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Referees' comments: 

Referee #1 (Remarks to the Author): 

In this manuscript, Faust and colleagues describe atomic models of the active and inactive 

conformations of the TSHR using cryo-EM. To my knowledge, this is the most complete description 

of these different structures reported to date. Most importantly, the differences in the interactions 

among ligand, TSHR ECDs and 7-TMHs, and the lipid bilayer allow for plausible working hypotheses 

of the mechanisms of TSHR activation by TSH and an activatory autoantibody M22 and the inhibition 

by a neutral antagonist antibody K1-70 and inverse agonist antibody CS-17. 

The data are clearly presented and appear valid. The findings are original and the conclusions drawn 

are appropriate. 

Specific comments: 

Line 42 – sensing of thyroid hormones occurs at the hypothalamus and at the pituitary thyrotroph 

Line 53 – it is important to include that TSIs, which are not regulated by physiologic processes, 

persistently activate TSHRs. 

Line 356 – The model in Figure 5 is not as clear as it could be. At the least, I suggest the cartoon 

contain the abbreviations (TSH, M22, CS-17). 

Referee #2 (Remarks to the Author): 

The TSHR regulates the release of thyroid hormones that play critical roles in growth, metabolism 

etc., and dysregulation of TSHR activity (e.g. through activation by autoantibodies) leads to disease. 

As such the mode of activation by TSH and disease-causing antibodies is of clinical relevance. In the 

current study, Faust et al, have applied cryo-EM to determine structures of TSHR bound to TSH or 

the agonist autoantibody M22, in complex with Gs protein. To understand activation mechanisms, 

they also solve the structure of an inactive state TSHR in complex with an allosteric inhibitor, 

together with an inverse agonist Fab (CS-17). The authors propose a mechanism for activation based 

on these structures. 

The structures are of moderate resolution (low for the TMD of the inactive), and while they are 

consistent with the proposed “steric clash” mechanism, direct evidence is limited. Overall, the work 

is interesting, but the mechanistic advance is currently overly speculative relative to the available 

data, while many of the global structural features are similar to previously published structures of 

the related glycoprotein hormone receptors (LHCGR, FSHR), including inactive and active LHCGR. The 

current work provides additional confidence in the likely generality of the ECD movements 

associated with glycoprotein hormone receptor activation. There is also only limited (and largely 



speculative) insight into how the ECD movements propagate to activation of the TMD. 

Specific comments: 

Figure 1 (legend) – sulfotyrosine residue Y335 (sY335) is labelled “pY335” in the figure 

Lines 131-132 – from the map and pdb supplied, the modelling of the “seatbelt” loop is problematic, 

particularly in the vicinity of D93. 

Lines 134-138 – given the map resolution and problems with modelling, it is difficult to draw 

conclusions on TSH engagement in this region. The low resolution suggests that this region may also 

be conformationally dynamic creating additional issues in interpretation. It would be useful for the 

authors to try the 3D variance analysis (3DVA) in Cryosparc to see if they can gain further insight into 

the complex. 

Lines 153-155 - How much of this might be to do with the way the data were reconstructed, 

conditions of vitrification etc. What does the 3DVA look like? 

Line 171 – what is being defined as “high resolution features”, in the map provided there were not a 

lot of what would generally be considered “high resolution” features (e.g. unambiguous sidechain 

rotamer placement) 

Lines 172-173 – “enabled an accurate model…” is an overstatement. The resolution (in the map 

provided) is such that the rotamer is ambiguous for most residues. Also many residues have been 

modelled that are not well supported by density. 

Lines 188-189 – How well does the ECD location modelled here fit with the low-resolution map from 

the structure with the allosteric inhibitor but without CS-17? 

Lines 206-209 – In my opinion, there is insufficient evidence to support this claim on mechanism. 

The resolutions are not good enough to have confidence in the extent of order/disorder between 

the 2 states... 

Figure 3F – both the A644K and A647K mutants have substantially lower cell surface expression as 

assessed by FACS. As such, it is difficult to interpret the impact on these mutations on receptor 

activation by ligands in the types of functional assays that have been performed. 

Lines 257-260, While this may be true, better evidence is required that this is a true difference 

versus an artefact of processing and sample preparation/vitrification that has impacted on the 

resolution. 

Lines 269-271, what do the mutations do to activity of the NAM? 

Lines 272-278, as per comment above, this is over-interpreted. There is no data on the extent to 

which the cell surface expression is driving the pharmacology, and no ability to link 



mutants/expression and lipid binding. They need to (minimally) do mass spectrometry experiments 

to compare relative lipid binding. Also, what do less dramatic mutations do to TSHR function? 

Lines 309-311, it would be useful to report the glycosylation status of the TSH used in the currently 

study. 

Lines 322-324, while the speculation is not unreasonable, this has not been sufficiently established in 

the current study. 

Lines 326-339, While the increase in agonism seen with insertion of a glycosylation site into K1-70 is 

consistent with the authors hypotheses of steric hindrance from the membrane driving changes to 

the ECD orientation required for activation, the observation that K1-70 is an agonist is in contrast to 

the hypothesis being tested by the insertion of a glycosylation site (their modelling is not consistent 

with WT K1-70 being an agonist by steric hindrance). It is also inconsistent with the prevailing 

literature on the pharmacology of K1-70. As such, this requires further experimentation to enable 

interpretation of the data. 

Lines 338-339, as per the argument above, this conclusion is at odds with their observation of K1-70 

agonism. Moreover, this is somewhat simplistic as it does not robustly address how this is 

propagated to the changes in the TMD that are required for activation. 

Lines 351-353, While I agree that steric hindrance of interactions with the lipid bilayer appear to be 

important, I don't think the authors present anywhere near enough evidence to support this being 

the primary mechanism for activation. 

Lines 363-364, can the authors please illustrate how their data “demonstrate” the hypothesis 

around the hinge regions. This appears to be inferred rather than demonstrated. 

Lines 365-366, again this is inferred rather than demonstrated. Do they have data on the actual 

glycosylation status of N52 for the TSH used in the current study? 

Lines 367-368, more robust data is required. The authors infer the orientation of the mutated 

residue and membrane (based on isolated ECD xtal structure), they really need to demonstrate that 

glycosylation at other sites does not change K1-70 activity, or solve a complex of the TSHR with the 

modified Fab. 

Lines 369-370, again this is inferential. The data show distinct orientations but do not specifically 

speak to activation. 

Lines 374-375, the data is currently purely observational and not sufficient to conform likely 

mechanism w.r.t. phospholipids in the TMD. 

Supp. Fig. 7. Title is incorrect (this is not TSH-bound TSHR-Gs complex). 

Line 820, what specifically does “samples” refer to here? 



Line 851, “cAMP accumulation” – the description does not mention PDE inhibitors. Do they really 

mean accumulation or “production”? What is the basal cAMP? Does this vary for mutants? 

A substantial weakness of the study is that there is no clear insight into how the changes in ECD 

drive receptor activation (i.e. conformational change in the TMD). 

Suppl. Figs. 2, 5, 7 all display local resolution maps that suggest a large proportion of the maps are 

close to 2 angstrom resolution. The maps are completely at odds with this (most appear to be ~3 A 

at best – which is also what is reported in the structure statistics Table, suppl. Table 1). None of the 

maps have features consistent with near atomic resolution. As such, this is wrong. 

Does CS-17 block activation of TSHR by small molecule agonists such as ML-109? Does this affect 

understanding of the mode of receptor activation? 

Does the allosteric inhibitor Org 274179-0 inhibit activation by the M22 antibody? Is the inhibition 

equivalent or different from the inhibition of TSH activation? 

TSHR is reported to dimerise, with negative cooperativity on binding by TSH to multiple protomers. 

Can the authors speculate on how their models for activation work in the context of dimers? 

There are a lot of sidechains (across all structures) that have been modelled where there is no robust 

density to support the modelling. In the seatbelt loop region, there are also issues with the 

backbone modelling relative to the map density. The authors need to provide strong justification for 

why these are included in the deposited PDB file (I understand why they need to be present for 

model fitting). If they are to be included, the authors need to provide some sort of record that 

explicitly states where the density supports the modelling and also where it does not. 

Referee #3 (Remarks to the Author): 

Faust et al. provide novel insights into the mechanism of activation for the thyrotropin receptor 

(TSHR) and beyond a molecular understanding of how autoantibodies activate the TSHR and 

pathologically increase thyroid hormones in Graves’ disease. For this, the authors determined 

cryogenic-electron microscopy structures of the active TSHR in complex with thyrotropin (TSH) and 

M22 - an autoantibody isolated in patients with Graves’ disease as well as the inactive TSHR bound 

to CS-17. One of the most important structural finding is the role of steric clashes between protein 

agonists/inverse agonists and the membrane that drive either active- or inactive-like conformations 

of the extracellular domain of the TSHR. Overall, the obtained structural insights are highly relevant 

in particular as the reported mechanism may have implications for other GPCRs with large 

extracellular domains. 

Comments: 



1) Authors write that in the inactive state, the down conformation of the TSHR ECD would be unable 

to bind TSH due to clashes between the glycosylated Asn52 residue in the common GPHα chain. At 

times ECD domains can also anchor the membrane with hydrophobic residues. Is it possible that in 

addition to steric clashes with the N-linked glycans, another important function of this highly polar 

chains could be to impede membrane interaction/penetration of the ECD? Could authors comment 

on this scenario? 

2) The authors resolved densities for a phospholipid buried within the 7TM domain of the receptor 

in a region that overlaps with the likely binding side for Org 274179-0 in TSHR and Org43553 in 

LH/CGR. Additional mutational (A644K, A647K) experiments provide evidence for a functional role of 

a lipid in this transmembrane pocket. This is an extremely interesting finding and has important 

implication for the TSHR function in different cell membrane environments. Can the authors 

conclude about lipid specificity? Would it be possible to measure agonist-mediated cAMP 

accumulation in the presence of different types of lipids considering different tail lengths and 

saturation degrees? 

3) Authors present models of how the membrane bilayer may interact with TSH, M22, or CS-17 

when bound to the TSHR ECD in either the active up or inactive down conformations. Please provide 

more information about how the complexes (e.g. M22 bound to inactive TSHR, etc.) were modeled. I 

would also propose to provide the modeled complexes as supplemental PDB files. 

4) Authors measure rotations, e.g. “The TSHR ECD is rotated 38° towards the 7TM domain and the 

membrane bilayer in the inactive state when compared to the active state bound to TSH”. Can 

authors please specify how are the rotation angles were obtained? 

5) Authors measure distances, e.g. “TM6 of active TSHR is displaced outward by 14 Å to 

accommodate the α5 helix of miniGαs and TM7 moves ~4 Å inward relative to the transmembrane 

core of the receptor”. For reproducibility, which exact points were used to measure these distances? 

Other: 

6) Caption 4: “…Modeling of TSH binding to inactive TSHR with the ECD in the down conformation 

with either TSH (b) or M22 Fab (c)….” 

Remove TSH from “TSH binding”
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�,Q�WKLV�PDQXVFULSW��)DXVW�DQG�FROOHDJXHV�GHVFULEH�DWRPLF�PRGHOV�RI�WKH�DFWLYH�DQG�LQDFWLYH�
�FRQIRUPDWLRQV�RI�WKH�76+5�XVLQJ�FU\R�(0��7R�P\�NQRZOHGJH��WKLV�LV�WKH�PRVW�FRPSOHWH�
�GHVFULSWLRQ�RI�WKHVH�GLIIHUHQW�VWUXFWXUHV�UHSRUWHG�WR�GDWH��0RVW�LPSRUWDQWO\��WKH�GLIIHUHQFHV�LQ�WKH�
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�7KH�GDWD�DUH�FOHDUO\�SUHVHQWHG�DQG�DSSHDU�YDOLG��7KH�ILQGLQJV�DUH�RULJLQDO�DQG�WKH�FRQFOXVLRQV�
�GUDZQ�DUH�DSSURSULDWH��

�:H�WKDQN�WKH�UHYLHZHU�IRU�FDUHIXO�UHDGLQJ�RI�RXU�PDQXVFULSW�DQG�HYDOXDWLRQ�RI�WKH�PHFKDQLVPV�
�SURSRVHG��,PSRUWDQWO\��ZH�DJUHH�WKDW�WKH�PDQXVFULSW�SURYLGHV�D�ZRUNLQJ�K\SRWKHVLV�WKDW�LV�LWVHOI�
�DQ�LPSRUWDQW�DGYDQFH�IRU�WKH�ILHOG��:H�KDYH�QRZ�DGGHG�VLJQLILFDQW�QHZ�HYLGHQFH�WR�WKLV�ZRUNLQJ�
�PRGHO�EDVHG�RQ�D�QHZ��KLJKHU�UHVROXWLRQ�VWUXFWXUH�RI�D�76+�DQDORJ��75������ERXQG�WR�76+5�
�DQG�DGGLWLRQDO�PXWDJHQHVLV�VWXGLHV�WR�H[DPLQH�KRZ�(&'�URWDWLRQ�OHDGV�WR�DFWLYDWLRQ�RI�WKH��70�
�GRPDLQ��$GGLWLRQDOO\��ZH�KDYH�SHUIRUPHG�QHZ�PROHFXODU�G\QDPLFV�VLPXODWLRQV�WR�SURYLGH�IXUWKHU�
�HYLGHQFH�IRU�RXU�K\SRWKHVLV�WKDW�WKH�PHPEUDQH�ELOD\HU�LV�D�FULWLFDO�FRPSRQHQW�RI�UHFHSWRU�
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�7KLV�LV�KHOSIXO�DQG�ZH�KDYH�XSGDWHG�WKH�PDQXVFULSW�DFFRUGLQJO\��

�/LQH�����±�7KH�PRGHO�LQ�)LJXUH���LV�QRW�DV�FOHDU�DV�LW�FRXOG�EH��$W�WKH�OHDVW��,�VXJJHVW�WKH�
�FDUWRRQ�FRQWDLQ�WKH�DEEUHYLDWLRQV��76+��0����&6������

�:H�KDYH�QRZ�UHYLVHG�WKLV�ILJXUH�WR�PDNH�WKH�GHSLFWLRQV�FOHDUHU��

Author Rebuttals to Initial Comments:
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�OHDGV�WR�GLVHDVH��$V�VXFK�WKH�PRGH�RI�DFWLYDWLRQ�E\�76+�DQG�GLVHDVH�FDXVLQJ�DQWLERGLHV�LV�RI�
�FOLQLFDO�UHOHYDQFH��,Q�WKH�FXUUHQW�VWXG\��)DXVW�HW�DO��KDYH�DSSOLHG�FU\R�(0�WR�GHWHUPLQH�
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�SURSRVH�D�PHFKDQLVP�IRU�DFWLYDWLRQ�EDVHG�RQ�WKHVH�VWUXFWXUHV��

�:H�WKDQN�WKH�UHYLHZHU�IRU�VXPPDUL]LQJ�WKH�PDLQ�VFRSH�RI�RXU�PDQXVFULSW�DQG�LWV�FOLQLFDO�
�UHOHYDQFH��7R�UHFDS�RXU�JRDO�ZDV�WR�GHVFULEH�KRZ�76+�DFWLYDWHV�WKH�76+5�DQG�KRZ�
�DXWRDQWLERGLHV�FDQ�PLPLF�WKLV�DFWLYLW\��D�PROHFXODU�PHGLFLQH�SX]]OH�WKDW�KDV�UHPDLQHG�XQFOHDU�
�IRU�GHFDGHV��

�7KH�VWUXFWXUHV�DUH�RI�PRGHUDWH�UHVROXWLRQ��ORZ�IRU�WKH�70'�RI�WKH�LQDFWLYH���DQG�ZKLOH�WKH\�DUH�
�FRQVLVWHQW�ZLWK�WKH�SURSRVHG�³VWHULF�FODVK´�PHFKDQLVP��GLUHFW�HYLGHQFH�LV�OLPLWHG��2YHUDOO��WKH�
�ZRUN�LV�LQWHUHVWLQJ��EXW�WKH�PHFKDQLVWLF�DGYDQFH�LV�FXUUHQWO\�RYHUO\�VSHFXODWLYH�UHODWLYH�WR�WKH�
�DYDLODEOH�GDWD��ZKLOH�PDQ\�RI�WKH�JOREDO�VWUXFWXUDO�IHDWXUHV�DUH�VLPLODU�WR�SUHYLRXVO\�SXEOLVKHG�
�VWUXFWXUHV�RI�WKH�UHODWHG�JO\FRSURWHLQ�KRUPRQH�UHFHSWRUV��/+&*5��)6+5���LQFOXGLQJ�LQDFWLYH�
�DQG�DFWLYH�/+&*5��7KH�FXUUHQW�ZRUN�SURYLGHV�DGGLWLRQDO�FRQILGHQFH�LQ�WKH�OLNHO\�JHQHUDOLW\�RI�
�WKH�(&'�PRYHPHQWV�DVVRFLDWHG�ZLWK�JO\FRSURWHLQ�KRUPRQH�UHFHSWRU�DFWLYDWLRQ��

�%DVHG�RQ�WKH�VXPPDU\�VWDWHPHQWV�SURYLGHG�KHUH�E\�WKH�UHYLHZHU��DQG�VSHFLILF�FRPPHQWV�
�RXWOLQHG�EHORZ��ZH�KDYH�QRZ�VLJQLILFDQWO\�UHYLVHG�WKH�PDQXVFULSW�WR�VXSSRUW�WKH�NH\�PHFKDQLVWLF�
�DGYDQFHV�SURSRVHG�LQ�WKH�PDQXVFULSW��.H\�DGGLWLRQV�LQFOXGH��

���� �$�QHZ��KLJKHU�UHVROXWLRQ�VWUXFWXUH�RI�D�76+�DQDORJ�WKDW�LPSURYHV�RXU�LQWHUSUHWDWLRQ�RI�
�NH\�KRUPRQH�UHFHSWRU�FRQWDFWV��:LWK�WKLV�VWUXFWXUH��ZH�QRZ�DSSUHFLDWH�DGGLWLRQDO�
�VWUXFWXUDO�PRWLIV�LQ�WKH�UHFHSWRU�KLQJH�UHJLRQ�SUHYLRXVO\�XQGHVFULEHG�E\�SULRU�
�SXEOLFDWLRQV��

���� �1HZ�PXWDJHQHVLV�H[SHULPHQWV�WKDW�GLUHFWO\�DVVHVV�KRZ�(&'�FRQIRUPDWLRQDO�FKDQJHV�
�LPSLQJH�RQ�UHFHSWRU�DFWLYDWLRQ�DQG�KRZ�(&'�URWDWLRQ�SURSDJDWHV�D�VLJQDO�WR�WKH��70�
�GRPDLQ��%DVHG�RQ�FRPPHQWV�IURP�WKH�UHYLHZHU��WKHVH�UHYLVHG�H[SHULPHQWV�ZHUH�GRQH�
�ZLWK�FDUHIXOO\�PDWFKHG�H[SUHVVLRQ�OHYHOV�RI�76+5��

���� �0ROHFXODU�G\QDPLFV�VLPXODWLRQV�WKDW�GHPRQVWUDWH�WKH�HIIHFW�RI�WKH�0���DQG�&6����)DE�
�IUDJPHQWV�RQ�FRQWUROOLQJ�WKH�IOH[LELOLW\�RI�WKH�76+5�(&'��6LPXODWLRQV�RQ�DSR��0����DQG�
�&6����ERXQG�76+5�GLUHFWO\�LQWHUURJDWH�KRZ�WKHVH�OLJDQGV�LQIOXHQFH�(&'�G\QDPLFV�DQG�
�SURYLGH�IXUWKHU�HYLGHQFH�IRU�WKH�SURSRVHG�VWHULF�FODVK�PHFKDQLVP��

�$�FULWLFDO�GLIIHUHQWLDWLQJ�IHDWXUH�RI�RXU�ZRUN�FRPSDUHG�WR�WKH�UHFHQW�FU\R�(0�VWUXFWXUHV�RI�
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�)XUWKHUPRUH��ZH�SURYLGH�IXQGDPHQWDO�LQVLJKWV�LQWR�KRZ�DQWLERGLHV�FDQ�FRQWURO�76+5�VLJQDOLQJ��
�ZKLFK�LV�GLVWLQFW�IURP�SULRU�ZRUN�RQ�WKH�JO\FRSURWHLQ�KRUPRQH�UHFHSWRUV��

�7KHUH�LV�DOVR�RQO\�OLPLWHG��DQG�ODUJHO\�VSHFXODWLYH��LQVLJKW�LQWR�KRZ�WKH�(&��'�PRYHPHQWV�
�SURSDJDWH�WR�DFWLYDWLRQ�RI�WKH�70'��

�:H�DJUHH�WKDW�RXU�SULRU�PDQXVFULSW�SURYLGHG�OLWWOH�H[SHULPHQWDO�HYLGHQFH�IRU�VLJQDO�SURSDJDWLRQ�
�IURP�WKH�(&'�WR�WKH�70'��'XH�WR�WKH�OLPLWHG�UHVROXWLRQ�RI�RXU�LQDFWLYH�VWDWH�VWUXFWXUH��ZH�
�SUHYLRXVO\�UHIUDLQHG�IURP�PDNLQJ�VSHFXODWLYH�FODLPV�RQ�KRZ�(&'�PRYHPHQWV�SURSDJDWH�WR�
�DFWLYDWLRQ�RI�WKH�70'��%DVHG�RQ�D�KLJKHU�UHVROXWLRQ�VWUXFWXUH�RI�75������D�KLJK�DIILQLW\�76+�
�DQDORJ��ERXQG�WR�76+5��ZH�QRZ�KDYH�JUHDWHU�FRQILGHQFH�LQ�PRGHOLQJ�RI�PXOWLSOH�KRUPRQH�
�UHFHSWRU�FRQWDFWV��VSHFLILFDOO\�LQ�WKH�KLQJH�UHJLRQ�DQG�WKH�KRUPRQH�VHOHFWLYLW\�³VHDWEHOW�ORRS´��
�DQG�LQ�FULWLFDO�(&'��70�LQWHUIDFHV��VSHFLILFDOO\�LQ�WKH�(&/��KLQJH�KHOL[�DQG�S���70��(&/��
�UHJLRQV���:LWK�WKH�LPSURYHG�UHFRQVWUXFWLRQ�LQ�WKH�(&'��70�LQWHUIDFH��ZH�KDYH�GHVLJQHG�
�VSHFLILF�VWUXFWXUH�JXLGHG�PXWDJHQHVLV�WR�LQWHUURJDWH�KRZ�FRQIRUPDWLRQDO�FKDQJHV�LQ�WKH�76+5�
�(&'�SURSDJDWH�WR�WKH��70�GRPDLQ��2XU�VLJQDOLQJ�H[SHULPHQWV�VXJJHVW�WKDW�(&'�URWDWLRQ�WR�WKH�
�³XS´�VWDWH�LV�VXIILFLHQW�WR�DFWLYDWH�WKH�UHFHSWRU��DQG�WKDW�PXOWLSOH�SRLQWV�RI�FRQWDFW�LQ�WKH�S���DQG�
�(&/��LQWHUIDFHV�FRQWULEXWH�WR�KRUPRQH�PHGLDWHG�VLJQDO�WUDQVGXFWLRQ�LQWR�WKH��70�GRPDLQ��
�7KHVH�H[SHULPHQWV�FRQQHFW�(&'�URWDWLRQ�WR��70�DFWLYDWLRQ�DQG�DUH�RXWOLQHG�LQ�GHWDLO�EHORZ��

�&RPPHQWV�IURP�VHSDUDWH�HPDLO��
�7KH�VWHULF�FODVK�FRPSRQHQW�RI�WKH�DFWLYDWLRQ�PHFKDQLVP�IRU�76+�DQG�DFWLYDWLQJ�DQWLERGLHV�LV�
�VLPLODU�WR�WKDW�SUHYLRXVO\�SURSRVHG�IRU�RWKHU�JO\FRSURWHLQ�KRUPRQH�UHFHSWRUV��:LWK�WKH�OLPLWHG�
�UHVROXWLRQ�RI�VRPH�RI�WKH�VWUXFWXUHV��LQ�WKH�DEVHQFH�RI�PROHFXODU�GHWDLO�DQG�PHFKDQLVP��WKLV�GLG�
�QRW�DSSHDU�VXIILFLHQW�IRU�SXEOLFDWLRQ�LQ�1DWXUH��

�7KH�DLP�RI�RXU�PDQXVFULSW�LV�WR�GHVFULEH�KRZ�WKH�76+�KRUPRQH�DQG�DXWRDQWLERGLHV�FRQWURO�
�76+5�DFWLYLW\��ZKLFK�LV�GLVWLQFW�IURP�SULRU�ZRUN�RQ�WKH�/+�&*5��2XU�ZRUN�H[SODLQV�D�EURDGO\�
�NQRZQ�PHGLFDO�SX]]OH�WKDW�WKH�YDVW�PDMRULW\�LQ�WKH�PHGLFDO�FRPPXQLW\�KDYH�HQFRXQWHUHG��ZH�
�WKHUHIRUH�EHOLHYH�WKLV�ZLOO�EH�RI�VLJQLILFDQW�LQWHUHVW�WR�D�EURDG�UHDGHUVKLS�QRW�OLPLWHG�WR�RQO\�WKH�
�*3&5�VWUXFWXUDO�ELRORJ\�FRPPXQLW\��:H�KDYH�QRZ�VLJQLILFDQWO\�DGGHG�QHZ�H[SHULPHQWV�DQG�
�UHYLVHG�WKH�WH[W�WR�SURYLGH�PRUH�VXSSRUW�IRU�RXU�SURSRVHG�PHFKDQLVP��ZKLFK�ZH�KRSH�WKH�
�UHYLHZHU�ZLOO�DJUHH�\LHOG�D�VLJQLILFDQWO\�VWUHQJWKHQHG�PDQXVFULSW��

�,W�LV�FOHDU�WKDW�WKH�UHFHSWRUV�FDQ�EH�DFWLYDWHG�ZLWKRXW�DQ�(&'�VWHULF�FODVK�PHFKDQLVP���DV�
�HYLGHQFHG�E\�VPDOO�PROHFXOH�DJRQLVWV��

�:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�WKH�DFWLRQ�RI�VPDOO�PROHFXOH�OLJDQGV�DW�76+5�DQG�RWKHU�*3&5V�
�LV�LPSRUWDQW��+RZHYHU��WKH�FRQIOXHQFH�RI�*3&5�VWUXFWXUDO�ELRORJ\�RYHU�WKH�SDVW�GHFDGH�KDV�
�WDXJKW�WKH�ILHOG�WKDW�VPDOO�PROHFXOHV�FDQ�HQJDJH�*3&5V�LQ�FRPSOHWHO\�QRYHO�ZD\V�DV�FRPSDUHG�
�WR�HQGRJHQRXV�KRUPRQHV��RXWOLQHG�QLFHO\�E\�6H[WRQ�DQG�&KULVWRSRXORV�LQ�
�KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�������������7KH�SUHVHQW�PDQXVFULSW�LV�QRW�DQ�DWWHPSW�WR�
�SURYLGH�D�FRPSUHKHQVLYH�VHW�RI�PHFKDQLVPV�IRU�76+5�RU�JO\FRSURWHLQ�KRUPRQH�DFWLYDWLRQ��EXW�
�LQVWHDG�WR�XQGHUVWDQG�WKH�IXQGDPHQWDO�TXHVWLRQ�RI�KRZ�DXWRDQWLERGLHV�PLPLF�WKH�DFWLRQ�RI�76+�



�DQG�WR�SURYLGH�D�UHILQHG�PRGHO�IRU�KRZ�JO\FRV\ODWLRQ�GULYHV�JO\FRSURWHLQ�KRUPRQH�IXQFWLRQ��$V�
�QRWHG�EHORZ��ZH�EHOLHYH�WKDW�D�GHHSHU�LQTXLU\�RI�KRZ�VPDOO�PROHFXOH�DJRQLVWV�DFWLYDWH�76+5��
�DQG�ZKHWKHU�WKLV�RFFXUV�LQGHSHQGHQW�RI�(&'�VWHULF�FODVK��GHVHUYHV�VXIILFLHQW�VSDFH�IRU�D�IXWXUH�
�ERG\�RI�ZRUN�PDQXVFULSW��

�:KDW�ZDV�QRW�FOHDU�WR�PH�ZDV��L��WKH�PHFKDQLVWLF�OLQN�EHWZHHQ�VWHULF�UHSRVLWLRQLQJ�RI�WKH�(&'�
�DQG�KRZ�WKLV�SURSDJDWHV�WR�WKH�FRQIRUPDWLRQDO�FKDQJHV�UHTXLUHG�IRU�DFWLYDWLRQ�DQG�WUDQVGXFHU�
�HQJDJHPHQW�DQG��

�:H�DJUHH�WKDW�WKLV�ZDV�SUHYLRXVO\�QRW�ZHOO�DUWLFXODWHG��:H�KDYH�QRZ�SHUIRUPHG�QHZ�
�VWUXFWXUH�JXLGHG�PXWDJHQHVLV�H[SHULPHQWV�WR�EHWWHU�XQGHUVWDQG�WKH�PHFKDQLVWLF�OLQN�EHWZHHQ�
�URWDWLRQ�RI�WKH�(&'�DQG�DFWLYDWLRQ�RI�WKH��70�GRPDLQ��7KHVH�VWXGLHV�SURYLGH�D�ZRUNLQJ�PRGHO�
�IRU�VLJQDO�SURSDJDWLRQ��

��LL��ZKHWKHU�VWHULFDOO\�GULYHQ�VKLIWV�LQ�WKH�(&'�DORQH�YHUVXV�RWKHU�FRQIRUPDWLRQDO�HIIHFWV�WKDW�
�PLJKW�EH�DVVRFLDWHG�ZLWK�WKH�ELQGLQJ�RI�(&'�DFWLYDWRUV�PLJKW�DOVR�EH�UHTXLUHG�FRQWULEXWH��7KH�
�SUHVHQWHG�GDWD�GLG�QRW�DGGUHVV�WKLV��

�,I�ZH�XQGHUVWDQG�FRUUHFWO\��WKH�UHYLHZHU�LV�FRQFHUQHG�WKDW�(&'�DFWLYDWRUV�PD\�GLUHFWO\�FKDQJH�
�WKH�FRQIRUPDWLRQ�RI�WKH�(&'��OHDGLQJ�WR�UHFHSWRU�DFWLYDWLRQ�LQGHSHQGHQW�RI�WKH�YHU\�GUDPDWLF�
�URWDWLRQ�REVHUYHG�ZLWK�DFWLYDWRUV��:H�GRQ¶W�EHOLHYH�WKLV�LV�WKH�FDVH�IRU�VHYHUDO�UHDVRQV��)LUVW��WKH�
�FRQIRUPDWLRQ�RI�LVRODWHG�76+5�(&'�LQ�WKH�DFWLYH�DQG�LQDFWLYH�VWDWHV�LV�KLJKO\�VLPLODU�ZLWK�D�URRW�
�PHDQ�VTXDUHG�GHYLDWLRQ��506'��RI�������c��7KLV�VXJJHVWV��WKDW�WKH�HQWLUH�(&'�PRYHV�DV�D�ULJLG�
�ERG\�EHWZHHQ�WKH�DFWLYH�DQG�LQDFWLYH�VWDWHV�ZLWK�UHODWLYHO\�PLQLPDO�FRQIRUPDWLRQDO�FKDQJHV�
�ZLWKLQ�WKH�(&'�LWVHOI��:H�KDYH�QRZ�FODULILHG�WKLV�IXUWKHU�LQ�OLQHV������������

�7R�DGGUHVV�WKLV�FRQFHUQ�PRUH�GLUHFWO\��ZH�KDYH�QRZ�GHVLJQHG�D�VWUDWHJ\�WR�³ORFN´�WKH�(&'�LQ�WKH�
�XSULJKW�FRQIRUPDWLRQ�LQ�WKH�DEVHQFH�RI�D�76+5�DFWLYDWRU��7R�GR�VR��ZH�GHVLJQHG�D�GLVXOILGH�
�EULGJH�EHWZHHQ�SRVLWLRQV�����DQG�����WKDW�LV�RQO\�FRPSDWLEOH�ZLWK�WKH�DFWLYH�76+5�VWDWH��
�&RQVLVWHQW�ZLWK�(&'�URWDWLRQ�EHLQJ�VXIILFLHQW�IRU�DFWLYDWLRQ��ZH�ILQG�WKDW�WKH�GRXEOH�F\VWHLQH�
�PXWDQW�LV�FRQVWLWXWLYHO\�DFWLYH��,QGLYLGXDO�F\VWHLQH�PXWDWLRQV�DW�WKHVH�SRVLWLRQV�KDYH�VLPLODU�
�FRQVWLWXWLYH�DFWLYLW\�DV�ZLOG�W\SH�76+5��7KLV�H[SHULPHQW�LV�QRZ�LQFOXGHG�LQ�UHYLVHG�)LJ��L���M�
��GRXEOH�F\VWHLQH�PXWDQW�PRGHOLQJ���VLJQDOLQJ���DQG�6XSSOHPHQWDU\�)LJXUH����LQGLYLGXDO�F\VWHLQH�
�PXWDWLRQV���DQG�SURYLGHV�FOHDU�HYLGHQFH�WKDW�GRPDLQ�URWDWLRQ�LV�VXIILFLHQW�WR�DFWLYDWH�WKH�UHFHSWRU�
�LQ�WKH�DEVHQFH�RI�IXUWKHU�FRQIRUPDWLRQDO�FKDQJHV�LQGXFHG�E\�76+�RU�WKH�0���DQWLERG\��

�,�ZRXOG�DOVR�OLNH�WKH�DXWKRUV�WR�H[SODLQ�DFWLYDWLRQ�WKDW�RFFXUV�LQ�WKH�DEVHQFH�RI�(&'�ELQGLQJ�
��VPDOO�PROHFXOH�DOORVWHULF�DJRQLVWV��DQG�ZKDW�KDSSHQV�ZLWK�UHVSHFW�WR�WKH�(&'�LQ�WKLV�SURFHVV��
�2EYLRXVO\��WKLV�PRGH�RI�DFWLYDWLRQ�GRHV�QRW�UHTXLUH�D�VWHULF�FODVK�PHFKDQLVP�

�:H�DJUHH�WKDW�WKLV�LV�DQ�LQWHUHVWLQJ�OLQH�RI�LQTXLU\�LQ�XQGHUVWDQGLQJ�FRQWURO�RI�76+5�VLJQDOLQJ�E\�
�VPDOO�PROHFXOH�OLJDQGV��ZKLFK�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�GHYHORSPHQW�RI�WKHUDSHXWLFV�
�WDUJHWLQJ�76+5��+RZHYHU��RXU�FXUUHQW�VWXG\�GRHV�QRW�PDS�ZKHUH�DQ\�RI�WKH�SUHVHQWO\�NQRZQ�
�VPDOO�PROHFXOH�DOORVWHULF�PRGXODWRUV�ELQG�76+5��$V�VXFK��ZH�DUH�UHOXFWDQW�WR�VSHFXODWH�RQ�KRZ�



�WKHVH�PROHFXOHV�DFW�DW�76+5��)XUWKHUPRUH��ZH�EHOLHYH�WKHVH�VWXGLHV�DUH�RXWVLGH�WKH�VFRSH�RI�
�RXU�SUHVHQW�PDQXVFULSW��ZKLFK�DLPV�WR�H[SODLQ�KRZ�KRUPRQHV�DQG�DQWLERGLHV�WDUJHWLQJ�WKH�(&'�
�FRQWURO�76+5�DFWLYLW\��(YHQ�LI�ZH�ZHUH�VXFFHVVIXO�LQ�REWDLQLQJ�VXFK�GDWD��ZH�EHOLHYH�WKLV�OLQH�RI�
�LQTXLU\�ZRXOG�UHTXLUH�DQ�HQWLUH�PDQXVFULSW�ZLWK�VXIILFLHQW�VSDFH�WR�FDUHIXOO\�H[SODLQ�WKH�FRPSOH[�
�DOORVWHULF�UHODWLRQVKLS�EHWZHHQ�(&'�FRQIRUPDWLRQDO�FKDQJH�DQG�DOORVWHULF�VPDOO�PROHFXOH�
�ELQGLQJ��

�6SHFLILF�FRPPHQWV��

�)LJXUH����OHJHQG��±�VXOIRW\URVLQH�UHVLGXH��<�����V<������LV�ODEHOOHG�³S<���´�LQ�WKH�ILJXUH�

�:H�WKDQN�WKH�UHYLHZHU�IRU�SLFNLQJ�XS�RQ�WKLV���RXU�QHZ�KLJKHU�UHVROXWLRQ�UHFRQVWUXFWLRQ�RI�
�75�����ERXQG�WR�76+5�KDV�VXEVHTXHQWO\�UHVXOWHG�LQ�D�ODUJH�UHYLVLRQ�RI�)LJXUH����7KLV�SDQHO�
�KDV�EHHQ�UHPRYHG��,PSRUWDQWO\��ZH�QRZ�VSHFLILFDOO\�UHVROYH�UHVLGXH�<����LQ�76+5�DQG�DUH�
�PRUH�FRQILGHQW�WKDW�WKLV�UHVLGXH�OLNHO\�LV�QRW�VXOIDWHG�ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�KRUPRQH��

�/LQHV���������±�IURP�WKH�PDS�DQG�SGE�VXSSOLHG��WKH�PRGHOOLQJ�RI�WKH�³VHDWEHOW´�ORRS�LV�
�SUREOHPDWLF��SDUWLFXODUO\�LQ�WKH�YLFLQLW\�RI�'����

�/LQHV���������±�JLYHQ�WKH�PDS�UHVROXWLRQ�DQG�SUREOHPV�ZLWK�PRGHOOLQJ��LW�LV�GLIILFXOW�WR�GUDZ�
�FRQFOXVLRQV�RQ�76+�HQJDJHPHQW�LQ�WKLV�UHJLRQ��7KH�ORZ�UHVROXWLRQ�VXJJHVWV�WKDW�WKLV�UHJLRQ�
�PD\�DOVR�EH�FRQIRUPDWLRQDOO\�G\QDPLF�FUHDWLQJ�DGGLWLRQDO�LVVXHV�LQ�LQWHUSUHWDWLRQ��,W�ZRXOG�EH�
�XVHIXO�IRU�WKH�DXWKRUV�WR�WU\�WKH��'�YDULDQFH�DQDO\VLV���'9$��LQ�&U\RVSDUF�WR�VHH�LI�WKH\�FDQ�JDLQ�
�IXUWKHU�LQVLJKW�LQWR�WKH�FRPSOH[��

�:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�RXU�SULRU�PDS�RI�76+5�ERXQG�WR�QDWLYH�76+�SXULILHG�IURP�
�KXPDQ�SLWXLWDU\�JODQGV�ZDV�RI�ORZ�RYHUDOO�UHVROXWLRQ��DQG�QRW�SDUWLFXODUO\�JRRG�LQ�WKH�VHDWEHOW�
�UHJLRQ�RI�76+��7R�JDLQ�KLJKHU�UHVROXWLRQ�LQVLJKWV�LQWR�KRZ�WKH�KRUPRQH�LQWHUDFWV�ZLWK�WKH�76+5�
�(&'��ZH�KDYH�QRZ�REWDLQHG�D�QHZ�FU\R�(0�VWUXFWXUH�RI�76+5�ERXQG�WR�D�UHFRPELQDQWO\�
�SURGXFHG�76+�DQDORJ��75������0XHOOHU�6�HW�DO�-%&����������������
�KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�������������75�����KDV�IRXU�VXEVWLWXWLRQV�LQ�WKH�FRPPRQ�
�JO\FRSURWHLQ�DOSKD��*3+Į��FKDLQ�ZKLFK�LQFUHDVH�LWV�SRWHQF\�DW�WKH�76+5�E\�a���IROG��EXW�
�RWKHUZLVH�VLJQDOV�VLPLODUO\�WR�76+��7KH�UHVXOWLQJ�VWUXFWXUH�RI�75�����ERXQG�76+5�KDV�D�
�QRPLQDO�ORFDO�UHVROXWLRQ�RI�����c�LQ�WKH��70�*�SURWHLQ�UHJLRQ�DQG�����c�LQ�76+5�(&'�75�����
�UHJLRQ��7KLV�QHZ�VWUXFWXUH�SURYLGHV�D�PXFK�FOHDUHU�YLHZ�RI�LQWHUDFWLRQV�EHWZHHQ�WKH�UHFHSWRU�
�DQG�WKH�KRUPRQH��,Q�SDUWLFXODU��WKH�VHDWEHOW�ORRS�LV�PRUH�FOHDUO\�YLVXDOL]HG�LQ�WKLV�PDS��DV�DUH�
�LQWHUDFWLRQV�EHWZHHQ�WKH�76+5�KLQJH�UHJLRQ�DQG�WKH�KRUPRQH��7KH�WH[W�DQG�ILJXUHV�DUH�KHDYLO\�
�UHYLVHG�WDNLQJ�WKLV�QHZ�VWUXFWXUH�LQWR�DFFRXQW��

�/LQHV�����������+RZ�PXFK�RI�WKLV�PLJKW�EH�WR�GR�ZLWK�WKH�ZD\�WKH�GDWD�ZHUH�UHFRQVWUXFWHG��
�FRQGLWLRQV�RI�YLWULILFDWLRQ�HWF��:KDW�GRHV�WKH��'9$�ORRN�OLNH"�



�7KLV�VHFWLRQ�RI�WKH�PDQXVFULSW�KLJKOLJKWHG�LQWHUDFWLRQV�EHWZHHQ�WKH�KLQJH�UHJLRQ�RI�76+5�DQG�
�WKH�76+�KRUPRQH��2XU�SULRU�VWUXFWXUH�RI�QDWLYH�76+�ERXQG�WR�76+5�ZDV�QRW�VXIILFLHQWO\�KLJK�
�UHVROXWLRQ�WR�IXOO\�XQGHUVWDQG�WKLV�LQWHUDFWLRQ��7KLV�LV�OLNHO\�EHFDXVH�RI�SRWHQWLDO�IOH[LELOLW\�RI�76+�
�ERXQG�WR�WKH�76+5�(&'��8QIRUWXQDWHO\��'9$�RI�WKH�QDWLYH�76+�76+5�FRPSOH[�ZDV�QRW�
�SDUWLFXODUO\�LOOXPLQDWLQJ�ZKLOH�WU\LQJ�WR�XQGHUVWDQG�WKLV�FRPSOH[��+RZHYHU��RXU�QHZ�VWUXFWXUH�RI�
�75�����ERXQG�76+5�SURYLGHV�D�KLJKHU�UHVROXWLRQ�YLHZ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�76+5�
�KLQJH�UHJLRQ�DQG�WKH�KRUPRQH��7KLV�KLJKHU�UHVROXWLRQ�YLHZ�DOVR�SURYLGHV�D�PXFK�FOHDUHU�
�SHUVSHFWLYH�IRU�KRZ�WKH�QDWLYH�76+�KRUPRQH�ELQGV�76+5��:H�KDYH�QRZ�UHYLVHG�WKH�WH[W�DQG�
�ILJXUHV�WR�KLJKOLJKW�WKH�KLJKHU�UHVROXWLRQ�IHDWXUHV�REVHUYHG�LQ�RXU�75�����76+5�VWUXFWXUH��
�)XUWKHUPRUH��ZH�KDYH�FRQGXFWHG��'9$�DQDO\VLV�RI�WKH�75�����76+5�FRPSOH[��ZKLFK�UHYHDOV�
�VRPH�HYLGHQFH�RI�IOH[LELOLW\�EHWZHHQ�WKH�76+5�KLQJH�UHJLRQ�DQG�WKH�KRUPRQH��:H�DQWLFLSDWH�
�WKDW�WKLV�IOH[LELOLW\�LV�VLJQLILFDQWO\�KLJKHU�IRU�76+5�ERXQG�WR�QDWLYH�76+��ZKLFK�SUHFOXGHG�D�KLJK�
�UHVROXWLRQ�UHFRQVWUXFWLRQ�ZLWK�WKH�QDWLYH�KRUPRQH��2QH�RI�WKH�PDMRU�FRPSRQHQWV�LGHQWLILHG�LQ�
��'9$�VKRZV�UHODWLYH�IOH[LELOLW\�RI�WKH�76+5�(&'�DQG��70�GRPDLQV��ZKLFK�ZH�KDYH�LQFOXGHG�DV�
�6XSSOHPHQWDU\�0RYLH����

�/LQH�����±�ZKDW�LV�EHLQJ�GHILQHG�DV�³KLJK�UHVROXWLRQ�IHDWXUHV´��LQ�WKH�PDS�SURYLGHG�WKHUH�ZHUH�
�QRW�D�ORW�RI�ZKDW�ZRXOG�JHQHUDOO\�EH�FRQVLGHUHG�³KLJK�UHVROXWLRQ´�IHDWXUHV��H�J��XQDPELJXRXV�
�VLGHFKDLQ�URWDPHU�SODFHPHQW��

�:H�WKDQN�WKH�UHYLHZHU�IRU�EULQJLQJ�XS�WKLV�VXEMHFWLYH�LQWHUSUHWDWLRQ�RI�WKH�(0�GHQVLW\�PDS�
�TXDOLW\��:H�KDYH�UHPRYHG�WKH�WHUP�³KLJK�UHVROXWLRQ´�IURP�WKH�WH[W�GHVFULELQJ�WKH�LPSURYHG�
�UHFRQVWUXFWLRQ�TXDOLW\�RI�WKH�&6����)DE�76+5�(&'�LQ�FRPSDULVRQ�WR�WKH�WUDQVPHPEUDQH�
�GRPDLQ��

�/LQHV���������±�³HQDEOHG�DQ�DFFXUDWH�PRGHO«´�LV�DQ�RYHUVWDWHPHQW��7KH�UHVROXWLRQ��LQ�WKH�PDS�
�SURYLGHG��LV�VXFK�WKDW�WKH�URWDPHU�LV�DPELJXRXV�IRU�PRVW�UHVLGXHV��$OVR�PDQ\�UHVLGXHV�KDYH�
�EHHQ�PRGHOOHG�WKDW�DUH�QRW�ZHOO�VXSSRUWHG�E\�GHQVLW\��

�:H�DSRORJL]H�IRU�DQ�RYHUVLJKW�LQ�WKH�SURYLGHG�PDSV��7KH�PDS�ZH�SUHYLRXVO\�SURYLGHG�WR�WKH�
�UHYLHZHU�ZDV�DQ�XQVKDUSHQHG�PDS�RI�WKH�HQWLUH�76+5�&6����FRPSOH[��2XU�GHVFULSWLRQ�RI�³KLJK�
�UHVROXWLRQ�IHDWXUHV�IRU�WKH�76+5�(&'�DQG�&6����)DE´�ZDV�EDVHG�RQ�D�IRFXVHG�UHILQHPHQW�RI�
�WKH�76+5�(&'�ERXQG�WR�WKH�&6����)DE��7KLV�VKDUSHQHG�PDS�HQDEOHG�PRUH�DFFXUDWH�PRGHOLQJ�
�RI�VLGHFKDLQ�URWDPHUV��DQG�ZH¶YH�SURYLGHG�VRPH�H[DPSOH�ILJXUHV�IURP�WKLV�UHJLRQ�LQ�5HYLVLRQ�
�)LJ�����:H�KDYH�DOVR�SURYLGHG�WKLV�PDS�LQ�DQ�XSGDWHG�%R[�IROGHU�DQG�ZLOO�DOVR�XSORDG�WKLV�PDS�WR�
�WKH�(0'%��:H�RSW�WR�PRGHO�VLGH�FKDLQV�HYHQ�LQ�SRRUO\�UHVROYHG�UHJLRQV�WR�PDNH�WKH�PRGHO�
�PRUH�LQIRUPDWLYH��3OHDVH�VHH�WKH�ILQDO�VHFWLRQ�RI�WKLV�UHVSRQVH�IRU�RXU�DSSURDFK�WR�KLJKOLJKWLQJ�
�UHJLRQV�WKDW�DUH�ZHOO�RU�SRRUO\�UHVROYHG��



�5HYLVLRQ�)LJ�����&RPSDULVRQ�RI�&6����ERXQG�76+5�PDS�SUH��SRVW��IRFXVHG�UHILQHPHQW�DQG�
�VKDUSHQLQJ���&RPSDULVRQ�RI�WKH�LQLWLDOO\�GHSRVLWHG��&6����PDS�ZLWKRXW�IRFXVHG�UHILQHPHQW�UHFRQVWUXFWLRQ�
�RU�VKDUSHQLQJ�WR�KLJKOLJKW�UHJLRQV�WKDW�KLJKOLJKW�LPSURYHG�LQ�UHFRQVWUXFWLRQ�TXDOLW\�XSRQ�IRFXVHG�
�UHILQHPHQW�DQG�VKDUSHQLQJ���D���YLHZ�RI�WKH�&6����76+5�(&'��LQWHUIDFH�DQG��E���YLHZ�RI�WKH�+LQJH�
�+HOL[�(&/��LQWHUIDFH�



�/LQHV���������±�+RZ�ZHOO�GRHV�WKH�(&'�ORFDWLRQ�PRGHOOHG�KHUH�ILW�ZLWK�WKH�ORZ�UHVROXWLRQ�PDS�
�IURP�WKH�VWUXFWXUH�ZLWK�WKH�DOORVWHULF�LQKLELWRU�EXW�ZLWKRXW�&6���"�

�:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ���:H�KDYH�QRZ�DGGHG�D�FRPSDULVRQ�RI�WKH�
�ORZ�UHVROXWLRQ�PDS�RI�76+5�ZLWKRXW�&6����WR�WKH�KLJKHU�UHVROXWLRQ�UHFRQVWUXFWLRQ�ZLWK�&6����LQ�
�6XSSOHPHQWDU\�)LJ�����:H�VHH�D�UHDVRQDEO\�JRRG�DOLJQPHQW�RI�WKH�(&'�GHQVLW\�UHODWLYH�WR�WKH�
�PLFHOOH�GHQVLW\�LQ�ERWK�PDSV��VXJJHVWLQJ�WKDW�WKH�³GRZQ´�VWDWH�RI�WKH�(&'�LV�UHFRQVWUXFWHG�LQ�
�WKH�DEVHQFH�RI�&6�����:H�KDYH�UHYLVHG�WKH�WH[W�WR�KLJKOLJKW�WKLV�FRPSDULVRQ��OLQHV����������
�6XSSOHPHQWDU\�)LJXUH���LQ�WKH�UHYLVHG�PDQXVFULSW���

�/LQHV���������±�,Q�P\�RSLQLRQ��WKHUH�LV�LQVXIILFLHQW�HYLGHQFH�WR�VXSSRUW�WKLV�FODLP�RQ�
�PHFKDQLVP��7KH�UHVROXWLRQV�DUH�QRW�JRRG�HQRXJK�WR�KDYH�FRQILGHQFH�LQ�WKH�H[WHQW�RI�
�RUGHU�GLVRUGHU�EHWZHHQ�WKH���VWDWHV«�

�:H�SURSRVHG�D�GLVRUGHU�WR�RUGHU�WUDQVLWLRQ�RI�WKH�76+5�KLQJH�UHJLRQ�LQ�WKLV�VHFWLRQ�RI�WKH�
�PDQXVFULSW��:H�DJUHH�WKDW�RXU�SULRU�VWUXFWXUH�RI�76+5�ERXQG�WR�QDWLYH�76+�PDGH�LW�FKDOOHQJLQJ�
�WR�KDYH�KLJK�FRQILGHQFH�LQ�ZKHWKHU�D�GLVRUGHU�WR�RUGHU�WUDQVLWLRQ�RFFXUV�XSRQ�KRUPRQH�ELQGLQJ�
�DV�WKH�GHQVLW\�ZDV�QRW�SDUWLFXODUO\�VWURQJ�LQ�WKLV�UHJLRQ��,Q�RXU�QHZ�VWUXFWXUH�RI�76+5�ERXQG�WR�
�75������ZH�VHH�WZR�FOHDUO\�GHILQHG�DOSKD�KHOLFHV�LQ�WKH�KLQJH�UHJLRQ��:LWK�WKLV�KLJKHU�UHVROXWLRQ�
�LQVLJKW��LW�LV�QRZ�HDVLHU�WR�DSSUHFLDWH�WKDW�D�VLPLODU�LQWHUDFWLRQ�OLNHO\�DOVR�RFFXUV�IRU�QDWLYH�76+��
�EXW�ZLWK�VRPH�LQKHUHQW�IOH[LELOLW\�WKDW�OLNHO\�OLPLWV�D�KLJK�UHVROXWLRQ�UHFRQVWUXFWLRQ��&RPSDULQJ�WKH�
�FU\R�(0�UHFRQVWUXFWLRQV�RI�DFWLYH�76+�DQG�75�����ERXQG�76+5�WR�LQDFWLYH�&6����ERXQG�
�76+5�VKRZV�D�FOHDU�GLIIHUHQFH�LQ�GHQVLW\�IRU�WKH�KLQJH�UHJLRQ�DV�VHHQ�LQ�5HYLVLRQ�)LJ�����$W�ORZ�
�FRQWRXUV��WKHUH�LV�QR�GLVFHUQDEOH�VWUXFWXUHG�GHQVLW\�REVHUYHG�IRU�WKH�KLQJH�UHJLRQ�IRU�LQDFWLYH�
�76+5�ERXQG�WR�&6�����%\�FRQWUDVW��WKHUH�LV�FOHDU�GHQVLW\�IRU�WKLV�UHJLRQ�LQ�ERWK�WKH�76+�DQG�
�75�����ERXQG�VWUXFWXUHV��:H�EHOLHYH�WKLV�GDWD�SURYLGHV�GLUHFW�HYLGHQFH�IRU�D�WUDQVLWLRQ�
�EHWZHHQ�D�GLVRUGHUHG�VWDWH�LQ�WKH�LQDFWLYH�VWDWH�DQG�DQ�RUGHUHG�VWDWH�ZKLOH�ERXQG�WR�76+�RU�
�75������



�5HYLVLRQ�)LJ�����76+5�KLQJH�UHJLRQ�UHFRQVWUXFWLRQ�FRPSDULVRQV�D���(0�GHQVLW\�PDS�RI�76+��/��DQG�
�75������5��ZLWK�KLQJH�UHJLRQ�UHVLGXHV��.����0�����KLJKOLJKWHG�SURYLGHG�IRU�FRPSDULVRQ�ZLWK�WKH��E��
�0���ERXQG�76+5�PDS�DQG��F���&6����ERXQG�76+5�PDS�DW��FRQWRXU�OHYHOV�FRPSDUDEOH�WR�PRGHOLQJ�
�WKUHVKROG��/��DQG�DW�ORZHU�YROXPH�FRQWRXU�WKUHVKROGV��5��ZLWK�KLQJH�UHJLRQ�ERXQG�UHVLGXHV��$����0�����
�KLJKOLJKWHG��$W�ORZ�FRQWRXU�OHYHOV��QR�KLQJH�UHJLRQ�VWUXFWXUDO�IHDWXUHV��L�H��DOSKD�KHOLFHV��FRPSDUDEOH�WR�
�WKRVH�REVHUYHG�LQ�KRUPRQH�ERXQG�PDSV�DUH�LQWHUSUHWDEOH��



�/LQHV����������:KLOH�WKLV�PD\�EH�WUXH��EHWWHU�HYLGHQFH�LV�UHTXLUHG�WKDW�WKLV�LV�D�WUXH�GLIIHUHQFH�
�YHUVXV�DQ�DUWHIDFW�RI�SURFHVVLQJ�DQG�VDPSOH�SUHSDUDWLRQ�YLWULILFDWLRQ�WKDW�KDV�LPSDFWHG�RQ�WKH�
�UHVROXWLRQ��

�,Q�WKLV�VHFWLRQ��ZH�SUHYLRXVO\�LQGLFDWHG�WKDW�WKH�KLQJH�UHJLRQ�LV�XQUHVROYHG�IRU�WKH�0���VWUXFWXUH�
�EXW�UHVROYHG�LQ�WKH�76+�VWUXFWXUH��:LWK�D�KLJKHU�UHVROXWLRQ�VWUXFWXUH�RI�75�����ERXQG�76+5��
�WKLV�LV�HYHQ�PRUH�FOHDU���ZH�FDQ�QRZ�YHU\�FOHDUO\�GHILQH�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�KLQJH�UHJLRQ�
�WKDW�LQWHUDFWV�ZLWK�WKH�*3+Į�FKDLQ�LQ�75������%\�FRQWUDVW��HYHQ�DW�ORZ�FRQWRXU��WKHUH�LV�QR�
�GHQVLW\�IRU�WKLV�UHJLRQ�LQ�WKH�0���ERXQG�76+5�UHFRQVWUXFWLRQ��VHH�5HYLVLRQ�)LJXUH���DERYH���

�:H�GR�QRW�EHOLHYH�WKDW�WKH�DEVHQFH�RI�UHVROYHG�KLQJH�UHJLRQ�FRQWDFWV�ZLWK�0���FRXOG�EH�
�H[SODLQHG�E\�DQ�DUWLIDFW�RI�SURFHVVLQJ�DQG�VDPSOH�SUHSDUDWLRQ�YLWULILFDWLRQ�IRU�VHYHUDO�UHDVRQV��
�)LUVW��76+5�ZDV�SUHSDUHG�LQ�DQ�LGHQWLFDO�PDQQHU�IRU�76+��75������DQG�0���ERXQG�FRPSOH[HV�
�ZLWK�LGHQWLFDO�ILQDO�EXIIHU�FRPSRQHQWV�DQG�GHWHUJHQW�FRQFHQWUDWLRQV��9LWULILFDWLRQ�RI�DOO�RI�WKHVH�
�VDPSOHV�ZDV�SHUIRUPHG�RQ�WKH�VDPH�9LWURERW�ZLWK�LGHQWLFDO�IUHH]LQJ�SDUDPHWHUV��EORW�IRUFH�WLPH�
�DQG�FKDPEHU�WHPSHUDWXUH�KXPLGLW\���7KH�GDWD�FROOHFWLRQ�SDUDPHWHUV�DQG�FRPSXWDWLRQDO�
�SURFHVVLQJ�ZRUNIORZV�DUH�KLJKO\�VLPLODU�EHWZHHQ�WKHVH�VDPSOHV��DV�KLJKOLJKWHG�LQ�
�6XSSOHPHQWDU\�)LJV�������DQG�����,PSRUWDQWO\��ZH�GR�QRW�REVHUYH�DQ\�KLQW�RI�GHQVLW\�IRU�WKH�
�KLQJH�UHJLRQ�IRU�WKH�0���ERXQG�76+5�UHFRQVWUXFWLRQ��)LQDOO\��JLYHQ�WKH�FRPSDUDEOH�RYHUDOO�
�UHVROXWLRQV�RI�WKH�75�����ERXQG�DQG�0���ERXQG�76+5�UHFRQVWUXFWLRQV��ZH�EHOLHYH�LW�LV�KLJKO\�
�XQOLNHO\�WKDW�WKH�GUDPDWLF�GLIIHUHQFH�LQ�KLQJH�UHJLRQ�GHQVLW\�FDQ�EH�DVFULEHG�WR�VDPSOH�
�SUHSDUDWLRQ�RU�YLWULILFDWLRQ�GLIIHUHQFHV��

�/LQHV����������ZKDW�GR�WKH�PXWDWLRQV�GR�WR�DFWLYLW\�RI�WKH�1$0"�

�:H�DQWLFLSDWH�WKDW�WKHVH�PXWDWLRQV�ZRXOG�DOWHU�WKH�DELOLW\�RI�WKH�1$0�WR�ELQG��EXW�FDQQRW�EH�
�FHUWDLQ�VLQFH�ZH�KDYH�QRW�PDSSHG�WKH�1$0�ELQGLQJ�VLWH�LQ�RXU�LQDFWLYH�VWDWH�VWUXFWXUH��:KLOH�
�WKLV�PD\�EH�DQ�LQWHUHVWLQJ�OLQH�RI�LQTXLU\��ZH�EHOLHYH�WKLV�LV�RXW�RI�VFRSH�WR�RXU�FHQWUDO�UHDVRQ�IRU�
�PDNLQJ�WKHVH�PXWDWLRQV��L�H��WR�LGHQWLI\�D�SRWHQWLDO�IXQFWLRQDO�UROH�IRU�D�SXWDWLYH�OLSLG�WKDW�ELQGV�
�ZLWKLQ�WKH�76+5��70�GRPDLQ��

�/LSLG�REVHUYHG�LQ�70�GRPDLQ�DQG�LWV�UHOHYDQFH�WR�IXQFWLRQ��
�)LJXUH��)�±�ERWK�WKH�$���.�DQG�$���.�PXWDQWV�KDYH�VXEVWDQWLDOO\�ORZHU�FHOO�VXUIDFH�
�H[SUHVVLRQ�DV�DVVHVVHG�E\�)$&6��$V�VXFK��LW�LV�GLIILFXOW�WR�LQWHUSUHW�WKH�LPSDFW�RQ�WKHVH�
�PXWDWLRQV�RQ�UHFHSWRU�DFWLYDWLRQ�E\�OLJDQGV�LQ�WKH�W\SHV�RI�IXQFWLRQDO�DVVD\V�WKDW�KDYH�EHHQ�
�SHUIRUPHG��

�/LQHV����������DV�SHU�FRPPHQW�DERYH��WKLV�LV�RYHU�LQWHUSUHWHG��7KHUH�LV�QR�GDWD�RQ�WKH�H[WHQW�WR�
�ZKLFK�WKH�FHOO�VXUIDFH�H[SUHVVLRQ�LV�GULYLQJ�WKH�SKDUPDFRORJ\��DQG�QR�DELOLW\�WR�OLQN�
�PXWDQWV�H[SUHVVLRQ�DQG�OLSLG�ELQGLQJ���7KH\�QHHG�WR���PLQLPDOO\��GR�PDVV�VSHFWURPHWU\�
�H[SHULPHQWV�WR�FRPSDUH�UHODWLYH�OLSLG�ELQGLQJ����$OVR���ZKDW�GR�OHVV�GUDPDWLF�PXWDWLRQV�GR�WR�
�76+5�IXQFWLRQ"�



�/LQHV����������WKH�GDWD�LV�FXUUHQWO\�SXUHO\�REVHUYDWLRQDO�DQG�QRW�VXIILFLHQW�WR�FRQIRUP�OLNHO\�
�PHFKDQLVP�Z�U�W��SKRVSKROLSLGV�LQ�WKH�70'��

�5HJDUGLQJ�UHFHSWRU�H[SUHVVLRQ�OHYHOV��:H�DSSUHFLDWH�WKLV�REVHUYDWLRQ�DQG�WKH�SRWHQWLDO�FDYHDW�
�RI�UHFHSWRU�H[SUHVVLRQ�LQIOXHQFLQJ�VLJQDOLQJ�UHVXOWV��7R�FRQILUP�WKDW�RXU�FRQFOXVLRQV�IURP�DOO�
�*ORVHQVRU�H[SHULPHQWV�SHUIRUPHG�LQ�WKLV�VWXG\�DUH�QRW�FRQIRXQGHG�E\�GLIIHUHQFHV�LQ�UHFHSWRU�
�H[SUHVVLRQ�OHYHOV��ZH�KDYH�QRZ�FDUHIXOO\�FRQWUROOHG�IRU�FHOO�VXUIDFH�H[SUHVVLRQ�LQ�DOO�VLJQDOLQJ�
�H[SHULPHQWV��0RUH�VSHFLILFDOO\��ZH�KDYH�WLWUDWHG�WUDQVIHFWLRQ�'1$�FRQFHQWUDWLRQV�IRU�HYHU\�
�76+5�FRQVWUXFW�DQG�PHDVXUHG�UHFHSWRU�FHOO�VXUIDFH�H[SUHVVLRQ�OHYHOV�E\�IORZ�F\WRPHWU\�XVLQJ�
�DQWL�)/$*�DQWLERG\��6XSSOHPHQWDU\�)LJ������,Q�H[SUHVVLRQ�PDWFKHG�FHOOV��ZH�VWLOO�REVHUYH�WKDW�
�WKH�$���.�DQG�$���.�PXWDWLRQV�LPSDLU�WKH�DELOLW\�RI�76+�DQG�0���WR�DFWLYDWH�76+5��7KLV�QHZ�
�GDWD�LV�LQFOXGHG�LQ�)LJXUH��L�DQG�6XSSOHPHQWDU\�)LJ�����

�5HJDUGLQJ�PDVV�VSHFWURPHWU\�WR�FRPSDUH�UHODWLYH�ELQGLQJ�IRU�ZLOG�W\SH�DQG�PXWDQW��ZH�QRWH�
�WKDW�WKLV�UHTXHVW�LV�RXWVLGH�WKH�QRUP�IRU�XQGHUVWDQGLQJ�KRZ�HQGRJHQRXV�OLSLGV�PD\�LQIOXHQFH�
�*3&5�DFWLYLW\��)RU�H[DPSOH��WZR�UHFHQW�SXEOLFDWLRQV�LGHQWLILHG�DQ�HQGRJHQRXV�OLSLG�WKDW�
�FR�SXULILHV�ZLWK�WKH�LQDFWLYH�*$%$��%� �UHFHSWRU��3DUN��HW�DO���1DWXUH���������3DSDVHUJL�6FRWW��HW�DO��
�1DWXUH����������,Q�WKHVH�VWXGLHV��OLSLG�GLVSODFLQJ�PXWDWLRQV�ZHUH�XVHG�WR�XQGHUVWDQG�WKH�UHODWLYH�
�LPSRUWDQFH�RI�WKHVH�OLSLGV�LQ�UHFHSWRU�IXQFWLRQ��:H�FKRVH�GUDPDWLF�PXWDWLRQV�WR�KDYH�WKH�KLJKHVW�
�SUREDELOLW\�RI�GLVSODFLQJ�WKH�OLSLG�LQ�WKH�FDYLW\���PRUH�FRQVHUYDWLYH�PXWDWLRQV�ZRXOG�FRQIRXQG�RXU�
�LQWHUSUHWDWLRQ�DV�WKH\�ZRXOG�GHFUHDVH�RXU�FRQILGHQFH�LQ�ZKHWKHU�WKH�PXWDWLRQV�GLVSODFH�ELQGLQJ�
�RI�WKH�OLSLG��

�/LQHV���������RI�WKH�RULJLQDO�PDQXVFULSW�VWDWHG�WZR�PDLQ�FRQFOXVLRQV�����WKDW�WKH�OLSLG�REVHUYHG�
�ZLWKLQ�76+5�LV�LQ�DQ�RYHUODSSLQJ�UHJLRQ�DV�FRPSDUHG�WR�WKH�/+�&*5�VWUXFWXUH�DQG����WKDW�RXU�
�REVHUYDWLRQ�WKDW�WKLV�OLSLG�VLWH�LPSRUWDQW�IRU�76+5�DFWLYDWLRQ�PD\�DOVR�H[WHQG�WR�WKH�RWKHU�
�JO\FRSURWHLQ�KRUPRQH�UHFHSWRUV��:H�UHVSHFWIXOO\�GLVDJUHH�WKDW�WKH�GDWD�LV�VROHO\�REVHUYDWLRQ�RI�
�D�OLSLG�LQ�RXU�VWUXFWXUHV��2XU�UHYLVHG�H[SHULPHQWV�ZLWK�$���.�DQG�$���.��QRZ�DFFRXQWLQJ�IRU�
�SRWHQWLDO�FDYHDWV�DULVLQJ�IURP�GLIIHUHQWLDO�H[SUHVVLRQ�OHYHOV��VKRZ�WKDW�WKLV�OLSLG�LV�LPSRUWDQW�IRU�
�76+5�DFWLYDWLRQ��7KLV�HYLGHQFH�LV�FRPPHQVXUDWH�ZLWK�WKH�WHFKQLFDO�FDSDELOLWLHV�RI�WKH�ILHOG��DQG�
�UHIOHFWV�VLPLODU�VWXGLHV�WKDW�KDYH�LGHQWLILHG�OLSLGV�WKDW�DFW�DV�NH\�FRIDFWRUV�IRU�RWKHU�*3&5V��

�*O\FRV\ODWLRQ�VWDWXV�RI�76+��
�/LQHV����������LW�ZRXOG�EH�XVHIXO�WR�UHSRUW�WKH�JO\FRV\ODWLRQ�VWDWXV�RI�WKH�76+�XVHG�LQ�WKH�
�FXUUHQWO\�VWXG\��

�/LQHV����������DJDLQ�WKLV�LV�LQIHUUHG�UDWKHU�WKDQ�GHPRQVWUDWHG��'R�WKH\�KDYH�GDWD�RQ�WKH�DFWXDO�
�JO\FRV\ODWLRQ�VWDWXV�RI�1���IRU�WKH�76+�XVHG�LQ�WKH�FXUUHQW�VWXG\"�

�:H�KDYH�VHYHUDO�OLQHV�RI�GLUHFW�HYLGHQFH�WKDW�WKH�76+�XVHG�LQ�WKLV�VWXG\�LV�JO\FRV\ODWHG��
���� �2XU�VWUXFWXUH�RI�76+5�ERXQG�WR�76+�XVHG�QDWLYH�KXPDQ�76+�SXULILHG�IURP�SLWXLWDU\��ZKLFK�

�KDV�EHHQ�H[WHQVLYHO\�FKDUDFWHUL]HG�LQ�WKH�OLWHUDWXUH�SUHYLRXVO\��1XPHURXV�VWXGLHV�KDYH�
�GHPRQVWUDWHG�WKDW�WKH�FRPPRQ�JO\FRSURWHLQ�KRUPRQH�Į�FKDLQ��*3+Į��LV�JO\FRV\ODWHG�DW�



�SRVLWLRQ�$VQ���DQG�$VQ���LQ�76+�DV�ZHOO�DV�LQ�/+��&*��DQG�)6+��
�KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�����������LV�RQH�H[DPSOH��RI�VXFK�VWXGLHV��

���� �2XU�VWUXFWXUH�RI�76+�GLUHFWO\�UHVROYHG�D�JO\FDQ�GHQVLW\�DW�$VQ����7R�PDNH�WKLV�FOHDUHU�IRU�
�WKH�UHDGHU��WKH�JO\FDQ�GHQVLW\�LV�PRUH�FOHDUO\�YLVXDOL]HG�LQ�6XSSOHPHQWDU\�)LJ�����

���� �%DVHG�RQ�WKH�UHYLHZHU¶V�VXJJHVWLRQ��ZH�KDYH�QRZ�SHUIRUPHG�PDVV�VSHFWURPHWU\�RQ�WKH�
�VDPH�76+�SUHSDUDWLRQ�XVHG�WR�SUHSDUH�WKH�VWUXFWXUH�RI�WKH�QDWLYH�76+�76+5�FRPSOH[��
�7KHVH�PDVV�VSHFWURPHWU\�H[SHULPHQWV�FRQYLQFLQJO\�LGHQWLI\�KHWHURJHQHRXV�JO\FRV\ODWLRQ�RI�
�$VQ���DV�LV�H[SHFWHG�IRU�PDWHULDO�HQULFKHG�IURP�QDWLYH�KXPDQ�VRXUFHV��6]NXGOLQVNL�HW�DO���
�3K\VLRO��5HY�����������7KLV�QHZ�GDWD�KDV�QRZ�EHHQ�LQFOXGHG�LQ�6XSSOHPHQWDU\�)LJ�����

�*DLQ�RI�IXQFWLRQ�H[SHULPHQW�ZLWK�.������
�/LQHV����������:KLOH�WKH�LQFUHDVH�LQ�DJRQLVP�VHHQ�ZLWK�LQVHUWLRQ�RI�D�JO\FRV\ODWLRQ�VLWH�LQWR�
�.�����LV�FRQVLVWHQW�ZLWK�WKH�DXWKRUV�K\SRWKHVHV�RI�VWHULF�KLQGUDQFH�IURP�WKH�PHPEUDQH�GULYLQJ�
�FKDQJHV�WR�WKH�(&'�RULHQWDWLRQ�UHTXLUHG�IRU�DFWLYDWLRQ��WKH�REVHUYDWLRQ�WKDW�.�����LV�DQ�DJRQLVW�
�LV�LQ�FRQWUDVW�WR�WKH�K\SRWKHVLV�EHLQJ�WHVWHG�E\�WKH�LQVHUWLRQ�RI�D�JO\FRV\ODWLRQ�VLWH��WKHLU�
�PRGHOOLQJ�LV�QRW�FRQVLVWHQW�ZLWK�:7�.�����EHLQJ�DQ�DJRQLVW�E\�VWHULF�KLQGUDQFH���,W�LV�DOVR�
�LQFRQVLVWHQW�ZLWK�WKH�SUHYDLOLQJ�OLWHUDWXUH�RQ�WKH�SKDUPDFRORJ\�RI�.������$V�VXFK��WKLV�UHTXLUHV�
�IXUWKHU�H[SHULPHQWDWLRQ�WR�HQDEOH�LQWHUSUHWDWLRQ�RI�WKH�GDWD��/LQHV����������DV�SHU�WKH�DUJXPHQW�
�DERYH��WKLV�FRQFOXVLRQ�LV�DW�RGGV�ZLWK�WKHLU�REVHUYDWLRQ�RI�.�����DJRQLVP��

�/LQHV����������PRUH�UREXVW�GDWD�LV�UHTXLUHG��7KH�DXWKRUV�LQIHU�WKH�RULHQWDWLRQ�RI�WKH�PXWDWHG�
�UHVLGXH�DQG�PHPEUDQH��EDVHG�RQ�LVRODWHG�(&'�[WDO�VWUXFWXUH���WKH\�UHDOO\�QHHG�WR�GHPRQVWUDWH�
�WKDW�JO\FRV\ODWLRQ�DW�RWKHU�VLWHV�GRHV�QRW�FKDQJH�.�����DFWLYLW\��RU�VROYH�D�FRPSOH[�RI�WKH�76+5�
�ZLWK�WKH�PRGLILHG�)DE��

�:H�WKDQN�WKH�UHYLHZHU�IRU�KHOSLQJ�XV�WKLQN�FULWLFDOO\�DERXW�WKLV�SLYRWDO�H[SHULPHQW��,W�LV�FRPPRQ�
�LQ�VWUXFWXUH�IXQFWLRQ�ZRUN�WR�REWDLQ�ORVV�RI�IXQFWLRQ�SKHQRW\SHV��ZKLFK�DUH�XVHG�WR�VXSSRUW�
�PRGHOV��%\�FRQWUDVW��LW�LV�PXFK�PRUH�UDUH�WR�GHYLVH�D�JDLQ�RI�IXQFWLRQ�EDVHG�RQ�D�SUHFLVH�
�K\SRWKHVLV�EXLOW�RQ�D�SUHVXPSWLYH�PRGHO�IURP�VWDWLF�VWUXFWXUHV��7R�UHFDS��WKH�FULWLFDO�
�H[SHULPHQWDO�UHVXOW�KHUH�VXSSRUWLQJ�RXU�SURSRVDO�WKDW�WKH�PHPEUDQH�ELOD\HU�LV�NH\�WR�76+5�
�DFWLYDWLRQ�LV�WKDW�DGGLWLRQ�RI�D�JO\FRV\ODWLRQ�DW�D�VSHFLILF�SRVLWLRQ�GUDPDWLFDOO\��LQFUHDVHV��WKH�
�ZHDN�SDUWLDO�DJRQLVP�RI�.�����LQWR�WKH�IXOO�DJRQLVW�DFWLYLW\�RI�.������JO\FR����:H�DSSUHFLDWH�WKH�
�UHYLHZHU¶V�HIIRUWV�WR�³NLFN�WKH�WLUHV

�WR�PDNH�VXUH�WKLV�UHVXOW�LV�UREXVW��

�:H�LQWHUSUHW�WKUHH�FRQFHUQV�SRVHG�E\�WKH�UHYLHZHU�IRU�WKLV�H[SHULPHQW��ZKLFK�ZH�UHVWDWH�WR�
�PDNH�VXUH�ZH�DGGUHVV�IXOO\�����2XU�PRGHOLQJ�RI�.�����EDVHG�RQ�WKH�SULRU�;�UD\�VWUXFWXUH�RI�WKH�
�.�����DQG�(&'�FRPSOH[�XVLQJ�D�ELOD\HU�ERXQGDU\�GHILQHG�E\�230�LV�QRW�IXOO\�FRQVLVWHQW�ZLWK�LWV�
�DFWLYLW\�DV�D�SDUWLDO�DJRQLVW�DV�RQH�ZRXOG�H[SHFW�VRPH�FODVKHV�ZLWK�WKH�ELOD\HU�LQ�RXU�PHPEUDQH�
�VWHULF�FODVK�PRGHO�����2XU�PRGHOLQJ�LV�QRW�VXIILFLHQWO\�FRQVWUDLQHG�WR�HQDEOH�WKH�SUHFLVH�
�SRVLWLRQLQJ�RI�D�JO\FDQ�WKDW�ZH�GHVLUH�IRU�WKLV�JDLQ�RI�IXQFWLRQ�H[SHULPHQW�DQG����*O\FRV\ODWLRQ�
�LWVHOI��LQGHSHQGHQW�RI�WKH�VSHFLILF�SRVLWLRQ�LW�LV�LQWURGXFHG�RQ�.������PD\�GLUHFWO\�DFWLYDWH�76+5��



�7R�DGGUHVV�����ZH�ILUVW�UHYLVLWHG�WKH�GLIIHUHQFH�LQ�DFWLYLW\�IRU�.�����LQ�RXU�KDQGV�FRPSDUHG�WR�
�SULRU�OLWHUDWXUH�RQ�.������:H�ILUVW�UHDVRQHG�WKDW�RXU�76+5�FHOO�OLQHV�H[SUHVVHG�WKH�UHFHSWRU�DW�
�KLJK�OHYHOV��OHDGLQJ�WR�KLJK�UHFHSWRU�UHVHUYH�WKDW�ZRXOG�DPSOLI\�YHU\�ZHDN�SDUWLDO�DJRQLVP��
�7LWUDWLQJ�UHFHSWRU�H[SUHVVLRQ�WR�ORZHU�OHYHOV�GHFUHDVHG�WKH�(PD[�IURP�a����WR�a�����XVLQJ�
�76+�WR�GHILQH�V\VWHP�(PD[���(YHQ�ZLWK�WKHVH�ORZHU�H[SUHVVLRQ�OHYHOV��KRZHYHU��.�����LV�
�FOHDUO\�D�ZHDN�SDUWLDO�DJRQLVW�LQ�RXU�KDQGV��:H�DUH�XQDEOH�WR�H[SODLQ�WKH�GLIIHUHQFH�LQ�VLJQDOLQJ�
�DFWLYLW\�LQ�RXU�KDQGV�YV�SULRU�ZRUN��,W�LV�SRVVLEOH�WKDW�WKH�GLVWLQFWLRQ�PD\�DULVH�IURP�GLIIHUHQWLDO�
�VLJQDO�DPSOLILFDWLRQ�LQ�KXPDQ�+(.����FHOOV��XVHG�LQ�RXU�ZRUN��DQG�&+2�FHOOV��XVHG�LQ�DOO�RI�WKH�
�SULRU�ZRUN�ZH�ZHUH�DEOH�WR�LGHQWLI\���:H�FRQFOXGH�WKDW�.�����FDQ�LQGHHG�KDYH�SDUWLDO�DJRQLVW�
�HIILFDF\�DW�76+5��7KH�UHYLVHG�VLJQDOLQJ�GDWD�LV�LQFOXGHG�LQ�)LJXUH����

�$V�VXJJHVWHG�E\�WKH�UHYLHZHU��ZH�QH[W�UH�HYDOXDWHG�ZKHWKHU�WKH�230�PRGHOLQJ�DSSURDFK�LV�
�FRPSDWLEOH�ZLWK�RXU�SURSRVHG�PRGH�RI�DFWLRQ�IRU�.������:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�WKH�
�SDUWLDO�DJRQLVP�RI�.�����LV�DW�RGGV�ZLWK�D�VLPSOH�PRGHO�IRU�QR�FODVK�EHWZHHQ�.�����DQG�WKH�
�PHPEUDQH�ELOD\HU�IRU�LQDFWLYH�76+5��7KLV�GLVFUHSDQF\�LV�OLNHO\�EHFDXVH�RXU�PRGHOLQJ�LV�D�
�VLPSOH�VWDWLF�VQDSVKRW�WKDW�GRHV�QRW�UHIOHFW�WKH�IXOO�UDQJH�RI�RULHQWDWLRQV�WKH�76+5�(&'�FDQ�
�DGRSW��2XU�QHZ�PROHFXODU�G\QDPLFV�VLPXODWLRQV�RI�XQOLJDQGHG�76+5�VKRZ�WKDW�WKH�76+5�(&'�
�FDQ�H[WHQG�IXUWKHU�³GRZQ´�RU�³XS´�IURP�RXU�H[SHULPHQWDO�VWUXFWXUHV�RI�DFWLYH�DQG�LQDFWLYH�76+5��
�:H�WKHUHIRUH�QRZ�SURYLGH�D�FOHDU�FDYHDW�WR�RXU�230�PRGHOLQJ�DSSURDFK�LQ�WKH�WH[W��OLQHV������
������OLQHV�����������DQG�KLJKOLJKW�WKDW�WKHVH�PRGHOV�PD\�QRW�DFFRXQW�IRU�FRQIRUPDWLRQDO�
�IOH[LELOLW\�EHWZHHQ�WKH�UHFHSWRU�DQG�PHPEUDQH�ELOD\HU��:H�DOVR�KLJKOLJKW�WKDW�WKHUH�PD\�EH�
�DGGLWLRQDO�PHFKDQLVPV�IRU�WKH�ZHDN�SDUWLDO�DJRQLVW�DFWLYLW\�RI�.�����QRW�GHVFULEHG�E\�D�
�PHPEUDQH�VWHULF�FODVK�PRGHO��OLQHV�����������

�5HJDUGLQJ�����:H�GR�QRW�FRPSOHWHO\�XQGHUVWDQG�WKLV�FRQFHUQ��,I�RXU�PRGHOLQJ�LV�FRPSOHWHO\�
�LQDFFXUDWH��LW�LV�XQOLNHO\�WR�JLYH�D�VSXULRXV�JDLQ�RI�IXQFWLRQ��EDUULQJ�D�FDYHDW�OLNH�UDLVHG�LQ�SRLQW�
������:H�KDYH�WULHG�WR�FRPH�XS�ZLWK�RWKHU�FDYHDWV�WKDW�FRXOG�H[SODLQ�WKH�LPSURYHG�SRWHQF\�DQG�
�LQFUHDVH�LQ�(PD[�IRU�.������JO\FR� �FRPSDUHG�WR�.������DQG�KDYH�QRW�EHHQ�VXFFHVVIXO��

�7R�DGGUHVV�FRQFHUQ�����$V�VXJJHVWHG�E\�WKH�UHYLHZHU��ZH�JHQHUDWHG�D�QHZ�.�����JO\FRV\ODWLRQ�
�FRQVWUXFW��.������JO\FR��%����WKDW�SRVLWLRQV�D�JO\FDQ�PRUH�GLVWDOO\�WR�WKH�PHPEUDQH�ELOD\HU�
��6XSSOHPHQWDU\�)LJ�������8QOLNH�WKH�IXOO�DJRQLVW�.������JO\FR����WKH�.������JO\FR��%��)DE�KDV�D�VLPLODU�
�HIILFDF\�DQG�SRWHQF\�WR�WKH�XQJO\FRV\ODWHG�.�����)DE��*O\FRV\ODWLRQ�LWVHOI��LV�WKHUHIRUH�QRW�D�
�VXIILFLHQW�H[SODQDWLRQ�IRU�WKH�JDLQ�LQ�SRWHQF\�IRU�.������JO\FR����DQG�ZH�FRQFOXGH�WKDW�SUHFLVH�
�SRVLWLRQLQJ�RI�WKH�JO\FRV\ODWLRQ�LV�UHTXLUHG�IRU�WKH�LPSURYHG�DFWLYLW\�RI�.������JO\FR����7KLV�QHZ�
�H[SHULPHQWDO�UHVXOW�KDV�EHHQ�LQFOXGHG�LQ�6XSSOHPHQWDU\�)LJ������

�:LWK�WKHVH�FODULILFDWLRQV�DQG�DGGLWLRQDO�H[SHULPHQWV��ZH�EHOLHYH�WKDW�WKLV�UHVXOW�SURYLGHV�
�HYLGHQFH�WKDW�D�FODVK�EHWZHHQ�DQ�DSSURSULDWHO\�SRVLWLRQHG�JO\FDQ�DQG�WKH�PHPEUDQH�ELOD\HU�
�FDQ�LWVHOI�EH�DQ�LPSRUWDQW�GULYHU�RI�76+5�DFWLYDWLRQ��

�6WHULF�KLQGUDQFH�ZLWK�WKH�ELOD\HU�DV�D�PHFKDQLVP�RI�HIILFDF\�
�/LQHV����������ZKLOH�WKH�VSHFXODWLRQ�LV�QRW�XQUHDVRQDEOH��WKLV�KDV�QRW�EHHQ�VXIILFLHQWO\�
�HVWDEOLVKHG�LQ�WKH�FXUUHQW�VWXG\��



�/LQHV����������:KLOH�,�DJUHH�WKDW�VWHULF�KLQGUDQFH�RI�LQWHUDFWLRQV�ZLWK�WKH�OLSLG�ELOD\HU�DSSHDU�WR�
�EH�LPSRUWDQW��,�GRQ
W�WKLQN�WKH�DXWKRUV�SUHVHQW�DQ\ZKHUH�QHDU�HQRXJK�HYLGHQFH�WR�VXSSRUW�WKLV�
�EHLQJ�WKH�SULPDU\�PHFKDQLVP�IRU�DFWLYDWLRQ��
�/LQHV����������DJDLQ�WKLV�LV�LQIHUHQWLDO��7KH�GDWD�VKRZ�GLVWLQFW�RULHQWDWLRQV�EXW�GR�QRW�
�VSHFLILFDOO\�VSHDN�WR�DFWLYDWLRQ��

�$�FHQWUDO�FRQFOXVLRQ�RXU�PDQXVFULSW�UHDFKHV�LV�WKDW�76+�DQG�DQWLERGLHV�H[HUW�WKHLU�HIILFDF\�DW�
�76+5�E\�VWHULFDOO\�FODVKLQJ�ZLWK�WKH�PHPEUDQH�ELOD\HU��ZKLFK�OHDGV�WR�FRQIRUPDWLRQDO�VHOHFWLRQ�
�RI�HLWKHU�WKH�³XS´�RU�WKH�³GRZQ´�VWDWH�RI�WKH�(&'��ZLWK�WKH�³XS´�VWDWH�DVVRFLDWHG�ZLWK�UHFHSWRU�
�DFWLYDWLRQ�DQG�WKH�³GRZQ´�VWDWH�DVVRFLDWHG�ZLWK�LQDFWLYDWLRQ��,Q�RWKHU�SDUWV�RI�WKH�PDQXVFULSW��ZH�
�KDYH�QRZ�VWUHQJWKHQHG�WKH�FRQQHFWLRQ�IRU�KRZ�FKDQJHV�LQ�(&'�RULHQWDWLRQ�OHDG�WR�DFWLYDWLRQ�RI�
�WKH��70�GRPDLQ�RI�76+5��

�7KHVH�FRPPHQWV�E\�WKH�UHYLHZHU��DV�ZHOO�DV�FRPPHQWV�SURYLGHG�LQ�WKH�VXPPDU\�VWDWHPHQWV�
�DERYH��DVVHUW�WKDW�WKHUH�LV�QRW�VXIILFLHQW�LQIRUPDWLRQ�WR�UHDFK�WKLV�NH\�FRQFOXVLRQ��8QIRUWXQDWHO\��
�WKH�UHYLHZHU�GRHV�QRW�SURYLGH�D�FOHDU�DOWHUQDWLYH�PRGHO�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�GDWD�SURYLGHG�
�RU�IXQGDPHQWDO�UHDVRQV�ZK\�WKLV�PRGHO�LV�LQYDOLG��,Q�WKH�DEVHQFH�RI�D�FOHDU�DOWHUQDWLYH�
�PHFKDQLVP�FRQVLVWHQW�ZLWK�WKH�GDWD��LW�LV�XQFOHDU�WR�XV�ZKDW�ZRXOG�EH�FRQVLGHUHG�VXIILFLHQW�
�HYLGHQFH�WR�SURYLGH�D�PROHFXODU�PHFKDQLVP��$�IXOO�XQGHUVWDQGLQJ�RI�DQ\�VWUXFWXUDO�PHFKDQLVP�
�ZLOO�XQGRXEWHGO\�UHTXLUH�FRQWLQXRXV�VWXG\�IRU�\HDUV�WR�FRPH���LQ�WKH�FRQWH[W�RI�WKH�SUHVHQW�
�PDQXVFULSW��KRZHYHU��ZH�EHOLHYH�ZH�KDYH�SURYLGHG�D�FRPSOHPHQWDU\�VHW�RI�H[SHULPHQWV�WR�
�UHDFK�WKLV�FRQFOXVLRQ��:H�UHFDS�WKHVH�KHUH��

���� �2XU�VWUXFWXUHV�GLUHFWO\�VKRZ�FRQIRUPDWLRQDO�GLIIHUHQFHV�LQ�WKH�(&'�RULHQWDWLRQ�LQ�WKH�
�SUHVHQFH�RI�HLWKHU�DJRQLVWLF��76+��75������DQG�0����RU�LQYHUVH�DJRQLVWLF��&6�����
�PRGXODWRUV��0DQ\�UHFHQW�*3&5�VWUXFWXUDO�ELRORJ\�VWXGLHV�XVH�VLPLODU�VWUXFWXUDO�ELRORJ\�
�UHVXOWV�WR�FRQQHFW�FRQIRUPDWLRQ�WR�WKH�HIILFDF\�RI�*3&5�PRGXODWRUV��.H\�H[DPSOHV�RI�
�VLPLODU�VWXGLHV�UHFHQWO\�SXEOLVKHG�LQFOXGH�WKH�DJRQLVW��DQWDJRQLVW��DQG�DSR�VWUXFWXUHV�RI�
�&ODVV�'�IXQJDO�*3&5V����9HOD]KDKDQ�HW�DO���1DWXUH��0DUFK������������WKH�VWUXFWXUDO�
�FKDUDFWHUL]DWLRQ�RI�DJRQLVW�ERXQG�P*OX��DQG�P*OX��KHWHURGLPHUV����/LQ�HW�DO���1DWXUH�
��-XQH����������DQG�WKH�VWUXFWXUDO��IXQFWLRQDO��DQG�0'�PHGLDWHG��HOXFLGDWLRQ�RQ�WKH�DFWLYLW\�
�RI�YDULRXV�SHSWLGH�DJRQLVWV�DW�WKH�*/3��UHFHSWRU����&DU\��HW��DO��1DWXUH�&KHPLFDO�%LRORJ\�
��'HFHPEHU�����������,Q�HDFK�RI�WKHVH�VWXGLHV��VWUXFWXUDO��PHWKRGV�UHYHDO�D�FKDQJH�LQ�
�FRQIRUPDWLRQ�DVVRFLDWHG�ZLWK�ELQGLQJ�RI�D�PRGXODWRU��$�FRPELQDWLRQ�RI�VWUXFWXUDO�
�DQDO\VLV�DQG�IXQFWLRQDO�VWXGLHV�SURYLGH�IXUWKHU�HYLGHQFH�WKDW�WKHVH�FRQIRUPDWLRQDO�
�FKDQJHV�DUH�LPSRUWDQW�WR�UHFHSWRU�DFWLYDWLRQ��2XU�VWXG\�IDOOV�LQ�OLQH�ZLWK�VXFK�DQDO\VHV��

���� �:H�SUHYLRXVO\�SURYLGHG�D�PRGHOLQJ�DSSURDFK�WR�PRVW�SDUVLPRQLRXVO\�H[SODLQ�SULRU�GDWD�
�IRU�WKH�UROH�RI�WKH�$VQ���UHVLGXH�LQ�JO\FRSURWHLQ�KRUPRQH�DFWLRQ��WKH�DFWLRQ�RI�WKH�0���
�DQWLERG\��DQG�WKH�DFWLRQ�RI�WKH�&6����DQWLERG\��(DFK�RI�WKHVH�VHSDUDWH�REVHUYDWLRQV�
�VWUHQJWKHQV�WKH�FHQWUDO�FRQFOXVLRQ�WKDW�VWHULF�FODVK�ZLWK�WKH�PHPEUDQH�LV�DQ�LPSRUWDQW�
�IDFWRU�LQ�76+5�DFWLYDWLRQ��:H�KDYH�QRZ�DGGHG�WH[W�WR�SURYLGH�FRQWH[W�IRU�WKH�XWLOLW\�RI�
�WKLV�PRGHOLQJ�DSSURDFK��

���� �:H�GHYLVHG�D�JDLQ�RI�IXQFWLRQ�H[SHULPHQW�XVLQJ�WKH�.�����DQWLERG\�WR�DVVHVV�ZKHWKHU�
�DQ�DSSURSULDWHO\�SRVLWLRQHG�JO\FDQ�FDQ�LQIOXHQFH�76+5�DJRQLVP��:H�WKDQN�WKH�UHYLHZHU�
�IRU�EULQJLQJ�XS�SRWHQWLDO�FDYHDWV�IRU�WKLV�H[SHULPHQW��ZKLFK�KDYH�EHHQ�DGGUHVVHG�DERYH��



�7KLV�H[SHULPHQW�SURYLGHV�DQ�LQGHSHQGHQW�OLQH�RI�HYLGHQFH�IRU�WKH�PHPEUDQH�VWHULF�FODVK�
�PRGHO��

���� �:H�KLJKOLJKW�WKDW�WKH�FRQIRUPDWLRQDO�FKDQJHV�ZLWKLQ�WKH�(&'�LWVHOI�DUH�PLQLPDO��ZLWK�
�U�P�V�G��FKDQJHV�RI����c��7KLV�REVHUYDWLRQ��FRPELQHG�ZLWK�QR�FRQWDFWV�EHWZHHQ�
�0���&6����DQG�WKH��70�GRPDLQ�LQ�RXU�VWUXFWXUHV�OHDYH�XV�ZLWK�WKH�SURSRVHG�
�PHFKDQLVP�DV�WKH�PRVW�ORJLFDO�FRQFOXVLRQ��

�7R�IXUWKHU�VXSSRUW�WKLV�FODLP��RXU�UHYLVHG�PDQXVFULSW�QRZ�DGGV�WKH�IROORZLQJ�OLQHV�RI�HYLGHQFH��
���� �:H�KDYH�FRQGXFWHG�PROHFXODU�G\QDPLFV�VLPXODWLRQV�RI�76+5�LQ�D�PHPEUDQH�ELOD\HU�WR�

�DVVHVV�ZKHWKHU�DQWLERG\�ELQGLQJ�WR�76+5�(&'�UHVWULFWV�WKH�FRQIRUPDWLRQDO�RULHQWDWLRQ�
�RI�WKH�76+5�(&'��6LPXODWLRQV�RI�DSR�76+5�VWDUWHG�IURP�HLWKHU�WKH�(&'�³XS´�RU�³GRZQ´�
�VWDWH�LQ�WKH�DEVHQFH�RI�HLWKHU�0���RU�&6����VKRZ�WKDW�WKH�(&'�VDPSOHV�PXOWLSOH�
�RULHQWDWLRQV�EHWZHHQ�RXU�VROYHG�DFWLYH�DQG�LQDFWLYH�VWUXFWXUHV�LQ�FRPSDULVRQ�WR�WKH��70�
�GRPDLQ��6LPXODWLRQV�RI�76+5�ZLWK�0���VWDELOL]H�WKH�(&'�LQ�WKH�DFWLYH��³XS´�
�FRQIRUPDWLRQ�ZKLOH�VLPXODWLRQV�ZLWK�&6����VWDELOL]H�WKH�(&'�LQ�WKH�LQDFWLYH��³GRZQ´�
�FRQIRUPDWLRQ��7KHVH�VLPXODWLRQV�WKHUHIRUH�GLUHFWO\�KLJKOLJKW�KRZ�DJRQLVWLF�DQG�LQYHUVH�
�DJRQLVWLF�DQWLERGLHV�FRQIRUPDWLRQDOO\�VHOHFW�WKH�(&'�FRQIRUPDWLRQ�WR�H[HUW�WKHLU�HIILFDF\��
�'DWD�IURP�WKHVH�VLPXODWLRQV�DUH�QRZ�LQFOXGHG�LQ�)LJ����DQG�6XSSOHPHQWDU\�)LJ������

���� �:H�KDYH�QRZ�SHUIRUPHG�H[SHULPHQWV�WR�GLUHFWO\�DVVHVV�KRZ�(&'�FRQIRUPDWLRQ�
�LQIOXHQFHV�VLJQDOLQJ��7R�GR�VR���ZH�HQJLQHHUHG�D�76+5��FRQVWUXFW�ZLWK�D�GLVXOILGH�EULGJH�
�EHWZHHQ�SRVLWLRQV�����DQG�������RXU�VWUXFWXUHV�LQGLFDWH�WKDW�WKHVH�WZR�UHVLGXHV�DUH�RQO\�
�VXIILFLHQWO\�FORVH�WR�IRUP�D�GLVXOILGH�ERQG�LQ�WKH�DFWLYH�FRQIRUPDWLRQ�RI�76+5��&Į�
�GLVWDQFH�����c���EXW�QRW�LQ�WKH�LQDFWLYH�VWDWH��&Į�GLVWDQFH������c���,QWURGXFWLRQ�RI�WKLV�
�GLVXOILGH�EULGJH�OHDGV�WR�D�GUDPDWLF�LQFUHDVH�LQ�76+5�FRQVWLWXWLYH�DFWLYLW\��VXSSRUWLQJ�WKH�
�FRQWHQWLRQ�WKDW�WUDSSLQJ�WKH�(&'�³XS´�VWDWH�LV�VXIILFLHQW�WR�DFWLYDWH�WKH�UHFHSWRU��7KLV�
�UHVXOW�GLUHFWO\�LQGLFDWHV�WKDW�(&'�URWDWLRQ��DQG�QRW�VRPH�RWKHU�HIIHFW�LPSDUWHG�E\�76+�
�DQG�0���LV�WKH�GULYLQJ�IRUFH�IRU�76+5�DFWLYDWLRQ��

�7UDQVPLVVLRQ�RI�FRQIRUPDWLRQDO�FKDQJHV�IURP�WKH�(&'�WR�WKH�70'�
�0RUHRYHU��WKLV�LV�VRPHZKDW�VLPSOLVWLF�DV�LW�GRHV�QRW�UREXVWO\�DGGUHVV�KRZ�WKLV�LV�SURSDJDWHG�WR�
�WKH�FKDQJHV�LQ�WKH�70'�WKDW�DUH�UHTXLUHG�IRU�DFWLYDWLRQ��

�$�VXEVWDQWLDO�ZHDNQHVV�RI�WKH�VWXG\�LV�WKDW�WKHUH�LV�QR�FOHDU�LQVLJKW�LQWR�KRZ�WKH�FKDQJHV�LQ�
�(&'�GULYH�UHFHSWRU�DFWLYDWLRQ��L�H��FRQIRUPDWLRQDO�FKDQJH�LQ�WKH�70'���

�:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�RXU�SULRU�H[SODQDWLRQ�RI�KRZ�FKDQJHV�LQ�WKH�(&'�UHVXOW�LQ�
�DFWLYDWLRQ�RI�WKH��70�GRPDLQ�ZDV�ODFNLQJ��(QDEOHG�E\�D�KLJKHU�UHVROXWLRQ�VWUXFWXUH�RI�76+5�
�ERXQG�WR�75������ZH�KDYH�QRZ�LGHQWLILHG�WKDW�WKH�H[WUDFHOOXODU�WLS�RI�70��LV�PRYHG�a��c�LQZDUG�
�WRZDUG�WKH�WUDQVPHPEUDQH�FRUH�LQ�WKH�DFWLYH�VWDWH�ZKHQ�FRPSDUHG�WR�WKH�LQDFWLYH�VWDWH��

�)XUWKHUPRUH��ZH�LGHQWLI\�D�NH\�LRQLF�LQWHUDFWLRQ�EHWZHHQ�WKH�WLS�RI�70��DQG�WKH�KLJKO\�FRQVHUYHG�
�UHFHSWRU�S���SHSWLGH�DW�WKH�LQWHUIDFH�RI�WKH�(&'�DQG��70�GRPDLQ��,Q�EULHI��ZH�ILQG�WKDW�FKDQJHV�
�LQ�(&'�FRQIRUPDWLRQ�OHDG�WR�D�UHRULHQWDWLRQ�RI�WKH�S���SHSWLGH�WKDW��LQ�WKH�DFWLYH�VWDWH��PHGLDWHV�
�D�GLUHFW�S���70��FRQWDFW��,Q�WKH�LQDFWLYH�VWDWH��WKLV�LRQLF�LQWHUDFWLRQ�LV�EURNHQ��0XWDJHQHVLV�DW�



�WKLV�VLWH�DOVR�FRQILUPV�LW�DV�DQ�LPSRUWDQW�FRQGXLW�LQ�PHGLDWLQJ�OLJDQG�ELQGLQJ�VLJQDOV�DW�WKH�(&'�
�LQWR�WKH��70�GRPDLQ��

�$GGLWLRQDOO\��ZH�JHQHUDWHG�D�FRQVWLWXWLYHO\�DFWLYH�76+5�FRQVWUXFW�YLD�PXWDWLRQ�LQ�WKH�
�(&/��KLQJH�KHOL[�LQWHUIDFH�WKDW�LV�H[SHFWHG�WR�SUHFOXGH�GRZQ��RU�LQDFWLYH��VWDWHV�RI�WKH�76+5�
�(&'��

�:H�EHOLHYH�WKH�GLVFXVVLRQ�RQ�WKH�UH�RULHQWDWLRQ�RI�WKH�S���SHSWLGH�PHGLDWHG�E\�FKDQJHV�LQ�(&'�
�RULHQWDWLRQ�FRXSOHG�ZLWK�QHZ�VLJQDOLQJ�GDWD�LPSOLFDWLQJ�S���70��DQG�(&/��KLQJH�KHOL[�
�LQWHUDFWLRQV�DV�LPSRUWDQW�FRPSRQHQWV�LQ�OLJDQG�GLUHFWHG�UHFHSWRU�DFWLYDWLRQ�LPSURYHV�RXU�
�GHVFULSWLRQ�RI�ZK\�(&'�UH�RULHQWDWLRQ�PDWWHUV�IRU�UHFHSWRU�DFWLYDWLRQ��7KH�UHVROXWLRQ�RI�RXU�
�LQDFWLYH�VWDWH�VWUXFWXUH�SUHFOXGHV�IXUWKHU�VSHFXODWLRQ�RQ�70'�VSHFLILF�IHDWXUHV�RI�DFWLYDWLRQ��

�/LQHV����������FDQ�WKH�DXWKRUV�SOHDVH�LOOXVWUDWH�KRZ�WKHLU�GDWD�³GHPRQVWUDWH´�WKH�K\SRWKHVLV�
�DURXQG�WKH�KLQJH�UHJLRQV��7KLV�DSSHDUV�WR�EH�LQIHUUHG�UDWKHU�WKDQ�GHPRQVWUDWHG��

�:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�WKLV�VWDWHPHQW�ZDV�SRRUO\�ZRUGHG�DQG�QRW�FOHDUO\�GHPRQVWUDWHG�
�E\�GDWD�SURYLGHG�LQ�WKH�PDQXVFULSW��2XU�LQWHQW�LV�WR�KLJKOLJKW�WKDW�RXU�VWUXFWXUHV�SURYLGH�FRQWH[W�
�LQWR�WKH�NH\�UROH�WKDW�WKH�*3+Į�1���JO\FDQ�SOD\V�LQ�JO\FRSURWHLQ�KRUPRQH�HIILFDF\��:H�KDYH�
�QRZ�UHPRYHG�WKLV�OLQH�DQG�UHZRUGHG�WKLV�WH[W�DQG�FLWHG�WKH�SULRU�OLWHUDWXUH�WR�KLJKOLJKW�WKLV�SRLQW�
�PRUH�FOHDUO\��

�6XSS��)LJ�����7LWOH�LV�LQFRUUHFW��WKLV�LV�QRW�76+�ERXQG�76+5�*V�FRPSOH[���

�:H�WKDQN�WKH�UHYLHZHU�IRU�FDWFKLQJ�WKLV���WKLV�KDV�QRZ�EHHQ�IL[HG�LQ�WKH�UHYLVHG�PDQXVFULSW��

�/LQH������ZKDW�VSHFLILFDOO\�GRHV�³VDPSOHV´�UHIHU�WR�KHUH"�

�:H�WKDQN�WKH�UHYLHZHU�IRU�FDWFKLQJ�WKLV�W\SR��,W�VKRXOG�KDYH�UHDG�³6DPSOHV�RI´�QRW�³6DPSOHV�RU´��
�7KH�WH[W�KDV�QRZ�EHHQ�IL[HG��

�/LQH������³F$03�DFFXPXODWLRQ´�±�WKH�GHVFULSWLRQ�GRHV�QRW�PHQWLRQ�3'(�LQKLELWRUV��'R�WKH\�
�UHDOO\�PHDQ�DFFXPXODWLRQ�RU�³SURGXFWLRQ´"�:KDW�LV�WKH�EDVDO�F$03"�'RHV�WKLV�YDU\�IRU�
�PXWDQWV"�

�7KLV�LV�D�KHOSIXO�FODULILFDWLRQ��:H�GLG�QRW�XVH�3'(�LQKLELWRUV�LQ�RXU�F$03�DVVD\V�DQG�KDYH�
�WKHUHIRUH�FKDQJHG�WKH�WH[W�WR�LQGLFDWH�³F$03�SURGXFWLRQ´��:H�KDYH�QRZ�PHDVXUHG�EDVDO�F$03�
�OHYHOV�LQ�RXU�H[SUHVVLRQ�PDWFKHG�PXWDQWV��

�6XSSO��)LJV����������DOO�GLVSOD\�ORFDO�UHVROXWLRQ�PDSV�WKDW�VXJJHVW�D�ODUJH�SURSRUWLRQ�RI�WKH�PDSV�
�DUH�FORVH�WR���DQJVWURP�UHVROXWLRQ��7KH�PDSV�DUH�FRPSOHWHO\�DW�RGGV�ZLWK�WKLV��PRVW�DSSHDU�WR�
�EH�a��$�DW�EHVW�±�ZKLFK�LV�DOVR�ZKDW�LV�UHSRUWHG�LQ�WKH�VWUXFWXUH�VWDWLVWLFV�7DEOH��VXSSO��7DEOH�����
�1RQH�RI�WKH�PDSV�KDYH�IHDWXUHV�FRQVLVWHQW�ZLWK�QHDU�DWRPLF�UHVROXWLRQ��$V�VXFK��WKLV�LV�ZURQJ��
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