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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

This paper presents a combined method of real laboratory tests, mathematical modeling, and 

machine learning using a kriging-based surrogate model-aided artificial neural network (KS-ANN) 

to reduce laboratory testing costs and improve predictive accuracy. The proposed method was 

verified by limited test data of permeable cement-stabilized base materials (PCBMs). In general, 

this research gives a significant reference for rapid prediction of some required test parameters 

when the related sampling size is small due to limited test cost and time. Meanwhile, the 

manuscript is organized well with acceptable readability as well as originality and novelty. 

However, some following concerns should be discussed if considered for publication, 

(1) The proposed KS-ANN framework is a general method or algorithm to do the accurate 

extending prediction for the small size of test sampling data. The prediction of PCBMs’ behavior is 

just a case study for verification of this method. Therefore, the question is how to understand the 

focus of this research. For the current title, it is recommended to be revised to emphasize the 

general method while not the PCBMs. 

(2) The mechanical strength and permeability of PCBMs are easy to test in practice, so another 

question is the necessity for the application of this proposed method. Please enhance the 

background to explain the reason for verifying the KS-ANN method using PCBMs or consider more 

appropriate applications like some complicated laboratory tests as the case recommendation. 

(3) The basic idea of this research could be summarized in two steps. The first is that a limited 

number of lab test results were used to obtain the statistical distribution parameters of the input 

and output variables. Then, Monte Carlo sampling methods were applied to generate more sample 

data to train the ANN model. Here, the question is that the ANN model is trained by virtual data 

generated by the Monte Carlo method even though the limited laboratory data, as we know, any 

model is better trained by real data, so how to explain the reliability of the prediction by the 

trained ANN model in theoretical view? 

(4) Some more background on the KS model could be provided to explain the conflict between 

highly accurate predictions and strong divergence indicated in Line 105 to Line 106. In addition, 

the Monte Carlo can generate samples based on the distribution function of data in general. What 

is the purpose of using Markov chain? Please clarify. 

(5) For the case study of PCBMs, the real test data from three different static compaction forces, 

100, 150, and 200 kN, and the compaction force of 300 kN is used for prediction. The case is 

okay, but some other cases in the output are nonlinear or complicated concerning the input in 

different regions may not be suitable. Please explain. 

(6) It is better to compare the difference in accuracy between a model trained on the expanded 

dataset and a model trained on the experimental dataset. Moreover, validation should be 

performed on real data to verify the applicability of the model in the real world. 

(7) Are variables related to working conditions also random variables with specific distributions? 

How do these conditions correspond to the physical parameters sampled from the distribution? 

How can it be verified that such a correspondence is consistent with the actual conditions? 

(8) From this research, "a statistical distribution model is established using actual laboratory test 

data. It is used to generate input parameters for Markov Chain Monte Carlo (MCMC) simulations 

and a kriging-based surrogate model" If the lab test results can be used to obtain the statistical 

distribution, what is the purpose of using the KS model? Please clarify. It seems the ANN can be 

built without any input from the KS. The key is the MC sampling. 

(9) Are the MCMC simulations of the three physical parameters performed separately? If so, how 



was the correspondence between the simulation results determined, i.e., how were the 3D 

coordinates of each point in Figure 6 determined? The markers of the points in Figure 6 are 

difficult to distinguish and need to be modified. 

(10) Compared to transfer learning, what are the significant advantages of KS-ANN? In addition, 

with the current rise of big model approaches to learning by migration, does virtual data based on 

agent models have the potential to serve as the underlying data for migration learning? Please 

supplement some more information into the literature review. 

(11) Please explain the difference between Fig 8 (a) and (b). Meanwhile, some of the data labels in 

Figures were very hard to read. Please check and improve the quality of the charts. 

Reviewer #2 (Remarks to the Author):

This paper aims to construct a Kriging-Based Surrogate Model combined with ANNs using 

experimental data to predict key properties of porous cement-based concrete materials. We 

strongly believe that this is the first instance of a data enrichment technique empowering a 

machine learning model applied to conventional pervious concrete. While it presents interesting 

aspects, there are certain unclear points that require revision, as outlined below: 

• Please ensure the manuscript includes page numbers for easier referencing and review. 

• In the "Introduction" section, to enhance the review of "numerical simulations for pervious 

concrete," I recommend citing recent publications (e.g., 10.1016/j.mechrescom.2021.103791; 

10.1016/j.cscm.2022.e00946) related to FEM or multiscale modeling of pervious concrete 

strength. 

• On page 9, section 2.3, the presentation of the ANN architecture with 3 hidden layers and 128 

neurons prior to the data collection section is puzzling, as this architecture seems similar to certain 

situations of the ANN model presented in this paper. 

• Moving to page 10, section 3.1, we have queries concerning the parameter of static pre-

compaction ranging from 50 kN to 300 kN. In actuality, the role of compaction energy for pervious 

concrete and its associated machine learning models are thoroughly discussed in Le et al. 2022 

(10.1007/s12205-022-1918-z), providing a clear review of this topic. Moreover, the compaction 

levels, as suggested in ASTM C1688/C1688M, are derived from Sumanasooriya et al. 2011 

(10.1016/j.cemconcomp.2011.06.002) and several subsequent sources. It remains unclear why 

the authors chose these values corresponding to a steel wheel roller instead of the typically used 

average compaction energy. It would be beneficial to cite arguments supporting this choice, for 

instance, by referencing relevant literature. 

• The two most influential parameters characterizing pervious concrete are typically the 

water/binder ratio and aggregate size. However, in this paper, these parameters are held 

constant. The authors might consider addressing this in their analysis. 

• The experimental data for pervious concrete is known to be highly diverse due to the influence of 

pore structure. Notably, this paper's results are based on only 9 samples with two independent 

inputs. It would be beneficial for the authors to comment on this limitation. They could consider 

utilizing larger data collections available in existing literature, such as those from Zhang et al. 

2020 - 10.1016/j.conbuildmat.2020.118803 or Le et al. 2023 - 10.1007/s13369-023-08396-2, to 

enhance the robustness of their findings. 

• In Figures 8 and 9, it would be valuable for the author to specify the type of dataset used, 

whether it's the training set, testing set, or the entire dataset. Furthermore, clarification on the 

physical indicators represented in Figure 8 would enhance the figure's comprehensibility. 

• Figure 10 stands as a pivotal result in this paper. From our interpretation, the traditional ANN is 

applied to the experimental dataset consisting of 9 samples as input, while the KS-ANN is utilized 

for data enrichment. Additionally, the representation of the three outputs in one figure, 

accompanied by a single R2 value, implies that the ANN model is the same for all three outputs 

(strength, permeability, and porosity). The authors might consider addressing this in their 

analysis. 

• Figures 12 and 14 could benefit from an elaboration on the significance of "different random 



numbers" controlling the model's output predictions. A more detailed explanation in this regard 

would enhance the reader's understanding of the model's behavior and results. The authors might 

consider addressing this in their analysis.



Authors’ Responses to Ms. Ref. No. NCOMMS-23-36290A-Z Reviewer Comments

Reviewers' comments:

Reviewer #17

M[\f cTcXe ceXfXagf T Vb`U\aXW `Xg[bW bY eXT_ _TUbeTgbel gXfgf) `Tg[X`Tg\VT_ `bWX_\aZ) TaW `TV[\aX

_XTea\aZ hf\aZ T ^e\Z\aZ*UTfXW fheebZTgX `bWX_*T\WXW Teg\Y\V\T_ aXheT_ aXgjbe^ 'DL*:GG( gb eXWhVX

_TUbeTgbel gXfg\aZ Vbfgf TaW \`cebiX ceXW\Vg\iX TVVheTVl+ M[X cebcbfXW `Xg[bW jTf iXe\Y\XW Ul _\`\gXW gXfg

WTgT bY cXe`XTU_X VX`Xag*fgTU\_\mXW UTfX `TgXe\T_f 'I<;Ff(+ Ba ZXaXeT_) g[\f eXfXTeV[ Z\iXf T f\Za\Y\VTag

eXYXeXaVX Ybe eTc\W ceXW\Vg\ba bY fb`X eXdh\eXW gXfg cTeT`XgXef j[Xa g[X eX_TgXW fT`c_\aZ f\mX \f f`T__ WhX

gb _\`\gXW gXfg Vbfg TaW g\`X+ FXTaj[\_X) g[X `TahfVe\cg \f beZTa\mXW jX__ j\g[ TVVXcgTU_X eXTWTU\_\gl Tf

jX__ Tf be\Z\aT_\gl TaW abiX_gl+ AbjXiXe) fb`X Yb__bj\aZ VbaVXeaf f[bh_W UX W\fVhffXW \Y Vbaf\WXeXW Ybe

chU_\VTg\ba)

[Authors’ response]: ?\efg bY T__) g[Ta^ lbh Ybe eXi\Xj\aZ g[\f `TahfVe\cg TaW f[Te\aZ lbhe iT_hTU_X
Vb``Xagf) j[\V[ [TiX f\Za\Y\VTag_l \`cebiXW g[X dhT_\gl bY bhe `TahfVe\cg+ PX f\aVXeX_l TcceXV\TgX lbhe
eXVbZa\g\ba bY bhe eXfXTeV[ jbe^ ceXfXagXW+ :f lbh `Tl Y\aW) T__ lbhe eXi\Xj Vb``Xagf [TiX UXXa
TWWeXffXW baX Ul baX j\g[ \gX`\mXW eXfcbafXf+ Bg \f bhe [bcX g[Tg g[X eXi\fXW `TahfVe\cg jbh_W UX hc gb
lbhe fTg\fYTVg\ba+ Hhe T\` jTf gb XafheX g[Tg g[X eXi\fXW `TahfVe\cg `XXgf g[X e\Zbebhf eXdh\eX`Xagf bY
GTgheX <b``ha\VTg\baf ]bheaT_+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf Ybe hf gb V_Te\Yl) c_XTfX Wb abg [Xf\gTgX
gb _Xg hf ^abj+ PX TeX WXY\a\gX_l Vb``\ggXW gb ceb`cg_l TWWeXff\aZ Tal VbaVXeaf lbh `Tl [TiX+



'.( M[X cebcbfXW DL*:GG YeT`Xjbe^ \f T ZXaXeT_ `Xg[bW be T_Zbe\g[` gb Wb g[X TVVheTgX XkgXaW\aZ

ceXW\Vg\ba Ybe g[X f`T__ f\mX bY gXfg fT`c_\aZ WTgT+ M[X ceXW\Vg\ba bY I<;Ffv UX[Ti\be \f ]hfg T VTfX fghWl

Ybe iXe\Y\VTg\ba bY g[\f `Xg[bW+ M[XeXYbeX) g[X dhXfg\ba \f [bj gb haWXefgTaW g[X YbVhf bY g[\f eXfXTeV[+ ?be

g[X VheeXag g\g_X) \g \f eXVb``XaWXW gb UX eXi\fXW gb X`c[Tf\mX g[X ZXaXeT_ `Xg[bW j[\_X abg g[X I<;Ff+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ PX

TV^abj_XWZX g[Tg g[X DL*:GG YeT`Xjbe^ jTf abg [\Z[_\Z[gXW ceb`\aXag_l be fhYY\V\Xag_l \a g[X be\Z\aT_

`TahfVe\cg WhX gb _XaZg[ _\`\g+ :f cXe lbhe VbafgehVg\iX Vb``Xagf) jX [TiX g[bebhZ[_l W\fVhffXW TaW

VTeXYh__l eX*Vbaf\WXeXW g[X g\g_X TaW [TiX eXi\fXW \g gb # : GbiX_ De\Z\aZ*UTfXW LheebZTgX FbWX_ :\WXW

:eg\Y\V\T_ GXheT_ GXgjbe^ 'DL*:GG( s j\g[ :cc_\VTg\ba gb ceXW\Vg\aZ FXV[Ta\VT_ LgeXaZg[ TaW

IXe`XTU\_\gl bY IXe`XTU_X <X`Xag*LgTU\_\mXW ;TfX FTgXe\T_f#+ Ba g[\f eXi\fXW g\g_X) jX X`c[Tf\mX g[X DL*

:GG YeT`Xjbe^ TaW ceXfXag g[X ceXW\Vg\ba bY g[X `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl bY I<;Ff Tf T

VTfX fghWl be Tcc_\VTg\ba XkT`c_X+ PX [bcX g[Tg g[X eXi\fXW g\g_X [Tf TWWeXffXW lbhe VbaVXeaf TWXdhTgX_l+

'/( M[X `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl bY I<;Ff TeX XTfl gb gXfg \a ceTVg\VX) fb Tabg[Xe dhXfg\ba \f

g[X aXVXff\gl Ybe g[X Tcc_\VTg\ba bY g[\f cebcbfXW `Xg[bW+ I_XTfX Xa[TaVX g[X UTV^ZebhaW gb Xkc_T\a g[X

eXTfba Ybe iXe\Yl\aZ g[X DL*:GG `Xg[bW hf\aZ I<;Ff be Vbaf\WXe `beX Tccebce\TgX Tcc_\VTg\baf _\^X

fb`X Vb`c_\VTgXW _TUbeTgbel gXfgf Tf g[X VTfX eXVb``XaWTg\ba+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ Ba YTVg) I<;Ff

TeX f\`\_Te gb cXei\bhf VbaVeXgX TaW ceXfXag V[T__XaZXf \a UT_TaV\aZ `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl

cebcXeg\Xf Whe\aZ `TgXe\T_ WXf\Za c[TfX+ >kgXaf\iX _TUbeTgbel fghW\Xf [TiX UXXa VbaWhVgXW Ul ceXi\bhf

fV[b_Tef) fhV[ Tf Q\X Xg T_+ '/-/-() LTaWbiT_ Xg T_+ '/-.4) /-.6) /-/-T) /-/-U() S[baZ % P\__X '/-.3() =Xb

% GX\g[T_Tg[ '/-.-() TaW PTaZ Xg T_+ '/-/-() gb \aiXfg\ZTgX g[X eX_Tg\baf[\c UXgjXXa Vb`ceXff\iX fgeXaZg[

TaW cXe`XTU_X cbeX fgehVgheX \a cXei\bhf VbaVeXgX+ M[Xl T_fb fbhZ[g gb XfgTU_\f[ ceXW\Vg\iX `bWX_f Ybe fhV[

eX_Tg\baf[\c UXgjXXa fgeXaZg[ TaW cXei\bhf cbeX+ M[XfX fghW\Xf l\X_WXW f\Za\Y\VTag TWiTaVX`Xagf TaW

cebi\WXW iT_hTU_X Zh\WTaVX Ybe bcg\`\m\aZ g[X WXf\Za bY cXei\bhf VbaVeXgX+ AbjXiXe) _TUbeTgbel gXfg

`Xg[bWf TeX g\`X*Vbafh`\aZ) _TUbe*\agXaf\iX) TaW Vbfg_l \a aTgheX+ P[Xa V[TaZXf bVVhe \a TVghT_

XaZ\aXXe\aZ VbaW\g\baf) VbaWhVg\aZ _TUbeTgbel cXeYbe`TaVX XiT_hTg\ba gXfgf bY `TgXe\T_f eXdh\eXf

Vbaf\WXeTU_X XVbab`\V Vbfgf TaW _TUbe+ Ba _\Z[g bY g[\f WXY\V\XaVl) fXiXeT_ eXfXTeV[Xef [TiX Xkc_beXW

T_gXeaTg\iX `Xg[bWf) fhV[ Tf eTaWb` _Tgg\VX W\fVeXgX cTeg\V_X `Xg[bWf '?TfVXgg\ Xg T_+) /-//() W\fVeXgX X_X`Xag

`Xg[bWf '<TiT_Teb Xg T_+) /-.68 I\XeT_\f\ Xg T_+) /-/.8 PTaZ Xg T_+) /-//() Y\a\gX X_X`Xag `Xg[bWf 'KbWe\ZhXf

Xg T_+) /-.58 AhTaZ Xg T_+) /-//() <?= `Xg[bWf 'I\XeT_\f\ Xg T_+) /-.4() TaW fX_Y*WXiX_bcXW ah`Xe\VT_

f\`h_Tg\ba `Xg[bWf 'Oh Xg T_+) /-/.8 GZhlXa Xg T_+) /-//(+ M[XfX `Xg[bWf [TiX UXXa hg\_\mXW gb XiT_hTgX

g[X `XV[Ta\VT_ fgeXaZg[ TaW \aY\_geTg\ba cebcXeg\Xf bY cXei\bhf VbaVeXgX) T\`\aZ gb eXWhVX gXfg\aZ Vbfgf TaW



XkcXW\gX g[X WXf\Za cebVXff+ M[X UT_TaVX UXgjXXa g[X `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl cebcXeg\Xf bY

cXe`XTU_X VbaVeXgX \f T f\Za\Y\VTag VbaVXea+ Mb TWWeXff g[\f) eXfXTeV[Xef TeX Xkc_be\aZ g[X hfX bY WTgT*We\iXa

`TV[\aX _XTea\aZ*UTfXW `Xg[bWf gb TffXff g[XfX cebcXeg\Xf \afgTag_l) g[hf eXWhV\aZ gXfg\aZ Vbfgf TaW

\`cebi\aZ WXf\Za XYY\V\XaVl+ <heeXag_l) `TV[\aX _XTea\aZ `bWX_f TeX ce\`Te\_l geT\aXW Ul XkgXaf\iX

_TUbeTgbel XkcXe\`XagT_ WTgT gb bcg\`\mX g[X WXf\Za bY [\Z[*cXeYbe`TaVX cXe`XTU_X VbaVeXgX 'S[TaZ Xg T_+

/-/-8 EX Xg T_+ /-/0(+ AbjXiXe) Uh\_W\aZ g[XfX `bWX_f eXdh\eXf T fhUfgTag\T_ T`bhag bY XkcXe\`XagT_ WTgT)

_XTW\aZ gb WeT`Tg\V g\`X TaW XVbab`\V Vbfgf+

Ba g[\f cTcXe) jX cebcbfXW g[X DL*:GG `bWX_ gb TWWeXff g[X TYbeX`Xag\baXW \ffhXf+ Hhe `bWX_ T\`f

gb eXWhVX g[X Vbfg bY _TUbeTgbel gXfg\aZ TaW XkcXW\gX g[X bcg\`T_ WXf\Za bY `TgXe\T_f+ :WW\g\baT__l) \g \f

\`cbegTag gb abgX g[Tg I<;F [Tf T `beX \age\VTgX ceXcTeTg\ba cebVXff TaW \agXeaT_ fgehVgheX g[Ta cXei\bhf

VbaVeXgX+ IXei\bhf VbaVeXgX glc\VT__l VbagT\af T VX`Xag VbagXag eTaZ\aZ Yeb` /-$ gb 1-$ TaW \f fX_Y*

Vb`cTVgXW be Vb`cTVgXW hf\aZ _bjXe YbeVXf+ =hX gb g[X hfX bY eX_Tg\iX_l [\Z[Xe VX`Xag VbagXag) cXei\bhf

VbaVeXgX ZXaXeT__l Xk[\U\gf ZeXTgXe `XV[Ta\VT_ fgeXaZg[+ Ba VbageTfg) I<;F hfhT__l VbagT\af T VX`Xag

VbagXag bY 0$ gb .2$ TaW \f Vb`cTVgXW hf\aZ YbeVXf eTaZ\aZ Yeb` 0-- ^G gb 1-- ^G+ M[X hfX bY _bjXe

VX`Xag VbagXag \a I<;F eXfh_gf \a eXWhVXW `XV[Ta\VT_ fgeXaZg[) j[\_X g[X hfX bY [\Z[Xe Vb`cTVg\ba YbeVX

`Tl _XTW gb \aTWXdhTgX cXe`XTU\_\gl+ M[XeXYbeX) Tf Vb`cTeXW gb cXei\bhf VbaVeXgX) I<;Ff Xk[\U\g T `beX

\age\VTgX UT_TaV\aZ eX_Tg\baf[\c UXgjXXa `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl+ FbeXbiXe) g[X bcg\`T_

WXf\Za bY I<;Ff f[bh_W UX WXgXe`\aXW Ul ceXW\Vg\aZ g[X\e [lWeb*`XV[Ta\VT_ cebcXeg\Xf) fhV[ Tf

`XV[Ta\VT_ fgeXaZg[) cbebf\gl) TaW VbXYY\V\Xag bY cXe`XTU\_\gl) UTfXW ba _TUbeTgbel WXf\Za cTeT`XgXef 'X+Z+)

VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX(+ AbjXiXe) g[XeX VheeXag_l _TV^f eX_TgXW eXfXTeV[ fghW\Xf \a g[\f TeXT+

Ba bhe eXfXTeV[ fghWl) jX T\` gb WXf\Za T [\Z[*fgTaWTeW I<;F j\g[ `T\agT\aTU_X cXe`XTU\_\gl TaW

TW]hfgTU_X `XV[Ta\VT_ cebcXeg\Xf+ M[XeXYbeX) g[X hg\_\mTg\ba bY g[X I<;F Tf T VTfX fghWl be eXT_*jbe_W

Tcc_\VTg\ba XkT`c_X gb iT_\WTgX g[X cebcbfXW DL*:GG `bWX_ \f WXX`XW [\Z[_l eXceXfXagTg\iX TaW fh\gTU_X+

:f lbh abgXW) Tf cTeg bY bhe eXfXTeV[ jbe^) jX TeX \aiXfg\ZTg\aZ g[X bcg\`T_ WXf\Za bY VX`Xag*fgTU\_\mXW

eXVlV_XW TZZeXZTgX cXe`XTU_X UTfX `TgXe\T_f hf\aZ g[X DL*:GG YeT`Xjbe^+ Hhe YhgheX bU]XVg\iX \f gb

`Tk\`\mX g[X hfTZX 'be eX_Tg\iX VbagXag( bY eXVlV_XW TZZeXZTgXf Yeb` VbafgehVg\ba TaW WX`b_\g\ba jTfgXf

\a I<;Ff) j[\_X Xafhe\aZ g[Tg fhV[ WXf\ZaXW I<;F `TgXe\T_f fTg\fYl g[X eXdh\eXW `XV[Ta\VT_ fgeXaZg[ TaW

cXe`XTU\_\gl fgTaWTeWf+ <heeXag_l) g[\f eXfXTeV[ jbe^ [Tf VbaYebagXW fXiXeT_ V[T__XaZXf) j[\_X g[X DL*:GG

YeT`Xjbe^ [Tf c_TlXW T f\Za\Y\VTag eb_X \a TWWeXff\aZ TaW gTV^_\aZ g[XfX V[T__XaZXf+ :WW\g\baT__l) jX c_Ta

gb fhcc_X`Xag bhe Y\aW\aZf j\g[ TWW\g\baT_ WTgT Yeb` _TUbeTgbel gXfgf) ah`Xe\VT_ f\`h_Tg\baf) TaW eX_TgXW

fghW\Xf \a g[X _\gXeTgheX) j[\V[ j\__ Yheg[Xe WX`bafgeTgX g[X XYYXVg\iXaXff TaW XYY\V\XaVl bY g[X cebcbfXW DL*

:GG YeT`Xjbe^ \a ceTVg\VT_ XaZ\aXXe\aZ Tcc_\VTg\baf+ PX [bcX g[Tg lbhe VbaVXeaf [TiX UXXa TWWeXffXW

cebcXe_l+



Mb Tib\W Tal Yheg[Xe VbaYhf\baf) jX [TiX TWWXW g[X TYbeX`Xag\baXW Xkc_TaTg\baf \a g[X \agebWhVg\ba

fXVg\ba bY g[X eXi\fXW iXef\ba) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+

Pages 4 to 5, Lines 90 to 127:

tI<;F \f f\`\_Te gb cXei\bhf VbaVeXgX \a gXe`f bY g[X YTVg g[Tg \g T_fb VbaYebagf V[T__XaZXf \a UT_TaV\aZ

`XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl cebcXeg\Xf Whe\aZ g[X WXf\Za c[TfX+ >k\fg\aZ fghW\Xf `T\a_l YbVhfXW
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g[bfX `Xg[bWf \f gb eXWhVX g[X XkcXafXf TffbV\TgXW j\g[ _TUbeTgbel gXfgf TaW XkcXW\gX g[X `TgXe\T_ WXf\Za

cebVXff+ M[X UT_TaVX UXgjXXa `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl cebcXeg\Xf bY cXei\bhf VbaVeXgX \f T

VehV\T_ TeXT bY fghWl+ ;l hg\_\m\aZ WTgT*We\iXa `TV[\aX _XTea\aZ*UTfXW `Xg[bWf) \g UXVb`Xf cbff\U_X gb

XYY\V\Xag_l XiT_hTgX g[XfX cebcXeg\Xf TaW `\a\`\mX gXfg\aZ Vbfgf j[\_X Xa[TaV\aZ WXf\Za XYY\V\XaVl+ <heeXag_l)

`TV[\aX _XTea\aZ `bWX_f TeX ce\`Te\_l geT\aXW Ul XkgXaf\iX _TUbeTgbel gXfg WTgT gb XkcXW\gX g[X WXiX_bc`Xag

bY [\Z[*cXeYbe`TaVX cXe`XTU_X VbaVeXgX WXf\Zaf.6)/-+ AbjXiXe) g[X WXiX_bc`Xag bY `TV[\aX _XTea\aZ
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biXeVb`X g[XfX V[T__XaZXf) g[XeX \f T aXXW gb VeXTgX T Vbfg*XYYXVg\iX `TV[\aX _XTea\aZ `bWX_ g[Tg VTa

fgeXT`_\aX XkcXe\`XagTg\ba TaW XkcXW\gX g[X WXf\Za bY `TgXe\T_f+

:f Vb`cTeXW gb cXei\bhf VbaVeXgX) I<;Ff \aib_iX `beX \age\VTgX ceXcTeTg\ba cebVXffXf TaW \agXeaT_

fgehVgheXf+ IXei\bhf VbaVeXgX ZXaXeT__l VbagT\af /-$ gb 1-$ VX`Xag/.)// TaW \f fX_Y*Vb`cTVgXW be

Vb`cTVgXW Ul _bjXe Vb`cTVg\ba YbeVXf.5).6)/0+ =hX gb eX_Tg\iX_l [\Z[Xe VX`Xag VbagXag) cXei\bhf VbaVeXgX
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fgeXaZg[) j[\_X \aVeXTfXW Vb`cTVg\ba YbeVX `Tl eXfh_g \a \aTWXdhTgX cXe`XTU\_\gl bY g[X I<;F+ Q\Tb Xg T_+
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WXcg[ eXfXTeV[ \a g[\f TeXT fcXV\Y\VT__l Ybe cXe`XTU_X VX`Xag*fgTU\_\mXW UTfX `TgXe\T_f+ :f Vb`cTeXW gb
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VbXYY\V\Xag bY cXe`XTU\_\gl) Yeb` _TUbeTgbel WXf\Za cTeT`XgXef 'X+Z+) VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX(

TeX [\Z[_l \aW\fcXafTU_X Ybe bcg\`\m\aZ I<;F WXf\Za+ AbjXiXe) YXj fghW\Xf [TiX YbVhfXW ba g[\f fcXV\Y\V

TfcXVg+u
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geT\a\aZ g[X :GG `bWX_ j\g[ T fhUfgTag\T_ T`bhag bY ZXah\aX gXfg WTgT+ AXaVX) g[X cebcbfXW DL*:GG

`bWX_ [b_Wf g[XbeXg\VT_ eX_\TU\_\gl8 UXf\WXf) g[X DL*:GG `bWX_ eXWhVXf g[X XVbab`\V TaW g\`X Vbfgf g[Tg

TeX glc\VT__l TffbV\TgXW j\g[ VbaWhVg\aZ T _TeZX ah`UXe bY _TUbeTgbel gXfgf+ :WW\g\baT__l) g[\f `bWX_ [Tf

ZeXTg cbgXag\T_ \a eXT_*jbe_W XaZ\aXXe\aZ Tcc_\VTg\baf+ PX [bcX g[Tg lbhe VbaVXeaf [TiX UXXa TWWeXffXW

TWXdhTgX_l+

References



.+ FT) R+*S+ Xg T_+ :WTcg\iX De\Z\aZ*UTfXW YT\_heX cebUTU\_\gl Xfg\`Tg\ba Ybe `h_g\c_X eXfcbafXf+

KX_\TU\_\gl >aZ\aXXe\aZ % LlfgX` LTYXgl //5) .-544. '/-//(+

/+ @TeVoT*FTVoTf) >+ % NUXeg\a\) ?+ KXT_*g\`X ;TlXf\Ta WT`TZX \WXag\Y\VTg\ba XaTU_XW Ul fcTefX

I<>*De\Z\aZ `XgT*`bWX__\aZ Ybe Vbag\ahbhf LAF bY _TeZX*fVT_X V\i\_ XaZ\aXXe\aZ fgehVgheXf+ CbheaT_ bY

;h\_W\aZ >aZ\aXXe\aZ 26) .-2--1 '/-//(+

0+ SXaZ) I+) Lha) Q+) Qh) J+) E\) M+ % S[TaZ) M+ 0= cebUTU\_\fg\V _TaWf_\WX eha*bhg [TmTeW XiT_hTg\ba

Ybe dhTag\gTg\iX e\f^ TffXff`Xag checbfXf+ >aZ\aXXe\aZ @Xb_bZl /60) .-30-0 '/-/.(+

1+ Lha) Q+ Xg T_+ ?eb` cebUTU\_\fg\V UTV^ TaT_lfXf gb cebUTU\_\fg\V eha*bhg ceXW\Vg\baf bY _TaWf_\WXf7

: VTfX fghWl bY AX\YTaZgT\ gXeeTVX) @Tafh Iebi\aVX) <[\aT+ >aZ\aXXe\aZ @Xb_bZl /5-) .-262- '/-/.(+

2+ I\XeT_\f\) K+) <TiT_Teb) L+ A+ I+ % :ZhTWb) :+ =\fVeXgX X_X`Xag `bWX__\aZ bY `XV[Ta\VT_

UX[Ti\bhe bY cXei\bhf VbaVeXgX+ <X`Xag TaW <baVeXgX <b`cbf\gXf ..6) .-1--2 '/-/.(+

3+ I\XeT_\f\) K+) <TiT_Teb) L+ A+ I+ % :ZhTWb) :+ :WiTaVXW ah`Xe\VT_ TffXff`Xag bY g[X cXe`XTU\_\gl

bY cXei\bhf VbaVeXgX+ <X`Xag TaW <baVeXgX KXfXTeV[ .-/) .16r.3- '/-.4(+

4+ Oh) O+*A+) MeTa) ;+*O+) EX) ;+*:+ % GZhlXa) A+*J+ IeXW\Vg\ba bY g[X eX_Tg\baf[\c UXgjXXa fgeXaZg[

TaW cbebf\gl bY cXei\bhf VbaVeXgX7 : `\Veb`XV[Ta\VT_ \aiXfg\ZTg\ba+ FXV[Ta\Vf KXfXTeV[

<b``ha\VTg\baf ..5) .-046. '/-/.(+

5+ GZhlXa) ;+ M+) Bf[\^TjT) M+) S[h) R+) L\iT LhUeT`Ta\Ta) L+ % GZhlXa) M+*M+ GXj f\`c_\Y\XW

geTaf\Xag `Xg[bW Ybe WXgXe`\a\aZ g[X VbXYY\V\Xag bY cXe`XTU\_\gl bY hafTgheTgXW fb\_+ >aZ\aXXe\aZ @Xb_bZl

0--) .-3231 '/-//(+

'1( Lb`X `beX UTV^ZebhaW ba g[X DL `bWX_ Vbh_W UX cebi\WXW gb Xkc_T\a g[X VbaY_\Vg UXgjXXa [\Z[_l

TVVheTgX ceXW\Vg\baf TaW fgebaZ W\iXeZXaVX \aW\VTgXW \a E\aX .-2 gb E\aX .-3+ Ba TWW\g\ba) g[X FbagX <Te_b

VTa ZXaXeTgX fT`c_Xf UTfXW ba g[X W\fge\Uhg\ba YhaVg\ba bY WTgT \a ZXaXeT_+ P[Tg \f g[X checbfX bY hf\aZ

FTe^bi V[T\a9 I_XTfX V_Te\Yl+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ PX f\aVXeX_l

Tcb_bZ\mX Ybe g[X VbaYhf\ba VThfXW Ul g[X _TV^ bY WXgT\_XW Xkc_TaTg\ba bY g[X gXe` &fgebaZ W\iXeZXaVX&+ SXaZ

Xg T_+ '/-/.( TaW Lha Xg T_+ '/-/.( WX`bafgeTgXW g[Tg g[X ceXW\Vg\ba eXfh_gf bY g[X DL `bWX_ Wb abg VbaiXeZX

baVX g[Xl XkVXXW g[X Wb`T\a bY g[X eXT_ WTgT+ <bafXdhXag_l) gb XafheX VbaiXeZXaVX) g[Xl XfgTU_\f[XW T

Wb`T\a Ybe g[X `ba\gbe\aZ WTgT hfXW \a g[X DL `bWX_ Ybe g[X checbfX bY _TaWf_\WX [TmTeW TffXff`Xag+

LhUfXdhXag_l) g[Xl X`c_blXW g[X DL `bWX_ gb ZXaXeTgX i\eghT_ WTgT j\g[\a g[\f Wb`T\a+ PX T_fb



\aVbecbeTgXW g[X DL `bWX_ \agb bhe eXfXTeV[) Yb__bj\aZ g[X TYbeX`Xag\baXW Zh\WX_\aXf+ :f abgXW Ul SXaZ

Xg T_+ '/-/.() cheX FbagX <Te_b `Xg[bWf `Tl XkcXe\XaVX VbaiXeZXaVX \ffhXf+ Ha g[X bg[Xe [TaW) g[X FTe^bi

V[T\a FbagX <Te_b 'F<F<( `Xg[bW biXeVb`Xf g[\f cebU_X` Ul ZXaXeTg\aZ fT`c_Xf g[ebhZ[ eTaWb`

jTaWXe\aZ ba T FTe^bi V[T\a+ M[\f \agebWhVXf VbeeX_Tg\ba UXgjXXa g[X fT`c_Xf) _XTW\aZ gb \`cebiXW

TVVheTVl bY g[X Xfg\`TgXf TaW YTfgXe VbaiXeZXaVX+ M[XeXYbeX) g[X checbfX bY hf\aZ FTe^bi V[T\af \a g[X

be\Z\aT_ `TahfVe\cg \f gb `Tk\`\mX g[X VbaiXeZXaVX bY g[X Xfg\`TgXW WTgT+

PX TV^abj_XWZX g[Tg g[X WXfVe\cg\ba bY g[\f cebVXff \a bhe be\Z\aT_ `TahfVe\cg _TV^XW fhYY\V\Xag WXgT\_f)

TaW jX WXXc_l Tcb_bZ\mX Ybe g[\f VTeX_Xff `\fgT^X+ Ba g[X eXi\fXW `TahfVe\cg) jX [TiX TWWXW aXVXffTel

WXfVe\cg\baf bY g[X UTV^ZebhaW ^abj_XWZX) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ PX [bcX g[Tg lbhe VbaVXeaf

[TiX UXXa TWWeXffXW TWXdhTgX_l) TaW jX TeX Vb``\ggXW gb TWWeXff\aZ Tal Yheg[Xe VbaVXeaf lbh `Tl [TiX+

Page 7, Lines 182 to 185:

tAbjXiXe) TVVbeW\aZ gb g[X ceXi\bhf fghW\Xf Ul SXaZ Xg T_+ '/-/.(. TaW Lha Xg T_+ '/-/.(/) g[X

ceXW\Vg\ba eXfh_gf bY g[X DL `bWX_ `Tl abg VbaiXeZX bhgf\WX g[X Wb`T\a bY g[X eXT_ WTgT+u

References

.+ SXaZ) I+) Lha) Q+) Qh) J+) E\) M+ % S[TaZ) M+ 0= cebUTU\_\fg\V _TaWf_\WX eha*bhg [TmTeW XiT_hTg\ba

Ybe dhTag\gTg\iX e\f^ TffXff`Xag checbfXf+ >aZ\aXXe\aZ @Xb_bZl /60) .-30-0 '/-/.(+

/+ Lha) Q+ SXaZ) I+) E\) M+) PTaZ) L+) Xg T_+ ?eb` cebUTU\_\fg\V UTV^ TaT_lfXf gb cebUTU\_\fg\V eha*bhg

ceXW\Vg\baf bY _TaWf_\WXf7 : VTfX fghWl bY AX\YTaZgT\ gXeeTVX) @Tafh Iebi\aVX) <[\aT+ >aZ\aXXe\aZ

@Xb_bZl /5-) .-262- '/-/.(+

'2( ?be g[X VTfX fghWl bY I<;Ff) g[X eXT_ gXfg WTgT Yeb` g[eXX W\YYXeXag fgTg\V Vb`cTVg\ba YbeVXf) .--) .2-)

TaW /-- ^G) TaW g[X Vb`cTVg\ba YbeVX bY 0-- ^G \f hfXW Ybe ceXW\Vg\ba+ M[X VTfX \f b^Tl) Uhg fb`X bg[Xe

VTfXf \a g[X bhgchg TeX aba_\aXTe be Vb`c_\VTgXW VbaVXea\aZ g[X \achg \a W\YYXeXag eXZ\baf `Tl abg UX fh\gTU_X+

I_XTfX Xkc_T\a+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ M[X cebcbfXW

DL*:GG `bWX_ \a g[X be\Z\aT_ `TahfVe\cg Vbaf\WXeXW W\YYXeXag Vb`U\aTg\baf bY VX`Xag VbagXag TaW

Vb`cTVg\ba YbeVX Tf \achg cTeT`XgXef) j[\_X g[X haVbaY\aXW Vb`ceXff\iX fgeXaZg[) cbebf\gl) TaW VbXYY\V\Xag

bY cXe`XTU\_\gl TeX eXZTeWXW Tf bhgchg cTeT`XgXef+ M[X `T\a bU]XVg\iX bY DL*:GG jTf gb TWWeXff g[X \ffhX

bY _\`\gXW eXT_ WTgT TiT\_TU_X Yeb` _TUbeTgbel gXfgf) j[\V[ VTa f\Za\Y\VTag_l eXWhVX gXfg\aZ Vbfgf TaW g[hf



Xa[TaVX WXf\Za XYY\V\XaVl+ AXaVX) g[X DL :GG `bWX_ \f Tcc_\VTU_X j[XeXiXe g[X \achgf TaW bhgchgf TeX 

fh\gTU_X Ybe geTW\g\baT_ `TV[\aX _XTea\aZ `bWX_f ?be XkT`c_X) \a bhe eXVXag fghWl) jX \aiXfg\ZTgXW g[X 

cTeg\V_X Vehf[\aZ iT_hX '<O( bY T `\kgheX Ybe`XW hf\aZ aTgheT_ ZeTiX_ 'G@() eXVlV_XW `begTe 'KF() TaW 

eXVlV_XW Ue\V^ 'K;( cTeg\V_Xf) TaW eXVb``XaWXW g[X ̀ Tk\`h` TWW\g\ba cebcbeg\baf bY eXVlV_XW TZZeXZTgXf

'KF TaW K;( Ybe W\YYXeXag UTfX glcXf+ Mb TV[\XiX g[\f) jX hg\_\mXW g[X DL*:GG `bWX_ j\g[ eX_Tg\iX 

cebcbeg\baf bY G@) KF) TaW K; cTeg\V_Xf Tf \achgf TaW <O Tf g[X bhgchg+ M[X eXfh_gf bUgT\aXW Yeb` g[X 

`bWX_ cebi\WXW eXVb``XaWTg\baf Ybe g[X `Tk\`h` cebcbeg\ba bYbY eXVlV_XW TZZeXZTgXf Ybe W\YYXeXag 

[\Z[jTl ZeTWXf TaW UTfX glcXf+ M[XfX Y\aW\aZf TeX i\fhT__l fh``Te\mXW \a ?\ZheXf /4 TaW /5 Ybe \__hfgeTg\ba 

checbfX PX [bcX g[Tg lbhe VbaVXeaf [TiX UXXa TWWeXffXW TWXdhTgX_l) TaW jX TeX Vb``\ggXW gb TWWeXff\aZ 

Tal Yheg[Xe VbaVXeaf lbh `Tl [TiX

Fig. 27. =Xf\Za cTeTW\Z` Ybe g[X `Tk\`h` cebcbeg\baf bY W\YYXeXag glcXf bY TZZeXZTgXf fghW\XW haWXe 

Vb`cTVg\ba YbeVXf bY 'T( 1-- ^G TaW 'U( 0-- ^G



Fig. 28. =Xf\Za gXeaTel W\TZeT` Ybe eXVlV_XW TZZeXZTgX `\kgheXf fghW\XW haWXe Vb`cTVg\ba YbeVXf bY 'T(

1-- ^G TaW 'U( 0-- ^G

'3( Bg \f UXggXe gb Vb`cTeX g[X W\YYXeXaVX \a TVVheTVl UXgjXXa T `bWX_ geT\aXW ba g[X XkcTaWXW WTgTfXg TaW

T `bWX_ geT\aXW ba g[X XkcXe\`XagT_ WTgTfXg+ FbeXbiXe) iT_\WTg\ba f[bh_W UX cXeYbe`XW ba eXT_ WTgT gb iXe\Yl

g[X Tcc_\VTU\_\gl bY g[X `bWX_ \a g[X eXT_ jbe_W+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ BaWXXW) jX

Yh__l TZeXX j\g[ j[Tg lbh X`c[Tf\mXW+ :f lbh abgXW) gb iT_\WTgX g[X XYYXVg\iXaXff bY g[X cebcbfXW DL*:GG

`bWX_) jX Xah`XeTgXW g[X iT_\WTg\ba eXfh_gf ba Ubg[ XkgXaWXW WTgTfXg TaW eXT_ WTgTfXg+ M[X eXfh_gf ba g[X

XkgXaWXW WTgTfXg TeX f[bja \a ?\Z+ 5U) \aW\VTg\aZ g[X VbXYY\V\Xag bY WXgXe`\aTg\ba 'K/( iT_hX bY -+61+

L\`\_Te_l) g[X iT_\WTg\ba eXfh_gf bY g[X geT\aXW DL*:GG `bWX_ ba g[X eXT_\fg\V WTgTfXg TeX ceXfXagXW \a ?\Z+

.-U) eXiXT_\aZ g[X K/ iT_hX bY -+6/+ M[\f \`cebiX`Xag \a ceXW\Vg\ba TVVheTVl Ul /.$ biXe g[Tg bY g[X

geTW\g\baT_ :GG `bWX_ 'f[bja \a ?\Z+ .-T( WX`bafgeTgXf g[X XYY\VTVl TaW ceb`\f\aZ cbgXag\T_ bY g[X

cebcbfXW DL*:GG `bWX_+ M[XfX eXfh_gf Yheg[Xe VbaY\e` g[X Tcc_\VTU\_\gl TaW TVVheTVl bY g[X `bWX_ \a eXT_*

jbe_W fVXaTe\bf+ PX [bcX g[Tg lbhe VbaVXeaf [TiX UXXa TWWeXffXW TWXdhTgX_l) TaW jX TeX Vb``\ggXW gb

TWWeXff\aZ Tal Yheg[Xe VbaVXeaf lbh `Tl [TiX+

U+ :VghT_ ceXW\Vg\ba eXfh_gf Ybe T__ c[lf\VT_ \aW\VTgbe

?\Z+ 5 IeXW\Vg\ba eXfh_gf bY g[X DL*:GG `bWX_ ba g[X eXT_ _TUbeTgbel gXfg WTgTfXg



T+ IeXW\Vg\ba eXfh_gf bY :GG `bWX_ U+ IeXW\Vg\ba eXfh_gf bY DL*:GG `bWX_

?\Z+ .- IeXW\Vg\ba eXfh_gf bUgT\aXW Ul Ubg[ g[X geTW\g\baT_ :GG `bWX_ TaW g[X cebcbfXW DL*:GG `bWX_

'4( :eX iTe\TU_Xf eX_TgXW gb jbe^\aZ VbaW\g\baf T_fb eTaWb` iTe\TU_Xf j\g[ fcXV\Y\V W\fge\Uhg\baf9 Abj Wb

g[XfX VbaW\g\baf VbeeXfcbaW gb g[X c[lf\VT_ cTeT`XgXef fT`c_XW Yeb` g[X W\fge\Uhg\ba9 Abj VTa \g UX

iXe\Y\XW g[Tg fhV[ T VbeeXfcbaWXaVX \f Vbaf\fgXag j\g[ g[X TVghT_ VbaW\g\baf9

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ Ba g[\f cTcXe)

g[X WXf\Za cTeT`XgXef Wb abg Yb__bj T fcXV\Y\V `Tg[X`Tg\VT_,fgTg\fg\VT_ W\fge\Uhg\ba+ P[Xa \aiXfg\ZTg\aZ g[X

\`cTVg bY WXf\Za cTeT`XgXef '\+X+) VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX( ba `TgXe\T_ cebcXeg\Xf fhV[ Tf

`XV[Ta\VT_ fgeXaZg[) cbebf\gl) TaW VbXYY\V\Xag bY cXe`XTU\_\gl) \g \f \`cbegTag gb gT\_be g[X WXf\Za cTeT`XgXef

UTfXW ba g[X \agXaWXW hfX bY g[X `TgXe\T_ TaW g[X VbeeXfcbaW\aZ fcXV\Y\VTg\baf+ Ba g[\f fghWl) g[X Vb`cTVg\ba

YbeVX jTf fXg Tg g[eXX W\YYXeXag _XiX_f7 .-- ^G) .2- ^G) TaW /-- ^G+ M[\f TccebTV[ T__bjf Ybe g[X

XkT`\aTg\ba bY `TgXe\T_ cXeYbe`TaVX haWXe iTe\bhf WXf\Za cTeT`XgXef+ AbjXiXe) _TUbeTgbel gXfg eXfh_gf

bYgXa Xk[\U\g W\fcXef\gl be eTaWb`aXff haWXe WXY\aXW jbe^\aZ VbaW\g\baf+ Ba VTfXf j[XeX g[XeX \f Ta

TWXdhTgX ah`UXe bY eXc_\VTgX fcXV\`Xaf) T f\aZ_X fXg bY WXf\Za cTeT`XgXef `Tl VbeeXfcbaW gb `h_g\c_X gXfg

eXfh_gf) j[\V[ VTa UX Tgge\UhgXW gb g[X iTe\Tg\baf \a g[X \agXeaT_ fgehVgheXf bY \aW\i\WhT_ fcXV\`Xaf+

<bafXdhXag_l) T fXg bY WXf\Za cTeT`XgXef VbeeXfcbaW gb T fgTg\fg\VT_ W\fge\Uhg\ba bY T fcXV\Y\V gXfg eXfh_g

eTg[Xe g[Ta T f\aZ_X iT_hX+ M[XeXYbeX) jX \aWXXW Vbaf\WXeXW \a bhe fghWl g[\f VbeeXfcbaWXaVX Yeb` g[X

_TUbeTgbel gXfg fXghc) j[\V[ \f Vbaf\fgXag j\g[ g[X TVghT_ f\ghTg\ba+ PX [bcX g[Tg lbhe VbaVXeaf [TiX UXXa

TWWeXffXW TWXdhTgX_l) TaW jX TeX Vb``\ggXW gb TWWeXff\aZ Tal Yheg[Xe VbaVXeaf lbh `Tl [TiX+

'5( ?eb` g[\f eXfXTeV[) #T fgTg\fg\VT_ W\fge\Uhg\ba `bWX_ \f XfgTU_\f[XW hf\aZ TVghT_ _TUbeTgbel gXfg WTgT+ Bg \f

hfXW gb ZXaXeTgX \achg cTeT`XgXef Ybe FTe^bi <[T\a FbagX <Te_b 'F<F<( f\`h_Tg\baf TaW T ^e\Z\aZ*UTfXW



fheebZTgX `bWX_# BY g[X _TU gXfg eXfh_gf VTa UX hfXW gb bUgT\a g[X fgTg\fg\VT_ W\fge\Uhg\ba) j[Tg \f g[X checbfX

bY hf\aZ g[X DL `bWX_9 I_XTfX V_Te\Yl+ Bg fXX`f g[X :GG VTa UX Uh\_g j\g[bhg Tal \achg Yeb` g[X DL+ M[X

^Xl \f g[X F< fT`c_\aZ+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ :f lbh abgXW)

_TUbeTgbel gXfg eXfh_gf jXeX hfXW gb VbafgehVg TaW Y\g fgTg\fg\VT_ W\fge\Uhg\ba `bWX_f Ybe g[X haVbaY\aXW

Vb`ceXff\iX fgeXaZg[ '+() cbebf\gl 'I() TaW VbXYY\V\Xag bY cXe`XTU\_\gl 'D() j[XeXTf F<F< f\`h_Tg\baf

jXeX X`c_blXW gb ZXaXeTgX T _TeZX ah`UXe bY XkgXaWXW WTgTfXgf UTfXW ba g[X WXiX_bcXW fgTg\fg\VT_

W\fge\Uhg\ba `bWX_f+ AbjXiXe) ?\Z+ .W f[bjf g[Tg g[X F<F< f\`h_Tg\ba \aVeXTfXW g[X T`bhag bY WTgT Ybe

T gXfg eXfh_gf 'X+Z+) haVbaY\aXW Vb`ceXff\iX fgeXaZg[ '+() cbebf\gl 'I( TaW cXe`XTU\_\gl VbXYY\V\Xag 'D((+ Ha

g[X bg[Xe [TaW) ?\Z+ .X eXiXT_f g[Tg g[X checbfX bY g[X DL `bWX_ \f gb \aVeXTfX g[X ah`UXe bY WXf\Za

cTeT`XgXe Vb`U\aTg\baf 'X+Z+) VX`Xag VbagXag '<( TaW Vb`cTVg\ba YbeVX '?((+ De\Z\aZ*UTfXW fheebZTgX

`bWX_f VTa ceXW\Vg c[lf\VT_ \aWXkXf '+) I) D( Ybe W\YYXeXag WXf\Za cTeT`XgXe Vb`U\aTg\baf '<) ?(+ M[XeXYbeX)

g[X Vb`c_XgX WTgTfXg \f Vbaf\WXeXW Xae\V[XW ba_l TYgXe cXeYbe`\aZ fheebZTgX `bWX_\aZ UTfXW ba ^e\Z\aZ+ Ba

XffXaVX) F<F< \aVeXTfXf g[X WTgTfXg bY gXfg eXfh_gf Ybe T f\aZ_X WXf\Za cTeT`XgXe Vb`U\aTg\ba) j[\_X DL

\aVeXTfXf g[X ah`UXe bY WXf\Za cTeT`XgXe Vb`U\aTg\baf TVebff g[X Xag\eX fcTVX bY \agXeXfg+ M[X DL `bWX_

eX_\Xf ba g[X ZXaXeTg\ba bY g[X F<F< WTgTfXg Tf \gf \achgf+ <bafXdhXag_l) g[X bhgchg bY g[X DL `bWX_

Vb`ce\fXf T iTfg TeeTl bY jbe^\aZ VbaW\g\baf TaW g[X VbeeXfcbaW\aZ fgTg\fg\VT_ W\fge\Uhg\ba bY c[lf\VT_

\aW\VTgbef Ybe XTV[ VbaW\g\ba+ ;l hg\_\m\aZ g[\f bhgchg Tf g[X \achg Ybe g[X :GG `bWX_) T ebUhfg :GG `bWX_

VTa UX geT\aXW+ Bg \f Xi\WXag g[Tg eX_l\aZ fb_X_l ba g[X F<F< eXfh_gf Tf \achg Ybe g[X :GG jbh_W _XTW gb T

_\`\gXW T`bhag bY jbe^\aZ VbaW\g\baf TaW [\aWXe g[X TVVheTgX ceXW\Vg\ba bY c[lf\VT_ \aW\VTgbe Ybe iTe\bhf

Vb`U\aTg\baf bY VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX+ PX [bcX g[Tg g[X TUbiX eXfcbafXf [TiX TWWeXffXW

lbhe VbaVXeaf TWXdhTgX_l+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Yheg[Xe V_Te\Y\VTg\baf) jX TeX

Vb``\ggXW gb ZXgg\aZ g[X` TWWeXffXW cebcXe_l baVX TZT\a+



?\Z+ . IebcbfXW YeT`Xjbe^ Ybe hf\aZ T ^e\Z\aZ UTfXW fheebZTgX 'DL( `bWX_ gb T\W :GGf 'DL :GG( Ybe 

\`cebi\aZ g[X ceXW\Vg\ba TVVheTVl bY g[X I<F;vfvf fgeXaZg[ TaW VbXYY\V\Xag bY cXe`XTU\_\gl 'T( _TUbeTgbel 

gXfg\aZ cebVXWheX8 ' ( fgTg\fg\VT_ W\fge\Uhg\ba `bWX_f VbafgehVgXW hf\aZ _TUbeTgbel gXfg eXfh_gf8 ' ( F<F< 

f\`h_Tg\baf8 'W( g[X DL `bWX_ Uh\_g8 'X( DLDL `bWX_ f\`h_TgXW eXfh_gf8 TaW 'Y( g[X aXgjbe^ fgehVgheX bY g[X 

:GG `bWX_

'6( :eX g[X F<F< f\`h_Tg\baf bY g[X g[eXX c[lf\VT_ cTeT`XgXef cXeYbe`XW fXcTeTgX_l9 BY fb) [bj jTf g[X 

VbeeXfcbaWXaVX UXgjXXa g[X f\`h_Tg\ba eXfh_gf WXgXe`\aXW) \+X+) [bj jXeX g[X 0= VbbeW\aTgXf bY XTV[ cb\ag 

\a ?\ZheX 3 WXgXe`\aXW9 M[X `Te^Xef bY g[X cb\agf \a ?\ZheX 3 TeX W\YY\Vh_g gb W\fg\aZh\f[ TaW aXXW gb UX 

`bW\Y\XW+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf :f lbh abgXW) 

\a g[X be\Z\aT_ `TahfVe\cg) jX VbaWhVgXW fXcTeTgX F<F< f\`h_Tg\baf Ybe g[X g[eXX c[lf\VT_ cTeT`XgXef gb 

XfgTU_\f[ W\eXVg _\a^TZXf UXgjXXa `TgXe\T_ WXf\Za cTeT`XgXef '\+X+) VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX( 

TaW c[lf\VT_ cXeYbe`TaVX \aW\VTgbef 'haVbaY\aXW Vb`ceXff\iX fgeXaZg[) cbebf\gl) TaW VbXYY\V\Xag bY 

cXe`XTU\_\gl() eXfcXVg\iX_l+ IeXi\bhf fghW\Xf Ul Oh Xg T_+ '/-/.( TaW GZhlXa Xg T_+ '/-//( VbaY\e`XW g[X 



eX_Tg\baf[\c UXgjXXa g[X haVbaY\aXW Vb`ceXff\iX fgeXaZg[ TaW cbebf\gl bY cXei\bhf VbaVeXgX) j[\_X I\XeT_\f\

Xg T_+ '/-.4( XfgTU_\f[XW g[X _\a^TZX UXgjXXa g[X cbebf\gl TaW VbXYY\V\Xag bY cXe`XTU\_\gl+ M[XeXYbeX) baVX

g[X WXf\Za cTeT`XgXef TeX WXgXe`\aXW) g[X `XV[Ta\VT_ fgeXaZg[) cbebf\gl) TaW VbXYY\V\Xag bY cXe`XTU\_\gl

Xk[\U\g T VXegT\a VbeeXfcbaW\aZ eX_Tg\baf[\c) TaW F<F< f\`h_Tg\baf Wb abg T_gXe g[\f eX_Tg\baf[\c+

?heg[Xe`beX) g[X f\`h_Tg\ba eXfh_gf bY g[X F<F< `Xg[bW \a bhe `TahfVe\cg cebi\WX g[X WXf\Za cTeT`XgXef

VbeeXfcbaW\aZ gb g[X c[lf\VT_ cXeYbe`TaVX \aW\VTgbef+ M[X T\` jTf gb ceXW\Vg g[eXX \`cbegTag c[lf\VT_

cXeYbe`TaVX \aW\VTgbef hf\aZ gjb ^Xl WXf\Za cTeT`XgXef+ Ba ?\ZheX 3) g[X klm VbbeW\aTgXf eXceXfXag g[X

cbebf\gl 'I() VbXYY\V\Xag bY cXe`XTU\_\gl 'D() TaW haVbaY\aXW Vb`ceXff\iX fgeXaZg[ '}(+ M[X ZeTc[ f[bjf

g[X eXceXfXagTg\baf bY g[X cbebf\gl 'I() VbXYY\V\Xag bY cXe`XTU\_\gl 'D() TaW haVbaY\aXW Vb`ceXff\iX fgeXaZg[

'}( haWXe W\YYXeXag Vb`U\aTg\baf bY WXf\Za cTeT`XgXef+ M[X checbfX jTf gb bUfXeiX g[X fcTg\T_ W\fge\Uhg\baf

bY g[X c[lf\VT_ cXeYbe`TaVX \aW\VTgbef VbeeXfcbaW\aZ gb W\YYXeXag Vb`U\aTg\baf bY WXf\Za cTeT`XgXef+ ?be

XkT`c_X) Tf Ybe g[X fcXV\`Xa WXabgXW Tf t2*.--u '\+X+) j\g[ T VX`Xag VbagXag bY 2$ TaW T Vb`cTVg\ba YbeVX

bY .-- ^G() g[X cbebf\gl 'I( TaW VbXYY\V\Xag bY cXe`XTU\_\gl 'D( Xk[\U\g j\WXe W\fge\Uhg\baf g[Ta WbXf g[X

haVbaY\aXW Vb`ceXff\iX fgeXaZg[+ AbjXiXe) Ybe g[X fcXV\`Xa WXabgXW Tf t/-*/--u) g[X bccbf\gX cTggXea \f

bUfXeiXW+ Bg [Tf UXXa abgXW g[Tg g[X WTgT cb\agf \a ?\ZheX 3 TeX _TUX_XW gbb f`T__) `T^\aZ g[X` W\YY\Vh_g gb

W\fg\aZh\f[+ Mb TWWeXff g[\f) T eTaWb` fX_XVg\ba bY fb`X F<F< eXfh_g WTgT jTf hfXW gb eXWeTj ?\ZheX 3)

Xafhe\aZ g[Tg g[X fX_XVgXW WTgT TWXdhTgX_l eXceXfXag g[X fcTg\T_ W\fge\Uhg\ba V[TeTVgXe\fg\Vf+ M[X `bW\Y\XW

eXfh_gf bY ?\ZheX 3 TeX f[bja UX_bj+ PX [bcX g[Tg g[X TUbiX eXfcbafXf [TiX TWWeXffXW lbhe VbaVXeaf

TWXdhTgX_l+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb ZXgg\aZ

g[X` TWWeXffXW cebcXe_l baVX TZT\a+

Fig. 6 MCMC simulation results

Page 20, Lines 476 to 479:



t?\ZheX 3 ceXfXagf g[X F<F< f\`h_Tg\ba eXfh_gf+ Mb `T^X g[X _TUX_f \a g[X Y\ZheX V_XTe_l i\f\U_X) jX

eTaWb`_l fX_XVgXW T f`T__ ah`UXe bY F<F< eXfh_g WTgT cb\agf Ybe c_bgg\aZ+ Bg \f jbeg[ abg\aZ g[Tg g[X

eTaWb`_l fX_XVgXW WTgT cb\agf eXceXfXag g[X fcTg\T_ W\fge\Uhg\ba V[TeTVgXe\fg\Vf bY T__ g[X WTgT+u
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_XTea\aZ+ ?heg[Xe`beX) Tf cXe lbhe fhZZXfg\ba) jX [TiX \aV_hWXW aXVXffTel TWW\g\baT_ WXfVe\cg\baf \a g[X

_\gXeTgheX eXi\Xj fXVg\ba) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ PX [bcX g[Tg g[X TUbiX eXfcbafXf [TiX TWWeXffXW



lbhe VbaVXeaf TWXdhTgX_l+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Yheg[Xe V_Te\Y\VTg\baf) jX TeX

Vb``\ggXW gb ZXgg\aZ g[X` TWWeXffXW cebcXe_l baVX TZT\a+

Page 3, Lines 61 to 69:

t?heg[Xe) g[X cbch_Te\gl bY geTafYXe _XTea\aZ [Tf _XW gb g[X aXXW Ybe T _TeZX T`bhag bY eTj WTgTfXgf gb

geT\a iT_hTU_X jX\Z[g Y\_Xf bY geTafYXe _XTea\aZ.*1+ AbjXiXe) bUgT\a\aZ fhV[ WTgTfXgf \f bYgXa V[T__XaZ\aZ \a

g[X V\i\_ XaZ\aXXe\aZ Y\X_W WhX gb g[X g\`X*Vbafh`\aZ TaW _TUbe*\agXaf\iX aTgheX bY XkgXaf\iX Vb`c_Xk

_TUbeTgbel gXfgf \aib_iXW+ Ba VbageTfg) T `TV[\aX _XTea\aZ cTeTW\Z` UTfXW ba ^e\Z\aZ*UTfXW fheebZTgX

`bWX_\aZ T\WXW Teg\Y\V\T_ aXheT_ aXgjbe^f VTa UX hfXW gb Xae\V[ _\`\gXW WTgTfXgf+ M[\f TccebTV[ cebi\WXf

iT_hTU_X eXYXeXaVXf Ybe TWWeXff\aZ g[\f V[T__XaZX TaW XYYXVg\iX_l eXWhVXf g[X Vbfg bY VbafgehVg\aZ jX\Z[g\aZ

`bWX_f bY `\ZeTg\ba _XTea\aZ+u
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TWWeXffXW lbhe VbaVXeaf TWXdhTgX_l+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Yheg[Xe V_Te\Y\VTg\baf) jX

TeX Vb``\ggXW gb ZXgg\aZ g[X` TWWeXffXW cebcXe_l baVX TZT\a+

T+ IeXW\Vg\ba bY g[X `XTa iT_hXf bY XTV[ c[lf\VT_ cXeYbe`TaVX \aW\VTgbe U+ :VghT_ ceXW\Vg\ba eXfh_gf Ybe T__ c[lf\VT_ cXeYbe`TaVX \aW\VTgbe

Fig. 8 Prediction results of the KS-ANN model on the test dataset

Page 23, Lines 520 to 529:

tMb XiT_hTgX g[X ebUhfgaXff bY g[X DL*:GG `bWX_) T gXfg WTgTfXg jTf VeXTgXW hf\aZ g[X `XTa iT_hXf

bY iTe\bhf c[lf\VT_ cXeYbe`TaVX \aW\VTgbef bhgchg Ul g[X DL `bWX_ 'fXX ?\Z+ 5T(+ :WW\g\baT__l) Tabg[Xe gXfg

WTgTfXg jTf ZXaXeTgXW hf\aZ W\fVeXgX WTgT bY W\YYXeXag c[lf\VT_ cXeYbe`TaVX \aW\VTgbef bhgchg Ul g[X DL

`bWX_ 'fXX ?\Z+ 5U(+ M[XfX gXfg WTgTfXgf jXeX hfXW gb iXe\Yl g[X cXeYbe`TaVX bY g[X DL*:GG `bWX_+ M[X

eXfh_gf \a ?\ZheX 5T WX`bafgeTgX g[Tg g[X DL*:GG `bWX_ TVVheTgX_l ceXW\Vgf g[X `XTa bY g[X WTgT bhgchg

UTfXW ba g[X DL `bWX_) j\g[ g[X VbXYY\V\Xag bY WXgXe`\aTg\ba 'K/( iT_hX bY -+66+ M[XfX Y\aW\aZf VbaY\e`

g[X eX_\TU\_\gl bY g[X haU\TfXW Xfg\`Tg\ba bY g[X DL `bWX_ \a fheebZTgX `bWX_\aZ+ FbeXbiXe) g[X eXfh_gf \a

?\ZheX 5U \aW\VTgX g[Tg g[X DL*:GG `bWX_ eXfh_gf \a g[X K/ iT_hX bY -+61 j[Xa ceXW\Vg\aZ g[X W\fVeXgX

W\fge\Uhg\ba bY WTgT) Yheg[Xe fhccbeg\aZ g[X ebUhfgaXff bY g[X DL*:GG `bWX_+u
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WTgT gb ceXW\Vg ^Xl cebcXeg\Xf bY cbebhf VX`Xag*UTfXW VbaVeXgX `TgXe\T_f+ PX fgebaZ_l UX_\XiX g[Tg g[\f \f

g[X Y\efg \afgTaVX bY T WTgT Xae\V[`Xag gXV[a\dhX X`cbjXe\aZ T `TV[\aX _XTea\aZ `bWX_ Tcc_\XW gb

VbaiXag\baT_ cXei\bhf VbaVeXgX+ P[\_X \g ceXfXagf \agXeXfg\aZ TfcXVgf) g[XeX TeX VXegT\a haV_XTe cb\agf g[Tg

eXdh\eX eXi\f\ba) Tf bhg_\aXW UX_bj7

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf) Tf lbhe cbf\g\iX

Vb`c_\`Xag TaW VbafgehVg\iX Vb``Xagf abg ba_l XaVbheTZXW hf Uhg T_fb f\Za\Y\VTag_l Vbage\UhgXW gb

\`cebi\aZ g[X dhT_\gl bY bhe `TahfVe\cg+ PX TeX ZeTgXYh_ gb lbhe cb\ag\aZ bhg g[Tg g[XeX jXeX fg\__ fb`X

haV_XTe cb\agf \a bhe be\Z\aT_ `TahfVe\cg g[Tg eXdh\eXW Yheg[Xe eXi\f\baf+ :f cXe lbhe fhZZXfg\baf) jX [TiX

g[bebhZ[_l eXi\fXW TaW \`cebiXW g[X `TahfVe\cg) Tf lbh `Tl Y\aW Yeb` g[X eXi\fXW iXef\ba+ PX [bcX g[Tg

g[X eXi\fXW iXef\ba jbh_W abg ba_l TWWeXff lbhe VbaVXeaf TaW V_XTe lbhe WbhUgf) Uhg T_fb jbh_W fTg\fYl g[X

e\Zbebhf eXdh\eX`Xagf TaW [\Z[ fgTaWTeWf bY g[\f ceXfg\Z\bhf ]bheaT_+ HaVX TZT\a) jX f\aVXeX_l g[Ta^ lbh

Ybe lbhe eXi\Xj Vb``Xagf+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX

Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+

p I_XTfX XafheX g[X `TahfVe\cg \aV_hWXf cTZX ah`UXef Ybe XTf\Xe eXYXeXaV\aZ TaW eXi\Xj+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ PX f\aVXeX_l

Tcb_bZ\mX Ybe g[\f VTeX_Xff `\fgT^X+ Ba g[X eXi\fXW iXef\ba) jX [TiX XafheXW g[Tg Ubg[ cTZX TaW _\aX ah`UXef

TeX \aV_hWXW cebcXe_l+

p Ba g[X #BagebWhVg\ba# fXVg\ba) gb Xa[TaVX g[X eXi\Xj bY #ah`Xe\VT_ f\`h_Tg\baf Ybe cXei\bhf VbaVeXgX)# B

eXVb``XaW V\g\aZ eXVXag chU_\VTg\baf 'X+Z+) .-+.-.3,]+`XV[eXfVb`+/-/.+.-046.8

.-+.-.3,]+VfV`+/-//+X--613( eX_TgXW gb ?>F be `h_g\fVT_X `bWX_\aZ bY cXei\bhf VbaVeXgX fgeXaZg[+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ PX f\aVXeX_l

Tcb_bZ\mX Ybe `\ff\aZ fb`X bY g[X _TgXfg chU_\VTg\baf ba Y\a\gX X_X`Xag be `h_g\fVT_X `bWX_\aZ bY cXei\bhf

VbaVeXgX+ :f cXe lbhe eXVb``XaWTg\ba) jX [TiX g[bebhZ[_l eXi\XjXW g[X cXeg\aXag fghW\Xf \a g[X _\gXeTgheX+

?be \afgTaVX) Oh Xg T_+ '/-/.( YbVhfXW ba g[X [b`bZXa\mTg\ba gXV[a\dhX TaW \gf Tcc_\VTg\ba \a VbafgehVg\aZ

T ceXW\Vg\ba `bWX_ Ybe g[X fgeXaZg[ TaW cbebf\gl bY cXei\bhf VbaVeXgX+ M[X\e eXfXTeV[ jbe^ cebi\WXf T

eX_\TU_X TaW TVVheTgX `Xg[bW Ybe TffXff\aZ g[X fgeXaZg[ TaW cXe`XTU\_\gl bY cXei\bhf VbaVeXgX \a XaZ\aXXe\aZ

ceTVg\VX+ GZhlXa Xg T_+ '/-//( Yheg[Xe WXiX_bcXW T ah`Xe\VT_ `bWX_ g[Tg \aVbecbeTgXf g[X fgTg\fg\VT_



W\fge\Uhg\ba bY T VbaVeXgX fgehVgheX+ M[X\e `bWX_ fcXV\Y\VT__l T\`f gb TaT_lmX g[X VbeeX_Tg\ba UXgjXXa g[X

Y_XkheT_ fgeXaZg[ TaW cbebf\gl bY cXei\bhf VbaVeXgX) T__bj\aZ Ybe T UXggXe haWXefgTaW\aZ bY \gf Y_XkheT_

WT`TZX UX[Ti\be+ M[X fghWl T_fb [\Z[_\Z[gXW g[X \`cbegTaVX bY cbeX fgehVgheX \a WXgXe`\a\aZ g[X `XV[Ta\VT_

fgeXaZg[ bY cXei\bhf VbaVeXgX+ M[\f Y\aW\aZ X`c[Tf\mXf g[X aXXW gb Vbaf\WXe g[X cbeX `bec[b_bZl Whe\aZ

g[X WXf\Za fgTZX gb `XXg g[X WXf\eXW `XV[Ta\VT_ fgeXaZg[ eXdh\eX`Xagf+ Ba TWW\g\ba) g[X TUbiX eXYXeXaVXf TeX

eX_XiTag gb g[X _\gXeTgheX eXi\Xj fXVg\ba bY bhe `TahfVe\cg \a gXe`f bY ah`Xe\VT_ f\`h_Tg\ba `Xg[bWf Ybe

cXei\bhf VbaVeXgX) cebi\W\aZ iT_hTU_X \af\Z[gf \agb g[X aba_\aXTe WT`TZX cebVXff TaW ib\W U_bV^\aZ

`XV[Ta\f` bY cXe`XTU_X VX`Xag*fgTU\_\mXW UTfX `TgXe\T_f Ybe bhe YhgheX fghW\Xf+ M[XeXYbeX) jX [TiX V\gXW

g[bfX eX_XiTag fghW\Xf \a g[X \agebWhVg\ba fXVg\ba bY g[X eXi\fXW `TahfVe\cg) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+

HaVX TZT\a) jX f\aVXeX_l g[Ta^ lbh Ybe lbhe eXi\Xj Vb``Xagf+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX

Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+

Pages 4, Lines 98 to 104:

tBa _\Z[g bY fhV[ WXY\V\XaVl) T iTe\Xgl bY T_gXeaTg\iX `Xg[bWf jXeX X`c_blXW gb XiT_hTgX `XV[Ta\VT_

fgeXaZg[ TaW \aY\_geTg\ba cebcXeg\Xf bY cXei\bhf VbaVeXgX) \aV_hW\aZ g[X eTaWb` _Tgg\VX W\fVeXgX cTeg\V_X

`Xg[bW.) W\fVeXgX X_X`Xag `Xg[bW '=>F(/*1) Y\a\gX X_X`Xag `Xg[bW '?>F(2)3) Vb`chgTg\baT_ Y_h\W

WlaT`\Vf '<?=( `Xg[bW4 TaW bg[Xe fX_Y*WXiX_bcXW ah`Xe\VT_ f\`h_Tg\ba `Xg[bWf5*.-+ M[X T\` bY g[bfX

`Xg[bWf \f gb eXWhVX g[X XkcXafXf TffbV\TgXW j\g[ _TUbeTgbel gXfgf TaW XkcXW\gX g[X `TgXe\T_ WXf\Za

cebVXff+u
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[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ PX f\aVXeX_l

Tcb_bZ\mX Ybe g[X T`U\Zh\gl TaW VbaYhf\ba VThfXW Ul \`cebcXe beZTa\mTg\ba bY VXegT\a VbagXkgf+ :f cXe lbhe

VbafgehVg\iX Vb``Xag) jX [TiX eXVbaf\WXeXW bhe ceXi\bhf TccebTV[ bY ceXfXag\aZ g[X T_eXTWl ghaXW :GG

`bWX_ W\eXVg_l \a g[X fXVg\ba ce\be gb WTgT Vb__XVg\ba+ PX TV^abj_XWZX g[Tg g[\f `Tl [TiX VThfXW VbaYhf\ba)

TaW jX TcceXV\TgX lbhe ^\aW eX`\aWXe+ :YgXe T g[bebhZ[ WX_\UXeTg\ba) jX [TiX WXV\WXW gb eX_bVTgX g[X

VbeeXfcbaW\aZ WXfVe\cg\ba cTeg gb g[X UXZ\aa\aZ bY fXVg\ba 1+0) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ M[\f

TW]hfg`Xag \f aXVXffTel UXVThfX g[X WTgT Vb__XVg\ba cebVXWheX jTf W\fVhffXW \a g[X ceXVXW\aZ fXVg\ba+ PX

[bcX g[Tg g[\f eXi\f\ba TWWeXffXf lbhe VbaVXea TaW jX f\aVXeX_l g[Ta^ lbh Ybe lbhe Vbage\Uhg\ba+ BY lbh

[TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe

aXVXffTel+

Page 23, Lines 509 to 514:



t1+0 :aT_lf\f bY g[X ceXW\Vg\ba eXfh_gf bY g[X DL*:GG `bWX_f

?be Ta :GG `bWX_) g[X ZeXTgXfg V[T__XaZX \f gb WXgXe`\aX g[X iT_hXf bY g[X cTeT`XgXef \a g[X [\WWXa

_TlXef+ AXeX\a) g[X ge\T_ TaW Xeebe fgeTgXZl jXeX hfXW gb Vbag\ahbhf_l TW]hfg g[X cTeT`XgXef \a g[X [\WWXa

_TlXef gb `\a\`\mX g[X ceXW\Vg\ba Xeebe bY g[X :GG `bWX_+ :YgXe Y\aX gha\aZ g[bfX cTeT`XgXef) g[X ah`UXe

bY [\WWXa _TlXef \a g[X :GG `bWX_ jTf WXgXe`\aXW gb UX 0) j\g[ XTV[ [\WWXa _TlXe VbagT\a\aZ ./5 aXhebaf+u

p Fbi\aZ gb cTZX .-) fXVg\ba 0+.) jX [TiX dhXe\Xf VbaVXea\aZ g[X cTeT`XgXe bY fgTg\V ceX*Vb`cTVg\ba

eTaZ\aZ Yeb` 2- ^G gb 0-- ^G+ Ba TVghT_\gl) g[X eb_X bY Vb`cTVg\ba XaXeZl Ybe cXei\bhf VbaVeXgX TaW \gf

TffbV\TgXW `TV[\aX _XTea\aZ `bWX_f TeX g[bebhZ[_l W\fVhffXW \a EX Xg T_+ /-// '.-+.--4,f.//-2*-//*.6.5*

m() cebi\W\aZ T V_XTe eXi\Xj bY g[\f gbc\V+ FbeXbiXe) g[X Vb`cTVg\ba _XiX_f) Tf fhZZXfgXW \a :LMF

<.355,<.355F) TeX WXe\iXW Yeb` Lh`TaTfbbe\lT Xg T_+ /-.. '.-+.-.3,]+VX`VbaVb`c+/-..+-3+--/( TaW

fXiXeT_ fhUfXdhXag fbheVXf+ Bg eX`T\af haV_XTe j[l g[X Thg[bef V[bfX g[XfX iT_hXf VbeeXfcbaW\aZ gb T fgXX_

j[XX_ eb__Xe \afgXTW bY g[X glc\VT__l hfXW TiXeTZX Vb`cTVg\ba XaXeZl+ Bg jbh_W UX UXaXY\V\T_ gb V\gX

TeZh`Xagf fhccbeg\aZ g[\f V[b\VX) Ybe \afgTaVX) Ul eXYXeXaV\aZ eX_XiTag _\gXeTgheX+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ :f lbh abgXW)

EX Xg T_+ '/-//( TaW Lh`TaTfbbe\lT Xg T_+ '/-..( XkgXaf\iX_l W\fVhffXW g[X Vb`cTVg\ba cXeYbe`TaVX bY

cXei\bhf VbaVeXgX TaW WXiX_bcXW iTe\bhf `TV[\aX _XTea\aZ `bWX_f gb ceXW\Vg \gf Vb`ceXff\iX fgeXaZg[ TaW

ib\W eTg\b+ :WW\g\baT__l) g[bebhZ[ \aiXfg\ZTg\baf [TiX UXXa VbaWhVgXW ba g[X \`cTVg bY Vb`cTVg\ba ba g[X

cbeX fgehVgheX V[TeTVgXe\fg\Vf bY cXei\bhf VbaVeXgX+ M[XfX fghW\Xf cebi\WX iT_hTU_X eXYXeXaVXf Ybe g[X

VbafgehVg\ba bY bhe be\Z\aT_ `TahfVe\cg+ AbjXiXe) ha_\^X cXei\bhf VbaVeXgX) cXe`XTU_X VX`Xag*fgTU\_\mXW

eXVlV_XW TZZeXZTgX UTfX `TgXe\T_f eXdh\eX ZeXTgXe Vb`cTVg\ba YbeVX gb XafheX fgehVgheT_ fgTU\_\gl+ Hhe \a*

WXcg[ Y\X_W fghW\Xf \a g[X eXT_*jbe_W XaZ\aXXe\aZ VbafgehVg\ba f\gXf [TiX eXiXT_XW g[Tg \a beWXe gb ceXiXag

_TeZX*fVT_X TZZeXZTgX cTeg\V_X `\ZeTg\ba TaW XafheX fgTU_X TW[XeXaVX bY VX`Xag cTfgX gb g[X TZZeXZTgX

fheYTVXf) Y\X_W Vb`cTVg\ba aXXWf gb \aib_iX ghea\aZ bYY g[X i\UeTgbel Vb`cTVg\ba cbeg\ba bY g[X eb__Xe TaW

eX_l\aZ fb_X_l ba fgTg\V Vb`cTVg\ba ceXffheX+ M[XeXYbeX) g[X cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX

UTfX `TgXe\T_ jTf Vb`cTVgXW hf\aZ T `Tk\`h` fgTg\V Vb`cTVg\ba YbeVX bY 0-- ^G+ ?heg[Xe`beX) g[X

ceXi\bhf fghWl ba ZleTgbel Vb`cTVg\ba hg\_\mXW Tcc_\XW iXeg\VT_ _bTWf gb f\`h_TgX g[X Vb`cTVg\ba YbeVX bY

T eXT_ eb__Xe 'Q\Tb Xg T_+) /-/.(+ ;TfXW ba g[\f \afc\eTg\ba) jX WXV\WXW gb hg\_\mX g[X fgTg\V Vb`cTVg\ba YbeVX

TffbV\TgXW j\g[ g[X eb__Xe Tf g[X Vb`cTVg\ba YbeVX Ybe _TUbeTgbel fT`c_X ceXcTeTg\ba+ M[\f TccebTV[ T__bjXW

hf gb \aiXfg\ZTgX g[X V[TaZXf \a g[X `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl bY g[X fcXV\`Xaf haWXe iTe\bhf

Vb`cTVg\ba ceXffheX VbaW\g\baf) T\`\aZ gb XfgTU_\f[ T fgebaZ VbeeX_Tg\ba j\g[ Y\X_W Vb`cTVg\ba fVXaTe\bf+

PX f\aVXeX_l Tcb_bZ\mX Ybe Tal \aVbaiXa\XaVX VThfXW Ul bhe VTeX_Xff `\fgT^X \a abg g[bebhZ[_l eXi\Xj\aZ

g[\f TfcXVg+ :f cXe lbhe eXVb``XaWTg\ba) jX [TiX TWWXW aXVXffTel Xkc_TaTg\baf TaW ]hfg\Y\VTg\baf \a g[X

eX_TgXW fXVg\ba bY g[X eXi\fXW `TahfVe\cg) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ PX [bcX g[Tg g[\f eXi\f\ba



TWWeXffXf lbhe VbaVXea TaW jX f\aVXeX_l g[Ta^ lbh Ybe lbhe Vbage\Uhg\ba+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf

be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+

Pages 4 to 5, Lines 113 to 122:

t:f Vb`cTeXW gb cXei\bhf VbaVeXgX) I<;Ff \aib_iX `beX \age\VTgX ceXcTeTg\ba cebVXffXf TaW \agXeaT_

fgehVgheXf+ IXei\bhf VbaVeXgX ZXaXeT__l VbagT\af /-$ gb 1-$ VX`Xag.)/ TaW \f fX_Y*Vb`cTVgXW be Vb`cTVgXW

Ul _bjXe Vb`cTVg\ba YbeVXf0*2+ =hX gb eX_Tg\iX_l [\Z[Xe VX`Xag VbagXag) cXei\bhf VbaVeXgX hfhT__l Xk[\U\gf

ZeXTgXe `XV[Ta\VT_ fgeXaZg[8 VbaiXefX_l) I<;F glc\VT__l VbagT\af 0$ gb .2$ VX`Xag3 TaW \f Vb`cTVgXW

Ul YbeVXf hc gb 0-- ^G+ M[X eXWhVXW VX`Xag VbagXag _XTWf gb WXVeXTfXW `XV[Ta\VT_ fgeXaZg[) j[\_X \aVeXTfXW

Vb`cTVg\ba YbeVX `Tl eXfh_g \a \aTWXdhTgX cXe`XTU\_\gl bY g[X I<;F+ Q\Tb Xg T_+ '/-/.( XfgTU_\f[XW T

ceX_\`\aTel _\a^TZX UXgjXXa Y\X_W TaW _TUbeTgbel `TgXe\T_ Vb`cTVg\ba Ul W\eXVg_l Tcc_l\aZ Y\X_W

Vb`cTVg\ba YbeVX _XiX_f \a _TUbeTgbel fcXV\`Xa Vb`cTVg\ba4+ AbjXiXe) g[XeX fg\__ _TV^f \a*WXcg[ eXfXTeV[

\a g[\f TeXT fcXV\Y\VT__l Ybe cXe`XTU_X VX`Xag*fgTU\_\mXW UTfX `TgXe\T_f+u

References

.+ I\XeT_\f\) K+) <TiT_Teb) L+ A+ I+ % :ZhTWb) :+ =\fVeXgX X_X`Xag `bWX__\aZ bY g[X YeXf[ fgTgX

UX[Ti\be bY cXei\bhf VbaVeXgX+ <X`Xag TaW <baVeXgX KXfXTeV[ 6-) 3r.5 '/-.3(+
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Wb\7.-+.--4,f.0036*-/0*-5063*/+

2+ EX) ;+*:+ Xg T_+ IeXW\Vg\aZ g[X <b`ceXff\iX LgeXaZg[ TaW g[X >YYXVg\iX Ibebf\gl bY IXei\bhf

<baVeXgX Nf\aZ FTV[\aX EXTea\aZ FXg[bWf+ DL<> C <\i >aZ /3) 1331r1346 '/-//(+

3+ =baZ) J+) S[XaZ) =+) S[Tb) Q+) <[Xa) Q+ % <[Xa) R+ FXfbfVT_X ah`Xe\VT_ f\`h_Tg\ba bY YeTVgheX

bY VX`Xag geXTgXW UTfX `TgXe\T_ Whe\aZ fX`\ V\eVh_Te UXaW\aZ gXfg j\g[ W\fVeXgX X_X`Xag `bWX_+

<bafgehVg\ba TaW ;h\_W\aZ FTgXe\T_f /3.) ..665. '/-/-(+



4+ RhTa]\X Q\Tb Xg T_+ >iT_hTg\aZ @leTgbel <b`cTVg\ba <[TeTVgXe\fg\Vf bY NaUbhaW IXe`XTU_X

:ZZeXZTgX ;TfX FTgXe\T_f Yeb` FXfb*LVT_X ITeg\V_X FbiX`Xag FXTfheXW Ul L`Teg LXaf\aZ MXV[ab_bZl+

FTgXe\T_f .1) 1/54 '/-/.(+

p M[X gjb `bfg \aY_hXag\T_ cTeT`XgXef V[TeTVgXe\m\aZ cXei\bhf VbaVeXgX TeX glc\VT__l g[X jTgXe,U\aWXe eTg\b

TaW TZZeXZTgX f\mX+ AbjXiXe) \a g[\f cTcXe) g[XfX cTeT`XgXef TeX [X_W VbafgTag+ M[X Thg[bef `\Z[g Vbaf\WXe

TWWeXff\aZ g[\f \a g[X\e TaT_lf\f+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ :f lbh abgXW)

Ubg[ `XV[Ta\VT_ fgeXaZg[ TaW `\VebfVbc\V TaW `Xfb*fVT_X fgehVgheXf bY cXei\bhf VbaVeXgX TeX \aWXXW

\aY_hXaVXW Ul g[X jTgXe,U\aWXe eTg\b TaW TZZeXZTgX f\mX+ Mb haWXefgTaW g[X \`cTVg bY g[XfX cTeT`XgXef) \g \f

bYgXa aXVXffTel gb VbaWhVg _TUbeTgbel gXfgf j\g[ `h_g\c_X Vbageb_ iTe\TU_Xf TaW TaT_lmX g[X haWXe_l\aZ

`XV[Ta\f`f \aib_iXW+ M[X YbVhf bY g[\f fghWl jTf gb WXiX_bc T DL*:GG YeT`Xjbe^ g[Tg Xa[TaVXf g[X

ceXW\Vg\ba TVVheTVl Ybe f`T__ WTgTfXgf+ :f T VTfX fghWl gbjTeWf cbgXag\T_ XaZ\aXXe\aZ Tcc_\VTg\baf) g[X

ceXW\Vg\ba bY g[X `XV[Ta\VT_ fgeXaZg[ TaW cXe`XTU\_\gl bY cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX

UTfX `TgXe\T_ jTf fX_XVgXW TaW XkT`\aXW+ M[X bU]XVg\iX bY g[\f VTfX fghWl jTf gb XfgTU_\f[ W\eXVg

VbeeX_Tg\baf UXgjXXa _TUbeTgbel WXf\Za cTeT`XgXef '\+X+) ba_l VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX Tg g[\f

VheeXag fgTZX( TaW c[lf\VT_ cXeYbe`TaVX \aW\VTgbef '\+X+) VheeXag_l haVbaY\aXW Vb`ceXff\iX fgeXaZg[)

cbebf\gl) TaW VbXYY\V\Xag bY cXe`XTU\_\gl(+ M[X bcg\`T_ `TgXe\T_ WXf\Za cTeT`XgXef jXeX g[Xa bUgT\aXW

W\eXVg_l Yeb` g[X ceXfVe\UXW iT_hXf bY g[X c[lf\VT_ cXeYbe`TaVX \aW\VTgbef+ Ba bhe be\Z\aT_ `TahfVe\cg) g[X

cTeT`XgXef bY g[X jTgXe,U\aWXe eTg\b TaW TZZeXZTgX f\mX jXeX [X_W VbafgTag be Y\kXW) bY j[\V[ g[X

Xkc_TaTg\baf TaW ]hfg\Y\VTg\baf [TiX UXXa TWWXW \a g[X eXi\fXW `TahfVe\cg) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+

Ba YTVg) bhe baZb\aZ eXfXTeV[ jbe^ [Tf YbVhfXW ba g[X Vb`c_Xk \aY_hXaV\aZ `XV[Ta\f`f bY g[X

jTgXe,U\aWXe eTg\b TaW TZZeXZTgX f\mX ba g[X `XV[Ta\VT_ fgeXaZg[ TaW `\VebfVbc\V,`Xfb*fVT_X fgehVgheXf bY

VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX UTfX `TgXe\T_f+ LhUfXdhXag `TahfVe\cgf haWXejTl j\__ ceXfXag

WXgT\_XW TaT_lf\f eXfh_gf \a fhV[ TfcXVgf+ ?be \afgTaVX) bhe eXVXag_l Vb`c_XgXW `TahfVe\cg X`c[Tf\mXf g[X

dhTag\gTg\iX V[TeTVgXe\mTg\ba bY g[X `\VebfVbc\V,`Xfb*fVT_X fgehVgheXf bY VX`Xag Ue\WZXf TaW ib\Wf j\g[\a

cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX UTfX `TgXe\T_f) Tf WXc\VgXW \a g[X Y\ZheX UX_bj+ Ba XffXaVX)

jX TV[\XiXW g[\f Ul Vb`U\a\aZ Q*eTl <M gXV[a\dhX TaW WXXc _XTea\aZ T_Zbe\g[`f gb Xkc_beX g[X \aY_hXaVXf

bY VX`Xag VbagXag TaW Vb`cTVg\ba YbeVX ba g[X fcTg\T_ W\fge\Uhg\ba bY VX`Xag Ue\WZXf) g[X Xib_hg\ba bY ib\W

`bec[b_bZl) TaW g[X cXe`XTU\_\gl V[TeTVgXe\fg\Vf+ PX [bcX g[Tg g[X TUbiX eXfcbafXf TaW g[X baZb\aZ

eXfXTeV[ jbe^ haWXejTl jbh_W TWWeXff lbhe VbaVXeaf TaW fTg\fYl lbhe eXdh\eX`Xagf+ BY lbh [TiX Tal

Yheg[Xe dhXfg\baf be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+



?\Z+ . @eTc[\VT_ :UfgeTVg bY g[X hcVb`\aZ Teg\V_X XaXag\g_XW #JhTag\gTg\iX :ffXff`Xag bY <X`Xag ;e\WZXf 

TaW Ob\Wf \a <X`Xag LgTU\_\mXW IXe`XTU_X ;TfX FTgXe\T_f Nf\aZ T FTf^ K*<GG*;TfXW <M B`TZX 

LXZ`XagTg\ba LgeTgXZl#

Page 15, Lines 374 to 375

tM[hf) g[X eTaZX bY TZZeXZTgX f\mXf hfXW \a g[\f fghWl jTf Y\kXW Yeb` 1+42 `` gb /3+2 ``) TaW g[X 

jTgXe VX`Xag eTg\b jTf Y\kXW Tg -+1+u

p M[X XkcXe\`XagT_ WTgT Ybe cXei\bhf VbaVeXgX \f ^abja gb UX [\Z[_l W\iXefX WhX gb g[X \aY_hXaVX bY cbeX 

fgehVgheX+ GbgTU_l) g[\f cTcXe&f eXfh_gf TeX UTfXW ba ba_l 6 fT`c_Xf j\g[ gjb \aWXcXaWXag \achgf+ Bg jbh_W 

UX UXaXY\V\T_ Ybe g[X Thg[bef gb Vb``Xag ba g[\f _\`\gTg\ba+ M[Xl Vbh_W Vbaf\WXe hg\_\m\aZ _TeZXe WTgT 

Vb__XVg\baf TiT\_TU_X \a Xk\fg\aZ _\gXeTgheX) fhV[ Tf g[bfX Yeb` S[TaZ Xg T_+ /-/- *



.-+.-.3,]+VbaUh\_W`Tg+/-/-+..55-0 be EX Xg T_+ /-/0 * .-+.--4,f.0036*-/0*-5063*/) gb Xa[TaVX g[X

ebUhfgaXff bY g[X\e Y\aW\aZf+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ :f lbh cb\agXW

bhg) \a g[X fghWl Ul S[TaZ Xg T_+ '/-/-() T `XgT*[Xhe\fg\V `h_g\*bhgchg `bWX_ jTf WXiX_bcXW gb ceXW\Vg g[X

haVbaY\aXW Vb`ceXff\iX fgeXaZg[ TaW VbXYY\V\Xag bY cXe`XTU\_\gl bY cXei\bhf VbaVeXgX+ M[X\e `bWX_ hg\_\mXW

g[X jTgXe*VX`Xag eTg\b) TZZeXZTgX*VX`Xag eTg\b) TaW TZZeXZTgX cTeg\V_X f\mX Tf \achg cTeT`XgXef+ M[\f `Xg[bW

\f T__XZXW_l [\Z[_l ebUhfg TaW cebi\WXf iT_hTU_X Zh\WTaVX Ybe WXf\Za\aZ [\Z[*cXeYbe`TaVX cXei\bhf

VbaVeXgX+ Ba Tabg[Xe fXcTeTgX fghWl Ul EX Xg T_+ '/-/0() T fhcXe\be ?Tfg @XaXg\V IebZeT``\aZ `Xg[bW jTf

WXiX_bcXW+ M[X\e `Xg[bW T__XZXW_l T__bjf Ybe g[X Vbaf\WXeTg\ba bY g[X gTeZXg cbebf\gl TaW Vb`ceXff\iX

fgeXaZg[ Whe\aZ g[X WXf\Za fgTZX bY cXei\bhf VbaVeXgX) j[\_X `T\agT\a\aZ T _bj Vb`chgTg\baT_ Vbfg+ LhV[

XkT`c_Xf bY cebcbfXW `Xg[bWf \a g[X _\gXeTgheX bYYXe g[XbeXg\VT_ Zh\WTaVX Ybe bcg\`\m\aZ g[X WXf\Za bY

cXei\bhf VbaVeXgX TaW [b_Wf f\Za\Y\VTag eXYXeXaVX iT_hX+ M[bfX gjb eXYXeXaVXf TeX YbhaW dh\gX hfXYh_ Ybe

Xa[TaV\aZ g[X UTV^ZebhaW bY bhe `TahfVe\cg) TaW g[Xl [TiX UXXa cebcXe_l V\gXW \a g[X \agebWhVg\ba fXVg\ba

bY bhe eXi\fXW `TahfVe\cg+ :f cXe lbhe fhZZXfg\ba) g[X eX_\TU\_\gl bY bhe Y\aW\aZf VTa UX Yheg[Xe Xkc_beXW Ul

hg\_\m\aZ _TeZXe WTgTfXgf Yeb` g[X _\gXeTgheX+ GXiXeg[X_Xff) g[X `T\a bU]XVg\iX bY bhe `TahfVe\cg jTf gb

TWWeXff g[X cebU_X` bY ceXW\Vg\ba TVVheTVl Ybe fT`c_Xf j\g[ f`T__ WTgTfXgf) TaW g[X ceXW\Vg\ba bY g[X

`XV[Ta\VT_ fgeXaZg[ TaW VbXYY\V\Xag bY cXe`XTU\_\gl bY cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX UTfX

`TgXe\T_f `XeX_l fXeiXf Tf T VTfX fghWl gb iT_\WTgX g[X XYYXVg\iXaXff bY g[X cebcbfXW `bWX_ \a bhe fghWl+ Mb

VbafgehVg T fT`c_X bY f`T__ WTgTfXgf) a\aX jbe^\aZ VbaW\g\baf j\g[ W\YYXeXag Vb`U\aTg\baf bY VX`Xag VbagXag

TaW Vb`cTVg\ba YbeVX jXeX TWbcgXW+ M[\f \f \aWXXW T _\`\gTg\ba g[Tg f[bh_W UX X`c[Tf\mXW \a bhe `TahfVe\cg)

j[\V[ jX [TiX TWWXW \a g[X eXi\fXW iXef\ba) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ :WW\g\baT__l) g[X W\YYXeXaVXf

UXgjXXa cXe`XTU_X VbaVeXgX TaW cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX UTfX `TgXe\T_f [TiX _XW

gb haV_XTe VbaiXef\ba eX_Tg\baf[\cf UXgjXXa g[X gjb `TgXe\T_f+ AbjXiXe) Yheg[Xe jbe^ \f WXY\a\gX_l aXXWXW

gb XfgTU_\f[ g[XfX eX_Tg\baf[\cf g[ebhZ[ g[X VbafgehVg\ba bY g[X F<F< `bWX_ TaW g[X DL `bWX_+ =hX gb

fcTVX VbafgeT\agf) jX c_Ta gb Tcc_l g[X DL*:GG `bWX_ fcXV\Y\VT__l gb ceXW\Vg W\YYXeXag fVXaTe\bf \a T

fhUfXdhXag fghWl+ M[\f hcVb`\aZ fghWl VheeXag_l haWXejTl j\__ \aV_hWX g[X WTgTfXgf Yeb` g[X gjb

eXYXeXaVXf eXVb``XaWXW Ul lbh TaW \f XkcXVgXW gb cebi\WX iT_hTU_X \af\Z[gf Ybe g[X bcg\`T_ WXf\Za bY

cXei\bhf VbaVeXgX TaW cXe`XTU_X VX`Xag*fgTU\_\mXW eXVlV_XW TZZeXZTgX UTfX `TgXe\T_f+ PX [bcX g[Tg g[X

TUbiX eXfcbafXf TaW g[X baZb\aZ eXfXTeV[ jbe^ haWXejTl jbh_W TWWeXff lbhe VbaVXeaf TaW fTg\fYl lbhe

eXdh\eX`Xagf+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb

Wb\aZ fb j[XeXiXe aXVXffTel+

Pages 13 to 14, Lines 329 to 339:



tMb \aiXfg\ZTgX g[X \aY_hXaVXf bY Vb`cTVg\ba YbeVX TaW VX`Xag VbagXag ba g[X fgeXaZg[ TaW VbXYY\V\Xag

bY cXe`XTU\_\gl bY I<;Ff) g[\f fghWl WXf\ZaXW g[eXX W\YYXeXag _XiX_f bY fgTg\V Vb`cTVg\ba YbeVX '\+X+) .--

^G) .2- ^G) TaW /-- ^G( TaW g[eXX W\YYXeXag _XiX_f bY VX`Xag VbagXag '\+X+) 2$) .-$) TaW /-$(+ M[XeXYbeX)

a\aX W\YYXeXag jbe^\aZ VbaW\g\baf VbeeXfcbaW\aZ gb W\YYXeXag Vb`U\aTg\baf bY VX`Xag VbagXag TaW

Vb`cTVg\ba YbeVX jXeX fcXV\Y\XW+ M[X Vb`U\aTg\baf bY g[XfX cTeT`XgXef l\X_WXW g[X gXfgXW haVbaY\aXW

Vb`ceXff\iX fgeXaZg[ '+() cbebf\gl 'I() TaW VbXYY\V\Xag bY cXe`XTU\_\gl 'D() j[\V[ Ybe`\aZ T eX_Tg\iX_l f`T__

WTgTfXg+ M[X bUgT\aXW f`T__ WTgTfXgf jXeX hfXW Tf \achgf Ybe g[X DL*:GG `bWX_) j[\V[ jTf geT\aXW gb

ceXW\Vg g[X fgeXaZg[ TaW VbXYY\V\Xag bY cXe`XTU\_\gl bY I<;Ff haWXe g[X Vb`cTVg\ba YbeVX bY 0-- ^G+

:`baZ g[X`) g[X beg[bZbaT_ XkcXe\`XagT_ WXf\Za \f f[bja \a MTU_X .) TaW 0 eXc_\VTgX fcXV\`Xaf jXeX

gXfgXW Ybe XTV[ Zebhc bY XkcXe\`Xagf+u

References

.+ S[TaZ) C+) AhTaZ) R+) FT) @+) Lha) C+ % GXaXe) ;+ : `XgT[Xhe\fg\V*bcg\`\mXW `h_g\*bhgchg `bWX_

Ybe ceXW\Vg\aZ `h_g\c_X cebcXeg\Xf bY cXei\bhf VbaVeXgX+ <bafgehVg\ba TaW ;h\_W\aZ FTgXe\T_f /16) ..55-0

'/-/-(+

/+ EX) ;+*:+) MeTa) ;+*O+) Oh) M+*L+) Oh) O+*A+ % GZhlXa) O+*A+ IeXW\Vg\aZ g[X <b`ceXff\iX LgeXaZg[

bY IXei\bhf <X`Xag <baVeXgX UTfXW ba ?Tfg @XaXg\V IebZeT``\aZ FXg[bW+ :eTU C LV\ >aZ '/-/0(

Wb\7.-+.--4,f.0036*-/0*-5063*/+

p Ba ?\ZheXf 5 TaW 6) \g jbh_W UX iT_hTU_X Ybe g[X Thg[be gb fcXV\Yl g[X glcX bY WTgTfXg hfXW) j[Xg[Xe \g&f g[X

geT\a\aZ fXg) gXfg\aZ fXg) be g[X Xag\eX WTgTfXg+ ?heg[Xe`beX) V_Te\Y\VTg\ba ba g[X c[lf\VT_ \aW\VTgbef

eXceXfXagXW \a ?\ZheX 5 jbh_W Xa[TaVX g[X Y\ZheX&f Vb`ceX[Xaf\U\_\gl+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ ?\ZheXf 5 TaW

6 f[bj g[X ceXW\Vg\ba eXfh_gf Ybe g[X gXfg\aZ WTgTfXg+ M[X ceXW\Vg\ba eXfh_gf Ybe g[X gXfg\aZ WTgTfXg bY cTeg\T_

bhgchg WTgTvf `XTaf Ul g[X DL `bWX_ TeX f[bja \a ?\Z+ 5T) j[\_X ?\Z+ 5U W\fc_Tlf g[X ceXW\Vg\ba eXfh_gf Ybe

g[X gXfg\aZ WTgTfXg bY W\fVeXgX_l W\fge\UhgXW WTgT Xae\V[XW Ul g[X DL `bWX_+ M[XfX eXfh_gf cebi\WX

VbaY\e`Tg\ba bY g[X ebUhfgaXff bY g[X DL*:GG `bWX_+ ?be `beX Vb`ceX[Xaf\iX haWXefgTaW\aZ bY g[\f

fXVg\ba) c_XTfX eXYXe gb g[X WXgT\_XW WXfVe\cg\baf g[Tg jX [TiX \aV_hWXW \a g[X eXi\fXW `TahfVe\cg) Tf dhbgXW

UX_bj Ybe lbhe eXi\Xj+ M[X ceXW\Vg\ba eXfh_gf bY XTV[ c[lf\VT_ cXeYbe`TaVX \aW\VTgbe \a ?\Z+ 5U TeX

W\fc_TlXW fXcTeTgX_l TaW W\fg\aVg_l \a ?\Z+ 6) T__bj\aZ Ybe T V_XTe bUfXeiTg\ba bY XTV[ c[lf\VT_ cXeYbe`TaVX

\aW\VTgbe&f ceXW\Vg\ba eXfh_gf+ Mb Xa[TaVX g[X eXTWTU\_\gl bY ?\Z+ 5) jX [TiX hfXW W\fg\aVg\iX fl`Ub_f Ybe



XTV[ c[lf\VT_ cXeYbe`TaVX \aW\VTgbe Tf f[bja Ul W\YYXeXag _XZXaWf+ :WW\g\baT__l) jX [TiX eXWhVXW g[X

T`bhag bY WTgT \a g[X Y\ZheX gb \`cebiX V_Te\gl+ ?heg[Xe`beX) jX [TiX `bW\Y\XW ?\ZheX .- \a g[X eXi\fXW

`TahfVe\cg+ M[X `bW\Y\XW eXfh_gf TeX dhbgXW UX_bj Ybe lbhe eXi\Xj+ PX [bcX g[Tg g[X TUbiX eXfcbafXf [TiX

TWWeXffXW lbhe VbaVXeaf TWXdhTgX_l+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX Yheg[Xe V_Te\Y\VTg\baf) jX

TeX Vb``\ggXW gb Wb\aZ fb+

T+ IeXW\Vg\ba bY g[X `XTa iT_hXf bY XTV[ c[lf\VT_ \aW\VTgbe U+ :VghT_ ceXW\Vg\ba eXfh_gf Ybe T__ c[lf\VT_ \aW\VTgbe

?\Z+ 5 IeXW\Vg\ba eXfh_gf bY g[X DL*:GG `bWX_ ba g[X gXfg WTgTfXg

T+ IeXW\Vg\ba eXfh_gf bY :GG `bWX_ U+ IeXW\Vg\ba eXfh_gf bY DL*:GG `bWX_

?\Z+ .- IeXW\Vg\ba eXfh_gf Ul Ubg[ g[X geTW\g\baT_ :GG `bWX_ TaW g[X cebcbfXW DL*:GG `bWX_

Page 23, Lines 520 to 529:

tMb XiT_hTgX g[X ebUhfgaXff bY g[X DL*:GG `bWX_) T gXfg\aZ WTgTfXg jTf VeXTgXW hf\aZ g[X `XTa iT_hXf

bY iTe\bhf c[lf\VT_ cXeYbe`TaVX \aW\VTgbef bhgchg Ul g[X DL `bWX_ 'fXX ?\Z+ 5T(+ :WW\g\baT__l) Tabg[Xe



gXfg\aZ WTgTfXg jTf ZXaXeTgXW hf\aZ W\fVeXgX WTgT bY W\YYXeXag c[lf\VT_ cXeYbe`TaVX \aW\VTgbef bhgchg Ul g[X

DL `bWX_ 'fXX ?\Z+ 5U(+ M[XfX gXfg\aZ WTgTfXgf jXeX hfXW gb iXe\Yl g[X cXeYbe`TaVX bY g[X DL*:GG `bWX_+

M[X eXfh_gf \a ?\ZheX 5T WX`bafgeTgX g[Tg g[X DL*:GG `bWX_ TVVheTgX_l ceXW\Vgf g[X `XTa bY g[X WTgT

bhgchg UTfXW ba g[X DL `bWX_) j\g[ g[X VbXYY\V\Xag bY WXgXe`\aTg\ba 'K/( iT_hX bY -+66+ M[XfX Y\aW\aZf

VbaY\e` g[X eX_\TU\_\gl bY g[X haU\TfXW Xfg\`Tg\ba bY g[X DL `bWX_ \a fheebZTgX `bWX_\aZ+ FbeXbiXe) g[X

eXfh_gf \a ?\ZheX 5U \aW\VTgX g[Tg g[X DL*:GG `bWX_ _XTWf gb T g[X K/ iT_hX bY -+61 j[Xa ceXW\Vg\aZ g[X

W\fVeXgX W\fge\Uhg\ba bY WTgT) Yheg[Xe fhccbeg\aZ g[X ebUhfgaXff bY g[X DL*:GG `bWX_+u

p ?\ZheX .- fgTaWf Tf T c\ibgT_ eXfh_g \a g[\f cTcXe+ ?eb` bhe \agXeceXgTg\ba) g[X geTW\g\baT_ :GG \f Tcc_\XW

gb g[X XkcXe\`XagT_ WTgTfXg Vbaf\fg\aZ bY 6 fT`c_Xf Tf \achg) j[\_X g[X DL*:GG \f hg\_\mXW Ybe WTgT

Xae\V[`Xag+ :WW\g\baT__l) g[X eXceXfXagTg\ba bY g[X g[eXX bhgchgf \a baX Y\ZheX) TVVb`cTa\XW Ul T f\aZ_X K/

iT_hX) \`c_\Xf g[Tg g[X :GG `bWX_ \f g[X fT`X Ybe T__ g[eXX bhgchgf 'fgeXaZg[) cXe`XTU\_\gl) TaW cbebf\gl(+

M[X Thg[bef `\Z[g Vbaf\WXe TWWeXff\aZ g[\f \a g[X\e TaT_lf\f+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ Ba YTVg) \a bhe

`TahfVe\cg) g[X ceXW\Vg\ba eXfh_gf ceXfXagXW \a ?\ZheX .- Wb abg hg\_\mX g[X \achg WTgTfXg Ybe Tal :GG `bWX_+

BafgXTW) eXT_ WTgT Yeb` _TUbeTgbel gXfgf) j[\V[ jXeX XkV_hWXW \a\g\T__l) jXeX hfXW+ M[X :GG `bWX_f Ybe g[X

g[eXX bhgchgf 'fgeXaZg[) cXe`XTU\_\gl) TaW cbebf\gl( TeX Xi\WXag_l \WXag\VT_+ M[\f f\`\_Te\gl \f ce\`Te\_l WhX

gb g[X VbafgehVg\ba bY T `h_g\*bhgchg :GG `bWX_) j[\V[ \f f\`\_Te gb g[X `bWX_ cebcbfXW Ul S[TaZ Xg T_+

'/-/-(+ PX Tcb_bZ\mX Ybe g[X _TV^ bY WXgT\_f \a g[X WXfVe\cg\ba bY g[\f cTeg) TaW jX [TiX \aV_hWXW `beX

Vb`ceX[Xaf\iX Xkc_TaTg\baf \a g[X eXi\fXW `TahfVe\cg) Tf dhbgXW UX_bj Ybe lbhe eXi\Xj+ PX [bcX g[Tg g[\f

eXi\f\ba TWWeXffXf lbhe VbaVXea TaW jX f\aVXeX_l g[Ta^ lbh Ybe lbhe Vbage\Uhg\ba+ BY lbh [TiX Tal Yheg[Xe

dhXfg\baf be eXdh\eX Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+

Page 8, Lines: 210 to 212:

t?\aT__l) g[X bUgT\aXW bhgchg WTgT bY g[X DL `bWX_ jXeX hfXW Tf T geT\a\aZ WTgTfXg Ybe g[X :GG `bWX_

gb geT\a T eX_\TU_X jX\Z[g `bWX_ Ybe ceXW\Vg\aZ g[X c[lf\VT_ cXeYbe`TaVX \aW\VTgbef bY g[X I<;F) \aV_hW\aZ

g[X ha\Tk\T_ Vb`ceXff\iX fgeXaZg[ '}() cbebf\gl 'I() TaW VbXYY\V\Xag bY cXe`XTU\_\gl 'D(+ AXaVX) \g \f

aXVXffTel gb VbafgehVg T `h_g\*bhgchg Teg\Y\V\T_ aXheT_ aXgjbe^ ':GG( `bWX_ gb `XXg g[X ceXW\Vg\ba aXXWf

bY I<;Ff+ :WW\g\baT_ WXgT\_f VTa UX YbhaW \a eX_TgXW jbe^.+u
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Ybe ceXW\Vg\aZ `h_g\c_X cebcXeg\Xf bY cXei\bhf VbaVeXgX+ <bafgehVg\ba TaW ;h\_W\aZ FTgXe\T_f /16) ..55-0

'/-/-(+

p ?\ZheXf ./ TaW .1 Vbh_W UXaXY\g Yeb` Ta X_TUbeTg\ba ba g[X f\Za\Y\VTaVX bY #W\YYXeXag eTaWb` ah`UXef#

Vbageb__\aZ g[X `bWX_&f bhgchg ceXW\Vg\baf+ : `beX WXgT\_XW Xkc_TaTg\ba \a g[\f eXZTeW jbh_W Xa[TaVX g[X

eXTWXe&f haWXefgTaW\aZ bY g[X `bWX_&f UX[Ti\be TaW eXfh_gf+ M[X Thg[bef `\Z[g Vbaf\WXe TWWeXff\aZ g[\f \a

g[X\e TaT_lf\f+

[Authors’ response]: M[Ta^ lbh iXel `hV[ Ybe g[X VTeXYh_ eXi\Xj TaW iT_hTU_X Vb``Xagf+ :f lbh abgXW)

?\ZheXf ./ TaW .1 UXaXY\g Yeb` g[X bhgchg bY &W\YYXeXag eTaWb` ah`UXef& ZXaXeTgXW Ul g[X Vbageb_ `bWX_+

AbjXiXe) jX f\aVXeX_l Tcb_bZ\mX Ybe abg cebi\W\aZ Yheg[Xe X_TUbeTg\ba \a g[\f fXVg\ba+ Ba YTVg) g[X

VbafgehVg\ba bY g[X DL*:GG `bWX_ jTf \afc\eXW Ul g[X VbaVXcg bY \agXZeTgXW _XTea\aZ 'F\XalX % Lha)

/-//(+ M[X F<F< `bWX_ jTf VbafgehVgXW hf\aZ 6 eTaWb` ah`UXef gb ZXaXeTgX 6 \a\g\T_ WTgTfXgf+ M[XfX

WTgTfXgf [TW g[X fT`X `Tg[X`Tg\VT_ W\fge\Uhg\ba Uhg W\YYXeXag WTgT+ M[X 6 \a\g\T_ WTgTfXgf jXeX g[Xa hg\_\mXW

Tf \achgf Ybe g[X DL `bWX_) eXfh_g\aZ \a 6 W\YYXeXag fXgf bY cbfg*Xae\V[`Xag WTgTfXgf+ ?\aT__l) g[X Xae\V[XW

WTgTfXgf jXeX hfXW Tf \achgf Ybe g[X 6 :GG `bWX_f) T__bj\aZ Ybe g[X geT\a\aZ bY 6 W\fg\aVg jX\Z[g Y\_Xf+

Na_\^X g[X gehX >afX`U_X EXTea\aZ TccebTV[) g[X DL*:GG `bWX_ WbXf abg eXdh\eX TiXeTZ\aZ be ibg\aZ ba

W\YYXeXag ceXW\Vg\baf+ BafgXTW) \g cebi\WXf T W\fVeXgX eXfh_g UTfXW ba W\YYXeXag ceXW\Vgbef) T_\Za\aZ j\g[ g[X

W\fVeXgX V[TeTVgXe\fg\Vf bY _TUbeTgbel gXfg eXfh_gf+ FbeXbiXe) \Y `beX W\fVeXgX WTgT TeX aXXWXW) TWW\g\baT_

eTaWb` ah`UXef VTa UX Tff\ZaXW Whe\aZ DL*:GG `bWX_\aZ gb TV[\XiX g[\f bU]XVg\iX+ PX Tcb_bZ\mX Ybe abg

Xkc_\V\g_l TWWeXff\aZ g[\f \a g[X be\Z\aT_ `TahfVe\cg+ M[Ta^ lbh Ybe Ue\aZ\aZ g[\f \agb bhe TggXag\ba+ PX [TiX

\aV_hWXW `beX Vb`ceX[Xaf\iX Xkc_TaTg\baf \a g[X eXi\fXW `TahfVe\cg+ PX [bcX g[Tg g[\f eXi\f\ba TWWeXffXf

lbhe VbaVXea TaW jX f\aVXeX_l g[Ta^ lbh Ybe lbhe Vbage\Uhg\ba+ BY lbh [TiX Tal Yheg[Xe dhXfg\baf be eXdh\eX

Tal Yheg[Xe V_Te\Y\VTg\baf) jX TeX Vb``\ggXW gb Wb\aZ fb j[XeXiXe aXVXffTel+

Page: 19, Lines: 450 to 457:

t?heg[Xe`beX) Tf fhZZXfgXW Ul g[X XafX`U_X _XTea\aZ VbaVXcg.) `h_g\c_X eTaWb` ah`UXef VTa UX hfXW

\a F<F< gb ZXaXeTgX `h_g\c_X \a\g\T_ WTgTfXgf j\g[ g[X fT`X `Tg[X`Tg\VT_ W\fge\Uhg\ba Uhg W\YYXeXag WTgT+

M[\f T__bjf Ybe geT\a\aZ `h_g\c_X cTeT__X_ DL*:GG `bWX_f+ M[X fX_XVg\ba bY eTaWb` ah`UXef VTa UX

Vhfgb`\mXW UTfXW ba g[X fcXV\Y\V WTgT eXdh\eX`Xagf+ :WW\g\baT__l) g[X ceXW\Vg\baf Yeb` g[XfX `bWX_f VTa UX

TiXeTZXW be ibgXW gb bUgT\a eXfh_gf g[Tg `XXg g[X WXf\eXW Ve\gXe\T+ M[XeXYbeX) \a g[\f cTcXe) `h_g\c_X eTaWb`



ah`UXef jXeX fcXV\Y\XW \a g[X F<F< f\`h_Tg\baf gb geT\a `h_g\c_X cTeT__X_ DL*:GG `bWX_f Ybe ceXW\Vg\aZ

haVbaY\aXW Vb`ceXff\iX fgeXaZg[ '+() cbebf\gl 'I() TaW VbXYY\V\Xag bY cXe`XTU\_\gl'D(+u
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Editing Comments:

[Authors’ response]: :WWeXffXW+

We sincerely thank all the reviewers for their insightful and valuable suggestions!



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

I have completely checked the revised manuscript, especially the detailed responses. I think the 

authors did a very good job in careful consideration and revision of what I was concerned about in 

the original submission of this article. Only one more suggestion is that the limitation of this 

proposed method in this research could be supplemented in the conclusions or somewhere. In 

other words, the scope of the application using this method is better clearly stated even if is close 

to a general method. Except for this, I do not have other suggestions. Congratulations! Hope to 

see this work published for being a valuable academic contribution to the improvement of the 

traditional experiment method using advanced algorithms as well as data generating and 

processing methods. 

Reviewer #2 (Remarks to the Author):

Firstly, I am very impressed with the authors' meticulous preparation of the response to reviewers. 

It seems that the majority of the responses align well with the content of the paper as well as the 

questions raised by the reviewers. 

I only have one query, similar to the first question raised by Reviewer 1. As the authors have 

emphasized, the main content of this paper revolves around establishing a Novel Kriging-based 

Surrogate Model Aided Artificial Neural Network (KS-ANN), and the application for Permeable 

Cement-Stabilized Base Materials is just a case study. 

Although the authors have changed the title of the paper to assert their standpoint, the 

clarification at this point is not entirely clear, and I still lean towards the perspective that the 

novelty of the paper lies in the application of data enrichment techniques combined with machine 

learning models for a specific material, rather than purely developing a new technique that can be 

applied to various types of data problems. Even when the novelty of the paper leans more towards 

the application of the KS-ANN model for the PCS material, this point still needs to be further 

clarified. 

I agree to accept the paper if the above point is further clarified. 

A minor suggestion regarding the compaction force of concrete (line 112): the authors need to 

adjust the reference to Le, B.-A. (2022) instead of Le, B.-A. (2023), as mentioned in the revised 

manuscript, to avoid confusion for readers. 

Best regards



Authors’ Responses to Ms. Ref. No. NCOMMS-23-36290B 

Reviewer Comments

Reviewers' comments:

Reviewer #1

I have completely checked the revised manuscript, especially the detailed responses. I think the 

authors did a very good job in careful consideration and revision of what I was concerned about in 

the original submission of this article. Only one more suggestion is that the limitation of this 

proposed method in this research could be supplemented in the conclusions or somewhere. In other 

words, the scope of the application using this method is better clearly stated even if is close to a 

general method. Except for this, I do not have other suggestions. Congratulations! Hope to see this 

work published for being a valuable academic contribution to the improvement of the traditional 

experiment method using advanced algorithms as well as data generating and processing methods.

[Authors’ response]: First of all, we would like to express our sincere gratitude for your careful 

review of and valuable comments on our revised manuscript. Your recognition of this work has 

greatly inspired and encouraged us, and we are committed to furthering our efforts, continuing to 

innovate, and delivering research outcomes of greater value. We fully embrace your suggestions, as 

it would be objective and beneficial to include the proposed method's applicability in the conclusion. 

In the latest revised manuscript, we have supplemented this objective applicability scope, excerpted 

as follows. We hope that the supplementary contents could satisfy your expectation and approval 

standard.

Page 27, Lines 586 to 590.

(4) The proposed method uses the data-enriching technique assisted by the kriging-based surrogate 

model, which is highly beneficial for enhancing the predictive accuracy and efficiency of the ANN 

model. However, to extend the use of this proposed method in other engineering applications, the 

input data must satisfy the requirements of the kriging-based surrogate models, i.e., they cannot 



exceed 4 dimensions. This is the major limitation of this proposed method, which is being tackled 

in the research efforts currently underway.

Reviewer #2

Dear Editor and Authors,

Firstly, I am very impressed with the authors' meticulous preparation of the response to reviewers. 

It seems that the majority of the responses align well with the content of the paper as well as the 

questions raised by the reviewers.

I only have one query, similar to the first question raised by Reviewer 1. As the authors have 

emphasized, the main content of this paper revolves around establishing a Novel Kriging-based 

Surrogate Model Aided Artificial Neural Network (KS-ANN), and the application for Permeable 

Cement-Stabilized Base Materials is just a case study.

Although the authors have changed the title of the paper to assert their standpoint, the clarification 

at this point is not entirely clear, and I still lean towards the perspective that the novelty of the paper 

lies in the application of data enrichment techniques combined with machine learning models for a 

specific material, rather than purely developing a new technique that can be applied to various types 

of data problems. Even when the novelty of the paper leans more towards the application of the KS-

ANN model for the PCS material, this point still needs to be further clarified.

I agree to accept the paper if the above point is further clarified.

A minor suggestion regarding the compaction force of concrete (line 112): the authors need to adjust 

the reference to Le, B.-A. (2022) instead of Le, B.-A. (2023), as mentioned in the revised manuscript, 

to avoid confusion for readers.

Best regards

[Authors’ response]: First of all, we sincerely appreciate your careful review of our responses to 

the reviewers' comments and the revised manuscript. Your positive complement is also very 

encouraging and inspiring, to which we are definitely grateful. As you noted, the novelty of this 

paper lies in the integration of data-enriching techniques with machine learning models for specific 

materials rather than merely developing a new technology that can be applied to various types of 

data or materials. After carefully considering your feedback and incorporating the recommendation 



provided by the other reviewer, we have revised the title of our manuscript again to "Kriging-based 

Surrogate Data-enriching Artificial Neural Network Prediction of Strength and Permeability 

of Permeable Cement-stabilized Base". In the new title, we have effectively showcased the 

integration of emerging data-enriching techniques with advanced machine learning models, 

emphasizing the use of the kriging-based surrogate data assisted artificial neural network (KS-ANN) 

model as an advanced tool for predicting the mechanical strength and permeability of permeable 

cement-stabilized base materials. According to this new title, we have concurrently updated the 

abstract of the revised manuscript. Besides, the new title also complies with the requirements of 

Nature Communications journal for titles not exceeding 15 words. We hope that these modifications 

could satisfy your expectation and approval standard.

Additionally, we sincerely apologize for the careless citation mistake on line 112. We have now 

corrected the reference from the erroneous Le, B.-A. (2023) to the correct Le, B.-A. (2022). Thank 

you once again for your thorough review, and we hope that our revisions are up to your satisfaction.

Pages 1 to 2, Lines 16 to 31. 

Limited test data hinder the accurate prediction of mechanical strength and permeability of 

permeable cement-stabilized base materials (PCBM). In this paper, we developed a kriging-based 

surrogate model assisted artificial neural network (KS-ANN) framework that integrates laboratory 

testing, mathematical modeling, and machine learning. A statistical distribution model was 

established from limited test data to enrich the dataset through the combination of Markov chain 

Monte Carlo simulation and kriging-based surrogate modeling. Subsequently, an artificial neural 

network (ANN) model was trained using the enriched dataset. The results demonstrate that the well-

trained KS-ANN model effectively captures the actual data distribution characteristics. The accurate 

prediction of the mechanical strength and permeability of PCBM under the constraint of limited 

data validates the effectiveness of the proposed framework. As compared to traditional ANN models, 

the KS-ANN model improves the prediction accuracy of PCBM's mechanical strength by 21%. 

Based on the accurate prediction of PCBM's mechanical strength and permeability by the KS-ANN 

model, an optimization function was developed to determine the optimal cement content and 

compaction force range of PCBM, enabling it to concurrently satisfy the requirements of mechanical 

strength and permeability. This study provides a reliable, cost-effective, and rapid solution for 



evaluating the performance and optimizing the design of PCBM and similar materials.

Page 5, Lines 125 to 128: 

“It’s worth noting that the novelty of the study lies in the application of data enrichment techniques 

combined with machine learning models for the specific PCBMs, rather than purely developing a 

new technique that can be applied to various types of data problems.”
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