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Reviewer #1 (Remarks to the Author):

This manuscript studies deep learning-based ultrasound localization microscopy (ULM). The 

authors developed a generative adversarial network to model the complex characteristics of 

microbubbles (MBs) in vivo and generate realistic MB training data for the localization network with 

context awareness. The proposed LOCA-ULM localization pipeline showed its superior performance 

in MB detection accuracy, MB missing rate, and MB localization error compared to traditional ULM 

methods and other deep learning-based methods in the simulation study. In vivo CAM imaging and 

rat brain imaging study further validated its overall enhanced MB localization performance in 

different sized vessels and MB concentrations and faster and more robust vessel filing performance 

than compared methods, which could reduce both data acquisition time and post-processing time. 

Functional ULM experimental results demonstrated improved sensitivity to hemodynamics 

responses provided by LOCA-ULM, which suggests its great generalizability and application 

potential. The manuscript is well organized and the innovations are expressed clearly. I 

recommend publication after these issues are addressed.

1. The authors obtained poor localization performance when training DECODE with images 

generated by Gaussian PSF models. However, other deep learning-based localization networks like 

deep-ULM and mSPCN-ULM used the Gaussian PSF model to synthesize training data and the in 

vivo results seemed not that bad. The poor performance of DECODE trained by Gaussian PSF 

modeled training data may be caused by the architecture of the DECODE network rather than the 

low fidelity of training data. Additional experiments may be required to support the statement.

2. Only one comparison between the network trained with Gaussian PSF and that trained with 

LSGAN-generated PSF was undertaken in terms of ULM results of the rat brain. The performance of 

the network trained with Field-II PSF in the rat brain and the CAM microvessel model may be 

required for the comparison, as in the simulation study.

3. The authors convolved the ground truth positions with the synthesized MB PSFs randomly 

chosen from the MB PSF bank to generate simulated images. However, the MB positions in the 

imaging field posed a great impact on the MB PSF. Ignoring the variation in MB PSF due to the 

spatial location may cause the distortion of synthesized images. How these variations impact the 

accuracy of MB localization deserves investigation.

4. The generation of ground truth MB positions is not described clearly. Are there defined rules for 

generating the positions of the MBs? For example, do the authors employ a random generation 

process? Are there instances where multiple MBs are located in close proximity to each other, 

which potentially results in large image patches after convolution? Have the authors ensured the 

consistency of these defined rules in the comparative approaches?

5. How the imaging field of optical microscopy is aligned with the imaging field of ULM? How the 

vessels in the optical image are segmented? Whether the vessel segmentation results could be 

adopted as the ground truth of the CAM surface microvessels deserves further discussion.

6. How the integration of MB-specific characteristics including MB brightness levels, movement, 

lifetime, and ultrasound noise in the simulation framework improves the MB localization 

performance needs to be discussed in detail.

7. In Fig. 1 (e), it would be helpful to clarify what the yellow and red rectangles in the DECODE 

network represent.

Reviewer #2 (Remarks to the Author):

Summary of the paper

The manuscript by Shin et al. describes a novel deep learning method for Ultrasound Localization 

Microscopy (ULM) with improved performance both in silico and in vivo, which is highlighted by 

impressive results in functional ULM. Their contribution is two-fold. First, the authors propose a 



novel approach to generate training data for deep-learning-based approaches based on PSF 

extracted in-vivo and synthetic PSF generated by an LS-GAN. Second, the authors translated the 

DECODE architecture introduced in SMLM into the ULM context. Their methodological 

improvements are backed with both in silico and in vivo results and are also validated against 

optical microscopy. Their results indicate that the proposed method leads to improved performance 

in the localization of microbubbles in ULM. These improvements also lead to a better sensibility in 

functional ULM.

Major Comments

- The results shown by the authors are convincing and show that the proposed approach indeed 

enhances ULM images. However, I believe they should be a bit more careful in determining why 

that is the case. For instance, on at least two occasions in the manuscript, the non-linear response 

of microbubbles is mentioned as a driving factor in the errors in PSF modeling from existing 

simulation software. I’m worried this claim is not fully supported by evidence. Indeed, we don’t 

expect microbubbles to generate much non-linear responses at high frequencies, low MI and short 

exposure time as common in ULM. The authors rightfully identify other possible causes such as 

frequency-dependent attenuation, diffraction, phase aberration, multi-scattering, and multipath 

reverberation. Recent studies have shown that methods now exist to quantify some of these 

effects, for instance using the reflection matrix formalism (Lambert et al., Phys. Rev. X, 2020) 

while others have shown that degraded PSFs can be made to resemble simulated PSFs by applying 

phase correction (Demene et al., Nature BME, 2021, Robin et al., PMB, 2022, Xing et al., IEEE TMI, 

2023). I think the authors might want to consider a different angle when describing how their 

approach can help with domain-shift problems in ULM. Indeed, describing it only as improved PSF 

modeling (and indirectly eliminating other important effects such as SVD residuals, large reflectors 

elsewhere in the image, etc.) might reduce the impact of their work while being somewhat 

inaccurate if we consider the definition of the PSF as being the image formed when there is a 

single scatterer (and nothing else) in the image.

- Another major concerns about the approach to generating the training data as it is currently 

presented is that there is no guarantee that the subpixel position of the simulated scatterer exactly 

matches the simulated signal. Indeed, the simulation process is based on PSF extracted from in 

vivo data, and since the position of the scatterer is unknown, it is estimated using peak estimation 

based on a conventional approach. Consequently, especially in presence of large aberrations for 

instance in transcranial imaging, in vivo errors in localization of isolated scatterers from 

conventional methods could propagate in the training set.

- It is important to acknowledge that the improvement in architectures in LOCA-ULM is backed by 

comparison with several baseline methods (deep learning and conventional). However, the baseline 

simulation methods used to generate a comparable training set are limited to a Gaussian PSF 

convolution which is a very simple simulation model. The manuscript would benefit from a 

comparison like the LOCA-ULME vs LOCA-ULM (that shows the interest in using a GAN) but with a 

dataset generated, e.g., with Field II, to show the interest in using extracted PSF. In addition, it 

would be interesting and maybe easier to evaluate the performance of the method on a test set 

simulated with another model (e.g. Field II or SIMUS) to evaluate the propagation of the errors in 

the training set from the PSF extraction.

- The literature review does not cover several aspects of previous works related to the training 

data: the use of nonlinear simulations for deep learning model (Blanken et al. 2022), the prior use 

of Gan in ULM to obtain good performance in vivo at high concentration (Gu et al. 2023). In 

addition, it does not cover several prior works using the temporal context in the architecture of the 

network (Chen et al. 2022; Milecki et al. 2021, Xing et al., IEEE TMI, 2023). The manuscript would 

benefit from a more focused introduction on the problem addressed by the manuscript (i.e., 

producing better training data and improving the deep learning model).

- The computation performance subsection in the results is not convincing as it only relies on the 

time measurement of processing with fixed parameters. In addition, it is not clear if the LOCA-ULM 

and Conventional ULM computations are made on GPU or CPU. In the case where they are not 

performed on the same device, it should be specified as a limitation of the comparison and both 

CPU times could also be provided to provide some perspective.

- The authors need to better describe the tracking process along with a discussion on the potential 

biases it may cause. For instance, since LOCA-ULM is based on spatiotemporal datasets, it would 

be reasonable to expect longer track lengths. One could imagine obtaining longer track lengths 



simply by temporally filtering datasets in conventional ULM, which may lead to an improved 

connection between vessels.

Specific comments

Line 20: ‘revolutionized’ is too strong

Line 25: missing word

Line 52: Claim is too strong – while it is true that resolution is better maintained with depth in 

ULM, a larger PSF leads, typically, to a poorer resolution in ULM

Line 83: SIMUS (Garcia, Comput Methods Programs Biomed, 2022) has also been used in deep-

learning methods for ULM

Line 154: please clarify what ‘real ultrasound data’ means

Line 203: minimal resolution, not maximal

Line 278: It is unclear that the value in parenthesis (49.28µm) refers to the half wavelength and 

not to the wavelength.

Line 282: The sentence needs to be clarified.

Line 303: Please define what is meant by ‘tiny’ or remove

Line 331: The authors could consider broadening their claims to dynamic ULM methods in general 

and not only fULM.

Line 496: Please clarify the model used for the random fluctuations.

Reviewer #3 (Remarks to the Author):

comments in attach file

Please note that the Point Q7 was not fully shown in the file. Please see it below:

Q7 Line 234-245. Computational performance. Avoid repetitive superlatives about your method, 

and focus exclusively on computational time, not on repeating previously discussed advantages. 

The reader needs to understand for themselves that it is better. For example, "In addition to faster 

and more robust vessel filling performance" or « Collectively, these results indicate that not only 

does LOCA-ULM provide more robust MB localization »

There is no doubt that the LOCA-ULM can provide a faster algorithm, but the discussion about 

computation time is too simplistic. Computing time is highly dependent on the implementation of 

the algorithms. Please rewrite this section to include more useful information. What is the order of 

complexity of the algorithms ( for example is an algorithm O(2) or O(3)?), can you compare the 

total number of operations in both algorithms? Differences in the order of complexity of the 

algorithms or in the total number of operations can provide useful information about why your 

algorithm is better.

Are both algorithms implemented in GPU? please include this information in the main text.

Reviewer #3 A achment on the following page
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=Y^Q\\i' gU ecUT dXU cQ]U cY]e\QdY_^ `Y`U\Y^U V_b dbQY^Y^W TQdQ WU^UbQdY_^ QSb_cc TYVVUbU^d D9 dU]`\QdU 

WU^UbQdY_^ %>QeccYQ^' =YU\T @@' Q^T CJ>8E& Q^T TYVVUbU^d ;C ^Udg_b[c %;UU`LCD' ]JG:E' Q^T CF:8(

LCD&' U^cebY^W Q cdQ^TQbTYjUT cY]e\QdY_^ Q^T dbQY^Y^W `b_SUcc) KXYc XQc RUU^ S\QbYxUT Y^ dXU 

Je``\U]U^dQbi @^V_b]QdY_^)  

Hc^^ZS[S\bO`g BSbV]Ra .) ;SS^(JAB O\R [HE:C @[^ZS[S\bObW]\a 

KXU dbQY^Y^W TQdQcUdc V_b CF:8(LCD' ;UU`(LCD' Q^T ]JG:E gUbU WU^UbQdUT ecY^W dXU cQ]U D9 y_g 

cY]e\QdY_^ %]_dY_^ ]_TU\' RbYWXd^Ucc' \YVUdY]U' Q^T fU\_SYdi& Q^T D9 dU]`\QdUc %Y)U)' CJ>8E' >QeccYQ^' 

Q^T =YU\T @@ D9 dU]`\QdUc&) 

G,)0& ?]e bVS W[OUW\U xSZR ]T ]^bWQOZ [WQ`]aQ]^g Wa OZWU\SR eWbV bVS W[OUW\U xSZR ]T JAB7 ?]e bVS 

dSaaSZa W\ bVS ]^bWQOZ W[OUS O`S aSU[S\bSR7 LVSbVS` bVS dSaaSZ aSU[S\bObW]\ ̀ SacZba Q]cZR PS OR]^bSR 

Oa bVS U`]c\R b`cbV ]T bVS :8B ac`TOQS [WQ`]dSaaSZa RSaS`dSa Tc`bVS` RWaQcaaW]\) 

GSa^]\aS KXU bUfYUgUb `_cUT Q^ Y]`_bdQ^d aeUcdY_^ bUWQbTY^W dXU Q\YW^]U^d _V _`dYSQ\ Y]QWUc gYdX 

e\dbQc_e^T Q^T dXU Y]QWU cUW]U^dQdY_^ ̀ b_SUcc) =Ybcd' gU XQfU Y^db_TeSUT ̂ Ug TYcSeccY_^c QR_ed X_g :8D 

_`dYSQ\ Y]QWUc QbU gYTU\i QT_`dUT Qc dXU bUVUbU^SU V_b e\dbQc_e^T :8D cebVQSU ]YSb_fUccU\ Y]QWY^W) 

EOUS .+ AW\S 2-+ =_b _eb cdeTi' gU ecUT dXU :8D ]YSb_fUccU\ ]_TU\ Q^T _`dYSQ\ Y]QWY^W d_ `b_fYTU dXU 

bUVUbU^SU Wb_e^T dbedX V_b fQ\YTQdY^W TYVVUbU^d D9 \_SQ\YjQdY_^ ]UdX_Tc) KXU ;L CJC :8D ]YSb_fUccU\c 

`bUcU^d Q TU^cU Q^T TYfUbcU ^Udg_b[ _V R\__T fUccU\c gYdX TYQ]UdUbc bQ^WY^W Vb_] ,+ d_ ,00 16'$) KXU 

_`dYSQ\ dbQ^c`QbU^Si _V :8D Q\\_gc V_b b_Recd bUWYcdbQdY_^ RUdgUU^ e\dbQc_e^T Q^T _`dYSQ\ Y]QWUc Q^T Yc 

dXUbUV_bU gYTU\i ecUT Qc Q RU^SX]Qb[ V_b QccUccY^W ]YSb_fQcSe\QdebU gYdX S_^dbQcd(U^XQ^SUT e\dbQc_e^T$#! 
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IUWQbTY^W dXU _`dYSQ\ Y]QWY^W cUW]U^dQdY_^ `b_SUcc' dXU dQc[ gQc Y^TUUT SXQ\\U^WY^W Q^T bUaeYbUT Q \QbWU 

Q]_e^d _V Uh`UbY]U^dQ\ UVV_bd Q^T Uh`UbYU^SU d_ QSS_]`\YcX) 8 TUdQY\UT TUcSbY`dY_^ Yc `b_fYTUT RU\_g 

gXYSX XQc RUU^ QTTUT d_ dXU bUfYcUT ]Q^ecSbY`d) NU g_e\T \Y[U d_ `_Y^d _ed dXQd TUc`YdU dXU UVV_bd' 

]YcQ\YW^]U^d Q^T ]Yc(cUW]U^dQdY_^ SQ^ cdY\\ _SSeb TeU d_ dXU S_^cYTUbQR\U TYVVUbU^SUc Y^ dXU Y]QWY^W cUde`' 

Y^cdbe]U^dQdY_^' Q^T Y]QWY^W `XicYSc RUdgUU^ _`dYSQ\ Q^T e\dbQc_e^T Y]QWY^W) NU Q\c_ ^_dU dXQd dXU 

cUW]U^dQdY_^ `b_SUcc gQc ^_d dbYfYQ\ _^ :8D Y]QWUc) NU XQfU Uh`UbY]U^dUT gYdX Q gYTU fQbYUdi _V 

cUW]U^dQdY_^ c_\edY_^c Red UfU^deQ\\i bUc_bdUT d_ ]Q^eQ\ cUW]U^dQdY_^ d_ QSS_e^d V_b dXU S_]`\Uh fQcSe\Qb 

cdbeSdebUc ?B J?JC) EUfUbdXU\Ucc' cY^SU dXU G7A; _`dYSQ\ Y]QWUc %Q^T dXU cUW]U^dUT bUce\dc& gUbU ecUT Qc Q 

RU^SX]Qb[ QSb_cc Q\\ e\dbQc_e^T Y]QWY^W ]UdX_Tc' _eb cdeTi TUcYW^ Yc cdY\\ fQ\YT' Q^T dXU S_]`QbYc_^ bUce\dc 

QbU cdY\\ ]UQ^Y^WVe\)   
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cdbeSdebUc Y^ R_dX Y]QWY^W ]_TQ\YdYUc) =_b _`dYSQ\ ]YSb_cS_`i Y]QWUc' fQcSe\Qb cdbeSdebUc gUbU ]Q^eQ\\i 

cUW]U^dUT Q^T ecUT Qc dXU bUVUbU^SU) KXYc ]Q^eQ\ cUW]U^dQdY_^ gQc UhUSedUT ecY^W dXU >EL @]QWU 

DQ^Y`e\QdY_^ Gb_WbQ] %>@DG&. KXU bUce\dY^W _`dYSQ\ RY^Qbi ]Q` gQc dXU^ c`QdYQ\\i bUWYcdUbUT gYdX dXU 

bUS_^cdbeSdUT LCD Y]QWU' gXYSX Y^f_\fUT bUcYjY^W Q^T Sb_``Y^W V_b `b_`Ub Q\YW^]U^d) 
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ZWTSbW[S' O\R cZb`Oa]c\R \]WaS W\ bVS aW[cZObW]\ T`O[Se]`Y W[^`]dSa bVS B9 Z]QOZWhObW]\ 

^S`T]`[O\QS \SSRa b] PS RWaQcaaSR W\ RSbOWZ)
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_eb cY]e\QdY_^ VbQ]Ug_b[) NU XQfU S_^TeSdUT Q^ QR\QdY_^ cdeTi' gXUbU gU cicdU]QdYSQ\\i UhS\eTUT D9 







GSdWSeS` "- %GS[O`Ya b] bVS 8cbV]`&5 

Hc[[O`g ]T bVS ^O^S` 

IVS [O\caQ`W^b Pg HVW\ Sb OZ) RSaQ`WPSa O \]dSZ RSS^ ZSO`\W\U [SbV]R T]` JZb`Oa]c\R A]QOZWhObW]\ 

BWQ`]aQ]^g %JAB& eWbV W[^`]dSR ^S`T]`[O\QS P]bV W\ aWZWQ] O\R W\ dWd]' eVWQV Wa VWUVZWUVbSR Pg 
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NU dXQ^[ dXU bUfYUgUb V_b dXUYb dX_b_eWX UhQ]Y^QdY_^ _V dXU ]Q^ecSbY`d Q^T Y^cYWXdVe\ VUUTRQS[' gXYSX \UT 

d_ cYW^YxSQ^d Y]`b_fU]U^d _V dXU ]Q^ecSbY`d) 9U\_g gU XQfU `b_fYTUT TUdQY\UT bUc`_^cUc d_ Q\\ dXU 

S_]]U^dc bQYcUT Ri dXU bUfYUgUb)  
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aVWTb ^`]PZS[a W\ JAB) @\RSSR' RSaQ`WPW\U Wb ]\Zg Oa W[^`]dSR EH= []RSZW\U %O\R W\RW`SQbZg 

SZW[W\ObW\U ]bVS` W[^]`bO\b STTSQba acQV Oa HK; `SaWRcOZa' ZO`US `SySQb]`a SZaSeVS`S W\ bVS W[OUS' 

SbQ)& [WUVb `SRcQS bVS W[^OQb ]T bVSW` e]`Y eVWZS PSW\U a][SeVOb W\OQQc`ObS WT eS Q]\aWRS` bVS 
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bVS W[OUS)
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bUUfQ\eQdU dXU TUx^YdY_^ _V GJ= ]_TU\Y^W Q^T dXU CF:8(LCD cY]e\QdY_^ VbQ]Ug_b[) 

KXU GJ= Yc Q ]UQcebU _V X_g Q^ e\dbQc_e^T cicdU] bU`bUcU^dc Q `_Y^d dQbWUd' UccU^dYQ\\i cUbfY^W Qc dXU 

c`QdYQ\ Y]`e\cU bUc`_^cU _V dXU cicdU] %PU]`' I) A)' Ud Q\)' @<<< KL==:' -++.&) @^ dXYc `Q`Ub' gU S_^cYTUb 

dXU GJ= Y^ dXU Rb_QTUcd cU^cU gXUbU Yd U^S_]`QccUc Q\\ dXU S_]`_^U^dc Y^f_\fUT gYdX ]YSb_ReRR\U Y]QWY^W' 

Y^S\eTY^W dbQ^c]Yd Q^T bUSUYfU RUQ]V_b]Y^W' QS_ecdYS gQfU `b_`QWQdY_^ %R_dX \Y^UQb Q^T ^_^\Y^UQb 

`b_`QWQdY_^' QddU^eQdY_^' bUfUbRUbQdY_^' ]e\dY(cSQddUbY^W' QRUbbQdY_^' UdS) %>) =) GY^d_^' Ud Q\)' @<<< KL==:' 

-+,,&&' dXU Y]QWY^W cicdU] %U)W)' XQbTgQbU S_]`_^U^dc ceSX Qc dbQ^cTeSUbc Q^T cicdU] SYbSeYdbi&' Y]QWY^W 

cUddY^Wc %U)W)' K>:&' D9 QS_ecdYS bUc`_^cUc %D) MUbc\eYc' Ud Q\)' L\dbQc_e^T Y^ DUTYSY^U # 9Y_\_Wi' -+-+&' 

dYcceU `b_`UbdYUc %U)W)' TYVVUbU^d di`Uc _V dYcceUc Q^T R\__T y_g S_^TYdY_^c&' Q^T dXU `_cd`b_SUccY^W 

S_]`_^U^dc %U)W)' S\eddUb x\dUbY^W' TU^_YcY^W' UdS)&)  



8c ceSX' ?B J?JC GJ= UcdY]QdY_^ _b ]_TU\Y^W Yc Q SXQ\\U^WY^W dQc[ gXYSX Y^f_\fUc Y^XUbU^d e^SUbdQY^dYUc TeU 

d_ dXU S_]`\Uh e\dbQc_e^T Y]QWU V_b]QdY_^ `b_SUcc' \UQTY^W d_ Y^UfYdQR\U T_]QY^ ]Yc]QdSXUc RUdgUU^ bUQ\ 

e\dbQc_e^T TQdQ Q^T dbQY^Y^W TQdQ) NU QWbUU gYdX dXU bUfYUgUb dXQd D9 ^_^\Y^UQb bUc`_^cUc ]Qi _^\i RU 

_^U _V dXU S_]`_^U^dc dXQd \UT d_ T_]QY^ ]Yc]QdSX' Q^T Yd Yc Y^TUUT Y]`_bdQ^d d_ TU\YfUb dXU Q``b_`bYQdU 

`Ubc`USdYfUc _^ CF:8(LCD' gXYSX ecUT Q TQdQ(TbYfU^ Q``b_QSX d_ QTTbUcc dXU T_]QY^(c`USYxS 

S_]`\UhYdYUc U^S_e^dUbUT Y^ ?B J?JC S_^dbQcd(U^XQ^SUT e\dbQc_e^T Y]QWY^W) @^ _eb bUfYcUT ]Q^ecSbY`d' gU 

U]`XQcYjU dXQd CF:8(LCD _`UbQdUc `bY]QbY\i Qc Q^ D9 dU]`\QdU WU^UbQd_b cUbfY^W dg_ ]QY^ _RZUSdYfUc5 

%,& WU^UbQdY^W bUQ\YcdYS D9 cYW^Q\c d_ ]Y^Y]YjU dXU T_]QY^ ]Yc]QdSX RUdgUU^ dbQY^Y^W Q^T dUcdY^W TQdQ6 

Q^T %-& _VVUbY^W Q XYWX TUWbUU _V yUhYRY\Ydi Y^ SbUQdY^W TYfUbcU D9 cYW^Q\c d_ U^XQ^SU dXU ^Udg_b[$c 

WU^UbQ\YjQdY_^ SQ`QRY\Ydi V_b D9 \_SQ\YjQdY_^)  

KXU V_\\_gY^W S_^dU^d XQc RUU^ QTTUT d_ dXU bUfYcUT ]Q^ecSbY`d d_ TYcSecc dXYc `_Y^d5

EOUS / AW\S 3/ ?_gUfUb' dXUcU cY]e\QdY_^c VQ\\ cX_bd _V SbUQdY^W S_]`\Uh Q^T c`QdY_dU]`_bQ\\i fQbiY^W 

D9 cYW^Q\c _RcUbfUT ?B J?JC' gXYSX SQ^ RU QddbYRedUT d_ ^e]Ub_ec VQSd_bc Y^f_\fUT Y^ dXU D9 Y]QWY^W 

`b_SUcc) KXUcU VQSd_bc Y^S\eTU dbQ^c]Yd Q^T bUSUYfU RUQ]V_b]Y^W' QS_ecdYS gQfU `b_`QWQdY_^ %R_dX \Y^UQb 

Q^T ^_^\Y^UQb `b_`QWQdY_^' QddU^eQdY_^' bUfUbRUbQdY_^' ]e\dY(cSQddUbY^W' QRUbbQdY_^' UdS)$*&' dXU Y]QWY^W 

cicdU] %U)W)' XQbTgQbU S_]`_^U^dc ceSX Qc dbQ^cTeSUbc Q^T cicdU] SYbSeYdbi&' Y]QWY^W cUddY^Wc %U)W)' K>:&'  

D9 QS_ecdYS bUc`_^cUc$+' dYcceU `b_`UbdYUc %U)W)' TYVVUbU^d di`Uc _V dYcceUc Q^T R\__T y_g S_^TYdY_^c&' Q^T 

dXU `_cd`b_SUccY^W S_]`_^U^dc %U)W)' S\eddUb x\dUbY^W' TU^_YcY^W' UdS)&) 

EOUS / AW\S ,+- F^U ]QY^ S_^dbYRedY_^ _V CF:8(LCD gQc _fUbS_]Y^W dXU TYVxSe\dYUc _V WU^UbQdY^W 

bUQ\YcdYS D9 dbQY^Y^W TQdQ V_b TUfU\_`Y^W TUU` \UQb^Y^W(RQcUT \_SQ\YjQdY_^ dUSX^YaeUc V_b ?B J?JC S_^dbQcd(

U^XQ^SUT e\dbQc_e^T Y]QWY^W Q``\YSQdY_^c) KXU `b_`_cUT WU^UbQdYfU QTfUbcQbYQ\ ^Udg_b[ %>8E&%#(RQcUT 

QbSXYdUSdebU gQc QR\U d_ \UQb^ dXU TYcdbYRedY_^ _V bUQ\ D9 cYW^Q\c QSaeYbUT ?B J?JC Q^T WU^UbQdU TYfUbcU D9 

dU]`\QdUc dXQd QbU UccU^dYQ\ V_b TUfU\_`Y^W WU^UbQ\YjQR\U c_\edY_^c V_b Q fQbYUdi _V Y]QWY^W S_^TYdY_^c gYdX 

TYVVUbU^d di`Uc _V RY_\_WYSQ\ dYcceUc) K_ VebdXUb ]Y^Y]YjU dXU ]Yc]QdSX RUdgUU^ dXU cY]e\QdY_^ Q^T bUQ\ TQdQ' 

gU Y^S_b`_bQdUT e\dbQc_e^T cicdU] ^_YcU ]_TU\Y^W Q^T [Ui D9 QddbYRedUc %U)W)' RbYWXd^Ucc \UfU\c' \YVUdY]U' 

Q^T ]_fU]U^d fU\_SYdi& Y^d_ dXU cY]e\QdY_^ `b_SUcc) :_\\USdYfU\i' CF:8(LCD TU]_^cdbQdUT ]Qb[UT 

Y]`b_fU]U^d Y^ D9 TUdUSdY_^ QSSebQSi Q^T `bUcU^dUT Q `bQSdYSQ\ c_\edY_^ d_ c_\fY^W dXU T_]QY^ 

TYcSbU`Q^Si `b_R\U] gXU^ TUfU\_`Y^W TUU` \UQb^Y^W(RQcUT Y]QWY^W dUSX^YaeUc dXQd Y^f_\fU dXU ecU _V D9c) 

§ FKRU$ @TMKW :&$ 4WGOM ;& 2HHK^$ GSJ =OINGKQ 7& 9SXGSG& !<OSKGW X^XYKR RTJKQX LTW ZQYWGXTSOI ORGMOSM1 2UUQOIGYOTS YT XOMSGQ 
XYGYOXYOIX&! <888 [YIUZIK[QVUZ VU \S[YIZVUQKZ% NMYYVMSMK[YQKZ% IUL NYMX\MUK` KVU[YVS ,'&- ")''*#1 -+)%-,+& 

§ ?OSYTS$ 8OGSRGWIT 7&$ 8WKMM 6& BWGNK^$ GSJ :KWKR^ :& 5GNQ& !ATZWIKX TL ORGMK JKMWGJGYOTS OS LZSJGRKSYGQ GSJ NGWRTSOI 

ZQYWGXTZSJ ORGMOSM ZXOSM STSQOSKGW$ LZQQ%\G[K XORZQGYOTSX&! <888 [YIUZIK[QVUZ VU \S[YIZVUQKZ% NMYYVMSMK[YQKZ% IUL NYMX\MUK` 

KVU[YVS ,/&+ ")'((#1 .,+%.-,& 

§ DKWXQZOX$ =OINKQ$ KY GQ& !CQYWGXTZSJ ITSYWGXY GMKSY RTJKQOSM1 G WK[OK\&! ES[YIZV\UL QU TMLQKQUM " JQVSVO` +-&0 ")')'#1 )((.%
)(++&

§ <GRHKWY$ EOQQOGR$ KY GQ& !@KbKIYOTS RGYWO] GUUWTGIN LTW VZGSYOYGYO[K ORGMOSM TL XIGYYKWOSM RKJOG&! AP`ZQKIS BM]QM^ F ('&) 

")')'#1 ')('+/& 
§ 3QGSPKS$ >GYNGS$ KY GQ& !AZUKW%WKXTQ[KJ ROIWTHZHHQK QTIGQO_GYOTS OS XOSMQK%INGSSKQ ZQYWGXTZSJ @7 XOMSGQX ZXOSM JKKU 

QKGWSOSM&! <888 [YIUZIK[QVUZ VU TMLQKIS QTIOQUO +(&0 ")'))#1 ),*)%),+) 

G-)-& 8\]bVS` [OX]` Q]\QS`\a OP]cb bVS O^^`]OQV b] US\S`ObW\U bVS b`OW\W\U RObO Oa Wb Wa Qc``S\bZg 

^`SaS\bSR Wa bVOb bVS`S Wa \] UcO`O\bSS bVOb bVS acP^WfSZ ^]aWbW]\ ]T bVS aW[cZObSR aQObbS`S` SfOQbZg 

[ObQVSa bVS aW[cZObSR aWU\OZ) @\RSSR' bVS aW[cZObW]\ ^`]QSaa Wa POaSR ]\ EH= Sfb`OQbSR T`][ W\ dWd] 

RObO' O\R aW\QS bVS ^]aWbW]\ ]T bVS aQObbS`S` Wa c\Y\]e\' Wb Wa SabW[ObSR caW\U ^SOY SabW[ObW]\ POaSR 

]\ O Q]\dS\bW]\OZ O^^`]OQV) :]\aS_cS\bZg' Sa^SQWOZZg W\ ^`SaS\QS ]T ZO`US OPS``ObW]\a T]` W\abO\QS W\ 

b`O\aQ`O\WOZ W[OUW\U' W\ dWd] S``]`a W\ Z]QOZWhObW]\ ]T Wa]ZObSR aQObbS`S`a T`][ Q]\dS\bW]\OZ [SbV]Ra 

Q]cZR ^`]^OUObS W\ bVS b`OW\W\U aSb)



GSa^]\aS KXQ^[ i_e V_b i_eb Y]`_bdQ^d VUUTRQS[) KXYc Yc Y^TUUT Q W__T `_Y^d' Q^T gU QS[^_g\UTWU dXQd 

ecY^W D9 dU]`\QdUc UhdbQSdUT Vb_] ?B J?JC TQdQ SQbbYUc Y^XUbU^d e^SUbdQY^dYUc _V D9 `_cYdY_^ Y^d_ dXU 

dbQY^Y^W TQdQ) KXYc Yc VebdXUb QTTbUccUT Y^ _eb bUc`_^cU d_ :_]]U^d . RU\_g %I-).&' gXUbU gU XQfU _ed\Y^UT 

dXU QTTYdY_^Q\ Uh`UbY]U^dc S_^TeSdUT ecY^W dXU =YU\T @@ cY]e\QdY_^ d_ aeQ^dYVi dXU `b_`QWQdY_^ _V Ubb_bc) 

G-).& @b Wa W[^]`bO\b b] OQY\]eZSRUS bVOb bVS W[^`]dS[S\b W\ O`QVWbSQbc`Sa W\ AD:8(JAB Wa POQYSR 

Pg Q][^O`Wa]\ eWbV aSdS`OZ POaSZW\S [SbV]Ra %RSS^ ZSO`\W\U O\R Q]\dS\bW]\OZ&) ?]eSdS`' bVS 

POaSZW\S aW[cZObW]\ [SbV]Ra caSR b] US\S`ObS O Q][^O`OPZS b`OW\W\U aSb O`S ZW[WbSR b] O >OcaaWO\ 

EH= Q]\d]ZcbW]\ eVWQV Wa O dS`g aW[^ZS aW[cZObW]\ []RSZ) IVS [O\caQ`W^b e]cZR PS\Sxb T`][ O 

Q][^O`Wa]\ ZWYS bVS AD:8(JAB< da AD:8(JAB %bVOb aV]ea bVS W\bS`Sab W\ caW\U O >8C& Pcb eWbV 

O RObOaSb US\S`ObSR' S)U)' eWbV =WSZR @@' b] aV]e bVS W\bS`Sab W\ caW\U Sfb`OQbSR EH=) @\ ORRWbW]\' Wb 

e]cZR PS W\bS`SabW\U O\R [OgPS SOaWS` b] SdOZcObS bVS ^S`T]`[O\QS ]T bVS [SbV]R ]\ O bSab aSb 

aW[cZObSR eWbV O\]bVS` []RSZ %S)U)' =WSZR @@ ]` H@BJH& b] SdOZcObS bVS ^`]^OUObW]\ ]T bVS S``]`a W\ 

bVS b`OW\W\U aSb T`][ bVS EH= Sfb`OQbW]\) 

GSa^]\aS K_ QTTbUcc :_]]U^d - Q^T .' gU S_^TeSdUT Q^ QTTYdY_^Q\ Uh`UbY]U^d ecY^W =YU\T @@ cY]e\QdY_^) 

KXYc Uh`UbY]U^d Q\\_gUT ec d_ UhQ]Y^U dXU `b_`QWQdY_^ _V D9 \_SQ\YjQdY_^ Ubb_bc dXQd _bYWY^QdUT Vb_] ?B 

J?JC D9 dU]`\QdU UhdbQSdY_^ ecY^W S_^fU^dY_^Q\ \_SQ\YjQdY_^) J`USYxSQ\\i' gU cY]e\QdUT `XQcU QRUbbQdY_^c 

Y^ Y^TYfYTeQ\ D9c Ri Y^db_TeSY^W `UbdebRQdY_^c d_ dXU `XQcU*c`UUT _V c_e^T Y^ dXU I= cYW^Q\ %UhQ]`\Uc QbU 

cX_g^ Y^ =YW) I-' DUdX_Tc QbU TUdQY\UT RU\_g&) CF:8(LCD gQc dbQY^UT ecY^W dXU `XQcU(TYcd_bdUT =YU\T 

@@ D9 dU]`\QdUc' gXYSX gUbU UhdbQSdUT ecY^W S_^fU^dY_^Q\ \_SQ\YjQdY_^ RQcUT _^ ^_b]Q\YjUT Sb_cc(

S_bbU\QdY_^) 8c cX_g^ Y^ Je``\U]U^dQbi =YW) ,' dXU ]UQ^ \QdUbQ\ Q^T QhYQ\ \_SQ\YjQdY_^ Ubb_bc V_b CF:8(

LCD % 1# " '34$&#16 ! 1$ " ?#5354'#16 & Q\YW^ gYdX dX_cU Vb_] S_^fU^dY_^Q\ \_SQ\YjQdY_^ % 1# "
'3;45#16: 1$ " ? 53;55 16&)  

KXU QSSebQSi _V \_SQ\YjY^W Yc_\QdUT D9c `UbdQY^c d_ TUdUb]Y^Y^W dXUYb dbeU `XicYSQ\ \_SQdY_^c' gXYSX QbU 

e^QddQY^QR\U ?B J?JC) KXU bUce\dc QR_fU ceWWUcd dXQd dXU QSSebQSi _V \_SQ\YjY^W Yc_\QdUT D9c V_b CF:8(

LCD Yc Y^XUbU^d\i \Y]YdUT Ri dXU S_^fU^dY_^Q\ \_SQ\YjQdY_^ %Qc S_bbUSd\i ̀ _Y^dUT _ed Ri dXU bUfYUgUb&' gXYSX 

cUbfUc Qc dXU RQcYc V_b _eb Wb_e^T dbedX) KXUbUV_bU' S_bbUSdY^W TYcd_bdY_^c _V dXU GJ= %U)W)' ecY^W `XQcU 

QRUbbQdY_^ S_bbUSdY_^& RUV_bU \_SQ\YjQdY_^ Yc UccU^dYQ\ d_ U^XQ^SU \_SQ\YjQdY_^ QSSebQSi) ?_gUfUb' dXU 

QSSebQSi _V \_SQ\YjY^W Yc_\QdUT D9c T_Uc ^_d TYbUSd\i S_bbUc`_^T d_ dXU UVVUSdYfU^Ucc _V CF:8(LCD Y^ 

YTU^dYViY^W D9 SU^dUbc gYdXY^ S\ecdUbc _V D9c) KXU SQ`QRY\Ydi _V CF:8(LCD d_ TYVVUbU^dYQdU D9c Y^ 

_fUb\Q``Y^W D9 TYcdbYRedY_^c Yc gXQd TYcdY^WeYcXUc _eb ]UdX_T Vb_] dXU UhYcdY^W _^Uc' Qc UfYTU^SUT Ri dXU 

ceRcdQ^dYQ\\i Y]`b_fUT LCD bUS_^cdbeSdY_^ aeQ\Ydi Y^ dXYc `Q`Ub) NU XQfU Y^S\eTUT TUdQY\UT bUce\dc Q^T 

TYcSeccY_^c _V dXUcU x^TY^Wc Y^ dXU bUfYcUT ]Q^ecSbY`d Q^T dXU Je``\U]U^dQbi ]UdX_Tc)  





@@(cY]e\QdUT D9 dU]`\QdUc dXQd Y^S\eTUT `XQcU QRUbbQdY_^ Ubb_bc %Je``\U]U^dQbi DUdX_Tc ,&) 

Je``\U]U^dQbi =YW) , TYc`\Qic dXU \_SQ\YjQdY_^ Ubb_bc V_b R_dX CF:8(LCD Q^T S_^fU^dY_^Q\ \_SQ\YjQdY_^) 

KXU ]UQ^ \QdUbQ\ Q^T QhYQ\ \_SQ\YjQdY_^ Ubb_bc V_b CF:8(LCD %1# " '34$&#16! 1$ " ?#5354'#16& Q\YW^ 

S\_cU\i gYdX dX_cU V_b S_^fU^dY_^Q\ \_SQ\YjQdY_^ ]UdX_T % 1# " '3;45#16: 1$ " ? 53;55 16 &) KXUcU 

x^TY^Wc ceWWUcd dXQd dXU QSSebQSi _V CF:8(LCD Y^ \_SQ\YjY^W Yc_\QdUT D9c Yc Y^XUbU^d\i \Y]YdUT Ri dXU 

Wb_e^T dbedX \_SQ\YjQdY_^ UcdY]QdU Y^ dXU dbQY^Y^W `XQcU) KXec' QTTbUccY^W GJ= TYcd_bdY_^c %U)W)' Ri `XQcU 

QRUbbQdY_^ S_bbUSdY_^ _b _dXUb Y]QWU(aeQ\Ydi(U^XQ^SY^W RUQ]V_b]Y^W ]UdX_Tc& RUV_bU \_SQ\YjQdY_^ bU]QY^c 

Q^ UccU^dYQ\ cdU` d_ Y]`b_fY^W \_SQ\YjQdY_^ QSSebQSi)  

Hc^^ZS[S\bO`g BSbV]Ra , =YU\T @@ `XQcU(QRUbbQdUT ]YSb_ReRR\U %D9& cY]e\QdY_^

K_ cdeTi dXU UVVUSd _V `b_`QWQdY_^ _V \_SQ\YjQdY_^ Ubb_b Vb_] S_^fU^dY_^Q\ \_SQ\YjQdY_^' gU cY]e\QdUT -++ 

Y]QWUc _V `XQcU(QRUbbQdUT D9c ecY^W =YU\T @@) KXU =YU\T @@ cY]e\QdY_^ cUaeU^SU gQc S_^xWebUT QSS_bTY^W 

d_ dXU :8D Y]QWY^W cUddY^Wc TUcSbYRUT Y^ Je``\U]U^dQbi KQR\U ,) @^ UQSX Y]QWU' cY^W\U D9c gUbU 

bQ^T_]\i `_cYdY_^UT gYdXY^ Q -; xU\T dXQd gQc ,+ ]] gYTU' UhdU^TY^W Vb_] j 7 - ]] d_ j 7 ,0 ]] Y^ 

TU`dX' Q^T gYdX Q `YhU\ cYjU _V +)+1/ @3 NU cY]e\QdUT `XQcU QRUbbQdY_^c Y^ Y^TYfYTeQ\ D9c Ri Y^db_TeSY^W 

`UbdebRQdY_^c d_ dXU `XQcU*c`UUT _V c_e^T Y^ dXU I= cYW^Q\) IQ^T_] `XQcU TU\Qic V_b UQSX U\U]U^d gUbU 

cQ]`\UT Vb_] Q e^YV_b] TYcdbYRedY_^ RUdgUU^ + Q^T A bQTYQ^c) KXU S_bbUc`_^TY^W dY]U TU\Qi RQcUT _^ dXU 

SU^dbQ\ VbUaeU^Si %-+ D?j& gQc dXU^ Q``\YUT d_ dXU dbQ^c]Yd Q^T bUSUYfU TU\Qi V_b UQSX U\U]U^d) NU ecUT 

S_^fU^dY_^Q\ \_SQ\YjQdY_^ d_ UhdbQSd =YU\T @@ D9 dU]`\QdUc V_b dbQY^Y^W dXU CF:8(LCD ^Udg_b[) KXU 

\_SQ\YjQdY_^ QSSebQSi _V R_dX dXU S_^fU^dY_^Q\ ]UdX_T Q^T CF:8(LCD gQc S_]`QbUT QWQY^cd dXU Wb_e^T 

dbedX `_cYdY_^c %Je``\U]U^dQbi =YW) ,&)  

D_bU_fUb' Y^ bUc`_^cU d_ dXU cY]Y\Qb S_]]U^dc bQYcUT Ri IUfYUgUb , :_]]U^d - %G,)-&' gU XQfU 

S_^TeSdUT Q ]_bU S_]`bUXU^cYfU S_]`QbYc_^ RQcUT _^ ecY^W TYVVUbU^d D9 cY]e\QdY_^ ]_TU\c %>QeccYQ^' 

=YU\T @@' Q^T CJ>8E&) @^ Je``\U]U^dQbi =YW) 2 %S_`YUT RU\_g V_b dXU S_^fU^YU^SU _V dXU bUfYUgUb&' gU 

XQfU Uh`Q^TUT _eb Q^Q\icYc d_ Y^S\eTU dXU CF:8(LCD `UbV_b]Q^SU dbQY^UT gYdX >QeccYQ^' =YU\T @@' Q^T 

CJ>8E(WU^UbQdUT D9 cYW^Q\c V_b :8D Q^T bQd RbQY^ Y]QWY^W cdeTi) Feb ^Ug bUce\dc TU]_^cdbQdU dXQd 

CF:8(LCD dbQY^UT gYdX CJ>8E(WU^UbQdUT D9 dU]`\QdUc S_^cYcdU^d\i _ed`UbV_b]UT dX_cU dbQY^UT gYdX 

>QeccYQ^ Q^T =YU\T @@ D9 dU]`\QdUc)  

EOUS ,4 AW\S /1/ ?_gUfUb' gXU^ CF:8(LCD gQc dbQY^UT gYdX D9 dU]`\QdUc WU^UbQdUT Ri CJ>8E' Yd 

TU]_^cdbQdUT U^XQ^SUT LCD bUS_^cdbeSdY_^ _fUb dX_cU dbQY^UT Ri >QeccYQ^ Q^T =YU\T(@@ D9 dU]`\QdUc) 

KXYc Y]`b_fU]U^d Yc SXQbQSdUbYjUT Ri U^XQ^SUT S_^dbQcd' bUTeSUT WbYTTY^W QbdYVQSdc' Q^T Q ]_bU 

S_]`bUXU^cYfU bUS_^cdbeSdY_^ _V fQcSe\Qb cdbeSdebUc V_b dXU SXYS[U^ U]Rbi_ SX_bY_Q\\Q^d_YS ]U]RbQ^U 

%:8D& Q^T bQd RbQY^ %Je``\U]U^dQbi =YW) 2&) 





%9\Q^[U^ Ud Q\) -+--& EOUS / AW\S 4+ K_ QSS_e^d V_b dXUcU UVVUSdc' Q cY]e\QdY_^ VbQ]Ug_b[ gQc TUfU\_`UT 

d_ ]_TU\ ^_^\Y^UQb gQfU `b_`QWQdY_^ Q^T D9 bUc`_^cUc' WU^UbQdY^W cY^W\U(SXQ^^U\ I= cYW^Q\c _RdQY^UT 

Vb_] Q^ D9 S\_eT$,) 8 ,; :EE gQc dXU^ dbQY^UT d_ \_SQ\YjU Q^T TUS_^f_\fU D9 cYW^Q\c Vb_] bQg I= TQdQ) 

KXYc Q``b_QSX QSXYUfUT Q dU^V_\T Y^SbUQcU Y^ dXU QhYQ\ bUc_\edY_^ _V RUQ]V_b]UT Y]QWUc ecY^W TUS_^f_\fUT 

I= TQdQ S_]`QbUT d_ cdQ^TQbT 9(]_TU Y]QWUc) ?_gUfUb' dXYc dUSX^YaeU bUaeYbUc `bUSYcU `QbQ]UdUb de^Y^W 

Q^T cicdU] SXQbQSdUbYjQdY_^ d_ WU^UbQdU bUQ\YcdYS TQdQcUdc V_b dbQY^Y^W)

%>e Ud Q\) -+-.' DY\US[Y Ud Q\' -+-,& EOUS 0 AW\S ,-+ @^ S_^dbQcd' LCD(>8E%% SYbSe]fU^dc dXU 

S_^fU^dY_^Q\ \_SQ\YjQdY_^(Q^T(dbQS[Y^W Q``b_QSX Ri ecY^W Q dbQY^Y^W cdbQdUWi dXQd TYbUSd\i ]Q`c dXU dU]`_bQ\ 

QfUbQWU _V cX_bd(QSSe]e\QdY_^ e\dbQc_e^T Y]QWUc d_ LCD Y]QWUc QSSe]e\QdUT Vb_] \_^W TQdQ QSaeYcYdY_^c) 

8TTYdY_^Q\\i' dXU ecU _V c`QdY_(dU]`_bQ\ .;(S_^f_\edY_^Q\ ^UebQ\ ^Udg_b[c %.;(:EE& U^QR\Uc dXU TYbUSd 

UhdbQSdY_^ _V TU^cU D9 ^Udg_b[c Qd XYWX D9 S_^SU^dbQdY_^c%&) ?_gUfUb' dXUcU dUSX^YaeUc XQfU dXec VQb 

RUU^ \Y]YdUT d_ c`QdYQ\ bUS_^cdbeSdY_^c _V ]YSb_fQcSe\QdebU' gXYSX _]Ydc `_dU^dYQ\\i SbYdYSQ\ `XicY_\_WYSQ\ 

RY_]Qb[Ubc ceSX Qc R\__T y_g fU\_SYdi) 

%:XU^ Ud Q\) -+--6 DY\US[Y Ud Q\) -+-,' OY^W Ud Q\)' @<<< KD@' -+-.& EOUS 0 AW\S ,.+ Feb g_b[ Q\c_ Uh`Q^Tc 

_^ dXU Q``\YSQdY_^ _V c`QdY_(dU]`_bQ\ ^Udg_b[c' ceSX Qc .;(:EEc Q^T C_^W JX_bd(KUb] DU]_bi ^Udg_b[c 

Y^ ce`Ub(bUc_\edY_^ Y]QWY^W) KXUcU ^Udg_b[c XQfU RUU^ ceSSUccVe\\i edY\YjUT Y^ e\dbQc_e^T D9 Y]QWY^W V_b 

dQc[c \Y[U `XQcU QRUbbQdY_^ S_bbUSdY_^$)' \_SQ\YjQdY_^(VbUU ]YSb_fUccU\ fU\_SY]Udbi%(' Q^T D9 dbQS[ 

bUS_^cdbeSdY_^%&) KXU ;<:F;< ̂ Udg_b[ QY]c d_ U^XQ^SU D9 \_SQ\YjQdY_^ `UbV_b]Q^SU Y^ XYWX(TU^cYdi D9 
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@^ bUc`_^cU d_ dXU cY]Y\Qb S_^SUb^c bQYcUT Ri IUfYUgUb . :_]]U^d ,1 %G.),1&' gU QWbUU dXQd dXU cdQdU]U^d 

Yc TYVxSe\d d_ fUbYVi Q^T dXUbUV_bU bUfYcUT dXU ]Q^ecSbY`d d_ bU]_fU dXU V_\\_gY^W cdQdU]U^d) 

t.CH78@M! ,/(&"2,- F;9CBGHFI9H;: 7 =F;7H;F BIA8;F C< J;GG;@G K?H>CIH :;=F7:?B= H>; GD7H?7@ F;GC@IH?CB 

7G ?B:?97H;: 8M H>; *1(# 3>?@; GHF7H;=?;G GI9> 7G F;@7L;: -' ?BH;BG?HM CF 9FCGG"9CFF;@7H?CB 9IHC<< 9CI@: 

@;7: HC ?B9F;7G;: @C97@?N7H?CBG K>;B IG?B= 9CBJ;BH?CB7@ @C97@?N7H?CB H;9>B?EI;G! H>;M 9CI@: 7@GC @;7: HC 

<7@G; @C97@?N7H?CBG K>?9> IB:;FA?B; GD7H?7@ F;GC@IH?CB)u 

G-),0& AW\S .+.5 EZSOaS RSx\S eVOb Wa [SO\b Pg vbW\gw ]` `S[]dS)

GSa^]\aS NU XQfU bU]_fUT vdY^i)w 

G-),1& AW\S ..,5 IVS OcbV]`a Q]cZR Q]\aWRS` P`]ORS\W\U bVSW` QZOW[a b] Rg\O[WQ JAB [SbV]Ra W\ 

US\S`OZ O\R \]b ]\Zg TJAB) 

GSa^]\aS KXQ^[ i_e V_b i_eb ceWWUcdY_^) NU QWbUU dXQd CF:8(LCD UhdU^Tc RUi_^T VLCD Q^T 

QSS_bTY^W\i Uh`Q^TUT _eb ;YcSeccY_^ d_ U^S_]`Qcc Ti^Q]YS5  

EOUS -, AW\S 0,2 =ebdXUb]_bU' CF:8(LCD S_e\T `_dU^dYQ\\i Y]`b_fU Ti^Q]YS LCD %;LCD&&& Ri 

Y^SbUQcY^W dXU ^e]RUb _V \_SQ\YjUT Q^T dbQS[UT D9c' _VVUbY^W ]_bU fU\_SYdi ]UQcebU]U^dc _fUb dY]U Q^T 

`_dU^dYQ\\i TUSbUQcY^W dXU d_dQ\ QSaeYcYdY_^ dY]U Ri bU\QhY^W dXU ^UUT V_b TQdQ QSaeYcYdY_^c Vb_] ]e\dY`\U 

SQbTYQS SiS\Uc)   

G-),2& AW\S /415 EZSOaS QZO`WTg bVS []RSZ caSR T]` bVS `O\R][ ycQbcObW]\a) 

GSa^]\aS NU XQfU S\QbYxUT dXU bQ^T_] yeSdeQdY_^c ecUT Y^ _eb D9 ]_dY_^ ]_TU\)  

EOUS -. AW\S 020 K_ cY]e\QdU cd_SXQcdYS D9 ]_dY_^' dXU TYbUSdY_^ _V dXU D9c gQc `UbdebRUT Qd UfUbi dY]U 

cdU` Ri QTTY^W Q c]Q\\ bQ^T_] fUSd_b) KXU S_]`_^U^dc _V dXYc bQ^T_] fUSd_b gUbU cQ]`\UT Vb_] Q ^_b]Q\ 

TYcdbYRedY_^ gYdX Q cdQ^TQbT TUfYQdY_^ _V +)- 8VdUb dXU bQ^T_] TYbUSdY_^ `UbdebRQdY_^' dXU TYbUSdY_^ fUSd_b 

Q^T dXU c`UUT QbU ]e\dY`\YUT d_ _RdQY^ dXU fU\_SYdi) KXU D9 `_cYdY_^ gQc e`TQdUT QSS_bTY^W d_ dXU fU\_SYdi' 

Q^T dXU `_cYdY_^ Qd UQSX dY]U VbQ]U gQc cd_bUT Qc dXU Wb_e^T dbedX)



GSdWSeS` ". %GS[O`Ya b] bVS 8cbV]`&5 

EZSOaS \]bS bVOb bVS E]W\b F2 eOa \]b TcZZg aV]e\ W\ bVS xZS) EZSOaS aSS Wb PSZ]e5 

G.),& >S\S`OZ Q][[S\b ]\ ac^S`ZObWdSa O\R ̂ ]bS\bWOZZg SfOUUS`ObSR QZOW[a) IVS O`bWQZS caSa b]] [O\g 

ac^S`ZObWdSa' eVWQV `SRcQSa bVS ]dS`OZZ _cOZWbg ]T bVS O`bWQZS Oa eS QO\\]b RWabW\UcWaV O `SOZ 

W[^`]dS[S\b T`][ O\ SfOUUS`ObSR QZOW[) EZSOaS PS Oa _cO\bWbObWdS Oa ^]aaWPZS) GSdWaS bVS OPab`OQb 

O\R bVS S\R ]T bVS RWaQcaaW]\) HSS OZa] _cSabW]\a F1 O\R F2) 

GSa^]\aS KXQ^[ i_e V_b i_eb VUUTRQS[) NU XQfU SQbUVe\\i bUfYcUT dXU ]Q^ecSbY`d Q^T bU]_fUT 

ce`Ub\QdYfUc Q^T UhQWWUbQdUT S\QY]c' V_SecY^W Y^cdUQT _^ `bUcU^dY^W _eb x^TY^Wc gYdX aeQ^dYdQdYfU TQdQ) 

KXUcU ]_TYxSQdY_^c XQfU RUU^ Q``\YUT S_^cYcdU^d\i QSb_cc dXU U^dYbU ]Q^ecSbY`d) NU RU\YUfU dXUcU bUfYcY_^c 

Y]`b_fUT dXU S\QbYdi _V _RZUSdYfYdi _V dXU ]Q^ecSbY`d)  

EOUS , AW\S -+ 8Pab`OQb

L\dbQc_e^T \_SQ\YjQdY_^ ]YSb_cS_`i %LCD& XQc QTfQ^SUT TUU` dYcceU ]YSb_fQcSe\Qb Y]QWY^W Ri U^QR\Y^W 

dXU bUS_^cdbeSdY_^ _V fQcSe\QdebU Qd Q ]YSb_cS_`YS cSQ\U dXb_eWX dXU \_SQ\YjQdY_^ Q^T dbQS[Y^W _V 

Y^dbQfU^_ec\i Y^ZUSdUT ]YSb_ReRR\Uc %D9c&) ?_gUfUb' dXU \_SQ\YjQdY_^ `b_SUcc Y^ SebbU^d LCD Yc \Y]YdUT 

Ri dXU bUaeYbU]U^d V_b c`QdYQ\\i Yc_\QdUT D9c) ?UbU' gU Y^db_TeSU CFSQ\YjQdY_^ gYdX :_^dUhd 8gQbU^Ucc 

%CF:8&(LCD' Q TUU` \UQb^Y^W(RQcUT D9 cY]e\QdY_^ Q^T \_SQ\YjQdY_^ `Y`U\Y^U TUcYW^UT d_ U^XQ^SU D9 

\_SQ\YjQdY_^ `UbV_b]Q^SU Y^ XYWX D9 TU^cYdYUc) +B G?@?9C Uh`UbY]U^dc cX_gUT dXQd CF:8(LCD QSXYUfUT 

Q^ QfUbQWU D9 TUdUSdY_^ QSSebQSi _V 42)2" Q^T bUTeSUT dXU ]YccY^W bQdU d_ -/)0"' _ed`UbV_b]Y^W dXU 

QfUbQWU TUdUSdY_^ QSSebQSi Q^T ]YccY^W bQdU _V ;UU`(LCD %33)-"' 0,)/"&' ]JG:E %34)/"' 1,)1"&' Q^T 

S_^fU^dY_^Q\ \_SQ\YjQdY_^ %3+)."' 1-)2"&) @^ ?B J?JC bQd RbQY^ Y]QWY^W cdeTYUc' CF:8(LCD QSXYUfUT 

XYWXUb D9 \_SQ\YjQdY_^ bQdU Q^T QSSebQSi S_]`QbUT d_ S_^fU^dY_^Q\ \_SQ\YjQdY_^ QSb_cc Q\\ dUcdUT D9 

S_^SU^dbQdY_^c' U^QR\Y^W dXU bUS_^cdbeSdY_^ _V TU^cU fQcSe\Qb ^Udg_b[c Qc gU\\ Qc dXU YTU^dYxSQdY_^ _V 

QTZQSU^d c]Q\\ Q^T \QbWU fUccU\c dXQd gUbU ]YccUT Ri S_^fU^dY_^Q\ LCD) @^ dXU Ve^SdY_^Q\ LCD %VLCD& 

Y]QWY^W Uh`UbY]U^d' CF:8(LCD bUfUQ\UT QSdYfQdY_^c gYdXY^ c]Q\\ fUccU\c dXQd gUbU e^TUdUSdQR\U Ri 

S_^fU^dY_^Q\ LCD' QSXYUfY^W Q dg_(V_\T Y^SbUQcU Y^ D9 S_e^d Q^T ,)30(V_\T Y^SbUQcU Y^ QSdYfQdUT `YhU\ 

QbUQ gYdXY^ dXU c_]Qd_cU^c_bi Q^T dXQ\Q]ec bUWY_^c Qcc_SYQdUT gYdX gXYc[Ub cdY]e\QdY_^) KXU Y^SbUQcU Y^ 

D9 S_^SU^dbQdY_^ Q^T bUTeSdY_^ Y^ QSaeYcYdY_^ dY]U ]Q[Uc CF:8(LCD Q XYWX\i UVxSYU^d Q^T `bQSdYSQ\ 

d__\ V_b VedebU Q``\YSQdY_^c _V LCD Y^ dXU gYTU bQ^WU _V `bUS\Y^YSQ\ Q^T S\Y^YSQ\ Q``\YSQdY_^c dXQd Y^f_\fU 

dYcceU ]YSb_fQcSe\QdebU Qc Q RY_]Qb[Ub)  

G.)-& =WUc`S -)Q O\R -)R) IVS AD:8(JAB Wa Q][^O`SR eWbV bVS :]\dS\bW]\OZ JAB %\] B9 

aS^O`ObW]\&) IVWa Wa \]b bVS PSab PSQOcaS bVS a^SQb`c[ aS^O`ObW]\ %:]\dS\bW]\OZ B9 aS^O`ObW]\& Wa 

PSbbS` O\R VOa ^`OQbWQOZZg bVS aO[S Q][^cbObW]\OZ Q]ab) H^SQb`c[ aS^O`ObW]\ Wa O b`WdWOZ ^`]QSRc`S 

bVOb S\OPZSa b] W\Q`SOaS bVS \c[PS` ]T RSbSQbSR PcPPZSa g]c [cab OZeOga Q][^O`S eWbV O B9 

aS^O`ObW]\ %aSS OZa] F1&)

GSa^]\aS KXQ^[ i_e V_b i_eb VUUTRQS[ bUWQbTY^W dXU S_]`QbYc_^ RUdgUU^ CF:8(LCD Q^T S_^fU^dY_^Q\ 

LCD ]UdX_Tc Y^ dXU S_^dUhd _V D9 cU`QbQdY_^) @^ \YWXd _V dXU bUfYUgUb$c S_]]U^dc' gU XQfU UhdU^cYfU\i 

S_]`QbUT CF:8(LCD QWQY^cd S_^fU^dY_^Q\ LCD gYdX D9 cU`QbQdY_^ Y^ Q bQd RbQY^ cdeTi Q^T Uh`Q^TUT 

_eb Uh`UbY]U^dc) KXU TUdQY\UT bUc`_^cU Yc `b_fYTUT Y^ :_]]U^d 1 RU\_g)  

D_bU_fUb' _eb Y^YdYQ\ S_]`QbYc_^ Q^Q\icYc V_b :8D Y]QWY^W gQc TUcYW^UT d_ UfQ\eQdU dXU RQcU\Y^U 

`UbV_b]Q^SU _V CF:8(LCD QWQY^cd S_^fU^dY_^Q\ LCD gYdX_ed D9 cU`QbQdY_^) NXY\U D9 cU`QbQdY_^ Yc 

Q cY]`\U `b_SUcc dXQd S_e\T U^XQ^SU dXU TUdUSdY_^ bQdU _V D9c' Yd Q\c_ ceRcdQ^dYQ\\i Y^SbUQcUc dXU `b_SUccY^W 

dY]U Ri c`\YddY^W dXU _bYWY^Q\ TQdQ Y^d_ ]e\dY`\U ceRcUdc) <QSX ceRcUd dXU^ e^TUbW_Uc cU`QbQdU \_SQ\YjQdY_^ 

Q^T dbQS[Y^W `b_SUcc) KXUbUV_bU' gU RU\YUfU Yd Yc RU^UxSYQ\ d_ S_]`QbU dXU `UbV_b]Q^SU _V TYVVUbU^d 

\_SQ\YjQdY_^ Q\W_bYdX]c gYdX_ed D9 cU`QbQdY_^) 



G.).& =WUc`S -)R @\ bVS W[OUS @ SabW[ObS bVOb bVS dSaaSZa VOdS O [W\W[c[ aS^O`ObW]\ ]T i+)+2[[) 8b 

O `SZObWdSZg VWUV T`S_cS\Qg ]T -+B?h bVS eOdSZS\UbV Wa ]\Zg +)+2[[' a] bVWa W[OUS R]Sa \]b aV]e 

ac^S` `Sa]ZcbW]\ W\ bVS aS\aS bVOb eS QO\ aS^O`ObS be] dSaaSZa PSZ]e bVS RWTT`OQbW]\ ZW[Wb) DT Q]c`aS' 

bVS dSaaSZa O`S VWUVZg Q]\b`OabSR' O\R bVS RWO[SbS`a O`S dS`g aW[WZO` b] bVS U`]c\R b`cbV) :O\ g]c 

Q][[S\b ]\ bVOb7 LVg RWR g]c caS -+ B?h W\ bVWa Sf^S`W[S\b O\R ,0 B?h W\ bVS `Ob7

GSa^]\aS KXYc Yc Q W__T `_Y^d) NU g_e\T \Y[U d_ S\QbYVi dXQd dXU t]YccY^Wu c]Q\\ fUccU\c Y^ dXU :8D LCD 

Y]QWUc QbU ^_d SQecUT Ri \Y]YdUT Y]QWY^W bUc_\edY_^ _V LCD' Red bQdXUb TeU d_ Q^Qd_]YSQ\ VQSd_bc5 dXU 

c]Q\\Ub fUccU\c _b SQ`Y\\QbYUc _V dXU :8D QbU \_SQdUT Qd dXU ce`UbxSYQ\ \QiUb _V dXU ]U]RbQ^U' gXYSX Yc Y^ 

TYbUSd S_^dQSd gYdX QYb %:XU^' C Ud Q\)' :U\\c %-+-,&&) KXUi QbU dXec ^_d QSSUccYR\U d_ e\dbQc_e^T Y]QWY^W 

RUSQecU _V dXU cdb_^W QS_ecdYS Y]`UTQ^SU ]Yc]QdSX RUdgUU^ QYb Q^T c_Vd dYcceU) KXYc SQ^ RU S_^xb]UT gYdX 

e\dbQc_e^T Y]QWY^W' cX_g^ Y^ =YW) I. RU\_g' gXUbU D9c Q``UQb d_ tfQ^YcXu Vb_] dXU e\dbQc_e^T Y]QWY^W 

=FM gXU^ dbQfUbcY^W dXU fQcSe\Qb RUT RUdgUU^ Q^ QbdUbi Q^T Q fUY^) 8^_dXUb bUQc_^ dXQd S_e\T Uh`\QY^ dXU 

TYVxSe\dYUc _V Y]QWY^W SQ`Y\\QbYUc Y^ dXU :8D Yc dXU \_g S_]`\YQ^SU _V dXUcU c]Q\\ fUccU\c gXYSX S_e\T 

bUcdbYSd dXU _cSY\\QdY_^c _V dXU D9 cXU\\' \UQTY^W d_ bUTeSUT D9 RQS[cSQddUbY^W cYW^Q\ %C_gUbYc_^' D) I)' Ud 

Q\)' @<<< KL==: %-+-+&&) ;Uc`YdU dXUcU SXQ\\U^WUc' dXU :8D Y]QWY^W cUde` bU]QY^c dXU RUcd ?B J?JC 

fQ\YTQdY_^ `\QdV_b] V_b LCD TeU d_ dXU QfQY\QRY\Ydi _V Q^ _`dYSQ\ Y]QWY^W bUVUbU^SU) DUQcebU]U^dc ceSX Qc 

fUccU\ cYjU S_]`QbYc_^c cdY\\ `b_fYTU ]UQ^Y^WVe\ bUce\dc V_b dXU `eb`_cU _V fQ\YTQdY^W LCD bUS_^cdbeSdY_^)   

IUWQbTY^W dXU SX_YSU _V dbQ^cTeSUb VbUaeU^SYUc' gU cU\USdUT dXU C.0 dbQ^cTeSUb V_b dXU :8D Uh`UbY]U^dc 

d_ QSXYUfU dXU RUcd `_ccYR\U Y]QWY^W bUc_\edY_^) 8\dX_eWX dXU ^_]Y^Q\ SU^dUb VbUaeU^Si _V dXU C.0 Yc -0 

D?j' _eb _RcUbfQdY_^c Y^TYSQdUT Q XYWXUb cU^cYdYfYdi Qd -+ D?j) KXUbUV_bU' gU SX_cU d_ dbQ^c]Yd dXU `b_RU 

Qd -+ D?j SU^dUb VbUaeU^Si Y^cdUQT _V -0 D?j) =_b dXU bQd RbQY^ Uh`UbY]U^dc' gU ecUT Q ,0 D?j C-- 

dbQ^cTeSUb d_ \UfUbQWU Ydc \QbWUb =FM Q^T TUU`Ub `U^UdbQdY_^' gXYSX QbU RUddUb ceYdUT V_b dXU Q^Qd_]YSQ\ 

bUaeYbU]U^dc _V bQd RbQY^ Y]QWY^W) 

§ 6PMU% >MQ% M[ IS' !E[QSQZI[QVU VN KPQKR MTJY`V KPVYQVISSIU[VQK TMTJYIUM IZ I TVLMS WSI[NVYT NVY QTIOQUO&UI]QOI[ML 

JQVTMLQKIS YMZMIYKP'! 6MSSZ *)'+ #+)+*$3 -/, 

§ >V^MYQZVU% ?I[[PM^ B'% M[ IS' !<U ]Q]V KVUNVKIS QTIOQUO VN i\VYMZKMU[S` SIJMSML TQKYVJ\JJSMZ3 <TWSQKI[QVUZ NVY \S[YIZV\UL 

SVKISQaI[QVU TQKYVZKVW`'! <888 [YIUZIK[QVUZ VU \S[YIZVUQKZ% NMYYVMSMK[YQKZ% IUL NYMX\MUK` KVU[YVS /0'2 #+)+)$3 *1**&*1*2 

&5 *2<6 $6506-+3 &4+1251 60 %3;68/9-/5:3= '+,/3/. (2-86,;,,3/9# 

&4732-+:2659 068 )3:8+96;5. '6-+32>+:265 (2-869-67=! 



G.)/& AW\S ,2,) AD:8(JABS O\R AD:8(JAB O`S Q]\TcaW\U) :O\ g]c QZO`WTg bVS [SbV]Ra7 8a Wb 

abO\Ra' @ QO\\]b aSS bVS W\bS`Sab W\ W\b`]RcQW\U bVS AD:8(JABS' eVWQV Wa ]\Zg ^`]^]aSR W\ bVS 

QVWQYS\ S[P`g] Sf^S`W[S\b) 

GSa^]\aS KXQ^[ i_e V_b `_Y^dY^W dXYc _ed) =Ybcd' d_ U^XQ^SU dXU S\QbYdi _V dXU dg_ ]UdX_Tc' gU XQfU bUfYcUT 

dXU dUb]Y^_\_Wi Vb_] CF:8(LCD  d_ CF:8(LCD  Q^T CF:8(LCD d_ CF:8(LCD ) 

CF:8(LCD  gQc Q `bU\Y]Y^Qbi dbQY^Y^W Q``b_QSX Y^ gXYSX dXU CF:8(LCD ^Udg_b[ gQc dbQY^UT 

ecY^W D9 cYW^Q\c TYbUSd\i UhdbQSdUT Vb_] ?B J?JC :8D TQdQ' gXYSX Yc UccU^dYQ\ V_b UcdQR\YcXY^W Q RQcU\Y^U 

`UbV_b]Q^SU) @^ S_^dbQcd' cdQ^TQbT CF:8(LCD  gQc dbQY^UT _^ ci^dXUdYS D9 dU]`\QdUc WU^UbQdUT Ri 

dXU CJ>8E ^Udg_b[' gXYSX YdcU\V gQc dbQY^UT ecY^W dXU cQ]U cUd _V ?B J?JC D9 cYW^Q\c Qc CF:8(

LCD ) NU S_^TeSdUT Uh`UbY]U^dc gYdX R_dX CF:8(LCD  Q^T CF:8(LCD  d_ 

UhQ]Y^U dXU RU^Uxd _V XQfY^W QeW]U^dUT D9 TQdQcUdc WU^UbQdUT Ri dXU CJ>8E ^Udg_b[) @^ dXYc SQcU' 

CF:8(LCD cUbfUT Qc dXU RQcU\Y^U V_b dXU S_]`QbYc_^ cdeTi Q^T dXU bUce\dc cX_gUT dXQd dXU D9 

TQdQ QeW]U^dQdY_^ Ri CJ>8E gQc Y^TUUT RU^UxSYQ\ V_b Y]`b_fY^W D9 \_SQ\YjQdY_^ `UbV_b]Q^SU %=YW) -T' 

U&) NU XQfU bUfYcUT dXU ]Q^ecSbY`d d_ S\QbYVi dXYc cdeTi TUcYW^)  

EOUS ,+ AW\S -.. K_ TU]_^cdbQdU dXU UVVUSdYfU^Ucc _V CJ>8E(WU^UbQdUT D9c' gU dbQY^UT dXU CF:8(

LCD ^Udg_b[ ecY^W dg_ TYcdY^Sd cY]e\QdY_^ TQdQcUdc) KXU xbcd' bUVUbbUT d_ Qc CF:8(LCD  gQc 

dbQY^UT ecY^W D9 cYW^Q\c TYbUSd\i UhdbQSdUT Vb_] dXU ?B J?JC :8D TQdQ) KXU cUS_^T' CF:8(LCD ' 

gQc dbQY^UT gYdX ci^dXUdYS D9 dU]`\QdUc WU^UbQdUT Ri dXU CJ>8E ^Udg_b[ dbQY^UT _^ dXU cQ]U cUd _V D9 

cYW^Q\c ecUT d_ dbQY^ dXU CF:8(LCD

EOUS ,+ AW\S -0. KXU x^TY^Wc ceWWUcd dXQd ci^dXUdYS D9 cYW^Q\c WU^UbQdUT Ri CJ>8E QSd Qc Q V_b] _V 

TQdQ(QeW]U^dQdY_^' Q\\_gY^W CF:8(LCD  d_ \UQb^ Vb_] Q Rb_QTUb TYcdbYRedY_^ _V D9 

cYW^Q\c?c`USYxSQ\\i' D9 cYW^Q\c dXQd gUbU ^_d `Qbd _V CF:8(LCD  dbQY^Y^W TQdQcUd' Q^T Y]`b_fU 

dXU \_SQ\YjQdY_^ `UbV_b]Q^SU _V dXU ;<:F;< ^Udg_b[) 

G.)0& ZW\S -/2( -3.) @\ bVWa Sf^S`W[S\b bVS Q]\QS\b`ObW]\ Wa \]b Sf^ZWQWb %[OW\ bSfb ]` [Ob#[Sb&) IVWa 

Wa W[^]`bO\b PSQOcaS g]c aV]e ZObS` %=WUc`S /)X& bVOb bVS`S Wa \] PS\Sxb T`][ caW\U AD:8(JAB Ob 

Z]e Q]\QS\b`ObW]\a) @ Oaac[S bVOb bVS Q]\QS\b`ObW]\ Wa Z]e %-+cZ*[W\7&) 

GSa^]\aS @^ dXU bQd RbQY^ cdeTi TU`YSdUT Y^ =YW) .' gU U]`\_iUT Q^ Y^ZUSdY_^ bQdU _V $2#1E=6FG Q^T dXU 

TUcSbY`dY_^ XQc RUU^ QTTUT Y^ dXU bUfYcUT ]Q^ecSbY`d) D_bU_fUb' =YW) /Z Y\\ecdbQdUc dXQd CF:8(LCD 

QSXYUfUT Q^ Q``b_hY]QdU\i ,)0(V_\T Y^SbUQcU Y^ dXU ^e]RUb _V D9c \_SQ\YjUT gYdX D9 cU`QbQdY_^ Qd Q \_g 

S_^SU^dbQdY_^ %&'#1E=6FG&) KXYc bUce\d \UQTc d_ U^XQ^SUT fYceQ\YjQdY_^ _V dXU fQcSe\QdebU' Qc UfYTU^SUT Ri 

dXU U^XQ^SUT TU\Y^UQdY_^ _V QTZQSU^d fUccU\c Q^T bUS_^cdbeSdY_^ _V S_^^USdUT fUccU\ ̂ Udg_b[c %bUT Q^T WbUU^ 

Qbb_gc Y^ =YW) / U'V&) ;UdQY\UT UfYTU^SU _V dXU ce`UbY_b `UbV_b]Q^SU _V CF:8(LCD QSb_cc Q bQ^WU _V 

S_^SU^dbQdY_^c %bQ^WY^W Vb_] -+ /0 *]Y^ d_ /+ /0 *]Y^ Y^ =YW)/ Q^T 4+ /0 *]Y^ Y^ Je``\U]U^dQbi =YW) /&' 

Yc TUdQY\UT Y^ _eb bUc`_^cU d_ :_]]U^d 1 RU\_g)  

EOUS ,- AW\S -42 =YW) .S' T cX_gc dXU x^Q\ LCD Y]QWUc RQcUT _^ -++++ VbQ]Uc %Q d_dQ\ _V 3+ cUS_^Tc _V 

TQdQ QSaeYcYdY_^& _V QSSe]e\QdY_^ gYdX Q^ D9 Y^ZUSdY_^ bQdU _V $2#1E=<HI %DUdX_Tc&) 

EOUS ., AW\S 21+ @^ dXU bQd RbQY^ cdeTi %Y\\ecdbQdUT Y^ =YW) .&' gU ecUT Q^ Y^ZUSdY_^ bQdU _V ,0 1E*]Y^) =_b 

dXU cdeTi _V S_]`QbY^W dXU `UbV_b]Q^SU _V TYVVUbU^d \_SQ\YjQdY_^ ]UdX_Tc Y^ TYVVUbU^d D9 S_^SU^dbQdY_^c 

%Y\\ecdbQdUT Y^ =YW) /&' gU fQbYUT dXU Y^ZUSdY_^ bQdU d_ -+' .+' /+ 1E*]Y^ gYdX Q .(]Y^edU gQYdY^W `UbY_T QVdUb 

SXQ^WY^W dXU Y^ZUSdY_^ bQdU d_ cdQRY\YjU dXU cicdU]YS D9 S_^SU^dbQdY_^) 



G.)1& ZW\S -/2( -3.) IVS bWbZS ]T bVS aSQbW]\ Wa !AD:8(JAB RS[]\ab`ObSa ac^S`W]` W\ dWd] JAB 

W[OUW\U ^S`T]`[O\QS W\ O `Ob P`OW\!' Pcb Ob Z]e Q]\QS\b`ObW]\a P]bV [SbV]Ra %AD:8(JAB O\R 

JAB eWbV B9 aS^O`ObW]\& O`S `SZObWdSZg S_cWdOZS\b) @b Wa ]\Zg Ob VWUV Q]\QS\b`ObW]\a bVOb AD:8(

JAB PSQ][Sa W\bS`SabW\U) @T eS Q][^O`S bVS AD:8(JAB eWbV bVS Q]\dS\bW]\OZ JAB %=WU) .)Q O\R 

R&' eS ]PaS`dS O QZSO` UOW\ W\ bVS AD:8(JAB' Pcb WT eS Q][^O`S Wb eWbV bVS Q]\dS\bW]\OZ L@I? 

RW`SQbW]\OZ aS^O`ObW]\' bVWa UOW\ Wa `SZObWdSZg []RS`ObS) @b Wa W[^]`bO\b b] \]bS bVOb bVS RW`SQbW]\OZ 

aS^O`ObW]\ Wa dS`g aW[^ZS %eS a^ZWb bVS a^SQb`c[ W\ -&) =]` bVWa `SOa]\' bVS Q][^O`Wa]\ eWbV bVS 

abO\RO`R JAB eWbV]cb aS^O`ObW]\ Wa ]T \] W\bS`Sab' eS [cab T]Qca ]\ bVS Q][^O`Wa]\ eWbV bVS abObS 

]T bVS O`b' eVWQV Wa L@I? aS^O`ObW]\) 

GSa^]\aS KXQ^[ i_e V_b i_eb Y^cYWXdVe\ S_]]U^d) NU TUcYW^UT dXU _bYWY^Q\ Uh`UbY]U^dc d_ edY\YjU Q^ D9 

S_^SU^dbQdY_^ S_bbUc`_^TY^W d_ Q^ D9 Y^ZUSdY_^ bQdU _V ,0 1E *]Y^' Qc Y\\ecdbQdUT Y^ =YW) .) KXYc Yc gXUbU 

S_^fU^dY_^Q\ \_SQ\YjQdY_^ RUWY^c d_ VQY\ gYdX_ed D9 cU`QbQdY_^) K_ dXU RUcd _V _eb [^_g\UTWU' dXU WU^UbQ\ 

LCD S_]]e^Ydi cdY\\ ecUc cdQ^TQbT D9 \_SQ\YjQdY_^ gYdX_ed D9 cU`QbQdY_^) Feb Y^dU^dY_^ gQc d_ ecU dXU 

]_cd RQcYS D9 \_SQ\YjQdY_^ dUSX^YaeU %Y)U)' gYdX_ed D9 cU`QbQdY_^& Qc dXU RQcU\Y^U V_b S_]`QbY^W 

\_SQ\YjQdY_^ `UbV_b]Q^SUc) =ebdXUb]_bU' Qc TYcSeccUT Y^ _eb -+,4 `Q`Ub dXQd Y^db_TeSUT D9 cU`QbQdY_^ 

%?eQ^W' :) Q^T C_gUbYc_^' D) I)' Ud Q\)' JSY IU` %-+,4&&' gU g_e\T \Y[U d_ U]`XQcYjU dXQd gXY\U dXU S_^SU`d 

_V D9 cU`QbQdY_^ Yc cdbQYWXdV_bgQbT' Yd cYW^YxSQ^d\i Y^SbUQcUc dXU S_]`edQdY_^Q\ \_QT) 

NU QWbUU gYdX dXU bUfYUgUb dXQd dXU Y]`b_fU]U^d _V CF:8(LCD _fUb S_^fU^dY_^Q\ \_SQ\YjQdY_^ gYdX D9 

cU`QbQdY_^ gQc ^_d Qc cYW^YxSQ^d Qc gYdX_ed D9 cU`QbQdY_^ Qd dXU \_gUcd D9 S_^SU^dbQdY_^ %,0 1E *]Y^' Qc 

cX_g^ Y^ =YW) .&) ?_gUfUb' gU _RcUbfUT Q^ Y]`b_fU]U^d Qd XYWXUb D9 S_^SU^dbQdY_^c bQ^WY^W Vb_] -+ 1E
*]Y^ d_ /+ 1E *]Y^) CF:8(LCD U^XQ^SUT TU\Y^UQdY_^ _V QTZQSU^d fUccU\c %WbUU^ Qbb_gc Y^ =YW) / U'V'W'X& 

V_b R_dX dXU -+ /0 *]Y^ Q^T /+ /0 *]Y^ Y^ZUSdY_^ bQdUc) D_bU_fUb' CF:8(LCD Y]`b_fUT dXU fYceQ\YjQdY_^ 

_V dXU fQcSe\Qb ^Udg_b[ Ri ]_bU QSSebQdU\i bUS_^cdbeSdY^W dXU S_^^USdUT fUccU\ cdbeSdebUc RbQ^SXY^W Vb_] 

dXU ]QY^ fUccU\c %bUT Qbb_gc Y^ =YW) /U'V'W'X&) KXYc Y]`b_fU]U^d Yc ce``_bdUT Ri dXU cQdebQdY_^ _V dXU ̂ e]RUb 

_V \_SQ\YjUT D9c V_b S_^fU^dY_^Q\ \_SQ\YjQdY_^ gYdX D9 cU`QbQdY_^ Qd Q \_g Y^ZUSdY_^ bQdU %-+ /0 *]Y^ Y^ 

=YW) /Z&) @^ S_^dbQcd' CF:8(LCD TU]_^cdbQdUc ce`UbY_b \_SQ\YjQdY_^ `UbV_b]Q^SU' \_SQ\YjY^W 

Q``b_hY]QdU\i ,)0 dY]Uc ]_bU D9c dXQ^ S_^fU^dY_^Q\ \_SQ\YjQdY_^' gYdX D9 cU`QbQdY_^) CF:8(LCD Q\c_ 

TU]_^cdbQdUc Q `b_WbUccYfU Y^SbUQcU Y^ ^e]RUb _V \_SQ\YjUT D9c Qc dXU S_^SU^dbQdY_^ Y^SbUQcUc' Y^TYSQdY^W 

Yd Yc ^_d cQdebQdUT Ri XYWX D9 S_^SU^dbQdY_^c)  

=Y^Q\\i' gU XQfU QTTUT Q ^Ug Uh`UbY]U^d gXUbU Q fUbi XYWX D9 S_^SU^dbQdY_^ %4+ 1E=6FG& gQc ecUT d_ 

VebdXUb SXQbQSdUbYjU dXU WQY^ Y^ D9 \_SQ\YjQdY_^ `UbV_b]Q^SU V_b CF:8(LCD) 8c cX_g^ Y^ Je``\U]U^dQbi 

=YW) /' dXU QTfQ^dQWU _V CF:8(LCD _fUb S_^fU^dY_^Q\ \_SQ\YjQdY_^ gYdX D9 cU`QbQdY_^ Yc S\UQb5 CF:8(

LCD gQc QR\U d_ bUS_fUb ]Q^i ]_bU fUccU\c dXQd gUbU ]YccY^W Vb_] dXU S_^fU^dY_^Q\ LCD gYdX D9 

cU`QbQdY_^) NXY\U _eb SebbU^d CF:8(LCD VbQ]Ug_b[ TU]_^cdbQdUc cYW^YxSQ^d Y]`b_fU]U^d gYdX_ed dXU 

^UUT V_b D9 cU`QbQdY_^ %=YW) . Q^T =YW) /&' gU QWbUU dXQd D9 cU`QbQdY_^ S_e\T RU Y]`\U]U^dUT Qc Yd VebdXUb 

Y]`b_fUc dXU fUccU\ TU\Y^UQdY_^' `QbdYSe\Qb\i Y^ fUbi XYWX D9 S_^SU^dbQdY_^ %Je``\U]U^dQbi =YW) /&) KXU 

Qcc_SYQdUT Y^SbUQcU Y^ S_]`edQdY_^Q\ \_QT ecY^W D9 cU`QbQdY_^ cX_e\T RU SQbUVe\\i S_^cYTUbUT QWQY^cd dXU 

Uh`USdUT Y]`b_fU]U^dc Y^ Y]QWU aeQ\Ydi Q^T \_SQ\YjQdY_^ `bUSYcY_^) KXUcU ^Ug bUce\dc' Q\_^W gYdX ^Ug 

TYcSeccY_^c' XQfU RUU^ QTTUT d_ dXU bUfYcUT ]Q^ecSbY`d Qc V_\\_gc5 

EOUS ,0 AW\S .1+ NXU^ S_]`QbY^W CF:8(LCD gYdX dXU S_^fU^dY_^Q\ LCD gYdX cdQdU(_V(dXU(Qbd D9 

cU`QbQdY_^' CF:8(LCD `b_fYTUc Y]`b_fUT cU`QbQdY_^ _V QTZQSU^d fUccU\c gYdX U^XQ^SUT S_^dbQcd Y^ R_dX 

&'#1E=<HI Q^T 4'#1E=<HI Y^ZUSdY_^ bQdUc %WbUU^ Qbb_gc Y^ =YW) / U(X&) CF:8(LCD Q\c_ Y]`b_fUT dXU 

fYceQ\YjQdY_^ _V dXU fQcSe\Qb ^Udg_b[c Ri ]_bU QSSebQdU\i bUS_^cdbeSdY^W dXU S_^^USdUT fUccU\ cdbeSdebUc 

RbQ^SXY^W Vb_] dXU ]QY^ fUccU\c %bUT Qbb_g Y^ =YW) / U(X&) =ebdXUb S_]`QbYc_^ _V CF:8(LCD gYdX D9 

cU`QbQdY_^ Qd 9'#1E=<HI Y^ZUSdY_^ bQdU %Je``\U]U^dQbi =YW) /& cX_gc dXQd CF:8(LCD QSXYUfUc b_Recd 

bUS_^cdbeSdY_^ UfU^ Y^ SXQ\\U^WY^W S_^TYdY_^c gXUbU S_^fU^dY_^Q\ LCD gYdX D9 cU`QbQdY_^ VQY\c) 





?DAA@M@IO 3, DIE@>ODJI M<O@N ! # <I? "% 8RJ ?<O<N@ON# 8 RDOCJPO 3, N@K<M<ODJI 

<I? 9 RDOC 3, N@K<M<ODJI%  

Hc^^ZS[S\bO`g =WU /) :_]`QbYc_^ _V S_^fU^dY_^Q\ LCD Q^T CF:8(LCD %gYdX Q^T gYdX_ed D9 

cU`QbQdY_^& Qd Q fUbi XYWX D9 S_^SU^dbQdY_^) <QSX LCD Y]QWU gQc WU^UbQdUT Ri QSSe]e\QdY^W ,1+++ 

VbQ]Uc _V e\dbQc_e^T TQdQ %-+ cUS_^Tc& V_b Q^ D9 Y^ZUSdY_^ bQdU _V 9'#1E=<HI) 

G.)2& AW\S -./(-/0) :][^cbObW]\OZ ^S`T]`[O\QS) 8d]WR `S^SbWbWdS ac^S`ZObWdSa OP]cb g]c` [SbV]R' 

O\R T]Qca SfQZcaWdSZg ]\ Q][^cbObW]\OZ bW[S' \]b ]\ `S^SObW\U ^`SdW]caZg RWaQcaaSR ORdO\bOUSa) IVS 

`SORS` \SSRa b] c\RS`abO\R T]` bVS[aSZdSa bVOb Wb Wa PSbbS`) =]` SfO[^ZS' !@\ ORRWbW]\ b] TOabS` O\R 

[]`S `]Pcab dSaaSZ xZZW\U ^S`T]`[O\QS! ]` o :]ZZSQbWdSZg' bVSaS `SacZba W\RWQObS bVOb \]b ]\Zg R]Sa 

AD:8(JAB ^`]dWRS []`S `]Pcab B9 Z]QOZWhObW]\ p IVS`S Wa \] R]cPb bVOb bVS AD:8(JAB QO\ 

^`]dWRS O TOabS` OZU]`WbV[' Pcb bVS RWaQcaaW]\ OP]cb Q][^cbObW]\ bW[S Wa b]] aW[^ZWabWQ) :][^cbW\U 

bW[S Wa VWUVZg RS^S\RS\b ]\ bVS W[^ZS[S\bObW]\ ]T bVS OZU]`WbV[a) EZSOaS `Se`WbS bVWa aSQbW]\ b] 

W\QZcRS []`S caSTcZ W\T]`[ObW]\) LVOb Wa bVS ]`RS` ]T Q][^ZSfWbg ]T bVS OZU]`WbV[a %T]` SfO[^ZS Wa 



O\ OZU]`WbV[ D%-& ]` D%.&7&' QO\ g]c Q][^O`S bVS b]bOZ \c[PS` ]T ]^S`ObW]\a W\ P]bV OZU]`WbV[a7 

;WTTS`S\QSa W\ bVS ]`RS` ]T Q][^ZSfWbg ]T bVS OZU]`WbV[a ]` W\ bVS b]bOZ \c[PS` ]T ]^S`ObW]\a QO\ 

^`]dWRS caSTcZ W\T]`[ObW]\ OP]cb eVg g]c` OZU]`WbV[ Wa PSbbS`) 8`S P]bV OZU]`WbV[a W[^ZS[S\bSR W\ 

>EJ7 ^ZSOaS W\QZcRS bVWa W\T]`[ObW]\ W\ bVS [OW\ bSfb) 

GSa^]\aS @^ bUc`_^cU d_ cY]Y\Qb S_^SUb^c bQYcUT Ri IUfYUgUb - :_]]U^d 0 %G-)0&' NU XQfU bUfYcUT 

S_]`edQdY_^Q\ `UbV_b]Q^SU cUSdY_^ d_ bUV\USd _RZUSdYfU S_]`QbYc_^ _V S_]`edQdY_^Q\ dY]U gYdX_ed dXU ecU 

_V ce`Ub\QdYfUc) KXU S_]`\UhYdi _V dXU S_^fU^dY_^Q\ Q\W_bYdX] %^_b]Q\YjUT Sb_cc(S_bbU\QdY_^ Y]`\U]U^dUT 

Ri D8KC89$c & SQ^ RU Q``b_hY]QdUT Qc F%DE\_W%DE&& V_b Q^ Y]QWU _V cYjU D E) 

8TTYdY_^Q\\i' dXU  Ve^SdY_^ Vb_] D8KC89 gQc ecUT V_b D9 \_SQ\YjQdY_^' gXYSX XQc Q 

S_]`\UhYdi _V F%DE&)

?_gUfUb' aeQ^dYViY^W dXU S_]`edQdY_^Q\ S_]`\UhYdi _V TUU` \UQb^Y^W QbSXYdUSdebUc \Y[U ]JG:E' ;UU`(

LCD' Q^T CF:8(LCD Yc \Ucc cdbQYWXdV_bgQbT TeU d_ ]e\dY`\U Y^yeU^SY^W VQSd_bc) KXUcU Y^S\eTU ^Udg_b[ 

TU`dX' ^e]RUb _V [Ub^U\c `Ub S_^f_\edY_^Q\ \QiUb' S_^f_\edY_^Q\ _`UbQdY_^c ceSX Qc cdbYTU Q^T `QTTY^W' Q^T 

Y^`ed Y]QWU cYjU) :_^cUaeU^d\i' Q TYbUSd S_]`QbYc_^ ecY^W dXU 9YW F ^_dQdY_^ gQc ^_d VUQcYR\U) 8c Q bUce\d' 

gU S_^TeSdUT Q^ Uh`UbY]U^dQ\ QccUcc]U^d _V UQSX ]UdX_Twc S_]`edQdY_^Q\ `UbV_b]Q^SU ecY^W Q S_^cYcdU^d 

>GL cUde` RQcUT _^ Q^ EM@;@8 IKO 81+++ >GL) :_]`edQdY_^Q\ `UbV_b]Q^SU _V V_eb \_SQ\YjQdY_^ 

Q\W_bYdX]c %S_^fU^dY_^Q\ LCD' ;UU`(LCD' ]JG:E' Q^T CF:8(LCD& gQc UfQ\eQdUT ecY^W ,++ 

cY]e\QdUT Y]QWY^W VbQ]Uc gYdX Y^SbUQcY^W cYjUc _V xU\T(_V(fYUg %=FM&) KXU S_]`edQdY_^ dY]U Yc `bUcU^dUT 

Y^ =YW) -V %Q\c_ `bUcU^dUT RU\_g&' gXYSX Y^S\eTUc ^Udg_b[ V_bgQbT `b_SUccY^W Q^T dXU ceRcUaeU^d `_cd(

`b_SUccY^W V_b \_SQ\YjQdY_^) CF:8(LCD `b_SUccUT ,++ VbQ]Uc gYdX Q ,.4)33 66% =FM Y^ Q``b_hY]QdU\i 

,)2 cUS_^Tc' gXYSX gQc 0)1 dY]Uc VQcdUb dXQ^ dXU S_^fU^dY_^Q\ ]UdX_T) =ebdXUb]_bU' CF:8(LCD TYbUSd\i 

UcdY]QdUc dXU D9 SU^dUbc' Ri`QccY^W dXU `b_SUcc _V `UQ[ YTU^dYxSQdY_^ bUaeYbUT Ri S_^fU^dY_^Q\ LCD' 

;UU`(LCD' Q^T ]JG:E) KXYc UVxSYU^Si dbQ^c\QdUc d_ Q dg_(V_\T QSSU\UbQdY_^ V_b CF:8(LCD _fUb 

]JG:E %.)1 cUS_^Tc& Q^T ;UU`(LCD %.)0 cUS_^Tc& gXU^ ̀ b_SUccY^W ,++ VbQ]Uc gYdX Q ,.4)33 66% =FM) 

KXU ^Ug bUce\dc XQfU RUU^ QTTUT d_ dXU IUce\dc Q^T dXU =YW) -V)  

=WU -) T :_]`QbYc_^ _V S_]`edQdY_^Q\ dY]Uc V_b D9 \_SQ\YjQdY_^ QSb_cc fQbiY^W =FM cYjUc ecY^W 

S_^fU^dY_^Q\ LCD' ;UU`(LCD' ]JG:E Q^T CF:8(LCD) :_]`edQdY_^Q\ dY]Uc U^S_]`Qcc dXU D9 

\_SQ\YjQdY_^ `b_SUcc' gXYSX Y^S\eTUc ^_b]Q\YjUT Sb_cc(S_bbU\QdY_^ Q^T bUWY_^Q\ ]QhY]e] cUQbSX V_b 

S_^fU^dY_^Q\ LCD' Q ^Udg_b[ V_bgQbT `Qcc V_b CF:8(LCD' Q^T Q ^Udg_b[ V_bgQbT `Qcc gYdX SU^db_YT 

SQ\Se\QdY_^ V_b R_dX ;UU`(LCD Q^T ]JG:E)  



EOUS ,, AW\S -03 ,/(&"2,- G?=B?P97BH@M ?ADFCJ;G 9CADIH7H?CB7@ D;F<CFA7B9; C< -' @C97@?N7H?CB  

:_]`edQdY_^Q\ `UbV_b]Q^SU _V V_eb \_SQ\YjQdY_^ Q\W_bYdX]c %S_^fU^dY_^Q\ LCD' ;UU`(LCD' ]JG:E' Q^T 

CF:8(LCD& gQc UfQ\eQdUT ecY^W ,++ cY]e\QdUT Y]QWY^W VbQ]Uc gYdX TYVVUbU^d cYjUc _V xU\T(_V(fYUg 

%=FM&) KXU =FM bQ^WUT Vb_] +)/+ 66%#B$8 `YhU\ C $8 `YhU\ QbUQ& d_ ,.4)33 66%  %;'' `YhU\ C ;''
`YhU\ QbUQ&' gYdX Q /(`YhU\ Y^SbU]U^d cdU` %Y^ UQSX TY]U^cY_^&) KXU `YhU\ bUc_\edY_^ gQc xhUT Qd .4)/ 16) 

=_b UQSX =FM cYjU' dXU ̂ e]RUb _V D9c cY]e\QdUT Y^ UQSX VbQ]U Q\c_ Y^SbUQcUT Vb_] ,1 d_ .++ Y^ Y^SbU]U^dc 

_V /) =YW) -V `bUcU^dc dXU S_]`edQdY_^Q\ dY]U bUce\dc V_b dXU V_eb TYVVUbU^d \_SQ\YjQdY_^ ]UdX_Tc) 

:_]`edQdY_^Q\ dY]Uc U^S_]`Qcc dXU D9 \_SQ\YjQdY_^ `b_SUcc' gXYSX Y^S\eTUc ^_b]Q\YjUT Sb_cc(S_bbU\QdY_^ 
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