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1FUVTEGV[HXU 7QbTY_fQcSe\Qb TYcUQcU #7J8$ Yc dXU ]_cd _V TUQdX Y^ dXU
g_b\T' 9\USdb_SQbTY_WbQ] #97;$ Yc dXU WbQ`X dXQd cX_gc XUQbd U\USdbYSQ\
QSdYfYdYUc' HXU `XicYSYQ^ bUS_bT Q^T TUdUSd dXU QR^_b]Q\ 9\USdb_SQbTY_WbQ]
#97;$ cYW^Q\ Ri dXU <_\dUb ]_^Yd_b dXQd `QdYU^d ^UUT d_ SQbbi _^ dXU TUfYSU V_b
bUS_bT 97; cYW^Q\ Y^ +- X_ebc' DQ^&H_][Y^c Q\W_bYdX] gQc Q``b_`bYQdU V_b
FUQ\&dY]U 97; cYW^Q\ bUS_W^YdY_^ RUSQecU XYWX QSSebQSi Q^T bQ`YT\i Q^Q\icYc'
HXYc bUcUQbSX `b_`_cU dXU FUQ\&dY]U 97; GYW^Q\ ]_^Yd_bY^W cicdU] V_b TUdUSd
dXU QR^_b]Q\ 97; cYW^Q\ Ri ecY^W DQ^&H_][Y^c Q\W_bYdX] gYdX KYbU\Ucc
GU^c_b BUdg_b[' HXU cicdU] cU`QbQdUT Y^d_ + `Qbd4 cU^TUb ]_Te\U Q^T bUSUYfUb
]_Te\U' 9h`UbY]U^dQ\ dXU cicdU] Ri ecY^W dXU 97; cYW^Q\ TQdQ Vb_] A=H&6=<
TQdQRQcU' GU\USdUT +) cQ]`\Uc _V QR^_b]Q\ 97; cYW^Q\ dXU^ Uh`UbY]U^dQ\ Qd *)
Q^T +) ]UdUbc cU^TUb ]_Te\U&bUSUYfUb ]_Te\U TYcdQ^SU% SQ\Se\QdU F&F Y^dUbfQ\
Q^T F Q]`\YdeTU dXbUcX_\T HXU bUce\dc cX_g dXQd dXU FUQ\&dY]U 97; cYW^Q\
]_^Yd_bY^W cicdU] TUdUSd *0 QR^_b]Q\ 97; cYW^Q\% dXU QSSebQSi Yc 1. ' HXYc
cicdU]c UVVYSYU^d V_b TUdUSd dXU QR^_b]Q\ _V 97; cYW^Q\ Y^ bUQ\&dY]U'

:IZYRTHU[ 97; 5^Q\icYc% KYbU\Ucc cU^c_b ^Udg_b[% bUQ\&dY]U 97;
]_^Yd_bY^W

' 9QVTRHWGVMRQ

HXU 7QbTY_fQcSe\Qb TYcUQcU #7J8$ Yc dXU ]_cd _V TUQdX Y^ dXU g_b\T' 7J8 Yc UVVUSd
d_ aeQ\Ydi _V \YVU Q^T W_fUb^]U^d TYcRebcU]U^d O*P' G_% dXU dUSX^_\_Wi Q^T [^_g\UTWU
QbU dXU ]_cd Y]`_bdQ^d V_b `bUfU^d dXU `_`e\QdY_^ TUSbUQcU' GY^ec 5bbXidX]YQ `QdYU^dc
SQ^ RU TUQdX Vb_] <UQbd 5ddQS[' HXU `XicYSYQ^ bUS_bT Q^T TUdUSd dXU QR^_b]Q\
9\USdb_SQbTY_WbQ] #97;$ cYW^Q\ Ri dXU <_\dUb ]_^Yd_b' HXUbU Yc Y^S_^fU^YU^SU
RUSQecU dXU `QdYU^dc ^UUT d_ SQbbi _^ dXU TUfYSU V_b bUS_bT 97; cYW^Q\ Y^ +- X_ebc'
HXU^% dXU `XicYSYQ^c Q^Q\ijU Q\\ 97; cYW^Q\ bUS_bT' HXUbU QbU ]Q^i bUcUQbSXUc bU\QdU
d_ 97; cYW^Q\ Q^Q\icYc' =^ *21.% >' DQ^ Q^T K'>' H_][Y^ `bUcU^dUT dXU EFG TUdUSdY_^
Ri 6Q^T DQcc% @_g DQcc Q^T <YWX DQcc :Y\dUb gYdX GaeQbY^W :e^SdY_^ Y^ ]_fY^W&
gY^T_g Y^dUWbQdY_^ O+P' HXU cQ]`\U 97; cYW^Q\ QbU Vb_] A=H&6=< O,P' @eY Q^T
KQ^W Q``\i gQfU\Ud dbQ^cV_b] d_ dXU 97; cYW^Q\% U\Y]Y^QdU ^_YcU Ri @_g DQcc Q^T
<YWX DQcc VY\dUb dXU^ S\QccYVi dXU 97; cYW^Q\ Ri BUebQ\ ^Udg_b[c O-P' Me Q^T 7XU^
Q^Q\ijU 97; cYW^Q\ Ri 8YcSbUdU KQfU\Ud HbQ^cV_b] O.P 9hdbQSd dXU VUQdebU Ri
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

`b_RQRY\Ydi dXU^ S\QccYVi Ri :UUT&:_bgQbT 6QS[ Db_`QWQdY_^ BUebQ\ BUdg_b[ Q^T
Db_RQRY\YcdYS BUebQ\ BUdg_b[ #DBB$'
CbUc[_ Q^T U\d' TUfU\_` dXU gUQbQR\U 97; cYW^Q\ TUdUSdUT TUfYSU S_^^USd d_

G]Qbd`X_^U fYQ 6\eUd__dX O/P' 8UdUSdUT EFG 7_]`\Uh Ri DQ^&H_][Y^c 5\W_bYdX]
Q^T YTU^dYVi dXU QR^_b]Q\ _V 97; cYW^Q\ Ri AQSXY^U @UQb^Y^W4 :UUT V_bgQbT
Ae\dY\QiUb DUbSU`db_^ 5bdYVYSYQ\ BUebQ\ BUdg_b[' ;Q[QbU Q^T U\d' Q\c_ Q``\i DQ^&
H_][Y^c Q\W_bYdX] d_ 97; cYW^Q\ Q^Q\icYc _^ G]Qbd`X_^U O0P' G_&=^ Q^T U\d'
Y]`\U]U^d dXU 97; QR^_b]Q\ Q\Ubd cicdU]' KQfU\Ud dbQ^cV_b] Q``\YUT d_ 97; cYW^Q\%
dXU^ UhdbQSd VUQdebU Q^T S\QccYVi Ri Db_RQRY\YcdYS BUebQ\ BUdg_b[ O1P' 5^Q\ijU 97;
cYW^Q\ _^ cUbfUb Q^T cU^T dXU bUce\d d_ G]Qbd`X_^U fYQ 6\eUd__dX' 5\QfY Q^T
GQQTQd]QT&HQbjZQ^ Q``\i KQfU\Ud HbQ^cV_b] d_ 97; cYW^Q\ Vb_] A=H&6=< TQdQRQcU
O2P' 7\QccYVi Q^T Q^Q\ijU dXU QR^_b]Q\ 97; cYW^Q\ Ri ;QeccYQ^ :e^SdY_^ Q^T DQ^&
H_][Y^c 5\W_bYdX]' 6_b&GXiX Q^T U\d' TUfU\_` dXU gUQbQR\U TUfYSU V_b ]_^Yd_bY^W
97; cYW^Q\ _^ G]Qbd`X_^U' IcY^W ^_^&S_^dQSd 97; cU^c_b V_b TUdUSd 97; cYW^Q\ O*)P'
5SS_bTY^W d_ bUcUQbSXY^W% DQ^&H_][Y^c Q\W_bYdX] gQc Q``b_`bYQdU V_b FUQ\&dY]U

97; cYW^Q\ bUS_W^YdY_^ RUSQecU XYWX QSSebQSi Q^T bQ`YT\i Q^Q\icYc' DQ^&H_][Y^c
Q\W_bYdX] Q``\YUT d_ dXU 97; QR^_b]Q\ Q\Ubd cicdU]' 6ed Y^ dXU TQdQ cU^TY^W `b_SUcc%
dXUbU QbU _^\i ecUc Y^ dU\U`X_^U ^Udg_b[ V_b Q^Q\ijU Q^T ^_dYVi dXU bUce\d d_ ecUb' =^
dXU =^dUb^Ud _V HXY^W UbQ% dXU TUfYSUc gUbU cXQbUT TQdQ UQcY\i Q^T WUd fQ\eQR\U
Y^V_b]QdY_^ Vb_] dXU TQdQ' KYbU\Ucc GU^c_b BUdg_b[ #KGB$ Yc dXU `_`e\Qb dXU_bi4 dXU
cU^c_bc S_]]e^YSQdU gYdX Q^_dXUb cU^c_b Qc Q RYW ^Udg_b[' KGB Yc \_g U^UbWi
S_^ce]`dY_^% cUSebU Q^T V\UhYR\U c_ Yd SQ^ TUfU\_` d_ gUQbQR\U TUfYSU dXQd ecU V_b
FUQ\&dY]U Q^Q\icYc' C\UW @UZfY^_f `b_`_cUT - Y]`_bdQ^d dUSX^_\_WYUc V_b gUQbQR\U
TUfYSU4 GU^c_b V_b TUdUSd ecUb U^fYb_^]U^d% AYSb_S_^db_\\Ub V_b `b_SUccY^W% D_gUb
]Q^QWU]U^d Q^T KYbU\Ucc S_]]e^YSQdY_^ V_b S_]]e^YSQdU gYdX ^UQbRi TUfYSUc Q^T
bU]_dU TUfYSUc'
HXYc bUcUQbSX `b_`_cU dXU FUQ\&dY]U 97; GYW^Q\ ]_^Yd_bY^W cicdU] V_b TUdUSd dXU

QR^_b]Q\ 97; cYW^Q\ Ri ecY^W DQ^&H_][Y^c Q\W_bYdX] gYdX KYbU\Ucc GU^c_b
BUdg_b[' NYWRUU ecUT V_b S_]]e^YSQdY_^ RUSQecU _V \_^W TYcdQ^SU Q^T \_g `_gUb
S_^ce]`dY_^' Db_SUccY^W Q^T Q^Q\ijY^W _^ G]Qbd`X_^U dXQd ecUb SQ^ SQbbi _^
UfUbigXUbU' HXU bU]QY^Y^W _V dXU dXYc bUcUQbSX Yc _bWQ^YjUT Qc V_\\_gc3 dXU VYbcd
cUSdY_^ Yc =^db_TeSdY_^% cUSdY_^ + QbU 6QS[Wb_e^T Q^T B_dQdY_^4 <UQbd 5^Qd_]i%
9\USdb_SQbTY_WbQ] Q^T 9\USdb_SQbTY_WbQ] V_b 8YQW^_cdYS% cUSdY_^ , Yc Db_`_cUT
]UdX_T4 7_^SU`deQ\ :bQ]Ug_b[% =]`\U]U^dQdY_^ Q^T GicdU] 9fQ\eQdY_^% cUSdY_^ - Yc
FUce\dc Q^T cUSdY_^ . Yc dXU 7_^S\ecY_^c'

( 2EGNKTRWQH EQH =RVEVMRQ

($' 8IETV EQEVRPZ

HXU XUQbd Yc dXU ]_cd `_gUbVe\ _bWQ^ Y^ dXU Xe]Q^ R_Ti% Y^ * ]Y^edU Yd `e]`c .
\YdUbc _V R\__T d_ Q\\ _bWQ^c' HXU XUQbd S_^cYcdc _V - SXQ]RUbc4 bYWXd QdbYe]% \UVd
QdbYe]% bYWXd fU^dbYS\U Q^T \UVd fU^dbYS\U' HXU gQ\\ dXQd cU`QbQdU dXU XUQbd d_ \UVd Q^T
bYWXd SQ\\UT kGU`de]l' HXU XUQbd Q^Qd_]i cX_gc Y^ :YW' *'
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6MK$ '$ <UQbd Q^Qd_]i

5SS_bTY^W d_ U\USdb_`XicY_\_Wi dXU_bi% dXU XUQbd S_^cYcdc _V + SXQ]RUbc4 QdbYe]
Q^T fU^dbYS\U' HXUbU QbU ^_ U\USdbYSQ\ R_e^TQbi RUdgUU^ \UVd QdbYe] Q^T bYWXd QdbYe]%
Q^T Q\c_ \UVd fU^dbYS\U Q^T bYWXd fU^dbYS\U' HXU `UQSU]Q[Ub SU\\ S_^TeSd dXU U\USdbYSQ\
Vb_] QdbYe] `Qcc VYRb_ec bY^W dXb_eWX fU^dbYS\U S_^dY^e_ec\i Q^T cdQR\U' HXYc gQc
UVVUSd d_ SQbTYQS SU\\ S_^dbQSdY_^ Q^T bU\QhQdY_^' HXU <UQbd 9\USdbYSQ\ GicdU] cX_gc Y^ :YW' +'

6MK$ ($ HXU 9\USdbYSQ\ GicdU] _V dXU <UQbd

• GY^_&QdbYQ\ ^_TU _b G5 ^_TU _b cY^ec ^_TU4 dXU _bYWY^ _V U\USdbYSQ\ S_^TeSdY_^
\_SQdUT Y^ dXU bYWXd QdbYe] ^UQbRi ce`UbY_b fU^Q SQfQ S_^^USdY_^ `_Y^d'

• =^dUb^_TQ\ QdbYQ\ `QdXgQi3 HXUbU QbU + `_ccYRY\YdYUc _V ]USXQ^Yc]4 VYbcd% dXU
U\USdbYSYdi `Qcc =^dUb^_TQ\ QdbYQ\ `QdXgQi dXb_eWX 5J ^_TU Ri Q^dUbY_b% ]YTT\U Q^T
`_cdUbY_b' GUS_^T `_ccYRY\Ydi% dXU U\USdbYSYdi Yc `QccY^W dXb_eWX Q\\ SQbTYQS SU\\c Y^
QdbYe]'

• 5dbY_&fU^dbYSe\Qb ^_TU _b 5J ^_TU4 \_SQdUT RUdgUU^ \UVd QdbYe] Q^T bYWXd QdbYe]%
_fUb dbYSec`YT fQ\fU Q^T e^TUb S_b_^Qbi cY^ec S_^^USdY_^ `_Y^d'

• 6e^T\U _V <Yc Yc S_^^USdUT Vb_] 5J ^_TU% \_SQdUT Y^ dXU bYWXd cYTU _V cU`de]'
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

• 6e^T\U RbQ^SX Yc cU`QbQdUT Y^d_ \UVd RbQ^SX Q^T bYWXd RbQ^SX' HXU bYWXd RbQ^SX
\_SQdUc _^ fU^dbYS\U cU`de]' HXU \UVd RbQ^SX \_SQdU _^ \UVd cYTU _V fU^dbYS\U cU`de]%
Q^T RbQ^SX d_ `_cdUbY_b Q^T Q^dUbY_b fU^dbYS\U'

• Deb[Y^ZU cicdU] Yc dXU U^T `_Y^d _V U\USdbYSQ\ S_^TeSdY_^ cicdU]% \_SQdUc Y^
U^T_SQbTYe] Q^T c`bUQT d_ bYWXd fU^dbYS\U Q^T \UVd fU^dbYS\U'

($( 5OIGVTRGETHMRKTEP

9\USdb_SQbTY_WbQ] _b 97; Yc dXU WbQ`X dXQd cX_gc XUQbd U\USdbYSQ\ QSdYfYdYUc' HXU
Y_^ dbQ^c]YdY_^ RUdgUU^ SQbTYQS SU\\c fYQ Y_^ SXQ^^U\ SQ\\UT 8U`_\QbYjQdY_^ Q^T
FU`_\QbYjQdY_^' HXU SXQ^WU _V Y_^ SXQ^^U\4 R\_S[UT Y_^ SXQ^^U\ gY\\ UVVUSd d_ 97;
cYW^Q\ SXQbQSdUbYcdYS O**P' HXU 97; cYW^Q\ TUdUSdUT Ri QddQSX U\USdb_TU _^ dXU c[Y^4
SXUcd% Qb]c Q^T \UWc' HXU U\USdb_TUc QddQSX]U^d `_cYdY_^ Y^ DbUS_bTYQ\ \UQTc cX_gc Y^
:YW' ,'

6MK$ )$ DbUS_bTYQ\ \UQTc QddQSX]U^d `_cYdY_^ O*+P

HXU \Y]R \UQT TYfYTUT Y^d_ 6Y`_\Qb @Y]R @UQTc Q^T I^Y`_\Qb @Y]R @UQT' 6Y`_\Qb
@Y]R @UQTc Yc Q ]UQcebU _V dXU U\USdbYSQ\ `_dU^dYQ\ RUdgUU^ dXU `_cYdYfU Q^T ^UWQdYfU
U\USdb_TUc Qd dXU Qb]c Q^T \UWc' I^Y`_\Qb @Y]R @UQTc ]UQcebU dXU ce] _V dXU U\USdbYS
`_dU^dYQ\ RUdgUU^ dXU Qb]c Q^T \UWc bU\QdYfU d_ dXU SU^dbQ\ R_Ti O*,P'
9\USdb_SQbTY_WbQ] Yc eceQ\\i `UbV_b]UT V_b *+ \UQTc% cY^SU Yd SQ^ RU ecUT d_ UfQ\eQdU
dXU cUfUbYdi _V dXU XUQbd S_^TYdY_^' HXU `_cYdY_^ _V U\USdb_TUc QddQSX]U^d V_b 97;
cYW^Q\ TUdUSdUT Yc ce]]QbYjUT Y^ HQR\U *'

AEFOI '$ HXU `_cYdY_^ _V U\USdb_TUc QddQSX]U^d'

>TIGRTHMEO ;IEHU B'" B(" B)" B*" B+" B,

;MPF ;IEHU 6Y`_\Qb @Y]R @UQTc @UQT =% @UQT == @UQT ===
I^Y`_\Qb @Y]R @UQTc @UQT QJF% @UQT QJ@% @UQT QJ:

9\USdb_SQbTY_WbQ] cX_gc dXU gQfUV_b] gYdX dXU L QhYc bU`bUcU^d dXU fU\_SYdi ecUT
d_ bUS_bT dXU 97; cYW^Q\ #AY\\Y]UdUbc `Ub cUS_^T$' HXU M QhYc bU`bUcU^dc dXU U^UbWi
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

_V dXU 97; cYW^Q\ #Q]`\YdeTU$' HXU 97; cYW^Q\ S_^cYcdc _V D gQfU% EFG S_]`\Uh% H
gQfU Q^T I gQfU' HXU ^_b]Q\ 97; cYW^Q\ gQfUV_b] cX_gc Y^ :YW' -'

6MK$ *$ 97; ^_b]Q\ gQfUV_b]

5\\ dXUcU gQfUc QbU S_]RY^UT Y^d_ _^U SiS\U' 9QSX SiS\U Yc cU`QbQdUT Ri cdbQYWXd
\Y^Uc% gXYSX QbU SQ\\UT RQcU\Y^Uc' HXU gQfUc QR_fU dXU RQcU\Y^U QbU SQ\\UT `_cYdYfU
gQfU4 D gQfU Q^T F gQfU' HXU gQfUc RU\_g dXU RQcU\Y^U QbU SQ\\UT ^UWQdYfU gQfU4 E
gQfU Q^T G gQfU' E gQfU% F gQfU Q^T G gQfU QbU SQ\\UT EFG S_]`\Uh' D gQfU Yc
dXU c]Q\\Ucd gQfUV_b]' HXU EFG S_]`\Uh Yc ^_dYSUQR\U RUSQecU _V XUYWXd Q^T
cXQb`^Ucc V_\\_g Ri H gQfU' HXU 97; gQfUV_b]c QbU cU`QbQdUT Ri cUW]U^d' HXU
]_cd Y]`_bdQ^d cUW]U^d Yc dXU GH cUW]U^d Q^T F&F Y^dUbfQ\4 dXU SXQ^WU _V dXU
cUW]U^d cX_gc XUQbd QR^_b]Q\Ydi'

($) 5OIGVTRGETHMRKTEP JRT 4MEKQRUVMG

HXU SXQ^WU _V 97; cYW^Q\ cX_gc dXU XUQbd QR^_b]Q\Ydi' HXU SXQbQSdUbYcdYS _V
QR^_b]Q\Ydi QbU Qc RU\_g4

• @MQWU AEGLZGETHME0 HXYc S_^TYdY_^ Yc SQecUT Ri G5 ^_TU S_^TeSd bQ`YT\i
U\USdbYSYdi' HXU XUQbd RUQdc VQcdUb dXQ^ *)) dY]Uc `Ub ]Y^edU Red ^_d ]_bU dXQ^ */)
dY]Uc `Ub ]Y^edU' HXU gQfUV_b] _V D gQfU% I gQfU Q^T EFG S_]`\Uh QbU ^_b]Q\'
HXYc S_^TYdY_^ ]Qi SQecUT Ri UhUbSYcU% ]__T SXQ^WU% R\UUTY^W% XUQbd QddQS[ Q^T
XYWX _ed`ed'

• @MQWU 1TTLZVLPME0 HXYc S_^TYdY_^ Yc SQecUT Ri dXU SXQ^WU _V Y_^ Vb_] G5 ^_TU
gXYSX UVVUSd d_ cY^ec bXidX]' HXU XUQbd RUQdc VQcdUb gXY\U RbUQdXU Y^ Q^T XUQbd RUQd
c\_gUb gXY\U RbUQdXc _ed% dXU 97; cYW^Q\ gQfUV_b]c QbU ^_b]Q\' HXYc S_^TYdY_^
]Qi SQecUT Ri c_]U ]UTYSY^Uc% XYWX RbQY^ `bUccebU Q^T Ai_SQbTYQ\ =^VQbSdY_^'
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

) >TRSRUI PIVLRH

HXU bUcUQbSXUb TUfU\_` dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Ri ecY^W
KYbU\Ucc GU^c_b BUdg_b[4 NYWRUU' HXU cicdU] cU`QbQdUT Y^d_ + `Qbd4 cU^TUb ]_Te\U
Q^T bUSUYfUb ]_Te\U' HXU TUdQY\c QbU Qc RU\_g4

)$' 3RQGISVWEO JTEPIYRTN

HXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] cU`QbQdUT Y^d_ + `Qbd4 cU^TUb ]_Te\U
Q^T bUSUYfUb ]_Te\U' GU^TUb ]_Te\U S_^cYcdc _V ^_^&S_^dQSd 97; cU^c_b%
AYSb_S_^db_\\Ub Q^T NYWRUU cU^TUb' FUSUYfUb ]_Te\U S_^cYcdc _V NYWRUU bUSUYfUb%
]_RY\U Q``\YSQdY_^% ]_^Yd_b dXbUQT Q^T Q^Q\icd dXbUQT' HXU S_^SU`deQ\ VbQ]Ug_b[
cX_gc Y^ :YW' .

6MK$ +$ 7_^SU`deQ\ VbQ]Ug_b[

• @IQHIT <RHWOI0 HXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] WUdc dXU 97;
cYW^Q\ TQdQ Vb_] ecUb fYQ ^_^&S_^dQSd 97; cU^c_b' AYSb_S_^db_\\Ub S_]RY^UT d_
^_^&S_^dQSd 97; cU^c_b V_b S_]`edUc dXU TQdQ Q^T cU^Tc d_ ^Udg_b[ Ri NYWRUU'
HXU `b_SUcc _V cU^TUb ]_Te\U cX_gc Y^ :YW' /'

 

  

 
 

  

 

ECG sensor 
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6MK$ ,$ HXU cU^TUb ]_Te\U `b_SUcc

5SS_bTY^W d_ :YW' /% ]YSb_S_^db_\\Ub e^Yd #A7I$ ]_^Yd_bc dXU 97; cYW^Q\ Q^T
cU^Tc 97; TQdQ d_ bUSUYfUb ]_Te\U' GU^TUb ]_Te\U S_^cYcd _V , `Qbdc4 97; cU^c_b%
]YSb_S_^db_\\Ub Q^T NYWRUU' HXU `Qbdc _V cU^TUb cX_gc Y^ :YW' 0'

6MK$ -$ GU^TUb ]_Te\U `Qbdc

97; cU^c_b gQc Y^dUWbQdUT gYdX ]YSb_S_^db_\\Ub R_QbT d_ WUd dXU 97; cYW^Q\
cdQdec' AYSb_S_^db_\\Ub e^Yd #A7I$ ]_^Yd_bc dXU 97; cYW^Q\ Y^ bUQ\&dY]U Q^T cU^Tc
97; cYW^Q\ d_ NYWRUU' HXU^ NYWRUU dbQ^c]Ydc dXU 97; cYW^Q\ TQdQ d_ bUSUYfUb ]_Te\U'

• ?IGIMXIT <RHWOI0 7_^^USd NYWRUU d_ G]Qbd`X_^U fYQ cUbYQ\ `_bd dXU^ Q^Q\ijU dXU
97; cYW^Q\ TQdQ Y^ ]_RY\U Q``\YSQdY_^' HXU ]_RY\U Q``\YSQdY_^ cU`QbQdUT Y^d_ +
`Qbdc4 ]_^Yd_b dXbUQT dXQd cX_gc dXU 97; cYW^Q\ Y^ WbQ`X Q^T Q^Q\icd dXbUQT dXQd
TUdUSd dXU QR^_b]Q\ _V 97; cYW^Q\' HXU^ ^_dYVi dXU QR^_b]Q\ 97; cYW^Q\ d_ ecUb'
HXU `b_SUcc _V bUSUYfUb ]_Te\U cX_gc Y^ :YW' 1'

6MK$ .$ FUSUYfUb ]_Te\U `b_SUcc

5SS_bTY^W d_ :YW' 1% bUSUYfUb ]_Te\U WUdc dXU 97; cYW^Q\ TQdQ fYQ NYWRUU dXU^
Q^Q\icd TQdQ Ri ]_RY\U Q``\YSQdY_^ _^ G]Qbd`X_^U' FUSUYfUb ]_Te\U S_^cYcdc _V +
`Qbdc4 5^Tb_YT G]Qbd`X_^U Q^T NYWRUU' HXU 5^Tb_YT G]Qbd`X_^U cU`QbQdUT Y^d_ +
`Qbdc4 ;bQ`XYS IcUb =^dUbVQSU Q^T 6QS[Wb_e^T Db_SUcc' ;bQ`XYS IcUb =^dUbVQSU #;I=$
Y^dUbQSdc d_ ecUb Ri cX_gc + [Y^Tc _V cSbUU^4 cYW^Q\ cdQdec cSbUU^ Q^T Q\Ubd cSbUU^'

ECG 
Sensor MCU Zigbee ECG 

Data

Sender

ECG 
Sensor MCU

Timer Interval

Transmitter

Zigbee

ECG Data Zigbee Receiver Patient 
Notification
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6QS[Wb_e^T Db_SUcc V_b ]_^Yd_bc dXU 97; cYW^Q\ Y^ bUQ\&dY]U% dXUbU QbU + `b_SUccUc4
TQdQ bUSUYfY^W Q^T TQdQ ]_^Yd_bY^W' HXU TQdQ bUSUYfY^W% bUS_bTc 97; cYW^Q\ TQdQ dXQd
WUd Vb_] cU^TUb ]_Te\U d_ dXU cicdU]' HXU^ TQdQ ]_^Yd_bY^W% Q^Q\ijU dXU 97; cYW^Q\
TQdQ V_b VY^T _ed dXU QR^_b]Q\ 97; cYW^Q\ Q^T ^_dYVi d_ ecUb fYQ G]Qbd`X_^U' HXU
FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W g_b[V\_g cX_gc Y^ :YW' 2'

6MK$ /$ HXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W g_b[V\_g

KXU^ dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] cdQbd% dXU cicdU] bUS_bT dXU
97; cYW^Q\ Vb_] NYWRUU bUSUYfUb' HXU^ Q^Q\ijU dXU 97; cYW^Q\ Q^T cX_gc dXU 97;
cYW^Q\ Qc Q WbQ`X d_ ecUb' =V dXU cicdU] TUdUSdc dXU QR^_b]Q\ _V 97; cYW^Q\% Yd gY\\
^_dYVi dXU ecUb fYQ G]Qbd`X_^U'

iJOE  Vol. 15, No. 2, 2019 11



! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

)$( 9PSOIPIQVEVMRQ

HXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Y]`\U]U^dQdY_^ S_^cYcdc _V +
`b_SUccUc4 cU^TUb ]_Te\U Y]`\U]U^dQdY_^ Q^T bUSUYfUb ]_Te\U Y]`\U]U^dQdY_^' HXU
TUdQY\c Y^ UQSX `b_SUcc QbU Qc RU\_g4

• @IQHIT PRHWOI MPSOIPIQVEVMRQ3 =^ cU^TUb ]_Te\U Y]`\U]U^dQdY_^ `b_SUcc% cdQbd
Vb_] S_]RY^U 97; cU^c_b Q^T NYWRUU ]_Te\U d_ ]YSb_S_^db_\\Ub e^Yd' 7_^^USd
R_QbT d_ RQddUbi V_b U\USdbYS ce``\i' HXU 97; cU^c_b cX_g Y^ :YW' *)' NYWRUU
]_Te\U Q^T ]YSb_S_^db_\\Ub e^Yd cX_g Y^ :YW' **'

6MK$ '&$ :YWebU ,&/ 97; cU^c_b

6MK$ ''$ NYWRUU ]_Te\U Q^T ]YSb_S_^db_\\Ub e^Yd% Vb_^d Q^T RQS['

8UfU\_` dXU `b_WbQ] V_b S_^db_\ ]YSb_S_^db_\\Ub e^Yd Ri 5bTeY^_ =89' HXU
5bTeY^_ =89 `b_WbQ] cX_gc Y^ :YW' *+'

12 http://www.i-joe.org



! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6MK$ '($ HXU 5bTeY^_ =89 cSbUU^'

5TZecd dXU S_]]e^YSQdY_^ VbUaeU^Si _V NYWRUU ]_Te\U Ri AY^Y LRUU IG6 8_^W\U
Qc cX_gc Y^ :YW' *,' L&7HI ecUT d_ TUfU\_` dXU `b_WbQ] V_b S_^db_\ NYWRUU Qc cX_gc
Y^ :YW' *-'

6MK$ ')$AY^Y LRUU IG6 8_^W\U V_b NYWRUU ]_Te\U `b_WbQ]]Y^W'

6MK$ '*$ NYWRUU ]Q^QWU]U^d Ri L&7HI
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

HXU dUcdY^W _V 97; cU^c_b cX_gc Y^ :YW' *.'

6MK$ '+$ :YWebU ,&** 8UdUSd dXU 97; cYW^Q\ Ri 97; cU^c_b'

• ?IGIMXIT PRHWOI MPSOIPIQVEVMRQ0 7_^VYWebU dXU VbUaeU^Si _V NYWRUU Y^ dXU
bUSUYfUb ]_Te\U dXU cQ]U VbUaeU^Si gYdX NYWRUU Y^ cU^TUb ]_Te\U Ri AY^Y LRUU
IG6 8_^W\U' HXU^ S_^^USd NYWRUU ]_Te\U d_ G]Qbd`X_^U Ri IG6 CH; SQR\U fYQ
AYSb_ IG6 D_bd' HXU S_^^USdY_^ cX_gc Y^ :YW' */'

6MK$ ',$ HXU S_^^USdY_^ _V NYWRUU ]_Te\U Q^T G]Qbd`X_^U Ri IG6 CH; SQR\U'

HXU ]_RY\U Q``\YSQdY_^ TUfU\_`UT Ri 9S\Y`cU Q^T 5^Tb_YTc G8? _^ `Ubc_^Q\
S_]`edUb' HXU 9S\Y`cU =89 Q^T 5^Tb_YT U]e\Qd_b cX_gc Y^ :YW' *0'

6MK$ '-$ 9S\Y`cU =89 Q^T 5^Tb_YT U]e\Qd_b'

14 http://www.i-joe.org



! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

HXU^ TU`\_i Q``\YSQdY_^ d_ G]Qbd`X_^U Ri 586 d__\ Qc cX_gc Y^ :YW' *1'

6MK$ '.$ Db_ZUSd TU`\_i]U^d d_ 5^Tb_YT G]Qbd`X_^U'

)$) @ZUVIP IXEOWEVMRQ

HXU UfQ\eQdY_^ _V FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] ecU dXU 97; cYW^Q\
TQdQ Vb_] A=H&6=< TQdQRQcU O,P% cU\USd +) cQ]`\Uc _V dXU QR^_b]Q\ 97; cYW^Q\'
;U^UbQdU dUhd VY\U Vb_] cQ]U VbUaeU^Si cYW^Q\% dXU^ cU^T d_ ]_RY\U Q``\YSQdY_^ V_b
Q^Q\ijU' 97; cYW^Q\ TQdQ Y^ dUhd VY\U cX_gc Y^ :YW' *2'

6MK$ '/$ :YWebU ,&*. ;U^UbQdUT 97; cYW^Q\ TQdQ Vb_] @UQT J. Q^T A@==

=^ dXYc bUcUQbSX% UfQ\eQdU dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Ri `UbSU^d
_V QSSebQSi' 7Q\Se\QdU Ri UaeQdY_^ *'

#*$
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

8UVY^UT Yc QSSebQSi% Yc dXU ^e]RUb _V Q^Q\ijUT S_bbUSd\i Q^T Yc Q ^e]RUb _V
cQ]`\U' 7Q\Se\QdU TYcdQ^SU RUdgUU^ F&`UQ[ d_ F&`UQ[4 F&F Y^dUbfQ\% dXU^ SQ\Se\QdU
]Y^Y]e] F Q]`\YdeTU fQ\eUc Q^T ]QhY]e] F Q]`\YdeTU fQ\eUc' 8UVY^UT dXU
dXbUcX_\T Ri DQ^&H_][Y^c Q\W_bYdX]% SQ\Se\QdU Ri UaeQdY_^ +% , Q^T -'

#+$

#,$

#-$

8UVY^UT Yc dXU QfUbQWU _V F&F Y^dUbfQ\% Yc dXU QfUbQWU RUdgUU^ F
Q]`\YdeTU Q^T ]QhY]e] F Q]`\YdeTU% Yc dXU QfUbQWU RUdgUU^ F Q]`\YdeTU
Q^T ]Y^Y]e] F Q]`\YdeTU' HXU QR^_b]Q\ 97; cYW^Q\ Yc dXU cYW^Q\ dXQd _ed _V
dXbUcX_\T bQ^WU% SQ\Se\QdU dXU `UbSU^d _V QR^_b]Q\ Vb_] *)) F&`UQ[c' =V dXU QR^_b]Q\
97; cYW^Q\ Yc ]_bU dXQ^ 1) % dXU cicdU] gY\\ cU^T dXU ^_dYVYSQdY_^ d_ ecUb fYQ GAG'

* ?IUWOV

*$' ALI ?IEO#VMPI 537 UMKQEO PRQMVRTMQK YIETEFOI HIXMGI$

HXU ]_RY\U Q``\YSQdY_^ V_b FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cX_gc Y^ :YW' +)'

6MK$ (&$ <UQbd 6UQd HbQSU 5``\YSQdY_^

HXU gUQbQR\U 97; cYW^Q\ ]_^Yd_bY^W TUfYSU cX_gc Y^ :YW' +*'
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6MK$ ('$97; cYW^Q\ ]_^Yd_bY^W TUfYSU% cU^TUb ]_Te\U'

HXU bUSUYfUb Y^ ]_RY\U Q``\YSQdY_^ _^ G]Qbd`X_^U cX_gc Y^ :YW' ++'

6MK$ (($ HXU 97; cYW^Q\ TQdQ bUSUYfUb S_^^USdUT d_ G]Qbd`X_^U'

97; cY]e\Qd_b Q``\YSQdY_^ WU^UbQdUc dXU 97; cYW^Q\ Q^T cU^Tc d_ 97; ]_RY\U
dbQ^c]YddUb' HXU 97; cYW^Q\ cU^TUb Q``\YSQdY_^ cX_gc Y^ :YW' +,'
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

6MK$ ()$ 97; cYW^Q\ TQdQ cU^TUb Q``\YSQdY_^'

*$( ALI ?IEO#VMPI 537 UMKQEO PRQMVRTMQK UZUVIP$

9fQ\eQdY_^ dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Ri ecY^W 97; TQdQ Vb_]
A=H&6=< O,P' GU\USd +) cQ]`\Uc _V QR^_b]Q\ 97; cYW^Q\% Q^Q\ijU Ri SQ\Se\QdU F&F
Y^dUbfQ\ Q^T F Q]`\YdeTU dXbUcX_\T' JQbYUc TYcdQ^SU RUdgUU^ cU^TUb ]_Te\U Q^T
bUSUYfUb ]_Te\U Qd *) ]UdUbc Q^T +) ]UdUbc' HXU bUce\dc cX_g Y^ dQR\U *'

AEFOI '$ HXU bUce\d _V 97; cYW^Q\ Q^Q\icYc

=R 4EVE @EPSOI AESI
EFQRTPEO

 1V '& PIVITU RJ
HMUVEQGI!

EFQRTPEO
 1V (& PIVITU RJ

HMUVEQGI!
1XITEKI 1FQRTPEO

 D%=!

* A=H&6=<3*)) 2. 2+ 2- M
+ A=H&6=<3*)* 2, 2/ 2. M
, A=H&6=<3*)+ 2+ 1) 1/ M
- A=H&6=<3*), 1+ 1* 1+ M
. A=H&6=<3*)- 12 10 11 M
/ A=H&6=<3*). 1/ 10 10 M
0 A=H&6=<3*)/ 2- 2) 2+ M
1 A=H&6=<3*)0 2/ 2+ 2- M
2 A=H&6=<3*)1 /) /. /, B
*) A=H&6=<3*)2 2/ 2+ 2- M
** A=H&6=<3*** -- -/ -. B
*+ A=H&6=<3**+ 1/ 1. 1/ M
*, A=H&6=<3**, 2- 2+ 2, M
*- A=H&6=<3**- 2* 1. 11 M
*. A=H&6=<3**. 2, 2) 2+ M
*/ A=H&6=<3*+* 1/ 1+ 1- M
*0 A=H&6=<3*++ ,* -. ,1 B
*1 A=H&6=<3*+, 1* 1* 1* M
*2 A=H&6=<3*+- 1/ 10 10 M
+) A=H&6=<3+)) 12 11 12 M
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! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[

HXU bUce\dc cX_g dXQd dXU gUQbQR\U TUfYSU TUdUSdc dXU *0 cQ]`\Uc _V QR^_b]Q\ 97;
cYW^Q\ Vb_] +) cQ]`\Uc' 7Q\Se\QdU dXU QSSebQSi Ri UaeQdY_^ .'

#.$

8UVY^UT Yc QSSebQSi% Yc dXU ^e]RUb _V Q^Q\ijUT S_bbUSd\i Q^T Yc Q ^e]RUb _V
cQ]`\U' GeRcdYdedU fQ\eUc Y^ dXU UaeQdY_^ .% dXU bUce\dc cX_g Y^ UaeQdY_^ /4

#/$

HXU ^e]RUb _V S_bbUSd\i Q^Q\ijUT Yc *0% dXU ^e]RUb _V cQ]`\U Yc +)' HXU QSSebQSi
_V dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Yc 1. '

+ 3RQGOWUMRQ

HXYc bUcUQbSX `b_`_cUc dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] Y^ KYbU\Ucc
GU^c_b BUdg_b[ fYQ NYWRUU' DQ^&H_][Y^c Q\W_bYdX] Q``\YUT d_ dXU cicdU] V_b
]_^Yd_bY^W QR^_b]Q\ 97; cYW^Q\ Y^ bUQ\&dY]U% `bUfU^d dXU bYc[ _V SQbTYQS TUQdX' HXUbU
QbU dXU RU^UVYd V_b `XicYSYQ^c Q^T ^ebcU% dXUi SQ^ ]_^Yd_b dXU 97; cYW^Q\ _V `QdYU^d Y^
bUQ\&dY]U' HXU KYbU\Ucc GU^c_b BUdg_b[ SQ^ S_]]e^YSQdU \_^WUb TYcdQ^SU dXQ^
6\eUd__dX dUSX^_\_Wi Q^T ^_ \Y]YdQdY_^ _V TYcdQ^SU d_ cUbfUb' =^ dXU `QdYU^d cYTU% dXU
gUQbQR\U 97; cYW^Q\ ]_^Yd_bY^W TUfYSU Yc UQci d_ SQbbi _^ Q^T QTQ`dUT Y^ TQY\i
QSdYfYdYUc'
HXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU] WUdc dXU 97; cYW^Q\ TQdQ Vb_] ecUb

fYQ ^_^&S_^dQSd 97; cU^c_b' AYSb_S_^db_\\Ub S_]RY^UT d_ ^_^&S_^dQSd 97; cU^c_b
V_b S_]`edUc dXU TQdQ Q^T cU^Tc d_ ^Udg_b[ Ri NYWRUU' 7_^^USd NYWRUU d_
G]Qbd`X_^U fYQ cUbYQ\ `_bd dXU^ Q^Q\ijU dXU 97; cYW^Q\ TQdQ Y^ ]_RY\U Q``\YSQdY_^'
HXU ]_RY\U Q``\YSQdY_^ cU`QbQdUT Y^d_ + `Qbdc4 ]_^Yd_b dXbUQT dXQd cX_gc dXU 97;
cYW^Q\ Y^ WbQ`X Q^T Q^Q\icd dXbUQT dXQd TUdUSd dXU QR^_b]Q\ _V 97; cYW^Q\' HXU^ ^_dYVi
dXU QR^_b]Q\ 97; cYW^Q\ d_ ecUb' GU\USdUT +) cQ]`\Uc _V QR^_b]Q\ 97; cYW^Q\ dXU^
Uh`UbY]U^dQ\ Qd *) Q^T +) ]UdUbc cU^TUb ]_Te\U&bUSUYfUb ]_Te\U TYcdQ^SU% UfQ\eQdU
Ri QSSebQSi' HXU bUce\dc cX_g dXQd dXU FUQ\&dY]U 97; cYW^Q\ ]_^Yd_bY^W cicdU]
TUdUSd *0 QR^_b]Q\ 97; cYW^Q\% dXU QSSebQSi Yc 1. ' HXYc cicdU]c UVVYSYU^d V_b TUdUSd
dXU QR^_b]Q\ _V 97; cYW^Q\ Y^ bUQ\&dY]U'

, ?IJITIQGIU

O*P K_b\T<UQ\dXCbWQ^YjQdY_^'#CSd%*,$'5fQY\QR\U3Xdd`3((ggg'gX_'Y^d(]UTYQSU^dbU(VQSdcXUUdc(V
c,*0(U^(

O+P >' DQ^ Q^T K' >' H_]`[Y^c% 5 bUQ\&dY]U EFG TUdUSdY_^ Q\W_bYdX]% 6Y_]UTYSQ\
9^WY^UUbY^W% =999 HbQ^cQSdY_^c _^% ``' +,)&+,/% *21.'

iJOE  Vol. 15, No. 2, 2019



! "[HXU FUQ\&dY]U 9\USdb_SQbTY_WbQ] GYW^Q\ A_^Yd_bY^W GicdU] Y^ KYbU\Ucc GU^c_b BUdg_b[
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