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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

In this manuscript, the authors studied an interesfing method of water desalinafion. They performed 

theorefical and experimental studies to support the claims. The informafion provided in the manuscript 

is novel. I think Nature Communicafions is the right publicafion for this paper. Hence, I recommend 

accepfing the manuscript with a major revision. The authors need to address the following comments 

and modify the paper accordingly.

1. Line 92 - How did the authors ensure the flow is fully developed?

2. The uncertainty analysis linked to experimentally measured parameters needs to be discussed in detail 

with equafions.

3. The repeatability informafion of the experimentally measured parameters needs to be added.

Reviewer #2 (Remarks to the Author):

This manuscript describes a method to desalinate salt water by using low-grade heat with a process 

based on thermodiffusion. It is a proof-of-concept study based on experiments, CFD simulafions and MD 

simulafions. The main result is a demonstrafion of the method’s feasibility and efficiency.

Producfion of fresh water is a growing challenge, and the authors argue convincingly that their concept 

is an interesfing candidate to be further pursued. The authors compare their method and results with 

exisfing methods and discuss honestly its advantages and disadvantages. The work is very thorough, well 

described, and all its aspects are covered. In my opinion, this work is a significant contribufion to the 

literature on the topic of water desalinafion.

The conclusions are well based on the experimental and simulafion results and the stafisfical and 

theorefical analyses. The authors check the consistency of analyfical and simulafion results and 

demonstrate that the work is of a high standard. The supplementary notes give sufficient details for a 

reproducfion of the results, provided a similar experimental setup is available.

I have found no flaws in this work, but I have some more detailed comments and quesfions:

1. Line 50: I agree that thermodiffusion is weaker than Fickian diffusion, but this cannot be argued by the 

value of the Soret coefficient. For one reason, D_T and D have different dimensions. Secondly, Eq. (1) 

shows that for zero mass flux, the two effects are in balance. I suggest that the authors rephrase or 

jusfify their statement.

2. Line 77: Although I do not know of any other work using single-phase thermal desalinafion, the 

statement that this is the first is somewhat dangerous.

3. Page 7: I would have liked to see a discussion of Taylor dispersion in this context.

4. Lines 204 and 205: What are super- and subscripts? If they are uncertainfies, the magnitude of the 



uncertainfies do not jusfify all the digits in the result as significant.

5. Figure S8: The authors claim that steady state is reached after 20 ns, but the figure shows that it is 

reached at about 175 ns. Please comment.

6. A general quesfion: The separafion process will stop if an inversion temperature or composifion 

occurs. In what temperature range, type of salts, and composifion ranges may this happen?

Reviewer #3 (Remarks to the Author):

The manuscript presents a thermal diffusion-based method for water desalinafion. The authors have 

revisited the well know thermal diffusion or thermo-diffusion or Soret Ludwig effect for which the 

physics of the phenomenon is well researched. They have proposed a method for desalinafion of water. 

The concept had been proposed in past (according to the manuscript; at least theorefically) but 

implementafion has not been aftempted or proved to be feasible. The method proposed is simple, yet 

quite valuable. There are certainly advantages in the prosed method from various angles but more 

importantly in my view is the fact the ufilisafion of thermo-osmosis in desalinafion has been 

materialised. The paper is well wriften and comprises the results of both experiments and modelling for 

the design and validafion of the concept. However, there are major points (below) that should be 

revisited and discussed.

1) Based on my understanding of the work, the solufion to ufilise the thermo-diffusion desalinafion 

which is proposed in this manuscript, works only at a delicate condifion where the drag force of the flow 

(laminar flow) does not disturb considerably the thermo-diffusion effects on ions. In other words, if the 

flow moves towards a kind of turbulent flow, ufilisafion of thermo-diffusion is impracfical. The 

manuscript describes that the system was tested and numerically designed for a range of channel 

thicknesses and flow rates. Figures S5 and S6 are not so helpful to establish a fundamental insight into 

the hydraulics of the problem. There is a need to discuss the design in the form that provides a clear 

picture of at what flow regime a thermodiffusion desalinafion should work or not. For that there is a 

need to present results based on Reynolds’s number or other non-dimensional parameter to describe 

the balance between forces acfing from the flow and also by the thermal gradient. Obviously there are 

various parameters to be considered. The way it has been presented, would not help to establish how 

“theorefically” the mystery of ufilising the thermo-diffusion in desalinafion (150 years mystery) has been 

solved. There should be a new Figure on the main text showing clearly how the problem has been 

resolved (theorefically). That should be the most interesfing figure in my view.

2) Related to the above discussion, I think an addifional physical effect is missing in the enfire discussions 

and that is thermo-osmosis. A thermal gradient in a small size channel can create a flow so there should 

be two forces acfing in the same axis (normal to the plates) which are thermo-diffusion and thermo-

osmosis. The quesfion is that to what extent such effect are important and why it has not been 

considered. We know from recent studies that thermo-diffusion and thermo-osmosis can affect each 

other (i.e. ions can be moved by the fluid flow induced by thermos-osmosis or thermo-osmosis can 

generate a fluid flow). To what extend such interacfions would be important should be discussed in the 



context of the concept proposed.

3) There are two minor correcfions that may be needed for further clarificafions in secfion 2.1. (i) the 

term “non-isothermal channel” should be further clarified (e.g. a channel where there is a thermal 

gradient) and (ii) the sentence “…., which further stabilises the flow[35].” is unclear in terms what the 

authors mean by “stabilises.

4) The theorefical descripfion of mulficomponent ionic diffusion under thermal gradient has progressed 

and there are cross-diagonal terms in the equafions (D12 etc) that reflect the impact of the transport of 

one ion on the transport of the other one when the diffusion is the dominant flow. Such effects have also 

been included when concentrafion and thermal gradients induce mass diffusion. Would such effects (at 

least theorefically) important in the concept? Page 8 results.

5) Figures 2 (especially 2a) is not useful. I was not able to extract the details from the figures. Suggest 22 

to be presented in a larger size.

6) I was a bit confused with the length of the spacer, does that extend through the length of the channel 

or it is parfial at the end (inconsistency between Figs S1 and S2d with Fig 1a).

7) Page 14; advantages: This looks to me the least developed secfion of the paper; yet the most 

important from pracfical side. There should be a Figure/diagram to compare the proposed method (in 

terms of performance; energy usage or other engineering factors of desalinafion technologies).
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<DRHDSDN (

<(<( Aa g[\f `TahfVe\cg( g[X Thg[bef fghW\XW Ta \agXeXfg\aZ `Xg[bW bY jTgXe WXfT_\aTg\ba* L[Xl cXeYbe`XW g[XbeXg\VT_

TaW XkcXe\`XagT_ fghW\Xf gb fhccbeg g[X V_T\`f* L[X \aYbe`Tg\ba cebi\WXW \a g[X `TahfVe\cg \f abiX_* A g[\a^ FTgheX
;b``ha\VTg\baf \f g[X e\Z[g chU_\VTg\ba Ybe g[\f cTcXe* @XaVX( A eXVb``XaW TVVXcg\aZ g[X `TahfVe\cg j\g[ T `T]be

eXi\f\ba* L[X Thg[bef aXXW gb TWWeXff g[X Yb__bj\aZ Vb``Xagf TaW `bW\Yl g[X cTcXe TVVbeW\aZ_l*

<DOMLKOD
NX g[Ta^ g[X eXi\XjXe Ybe g[X\e g\`X TaW XYYbeg \a TffXff\aZ bhe `TahfVe\cg* L[X\e iT_hTU_X YXXWUTV^ jTf Vbaf\WXeXW

\a g[\f `T]be eXi\f\ba* NX TVg\baXW V[TaZXf UTfXW ba g[eXX Vb``Xagf Yeb` JXi\XjXe -* NX abgX g[Tg bg[Xe

eXi\XjXef T_fb eXdhXfgXW `beX \aYbe`Tg\ba ba g[X "bj WlaT`\Vf \a g[X g[Xe`bW\YYhf\iX WXfT_\aTg\ba V[TaaX_*
L[hf( T `T]be eXi\f\ba jTf VbaWhVgXW UTfXW ba g[XfX YXXWUTV^*

<(<(1(1( D\aX 5. ) @bj W\W g[X Thg[bef XafheX g[X "bj \f Yh__l WXiX_bcXW8

<DOMLKOD
L[Ta^ lbh Ybe `Xag\ba\aZ g[\f \`cbegTag cb\ag* Aa YTVg( g[XeX jTf T f\Za\!VTag T`bhag bY g[bhZ[g TaW TaT_lf\f chg

\agb WXf\Za\aZ g[X g[Xe`bW\YYhf\iX WXfT_\aTg\ba ha\g %L<M&* L[X be\Z\aT_ fhU`\ff\ba W\W abg cebi\WX XabhZ[ WXgT\_f
ba fhV[ WXf\Za cebVXff* Aa eXfcbafX gb lbhe Vb``Xag( !efg( jX `bW\!XW >\Z* -T gb V_XTe_l _TUX_ g[X XageTaVX _XaZg[

TaW \aW\VTg\aZ g[Tg g[X "bj \f _T`\aTe g[ebhZ[bhg `bfg bY g[X V[TaaX_* NX T_fb TWWXW >\Z* -U gb UXggXe WXfVe\UX
g[X [lWebWlaT`\Vf bY g[X fT_\aX fb_hg\ba \a g[X V[TaaX_* Aa TWW\g\ba( jX abj eXcbeg g[X VT_Vh_TgXW [lWebWlaT`\V

TaW g[Xe`T_ XageTaVX _XaZg[f* DTfg_l( g[X eXi\fXW `TahfVe\cg abj \aV_hWXf T aXj_l TWWXW Khcc_X`XagTel FbgX .

ba g[X L<M WXf\Za eTg\baT_X( T_baZ j\g[ `bW\!XW Khcc_X`XagTel >\Zf* 1 TaW 2*

:TfXW ba g[X "bj fcXXW TaW V[TaaX_ W\`Xaf\baf( jX VT_Vh_TgXW g[X JXlab_Wf ah`UXe TaW YbhaW g[Tg g[X "bj \f

jX__ j\g[\a g[X _T`\aTe eXZ\`X Ybe T _TeZX eTaZX bY eXTfbaTU_X V[TaaX_ W\`Xaf\baf* L[hf( g[X [lWebWlaT`\V TaW
g[Xe`T_ XageTaVX _XaZg[f Vbh_W UX VT_Vh_TgXW TaT_lg\VT__l*

<DRHOHLK
L[X [lWebWlaT`\V TaW g[Xe`T_ XageTaVX _XaZg[f TeX abj \aW\VTgXW \a >\Z* -T* L[X aXj_l TWWXW >\Z* -U UXggXe

f[bjf g[X [lWebWlaT`\Vf \a g[X V[TaaX_* >\Z* -V \a g[X eXi\fXW `TahfVe\cg \f >\Z* -U bY g[X be\Z\aT_ fhU`\ff\ba*

<DRHODC 4HFO& (@ @KC (A SHPG BLNNDOMLKCHKF B@MPHLK #4HF& (B KLP OGLSK$
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@%@% *** L[X [lWebWlaT`\V TaW g[Xe`T_ XageTaVX _XaZg[f( -i TaW -L( TeX Ubg[ _Xff g[Ta -# bY g[X gbgT_

V[TaaX_ _XaZg[( -V[T* A%A% L[X JXlab_Wf ah`UXe( 3636( \aW\VTgXf g[Tg -i TaW -L TeX aXZ_\Z\U_X Vb`cTeXW gb -V[T*

L[hf( g[X "bj \a g[X g[Xe`bW\YYhf\iX fXcTeTg\ba V[TaaX_ VTa UX Tccebk\`TgXW Tf T _T`\aTe( Yh__l)WXiX_bcXW
c_TaTe Hb\fXh\__X "bj j\g[ T cbf\g\iX dhTf\)_\aXTe gX`cXeTgheX ceb!_X* ***
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8HKD ()' NDRHODC J@KQOBNHMP

L[X "bj j\g[\a g[X L<M \f _T`\aTe %3: ( )+&& UXVThfX bY g[X eXWhVXW "bj fcXXW eXdh\eXW gb TV[\XiX T

aXTe_l Yh__l WXiX_bcXW VbaVXageTg\ba ceb!_X Tg g[X V[TaaX_ bhg_Xg( \*X* T eTg[Xe _baZ eXf\_\XaVX g\`X %5 *
' =:>& j\g[\a bhe &&+ = V[TaaX_ \f aXXWXW gb bUgT\a T aXTe_l Vb`c_XgX g[Xe`bW\YYhf\iX fXcTeTg\ba* Aa

bhe L<M WXf\Za j\g[ gTeZXg bcXeTg\ba "bj eTgXf( g[X [lWebWlaT`\V( g[Xe`T_( TaW VbaVXageTg\ba XageTaVX

_XaZg[f TeX TebhaW ,*-#( -#( TaW -,,# bY g[X Xag\eX V[TaaX_ _XaZg[( eXfcXVg\iX_l*

<XgT\_f ba g[X XageTaVX _XaZg[ VT_Vh_Tg\ba VTa UX YbhaW \a g[X aXj_l TWWXW Khcc_X`XagTel FbgX .*

8HKD (** NDRHODC =QMMIDJDKP@NT 6KELNJ@PHLK

>heg[Xe`beX( g[X XageTaVX _XaZg[ VTa UX fb_iXW TaT_lg\VT__l f\aVX 3:WXi \f ^abja* L[X abe`T_\fXW [lWebWl)

aT`\V XageTaVX _XaZg[ \f -i)- 0 &&&*3:WXi3)- Q1,R* KhUfg\ghg\aZ =d* %-,&( \g UXVb`Xf

-i

-
0

&&&*$#&,

"
'

j[\V[ \f _Xff g[Ta ,*-# Ybe g[X VbeeXfcbaW\aZ g[Xe`bc[lf\VT_ cebcXeg\Xf bY jTgXe \a g[X bcXeTg\aZ gX`cXeT)

gheX eTaZX* >heg[Xe`beX( Yeb` g[X WX!a\g\ba bY HeTaWg_ ah`UXe 2D( g[X abe`T_\fXW g[Xe`T_ XageTaVX _XaZg[

\f -L)- 0 2D-i)-* K\aVX 2D ( '+ Ybe _\dh\W jTgXe haWXe abe`T_ ceXffheX( -L)- \f T_jTlf f`T__Xe g[Ta -#*
>eb` g[X TaT_lg\VT_ VT_Vh_Tg\ba( jX fXX g[Tg g[X abe`T_\fXW XageTaVX _XaZg[f Ybe `b`Xagh` -i)- TaW [XTg

-L)- TeX Ubg[ \aWXcXaWXag bY V[TaaX_ W\`Xaf\baf TaW TeX _Xff g[Ta -# bY g[X gbgT_ V[TaaX_ _XaZg[* L[hf(
Ubg[ T Yh__l)WXiX_bcXW c_TaX Hb\fXh\__X "bj g[ebhZ[ `bfg bY g[X V[TaaX_ TaW T dhTf\)_\aXTe gX`cXeTgheX

ceb!_X T_baZ g[X V[TaaX_ [X\Z[g TeX iT_\W Tffh`cg\baf*

<(1) L[X haVXegT\agl TaT_lf\f _\a^XW gb XkcXe\`XagT__l `XTfheXW cTeT`XgXef aXXWf gb UX W\fVhffXW \a WXgT\_ j\g[
XdhTg\baf*

<DOMLKOD6

L[Ta^ lbh Ybe cb\ag\aZ g[\f bhg* L[X haVXegT\agl TaT_lf\f \f iXel \`cbegTag TaW [XaVX jTf VbaWhVgXW j[Xa

`XTfhe\aZ !+ j\g[ bhe \a)[bhfX c[TfX)f[\Yg\aZ \agXeYXeb`XgXe* L[X Xeebe !!+ \a `XTfhe\aZ g[X VbaVXageTg\ba
W\YYXeXaVX jTf VT_Vh_TgXW g[ebhZ[ Xeebe cebcTZTg\ba Tf g[X VbaVXageTg\ba W\YYXeXaVX \f WX!aXW Tf !+ 0 !"

),"12
*

<DRHOHLK6

NX abj Xkc_T\a \a g[X `T\a gXkg g[X `XTa\aZ bY g[X Xeebe UTef TaW \aV_hWX g[X TVVheTVl TffXff`Xag Tf T aXj

fXVg\ba \a Khcc_X`XagTel FbgX /*

8HKD (*- NDRHODC J@KQOBNHMP

9a TVVheTgX `XTfheX`Xag bY g[X !+ \f Ve\g\VT_ \a TffXff\aZ g[X cXeYbe`TaVX bY L<<( TaW jX YbhaW g[Tg

bhe \a)[bhfX HKA jTf `hV[ `beX TVVheTgX g[Ta Vb``XeV\T_ fT_\a\gl `XgXef UTfXW ba X_XVge\VT_ eXf\fgTaVX*

Khcc_X`XagTel FbgX / TaW Khcc_X`XagTel >\Z* 4 cebi\WX WXgT\_f ba g[X HKA `XTfheX`Xag TaW TffbV\TgXW
haVXegT\agl* L[X iXeg\VT_ Xeebe UTef \a >\Z* .T(U TaW >\Z* /T(U WXc\Vg g[X Xeebef !!+ \a VbaVXageTg\ba W\Y)

YXeXaVX !+ `XTfheX`Xagf( TaW g[X Xeebef !+)0./ \a VbaVXageTg\ba Webc +)0./ `XTfheX`Xagf( eXfcXVg\iX_l*

EXTfheX`Xag Xeebef `T\a_l Te\fX j[Xa XkgeTVg\aZ g[X c[TfX W\YYXeXaVX Yeb` hajeTccXW c[TfX)f[\YgXW WTgT
%\afXgf bY >\Z* .T& UXgjXXa ++,*+ TaW +-.1 fb_hg\baf %\*X* g[bfX XkgeTVgXW Yeb` g[X Vb__XVg\ba Ubgg_Xf \a

>\Z* -V&* 9 glc\VT_ eX_Tg\iX HKA)UTfXW Xeebe !!#
!#

\f TebhaW -,# Ybe g[X eX_Tg\iX_l f`T__ fT_\a\gl W\YYXeXaVX* Aa
VbageTfg( T Vb``XeV\T_ X_XVge\VT_ eXf\fgTaVX)UTfXW fT_\a\gl `XgXe `Tl [TiX T eX_Tg\iX Xeebe XkVXXW\aZ -,,#

f\aVX g[X `XTfheXW !+ \f iXel f`T__*

EbeX WXgT\_f TeX TiT\_TU_X \a g[X aXj_l TWWXW fXVg\ba nEXTfheX`Xag TVVheTVlo \a Khcc_X`XagTel FbgX /

HTZX / 9FM @=9L DTU
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8HKD ))- NDRHODC =QMMIDJDKP@NT 6KELNJ@PHLK

Lb gXfg g[X TVVheTVl bY bhe WXi\VX( jX ceXcTeXW f\k fXgf bY fgTaWTeW fb_hg\baf bY FT;_+@.G j\g[ ^abja

VbaVXageTg\ba W\YYXeXaVXf* L[X f\k fXgf bY fb_hg\baf ceXcTeXW [TW T `XTa VbaVXageTg\ba bY +`XTa 0 (+ &&&(
)& &&&( TaW )+ &&& @@= j\g[ !+)+`XTa 0 ,*,. TaW ,*,/* =TV[ fgTaWTeW fb_hg\ba jTf ceXcTeXW ZeTi\`Xg)

e\VT__l j\g[ T gbgT_ fb_hg\ba `Tff bY +& 8 # ' =8 TaW T fT_g `Tff bY TebhaW '&+ 8 # ' =8* :TfXW ba !+
VT_Vh_TgXW Yeb` g[X fT`c_X ceXcTeTg\ba cebVXff TaW !" VT_Vh_TgXW hf\aZ =d* %-5&( ), jTf VT_Vh_TgXW Tf
'&,, 8 =8!% ==!% j\g[ Ta Xeebe !), bY &&&+ 8 =8!% ==!%*

L[hf( jX hfX HKA gb `XTfheX g[X VbaVXageTg\ba W\YYXeXaVX j\g[ g[X eX_Tg\baf[\c6

!+ 0
!"

GH ),
&

GH \f T !kXW iT_hX Tf g[X Xdh\c`Xag \f haV[TaZXW g[ebhZ[bhg g[X cebVXff* L[X eX_Tg\iX Xeebe !!+)!+ \f
VT_Vh_TgXW g[ebhZ[ Xeebe cebcTZTg\ba6

!!+

!+
0

"
!!"

!"

&

%
!),

),

&
#$"(

L[X Xeebe \a g[X hajeTccXW c[TfX W\YYXeXaVX !!" \f g[X fgTaWTeW WXi\Tg\ba j[Xa !" \f bUgT\aXW Ybe XTV[

cT\e bY c\kX_f hf\aZ =d* %-5& Ybe XTV[ \aW\i\WhT_ `XTfheX`Xag* L[X eX_Tg\iX Xeebe \a g[X VbageTfg YTVgbe
!),)), jTf VT_Vh_TgXW Yeb` f\k fXgf bY fgTaWTeW fT`c_Xf TaW \f &&&)&* L[hf( Ybe T glc\VT_ !!"

!"
iT_hX g[Tg \f

TebhaW -,#( g[X cebcTZTgXW Xeebe Ybe g[X !!#
!#

\f TebhaW -,*1#* L[\f VbeeXfcbaWf gb g[X iXeg\VT_ Xeebe UTef

\a >\Zf* .T(U TaW /T(U*

<(1* L[X eXcXTgTU\_\gl \aYbe`Tg\ba bY g[X XkcXe\`XagT__l `XTfheXW cTeT`XgXef aXXWf gb UX TWWXW*

<DOMLKOD6
L[Ta^ lbh Ybe lbhe Vb``Xag* NX TZeXX g[Tg g[\f \aYbe`Tg\ba aXXWf gb UX TWWXW*

>be g[X L<M( T_g[bhZ[ g[X biXeT__ VbaVXcg \f f\`c_X TaW fgeT\Z[gYbejTeW( fb`X VTeX \f eXdh\eXW gb XafheX g[X

eXcXTgTU\_\gl* L[\f \aV_hWXf fb`X cb\agf T_eXTWl `Xag\baXW \a bhe be\Z\aT_ fhU`\ff\ba( fhV[ Tf WXZTff\aZ g[X fT_\aX

fb_hg\ba( a\V^X_)c_Tg\aZ g[X VbccXe cTegf gb Tib\W Vbeebf\ba( TaW Xafhe\aZ XdhT_ "bj eTgXf Ybe g[X gbc TaW Ubggb`
fgeXT`f* 9abg[Xe cTeT`XgXe g[Tg VTa TYYXVg g[X eXcXTgTU\_\gl bY g[X XkcXe\`Xag \f g[X V[TaaX_ jT__ gX`cXeTgheX(

j[\V[ `Tl UX TYYXVgXW Ul UhUU_Xf TVVh`h_Tg\aZ ba g[X [XTg XkV[TaZX fheYTVX*

<DRHOHLK6

NX TWWXW g[X eX_XiTag \aYbe`Tg\ba \a g[X `T\a `TahfVe\cg TaW `beX WXgT\_XW Xkc_TaTg\ba \a g[X Khcc_X`XagTel
AaYbe`Tg\ba*

8HKD (-, NDRHODC J@KQOBNHMP

:hUU_Xf Yeb` g[X jTgXe V\eVh_Tg\ba `Tl TVVh`h_TgXf Tg g[X [XTg XkV[TaZX fheYTVX %Khcc_X`XagTel >\Z* -U&(

j[\V[ eXWhVX g[X _bVT_ [XTg geTafYXe VbXY!V\Xag TaW [XaVX _bjXe !1 * N\g[bhg i\f\U_X UhUU_Xf( g[X haVXe)
gT\agl \a !+ bUgT\aXW Ybe g[X fT`X fXg jTgXe V\eVh_Tg\ba gX`cXeTgheXf jTf j\g[\a g[X HKA `XTfheX`Xag

TVVheTVl( `XTa\aZ Ta XkVX__Xag eXcXTgTU\_\gl jTf bUgT\aXW* <Xfc\gX T\`\aZ Tg [Ti\aZ g[X fT`X jT__ gX`cXe)
TgheX ceb!_Xf j[Xa \aiXfg\ZTg\aZ g[X XYYXVg bY g[X ib_h`Xge\V "bj eTgX /( g[X jT__ gX`cXeTgheX iTe\XW WhX

gb g[X W\YYXeXag g[Xe`T_ eXf\fgTaVX VThfXW Ul g[X UhUU_Xf* <\YYXeXaVX \a jT__ gX`cXeTgheX f_\Z[g_l V[TaZX

ceXW\Vg\baf bY !+ Ybe ;>< ;TfX - TaW ;TfX .( Tf f[bja \a >\Z* .U j[Xa g[X ib_h`Xge\V "bj eTgX \f _Xff g[Ta
) =3 =:>!%*

L[X UhUU_Xf g[Tg VTa TYYXVg g[X [XTg XkV[TaZX TeX f[bja \a T fhcc_X`XagTel c[bgb*

HTZX 0 9FM @=9L DTU
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<DRHODC =QMMIDJDKP@NT 4HF& (A

>heg[Xe Xkc_TaTg\ba \f TWWXW gb g[X Khcc_X`XagTel AaYbe`Tg\ba*

8HKD ),0 NDRHODC =QMMIDJDKP@NT 6KELNJ@PHLK

L[X gX`cXeTgheX ceb!_X T_baZ g[X V[TaaX_ jT__ VTa UX TYYXVgXW Ul UhUU_Xf TVVh`h_Tg\aZ ba g[X [XTg Xk)

V[TaZX fheYTVX* <hX gb UhblTaVl( UhUU_Xf TccXTeXW `beX YeXdhXag_l ba g[X gbc fheYTVX bY g[X Vb_W %Ubggb`&
jTgXe V\eVh_Tg\ba VTi\gl %Tf \aW\VTgXW \a Khcc_X`XagTel >\Z* -U&* >be aXTe_l \WXag\VT_ jT__ gX`cXeTgheX ceb)

!_Xf( g[X g[Xe`bW\YYhf\iX fXcTeTg\ba jTf YbhaW gb [TiX T ZbbW eXcXTgTU\_\gl UTfXW ba Ybhe ge\T_f j[XeX g[X
fXg 1`XTa 0 *& #1 TaW !1 0 +& 2 l\X_WXW !+ 0 #*(/ # */$ @@=* L[X Xeebe \f j\g[\a g[X TVVheTVl bY bhe

\a)[bhfX HKA VbaVXageTg\ba `XTfheX`Xag flfgX`*

HTZX 1 9FM @=9L DTU
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<DRHDSDN )

<) L[\f `TahfVe\cg WXfVe\UXf T `Xg[bW gb WXfT_\aTgX fT_g jTgXe Ul hf\aZ _bj)ZeTWX [XTg j\g[ T cebVXff UTfXW ba

g[Xe`bW\YYhf\ba* Ag \f T cebbY)bY)VbaVXcg fghWl UTfXW ba XkcXe\`Xagf( ;>< f\`h_Tg\baf TaW E< f\`h_Tg\baf* L[X
`T\a eXfh_g \f T WX`bafgeTg\ba bY g[X `Xg[bW$f YXTf\U\_\gl TaW XY!V\XaVl*

HebWhVg\ba bY YeXf[ jTgXe \f T Zebj\aZ V[T__XaZX( TaW g[X Thg[bef TeZhX Vbai\aV\aZ_l g[Tg g[X\e VbaVXcg \f Ta
\agXeXfg\aZ VTaW\WTgX gb UX Yheg[Xe chefhXW* L[X Thg[bef Vb`cTeX g[X\e `Xg[bW TaW eXfh_gf j\g[ Xk\fg\aZ `Xg[bWf

TaW W\fVhff [baXfg_l \gf TWiTagTZXf TaW W\fTWiTagTZXf* L[X jbe^ \f iXel g[bebhZ[( jX__ WXfVe\UXW( TaW T__ \gf
TfcXVgf TeX VbiXeXW* Aa `l bc\a\ba( g[\f jbe^ \f T f\Za\!VTag Vbage\Uhg\ba gb g[X _\gXeTgheX ba g[X gbc\V bY jTgXe

WXfT_\aTg\ba*

L[X VbaV_hf\baf TeX jX__ UTfXW ba g[X XkcXe\`XagT_ TaW f\`h_Tg\ba eXfh_gf TaW g[X fgTg\fg\VT_ TaW g[XbeXg\VT_

TaT_lfXf* L[X Thg[bef V[XV^ g[X Vbaf\fgXaVl bY TaT_lg\VT_ TaW f\`h_Tg\ba eXfh_gf TaW WX`bafgeTgX g[Tg g[X jbe^ \f

bY T [\Z[ fgTaWTeW* L[X fhcc_X`XagTel abgXf Z\iX fhY!V\Xag WXgT\_f Ybe T eXcebWhVg\ba bY g[X eXfh_gf( cebi\WXW T
f\`\_Te XkcXe\`XagT_ fXghc \f TiT\_TU_X*

A [TiX YbhaW ab "Tjf \a g[\f jbe^( Uhg A [TiX fb`X `beX WXgT\_XW Vb``Xagf TaW dhXfg\baf6

<DOMLKOD6

L[Ta^ lbh Ybe g[X cbf\g\iX TaW VbafgehVg\iX YXXWUTV^* NX [TiX Vbaf\WXeXW T__ bY lbhe Vb``Xagf TaW UX_\XiX g[X

VheeXag iXef\ba \f fgebaZXe g[Ta g[X be\Z\aT_ `TahfVe\cg*

<)1( D\aX 1,6 A TZeXX g[Tg g[Xe`bW\YYhf\ba \f jXT^Xe g[Ta >\V^\Ta W\YYhf\ba( Uhg g[\f VTaabg UX TeZhXW Ul g[X
iT_hX bY g[X KbeXg VbXY!V\Xag* >be baX eXTfba( ,$ TaW , [TiX W\YYXeXag W\`Xaf\baf* KXVbaW_l( =d* %-& f[bjf g[Tg

Ybe mXeb `Tff "hk( g[X gjb XYYXVgf TeX \a UT_TaVX* A fhZZXfg g[Tg g[X Thg[bef eXc[eTfX be ]hfg\Yl g[X\e fgTgX`Xag*

<DOMLKOD6

L[Ta^ lbh Ybe cb\ag\aZ \g bhg* NX TZeXX j\g[ lbhe Vb``Xag* NX \agXaWXW gb fgTgX g[Tg g[X VbaVXageTg\ba W\YYXeXaVX
\aWhVXW Ul g[Xe`bW\YYhf\ba \f ZXaXeT__l f`T__* @bjXiXe( Tf g[X eXi\XjXe fhZZXfgXW( T W\eXVg Vb`cTe\fba bY `Tff

W\YYhf\ba Yeb` We\iXef j\g[ W\YYXeXag c[lf\VT_ dhTag\g\Xf %gX`cXeTgheX TaW VbaVXageTg\ba ZeTW\Xagf& \f \aTccebce\TgX*

<DRHOHLK6

NX [TiX abj eXc[eTfXW g[\f Xkc_TaTg\ba*

8HKD +/ NDRHODC J@KQOBNHMP

L[X KbeXg VbXY!V\Xag 0L \f WX!aXW Tf g[X eTg\b UXgjXXa g[X g[Xe`bW\YYhf\ba TaW >\V^\Ta W\YYhf\ba VbXY!)

V\Xagf( 0L $ ,L),* :TfXW ba =d* %-&( !+ VTa UX Tccebk\`TgXW Tf !+ % +$#' ! +$$0L!1 Ybe dhTf\)_\aXTe

gX`cXeTgheX TaW VbaVXageTg\ba ceb!_Xf j\g[ f`T__ V[TaZXf* 0L bY FT;_ \a jTgXe \f \a g[X beWXe bY '&!' 2!%

Q.( 2R( `XTa\aZ g[X !+ g[Tg VTa UX \aWhVXW Ul g[Xe`bW\YYhf\ba \f f`T__( _\`\gXW Ul g[X !1 TV[\XiTU_X

j\g[\a g[X _\dh\W c[TfX bY fXTjTgXe*

<)1) D\aX 336 9_g[bhZ[ A Wb abg ^abj bY Tal bg[Xe jbe^ hf\aZ f\aZ_X)c[TfX g[Xe`T_ WXfT_\aTg\ba( g[X fgTgX`Xag
g[Tg g[\f \f g[X !efg \f fb`Xj[Tg WTaZXebhf*

<DOMLKOD6

NX TZeXX g[Tg V_T\`\aZ gb UX g[X n!efgo \f WX_\VTgX UXVThfX jX VTaabg ZhTeTagXX g[Tg jX ^abj T__ chU_\f[XW
_\gXeTgheX TaW hachU_\f[XW jbe^* @XaVX( jX eX`biXW g[\f XkceXff\ba be TWWXW ngb g[X UXfg bY bhe ^abj_XWZXo

j[Xa Tccebce\TgX( Yb__bj\aZ 06FGD: )B@@GA>86F>BAE Zh\WX_\aXf* Aa gbgT_( g[XeX TeX !iX V[TaZXf `TWX*

<DRHOHLK6

>be lbhe eXYXeXaVX( g[X Yb__bj\aZ cTeg \a g[X TUfgeTVg jTf `bW\!XW*

HTZX 2 9FM @=9L DTU
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;NHFHK@I @AOPN@BP

@XeX( jX cebcbfX TaW TffXff g[X !efg g[Xe`T_ WXfT_\aTg\ba `Xg[bW Xag\eX_l bcXeTgXW \a g[X _\dh\W c[TfX( >$:$

j\g[bhg XiTcbeTg\ba( YeXXm\aZ( `X`UeTaXf be \ba)TWfbeU\aZ `TgXe\T_f* L[X fXcTeTg\ba ce\aV\c_X \f UTfXW ba
g[Xe`bW\YYhf\ba( g[X `\ZeTg\ba bY fcXV\Xf haWXe T gX`cXeTgheX ZeTW\Xag*

1G@KFD (* NX WXV\WXW gb ^XXc g[X S!efg$ V_T\` \a g[X TUfgeTVg gb eX"XVg bhe haWXefgTaW\aZ bY ceXVXW\aZ jbe^ TaW

g[X abiX_gl bY bhe jbe^* @bjXiXe( jX TWWXW ngb g[X UXfg bY bhe ^abj_XWZXo gb X`c[Tf\fX g[Tg g[\f V_T\` \f UTfXW
ba Ta XkgXaf\iX Uhg abg Xk[Thfg\iX _\gXeTgheX eXi\Xj*

<DRHODC @AOPN@BP

@XeX( jX cebcbfX TaW TffXff T g[Xe`T_ WXfT_\aTg\ba `Xg[bW UTfXW ba g[Xe`bW\YYhf\ba( g[X `\ZeTg\ba bY

fcXV\Xf haWXe T gX`cXeTgheX ZeTW\Xag* Lb g[X UXfg bY bhe ^abj_XWZX( \g \f g[X !efg g[Xe`T_ WXfT_\aTg\ba

`Xg[bW bcXeTgXW Xag\eX_l \a g[X _\dh\W c[TfX( abgTU_l XkV_hW\aZ XiTcbeTg\ba( YeXXm\aZ( `X`UeTaXf( be \ba)
TWfbeU\aZ `TgXe\T_f*

1G@KFD )* JXZTeW\aZ g[X _bVTg\ba `Xag\baXW \a g[X Vb``Xag %D\aX 33&( g[X fXagXaVX Sg[\f fghWl \f g[X !efg gb
Xkc_beX T f\aZ_X)c[TfX g[Xe`T_ WXfT_\aTg\ba cebVXff$ jTf eXc[eTfXW*

8HKD .0 NDRHODC J@KQOBNHMP

N[\_X fg\__ T cebbY bY VbaVXcg( g[\f fghWl cebi\WXf iT_\W cTg[jTlf gbjTeWf eXT_\f\aZ T f\aZ_X)c[TfX g[Xe`T_

WXfT_\aTg\ba cebVXff( WX`bafgeTg\aZ g[Tg jTgXe WXfT_\aTg\ba \f cbff\U_X j\g[bhg g[X aXXW Ybe `TgXe\T_f be
c[TfX V[TaZX*

1G@KFD ** NX eX`biXW Sg[X !efg$ \a D\aX /-1 bY g[X be\Z\aT_ `TahfVe\cg %<\fVhff\ba fXVg\ba&*

8HKD *,+ NDRHODC J@KQOBNHMP

L[\f jbe^ ceXfXagf T g[XbeXg\VT_ TaW XkcXe\`XagT_ YeT`Xjbe^ Ybe \`c_X`Xag\aZ g[Xe`bW\YYhf\ba \a f\aZ_X)
c[TfX g[Xe`T_ WXfT_\aTg\ba Tcc_\VTg\baf*

1G@KFD +* Aa D\aX /.2 bY g[X be\Z\aT_ `TahfVe\cg( jX fgTgXW g[Tg SAa TWW\g\ba( Ybe g[X !efg g\`X( g[X g[Xe`bW\YYhf\iX

fXcTeTg\ba \a T `h_g\)Vb`cbaXag \ba\V TdhXbhf fb_hg\ba jTf bUfXeiXW*$ @bjXiXe( g[XeX jTf Ta TggX`cg `TWX
Ul ;T_WjX__ TaW =\WX Q-R gb V[TeTVgXe\fX g[X g[Xe`bW\YYhf\ba bY fXTjTgXe( Uhg g[X\e XkcXe\`Xagf jXeX abg TVVheTgX

XabhZ[ gb cebiX g[Tg g[X ceXfXaVX bY bg[Xe \baf VTa TYYXVg g[Xe`bW\YYhf\ba bY \ba\V fcXV\Xf* L[XeXYbeX( g[\f fXagXaVX
jTf eXc[eTfXW*

8HKD *-, NDRHODC J@KQOBNHMP

Aa TWW\g\ba( g[X g[Xe`bW\YYhf\iX fXcTeTg\ba \a T `h_g\)Vb`cbaXag \ba\V TdhXbhf fb_hg\ba jTf dhTag\!XW*

1G@KFD ,* Aa D\aX /0, bY g[X be\Z\aT_ `TahfVe\cg( jX eX`biXW Sg[X !efg$*

8HKD *./ NDRHODC J@KQOBNHMP

L<< [Tf gjb `T]be UXaX!gf* >\efg( L<< \f T g[Xe`T_ WXfT_\aTg\ba cebVXff Xag\eX_l bcXeTgXW \a g[X _\dh\W

c[TfX j\g[bhg eX_l\aZ ba Tal YhaVg\baT_ `TgXe\T_f***

<)1* HTZX 36 A jbh_W [TiX _\^XW gb fXX T W\fVhff\ba bY LTl_be W\fcXef\ba \a g[\f VbagXkg*

<DOMLKOD6
Aa g[X be\Z\aT_ fhU`\ff\ba( jX Vbaf\WXeXW g[X cbff\U\_\gl bY g[X fb_hgX `b_XVh_Xf UX\aZ VTee\XW T_baZ g[X fgeXT`_\aXf

g[hf g[X XYYXVg\iX W\YYhf\i\gl bY g[X fb_hg\ba T_baZ g[X V[TaaX_ \f Xa[TaVXW j[\_X cXeYbe`\aZ g[X f\`h_Tg\ba*
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8HKD *) =QMMIDJDKP@NT :LPD (% LNHFHK@I J@KQOBNHMP

>be VT_Vh_Tg\ba bY VbaVXageTg\ba Tg g[X Ze\W \agXeYTVX( jX Vbaf\WXe g[X HzV_Xg ah`UXe %2:&* 2: \f WX!aXW Tf

g[X TWiXVg\iX geTafcbeg eTgX gb W\YYhf\iX geTafcbeg eTgX* 2: & ' \a g[X 6 W\eXVg\ba( g[hf Ta hcj\aW fV[X`X \f
hfXW* N[\_X \a g[X 7 W\eXVg\ba( 2: 0 &( fb T c\XVXj\fX)_\aXTe ceb!_X \f hfXW* L[X VbXY!V\Xagf Tg g[X Vbageb_

ib_h`X YTVXf TeX VT_Vh_TgXW Tf g[X [Te`ba\V `XTa bY TW]TVXag Ze\W iT_hXf*

FbaXg[X_Xff( jX TZeXX g[\f cTeg bY g[X W\fVhff\ba f[bh_W T_fb UX cXeYbe`XW Ybe g[X WXf\ZaXW L<M V[TaaX_* Lb ^XXc
g[X Vbaf\fgXaVl j\g[ g[X f\`h_Tg\ba( g[X W\fVhff\ba \f fg\__ ceXfXagXW \a g[X Ybe` bY 2:* L[X Wb`\aTag `Tff geTafYXe

`XV[Ta\f`f \a W\YYXeXag W\eXVg\baf TeX abj V_XTe_l fgTgXW \a g[X `T\a `TahfVe\cgf* Aa TWW\g\ba( jX [TiX \aV_hWXW

T W\fVhff\ba ba LTl_be W\fcXef\ba \a g[X Ybe` bY g[X HzV_Xg ah`UXe VT_Vh_Tg\ba \a g[X aXj_l TWWXW Khcc_X`XagTel
FbgX .*

<DRHOHLK6

>\ZheX -U abj Xkc_\V\g_l _TUX_f 2: \a g[X 6 TaW 7 W\eXVg\baf TaW `Xag\baf g[X Wb`\aTag `Tff geTafcbeg `XV[Ta\f`
\a \gf VTcg\ba*

>\Z* -U \f T_fb f[bja \a c*. bY g[\f WbVh`Xag* Aa \gf VTcg\ba6

<DRHODC 4HFQND ( B@MPHLK

A% ***L[X HzV_Xg ah`UXe( 2:( \aW\VTgXf Ta TWiXVg\ba)Wb`\aTag "bj \a g[X 6 W\eXVg\ba TaW W\YYhf\ba)Wb`\aTag

\a g[X 7 W\eXVg\ba* ***

L[\f \aYbe`Tg\ba jTf eXYXeeXW gb TZT\a \a g[X `T\a gXkg*

8HKD (), NDRHODC J@KQOBNHMP

NX T_fb YbhaW g[Tg g[X `Tff geTafcbeg \f TWiXVg\ba)Wb`\aTag T_baZ g[X V[TaaX_ %HzV_Xg ah`UXe 2:' % '&'&

j[\_X `Tff W\YYhf\ba Wb`\aTgXf TVebff g[X V[TaaX_ [X\Z[g %2:( 0 &&*

L[X VT_Vh_Tg\baf TeX iT_\WTgXW Ul g[X ZbbW TZeXX`Xag UXgjXXa f\`h_Tg\ba TaW XkcXe\`XagT_ eXfh_gf*

8HKD (// NDRHODC =QMMIDJDKP@NT 6KELNJ@PHLK

Aa TWW\g\ba( \a g[X 6 W\eXVg\ba( . 2' \f \a g[X `TZa\ghWX bY '&'( j[\V[ `XTaf g[X XYYXVg bY LTl_be W\fcXef\ba

\f cebabhaVXW TaW g[X XYYXVg\iX `Tff W\YYhf\ba T_baZ g[X V[TaaX_ \f Xa[TaVXW Ul g[X f[XTe* L[X [\Z[ WXZeXX

bY TZeXX`Xag UXgjXXa XkcXe\`Xagf TaW f\`h_Tg\baf %>\Zf* .T(U TaW /T(U&( j[\V[ hg\_\fX Ta hcj\aW fV[X`X
\a g[X 6 W\eXVg\ba TaW c\XVXj\fX fV[X`X \a g[X 7 W\eXVg\ba( T_fb fhccbeg g[\f TffXff`Xag*

<)1+ D\aXf .,0 TaW .,16 N[Tg TeX fhcXe) TaW fhUfVe\cgf8 AY g[Xl TeX haVXegT\ag\Xf( g[X `TZa\ghWX bY g[X haVXe)

gT\ag\Xf Wb abg ]hfg\Yl T__ g[X W\Z\gf \a g[X eXfh_g Tf f\Za\!VTag*

<DOMLKOD6
L[X fhcXefVe\cg TaW g[X fhUfVe\cg TeX Xeebef g[Tg Te\fX Yeb` g[X VT_Vh_Tg\ba bY 0L* NX TZeXX g[Tg g[X ah`UXe bY

f\Za\!VTag W\Z\gf \f abg `XTa\aZYh_*

<DRHOHLK6

NX YbhaW g[X Vb``Xag T_fb Tcc_\Xf gb bhe XkcXe\`XagT_ eXfh_gf Ybe `h_g\)\ba Teg\!V\T_ fXTjTgXe* K\aVX g[X XkcXe\)
`XagT_ eXfh_gf TeX ceXfXagXW !efg( jX Xkc_T\a g[X `XTa\aZ bY g[X fhcXefVe\cgf TaW fhUfVe\cgf [XeX* L[X Yb__bj\aZ

`bW\!VTg\baf jXeX `TWX \a g[X `T\a `TahfVe\cg*
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8HKD )** NDRHODC J@KQOBNHMP

0L jTf (#%
!% " '&!' 2!% UTfXW ba Ubg[ g[X A;H)9=K TaW A;H)EK `XTfheX`Xag eXfh_gf* L[X fhcXefVe\cgf TaW

g[X fhUfVe\cgf be\Z\aTgXf Yeb` g[X cebVXff bY cXeYbe`\aZ T _\aXTe !g gb +Webc#4$ %>\Z* /V&* >be g[X _\aXTe !g(

g[X f_bcX \f g[X VbaVXageTg\ba Webc cXe cTff +Webc TaW g[X \agXefXVg\ba Tg 4 0 & \f g[X \a\g\T_ VbaVXageTg\ba +$*

N[Xa Tffh`\aZ T c_TaTe Hb\fXh\__X "bj %>\Z* .W*.&( Ubg[ g[X VbaVXageTg\ba W\YYXeXaVX UXgjXXa UbhaWTe\Xf
!+ TaW g[X VbaVXageTg\ba ceb!_X +#7$ %>\Z* .W*-& VTa UX VT_Vh_TgXW Yeb` +Webc %>\Z* .W*/&* N\g[ g[X ^abja

+#7$( 0L VTa UX VT_Vh_TgXW TaW g[X WXgT\_f TeX \a Khcc_X`XagTel FbgX 1* L[X fhcXefVe\cgf TaW g[X fhUfVe\cgf
VbeeXfcbaWf gb g[X _\aXTe !g j\g[ g[X _TeZXfg TaW g[X f`T__Xfg f_bcX( eXfcXVg\iX_l*

NX T_fb VbeeXVgXW g[X ah`UXe bY f\Za\!VTag W\Z\gf \a g[X eXi\fXW Khcc_X`XagTel AaYbe`Tg\ba* H_XTfX eXYXe Khcc_X)

`XagTel LTU_X .*

Aa g[X `T\a `TahfVe\cg( jX TWWXW g[X Xkc_TaTg\ba bY g[X Xeebe UTef Ybe `b_XVh_Te WlaT`\Vf f\`h_Tg\baf*

8HKD ).' NDRHODC J@KQOBNHMP

Lb eX_TgX g[X fVTggXe c_bg Tf \a >\Z* 0U j\g[ 0L( T _\aXTe !g jTf cXeYbe`XW gb bUgT\a T Vbag\ahbhf VbaVXageTg\ba
ceb!_X +#7$* 0L \f g[Xa VT_Vh_TgXW Ul !aW\aZ g[X iT_hX bY 0L g[Tg eXaWXef Ta TaT_lg\VT_ fb_hg\ba bY +#7$ V_bfX

gb g[X _\aXTe !g* L[X _\aXTe !g j\g[ g[X _TeZXfg TaW g[X f`T__Xfg f_bcX VbeeXfcbaWf gb g[X fhcXefVe\cg TaW g[X
fhUfVe\cg( eXfcXVg\iX_l* <XgT\_f bY g[X TaT_lg\VT_ cebVXff VTa UX YbhaW \a Khcc_X`XagTel FbgX 2*

NX TWWeXff g[X VbaVXea TUbhg g[X ah`UXe bY f\Za\!VTag W\Z\gf j\g[ g[X Yb__bj\aZ T`XaW`Xag*

8HKD )-/ NDRHODC J@KQOBNHMP

9 Vb`cTe\fba bY g[X KbeXg VbXY!V\Xagf \a >\Z* 0V%\& f[bjf g[Tg g[X ceXW\VgXW KbeXg VbXY!V\Xag bY
(&*#$"$

!$"% " '&!' 2!% Ybe fXTjTgXe Ue\aX jTf -*4#$"'
!$"& g\`Xf _TeZXe g[Ta g[X ceXW\VgXW KbeXg VbXY!V\Xag bY

'&*#$"&
!$"& " '&!' 2!% Ybe FT;_ Ue\aX*

<)1, >\ZheX K46 L[X Thg[bef V_T\` g[Tg fgXTWl fgTgX \f eXTV[XW TYgXe ., af( Uhg g[X !ZheX f[bjf g[Tg \g \f eXTV[XW

Tg TUbhg -31 af* H_XTfX Vb``Xag*

<DOMLKOD6

Aa g[X be\Z\aT_ Khcc_X`XagTel >\Z* K4V %abj Khcc_X`XagTel >\Z* 5V&( g[X c_bggXW WTgT jTf g[X g\`X)TiXeTZXW \ba
VbaVXageTg\ba( \*X* g[X TiXeTZXW VbaVXageTg\ba fgTeg\aZ Yeb` g\`X 5$ 0 (& >A TaW XaW\aZ Tg g\`X 5!aT_ 0 (.& >A(
abg g[X S\afgTagTaXbhf$ VbaVXageTg\ba Tg T cTeg\Vh_Te g\`X 5* L[X Vh`h_Tg\iX TiXeTZX Vbag\ahXf gb V[TaZX XiXa

TYgXe g[X flfgX` [Tf eXTV[XW T dhTf\)fgXTWl fgTgX( Tf f[bja \a Khcc_X`XagTel >\Z* 5V j[XeX g[XeX \f VbaiXeZXaVX
gbjTeWf \gf !aT_ iT_hX Tg g\`X 5!aT_ 0 (.& >A %Tf cb\agXW bhg Ul g[X eXi\XjXe&* L[X eXTfba Ybe hf\aZ g[X Vh`h_Tg\iX

\afgXTW bY \afgTagTaXbhf VbaVXageTg\ba Tf g[X `Xge\V Ybe g[X fgXTWl)fgTgX VbaiXeZXaVX Ve\gXe\ba \f g[Tg T `b_XVh_Te
WlaT`\Vf %E<& f\`h_Tg\ba \f T aba)Vbag\ahbhf flfgX`* L[hf( g[X g[X S\afgTagTaXbhf$ VbaVXageTg\ba \f bUgT\aXW Ul

Vbhag\aZ g[X ah`UXe bY \baf j\g[\a T f`T__ eXZ\ba \a T Z\iXa g\`X cXe\bW* @bjXiXe( g[\f WTgT "hVghTgXf f\Za\!VTag_l

%>\Z* 5T& WhX gb g[X eTaWb`aXff bY \ba W\fge\Uhg\ba* L[hf( bUgT\a\aZ VbaV_hf\iX eXfh_gf \f ZXaXeT__l abg cbff\U_X
j[Xa TaT_lf\aZ \afgTagTaXbhf WTgT*

Ag \f \`cbegTag gb abgX g[Tg g[XeX TeX gjb YTVgbef TYYXVg\aZ "hVghTg\baf \a g[X g\`X)TiXeTZXW \ba VbaVXageTg\ba \a
Khcc_X`XagTel >\Z* 5V* L[X !efg YTVgbe \f j[Xg[Xe g[X \baf [TiX eXTV[XW T dhTf\)fgXTWl fgTgX VbaW\g\ba* L[X fXVbaW

YTVgbe \f j[Xg[Xe g[X flfgX` [Tf UXXa fT`c_XW T fhY!V\Xag ah`UXe bY g\`Xf( biXe T fhY!V\Xag_l _TeZX g\`XfVT_X( gb
cebWhVX T `XTa\aZYh_ TaW Vbaf\fgXag `XTfheX`Xag bY g[X TiXeTZX VbaVXageTg\ba* Aa Khcc_X`XagTel >\Z* 5V( g[X

ehaa\aZ g\`X)TiXeTZXW \ba VbaVXageTg\ba c_TgXThf %be VbaiXeZXaVX& TYgXe '-+ >A( Tf cb\agXW bhg Ul g[X eXi\XjXe*

L[\f WbXf abg `XTa '-+ >A \f g[X g\`X eXdh\eXW Ybe g[X flfgX` gb eXTV[ T dhTf\)fgXTWl fgTgX VbaW\g\ba( Uhg \`c_\Xf
g[Tg TYgXe '-+ >A g[X flfgX` [Tf UXXa fT`c_XW fhY!V\Xag_l gb cebWhVX T `XTa\aZYh_ `XTfheX`Xag bY g[X _bVT_

TiXeTZX VbaVXageTg\ba* L[X Ve\gXe\ba hfXW gb WXgXe`\aX g[Tg g[X W\YYhf\aZ \baf \a g[X flfgX` [Tf eXTV[XW T dhTf\)

fgXTWl fgTgX jTf g[X g[XbeXg\VT_ fVT_\aZ _Tj Q0R* L[X fVT_\aZ _Tj \f UTfXW ba g[X g[XbeXg\VT_ g\`X eXdh\eXW Ybe
g[X ah`UXe bY \baf gb fT`c_X g[X gX`cXeTgheX Tk\f i\T W\YYhf\ba( ceXW\Vg\aZ (& >A* Aa TWW\g\ba( \a Khcc_X`XagTel

>\Z* 5V( jX bUfXeiX g[Tg "hVghTg\baf \a g[X g\`X)TiXeTZXW \ba VbaVXageTg\ba [TiX W\`\a\f[XW \a `TZa\ghWX Ul (& >A
%\aW\VTgXW Ul T iXeg\VT_ WTf[XW _\aX&* L[XeXYbeX( jX Vba!e`XW g[X ]hWZX`Xag g[Tg (& >A \f T eXTfbaTU_X Xfg\`TgX bY

g[X g\`X eXdh\eXW gb eXTV[ dhTf\)fgXTWl fgTgX* L[X eXcbegXW iT_hX bY g[X fgXTWl)fgTgX TiXeTZX \ba VbaVXageTg\ba \f

HTZX 5 9FM @=9L DTU
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g[X g\`X)TiXeTZXW iT_hX TVebff g[X g\`X \agXeiT_ Q.,( .4,R >A( j[\V[ fTg\f!Xf Ubg[ g[Tg g[X flfgX` \f \a dhTf\)fgXTWl
fgTgX VbaW\g\ba %abg Vbhag\aZ Tal WTgT UXYbeX 5$ 0(& >A& TaW g[Tg g[XeX TeX T fhY!V\Xag ah`UXe bY `XTfheX`Xagf gb

TWWeXff g[X fT`c_\aZ \ffhX %hf\aZ Ta \agXeiT_ bY WTgT g[Tg \f _TeZXe g[Ta '-+ >A( !5 0 5!aT_ ! 5$ 0 (.& ! (& 0 (,& >A(
j[XeX !5 \f g[X g\`X \agXeiT_&*

8HKD +., NDRHODC J@KQOBNHMP% 9DPGLCO

9YgXe f\`h_Tg\ba VT_\UeTg\ba cebVXWheXf( g[X \baf YeXX_l W\YYhfXW TVebff g[X gX`cXeTgheX Tk\f \a T VbafgTag

ib_h`X TaW XaXeZl XafX`U_X Ybe (.& >A* L[X \a\g\T_ (& >A \f Tgge\UhgXW gb g[X g\`X gT^Xa Ybe g[X flfgX`

gb eXTV[ dhTf\)fgXTWl fgTgX UTfXW ba g[X fVT_\aZ _Tj Q0R TaW XkV_hWXW Yeb` !aT_ VT_Vh_Tg\baf* L[X g\`X)
TiXeTZXW fgXTWl fgTgX VbaVXageTg\ba bY \baf \a XTV[ Ue\aX fb_hg\ba jTf `XTfheXW TVebff g[X gX`cXeTgheX

Tk\f j\g[ T U\a fcTV\aZ bY ' >=* K\aVX E< \f T W\fVeXgX flfgX`( g[X \afgTagTaXbhf VbaVXageTg\ba j\g[\a g[X
f`T__ U\a ib_h`X VTa "hVghTgX f\Za\!VTag_l* L[hf( g[X dhTf\)fgXTWl)fgTgX flfgX` f[bh_W UX fT`c_XW Ybe T

fhY!V\Xag ah`UXe bY g\`Xf gb bUgT\a T fgTg\fg\VT__l `XTa\aZYh_ g\`X)TiXeTZXW VbaVXageTg\ba* L[XeXYbeX( g[X

f\`h_Tg\baf Vbag\ahXW gb eha TYgXe (& >A hag\_ (.& >A gb T__bj T _baZ XabhZ[ g\`X Ybe TWXdhTgX fT`c_\aZ gb
UX cXeYbe`XW* Aa Khcc_X`XagTel >\Zf* 5 TaW -,( \g \f f[bja g[Tg (,& 0 (.& ! (& >A l\X_Wf T fhY!V\Xag fT`c_X

f\mX*

=QMMIDJDKP@NT 4HFQND 0 B@MPHLK

***L[X \ba VbaVXageTg\ba ceb!_X bY FT;_ Ue\aX VbaiXeZXf gb T `XTfheTU_X fgXTWl fgTgX VbaW\g\ba* L[X g\`X)

TiXeTZXW \ba VbaVXageTg\ba UXgjXXa f\`h_Tg\ba g\`X (& >A TaW (.& >A \f g[X VbaVXageTg\ba eXcbegXW \a g[X

`T\a `TahfVe\cg* L[X g\`X gT^Xa gb eXTV[ dhTf\)fgXTWl fgTgX 5$ \f Xfg\`TgXW gb UX (& >A Ul g[X fVT_\aZ _Tj
Q0R* >be g[X XTV[ [\Z[_\Z[gXW f\`h_Tg\ba fhU)ib_h`X %6 ( 6+&+' ,&+$ >= %WTe^ U_hX&( 6 ( 6/&+' '&&+$ >= %_\Z[g

U_hX&( TaW 6 ( 6')&+' '*&+$ >= %`ThiX&&( g[X Vh`h_Tg\iX ehaa\aZ TiXeTZX \ba VbaVXageTg\ba f[bjf eXWhVXW

"hVghTg\ba Ul 5$ 0 (& >A TaW VbaiXeZXf biXe g[X f\`h_Tg\ba g\`X \agXeiT_ 65$' 5!aT_7 gb g[X fgXTWl fgTgX TiXeTZX
\ba VbaVXageTg\ba( `XTa\aZ g[Tg g[X dhTf\)fgXTWl fgTgX flfgX` [Tf UXXa fT`c_XW Ybe T fhY!V\Xag ah`UXe bY

g\`Xf****

5DKDN@I BLJJDKPO 9 ZXaXeT_ dhXfg\ba6 L[X fXcTeTg\ba cebVXff j\__ fgbc \Y Ta \aiXef\ba gX`cXeTgheX be Vb`cbf\)

g\ba bVVhef* Aa j[Tg gX`cXeTgheX eTaZX( glcX bY fT_gf( TaW Vb`cbf\g\ba eTaZXf `Tl g[\f [TccXa8

<DOMLKOD6
L[Ta^ lbh Ybe g[X bccbegha\gl gb cebi\WX fb`X g[bhZ[gf ba g[\f cb\ag( Tf g[\f ceXV\fX dhXfg\ba [Tf UXXa g[X VbeX

eXfXTeV[ dhXfg\ba Ybe Tabg[Xe _\aX bY jbe^ jX fbba \agXaW gb chU_\f[* :TfXW ba _\gXeTgheX TaW fb`X bY bhe hachU)

_\f[XW WTgT( g[X \aiXef\ba gX`cXeTgheX bVVhef Ybe `bfg fXTjTgXe Vb`cbaXagf Tg T eX_Tg\iX_l _bj gX`cXeTgheX bY _Xff
g[Ta (+ #1( j[\V[ \f UX_bj g[X bcXeTg\aZ gX`cXeTgheX bY g[X cebcbfXW g[Xe`bW\YYhf\iX WXfT_\aTg\ba `Xg[bW* L[X

\aiXef\ba gX`cXeTgheX 1$ \f WXcXaWXag ba VbaVXageTg\ba* 1$ hfhT__l \aVeXTfXf `babgba\VT__l Yeb` Ta h_geT)W\_hgX
VbaW\g\ba hag\_ T `bWXeTgX VbaVXageTg\ba iT_hX( glc\VT__l \a g[X eTaZX UXgjXXa &&) TaW &&+ 4 %=?< 3!%&( g[Xa f_bj_l

WXVeXTfXf j\g[ VbaVXageTg\ba hag\_ eXTV[\aZ T c_TgXTh* 1$ \f jX__ WbVh`XagXW \a g[X _\gXeTgheX Ybe FT;_ TaW C;_

TdhXbhf fb_hg\baf* >be FT;_+@.G( 1$ \f TebhaW '& Q2R gb '( #1 Q.R Tg g[X VbaVXageTg\ba bY &&+ 4* >be C;_+@.G(
1$ \f TebhaW (& #1 Tg &&+ 4 Q2R* NX `XTfheXW 1$ Ybe bg[Xe Vb`cbaXagf \a fXTjTgXe TaW YbhaW g[Tg Ybe EZ;_. TaW

EZKG0( 1$ \f _bjXe g[Ta + TaW ( #1( eXfcXVg\iX_l( Ybe T eTaZX bY VbaVXageTg\baf UXgjXXa &&&( TaW ( 4* Kb`X ceX_\`)

\aTel eXfh_gf VTa UX YbhaW \a g[X Yb__bj\aZ VbaYXeXaVX TUfgeTVg6 https://www.researchgate.net/publication/

376854108_Optical_measurement_of_thermodiffusion_inversion_temperature_in_binary_solutions_using_

digital_interferometry

<DRHOHLK6

Lb cebi\WX fb`X \af\Z[gf \agb g[\f `TggXe( jX TWWXW T Ue\XY WXfVe\cg\ba \a g[X `TahfVe\cg*

HTZX -, 9FM @=9L DTU
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8HKD (*' NDRHODC J@KQOBNHMP

L[X `XTa gX`cXeTgheX 1`XTa TaW gX`cXeTgheX W\YYXeXaVX UXgjXXa jT__f !1 jXeX V[bfXa fhV[ g[Tg g[X

gX`cXeTgheX bY g[X Ubggb` jT__ 1Vb_W \a g[X L<M %X\g[Xe f\aZ_X V[TaaX_ be T :heZXef VTfVTWX& \f TUbiX g[X
\aiXef\ba gX`cXeTgheX Tg j[\V[ g[Xe`bc[bU\V)g[Xe`bc[\_\V geTaf\g\ba bVVhef* L[X \aiXef\ba gX`cXeTgheX

[Tf UXXa eXcbegXW gb UX UXgjXXa '& Q/4R TaW '( #1 Q/3R Ybe Ta TdhXbhf FT;_+@.G Tg fXTjTgXe VbaVXageT)

g\ba*

HTZX -- 9FM @=9L DTU
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<DRHDSDN *

<* L[X `TahfVe\cg ceXfXagf T g[Xe`T_ W\YYhf\ba)UTfXW `Xg[bW Ybe jTgXe WXfT_\aTg\ba* L[X Thg[bef [TiX eX)

i\f\gXW g[X jX__ ^abj g[Xe`T_ W\YYhf\ba be g[Xe`b)W\YYhf\ba be KbeXg DhWj\Z XYYXVg Ybe j[\V[ g[X c[lf\Vf bY g[X
c[Xab`Xaba \f jX__ eXfXTeV[XW* L[Xl [TiX cebcbfXW T `Xg[bW Ybe WXfT_\aTg\ba bY jTgXe* L[X VbaVXcg [TW UXXa

cebcbfXW \a cTfg %TVVbeW\aZ gb g[X `TahfVe\cg7 Tg _XTfg g[XbeXg\VT__l& Uhg \`c_X`XagTg\ba [Tf abg UXXa TggX`cgXW
be cebiXW gb UX YXTf\U_X* L[X `Xg[bW cebcbfXW \f f\`c_X( lXg dh\gX iT_hTU_X* L[XeX TeX VXegT\a_l TWiTagTZXf \a g[X

cebcbfXW `Xg[bW Yeb` iTe\bhf TaZ_Xf Uhg `beX \`cbegTag_l \a `l i\Xj \f g[X YTVg g[X hg\_\fTg\ba bY g[Xe`b)bf`bf\f

\a WXfT_\aTg\ba [Tf UXXa `TgXe\T_\fXW* L[X cTcXe \f jX__ je\ggXa TaW Vb`ce\fXf g[X eXfh_gf bY Ubg[ XkcXe\`Xagf TaW
`bWX__\aZ Ybe g[X WXf\Za TaW iT_\WTg\ba bY g[X VbaVXcg* @bjXiXe( g[XeX TeX `T]be cb\agf %UX_bj& g[Tg f[bh_W UX

eXi\f\gXW TaW W\fVhffXW*

<DOMLKOD6
Pbhe cbf\g\iX TaW VbafgehVg\iX YXXWUTV^ TeX ZeXTg_l TcceXV\TgXW* L[X eXi\fXW `TahfVe\cg abj eX"XVgf `T]be V[TaZXf

UTfXW ba lbhe \achg*

<*1(#@$ :TfXW ba `l haWXefgTaW\aZ bY g[X jbe^( g[X fb_hg\ba gb hg\_\fX g[X g[Xe`b)W\YYhf\ba WXfT_\aTg\ba j[\V[ \f

cebcbfXW \a g[\f `TahfVe\cg( jbe^f ba_l Tg T WX_\VTgX VbaW\g\ba j[XeX g[X WeTZ YbeVX bY g[X "bj %_T`\aTe "bj& WbXf
abg W\fgheU Vbaf\WXeTU_l g[X g[Xe`b)W\YYhf\ba XYYXVgf ba \baf* Aa bg[Xe jbeWf( \Y g[X "bj `biXf gbjTeWf T ^\aW bY

gheUh_Xag "bj( hg\_\fTg\ba bY g[Xe`b)W\YYhf\ba \f \`ceTVg\VT_* L[X `TahfVe\cg WXfVe\UXf g[Tg g[X flfgX` jTf gXfgXW
TaW ah`Xe\VT__l WXf\ZaXW Ybe T eTaZX bY V[TaaX_ g[\V^aXffXf TaW "bj eTgXf* >\ZheXf K1 TaW K2 TeX abg fb [X_cYh_

gb XfgTU_\f[ T YhaWT`XagT_ \af\Z[g \agb g[X [lWeTh_\Vf bY g[X cebU_X`* L[XeX \f T aXXW gb W\fVhff g[X WXf\Za \a g[X

Ybe` g[Tg cebi\WXf T V_XTe c\VgheX bY Tg j[Tg "bj eXZ\`X T g[Xe`bW\YYhf\ba WXfT_\aTg\ba f[bh_W jbe^ be abg* >be
g[Tg g[XeX \f T aXXW gb ceXfXag eXfh_gf UTfXW ba JXlab_Wf$f ah`UXe be bg[Xe aba)W\`Xaf\baT_ cTeT`XgXe gb WXfVe\UX

g[X UT_TaVX UXgjXXa YbeVXf TVg\aZ Yeb` g[X "bj TaW T_fb Ul g[X g[Xe`T_ ZeTW\Xag* GUi\bhf_l g[XeX TeX iTe\bhf
cTeT`XgXef gb UX Vbaf\WXeXW* L[X jTl \g [Tf UXXa ceXfXagXW( jbh_W abg [X_c gb XfgTU_\f[ [bj ng[XbeXg\VT__lo g[X

`lfgXel bY hg\_\f\aZ g[X g[Xe`b)W\YYhf\ba \a WXfT_\aTg\ba %-1, lXTef `lfgXel& [Tf UXXa fb_iXW* L[XeX f[bh_W UX T

aXj >\ZheX ba g[X `T\a gXkg f[bj\aZ V_XTe_l [bj g[X cebU_X` [Tf UXXa eXfb_iXW %g[XbeXg\VT__l&* L[Tg f[bh_W UX
g[X `bfg \agXeXfg\aZ !ZheX \a `l i\Xj*

<DOMLKOD6

L[Ta^ lbh Ybe lbhe iT_hTU_X Vb``Xag* NX TV^abj_XWZX g[Tg g[\f \`cbegTag TfcXVg jTf abg \aV_hWXW \a g[X be\Z\aT_
`TahfVe\cg* N[\_X WXf\Za\aZ g[X XkcXe\`Xagf( jX YbhaW g[Tg g[X [lWebWlaT`\Vf jXeX eTg[Xe fgeT\Z[gYbejTeW* @bj)

XiXe( g[\f TaT_lf\f cebVXff f[bh_W abg UX b`\ggXW \a bhe Xkc_TaTg\ba* Lb T`XaW g[\f cb\ag( g[X eXi\fXW `TahfVe\cg

abj fgTgXf g[X geTafcbeg c[Xab`XaT V[TeTVgXe\fg\Vf Ybe Ta XYYXVg\iX g[Xe`bW\YYhf\iX WXfT_\aTg\ba cebVXff* NX abj
\aV_hWX WXgT\_f ba W\`Xaf\ba_Xff ah`UXef( XageTaVX _XaZg[f( TaW g[X WXf\Za eTg\baT_X j\g[\a T aXj_l TWWXW Khc)

c_X`XagTel FbgX .*

<DRHOHLK6

L[eXX \`cbegTag cb\agf jXeX TWWXW gb g[X `TahfVe\cg*

#i$ NX abj `Xag\ba Xkc_\V\g_l g[Tg g[X "bj \f _T`\aTe* A`cbegTag_l( g[\f \f eX"XVgXW ba g[X aXj VbaVXcg !ZheX

>\Z* -T(U TaW \gf VTcg\ba*

8HKD ((- NDRHODC J@KQOBNHMP

NX eXVXag_l eXcbegXW ah`Xe\VT_ f\`h_Tg\ba eXfh_gf Q3R bY g[X g[Xe`bW\YYhf\iX fXcTeTg\ba j\g[\a T cTeT__X_)

c_TgX V[TaaX_ j\g[ T c_TaX Hb\fXh\__X "bj TaW T _\aXTe gX`cXeTgheX ZeTW\Xag* <XgT\_f bY g[X ah`Xe\VT_

f\`h_Tg\baf eX_XiTag gb g[\f jbe^ TeX TiT\_TU_X \a g[X Khcc_X`XagTel AaYbe`Tg\ba FbgX -( T_baZ j\g[ Khc)
c_X`XagTel >\Zf* .q1* L[X WXf\Za eTg\baT_X Ybe g[X L<M \f WXgT\_XW \a Khcc_X`XagTel AaYbe`Tg\ba FbgX .(

T_baZ j\g[ Khcc_X`XagTel >\Z* 2*

9Ubhg g[X WXiX_bc\aZ _XaZg[( c_XTfX eXYXe gb g[X eXc_l haWXe J-;-*

Aa g[X aXj_l TWWXW Khcc_X`XagTel >\Z* 1T( g[X XYYXVg bY , TaW 0L ba g[X VbaVXageTg\ba WXiX_bc`Xag g\`X %g\`X
VbafgTag %g[& \f ceXfXagXW* NX f[bj g[Tg Ybe TdhXbhf X_XVgeb_lgXf( g[X VbaVXageTg\ba WXiX_bc`Xag g\`X %g[ VTa UX

eXTfbaTU_l jX__ Tccebk\`TgXW j\g[ Ta X`c\e\VT_ fb_hg\ba*

HTZX -. 9FM @=9L DTU



5=:D@B9>;;GE>H: 9:E6?>A6F>BA q JXi\f\ba - haWXe Vbaf\WXeTg\ba \a 06FGD: )B@@GA>86F>BAE

=QMMIDJDKP@NT 4HFQND ,

103

101

10-4 10-3 10-2 10-1 101

a

10
-10

10
-9

10
-8

D (m
2
s

-1
)

100

100

102

104

=QMMIDJDKP@NT 4HFQND , ) 3EEDBP LE CHEEDNDKP M@N@JDPDNO LK PGDNJLCHEEQOHRD ODM@N@PHLK& @% L[X XYYXVg

bY g[X , TaW 0L ba g[X g[Xe`bW\YYhf\ba g\`X VbafgTag %g[( \*X* g[X g\`X eXdh\eXW Ybe g[X VbaVXageTg\ba ceb!_X
gb eXTV[ fgXTWl fgTgX* >be `bfg fcXV\Xf j[XeX 0L ( &&' 2!% %\aV_hWXf fXTjTgXe&( %g[ \f ba_l WXcXaWXag ba

g[X \fbg[Xe`T_ W\YYhf\ba VbXY!V\Xag ,* EbeXbiXe( bhe f\`h_Tg\ba eXfh_gf f[bj g[Tg %g[ ' ,!%( TZeXX\aZ j\g[

=d* %4&* Aa VbageTfg( Ybe 0L * &&' 2!%( g[X g[Xe`bW\YYhf\ba cebVXff fgTegf gb Xk[\U\g Ta XYYXVg ba g[X g\`X
eXfcbafX Tf cXe bUfXeiXW %g[ WXcXaWXaVX ba 0L*

Aa g[X aXj_l TWWXW Khcc_X`XagTel >\Z* 2T( g[X JXlab_Wf ah`UXe j[Xa T Yh__l WXiX_bcXW VbaVXageTg\ba ceb!_X \f
TV[\XiXW Tf T YhaVg\ba bY g[Xe`bW\YYhf\iX WXfT_\aTg\ba V[TaaX_ W\`Xaf\baf %[X\Z[g TaW _XaZg[& \f c_bggXW* Ag jTf

YbhaW g[Tg F=: !BI >E 6?I6JE ?6@>A6D UTfXW ba g[X "bj fcXXW _\`\g eXdh\eX`Xagf Ybe g[X VbaVXageTg\ba WXiX_bc`Xag

g\`X*
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=QMMIDJDKP@NT 4HFQND - ) >2? CDOHFK BLKOHCDN@PHLKO& @% JXlab_Wf ah`UXe( 3:( Tf T YhaVg\ba bY g[X L<M

V[TaaX_ _XaZg[ TaW [X\Z[g j[Xa g[X "bj fcXXW bY g[X FT;_+@.G "h\W \a g[X V[TaaX_ \f _\`\gXW Ul g[X
g[Xe`bW\YYhf\ba g\`X VbafgTag( %g[*

#ii$ NX UXggXe WXfVe\UX `Tff geTafcbeg `XV[Ta\f` \a g[X L<M \a g[X aXj VbaVXcg !ZheX >\Z* -U TaW \a g[X eXi\fXW
`TahfVe\cg* H_XTfX eXYXe gb g[X eXc_l haWXe J.;/*

#iii$ L[X XYYXVg bY g[X cbf\g\iX gX`cXeTgheX ZeTW\Xag %[bggXe ba gbc& ba fgTU\_\f\aZ g[X "bj i\T g[Xe`T_ TaW fcXV\Xf
%VbaVXageTg\ba& fgeTg\!VTg\ba \f Ue\X"l W\fVhffXW*
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8HKD 0/ NDRHODC J@KQOBNHMP

Aa g[Xe`bc[bU\V geTafcbeg( \ba\V fcXV\Xf gXaW gb TVVh`h_TgX gbjTeWf g[X Vb_W Ubggb` f\WX( eXfh_g\aZ \a T

aXZTg\iX VbaVXageTg\ba ZeTW\Xag* 9_baZ j\g[ g[X aXZTg\iX WXaf\gl ZeTW\Xag UebhZ[g Ul g[Xe`T_ fgeTg\!VTg\ba(
fcXV\Xf fgeTg\!VTg\ba XafheXf g[Tg aTgheT_ VbaiXVg\ba)\aWhVXW `\k\aZ WbXf abg bVVhe \a bhe g[Xe`bW\YYhf\iX

fXcTeTg\ba V[TaaX_ Q/1R*

<XgT\_f ba g[X TUbiX ^Xl cb\agf TeX ceXfXagXW \a g[X eXi\fXW Khcc_X`XagTel AaYbe`Tg\ba \a g[X aXj_l TWWXW TWWXW
Khcc_X`XagTel FbgX .* L[\f gXV[a\VT_ abgX Xkc_T\a\aZ g[X [lWebWlaT`\Vf TaW g[X WXf\Za cebVXff Ybe T g[Xe`bW\Y)

Yhf\iX WXfT_\aTg\ba V[TaaX_*

<*<*1(#A$ JX_TgXW gb g[X TUbiX W\fVhff\ba( A g[\a^ Ta TWW\g\baT_ c[lf\VT_ XYYXVg \f `\ff\aZ \a g[X Xag\eX W\fVhff\baf
TaW g[Tg \f g[Xe`b)bf`bf\f* 9 g[Xe`T_ ZeTW\Xag \a T f`T__ f\mX V[TaaX_ VTa VeXTgX T "bj fb g[XeX f[bh_W UX gjb

YbeVXf TVg\aZ \a g[X fT`X Tk\f %abe`T_ gb g[X c_TgXf& j[\V[ TeX g[Xe`b)W\YYhf\ba TaW g[Xe`b)bf`bf\f* L[X dhXfg\ba
\f g[Tg gb j[Tg XkgXag fhV[ XYYXVg TeX \`cbegTag TaW j[l \g [Tf abg UXXa Vbaf\WXeXW* NX ^abj Yeb` eXVXag fghW\Xf

g[Tg g[Xe`b)W\YYhf\ba TaW g[Xe`b)bf`bf\f VTa TYYXVg XTV[ bg[Xe %\*X* \baf VTa UX `biXW Ul g[X "h\W "bj \aWhVXW

Ul g[Xe`bf)bf`bf\f be g[Xe`b)bf`bf\f VTa ZXaXeTgX T "h\W "bj&* Lb j[Tg XkgXaW fhV[ \agXeTVg\baf jbh_W UX
\`cbegTag f[bh_W UX W\fVhffXW \a g[X VbagXkg bY g[X VbaVXcg cebcbfXW*

<DOMLKOD
NX g[Ta^ g[X eXi\XjXe Ybe g[\f WXgT\_XW Vb``Xag* 9YgXe VTeXYh_ \afcXVg\ba( \g fXX`f g[Tg g[XeX jTf T `\fhaWXe)

fgTaW\aZ bY g[X cebcbfXW fXcTeTg\ba fV[X`X fgX``XW Yeb` g[X be\Z\aT_ >\Z* -T %f[bja UX_bj Tf T eXYXeXaVX&*
HeXi\bhf_l jX [TW T SfXcTeTg\ba$ _TUX_ T_baZ T g[\a [be\mbagT_ c_TaX( j[\V[ Vbh_W [TiX UXXa `\f\agXeceXgXW Tf T

c[lf\VT_ `X`UeTaX* NX Tcb_bZ\fX Ybe g[\f cbff\U_X `\fhaWXefgTaW\aZ*

L[X nfXcTeTg\bao \a g[X be\Z\aT_ >\Z* -T TVghT__l eXYXeeXW gb g[Xe`bW\YYhf\iX fXcTeTg\ba \a T YeXX VbaiXVg\ba Xai\)
eba`Xag( \*X* j\g[bhg `X`UeTaXf* L[X UbWl bY fT_\aX jTgXe g[Tg \f "bj\aZ g[ebhZ[ g[X L<M \f T Vbag\ahbhf "h\W

"bj ba_l fXcTeTgXW \agb gjb fgeXT`f Tg g[X XaW bY g[X V[TaaX_ Ul g[X fcTVXe( Tf \a g[X L<M c[bgb Khcc_X`XagTel

>\Z* -U* L[X fcTVXe \f Ta \`cXe`XTU_X `XgT__\V `TgXe\T_ g[Tg VTaabg !_geTgX fcXV\Xf* L[XeXYbeX( \g \f abg eXfcbaf\U_X
Ybe XfgTU_\f[\aZ Tal VbaVXageTg\ba ZeTW\Xag TaW \f ba_l g[XeX gb U\YheVTgX g[X _T`\aTe "h\W "bj \a g[X V[TaaX_ \agb

gjb fgeXT`f Ybe Yheg[Xe cebVXff\aZ* GaVX g[X fXcTeTg\ba \f Yh__l WXiX_bcXW( g[XeX \f ab `Tff geTafYXe abe`T_ gb g[X
c_TgXf Tf g[XfX Ybe` T [TeW UbhaWTel gb g[X "h\W \a g[X V[TaaX_*

Lb g[X UXfg bY bhe ^abj_XWZX( g[Xe`b)bf`bf\f VTa ba_l bVVhe UXgjXXa gjb UbWl bY "h\Wf [X_W Tg W\YYXeXag gX`)
cXeTgheXf 6A9 fXcTeTgXW Ul T fX`\)cXe`XTU_X `X`UeTaX %be bg[Xe cbebhf fXcTeTg\ba&* L[Xe`b)b`bf\f [Tf UXXa

eXcbegXW \a aTab)V[TaaX_f Q R TaW cbebhf `XW\T Q1R&* @bjXiXe( \Y g[X eXi\XjXe \f TjTeX bY Tal cTcXef j[XeX

g[Xe`b)bf`bf\f \f eXcbegXW Ybe T Vbag\ahbhf "h\W j\g[bhg `X`UeTaXf( g[Xa jX TeX `beX g[Ta [Tccl gb Yheg[Xe
eXi\fX g[X `TahfVe\cg*

<DRHOHLK6

NX `bW\!XW g[X VbaVXcg !ZheX >\Z* -T gb Tib\W VbaYhf\ba TaW Yheg[Xe V_Te\Yl bhe jTgXe WXfT_\aTg\ba fV[X`X %j\g[)

bhg `X`UeTaXf&*

HTZX -0 9FM @=9L DTU
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<*1) L[XeX TeX gjb `\abe VbeeXVg\baf g[Tg `Tl UX aXXWXW Ybe Yheg[Xe V_Te\!VTg\baf \a fXVg\ba .*-* %\& g[X gXe`
naba)\fbg[Xe`T_ V[TaaX_o f[bh_W UX Yheg[Xe V_Te\!XW %X*Z* T V[TaaX_ j[XeX g[XeX \f T g[Xe`T_ ZeTW\Xag& TaW %\\& g[X

fXagXaVX n* * * *( j[\V[ Yheg[Xe fgTU\_\fXf g[X "bj Q/1R*o \f haV_XTe \a gXe`f j[Tg g[X Thg[bef `XTa Ul nfgTU\_\fXf*

<DOMLKOD6

NX `bW\!XW g[X fXagXaVXf Tf fhZZXfgXW Ybe V_Te\!VTg\ba*

<DRHOHLK6

8HKD // NDRHODC J@KQOBNHMP

9 `h_g\)Vb`cbaXag fT_g fb_hg\ba cTffXf g[ebhZ[ T eXVgTaZh_Te V[TaaX_ j\g[ T iXeg\VT_ cbf\g\iX gX`cXeTgheX

ZeTW\Xag %[XTgXW Yeb` g[X gbc&( Tf f[bja \a >\Z* -U*

L[X fXVbaW cb\ag \f `bW\!XW Tf \a J/;-%T& Hb\ag /*

8HKD 0/ NDRHODC J@KQOBNHMP

Aa g[Xe`bc[bU\V geTafcbeg( \ba\V fcXV\Xf gXaW gb TVVh`h_TgX gbjTeWf g[X Vb_W Ubggb` f\WX( eXfh_g\aZ \a T aXZ)

Tg\iX VbaVXageTg\ba ZeTW\Xag* LbZXg[Xe j\g[ g[X aXZTg\iX WXaf\gl ZeTW\Xag UebhZ[g Ul g[Xe`T_ fgeTg\!VTg\ba(
fcXV\Xf fgeTg\!VTg\ba XafheXf g[Tg aTgheT_ VbaiXVg\ba)\aWhVXW `\k\aZ WbXf abg bVVhe \a bhe g[Xe`bW\YYhf\iX

fXcTeTg\ba V[TaaX_ Q/1R*

<*1* L[X g[XbeXg\VT_ WXfVe\cg\ba bY `h_g\)Vb`cbaXag \ba\V W\YYhf\ba haWXe g[Xe`T_ ZeTW\Xag [Tf cebZeXffXW TaW
g[XeX TeX Vebff)W\TZbaT_ gXe`f \a g[X XdhTg\baf %<-. XgV& g[Tg eX"XVg g[X \`cTVg bY g[X geTafcbeg bY baX \ba ba

g[X geTafcbeg bY g[X bg[Xe baX j[Xa g[X W\YYhf\ba \f g[X Wb`\aTag "bj* KhV[ XYYXVgf [TiX T_fb UXXa \aV_hWXW
j[Xa VbaVXageTg\ba TaW g[Xe`T_ ZeTW\Xagf \aWhVX `Tff W\YYhf\ba* Nbh_W fhV[ XYYXVgf %Tg _XTfg g[XbeXg\VT__l& QUXR

\`cbegTag \a g[X VbaVXcg8 HTZX 4 eXfh_gf*

<DOMLKOD6

L[Ta^ lbh Ybe g[\f Vb``Xag* 9f cb\agXW bhg Ul g[X eXi\XjXe( Vebff)W\YYhf\ba XYYXVgf TeX \`cbegTag Vbaf\WXeTg\baf
j[Xa \g Vb`Xf gb g[X TaT_lf\f bY W\YYhf\ba \a gXeaTel be [\Z[Xe beWXe `h_g\)Vb`cbaXag fb_hg\baf* NX [TW \aV_hWXW

g[X W\fVhff\ba ba [bj jX geXTgXW g[X Vebff)W\YYhf\ba VbXY!V\Xagf \a D\aXf -3,q-4/ bY Khcc_X`XagTel FbgX 0 \a g[X
be\Z\aT_ fhU`\ff\ba* @bjXiXe( g[X eXTfba\aZ UX[\aW g[X f\`c_\!VTg\ba TccebTV[ jTf abg V_XTe* Lb fh``Te\fX( !efg(

T fgebaZ X_XVgebfgTg\V Vbhc_\aZ g[Tg eXfh_gf \a W\YYXeXag \baf \a fXTjTgXe `bi\aZ Vb__XVg\iX_l Tf T f\aZ_X fcXV\Xf \f

_\^X_l gb bVVhe UTfXW ba `b_XVh_Te WlaT`\Vf f\`h_Tg\ba TaW g[X A;H eXfh_gf %g[bhZ[ j\g[ _TeZX Xeebef&* L[hf( jX
Tccebk\`TgX g[X `h_g\)Vb`cbaXag fb_hg\ba g[Tg `\`\Vf fXTjTgXe Tf T U\aTel \ba\V TdhXbhf fb_hg\ba( \*X* j\g[ Ta

XYYXVg\iX S\ba$ TaW jTgXe Tf \gf Vbafg\ghXagf* L[\f \f T iT_\W Tccebk\`Tg\ba Tf jX TeX ba_l \agXeXfgXW \a g[X biXeT__

eX`biT_ bY \baf Yeb` g[X fT_\aX fb_hg\ba( abg g[X UX[Ti\bhe bY Tal \aW\i\WhT_ \baf* KXVbaW( V[TeTVgXe\fTg\ba bY
g[X Vebff)W\YYhf\ba VbXY!V\Xagf eXdh\eXf TVVheTgX `XTfheX`Xag bY g[X VbaVXageTg\ba bY XTV[ \ba fcXV\Xf* @bjXiXe(

bhe f\aZ_X)jTiX_XaZg[ \agXeYXeb`XgXe %Khcc_X`XagTel >\Z* 4T& VTaabg W\fg\aZh\f[ UXgjXXa W\YYXeXag \baf TaW A;H
`Xg[bWf TeX abg TVVheTgX XabhZ[* L[hf( \g \f abg cbff\U_X gb eXfb_iX T__ g[X Vebff)W\YYhf\ba VbXY!V\Xagf*

<DRHOHLK6
L[X eXTfba\aZ UX[\aW abg W\eXVg_l VT_Vh_Tg\aZ g[X Vebff)W\TZbaT_ gXe`f \a g[X W\YYhf\ba XdhTg\ba \f abj `beX V_XTe_l

Xkc_T\aXW \a Khcc_X`XagTel FbgX 1*

HTZX -1 9FM @=9L DTU
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8HKD *'' NDRHODC =QMMIDJDKP@NT 6KELNJ@PHLK

NX ceXYXe g[X f\`c_\!VTg\ba bY geXTg\aZ fXTjTgXe Tf T U\aTel `\kgheX bY jTgXe TaW \baf UXVThfX jX TeX ba_l

\agXeXfgXW \a g[X biXeT__ eX`biT_ eTgX bY T__ g[X \baf \afgXTW bY \aW\i\WhT_ \ba UX[Ti\bhe* L[ebhZ[ `b_XVh_Te
WlaT`\Vf f\`h_Tg\ba( jX YbhaW g[Tg T__ fcXV\Xf \a g[X fXTjTgXe `biX Vb__XVg\iX_l( Tf [Tf UXXa cb\agXW bhg \a

g[X fXVg\ba SL<< Tg g[X `b_XVh_Te _XiX_$* NX UX_\XiX g[X _\^X_l VThfX \f g[X fgebaZ X_XVgebfgTg\V Vbhc_\aZ \a

\ba\V X_XVgeb_lgX( j[\V[ `T^Xf \g W\YYXeXag Yeb` g[X g[Xe`bW\YYhf\iX UX[Ti\bhe bY fb`X [lWebVTeUba `\kgheXf
j[XeX baX Vb`cbaXag f[bj g[Xe`bc[\_\V\gl j[\_X g[X bg[Xe gjb f[bj g[Xe`bc[bU\V\gl Q1/R* L[XeXYbeX(

fXTjTgXe VTa UX XYYXVg\iX_l geXTgXW Tf U\aTel `\kgheX bY \baf TaW jTgXe*

9abg[Xe eXTfba Ybe f\`c_\!VTg\ba \f g[Tg g[X VT_Vh_Tg\ba bY g[XfX Vebff)W\YYhf\ba VbXY!V\Xagf eX_l [XTi\_l ba

g[X TVVheTgX dhTag\!VTg\ba bY g[X VbaVXageTg\ba bY XTV[ fcXV\Xf \a g[X fb_hg\ba* @bjXiXe( \g \f abg dh\gX
cbff\U_X gb cXeYbe` g[\f gTf^ Ybe fXTjTgXe* >be TdhXbhf X_XVgeb_lgXf( \gf Vb`cbf\g\ba VTaabg UX i\XjXW Tf

FT;_( EZKG0 XgV* Uhg Tf FT'( ;_)( EZ.'( KG0
.' UXVThfX g[X \ba\V UbhaWf TeX Ueb^Xa TaW g[X VTg\baf

TaW Ta\baf TeX fXcTeTgX_l fheebhaWXW Ul jTgXe `b_XVh_Xf* L[\f `XTaf fXTjTgXe \f XffXag\T__l T gjX_iX)

Vb`cbaXag %be XiXa `beX& `\kgheX* A;H)G=K be A;H)EK VTa ba_l ebhZ[_l g[X VbaVXageTg\ba bY VTg\baf

TaW jX jba$g [TiX ^abj_XWZX bY g[X Ta\ba VbaVXageTg\baf* Aa TWW\g\ba( g[X jbe^\aZ ce\aV\c_X Ybe g[X A;H
`Xg[bWf \f g[Tg \g `XTfheXf g[X \agXaf\gl bY g[X "T`X Tg W\YYXeXag jTiX_XaZg[f fb g[Tg g[X VbaVXageTg\ba

bY W\YYXeXag VTg\baf VTa UX WXgXe`\aXW* >be fXTjTgXe( FT' \f biXej[X_`\aZ TUhaWTag( `T^\aZ `XTfhe\aZ

g[X f_\Z[g V[TaZXf \a g[X _\Z[g \agXaf\gl Tg bg[Xe jTiX_XaZg[f W\Y!Vh_g* <Xfc\gX `Tal Vb``ha\VTg\baf TaW
\gXeTg\baf j\g[ g[X A;H _TU ba VT`chf( jX Vbh_W abg TV[\XiX T UXggXe TVVheTVl j\g[ g[X A;H `XTfheX`Xagf*

L[Tg `XTaf g[X `Xg[bW bY c[lf\VT_ XkgeTVg\ba g[Xa `XTfheX g[X fT`c_X VbaVXageTg\baf \f abg cbff\U_X* L[X
bg[Xe jTl \f gb hfX aba)\agehf\iX bcg\VT_ `Xg[bW* @bjXiXe( gjb)jTiX_XaZg[ flfgX` \f aXXW Ybe gXeaTel

fb_hg\ba Q10R TaW Ybe XTV[ Vb`cbaXag TWWXW( T W\YYXeXag jTiX_XaZg[ [Tf gb UX TWWXW gb g[X bcg\VT_ flfgX`*

EbeXbiXe( g[XeX \f g[X XkcbaXag\T__l \aVeXTf\aZ jbe^_bTW g[Tg$f eX_TgXW gb VbageTfg YTVgbe `XTfheX`Xag Q10R*
Kb YTe( gb g[X UXfg bY bhe ^abj_XWZX( j[Xa \g Vb`Xf gb g[Xe`bW\YYhf\ba( g[X Vebff)W\YYhf\ba VbXY!V\Xagf TeX

ba_l VT_Vh_TgXW Ybe gXeaTel fb_hg\ba \a chU_\f[XW WTgT TaW g[XeX \f T Zebhc gel\aZ gb V[TeTVgXe\fX dhTgXeaTel
fb_hg\baf j\g[ T g[eXX)jTiX_XaZg[ _TfXe* >be T gjX_iX)fb_hg\ba `\kgheX( jX VTaabg dh\gX g[\a^ bY cbff\U_X

jTlf bY TeeTaZ\aZ X_XiXa W\YYXeXag _TfXef ba Ta bcg\VT_ gTU_X TaW jX UX_\XiX Tg g[\f cb\ag bY g\`X( \g \f abg

cbff\U_X gb XkgeTVg g[X Vebff)W\YYhf\ba VbXY!V\Xagf Ybe XTV[ Vb`cbaXag \a fXTjTgXe*

<*1+ >\ZheXf . %XfcXV\T__l .T& \f abg hfXYh_* A jTf abg TU_X gb XkgeTVg g[X WXgT\_f Yeb` g[X !ZheXf* KhZZXfg .. gb

UX ceXfXagXW \a T _TeZXe f\mX*

<DOMLKOD6

NX TZeXX g[Tg g[X be\Z\aT_ !ZheX YT\_XW gb fVT_X g[X f\mX bY XTV[ cTaX_ cebcbeg\baT__l j\g[ g[X WXaf\gl bY g[X
\`TZX* @bjXiXe( jX Vbaf\WXe >\ZheX .T gb UX T iXel \`cbegTag !ZheX UXVThfX \g geXaWf \aW\VTgX [bj fXcTeTg\ba

\f Xa[TaVXW Ul g[X gX`cXeTgheX W\YYXeXaVX TaW [\Z[Xe `XTa gX`cXeTgheXf* L[X !ZheX jTf T`XaWXW gb \`cebiX
eXTWTU\_\gl* H_XTfX T_fb abgX g[Tg T__ fbheVX WTgT Ybe c_bgf j\__ UX `TWX TiT\_TU_X gb g[X eXTWXef gbZXg[Xe j\g[ g[X

cTcXe*

<DRHOHLK6

NX eX)c_bggXW >\Z* . TaW [bcX g[X aXj !ZheX \f abj XTf\Xe gb eXTW*

<*1, A jTf T U\g VbaYhfXW j\g[ g[X _XaZg[ bY g[X fcTVXe( WbXf g[Tg XkgXaW g[ebhZ[ g[X _XaZg[ bY g[X V[TaaX_ be \g
\f cTeg\T_ Tg g[X XaW %\aVbaf\fgXaVl UXgjXXa >\Zf K- TaW K.W j\g[ >\Z -T&*

<DOMLKOD6
NX TeX fbeel Ybe g[X VbaYhf\ba VThfXW* SKXcTeTg\ba$ \a g[X be\Z\aT_ >\Z* -T WbXf abg eXYXe gb Tal c[lf\VT_ fXcTeTg\ba

fhV[ Tf T fX`\cXe`XTU_X `X`UeTaX* Ag eXYXeeXW gb g[X g[Xe`bW\YYhf\iX SfXcTeTg\ba$ cebVXff( \*X* g[X [XgXebZXaXbhf
VbaVXageTg\ba ceb!_X VThfXW Ul g[Xe`bW\YYhf\ba* L[X \`cXe`XTU_X fcTVXe \f T cb\agl f[\` g[Tg \f ba_l ceXfXag Tg

g[X bhg_Xg bY g[X V[TaaX_ %bVVhcl\aZ T f`T__ _XaZg[& TaW j\g[ g[X checbfX bY U\YheVTg\aZ g[X "bj*
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<DRHOHLK
>\Z* -T jTf eX)c_bggXW gb Tib\W g[\f `\fhaWXefgTaW\aZf*

<*<*1-1- HTZX -07 TWiTagTZXf6 L[\f _bb^f gb `X g[X _XTfg WXiX_bcXW fXVg\ba bY g[X cTcXe7 lXg g[X `bfg \`cbegTag

Yeb` ceTVg\VT_ f\WX* L[XeX f[bh_W UX T >\ZheX+W\TZeT` gb Vb`cTeX g[X cebcbfXW `Xg[bW %\a gXe`f bY cXeYbe`TaVX7

XaXeZl hfTZX be bg[Xe XaZ\aXXe\aZ YTVgbef bY WXfT_\aTg\ba gXV[ab_bZ\Xf&*

<DOMLKOD
L[Ta^ lbh Ybe g[\f iXel \`cbegTag cb\ag* NX TV^abj_XWZX g[Tg g[X Vb`cTe\fba bY g[X cebcbfXW g[Xe`bW\YYhf\iX

WXfT_\aTg\ba `Xg[bW j\g[ bg[Xe `Xg[bWf \f Ta XffXag\T_ cTeg bY g[X cTcXe* Aa g[X be\Z\aT_ `TahfVe\cg( jX \aV_hWXW

g[X Vb`cTe\fba Tf Khcc_X`XagTel LTU_X /* @bjXiXe( gb UXggXe [\Z[_\Z[g g[X Vb`cTe\fba j\g[ bg[Xe `Xg[bWf( T `beX
g[bebhZ[ \aYbe`Tg\ba ZTg[Xe\aZ TaW TffXff`Xag jTf VbaWhVgXW* NX abj fh``Te\fX g[X cXeYbe`TaVX bY W\YYXeXag

WXfT_\aTg\ba gXV[ab_bZ\Xf \a T aXj !ZheX \a g[X `T\a `TahfVe\cg*

<DRHOHLK
H_XTfX eXYXe gb g[X aXj_l TWWXW !ZheX( >\Z* 2 Ybe g[X Vb`cTe\fba bY g[Xe`bW\YYhf\iX WXfT_\aTg\ba TaW bg[Xe `Xg[bWf*
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4HF&- ) 1LJM@NHOLK LE CHEEDNDKP CDO@IHK@PHLK PDBGKLILFHDO& L[X XaXeZl Vbafh`XW cXe ha\g ib_h`X bY
l\X_W( be fcXV\!V XaXeZl Vbafh`cg\ba %4+)&( \f c_bggXW TZT\afg g[X VbaVXageTg\ba Webc Ybe W\YYXeXag WXfT_\)

aTg\ba gXV[ab_bZ\Xf6 eXiXefX bf`bf\f %JG&( `h_g\)fgTZX "Tf[ %EK>& TaW `h_g\)XYYXVg W\fg\__Tg\ba %E=<&(

X_XVgebW\T_lf\f %=<&( TWfbecg\ba( VTcTV\g\iX WX\ba\fTg\ba %;<A&( abiX_ fb_Te)We\iXa WXfT_\aTg\ba %FK<&( X*Z*
\agXeYTV\T_ XiTcbeTg\ba TaW VbagTVg_Xff fgXT` ZXaXeTg\ba( `X`UeTaX W\fg\__Tg\ba %E<&( TaW g[X g[Xe`bW\Y)

Yhf\iX WXfT_\aTg\ba %L<<& gXV[ab_bZl cebcbfXW \a g[\f jbe^* ;beeXfcbaW\aZ fbheVXf TeX \aWXkXW TaW _\fgXW
\a Khcc_X`XagTel LTU_X 0* >be fb`X gXV[ab_bZ\Xf( 4+) \f WXcXaWXag ba g[X YXXWjTgXe fT_\a\gl TaW g[X l\X_W

fT_\a\gl* L[X iXeg\VT_ U_TV^ WTf[XW _\aX \aW\VTgXf T VbaVXageTg\ba Webc Yeb` abe`T_ fXTjTgXe gb YeXf[jTgXe*

L[X g[Xe`T_)We\iXa WXfT_\aTg\ba `Xg[bWf TeX VTcgheXW Ul g[X `ThiX V\eV_X* 4+) bY W\YYXeXag gXV[ab_bZ\Xf
iTel iTfg_l TaW g[X g[Xe`T_)We\iXa WXfT_\aTg\ba gXV[ab_bZ\Xf ZXaXeT__l [TiX T `hV[ [\Z[Xe XaXeZl Vbafh`c)

g\ba* >be L<<( g[X ceXfXagXW 4+) WTgT \f UTfXW ba `h_g\)cTff g[Xe`bW\YYhf\iX WXfT_\aTg\ba \a g[X L<M* 9

[XTg "hk bY ()( 5 %Khcc_X`XagTel FbgX 4& jTf hfXW TaW g[X l\X_W jTf &&) 3 9!%* MaWXe g[\f VbaW\g\ba(
4+) \f VT_Vh_TgXW Tf 4+) 0 &0 &&()( ;59)&&) 3 0 --) ;59 =!'* @bjXiXe( j[Xa ba_l Vbaf\WXe\aZ g[X X_XVge\VT_

XaXeZl hfTZX( 4+)X( \gf iT_hX Webcf gb aXTe_l &* 4+) WTgT \f abg TiT\_TU_X Ybe g[X TWfbecg\ba)UTfXW WXfT_\aT)
g\ba*

L[X W\fVhff\ba bY g[X aXj !ZheX jTf T_fb TWWXW*
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Aa >\Z* 2( T Vb`cTe\fba bY g[X fcXV\!V XaXeZl Vbafh`cg\ba Ybe W\YYXeXag WXfT_\aTg\ba gXV[ab_bZ\Xf \f ceX)

fXagXW* L[X eXYXeXaVXf VbeeXfcbaW\aZ gb XTV[ ah`UXeXW \gX` TeX _\fgXW \a Khcc_X`XagTel LTU_X 0* NX fXX
g[Tg g[Xe`T_)We\iXa `Xg[bWf hfhT__l [TiX T `hV[ [\Z[Xe XaXeZl Vbafh`cg\ba* FbaXg[X_Xff( T [\Z[Xe XaXeZl

Vbafh`cg\ba VTa UX ]hfg\!XW \Y \g \f Yeb` T fbheVX g[Tg \f eXTW\_l TiT\_TU_X \a g[X Xai\eba`Xag be \Y \g \f jTfgX

[XTg %X*Z* Yeb` \aWhfge\T_ be TZe\Vh_gheT_ cebVXffXf&* L[X hfX bY _bj)ZeTWX g[Xe`T_ XaXeZl Tf g[X We\iXe
Ybe WXfT_\aTg\ba [Tf `bg\iTgXW g[X WXiX_bc`Xag bY iTe\bhf WXfT_\aTg\ba gXV[ab_bZ\Xf \aV_hW\aZ `X`UeTaX

W\fg\__Tg\ba( abiX_ fb_Te)We\iXa W\fg\__Tg\ba TaW L<< %g[\f jbe^&*

<DEDNDKBDO HK PGHO <DOMLKOD !ID

Q-R <* J* ;T_WjX__ TaW K* 9* =\WX* nKXcTeTg\ba bY fXTjTgXe Ul KbeXg W\YYhf\bao* Aa6 *::C 4:6 3:E:6D8= 26DF '"

18:6AB<D6C=>8 3:E:6D8= 26C:DE /.*4 %-541&( cc* 521q54.* AKKF6 ,-54,-05*

Q.R <bhZ_Tf J* ;T_WjX__* nL[Xe`T_ TaW >\V^\Ta W\YYhf\ba bY fbW\h` V[_be\WX \a T fb_hg\ba bY bVXTa\V VbaVXageTg\bao* Aa6

*::C#4:6 3:E:6D8= 6A9 18:6AB<D6C=>8 '7EFD68FE .,*-- %-53/&( cc* -,.5q-,/5*

Q/R NX\ I\TaZ ;[Xa( 9aWeXl H* B\i^bi( TaW ET]\W KXW\Z[\* nL[Xe`b)Gf`bf\f \a ;[TeZXW FTabV[TaaX_f6 =YYXVgf bY
KheYTVX ;[TeZX TaW Aba\V KgeXaZg[o* Aa6 ')4 'CC?>:9 /6F:D>6?E 6A9 -AF:D;68:E -1*.4 %.,./&( cc* /0-15q/0-3-* AKKF6

-5004.1.*

Q0R 9_X]TaWeb <\Tm)ETedhXm TaW ?h\__Th`X Kg\eaX`Taa* nAa f\_\Vb T__)Tgb` TccebTV[ gb g[Xe`bW\YYhf\ba \a W\_hgX
TdhXbhf fb_hg\bafo* Aa6 5=: .BGDA6? B; )=:@>86? 2=JE>8E -11*-3 %.,.-&( c* -301,/*

Q1R JbUXegb H\TmmT* n$L[Xe`T_ YbeVXf$6 ;b__b\Wf \a gX`cXeTgheX ZeTW\Xagfo* Aa6 .BGDA6? B; 2=JE>8E )BA9:AE:9 /6FF:D -2*/4

%.,,0&* AKKF6 ,51/4540*

Q2R >eTa^ J{`Xe Xg T_* n9_^T_\ [T_\WX fb_hg\baf haWXe g[Xe`T_ ZeTW\Xagf6 KbeXg VbXY!V\Xagf TaW [XTg geTafYXe
`XV[Ta\f`fo* Aa6 .BGDA6? B; 2=JE>86? )=:@>EFDJ ( --3*.3 %.,-/&( cc* 4.,5q4...*

Q3R K[hd\ Oh Xg T_* nKVT_\aZ hc g[Xe`bW\YYhf\iX fXcTeTg\ba g[ebhZ[ T `\VebV[TaaX_o* Aa6 2DB8::9>A<E B; F=: %&&%

'GEFD6?6E>6A ,?G>9 /:8=6A>8E )BA;:D:A8:* .,..( c* 0/4*
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

I would recommend that the paper is now fit to be published.

Reviewer #2 (Remarks to the Author):

The revised MS answers all my quesfions and comments in a safisfactory way.

Reviewer #3 (Remarks to the Author):

The authors have addressed my comments adequately and the response is comprehensive and clear. 

Would recommend the paper for publicafion.
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