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Reviewer #1 (Remarks to the Author): 

This paper addresses the problem of predicting amino acid sequences that can lead to specific 

protein 3D structures. It introduces two interesting ideas, an entropy-based approach for removing 

‘noise’ in the residue features and memory-efficient attention with edge awareness. 

First, the scope of memory-efficient graph attention is much broader than the problem of inverse 

protein folding (IPF.) For example, AlphaFold2’s row attention includes a bias term accounting for 

edge-features scales quadratically and the pair-representation track scales cubically (to account 

for the triangular inequality). It would be interesting in future works to see how memory-efficient 

graph attention could be applied to tasks beyond (IPF.) 

Despite the interesting ideas introduced in the manuscript, I had difficulty following the flow of the 

discussion and, more importantly, the exact meaning of ‘our model.’ 

For example, the ‘memory-efficient global graph attention mechanism’ discussion in the main text, 

starting on page 4, is not particularly informative. Either it targets readers without prior knowledge 

about vanilla attention, and I do not think they can follow much of the arguments, or those 

familiars with the attention mechanism, the discussion is relatively shallow. 

Returning to the ‘model’ in the Results section, I do not understand what is reported in Table 1. On 

top of reporting the performance of existing models (GVP, ProteinMPNN, and ESM), I would expect 

one row reporting the model results, which combines the entropy-based approach and the 

memory-efficient attention graph attention (with and without partial sequences). I do not 

understand the meaning of ‘Ours GVP-GNN,’ and the same for ProteinMPNN and ESM. Moreover, 

what is the meaning of ‘Ours’ in Table 2? 

For example, is ‘Ours ESM’ trained using the same regimen as the original ESM, using 12M 

additional structures predicted from AlphaFold2? 

On top of recovery and nssr, it would be interesting to report the perplexity. If I understand 

correctly what the authors mean by noise, this could be related to the perplexity score. 

I am unsure of the difference between the results in Table 1 and Fig3.A. I understand that Table.1 

reports results about partial sequences and Fig 3.A about whole sequences. 

The main results reported in Table 1 should be about the entire sequence case (and not partial 

sequence), as this is the standard in the literature. 

The ablation study assessing the relative importance of global attention and partial input is run by 

considering on EnzBench and BR_EnzBench. Running such an ablation on CATH would have been 

more interesting, as it allows direct comparison with existing models. 

The global graph attention model updates the node and edge features. I have a comment 

regarding the edge update on Equation 11. A naïve update like in Eq.11 may violate the triangular 

inequalities, i.e., edge features that have to fulfill the triangular inequality are not independent. 

Such a condition is enforced in AlphaFold2 by considering a cubic update; roughly, an edge e_ij is 

updated conditioned on all k: e_ik e_kj. I am curious if the authors thought of such constraints. 

Reviewer #2 (Remarks to the Author): 

In the manuscript, the authors proposed a refinement model for inverse protein folding, which 

designs sequences that are consistent with a given backbone structure and partial sequence 

information. The model utilizes an entropy-based masking strategy to construct partial sequence 

context for later sequence prediction. In addition, the model introduces pseudo edge features 

shared by non-existing edges in its graph model, which significantly reduces the memory usage 

compared to fully-connected graph neural networks. The potential significance of this manuscript 



comes from two key aspects: first, improvements in the inverse folding process facilitate 

structure-based de novo protein design; second, a memory-efficient graph neural network of 

equivalent model performance offers a powerful mechanism for reasoning with larger proteins. 

However, there are two major concerns with the conclusion drawn from this manuscripts: 

1. The authors evaluated model performance based on sequence recovery rate and native 

sequence similarity recovery. However, it is unclear how well these designed sequences fold into 

the target structures. It is possible that a model with lower sequence recovery rate generates 

sequence designs better matching with input target structures. Thus, further in-silico structural 

validations are essential for demonstrating the effectiveness of the proposed refinement method. 

2. Memory-efficient global attention layer utilizes a shared pseudo edge feature for non-existing 

edges in order to save memory. While the authors illustrate the model’s memory advantage in 

Figure 6E, it is crucial to compare the predictive performance between the memory-efficient global 

attention layer and the original global attention layer (and preferably across several evaluation 

tasks). Given provided information in the manuscript, it is inconclusive on the effectiveness and 

usefulness of the proposed memory-efficient global attention layer. 

In addition, there are several points that requires further clarifications: 

1. Details on how base models are trained and evaluated for both entire sequence design and 

partial sequence design are needed to better understand the performance of the proposed 

refinement model. For example, ProteinMPNN, to some degree, exhibits a tradeoff between 

sequence recovery ratio and in-silico success rate, controlled by the training noise level. Thus, it is 

important to provide the backbone noise ratio for the ProteinMPNN model used. 

2. For full sequence inverse folding, the model relies on base models to generate partial sequence. 

What is the strength of the entropy-based mask? What is the percentage of residues that are 

provided as context for the later model? 

3. For partial sequence design, is ProteinMPNN retrained with partial sequence provided as input? 

If not, how are GVP-GNN and ProteinMPNN used for partial sequence design? Moreover, how does 

ESM perform on partial sequence design? 

4. At training time, what percentage of the residues are masked as unknown? 

5. How much overlapping is there among the three evaluation datasets? 

Reviewer #3 (Remarks to the Author): 

Zhou et al propose a methodology for improving inverse protein folding. In order to demonstrate 

the new method a proof of principle is performed in TnpB, a very interesting programmable 

nuclease with a compact size. 

#general comments 

1.TnpB mutant characterization would benefit of more detailed analysis: 

-Offtarget activity. The authors hypothesize that a more positive surface increases activity. 

However, one concerning possibility is a drop in specificity. Indeed, engineering non specific 

charge residues has been use to refine specificity of the related cas9 protein (see Slaymaker et al, 

Science 2016). The authors may need to compare offtarget of these nucleases to WT or at least 

mention this risk of off-target increase. 

-On-target assessment of programmable nuclease activity was performed with nextGen 

sequencing followed by indel counting. More details would need to be provided. Additionally, it 

would be ideal to use an established methodology to perform this analysis such as CRISPRESSO, 

CRISPR-A, CRISPRseek, ... due to the complexities associated with gene editing efficiency 

assessment. 

#minor comments 

"....(TnpB) is considered to be an evolutionary precursor to CRISPR-Cas system effector protein..." 



- CRISPR cas has multiple origins, it seems that TnpB is a likely precursor of Cas12 CRISPR cas 

enzymes (Altae-Tran et al, Science 2021). I would rephrase to clarify. 



" -/62< 95 -/:1/;/7 "

"!" *533/49 +,! "

<R[\]* ]QN \LXYN XO VNVX[b+N$LRNW] P[JYQ J]]NW]RXW R\ V^LQ K[XJMN[ ]QJW ]QN
Y[XKUNV XO RW_N[\N Y[X]NRW OXUMRWP (?C<,) <X[ NaJVYUN* 7UYQJ<XUM/'\ [X` J]]NW+
]RXW RWLU^MN\ J KRJ\ ]N[V JLLX^W]RWP OX[ NMPN+ONJ]^[N\ \LJUN\ Z^JM[J]RLJUUb JWM
]QN YJR[+[NY[N\NW]J]RXW ][JLT \LJUN\ L^KRLJUUb (]X JLLX^W] OX[ ]QN ][RJWP^UJ[
RWNZ^JUR]b), ?] `X^UM KN RW]N[N\]RWP RW O^]^[N `X[T\ ]X \NN QX` VNVX[b+N$LRNW]
P[JYQ J]]NW]RXW LX^UM KN JYYURNM ]X ]J\T\ KNbXWM (?C<,)

4<FDCBF< S^ phne] ebd^ mh ^qik^ll hnk lbg\^k^ `kZmbmn]^ mh ma^ k^ob^p^k _hk
[kbg`bg` mh hnk Zmm^gmbhg ma^ ihm^gmbZe ]bk^\mbhg _hk _nmnk^ phkd. Pa^ f^fhkr-
^$\b^gm `kZia Zmm^gmbhg fh]ne^ ik^l^gml Zg ^$\b^gm pZr mh fh]^e `kZia-
lmkn\mnk^] ]ZmZ pa^k^ `eh[Ze ]^i^g]^g\r bl \kn\bZe pbmabg ma^ lmkn\mnk^. S^
pbee \hglb]^k Ziierbg` bm mh hma^k ikhm^bg-k^eZm^] mZldl Zg] Zelh mh ma^ lmn]r
h_ hma^k [bhfhe^\ne^l. S^ aZo^ bg\en]^] mabl _nmnk^ phkd ]bk^\mbhg bgmh ma^
k^obl^] fZgnl\kbim bg ?hg\enlbhg O^\mbhg. =]]bmbhgZeer, bg k^lihgl^ mh ma^
?hff^gm JK. 2 [r N^ob^p^k 2, p^ aZo^ ik^l^gm^] ik^ebfbgZkr k^lneml maZm
]^fhglmkZm^ ma^ Ziieb\Zmbhg h_ hnk ikhihl^] f^fhkr-^$\b^gm `kZia Zmm^gmbhg
mh oZkbhnl mZldl. Pa^ h[mZbg^] k^lneml Zk^ \hfiZkZ[e^ mh \nkk^gm OKP= k^lneml,
bg]b\Zmbg` ma^ ihm^gmbZe h_ ma^ ikhihl^] fh]^e Zk\abm^\mnk^.

"!# *533/49 +,! #

:N\YR]N ]QN RW]N[N\]RWP RMNJ\ RW][XM^LNM RW ]QN VJW^\L[RY]* ? QJM MR$L^U]b OXU+
UX`RWP ]QN #X` XO ]QN MR\L^\\RXW JWM* VX[N RVYX[]JW]Ub* ]QN NaJL] VNJWRWP XO
IX^[ VXMNU,'

4<FDCBF< S^ Ziheh`bs^ _hk Zgr ng\e^Zk pkbmbg`. S^ Z`k^^ maZm ma^ \nkk^gm
phk]bg` m^g] mh \Znl^ \hg_nlbhg Zg] fblng]^klmZg]bg`. Pa^k^_hk^, p^ aZo^
k^gZf^] ma^ ikhihl^] fh]^e Zl &LkhN^"g^k& bg ma^ k^obl^] fZgnl\kbim. S^
ahi^ maZm mabl \eZkb"\Zmbhg pbee fZd^ bm ^Zlb^k mh _heehp hnk phkd.

Eg hnk fZgnl\kbim, ma^ m^kf &Knk fh]^e&, hk ma^ LkhN^"g^k bg ma^ k^obl^ o^k-
lbhg, k^_^kl mh ma^ ikhihl^] l^jn^g\^ k^"gbg` fh]^e. Pa^ fh]^e bl mZld^] pbma
>ANP W1X-ebd^ l^jn^g\^ bgiZbgmbg` \hg]bmbhg^] hg ikhm^bg lmkn\mnk^l. Oi^\b"-
\Zeer, p^ fZld kZg]hf k^lb]n^l hg l^jn^g\^l ]nkbg` mkZbgbg`. Pa^ fh]^e mZd^l
ma^ fZld^] iZkmbZe l^jn^g\^l Zg] [Z\d[hg^ lmkn\mnk^l Zl bginm Zg] e^Zkgl mh
k^\hglmkn\m ma^ pahe^ l^jn^g\^l. @nkbg` bg_^k^g\^, ma^ bginm iZkmbZe l^jn^g\^
mh ma^ fh]^e \hne] [^ \hglmkn\m^] bg mph pZrl, pab\a e^Z]l mh mph nl^ \Zl^l h_
LkhN^"g^k. Pa^ "klm hg^ bgoheo^l nlbg` bm Zl Z ien`-Zg]-ieZr ien`bg mh k^"g^
l^jn^g\^l ]^lb`g^] [r hma^k KJ\N VXMNU\. S^ ]^o^ehi Zg ^gmkhir-[Zl^ k^lb]n^
l^e^\mbhg f^mah] mh l^e^\m ab`a-jnZebmr ik^]b\mbhgl _khf ^qblmbg` fh]^el, _hkf-
bg` Z ]^ghbl^] iZkmbZe l^jn^g\^ maZm \Zg [^ nmbebs^] Zl bginm _hk LkhN^"g^k.
Pabl nl^ \Zl^ bl beenlmkZm^] bg Agmbk^ O^jn^g\^ @^lb`g O^\mbhg. S^ oZeb]Zm^
LkhN^"g^k(l Z[bebmr mh \hglblm^gmer k^"g^ Zg] bfikho^ ma^ l^jn^g\^l ]^lb`g^]
[r [Zl^ fh]^el, Zg] lahp bml `^g^kZebsZ[bebmr [r ^qi^kbf^gmbg` pbma oZkbhnl
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[Zl^ fh]^el. Pa^ l^\hg] nl^ \Zl^ bl mh bgiZbgm iZkmbZe l^jn^g\^l maZm Zk^ ikh-
ob]^] Zl "q^] ]^lb`g \hgm^qm. Eg mabl l^mmbg`, ma^ "q^] k^lb]n^l \Zg gZmnkZeer
l^ko^ Zl Zg hkZ\e^ iZkmbZe bginm l^jn^g\^ mh LkhN^"g^k. S^ beenlmkZm^ mabl nl^
\Zl^ bg LZkmbZe O^jn^g\^ @^lb`g O^\mbhg, pa^k^ fh]^el ik^]b\m k^lb]n^l hg
]^lb`g la^eel pabe^ Zfbgh Z\b]l hg hma^k ihlbmbhgl Zk^ "q^].

Eg lnffZkr, ma^ mph nl^ \Zl^l h_ LkhN^"g^k ]b!^k bg ma^ lmZkmbg` l^jn^g\^l h_
ma^ ]^lb`g, pab\a \Zg ^bma^k [^ _khf [Zl^ fh]^el hk `bo^g Zl \hgm^qm. Ph`^ma^k
ma^r ]^fhglmkZm^ LkhN^"g^k(l Z[bebmr mh e^o^kZ`^ k^lb]n^ ^gobkhgf^gm Zg]
`^g^kZm^ ab`a-jnZebmr l^jn^g\^l.

S^ aZo^ fh]b"^] ma^ fh]^e bgmkh]n\mbhg iZkm Z\\hk]bg`er bg Egmkh]n\mbhg
O^\mbhg bg ma^ fZgnl\kbim mh fZd^ ma^ ]^l\kbimbhg fhk^ \e^Zk.

"!$ *533/49 +,! $

<X[ NaJVYUN* ]QN IVNVX[b+N$LRNW] PUXKJU P[JYQ J]]NW]RXW VNLQJWR\V' MR\L^\+
\RXW RW ]QN VJRW ]Na]* \]J[]RWP XW YJPN 1* R\ WX] YJ[]RL^UJ[Ub RWOX[VJ]R_N, ;R]QN[
R] ]J[PN]\ [NJMN[\ `R]QX^] Y[RX[ TWX`UNMPN JKX^] _JWRUUJ J]]NW]RXW* JWM ? MX
WX] ]QRWT ]QNb LJW OXUUX` V^LQ XO ]QN J[P^VNW]\* X[ ]QX\N OJVRURJ[\ `R]Q ]QN
J]]NW]RXW VNLQJWR\V* ]QN MR\L^\\RXW R\ [NUJ]R_NUb \QJUUX`,

4<FDCBF< PaZgd rhn _hk rhnk oZenZ[e^ _^^][Z\d hg ma^ ]bl\nllbhg h_
Yf^fhkr-^$\b^gm `eh[Ze `kZia Zmm^gmbhg f^\aZgblf( iZkm. S^ bgm^g]^] mh
ikhob]^ [Z\d`khng] bg_hkfZmbhg hg Zmm^gmbhg bg `kZia ]hfZbg _hk k^Z]^kl pbma-
hnm fn\a ikbhk dghpe^]`^, Zg] Zelh ^qieZbg hnk fhmboZmbhg mh ikhihl^ ma^
Yf^fhkr-^$\b^gm `eh[Ze `kZia Zmm^gmbhg(. S^ Z`k^^ maZm mabl iZkm h_ ]bl\nl-
lbhg bl ghm \e^Zk ^ghn`a _hk k^Z]^kl mh _heehp. S^ aZo^ k^obl^] mabl iZkZ`kZia
bg ma^ fZgnl\kbim _hk \eZkbmr Zg] ]^ima mh ma^ _heehpbg`:

=mm^gmbhg f^\aZgblf aZl [^^g ikho^g ^!^\mbo^ bg fh]^ebg` `eh[Ze ]^i^g]^g-
\b^l _hk l^jn^gmbZe ]ZmZ W2X. Dhp^o^k, Z]Zimbg` Zmm^gmbhg mh ma^ `kZia ]hfZbg
bl \aZee^g`bg`. Oi^\b"\Zeer, Zmm^gmbhg f^\aZgblf \Ze\neZm^l Zmm^gmbhg p^b`aml
[^mp^^g Zgr mph gh]^l [Zl^] hg ma^bk _^Zmnk^l. Bhk `kZial, mabl k^jnbk^l lmhkbg`
Zg] fZgbineZmbg` Z ljnZk^ fZmkbq h_ lbs^ ^jnZe mh ma^ gnf[^k h_ gh]^l, pab\a
g^`e^\ml ma^ liZklbmr h_ `kZia lmkn\mnk^l Zg] bg\k^Zl^l ma^ f^fhkr \hfie^q-
bmr mh jnZ]kZmb\ bg m^kfl h_ gh]^ \hngm, ihlbg` l\ZeZ[bebmr blln^l W3, 4X. Ohf^
f^mah]l \bk\nfo^gm mabl [r \hg"gbg` Zmm^gmbhg pbmabg gh]^ g^b`a[hkahh]l,
ehlbg` ma^ `eh[Ze ob^p maZm fZd^l Zmm^gmbhg ihp^k_ne W5t7X.

Ihk^ho^k, ma^l^ f^mah]l ]h ghm _neer nmbebs^ ^]`^ _^Zmnk^l, Zl ma^r hger \hg-
mkb[nm^ mh Zmm^gmbhg \hfinmZmbhg pbmahnm ma^ Z[bebmr mh [^ ni]Zm^] hk bg#n^g\^
gh]^ _^Zmnk^ ni]Zm^l W3, 5, 7, 8X. Dhp^o^k, ^]`^ _^Zmnk^l aZo^ [^^g ikho^g mh
[^ \kbmb\Ze bg ikhm^bg lmkn\mnk^ fh]^ebg` W9X. Eg lnffZkr, mh Z]]k^ll ma^l^ ebf-
bmZmbhgl, p^ Zbf mh ]^lb`g Zg Zmm^gmbhg-[Zl^] fh]^e mZbehk^] _hk `kZial maZm
)1* bl f^fhkr ^$\b^gm, )2* fZbgmZbgl Z `eh[Ze ob^p h_ ]^i^g]^g\b^l, Zg] )3*
_neer bg\hkihkZm^l ^]`^ _^Zmnk^l.
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"!% *533/49 +,! %

DN]^[WRWP ]X ]QN IVXMNU' RW ]QN DN\^U]\ \NL]RXW* ? MX WX] ^WMN[\]JWM `QJ] R\
[NYX[]NM RW FJKUN ., BW ]XY XO [NYX[]RWP ]QN YN[OX[VJWLN XO NaR\]RWP VXMNU\
(=GC* C[X]NRW@CAA* JWM ;E@)* ? `X^UM NaYNL] XWN [X` [NYX[]RWP ]QN VXMNU
[N\^U]\* `QRLQ LXVKRWN\ ]QN NW][XYb+KJ\NM JYY[XJLQ JWM ]QN VNVX[b+N$LRNW]
J]]NW]RXW P[JYQ J]]NW]RXW (`R]Q JWM `R]QX^] YJ[]RJU \NZ^NWLN\), ? MX WX] ^WMN[+
\]JWM ]QN VNJWRWP XO IB^[\ =GC+=AA*' JWM ]QN \JVN OX[ C[X]NRW@CAA JWM
;E@, @X[NX_N[* `QJ] R\ ]QN VNJWRWP XO IB^[\' RW FJKUN /6 <X[ NaJVYUN* R\
IB^[\ ;E@' ][JRWNM ^\RWP ]QN \JVN [NPRVNW J\ ]QN X[RPRWJU ;E@* ^\RWP ./@
JMMR]RXWJU \][^L]^[N\ Y[NMRL]NM O[XV 7UYQJ<XUM/6

4<FDCBF< S^ lbg\^k^er Ziheh`bs^ _hk ma^ \hg_nlbhg Zg] fblng]^klmZg]bg`
\Znl^]. =l p^ k^ieb^] mh ?hff^gm JK. 2, p^ aZo^ k^gZf^] ma^ fh]^e mh
LkhN^"g^k, Zg] ni]Zm^] ma^ mZ[e^l Z\\hk]bg`er Zl _heehpl. S^ Zelh \hkk^\m^]
ma^ gZf^ h_ ma^ AOI fh]^e mh AOI-EB1 mh fZm\a ma^ hkb`bgZe Znmahkl( gZfbg`
\hgo^gmbhg.

-./30 # @POTLX ]P[_PXNP \PNY`P\c \L^P] LXO X]]\ ]NY\P] YQ C\YDP"XP\ aT^S OT!P\PX^ ML]P
WYOPV] YX ^S\PP MPXNSWL\U]) C\YDP"XP\ T] LMVP ^Y YM^LTX RYYO ZP\QY\WLXNP aT^S
\PVL^T`PVc ZYY\ ML]P WYOPV] LXO LNSTP`P ^SP STRSP]^ \PNY`P\c LXO X]]\ aT^S MP^^P\ YXP])

75F< FE0+ ?L^P]^ C86

DPNY`P\c # X]]\ # DPNY`P\c # X]]\ # DPNY`P\c # X]]\ #

;GC(;AA /,)-2 1+)3, //)+- 1.)04 /3)+- 11)-.

C\YDP"XP\ & ;GC(;AA /4)34 12)4. 0.)20 14).. 02)22 2/),3

=WZ\Y`PWPX^ -+)34# ,,)2,# --),+# 4)+.# -+).+# ,-)++#

C\Y^PTX@CAA /-)-- 1+)01 /.)33 1,)// /4)1- 11)/0

C\YDP"XP\ & C\Y^PTX@CAA 0,),/ 14)+0 0.)11 2,)-- 04).+ 20)-1

=WZ\Y`PWPX^ -,),.# ,/)+-# --)-4# ,0)4-# ,4)0,# ,.)-1#

C\Y^PTX@CAA(7 //)4/ 1.)24 /4)+0 12)32 00)./ 2,)0-

C\YDP"XP\ & C\Y^PTX@CAA(7 0+)3- 14)+1 0/)/1 2,)/. 1+)/- 20)33

=WZ\Y`PWPX^ ,.)+3# 3)-1# ,,)+.# 0)-0# 4),3# 1),+#

9E@(=:, 00)-0 2,)01 00)23 2-)+- 1.)-+ 22)..

C\YDP"XP\ & 9E@(=:, 02)3/ 2/),, 02)3, 20)-0 10)14 24)11

=WZ\Y`PWPX^ /)14# .)01# .)1/# /)/3# .)4/# .)+,#

-./30 $ @POTLX ]P[_PXNP \PNY`P\c \L^P] LXO X]]\ ]NY\P] YX 9Xd6PXNS LXO 6D 9Xd6PXNS)

9Xd6PXNS 6D 9Xd6PXNS

DPNY`P\c # X]]\ # DPNY`P\c # X]]\ #

;GC(;AA /,).3 02)34 -4)/, /2)3.

C\Y^PTX@CAA(7 0-)++ 2+)++ /+)4, 1+)++

C\YDP"XP\ 02)34 2.)13 /.)/3 1+)32

+@8E?!:8G?CB =CE 689@< ' Pa^ ikhihl^] LkhN^"g^k bl mZld^] pbma k^\hg-
lmkn\mbg` ma^ pahe^ l^jn^g\^ _khf iZkmbZe bginm \hg]bmbhg^] hg [Z\d[hg^
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lmkn\mnk^. Eg ma^ "klm \Zl^, bm \Zg lmZkm _khf l^jn^g\^l ]^lb`g^] [r [Zl^ fh]-
^el, l^kobg` Zl Zg Z]]-hg fh]ne^ mh k^"g^ l^jn^g\^l. S^ ]^fhglmkZm^ mabl
nl^ \Zl^ bg Agmbk^ O^jn^g\^ @^lb`g O^\mbhg h_ ma^ fZgnl\kbim. Panl, k^lneml
bg PZ[e^ 1 Zk^ _hk ^gmbk^ l^jn^g\^ ]^lb`g. Em bl phkma ghmbg` maZm Zemahn`a
LkhN^"g^k ZepZrl Z\\^iml iZkmbZe l^jn^g\^l Zl bginm, paZm p^ ikhihl^ a^k^
bl Z l^jn^g\^ ]^lb`g ibi^ebg^ pbma hnk fh]^e Zl Z k^"gbg` lm^i Zg] ma^ bginm
mh mabl ibi^ebg^ ]h^l ghm \hgmZbg Zgr l^jn^g\^ bg_hkfZmbhg. Pa^k^_hk^, p^ lmbee
\hglb]^k mabl l^mmbg` Zl ^gmbk^ l^jn^g\^ ]^lb`g.

Oi^\b"\Zeer, CRL-CJJW10X, Lkhm^bgILJJ W9X, Lkhm^bgILJJ-? Zg] AOI-
EB1 W11X Zk^ [Zl^ fh]^el. &Knkl W[Zl^ fh]^eX&, hk &LkhN^"g^k + W[Zl^ fh]^eX&
bg ma^ \nkk^gm o^klbhg, ]^ghm^l ma^ l^jn^g\^ ]^lb`g ibi^ebg^ maZm bg\hkih-
kZm^l mph fh]^el: ma^ [Zl^ fh]^e, pab\a ikhob]^l ma^ bgbmbZe l^jn^g\^, Zg]
LkhN^"g^k, pab\a ^gaZg\^l bm. Pa^ inkihl^ h_ ^gmkhir-[Zl^] l^e^\mbhg pbmabg
mabl ibi^ebg^ bl mh b]^gmb_r oZenZ[e^ ik^]b\mbhgl _khf ma^ bgbmbZe l^jn^g\^. S^
nl^ ^gmkhir mh ZiikhqbfZm^ ma^ [Zl^ fh]^e(l \hg"]^g\^ bg bml ik^]b\mbhgl
Zg] l^e^\m k^lb]n^l pbma ab`aer \hg"]^gm )b.^. ehp ^gmkhir* ik^]b\mbhgl. Pa^l^
l^e^\m^] k^lb]n^l \hglmbmnm^ Z ]^ghbl^], ab`a-jnZebmr iZkmbZe l^jn^g\^, pab\a bl
ma^g nmbebs^] Zl bginm _hk LkhN^"g^k mh `^g^kZm^ ma^ k^"g^] l^jn^g\^l. Pa^k^-
_hk^, &Knkl W[Zl^ fh]^eX& k^ihkml ma^ k^lneml Z_m^k p^ ^fiehr ma^ LkhN^"g^k
mh k^"g^ ma^ l^jn^g\^l `^g^kZm^] [r ma^ \hkk^lihg]bg` [Zl^ fh]^el.

+@8E?!:8G?CB =CE 689@< ( LkhN^"g^k \Zg Zelh ]bk^\mer `^g^kZm^ l^jn^g\^l
_khf `bo^g iZkmbZe l^jn^g\^ ^gobkhgf^gm. Pabl l\^gZkbh bl ]bl\nll^] bg LZkmbZe
O^jn^g\^ @^lb`g O^\mbhg. Pa^k^_hk^, k^lneml bg PZ[e^ 2 Zk^ _hk iZkmbZe l^jn^g\^
]^lb`g Zg] ma^ LkhN^"g^k khp bg mabl mZ[e^ k^ihkml ma^ ]^lb`g k^lneml pa^g
LkhN^"g^k bl nl^] bg]^i^g]^gmer mh "ee bg ma^ ]^lb`gZ[e^ k^lb]n^l.

Pa^ mkZbgbg` ]ZmZl^m _hk LkhN^"g^k bl ?=PD 4.2 mkZbgbg` liebm. Pa^ ]^mZbel hg
ma^ mkZbgbg` h_ [Zl^ fh]^el Zk^ ikhob]^] Zl _heehpl:

• .73%.22 bl mkZbg^] hg ?=PD 4.2 mkZbgbg` liebm, ma^ lZf^ mkZbgbg` l^m
Zl LkhN^"g^k. S^ nl^ ma^ h$\bZe \h]^ Zg] ]^_Znem mkZbgbg` iZkZf^m^kl
ikhob]^] [r W10X mh mkZbg ma^ fh]^e.

• 3ECG<?B1322 bl mkZbg^] hg l^e^\m^] L@> lmkn\mnk^l \enlm^k^] bgmh 25,361
\enlm^kl. S^ nl^ ma^ 48 ^]`^l, 0.20%= ghbl^ o^klbhg h_ ik^mkZbg^] fh]^e
p^b`aml k^e^Zl^] [r W9X.

• 3ECG<?B1322%+ aZl ma^ lZf^ Zk\abm^\mnk^ Zl Lkhm^bgILJJ Zg] p^
mkZbg mabl fh]^e hg ma^ lZf^ ]ZmZl^m Zl LkhN^"g^k.

• ,51%/-' bl mkZbg^] hg ?=PD 4.3 mkZbgbg` l^m pbma 16,153 lmkn\mnk^l Zg]
12 fbeebhg Z]]bmbhgZe lmkn\mnk^l ik^]b\m^] [r =eiaZ_he]2 W12X. S^ nl^ ma^
ik^mkZbg^] fh]^e p^b`aml k^e^Zl^] [r W11X.

S^ Ziheh`bs^ Z`Zbg _hk Zgr \hg_nlbhg \Znl^]. S^ aZo^ bg\en]^] Z \hg\bl^
o^klbhg h_ ma^ Z[ho^ \eZkb"\Zmbhg bg ma^ Egmkh]n\mbhg Zg] N^lneml l^\mbhgl bg
ma^ fZgnl\kbim Zg] ahi^ bm pbee [^\hf^ ^Zlb^k mh _heehp.
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"!& *533/49 +,! &

BW ]XY XO [NLX_N[b JWM W\\[* R] `X^UM KN RW]N[N\]RWP ]X [NYX[] ]QN YN[YUNaR]b, ?O
? ^WMN[\]JWM LX[[NL]Ub `QJ] ]QN J^]QX[\ VNJW Kb WXR\N* ]QR\ LX^UM KN [NUJ]NM ]X
]QN YN[YUNaR]b \LX[N,

4<FDCBF< PaZgd rhn Z ehm _hk rhnk oZenZ[e^ _^^][Z\d Zg] rhnk ln``^lmbhg
k^`Zk]bg` k^ihkmbg` i^kie^qbmr. Sabe^ p^ Z`k^^ maZm i^kie^qbmr bl Z nl^_ne Zg]
\hffhger k^ihkm^] f^mkb\ _hk ^oZenZmbg` eZg`nZ`^ fh]^el, p^ bgbmbZeer \ahl^
ghm mh k^ihkm bm [^\Znl^ i^kie^qbmr bl ]^"g^] _hk Zg] Ziieb^l li^\b"\Zeer mh
\eZllb\Ze Znmhk^`k^llbo^ eZg`nZ`^ fh]^el. Obg\^ Znmhk^`k^llbo^ fh]^el `^g^kZm^
hg^ mhd^g [Zl^] hg Zee ik^obhnl mhd^gl, ma^ ikh[Z[bebmr h_ Z l^jn^g\^ \hne]
[^ \hfinm^] [r ma^ \aZbg kne^, Zg] ma^ i^kie^qbmr \hne] [^ \Ze\neZm^] _khf
ma^ ikh[Z[bebmr h_ ma^ ]ZmZl^m. Lk^obhnl bgo^kl^ _he]bg` fh]^el, bg\en]bg` ma^
[Zl^ fh]^el nl^] bg hnk phkd, `^g^kZeer _Zee bgmh mabl \Zm^`hkr. Dhp^o^k, hnk
LkhN^"g^k [^ehg`l mh ma^ \eZll h_ fZld^] eZg`nZ`^ fh]^el, ln\a Zl >ANP,
pab\a Zk^ ghm ]^lb`g^] mh `^g^kZm^ m^qm bg ma^ mkZ]bmbhgZe e^_m-mh-kb`am fZgg^k,
Zg] Zl ln\a, ma^ \aZbg kne^ ]h^l ghm Ziier W1, 13X, fZdbg` i^kie^qbmr bee-]^"g^]
_hk ma^l^ fh]^el W14, 15X.

@^libm^ mabl, p^ ng]^klmZg] ma^ bfihkmZg\^ h_ ikhob]bg` \hfik^a^glbo^ k^lneml
Zg] a^g\^ \hfinm^ ma^ il^n]h-i^kie^qbmr ]^o^ehi^] _hk fZld^] eZg`nZ`^
fh]^el _heehpbg` W15X, pab\a bl ghm ma^hk^mb\Zeer p^ee cnlmb"^] [nm \Zg lmbee
ZiikhqbfZm^ l^jn^g\^ ikh[Z[bebmb^l. Eg PZ[e^ 3, Lkhm^bgILJJ Zg] AOI-EB1
bg ma^ "klm `khni Zk^ mkZbg^] hg ma^bk \nlmhfbs^] ]ZmZl^m Zg] hma^k mak^^
fh]^el bg\en]bg` hnk LkhN^"g^k Zk^ mkZbg^] hg ?=PD mkZbgbg` l^m. =emahn`a
LkhN^"g^k fZr aZo^ ab`a^k i^kie^qbmr maZg AOI-EB1 hg \^kmZbg ]ZmZl^ml,
bm hnmi^k_hkfl hma^k fh]^el [r Z lb`gb"\Zgm fZk`bg Zg] ^qab[bml lbfbeZk
i^kie^qbmr mh AOI-EB1, pab\a bl mkZbg^] hg Z fn\a eZk`^k ]ZmZl^m maZg hnkl.

-./30 % CP\ZVPbT^c YQ WYOPV]) CP\ZVPbT^c YQ C\YDP"XP\ T] Z]P_OY(ZP\ZVPbT^c NYWZ_^PO
QYVVYaTXR J,0K)

@YOPV 75F< FE0+ ?L^P]^ C86 9Xd6PXNS 6D 9Xd6PXNS

C\Y^PTX@CAA 0)/, 0),- /).4 /)0+ /)4-

9E@(=:, .)44 .)/. -)3- -)40 .).4

;GC(;AA 0)// /)4/ /)/. /)/. 0),.

C\Y^PTX@CAA(7 0)-, /)0- .)3. .)34 /)/2

C\YDP"XP\ .)4+ .)1- .),+ .),0 .)12

N^`Zk]bg` ma^ f^Zgbg` h_ ghbl^, p^ Ziier ma^ k^lb]n^ l^e^\mbhg m^\agbjn^ ]nk-
bg` bg_^k^g\^ lmZ`^ mh "em^k hnm e^ll \hg"]^gm, ghblr ik^]b\mbhgl _khf [Zl^
fh]^el Zg] ma^g nl^ LkhN^"g^k mh bfikho^ ma^ ]^ghbl^] l^jn^g\^l. Dhp^o^k,
p^ ng]^klmZg] maZm pa^g \hfinmbg` i^kie^qbmr, ma^ bginm mh fh]^el lahne]
[^ `khng] mknma l^jn^g\^l pbmahnm Zgr ghbl^, Zg] ma^ `hZe bl mh ^lmbfZm^
ma^ ikh[Z[bebmr h_ `khng] mknma l^jn^g\^l pbma fh]^e hnminm. Pa^k^_hk^, ma^
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^!^\m h_ ma^ ikhihl^] ]^ghblbg` m^\agbjn^ fZr ghm [^ k^#^\m^] bg ma^ i^kie^q-
bmr f^mkb\. S^ lbg\^k^er Ziik^\bZm^ rhnk _^^][Z\d Zg] ahi^ mabl ^qieZgZmbhg
Z]]k^ll^l rhnk \hg\^kgl. S^ aZo^ bg\en]^] ma^ k^lneml h_ fh]^e i^kie^qbmr bg
ma^ Oniie^f^gmZkr Eg_hkfZmbhg.

"!' *533/49 +,! '

? JV ^W\^[N XO ]QN MR!N[NWLN KN]`NNW ]QN [N\^U]\ RW FJKUN . JWM <RP0,7, ?
^WMN[\]JWM ]QJ] FJKUN,. [NYX[]\ [N\^U]\ JKX^] YJ[]RJU \NZ^NWLN\ JWM <RP 0,7
JKX^] `QXUN \NZ^NWLN\, FQN VJRW [N\^U]\ [NYX[]NM RW FJKUN . \QX^UM KN JKX^]
]QN NW]R[N \NZ^NWLN LJ\N (JWM WX] YJ[]RJU \NZ^NWLN)* J\ ]QR\ R\ ]QN \]JWMJ[M RW
]QN UR]N[J]^[N,

4<FDCBF< S^ Ziheh`bs^ _hk Zgr \hg_nlbhg \Znl^] [r ma^ eZ\d h_ \eZkbmr bg hnk
pkbmbg`. Pa^ k^lneml bg PZ[e^ 1 bl Z[hnm ^gmbk^ l^jn^g\^ ]^lb`g Zl p^ \eZkb"^]
bg ik^obhnl k^lihgl^. Pa^ k^lneml bg Bb`nk^ 3.= bl Z[hnm ma^ Z[eZmbhg lmn]r
hg ma^ ^gmkhir-[Zl^] k^lb]n^ l^e^\mbhg hi^kZmbhg. Pabl hi^kZmbhg bl bgm^g]^]
mh k^fho^ ghblr ik^]b\mbhgl bg l^jn^g\^l `^g^kZm^] [r [Zl^ fh]^el. S^ phne]
ebd^ mh oZeb]Zm^ bml ^!^\mbo^g^ll [r k^fhobg` ma^ ^gmkhir-[Zl^] l^e^\mbhg bg ma^
^gmbk^ l^jn^g\^ ]^lb`g, pab\a f^Zgl ma^ LkhN^"g^k bl ik^l^gm^] pbma ma^ \hf-
ie^m^ l^jn^g\^l ik^]b\m^] [r [Zl^ fh]^el. Pa^ Z[eZmbhg k^lneml Zk^ k^ihkm^]
bg Bb`nk^ 3.=. =l lahpg bg ma^ "`nk^, ma^ k^\ho^kr kZm^ pbmahnm k^lb]n^ l^e^\-
mbhg bl lb`gb"\Zgmer ehp^k, bg]b\Zmbg` maZm LkhN^"g^k \Zg bg]^^] [^g^"m _khf Z
]^ghbl^] iZkmbZe l^jn^g\^. Ihk^ ]^mZbel Zk^ Z]]^] mh ma^ ]^l\kbimbhg _hk Bb`nk^
3.= bg N^lneml l^\mbhg.

"!( *533/49 +,! (

FQN JKUJ]RXW \]^Mb J\\N\\RWP ]QN [NUJ]R_N RVYX[]JWLN XO PUXKJU J]]NW]RXW JWM
YJ[]RJU RWY^] R\ [^W Kb LXW\RMN[RWP XW ;Wc8NWLQ JWM 8D ;Wc8NWLQ, D^WWRWP
\^LQ JW JKUJ]RXW XW 97F> `X^UM QJ_N KNNW VX[N RW]N[N\]RWP* J\ R] JUUX`\ MR[NL]
LXVYJ[R\XW `R]Q NaR\]RWP VXMNU\,

4<FDCBF<

-./30 & DPNY`P\c YQ C\YDP"XP\ $^SP VL]^ \Ya% LXO ^aY LMVL^PO WYOPV]' PT^SP\ aT^SY_^
RVYMLV L^^PX^TYX `TPa Y\ aT^SY_^ ZL\^TLV ]P[_PXNP TXZ_^) FSP ML]P WYOPV ^Y Z\YO_NP ^SP
\P]_V^] YX 75F< T] 9E@(=:,) FSP Z(`LV_P] aSPX NYWZL\TXR ^aY LMVL^PO WYOPV] ^Y
C\YDP"XP\ L\P \PZY\^PO)

@YOPV 75F< 9Xd6PXNS 6D 9Xd6PXNS

;VYMLV

5^^PX^TYX

CL\^TLV

=XZ_^
DPNY`P\c # Z(`LV_P DPNY`P\c # Z(`LV_P DPNY`P\c # Z(`LV_P

! 02)-1 ,)1P(0 00)01 +)+.42 /-)31 +)+-04

! 02)-, +)++-. 01)0- +)+,.2 .0)2, -),P(,1

! ! 02)3/ A*5 02)34 A*5 /.)/3 A*5
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-./30 ' DP]_V^] YX 75F< LXO 9Xd6PXNS) 9E@(=:, T] _]PO L] ^SP ML]P WYOPV QY\
TXQP\PXNP YX 75F<)

75F< 9Xd6PXNS

DPNY`P\c # X]]\ # DPNY`P\c # X]]\ #

C\YDP"XP\ & F\T5^^PX ( C]:PL^ 01)+0 2-)3+ /2).2 1.)1/

C\YDP"XP\ & F\T5^^PX 01)+. 2-)04 /3),0 1-)0+

C\YDP"XP\ 02).2 2.)2. 0+)++ 14)02

@n^ mh ma^ Z[ho^ ^fibkb\Ze k^lneml, p^ \ahl^ mh ^fiehr ma^ lbfie^ ^]`^ ni]Zm^
fZgg^k bg hnk \nkk^gm bfie^f^gmZmbhg. Dhp^o^k, p^ [^eb^o^ maZm ma^ mkbZg`e^
bg^jnZebmr \hglmkZbgm bl lmbee o^kr bfihkmZgm bg ma^ \hgm^qm h_ 3@ lmkn\mnk^
fh]^ebg`. Pa^ Z[ho^ ho^k"mmbg` ikh[e^f \hne] [^ Z]]k^ll^] [r bg\hkihkZmbg`
fhk^ mkZbgbg` ]ZmZ, Z]cnlmbg` mkZbgbg` iZkZf^m^kl hk ^qiehkbg` fhk^ lbfieb"^]
fh]^e Zk\abm^\mnk^ mh ^glnk^ ma^ \hglmkZbgm W16, 17X. S^ e^Zo^ ma^l^ ]bk^\mbhgl
_hk _nmnk^ phkd. S^ aZo^ Z]]^] Z \hg\bl^ o^klbhg h_ ma^ Z[ho^ ]bl\nllbhg Zl Z
k^fZkd hg Aj.11 bg ma^ fZgnl\kbim.

# -/62< 95 -/:1/;/7 #

#!" *533/49 +,! "

FQN J^]QX[\ N_JU^J]NM VXMNU YN[OX[VJWLN KJ\NM XW \NZ^NWLN [NLX_N[b [J]N
JWM WJ]R_N \NZ^NWLN \RVRUJ[R]b [NLX_N[b, >X`N_N[* R] R\ ^WLUNJ[ QX` `NUU ]QN\N
MN\RPWNM \NZ^NWLN\ OXUM RW]X ]QN ]J[PN] \][^L]^[N\, ?] R\ YX\\RKUN ]QJ] J VXMNU
`R]Q UX`N[ \NZ^NWLN [NLX_N[b [J]N PNWN[J]N\ \NZ^NWLN MN\RPW\ KN]]N[ VJ]LQRWP
`R]Q RWY^] ]J[PN] \][^L]^[N\, FQ^\* O^[]QN[ RW+\RURLX \][^L]^[JU _JURMJ]RXW\ J[N
N\\NW]RJU OX[ MNVXW\][J]RWP ]QN N!NL]R_NWN\\ XO ]QN Y[XYX\NM [N"WNVNW] VN]QXM,

4<FDCBF< S^ lbg\^k^er Ziik^\bZm^ rhnk ln``^lmbhgl hg ^oZenZmbg` ma^ lmkn\-
mnk^ k^\ho^kr h_ mZk`^m lmkn\mnk^l. S^ \hg]n\m lmkn\mnkZe ^oZenZmbhg hg PO50
Zg] ?=PD ]ZmZl^ml _hk ^gmbk^ l^jn^g\^ ]^lb`g Zg] Ags>^g\a ]ZmZl^m _hk
iZkmbZe l^jn^g\^ ]^lb`g. Bhk iZkmbZe l^jn^g\^ ]^lb`g, p^ Z]]bmbhgZeer k^ihkm
ma^ i^k_hkfZg\^ h_ AOI-EB1 )ik^obhnler gZf^] Zl AOI* Zg] LkhN^"g^k +
AOI-EB1 )ik^obhnler ]^ghm^] Zl Knkl AOI* Zl k^jnbk^] bg ?hff^gm JK. 5.
S^ ik^]b\m ma^ lmkn\mnk^l h_ ]^lb`g^] l^jn^g\^l Zg] k^ihkm ma^bk PI-l\hk^
Zg] NIO@ \hfiZk^] mh mZk`^m lmkn\mnk^l, Zg] ma^ iH@@P \hfinm^] [r ma^
_he]bg` Ze`hkbmaf. @n^ mh ebfbm^] k^lhnk\^l, p^ nmbebs^] =eiaZ_he]2, Z \hfin-
mZmbhgZeer bgm^glbo^ Zg] k^lhnk\^-]^fZg]bg` f^mah], mh _he] ma^ mph k^eZmbo^er
lfZee ]ZmZl^ml, PO50 Zg] Ags>^g\a. I^Zgpabe^, p^ ^fiehr AOIBhe] W18X _hk
_he]bg` ma^ eZk`^lm ]ZmZl^m, ?=PD. N^lneml Zk^ k^ihkm^] bg PZ[e^ 6 " PZ[e^ 8.

S^ h[l^ko^ maZm ma^ l^jn^g\^ k^\ho^kr Zg] lmkn\mnkZe k^\ho^kr h_ ma^ fh]-
^el Zk^ ghm ihlbmbo^er \hkk^eZm^]. Sabe^ lhf^ f^mah]l, ln\a Zl AOI-EB1 Zg]
hnk fh]^e )ghp gZf^] Zl LkhN^"g^k*, Z\ab^o^l lb`gb"\Zgmer ab`a^k l^jn^g\^
k^\ho^kr maZg hma^k f^mah]l, ma^bk bfikho^f^gm bg lmkn\mnk^ k^\ho^kr bl ebf-
bm^]. I^Zgpabe^, ma^ ]bl\k^iZg\b^l bg lmkn\mnk^ k^\ho^kr Zfhg` ma^ fh]^el
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Zk^ lb`gb"\Zgmer lfZee^k maZg mahl^ bg l^jn^g\^ k^\ho^kr. Ih]^el ^qab[bm lbfb-
eZk e^o^el h_ lmkn\mnk^ k^\ho^kr, ]^libm^ ma^ oZkbZmbhgl bg ma^bk i^k_hkfZg\^ h_
l^jn^g\^ ik^]b\mbhg Z\\nkZ\r. S^ [^eb^o^ maZm mabl fZr [^ ]n^ mh ma^ _Z\m maZm
ma^ k^\ho^kr h_ mZk`^m lmkn\mnk^l bl Z fhk^ \hfie^q f^mkb\ maZg l^jn^g\^ k^\ho-
^kr. Em bl bg#n^g\^] [r Z oZkb^mr h_ _Z\mhkl [^rhg] ma^ Z\\nkZ\r h_ ma^ ik^]b\m^]
l^jn^g\^, bg\en]bg` ma^ Z\\nkZ\r h_ ma^ _he]bg` Ze`hkbmaf bml^e_. S^ Zelh li^\-
neZm^ maZm ikbhk fh]^el fZr aZo^ abm Zg Z\\nkZ\r \^bebg` _hk lmkn\mnk^ k^\ho^kr
pa^g k^erbg` lhe^er hg himbfbsbg` l^jn^g\^ k^\ho^kr Zl mkZbgbg` h[c^\mbo^, Zl
^ob]^g\^] [r ma^bk lbfbeZk lmkn\mnk^ k^\ho^kr i^k_hkfZg\^. Ko^k\hfbg` mabl
fZr k^jnbk^ ]bk^\mer himbfbsbg` lmkn\mnk^ k^\ho^kr bg Zg ^g]-mh-^g] _kZf^-
phkd. S^ ieZg mh bgo^lmb`Zm^ ma^ ikh[e^f Zg] ^qiehk^ mabl ]bk^\mbhg bg _nmnk^
k^l^Zk\a.

-./30 ( FSP WPOTLX F@(]NY\P' D@E8 LXO Z?88F QY\ Z\POTN^PO ]^\_N^_\P] YX OL^L]P^
FE0+) 5VZSLQYVO- T] _]PO ^Y Z\POTN^ ^SP ]^\_N^_\P] YQ ]P[_PXNP] OP]TRXPO Mc WYOPV])

@YOPV F@(]NY\P ! D@E8 " Z?88F !

C\Y^PTX@CAA +)42, +)4/3 40),1.

C\YDP"XP\ & C\Y^PTX@CAA +)412 +)4/+ 4/)124

C\Y^PTX@CAA(7 +)414 +)442 4/)2,1

C\YDP"XP\ & C\Y^PTX@CAA(7 +)42, +)331 40).1-

9E@(=:, +)42/ +)3.3 40),31

C\YDP"XP\ & 9E@(=:, +)42- +)32. 4/)30.

-./30 ) FSP WPOTLX F@(]NY\P' D@E8 LXO Z?88F QY\ Z\POTN^PO ]^\_N^_\P] YX OL^L]P^
75F<) 9E@:YVO T] _]PO ^Y Z\POTN^ ^SP ]^\_N^_\P] YQ ]P[_PXNP] OP]TRXPO Mc WYOPV])

@YOPV F@(]NY\P ! D@E8 " Z?88F !

C\Y^PTX@CAA +)31, ,+)30, 31)0+,

C\YDP"XP\ & C\Y^PTX@CAA +)3/3 ,,),0, 31)--.

C\Y^PTX@CAA(7 +)3/0 ,,),/- 3/)44,

C\YDP"XP\ & C\Y^PTX@CAA(7 +)3/3 ,,)+-1 30).0-

9E@(=:, +)30/ ,+)3-2 30)004

C\YDP"XP\ & 9E@(=:, +)30- ,+)342 30)110

-./30 * FSP WPOTLX F@(]NY\P' D@E8 LXO Z?88F QY\ Z\POTN^PO ]^\_N^_\P] YX OL^L]P^
9Xd6PXNS) 5VZSLQYVO- T] _]PO ^Y Z\POTN^ ^SP ]^\_N^_\P] YQ ]P[_PXNP] OP]TRXPO Mc WYOPV])

@YOPV F@(]NY\P ! D@E8 " Z?88F !

;GC(;AA +)422 +)4+1 40).10

C\Y^PTX@CAA(7 +)43. +)3,- 40)043

C\YDP"XP\ +)43- +)3/3 40)42/

9E@(=:, +)43, +)3.. 41),,3

C\YDP"XP\ & 9E@(=:, +)43. +)3+/ 41),,-
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Sabe^ hnk fh]^e(l bfikho^f^gm bg lmkn\mnk^ k^\ho^kr fZr [^ ebfbm^], p^
[^eb^o^ maZm bml ab`a l^jn^g\^ k^\ho^kr bl lmbee Z lb`gb"\Zgm Z\ab^o^f^gm. Knk
f^mah] k^ik^l^gml bfihkmZgm ikh`k^ll hg ma^ l^jn^g\^ k^\ho^kr _khgm, l^m-
mbg` ma^ lmZ`^ _hk _nmnk^ phkd mh mkZgleZm^ ma^l^ `Zbgl bgmh bfikho^] lmkn\mnk^
Z\\nkZ\r Zg] mb`amer \hnie^] l^jn^g\^ Zg] lmkn\mnk^ k^\ho^kr. S^ Ziik^\b-
Zm^ rhnk bglb`am_ne \hff^gml Z`Zbg Zg] ma^ Z_hk^f^gmbhg^] k^lneml aZo^ [^^g
bg\hkihkZm^] bgmh ma^ Oniie^f^gmZkr Eg_hkfZmbhg ]n^ mh ebfbm^] liZ\^.

#!# *533/49 +,! #

@NVX[b+N$LRNW] PUXKJU J]]NW]RXW UJbN[ ^]RURcN\ J \QJ[NM Y\N^MX NMPN ONJ]^[N
OX[ WXW+NaR\]RWP NMPN\ RW X[MN[ ]X \J_N VNVX[b, HQRUN ]QN J^]QX[\ RUU^\][J]N
]QN VXMNU'\ VNVX[b JM_JW]JPN RW <RP^[N 2;* R] R\ L[^LRJU ]X LXVYJ[N ]QN Y[N+
MRL]R_N YN[OX[VJWLN KN]`NNW ]QN VNVX[b+N$LRNW] PUXKJU J]]NW]RXW UJbN[ JWM
]QN X[RPRWJU PUXKJU J]]NW]RXW UJbN[ (JWM Y[NON[JKUb JL[X\\ \N_N[JU N_JU^J]RXW
]J\T\), =R_NW Y[X_RMNM RWOX[VJ]RXW RW ]QN VJW^\L[RY]* R] R\ RWLXWLU^\R_N XW ]QN
N!NL]R_NWN\\ JWM ^\NO^UWN\\ XO ]QN Y[XYX\NM VNVX[b+N$LRNW] PUXKJU J]]NW]RXW
UJbN[,

4<FDCBF< S^ Ziik^\bZm^ rhnk \hff^gml hg ma^ \hfiZkblhg pbma ma^ hkb`bgZe
`eh[Ze Zmm^gmbhg eZr^k. S^ Z`k^^ maZm \hfiZkbg` ma^ ik^]b\mbo^ i^k_hkfZg\^ bl
bfihkmZgm Zg] g^\^llZkr. Eg Z]]bmbhg mh ma^ hkb`bgZe Ego^kl^ Lkhm^bg Bhe]bg`
mZld, p^ \hg]n\m ^qi^kbf^gml hg ma^ _heehpbg` ^oZenZmbhg mZldl. Eg Zee mZldl,
p^ nl^ LkhN^"g^k mh ]^ghm^ ma^ fh]^el pbma ma^ ikhihl^] f^fhkr-^$\b^gm
`eh[Ze Zmm^gmbhg eZr^k, Zg] LkhN^"g^k - LlB^Zm mh ]^ghm^ ma^ fh]^el nlbg`
ma^ hkb`bgZe `eh[Ze Zmm^gmbhg eZr^k, pbmahnm e^Zkgbg` il^n]h ^]`^ _^Zmnk^l mh
ZiikhqbfZm^ `eh[Ze Zmm^gmbhg.

• 4<@8G?I< 5C@I<BG )::<FF?9?@?GJ #45)$& S^ mkZbg fh]^el mh ik^]b\m
ma^ k^eZmbo^ lheo^gm Z\\^llb[bebmr h_ k^lb]n^l. >hma fh]^el aZo^ 4 Zmm^gmbhg
eZr^kl Zg] fh]^e bginml Zk^ ikhm^bg l^jn^g\^l Zg] [Z\d[hg^ lmkn\mnk^l.
Eginm k^lb]n^ `kZial Zk^ \hglmkn\m^] Zl bg Ego^kl^ Lkhm^bg Bhe]bg`. = l\ZeZk
[^mp^^g 0 Zg] 1 bl hnminm _hk ^Z\a k^lb]n^ makhn`a Z Ob`fhb] eZr^k. S^
^fiehr @OOL ikh`kZf W19X mh \Ze\neZm^ ma^ NO= h_ ^Z\a k^lb]n^ bg ?=PD
]ZmZl^m, Zg] ^oZenZm^ hg bml m^lmbg` liebm. AoZenZmbhg f^mkb\ bl ma^ L^Zklhg
\hkk^eZmbhg \h^$\b^gm [^mp^^g ik^]b\m^] Zg] Z\mnZe NO=.

• 0?>8B; *?B;?B> )"B?GJ #0*)$ S^ ik^]b\m ma^ [bg]bg` Z$gbmr h_ eb`Zg]l
mh ma^bk \hkk^lihg]bg` ikhm^bgl [Zl^] hg ma^ \h-\krlmZeebs^] lmkn\mnk^ h_ ma^
ikhm^bg-eb`Zg] \hfie^q. >hma fh]^el aZo^ 4 Zmm^gmbhg eZr^kl. Ih]^e bginml
Zk^ ma^ Zmhfl h_ ma^ ih\d^m Zg] eb`Zg]. =g Zmhf `kZia bl \hglmkn\m^] _hk
^Z\a ikhm^bg-eb`Zg] iZbk [r \hgg^\mbg` ^Z\a Zmhf pbma bml 64 g^Zk^lm g^b`a-
[hkl. Pa^ fh]^el Zk^ mkZbg^] mh ik^]b\m ! eh`)$*, pa^k^ $ bl ma^ [bg]bg`
Z$gbmr bg IheZk ngbml. S^ ^fiehr ma^ H>= ]ZmZl^m _khf W20X liebm [r 30'
l^jn^g\^ b]^gmbmr. AoZenZmbhg f^mkb\ bl ma^ L^Zklhg \hkk^eZmbhg \h^$\b^gm
[^mp^^g ik^]b\m^] Zg] Z\mnZe Z$gbmr.
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• .73%.22 bl mkZbg^] hg ?=PD 4.2 mkZbgbg` liebm, ma^ lZf^ mkZbgbg` l^m Zl
LkhN^"g^k. S^ nl^ ma^ h$\bZe \h]^ Zg] ]^_Znem iZkZf^m^kl ikhob]^] [r W10X
mh mkZbg Zg] ^oZenZm^ ma^ fh]^e.

• 3ECG<?B1322 bl mkZbg^] hg l^e^\m^] L@> lmkn\mnk^l \enlm^k^] bgmh 25,361
\enlm^kl. S^ nl^ ma^ 48 ^]`^l, 0.20%= ghbl^ o^klbhg h_ ik^mkZbg^] fh]^e
p^b`aml, Zl bm bl ma^ ]^_Znem fh]^e himbhg bg ^oZenZmbhg iZkZf^m^kl W9X.

• 3ECG<?B1322%+ aZl ma^ lZf^ Zk\abm^\mnk^ Zl Lkhm^bgILJJ Zg] p^
mkZbg mabl fh]^e hg ?=PD 4.2 mkZbgbg` liebm _hk _Zbk \hfiZkblhg pbma hnk
fh]^e bg ma^ iZkmbZe l^jn^g\^ ]^lb`g l^mmbg`.

• ,51%/-' bl mkZbg^] hg ?=PD 4.3 mkZbgbg` l^m pbma 16,153 lmkn\mnk^l Zg]
12 fbeebhg Z]]bmbhgZe lmkn\mnk^l ik^]b\m^] [r =eiaZ_he]2 W12X. S^ nl^ ma^
ik^mkZbg^] fh]^e p^b`aml k^e^Zl^] [r W11X.

Pa^ lZf^ [Zl^ fh]^el Zk^ nl^] _hk ^gmbk^ l^jn^g\^ ]^lb`g Zg] iZkmbZe l^jn^g\^
]^lb`g. S^ aZo^ Z]]^] ma^ Z[ho^ bg_hkfZmbhg mh ma^ N^lneml O^\mbhg bg ma^
fZgnl\kbim.

#!% *533/49 +,! %

<X[ O^UU \NZ^NWLN RW_N[\N OXUMRWP* ]QN VXMNU [NURN\ XW KJ\N VXMNU\ ]X PNWN[J]N
YJ[]RJU \NZ^NWLN, HQJ] R\ ]QN \][NWP]Q XO ]QN NW][XYb+KJ\NM VJ\T6 HQJ] R\ ]QN
YN[LNW]JPN XO [N\RM^N\ ]QJ] J[N Y[X_RMNM J\ LXW]Na] OX[ ]QN UJ]N[ VXMNU6

4<FDCBF< PaZgd rhn _hk rhnk \hff^gml hg ma^ lmk^g`ma Zg] nlZ`^ h_ ma^
^gmkhir-[Zl^] fZld. Pa^ ^gmkhir-[Zl^] fZld bl ]^lb`g^] mh "em^k hnm ghblr
Zg] e^ll oZenZ[e^ k^lb]n^ b]^gmbmr ik^]b\mbhgl fZ]^ [r [Zl^ fh]^el. Pabl Zeehpl
LkhN^"g^k mh ]^\h]^ l^jn^g\^l \hg]bmbhg^] hg Z fhk^ k^ebZ[e^ Zg] ]^ghbl^]
k^lb]n^ ^gobkhgf^gm, pbmahnm [^bg` Z!^\m^] [r ^kkhkl _khf ik^obhnl ik^]b\-
mbhgl. Pabl a^eil mh Zohb] ma^ ^kkhk Z\\nfneZmbhg ikh[e^f maZm \Zg h\\nk
pbma Znmhk^`k^llbo^ f^mah]l. S^ aZo^ ]^fhglmkZm^] ma^ ^!^\mbo^g^ll h_ ma^
^gmkhir-[Zl^] fZld bg Bb`nk^ 3.= h_ ma^ fZgnl\kbim. Pa^ k^lneml lahp maZm
ma^ k^\ho^kr kZm^ bl lb`gb"\Zgmer ehp^k pbmahnm ma^ ^gmkhir fZld, ^li^\bZeer
pa^g ma^ [Zl^ fh]^e bl e^ll Z\\nkZm^. Pa^l^ k^lneml bg]b\Zm^ maZm ma^ ghbl^ bg
ik^obhnl ik^]b\mbhgl \hne] `k^Zmer ebfbm ma^ jnZebmr h_ ln[l^jn^gm `^g^kZmbhg.
Qlbg` ^gmkhir fZld \Zg ^!^\mbo^er k^fho^ ma^ ghbl^ Zg] ikhob]^ ma^ eZm^k
fh]^e pbma Z ab`a^k jnZebmr k^lb]n^ ^gobkhgf^gm Zl Z lmZkmbg` ihbgm.

Ph Z\\hngm _hk ma^ oZkrbg` Z[bebmr h_ ]b!^k^gm [Zl^ fh]^el mh k^\ho^k gZmbo^
l^jn^g\^l, p^ ikhob]^ ]b!^k^gm i^k\^gmZ`^l h_ k^lb]n^l mh LkhN^"g^k ]^i^g]bg`
hg ma^ [Zl^ fh]^e [^bg` nl^]. Pa^ i^k\^gmZ`^ h_ k^lb]n^l \ahl^g _hk ^Z\a
[Zl^ fh]^e bl ]^m^kfbg^] [Zl^] hg ma^ k^\ho^kr kZm^ hg ma^ oZeb]Zmbhg l^m
h_ ?=PD. S^ ^qi^kbf^gm^] pbma i^k\^gmZ`^l kZg`bg` _khf 5' mh 50' _hk
^Z\a [Zl^ fh]^e, Zg] l^e^\m^] ma^ i^k\^gmZ`^ k^lnembg` bg ma^ ab`a^lm k^\ho^kr
kZm^ hg ma^ oZeb]Zmbhg l^m. Oi^\b"\Zeer, p^ \ahl^ 10' _hk CRL-CJJ, 10'
_hk Lkhm^bgILJJ, 15' _hk Lkhm^bgILJJ-?, Zg] 35' _hk AOI-EB1. Pa^l^
i^k\^gmZ`^l Zk^ khn`aer \hkk^eZm^] pbma ma^ l^jn^g\^ k^\ho^kr i^k_hkfZg\^
h_ ^Z\a [Zl^ fh]^e. Pa^ Z[ho^ ]^mZbel hg ma^ nlZ`^ h_ ^gmkhir-[Zl^] fZld
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aZo^ [^^g bg\en]^] bg Agmbk^ O^jn^g\^ @^lb`g pbma >Zl^ Ih]^e O^\mbhg bg ma^
fZgnl\kbim.

#!& *533/49 +,! &

<X[ YJ[]RJU \NZ^NWLN MN\RPW* R\ C[X]NRW@CAA [N][JRWNM `R]Q YJ[]RJU \NZ^NWLN
Y[X_RMNM J\ RWY^]6 ?O WX]* QX` J[N =GC+=AA JWM C[X]NRW@CAA ^\NM OX[
YJ[]RJU \NZ^NWLN MN\RPW6 @X[NX_N[* QX` MXN\ ;E@ YN[OX[V XW YJ[]RJU \NZ^NWLN
MN\RPW6

4<FDCBF< S^ Ziheh`bs^ _hk ma^ eZ\d h_ \eZkbmr. S^ ]b]g(m k^mkZbg^] Lkh-
m^bgILJJ Zg] nl^ ma^ k^e^Zl^] ik^mkZbg^] fh]^e bglm^Z] Zl p^ k^ieb^] mh
?hff^gm JK. 3. S^ Z`k^^ maZm fZgr ^qblmbg` f^mah]l, bg\en]bg` CRL-CJJ,
Lkhm^bgILJJ Zg] AOI-EB1, Zk^ ghm li^\b"\Zeer mkZbg^] pbma iZkmbZe l^jn^g\^
bginm. Pa^r Zk^ Znmhk^`k^llbo^ fh]^el mkZbg^] mh ik^]b\m ma^ g^qm k^lb]n^ bg
Z l^jn^g\^ `bo^g ma^ ik^\^]bg` k^lb]n^l Zl \hgm^qm. Dhp^o^k, ma^r \Zg lmbee [^
nl^] _hk iZkmbZe l^jn^g\^ ]^lb`g Zg] Lkhm^bgILJJ Zg] AOI-EB1 aZo^ [nbem-
bg bfie^f^gmZmbhgl _hk iZkmbZe l^jn^g\^ `^g^kZmbhg bg ma^bk k^e^Zl^] \h]^[Zl^.
Pa^ bfie^f^gmZmbhg bl lbfbeZk mh ma^ lmZg]Zk] Znmhk^`k^llbo^ `^g^kZmbhg l^mni,
pa^k^ ma^ fh]^e `^g^kZm^l hg^ k^lb]n^ Zm Z mbf^ [r \hg]bmbhgbg` hg ma^ ik^ob-
hnler `^g^kZm^] k^lb]n^l, ^q\^im maZm bg iZkmbZe l^jn^g\^ ]^\h]bg`, lhf^ h_ ma^
k^lb]n^l Zk^ Zek^Z]r dghpg Zg] "q^]. Oi^\b"\Zeer, pa^g Z k^lb]n^ bl `^g^kZm^],
p^ \a^\d b_ bm bl hg^ h_ ma^ "q^] k^lb]n^l ikhob]^] bg ma^ iZkmbZe l^jn^g\^ Zg] b_
bm bl, p^ k^ieZ\^ bm pbma ma^ \hkk^lihg]bg` "q^] k^lb]n^. Kma^kpbl^, p^ d^^i ma^
`^g^kZm^] hg^. Pa^g, ma^ fh]^e fho^l _hkpZk] mh `^g^kZm^ ma^ g^qm k^lb]n^.
@b!^k^gm _khf Znmhk^`k^llbo^ fh]^el, ma^ LkhN^"g^k bl mkZbg^] bg Z fZld^]
eZg`nZ`^ fh]^e fZgg^k, pab\a bl mZld^] mh "ee bg fZld^] k^lb]n^l [Zl^] hg
iZkmbZe bginm l^jn^g\^l. Em ]^\h]^l ngdghpg k^lb]n^l bg iZkZee^e, pbmahnm aZo-
bg` mh `^g^kZm^ Zg] \a^\d ^Z\a k^lb]n^ bg]bob]nZeer. Pa^ Z[ho^ ]^mZbel \Zg [^
_hng] bg LZkmbZe O^jn^g\^ @^lb`g O^\mbhg.

-./30 #" @POTLX ]P[_PXNP \PNY`P\c \L^P] LXO X]]\ ]NY\P] YX 9Xd6PXNS LXO
6D 9Xd6PXNS) FSP ^S\PP WYOPV] TX ^SP "\]^ R\Y_Z L\P ^\LTXPO YX 75F< ^\LTXTXR ]ZVT^'
aSTVP 9E@(=:, T] ^\LTXPO YX L VL\RP\ N_]^YWTdPO OL^L]P^)

9Xd6PXNS 6D 9Xd6PXNS

DPNY`P\c # X]]\ # DPNY`P\c # X]]\ #

;GC(;AA /,).3 02)34 -4)/, /2)3.

C\Y^PTX@CAA(7 0+)++ 2+)++ /+)4, 1+)++

C\YDP"XP\ 02)34 2.)13 /.)/3 1+)32

9E@(=:, 1+)2, 22)-2 0-)1. 2,)2,

C\YDP"XP\ & 9E@(=:, 10).3 3,)3- 0/)00 2-)++

S^ k^ihkm ma^ i^k_hkfZg\^ h_ AOI-EB1 hg iZkmbZe l^jn^g\^ ]^lb`g bg PZ[e^ 10.
Jhm^ maZm ma^ mak^^ fh]^el bg ma^ "klm `khni bg ma^ mZ[e^ Zk^ mkZbg^] hg
?=PD mkZbgbg` liebm Zg] AOI-EB1 bl mkZbg^] hg Z fn\a eZk`^k ]ZmZl^m. S^
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_nkma^k Ziier ma^ ikhihl^] ^gmkhir-[Zl^] fZld mh ma^ k^lneml h_ AOI-EB1 Zg]
ln[l^jn^gmer \hg]n\m l^jn^g\^ k^"g^f^gm pbma LkhN^"g^k, Zg] ]^ghm^ mabl
k^lnem Zl LkhN^"g^k + AOI-EB1. Pa^ k^lneml ]^fhglmkZm^ maZm pabe^ AOI-EB1
Z\ab^o^l ab`a^k k^\ho^kr Zg] gllk hg bml hpg, Ziierbg` ma^ ikhihl^] k^"g^f^gm
[r LkhN^"g^k \Zg _nkma^k ^gaZg\^ i^k_hkfZg\^, Zl ^ob]^g\^] [r ma^ bfikho^]
f^mkb\l _hk LkhN^"g^k + AOI-EB1. Pabl ]^fhglmkZm^l ma^ [khZ] Ziieb\Z[bebmr
h_ hnk ikhihl^] l^jn^g\^ k^"gbg` ZiikhZ\a pa^g Ziieb^] mh ^qblmbg` lmZm^-h_-
ma^-Zkm fh]^el ebd^ AOI-EB1. Pa^ k^lneml f^gmbhg^] Z[ho^ aZo^ [^^g bg\en]^]
bg Oniie^f^gmZkr Eg_hkfZmbhg.

#!' *533/49 +,! '

7] ][JRWRWP ]RVN* `QJ] YN[LNW]JPN XO ]QN [N\RM^N\ J[N VJ\TNM J\ ^WTWX`W6

4<FDCBF< S^ Ziheh`bs^ _hk ghm ikhob]bg` ^ghn`a ]^mZbel bg ma^ fZgnl\kbim.
=m mkZbgbg` mbf^, p^ kZg]hfer fZld 70' h_ ma^ k^lb]n^l Zl ngdghpg. =fhg`
ma^ k^fZbgbg` 30' h_ ma^ k^lb]n^l pahl^ b]^gmbmr bl ZoZbeZ[e^ mh ma^ fh]^e, p^
kZg]hfer l^e^\m 3' Zg] k^ieZ\^ ma^bk b]^gmbmr pbma kZg]hf Zfbgh Z\b] mri^l.
Pa^ bgmnbmbhg h_ bgmkh]n\bg` ghbl^ mh ma^ iZkmbZe bginm l^jn^g\^ bl maZm ]nkbg`
bg_^k^g\^, ma^ k^lb]n^ ^gobkhgf^gm fZr lmbee \hgmZbg Z lfZee Zfhngm h_ ghbl^
^o^g Z_m^k Ziierbg` ma^ ^gmkhir-[Zl^] fZld. >r mkZbgbg` pbma ghbl^, p^ Zbf
mh m^Z\a ma^ fh]^e ghm mh _neer k^er hg ma^ bginm iZkmbZe ^gobkhgf^gm. Pa^
Z[ho^ ]bl\nllbhg aZl [^^g bg\hkihkZm^] mh CkZia N^ik^l^gmZmbhg h_ Lkhm^bgl
O^\mbhg.

#!( *533/49 +,! (

>X` V^LQ X_N[UJYYRWP R\ ]QN[N JVXWP ]QN ]Q[NN N_JU^J]RXW MJ]J\N]\6

4<FDCBF< PaZgd rhn _hk rhnk \hff^gm k^`Zk]bg` ma^ ]ZmZl^m ho^keZi. S^
aZo^ b]^gmb"^] _hnk lmkn\mnk^l maZm Zk^ laZk^] [^mp^^g ma^ ?=PD m^lm liebm
Zg] ma^ PO50 ]ZmZl^m. Pa^k^ Zk^ gh lmkn\mnk^l maZm ho^keZi [^mp^^g ma^ HZm^lm
L@> ]ZmZl^m Zg] ma^ hma^k mph ]ZmZl^ml. Pa^ Z[ho^ ]^mZbel aZo^ [^^g bg\en]^]
bg Agmbk^ O^jn^g\^ @^lb`g O^\mbhg bg ma^ fZgnl\kbim.

$ -/62< 95 -/:1/;/7 $

$!" *533/49 +,! "

B!]J[PN] JL]R_R]b, FQN J^]QX[\ QbYX]QN\RcN ]QJ] J VX[N YX\R]R_N \^[OJLN
RWL[NJ\N\ JL]R_R]b, >X`N_N[* XWN LXWLN[WRWP YX\\RKRUR]b R\ J M[XY RW \YNLR"LR]b,
?WMNNM* NWPRWNN[RWP WXW \YNLR"L LQJ[PN [N\RM^N\ QJ\ KNNW ^\N ]X [N"WN \YNLR+
"LR]b XO ]QN [NUJ]NM LJ\3 Y[X]NRW (\NN EUJbVJTN[ N] JU* ELRNWLN /-.2), FQN
J^]QX[\ VJb WNNM ]X LXVYJ[N X!]J[PN] XO ]QN\N W^LUNJ\N\ ]X HF X[ J] UNJ\]
VNW]RXW ]QR\ [R\T XO X!+]J[PN] RWL[NJ\N,

4<FDCBF<
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,21! % =XOPV QY\WL^TYX L^ ^SP YX(^L\RP^ LXO Y!(^L\RP^ ]T^P] YM]P\`PO QY\ FXZ6 HF LXO
FXZ6 >3/D) B!(^L\RP^ ]T^P] L\P NSY]PX QYVVYaTXR J-,K)

S^ Ziik^\bZm^ rhnk oZenZ[e^ ln``^lmbhg hg k^ihkmbg` h!-mZk`^m Z\mbobmr. S^
\hg]n\m ^qi^kbf^gml hg ma^ Pgi> oZkbZgm pbma ma^ ab`a^lm Z\mbobmr, Pgi>
G84N, Zg] \hfiZk^ bml h!-mZk`^m ^!^\ml pbma mahl^ h_ ma^ pbe]-mri^ )SP*
Pgi>. Pa^ k^lneml Zk^ ik^l^gm^] bg Bb`nk^ 3. =l lahpg bg ma^ "`nk^, ma^
fnmZmbhg h_ ma^ lbm^ mh Zk`bgbg^ ^gaZg\^l ma^ ikhm^bg(l Z$gbmr _hk @J= Zg]
bg\k^Zl^l bml Z\mbobmr. Pabl Zelh e^Z]l mh Z ]^`k^^ h_ ghg-li^\b"\ \e^ZoZ`^, pab\a
fZr \hfikhfbl^ ma^ gn\e^Zl^(l li^\b"\bmr. S^ aZo^ bg\en]^] ma^ Z[ho^ ]bl\nl-
lbhg bgmh =iieb\Zmbhg hg PkZglihlhg-Zllh\bZm^] mkZglihlZl^ > O^\mbhg h_ ma^
fZgnl\kbim.

$!# *533/49 +,! #

BW+]J[PN] J\\N\\VNW] XO Y[XP[JVVJKUN W^LUNJ\N JL]R_R]b `J\ YN[OX[VNM `R]Q
WNa]=NW \NZ^NWLRWP OXUUX`NM Kb RWMNU LX^W]RWP, @X[N MN]JRU\ `X^UM WNNM ]X KN
Y[X_RMNM, 7MMR]RXWJUUb* R] `X^UM KN RMNJU ]X ^\N JW N\]JKUR\QNM VN]QXMXUXPb ]X
YN[OX[V ]QR\ JWJUb\R\ \^LQ J\ 9D?ECD;EEB* 9D?ECD+7* 9D?ECD\NNT* ,,, M^N
]X ]QN LXVYUNaR]RN\ J\\XLRJ]NM `R]Q PNWN NMR]RWP N$LRNWLb J\\N\\VNW],

4<FDCBF< PaZgd rhn _hk rhnk bglb`am_ne \hff^gml k^`Zk]bg` ma^ Zll^ll-
f^gm h_ hnk ikh`kZffZ[e^ gn\e^Zl^ Z\mbobmr. S^ nl^] ?NEOLN^llh2 mh ZgZerl^
Eg]^el. Pa^ iZkZf^m^kl Zk^ Zl _heehpl: fbgbfnf h_ 80' ahfheh`r _hk Zeb`g-
f^gm mh ma^ Zfieb\hg l^jn^g\^, jnZgmb"\Zmbhg pbg]hp h_ 20 [i Zg] b`ghkbg`
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Reviewer #1 (Remarks to the Author): 

I want to thank the authors for their efforts to answer my questions, and I don't have any further 

concerns. 

Reviewer #2 (Remarks to the Author): 

Thank you for addressing my concerns in my previous comment and validating the pipeline with 

additional experiments. Overall, this paper introduces a refinement model that further improves 

inverse folding performance. In addition, the memory-efficient global attention mechanism 

provides a possible way to reduce the memory usage, without significantly trading off on the 

performance of global attention. There are two minor points that would require further 

clarifications: 

1. How is AlphaFold2 used for structural evaluation? Does it utilize only MSA of the designed 

sequence, or does it utilize both MSA and searched templates? 

2. Comparing the results in Supplementary Table 4 with the results in Supplementary Table 3 (or 

Supplementary Table 5), there is a significant drop in structural recovery performance in terms of 

both TM score and RMSD. What are the main reasons behind this drop in performance? Also, it 

would be useful to confirm if this is the effect of switching in datasets or the effect of switching in 

structure prediction models. 

Reviewer #3 (Remarks to the Author): 

Authors revisions solved all my concerns. No more comments from my side. 
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