)5 .% ,)5 IRU ,PSOLFLW SURWHFWHG )ODVK 5HJLRQ ,)5
§ )ODVK OHPRU\ &RQWUROOHU

x/LQH EXIIHU

x3UHIHWFK EXIIHU

x6ZDS

x ZDLW VWDWHYV DW 0+] 2' PRGH ZDLW VWDWH DW 0+] 2' PRGH ZD
§ OHPRU\ %9ORFN &KHFNHU 0%&

x3URWHFW IODVK UHDG ZULWH DQG H[HFXWH SHUPLVVLRQ

x0ODLQ DUUD\ JUDQXODULW\ LV . %

x,)5 JUDQXODULW\ LV . %

x,)5 JUDQXODULW\ LV . %
§ 5%0

x .% /3&%& WR VXSSRUW RQ FKLS )ODVK FDFKLQJ .% /3&%& 5$0 FDQ EH XVH(
GLVDEOHG

X .% &RGH 65%0

x8S WR % 6\WWHP 65%$0 .% ZLWK (&&
§ 6\WWHP 520
H7LPHUV
§ [ ELW VWDQGDUG JHQHUDO SXUSRVH DV\QFKURQRXV WLPHUV FRXQWHUV ZK

FRPSDUH RXWSXWV 3:0 PRGH DQG H[WHUQDO FRXQW LQSXW 6SHFLILF WLPHU
UHTXHVWYV

/IRZ SRZHU WLPHU

JUHTXHQF\ PHDVXUHPHQW WLPHU
':LQGRZHG ZDWFKGRJ WLPHU
:DNH WLPHU

OLFUR WLFN WLPHU 87,&. UXQQLQJ IURP WKH ZDWFKGRJ RVFLOODWRU FDQ EH
GHHS VOHHS PRGHV ,QFOXGHV FDSWXUH UHJLVWHUV ZLWK SLQ LQSXWYV

§ 26 HYHQW WLPHU
X ELW IUHH UXQQLQJ 26 7LPHU DV FRQWLQXRXV WLPH EDVH IRU WKH V\VWHI

w W W W W

MWSGYDQFHG ORWRU &RQWURO
§ [)OH[3:0
x VXE PRGXOHV SHU HDFK )OH[3:0 SURYLGLQJ FRPSOHPHQWDU\ RXWSXWYV
x |IDXOW LQSXWV DUH VXSSRUWHG
§ [ 4AXDGUDWXUH '"HFRGHU H4'&
§ [ $2, $1' 25 ,QYHUW PRGXOH

x PSOHPHQWYV IRXU HYHQWV RXWSXW (DFK HYHQW RXWSXW UHSUHVHQWYV D >}
IXQFWLRQ EDVHG RQ IRXU HYHQW LQSXWYV

x)RXU HYHQW LQSXWV DUH VHOHFWHG IURP LQSXW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

H,PSOLFLW SURWHFWHG )ODVK 5HJLRQ ,)5
HE6HFXULW\
§ 6HFXULW\ ORQLWRULQJ
x &RGH :DWFKGRJ IRU FRGH IORZ LQWHJULW\ FKHFNLQJ
x [ 3DVVLYH DQWL WDPSHU SLQ GHWHFW
x*/,. (< HQIRUFHV VHFXULW\ FKHFNV EHIRUH DOORZLQJ D ZULWH WR VHFXULW!
§ ,PSOLFLW SURWHFWHG )ODVK 5HJLRQ ,)5
§ ELW 8QLYHUVDO 8QLTXH ,GHQWLILHU 88," SHU GHYLFH LQ DFFRUGDQFH ZL\
§ 'HYLFH OLIHF\FOH PDQDJHPHQW
§ (GJH/RFN $FFHOHUDWRU
x 751*
x3.& 3XEOLF .H\ &U\SWRJUDSK\ VXSSRUWV (&& DQG 56%$ HQFU\SWLRQ DQG G
x6* G6HFXUH *HQHULF ,QWHUIDFH SURYLGHV $(6 6+$ DQG NH\ JHQHUDWI
x 6HFXUH NH\ VWRUH ZLWK NH\ XVDJH SROLFLHV SURWHFWLRQ RI SODWIRUP
H&RPPXQLFDWLRQ ,QWHUIDFHV IRU &RQQHFWLYLW\
§ [/3,& [/363,/38%57
§ [, &
§ 86% )XOO VSHHG 'HYLFH +RVW ZLWK RQ FKLS )6 3+<
§ 8S WR [ )OH[&$1 ZLWK )'

§ )OH[,2
H+0,

§ [ VHJPHQW /& LQWHUIDFH
H$QDORJ

§ [ ELW '$&

§ | ELW $'&

xXS WR O0VSV LQ ELW PRGH DQG OVSV LQ ELW PRGH
xXS WR$'& ,QSXW FKDQQHOV GHSHQGLQJ RQ WKH SDFNDJH
x2QH LQWHJUDWHG WHPSHUDWXUH VHQVRU SHU $'&
§ [ +LJK VSHHG &RPSDUDWRUV ZLWK LQSXW SLQV DQG ELW '$& DV LQWHUQDO
x [ /13&03 LV IXQFWLRQDO GRZQ WR '3' PRGH
§ [ 2S$PS ZLWKRXW 3*$
H2SHUDWLQJ FKDUDFWHULVWLFV

§ 2SHUDWLQJ YROWDJH WR 9
§ THPSHUDWXUH UDQJH WR r&
H'HEXJ
§ OLQLPDO GHEXJ ! EUHDNSRLQW DQG ZDWFK SRLQW QR (70
§ 'HEXJ PDLOER[ IRU DOORZ WRROV FRQVLVWHQF\ GXULQJ SRZHU XS
§ 6:' -7%*

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

W3DFENDJHV
§ /4)3

§ /14)3

§ /4)3

§ %*$

,QWURGXFWLRQ

6HH WKH GHYLFH GDWD VKHHW IRU GHWDLOV RQ SDFNDJHV

)XQFWLRQDO RYHUYLHZ
7KH IROORZLQJ WDEOH VKRZV WKH FKLS PRGXOHV RUJDQL]HG E\ IXQFWLRQDO FDWH.

7TDEOHRGXOH IXQFWLRQDO FDWHJRULHV

ORGXOH FDWHJRU\

'"HVFULSWLRQ

&RUH

M7KH $UP &RUWH[ O LV D PHPEHU RI WKH
Rl SURFHVVRUVY WDUJHWLQJ PLFURFRQW
VHQVLWLYH GHWHUPLQLVWLF DQG LQW
&RUWH[ 0 SURFHVVRU LV EDVHG RQ WKt
7TKXPES ,6$ DQG LV XSZDUG FRPSDWLEO
0O 0O DQG 0 O

HODWK $FFHOHUDWLRQ 8QLW 0$8
H6PDUW '0$ &RQWUROOHU 6PDUW'0$

&RUWH]
JROOHU
HUUXSW
1 SUPY (
H ZLWK

6\VWHP

M'HEXJ ODLOER]

p$+% &URVYV %DU 6ZLWFK $;%6 /LWH
L(QKDQFHG 'LUHFW OHPRU\ $FFHVV F KD (
L:DNH 8S 8QLW :88

M3HULSKHUDO ,QSXW O0X[ ,138708;

H(UURU ,QMHFWLRQ ORGXOH (,0

HL(UURU 5HSRUWLQJ ORGXOH (50

L6\WWHP 3RZHU &RQWUROOHU 63&
L6\WWHP &RQWUROOHU

H50& SDUW RI &0&

DQHO H'C

OHPRU\

H)ODVK OHPRU\ &RQWUROOHU )0&
H)ODVK ODQDJHPHQW 8QLW )08

H520 %227 DQG 520 &2'(

H6WDWLF 5DQGRP $FFHVV OHPRU\ 65$0
H$+% /RZ 3RZHU &DFKH &RQWUROOHU /3&

b &

&ORFN

H9%$7 :UDSSHU
§ )UHH 5XQQLQJ 2VFLOODWRU . )52

M6\WWHP &0RFN *HQHUDWRU 6&*

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

7TDEOHRGXOH IXQFWLRQDO FDWHJRULHV FRQWLQXHG

ORGXOH FDWHJRU\

'"HVFULSWLRQ

&U\WWDO 2VFLOODWRU 6\VWHP 26&E

JUHH 5XQQLQJ 2VFLOODWRU 0 )52

8
8
8
§ 3//

JUHH 5XQQLQJ 2VFLOODWRU 0 )52

b

6HFXULW\

H&\FOLF 5HGXQGDQF\ &KHFN &5&
H&RGH :DWFKGRJ

H*OLNH\

HOHPRU\ %ORFN &KHFNHU 0%&
H6HFXUH *HQHULF ,QWHUIDFH 6%,
H3XEOLF .H\ &U\SWR &RSURFHVVRU 3.&
H7UXH 5DQGRP *HQHUDWRU 751*
H'LIJLWDO 7DPSHU 7' (7

7LPHU

HAXDGUDWXUH 'HFRGHU (1&

HOLFUR 7LFN 87,&. 7LPHU

H26 (YHQW 7LPHU 267,0(5

H/RZ SRZHU 7LPHU /3705
H6WDQGDUG &RXQWHU 7LPHU &7,0(5
H:LQGRZHG :DWFKGRJ 7LPHU ::'7
H)UHTXHQF\ OHDVXUHPHQW )5(40(
H:DNH 7LPHU

H5HDO WLPH FRXQWHU 57&

&RPPXQLFDWLRQ

W/RZ 3RZHU 8%$57 /38$57

H/RZ 3RZHU 6HULDO 3HULSKHUDO ,QWHUID
H/RZ 3RZHU , & /3, &

H)OH[LEOH 'DWD 5DWH &$1 )OH[&S$1

+XPDQ ODFKLQH ,QWHUIDFH +0,

H*HQHUDO 3XUSRVH ,QSXW 2XWSXW *3,2
H3RUW &RQWURO 3257

$QDORJ

H ELW $QDORJ WR 'LJLWDO &RQYHUWHU
UDWH DQG OVSV LQ ELW PRGH

U ELW '$&
H2SHUDWLRQDO $PSOLILHU 2S$PS
H/RZ 3RZHU DQDORJ &RPSDUDWRU /3&03

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO

6<6

FH /363

$'& ZLW



1,3 6HPLFRQGXFWRUYV

&RUH
7KH

7TDEORRUH PRGXOHV

,QWURGXFWLRQ

IROORZLQJ FRUH PRGXOHY DUH DYDLODEOH RQ WKLV FKLS

ORGXOH

'"HVFULSWLRQ

&38

,V DQ $UP &RUWHJ[ O
0+]

SURFHVVRU WKDW UX

QV DW D

IHVWHG 9HFWRUHG ,QWHUUXSW

RIRH WWHRYO O HYFHSY&LRQ PRGHO DQG 1HVWHA
&RQWUROOHU 19,& LPSOHPHQW D UHORFD
H[WHUQDO LQWHUUXSWV D VLQJOH QRQ PD
OHYHOV

I9HFWRI
WDEOH Y
VNDEOH

6\VWHP 7LFN 7LPHU 6\V7LFN

6HH WKH $UPY 0 $UFKLWHFWXUH 5HIHUHQFH
DERXW WKLV VA\VWHP WLPHU

i 0DQXD

&ORFN

7KH IROORZLQJ FORFEN PRGXOHYV

7TDEORORFN VRXUFHV

DUH DYDLODEOH RQ WKLV FKLS

ORGXOH

'HVFULSWLRQ

JUHH 5XQQLQJ 2VFLOODWRU

SV)PH XOWUD ORZ SRZHU LQWHUQDO N
GRZQ WR 'HHS 3RZHU 'RZQ '3' PRGH 7KH )4
DFFXUDF\ RYHU WKH HQWLUH YROWDJH D

] FORFN
2 . LV V
DG WHPS

6\VWHP &0RFN *HQHUDWRU 6&*

BURYLGHV WKH XVHU ZLWK DFFHVV WR WKH
VIVWHP OHYHO FORFN VRXUFHV

6HH&*FKDSWHA} §Q DQG $ S5HIHUHQFH 00

FRQILJX

OXDO

&U\WWDO 2VFLOODWRU 6\VWHH

“BOBROAOWHY LQ FRQMXQFWLRQ ZLWK DQ HJ
UHIHUHQFH FORFN IRU WKH FKLS

NHUQDO

JUHH 5XQQLQJ 2VFLOODWRU

PR DORH DXQQLQJ RVFLOODWRU FDQ JHQH

JDWH

JUHH 5XQQLQJ 2VFLOODWRU

OVIDPEQWHUQDO FOREFN VRXUFH WKDW JHQ
WKH FKLS

HUDWHYV

&RPPXQLFDWLRQ
7KH

7TDEORRPPXQLFDWLRQ PRGXOHV

IROORZLQJ FRPPXQLFDWLRQ PRGXOHY DUH DYDLODEOH RQ WKLV FKLS

ORGXOH

‘"HVFULSWLRQ

/IRZ 3RZHU ,QWHU ,QWHJUDWHG

SAFTREWFRPPXQLFDWLRQ EHWZHHQ D QXPE
6\WWHP ODQDJHPHQW %XV 60%XV 6SHFLILR

HU RI GH
DWLRQ

/IRZ 3RZHU 6HULDO 3HULSKHUDO

6 QEHKWIRGRX V3B ULDO EXV IRU FRPPXQLEDW

LRQ WR

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEORRPPXQLFDWLRQ PRGXOHYV

,QWURGXFWLRQ

FRQWLQXHG

ORGXOH

'"HVFULSWLRQ

/IRZ 3RZHU 8QLYHUVDO $V\QFKU
7TUDQVPLW /38%57

RDR RV ISHEBRXM VHULDO EXV FRPPXQLFDWLR
RU ELW GDWD IRUPDW

Q LQWHL

JOH[LEOH 'DWD 5DWH &$%$1 )OH[&%KLV PRGXOH LV D FRPPXQLFDWLRQ FRQWUROOHU L
SURWRFRO DFFRUGLQJ WR WKH ,62 VWDQG
% SURWRFRO VSHFLILFDWLRQV

6PDUW'0S$ 6XSSRUWYV XQLTXH UHGXFHG LQVWUXFWLRQ VHWV D
GULYHQ KDQGOLQJ WR RIIORDG WKH ZRUN I[URP WKt

'"HE XJ

7KH IROORZLQJ GHEXJ PRGXOHV DUH DYDLODEOH RQ WKLV FKLS

7DEOHHEXJ PRGXOHV

ORGXOH 'HVFULSWLRQ

'‘DWD :DWFKSRLQW DQG 7UDFH [:¥ D JHQHULF QDPH IRU PRGXOHV WKDW DOORZ GHE
0 7KH ":7 FRPSULVHV RI WKH '"HEXJ :DWFKBRLQW D
PRGXOH DQG WKH )ODVK 3DWFK DQG %UHDNSRLQW

'"HEXJ $FFHVV 3RUW '$3 (QDEOHV UHDO WLPH DFFHVV WR WKH FKLS UHJLVWE
ZLWKRXW KDOWLQJ WKH SURFHVVRU FRUHYV

' QVWUXFWLRQ 7UDFH ODFURFHOQURMLGHY D PHPRU\ PDSSHG UHJLVWHU LQWHUIDFH
WR ZULWH ORJJLQJ RU HYHQW ZRUGV IRU SURILOLQ

-RLQW 7HVW $FWLRQ *URXS -7%* pSOHPHQWYVY VHULDO FRPPXQLFDWLRQ SURWRFRO |
7HVW $FFHVV 3RUW 7%$3

6HULDO :LUH "HEXJ 6:' ,V D VHULDO FRPPXQLFDWLRQ LQWHUIDFH XVHG IRU
PXOWLSOH FRUHV ZKLOH RQO\ UHTXLULQJ I VLQJOF

7UDFH 3RUW ,QWHUIDFH 8QLW V8rF8yVv DV D EULGJH EHWZHHQ WKH RQ FKLS WUDFH G
DV WKH ,70 ZKLFK KDYH VHSDUDWH V\VWHR ,'V WR

OHPRU\

7KH IROORZLQJ PHPRU\ PRGXOHV DUH DYDLODEOH RQ WKLV FKLS

7DEOHWHPRU\ PRGXOHV

ORGXOH 'HVFULSWLRQ

JODVK OHPRU\ &RQWUROOHU )0& v p SURJUDPPDEOH IODVK PHPRU\ § QRQ YRODWLO
VWRUH H[HFXWDEOH SURJUDP FRGH RU GDWD
6HHO& FKDSWHQ} §Q DQG $ 5HIHUHQFH 00Q0XDO

JODVK ODQDJHPHQW 8QLW )08 |opQDJHV WKH LQWHUIDFH EHWZHHQ WKH FKLS DQG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

7TDEOHWHPRU\ PRGXOHV FRQWLQXHG

ORGXOH

'"HVFULSWLRQ

6HHO8 FKDSWH&) 8Q DQOG $ S5HIHUHQFH 00

6WDWLF 5DQGRP $FFHVV OHPRU

, &AW+ QDO VIVWHP 65%$0 PHPRU\ (DFK LQGL
FRQILJIXUHG WR EH UHWDLQHG LQ ORZ SRZ}

$+% /RZ 3RZHU &DFKH &RQWURQ

OVlp 4¥K¥FEHVVRU ORFDO OHYHO [/ EXV FD
XVLQJ $0%$ $+% LQSXW RXWSXW EXVHV

6HH3L$&LFKDSWHA) BQ DQG $ S5HIHUHQFH (

6\VWHP
7KH

7TDEOH6\VWHP PRGXOHYV

IROORZLQJ VI\VWHP PRGXOHY DUH DYDLODEOH RQ WKLV FKLS

ORGXOH

'HVFULSWLRQ

SBHULSKHUDO %ULGJH 3%5,"*(

[a

3

&RQYHUWYV DQ $0%$ $+% LQWHUIDFH WR D
WKH 3HULSKHUDO %ULGJH 3%5,*( FRQWUR
SHULSKHUDOV 7KLV GHYLFH KDV WZR SHUL

6\VWHP &8RQWUROOHU 6<6&21

URYLGHY FRQWUROV DQG FRQILIXUDWLRQ
WKH PXOWLSOH IXQFWLRQV

&RUH ORGH &RQWUROOHU &0&

7KH &0& SURYLGHY FRQWURO DQG SURWHFW
PRGH FRQWURO IRU WKH 6\VWHP 3RZHU &R
DQG H[LW IRU WKH FRPSOHWH GHYLFH

6HIRROLFKDSWHY §Q DQOG $ 5HIHUHQFH 00

(QKDQFHG 'LUHFW OHPRU\ $FFH

VYHUIB® PV VRXUFH GHVWLQDWLRQ DGGUHVYV,
PRYHPHQW RSHUDWLRQYV

&DSDEOH RI SHUIRUPLQJ FRPSOH[ GDWD WU
IURP D KRVW SURFHVVRU

6HH/ '0$ FKDSWHA) BQ DQOG $ S5HIHUHQFH 0

':DNH XS 8QLW :88

$OORZV VHOHFWLRQ RI H{WHUQDO SLQV DQ
XS VRXUFHV IURP 'HHS 60HHS DQG 3RZHU 'H

6HHE88 FKDSWHA} 6Q DQG $ S5HIHUHQFH 01

OXDO

YLGXDO
iU PRGH

FKH FRQ

)DOXDO

HULSKH
OOHU W
SKHUDO

V RI WKF

LRQ RQ
QWUROO

QOXDO

FDOFXC

DQVIHU\

DQXDO

5 LQWHU
RZQ PRG

)OXDO

BHULSKHUDO ,QSXW OXOWLSOH]

L0 RZBB WIBH WULJIJHU RXWSXW RI RQH SHU
LQSXW RI D VHFRQG SHULSKHUDO

6HH1I38708, FKDSWHY BQ DQG $§ S5HIHUHQF|

L SKHUDO

H 0DQXD

(UURU ,QMHFWLRQ ORGXOH ¢(,0

3URYLGHY D PHWKRG IRU GLDJQRVWLF FRY
H[DPSOH V\VWHP 5$0 FDFKH 5%0V DQG SH

6HH,0 FKDSWH&) EQ DQOG $ 5HIHUHQFH 0D

1UDJH R
JLSKHUD

O XD O

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

7TDEOH6\VWHP PRGXOHV FRQWLQXHG

ORGXOH 'HVFULSWLRQ

(UURU 5HSRUWLQJ ORGXOH (50| 3URYLGHYV LQIRUPDWLRQ DQG RSWLRQDO LOWHUUXS
HYHQWV DVVRFLDWHG ZLWK (UURU FRUUHFWLRQ FR

6HH50 FKDSWH} §Q DQG $ S5HIHUHQFH 00QXDO

6\WVWHP 3RZHU &RQWUROOHU 638URYLGHY FRQWURO RYHU WKH RSHUDWLRQ DQG FR
SRZHU JHQHUDWLRQ PRGXOHV WR RSWLPL]JH SRZHU
IXQFWLRQDOLW\ QHHGHG

6HH3&FKDSWHA) BQ DQOG $ 5HIHUHQFH 0DQXDO

/IRZ "URS 2XW 5HIJXODWRU &RUHg ¥RB&2HPIH UHIXODWRU IRU JHQHUDWLQJ WKH FRUF

5$0B5(7B/'2 $ YROWDJH UHJXODWRU IRU JHQHUDWLQJ WKH YROV

6HFXULW\
7KH IROORZLQJ VHFXULW\ PRGXOHV DUH DYDLODEOH RQ WKLV FKLS

7TDEOH6HFXULW\ PRGXOHYV

ORGXOH '"HVFULSWLRQ

&\FOLF 5HGXQGDQF\ &KHFN &5& 3yRYLGHV HUURU GHWHFWLRQ IRU DOO VLQJOH GR
6HHR5&FKDSWHA) 6Q DQG $ 5HIHUHQFH 00Q0XDO

“I, (< ,W SURYLGHV D PHFKDQLVP WR VDIHO\ DFFHVV VHF)

OHPRU\ %ORFN &KHFNHU 0%& BURYLGHVY GRPDLQ EDVHG DFFHVV FRQWURO IRU DO
WDUJHWHG WR RQ FKLS LQWHUQDO PHPRULHV DQG
75'& PRGXOH

6HH % &FKDSWHA EQ DQG $ 5HIHUHQFH 00QXDO

7LPHU
7KH IROORZLQJ WLPHU PRGXOHV DUH DYDLODEOH RQ WKLV FKLS

7TDEOH7LPHU PRGXOHYV

ORGXOH '"HVFULSWLRQ

JOH[3:0 *HQHUDWHY YDULRXV VZLWFKLQJ SDWWHUQV LQFO
VRSKLVWLFDWHG ZDYHIRUPYV

&RQWUROV GLIIHUHQW 6ZLWFKHG ORGH 3RZHU 6XSS
6HHOH/[3:FKDSWHA) EQ DQOG $ 5HIHUHQFH 0DQXDC

:DNH 7LPHU B3URYLGHY WLPH NHHSLQJ DQG FDOHQGDUL®J IXQFW
SURYLGHV SURWHFWLRQ DJDLQVW VSXULRXV PHPRL
EDWWHU\ RSHUDWLRQ

6HHDNH 7LFMDSWHA} EQ DQG $§ 5HIHUHQAH 0DQXL

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

,QWURGXFWLRQ

7TDEOH7LPHU PRGXOHV FRQWLQXHG

ORGXOH

'HVFULSWLRQ

4XDGUDWXUH '"HFRGHU

, QWHUIDFHVY WR SRVLWLRQ VSHHG VHQVRU
FRQWURO DSSOLFDWLRQV

6HHXDGUDWXUHFWHFEWHY EQ DQG $
S5HIHUHQFH 0DQXDO

WKDW |

OLFUR 7LFN 87,&. 7LPHU

,V. D
6HH 7, & FKDSWHA) BQ DQG $

ELW WLPHU WKDW SURYLGHYV D IL[HG
SHIHUHQFH 0

WLPH Lt
DOXDO

26 (YHQW 7LPHU 267,0(5

, V. D
6HE67,0(5FKDSWHA} BQ DQG $

ELW *UD\ FRGH FRXQWHU
S5HIHUHQFH

0DQXDC

/IRZ SRZHU 7LPHU /3705

,V. D
6HH3705FKDSWHY BQ DQG $

ELW WLPHU RU SXOVH FRXQWHU ZLW
S5HIHUHQFH

K FRPSD
)D QXD O

6WDQGDUG &RXQWHU 7LPHU &7

LY & RXQWHU WLPHU LV GHVLJQHG WR FR
IXQFWLRQ FORFN

6HRR 7LPHFUDSWHY BQ DQG $ 5HIHUHQFH (

QW F\FC

)DQXDO

':LQGRZHG :DWFKGRJ 7LPHU ::'7

+HOSV UHVHW RU LQWHUUXSW DQ HUURQHR
SURJUDPPDEOH WLPH

6HH:'7 FKDSWH& EQ DQG $ 5HIHUHQFH (

XV PLFU

DOXDO

JUHTXHQF\ OHDVXUHPHQW

BURYLGHV KLJK DFFXUDF\ IUHTXHQF\ PHDVX
RIl FKLS FORFNYV

6HHUHTXHQF| OHD VPKDEPHM@EWEQ DQG $
5HIHUHQFH 0DQXDO

UHPHQW

+XPDQ ODFKLQH ,QWHUIDFH

7KH IROORZLQJ +0, PRGXOHV DU

7TDEOH+0, PRGXOHV

+0,
H DYDLODEOH RQ WKLV FKLS

ORGXOH

'"HVFULSWLRQ

*HQHUDO 3XUSRVH ,QSXW 2XWS

X$}OF 3R 2 SLQV VXSSRUW LOQWHUUXSW DQG '
6HH3, 2ZFKDSWHY EQ DQOG $ 5HIHUHQFH 01

D$ UHTXH
DOXDO

3RUW &RQWURO 3257

URYLGHY VXSSRUW IRU SDG FRQWURO IXQ

6HRB257FKDSWH) §Q DQG $ 5HIHUHQFH 0

EWLRQV
DQOXDO

$QDORJ
7KH

0&; $ DQG $

IROORZLQJ DQDORJ PRGXOHY DUH DYDLODEOH RQ WKLV FKLS

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEOH$QDORJ PRGXOHV

,QWURGXFWLRQ

ORGXOH

'HVFULSWLRQ

$QDORJ WR 'LIJLWDO &RQYHUWH

BXFEHVVLYH DSSUR[LPDWLRQ $'& GHVLJQHG

IRU RS

LQWHJUDWHG PLFURFRQWUROOHU VA\VWHP RQ FKLS

6HK'& FKDSWHA} BQ DQG $ S5HIHUHQFH 0D

/IRZ 3RZHU &RPSDUDWRU

/13&03

OXDO

3URYLGHV D FLUFXLW IRU FRPSDULQJ WZR PQDORJ
6HH3L03FKDSWHA EQ DQG $ 5HIHUHQFH PDQOXDO

/13'$&

7KH /RZ 3RZHU 'LJLWDO WR $QDORJ &RQYHU

ELW JHQHUDO SXUSRVH GLJLWDO WR DQD
/3'$& FDQ EH SODFHG RQ DQ H[WHUQDO SLQ
DQDORJ FRPSDUDWRU RU $'&

WHU /3"
ORJ FRQ
RU VHW

6HH3'$& FKDSWHA} BQ DQG $ S5HIHUHQFH 0DQXDO

2SHUDWLRQDO $PSOLILHU 2S$P

FKH 2S$PS LV D SXUH YROWDJH DPSOLILHU Z
JDLQ VWDJH

8VHU QHHGY WR LPSOHPHQW H[WHUQDO IHH
LOQYHUWLQJ RU QRQ LQYHUWLQJ JDLQ DPSO

7KLY PRGXOH LV DSSOLFDEOH WR WKH VLJ(
EHIRUH 6$5%'&

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

LWKRXW

GEDFN ¢
LILFDWL

DO SURI

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
&RUH 2YHUYLHZ

,QWURGXFWLRQ
7KLY VHFWLRQ FRYHUVY WKH FRUH PRGXOHVY LQFOXGHG LQ WKLV FKLS

&RUWH[ 0 &RGH DQG 6\VWHP EXVHYV

7KLY GHYLFH KDV RQH $UP &RUWH[ 0 SURFHVVRU FRUH ZLWK )ORDWLQJ 3RLQW 8QL
ZLWKRXW 7UXVW=RQH O

7KH FRUH LPSOHPHQWY D PRGLILHG +DUYDUG PHPRU\ DUFKLWHFWXUH XVLQJ WZR E
EXV LOQOWHUIDFHY DUH DFWLYDWHG E\ DGGUHVY UDQJH DQG FDQ LQFOXGH ERWK LQV\
EXV SRUW $ WUDGLWLRQDO +DUYDUG DUFKLWHFWXUH VWULFWO\ VHSDUDWHYV LQVW!
SRUWV UHJDUGOHVV RI DFFHVV DGGUHVY 7KH &RGH EXV LV WASLFDOO\ XVHG IRU LQ\
ZKLOH WKH VA\VWHP EXV LV W\SLFDOO\ XVHG IRU RSHUDQG GDWD UHIHUHQFHV WR WK}
EXV VWUXFWXUH IXO0\ VXSSRUWYV FRQFXUUHQW LQVWUXFWLRQ IHWFK DQG GDWD DF
ERWK W\SHV RI UHIHUHQFHY RQ HDFK EXV

127¢
,W LV UHFRPPHQGHG WKDW SHUIRUPDQFH FULWLFDO FRGH EH ORFDWHG VXFK WKDW L
GHILQHG E\ DGGUHVVHV [ B

&RGH %XV DFFHVYV

&RGH %XV DFFHVVHV DUH URXWHG WR WKH &RGH &DFKH &RQWUROOHU FRGH EXV RI VW
WKH FDFKHDEOH DFFHVVHVY DV QHHGHG ZKLOH E\SDVVLQJ WKH QRQ FDFKHDEOH DFF
FDFKH PLVV DFFHVVHV WR WKH GRZQVWUHDP PHPRULHV WKURXJK WKH PDVWHU SRU!

6\VWHP EXV DFFHVYV
$00 6\VWHP EXV DFFHVVHV DUH URXWHG WR WKH WDUJHW DGGUHVV LQ GHVWLQDWL

$FFHVV FRQWURO

$00 FRUH &RGH DQG 6\VWHP %XV DFFHVVHYV DUH FKHFNHG E\ WKH FRUH DFFHVV FRQYV
DUH FKHFNHG E\ GRZQVWUHDP VHFXUH $+% EXV ORJLF 7KH FDFKHV LQFOXGH SURWH
GRPDLQ ELWV DV SDUW RI WKH WDJV ,I D IHWFK DGGUHVV KLWV WKH FDFKH EXW WK
FDFKH FROQWUROOHU IRUFHV D PLVV ZLWK WKH DOORFDWH ORFDWLRQ WKH VDPH DV
WKH GRZQVWUHDP FKHFNV WR WDNH SODFH DQG WKLV QHZ PLVV LV ORDGHG LQ WKHF
ELWY RYHUZULWLQJ WKH OLQH ZLWK WKH VDPH DGGUHVYV 7KLV NHHSV WKH FDFKH FF
WKH GRZQVWUHDP FKHFNV

1HVWHG 9HFWRUHG ,QWHUUXSW &RQWUROOHU 19,&
,QWHUUXSW SULRULW\ OHYHOV

7KLY GHYLFH VXSSRUWY SULRULW\ OHYHOV IRU LQWHUUXSWV 7KHUHIRUH LQ WKH
H[DPSOH ,35 LV VKRZQ EHORZ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RUH 2YHUYLHZ

d
.54 .54 .54 54

1RQ ODVNDEOH ,QWHUUXSW 10, FRQILIXUDWLRQ
7KH 1RQ ODVNDEOH ,QWHUUXSW 10, HQDEOH ELW DQG VRXUFH VHOHFWLRQ ELWYV DL

,QWHUUXSW FKDQQHO DVVLIJQPHQWYV

7KH LOQWHUUXSW VRXUFH DVVLIJIQPHQWY DUH GHILQHG LQ WKH IROORZLQJ WDEOH
LOHFWRU QXPEHU 8 WKH YDOXH VWRUHG RQ WKH VWDFN ZKHQ DQ LQWHUUXSW LV V
H,54 QXPEHU 8 QRQ FRUH LQWHUUXSW VRXUFH FRXQW ZKLFK LV WKH YHFWRU QXPE

7KH ,54 QXPEHU LV XVHG ZLWKLQ $UP V 19,& GRFXPHQWDWLRQ

6HH WKH DWWDFKHG 19,&8B&RQILIJIXUDWLRQ VSUHDGVKHHW IRU WKH 19,& LQWHUUXSW

6\VWHP PHPRU\ PDS
6HH WKH DWWDFKHG OHPRU\ 0DS VSUHDGVKHHW 2YHUYLHZ WDE IRU WKH FKLS V KL,

SHULSKHUDO %ULGJH

7KH SBHULSKHUDO %ULGJH 3%5* LV WKH SRUWLRQ RI WKH EXV IDEULF WKDW FRQQHF
SHULSKHUDO KDV D EDVH DGGUHVYV ZKHUH WKH SURFHVVRU HOHPHQWY FDQ DFFHVV

SBHULSKHUDO %ULGJH 3%5,"*( PHPRU\ PDSV

6HH WKH DWWDFKHG OHPRU\ ODS VSUHDGVKHHW IRU 3%5,'*( 3%5,'*( DQG )DVW 3HU
SHULSKHUDO PHPRU\ PDSSLQJ RQ WKLV GHYLFH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
6HFXULW\ 2YHUYLHZ

1RQ FODLPV

$V VAIVWHP VHFXULW\ UHTXLUHPHQWY DQG WKH DWWDFN VXUIDFH HYROYHV LW LV LF
HVSHFLDOO\ DGYDQFHG SK\VLFDO DWWDFNV ZKLFK 1;3 GRHV QRW FODLP WR SURWF
PLWLIJDWLRQ FDQ EH WDNHQ E\ WKH FXVWRPHU DW WKH V\VWHP OHYHO LI QHFHVVDU

HM7KLY 6R& KDV EXLOW LQ VHFXULW\ HYHQW GHWHFWLRQ IHDWXUHV +RZHYHU 1;3 (
DWWHPSWV LQFOXGLQJ RSHUDWLRQ RI WKH GHYLFH EH\RQG WKH GHILQHG VSHFL
DUH RQO\ HIIHFWLYH LI WKH DQDORJ JOLWFK GHWHFWRU LV HQDEOHG LQ WKH GH"®
SURWHFWLRQ DJDLQVW VHPL LQYDVLYH DQG LQYDVLYH DWWDFNV

MH7KLY 6R& KDV D EXLOW LQ IHDWXUH DGGUHVVLQJ VLGH FKDQQHO DWWDFNV +RZH
7KH HIITHFWLYHQHVYV RI WKHVH IHDWXUHYVY KDV QRW EHHQ LQGHSHQGHQWO\ HYDOX
UHVXOW ZLOO PHHW VSHFLILF FXVWRPHU UHTXLUHPHQWYV

M6EHYHUDO DVSHFWV RI WKLV 6R& V VHFXULW\ WUXVW DUFKLWHFWXUH UHO\ RQ WK}
VLIQDWXUHV ,I| WKHVH DUH VXEVHTXHQWO\ GHWHUPLQHG WR KDYH LQKHUHQW IO
DQG LQ WKLV FDVH 1;3 GRHV QRW JXDUDQWHH WKH XQGHUO\LQJ WUXVW DUFKLW

1;3 UHFRPPHQGY FXVWRPHUVY WR LPSOHPHQW DSSURSULDWH GHVLJQ DQG RSHUDWLC
PLQLPL]H WKH VHFXULW\ ULVNV DVVRFLDWHG ZLWK WKHLU DSSOLFDWLRQV DQG SUR!

2YHUYLHZ

7KLV FKDSWHU SURYLGHY DQ RYHUYLHZ RI WKH VHFXULW\ IHDWXUHV WKDW WKLV FK
FKLS FRPSRQHQWYV

M6HFXUH *HQHULF ,QWHUIDFH 6*, WKDW VXSSRUWVY VHFXUH FRPSXWDWLRQ RI $(6
M3XEOLF .H\ &U\SWRJUDSK\ $FFHOHUDWRU 3.&
HM&RGH :DWFKGRJ &'2* WR HQVXUH VRIWZDUH LQWHJULW\ E\ GHWHFWLQJ XQH[SHF\V

MOHPRU\ %ORFN &KHFNHU 0%& WKDW SURYLGHV UHDG ZULWH DQG H[HFXWH DFFH
WKMH6 EFKDSWHUSLQ DQG $ SHIHUHQRUODPROGPDWLRQ DERXW 0%&

p'LILWDO 7DPSHU 7'(7 WR VXSSRUW WDPSHU GHWHFWLRQ

H&\FOLF 5HGXQGDQF\ &KHFN &5& WKDW SURYLGHV HUUREKEBEKMNHWNALRQ | RUQBXOW L
$ S5HIHUHQFH RODXQPIRUPDWLRQ DERXW &5&

p*/,. (< WR HQVXUH VDIH DFFHVV WR VHFXULW\ VHQVLWLYH UHJLVWHUV
pM7UXH 5DQGRP 1XPEHU *HQHUDWRU 751*
LSQDORJ *OLWFK '"HWHFWRU $*'(7
7KH IROORZLQJ ILIXUH VKRZV WKH VHFXULW\ VAVWHP GLDJUDP RI WKLV GHYLFH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXULW\ 2YHUYLHZ

| 7DPSH|U +9
520 /9"
| &'2% | $* (7
| 751*| | 3.8 |
&0 T
038 )38
!
Hexa] L
20 0%& :
65%0 5;| *
5)& $FFHVV FRQWUF

6+$

351*

6%,

JLIXUKHFXULW\ VI\VWHP GLDJUDP

6HFXULW\ IHDWXUHV

,PPXWDEOH 5RRW RI 7UXVW

$V GHILQHG E\ 7UXVWHG &RPSXWLQJ *URXS "DQ ,PPXWDEOH 5RRW RI 7UXVW 5R7 LV
ZLWKLQ D VHW RI GHYLFH PRGHOV EDVHG RQ D GHILQHG WKUHDW PRGHO ,W LV DOV
ZLOO EHKDYH WKH VDPH GXULQJ HDFK GHYLFH=-V OLIHVSDQ ° ,W FRQVLVWY Rl WUXO\
ORJLF UHDG RQO\ PHPRU\ DQG RQH WLPH SURJUDPPDEOH PHPRU\ ,PPXWDEOH 5R7 L\
LQFOXGLQJ /LIH FA\FOH ODQDJHPHQW DQG D QXPEHU RI RWKHUV ,Q WKLV GHYLFH ,P
VXEVHTXHQWO\ LQ DQ LPPXWDEOH ERRWORDGHU

/LIH F\FOH PDQDJHPHQW

'XULQJ LWV OLIHVSDQ D W\SLFDO GHYLFH ILQGYVY LWVHOI LQ YDULRXY SODFHV DURXC
IDFWRU\ WHVWHG DQG SDFNDJHG LQ VLOLFRQ PDQXIDFWXUHU IDFLOLWLHY VROG W
ODQXIDFWXUHU 2(0 DVVHPEOHG WHVWHG DQG SURYLVLRQHG E\ WKHLU &RQWUDFW
FXVWRPHU ,Q WKH FDVH RI IDLOXUH D GHYLFH LV UHWXUQHG WR 2(0 RU HYHQ EDFN

'"HYLFH OLIH F\FOH VWDWH LV XVHG WR UHIOHFW WKH DFWXDO VWDWH RI WKH GHYLF
WR SURWHFW WKH DVVHWY D GHYLFH KRVWYV GXULQJ VSHFLILF WLPH )RU H[DPSOH .
IDFLOLW\ DQG QR 2(0 RU HQG FXVWRPHU DVVHWY KDYH EHHQ SURYLVLRQHG RQ LW
OHVV UHVWULFWLYH WKDQ ZKHQ D GHYLFH LV ZLWK WKH HQG FXVWRPHU

/LIH FA\AFOH VWDWH LV PRQRWRQLF PHDQLQJ LW FDQ RQO\ DOZD\V EH LQFUHDVHG ,PP
LW HQIRUFHV GHYLFH DFFHVV SR ELHYHDERAR B/EHVDIA\YV 6 HH

6HFXUH NH\ PDQDJHPHQW

6HFXUH NH\ PDQDJHPHQW LV D SURFHVV RI VHFXULQJ YDOXDEOH NH\V DQG YDULRXYV
VHFXULW\ RI WKH HQG XVHU 2(0 bQG 1;3 DVVHWYV 7KH SURFHVV VWURQJO\ UHOLHV |
GHYLFH XQLTXH PDVWHU NH\ '8. LV SURYLGHG E\ WKH ,PPXWDEOH 5R7 DQG ORDGHG
*HQHULF ,QWHUIDFH 6*, 7KH '8. FDQ EH IUHHO\ XVHG IRU $(6 HQFU\SWLRQ GHFU\SW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXULW\ 2YHUYLHZ

RU GHULYDWLRQ RI IXUWKHU NH\ PDWHULDO :KHQ XVLQJ WKH 5)& NH\ XQZUDS IHLC
LQ ZULWH RQO\ NH\ VORWV DQG

127¢
6%, NH\ UHJLVWHUV DUH QRW VWLFN\ ORFNDEOH DQG FDQ EH XVHG IUHHO\ VR NH\ LVF

6HFXUH LQVWDOOHU

7R VXSSRUW FDVHV ZKHUH RXWVRXUFLQJ RI GHYLFH VRIWZDUH SURYLVLRQLQJ WR D!
FRPHVY ZLWK D SUH LQVWDOOHG VHFXUH LQVWDOOHU ILUPZDUH ZKLFK FDQ EH DFFHV
GHIDXOW OLIH F\FOH VWDWH 1;3 VRIWZDUH WRROV HQDEOH WKH 2ULJLQDO (TXLSPHQ
D VHTXHQFH RI SURYLVLRQLQJ FRPPDQGV 7KLV HQFU\SWHG ILOH FDQ EH WUDQVIHU
RQ WKH GHYLFHV 7KH GHYLFHV DUH DEOH WR GHFU\SW WKH FRQWHQWY GLUHFWO\ L
WKDW WKH &RQWUDFW ODQXIDFWXUHU LV XQDEOH W RHFXWSH FWRW BFERBHRRG H WIDR-@QWNG F

127¢
,Q RUGHU WR SURWHFW DJDLQVW VHYHUDO DWWDFNV LW LV UHFRPPHQGHG WKDW DQ
DV SRVVLEOH LQ WKHLU HQFU\SWHG LPDJH

$QRPDO\ '"HWHFWLRQ DQG 5HDFWLRQ

$QRPDO\ '"HWHFWLRQ DQG 5HDFWLRQ GHVFULEHV WKH SURFHVVHVY RU DOJRULWKPV W
GDWD DV ZHOO DV WKH VRIWZDUH LQWHJULW\ DQG DSSOLFDWLRQ RSHUDWLRQ IRU DE
7\SLFDOO\ WKHVH DFWLRQV HQFRPSDVV ORJJLQJ WKH DQRPDO\ LVVXLQJ D PHVVDJH
FKDQJLQJ D OLIH F\FOH VWDWH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
/ILIH &\FOH 6WDWHYV

2YHUYLHZ

7KLV GHYLFH VXSSRUWV D OLIH F\FOH VWDWH PRGHO WR SURWHFW FRGH IURP UHDG
UHDG RXW SURWHFWLRQ 523 IHDWXUH 7KHUH DUH GLIITHUHQW OHYHOV RI SURWHFW
XVH Rl ,63 FDQ EH UHVWULFWHG $OVR WKH OLIH F\FOH VWDWH Rl WKH GHYLFH GHW|
30HDVH VHH RWKHU VHFWLRQV GHWDLOV 7KH OLIH F\FOH VWDWH LV FRQWUROOHG

7KH %RRW 520 ZLOO FKHFN WKH OLIH F\FOH VWDWH DQG WKHQ GHWHUPLQH ZKDW %R
DYDLODEOH GHEXJ PDLO DFFHVV FRPPDQG VHWV $IWHU 520 H[LWV WR HIWHQGHG ERF
DYDLODEOH ,63 FRPPDQG VHWYV

/[LIH F\FOH VWDWH WUDQVLWLRQLQJ

&033UHDG RQO\ DQ(Q

,63GLVDEOHG
'"HEX&LVDEOHG DQG immla@

"HYLFH

% RRW 52I0GGHQ DVVHWV

|
|
|
|
|
|
|
| ,Q ILHOG 523
|
|
|
|
|
]

,631XO0 DFFHVV .63
"HEXHQDEOHG DQG KQGNILFHG "HEXGLVDEOHG "HYLFH
203% UHDG zULWH DR DFSEHNMNHG [zo3s DEFERYY
'"HYHORS Q ILHOG
—_— 523 523
"HYLFH "HYLFH
0 0
% RRW 520G G HQ iy % R RW 520G G H Q BV WY

HYLRH
DFFHIVV

'HEXGLVDEOHG

,63GLVDEOHG }

|
%ULFNHG |
|

%RRW 520G G H Q

JLIXUHLIH F\FOH VWDWH WUDQVLWLRQLQJ

/ILIH F\FOH VWDWHYV
7KLV GHYLFH VXSSRUWV WKH IROORZLQJ OLIH F\FOH VWDWHYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

/LIH &\FOH 6WDWHYV

7TDEOH/LIH F\FOH VWDWHV

/LIH F\FOH /LIH F\FOH WNSHWWFULSWLRQ

'HYHORS &EXVWRPHU ,QLWLDO FXVWRPHU GHYHORSPHQW VWDWH DIWHU

,Q ILHOG 523 523 &EXVWRPHU ,QILHOG DSSOLFDWLRQ VWDWH ZLWK 523 |SURWHF

,Q ILHOG 523 &XVWRPHU |,Q ILHOG DSSOLFDWLRQ VWDWH ZLWK 523 |SURWHF
UHWXUQ
%ULFNHG (QG RI OLIH | %ULFNHG VWDWH WR SUHYHQW GHYLFH XVH

,GHQWLI\ WKH OLIH F\FOH /& VWDWH
7KH IROORZLQJ FKLS VWDWH LV XVHG WR LGHQWLI\ WKH OLIH F\FOH VWDWH
H523B67$7( 9DOXH FDQ EH UHDG RXW IURP 6<6&21 ! 523B67$7( UHDG ZULWH UHJL\

520 UHDGV 523B67%$7( DQG 523B67%$7(B'3 GXSOLFDWH RI 523B67%$7( IURP ,)5 DQG SH
PDWFK 520 ZLOO UHVHW WKH GHYLFH LI WKH\ PDWFK 520 ZLOO SURJUDP LW WR 6<¢

7DEOH,)5 DGGUHVV RI 523B67$7( DQG 523B67$7(B'3

)5 )5 $GGUHVV

523B67$7( [ B(% IRU0&; $
[ )B( % IRU 0&; $

523B67%$7(B'3 [ B( & IRU0&; $
[ )B( & IRU 0&; $

SHDG RXW SURWHFWLRQ 523

7KLY GHYLFH GRHV QRW VXSSRUW VHFXUH ERRW EXW LW GRHV VXSSRUW IRXU OHYHC

DOORZV XVHU WR HQDEOH GLIITHUHQW OHYHOV RI SURWHFWLRQ LQ WKH VA\VWHP W |
E\ FXVWRPHU

H523B/(9(/ 523B67%7( [))))B)))) HUDVHG )/$6+ YDOXH QR 523 'HIDXOW IRU EODGQ
H523B/(9(/ 523B67%$7( [((%$B &

'"HEXJ LV GLVDEOHG DQG XQORFNHG EXW FDQ EH PRGLILHG E\ FXVWRPHU 2QO\ Ol
H523B/(9(/ 523B67$7( [ B ' %

'"HEXJ LV GLVDEOHG DQG ORFNHG DQG FDQQRW EH PRGLILHG E\ FXVWRPHU 2QO\
H523B/(9(/ 523B67$7( [% $%B%

'"HEXJ LV GLVDEOHG DQG ORFNHG DQG FDQQRW EH PRGLILHG E\ FXVWRPHU 1R GF
H$Q\WKLQJ HOVH 523 OLNH EHKDYLRU 'HEXJ GLVDEOHG /RFNHG ,63 GLVDEOHG
H523B67$7(

9DOXH FDQ EH UHDG RXW IURP 6<6&21 | 523B67$7( UHDG ZULWH UHJLVWHU

520 UHDGV 523B67%$7( IURP 523B67%$7( DQG 523B67%$7(B'3 RQ ,)5 GRHV WKH FRPSDL
UHVHWYV WKH GHYLFH LI PDWFK WKHQ SURJUDPV LW WR 6<6&21 !523B67%7(

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

/LIH &\FOH 6WDWHYV

$YDLODEOH GHEXJ PDLOER[ FRPPDQGV SHU OLIH F\FOH

$YDLODEOH GHEXJ PDLOER[ FRPPDQGY VHWYVY GHSHQGV RQ OLIH F\FOH VWDWH DQG U
RU LQ ILHOG 523 WKHQ 520 ZLOO ORFN WKH SDUW QR GHEXJ PDLO FRPPDQGV DUH |

%HORZ WDEOH VXPPDUL]HVY DYDLODEOH GHEXJ PDLO ER[ FRPPDQGY FRUUHVSRQGLQJ

7TDEOH'HEXJ PDLOER[ FRPPDQG VHWV SHU OLIH F\FOH VWDWH

/& 0$1$*(0(17 $YDLODEOH FRPPDQGYV

'"HYHORS 6WDUW '0 $3
*HWB523B/HYHO
%XON (UDVH XVHU IODVK DQG ,)5 VHFWRU
([LW '0 $3
(QWHUB,63BORGH
6HWB)$BORGH

6WDUW 'HEXJ 6HVVLRQ
"ULWHB)ODVKB:RUG
5HDGB)ODVKB:RUG
(UDVHB2QHB6HFWRU

,Q ILHOG 523 6WDUW '0 $3
*HWB523B/HYHO
%XONB(UDVH XVHU IODVK DQG ,)5 VHFWRU
(QWHUB,63BORGH
6HWB)$BORGH
(ILW '0 $3

,Q ILHOG 523 6WDUW '0 $3

*HWB523B/HYHO
%XONB(UDVH XVHU IODVK DQG ,)5 VHFWRU
6HWB)$BORGH

([LW '0 $3
,Q ILHOG 523 '"HEXJ PDLO ER[ LV QRW DYDLODEOH
%ULFNHG '"HEXJ PDLO ER[ LV QRW DYDLODEOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
520 $3,

2YHUYLHZ

520 ERRWORDGHU SURYLGHV $3,V IRU XVHUV 'LVDEOLQJ WKH LQWHUUXSWYV EHIRUH P

QRW KDQGOH DQ\ LQWHUUXSWYV
7KH VWUXFWXUH Rl ERRWORDGHUBWUHH LV VKRZ DV EHORZ

/I' @brief Root of the bootloader API tree.
i
/I' An instance of this struct resides in read-only memory in the bootloader. It provides a user
application access to APIs exported by the bootloader.
/I' @note The order of existing fields must not be changed.
i
/I' @ingroup context
typedef struct BootloaderTree
{
void (*runBootloader)(void *arg) //'< Function to start the bootloader executing.
const flash_driver_interface_t *flashDriver; //'< Internal Flash driver API.
void (*jump)(uint32_t imageBase);
} bootloader_tree_t;

7KH 520 $3, WDEOH LV ORFDWHG DW DGGUHVV | I'H

#define BOOTLOADER_TREE_LOCATION (0x03005fe0)
#define g_bootloaderTree ((bootloader_tree_t *) BOOTLOADER_TREE_LOCATION)

UXQ%RRWORDGHU $3,

520 SURYLGHV DQ $3, IRU WKH XVHU DSSOLFDWLRQ WR HQWHU ,63 PRGH EDVHG RQ W

$ SURWRW\SH RI WKH UXiQEuREROINDIR)Bdd) $ 3 ,

7TDEOH$3, SURWRW\SH ILHOGV

) ERRW |

H

JLHOG 21IVHW '"HVFULSWLRQ
7DJ > @ JLIHG YDOXH [(% (QWH
%RRW PRGH > @ (QWHUV SDVVLYH PRG
(QWHUV ,63 PRGH
,63 LQWHUIDFH > @ $XWR GHWHFWLRQ
86% +,'
8$57
63,
, &
&$1
5HVHUYHG > @
,PDJH LQGH] > @ OXVW EH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH 0DQXDO

5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

)ODVK GULYHU $3,
)ODVK GULYHU $3, SURYLGH WKH IODVK RSHUDWLRQ VXSSRUWHG E\ &0

/' @brief Interface for the flash driver.
typedef struct FlashDriverInterface
{
/I Flash driver
status_t (*flash_init)(flash_config_t *config);
status_t (*flash_erase_sector)(flash_config_t *config, uint_32_t start, uint32_t lengthInBytes,
uint32_t key);
status_t (*flash_program_phrase)(flash_config_t *config, uint32_t start, uint8_t *src,
uint32_t lengthinBytes);
status_t (*flash_program_page)(flash_config_t *config, uint32_t start, uint_t *src,
uint_t lengthinBytes);
status_t (*flash_verify_program)(flash_config_t *config,
uint32_t start,
uint32_t lengthinBytes,
const uint8_t *expectedAddress,
uint32_t *failedAddress,
uint32_t *failedData);
status_t (*flash_verify_erase_phrase)(flash_config_t *config, uint32_t start,
uint32_t lengthinBytes);
status_t (*flash_verify_erase_page)(flash_config_t *config, uint32_t start,
uint32_t lengthinBytes);
status_t (*flash_verify_erase_sector)(flash_config_t *config, uint32_t start,
uint32_t lengthinBytes);
status_t (*flash_get_property)(flash_config_t *config, flash_property_tag_t whichProperty,
uint32_t *value);
status_t (*flash_read)(flash_config_t *config, uint32_t start, uint8_t *dest,
uint32_t lengthinBytes);
Il version
standard_version_t version; //I< flash driver API version number.
} flash_driver_interface_t;

$QG VWUXFWXUH RI IODVKBFRQILJBW LV GHILQHG DV WKH IROORZLQJ

typedef struct

{
uint32_t PFlashBlockBase;
uint32_t PFlashTotalSize;
uint32_t PFlashBlockCount;
uint32_t PFlashPageSize;
uint32_t PFlashSectorSize;
flash_ffr_config_t ffrConfig;

} flash_config_t;

/*I< A base address of the first PFlash block */
/*1< The size of the combined PFlash block. */

/*1< A number of the PFlash blocks. */

/*I< The size in bytes of a page of PFlash. */

[*I< The size in bytes of a sector of PFlash. */

7TDEOH)ODVK GULYHU $3, IXQFWLRQ GHWDLOV

520 $3,

EDVHG RQ IC

)XQFWLRQ QDPH ‘HVFULSWLRQ

)ODVKBLQLW

,QLWLDOL]JHYVY WKH JOREDO IODVK SURSHUWLHV VWUXFWXU

JODVKBHUDVHBVHFWRU

(UDVHV WKH IODVK VHFWRUVY HQFRPSDVVHG E\ SDUDPHWH!

JODVKBSURJUDPBSKUDVH

0&; $

3URJUDPV IODVK SKUDVHYV ZLWK GDWD DW ORFDWLRQV SD!

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEOH)ODVK GULYHU 83, 1

520 $3

XQFWLRQ GHWDLOV FRQWLQXHG

)XQFWLRQ QDPH

'"HVFULSWLRQ

JODVKBSURJUDPBSDJH

B3URJUDPV IODVK ZLWK GDWD DW ORFDWLRQV SDV

JODVKBYHULI\BSURJUDP

9HULILHYVY SURJUDPPLQJ RI WKH GHVLUHG IODVK D

JODVKBYHULI\BHUDVHBSK

YWBVYHI\ WKDW WKH IODVK SKUDVHVY DUH HUDVHG

JODVKBYHULI\BHUDVHBSDE

PHULI\ WKDW WKH IODVK SDJHVY DUH HUDVHG

JODVKBYHULI\BHUDVHBVH

PWRBUI\ WKDW WKH IODVK VHFWRUY DUH HUDVHG

JODVKBIJHWBSURSHUW\

5HWXUQV WKH GHVLUHG IODVK SURSHUW\

LIUBYHULI\BHUDVHBSKUD

WHHULI\ WKDW WKH ,)5 SKUDVHV DUH HUDVHG

LIUBYHULI\BHUDVHBSDJH

9HULI\ WKDW WKH ,)5 SDJHV DUH HUDVHG

LIUBYHULI\BHUDVHBVHFW

RBULI\ WKDW WKH ,)5 VHFWRUV DUH HUDVHG

IODVKBUHDG

5HDGV IODVK DW ORFDWLRQV SDVVHG LQ WKURXJ

HG LQ V

JHD DW |

SDUDP/|

7DEOH)ODVK $3, UHWXUQ VWDWXV FRGH

6WDWXV

&RGH

'"HVFULSWLRQ

N6WDWXVB)/$6+B6XFFHVV

7KH IODVK RSHUDWLRQ LV VXFFHVVIXO

N6WDWXVB)/$6+B,QYDOLGS$

UJXPHQYV

V., QYDOLG DUJXPHQW GXULQJ H[HFXWLQJ

N6WDWXVB)/$6+B6L]H(UURU

,QYDOLG VL]H GXULQJ H[HFXWLQJ $3,

N6WDWXVB)/$6+B$OLIJQPHQ

W (UURU

q

J

$OLIQPHQW HUURU GXULQJ H[HFXWLQJ

N6WDWXVB)/$6+B$SGGUHVV(

UURU

$GGUHVV HUURU GXULQJ H[HEFXWLQJ $3,

$3,

N6WDWXVB)/$6+B$FFHVV (UL

RU

,QYDOLG LQVWUXFWLRQ FRGHV GXULQJ

H[HFXWL

N6WDWXVB)/$6+B3URWHFWI

'RQILRO

BWRRGFWLRQ YLRODWLRQ IODJ LQGLFD
UHTXHVWHG WR H[HFXWH RQ SURWHFWH

WH WKD\
G DUHD\

N6WDWXVB)/$6+B&RPPDQG)

DLOXUH

&RPPDQG H[HFXWLRQ IDLOXUH GXULQJ H

[HEXWLC

N6WDWXVB)/$6+B8QNQRZQ3

URSHUW

BQNQRZQ SURSHUW\ ZKHQ WR FDOO IOD

KBJHWB

N6WDWXVB)/$6+B(UDVH.H\(

JURU

,QYDOLG (UDVH.H\ GXULQJ H[HFXWLQJ IC

DDVKBHU

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
(IWHQGHG %RRWORDGHU DQG ,Q 6\VW

2YHUYLHZ

$IWHU D 325 RU ZzDUP UHVHW VHTXHQFH &38 ZLOO DOZD\V VWDUW 520 FRGH H[HFXWI
LQ RRW 520 WKH FRQWURO RI WKH &38 LV WUDQVIHUUHG WR WKH HIWHQGHG ERRW
RQO\ VXSSRUWYV ORDGLQJ QRQ VHFXUH LPDJHV LPDJH IRUPDW VSHFLILHG LQ %RRW !
IODVK 7KH H[WHQGHG ERRWORDGHU ZLOO DOVR SHUIRUP DQ LOQWHJULW\ FKHFN EHIF
LPDJH KHDGHU

%RRWORDGHU IHDWXUHV
H([WHQGHG ERRWORDGHU VL]H FDQ EH XS WR .% ,)5 VHFWRU
H%RRWLQJ RQ 86% )6 +," LQWHUIDFH /363, VODYH LQWHUIDFH /3, & LQWHUIDFH DQ
HEXSSRUWLQJ SDWKYV
§ MXPSLQJ WR XVHU DSSOLFDWLRQ
§ ,63 PRGH
§ ORZ SRZHU ZDNHXS
H,PDJH XSGDWH DQG VZDS

%RRW SHULSKHUDOV DQG GHIDXOW SLQV

7TDEOH%RRWORDGHU SHULSKHUDO SLQPX]|

3HULSKHUDO , QVWDQFH | $OW ORGH 3RUW *3,2

/138%$57 /38%$57 B5;' 3 B
/13857 B7;"' 3 B

13, & /13, & B6'$ 3 B
/13, & B6&/ 3 B

/1363, /363, B6'2 3 B
/363, B6&. 3 B
/363, B6"', 3 B
/363, B3&6 3 B

86% 86% B'0 86% B'0
86% B'3 86% B'3

)XQFWLRQDO GHVFULSWLRQ

-XPSLQJ WR XVHU DSSOLFDWLRQ SDWK
'LWK VXFFHVVIXO LQWHJULW\ &5& FKHFN RQ XVHU DSSOLFDWLRQ EHIRUH MXPS WR >

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

HEKXWGRZQ DOO ERRW SHULSKHUDOV

M5HVWRUH WKH UHJLVWHUV WR GHIDXOW YDOXHV WKHVH UHJLVWHUYVY DUH XVHG E\
H[FHSW 0%& DQG */,.(< VHWWLQJV

HM6HW */,. (< DQG 0%& VHWWLQJY EDVHG RQ OLIH F\FOH

/IRZHU SRZHU ZDNH XS 3DWK

'XULQJ GHHS VOHHS ZDNH XS RU VOHHS ZDNH XS WKH FRUH ZRXOG FRQWLQXH H[HFX
FKHFNV W ZRXOG EH XS WR WKH DSSOLFDWLRQ WR LPSOHPHQW LWV RZQ FKHFNV LI

7KH GLIITIHUHQFH EHWZHHQ 520 DQG HI[WHQGHG ERRWORDGHU RQ ORZHU SDZHU ZDNH X
RQ XVHU LPDJH LI LPDJH LQGLFDWHY YDOLG LPDJH W\SH DW RIIVHW [ UHVHUYHG 7

7KH ORZ SRZHU ZDNH XS SDWK LV IRFXVHG RQ UHGXFLQJ WKH WLPH WR VWDUW H[HF
3RZHU 'RZQ PRGH 7KLV UHGXFWLRQ LQ ERRW WLPH LV SULPDULO\ DFKLHYHG E\ GRL
SDVV WKH LQWHJULW\ &5& FKHFN WKHQ MXPS WR ZDNHXS HQWU\ VSHFLILHG LQ ,)5 |

/IRZ SRZHU ZDNHX$ VWDUW

4

*HW LPDJH HQWU\ DQGUHVV RQ ,)5

|

9DOLG LPDJH HRWU\

6LPSOLILHG LQWHJY

IDL
,PDJH LQWHJUL FKHFN"
3%66
A.
520 ,63 -XPS WR XVHU LADJH

JLIXUH[WHQGHG ERRWORDGHU '3' ZDNH XS IORZ

,63 FDOOV SDWK

'XH WR OLPLWHG ,)5 PHPRU\ VSDFH H[WHQGHG ERRWORDGHU VXSSRUW WKHVH FRPF
H)XOO ,63 FRPPDQG VHW
§ SHDGOHPRU\
§ )ODVK(UDVH$0O XVHU IODVK ,)5 VHFWRU
§ JODVK(UDVH5HJLRQ
§ SHVHW
§ :ULWHOHPRU\
§ *HW3URSHUW\

§ ([HFXWH
H5HGXFHG ,63 FRPPDQG VHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

§ )ODVK(UDVH$0OO XVHU IODVK ,)5 VHFWRU
§ GHVHW
§ *HW3URSHUW\
6HHDEOHRU WKH ,63 FRPPDQGY VHW DYDLODEOH IRU HDFK OLIH F\FOH VWDWH

7TDEOH$YDLODEOH ,63 FRPPDQGYV VHW SHU OLIH F\FOH VWDWH

/LIH F\FOH VWDWH $YDLODEOH FRPPDQGV VHW
1;3B3URYLVLRQHG )XOO ,63 FRPPDQG VHW
2(0B2SHQ

2(0B)LHOGB5HWXUQ

1;3B)LOHGB5HWXUQ

2(0B&ORVHG 523 5HGXFHG FRPPDQG VHW LI HQWU\ WKURXJK
,63B3,1 ,19%/,'B,08*( '(%8*B0$,/%2;

)XOO FRPPDQG VHW LI HQWU\ WKURXJK
ERRWORDGHUBS$3,

2(0B&ORVHG 523 5HGXFHG FRPPDQG VHW LI HQWU\ WKURXJK
,19%$/,'B,0$*( ERRWORDGHUBS$3,

2(0B&ORVHG 523] 1R ,63 FRPPDQGY DUH DYDLODEOH

2(0B&ORVHG 1R UHWXUDR ,63 FRPPDQGY DUH DYDLODEOH

1;,3B%ULFNHG 1R ,63 FRPPDQGY DUH DYDLODEOH

)ODVK VZDS SDWK

(IWHQGHG ERRWORDGHU VXSSRUWYV IODVK VZDS ZKLFK LV WKH IXQFWLRQ RI )0& LQ R
WKHUH LV RQO\ RQH EDQN RI IODVK WKLV RQH EDQN IODVK LV GLYLGHG WR IRXU UH

M/RZHU VZDSSDEOH UHJLRQ VZDSSDEOH UHJLRQ IODVK SK\VLFDO VWDUW DGGUF
M/RZHU VWDWLF UHJLRQ VWDWLF UHJLRQ OLPLW a KDOI VL]H RI IODVK |
M8SSHU VZDSSDEOH UHJLRQ VZDSSDEOH UHJLRQ KDOI VL]H RI IODVK a KDOI VL]l
M8SSHU VWDWLF UHJLRQ VWDWLF UHJLRQ KDOIl VL]H RI IODVK OLPLW a VLI]H
7R EH DEOH WR UXQ IODVK VvZDS WKH EDVLF UHTXLUHPHQWY DUH
6L]H RI VZDSSDEOH UHJLRQ HTXDOV WR VL]H RI VZDSSDEOH UHJLRQ
6L]H RI VZDSSDEOH UHJLRQ SOXV VL]H RI VWDWLF UHJLRQ HTXDOV WR KDOI V|

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

)ODVK Wbt

6ZDSSDEOH |

| L P

WDWLF UH|

6

YODVK

P

6ZDSSDEOH U\

WDWLF UH|

6
YODVK &

o
~

JLIXUHODVK VZDS SDWK

J)ODVK VZDS IORZ FKDUW

(QWHU IODVK V4DS

l

6ZDS HQDEOHG L

*HW VZDS LPDJH RIIYHW DQG VL]H

|

6ZDS LPDJH KDV YHUVLRQ"

QR

QR
\HV

,QWHJULW\ FKHF

3%$66

4

3URJUDP FRUUHVSRQGLQJ URILYWHIUYL [
HQDEOH VZDS ‘

A

([LW IODVK VZDS ZL WK VWDWXV

JLIXUH)ODVK VZDS IORZ FKDUW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

,63 SURWRFRO

7KLV VHFWLRQ H[SODLQV WKH JHQHUDO SURWRFRO IRU WKH SDFNHW WUDQVIHUV EH\
WKH WUDQVIHU RI SDFNHWYV IRU GLITHUHQW WUDQVDFWLRQV VXFK DV FRPPDQGV ZLW
GDWD SKDVH 7KH QH[W VHFWLRQ GHVFULEHYV YDULRXV SDFNHW W\SHV XVHG LQ D W

(DFK FRPPDQG VHQW IURP WKH KRVW LV UHSOLHG WR ZLWK D UHVSRQVH FRPPDQG
&RPPDQGV PD\ LQFOXGH DQ RSWLRQDO GDWD SKDVH
p,l WKH GDWD SKDVH LV LQFRPLQJ IURP WKH KRVW WR WKH ERRWORDGHU LW LV
p,I WKH GDWD SKDVH LV RXWJRLQJ IURP WKH ERRWORDGHU WR KRVW LW LV SDUYV

&RPPDQG ZLWK QR GDWD SKDVH
7KH SURWRFRO IRU D FRPPDQG ZLWK QR GDWD SKDVH FRQWDLQV
H&RPPDQG SDFNHW IURP WKH KRVW
H*HQHULF UHVSRQVH FRPPDQG SDFNHW WR KRVW

+RVW /DUJHW

&RPPDQG

SURFHVV &RPPDQG

SHVSRQVH

JLIXUH&RPPDQG ZLWK QR GDWD SKDVH

5HPDUN WKHVH GLDJUDPV WKH $&. VHQW LQ UHVSRQVH WR D FRPPDQG RU D GDWD ¢
DIWHU WKH FRPPDQG RU GDWD SDFNHW KDV SURFHVVHG

&RPPDQG ZLWK LQFRPLQJ GDWD SKDVH
7KH SURWRFRO IRU D FRPPDQG ZLWK LQFRPLQJ GDWD SKDVH FRQWDLQV
M&RPPDQG SDFNHW IURP KRVW N&RPPDQG)ODJB+DV'DWD3KDVH VHW
M*HQHULF UHVSRQVH FRPPDQG SDFNHW WR KRVW
H,QFRPLQJ GDWD SDFNHWV IURP WKH KRVW
M*HQHULF UHVSRQVH FRPPDQG SDFNHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

127¢
H7KH KRVW PD\ QRW VHQG DQ\ IXUWKHU SDFNHWV ZKLOH LW LV ZDLWLQJ IRU WKH U}

uM7KH GDWD SKDVH LV DERUWHG LI WKH *HQHULF 5HVSRQVH SDFNHW SULRU WR WKH
D VWDWXV RI N6WDWXVB6XFFHVYV

p'DWD SKDVHV PD\ EH DERUWHG E\ WKH UHFHLYLQJ VLGH E\ VHQGLQJ WKH ILQDO

M*HQHULF5HVSRQVH HDUO\ ZLWK D VWDWXV RI N6WDWXVB$ERUW'DWD3KDVH 7KH KR
E\ VHQGLQJ D JHUR OHQJWK GDWD SDFNHW

M7KH ILQDO *HQHULF 5HVSRQVH SDFNHW VHQW DIWHU WKH GDWD SKDVH LQFOXGHYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW 7TDUJHW

&RPPDQG

BURFHVV &RPPDQG

,QLWLDO 5HVSRQVH

'DWD 3DFNHW

SURFHVYV 'DWD

JLQDO 'DWD 3DFNH[W
|

SURFHVYV 'DWD

JLIXUH&RPPDQG ZLWK LQFRPLQJ GDWD SKDVH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

&RPPDQG ZLWK RXWJRLQJ GDWD SKDVH
7KH SURWRFRO IRU D FRPPDQG ZLWK DQ RXWJRLQJ GDWD SKDVH FRQWDLQV
H&RPPDQG SDFNHW IURP WKH KRVW
H5HDGOHPRU\ 5HVSRQVH FRPPDQG SDFNHW WR KRVW N&RPPDQG)ODJB+DV'DWD3KI
H2XWJRLQJ GDWD SDFNHWV WR KRVW
H*HQHULF UHVSRQVH FRPPDQG SDFNHW WR KRVW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW 7TDUJHW

&RPPDQG

SURFHVV &RPPPDQG

,QLWLDO 5HVSRQVH

'DWD 3DFNHW

SURFHVYV 'DWD

)LQDO 'DWD 3DFNH|W

SURFHVYV 'DWD

JLIXUH&RPPDQG ZLWK RXWJRLQJ GDWD SKDVH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

%RRWORDGHU SDFNHW W\SHYV

,QWURGXFWLRQ

7KH ERRWORDGHU GHYLFH ZRUNV LQ VODYH PRGH $00 GDWD FRPPXQLFDWLRQV DUH
KRVW 7KH ERRWORDGHU GHYLFH LV WKH WDUJHW ZKLFK UHFHLYHV D FRPPDQG RU G
WDUJHW DUH SDFNHWL]J]HG 7KH IROORZLQJ SDFNHWV DUH XVHG

H3LQJ SDFNHW

H3LQJ UHVSRQVH SDFNHW

H)UDPLQJ SDFNHW

H&RPPDQG SDFNHW

H'DWD SDENHW

H5HVSRQVH SDENHW

$00 ILHOGV LQ WKH SDFNHWV DUH LQ OLWWOH HQGLDQ E\WH RUGHU

3LQJ SDFNHW

7KH 3LQJ SDFNHW LV WKH ILUVW SDFNHW VHQW IURP D KRVW WR WKH WDUJHW WR HV\
DXWREDXG GHWHFWLRQ 7KH 3LQJ SDFNHW FDQ EH VHQW IURP KRVW WR WDUJHW DW
, ] WKH VHOHFWHG SHULSKHUDO LV 8%57 D 3LQJ SDFNHW PXVW EH VHQW EHIRUH DQ\
LV RSWLRQDO

,Q UHVSRQVH WR D 3LQJ SDFNHW WKH WDUJHW VHQGV D 3LQJ UHVSRQVH SDFNHW G

7TDEOH3LQJ SDFNHW IRUPDW

%\WH 9DOXH 1DPH
[ $ 6WDUW E\WH
[$ 3LQJ
Host Target
[ ping Packet:

5a a6 \

Target executes UART autobaud detection if necessary

PingResponse Packet: ]

5a a7 00 02 01 50 00 00 aa ea

L

JLIXUH3LQJ SDFNHW SURWRFRO VHTXHQFH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

3LQJ UHVSRQVH SDFNHW

7KH WDUJHW VHQGV D 3LQJ UHVSRQVH SDFNHW EDFN WR WKH KRVW DIWHU UHFHLYLC(
SHULSKHUDO WKH WDUJHW XVHV WKH LQFRPLQJ 3LQJ SDFNHW WR GHWHUPLQH WKH
2QFH WKH 3LQJ UHVSRQVH SDFNHW LV UHFHLYHG E\ WKH KRVW WKH FRQQHFWLRQ L\
WKH WDUJHW

7TDEOH3LQJ UHVSRQVH SDFNHW IRUPDW

%\WH 9DOXH SDUDPHWHU
[ $ 6WDUW E\WH
[$ 3LQJ UHVSRQVH FRGH

[ SURWRFRO EXJIL[

[ SURWRFRO PLQRU

[ SURWRFRO PDMRU

[ SURWRFRO QDPH 3 [

[ 2SWLRQV ORZ

[ 2SWLRQV KLJK

[IE &5& ORZ

[ &5& KLJK

JRU WKH 8%$57 SHULSKHUDO LW PXVW EH VHQW E\ WKH KRVW ZKHQ D FRQQHFWLRQ L\
VHULDO SHULSKHUDOV LW LV RSWLRQDO EXW UHFRPPHQGHG WR GHWHUPLQH WKH V
IRUPDW DV WKH ERRWORDGHU YHUVLRQ QXPEHU UHWXUQHG E\ WKH *HW3URSHUW\ FF

JUDPLQJ SDFNHW

7KH IUDPLQJ SDFNHW LV XVHG IRU IORZ FRQWURO DQG HUURU GHWHFWLRQ IRU WKH
LQ 7KH IUDPLQJ SDFNHW VWUXFWXUH VLWV EHWZHHQ WKH OLQN OD\HU DQG WKH FRF

(YHU\ IUDPLQJ SDFNHW FRQWDLQLQJ GDWD VHQW LQ RQH GLUHFWLRQ UHVXOWYV LQ [
RSSRVLWH GLUHFWLRQ

7KH IUDPLQJ SDFNHW GHVFULEHG LQ WKLY VHFWLRQ LV X\&H® QREU6BH ULKHD 8%+ SKHU
SHULSKHUDO GRHV QRW XVH IUDPLQJ SDFNHWV ,QVWHDG WKH SDFNHWL]DWLRQ LQF¥

7TDEOH)UDPLQJ SDFNHW IRUPDW

%\WH| 9DOXH 3DUDPHWHU 'HVFULSWLRQ

[ $ 6WDUW E\WH

SDFNHW7\SH

/HQIJWKBORZ /HQJWK LV D ELW ILHOG WKDW VSHFLILHY WKH HC

SDFNHW VL]H LQ E\WHYV
/HQIWKBKLJK

&UF BORZ 7KLV LV D ELW ILHOG 7KH &5& YDOXH FRYHUV H

LOQFOXGLQJ WKH VWDUW E\WH DQG FRPPDQIG RU GD

&UF BKLJK LQFOXGH WKH &5& HRWHRQ 6HH &5& DOJRULWKP®

Q &RPPDQG RU 'DWD $DFNHW
SD\ORDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

$ VSHFLDO IUDPLQJ SDFNHW WKDW FRQWDLQV RQO\ D VWDUW E\WH DQG D SDFNHW W\

7TDEOH6SHFLDO IUDPLQJ SDFNHW IRUPDW

%\WH 9DOXH 3DUDPHWHU
[ $ 6WDUW E\WH
[$0 SDFNHW?7\SH

7KH 3DFNHW 7\SH ILHOG VSHFLILHV WKH W\SH RI WKH SDFNHW IURP RQH RI WKH GHIL

7TDEOH3DFNHW W\SH ILHOG

SDFNHW WVUSHP H

'HVFULSWLRQ

[$ N)UDPLQJ3DFNHW7\SHBS$FN |7KH SUHYLRXV SDFNHW ZDV UHFHLYHG VXFF
VHQGLQJ RI PRUH SDFNHWV LV DOORZHG

[$ N)UDPLQJ3DFNHW7\SHBIDN |7KH SUHYLRXV SDFNHW ZDV FRUUXS(WHG DQ

[$ N)UDPLQJ3DFNHW7\SHB$FN$ERDWD SKDVH LV EHLQJ DERUWHG

[$ N)UDPLQJ3DFNHW7\SHB&RPPDQIH IUDPLQJ SDFNHW FRQWDLQV D FRPPDQG

[$ N)UDPLQJ3DFNHW7\SHB'DWD | 7KH IUDPLQJ SDFNHW FRQWDLQV D GDWD SD

[$ N)UDPLQJ3DFNHW7\SHB3LQJ |6HQW WR YHULI\ WKH RWKHU VLGH [V DOLY}
DXWREDXG

[$ N)UDPLQJ3DFNHW7\SHB3LQJ5HVSRQY¥RQVH WR 3LQJ ,W FRQWDLQV WKH IU

YHUVLRQ QXPEHU DQG RSWLRQV

&5&

DOJRULWKP

7KH &5& LV FRPSXWHG RYHU HDFK E\WH LQ WKH IUDPLQJ SDFNHW KHDGHU H[FOXGLQ.
7KH &5& DOJRULWKP LV WKH ;02'(0 YDULDQW RI &5&

7KH FKDUDFWHULVWLFV RI WKH ;02'(0 YDULDQWY DUH

7TDEOH&S5&

DOJRULWKP

LGWK

3RO\QRPLDO [

, QLW YDOXH [

SHIOHFW LQ YDOVH
5HIOHFW RXW YDOVH
iRU RXW [
&KHFN UHVXOW [ F

7KH FKHFN UHVXOW LV FRPSXWHG E\ UXQQLQJ WKH $6&,, FKDUDFWHU VHTXHQFH

XLQW BW FUF BXSGDWH FRQVW XLQW BW

AN

XLQW BW FUF
XLQW BW M

IRU M M

OHQJIJWK,Q%\WHV M

0&; $ DQG $ G6HFXU

VUF XLQW BW OHQJIJWK,Q%»\WHYV

LW\ 5HIHUHQFH 0DQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U
N

XLQW BW L
XLQW BW E\WH
FUF A E\WH

VUF>M@

IRU L L L
N

XLQW BW WHPS
LI FUF [

AN

FUF

WHPS A |

FUF WHPS

UHWXUQ FUF

&RPPDQG SDFNHW

7KH FRPPDQG SDFNHW FDUULHV D ELW FRPPDQG KHDGHU DQG D OLVW RI ELW SD

7TDEOH&RPPDQG SDFNHW IRUPDW

&RPPDQG SDFNHW IRUPDW E\WHYV

&RPPDQG +HDGHU E\WHEVWHYV IRU 3SDUDPHWHUV O0OD[ SDUDPHWHUYV

7DJ

)ODJ

VSVY G

3DUDF
&RXQV

<

ELW

3DUDP
ELW

3DUDP
ELW

3DUDP
ELW

3DUDP
ELW

3DUDP
ELW

3DUDP
ELW

7TDEOH&RPPDQG KHDGHU IRUPDW

%\WH &RPPDQG KHDGHU ILHOG5HVHW YDOXH

&RPPDQG RU 5HVSRQVH WRB FRPPDQG KHDGHU LV E\WHV ORQJ ZLWK \

)ODJV

5HVHUYHG 6KRXOG EH [

SDUDPHWHU&RXQW

7KH KHDGHU LV IROORZHG E\
FRPPDQG SDFNHW LV

ELW SDUDPHWHUV XS WR WKH YDOXH RI WKH 3DUDPH
E\WHV ORQJ RQO\ VHYHQ SDUDPHWHUYV FDQ ILW LQWR WKH F

&RPPDQG SDFNHWYV DUH DOVR XVHG E\ WKH WDUJHW WR VHQG UHVSRQVHV EDFN WR \
GDWD SDFNHWYV DUH HPEHGGHG LQWR IUDPLQJ SDFNHWYV IRU DOO RI WKH WUDQVIHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH&RPPDQG WDJV

&RPPDQG WDIDPH '"HVFULSWLRQ

[ JODVK(UDVH$0OO 7KH FRPPDQG WDJ VSHFLILHVY RQH|RI WKH

VXSSRUWHG E\ WKH ERRWORDGHU | 7KH YD

[ JODVK(UDVHS5HJILRQ IRUWKH ERRWORDGHU DUH OLVWHG KHUH

[ 5HDGOHPRU\

[ ULWHOHPRU\

[ *HW3URSHUW\

[ ([HEXWH

[ % 5HVHW

7TDEOH5HVSRQVH WDJV

5HVSRQVH WRDPH 'HVFULSWLRQ
[$ *HQHULF5HVSRQVH 7KH UHVSRQVH WDJ VSHFLILHV RQH RI WKI
ERRWORDGHU WDUJHW UHWXUQM WR WKF
[$ *HW3URSHUW\5HVSRQVH XVHG IRU VHQGLQJ
UHVSRQVHV WR *HW3URSHUWY*%"#Q|¥P|5’(5§ Hdéﬂ@RQVH WDJV DUH OLVWHG
[$ 5HDGOHPRU\5HVSRQVH XVHG IRU VHQGLQJ
UHVSRQVHV WR 5HDGOHPRU\ FRPPDQG RQO\

JODJWFK FRPPDQG SDFNHW FRQWDLQV D IODJ E\WH 2QO\ ELW RI WKH IODJ E\WH LV
SDFNHWV IROORZ WKH FRPPDQG VHTXHQFH 7KH QXPEHU RI E\WHV WKDW DUH WUDQV
VSHFLILF SDUDPHWHU LQ WKH SDUDPHWHUYV DUUD\

SBDUDPHWHU&KRXQWEHU RI SDUDPHWHUYVY LQFOXGHG LQ WKH FRPPDQG SDFNHW

SDUDPHWKM\SDUDPHWHUY DUH ZRUG OHQJWK ELWV :LWK WKH GHIDXOW PD[LPXP S
FRQWDLQ XS WR VHYHQ SDUDPHWHUYV

5HVSRQVH SDFNHW

7KH UHVSRQVHVY DUH FDUULHG XVLQJ WKH VDPH FRPPDQG SDFNHW IRUPDW ZUDSSHG
UHVSRQVHV LQFOXGH

H*HQHULF5HVSRQVH
H*HW3URSHUW\5HVSRQVH
M5HDGOHPRU\5HVSRQVH

*HQHULF5HVSIRQMHWKH ERRWORDGHU KDV SURFHVVHG D FRPPDQG WKH ERRWORDGH
FRPPDQG WDJ LQIRUPDWLRQ WR WKH KRVW 7KH JHQHULF UHVSRQVH LV WKH ODVW S
UHVSRQVH SDFNHW FRQWDLQV WKH IUDPLQJ SDFNHW GDWD DQG WKH FRPPDQG SDFNI
SDUDPHWHUV GHILQHG LQ WKH QH[W VHFWLRQ 7KH SDUDPHWHU FRXQW ILHOG LQ W
WDJ SDUDPHWHUYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH*HQHULF UHVSRQVH SDUDPHWHUYV

%\WH S3DUDPHWHU 'HVFULSWLRQ

6WDWXV FRGH 7KH 6WDWXV FRGHVY DUH HUURUV HQFRXQWHUHG GXUL
FRPPDQG E\ WKH WDUJHW ,I D FRPPDQG VXFFHHGV W
FRGH LV UHWXUQHG

&RPPDQG WDJ 7KH &RPPDQG WDJ SDUDPHWHU LGHQWLILHV WKH UHV
E\ WKH KRVW

*HW3URSHUW\5HMS RQWBURSHUW\5HVSRQVH SDFNHW LV VHQW E\ WKH WDUJHW LQ UH"
*HW3URSHUW\ FRPPDQG 7KH

*HW3URSHUW\5HVSRQVH SDFNHW FRQWDLQV WKH IUDPLQJ SDFNHW GDWD DQG WKH F
VHW WR D *HW3URSHUW\5HVSRQVH WDJ YDOXH [$

7KH SDUDPHWHU FRXQW ILHOG LQ WKH KHDGHU LV VHW WR JUHDWHU WKDQ WR DOZL

7TDEOH*HW3URSHUW\5HVSRQVH SDUDPHWHUYV

%\WH 9DOXH SDUDPHWHU

6WDWXV FRGH

BURSHUW\ YDOXH

&DQ EH XS WR PD[LPXP SURSHUW\ YDOXHV OQLPLWHG
FRPPDQG SDFNHW DQG SURSHUW\ W\SH

S5HDGOHPRU\SHVSRQYHDGOHPRU\5HVSRQVH SDFNHW LV VHQW E\ WKH WDUJHW LQ UHV
D 5HDGOHPRU\ FRPPDQG 7KH 5HDGOHPRU\5HVSRQVH SDFNHW FRQWDLQV WKH IUDPLC
SDFNHW GDWD ZLWK WKH FRPPDQG UHVSRQVH WDJ VHW WR D 5HDGOHPRU\5HVSRQVE}
N&RPPDQG)ODJB+DV'DWD3KDVH

7KH SDUDPHWHU FRXQW VHW WR WZR IRU WKH VWDWXV FRGH DQG WKH GDWD E\WH F

7TDEOH5HDGOHPRU\5HVSRQVH SDUDPHWHUV

%\WH SDUDPHWHU 'HVFULSWLRQ
6WDWXV FRGH 7KH VWDWXV RI WKH DVVRFLDWHG 5HDG OHPRU\
'‘DWD E\WH FRXQW 7KH QXPEHU RI E\WHV VHQW LQ WKH GDWD SKDV

JODVK5HDG2QFH5ANBRQWNKS5HDG2QFH5HVSRQVH SDENHW LV VHQW E\ WKH WDUJHW L
JODVK5HDG2QFH FRPPDQG 7KH )ODVK5HDG2QFH5HVSRQVH SDFENHW FRQWDLQV WKH |
GDWD ZLWK WKH FRPPDQG UHVSRQVH WDJ VHW WR D )ODVK5HDG2QFH5HVSRQVH WD.
SDUDPHWHU FRXQWWKANPWRU BORMNWVHG WR EH UHDG LQ WKH J)ODVK5HDG2QFH&F

,63 FRPPDQG VHW
$YDLODEOH ,63 FRPPDQGV VHW LV OLPLWHG SHU OLIH F\FOH VWDWH

7TDEOH,63 FRPPDQG VHW

/LIH F\FOH &RPPDQG VHW

1,3 BURYLVLRQHG )XOO FRPPDQGV VHW

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7DEOH,63 FRPPDQG VHW FRQWLQXHG

/LIH F\FOH &RPPDQG VHW

2(0 2SHQ H5HDGOHPRU\

2(0 )LHOG 5HWXUQ H)ODVK(UDVH$0O
1;3 )LHOG 5HWXUQ H)ODVK(UDVH5HJLRQ

1;3 &0O0RVHG ZLWK %RRWORD GI3SUB $3V
M:ULWHOHPRU\
M*HW3URSHUW\

H([HFXWH
2(0 &ORVHG 3DUWLDO FRPPDQGV VHW
52S RU 523 H)ODVK(UDVH$0O
H5HVHW

H*HW3URSHUW\

2(0 &0ORVHG 1R 5HWXUQ 1%
%ULFNHG

*HW3URSHUW\ FRPPDQG

7KH *HW3URSHUW\ FRPPDQG LV XVHG WR TXHU\ WKH ERRWORDGHU DERXW YDULRXYV !
KDV D XQLTXH ELW WDJ DVVRFLDWHG ZLWK LW 7KH WDJ RFFXSLHV WKH ILUVW SDL
*HW3URSHUW\5HVSRQVH SDFNHW ZLWK WKH SURSHUW\ YDOXHV IRU WKH SURSHUW\ L

SURSHUWLHY DUH WKH GHILQHG XQLWV RI GDWD WKDW FDQ EH DFFHVVHG ZLWK WKH
UHDG RQO\ RU UHDG ZULWH $00 UHDG ZULWH SURSHUWLHYV DUH ELW LQWHJHUV \

7KH ELW SURSHUW\ WDJ LV WKH RQO\ SDUDPHWHU UHTXLUHG IRU *HW3URSHUW\ FR

7TDEOH3DUDPHWHUV IRU *HW3URSHUW\ &RPPDQG

%\WH 3DUDPHWHU

B3URSHUW\ WDJ ZKLFK FDQ EH UHFHLYHG IURP WKH *HW3URSHUW

([ WHUQDO OHPRU\ ,GHQWLILHU RQO\ DSSOLHV WR *HW3URSHUW\
LI WKH SURSHUW\ WDJ LV HTXDO WR

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW 7DUJHW
-
*HW3URSHUW\ 3URSHUW\ WDJ
$$ & % N
I
[ LI
|3URFHVV FR}
*HQHULF5HVSRQMH— |
. ss$ & $ %
—
se. ss—0(

JLIXUHBURWRFRO VHTXHQFH IRU *HW3URSHUW\ FRPPDQG

7TDEOH*HW3URSHUW\ FRPPDQG SDFNHW IRUPDW H[DPSOH

*HW3URSHUWDUDPHWHU

9DOXH

JUDPLQJ SDFRNWDNMWW E\WH

$K

BSDFNHW7\SH

$ K N)UDPLQJ3DFNHW7\SHB&RPPDQG

/IHQJIWK

&K K

&UF

%K K

7TDEOH*HW3URSHUW\ FRPPDQG SDF

NHW IRUPDW H[DPSOH

*HW3URSHUWDUDPHWHU

9DOXH

&RPPDQG SDEFRFHPDQG7DJ

KE§*HW3URSHUW\

)ODJV K
SHVHUYHG K
3DUDPHWHU&RXQW K

BURSHUW\7DJ

B K8§&XUUHQWO9HUVLRQ

OHPRU\ '

B K§ QWHUQDO )ODVK

7KH *HW3URSHUW\ FRPPDQG KDV Q

R GDWD SKDVH

5HVSRQWHUHVSRQVH WR D *HW3URSHUW\ FRPPDQG WKH WDUJHW VHQGV D *HW3URSt
WR $ K 7KH SDUDPHWHU FRXQW LQGLFDWHY WKH QXPEHU RI SDUDPHWHUV VHQW IRL

VWDWXV FRGH

0&; $ DQG $

IROORZHG EVVWKGHSKR2WWDW\ HY[D®SONW RI D *HW3URSHUW\ UHVSRQVH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH*HW3URSHUW\ UHVSRQVH SDFNHW IRUPDW H[DPSOH

*HW3URSHUW\5H

BVORQOPHWHU

9DO

XH

JUDPLQJ SDFNH

N6WDUW E\WH

$K

S3DFNHW7\SH

$ K N)UDPLQJ3DFNHW7\SHB&RPPDQG

/HQJIWK &K K E\WHV
&UF K $K
&RPPDQG SDFNHWHVSRQVH7DJ $ K
)ODJV K
S5HVHUYHG K
SDUDPHWHU&RXQW K
6WDWXV B K
SBURSHUW\9DOXH B %K8§&XUUHQWI9HUVLRQ

)ODVK(UDVH$0O FRPPDQG

7KH )ODVK(UDVH$0OO FRPPDQG SHUIRUPY DQ HUDVH RI WKH HQWLUH IODVK PHPRU\

|_

SURWHFWHG WKHQ WKH )ODVK(UDVH$0OO FRPPDQG IDLOV DQG UHWXUQV DQ HUURU V)

LV

DV GHIDXOW

K VHW LQ WKH FRPPDQG7DJ
7KH )ODVK(UDVH$0OO FRPPDQG UHTXLUHV PHPRU\ '

ILHOG RI WKH FRPPDQG SDFNHW

,] PHPRU\ ," LV QRW VSHFLILHG

7TDEOH3DUDPHWHU IRU )ODVK(UDVH$0OO FRPPDQG

%\WH 3DUDPHWHU 9DOXH '"HVFULSWLRQ
OHPRU\ ' K ,QWHUQDO )ODVK
K YOH[63, 125
K 6HULDO 125 ((3520
WKURXJK 63,
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW 7DUJHW

[ ————— JODVK(UDVHS$0O
&

$ % _

ss—— |
| 3URFHVV FR}

e

*HQHULF5HVSRQVH—— |

. s & &($

-
se. ss— 0|

)LIXUH)ODVK(UDVH$0O FRPPDQG

7TDEOH)ODVK(UDVH$0OO FRPPDQG SDFNHW IRUPDW H[DPSOH

)ODVK(UDVH$0O| 3DUDPHWHU 9DOXH
JUDPLQJ SDFNHW6WDUW E\WH $K
3DFNHW7\SH $ K N)UDPLQJ3DFNHW7\SHB&RPPDQG
/HQJIWK K K
&UF &K K
&RPPDQG SDFNHWRPPDQG7DJ K§)ODVK(UDVHS$0O
)ODJV K
5HVHUYHG K
3DUDPHWHU&RXQW K
OHPRU\ ,° 6HH WKH DERYH WDEOH

7KH )ODVK(UDVH$00 FRPPDQG KDV QR GDWD SKDVH

BHVSRQAMKH WDUJHW UHWXUQV D *HQHULF5HVSRQVH SDFNHW ZLWK VWDWXV FRGH HLW
RI WKH FRPPDQG RU VHW WR DQ DSSURSULDWH HUURU VWDWXV FRGH

JODVK(UDVH5HJLRQ FRPPDQG
7KH )ODVK(UDVH5HJLRQ FRPPDQG SHUIRUPY DQ HUDVH RI RQH RU PRUH VHFWRUYV RI

7KH VWDUW DGGUHVV DQG QXPEHU RI E\WHV DUH WKH WZR SDUDPHWHUV UHTXLUHG
VWDUW DGGUHVV DQG E\WH FRXQW SDUDPHWHUV PXVW EH E\WH DOLJQHG > @
DQG UHWXUQV N6WDWXVB)ODVK$OLIJQPHQW (UURU .l WKH UHJLRQ VSHFLILHG GR
YODVK(UDVH5HJLRQ FRPPDQG IDLOV DQG UHWXUQV N6WDWXVB)ODVK$GGUHVV(UURU
WKH )ODVK(UDVH5HJLRQ FRPPDQG IDLOV DQG UHWXUQV N6WDWXVBOHPRU\5DQJH,QYEL
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH3DUDPHWHU IRU )ODVK(UDVH5HJLRQ FRPPDQG

%\WH

S3DUDPHWHU

6WDUW DGGUHVV

%\WH FRXQW

OHPRU\ ,°

7KH )ODVK(UDVH5HJLRQ FRPPDQG KDV QR GDWD SKDVH
5HVSRQMHH WDUJHW UHWXUQV D *HQHULF5HVSRQVH SDFNHW ZLWK RQH RI WKH IROOI

7DEOH)ODVK(UDVH5HJLRQ UHVSRQVH VWDWXV FRGHV

6WDWXV FRGH

N6WDWXVB6XFFHVV

N6WDWXVBOHPRU\5DQJH,QYDOLG

N6WDWXVB)ODVK$OLIJQPHQW (UURU

N6WDWXVB,)ODVK$GGUHVV(UURU

N6WDWXVB)ODVK$FFHVV(UURU

N6WDWXVB)ODVK3URWHFWLRQO9LRODWLRQ

N6WDWXVB)ODVK&RPPDQG)DLOXUH

SHDGOHPRU\ FRPPDQG
7KH 5HDGOHPRU\ FRPPDQG UHWXUQV WKH FRQWHQWYV RI PHPRU\ DW WKH JLYHQ DGGU

FDQ UHDG DQ\ UHJLRQ RI

7KH VWDUW DGGUHVYVY DQG WKH QXPEHU RI E\WHVY DUH WKH WZR SDUDPHWHU
RSWLRQDO ,QWHUQDO PHPRU\ LV VHOHFWHG DV WKH GHIDXOW LI PHPRU\ ,' LV QRW |

7TDEOH3DUDPHWHU IRU UHDG PHPRU\ FRPPDQG

PHPRU\ WKDW LV DFFHVVLEOH E\ WKH &38 DQG QRW SURWH

V UHTXL

%\WH SDUDPHWHU '"HVFULSWLRQ

' 6WDUW DGGUHVYV 6WDUW DGGUHVY RI PHPRU\ WR UHDG

' %\WH FRXQW 1XPEHU RI E\WHV WR UHDG DRG UHW)

' OHPRU\ .’ ,QWHUQDO RU H[WHUQDO PHRRU\ LGH
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([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW

5HDGOHPRU\
$$ $

VWDUWS$GGUHVV B K E

T,
$&.
— $$

7TDUJHW

WH&RX

| 3URFHVV FR*

5HDGOHPRU\5HVM

$$ & $ (8
P

@@ $&.

s s

| 3UR

FHVV Gl

]
'DWD SDFNHW
$$ % (

JE A
@ $&.
i

J)LQDO *HQHULF5HVSRQVH
$$ & ( s
s
@ $&.
2

JLIXUH&RPPDQG VHTXHQFH IRU 56HDGOHPRU\

7TDEOH5HDGOHPRU\ FRPPDQG SDFNHW IRUPDW H[DPSOH

5HDGOHPRU\

S3DUDPHWHU 9DOXH

JUDPLQJ SDFNH

NeWDUW E\WH $K

SBDFNHW7\SH

$ K N)UDPLQJ3DFNHW7\SHB&RPPDQG

/HQJIWK K K

&UF ) K %K

&RPPDQG SDFNH

WRPPDQG7DJ K§5HDGOHPRU\

)ODJV K

5HVHUYHG K

SDUDPHWHU&RXQW K

6WDUWSGGUHVYV B K
%\WH&RXQW B K
OHPRU\ ' K
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U
'‘DWD SKbWH 5SHDGOHPRU\ FRPPDQG KDV D GDWD SKDVH %HFDXVH WKH WDUJHW ZRUN)
SDFNHWV XQWLO LW KDV UHFHLYHG WKH QXPEHU RI E\WHV RI GDWD VSHFLILHG LQ W

5HVSRQMHH WDUJHW UHWXUQV D *HQHULF5HVSRQVH SDFNHW ZLWK D VWDWXV FRGH F
H[HFXWLRQ RI WKH FRPPDQG RU VHW WR DQ DSSURSULDWH HUURU VWDWXV FRGH

:ULWHOHPRU\ FRPPDQG

7KH :ULWHOHPRU\ FRPPDQG ZULWHY GDWD WKDW LV SURYLGHG LQ WKH GDWD SKDVH
RU 560 +RZHYHU LI IODVK PHPRU\ SURWHFWLRQ LV HQDEOHG WKHQ ZULWHV WR SL

&RQVLGHU WKH IROORZLQJ LQIRUPDWLRQ ZKHQ \RX ZULWH WR IODVK PHPRU\
p)LUvw DQ\VN IODVK VHFWRU \RX ZULWH WR PXVW KDYH EHHQ SUHYLRXVO\ HUDVHG Z
p:ULWLQJ WR IODVK PHPRU\ UHTXLUHV WKH VWDUW DGGUHVV WR EH SDJH DOLJQHG
pM7KH E\WH FRXQW LV URXQGHG XS WR D SDJH VL]H DQG WUDLOLQJ E\WHV DUH ILO(
p,l WKH 9HULI\:ULWHYVY SURSHUW\ LV VHW WR WUXH WKHQ ZULWHV WR IODVK PHPRU

:KHQ ZULWLQJ WR 5$0 WKH VWDUW DGGUHVV GRHV QRW QHHG WR EH DOLJQHG DQG

7KH WZR SDUDPHWHUYV UHTXLUHG IRU WKH :ULWHOHPRU\ FRPPDQG DUH WKH VWDUW |
RSWLRQDO ,QWHUQDO PHPRU\ LV VHOHFWHG DV WKH GHIDXOW LI PHPRU\ ," LV QRW |

7TDEOH3DUDPHWHUYV IRU :ULWHOHPRU\ FRPPDQG

% \WH &RPPDQG

| 6WDUW DGGUHVYV

' %\WH FRXQW

! OHPRU\ ;'
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1;3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

+RVW

ULWHOHPRU\
$s )

. s3$ =&

—

VWDUWS$GGUHVV B K B

/$&.
,QLWLDO *HQHULF5HVSRQVH |
$

$&.

[ ————— ‘'DWD SDFNHW

7DUJHW

\WH&R
—>

N

BURFHVV FR

$\

$$ $$ %% && "L{())
| 3URFHVV Ei
s se—— |
JLODO *HQHULESHVSROVH |
. ss & $
-
$&.

$\

JLIXUH3URWRFRO VHTXHQFH IRU :ULWHOHPRU\ FRPPDQG

7TDEOH:ULWHOHPRU\ FRPPDQG SDFNHW IRUPDW H[DPSOH

:ULWHOHPRU\

SDUDPHWHU

9DOXH

JUDPLQJ SDFNH

N6WDUW E\WH

$K

SDFNHW7\SH

$ K N)UDPLQJ3DFNHW7\SHB&RPPDQG

/HQJIWK

K K

&UF

K ""K

&RPPDQG SDFNH

WRPPDQG7DJ

§:ULWHOHPRU\

)ODJV K
5HVHUYHG K
3DUDPHWHU&RXQW K
BWDUWS$SGGUHVV B K
%\WH&RXQW B K
OHPRU\ ,° K

'‘DWD SKDWH :ULWHOHPRU\ FRPPDQG KDV D GDWD SKDVH WKH KRVW VHQGY GDWD SDF
RI E\WHV Rl GDWD VSHFLILHG LQ WKH E\WH&RXQW SDUDPHWHU RI WKH :ULWHOHPRU\

0&; $ DQG $
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

5HVSRQMHH WDUJHW UHWXUQV D *HQHULF5HVSRQVH SDFNHW ZLWK D VWDWXV FRGH V
R1I WKH FRPPDQG RU WR DQ DSSURSULDWH HUURU VWDWXV FRGH

([HFXWH FRPPDQG
7KH ([HFXWH FRPPDQG UHVXOWV LQ WKH ERRWORDGHU VHWWLQJ Rl HDFK Rl WKHVH
H7KH SURJUDP FRXQWHU WR WKH FRGH DW WKH SURYLGHG MXPS DGGUHVV
H5 WR WKH SURYLGHG DUJXPHQW
H$ VWDFN SRLQWHU WR WKH SURYLGHG VWDFN SRLQWHU DGGUHVYV
3ULRU WR WKH MXPS WKH V\VWHP UHWXUQV WR WKH 5HVHW VWDWH
7KH ([HFXWH FRPPDQG UHTXLUHV WKHVH SDUDPHWHUYV
H-XPS DGGUHVV
H)XQFWLRQ DUJXPHQW SRLQWHU
H6WDFN SRLQWHU
.| WKH VWDFN SRLQWHU LV VHW WR JHUR WKH FDOOHG FRGH LV UHVSRQVLEOH IRU \

7TDEOH3DUDPHWHUV IRU ([HFXWH FRPPDQG

%\WH &RPPDQG

i -XPS DGGUHVYV

' $UIXPHQW ZRUG

' 6WDFN SRLQWHU DGGUHVYV

7KH ([HFXWH FRPPDQG KDV QR GDWD SKDVH

5HVSRMWHRUH H[HFXWLQJ WKH ([HFXWH FRPPDQG WKH WDUJHW YDOLGDWHYV WKH SD
ZLWK D VWDWXV FRGH VHW WR HLWKHU N6WDWXVB6XFFHVV RU WR DQ DSSURSULDW!|

SHVHW FRPPDQG
7KH 5HVHW FRPPDQG UHVXOWV LQ WKH ERRWORDGHU UHVHWWLQJ WKH FKLS
7KH 5HVHW FRPPDQG UHTXLUHV QR SDUDPHWHUYV

+RVW 7DUJHW

[ —— 5HVHW

$$ ) % _
. $&. 3 / |3URFHVV FR'
*HQHULF5HVWSROYH— |
e ——— $38 & &' $ 3 %

JLIXUH3URWRFRO VHTXHQFH IRU 5HVHW FRPPDQG
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([ WHQGHG %RRWORDGHU DQG ,Q 6

7TDEOH5HVHW FRPPDQG SDFNHW IRUPDW H[DPSOH

5HVHW

3DUDPHWHU

9DOXH

JUDPLQJ SDFNH

N6WDUW E\WH

$K

S3DFNHW7\SH

$ K N)UDPLQJ3DFNHW7\SHB&RPPDQG

/HQJIWK

K K

&UF

)K K

&RPPDQG SDFNH

WRPPDQG7DJ

%KEUHVHW

)ODJV K
5HVHUYHG K
3DUDPHWHU&RXQW K

7KH 5SHVHW FRPPDQG KDV QR GDWD SKDVH
5HVSRQWHIRUH UHVHWWLQJ WKH FKLS WKH WDUJHW UHWXUQV D *HQHULF5HVSRQVH

<RX FDQ DOVR XVH WKH 5HVHW FRPPDQG WR VZLWFK ERRW IURP IODVK PHPRU\ DIWH
ERRWORDGHU $IWHU LVVXLQJ WKH 5HVHW FRPPDQG DOORZ ILYH VHFRQGV IRU WKH

*HW 6HW3URSHUW\ FRPPDQG SURSHUWLHYV
7KLV VHFWLRQ OLVWV WKH SURSHUWLHV RI WKH *HW3URSHUW\ DQG 6HW3URSHUW\ F
*HW 6HW SURSHUW\ GHILQLWLRQV DUH SURYLGHG LQ WKLV VHFWLRQ

7TDEOH3URSHUWLHV XVHG E\ *HW 6HW3URSHUW\ FRPPDQGYV

\WWHP 3U

BURSHUW\

:ULWDE|QHWJ 9DO

X6 ] H

‘"HVFULSWLRQ

&EXUUHQWOHUVL

RR K

&XUUHQW ERRWORDGHU YHUVLRQ

$YDLODEOH3HU

LISSKHU D O VK

7KH VHW RI SHULSKHUDOV VXSSRUW

1G RQ W

$YDLODEOH&RP

PLIRQ G V

7KH VHW RI FRPPDQGV VXSSRUWHG H

\ WKH E

&KHFN 6WDWXV

1R

/DEOH

0&; $ DQG $

5HWXUQ WKH VWDWXV EDVHG RQ VSH
! &5& VWDWXV
ELW UHWXUQ YDOXH IRU
&5& &KHFN
! $SSOLFDWLRQ &5& FKHFN IDLO}
! $SSOLFDWLRQ &5& FKHFN LV LQ
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH3URSHUWLHV XVHG E\ *HW 6HW3URSHUW\ FRPPDQGV FRQWLQXHG

BURSHUW\ :ULWDEQWJ 9DOXéL]H |'HVFULSWLRQ

OD[3DFNHWG6L]H 1R % K OD[LPXP VXSSRUWHG SDFNHW VL]H IRU WKH F
SHULSKHUDO LQWHUIDFH

/LIH&\FOHEWDWHR K 7KH OLIH F\FOH RI WKH GHYLFH
[ DD DD | '"HYLFH LV LQ GHYHORSPHQW OLIF
[F FF F ! 'HYLFH LV LQ GHSOR\PHQW OLIH F

8QLTXH'HYLFH 88R K 8QLTXH GHYLFH LGHQWLILFDWLRQ

7DUJHW 520 9HUVRRQ K 7KH WDUJHW GHYLFH LGHQWLILFDWLIRQ

&XUUHQWO9HUVLRQ SURSHUW\
7KH YDOXH RI WKLY SURSHUW\ LV D E\WH VWUXFWXUH FRQWDLQLQJ WKH FXUUHQW

7TDEOH&XUUHQWS9HUVLRQ SURSHUW\ ILHOGYV

% LW > @ > @ > @ > @

JLHOG 1DPH . %K ODMRU YHUVLRQDMRU YHUVLRQ %XJIL[ YHUVLRQ

$YDLODEOH3HULSKHUDOV SURSHUW\
7KH YDOXH RI WKLV SURSHUW\ LV WKH SHULSKHUDOV VXSSRUWHG E\ WKH ERRWORDC

7TDEOH3HULSKHUDO ELWV

% LW > @ > @ > @ > @ > @ > @ > @ > @

J)LHOG 5HVHUYHEZEHVHUYHSEHVHUYHB6% +,° &$1 63, VODYH& VOD|YH38$57

, I WKH SHULSKHUDO LY DYDLODEOH WKHQ WKH FRUUHVSRQGLQJ ELW LV VHW LQ WK}

$YDLODEOH&RPPDQGV SURSHUW\

7KLY SURSHUW\ YDOXH LV D ELW ILHOG WKDW LQGLFDWHY WKH FRPPDQGYVY HQDEOHG
WKH KRVW WR WKH WDUJHW DUH OLVWHG LQ WKH ELW ILHOG 5HVSRQVH FRPPDQGYV

7KH ELW QXPEHU WKDW LGHQWLILHY ZKHWKHU D FRPPDQG LV SUHVHQW LV WKH FRPF
IURP WKH FRPPDQG WDJ EHFDXVH WKH ORZHVW FRPPDQG WDJ YDOXH LV K 7R GHWE
H[SUHVVLRQ PDVN WDJ |

7TDEOH&RPPDQGV ELW

%LW &RPPDQG

> @ JODVK(UDVHS$0O

> @ JODVK(UDVH5HJLRQ
> @ 5HDGOHPRU\

> @ :ULWHOHPRU\

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH&RPPDQGV ELW FRQWLQXHG

% LW &RPPDQG

> @ 5HVHUYHG

> @ *HW3URSHUW\

> @ 5HFHLYHGBE)LOH

> @ ([HEXWH

> @ 5HVHUYHG

> @ 5HVHW

> @ 5HVHUYHG

> @ 7UXVW3URYLVLRQLQJ
>2WKHUV @ 5HVHUYHG

6HULDO %RRW RQ 86% SDWK

7KH ERRWORDGHU VXSSRUWYV ,Q 6\VWHP 3URJUDPPLQJ XVLQJ WKH 86% SHULSKHUDO
GHYLFH FODVVHYV

'KHQ WUDQVIHU GDWD WKURXJK 86% +," GHYLFH FODVV 86% +," GRHV QRW XVH IUDPL

LQ WKH 86% SURWRFRO LWVHOI LV XVHG 7KH DELOLW\ IRU WKH GHYLFH WR 1$. 2XW W

IORZ FRQWURO 7KH EXLOW LQ &5& RI HDFK 86% SDFNHW SURYLGHYV WKH UHTXLUHG
'"HYLFH GHVFULSWRU

7KH ERRWORDGHU FRQILJXUHV WKH GHIDXOW 86% 9,' 3, DQG VWULQJV DV IROORZV

'"HIDXOW 9, DQG 3,

Ho,' )& K

n3, 1K

'"HIDXOW VWULQJV

HODQXIDFWXUHU > @ 1;3 6(0,&21'8&725 ,1&

H3URGXFW > @ 86% &20326,7( '(9,&(

<RX FDQ FXVWRPL]H WKH 86% 9," 3," DQG VWULQJV XVLQJ WKH &03% RI WKH IODVK PH
9,"DQG 3," E\ ZULWLQJ

HM7KH QHZ 9," WR WKH &03% ORFDWLRQ B K LQ IODVK PHPRU\
M7KH QHZ 3," WR WKH XVE3LG ILHOG RI WKH &03%$ LQ IODVK PHPRU\

(QGSRLQWYV
7KH +," SHULSKHUDO XVHV WKUHH HQGSRLQWYV
H&RQWURO
H,QWHUUXSW ,1
H,QWHUUXSW 287

7KH LQWHUUXSW 287 HQGSRLQW LV RSWLRQDO IRU +," FODVV GHYLFHV 7KH FKLS ER
ZKHUH WKH ILUPZDUH FDQ 1$. VHQG UHTXHVWYV IURP WKH 86% KRVW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

+," SHSRUWYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7KHUH DUH IRXU +," UHSRUWYV GHILQHG DQG XVHG E\ WKH ERRWORDGHU 86% +," SHUL
W\SH RI SDFNHW VHQW LQ WKH UHSRUW RWKHUZLVH WKH FRQWHQWY RI DOO UHSRL

7TDEOH+," UHSRUWY DVVLIJQHG IRU WKH ERRWORDGHU

5HSRUW ,' 3DFNHW 7\SH 'LUHFWLRQ
&RPPDQG 287
'DWD 287
&RPPDQG 1
'DWD .1

(DFK UHSRUW KDV D PD[LPXP VL]H RI E\WHV 7KH PD[LPXP SD\ORDG VL]H LV E\WH
WKDW LQGLFDWHYV WKH OHQJWK LQ E\WHV RI WKH SD\ORDG DQG UHSRUW LG VHQW '

127¢
,Q WKH IXWXUH WKH PD[LPXP UHSRUW VL]H PD\ EH LQFUHDVHG WR VXSSRUW WUDQVI
DGGLWLRQDO UHSRUWYV PD\ EH DGGHG ZLWK ODUJHU PD[LPXP VL]HV

7KH DFWXDO GDWD VHQW LQ DOO RI WKH UHSRUWY ORRNV OLNH

7TDEOH'DWD IRUPDW VHQW LQ 86% +,' SDFNHW

5HSRUW .’ 'DWD

SHSRUW '

3DGGLQJ

B3DFNHW /HQJWK /6%

BDFNHW /HQJWK 06%

3DFNHW> @

SDFNHW> @

3DFENHW> @

1

1 3DFNHW>1 @

7KLY GDWD LQFOXGHV WKH 5HSRUW ,' ZKLFK LV UHTXLUHG LI PRUH WKDQ RQH UHSRU
VHQW DQG UHFHLYHG KDV D PD[LPXP OHQJWK RI E\WHV 7KH 3DFNHW /HQJWK KHDGH
VLIH LQ E\WHV RI WKH SDFNHW VHQW LQ WKH UHSRUW 7KLV VL]H GRHV QRW LQFOX(
D GDWD SKDVH D SDFNHW VL]H RI LQGLFDWHYVY D GDWD SKDVH DERUW UHTXHVW IUR

6HULDO ERRW RQ /38%$57 SDWK
7KH ERRWORDGHU LQWHJUDWHYV DQ DXWREDXG GHWHFWLRQ DOJRULWKP IRU WKH 8%$5

$XWREDXG JHBWRIMHAXVHG WR FRQQHFW WR WKH ERRVBQ R IPXWW BHKHE SWKKBHEDQG QfF
GXULQJ WKH GHWHFWLRQ SKDVH LQ RUGHU WR FRPSO\ ZLWK WKH DXWREDXG GHWHEFYV
[$ [$ ROQ 88%Y; WKH ERRWORDGHU ILUPZDUH H[HFXWHV WKH DXWREDXG VHTXHQF

,] WKH EDXGUDWH LV VXFFHVVIXOO\ GHWHFWHG WKHQ WKH ERRWORDGHU VHQGYV D
E\WHV SURWRFRO YHUVLRQ RSWLRQV E\WHV DQG FUF E\WHV @ DW WKH GHWHF
IRU ERRWORDGHU FRPPDQGV YLD WKH 8%$57 SHULSKHUDO

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

8$57 WUDQVPLVVLRQ PRGH

ZLWK PRUH WKDQ
UDWH

6XSSRUWHG EDKE DDXWHVDWH LV FORVHO\ UHODWHG WR WKH 0&8 FRUH DQG V\VWHP

VXSSRUWHG DUH

BDFNHW W{IDMMIHDKWREDXG GHWHFWLRQ VXFFHHGY ERRWORDGHU FRPPXQLFDWLRQ\
IORZ FKDUWYV VKRZ

IROORZLQJ

127¢

7KH GDWD E\WHV RI WKH SLQJ SDFNHW PXVW EH VHQW FRQWLQXRXVO\
ELW GDWD QR SDULW\ ELW DQG VWRS ELW
PV GHOD\ EHWZHHQ WKHP WKHQ WKH DXWREDXG GHWHFWLRQ DOJ
,Q WKLV LQVWDQFH WKH DXWREDXG GHWHFWLRQ VWDWH PDFKLQH VKRXOG EH

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

DQG

pH+RZ WKH KRVW GHWHFWY DQ $&. IURP WKH WDUJHW
pM+RZ WKH KRVW GHWHFWYV D SLQJ UHVSRQVH IURP WKH WDUJHW

MH+RZ WKH KRVW GHWHFWYV D FRPPDQG UHVSRQVH IURP WKH WDUJHW

1R

{ :DLW IRU $)&.

5HDF
PD[LPXP
UHW

<HV

DLW

IRU RQH E\WH

3URFHYV
13.

:DLW IRU R
IURP WDU

5HSRUW D

<HV

1R

< 5HSRUW DmdPHRxw
HUURU (QG
JLIXUH+RVW UHDGV DQ $&. IURP WDUJHW YLD /38%57
( ‘DLW IRU aLQJ
UHVSRQV, (Q6
15[ orw 1m0 Rdu evw oLw 1RV unboLoLR
IURP WDUJHW UHVSRQVH $DFNHW
$K UHFHL LY DLW IRU R 5HSRUW H

IURP WDU

JLIXUH+RVW UHDGV D SLQJ UHVSRQVH IURP WDUJHW YLD /38%57

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO

ZLWK QR PRUH
,| WKH E\WH




1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

<HV

( DLW IRU UHVSRQVH (QG
‘DLW IRU RDH E\WH
IURP WDUYJHW ‘DLW IRU SD\ORDG

:DLW IRU R
IURP WDU

DH E\WH
JHW

GDWD IURP)

WDUJHW

6HW SD\ORDG

VHRD[LPXP VXSS

OHQJIWK

:DLW IRU SP\ORDGDLW IRU &5&
OHQJWK SOuw|IlURPHFNVXP [[URP
WDUJHW WZR B\WBMJIHW WEZR E\WHV

JLIXUH+RVW UHDGV D FRPPDQG UHVSRQVH IURP WDUJHW YLD /38%$57

6HULDO ERRW RQ /3, & SDWK

7KH ERRWORDGHU VXSSRUWY ORDGLHUGEBWBUID@WE 8 B0 K BWKIHDD & WHEUY B D YIHV &V K I LW
VODYH DGGUHVV LV XVHG GXULQJ WKH WUDQV I& ¥ ODKH EDRGRONGIR Y CCHQG XWXS/S B U VDWW  XASk
WKHK EDXG UDWH

7KH PD[LPXP VXSSSEDWEB ®DWH GHSHQGY RQ WKH FRUH FORFN IUHTXHQF\ ZKHQ WKH E
UDWH LV NELW V ZLWK IDFWRU\ VHWWLQJV

%HFDXVH&WSKHHUL SKHUDO VEWODWBVGBYLFH HDFK WUDQVIHU VKRXOG EH VWDUWHG E\
VKRXOG EH IHWFKHG E\ WKH KRVW

H$Q LQFRPLQJ SDFNHW LV VHQW E\ &V KBXKRVIYGZAEAWKE VOAGHFMWHGLUHFWLRQ ELW L\
H$EQ RXWIRLQJ SDFNHW LV UHDG E\ VKB DKYRV IGAWVWHKWVY VEOGH¥FKMHGLUHFWLRQ ELW L\
pm[ LV VHQW DV WKH UHVSRQVH WR KRVW LI WKH WDUJHW LV EXV\ ZLWK SURFHVVL

7KH IROORZLQJ FKDUWV VKRZ WKH FRPPXQLFDWLRQ IORZ RI WKH KRVW UHDGLQJ WKI|
UHVSRQVHV IURP WKH WDUJHW
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WDUJHW 5HSRUW H

JLIXUH+RVW UHDGV SLQJ UHVSRQVH IURP WDUJHW YLD /3, &

( JHWFEK $&.) 5HSRUW D

1R
1R 5HDG RQH F\WH 3URFHV\ <HV
IURP WDUJHW 1$.
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HDF
ED[LPXP V] 5HDG RQH |E\WH
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5HDG RQH E\WH IURP S5HDG SD\ORD’I? GDWD

DUJHW IURP WDUJ

3D\ORDG 6HW SD\ORDG
OHVV WKDQ V WIS [LP XP VXS
OHQJ OHQJWK

S5HDFKHG PD
UHWULH

$K UHFHLY

5HDG RQH E\WH IURP
WDUJHW

5HDG SD\ORDG|OHJIWK S5HDG &58&
SHHSURUUF:"(JDHW'E; SDUW IURP W FKHENVXP IURP
Q WZR E\WHV WDUJHW WzR| E\WHV

JLIXUH+RVW UHDGV UHVSRQVH IURP WDUJHW YLD /3, &

6HULDO ERRW RQ /363, SDWK

7KH ERRWORDGHU VXSSRUWYVY ORDGLQJ GDWD LQWR IODVK YLD WKH 63, SHULSKHUDO
WUDQVIHU VKRXOG EH 63, ORGH ZLWK GDWD ELWYV

7KH PD[LPXP VXSSRUWHG EDXG UDWH RI WKH 63, GHSHQGV RQ WKH FRUH FORFN IUHT
EDXG UDWH LV NELW V ZLWK WKH IDFWRU\ VHWWLQJV 7KH DFWXDO EDXG UDWH L\
YDOXH RI WKH FRUH FORFN

%HFDXVH WKH 63, SHULSKHUDO VHUYHV DV DQ 63, VODYH GHYLFH HDFK WUDQVIHU V¥
VKRXOG EH IHWFKHG E\ WKH KRVW

HM7KH WUDQVIHU RQ 63, LV VO&LJKWO\ GLITHUHQW IURP ,
pM7KH KRVW UHFHLYHVY E\WH DIWHU LW VHQGY RXW DQ\ E\WH
M5HFHLYHG E\WHV VKRXOG EH LIQRUHG ZKHQ WKH KRVW LV VHQGLQJ RXW E\WHV W
HM7KH KRVW VWDUWY UHDGLQJ E\WHV E\ VHQGLQJ [ V WR WDUJHW
7KH E\WH [ LV VHQW DV D UHVSRQVH WR KRVW LI WKH WDUJHW LV XQGHU WKH IRO
HM3URFHVVLQJ LQFRPLQJ SDFNHW
H3UHSDULQJ RXWJRLQJ GDWD
MS5HFHLYHG LQYDOLG GDWD

7KH ERRWORDGHU DOVR VXSSRUWYV WKH DFWLYH QRWLILFDWLRQ SLQ Q,54 SLQ WR |
FRPPDQGY GDWD 6HH EHORZ ILJXUH IRU WKH W\SLFDO SK\VLFDO FRQQHFWLRQ EHWZ
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RQH E\WH IUR SHSRUW H
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6HQG K WR JKLIW
RXW RQH E\WH |{URP WDUJHW

S5HDFKHG PD
UHWULH

$K UHFHLY

6HQG K WR VKLIW
RXW RQH E\WH |[URP WDUJHW

D

:ULWH JHURV WR VKLIW RXW
SD\ORDG GDWD|IURP WDUJH

<HV

3D\ORDG 6HW SD\ORDG
WRI[LPXP VXS
OHQJIWK

OHQJ

5HSRUW D WLH
HUURU HQG

:ULWH JHURV WR VK[LIW:RXWH JHURYV R VKLIW

SD\ORDG OHQJW
WDUJHW WZR| E\WHMURP WDUJHW WZR E\WHV

SHUWKWRR5& FKHFENVXP

JLIXUH+RVW UHDGVY UHVSRQVH IURP WDUJHW YLD /363,

RRWORDGHU VWDWXV HUURU FRGHYV
7DEOHGHVFULEHV WKH VWDWXV HUURU FRGHV WKDW WKH ERRWORDGHU UHWXUQV W

7TDEOH%RRWORDGHU VWDWXV HUURU FRGHV

(UURU FRGH 9DOXH

‘"HVFULSWLRQ

N6WDWXVB6XFFHVYV

7KH RSHUDWLRQ VXFFHHGHG ZLWKR

N6WDWXVB)DLO

7KH RSHUDWLRQ IDLOHG ZLWK D JHC

N6WDWXVB5HDG2QO\

5HTXHVWHG YDOXH LV UHDG RQO\ D
EH FKDQJHG

N6WDWXVB2XW2I5DQJH

S5HTXHVWHG YDOXH LV RXW RI UDQJ}

N6WDWXVB,QYDOLGS$SUIXPHQW

7KH UHTXHVWHG FRPPDQG V| DUJXPH
LV XQGHILQHG

N6WDWXVB7LPHRXW

$ WLPHRXW RFFXUUHG

N6WDWXVB1R7UDQVIHU,Q3URJUHVV

1R VHQG LQ SURJUHVYV

N6WDWXVB)/$6+B6XFFHVYV

$3, LV HIHFXWHG VXFFHVVIXOO\

N6WDWXVB)/$6+B,QYDOLGSUIXPHQW

$Q LQYDOLG DUJXPHQW ZDV|SURYLG

N6WDWXVB)ODVK6L]H(UURU

1RW XVHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH
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7TDEOH%RRWORDGHU VWDWXV HUURU FRGHV FRQWLQXHG

\WWHP 3U

(UURU FRGH 9DOXH '"HVFULSWLRQ
N6WDWXVB)ODVK$OLIJQPHQW (UURU $GGUHVV RU OHQJWK GRHV |[QRW PHHI
UHTXLUHG DOLJQPHQW
N6WDWXVB)ODVK$GGUHVV(UURU $GGUHVV RU OHQJWK LV RXWVLGH
DGGUHVVDEOH PHPRU\
N6WDWXVB)ODVK$FFHVV(UURU 7KH )7)$B)67$7>$&&(55@ ELW LV VHW
N6WDWXVB)ODVK3URWHFWLRQOLRODWLRQ 7KH )7)$B)67$7>)39,2/@ ELW|LV VHW
N6WDWXVB)/$6+B&RPPDQG)DLOXUH 7KH )7)$B)67$7>0*67$7 @ ELW LV VH\
N6WDWXVB)ODVKSQNQRZQ3URSHUW\ 8QNQRZQ IODVK SURSHUW\
N6WDWXVB)ODVK(UDVH.H\(UURU 7KH NH\ SURYLGHG GRHV QRW PDWF
SURJUDPPHG IODVK NH\
N6WDWXVB)ODVK5HIJLRQ([HFXWH2QO 7KH DUHD RI IODVK LV SURWHFWHG I
N6WDWXVB)/$6+B([HFXWH,Q5DP)XQFWLRQIRW5SHDBBAFXWH LQ 5$0 IXQFWLRQ L[V QRW D
N6WDWXVB)/$6+B&RPPDQG1IRW6XSSRUWHG YODVK $3, LV QRW VXSSRUWHG
N6WDWXVB)/$6+B5HDG2QO\3URSHUW\ 7KH 1ODVK SURSHUW\ LV UHPG RQO\
N6WDWXVB)/$6+B,QYDOLG3URSHUW\9DOXH 7KH 1ODVK SURSHUW\ YDOXH LV RXW
N6WDWXVB)/$6+B,QYDOLG6SHFXODWLRQ2SWLRQ 7KH RSWLRQ RI IODVK SUHIHWFK VS|
LV LQYDOLG
N6WDWXVB)/$6+B(FF(UURU $ FRUUHFWDEOH RU XQFRUUHFWDEQC
GXULQJ FRPPDQG H[HFXWLR|Q
N6WDWXVB)/$6+B&RPSDUH(UURU '"HVWLQDWLRQ DQG VRXUFH |[PHPRU\
QRW PDWFK
N6WDWXVB)/$6+B5HIJXODWLRQ/RVV $ ORVV Rl UHJXODWLRQ GXULQJ UHEL
N6WDWXVB)/$6+B,QYDOLG:DLW6WDWH&\FOHV 7KH ZDLW VWDWH F\FOH VHW WR UH
LV LQYDOLG
N6WDWXVB)/$6+B2XW2I'DWH&ISD3DJH &)3$ SDJH YHUVLRQ LV RXW|RI GDW}
N6WDWXVB)/$6+B%ODQN,IU3SDJH'DWD %ODQN SDJH FDQQRW EH UHDG
N6WDWXVB)/$6+B(QFU\SWHG5HJLRQV(UDVHIRW'RQAESWPIHE IODVK VXEUHJLRQV DUH
DW RQFH
N6WDWXVB)/$6+B3URJUDPI9HULILFDWLRQ1IRWS$OORZRIBIDP YHULILFDWLRQ LV [QRW DO

HQFU\SWLRQ LV HQDEOHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH
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(UURU FRGH 9DOXH '"HVFULSWLRQ
N6WDWXVB)/$6+B+DVK&KHFN(UURU +DVK FKHFN RI SDJH GDWD |DLOHG
N6WDWXVB)/$6+B6HDOHG)IU5HJLRQ 7KH ))5 UHJLRQ LV VHDOHG
N6WDWXVB)/$6+B)IUSHIJLRQ:ULWH%URNHQ 7KH ))5 VSHF UHJLRQ LV QRW DOOR?Z
ZULWWHQ GLVFRQWLQXRXVQ\
N6WDWXVB)/$6+B1PSD$FFHVVIRWS$OQRZHG 7KH 103$ UHJLRQ LV QRW DQORZHG
ZULWWHQ RU HUDVHG
N6WDWXVB)/$6+B&PSD&IJ'LUHFW(UDVHIRW$OORZH® &03% FRQILIXUDWLRQ UHJLRQ L\
WR EH HUDVHG GLUHFWO\
N6WDWXVB)/$6+B)IU%DQN,V/RFNHG 7KH ))5 EDQN UHJLRQ LV ORFNHG
N6WDWXVB)/$6+B&ISD6FUDWFK3DJH,QYDOLG &)3%$ VFUDWFK SDJH LV LQYDOLG
N6WDWXVB)/$6+B&ISDIHUVLRQ5ROOEDFN'LVDOORIMGYHUVLRQ UROOEDFN LV QRW DC
N6WDWXVB)/$6+B5HDG+LGLQJ$SUHD'LVDOORZHG | )ODVK KLGLQJ UHDG LV QRW DOORZ}
N6WDWXVB)/$6+BORGLI\BURWHFWHGS$UHD'LVDOOQREHGEK ILUHZDOO SDJH LV ORFNHG T
SURJUDP DUH QRW DOORZHG
N6WDWXVB)/$6+B&RPPDQG2SHUDWLRQ,Q3URJUHWVKH IODVK VWDWH LV EXV\ [LQGLFDYV
FRPPDQG LV LQ SURJUHVYV
N6WDWXVB8QNQRZQ&RPPDQG 7KH FRPPDQG LV QRW UHFRJQL]HG
N6WDWXVB6HFXULW\9LRODWLRQ BHFXULW\ YLRODWLRQ RFFX[UUHG ZK
GLVDOORZHG FRPPDQGV
N6WDWXVB$SERUW' DWD3KDVH 6HQGHU UHTXHVWHG GDWD SKDVH D
N6WDWXVB3LQJ 3LQJ FRPPDQG UHFHLYHG IURP KRVYV
N6WDWXVB1R5HVSRQVH 1R UHVSRQVH IURP KRVW
N6WDWXVB1R5HVSRQVH([SHFWHG ([SHFWHG QR UHVSRQVH IURP WKH K
N6WDWXVB&RPPDQGS8QVXSSRUWHG 8QVXSSRUWHG FRPPDQG ZDV UHFHL
N6WDWXV5RP/GUBHFWLRQ2YHUUXQ 5HDFKHG WKH HQG RI 6% ILOH SURF
N6WDWXV5RP/GUGLIQDWXUH 7KH VLIQDWXUH RU YHUVLRQ LV LQF
N6WDWXV5RP/GUBHFWLRQ/HQJIJWK 7KH ERRW2IIVHW RU QHZ VH[FWLRQ F
RI UDQJH
N6WDWXV5RP/GUSQHQFU\SWHG2QO\ 7KH XQHQFU\SWHG LPDJH L\ GLVDEC
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(UURU FRGH 9DOXH '"HVFULSWLRQ
N6WDWXV5RP/GU(2)5HDFKHG 7KH HQG RI WKH LPDJH ILOH LV UHD
N6WDWXV5RP/GU&KHFNVXP 7KH FKHENVXP RI FRPPDQG WDJ EOR
LV LQYDOLG
N6WDWXV5RP/GU&UF (UURU 7KH &5& RI WKH GDWD IRU D ORDG
LV LQFRUUHFW
N6WDWXV5RP/GUSQNQRZQ&RPPDQG $Q XQNQRZQ FRPPDQG ZDV |[RXQG L
6% ILOH
N6WDWXV5RP/GU,GIRW)RXQG 7KHUH ZDV QR ERRWDEOH VHFWLRQ
6% ILOH
N6WDWXV5RP/GU'DWD8QGHUUXQ 7KH 6% VWDWH PDFKLQH LV ZDLWLQ
N6WDWXV5RP/GU-XPS5HWXUQHG 7KH IXQFWLRQ WKDW ZDV MXPSHG W
KDV UHWXUQHG
N6WDWXV5RP/GU&DOO)DLOHG 7KH FDOO FRPPDQG LQ 6% ILOH IDLC
N6WDWXV5RP/GU.H\1IRW)RXQG $ PDWFKLQJ NH\ ZDV QRW IRXQG LQ
GLFWLRQDU\ WR XQHQFU\SW WKH VF
N6WDWXV5RP/GUBHFXUH2QO\ 7KH 6% ILOH VHQW LV XQHQFU\SWHC
RQ WKH WDUJHW LV HQDEOHG
N6WDWXV5RP/GUSHVHWS5HWXUQHG 7KH 6% ILOH UHVHW RSHUDWLRQ KD
XQH[SHFWHGO\ UHWXUQHG
N6WDWXV5RP/GUSROOEDFN%ORFNHG $Q LPDJH YHUVLRQ UROOEDFN HYHQ
N6WDWXV5RP/GU,QYDOLG6HFWLRQOD[F&RXQW ,QYDOLG VHFWLRQ 0$& FRXQW LV GF
6% ILOH
N6WDWXV5RP/GUSQH[SHFWHG&RPPDQG 7KH FRPPDQG WDJ LQ 6% ILOH LV XQ
N6WDWXV5RP/GU%DG6%. (. %DG 6%.(. LV GHWHFWHG
N6WDWXV5RP/GU3HQGLQJ-XPS&RPPDQRG -XPS FRPPDQG LV SHQGLQJ |[DQG DF\
LPSOHPHQWHG LQ VEORDGH|UBILQDC
N6WDWXVOHPRU\5DQJH,QYDOLG 7KH UHTXHVWHG DGGUHVV UDQJH GF
DQ HQWU\ RU WKH OHQJWK|H[WHQG
PDWFKLQJ HQWU\ V HQG DGEGUHVYV
N6WDWXVOHPRU\5HDG)DLOHG OHPRU\ UHDG IDLOHG
N6WDWXVOHPRU\:ULWH)DLOHG OHPRU\ ZULWH IDLOHG
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(UURU FRGH 9DOXH '"HVFULSWLRQ
N6WDWXVOHPRU\&XPXODWLYH:ULWH &XPXODWLYH ZULWH RFFXUUHG GXH
XQHUDVHG IODVK PHPRU\ UHJLRQ
N6WDWXVOHPRU\IRW&RQILIXUHG OHPRU\ LV QRW FRQILJXUHG| EHIRUH
N6WDWXVOHPRU\$SOLJQPHQW (UURU $OLJQPHQW HUURU RFFXUUMG GXUL
WR PHPRU\
N6WDWXVOHPRU\9HULI\)DLOHG 9HULI\LQJ RSHUDWLRQ IDLOHG DIWH
SURJUDPPLQJ IODVK PHPRU
N6WDWXVOHPRU\:ULWH3URWHFWHG 7KH PHPRU\ WR EH ZULWWH® LV SUR
N6WDWXVOHPRU\$GGUHVV(UURU 7KH PHPRU\ DGGUHVV LV LQYDOLG R
N6WDWXVOHPRU\%ODQN&KHFN)DLOHG &KHFN Rl WKH EODQN PHPRU\ IDLOH
N6WDWXVOHPRU\%ODQN3DJH5HDG'LVDOORZHG |7KH PHPRU\ LV EODQN DQG|UHDG FI
LV GLVDOORZHG
N6WDWXVOHPRU\SURWHFWHG3DJH5HDG'LVDOOR[ZHG! PHPRU\ LV SURWHFWHG| DQG UF
LV GLVDOORZHG
N6WDWXVOHPRU\)IUBSHF5HJLRQ:ULWH%URNHQ |7KH ZULWH RSHUDWLRQ WR ))5 UHJL!
N6WDWXVOHPRU\8QVXSSRUWHG&RPPDQG 7KH PHPRU\ FRPPDQG LV QR|W VXSSF
N6WDWXVB8QNQRZQ3URSHUW\ 7KH UHTXHVWHG SURSHUW\ [YDOXH L
N6WDWXVB5HDG2QO\3URSHUW\ 7KH UHTXHVWHG SURSHUW\ [YDOXH F
EH ZULWWHQ
N6WDWXVB,QYDOLG3URSHUW\9DOXH 7KH VSHFLILHG SURSHUW\ YDOXH LV
N6WDWXVB$SS&UF&KHFN3DVVHG &5& FKHFEN LV YDOLG DQG SPVVHG
N6WDWXVB$SS&UF&KHFN)DLOHG &5& FKHFN LV YDOLG EXW IDLOHG
N6WDWXVB$SS&UF&KHFN,QDFWLYH &58& FKHFN LV LQDFWLYH
N6WDWXVB$SS&UF&KHFN,QYDOLG &58& FKHFN LV LQYDOLG EHFDXVH WK
LQYDOLG RU WKH &5& SDUDPHWHUYV
[)) E\WHV
N6WDWXVB$SS&UF&KHFN2XW2I5DQJH &58& FKHFEN LV YDOLG EXW OGGUHVYV
RI UDQJH
N6WDWXVB5RP$SL([HFXWH&RPSOHWHG 520 VXFFHVVIXOO\ SURFHVVHG WKH ;
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7TDEOH%RRWORDGHU VWDWXV HUURU FRGHV FRQWLQXHG

(UURU FRGH 9DOXH

'HVFULSWLRQ

N6WDWXVB5RP$SLIHHGORUH'DWD

520 QHHGV PRUH GDWD WR ARQWLQX
WKH ERRW LPDJH

N6WDWXVB5RP$SLWXITHUBL]HIRW(QRXJIK

7KH XVHU EXIIHU LV QRW OQUJH HQF
.ERRW GXULQJ H[HFXWLRQ

N6WDWXVB5RP$SL,QYDOLG%XIIHU

7KH XVHU EXIIHU LV QRW DHFHSWDE
RU DXWKHQWLFDWLRQ

N6WDWXVB)/(;63,B6HTXHQFH([HFXWLRQ7LPHRXW)/(;63, VHTXHQFH H[HFXWLRQ@ WLPHR

N6WDWXVB)/(;63,B,QYDOLG6HTXHQFH

,QYDOLG )/(;63, /187 VHTXHQFKFH

N6WDWXVB)/(;63,B'HYLFH7LPHRXW

)/(;63, GHYLFH WLPHRXW

N6WDWXVB)/(;63,125B3URJUDP)DLO

3DJH SURJUDPPLQJ IDLOXURH

N6WDWXVB)/(;63,125B(UDVH6HFWRU)DLO

6HFWRU HUDVH IDLOXUH

N6WDWXVB)/(;63,125B(UDVH$00)DLO

&KLS HUDVH IDLOXUH

N6WDWXVB)/(;63,125B:DLW7LPHRXW

([HFEXWLRQ WLPHRXW

N6WDWXVB)OH[63,125B1RW6XSSRUWHG

3DJH VL]H RYHUIORZ

N6WDWXVB)OH[63,125B:ULWH$OLIJQPHQW(UURU [$GGUHVV DOLJQPHQW HUURU

N6WDWXVB)OH[63,125B&RPPDQG)DLOXUH

(UDVH RU 3URJUDP YHULI\ HUURU

N6WDWXVB)OH[63,125B6)'3B1RW)RXQG

7TLPHRXW RFFXUUHG GXULQJ WKH $3

N6WDWXVB)/(;63,125B8QVXSSRUWHGB6)'3BIHUV|L&QPUHFRJQL]HG 6)'3 YHUVLROQ®

N6WDWXVB)/(;63,125B)/$6+B1RW)RXQ

D)

JODVK PHPRU\ GHWHFWLRQ |DLOHG

N6WDWXVB)/(;63,125B'755HDGB'XPP\3UREH)DLOKHGS5 IDLOHG WR UHDG GXPP\ $UREH

N6WDWXVB,$3B6XFFHVYV

,$3 $3, HIHFXWLRQ VXFFHHGHG

N6WDWXVB,$3B)DLO

,$3 $3, HIHFXWLRQ IDLOHG

N6WDWXVB,$3B,QYDOLGS$SUIXPHQW

,QYDOLG DUJXPHQW LV GHWHFWHG ¢
$3, HIHFXWLRQ

N6WDWXVB,$3B2XW2I0HPRU\

7KH KHDS VL]H QRW ODUJH HQRXJK
$3, H[HFXWLRQ

N6WDWXVB,$3B5HDG'LVDOORZHG

7KH UHDG PHPRU\ RSHUDWLRQ GLVD
$3, H[HFXWLRQ
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1,3 6HPLFRQGXFWRUYV

([ WHQGHG %RRWORDGHU DQG ,Q 6\VWHP 3U

7TDEOH%RRWORDGHU VWDWXV HUURU FRGHV FRQWLQXHG

(UURU FRGH 9DOXH 'HVFULSWLRQ

N6WDWXVB,$3B&XPXODWLYH:ULWH 7KH )ODVK PHPRU\ UHJLRQ WR EH SL
LV QRW HPSW\

N6WDWXVB,$3B(UDVH)DLOXLUH (UDVH RSHUDWLRQ IDLOHG
N6WDWXVB,$3B&RPPDQG1IRW6XSSRUWHG 7KH VSHFLILF FRPPDQG LV QRW VXS
N6WDWXVB,$3BOHPRU\$FFHVV'LVDEOHG OHPRU\ DFFHVV LV GLVDEOHG

127(

7\SLFDOO\ RFFXUV
RQ )/(;63, 125
LI LW LV QRW
FRQILIXUHG SURSHUO\

127¢
,Q 8$57&, &$1 DQG 63, ,63 PRGHV WKH 520 H[SHFWV SRVWHG UHVSRQVHV WR EH UHDG
[ QXPEHU RI E\WHV RWKHUZLVH WKH 520 UHSRUWYV WKH WHUPLQDWH FRPPDQG %HFD
WZR E\WHV WKH KRVW PXVW UHDG WKRVH E\WHV ZLWKLQ PV Rl WKH 520 SRVWLQJ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
%RRW 520

2YHUYLHZ
520 RQ WKLV FKLS RQO\ VXSSRUWV RQ FKLS )/$6+ LPDJH ERRW ,W GRHVQ W VXSSRU\

7TKHUH DUH WZR VRIWZDUH RQ WKLV FKLS ERRW 520 ZKLFK LV ORFDWHG RQ 520 PHPI
,)5 VHFWRU

7TDEOH%RRW 520 DQG ERRWORDGHU GHILQLWLRQ

7THUP '"HILQLWLRQ

%RRW 520 VRIWZDQHNKH FRQWH[W RI WKLV GRFXPHQW "%RRW 520° LV WKH|SLHFH F
LPSOHPHQWLQJ IHDWXUHYVY H[SODLQHG WKURXJKRXW WKLV GRFXPF

(IWHQGHG %RRWORD®HH FRQWH[W RI WKLY GRFXPHQW ([WHQGHG %RRWORDGHU" L
6RIWZDUH PHPRU\ LPSOHPHQWLQJ IHDWXUHYVY H[SODLQHG WKURXJKRXW WKLV

,)5 VHFWRU . %

520 ZRUNLQJ ZLWK H[WHQGHG ERRWORDGHU WDNHV UHVSRQVLELOLW\ IRU ERRW IOR.

%RRW UHODWHG SDUDPHWHUYV DUH LQ &XVWRPHU ODQXIDFWXULQJ )DFWRU\ B3URJUDPEF
WKLV ILHOG WR XSGDWH WKH ERRWLQJ RSWLRQV

JHDWXUHYV
7KH PDLQ IHDWXUHV Rl WKH %RRW 520 .% DQG H[WHQGHG ERRWORDGHU % LQ
H&KHFN OLIH F\FOH VHW 5HDG 2XW 3URWHFWLRQ 523
H(QDEOH GLVDEOH GHEXJ SRUW SHU OLIH F\FOH
H6HW 520 KLGGHQ SHU OLIH F\FOH
H+DQGOLQJ GHEXJ PDLOER[ FRPPDQGYV EXW DYDLODEOH FRPPDQGYV VHWV DUH SHU
H+DQGOLQJ ,63 ,Q 6\VWHP 3URJUDPPLQJ FRPPDQGV EXW DYDLODEOH FRPPDQGYV V
H3URYLGH )ODVK $3,
H6XSSRUW )ODVK VZDS
H2QO\ VXSSRUW ,63 ERRW QRW VXSSRUW PDVWHU ERRW

)XQFWLRQDO GHVFULSWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

6RIWZDUH EORFN GLDJUDP

520

I %RRWORDGHRU

%RRWORDG HUJ

RWORDGHU

%RRWORDGHU ! IODVK $3,

6\VWHP HRRW

IODVK $3,

$SSV ! 520 $3,
UXQ%RRWORDG

-

JLIXUH6RIWZDUH EORFN GLDJUDP

5(6(7 DQ\ UHVHW PDNHV FRUH UXQQLQJ WR 52

520 FRPSRQHQW

$IWHU DQ\ UHVHW LQFOXGLQJ 325 UHVHW DQG ZDUP UHVHW VHTXHQFH &38 DOZD\V

M&KHFNV OLIH F\FOH

M3URFHVVHY PDLOER[ UHTXHVW WKURXJK GHEXJ DFFHVV SRUW

H&RQILIXUHV WKH */,.(< DQG 0% &

u5XQV LPDJH LQWHJULW\ FKHFN EDVHG RQ ZDNHXS VRXUFH
HM%HIRUH H[LW WR HIWHQGHG ERRWORDGHU RQ ,)5 KLGHV FULWLFDO VHFWLRQV
M3URYLGHYV IODVK GULYHU $3, WR XVHU

520 PHPRU\ VWDUWYV DW

0&; $

[ B

DQG $

ZLWK D WRWDO VL]H RI . %

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

%RRW 520

7TRWDO 520
. %

JLIXUH520 PHPRU\

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

5%0
. %

JLIXUH5%$0 PHPRU\ XVHG E\ 520 DQG H[WHQGHG ERRWORDGHU

(I WHQGHG ERRWORDGHU

7KH HHWHQGHG ERRWORDGHU LV ORFDWHG LQ ,)5 ZLWK D WRWDO VL]H RI % W F
SHUIRUPV ,63 FRPPDQGVY DPRQJ RWKHU WDVNYV

8VHU $SSOLFDWLRQ

7KH XVHU DSSOLFDWLRQ LV ORFDWHG LQ WKH PDLQ IODVK UHJLRQ ,W FDQ FDOO WK
VXSSRUWHG E\ WKLV GHYLFH VR RQO\ D SODLQ LPDJH RU D &5& LPDJH LV VXSSRUW
FKHFENVXP LV SHUIRUPHG RQO\ LI WKH LPDJH LQGLFDWHY D YDOLG LPDJH W\SH DW R

JLIXUHVKRZV WKH VWUXFWXUH RI XVHU LPDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

% RRW

[ LPDJH OHQJWH

[ LPDJH W\SH XQVLJQH|d $O0DLQ &5&

[ &5&

30DLQ LPDJH

— &5& J

JLIXUH8VHU DSSOLFDWLRQ FRPSRQHQW

8VHU LPDJH KHDGHU
7TDEOH8VHU LPDJH KHDGHU GHWDLOV

21IVHW 6L]H LQ E\&6HAERO

'"HVFULSWLRQ

[ ,QLWLDO 63

6WDFN SRLQWHU

[ ,QLWLDO 3&

7KH DSSOLFDWLRQ ILUVW H[HFXWLR

[ 9HFWRU WDEOH

&RUWH[ O 9HFWRU WDEOH HQWULH

[ ,PDJH OHQJWK

7KH OHQJWK RI WKH FXUUHQW LPDJH

[ ,PDJH W\SH

,PDJH 7\SH

BLW > @
[ SODLQ LPDJH
[ SODLQ LPDJH ZLWK &5&
[ SODLQ LPDJH ZLWK &5&

/IRDGBWRBUDP LPDJH LPDJH KDV WK
LPDJHBORDGBDGGUHVY DQG LPDJHB

2WKHU YDOXHY DUH UHVHUYHG
%LW> @ ; ,PDJH YHUVLRQ LQFOXGHG(
i ,PDJH YHUVLRQ LV QRW LQ WKH ,H
{ . PDJH YHUVLRQ LV LQFOXGHG LQ

%LW> @ | IRU RQ
LV VHW

,PDJH YHUVLRQ

520

D LQVWU

H QRQ ]k
DHQJWK

5 LQ ,PD.
DJH 7\S
WKH ,PD
FKLS IO

[ RIIVHW7R([WHQGHG

+HDWGEHW WR HIWHQGHG KHDGHU

JRU D &5& LPDJH ,PDJH 7\SH [
FKHFNVXP YDOXH

RU

[ WKL)

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

%RRW 520
7TDEOH8VHU LPDJH KHDGHU GHWDLOV FRQWLQXHG
21IVHW 6L]H LQ E\&HAERO 'HVFULSWLRQ
[ & 9HFWRU WDEOH &RUWH[ 0 9HFWRU WDEOH HQWULH

[ ,PDIJH([HFXWLRQ$GGUKWW[HFXWLRQ DGGUHVV RI WKH LPDJH
6HW LI LPDJH W\SH LV ;,3

6HW WR DFWXDO LPDJH H[HFXWLRQ DGGUHV\
ORDG WR 5%0

[ 9HFWRU WDEOH &RUWH[ O 9HFWRU WDEOH HQWULH

%RRW SLQV

7DEOHVKRZV WKH ,63 SLQ DVVLJQPHQW DQG LV WKH GHIDXOW DVVLJQPHQW XVHG E\ W
FDQ EH FKDQJHG LQ WKH &03% VHWWLQJV

7DEOH520 SLQ DVVLIQPHQW

,63 SLQ 3RUW SLQ DVVLIJQPHQW
,6302'(B1 3B
3B
/38$57 ,63 SLQ
/38$57B5; 3B
/38$57B7; 3B
/3, & ,63 SLQ
/3, &B6'$ 3B
/3, &B6&/ 3B
/363, ,63 SLQ
/363,B6'2 3B
/363,B6&. 3B
/363,B6", 3B
/363,B3&6 3B
86% B'0
86% B'3
86% B9%86B"'(7 3B

,63BPRGH SLQ VHOHFWLRQ GHSHQGV RQ ,)5 FRQILJXUDWLRQ ILHOG LVSPRGHBSLQBYV
H 3B LV XVHG DV ,6302'(B1

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

7RS OHYHO ERRW IORZ
7KH EHORZ FKDUW VKRZ WKH WRS OHYHO ERRW IORZ 7KH FKLS DOZD\V VWDUWYV 520
H%\ GHIDXOW 520 UXQV DW  0+]

H%RRW 520 FKHFNV LI WKHUH LV YDOLG H[WHQ G HIGWERR W[O\RDEIHHG RER RW O R/BIG WR W V
MXPSV WR WKH HIWHQGHG ERRWORDGHU

M7KH HIWHQGHG ERRWORDGHU ZLOO GHWHUPLQH ZKHWKHU WR H[HFXWH D QRUPDO
&03% VHWWLQJV

M7KH HIWHQGHG ERRWORDGHU ZLOO UXQ D XVHU LPDJH YDOLGLW\ FKHFN

&03% FRQILIXUDWLRQ RSWLRQV

7KH &RVWXPHU ODQXIDFWXULQJ $UHD &03%$ LV D UHJLRQ LQ PDLQ IODVK XVHG WR FR!
ERRWORDGHU 7KH &03%$ LV ORFDWHG LQ WKH ODVW .% RI PDLQ IODVK 7KH DGGUHV'
WKH GHYLFH

#define FLASH_SIZE_32KB 0x8000U

#define FLASH_SIZE_8KB 0x2000U
uint32_t cmpa_address = SYSCON->FLASHSIZECFG * FLASH_SIZE_32KB - FLASH_SIZE_8KB;

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HIWHQGHG ERRWORDGHU

&03%$ ILHOG 21 IVHW| % LW 'HVFULSWLRQ

+HDGHU > @ &03%$ KHDGHU PDUNHU - K

.| WKH &03%$ KHDGHU PDUNHU LV FOHDUHG
LV LQ WKH '"HYHORS OLIH F\FOH VWDWH 09
&RQWURO ZLOO EH FKDQJHG IURFP 5 ; WR
$FFHVV &RQWURO LV WKH GHIDXOW SHUP
IODVK :KHQ WKH &03$%$ KHDGHU PDUNHU LV
SHUPLVVLRQV RI WKH VHFWRUV RI|WKH PD
WR *OREDO $FFHVV &RQWURO ZLPO EH Ul
DIWHU UHVHW

%227B63((" > @ &RUH FORFN GHIDXOW 0+]
0+] )52 # Y
0+] )52 # Y
0+] )52 # Y

,63B%227B,) > @ ,63 ERRW LQWHDIDFH 6HH

,63B'0B(175< > @ 'LVDEOH ,63 PRGH HQWU\ WKURXJK GHEXJ
PDLOER[ FRPPDQG

,63 HQWU\ GLVDEOHG
,63 HQWU\ DOORZHG

,63B3,1B(175< > @ 'LVDEOH ,63 PRGH HQWU\ WKURXJK SLQ DV
,63 HQWU\ GLVDEOHG
,63 HQWU\ DOORZHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F
&03% ILHOG

21 IVHW| % LW 'HVFULSWLRQ

)/$6+B5(0$3B6,=( > @ JODVK UHPDS VL]H

7KLV ILHOG VKRXOG EH ZULWWHQ

WR UHPL

%227B)$,/B/("

$VVHUW RQ IDWDO HUURUV GXULQ

520 WRJJOHV WKH *3,2 SLQ LGHQW,|
ZKHQHYHU SULPDU\ ERRW IDLOV G
ORFNLQJ XS UHVHW

127¢(
8VH 48,&.B6(7B &/5B*3,2]
ILHOG WR VHW WKH GHIDXOW

> @ *3,2 3LQ QXPEHU

> @ *3,2 SRUW QXPEHU

J ERRW

LILHG E\
XH WR I

OHYHO RI

32:(5'2:1B7,0(287B6(&6

[ F

3RZHU GRZQ WLPHRXW

7TLPHRXW YDOXH LQ VHFRQGV :KH
SURJUDPPHG LQ WKLV ILHOG 520 X
YDOXH WR HQWHU SRZHU GRZQ VW

Q D QRQ
VHV LW
DWH WR

,63B8$57B&)*
8$57B%$8'B5%$7(

%DXG UDWH FRQILIXUHG GXULQJ 8§
$XWR EDXG GHWHFWLRQ
GHIDXOW $XWR EDXG GHWHFWLR(

$57 ,63 |

,63B8$57B&)*
8$57B7:;B)81&B6/27

,GHQWLILHVY WKH SLQ PX[ IXQFWLR

Q VORW

,63B8$57B&)* [ 2YHUULGH GHIDXOW 8$57 7; ,63 SL|Q
8$57B7;B3,1 ,GHQWLILHVY WKH SLQ WR EH XVHG|DV 8$57
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B8$57B&)* [ ,GHQWLILHV WKH /38$57 LQVWDQFH XVHG I
8$57B,63B,167$1&( 63 PRGH
,63B8$57B&)* [ ,GHQWLILHV WKH SLQ PX[ IXQFWLRQ VORW
8$57B5;B)81&B6/27
,63B8$57B&)* [ 2YHUULGH GHIDXOW 8$57 5; ,63 SL|Q
8$57B5;B3,1 ,GHQWLILHVY WKH SLQ WR EH XVHG|DV 8$57

0&; $

> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

% RRW

520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F

&03%$ ILHOG 21IVHW| %LW '"HVFULSWLRQ
,63B, &B&)* [ > @ ,GHQWLILHV WKH SLQ PX[ IXQFWLRQ VORW
, &B6'$B)81&B6/27
,63B, &B&)* [ > @ 2YHUULGH GHIDXOW 8$57 7; ,63 SL|Q
, &B6'$B3,1 ,GHQWLILHV WKH SLQ WR EH XVHG|DV 8$57
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B, &B&)* : > @ ,GHQWLILHV WKH /3, & LQVWDQFH XVHG IR
, &B,63B,167$1&(
,63B, &B&)* [ > @ ,GHQWLILHYV WKH SLQ PX[ IXQFWLRQ VORW
, &B6&/B)81&B6/27
,63B, &B&)* [ > @ 2YHUULGH GHIDXOW 8$57 5; ,63 SL|Q
, &B6&/B3,1 ,GHQWLILHV WKH SLQ WR EH XVHG|DV 8%$57
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B63,B&)* [ & > @ ,GHQWLILHV WKH SLQ PX[ IXQFWLRQ VORW
63,B026,B)81&B6/27
,63B63,B&)* [ & > @ 2YHUULGH GHIDXOW 63,B026, ,63 S|LQ
63,B026,B3,1 ,GHQWLILHV WKH SLQ WR EH XVHG|DV 63,B
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B63,B&)* [ & > @ ,GHQWLILHV WKH /363, LQVWDQFH [XVHG IR
63,B,63B,167$1&(
,63B63,B&)* [ & > @ ,GHQWLILHYV WKH SLQ PX[ IXQFWLRQ VORW
63,B6&.B)81&B6/27
,63B63,B&)* [ & > @ 2YHUULGH GHIDXOW 63,B6&. ,63 SUQ
63,B6&.B3,1 ,GHQWLILHV WKH SLQ WR EH XVHG|DV 63,B
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B63,B&)* [ > @ 63, FKLS VHOHFW QXPEHU
,63B63,B66(/B; /363, LQWHUIDFHYV VXSSRUWV XS WR IRXU |

0&; $

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

% RRW

520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F

&03%$ ILHOG 21IVHW| % LW 'HVFULSWLRQ
,63B63,B&)* [ > @ ,GHQWLILHY WKH SLQ PX[ IXQFWLRQ VORW
63,B66(/B)81&B6/27
,63B63,B&)* [ > @ 2YHUULGH GHIDXOW 63,B66(/ ,63 SLQ
63,B66(/B3,1 ,GHQWLILHY WKH SLQ WR EH XVHG|DV 63,B
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B63,B&)* [ > @ ,GHQWLILHY WKH SLQ PX[ IXQFWLRQ VORW
63,B0,62B)81&B6/27
,63B63,B&)* [ > @ 2YHUULGH GHIDXOW 63,B0,62 ,63 S|LQ
63,B0,62B3,1 ,GHQWLILHY WKH SLQ WR EH XVHG|DV 63,B
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
86% 3URGXFW ,° [ > @ 86% 3URGXFW ,°
86% 9HQGRU ,' [ > @ 86% 9HQGRU '
86%[B9%86B)81&B6/27 [ > @ ,GHQWLILHY WKH SLQ PX[ IXQFWLRQ VORW
86%[B9%86B3,1 [ > @ 2YHUULGH GHIDXOW 86% B9%86B'(Y(&7 ,63
,GHQWLILHY WKH SLQ WR EH XVHG|DV 86%
> @ *3,2 3LQ QXPEHU
> @ *3,2 SRUW QXPEHU
,63B0,6&B&)* [ & > @ 8VH FXVWRPHU GHILQHG 8%57 ,63 $LQV
,63B8$57B&867 &XVWRPHU GHILQHG
'"HIDXOW 520 GHILQHG SLQ|V
,63B0,6&B&)* [ & > @ 8VH FXVWRPHU GHILQHG , & ,63 SL|IQV
,63B, &B&867 &XVWRPHU GHILQHG
'"HIDXOW 520 GHILQHG SLQ|V
,63B0,6&B&)* [ & > @ 8VH FXVWRPHU GHILQHG 63, ,63 SUQV
,63B63,B&867 &XVWRPHU GHILQHG
'"HIDXOW 520 GHILQHG SLQ|V
,63B0,6&B&)* F & > @ 8VH FXVWRPHU GHILQHG *3,2 IRU 6% 9%86

,63B86%B&867

0&; $

IXQFWLRQ GXULQJ
8VH GHGLFDWHG 9%86 SLQV

,63 PRGH

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

% RRW

520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F

&03%$ ILHOG 2IIVHW| % LW '"HVFULSWLRQ
&XVWRPHU GHILQHG *3,2 IRU 86(% B9%86
5HVHUYHG
8VH 9''B86% IRU 9%86 SUHVHQFH 2Q ER
UHJXODWRU VKRXOG JHQHUDWH 9(B86% YT
LQSXW IRU 9%86 SLQ RQ FRQQHFW|[RU
, &B6/$9(B$''5 [ & > @ , & VODYH DGGUHYV
$ ELW $GGUHVV XVHG IRU VHOHFWLQJ RX
, & EXV VA\VWHP
%\ GHIDXOW 520 XVHV [ DV VODY|H DGGUH
DGGUHVV FRQIOLFWV ZLWK DQRWHKHU VOD®
FRXOG XVH WKLV ILHOG WR RYHUULGH WK
$&/B6(&B [ > @ $&/B6(&B
a
$&/B6(&B [ & > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
$&/B6(&B > @ $&/B6(&B
48,&.B6(7B*3,2B [ > @ '"ULYH *3,2 SRUW SLQV KLJK DIWHU UHVHYV
(DFK ELW FRUUHVSRQGY WR WKH $LQ LQ *:
:KHQ VHW 520 GULYHV WKH FRUUHNMNSRQGLC
VRRQ DV SRVVLEOH %\ GHIDXOW BRRVW SL
VWDWHG LQSXWV 7KLV IHDWXUH DOORZV |
DFWLYH GULYH SLQV VRRQ DIWHU [UHVHW 1
FRPSOHWH ERRW
48,&.B&/5B*3,2B [ > @ '"ULYH *3,2 SRUW SLQV ORZ
6HH GHVFULSWLRQ RI 48,&.B6(7B*3,2B ILH

0&; $

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

% RRW

520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F

&03% ILHOG 21IVHW| % LW '"HVFULSWLRQ

48,8&.B6(7B*3,2B [ > @ 'ULYH *3,2 SRUW SLQV KLJK DIWHU UHVHYV
(DFK ELW FRUUHVSRQGV WR WKH S$SLQ LQ *:
'KHQ VHW 520 GULYHV WKH FRUUHNVSRQGLC
VRRQ DV SRVVLEOH %\ GHIDXOW RRVW SL
VWDWHG LQSXWV 7KLV IHDWXUH DOORZV |
DFWLYH GULYH SLQV VRRQ DIWHU |[UHVHW L
FRPSOHWH ERRW

48,&.B&/5B*3,2B [ & > @ 'ULYH *3,2 SRUW SLQV ORZ
6HH GHVFULSWLRQ RI 48,&.B6(7B*3,2B ILH

48,&.B6(7B*3,2B [ s @ 'ULYH *3,2 SRUW SLQV KLJK DIWHU UHVHYV
(DFK ELW FRUUHVSRQGV WR WKH SLQ LQ *:
'KHQ VHW 520 GULYHV WKH FRUUHNVSRQGLC
VRRQ DV SRVVLEOH %\ GHIDXOW RRVW SL
VWDWHG LQSXWV 7KLV IHDWXUH DOORZV |
DFWLYH GULYH SLQV VRRQ DIWHU |[UHVHW L
FRPSOHWH ERRW

48,&.B&/5B*3,2B [ ) 'ULYH *3,2 SRUW SLQV ORZ
6HH GHVFULSWLRQ Rl 48,&.B6(7B*3,2B ILH

48,&.B6(7B*3,2B [ > @ 'ULYH *3,2 SRUW SLQV KLJK DIWHU UHVHYV
(DFK ELW FRUUHVSRQGV WR WKH SLQ LQ *:
'KHQ VHW 520 GULYHV WKH FRUUHNVSRQGLC
VRRQ DV SRVVLEOH %\ GHIDXOW RRVW SL
VWDWHG LQSXWV 7KLV IHDWXUH DOORZV |
DFWLYH GULYH SLQV VRRQ DIWHU |[UHVHW L
FRPSOHWH ERRW

48,&.B&/5B*3,2B [ & s @ ULYH *3,2 SRUW SLQV ORZ
6HH GHVFULSWLRQ RI 48,&.B6(7B*3,2B ILH

48,&.B6(7B*3,2B [$ > @ 'ULYH *3,2 SRUW SLQV KLJK DIWHU UHVHYV
(DFK ELW FRUUHVSRQGY WR WKH $LQ LQ *:
‘KHQ VHW 520 GULYHV WKH FRUUHNVSRQGLC
VRRQ DV SRVVLEOH %\ GHIDXOW RRVW SL
VWDWHG LQSXWV 7KLV IHDWXUH DOORZV |
DFWLYH GULYH SLQV VRRQ DIWHU [UHVHW I
FRPSOHWH ERRW

48,&.B&/5B*3,2B [$ s @ 'ULYH *3,2 SRUW SLQV ORZ
6HH GHVFULSWLRQ RI 48,&.B6(7B*3,2B ILH

523B67$7( [% > @ 7KLV ILHOG DOORZV WKH GHYLFH OLIH F\F
IURP WKH '"HYHORS OLIH F\FOH

6%/B3527 : % > @ .l WKLV ILHOG FRQWDLQV D YDOXH RWKHU
RU [))))B)))) 'HEXJ ODLOER[ FRPPPQGV DQ

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

7TDEOH&03% FRQILIXUDWLRQ VXSSRUWHG E\ 520 DQG WKH HI[WHQGHG ERRWORDGHU F

&03% ILHOG 21 IVHW| % LW 'HVFULSWLRQ

FRPPDQGYV ZLOO QRW EH DOORZHQGE DW 'HYI
OLIH F\FOHV

6%/B67$57B%$''5 ;% > @ $W WKH HQG RI ERRW 520 H[HFXWHRQ LI W
ZLVK ERRW 520 WR MXPS DW DGGUHVV [

GHIDXOW MXPS DGGUHVV RI WKH PDLQ IOI
WR EH SURJUDPPHG ZLWK D YDOLG IODVK |

523B67%$7(B'3 P& > @ 'XSOLFDWH RI 523B67%$7(B'3
6%/B3527B'3 [& > @ '"XSOLFDWH RI 6%/B3527B"'3
6%/B67$57B$''5B'3 [& > @ 'XSOLFDWH RI 6%/B67%$57B$''5B"'3

,63 ERRW PRGH

'"HSHQGLQJ RQ WKH YDOXHV RI ,63 PRGH LQ WKH &03%$ DQG ,63 SLQ WKH ERRWORDGH
HQWHULQJ ,63 PRGH

7TDEOH,63 PRGH EDVHG RQ ,63B%227B,) &03% ELW ILHOG ZRUG > @

,63 ERRW LQWHUADFH ILHOG YDOKHFULSWLRQ

$XWR ,63 -E %RRWORDGHU SUREHV WKH DFWLYH SHULSKHUDO IRU
WR GRZQORDG LPDJH

/13857 86% /3, & DQG /363,
KRZHYHU LW GHSHQGY RQ HIWHQGHG ERRWORDGHU

8%$57 ,63 -E /38%$57 LV XVHG WR GRZQORDG WKH LPDJH
63, 60DYH ,63 -E /363, LV XVHG WR GRZQORDG WKH LPDJH

, & 60DYH ,63 - /13, & LV XVHG WR GRZQORDG WKH LPDJH
86% +,' - 86% LV XVHG WR GRZQORDG WKH LPDJH
'HIDXOW -

2(0 VHFRQGDU\ ERRWORDGHU

2(0V KDYH WKH RSWLRQ WR IODVK WKHLU RZQ VHFRQGDU\ ERRWORDGHU (QDEOLQJ \
VHFRQGDU\ ERRWORDGHU WR ERWK WKH 6%/B67%$57B$''5 DQG 6%/B67$57B$''5B'3 ILHO!
VHFRQGDU\ ERRWORDGHU PXVW EH .% DOLJQHG 7KH H[WHQGHG ERRWORDGHU ZLOO
IHDWXUH LV HQDEOHG

6HFRQGDU\ ERRWORDGHU SURWHFWLRQ FDQ EH HQDEOHG E\ VHWWLQJ ERWK WKH 6%
QRQ JHUR DQG QRQ FOHDUHG [)))))))) YDOXH (QDEOLQJ SURWHFWLRQ ZLOO GLVDEO
WKH HIWHQGHG ERRWORDGHU ZKLOH LQ ,Q ILHOG OLIH F\FOH VWDWHYV 7KLV SURWHF
D PDVV HUDVH ZKLFK ZRXOG HUDVH WKH VHFRQGDU\ ERRWORDGHU IURP 10DVK

JLIXUHLOOXVWUDWHY WKH IORZ RI 2(0 VHFRQGDU\ ERRWORDGU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

%RRW 520

-XPS WR 520
ZDNH XS YHFWRU

L QLWLPOLIHLIHF\F
KDUGZPUHHQIRUFHP

"HEXJ 0%
FRPPDQG KPQGOHU

(IWHQGHG ERI

6%/B$''5
,0* RU ,

6KXWGRZ

XQXVHG sHuUTE \%RPPDQG KDb@GOHU

L &03% ORFN
6%/B3257 [
523 523 __ 5

(=3
2

2(0 VHFRQGDU\ E

,QLWLDODL]H ,PDJH
SODWIRUP 5RDXWKHQW

-XPS WR X[VHU
DSSOLFDWLRQ

,1 6%/B$"'5 LV QRQ JHUR WKHQ FKHFN 6%/ ORFDWLRQ RQO\ HOVH FKHFN IRU ,0* DQG ,0

JLIXUH2(0 VHFRQGDU\ ERRWORDGHU

7KH ERRW SURFHVY LQYROYHV PXOWLSOH LQWHJULW\ FKHFENVY DQG KDQG RIIV

%RRW 520
M3HUIRUPV LQWHJULW\ FKHFN RI WKH HIWHQGHG ERRW ORDGHU LQ 1;3 ORFNHC
M7UDQVIHUV FRQWURO WR WKH HIWHQGHG ERRW ORDGHU

(IWHQGHG ERRWORDGHU
pM9DOLGDWHV WKH 2(0 VHFRQGDU\ ERRWORDGHU XVLQJ WKH &03$% FRQILIXUDWL!
pH7UDQVIHUV FRQWURO WR WKH 2(0 VHFRQGDU\ ERRWORDGHU

2(0 VHFRQGDU\ ERRWORDGHU LQVWDOOHG RQ WKH GHYLFH XVLQJ 6,
HEIXWKHQWLFDWHY WKH ILHOG XSGDWDEOH DSSOLFDWLRQ LPDJH XVLQJ FU\SWR
pOD\ LPSOHPHQW FXVWRP GHEXJ DXWKHQWLFDWLRQ XVLQJ WKH "HEXJ ODLOER]

127¢
%RWK WKH HIWHQGHG ERRWORDGHU DQG 6, UHJLRQV DUH ZULWH ORFNHG GXULQJ PDC
WKH ILHOG

$00 '0 $3 FRPPDQGYV
7DEOHOLVWYV DOO '0 $3 FRPPDQGV VXSSRUWHG E\ WKLV GHYLFH

7TDEOH'0O $3 FRPPDQGYV

&RPPDQG . 3DUDPHWHU 5HVSRQHAHFULSWLRQ
6WDUW '0 $3 [ 3DUDPHWHUV 1RQHDXVH WKH GHYLFH WR HQ'
/HIDF\ FRPPDQG

Q 5HVSRQVH eLw VWDWXY PRCG PRGH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7DEOH'0O $3 FRPPDQGV FRQWLQXHG

% RRW

&RPPDQG

SDUDPHWHU 5HVSR

QHAHFULSWLRQ

7KLV PXVW EH GRQ(Q

520

H SULRL

VHQGLQJ RWKHU FRPPDQG
*HW 523 /HYHO [ 3DUDPHWHUV 1RQ|_5HWXUQ WKH 523 QHYHO Y|
5HVSRQVH ELW VWDWXV
%XON (UDVH [ 3DUDPHWHUV 1RQ|_(UDVH WKH HQWLUH RQ FKI
/HIJDF\ FRPPDQG PHPRU\ DQG ,)5 MHFWRU
5HVSRQVH ELW VWDWXV
([LW '0 $3 [ 3DUDPHWHUV 1RQHDXVH WKH GHYLFH WR HJ[L
/HIDF\ FRPPDQG
Q 5HVSRQVH ELw MWDK PQRCG PRGH
7KH GHYLFH UHWXUQV WR
QRUPDO PRGH
(QWHU ,63 ORGH )RU 3DUDPHWHUV GDWOHRRWBRKKBWLILHG (63 PRGH
([ WHQGHG ERRWORDGHU [ GDWD> @ ,63 PRGH HQXP
6DPH DV ,$3 $3,
5HVSRQVH ELW VWDWXV
6HW )$ ORGH [ 3DUDPHWHUV GDWBHN &&pix W SHUPDQHQ
) GDWD>@ )$ SHLRHVWRXOW $QDO\VLV PRGEH
UHWXUQ WR 1;3 IDFWRU\
5HVSRQVH ELW VWDWXV
6WDUW 'HEXJ 6HVVLRQ 3DUDPHWHUV 1RQH KLY FRPPDQG LV XVHG WF
5HVSRQVH ELw VvRRE&QWH 520 WKH LQWHQ
FRQQHFWLQJ GHEXJJHU
520 HQDEOHV GHEXJ DFFH\
DQG HQWHUV ZKLQH ORR
tULWH ZRUGV WR IOPVK 1HZ 3DUDPHWHUV GDWDBDURWGEE&RXQYWZR UGV ELW
[ GDWD> @ )ODVKWRGOBWVXK
GDWD> @ GDWD WA ZUINIR Y pxvw e
5HVSRQVH ELW VBADWXOLIQHG
SHDG ZRUGV IURP JDWK 1HZ 3DUDPHWHUV GDWBHDUWGERMNQWRUGY [URP 0L
[ GDWD> @ )ODVKEFRHHYYGUHVVY PXVW EH
5HVSRQVH ELW VBADWIX®LIQHG
GDWD> @ 'DWD RXW
(UDVH RQH 6HFWRU [ 41 Z 3DUDPHWHUV GDWOHYRYHeRXHWODVK VHFWRU
[ GDWD> @ IODVK SDJH LQGH]
5HVSRQVH ELW VWDWXV
0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
6HFXUH ,QVWDOOHU

2YHUYLHZ

7KH 6HFXUH ,QVWDOOHU 6, LV D OLEUDU\ ZKLFK SURYLGHY DQ LQWHUIDFH IRU 6%
FUHDWLRQ NH\ VWRUH JHQHUDWLRQ UHZUDSSLQJ

7KH 6, KDV WKH IROORZLQJ IHDWXUHYV

u, W=V SUH LQVWDOOHG LQ WKH XVHU IODVK GXULQJ PDQXIDFWXULQJ DW 1;3
u,W-V QRW UHDGDEOH ZULWDEOH RU H[HFXWDEOH ZKHQ XVHU FRGH LV H[HFXWLQ
U, W WDNHV XS N% RI WKH XVHU IODVK
u,W FDQ EH HUDVHG XSRQ UHTXHVW VR WKH .% Rl WKH XVHU IODVK FDQ EH UHFO
U, W VXSSRUWV IODVK VL]HV

§ .% 6, LV SODFHG DW > | (@

§ 0% 6, LV SODFHG DW > |[) P DhOo)Ne

+RZ WR HUDVH WKH 6,
%HORZ LV D WDEOH RI ILHOGV LQ WKH &03$ WKDW DUH UHODWHG WR WKH 6,

7DEOH&03% ILHOGY UHODWHG WR 6,

1DPH 6L]JH E\WHV 21IVHW LQ &03$% E\WHHWFULSWLRQ

&03$B'(/(7(B,167%$///(5 [( 7KLV ILHOG LV XVHG IRU W
FXVWRPHU WR VLJQDO WKE
ERRWORDGHU WR HUDVH W

&03$B(5%$6(B72.(1 [ 7KLV ILHOG LV XVHG WR Ot
ERRWORDGHU NQR[Z WKDW
LV HUDVHG ,W LV |SURJUDF
E\ WKH ERRWORDG|HU DIWH
ERRWORDGHU HUDNVHV WKH
WRNHQ LV GHYLFH|[XQLTXH

%HORZ DUH WKH VWHSY WR GHOHWH WKH 6,
(UDVH WKH &03$B(5%$6(B72.(1 7KLV VWHBS]DVGPSRUWDQW VHH
3URJUDP WKH &03$B'(/(7(B,167%//(5 ILHOG ZLWK WKH '(/(7(B,167$//(5B0$*,& YDOXH
5HVHW WKH GHYLFH 7KLV ZLOO FDXVH WKH 6, WR EH HUDVHG DQG WKH &03$B(5

6% ILOH KDQGOLQJ

2YHUYLHZ

6% ILOH KDQGOLQJ LV GRQH WKURXJK WKH UHFHLYH VE ILOH FRPPDQG 7KLV GHYLFF
FRPPDQGV (UDVH /RDG ([HFXWH DQG /RDG.H\%ORE

6% ILOH FUHDWLRQ
%HORZ DUH WKH VWHSV WR FUHDWH WKH 6% ILOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH ,QVWDOOH
$ VHFXUH VHVVLRQ VKRXOG EH HVWDEOLVKHG ZLWK WKH VHFXUH LQVWDOOHU E\
2HP*HQODVWHBRIRPDR G

H7KLVY FUHDWHV WKH VHHG IRU WKH NH\ JHQHUDWLRQ 7KH XVHU VKRXOG FKRR
oemSharelnputAddr SDUDPHWHU WR GLYHUVLI\ WKH VHHG 7KH HQFU\SWHG LPDJH JI
6KDUH ,QSXWV ZLOO EH GLIIHUHQW HYHQ LI WKH FRQWHQWY DQG UDQGRPL]JHC

M7KH FRPPDQG SURYLGHYV D VHVVLRQ KDQGOH DOVR UHIHUUHG DV 2(0 EORE VW
oemEncShareOutputAddr SDUDPHWHU

pH$OO VXE VHTXHQW FRPPDQG VKRXOG XVH WKLV 2(0 EORE IRU SURSHU ILOH JH

JRU HQFU\SWLQJ DQG &0%$& VLIQLQJ WKH 6% LPDJH WKH URRW NH\ FDOOHG FXVYV
XVLOVP*HQ.HRPPDQG

H)URP &8670.6. EORFN HQFU\SWLRQ NH\V NH\ ZUDSSLQJ NH\ DQG 0$& VLJQLQJ
H7KH SDUDPHWHU NH\3URS GHILQHV WKH VHFXULW\ OHYHOV RI NH\V JHQHUDWH

8§ IRU ELW VHFXULW\ :KHQ WKLV RSWLRQ LV VHOHFWHG IROORZLQJ DOJF
x$(6 ZLWK ELW NH\ XVHG RU HQFU\SWLRQ
x6+$ IRU KDVKLQJ

x&0%& ZLWK $(6 NH\ IRU VLJIJQLQJ

8 IRU ELW VHFXULW\
x$(6 ZLWK ELW NH\ XVHG RU HQFU\SWLRQ
x6+$ IRU KDVKLQJ

x&0%& ZLWK $(6 NH\ IRU VLJIJQLQJ

8VLQJ 636'. WRRO DVVHPEOH WKH 6% FRPPDQG VFULSW SD\ORDG ILOH 7KH SD\O
DQG WKHLU SDUDPHWRWUNRCRVRWBGNEHG LQ

&UHDWH WKH 6% KHDGHU XVLQJ WKH 2(0 EORE FUHDWHG LQ VWHS

6HJPHQW WKH SD\ORDG ILOH LQWR PXOWLSOH EORRNVFBRIRIFAKQBUH WKHQ HQFU\S\
H7KH FRPPDQG GHULYHV D VHSDUDWH NH\ SHU EORFN XVLQJ &0$& EDVHG NH\ G

'DLV\ FKDLQ WKH EORFNV E\ DGGLQJ KDVK GLJHVW RI WKH QH[W HQFU\SWHG EOR

8SGDWH WKH 6% KHDGHU ZLWK KDVK G+\VP Q¥ RFRPPVW ®QG VLIQ LW XVLQJ

6% ILOH IRUPDW
JLIXUHLOOXVWUDWHY WKH IRUPDW RI WKH 6%  ILOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH ,QVWDOOH

+HDGHU

,PDJH VLIH %ORF

) YHUVLRQ WLH

+DVK RI EORF
6+$

&0%$& VLIQDWX

%ORFN QXPHH|U

»] +DVK RI QH[W EORFN (UDVH [ [
(QFU\SWHG EQRIFN cowd $(6 &% 6HIPHQW /IRDG [ E\WHV W
6HIPHQW
_________ [' E\WHV RI G
0,
%ORFN QXPEHp SHIPHOW
6+$ +DVK Rl QH[W EORFN | === ————
(UDVH [) [
(QFU\SWHG E]QRFN cpDwD | | _______| /RDG [ E\WH

6HIPHQW|Q L)
6% ,PDJH [ E\WHV RI g

0,
%ORFN QXPHH|U Q
+DVK RI QH[W EORFN

(QFU\SWHG EJRIFN—6DWH $(6 &%

JLIXUH6% ILOH IRUPDW

6% ILOH FRQWHQWYV
7KH 6% ILOH PXVW LQFOXGH
W6, LPDJH
H2SWLRQDO DSSOLFDWLRQ LPDJH
H2SWLRQDO .H\ EOREV FRQWDLQLQJ SURGXFW FRPPRQ DSSOLFDWLRQ $(6 NH\V
§ 7TKHVH NH\ EOREV DUH FUHDWHG XVLQJ +VP6WRUH.H\ FRPPDQGYV

§ 6HFXUH LQVWDOOHU XQzZzUDSV WKHVH NH\ EOREVY DQG ZUDSV WKHP EDFN ZLWK
ORDGHG LQWR ZULWH RQO\ NH\ VORWV DQG RI WKH 6HFXUH *HQHULF ,QWHU

H&03% FRQILIXUDWLRQ GDWD LQFOXGLQJ

§ $&/B6(&B WR $&/B6(&B 6HW WR [ O0%& BO(01B*/%$& WR SHUPDQHQWO\ ZULW
WKH 6%/

§ 523B67%$7( 523B67%$7(B'3
x [((%$B & 523B/(9(/ 'HEXJ UHJLVWHUVY XQORFNHG EHIRUH 6%/ HIHFXWLRQ
x [ B ' % 523B/(9(/ '"HEXJ UHJLVWHUVY ORFNHG EHIRUH 6%/ HIHFXWLRQ

§ 6%/B3527 6%/B3527B'3 6HW WR D QRQ GHIDXOW YDOXH H J [$ $B$S $ WR S

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH ,QVWDOOH

8 6%/B67$57B%$''5 6%/B67%$57B%$''5B'3 6HW WR WKH IODVK DGGUHVY ZKHUH WKH ¢
6% FRPPDQGV

(UDVH

7KLY FRPPDQG HUDVHV D PHPRU\ UHJLRQ 7KLV FRPPDQG RQO\ DOORZV HUDVLQJ PDL
5%$0 ; DQG 5%0 ;

SDUDPHWHUYV

5DQJH +HDGHU ,WHPV "HVFULSWLRQ

X WDJ +HDGHU WDJ IRU VIQFKURQL]DWLRQ $$$$
YDOLG IRU DOO 5DQJH +HDGHUV

X VWDUWS$GGUHVV 7KH VWDUW RI WKH UHJLRQ EHLQJ HUDVHG

X OHQJWK 7KH VL]H Rl WKH UHJLRQ

X FPG [ GHQRWHV WKH (UDVH FRPPDQG

(IWHQGHG 5DQJH +HDGHU ,WHPV "HVFULSWLRQ

X OHPRU\,G [

UHVHUYHG [

X
X UHVHUYHG [
X UHVHUYHG [

IRDG

7KLV FRPPDQG ORDGV GDWD WR WKH VSHFLILHG PHPRU\ UHJLRQ 7KLV FRPPDQG RQC
H[FOXGHV WKH 6, 5%$0 ; DQG 5%0 ;

SDUDPHWHUV

5DQJH +HDGHU ,WHPV "HVFULSWLRQ

X WDJ [ DDDD

X VWDUWS$GGUHVV 7KH VWDUW RI WKH UHJLRQ ZKHUH GOWD LV W
X OHQJIWK 7KH VL]JH RI WKH GDWD EHLQJ ORDGHG

X FPG [ GHQRWHV WKH /RDG FRPPDQG

(IWHQGHG 5DQJH +HDGHU ,WHPV "HVFULSWLRQ

X PHPRU\,G [

UHVHUYHG [

X
X UHVHUYHG [
X UHVHUYHG [

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH ,QVWDOOH

7KLY EORFN UHSUHVHQWY WKH GDWD EHLQJ ORDGHG DQG LW LV SODFHG LPPHGLDW

([HFXWH

7KLV FRPPDQG H[HFXWHV IURP WKH DGGUHVYV VSHFLILHG DV DQ DUJXPHQW $Q\ FRPF
ERRWORDGHU ZLOO MXPS WR WKH LPDJH DQG ZLOO QR ORQJHU EH LQ ,63

SDUDPHWHUYV

5DQJH +HDGHU ,WHPV '"HVFULSWLRQ

X WDJ [ DDDD

VWDUWS$GGUHVV 7KH VWDUW RI ZKHUH WKH LPDJH LV ORFDWHC

X
X UHVHUYHG [
X UHVHUYHG [

/IRDG.H\%ORE

7KLV FRPPDQG XQZUDSV WKH NH\ EORE SODFHG LQ WKH GDWD VHFWLRQ RI WKLV FRPP
E\ WKH RIIVHW DUJXPHQW

SDUDPHWHUYV

5DQJH +HDGHU ,WHPV '"HVFULSWLRQ
8 WDJ [ DDDD
8 RIIVHW 7KLV RIIVHW LV ZLWK UHVSHFW WR WKH VWDU

WKH &03% ZKLFK LV ORFDWHG DW RIIYHW [

EDVH RI WKH &03% )RU H[DPSOH LI\RK VHW W|
WKH NH\ EORE ZRXOG EH VWRUHG DW RO03$B%$
RI WKLV UHJLRQ LV [ |

8 NH\:UDS,G 7KH RQO\ NH\ WKDW LV VXSSRUWHG R|Q WKLV
HQFU\SWLRQ NH\ 1;3B&867B.(.B(;7B6.

8 OHQJWK 7KH OHQJWK RI WKH NH\EORE

8 FPG [ $ GHQRWHV WKH /RDG.H\%ORE FRPHDQG

7KLV LV WKH NH\ EORE GDWD DQG LW VKRXOG EH SODFH LPPHGLDWHO\ IROORZLQJ V

7TUXVW SURYLVLRQLQJ
7KH 6, VXSSRUWV WUXVW SURYLVLRQLQJ YLD 6% ILOHV XVLQJ FRPPDQGV GHILQHG
DQG VLJQLQJ RI WKH 6, LPDJH

2HP*HQODVWHUG6KDUH

7KLV FRPPDQG LV XVHG E\ 2(0 WR SURYLGH LWV VKDUH WR FUHDWH LQLWLDO WUXVW ¢
R1I WKH 6% ILOH LQ WKH 2(0 EORE ILHOG

6\QWD|
blhost -p <COM> -- trust-provisioning oem_gen_master_share

<oemSharelnputAddr>
<oemSharelnputSize>

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

<oemEncShareOutputAddr>
<oemEncShareOutputSize>
<oemEncMasterShareOutputAddr>
<oemEncMasterShareOutputSize>
<oemCustCertPukOutputAddr>
<oemCustCustCertPukOutputSize>

SDUDPHWHUYV

6HFXUH ,QVWDOOH

1DPH

'"HVFULSWLRQ

RHP6KDUH,QSXW$GGU

7KH DGGUHVV RI ZKHUH WKH UDQGRP

VHHG LV

RHP6KDUH,QSXWG6L]H

7KH VL]H Rl WKH UDQGRP VHHG

RHP(QF6KDUH2XWSXWS$GGU 7KH DGGUHVV RI ZKHUH WKH 2(0 EORE ZLOO E
2(0 EORE LV VWRUHG LQ WKH 6% KHDGHU DQC
HQFU\SWLRQ

RHP(QF6KDUH2XWSXWG6L]H 7KH VL]H RI WKH 2(0 EORE

RHP(QFODVWHUBKDUH2XWSXW$GGU 7KLY SDUDPHWHU LV QRW XVHG RQ WKLV GHY

RHP(QFODVWHUBKDUH2XWSXWG6L]H 7KLY SDUDPHWHU LV QRW XVHG RQ WKLV GHY

RHP&XVW&E&HUWS3XN2XWSXWV$GGU 7KLY SDUDPHWHU LV QRW XVHG RQ WKLV GHY

RHP&XVW&HUW3XN2XWSXWG6L]H 7KLY SDUDPHWHU LV QRW XVHG RQ WKLV GHY

+VP*HQ.H\

7KLV FRPPDQG JHQHUDWHY WKH NH\ XVHG IRU HQFU\SWLQJ DQG VLJQLQJ

6\QWD|

blhost -p <COM> -- trust-provisioning hsm_gen_key

<keyType>

<keyProp>

<keyBlobOutputAddr>

<keyBlobOutputSize>

<ecdsaPukOutputAddr>

<ecdsaPukOutputSize>

SDUDPHWHUV

1DPH 'HVFULSWLRQ

NH\7\SH 7KHUH LV RQO\ RQH VXSSRUWHG NH\
H&8670.6. FXVWRPHU PDVWHU NH\

NH\3URS 7KLV FKLS RQO\ VXSSRUWV WKH IROORZLQJ VI
p IRU ELW NH\
p IRU ELW NH\

NH\%ORE2XWSXW$GGU 7KH DGGUHVV Rl WKH NH\ EORE 7KLV|EORE L\

5)& FRPPDQG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH ,

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

QVWDOOH

1DPH '"HVFULSWLRQ
HFGVD3XN2XWSXW$GGU ,LJOQRUHG
HFGVD3XN2XWSXWG6L]H ,JQRUHG

+VP6WRUH.H\

7KLV FRPPDQG GRHVQ-W VWRUH WKH NH\ ,QVWHDG LW ZUDSV WKH NH\ LQWR 5)&
WKH /RDG.H\%ORE 6% FRPPDQG

6\QWD|

blhost -p <COM> -- trust-provisioning HsmStoreKey

<keyType>
<keyProp>
<keyInputAddr>
<keylnputSize>
<keyBlobOutputAddr>
<keyBlobOutputSize>

3DUDPHWHUV

QW YDO:

1DPH '"HVFULSWLRQ

NH\7\SH 3DVV RQH Rl WKH IROORZLQJ FRQVWD
EH JHQHUDWHG E\ WKH IXQFWLRQ
H&867B$(6.B ELW $(6 NH\
H&867B$(6.B ELW $(6 NH\

NH\3URS 7KLV SDUDPHWHU LV QRW XVHG RQ W

KLV GHY

NH\,QSXW$GGU

7KH DGGUHVY ZKHUH WKH NH\,QSXW L

V VWRU

NH\,QSXWG6L]H

7KH VL]H RI WKH NH\,QSXW

NH\%ORE2XWSXW$GGU

7KH DGGUHVV ZKHUH WKH NH\ EORE L
EORE LV DQ 5)& NH\ EORE ZUDSSH(
1;3B&867B.(.B(;7B6. NH\

vV ZULWW
ZLWK W

NH\%ORE2XWSXWG6L]H

7KH PD[ VL]H RI WKH NH\ EORE

+VP(QF%ON

7KLY FRPPDQG HQFU\SWV EORFNV XVLQJ &8670.6. NH\ JHQHUDWHG IURP +VP*HQ.H\ F

6% PDQLIHVW
6\QWD]

blhost -p <COM> -- trust-provisioning HsmEncBIk

<sbxHeaderlnputAddr>
<sbxHeaderlnputSize>
<blockNum>
<blockDataAddr>
<blockDataSize>

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

SDUDPHWHUYV

6HFXUH ,QVWDOOH

1DPH

'"HVFULSWLRQ

VE+HDGHU,QSXW$GGU

7KH DGGUHVV ZKHUH WKH 6% KHDG
LV QHHGHG EHFDXVH WKH RHP%ORE D
HQFU\SWLRQ

HU LV VW
QG WLPI

VE+HDGHU,QSXWG6L]H

7KH VL]H RI WKH 6% KHDGHU

EORFN1XP

7KH FXUUHQW EORFN EHLQJ HQFU\SW

HG

EORFN'DWD$GGU

7KH DGGUHVYV ZKHUH WKH EORFN LV V

WRUHG

EORFN'DWDG6L]H

7KH VL]H Rl WKH EORFN

+VP(QF6LJIQ

7KLV FRPPDQG VLIJQV D EORFN RI GDWD ZLWK WKH NH\ SURYLGHG LQ WKH NH\%ORE ¢

6\QWD]

blhost -p <COM> -- trust-provisioning HsmEncSign

<blockDatalnputAddr>
<blockDatalnputSize>
<signatureOutputAddr>
<signatureOutputSize>

SDUDPHWHUYV

1DPH

'"HVFULSWLRQ

EORFN'DWD,QSXW$GGU

7KH DGGUHVV ZKHUH WKH EORFN LV H

HLQJ VW

EORFN'DWD,QSXWG6L]H

7KH VL]H RI WKH EOREFEN

VLIQDWXUH2XWSXW$GGU

7KH DGGUHVV ZKHUH WKH VLIQDWXUH

ZLOO E

VLIQDWXUH2XWSXWG6L]H

7KH VL]H Rl WKH VLIQDWXUH

6HFXUH SURYLVLRQLQJ XVLQJ 6,
LOOXVWUDWHYV WKH VHFXUH SURYLVLRQLQJ SURJUDPPLQJ IORZ

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV
6HFXUH ,QVWDOOH

=HUR WUXVW ID

"HVLJQ FHQWHU

{0} &
® 3
a

@ 3URJUDP DVV

Y

=
&= (QFU\SW DV\@WV

6HDOHG DV@V

JLIXUH6HFXUH SURYLVLRQLQJ XVLQJ 6,

7KH 6% ILOH LV SURYLVLRQHG XVLQJ WKH IROORZLQJ IORZ

H2(0 SURYLVLRQLQJ
§ 8VH DQ (9. ERDUG ZLWK D JHQXLQH 0&8 DQG WKH 636'. WRRO

§ &UHDWH DQ 6% ILOH FRQWDLQLQJ WKH 6, DQG RSWLRQDO DSSOLFDWLRQ LPD
ILOH FUHDWLRQ

§ 6HH% ILOH FURMD WHR®LOV DERXW 6%
H)DFWRU\ SURJUDPPLQJ
IDFWRU\ IORRU

ILOH LV VHFXUHO\ WUDQVIHUUHG WR WKH

§ 7TKH 6%
SURJUDPV WKH GHYLFH ZLWK WKH HQ

§ 7TKH PDQXIDFWXULQJ WRRO XVLQJ 636".
§ 7TKH 6% ILOH LV LQVWDOOHG FRQILGHQWLDOO\ DQG VHFXUHO\

+D]DUGYV
KHQ HUDVLQJ WKH 6, PDNH VXUH WKH HUDVH WRNHQ LV HUDVHG EHIRUH SURJUDPP
WKH &03%$B'(/(7(B,167%$//(5 ILHOG 2WKHUZLVH WKH GHYLFH ZLOO EH EULFNHG RQ WK|

KHQ PRYLQJ WR 2(0 &ORVHG OLIHF\FOH PDNH VXUH WKH 6, KDV EHHQ HUDVHG 2WKH

2(0 2SHQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
'HEXJ ODLOER[ '%*0%

&KLS VSHFLILF '"HEXJ ODLOER[ LQIRUPDWLRQ

7TDEOH5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ "%*0% "% *0%

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH "%*0% PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

2YHUYLHZ

'"%*0% LV D VPDOO UHJLVWHU EDVHG PDLOER[ DFFHVVLEOH E\ ERWK WKH $+% DQG W}

7KH SXUSRVH RI "%*0% LV WR DOORZ WKH GHEXJJHU WR FRPPXQLFDWH ZLWK WKH RQ
WKH PDLQ &38 $3 LV GLVDEOHG

8VLQJ WKLV LOWHUIDFH 520 LPSOHPHQWYV D FRPPDQG UHVSRQVH SURWRFRO

%ORFN GLDJUDP

'$3 EXV $+% EXV
([ WHUQDO<RROV > | '%*0% $3 | @—3» 2Q FKLS V

JLIXUH'HEXJ ODLOER[ $FFHVV 3RUW '%*0% $3

JHDWXUHV
HEXSSRUW IRU $UP 6:' PRGH
M'LUHFW GHEXJ DFFHVV WR DOO PHPRULHV UHJLVWHUV DQG SHULSKHUDOV
M1IR WDUJHW UHVRXUFH UHTXLUHPHQWY IRU D GHEXJJLQJ VHVVLRQ
H6XSSRUW IRU VHWWLQJ LQVWUXFWLRQ EUHDNSRLQWYV
LEXSSRUW IRU VHWWLQJ GDWD ZDWFKSRLQWYV ZKLFK \RX FDQ XVH DV WULJJHUYV
H2SWLRQDO DGGLWLRQDO VRIWZDUH FRQWUROOHG WUDFH IRU WKH &38 YLD WKH L

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER[ '"%*0%

)XQFWLRQDO GHVFULSWLRQ

'"HEXJJHU PDLOER[ DFFHVV SRUW '0 $3

7KH '0 $3 SURYLGHYV D UHJLVWHU EDVHG PDLOER[ DFFHVVLEOH E\ D FKLS V FRUH DQC
HQDEOHG $Q H[WHUQDO KRVW FRPPXQLFDWLQJ WKURXJK WKH 6:'" LQWHUIDFH FDQ H|
H[HFXWLQJ IURP WKH 520 7KLV SRUW LPSOHPHQWYV WKH 1;3 GHEXJ DXWKHQWLFDWLF

7KH ERRW 520 LPSOHPHQWY D GHEXJ PDLOER[ SURWRFRO WR LQWHUDFW ZLWK WRRO
7KH GHEXJ PDLOER[ SURWRFRO KDV WKH IROORZLQJ IHDWXUHYV
HEHTXHVW DQG UHVSRQVH EDVHG ZKHUH WKH UHTXHVWV DQG UHVSRQVHV XVH WKI
H6XSSRUW IRU UHODWLYHO\ ODUJH FRPPDQG DQG UHVSRQVH GDWD
g ELW ZRUG DOLJQPHQW IRU DOO FRPPDQGV DQG UHVSRQVHYV
H6XSSRUW IRU GDWD DERYH ELWV YLD DQ $&.B72.(1 WKDW PRGHUDWHVY WKH WUD:

ODLOER[ FRPPDQGYV
7KLV VHFWLRQ GHVFULEHV WKH UHTXHVW DQG UHVSRQVH PHVVDJH IRUPDWY DQG DY

S5HTXHVW SDFNHW OD\RXW

7KH ILUVW ZRUG WUDQVPLWWHG LQ D UHTXHVW LV D KHDGHU ZRUG FRQWDLQLQJ WKH
FRPPDQG SDFNHW LV VHQW WR WKH GHYLFH E\ ZULWLQJ ELWV DW D WLPH WR WKH
JUHDWHU WKDQ ELWVY WKH GHEXJJHU PXVW UHDG DQ $&.B72.(1 LQ WKH 5(7851 UHJ

7KH ELW ZRUGV TXDQWLILHG E\ WKH KHDGHU IROORZ WKH KHDGHU LWVHOI

7TDEOH5HTXHVW UHJLVWHU E\WH GHVFULSWLRQ

:RUG %\WH %\WH %\WH %\WH

FRPPDQG,'> @ | FRPPDQG,"'> @ GDWD:RUG&RXQWGDWD : RUG&RXQW> @

GDWD 8§ 8§ 8

7KH & VWUXFWXUH GHILQLWLRQ IRU D UHTXHVW LV

struct dm_request {
uintl6_t commandiD;
uintl6_t dataWordCount;
uint32_t data[ ;

)z
'0 $3 FRPPDQGYV

'0 $3 FRPPDQGV DUH ZULWWHQ W R $/QKH L3N 48B3 FHRILR'DVMHAJ IROORZV RQH RU PRUH RI W
LQ WKH WDEOH EHORZ WR UHVXPH WKH QRUPDO GHYLFH ERRW IORZ 7KLV VHTXHQFH (
6HVVLRQ FRPPDQGYV

127¢
‘0 $3 FRPPDQGV FDQ YDU\ DPRQJ FKLSV 6HH WKH IXOO '0 $3 FRPPDQGYV OLVW LQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER[ '"%*0%

7TDEOH'0O $3 FRPPDQGYV

&RPPDQG ,' 1DPH

K 6WDUW '0 $3

*HW /LIHF\FOH VWDWXV

oObDVV (UDVH

([LW '0 $3

(QWHU ,63 ORGH

6HW )$ ORGH

6WDUW '%* 6HVVLRQ

'"HEXJ $XWK 6WDUW

'"HEXJ $XWK 5HVSRQVH

1;3 ,QVHUW &HUWLILFDWH

S I S I S N R N I N N B N I N P

([HEXWH 6%

5HVSRQVH SDFNHW OD\RXW

7KH ILUVW ZRUG WUDQVPLWWHG LQ D UHVSRQVH LV D KHDGHU ZRUG FRQWDLQLQJ WK
7KH FRPPDQG UHVSRQVH FDQ EH UHDGHWKIUWQVID W X0H WAKFHE BWRK WRRIK ELWV FRQWDLQ
KHDGHU DV VKRZQ LQ WKH WDEOH EHORZ :KHQ UHDGLQJ D UHVSRQVH ORQJHU WKD
5(48(67 DIWHU HYHU\ UHDG XQWLO WKH IXOO UHVSRQVH SDFNHW LV UHFHLYHG

127¢(
7R VXSSRUW OHJDF\ /3& FRPPDQG DQG UHVSRQVH YDOXHV %LWB LQ WKH KHDGHU LG
WKH QHZ SURWRFRODEOWXFWXWELWHH ZKHQ XVLQJ WKH QHZ SURWRFRO

7TDEOH5HVSRQVH UHJLVWHU E\WH GHVFULSWLRQ

:RUG%\WH %\WH %\WH %\WH

ELWV> @ FRPPDALNWVDW X@ >F RP P DQELNWWDW X& >GDWD :|RALGBRX Q@ >GDWD:RUG&RX:
@ @ @ @

ELWV> @ QHZBSURWRFRO

GDWD 8 § §

7KH & VWUXFWXUH GHILQLWLRQ IRU D UHVSRQVH LV

struct dm_response {
uintl6_t commandStatus;
uintl6_t dataWordCount;
uint32_t data[];
h

BHVSRQVH SDFNHW

<RX FDQ UHDG WKH FRPPDQG UHVSRQWBWHW XBEIQNYDDW H> BKIFHBHQUMUIBXOIK ELWYV FRQWDL(
KHDGHU DV VKRZQ LQ WKH WDEOH EHORZ :KHQ UHDGLQJ D UHVSRQVH JUHDWHU WK
S5HTXHVW 9DOXH B(WH&7/HYHU\ UHDG RI 5(7851 XQWLO WKH IXOO UHVSRQVH SDFNHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEOH5HVSRQVH 3DFNHW

'"HEXJ ODLOER]

"% *0%

%LWV JLHOG

'HVFULSWLRQ

/21*B5(63

/IRQJ UHVSRQVH SDFNHW LQGLFDWRU DOVR FD

DOHG WK

> @ 5(0$,1B75%16

1XPEHU RI WLPHVY WKH GHEXJJHU PXVW UHDG 5
UHVSRQVH GDWD 7KH GHEXJJHU ZULWHYV $&.B7
UHDG RI 5(7851 XQWLO WKH IXOO UHVSRQVH SD

127¢
5(0$,1B75$16 LV YDOLG RQO\ ZKHQ (5525B65
DQG /21*B5(63 LV

7851 WHR
2.(1 WR
FNHW L\

63 LV

(5525B65(63

6KRUW UHVSRQVH GDWD RU HUURU FRGH

,| ELWB LV QRW WKLV ILHOG LV LQWHUSUHW
WKLV ILHOG UHWXUQV WKH &53 OHYHO IRU D *(

(UURU FRGHV
H K &RPPDQG VXFFHHGHG

g K 'HEXJ PRGH QRW HQWHUHG 7KLV YDOX
FRPPDQGV DUH VHQW SULRU WR WKH (QWHU

H K &RPPDQG LV QRW VXSSRUWHG

H K &RPPXQLFDWLRQ IDLOXUH $&.B72.(1 L\
WUDQVDFWLRQV

HG DV V
7B&53B/(

H LV UHYV
'0 $3 FR

PLVVLQ

$&.B72.(1

7KH $&.B72.(1 SURYLGHY DQ DFNQRZOHGJPHQW WR WKH VHQGHU GXULQJ GHEXJ PDL(

DFNQRZOHGJPHQW LQ WKH

IROORZLQJ ZD\V

H:KHQ WKH GHEXJJHU LVVXHV D FRPPDQG ZLWK SDUDPHWHU GD VBB WDXW @ DIDVOX HR U V
5(7851 EHIRUH ZULWLQJ WKH BHTWH V \E LOD & DI X5 48R6 7

pH:KHQ WKH GHEXJJHU UHFHLYHYV D ORQJ UHVSRQVH SDFNHW LW ZULWHV WKH $&.B7

ELW YDOXH 5(7851

7TDEOH$&.B72.(1

%LWV JLHOG '"HVFULSWLRQ
> @ 5(0%$,1B75%16 1XPEHU RI UHPDLQLQJ GDWD WUDQVDFWLRQV
> @ $&.B0$5.(5 $FNQRZOHGJPHQW PDUNHU PXVW DOZD\V EH $

$ K

7KH & VWUXFWXUH GHILQLWLRQ IRU WKH $&.B72.(1 LV

struct dm_ack_token {
uint16_t token; /* always set to ASA5h */

uint16_t remainCount; /* count of remaining word */

I

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER[ '"%*0%

(UURU KDQGOLQJ

KHQ DQ RYHUUXQ RFFXUV IURP HLWKHU VLGH RI WKH FRPPXQLFRRWPPRDQ G WP 6AMBV X
‘RUG &6:7KH VWDWH PDFKLQH KDUGZDUH SUHYHQWYV IXUWKHU FRPPXQLFDWLRQ LQ HL
UHVI\QFKURQL]DWLRQ UHTXHVW WR FOHDU WKH HUURU IODJ

([ WHUQDO VLJQDOV
7TDEOHVKRZV WKH VLJQDOV UHODWHG WR WKH GHEXJ SURFHVYV $ WUDFH XVLQJ WKH

7TDEOH6HULDO ZLUH GHEXJ VLJQDOV

6LIJQDO, 2 |'HVFULSWLRQ

6:&1. , 6HULDO ZLUH FORFN 3URYLGHV WKH FORFN IRU WKH 6:" GHEXJ DRJLF LC
LV WKH GHIDXOW VLJQDO IRU LWV SLQ $W WKH UHOHDVH RI UHVHW WK

6:",2 2 |BHULDO ZLUH GHEXJ GDWD LQSXW DQG RXWSXW 8VHG E\ DQ H[WHUQDO
WKH SDUW 6:',2 LV WKH GHIDXOW VLJQDO RI LWV SLQ $W WKH [UHOHDV:

6:2 2 6HULDO ZLUH RXWSXW 2SWLRQDOO\ SURYLGHYV GDWD IURP WKH|,QVWUX
GHEXJ WRRO WR HYDOXDWH 6HH WKH FKLS VSHFLILF '%*0% LQIRUPDWLR

OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ

'%*0% UHJLVWHU GHVFULSWLRQV

‘%*0% PHPRU\ PDS

'"HEXJODLOER[ EDVH DGGUHVV B K
21IVHW 5HIJLVWHU LGWIKSFFHYVSHVHW YDOXH
,Q ELwvV
K &RPPDQG DQG 6WDWXV :RUG &6: 5 B K
K SHTXHVW 9DOXH 5(48(67 5: B K
K 5HWXUQ 9DOXH 5(7851 5: B K
)&K | ,GHQWLILFDWLRQ ' 5 $B K

&RPPDQG DQG 6WDWXYV :RUG &6:

2I1IVHW

5HIJLVWHU 21IVHW

&6: K

YXQFWLRQ
&RQWDLQV FRPPDQG DQG VWDWXV ELWV WR IDFLOLWDWH FRPPXQLFDWLRQ EHWZHHGC

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER]

"% *0%

'LDJUDP
%LWYV
5
5HVHUYHG
5HVHW
% LWV
5 &+,3$62)7E $+%H '%*B| 5(4B| 5(6<
5HVHUYHG
5( 5( 25B [ 258 |3(1 |1&+
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG
§
&KLS 5HVHW 5HTXHVW
&+,3B5(6(TBDXVHV WKH FKLS EXW QRW WKH '0 $3 WR EH UHVHW E\ JHQHUDWLQJ 6<
5(4 E 1R HIIHFW
E 5HVHW
6RIW 5HVHW
62)7B5(6(7T5HVHWY WKH '0 $3 7KLV ILHOG LV ZULWH RQO\ E\ WKH FKLS

E 1R HIIHFW

E S5HVHW

$+%B25B (4

$+% 2YHUUXQ (UURU

>5QGLFDWHYV ZKHWKHU DQ $+% RYHUUXQ KDV RFFXUUHG WKH FK

'%*0% UHDG WKH 5(7851 YDOXH
E 1R RYHUUXQ

E 2YHUUXQ RFFXUUHG

S KDV RY

"% *B25B (5

5,QGLFDWHYV ZKHWKHU D "%*0% RYHUUXQ KDV RFFXUUHG

"%*0% 2YHUUXQ (UURU

"%*0%
WKH FKLS UHDG WKH 5(48(67 YDOXH
E 1R RYHUUXQ

E 2YHUUXQ RFFXUUHG

K

DV RYHU.

5(4B3(1',11

SHTXHVW 3HQGLQJ
,QGLFDWHYV D SHQGLQJ UHTXHVW IRU '%*0%

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

> i DXORK\HWL ¥ DADYHW LS

74 8WeR7 EH

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER]

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
E 1R UHTXHVW SHQGLQJ
E S5HTXHVW IRU UHV\QFKURQL]DWLRQ SHQGLQJ
5HVIQFKURQL]DWLRQ 5HTXHVW
5(6<1&+B5(5HTXHVWV D UHV\QFKURQL]DWLRQ
4 E 1R UHTXHVW
E S5HTXHVW IRU UHV\QFKURQL]DWLRQ

SHTXHVW 9DOXH 5(48(67

2I1IVHW

5HIJLVWHU

21IVHW

5(48(67

K

YXQFWLRQ

8VHG E\ "%*0% WR VHQG DFWLRQ UHTXHVWYV WR WKH FKLS

"% *0%

'LDJUDP
% LWV
5
5(48(67
S5HVHW
% LWV
5
5(48(67
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5HTXHVW 9DOXH
5(48(67 | ,QGLFDWHVY WKH UHTXHVW YDOXH 7KLV ILHOG UHDGV ZKHQ QR QHZ UHT
'%*0% FDQ UHDG EDFN WKLV ILHOG WR FRQILUP FRPPXQLFDWLR®

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'"HEXJ ODLOER[ '"%*0%

BHWXUQ 9DOXH 5(7851

2I1IVHW

5HIJLVWHU

21IVHW

5(7851

K

YXQFWLRQ
3URYLGHYV

WKH UHVSRQVHV IURP WKH FKLS WR "%*0%

‘LDJUDP
%LWV
5
5(7
5HVHW
% LWV
5
5(7
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
5HWXUQ 9DOXH
5(7 ,QGLFDWHY WKH UHWXUQ YDOXH ZKLFK LV D UHVSRQVH IURP W

'%*0% UHDGLQJ LV VWDOOHG XQWLO QHZ GDWD LV DYDLODEOH

KH FKLS V

,GHQWLILFDWLRQ ,'

21IVHW

5HJLVWHU 21IVHW
, ) &K
YXQFWLRQ

BURYLGHY DQ LGHQWLILFDWLRQ RI WKH '0 $3 LQWHUIDFH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LDJUDP

%LWV

'"HEXJ ODLOER]

"% *0%

5

S5HVHW

% LWV

SHVHW

JLHOGYV

JLHOG

)XQFWLRQ

,GHQWLILFDWLRQ 9DOXH
BURYLGHYVY DQ LGHQWLILFDWLRQ RI WKH '0 $3 LQWHUIDFH
7KH $UP '"HEXJ ,QWHUIDFH 6SHFLILFDWLRQ YHUVLRQ $',Y

UHTXLUHV |
LGHQWLILFDWLRQ UHJLVWHU DW RIIVHW )&K 7KLV UHJLVWHU LV

WKH ODV

LV RQO\ UHDGDEOH E\ HHWHUQDO WRROV D GHEXJ GRQJOH ZKHQ LGHQW

JRU WKH GHEXJ PDLOER[ $3 WKH LGHQWLILFDWLRQ YDOXH LV
VRIWZDUH ,I \RX DWWHPSW D UHDG \RX UHFHLYH D YDOXH RI

b B K 7K
B K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
6\VWHP &RQWUROOHU 6<6&21

&KLS VSHFLILF 6<6&21 LQIRUPDWLRQ
7DEOH5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ 6<6&21 6<6&21

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH 6<6&21 PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

&RQILIXUDWLRQ
&RQILIJXUH WKH 6<6&21 EORFN DV IROORZV
H1IR FORFN FRQILJXUDWLRQ LV QHHGHG 7KH FORFN WR WKH 6<6&21 EORFN LV DOZL
H7KH 6<6&21 EORFN FRQWUROV XVH RI WKH &/.287 SLQ ZKLFK PXVW DOVR EH FRQIL

2YHUYLHZ
7KH 6<6&21 PRGXOH SURYLGHV FRQWUROV DQG FRQILIXUDWLRQV RQ WKH VI\VWHP DC

JHDWXUHYV
7KH 6<6&21 PRGXOH VXSSRUWYV WKH IROORZLQJ IHDWXUHYV DQG FRQILIXUDWLRQV
H6\WWHP DQG EXV FRQILIXUDWLRQ
$+% PDWUL[ SULRULW\
&38 FRQWURO DQG VWDWXYV
&38 GHEXJ DFFHVYV
&38 /3&%& FRQWURO
10, VRXUFH VHOHFW
&DOLEUDWH VA\VWHP WLFN WLPHU

w w w W W W W

%RRW FRQWURO
HM6\WWHP 3HULSKHUDOV FORFN VHOHFW DQG FRQWURO

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

§ $OORZV HQDEOLQJ DQG VHOHFWLRQ RI FORFNV WR LQGLYLGXDO SHULSKHUDO\
§ $OORZV FRQILIXUDWLRQ RI FORFN GLYLGHUV
HOHPRU\ FRQILIXUDWLRQ
§ 520 DFFHVV
§ 530 (&&
§ )/$6+ FDFKH EXV HUURU
H*UD\ %LQDU\ FRQYHUWHU
§ $OORZV GHFRGLQJ JUD\ YDOXH FRPLQJ IURP 26 (YHQW 7LPHU
H3HULSKHUDOV FRQILIXUDWLRQ
§ 3:0 FRQWURDO
§ &7,0(5 JOREDO VWDUW
H6HFXULW\ FRQILIXUDWLRQ
§ 6HFXULW\ FRQWURO
§ 6HFXULW\ DWWHVWDWLRQ
H5HVHW FRQWURO
§ ORQLWRUV DQG UHOHDVH UHVHWVY WR LQGLYLGXDO SHULSKHUDOV
H'HYLFH ," UHJLVWHU

JXQFWLRQDO GHVFULSWLRQ

7KH 05&& VXEPRGXOH SURYLGHV RQ FKLS PRGXOHV WKHLU RZQ GHGLFDWHG 05&& EL
FRQILJXUDWLRQ RSWLRQV *HQHUDOO\ 05&& UHJLVWHU FRQWDEGH UYL $ORHE N AR Q LA M
058&B*/%B&&HULSKHUDOWBOBH®U WKH PRGXOH V FORFNYV

127¢
%HIRUH D PRGXOH FDQ EH XVHG LWV FORFNV PXVW EH HQDEOHG && DQG LW PX\
05&&B*/%B56THULSKHUDOV ,QDPIRABFRUWHDHDVHG IURP UHVHW> 98 & & BKIVED®G V
QDPH@ DQ DWWHPSW WR DFFHVV D UHJLVWHU ZLWKLQ WKDW PRGXOH LV WHUPLQDWH

,] D PRGXOH KDV D IXQFWLRQDO FORFN LWV 05&& UHJLVWHU PD\ SURYLGH RSWLRQV
VHOHFW 08; ILHOG 7KH VHOHFWHG IXQFWLRQDO FORFN VRXUFH FDQ WKHQ EH GLYL

127¢
%HIRUH FRQILIJXULQJ D IXQFWLRQDO FORFN WKH PRGXOH V FORFNV PXVW EH

6LIQDOV
7DEOH6<6&21 SLQ GHVFULSWLRQ
)XQFWLR®D\SH| 3LQ '"HVFULSWLRQ
&1.287 |2 3B 3B 3B 3B 7KH &/.287 IXQFWLRQ [SURYLGI

FORFN RXWSXW WKURIXJK WKH
WKH\ DUH DYDLODEOH LQ WKH

OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ
7KLV VHFWLRQ LQFOXGHV WKH 6<6&21 PRGXOH PHPRU\ PDS DQG GHWDLOHG GHVFULS

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

6<6&21 UHIJLVWHU GHVFULSWLRQV

6<6&21 PHPRU\ PDS

6<6&21 VIVFRQ EDVH DGGUHVYV B K
21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ElwWV
K $+% ODWUL[ 5HPDS &RQWURO 5(0$3 5: B K
K $+% ODWUL[ 3ULRULW\ &RQWURO $+%0$735,2 5: B K
&K 1RQ 6HFXUH &38 6\WWHP 7LFN &DOLEUDWILRQ &38 567&.&$/B K
K 10, 6RXUFH 6HOHFW 10,65& 5: B K
&K |3URWHFW /HYHO &RQWURO 3527/9/ 5: B K
K 6/2:B&/. &ORFN 'LYLGHU 6/2:&/.",9 5: B K
&K | %86B&/. &ORFN 'LYLGHU %86&/.',9 5: B K
K 6\WWHP &ORFN 'LYLGHU $+%&/.",9 5: B K
K )52B+)B',9 &ORFN 'LYLGHU )52+)',9 5: B K
&K |)52B/)B',9 &ORFN 'LYLGHU )52/)',9 5: B K
( K 3// B&/.B',9 &ORFN 'LYLGHU 3// &/.",9 5: B K
)&K | &ORFN &RQILIJXUDWLRQ 8QORFN &/.81/2&. 5: B K
K 190 &RQWURO 190B&75/ 5: B K
K 6PDUW'0$ ,QWHUUXSW +LMDFN 6PDUW'0$,17 5: 6HH VHFWLRQ
K &RQWUROV 5$0 ,QWHUOHDYH ,QWHJUDWLR|Q 5%$0B,15(5/($9( B K
&K | &38 6BWDWXV &3867%$7 5 B K
K /38&$%& &RQWURO /3&$&B&75/ 5: B K
K 3:0 6XEPRGXOH &RQWURO 3:0 68%&7/ 5: B K
&K |3:0 6XEPRGXOH &RQWURO 3:0 68%&7/ 5: B K
K &7,0(5 *OREDO 6WDUW (QDEOH &7,0(5*/2%8$/67$57(15: B K
K 530 &RQWURO 5$0B&75/ 5: B K
% K |*UD\ WR %LQDU\ &RQYHUWHU *UD\ &RGH >| @ *5$5B&2[(B/6B6 K
% K |*UD\ WR %LQDU\ &RQYHUWHU *UD\ &RGH > @ 15$5B&2'(BOB% K
% K |*UD\ WR %LQDU\ &RQYHUWHU %LQDU\ &RGH > @ %51$5<B&R"'(BK{4%
% &K | *UD\ WR %LQDU\ &RQYHUWHU %LQDU\ &RGH > @ 5 B K
%,1$5<B&2'(B06%
(&K |06) &RQILIXUDWLRQ 06)&)* 5: B K
(&K |523 6WDWH 5HIJLVWHU 523B67$7( 5 6HH VHFWLRQ

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ElwV
( K 5%0 ;(1 &RQWURO 65%$0B;(1 5: B K
(&K |5%0 ;(1 &RQWURO 'XSOLFDWH 65$0B;(1B"3 5: B K
( K /LIH &\FOH 6WDWH 5HJLVWHU (/6B273B/&BB7$7( 5 6HH VHFWLRQ
( K /LIH &\ FOH 6WDWH 5HJLVWHU 'XSOLFDWH | (/6B273B5&Bp 78THBVHFWLRQ
)$ K |&RQWURO :ULWH $FFHVV WR 6HFXULW\ '(%8*B/2&.B6t B $K
)$ K |&RUWH[ 'HEXJ )HDWXUHV &RQWURO '(%8*B)($785|6 5: 6HH VHFWLRQ
)$ K |&RUWH[ 'HEXJ )HDWXUHV &RQWURO 'XSOLFDWH 5: 6HH VHFWLRQ
"(%8*B)($785(6B'3
)% K |&38 6RIWZDUH 'HEXJ $FFHVV 6:'B$&&(66B&38 5: B K
)& K | '"HEXJ $XWKHQWLFDWLRQ % ($&21 '(%8*B$8|7+B % ($&25: B K
)) K -7$* &KLS ,' -7$*B," 5 B %K
)) K '"HYLFH 7\SH '(9,&(B7<3( 5 6HH VHFWLRQ
)) K '"HYLFH ,' '(9,&(B," 5 6HH VHFWLRQ

$+% ODWUL[ 5SHPDS &RQWURO 5(0%$3

21IVHW
5HILVWHU 21IVHW
5(0$3 K
YXQFWLRQ

6<6¢

7KH OXOWLOD\HU $+% ODWUL[ UHPDS IRU DOO PDVWHUV ZKHQ WKH\ DWWHPSW WR DF

'LDJUDP
% LWV

5(/2&.

5HVHUYHG 86% 5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 3.& 5HVHUYHG '0$ 6PDUW'0$B' 6PDUW'0$B,&38 B6%8 5HVHUYHG
5HVHW
0&; $ DQG $ 6HFXULW\ SHIHUHQFH 0DQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUR

OOHU 6<6¢

JLHOGV
JLHOG | )XQFWLRQ
7KLV ELW ILHOG SURYLGHV D PHFKDQLVP WR OLPLW ZULWHV WR WKLV U
. ELW UHPDLQV DVVHUWHG XQWLO D VIVWHP UHVHW
E 7KLV UHJLVWHU LV QRW ORFNHG DQG FDQ EH DOWHUHG
E 7KLV UHJLVWHU LV ORFNHG DQG FDQQRW EH DOWHUHG [XQWLO D
SHVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
8
5$0; DGGUHVV UHPDS IRU 86%
86 % E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; VDPH DOLDV VSDFH DV &38 B6%86
5HVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
8
5$0; DGGUHVV UHPDS IRU 3.&
3.& E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; VDPH DOLDV VSDFH DV &38 B6%86
5HVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
8
5$0; DGGUHVV UHPDS IRU '0$
0% E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; VDPH DOLDV VSDFH DV &38 B6%86
5$0; DGGUHVV UHPDS IRU 6PDUW'0$ ' %86
6PDUW 03/B" E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; VDPH DOLDV VSDFH DV &38 B6%86
5$0; DGGUHVV UHPDS IRU 6PDUW'0$ , %86
6PDUW 048, E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; VDPH DOLDV VSDFH DV &38 B6%86
5$0; DGGUHVV UHPDS IRU &38 6\VWHP EXV
&38 B6%8 E 5%$0; DOLDV VSDFH LV GLVDEOHG
E 5%$0; DOLDV VSDFH LV HQDEOHG ,W V OLQHDU DGGUHYV VSDFH
VWDUW DGGUHVV LV | VIVWHP UDP VL]H 5$0; VL]H
5HVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
8

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

$+% ODWUL[ BULRULW\ &RQWURO $+%0$735,2

211VHW

5HIJLVWHU 21IVHW

$+%0$735,2 K

JXQFWLRQ

7KH OXOWLOD\HU $+% ODWUL[ DUELWUDWHY EHWZHHQ PDVWHUV ZKHQ WKH\ DWWHP S
WLPH 7KH SULRULW\ YDOXHV DUH KLIJKHVW ORZHVW :KHQ WKH SULRULW\ LV V

JLYHQ SULRULW\

127¢
%H FDUHIXO ZKHQ PRGLI\LQJ WKLV UHJLVWHU DV LPSURSHU VHWWLQJV FDQ VHULR

‘'LDJUDP
LWV
5
5HVHUYHG 5HVHUYHG 5HVHUYH®6%B)6B(1{7 5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG
5HVHW
%LWV
° 5HVHUYHG 3.&B(/6 5HVHUYHG '0$ 38 B6%B6pA3S B&%8686&38 B6%86¢ &38 B&%8p
PDUW PDUW
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
8
5HVHUYHG
§
86% )6 EXV PDVWHU SULRULW\ OHYHO
86%B)6B(1(7 E OHYHO
E OHYHO
E OHYHO

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQ

GXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
E OHYHO
5HVHUYHG
8
5HVHUYHG
§
5HVHUYHG
8§
5HVHUYHG
8
5HVHUYHG
8§
3.4 DQG (/6 EXV PDVWHU SULRULW\ OHYHO
3.&B(/6 E OHYHO
E OHYHO
E OHYHO
E OHYHO
5HVHUYHG
8
'0$ FRQWUROOHU EXV PDVWHU SULRULW\ OHYHO
0% OHYHO
E OHYHO
E OHYHO
E OHYHO

&38 B6%86

PDUW'O$B'

6PDUW'0$%$ ' EXV PDVWHU SULRULW\ OHYHO
OHYHO
OHYHO
OHYHO
OHYHO

B6

m m m m

&38 B&% 386G
PDUW'0S$

6PDUW'0$ , EXV PDVWHU SULRULW\ OHYHO

B6 E OHYHO
B,

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | ) XQFWLRQ
E OHYHO
E OHYHO
E OHYHO
&38 6 $+% EXV PDVWHU SULRULW\ OHYHO
&38 B6%86 E OHYHO
E OHYHO
E OHYHO
E OHYHO

&38 B&%8|6

&38 & $+% EXV PDVWHU SULRULW\ OHYHO
OHYHO
OHYHO
OHYHO
OHYHO

m m m m

1RQ 6HFXUH &38 6\VWHP 7LFN &DOLEUDWLRQ &38 167&.&$/

21IVHW

5HJLVWHU 21IVHW
&38 167&.&$/ &K
YXQFWLRQ

6 <6 ¢

7KH &38 167&.&%/ UHJLVWHU DOORZV VRIWZDUH WR VHW XS D GHIDXOW YDOXH IRU W
Rl QRQ VHFXUH SDUW RI WKH &38

‘'LDJUDP

%LWV

5

125(
5HVHUYHG 6.(:

7(106

S5HVHW

% LWV

7(106

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

,QGLFDWHYV ZKHWKHU WKH GHYLFH SURYLGHV D UHIHUHQFH FORFN WR Wtk
125() E S5HIHUHQFH FORFN LV SURYLGHG
E 1R UHIHUHQFH FORFN LV SURYLGHG

,QGLFDWHY ZKHWKHU WKH 7(106 YDOXH LV H[DFW
6.(: E 7(106 YDOXH LV H[DFW
E 7(106 YDOXH LV QRW H[DFW RU QRW JLYHQ

5HORDG YDOXH IRU PV +] WLPLQJ VXEMHFW WR VI\VWHP FORFN VNF

(106 WKH FDOLEUDWLRQ YDOXH LV QRW NQRZQ

10, 6RXUFH 6HOHFW 10,65&

21IVHW

SHIJLVWHU 21IVHW
10,65& K
'‘LDJUDP

%LWV |

510,(1| 5HVHUY

SHVHUYHG
&3 HG

5HVHW |

%LWV |

5
5HVHUYHG ,54&38

S5HVHW |

JLHOGYV

JLHOG | )XQFWLRQ

(QDEOHV WKH 1RQ ODVNDEOH ,QWHUUXSW 10, VRXUFH VHOHFW|HG E\ ,54
10,(1&38 E 'LVDEOH
E (QDEOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

OOHU 6<6¢

JLHOG | )XQFWLRQ
S5HVHUYHG
§
5HVHUYHG
§
S5HVHUYHG
§
7KH ,54 QXPEHU RI WKH LQWHUUXSW WKDW DFWV DV WKH 1RQ ODVNDEOH
10,(1&38
,548&38
SURWHFW /HYHO &RQWURO 3527/9/
2I1IVHW
5HIJLVWHU 2IIVHW
3527/9/ & K
JXQFWLRQ
7KLY UHJLVWHU LV SULYLOHJHG DFFHVYV RQO\
'LDJUDP
% LWV
5| /2&. 128
5HVHUYHG '
160
5HVHW
%LWV
5
5HVHUYHG 35,9
5HVHW
JLHOGV
JLHOG [ )XQFWLRQ
7KLV ELW ILHOG SURYLGHYVY D PHFKDQLVP WR OLPLW ZULWHV WR WKLV U
128 ELW UHPDLQV DVVHUWHG XQWLO D V\VWHP UHVHW

0&; $

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E 7KLV UHJLVWHU LV QRW ORFNHG DQG FDQ EH DOWHUHG

E SULYLOHJHG DFFHVV LV HQDEOHG WKH SHULSKHUDOV

E 7KLV UHJLVWHU LV ORFNHG DQG FDQQRW EH DOWHUHG [XQWLO D
5HVHUYHG
§
&RQWURO ZULWH DFFHVV WR 1RQVHFXUH 038 PHPRU\ UHJLRQV
/2&.16038 E 8QORFN WKHVH UHJLVWHUV SULYLOHJHG DFFHVV WR 1RQVHFXUF
E 'LVDEOH ZULWHV WR WKH 038B&75/B16 038B515B16 038[B5%$5B16
038B5%$5B$B16Q DQG 038B5/$5B$B16Q $00 ZULWHV WR WKH UHJLVW
5HVHUYHG
§
&RQWURO SULYLOHJHG DFFHVV RI (,0 (50 )OH[FDQ 0%& 6&*
35.9 E SULYLOHJHG DFFHVV LV GLVDEOHG WKH SHULSKHUDOV|FRXOG E

FRXOG EH

6/2:B&/. &ORFN 'LYLGHU 6/2:&/.",9

21IVHW

5HIJLVWH

U 21IVHW

6/2:&/1.",9

K

'LDJUDP

%LWV

8167
$%

5

5(6
+$/7 (6¢ 5HVHUYHG

5HVHW

%LWV

5HVHUYHG

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGYV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH
+DOWYV WKH GLYLGHU FRXQWHU
+$/7 E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHWY WKH GLYLGHU FRXQWHU
5(6(7 127
/ILPLWHG WR FRQILIJXUH 5(6(7 ELW ZKHQ +$/7 ELW LV HW WR
E 'LYLGHU LV QRW UHVHW
E 'LYLGHU LV UHVHW
5HVHUYHG
§
&ORFN GLYLGHU YDOXH
"9 7KH GLYLGHU YDOXH ',9

%86B&/. &ORFN 'LYLGHU %86&/."',9

2IIVHW
5HILVWHU 2IIVHW
%86&/.',9 &K
'LDJUDP
% LWV | |

5| 8167

$% | yg/7 sf( 5HVHUYHG

S5HVHW | |
% LWV |

5

5HVHUYHG

5HVHW |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

HW WR

JLHOGYV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH
+DOWYV WKH GLYLGHU FRXQWHU
+$/7 E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHWY WKH GLYLGHU FRXQWHU
5(6(7 127
/ILPLWHG WR FRQILIJXUH 5(6(7 ELW ZKHQ +$/7 ELW LV
E 'LYLGHU LV QRW UHVHW
E 'LYLGHU LV UHVHW
5HVHUYHG
§
&ORFN GLYLGHU YDOXH
"9 7KH GLYLGHU YDOXH ',9

6\VWHP &ORFN 'LYLGHU $+%&/.",9

21IVHW
5HILVWHU 21IVHW
$+%&/.",9 K
'LDJUDP
% LWV
8167
5
$% 5HVHUYHG
5HVHW
% LWV
5
5HVHUYHG
5HVHW
0&; $ DQG $ 6HFXULW\ SHIHUHQFH 0DQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV 10DJ
8167%$% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH

SHVHUYHG

&ORFN GLYLGHU YDOXH
9 7KH GLYLGHU YDOXH 9

)52B+)B',9 &ORFN 'LYLGHU )52+)',9

211VHW

S5HIJLVWHU 21IVHW

)52+)',9 K

YXQFWLRQ
7KLV UHJLVWHU LV XVHG WR JHQHUDWH IURBKIBGLY FORFN IURP IURBKI FORFN

'LDJUDP

%LWV | |

8167

5(6
$% | yg/7 (6¢ 5HVHUYHG

5

5HVHW | |

%LWV

5HVHUYHG "9

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV 10DJ
8167%% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

+DOWV WKH GLYLGHU FRXQWHU
+$/7 E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

5HVHWV WKH GLYLGHU FRXQWHU
5(6(7 E 'LYLGHU LV QRW UHVHW
E 'LYLGHU LV UHVHW

SHVHUYHG

&ORFN GLYLGHU YDOXH
9 7KH GLYLGHU YDOXH 9

)52B/)B',9 &ORFN 'LYLGHU )52/)',9

211VHW

SHIJLVWHU 21IVHW

)52/)",9 &K

YXQFWLRQ
7KLV UHJLVWHU LV XVHG WR JHQHUDWH IURBOIBGLY FORFN IURP IURBOI FORFN

‘'LDJUDP

%LWV | |

8167

5(6
$% | 4g/7| 26 5HVHUYHG

5

5HVHW | |

LWV |

5HVHUYHG "9

S5HVHW |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

JLHOGYV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH
+DOWYV WKH GLYLGHU FRXQWHU
+$/7 E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHWY WKH GLYLGHU FRXQWHU
5(6(7 E 'LYLGHU LV QRW UHVHW
E 'LYLGHU LV UHVHW
5HVHUYHG
§
&ORFN GLYLGHU YDOXH
9 7KH GLYLGHU YDOXH ',9
3// B&/.B',9 &ORFN 'LYLGHU 3// &/.',9
21IVHW
5HIJLVWHU 21IVHW
3/ &/.",9 ( K
)XQFWLRQ

6<6¢

7KLV UHJLVWHU LV XVHG WR JHQHUDWH SOO BFONBGLY FORFN IURP SOO BFON FORFI

‘'LDJUDP

%LWV

8167
5

5(6(

$% | +g/7 5HVHUYHG

5HVHW

%LWV

S5HVHUYHG

S5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

JLHOGYV
JLHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LV QRW VWDEOH
+DOWV WKH GLYLGHU FRXQWHU
+$/7 E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHWV WKH GLYLGHU FRXQWHU
5(6(7 E 'LYLGHU LV QRW UHVHW
E 'LYLGHU LV UHVHW
5HVHUYHG
§
&ORFN GLYLGHU YDOXH
"9 7KH GLYLGHU YDOXH ',9

&ORFN &RQILIXUDWLRQ 8QORFN &/.81/2&.

211IVHW

5HILVWHU 21IVHW
&/1.81/2&. ) &K
)XQFWLRQ

6 <6 ¢

7KLV UHJLVWHU FRQWUROV DFFHVV WR WKH FORFN VHOHFW DQG GLYLGHU FRQILJXU

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5 81/2

5HVHUYHG
&.

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG
§
&RQWUROV FORFN FRQILJXUDWLRQ UHJLVWHUV DFFHVV IRU H[DPSOH 6/:
61/28 )52+)',9 )52/)',9 3//[&/.",9 O05&&B[[[B&/.",9 05&&B[[[B&/.6(/ 05&&B*/%B[[[
' E 8SGDWHV DUH DOORZHG WR DOO FORFN FRQILIXUDWLR® UHJLVW
E )UHH]HV DOO FORFN FRQILJXUDWLRQ UHJLVWHUV XSGDWH
190 &RQWURO 190B&75/
21IVHW
5HIJLVWHU 21IVHW
190B&75/ K
'LDJUDP
% LWV
5 ',6B0| ',6BO0
5HVHUYHG
% ( % (
5HVHW
% LWV
5 )/$6+| 5HVH[UY ",6B'| ',6B)
5HVHUYHG 5HVHUYHG 5HVHUYHG
B6 HG $7 /$
5HVHW
JLHOGV
)LHOG | )XQFWLRQ
5HVHUYHG
§
%XV HUURU RQ GDWD PXOWL ELW (&& HUURU FRQWURO
" 6B0% (&&B( 127¢(
55B'$7%$ 6HW WKLV ILHOG WR LI \RX ZDQW WR HQDEOH IODVK VSHFXOD!
E (QDEOHV EXV HUURU RQ PXOWL ELW (&& HUURU IRU GDWD
E 'LVDEOHV EXV HUURU RQ PXOWL ELW (&& HUURU IRU GDWD

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
%XV HUURU RQ GDWD PXOWL ELW (&& HUURU FRQWURO
''6BO% (& &B( 127(
55B,167 6HW WKLV ILHOG WR LI \RX ZDQW WR HQDEOH IODVH VSHFXOD!
E (QDEOHV EXV HUURU RQ PXOWL ELW (&& HUURU IRU LQUWWUXFWLF
E 'LVDEOHYVY EXV HUURU RQ PXOWL ELW (&& HUURU IRU LQVWUXFWL
5HVHUYHG
§
)/$6+ VWDOO RQ EXV\ FRQWURO
)/I$6+B67$// E 1R VWDOO RQ )/$6+ EXV\
B(1 E 6WDOO RQ )/$6+ EXV\
5HVHUYHG .HHS WKH GHIDXOW YDOXH
§
SHVHUYHG
§
5HVHUYHG
§
J)ODVK GDWD VSHFXODWLRQ FRQWURO
',6B'$7$B63 127
(& ' 6B0% (&&B(55B'$0QG' RBO%(&&B(55B,D&/H VHW WKHQ VSHFXODWLRQ ZLOC
QRW EH HQDEOHG HYHQ LI WKLV ELW LV FOHDUHG
E (QDEOHVY GDWD VSHFXODWLRQ
E 'LVDEOHV GDWD VSHFXODWLRQ
)ODVK VSHFXODWLRQ FRQWURO
',6B)/$6+B63 127(¢
(& ',6B0% (& &B(55B'$0QG' ®WBO0% (&&B(55B,D&/H VHW WKHQ VSHFXODWLRQ ZLOC
QRW EH HQDEOHG HYHQ LI WKLV ELW LV FOHDUHG
E (QDEOHV IODVK VSHFXODWLRQ
E 'LVDEOHV IODVK VSHFXODWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

6PDUW'0$ ,QWHUUXSW +LMDFN 6PDUW'0$,17

21IVHW

5HIJLVWHU 21IVHW
6PDUW'0$,17 K
YXQFWLRQ

LWV GLUHFWO\ FRQWURO WKH 6PDUW'0$ KLMDFNLQJ WKH VIVWHP LQWHUUXSWYV

'LDJUDP
% LWV
5
17 17 17 17 17 , 17
5HVHUYHG 5HVHUYHG
S5HVHW X X X X X X X X
% LWV
5
,17 ,17 , 17 ,17 ,17 , 17 17 ,17 17 17 ,17 ,17 ,17 ,17 ,17 ,17
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
§
5HVHUYHG 5HDG YDOXH LV XQGHILQHG RQO\ JHUR VKRXOG EH ZJULWWHQ
§
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH
6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

6PDUW'0$ KLMDFN 19,& ,54
17 E 'LVDEOH
E (QDEOH

&RQWUROV 5$0 ,QWHUOHDYH ,QWHJUDWLRQ 5%$0B,17(5/($9(

21IVHW
5HILVWHU 21IVHW
5$0B,17(5/($9( K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
S ,17(5
5HVHUYHG
/(
5HVHW
JLHOGYV
)LHOG | )XQFWLRQ
5HVHUYHG
§
&RQWUROV 5%$0 DFFHVV IRU 5%0%$ DQG 5%0%
17(5/($9( E 5%0 DFFHVV LV FRQVHFXWLYH
E 5$0 DFFHVV LV LQWHUOHDYHG 7KLV VHWWLQJ LV QHHG

&38 6WDWXV &38678%7

2I1IVHW

5HIJLVWHU

21IVHW

&3867%$7

&K

'‘LDJUDP

%LWV

IRU 3.& /

5

S5HVHUYHG

5HVHW

LWV

5HVHUYHG

S5HVH
HG

&38 /

S5HVH

&38
Ve (

HG

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
§
&38 ORFNXS VWDWH
838 /2&.83 E &38 LV QRW LQ ORFNXS
E &38 LV LQ ORFNXS
5HVHUYHG
§
&38 VOHHSLQJ VWDWH
&38 6/((3,1 E &38 LV QRW VOHHSLQJ
* E &38 LV VOHHSLQJ

/13&$& &RQWURO /3&$&B&75/

2I1IVHW

5HIJLVWHU

21IVHW

/13&$&B&75/

K

‘'LDJUDP

%LWV

5

5HVHW

LWV

/3&$
SHVH|Uggg | /3&$

HG &B;

/,0B/
3&

',6B/
3&

)5&B

12B

&/5B
3&

',6B/
3&

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6 <6 ¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUR

OOHU 6<6¢

JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
§
SHTXHVW /3&$& PHPRULHV
/38$&B0 (0B E &RQILJXUH VKDUHG PHPRULHV 5$0; DV JHQHUDO PHPRULHV
5(4 E &RQILJXUH VKDUHG PHPRULHV 5%$0; DV /3&$& PHPRULHV ZULWH |
UHVHW
/3&$& ;20 H;HFXWH 2QO\ OHPRU\ DWWULEXWH FRQWURO
/3&$&B;20 &RQWUROV LI WKH LQVWUXFWLRQ IHWFK DWWULEXWH LV XVHG DV SDUW |
UHJLRQV LQ WKH LQWHUQDO I0ODVK DUH QRW FRQILJXUHG DW WKH 0%& W
LQVWUXFWLRQV DQG GDWD FDQ EH VWRUHG ZLWKLQ WKH VDPH FDFKH OL
IRU QRQ ;20 DSSOLFDWLRQV :KHQ ;20 DUHDV LQ WKH LQWHUQD® IODVK D
PXVW EH VHW VR WKDW LQVWUXFWLRQV DQG GDWD DUH FDFKHG XVLQJ V!
E 'LVDEOHG
E (QDEOHG
5HVHUYHG
§
/LPLW /3&$& :ULWH 7KURXJK %XIIHU
/ 0B/3&$&B: E :ULWH EXIIHU HQDEOHG ZKHQ WUDQVDFWLRQ LV EXIIHUDEOH
%) E :ULWH EXIIHU HQDEOHG ZKHQ WUDQVDFWLRQ LV FDFKHDEOH DQG
'LVDEOH /3&$& :ULWH 7KURXJK %XIIHU
 6B/3&$&B: E (QDEOHV ZULWH WKURXJK EXIIHU
%) E 'LVDEOHV ZULWH WKURXJK EXIIHU
5HVHUYHG
§
JRUFHV QR DOORFDWLRQ
)5&B12BS$//2 E )RUFHV DOORFDWLRQ
& E )RUFHV QR DOORFDWLRQ
&OHDUV WKH FDFKH IXQFWLRQ
&/5B/38%& E 8QFOHDUV WKH FDFKH
E &OHDUV WKH FDFKH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

'LVDEOHY HQDEOHV WKH FDFKH IXQFWLRQ

' 6B/3&%$& E (QDEOHG
E 'LVDEOHG

3:0 6XEPRGXOH &RQWURO 3:0 68%&7/

2I1IVHW

5HIJLVWHU 21IVHW

3:0 68%&7/ K

'‘LDJUDP

%LWV

5

5HVHW

%LWV |

&/. B|&/. B| &/. B| &/. B
(1 (1 (1 (1

5HVHW |

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

SHVHUYHG

(QDEOHV 3:0 68% &ORFNQ
&/.QB(1 E 'LVDEOH
E (QDEOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

3:0 6XEPRGXOH &RQWURO 3:0 68%&7/

2I1IVHW

5HIJLVWHU 21IVHW

3:0 68%&7/ &K

'‘LDJUDP

LWV | |

5

5HVHW | |

%LWV |

5 &l. B|l&/. B|l&l. Bl &/. B

(1 (1 (1 (1

5HVHW |

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

S5HVHUYHG

(QDEOHV 3:0 68% &ORFNQ
&/.QB(1 E 'LVDEOH
E (QDEOH

&7,0(5 *OREDO 6WDUW (QDEOH &7,0(5*/2%$/67$57(1

21IVHW

5HIJLVWHU 21IVHW
&7,0(5*/2%%$/67%$p7 K

(1

JXQFWLRQ

5HIHU WR &7,0(5Q 7&5 $*&(1

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5 &7,0(&7,0(]&7,0(0&7,0(&7,0¢
5HVHUYHG
5 5 5 5 5
5HVHW
JLHOGV
)LHOG | )XQFWLRQ
5HVHUYHG
§
(QDEOHV WKH &7,0(5 IXQFWLRQ FORFN
&7,0(5 B&ll. E 'LVDEOH
B(1 E (QDEOH
(QDEOHV WKH &7,0(5 IXQFWLRQ FORFN
&7,0(5 B&I. E 'LVDEOH
B(1 E (QDEOH
(QDEOHV WKH &7,0(5 IXQFWLRQ FORFN
&7,0(5 B&J. E 'LVDEOH
B(1 E (QDEOH
(QDEOHV WKH &7,0(5 IXQFWLRQ FORFN
&7,0(5 B&ll. E 'LVDEOH
B(1 E (QDEOH
(QDEOHV WKH &7,0(5 IXQFWLRQ FORFN
&7,0(5 B&ll. E 'LVDEOH
B(1 E (QDEOH

5$0 &ERQWURO 53%$0B&75/

2IIVHW
5HIJLVWHU 21IVHW
5$0B&75/ K
0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
'LDJUDP
% LWV
5 B LY E 5HVH|WBHVH|BHVH|[BHVHUSYS$0&| 5$0%| 5$0; | 5309%
HG HG HG HG B&* B&* B&* B&*
5HVHW
% LWV
5 SHVHUYHG 5HV H|UWBYH V H|UWBYH V HIWBH V H|LBYH V H|UBYH V H|UBYH V H|USY$ 0 $
HG HG HG HG HG HG HG B(&
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5$0& EDQN FORFN JDWLQJ FRQWURO
5$0&B&*B39 E OHPRU\ EDQN FORFN LV JDWHG DXWRPDWLFDOO\ LI QR DFFHVV PF
(55,°( E $XWR FORFN JDWLQJ IHDWXUH LV GLVDEOHG
5$0% EDQN FORFN JDWLQJ FRQWURO
5$0%B&*B29 E OHPRU\ EDQN FORFN LV JDWHG DXWRPDWLFDOO\ LI QR DFFHVV PF
(55,°( E $XWR FORFN JDWLQJ IHDWXUH LV GLVDEOHG
5$0; EDQN FORFN JDWLQJ FRQWURDO
5$0:B&*B29 E OHPRU\ EDQN FORFN LV JDWHG DXWRPDWLFDOO\ LI QR DFFHVV PF
(55,°( E $XWR FORFN JDWLQJ IHDWXUH LV GLVDEOHG
5$0$ EDQN FORFN JDWLQJ FRQWURO RQO\ DYDLDEOH ZKHQ 5$04B(&&B(1$

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
530$B&*B29 E OHPRU\ EDQN FORFN LV JDWHG DXWRPDWLFDOO\ LI QR [
(55,'( FONJDWLQJ XVLQJ EDQNBDGDSWHU JLYHV D WLPHRXW FRXOQ
DFFHVV SHU VSHFLILHG ZLGWK F\FOHV WKHQ FORFN WR
SHQDOW\ ZLOO EH LQFXUUHG LI D UHDG LV WKH ILUVW DFFH
E $XWR FORFN JDWLQJ IHDWXUH LV GLVDEOHG
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
5$0% (&& HQDEOH
5$0$B(&&B( E (&& LV GLVDEOHG
18%1/( E (&& LV HQDEOHG

*UD\ WR %LQDU\ &RQYHUWHU *UD\ &RGH >

211VHW

@ *5$<B&2'(B/6%

SHIJLVWHU

21IVHW

*5$<B&2'(B/6% % K

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

6<6¢

FFHVV PI
WHU IRU
WKH EDQ
VV DIWH!

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

YXQFWLRQ
7KH *UD\ &RGH /6% ,QSXW UHJLVWHU &2'(B*5$<B/6% FRQWDLQV WKH OHDVW VLJQLIL
EDFN WR ELQDU\

'LDJUDP
%LWV
5
FRGHBJUD\B B
5HVHW
% LWV
5
FRGHBJUD\B B
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

*UD\ FRGH > @
FRGHBJUD\®82'BB*5$<B/6% LV WKH OHDVW VLJQLILFDQW ELWV RI WKH ELUW *UD\ FF

*UD\ WR %LQDU\ &RQYHUWHU *UD\ &RGH > @ *5%$<B&2'(B06%

21IVHW

5HIJLVWHU 21IVHW

*5$<B&2'(B06% | % K

YXQFWLRQ
7KH *UD\ &RGH 06% ,QSXW UHJLVWHU &2'(B*5$<B06% FRQWDLQV WKH PRVW VLJQLIL]
FRQYHUWHG EDFN WR ELQDU\

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LDJUDP

%LWV

6\VWHP &RQWUROOHU 6<6¢

5

S5HVHUYHG

5HVHW

%LWV

5

5HVHUYHG

FRGHBJUD\B B

S5HVHW

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

*UD\ FRGH >

@

FRGHBJUD\82'BB*5$<B06% LV WKH PRVW VLIJQLILFDQW ELWV RI WKH ELW *UD\ FR(¢

*UD\ WR %LQDU\ &RQYHUWHU %LQDU\ &RGH > @ %,1$5<B&2'(B/6%

2I1IVHW

5HIJLVWHU

21IVHW

%,1$5<B&2'(B/6%

% K

YXQFWLRQ

7KH %LQDU\ &RGH /6% UHJLVWHU

ELQDU\ FRGLQJ

%,1$5<B&2'(B/6% FRQWDLQV WKH OHDVW VLJQLILF

'‘LDJUDP
LWV

5 FRGHBELQB B
5HVHW
%LWV

5 FRGHBELQB B
5HVHW

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

%LQDU\ FRGH > @
FRGHBELQBERBHBELQB B LV WKH OHDVW VLJQLILFDQW ELWV RI WKH EILW FRQY'

*UD\ WR %LQDU\ &RQYHUWHU %LQDU\ &RGH > @ %,1$5<B&2'(B06%

2I1IVHW

5HIJLVWHU 21IVHW

%,1$5<B&2'(B06%% &K

YXQFWLRQ

7KH %LQDU\ &RGH 06% UHJLVWHU %,1$5<B&2'(B06% FRQWDLQV WKH PRVW VLJQLILFI
WR ELQDU\ FRGLQJ

‘LDJUDP

LWV

5
S5HVHUYHG

5HVHW

LWV

5 FRGHBELQB B
5HVHUYHG

S5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

5HVHUYHG

%LQDU\ FRGH > @

FRGHBELQEBERBGHBELQB B LV WKH PRVW VLIJQLILFDQW ELWV RI WKH EUW FRQYH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

06) &RQILIJXUDWLRQ 06)&)*

21IVHW

5HIJLVWHU 21IVHW
06)&)* ( &K
YXQFWLRQ

BURWHFWHG E\ */,.(< &57/B :5,7(B,1'(;> @

'‘LDJUDP
% LWV | |
5
5HVHUYHG
5HVHW | |
% LWV
] 0$66 )58( )58( )5B( )58B(
SHVHUYHG B(S 5HVHUYHG 5% | 5% [5% |58
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5SHVHUYHG
8
ODVV HUDVH FRQWURO
0$66B(536(B E (QDEOHV PDVV HUDVH
.6 E 'LVDEOHV PDVV HUDVH ZULWH RQH ORFN XQWLO D V\VWHP UHVH
5HVHUYHG
8
XVHU ,)5 VHFWRU Q HUDVH FRQWURO
)5B(5%6(B|, E (QDEOH ,)5 VHFWRU HUDVH
6Q E 'LVDEOH ,)5 VHFWRU HUDVH ZULWH RQH ORFN XQWLO D| VIVWHP |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

523 6WDWH 5HIJLVWHU 523B678$7(

21IVHW

5HIJLVWHU 21IVHW
523B67$7( ( &K
YXQFWLRQ

7KLV UHJLVWHU LV ZULWWHQ E\ %RRW 520 FRGH DQG LV RQO\ RQH WLPH ZULWH DQG

'LDJUDP
% LWV

5 523B67$7(
BHVHW X X X X X X X X X X X X X X X X
% LWV

5 523B67$7(
BHVHW X X X X X X X X X X X X X X X X
JLHOGV

JLHOG | )XQFWLRQ

523 VWDWH

523B67%$7

5%$0 ;(1 &RQWURO 65%0B;(1

21IVHW
SHIJLVWHU 21IVHW
65%$0B;(1 ( K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'‘LDJUDP
% LWV
5| /2&.
S5HVHUYHG
S5HVHW
% LWV |
5 B L 5HVH|WBHVH[USY$0&| 560%| 530$| 5$0%| 5%0; | 5%$0;
HG HG B;(1| B;(1 B; B; B; B;
5HVHW |
JLHOGV
JLHOG | )XQFWLRQ
7KLV ELW ILHOG SURYLGHVY D PHFKDQLVP WR OLPLW ZULWHV WR WKLV U
128, FROQOWHQWYV 2QFH VHW WKLV ELW UHPDLQV DVVHUWHG XQWLO D VA\VWHP
E 7KLY UHJLVWHU LV QRW ORFNHG DQG FDQ EH DOWHUHG
E 7KLV UHJLVWHU LV ORFNHG DQG FDQQRW EH DOWHUHG
S5HVHUYHG
8
5HVHUYHG
§
SHVHUYHG
8
5$0&[ ([HFXWH SHUPLVVLRQ FRQWURO
5%0&B; (1 E ([HFEXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG
E (I[HFXWH SHUPLVVLRQ LV HQDEOHG 5 :; DUH HQDEOHG
5$0%[ ([HFXWH SHUPLVVLRQ FRQWURO
5$0%B;(1 E ([HFXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG
E (IHFXWH SHUPLVVLRQ LV HQDEOHG 5 :; DUH HQDEOHG
5$0$[ H[FHSWV 5%0% ([HFEXWH SHUPLVVLRQ FRQWURO
5%0% B;(1 E ([HFXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG
E ([HFXWH SHUPLVVLRQ LV HQDEOHG 5 :; DUH HQDEOHG
5$0%$ ([HFXWH SHUPLVVLRQ FRQWURO
5%0% B;(1 E ([HFXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG
E ([HFXWH SHUPLVVLRQ LV HQDEOHG 5 :; DUH HQDEOHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
5$0; ([HFXWH SHUPLVVLRQ FRQWURO
5%0: B:(1 E ([HFXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG
E ([HFXWH SHUPLVVLRQ LV HQDEOHG 5 : ; DUH HQDEOHG
5$0; ([HFXWH SHUPLVVLRQ FRQWURO
5%0; B:(1 E ([HFXWH SHUPLVVLRQ LV GLVDEOHG 5 : DUH HQDEOHG

E ([HFXWH SHUPLVVLRQ LV HQDEOHG 5 :; DUH HQDEOHG

5%$0 ;(1 &RQWURO 'XSOLFDWH 65%$0B;(1B'3

21IVHW

5HJLVWHU 21IVHW
65$0B;(1B'3 ( &K
YXQFWLRQ

3URWHFWHG E\ */,.(< &57/B :5,7(B,1'(;> @

'LDJUDP
%LWV
5
5HVHUYHG
5HVHW
% LWV
5 5HVH|BBHVHUY$0&| 580%| 5$0%| 5$0%| 5%0; | 5%$0
5HVHUYHG
HG HG B;(1| B;(1 B; B; B; B;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
§

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

6\VWHP &RQWUROOHU

JLHOG

)XQFWLRQ

SHVHUYHG

5$0&B;(1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

5$0%B; (1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

5%$0% B;(1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

5%$0% B;(1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

5%$0; B; (1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

5%$0; B;(1

5HIHU WR 65%$0B;(1 IRU

PRUH

GHWDLOV

/LIH &\FOH 6WDWH 5HJLVWHU

2I1IVHW

(/16B273B/&B673$7(

5HIJLVWHU

21IVHW

(/16B273B/&B67$7( K

'‘LDJUDP

%LWV

5

S5HVHUYHG

5HVHW

LWV

5HVHUYHG

273B/&B67$7(

S5HVHW

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
273 OLIH F\FOH VWDWH
273B/&B67)$7
(
/ILIH &\FOH 6 WDWH 5HIJLVWHU 'XSOLFDWH (/16B273B/&B67%$7(B'3
21IVHW
5HIJLVWHU 21IVHW
(/16B273B/&B67$7(B'K
3
‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5 273B/&B67%$7(B'3
5HVHUYHG
5HVHW X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
273 OLIH F\FOH VWDWH
273B/&B67)$7
(B'3

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

&RQWURO :ULWH $FFHVV WR 6HFXULW\ '(%8*B/2&.B(1

2I1IVHW

5HIJLVWHU

21IVHW

"(%8*B/2&.B(1 )$ K

YXQFWLRQ

&RQWUROV ZULWH DFFHVV WR WKH 6:'B$&&(66B&38 '(%8*B)($785(6 '(%8*B)($785(6B":
"(%8*B$87+B%($&21 UHIJLVWHUV

'LDJUDP
% LWV
5
5HVHUYHG
S5HVHW
% LWV
5
5HVHUYHG 12&.B$//
5HVHW
JLHOGYV
)LHOG | )XQFWLRQ
5HVHUYHG
§
&RQWUROV ZULWH DFFHVV WR WKH VHFXULW\ UHJLVWHUYV
/2&.B$// | @ERQWUROV ZULWH DFFHVV WR WKH 6:'B$&&(66B&38 '(%8*B)($78/5(6 '(%8*
"(%8*B$87+B%($&21 UHIJLVWHUV
E $Q\ RWKHU YDOXH WKDQ E GLVDEOHV ZULWH DFFHVV WR DC
E (QDEOHV ZULWH DFFHVV WR DOO UHJLVWHUV

&RUWH[ '"HEXJ )HDWXUHV &RQWURO '(%8*B)($785(6

2I1IVHW

5HIJLVWHU

21IVHW

"(%8*B)($785(6 |)$ K

YXQFWLRQ
&RUWHI[ 0

&38 GHEXJ IHDWXUHV FRQWURO

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

127¢
5HVHW RQ 3R5 RQO\

‘LDJUDP
%LWV

5

5HVHUYHG

5HVHW X X X X X X X X X X X X X X X X
%LWV

5

5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG&38 B1,'(1| &38 B'%*(1

S5HVHW X X X X X X X X X X X X X X X X
JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

8

5HVHUYHG
8

SHVHUYHG
8

5HVHUYHG
8

SHVHUYHG
8

&38 QRQ LQYDVLYH GHEXJ FRQWURO
&38 B1,'(1 (QDEOHV QRQ LQYDVLYH GHEXJ IRU &38 9DOXHV QRW OLVWHG DUH UHVF
E 'LVDEOHV GHEXJ
E (QDEOHV GHEXJ

&38 LQYDVLYH GHEXJ FRQWURO
&38 B'%*(1 (QDEOHV LQYDVLYH GHEXJ IRU &38 9DOXHV QRW OLVWHG DUH UHVHUYH
E 'LVDEOHV GHEXJ
E (QDEOHV GHEXJ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

&RUWH[ '"HEXJ )HDWXUHV &RQWURO 'XSOLFDWH '(%8*B)($785(6B'3

21IVHW

5HJLVWHU 21IVHW
"(%8*B)($785(6B|)$ K

3

YXQFWLRQ

&RUWH[ 0O &38 GHEXJ IHDWXUHV FRQWURO 3URWHFWHG E\ */,.(< &57/B :5,7(B,1'(;:
ZLWK */,.(< UHVHW IXQFWLRQ

‘LDJUDP
% LWV
5
5HVHUYHG
S5HVHW X X X X X X X X X X X X X X X X
%LWV
5
5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG&38 B1,'(1| &38 B'%* (1
5HVHW X X X X X X X X X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
SHVHUYHG
§
5HVHUYHG
§
SHVHUYHG
§
5HVHUYHG
§
5HVHUYHG
§
&38 QRQ LQYDVLYH GHEXJ FRQWURO
&38 B1,'(1 (QDEOHV QRQ LQYDVLYH GHEXJ IRU &38 9DOXHV QRW OLVWHG DUH UHVFH

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
7DEOH FROWLQXHG IURP WKH SUHYLRXV SDJH
J)LHOG | )XQFWLRQ
E 'LVDEOHV GHEXJ
E (QDEOHV GHEXJ
&38 LQYDVLYH GHEXJ FRQWURO
&38 B'%*(]1 (QDEOHV LQYDVLYH GHEXJ IRU &38 9DOXHV QRW OLVWHG DUH UHVHUYH
E 'LVDEOHV GHEXJ
E (QDEOHV GHEXJ

&38 6RIWZDUH 'HEXJ $FFHVV 6:'B$&&(66B&38

21IVHW
5HJLVWHU 21IVHW
6:'B$&&(66B&38 | )% K
YXQFWLRQ
7KLV UHJLVWHU LV XVHG E\ 520 GXULQJ '(%8* DXWKHQWLFDWLRQ PHFKDQLVP WR HQI
RQO\
127(
5HVHW RQ 3R5 RQO\
‘'LDJUDP
%LWV
5
6(&B&2"(
5HVHW
%LWV
5
6(&B&2"(
5HVHW
JLHOGYV
JLHOG | ) XQFWLRQ
&38 6:' $3 [
6(&B&2"(
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
JLHOG | )XQFWLRQ
B B B B B B B E &38 '$3 LV QRW DOORZHG 5HDGLQ
UHJLVWHU LV UHDG DV [
B B B B B B B E 9DOXH WR ZULWH WR HQD|EOH &38
5HDGLQJ EDFN UHJLVWHU LV UHDG DV [$
'"HEXJ $XWKHQWLFDWLRQ %($&21 '(%8*B$87+B%($&21
21IVHW
5HILVWHU 21IVHW
"(%8*B$87+B%($&RE K
1
YXQFWLRQ
7KLV UHJLVWHU SURWHFWHG E\ VHFXULW\ 520 VHWV UHJLVWHU UHDG RQO\ ZLWK Y

FRQWURO WR WKH XVHU FRGH 7KLV FDQ EH XVHG WR H[WHQG GHEXJ DXWKHQWLFDW

127¢
5HVHW RQ 3R5 RQO\

'‘LDJUDP
% LWV
5
%($8&21
5HVHW
% LWV
5
%($8&21
5HVHW
JLHOGV
)LHOG | )XQFWLRQ
6HWV E\ WKH GHEXJ DXWKHQWLFDWLRQ FRGH LQ 520 WR SDVV W
% ($&21 $XWKHQWLFDWLRQ %HDFRQ WR WKH DSSOLFDWLRQ FRGH
0

KH GHEX.

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

-7%$* &KLS ,' -7%$*B,’

21IVHW
5HILVWHU 21IVHW
-7$*B," )) K
‘LDJUDP
% LWV

5 -7%$*B,"’
5HVHW
% LWV

5 -7%$*B,"’
5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

,QGLFDWHVY WKH GHYLFH ,
-7%$*B,’
'"HYLFH 7\SH '(9.&(B7<3(
211IVHW
5HILVWHU 21IVHW
"(9,&(B7<3( )) K
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH 0

DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
% LWV
5 "(9,&(B7<3(B3,1 "(9,&(B7<3(B3.* (9.&
5HVHUYHG | (B
S5HVHW X X X X X X X X X X X X X X X
% LWV
5 "(9,&(B7<3(B180
5HVHW X X X X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
,QGLFDWHY WKH GHYLFH V SLQ QXPEHU
"(9,&(B7<3|
B3,1
,QGLFDWHY WKH GHYLFH V SDFNDJH W\SH
"(9,&(B7<3 E +/4)3
B3.* E +74)3
E %*$
E +'4)3
E 4)1
E &63
E /4)3
5HVHUYHG
§
,QGLFDWHVY WKH GHYLFH W\SH
'(9,&(B7<3 E 1RQ 6HFXUH
B6(& E 6HFXUH
,QGLFDWHVY WKH GHYLFH SDUW QXPEHU
'"(9,&(B7<3|(> @
B180

E SI[II

> @ GLJLWDO RI WKH SDUW XQPEHU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

YRU H[DPSOH
$

[
$ [
$ [
$ [

'"HYLFH ," '(9,&(B,’

2I1IVHW

5HIJLVWHU

21IVHW

"(9,&(B,"’

)) K

YXQFWLRQ

7KLV UHJLVWHU FRQWDLQV WKH GHYLFH

'LDJUDP
%LWV
5 6(&85,7< 520B5(9B0,125
5HVHUYHG 5HVHUYHG
5HVHW X X X X X X X
%LWV
5 )/$6+B6,=( 5$0B6,=(
5HVHUYHG
5HVHW X X X X X X X X
JLHOGYV
J)LHOG | )XQFWLRQ
5HVHUYHG
§
E 6HFXUH YHUVLRQ $00 YDOXHV RWKHU WKDQ E UH
6(&85,7< E 1RQ VHFXUH YHUVLRQ

,QGLFDWHYVY WKH GHYLFH V 520 UHYLVLRQ

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SUHVHQW

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

520B5(9B0|1

25
5HVHUYHG
§
,QGLFDWHY WKH GHYLFH V I0ODVK VL]H
)/$6+B6,= E <%
E %
E %
E %
E %
E %
E 0%
E 0%
E 0%
,QGLFDWHY WKH GHYLFH V UDP VL]H
5$0B6,=( E - %

. %
. %
. %
. %
. %
.%
. %
.%
. %
.%

m m m m m m m m m m m

. %

05&& UHJLVWHU GHVFULSWLRQV

05&& PHPRU\ PDS
6<6&21 05&& EDVH DGGUHVV B K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

21IVHW 5HIJLVWHU LGWIKSFFHYVSHVHW YDOXH
,Q ELwV

SHULSKHUDO 5HVHW &RQWURO 05&&B*/%B567 5: B

S3HULSKHUDO 5HVHW &RQWURO 6HW 05&&B*/%B567:B6(7 B

S3HULSKHUDO 5HVHW &RQWURO &0OHDU 05&&B*/%B567 B&/5B

SHULSKHUDO 5HVHW &RQWURO 05&&B*/%B567 5: B

S3HULSKHUDO 5HVHW &RQWURO 6HW 05&&B*/%B567:B6(7 B

SJHULSKHUDO 5HVHW &RQWURO &OHDU 05&&B*/%B567 B&/5B

3HULSKHUDO 5HVHW &RQWURO 05&&B*/%B567 5: B

SHULSKHUDO 5HVHW &RQWURO 6HW 05&&B*/%B567:B6(7 B

SHULSKHUDO 5HVHW &RQWURO &OHDU 05&&B*/%B567 B&/5B

$+% &ORFN &RQWURO 05&&B*/%B&& 5: B

$+% &ORFN &RQWURO 6HW 05&&B*/%B&& |B6(7

$+% &ORFN &RQWURO &OHDU 05&&B*/%B&& B&/5

$+% &ORFN &RQWURO 05&&B*/%B&& 5:

$+% &ORFN &RQWURO 6HW 05&&B*/%B&& [B6(7

$+% &ORFN &RQWURO &OHDU 05&&B*/%B&& B&/%

$+% &ORFN &RQWURO 05&&B*/%B&& 5:

$+% &ORFN &RQWURO 6HW 05&&B*/%B&& [B6(7

$+% &ORFN &RQWURO &OHDU 05&&B*/%B&& B&/5

&RQWURO $XWRPDWLF &ORFN *DWLQJ 05&&B*/%BH&&

&RQWURO $XWRPDWLF &ORFN *DWLQJ 05&&B*/%B®&&&

S I - N B N B N T N B N B N B N B N B N B N B N B O (R O I O (- N 7 W 7 W

&ERQWURO $XWRPDWLF &0ORFN *DWLQJ 05&&B*/%B & &

, & B)&/. FORFN VHOHFWLRQ FRQWURO 05&&B, & |B)&/.B&/.6(

, & B)&/. FORFN GLYLGHU FRQWURO 05&&B, & B)&/.B&/."',9

B | | B
Al X R

&7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

$&K &7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/5:9

% K &7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

% K &7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/5':,9

% K &7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

% & K &7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/5';,9

& K &7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

& K &7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/5:9

oS B S I O N B N BN B N BN BN B BN I O I~ B N B N B B N B N I O BN I B B I N I N I N I N I N I N I S P N P

| W W | 0| W W | 0| W W || W | | 0| W W | 0| W W| 0| | @

& K &7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

6\VWHP &RQWUROOHU

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW Y
,Q ElwV
&&K | &7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/59 B K
'K "7 FORFN GLYLGHU FRQWURO 05&&B::'7 B&/.',9| 5: B K
'K )/(;,2 FORFN VHOHFWLRQ FRQWURO 05&&B)/(;,2 B&56(/ B K
&K )/(;,2 FORFN GLYLGHU FRQWURO 05&&B)/(;,2 B&/|' %: B K
( K /3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/5(/ B K
( K /3, & FORFN GLYLGHU FRQWURO 05&&B/3,/ & B&/.[,95: B K
( K /3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/5%(/ B K
(&K /3, & FORFN GLYLGHU FRQWURO 05&&B/3,/& B&/.[,95: B K
) K /363, FORFN VHOHFWLRQ FRQWURO 05&&B/363, B&/56(/ B K
) K /363, FORFN GLYLGHU FRQWURO 05&&B/363, B&/|', %: B K
) K /363, FORFN VHOHFWLRQ FRQWURO 05&&B/363, B&/56(/ B K
) &K /363, FORFN GLYLGHU FRQWURO 05&&B/363, B&/|', %: B K
K /38$57 FORFN VHOHFWLRQ FRQWURO 05&&B/38%$57 B&/.6(/ B K
K /38$57 FORFN GLYLGHU FRQWURO 05&&B/B8$57 B&/5",9 B K
K /38$57 FORFN VHOHFWLRQ FRQWURO 05&&B/38%$57 B&/.6(/ B K
&K |/38$57 FORFN GLYLGHU FRQWURO 05&&B/B8%$57 B&/5%,9 B K
K /38$57 FORFN VHOHFWLRQ FRQWURO 05&&B/38%$57 B&/.6(/ B K
K /38$57 FORFN GLYLGHU FRQWURO 05&&B/B38$57 B&/5",9 B K
K /38$57 FORFN VHOHFWLRQ FRQWURO 05&&B/38$57 B&/.6(/ B K
&K |/38$57 FORFN GLYLGHU FRQWURO 05&&B/B8$57 B&/5%,9 B K
K /38857 FORFN VHOHFWLRQ FRQWURO 05&&B/38%$57 B&/.6(/ B K
K /38857 FORFN GLYLGHU FRQWURO 05&&B/B8%$57 B&/5",9 B K
K 86% FORFN VHOHFWLRQ FRQWURO 05&&B86% B&|/.6%/ B K
&K |86% FORFN GLYLGHU FRQWURO 05&&B86% B&/.',0 5: B K
K /3705 FORFN VHOHFWLRQ FRQWURO 05&&PB/3705|B&5:6( B K
K /3705 FORFN GLYLGHU FRQWURO 05&&B/3[705 B&/.',9: B K
K 267,0(5 FORFN VHOHFWLRQ FRQWURO 05&8&B267|0(5:B&/.6(/B K
K $'&[ FORFN VHOHFWLRQ FRQWURO O05&&BS$/&B&/.§(/ 5: B K
K $'&[ FORFN GLYLGHU FRQWURO 05&&B$'&B|&/.",9 5: B K
&K |&03 B)81& FORFN GLYLGHU FRQWURO 05&&B&03 B)83&B&/.",B K
K &03 B55 FORFN VHOHFWLRQ FRQWURO 05&&B&03|B5%B&(.6(/B K

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

DOXH

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

6\VWHP &RQWUROOHU

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW Y
,Q ElwV
K &03 B55 FORFN GLYLGHU FRQWURO 05&&Bg&03 B55B&/.",9 B K
&K | &03 B)81& FORFN GLYLGHU FRQWURO 05&&B&03 B)83&B&/.",B K
K &03 B55 FORFN VHOHFWLRQ FRQWURO 05&&B&03|B5%B&(.6(/B K
K &03 B55 FORFN GLYLGHU FRQWURO 05&&Bg&03 B55B&/.",9 B K
&K |&03 B)81& FORFN GLYLGHU FRQWURO 05&&B&03 B)83&B&/.",B K
K &03 B55 FORFN VHOHFWLRQ FRQWURO 05&&B&03|B5%B&(.6(/B K
K &03 B55 FORFN GLYLGHU FRQWURO 05&&Bg&03 B55B&,.',9 B K
K '$& FORFN VHOHFWLRQ FRQWURO 05&&B'$& B&/.|6(/5: B K
&K |'$& FORFN GLYLGHU FRQWURO 05&&B'$& B&/.',9 5: B K
K )/(;&$1 FORFN VHOHFWLRQ FRQWURO 05&@&B)/(;&$15B&/|6(/ B K
K )/(;&$1 FORFN GLYLGHU FRQWURO O05&&B)/(;&$1 B&5.:',9 B K
K )/(;&$1 FORFN VHOHFWLRQ FRQWURO 05&&B)/(;&$158&/|6(/ B K
&K |)/(;&$1 FORFN GLYLGHU FRQWURO 05&&B)/(;&$1 [B&5.',9 B K
K /3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/5(/ B K
K /3, & FORFN GLYLGHU FRQWURO 05&&B/3,/ & B&/.[,95: B K
K /3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/56(/ B K
&K |/3, & FORFN GLYLGHU FRQWURO 05&&B/3,/& B&/.[,95: B K
$ K /38$57 FORFN VHOHFWLRQ FRQWURO 05&&B/38%$57 B&/.6(/ B K
$ K /38$57 FORFN GLYLGHU FRQWURO 05&&B/B38$57 B&/5",9 B K
$ K '%*B75%$&( FORFN VHOHFWLRQ FRQWURO 5: B K
05&&B'%*B75%$&(B&/.6(/
$&K |'%*B75%$&( FORFN GLYLGHU FRQWURO 05&&B'%*BV5%&(B&/."\B K
% K |&/.287 FORFN VHOHFWLRQ FRQWURO 05&&B&/.287B&/.6(/ B K
% K |&/.287 FORFN GLYLGHU FRQWURO 05&&B&/.287B&/.' 5 B K

SHULSKHUDO 5HVHW &RQWURO 05&&B*/%B567

2I1IVHW

5HIJLVWHU

21IVHW

05&&B*/%B567

K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

DOXH

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
%LWV
Slyr(;s /138%$| /38%| /38%| /38%| /38%| /363, /363,[/3, &| /3, &|)/(;, 5HVH[UY
48 | 4'& 86 % $2,
0 57 57 57 57 57 2 HG
5HVHW
%LWYV
5 60$5|5HVH|WY,&.|)5(4 | &7.,0(]&7,0(&7.0(&7,0( &7,0¢ ,1387
(50 (,0 &5& | $2, |'0% . &
7'0 HG 0( 5 5 5 5 5 08
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
Y/ (;3:0
Y/(;3:0 E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
4'8&
4'& E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
4'&
4'& E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
86 %
86 % E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/38%$57
/38$57 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/138%57
/38%$57 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/138%57
/38%$57 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/38%$57

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
/138%$57 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/138%$57
/38$57 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
1363,
/363, E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
1363,
/363, E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/13, &
/3. & E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
/13, &
/3. & E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
(.2
V(.2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
$2,
$2, E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG
(50
(50 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
(.0
(.0 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
&58&
&5& E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
$2,
$2. E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
‘0%
0% E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
60$57'0%
60557'0% E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG
87,&.
87.&. E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
)5 (40(
)5 (40( E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&7,0(5
&7,0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&7,0(5
&7,0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&7,0(5
&7,0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&7,0(5
&7,0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

&7,0(5
&7.0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW

, &
& E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
,138708;
138708: E 3HULSKHUDO LV KHOG LQ UHVHW

E 3HULSKHUDO LV UHOHDVHG IURP UHVHW

SHULSKHUDO 5HVHW &RQWURO 6HW Q 05&&B*/%B567 B6(7 05&&B*/%B

211VHW

S5HIJLVWHU 2I1IVHW

05&&B*/%B567 B|6 ([

05&&B*/%B567 B|6(K

05&&B*/%B567 Bl6(K

JXQFWLRQ
:ULWLQJ D WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B567QB6(7 UHJLVWHU VI
05&&B*/%B567Q

‘'LDJUDP
% LWV
5
'$7%
5HVHW
% LWV
5
'$7%
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

'DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 05&&B*/%B*
'$7%

SHULSKHUDO 5HVHW &RQWURO &OHDU Q 05&&B*/%B567 B&/5 O05&&B*/¢

2I1IVHW

5HIJLVWHU 21IVHW

05&&B*/%B567 B|&#IK

05&&B*/%B567 B|&/K

05&&B*/%B567 B|&/K

YXQFWLRQ
'ULWLQJ D WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B567QB&/5 UHJLVWHU F(
05&&B*/%B567Q

‘LDJUDP
% LWV
5
$7%
S5HVHW
% LWV
5
'$7%
5HVHW
JLHOGYV

JLHOG | ) XQFWLRQ

'DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 0%&&B*/%B*
'$7%

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

SHULSKHUDO 5HVHW &RQWURO 05&&B*/%B567
21IVHW
5HILVWHU 21IVHW
05&&B*/%B567 K
'‘LDJUDP
% LWV
5 5HVHL5Y-|VHU$YI $'a SHVH|UNXS1* | 5HVHIUY 5HVH|UM8S | /3, 13, & )/(; ) (; 6/&' | 3257
HG HG HG HG HG 57 &$1 &$1
5HVHW
% LWV
S| 3257|3257| 3257| 3257|2330 23%0(| 2330|2330 5HVH|UY 267,00)/(;3
'$& &03 &03 $'& $'&
3 3 3 3 HG (5 10
SHVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
8 UHVHUYHG
5HVHUYHG
8
$'&
$'& E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
$'&
$'8 E B3HULSKHUDO LV KHOG LQ UHVHW
E B3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG
751*
751 % E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6 <6 ¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
5 UHVHUYHG
3.&
3.8 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG
/138$57
/38%57 E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
13, &
3. & E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
13, &
3. & E B3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
)/(;&$1
)/(;&$1 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
)I(;&$1
)/(;&$1 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
6/8"
6/&" E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
3257
3257 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
3257
3257 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
3257

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
3257 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
3257
3257 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
3257
3257 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
23%03
23$03 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
23%$03
23$03 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
23$03
23$03 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
23%03
23$03 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
'$&
‘58 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&03
203 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
&03
203 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG [ )XQFWLRQ
$'&
$'& E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
$'&
$'& E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
267,0(5
267,0(5 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
)/ (;3:0
)/ (;3:0 E 3HULSKHUDO LV KHOG LQ UHVHW

E 3HULSKHUDO LV

UHOHDVHG IURP UHVHW

SHULSKHUDO 5HVHW &RQWURO 05&&B*/%B567

21IVHW
5HIJLVWHU 21IVHW
05&&B*/%B567 K
'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 0%$8 *3,2 *3,2 *3,2 *3,2 *3,2 5HVHUYHG
5HVHW
JLHOGYV
J)LHOG | )XQFWLRQ
UHVHUYHG
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
5 UHVHUYHG
0%$8
0$8 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
*3,2
*3.2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
*3,2
*3.2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
*3,2
*3.2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
*3,2
*3.2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
*3,2
*3 .2 E 3HULSKHUDO LV KHOG LQ UHVHW
E 3HULSKHUDO LV UHOHDVHG IURP UHVHW
UHVHUYHG
§ UHVHUYHG

$+% &ORFN &RQWURO 05&&B*/%B&&
211VHW
5HIJLVWHU 21IVHW
05&&B*/%B&& K

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
%LWV
Slyr(;s /138%$| /38%| /38%| /38%| /38%| /363, /363,[/3, &| /3, &|)/(;, 5HVH[UY
48 | 4'& 86 % $2,
0 57 57 57 57 57 2 HG
5HVHW
%LWYV
5 60%5( ::" 87,&.|)5(4 |&7,0( &7.,0( &7,0(&7,0( &7,0¢( ,1387
(50 (,0 &5& | $2, |'0% . &
7'0 7 0( 5 5 5 5 5 08
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
Y/ (;3:0
Y/(;3:0 E B3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
4'8&
4'& E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
4'&
4'& E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
86 %
86 % E B3HULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
/38%$57
/38$57 E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
/138%57
/38%$57 E 3HULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
/138%57
/38%$57 E 3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
/38%$57

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

/138%57 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

/138%$57
/38%$57 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

1363,
/363, E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

1363,
/363, E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

/13, &
/3. & E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

/13, &
/3. & E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

(.2
V(.2 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

$2,

$2, E B3HULSKHUDO FORFN LV GLVDEOHG

E 3HULSKHUDO FORFN LV HQDEOHG

UHVHUYHG
§ UHVHUYHG

(50
(50 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

(.o
(,0 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG [ ) XQFWLRQ
&5&
&58& E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
$2,
$2, E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
‘0%
0% E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
60$57'0%
60$57'0% E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
T
17 E B3HULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
87,&.
87,&. E BHULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
)5(40(
)5(40( E BHULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
&7,0(5
&7,0(5 E BHULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
&7,0(5
&7,0(5 E BHULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
&7,0(5
&7,0(5 E BHULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
&7,0(5
&7,0(5

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
&7,0(5
&7,0(5 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
&
& E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
,138708;
138708: E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

$+% &ORFN

2I11VHW

&RQWURO 6HW

05&&B*/%B&& B6(7

5HILVWHU

2I1IVHW

05&&B*/%B&& BG(7K

6<6¢

?ES@?g?% WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B&&QB6(7 UHJLVWHU VH
05&&B*/%B&&Q
‘LDJUDP
%LWYV
5
$7%
5HVHW
% LWV
5
'$7%
5HVHW

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

'DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 05&&B*/%B¢
'$7%

$+% &0ORFN &RQWURO &OHDU 05&&B*/%B&& B&/5

2I1IVHW

5HIJLVWHU 21IVHW

05&&B*/%B&& B&/5K

YXQFWLRQ

"ULWLQJ D WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B&&QB&/5 UHJLVWHU FO
05&&B*/%B&&Q

‘LDJUDP
% LWV
5
'$7%
5HVHW
% LWV
5
'$7%
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

'DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 05&&B*/%B ¢
'$7%

$+% &ORFN &RQWURO 05&&B*/%B&&

211VHW

SHIJLVWHU 21IVHW

05&&B*/%B&& K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
% LWV
5| 5HVH|WB¥H VH|U Y 751% /138% |13, &| /3, (G| )i | 6/& | 3257
HG HG ¥ M 6. |88 |77 57 &$1 | &%$1
S5HVHW
% LWV
5] 3257|3257| 3257|3257 23$0| 23%0| 2330|2330 267,0)/(;3
3 3 3 3 '$& | &03 | &03 | &03 [ $'& |3$'& (5 o
5HVHW
JLHOGV
JLHOG | ) XQFWLRQ
5HVHUYHG
§
SHVHUYHG
§
$'&
$'& E 3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
$'&
$'& E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
8")
8") E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
751*
751* E B3HULSKHUDO FORFN LV GLVDEOHG
E S3HULSKHUDO FORFN LV HQDEOHG
6*,
6%, E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
3.&
3.& E BHULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
7DEOH FROQWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ 5GHIHUHQFH 0ODQXDO 5HY
SHIHUHQFH 0DQXDO

6<6¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
7'(7
77 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
/38$57
/38$57 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
13, &
/3. & E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
13, &
/3. & E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
)/(;&$1
)/ &$1 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
)I(;&$1
)/ &$1 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
6/&"
6/8&" E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
3257
3257 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
3257
3257 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
3257
3257 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
3257
3257

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
3257
3257 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
23$03
23$03 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
23$03
23$03 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
23$03
23$03 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
23$03
23$03 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
'$&
‘58 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
&03
803 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
&03
803 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
&03
203 E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
$'&
$'& E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG [ )XQFWLRQ
$'&
$'& E BHULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
267,0(5
267,0(5 E 3HULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
)/(;3:0
)/(;3:0 E 3HULSKHUDO FORFN LV GLVDEOHG

E 3HULSKHUDO FORFN LV

HQDEOHG

$+% &ORFN &RQWURO 6HW Q

211VHW

05&&B*/%B&& B6(7

05&&B*/%B&& B6(7

S5HIJLVWHU

2I1IVHW

05&&B*/%B&& BG(7K

05&&B*/%B&& BG(7K

?ﬁ?@?g?% WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B&&QB6(7 UHJLVWHU VH
05&&B*/%B&&Q
'LDJUDP
% LWV
5
'$7%
5HVHW
% LWV
5
'$7%
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV

JLHOG | )XQFWLRQ

'DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 05&&B*/%B¢
'$7%

$+% &ORFN &RQWURO &OHDU Q 05&&B*/%B&& B&/5 05&&B*/%B&& B&/!

2I1IVHW

5HIJLVWHU 21IVHW

05&&B*/%B&& B&/5K

05&&B*/%B&& B&/5K

YXQFWLRQ

"ULWLQJ D WR D ELW SRVLWLRQ LQ D ZULWH RQO\ 05&&B*/%B&&QB&/5 UHJLVWHU FO
05&&B*/%B&&Q

‘LDJUDP
% LWV
5
'$7%
5HVHW
% LWV
5
$7%
5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

'‘DWD DUUD\ YDOXH UHIHU WR FRUUHVSRQGLQJ SRVLWLRQ LQ 0%&&B*/%B ¢
'$78$

$+% &ORFN &RQWURO 05&&B*/%B&&

21IVHW

5HIJLVWHU 21IVHW

05&&B*/%B&& K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
S 5HVH
5HVHUYHG 520&| 088 [*3,2 |*3,2 |*3,2 [*3,2 |*3,2 | 5$0&)530% 5808| '
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
UHVHUYHG
8 UHVHUYHG
520&
5208 E 3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
0%$8
0%$8 E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
*3,2
*3 2 E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
*3,2
*3 2 E B3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
*3,2
*3 2 E S3HULSKHUDO FORFN LV GLVDEOHG
E BHULSKHUDO FORFN LV HQDEOHG
*3,2
*3 2 E S3HULSKHUDO FORFN LV GLVDEOHG
E B3HULSKHUDO FORFN LV HQDEOHG
*3,2
*3 2 E S3HULSKHUDO FORFN LV GLVDEOHG

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

uUY

6 <6 ¢



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

6\VWHP &RQWUROOHU

JLHOG | )XQFWLRQ
E 3HULSKHUDO FORFN LV HQDEOHG
5%0&
5%$0& E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
550%
5%$0 % E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
5%0%
5%$0% E 3HULSKHUDO FORFN LV GLVDEOHG
E 3HULSKHUDO FORFN LV HQDEOHG
SHVHUYHG
8

&RQWURO $XWRPDWLF

&ORFN *DWLQJ

05&&B*/%B$&&

21IVHW
5HIJLVWHU 21IVHW
05&&B*/%B$&& K
'LDJUDP
% LWV
S1yi(;3 /38%| /38| /383 | /38%| /383|363, /363, /3, &| /3, &|)/(;, 5HVH|UY
4'& |48& |86% $2,
0 57 57 57 57 57 2 HG
5HVHW
% LWV
5 60$5| @ 87,&|)5(4 |&7,0(0&7,0(&7,0(&7.0(&7,0¢( ,1387
(50 | (,o | &s5& | $2, | 0% &
7'0 7 0( 5 5 5 5 5 08
S5HVHW
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV
JLHOG | )XQFWLRQ
)/(;3:0
Y/ (:3:0 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
4'&
4'8& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
4'&
4'8& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
86%
86 % E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/138%$57
/38%$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/138%$57
/38$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/138%$57
/38%$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/138%$57
/38$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/138%$57
/38%$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/363,
/363, E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
/363,
/363,

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
13, &
/3. & E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
13, &
/3. & E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
(.2
V(.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
$2,
$2. E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
UHVHUYHG
§ UHVHUYHG
(50
(50 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
(,0
(,0 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&5&
&5& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
$2,
$2. E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
‘0%
0% E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQEXHG IURP WKH SUHYLRXV SDJH
JLHOG [ ) XQFWLRQ
60$57'0%
60$57'0% E S$XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
4
17 E S$XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
87,&.
87,&. E S$XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
)5(40(
)5(40( E S$XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&7,0(5
&7,0(5 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&7,0(5
&7,0(5 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E S$XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&7,0(5
&7,0(5 E S$XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E S$XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&7,0(5
&7,0(5 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&7,0(5
&7,0(5 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E S$XWRPDWLF FORFN JDWLQJ LV HQDEOHG
, &
& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E S$XWRPDWLF FORFN JDWLQJ LV HQDEOHG
,138708;

0&; $

7DEOH FROWLQXHV RQ

DQG $

WKH QH[W

SDJH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

,138708; E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG

&RQWURO $XWRPDWLF &0ORFN *DWLQJ 05&&B*/%B$&&

21IVHW
5HIJLVWHU 21IVHW
05&&B*/%B$&& K
'LDJUDP
% LWV
5| 5HVH|WBH V H|U Y 751* SHVHUNBSS | /13, &| /3, &| )/(; | )/I(; | 6/& | 3257
HG HG M R 6t |3 HG | 57 &$1 | &%$1
5HVHW
% LWV
5| 3257|3257| 3257| 3257| 23$0| 23%0| 2330|2330 267,0)/(;3
5 3 3 3 '$& | &03 | &03 | &03 | $'& |[3$'& (5 o
5HVHW
JLHOGV
JLHOG | ) XQFWLRQ
UHVHUYHG
§ UHVHUYHG
5HVHUYHG
§
$'&
$'& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
$'&
$'& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
8")
8") E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
751*
751+ E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
6%,
6%, E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
3.&
3.& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
UHVHUYHG
§ UHVHUYHG
/138%$57
/38$57 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
13, &
/3. & E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
13, &
/3. & E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
)/ (;&$1
(G &$1 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
)/ (;&$1
)(;&$1 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
6/&'
6/&" E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
3257
3257 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
3257
3257 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
3257
3257 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
3257
3257 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
3257
3257 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
23%$03
23$03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
23$03
23$03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
23%$03
23$03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
23%$03
23$03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
'$&
‘58 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&03
&03

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7TDEOH FRQWLQEXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&03
&03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&03
&03 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
$'&
$'& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
$'&
$'& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
267,0(5
267,0(5 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
)/(;3:0
)/ (:3:0 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
&RQWURO $XWRPDWLF &ORFN *DWLQJ 05&&B*/%B$&&
21IVHW
5HIJLVWHU 21IVHW
05&&B*/%B$&& K
0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

‘LDJUDP
%LWV
5
5HVHUYHG
5HVHW
% LWV
5 5HVHUY
5HVHUYHG 520&| 0%$8 *3,2 | *3,2 | *3,2 | *3,2 | *3,2 5%$0&| 5$0%| 5%09% HG
S5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
520&
5208 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
0$8
0$8 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
*3,2
*3.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
*3,2
*3.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
*3,2
*3.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
*3,2
*3.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
*3,2
*3.2 E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH

FROWLQXHG IURP

6\VWHP &RQWUROOHU

WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
5%0&
5%$0& E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
550%
5%$0 % E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG
5%0%
5%$0% E $XWRPDWLF FORFN JDWLQJ LV GLVDEOHG
E $XWRPDWLF FORFN JDWLQJ LV HQDEOHG

UHVHUYHG
§ UHVHUYHG

, & B)&/. FORFN VHOHFWLRQ

2I1IVHW

FRQWURO 05&&B, & B)&/.B&/.6(/

5HILVWHU 2I1IVHW

05&&B, & B)&/.B&$. K
6(/

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 08;

5HVHW

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

6<6¢



1;3 6HPLFRQGXFWRUYV

JLHOGV

6\VWHP &RQWUROOHU 6<6¢

JLHOG | )XQFWLRQ

UHVHUYHG
§ UHVHUYHG

JXQFWLRQDO &ORFN OX[ 6HOHFW

05&&B*/%B$&& ELWV WR
E )52B/)B',9
E )52B+)B',9
E &/.B,1
E &/.BO
E 3// B&/.B',9
E S5HVHUYHG 12 &ORFN

08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VIKRXOG FF

, & B)&/. FORFN GLYLGHU FRQWURO 05&&B, & B)&/.B&/.",9

2I1IVHW

5HIJLVWHU 21IVHW

, 9

05&&B, & B)&/.B&$. K

'‘LDJUDP

% LWV

8167
$%

5
+$/7

5(6(

5HVHUYHG

S5HVHW

% LWV

5

5HVHUYHG

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV IODJ

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

6\VWHP &RQWUROOHU 6<6¢

JLHOG

)XQFWLRQ

8167%$%

E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH

'"HWHUPLQHVY WKH VWDELOLW\ RI WKH GLYLGHU FORFN

+$/7

+DOW GLYLGHU FRXQWHU

+DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

5(6(7

5HVHW GLYLGHU FRXQWHU
SHVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
UHVHUYHG

JXQFWLRQDO &ORFN 'LYLGHU

%HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFEFN VRXUFH V
05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

&7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

211VHW

SHIJLVWHU

21IVHW

05&&B&7,0(5 B&/.$ K

(/

KRXOG FF

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 08;

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH 0DQXDO

5HY

SHIHUHQFH

0DQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

KRXOG FF

JLHOGV
J)LHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR
E )52B/)B',9
E )52B+)B*$7('
E &/.B,1
E &/.B
E &/.B O
E 3// B&/.B',9
E 5HVHUYHG 12 &ORFN
&7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/.',9
21IVHW
5HIJLVWHU 21IVHW
05&&B&7,0(5 B&/.$&K
.9
'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGV
JLHOG | )XQFWLRQ
'LYLGHU VWDWXV I0DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR GLYLGHU YDOXH ', 9
&7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/
21IVHW
5HIJLVWHU 21IVHW

05&&B&7,0(5 B&/[.% K

(/

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

‘LDJUDP
%LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B%$&& ELWV WR

E

m m m m m m

)52B/)B"',9
)52B+)B*$7 ("

&/.B,1

&/.B

&/.B 0

3// B&/.B"',9
5HVHUYHG 12 &ORFN

&7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/.",9

2I1IVHW

5HIJLVWHU

21IVHW

05&&B&7,0(5 B&/[.%

.9

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&7,0(5 FORFN VHOHFWLRQ FRQWURO

6\VWHP &RQWUROOHU 6<6¢

05&&B&7,0(5 B&/.6(/

21IVHW
5HILVWHU 21IVHW
05&&B&7,0(5 B&/.% K
(/
‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR

E

m m m m m m

)52B/)B",9
)52B+)B*$7 ("

&/.B,1

&/.B

&/.B 0

3// B&/.B"',9
5HVHUYHG 12 &ORFN

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

&7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/.",9

2I1IVHW

5HIJLVWHU 21IVHW

05&&B&7,0(5 B&[.% &K
,9

'‘LDJUDP

LWV

8167
$%

5

+$/7 5HVHUYHG
5(6(

S5HVHW

%LWV

5
5HVHUYHG "9

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXYV IODJ

8167%$% | 'HWHUPLQHVY WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

E &ORFN IUHTXHQF\ LVQ W VWDEOH

+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

5HVHW GLYLGHU FRXQWHU
5(6(7 SHVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
8 UHVHUYHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
7DEOH FROWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
)XQFWLRQDO &ORFN 'LYLGHU
‘9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VIKRXOG FF
058&&B*/%B$&& ELWV WR GLYLGHU YDOXH ',9
&7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/
21IVHW
5HILVWHU 21IVHW
05&&B&7,0(5 B&/[.& K
(/
‘LDJUDP
% LWV
5
5HVHUYHG
S5HVHW
% LWV
5
S5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VIKRXOG FF

05&&B*/%B$&& ELWV WR
E )52B/)B',9

)52B+)B*$7 ("

E
E &/.B,1
E &/.B

0&; $

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E &/.B O
E 3// B&/.B',9
E OS5HVHUYHG 12 &0ORFN

&7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/.",9

2I1IVHW

5HIJLVWHU 21IVHW

05&&B&7,0(5 B&/[.& K
,9

‘LDJUDP

%LWV

8167
$%

5

+$/7 5HVHUYHG
5(6(

S5HVHW

%LWV

5
5HVHUYHG "9

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV IODJ

8167%$% | 'HWHUPLQHVY WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

E &ORFN IUHTXHQF\ LVQ W VWDEOH

+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
§ UHVHUYHG

JXQFWLRQDO &ORFN 'LYLGHU

9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VIKRXOG FF
05&&B*/%B$&& ELWV WR GLYLGHU YDOXH 9

&7,0(5 FORFN VHOHFWLRQ FRQWURO 05&&B&7,0(5 B&/.6(/

21IVHW

5HIJLVWHU 21IVHW

05&&B&7,0(5 B&/[.& K
(/

‘LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 08;

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

UHVHUYHG
8 UHVHUYHG

YXQFWLRQDO &ORFN OX[ 6HOHFW

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

08;

%HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR
E )52B/)B',9
)52B+)B*$7 ("
&/.B,1
&/.B
&/.B 0
3// B&/.B"',9
5HVHUYHG 12 &ORFN

m m m m m m

&7,0(5 FORFN GLYLGHU FRQWURO 05&&B&7,0(5 B&/.",9

6\VWHP &RQWUROOHU 6<6¢

KRXOG FF

21IVHW
5HILVWHU 21IVHW
05&&B&7,0(5 B&/[.&&K
9
‘LDJUDP
%LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7

5HVHW
%LWV

5

5HVHUYHG

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV 10DJ
8167%$% |  HWHUPLQHV WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH "9

::'7 FORFN GLYLGHU FRQWURO 05&&B::'7 B&/.',9

211VHW

SHIJLVWHU

21IVHW

05&&B::'7 B&/.",|' K

9

'LDJUDP

LWV

KRXOG FF

8167
$%

5

+$/7 5HVHUYHG

5(6(

5HVHW

LWV

5HVHUYHG "9

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

JLHOGYV
JLHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167$% | ' HWHUPLQHV WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR GLYLGHU YDOXH ',9
)/(;,2 FORFN VHOHFWLRQ FRQWURO 05&&B)/(;,2 B&/.6(/
21IVHW
5HILVWHU 21IVHW

05&&B)/(;,2 B&/.6' K

(/

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

‘LDJUDP
%LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR
E )52B/)B',9

m m m m m

)52B+)B*$7 ("

&/.B,1

&/.B 0

3// B&/.B"',9
5HVHUYHG 12 &ORFN

)/(;,2 FORFN GLYLGHU FRQWURO 05&&B)/(;,2 B&/.",9

2I1IVHW

5HIJLVWHU

21IVHW

05&&B)/(;,2 B&/.|, &K

9

0&; $

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

/3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/.6(/

2I1IVHW

5HIJLVWHU

21IVHW

05&&B/3, & B&/.6(/K

‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR
E )52B/)B',9
)52B+)B",9
&/.B,1
&/.B 0
3// B&/.B"',9
5HVHUYHG 12 &ORFN

m m m m m

/3, & FORFN GLYLGHU FRQWURO

211VHW

05&&B/3, & B&/.",9

S5HIJLVWHU

21IVHW

05&&B/3, & B&/.",0 K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

/3, & FORFN VHOHFWLRQ FRQWURO 05&&B/3, & B&/.6(/

2I1IVHW

5HIJLVWHU

21IVHW

05&&B/3, & B&/.6(/K

‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR
E )52B/)B',9
)52B+)B",9
&/.B,1
&/.B 0
3// B&/.B"',9
5HVHUYHG 12 &ORFN

m m m m m

/3, & FORFN GLYLGHU FRQWURO

211VHW

05&&B/3, & B&/.",9

S5HIJLVWHU

21IVHW

05&&B/3, & B&/.',0&K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

/363, FORFN VHOHFWLRQ FRQWURO 05&&B/363, B&/.6(/
21IVHW
5HIJLVWHU 21IVHW
05&&B/363, B&/.6)]/K
‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5
5HVHUYHG 08;
5HVHW
JLHOGYV
)LHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR
E )52B/)B',9
E )52B+)B',9
E &/.B,1
E &/.BO
E 3// B&/.B',9
E 5HVHUYHG 12 &ORFN
/1363, FORFN GLYLGHU FRQWURO 05&&B/363, B&/.",9
21IVHW
5HIJLVWHU 21IVHW
05&&B/363, B&/.|,9K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

/363, FORFN VHOHFWLRQ FRQWURO 05&&B/363, B&/.6(/
21IVHW
5HIJLVWHU 21IVHW
05&&B/363, B&/.6)]/K
‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5
5HVHUYHG 08;
5HVHW
JLHOGYV
)LHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR
E )52B/)B',9
E )52B+)B',9
E &/.B,1
E &/.BO
E 3// B&/.B',9
E 5HVHUYHG 12 &ORFN
/1363, FORFN GLYLGHU FRQWURO 05&&B/363, B&/.",9
21IVHW
5HIJLVWHU 21IVHW
05&&B/363, B&/.|,)&K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG 9
5HVHW | |
JLHOGV
J)LHOG | )XQFWLRQ
'LYLGHU VWDWXV 10DJ
8167%$% | 'HWHUPLQHV WKH VWDELOLW\ Rl WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH
E &ORFN IUHTXHQF\ LVQ W VWDEOH
+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG
5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

/138857 FORFN VHOHFWLRQ FRQWURO

6\VWHP &RQWUROOHU 6<6¢

05&&B/38%57 B&/.6(/

21IVHW
5HILVWHU 21IVHW
05&&B/38%57 B&/[.6 K
(/
‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG 08;
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR

E

m m m m m m

)52B/)B",9
)52B+)B",9
&/.B,1
&/.B
&/.B 0

3// B&/.B",9
5HVHUYHG 12 &0RFN

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

KRXOG FF

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

/38857 FORFN GLYLGHU FRQWURO 05&&B/38%$57 B&/.',9

2I1IVHW

5HIJLVWHU 21IVHW

05&&B/38%57 B&/[.' K
,9

'‘LDJUDP

LWV

8167
$%

5

+$/7 5HVHUYHG
5(6(

S5HVHW

%LWV

5
5HVHUYHG "9

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXYV IODJ

8167%$% | 'HWHUPLQHVY WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

E &ORFN IUHTXHQF\ LVQ W VWDEOH

+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

5HVHW GLYLGHU FRXQWHU
5(6(7 SHVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
8 UHVHUYHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢
7DEOH FROWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
)XQFWLRQDO &ORFN 'LYLGHU
"9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VKRXOG FF
05&&B*/%B$&& ELWV WR  GLYLGHU YDOXH ',9
/38857 FORFN VHOHFWLRQ FRQWURO 05&&B/38%57 B&/.6(/
21IVHW
5HIJLVWHU 21IVHW
05&&B/38%57 B&/[.6 K
(/
'LDJUDP
% LWV
5
5HVHUYHG
S5HVHW
% LWV
5
S5HVHUYHG 08;
5HVHW
JLHOGV
)LHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
YXQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VKRXOG FF

05&&B*/%B$&& ELWV WR

E )52B/)B',9
E )52B+)B",9
E &/.B,1
E &/.B
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E &/.B O
E 3// B&/.B',9
E OS5HVHUYHG 12 &0ORFN

/38857 FORFN GLYLGHU FRQWURO 05&&B/38%$57 B&/.',9

2I1IVHW

5HIJLVWHU 21IVHW

05&&B/38%57 B&/[."' &K
,9

‘LDJUDP

%LWV

8167
$%

5

+$/7 5HVHUYHG
5(6(

S5HVHW

%LWV

5
5HVHUYHG "9

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV IODJ

8167%$% | 'HWHUPLQHVY WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

E &ORFN IUHTXHQF\ LVQ W VWDEOH

+DOW GLYLGHU FRXQWHU
+$/7 +DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

5HVHW GLYLGHU FRXQWHU
5(6(7 5HVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
§ UHVHUYHG

JXQFWLRQDO &ORFN 'LYLGHU

9 %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH VIKRXOG FF
05&&B*/%B$&& ELWV WR GLYLGHU YDOXH 9

/138857 FORFN VHOHFWLRQ FRQWURO 05&&B/38%57 B&/.6(/

21IVHW

5HIJLVWHU 21IVHW

05&&B/38%57 B&/[.6 K
(/

‘LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 08;

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

UHVHUYHG
8 UHVHUYHG

YXQFWLRQDO &ORFN OX[ 6HOHFW

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

08;

%HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR
E )52B/)B',9
)52B+)B",9
&/.B,1
&/.B
&/.B 0
3// B&/.B"',9
5HVHUYHG 12 &ORFN

m m m m m m

/38857 FORFN GLYLGHU FRQWURO 05&&B/38%$57 B&/.',9

6\VWHP &RQWUROOHU 6<6¢

KRXOG FF

21IVHW
5HILVWHU 21IVHW
05&&B/38%57 B&/[.' K
.9
‘LDJUDP
%LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7

5HVHW
%LWV

5

5HVHUYHG

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

'LYLGHU VWDWXV 10DJ
8167%$% |  HWHUPLQHV WKH VWDELOLW\ RI WKH GLYLGHU FORFN
E 'LYLGHU FORFN LV VWDEOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

E &ORFN IUHTXHQF\ LVQ W VWDEOH

+$/7

+DOW GLYLGHU FRXQWHU

+DOW GLYLGHU FRXQWHU
E 'LYLGHU FORFN LV UXQQLQJ
E 'LYLGHU FORFN LV VWRSSHG

5(6(7

5HVHW GLYLGHU FRXQWHU
SHVHW GLYLGHU FRXQWHU
E 'LYLGHU LVQ W UHVHW
E 'LYLGHU LV UHVHW

UHVHUYHG
UHVHUYHG

JXQFWLRQDO &ORFN 'LYLGHU

%HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V

05&&B*/%B$&& ELWV WR GLYLGHU YDOXH

e

/38857 FORFN VHOHFWLRQ FRQWURO 05&&B/38%57 B&/.6(/

211VHW

SHIJLVWHU

21IVHW

05&&B/38%57 B&/[.6 K

(/

KRXOG FF

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 08;

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6\VWHP &RQWUROOHU 6<6¢

KRXOG FF

JLHOGV
J)LHOG | )XQFWLRQ
UHVHUYHG
§ UHVHUYHG
)XQFWLRQDO &ORFN OX[ 6HOHFW
08; %HIRUH FKDQJH SHULSKHUDO V IXQFLWLRQDO FORFN VRXUFH V
05&&B*/%B$&& ELWV WR
E )52B/)B',9
E )52B+)B',9
E &/.B,1
E &/.B
E &/.B O
E 3// B&/.B',9
E 5HVHUYHG 12 &ORFN
/38$57 FORFN GLYLGHU FRQWURO 05&&B/38%57 B&/.',9
21IVHW
5HIJLVWHU 21IVHW
05&&B/38%$57 B&[.' &K
.9
'LDJUDP
% LWV | |
8167
5
$%
+$/7 5HVHUYHG
5(6(
7
5HVHW | |
% LWV | |
5
5HVHUYHG
5HVHW | |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO
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JRU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG I

XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

2YHUYLHZ

&'2* KHOSV SURWHFW WKH LQWHJULW\ RI VRIWZDUH E\ GHWHFWLQJ XQH[SHFWHG FKELC
EH FRQILIJIXUHG WR UHVHW RU LOQWHUUXSW WKH SURFHVVRU FRUH ZKHQ LW GHWHFW

r | configure CDOG
Processor core | €xecute |_connigure | .
————»  Software [ ——— Fault detection
L e e _ _ —_ =

A

Reset or Interrupt (or nothing)

JLIXUH&'2* RYHUYLHZ

%ORFN GLDJUDP
7KH IROORZLQJ EORFN GLDJUDP VKRZV WKH FRPSRQHQWYV RI &'2*

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

CDOG
---------------------- W prmmmmm e, ----------------------:
Control Fault !
and » Code flow check > and :
Flag generation !
1
i
1

i
1
i
! Command
1
1
i
1

—— Interrupts
—> Resets

Register Interface

JLIXUH%ORFN GLDJUDP RI &'2*

JHDWXUHV
&'2* LQFOXGHV WKH IROORZLQJ FRGH IORZ DQG GDWD LQWHJULW\ FKHFENLQJ
p)DXOWV DQG I0DJV FRQILIXUDEOH WR JHQHUDWH D VA\VWHP UHVHW LQWHUUXSWYV
H&RXQWHUV IRU VWDWLVWLFV RQ FRGH EHKDYLRU SDWWHUQV IRU IDXOW W\SHV

)XQFWLRQDO GHVFULSWLRQ
7KH IROORZLQJ VHFWLRQV GHVFULEH IXQFWLRQDO GHWDLOV RI WKLY PRGXOH

&RGH IORZ FKHFNLQJ

&'2* SURYLGHV WZR SULPDU\ PHFKDQLVPV IRU GHWHFWLQJ ORZ FRVW IDXOW DWWDF|
LOQVWUXFWLRQ VHTXHQFHYV

H6HFXUH &RXQWHU
H,QVWUXFWLRQ 7LPHU ,16758&7,21B7,0(5

6HFXUH FRXQWHU

7KH 6HFXUH &RXQWHU LV D ELW DFFXPXODWRU WKDW KROGV D G\QDPLFDOO\ FKDQ
GHWHUPLQH LI D SURJUDP LV HIHFXWLQJ DV H[SHFWHG ,I D PLVPDWFK LV GHWHFWH

H6HFXUH &RXQWHU LV DQ DFFXPXODWRU WKDW ZKHQ ORDGHG'ZLWIBRREPODWGNYO YL
WR LQFUHPHQW GHFUHPHQW WKH FRXQWHU

M3HULRGLFDOO\ D 6HFXUH &RXQWHU YDOXH FKHFN LV 6/QBW(EYWHGRESSDBYVLQI WK
FRPPDQG UHJLVWHU 7KH YXIB3G K $DVREBEEG (WR LV FRPSDUHG ZLWK WKH FXUUHQW YI
6HFXUH &RXQWHU

p,I b PLVPDWFK LV GHWHFWHG EHWZHHQ WKH 6HBXPB5&RNEGWRIBL QGG WKH YDOXH Z
FRPPDQG UHJLVWHU WKH H[HFXWLRQ IORZ KDV SRWHQWLDOO\ EHHQ DOWHUHG E\

,QVWUXFWLRQ WLPHU

TKEHQVWUXFWILRQ@Q7LAEHW FRXQW GRZQ WLPHU WKDW DQ DSSOLFDWLRQ XVHV WR VHW
WR H[HFXWH 7KH ,QVWUXFWLRQ 7LPHU FRXQWYV RIl WKH LQVWUXFWLRQV DV WKH\ DU
WKH &'2* LV VHUYLFHG D IDXOW LV JHQHUDWHG

7KH DSSOLFDWLRQ SURJUDPPHU SUH ORDGY WKH ,QVWUXFWLRQ 7LPHU ZLWK VOLJKW(
VHTXHQFH 7KH &'2* GHWHFWYVY FDVHV ZKHUH WKH FRXQWHU LV UHVHW WR EHIRUH C
XQDXWKRUL]JHG LOQOVWUXFWLRQV DUH EHLQJ H[HFXWHG

H,QVWUXFWLRQ 7LPHU SODFHV D KDUG XSSHU OLPLW RQ WKH LOQWHUYDO EHWZHHQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7L

PHU &'2*

HM7KH ,QVWUXFWLRQ 7LPHU FDQ EH SURJUDPPHG WR HLWKHU SDXVH RU NHHS UXQQ

H[HFEXWLQJ

M7K7$57FRPPDQG ORDGY WKH LQWHUQDO GHFUHPHQWDO FRXQWHU

%HIRUH WKH F

6723RY(67$57FRPPDQG PXVW EH H[HFXWHG WR IRUFH D 6HFXUH &RXQWHU FKHFN

ORGHV RI RSHUDWLRQ 67$7(
7KH &'2* KDV WZR OHJDO VWDWHYV ,'/( DQG $&7,9(

Any RESET

Correct sequence of writes to Control registers,
followed by write to START register

Correctly formulated STOP command

JLIXUH&'2* VWDWH GLDJUDP

H7KH WZR VWDWHY DUH HQFRG$/G 6XX 86K EHD G RQO\
pHSIWHU DQ\ UHVHW LQFOXGLQJ D UHVHW JHQHUDWHG E\ WKH &'2* LWVHOI

M7R FKDQJH WKH PRGXOH VWDWH WR $&7,9(

E\ D 67$57 FRPPDQ®P&IWH XVH FDVHYV

WKH PF

VRIWZDUH PXVW H[HFXWH D FRUUHFW V

M2QFH $&7,9( D FRUUHFWO\ IRUPXODWHG 6723 FRPPDQG ZLOO FKDQJH WKH VWDWH

)DXOWV I0DJV DQG FRXQWHUV

)DXOW W\SHV

$00 IDXOW W\A\SHV H[FHSW &21752/

7TDEOH)DXOW W\SHYV

FDQ EH LQGLYLGXDOO\ FRQWUROOHG WR JHQHUI

7KLV IDXOW

2FFXUV ZKHQ

7,0(287 7KH ,QVWUXFWLRQ 7LPHU UHDFKHV

0,6&203%5( (LWKHU D 6723 RU D 5(67$57 FRPPDQG LV LVVXHG [DQG WK
LQVWUXFWLRQ GRHV QRW PDWFK WKH FRQWHQW R{l WKH 6t
$66(57 FRPPDQG LV LVVXHG DQG WKH ORZHU ELW YDOX
GRHV QRW PDWFK WKH ORZHU ELW YDOXH RI WKH 6HFXU

6(48(1&( 7KH SUHVFULEHG VHTXHQFH RI LQWHUDFWLRQV EHWZHHQ

&21752/ $Q\ Rl WKH &21752/ UHJLVWHU V ILHOGY FRQWDLQ|DQ LOO¢

67$7( 7KH LQWHUQDO VWDWH PDFKLQH FRQWDLQV DQ\ YDOXH RW

$''5(66 :KHQ DQ XQGHILQHG DGGUHVV LQ WKH PRGXOH V UHJLVWH

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

7DEOH)DXOW W\SHV FRQWLQXHG

7KLV IDXOW 2FFXUV ZKHQ

127(
$GGUHVV [& LV UHVHUYHG EXW QR $''5(66 IDXOW ZLOO EF
ZKHQ [& LV DFFHVVHG

JRU &21752/ IDXOW D VA\VWHP UHVHAW 6LX\& UHBN) X$H\@\DHB2ZKHIY >/2&.B&75/@E

/IREN WKH &21752/ UHJL\WWYHTUSEA>ZDE& MBRGS/@E DW WKH VDPH WLPH WKDW WKH GHVLUHC(
ZULWWHQ 7KLV EORFNV DGGLWLRQDO ZULWHYV DQG SUHYHQWYV &21752/ IDXOWYV

, QWHUUXSWVY DUH DYDLODEOH DV DQ DOWHUQDWLYH WR V\VWHP UHVHW JHQHUDWLR
FRGH GHYHORSPHQW DQG GHEXJ RSHUDWLRQV ,Q WKH ILQDO DSSOLFDWLRQ LQWHU
HQDEOHG IRU RWKHU IDXOWV RU GLVDEOHG FRPSOHWHO\ DW WKH ULVN RI UHGXFH

)DXOW FRXQWHUV

(DFK IDXOW W\SH KDV DQ DVVRFLDWHG FRXQWHU WKDW LQFUHPHQWY ZKHQ WKH IDX(
E\ D VIVWHP UHVHW 7KXV VWDWLVWLFV FDQ EH EXLOW XS RYHU PDQ\ FRGH ZDWFKG
W\SH RI DWWDEFN

)ODJV

(DFK IDXOW W\SH KDV DQ DVVRFLDWHG $"GDUHD ENMVHML E®D HOW K VRIXWIK AKKHHQHYHU LWV D
LV GHWHFWHG DQG FDQ EH FOHDUHG E\ VRIWZDUH 7KH IODJV WKHPVHOYHVY ZKHQ F
LOQWHUUXSW RXWSXWYV

7KH 10ODJV UHWDLQ WKHLU YDOXH WKURXJK D VIVWHP UHVHW LQFOXGLQJ RQH JHQH!
PHFKDQLVP VRIWZDUH FDQ HDVLO\ DQVZHU WKH +RZ G$§% ,UHIWVRHUH D | WXHV W/Q R Q HE

7R IDFLOLWDWH WHVWLQJ DQG FRGH GHYHORSPHQW ZULWH&RZR7WX/E/ZRDBY /GL@HFWO
E KHQ WKH PRGX@RQRINSDRFNHB&75/@E WKH IODJV FDQ EH FOHDUHG E\ ZULWLQJ

7DEOH)/$*6 VXPPDU\

1DPH 325 $'5 | 67$7( | &21752/ |6(48(1&( 0,6&203%$5( |7,0(287

% LW

SHVHW YDOXH DIWHU
325"

:ULWHDEOH £KHQ | < < < < < <
XQORFNHG'

& ZKHQ < < < < < < <
ORFNHG"

)DXOW JHQHUDWLRQ
6RPH IDXOWYV DUH UHODWHG WR ZKHQ DQG KRZXWRALVWHUY FDQ EH DFFHVVHG 6HH
7KH &'2* VXSSRUWYV WKH IROORZLQJ IDXOWYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7DEOH)DXOW JHQHUDWLRQ

&RGH :DWFKGRJ 7L

PHU &'2*

7KLV IDXOW

,VIHQHUDWHG ZKHQ

6(48(1&(

H6RIWZDUH GRHV SR ZEHMH WWRKH 67$57 FRPPD

M6RIWZDUH ZBYL2$HVY QVR&7,9( VWDWH 2QO\ ZULWH
VWDWH

H6RIWZDUH DWWHPEMSS WR FLTLWHWWDWH 2Q0\ Z
,'/( VWDWH

H,Q ,'/( VWDWH VRIWZDUH DWWHPSWV WR ZULWH
WKBD$57

H,Q $&7,9( VWDWH VRIWZDUH BWMWHPSWRXSRUHAU L

QG LV L\
WR 5(/2

ULWH W]

WR D &:

WW HUR [

$''5(66

p$ UHDG DFFHVV ZLWKLQ WKH &'2* DGGUHVV VSI
&21752/UHJLVWHU JURXS

M$ ZULWH DFFHVV ZLWKLQ WKH &'2* DGGUHVV VS
WKH 1752/DQG &200%$1" UHJLVWHU JURXSYV

127(
$GGUHVV [& LV UHVHUYHG LQ WKH DGGUHVV VS
UHJLVWHU JURXS

FH WR

DFH WR

DFH RI W

7,0(287

H7KH FRXQWGRZQ LV RQH FORFN EHIRUH WKH ,Q

WUXFWL

0,6&203%5(

M7KBH723UHIJLVWHU LV ZULWWHQ DQG WKH FXUUH
PDWFK WKH ZULWH GDWD

M7TKB(67$57UHIJLVWHU LV ZULWWHQ DQG WKH FXU
QRW PDWFK WKH ZULWH GDWD

M7TKI$S66(57 UHJLVWHU LV ZULWWHQ DQG WKH FXU
YDOXH GRHV QRW PDWFK WKH ELW ZULWH GD

QW 6HF X

UHQW 6F

UHQW 6
vV D

&21752/

M7TKK21752/>/2&.B&75L@O0G LV DQ\ YDOXH RWKHU

H7KH &21752/ ELW ,I0(HOTR&75),6&203%$5(B&75/
6(48(1&(B&7567%$7(B&75R¥'5(66B&75/FRQWDLQ DQ
RWKHU WKDQ E E RU E

H7TKH21752/>'(%8*B+$/7B&VISH@G FRQWDLQV DQ\ Y
RU E

H7KH21752/>,54B3$81A(MI0OG FRQWDLQV DQ\ YDOXH

WKDQ E

\ YDOXH

DOXH RW

RWKHU \

6737(

M7KH 67$7( PDFKLQH FRQWDLQV DQ\ YDOXH RWKH
67$786>&8567@

U WKDQ

&ORFNLQJ

&'2* KDV RQO\ RQH FORFN LQSXW 6HH WKH FKLS VSHFLILF &'2* VHFWLRQ IRU LQIRUP
RSWLRQ IRU D VSHFLILF GHYLFH

SHVHW

&'2* KDV WZR KDUGZDUH UHVHW LQSXW VRXUFHV SRZHU RQ UHVHW 325 DQG V\VWH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

&'2* FDQ JHQHUDWH D V\VWHR UHHB2HWH XDML\Y B BMM |IODJV DRG GERWOWBVWQ KRZ &'Z
JHQHUDWHY D VAVWHP UHVHW

3RZHU RQ UHVHW 325
7KH ORJLF DQG DOO UHJLVWHUV RI WKLY PRGXOH DUH UHVHW WR WKHLU GHIDXOW V

6\VWHP UHVHW
7KH ORJLF DQG PRVW RI WKH UHJLVWHUV RI WKLV PRGXOH DUH UHVHW WR WKHLU Gt
7KH IROORZLQJ UHJLVWHUV FDQQRW EH UHVHW E\ D VIVWHP UHVHW
H3HUVLVWHQW 'DBWI6 6W RIVD J H
H)ODJIV$*6
H6WDWXYV$786 H[FHS®H Y >&856 L @O0 G
H6WDWXYV$786

,QWHUUXSWYV

&'2* KDV RQO\ RQH LOWHUUXSW RXWSXW 7KH LOQWHUUXSW VLJQDO RXWSXW E\ &'2* F
7KH IROORZLQJ WDEOH OLVWYV &'2* V LQWHUUXSW VRXUFHV

7TDEOH,QWHUUXSW 6XPPDU\

,QWHUUXSW I0DJ ,QWHUUXSW HQDEOH '"HVFULSWLRQ

)/$*6>72B)/$*@ &21752/>7,0(287B&75/® 7,0(287 IDXOW LQWHUUXSW
)/$*6>0,6&20B)/$*@ &21752/>0,6&203$5(B&75/® | 0,6&203%$5( IDXOW LQWH|UUXSW
)/$*6>6(4B)/$*@ &21752/>6(48(1&(B&75/@ 6(48(1&( IDXOW LQWHUUXSW
)/$*6>67$7(B)/$*@ &21752/>67%$7(B&75/@ 67$7( IDXOW LQWHUUXSW
)/$*6>$''5B)/$*@ &21752/>$''5(66B&75/@E $''5(66 IDXOW LQWHUUX|SW

$SSOLFDWLRQ LQIRUPDWLRQ

7KLY VHFWLRQ JLYHV H[DPSOHV RQ KRZ WR SURJUDP &'2* WR PRQLWRU FRGH H[HFXW

([IDPSOH XVH FDVHV
7KHUH LV JHQHUDOO\ D VWULFW VHTXHQFH WR FRQILJXUH WKH &'2* DFWLYDWHG DQ

:ULWH DQ ,QVWUXFWLRQ 7LPHU UHORDG YDOXH FRUURBV®RXEMWLRY R WHKH BXWURHX
5(/2$'" UHJLVWHU

:ULWH D FRQWUR®RQRURBR OV RHWIKWHW RIKH I &Y WHH2/ ZKHUH HDFK IDXOW W\SH LV FRQIL.
LQWHUUXSW RU QHLWKHU 7KHQ ORRN IWKH/ %RQVB&R B B®EELW WXRIWXRIQQILWKH 5HJ
,16758&7,21B7,0/B\ EH DOZD\V NHSW UXQQLQJ RU UXQ RQO\ GXULQJ QRQ ,54 HI[F
SURFHVVLQJ EDVHG R@XMKHBE2YDGXA B 3$@ IaMKEHG

$FWLYDWH WKH PRGXO87 £87Z&RPRDQQ GV RHWIK\HWWWHHII L&/ABBEY 7KH LQLWLDO YDOXH IR
&RXQWHU LV WKH, DW X MFPAWILRWHPHU 5HILVWHULP R6THEBRWHRABYWDPUWY GHFUHPH
5(/2$' YDOXH RQ HYHU\ FORFN F\FOH

$W VWUDWHJILFDOO\ FKRVHQ ZD\ SRLQWV LQ WKH FRGH IORZ RI WKH DSSOLFDWLI
FRPPDQGY RU DVVHUW WKH ORZHU ELW YDOXH RI WKH 6HFXUH &RXQWHU E\ W

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

KHQ WKH ZD\ SRLQW WKDW FRUUHVSRQGVY WR WKH QXPEHU RI HIHFXWHG LQVWU
RI WKH FXUUHQW FRGH VHFWLRQ LV UHDFKHG ZULWH WKH H[SHFWHG YDOXH RI
$VVXPLQJ WKH ZULWWHQ YDOXH FRPSDUHV H[DFWO\ WR WKH FRQWHQWYV RI WKH
SURFHVVY FDQ EHJLQ DJDLQ IRU WKH QH[W FRGH VHFWLRQ E\ UHSHDWLQJ VWHSYV

$QRWKHU H[DPSOH RI D FRQILIJIXUDWLRQ DQG VWDUW SURFHGXUH LV DV IROORZV

ULWH @M KWMUXFWLRQ 7LPHU 5HILVWHU UHGRDS&E ¥ PARAVR(RFWKIRQ 7LPHU 5HORDG 5
5(/2$'" UHJLVWHU :ULWH D YHU\ ODUJH QXPEHU WR SURYLGH D EXIIHU IRU ODUJ

:ULWH D FRQWUR®RQWUR @V RHWIKWHW IKH I &Y W2/ ZKHUH HDFK IDXOW W\SH LV FRQIL.
LOWHUUXSW RU QHLWKHU 7KHQ ORRNIWEKH/ ¥RQVBEARBLBBOGLYVWHU XVLQJ WKH

$FWLYDWH WKH PRGX®@H $5\7 Z&R-RWPLIDQY GVFH WKWHWMHHUO L&MWH Y 7KH LQLWLDO YDOXH IRU
LV WKH YDO X165 Z94WWHB 7, (BPHGLDWHO\ VWDUWYV GHFUHPHQWLQJ IURP WKH 5(/Z

$W VWUDWHJILFDOO\ FKRVHQ ZD\ SRLQWV LQ WKH FRGH IORZ RI WKH DSSOLFDWLI
FRPPDQGYVY RU DVVHUW WKH ORZHU ELW YDOXH RI WKH 6HFXUH &RXQWHU E\ W

'XULQJ WKH H[HFXWLRQ IORZ WKH DSSOLFDWIIZEB Q&R XV/NVB D QADLW WiH WD XD HR IDW K
WRZDUG

D 5HDG WKMW58&7,21B7,0(BOXH UHIJXODUO\ WR GHWHUPLQH WKH H[SHQGHG WLPI

E %HIRUH1IWKIB&7,21B7,0(BOXH UHDFKHYV VRIWZDUH PXVW VHUYLFH WKH &'2*
&RXQWHU H[SHFWHG YDOXH WR WKH 5(67$57 FRPPDQG UHJLVWHU

F $VVXPLQJ WKH YDOXH ZULWWHQ FRPSDUHV H[DFWO)\IWR5 ®&KH2EHBQVWHQ WYV RI V
UHORDGV ZLWK WEKH2%$D OXHLVWWKHDY LW GHFUHPHQWY WRZDUG

8VLQJ &'2* GXULQJ FRGH GHYHORSPHQW GHEXJ
JROORZLQJ DUH VXJJHVWLRQV IRU IDFLOLWDWLQJ WKH FRGH GHYHORSPHQW DQG GH
HODLQWDLQ FRQWURO ZKLOH DGMXVWLQJ WKH WLPLQJ DQG ILQH WXQLQJ RI WKH FR
H7ULJJHU IDXOWV E\ GLUHFW ZULWLQJ WKH ELWV LQ WKH )/$*6 UHJLVWHU ZLWK WK
H3DXVH WKH LQVWUXFWLRQ WLPHU GXULQJ D SDXVH RI D GHEXJ VHVVLRQ E\ XVLQJ

OHPRU\ PDS DQG UHJLVWHU GHILQLWLRQ
7KLV VHFWLRQ LQFOXGHV WKH PHPRU\ PDS DQG GHWDLOHG GHVFULSWLRQV RI DOO

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

CDOG registers COMMAND Group Registers

n
=]
=

START

N}
N
=

CONTROL Group Registers STOP Writes to Command registers

N
@
=

on CONTROL RESTART update the running module
2Ch ™ . .
Writes to Control Registers 4h at specific _pomts during
configure the module. RELOAD 0h the executl.on flow
8h INSTRUCTION ADD1 of the application.
ADD16
Periodic reads of the Instruction Timer 10h RESERVED 38h
and module status monitor STATUS ach ADD256 Timely and accurate updates

14h SUB prevent fault generation.

application instruction flow.

STATUS2

N
)
=

18h
FLAGS SUEE

IS
=
=

SUB16

N
o
>

SUB256

4Ch

ASSERT16

JLIXUH&'2* UHJLVWHU JURXSV

&'2* UHJLVWHU GHVFULSWLRQV

&'2* PHPRU\ PDS

&'2* EDVH DGGUHVV B
&'2* EDVH DGGUHVV B
21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ELWV
K &RQWURO 5HIJLVWHU &21752/ 5: B K
K ,QVWUXFWLRQ 7LPHU 5HORDG 5HJLVWHU 5(/28$" 5: ))))B))))K
K ,QVWUXFWLRQ 7LPHU 5HJLVWHU ,16758&7/21B7,0(5 5 ))))B))))K
K BWDWXV 5HJLVWHU 67%$786 5 B K
K BWDWXV 5HJLVWHU 67$786 5 B K
K YODJV 5HILVWHU )/$*6 5: B K
&K 3HUVLVWHQW 'DWD 6WRUDJH 5HJLVWHU 3(56,67(175: B K
K 67$57 &RPPDQG 5HJLVWHU 67$57 B K
K 6723 &RPPDQG 5HJLVWHU 6723 B K
K 5(67$57 &RPPDQG 5HJLVWHU 5(67$57 B K
&K $'" &RPPDQG 5HJLVWHU $" B K
K $'" &RPPDQG 5HJLVWHU $' B K

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW Y
,Q ELWV
K $'' &RPPDQG 5HJLVWHU $' B K
K $'' &RPPDQG 5HJLVWHU $' B K
&K 68% &RPPDQG 5HIJLVWHU 68% B K
K 68% &RPPDQG 5HIJLVWHU 68% B K
K 68% &RPPDQG 5HJLVWHU 68% B K
K 68% &RPPDQG 5HJLVWHU 68% B K
&K $66(57 &RPPDQG 5HJLVWHU $66(57 B K

&RQWURO 5HIJLVWHU &21752/

2I1IVHW

5HIJLVWHU

21IVHW

&21752/

K

YXQFWLRQ

7KH &RQWURO UHJLVWHU &21752/

UHVSRQGYVY ZKHQ GHWHFWLQJ D IDXOW

DOXH

FRQWDLQVY DOO WKH FRQWUROODEOH DWWULEXW

'LDJUDP
% LWV

5 (%s*B+$/7B 67$7

,54B3%$86( $''5(66B&75/
&75/ B &

5HVHW
% LWV

5

67%$7(B&75 5HVHUYHG 6(48(1&(B&75/ 0,6&203%5(B&75 7,0(287B&75/ /2&.B&75/
5HVHW
JLHOGV
JLHOG | )XQFWLRQ

"(%8*B+$/7 FRQWURO
&RQWUROV ZKHWKHU WKH ,QVWUXFWLRQ 7LPHU UXQV RU VWRSV

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

ZKHQ Wk

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

(%8*B+$/7
&75/

BHH FKLS VSHFLILF &'2* VHFWLRQ IRU LQIRUPDWLRQ RQ '(%8*B+
E .HHS WKH WLPHU UXQQLQJ

E 6WRS WKH WLPHU

5/7 FRQQF

,54B3%$86

,54 SDXVH FRQWURO

&RQWUROV ZKHWKHU WKH ,QVWUXFWLRQ 7LPHU UXQV RU VWRSYV

6HH FKLS VSHFLILF &'2* VHFWLRQ IRU LQIRUPDWLRQ RQ ,54B3%$8
E .HHS WKH WLPHU UXQQLQJ

E 6WRS WKH WLPHU

ZKHQ WK
6( FRQQH

SHVHUYHG

127¢
7KLV ILHOG LV QRW WHVWDEOH E\ DQ DXWRPDWHG U

HILVWHU V

$''5(66B&7
5/

$''5(66 IDXOW FRQWURO

&RQWUROV KRZ WKH &'2* PRGXOH UHVSRQGV ZKH®@*6HW'BBW bOQ@
E (QDEOH UHVHW
E (QDEOH LQWHUUXSW

E 'LVDEOH ERWK UHVHW DQG LOWHUUXSW

DQ $''5(6¢

67$7(B&75

67$7( IDXOW FRQWURO

I&RQWUROV KRZ WKH &'2* PRGXOH UHVSRQGV )Z&+6Q 6T WMBFMLQ J
E (QDEOH UHVHW
E (QDEOH LQWHUUXSW

E 'LVDEOH ERWK UHVHW DQG LOWHUUXSW

SHVHUYHG
'R QRW FKDQJH LWV YDOXH

75/

6(48(1&(B&&RQWUROV KRZ WKH &'2* PRGXOH UHVSRQGY ZKHQ GHWHFWLQJ

6(48(1&( IDXOW FRQWURO

)/$*6>6(48(1&(B)/$*@
E (QDEOH UHVHW
E (QDEOH LQWHUUXSW

E 'LVDEOH ERWK UHVHW DQG LQWHUUXSW

0,6&203%5
B&75/

0,6&203%$5( IDXOW FRQWURO

&RQWUROV KRZ WKH &'2* PRGXOH UHVSRQGV ZKHQ GHWHFWLQJ
)/$*6>0,6&203%$5(B)/$*@

D 67%$7( I

D 6(48(1&

D 0,6&203

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

UHJLVWHU LV ZULWDEOH DQG UHDGDEOH RQO\ ZKHQ XQORFNHG
2QFH ORFNHG WKH ZULWWHQ YDOXH WR WKH &RQWURO UHJLVW
E J/RFNHG
E 8QORFNHG

J)LHOG | )XQFWLRQ
E (QDEOH UHVHW
E (QDEOH LQWHUUXSW
E 'LVDEOH ERWK UHVHW DQG LQWHUUXSW
7,0(287 IDXOW FRQWURO
7,0(287B&7TBRQWUROV KRZ WKH &'2* PRGXOH UHVSRQGV ZKIKO6SHWIRBWRJS${m 7,0(287
/ E (QDEOH UHVHW
E (QDEOH LQWHUUXSW
E 'LVDEOH ERWK UHVHW DQG LQWHUUXSW
/IRFN FRQWURO
/2&.B&75]/

5HVHWY WR XQORFNHG 2QFH ORFNHG /2&.B&75/ UHPDLQV ORFNHG XQWL

/2& .B&75
HU LV LJC

,QVWUXFWLRQ 7LPHU 5HORDG 5HJLVWHU 5(/2%$'

2I1IVHW

5HIJLVWHU

21IVHW

5(/2$"

K

YXQFWLRQ

7KH ,QVWUXFWLRQ 7LPHU 5(/2%" UHJLVWHU FRQWDLQV WKH YDOXH IURP ZKLFK WKH ,!

RU 5(67$57

FRPPDQG LV HIHFXWHG :ULWH WR 5(/2%" RQO\ ZKHQ WKH PRGXO

RFFXU EHIRUH LVVXLQJ D 67%$57 FRPPDQG

H LV LQ V

'LDJUDP
% LWV
5
5/28'
5HVHW
%LWV
5
5/2%"
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH 0

DQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

JLHOGV

JLHOG | )XQFWLRQ

,QVWUXFWLRQ 7LPHU UHORDG YDOXH

5/28%" &RQWDLQV WKH VWDUWLQJ FRXQWGRZQ YDOXH XVHG E\ WKH ,QYWUXFWL]|
FRPPDQG LV H[HFXWHG

, QVWUXFWLRQ 7LPHU 5HJLVWHU ,16758&7,21B7,0(5

2I1IVHW

5HIJLVWHU 21IVHW

,16758&7,21B7,0|(XK

YXQFWLRQ
7KH ,QVWUXFWLRQ 7LPHU UHJLVWHU ,16758&7,21B7,0(5 FRQWDLQV WKH FXUUHQW F

'‘LDJUDP

LWV

5 ,167,0

5HVHW

%LWV

5 ,167,0

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

&XUUHQW YDOXH RI WKH ,QVWUXFWLRQ 7LPHU

,167,0 7KH FXUUHQW YDOXH RI WKH WLPHU FDQ EH UHDG IURP WKLY DGGUHVV
,16758&7,21B7,0(5

6WDWXV BS5HJLVWHU 67%$786

211VHW

SHIJLVWHU 21IVHW

67$786 K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

YXQFWLRQ
7KH 6WDWXV

UHVHW RQO\ E\ 325

&RGH :DWFKGRJ 7LPHU &'2*

UHJLVWHU 67$786 KROGV WKH FXUUHQW PRGXOBHVYWQWXF¥7BEO®UBXO\

'LDJUDP
% LWV
5 88567 180,/6(4)
5HVHW
% LWV
5 1800,6&203) 18072)
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
&XUUHQW 6WDWH
&8567 ,QGLFDWHV WKH FXUUHQW VWDWH RI WKH PRGXOH 7KH RQO\ OHJDO VWD
woloo(
H[$ $&7,9¢
$Q\ RWKHU YDOXH JHQHUDYSH&/>B76G7$B|/B0®EWHWY WR [ ,'/( RQ DQ\ UHV
XQOLNH RWKHU ELWV LQ WKLV UHJLVWHU WKDW RQO\ UHVHW R|Q 325
5HVHUYHG
§ 127¢
7KLV ILHOG LV QRW WHVWDEOH E\ DQ DXWRPDWHG UHJLVWHU V
IXPEHU RI 6(48(1&( IDXOWV )/$*6>6(48(1&(B)/$*@ VLQFH WKH OPVW 325
180,/6(4) | 5SHVHWV WR :LOO QRW LQFUHPHQW SDVW [))
1XPEHU RI 0,6&203%5( IDXOWV )/$*6>0,6&203%5(B)/$*@ VLQFH WKH ODVW
1800,6&2035HVHWYV WR :LOO QRW LQFUHPHQW SDVW [))
)
1XPEHU RI 7,0(287 IDXOWV )/$*6>7,0(287B)/$*@ VLQFH WKH ODWYW 325
18072) 5HVHWV WR :LOO QRW LQFUHPHQW SDVW [))

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

6WDWXV B5SHJLVWHU 67$786

2I1IVHW

5HIJLVWHU 21IVHW

67$786 K

JXQFWLRQ
6WDWXV UHJLVWHU 67$786 KROGV DGGLWLRQDO IDXOW FRXQWV 7KH ILHOGV LQ ¢

'LDJUDP
%LWV

5 180,//%
5HVHW
%LWV

5 180,//67) 180&17)
5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

1XPEHU RI $''5(66 IDXOWV )/$*6>$''5B)/$*@ VLQFH WKH ODVW 325
180,//$ |5HVHWV WR :LOO QRW LQFUHPHQW SDVW [))

1XPEHU RI 67$7( IDXOWV )/$*6>67%$7(B)/$*@ VLQFH WKH ODVW 3|25
180,//67) | 5SHVHWYV WR :LOO QRW LQFUHPHQW SDVW [))

1XPEHU RI &21752/ IDXOWV )/$*6>&21752/B)/$*@ VLQFH WKH ODNW 325
180&17) |5HVHWV WR :LOO QRW LQFUHPHQW SDVW [))

YODJV 5HILVWHU )/$*6

2I1IVHW

5HILVWHU 21IVHW
)/$*6 K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

YXQFWLRQ

7KH )ODJV UHJLVWHU )/$*6 FRQWDLQV WKH IDXOW GHWHFWLRQ IODJV DV ZHOO DV D
D UHVHW RU DQ LQWHUUXSW DV FRQILIJXUHG LQ WKH &21752/ UHJLVWHU

7KH )/$*6 ILHOGY UHWDLQ WKHLU YDOXH WKURXJK D VIVWHP UHVHW LQFOXGLQJ RQH
D 325

:ULWDELOLW\ RI WKH ILHOGVY GHSH@WOMWIRQ WKH PRGXOH VWDWH 6HH

'‘LDJUDP
%LWV | |
5 325B
)I$*
&
5HVHW | |
%LWV |
5 $''5 |67%$7( &17B| 6(4B| 0,6&| 72B
B)/ B) )/$* | )/$* | 20B )/I$*
& & & T & & &
5HVHW |
JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

3RZHU RQ UHVHW IODJ

325B)/$* |325B)/$* LV VHW E\ D 3RZHU RQ UHVHW HYHQW

E $ 3RZHU RQ UHVHW HYHQW KDV QRW RFFXUUHG
E $ 3RZHU RQ UHVHW HYHQW KDV RFFXUUHG

5HVHUYHG

$''5(66 IDXOW 10DJ

$''5B)/$* | +DUGZDUH VHWV $''5B)/$* ZKHQ &'2* GHWHFWYV DQ $''5(66 IDXOW
E $Q $''5(66 IDXOW KDV QRW RFFXUUHG

E $Q $''5(66 IDXOW KDV RFFXUUHG

67$7( IDXOW IODJ
67$7(B)/$1 +DUGZDUH VHWYV 67%$7(B)/$* ZKHQ &'2* GHWHFWV D 67$7( IDXOW
E $67%$7( IDXOW KDV QRW RFFXUUHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E $67%$7( IDXOW KDV RFFXUUHG

&21752/ IDXOW 10DJ

&17B)/$*| +DUGZDUH VHWYV &17B)/$* ZKHQ &'2* GHWHFWV D &21752/ IDXOW
E $ &21752/ IDXOW KDV QRW RFFXUUHG

E $ &21752/ IDXOW KDV RFFXUUHG

6(48(1&( IDXOW IODJ
6(4B)/$* | +DUGZDUH VHWV WKH 6(4B)/$* ZKHQ &'2* GHWHFWV D 6(48(1&( IDX0OW
E $ 6(48(1&( IDXOW KDV QRW RFFXUUHG
E $ 6(48(1&( IDXOW KDV RFFXUUHG

0,6&203%$5( IDXOW IODJ
0,6&20B)/$*+*DUGZDUH VHWYV 0,6&20B)/$* ZKHQ &'2* GHWHFWV D 0,6&203%$5( IDXOW
E $ 0,6&203%$5( IDXOW KDV QRW RFFXUUHG
E $ 0,6&203%$5( IDXOW KDV RFFXUUHG

7,0(287 IDXOW IODJ

72B)/$* | +DUGZDUH VHWYV 72B)/$* ZKHQ &'2* GHWHFWV D 7,0(287 IDXOW
E $ 7,0(287 IDXOW KDV QRW RFFXUUHG

E $ 7,0(287 IDXOW KDV RFFXUUHG

SHUVLVWHQW 'DWD 6WRUDJH 5HJLVWHU 3(56,67(17

21IVHW

5HJLVWHU 21IVHW
3(56,67(17 &K
YXQFWLRQ

7KH 3HUVLVWHQW 'DWD 6WRUDJH UHJLVWHU 3(56,67(17 SURYLGHV DQ DSSOLFDWLR
WKDW QHHGV WR SHUVLVW WKURXJK UHVHWY RWKHU WKDQ D 3RZHU 2Q 5HVHW 325

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP
%LWV
5
3(56,6
5HVHW
%LWV
5
3(56,6
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

SHUVLVWHQW 6WRUDJH

3(56,6 $ ZULWH YDOXH WR 3(56,6 UHPDLQV XQFKDQJHG DIWHU DQ\ UHVHW RWKH|

67$57 &RPPDQG 5HIJLVWHU 678%$57

2I1IVHW

5HILVWHU 21IVHW

67%$57 K

JXQFWLRQ

:ULWLQJ WR WKH 6WDUW &RPPDQG UHJLVWHU 67%$57 LVVXHV D 6WDUW FRPPDQG
pH7KH YDOXH ZULWWHQ WR 6757 LV ORDGHG LOWR WKH 6HFXUH &RXQWHU DV D VWD
M7KH 5(/2%$" YDOXH LV ORDGHG LQWR WKH ,QVWUXFWLRQ 7LPHU
pM7KH PRGXOH HQWHUV WKH $&7,9( VWDWH LQ ZKLFK WKH ,QVWUXFWLRQ 7LPHU FRX

127(
ULWH WR 67$57 RQO\ GXULQJ WKH ,'/( VWDWH DQG RQO\ DIWHU ZULWLQJ WR WKH 5(/:
)/$*6>6(48(1&(B)/$*BHQHUDWHY LI WKLYV VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

‘LDJUDP
% LWV
5
6757
5HVHW
% LWV
5
6757
S5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

6WDUW FRPPDQG
6757 7KH YDOXH ZULWWHQ WR 6757 LV ORDGHG LQWR WKH 6HFXUH &RXQWHU D

6723 &RPPDQG 5HJLVWHU 6723

2I1IVHW

5HIJLVWHU 21IVHW

6723 K

)XQFWLRQ
"ULWLQJ WR WKH 6WRS &RPPDQG UHJLVWHU 6723 LVVXHV D 6WRS FRPPDQG
H7KH ,QVWUXFWLRQ 7LPHU LV VWRSSHG
H7KH YDOXH ZULWWHQ WR 673 LV FRPSDUHG ZLWK WKH FXUUHQW YDOXH RI WKH 6H

127(

"ULWH WR 6723 RQO\ GXULQJ WKH $&7,9 () VAN OM6K4 & B&4B J AR@EHIOM WHV LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

‘LDJUDP
%LWV
5
673
5HVHW
% LWV
5
673
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
BWRS FRPPDQG
673 7KH YDOXH ZULWWHQ WR 673 LV FRPSDUHG ZLWK WKH FXUUHQW| YDOXH R

5(67$57 &RPPDQG 5HJLVWHU 5(67$57

2I1IVHW

5HIJLVWHU 21IVHW

5(67$57 K

)XQFWLRQ

"ULWLQJ WR WKH 5HVWDUW &RPPDQG UHJLVWHU 5(67$57 LVVXHV D SHVWDUW FRPPC
H7KH YDOXH ZULWWHQ WR 56757 LV FRPSDUHG ZLWK WKH FXUUHQW YDOXH RI WKH |
H,l WKH YDOXHV PDWFK WKH ,QUWUXFWLRQ 7LPHU LV UHORDGHG ZLWK WKH 5(/2%"

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHYV LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

‘LDJUDP
% LWV
5
56757
5HVHW
% LWV
5
56757
S5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

SHVWDUW FRPPDQG
56757 7KH YDOXH ZULWWHQ WR 56757 LV FRPSDUHG ZLWK WKH FXUUHQW YDOXH

$''" &RPPDQG 5HJLVWHU §$*'

21IVHW

5HILVWHU 21IVHW
$' &K
YXQFWLRQ

'ULWLQJ WR WKH $GG &RPPDQG UHJLVWHU $'" LVVXHV DQ $GG FRPPDQG 7KH YDOXF
WKH 6HFXUH &RXQWHU

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

‘LDJUDP
% LWV

5
5HVHW
% LWV

5
S5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

$'"" :ULWH 9DOXH
$' 7KH YDOXH ZULWWHQ WR $' LV DGGHG WR WKH FXUUHQW YDOXH|RI WKH 6
$'' &RPPDQG 5HJLVWHU $'

211IVHW
5HILVWHU 211IVHW
$ K
)XQFWLRQ

:ULWLQJ WR WKH $"

6HFXUH &RXQWHU

&RPPDQG UHJLVWHU 8"

LVVXHV DQ $'' FRPPDQG 7KH YDOXH

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV

VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

S5HVHW

% LWV

5

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

$II
$' 6HFXUH &RXQWHU LV DOZD\V LQFUHPHQWHG E\ 7KH YDOXH ZULWWHQ W

$'' &RPPDQG 5HJLVWHU $"'

21IVHW

5HILVWHU 21IVHW

$II K

YXQFWLRQ

'ULWLQJ WR WKH $'' &RPPDQG UHJLVWHU $'" LVVXHV DQ $' FRPPDQG 7KH YDOXt}

6HFXUH &RXQWHU
127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LDJUDP

%LWV

&RGH :DWFKGRJ 7LPHU &'2*

5

S5HVHW

% LWV

5

5HVHW

JLHOGYV

JLHOG

)XQFWLRQ

$II
6HFXUH &RXQWHU LV

DOZD\V LQFUHPHQWHG E\

7KH YDOXH ZU

LWWHQ W

&+

2I1IVHW

&RPPDQG 5HJLVWHU $"'

5HIJLVWHU

21IVHW

$||

K

YXQFWLRQ

:ULWLQJ WR WKH $"
Rl WKH 6HFXUH &RXQWHU

&RPPDQG UHJLVWHU $"

127(

LVVXHV DQ $"

FRPPDQG

7KH YDC

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

S5HVHW

% LWV

5

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

$II
$ 6HFXUH &RXQWHU LV DOZD\V LQFUHPHQWHG E\ 7KH YDOXH ZULWWHQ

68% &RPPDQG 5HIJLVWHU 68%

21IVHW

5HILVWHU 21IVHW
68 % &K
YXQFWLRQ

"ULWLQJ WR WKH 68% &RPPDQG UHJLVWHU 68% LVVXHV D 68% FRPPDQG 7KH YDOXH .
Rl WKH 6HFXUH &RXQWHU

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

6 %

S5HVHW

% LWV

5

6 %

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

6XEWUDFW :ULWH 9DOXH

6 % 7KH YDOXH ZULWWHQ WR 6% LV VXEWUDFWHG IURP WKH FXUUHQW YDOXH

68% &RPPDQG 5HJLVWHU 68%

2I1IVHW

5HIJLVWHU 21IVHW

68 % K

YXQFWLRQ

"ULWLQJ WR WKH 68% &RPPDQG UHJLVWHU 68% LVVXHV DQ 68% FRPPDQG 7KH YD
WKH 6HFXUH &RXQWHU

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

6%

S5HVHW

% LWV

5

6 %

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

6 XEWUDFW
6 % 6HFXUH &RXQWHU LV DOZD\V GHFUHPHQWHG E\ 7KH YDOXH ZULWWHQ W

68% &RPPDQG 5HIJLVWHU 68%

2I1IVHW

5HIJLVWHU 21IVHW

68 % K

YXQFWLRQ

ULWLQJ WR WKH 68% &RPPDQG UHJLVWHU 68% LVVXHV DQ 68% FRPPDQG 7KH Y|
Rl WKH 6HFXUH &RXQWHU

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

6 %

S5HVHW

% LWV

5

6%

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

6 XEWUDFW
6 % 6HFXUH &RXQWHU LV DOZD\V GHFUHPHQWHG E\ 7KH YDOXH ZULWWHQ V

68% &RPPDQG 5HJLVWHU 68%

21IVHW

5HILVWHU 21IVHW

68 % K

YXQFWLRQ

"ULWLQJ WR WKH 68% &RPPDQG UHJLVWHU 68% LVVXHV DQ 68% FRPPDQG 7KH

YDOXH RI WKH 6HFXUH &RXQWHU
127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP

%LWV

5

6%

S5HVHW

% LWV

5

6 %

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

6 XEWUDFW
6 % 6HFXUH &RXQWHU LV DOZD\V GHFUHPHQWHG E\ 7KH YDOXH ZlULWWHQ

$66(57 &RPPDQG 5HJLVWHU $66(57

21IVHW

5HILVWHU 21IVHW
$66(57 &K
YXQFWLRQ

:ULWLQJ WR WKH $66(57 &RPPDQG UHJLVWHU $66(57 LVVXHV DQ $66(57 FRPPDQ
$67 LV FRPSDUHG ZLWK WKH FXUUHQW ORZHU ELW YDOXH RI WKH 6HFXUH &RXQWH!

127(

&DQ RQO\ EH ZULWWHQ GXULQJ $&7,9() V&N OMEK4 8K BE 4B [ AR @EHIDHOMD WHY LI WKLV
VSHFLILHG VHTXHQFH LV QRW IROORZHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

&RGH :DWFKGRJ 7LPHU &'2*

'LDJUDP
% LWV
5
$67
5HVHW
% LWV
5
$67
S5HVHW
JLHOGV
JLHOG | )XQFWLRQ
$66(57 &RPPDQG
$67 7KH ORZHU ELW YDOXH ZULWWHQ WR $67 LV FRPSDUHG ZLWK WKH FXL
&RXQWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
'‘LIJLWDO 7DPSHU 7'(7

&KLS VSHFLILF 7'(7 LQIRUPDWLRQ
7DEOH5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ 7'(7 7'(7

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH 7'(7 PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

:KHQ D WDPSHU HYHQW LV HOQDEOHG LQ 7DPSHU (QDEOH UHJLVWHU DQG WKH WDPSH
JHURL]H UHTXHVW +DUGZDUH JHURL]HV WKH 3.& 65%$0 DQG 65%$0 $ GXULQJ WKH IROOI
LPPHGLDWHO\ :KHQ D WDPSHU HYHQW LV HQDEOHG LQ 7DPSHU (QDEOH UHJLVWHU 7
LV GHWHFWHG E\ 7'(7 7'(7 FDQ JHQHUDWH ZDUP UHVHW

2Q FKLS WDPSHU LQSXWYV

,Q DGGLWLRQ WR GHWHFWLQJ WDPSHUV IRU WKH GLJLWDO WDPSHU SLQV D QXPEHU
WKH 7'(7 7KH WDEOH EHORZ VKRZV WKH 65 UHJLVWHU ILHOGY DVVRFLDWHG ZLWK WK
DQG WKH IODJ DVVRFLDWHG ZLWK WKH WDPSHU VRXUFH LQ WKH PRGXOH ZKHUH WKH

7TDEOH2Q FKLS WDPSHU VRXUFHYV

65 UHJLVWHU ILHO|GNVFULSWLRQ ORGXOH 7DPSHU IODJ WDP|SHU
RULJLQDWLQJ PRG|XOH

65>7,) @ 5HVHUYHG

65>7,) @ 5HVHUYHG

65>7,) @ 5HVHUYHG

65>7,) @ 5HVHUYHG

65>7,) @ $* (7 63& 9'"'B&25(B*/,7&+B" (7(
&7B6&>*/,7&+B"'(7(&7B)
1$*@
RU

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEOH2Q FKLS WDPSHU VRXUFHV FRQWLQXHG

'LJILWDO 7DPS

HU 7'(7

65 UHJLVWHU ILHO|GNVFULSWLRQ ORGXOH 7DPSHU IODJ WDP|SHU
RULJLQDWLQJ PRG|XOH
IRXU ELWV WRJHWKHU
65>7,) @ 19° 63& 9'B67$7>6<69''B/9')@
RU
9'B67$7>&25(9''B/9|) @
65>7,) @ +9" 63& 9'B67$7>6<69''B+9') @
65>7,) @ &'2* &'2* &'2* RU &'2*
UHVHW UHTXHVW
65>7,) @ S5HVHUYHG
65>7,) @ 0%& 6HFXUH 9LRODMWL R Q 0%& DFFHVV YLRODWLRQ
65>7,) @ 5$0 =HURL]H )DLO 65%0 LV QRW JHURL]HG
VXFFHVVIXOO\ GXULQJ UHV
E\ KDUGZDUH
2YHUYLHZ

7'(7 GHWHFWV SRWHQWLDO RQ FKLS DQG HI[WHUQDO GHYLFH WDPSHULQJ

%ORFN GLDJUDP

WULJJHULC

JLIXUH7'(7 EORFN

7'(7
*OLWFEK
6WDWX¥ yLowHu & R P S g+
DQG 42
&RQWURO

3UHVFDpPHLU

7DPSHU LQSXWV
RQ FKLS

GLDJUDP

JHDWXUHYV

7'(7 IHDWXUHV LQFOXGH
p H[WHUQDO WDPSHU SLQV FDSDEOH RI JHQHUDWLQJ LQWHUUXSW RU WDPSHU HYH
§ &RQILIJXUDEOH SRODULW\ DQG GLJLWDO JOLWFK ILOWHU ZLWK RSWLRQDO SUH

§ 6XSSRUWV VRIWZDUH LQLWLDWHG WDPSHU SLQ DVVHUWLRQ

§ 6XSSRUWV SHULRGLF VDPSOLQJ RI WKH WDPSHU SLQ

1} LQWHUQDO WDPSHU VRXUFHV SOXV VRIWZDUH LQLWLDWHG WDPSHU FDSDEOH RI

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

pM7DPSHU VHFRQGYV UHJLVWHU XVHV WKH WLPH SURYLGHG E\ 57& PRGXOH WR UHFRL

M5HILVWHU SURWHFWLRQ
§ /RFN UHJLVWHU UHTXLUHV 9%$7 325 RU VRIWZDUH UHVHW WR HQDEOH ZULWH L

JXQFWLRQDO GHVFULSWLRQ

([ WHUQDO WDPSHU SLQV
(DFK SLQ KDV FRQILJXUDEOH SRODULW\

3X0OO0 UHVLVWRUYV IRU LQSXW SLQV

"KHQ FRQILIJXUHG DV D WDPSHU LQSXW D SX0 QHAM(RY RVUKHDW DEH H Q BE QHW R XF\DLXQ/J
SLQ WR DVVHUW RU ®H3DWHHKPWHKEB RQQ LV IORDWLQJ 'LVDEOH WKH SXOO UHVLVWRL
WR RYHUGULYH WKH SXOO UHVLVWRU ,Q WKLV FDVH WKH H[WHUQDO FLUFXLW PXVW

*OLWFK ILOWHUV

(DFK WDPSHU SLQ LQSXW KDV DQ LQGHSHQGHQWO\ FRQILIJXUHG JOLWFK ILOWHU WKD
DV ODUJH DV PV

&ORFNAZWVFULEHY WKH FORFN VRXUFH RSWLRQV IRU WKH JOLWFK ILOWHUYV

*OLWFK ILOWHU RSHUDWLRQ
7KH IROORZLQJ SVHXGR FRGH GHVFULEHYV JOLWFK ILOWHU RSHUDWLRQ

If (tamper_pin != expected)

{
If (counter == { filter_width, 1€b1 })
{
Filtered_tamper = tamper_pin;
Counter = 0;
}else {
Counter++;
}

}

Else if (counter > 0)

{

Counter --;

}

7KH IROORZLQJ ILIXUHV SURYLGH H[DPSOHV RI JOLWFK ILOWHU RSHUDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

7DPSHU 3LQ 6DPSOLQ3B*)b¥DER G JLOWHU LGWEK>*): @

7UDQVLWLRQ RQ LQSXW VWHWWYSXW | ILOWHU RXWSxw JLOWHU FRXQWHU IL WHL?/Ebﬁ/WB Lvi%%'\&
8

JOLWFK ILOWHY FRXOWHRUVKHOMRIKOWHU FRQWLQXHV VHWV ILOWHU RXWSXW|WR %O'g(&-lx%w V\Lljli_l
LQSXW ILOWHU RXWSXMWR LQFUHPHQW
*OLWFK Mﬂ \
&ORF
1
7DPSHU SLQ
JLOWHU LQSX

JLOWHUHG WDPSHU SLQ
JLOWHU RXWSXW

JLIXUH7DPSHU SLQ JOLWFK ILOWHULQJ H[DPSOH QR JOLWFK

7DPSHU 3LQ 6DPSOLQB*)E¥DEQN®G )LOWHU :LGWK>*): @

biVa)

LSS T LS S R v e
\K{QFUHPH) WK™V

L

LQSXW ILOWHU WKLy LV BRIGRGWEWHU UHVHWY WR JHUR

"~
oLwix Nm \

&OR

7DPSHU SLQ
JLOWHU LQSXW

JLOWHUHG WDPSHU SLQ
JLOWHU RXWSXW

JLIXUH7DPSHU SLQ JOLWFK ILOWHULQJ H[DPSOH JOLWFK

7DPSHU SLQ VDPSOLQJ

%\ GHIDXOW D SDVVLYH WDPSHU LQSXW ZLOO FRQWLQXRXVO\ PRQLWRU WKH LQSXW \
FDQ EH HQDEOHG E\ FRQILJXULQJ WKH WDPSHU SLQ VDPSOH IUHTXHQF\ DQG WKH WDP
SLQ VDPSOLQJ LV HQDEOHG WKH WDPSHU SLQ LQWHUQDO SX0O0O UHVLVWRU DQG LQSX
XVHIXO LQ UHGXFLQJ SRZHU FRQVXPSWLRQ RI WKH WDPSHU SLQ HVSHFLDOO\ LI WKH
H[WHUQDO ORJLF LV GULYLQJ WKH WDPSHU LQSXW WR WKH RSSRVLWH VWDWH

KHQ WDPSHU SLQ VDPSOLQJ LV HQDEOHG WKH SXOO UHVLVWRU LV HQDEOHG IRU W2
SXOO UHVLVWRU WR DIIHFW WKH VWDWH RI WKH SLQ EHIRUH WKH LQSXW EXIIHU LV HC
LQWHUQDOO\ GULYHQ DV LI WKH WDPSHU SLQ LV QRW DVVHUWHG ,I| WKH JOLWFK ILOW
DIWHU WKH VDPSOH ZLQGRZ LI WKH JOLWFK ILOWHU LV VWLOO DFWLYHO\ UHVROYLQJ
ORQJHU ZLGWK WKDQ WKH VDPSOLQJ ZLGWK LI WKH JOLWFK ILOWHU GHWHFWYVY DQ D
UHVLVWRU HQDEOHG XQWLO WKH DVVHUWLRQ SURSDJDWHY WKURXJK WKH JOLWEFK IL

7KH WDPSHU SLQ VDPSOLQJ FDQ EH FRQILIJXUHG WR VDPSOH WKH WDPSHU SLQ LQSX!
GHWHUPLQLQJ WKH IUHTXHQF\ LV WKH VDPH FORFN XVHG E\ WKH WDPSHU SLQ JOLWFI
+] 7KH ZLGWK Rl WKH WDPSHU SLQ VDPSOLQJ FDQ EH FRQILIJXUHG IRU F\FOH F\F
WZLFH WKDW OHQJWK &RQILIJXULQJ WKH VDPSOH ZLGWK WR F\FOHV ZLWK D VDPSC
UHVLVWRU ZLOO UHPDLQ HQDEOHG DOO WKH WLPH

3DVVLYH WDPSHU

8VH D SDVVLYH WDPSHU LQSXW SLQ WR PRQLWRU DQ H[WHUQDO WDPSHU FLUFXLW Z|
UHVLVWRU DQG JOLWFK ILOWHU DV QHHGHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

&RQILIXULQJ D SDVVLYH WDPSHU
7R FRQILJXUH D WDPSHU SLQ DV D SDVVLYH WDPSHU

.l WKH WDPSHU SLQ H[SHFWHG YDOXH QHHGV WR EBi5>BIBRI@DP LWV SRODULW\ V
$V QHHGHG VHOHFW WK HHQS X QY & VH.IRERIH) + N3 (@
$V QHHGHG LQ WKH3FRUQUHVSRQGLQJ

H6HOHFW WKH SLQ VDBSPLTBBRSWLRQV

H6HOHFW WKH ILOWHU FORFNL®3DQG ILOWHU ZLGWK RSWLRQV

H(QDEOH WKH JOLWFK ILOWHU
(QDEOH WDPSHW GHWHRW@LRQG RU LQUWBHUIXSHVYRU WKH SLQ DV QHHGHG

2Q FKLS WDPSHU LQSXWYV

(DFK RQ FKLS WDPSHU LQSXW VRXUFH FDQ EH FRQILIJXUHG WR 58 8'HY@RWH ERWIKQ \(WVIHAKU
RQ FKLS WDPSHU VRXUFH L@FOXIBHVDP SWD WEBEEDQG LQWHU UM6ESW,@E@QDE MWD W XV
IODJ FDQ XSGDWH ZKHWKHU WKH WDPSHU RU LQWHUUXSW DUH HQDEOHG RU QRW &C
QHJDWH DQG VRIWZDUH WR ZULWH WR WKH 10DJ

$Q HQDEOHG WDPSHU VRXUFH FDXVHV 65>'7)@ WR VHW LI LWV LQGLYLGXDO WDPSHU V
WDPSHU LQSXW VWDWXV 10686 7TD@G WKHQ ZULWH WR

127(
7KH 7DPSHU $FNQREOHGB)@®XUWIEH VHW WR FOHDU 65>'7)@ 7KLV UHTXLUHV D FKLS UHV
65>'7)@ EHLQJ VHW GXH WR D WDPSHU HYHQW DQG ZKHQ LW LV FOHDUHG E\ VRIWZDU}

/IRFENLQJ UHJLVWHUV

,] QHHGHG IRU DGGLWLRQDO VHFMNUMWR EXOWHFMWEHLUWHNDEHBHVWWNUNR LQGLYLGXDO UHJ
RU 7'(7 VRIWZD&%>08H\a@$PWWHPSWHG ZULWH DFFHVVHY WR D ORFNHG UHJLVWHU DUH I

/IRENLQJ WKH &RQ&®U BQVMDHEIQONWMWKH VRIWZBUMWVHOHWLYRBEMNMHYI IXWXUH XSGDWHV W

2SHUDWLRQ LQ FKLS SRZHU PRGHYV

7'(7 LV DOZD\V SRZHUHG E\ WKH FKLS V EDFNXS SRZHU VXSSO\ 9%%$7 DQG UHPDLQV R
SRZHU XS RU SRZHU GRZQ

&ORFNLQJ
7KH 'LJLWDO 7DPSHU FORFN DQG SWBYRD@H U RPX WK HE IS LHQ DEIOMIBK ILOWHUV WR RSHU
EH FORFNHG E\ D N+] FORFN RU 3*)5RSt)I3@FIO HDPFRORFEHFRQBY UW FIORFIW G E\
WK H +] SUHVFDOHU FORFN

5HVHW

7KH 9%%$7 VXSSO\ LQFOXGHV LWV RZQ DQDORJ 325 EORFN WKDW JHQHUDWHY D SRZHL
SRZHUHG XS DQG LQLWLDOL]HY DOO UHJLVWHUV WR WKHLU GHIDXOW VWDWH IRU PR

6RIWZDUH UHVHW

"ULWLQ&S>WRBRUFHY WKH HTXLYDOHQW RI D 9%%$7 325 WR WKH UHVW RI 7'(7 7KLV VF
WKH &5>6:5@ ELW :ULWH WR &5>6:5@ WR UHOHDVH 7'(7 IURP VRIWZDUH UHVHW 7K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

,QWHUUXSWYV

7KH 'LJLWDO 7DPSHU LOQWHUUXSW LV DVVHUWHG ZKHQHYHU D VWDWXV IODJ DQG LWV
DVVHUWHG RQ 9%$7 325 7'(7 VRIWZDUH UHVHW DQG ZKHQ WKH 9%%$7 SRZHU VXSSO\ L

(I WHUQDO VLJQDOV

7DEOH7'(7 VLIQDOV

6LJQDO 'HVFULSWLRQ , 2

7$03(5> @ (IWHUQDO WDPSHU LQSXW , 2

,QLWLDOL]DWLRQ

$V ORQJ DV WKH VA\VWHP SURYLGHV WKH UHTXLUHG FORFNLQJ LQ FKLS SRZHU XS DQ
WR EH FRQILIJXUHG IRU VSHFLILF DSSOLFDWLRQV

$IWHU D 9% $7 325 UBBHWYOQV'WHW &OHDU 65>'7)@ EHIRUH FRQILIJXULQJ RWKHU 7'(7 LU

127(
%HIRUH DWWHPSWLQJ WR FOHDU '7) FRQILUP WKDW ®5¥ T8 W4 PVRHVBIWK KBEVDRFFXUUHG
VHFXUH HQYLURQPHQW 1 '7) DQG 78%) ILUVW LQLWLDWH D FKLS UHVHW EHIRUH F

EHIRUH '7) FDQ EH FOHDUHG

SHILVWHU GHILQLWLRQV

$00 UHJLVWHUV PXVW EH DFFHVVHG XVLQJ ELW ZULWHV ULWLQJ WR D UHJLVWHU
HUURU EXW WKH ZULWH LV LIQRUHG

$Q DWWHPSW WR DFFHVV D 7'(7 UHJLVWHU UHVXOWYVY LQ D EXV HUURU XQGHU DQ\ RI
H9%$7 GRPDLQ LV SRZHUHG GRZQ

HM9%$7 GRPDLQ LV HOHFWULFDOO\ LVRODWHG

HM9%$7 325 LV DVVHUWHG

7'(7 UHJLVWHU GHVFULSWLRQV

7'(7 PHPRU\ PDS
7'(7 EDVH DGGUHVYV (B K

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW Y|DOXH
,Q ELwvV
K &RQWURO &5 5: B K
K 6WDWXV 65 5: B K
K IRFN /5 5: )B %) K
&K ,QWHUUXSW (QDEOH (5 5 B K
K 7DPSHU 6HFRQGV 765 5 B K
K 7DPSHU (QDEOH 7(5 5 B K

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ElwV

&K 3LQ 3RODULW\ 335 5: B K

K K| 3LQ *OLWFK )LOWHU 3*)5  3*)5 5: B K

&RQWURO &5

21IVHW

5HIJLVWHU 21IVHW

&5 K

JXQFWLRQ
&RQWDLQV WKH 7'(7 SUHVFDOHU DQG FRQILIXUDWLRQ RSWLRQV DV ZHOO DV WKH VI

'‘LDJUDP

% LWV |

5
'35

5HVHW |

%LWV

5 ',67%

80 | 7)65| '(1 6:5

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

‘'LJLWDO 7DPSHU 3UHVFDOHU

'35 &RQWDLQV WKH SUHVFDOHU :KHQ ZULWLQJ FRQILIXUHV WKH LQLWLDO YI
FXUUHQW YDOXH RI WKH SUHVFDOHU
7KH JOLWFK ILOWHUYVY FDQ EH FORFNHG E\ WKH N+] FORFN RU WKH

WUDQVLWLRQV

127¢
'35 FDQ EH ZULWWHQ RQO\ ZKHQ WKH FORFNV DUH GLVDE|JOHG &5>'(

S5HVHUYHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

'LIJILWDO 7DP

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

SHU 7'(7

JLHOG | )XQFWLRQ
§
'LVDEOH 3UHVFDOHU 2Q 7DPSHU
'67$0 |[$OORZV WKH .+] FORFN DQG SUHVFDOHU WR EH DXWR®PDWWLED PO\ GLVDE
DQG XQWLO WKH V\VWHP DFNERZGH@ JHV DEIOH QUDWEHWBUHVFDOHU DIWHU
WDPSHU HYHQW FRQVHUYHV SRZHU DQG IUHH]HV WKH VWDWH R| WKH JOL
SUHVFDOHU LV GLVDEOHG DW WKH HQG RI D +] SHULRG
E 1R HIIHFW
E $XWRPDWLFDOO\ GLVDEOHV WKH SUHVFDOHU DIWHU WD|PSHU GH\
5HVHUYHG
§
8SGDWH ORGH
80 :KHQ QR WDPSHULQJ KDWWEHRQ@GHWBE®WHG VRIWZDUH WR FOHDU WDPSHU
RQ FKLS WDPSHU LQSXW 10D J¥5Q@ 3W@EEH WD NWIKY U ZIWHQH®S LV QRFNHG L
/RFN UHJI5»\WH/I@® 80 DSSOLHV WR 73)Q DQG 7,)Q WKDW DUH5HTED) EO@ G IRU
DQE5>7,,(W@®DW HTXDO DQG WKHKE YW FREWH \ESRWQYGH DX D O
E 1R HIIHFW
E $OORZV WKH FOHDULQJ RI LQWHUUXSWV
7DPSHU )RUFH 6\WWHP 5HVHW
7)65 (QDEOHV JHQHUDWLQJ D FKLS UHVHWG6EKHQ@V DREFHTSQ@ LV GHWHFWHG
E 'R QRW IRUFH FKLS UHVHW
E )JRUFH FKLS UHVHW
'LJLWDO 7DPSHU (QDEOH
(1 (QDEOHV WKH N+] FORFN DQG WKH SUHVFDOHU WKDW JHQH[UDWHV W
FORFNV OXVW EH HQDEOHG EHIRUH HQDEOLQJ D JOLWFK ILOWH[U O0XVW E
ILOWHUYV
E 'LVDEOHV 7'(7 FORFN DQG SUHVFDOHU
E (QDEOHV 7'(7 FORFN DQG SUHVFDOHU
6RIWZDUH 5HVHW
6:5 5HVHWV DOO UHJLVWHUV ([FHSWLRQV
H&5>6:5@ LWVHOI LV QRW DIIHFWHG LW LV UHVHW E\ 9%$7 325 RQO\

E 1R HIIHFW
E 3HUIRUP D VRIWZDUH UHVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

6WDWXV 65

2I1IVHW

5HIJLVWHU 21IVHW

65 K

JXQFWLRQ
JURYLGHY WKH VWDWXV RI DOO WDPSHU I0ODJV LQFOXGLQJ WKH JOREDO 'LJLWDO 7D

'‘LDJUDP
% LWV
5 73) | 73) | 73) | 73) | 73) | 73)
& & & | & & &
5HVHW
% LWV
5 7.) 20 W N T (200 N 260 TN N 0 N 200 W N W 200 N N 0 T [ 460 W N &5 R &)
& & & & & & | & & & & & & &
5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

7DPSHU 3LQ Q )ODJ

73)Q ,QGLFDWHYV WK DM RHDP ORW $HTXDO LWV H[SHFWHG YDOXH DQG Z[DV QRW |
HQDEOHG 7R FOHDU ZULWH WR WKH IODJ DIWHU LWV WDPSHU SLQ HT)>
RXWSXW KDV XSGDWHG

E 3LQ WDPSHU QRW GHWHFWHG
E 3LQ WDPSHU GHWHFWHG

5HVHUYHG

7TDPSHU ,QSXW Q )ODJ

7.)Q ,QGLFDWHY WKDW RQ FKD'$ DADWPHSIHWHLGY SAWFOHDU ZULWH WR O 10DJ DIW
QHJIJDWHYV

E 2Q FKLS WDPSHU QRW GHWHFWHG
E 2Q FKLS WDPSHU GHWHFWHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7D

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

PSHU 7' (7

JLHOG | )XQFWLRQ
7DPSHU $FNQRZOHGJH )ODJ
7%) ,QGLFDWHV D FKLS UHVHW KDV RFFXUUHG DIWHU WKH 'LJLWDO 7DPSHU )OI
WKH WDPSHU E\ UHVHWWLQJ
7$) LV FOHDUHG RQ 9%$7 325 VRIWZDUH UHVHW RU E\ VRIWZDUH|ZULWLQJ
E 'LJLWDO 7DPSHU )ODJ 65>'7)@ LV FOHDU RU FKLS UHVHW KDV Q
)ODJ 65>'7)@ ZDV VHW
E &KLS UHVHW KDV RFFXUUHG DIWHU 'LJLWDO 7DPSHU )ODPJ 65>'7)
'LJLWDO 7DPSHU )ODJ
'7) ,QGLFDWHY WDPSHULQJ KDV EHHQ GHWHFWHG 6HWV RQ 9%$7 3p5 VRIWZ
VHFRQGV UHJLVWHU RU ZKHQHYHU DQ HQDEOHG WDPSHU 10DJ L[V VHW &I
WKH 10DJ SURYLGHG WKH 7DPSHU $FNQRZOHGJH IODJ LV VHW
E 7'(7 WDPSHULQJ QRW GHWHFWHG
E 7'(7 WDPSHULQJ GHWHFWHG
IREN /5
21IVHW
5HIJLVWHU 21IVHW
/5 K
YXQFWLRQ

&OHDULQJ LQGLYLGXDO ILHOGVY ORFNV WKH FRUUHVSRQGLQJ UHJLVWHU 2QFH FOHD!
9%%$7 325 RU VRIWZDUH UHVHW

'LDJUDP
% LWV |
5
*)/ *)/ *)/ *)/ *)/ *)/
5HVHW |
% LWV
5 5HVHUY
33/ 7¢(/ | 761 | ¢ | 151 | 651 | &5/ SHVHUYHG [~
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

*OLWFK )LOWHU /RFN

*)1Q /IRENV WKH FRUUHVSRQG L@QUHIL@WEARDWFK )LOWHU

E /RFNHG DQG ZULWHV DUH LIJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

SHVHUYHG
8
3LQ 3RODULW\ /REN
33/ /IRENV WKH 3LQ 3ROBBLWN UHJLVWHU
E /RFNHG DQG ZULWHV DUH LIJQRUHG
E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO
S5HVHUYHG
8

7DPSHU (QDEOH /RFN

7(/ /IRENV WKH 7DPSHU (QMEOH UHJLVWHU

E /RFNHG DQG ZULWHV DUH LJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

7TDPSHU 6HFRQGYV /RFEN

76/ /IRFNV WKH 7DPSHU 6HFRR®GV UHJLVWHU

E /RFNHG DQG ZULWHV DUH LIJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

,QWHUUXSW (QDEOH /RFN

(1 /IRENV WKH ,QWHUUXSW5(QDEOH UHJLVWHU

E /RFNHG DQG ZULWHV DUH LJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

/IRFN 5HJLVWHU /RFN

15/ /IRENV WKH /RFNSUHJLVWHU

E /RFNHG DQG ZULWHV DUH LIJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

6WDWXV 5HILVWHU /RFN

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

65/ /IRENV WKH 6WDWXV UHJLVWHU
E /RFNHG DQG ZULWHV DUH LIJQRUHG
E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

&RQWURO 5HIJLVWHU /RFN

&5/ /IRENV WKH &RQWSLBLRO UHJLVWHU

E /RFNHG DQG ZULWHV DUH LIJQRUHG

E 1RW ORFNHG DQG ZULWHV FRPSOHWH DV QRUPDO

5HVHUYHG

SHVHUYHG

,QWHUUXSW (QDEOH ,(5

2I1IVHW

5HIJLVWHU 21IVHW

(5 &K

JXQFWLRQ
(QDEOHV LQWHUUXSWYV IRU WKH 'LJLWDO 7DPSHU I10DJ DQG WKH LQGLYLGXDO WDPSH

'LDJUDP
% LWV
5
73, 73,73, |73, (| 73.,(] 73,
5HVHW
% LWV
5
70707 T LT T T 0] T T 7,(
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

7DPSHU 3LQ Q ,QWHUUXSW (QDEOH
73,(Q |(QDEOHV LQWHUUXSWV ZKHQ WK HQOF® BB H VE)R@5 VGIWVWDPSHU SLQ
E 'LVDEOHV
E (QDEOHV

SHVHUYHG

7DPSHU ,QSXW Q ,QWHUUXSW (QDEOH
7,,(Q | (QDEOHV LQWHUUXSWV ZKHQ WKH FRUU@NIBERGLQAGRYHWLS WDPSHU LQS
E 'LVDEOHYV
E (QDEOHV

SHVHUYHG

'LJLWDO 7DPSHU ,QWHUUXSW (QDEOH

7.0 (QDEOHV LQWHUUXSWYV ZKHQ WiH 7@ MWHON7DPSHU 10D J
E 'LVDEOHV

E (QDEOHV

7DPSHU 6HFRQGV 765

2I1IVHW

5HIJLVWHU 21IVHW

765 K

JXQFWLRQ
&RQWDLQV WKH WLPH LQ VHFRQGY FRUUHVSRQGH>QD) @® \Z VHHQV WKH 'LIJLWDO 7DPSHU |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

‘LDJUDP
%LWV
5
776
5HVHW
%LWV
5
776
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
7DPSHU 7LPH 6HFRQGYV
776 5HDGLQJ WKLV UHJLVWHU UHWXU Q\63WKH @D M H\D \BHHFRQUEW OWURKZRK Q 6
LV FOHDU :ULWLQJ WR 765>776@ LV FRQVLGHUHG WDPSHULQJ 0QG VHWYV

7DPSHU (QDEOH 7(5

2I1IVHW

5HILVWHU

21IVHW

7(5

K

YXQFWLRQ

(QDEOHVY WDPSHU GHWHFWLRQ IRU WDPSHU SLQV DQG RQ FKLS WDPSHU LQSXWYV

'LDJUDP
% LWV |

5

73( | 73 | 73¢ | 73( | 73( | 73¢

5HVHW |
% LWV

5

7.( 7.l 7.l 7ol e oo o 7] T

5HVHW

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

SHU SLQ

JLHOGYV
J)LHOG | )XQFWLRQ
5HVHUYHG
§
7DPSHU 3LQ (QDEOH
73(Q (QDEOHV WDPSHU GHWHFWLRQ ZKHQ VQKE FRAVBHUSRQBWQJ WDP
E 'LVDEOHV
E (QDEOHV
5HVHUYHG
§
7DPSHU ,QSXW (QDEOH
7.(Q (QDEOHV WDPSHU GHWHFWLRQ ZKHQ WKH FRUOBBSRQGIAQ Y R F
E 'LVDEOHV
E (QDEOHV
5HVHUYHG
§

KLS WDP

3LQ 3RODULW\ 335

2I1IVHW

5HIJLVWHU 21IVHW
335 &K
JXQFWLRQ

&RQILIXUHV WKH SLQ SRODULW\ RI WDPSHU SLQV DQG SURYLGHYVY UHDG DFFHVV WR V

‘'LDJUDP
% LWV

5 73, |73, [73,0 |73, [73," | 73,
5HVHW
% LWV

5

733 | 733 | 733 | 733 | 733 | 733

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

7DPSHU 3LQ Q ,QSXW 'DWD
73,'Q | &RQWDLQV WKH FXUUHQW Y@LAYSK \R | GDRHDVWEMRBHH WIKH JOLWFK [LOWHU

E =HUR
E 2QH
S5HVHUYHG

7DPSHU 3LQ Q 3RODULW\

733Q |&RQILIXUHV WKH SROD UL®H[ R FIKHHGWIDRSH SLQ
E 1RW LQYHUWHG

E ,QYHUWHG

3LQ *OLWFK )LOWHU 3*)5 3*)5

21IVHW

5HIJLVWHU 21IVHW
3*)5 K
3*)5 K
3*)5 K
3*)5 &K
3*)5 K
3*)5 K
YXQFWLRQ

&RQILIXUHVY WKH JOLWFK ILOWHU SLQ SXOO DQG VDPSOLQJ RSHUDWLRQ DV ZHOO D

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

'LDJUDP
%LWV
5
736 | 73¢
5HVHW
% LWV
5
736) 736: *)( *)3 Y
S5HVHW
JLHOGV
JLHOG | ) XQFWLRQ
SHVHUYHG
§
7DPSHU 3X00 6HOHFW
736 &RQILIXUHV WKH GLUHFWLRQ RI WKH WDPSHU SLQ LQWHUQDO S|XO0 UHVL
DVVHUWY RU QHJDWHYV WKH WDPSHU SLQ 7KH WDPSHU SX0O GLUHFWLRQ
3LQ 3ROIBBLWI3F@QILIXUDWLRQ
E $VVHUWYV
E 1HJDWHYV
7DPSHU 3X0O (QDEOH
73( (QDEOHV WKH SXO0 UHVLVWRU RQ WKH WDPSHU SLQ
E 'LVDEOHV
E (QDEOHV
5HVHUYHG
§
5HVHUYHG
§
7DPSHU 3LQ 6DPSOH JUHTXHQF\
736) &RQILIJXUHV WKH WDPSHU SLQ VDPSOLQJ IUHTXHQF\ PHDVXUHG|LQ QXPE
KHQ WDPSHU SLQ VDPSOLQJ LV HQDEOHG WKH WDPSHU SLQ SX®O HQDEO
DW D IUHTXHQF\ GHWHUPLQHG E\ 736) 7KH WDPSHU SLQ SXOO HQDEOH DQ
ZKHQHYHU WKH JOLWFK ILOWHU LV DFWLYHO\ ILOWHULQJ WKH L|QSXW
7KH QXPEHU RI F\FOHV UHIHUV WR WKH QXPEHU RI F\FOHV Rl WKH VHOHF!

+]

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

'LIJILWDO 7DP

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

SHU 7'(7

J)LHOG | )XQFWLRQ
E (YHU\ F\FOHV
E (YHU\ F\FOHV
E (YHU\ F\FOHV
E (YHU\ F\FOHV
7DPSHU 3LQ 6DPSOH :LGWK
736: &RQILJXUHV WKH WDPSHU SLQ VDPSOLQJ ZLGWK PHDVXUHG LQ QXPEHU R
SLQ SXOO HQDEOH DQG LQSXW EXIIHU HQDEOH DUH DFWLYDWHG RU GLVI
:KHQ WDPSHU SLQ VDPSOLQJ LV GLVDEOHG WKH WDPSHU SLQ PRQLWRUV
VDPSOLQJ LV HQDEOHG WKH WDPSHU SLQ SXOO HQDEOH DQG LQSXW EXI
GHWHUPLQHG E\ 736: 7KH WDPSHU SLQ SXOO HQDEOH DQG LQSXW EXIIHU
WKH JOLWFK ILOWHU LV DFWLYHO\ ILOWHULQJ WKH LQSXW
7KH QXPEHU RI F\FOHV UHIHUV WR WKH QXPEHU RI F\FOHV Rl WKH VHOHF
+]
E &RQWLQXRXV PRQLWRULQJ SLQ VDPSOLQJ GLVDEOHG
E F\FOHV IRU SXOO HQDEOH DQG F\FOH IRU LQSXW EX|IHU HQDE
E F\FOHV IRU SXOO HQDEOH DQG F\FOHV IRU LQSXW EKIIHU HQT
E F\FOHV IRU SXOO HQDEOH DQG F\FOHV IRU LQSXW EKIIHU HQT
*OLWFK )LOWHU (QDEOH
) ( (QDEOHV WKH JOLWFK ILOWHU
127¢(
'R QRW FKDQJH WKH JOLWFK ILOWHU HQDEOH ZKHQ WKH FRUUHVSRQGLQ
E %\SDVVHV
E (QDEOHV
*OLWFK )LOWHU 3UHVFDOHU
)3 6HOHFWV WKH FORFN VRXUFH IRU WKH JOLWFK ILOWHU

127¢
'R QRW FKDQJH WKH SUHVFDOHU ZKHQ WKH JOLWFK IL

E +] SUHVFDOHU FORFN
E N+] FORFN

DWHU LV H

*):

*OLWFK )LOWHU :LGWK

&RQILIXUHV WKH QXPEHU RI FORFN HGJHV GXULQJ ZKLFK WKH L
WKH JOLWFK ILOWHU 7KH QXPEHU RI FORFN HGJHV LV *):
FORFN HGJHV

QSXW P X\
VXSSRU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1;3 6HPLFRQGXFWRUYV

'LIJLWDO 7DPSHU 7' (7

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

OLWFK ILO

J)LHOG | )XQFWLRQ
127¢(
'R QRW FKDQJH WKH JOLWFK ILOWHU ZLGWK ZKHQ WKH J
0&; $ DQG$ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

&KDSWHU
*[,.(<

&KLS VSHFLILF */,.(< LQIRUPDWLRQ

7TDEOH5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

7TRSLF 5HODWHG PRGXOH

5HIHUHQFHV

)XOO GHVFULSWLRQ *1,.(<

(<

6\VWHP PHPRU\ PDS

6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHNLQJ
6LIJQDO PXOWLSOH[LQJ 3RUW FRQWURO 6HH WKH FKDSWHU 6LJQPO PXOW
6\WVWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUVY PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH

7KLV GHYLFH KDV RQH LQVWDQFH RI WKH */,.(< PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

*I,.(< FRQWURO OLVW
%HORZ UHJLVWHUV DUH FRQWUROOHG E\ */,.(<

7TDEOH*/,.(< FRQWURO OLVW

*/,.(< ZULWH HQDEO*,.(< UHVHW ORGXOH 5HJLVWHU
ZUBHQBRXW> @ Uvws> @ 6<6&21 "(%8*B)($785(6B'3
ZUBHQBRXW> @ 18 6<6&21 65$0B;(1B'3
ZUBHQBRXW> @ 18 6<6&21 06)&)*
ZUBHQBRXW> @ |1 $ 0%& $00 0%& UHJLVWH

6HH WRiKFKDSWHY EQ DQG § S5HIHUHQFH 0DQXDO

7HUPV DQG GHILQLWLRQV

$FURQ\P ([SODQDWLRQ

)60 J)LQLWH 6WDWH ODFKLQH

665 6HFXULW\ 6HQVLWLYH 5HJLVWHU
6: 6RIWZDUH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

(<

2YHUYLHZ

*OLNH\ ,3 SURYLGHV D PHFKDQLVP WR VDIHO\ DFFHVV VHFXULW\ VHQVLWLYH UHJLVW
FRQWUROOHG YLD */,.(<

%ORFN GLDJUDP

GLIKEY

Clie Wr_en_o[*]

|
i

Reset

APB APB FSM rst_o[*]
i —— Register e FSM

Interface Bank
r

A 4

Irq_o

Error_o

JLIXUH*/,.(< %YORFN 'LDJUDP

JHDWXUHV
H,QWHJULW\ SURWHFWLRQ RI VHFXULW\ VHQVLWLYH UHJLVWHUV GXULQJ ZULWH DQ
H,QWHJULW\ SURWHFWLRQ RI VHFXULW\ VHQVLWLYH UHJLVWHUV DW UHVW DJDLQVW
HM(UURU ODQDJHPHQW
§ '"HGLFDWHG ,QWHUUXSW
§ '"HGLFDWHG LQWHJULW\ SURWHFWLRQ

&RQILIXUDWLRQ
*/,.(< FDQ EH FRQILJXUHG LQ IROORZLQJ ZD\V

H)60 WR LQFOWEBY DV PHRIWXRBHG LQ

S$UFKLWHFWXUH GHVFULSWLRQ

JXQFWLRQDO GHVFULSWLRQ

*/,.(< FRQWUROV WKH ZULWH HQDEOHY DQG UHVHWY IRU WKH 665 V WKURXJK )60 6R
ZULWH HQDEOHY DQG UHVHWYV IRU 665

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

(<

*/,.(< VDIH JXDUGY DJDLQVW DWWDFNV E\ FRQVWDQWO\ PRQLWRULQJ WKH VWDWH ZK
WKH FXUUHQW VWDWH ,I IDXOW LV IRXQG WKHQ DQ LQWHUUXSW LV UDLVHG DQG Wk
6: UHVHWYV WKH */,.(<

WR_EN_0==2'b01
&
WR_EN_1 == 2'b01
_~——~_  WRITE_INDEX
/ A Mot Changing =
N WR_EN_0 = 2'b10
| Step1 f--._ &
B T » Step2 oo WR_EN_1==2"b01
. / “--._ WRITE_INDEX
- — Ny *, Not Changed
| SSR WR_EN_0 == 2'b11 ‘.
L] & |
\ RESET /% . o |
/1 WR_EN_1==2'00 Entered When ;
\ -— i & Encodings i
' | WRITE_INDEX Not Differ — 2
Locked Than stated il _ / \
- . and differ then | {
WR_EN_0 == 2'b10, - J curentsae . WR_DIS | | Step3
& K IR L -
WR_EN_1==2'000 . T ' \ / ' .
WRITE_INDEX e \
Mot Changed bt | INIT o
- H :
WR_EN_0==2'b10 P : 1 i WR_EN_0==2'b10
& ; \ ! &
WR_EN_1==2"b00 ‘ ' H WR_EN_1==2'b00
WRITE_INDEX WRITE_INDEX has i WR_EN_0==2b10 WRITE_INDEX
'“har_\Ee:l &' peen locked; i & 1 Not Changed
'-'»"JRIT= INDEX s previously, i WR_EN_1 ==2'000 B &
hasn't been locked f "; P‘ITEE va;( H
previously | — - ot Change: :
e NI |
| LOCKED | 4 .
N A | | Step4 |
—
-
WR_EN_0 == 2'B11
.
WR_EN 1==2'000  ~""=m--re-ae- { WR EN |e--m-mmommmommmmmnoee ~mmmmmasmossee )
WRITE_INDEX WR_EMN_0==2"h00
Mot Changed '\__ _'/' WR BN f‘__ 2b00
WRITE_INDEX
Not Changed
YLIXUH*/,.(< )60 'LDJUDP

BURJUHVVLQJ 7KURXJK WKH )60
B3URJUHVVLQJ WKURXJK WKH )60 LV GRQH W&TR K JK B 1 W@y SVR 6:)5BUHR L& WH U V

$Q\ PLVFRQILIJXUDWLRQ ZLOO OHDG WR WKH )60 HQWHULQJ WKH :5B',6$%/(' VWDWH W
KDUG UHVHW

7KH FXUUHQW VWDWH RI )60 16V $718b6)RME 7B\ UBIDGLQJ

7KH VHTXHQFH RI SURJUHVVLQJ WKURRBIK7%EH 6)BB6FB QI @HK M HHQVHQULW\ Rl )60 HQFR(
FRPSURPLVHG WKHQ WKH HUURUBR ZLOO EH WULJJHUHG

,QLWLDO 6WDWH
8SRQ UHVHW HLWKHU WULJJHUHG WKURXJK KDUGZDUH RU VRIWZDUH )60 ZLOO HQW

7KH UHVHW YROXHBIRWBLBWKBH 1'GC® [ ,I| VRIWZDUH UHVEWSLE WB |7J(EH UK®BD QGHYLRXVO\
ORFNHG WKHQ WKH )60 HQWHUV LQWR WKH /2&.(' VWDWH 7RBIURIUBVMBWKW®R RIWZI
DQ LQGH[ WKDW LV FXUUHQWO\ QRW ORFNHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

*,.(<
,Q WKH ,1,7&VW/MBWHSLT(B,1'CL@® ZULWWHQ WKDW LV FXUUHQWO\ /2&.(" WKHQ WKH )60 Z
LUUHVSHEWL/BH>RIB(1BD@8&75/B >:5B(1B @

JRU H[DPSOH ZKHQ LQ WKH ,1,7 &WsDBVKID RSHD ¥ W WHWORS BRI W38 (WK HBE DQG
WK 5/B >:5,7(B,1'W®& D ORFNHG LQGH[ WKH )60 ZLOO HQWHU WKH /2&.(' VWDWH ,Q V
&75/B >:5B(1B @E DQG®&WSKB >:5,7(B,1'W@®& DQ XQORFNHG YDOXH WR PRYH EDFN LQWR

)RU QRUPDO RSHUDWLRQ ZK L& 1BQ >WK A ( Bl 17 (VW@ DWW IVGI® WKDW L&/76 RBW>O6BR NBl @D QG
LV VHW WR E RU E WKH )60 ZLOO HLWKHU HQWHU 67(3 RU 665B5(6(7 DQG FRQW

:5B',6 6WDWH
:5B"',6$% /(" VWDWH LV FRQVLGHUHG D VHFXUHG VWDWH

$Q\ PLVFRQILIXUDWLRQ RI WKH )60 ZLOO OHDG WR WKLV WWIBDMBH:5QFBUUEZKRNYDBGYR V
OHDG WR WKLV VWDWH

7KH )60 PRQLWRUV WKH FXUUHQW VWDWH RI ZKLFK LW LV LQ LI WKH FRQWURO VLJQ
HQFRGLQJV WKH HUURU VWDWH LV HQWHUHG

7R OHDYH WKH :5B',6$%/(' VWDWH VRIWZDUH PX\WW53B UIRRUBSBRVMERKWU GUUWY QW RQ H /W

7KH 121 6HFXUH VWDWH LV FRQVLGHUHG D VWDWH LQ ZKLFK WKH 665 FDQ EH DFFHV\
DOORZHG YLD WKH ZULWH HQDEOH RXWSXWV RI */,. (< */,.(< FDQ HQWHU RQO\ WKH 12
KDV RFFXUUHG

7ULJJHU D ZULWH HQDEOH RXW
7KH ZULWH HQDEOH RXWSXW IRU DQ\ JLYHQ LQGH[ LV RQO\ DVVHUWHG ZKHQ WKH )6C

"KHQ WKH )60 PRYHV RXW RI WKLV VWDWH WKHQ LW LV GH DVVHUWHG 7KH RXWSXW
GLUHFWO\ E\ )60

8SRQ HQWHULQJ WKH :5B',6 VWDWH DOO ELWV RI WKH RXWSXW UVWBR ZLOO DVVHUYV

7ULJIJHU D 5SHVHW RXWSXW
7KH UHVHW RXWSXW IRU DQ\ JLYHQ LQGH[ LV DVVHUWHG ZKLOH WKH )60 LV LQ 665B5
KHQ WKH )60 PRYHV RXW RI WKLV VWDWH WKHQ LW LV GH DVVHUWHG
7KH RXWSXW UVWBR> @ RXWSXWV DUH QRW UHJLVWHUHG DQG DUH GULYHQ GLUHFW({

IRFN 665 DFFHVV

$IWHU DFFHVVLQJ WKH :5B(1$%/( VWDWH IRU DQ\ JLYHQ LQGH[ IXUWKHU DFFHVV WR V
ORFN DFFHVV IRU WKLV ,I| DGGUHVVHG DJDLQ )60 MXPSV WR WKH /2&.(' VWDWH DQG |

7KH ORFNHG LQGH[HY FDQ RQO\ EH UHVHW E\ D KDUGZDUH UHVHW 7KH ORFN UHJLVWF
,Q FDVH WKH ORFN DQG WKH LQYHUVH ORFN UHJLVWHUY DUH QRW PDWFKLQJ WKH HL

([DPSOH

$VVXPLQJ VRIWZDUH LV LQ WKH :5B(1 VWDWH ZLWK :5,7&B5/'K;>:5BAR BW@G WHHQ WWHILW HW K
/12&.(" 6WDWH 7KLV ,QGH[ LV QRZ FRQVLGHUHG ORFNHG 7R HOQWHWU E/BFN: 2BWR @ ,7 V
DQG WKH :5,7(B,1'(; LV XSGDWHG WR D :5,7(B,1'(; QRW SUHYLRXVO\ ORFNHG ,I VRIWZD
ORFNHG WKHQ WKH VRIWZDUH UHPDLQV LQ /2&.(' 67%$7(

7KLY PHDQV ZKHQ DOO WKH LQGH[HVY DUH ORFNHG VRIWZDUH UHPDLQV LQ WKH /2&.(

7R UHDG WKH VWDWXV RI :5,7(B,1'(; WKDW DUH ORFNHG VRIWZDUH QHHGV WR ZULWE
&75/B >:5,7(B,1'"W®& NQRZ WKH ORFN VWDWXWV $6R6W/2EZUBI6 WKWME@AYREWKH VWDWXV
LQGH[ LV ORFNHG 7KH LQGH[ LV QRW ORFNHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

*,.(<

5HVHW )60

6RIWZDUH KDV WKH DELOLW\ WR USHNEHBV 8 KB pBT QUMW QB REOHLWWR R ,1,7 VWDWH 7KL
ZKLOH LQ DQ\ VWDWH

5HVHWWLQJ WKH )60 ZLOO FDXVH WKH FXUUHQW SURFHGXUH WR EH UHVWDUWHG 65H
ORFNHG SUHYLRXVO\ :KHQ DOO :5,7(B,1'(; VDUH ORFNHG WKHQ WKH )60 ZLOO VWD\ L

7TULJIJHULKYBMKH)7B5 @0 DOVR UHVHW WKH IROORZLQJ UHJLVWHUV WR WKHLU UHV|

H&75/B >:5B(1B @
u&75/B >:5B(1B @
M&75/B >:5,7(B,1'(; @

&75/B >6)7B5WD@AHYV SREZRABLWS|1(B,1'D@&75/B >:5B(1BD@H ZULWWHQ LQ WKH VDPH EXYV
UHVXOWLQJ LQ WKHVH EHLQJ UHVHW

'LVDEOH */,.(<
*/,.(< FDQ EH GLVDEOHG E\ ZULWI7@JBWKH 5BDDRIPO \KKMRGZDUH UHVHW FDQ UH HQDEO

2QFH WKH */,. (< LV GLVDEOHG VRIWZDUH KDV QR ZULWH SHUPLVVLRQV WR WKH 6)5 \
*/,.(< FDQQRW SHUIRUP DQ\ DFFHVVHV WR WKH VHFXULW\ VHQVLWLYH UHJLVWHUYV

, QWHUUXSW '"HVFULSWLRQ
7KHUH DUH LOQOWHUUXSW VRXUFHYVY DV OLVWHG EHORZ

7TDEOH,QWHUUXSW 6RXUFHV

yQWHUUXSW 6RXUFH '"HVFULSWLRQ 5HIJLVWHU

)60 ,QWHUUXSW 8SRQ HQWHULQJ WKH :5B'66 /A8 BDWHSWKR &7 $7 8B @
LQWHUUXSW LV UDLVHG

:5,7(B,1'(; RXW RI ERXQGV,I D :5,7(B,1'(; LV DGGUHYV¥VH{¥ 86K D5/% 2A5B 67 $7 8B @
JUHDWHU WKDQ WKH QXAEHU RI DGGUHVVDEOH
LQGH[HV FRQILIJXUHG

5($'B,1'(; RXW RI ERXQGV ,I D 5($'B,1'(; LV DGGUHVMVaGVEG NMSEDW52%B67$7 8B @
JUHDWHU WKDQ WKH QXAEHU RI DGGUHVVDEOH
LQGH[HV FRQILIJXUHG

,QWHUUXSWV FDQ EH HQDEOHG55BR7GLYDEBH@&@ WKURXJK
,QWHUUXSWV FDQ EH FOHIDBB&7/BY>ZUILB&/@E® WR
,QWHUUXSWV FDQ EH VIHHWBE\7 B L WLEX) 7 QV R

6RIWZDUH FDQ PRQLWRU WKH VWDW XV 6RI$ Wk6H (53 WF-BAT % 380 8B XU BDH W K URMNI KU U X SW
WKBH $786>(5525B67$186J@VWHUV

7TDEOH,QWHUUXSW &OHDULQJ OHWKRGV

(UURU 6WDWXV 5HIJLVWHU '"HVFULSWLRQ

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

(<

7TDEOH,QWHUUXSW &OHDULQJ OHWKRGV FRQWLQXHG

67$786>(5525B67%¥ 8B @ 6RIW RU KDUG UHVHW

67$786>(5525B67%$78® @ 8SGDWLQJ :5,7(B,1'(; WR OHVV WKDQ QXPEHU
DGGUHVVDEOH LQGH[HV

67$786>(5525B67%$78® @ 8SGDWLQJ 5($'B,1'(; WR OHVV WKDQ QXPEHU R
DGGUHVVDEOH LQGH[HV

(UURU GHVFULSWLRQ
KHQ HUURUBR LV KLJK WKLY LQLGLFDWHY WKDW DQ LQWHUQDO IDXOW KDV RFFXUHC

127¢
7KLV VLJQDO LV QRW GULYHQ E\ DQ\ Rl WKH LQWHUUXSW VRXUFHV

6RXUFHV RI LQWHUQDO IDXOWYV

H'XSOLFDWLRQ 5HIJLVWHUYV

7KH LQWHUQDO UHJLVWHUV RI WKH ORFNHG UHLJVWHUY DUH GXSOLFDWHG 7KHVH
H(QWHULQJ LQWR WKH :5B',6 6WDWH

:KHQ WKH )60 HOQWHUV WKH :5B',6 VWDWH WKLV ZLOO UDLVH WKH HUURU
HLSWWDFN RQ WKH )60 6WDWH UHJLVWHU

:KHQ WKH )60 VWDWH LV QRW HTXDO WR D GHILQHG VWDWH WKLV ZLOO UDLVH WK

5HIJLVWHUV GHVFULSWLRQ 6)5V
7KH EORFN KDV RQO\ 6)5 VSDFH WKDW FDQ EH DFFHVVHG GLUHFWO\ IURP WKH $3% ¢

*/,.(< UHJLVWHU GHVFULSWLRQV

*/,.(< PHPRU\ PDS

*/,.(< */,.(< EDVH DGGUHVV B' K
21IVHW 5HJLVWHU LGWIKSFFHYVBHVHW Y|DOXH
,Q ELWV

K &RQWURO 5HJLVWHU 6)5 &75/B 5: 6HH VHFWLRQ

K &RQWURO 5HJLVWHU 6)5 &75/B 5: 6HH VHFWLRQ

K ,QWHUUXSW &RQWURO ,175B&75/ 5: 6HH VHFWLRQ

&K 6WDWXV 67$786 5 6HH VHFWLRQ

) &K ,3 9HUVLRQ 9(56,21 5 6HH VHFWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

*/

&RQWURO 5HIJLVWHU 6)5 &75/B

2I1IVHW

(<

5HIJLVWHU

21IVHW

&75/B

K

YXQFWLRQ

&RQWURO 5HJLVWHU 6)5 FRQWUROV WKH IORZ RI )60

‘LDJUDP
% LWV
5 5(6(59(" 6)78
'5B(1B
567
S5HVHW X X X X X X X X X X X X X
%LWV
5 5(6(59("
'5,7(B,1'(;
S5HVHW X X X X X X X X
JLHOGYV
)LHOG | ) XQFWLRQ
5HVHUYHG IRU )XWXUH 8VH
5(6(59("
6RIW UHVHW IRU WKH FRUH UHVHW 6)5 FRQILJXUDWLRQ ZLOO E
6)7B567 | 8VH WKLV ILHOG WR EULQJ WKH ORJLF LQWR D NQRZQ VWDWH
127(
7KLV ILHOG LV YRODWLOH
E 1R HIIHFW
E 7ULJJHUV WKH VRIW UHVHW
ULWH (QDEOH
'5B(1B |&RQWUROV WKH VWDWH RI )60 8VH WKHVH ELWV ZLWK :ULWH (Q

127¢
7KLV ILHOG LV YRODWLOH

5HVHUYHG IRU )XWXUH 8VH

H SUHVHY

DEOH

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

*/

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

(<

JLHOG | )XQFWLRQ
5(6(59("
"ULWH ,QGH]
5,7(B,1'(;| 7DUJHWV JLYHQ LQGH[ IRU 665

127¢
7KLV ILHOG LV YRODWLOH

&RQWURO 5HIJLVWHU 6)5 &75/B

21IVHW

5HIJLVWHU

21IVHW

&75/B

K

YXQFWLRQ

&RQWURO 5HJLVWHU 6)5 FRQWUROV WKH IORZ RI )60

'LDJUDP
%LWV
5 5(6(59("
6)5B/28&. :5B(1B
S5HVHW X X X X X X X e X X
%LWV
5 5(6(59("
5($'B,1°(;
S5HVHW X X X X X X X X
JLHOGYV
JLHOG | )XQFWLRQ
5HVHUYHG IRU )XWXUH 8VH
5(6(59("
/2&. UHJLVWHU IRU */,.(<
6)5B/2&. |/2&. UHJLVWHU IRU */,.(<
K /IRFNHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

*,.(<

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

DLG

JLHOG | )XQFWLRQ
K$ B8QORFNHG
127(
:KHQ ,3 LV ORFNHG :ULWH DFFHVV WR 6)5 LV LQYD
127¢
7KLV ILHOG LV YRODWLOH
:ULWH (QDEOH 2QH
:5B(1B 127¢(
7KLV ILHOG LV YRODWLOH
5HVHUYHG IRU )XWXUH 8VH
5(6(59("
,QGH[ VWDWXV :ULWLQJ DQ LQGH[ YDOXH WR WKLV UHJLVWHU Z
5($'B,1'(: WKLV LQGH]

8VH WKLV ILHOG WR UHDG WKH VWDWXV RI D WDUJHW LQGH]

127¢
7KLV ILHOG LV YRODWLOH

LOO UHT)

,QWHUUXSW &RQWURO ,175B&75/

211VHW

SHIJLVWHU

21IVHW

,175B&75/

K

YXQFWLRQ

,(QWHUUXSW &RQWURO 5HJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

.

(<

'LDJUDP
%LWV
5 5(6(59("
5HVHW X X X X X X X X X X X X X X X X
%LWYV | |
5 5(6(59(" ,17B| ,17B| ,17B
6(7 &/5 (1
S5HVHW X X X X X X X X | X X X X | X
JLHOGV
JLHOG | ) XQFWLRQ
5HVHUYHG IRU )XWXUH 8VH
5(6(59("
,QWHUUXSW 6HW :ULWLQJ D WR WKLV UHJLVWHU DVVHUWY WKH LQWHU
,17B6(7 | 8VH WKLV ILHOG WR VHW LQWHUUXSW
127¢(
7KLV ILHOG LV YRODWLOH
E 1R HIIHFW
E 7ULJIJHUV LQWHUUXSW
,QWHUUXSW &OHDU :ULWLQJ D WR WKLV UHJLVWHU FUHDWHY D VLQJOH
,17B&/5 | :KHQ WKH LQWHUUXSW LV VHW XVH WKLV ILHOG WR FOHDU WKLV LQWHUL
127¢(
7KLV ILHOG LV YRODWLOH
,QWHUUXSW (QDEOH :ULWLQJ D ,QWHUUXSW DVVHUWY RQ ,OWHUUXSW
,17B(1 8VH WKLV ILHOG WR FRQWURO ZKHWKHU WR WULJJHU DQ LQWHUUXSW
127(
7KLV ILHOG LV YRODWLOH

6WDWXV 67%$786

2IIVHW
5HIJLVWHU 21IVHW
67$786 &K
0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

YXQFWLRQ

6WDWXV 5HILVWHU SURYLGHV WKH VWDWXV RI */,.(<

'LDJUDP

LWV

*,.(<

5

Y60B67$7(

5(6(59(

S5HVHW

% LWV

| X

5(6(59("

(5525B67%$786

/12&.B
67

,17B¢
7%

S5HVHW X

JLHOGYV

JLHOG

)XQFWLRQ

)60B67$7

6WDWXV RI )60
6WDWXV RI )60

5B, 6$%/("

1,7
67(3
67(3
67(3
67(3

E B
E B
E B
E B
E B

E B B

5HVHUYHG
5HVHUYHG
5HVHUYHG
5HVHUYHG
12&. ("
'5B(1$%/(' EB B B
665B5(6(7 EB B B

T T W @
T T T @

E B B B

127¢
7KLV ILHOG LV YRODWLOH

5(6(59("

5HVHUYHG IRU )XWXUH 8VH

6WDWXV RI WKH (UURU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

(<

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

(5525B67$75SHSRUWYV WKH VWDWXV RI HUURU LQ */,.(< ZKHUH %LW DW SR
86 % LW DW SRVLWLRQ LQGLFDWHV WKDW VRIWZDUH WULHG W,
% LW DW SRVLWLRQ LQGLFDWHV WKDW VRIWZDUH WULHG W,
127(
7KLV ILHOG LV YRODWLOH
E 1R HUURU
E )60 HUURU KDV RFFXUUHG
E :ULWH LQGH[ RXW RI WKH ERXQG 22% HUURU
E :ULWH LQGH[ 22% DQG )60 HUURU
E 5HDG LQGH[ 22% HUURU
E :ULWH LQGH[ DQG UHDG LQGH[ 22% HUURU
E 5HDG LQGH[ 22% ZULWH LQGH[ 22% DQG )60 HUURU
3URYLGHV WKH FXUUHQW ORFN VWDWXV RI LQGH[HV
/28&.B67$786 127

7KLV ILHOG LV YRODWLOH

E &XUUHQW UHDG LQGH[ LV QRW ORFNHG
E &XUUHQW UHDG LQGH[ LV ORFNHG

,QWHUUXSW 6WDWXV
,17B67$786HIOHFWYV WKH FXUUHQW VWDWXV RI LQWHUUXSW

127¢
7KLV ILHOG LV YRODWLOH

E 1R HIIHFW
E 7ULJIJHUV LQWHUUXSW

, 3 9HUVLRQ 9(56,21

21IVHW

5HJLVWHU 21IVHW
9(56,21 ) &K
YXQFWLRQ

,3 9HUVLRQ UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

VLWLRQ
R DGGUH:
R DGGUH:

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

*,.(<

'LDJUDP
%LWV
)60B
5 5HVHUYHG ,1'(;B&21),* 0,/(6721¢
&21
S5HVHW X X X X X
% LWV
5 5HVHUYHG 5HVHUYHG 5HVHUYHG 5HVHUYHG
S5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG IRU )XWXUH 8VH
5HVHUYH|G
&RQILIXUHG QXPEHU RI DGGUHVVDEOH LQGH[HV
,1'(;B&21) 127¢
* 7KLV ILHOG LV YRODWLOH
VWHS VWHS
)60B&21)," 127¢(
7KLV ILHOG LV YRODWLOH
5HOHDVH PLOHVWRQH 35(/ %5 6, *2
0,/(6721( 127¢(
7KLV ILHOG LV YRODWLOH
5HVHUYHG
5HVHUYH|G
5HVHUYHG
5HVHUYH|G
5HVHUYHG
5HVHUYHG
5HVHUYHG
5HVHUYHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
6HFXUH *HQHULF ,QWHUIDFH 6%,

&KLS VSHFLILF 6*, LQIRUPDWLRQ

7TDEOH5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ 6", 6*,

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH 6*, PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

2YHUYLHZ

7KH 6HFXUH *HQHULF ,QWHUIDFH 6*, LV D JHQHULF V\PPHWULF FU\SWRJUDSKLF DFF
DQG '(6 DOJRULWKPV

%ORFN GLDJUDP
7KH ILJXUH EHORZ VKRZV WKH EORFN GLDJUDP IRU WKH 6%,
7KH LQWHUQDO GDWD SDWKV DUH ELW ZLGH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

Secure Generic Interface(SGI) PRNG
A

DATIN[3]

DATIN[2]

DATIN[1]

Insel[2:0]
INCR
(2732)

—
outsel[1:0]

e gl - €128-bite register

. - XOR function

JLIXUH+LJK /HYHO %ORFN 'LDJUDP RI 6*, ,3

127¢(
H$0OO LQWHUQDO GDWD EXVHV VKRZQ LQ WKH GLDJUDP DUH ELW

pM$OO EDQNV KDYH D ELW UHDG ZULWH LQWHUIDFH

HW7KH ,1&5 RSHUDWLRQ FDQ EH SHUIRUPHG RQ DQ\ '$7,1 EDQN DQG LV LQYRNHG YLD
'$7,1 UHJLVWHU

HW7KH '(6 GDWD LQSXW FDQ RQO\ EH GULYHQ E\ WKH /RZHU %ORFNV RI WKH '$7,1 UHJI
DUH QRW FRQQHFWHG WR WKH '(6 NHUQHO

JHDWXUHV
7KH IROORZLQJ OLVW JLYHV DQ RYHUYLHZ Rl WKH VXSSRUWHG IHDWXUHYV IRU WKLYV I

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

H$(6 HQFU\SWLRQ DQG GHFU\SWLRQ
H*DORLV )LHOG OXOWLSOLHU $(6 *&0
u ELW ,QFUHPHQW ,1&5
H6+9%
L&KDLQLQJ PRGH VXSSRUW &%& &)% 2)% &75
H$87202'( VXSSIRIAMDXGLQJ '0$ +DQGVKDNH
§ .H\ ZUDSLQJ XQXUISR YW
H([SRUW )XVHV ,QSXW
L5XQ WLPH VXSSRUW IRU PDNLQJ .(<V ZULWH RQO\

JXQFWLRQDO GHVFULSWLRQ

7KH DUFKLWHFWXUH RI WKH 6*, ,3 LV EDVHG RQ D QXPEHU RI GHGLFDWHG UHJLVWHU
SHUIRUPLQJ FU\SWR DQG KDVKLQJ FRPSXWDWLRQV 7KH 6*, DOVR LQFOXGHV D *DORI
RUGHU WR VXSSRUW FKDLQLQJ PRGHV DQG $(6 *&0

7KH UHJLVWHU EDQNYV DUH XVHG WR VWRUH GDWD NH\V WKDW DUH LQSXW WR WKH N
WKH UHVXOW RI WKH NHUQHOV 7KH UHJLVWHU EDQNV DOORZ FRQFXUUHQW ORDGLQJ
HVSHFLDOO\ ZKHQ SHUIRUPLQJ FKDLQLQJ RSHUDWLRQV VXFK DV &%& HWF

JRU 6+$ RSHUDWLRQV WKH '$7,1 DQG .(< UHJLVWHU EDQNV FDQ EH XVHG DV D ),)2 WF
LV WR EH KDVKHG E\ WKH 6*,

7KH 6*, SURYLGH WKUHH PDLQ IHDWXUHV WR VXSSRUW FKDLQLQJ PRGHVY DOO WKUHH

;25:5 2SWLRQDO ;25 GXULQJ ZULWLQJ RI D UHJLVWHU YLD WKH 6*, LQSXW SRUW
6*,B&75/ >;25:58@KLV LV GHWIDKLBHB5LQ25:5

,16(/ 2SWLRQDO ;25 Rl '$7,1 ZLWK '$7287 RQ LQS&EWBWRSNHUQHO®W ER BCHWDLOHGE
,16(/ NHUQHO LQSXW FRQILIXUDWLRQ

2876(/ 2SWLRQDO ;25 RI NHUQHO UHVXOW ZLWK '$7,1 EHIBUB &/RD:18Q 6 (I MWWR '$7 2
LV GHWDRIBGHG LQ$7287 LQSXW FRQILIXUDWLRQ
2SHUDWLRQV

7KH *HQHULF 6*, VXSSRUWV WKH IROORZLQJ RSHUDWLRQV $(6 '(6 VIPPHWULF FU\SWHF
D PRG A LQFUHPHQW D *) PXOWLSO\ *)08/ DQG &0%$& VXENH\ JHQHUDWLRQ

7KH $(6 '(6 *)08/ DQG 6+%$ RSHUDWLRQV ZLOO EH UHIHUUHG WR DV FU\SWR RSHUDWLR

127¢
30HDVH UHIHDWRUWMRWLRQ IRU WKH DFWXDO RSHUDWLRQV VXSSRUWHG E\ WKH 6*, FF

7KH FU\SWR RSHUDWLRQVY DUH VWDUWHG E\ VHOHFWLQJ WKH GHVLUHG RSHUDWLRQ °
7KH ,1&5 LV VWDUWHG E\ ZULWLQJ WR WKH '$7,1 UHJLVWHU WR EH LQFUHPHQWHG ZK
7KH 6*, DOVR VXSSRUWYV IOXVKLQJ Rl UHJLVWHU EDQNV

2SHUDWLRQ 6HOHFWLRQ

6*, RSHUDWLRQV DUH VHOHFWHG YLD WKHS5IHIEVVSMURB S V. RBXSWB/&FRIHTESE BT 12 B23 @V R
ILHOG IRU WKH HQFRGLQJ RI WKLV LQSXW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

127¢
.l DQ RSHUDWLRQ FRUUHVSRQGY WR D FRSURFHVVRU ZKLFK LV QRW HQDEOHG LQ WKH
WKH DYDLODEOH L H FRQILIXUHG FRSUR ZKLFK FRUUHVSRQGV WR WKH ORZHVW HQFI
‘(6 LI 6*,B'(6 HOVH *)08/ LI 6*,B*&0 DQG VR RQ 7KH VDPH DSSOLHV IRU VHOHFWL

([ISRUW )XVHV

7KH 6*, VXSSRUWV D ELW LBH[SRUWBIXVHVY LOQSXW WR DOORZ GLVDEOLQJ FHUWDLQ
ELW PDSSLQJ RI WKLV LQSXW

127(
$ VHWWLQJ Rl LQ WKH LBH[SRUWBFRQWURO LQSXW GLVDEOHV RSHUD'

7DEOH)XVH FRQWURO PDSSLQJ

LBH[SRUWBIXVHV %LW 6HWWLQJV 2SHUDWLRQ 'LVDEOHG
LBH[SRUWBIXVHV> @ $(6

LBH[SRUWBIXVHV> @ (6

LBH[SRUWBIXVHV> @ 7'(6
LBH[SRUWBIXVHV> @ *)08/
LBH[SRUWBIXVHV> @ 6+

LBH[SRUWBIXVHV> @ &0$&

$SWWHPSWLQJ WR VWDUW DQ RSHUDWLRQ ZKLFK KDV BEHHRQUG W DEEANENPEHAIXEDIWW RL G LD,
YLD IXVH DQ RSHUDWLRQ WKDW LV DOUHDG\ GLVDEOHG YLD FRPSLOH WLPH FRQILJXU
EHFDXVH LW LV FRQILIXUHG RXW DQG LBH[SRUWBXVHV> @ WKHQ DWWHPSWLQJ W
RSHUDWLRQ VHH 1RWH DERYH ,Q WKLV FDVH D VHFXULW\ DOHUW ZRXOG RQO\ WUL.
YLD IXVH

,16(/ NHUQHO LQSXW FRQILIXUDWLRQ
30HDVH UHIBR7WR ,16(LEBOG IRU GLIIHUHQW RSWLRQV IRU FRQILJXULQJ NHUQHO LQS»

127¢
,16(/ IHDWXUH GRHV QRW DSSO\ WR 6+$ RSHUDWLRQV ,Q WKH FDVH RI D 6+$ RSHUDWL
WKH 6+%$ ),)2 DQG WKH ,16(/ ILHOG LV LIQRUHG

&RQFXUUHQW RSHUDWLRQV

2Q0\ RQH FU\SWR RSHUDWLRQ FDQ EH VWDUWHG DW D WLPH $Q\ DWWHPSW WR VWDU\
KRZHYHU FDQ EH SHUIRUPHG FRQFXUUHQWO\ W& BG RQ 3R & @ BEGEBSHLLND W ER ¢ LVEKOWZ UV V
WKH '$7,1 UHJLEWB&7BEKEOHEY@Q/HW $ IOXVK RSHUDWLRQ FDQ EH WULJJHUHG DW DQ\ V
E\ DVVH&WB&D5/ >)/86¥@ IOXVK RQO\ WKH .(< BHBLVWHY. EBQNB 6WBNMW FDQ EH XVHG LQ

$(6

7KH $(6 FRSURFHVVRU VXSSRUWYV DQG ELW $(6 HQFU\SWLRQ DQG GHFU\SWLRQ R
HQFU\SWLRQ NH\ DV LQSXW NH\ UHJDUGOHVYV RI ZKHWKHU DQ HQFU\SWLRQ RU GHFU\!
$(6 GHFU\SWLRQ NH\V

7KH $(6 RSHUDWLRQ LV VHOHFWHG E\ VHWWLQJ LBFU\SWRBRS WR E

7KH GDWD XVHG IRU WKH $(6 RSHUDWLRQ LV VHO HFWBHG 58 D \16 &/ B 6 (W K H NFHRWQQ HIX U D W
LQSXW FRQILIJXUDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7KH NH\ XVHG IRU WKH $(6 RSHUDWLRQ LV VHOH FaN HB& ED ¥ HIG ( REWEKiE & R DUV WD B/D @ K
DQ6*,B&75/>$(6B12R.Q@\ DYDOLDEOH RQ $HIJLVBKV S$WKHQLXP DQG $WKHQLXPBKV RQ(
RSWLRE),B&75/>$(6B12BV@VVHUWHG QR QHZ NH\ ZLOO EH ORDGHG DQG WKH SUHYLR>
GHFU\SWLRQ WKLV PHDQV D VSHHG XS LQ F\FOH FRXQW WR EH WKH VDPH F\FOH FRX
EH UDQ

7KH $(6 NH\VL]H LV FRQG6FJXUHEG>BL®. (W EKAB X W
7KH UHVXOW RI WKH $(6 RSHUDWLRQ LV VWRUHG LQ$¥EK8{7' 72147V W B QFE M UWW W R U HAD

7TDEOH$(6 $(*,6 FRPSXWDWLRQ WLPH

1XPEHU RI 6 ER[HV LBNH\VL]H &ORFN F\FOHV WRWDO (L& DQG
,'B&)*B.((3B.(<
$(6
$(6

7KH IROORZLQJ WDEOH VKRZV WKH VHOHFWLRQ RI WKH GLITHUHQW $(6 NH\ VL]HV

7DEOHODSSLQB*FE&T75/>$(6.(<6¥R$(6 NH\ RSWLRQV

6*,B&75/>$(6.(<6=@ $(6 .H\ 6L]H
E ELW
E ELW
E ELW

XQOHVV ,'B&)*B$(6B. B21/< LV GHILQHG LQ ZKLFK FDVH LW LV ELWYV

,QFUHPHQW ,1&5

7KH ,1&5 RSHUDWLRQ LV XVHG WR LQFUHPHQW ZRUGV ZLWKLQ WKH VHOHFWHG '$7,1
YDOXH WR EH LQFUHPHQWHG 7KH LQFUHPHQW RSHUDWLRQ FDQ EH XVHG WR VXSSRL

7KH LOQOFUHPHQW RSHUDWLRQ LQFUHPHQWY E\ PRG A $Q\ Rl WKH ELWV ZRUGV FLC
YL®*,B67$786>2)/21@RP WKH SUHYLRXV LQFUHPHQW FDQ EH XVHG DV WKH FDUU\ LQSX

7KH LQFUHPHQW RSHUDWLRQ LV WULJJHUHG E\ ZULWBE®,B &03/ YD OKEHAWHRV W KKIHWD &) ZHJW)
GRHV QRW QHHG WR ZULWH WKH IXOO ELWV RI WKH ZRUG WR WULJJHU WKH ELW
ZULWH VWUREH ELW

i_wr_byte_* = 16°h000F -> Full 32-bit WORD write
i_wr_byte *=16+h000C -> Only 16-bit write(upper 2 bytes)
i_wr_byte_* =16°h0003 -> Only 16-bit write(lower 2 bytes)
i_wr_byte_* =16°h0001 -> Only 8-bit write(lowest byte)

$V GHVFULEHG URJLVWHADEWOMWDWHY ZLOO EH LQVHUWHG E\ DVVHUWLQJ RBZDLW 1
LQFUHPHQWHG LPPHGLDWHO\ DIWHU VWDUWLQJ D FU\SWR RSHUDWLRQ L H ZKLOH W
NHUQHO $W DOO RWKHU WLPHV WKH ,1&5 ZLOO QRW LQFXU DQ\ ZDLW VWDWHYV

,Q WKH FDVH ZKHUH DQ RYHBIE/RZ SRERX\ZV@QWQBOW ZLOO EH DVVHUWHG 7KLV VLIJQDO L
6*, WLV XSGDWHG DW WKH HQG RI WKH ZULWH WR '$7,1 ZKHQ ,1&5 LV &GB}HFEOBG W
ZULWH SULRULW\

1) Increment word w0
No Overflow(o_overflow=0):

b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

DATIN = 128+h00000000_00000000_00000000_12345678 -> 128-h00000000_00000000_00000000_12345679

With Overflow(o_overflow=1):

b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0 b7b6b5b4 b3b2b1b0
DATIN = 128+h00000000_00000000_00000000_FFFFFFFF -> 128h00000000_00000000_00000000_00000000

1) Increment word w0
No Overflow(o_overflow=0):

b7b6bSb4 b3b2b1b0 b7b6b5b4 b3b2b1b0  b7b6b5hb4 b3b2b1b0 b7b6b5ha h3b2b1b0
DATIN = 128-h00000000_00000000_12345678_00000000 -> 128-h00000000_00000000_12345679_00000000
7KH RYHUIORZ IODJ LV FOHDUHG VHW WR RQ WKH IROORZLQJ FRQGLWLRQYV
H,3 UHVHW WKDW LV DVVHUWLRQ RI LBUVW
H2Q D LQFUHPHQW RSHUDWLRQ ZKLFK GRHV QRW RYHUIORZ
H2Q D IXO®BHBRIK/ >)/86+@
H2Q D '$7,1 IBXBK 75/ >'$7,1B)/86+@
H2Q B*,B&75/ >)/86+: W@ '$7,1

7KH 6*, ,1&5 IXQFWLRQ VXSSRUWYV RSWLRQBQBS6 PEVIS® 3 2)/KRHEARPU WK R XIW HW KR XW LIVQ F U
WKH FDUU\ LQSXW IRU WKH FXUUHQW LQFUHBK @GW 7R S k VIR BRQB® W L VKLHQ W O IHVF WERISX Y\
,1&5 IXQFWLRQ DOZD\V SHUIRUPV D VWDQGDUG LQFUHPHQW E\ :KHQ WKLV LQSXW L
SUHYLRXV LQFUHPHQW RSHUDWLRQ ,I WKHUH ZDV QR RYHUIORZ WKH ,1&5 RSHUDWL
LI WKH SUHYLRXV RYHUIORZ ZDV WKH ,1&5 ZLOO ZRUN DV QRUPDO DQG LQFUHPHQW

7KH WDEOH EHORZ VXPPDULVHV ZKDW ZDV GHVFULEHG DERYH

7TDEOH6*, LQFUHPHQW EDKDYLRXU

6*,B&75/ >,1&5B&,1@ 6*,B67%$786>2)/2: @ '$7,1

12 &+$1*(

*) OXOWLSOLHU *)08/

7KH *)08/ FRSURFHVVRU VXSSRUWYV *) A PXOWLSOLFDWLRQ RI WZR ELW QXPEH
VWDQGDUG 7KH *)08/ FRSURFHVVRU WRJHWKHU ZLWK WKH $(6 RU '(6 FRSURFHVVRU
WR LPSOHPHQW WKH *DORLV &RXQWHU ORGH *&0 RI RSHUDWLRQ DQG WR JHQHUDWE
DXWKHQWLFDWHG HQFU\SWLRQ

7KH *)08/ RSHUDWLRQ LV VHOHFWHG E\ VHWWLQJ LBFU\SWRBRS WR E

7KH ILUVW GDWD LQSXW L H RSHUDQG XVHG IRU WKH *)08/ RSEYUBWILRQ,LV(MBOHF
VHHL6 (/ NHUQHO LQSXW FRQILIXUDWLRQ

7KH VHFRQG GDWD LQSXW L H RSHUDQG XVHG IRU WKH *)08/ RSHUDWLRQ LV DOZD\
RI WoKHB&75/>,1.(<6(VY@H< UHJLVWHU EDQN

7KH UHVXOW RI WKH *)08/ RSHUDWLRQ LV VWRUHG LQWKH W$H 28V VREJQSED QI WWRH HE L

7KH *)08/ ,1;25 PRGH DOORZV WKH XVHU WR [RU WKH GDWD LQSXW RI WKH *) PXOWLS(
ZRUNLQJ UHJLVWHU L H SUHYLRXV *)08/ UHVXOW 7KLV PRGH DOORZV WKH *+$6+ Ul

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

EH ZULWWHQ WR WKH 6*, '$7287 UHJLVWHU EDQN DW WKH YHU\ HQG RI D $(6 *&0 RSHL
6*,B&75/ >*&0B,1;2R@XW WR

7KH IROORZLQJ WDEOH VKRZV WKH QXPEHU RI VIJLBFON F\FOHVY QHHGHG WR SHUIRUP L
RI F\FOHB67$786>%F4aQ@® EH DVVHUWHG

7TDEOH*&0 &RPSXWDWLRQ 7LPH

1XPEHU RI 67(36 &ORFN &\FOHV &ORFN &\FOHV &ORFN &\FOHV
&203,/( 7,0( 237.,21| 6& )% 6& 2QO0\ 1R 6& 1R )$
6+%

7KH 6+$ FRSURFHVVRU VXSSRUWV WKH IROORZLQJ +$6+ VL]HV

7KH 6+$ RSHUDWLRQ LV VHOHFWHG E\ VHWWLQJ LBFU\SWRBRS WR E

7KH LQSXW PHVVDJH IRU WKH 6+$ RSHUDWLRQ+¥ WDR2NHRQ WRPOWKH 6+$ ),)2 VHH
7KH UHVXOW Rl WKH 6+$%$ RSHUDWLRQ LV VWRUHG L @+W KJH VH7QR8/7 URHD G(RYWILVWHU ED
7KH 6+$ PXVW EH HQDE O6+GBBW H BRHBMAEHS BUL@RU WR XVLQJ WKH 6+% NHUQHO

,Q $XWRPDWLF PRGH WKH 6+$ SHUIRUPDQFH LV GHSHQGHQW RQ RWKHU IDFWRUV VXF
7KH 6+% VL]H FDQ EH VHOHBBWSH B &5 >\ KH BBQS)E@W DFFRUGLQJ WR WKH IROORZLQJ WL

7DEOH6+% 6L]H VHOHFWLRQ

6*,B6+%$ B&75/>6+% B%D=(@H 6+$ VL]H
E 6+%
E 6+%
E 6+$%
E 6+9%

1RUPDO 1250 6+%$ PRGH

,Q WKLV PRGH WKH 6+$ RSHUDWLR @ *L B &N§ DBW$E® & X \WAKEEDMLBA 7WKA6 +$ B02' (@
,Q WKLV PRGH WKH QXPEHU Rl EORFNV WR EH SURFHVVHG LV GHWHUPLQHG SULRU WR
OLPLW&+WHM2 FRQWQRE WKH 6+$ RSHUDWLRQ FRPSOHWHYV WKH X\6H B BB QXUDHD G MDICH R

$XWRPDWLF $872 6+$ PRGH

,Q WKLV PRGH WKH 6+$% RSHUDWLR@*LB&/WDBWH® @ X NG AKBLEDMSL B 7WKH6+$ BO2' (@
,Q WKLV PRGH WKH QXPEHU RI EORFNV WR EH SURFHVVHG LV GHWHUPLQHG GXULQJ \
WKH 6+% ),)2 DIWHU VWDUWLQJ WKH $872 PRGH 6+$ RSHUDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

,Q $872 PRGH ZKHQ ZRUGV RU LQ WKH FDVH RI 6+$% KDYH EHHQ ZULWWHQ L
SURFHVVLQJ WKH LQSXW GDWD )XUWKHU EORFNV FDQ EH ORDGHG LQWR WKH ),)2 ZKI
EORFN ,Q WKH FDVH ZKHUH WKH ,B 7 EHERBHYB)X)2BGYWWXKEDO ZLOO EH DVVHUWHG :KHQ
LV PDGH WR WKH ),)2 ZKLOVW WKH ),)2 LV IXOO WKH RBZDLW RXWSXW ZLOO EH DVVHI
VSDFH EHFRPHY DYDLODEOH LQ WKH ),)2

7R HQG WKH 6+$ RSHUDWLRQ ZKoH (B 6O$$B& 257 REGHS \BEKBASX@ VLPSO\ QHHGV WR EH DVV
SXOVH 7KH 6%, ZLOO ILQLVK RIl SURFHVVLQJ WK, B V3V 96 E D RENGD Q3K B LIV W KEHIR E N
SURFHVVHG $Q H[FHSWLRQ WR WKLV LV LI WKH $872 66$% RSHURWVKQWKHWRS &/DE B

6+% ),)2 FRQWURO

7KH 6+% ),)2 LV FRPSRVHG RI WKH '$7,1 DQG .(< UHJLVWHU EDQNV DV GHSLFWHG EHOF
6+% PRGHV $872 DQG 1250

< 128-bits >

+ +

T KEYI[N] s

+ +

+ +

+ +

+ +

+ +

+ KEYI[O0] + -- HIGH_LIMIT --

+ + |

+ DATIN[N] + |

+ + |

+ + |

+ + |

+ + |

+ + |

+ DATIN[O] + -- LOW_LIMIT ----- Limits are inclusive, so in this example
+ + all of DATIN register bank plus KEY[0]
+ W3 + W2 + W1 + WO + make up the SHA FIFO

*MAX FIFO SIZE€ = SGI_NUM_KEY + SGI_NUM_DATIN

*ACTUAL FIFO SIZEs = HIGH_LIMIT , LOW_LIMIT + 1

The LOW_LIMIT and HIGH_LIMIT control fields allow the user to restrict the available DATIN and KEY
register banks for SHA FIFO use.

Note 1: The sLOW_LIMITs and *HIGH_LIMITe can be set to the same value indicating that the SHA FIFO
consists of a single 128-bit bank

Note 2: When setting the <LOW_LIMIT. to be greater than the sHIGH_LIMITe (LOW_LIMIT>HIGH_LIMIT), the
SGI will internally force the LOW_LIMIT to be the same as the HIGH_LIMIT effectively configuring the
SHA FIFO for a single 128-bit bank.

Note 3: If the HIGH/LOW limits exceed the maximum configured FIFO size, then internally force
HIGH/LOW limit to fMAX_FIFO_SIZE€

Example: SGI_NUM_KEY=4, SGI_NUM_DATIN=3 -> MAX_FIFO_SIZE=7, so if HIGH_LIMIT is 10, force it
to 6(since limit numbering starts at 0)

,Q $872 PRGH WKH 6+% ),)2 PXVW6E B ORIBGHFYRIWWKHHKDYLQJ VWDUWHG WKH 6+$% RSH

WKH XVHU WR ORDG D IXO0O 6+$%$ PHVVDJH E\ VLPSO\ ZULWLQJ WKH VDPH 6)5 DQG QRW
6*, ZLOO DXWRPDWLFDOO\ KDQGOH ZKHUH LQ WKH ),)2 WKH GDWD LV ZULWWHQ WR DC

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

DQG D QHZ ZULWH LV DWWHPSWHG 7KH 6*, ZLOO VWDUW WR HPSW\ WKH ),)2 DV VRR(
QRW EXV\ ,Q $872 PRGHQRIQM H,G2WERREN ODUJH HQRXJK WR KROG D IXOO 6+% EORFN D

,Q 1250 PRGH WKH PHVVDJH PXVW EH ORDGHG LQWR WKH 6+$ ),)2 E\ GLUHFWO\ DFFH
DQG SODFLQJ WKH 6+$ EORFN LQWR WKH ),)2 DFFRUGLQJO\ 7KH 6+$ RSHUDWLRQ FDQ
LQWR WKH ),)2 7KH 6*, ZLOO RQO\ VWDUW WR HPSW\ WKH ),)2 ZKHQ LBVWDUW LV DVYV
WKH ),)2 SULRU WR VWDUWLQJ WKH RSHUDWLRQ ,Q 1250 PRGH WKH ),)2 PXVW EH FRC¢
VHWWLQJV WR VWRUH DQ LQWHJHU P XOoW BSG 4 BE& 55> E-OR BEMS (X@H ®HECERFN IRWQHLW K H
RU ELWV DV WKH IXO0 PHVVDJH PXVW EH SUH ORDGHG LQWR WKH 6*, SULRU WR

127¢
,Q 1250 PRGH WKH 6+$ PHVVDJH VL]H LV OLPLWHG WR WKH $&78%/),)2 6,=( ZKHUH DV LQ
FDQ EH DQ\ VL]H

127(
‘ULWHO/ \BR+$B),PUH RQO\ HIIHFWLYH LQ 6+$ $872 PRGH :ULWHV WR 6*,B6+$B),)2 DW DC
LV GXULQJ 6+$ 1250 PRGH RU RXW ZLWK D 6+$ RSHUDWLRQ ZLOO EH LJQRUHG

,QWHUQDOO\ ZLWKLQ WKH 6*, WKH 6*, PDLQWDLQV D ),)2 ZULWH SRLQWHU DQG D ),)2
$872 PRGH LV HQWHUHG DQG SRLQW WR WKH ORFDWLRQ /RZ /LPLW :2 (YHU\ ZULWH V
6)5 FDXVHV WKH ZULWH SRLQWHU WR LQFUHPHQW E\

6+$%$ HUURUYV

,Q FHUWDLQ FDVHV WKH 6*, FDQ LQIRUP WKH XVHU RI LQFRUUHFW XVH Rl WKH 6+$ 7K
UDWKHU WKDQ DV D VHFXULW\ FRXQWHUPHDVXUH DQG WK HJHBRUS 8\6k 18 +65BH 3H28 BU Q
RXWSXW UDWERKHB6WEDEL NBHRX& ' SXW RI WKH 6*, 7KH 6+% HUURU FDQ RFFXU LQ WKH

M'LVDEOLQJ $872 PRGH ZKLOVW D EORFN KDV EHHQ SDUWLDOO\ ORWDWBHGRZQWR WKH

HM6WDUWLQJ 1250 PRGH 6+%$ RSHUDWLRQ ZKHQ WKH $&78%/),)2 6,=( LV FRQILIXUHG WI
VLIH6tLB6+$ B&75/>+$6+B5 (1 2%'kaL JK1 R6VMEHIH O R Z

127¢
,Q WKLV FOVBI6EWKHB6>%EA<I@DO ZLOO GH DVVHUW DQG RBGRQH ZLOO DVVHUW WR LQGL
RI WKH $872 6+$ RSHUDWLRQ

,Q WKLV FDVH EHFDXVH WKH LQY:I;207L(G XVH LV GHWHFW 86 BOW $WEBEH>WBBHAR! VWDUWLQJ
DQG RBGRQH ZLOO QRW EH DVVHUWHG
7KH 6+$ HUURU LV FOHDUHG E\ DQ\ RQH RI WKH IROORZLQJ PHWKRGYV
P$SVVHUWLRQ RI LBUHVHW RU LBV\QFBUHVHW LI XVHG
LSVVHUWERB&RE/ >)/86+@
HM&RPSOHWLRQ RI D VXFFHVVIXO 6+$ RSHUDWLRQ

127¢
:KHQ D 6+$ HUURU RFFXUV WKH ODVW FU\SWR RSHUDWLRQ VWDWH LV QRW XSGDWHG V
DIWHU DQ HUURUHG 6+$ ZLOO UHWXUQ WKH UHVXOWV RI WKH RSSRBDWLRQ FDUULHG R
UHJLVWHIREDQWWKHU GHWDLOV RQ ODVW FU\SWR RS VWDWH

%XV\ DQG GRQH LQGLFDWRUYV

7TKH 6*, VXSSRUBMV Y 86>% I, B67$786>6+% BURBOWEXW :KHQ SHUIRUPLQJ 6+$% RSHUD
WKeH ,B67$786>6+% BYURB6WEXW RQO\ DVVHUWY ZKHQ WKH 6+$%$ FRSURFHVVRU LV EXV\ ¢
6*,B67%$786>%&FKWASXW DVVHUWVED B &FERE6 Db Q@XW LV DVVHUWHG DQG GH DVVHUWYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

PRGH ZKHQ WKH ODVW EORFN RI WKH PHVVDJH KDV EHHQ SURFHVVHG DQG ,Q $877
DVVHUW | BB}*$ B&75/>6+$%$ B6723@

7KH RBGRQH RXWSXW SXOVHV HDFK WLPH WKH RBEXV\ VLJQDO GH DVVHUWYV DW WKH

6+$ RSHUDWLRQ FRXQWHU

7KH 6+$ RSHUDWLRQV FDQ LQFUHPHQW &DIOH XD M\ X RDRFRRQY\E B XOD W6 R FWHIHV
SURFHVVHG 7KLV EHKDYLRXU FDQ &&HBHE ©@P BR AT/ 6+ ¢ HBR\XE Q/BPM@ WR  :KHQ
6* B6+$ B&75/>6+$ B&2817B(1\@KH 6+$ GRHV QRW LQIOXHQFH WKH &DOFXODWLRQ &RX

6+%$ UHVXOW UHDG RXW

7KH 6*, 6+%$ VXSSRUWY ERWK 5HWEIW/ WR.($@ONQG 5HVXOH WR75<>5.(<@ IRU
RXWSXWWLQJ WKH +$6+ YDOXH DW WKH HQG RI D 6+$ RSHUDWLRQ IRU ERWK $872 RU

2Q0\ ELW RI WKH +$6+ DUH RXWSXW DW WKH HQG Rl WKH 6+$ RSHUDWLRQ 7KH UH
WKH 75,**(5B83 IHDWXUH

127¢
6WDUWLQJ D QHZ 6+$ RSHUDWLRQ DOZD\V UHVHWV WKH FKXQN VHOHFWRU WR SRLQW \
2Q0\ E\ SHUIRUPLQJ D 75,**(5B83 DIWHU D 6+$ RSHUDWLRQ L H 6+$ ZDV WKH ODVW FL
WKH FKXQN VHOHFWRU EH LQFUHPHQWHG

6+%$ DXWR LQLWLDOL]DWLRQ

:KHQ VWDUWLQJ D QHZ 6+$ RSHUDWLRQ ZKHWKHU LQ 1250%/ RU $872 PRGH WKH 6+$ F
ZLWK WKH UHOHYDQW 6+$ LQLWLDOLVDWLRQ YHFWRU VR D IUHVK +$6+ RSHUDWLRQ L
PD\ ZDQW WR +%$6+ D PHVVDJH E\ SHUIRUPLQJ PXOWLSOH 6*, 6+$ RSHUDWLRQV 1250%
GLVDEOH WKH DXWR LQLWLDOLVDWLRQ BF\WEH$6B & 75R & NABHB URARIRLY THBVUVER H/ MWW RHL RJ \
WKH 6+%$ RSHUDWLRQ 7KLV IHDWXUH FDQ DOVR EH XVHG WR IDFLOLWDWH 6*, SDUWL|

6+$ SDUWLDO KDVK PRGH
7KH 6*, VXSSRUWYV SDUWLDO SURFHVVLQJ RI D 6+$%$ PHVVDJH 3DUWLDO SURFHVVLQJ |
M6WDUW ZLWKRXW LQWHUPHGLDWH +%$6+ YDOXH 6*, VWDUWYVY D SDUWLDO +$6+

,Q WKLV FDVH WKH 6*, LV XVHG WR SURFHVV 0 RXW RI 1 EORFNV ZKHUH 1 EORFNYV
10 EORFNV DUH WR EH SURFHVVHG E\ VRPH RWKHU PHDQV SRVVLEO\ XVLQJ WKH ¢
FDVH QR VSHFLDO IHDWXUHY DUH QHHGHG DQG WKH XVHU PXVW VLPSO\ ORDG LQW
YDOXH ZKHQ WKH FRPSXWDWLRQ LV ILQLVKHG

M:LWK LQWHUPHGLDWH +$6+ YDOXH 6*, FRPSOHWHV D SDUWLDO +$6+

,Q WKLV FDVH WKH 6*, LV XVHG WR FRPSOHWH D +$6+ FRPSXWDWLRQ WKDW KDV E|
E\ WKH 6*, DW VRPH HDUOLHU PRPHQW LQ WLPH RUG6E\B6+% B WKt V$ED B B (DEAEGA6 *, R
6*,B6+$%$ B&75/>12B$872B,DWXxJHYV 7R SHUIRUP D SDUWLDO +$6+ LQ WKLV FDVH WKH
YDOXH LQWR WKH 6,8 6AKBLB&I7 WKHS$S6+B5 (I26"\@HW WR $IWHU ORDGLQJ LQ WKH SDU\
6*, WKH XVHU FDQ WKHQ FRPSOHWH B¥KBI6+$ 6B &HF B P>SDR\B H 8V I ARDWVZAVERK VR WKDW WKF
+$6+ YDOXH LV XVHG DV WKH VWDUWLQJ SRLQW IRU WKH QHZ +$6+ FRPSXWDWLRQ

127¢
7R ORDG WKH SDUWLDO +$6+ YDOXH WKH XVHU PD\ X\6H, B&75 /R 6 78BHEGBRGH ,Q $872 PRG
WR EH VHW WR ILUVW DQG WKHQ WKH SDUWLDO +$6+ YDOXH LV ORDGHG LQWR WKH 6
LV WKH RSSRVLWH ILUVW WKH SDUWLDO +$66*YERISH>BY $BR BGHNWG WR W R/ RV WH B3 ) DO G W
WKH WUDQVIHU RI WKH +$6+ YDOXH LQWR WKH 6+$ FRSUR
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127¢
‘KHQ XVLQJ 3DUWLDO +$6+ PRGH ZLWK 1250 PRGH WKH VL]H Rl UHORDG SDUWLDO KDV
6+% DQG ELWV IRU 6+$

127¢(

+$6+ UHORDG* BWI+@IB&75/>+$6+B5(/BIRAYV QRW FDXVH '$7287 WR XSGDWH +$6+ UHORD(
VLPSO\ XSGDWHV WKH 6+$ NHUQHOV ZRUNLQJ UHJLVWHU

SHILVWHU EDQNYV

7KH '$7,1 UHJLVWHU EDQN FDQ EH FRPSRVHG RI XS WR ELW EDQNV 7KH QXPEHU R
UHJLVWHU EDQN LV XVHG WR VWRUH WKH NHUQHO GDWD LQSXW BOG FDJ &6 D RODCH G

7KH '$7,1 UHJLVWHUV FDQ EH RSWLRQDOO\ [RUHG ZLWK WKH '$7287 UHJLVWHU E|
HQDEOWG, ¥&D5/>,16 (/@

127¢
7KHUH LV QR RSWLRQ WR ;25 WKH GLIITHUHQW '$7,1 UHJLVWHUV ZLWK HDFK RWKHU SUL
,QVWHDG WKH XVHU VKRXOG PDNH XVHURMMEK;252525:BHDWXUH VHH

7KH '$7287 UHJLVWHU EDQN LV FRPSRVHG RI D VLQJOH ELW EDQN W VWRUHV WK
PXOWLSOLHU DQG 6+% NHUQHO 7KH UHVXOW IURP WKH NHUQHOV FDQ RSWLRQDOO\ E
WKH '$7287 UHJLVWHUE* HBRDOEOCHG 761 D@

127(
7KH UHVXOW Rl WKH ,1&5 IXQFWLRQ LV 127 VWRUHG LQ '$7287 EXW LQVWHDG LW RYHU
EH LQFUHPHQWHG

7KH .(< UHJLVWHU EDQN FDQ EH FRPSRVHG RI XS WR ELW EDQNV 7KH QXPEHU RI

UHJLVWHU EDQN LV XVHG WR VWRUH WKH NHUQHO NH\ LQSXW DQG LV DOVR XVHG W|

7KH .(< UHJLVWHU EDQN PD\ EH XVHG WR VWRUH WKH UHVXOW RI D FU\SWR RSHUDW.L
*HQHUDO UHJLVWHU EDQN

7KH 6*, LV FRPSRVHG RI D QXPEHU RI UHJLVWHU EDQNV $00O UHJLVWHU EDQNV DUH |

(DFK UHJLVWHU EDQN LV FRPSRVHG RI 1 ELW UHJLVWHUV 'HSHQGLQJ RQ WKH DFW
DFWXDO UHJLVWHU EDQNVY DUH GHWDLOHG ODWHU LQ WKLV VHFWLRQ

:ULWH FFHVV

(DEFK ELW UHJLVWHU EDQN VXSSRUWYV D ELW ZULWH SRUW +RZHYHU WKH ZULWH
ZLOO DOZD\V ZULWH WR WKH UHJLVWHU EDQNV ZLWK D ELW ZULWH RSHUDWLRQ L F
ELWV RU ELWV E\ DVVHUWLQJ WKH FRUUHFW QXPEHU RI ELWYV LQ WKH ZULWH VW

7KH ZULWH VLJQDOV DUH GHFODUHG DV IROORZV

input [SGI_BUS_WIDTH:0] i_wr_data - 16/32-bit write-data
input [ 1:0] i_addr_<regbankName> - Selects one of the ¢Ne sbankse for write
input [ 15:0] i_wr_byte_<regbankName> - Selects any number of 16 sbytese in a

sbanke for write

for example:
input [ 1:0] i_addr_datin
input [15:0] i_wr_byte_datin

When SGI_BUS_WIDTH=16, the 16-bit «i_wr_datae input bus is duplicated to make a single 32-bit
internal bus:
-> internal_bus = {i_wr_data[15:0], i_wr_data[15:0]}
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When SGI_BUS_WIDTH=32, the 32-bit «i_wr_datae input bus directly drives the 32-bit internal bus.
-> internal_bus = {i_wr_data[31:0]}

The 32-bit internal bus maps to the bytes of the register bank(see Figure titled *Generic Register
Banke above) as detailed below:

Bytes b4/b0 will map to einternal_bus[ 7: O]e.

Bytes b5/b1 to sinternal_bus[15: 8]..

Bytes b6/b2 to einternal_bus[23:16]e.

Bytes b7/b3 to einternal_bus[31:23]e.

Example:
So setting:
i_wr_byte_datin=16-hOFFO0, and
i_addr_datin =1
will set DATIN[1].UB[b3:b0] and DATIN[1].LB[b7:b4] to the value of sinternal_bus[31:0]e.
In other words 8 bytes in total will be written in parallel. Note that this example
is just to illustrate the interface between the wrapper and the SGl, it is unlikely that
the wrapper will perform such a write.

Note: The above reflects the behaviour when i_bytes_order=0. When i_bytes_order=1 the byte order is
swapped, see further details in the sections below.

127¢
:KHUH WKH LBDGGUB LQSXW SRLQWV WR D UHJLVWHU WKDW GRHV QRW H[LVW L H G:
5(*%$1.> @ UHJLVWHU ZLOO EH ZULWWHQ LQVWHDG

5HDG DFFHVV

(DFK 5HJLVWHU %DQN FDQ EH DFFHVVHG IRU UHDG ELWVY DW D WLPH 7KH GDWD LV
EXV 7KH UHDG VWUREHV EDVLFDOO\ DGGUHVV WKH ELW ZRUGV ZLWKLQ D FHUWDL
IXUWKHU PXOWLSOH[LQJ WR KDQGOH D ELW LQWHUIDFH

input i_rd_sel_<regbankName>
input [ 1:0] i_addr_<regbankName>
input [ 1:0] i_rd_word_<regbankName>
output[31:0] o_rd_data_<regbankName>

for example:

input i_rd_sel_datin
input [1:0] i_addr_datin
input [1:0] i_rd_word_datin
input [31:0] o_rd_data_datin

The «i_addr_<regbankName>¢ input selects on of the *Ne ¢bankse for read.
The «i_rd_word_<regbankName>+ input selects one of the four 32-bit words within a sbanke as follows:

The read address map as follows:

i_rd_word_<regbankName> | Sub-block

2¢b00 | <regbankName>[N].LB[b3:b0]
2¢b01 | <regbankName>[N].LB[b7:b4]
2+b10 | <regbankName>[N].UB[b3:b0]
2¢b11 | <regbankName>[N].UB[b7:b4]

Example:
So setting ¢i_addr_datain=1+ and+i_rd_word_datin=2+ will present the 32-bits of DATIN[1].UB[b3:b0]
on «0_rd_data_datin[31:0]> for example.
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Byte b0/b4 will map to *0_rd_data_<regbank_name>[ 7: 0] and
b3/b7 to «0_rd_data_<regbank_name>[31:24]«

127¢(
:KHUH WKH LBDGGUB LQSXW SRLQWV WR D UHJLVWHU WKDW GRHV QRW H[LVW L H G;
5(*%$1.> @ UHJLVWHU ZLOO EH UHWXUQHG LQVWHDG

,Q RUGHU WR KDQGOH FRQFXUUHQW DFFHVVHVY HDFK UHJLVWHU EDQN KDV D FRUUH\
LOQGLFDWHY WKDW D UHDG WR WKH FRUUHVSRQGLQJ UHJLVWHU EDQN LV LQ SURJUH\
UHDG DFFHVVHV L6H, BBGHPTEBEZKH A< @

%\WH RUGHU (QGLDQ FRQWURO

7KH 6*, DOORZV VZDSSLQJ WKH E\WH RUGHU RI WKH ZULWHY DQG UHDG WR DQG IURP
6* B&75/ >%<7(6B25LGBEXW 7KLV RQO\ DIIHFWV UHJEDQN '$7,1 '$7287 .(< DFFHVVHV
GRHV QRW LQIOXHQFH DFFHVV WR DQ\ RWKHU UHJLVWHU &2817 6)56((' HWF

7KH E\WH RUGHU LV VZDSSHG DV IROORZV
1RUPDO LBE\WHVBRUGHU

"E E E E N"EXV> @ EXV> @ EXV> @ EXV> @ °
1RUPDO LBE\WHVBRUGHU
"E E E E - N"EXV> @ EXV> @ EXV> @ EXV> @

:ULWH ;25 ;25:5
7KH UHJLVWHU EDQN FDQ EH FRQILJXUHG5WQRLVWISSREDEWRGHD BVIAHDYWXOWY RQ ZKLFK L
EDQN XVHV WKH ;25:5 IHDWXUH

JRU UHJLVWHU EDQNV WKDW VXSSRUW WKLV IHDWXUH LW LV SRVVLEOH WR ZULWH W
UHJLVWHU LV WKH ZULWWHQ YDOXH [RUHG ZLWK WKH FXUUHQW FRREVIBQW2Rb@W@ KH U|
LOSXW RI WKH 6*, 7KH IROORZLQJ VQLSSHW VKRZV WKH ;25:5 IHDWXUH XVLQJ SVHXC

if (i_xorwr==0)
register = write_value
else
regsiter = write_value " register

A - Xor operator

S5HIJLVWHU EDQN UHVHW

7KH UHJLVWHU EDQNV GR QRW KDYH D UHVHW LQSXW DQG WKHUHIRUH FDQQRW EH U
GHVFULEGXGCVERLY PHDQV WKDW DW SRZHU XS WKH UHJLVWHU EDQNYV ZLOO XQLQLWLD
EH ORDGHG ZLWK UDQGRP GDWD

6SHFLDO ZULWH SULRULW\

7KH 6*, UHJLVWHU EDQNV FDQ EH ZULWWHQ [ QFWKRPHEAW SABREDQPWRBHX5 L, H5:51&5
DQG )/86+:pOXVK :ULWH )/8¢pFPK RI WKHVH DUH HQDEOHG YLD WKHEIUBERY/UHVME&BQ@GLQ.
6*,B&75/ >;25: @6 ,B&75/ >)/86+:5@&HVH LQSXWV PD\ EH DVVHUWHG VLPXOWDQHRXVO)
ZLOO EH VHOHFWHG EDVHG RQ WKH IROORZLQJ SULRULW\ )/86+:5 ;25:5 ,1&5

127¢
LQGLFDWHYV KLJKHVW SULRULW\ DQG WKH ORZHVW

‘$7,1 .(< DFFHVV GXULQJ 6+%$ RSHUDWLRQ

30HDVH EH DZDUH WKDW '$7,1 .(< 6)5V DUH QRW DFFHVVLEOH ZULWHV DUH LIJQRUHG
LH IURP DVSHBWILR/QOERISWRAIGH DV VHUBB /RGBSR %38 ®RWK $872 DQG 1250 6+$ PRGHYV
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'$7,1 UHJLVWHU EDQN

7KH '$7,1 UHJLVWHU EDQN LV FRPSRVHG RI D FRQILIJXUDEOH QXPEHU RI EDQNV 7KH\
'(6 NHUQHOV DV ZHOO DV RQH RI WKH LQSXWV IRU WKH *)08/ PXOWLSOLHU

'$7,1 DFFHVV

7KH '$7,1 EDQNV FDQ EH DFFHVVHG UHDG RU ZULWH DW DQ\ WLPH ,I D XVHG '$7,1 E
$(6 '(6 RU *&0 RSHUDWLRQ WKH RBZDLW VLIJQDO ZLOO EH DVVHUWHG ZKLOH WKH FR(
WKH NHUQHO

,1&5

7KH '$7,1 UHJLVWHU EDQNV FDQ EH LQRUHPHHFRHOMG7EWY CRNVBHPHIQG/ LY SHUIRUPHG E\
UHJLVWHU @KBQHSWKH &)@ XW LV VHW

:ULWH ;25

7KH '$7,1 UHJLVWHU EDQN VXSSRUWYV WKH ;25:5 IHDWXUH

&RQFXUUHQW DFFHVV

7KH '$7,1 UHJLVWHU EDQN PD\ EH DFFHVVHG DV QRUPDO GXULQJ WKH 6*, LGOH SHULR
HI[HFXWHG 7KLV LGOH SHULRG, R&7 Q& FDaMpHIeX WL BHKLY K D W

'XULQJ EXV\ WKH '$7,1 UHJLVWHU EDQN FDQ EH DFFHVVHG DV QRUPDO +RZHYHU 2ZK
RlI zDLW F\FOHV PD\ EH LQVHUWHG GHSHQGLQJ RQ KRZ VRRQ DIWHU WKH VWDUW RI V
7KH zbLW F\FOHV DUH LQVHUWHG VR WKDW WKH '$7,1 UHJLVWHU YDOXH FDQ EH WUDC(
UHJLVWHU LV ZULWWHQ UHDG VLQFH WKHUH LV RQO\ D VLQJOH ZULWH UHDG SRUW R

$OVR QRWH WKDW ZKHQ XVLQJ WKH 67$57B83'¥B23830WH PIRRGHHRRIEGEWBLZO W HDHE R X W X S (
'$7287 DQ\ DWWHPSW WR ZULWH '$7,1 GXULQJ WKH SHULRG ZKHUH '$7287 LV EHLQJ
QHHG WR EH WUDQVIHUUHG WR WKH NHUQHO ZLOO UHVXOW LQ WKH RBZDLW VLJQDO
LOQSXW GDWD

7KH zDLW VWDWHY DUH LQGLFDWHG E\ WKH RBZDLW VLJQDO

7KH IROORZLQJ WLPLQJ GLDJUDP VKRZV DQ H[DPSOH RI D ZULWH WR '$7,1 ZKLOH WKH
E\ GDWLQ WUDQVIHU LQ SURJUHVV

A

icksgl £ 1 F 1 F 1L % LFLf 1LfFLF LS LS LS LS LS LS LS LS
esfr_cks £ ) _F _ £ _ £ 5

€sfr_access

—<_SFR WRITE(START CALC) WAITED SFR WRITE(DATIN)

DATIN A I B

o_busy

€datin transfe
In progresss

0_wait L
—
wrapper wait | ]

€Wrapper waite output extended torsing
edge of sfr_clk after internal transfer
completes

S

>
»

JLIXUH7LPLQJ GLDJUDP VKRZLQJ ZDLW VWDWHYV LQVHUWLRQ GXH WR '$7,1 ZULWH

7KH ZULWH DFFHVV WR '$7,1 EHJLQV ZKLOH WKH 6*, LV EXV\ WUDQVIHUULQJ WKH '$7,
WUDQVIHU DFWLYLW\ LV WULJJHUHG E\ WKH VWDUWLQJ RI WKH FU\SWR RSHUDWLRQ
WUDQVIHU LV LQ SURJUHVVY WKH RBZDLW RXWSXW LV DVVHUWHG WR ZDLW WKH V\VW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

DV VRRQ DV D ZULWH LV GHWHFWHG WR D XVHG '$7,1 UHJLVWHU ZKLOH LW LV EHLQJ
RQ WKH ILUVW VIUBFON HGJH DIWHU WKH GH DVVHUWLRQ RI WKH LQWHUQDO GDWLQ

'$7,1 IOXVK

7KH '$7,1 UHJLVWHU EDQN PD\ EH IOXVKHG |ILOOH G *ZR &7 /UD)QIOR-GESXIYW D W ED @\VW H B MY
VH}D X VK

$FFHVV WR QRQ H[LVWHQW '$7,1

‘KHQ DWWHPSWLQJ DQ DFFHVV WR D QRQ H[LVWHQW '$7,1 EDQN WKDW LV ZKHQ LBD
'$7,1> @ EDQN ZLOO EH DFFHVVHG 1R VHFXULW\ DOHUW ZLOO EH WULJJHUHG LQ WKL
SODWIRUP VSHFLILF ZUDSSHU

'$7287 UHJLVWHU EDQN

7KH '$7287 UHJLVWHU EDQN LV FRPSRVHG RI D VLQJOH EDQN 7KH '$7287 UHJLVWHU I
6*, GXULQJ DQ $(6 '(6 RU *)08/ RSHUDWLRQ 7KH XSGDWH RI '$7287 ZLWK WKH NHUQH!
RSHUDWLRQ L H WKH UHVXOW RI D SUHYLRXV RSHUDWLRQ RU WKH HQG Rl WKH RSH
WKH NHUQHO UHVXOW PD\ QRW EH ORDGHG LQWR '$7287 DW DOO GXULQJ WKH FRPSX
'$7287 FDQ EH WULJJHUHG G L6U HERAW G X>E$ 708G S (@E®¥W )XUWKHU GHWDLOV RI WKLV FD
VHFWLRQV EHORZ

:KHQ XVLQJ 67$57B83 PRGH VHH GHWDLOV EHORZ WKH '$7287 UHJLVWHU FDQ EH UH
WKH 6*, WR LQVHUW ZDLW VWDWHY GHSHQGLQJ RQ ZKHQ WKH UHDG LV DWWHPSWHG
6*,B67%$786>%86<4. 00 WULJJHU D VHDEX@WHW\ DOHUW VHH

&ORFN
7KH '$7287 UHJLVWHU LV FORFNBRBRZRIU WERFNIBEBNVOW GHWMFULSWLRQ
2876 (/ '$7287 LQSXW FRQILIXUDWLRQ

7KH '$7287 UHJLVWHU EDQN FDQ EH FRQILJXUHG WR VWRUH WKH UHVXOW GLUHFWO\ Il
EHWZHHQ WKH NHUQHO RXWSXW DQG WK®&*;B&,715URBNGWKRO & IRUHGVIHHWHIGW WRWLRQV
'$7287 LQSXW

8SGDWLQJ RI '$7287

7KH '$7287 UHJLVWHU FDQ EH FRQILIJXUHG WR EH XSGDWHG DW HLWKHU WKH VWDUW
Rl D FU\SWR RSHUDWLRQ (1'B83 $OWHUQDWLYHO\ WKH '$7287 UHJLVWHU FDQ EH XS
75,**(5B83 $ FU\SWR RSHUDWLRQ FDQ DOVR EH H[HFXWHG ZLWKRXW XSGDWLQJ WKI
DUH GHVFULEHG LQ PRUH GHWDLO EHORZ

127¢
7KH .H\ &KHFNVXP UHJLVWHU LV XSGDWHG DW WKH VDPH WLPH DV '$7287

7KH UHDVRQ ZK\ WKH IRXU RSWLRQV KDYH EHHQ SURYLGHG LV WR DOORZ '$7287 WR
FXUUHQWO\ LQ SURJUHVYV 7KLV HVVHQWLDOO\ DOORZV WKH SUHYLRXV FU\SWR RSHU
+RZHYHU LI RQO\ RSWLRQ (1'B83 EHORZ ZDV VXSSRUWHG WKHUH LV D ULVN WKD\
EHIRUH WKH SUHYLRXV UHVXOW KDV EHHQ UHDG RXW E\ WKH ): 7KLV PD\ EH WKH FD
IRU H[DPSOH GXH WR D VORZ &38 FORFN 7R JHW DURXQG WKLV SUREOHP RSWLRQV
'$7287 UHJLVWHU LV XSGDWHG ZLWK WKH UHVXOW

,Q D FKDLQLQJ VHTXHQFH WKDW FRQVLVWY RI 0 FU\SWR RSHUDWLRQV RSWLRQ 67%
ZKHUH WKH ILUVW RSHUDWLRQ LV QXPEHUHG DV DQG RSWLRQ 75,**(5B83 ZLOO
WR REWDLQ WKH UHVXOW RI RSHUDWLRQ 0 7KH ILUVW RSHUDWLRQ LQ VXFK D VHTXF
RSHUDWLRQ LV DFWXDOO\ UHDG GXULQJ WKH VHFRQG RSHUDWLRQ RI WKH FKDLQ

67$57B83 8SGDWH '$7287 DW WKH VWDUW RI WKH RSHUDWLRQ

7KLV PRGH LV VHOHGEWBISE? ZKHEY 2R B (@ &XW LV VHW WR E ZKHQ WKH RSHUDWLRQ L
6*,B&75/>67$bV@WVVHUWHG ,Q WKLV PRGH WKH '$7287 UHJLVWHU ZLOO EH ORDGHG Zl1
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ZRUNLQJ UHJLVWHU 7KH NHUQHO zZzLOO EH VHOHFWHG EDVHG RQ WKH ODVW FU\SWR
RSHUDWLRQ VR 6*, ZLOO XVH ILUVW DYDLODEOH NHUQHO EDVHG RQ ,3 FRQILJXUDWLRH
WKH VWDUWLQJ RI WKH UHTXHVWHG RSHUDWLRQ VR WKDW WKH XSGDWHG '$7287 YDC

$FFHVVLQJ WKH '$7287 UHJLVWHU LPPHGLDWHO\ DIWHU WKH VWDUWLQJ RI WKH FRPS
FDXVH WKH RBZDLW VLJQDO WR DVVHUW 7KLV VKRXOG EH XVHG ZLWKLQ WKH ZUDSSH
EHHQ XSGDWHG

(1'B83 B8SGDWH '$7287 DW WKH HQG Rl WKH RSHUDWLRQ

7KLY PRGH LV VHOHGEWBIE ZIHEY 2BRKB (@ ®XW LV VHW WR E ZKHQ WKH RSHUDWLRQ L
6*,B&75/>67$BY@VVHUWHG ,Q WKLV PRGH WKH '$7287 UHJLVWHU ZLOO EH ORDGHG 7~
FXUUHQW RSHUDWLRQ $FFHVVLQS8&*IBEBH7 6L LBRI<EXM FKHOVW XVLQJ (1'B83 PRGH ZI
HUURU7DEOH ,Q RWKHU ZRUGV LQ WKLV PRGH WKH '$7287 UHJLVWHU FDQQRW EH UH

75,**(5B83 B8SGDWH '$7287 RQ UHTXHVW

7KLV XSGDWH WR '$7287 LV WULBIHBEHG /BEY DSI/VHRIW HQ ILYP B MB\WE 7K BBV W8 7B (M @HW WR
E 7KLV ZLOO WULJJHU WKH WUDQVIHU RI WKH FRQWHQWYV RI WKBI6N HUSBE X 8/6 kK @W H
VLIJQDO ZLOO EH DVVHUWHG IRU WKH GXUDWLRQ RI WKH '$7287 XSGDWH

127¢
7KH 75,**(5B83 RSWLRQ GRHV QRW DOORZ WKH LQWHUPHGLDWH FRQWHQWYV RI WKH NH
6*,B&75/>67$BV@HUWLRQ ZKLOH WKH NHUQHOV DUH EXV\ KDV QR HIIHFW

127(
7KH 75,**(5B83 RSWLRQ GRHV 127 VWDUW DQ DFWXDO FU\SWR RSHUDWLRQ ,W VLPSO\ W
ZRUNLQJ UHJLVWHU WR '$7287

127¢
'XULQJ 75,**(5B83 WKH LBFU\SWRBRS LQSXW LV FRPSOHWHO\ LJQRUHG DQG LQVWHDG
GHWHUPLQHG IURP DQ LQWHUQDO YDULDEOH

12B83 &U\SWR RSHUDWLRQ ZLWKRXW DQ XSGDWH RI '$7287

7KLY PRGH LV VHOHGEWBI& ZHEY 2BRB (@ ®XW LV VHW WR E ZKHQ WKH RSHUDWLRQ L
6*,B&75/>67$BY@VVHUWHG ,Q WKLV PRGH WIQRPH XSGCOWHYVEKHQEWKH BHTXHVWHG
RSHUDWLRQ FRPSOHWHYV

7KH WDEOH EHORZ VXPPDULVHV WKH '$7287 XSGDWH PRGHV

7TDEOH&RQILIXUDWLRQ VHWWLQJ IRU FRQWUROOLQJ '$7287 XSGDWH PRGHYV

6*,B&75/>'$7287B5(6 @ 8SGDWH PRGH

(1'B83

67$57B83

75,**(5B83

m|m| m| m

12B83

127¢
7KH FRQWHQWYV RI '$7287 DIWHU WKH YHU\ ILUVW XVH RI 75,**(5B23 RU 67$57B23 ZL

'$7287 IOXVK

7KH '$7287 UHJLVWHU EDQN PD\ EH IOXVKHG ILOOHG*ZR WK U D)QEHR-ZESXDWV D WED @\VW H P
VH}D X VK
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.(< UHJLVWHU EDQN

7KH .(< UHJLVWHU EDQN LV FRPSRVHG RI D FRQILIJXUDEOH QXPEHU RI EDQNV 7KH\ DU
NHUQHOV 7KH .(< UHJLVWHU EDQNV FDQ DOVR EH FRQILIJXUHG WR VWRUH WKH UHVXC
NH\V ZLWKRXW KDYLQJ WR XQQHFHVVDULO\ ORDG RIIORDG NH\V IURP WKH 6*,

127¢
7KH UHVXOW RI D *)08/ 6+$ RSHUDWLRQ FDQ DOVR EH VWRUHG LQWR WKH .(< |
2QH Rl WKH RSHUDQGV IRU WKH *)08/ RSHUDWLRQ LV DOVR WDNHQ IURP RQH RI WKH
.(< UHJLVWHU EDQN .HUQHO .(< LQSXW

7KH .(< UHJLVWHU EDQN FDQ EH FRPSRVHG RI RU EDQNV 7KH NH\ XVHG IRU DQ $(
WKH *)08/ DUH VHOHFWHG IURP ZLWK WKH 6¢<B&HT LY W H < 68/ D@ Q DAB WM K/, LE(<W (/ @
VLIQDO EDVLFDOO\ VSHFLILHVY WKH EDVH DGGUHVV RI WKH NH\ RSHUDQG ZLWKLQ WKI|
EH ELW ZRUG DOLJQHG ZLWKLQ WKH UHJLVWHU EDQN

7KH 06%¥*RB&75/>,1.(<6Y/HE®OHFW WKH EDQN DQG WKH /6%V VHOHFW WKH ZRUG 6R |
6*,B&75/>,1.(<6(/@E VHOHFWYV WKH .(<> @ Z DV WKH EDVH ZRUG IRU WKH NH\
6*,B&75/>,1.(<6(/@E VHOHFWYV WKH .(<> @ Z DV WKH EDVH ZRUG IRU WKH NH\
7KH QXPEHU RI ELW ZRUGVY WKDW DUH UHDG IURP WKH .(< UHJLVWHU EDQN VWDUWL

127¢
H)RU WKH FDVH ZKHUH 6*pB,B8B71596 ,1. (<667 @&75/ >.(<5(8@OXHV WR ZLOO
PDS WR VLQFH WKHUH LV RQO\ WZR EDQN V DQG KHQFH RQO\ ZRUGYV

M)RU WKH FDVH ZKHUH 6*6B,88B71586,1.(<66f@ & 75/ >.(<5Y@@ XHV WR ZLOO
PDS WR VLQFH WKHUH LV RQO\ WKUHH EDQN V DQG KHQFH RQO\ ZRUGV

7TDEOH1XPEHU RI ELW ZRUGV UHDG E\ NHUQHO IURP .(< UHJLVWHU EDQN IRU GLIIHL

2SHUDWLRQ 1XPEHU RI .(< ZRUGV
6LQJOH '(6

7'(6  NH\

7'(6  NH\

$(6

$(6

$(6

*)08/

127(
7KH NH\V PD\ EH VWRUHG LQ VXFK D ZD\ WKDW WKH\ ZUDS URXQG WKH .(< UHJLVWHU EI
EH LQIOXHQFHG E\ WKH VHWWLQJ RI WKH 6*,B180B.(< SOUBDPLHWHU. y+BWW@LQJ )RU H[DPS
WR ZKLOH 6*,B180B.(< ZRXOG UHVXOW LQ WKH NH\ IRU DQ $(6 RSHUDWLRQV EHLC
'$7,1> @ : ! '$7,1> @ : ! '$7,1> @ :

2876 (/

7KH .(< UHJLVWHU EDQN FDQ EH FRQILJXUHG WR VWRUH WKH UHVXOW GLUHFWO\ IUR
EHWZHHQ WKH NHUQHO RXWSXW DQG WK6+,'BZ715 H2BI7\6 WIBUYG 3R Y IBVHIHHHQUVWRS WLR Q)
(< LQSXW

BHVXOW WR .H\

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7KH .(< UHJLVWHU EDQN FDQ EH XVHG WR VWRUH D '(6 UHVXOW ELWV RU DQ $(6 U
LQVWHDG RI VWRULQJ WKH UHVXOW LQ WKH '$7287 UHJLVWHB& 7KL Y5.HD@SXIH WRQ Et
7KK* B&75/ >.(<5(6@ QDO VSHFLILHV WKH EDVH DGGUYBWVS5/H[DFWEOXZ@VKKLQDWKHDVHJL\V
EDQN ZKHUH WKH UHVXOW LV WR EH VWRUHG 7KLV HIIHFWLYHO\ DOORZV WKH JHQH!L
UHJLVWHU EDQN 7KH ZUDSSHU PD\ GHFLGH WR IRUFH ELW DOLJQPHQW RU ELW
6*,B&75/ >.(<5(0@

127(
$JDLQ VLPLGDBAWR/WHKH<6FM@YH GHVFULEHG DERYH WKH UHVXOW FDQ EH SODFHG LQ
EDQN ZLWK ZUDS DURXQG 1RWH WKH ZUDS DURXQG SRLQW ZLOO EH LQIOXHQFHG E\ W
SDUDPHWHU VHWWLQJ

:ULWH ;25

7KH . (< UHJLVWHU EDQN VXSSRUWYVY WKH ;25:5 IHDWXUH

.H\ TOXVK

7KH .(< UHJLVWHU EDQN PD\ EH IOXVKHG ILOOHG6*ZR&M UD.QGRPSE D@ OW ED VD \D\OH W PG
ZLOO IOXVK WKH NH\ DQG DOVR XSGDWH WKH SK\VLFDO VKXIIOLQJ PDSSLQJ

&RQFXUUHQW DFFHVV

7KH .(< UHJLVWHU EDQN FDQQ&WBBHS$DBE HX EBGZ KK O$Q\ ZULWH DWWHPSW LV VLPSO\
NH\ UHJLVWHU EDQ&N BRUELWBI6EXEB<@ UHWXUQV D UDQBRPUY WO XOHD HUHMV

$FFHVV WR QRQ H[LVWHQW .(<

'KHQ DWWHPSWLQJ DQ DFFHVV WR D QRQ H[LVWHQW .(< EDQN WKDW LV ZKHQ LBDG!
EDQN ZLOO EH DFFHVVHG 1R VHFEXULW\ DOHUW ZLOO EH WULJJHUHG LQ WKLV FDVH |
SODWIRUP VSHFLILF ZUDSSHU

5HIJLVWHU EDQN PDWUL]

7KH IROORZLQJ WDEOH VKRZVY VRPH RI WKH PDLQ FKDUDFWHULVWLFV RI WKH WKUHH

7TDEOH5HJLVWHU EDQN PDWUL[

5HJLVWH66+:5 ;25:5 ,1&5 &RQFXUIKHVLFDEKDUHV('& &R QILJX|USOFEGIN
%DQN QW $FFEENMXIIOLQJ 6L]H

'$7,1 < < < < < < < 5:
'$7287|1 % 19 189 < < < 1 52

(< < < 1 1 < < < 5:

(‘& IDXOWY DUH GHWHFWHG ZKHQ WKH IDXOWHG UHJLVWHU LV XVHG ZULWWHQ LQ FD!'
,Q RWKHU ZRUGYV WKHUH LV QR FRQWLQXRXV GHWHFWLRQ RI IDXOWY RQ DOO UHJLYV
LPPHGLDWHO\ GHSHQGLQJ RQ WKH VWDWH RI LQWHUQDO DGGUHVYV VLIJQDOV XVHG E\

$872 PRGH

$872 PRGH LV EDVLFDOO\ D PRGH ZKLFK DXWRPDWHV WKH H[HFXWLRQ Rl WKH FU\SWI
DXWR PRGH WKH 6*, UHTXLUHV ): RU FU\SWR OLE VRIWZDUH WR FRQILIXUH DQG VW
FKDLQLQJ PRGH RSHUDWLRQ IRU H[DPSOH :LWK DXWR PRGH WKH LGHD LV WKDW DIV
ZLWK WKH VWUHDP RI GDWD L H SODLQWH[W ZKLOH DW WKH VDPH WLPH WKH UHVXC
KDYLQJ WR GR DQ\WKLQJ HOVH ,Q IDFW WKH GDWD PRYHPHQW WR IURP 6*, FDQ WKH
DQG WR IUHH XS WKH &38

7KH 6*, $872 PRGH LV FRGW,BROD2B® 2rg¢ s WXHHDVH UHIHU WR WKH 6)5 VHFWLRQV IRU LC

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

'DWD WUDQVIHU RUGHU

7KH 6*, DXWR PRGH H[SHFWV WKH LQSXW GDWD WR EH ZULWWHQ ILUVW EHIRUH DQ\ R
WR '$7287 LV DWWHPSWHG EHIRUH WKH ZULWLQJ RI DQ\ GDWD WKDW WKH 6*, ZRXOG

3DUWLDO PRGH
6*, PXVW VXSSRUW SDUWLDO PRGH RI RSHUDWLRQ

3DUWLDO SURFHVVLQJ LV WKH WHFKQLTXH RI VSOLWWLQJ WKH LQSXW GDWD LQWR FK
FRPPDQGYV :LWK SDUWLDO PRGH DQ KRVW FDQ SULRULWL]H ZKLFK GDWD WR EH SUR

3DUWLDO SURFHVVLQJ DYRLGV WKDW E\ DOORZLQJ D VLQJOH FRPPDQG WKDW SURFHYV
FRPPDQG ZLWK HDFK FDOO SURFHVVLQJ D VXEVHW RI WKH GDWD

'XULQJ SDUwWLDO PRGH WKH KRVW FDQ VWRUH WKH VWDWXV LQIRUPDWLRQ H[WHUQTL

(&% GRHVQ-W KDYH D FRQFHSW RI VWDWH DQG WKHUHIRUH H[HFXWLRQ FDQ EH VWDU
ORDG DQ\WKLQJ H[FHSW WKH GDWD WR EH SURFHVVHG

&%& HQFU\SWLRQ GHFU\SWLRQ KDV D FRQFHSW Rl VWDWXV WKDW LV LQWULQVLF WR
SUHYLRXV EORFN SURFHVVHG RU WKH UHVXOW LWVHOI 6LQFH WKLV LQIRUPDWLRQ L
DQ\WKLQJ VSHFLILF

&75 PRGH LV WKH RQO\ PRGH ZKHUH WKH VWDWXV LQIRUPDWLRQ WKH FRXQWHU YDO
WKDW FDQ EH VDYHG LQ PHPRU\

2SHUDWLRQ VHTXHQFLQJ
7KH VHTXHQFH Rl RSHUDWLRQV WKDW D &38 RU D '0$ VKRXOG IROORZ WR XVH WKH D

(&% PRGH
7R VWDUW D VHTXHQFH RI (&% DXWRPRGH IRU ERWK HQFU\SWLRQ DQG GHFU\SWLRQ
6HW BFKBI$872B02'(>$872B02' (ERL® D@6, BWBH2B02 ' (>&0N@ [
6HW BFKBI&75/>67$EL® DV ZHOO DV DO 05 WEK&7RM KB ABFEBIG IVS (6 B (H@F

127¢
6+ B&75/>'$7287BHE@W EH VHW WR 12B83 IRU WKH ILUVW RSHUDWLRQ
'0$ WUDQVIHU WR '$7,1[ VW GDWD WR EH SURFHVVHG
/IRRS '0%
D '0$ ZULWH DFFHVV WR '$7,1]
E '0$ UHDG DFFHVV WR '$7287

&RQVLGHULQJ WKDW (&% GRHVQ—-1V?I7I£DYH DQ\ GHSHQGHQFH EHWZHHQ RQH EORFN DQG
UHJLVWHU EDQN FDQ EH XVHG DQG FKDQJHG GXULQJ WKH VDPH DXWRPRGH VHVVLRQ
7R ILQLVK D VHTXHQFH Rl (&% DXWRPRGH
BHVHWEWR$H872B02'(>$872B02' (BEHL\®
6HW BFfKBI$872B02'(>$872B02'(B6E2ZI@
'0$ UHDG DFFHVV WR '$7287 WR FROOHFW WKH ODVW GDWD WKDW KDV EHHQ SUR

&% & HQFU\SWLRQ
7R VWDUW D VHTXHQFH Rl &% & HQFU\SWLRQ LQ DXWRPRGH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

6HW BFKBI$S872B02'(>$872B02' (BEHL\@ D GG, BWBH2B02' (>&ON@ |

6HW BFKBI$872B02'(>'(&5<FL@ WR PXVW EH GRQH EHIRUH ORDGLQJ ,9
'0$ WUDQVIHU WR '$7287 Rl WKH ,9 YDOXH

6HW BFKBI&75/>67$EL® DV ZHOO DV DO G WHK&7RMW K 6B ARBFW L QJV

6*,B&75/>'$7287BS¥K@]\-/\77E(H VHW WR 12B83 IRU WKH ILUVW RSHUDWLRQ

'0$ WUDQVIHU WR '$7,1 VW GDWD WR EH SURFHVVHG
/IRRS '0%$

D'0$ ZULWH DFFHVV WR '$7,1 Rl WKH >L@ GDWD WR EH SURFHVVHG

E '0$ UHDG DFFHVV WR '$7287 WR JHW WKH UHVXOW RI WKH >L @ RSHUDWLRQ

7R ILQLVK D VHTXHQFH RI &%& HQFU\SWLRQ DXWRPRGH

SHVHWEWR$H872B02'(>$872B02'(BHLW®
6HW B/KBI$872B02'(>$872B02'(B6E2ZN@
'0$ UHDG DFFHVV WR '$7287 WR FROOHFW WKH ODVW GDWD WKDW KDV EHHQ SUR

127(
6*, LQOWHUQDOO\ XVHV '$7,1> @ DQG '$7,1> @ IRU &%& HQFU\SWLRQ VR DQ\ GDWD LQ W
WKLV RSHUDWLRQ

&% & GHFU\SWLRQ
7R VWDUW D VHTXHQFH RI &%& GHFU\SWLRQ LQ DXWRPRGH
6HW BFKBI$872B02'(>$872B02' (BEHIL\@ D@BG, BMBH2B02' (>&ON@ |
6HW BFKBI$S872B02'(>'(&5<FL@ WR PXVW EH GRQH EHIRUH ORDGLQJ ,9
'0$ ZULWH DFFHVV WR '$7,1 RI WKH ,9 YDOXH
6HW BFKBI&75/>67$EL® DV ZHOO DV DO G WHK&7RMW K H6LB ARBFW LQJV

6h8&7w>$72875mxéx1;+VHW\NR12383|Ru WKH ILUVW RSHUDWLRQ

'0$ WUDQVIHU WR '$7,1 VW GDWD WR EH SURFHVVHG
/IRRS '0%

D '0$ ZULWH DFFHVV WR '$7,1 Rl WKH >L@ GDWD WR EH SURFHVVHG

E '0$ UHDG DFFHVV WR '$7287 WR JHW WKH UHVXOW RI WKH >L @ RSHDWLRQ

7R ILQLVK D VHTXHQFH RI &% & HQFU\SWLRQ DXWRPRGH
5HVHWEWR$872B02'(>$872B02' (EHL\®
6HW BPKBI$872B02'(>$872B02'(B6E2ZIN@
'0$ UHDG DFFHVV WR '$7287 WR FROOHFW WKH ODVW GDWD WKDW KDV EHHQ SUR
127(

6*, LQWHUQDOO\ XVHV '$7,1> @ '$7,1> @ DQG '$7,1> @ IRU &% & GHFU\SWLRQ VR DQ\ GD
DIWHU WKLV RSHUDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

&% &0%& PRGH
7R VWDUW D VHTXHQFH RI &%&0$& LQ DXWRPRGH
6HW BFKBI$872B02'(>$872B02' (BEHL\@ D GG, BMBH2B02' (>& ON@ |
'0$ WUDQVIHU WR '$7287 Rl WKH ,9 YDOXH
6HW BFKBI&75/>67$EL® DV ZHOO DV DO 06 WEK&7RMW KB \BHEBXIG IV (6 B (H@F

6*,B&75/>'$7287BSRK@]\-:7E(H VHW WR 12B83 IRU WKH ILUVW RSHUDWLRQ
/RRS RI '0$ ZULWH DFFHVV WR '$7,1 RI WKH >L@ GDWD WR EH SURFHVVHG
7R ILQLVK D VHTXHQFH RI &% &0%$& DXWRPRGH
SHVHWEWR$H872B02'(>$872B02'(BHL®
6HW BFfKBI$872B02'(>$872B02'(B6E2ZI@
'0$ UHDG DFFHVV WR '$7287 WR FROOHFW &%&0$& UHVXOW

127¢
7KH GLIIHUHQFH EHWZHHQ &%&0$& DQG &%& LV WKDW \RX GRQ-W QHHG WR UHDG WKH
IRU &%&0$&

127¢
6*, LQWHUQDOO\ XVHV '$7,1> @ DQG '$7,1> @ IRU &%&0%$& VR DQ\ GDWD LQ WKHVH UHJ
WKLV RSHUDWLRQ

&75 VLQJOH FKXQN PRGH
7R VWDUW D VHTXHQFH Rl &75 DXWRPRGH IRU ERWK HQFU\SWLRQ DQG GHFU\SWLRQ
6HW BFKBI$S872B02'(>$872B02' (EH1\® D BG, BWBH2B02' (>&OWR |
6HW BFKBI$S872B02'(>,1&5B02L(MI0G WR WKH GHVLUHG LQFUHPHQW PRGH
6HW BFKBI&75/>67$EL® DV ZHOO DV DO G5 WE&7R WK HLB VANIFW L QJV

6* B&75/>'$7287BHRHEBE@W EH VHW W1R271(2883 IRU WKH ILUVW RSHUDWLRQ DQG WKDW GHFL
&75 PRGH
'0$ WUDQVIHU WR '$7,1 WR WUDQVIHU WKH FRXQWHU DQG QRQFH YDOXH
/IRRS '0%$
D '0%$ ZULWH DFFHVV WR '$7,1 Rl GDWD>L@ WR EH SURFHVVHG
E '0$ UHDG DFFHVV WR '$7287 Rl WKH UHVXOW Rl WKH >L@ LWHUDFWLRQ
7R ILQLVK D VHTXHQFH RI &75 DXWRPRGH
SHVHWEWER$S872B02'(>$872B02"' (EHL\@
6HW BFKBI$S872B02'(>$872B02'(B6ELZND

127¢
&RPSDUHG WR (&% RU &%& PRGHV WKHUH LV QR QHHG WR WULJJHU D ODVW UHDG RSHU

2Q WKH RWKHU KDQG WKH FRXQWHU FU\SWR RSHUDWLRQ LV SHUIRUPHG DQ\ZD\ DIWHI
KDYH SURFHVVHG WKLV ODVW GDWD 7KLV LV LOQHYLWDEOH DV D FRSUR RSHUDWLRQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7KH 6*, GRHVQ-W LVVXH DQ\ 75,*B83 RSHUDWLRQ IRU &75 PRGH

&75 SDUWLDO PRGH
7R UHVWDUW D VHTXHQFH Rl &75 DXWRPRGH IRU ERWK HQFU\SWLRQ DQG GHFU\SWLR
6HW BFKBI$872B02'(>$872B02' (BEELW® D@6, BWBH2B02' (>&0N@ [
6HW BFKBI$872B02'(>,1&5B02L(HI0G WR WKH GHVLUHG LQFUHPHQW PRGH

D 8VLQJ PRGH RQO\ '$7,1 $ ZLOO EH LQFUHPHQWHG

E 8VLQJ PRGH ~'$7,1$ '$7,1 % ZLOO EH LQFUHPHQWHG

F 8VLQJ PRGH ~'$7,1$ '$7,1 % '$7,1 & ZLOO EH LQFUHPHQWHG

G 8VLQJ PRGH ~'$7,1 % '$7,1 % '$7,1 & '$7,1 ' ZLOO EH LQFUHPHQWHG

6HW B*KBI&75/>67$EL® DV ZHOO DV DO OCSWEK&7RBMWEK HB WEFWLQJIV

6*,B&75/>'(&5<3/7:I|-€;7)((OG EH OHIW WR LQ &75 PRGH
/IRRS '0$
D'0$ ZULWH DFFHVV WR '$7,1 Rl GDWD>L@ WR EH SURFHVVHG
E '0$ UHDG DFFHVV WR '$7287 RI WKH UHVXOW RI WKH >L@ LWHUDFWLRQ
7R ILQLVK D VHTXHQFH RI &75 DXWRPRGH
S5HVHWEWR®H872B02'(>$872B02'(BEL®@
6HW BrKBI$872B02'(>$872B02'(B6E2ZN@

$872 PRGH DQG NHHS NH\

7KH 6*, DXWR PRGH LV FRPSDWLEOH ZLWK WKH $(6 .((3 .(< |HDVBRUIE/>XK(HEG DBLED .((3 .
WKH 6*, ZLOO DXWRPDWLFDOO\ UXQ WK M KIRXWW DRGBHHISIPBLINREQ, @ R TBXYER6 B R BEQ 8X W
JRU VXEVHTXHQW $(6 RSHUDWLRQV WKH 6%, ZLOO GULYH WKLV LQSXW WR

7KLV EDVLFDOO\ PHDQV WKDW GHFU\SWLRQ RSHUDWGRB&7I5Q>H KB R 2IBR GHH WL GG \E KX @ S|
6*, QRUPDO PRGH WKHBYASVWAL(@B RAIBL/@O KDYH QR IXQFWLRQDO LPSDFW LQ QRUPDO P
LQFRUUHFW UHVXOWV LQ DXWR PRGH WKLV LV QRW WKH FDVH DV WKH VW RSHUDWI

'0$ KDQGVKDNH

'0$ +DQGVKDNH

7KH 6*, DXWR PRGH VXSSRUWV D '0$ KDQGVKDNH LQWHUIDFH 7KH 6*, RXWSXWV D UH
FKDQQHO ZKHQ WKH 6*, LV UHDG\ WR DFFHSW QHZ ,1387 GDWD WR '$7,1 RU UHDG\ W

7KH 6*, ZLOO NHHS WKH UHTXHVW VLJQDO DVVHUWHG XQWLO WKH 6*, UHFHLYHV WKH
ZULWH UHDG

127¢
7KH 6*, GRHV QRW XVH WKH '0$ GRQH VLJQDO EXW LQVWHDG UHOLHV RQ WKH H[LVWLG
RSHUDWLRQBEV2B02' (>$872B02'(B6723@

7KH 6*, $XWR PRGH KDQGVKDNH IHDW X&*HBRBQ2BHO $IROMBHG YLD WKH

.QRZQ OLPLWDWLRQV RI $872 PRGH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

.QRZQ DXWR PRGH OLPLWDWLRQV

6*, PXVW KDYH EORFNV [ ORDGHG LQ EHIRUH DWWHPSWLQJ WKH ILUVW EORFN
EH DV IROORZV

z ,1>@ !,1> @ !287> @ z ,1> @ z 287> @ z ,1> @ z 287> @ z 287> @

127¢
7KH DERYH OLPLWDWLRQ PHDQV WKDW WKH 6*, DXWRPRGH '2(6 127 ZRUN IRU D

$IWHU IHHGLQJ 6*, ZLWK DOO LQSXW GDWD 6*,BR8VIBEHN (QRIV2RBOSG (ELURH &V \ZHOW L
FROQWLQXH WR SURFHVV WKH ILQDO EORRZAHYBHQONAKHUH NNVHEREZXI\ WRWHQU RUIRE 6: WKDW
2QFH WKH ILQDO UHVXOW LV UHDG WKH 6*, EXV\ ELW ZLOO GH DVVHUW :KLOH WKHUH
ILQDO EORFN LV UHDG\ WKH 6: FDQ DWWHPSW WKH UHDG DW DQ\ WLPH DQG LI GRQH V

'KHQ GLVDEOLQJ DXWR PRB$B 72 B0 2VHWSL2GD2' (BYR@ WKH XVHU PXVW QRW FKDQJH
6* B$872B02'(>& 0PI OG6*IBRH872B02'(>&0IBOG PXVW RQO\ EH FKDQJHG ZKHQ 6*, EXV\ L
SOHDVH FOHBWSWXBO2'(>&0L@OG EDFN WR [ EHIRUH XVLQJ 6*, IRU QRUPDO RSHUDWI
RSHUDWLRQ RWKBBZLYVBOWKHNV@WWLQJ ZLOO LQWHUIHUH ZLWK WKH RSHUDWLRQ

.H\ ZUDSLQJ DQG XQZUDSLQJ
7KH 6*, VXSSRUWYV 5)& $(6 .H\ :UDS $OJRULWKP 7KH NH\ ZUDSSLQJ DQG XQZUDSSL
6*,B$872B02'(>&0ALPIOG

127¢
.H\ ZUDSSLQJ XQZUDSSLQJ GRHV QRW VXSSRUW '0$ KDQGVKDNH IHDWXUH

127¢(
.H\ ZUDSSLQJ XQZUDSSLQJ FXUUHQWO\ RQO\ VXSSRUW ELWV NH\V

.H\ ZUDSLQJ
7R VWDUW D VHTXHQFH RI NH\ ZUDSSLQJ

6HW B*KBI$872B02'(>$872B02'(BEHUIW D@GG, BBKH2B02'(>&0W@& [ ZUDS ELW NH\ RU
[ zZzuDs ELW NH\

6H®* B&75/>' (&5<3VR®

6HW BFKBI&75/>67$EL@® DV ZHOO DV WKH $(6 NH\ VL]H

&38 '0$ WUDQVIHU WR '$7,1 ZUDSSLQJ ELW NH\ RU '$7,1 '$7,1 ZUDSSLQJ
3RO0 IRU %XV\ WR GHDVVHUW RU XVH ,54 WR GHWHFW HQG RI RSHUDWLRQ
&38 '0$ UHDG*WKK<B:5$%)5 WR H[WUDFW WKH ZUDSSHG NH\
SHVHWEWE$S872B02'(>$872B02" (EHL@

127¢
H,16(/ LV QRW VXSSRUWHG IRU .H\ :UDSSLQJ DQG NH\ WR EH ZUDSSHG PXVW EH SODF

M7KH FRQWHQWYV RI '$7287 ZLOO EH RYHUZULWWHQ GXULQJ WKH NH\ ZUDS RSHUDWLR(

pe6*,B&75/ >5.(k®LIJIQRUHG IRU NH\ ZUDS RSHUDWLRQ 7KH UHVXOW RI D NH\ ZUDS RSH
WKH NH\ UHJLVWHU EDQN

p6)50$6. LV FXUUHQWO\ 127 6833257(' IRU UHBGBQX BIWBIBSSHG NH\ YLD

.H\ XQZUDSLQJ
7R VWDUW D VHTXHQFH RI NH\ ZUDSSLQJ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF
6HW BFKBI$872B02'(>$872B02'(BHULW D@6, B\BBH2B02'(>&O0W@ [ ZUDS ELW NH\ RU
ZUDS ELW NH\

6H®* , B&75/>'(&5<3VI@

6HW BFKBI&75/>67$EL® DV ZHOO DV WKH $(6 NH\ VL]H

&38 '0$ WUDQVIHU WR '$7,1 '$7,1 XQZUDSSLQJ ELW NH\ RU '$7,1 '$7,1 '$7,1
NH\ WR EH ZUDSSHG

3ROO IRU %XV\ WR GHDVVHUW RU XVH ,54 WR GHWHFW HQG RI RSHUDWLRQ
SHVHWEWER$872B02'(>$872B02' (ERL\®
7KH ZUDSSHG .(< ZLOO EH DYDLODEOH LQ WKH NH\ UHJLVWHU EDQN WKDW KDV E
127¢
H,16(/ LV QRW VXSSRUWHG IRU .H\ 8QZUDSSLQJ DQG .H\ WR EH XQZUDSSHG PXVW EH

uM$ PLVPDWFK LQ WKH H[SHFWHG ,9 BEMBG I 8GH. 0<BB, 1R IMBEWVWIKHKH LQYDOLG
XQZUDSSHG .(< ZLOO VWLOO EH ORDGHG LQWR WKH .(< UHJEDQN

M7KH FRQWHQWYV RI '$7287 ZLOO EH IOXVKHG DIWHU WKH FRPSOHWLRQ RI D NH\ XQ2Z!I

p6*, B&75/ >5.(P@8,B&75/ >.(<5(P@H LIQRUHG IRU NH\ XQZUDS RSHUDWLRQ 7KH UHVX
XQZUDS RSHUDWLRQ FDQQRW EH ORDGHG WR WKH '$7287 UHJLVWHU EDQN ,W ZLOO
FRQILJXUHG DW FRPSLOH WLPH

H7KH .(. .H\ (QFU\SWLRQ .H\ XVHG IRU XQZUDSSLQJ FDQ EH SODFHG LQ DQ\ Rl WKH D’
LW FDQ RQO\ EH SODFHG LQ WKH VDPH .(< ORFDWLRQ DV WKH XQZUDSSHG NH\ L H
6* B&75/>$(6B12BY/@HW WR 2WKHUZLVH XVLQJ WKH VDPH .(< IRU .(. DQG XQZUDSS
UHVXOW LQ D FRUUXSWHG UHVXOW ZURQJ XQZUDSSHG NH\

H7KI* B&75/>$(6B12BELU® FDQ EH XVHG ZLWK WKH NH\ XQZUDSSLQJ FRPPDQG WR VSHE
NH\ XQZUDSSLQJ

6HFXULW\ GHVFULSWLRQ
6HFXULW\ )HDWXUHYV

&DOFXODWLRQ FRXQWHU

7KH 6*, SURYLGHYV D ELW FRXQWHU WR DOORZ WKH XVHU WR GHWHUPLQH WKH QXPE
LV UHSRUWBHGBRIZBWKBR28RXWSXW 7KH FRXQWHU YDOXH FDQ EH LQLWLDOLVHG E\ ZU
WKH LBZUBFRXQW VWUREH DQG WKH LBZUBGDWD > @ GDWD EXV

7KH FRXQWHU FDQQRW E*HBEFSWE O-0AYME@ZKHOHILWH ZLOO EH LJQRUHG DQG WKH FRX
5HDGLQJ WKH6FEBXQBINY&281ZKAOHB67$786>%86/<@ZLOO WULJIJHU D ADHERXHULW\ DOHUW
7DEOHVKRZV WKH LQFUHPHQW YDOXH RI WKH FRXQWHU IRU WKH GLIITHUHQW RSHUDW

7TDEOH,QFUHPHQW YDOXH RI WKH FRXQWHU IRU WKH GLITHUHQW RSHUDWLRQV

2SHUDWLRQ L QFUHPHQW

$(6

(6

*&0

7DEOH FRQWLQXHV RQ WKH QH[W SDJH
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6HFXUH *HQHULF ,QWHUIDFF

7TDEOH,QFUHPHQW YDOXH RI WKH FRXQWHU IRU WKH GLITHUHQW RSHUDWLRQV FRQW

2SHUDWLRQ yQFUHPHQW

7'(6

6+3%
LQFUHPHQW IRU HDFK SURFHVVHG EQRFN

&0%&

7KH FRXQWHU UHJLVWHU LV UHVHW WR HYHU\ WLPH WKHUH LV D IXO0 IOXVK

6HFXULW\ DOHUWYV

7KH 6*, DQG WKH NHUQHOV VXSSRUW IDXOW GHWHFWLRQ FRXQWHUPHDVXUHV EXW W
WKH 6*, HVSHFLDOO\ LQ FDVHV ZKHUH WKLV LQYDOLG XVH PD\ UHGXFH WKH VHFXUL'
NH\ SODLQWH[W ,Q ERWK FDVHV WKDW LV IDXOWV RU LQYDOLG XVH WKH 6*, WULJ.

$Q\ XVH Rl WKH 6*, WKDW SURGXFHV XQSUHGLFWDEOH 6*, EHKDYLRXU LV FRQVLGHUF
GLUHFWO\ UHGXFH WKH VHFXULW\ RI WKH 6*, ZKLOH RWKHUV PD\ LQGLFDWH SUREOF}
UHVSRQVH WR DOO Rl WKHVH FDVHV LV WKH VDPH $ VHFXULW\ DOHUW LV WULJJHUH

$00 GHWHFWHG HUURUWTDBB75Q&8HDBWRBE@EEXWKWLIQDO 7KHVH VKRXOG EH XVHG WR
ELWY LQ WKH ZUDSSHU VWDWXV UHJLVWHU 7KH IROORZLQJ WDEOH FRYHUV DOO VXF
6*,B67%$786>(55RX@&/ SXW VKRXOG EH VHW WR E LI DQ\RI WKH LQYDOLG RSHUDWLRQ\
VKRXOG UHPDLQ DW YDOXH E

7TDEOH,QYDOLG 6*, RSHUDWLRQV

6HFXULW\ DOHUW ' ,QYDOLG RSHUDWLRQ
6(&$/(57 $VVHUWLQBDR& T/ *67$67T@B&75/ >)/864@
6* B&75/ >.(<B)/8®+@&75/ >'$7,1B)/86+|@
GXULQJ DQ\ RI "VWDUW XS SKDVH IX(PO IOXVKk
6(&$/(57 $FFHVVLQJ DQ\ UHJLVWHU EDQN GXULQJ VWDL
IOXVK
6(&$/(57 5HDGLQJ 6*, FREQWG6ZKILOG> %86<@
6(&$/(57 5HDGLQJ '$7287 RU &+(&.680 ZKLOH
6* B67$786>%86<BKHQ XVLQJ (1'B83 PRGH
6(&$/(57 "ULWLQJ RI '$7287 RU &+(&.680 ZKLOH
6* B67$786>%86<@! ZULWLQJ '$7287 &+ (&.680 L
VXSSRUWHG
6(&$/(57 "ULWLQJ D '$7,1 UHJLVWHU WKDW ZLO|0 EH XV|
ZKLOH WKH 6*, LV SHUIRUPLQJ D FU\SWR RSHL
6* B67$786>%86<mMQG LBGDWRXWBUHV| (1'B83 |
2876 (/ 30HDVH QRWH WKDW WKH X[VHG '$7,
WKH 6%, B180B'$7,1 VHWWLQJ DQG QRW RQO\ R
H[SODLQ@BB6LRQ '$7287 LQSXW FRQILIKUDWLRC
6(&$/(57 $FFHVVLQJ '$7,1 UHJLVWHU EDQN RU PVVHUWI
'$7,1 RQO\ IOXVK L H LBGDWLQBIOXV|K

7DEOH FROWLQXHV RQ WKH QH[W SDJH
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7DEOH,QYDOLG 6*,

6HFXUH *HQHULF ,QWHUIDFF

RSHUDWLRQV FRQWLQXHG

6HFXULW\ DOHUW ,' ,QYDOLG RSHUDWLRQ

6(&$/(57 $FFHVVLQJ .(< UHJLVWHU EDQN RU DVVHUWLQ
(< RQO\ IOXVK L H LBNH\BIOXVK

6(&$/(57 $FFHVVLQJ .(< RU '$7,1 UHJLVWHU EDQNV RU L
GXULQJ D FRPELQHG .(< '$7,1 IOXVK WULJJHU
ERWK LBNH\BIOXVK DQG LBGDWLQBIOKVK WRJ

6(&$/(57 7ULJJHULQJ D '$7,1 RQO\ .(< RQO\ RU[FRPELQ
IOXVK BKIBBH$786>%86<@

6(&$/(57 6WDUWLQJ DQ RSHUDWLRQ ZKLFK KDV EHHQ I
WLPH HQDEOHG LQ WKH FRQILIXUDWL|RQ

6(&$/(57 8VLQJ D ZULWH RQO\ NH\ VHH NH\ ORENLQJ VF
*&0 RSHUDWLRQ

127¢
H7KH GHIDXOW QRQ HUURU VWDWH RI RBHUU LV E

p'XULQJ DQ LQYDOLG 6)5 UHDG WKH 6*, VKRXOG UHWXUQ UDQGRP YDOXHV RQ WKH U
p'XULQJ DQ LQYDOLG 6)5 ZULWH WKH 6)5 EHLQJ ZULWWHQ 0867 QRW EH XSGDWHG

M$SFFHVVLQJ '$7287 RU '$7,1 GXULQJ D .(< RQO\ IOXVK LV SRVVLEOH 6LPLODUO\ DFF
'$7,1 RQO\ IOXVK LV SRVVLEOH 1RWH WKDW .(< LV QRW DFFHVVLEOH GXULQJ EXV\
'$7,1 RQO\ IOXVK

6HFXULW\ DOHUW UHVSRQVH

:KHQ D VHFXULW\ DOHUW LV WULJJHUHG WKH 6*, LPPHGLDWHO\ DVVHUWWURYXHD RBHUL
GHILQLWARBGWHDU WKH VHFXULW\ DOHUW WKH V\VWHP6PBKW5H WIS BLEE KWHW WKH 6*,

$WWHPSWLQJ WR UHDG DQ\ RI WKH 6*, UHJLVWHUV GXULQJ D VHFEXULW\ DOHUW ZLOO
'$7287 RU &+(&.680

$GGLWLRQDOO\ LI WKHUH LV D UHDG DWWHPSW RI '$7,1 .(< '$7287 RU &+(&.680 WHK
WKH VHFRQG VKDUH ZLOO EH IHG IURP D GHGLFDWHG RXWSXW RI WKH 351* KHQFH
6)56((' DUH DFFHVVHG IRU UHDG WKH 6*, ZLOO UHWXUQ D UDQGRP YDOXH IURP D GH

J)LQDOO\ DQ\6PBEIZBQ>WRB)/86+@&75/ >'$7,1B)/84aB&IUPDBRBFWIU@G60$6.(1 DQG
60$6.6: DQG,B&75/>67$6K@LQJ D VHFXULW\ DOHUW ZLOO EH LIQRUHG

)OXVK

7KH 6*, VXSSRUWV IOXVKLQJ RI WKH UHJLVWHU EDQNV 'XULQJ WKH IOXVK RSHUDWLF
ORDGHG ZLWK UDQGRP GDWD RU GDWD RQ ZUBGDWD LQSXW EXV IRU 816(&85( YHUVL
E\ DVVHUWLQJ RQH RI WEKHBIKRTD RILEFRBEQBSWPIBUHDG\ ,Q DGGLWLRQ XSRQ DQ\ HU
HYHOWB67$786>(5525@E WKH IXO0 IOXVK HYHQW LV WULJJHUHG DV ZHOO 1H[W W
DOVR EH WULJJHUIBE, E& TBY VHUEBL/G@EOA@ZKLFK FDVH RQO\ WKH .(< UHJLVWHU EDQN LV
6* B&75/ >'$7,1B)/816@ @KLFK FDVH RQO\ WKH '$7,1 UHJLVWHU EDQN LV IOXVKHG 7KH I
HYHQ GXULQJ DQ RQJRLQJ FU\SWR RSHUDWLRQ ,Q WKLV FDVH WKH FXUUHQW RSHUD

7KH I1OXVK RSHUDWLRQ RQO\ IOXVKHVY RQH VKDUH RI WKH UHJLVWHU EDQNV
7KH QXPEHU RI F\FOHV WDNHQ WR IOXVK WKH 6*, GHSHQGV RQ WKH FRQILIXUDWLRQ
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6HFXUH *HQHULF ,QWHUIDFF

127¢
7KH IOXVK RSHUDWLRQ IOXVKHY ELWV DW D WLPH WR PLQLPLVH WKH SHDN SRZHU FR
EHLQJ LGHQWLILDEOH IURP D SRZHU WUDFH

127(
7KH RUGHU RI WKH IOXVK LV LPSOHPHQWDWLRQ VSHFLILF DQG QRW QHFFDULOO\ LQ W
&KHFNVXP UHJLVWHU ODVW
7KHB* B67$786>% RIS XW ZLOO EH VHW WR IRU WKH GXUDWLRQ RI WKH IOXVK
S5HVHW LQYRNHG I0OXVK

JROORZLQJ DQ 6*, UHVHW L H DVVHUWLRQ RI LBUVW RU LBV\QFBUVW WKH 6*, ZLOO |
LQWHUQDO ZRUNLQJ UHJLVWHUV 7KH IOXVK KRZHYHU ZLOO EH GRQH RQO\ DIWHU WK
VXUH WKDW DOO WKH UHJLVWHUY DUH IOXVKHG RQO\ DIWHU WKH LQWHUQDO 351* KD
7KLV IOXVK RSHUDWLRQ ZL63 (B EHS$ L Q65195 BORKS XBN W K H

'$7,1 RQO\ IOXVK

7KH '$7,1 UHJLVWHU EDQN PD\ BH,BAXYKHGXVBRAYEKW 7KLV LV XVHIXO WR ORDG W
EDQN ZLWK GXPP\ GDWD SULRU WR VWDUWLQJ D GXPP\ RSHUDWLRQ IRU H[DPSOH LQ
SHIHUWWHROHRU RWKHU UXOHV UHJDUGLQJ '$7,1 RQO\ IOXVK

.(< RQO\ I0OXVK

7KH .(< UHJLVWHU EDQN LV IOXVKHG DV SDUW RI WKH IOXVK RSHUDWLRQ ,Q RUGHU
6*,B&75/ >'$7,1B)/8LREXW DW 6*, FRUH OHYHDE @N XY HRGV KSHHJ HUX &RV UHJDUGLQJ .(< R

7KH . (< IOXVK FDQ DOVR ERB*VWBRIZTBIHUHTG IB) MEHIXW 6*, WRS OHYHO 7KLV LQSXW VKI
D VLQJOH 6*, FORFN LBVJLBFON

YOXVK PDWUL][
7KH WDEOH EHORZ VKRZV WKH GLIITHUHQW UHJLVWHU EDQNV WKDW DUH IOXVKHG ZLV

7TDEOH'LITHUHQW IOXVK RSWLRQV

JOXVK LQSXW )OXVKHG UHJLVWHU EDQNV
6*,B&75/ >)/864X@00 10XVK '$7 .1
'$7287

(<

.H\ FKHFNVXP UHJLVWHU

6*,B&75/ >.(<B)/86+@ (<

6*,B&75/ >'$7,1B)/86+@ '$7,1

6* B&75/ >.(<B)/866@B&75/ >'$7,1B)/86 @< '$7,1

JOXVK SULRULW\

:KHQ DVVHUWLQJ PXOWLSOHB&IENK)LEBEQBE 75/ B .(<B)/8®+@&75/ >'$7,1B)/86+@
VLPXOWDQHRXVO\ WKH SULRULW\ ZLOO EH DV IROORZV

LBIOXVK LBNH\BIOXVK LBGDWLQBIOXVK

127¢
LQGLFDWHV KLJKHVW SULRULW\ DQG WKH ORZHVW
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6HFXUH *HQHULF ,QWHUIDFF

7KLY PHDQV WKDW ZKHQ DOO DUH DVVHUWHG VLPXOW D&YHERASD \>.D<B)O8IHIX VK ZLO
6*,B&75/ >'$7,1B)/8BY@ DVVHUWHG VLPXO&DBERTRBXVFP/\8CHHNBEROWVHUWHG ERWK .(< D
ZLOO EH IOXVKHG

7KH DERYH VHQWHQFH FODULILHVY WKH SULRULW\ EHWZHHQ WKH IOXVK VLIJQDOV 7]
6*,B&75/ >)/86+: 8@ WULJIJHUHG GXULQJ DQ RQJRLQJ IOXVK

127¢
7ULJJHULQJ D IOXVK ZULWH L H ZUGWRQD5W R) [8 GH15¥8Y WHILOBDWMLIKHOHD Q HUURU LI WK
SDUWLFXODU UHJLVWHU EDQN LVEHO®J IOXVKHG DV FRYHUHG LQ

JXUWKBUB&IF5/>67$BY@VVHUWHG VLPXOWDQHRXVO\ ZLWK , BRYRI>W/IKBA+@OXVK LQSXW!
6*,B&75/ >.(<B)/8®+¥@&75/ >'$7,1B)/86WEHB&75/>67$BL@0O VLPSO\ EH LIQRUHG

YOXVK :ULWH )/86+:5

7KH 6*, VXSSRUWYV ORDGLQJ RI UDQGRP GDWD RU ZULWH GDWD LI 816(&85( YHUVLRQ
ZULWLQJ L H YLD WKH SULPDU\ LQSXWUY*VWBR: 85/ >WR6WKEHQEKWLVWHU7 KKVY@D-OWRHY WK
UHJLVWHU EH LW D ELW ZULWH WR ORDG WKH ZULWWHQ UHJLVWHU ZLWK UDQC

6)50$6. IHDWXUH
6)50$6.

7KH 6)50%$6. IHDWXUH DOORZV WKH XVHU WR ZULWH PDVNHG GDWD LQWR WKH 6*, EXV
LQWR WKH UHJEDQNV /LNHZLVH WKH 6*, FDQ DSSO\ D PDVN RQ WKH UHDG SDWK RI1 V
PDVNHG EHIRUH EHLQJ VHQW RXW RI WKH 6*, 7KH GHWDLOV Rl WKH 6)5G&868HQMZHOO
$ 6)50%6.

7KH PDVNLQJ DSSOLHVY WR DOO WKUHH UHJLVWHU EDQNV QDPHO\ WKE+3UHULV YWBQG
UHJDUGOHVYVY RI ZKHWKHU WKH .(<&+. LV DYDOLDEOH L H ,'B&)*B6 M, BIDIES O1L&HG QWS C
WKH &2817 RU 6)56((" UHJLVWHUV

127¢(
'KHQ 6*,B%86B:,'7+ 6*.B21),*>%86B:,'7+@&KH ELW 6)50$6. LV GXSOLFDWHG $1' E\WH
VZDSSHG EHIRUH EHLQJ DSSOLHG WR WKH ELW UHDG EXVHV RI WKH UHJLVWHU EDQN

if (SGI_BUS_WIDTH=16)
rd_data = rd_regbank " {2 {sfrmask[7:0], sfrmask[15:8]} };

7KH 6)50%$6. IHDWXUH DOORZV VHFXUH GDWD WUDQVIHU EHWZHHQ WKH &38 DQG WKH 6
QXPEHU PDVN JHQHUDWRU ZLWKLQ WKH 6*, PRGXOH 7KH PDVN JHQHUDWRU FDQ EH
Rl PDVN YDOXHV 7KH ILJXUH EHORZ LOOXVWUDWHY WKH 6)50%$6. IHDWXUH
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i_wr_data

o rd data * ¢

i_read_sfrseed —

i_write_sfrseed — M
1 N >
Lsfrseed_wr - —3 o pMASK generator ’\X/ \X/
i_sfrmask_ctrl — s

reset

regbank_datin

YLIXUH6)50$6.

7DEOH 6)50$6. FRQWURO ELWV

LBVIUPDVNBFWUO 1DPH
LBVIUPDVNBFWUO> @ 60$6.67(3
LBVIUPDVNBFWUO> @ 60%6.(1
LBVIUPDVNBFWUO> @ 60%6.6:

7KH 6)50$6. JHQHUDWRU JHQHUDWHYV D VWUHDP Rl UDQGRP YDOXHV WKDW DUH XVHG
GDWD IURP &38 WR 6*, ZLWKLQ WKH 6*, 7KH JHQHBDWR)S HD'QHEH W\NHBHEKBOG6: YLD \

WKH 6: ZLOO PDQXDOO\ XSGDWH WKH JHQHUDWHG P BN GES:G L U HFKHD I HF® IDWILVRRD
SURYLGH D IUHVK PDVN IRU HYHU\ 6)5 DFFHVV WR WK B 6UGI(3WW H U VEIOH) B ) 546R Z HYDHQ D B\
EH XSGDWHG BV BHPIBLQJ

SHIHBSSRHQGL] $ 6)5R®6IXUWKHU GHWDLOV RQ WKH DOJRULWKP IRU FRPSXWLQJ WKI
6)56((' XSGDWH

7KH*,B6)56(('6)5 LV XSGDWHG ZKHQHYHU WKH IROORZLQJ DQ\ Rl WKH IROORZLQJ UHJ
A'$T7,1 '$7287 (< &+(&.680°

7KW*,B6)56(('6)5 LV XSGDWHG ZKHQHYHU WKH IROORZLQJ DQ\ Rl WKH IROORZLQJ UHJ
A'$T7,1 '$7287 (< &+(&.680°

7TKHB*,B6)56((6)5 LV XSGDWHG UHJDUGOHVV RI ZKHWKHU WKHO&)bG.Q0$6. IHDBBX UHLW HQCL
RQO\ XVHG WR HQDEOH WKH 0$6. RXWSXW IURP WKH JHQHUDWRU ZKHQ 60%$6.(1 LV \

7KH 6)56((' LV DOVR XSG DOWHG)BKHOEVBKIH/ UHDG WKLV LV REIBEVBRHIEWVH ZKHQ
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6HFXUH *HQHULF ,QWHUIDFF

127¢(
JRU 6R&V WKDW XVH 6HFXUH 3HULSKHUDO %XV SPRGH IXQFWLRQDOLW\ 6)56((' ZLOO EF
ULJKWV RI WKH UHJLVWHUV WKDW WULJJHU DQ 6)56((' DFFHVV )RU H[DPSOH DFFHVVL(
6)56((" HYHQ LI '$7,1 LWVOHI PD\ QRW EH DFFHVVLEOH LQ 68 PRGH
6)56((' UHDG
7KH UHDG EDENBRBI)6KH6)5 LV FRQWUROOHG DV IROORZV
'KH®0$6.6: WKHB6)56(('6)5 UHDGV EDFN DV JHUR

:KH@®0%$6.6: ,6086.(1 D UHDG RI 6)56((" UHWXUQV WKH UDQGRP PDVN RXWSXW RI W
RWKHUZLVH LW UHWXUQV WKH YDOXH LQ 6)56(('

*HQHUDWHG PDVN

7KH JHQHUDWHG PDVN XVHG WR PDVN XQPDVN WKH GDWD EHLQJ UHDG ZULWWHQ LV
YDOXH QRW WKH XSGDWHG YDOXH RI 6)56((" WKDW LV FDXVHG E\ WKH ZULWH UHDG I

,'/( GXPP\ RSHUDWLRQV

7KH 6*, FDQ EH XVHG WR DFW DV D QRLVH VRXUFH E\ HQDEOLQJ WKH $(6 RU '(6 NHUQH
RSHUDWLRQV ZLWKLQ WKH NHUQHOV WKH GXPP\ RSHUDWLRQ FRQWLQXHVY XQWLO D F
WKH 6*, GRHVY QRW DOORZ ERWK WKH $(6 DQG '(6 NHUQHOV WR EH XVHG VLPXOWDQH!
FDQ KRZHYHU EH HQDEOHG VLPXOWDQHRXVO\ 2QH RI WKH NHUQHOV IRU H[DPSOH $(
DV WKH RWKHU NHUQHO IRU H[DPSOH '(6 NHUQHO LV SHUIRUPLQJ D FRPSXWDWLRQ

.H\ ORFNLQJ ZULWH RQO\

7KH 6*, SURYLGHV D6* E(YWB&YHWR DOORZ ORFNLQJ RI .(< 6)5V WR EH ZULWH RQO\ 7k
GHVFULEHG EHORZ

H6* B.(<B&7%)5 KDV G6EIBW(<B&75/>.(<BI12@0G

§ (DFK ELW FRUUHVSRQGY WR RQH RI WKH .(< 6)5V 6* B.(<$ ! 6% B.(<' ELW>
WR (<

§ 6HWWLQJ RI E PDNHV .(< 6)5V UHDG ZULWDEOH WKLV LV WKH UHVHW FRQGLV
§ 6HWWLQJ RI E PDNHV .(< 6)5V ZULWH RQO\
H7KI* B.(<B&75%/)5 KDV IROORZLQJ EHKDYLRXU
§ &OHDUV WR ZKHQHYHU WKH IROORZLQJ RFFXUV
5HVHW
8VHU UHTXHVWHB&ITBX YK 8 6LA@V HW
8VHU UHTXHVWHE ,BRV50 %V(KB)/86VA HW
§ 6*,B.(<B&75/ 6)5 LV UHDG ZULWDEOH

§ 6*,B.(<B&75/>.(<BIRK®WOG FDQ RQO\ EH ZULWWHQ WR 6: FDQQRW ZULWH WR L
PDGH ZULWH RQO\

H:KHQ DWWHPSWLQJ D UHDG RI D ZULWH RQO\ .(< 6)5 WKH IROORZLQJ REEXUV
7KH 6)5 UHWXUQV UDQGRP GDWD RQ EXV RU IL[HG FRQVWDQW LQ 121 6&$ FRQ
7KH 6*, VHWN,BBRHB786>.(<B5($'BE%S@ WKLV ELW LV FOBDBRB5R Q)Xo6HE VOIXW K
$ 6* KDV .(< WR .(< DV SHUPDQHQWO\ ZULWH RQO\

127¢(
,Q FDVHV ZKHUH 6%, VXSSRUWV D *&0 WKH ORFNHG NH\V FDQQRW EH XVHG DV LQS>
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$SSHQGL[ $ 6)50$6.

7KH 6)50$6. JHQHUDWRUGF(R@BYEWWKWDRIMBDQ EH LQLWLDOLVHG XSGDWHG E\ 6: 7KH 6(('
GHSHQGLQJ RQ WKH* BWSI6IBQ J /D WKMHWHU

7KH 6((' FDQ DOVR EH XSGDWHG E\ +: ZKHQHYHU WKHUH LV DQ 6)5 DFFHVV WR WKH 6*
FDQ RQO\ XSGDWH WeKOI$ 66.6(' ZKHIMOVR-VBH'«83'$7(~ VHFWLRQ EHORZ

1RWH WKDW .(<&+. DFFHVVHV FDXVH 6)56((' WR LQFUHPHQW HYHQ LI WKH .(<&+. IHDW
DYDLODEOH ,'B&)*B6*,B12B.(<&+(&.680

:KH@®0%$6.6: 7KH 6(('" LV XVHG WR GLUHFWO\ VHW WKH PDVN RXWSXW RI WKH 6)50%

:KH®0%$6.6: 7KH 6((' LV XVHG DV LQSXW WR D «IXQFWLRQ- WKDW FRPSXWHV WKH P
«IXQFWLRQ- LV GHY¥GF.UISHAKG.P -WFKRHLRQ EHORZ

3RZHU &ORFN 5HVHW GHVFULSWLRQ

&ORFNV

7KH 6*, LV GHVLJQHG WR ZRUN LQ D VIVWHP WKDW VXSSRUWY PXOWLSOH FORFNV WKD
7KH 6*, WDNHV DV LQSXW D VLQJOH FORFN FDOOHG VJL FORFN LBFONBVJL DQG D VI
7KLY DOORZV WKH 6*, WR XVH D VLQJOH FORFN WKURXJKRXW \HW VXSSRUW D VIU FO

A

efl £ 1 1L F 1LF LF1F1LFLF L LF LS s LS
i_clk_sgil £ ] £ 5 I, N N R I, T I I £ S
i_sfr_cken [ | [ | [ -

\4

f | - SFR clock pulse

JLIXUH6*, FORFN DQG 6)5 FORFN HQDEOH WLPLQJ GLDJUDP

127¢(
7KH VJL FORFN LV XVHG WR FORFN WKH LQWHUQDO ORJLF Rl WKH 6*, DV ZHOO DV WKH
RSHUDWLRQ ZKHUH WKH VJL FORFN LV VORZHU WKDQ WKH VIU FORFN ZLOO UHVXOW LC
HDFK 6)5 DFFHVV IRUFHV D FORFN SXOVH RQ WKH VJL FORFN

S5HVHWYV

7KH 6*, VXSSRUWYV DQ DVI\QFKURQRXV UHVHW LBUVW 7KLV LV GXSOLFDWHG WR SUR
6*, DOVR FRQWDLQV QRQ UHVHW UHJLVWHUYV

7KH UHVHW LQLWLDOLVHVY WKH 6*, LQWHUQDO UHJLVWHUV KRZHYHU WKH UHJLVWHU |
GDWD DQG NH\ ZRUNLQJ UHJLVWHUV 7KH IROORZLQJ WDEOH SURYLGHV WKH UHVHW
RXWSXW SRUWV WKRVH WKDW PD\ EH XVHG WR GULYH D 67$786 6)5

7TDEOH 7DEOH VKRZLQJ UHVHW YDOXHV IRU LQWHUQDO 6*, UHJLVWHUV

5HIJLVWHU 5HVHW 9DOXH
'$7,1 UHJLVWHU EDQN 1RW 5HVHW EXW LV IOXVKHG
'$7287 UHJLVWHU EDQN 1RW 5HVHW EXW LV IOXVKHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH 7DEOH VKRZLQJ UHVHW YDOXHV IRU LQWHUQDO 6*, UHJLVWHUV FRQWLQXHG

5HIJLVWHU 5HVHW 9DOXH
(< UHJLVWHU EDQN 1RW 5HVHW EXW LV IOXVKHG
.H\ FKHFNVXP UHJLVWHU 1RW 5HVHW EXW LV IOXVKHG

&DOFXODWLRQ FRXQWHBYUB&2&L 7¥RXIFHIKR U

6)56((' VRXUF6F IRE)56(('>6)56(('@ K K

EXV\ VRXWBEHB6R®B786>%86<@ E

VKDBEXV\ VR&XUEG7$RBE6>6+$ B%86<@ E

HUURU VR&XUBG7$RB86>(5525@ E

$SSOLFDWLRQ LQIRUPDWLRQ

&% & PRGH
&%& FKDLQLQJ PRGH LV GHVFULEHG LQ 1,67 6SHFLDO 3XEOLFDWLRQ $
&%& HQFU\SWLRQ

- N="NUMBER OF CBC SUB OPS"

- OUTSEL=0x0

- load(KEY , key )

- load(DATIN, iv  ,0)

- load(DATIN, plain(1), 1) Il use xorwr

- fori(1,N+1)
- (i=1) ? UP=NO_UP : START_UP
- (i<N+1) ? strt(ENC, UP, (i==1) ? 0x0 : Ox1) // insel=0x0 for first iteration
- (i<N) ? load(DATINIO], plain(i+1), 0) /I for all but last operation

- (i>1) ?read(DATOUT) /I from second operation onwards

- (i<N+1) ? wait()
- getd(TRIGGER_UP) /[Triggers the loading of DATOUT with
kernel result
- read(DATOUT) /Iread final data

7KH &%& HQFU\SWLRQ PRGH XVHV WKH ;25:5 IXQFWLRQ WR WKH '$7,1 ,9 [RU 30DLQW
6WDUWLQJ ZLWK VHFRQG LWHUDWLRQ WKH '$7,1 [RU '$7287 &LSKHUWH[W [RU 30DLQ
7KH ORDG RI WKH QH[W 30DLQWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\S\

7DEOH &% & HQFU\SWLRQ 6*, [RU XVH

;25:5 ,16(/ 2876 (/

LWHUDWLRQ L

&%& GHFU\SWLRQ EDVHG RQ D 6*,B180B'$7,1 FRQILIJXUDWLRQ

- N="NUMBER OF CBC SUB OPS"
- OUTSEL=0x1
- load(KEY , key
- load(DATIN, cipher(1), 0)
- fori(1,N+1)
- (i=1) ? UP=NO_UP : START_UP
- (ikN+1) ? strt(DEC, UP, 0)
- (i<N) ? load(DATIN[O], cipher(i+1), 0) /IFor all but last operation and trigger

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

DATOUT
- (i>1) ?read(DATOUT) /lfrom second operation onwards
load(DATIN[1] , (i==1) ? iv : cipher(i-1) , 0)
- (i<N+1) ? wait())
- getd() /[Triggers the loading of DATOUT with kernel
result
- read(DATOUT) /l[read DATOUT

7KH &% & GHFU\SWLRQ PRGH XVHV WKH 2876 QHX GHW LAR BRKH & HGHWK® WWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

7KH ORDG RI WKH QH[W &LSKHUWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\¢

127(
$ 6*,B180B'$7,1! FRQILIXUDWLRQ ZRXOG DOORZ WKH FLSKHUWH[W WR EH ORD (

7TDEOH &%& GHFU\SWLRQ 6*, [RU XVH

2555 ,16(/ 2876 (/
LWHUDWLRQ L DOO
&)% PRGH
&)% FKDLQLQJ PRGH LV GHVFULEHG LQ 1,67 6SHFLDO 3XEOLFDWLRQ $

&)% HQFU\SWLRQ

7KH &)% HQFU\SWLRQ PRGH XVHV WKH 28HBE@Q@H ®Q@HVLR Q$WHVHEMMHEO WR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

6WDUWLQJ ZLWK VHFRQG LWHUDWLRQ WKH LQSXW WR WKH NHUQHOV LV VHOHFWHG \
7KH ORDG RI WKH 30DLQWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\SWR RS

7DEOH &)% HQFU\SWLRQ 6*, [RU XVH

:25:5 16 (/ 2876(/

LWHUDWLRQ L ! DOO

&)% GHFU\SWLRQ

7KH &)% GHFU\SWLRQ PRGH XVHV WKH 28H8@QH RGHVLR QVHIZHBEMNVDGOWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

7KH ORDG Rl WKH &LSKHUWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\SWR R

7DEOH &)% GHFU\SWLRQ 6*, [RU XVH

:25:5 ,16(/ 2876 (/
LWHUDWLRQ L DOO
2)% PRGH
2)% FKDLQLQJ PRGH LV GHVFULEHG LQ 1,67 6SHFLDO 3XEOLFDWLRQ $

2)% HQFU\SWLRQ

7KH 2)% HQFU\SWLRQ PRGH XVHV WKH 28RA&Q HOQFHWL R Q $WKIIH @WWIGOWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

6WDUWLQJ ZLWK VHFRQG LWHUDWLRQ WKH LOSXW WR WKH NHUQHOV LV VHOHFWHG \

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7KH ORDG RI WKH 30DLQWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\SWR RS

127¢
BWDUWLQJ ZLWK WKH VHFRQG LWHUDWLRQ WKH LQSXW RI WKH NHUQHO LV NHUQHOV
RQFH IRU JHQHUDWLQJ &LSKHUWH[W DQG VHFRQG WR JHQHUDWH WKH LQSXW IRU VF

7TDEOH 2)% HQFU\SWLRQ 6*, [RU XVH

:25:5 L 16(/ 2876(/

LWHUDWLRQ L ! DOO

2)% GHFU\SWLRQ

7KH 2)% GHFU\SWLRQ PRGH XVHV WKH 28HA&Q HOQFHWL R Q $WHIIOH@WWCOWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

7KH ORDG RI WKH &LSKHUWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\SWR R

7TDEOH 2)% GHFU\SWLRQ 6*, [RU XVH

:25:5 ,16(/ 2876(/

LWHUDWLRQ L ! DOO

&75 &RXQWHU PRGH
&75 FKDLQLQJ PRGH LV GHVFULEHG LQ 1,67 6SHFLDO 3XEOLFDWLRQ $
&75 HQFU\SWLRQ

7KH &75 HQFU\SWLRQ PRGH XVHV WKH 28HA&Q HXOQFNWW. R Q BWKIICH@WWGOWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

7KH ORDG RI WKH 30DLQWH[W DQG QH[W FRXQWHU YDOXH FDQ EH GRQH FRQFXUUHQ

7DEOH &)% HQFU\SWLRQ 6*, [RU XVH

;25:5 ,16(/ 2876 (/

LWHUDWLRQ L DOO

&75 GHFU\SWLRQ

7KH &75 GHFU\SWLRQ PRGH XVHV WKH 28HA&Q HXOQFNWW. R QBWKIIGH@®WWGOWR LQ D [RU EHW
3/$,17(;7 L DQG 287387 %/2&. L

7KH ORDG RI WKH &LSKHUWH[W FDQ EH GRQH FRQFXUUHQW WR D UXQQLQJ FU\SWR R

7TDEOH &)% GHFU\SWLRQ 6*, [RU XVH

:25:5 16 (/ 2876(/

LWHUDWLRQ L DOO

&0%& *&0 DQG ,1&5

7KH WZR $(6 PRGHV &0%$& $(6 &0%$& UIF DQG *&0 FDQ EH HDVLO\ LPSOHPHQWHG
IHDWXUHV RI WKH 6*, 7KLV ZLOO PLQLPL]H WKH [RU RSHUDWLRQV QHHGHG E\ VZ

,1&5

"KHQ ,1&5 LV XVHG IRU WKH &75 '5%* PRGH ZH QHHG WR SUHYHQW WKH FRXQWHU RY
3RZHU $QDO\WLV 63% WKH RYHUIORZ PLJKW UHYHDO LQIRUPDWLRQ DERXW WKH FRX

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

RI RSHUDWLRQ ,Q RUGHU WR SUHYHQW WKDW WKH LQFUHPHQW ZLOO DOZD\V EH H[}
GHSHQGLQJ RQ WKH VL]H RI WKH RSHUDQG

JRU WKH ILUVW LQFUIBPHB@WS5/)> AKGBWR®AE WR LQFUHPHQW WKH /6 :RUG RI WKH RSH
LQFUHPHQWYV WIKH B&ZBE0OO,V&HIBWR @E DQG EDVHG RQ WKH RXBSEB& FDABER )L @LFDW
WKH 6*, ZLOO HLWKHU LQFUHPHQW WKH UHPDLQLQJ ZRUGV RU QRW

127¢
"XULQJ WKH LQFUHPHQW RSHUDWLRQ LI WKH RSHUDQG LV VPDOOHU WKDQ ELWV W
UDQGRP GXPP\ GDWD 7KLV ZLOO PDNH VXUH WKDW WKH GXPP\ LQFUHPHQW LV QRW Gl
REVHUYLQJ D VLQJOH SRZHU WUDFH

5HILVWHUV GHVFULSWLRQ 6)5V

30HDVH LIGRVHWRBEIBE@XIE |IRU WDE O B, BBH WDsEPI QUKWK8)5 LV FRQQHFWHG WR RXWSX
FRUH DQG WKH YDOXH RI WKLV 6)5 ZLOO YDU\ DIWHU UHVHW 7KH YDOXH RI WKLV 6)5
A LT o & 7KLV LV GXH WR %86< GH DVVHUWLRQ DIWHU UHVHW D¢

6*,B67%$786 3OHDVH QRWAEH TSR BEBL (55ED@QRW EH FOHDUHG WKH XVHU PXVW VWLOO X\
FOHDULQJ HUURU VWDWH $OVR S0 BBVYH7QRYH\MARDWQZ(GHQR5ZYDWXKYY YDO G \RX |
WKeH ,B67$786>2)/2E@N WR DW WKH VDPH WLPH 7KLV VKRXOG QRW EH DQ LVVXH VLQ|
6*,B67%$786>2)/2R®W D FRQWH[W ZKHUH 6*, LV LQ (5525

UHJLVWHU GHVFULSWLRQV

LGBLSVBVJL PHPRU\ PDS

6*, EDVH DGGUHVYV (B% K
21IVHW 5HIJLVWHU LGWIKSFFHYVSHVHW YDOXH
,Q ELwV

K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 $ 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 % 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG 6*,B'$7,1 & 5 6HH VHFWLRQ
&K |,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 " 5: 6HH VHFWLRQ
K ,QSXW 'DWD UHJLVWHU 'RUG 6*,B'$7,1 $ 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 % 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG 6*,B'$7,1 & 5: 6HH VHFWLRQ
&K |,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 " 5: 6HH VHFWLRQ
K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 $ 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 % 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG 6*,B'$7,1 & 5: 6HH VHFWLRQ
&K |,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 5: 6HH VHFWLRQ
K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 $ 5: 6HH VHFWLRQ

K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 % 5: 6HH VHFWLRQ

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ELWV
K ,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 & 5: 6HH VHFWLRQ
&K |,QSXW 'DWD UHJLVWHU 'RUG  6*,B'$7,1 " 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU "RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K | ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU "RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K | ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU "RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K |, QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
K ,QSXW .H\ UHJLVWHU "RUG  6*,B.(< & 5: 6HH VHFWLRQ
&K | ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
$ K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ
$ K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
$ K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< & 5: 6HH VHFWLRQ
$&K | ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
% K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< $ 5: 6HH VHFWLRQ

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ElwV
% K |,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< % 5: 6HH VHFWLRQ
% K |,QSXW .H\ UHJLVWHU 'RUG 6% B.(< & 5: 6HH VHFWLRQ
%&K | ,QSXW .H\ UHJLVWHU 'RUG  6*,B.(< ' 5: 6HH VHFWLRQ
& K |2XWSXW 'DWD UHJLVWHU :RUG 6* B'$72[87$% 5: 6HH VHFWLRQ
& K |2XWSXW 'DWD UHJLVWHU :RUG 6* B'$72187% 5: 6HH VHFWLRQ
& K |2XWSXW 'DWD UHJLVWHU :RUG 6* B'$7287& 5: 6HH VHFWLRQ
&&K |2XWSXW 'DWD UHJLVWHU :RUG 6% B'$72/87" 5: 6HH VHFWLRQ
& K |BWDWXV UHJLVWHU 6* B67$786 5: B K
& K |&DOFXODWLRQ FRXQWHU 6* B&2817 5: B K
& K |.H\ FKHFENVXP UHJLVWHU 6* B.(<&+. 5: B K
'K 6*, &RQWURO UHJLVWHU 6% B&75/ 5: B K
'K 6*, &RQWURO UHJLVWHU  6* B&75/ 5: B K
'K &RQILJXUDWLRQ RI GXPP\ FRQWUROV 6* B'800<B|&75! B K
' &K 6RIZDUH $VVLVWHG ODVNLQJ UHJLVWHU 6/ ,B6)5B6:B0$6. B K
'K 6)56((' UHJLVWHU IRU 6)50$6. IHDWXUH 6*,B6)56((' 5: B K
'K 6+$ &RQWURO 5HJLVWHU 6% B6+$ B&75/ 5: B) K
'K 6+$ ),)2 ORZHU EDQN ORZ 6*,B6+$B),)2 5: 6HH VHFWLRQ
' &K 6+$ &RQILIXUDWLRQ 5HJ 6* B&21),* 5 6HH VHFWLRQ
'K 6+$ &RQILIXUDWLRQ B5HJ 6* B&21),* 5 6HH VHFWLRQ
'K 6*, $XWR ORGH &RQWURO UHJLVWHU 6* B$872B02'( 5: B K
'K 6*, $XWR ORGH &RQWURO UHJLVWHU 6* B$872B'0$B&75/ B K
'K 6*, LQWHUQDO 351* 6: VHHGLQJ UHJLVWHU| 6% B351586:B6(('B K
'K 6%, .H\ &RQWURO 6)5 6* B.(<B&75/ 5: B K
'K :UDSSHG NH\ UHDG 6)5 6* B.(<B:5%$3 5 B K
) K 6*, 9HUVLRQ 6% ,B9(56,21 5 B K
)& K | $FFHVV (UURU 6* B$&&(66B(55 5: B K
)& K | &OHDU $FFHVV (UURU 6* B$&&(66B(55B&/5 5: B K
)( K ,QWHUUXSW VWDWXV 6* B,17B67$786 5 B K
)( K ,QWHUUXSW HQDEOH 6%, B,17B(1$%/( 5: B K
)( K ,QWHUUXSW VWDWXV FOHDU 6* B,17B67$786B&/5/ 5: B K
)(&K | , QWHUUXSW VWDWXV VHW 6* B,17B67$786B6(7 5: B K

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH

,Q ELWV
))&K | ORGXOH ,' 6*,B02'8/(B," 5 B K
,QSXW 'DWD UHJLVWHU :RUG 6*,B'$7,1 $
21IVHW
5HIJLVWHU 21IVHW
6*,B'$7,1 $ K
YXQFWLRQ
,QSXW 'DWD UHJLVWHU ‘RUG
‘LDJUDP
% LWV
5
'$7,1 $
S5HVHW X X X X X X X X X X X X X X X X
%LWV
5
'$7,1 %
5HVHW X X X X X X X X X X X X X X X X
JLHOGYV
J)LHOG | )XQFWLRQ
,QSXW 'DWD UHJLVWHU
'$7,1 $ 127(
7KLV ILHOG LV YRODWLOH

y,QSXW 'DWD UHJLVWHU :RUG 6*,B'$7,1 %
211VHW
5HIJLVWHU 21IVHW
6*,B'$7,1 % K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

YXQFWLRQ
,QSXW 'DWD UHJLVWHU ‘RUG
'LDJUDP
% LWV
5
'$7,1 %
5HVHW X X X X X X X X X X X X X X X X
% LWV
5
'$7,1 %
5HVHW X X X X X X X X X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
,QSXW 'DWD UHJLVWHU
'$7,1 % 127(
7KLV ILHOG LV YRODWLOH

,QSXW 'DWD UHJLVWHU :RUG 6*,B'$7,1 &
21IVHW
5HIJLVWHU 21IVHW
6*,B'$7,1 & K
YXQFWLRQ
,QSXW 'DWD UHJLVWHU "RUG
‘LDJUDP
% LWV
5
'$7,1 &
S5HVHW X X X X X X X X X X X X X X X X
%LWV
5
'$7,1 &
S5HVHW X X X X X X X X X X X X X X X X

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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7KLV ILHOG LV YRODWLOH
E *&0 ,1;25 GLVDEOHG
E *&0 ,1;25 HQDEOHG
%\WH RUGHU RI UHJEDQN UHDG ZULWH GDWD
%<7(6B25'( 127¢
5 7KLV ILHOG LV YRODWLOH
E 1RUPDO
E 6ZDSSHG
&U\SWR UHVXOW ORFDWLRQ

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

,QWHUIDFF

JLHOG | )XQFWLRQ

5.(< 127¢

E '$7287 UHJLVWHU EDQN
E (< UHJLVWHU EDQN

7KLV ILHOG LV YRODWLOH

.(<5(6 6HWV WKH EDVH DGGUHVV RI WKH .H\ UHJLVWHU

127¢

6HOHFWYVY NH\ UHJLVWHUV WR EH XSGDWHG ZKHQ UNH\

IRU FU\SWR UH

7KLV ILHOG LV YRODWLOH

VXOW VW

ELW RSWLRQDO LQSXW IRU 029(0 IHDWXUH

029(0 127¢(

7KLV ILHOG LV YRODWLOH

5HVHUYHG

QHUDWRI

6)56((" LC

§
6)50%$6. 0$6. FRQWURO
60%$6.6: 127(
7KLV ILHOG LV YRODWLOH
E 6)5 0$6. RXWSXW GLUHFWO\ FRQWUROOHG E\ +: PDVN JH
E 6)5 0$6. RXWSXW GLUHFWO\ FRQWUROOHG E\ 6:
6)56((' LQFUHPHQW FRQWURO
60%$6.67(3 127¢(
7KLV ILHOG LV YRODWLOH
E 6)56((' LQFUHPHQWY HYHU\ UHJEDQN DFFHVV
E 6)56((' LQFUHPHQWY HYHU\ UHJEDQN DFFHVV 3/86 ZKHQ
6)50%6. (QDEOH
60%$6.(1 127¢(
7KLV ILHOG LV YRODWLOH
E 6)50%$6. IHDWXUH 'LVDEOHG
E 6)50%$6. IHDWXUH (QDEOHG
5HVHUYHG
§

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

,QFUHPHQW &DUU\ ,Q FRQWURO

,1&5B&,1 127¢(
7KLV ILHOG LV YRODWLOH

E &DUU\ ,Q IRU ,1&5 LV
E &DUU\ ,Q IRU ,1&5 LV RYHUIORZ IURP SUHYLRXV ,1&5 RSHUDWLRQ

)OXVK :ULWH FRQWURO

)/86+:5 127¢(
7KLV ILHOG LV YRODWLOH

E )OXVK :ULWH GLVDEOHG
E )OXVK :ULWH HQDEOHG

:ULWH ;25 FRQWURO

;25:5 127¢(
7KLV ILHOG LV YRODWLOH

E 725 2Q :ULWH GLVDEOHG
E 725 2Q :ULWH HQDEOHG

,QFUHPHQW 7ULJJHUHG E\ 6)5 ZULWH

,1&5 127¢(
7KLV ILHOG LV YRODWLOH

E ,1&5 2Q :ULWH GLVDEOHG
E ,1&5 2Q :ULWH HQDEOHG

6WDUW '$7,1 UHJLVWHU EDQN )OXVK

'$7,1B)/86

¥+

127¢
7KLV ILHOG LV YRODWLOH

E &OU KDV QR HIIHFW
E 6HW WR VWDUW IOXVK

6WDUW .(< UHJLVWHU EDQN )OXVK

(<B)/86+ 127(
7KLV ILHOG LV YRODWLOH

E &OU KDV QR HIIHFW
E 6HW WR VWDUW |IOXVK

6WDUW )XOO 6*, )OXVK

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

)/86+ 127¢

7KLV ILHOG LV YRODWLOH

E &OU KDV QR HIIHFW
E 6HW WR VWDUW [IOXVK

&RQILIXUDWLRQ RI GXPP\ FRQWUROV 6*,B'800<B&75/

21IVHW

5HIJLVWHU 21IVHW
6*,B'800<B&75/ |' K
JXQFWLRQ

&RQILIXUDWLRQ RI GXPP\ FRQWUROV

‘'LDJUDP

LWV

5 5HVHUYHG

$'&75/

S5HVHW

% LWV

5 5HVHUYHG

"'&75/

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

$(6 GXPP\ FRQWURO

$'&75/ 127(

30HDVH UHIHU WR WKH UHOHYDQW NHUQHO GRFXPHQW IRU GHWDLOV RQ !
VXSSRUW GXPP\ F\FOHV

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

J)LHOG | ) XQFWLRQ
127¢
7KLV ILHOG LV YRODWLOH
5HVHUYHG
§
'(6 GXPP\ FRQWURO
'""&75/ 127(
30HDVH UHIHU WR WKH UHOHYDQW NHUQHO GRFXPHQW IRU GHWDLOV RQ
VXSSRUW GXPP\ F\FOHV
127¢
7KLV ILHOG LV YRODWLOH
6RIZDUH $VVLVWHG ODVNLQJ UHJLVWHU 6*,B6)5B6:B0%$6.
2I1IVHW
5HJLVWHU 21IVHW

6*,B6)5B6:B0%$6.| "' &K

JXQFWLRQ
6RIZDUH $VVLVWHG ODVNLQJ UHJLVWHU

'LDJUDP
% LWV
5
6)5B0$6.B9$/
5HVHW
%LWV
5
6)5B0$6.B9$/
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

JLHOGV

JLHOG | )XQFWLRQ

6HHG PDVN XVHG IRU VZ OHYHO PDVNLQJ

6)5B0$6.B9$ 127(
/ 7KLV ILHOG LV YRODWLOH

6)56((' UHJILVWHU IRU 6)50$6. IHDWXUH 6*,B6)56(("

21IVHW

5HILVWHU 21IVHW
6*,B6)56((" ©OK
YXQFWLRQ

6)56((' UHJLVWHU IRU 6)50$6. IHDWXUH

'LDJUDP
%LWYV
5
6)56(('
5HVHW
%LWV
5
6)56(('
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

6HHG PDVN XVHG IRU VZ OHYHO PDVNLQJ

6)56((" 127(
7KLV ILHOG LV YRODWLOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

6+$ &RQWURO 5HJLVWHU 6*,B6+$% B&75/

21IVHW

5HIJLVWHU 21IVHW
6*,B6+$ B&75/ |' K
YXQFWLRQ

6+% &RQWURO 5HJLVWHU

'LDJUDP
% LWV |
5 S5HVHUYHG
S5HVHW |
% LWV
5
12B$ +$6+| 6+% B 6+% B 6+$ B
6+9$ B 6+% B+,*+B/,0 6+$ B/2:B/,0 6+$ B6,=(
872 B5( &2 02 (1
67
S5HVHW
JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG
8
6+$ QR DXWRPDWLF +$6+ LQLWLDOLVDWLRQ
12B$872B,1,7 127¢(
7KLV ILHOG LV YRODWLOH
E 6+%$ DXWRPDWLF +$6+ LQLWLDOLVDWLRQ
E 1R 6+$ DXWRPDWLF +$6+ LQLWLDOLVDWLRQ
6723 6+% $872 PRGH
6+% B6723 127¢(

7KLV ILHOG LV YRODWLOH

E .HHS UXQQLQJ
E 6WRS DXWR PRGH

6+% +$6+ UHORDG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 BHPLFRQGXFWRUYV
6HFXUH *HQHULF ,QWHUIDFF
7TDEOH FRQWLQEXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
+$6+B5(/2% 127¢(
' 7KLV ILHOG LV YRODWLOH
E 1R +$6+ UHORDG
E +$6+ UHORDG HQDEOHG
6+$ &DOFXODWLRQ FRXQWHU HQDEOH
6+$% B&281B 127¢(
(1 7KLV ILHOG LV YRODWLOH

E 6+% RSHUDWLRQ '2(6 127 LQFUHPHQW &2817

E 6+%$ RSHUDWLRQ '2(6 LQFUHPHQW FRXQW

6+% B+,*+B

6+$ ),)2 KLIJK OLPLW

/ 127¢

0 7KLV ILHOG LV YRODWLOH
6+$ ),)2 ORZ OLPLW
6+$%$ B/2:B/|, 127(
0 7KLV ILHOG LV YRODWLOH
,QGLFDWHYV 6+3% VL]H
6+$% B6,=( 127¢
7KLV ILHOG LV YRODWLOH
E 6+%
E 6+%
E 6+% RU 6+% LI 6+% RQO\
E 6+9% RU 6+% LI 6+% RQO\
6+$ PRGH QRUPDO RU DXWRPDWLF
6+3% B02'( 127¢
7KLV ILHOG LV YRODWLOH
E 6+% 1250 ORGH
E 6+% $872 ORGH
6+$ HQDEOH
6+% B(1 127(

7KLV ILHOG LV YRODWLOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO




1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E 6+% GLVDEOHG
E 6+$ HQDEOHG

6+$ ),)2 ORZHU EDQN ORZ 6*,B6+$B),)2

21IVHW

5HILVWHU 21IVHW
6*,B6+$B),)2 TOK
YXQFWLRQ

6+$ ),)2 ORZHU EDQN ORZ

‘LDJUDP
% LWV
5
).)2
5HVHW X X X X X X X X X X X X X X X X
% LWV
5
).)2
5HVHW X X X X X X X X X X X X X X X X
JLHOGYV

JLHOG | )XQFWLRQ

6+%$ ),)2 UHJLVWHU

).)2 127¢
7KLV ILHOG LV YRODWLOH

6+% &RQILIXUDWLRQ 5HJ 6*,B&21),*

21IVHW
5HIJLVWHU 21IVHW
6* B&21),* © &K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

JXQFWLRQ
6+% &RQILIXUDWLRQ 5HJ

‘'LDJUDP
%LWV |
6)5Bf 63%H 63%BI66+$B
5 5HVHUYHG 5HVHUYHG('& 180B.(< 180B'$7,1
:B 0%6 83
5HVHW X X X X X X | X X X X
%LWV
%86H 5HVH|UY 5HVH|U&281| .(<B|,17(5] +$6B| +$6B| +$6B| +$6B| +$6B| +$6B
5 )$ && |&+,14 52:
o HG HG | 7B6 | ', * 1$ |*)0 | &o0s$&|029 6+% | '(6 $(6
S5HVHW X X X X X X X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
,'B&)*B6*,B86(B6)5B6:B0$6. LV VHW
6)5B6:B0$6 127¢
7KLV ILHOG LV YRODWLOH
,'B&)*B6*,B63%B0$6.,1* LV VHW
63%B0$6.,1* 127¢
7KLV ILHOG LV YRODWLOH
,'B&)*B6* B63%B6833257 LV VHW
63%B683325 127¢
7 7KLV ILHOG LV YRODWLOH
+$6 6+% 21/<
6+$B B21/ 127¢
< 7KLV ILHOG LV YRODWLOH
5HVHUYHG
§
'$7,1 WR .(51(/ (QG WR HQG ('& LV HQDEOHG
("&

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
127(
7KLV ILHOG LV YRODWLOH
180% (5 25 .(< 5(*%$1.6
180B.(< 127(
7KLV ILHOG LV YRODWLOH
180%(5 2) '$7,1 5(*%$1.6
180B'$7,1 127¢(
7KLV ILHOG LV YRODWLOH
%86B:,'7+ %86B:,'7+
%86B:,'7+ 127¢
7KLV ILHOG LV YRODWLOH
S5HVHUYHG
§
+$6 )$ SURWHFWLRQ
)$ 127¢
7KLV ILHOG LV YRODWLOH
S5HVHUYHG
§
&2817 &2817
&2817B6,5( 127(
7KLV ILHOG LV YRODWLOH
+$6 .(< ',*(67
(<B',*(67 127(
7KLV ILHOG LV YRODWLOH
+$6 ,17(51%/ 351~
,17(51$/B3|5 127(
1~ 7KLV ILHOG LV YRODWLOH
+$6 *)08/
+$6B*)08/ 127¢

0&; $

7KLV ILHOG

LV YRODWLOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | ) XQFWLRQ
+$6 &0%$&
+36B&0% & 127(
7KLV ILHOG LV YRODWLOH
+$6 029(0
+$6B029(0 127(
7KLV ILHOG LV YRODWLOH
+$6 6+9%
+$6B6+$ 127¢(
7KLV ILHOG LV YRODWLOH
+$6 '(6
+$6B'(6 127(
7KLV ILHOG LV YRODWLOH
+$6 $(6
+$6B$(6 127(
7KLV ILHOG LV YRODWLOH
6*, 'LYHUVLILHG IRU &&
&& 127¢(
7KLV ILHOG LV YRODWLOH
6*, 'LYHUVLILHG IRU &+,1$%
&+,1$% 127¢(
7KLV ILHOG LV YRODWLOH
6*, 'LYHUVLILHG IRU 52:
52: 127¢(
7KLV ILHOG LV YRODWLOH

6+$ &RQILJXUDWLRQ 5HJ 6*,B&21),*
21IVHW
5HILVWHU 21IVHW
6*,B&21),* " K
0&; $ DQG $ 6HFXULW\ SGHIHUHQFH 0DQXDO 5HY

SHIHUHQFH ODQXDO




1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

JXQFWLRQ
6+% &RQILIXUDWLRQ 5HJ

'LDJUDP
%LWV
5 5HVHUYHG '(6B180B6%2;(6 '(6B86 ("
5HVHW X X X X X X X X X
%LWV
5 5HVHUYHG $(6B.(<6,= $(6B180B6%2;(6 $(6B86 ("’
5HVHW X X X X X X X X X X X
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
1XPEHU RI '(6 VER[HV
'(6B180B6% 127¢(
2;(6 7KLV ILHOG LV YRODWLOH
127(
"(6B86 (" 7KLV ILHOG LV YRODWLOH
E '‘DNDU
E 'DQXEH
E '"HSLFWD
E 'LJL
E '‘DWH
E 'HVHUW
E E 5)8
5HVHUYHG
§
,QGLFDWHYV ZKLFK $(6 NH\ VL]H KDV EHHQ VHOHFWHG
$(6B.(<6,=|( 127(
7KLV ILHOG LV YRODWLOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ

QO\
E RQO\
E $00 NH\ VL]HV

1XPEHU RI $(6 VER[HV

$(6B180B6% 127¢
2,(6 7KLV ILHOG LV YRODWLOH

127(
$(6886(' 7KLV ILHOG LV YRODWLOH
$SROOR
$HJILV
$\QD
$SWKHQLXP
$MD]
$HJILVBKV
SWKHQLXPBKYV
$7(
$720
$SVWHUL]
E 5)8

m m m m m m m m m m Mm

6*, $XWR ORGH &RQWURO UHJLVWHU 6*,B$872B02'(

21IVHW

5HIJLVWHU 21IVHW
6*,B$872B02"( " K
JXQFWLRQ

6*, $XWR ORGH &RQWURO UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

'LDJUDP
%LWV
5 5HVHUYHG
S5HVHW
% LWV
5 5HVHUYHG 5HVHUYHG
&0' ,1&5B02'( $872E$08272E
02
S5HVHW
JLHOGV
J)LHOG | )XQFWLRQ
5HVHUYHG
§
$XWR PRGH RI RSHUDWLRQ
&0 B E (&% PRGH
B E &75 PRGH
B E &% & PRGH
B E &%&0$& PRGH
B E .H\ :UDS 8QzUDS ELW NH\ GDWD
B E .H\:UDS 8QZzZUDS ELW NH\ GDWD
SHVHUYHG
§
&75 LQFUHPHQW PRGH
,1&5B02"( E LQFUHPHQW PRGH
E LQFUHPHQW PRGH
E LQFUHPHQW PRGH
E LQFUHPHQW PRGH
S5HVHUYHG
§
DXWRBPRGHBVWRS
$872B02'(B 127¢
6723 7KLV ILHOG LV YRODWLOH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E H[LW DXWR PRGH DV VRRQ DV WKH GDWD KDV EHHQ HPYWLHG

DXWRBVWDUWBHQ

$872B02'(B E DXWR PRGH KDV EHHQ VHOHFWHG
(1

6*, $XWR ORGH &RQWURO UHJLVWHU 6*,B$872B'0$B&75/

2I1IVHW

5HIJLVWHU 21IVHW

6*,B$872B'0$B&75/ K

YXQFWLRQ
6*, $XWR ORGH &RQWURO UHJLVWHU

‘LDJUDP
% LWV
5 5HVHUYHG
5HVHW
% LWV
5 5HVHUYHG 5HVHUYHG
2)( D (
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5HVHUYHG
§
2XSXW ),)2 '0$ (QDEOH
2)( E '0%$ KDQGVKDNH GLVDEOHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E '0$ KDQGVKDNH HQDEOHG

SHVHUYHG

,QSXW ),)2 '0$ (QDEOH
I E '0$ KDQGVKDNH GLVDEOHG
E '0$ KDQGVKDNH HQDEOHG

6*, LQWHUQDO 351* 6: VHHGLQJ UHJLVWHU 6*,B351*B6:B6(('

2I1IVHW

5HIJLVWHU 21IVHW

6*,B351*B6:B6((|' K

YXQFWLRQ
6*, LQWHUQDO 351* 6: VHHGLQJ UHJLVWHU

'‘LDJUDP

% LWV

5
6((

5HVHW

%LWV

6(("

S5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

ELWV 6((' ILHOG $ ZULWH WR WKH 6((' ILHOG ZLOO VHHG WKH|LQWHUQTE
6((

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

6*, .H\ &RQWURO 6)5 6*,B.(<B&75/

21IVHW

5HIJLVWHU 21IVHW
6*,B.(<B&75/ 'K
YXQFWLRQ

6*, .H\ &RQWURO 6)5

'‘LDJUDP
%LWV
5
.(<B:2
5HVHW
% LWV
5
.(<B:2
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

6*, .H\ FRQWURO UHJLVWHU ELW SHU .(< 6)5 E .H\ 6)5 LV UHDGDEOH
UHDGDEOH ZULWH RQO\

.(<B:2
127(
7KLV ILHOG LV YRODWLOH
:UDSSHG NH\ UHDG 6)5 6*,B.(<B:5%3
21IVHW
5BHIJLVWHU 21IVHW
6*,B.(<B:5%$3 ' K
JXQFWLRQ

:UDSSHG NH\ UHDG 6)5

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

'LDJUDP

%LWV

5 .:B'$78%

S5HVHW

% LWV

5 .:B'$7$

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

JLHOG FRQWDLQV ZUDSSHG NH\ DXWR XSGDWHG E\ +: IRU HDFK|ZRUG

.:B'$7$ 127(
7KLV ILHOG LV YRODWLOH

6*, 9HUVLRQ 6*,B9(56,21

21IVHW

5HIJLVWHU 21IVHW
6*,B9(56,21 ) K
)XQFWLRQ

6*, 9OHUVLRQ

'LDJUDP

%LWV

5 SHVHUYHG 0,/(6721(

5HVHW

LWV

S5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

JLHOGYV
JLHOG | ) XQFWLRQ
5HVHUYHG
§
5HOHDVH PLOHVWRQH
0,/(6721( 127(
7KLV ILHOG LV YRODWLOH
E 35(/
E %5
E 6,
E *2
ODMRU UHYLVLRQ QXPEHU LQ ; << = HJ
; 127¢(
7KLV ILHOG LV YRODWLOH
OLQRU UHYLVLRQ QXPEHU LQ ; << = HIJ
< 127¢(
7KLV ILHOG LV YRODWLOH
OLQRU UHYLVLRQ QXPEHU LQ ; << = HIJ
< 127(
7KLV ILHOG LV YRODWLOH
([ WHQGHG UHYLVLRQ QXPEHU LQ ; << = HJ
= 127(
7KLV ILHOG LV YRODWLOH
$FFHVYV (UURU 6*,B$&&(66B(55
21IVHW
5HJLVWHU 21IVHW

6*,B$&&(66B(55 )& K

YXQFWLRQ
$FFHVV (UURU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

'LDJUDP
% LWV
5 5HVHUYHG
5HVHW
% LWV
5 5HVHUYHG 5HVHUYHGs30,H $3%BlL
$3%B0$67(5
(5% 27
S5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
SHVHUYHG
§
$3% ODVWHU WKDW WULJJHUHG ILUVW $3% HUURU $3%B:5*0' RU[$3%B127:
$3%B0$S67(5 127¢
7KLV ILHOG LV YRODWLOH
5HVHUYHG
§
$3% (UURU :URQJ DFFHVV PRGH
$3%B:5*0" 127(
7KLV ILHOG LV YRODWLOH
$3% (UURU DGGUHVV QRW DYDLODEOH
$3%B1279%|9 127(
7KLV ILHOG LV YRODWLOH
&OHDU $FFHVV (UURU 6*,B$&&(66B(55B&/5
21IVHW
5HIJLVWHU 21IVHW

6*,B$&&(66B(5584& K
5

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

YXQFWLRQ
&OHDU $FFHVV (UURU

‘'LDJUDP
%LWV
5 5HVHUYHG
5HVHW
%LWV
5 5HVHUYHG (55B
&/5
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
‘ULWH WR UHVHW 6*,B$&&(66B(55 6)5
(55B&/5 127¢
7KLV ILHOG LV YRODWLOH
,QWHUUXSW VWDWXV 6* B,17B67$786
21IVHW
5HIJLVWHU 21IVHW

6*,B,17B67%$786 |)( K

YXQFWLRQ
,QWHUUXSW VWDWXV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

‘LDJUDP
%LWV
5 5HVHUYHG
5HVHW
% LWV
,17B
5 5HVHUYHG "
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
SHVHUYHG
§
5HVHUYHG
§
L,OWHUUXSW VWDWXV 10DJ ,17B3'21( LV VHW LQGHSHQGHQW IURP WKH LQ
. 6*,B,17B(1$%/( ,17B(1 ,Q FDVH 6*,B,17B(1$%/( ,17B(1 DQ LQWHUUXSW W]
17B3"21(| WULJJHUHG ZKHQ ,17B3'21( LV VHW OHYHO WULJJHUHG ,17B3'41( LV QR\
KDV WR EH FOHDUHG E\ VRIWZDUH
127¢
7KLV ILHOG LV YRODWLOH
,QWHUUXSW HQDEOH 6*,B,17B(1$%/(
211VHW
5HJLVWHU 211VHW

6*,B,17B(1$%/( |)( K

YXQFWLRQ
,QWHUUXSW HQDEOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

'LDJUDP
% LWV

5 5HVHUYHG
5HVHW
% LWV

5 5HVHUYHG 17B

(1

S5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

5HVHUYHG
§
,QWHUUXSW HQDEOH ELW
,17B(1
,QWHUUXSW VWDWXV FOHDU 6*,B,17B67$786B&/5

21IVHW
5HIJLVWHU 21IVHW
6*,B,17B67$786B&(5K
YXQFWLRQ
,QWHUUXSW VWDWXV FOHDU
'LDJUDP
% LWV

5 5HVHUYHG
5HVHW
% LWV

5 5HVHUYHG 178

&/5

5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

:ULWH WR FOHDU LQWHUUXSW VWDWXV IODJ 6*,B,17B67%$786 ,17[B3'21(

,17B&/5 127(
7KLV ILHOG LV YRODWLOH

, QWHUUXSW VWDWXV VHW 6* B,17B67$786B6(7

2IIVHW

5HIJLVWHU 21IVHW

6*,B,17B67$786B6 (&K

YXQFWLRQ
L, QWHUUXSW VWDWXV VHW

‘LDJUDP

%LWV

5 S5HVHUYHG

5HVHW

%LWV

5 5HVHUYHG 17B

6(7

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

":ULWH WR VHW LQWHUUXSW VWDWXV IODJ 6* B,17B67%$786 ,17B3[21( WR

VRIWZDUH H J IRU GHEXJ SXUSRVHV
,17B6(7

127¢
7KLV ILHOG LV YRODWLOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

ORGXOH

2I1IVHW

6HFXUH *HQHULF ,QWHUIDFF

,' 6*,B02'8/(B,"’

5HIJLVWHU

21IVHW

6+,B02'8/(B,"

)) &K

YXQFWLRQ
ORGXOH ,'

‘'LDJUDP

LWV

5

3/$&(+2/'(5

5HVHW

LWV

3/$&(+2/'(5

S5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3/$&(+2/"(
5

ORGXOH '

THUPV DQG GHILQLWLRQV

127¢

7KH IROORZLQJ WHUPV ZLOO RQO\ KDYH WKH JLYHQ PHDQLQJ ZKHQ XVHG LQ WKLV GRI
FU\SWR RSHUDWLRQ=

7DEOH

7HUP OHDQLQJ

UHJLVWHU EDQN 7KH 1 ELW EDQN RI UHJLVWHUV WH
NH\V

EDQN

0&; $

2QH RI WKH 1- ELW UHJLVWHU EDC
EDQN>Q@ ZKHUH Q- LV DQ LQWHJHU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

DW DUH

NV DOV
LQ UDQ



1,3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7DEOH FRQWLQXHG

7HUP OHDQLQJ

EORFN 2QH RI WKH WZR ELW SDUWV RI D %DQN 7
DV 8SSHU %ORFN 8% DQG /RZHU %ORFN /%

EXV DFFHVV $ EXV UHDG- RU ZULWH-

FU\SWR RSHUDWLRQ $ FU\SWR RSHUDWLRQ UHIHUV WR DQ $(6 '(6

&0$& RSHUDWLRQ LQFOXGLQJ ZKHQ RRO\ GRL(
RSHUDWLRQ

H[RUHG H[RULQJ 7KH SHUIRUPLQJ Rl WKH ORJLFDO ;25|RSHUDW

IOXVK IOXVKHG 5HIHUV WR ORDGLQJ EORFNV- LQ WKH UHJLV
GDWD

NHUQHO 5HIHUV WR $(6 '(6 RU *)08/ FRSURFHVYRU HQJ

VKDUH 2QH RI WKH WZR HQWLWLHV XVHG LQ [vsoLww
PDVNLQJ VFKHPH

ZRUGYV 2QH RI WKH IRXU ELW ZRUGV ZLWKL|Q D EDC
z

[RUZU 7KH IHDWXUH WKDW DOORZV ZULWLQJ D UHJL"

YDOXH LV WKH [RU RI WKH FXUUHQW |YDOXH F
DQG WKH YDOXH EHLQJ ZULWWHQ QHZBYDO]
ZULWHBYDOXH

)X00 )OXVK 7KH VHTXHQFH RI IOXVKLQJ DOO UHJYVWHU EL
(UURU )OXVK $ )X0O0 )OXVK WULJIJHUHG DV UHVSRRVH WR
$XWR )OXVK $ )X0O0 )OXVK WULJIJHUHG LQ UHVSRQVH WR
8VHU )OXVK $ )X0O0 )OXVK WULJIJHUHG LQ UHVSRQVH WR
7DEOH

$FURQ\P ([SODQDWLRQ

$(6 $GYDQFHG (QFU\SWLRQ 6WDQGDUG

(6 'DWD (QFU\SWLRQ 6WDQGDUG

) ' W\SH )OLS )ORS

(‘& (UURU '"HWHFWLRQ DQG &RUUHFWLRQ

*&0 *DORLYV &RXQWHU OXOWLSOLHU

+ +DUGZDUH

.9 ,QLWLDOLVDWLRQ 9HFWRU

1& 1R &KDQJH

51* 5DQGRP 1XPEHU *HQHUDWRU

52 5HDG 2QO\

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1;3 6HPLFRQGXFWRUYV

6HFXUH *HQHULF ,QWHUIDFF

7TDEOH FRQWLQXHG

$FURQ\P ([SODQDWLRQ

6)5 6SHFLDO )XQFWLRQ 5HJLVWHU
6+% 6HFXUH +DVK $OJRULWKP

6: 6RIWZDUH

7'(6 7ULSOH '(6

7, 7TKUHVKROG ,PSOHPHQWDWLRQ
12 :ULWH 2QO0\

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
3XEOLF .H\ &U\SWR &RSURFHVVRU 3.&

&KLS VSHFLILF 3.& LQIRUPDWLRQ

7TDEOH 5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ 3.& 3.&

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH 3.& PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

3DULW\ HUURU FKHFN

3.& VXSSRUWYV SDULW\ FKHFNLQJ RQ LW-V 580 $Q\ SDULW\ HUURUV WKDW DUH GHWH
(50 6HH WBHKDSWHUILQ DQEG $ SHIHUHQFH 0DQXDO

3.& 5%0

6\VWHP 65%0 $ DQG $ DUH VKDUHG ZLWK 3.& 3.& 50 LQWHUIDFH LV ELW 65%$0 % L
5$0 LQWHUIDFH DQG 65%$0 $ LV FRQQHFWHG WR WKH KLJKHU ELWV 7KH 5%$0B,17(5/(
EH VHW ZKHQ &38 DQG RWKHU EXV LQLWLDWRUV UHDG RU ZULWH 3.& 50 WR RSHUDW

2YHUYLHZ

3.& 3XEOLF .H\ &U\SWR &RSURFHVVRU LV D VHFXULW\ ,3 KDUGZDUH ZKLFK FDQ SHU
PXOWL SUHFLVLRQ LQWHJHUV ,WV SXUSRVH LV WR SURYLGH KDUGZDUH DFFHOHUDW|
FRPSXWDWLRQV 7KH LOQWHUIDFLQJ LV GRQH PDLQO\ XVLQJ VSHFLDO IXQFWLRQ UHJL

H&RQWURO DQG FRQILIXUDWLRQ 6)5V WR FRQILJXUH DQG VWDUW D 3.& FDOFXODWL
H6EWDWXYV 6)5V WR UHSRUW VWDWXV LQIRUPDWLRQ EXV\ FDUU\ JHUR UHVXOW IDX
p/D\HU /ISDUDPHWHU VHW UHJLVWHUV WR GHILQH WKH FDOFXODWLRQ PRGH DQG F
p/D\HU /IPLFUR FRGLQJ 6)5V WR FRQILJXUH DQG VWDUW D 3.& FDOFXODWLRQ YLD

p/D\HU /IXQLYHUVDO SRLQWHU IHWFK UHJLVWHUV WR GHILQH WKH '0$ SRLQWHU D¢
H[HFXWHG LQ D VHULHYV

7KH 3.& NHUQHO FRQVLVWY RI WKH DULWKPHWLF XQLW OD\HU / DQG D PLFUR FR
VXSSRUWY WKH PXOWLSOLFDWLRQ RI D 3.& ZRUG ELWV ZLWK D PXOWL SUHFLVLRQ
ORJLFDO IXQFWLRQV $1' 25 ;25 RI WZR PXOWL SUHFLVLRQ LQWHJHUV 7KH PLFUR FI|

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

FDOFXODWLRQ IXQFWLRQV OLNH IXOO VL]H PXOWLSOLFDWLRQ RU PRGXODU PXOWLS
/| DQG/ RSHUDWLRQV FDQ EH H[HFXWHG

JRU DQ\ NLQG RI 3.& RSHUDWLRQ WKH GDWD QHHGYV WR EH ILUVW ORDGHG LQWR WKF
YLD WKH 6)5 ,) DQG VWDUW WKH RSHUDWLRQ 'XULQJ WKH H[HFXWLRQ RI DQ RSHUDWI
$+% / LQWHUIDFHVY 2QFH WKH RSHUDWLRQ LV FRPSOHWHG WKH UHVXOWY FDQ EH UL

%ORFN GLDJUDP

7KH 3.& PDLQO\ FRQVLVWYV RI DQ LQWHUIDFH VKHOO 3.& FRQWURO DQG WKH 3.& NHL
WKH 6)5V DQG LPSOHPHQWYVY WKH KDUGZDUH IRU WKH XQLYHUVDO SRLQWHU IHWFK

7KH 3.& LV LQWHUIDFHG YLD LWV DGYDQFHG SHULSKHUDO EXV $3% XVLQJ VSHFLDO

7KH 3.& LPSOBRH®#DVWHU WR SURYLGH '0$ DFFHVV IRUWU & IO YHQULMH Y VID+G6 SLRALVQ MUH D FX
UHTXLUHVY RQO\ UHDG DFFHVVHV $ VHFRQG UHDG ZULWH '0$ WR WKH 3.& DFFHVVLEO
FDOFXODWLRQ RI WKHQ@.@INHUQHDO LWVHOI

7KH 3. 2URYUGHWKHU HUURU DQG LQWHUUXSW VLJQDOV WKDW QHH G VER \ELH FRRYHQH . \N F
RI WKH 3.& LQWHUIDFHY DQG LWV W\SLFDO LQWHIWHWLRQ LQWR WKH VI\VWHP LV VKR

7KH 3.& NHUQHO FRQVLVWYV RI WKH DULWKPHWLF XQLW LQ / DQG D PLFUR FRGLQJ V\
VXSSRUWY WKH PXOWLSOIRDIRR® RIWK D PXOWL SUHFLVLRQ LQWHJHU 03, DQG DGG
DQG ORJLFDO IXQFWLRQV $1' 25 ;25 RQO\ RI WZR PXOWL SUHFLVLRQ LQWHJHUV 7|
PRUH FRPSOH[ FDOFXODWLRQ IXQFWLRQV OLNH IXOO VL]H PXOWLSOLFDWLRQ RU PRC
VHTXHQFHV RI'/ DQG/ RSHUDWLRQV FDQ EH H[HFXWHG

7KH IROORZLQJ LV WKH 3.& EORFN GLDJUDP

CPU

SW control

Micro code
+—IRC FSM (L1)

Universal-pointer

—CLK fetch unit (L2) Arithmetic
—RST unit (LO)

(T8
. - = | i i
System g & FUP program/ g 3 mureusﬁgl B
Memory ‘1 ~ labledala | temoorary deta RAM sub-sytem
| -
RAM M PKC
'| AHB Matrix controller [* RAM

JLIXUH2YHUYLHZ RI WKH 3.& LQWHUIDFHVY DQG LWV W\SLFDO LQWHJUDWLRQ|LQWR W

)XQFWLRQDO GHVFULSWLRQ
$3.& FDOFXODWLRQ LV HIHFXWHG XVLQJ WKH IROORZLQJ VWHSV H J IRU D VLQJOH D

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

SHOHBVWHFRSURFHVVRU IURP UHVHW FRXOG DOVR EH GRQH ODWHU EXW LQFUHD\
RSHUDQG ORDGLQJ

/RDG DGGLWLRQ3R&EBDEBRBYLE®RH 5$0
3UHSDUH SDUDPB.RHWGEHWLRY H J XVLQJ SDUDPHWHU VHW

D &DOFXODWLRQ PRG#BORGGLWLRQ

E 6WDUW DGGUHVV RE&B;RBHUDEWI 5@

F 6WDUW DGGUHVV3R&B=BSHUDOLI5@

G 6WDUW DGGUHVV REBHY3XGW DATH @

H /HQJWK RI RSHUB/QGY¥/(1@

| 6WDUW FDOFXODWLRQ E\ VHWWLQJ WKH 3R&BRINF/PRP' \@KH FKRVHQ SDUDPHW
/RDG DGGLWLRQ3R&EBEBRBYLE®RH 5$0
3RO0 IRU3HEQRDRFXODWLRQ XVLQJ WK I3 RFEEBHISQ 816> $BRX YA @I 0D J
5HDG UHVXOW RI DGGLWLRQ .I&RSFBH>BRW/ D@ GUHVV
&KHRBN& VWDWXV UHJL\V3W&RE TRUBBDREI5R Q@G |HUR67$786>=(52@

3.4 FRQWURO SDUDPHWHU VHWYV

7TKRB.& 8RQWURO LPSOHPHQWYV WZR SDUBRPHWHHXOBWVRWR 7KHH ISPHU WRKHHW HU VHW FRQW
LQIRUPDWLRQ WR GHILQH D VLQJOH FDOFXODWLRQ FDOFXODWLRQ PRGH ORFDWLRQ
XVLQJ WKH WZR GHGLFDWHG SDUDPHWHU VHWYV WR VXSSRUW IDVW VZLWFKLQJ EHWZ

$ SDUDPHWHU VHW FRQWDLQV WKH IROORZLQJ ILHOGV
p3.&B02'(L>02'(@ ELWYV FDOFXODWLRQ PRGH RU VWDUW DGGUHVV IRU PLFUR FR

H3.&B;<375L>;375@ ELWYV VWDUW DGGUHVYV IRU ; RSHUDQG

H3.&B;<375L><375@ ELWYV VWDUW DGGUHVV IRU < RSHUDQG

H3.&B=5375L>=375@ ELWYV VWDUW DGGUHVYV IRU = RSHUDQG RU FRQVWDQW RSH
ORZHU ELWV RQO\

M3.&B=5375L>5375@ ELWYV VWDUW DGGUHVYV IRU FDOFXODWLRQ UHVXOW 5

u3.&B/(1L>/(1@ ELWYV OHQJWK RI < RSHUDQG GHILQHY DOVR OHQJWK RI = DQG

GHSHQGY RQ WKH FKRVHQ FDOFXODWLRQ PRGH H J IRURSFREGE ELIJIAKDMIGSO\LY
3.4 ZRUGV ELJJHU WKDQ <

M3.&B/(1L>0&/(1@ ELWYV ORRS FRXQWHU IRU 0& H[HFXWLRQ H J IRU 0& SDWWH
7KH IROORZLQJ LV DQ H[DPSOH RI SODLQ PXOWLSOLFDWLRQ IL[HG 0& SDWWHUQ [

@ RAM address 0x2004_0000

X: 0XE9794B15AAF151CF991D686D31D95C20263E5D725DE2CBI9BIC51AEFBC167E8C2

@ RAM address 0x2004_0200

Y: 0x5A4D00195A39B947F732CB60CE97BOCA83D54C982EDSECO6ADB0785842550D31

@ address 0x2004_0400

R: 0x525ADDF852BEDFD7E81B1E7BCAF241DBC9582598B710677515542B839D462C87_
531FC208AF12E6D76066B522F209506E228A834A83067B6F632C3B34981F6722

PKC_MODE1.MODE = 0x013 --> start address of Plain multiplication

PKC_XYPTR1.XPTR = 0x0000 --> start address of X operand in RAM

PKC_XYPTR1.YPTR = 0x0200 --> start address of Y operand in RAM

PKC_ZRPTR1.ZPTR --> not used/required

PKC_ZRPTR1.RPTR = 0x0400 --> start address of result R in RAM

PKC_LEN1.LEN = 0x0020 --> length of Y operand (32 bytes = 4 PKGwords of 64 bits)

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

PKC_LEN1.MCLEN = 0x0020 --> length of X operand (32 bytes =
PKC_CTRL.GF2CONYV = 0 --> execute in non-GF(2)

3XEOLF .H\ &U\SWR &RSURFHVVR

4 PKGwords of 64 bits)

Calculation is started with PKC_CTRL.GOML1 --> MC pattern calculation with parameter set 1

7KH JUDQXODULW\ RI WKH SRLQWHUV LV RQH E\WH 7KH LPSOHPHQWDWLRQ LV VXFK

(IDPSOH

H&38 DGGUHVV Rl GDWBS$SDRU[G LB ()

H3.& SRLQWHU YDOXH H J

IRU 3.&B

;<375L>;375@ [ O

$V WKH PLQLPXP RSHUD QG R/EUHR RH WERHWMW KH OHD\EWWN DQUHLIEFDJRYUHG DQG QRW IR
3. NHUQKI® VDPH KROGV IRU WKH PRVW VLJQLILFDQW ELWV W@.K&B5%0 DY H @ RM RMITKX WUKH
ELWY DUH UHGXR & DOQW EHRWWIKWHH VIRWBHEBEVZLWKLQ WKH

$00 RSHUDQGYV LQ 5%0 DQG WKH SRLQWHUV DQG OHQJWK UHBLEWHUWY B HG WR EH D

7DEOH $OLJQPHQW IRU RSHUDQGV LQ 5$0 SRLQWHUV DQG OHQJWK UHJLVWHUYV

3.&B&75/®XOWLSOLHU VISHHFXULW\ DOPDASHU® QG DQG UHJLVWHU SRLQWHU OHQJWK
5('08/@ | 3.& ZRUG FDVH 3.&B/(1L>/(1@
RU 0&/(1 LI
XVHG LV
E GHIDXOBNL W [ GHIDXOW YDOXH UHIHUULQJ WR QDWLIYH PXOW
3.&4B9(56,21>08/6,=(@ ELW
E 5HVHUYHG WULJJHUV DQ HUURU
E ELW [ ELW OHDVW VLJQLILFDQW ELWV >| @ RI S
DUH LIQRUHG
IRU VKLIW URWDWH RSHUDWLRQ RQO\|3.&B=37!
XSSHU ELWV DUH LIJIQRUHG QR HUURU LV WUL
E 5HVHUYHG WULJJHUV DQ HUURU

7KH VHEXULW\ DODUP IRU 3.&B/(1L>0&/(1@ LV RQO\ WULJIJHUHG LQ D/ RSHUDWLRQ Z|

/ID\HU 2SHUDWLQJ 3.& WKURXJK SDUDPHWHU VHW LQWHUIDFH [/

'LWK / WKH EDVLF RSHUIFWSER¥ RMWRKHFDQ EH VWDUWHG HJ VLPSOH DGGLWLRQ V
PXOWLSOLFDWBRQZRIUDG ZVLAIKOBE ORQJ LQWHIHU $ VLQJOH FDOF X GBD&B&RG /I>V 2V V@D U W H
ELW IRU SDUDPHWG&BI&THW *2DI@GE SDUDPHWH3. &BION $7&Fa6H2$18 @I LV VHW DXWRPDWLFD
FDOFXODWLRQ VWDUW KDV EHHQ WULJJHUB.@G NG F-DGH BEDM @D EN @ RR2 U HV&RIHEG DVKW KWHNV D |
7KH HQG RI WKH FDOF XO BWLESY $A8 & QFR7/FEBA/EKE® LFJ WKHUH LV QR RWKHU SHQGLQJ FL

6HRB.& DULWKPHWLRMQ@MNMWVDLOV RI /D\HU FDOFXODWLRQ PRGHY VXSSRUWHG E\ WKH

/ID\HU 2SHUDWLQJ 3.& WKURXJK PLFUR FRGH LQWHUIDFH /

3.& PLFUR FRGHV FDQ EH XVHG WR H[HFXWH FRPSOH[ FDOFXODWLRQV HJ PRGXODU
FRPELQDWLR® &ERQWIWRIO DQG / FDOFXODWLRQV %HVLGH WKH/ FDOFXODWLRQV OF
VLPSOH SRLQWHU DGDSWDWLRQV LQFUHPHQW GHFUHPHQW DUH VXSSRUWHG 7KH RS
SDUDPHWHU VHWV 7KH PLFUR FRGH FDQ EH VWDUWHG HLWKHU XVLQJ SDUDPHWHU V
3.&4B&75/>*20D@BG&B&75/>*20 @

([HEXWLRRQ&RPIDFUR FRGH LV GRQH E\ GHILQLQJ WKH&BERW ¥Y6D WK DW GV HIWH & IDD/ W K3
ZLWKLQ WKH 0& VWDW. & PRFUKREHVVRH NHUQHO SURYLGHY KDUG FRGHG FDOFXODWLR

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

RSHUDWLRQV IRU H[DPSOH D IXOO VL]H PXOWLSOLFDWLRQ PRGXODU DIGIGFIKWIL\RQ V
QRUPDO FRPSXWDWLRQ PRGXOR 1 DQG LQ *DORLV )LHOG *) ZKLFK DUH FRPSXWDV

8VHU SURJUDPPDEOH PLFUR FRGH LV QRW VXSSRUWHG LQ WKLV YHUVLRQ RI WKH ,3 |
UHDG RU ZIJ RWOHEWKHWHILVWHU ZLOO WULJJHU D VHFEXULW\ DODUP

7KH FDOFXODWLRQ LWVHOI LV VWDUWHG X\L&B & 55 H Q20RBWHBGE 79J B W2H) RO\ FRQW URC
3.&B67%$786>*2%$1Q@@J LV VHA0 ZRHAD LV VHW DQG FOHDUHG E\ +: DIWHU WKH PLFUR HI[H
6HWWLQJ D *20*ESIK EXLVOHW ZLOO WULJJIJHU D VHEXULW\ DODUP 7KH FXUUHQWO\ XVH
DVVRFLDWHG 67%$786>/2&.('@ ELW LV FOHDUHG 7KH SDUDPHWHU VHW LV ODWFKHG VX
GXULQJ WKH 0& HIHFXWLRQ GR QRW RYHUZULWH WKH LQLWLDO SDUDPHWHU VHW

7KH HQG RI D PLFUR FRGH H[HBXWIORQ LV LQGLFDWHG E\

,Q DGGLWLRQ WR WKH SDUDPHWHU VHW UHJLVWHUV WZR H[WUD LQWHUQDO SRLQWH
7KH WZR SRLQWHU UHJLVWHUYV 6 DQG 7 FDQ EH XVHG H J DV WHPSRUDU\ VWRUDJH
D0& LQVYWUXFWLRQ DQG DUH UHVHW WR JHUR ZLWK WKH VWDUW RI HDFK / FDOFXOI

7KH SDUDPHWHU VHW UHJLVWHUV LQFOXGLQJ WKH VWDUW DGGUHVV DQG ORRS FRXQ
RYHUZULWWHQ RQFH WKH 0& VWDUW KDV EHHQ DFNQRZOHGJHG

JRU GHWDLOHG LQIRUPDWLRQ RQUWHURORRGR &RG H GDAHWI YHHRH /

/ID\HU 2SHUDWLQJ 3.& WKURXJK XQLYHUVDO SRLQWHU IHWFK XQLW

7K1B.& &RQWURO LV DEOH WR SHUIRUP D SUHGHILQHG QXPEHU RI FDOFXODWLRQV ZL\
&38 7R DFKLHYH WKLV WZR3X@BBBHBYB.G ES8RBI76G WHWGYD FRXQWHBWLRHIJLKWMH EHHQ
LPSOHPHQWHG %)\ 3W& EY) WFMOORYWRIRQV FDQ EH GHILQHG DQG H[HEFXWHG LQ D VHULHV
RSHUDWLRQV HJ (& SRLQW DULWKPHWLF 8V3i.@JF W& HAXOPD.\YERE HQ LR G RGIKVI HW FRKD
EH HIHEFXWHG LQ DQ\ RUGHU

7KH XQLYHUVDO SRLQWHU D ELW DGGUHVYV SRLOQWHU3. KR EMHOWULAR QH WK K %/ Kbl DPCHW
EH ORFDWHG LQ DQ\ HPEHGGHG PHPRU\ 520 5%$0 )ODVK WKDW LV DFFHVVLEOH YLD
DUH YDOLG IRU WKH / '0$ DUH DOVR WUXH IRU WKH XQLYHUVDO3S&XQWHUW MD/OF &R B {5
IHWFK XQLW ,Q FDVH RI DQ LQYDOLG / '0$ DFFHVV HJ DFFHV3V.AVRFD@ EQODWLE P B
GHWHFWHG E\ WKH VI\VWHP D VHFX3JRES$ OO BbOUR(LY>PHPHEIH UB G IDIQGVHW

7KH SLSH RSHUDWLRQ LV BWBXRWH/G *RPBRIWWRQIEWWH 7KH HQG RI WKH SLSH FDOFXOCL
3.&4B673%$7>3&VVO@@WXYV IODJ %YHWZHHQ VWDUW DQG HQG RI WKH SLSH RSHUDWLRQ QR |
OHQIJWK LV WDNHQ IURP SDUDPHWHU VHW RU SDUDPHWHU VHW GHSHQGLQJ RQ &$
OHQJWK 6)5V FDQQRW EH RYHUZULWWHQ ZKLOH *28 LV VHW $ YLRODWLRQ WULJJHUYV
H[HFXWLRQ QHHGY WR EH LQLWLDOL]HG YLD 6)5 ZULWH EHIRUH VWDUWLQJ WKH XQLY
QRW EH RYHUZULWWHQ GXULQJ WKH FRPSOHWH XQLYHUVDO SRLQWHU IHWFK FDOFXC(

$ VLQJIJOH 3.& NHUQHO FDOFXODWLRQ / RU/ WULJJHUHG E\ XQLYHUVDO SRLQWHU I
SDUDPHWHU &$/&SDUDP > @

3.&4B83738.&B8375DQXB&B8/(IPXVW QRW EH XSGDWHG GXULQJX¥2KK / BB GBXWHDWRIRWK H k
6)5V GXULQJ D FDOFXODWLRQ DUH QRW FRYHUHG E\ +: EXVB.BRXVW EH HQVXUHG E\ WK

7KB.&SLSH RSHUDWLRQ LV EDVHG RQ WKH W.ZB X3Y3.8B¥DTEBRLAQBSHY1WK DIW VG HUNM) H V
WKH QXPEHU RI FDOFXODWLRQV LQ D URZ 6WDBEBLQAKHDXRQLYHUYVD WIS RILIHWHL VHWRX WK

3.&B837BRLQWY DW WKH VWDEWQ@QGEEHUNMBY RRWKXWHU IHWFK SURJUDP VKRUW )83 SUF
SDUDPHWHUV IRU D VLQJOH FDOFXODWLRQ KDYH WR EH VWRUHG DQG DUH IHWFKHG

pH&$/&SDUDP &$/&SDUDP ;375LQG <375LQG =375LQG 5375LQG GDWD HQWU\ RU
M&$/&SDUDP &$/&SDUDP &5& > @ &5& > @ &5& > @ &5& > @ &5& HQWU\ ZKF

&$/&SDUDP DQG &$/&SDUDP GHILQH WKH FDOFXODWLRQ PRGH DQG SRWHQWLDO XQL
ILHOGV RI &%$/&SDUDP DUMHEGHVFULEHG LQ

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH &$/&SDUDP ELW ILHOGYV

%LWN'HVFULSWLRQ

5HSHDW FRXQWHU WKDW GHILQHV KRZ RIWHQ WKH RSHUDWLRQ SDWWHUQ LV U

z , QGLFDWHV D GDWD HQWU\ 7KH E\WHV IROORZLQJ &$/&SDUDP GH|LQH WK
= 5

z ,QGLFDWHV D &5& HQWU\ 7KH &5& SUHORDG YDOXH LV SURYLGHG ZLWK WKH
LV UHGXQGDQW IRU D &5& HQWU\

5HVHUYHG

z 2SHUDQG OHQJWK DQG PLFUR FRGH ORRS FRXQWHU DUH WDNHQ IURP SDUDI
z 2SHUDQG OHQJWK DQG PLFUR FRGH ORRS FRXQWHU DUH WDNHQ IURP SDUDI

z 'LUBF&YFDOFXODWLRQ / LV H[HFXWHG &$/&SDUDP GHILQHVY WKH HDOFXOD
z OLFUR FRGH H[HFXWLRQ / LV VWDUWHG &$/&SDUDP GHILQHV WKH VWDUW

(DFK SDUDPHWHU RI WKH )83 SURJUDP KDV D VL]H RI RQH E\WH 7KH LQGH[ SDUDPHWHI
3.4B8375WR IHWFK WKH VHOHFWHG SDUDIDBP&BBBU Y MV URF WHKRHHBW MWD ERWRPDWLFDOO\ E
WKDW LV IHWFKHG YLD WKH / '0$ WLV PDQGDWRU\ WKDW WKH )83 WDEOH DQG SURJU
DUH %LW ZRUG DOLJQHG DV WKEBBHDY QLW EBIEB/TEFY Q WQRIUWMW R |

3.&4B8375V XVHG DV D SRLQWHU WR WKH VWDUW DGGUHVV RI WKH )83 WDEOH 7KH )83
IRU &2167 IRU WKH LQWHUQDO SDUDPHWHU UHJLVWHUV XVHG IRU WKH SLSH RSHUDYV
WZR E\WHV YDULDEOHY KDYH WR EH VWRUHG ZLWK WKH HQGLDQQHVYVY WKDW FRUUHVS
YDULDEOHY DUB.¥BRESRUIWIROGLQV XQFKDQJHG GXULQJ WKH FRPSOHWH SLSH RSHUDWI

127¢(
'KHQ PRGLI\LQJ WKH FRQWHQW RI WKH )83 SURJUD.R B3 LY HIHVRWPUH Qra.IDGDW F6 )5S GDW H |
ZULWH DFFHVV SULRU WR VWDUWLQJ D QHZ / FDOFXODWLRQ WR FOHDU WKH LQWHUQ

127¢
.| WKH FDFKH LV HQDEOHG DQG WKH )83 WDEOH FRQWHQW LV XSGDWHG LW LV UHFRP
VWDUWLQJ D QHZ / FDOFXODWLRQ

7KRB.&B8/(16)5 GHILQHV WKH QXPEHU RI )83 SDUDPHWHU VHWYV )83 SURJUDP HQWULH'
LQ VHULDO RUGHU ZLWKRXW LQWHUDFWLRQ RI WKH &38 $IWHU HDFK SDUDPHWHU VH
VWRSSHG ZXKKRG@WKIHHILVWHU KDV EHHQ GHFUHPHQWHG WR JHUR DQG WKH ODVW RSFH

7KH ZULWSH&B@O5/>*2B@QWURO ELW LV XVHG WR VWDUW WKH SDUDPHWHU IHWFK YLD
FDOFXODWLRQ VWDUWYV LPPHGLDWHO\ DIWHU WKH FRPSOHWH 35 R WQHHZH SVIHWLD ¥ HW H.WVOI
WKH QH[W RSHUDWLRQ DUH IHWFKHG IURP.&BB/(38Y RRWOMMWKR DV ORQJ DV

7KH IROORZLQJ VWHSYV DUH3Q& HIGSHS RVGRI BHW LRWQP D
6WRUH DOO QHHGHG RSHUDQGYV BQRWRB WBPHDY¥RHVVLEOH E\
&DOFXODWH WKH SRLQWHUV DQG OHQJWKV IRU WKH SDUDPHWHU VHWY DQG GHIL
6WRUH WKHVH E\WH SDUDPHWHUV ZRUG DOLJQHG LQ WKH )83 WDEOH LQ DQ\ H
6WRUH WKH )83 SURJUDP LQ WKH RUGHU GHVFULEHG DERYH LQ DQ\ HPEHGGHG P

&DOFXODWH WKH FKHFENVXP RI WKH )83 SURJUDP DQG VWRUH LW DW WKH HQG RI
ZKHQ )83 SURJUDP LQWHJULW\ FKHFN YLD &5& FKHFENVXP LV XVHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

6H®.&B8/(1IWR WKH QXPEHU RI FDOFXODWLRQV WR EH GRQH
6H®. &B837WR WKH VWDUW DGGUHVV RIL&MBKBR7)BWRBWKHIVWDQ@QW DGGUHVV RI WKH )
6HW ®.RB&75/>*28B@W WR VWDUW WKH SDUDPHWHU IHWFK DQG WKH FDOFXODWLRC

:KH@.&B8/(1KDV EHHQ GHFUHPHQMHKGE WROHDBRBGE RRYMHIRO DIWHU WKH VWDUW RI W
RSHUDWLRQ LQ WKH VHULHV 7KH HQG RI WKH FD Q RXBIBDWILRQ $.4/D IBGV.HD/WHQ IEWRKEH L
3.&B,17B67%$786>,17BERLW@HWWLQJ RQH RI*"W&H 1t2[ EFHWVZFRDOWULJIJHU D VHFXULW\

7R UHGXFH WKH DPRXQW RI UHTXL8 K& RGWUFFE \DV AV FKHMKWHLPSOHPHQWHG WR ODWF
YDOXHV :LWK WKLV WKH SDUDPHWHUV IRU WKH QH[W FDOFXODWLRQV FDQ EH ZULW
EHWZHHQ WZR FDOFXODWLRQV

7KH XVDJH RI WKH FDFKH LV FRQILIJXUDEOH DQG FDQ EH GI13V® RGH G DARIPEB@ HNFOCK HVUX |
PDFUR IXQFWLRQ RU PLFUR FRGH LQVWUXFWLRQ DOO FDOFXODWLRQ SDUDPHWHUV D
FOHDUHG XVLQJ D GHGLFDWRBGBEIY/H & QO FH@W FREGKEH WY DOVR LQWBDEOBEBODWHG LI W
LV ZULWWHQ RU WKH F®.RBR 15 IIOEBH® YLD

,Q FDVH WKH )83 WDEOH FRQWHQW LQ 5%$0 RU )ODVK LV XSGDWHG LW LV PDQGDWRU\
SDUDPHWHUY DYDLODEOH LQ WKH FDFKH DUH QR ORQJHU XVHG

127¢
‘KHQ H[HFXWLQJ WZR )83 SURJUDPV IURP FRQVHFXWLYH PHPRU\ ORFDWLRQV RQH FRX
RI WKEBS837SRLQWHU SULRU WR VWDUWLQJ WKH VHFRQG )83 SURJUDP DV 3.&B8375 LV
DOUHDG\ SRLQW WR WKH FRUUHFW ORFDWLRQ +RZHYHU LW LV LPSRUWDQW WR QRWH
LQ EHWZHHQ L H 3.RBBVYHEWIABERRUGZULWLQJ WR 6)5 3.&B8375

JRU LOQWHJULW\ SURWHFWLRQ RI WKH IHWFKHG )83 SURJUDP Dot RW&E &BKHEFDNVRP FDOF:
LQGLFDWHY LI WKH HQWU\ LV D GDWD HQWU\ ELW LV RU D &5& HQWU\ ELW LV

,Q FDVH RI D &5& HQWU\ DOO RWKHU ELWV RI &$/&SDUDP DQG &$/&SDUDP DUH UHG)
WKH HQWU\ FRQWDLQ WKH &5& SUH ORDG YDOXH LQ OLWWOH HQGLDQ QRWDWLRQ

7KH &5& LV DOVR NQRZQ DV $872',1,, HJ XVHG LQ (WKHUQHW $$/ ZLWK WKH IR
[ I [ I I [ I I TTT1TT1TTI1 11 &5& LQSXW GDWD RUGHU LV OVE ILUVW 7KH &5&
HDFK VWDUW RI D QHZ / FDOFXO BWIBRGJ 5 W bU2.8M@H HG EWVHWWK ®] D &5& HQWU\ DFWL
FDOFXODWLRQ 7KLV DOORZV LPSOHPHQWLQJ )83 SURJUDPV ZLWK DQG ZLWKRXW &58&

, | WKH &5& FDOFXODWLRQ LV QRW DFWLYH DQG D &5& HQWU\ LV IHWFKHG WKH SUH
WKH &5& XQLW $W WKH HQG RI WKH )83 SURJUDP 83/(1 HTXDO WR WKH &5& FKHFN

, |l WKH &5& FDOFXODWLRQ LV DOUHDG\ DFWLYH DQG D &5& HQWU\ LV IHWFKHG WKH QH
H[SHFWHG WR EH JHUR VXFK WKDW WKH JHUR FKHFN LV RQO\ QHHGHG DW WKH YHU\

7KH LQSXW E\WHV IRU WKH &5& FDOFXODWLRQ DUH SURFHVVHG LQ WKH VDPH RUGHU
SURFHVVHG GXULQJ WKH / FDOFXODWLRQ ,Q FDVH RI D GDWD HQWU\ WKH E\WH RUG
=375LQG 5375LQG

JRU &5& HQWULHV &$/&SDUDP &$/&SDUDP DQG &%$/&SDUDP DUH QRW XVHG IRU V
VNLSSHG RQO\ WKH GDWD HQWULHY DUH FRQVLGHUHG WR UH LQLWLDOL]H WKH &5«
PXOWLSOH HQWU\ DQG H[LW SRLQWYVY LQ WKH )83 SURJUDP HDVLQJ HI[WHQGDELOLW\

(I[IDPSOH LQLWLDOL]DWLRQ ZLWK SUH FDOFXODWHG &5& LQLW YDOXH

&5& HQWU\ LQLW WR [ GD [ [ [$ [ 1
)83 FDOFXODWLRQ DGGLWLRQ [ [$ [ [ [ I
)83 FDOFXODWLRQ VKLIW ULJKW [ [ [ [DE [FG [HI

J)LQDO &5& HTXDO |
(IDPSOH LQLW ZLWK JHUR DGGLQJ H[SHFWHG &5& DW WKH HQG Rl WKH )83 SURJUL
&58& HQWU\ LQLW WR [ [ |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

)83 FDOFXODWLRQ DGGLWLRQ [ [$ [ [ [ I

)83 FDOFXODWLRQ VKLIW ULJKW [ [ [ [DE [FG [HI
&5& HQWU\ ]JHUR FKHFNVXP XVLQJ WKH FDOFXODWHG &5&
)LQDO &5& HTXDO |

[ $( [ S

3.& . HUQHO "HVFULSWLRQ
7KH 3.& FRSURFHVVRU NHU®@H® DWLBIKPHMIGF DOQLR D QG WKH 3.& LQWHUIDFH VKHOO

7TKB.& DULWKPHWLF XQLW VXSSRUWYV WKH FEAOWL ZOQMAO W LFRXD WIL D5 B HF ZRIURGQ LQWHJH
VXEWUDFWLRQ VKLIW RSHUDWLRQ DQG WKH ORJLFDO IXQFWLRQV $1' 25 ;25 RI WZ

7KH 3.& LQWHUIDFH VKHOO FRQQHFWY WKH DULWKPHWLF XRURAVYRVRRWK R JL QW H U QDAFHIU
SURYLWRGHILQH PRUH FRPSOH[ FDOFXODWLRQ IXQFWLRQV OLNH IXOO VL]H PXOWLS
3.& DULWKPHWLF XQLW /

7TKB. & DULWKPHWLF XQLW LV WKH PDLQ EXLOGLQJ EORFN IRU WKH DULMEKCPHONVMVRSHU
DOO WKH FDOFXODWLRQ PRGHV / RS4DDWWRRMWVYRSSRIUMWMWHG E\ WKH

7DEOH / FDOFXODWLRQ PRGHV3VX DSR UK A B VIEN PAKGIL W
2S &RGH 6\PERO 2SHUDWLRQ '"HVFULSWLRQ
[ 08/ 5 y< 3XUH PXOWLSGLEZWURE\RD D3, <
[ 0%$& y < = OXOWLSO\ $FFXBXROIRUIBRIWK D 03, < DQ[G D 03, =
[ 0$&B1(* y < = OXOWLSO\ 6XBWUDEWGRLWK D 03, < DQG| D 03, =
[ 08/B*) y < A%) 3XUH PXOWLSGLEZWURBE\RD D3, < RYHU f)
[ 0$&B*) y < =A%) OXOWLSO\ $FFXBXROIRUIGRIWK D 03, < DQ[G D 03, =
RYHU *)
[ 1(* = 7ZR V FRPSOHPHQW RI 03, =
[ D $" < = $GGLWLRQ RI D 03, < ZLWK D 03, =
[ E 68% < = 6XEWUDFWLRQ RI D 03, < ZLWK D 03, =
[ G $1° < $1' = /RJLFDO $1' RI D 03, < ZLWK D 03, =
[ H 25 < 25 = /RJLFDO 25 RI D 03, < ZLWK D 03, =
[ ;25 < ;25 = /RJLFDO ;25 RI D 03, < ZLWK D 03, =
[ 0$&B&2167B*) Ly < &2167 A%) OXOWLSO\ $FFXP.RXIRWBZRIMXK D 03, < DQG D &2167
RYHU *)
[ 0$&B&2167 Ly < &2167 OXOWLSO\ $FFXPXTRWBZRIMXK D 03, < DQG D &2167
[ 0$&B1(*B&2167 Dy < &2167 OXOWLSO\ 6 XBWUDFWGELWK D 03, < DQG| D &2167
[ 6+/ < &2167 6KLIW OHIW RI D 03, < E\ &2167 SRVLWLRQV
[ 6+5 <11 &2167 6KLIW ULJKW RI D 03, < E\ &2167 SRVLWLRQV
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY
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1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH / FDOFXODWLRQ PRGHV VXSSRUWHG E\ WKH 3.& DULWKPHWLF XQLW FRQWLQXHG
2S &RGH 6\PERO 2SHUDWLRQ "HVFULSWLRQ

[ 527/ 5 URWDWHOHIW < E\ &216[75RWDWH OHIW RI D 03, < E\ &2167 SRVLWLRQV

[ 5275 5 URWDWHULJKW < E\ &21/6FRWDWH ULJKW RI D 03, < E\ &2167 SRVLWLRQV

[ D $''B&2167 5 < &2167 $GGLWLRQ RI D 03, < ZLWK D &2167

[ E 68%B&2167 5 < &2167 6XEWUDFWLRQ RI D 03, < ZLWK D &2167

[ G $1'B&2167 5 < $1' &2167 /RJLFDO $1' RI D 03, < ZLWK D &2167

[ H 25B&2167 5 < 25 &2167 /RILFDO 25 RI D 03, < ZLWK D &2167

[ 125B&2167 5 < ;25 &2167 /RILFDO ;25 RI D 03, < ZLWK D &2167

[ 08/ 5HJBL y <PRG AZRUGVL]H |30DLQ PXOWLSO&RRWGRAORBIXOR ZRUG V|L]H

[ 0$&8& 5 ; y< AF = O0XOWLSO\ $FFXBXROTRUIBRIWK D 03, < DQ[G D 03, =
H[WHQGHG E\ FDUU\ RYHUKHDG

[ 08/ B*) 5HJBL y <PRG AZRUGVL]H 4*30DLQ PXOWLSO&RFRWGRMORBIXOR ZRUG VIL]H RYHU °

[ 0$&&B*) 5 .y < =A%) OXOWLSO\ $FFXBXROIRUIGRIWK D 03, < DQ[G D 03, =
RYHU *)

[ $ $"'& 5 F< = $GGLWLRQ RI D 03, < LQFO FDUU\ RYHUKHDG ZLW

[ % 68%& 5 F< = 6XEWUDFWLRQ RI D 03, < LQFO FDUU\ RYHUKHDG

[ /6% V 7 16% V = "HWHUPLQHV WKH QXPEHU RI FRQVHFXWLYH JHUR |
VWDUWLQJ IURP /6%

) 06% V 7 06% V = "HWHUPLQHV WKH QXPEHU RI FRQVHFXWLYH JHUR |
VWDUWLQJ IURP 06%

[( &2167 5 &2167 ,QLWLDOL]JHV PHPRU\ ZLWK D &2167

[ % &03 < = &RPSDUHV WZR 03,V E\ VXEWUDFWLQJ 0[3, = IURP (

[ 0$&&5 5 5HJBLY< AF =" 11 ZRUGUKHNVLSO\ $FFXPXODWH RI WKH LQWHUQ|DO UHJLVYV
D 03, = H{WHQGHG E\ FDUU\ RYHUKHDG

[ 0$&&5B*) 5 B5HJBLYy< = !l ZRUGVL]HOXOWLSO\ $FFXPXODWH RI WKH LQWHUQ|DO UHJLVYV
D 03, = RYHU *)

[ $ $''B= 5 < = $GGLWLRQ RI D 03, S ZLIRUDG ¥LQJOH

[) :25B= 5 < ;25 = ;25 RI D 03, < ZLWK.B ¥YRQGOH

'"HWDLOHG GHVFULBWQRXQOBRIWALRER PRGHV

0&; $ DQG $
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1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH 30DLQ OXOWLSOLFDWLRQ

3XUH PXOWLSGLEDZWUBEG\RD D3, <

5 ;y< 2S FRGH [ |6\PERO 08/

3DUDPHWHU375 3RLQWHU WR RBHUW QGGUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI §
/(1 /HQJWK Rl RSHUDQG < LQ E\WHV

2SHUDQGYV|;

</(1 /(1! s5(08/ [ RY
< g y<E? <1 y<E? yE <

5HVXOW [5/(1 </(1
5 gy ySE? 51 y°E1 Y E 5

BHVXOW LQ$®ADKFWH SRVVLEOH IRU 5375 ;375 DQG 5375 <375

8SGDWHG V&BWXV =(52
I0DJV

*) FRQYHUVILRQSXUH PXOWLSOLFDWLRQ RYHU *) 08/B*)
RSFRGH

([HFXWLRQ WIsPHL 3.& FORFN F\FOH

7DEOH 30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ

OXOWLSO\ $FFXBXODRVUHG BULVDK D 03, < DQG D 03, = 03.& PXYWE® ERIQREH WKDQ |<
5 :y< = |2S FRGH [ |6\PERO 0$¢&
3DUDPHWHU | ;375 SRLQWHU WR RBHUWD @QGGUHVV RI ;
<375 BRLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 SBRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI 3
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI|5
/(1 /IHQIJWK RI RSHUDQG < LQ E\WHV
2SHUDQGV ;
</(1 /(11! s5(08/ [ RY
< g y<E? <y E? y E <

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY
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S5HVXOW 5HY

5HVXOW LQ SODFH QD

8SGDWHG VWDWXYV I0|DQRF UHVXOW I10DJV XSGDWHG

*) FRQYHUVLRQ RSFRG[H SODLQ PXOWLBALFAODWIL RRANHCIR ZRUGVL]H RYHU * 08/

([HFXWLRQ WLPH 3.& FORFN F\FOH

2SHUDQG OHQJWK BV&IZRHG WIRWRIRH 5('08/ RU  3.&B/(1L /(1 LV LIQRUHG
5HVXOW LV ZULWWHQ WR LQWHUQDO UHJLVWHU 5HJ

7TDEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG

OXOWLSO\ $FFXBXODRVWKE BRUVWDK D 03, < DQG D 03, = HITWHQGHG E\ FDUU\ RYHUKHDG 03
HTXDO OHQJWK

5 :y< AF=2S FRGH [|6\PERO 0%$&&

SDUDPHWHU ;375 SRLQWHU WR RBHWVWHD Q@G GUHVV RI ;
<375 SRLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI §
=375 SRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI F

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR

7DEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG FRQW

OXOWLSO\ $FFXPXODWH RIUWK3D&0BREE®D QG D 03, = HIWHQGHG E\ FDUU\ RYHUKHDG 03
HTXDO OHQJWK
5 ;y< AF='2S FRGH [|6\PERO 0$&&
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI| 5
/(1 /HQJWK RI RSHUDQG < DQG = LQ E\WHV
2SHUDQGYV :
</(1 /(1" 5(08 [ RUY
< g yE1 <1y E? y E <
=/(1  </(1
AR o=t &$554¢(Y Exyp yTET 3, yTEX yE =
5HVXOW 5/(1 </(1
5 5, y°E! 5,1 y°E! Y E 5
SBHVXOW LQ SOPEGHD\V SRVVLEOH IRU 5375 ;375 5375 <375 DQG 5375 =375
8SGDWHG VWD®$BH540DIY FDVH RI RYHUIORZ =(52
*) [ PXOWLSO\ DFFXPXODWH RYHU *) 0$&&B*)
FRQYHUVLRQ RSFRGH
([HFXWLRQ WLPH</(1 3.& FORFN F\FOH

7DEOH 30DLQ OXOWLSOBFRWRREQWRB)XQR*)

30DLQ PXOWLS0& ERWGR\QBRE DR UGPRGXBOKRZRUGVL]IH LQ *)

5HVXOW LV VWRUHG LQ L

5HY ; y <PRERUGVAK ~ 2S FRGH 6\PERO 08/ B*)

3DUDPHWHU 1375 3RLQWHU WR RBHUHW QGGUHVV RI ;
<375 3RLQWHU WR RBHWUH QG GUHVV RI <
/(1 GRQ W FDUH 3!&HRW®BRGHSHQGV RQ

5('08/ FRQILIXUDWLRQ

2SHUDQGV ;
<

5HVXOW 5HJ

5HVXOW LQ SODFH Q D

0&; $

DQG $

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH 30DLQ OXOWLSOLFDWLRQ PRGXOR 3.& ZRUGVL]H LQ *)

3XEOLF .H\ &U\SWR &RSURFHVVR

FRQWLQXHG

30DLQ PXOWLSO4& EBWERQBRE DRUGPRGXBOKRZRUGVL]H LQ *)

5HVXOW LV VWR|

JHG LQ L

5HY

.y <PRGERUGVEK °

2S FRGH

6\PERO 08/ B*)

8SGDWHG VWDWXV I0DJV

QR UHVXOW IODJV XSGDWHG

*) FRQYHUVLRQ RSFRGH

QR LPSDFW

([HFXWLRQ WLPH

3.& FORFN F\FOH

2SHUDQG OHQJWK BV&IZRHG WIRWRIRHW 5('08/ RU

5HVXOW LV ZULWWHQ WR LQWHUQDO UHJLVWHU 5HJ

7DEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQ *)

3.&B/(1L /(1 LV LIQRUHG

OXOWLSO\ $FFXBXODRVUHE BULVDK D 03, < DQG D 03, = 03, < DQG 03, = PXVW KDYH HTXD(
5 vy < AF *2S FRGH 6\PERO 0$&&B*)
3DUDPHWHU ;375 BRLQWHU WR RBHUWD @G GUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV R|l <
=375 3RLQWHU WR 03, RSHUDQG %\WH DGGUHVV R|l =
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVYV [RI 5
/(1 /HQIJWK RI RSHUDQG < DQG = LQ E\WHV
2SHUDQGV ;
</(1 /(1! 5008/ [ RY
< g yE? <1y E? y E <
/(1 </(1
= F@u yE! =/ yE? y E =
5HVXOW 5/(1 </(1
5 ;1 y°E! 5,1 Yy E! Y E 5
BHVXOW LQ SODF#$0zZD\V SRVVLEOH IRU 5375 ;375 5375 <375 DQG 5375 =375

8SGDWHG VWDW

X&/$BBB IV = (52

*Y FRQYHUVLRQ

RKRF REEID FW

([HFXWLRQ WLPH

iy </(1

3.4 FORFN F\FOH

0&; $

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQG

XFWRUV

7TDEOH $GGL

3XEOLF .H\ &U\SWR &RSURFHVVR

WLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG

$GGLWLRQ RI D 03, < HIWHQGHG E\ FDUU\ RYHUKHDG DQG D 03,

5 AF <° =(2S FRGH [ESPERO $''&
3DUDPHWHU <375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQJWK RI RSHUDQG < DQG = LQ E\WHV
2SHUDQGV |</(1 /(1 '' 5('08/ [ RY
AR o< &$55%(Y By y <t <1 ySE? yE <
/(1 </(1
=z y“E! =/ yTE!? y E =
5HVXOW 5/(1  </(1
5 g y°E? 5,1 Yy E! Yy E 5
SBHVXOW LQ [SS@ZPHNV SRVVLEOH IRU 5375 <375 DQG 5375 =375
8SGDWHG &$55< LQ FDVH RI RYHUIORZ =(52
VWDWXV IODJV
*) [I ORJLFDO [RU :25
FRQYHUVLRQ RSFRGH
([HFXWLRQ WEPH(1 3.& FORFN F\FOH

7TDEOH 6XEW

UDFWLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG

6XEWUDFWLRQ RI D 03, < HIWHQGHG E\ FDUU\ RYHUKHDG DQG D 03,

5 AF < = |2S FRGH |6\ WERO 68%&
3DUDPHWHU | <375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /HQIJWK RI RSHUDQG < DQG = LQ E\WHV
2SHUDQGV </(1 /(111 5(08/ [ RYU
AR o< &$559¢(Y Eg( y B <1y E? gy E <
=/(1  </(1
7DEOH FRQWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGX

FWRUV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH 6 XEWUDFWLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG FRQWLQXHG

6XEWUDFWLRQ RI D 03, < HIWHQGHG E\ FDUU\ RYHUKHDG DQG D 03,

5 AF <° = 2S FRGH P\ PERO 68%&
= F@n yE! =1 Yy E? yE =
5HVXOW 5/(1 </(1
5 gy ySE? 5,1 ySE? ¥ E 5
BHVXOW LQ S@DEB\V SRVVLEOH IRU 5375 <375 DQG 5375 =375
8SGDWHG &$55< LQ FDVH RI RYHUIORZ RU QHIJDWLYH UHVXOW =(52
VWDWXV IODJV
*) [I ORJLFDO [RU :25
FRQYHUVLRQ RSFRGH
([HFXWLRQ WLPH/(1 3.& FORFN F\FOH

&$55<

UHSUHVHQWY DQ RYHUIORZ RQO\ LQ FDVH LQSXW FDUU\ F KDV EHHQ VHW

UHSUHVHQWY D QHIJDWLYH UHVXOW LQ WZR V FRPSOHPHQW QRWDWLRQ

7DEOH /HDVW

VLIJQLILFDQW JHUR ELWV

"HWHUPLQHVY WKH QXPEHU RI FRQVHFXWLYH JHUR ELWV XS WR RI 03, = VW
LQWHUQDO 7 UHJLVWHU DUH XSGDWHG 7KH UHVXOW 7 LV LQ WKH UDQJH RI
7 16% V = 2S FRGH BY\PERO /6% V
3DUDPHWHU | =375 SRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
/(1 /HQJWK RI RSHUDQG = LQ E\WHV
2SHUDQGV | =/(1 /(1!' 5('08/ [ RUJ
= F@ ytE? =1 yE? y E =
BHVXOW 7 UHJLVWHU
5HVXOW LQ S@DFH
8SGDWHG VWRBWX5<10DJ%2 LI /6% V = UHVS OHDVW VLJQLILFDQW ELW RI

*)
FRQYHUVLRQ

QR LPSDFW
RSFRGH

([HFXWLRQ W

LPB.& FORFN F\FOH

,Q FDVH WKLY RSHUDWLRQ LV XVHG LQ D /

DUWLQJ
WR 7

RSHUL

RSHUDWLRQ UHJLVWHU 7 LV DVVLJQHC

IRU DOO 0& LQVWUXFWLRQV IROORZLQJ WKH /6% V FDOFXODWLRQ WKDW UHDG RU

([HEXWH OR

GH /6% V 06% V FDOFXODWLRQ PRGHV ZLWK &2167

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO

&RQI/RDG &RQVW



1,3 6HPLFRQGXFWRUYV

7DEOH ORVW VLJQLILFDQW JHUR ELWV

3XEOLF .H\ &U\SWR &RSURFHVVR

"HWHUPLQHVY WKH QXPEHU RI FRQVHFXWLYH JHUR ELWV XS WR RI 03, = VWIDUWLQJ
LQWHUQDO 7 UHJLVWHU DUH XSGDWHG 7KH UHVXOW 7 LV LQ WKH UDQJH RI WR 7
7 06% V = 2S FRGH BAPERO 06% V
3DUDPHWHU | =375 SRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
/(1 /IHQIJWK RI RSHUDQG = LQ E\WHV
2SHUDQGV | =/(1 /(1!'' 5('08/ [ RUJ
= F@ yE! =1 yE? y E =
BHVXOW 7 UHJLVWHU
5HVXOW LQ S@DFH
8SGDWHG VWRBWX5<I10DJ%2 LI 06% V = UHVS PRVW VLIJQLILFDQW ELW RI 3§ RSHUDC
*) QR LPSDFW
FRQYHUVLRQ RSFRGH
([HFXWLRQ WLPB.& FORFN F\FOH

,Q FDVH WKLY RSHUDWLRQ LV XVHG LQ D /
DOO 0& LQVWUXFWLRQV IROORZLQJ WKH 0

([HFEXWH ORGH ~/6% V 06% V FDOFXODWLRQ PRGHV ZLWK &2167

7DEOH ,QLWLDOL]DWLRQ IXQFWLRQ

RSHUDWLRQ 7 LV DVVLJQHG DQG VWDE
6% V FDOFXODWLRQ WKDW UHDG RU ZUL'
&RQI/RDG &RQVW

,QLWLDOL]JHVY PHPRU\ ZLWK D &2167 &2167 h
5 &2167 2S FRGH BYPERO &2167
3DUDPHWHU| =375 9DOXH RI FRQVWDQW RSHUDQG &2167 H[SDQGHG WR| HYHU\ E
/(1 /[HQIWK RI UHVXOW DUHD 5 LQ E\WHV
2SHUDQGV |=/(1 /(1
&2167 =375> Y@'§f =375> @=y1 =375> @=§75> @
5HVXOW 5/(1 /(1 !' 5(08/ [ RU[
5 & y°E? 51 Yy E! ¥y E 5
5HVXOW LQ |S® DFH
8SGDWHG &$55< =(52
VWDWXV IODJV
*) QR LPSDFW
FRQYHUVLRQ RSFRGH
7DEOH FRQWLQEXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ GHIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH ,QLWLDOL]DWLRQ IXQFWLRQ FRQWLQXHG

,QLWLDOL]HV PHPRU\ ZLWK D &2167 &2167 ~* h

5 &2167 2S FRGH BYPERO &2167

([HFXWLRQ WIlyPH+ (1 3.& FORFN F\FOH

7TDEOH &RPSDUH

&RPSDUHV WZR 03,V E\ VXEWUDFWLQJ 03, = IURP 03, < 1R UHVXOW LV ZULWWHQ WR ¢
< DQG 03, = PXVW QRW EH HTXDO
< = 2S FRGH [|%\PERO &03
S3DUDPHWHY375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
/(1 /HQIJWK RI RSHUDQG < DQG = LQ E\WHV
2SHUDQGV</(1 /(1 !! 5(08/ [ RY
< gy Bl </ yE? y E <
/(1 </(1
=z yEl =/ yEQ y E =

5HVXOW Q D RQO\ &%$55< DQG =(52 VWDWXV IODJ LV XSGDWHG

SHVXOW LQQS®HDDFH

8SGDWHG |WWBB¥EXVLQ FDVH Rl = ! < =(52 LQ FDVH < =
IODJV

*) QR LPSDFW
FRQYHUVLURQ
RSFRGH

(I[HFXWLRQ W&RH 3.& FORFN F\FOH

7TDEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQFO SUHYLRXV FDUU\ RYHUKHDG LJQRU

OXOWLSO\ $FFXPXODWH RI WKH WEWHWI) BODWHEI DVOBHE BIHWHQGHG E\ FDUU\ RYHUKHD(
UHVXOW ZRUG 03, = PXVW EH RQH ZRU&GZERGJHUIWD QY KD®Q EVERWHWKH OHDVW VLJQ!
LV ZLWKGUDZQ VXFK WKDW WKH UHVXOWLQJ 5 KDV WKH VDPH OHQJWK DV 03, <

5 5HYy < AF =1l ZRUSS¥RIGH |B\PERO 0$&&5
3DUDPHWHU <375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVY RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVY RI =

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQFO SUHYLRXV FDUU\ RYHUKHD

G LIQRU

OXOWLSO\ $FFXPXODWH RI WKH WEWHWOX D<ODWQHEI DVORBHE BHWHQGHG E\ FDUU\ RYHUKHD(
UHVXOW ZRUG 03, = PXVW EH RQH ZRU&ZERRGIJHUIWKD W KDG EVERWHWKH OHDVW VLJQ|
LV ZLWKGUDZQ VXFK WKDW WKH UHVXOWLQJ 5 KDV WKH VDPH OHQJWK DV 03, <
5 5Hy < AF =1l ZRUSS¥R|GH |B\PERO 0$&&5
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVYV RI 5
/(1 /JHQIJWK RI RSHUDQG < LQ E\WHV
2SHUDQGYV 5H
</(1 /(11 5(08/ [ RU
< g yHE? <1y “E? y E <
/(1  </(1
AFE =T &$55:é(]y E=/1 y:E(l /(1 y:E(l y E =
5HVXOW 5/(1 </(1
5 By y°E! 5,1 y°E! Y E 5
5BHVXOW LQ SODFH $0ZD\V SRVVLEOH IRU 5375 <375 DQG 5375 =375
8SGDWHG VWDWXV |@&BJ¥< LQ FDVH RI RYHUIORZ =(52
*y FRQYHUVLRQ RSFRGH PXOWLSO\ DFFXPXODWH RYHU *) 0$&&5B*)
([HFXWLRQ WLPH y </(1 3.& FORFN F\FOH
127¢(
7TKHRUHWLFDOO\ WKH UHVXOW FDQ KDYH D FDUU\ RYHUIORZ RI [ WKDW LV QRW FRYH!
WKLV FDVH +RZHYHU LQ WKH W\SLFDO XVH FDVH RI WKH ORQWJRPHU\ OXOWLSOLFDWLI

,Q FDVH 0$&&5 RSHUDWLRQ LV XVHG LQ D GLIIHUHQW FRQWH[W WKH PD[ SRVVLEOH UL

$Q RSHUDWLRQ WKDW ZUOBYHV[WR BBY WR EH H[HFXWHG GLUHFWO\ EHIRUH H[HFXWLQJ
5HJLV QRW LQLWLDOL]J]HG E\ D SURSHU SUHFHGLQJ FDOFXODWLRQ WKH UHVXOW RI WK

7DEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LJQRULQJ OHDVW VLJQLILFDQW UHVXOW :

OXOWLSO\ $FFXPXODWH RI W KZL IWEWH 0% DODQHSI IDVABH & SHORULQJ OHDVW VLJQLILFDQ

PXVW EH RQH ZRUG ORQJBWRWRD® ELFIHVY RMKHDQ < EXW WKH OHDVW VLJQLILFDQW UH

WKDW WKH UHVXOWLQJ 5 KDV WKH VDPH OHQJWK DV 03, <

5 5HYy < =!I 2S FRGH |B\PERO 0$&&5B*)

ZRUGVL]H A*) ° [

3DUDPHWHU <375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHWV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHWV RI =

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LIJQRULQJ OHDVW VLIJQLILFDQW UHVXOW 7

OXOWLSO\ $FFXPXODWH RI WKH. WEKWHOIBDODUHI DVOWH = SHORULQJ OHDVW VLIJ[QLILFDQ
PXVW EH RQH ZRUG ORQJBUAVWKRD® ELBHIHVY MEXIDQ < EXW WKH OHDVW VLJQLILFDQW UH
WKDW WKH UHVXOWLQJ 5 KDV WKH VDPH OHQJWK DV 03, <
5 5HY < = 1!l 2S FRGH |6\PERO 0$&&5B*)
ZRUGVL]H A*) [
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQIJWK RI RSHUDQG < LQ E\WHV
2SHUDQGV 5HY
</(1 /(11 5(08/ [ RY
< g yE? </ yE? y E <
=/(1 </(1
= Fa yEY oz yE! yE =
5HVXOW 5/(1 </(1
5 gy y°E!? 5,1 Yy E! ¥y E 5

5HVXOW LQ SODFH

$0ZD\V SRVVLEOH IRU 5375 <375 DQG 5375 =375

8SGDWHG VWDWXYV 10

BIPS55< =(52

*)

FRQYHUVLRQ RSFR

QR LPSDFW

([HFXWLRQ WLPH

y </(1 3.& FORFN F\FOH

127¢

$Q RSHUDWLRQ WKDW ZUQWHB»)WR[SHJKDV WR EH H[HFXWHG GLUHFWO\ EHIRUH H[HFXYV

0$&&5B*)

FDOFXODWLRQ PD\ EH XQGHILQHG

7DEOH $GGLWLRQ Z3I @K RUQJIOH

,Q FDYHV5@RW LQLWLDOL]HG E\ D SURSHU SUHFHGLQJ FDOFXODWLRQ WKH L

$GGLWLRQ RI D 03, SZAIMUDB ¥LQJOH

5 < = 2S FRGH |BYWERO $''B=
3DUDPHWHU<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR YRQBORSHUDQG = %\WH DGGUHVV RI =
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /HQJWK Rl RSHUDQG < LQ E\WHV
2SHUDQGV | </(1 /(1! 5('08/ [ RUY
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&; $ DQG$ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7DEOH $GGLWLRQ ZLWK VL Q JERR 3V B.QZRAGS

3XEOLF .H\ &U\SWR &RSURFHVVR

$GGLWLRQ RI D 03, < ZLWK D VLQJOH 3.& ZRUG

5 < = 2S FRGH PWERO $''B=
< g yE? <1 yE? y E <
5HVXOW 5/(1  </(1
5 gy y°E! 51 y°E1 Yy E 5
SGHVXOW LQ $O@ODF\W SRVVLEOH IRU 5375 <375 DQG 5375 =375
8SGDWHG VWH5BXV LQ FDVH RI RYHUIORZ =(52
I0DJV
*) FRQYHUVILRQ ORJLFDO [RW ZLMKUGLO JQR5B =
RSFRGH

([HFXWLRQ|WL®PH1 3.& FORFN F\FOH

7DEOH ;25 ZLWK VBLQIXRHG

725 RI D 03, < ZLWEB.B ¥R Q GOH

5 < ;25 = 2S FRGH [D6\PERO ;25B=

S3DUDPHWHU| <375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 SRLQWHU WR YRQBORSHUDQG = %\WH DGGUHVV RI
5375 SBRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI §
/(1 /IHQIJWK RI RSHUDQG < LQ E\WHV

2SHUDQGV |</(1 /(1!' 5('08/ [ RUY
< g yE? <1 yE? y E <

5HVXOW 5/(1  </(1
5 g ySE? 51 y°E1 Yy E 5

5HVXOW LQ [Ssox®PHVY SRVVLEOH IRU 5375

<375 DQG 5375

=375

8SGDWHG &$55<
VWDWXV I0DJV

=(52

*)
FRQYHUVLR

QR LPSDFW
D RSFRGH

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR

7DEOH ;25 ZLWK VLQJOH 3.BERIRNVIGQXHG

725 RI D 03, < ZLWK D VLQJOH 3.& ZRUG =

5 < ;25 = 2S FRGH [ )6\PERO ;25B=

(IHFXWLRQ WyPH (1 3.& FORFN F\FOH

OLFUR FRGH 0& LQWHUIDFH [/
7KH 0& SURJUDPPLQJ LQWHUIDFH XVHV VLPSOH PLFURFRGH LQVWUXFWLRQV WR
H,QLWLBO&JH ADOFXODWLRQ LQFUHPHQW GHFUHPHQW SRLQWHU VHOHFW SRLQWHL

H6WDBW. D FDOFXODWLRQ
H'HFUHPHQW D ORRS FRXQWHU DQG EUDQFK LI QRW JHUR
H/RDG SRLQWHU LQWR LQWHUQDO VKDGRZ 7 UHJLVWHU LQFO DXWR LQFUHPHQW G

M6EHOHFW SDUDPHWHU VHWYV
HBQFRQGLWLRQDO MXPSV DQG FRQGLWLRQDO MXPSV EDVHG RQ FDUU\ DQG JHUR 10

7ZR LQWHUQDO SRLQWHUV 6 6 3WU DQG 7 7 3WU DUH LPSOHPHQWHG WR VXSSRUW
DQG 7 SRLQWHU FDQ EH ORD G BIGHD RIEENS\E D WHAGLIREBRMEWK W KH\ DUH QRW GLUHFWO\ DF
WKH UHJLVWHU PHPRU\ PDS 7KH 7 SRLQWHU FDQ IXUWKHUPRUH EH N8 G FORQ OWH U
WRS WKH UHVXOW RI WKH /6% V DQG 06% V RSHUDWLRQ LV VWRUHG LQ 7 SRLQWHU DX
RI D QHZ / FDOFXODWLRQ WKH LQWHUQDO SRLQWHU UHJLVWHUV 6 3WU DQG 7 3WU D

$00 SRLQWHU DQG OHQJWK YDOXHV XVHG LQ WKH PLFUR FRGH OD\HU KDYH ZRUG JU
VHWWLQJ H J

H; SRLQWH&BLY375L>:375@ !' 5('08/RU
HRSHUDQG CBHBMWKLEY(1@ !! 5('08/ RY
HORRS FRXQWHB/E&LMWE&/ (1@ !! 5('0§/ RU

7KH FRGLQJ RI WKH PLFUR FRGH LGDWOXFWLRQV LV VKRZQ LQ WKH

7DEOH 3.& PLFUR FRGH LQVWUXFWLRQV

ELW ELW ELW ELW ELW ELW ELW ELW 0& LQVWUKFWLRQ

ORGH / RSHUDWLRQ ([HEXWH
$GGU UHODWLYH DGGUHVV '"HFU7 %13

&RQVWBG6UF &RQIB/RDG &RQI/RDG

,QFU 3WUBG6HO ,Q'HF3WU

&RQG &RQG-XPS [XVHV
$GGU UHODWLYH DGGUHVV ERWK EAWHV
5HVHUYHG 5HVHUYHG

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR

7DEOH 3.& PLFUR FRGH LQVWUXFWLRQV FRQWLQXHG

ELW ELW ELW ELW ELW ELW ELW ELW 0& LQVWUKFWLRQ

&RQVW

BUH/RDGYJ

(IFK 7 3WU $GG(1| ,QFU(1 $GGB,QFU SWUBG6HO WZR E\W[HV

ELW &RQVWDQW YDOXH

-XPS WZR E\WHYV

$GGU UHODWLYH DGGUHVV

(fLw

0& LQVWUXFWLRQ ([HFXWH

6WDUWYV HI[HFXWLRQ RI WKH/ RSHUDWLRQ LQGLFDWHG E\ WKH SDUDPHWHU ORGH :KH
VWLOO RQJRLQJ WKH ([HFXWH LQVWUXFWLRQ ZLO/® EORG NV KQMEIHYV Q\H{ W R\EHIUHD RVILW ®
SDUDPHWHUV RI WKH ([HFXWH LQVWUXFWLRQ

7DEOH 'HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH ([HFXWH LQVWUXFWLR

SDUDPHWHHW FULSWLRQ

ORGH> @2S FRGH RI QDWLYH / RSHUDWLRQ WKW VY WKX® 6 @/ HR XMW BUW WGR IVIHGIO DY D
/ RS FRGHV

0& LQVWUXFWLRQ 'HFU7%1=

7KH '"HFU7%HIFdPHQWVW OO FKRBHUR LQVWUXFWLRQ GHFUHPHQWY WKH LQWHUQDO C
SHUIRUPV D UHODWLYH MXPS L H WR LV DGGHG WR SURJUDP FRXQWHU LQ W
H[DPSOH LI WKH '"HFU7%1= LQVWUXFWLRQ LV ORFDWHG DW DGGUHVVY D DQG WKH RII"
UHSUHVHQWDWLRQ WKH ILQDO MXPS DGGUHVV ZKHUH WKH QH[W LQVWUXFWLRQ ZLO!
WKH GHFUHPHQW LW LV UHORDGHG DJDLQ ZLWK WKH SUHORDG YDOXH IURP 3.&B/(1L
LH QH[W LQVWUXFWLRQ LQ WDOEEE8HEHMHAEFXEMHGCGVWHW KWDODHAEM WKH GLITHUHQW SDU
LQVWUXFWLRQ ,Q FDVH WKH 'HFU7%1= LQVWUXFWLRQ LV HIHFXWHG RQ D JHUR ORRS

1RWH 7KH 'HFU7%1= KDV QR UHODWLRQ WR WKH LQWHUQDO 7 SRLQWHU RI WKH 0& SUF
E\ WKH '"HFU7%1= 0& LQVWUXFWLRQ

7TDEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH '"HFU7%1= LQVWUXFWLI

SDUDPHWHHVFULSWLRQ

$GGU> @5HODWLYH DGGUHVYVY WKDW LV XVHG LQ FDVH RI D MXPS 7KH DGGUHVV LV
FXUUHQW SURJUDP FRXQWHU

0& LQVWUXFWLRQ &RQI/RDG

7KH &RQI/RDG LQVWUXFWLRQ FRQILIJXUHV WKH ORDGLQJ RI WKH RSHUDQGM&L H KR
NHUQHO 7KH PDLQ SXUSRVH RI WKLV FRQILIXUDWLRQ LV3IVRNHH @HEO® R S\HRJ RQIE G RIUHWHK
HJ WR EH DEOH WR XVH DQ RSHUDQG SUHYLRXVO\ VWRUHG DW 5375 DV DQ LQSXW |
WKH UHVXOW RI D FDOFXODWLRQ WR 5%$0 DGGUHVY GHILQHG E\ DQ LQSXW RSHUDQG
WKH VRXUFH RI WKH FRQVWDQW YDOXH SURYLGHG WR WKH NHUQHO HLWKHU ORZHU |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

D &RQI/RDG LQVWUXFWLRQ VWD\V DFWLYH XQWLO WKH QH[W &RQI/RDG LQVWUXFWLR
LV XVABEOH GHVFULEHVY WKH XVDJH RI WKH GLIITHUHQW SDUDPHWHUV RI WKH &RQI/RI

7DEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH &RQI/RDG LQVWUXFWL!

SDUDPHW

HHVFULSWLRQ

&RQVWBG6

U'HILQH VRXUFH RI WKH FRQVWD®W NBOKHOSURYLGHG WR WKH
u FRQVWDQW YDOXH LV WDNHQ IURP ORZHU E\WH RI =375
1] FRQVWDQW YDOXH LV WDNHQ IURP ORZHU E\WH RI 7 3WU

&RQIB/RD

GGHO®FWYV D FRQILIXUDWLRQ WKDW LV X¥.KGIHRUW BE DB LIQ J XR/3HU DR]
FKDQJHVY EHKDYLRU RI DGGLWLRQ RSHUDWLRQ IURP 5 < = WR 5

H ;<=5 ;<=5

H =5=5 ;<=5

il ;<55 <=5

M ;<;< ;<=5

H ;<; ;<=5

M ;=55 ;<=5

il :5:5 <=5

H ;7<5 ;<=5

u ;=5= ;<=5

n ;<5< ;<=5

il <5== ;<=5

M 5HVHUYHG ;<=5 ;<=5

H BHVHUYHG ;<=5 ;<=5

M 5HVHUYHG ;<=5 ;<=5

H BHVHUYHG ;<=5 ;<=5

M 5HVHUYHG ;<=5 ;<=5

H BHVHUYHG ;<=5 ;<=5

RGM LLIQXW |

0& ,QVWUXFWLRQ ,Q'HF3WU

7KH ,Q'HF3WU LQVWUXFWLRQ LQFUHPHQWY RU G HFHPHIGWNWFE DLEH O HEMH & VEORIHQ RIHW K
SDUDPHWHUV RI WKH ,Q'HF3WU LQVWUXFWLRQ

7TDEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH ,Q'HF3WU LQVWUXFWLI

S3DUDPHW

HBBVFULSWLRQ

,QFU

6HOHFWYV LQFUHPHQW RU GHFUHPHQW
GHFUHPHQW SRLQWHU SDUDPHWHU VHOHFWHG YLD 3WUBG6HO
LQFUHPHQW SRLQWHU SDUDPHWHU VHOHFWHG YLD 3WUBG6HO

3WUBG6HO

>6HOHFWY D SRLQWHU SDUDPHWHU

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH ,Q'HF3WU LQVWUXFWLI

SDUDPHWHWBVFULSWLRQ

VHOHFW SRLQWHU ;
VHOHFW SRLQWHU <
VHOHFW SRLQWHU
VHOHFW SRLQWHU 5

VHOHFW SRLQWHU 6

VHOHFW SRLQWHU 7

VHOHFW SDUDPHWHU /(1 RSHUDQG OHQJWK
VHOHFW SDUDPHWHU /& ORRS FRXQWHU

=T T T E T E T E

0& LQVWUXFWLRQ &RQG-XPS

7KLV LQVWUXFWLRQ SHUIRUPV D FRQGLWLRQDO MXPS DQG FRQVLVWYV RI WZR E\WHYV
FRQGLWLRQV FDQ EH VHOHFWHG FDUU\ IODJ JHUR IODJ FRPELQDWLRQ RI FDUU\ DQG
WKDW LV DGGHG WR WKH SURJUDP FRXQWHU LQ FDVH WKH GHILQHG MXPS FRQGLWLR
ORFDWHG DW DGGUHVYVY D DQG D DQG WKH RIITVHW YDOXH UHODWLYH DGGUHVV L)\
DGGUHVV ZKHUH WKH QH[W LQVWUXFWLRQ ZLOO EH IHWFKHG IURP LV D E ,I WKFE
LQFUHPHQWHG E\RQH L H QH[W LQVWUXFWLRQ LQ WKH 0& WDEOH LV HIHFXWHG ,W
XQWLO WKH FXUUHQW RSHUDWLRQ KDV FRPSOHWHO\ ILQLVKHG L H FDUU\ DQG JHURF
H[WJ.B FORFN FABPBBM GHVFULEHV WKH XVDJH Rl WKH GLIITHUHQW SDUDPHWHUV RI WK|

7TDEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH &RQG-XPS LQVWUXFWL

SDUDPHWHWBVFULSWLRQ

&RQG> @'HILQHV WKH MXPS FRQGLWLRQ VHOHFWLRQ RI IODJV DQG VWDWH V
g [\ MXPS LI JHUR IODJ [ DQG FDUU\ IODJ \
H \ MXPS LI JHUR 10DJ \
B \ MXPS LI FDUU\ IODJ \

$GGU> @5HODWLYH DGGUHVV WKDW LV XVHG LQ FDVH MXPS FRQGLWLRQ LV IXOILOC
LV DGGHG WR WKH FXUUHQW SURJUDP FRXQWHU

0& LQVWUXFWLRQ 3UH/RDG7

7KH 3UH/RDG7 LQVWUXFWLRQ DOORZYVY WUDQVIHUULQJ GDWD WR DQG IURP WKH LQWE
Rl WZR E\WHV 7KLV LQFOXGHY DOVR DQ RSWLRQ WR ORDG ELW FRQVWDQWY LQWR
WUDQVIHU LQFUHPHQW GHFUHPHQW DGGLWLRQ VXEWUDFWLRQ DQG HI{BED®JIJHG ZLW
GHVFULEHVY WKH XVDJH RI WKH GLIITHUHQW SDUDPHWHUV RI WKH 3UH/RDG7 LQVWUXF

7DEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH 3UH/RDG7 LQVWUXFWL

SDUDPHWHWVFULSWLRQ

&RQVW '"HILQHV LI VHFRQG E\WH FRQWDLQV FRQILIXUDWLRQ RSWLRQV IRU WUDQYV
DQG 7 UHJLVWHU RU DQ ELW FRQVWDQW YDOXH

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH 'HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH 3UH/RDG7 LQVWUXFWL

H LQFUHPHQWLQJ GHFUHPHQWLQJ GLVDEOHG
H LQFUHPHQWLQJ $GGB,QFU GHFUHPHQWLQJ $GGB,QFU

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO

HU WR 7

SDUDPH

FWHG SI

HG

RU VHO

3DUDPHWHWVFULSWLRQ
H VHFRQG E\WH FRQWDLQV FRQILIXUDWLRQ RSWLRQV IRU WUDQVIHUUL
H VHFRQG E\WH FRQWDLQV ELW FRQVWDQW YDOXH WKDW LV PRDGHG
&RQVW> |@ ELW FRQVWDQW YDOXH ORDGHG LQWR 7 UHJLVWHU SDGGHG ZlUWK V &
([FK (QDEOHV H[FKDQJLQJ Rl GDWD EHWZHHQ 7 UHJLVWHU DQG VHOHHWHG SRI
PDQLSXODWLRQ 7 3WU LV QRW FRQVLGHUHG
H H[FKDQJLQJ RI GDWD LV GLVDEOHG
H H[FKDQJLQJ RI GDWD LV HQDEOHG L H LQ DGGLWLRQ WR QRUPDO G
3WU 7 7 3wWU
HJ 7 3WU 7 3WU 7 7 3WU $GG(1 ,QFU(1 ; $GGB|QFU
7 3WU 7 3wWU
HJ 3WU 7 3WU 7 3WU 7 3wWU $GG(1 ,QFU(1 ; $GEBB,QFU
3RLQWHU DVVLJQPHQWY DUH GRQH FRQFXUUHQWO\
7 3WU '"HILQHV LI GDWD LV ORDGHG IURP VHOHFWHG SRLQWHU SDUDPHW
GDWD PDQLSXODWLRQ
H GDWD ORDGHG LQWR 7 UHJLVWHU IURP VHOHFWHG SRLQWHU
7 3WU 7 $GG(1 ,QFU(1 ; $GGB,QFU
7 3WU 7 $GG(1 ,QFU(1 ; $GGB,QFU
7 3wWU $GG (1 ,QFU(1 $GGB,QFU
7 3wuU $GG (1 JQFU(1 $GGB,QFU
7 3WU $GG(1 ,QFU(1 $GGB,QFU ;
H GDWD VWRUHG IURP 7 UHJLVWHU WR VHOHFWHG SRLQWHU SDUDPHW#
3WU 7 3WU $GG(1 ,QFU(1 ; $GGB,QFU
3WU 7 3WU $GG(1 ,QFU(1 ; $GGB,QFU
3WU 7 $GG(1 ,QFU(1 $GGB,QFU
3WU 7 $GG (1 JQFU(1 $GGB,QFU
3WU 7 $GG(1 ,QFU(1 $GGB,QFU ;
$GG(1 (QDEOHV GLVDEOHY DGGLQJ VXEWUDFWLQJ 7 UHJLVWHU RU VHOH
H DGGLQJ VXEWUDFWLQJ GLVDEOHG
H DGGLQJ $GGB,QFU VXEWUDFWLQJ $GGB,QFU HQDEOQ
,QFU(1 (QDEOHV GLVDEOHVY LQFUHPHQWLQJ GHFUHPHQWLQJ 7 UHJLVWHU

HQDE



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH 'HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH 3UH/RDG7 LQVWUXFWL

SDUDPHWH

AILHVFULSWLRQ

RSHUDV

$GGB,QFU| 6HOHFWYV DGGHG LQFUHPHQWHG RU VXEWUDFWHG GHFUHPHQWHG
H VXEWUDFWLQJ GHFUHPHQWLQJ
H DGGLQJ LQFUHPHQWLQJ
3WUB6HO> 6HODHFWV SRLQWHU SDUDPHWHU WKDW VKRXOG EH XVHG IRU WUDQVIHUULI

= T T T T T T T

VHOHFW
VHOHFW
VHOHFW
VHOHFW
VHOHFW
VHOHFW
VHOHFW
VHOHFW

SRLQWHU
SRLQWHU
SRLQWHU
SRLQWHU
SRLQWHU
SRLQWHU

1

<

5
6
7

SDUDPHWHU /(1
SDUDPHWHU /&

7KH FRQGLWLRQ 3WUBG6HO

SRLQWHUV DUH XSGDWHG ZKHQ 3UH/RDG7 LV RSHUDWHG ZLWK 3WUBG6HO

7 LV D VSHFLDO FDVH DV LQ WKLV FDENOHWKHRZIM KRG 7

7 DQG 3

7TDEOH 'HVFULSWLRQ RI SRLQWHU XSGDWH GXULQJ 3UH/RDG7 LQVWUXFWLRQ IRU 3WL

y

([FK 7 3WU $GG(1| ,QFU(1 $GGB,QFU 3WUB6HO 7 3WUBG6HO
; 7 3WU 7 3wWuU|77
; 7 3WU 7 3WU|[77 7
7 3wWU 3wWu | 77
7 3wWU 3WuU | 77
: 7 3WU 3wWU 7|7
; 7 3wWU 7 7
; 7 3wWuU 7 77
7 3wWuU 7
7 3wWU 7
: 7 3wWuU 7
; 3WU 7 3WU 7
; 3WU 7 3WwWU 77
3WU 7 7
3WuU 7 7
: 3WU 7 7
: 3WU 7 3WU 7|73wWU
7DEOH FROWLQXHV RQ WKH QH[W SDJH
0&;$ DQG$ 6HFXULW\ 5HIHUHQFH 0DQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH 'HVFULSWLRQ RI SRLQWHU XSGDWH GXULQJ 3UH/RDG7 LQVWUXFWLRQ IRU 3WL

([FK 7 3WU| $GG(1 ,QFU(1 $GGB,QFU 3WUBG6HO 7 3WUB6HO f
3wu 7 3WU 7|73WU
3Wu 7 7 3WU 7
3Wu 7 7 3wWU 7
; 3wu 7 7 3wuU|7 7

0& LQVWUXFWLRQ -XPS

7KLV LQVWUXFWLRQ SHUIRUPV DQ XQFRQGLWLRQDO MXPS DQG FRQVLVWYV RI WZR E\\
E\WH FRQWDLQV WKH UHODWLYH DGGUHVYV WKDW LV DGGHG WR WKH SURJUDP FRXQW
DDQG D DQG WKH RIITVHW YDOXH UHODWLYH DGGUHVY LV E LQ WZR-V FRPSOHPHQ
LOVWUXFWLRQ ZLOO EH IHMFKHGGEGHRPUILEDY WKHE XVDJH RI WKH GLITHUHQW SDUDPH)

7TDEOH '"HVFULSWLRQ RI WKH SDUDPHWHUV XVHG ZLWKLQ WKH -XPS LQVWUXFWLRQ

SDUDPHWHWVFULSWLRQ

$GGU> @ 5HODWLYH DGGUHVV WR WKDW LV DGGHG WR WKH SURJUDPP FRXQ

0& LQVWUXFWLRQ ([LW

7KH ([LW LQVWUXFWLRQ PDUNV WKH HQG RI D SDWWHUQ 7KH H[HFXWLRQ RI WKH SDW
WKH H[HEXWLRQ RI D SDWWHUQ LV VWRSSHG FRQILIJXUDWLRQ YDOXHV SRWHQWLDO
GHIDXOW HJ &RQIB/RDG LV VHW WR DQG &RQVWBG6UF WR

$Q\ 0& LQVWUXFWLRQ QRW OLVWHG DERYH ZLOO WULJJHU D VHFXULW\ DODUP

YLIHG / 0& 3DWWHUQV
7KH 3.& SURYLGHV WKH IL[HG 0& SDWWOGMHQV WKDW DUH OLVWHG LQ

7DEOH )L[HG / 0& SDWWHUQV

6WDUW& VL]B\PERO 2SHUDWLRQ|'HVFULSWLRQ

$GGU>E\WHV@

[ 00 5 :y<PRG 8RGXODU OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 0
ORQWJRPHU\ 5GHGXFWLRQ

[ 00B*) 5 :y<PRG ORGXODU OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 0

= Ax) O ORQWJRPHU\ 5HGXFWLRQ RYHU *)

[ 30 5 vy < 30DLQ OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, -

[ 30B*) 5 ;y<A*) |30DLQ OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, -

[ 30% 5 ;y< = |30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ RI D
03, =

[ 30$B*) 5 ;y< =A2%)30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ RI D C
= RYHU *)

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQG

XFWRUV

7DEOH )L[HG

3XEOLF .H\ &U\SWR &RSURFHVVR

/] 0& SDWWHUQV FRQWLQXHG

6WDUWR VL|B\PERO 2SHUDWLRQ|'HVFULSWLRQ
$GGU>E\WHV @
[ 0% 5 < = PRG|/PRGXODU $GGLWLRQ RI D 03, < ZLWK D 03, = PR
[ $ 06 5 < = PRG|/PRGXODU 6XEWUDFWLRQ RI D 03, < ZLWK D 03, =
[ 05 5  PRG = ORGXODU 5HGXFWLRQ RI D 03, ; DQG D 03, =
[ 05B*) 5 ; PRG = "*)0ORGXODU 5HGXFWLRQ RI D 03, ; DQG D 03, = RY}
[ 003 5 ;vy< ORGXODU OXOWLSOLFDWLRQ RI D 6@,<; DQG D 03
PRG/(1 <
[ $ 00$3 5 ;y< = |ORGXODU OXOWLSOLFDWLRQ ZLWK $GGLWLRQ RI
PRG/(1 < 03, = PRGXDR
[ 0, 5 < yNPRG [0ORGXODU ,QYHUVLRQ RI D 03, < PRGXOH D 03, ;
[ 0,B*) 5 < yNPRG|ORGXODU ,QYHUVLRQ RI D 03, < PRGXOH D 03, ;
;A*) N
[ 30B3$7&+ 5 .y < 30DLQ OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, -
127( VDPH IXQFWBRQBXOWW\WDQYJ SDWFKHG FRGH
VXSSRUWYV FRUQHU FDVH 03, ;! 3.& ZRUG DQG
ZRUG VOLJKWO\ ORQJHU H[HFXWLRQ WLPH
[ 30B3$7&+B¥%)5 ;y < ~*) |30DLQ OXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, -
SDWFKHG YHUVLRQ
127( VDPH IXQFWBRBDOIBXWDXVLQJ SDWFKHG FI
WKDW VXSSRUWY FRUQHU FDVH 03, ;! [3.& ZRUC
ZRUG VOLJKWO\ ORQJHU H[HFXWLRQ W|LPH
[$ *&! 5 *&' < = *UHDWHVW FRPPRQ GLYLGHU *&' RI 03| < DQG (
'"HWDLOHG GHVF UL[$VE IHD® RX WDKMLRQ PRGHYV
7DEOH ORGXODU 0OXOWLSOLFDWLRQ
ORGXODU PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, < PRGXOR D 03, = 03, < DQG 03, = P:

LV XVHG IRU UHGXFWLRQ

5

i Yy < PRG

SDUDPHWHU

0&; $

7DEOH FROWLQXHV RQ WKH

DQG $

SWDUW $GGUG6\PERO 00 00B*)

;375 3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =

QH[W SDJH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH ORGXODU 0OXOWLSOLFDWLRQ FRQWLQXHG

ORGXODU PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, < PRGXOR D 03, = 03, < DQG 03, = P
LV XVHG IRU UHGXFWLRQ
5 ;y<PRGSWDUW $GGUG6\PERO 00 00B*)
OXOWLSOLFDWLYH ,QYHUVH a3. & ZR WGRGEH MRVROH BHL R UMK
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI b
/(1 /JHQJWK Rl RSHUDQG < DQG = LQ E\WHV
0&/(1 /HQIJWK RI RSHUDQG ; LQ E\WHV
2SHUDQGV |:/(1 0&/(1!'' 5('08/ [ RU
ni y BT wia y B y E
</(1 /(1 't 508/ [ RUY
< g yE? <1 yE? y E <
=/(1 </(1
= Fn y“E! =/ yTE!? yE =
a= =PRERUGVLFRUGVL]HRU 5('08/ [ RUY
5HVXOW 5/(1  </(1
5 gy y°E! 5,1 y°E1 Yy E 5
5HVXOW VSD|FH (1
S5HVXOW LQ $SOP@GHSRVVLEOH LI30&/ZRUG IRU 5375 ;375 DQG 5375 <375
1RW SRVVLEOH IRU 5735 =375
8SGDWHG &$55<  =(52
VWDWXV 10DJJV
*Y FRQYHUVL®RGXODU OXOWLSOLFDWLRQ LQ *) 00B*)
(IHFXWLRQ WLPH1y y</(1 3.& FORFN F\FOH
,Q FDVH RI RSWLRQDO ILQDO UHGXFWLRQ WKH F\FOH FRXQW L\ LQFUHLE

0& FRGH

ModMul :

ModMul_Loop :
ConfLoad

ConfLoad

ConfLoad(0,XYZR)
Execute(0x00)
InDecPtr(0,2)

Execute(0x20)
InDecPtr(1,2)

Execute(0x62)
DecrTBNZ(ModMul_Cont)

(0,ZRZR)

(0,XZRR)

0&; $

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH ORGXODU 0OXOWLSOLFDWLRQ FRQWLQXHG

ORGXODU PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, < PRGXOR D 03, =
LV XVHG IRU UHGXFWLRQ

03, < DQ(

5 ,y<PRG|WDUW $GGU6\PERO 00 00B*)

ModMul_CondSub : ConfLoad(0,ZRZR)
CondJump(C=0)
(ModMul_Exit)
Execute(0x2B)

ModMul_Exit:  Exit()

ModMul_Cont:  InDecPtr(1,X)
ConfLoad(0,XYRR)
Execute(0x22)

Jump()
(ModMul_Loop)

,Q FDVH ;/(1! DQG </(1 WKH OHRYRWUWGLRQWKHDDHWV XOW 5 LV UHDG EHIRUH LW LV ZI
FDQ OHDG WR UHDGLQJ XQLQLWLDOL]HG PHPRU3.&IZWHGVRILWHE® UHWYXHD W KHQ®HHIEWWW

XSIURQW EHIRUH FDOOLQJ WKH RSHUDWLRQ

7KH UHVXOW 5 PLJKW EH ELJJBE WRKIBDKH) WHEXPFRGRQXR/Q G\ JIXDUDQWHHY WKDW WKH L

PRGXOXV %/(YZRUGVL]H

7KH OHQJWK RI WKH UHVXOW LV HTXDO 5/(1 </(13.& XRUIR R QVKHR & 0RO AXIOHD W HR ® CR/Q |

7KH ZLGWK RI WKH ZRUG GHSHQGV RQ 3.&B&75/ 5('08/

127¢

7KHUH PD\ KDSSHQ D ILQDO UHGXFWLRQ VWHS DW WKH HQG RI WKH FDOFXODWLRQ WK]|
WIKH& DSSOLFDWLRQ QRWH KRZ WR SUHYHQW VLGH FKDQQHO DWWDFNV EDVHG RQ WKL

,Q FDVH WKH RSHUDQGYV ; DQG < KDYH EHHQ WUDQVIRUPHG WR ORQWJRPHU\ 6SDFH D

6SDFH UHSUHVHQWHG E\ >@
>;@y ><@ PRG = ; yBRG<=y 45yy4 PRG = >3E@(173RYKVYH

7KLV LV RQO\ YDOLG IRU 0&/(1 /(1 ,1 0&/(1 3 /(1 VSHFLDO BRUMNSKDV ADRVERIQWDNHQ 5H

QRWH LQ WKLV FDVH

7TDEOH 30DLQ OXOWLSOLFDWLRQ

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, <

5 ;y< |6WDUW $GGW\PERO 30 30B*)

3DUDPHWHIB75 3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQIJWK RI RSHUDQG < LQ E\WHV
0&/(1 /HQJWK RI RSHUDQG ; LQ E\WHV

2SHUDQGV;/(1 0&/(1!! 5('08/ [ RU
S TE I - sy B? y E

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH 30DLQ OXOWLSOLFDWLRQ FRQWLQXHG

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, <

5 ;y< |6WDUW $GG|BB\PERO 30 30B*)

</(1 /(111 s5(08/ [ RY
< g yEl </ yE? y E <

SHVXOW |[5/(1 /(1 </(1
5 g5 y°E! 51 y°E! Yy E 5

5HVXOW V|S$DEFEH

5HVXOW LRGQODBRVVLEOH LI30&/ARUG IRU 5375 ;375 DQG 5375 <375

8SGDWHG |[&WBBKEXV =(52
I0DJV

*) FRQYHU¥YQBRQ OXOWLSOLFDWLRQ LQ *) 30B*)

([HFXWLRQ WALRM </(1 3.& FORFN F\FOH

0& FRGH PlainMul : ConfLoad (0,XYZR)

Execute(0x00)
PlainMul_Loop : DecrTBNZ(PlainMul_Cont )
PlainMul_Exit : Exit()
PlainMul_Cont : InDecPtr(1,X)

InDecPtr (1,R)

ConfLoad (0,XYRR)
PlainMac_Entry : Execute(0x22)

Jump()

(PlainMul_Loop)

,Q FDVH ;/(1! DOVR </(1 QHHGV WR EH ! :/(1 DQG </(1 FDQ VWLOO KDYH GLIIHUHQ"
HIWHQGLQJ < ZIBWKZIRURBWKHW WR JHIHRV XOWLQJ LQ </(1

=(52 LQGLFDWHV RQO\ D JHUR UHVXOW LQ WKH ODVW / FDOFXODWLRQ UHVS WK
. ZRUG ,Q FDVH ;/(1! LW FDQ KDSSHQ WKDW =(52 LV VHW HYHQ WKRXJK WKH FRPS
/(1! WKH FRPSOHWH UHVXOW 5 LV JHUR D VXFFHHGLQJ &03 FDOFXODWLRQ RS FR(

7DEOH 30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, < DQG DGGLWLRQ RI D 03, = |03, < DQ
5 ;y< £6WDUW $GGUB\PERO 30$ 30$B*)
3DUDPHWHIB75 3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;

<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <

=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =

5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH 30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ FRQWLQXHG

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, < DQG DGGLWLRQ RI D 03, = |03, < DQ

5 ;vy< ~6WDUW $GGUS\PERO 30$ 30$B*)

/(1 /HQIJWK RI RSHUDQG < DQG = LQ E\WHV

0&/(1 /IHQIJWK RI RSHUDQG ; LQ E\WHV
2SHUDQGV:/(1 0&/(1L !l 5('08/ [ RUY

;osua yB! sir Y E? y E

</(1 /(111 s5(08/ [ RY

< g yE! </ yE? y E <

=/(1  </(1

= F@a yE! =/ yE? yE =

BHVXOW |[5/(1 /(1 </(1
5 5 ySE! 5,1 y°E! Yy E 5

5HVXOW V|SDFEH

5HVXOW LRQGODBRVVLEOH LI30&/ARUG IRU 5375 ;375 DQG 5375 <375
$0ZD\V SRVVLEOH IRU 5375 =375

8SGDWHG | WWDBBKEXYV =(52
I10DJV

*) FRQYHU¥Y¥QBRQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ LQ *) 30$B*)

([HFXWLRQ WARHM </(1 3.& FORFN F\FOH

0& FRGH PlainMac : ConfLoad(0,XYZR)
Execute(0x2D) // to clear carry bit
Jump()
(PlainMac_Entry)
,Q FDVH ;/(1!' DOVR </(1 QHHGV WR EH ! /(1 DQG </(1 FDQ VWLOO KDYH GLIITHUHQ

HIWHQGLQJ < ZIBWE ZRURBWKHW WR JHIHRVXOWLQJ LQ </(1
=(52 LQGLFDWHV RQO\ D JHUR UHVXOW LQ WKH ODVW / FDOFXODWLRQ UHVS WK
. ZRUG ,Q FDVH ;/(1! LW FDQ KDSSHQ WKDW =(52 LV VHW HYHQ WKRXJK WKH FRPS
/(1! WKH FRPSOHWH UHVXOW 5 LV JHUR D VXFFHHGLQJ &03 FDOFXODWLRQ RS FR(

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH ORGXODU $GGLWLRQ

ORGXODU $GGLWLRQ RI D 03, < ZLWK D 03, = PRGXOR D 03, ; 03, ; 03, <DbQd 03, = P>
5 < =PRGWDUW $GG|B\PERO 0%
3DUDPHWHB75 B3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 SRLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 SRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /HQJWK RI RSHUDQG ; < DQG = LQ E\WHV
0&/(1 GRQ W FDUH
2SHUDQGV;/(1 /(1 M 5('08/ [ RY
S TE RS A S TR AL - & y E
</(1 (1
< g yE1 <1 yE? y E <
=/(1 (1
= Fa yED oz yEC yE =
BHVXOW 5/(1 (1
5 & ySE? 51 y°E? ¥y E 5
5HVXOW V|$DFH
S5HVXOW LBSDDWHSRVVLEOH IRU 5375 <375 DQG 5375 =375
1RW SRVVLEOH IRU 5375 ;375
8SGDWHG |WBI¥XV =(52
I0ODJV
*y FRQYHUQYRRQVXSSRUWHG ! EHKDYHY OLNH / FDOFXODWLRQ ZLWK RS FRGH [ 1
([HFXWLRQ W RH Qy </(13.& FORFN F\FOH ZLWK Q HTXDOV DPRXQW RI UHGXFWLRC
</(1yZRUGVL]H
0& FRGH | yogadd:  ConfLoad(0,XYZR)
Execute(0x0A)
ConfLoad(0,XRXR)
CondJump(C=0)
(ModAdd_Exit)
ModAdd_Sub:  Execute(0x2B)
CondJump(C=1)
7DEOH FRQWLQXHV RQ WKH QH[W SDJH
0&; $ DQG $ 6HFXULW\ 5GHIHUHQFH 0ODQXDO 5HY
SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH ORGXODU $GGLWLRQ FRQWLQXHG

ORGXODU $GGLWLRQ RI D 03, < ZLWK D 03, = PRGXOR D 03, ; 03, ; 03, <DQd 03, = P>

5 < =PRGWDUW $GGUWB\PERO 0%

(ModAdd_Sub)
ModAdd_Exit:  Exit()

&DUU\ RYHUIORZ GXULQJ DGGLWLRQ LV FRUUHFWHG E\ VXEWUDFWLQJ WKH PRGXOX
PLJKW EH UHTXLUHG ; VKRXOG EH SUHSDUHG DFFRUGLQJO\ H J VKLIWHG VR WKD
7KH UHVXOW 5 PLJKW EH ELJJHU WKDQ WKH PRGXOXV 58 ; 7KH UHGXFWLRQ RQO
WKH PRGXOXV (1yZBUGVLIH

7TDEOH ORGXODU 6XEWUDFWLRQ

ORGXODU 6 XEWUDFWLRQ RI D 03, < E\' D 03, = PRGXOR D 03, ; 03,; 03, < DQG 03, =F
5 < =PR6WDUW $GGU|6\PBRO 06
3DUDPHWH{B75 BRLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 BRLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 SRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
5375 SRLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQIJWK RI RSHUDQG ;: < DQG = LQ E\WHV
0&/(1 GRQ W FDUH
2SHUDQGV:/(1 /(1! 5(08/ [ RY
;o osua yiB! sir Yy E? y E
</(1 /(1
< g yE1 <1y “E? y E <
=/(1 /(1
= F@a yE! =/ yE? yE =
5HVXOW |5/(1 /(1
5 gy ySE? 51 Yy E1 ¥ E 5
5HVXOW V|S0EH
5GHVXOW LBSDDWHSRVVLEOH IRU 5375 <375 DQG 5375 =375
1RW SRVVLEOH IRU 5375 ;375
8SGDWHG |[\WWBHEXYV =(52
IO0DJV

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH ORGXODU 6 XEWUDFWLRQ FRQWLQXHG

ORGXODU 6XEWUDFWLRQ RI D 03, < E\ D 03, = PRGXOR D 03, ; 03, ; 03, < DQEG 03, =F

5 < =PRG6WDUW $GGU|6\PBRO 06

*) FRQYHUYRRQVXSSRUWHG ! EHKDYHVY OLNH / FDOFXODWLRQ ZLWK RS FRGH [ |

([HFXWLRQ W RH Qy </(13.& FORFN F\FOH ZLWK Q HTXDOV DPRXQW RI UHGXFWLRC

0& &RGH | podsub: ConfLoad(0,XYZR)

Execute(0x0B)
ConfLoad(0,XRXR)
CondJump(C=0)
(ModSub_Exit)
ModSub_Add :  Execute(0x2A)
CondJump(C=1)
(ModSub_Add)
ModSub_Exit:  Exit()

&DUU\ RYHUIORZ LQ VXEWUDFWLRQ LV UHGXFHG E\ DGGLQJ WKH PRGXOXV ; WR WK
UHTXLUHG ; VKRXOG EH SUHSDUHG DFFRUGLQJO\ H J VKLIWHG VR WKDW WKH PVI
,Q FDVH WKH RSHUDQG < ,V ELJJHU WKDQ ; DQG = WKH UHXOW $ PLMPD EE HEL WKD
= WKH UHVXOW LV VPDOOHU WKDQ WKH PRGXOXV ;

7TDEOH ORGXODU 5HGXFWLRQ

ORGXODU 5HGXFWLRQ RI D 03, ; DQG D 03, = ORQWJRPHU\ DOJRULWKP LV XVHG IRU 1
5 ; PRG 6WDUW $GGUG6\P[ERO 05 05B*)
SDUDPHWHIB75 BRLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI

=375 BRLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =

OXOWLSOLFDWLYH ,QYHUVH a%. &2ZR WRGEAH NPVROHBHL R UMKH

5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQJWK RI RSHUDQG = LQ E\WHV
0&/(1 /JHQJWK RI RSHUDQG ; LQ E\WHYV
2SHUDQGV;/(1 0&/(1!' 5('08/ [ RUY
Doy R? sy B y E
=/(1 /(1" 5('08/ [ RY
= F@a yE! =1 yE? yE =
a= =PRERUGVL¥ RUGVL]HRU 5('08/ [ RY

BHVXOW |[5/(1 =/(1
5 gy ySE? 51 y°E1 ¥y E 5

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7TDEOH ORGXODU 5HGXFWLRQ FRQWLQXHG

3XEOLF .H\ &U\SWR &RSURFHVVR

ORGXODU 5HGXFWLRQ RI D 03, ; DQG D 03, = ORQWJRPHU\ DOJRULWKP LV XV

5 ; PRG 3

r6WDUW $GGUGB\P[ERO 05

05B*)

5HVXOW V

S0 EH

SHVXOW L

A BWDFRVVLEOH IRU 5375

;375 DQG 5735

=375

8SGDWHG
I10DJV

B\WBDBEXYV =(52

*) FRQYH

UYRBRODU 5HGXFWLRQ LQ *)

05B*)

([HFXWLR

D WURHy y=/(1 0$; =/(1 3.& FORFN F\FOH

0& &RGH

ModRed : ConfLoad(1,XYZR)
Execute(0x3E)
PreLoadT(0)

(T=R)
PreLoadT(0)
(T=T+LEN)
PreLoadT(0)
(y=T)
PreLoadT(1)
(T=1)

ModRed_Loop: PreLoadT(0)
(T=T+LEN;LEN=T)
PreLoadT(0)
(T<->S)
ConfLoad(1,XYXY)
Execute(0x3E)
PreLoadT(0)
(T<-->9)
PreLoadT(0)

(T <--> LEN)
ConfLoad(0,XRXR)
Execute(0x6A)
InDecPtr(0,LEN)
InDecPtr(0,2)
ConfLoad(0,ZRZR)
Execute(0x20)
InDecPtr(1,2)
ConfLoad(0,XZRR)
Execute(0x62)
InDecPtr(1,X)
DecrTBNZ(ModRed_Loop)
Exit()

,Q FDVH

7KH OHQJWK RI WKH UHVXOW LV HTXDO 5/(1

HG IRU

/(1! DQG </(1 WKH OHRYRUWGLRQWKHDQYHW XOW 5 LV UHDG EHIRUH LW LV ZI
FDQ OHDG WR UHDGLQJ XQLQLWLDOL]HG PHPRU3.&IZWHGVRILWHKEG® UHWXHD W KHQ®HHEWWW
XSIURQW EHIRUH FDOOLQJ WKH RSHUDWLRQ
7KH UHGXFWLRQ HQVXUHV WKDW WKH UHVXOW LV VPDOOHU RU HTXDO WR WKH PR(

7KH ZLGWK RI WKH ZRUG GHSHQGV RQ 3.&B&75/ 5('08/

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO

=/(B.&EXRUIR R QVIWHR & RO FXIOHD W H R Q CRAD ¢



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR
127¢(
Z L W(EYZRUGVL]H

7R REWDLQ WKH UHVXOW LQ QRUPDOWH$SR H\DH@QRNEDM IDRIQO ZQ W KRXMW WRXOMWLSOLFDWLR
LV UHTXLUHG

ORQW5HG ; 00 ; P;RYG 4=

z ; PRG = 00 ORQWS5HRRG =4

%HFDXVHVAW\SLFDOO\ RQO\ N@¢RZYAWKHVEHQUWK RI WKH ;
EH DGDSWHG DFFRUZGK@I$S O UFDMUL RVR QRWH

RSHUDQG VKRXOG EH HTXDC(

7TDEOH ORGXODU OXOWLSOLFDWLRQ ORGXOR 3RZHU RI

ORGXODU PX

OWLSOLFDWLRQ RI D 6G&!; ZLWK D 03, < PRGXOR

5 :;y<PR6|6WDUW $GGU6\PERO 003
3DUDPHWHU| ;375 3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI
/(1 /JHQJWK RI RSHUDQG < LQ E\WHV
0&/(1 /IHQIJWK RI RSHUDQG ; LQ E\WHV
2SHUDQGV |;/(1 0&/(1!' 5('08/ [ RU
;o y B! wrn y BY y E
</(1 /(1! 5('08/ [ RY
< g yE? <1 yE? yE <
5HVXOW 5/(1 </(1
5 B, y°E! 5,1 y°E! Y E 5
S5HVXOW VSDFFH(1
5HVXOW LQ $O@GHSRVVLEOH LI3V&/ARUG IRU 5375 ;375 DQG 5375 <375
8SGDWHG &$55< =(52
VWDWXYV 10D|JV

*) FRQYHUV

lQRW VXSSRUWHG

([HFXWLRQ W

YLPH(ly y</(1 ;/(1 3.& FORFN F\FOH

0& FRGH

ModMulP2 :

ModMulP2_Loop :
Exit()

ModMulP2_Cont: InDecPtr(1,X)
InDecPtr(1,R)
InDecPtr(0,LEN)
ConfLoad(0,XYRR)

Execute(0x00)
DecrTBNZ(ModMulP2_Cont)

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO




1,3 6HPLFRQGXFWRUYV

7TDEOH ORGXODU 0OXOWLSOLFDWLRQ ORGXOR 3RZHU RI

3XEOLF .H\ &U\SWR &RSURFHVVR

FRQWLQXHG

ORGXODU PX

OWLSOLFDWLRQ RI D 6G&!; ZLWK D 03, < PRGXOR

5 ;y< PRE

6WDUW $GGU6\PERO 003

ModMulAddP2_Entry : Execute(0x22)
Jump()
(ModMulP2_Loop)

7KLV PLFUR FRGH SURJUDP RQO\ ZRUNV IRU </(1 8 ;/(1

7KH OHQJWK RI WKH UHVXOW LV HTXDO 5/(1

7KH ZLGWK
=(52
. ZRUG

(1!

Q

LQGLFDWHY RQO\ D JHUR UHVXOW LQ WKH ODVW /
LW FDQ KDSSHQ WKDW =(52 LV VHW HYHQ WKRXJK WKH FRPS
WKH FRPSOHWH UHVXOW LV JHUR D VXFFHHGLQJ &03 FDOFXODWLRQ RS FRGF

RI WKH ZRUG GHSHQGYV RQ 3.&B&75/ 5('08/

FDVH ;/(1!

7DEOH ORGXODU OXOWLSOLFDWLRQ ZLWK $GGLWLRQ ORGXOR 3RZHU RI

ORGXODU PXOWLSOLFDWLRQ ZLWK DGGLWLRQ RI<¥%03,3; ZLMXGD0G3 ,=<PXY &/ [K[D%H=HFTIXG]

5 ;y< = |6WDUW $GGUB\PERO 00$3

PRG</(2

3DUDPHWHU| ;375 3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
=375 3RLQWHU WR 03, RSHUDQG = %\WH DGGUHVV RI =
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI
/(1 /JHQIJWK RI RSHUDQG < DQG = LQ E\WHV 8 0&/(1
0&/(1 /JHQIJWK RI RSHUDQG ; LQ E\WHV

2SHUDQGV |:/(1 0&/(1!'' 5(08/ [ RY
;o B! sy B y E
</(1 /(1! 5(08/ [ RU
< g yE? <1 yE? yE <
/(1 </(1
= zn y'E? =1 yTE! y E =

5HVXOW 5/(1 </(1
5 & y°E? 5,1 y°E! Yy E 5

S5HVXOW VSDFH(1

SHVXOW LQ

SOPEHSRVVLEOH LI30&/ARUG IRU 5375 <375

IRU 5375 =375

;375 DQG 5375
$0zZD\V SRVVLEOH

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO

</(1B.&XRUIRBRQ WHR & 0RO AXIOHD W HR Q@ CR/Q ¢

FDOFXODWLRQ UHVS WK




1,3 6HPLFRQGXFWRUYV

7TDEOH ORGXODU OXOWLSOLFDWLRQ ZLWK $GGLWLRQ ORGXOR 3RZHU RI

3XEOLF .H\ &U\SWR &RSURFHVVR

FRQWLQXHC

ORGXODU PXOWLSOLFDWLRQ ZLWK DGGLWLRQ RI<%¥103,3; ZLMKXGD0G3 ,=<PXY &/ [K[DkH=HFTIXG]

5 ;y< = |6WDUW $GGUG6\PERO 00$3
PRG</(1

8SGDWHG &$55<  =(52

VWDWXV 10D|JV

*)

FRQYHUV

LQRW VXSSRUWHG

(I

HEXWLRQ WLPH 1y y</(1 ;/(1

3.4 FORFN F\FOH

0& FRGH

ModMulP2 :
ModMulP2_Loop :

Execute(0x00)
DecrTBNZ(ModMulP2_Cont)

Exit()

ModMulP2_Cont :

InDecPtr(1,X)

InDecPtr(1,R)
InDecPtr(0,LEN)

Con

fLoad(0,XYRR)

ModMulAddP2_Entry : Execute(0x22)

Jump()
(ModMulP2_Loop)

7KLV PLFUR FRGH SURJUDP RQO\ ZRUNV IRU </(1 8 ;/(1

7KH OHQJWK RI WKH UHVXOW LV HTXDO 5/(1

</(1B.&XRUIRBRQ WHR & 0RO AXIKOHD W HR Q@ CR/Q ¢

7KH ZLGWK RI WKH ZRUG GHSHQGV RQ 3.&B&75/ 5('08/

=(52
. ZRUG
(1!

LQGLFDWHY RQO\ D JHUR UHVXOW LQ WKH ODVW /
,Q FDVH ;/(1!

FDOFXODWLRQ UHVS WK

LW FDQ KDSSHQ WKDW =(52 LV VHW HYHQ WKRXJK WKH FRPS

7TDEOH ORGXODU ,QYHUVLRQ

WKH FRPSOHWH UHVXOW LV JHUR D VXFFHHGLQJ &03 FDOFXODWLRQ RS FRGF

ORGXODU ,QYHUVLRQ RI D 03, < PRGXOR DQ 03, ;

$0

PRVW ORQWJRPHU\ LQYI-|-IUVLRQ l

5

< yNPR

G6WDUW $GG

W\PERO O,

0,B*)

SDUDPHWHB75

3RLQWHU WR 03, RSHUDQG

03, ; JHWV RYHUZULWWHQ

%\WH DGGUHVV RI ;

<375

SRLOWHU WR 03, RSHUDQG <
03, < JHWV RYHUZULWWHQ

%\WH DGGUHVV RI

N

=375

3RLQWHU WR 03, RSHUDQG =

03, = QHHGVY WR EH LQLWLDOL]HG WR

%\WH DGGUHVV RI

5375

0&; $

SRLOQWHU WR UHVXOW DUHD 5

N LV VWRUHG LQ WKH 3.& ZRUG GLUHFWO\ EHIRUH 5

"03, 5 N QHHGV WR EH LQLW

%\WH DGGUHVV RI 5

LDOL]JHG WR

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH ORGXODU ,QYHUVLRQ FRQWLQXHG

ORGXODU ,QYHUVLRQ RI D 03, < PRGXOR DQ 03, ; $OPRVW ORQWJRPHU\ LQYI-I-IUVLRQ l

5 < yNPRGEWDUW $GG|lB\PERO 0, 0,B*
y

/(1 /HQJWK RI RSHUDQG ;: < DQG = LQ E\WHV

0&/(1 5(08/ [ RU E\WHV
2SHUDQGV:/(1 /(1! 5(08/ [ RY

Coaua yB! sir Yy E? y E

</(1 /(1

< g yE? <1 yE? y E <

/(1 /(1

= F yE? =1 yE? y E =

5HVXOW |5/(1 /(1
5 gy ySE? 51 yOoE1 ¥y E 5

N/(1 3.& ZRUG
N N

5HVXOW V|SSDEHN/(1

5HVXOW LQLBODFH

8SGDWHG |WDHs¥EXYV =(52
I10DJV

*) FRQYHU¥VRBRODU ,QYHUVLRQ LQ *) 0,B*)

([HFEXWLRQGWMPIHGHSHQGHQW

127¢
7KH IROORZLQJ LQSXW UHODWLRQ KDV WR EH IXOILOOHG 03, = 703, 5 N° 0&
YDOXH GHSHQGV RQ 3.&B&75/ 5('08/

2XWSXW UHODWLRQ RI WKLV RSHUDWLRQ 03, ; DQG 03, < JHW RYHUZULWWHQ

7DEOH 30DLQ OXOWLSOLFDWLRQ 3DWFKHG YHUVLRQ

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, <

5 ;y< |6WDUW $GG|BB\PERO 30B3$7&+ 30B3$7&+B*)

SDUDPHWHIB75 B3RLQWHU WR 03, RSHUDQG ; %\WH DGGUHVV RI ;

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH 30DLQ OXOWLSOLFDWLRQ 3DWFKHG YHUVLRQ FRQWLQXHG

30DLQ PXOWLSOLFDWLRQ RI D 03, ; ZLWK D 03, <

5 ;y< |6WDUW $GG|BB\PERO 30B3$7&+ 30B3$7&+B*)
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 /JHQJWK RI RSHUDQG < LQ E\WHV
0&/(1 /[HQJWK RI RSHUDQG ; LQ E\WHYV
2SHUDQGV;/(1 0&/(1!! 5(08/ [ RY
i y BT sy BT y E
</(1 /(11! 5(08/ [ RUY
< g yE? <1y E? y E <

5HVXOW |[5/(1 /(1 </(1
5 ;1 y°E! 51 y°E! Yy E 5

5HVXOW V|S$DEFH

5HVXOW LQRQ@ODBRVVLEOH LI30&/ZARUG IRU 5375 ;375 DQG 5375 <375

8SGDWHG |[&WBBKXV =(52
I0DJV

*) FRQYHUYQBRQ OXOWLSOLFDWLRQ LQ *) 30B3%7&+B*)

(I[HFXWLRQ WALRM </(1 3.& FORFN F\FOH

0& FRGH PlainMulPatch : Execute(0x00)

PlainMulPatch_Loop : DecrTBNZ(PlainMulPatch_Cont)
PlainMulPatch_Exit :  Exit()
PlainMulPatch_Cont : InDecPtr(1,X)
InDecPtr (1,R)
ConfLoad (0,XYRR)
PlainMacPatch : Execute(0x20)
Execute(0x22)
Jump()
(PlainMulPatch_Loop)

=(52 LQGLFDWHV RQO\ D JHUR UHVXOW LQ WKH ODVW / FDOFXODWLRQ UHVS WK
; ZRUG ,Q FDVH ;/(1! LW FDQ KDSSHQ WKDW =(52 LV VHW HYHQ WKRXJK WKH FRPS
/(1! WKH FRPSOHWH UHVXOW 5 LV JHUR D VXFFHHGLQJ &03 FDOFXODWLRQ RS FR(

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7TDEOH *UHDWHVW &RPPRQ 'LYLGHU

*UHDWHVW &RPPRQ 'LYLGHU *&' RI 03, < DQG 03, =
5 *&' < z6WDUW $GG|WB\PERO *&'
3DUDPHWHIB75 SRLQWHU WR 03, RSHUDQG ; QA\WMGVDEGRE SRYYWIWR VDPH DGGU
<375 3RLQWHU WR 03, RSHUDQG < %\WH DGGUHVV RI <
03, < JHWV RYHUZULWWHQ
=375 3RLQWHU WR 03, RSHUDQG =Q¥%WMHWN IWKRGCGIRIIMWMWRWR VDPH DGGU
03, = JHWV RYHUZULWWHQ
5375 3RLQWHU WR UHVXOW DUHD 5 %\WH DGGUHVV RI 5
/(1 JHQIJWK RI RSHUDQG ; < DQG = LQ E\WHV
0&/(1 GRQ W FDUH
2SHUDQGV:/(1 /(1! 5(08/ [ RUY
;s y B! sy BY y E
</(1 (1
< g yEl </ y“E? y E <
=/(1 /(1
= F@a yE! =1 yE? yE =
5HVXOW |[5/(1 /(1
5 g ySE? 51 y°E? ¥y E 5
5HVXOW V|SDFH
5HVXOW LQRIBOD¥HQFH 5375 =375
8SGDWHG |&WDBIKX (52
IODJV
*y FRQYHUQYRRQVXSSRUWHG
([HFEXWLRQGWMPIH GHSHQGHQW
127¢
7KH IROORZLQJ LQSXW UHODWLRQ KDV WR EH IXOILOOHG ;375 <375 DQG =375
2XWSXW UHODWLRQ RI WKLV RSHUDWLRQ 03, : 03, < 03,= 03,5 LH 03, <DQ
6HFXULW\

L

7KLV VHFWLRQ SURYLGHYV D EULHI VXPPDU\ RI WKH VHFXULW\ UHODWHG DVSHFWYV RI
E\ 3.& DQG VRIWZDUH FRQILIXUDEOH FRXQWHUPHDVXUHYV

0&;

$ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH

0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

(UURU &RQGLWLRQV

7KH IROORZLQJ W\SHV RI HUURU FRQGLWLRQV WULJJHU D UHVHW Rl WKH 3.& &75/ DQ(
WKLV UHVHW LV30DB\RKEH 66 BQIBAKHYVWHU DQG LV RQO3.EB $HHEJ(H6 6 BE S 5/BWIWWL(QIRE/ 5 @

YLD D JORED 3 L&BWH\WE (6BBW5B&/5>3.&B62)7B567>627KBI5GZ@JOH HUURU ELWYV DUH DFF>
HUURU RFFXUV ZKLOH WKH SUHYLRXV RQH LV VWLOO LQGLFDWHS. &\B3&HBBE{BBHRU 10

%LW GHILQLWLRQ BR&BEBQ@R FO\6 B G@HHIAOGN

p3.&& (UURU LQ 3.& FRSURFHVVRU NHUQHO HJ VWDWH PDFKLQH RU LOOHJDO FD
EXWHUURUV

H)'(7 (UURU LQ 3.& FRQWURO VWDWH PDFKLQH
H&75/ (UURU LQ *2 KDQGOLQJ FRXOG DOVR EH WULJJHUHG E\ 6:
H8&5& (UURU LQ 83 &5& FKHFN FRXOG DOVR EH WULJJHUHG E\ 6:
H%/.B(55> @ UHVHUYHG

%LW GHILQLWLRQ IRU $+% VSHFLILF 3.&B$&&(66B(55
H$+% $+% PDVWHU HUURU $+%B$0%$B(5525 /

%LW GHILQLWLRQ IRU $3% VSHFLILF 3.&B$&&(66B (55 ILHOGV

HM$3%B:5*0" ZURQJ DFFHVV ULJKWV RU ZURQJ UHDG ZULWH LQIRUPDWLRQ $FFHVV Q
WR D UHDG RQO\ UHJLVWHU RU YLFH YHUVD $3% LQWHUIDFH UHWXUQV JHUR RQ G

127¢(
5HDGLQJ IURP ZULWH RQO\ 6)5V ZLOO QRW WULJJHU DQ HUURU LQVWHDG ]JHUR R

H$3%B127$9 XQDYDLODEOH DGGUHVV 7KHUH LV QR 6)5 RU PHPRU\ ORFDWHG DW WK
RQ GDWD UHDG SRUW IRU LQYDOLG UHDG DFFHVYV

7KH $3% PDVWHU WKDW WULJJHUHG WKH ILUVW $3%B:5*0' $3%B127%$9 HUURU LV VWRL
ILHOG 3.&4B%$&&(66B(55 $3%B0$67(5

127(
7KH 3.&B$&&(66B(55>$3%B0$67(5@ ELW ILHOG DOZD\V UHDGYV

7KB.&B$&&(66B(55>$3%B:5*0'@ >127%$9@ >0%$GVRMAXSGHMEND UG FDVH D VHFRQG $3% HU
IRU WKH ILUVW RFFXUUHQFHV XQWLO FOHDUHG YLD 3.&B$&&(66B(55B&/5 RU D JORED
$00 RWKHU ELW.4B8Q&N\6 KRB (®BKHDUH UHVHUYHG DQG DOZD\V UHDG JHUR

7KH IROORZLQJ HYHQWYV ZLOO WULJJHU D VHEXULW\ DOHUW WKDW UHVHWYV WKH 3.&

$00 HUURU RXWSXWV OLVWHG DV RXWSXW LQ WKH IROORZLQJ WDEOH VWD\ KLJK XQ'
RU 3.&B$&&(66B(55B&/5>(55B&/5@

7DEOH /LVW RI 3.& VHFXULW\ DOHUWYV

6HFXULW\ DOHUW 3.&B%$&&(66B(55 10DJ

6)5 DFFHVYV

6)5 DFFHVV WR QRW LPSOHPHQWHG 6)5 $3%B127$9
6)5 ZULWH DFFHVV WR UHDGBRQO\ 6)5 $3%B:5%0"
'0$ DFFHVYV

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7DEOH /LVW RI 3.& VHFXULW\ DOHUWV FRQWLQXHG

3XEOLF .H\ &U\SWR &RSURFHVVR

6HFXULW\ DOHUW

3.&B$&&(66B(55 IODJ

6\VWHP IHHGEDFN HUURU DV UHVSRQVH WR DQ $+9

6$BBFHVV / RQO\

3.& NHUQHO HUURUV

([HFXWLQJ 3.& NHUQHO RSHUDWLRQ ZLWK LOOHJD

OD3FOHO FXODWLRQ PRGH

([HFEXWLQJ 3.& NHUQHO RSHUDWLRQ ZLWK LOOHJDQC
VHOHFWHG PXOWLSOLHU VL]H

RERUDQG OHQJIJWK /(1 ]H

UR RU W

([HFEXWLQJ 'HFU7%1= RQ JHUR ORRS FRXQWHU YDO

XH&KE J

LQSXW YLD 0&/(1

5('08/ VHWWLQJ VHOHFWV PXOWLSOLHU VL]H WKDW 3.8 &LJJHU WKDQ QDWLYH PXOWL:
5('08/ E IRU ELW QDWLYH PXOWLSOLHU

(UURU GHWHFWLRQ 3.&&

(IHFXWLQJ &03 FDOFXODWLRQ ZLWK <375 HTXDO =335&&

(IHFXWLQJ 5SHVHUYHG 0& LQVWUXFWLRQ LQ / FDOFRREBWLRQ

3.& 530 SDULW\ HUURU 3.&8&

3.& &75/ HUURUV

(UURU GHWHFWLRQ ) (7

6HW 3.&B&75/>*2[@ ZKLOH *2$1< LV VHW &75/

:ULWH DFFHVV WR SDUDPHWHU VHW  3.&B02'( 3.&875B75 3.&B=5375

3.&B/(1 ZKLOH 3.&B67%$786 /2&.('> @ LV VHW

:ULWH DFFHVV WR SDUDPHWHU VHW  3.&B02'( 3.&875B75 3.&B=5375

3.&B/(1 ZKLOH ELW RI 3.&B67$786>/2&.(' LV VHW

ORUH WKDQ RQH *2 ELW LV VHW IRU &75/ ZULWH &75/

3.&B&75/>*2[@ LV VHW ZKLOH 3.&B&75/>5(6(7@ LV VBRWS/ 3.&B&75/>5(6(7@ LV
UHTXLUHG WR EH FOHDUHG EHIRUH VHWWLQJ *2[ 5(6(7 FDQQRW EH FOHDUH/G LQ WK
ZULWH WKDW VHWV D *2[ ELW

:ULWH DFFHVV WR 3.&B&)* ZKLOH 3.&B&75/>5(6(7@ |L&7F/OHDUHG

:ULWH WR 3.&B/(1 RU 3.&B/(1 GXULQJ/ FDOFXODW&R® ZKLOH 3.&B&75/>*2%$1<@

LV VHW

6HW 3.&B&75/>*28@ ZKLOH 3.&B8/(1>/(1@ LV HTXDQ &HBR

(UURU LQ &5& LQWHJULW\ FKHFN RI / FDOFXODWLR®&5QLYHUVDO SRLQWHU|IHWFK

7DEOH FROWLQXHV RQ

0&; $ DQG $

WKH QH[W SDJH

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH /LVW RI 3.& VHFXULW\ DOHUWV FRQWLQXHG

6HFXULW\ DOHUW 3.&B%$&&(66B(55 10DJ

3.& 6WRS (UURU DWWHPSW WR FKDQJH WKH 3.&B&JB/AH723@ ELW EHIRUH LW| LV VWD
+DQGOLQJ RI 3.&B&75/>5(6(7@ DQG 3.&B&75/>6723@

3.& 5SHVHW (UURU DWWHPSW WR FKDQJH WKH 3.&B|&7m5/5(6(7 ELW EHIRUH LW LV VWD
VHHDQGOLQJ RI 3.&4B&75/>5(6(7@ DQG 3.&B&75/>67]23@

,QWHUUXSW H[FHSWLRQ DQG '0$
,QWHUUXSWV

7KH 3.& &4RQWURO SURYLGHY D OHYHO WULJJHUHG L QMKHHUKXIKWDWW LLYQHG IL @ BAM H UAKISAV |
UHTXHVWkYInIQD® UDLVHG LQ FDVH WKH LQWHUUXSW LV HQDEOHG 3.&B,17B(1$%/(>(1
3.&B,17B6(7B(1$%/(>(1B3'21(@ 6)5 ZULWH DQG RQH RI WKH IROORZLQJ FRQGLWLRQV

HMHQG RI D QDWLYH FDOFXODWLRQ /

MHQG RI PLFURFRGH FDOFXODWLRQ /

HHQG RI XQLYHUVDO SRLQWHU FDOFXODWLRQ /

H,QWHUUXSW WULJJHUHG E\ 6: YLD 6)5 3.&B,17B6(7B67%$786>,17B3'21(@ H J IRU WH

7KH LQWHUUXSW UHTXHVW VLJQDO VWD\V KLIJK XQOHVV FOHDUHG E\ UHVHW DOO UH
YLD 6: XVLQJ 6)5 3.&4B,17B&/5B67%$786>,17B3'21(@

3.&4B,17B67%$786>,17B3'21(@ ZLOO EH VHW E\ +: RU 6: LQGHSHQGHQWO\ IURP 3.&B,17B|
3.&B,17B(1$%/(>(1B3'21(@ VKDOO RQO\ JDWH WKH LQWHUUXSW UHTXHVW VLIJQDO WKL

pkc_int = PKC_INT_STATUS.INT_PDONE && PKC_INT_ENABLE.EN_DONE

(IFHSWLRQV

7KH 3.&B&75/ QRWLILHV WKH VIVWHP EORFN RQ DQ\ VHFXULW\ DODUP UHVS PLVEHKD
HJ WULJJHU JOREDO UHVHW UDLVH D &38 H[FHSWLRQ RU LIJQRADHE OMKH SRVVLEOH V
'0$ OHPRU\ ,QWHUIDFHYV

7KH 3.& &aRQWURO SURY IPGNWWHEHQ SRUW IRU WKH '0$ DFFHVV RI WKH 8QLYHUVDO 3RLQ\
ZLQGRZV IRU WZR GLIIHUHQW PHPRULHVY H J 5%$0 DQG 19 DUH DFFHVVHG GXULQJ D 3
SURJUDP FRGH DQG RQH IRU WKH FDOFXODWLRQ SDUDPHWHUYV

7KH 3.& NHUQHO UHTXLUHV D GLUHFW DQG IDVW '0$ DFFHI®» WR WKH DFFHVVLEOH 5%

&ORFNLQJ
7KH ,3 LV D IXOO\ VIQFKURQRXV GHVLJQ
7KH 3.& &RQWURD@306IRRAMNY S RAKVWPIQ DM G D IXQFWLRQDO FORFN IRKpPWKH NHUQHO

5HVHW
7KHUH LV D VLQJOH PDLQ KDUG UHVHW FRQQHFWHG IURP WKH VA\VWHP WR 3.& &75/
p325 6\VWHP UHVHW UVWBPDLQBV\VBQ

325 UHVHW LV D 3RZHU 2Q 5HVHW DQG DVVHUWHG RQFH E\ WKH V\VWHP GXULQJ WKH
GHFLGHV WR UHVHW WKH 3.& &75/ DQG 3.& XVXDOO\ GXH WR D VHFXULW\ YLRODWLR!

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7KHUH DUH WZR VRIW UHVHWY GHILQHG LQ WKH 6)5  QWHUIDFH
M3.&B62)7B567>62)7B567@ ZKLFK UHVHWY WKH 3.& &75/ LQFOXGLQJ DOO VXE EORF!
pH3.&B&75/>5(6(7@ ZKLFK UHVHWY RQO\ WKH 3.& NHUQHO LQFO WKH LQWHUQDO FD!
DV LQSXW IRU RSFRGH | 5 5HJBL < AF =" Il

,Q FDVH RI D VHFXULW\ DODUP WKH 3.&B&75/ LQFOXGLQJ DOO VXE EORFNV DUH UHVH
62)7B567 7KH HUURU LQGLFDWLQJ 6)53QRWBBRB¥HBWB ({IGH VHFXULW\ UHVHW UHOHDVHYV
WKDW WKH 3.&B&75/ LV DIJDLQ IXQFWLRQDO DIWHU WKH UHVHW ZDV WULJJHUHG

7DEOH 5HVHWYV DQG LPSDFW IRU 3.& &75/ DQG NHUQHO

5HVHW W\SH 5HVHW 6LJQDO ,PSDFW RQ 3.&B&75/PSDFW RQ 3.& NHUQHO

*OREDO VA\VWHP UHVYMWBPDLQBV\VBQ | )XOO EORFN LV UHVHWQHW UHVHW 1RWH G>
WR UHVHW RI 3.& &75/ 567
FONBSNF LV VWRSBEHG

6RIW UHVHW 1% 5HVHW IXO0O EORFN.HUFHBOMUHVHW GXH WR UH
6: 3.&B62)7B567 3.&4B$&&(66B(55 6)5 Rl 3.& &75/ 567 FONBSNF
LV VWRSSHG

6HFXULW\ DODUP USBMHBHUU 5HVHW IXOO0 EORFN.HUFHBOWHVHW GXH WR UH
3.&4B$&&(66B(55 6)5 Rl 3.& &75/ 567 FONBSNF
LV VWRSSHG

.HUQHO 13 5XQQLQJ 3.& FDOFXGIDWH®Q@QHVHW FOINBSNF
UHVHW 3.&B&75/>%(6(7@ LV LQWHUUXSWHG | BMIVG/ RSN G
3.&4B67%$786 6)5 LV UHVHW

1RWH 8QLQLWLDOL]HG UHJLVWHUV DUH GLVFKDUJHG WR WKHLU LQWULQVLF YDOXH
397 FRQGLWLRQV

1RWH)RU VDIHO\ LQWHUUXSWLQJ DQ\ RQJRLQJ RSHUDWLRQ L H HQVXULQJ DOO SHC
FRPSOHWHO\ UHVHWWLQJ WKH ,3 DIWHUZDUGV WKH IROORZLQJ DSSURDFK QHHGV WF
(QVXUH 3.& NHUQHO FORFN LV HQDEOHG E\ VHWWLQJ 3.&B&75/>6723@

3ROO YDOXH RI 3.&4B&75/>6723@ XQWLO LW KDV WDNHQ RYHU LQWHUQDOO\ WKH Y
EHHQ SURSHUO\ HQDEOHG E\ WKH V\VWHP LPSRUWDQW LI 3.& &75/ DQG 3.& NHUC

,QWHUUXSW RQJRLQJ RSHUDWLRQ YLD 3.&B&75/>5(6(7@

3ROO YDOXH RI 3.&B&75/>5(6(7@ XQWLO LW KDV WDNHQ RYHU LQWHUQDOO\ WKH
PHPRU\ UHTXHVWV KDYH EHHQ FRPSOHWHG DQG 3.& NHUQHO KDV HQWHUHG UHVF
EORFN UXQ DW GLIIHUHQW FORFN VSHHGYV

3HUIRUP VRIW UHVHW YLD 3.&B62)7B567>62)7B567@
&OHDU DQ\ SHQGLQJ DFFHVV HUURUV YLD 3.&B$&&(66B(55B&/5>(55B&/5@

+DQGOLQJ RI 3.&4B&75/>5(6(7@ DQG 3.&B&75/>6723@
7KH 3.& LQWHUQDO UHVHW DQG 6723 IHBWRERAY/ DIJH (F@Q WBEG O+6G FAL@ WEHYV SHFW LY

,(QWHUQBOXB&WEMH5(6 (WNMOLPSOHPHQWHG DV D VIQRKE&EREORRQOWOHWHKWURIRMMKHH FDUHIXO K
FROQWURO EXWBXRQJG/WEKHI@UHTXLUHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7R HQVXWBHE&BRDW>5(6 O@:&B&75/>67E31@&/ ZULWHYV KDYH EHHQ DSSURZB.BINHWBOQGSURSD
RQJRLQJ PHPRU\ DFFHVVHV KDYH VWKHHVRIW@DVUHRMAKRGHOBHESROO WKH PRGLILHG ELW
EDFN IURP WKH 3.&B&75/ UHJLVWHU

7KLY UHTXLUHPHQW. & WIBXGIHWREWK®J IHG LQWHUQDOO\ IURP D GLITHUHQW FORFN VR

WLV LPSRUWDQW WR QRWH WKDW HQDEOLQJ RI WKH 6723 IHDWXUH ZKLOH FKDQJLQJ
ILUVW EH GLVDEOHG EBIKBE&7 & KDHQE MWD W K H

7DEOBEOH OLVWYV ,QYDOLG ZULWHV WR WKH 3.&B&75/ UHJLVWHU PRGLI\LQJ WKH 5(6(7
EH DYRLGHG

7TDEOH ,QYDOLG 3.&B&75/ ZULWHYV

&XUUHQW 6WDWH 8SGDWHG 6WDWH
3.&B&75/>5(6(7@ 3.&B&75/>5(6(7@
3.&4B&75>6723@ 3.&4B&75>6723@
3.&B&75/>5(6(7@ 3.&B&75/>5(6(7@
3.4B&75>6723@ 3.&4B&75>6723@
3.&B&75/>5(6(7@ 3.&B&75/>5(6(7@
3.&4B&75>6723@ 3.&4B&75>6723@

7KH 3.& DOVR HQVXUHV RQJRLQJ FH®RW \DMFKF H\BGEOWMHDW EWW DUH FRPSOHWHG EHIRUH
UHVHW 3.&B&75/>5(6(7@ RU FORFN VWRS 3.&B&75/>6723@ UHTXHVW

HMEHWW L&QRI&75/>5(6(D@J 3.& ZLOO VWRS VHQGLQJ QHZ/UBP® RQIGWH BEGEVT XY MWW VY IDID
ZDLW XQWLO DQ\ RQJRLQJ UHTHKHA/N WDMPREOSOBEWMG+% UHTXHVW KDMOBMHQY DB N (
FRUUHVSRQGLQJ KUHDG\BO

HEHWVLOB&75/>6720@J 3.& ZLOO VWRS VHQGLQJ QHZ 5$D G @WH WIHD FHH DXQH/ WDY. MD XL.Q
RQJRLQJ UHTXHVW KDV FRPSOHWHG
3.& UHJLVWHU GHVFULSWLRQV

3.& PHPRU\ PDS

3.& 3.& EDVH DGGUHVV (B$ K
21IVHW 5HJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ELWYV
K BWDWXV 5HILVWHU 3.&B67$786 5 B K
K &RQWURO 5HJLVWHU 3.&B&75/ 5: B K
K &RQILIXUDWLRQ UHJLVWHU 3.&B&)* 5: B K
K ORGH UHJLVWHU SDUDPHWHU VHW  3.&B02'( 5: B K
K . < SRLQWHU UHJLVWHU SDUDPHWHU VHW| 3.&B;<375 B K
K = 5 SRLQWHU UHJLVWHU SDUDPHWHU VHW 3.&B=5375 B K

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH
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3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ELWV
&K /JHQIJWK UHJLVWHU SDUDPHWHU VHW  3.&B/(1 5: B K
K ORGH UHJLVWHU SDUDPHWHU VHW  3.&B02'( 5: B K
K . < SRLQWHU UHJLVWHU SDUDPHWHU VHW| 3.&B;<375 B K
K = 5 SRLQWHU UHJLVWHU SDUDPHWHU VHW  3.&B=5375 B K
&K /HQJWK UHJLVWHU SDUDPHWHU VHW  3.&B/(1 5: B K
K 8QLYHUVDO SRLQWHU )83 SURJUDP 3.&B8375 5: B K
K 8QLYHUVDO SRLQWHU )83 WDEOH 3.&B83757 5: B K
K 8QLYHUVDO SRLQWHU OHQJWK 3.&B8/(1 5: B K
K 0& SDWWHUQ GDWD LQWHUIDFH 3.&B0&'$7|$ 5: B K
K 3.& YHUVLRQ UHJLVWHU 3.&B9(56,21 5 B % (K
)% K |B6RIWZDUH UHVHW 3.&B62)7B567 B K
)& K | $FFHVV (UURU 3.&B$&&(66B(55 5 B K
)& K | &OHDU $FFHVV (UURU 3.&B$&&(66B(55B&/5 B K
) K ,QWHUUXSW HQDEOH FOHDU 3.&B,17B&/5B|(1$%/( B K
)' &K ,QWHUUXSW HQDEOH VHW 3.&B,17B6(7B(1$%/( B K
)( K ,QWHUUXSW VWDWXV 3.&B,17B67$786 5 B K
)( K ,QWHUUXSW HQDEOH 3.&B,17B(1$%/( 5 B K
)( K ,QWHUUXSW VWDWXV FOHDU 3.&B,17B&/5B67$7886 B K
(&K | ,QWHUUXSW VWDWXV VHW 3.&B,17B6(7B67[$786 B K
))&K | ORGXOH ,' 3.&B02'8/(B," 5 ( B K

6WDWXV 5HIJLVWHU 3.&B67%$786

2I1IVHW

5HIJLVWHU 21IVHW

3.4B67%$786 K

YXQFWLRQ
&RQWDLQV 3.& SULPDU\ VWDWXV LQIRUPDWLRQ
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &

RSURFHVVR

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV |
*2%1 &$55
5 12&.( suvaluy =(52 $&7,¢
5HVHUYHG < <
HG
5HVHW |
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
3DUDPHWHU VHW ORFNHG
12&. (" ,QGLFDWHYV LI SDUDPHWHU VHW LV ORFNHG GXH WR D SHQGLQJ |FDOFXOD
[ E SDUDPHWHU VHW LV ORFNHG
[E SDUDPHWHU VHW LV ORFNHG /2&.('> @ LV VHW LQ FDVH D 3l.& FDOFX
YLD 3.&B&75/>*2'" @ RU 3.&B&75/>*20 @
,Q FDVH RQH RI WKH SDUDPHWHU VHW 6)5V 3.&B02'( 3.&B;<37 3.&B=5
XSGDWHG ZKLOH /2&.('> @ LV VHW D 3.& VHFXULW\ DODUP ZLOO HH WULJJF
/12&.('> @ LV VHW LQ FDVH D 3.& FDOFXODWLRQ LV VWDUWHG ZLWK SDUDP
RU 3.&B&75/>*20 @ ,Q FDVH RQH RI WKH SDUDPHWHU VHW 6)5V 3.&B02'(
3.&B=5375 3.&B/(1 LV XSGDWHG ZKLOH /2&.('> @ LV VHW D 3.& VHFXULW)
3.&4B%$&&(66B(55>&75/@ LV VHW
% LWV DUH QRW VHW IRU D XQLYHUVDO SRLQWHU IHWFK OD\HU 3.& FI
$00 SDUDPHWHU VHW 6)5V FDQ EH XSGDWHG GXULQJ D XQLYHUYDO SRLQ
DQG 3.&B/(1 8SGDWLQJ 3.&B/(1 RU 3.&B/(1 GXULQJ D OD\HU FDOFXODW
3.4B67%$786>*2%1<@ ZLOO WULJJHU D 3.& VHFXULW\ DODUP 3.&B$&&(66B(5
FOHDUHG ZLWK WKH VWDUW RI WKH FDOFXODWLRQ LQ SDUDOOHO ZLWK W
LQ FDVH 3.&B&75/>5(6(7@ LV VHW
127(
7KLV ILHOG LV YRODWLOH
5HVHUYHG
§
&RPELQHG *2 VWDWXYV IODJ
*2$1<

7DEOH FROWLQXHV RQ WKH QH[W SDJH
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

6HW LQ FDVH HLWKHU 3.&B&75/>*2' @ >*2' @ >*20 @

*2$1< LV DOZD\V LQ FDVH 3.&B&75/ 5(6(7 LV VHW

127¢
7KLV ILHOG LV YRODWLOH

>*20 @ RU
*2$1< LQGLFDWHY WKDW D FDOFXODWLRQ KDV EHHQ VWDUWHG D
DOVR DOO 3.&4B67%$786>/2&.('@ ELWYV DUH FOHDUHG WR LQGLFDW,

>*28@ LV
QG WKDW
H WKDW \

=(52

=HUR UHVXOW IODJ

6HW E\ WKH 3.& DW WKH HQG RI D FDOFXODWLRQ LQ FDVH WKH UH

IRU HDFK 3.& FDOFXODWLRQ PRGH H[FHSW IRU 08/ RSFRGH [

127(

$ VHW =(52 10DJ RQO\ LQGLFDWHY WKDW WKH UHVXOW ZULWWHG(Q

WKDW WKHUH LV QR RYHUIORZ L H
=(52 LV VHW WR ORJLF GHIDXOW

&$55< 10ODJ VHW I 3.& LV

127¢
7KLV ILHOG LV YRODWLOH

VXOW RI
DQG 08/

WR 3.& 5%
LQ UHVHW

&$55<

&DUU\ RYHUIORZ 10DJ
6HW E\ WKH 3.& DW WKH HQG RI D FDOFXODWLRQ LQ FDVH

uDQ DGGLWLRQ RU PXOWLSOLFDWLRQ ZLWK DGGLWLRQ RSHUD
VLIQLILFDQW ELW KDV RFFXUUHG

uD VXEWUDFWLRQ RU PXOWLSOLFDWLRQ ZLWK VXEWUDFWLRQ
WZRV FRPSOHPHQW QRWDWLRQ

pD VKLIW RU URWDWH RSHUDWLRQ KDV EHHQ H[HFXWHG PRVW

&$55< 10DJ

ub /6% V RU 06% V RSHUDWLRQ KDV EHHQ H[HFXWHG &$55< LQ

ELWYV
pubD FRPSDUH RSHUDWLRQ KDYH EHHQ H[HFXWHG ZLWK =I<

&$55< LV XSGDWHG IRU HDFK 3.& FDOFXODWLRQ PRGH H[FHSW
RSFRGH [ 7KLYV KROGV DOVR IRU RSHUDWLRQ PRGHV ZKHUH
$1' 25 , /1 3.& LV LQ UHVHW 3.&B&75/ 5(6(7

127¢
7KLV ILHOG LV YRODWLOH

&$55< LV VHW

WLRQ KDV

RSHUDWL

OHDVW \

GLFDWHYV

RU 08/ F

&$55< LV
WR ORJL

$&7,9

3.& $&7,9

$&7,9 VLIQDOV WKDW D FDOFXODWLRQ LV LQ SURJUHVV RU D
LV DXWRPDWLFDOO\ UHVHW WR ORJLF LQ FDVH QR IXUWKHU *2
VWDUWHG E\ VHWWLQJ D *2 ELW GXULQJ D FDOFXODWLRQ $&7,9
3.&4B67%$786>*2%1<@ LV VHW

FRXW WR
ELW LV V
UHPDLQ\

7DEOH FRQWLQXHV RQ WKH QH[W SDJH
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1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

$&7,9 LV DOZD\V LQ FDVH 3.&B&75/B5(6(7 UHJLVWHU LV VHW [KLOH $&7
DOVR LQ XVLQJ WKH 3.& 580 &RQFXUUHQW DFFHVVHV WR 3.& 5%0 YLD WK\
UHGXFH WKH SHUIRUPDQFH RI WKH 3.& FDOFXODWLRQ :ULWH DFFHVVHV !
E\ WKH 3.& SRLQWHU DQG OHQIJWK UHJLVWHUV LV SURKLELWHG |[GXULQJ D
FDOFXODWLRQ UHVXOWYV

127(
7KLV ILHOG LV YRODWLOH

&RQWURO 5HIJLVWHU 3.&B&75/

21IVHW

5HIJLVWHU 21IVHW

3.&B&75/ K

JXQFWLRQ
&RQWUROV SULPDU\ RSHUDWLRQ RI (/6

'LDJUDP
%LWYV | | |
5
5HVHUYHG
5HVHW | | |
%LWV
5
5HVHUYHG 5('08/ Ls&r & 6723 (8¢
(B(1| &/5&| 219 | .p5 |20 |20 |+2: |2 7
$&+(
5HVHW
JLHOGYV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
5HGXFHG PXOWLSOLHU PRGH
5('08/ '"HILQHV WKH RSHUDQG ZLGWK SURFHVVHG E\ WKH 3.& FRSURFHVNVRU 7KLV
ZLGWK L H 5(08/ [ RU [

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

127¢
$OWKRXJK RSHUDQG ZLGWK LV IL[HG WKH IROORZLQJ SRLQWYV
FRGHG OD\HU FDOFXODWLRQ PRGXODU PXOWLSOLFDWLRQ DQG
LQYHUVH RI WKH PRGXOH GHSHQGV RQ WKH 3.& ZRUG VL]H VHW,
VDPH IRU GLIIHUHQW 5('08/ FRQILJXUDWLRQV 7KH RSHUDQG SR
LQGHSHQGHQW IURP WKH 5('08/ VHWWLQJ DV ORQJ DV WKH\ DU
LIQRUHG OHDVW VLJQLILFDQW ELWV RI WKH SRLQWHU DQG OH(
FRQVHTXHQFH DOVR WKH PLQLPXP VXSSRUWHG RSHUDQG OHQ
3.&B/(1>/(1@ DQG ELWV LI 3.&B/(1>0&/(1@ DUH DIIHFWHG E\ 5

E IXOO VL]H PRGH
OHQJWK [

OHDVW VLIJQLILFDQW ELWV RI SRLQV

E SHVHUYHG (UURU *HQHUDWHG LI VHOHFWHG

E ELW PRGH
OHQJIJWK [

OHDVW VLIJQLILFDQW ELWV RI SRLQWHU

E SHVHUYHG (UURU *HQHUDWHG LI VHOHFWHG

HHG WR E
PRGXODU
WLQJ DQG
| QWHUV DC
4 ELW DC
JWK 6)5V
WK LV GHI
(ro8/

HU DQG ¢

DQG OHQ

&$&+(B(1

(QDEOH XQLYHUVDO SRLQWHU FDFKH

I &8&+(B(1 WKH FDFKH IRU WKH XQLYHUVDO SRLQWHU SDUDP}
LV IRXQG LQ WKH FDFKH IURP D SUHYLRXV IHWFK QR '0$ DFFHV
DFFHVVHV IRU WKH SDUDPHWHU IHWFK YDU\ EHWZHHQ DQG

7R IXUWKHU RSWLPL]JH WKH FDFKH XWLOL]DWLRQ QRW XVHG SDU
FRXOG EH GHILQHG HTXDO WR D XVHG RQH H J HTXDO <375 RU
XQLYHUVDO SRLQWHU FDFKH FDQ VWRUH XS WR ELW SDUDPH

,Q FDVH WKH FDFKH LV IXOO WKH HQWU\ WKDW KDV QRW EHHQ X
SDUDPHWHU 7KH FDFKH FDQ EH HQDEOHG DQG GLVDEOHG DW D
SRLOQWHU IHWFK FDOFXODWLRQ

AWHUV LV
V LV WUL

DPHWHUYV
5375 RU
WHU YDO

VHG ORQ
Q\ SRLQW

&I58&$&+(

&OHDU XQLYHUVDO SRLQWHU FDFKH

,QYDOLGDWHY WKH FDFKH VXFK WKDW DOO SUHYLRXVO\ IHWFKH
DJDLQ YLD '0$ DFFHVVHV &/5&%&+( FDQ EH WULJJHUHG DW DQ\ S
SRLQWHU IHWFK FDOFXODWLRQ &/5&%$&+( LV ZULWH RQO\ DQG D

&/5&%$&+( KDV QR LPSDFW LQ FDVH WKH FDFKH LV GLVDEOHG YL
OD\HU FDOFXODWLRQV DUH H[HFXWHG %HVLGH &/5&%&+( WKH H
3.&B&75/>&%$&+(B(1@ RU LQ FDVH RI DQ\ ZULWH DFFHVV WR 3.

127¢
7KLV ILHOG LV YRODWLOH

*) &219

&RQYHUW WR *)

1 *) &219 LV VHW RSHUDWLRQV DUH PDSSHG WR WKHLU *)
LQIOXHQFHV DOO 3.& RSHUDWLRQ PRGHV OD\HU
GXULQJ D UXQQLQJ FDOFXODWLRQ
YLD 3.&B&75/ *2

FDOFXODWLRQ PRGHYV

HT
*) &219 FDQ
+RZHYHU WKH FKDQJH LV RQ

G SDUDP}
RLQW LQ
OZD\V UH

3.&4B&75,
DFKH LV
®B83757

LYDOHQV
EH XSGD
O\ DSSOL

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH
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1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

*28

&RQWURO ELW WR VWDUW SLSH RSHUDWLRQ

1 *28 LV VHW 3.& ZLOO VWDUW WKH SLSH
3.& 8QLYHUVDO 3RLQWHU )HWFK 2SHUDWLRQ
OD\HU

GHVFULEHV KRZ WR VWDUW OD\HU RSHUDWLRQV *28

,W LV RQO\ DOORZHG WR VHW *28 ZKHQ 3.&B67$786>*2%$1<@ DQG
3.&B8/(1!
LV WULJJHUHG 3.&B$&&(66B(55>&75/@ RU 3.&B$&&(66B(55>$+% @

$Q DODUP LV DOVR WULJJHUHG LQ FDVH PRUH WKDQ RQH *2 ELW
3.&4B$&&(66B(55>&75/@ LV VHW

127¢
7KLV ILHOG LV YRODWLOH

OD\HU RSHUDWLRQ S
6HFWLRQ 2SHUD

DQG 3.&B8375 7 SRLQW WR YDOLG DGGUHVVHV GHILQ

DUDPHWEFE
WLQJ WK
LV D ZUL!

3.&4B&75/
HG E\ 00¢
LV VHW

LV VHW

*20

&RQWURO ELW WR VWDUW 0& SDWWHUQ XVLQJ SDUDPHWHU VHW

I *20 LV VHW 3.& ZLOO VWDUW D 0& SDWWHUQ
3.&B;<375 3.&B=5375 3.&B/(1 /BHRWLR@GHUDWLQJ 3.& WKURXJ
/ GHVFULEHV KRZ WR VWDUW OD\HU RSHUDWLRQV *20 LV D Z

OD\HU RSHUDWLRQ XVL

PLFUR F
ULWH RQ

,W LV RQO\ DOORZHG WR VHW *20 ZKHQ 3.&B67%$786>*2%$1<@ DQG 3.&B&75

2WKHUZLVH D VHFXULW\ DODUP LV WULJJHUHG 3.&B$&&(66B (553
FDVH PRUH WKDQ RQH *2 ELW LV VHW IRU WKH 3.&B&75/ 6)5 ZULW,

127¢
7KLV ILHOG LV YRODWLOH

&75/@ LV
H DFFHVYV

*20

&RQWURO ELW WR VWDUW 0& SDWWHUQ XVLQJ SDUDPHWHU VHW

I *20 LV VHW 3.& ZLOO VWDUW D 0& SDWWHUQ
3.&B;<375 3.&B=5375 3.&B/(1 6HFWLRQ 2SHUDWLQJ WKH 3.&
OD\HU GHVFULEHV KRZ WR VWDUW OD\HU RSHUDWLRQV

*20 LV D ZULWH RQO\ ELW DQG DOZD\V UHDG LW LV RQO\ DO
DQG 3.&B&75/>5(6(7@ DUH FOHDUHG 2WKHUZLVH D VHFXULW\ DO
LV VHW $Q DODUP LV DOVR WULJJHUHG LQ FDVH PRUH WKDQ R(
3.4B$&&(66B(55>&75/@ LV VHW

127¢
7KLV ILHOG LV YRODWLOH

OD\HU RSHUDWLRQ XVL

YLD WKH

RZHG WR
DUP LV W
H*2 ELW

*2'

&RQWURO ELW WR VWDUW GLUHFW RSHUDWLRQ XVLQJ SDUDPHW

0 *2" LV VHW 3.& ZLOO VWDUW D GLUHFW OD\HU RSHUDWLRQ X
3.&4B=5375 3.&B/(1 6HFWLRQ 2SHUDWLQJ WKH 3.& YLD WKH 31
GHVFULEHV KRZ WR VWDUW OD\HU RSHUDWLRQV *2' LV D ZULW

,W LV RQO\ DOORZHG WR VHW *2' ZKHQ 3.&B67%$786 *2%$1< DQG 3
2WKHUZLVH D VHFXULW\ DODUP LV WULJJHUHG 3.&B$&&(66B(55>
LQ FDVH PRUH WKDQ RQH *2 ELW LV VHW IRU WKH 3.&B&75/ 6)5 Z
LV VHW

HU VHW

LQJ SDUI
DUDPHWH!
H RQO\ E

&B&75/ 5
R75/@ LV
ULWH DF

7DEOH FRQWLQXHV RQ WKH QH[W SDJH
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3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

127¢
7KLV ILHOG LV YRODWLOH

*2'

&RQWURO ELW WR VWDUW GLUHFW RSHUDWLRQ XVLQJ SDUDPHW

0 *2'" LV VHW 3.& ZLOO VWDUW D GLUHFW OD\HU RSHUDWLRQ
3.&B;<375 3.&B=5375 3.&B/(1 6HFWLRQ 2SHUDWLQJ WKH 3.&
OD\HU GHVFULEHV KRZ WR VWDUW OD\HU RSHUDWLRQV *2'

,W LV RQO\ DOORZHG WR VHW *2' ZKHQ 3.&B67%$786>*2%$1<@ DQG
2WKHUZLVH D VHFXULW\ DODUP LV WULJJHUHG 3.&B$&&(66B (553
FDVH PRUH WKDQ RQH *2 ELW LV VHW IRU WKH 3.&B&75/ 6)5 ZULW,

127¢
7KLV ILHOG LV YRODWLOH

HU VHW

XVLQJ SC
YLD WKH
LV D ZUL

3.&B&75/
&75/@ LV
H DFFHVYV

6723

JUHH]H 3.& FDOFXODWLRQ

6723 I[UHH]JHY DOO 3.& DFWLYLW\ LQFO 5%0 DFFHVVHY DQG UHC(
PLQLPXP 7KH GLITHUHQFH FRPSDUHG WR WKH UHVHW RI WKH 3.
ZKHQ 6723 LV UHOHDVHG UHVHW WR DIJDLQ 7KH VWDWXYV |0

127¢
:KHQ ZULWLQJ D QHZ YDOXH WR WKH 6723 IODJ RQH VKRXOG SR
LV UHDG EDFN WR HQVXUH WKH FKDQJH KDV EHHQ WDNHQ RYHU

127¢
7KLV ILHOG LV YRODWLOH

5 XFHV WK
k LV WKD\
DJV DUH

DO LW DIW|
SURSHUO

5(6(7

3.4 UHVHW FRQWURO ELW

5(6(7 HQIRUFHV WKH 3.& V UHVHW VWDWH GXULQJ ZKLFK D FDQC
RQJRLQJ FDOFXODWLRQ SURFHVV LV VWRSSHG 5(6(7 FDQ EH VH
3.4 UHVHW DQG FDOFXODWLRQ HQDEOH 5(6(7 LV WKH GHIDXOV
3.4 DFWLYLW\ DQG DFFRUGLQJO\ DOVR SURYLGHV LWV SRZHU VI
VWDWXV IODJV 3.&B67$786 &$55< DQG 3.&4B67%$786>=(52@ DUH FO
EH HYDOXDWHG EHIRUH 5(6(7 LV VHW

7KH VWDWXV ELWV 3.&8B67%$786>*2%$1<@ DQG 3.&B67%$786>/2&.('@
LV VHW 5(6(7 GRHVY QRW KDYH DQ LPSDFW RQ WKH FRQWHQW RI
XQLYHUVDO SRLQWHU 6)5V FDQ EH UHDG DQG ZULWWHQ DOVR ZK
HQDEOH WKH 3.& EHIRUH LW FDQ VWDUW D FDOFXODWLRQ YLD R
D FDOFXODWLRQ YLD D *2 ELW ZKLOH 5(6(7 ZLOO WULJJHU D 3.
LV VHW

7KH 3.& FRQILIJXUDWLRQ VHWWLQJ LQ 3.&B&)* FDQ RQO\ EH XSG
3.&4B&)* ZKLOH 5(6(7 ZLOO WULJJHU D 3.& VHFXULW\ DODUP 3.4

127¢
‘KHQ ZULWLQJ D QHZ YDOXH WR WKH 5(6(7 I0ODJ RQH VKRXOG SR
LV UHDG EDFN WR HQVXUH WKH FKDQJH KDV EHHQ WDNHQ RYHU

FXODWLR
W FOHDUL
vV VWDWH
YLQJ VW|
HDUHG ||

DUH UHVF
DQ\ RWK
LOH 5(6(:
QH RI WK
& VHFXUL

DWHG ZKL
. B$&&(66E

DO LW DIWH
SURSHUO

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH
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7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

127¢
7KLV ILHOG LV YRODWLOH

&RQILIXUDWLRQ UHJLVWHU 3.&B&)*

211IVHW

5HIJLVWHU 21IVHW

3.&B&)* K

JXQFWLRQ
&RQILIXUDWLRQ UHJLVWHU

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5 EHVHUYHG )08/ | $/31| 6%;1 61 < 5('0 | &/.5 sys | 598 (2
12, | 2,6(| 2.6¢ 8/1 1 3
EHVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
1RLVH IHDWXUH QRW DYDLODEOH LQ WKLY YHUVLRQ 10DJ LV GRQ W FDU'L
)08/12,6(
1RLVH IHDWXUH QRW DYDLODEOH LQ WKLY YHUVLRQ I10ODJ LV GRQ W FDUL
$/312,6(
1RLVH IHDWXUH QRW DYDLODEOH LQ WKLY YHUVLRQ 10DJ LV GRQ W FDU'L
6%;12,6(

7DEOH FROWLQXHV RQ WKH QH[W SDJH
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7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

3XEOLF .H\ &U\SWR &RSURFHVVR

IQDJ LV GR!

J)LHOG | )XQFWLRQ
5DQGRP GHOD\ IHDWXUH QRW DYDLODEOH LQ WKLV YHUVLRQ
51''/<
1RLVH LQ UHGXFHG PXOWLSOLHU PRGH IHDWXUH QRW DYDLODEOH LQ WK
5('08/12,6
(
&ORFN UDQGRPL]DWLRQ IHDWXUH QRW DYDLODEOH LQ WKLV YHUVLRQ 10
&/.51"
5)8
5)8
5)8
5)8
,GOH RSHUDWLRQ IHDWXUH QRW DYDLODEOH LQ WKLV YHUVLRQ| IODJ LV
'1(23
ORGH UHJLVWHU SDUDPHWHU VHW 3.&B02'(
21IVHW
5HIJLVWHU 21IVHW
3.&B02'( K
)XQFWLRQ
ORGH UHJLVWHU SDUDPHWHU VHW
'LDJUDP
% LWV
5
S5HVHUYHG
5HVHW
% LWV
5
5HVHUYHG 02'(
5HVHW

0&; $

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

JLHOGYV
J)LHOG | )XQFWLRQ
5HVHUYHG
§
&DOFXODWLRQ ORGH 0& 6WDUW DGGUHVV
02'( &DOFXODWLRQ PRGH RI GLUHFW FDOFXODWLRQ OD\HU DUH OLVWHG LQ
,Q FDVH RI D QRW VXSSRUWHG FDOFXODWLRQ PRGH IRU OD\HHU FDOF X
3.&B$&&(66B(55>3.48&@ LV VHW 0& VWDUW DGGUHVVHV IRU KDUG FRGHG
LQ 6HFWLRQ )L[HG /D\HU 0& 3DWWHUQV 7KH VWDUW DGGUHVV IRU WKt
FXVWRPL]JHG 0& FRGH SUHYLRXVO\ VWRUHG XVLQJ 6)5 3.&B0&'$7/$ GDWD
127(
7KLV ,3 YHUVLRQ GRHV QRW VXSSRUW IOH[LEOH 0& SDWWHUQV| RQO\ KDU
6)5 3.&4B0&'$7%$ ZLOO WULJIJHU DQ HUURU
127(
7KLV ILHOG LV YRODWLOH
i < SRLQWHU UHJLVWHU SDUDPHWHU VHW 3.&B:;<375
21IVHW
5HILVWHU 21IVHW
3.&B:<375 K
YXQFWLRQ

; < SRLQWHU UHJLVWHU SDUDPHWHU VHW

'LDJUDP
% LWV
5
<375
5HVHW
%LWV
5
375
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

5/>5('08/@

JLHOGV
JLHOG | )XQFWLRQ
6WDUW DGGUHVV RI < RSHUDQG LQ 3.&5%$0 ZLWK E\WH JUDQXODULW\
<375 /HDVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQJ RQ 3.&B&7
LJQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5$0 VL]H
6WDUW DGGUHVV RI ; RSHUDQG LQ 3.&5$%$0 ZLWK E\WH JUDQXODULW\
1375 /HDVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQJ RQ 3.&B&7

LIQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%0 VL]H

5/>5('08/@

=5 SRLQWHU UHJLVWHU SDUDPHWHU VHW 3.&B=5375

2I1IVHW

5HIJLVWHU

21IVHW

3.&B=5375

K

YXQFWLRQ

=5 SRLQWHU UHJLVWHU SDUDPHWHU VHW

W
5/>5('08/@

‘LDJUDP
%LWV
5
5375
5HVHW
% LWV
5
=375
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
BWDUW DGGUHVV RI 5 UHVXOW LQ 3.&5$0 ZLWK E\WH JUDQXODUL
5375 /HDVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQJ RQ 3.&B&7
LJIQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5$0 VL]H
BWDUW DGGUHVV RI = RSHUDQG LQ 3.&5$0 ZLWK E\WH JUDQXOD L
375 XVLQJ &2167

LW\ RU F

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
,1 =375 LV XVHG DV DGGUHVV SRLQWHU WKH OHDVW VLJQLILFDQW ELWV DU
VHWWLQJ ORVW VLJQLILFDQW ELWV DUH LIQRUHG GHSHQGLQJ RQ DYDLOI
RSHUDQG WKH KLJK E\WH LV LJQRUHG DQG RQO\ =375> @ LV XYHG IRU W
IXUWKHU PRVW VLJQLILFDQW ELWV DUH LIQRUHG GHSHQGLQJ R 3.&B&75
/[HQIWK UHJLVWHU SDUDPHWHU VHW 3.&B/(1
21IVHW
5HIJLVWHU 21IVHW
3.&B/(1 &K
YXQFWLRQ
/HQJWK UHJLVWHU SDUDPHWHU VHW
'LDJUDP
%LWV
5
0&/(1
S5HVHW
%LWV
5
/(1
5HVHW
JLHOGV
)LHOG | ) XQFWLRQ
/RRS FRXQWHU IRU PLFURFRGH SDWWHUQ
0&/(1 '"HILQHV WKH OHQJWK RI WKH ORRS FRXQWHU WKDW FDQ EH XVHG LQ OD\I
'"HFU7%1= )RU WKH KDUG FRGHG 0& SDWWHUQV ORGXODU 0OXOWLSOLFDWL
OXOWLSOLFDWLRQ [ 30DLQ OXOWLSOLFDWLRQ ZLWK $GGLWLRQ [ ' D
GHILQHV WKH OHQJWK RI WKH ; RSHUDQG LQ E\WHYV
7KH OHDVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQJ RQ 3.&B&75/>5(
ELWV DUH LJQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%$0 VL]H ,Q|FDVH 0&/
'"HFU7%1= 0& RSFRGH LV H[HFXWHG RQ D JHUR ORRS FRXQWHU YDOXH D 3.

3.4B$&&(66B(55>3.&8&@ LV VHW

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

/(1

2SHUDQG OHQJWK

'"HILQHVY WKH OHQJWK RI WKH RSHUDQGY DQG WKH UHVXOW LQ E
WKH VHOHFWHG FDOFXODWLRQ PRGH

7KH OHDVW VLJQLILFDQW ELWYV DUH LIQRUHG GHSHQGLQJ RQ 3.
ELWV DUH LJQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%$0 VL]H ,Q

WHV 7KH

& B&75/>5
FDVH /(1

UHVXOWLQJ OHQJWK GHSHQGLQJ RQ 3.&B&75/>5('08/@ LV JHUR DO 3.& VHFX

3.8B$&&(66B(55>3.&8&@ LV VHW

ORGH UHJLVWHU SDUDPHWHU VHW 3.&B02"'(

2I1IVHW

5HIJLVWHU

21IVHW

3.84B02'(

K

YXQFWLRQ

ORGH UHJLVWHU SDUDPHWHU VHW

‘LDJUDP
% LWV
5
5HVHUYHG
5HVHW
% LWV
5
5HVHUYHG 02'(
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
&DOFXODWLRQ ORGH 0& BWDUW DGGUHVV
02'( &DOFXODWLRQ PRGH RI GLUHFW FDOFXODWLRQ OD\HU DUH OL

,Q FDVH RI D QRW VXSSRUWHG FDOFXODWLRQ PRGH IRU OD\}

VWHG LQ
HU FDOFX

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

3.&4B$&&(66B(55>3.&&@ LV VHW 0& VWDUW DGGUHVVHV IRU KDUG FRGHG

LQ 6HFWLRQ )L[HG /D\HU 0& 3IDWWHUQV 7KH VWDUW DGGUHYV

vV IRU WKF

FXVWRPL]HG 0& FRGH SUHYLRXVO\ VWRUHG XVLQJ 6)5 3.&4B0&'$7$ GDWD

127(
7KLV ,3 YHUVLRQ GRHV QRW VXSSRUW IOH[LEOH 0& SDWWHUQYV
6)5 3.&B0&'$7$ ZLOO WULJJHU DQ HUURU

RQO\ KDU

; < SRLQWHU UHJLVWHU SDUDPHWHU VHW 3.&B;<375

21IVHW

5HIJLVWHU

21IVHW

3.&B;<375

K

YXQFWLRQ

; < SRLQWHU UHJLVWHU SDUDPHWHU VHW

‘'LDJUDP

%LWV

5

<375

SHVHW

%LWV

S5HVHW

JLHOGV

)LHOG

)XQFWLRQ

<375

6WDUW DGGUHVYV RI < RSHUDQG LQ 3.&5%$0 ZLWK E\WH JUDQXOD\

/HDVW VLJQLILFDQW ELWY DUH LJIQRUHG GHSHQGLQJ RQ 3.&B&7
LIQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%$0 VL]H

LW\
5/>5('08/@

;375

6WDUW DGGUHVV RI ; RSHUDQG LQ 3.&5%0 ZLWK E\WH JUDQXODU

/HDVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQJ RQ 3.&B&7
LJQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5$0 VL]H

LW\
5/>5('08/@

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR
=5 SRLQWHU UHJLVWHU SDUDPHWHU VHW 3.&4B=5375

2I1IVHW

5HIJLVWHU 21IVHW

3.&4B=5375 K

JXQFWLRQ
=5 SRLQWHU UHJLVWHU SDUDPHWHU VHW

‘'LDJUDP

LWV

5
5375

SHVHW

% LWV

5
=375

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

6WDUW DGGUHVV RI 5 UHVXOW LQ 3.&5%$0 ZLWK E\WH JUDQXODULULW\

5375 /HDVW VLJQLILFDQW ELWYV DUH LIJIQRUHG GHSHQGLQJ RQ 3.&B&7p/>5('08/@
LIQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%0 VL]H

6WDUW DGGUHVV RI = RSHUDQG LQ 3.&5%$0 ZLWK E\WH JUDQXODUYLW\ RU F

-375 XVLQJ &2167

,1 =375 LV XVHG DV DGGUHVV SRLQWHU WKH OHDVW VLJQLILFDQW ELWV DU
VHWWLQJ ORVW VLJQLILFDQW ELWV DUH LIQRUHG GHSHQGLQJ RQ DYDLOI
RSHUDQG WKH KLJK E\WH LV LJQRUHG DQG RQO\ ELWV RI =37p DUH XV
RSHUDWLRQ IXUWKHU PRVW VLJQLILFDQW ELWV DUH LJQRUHG GHSHQGLQ

/HQIWK UHJLVWHU SDUDPHWHU VHW 3.&B/(1

21IVHW
5HIJLVWHU 21IVHW
3.&B/(1 &K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

JXQFWLRQ
/HQIWK UHJLVWHU SDUDPHWHU VHW

'‘LDJUDP

%LWV

5
0&/(1

5HVHW

% LWV

SHVHW

JLHOGV

JLHOG | )XQFWLRQ

/IRRS FRXQWHU IRU PLFURFRGH SDWWHUQ

0&/(1 0&/(1 GHILQHV WKH OHQJWK RI WKH ORRS FRXQWHU WKDW FDQ EH XVHG I
RSFRGH '"HFU7%1= )RU WKH KDUG FRGHG 0& SDWWHUQV ORGXODU OXOWL!

7KH OHDVW VLJQLILFDQW ELWYV DUH LIJIQRUHG GHSHQGLQJ RQ 3.&8B&75/>5(
ELWV DUH LIJIQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%0 VL]H ,Q|FDVH 0&/
'HFU7% 1= 0& RSFRGH LV HIHFXWHG RQ D JHUR ORRS FRXQWHU YDOXH D 3
3.4B$&&(66B(55>3.&8&@ LV VHW

2SHUDQG OHQJWK

/(1 /(1 GHILQHV WKH OHQJWK Rl WKH RSHUDQGY DQG WKH UHVXOW L|Q E\WHV
RQ WKH VHOHFWHG FDOFXODWLRQ PRGH

7KH OHDVW VLJQLILFDQW ELWV DUH LIJIQRUHG GHSHQGLQJ RQ 3.&8B&75/>5(
ELWV DUH LJQRUHG GHSHQGLQJ RQ DYDLODEOH 3.&5%$0 VL]H ,Q(FDVH /(1

UHVXOWLQJ OHQJWK GHSHQGLQJ RQ 3.&B&75/>5('08/@ LV JHUR DO 3.& VHFX
3.8B$&&(66B(55>3.&8&@ LV VHW

8QLYHUVDO SRLQWHU )83 SURJUDP 3.&B8375

2I1IVHW

5HIJLVWHU 21IVHW

3.&4B8375 K

YXQFWLRQ
8QLYHUVDO SRLQWHU )83 SURJUDP

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

‘LDJUDP
% LWV
5
375
5HVHW
% LWV
5
375
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

SRLQWHU WR VWDUW DGGUHVYV RI 3.& )83 SURJUDP

375 3.&4B8375 QHHGV WR EH GHILQHG EHIRUH VWDUWLQJ D XQLYHUVDO SRLQW
3.&4B&75/>*28@ 7KH SRLQWHU DGGUHVV QHHGVY WR EH YDOLG DQG WKH P
QHHGV WR EH HQDEOHG IRU 3.& DFFHVV E\ WKH VA\VWHP 2WKHUEZLVH D VFI
3.&4B$&&(66B(55>%$+%@ LV VHW

73.&B8375 PXVW QRW EH XSGDWHG GXULQJ D UXQQLQJ OD\HU FOQOOFXODWL
8SGDWH RI WKLV 6)5 GXULQJ D XQLYHUVDO SRLQWHU IHWFK FDOFXODWLR(
VHEXULW\ DODUPV 3.&B8375 LV XSGDWHG E\ +: GXULQJ D OD\HU| FDOFXOL
SURFHVVHG )83 SURJUDP HQWU\ 7KH OHDVW VLJQLILFDQW ELW |[RI 3.&B83
WR EH VWRUHG DW HYHQ DGGUHVVHYV

127¢
$IWHU PRGLI\LQJ WKH )83 SURJUDP LW LV UHFRPPHQGHG WR X4GDWH WKF
YLD DQ 6)5 ZULWH DFFHVV SULRU WR VWDUWLQJ D QHZ OD\HU| FDOFXOD
FRGH IHWFK EXIIHU

127¢
7KLV ILHOG LV YRODWLOH

8QLYHUVDO SRLQWHU )83 WDEOH 3.&B83757

2I1IVHW

5HIJLVWHU 21IVHW

3.&B83757 K

)XQFWLRQ
8QLYHUVDO SRLQWHU )83 WDEOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

‘LDJUDP
% LWV
5
375
5HVHW
% LWV
5
375
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

SRLQWHU WR VWDUW DGGUHVV RI 3.& )83 WDEOH

375 3.&4B83757 QHHGV WR EH GHILQHG EHIRUH VWDUWLQJ D XQLYHUYDO SRLQ
3.&4B&75/>*28@ 7KH SRLQWHU DGGUHVV QHHGVY WR EH YDOLG DQG WKH P
QHHGV WR EH HQDEOHG IRU 3.& DFFHVV E\ WKH VA\VWHP 2WKHUEZLVH D VFI
3.&4B$&&(66B(55>%$+%@ LV VHW

3.&B83757 PXVW QRW EH XSGDWHG GXULQJ D UXQQLQJ OD\HU FDOFXODW
8SGDWH RI WKLV 6)5 GXULQJ D XQLYHUVDO SRLQWHU IHWFK FDOFXODWLR(
VHEXULW\ DODUPV 3.&B83757 LV QRW XSGDWHG E\ +: GXULQJ D |[OD\HU FIL
3.&4B83757 LV LIJQRUHG DV WKH )83 WDEOH KDV WR EH VWRUHG DW HYHQ |
3.&4B83757 WULJIJHUV WKH LQYDOLGDWLRQ RI WKH XQLYHUVDO SRLQWHU |

127¢
$IWHU PRGLI\LQJ WKH )83 WDEOH LW LV UHFRPPHQGHG WR LQYPOLGDWH \
LI LW LV HQDEOHG SULRU WR VWDUWLQJ D QHZ OD\HU FDOFXODWLRQ

8QLYHUVDO SRLQWHU OHQJWK 3.&B8/(1

2I1IVHW

5HIJLVWHU 21IVHW

3.&B8/(1 K

JXQFWLRQ
8QLYHUVDO SRLQWHU OHQJWK

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &

RSURFHVVR

‘LDJUDP
%LWV
5
5HVHUYHG
S5HVHW
%LWV
5
5HVHUYHG /(1
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§

/(1

/HQIJIWK RI XQLYHUVDO SRLQWHU FDOFXODWLRQ

3.&B8/(1 GHILQHV KRZ PDQ\ )83 SURJUDP HQWULHV VKDOO EH SU

YLD 3.&B&75/>*28@ 7KH )83 SURJUDP HQWULHV LQFOXGH OD\HU
HQWULHV IRU )83 SURJUDP LQWHJULW\ SURWHFWLRQ

RFHVVHG
FDOFXO|

3.&4B8/(1 PXVW QRW EH XSGDWHG GXULQJ D UXQQLQJ OD\HU FDOFXODWLF

8SGDWH RI WKLV 6)5 GXULQJ D XQLYHUVDO SRLQWHU IHWFK FDO
VHFXULW\ DODUPV 6WDUWLQJ D XQLYHUVDO SRLQWHU IHWFK F
JHUR WULJJHUV D VHFXULW\ DODUP 3.&B$&&(66B(55>&75/@ LV V

OD\HU FDOFXODWLRQ UHVS GHFUHPHQWHG IRU HDFK SURFHVV

GHFUHPHQWHG WR JHUR 3.&B67%786>*2%$1<@ LV FOHDUHG WR LQ

WKH 3.& KDV ILQDOL]HG LWV ODVW SLSH FDOFXODWLRQ 3.&B67$%

3.&B,17B67%$786>,17B3'21(@ LV VHW

127(
7KLV ILHOG LV YRODWLOH

“EXODWLR
DOFXODW
HW 3.&B
HG )83 SU
GLFDWH V
786>$&7,¢

0& SDWWHUQ GDWD LQWHUIDFH 3.&B0&'$7$%

21IVHW

5HIJLVWHU

21IVHW

3.&4B0&'$7$%$

K

YXQFWLRQ

0& SDWWHUQ GDWD LQWHUIDFH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

‘LDJUDP
% LWV
5
0&'$79%
5HVHW
% LWV
5
0&'$7$%$
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

OLFURFRGH UHDG ZULWH GDWD

0&'$7% 7KLV ,3 YHUVLRQ GRHV QRW VXSSRUW IOH[LEOH 0& SDWWHUQV [RQO\ KDU
3.&4B0&'$7$ WULJIJHUV D VHFXULW\ DODUP 3.&B$&&(66B(55>&75/@ LV VHW

127(
:KHQ WU\LQJ WR UHDG IURP 3.&B0&'$7$ D GDWD YDOXH RI LV UHWXUQHG
3.&B0&'$7% LQFUHPHQWY WKH 3.&B02'( 6)5 E\

127¢
7KLV ILHOG LV YRODWLOH

3.& YHUVLRQ UHJLVWHU 3.&B9(56,21

211VHW

SHIJLVWHU 21IVHW

3.&4B9(56,21 K

YXQFWLRQ
3.& YHUVLRQ UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ & U\SWR &RSURFHVVR

'LDJUDP
% LWV
5 0&5(&21)B6,=(
5HVHUYHG
5HVHW
% LWV
6%; ${6%: 5 6% 3 6%; 3 *) $ | 83&%| 83%39[ 0&%$9
5 0&5(&21)B6,=( 3$5%$0180 08/6,=(
9% 9% 9% 9% 9%,/ | &+( $,/ $,/
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
6L]H RI UHFRQILIJXUDEOH 0& WDEOH LQ E\WHV
0&5(&21)B6,
=(
6%; RSHUDWLRQ LV DYDLODEOH
6%; $9%,/
6%; RSHUDWLRQ LV DYDLODEOH
6%; $93%,/
6%; RSHUDWLRQ LV DYDLODEOH
6%; $9%,/
6%; RSHUDWLRQ LV DYDLODEOH
6%; $93%,/
1XPEHU RI SDUDPHWHU VHWYV IRU UHDO FDOFXODWLRQ
3$5%$0180
* FDOFXODWLRQ PRGHV DUH DYDLODEOH
*) $9%,/
83 FDFKH LV DYDLODEOH
83&3%&+($9%,
/

7DEOH FROWLQXHV RQ WKH QH[W SDJH
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1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

83 IHDWXUH OD\HU FDOFXODWLRQ LV DYDLODEOH

83%9%,/

0& IHDWXUH OD\HU FDOFXODWLRQ LV DYDLODEOH
0&%9%,/

IDWLYH PXOWLSOLHU VL]H DQG RSHUDQG JUDQXODULW\
08/6,=( E OS5HVHUYHG

E ELW PXOWLSOLHU
E OS5HVHUYHG

6RIWZDUH UHVHW 3.&B62)7B567

2I1IVHW

5HIJLVWHU 21IVHW

3.&B62)7B567 )% K

YXQFWLRQ
6RIWZDUH UHVHW

‘LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5

5HVHUYHG 62)7H
567

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

:ULWH WR UHVHW PRGXOH KDV QR HIITHFW $00 UXQQLQJ DQ|G SHQGLC
62)7B567 6)5V DUH UHVHW H[FHSW 3.&B$&&(66B(55

127(
7KLV ILHOG LV YRODWLOH

$FFHVV (UURU 3.&B%$&&(66B(55

2I1IVHW

5HIJLVWHU 21IVHW

3.4B$&&(66B(55|)& K

YXQFWLRQ
$FFHVV (UURU

'LDJUDP

LWV

5 8&5&| &75/| )'(7 3.&&
5HVHUYHG

S5HVHW

% LWV

$3%E
$3%B|L

5 $+% $3%B0$67(5 5%

5HVHUYHG 5HVHUYHG 5HVHUYHG 27

S5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

(UURU LQ OD\HU &5& FKHFN

8&5& 127

7KLV ILHOG LV YRODWLOH

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ
(UURU LQ 3.& VRIWZDUH FRQWURO
&75/ 127¢
7KLV ILHOG LV YRODWLOH
(UURU GXH WR HUURU GHWHFWLRQ FLUFXLWU\
) (7 127(
7KLV ILHOG LV YRODWLOH
(UURU LQ 3.& FRSURFHVVRU NHUQHO
3.&8& 127(
7KLV ILHOG LV YRODWLOH
5HVHUYHG
§
$+% (UURU
$+% ,QYDOLG $+% DFFHVV /D\HU 2QO\
127¢
7KLV ILHOG LV YRODWLOH
SHVHUYHG
8§

$3%B0$67

$3% ODVWHU WKDW WULJJHUHG ILUVW $3% HUURU $3%B:5*0' RU

5 127
7KLV ELW ILHOG DOZD\V UHDGYV

127(
7KLV ILHOG LV YRODWLOH

S5HVHUYHG

$3%B:5*0"

$3% (UURU
:URQJ DFFHVV PRGH

127(
7KLV ILHOG LV YRODWLOH

$3% (UURU

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

$3%B127!

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

$3%B127$BGGUHVV QRW DYDLODEOH

127(
7KLV ILHOG LV YRODWLOH

&OHDU $FFHVV (UURU 3.&B%$&&(66B(55B&/5

21IVHW

5HILVWHU 21IVHW
3.&B$&&(66B(55BRI K

5

YXQFWLRQ

&OHDU $FFHVV (UURU

‘LDJUDP
%LWV
5
5HVHUYHG
5HVHW
%LWV
5
5HVHUYHG (55B
&/5
5HVHW
JLHOGV

JLHOG | ) XQFWLRQ

S5HVHUYHG

:ULWH WR UHVHW 3.&B$&&(66B(55 6)5

(55B&/5 127

7KLV ILHOG LV YRODWLOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR
,QWHUUXSW HQDEOH FOHDU 3.&B,17B&/5B(1$%/(

2I1IVHW

5HIJLVWHU 21IVHW

3.&B,17B&/5B(1§%" (K

YXQFWLRQ
,QWHUUXSW HQDEOH FOHDU

‘LDJUDP
% LWV

5

5HVHUYHG

S5HVHW
% LWV

5

5HVHUYHG (1B3"
21(

5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

5HVHUYHG
§
‘ULWH WR FOHDU 3'21( LQWHUUXSW HQDEOH IODJ 3.&B,17B(1$%|(>(1B3'21
(1B3'21( 127¢
7KLV ILHOG LV YRODWLOH
,QWHUUXSW HQDEOH VHW 3.&B,17B6(7B(1$%/(

21IVHW
5HILVWHU 211VHW

3.&B,17B6(7B(1$%7&K

YXQFWLRQ
,QWHUUXSW HQDEOH VHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

'LDJUDP
%LWV

5

5HVHUYHG

5HVHW
%LWV

5

5HVHUYHG (1B3"
21(

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG
§
:ULWH WR VHW 3'21( LQWHUUXSW HQDEOH IODJ 3.&B,17B(1$%/(>(1B3'21(@
(1B3'21( 127
7KLV ILHOG LV YRODWLOH
,QWHUUXSW VWDWXV 3.&B,17B67%$786

21IVHW
5HIJLVWHU 21IVHW

3.&B,17B67$786 |)( K

JXQFWLRQ
,(QWHUUXSW VWDWXV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

'LDJUDP
%LWV

5

5HVHUYHG
5HVHW
%LWV
17B
5 v
5HVHUYHG 2

5HVHW
JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

(QG RI FRPSXWDWLRQ VWDWXYV 10DJ

,17B3'21(|,17B3'21( LV VHW DIWHU ($&+ VLQJOH 3.& OD\HU RU OD\HU FDOFXODWLR
FDOFXODWLRQ OD\HU ,17B3'21( LV VHW DW WKH HQG RI WKH S|LSH FDOF
GHFUHPHQWHG WR JHUR DQG WKH ILQDO 3.& FDOFXODWLRQ KDV|FRPSOHYV

,17B3'21( LV VHW LQGHSHQGHQWO\ IURP WKH LQWHUUXSW HQDE|OH 3.&B,1
3.&B,17B(1$%/(>(1B3'21(@ DQ LQWHUUXSW WRZDUGV WKH &38 LUV WULJJH
OHYHO WULJJHUHG ,17B3'21( LV QRW FOHDUHG E\ 3.& KDUGZDUWH EXW KI
FDVH RI D UHVHW FKLS EORFN UHVHW 3.&B62)7B567 3.& VHFXULW\ DODL

127¢
7KLV ILHOG LV YRODWLOH

,QWHUUXSW HQDEOH 3.&B,17B(1$%/(

21IVHW

S5HIJLVWHU 21IVHW

3.&B,17B(1$%/( |)( K

JXQFWLRQ
,QWHUUXSW HQDEOH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

. (183"

5HVHUYHG 21(

5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

S5HVHUYHG

3'21( LQWHUUXSW HQDEOH 10DJ

(1B3'21( |, (1B3'21( DQ LQWHUUXSW LV WULJJHUHG HYHU\ WLPH 3.&B,178B67%786>,
LOWHUUXSW JHQHUDWLRQ LV VXSSUHVVHG

127(
7KLV ILHOG LV YRODWLOH

,QWHUUXSW VWDWXV FOHDU 3.&B,17B&/5B67%$786

21IVHW

5HIJLVWHU 21IVHW

3.4B,17B&/5B67$F6&

YXQFWLRQ
L QWHUUXSW VWDWXV FOHDU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

'LDJUDP
%LWV

5

5HVHUYHG

5HVHW
%LWV

5

5HVHUYHG 17B
‘2

5HVHW
JLHOGYV

JLHOG | )XQFWLRQ

5HVHUYHG
§
:ULWH WR FOHDU (QG RI FRPSXWDWLRQ VWDWXV IODJ 3.&B,17Bp7$786>,1
,17B3'21( 127
7KLV ILHOG LV YRODWLOH
,QWHUUXSW VWDWXV VHW 3.&B,17B6(7B67%$786

21IVHW
5HIJLVWHU 21IVHW

3.&B,17B6(7B67$788&K

JXQFWLRQ
,(QWHUUXSW VWDWXV VHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;,3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR
'‘LDJUDP

%LWV

5
S5HVHUYHG

5HVHW

%LWV

5

5HVHUYHG 17B

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

:ULWH WR VHW (QG Rl FRPSXWDWLRQ VWDWXV IODJ 3.&B,17B67%[786>,17B?:
17B3'21( YLD VRIWZDUH H J IRU GHEXJ SXUSRVHYV

127¢
7KLV ILHOG LV YRODWLOH

ORGXOH ," 3.&B02'8/(B,’

21IVHW

5HILVWHU 21IVHW
3.&B02'8/(B," )) &K
)XQFWLRQ

ORGXOH '

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

3XEOLF .H\ &U\SWR &RSURFHVVR

'LDJUDP

%LWV

5

S5HVHW

% LWV

5 0$-25B5(9 0,125B5(9 6,=(

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

ORGXOH '

ODMRU UHYLVLRQ
0$-25B5(9

OLQRU UHYLVLRQ
0,125B5(9

$GGUHVY VSDFH RI WKH ,3

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

&KDSWHU
fUXH 5DQGRP *HQHUDWRU 751*

&KLS VSHFLILF 751* LQIRUPDWLRQ

7TDEOH 5HIHUHQFH OLQNV WR UHODWHG LQIRUPDWLRQ

TRSLF 5HODWHG PRGXOH S5HIHUHQFHV

)XOO GHVFULSWLRQ 751* 751*

6\VWHP PHPRU\ PDS 6\VWHP PHPRU\ PDS

&ORFNLQJ 6HH WKH FKDSWHU &ORHANLQJ
6LIQDO PXOWLSOH[LQJ RUW FRQWURO 6HH WKH FKDSWHU 6LJQDO PXOW
6\VWHP GHEXJ 6HH WKH FKDSWHU 'HEX]J

JRU DOO WKH UHIHUHQFH VHFWLRQV DQG FKDSWHUV PHQWLRQHG LQ WKLV WDEOH

ORGXOH LQVWDQFH
7KLY GHYLFH KDV RQH LQVWDQFH RI WKH 751* PRGXOH

6HFXULW\ FRQVLGHUDWLRQV

)RU VHFXUH DSSOLFDWLRQV 1;3 UHFRPPHQGV WKDW WKLV PRGXOH LV FRQILIJXUHG |
XQLQWHQWLRQDO RU PDOLFLRXV PRGLILFDWLRQ Rl WKH VIVWHP RSHUDWLRQ E\ QRQ

2YHUYLHZ

7KH 7UXH 5DQGRP 1XPEHU *HQHUDWRU 751* LV D KDUGZDUH DFFHOHUDWRU PRGXOH
HQWURS\ FRQVXPLQJ PRGXOH RU E\ RWKHU SRVW SURFHVVLQJ IXQFWLRQV $Q DSSUR
JHQHUDWRU '5%* WKDW FDQ EH LPSOHPHQWHG WR DFKLHYH ERWK UDQGRPQHVYV DQ
LWV VHHG 7KH '5%* LV QRW SDUW RI WKLY PRGXOH

7KH HQWURS\ JHQHUDWHG E\ D 751* LV LQWHQGHG WR EH XVHG E\ IXQFWLRQV IRU H
EH XVHG E\ IXQFWLRQV WKDW JHQHUDWH VHFUHW NH\V SHU PHVVDJH VHFUHWY UDZC
FU\SWRJUDSKLF DOJRULWKPYV ,Q HDFK RI WKHVH FDVHV LW LV LPSRUWDQW WKDW D L
WKDW D UDQGRP QXPEHU LV DW OHDVW DV GLIILFXOW WR SUHGLFW DV LW LV GLIILF;
XVHG 7KLV VWULQJHQW UHTXLUHPHQW LV SDUWLFXODUO\ GLIILFXOW WR IXOILOO LI\

7R LQFUHDVH WKH WUXVWZRUWKLQHVY DQG TXDOLW\ RI WKH JHQHUDWHG UDQGRP G
D 751~

7KLY GRFXPHQW GHVFULEHV WKH 751* GHVLJQ IXQFWLRQDOLW\ DQG XVDJH
1RWH WKDW EHIRUH HQWURS\ FDQ EH REWDLQHG IURP WKH 751* LW PXVW EH LQLWL

%ORFN 'LDJUDP

7KH 751* FRQWDLQV WKH IROORZLQJ VXEPRGXOHY UHJLVWHU LOQWHUIDFH FRXQWHU
RVFLOODWRUV 26&

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

SA-RNG-WRAPPER

SARNG g3 OSC

TRNG

INTERFACE < 3>
A A A

Y \ Y Y

JLIXUH751* %ORFN 'LDJUDP

)XQFWLRQDO 'HVFULSWLRQ

7KH 751* FRQVLVWYV RI VHYHUDO IXQFWLRQDO VXEPRGXOHV ,WV RYHUDOO IXQFWLRC
JHQHUDWLQJ HQWURS\ IRU VHHG JHQHUDWLRQ

751* JHQHUDWHY UDQGRP ELWV E\ FROOHFWLQJ ELWV IURP D UDQGRP QRLVH VRXUFH
Rl WKH RVFLOODWRU 7KHUHIRUH LI WKH FRXQW RI WKH ULQJ RVFLOODWRU FORFN F\
HDFK WLPH WKH VDPSOH LV WDNHQ %\ XVLQJ WKH YDULDWLRQ LQ WKLV FRXQW RYHL
,Q DGGLWLRQ WR JHQHUDWLQJ HQWURS\ WKH 751* DOVR SHUIRUPV VHYHUDO VWDWL

SHIJLVWHU ,QWHUIDFH 8VDJH
7KH 751* UHJLVWHU LQWHUIDFH LV XVHG WR UHDG DQG ZULWH UHJLVWHUV ZLWKLQ 7
HWR FRQILIJXUH 751*
HWR UHDG WKH JHQHUDWHG HQWURS\
1RWH WKDW DFFHVVHV WR UHJLVWHUV PXVW EH ELW UHDGV RU ZULWHYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

2SHUDWLRQ

7KH 751* LV GHVLIJQHG WR RSHUDWH DV D SHULSKHUDO DQG FDQ EH FRQWUROOHG YL
UHJLVWHUV WKH 0&7/ UHJLVWHU PXVW EH VHW WR SURJUDPPLQJ PRGH 751*B0&7/>3;
DVI\QFKURQRXV VA\VWHP KDUG UHVHW WKH 751* UHVHWY WR SURJUDPPLQJ PRGH 751*
IURP SURJUDPPLQJ PRGH WR UXQ PRGH

TKHUHWARSSHUDWLRQV WKDW WKH XVHU SURJUDPPHU LQWHJUDWRU ZLOO ZDQW WR
,QLWLDOL]H

BHW XS WKH SDUDPHWHUV WR SURSHU YDOXHY DQG WKHQ VWDUW JHQHUDWLRQ R
WLPH WKH XVHU ZDQWV WR XSGDWH RSHUDWLQJ SDUDPHWHUYV DQG RU EXLOW LC
FOHDULQJ RI UHJLVWHUYV )54&17 DQG 26& B)54&17 E\ SHUIRUPLQJ D UHDG WR WKH
WUDQVLWLRQLQJ 751* SURJUDPPLQJ PRGH LQWR UXQ PRGH

JRU PRUH GHWSHOUWVYRK 3URJUDPPLQJ )ORZ
5HDG HQWURS\ DQG JHQHUDWH QH[W EORFN RI HQWURS\
7KLV LV WKH QRUPDO IORZ RI RSHUDWLRQ DQG LV ORRSHG XQWLO HQRXJK HQWU

2SHUDWLRQ 3URJUDPPLQJ )ORZ

$IWHU UHVHW WKH 751* ZLOO EH LQ SURJUDPPLQJ PRGH ZLWK WKH RN WR VWRS ELW
RI D QRUPDO LQLWLDOL]DWLRQ IORZ

,QLWLDOL]H 751*
D:ULWH WKH GHVLUHG VDPSOH VL]H DQG HQWURS\ GHOD\ YDOXHV WR WKH 6'&

E 3URJUDP 751* V VHOIl WHVW ERX@BGFSWHHI bV WHRIM SAWHAH QYR [RIRIJUDPPLQJ )OI
UHFRPPHQGHG YDOXHY EDVHG RQ VDPSOH VL]H

F 2SWLRQDOO\ FOHDU WKH )54&17 DQG 26& B)54&17 UHJLVWHUV E\ UHDGLQJ W

G 2SWLRQDOO\ HQDEOH LQWHUUXSWYV LQ WKH ,17B0%$6. UHJLVWHU

H6HW WKH 0&7/>751*B$&&@ ELW WR HQDEOH DFFHVV WR WKH HQWURS\ UHJLVV
ORYH 751* LQWR UXQ PRGH

D &0OHDU 0&7/>35*0@ WR UHPRYH WKH 751* [ URP SURJUDPPLQJ PRGH 7KLV ZLO
3ROO 751* 0&7/ WR FKHFN LI YDOLG HQWURS\ ZzDV JHQHUDWHG RU HUURU RFFXL

D :DLW IRU YDOLG HQWURS\ E\ SROOLQJ WKH 0&7/>76723B2.@ ELW RU ZDLWLQJ

E &KHFN ZKHWKHU ELW 0&7/>(17B9%/@ LV VHW WR LQGLFDWH WKDW WKH HQWU
0&7/>(55@ LV VHW WR LQGLFDWH HUURU KDV RFFXUHG GXULQJ HQWURS\ JHQ

F 5HDG WKH ELW HQWURS\ IURP (17 WR (17

127¢
5HDGLQJ (17 ZLOO UHVHW WKH HQWURS\ VR LW VKRXOG DOZD\V EH UHD!
G 5HSHDW WKLV SURFHVV DV QHHGHG WR UHDG DGGLWLRQDO HQWURS\ YDOXH

,Q 5XQ ORGH 0&7/>35*0@ WKH 751* ZLOO UHJHQHUDWH HQWURS\ DXWRPDWLFDOO!
EH GLVDEOHG E\ VHWWLQJ WKH 751* EDFN WR SURITU/DRPPLBIHRRAHF DG DOYREHE FOHDU
WKH 751* DQG DFFHVV WR 751* UHJLVWHUV DW DQ\ SRLQW

, QWHUUXSW 3URJUDPPLQJ )ORZ

7KH 751* KDV WKUHH LQWHUUXSWV WKDW DUH PDQDJHG XVLQJ WKUHH 751* UHJLVWH
UHJLVWHUV 7KH LQWHUUXSWYV DUH )54B&7B)$,/ (17B9%/ DQG +:B(55 %\ GHIDXOW WK
LQGLYLGXDOO\ HQDEOHG DV QHHGHG WR ZRUN

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

JRU H[DPSOH WR HQDEOH WKH (17B9%/ LQWHUUXSW WKH FRUUHVSRQGLQJ ELW LQ W
,17B0$6.>(17B9%$/@ ‘KHQ D QHZ LOWHUUXSW LV WULJJHUHG WKH FRUUHVSRQGLC
,17B67%$786>(17B9%/@ 7R FOHDU DQ DVVHUWHG LQWHUUXSW WKH FRUUHVSRQGLQJ
,17B&75/>(17B9%$/@

$IWHU D SRZHU F\FOH RU UHVHW WKH 751* LQWHUUXSWV QHHG WR EH HQDEOHG DJD
WKH 0&7/>)&7B)$,/@ 0&7/>(17B9%/@ DQG 0&7/>(55@ 7KHVH 0&7/ ELWV ZLOO DOZD\V C
LQWHUUXSWVY DUH PDVNHG RU WHPSRUDULO\ HQDEOHG GLVDEOHG 7KH LQWHUUXSW

%HORZ LV DQ H[DPSOH RI DQ LQWHUUXSW VHWXS DQG SURJUDPPLQJ IORZ IRU (17B9%$
HQDEOHG LQ WKH VDPH ZD\

,QLWLDOL]H 751*
D:ULWH WKH GHVLUHG VDPSOH VL]H DQG HQWURS\ GHOD\ YDOXHV WR WKH 6'&

E 3URJUDP 751* V VHOIl WHVW ERXQ®BGFSWHHI bV WHRIM S AWHAH QYR [RUIRJUDPPLQJ )OI
UHFRPPHQGHG YDOXHVY EDVHG RQ VDPSOH VLI]H

F 2SWLRQDOO\ FOHDU WKH )54&17 DQG 26& B)54&17 UHJLVWHUV E\ UHDGLQJ W

G 2SWLRQDOO\ HQDEOH LQWHUUXSWYV LQ WKH ,17B0%$6. UHJLVWHU

H 6HW WKH 0&7/>751*B$&&@ ELW WR HQDEOH DFFHVV WR WKH HQWURS\ UHJLVV

I 7XUQ RQ WKH (17B9%/ LOQWHUUXSW IXQFWLRQDOLW\ E\ VHWWLQJ ,17B&75/>(17
ORYH 751* LQWR UXQ PRGH

D &0OHDU 0&7/>35*0@ WR UHPRYH WKH 751* [ URP SURJUDPPLQJ PRGH 7KLV ZLO
:DLW IRU DQ LOQWHUUXSW IURP 751* DQG FKHFN ZKHWKHU D YDOLG HQWURS\ ZDV

D:KHQ HQWURS\ LV UHDG\ WKH DFWLYH ORZ LQWHUUXSW LV H[SHFWHG WR WU
VWDWXV UHJLVWHU ,17B67%$786>(17B9%/@

E &KHFN ZKHWKHU ELW 0&7/>(17B9%/@ LV VHW WR LQGLFDWH WKDW WKH HQWU
0&7/>(55@ LV VHW WR LQGLFDWH HUURU KDV RFFXUHG GXULQJ HQWURS\ JHQ

F 5HDG WKH ELW HQWURS\ IURP (17 WR (17

127¢(
5HDGLQJ (17 ZLOO UHVHW WKH HQWURS\ VR LW VKRXOG DOZD\V EH UHD

G 5HDGLQJ WKH (17 UHJLVWHU ZLOO FOHDU WKH (17B9%/ LQWHUUXSW 7KLV VK
UHJLVWHU ,17B67%$786>(17B9%/@
H5HSHDW WKLV SURFHVV DV QHHGHG WR UHDG DGGLWLRQDO HQWURS\ YDOXH

6DPSOH 6L]H $GMXVWPHQW 3URJUDPPLQJ )ORZ

7KH VDPSOH VL]H 6'&7/>6%$03B6,=(@ SDUDPHWHU FDQ EH DGMXVWHG WR VSHHG XS R
ZDQWV WR XVH 7KH JUHDWHU WKH VDPSOH VLIH WKH PRUH VHQVLWLYH WKH VHOI W
HOQWURS\ JHQHUDWLRQ 7KH WUDGHRII EHWZHHQ WKH VSHHG YHUVXV WKH TXDOLW\ F

(YHU\ WLPH WKH VDPSOH VL]H SDUDPHWHU LV XSGDWHG WKH ERXQGV RI WKH EXLOW
DFFHSWDEOH HUURU UDQJHV IRU WKH QHZ VDPSOH VL]H

%HORZ DUH WKH HPSHULFDO RSWLRQV IRU VRPH VDPSOH VL]H SDUDPHWHUY DQG WK
LQ ERWK WDEOH DQG SVXHGR FRGH IRUPDWYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7TDEOH %RXQG YDOXHV IRU WKH %,67 )RU 6RPH 6DPSOH 6L]HV

&RQILIXUDWLRQ 6'&7/>6$03B6,=(@ :ULWH 9POXH
5HJLVWHU

6&0,6& [ ' [ ) [

6&0/ [« [ $% [ $

6&5 / [ [ ) [ %

6&5 / [ [ [ (

6&5 / [ [ $ [

3VXHGR FRGH 3URJUDPPLQJ YDOXHV IRU WKH %,67 )RU 6RPH 6DPSOH 6L]HV

/I example Seed Control Register (SDCTL) parameters
samp_size =128; // decimal

/I target rejection ratio = 1.00E-06

if (samp_size ==128) {
reg32_write( TRNG_SCMISC, 0x0001001D ); // retry once, long run max 29

/I min range max
reg32_write( TRNG_SCML, O0x003DOO05E );// 33 61 94 monobit limit]
reg32_write( TRNG_SCR1L, 0x00270027 );// 0 39 39 [run length 1 limit]
reg32_write( TRNG_SCR2L, 0x00190018 );// -1 25 24 [run length 2 limit]
reg32_write( TRNG_SCR3L, 0x00120011 );// -1 18 17 [run length 3 limit]

} else if ( samp_size == 256 ) {
reg32_write( TRNG_SCMISC, 0x0001001F ); // retry once, long run max 31

/I min range max
reg32_write( TRNG_SCML, 0x005600AB );// 85 86 171[ monobit limit]
reg32_write( TRNG_SCR1L, 0x0038003f);// 7 56 63 [runlength 1 limit]
reg32_write( TRNG_SCR2L, 0x00260026 );// 0 38 38 [run length 2 limit]
reg32_write( TRNG_SCR3L, 0x001A0019 );// -1 26 25 [run length 3 limit]

} else if ( samp_size == 512 ) {
reg32_write( TRNG_SCMISC, 0x00010020 ); // retry once, long run max 32
/I min range max
reg32_write( TRNG_SCML, O0x007A013D );// 195 122 317 [ monobit limit]
reg32_write( TRNG_SCR1L, 0x0050006B );// 27 80 107 [run length 1 limit]

reg32_write( TRNG_SCR2L, 0x0037003E );// 7 55 62 [runlength 2 limit]
reg32_write( TRNG_SCR3L, 0x00270027 );// 0 39 39 [run length 3 limit]

}

[/l adjust delay
reg32_write( TRNG_SDCTL, ( (reg32_read( TRNG_SDCTL ) & 0xFFFF0000) | (uint32_t)samp_size ));

$IWHU WKH VDPSOH VL]H SDUDPHWHU KDV EHHQ VHW HQWURS\ FDQ EH UHTXHVWHG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

2WKHU $SSOLFDWLRQV

7KH 751* FDQ DOVR EH XVHG E\ D SRVW SURFHVVLQJ SVHXGR UDQGRP QXPEHU JHQHU
WR VHHG D KDUGZDUH RU VRIWZDUH EDVHG LPSOHPHQWDWLRQ RI D GHWHUPLQLVWLF

751* UHJLVWHU GHVFULSWLRQV

$00 DFFHVVHV RI XQGHILQHG DGGUHVVHY DOZD\V UHWXUQ JHUR DQG JHQHUDWH D E:
DUH LIQRUHG 8QGHILQHG DGGUHVVHY DUH WKRVH XQGRFXPHQWHG SURWHFWHG RU
GHILQHG LQ WKH PHPRU\ PDS EHORZ 7KH UHJLVWHU DGGUHVVHV VKRZQ LQ WKH OHP
DFFHVVHG RYHU WKH UHJLVWHU EXV DV ELW ZRUGV $FFHVVHV WR UHJLVWHUV P X\

7KH IRUPDW DQG ILHOGV LQ HDFK UHJLVWHU DUH GHILQHG EHORZ 6RPH RI WKH UHJI
,Q VXFK FDVHV D GLITHUHQW UHJLVWHU QDPH ZLOO EH DVVRFLDWHG ZLWK HDFK RI W
UHJLVWHU IRUPDW ILJXUH $OWKRXJK WKHVH UHJLVWHUV VKDUH WKH VDPH IRUPDW

751* PHPRU\ PDS

751* EDVH DGGUHVYV (B& K
21IVHW 5HJLVWHU "LGWIKSFFHYVSHVHW YDOXH
,Q ELwvV

K OLVFHOODQHRXV &RQWURO 5HJLVWHU 08&7/ 5: B K
K 6WDWLVWLFDO &KHFN OLVFHOODQHRXV 5HJLVWHU 5%&0,6& B )K
K 3RNHU 5DQJH 5HJLVWHU 3.551* 5: B $K
&K 3RNHU OD[LPXP /LPLW 5HJLVWHU 3.508; 5: B K
&K 3RNHU 6 TXDUH &DOFXODWLRQ 5HVXOW 5HJLVWHU 35564 B K
K 6HHG &RQWURO 5HIJLVWHU 6'&7/ 5: & B K
K 6SDUVH %LW /LPLW 5HJLVWHU 6%/,0 5 B )K
K 7RWDO 6DPSOHV 5HILVWHU 7276%$0 5 B K
K JUHTXHQF\ &RXQW OLQLPXP /LPLW 5HJLVWHU )540,5: B K
K 2VFLOODWRU )JUHTXHQF\ &RXQW 5HJLVWHU 26& B)54&f17 B K
&K |)UHTXHQF\ &RXQW 5HJLVWHU )54&17 5 B K
&K |)UHTXHQF\ &RXQW OD[LPXP /LPLW 5HJLVWHU )540$:5: B K
K 6WDWLVWLFDO &KHFN ORQRELW &RXQW 5HJLVWHU 6&0& B K
K 6WDWLVWLFDO &KHFN ORQRELW /LPLW 5HJLVWHU 680/ B &K
K 6WDWLVWLFDO &KHFN 5XQ /HQIJWK &RXQW 5HJLVWISU [6&5 B K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW|5HJLVWHAI 6/&5 )B %K
K 6WDWLVWLFDO &KHFN 5XQ /HQIJWK &RXQW 5HJLVWISU [6&5 B K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW|5HJLVWHI 6|&5 /B (K
&K 6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQW 5HJLVWISU [6&5 B K
&K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW|5HJLVWHAI 6/&5 /B K

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

21IVHW 5HIJLVWHU LGWIKSFFHYVBHVHW YDOXH
,Q ELWV
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQW S5HJLVWHU [6&5 B K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW|5HJLVWH 6[&5 %B $F
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQW S5HJLVWHU [6&5 B K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW|5HJLVWHSU 6&5 /B K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQW 5HJLUVWHU | 6&5B3& K
K 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLYWHU 6&5 ® K
&K BWDWXV 5HILVWHU 67$786 5 B K
K &K (QWURS\ 5HDG 5HJLVWHU (17 (17 5 B K
K BWDWLVWLFDO &KHFN 3RNHU &RXQW DQG S5HJLVWHU |3.5817 K
K 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG S5HJLUVWHU|3.5817 K
K 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG 5HJLVWHU|3.5817 K
&K 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5HJLVWHU |3.5817 K
K 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5HJLVWHU |3.5817 K
K 6WDWLVWLFDO &KHFN 3RNHU &RXQW % DQ|G $ 5HJLVWHU 3.B&17Kk4$
K 6WDWLVWLFDO &KHFN 3RNHU &RXQW ' DQG & 5HJLVWHU| 3.5BR17'R
&K 6WDWLVWLFDO &KHFN 3RNHU &RXQW ) DQG ( 5HILVWSHU| 3.5817)K
$ K 6HFXULW\ &RQILIJXUDWLRQ 5HIJLVWHU 6(&B&)* 5: B K
$ K ,QWHUUXSW &RQWURO 5HJLVWHU ,17B&75 5: 6HH VHFWLRQ
$ K ODVN 5HJLVWHU ,17B0$6. 5: B K
$&K |, QWHUUXSW 6WDWXV 5HJLVWHU ,17B67$786 5 B K
% K |&RPPRQ 6HFXULW\ (UURU 5HJLVWHU &6(5 5 B K
% K |&RPPRQ 6HFXULW\ &OHDU 5HJLVWHU &6&/p B K
(&K 751* 2VFLOODWRU &RQWURO 5HJLVWHU 26& B&J/ 5: B K
) K 9HUVLRQ ,' 5HIJLVWHU 06 9, 5 B &K
) K 9HUVLRQ ,' 5HIJLVWHU /6 9, 5 & $B K

OLVFHOODQHRXV &RQWURO 5HJLVWHU 0&7/

2I1IVHW

5HIJLVWHU 21IVHW

0&7/ K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

YXQFWLRQ

7KLV UHJLVWHU LV LQWHQGHG WR EH XVHG IRU SURJUDPPLQJ FRQILIJXULQJ DQG WHYV
WR HQDEOH HQWURS\ JHQHUDWLRQ WR VWRS HQWURS\ JHQHUDWLRQ 75QGBW&&EORFN
DQGB5*0 ELW EHORZ

7KH OLVFHOODQHRXV &RQWURO 5HJLVWHU LV D UHDG ZULWH UHJLVWHU XVHG WR FRQC
RSHUDWLRQ DQG WHVW

127¢
1RWH WKDW LQ PDQ\ FDVHV WZR 751* UHJLVWHUV VKDUH WKH VDPH DGGUHVV DQG D
DGGUHVV LV VHOHFWHG EDVHG XSRQ WKH YDOXH LQ WKH 35%0 ILHOG Rl WKH 0&7/ UHJ

'LDJUDP
% LWV | |
178
5
(55 5HVHUYHG 35+0
5HVHW | |
% LWV
o[ 26& 7672 (se (178] )&78] )&7B
B)$ |5HVH|U¥B2. sHVHu®Ss/ | 98/ | )$./ |sHVHUY 751+
268&B',9 5HVHUYHG
HG . HG HG | 5678| B$&& ",6B6
' () /)
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

,QWHJULW\ (UURU

,17*B(55|$Q LQWHUQDO IDXOW KDV EHHQ GHWHFWHG

E 751* GHWHFWHG QR LQWHUQDO ELW HUURU
E 751* GHWHFWHG LQWHUQDO ELW HUURU V

SHVHUYHG
8
3URJUDP ORGH
35*0 1R (QWURS\ YDOXH ZLOO EH JHQHUDWHG ZKLOH WKH 751* LV LQ BURJUDP (

DUH DFFHVVLEOH DW WKH VDPH DGGUHVY GHSHQGLQJ RQ ZKHWKHU 35*0 L
UHJLVWHU GHVFULSWLRQV

127(
1 35*0 LV VHW WR  WKHQ 751*B$&& VKRXOG DOVR EH VHW WR

E 751* LV LQ 5XQ ORGH

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢
7DEOH FROWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
E 751* LV LQ 3URJUDP ORGH
2VFLOODWRU )DLOXUH
26& B)$,/| 26& B)S$,/
E 2VFLOODWRU LV UXQQLQJ
E 2VFLOODWRU KDV IDLOHG VHH 26& B&7/>26&B)$,/6$)(Bl/07@
5HVHUYHG
8§
751* LV RN WR VWRS
76723B2.| 6RIWZDUH FDQ FKHFN WKDW WKLV ELW LV D EHIRUH WUDQVLWLRQLQJ SG
FORFN VWRSSHG SGBPDLQ WUQJ WXUQV RQ WKH 751* I[UHH UX[QQLQJ UL
EHLQJ JHQHUDWHG DQG WXUQV RIl WKH ULQJ RVFLOODWRU ZKH® HQWURS
FORFN LV VWRSSHG ZKLOH WKH 751* ULQJ RVFLOODWRU LV UXQQPLQJ WKI
WKH SGBPDLQ WUQJ FORFN LV VWRSSHG 76723B2. LV VHW ZKHQ WKH 751
BHWWLQJ WKH 0&7/>35*0@ ELW ZLOO DOVR FDXVH 76723B2. WR DVVHUW
E 751* LV JHQHUDWLQJ HQWURS\ DQG LV QRW RN WR VWRE
E 751* LV QRW JHQHUDWLQJ HQWURS\ DQG LV RN WR VWRE
(UURU 6WDWXV
(55 5HDG (UURU VWDWXV
"ULWH :ULWH WR FOHDU HUURUV :ULWLQJ KDV QR HIIHFW
E 1R HUURU
E (UURU GHWHFWHG
S5HVHUYHG
§
(QWURS\ 9DOLG
(17B9$/ | :LOO VHW DIWHU DQ HQWURSQGYP@XHLLV IHEGH D BBE H\FOHWUHG|DW PRVW
EXV FORFN F\FOH DIWHU UHDGLQJ WKH (17 UHJLVWHU (17 WKURXJK (17
E (QWURS\ LV QRW YDOLG
E (QWURS\ LV YDOLG
JUHTXHQF\ &RXQW 9DOLG
)&7B9%/ | , QGLFDWHY WKDW D YDOLG IUHTXHQF\ FRXQW PD\ EH UHDG IURR )54&17

E
E

JUHTXHQF\ &RXQW LV QRW YDOLG
JUHTXHQF\ &RXQW LV YDOLG

JUHTXHQF\ &RXQW )DLO

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

7°

J)LHOG | )XQFWLRQ
)&7B)$,/| 7TKH IUHTXHQF\ FRXQWHU KDV GHWHFWHG D IDLOXUH 7KLV PD\ EH GXH W]
DQG RU )540,1 UHJLVWHUV RU D KDUGZDUH IDLOXUH LQ WKH ULQJ RVFLO
WR WKH (55 ELW
6HH 26& B)$,/ WR GHWHUPLQH LI WKH IDLOXUH LV GXH WR RVFLOODWRU
H,Q 6LQJOH 2VF PRGH 26& B&7/>751*B(17B&7/@ E
§ LI )&7B)$,/ RVFLOODWRU KDV IDLOHG
H,Q 'XDO 2VF PRGH 26& B&7/>751*B(17B&7/@ E
§ LI )&7B)$,/ RVFLOODWRU KDV IDLOHG
§ LI 26& B)$,/ RVFLOODWRU KDV IDLOHG DQG LQ DGGLWLRQ )&7E
H,Q 6LQJOH 2VF PRGH 26& B&7/>751*B(17B&7/@ E
§ LI )&7B)$,/ RVFLOODWRU KDV IDLOHG
SHVHUYHG
§
S5HVHW 'HIDXOWV
567B'() | 7KLV ELW LV ZULWDEOH RQO\ LI 35*0 ELW LV RU 35*0 ELW LV EHLQJ ZUL\
ELW 7KLV ELW KDV KLJKHU SULRULW\ LI ERWK WKLV DQG 0&7/>',6B6/)B767.
WKLV ELW DOZD\V SURGXFHV D 7KLV LV D VHOI FOHDULQJ ELW
E 1R LPSDFW
E :ULWLQJD WR WKLV ELW FOHDUV YDULRXV 751* UHJLV[WHUV DQ
VWDWH
751* $FFHVV ORGH
751*B$&& ,1 WKLV ELW LV VHW WR  WKH 751* ZLOO JHQHUDWH DQ (QWURS\ YDOXH W
7KH (QWURS\ YDOXH PD\ EH UHDG RQFH WKH (17 9%/ ELW LV DVVHUWHG $C
D WR
127¢
,1 35*0 LV VHW WR WKHQ 751*B$&& VKRXOG DOVR EH VHW WR
'LVDEOH 6HOIl 7THVWYV
' 6B6/)B767ULWLQJ D WR WKLV ELW FRQILIJXUHV YDULRXV 751* UHJLVWHU[V ZLWK Y
VHOI WHVWV 7KLV ELW LV ZULWDEOH RQO\ LI 35*0 ELW LV  RU| 35*0 ELW
WR ZULWLQJ WR WKLV ELW 7KLV ELW KDV ORZHU SULRULW\ LI HRWK WKL
VLPXOWDQHRXVO\ 5HDGLQJ WKLV ELW DOZD\V SURGXFHV D 7KLV LV D
2VFLOODWRU 'LYLGH
26&B',9 | ' HWHUPLQHV WKH DPRXQW RI GLYLGLQJ GRQH WR WKH ULQJ RVRLOODWR!
7KLV ILHOG LV ZULWDEOH RQO\ LI 35*0 ELW LV  RU 35*0 ELW LV EHLQJ Z
ILHOG 7KLV ILHOG LV UHVHW E\ ZULW LQUWAIQH 0 &7R>BI6WB0E) @ >E L6/B 6W)B 7 6 7 G
D YDOXH RI [ LQ WKLV UHJLVWHU

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

XVH ULQJ RVFLOODWRU ZLWK QR GLYLGH
XVH ULQJ RVFLOODWRU GLYLGHG E\
XVH ULQJ RVFLOODWRU GLYLGHG E\
XVH ULQJ RVFLOODWRU GLYLGHG E\

m m m m

S5HVHUYHG

6WDWLVWLFDO &KHFN OLVFHOODQHRXYV 5HJLVWHU 6&0,6&

2I1IVHW

5HIJLVWHU 21IVHW

6&0,6& K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN OLVFHOODQHRXYV 5HIJLVWHU FRQWDLQV WKH /RQJ 5XQ 0Dl
UHJLVWHU LV DFFHVVLEOH RQO\ ZKHQ WKH 0&7/>35*0@ ELW LV RWKHUZLVH WKLV U

'‘LDJUDP

%LWV

5
5HVHUYHG 57<B&7

S5HVHW

LWV

S5HVHUYHG /581B0$;

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
5HWU\ FRXQW ,I D VWDWLVWLFDO FKHFN IDLOV GXULQJ WKH 7511 (QWURS\
c7<pg7 | QXPEHU RI WLPHV D UHWU\ VKRXOG RFFXU EHIRUH JHQHUDWLQJ|DQ HUUR
ELW LV 7KLV ILHOG ZLOO UHDG JHURHV LI 0&7/>35*0@ 7KLV|[ILHOG LV
WR:ULWLQJ WR ELW 0&7/>',6B6/)B767@ ORDGV D YDOXH RI [ LR WKLV IL
5HVHUYHG
§
/RQJ UXQ PD[ OLPLW 7KLV YDOXH LV WKH ODUJHVW DOORZDEOH QXPEHU
/58180%: | WKDW LV DOORZHG GXULQJ (QWURS\ JHQHUDWLRQ 7KLV ILHOG |V ZULWD
'| UHDG JHURHV LI 0&7/>35*0@ 7KLV ILHOG LV UHVHW EUZWLW 1 Q MWWR KEL W8
0&7/>',6B6/)B767@ ORDGV D YDOXH RI [)) LQ WKLV ILHOG

3RNHU 5DQJH 5HJLVWHU 3.551*

21IVHW

5HIJLVWHU

21IVHW

3.551*

K

YXQFWLRQ

7KH 3RNHU 5DQJH 5HIJLVWHU GHILQHV WKH GLITHUHQFH EHWZHHQ WKH 751* 3RNHU OC
DUH XVHG GXULQJ WKH 751* 6WDWLVWLFDO &KHFN 3RNHU 7HVW 7KLVULWOGJLVWRIEZH

0&7/>',6B6/)B767@ ORDGV D YDOXH RI

[)))) LQ WKLV ILHOG

‘LDJUDP
%LWV
5
5HVHUYHG
5HVHW
%LWV
5
3.5B51*
5HVHW
JLHOGV
JLHOG | )XQFWLRQ

S5HVHUYHG

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

GHULYHG E\ VXEWUDFWLQJ WKH 3.5B51* YDOXH
RQO\ LI 0&7/>35*0@ ELW LV
0&7/>567B'()@ ELWM. WRQJ

JLHOG | )XQFWLRQ
8§
3RNHU 5DQJH 'XULQJ WKH 751* 6WDWLVWLFDO &KHFNV D 3RNHU 7HVW |
3 5gsi+ | PLQLPXP OLPLW 7KH PD[LPXP LV SURJUDPPHG LQ WKH 3.50%;>3.56B0$;@ U

IURP WKH SURJUDPPHG PI
7KLV ILHOG ZLOO UHDG JHURHV LI 0&7/>35*0
WR ELW 0&7/>',6B6/)B767@ ORDGV DRADPIKDXH RI

WKDW WKH PLQLPXP DOORZDEOH 3RNHU UHVXOW LV 3.5B0%; 3.5B51*
SRNHU OD[LPXP /LPLW 5HJLVWHU 3.508;

21IVHW

5HIJLVWHU 21IVHW "HVFULSWLRQ

3.50%; &K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&7

YXQFWLRQ

7KH 3RNHU OD[LPXP /LPLW 5HJLVWHU GHILQHYV OD[LPXP /LPLW DOORZDEOH GXULQJ W
WKDW WKLV RIIVHW

UHDGEDFN

'‘LDJUDP

%LWV

UHJLVWHU

[ & LV XVHG DV 3.50%; RQO\ LI 0&7/>35*0@ LV

1 0&7

/>35*0@ L

5

BOS$;

SHVHW

%LWV

3.5B0$;

S5HVHW

JLHOGV

JLHOG

)XQFWLRQ

5HVHUYHG

B3RNHU OD[LPXP /LPLW

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

3.5B0$; |'XULQJ WKH 751* 6WDWLVWLFDO &KHFNV D 3RNHU 7HVW LV UXR ZKLFK L

7KH PD[LPXP DOORZDEOH UHVXOW LV SURJUDPPHG LQ WKH 3.50$;>3.5B0$:
RQO\ LI 0&7/>35*0@ ELW LV 7KLV UHJLVWHU LV UHVHWJEWEQIW MR EMK¥
0&7/>',6B6/)B767@ ORDGV D YDOXH RRWH)WKQ W KLKHIBH®G; DQG [3.551* UH
FRPELQHG DUH XVHG WR GHILQH WKH PLQLPXP DOORZDEOH 3RNHU UHVXO\
WKDW LI 0&7/>35*0@ ELW LV WKLV UHJLVWHU DGGUHVV LV XVHG WR UHI
LQ UHJLVWHU 3.564 DV GHILQHG LQ WKH IROORZLQJ VHFWLRQ

3RNHU 6TXDUH &DOFXODWLRQ 5HVXOW 5HJLVWHU 3.564

21IVHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

3.564 &K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&37
YXQFWLRQ

7KH 3RNHU 6TXDUH &DOFXODWLRQ 5HVXOW 5HJLVWHU LV D UHDG RQO\ UHJLVWHU XV
7THVW V 6TXDUH &DOFXODWLRQ 7KLV WHVW VWDUWYV ZLWK WKH 3.50%; YDOXH DQG Gt
WKH 3RNHU 7HVW WR SDVV WKLV ILQDO UHVXOW PXVW EH OHVV WKDQ WKH SURJUDP
DV 3.50%; LI 0&7/>35*0@ LV ,1 0&7/>35*0@ LV WKLV RIITVHW LV XVHG DV 3.564 UHD (

‘LDJUDP

%LWV

5 3.5B64

S5SHVHW

%LWV

5 3.5B64

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

3RNHU 6TXDUH &DOFXODWLRQ 5HVXOW

7DEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

3.5B64

'XULQJ WKH 751* 6WDWLVWLFDO &KHFNV D 3RNHU 7HVW LV UXQ

7KLY YDOXH GHFUHDVHY DFFRUGLQJ WR D VXP RI VTXDUHV DOJ
WKDQ WKH 3.551*>3.5B51*@ OLPLW 7KH UHVXOWLQJ YDOXH PD\
ELW LV 1RWH WKDW LI 0&7/>35*0@ ELW LV

/LPLW LQ UHJLVWHU 3.50%; DV GHILQHG LQ WKH SUHYLRXV VHF

WKLV UHJLVWHU [

ZKLFK V\
RULWKP I
“H UHDG \
GGUHVV
VLR Q

6HHG &RQWURO S5HIJLVWHU 6'&7/

2I1IVHW

5HIJLVWHU

21IVHW

6'&7/

K

YXQFWLRQ

7KH 6HHG &4RQWURO 5HJLVWHU FRQWDLQV WZR ILHOGV 2QH ILHOG GHILQHV WKH OHQ.

DQG WKH RWKHU

ILHOG LQGLFDWHYV WKH QXPEHU RI VDPSOHV WKDW ZLOO EH WDNHQ

‘LDJUDP
%LWV
5
(17B'/<
5HVHW
%LWV
5
6$03B6,=(
S5HVHW
JLHOGYV
J)LHOG | )XQFWLRQ
(QWURS\ '"HOD\ 'HILQHV WKH OHQJWK LQ VI\VWHP FORFNV RI HDFK (QWUR
(17B'/< |L! 0&7/>35%0@ ELW LV 7KLV ILHOG ZLOO UHDG JHURHV LI 0&7/>35*0@
751* V DVIQFKURQRXV UHVHW LQSXW
6DPSOH 6L]H 'HILQHV WKH WRWDO QXPEHU RI (QWURS\ VDPSOHV|WKDW ZL
650386 =('LHOG LV ZULWDEOH RQO\ L1 0&7/>35*0@ ELW LV 7KLV ILHOG ZL[0O UHDG

E\ ZULWLQJ WKH 0&7/>567B'()@ ELW WR

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

6SDUVH %LW /LPLW 5HJLVWHU 6%/,0

211VHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

6%/,0 K $FFHVVLEOH DW WKLY DGGUHVV|ZKHQ 0&7
JXQFWLRQ

7KH 6SDUVH %LW /LPLW 5HJLVWHU LV XVHG ZKHQ 9RQ 1HXPDQQ VDPSOLQJ LV VHOHF'
PD[LPXP QXPEHU RI FRQVHFXWLYH 9RQ 1HXPDQQ VDPSOHV ZKLFK PD\ EH GLVFDUGHG
WKLV DGGUHVYV [ LV XVHG DV 6%/,0 RQO\ LI 0&7/>35*0@ LV ,1 0&7/>35*0@ LV W
UHDGEDFN UHJLVWHU

'‘LDJUDP

% LWV

5
SHVHUYHG

5HVHW

% LWV

5HVHUYHG 6%B/,0

SHVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG
§

6SDUVH %LW /LPLW 'XULQJ 9RQ 1HXPDQQ VDPSOLQJ LI HQDEOHG E\ 0&7/

6%p/ o | GLVFDUGHG LI WZR FRQVHFXWLYH UDZ VDPSOHV DUH ERWK RU|ERWK

RI WLPH LW LQGLFDWHYVY WKDW WKHUH LV LQVXIILFLHQW (QWUR|[S\ 7KH 63
RI FRQVHFXWLYH VDPSOHV WKDW PD\ EH GLVFDUGHG EHIRUH DQ HUURU L
LI 0&7/>35*0@ ELW LV 7KLV UHJLVWHU LV UHVHW EUEZWLWIQ KEHL W/& 7 />
0&7/>',6B6/)B767@ ORDGV D YDOXHIRWH WIK@® W KIL\W &IZHBG*0@ EL LV Wi
DGGUHVV LV XVHG WR UHDG WKH 7TRWDO 6DPSOHV FRXQW LQ UHJLVWHU 7

7TRWDO 6DPSOHV 5HJLVWHU 7276%$0

2IIVHW
5HIJLVWHU 21IVHW '"HVFULSWLRQ
7276%0 K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&7

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

YXQFWLRQ

7KH 7TRWDO 6DPSOHV 5HJLVWHU LV D UHDG RQO\ UHJLVWHU XVHG WR UHDG WKH WRW
LV XVHG WR JLYH DQ LQGLFDWLRQ RI KRZ RIWHQ D VDPSOH LV DFWXDOO\ XVHG GXUL!
XVHG DV 6%/,0 LI 0&7/>35*0@ LV ,1 0&7/>35*0@ LV WKLV RIIVHW LV XVHG DV 7276%

‘'LDJUDP

LWV

5 727B6%$0
5HVHUYHG

S5HVHW

% LWV

5 727B6%0

SHVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG
§

7RWDO 6DPSOHV 'XULQJ (QWURS\ JHQHUDWLRQ WKH WRWDO QXPEHU RI L

7278650 | LQ GHWHUPLQLQJ KRZ RIWHQ D VDPSOH LV XVHG GXULQJ 9RQ 1HXPDQQ VI

WKLV UHJLVWHU LI 0&7/>35*0@ ELW LV

JUHTXHQF\ &RXQW OLQLPXP /LPLW 5HJLVWHU )540,1

21IVHW
5HILVWHU 21IVHW '"HVFULSWLRQ

)540,1 K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&]7
YXQFWLRQ

7KH )UHTXHQF\ &RXQW OLQLPXP /LPLW 5HJLVWHU GHILQHV WKH PLQLPXP DOORZDEOH
HDFK (QWURS\ VDPSOH 'XULQJ DQ\ VDPSOH SHULRG LI WKH FRXQW LV OHVV WKDQ W
IODJJHG LQ 0&7/>)&7B)$,/@ DQG bDQ HUURU LV JHQHUDWHG 1RWH WKDW WKLV DGGUH

, 1 0&7/>35*0@ LV WKLV DGGUHVV LV XVHG DV 26& B)54&17 UHDGEDFN UHJLVWHU 2
:ULWLQJ WR ELW 0&7/>',6B6/)B767@ ORDGV D YDOXH RI [ LQ WKLV ILHOG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5
S5HVHUYHG )54B0,1

SHVHW

%LWV

)54B0,1

S5HVHW

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

JUHTXHQF\ &RXQW OLQLPXP /LPLW 'HILQHV WKH PLQLPXP DOORZDEOH FRX
)54B0,1 7KLV ILHOG LV ZULWDEOH RQO\ LI 0&7/>35*0@ ELW LV 7KLV ILHOG ZLOO
LV FOHDUHG WR LWV UHVHW YDOXH DW 325 1RWH WKDW LI 0&7/p35*0@ E|

E WKLV UHJLVWHU DGGUHVV LV XVHG WR UHDG WKH 2VFLOODWRU )U
26& B)54&17 DV GHILQHG LQ WKH 268 W)SAB&TWR EQW 0&7/>',6B6[)B767@ O
D YDOXH RI [ LQ WKLV ILHOG

2VFLOODWRU )UHTXHQF\ &RXQW 5HJLVWHU 26& B)54&17

21IVHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

26& B)548&17 K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&37
YXQFWLRQ

7KH 2VFLOODWRU )UHTXHQF\ &RXQW 5HJLVWHU LV D UHDG RQO\ UHJLVWHU XVHG WR
HQWURS\ JH@HUIDMWRUHDG DOO JHURHV XQOHVV 35*0>0&7/@RW HD Q& D& 7WSKII5\L *iBIS$ & 8 &
XVHG DV )540,1 LI 0&7/>35*0@ LV ,l 0&7/>35*0@ LV DQG 26& B&7/>751*B(17B&7/@
26& B)54&17 UHDGEDFN UHJLVWHU DV GHVFULEHG KHUH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

‘LDJUDP
%LWV
5 26& B)54B&7
5HVHUYHG
5HVHW
% LWV
5 26& B)54B&7
S5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
JUHTXHQF\ &ROGIW>751*B$&&BHDGYV D VDPSOH IUHTXHQF\ FRXQW [WDNHQ G
268 B)54B4YHQHUDWLRQ ZKHQ 26& B&7/>751*B(17B&7/@ E SHTXLUHV 0&7//>35*0@
0&7/>35*0@ ELW LV WKLV UHJLVWHU DGGUHVV LV XVHG WR DFFHVV WKF
)540,1 DV GHILQHG LQ WKH )54B0,1 ILHOG
7KLV UHJLVWHU PXVW EH UHDG RQFH DV D IXOO ELW YDOXH |$ VXEVHT
0&7/>)&7B9%$/@ ELW LV VHW $ UHDG FOHDUV WKLV UHJLVWHU 7KH QH[W L
PXVW EH WUHDWHG DV D GLIIHUHQW YDOXH IURP WKH SUHYLRXN RQH HY
26& B&7/>751*B(17B&7/@ E 26& B)54B&7 VKRZV WKH IUHTXHQH\ FRXQW
| 26& B&7/>751*B(17B&7/@ ERU E 26& B)54B&7 LV
JUHTXHQF\ &RXQW 5HJLVWHU )54&17
21IVHW
5HJLVWHU 21IVHW '"HVFULSWLRQ
)54&17 &K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&7
YXQFWLRQ

7KH J)UHTXHQF\ &RXQW 5HJLVWHU LV D UHDG RQO\ UHJLVWHU XVHG WR UHDG WKH IU]

,W ZLOO UHDG DOO JHURHV XQOHVYV 35*0>0&7/@RWH Q& MW 7WK/I5\ *MBIS & & @
0&7/>35*0@ LV

[
1 0&7/>35*0@ LV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

& LV XVH

WKLV RIITVHW LV XVHG DV OLYH )54&17 UHDGEDFI

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 )54B&7
5HVHUYHG

S5HVHW

% LWV

5 )54B&7

SHVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

JUHTXHQF\ &ROEIYW>751*B$&&®HDGY D VDPSOH IUHTXHQF\ FRXQW [WDNHQ G
)54B&7 JHQHUDWLRQ 5HTXLUHV 0&7/>35*0@ 1RWH WKDW LI 0&7/>35*0@ ELW L
DFFHVV WKH )UHTXHQF\ OD[LPXP /LPLW LQ UHJLVWHU )540%; DV|GHILQHG

7KLV UHJLVWHU PXVW EH UHDG RQFH DV D IXOO ELW YDOXH [$ VXEVHT
0&7/>)&7B9%/@ ELW LV VHW $ UHDG FOHDUV WKLV UHJLVWHU 7KH QH[W L
PXVW EH WUHDWHG DV D GLITHUHQW YDOXH IURP WKH SUHYLRXN RQH HY
26& B&7/>751*B(17B&7/@ E RU E )54B&7 VKRZV WKH IUHTXHQF\ FRXQW
| 26& B&7/>751*B(17B&7/@ E )54B&7 XQOHVV 0&7/>)&7B)$|/@ ELW L
VKRZV WKH IUHTXHQF\ FRXQW IURP 751* RVFLOODWRU

JUHTXHQF\ &RXQW OD[LPXP /LPLW 5HJLVWHU )540%;

211VHW

S5HIJLVWHU 21IVHW 'HVFULSWLRQ

)5408%; &K $FFHVVLEOH DW WKLY DGGUHVV|ZKHQ 0&7
JXQFWLRQ

7KH )UHTXHQF\ &RXQW OD[LPXP /LPLW 5HJLVWHU GHILQHY WKH PD[LPXP DOORZDEOH F
HDFK (QWURS\ VDPSOH 'XULQJ DQ\ VDPSOH SHULRG LI WKH FRXQW LV JUHDWHU WKD
LV IODJJHG LQ 0&7/>)&7B)$,/@ bQG DQ HUURU LV JHQHUDWHG 1RWH WKDW WKLV DGG

LV ,1 0&7/>35*0@ LV WKLV DGGUHVV LV XVHGUDW ) 4& 1W R HED & EDEFN >U 6 BL6V YBHE7 @ O
RI [))))) LQ WKLV ILHOG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢
'‘LDJUDP

%LWV

5
S5HVHUYHG )54B0S$;

SHVHW

%LWV

)54B0S;

S5HVHW

JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

JUHTXHQF\ &RXQWHU OD[LPXP /LPLW 'HILQHV WKH PD[LPXP DOORZDEOH F
)54B0S$: VDPSOH 7KLV ILHOG LV ZULWDEOH RQO\ LI 0&7/>35*0@ ELW LV 7KLV ILF
' 1RWH WKDW LI 0&7/>35*0@ ELW LV WKLV UHJLVWHU DGGUHVV LV XVHG W

)54&17 DV GHILQHG LQ WKHLW&B&7 MIREEW 0&7/>',6B6/)B767@ ORDGV D YI
LQ WKLV ILHOG

6WDWLVWLFDO &KHFN ORQRELW &RXQW 5HJLVWHU 6&0&

2I1IVHW

5HIJLVWHU 2I1IVHW '"HVFULSWLRQ

6&0& K $FFHVVLEOH DW WKLY DGGUHVV|ZKHQ 0&7
JXQFWLRQ

7KH 6WDWLVWLFDO &KHFN ORQRELW &RXQW 5HJLVWHU LV D UHDG RQO\ UHJLVWHU XVI
7KLV FRXQWHU VWDUWYV ZLWK WKH YDOXH LQ 6&0/>0212B0%;@ DQG LV GHFUHPHQWH

RITVHW [ LV XVHG DV 6&0/ LI 0&7/>35*0@ LV , ] 0&7/>35*0@ LV WKLV RIIVHW LV
GHVFULEHG KHUH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

‘LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV

5 0212B&7
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

ORQRELW &RXQW 5HDGV WKH ILQDO ORQRELW FRXQW DIWHU HQWURS\ JH
0212pBg7 | WKDW LI 0&7/>35*0@ ELW LV~ WKLV UHJLVWHU DGGUHVV LV XVHG WR DF
UHJLVWHU 6&0/ DV GHILQHG LQ WKH QH[W VHFWLRQ

6WDWLVWLFDO &KHFN ORQRELW /LPLW 5HJLVWHU 6&0/

2IIVHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

6&0/ K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&7
JXQFWLRQ

7KH 6WDWLVWLFDO &KHFN ORQRELW /LPLW 5HJLVWHU GHILQHY WKH DOORZDEOH PDJ[L
HQWURS\ JHQHUDWLRQ 7R SDVV WKH WHVW WKH QXPEHU RI RQHV JHURHV JHQHUDW
DQG WKH QXPEHU RI RQHV JHURHVY JHQHUDWHG PXVW EH JUHDWHU WKDQ 0212B0$; C
LQ 6&0,6& ZLOO EH GHFUHPHQWHG DQG D UHWU\ ZLOO RFFXU LI WKH 5HWU\ &RXQW |
JHUR DQ HUURU ZLOO EH JHQHUDWHG 1RWH WKDW WKLV RIIVHW [ LV XVHG DV 6&!
RITVHW LV XVHG DV 6&0& UHDGEDFN UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP
%LWV
5
0212B51*
S5SHVHW
% LWV
5
0212B0S$;
5HVHW
JLHOGV

JLHOG | )XQFWLRQ

ORQRELW 5DQJH 7KH QXPEHU RI RQHV JHURHV GHWHFWHG GXULQJ HQWU!
0212B51+|0212B0S; 0212B51* HOVH D UHWU\ RU HUURU ZLOO RFFXU 7KLY UHJLVW

ZULWLQJ WKH 0&7/>56 7ZB'(V\@ ELWWRRELW 0&7/>',6B6/)B767@ ORD|GV D YDO
WKLV ILHOG

ORQRELW OD[LPXP /LPLW 'HILQHV WKH PD[LPXP DOORZDEOH FRXQW WDNF
0212808; | @XPEHU RI RQHV JHURHV GHWHFWHG GXULQJ HQWURS\ JHQHUDWLRQ PXV)

UHWU\ RU HUURU ZLOO RFFXU 7KLV UHJLVWHU LV UNYMWWQE\ ZWRWELQNW WK
0&7/>',6B6/)B767@ ORDGV D YDOXH RI [)))) LQ WKLV ILHOG

6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQW 5HJLVWHU 6&5 &

21IVHW

5HILVWHU 21IVHW "HVFULSWLRQ

6&5 & K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&]7
YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 5XQ /HQJWK &RXQWHUV 5HJLVWHU LV D UHDG RQO\ UHJL
HQWURS\ JHQHUDWLRQ 7KHVH FRXQWHUV VWDUW ZLWK WKH YDOXH LQ 6&5 />581 B0S$;
LV VDPSOHG SUHFHGHG E\ D JHUR DQG IROORZHG E\ D JHUR 7KH 5 B B&7 GHFUHPHQV
E\' D RQH DQG IROORZHG E\ D RQH 1RWH WKDW WKLV RIIVHW [ LV XVHG DV 6&5 /
RIITVHW LV XVHG DV 6&5 & UHDGEDFN UHJLVWHU DV GHVFULEHG KHUH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7%

'LDJUDP

%LWV

S|5HVHUY 5B B&Y
HG

S5HVHW

% LWV

[&)]

5HVH[UY 5B B&7
HG

SHVHW

JLHOGYV

JLHOG | )XQFWLRQ

SHVHUYHG

5XQV Rl 2QH /HQJWK &RXQW
5B B&7 |5HDGV WKH ILQDO 5XQV RI 2QHV OHQJWK FRXQW DIWHU HQWU|RS\ JHQH

SHVHUYHG

5XQV RI =HUR /HQJWK &RXQW
5B B&7 |5HDGV WKH ILQDO 5XQV RI =HURHV OHQJWK FRXQW DIWHU HQWURS\ JH

6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU 6&5 /

2IIVHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

6&5 / K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&7
JXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU GHILQHV WKH DOORZDEOH
GHWHFWHG GXULQJ HQWURS\ JHQHUDWLRQ 7R SDVV WKH WHVW WKH QXPEHU RI UX(
WKDQ WKH SURJUDPPHG PD[LPXP YDOXH DQG WKH QXPEHU RI UXQV RI OHQJWK PXVW]
WHVW IDLOV WKH 5HWU\ &RXQWHU LQ 6&0,6& ZLOO EH GHFUHPHQWHG DQG D UHWU\
5HWU\ &RXQW KDV UHDFKHG JHUR DQ HUURU ZLOO EH JHQHUDWHG 1RWH WKDW WKL
LV ,1 0&7/>35*0@ LV WKLV DGGUHVV LV XVHG DV 6&5 & UHDGEDFN UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7%

'LDJUDP
%LWV
S|5HVH[Y
581 B51*
HG
5HVHW
% LWV
S|5HVH[uY
581 B0S$;
HG
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
§
5XQ /HQJWK 5DQJH
581 B51* | 7TKH QXPEHU RI UXQV RI OHQJWK IRU ERWK DQG GHWHFWHG GXULQJ
WKDQ 581 B0S; 581 B51* HOVH D UHWU\ RU HUURU ZLOO RFFXU|] 7KLV UH
0&7/>567B'()@ ELWLWRQJ WR ELW 0&7/>',6B6/)B767@ ORDGV D Y[DOXH RI
5HVHUYHG
§
5XQ /HQJIJWK OD[LPXP /LPLW
581 B0$; | 'HILQHV WKH PD[LPXP DOORZDEOH UXQV RI OHQJWK IRU ERWK DQG (
7TKH QXPEHU RI UXQV RI OHQJWK GHWHFWHG GXULQJ HQWURS\(JHQHUDW
D UHWU\ RU HUURU ZLOO RFFXU 7KLV UHJLVWHU LV UHWHVD E\ MRLWILWJ V
0&7/>',6B6/)B767@ ORDGV D YDOXH RI [))(LQ WKLV ILHOG

6WDWLVWLFDO &KHFN 5XQ /HQJWK

&RXQW 5HIJLVWHU 6&5 &

ZKHQ 0&7

2I1IVHW

5HIJLVWHU 21IVHW '"HVFULSWLRQ

6&5 & K $FFHVVLEOH DW WKLV DGGUHVV
JXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 5XQ /HQJWK

&RXQWHUYV 5HJLVWHU LV D UHDG RQO\ UHJL

DIWHU HQWURS\ JHQHUDWLRQ 7KHVH FRXQWHUV VWDUW ZLWK WKH YDOXH LQ 6&5 />
FRQVHFXWLYH RQHVY DUH VDPSOHG SUHFHGHG E\ D ]JHUR DQG IROORZHG E\ D JHUR 7|

JHURHY DUH VDPSOHG SUHFHGHG E\' D RQH DQG IROORZHG E\ D RQH

LV ,| 0&7/>35*0@ LV

0&; $ DQG $

6HFXULW\ 5HIHUHQFH ODQXDO 5HY

1RWH WKDW W
WKLV RIIVHW LV XVHG DV 6&5 & UHDGEDFN UHJLVWHU DV GF

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 5B B&7
S5HVHUY H&

S5HVHW

% LWV

5 5 B B&7
5HVHUYHG

S5HVHW
JLHOGYV
J)LHOG | )XQFWLRQ
SHVHUYHG
§
5XQV Rl 2QH /HQJWK &RXQW 5HDGV WKH ILQDO 5XQV RI 2QHV| OHQJIWK
£ g pgy |SHTXLUHV 0&7/>35%0@
S5HVHUYHG
§
5XQV Rl =HUR /HQJWK &RXQW 5HDGV WKH ILQDO 5XQV RI =HURHV OHQ
£ g pgy |SHTXLUHV 0&7/>35%0@
6WDWLVWLFDO &KHFN 5XQ /HQJWK /ILPLW 5HJLVWHU 6&5 /
21IVHW
5HIJLVWHU 21IVHW '"HVFULSWLRQ
6&5 |/ K $FFHVVLEOH DW WKLV DGGUHVV|ZKHQ 0&37
YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU GHILQHV WKH DOORZDEOH
GHWHFWHG GXULQJ HQWURS\ JHQHUDWLRQ 7R SDVV WKH WHVW WKH QXPEHU RI UX(
WKDQ WKH SURJUDPPHG PD[LPXP YDOXH DQG WKH QXPEHU RI UXQV RI OHQJWK PXVW]
WHVW IDLOV WKH 5HWU\ &RXQWHU LQ 6&0,6& ZLOO EH GHFUHPHQWHG DQG D UHWU\
5HWU\ &RXQW KDV UHDFKHG JHUR DQ HUURU ZLOO EH JHQHUDWHG 1RWH WKDW WKL
LV ,1 0&7/>35*0@ LV WKLV DGGUHVV LV XVHG DV 6&5 & UHDGEDFN UHJLVWHU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP
% LWV
5
5HVHUYHG 581 B51*
5HVHW
% LWV
5
5HVHUYHG 581 B0S$;
5HVHW
JLHOGYV
)LHOG | ) XQFWLRQ
5HVHUYHG
§
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9DULRXV VWDWLVWLFDO WHVWY DUH UXQ DV D QRUPDO SDUW RI WKH 751* V HQWURSES
67$786 UHJLVWHU UHIOHFW WKH UHVXOW RI HDFK RI WKHVH WHVWV 7KH VWDWXV RI
HQWURS\ JHQHUDWLRQ SURFHVVY 6RIWZDUH FDQ GHWHUPLQH ZKHQ WKLV RFFXUV E\

1RWH WKDW WKHUH LV D YHU\ VPDOO SUREDELOLW\ WKDW D VWDWLVWLFDO WHVW ZL/{
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5(75<B&7 LV GHFUHPHQWHG HDFK WLPH DQ HQWURS\ JHQHUDWLRQ UHWU\ RFFXUV I

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

QRQJHUR D UHWU\ LV LQLWLDWHG %XW LI D VWDWLVWLFDO FKHFN IDLOV ZKHQ WKH
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JLHOGYV
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5(75< &2817 7KLV UHSUHVHQWY WKH FXUUHQW QXPEHU RI HOQWURS\ JHQF
5(75<B&7 WHVW IDLOXUH ZLOO FDXVH WKH 751* WR JHQHUDWH DQ HUURU |FRQGLWL

7HVW )DLO ORQR %LW
7)0% E 7KH ORQR %LW 7HVW KDV SDVVHG
E 7KH ORQR %LW 7HVW KDV IDLOHG

7THVW )DLO 3RNHU
7)3 E 7KH 3RNHU 7HVW KDV SDVVHG
E 7KH 3RNHU 7HVW KDV IDLOHG

7HVW )DLO /RQJ 5XQ
7)/5 E 7KH /RQJ 5XQ 7HVW KDV SDVVHG
E 7KH /RQJ 5XQ 7HVW KDV IDLOHG

7THVW )DLO 6SDUVH %LW
7)6% E 7KH 6SDUVH %LW 7HVW KDV SDVVHG
E 7KH 6SDUVH %LW 7HVW KDV IDLOHG

7THVW )DLO 30XV %LW 5XQ 6DPSOLQJ V
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7) 3%5 E 7KH 30XV %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH 30XV %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO 30XV %LW 5XQ 6DPSOLQJ V
7) 3%5 E 7KH 30XV %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E WKH 30XV %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V ,I 7) %5 WKH %LW 5XQ
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO
7) %5 7HVW )DLO  %LW 5XQ 6DPSOLQJ V
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV IDLOHG
7HVW )DLO  %LW 5XQ 6DPSOLQJ V
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7THVW )DLO %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7THVW KDV IDLOHG

7THVW )DLO %LW 5XQ 6DPSOLQJ V
7) %5 E 7KH %LW 5XQ 6DPSOLQJ V 7HVW KDV SDVVHG
E 7KH %LW 5XQ 6DPSOLQJ V 7THVW KDV IDLOHG

(QWURS\ 5HDG 5HJLVWHU (17 (17

21IVHW
YRU D WR

SHIJLVWHU 21IVHW '"HVFULSWLRQ
(17D K D ™ K :RUG D
JXQFWLRQ

7KH 751* FDQ EH SURJUDPPHG WR JHQHUDWH DQ HQWHIR & WYHDJO KB VEWRUIMKA NN VHIVGW K I8
0&7/>751*B$&& @ EAQFWWR/ KH HQWURS\ YDOXH KDV EHHQ JHQHUDWHG WKH 0&7/>(17B9
(17 WKURXJK (17 PD\ EH UHDG WR UHWULHYH WKH ELW HQWURS\ YDOXH 1RWH W
FOHDUHG DQG D QHZ YDOXH ZLOO EHJLQ JHQHUDWLRQ VR LW LV LPSRUWDQW WKDW
0&7/>35*0@ 5XQ MRGH>751*B$&& @ 751* DFPHMY (RRGH17B9$/ @ $IWHU DW PR
EXV FORFN F\FOH RI UHDGLQJ D YDOLG (17 UHJLVWHU YDOXH UHDGLQJ DQ\ (17 WKL

'LDJUDP
% LWV

5 (17
5HVHW
% LWV

5 (17
5HVHW

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

JLHOGV

JLHOG | )XQFWLRQ

(QWURS\ 9DOXH :LOO EH QRQ JHUR RQO\ LI 0&7/>35*0@ 5XQ PRGH DQ
9DOLG 7KH PRVW VLJQLILFDQW ELWV RI WKH HQWURS\ DUH UHDG IURP W
DUH UHDG IURP WKH KLJKHVW RIIVHW 1RWH WKDW UHDGLQJ WK|H KLIJKHV
DQG VWDUWYV D QHZ HQWURS\ JHQHUDWLRQ

(17

6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG OSHJLVWHU 3.5&17

2I1IVHW

5HIJLVWHU 21IVHW

3.5&17 K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG 5HJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD!
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

'‘LDJUDP

% LWV

5 3.5B B&7

SHVHW

%LWV

5 3.5B B&7

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD Z4KLFK ZHU
3.5B B&7

3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B B&7

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG OS5HJLVWHU 3.5&17

2I1IVHW

5HIJLVWHU 21IVHW

3.5&17 K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG 5HJLVWHU LV D UHDG RQO\ UHJLVWI
SDWWHUQV 7KH 3RNHU K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD!
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

'‘LDJUDP

LWV

5 3.5B B&7

5HVHW

%LWV

5 3.5B B&7

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

S3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B B&7

3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B B&7

6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG OS5HJLVWHU 3.5&17

2I1IVHW

5HIJLVWHU 21IVHW

3.5&17 K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5HJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD'
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

‘'LDJUDP

LWV

5 3.5B B&7

S5HVHW

% LWV

5 3.5B B&7

SHVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD Z4KLFK ZHU
3.5B B&7

S3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B B&7

6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5S5HJLVWHU 3.5&17

211VHW

S5HIJLVWHU 21IVHW
3.5&17 &K
JXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5HJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD'
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 3.5B B&7

S5HVHW

% LWV

5 3.5B B&7

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD Z4KLFK ZHU
3.5B B&7

S3RNHU K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B B&7

6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG B5S5HJLVWHU 3.5&17

211VHW

S5HIJLVWHU 21IVHW

3.5&17 K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW DQG 5HJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD'

HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 3.5B B&7

S5HVHW

% LWV

5 3.5B B&7

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU K &RXQW
3.5B B&7| 7TRWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHUH IRXQ®6 WR EH

3RNHU K &RXQW
3.5B B&7| 7TRWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHUH IRXQ6 WR EH

6WDWLVWLFDO &KHFN 3RNHU &RXQW % DQG $ 5SHIJLVWHU 3.5&17

211VHW

S5HIJLVWHU 21IVHW

3.5&17%$ K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW % DQG $ 5HIJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU $K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH %K 1RWH WKDW WKLV UHJLV)
ZLOO EH UHDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 3.5B%B&7

S5HVHW

% LWV

5 3.5B$B&7

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU %K &RXQW
3.5B%B&T7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHUH IRXQ®G WR EH ¢

BRNHU $K &RXQW
3.5B$B&7 7RWDO QXPEHU RI QLEEOHV Rl VDPSOH GDWD ZKLFK ZHUH IRXQ¢G WR EH $

6WDWLVWLFDO &KHFN 3RNHU &RXQW ' DQG & 5HIJLVWHU 3.5&17'

211VHW

S5HIJLVWHU 21IVHW

3.5&17'& K

YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW ' DQG & 5HIJLVWHU LV D UHDG RQO\ UHJLV W
SDWWHUQV 7KH 3RNHU &K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH 'K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 3.5B'B&7

S5HVHW

% LWV

5 3.5B&B&7

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU 'K &RXQW
3.5B'B&7| 7TRWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHUH IRXQ®G WR EH "

3RNHU &K &RXQW
3.5B&B&7 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHUH IRXQG6 WR EH &

6WDWLVWLFDO &KHFN 3RNHU &RXQW ) DQG ( 5SHIJLVWHU 3.5&17)

21IVHW

5HJLVWHU 21IVHW
3.58&17)( &K
YXQFWLRQ

7KH 6WDWLVWLFDO &KHFN 3RNHU &RXQW ) DQG ( 5HIJLVWHU LV D UHDG RQO\ UHJLVW
SDWWHUQV 7KH 3RNHU (K &RXQW LQFUHPHQWY HDFK WLPH D QLEEOH RI VDPSOH GD!
HDFK WLPH D QLEEOH RI VDPSOH GDWD LV IRXQG WR EH )K 1RWH WKDW WKLV UHJLVW
ZLOO EH UHDG

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

'LDJUDP

%LWV

5 3.5B)B&7

S5HVHW

% LWV

5 3.5B(B&7

5HVHW

JLHOGYV

JLHOG | )XQFWLRQ

3RNHU )K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B)B&7

3RNHU (K &RXQW 7RWDO QXPEHU RI QLEEOHV RI VDPSOH GDWD ZKLFK ZHU
3.5B(B&7

6HFXULW\ &RQILIXUDWLRQ 5HJLVWHU 6(&B&)*

21IVHW

5HIJLVWHU 21IVHW
6(&B&)* $ K
YXQFWLRQ

7KH 6HFXULW\ &RQILIXUDWLRQ 5HJLVWHU XVHG WR FRQWURO JOREDO FRQILIXUDWLH

'LDJUDP
% LWV

5

5HVHUYHG

5HVHW
% LWV |

; 128

5HVH|UY
5HVHUYHG 35%0 e

5HVHW |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

JLHOGYV
J)LHOG | )XQFWLRQ
5HVHUYHG
§
. VHW EHORZ PHQWLRQHG 751* FRQILJXUDWLRQ UHJLVWHUV FO
12B35*0 | u2VFLOODWRU &RQWURO 5HJLVWHU 26& B&7/
§ 751* (QWURS\ *HQHUDWLRQ &RQWURO > @
§ 2VFLOODWRU 'LYLGHU > @
§ 2VFLOODWRU )DLO 6DIH /LPLW > @
§ 2VFLOODWRU )DLO 6DIH 7THVW > @
H751* BHHG &RQWURO 5HJLVWHU 6'&7/
H751* )UHTXHQF\ &RXQW OLQLPXP /LPLW 5HJLVWHU )540,1
H751* )UHTXHQF\ &RXQW OD[LPXP /LPLW 5HJLVWHU )5408%;
H751* BWDWLVWLFDO &KHFN ORQRELW /LPLW 5HJLVWHU 6&0/
H751* BWDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU 6&
H751* BWDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU 6&
H751* BWDWLVWLFDO &KHFN 5XQ /HQJWK /LPLW 5HJLVWHU 6&
H751* OLVFHOODQHRXV &RQWURO 5HJLVWHU 0&7/
§ 6DPSOH ORGH > @
§ 2VFLOODWRU 'LYLGHU > @
§ GHVHW 'HIDXOWV > @
§ )RUFH 6\VWHP &ORFN > @
§ /IRQJ 5XQV &RQWLQXDWLRQ ORGH > @
$IWHU WKLV ELW KDV EHHQ ZULWWHQ WR D LW FDQQRW EH FK
E 751* FRQILJXUDWLRQ UHJLVWHUV FDQ EH PRGLILHG
E 751* FRQILJXUDWLRQ UHJLVWHUV FDQQRW EH PRGLILHG
5HVHUYHG
§
,QWHUUXSW &RQWURO 5HJLVWHU ,17B&75/
21IVHW
5HIJLVWHU 21IVHW
,17B&75/ $ K

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

QQRW EH

DQJHG

5HIHUHQFH 0DQXDO

7



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

YXQFWLRQ

7KH ,QWHUUXSW &RQWURO 5HJLVWHU LV D UHDG ZURXWAY WHUUXWWY IXN&B WDRV HG HD UW
,17B67$78BHIJLVWHU GHVFULSWLRQ

7KH SXUSRVH RI WKH ,17B&75/ UHJLVWHU LV WR DOORZ D SHQGLQJ LOQWHUUXSW WR E
ELW LV ZULWWHQ $W WKLV WLPH WKH ,17B67$786 ELW IRU WKH FRUUHVSRQGLQJ LQ\
SHQGLQJ ZLOO GH DVVHUW

7KH ,17B&75/ ELW IRU WKH LQWHUUXSW ZLOO UHPDLQ DV ORQJ DV WKH LQWHUUXSW
WKH VRXUFH LV GHDVVHUWHG WKH ,17B&57/ ELW ZLOO UHWXUQ DQG UHPDLQ WKHULI

tULWLQJ FDQ 127 FDXVH JHQHUDWLRQ RI LOWHUUXSWV RU KDYH DQ\ RWKHU HIIHFV

'LDJUDP
% LWV
5
5HVHUYHG
5HVHW X X X X X X X X X X X X X X X X
% LWV |
5 ,17+8 )54B| (17B| +:B
5HVHUYHG
y/7 | &7B | 9%/ | (55
5HVHW X X X X X X X X | X X X X
JLHOGV
JLHOG | )XQFWLRQ
S5HVHUYHG
§
&OHDU WKH ,17*B)/7 LQWHUUXSW
,17*B) /7 E &OHDUV WKH ,17B67%$786>,17*B)/7@ ELW :LOO DXWRPDWLFDOO\ V

E (QDEOHV WKH ,17B67$786>,17*B)/7@ ELW WR EH VHW WKHUHE\ H¢
WKH ,17*B)/7 FRQGLWLRQ

&OHDU WKH )54B&7B)$,/ LQWHUUXSW
)54B&7B) S,/ E &OHDUV WKH ,17B67%$786>)54B&7B)$,/@ ELW :LOO DXWRPDWLFDO!

E (QDEOHV WKH ,17B67$786>)54B&7B)$,/@ ELW WR EH VHW WKHUHE
IRU WKH )54B&7B)$,/ FRQGLWLRQ

&OHDU WKH (17B9%/ LQWHUUXSW
(17B9S$/ E &OHDUV WKH ,17B67$786>(17B9%/@ ELW :LOO DXWRPDW|LFDOO\ V|

E (QDEOHV WKH ,17B67$786>(17B9$/@ ELW WR EH VHW WHKHUHE\ HQ
WKH (17B9%$/ FRQGLWLRQ

&OHDU WKH +:B(55 LQWHUUXSW

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG

)XQFWLRQ

+:B(55

E &OHDUV WKH ,17B67$786>+:B(55@ ELW

:LOO DXWRPDWLIFDOO\ VH

E (QDEOHV WKH ,17B67$786>+:B(55@ ELW WR EH VHW WKHUHE\ HQI
WKH +:B(55 FRQGLWLRQ

ODVN 5HJLVWHU ,17B0%$6.
21IVHW
5HIJLVWHU 21IVHW
,17B0$6. $ K
)XQFWLRQ

7KH ,QWHUUXSW ODVN 5HJLVWHU DFWXDOO\ DQ HQDEOH UHJLVWHU
LOQWHUUXSWVY JHQHUDWHIG E6 VR #8751V WEHHGHVFULSWLRQ

LV D IRKDG ZULVW

(DFK LOQOWHUUXSW FDQ EH

FRUUHVSRQGLQU7BD®WUHIWKWHU 2QO\ VHWWLQJ WKLV ELW KLJK ZLOO UH HQDEOH WHK
LQWHUUXOW7YWBWOXIWVIHUIRUPDWLRQ FDQ EH U

LOWHUUXSW LV FOHDUHG RU PDVNHG

'LDJUDP
WLWV | |
5
5HVHUYHG
5HVHW | |
% LWV
5 ,17+8 )s4B| (178B| +:B
5HVHUYHG
yi7 | &7B | 9%/ | (55
5HVHW
JLHOGV
JLHOG | )XQFWLRQ
5HVHUYHG
8§
ODVN WKH ,17*B)/7 LQWHUUXSW
,17*B) /7 E ,17*B)/7 LQWHUUXSW LV GLVDEOHG

E ,17*B)/7 LOQWHUUXSW LV HQDEOHG

0&; $

7DEOH FROWLQXHV RQ WKH QH[W SDJH

DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

ODVN WKH )54B&7B)$,/ LQWHUUXSW
)54B&7B)$/ E )54B&7B)$,/ LQWHUUXSW LV GLVDEOHG
E )54B&7B)$,/ LQWHUUXSW LV HQDEOHG

ODVN WKH (17B9%/ LQWHUUXSW
(17B9S$/ E (17B9%/ LQWHUUXSW LV GLVDEOHG
E (17B9%/ LQWHUUXSW LV HQDEOHG

ODVN WKH +:B(55 LOQWHUUXSW
+:B(55 E +:B(55 LQWHUUXSW LV GLVDEOHG
E +:B(55 LOWHUUXSW LV HQDEOHG

, QWHUUXSW 6WDWXV 5HJLVWHU ,17B67%$786

21IVHW

5HIJLVWHU 21IVHW
,17B67$786 $&K
YXQFWLRQ

7KH ,QWHUUXSW 6WDWXV 5HJLVWHU LV XVHG WR SURYLGH VWDWXV IRU WKH WKUHH
XVHG WR SURYLGH DOHUW ZKHQ HLWKHU JUHTXHQF\ &RXQW KDV IDLOHG RU (QWURS\
FDQ EH WHPSRUDULO\ FOHDUHG E\ ZULWLQJ7B&WRSWHJIH \ARHU H VB PO INQW KEH W Q\@ HW KIEK
FRUUHVSRQGLQJ ERWSBUIHI WHKMHHU 7KH GHVFULSWLRQ RI WKH LQWHUUXSWYV LV GHILQ]
LI WKH LQWHUUXSW LV FOHDUHG RU PDVNHG LQWHUUXSW VWDWXV LQIRUPDWLRQ FL

'LDJUDP
% LWV | |

5

5HVHUYHG

5HVHW | |
% LWV |

s ,17+8 )54B| (17B| +:B
5HVHW |

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

JLHOGV

JLHOG | )XQFWLRQ

SHVHUYHG

,QWHJULW)\ )DXOW $Q LQWHUQDO IDXOW KDV RFFXUUHG
,17*B)/7 E 1R LQWHUQDO IDXOW KDV EHHQ GHWHFWHG
E 751* KDV GHWHFWHG LQWHUQDO IDXOW

JUHTXHQF\ &RXQW )DLO 7KH IUHTXHQF\ FRXQWHU KDV GHWHFWHG D IDLO

)54B&7B)S ?URJUDPPLQJ Rl WKH )540%; DQG RU )540,1 UHJLVWHUV RU D KOQUGZDUH |
E 1R KDUGZDUH QRU VHOI WHVW IUHTXHQF\ HUURUV
E 7KH IUHTXHQF\ FRXQWHU KDV GHWHFWHG D IDLOXUH
(QWURS\ 9DOLG :LOO DVVHUW DIWH U DG HRQNMU R-$\ 7% D OB$H: 4. \& O WHIHWVU YD MW G
(17B9$/ FOHDUHG ZKHQ (17 LV UHDG (17 WKURXJK (17 VKRXOG EH UHDG EHIRU

E %XV\ JHQHUDWLQJ HQWURS\ $Q\ YDOXH UHDG IURP WKH (QWURS
E O9DOXHV UHDG IURP WKH (QWURS\ UHJLVWHUV DUH YDOLUG

5HDG 751* (UURU $Q\ HUURU LQ WKH 751* ZLOO WULJJHU WKLV|LQWHUU X
+:B(55 E 1R HUURU
E (UURU GHWHFWHG

&RPPRQ 6HFXULW\ (UURU 5HJLVWHU &6(5

21IVHW

5HIJLVWHU 21IVHW
&6(5 % K
YXQFWLRQ

7KH &RPPRQ 6HFXULW\ (UURU 5HJLVWHU LV XVHG WR SURYLGH VWDWXV IRU WKH ,QW
751* 7KHVH IDXOWV JHW GHWHFWHG GXH WR ELW HUURU RFFXUULQJ LQVLGH 751* FL
KZ :KHQHYHU DQ\ ELW RI WKLV UHJLVWHU JHWV VHW LW FDXVHV 751* WR UHSRUW |
,QWHJULW\ )DXOW FDQ EH WHPSRUDULO\ FOHDUHG & &BUWILIQIWHWR WKH FRUUHVSRC

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQ

HUDWRU 7¢

'LDJUDP
%BLWYV
5
5HVHUYHG
5HVHW
%LWYV |
5 %86H /2&$| 5('B | 5('B
5HVHUYHG ("& 1B ( Y60 | 6,*6
5HVHW |
JLHOGV
JLHOG [ ) XQFWLRQ
S5HVHUYHG
§
%XV (‘& HUURU IDXOW GHWHFWHG
%86B('& | 7KLV HUURU IDXOW JHWV VHW ZKHQHYHU WKH (‘& UHFHLYHG YLD|UHJLVWH
RQ WKH ZULWH GDWD UHFHLYHG RQ WKH UHJLVWHU LQWHUIDFH
E 1R %XV (& HUURU IDXOW GHWHFWHG
E %XV (&« HUURU IDXOW GHWHFWHG
/IRFDO (‘& HUURU IDXOW GHWHFWHG
/12&%$/B('&| 7KLV HUURU IDXOW JHWV VHW ZKHQHYHU WKH FRQWLQXRXVO\ JHQHUDWH
FULWLFDO GRHVQ W PDWFK WKH VWRUHG ('& WKDW ZDV JHQHUDWHG DW \
ZDV XSGDWHG
E 1R /RFDO (‘& HUURU IDXOW GHWHFWHG
E /IRFDO (‘& HUURU IDXOW GHWHFWHG
5HGXQGDQW )60 HUURU IDXOW GHWHFWHG
5('B)60 7KLV HUURU IDXOW JHWV VHW ZKHQHYHU WKH FXUUHQW VWDWH RI DQ )6¢C
ULWLQJ WR 0&7/>(55@ IROORZHG E\ ZULWLQJ WR &6&/5>5('B)I60@ ZLOO
E 1R UHGXQGDQW )60 HUURU IDXOW
E 5HGXQGDQW )60 HUURU IDXOW GHWHFWHG
BHGXQGDQW 6LJQDOYV HUURU IDXOW "HWHFWHG
5('B6,*6 7KLV HUURU IDXOW JHWV VHW ZKHQ WUXH DQG UHGXQGDQW LQYHUWHG Y

ORJLFDO VWDWH

E IDXOW

IDXOW GHWHFWHG

1R UHGXQGDQW VLJQDO HUURU

E S5HGXQGDQW VLIJQDO HUURU

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

&RPPRQ 6HFXULW\ &OHDU 5HJLVWHU &6&/5

21IVHW
5HIJLVWHU 21IVHW
&68&/5 % K
YXQFWLRQ

7KH &RPPRQ 6HFXULW\ &0OHDU 5HJLVWHU LV XVHG WR FOHDU WKH ,QWHKHSYEW\ (UURU\
UHJLVWHU RI 751* 7KH DFW RI ZULWLQJ D « = VKDOO KDYH WKH HIIHFW RI WHPSRUDL
ZULWH RI « = VKDOO EH LIJQRUHG $ UHDG RI WKLV UHJLVWHU VKDOO UHVXOW LQ D %

'LDJUDP
% LWV | |
5
5HVHUYHG
S5HVHW | |
% LWV |
5
5HVHUYHG %86B|(/2&%$|5('B)| 5('B
‘& 1B ( 60 6,*
5HVHW |
JLHOGV

JLHOG | )XQFWLRQ

5HVHUYHG

5HDG RQO\ %XV (& HUURU IDXOW GHWHFWHG 7KLV HUURU IDXOW JHWYV \
/EDWFK WR ('& JHQHUDWHG RQ WKH UHFHLYHG GDWD RQ UHJLVWHU LQWH!

E 1R HIIHFW LJQRUHG
E &OHDUV WKH &6(5>%86B('&@ ELW

%86B('&B&

5HDG RQO\ /RFDO (‘& HUURU IDXOW GHWHFWHG 7KLV HUURU IDXOW JHW"
/2&$/B(,&B&UHJLVWHU EXV LQWHUIDFH GRHVQ W PDWFK (‘& FDOFXODWHG RQ WKH ZU

/5 E 1R HIIHFW LJQRUHG
E &OHDUV WKH &6(5>/2&%$/B('&@ ELW

5HDG RQO\ 5HGXQGDQW )60 HUURU IDXOW GHWHFWHG 7KLV HUURU IDXO

5(‘B)6OB&/5)60 DQG LWV UHGXQGDQW VWDWH YDOXHV DUH QRW VDPH

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7%

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E 1R HIIHFW LJQRUHG
E &OHDUV WKH &6(5>5('B)60@ ELW

5HGXQGDQW 6LJQDOV HUURU IDXOW "HWHFWHG

5('B6,*6B&/5HDG 2Q0\ 7KLV HUURU IDXOW JHWV VHW ZKHQ WUXH DQG UHGXQGDQW L
5 VDPH ORJLFDO VWDWH

E 1R HIIHFW LJQRUHG
E &OHDUV WKH &6(5>5('B6,*6@ ELW

751* 2VFLOODWRU &RQWURO 5HJLVWHU 26& B&7/

21IVHW

5HJLVWHU 21IVHW
26& B&7/ (&K
YXQFWLRQ

7KH 751* 2VFLOODWRU &RQWURO 5HJLVWHU FRQWUROV YDULRXV IXQFWLRQV UHOD\)
26& B&7/ LV RQO\ ZULWH DEOH LI 0&7/>35*0@

'LDJUDP
% LWV

5

5HVHUYHG
5HVHW
%LWV |
26& H
5| s5HVH[uxe&B 26&B)$,/6%))5HVH|BH V H|UYg 26& B 751*B(17B&7
5HVHUYHG 26& B',9
HG | )$, (B/07 HG | HG 28 /

5HVHW |
JLHOGV

JLHOG | )XQFWLRQ

S5HVHUYHG

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUV
7UXH 5DQGRP *HQHUDWRU 7¢
7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH
JLHOG | )XQFWLRQ
2VFLOODWRU IDLO VDIH WHVW
26&B)$,/6$7KLV LV XVHG RQO\ IRU WHVWLQJ WKH 26&B)$,/6$)(B/07 ORJLF 7KLV ILHO
(B7(67 |LV 7KLV ILHOG LV UHVHW E\ ZULWLQJ WKH 567B'() ELW WR
E 1R LPSDFW
E 'LVDEOHV RVFLOODWRU ZKLOH LQ GXDO RVFLOODWRU|PRGH 75
2VFLOODWRU IDLO VDIH OLPLW
268&B)$,/6$)6HWV WKH IDLOVDIH OLPLW IRU GHWHUPLQLQJ RVFLOODWRU IDLPXUH 7KL
(B/07 |ILHOG LV UHVHW E\ ZULWLQJ WKH 567B'() ELW WR ,Q GXDO RVFLOODWRU
LV QRW UXQQLQJ ERWK 0&7/>)&7B)$,/@ DQG 0&7/>26& B)$,/@ ZLPO EH VHV
E 7KH OLPLW 1 LV A VA\WWHP FORFNV
E 7KH OLPLW 1 LV A V\WVWHP FORFNV GHIDXOW
E 1LV A V\WWHP FORFNV
E 1LV A V\WWHP FORFNV IXOO UDQJH RI WKH FRXQWHU EHLQJ X
SHVHUYHG
8§
5HVHUYHG
8
751* 2VFLOODWRU )UHTXHQF\ &RXQW 9DOLG
26& B)&7BDS E )UHTXHQF\ FRXQW LV LQYDOLG
/ E ,l 751*B(17B&7/ E YDOLG IUHTXHQF\ FRXQW PD\ EH UHDG IURP
SHVHUYHG
§
2VFLOODWRU &ORFN 2XWSXW (QDEOH
268& B287B(ZKLV ILHOG LV UHVHW E\ ZULWLQJ WKH 567B'() ELW WR
E 5LQJ RVFLOODWRU RXWSXW LV JDWHG WR DQ RXWSXW|SDG
E $OORZV H[WHUQDO YLHZLQJ RI GLYLGHG E\ ULQJ RVFLOODWRU
VHOHFWHG HOVH ULQJ RVFLOODWRU RXWSXW LV JDWHG WR DQ RX\
2VFLOODWRU 'LYLGH
26& B',9 ['"HWHUPLQHV WKH DPRXQW RI GLYLGLQJ GRQH WR WKH ULQJ RVFLOODWRL
ZULWDEOH RQO\ LI 0&7/>35*0@ LV 7KLV ILHOG LV UHVHW E\ ZULWLQJ W]

E 8VH ULQJ RVFLOODWRU

8VH ULQJ RVFLOODWRU

ZLWK QR GLYLGH

E GLYLGHG E\

7DEOH FROWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH O0DQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

7DEOH FRQWLQXHG IURP WKH SUHYLRXV SDJH

JLHOG | )XQFWLRQ

E 8VH ULQJ RVFLOODWRU GLYLGHG E\
E 8VH ULQJ RVFLOODWRU GLYLGHG E\

751* HQWURS\ JHQHUDWLRQ FRQWURO

751*B(17B&7KLV ILHOG LV ZULWDEOH RQO\ LI 0&7/>35*0@ LV 7KLV ILHOG LV UHVHW
/ E 6LQJOH RVFLOODWRU PRGH XVLQJ 26& GHIDXOW

E 'XDO RVFLOODWRU PRGH

E 6LQJOH RVFLOODWRU PRGH XVLQJ 26&

E

8QXVHG ELW ILHOG FDQQRW EH ZULWWHQ WR WKLV YDOXH

9HUVLRQ ,' SHJLVWHU 06 9,'

211IVHW

5HIJLVWHU 21IVHW
9, ) K
JXQFWLRQ

7KH 9HUVLRQ ,' 5HJLVWHU 9," LV DQ 06: UHDG RQO\ UHJLVWHU XVHG WR LGHQWLI\ W
DW," VKRXOG ERWK EH UHDG WR YHULI\ WKH H[SHFWHG YHUVLRQ

'‘LDJUDP

%LWV

5 ,3B,"

5HVHW

%LWV

5 0$-B5(9 0,1B5(9

5HVHW

JLHOGV

JLHOG | )XQFWLRQ

6KRZV WKH ,3 '

7TDEOH FRQWLQXHV RQ WKH QH[W SDJH

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU

7DEOH FRQWLQXHG I URP WKH SUHYLRXV SDJH

J)LHOG | )XQFWLRQ
,3B," B B B E ,' IRU751*
6KRZV WKH ,3 V ODMRU UHYLVLRQ RI WKH 751*
0$-B5(9 H$ YDOXH RI E LQGLFDWHYV 751* KDV 'XDO 2VFLOODWRUYV
H$ YDOXH RI E LQGLFDWHV 751* ZLWK ELW HQWURS\ VI
H$ YDOXH RI E LQGLFDWHV 751* ZLWK ELW HQWURS\ VI
H$ YDOXH RI E LQGLFDWHV 751* ZLWK ELW HQWURS\ VI
B E ODMRU UHYLVLRQ QXPEHU IRU 751*
6KRZV WKH ,3 V OLQRU UHYLVLRQ RI WKH 751*
0,1B5(9 B E OLQRU UHYLVLRQ QXPEHU IRU 751*
9HUVLRQ ,' 5HJLVWHU /6 9,
21IVHW
5HJLVWHU 21IVHW
9, ) K
YXQFWLRQ

7KH 9HUVLRQ ," 5HJLVWHU 9,'
DV ZHOO DV 9,'

1H
1H
1H

'LDJUDP
% LWV

5 (5% ,17*B237
S5HVHW
% LWV

5 (&2B5(9 &21),*B237
5HVHW

0&; $ DQG $ 6HFXULW\ SHIHUHQFH ODQXDO 5HY

SHIHUHQFH ODQXDO

LV DQ /6: UHDG RQO\ UHJLVWHU XVHG WR LGHQWLI\ V
VKRXOG ERWK EH UHDG WR YHULI\ WKH H[SHFWHG YHUVLRQ



1;3 6HPLFRQGXFWRUYV

7UXH 5DQGRP *HQHUDWRU 7¢

JLHOGV

J)LHOG | )XQFWLRQ

6KRZV WKH (5% Rl WKH 751*
(5% B E (5% RI WKH 751*

6KRZV WKH LQWHJUDWLRQ RSWLRQV IRU WKH 751*
,17*B237 B E ,17*B237 IRU 751~

6KRZV WKH ,3 V (&2 UHYLVLRQ RI WKH 751*
(&2B5(9 B E 751*B(&2B5(9 IRU 751*

6KRZV WKH ,3 V &RQILIJXDUDWLRQ RSWLRQV IRU WKH 751*
&21),*B237 B E 751*B&21),*B237 IRU 751*

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

$SSHQ® L]
SHOHDVH QRWHYV

$ S5HYLVLRQ KLVWRU\
%HFDXVH WKLV LV WKH LQLWLDO UHOHDVH Rl WKH GRFXPHQW WKHUH DUH QR FKDQ.

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

/HIDO LQIRUPDWLR(

/HIDO LQIRUPDWLRQ

V WKDW DUH GHVFULEHG KHUHLQ
VWUDWLYH SXUSRVHV RQO\ 1;3
VWLOO

UUDQW\ WKDW VXFK DSSOLFDW
H

|

'"HILQLWLRQV $s
SuU

[
R
'UDIWS$ GUDIW VWDWXV RQ D GRFXPHQW LQGLFDWHV WK
XQGHU LQWHUQDO UHYLHZ DQG VXEMHFW WR IRUPDQ DSSURY
LQ PRGLILFDWLRQV RU DGGLWLRQV 1;3 6HPLFRQGXFWRUV GRH JLYH DQ\
UHSUHVHQWDWLRQV RU ZDUUDQWLHV DV WR WKH DFFXUBRPRYVERBEHWIEBARYFEAH IRU WKH GHVLIQ DQG RS
LQIRUPDWLRQ LQFOXGHG LQ D GUDIW YHUVLRQ RI D RBRERPMREW YOG XWik®d d R BFRRQGXFWRUV SURGXFWYV

OLDELOLW\ IRU WKH FRQVHTXHQFHV RI XVH Rl VXFK RRQAIRSWYWRRQLDELOLWI IRU DQ\ DVVLVWDQFH ZLWK DSS
GHVLJQ ,W LV FXVWRPHU-V VROH UHVSRQVLELOLW\ WR

6HPLFRQGXFWRUV SURGXFW LV VXLWDEOH DQG ILW IRU V
'LVFODLPHUYV SURGXFWYV SODQQHG DV ZHOO DV IRU WKH SODQQHG DSS
/LPLWHG ZDUUDQW)\ ,DOBUG DMVEIRILWY WKLYV GRFXPHQWKLW @ H®EUHYHBEXVWRPHU V. &XVWRPHUV VKRXOG SURYL(
WR EH DFFXUDWH DQG UHOLDEOH +RZHYHU 1;3 6HPREROBWEQRUVDIGRMNYUGRMWWR PEHQLPL]IH WKH ULVNV DVVRF
DQ\ UHSUHVHQWDWLRQV RU ZDUUDQWLHV H[SUHVVH®RRBURSEEM® DV WR WKH DFFXUDF\

RU FRPSOHWHQHVV RI VXFK LQIRUPDWLRQ DQG VKDQO; kDB (Qfy %k PHRUWME ARY WKW DEFHSW DO\ oLDELOLW!
FRQVHTXHQFHV RI XVH RI VXFK LQIRUPDWLRQ 1:3 BHRIFARQCERYRYVRYONRESRP ZKLFK LV EDVHG RO DOV ZH
UHVSRQVLELOLW\ IRU WKH FRQWHQW LQ WKLV GRFXPHONWRILILRYSSESLEb R RHP BWABRF WY RU WKH DS
VRXUFH RXWVLGH RI 1;3 6HPLFRQGXFWRUV WKLUG SDUW\ FXVWRPHU V &XVWRPHU LV UHVSRQVLEOH
,Q QR HYHQW VKDOO 1:3 6HPLFRQGXFWRUV EH OLDE CRUJIWK H GX Y YBPHINEW DISHQIFHOMLRQY DQG SURGXFWYV X\
SXQLWLYH VSHFLDO RU FRQVHTXHQWLDO GDPDJHV SUF®XENY L Q RINBHIRIXWROD PR WD W IGRHIDXOW RI WKH DSSOL
ORVW SURILWV ORVW VDYLQJV EXVLQHVV LQWH U UXSVBIORGEG D WRARQ VR U HOLHVEGF MARWMR R H WHP WKD U GR 8D UW\ FXV
UHSODFHPHQW RI DQ\ SURGXFWV RU UHZRUN FKDUJHYQ 7 RH WKHLL WU QR W K/XE K \OPHRW v

DUH EDVHG RQ WRUW LQFOXGLQJ QHJOLJHQFH ZDUUDQW\ EUHDFK RI FRQWUDFW RU DQ\
RWKHU OHJDO WKHRU\ 7HUPV DQG FRQGLWLRQV RILFRBRAUFRQ G XFNOHIV SURGX|

DUH VROG VXEMHFW WR WKH JHQHUDO WHUPV DQG FRQG

IRWZLWKVWDQGLQJ DQ\ GDPDJHV WKDW FXVWRPHU BULIKW:LQGKY ARFWPRWWROVRE 7z o1s FRP SURILOH WHUPV
ZKDWVRHYHU 1:3 6HPLFRQGXFWRUV~ DIJUHIDWH DQG FiXBXQPWLYH RhRt O oW WREBCY suntpHOW .Q FDVE
FXVWRPHU IRU WKH SURGXFWV GHVFULEHG KHUHLQ Y{fDFQ?%EG‘X%HF&‘%B%\L\%MWR/QSEGZH—’!BGLWLRQ’V Bl w

WKH 7HUPV DQG FRQGLWLRQV RI FRPPHUFLDO VDOH \RIp 3 HELSRQEXEWR PR QGXFWRUV KHUHE\ H[SUHVVO\ |

FXVWRPHU-Y JHQHUDO WHUPV D FR LWLRQV ZLWK
5LJKW WR PDNH EKDQJIHANVFRQGXFWRUV UHVHUYHV WKH ULJKWUWR FJ’D%HU © v QG QG Q v

6HPLFRQGXEWRUYV %URGXFWV EN EXVWRPHU
FKDQJHV WR LQIRUPDWLRQ SXEOLVKHG LQ WKLV GRFXPHQW "LQFOXGLQJ ZLWKRXW OLPLWDWLRQ

VSHFELILEDWLRQV DQG SURGXFW GHVEULSWLRQV DW(RRLW AR Gk AP0 Bk Lwip v oHy

GRFXPHQW VXSHUVHGHV DQG UHSODFHV DOO LQIRURQWLRR Y XSS AFIE GULREWUR Y K sx0bWLROY ([SRUW P
SXEOLFDWLRQ KHUHRI IURP FRPSHWHQW DXWKRULWLHYV

VXOW
XUWKHU WHVWLQJ RU PRGLILF

6XLWDELOLWYLIROHAMHFRQGXFWRUV SURGXFWY DUH QRW GHVLJIQHG

DXWKRUL]J]HG RU ZDUUDQWHG WR EH VXLWDEOH IRU XVH LQ OLIH VXSSRUW OLIH FULWLFDO
RU VDIHW\ FULWLFDO VI\VWHPV RU HTXLSPHQW QRU LQ DSSOLFDWLRQV ZKHUH IDLOXUH RU
PDOIXQFWLRQ RI DQ 1;3 6HPLFRQGXFWRUV SURGXFW FDQ UHDVRQDEO\ EH H[SHFWHG

WR UHVXOW LQ SHUVRQDO LQMXU\ GHDWK RU VHYHUH SURSHUW\ RU HQYLURQPHQWDO GDPDJH
1;3 6HPLFRQGXFWRUV DQG LWV VXSSOLHUV DFFHSW QR OLDELOLW\ IRU LQFOXVLRQ DQG RU
XVH Rl 1;3 6HPLFRQGXFWRUV SURGXFWV LQ VXFK HTXLSPHQW RU DSSOLFDWLRQV DQG
WKHUHIRUH VXFK LQFOXVLRQ DQG RU XVH LV DW WKH FXVWRPHU-V RZQ ULVN

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO



1,3 6HPLFRQGXFWRUYV

/HIDO LQIRUPDWLR(

6XLWDELOLW\ IRU XVH LQ QRQ DXWRRRWLYHVRXDOLILHGE SARGHHNWW DQG ORJR DUH WUDGHPDUNYV RI 1;3 % 9

GRFXPHQW H[SUHVVO\ VWDWHYV WKDW WKLV VSHFLILé:O%;g %mPPLFﬁH’GXEMVFBV'VO S%%%XF%P $UWLVDQ ELJ /,77
LV DXWRPRWLYH TXDOLILHG WKH SURGXFW LV QRW é’%bW/?B%H éBHI-PG)EWIB\BRE’II&mWI-)I([VHHVLJQGWDUW '\QDP,’4

W LV QHLWKHU TXDOLILHG QRU WHVWHG LQ DFFRUGOI.'IYE(;'FGH &L_Wé %%%PH%WH\(EIW:EZVSW'SQISOQLHZ 6HEXU&RUH |
RU DSSOLFDWLRQ UHTXLUHPHQWYV 1,3 6HPLFRQGXF\A/B%&\AP:':F\F&I?WBV,?.R g)/I:P.ELg)IL,\i\I.\dFUBI’ll 3/86 8/,1.SUR é0L

LQFOXVLRQ DQG RU XVH RI QRQ DXWRPRWLYH TXDO Gl 7pguh o W ¥ e BENZ BRERE unaLvwHuHG wubaHP
HTXLSPHQW RU DSSOLFDWLRQV VXEVLGLDULHV RU DIILOLDWHV LQ WKH 86 DQG RU HOVH

,Q WKH HYHQW WKDW FXVWRPHU XVHV WKH SURG XFWPIRWUEGHYUR® H RWHXGE EAVHIOQLQRD XMORP RWEDPMWHQWY FRS\ULJ
DSSOLFDWLRQV WR DXWRPRWLYH VSHFLILFDWLRQV D/HGE WMDY GIDAUAE WV L B KWW RFHMH DY MGKDO O XV H

WKH SURGXFW ZLWKRXW 1;3 6HPLFRQGXFWRUV= ZDU(%%%Y&‘@%WS%%B%%%EWM%% Y;X“’»beo 9
DXWRPRWLYH DSSOLFDWLRQV XVH DQG VSHFLILFDWLRQV DQG E ZKHQHYHU FXVWRPHU

XVHV WKH SURGXFW IRU DXWRPRWLYH DSSOLFDWLRQE EXMYET R EVe APV HFRGERPWN RY-L1:3 % 9
VSHFLILFDWLRQV VXFK XVH VKDOO EH VROHO\ DW FXVWRPHU-V RZQ ULVN DQG F FXVWRPHU
IXOO\ LQGHPQLILHV 1;3 6HPLFRQGXFWRUV IRU DQ\ OLDELOLW\ GDPDJHV RU IDLOHG
SURGXFW FODLPV UHVXOWLQJ IURP FXVWRPHU GHVLJQ DQG XVH Rl WKH SURGXFW IRU
DXWRPRWLYH DSSOLFDWLRQV EH\RQG 1;3 6HPLFRQGXFWRUV- VWDQGDUG ZDUUDQW\ DQG

1;3 6HPLFRQGXFWRUV- SURGXFW VSHFLILFDWLRQV

+70/ SXEOLFPWQRQWY/ YHUVLRQ LI DYDLODEOH RI WKLV GRFEXPHQW LV

SURYLGHG DV D FRXUWHV\ 'HILQLWLYH LQIRUPDWLRQ LV FRQWDLQHG LQ WKH DSSOLFDEOH
GRFXPHQW LQ 3') IRUPDW ,I WKHUH LV D GLVFUHSDQF\ EHWZHHQ WKH +70/

GRFXPHQW DQG WKH 3') GRFXPHQW WKH 3') GRFXPHQW KDV SULRULW\

7UDQVOBWLEBRY (QJOLVK WUDQVODWHG YHUVLRQ RI D GRFXPHQW LQFOXGLQJ

WKH OHJDO LQIRUPDWLRQ LQ WKDW GRFXPHQW LV IRU UHIHUHQFH RQO\ 7KH (QJOLVK
YHUVLRQ VKDOO SUHYDLO LQ FDVH RI DQ\ GLVFUHSDQF\ EHWZHHQ WKH WUDQVODWHG DQG
(QJOLVK YHUVLRQV

6HFXUWLWXVWRPHU XQGHUVWDQGYV WKDW DOO 1;3 SURGXFWV PD\ EH VXEMHFW WR
XQLGHQWLILHG YXOQHUDELOLWLHVY RU PD\ VXSSRUW HVWDEOLVKHG VHFXULW\ VWDQGDUGV RU
VSHFLILFDWLRQV ZLWK NQRZQ OLPLWDWLRQV &XVWRPHU LV UHVSRQVLEOH IRU WKH GHVLJQ
DQG RSHUDWLRQ RI LWV DSSOLFDWLRQV DQG SURGXFWV WKURXJKRXW WKHLU OLIHF\FOHV

WR UHGXFH WKH HIITHFW RI WKHVH YXOQHUDELOLWLHYVY RQ FXVWRPHU-V DSSOLFDWLRQV

DQG SURGXFWV &XVWRPHU-V UHVSRQVLELOLW\ DOVR HI WHQGV WR RWKHU RSHQ DQG RU
SURSULHWDU\ WHFKQRORJLHV VXSSRUWHG E\ 1;3 SURGXFWV IRU XVH LQ FXVWRPHU-V
DSSOLFDWLRQV 1;3 DFFHSWV QR OLDELOLW)\ IRU DQ\ YXOQHUDELOLW\ &XVWRPHU VKRXOG
UHJXODUO\ FKHFN VHFXULW\ XSGDWHV IURP 1;3 DQG IROORZ XS DSSURSULDWHO\

&XVWRPHU VKDOO VHOHFW SURGXFWV ZLWK VHFXULW\ IHDWXUHV WKDW EHVW PHHW UXOHV
UHJXODWLRQV DQG VWDQGDUGV RI WKH LQWHQGHG DSSOLFDWLRQ DQG PDNH WKH
XOWLPDWH GHVLJQ GHFLVLRQV UHJDUGLQJ LWV SURGXFWV DQG LV VROHO\ UHVSRQVLEOH
IRU FRPSOLDQFH ZLWK DOO OHJDO UHJXODWRU\ DQG VHFXULW\ UHODWHG UHTXLUHPHQWYV
FRQFHUQLQJ LWV SURGXFWV UHJDUGOHVV RI DQ\ LQIRUPDWLRQ RU VXSSRUW WKDW PD\ EH
SURYLGHG E\ 1,3

1;3 KDV D 3URGXFW 6HFXULW\ ,QFLGHQW 5HVSRQVH 7HDP 36,57 UHDFKDEOH
DW6,57#Q[S FRAPKDW PDQDJIJHV WKH LQYHVWLIJDWLRQ UHSRUWLQJ DQG VROXWLRQ
UHOHDVH WR VHEXULW\ YXOQHUDELOLWLHYV RI 1;3 SURGXFWYV

1;3 % ® 1;3 % 9 LV QRW DQ RSHUDWLQJ FRPSDQ\ DQG LW GRHV QRW GLVWULEXWH
RU VHOO SURGXFWYV

7TUDGHPDUNYV

1RWLFH $00 UHIHUHQFHG EUDQGV SURGXFW QDPHV VHUYLFH QDPHV DQG
WUDGHPDUNYV DUH WKH SURSHUW\ RI WKHLU UHVSHFWLYH RZQHUYV

0&; $ DQG $ 6HFXULW\ 5HIHUHQFH ODQXDO 5HY

5HIHUHQFH 0DQXDO
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