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Reviewer #1 (Remarks to the Author): 

Arias et al. propose an interesting, and likely useful, formalism for understanding the outcome of 

phage infection in a cell with multiple defense systems. In their view, the defense strategy the 

host uses will ultimately depend on the replication rate of the phages inside the cell, and different 

regulatory circuits and outcomes for different types of defense necessarily lead to these distinct 

outcomes. They make this formalism explicit with a series of mathematical models of progressing 

complexity. I have no issue with the construction of the models the authors present, which is very 

clear and intuitive, but ultimately the simplicity of the formalism seriously constrains its usefulness 

in making inferences about bacteria-phage ecological and coevolutionary dynamics. 

Overall, this manuscript reads much more like a “Perspectives” type article than a research article 

and may be more appropriate for submission under that category. 

Major Comments: 

1. These within-cell dynamics are never embedded in a population model, seriously restricting 

inferences about how these defense systems will interact in even a simple 1 host – 1 phage 

setting. This absence is felt particularly in conversations of Abi, given that Abi is a defense that 

only pays a fitness payoff at a population scale. 

2. Many evolutionary arguments are made throughout the paper, but the division of state space 

between immune systems seen is entirely a result of the assumed dynamics of different kinds of 

defense, not an evolved partitioning of that space. To make any evolutionary arguments the 

authors should formalize those arguments mathematically (e.g., by looking at the finesses of 

competing strains in the model, perhaps taking a game-theoretic approach) 

3. The argument made in the section “How do bacteria decide to include new phages in the 

CRISPR array?” is entirely verbal, and has no mathematical analysis. I suggest the authors 

formalize this intuition in equations. This entire section is largely speculation. In particular, the last 

paragraph of this section makes a number of claims, none of which I think are actually addressed 

by the model the authors present (the decision to incorporate a spacer and what mechanisms 

make that decision, why CRISPR systems would target slow phage – see next section) 

4. The treatment of CRISPR systems in the paper, while a central point of the work (see title), is 

extremely simplistic, and I would argue not particularly helpful in terms of understanding these 

systems. CRISPR systems are implemented in Model 3 identically to an RM system with slightly 

different parameters – in fact one could think of the same model as representing a cell with an Abi 

system and two RM systems with different regulatory and kinetic parameters. Nothing is said, 

really, about adaptive immunity in these models. Also, importantly, there is no real justification for 

why CRISPR systems would have parameters that would lead them to better target slow phage. 

The last paragraph of this section makes a number of evolutionary arguments that are not backed 

up or formalized at all – and may not hold at all in a population setting. 

5. The priming phenomenon common to most CRISPR systems (rapid uptake of spacers against 

phages the host already has immunity towards) is not mentioned in the paper, and seriously 

complicates the arguments about spacer acquisition decisions made by the authors (though see 

https://doi.org/10.1073/pnas.1602639113 for information that may be useful/supportive of the 

argument). Similarly, while the authors correctly point out that spacers can be acquired from the 

byproducts of RM defense, defective phage can also facilitate spacer uptake 

(https://doi.org/10.1038/ncomms5399). 

6. The CRISPR modeling literature is extremely rich, grapples with many of the questions 

discussed here, and largely ignored in this manuscript (with a few exceptions). For example, 

https://doi.org/10.1371/journal.pcbi.1004603 seems particularly relevant. 

7. There is no exploration of parameter space nor justification of the parameters used in the 

manuscript, making it hard to judge the generality of the results shown. 



Minor Comments: 

1. Please make all code for analyses publicly available (e.g., on github) 

2. It seems like many of these models should be amenable to mathematical analysis, not just 

numerical approaches, and such solutions would be quite useful 

3. The line “This selective force drives frequent mutations…” is incorrect – depletion of restriction 

sites does not drive mutation. The word “mutations” should be replaced by “substitutions” 

Reviewer #2 (Remarks to the Author): 

This is an interesting and potentially important contribution to our understanding the population 

and evolutionary biology of bacteria and lytic (virulent) phages. The manuscript includes several 

innovative ideas and perspectives about the conditions under which restriction-modification, 

abortive infection, and CRISPR-mediated immunity to phage infection will operate to protect 

bacteria from succumbing to phage infection. However, we cannot recommend its publication in its 

current form. 

The authors must consider how this theoretical study of the dynamics of phage infection of 

individual bacteria relates to the greater picture of the population and evolutionary biology of 

bacteria and lytic phage. From the population and evolutionary perspective, restriction-

modification is a question of enzyme kinetics, but is outcome driven- does restriction prevent 

replication. From this perspective, would it be possible to discriminate between fast and slow 

phages by their response to the host endonuclease? Stated another way, can we identify fast and 

slow phages from what is known about the dynamics of phage infection? Would experimentalists 

see differences in parameters such as: (1) the time from adsorption of the phage to the bacteria to 

the initiation of the lytic cycle, the latent period, (2) the rates at which the phage adsorb to the 

bacteria, (3) the time from the initiating of the lytic cycle to the production of free phage, (4) 

whether the bacteria are killed upon release of the phage or the phage ooze out of infected cells, 

or (5) the number of phage particles produced by an infected bacterium, the burst size. 

It may pay for the authors to consider the role of classical resistance to phages by mutations of 

their receptors. From the evolutionary perspective, resistance is the end-all-be-all defense 

mechanism. How does the immunity mechanism the bacteria utilize impact its ultimate fate with 

respect to the emergence of resistance? 

The authors also fail to consider the ecological relevance of their models. While restriction 

modification is ubiquitous, or nearly so, abortive infection mechanisms are less common. 

Moreover, functional CRISPR systems, that is CRISPR-Cas systems capable of acquiring new 

spacers from infection phage are rare. Therefore, a single bacterium having all three defense 

systems would be highly uncommon. There is rarely a need for a bacterium to make a “decision” 

about which system to utilize to protect themselves from phage. 

We not only endorse the use of mathematical models for studies of the population and 

evolutionary dynamics of bacteria and phage, but we also consider them to be essential for these 

considerations. However, for these models to be useful, the hypothesis generated from the 

analyses of the properties of these models have to be testable in experimental systems. Although 

we don’t expect the authors of this report to do these experiments, they should present these 

hypotheses in a way that will be amenable to experimentalists working with bacteria and phage 

and suggest how these hypotheses can be tested. 



Reviewer #3 (Remarks to the Author): 

This manuscript takes a theoretical approach to investigate interactions between bacterial immune 

systems. With so many novel phage defence mechanisms being discovered, understanding 

interactions between fundamental immunity systems such as restriction modification (RM), 

abortive infection (Abi) and CRISPR-Cas, is vital to improving our understanding of how and when 

different immunity systems act. This work has broad relevance, ranging from fundamental 

microbiology to application of phage therapy. Further, it highlights key hypotheses that could be 

tested experimentally in the future. 

By developing simple models of each of these immunity systems (RM, Abi and CRISPR-Cas), the 

authors were able to simulate an infection landscape which explains how these systems might be 

complementary to one another, determined by the rate of viral replication and cleavage. These 

models suggest that modulation of kinetic parameters (e.g., sensitivity of the Abi sensor kinase) 

might enable fine-tuning of these systems to optimise how well these three immunity systems 

interact to minimise the chance of successful phage infection causing cell lysis. As such, the model 

predicts that only phages which replicate either relatively very fast or very slow, may escape all 

three of these immunity systems. 

This manuscript demonstrates a high standard of methodology and explains the models very 

clearly making it accessible for non-mathematicians. Although more thorough explanation of the 

model details could be included at times, e.g., parameter details, what they mean and how values 

were determined. 

Minor comments: 

1. Biological relevance of model assumptions: does the strength of the immune system response 

generally scale with number of phage genomes present? i.e., in both models 1+2, nucleases and 

Abi sensors respectively scale with phage – is there an upper limit on how upregulated these 

systems can be? 

2. The chronic infection result was interesting and counter-intuitive (Figure 2A, panel 3). Why is 

the immune response downregulated when there are still viral genomes present? Is there a lower 

limit in the model on the number of viral genomes required to trigger response? 



HO ^RKXU ^RO CO`SOaO\] PY\ ^ROS\ ZY]S^S`O KXN MYX]^\_M^S`O MYWWOX^]'

HO WYNSPSON ^RO WKX_]M\SZ^ KMMY\NSXQ ^Y ^RO CO`SOaO\]j ]_QQO]^SYX]% K] NO^KSVON LOVYa "SX

LV_O#'

Reviewer #1 (Remarks to the Author):

6\SK] O^ KV' Z\YZY]O KX SX^O\O]^SXQ% KXN VSUOVc _]OP_V% PY\WKVS]W PY\ _XNO\]^KXNSXQ ^RO

Y_^MYWO YP ZRKQO SXPOM^SYX SX K MOVV aS^R W_V^SZVO NOPOX]O ]c]^OW]' =X ^ROS\ `SOa% ^RO NOPOX]O

]^\K^OQc ^RO RY]^ _]O] aSVV _V^SWK^OVc NOZOXN YX ^RO \OZVSMK^SYX \K^O YP ^RO ZRKQO] SX]SNO ^RO

MOVV% KXN NSPPO\OX^ \OQ_VK^Y\c MS\M_S^] KXN Y_^MYWO] PY\ NSPPO\OX^ ^cZO] YP NOPOX]O XOMO]]K\SVc

VOKN ^Y ^RO]O NS]^SXM^ Y_^MYWO]' EROc WKUO ^RS] PY\WKVS]W ObZVSMS^ aS^R K ]O\SO] YP

WK^ROWK^SMKV WYNOV] YP Z\YQ\O]]SXQ MYWZVObS^c'

HO ^RKXU ^RO CO`SOaO\ PY\ RS](RO\ ZY]S^S`O MYWWOX^ YX Y_\ aY\U% SX ZK\^SM_VK\ KLY_^ ^RO

_]OP_VXO]] YP Y_\ PY\WKVS]W' HO RK`O WYNSPSON ^RO ^Ob^ KMMY\NSXQ ^Y ^RO SXNSMK^ON

]_QQO]^SYX]% K] NO^KSVON LOVYa'

= RK`O XY S]]_O aS^R ^RO MYX]^\_M^SYX YP ^RO WYNOV] ^RO K_^RY\] Z\O]OX^% aRSMR S] `O\c MVOK\

KXN SX^_S^S`O% L_^ _V^SWK^OVc ^RO ]SWZVSMS^c YP ^RO PY\WKVS]W ]O\SY_]Vc MYX]^\KSX] S^] _]OP_VXO]]

SX WKUSXQ SXPO\OXMO] KLY_^ LKM^O\SK&ZRKQO OMYVYQSMKV KXN MYO`YV_^SYXK\c NcXKWSM]'

HO KQ\OO aS^R ^RO CO`SOaO\ ^RK^ Y_\ WYNOV] RK`O K VSWS^ON MKZKMS^c ^Y WKUO SXPO\OXMO]

KLY_^ OMYVYQSMKV KXN O`YV_^SYXK\c NcXKWSM]' <YaO`O\% ^RS] S] XY^ ^RO KSW YP ^RO]O WYNOV]'

=X]^OKN% ^ROc K\O SX^OXNON ^Y ]RON VSQR^ YX RYa KX^S&ZRKQO WOMRKXS]W] YZO\K^O K^ ^RO ]MKVO

YP SXNS`SN_KV LKM^O\SKV MOVV]' =X K aKc% ^RS] S] WY\O K ZRc]SYVYQSMKV S]]_O ^RKX KX OMYVYQSMKV Y\

O`YV_^SYXK\c YXO% ]SXMO S^ \OPO\] ^Y O`OX^] ^RK^ ^KUO ZVKMO SX]SNO LKM^O\SKV MOVV] K^ ^RO

^SWO&]MKVO YP ^RO SXPOM^SYX YP K ]SXQVO MOVV' ERO SXPO\OXMO] ^RK^ MKX LO WKNO P\YW ^RO]O

O`OX^] K^ OMYVYQSMKV KXN O`YV_^SYXK\c ]MKVO] K\O K NSPPO\OX^ Z\YLVOW'

HO RK`O WKNO MRKXQO] SX ^RO WKX_]M\SZ^ ^Y WKUO Y_\ MOVV&VO`OV KZZ\YKMR WY\O ObZVSMS^' HO

RK`O \OZVKMON ^RO ^O\W] hLKM^O\SKi aS^R hLKM^O\SKV MOVVi KXN hNcXKWSM]haS^R hSX^\KMOVV_VK\

NcXKWSM]i Y\ haS^RSX&MOVV NcXKWSM]i ^R\Y_QRY_^ ^RO ^Ob^ "SXMV_NSXQ ^RO ^S^VO#' HO RK`O KV]Y

KNNON K POa VSXO] SX ^RO =X^\YN_M^SYX ^Y WKUO ^RS] ZYSX^ MVOK\3

h=X ^RS] aY\U% aO ^KUO K MOVV&VO`OV ZO\]ZOM^S`O' ERO \K^SYXKVO PY\ ^RS] KZZ\YKMR S] ^RK^ UOc

ZRKQO(LKM^O\SK SX^O\KM^SYX] ^KUO ZVKMO SX ^RO Mc^YZVK]W YP SXPOM^ON LKM^O\SKV MOVV]' =^ S] ^RO

Y_^MYWO YP ^RO]O SX^O\KM^SYX] ^RK^ NO^O\WSXO] aRO^RO\ K LKM^O\SKV MOVV _XNO\QYO] ]_SMSNO Y\

M\OK^O] XOa 8C=DBC ]ZKMO\] KQKSX]^ KX SXPOM^SXQ ZRKQO' ERO\OPY\O% _XNO\]^KXNSXQ RYa

LKM^O\SKV SWW_XS^c YZO\K^O] SX]SNO SXNS`SN_KV MOVV] MKX Z\Y`SNO `KV_KLVO SX]SQR^ SX^Y \OVO`KX^

K]ZOM^] YP ZRKQO SXPOM^SYX]' EY KNN\O]] ^RS] S]]_O% aO _]O ]SWZVO WK^ROWK^SMKV WYNOV] YP

^RO WYVOM_VK\ WOMRKXS]W] ^RK^ SWZVOWOX^ KX^S&ZRKQO \O]ZYX]O] SX]SNO SXNS`SN_KV LKM^O\SKV

MOVV]'i "VSXO] ..&/*#'

A`O\KVV% ^RS] WKX_]M\SZ^ \OKN] W_MR WY\O VSUO K hBO\]ZOM^S`O]i ^cZO K\^SMVO ^RKX K \O]OK\MR

K\^SMVO KXN WKc LO WY\O KZZ\YZ\SK^O PY\ ]_LWS]]SYX _XNO\ ^RK^ MK^OQY\c'

ERS] ]OOW] ^Y LO KX ONS^Y\SKV \OWK\U'



?KTY\ 8YWWOX^]3

*' ERO]O aS^RSX&MOVV NcXKWSM] K\O XO`O\ OWLONNON SX K ZYZ_VK^SYX WYNOV% ]O\SY_]Vc

\O]^\SM^SXQ SXPO\OXMO] KLY_^ RYa ^RO]O NOPOX]O ]c]^OW] aSVV SX^O\KM^ SX O`OX K ]SWZVO * RY]^

g * ZRKQO ]O^^SXQ' ERS] KL]OXMO S] POV^ ZK\^SM_VK\Vc SX MYX`O\]K^SYX] YP 6LS% QS`OX ^RK^ 6LS S] K

NOPOX]O ^RK^ YXVc ZKc] K PS^XO]] ZKcYPP K^ K ZYZ_VK^SYX ]MKVO'

:WLONNSXQ ^RO SXNS`SN_KV&MOVV NcXKWSM] SX K ZYZ_VK^SYX&]MKVO WYNOV% K] ]_QQO]^ON Lc ^RO

CO`SOaO\% aY_VN SWZVc ^RO PY\W_VK^SYX YP XOa WYNOV] ^Y NOKV aS^R NSPPO\OX^ Z\YLVOW]% XY^ ^RO

\OPY\W_VK^SYX YP ^RO MOVV&VO`OV WYNOV] Y\ KXc MRKXQO SX ^RO \O]_V^] Z\O]OX^ON SX ^RS] aY\U' =^ S]

MVOK\ ^RK^ ^RO ]_SMSNO SXN_MON Lc 6LS ]c]^OW] SX LKM^O\SKV MOVV] RK] SWZY\^KX^ SWZVSMK^SYX] PY\

^RO ]Z\OKN YP ^RO SXPOM^SYX KM\Y]] ^RO ZYZ_VK^SYX' <YaO`O\% ^RS] aY\U PYM_]O] YX ^RO MK_]O]

_XNO\VcSXQ ^RO ]_SMSNO YP SXNS`SN_KV MOVV] KXN XY^ YX S^] MYX]O[_OXMO]'

HO RK`O SXMV_NON SX ^RO 9S]M_]]SYX K ZY]]SLVO ]^\K^OQc ^Y _]O ^RO WYNOV] Z\O]OX^ON RO\O SX

K ZYZ_VK^SYX&VO`OV ]O^^SXQ3

hERO SXPOM^SYX ]ZKMO% K] NOPSXON SX ^RS] aY\U% S] K MOVV&]MKVO POK^_\O3 S^ NO^O\WSXO] ^RO

ZY]]SLVO PK^O] YP KX SXPOM^ON LKM^O\SKV MOVV "S'O' aRO^RO\ Y\ XY^ S^ ]_\`S`O] ^RO SXPOM^SYX# K] K

P_XM^SYX YP ^RO \K^O] YP ZRKQO 9@6 \OZVSMK^SYX KXN NO]^\_M^SYX' <YaO`O\% ^RS] MYXMOZ^ MKX

KV]Y LO PY\WKVSdON K^ ^RO ]MKVO YP LKM^O\SKV ZYZ_VK^SYX]' 8YX]SNO\SXQ ^RO ZYZ_VK^SYX K] K

MYVVOM^SYX YP SXNS`SN_KV MOVV]% S^ MKX LO MRK\KM^O\SdON Lc ^RO ]O^ YP S^] SXPOM^SYX ]ZKMO]'

GK\SK^SYX] SX ^RO WO^KLYVSM ]^K^_] Y\ SX ^RO KX^S&ZRKQO] SWZVOWOX^ON SX OKMR MOVV SWZVc ^RK^

^RO SXNS`SN_KV ]ZKMO] aS^RSX K ZYZ_VK^SYX K\O XY^ XOMO]]K\SVc SNOX^SMKV' ERO RO^O\YQOXOS^c YP

^RO ZYZ_VK^SYX SX ^O\W] YP S^] SXPOM^SYX ]ZKMO] S] KV]Y KPPOM^ON Lc OMYVYQSMKV KXN O`YV_^SYXK\c

O`OX^] ^KUSXQ ZVKMO K^ NSPPO\OX^ ^SWO ]MKVO]' ERS] NS`O\]S^c ZVKc] K UOc \YVO SX ^RO NcXKWSM] YP

^RO ZYZ_VK^SYX N_\SXQ ZRKQO SXPOM^SYX]' ;Y\ SX]^KXMO% ]YWO ZRKQO] WSQR^ LO PK]^ ^Y ]YWO

MOVV] YP ^RO ZYZ_VK^SYX L_^ ]_]MOZ^SLVO ^Y Y^RO\]% aRSMR aY_VN OX^KSV NSPPO\OX^SKV WY\^KVS^c \K^O]

KWYXQ ^RO MOVV&VO`OV MYXPSQ_\K^SYX] YP ^RO SXPOM^SYX ]ZKMO MYObS]^SXQ SX ^RO ZYZ_VK^SYX' =X

^_\X% ^RS] aY_VN QS`O \S]O ^Y NcXKWSM MRKXQO] SX ^RO \OVK^S`O KL_XNKXMO YP SXPOM^SYX ]ZKMO] SX

^RO MY_\]O YP ZRKQO SXPOM^SYX]' ERS] `SOa YP ^RO NcXKWSM] YP LKM^O\SKV ZYZ_VK^SYX] K]

OWO\QSXQ P\YW ^RO ]^\_M^_\O YP SXNS`SN_KV SXPOM^SYX ]ZKMO] ]_QQO]^] K Z\YWS]SXQ LY^^YW&_Z

]^\K^OQc ^Y VSXU SX^\KMOVV_VK\ KXN OMYVYQSMKV K]ZOM^] YP ZRKQO(LKM^O\SK SX^O\KM^SYX]''i "VSXO]

,/*&,0,#'

=X Y_\ YZSXSYX% NO`OVYZSXQ ^RS] VSXO YP \O]OK\MR S] K WK^^O\ YP P_^_\O aY\U'

+' ?KXc O`YV_^SYXK\c K\Q_WOX^] K\O WKNO ^R\Y_QRY_^ ^RO ZKZO\% L_^ ^RO NS`S]SYX YP ]^K^O

]ZKMO LO^aOOX SWW_XO ]c]^OW] ]OOX S] OX^S\OVc K \O]_V^ YP ^RO K]]_WON NcXKWSM] YP

NSPPO\OX^ USXN] YP NOPOX]O% XY^ KX O`YV`ON ZK\^S^SYXSXQ YP ^RK^ ]ZKMO'

ERO\O aO\O YXVc ^aY O`YV_^SYXK\c K\Q_WOX^] SX Y_\ WKX_]M\SZ^3

& ERO PS\]^ YXO \OPO\\ON ^Y ^RO ZY]]SLVO ]OVOM^S`O Z\O]]_\O] SWZY]ON YX ^RO ZRKQO 9@6

Z\YVSPO\K^SYX \K^O Lc ^RO NS]^\SL_^SYX YP C?% 6LS% KXN 8C=DBC ]c]^OW] SX ^RO SXPOM^SYX ]ZKMO'

HO RK`O WY`ON ^RS] K\Q_WOX^ P\YW ^RO ]OM^SYX hERO 8C=DBC ]c]^OW3 K LKM^O\SKV ]^\K^OQc

KQKSX]^ ]VYa ZRKQO]i ^Y ^RO 9S]M_]]SYX "]OO NO^KSV] SX ^RO \O]ZYX]O ^Y ^RO XOb^ ZYSX^#'



& ERO ]OMYXN YXO MYXMO\X] ^RO 6LS ]c]^OW]3 aO ]_QQO]^ ^RK^ ^RO ZK\^SM_VK\ ]RKZO YP ^RO

\OQSYX YMM_ZSON Lc ^RS] SWW_XO WOMRKXS]W SX ^RO SXPOM^SYX ]ZKMO MY_VN LO WYN_VK^ON Lc

XK^_\KV ]OVOM^SYX' HO RK`O \OPY\W_VK^ON ^RS] K\Q_WOX^ ^Y ]ZOMSPc ^RK^ ^RS] S] K ZY]]SLVO

SWZVSMK^SYX YP Y_\ WYNOV] KXN XY^ YXO YP ^ROS\ RcZY^RO]O]3

hIWSXSWSdSXQ ^RO Y`O\VKZ LO^aOOX 6LS KXN C? ]c]^OW]J MY_VN LO KMRSO`ON Lc KNT_]^SXQ ^RO

USXO^SM ZK\KWO^O\] YP ^RO ]OX]Y\ OXdcWO] _]ON Lc 6LS ]c]^OW] ";SQ' ,'8#' ERS] \O]_V^

]_QQO]^] ^RK^ XK^_\KV ]OVOM^SYX MY_VN WYN_VK^O ^RY]O ZK\KWO^O\] ^Y PSXO&^_XO ^RO

MYXPSQ_\K^SYX YP 6LS ]c]^OW] SX LKM^O\SKV MOVV]% aRSMR aY_VN NO^O\WSXO% PY\ SX]^KXMO% aRK^

ZRKQO] ]RY_VN ^\SQQO\ ^RO MOVV ]_SMSNO NOZOXNSXQ YX ^RO OMYVYQc YP OKMR LKM^O\SKV ]ZOMSO]'i

"VSXO] *2.&*21#'

=X KXc MK]O% ^RO NS`S]SYX YP ^RO SXPOM^SYX ]ZKMO LO^aOOX SWW_XO ]c]^OW] S] XO`O\ Z\O]OX^ON

SX ^RO WKX_]M\SZ^ K] KX O`YV_^SYXK\c K\Q_WOX^' =^ S] OX^S\OVc K \O]_V^ YP ^RO K]]_WON

NcXKWSM] KXN S^ NYO] XY^ NOZOXN YX KXc O`YV_^SYXK\c RcZY^RO]S]'

EY WKUO KXc O`YV_^SYXK\c K\Q_WOX^] ^RO K_^RY\] ]RY_VN PY\WKVSdO ^RY]O K\Q_WOX^]

WK^ROWK^SMKVVc "O'Q'% Lc VYYUSXQ K^ ^RO PSXO]]O] YP MYWZO^SXQ ]^\KSX] SX ^RO WYNOV% ZO\RKZ]

^KUSXQ K QKWO&^ROY\O^SM KZZ\YKMR#

HO KQ\OO aS^R ^RO CO`SOaO\ ^RK^ ^RO K\Q_WOX^] KLY_^ ^RO ]OVOM^S`O Z\O]]_\O SWZY]ON YX ^RO

9@6 Z\YVSPO\K^SYX \K^O Lc KX^S&ZRKQO NOPOX]O] \O[_S\O K WY\O KZZ\YZ\SK^O PY\WKVSdK^SYX' HO

RK`O WY`ON ^RO]O K\Q_WOX^] ^Y ^RO NS]M_]]SYX ]OM^SYX' HO RK`O SXMV_NON KX ObZVKXK^SYX YP

RYa ^RO MYXMOZ^ YP SXPOM^SYX ]ZKMO "K MOVV&VO`OV POK^_\O# MKX LO QOXO\KVSdON ^Y ^RO ]MKVO YP

^RO ZYZ_VK^SYX 3

hERO MYXMOZ^ YP KX SXPOM^SYX ]ZKMO KV]Y KNWS^] KX KV^O\XK^S`O% ]^K^SM PY\WKVSdK^SYX K^ K

ZYZ_VK^SYX ]MKVO' ;\YW K ZYZ_VK^SYX `SOaZYSX^% ]_]MOZ^SLVO ZRKQO] MKX LO NOPSXON K] ^RY]O

^RK^ K\O ]_]MOZ^SLVO ^Y KVV ^RO MOVV] YP ^RO ZYZ_VK^SYX' ;\YW ^RS] NOPSXS^SYX% ^RO \OQSYX YP ^RO

ZYZ_VK^SYX&VO`OV SXPOM^SYX ]ZKMO YMM_ZSON Lc ]_]MOZ^SLVO ZRKQO] S] QS`OX Lc ^RO SX^O\]OM^SYX

YP ^RO MY\\O]ZYXNSXQ \OQSYX] SX ^RO MOVV&VO`OV SXPOM^SYX ]ZKMO] MYX^KSXON SX ^RO ZYZ_VK^SYX' 6X

KXKVYQY_] K\Q_WOX^ MKX LO _]ON ^Y NOPSXO ZRKQO] K] ]VYa Y\ PK]^ K^ ^RO ]MKVO YP ^RO

ZYZ_VK^SYX' ERO RO^O\YQOXOS^c YP SXNS`SN_KV&VO`OV SXPOM^SYX ]ZKMO] SWZVSO] K Q\OK^O\

MYWZVObS^c PY\ ^RO ZYZ_VK^SYX&VO`OV ]ZKMO ]SXMO XOa \OQSYX] KZZOK\ aRO\O ZRKQO] WKc LO

]_]MOZ^SLVO ^Y ]YWO LKM^O\SKV MOVV] L_^ XY^ ^Y Y^RO\]'h "VSXO] ,0-&,1)#'

F]SXQ ^RS] PY\WKVSdK^SYX aO RSQRVSQR^ ^RO SWZY\^KXMO YP ^RO \K^O YP 9@6 \OZVSMK^SYX SX ^RO

SX^O\KM^SYX] LO^aOOX ZRKQO] KXN LKM^O\SK% aRSMR MY_VN WKUO S^ K ZY^OX^SKV ^K\QO^ YP XK^_\KV

]OVOM^SYX3

h:`OX K ]SWZVO ]O^^SXQ YP ^RO ZYZ_VK^SYX&VO`OV ]ZKMO KVVYa] ObZVY\SXQ SX^O\O]^SXQ O`YV_^SYXK\c

MYX]O[_OXMO] YP SWW_XO WOMRKXS]W] ^RK^ YZO\K^O aS^RSX ^RO Mc^YZVK]W YP SXNS`SN_KV

LKM^O\SKV MOVV]' ;Y\ SX]^KXMO% S^ S] MVOK\ ^RK^ ZRKQO] ]RY_VN K`YSN ^RO \OQSYX] YP ^RO

ZYZ_VK^SYX&VO`OV SXPOM^SYX ]ZKMO aRO\O ^ROc MKX LO XO_^\KVSdON Lc KVV ^RO MOVV] YP ^RO

ZYZ_VK^SYX "]_MR ZRKQO] aY_VN LO _XKLVO ^Y MYWZVO^O ^ROS\ VSPO McMVO KXN Z\YQ\O]] aS^R ^RO

SXPOM^SYX#' 6 ZY]]SLVO ZRKQO ]^\K^OQc ^Y KMRSO`O ^RK^ OXN% aSNOVc NYM_WOX^ON SX ^RO VS^O\K^_\O

I-0% ..J% MYX]S]^] SX WYNSPcSXQ ^RO \O]^\SM^SYX ]S^O] Y\ ^RO ]O[_OXMO] ^K\QO^ON Lc 8C=DBC



]c]^OW] SX ^RO `S\KV 9@6% aRSMR \ON_MO] ^RO VSUOVSRYYN YP X_MVOK]O&WONSK^ON \OMYQXS^SYX KXN

MVOK`KQO KXN% MYX]O[_OX^Vc% VYaO\] ^RO \K^O YP ZRKQO NO]^\_M^SYX' HS^RSX ^RO P\KWOaY\U YP

^RO SXPOM^SYX ]ZKMO% ^RS] ]^\K^OQc aY_VN KVVYa ZRKQO] ^Y O]MKZO P\YW ^RO ]_]MOZ^SLVO \OQSYX]'

A_\ WYNOV] ]_QQO]^ ^RO ObS]^OXMO YP K VO]] YL`SY_] ]OVOM^S`O Z\O]]_\O YX ZRKQO]' 7c

SXM\OK]SXQ Y\ NOM\OK]SXQ ^ROS\ \K^O] YP Z\YVSPO\K^SYX SX]SNO ^ROS\ LKM^O\SKV RY]^]% ZRKQO] MY_VN

KV]Y K`YSN SWW_XO NO]^\_M^SYX Lc O`KNSXQ ^RO KM^SYX YP LKM^O\SKV X_MVOK]O]' ;\YW ^RS]

`SOaZYSX^% ^RO 6LS KXN 8C=DBC ]c]^OW] MY_VN LO MYX]SNO\ON K] KNKZ^K^SYX] ^Y MY_X^O\KM^

^RO]O ZRKQO ]^\K^OQSO]'i "VSXO] ,1*&,2*#

,' ERO K\Q_WOX^ WKNO SX ^RO ]OM^SYX h<Ya NY LKM^O\SK NOMSNO ^Y SXMV_NO XOa ZRKQO] SX ^RO

8C=DBC K\\Kc5i S] OX^S\OVc `O\LKV% KXN RK] XY WK^ROWK^SMKV KXKVc]S]' = ]_QQO]^ ^RO K_^RY\]

PY\WKVSdO ^RS] SX^_S^SYX SX O[_K^SYX]' ERS] OX^S\O ]OM^SYX S] VK\QOVc ]ZOM_VK^SYX' =X ZK\^SM_VK\%

^RO VK]^ ZK\KQ\KZR YP ^RS] ]OM^SYX WKUO] K X_WLO\ YP MVKSW]% XYXO YP aRSMR = ^RSXU K\O

KM^_KVVc KNN\O]]ON Lc ^RO WYNOV ^RO K_^RY\] Z\O]OX^ "^RO NOMS]SYX ^Y SXMY\ZY\K^O K ]ZKMO\

KXN aRK^ WOMRKXS]W] WKUO ^RK^ NOMS]SYX% aRc 8C=DBC ]c]^OW] aY_VN ^K\QO^ ]VYa ZRKQO g

]OO XOb^ ]OM^SYX#

ERO K\Q_WOX^] _]ON SX ^RS] ]OM^SYX K\O Lc XY WOKX] `O\LKV' EROc K\O NON_MON P\YW ^RO

\O]_V^] YP Y_\ WYNOV]' <YaO`O\% aO KMUXYaVONQO ^RK^ ^RO Z\O]OX^K^SYX YP ^RO]O K\Q_WOX^]

WSQR^ XY^ LO ]_PPSMSOX^Vc MVOK\ SX ^RO WKX_]M\SZ^' HO RK`O WKNO Ob^OX]S`O MRKXQO] SX ^RS]

]OM^SYX "SXMV_NSXQ ^RO VOQOXN YP ;SQ' /# ^Y PKMSVS^K^O S^] MYWZ\OROX]SYX "]OO VSXO] +.1 ^R\Y_QR

,)1#' HO RYZO ^RK^ ^RO VYQSM YP Y_\ K\Q_WOX^] KXN RYa ^ROc K\O NON_MON P\YW ^RO WYNOV] S]

WY\O MVOK\ XYa'

-' ERO ^\OK^WOX^ YP 8C=DBC ]c]^OW] SX ^RO ZKZO\% aRSVO K MOX^\KV ZYSX^ YP ^RO aY\U "]OO

^S^VO#% S] Ob^\OWOVc ]SWZVS]^SM% KXN = aY_VN K\Q_O XY^ ZK\^SM_VK\Vc ROVZP_V SX ^O\W] YP

_XNO\]^KXNSXQ ^RO]O ]c]^OW]' 8C=DBC ]c]^OW] K\O SWZVOWOX^ON SX ?YNOV , SNOX^SMKVVc ^Y

KX C? ]c]^OW aS^R ]VSQR^Vc NSPPO\OX^ ZK\KWO^O\] g SX PKM^ YXO MY_VN ^RSXU YP ^RO ]KWO WYNOV

K] \OZ\O]OX^SXQ K MOVV aS^R KX 6LS ]c]^OW KXN ^aY C? ]c]^OW] aS^R NSPPO\OX^ \OQ_VK^Y\c KXN

USXO^SM ZK\KWO^O\]' @Y^RSXQ S] ]KSN% \OKVVc% KLY_^ KNKZ^S`O SWW_XS^c SX ^RO]O WYNOV]'

ERS] ZYSX^ WSQR^ XY^ LO ]_PPSMSOX^Vc ObZVKSXON SX ^RO Y\SQSXKV ^Ob^' ?YNOV , S] SX^OXNON ^Y

]SW_VK^O ^RO OPPOM^] YP 8C=DBC ]c]^OW] YX ^RO NcXKWSM] YP ZRKQO SXPOM^SYX]% SX ZK\^SM_VK\

YX ^RO NOQ\KNK^SYX YP ^RO ZRKQO 9@6' ERS] WYNOV S] _]ON ^Y ]SW_VK^O K ]MOXK\SY SX aRSMR ^RO

SXPOM^ON LKM^O\SKV MOVV KV\OKNc RK] 8C=DBC ]ZKMO\] ^RK^ ^K\QO^ ^RO SXPOM^SXQ ZRKQO' =X ^RS]

MK]O% ^RO LORK`SY\ YP ^RO 8K] X_MVOK]O] S] XY^ NSPPO\OX^ P\YW ^RK^ YP \O]^\SM^SYX X_MVOK]O]3

^ROc K\O _Z\OQ_VK^ON KP^O\ ^RO NO^OM^SYX YP ^RO SXPOM^SYX% ^ROc SX^O\KM^ aS^R ^RO ZRKQO 9@6%

KXN PSXKVVc% ^ROc K\O NYaX\OQ_VK^ON' 6] ^RO CO`SOaO\ ZYSX^] Y_^% SX ^RS] ]S^_K^SYX ^RO\O K\O

^aY ]O^] YP OXdcWO] ^RK^ NOQ\KNO ^RO ZRKQO 9@6 aS^R NSPPO\OX^ \OQ_VK^Y\c KXN USXO^SM

ZK\KWO^O\]' A^RO\ K]ZOM^] YP KNKZ^S`O SWW_XS^c "]_MR K] ^RO KNKZ^K^SYX Y\ ^RO ObZ\O]]SYX

ZRK]O]# K\O XY^ \OVO`KX^ SX ^RS] MYX^Ob^' HO KMUXYaVONQO ^RK^ ^RS] ZYSX^ WSQR^ LO ]_PPSMSOX^Vc

ObZVKSXON SX ^RO ^Ob^' HO RK`O \OPY\W_VK^ON ^RO QYKV] YP ?YNOV , ^Y WKUO ^RO]O K\Q_WOX^]

MVOK\3

hEY _XNO\]^KXN ^RO Z\Y^OM^SYX MYXPO\\ON YX LKM^O\SKV MOVV] Lc ^RO 8C=DBC ]c]^OW% aO aSVV

WYNOV ^RO NcXKWSM] YP ^RS] ]c]^OW SX ^RO Mc^YZVK]W YP SXPOM^ON MOVV]' DSXMO aO SX^OXN ^Y

KXKVcdO ^RO OPPOM^ YP 8C=DBC YX ^RO NcXKWSM] YP ^RO ZRKQO 9@6 SX]SNO ^RO RY]^ MOVV% aO aSVV

XY^ MYX]SNO\ ^RO KNKZ^K^SYX KXN ObZ\O]]SYX ZRK]O] YP ^RO 8C=DBC \O]ZYX]O' =X]^OKN% aO



aSVV K]]_WO ^RK^ ^RO SXPOM^ON LKM^O\SKV MOVV S] KV\OKNc O[_SZZON aS^R ]ZKMO\] ^RK^ \OMYQXSdO

KXN K^^KMU ^RO 9@6 YP ^RO ZRKQO' =X ^RS] MK]O% ^RO SXPOM^SYX KM^S`K^O] ^RO SX^O\PO\OXMO ]^KQO

YP ^RO 8C=DBC \O]ZYX]O SX ^RO RY]^ MOVV% aRSMR S] ^RO PYM_] YP Y_\ WYNOV'h "VSXO] +*2&++,#

6V]Y% SWZY\^KX^Vc% ^RO\O S] XY \OKV T_]^SPSMK^SYX PY\ aRc 8C=DBC ]c]^OW] aY_VN RK`O

ZK\KWO^O\] ^RK^ aY_VN VOKN ^ROW ^Y LO^^O\ ^K\QO^ ]VYa ZRKQO'

ERK^ 8C=DBC ]c]^OW] MY_VN ^K\QO^ ]VYa ZRKQO] S] K RcZY^RO]S] YP Y_\ aY\U' HO RK`O

MRKXQON ^RO PS\]^ VSXO] YP ^RO ]OM^SYX hERO 8C=DBC ]c]^OW3 K LKM^O\SKV ]^\K^OQc KQKSX]^ ]VYa

ZRKQO]i ^Y LO^^O\ ObZVKSX ^RS] ZYSX^3

hHO RK`O ]OOX ^RK^% KMMY\NSXQ ^Y Y_\ WYNOV]% C? KXN 6LS ]c]^OW] aY_VN PKSV ^Y Z\Y^OM^

LKM^O\SKV MOVV] KQKSX]^ ]VYa ZRKQO] ";SQ' ,#' 7K]ON YX ^RS]% aO RcZY^RO]SdO ^RK^ 8C=DBC

]c]^OW] MY_VN LO YZ^SWSdON ^Y PSQR^ ^RS] MK^OQY\c YP ZRKQO]' FXNO\ ^RS] RcZY^RO]S]% ^RO

KNKZ^S`O WOWY\c YP LKM^O\SKV MOVV] aY_VN ^K\QO^ ZRKQO] ^RK^ K\O XY^ ]_]MOZ^SLVO ^Y ^RO KM^SYX

YP C? KXN 6LS ]c]^OW]' =XXK^O KXN KNKZ^S`O SWW_XS^c aY_VN ^RO\OPY\O ZVKc MYWZVOWOX^K\c

\YVO] SX ^RO NOPOX]O YP LKM^O\SKV MOVV] KQKSX]^ SXPOM^SXQ ZRKQO]' ERS] RcZY^RO]S] S] ]_ZZY\^ON

Lc ^aY WKSX K\Q_WOX^]' ;S\]^% aO aSVV ]RYa ^RK^ KNKZ^S`O SWW_XO \O]ZYX]O] Z\Y^OM^

LKM^O\SKV MOVV] P\YW ]VYa ZRKQO SXPOM^SYX]' DOMYXN% aO aSVV ]RYa ^RK^ LKM^O\SKV MOVV] MY_VN LO

KLVO ^Y NS]M\SWSXK^O ]_]MOZ^SLVO KXN PK]^ ZRKQO] P\YW ]VYa ZRKQO] KXN ]OVOM^S`OVc

SXMY\ZY\K^O ^RO VK^^O\ SX^Y ^ROS\ 8C=DBC K\\Kch "VSXO] +**&+*0#

HO _]O WK^ROWK^SMKV WYNOV] ^Y ]RYa ^RK^ Y_\ RcZY^RO]S] S] ZVK_]SLVO% S' O' ^RK^ 8C=DBC

]c]^OW] MKX LO OPPOM^S`O KQKSX]^ ]VYa ZRKQO]' ?YNOV , ]RYa] ^RK^ ^RS] S] ^RO MK]O3 LKM^O\SKV

MOVV] ^RK^ RK`O 8C=DBC ]ZKMO\] MKX XO_^\KVSdO ZRKQO] ^RK^ K\O \O]S]^KX^ ^Y C? ]c]^OW]' HO

NY XY^ ]Kc ^RK^ 8C=DBC ]c]^OW] RK`O ZK\KWO^O\] ^RK^ VOKN ^ROW ^Y LO^^O\ ^K\QO^ ]VYa

ZRKQO]' HO ]RYa ^RK^ ^RS] S] K ZY]]SLVO ]MOXK\SY% S'O ^RK^ ]_S^KLVO ZK\KWO^O\ `KV_O] MKX LO

]OVOM^ON ]Y ^RK^ ]YV_^SYX] YP ^RO WYNOV NS]ZVKc ^RO LORK`SY\] NO]M\SLON SX ^RO ^Ob^' HO RK`O

MRKXQON ^RO VOQOXN YP ;SQ' - ^Y WKUO ^RO _]O YP ?YNOV , MVOK\'

ERO VK]^ ZK\KQ\KZR YP ^RS] ]OM^SYX WKUO] K X_WLO\ YP O`YV_^SYXK\c K\Q_WOX^] ^RK^ K\O XY^

LKMUON _Z Y\ PY\WKVSdON K^ KVV g KXN WKc XY^ RYVN K^ KVV SX K ZYZ_VK^SYX ]O^^SXQ'

HO RK`O WY`ON ^RO]O O`YV_^SYXK\c K\Q_WOX^] ^Y ^RO 9S]M_]]SYX "^RO NO^KSV] K\O ObZVKSXON SX

^RO \O]ZYX]O ^Y ZYSX^ + KLY`O#'

.' ERO Z\SWSXQ ZROXYWOXYX MYWWYX ^Y WY]^ 8C=DBC ]c]^OW] "\KZSN _Z^KUO YP ]ZKMO\]

KQKSX]^ ZRKQO] ^RO RY]^ KV\OKNc RK] SWW_XS^c ^YaK\N]# S] XY^ WOX^SYXON SX ^RO ZKZO\% KXN

]O\SY_]Vc MYWZVSMK^O] ^RO K\Q_WOX^] KLY_^ ]ZKMO\ KM[_S]S^SYX NOMS]SYX] WKNO Lc ^RO

K_^RY\] "^RY_QR ]OO R^^Z]3((NYS'Y\Q(*)'*)0,(ZXK]'*/)+/,2**, PY\ SXPY\WK^SYX ^RK^ WKc LO

_]OP_V(]_ZZY\^S`O YP ^RO K\Q_WOX^#' DSWSVK\Vc% aRSVO ^RO K_^RY\] MY\\OM^Vc ZYSX^ Y_^ ^RK^

]ZKMO\] MKX LO KM[_S\ON P\YW ^RO LcZ\YN_M^] YP C? NOPOX]O% NOPOM^S`O ZRKQO MKX KV]Y

PKMSVS^K^O ]ZKMO\ _Z^KUO "R^^Z]3((NYS'Y\Q(*)'*),1(XMYWW].,22#'

HO ^RKXU ^RO \O`SOaO\ PY\ ^RO]O "[_S^O SX^O\O]^SXQ# LSLVSYQ\KZRSM \OPO\OXMO]' ERO PS\]^ YXO

]_QQO]^] ^RK^ ^RO NOMS]SYX YP LKM^O\SKV MOVV] ^Y M\OK^O XOa ]ZKMO\] N_\SXQ \OSXPOM^SYX] WSQR^

LO NO^O\WSXON Lc ^RO ZO\WKXOXMO YP ZRKQO 9@6 SX ^ROS\ Mc^YZVK]W]' ERS] S] K \OVO`KX^



OVOWOX^ YP Y_\ RcZY^RO]S] KLY_^ ^RO M\OK^SYX YP XOa ]ZKMO\]' HO RK`O SXMV_NON ^RS]

\OPO\OXMO ^Y ]_ZZY\^ ^RS] K\Q_WOX^3

hHO RcZY^RO]SdO ^RK^ ^RO SXMY\ZY\K^SYX YP XOa ]ZKMO\] SX^Y ^RO 8C=DBC K\\Kc YP K LKM^O\SKV

MOVV S] NO^O\WSXON Lc ^RO ZO\WKXOXMO YP ZRKQO 9@6 SX S^] Mc^YZVK]W "K] KV\OKNc ]_QQO]^ON

SX I-0J#' "VSXO] +-2&+.*#

ERS] ZKZO\ KV]Y ]_ZZY\^] ^RO K]]_WZ^SYX ^RK^ ^RO M\OK^SYX YP XOa ]ZKMO\] N_\SXQ \OSXPOM^SYX]

aY_VN LO PKMSVS^K^ON Lc K \ON_M^SYX SX ^RO \K^O YP ZRKQO 9@6 NO]^\_M^SYX' HO RK`O SXMV_NON

^RS] K\Q_WOX^ SX ^RO ]OM^SYX h<Ya NY LKM^O\SK NOMSNO ^Y SXMV_NO XOa ZRKQO] SX ^RO 8C=DBC

K\\Kc5i3

hERS] WYNOV aY_VN KMMY_X^ PY\ ^RO SXM\OK]ON KM[_S]S^SYX YP XOa ]ZKMO\] N_\SXQ \OSXPOM^SYX]

Lc ZRKQO] ^RK^ RK`O _XNO\QYXO W_^K^SYX] SX ^RO ^K\QO^ON 9@6 ]O[_OXMO] K] MYWZK\ON ^Y

ZRKQO] aS^RY_^ W_^K^SYX] I-0J' 6MMY\NSXQ ^Y Y_\ WYNOV% ^RS] aY_VN LO ^RO ObZOM^ON \O]_V^ YP

VYaO\ MVOK`KQO \K^O] MK_]ON Lc ^RO \ON_MON KPPSXS^c YP 8K] OXdcWO] PY\ ^RO ZRKQO 9@6'i

"VSXO] ,).&,)1#

ERO ]OMYXN ZKZO\ Z\YZY]ON Lc ^RO CO`SOaO\ ]_ZZY\^] ^RO `SOa YP ^RO 8C=DBC ]c]^OW K] K

]^\K^OQc ^Y PSQR^ ]VYa ZRKQO]' ERO \ON_MON \OZVSMK^SYX \K^O YP NOPOM^S`O ZRKQO] aY_VN WKUO

^ROW ]VYaO\ ^RKX XY\WKV ZRKQO]% KXN MYX]O[_OX^Vc% ]_S^KLVO ^K\QO^] PY\ ^RO 8C=DBC

]c]^OW]3

hERS] WYNOV S] ]_ZZY\^ON Lc ^RO YL]O\`K^SYX ^RK^ VYaO\ \OZVSMK^SYX \K^O] MK_]ON Lc ^RO

Z\O]OXMO YP \OZVSMK^SYX&NOPOM^S`O ZRKQO] PKMSVS^K^O ^RO KM[_S]S^SYX YP XOa ]ZKMO\] Lc LKM^O\SKV

MOVV] N_\SXQ ZRKQO SXPOM^SYX] I-1J'i "VSXO] +/+&+//#

/' ERO 8C=DBC WYNOVSXQ VS^O\K^_\O S] Ob^\OWOVc \SMR% Q\KZZVO] aS^R WKXc YP ^RO [_O]^SYX]

NS]M_]]ON RO\O% KXN VK\QOVc SQXY\ON SX ^RS] WKX_]M\SZ^ "aS^R K POa ObMOZ^SYX]#' ;Y\ ObKWZVO%

R^^Z]3((NYS'Y\Q(*)'*,0*(TY_\XKV'ZMLS'*))-/), ]OOW] ZK\^SM_VK\Vc \OVO`KX^'

HO ^RKXU ^RO CO`SOaO\ PY\ ^RS] \OPO\OXMO' HO RK`O SXMV_NON S^ SX ^RO =X^\YN_M^SYX "^YQO^RO\

aS^R Y^RO\ \OPO\OXMO]# ^Y Z_^ Y_\ aY\U SX MYX^Ob^ KXN ^Y ]^\O]] Y_\ MOVV&VO`OV KZZ\YKMR3

hERO]O [_O]^SYX] RK`O LOOX KNN\O]]ON K^ OMYVYQSMKV KXN O`YV_^SYXK\c ]MKVO] SX ^RO VS^O\K^_\O

I,,g,.J' =X ^RS] aY\U% aO ^KUO K MOVV&VO`OV ZO\]ZOM^S`O'i "VSXO] ..&./#'

0' ERO\O S] XY ObZVY\K^SYX YP ZK\KWO^O\ ]ZKMO XY\ T_]^SPSMK^SYX YP ^RO ZK\KWO^O\] _]ON SX ^RO

WKX_]M\SZ^% WKUSXQ S^ RK\N ^Y T_NQO ^RO QOXO\KVS^c YP ^RO \O]_V^] ]RYaX'

ERO MRYSMO YP ZK\KWO^O\] SX ?YNOV * MY\\O]ZYXN] ^Y K XYX&NSWOX]SYXKV PY\W YP S^]

O[_K^SYX]' ERO ]SWZVSMS^c YP ^RS] WYNOV KVVYa] ObZVY\SXQ S^] NcXKWSM] Lc MRKXQSXQ ^aY

ZK\KWO^O\]3 ^RO \K^O] YP ZRKQO 9@6 \OZVSMK^SYX KXN MVOK`KQO' =P ^RO \O]^ YP ^RO MYXNS^SYX]

K\O O[_KV% ZRKQO] ^RK^ NSPPO\ YXVc SX ^ROS\ \K^O] YP \OZVSMK^SYX KXN NO]^\_M^SYX aSVV ObRSLS^

NSPPO\OXMO] SX ^ROS\ ]_]MOZ^SLSVS^c ^Y ^RO RY]^j] SWW_XO NOPOX]O]' ERO\OPY\O% ^RO SXPOM^SYX

]ZKMO \OZ\O]OX^] ^RO ObZVY\K^SYX YP ^RO ZK\KWO^O\ ]ZKMO' HO RK`O KNNON ^RS] ObZVKXK^SYX ^Y

^RO ^Ob^3



h6 XYX&NSWOX]SYXKV `O\]SYX YP ?YNOV * KVVYa] ObZVY\SXQ KVV ^RO NcXKWSM] Z\YN_MON Lc ^RS]

WYNOV Lc `K\cSXQ ^aY ZK\KWO^O\]3 k KXN n "]OO ?K^O\SKV KXN ?O^RYN]#' F]SXQ ^RS] KZZ\YKMR%

S^ S] ZY]]SLVO ^Y NOPSXO KX hSXPOM^SYX ]ZKMOi SX aRSMR ^RO Y_^MYWO YP KX^S&ZRKQO \O]ZYX]O] YP

SXNS`SN_KV LKM^O\SKV MOVV] S] P_VVc MRK\KM^O\SdON Lc ^RO \K^O] YP ZRKQO 9@6 \OZVSMK^SYX

"\OZ\O]OX^ON Lc k# KXN NOQ\KNK^SYX Lc \O]^\SM^SYX X_MVOK]O] "\OZ\O]OX^ON Lc n#'i "VSXO]

*+)&*+,#

HO RK`O KV]Y SXMV_NON ^RO XYX&NSWOX]SYXKV `O\]SYX YP ?YNOV * SX ^RO ?K^O\SKV] KXN ?O^RYN]

]OM^SYX "VSXO] -)1&-*+#'

HS^R \OQK\N ^Y ^RO 6LS ]c]^OW]% aO SX^OXNON ^Y ]RYa ^RK^ ^ROc MKX ^K\QO^ PK]^ ZRKQO]' EY

^RK^ OXN% S^ ]_PPSMO] ^Y PSXN ZK\KWO^O\ `KV_O] SX ?YNOV + ^RK^ WKUO ^RO 6LS \OQSYX YP ^RO

SXPOM^SYX ]ZKMO Y`O\VKZ aS^R ^RK^ YP PK]^ ZRKQO]' 6XKVYQY_]Vc% aO RK`O ]OVOM^ON ]_S^KLVO

ZK\KWO^O\] ^Y ]RYa ^RK^ ^RO 8C=DBC ]c]^OW] MKX LO OPPOM^S`O KQKSX]^ ]VYa ZRKQO] "]OO

NO^KSV] SX ^RO \O]ZYX]O ^Y ZYSX^ -#'

HO RK`O ObZVKSXON ^RO]O ZYSX^] SX ^RO ?K^O\SKV] KXN ?O^RYN] ]OM^SYX3

h;Y\ ?YNOV + KXN ?YNOV , aO MRY]O ]_S^KLVO `KV_O] ^Y ]RYa ^RK^ 6LS KXN 8C=DBC ]c]^OW]

MKX LO OPPOM^S`O KQKSX]^ PK]^ KXN ]VYa ZRKQO] \O]ZOM^S`OVc'i "VSXO] -**&-*+#'

?SXY\ 8YWWOX^]3

*' BVOK]O WKUO KVV MYNO PY\ KXKVc]O] Z_LVSMVc K`KSVKLVO "O'Q'% YX QS^R_L#

HO WKNO ^RO MYNO K`KSVKLVO K^

"R^^Z]3((XY^OLYYUK\MRS`O'Y\Q(^RO&MYY\NSXK^SYX&YP&SXXK^O&KXN&KNKZ^S`O&SWW_XS^c&SX&LKM^O\SKV&M

OVV]&&+)++&)1&NLd[dZ[(#' HO KNNON K 8YNO K`KSVKLSVS^c ]OM^SYX K^ ^RO OXN YP ^RO WKX_]M\SZ^'

+' =^ ]OOW] VSUO WKXc YP ^RO]O WYNOV] ]RY_VN LO KWOXKLVO ^Y WK^ROWK^SMKV KXKVc]S]% XY^ T_]^

X_WO\SMKV KZZ\YKMRO]% KXN ]_MR ]YV_^SYX] aY_VN LO [_S^O _]OP_V

@_WO\SMKV KZZ\YKMRO] K\O SX PKM^ WK^ROWK^SMKV KXKVc]S]' =P ^RO CO`SOaO\ \OPO\] ^Y ObZVSMS^

]YV_^SYX] SX]^OKN% ^ROc K\O "^Y ^RO LO]^ YP Y_\ UXYaVONQO# M_\\OX^Vc _XK`KSVKLVO'

,' ERO VSXO hERS] ]OVOM^S`O PY\MO N\S`O] P\O[_OX^ W_^K^SYX]fi S] SXMY\\OM^ g NOZVO^SYX YP

\O]^\SM^SYX ]S^O] NYO] XY^ N\S`O W_^K^SYX' ERO aY\N hW_^K^SYX]i ]RY_VN LO \OZVKMON Lc

h]_L]^S^_^SYX]i

HO ^RKXU ^RO CO`SOaO\ PY\ ^RS] YL]O\`K^SYX' HO RK`O MRKXQON ^RO ^Ob^ KMMY\NSXQVc'



Reviewer #2 (Remarks to the Author):

ERS] S] KX SX^O\O]^SXQ KXN ZY^OX^SKVVc SWZY\^KX^ MYX^\SL_^SYX ^Y Y_\ _XNO\]^KXNSXQ ^RO

ZYZ_VK^SYX KXN O`YV_^SYXK\c LSYVYQc YP LKM^O\SK KXN Vc^SM "`S\_VOX^# ZRKQO]' ERO WKX_]M\SZ^

SXMV_NO] ]O`O\KV SXXY`K^S`O SNOK] KXN ZO\]ZOM^S`O] KLY_^ ^RO MYXNS^SYX] _XNO\ aRSMR

\O]^\SM^SYX&WYNSPSMK^SYX% KLY\^S`O SXPOM^SYX% KXN 8C=DBC&WONSK^ON SWW_XS^c ^Y ZRKQO

SXPOM^SYX aSVV YZO\K^O ^Y Z\Y^OM^ LKM^O\SK P\YW ]_MM_WLSXQ ^Y ZRKQO SXPOM^SYX' <YaO`O\% aO

MKXXY^ \OMYWWOXN S^] Z_LVSMK^SYX SX S^] M_\\OX^ PY\W'

HO ^RKXU ^RO CO`SOaO\ PY\ RS](RO\ ZY]S^S`O MYWWOX^]' HO RK`O WYNSPSON ^RO ^Ob^ KMMY\NSXQ

^Y ^RO SXNSMK^ON ]_QQO]^SYX]% K] NO^KSVON LOVYa'

ERO K_^RY\] W_]^ MYX]SNO\ RYa ^RS] ^ROY\O^SMKV ]^_Nc YP ^RO NcXKWSM] YP ZRKQO SXPOM^SYX YP

SXNS`SN_KV LKM^O\SK \OVK^O] ^Y ^RO Q\OK^O\ ZSM^_\O YP ^RO ZYZ_VK^SYX KXN O`YV_^SYXK\c LSYVYQc YP

LKM^O\SK KXN Vc^SM ZRKQO'

HO RK`O SXMV_NON SX ^RO ^Ob^ ^aY ZY]]SLVO aKc] ^Y PY\WKVSdO ^RO MYXMOZ^ YP K MOVV&VO`OV

SXPOM^SYX ]ZKMO K^ ^RO ]MKVO YP ^RO ZYZ_VK^SYX KXN _]O S^ ^Y ObZVY\O ^RO OMYVYQSMKV KXN

O`YV_^SYXK\c SWZVSMK^SYX] YP O`OX^] ^RK^ YMM_\ SX]SNO LKM^O\SKV MOVV] "VSXO] ,/*&,2/#'

HO RK`O KV]Y SXMV_NON K \OWK\U KLY_^ ^RO ZYZ_VK^SYX&VO`OV WKXSPO]^K^SYX] YP ^RO SXPOM^SYX YP

]SXQVO MOVV] Lc PK]^ KXN ]VYa ZRKQO] "]OO ^RO \O]ZYX]O ^Y ^RO XOb^ ZYSX^#'

;\YW ^RO ZYZ_VK^SYX KXN O`YV_^SYXK\c ZO\]ZOM^S`O% \O]^\SM^SYX&WYNSPSMK^SYX S] K [_O]^SYX YP

OXdcWO USXO^SM]% L_^ S] Y_^MYWO N\S`OX& NYO] \O]^\SM^SYX Z\O`OX^ \OZVSMK^SYX' ;\YW ^RS]

ZO\]ZOM^S`O% aY_VN S^ LO ZY]]SLVO ^Y NS]M\SWSXK^O LO^aOOX PK]^ KXN ]VYa ZRKQO] Lc ^ROS\

\O]ZYX]O ^Y ^RO RY]^ OXNYX_MVOK]O5 D^K^ON KXY^RO\ aKc% MKX aO SNOX^SPc PK]^ KXN ]VYa

ZRKQO] P\YW aRK^ S] UXYaX KLY_^ ^RO NcXKWSM] YP ZRKQO SXPOM^SYX5

ERS] S] K `O\c SX^O\O]^SXQ ZYSX^' BRKQO] K\O NOPSXON K] PK]^ Y\ ]VYa NOZOXNSXQ YX ^RO ]^\K^OQc

^ROc _]O ^Y O`KNO SX^\KMOVV_VK\ SWW_XS^c' 6V^RY_QR LY^R ]^\K^OQSO] WKc USVV SXNS`SN_KV RY]^

MOVV]% ^ROc WKc ObRSLS^ `O\c NSPPO\OX^ ZYZ_VK^SYX&VO`OV MYX]O[_OXMO]% aRSMR aY_VN PKMSVS^K^O

^RO ObZO\SWOX^KV NS]M\SWSXK^SYX LO^aOOX PK]^ KXN ]VYa SXPOM^SYX]' 6V^RY_QR aO aO\O XY^

KaK\O YP ^RS]% ^RO ObS]^OXMO YP ZO\]S]^OX^ ZRKQO SXPOM^SYX] RK] KV\OKNc LOOX NO]M\SLON SX ^RO

VS^O\K^_\O "]OO 9A=3 *)'*)21(\]YL'*,)+)) Y\ 9A=3*)'*)*/(7201&)&*+&1))+.2&2'))))-&-#'

6MMY\NSXQ ^Y Y_\ WYNOV]% ^RO]O SXPOM^SYX] aY_VN LO MK_]ON Lc ]VYa ZRKQO]' HO RK`O

SXMV_NON ^RO]O K\Q_WOX^] SX ^RO WKX_]M\SZ^3

h7OSXQ PK]^ Y\ ]VYa aY_VN LO KV^O\XK^S`O ZRKQO ]^\K^OQSO] ^Y O`KNO ^RO SWW_XO WOMRKXS]W]

YP SXNS`SN_KV LKM^O\SKV MOVV]' 6V^RY_QR LY^R ]^\K^OQSO] WKc VOKN ^Y ^RO NOK^R YP ^RO SXPOM^ON

MOVV% ^ROS\ MYX]O[_OXMO] K^ ^RO ]MKVO YP LKM^O\SKV ZYZ_VK^SYX] aY_VN VSUOVc LO NSPPO\OX^' ;K]^

ZRKQO] K\O MKZKLVO YP \KZSNVc USVVSXQ ^ROS\ RY]^]% aRSMR Z\YLKLVc ^\KX]VK^O] SX^Y ^RO RSQR

^\KX]WS]]SYX KXN WY\^KVS^c \K^O] YL]O\`ON SX ^cZSMKV Vc^SM SXPOM^SYX]' ERO MR\YXSM SXPOM^SYX YP

SXNS`SN_KV MOVV] Lc ]VYa ZRKQO]% YX ^RO Y^RO\ RKXN% aY_VN \O]_V^ SX ZO\]S]^OX^ SXPOM^SYX] aS^R

VYaO\ NOK^R \K^O] K^ ^RO ]MKVO YP ^RO ZYZ_VK^SYX' ERS] ^cZO YP SXPOM^SYX RK] LOOX YL]O\`ON SX

XK^_\KV ZYZ_VK^SYX] SX aRSMR LKM^O\SK KXN ZRKQO] MYObS]^ SX K WY\O Y\ VO]] ]^KLVO O[_SVSL\S_W

UXYaX K] ^RO MK\\SO\ ]^K^O VSPO McMVO I-,J' ERS] ]^K^O S] MRK\KM^O\SdON Lc ZO\]S]^OX^ SXPOM^SYX]

SX aRSMR XOa ZRKQO] K\O MYX^SX_Y_]Vc L_NNON YPP ^RO RY]^ MOVV] Y\ ZK]]ON NYaX ^Y ^RO



Z\YQOXc YP ^RO SXPOM^ON LKM^O\SKV MOVV] I-+J' HS^RSX ^RO P\KWOaY\U YP ^RO SXPOM^SYX ]ZKMO% ^RS]

aY_VN LO ^RO ZYZ_VK^SYX&VO`OV WKXSPO]^K^SYX YP SXPOM^SYX] Lc ]VYa ZRKQO]'i "VSXO] *+2&*,1#

HY_VN ObZO\SWOX^KVS]^] ]OO NSPPO\OXMO] SX ZK\KWO^O\] ]_MR K]3 "*# ^RO ^SWO P\YW KN]Y\Z^SYX

YP ^RO ZRKQO ^Y ^RO LKM^O\SK ^Y ^RO SXS^SK^SYX YP ^RO Vc^SM McMVO% ^RO VK^OX^ ZO\SYN% "+# ^RO \K^O] K^

aRSMR ^RO ZRKQO KN]Y\L ^Y ^RO LKM^O\SK% ",# ^RO ^SWO P\YW ^RO SXS^SK^SXQ YP ^RO Vc^SM McMVO ^Y ^RO

Z\YN_M^SYX YP P\OO ZRKQO% "-# aRO^RO\ ^RO LKM^O\SK K\O USVVON _ZYX \OVOK]O YP ^RO ZRKQO Y\ ^RO

ZRKQO YYdO Y_^ YP SXPOM^ON MOVV]% Y\ ".# ^RO X_WLO\ YP ZRKQO ZK\^SMVO] Z\YN_MON Lc KX

SXPOM^ON LKM^O\S_W% ^RO L_\]^ ]SdO'

DYWO YP ^RO]O ZK\KWO^O\] MY\\O]ZYXN ^Y `K\SKLVO] YP Y_\ WYNOV] L_^ Y^RO\] \OPO\ ^Y

Z\YMO]]O] ^RK^ K\O XY^ MYX]SNO\ON SX ^RS] aY\U' >O^ _] L\SOPVc KNN\O]] ^RS] S]]_O LOVYa'

*' ERO VK^OX^ ZO\SYN% NOPSXON K] h^RO ^SWSXQ YP ZRKQO&SXN_MON RY]^ MOVV Vc]S]i

"R^^Z]3((NYS'Y\Q(*)'**+1(6:?'/0'2'-+,,&-+-*'+))*#% S] KX Y_^Z_^ YP Y_\ WYNOV]' ERS] ^cZO YP

^OWZY\KV Y_^Z_^ S] ]RYaX PY\ SX]^KXMO SX ;SQ_\O] /6 "PY\ \O]^\SM^SYX&WYNSPSMK^SYX ]c]^OW]

aS^RY_^ 8C=DBC# KXN /9 "aS^R 8C=DBC#' ERS] PSQ_\O ]RYa] ^RO ^SWO XOONON Lc ^RO MOVV ^Y

OVSWSXK^O ^RO ZRKQO L_^ ^RO ^SWO XOONON PY\ ^RO ZRKQO ^Y USVV ^RO RY]^ S] K ]SWSVK\ Y_^Z_^'

DSXMO S^ S] K \O]_V^ YP Y_\ WYNOV]% ^RO VK^OX^ ZO\SYN MKX LO ObZ\O]]ON K] K P_XM^SYX YP Y^RO\

WYNOV ZK\KWO^O\] ]_MR K] ^RO ZRKQO 9@6 \OZVSMK^SYX KXN NO]^\_M^SYX \K^O]' :bZO\SWOX^KVVc

MRKXQSXQ ^RO]O ZK\KWO^O\] ]RY_VN QS`O \S]O ^Y Z\ONSM^KLVO MRKXQO] SX ^RO VK^OX^ ZO\SYN'

+' ERO KL]Y\Z^SYX YP ZRKQO] SX^Y LKM^O\SK ^KUO] ZVKMO LOPY\O ^RO SXPOM^SYX YP ^RO MOVV' DSXMO

Y_\ WYNOV] \OPO\ ^Y O`OX^] ^RK^ ^KUO ZVKMO YXMO ^RO ZRKQO RK] OX^O\ON ^RO RY]^ MOVV% ^ROc

MKXXY^ ]Kc KXc^RSXQ KLY_^ ^RO \K^O] K^ aRSMR ^RO ZRKQO] KN]Y\L ^Y ^RO LKM^O\SKV MOVV]' ERS]

ZK\KWO^O\ aY_VN LO _]OP_V SX ^RO ZYZ_VK^SYX&VO`OV SWZVOWOX^K^SYX YP Y_\ WYNOV]'

,' A_\ WYNOV] NY XY^ ObZVSMS^Vc ]SW_VK^O ^RO Z\YN_M^SYX YP XOa ZRKQO]% ]Y ^ROc MKXXY^

Z\Y`SNO `KV_KLVO SXPY\WK^SYX KLY_^ ^RS] `K\SKLVO'

-' 6] NS]M_]]ON SX ^RO \O]ZYX]O ^Y ^RO Z\O`SY_] ZYSX^% ^RO NOK^R YP ^RO LKM^O\SK _ZYX \OVOK]O

YP XOa ZRKQO] KXN ^RO MYX^SX_Y_] \OVOK]O YP ZRKQO] Y_^ YP SXPOM^ON MOVV] MY_VN \O]ZYXN ^Y

PK]^ KXN ]VYa ZRKQO ]^\K^OQSO] \O]ZOM^S`OVc' 6MMY\NSXQ ^Y Y_\ WYNOV]% PK]^ ZRKQO] aY_VN

QS`O \S]O ^Y ^cZSMKV Vc^SM McMVO]% aRO\OK] ]VYa ZRKQO] aY_VN M\OK^O MR\YXSM SXPOM^SYX] VOKNSXQ

^Y MK\\SO\ ]^K^O VSPO McMVO]'

.' ERO X_WLO\ YP ZRKQO ZK\^SMVO] Z\YN_MON Lc KX SXPOM^ON LKM^O\S_W "^RO L_\]^ ]SdO# KPPOM^]

^RO \K^O YP Z\YZKQK^SYX YP ^RO SXPOM^SYX KM\Y]] ^RO ZYZ_VK^SYX% ]Y S^ aY_VN LO _]OP_V SX

ZYZ_VK^SYX&VO`OV `O\]SYX] YP Y_\ WYNOV]'

=^ WKc ZKc PY\ ^RO K_^RY\] ^Y MYX]SNO\ ^RO \YVO YP MVK]]SMKV \O]S]^KXMO ^Y ZRKQO] Lc W_^K^SYX]

YP ^ROS\ \OMOZ^Y\]' ;\YW ^RO O`YV_^SYXK\c ZO\]ZOM^S`O% \O]S]^KXMO S] ^RO OXN&KVV&LO&KVV NOPOX]O

WOMRKXS]W' <Ya NYO] ^RO SWW_XS^c WOMRKXS]W ^RO LKM^O\SK _^SVSdO SWZKM^ S^] _V^SWK^O PK^O

aS^R \O]ZOM^ ^Y ^RO OWO\QOXMO YP \O]S]^KXMO5

ERS] [_O]^SYX S] SX^O\O]^SXQ P\YW KX O`YV_^SYXK\c ZO\]ZOM^S`O' <YaO`O\% Y_\ WYNOV] PYM_] YX

^RO SX^O\KM^SYX] YP LKM^O\SKV MOVV] aS^R ZRKQO] ^RK^ K\O MKZKLVO YP SXPOM^SXQ ^ROW KXN K\O XY^

SX^OXNON ^Y KNN\O]] ^RS] ZK\^SM_VK\ K]ZOM^ YP ^RO MYO`YV_^SYX YP ZRKQO] KXN LKM^O\SK'



ERO K_^RY\] KV]Y PKSV ^Y MYX]SNO\ ^RO OMYVYQSMKV \OVO`KXMO YP ^ROS\ WYNOV]' HRSVO \O]^\SM^SYX

WYNSPSMK^SYX S] _LS[_S^Y_]% Y\ XOK\Vc ]Y% KLY\^S`O SXPOM^SYX WOMRKXS]W] K\O VO]] MYWWYX'

?Y\OY`O\% P_XM^SYXKV 8C=DBC ]c]^OW]% ^RK^ S] 8C=DBC&8K] ]c]^OW] MKZKLVO YP KM[_S\SXQ

XOa ]ZKMO\] P\YW SXPOM^SYX ZRKQO K\O \K\O' ERO\OPY\O% K ]SXQVO LKM^O\S_W RK`SXQ KVV ^R\OO

NOPOX]O ]c]^OW] aY_VN LO RSQRVc _XMYWWYX' ERO\O S] \K\OVc K XOON PY\ K LKM^O\S_W ^Y WKUO

K hNOMS]SYXi KLY_^ aRSMR ]c]^OW ^Y _^SVSdO ^Y Z\Y^OM^ ^ROW]OV`O] P\YW ZRKQO'

ERO ]SW_V^KXOY_] Z\O]OXMO YP KVV ^RO NOPOX]O ]c]^OW] SX O`O\c LKM^O\SK S] XY^ KX

K]]_WZ^SYX YP Y_\ KZZ\YKMR' A_\ WYNOV] ObZVKSX aRc ]YWO ZRKQO] O`KNO ]ZOMSPSM SWW_XO

WOMRKXS]W] KXN KV]Y RYa LKM^O\SKV MOVV] aS^R WY\O ^RKX YXO SWW_XO ]c]^OW hNOMSNOi aRSMR

]c]^OW ^Y _^SVSdO' 6MMY\NSXQ ^Y ^RO VS^O\K^_\O% ^RO 8C=DBC ]c]^OW S] Z\O]OX^ SX -)! YP

LKM^O\SKV ]ZOMSO] "\OPO\OXMO *2 SX Y_\ WKX_]M\SZ^% NYS3 *)'*)*/(T'WYVMOV'+))2'*+'),,#' DSXMO

\O]^\SM^SYX WYNSPSMK^SYX S] _LS[_S^Y_]% LKM^O\SK aS^R K^ VOK]^ ^aY KX^S&ZRKQO WOMRKXS]W] K\O

XY^ \K\O K^ KVV' HO RK`O SXMV_NON K MYWWOX^ SX ^RO 9S]M_]]SYX KLY_^ ^RS] S]]_O3

hERO MYXPSQ_\K^SYX YP ^RO SXPOM^SYX ]ZKMO Z\O]OX^ON SX ^RS] aY\U NYO] XY^ SX^OXN ^Y LO KX

KMM_\K^O% _XS`O\]KV NO]M\SZ^SYX YP LKM^O\SKV SXPOM^SYX ]ZKMO]' ;Y\ YXO ^RSXQ% S^ MY\\O]ZYXN] ^Y

LKM^O\SKV MOVV] O[_SZZON aS^R C?% 6LS% KXN 8C=DBC ]c]^OW]% K ]S^_K^SYX ^RK^ S] XY^ ^RO XY\W

KWYXQ LKM^O\SKV ]ZOMSO]' ?Y\OY`O\% ^RO ]RKZO YP ^RO \OQSYX] YMM_ZSON Lc ^RO 6LS% KXN

8C=DBC \O]ZYX]O] SX ^RS] ]ZKMO NOZOXN] YX ^RO ZK\^SM_VK\ WK^ROWK^SMKV PY\WKVSdK^SYX _]ON

^Y WYNOV ^ROS\ _XNO\VcSXQ WYVOM_VK\ WOMRKXS]W]' =X]^OKN% ^RO SXPOM^SYX ]ZKMO S] SX^OXNON K]

K _]OP_V KL]^\KM^SYX YP ZRKQO(LKM^O\SK SX^O\KM^SYX] aRY]O WKSX _^SVS^c NO\S`O] P\YW S^]

MKZKMS^c ^Y Z\Y`SNO `KV_KLVO SX]SQR^ SX^Y ^RO aS^RSX&MOVV NcXKWSM] YP ZRKQO SXPOM^SYX]' ERO

SX^O\O]^ YP ^RS] KZZ\YKMR ^\KX]MOXN] ^RO ZK\^SM_VK\ ]S^_K^SYX] MYX]SNO\ON SX Y_\ WYNOV]' ;Y\

SX]^KXMO% LKM^O\SKV MOVV] ^RK^ YXVc _]O C? KXN 6LS ]c]^OW] aY_VN ]^SVV LO ]_]MOZ^SLVO ^Y ]VYa

ZRKQO]% aRO\OK] ^RO MYWLSXK^SYX YP C? KXN 8C=DBC \O]ZYX]O] KVYXO aY_VN XY^ ]_PPSMO ^Y

Z\Y^OM^ ^RO RY]^ KQKSX]^ PK]^ ZRKQO]'i "VSXO] ,.+&,/)#

HO XY^ YXVc OXNY\]O ^RO _]O YP WK^ROWK^SMKV WYNOV] PY\ ]^_NSO] YP ^RO ZYZ_VK^SYX KXN

O`YV_^SYXK\c NcXKWSM] YP LKM^O\SK KXN ZRKQO% L_^ aO KV]Y MYX]SNO\ ^ROW ^Y LO O]]OX^SKV PY\

^RO]O MYX]SNO\K^SYX]' <YaO`O\% PY\ ^RO]O WYNOV] ^Y LO _]OP_V% ^RO RcZY^RO]S] QOXO\K^ON

P\YW ^RO KXKVc]O] YP ^RO Z\YZO\^SO] YP ^RO]O WYNOV] RK`O ^Y LO ^O]^KLVO SX ObZO\SWOX^KV

]c]^OW]' 6V^RY_QR aO NYXj^ ObZOM^ ^RO K_^RY\] YP ^RS] \OZY\^ ^Y NY ^RO]O ObZO\SWOX^]% ^ROc

]RY_VN Z\O]OX^ ^RO]O RcZY^RO]O] SX K aKc ^RK^ aSVV LO KWOXKLVO ^Y ObZO\SWOX^KVS]^] aY\USXQ

aS^R LKM^O\SK KXN ZRKQO KXN ]_QQO]^ RYa ^RO]O RcZY^RO]O] MKX LO ^O]^ON'

HO ^RKXU ^RO CO`SOaO\ PY\ ^RS] ]_QQO]^SYX' HO RK`O SXMV_NON K VS]^ YP ^RO RcZY^RO]O] SX ^RO

9S]M_]]SYX3

hI'''J ]_QQO]^] ^O]^KLVO RcZY^RO]O] KLY_^ ^RO MYY\NSXK^SYX YP SWW_XO WOMRKXS]W] SX

SXNS`SN_KV LKM^O\SKV MOVV]3

& BRKQO] aS^R RSQR KXN VYa 9@6 \OZVSMK^SYX \K^O] MY_VN K`YSN ^RO KM^SYX YP \O]^\SM^SYX

X_MVOK]O] SX ^RO Mc^YZVK]W YP SXPOM^ON MOVV]' HO RK`O VKLOVON ^RO]O ZRKQO] K] PK]^ KXN ]VYa

\O]ZOM^S`OVc' HRO\OK] PK]^ ZRKQO] aY_VN QS`O \S]O ^Y ^cZSMKV Vc^SM McMVO]% ]VYa ZRKQO] aY_VN

VOKN ^Y ^RO ZO\]S]^OX^ SXPOM^SYX] YL]O\`ON SX MK\\SO\ ]^K^O VSPO McMVO]'

& ERO 6LS KXN 8C=DBC ]c]^OW] aY_VN LO YZ^SWSdON ^Y ^K\QO^ PK]^ KXN ]VYa ZRKQO]

\O]ZOM^S`OVc'



& ERO NOMS]SYX YP LKM^O\SKV MOVV] ^Y M\OK^O XOa ]ZKMO\] aY_VN LO NO^O\WSXON Lc ^RO

ZO\WKXOXMO YP ^RO ZRKQO 9@6 SX ^RO Mc^YZVK]W YP ^RO MOVV KXN ^RO ^SWSXQ YP KM^S`K^SYX YP ^RO

8K] OXdcWO]' 6] K MYX]O[_OXMO% ^RO M\OK^SYX YP XOa ]ZKMO\] SX ^RO 8C=DBC K\\Kc aY_VN

LO LSK]]ON ^YaK\N] ]VYa ZRKQO]'

& 9_\SXQ \OSXPOM^SYX]% LKM^O\SKV MOVV] aY_VN M\OK^O XOa ]ZKMO\] KQKSX]^ ZRKQO] ^RK^ K\O

KV\OKNc Z\O]OX^ SX ^ROS\ 8C=DBC VSL\K\c SP ^RO \K^O YP ZRKQO 9@6 NO]^\_M^SYX RK] NOM\OK]ON

]SXMO Z\O`SY_] SXPOM^SYX] "YaSXQ ^Y WYNSPSMK^SYX] SX ^RO \O]^\SM^SYX ]S^O] \OMYQXSdON Lc

X_MVOK]O] Y\ ^Y W_^K^SYX] SX ^RO ]O[_OXMO] ^K\QO^ON Lc ^RO ]ZKMO\] Z\O]OX^ SX ^RO 8C=DBC

K\\Kc YP ^RO RY]^ MOVV#' "VSXO] ,*1&,+2#

HO RK`O KV]Y Y_^VSXON ]YWO ZY]]SLVO OWZS\SMKV KZZ\YKMRO] ^Y ^RS] S]]_O3

hERO WK^ROWK^SMKV WYNOV] Z\O]OX^ON SX ^RS] aY\U ]_ZZY\^ ^RO ZVK_]SLSVS^c YP ^RO]O

RcZY^RO]O] L_^ ^ROS\ `KVSNK^SYX \O[_S\O] KX OWZS\SMKV KZZ\YKMR' =X ^RS] \OQK\N% ^OMRXS[_O]

^RK^ KVVYa WYXS^Y\SXQ ]SXQVO&MOVV NcXKWSM] I.*J MY_VN LO _]ON ^Y ObZO\SWOX^KVVc ^O]^ SP

NSPPO\OX^ SXPOM^SYX ]^\K^OQSO] "O'Q'% Vc^SM Y\ MR\YXSM# \O]ZYXN ^Y NSPPO\OX^ \K^O] YP ZRKQO 9@6

\OZVSMK^SYX KXN MVOK`KQO' 6V^O\XK^S`OVc% WKXSZ_VK^SXQ ^RY]O \K^O] aY_VN VOKN ^Y Z\ONSM^KLVO

MRKXQO] SX ^RO Y_^MYWO YP ZRKQO SXPOM^SYX]' ;Y\ SX]^KXMO% S^ aY_VN LO ^ROY\O^SMKVVc ZY]]SLVO

^Y ]RSP^ LO^aOOX ^RO MK\\SO\ ]^K^O KXN ^RO Vc^SM VSPO McMVO] Lc K\^SPSMSKVVc NOM\OK]SXQ Y\

SXM\OK]SXQ ^RO \K^O K^ aRSMR ^RO 9@6 YP K QS`OX ZRKQO \OZVSMK^O] SX]SNO LKM^O\SKV MOVV]'i "VSXO]

,,)&,,/#



Reviewer #3 (Remarks to the Author):

ERS] WKX_]M\SZ^ ^KUO] K ^ROY\O^SMKV KZZ\YKMR ^Y SX`O]^SQK^O SX^O\KM^SYX] LO^aOOX LKM^O\SKV

SWW_XO ]c]^OW]' HS^R ]Y WKXc XY`OV ZRKQO NOPOXMO WOMRKXS]W] LOSXQ NS]MY`O\ON%

_XNO\]^KXNSXQ SX^O\KM^SYX] LO^aOOX P_XNKWOX^KV SWW_XS^c ]c]^OW] ]_MR K] \O]^\SM^SYX

WYNSPSMK^SYX "C?#% KLY\^S`O SXPOM^SYX "6LS# KXN 8C=DBC&8K]% S] `S^KV ^Y SWZ\Y`SXQ Y_\

_XNO\]^KXNSXQ YP RYa KXN aROX NSPPO\OX^ SWW_XS^c ]c]^OW] KM^' ERS] aY\U RK] L\YKN

\OVO`KXMO% \KXQSXQ P\YW P_XNKWOX^KV WSM\YLSYVYQc ^Y KZZVSMK^SYX YP ZRKQO ^RO\KZc' ;_\^RO\% S^

RSQRVSQR^] UOc RcZY^RO]O] ^RK^ MY_VN LO ^O]^ON ObZO\SWOX^KVVc SX ^RO P_^_\O'

HO ^RKXU ^RO CO`SOaO\ PY\ RS](RO\ ZY]S^S`O \OWK\U] KLY_^ Y_\ WKX_]M\SZ^' HO RK`O WYNSPSON

^RO ^Ob^ KMMY\NSXQ ^Y ^RO SXNSMK^ON ]_QQO]^SYX]% K] NO^KSVON LOVYa'

7c NO`OVYZSXQ ]SWZVO WYNOV] YP OKMR YP ^RO]O SWW_XS^c ]c]^OW] "C?% 6LS KXN

8C=DBC&8K]#% ^RO K_^RY\] aO\O KLVO ^Y ]SW_VK^O KX SXPOM^SYX VKXN]MKZO aRSMR ObZVKSX] RYa

^RO]O ]c]^OW] WSQR^ LO MYWZVOWOX^K\c ^Y YXO KXY^RO\% NO^O\WSXON Lc ^RO \K^O YP `S\KV

\OZVSMK^SYX KXN MVOK`KQO' ERO]O WYNOV] ]_QQO]^ ^RK^ WYN_VK^SYX YP USXO^SM ZK\KWO^O\] "O'Q'%

]OX]S^S`S^c YP ^RO 6LS ]OX]Y\ USXK]O# WSQR^ OXKLVO PSXO&^_XSXQ YP ^RO]O ]c]^OW] ^Y YZ^SWS]O

RYa aOVV ^RO]O ^R\OO SWW_XS^c ]c]^OW] SX^O\KM^ ^Y WSXSWS]O ^RO MRKXMO YP ]_MMO]]P_V ZRKQO

SXPOM^SYX MK_]SXQ MOVV Vc]S]' 6] ]_MR% ^RO WYNOV Z\ONSM^] ^RK^ YXVc ZRKQO] aRSMR \OZVSMK^O

OS^RO\ \OVK^S`OVc `O\c PK]^ Y\ `O\c ]VYa% WKc O]MKZO KVV ^R\OO YP ^RO]O SWW_XS^c ]c]^OW]'

ERS] WKX_]M\SZ^ NOWYX]^\K^O] K RSQR ]^KXNK\N YP WO^RYNYVYQc KXN ObZVKSX] ^RO WYNOV] `O\c

MVOK\Vc WKUSXQ S^ KMMO]]SLVO PY\ XYX&WK^ROWK^SMSKX]' 6V^RY_QR WY\O ^RY\Y_QR ObZVKXK^SYX YP

^RO WYNOV NO^KSV] MY_VN LO SXMV_NON K^ ^SWO]% O'Q'% ZK\KWO^O\ NO^KSV]% aRK^ ^ROc WOKX KXN

RYa `KV_O] aO\O NO^O\WSXON'

HO RK`O SXMV_NON KX ObZVKXK^SYX YP ^RO WOKXSXQ YP ^RO ZK\KWO^O\] KP^O\ ^RO PY\W_VK^SYX YP

OKMR WYNOV'

& :[_K^SYX] *3

haRO\O Q"^# KXN X"^# K\O ^RO X_WLO\] YP ZRKQO QOXYWO] KXN YP X_MVOK]O] SX ^RO Mc^YZVK]W

YP ^RO RY]^ MOVV K^ ^SWO ^ \O]ZOM^S`OVc' ERO SXPOM^SYX YP ^RO LKM^O\SKV MOVV S] K]]_WON ^Y ]^K\^ K^

^SWO ^ 4 ) aS^R ^RO OX^\c SX S^] Mc^YZVK]W YP Q) ZRKQO QOXYWO]' ER\Y_QRY_^ ^RS] ^Ob^% aO

P_\^RO\ K]]_WO ^RK^ ^RO\O K\O XY ]_ZO\SXPOM^SYX]% S'O' ^RK^ ZRKQO] Z\O`OX^ ^RO OX^\c YP Y^RO\

ZRKQO] SX^Y ^RO RY]^ MOVV YXMO ^RO SXPOM^SYX RK] ]^K\^ON I,1J' BK\KWO^O\ QWSX \OZ\O]OX^] ^RO

VYaO\ ^R\O]RYVN ^RK^ NO^O\WSXO] ZRKQO `SKLSVS^c KXN QWKb ^RO X_WLO\ YP ZRKQO QOXYWO] ^RK^

MK_]O] ^RO Vc]S] YP ^RO RY]^ MOVV'i "VSXO] 12&2,#

& :[_K^SYX] +3

hp KXN q K\O ZY]S^S`O ZK\KWO^O\] ^RK^ \OZ\O]OX^ ^RO \O]S]^KXMO YP X_MVOK]O] ^Y ObZKXN KXN

^RO PY\MO ObO\^ON Lc ^RO ZRKQO 9@6 YX ^RO X_WLO\ YP LKM^O\SKV X_MVOK]O] \O]ZOM^S`OVc I-)J'i

"VSXO] *)1&**)#

& :[_K^SYX] ,3

haRO\O m% o% KXN l K\O ZY]S^S`O ZK\KWO^O\]' ERS] WYNOV ]SW_VK^O] ^RO NcXKWSM] YP KX

SX^\KMOVV_VK\ Z\Y^OSX ^RK^ S] XY\WKVVc Z\YN_MON K^ K \K^O m KXN NS]KZZOK\] ObZYXOX^SKVVc K^ K

\K^O o' ERO]O NcXKWSM] \O]_V^ SX K RYWOY]^K^SM O[_SVSL\S_W QS`OX Lc ] 4 m(o% aRSMR S] ^KUOX



K] ^RO SXS^SKV MYXNS^SYX PY\ ]' ERO Z\O]OXMO YP ^RO ZRKQO SX ^RO LKM^O\SKV Mc^YZVK]W SXN_MO] KX

KNNS^SYXKV VY]] YP ^RO Z\Y^OSX% aRSMR S] K]]_WON Z\YZY\^SYXKV ^Y ^RO KWY_X^ YP ZRKQO 9@6

"ZK\KWO^O\ l S] ^RO MYX]^KX^ YP Z\YZY\^SYXKVS^c#'i "VSXO] *.,&*./#

& :[_K^SYX] -3

haRO\O ]"^# KXN Q"^# K\O ^RO X_WLO\] YP ]OX]Y\ Z\Y^OSX] KXN ZRKQO QOXYWO] SX ^RO

Mc^YZVK]W YP KX SXPOM^ON LKM^O\SK MOVV K^ ^SWO ^ \O]ZOM^S`OVc' BY]S^S`O ZK\KWO^O\] o KXN l

\OZ\O]OX^ ^RO \K^O K^ aRSMR Z\Y^OSX ] S] Z\YN_MON SX \O]ZYX]O ^Y ^RO ZRKQO 9@6 KXN ^RO \K^O

YP Z\Y^OSX NOQ\KNK^SYX \O]ZOM^S`OVc' ERS] WYNOV K]]_WO] ^RK^ ^RO MYXMOX^\K^SYX YP ^RO ]OX]Y\

Z\Y^OSX ] SX KX SXPOM^ON LKM^O\SKV MOVV SXM\OK]O] aS^R ^RO X_WLO\ YP QOXYWO] SX S^] Mc^YZVK]W

KXN NOM\OK]O] ObZYXOX^SKVVc'i "VSXO] *1,&*10#

COQK\NSXQ ^RO `KV_O] YP ^RO ZK\KWO^O\]% aO RK`O _]ON K XYX&NSWOX]SYXKV PY\W YP ?YNOV *

^RK^ KVVYa] ObZVY\SXQ ^RO NcXKWSM] YP ^RS] WYNOV Lc ZVKcSXQ aS^R T_]^ ^aY ZK\KWO^O\]3 ^RO

\K^O] YP ZRKQO 9@6 \OZVSMK^SYX KXN MVOK`KQO' =P ^RO \O]^ YP ^RO MYXNS^SYX] K\O O[_KV% ZRKQO]

^RK^ NSPPO\ YXVc SX ^ROS\ \K^O] YP \OZVSMK^SYX KXN NO]^\_M^SYX aSVV ObRSLS^ NSPPO\OXMO] SX ^ROS\

]_]MOZ^SLSVS^c ^Y ^RO RY]^j] SWW_XO NOPOX]O]'

HO RK`O SXMV_NON ^RO XYX&NSWOX]SYXKV `O\]SYX YP ?YNOV * SX ^RO ?K^O\SKV] KXN ?O^RYN]

]OM^SYX "VSXO] -)1&-*)#'

HS^R \OQK\N ^Y ^RO 6LS ]c]^OW]% aO RK`O WKNO K ]_S^KLVO MRYSMO YP ^RO ZK\KWO^O\] SX ?YNOV

+' =X ^RS] MK]O% aO aO\O SX^O\O]^ON SX ]RYaSXQ ^RK^ ^RO 6LS ]c]^OW] MKX ^K\QO^ PK]^ ZRKQO]'

EY ^RK^ OXN% S^ ]_PPSMO] aS^R PSXNSXQ ZK\KWO^O\ `KV_O] `O\SPcSXQ ^RS] MYXNS^SYX' 6XKVYQY_]Vc% aO

RK`O ]OVOM^ON ]_S^KLVO ZK\KWO^O\] ^Y ]RYa ^RK^ ^RO 8C=DBC ]c]^OW] MKX LO OPPOM^S`O

KQKSX]^ ]VYa ZRKQO]'

HO RK`O KNNON KX ObZVKXK^SYX YP ^RO]O ZYSX^] SX ^RO ?K^O\SKV] KXN ?O^RYN] ]OM^SYX3

h;Y\ ?YNOV + KXN ?YNOV , aO MRY]O ]_S^KLVO `KV_O] ^Y ]RYa ^RK^ 6LS KXN 8C=DBC ]c]^OW]

MKX LO OPPOM^S`O KQKSX]^ PK]^ KXN ]VYa ZRKQO] \O]ZOM^S`OVc'i "VSXO] -**&-*+#'

?SXY\ MYWWOX^]3

*' 7SYVYQSMKV \OVO`KXMO YP WYNOV K]]_WZ^SYX]3 NYO] ^RO ]^\OXQ^R YP ^RO SWW_XO ]c]^OW

\O]ZYX]O QOXO\KVVc ]MKVO aS^R X_WLO\ YP ZRKQO QOXYWO] Z\O]OX^5 S'O'% SX LY^R WYNOV] *$+%

X_MVOK]O] KXN 6LS ]OX]Y\] \O]ZOM^S`OVc ]MKVO aS^R ZRKQO g S] ^RO\O KX _ZZO\ VSWS^ YX RYa

_Z\OQ_VK^ON ^RO]O ]c]^OW] MKX LO5

ERS] S] KX SX^O\O]^SXQ [_O]^SYX' HO RK`O XY^ PY_XN KXc OWZS\SMKV O`SNOXMO ^Y ]_ZZY\^ ^RO

ObS]^OXMO YP ^RS] VSWS^ L_^ S^ MY_VN aOVV ObS]^' ERS] NO^KSV MY_VN LO OK]SVc SXMV_NON SX Y_\ WYNOV]

"PY\ SX]^KXMO Lc K]]_WSXQ KX _ZZO\ LY_XNK\c ^Y ^RO X_WLO\ YP X_MVOK]O]#% aRSMR MY_VN

Z\YLKLVc MRKXQO ^RO ZK\^SM_VK\ MYXPSQ_\K^SYX YP ^RO SXPOM^SYX ]ZKMO] ]RYaX SX ^RO ;SQ_\O] YP

^RO WKX_]M\SZ^' <YaO`O\% ^RO [_KVS^K^S`O POK^_\O] YP ^RS] ]ZKMO "KXN MYX]O[_OX^Vc ^RO

MYXMV_]SYX] ^RK^ MKX LO NON_MON P\YW S^# aY_VN VSUOVc \OWKSX ]SWSVK\'

+' ERO MR\YXSM SXPOM^SYX \O]_V^ aK] SX^O\O]^SXQ KXN MY_X^O\&SX^_S^S`O ";SQ_\O +6% ZKXOV ,#'



6V^RY_QR aO aO\O XY^ KaK\O YP S^% ^RS] ^cZO YP SXPOM^SYX RK] KM^_KVVc LOOX YL]O\`ON SX XK^_\KV

ZYZ_VK^SYX]' HO RK`O SXMV_NON K POa VSXO] KLY_^ ^RS] SX ^RO ^Ob^3

h7OSXQ PK]^ Y\ ]VYa aY_VN LO KV^O\XK^S`O ZRKQO ]^\K^OQSO] ^Y O`KNO ^RO SWW_XO WOMRKXS]W]

YP SXNS`SN_KV LKM^O\SKV MOVV]' 6V^RY_QR LY^R ]^\K^OQSO] WKc VOKN ^Y ^RO NOK^R YP ^RO SXPOM^ON

MOVV% ^ROS\ MYX]O[_OXMO] K^ ^RO ]MKVO YP LKM^O\SKV ZYZ_VK^SYX] aY_VN VSUOVc LO NSPPO\OX^' ;K]^

ZRKQO] K\O MKZKLVO YP \KZSNVc USVVSXQ ^ROS\ RY]^]% aRSMR Z\YLKLVc ^\KX]VK^O] SX^Y ^RO RSQR

^\KX]WS]]SYX KXN WY\^KVS^c \K^O] YL]O\`ON SX ^cZSMKV Vc^SM SXPOM^SYX]' ERO MR\YXSM SXPOM^SYX YP

SXNS`SN_KV MOVV] Lc ]VYa ZRKQO]% YX ^RO Y^RO\ RKXN% aY_VN \O]_V^ SX ZO\]S]^OX^ SXPOM^SYX] aS^R

VYaO\ NOK^R \K^O] K^ ^RO ]MKVO YP ^RO ZYZ_VK^SYX' ERS] ^cZO YP SXPOM^SYX RK] LOOX YL]O\`ON SX

XK^_\KV ZYZ_VK^SYX] SX aRSMR LKM^O\SK KXN ZRKQO] MYObS]^ SX K WY\O Y\ VO]] ]^KLVO O[_SVSL\S_W

UXYaX K] ^RO MK\\SO\ ]^K^O VSPO McMVO I-+J' ERS] ]^K^O S] MRK\KM^O\SdON Lc ZO\]S]^OX^ SXPOM^SYX]

SX aRSMR XOa ZRKQO] K\O MYX^SX_Y_]Vc L_NNON YPP ^RO RY]^ MOVV] Y\ ZK]]ON NYaX ^Y ^RO

Z\YQOXc YP ^RO SXPOM^ON LKM^O\SKV MOVV] I-,J' HS^RSX ^RO P\KWOaY\U YP ^RO SXPOM^SYX ]ZKMO% ^RS]

aY_VN LO ^RO ZYZ_VK^SYX&VO`OV WKXSPO]^K^SYX YP SXPOM^SYX] Lc ]VYa ZRKQO]''i "VSXO] *+2&*,1#

HRc S] ^RO SWW_XO \O]ZYX]O NYaX\OQ_VK^ON aROX ^RO\O K\O ]^SVV `S\KV QOXYWO] Z\O]OX^5 =]

^RO\O K VYaO\ VSWS^ SX ^RO WYNOV YX ^RO X_WLO\ YP `S\KV QOXYWO] \O[_S\ON ^Y ^\SQQO\ \O]ZYX]O5

ERO X_WLO\ YP `S\KV QOXYWO] KM^] SX ?YNOV * K] K hPY\MOi ^RK^ PY]^O\] ^RO _Z\OQ_VK^SYX YP

X_MVOK]O]' DSXMO X_MVOK]O] K\O WYNOVON K] KX OVK]^SM ]c]^OW% ^ROc K\O ]_LTOM^ ^Y KX

YZZY]S^O% OVK]^SM PY\MO% ^RK^ ^OXN] ^Y L\SXQ ^RO ]c]^OW LKMU ^Y S^] Y\SQSXKV ]^K^O' ERS] S] aRK^

KVVYa] ^RS] WYNOV ^Y ]SW_VK^O LY^R ^RO SXS^SKV _Z\OQ_VK^SYX YP X_MVOK]O] KXN ^ROS\ O`OX^_KV

NYaX\OQ_VK^SYX' FXNO\ ]YWO MS\M_W]^KXMO]% ^RO PY\MO ObO\^ON Lc ^RO ZRKQO QOXYWO] WKc

XY^ LO ]_PPSMSOX^ ^Y MYWZOX]K^O PY\ ^RO ^OXNOXMc YP ^RO ]c]^OW ^Y \OMY`O\ S^] SXS^SKV ]^K^O%

ROXMO ^RO NYaX\OQ_VK^SYX YP ^RO \O]ZYX]O LOPY\O ^RO NS]KZZOK\KXMO YP ^RO `S\KV QOXYWO]

P\YW ^RO Mc^YZVK]W' ERO\OPY\O% ^RS] LORK`SY\ NYO] XY^ NOZOXN YX ^RO X_WLO\ YP QOXYWO]

PKVVSXQ LOVYa K MO\^KSX VSWS^' ERS] VSWS^ NYO] XY^ OWO\QO SX ^RO WYNOV% ]SXMO X_WO\SMKV

]SW_VK^SYX] aS^R O`OX K `O\c ]WKVV X_WLO\ YP QOXYWO] aSVV VOKN ^Y K "ZY]]SLVc `O\c ]WKVV#

SXM\OK]O SX ^RO X_WLO\ YP X_MVOK]O]'



Reviewer #1 (Remarks to the Author): 

The authors have done a good job addressing most of my comments. 

I am still concerned, though, about their treatment of CRISPR systems. Their title makes a claim 

to say something specific about adaptive immunity, yet their treatment of CRISPR is, as far as I 

can tell, mathematically identical to an RM system but with different parameters included. I 

understand the authors mean this to by a "hypothesized" parameter space for CRISPR, but I do 

not see good justification or links to why CRISPR's adaptive nature is important to their 

arguments. I think, as a core point of the paper, this needs to be made clear from the outset. 

With respect to the population/evolutionary implications of the paper - both I and another reviewer 

pointed these out as important to actually support the claims the authors make (especially 

because CRISPR and abi systems have important behaviors/payoffs only seen at the population 

level). The authors chose to sidestep these comments, which is a little disappointing, though I still 

think the paper has merit in its current form. While the authors claim that only two evolutionary 

arguments are made in their manuscript, language discussing "optimization" and optimal 

strategies are sprinkled throughout, suggesting otherwise. 

Reviewer #3 (Remarks to the Author): 

The revisions and responses the authors have provided fully satisfy my previous comments. 
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