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Editorial decision letter with reviewers’ comments, first round of review 

Dear Arjun, 
 
I’m enclosing the comments that reviewers made on your paper, which I hope you will find useful and 
constructive. As you'll see, they express interest in the study, but they also have a number of 
criticisms and suggestions. Based on these comments, it seems premature to proceed with the paper 



 

 
 
 

in its current form; however, if it's possible to address the concerns raised with additional experiments 
and analysis, we’d be interested in considering a revised version of the manuscript.   
  
As a matter of principle, I usually only invite a revision when I’m reasonably certain that the authors' 
work will align with the reviewers’ concerns and produce a publishable manuscript. You will see in this 
case that while all three reviewers see value in the paper, they recommend quite a large range of 
extensions. I have outlined below what we see as a reasonable path forward.  

Reviewers 1 & 2 recommend extending the work to other cell lines and a multi-cell-type organoid. We 
appreciate that the relative morphological simplicity of the MDCK cyst system is helpful for the proof of 
principle demonstration that is the purpose of this study, and we wouldn't necessarily expect you to 
include other experimental systems.  

That said, what we think would be valuable is a more through analysis of the space of perturbations 
and morphologies of the MDCK cyst system, including exploration of where and how the relationships 
you've identified break down. This is along the lines of Reviewer 1's advice to study the effects of 
genetic perturbations and compounds that are likely to affect morphogenetic processes, as well as to 
look at the effect of variation in ECM and in culture conditions.  

Also, Reviewer 3 raises some points that we think would be important and appropriate to address 
here, precisely because they are more clearly addressable in a simpler system, and because 
addressing them would strengthen the core of this proof of concept work. The first is the question of 
whether the PCs are independently regulated by a range of genetic perturbations. The second is to 
use a non-linear approach in addition to PCA - if the assumptions of PCA are problematic in this 
context and non-linear approaches could generate more insight, then this would be important to work 
out in the proof of concept study before application to more complex organoids. 

In addition to the concerns I’ve touch on above, the reviewers raise some technical concerns and 
questions about inconsistencies within the results, all of which we hope you will able to address.  

As you address these concerns, it's important that you and I stay on the same page. I'm always happy 
to talk, either over email or Zoom, if you’d like feedback about whether your efforts are moving the 
manuscript in a productive direction. Do note that we generally consider papers through only one 
major round of revision, so the revised manuscript would be either accepted or rejected based on the 
next round of comments we receive from the reviewers.  If you have any questions or concerns, 
please let me know.  More technical information and advice about resubmission can be found below 
my signature.  Please read it carefully, as it can save substantial time and effort later.  
  
I look forward to seeing your revised manuscript. 
 
All the best, 

Bernadett 
 
Bernadett Gaal, DPhil 
Scientific Editor, Cell Systems 



 

 
 
 

  
Reviewers' comments: 
 
Reviewer #1: 
 
I fully agreee with the authors that the question of dimensionality in organoids may not have been 
covered to full satisfaction previously; and thus represents a restriction of both our knowledge and 
possibilities for investigating their "functional space". For example, this would be critical to impleement 
organoids formed by non-transformed cell lines like MDCK cells as a valuable assays format to 
investigate the effects of small molecule inhibitors on fundamental pocesses like morphogenesis. 
Assuming, that form follows function and morphologies reflect intrinsic differentiation programs. 
 
One of the obvious restrictions of this articles relates to the likely restricted functional differentiation 
potential of MDCK cells. These are likely to be very specific for this cell line (Right? We do not know 
this for sure...). The observed, striking homogeneity of organoids/acini formed possibly reflects the 
lack of heterogeneity in this specific cell line has contributed to the rather uniform features formed in 
3D cultures. This, however, may be a special feature of MDCK cells, and may ot necessarily apply for 
other cell lines. Thus, many of the conclusions may be of limited value, as cellular heterogeneity and 
composition is actually a common feature observed in many widely used cell lines...which also form 
circular hollow organoids. This is not even considering the complex morphologies formed by 
gastrointestinal cells; but even primary breast or prostate epithelial cells show more heterogeneity in 
the organoids they form. 
 
The morphology of these equally rounded organoids may thus reflect the intrinsic biological 
differences between cell populations and their variable differentiation potential; typically a spectrum of 
features is observed. The same applies for many epithelial tumour lines - showing more restricted 
organoid formation processes than primary cells e.g. from the gut and which may yet be more 
complex than MDCK cells. As a consequence, the morphologies formed in other epithelial-lineage 
cells or cell lines may very well show very different dimensionality. So I am not entirely convinced that 
"our results demonstrate a general strategy for determining the ways in which organoid morphologies 
are either constrained or free to vary". 
 
In addition, by expanding the scope to similar but still different, additional cell lines, one does not risk 
to develop a somewhat restricted practical value for other researchers. Expanding the scope to at 
least one or a few additional cell lines would generate a) more convincing data whatever these 
conclusions would be , b) raise the general interest for readers in this field of science, and c) increase 
the depths of biological insights that can be drawn from these observations. 
 
The authors come closest to these imporrtant biological questions in the compound screens, and 
selected drug/growth factor treatments; although even these show that in most cases, MDCK 
organoids show rrather uniform morphologies and restricted morphometric dimensionality. Again, 
maybe this is simply a characteristic of MDCK cells that may or may not apply for other cell types and 
organoids. 
The findings shown in Fig. 3 are interesting, nevertheless. However, my guess would be that most of 
the effects observed more or less dirently relate to altered cell proliferation, which naturally affects 
organoi size, and also morphologies. There seem to be few compounds that affect morphogeneisis 
independent of cell proliferation? (Can the authors cdiscuss this issue?). 
 
Thus, in my opinion the biological or even biochemical relevance of the findings could be improved by 



 

 
 
 

using either genetic or biochemical perturbations that are known to affect and disturb or even block 
acinar differentiation, for example ROCK inhibitors, Rho/Rac inhibitors, or inhibitors affecting the 
cortical actin cytoskeleton formation. Most of the hits are "usual suspects" affecting proliferation-
promoting and differentiation-blocking pathways such as PI3Kinase, AKT and mTOR signalling; 
almost none of them affect morphogenetic processes or actin cytokeleton which have direct effects on 
morphogenesis - often without affecting proliferation and growth. Thus, I believe the value of these 
biochemical perturbations could be improved by increasing not the size of the screen/library, but by 
hand-picking compounds that affect these morphometric processes mentioned above. 
 
This is partly addressed in Fig. 4 using known biologically relevant disturbants such as HGF, but in 
my opinion still lacks a focus on morphometric processes. Again, HGF may be one of the most 
interesting observtions here BECAUSE it seems to have a direct effect on epithelial differentiation, 
formation of the actin cytoskeleton...but this may be secondary as the cells may undergo a prominent 
trans-differentiation, away from the epithelial lineage. The results are therefore again somewhat 
difficult to interpret and relate to the formation of acini/organoids. Therefore, it may also not be 
surprising that HGF-treatment is one of the few deviations of the general low dimensionality observed 
in MDCK organoids. For the same reasons, I dont think that the drug combinations tested here, 
tgether with HGF treatment, have a very strong biological relevance. They are combining proliferation-
blocking drugs with activation of a pathway that fundamentally changes epithelial differentiation 
potential. I think this is somehow creating a "mixed bag" situation that confuses interpretation. 
 
A few other aspects could be implemented, or at least discussed that reflect additional factors for 
organoid development and differentiation. For example, it is rather well known that the 
microenvironment affects the way how the lumen forms (apoptosis? anoikis?), how large the lumen 
becomes, and the polarization of the outer cell layer. All of this may be very strongly dependent on the 
nature of the extracellular matrix (ECM), its density and rigidity, or even strictly dependent simply on 
the presence and concentration of laminins (e.g. in laminin-rich ECM preparations like Matrigel) over 
collagens or synthetic fiber materials. Depending on all of these external parameters, or 
environmental factors, the dimensionality may fundamentally change even for MDCK cells. Instead, 
the authors use multiple parallel approaches to show that the dimensionality in MDCK cells is 
INDEED restricted... which I have no doubt. But what does that tell us about the biology going on in 
these cultures? This is a strictly technically inclined manuscript (nothing wrong with that); it would 
strongly increase the significance of the paper if SOME variablilty of ECM/microenvironment were 
implemented. Or the other aspects outlined above. 
 
By the way, this aspects are also partly dependent on the imaging parameters. In confocal imaging, it 
may pay off try reducing the typical "meniscus problem" by placing the orrganoids in a layered 
formation, with standard distance to the bottom of the well...for more uniform distribution and easier 
segmentation. 
 
The authors mention several time the possibility to "engineer organoids", but they dont explain how 
this should work, or whatt would be the purpose? Isnt any mrphometric transformation already some 
kind of "engineering" that reflects fundamental biological processes. 
 
 
 
Reviewer #2:  
In the manuscript from Beck et al. the authors describe a method to quantify morphological features of 
3D MDCK cysts and extract few morphological constrains. The manuscript is interesting but has 



 

 
 
 

major points that at this point would prevent us to accept it. Major revision would be required. 
 
 
1. The authors speak most of the time about organoids but they only analysis MDCK cysts. Therefore, 
the authors should include real organoids data or completely restate the aim of the manuscript. 
Moreover, MDCK cysts have been extensively analysed so the novelty of the manuscript would need 
to be evaluated in the results extracted from the morphospace. 
2. The authors use a semi-automated method for segmentation; however, it is not clear what is the 
actual improvement to other 3D method. The authors should compare it to other available methods 
and dataset to test the applicability to other systems. 
This point is not compared to other segmentation in 3D using neuronal networks. In the discussion the 
authors say: "but we found that most methods applied to our data would produce very good results 
80% of the time, and poor results 20% of the time, which was an insufficient level of accuracy for the 
conclusions we wanted to draw." This is very speculative. Given the authors performed what they 
describe as a high throughput drug screen, they should be more thorough on evaluating and 
interpreting results of their screen 
2. The authors use half of the MDCK cysts to then extrapolate the results to a full cysts. Whereas it is 
correct to extrapolate the cyst and lumen size and volume from the half of the cyst, it seems 
problematic to do that for the number of micro-lumens in poly-lumen phenotypes. The authors should 
provide the comparison for the extrapolated and real data in terms of precision for the cysts that have 
been acquired entirely? 
3. The author then ask if: "the number of cells scale with the size of the cyst? Or, did larger cysts have 
the same number of cells as smaller cysts, but with larger component cells?". This biological question 
is a well-studied problem, and the authors should provide some literature references that make them 
doubt that cell size would be invariant and that the cyst growth is driven by cell division. 
4. The authors claim that peripheral cell height and width are constant. This seems to not be 
supported by the data presented in Fig 1J, as PC1 seems to be positively correlated with cyst volume 
and anti-correlated with nuclear size. Could authors please elaborate on this discrepancy? 
5. The author define a constant cell density constrain. This part of the study would benefit from a 
quantitative model that uses these constraints to model the cyst growth and show that with the found 
constraints they have identified a predictive model of this biological process. 
6. Could authors elaborate what the mechanisms are that would dictate the minimum lumen volume? 
At which step in the cyst development do lumens appear, does this minimum volume require a certain 
number of cells? 
Given that authors claim the constraints they measured govern the MDCK cyst morphogenesis, they 
should be able to use a model to predict when lumens would appear and how many cells are required 
to build a lumen. 
7. In the manuscript the authors use for the features describing lumens, the mean across all lumens in 
the cyst, e.g. mean lumen volume. This seems problematic given the presence of cysts with either a 
single or multiple lumens. Authors should show whether the results would be different if they used 
cumulative lumen volume instead. 
8. The authors show that when lumen get larger nuclei get smaller. Doesnt this contradict the cell size 
constraint? This might be confusing. Given that authors use number of nuclei in relation to cyst size to 
claim that cyst growth is mediated by increase in cell numbers rather than increased size of individual 
cells, this seems to be hard to consolidate. 
9. The authors conclude that MDCK cysts can be represented by a limited number of dimensions. 
While this could be partially true, this is a little bit a trivial observation: this principle underlies virtually 
any dimensionality reduction method. What is misleading in this sentence is the logical jump between 
variance being explained by a set of principle components and morphologies being represented by a 



 

 
 
 

limited number of dimensions, as all of the measured features were used to calculate the principle 
components mentioned and these describe covariance of multiple measurements as seen in Figure 
1J. 
10. The full paragraph on age dependencies is hard to interpret and follow. Moreover, there is no 
biological interpretation of any kind. 
11. The authors say they use 1ul of the drugs They should state the concentrations. 
12. The fixation timepoint for the screen was 7 days (that is not 3 or 9 as in all the previous part of the 
manuscript. Why this time point? in the previous section comparison was to day 9 cysts, could 
authors please explain why particular time points were used? And can it be then comparable to the 
previous analysis 
13. How was the functional annotation enrichment performed on the hits? Was it controlled by the 
library composition? 
14. Authors show that almost no compound perturbed the constrains. However, above the authors 
have seen a change in the constraints depending on the cyst age. Assuming the cysts grow in size 
over time and that age correlates with growth, drugs inhibiting cell proliferation should also affect the 
cell-denisy-constraint. Could authors please elaborate on this? 
15. All the drug perturbation analysis is very dry and consist of a list of hits with no depth in 
description or analysis of the underlying biological question. Why such compound affect the constrain. 
What these few compounds do to change these constrains? 
16. In the HGF stimulated cysts the author claim that cells organize in multilayers. How often is this 
observed, is this feature restricted to HGF-treated cysts? could authors please provide a figure 
reference? Moreover, they say that the cells are taller? Is the the full epithelium thicker with more 
layered cells or the cells are taller? How would HGF change these behaviors? 
17. They then say that HGF qualitatively change some feature but this seems in contrast to the full 
quantitative workflow and they should show how this is 
18. What is a "spindly cyst", Authors do not introduce this term and then start using it without much 
explanation. 
19. The authors say: "Taken together, the morphological changes induced by HGF and another 
perturbation suggest that the effects of individual perturbations do not necessarily combine additively 
when administered simultaneously." However, it is not clear why authors chose to combine HGF 
stimulation with these particular inhibitors. To be able to make the authors claim at this point, they 
should provide evidence that crosstalk between HGF and ErbB2 /EGFR can be excluded or choose 
another drug to combine with that acts on an HFG-unrelated pathway. 
20. The author show that some drugs are able to "cancel-out" the effect of others. Using terms like 
rescue might be more appropriate. Moreover, the authors should absolutely discuss the molecular 
events triggered by HFG stimulation and how the drugs they combine with the treatment can influence 
these. 
21. The author conclude: "While many potential mechanisms may be compatible with our 
experimental data, perturbations will be required to exclude certain classes of models and establish 
causality". The current study restricts itself to a rather phenomenological observation. However the 
performed experiments include a screen, would it be possible for authors to use the data they 
collected to propose mechanisms that contribute to the constraints that they define? 
22. The authors also say "However, it is also possible that the complexity of the underlying molecular 
pathways is too great and multi-faceted to ever fully relate to these constraints in an easily understood 
manner". We disagree with this view. While our understanding of biological systems, and multicellular 
systems in particular, is not complete, it is, in our opinion, still feasible (and pivotal) to relate the 
observations with potential underlying mechanisms. This can be achieved, for example, using parallel 
perturbations, an assay that was performed by the authors of this study. 
23. The authors say: "It may also be possible, with sufficient perturbation, to destroy a constraint, for 



 

 
 
 

example to completely decouple cyst volume from the number of cells." This is very speculative. 
Given the authors performed a high throughput drug screen, they should be more thorough on 
evaluating and interpreting results of their screen. 
24. In the conclusion authors say: "Future work that quantifies what degree of segmentation accuracy 
is needed for a given question may guide efforts to develop segmentation algorithms". Given that this 
study restricts itself to a more technical angle, authors could actually answer the question that they 
raise in this point of discussion and elaborate more on the performance of their segmentation 
algorithms. Considering the authors are publishing the code they used, investing more effort into 
characterising their image processing package would be crucial and would benefit the community. 
25. The final sentence is:" It will be interesting in the future to apply this framework to such multi-cell-
type organoids to see what constraints are obeyed by the much richer feature sets associated with 
multi-cell-type interactions." The authors should show whether the constraints they identify and 
describe would be valid in at least one organoid model system that features cell type heterogeneity. 
Otherwise the claim the authors make in the abstract ("This quantitative framework for identifying 
constraints on organoid morphologies may inform future efforts to engineer organoids") remains 
purely speculative and unsubstantiated. 
 
 
 
Reviewer #3: Fig 1I How did you randomize data? Is it marginal resampling or something else? 
 
Fig 1: I am not suggesting further experiments but perhaps just a comment on whether you believe 
the PCs are indepdnetly regulated themselves? Meaning, do you have a sense of whether mutations 
would preferentially impact individually PCs or do you expect a mutation to impact all of the features in 
a complex fashion? Said another way, PCA, by construction, must decompose the data into 
orthogonal collective features but this does not mean that the system abides by this orthogonality. 
What evidence, or thoughts, do you have regarding this? In the absence of mutant data to address 
this question I think the reader would be interested to hear the authors speak to this issue. Too often 
the non-mathematically oriented reader sees the orthogonal axes of PCA and maps that onto an 
orthogonal set of regulatory mechanisms. This confusion should be preempted and addressed in my 
view. Furthermore, its interesting. 
 
Fig 1: Given the paucity of data it might seem reasonable to regularize PCA. This might indeed help 
the authors in more categorically identifying the loading vectors. As the authors are no doubt aware, 
unregularized algorithms will assign non-zero entries to every coeffiecient to soak up as much 
variance as it can. Since data is limited I believe a regularization based analysis would bolster the 
statistical claims the authors make. 
 
Fig1: A suggestion, perhaps beyond the context of this paper, is to consider a manifold learning 
approach. This would be a nonlinear attempt at explaining the variance. This might indeed reveal 
more decomposable features. I could recommend either an isomer approach or an auto encoder. 
Again, if the authors decide that this is beyond the scope of this paper then perhaps this suggestion 
should be taken as something for a future study. My rationale for this again being the standard 
linearity assumption inherent to PCA, and their orthogonality, can raise many issues. Perhaps before 
going fully nonlinear the authors, for the sake of this paper, could attempt Non-negative matrix 
factorization (NMF) where you know to look for 3 features. This approach would at least respect the 
posivitivyt of the data and NMF gives features that aren't orthogonal. This might help interpretation. 
 
Figure 2: Why not do a sliding window for days rather than blocks? This way you can leverage the 



 

 
 
 

data to its max 
 
Fig2: I think the authors should make a stronger case for themselves. At all ages the constraints are 
present but their quantitative features evolve. This might be lost on the non technical reader that might 
interpret the language as saying "sometimes there are constraints, sometimes there aren't". The result 
really is that there are always constraints, at all ages, but its quantitative features evolve. This should 
not be lost on the non-mathematically oriented reader. Perhaps the authors at this point can suggest 
would might be the cause of this quantitative variation in constraint traits? 
 
Fig2: If one did PCA on all the 3-17 day data do you recover similar PCs with one of them now 
correlating with time? Said another way, when you do PCA on the temporal ensemble vs a fixed day 
ensemble do you see quantitatively similar features or rather different? Said yet another way, does 
the intraday variance line up with the interday variance? There is good reason to think this since cysts 
live in their own world, and need not abide by our counting of days. Hence the variance at a given day 
should account for some of the temporal variance you see. 
 
Fig4: The expectation of additivity is something that one can only anticipate to hold in the perturbative 
limit. More technically, superposition is a consequence of a linear theory. Said more plainly, one 
should only expect approximate additivity if the drug dose is small. Meaning small amount of one drug 
+ small amount of other drug should even be anticipated to give an additive phenotypic effect. Large 
doses probe nonlinear response and all bets are off. So I believe the straw man that is constructed 
here is made of too much straw. 
 
 
 
 

Authors’ response to the reviewers’ first round comments  
Attached. 
 
 
 

Editorial decision letter with reviewers’ comments, second round of review 

Dear Arjun, 
  
I'm very pleased to let you know that we now have the feedback we need on your revised manuscript, 
the peer-review process is complete, and only a few minor, editorially-guided changes are needed to 
move forward towards publication. Reviewers 2 and 3 were unable to review the revised version of 
the manuscript, but Reviewer 1 kindly agreed to look through your responses to Reviewer 2's 
concerns and to give broad feedback on the revised manuscript. We are also satisfied with your 
revisions in response to Reviewer 3.  

I’ve made some suggestions about your manuscript within the “Editorial Notes” section, below. Please 
consider my editorial suggestions carefully, ask any questions of me that you need, make all 
warranted changes, and then upload your final files into Editorial Manager.  We hope to receive your 



 

 
 
 

files within 5 business days, but we recognize that the COVID-19 pandemic may challenge and 
limit what you can do.  Please email me directly if this timing is a problem or you're facing 
extenuating circumstances.  

As you look forward to acceptance, please do consider submitting one of the protocols you've 
developed in this paper to STAR Protocols, or extending this offer to one of your trainees. STAR 
Protocols is geared towards trainees and its key purpose is to provide complete and consistent 
instructions for how to conduct reproducible experiments.  If you have any questions, please 
email starprotocols@cell.com. 

I'm looking forward to going through these last steps with you. Although we ask that our editorially-
guided changes be your primary focus for the moment, you may wish to consult our FAQ (final 
formatting checks tab) to make the final steps to publication go more smoothly.  More technical 
information can be found below my signature, and please let me know if you have any questions.  
  
All the best, 

Bernadett 

Bernadett Gaal, DPhil 
Editor-in-Chief, Cell Systems 

 

  
Editorial Notes 

Transparent Peer Review:  Thank you for electing to make your manuscript’s peer review process 
transparent.  As part of our approach to Transparent Peer Review, we ask that you add the following 
sentence to the end of your abstract: “A record of this paper’s Transparent Peer Review process is 
included in the Supplemental Information.” Note that this doesn't count towards your 150 word total! 

Also, if you've deposited your work on a preprint server, that's great!  Please drop me a quick email 
with your preprint's DOI and I'll make sure it's properly credited within your Transparent Peer Review 
record. 

Figures and Legends:   

Please look over your figures keeping the following in mind:  

• Please ensure that every time you have used a graph, you have defined "n's" specifically and 
listed statistical tests within your figure legend. 

• Please ensure that if you include representative images within your figures, a "representative 
of XXX individual cells"-type statement is made in the legend.   

STAR Methods:   



 

 
 
 

Please note that the STAR Methods section should be structured and the order of sections should 
follow the guidance outlined in the guidelines here.   

Note that Cell Press has recently changed the way it approaches "availability" statements for the sake 
of ease and clarity.  Please revise the first section of your STAR Methods as follows, noting that the 
particular examples used might not pertain to your study.  Please consult the STAR Methods 
guidelines for additional information. I think you may find the guidelines here particularly helpful.  

RESOURCE AVAILABILITY 

Lead Contact: Further information and requests for resources and reagents should be directed 
to and will be fulfilled by the Lead Contact, Jane Doe (janedoe@qwerty.com). 

Materials Availability: This study did not generate new materials. -OR- Plasmids generated in 
this study have been deposited at [Addgene, name and catalog number]. -OR- etc. 

Data and Code Availability:  

• Source data statement (described below) 
• Code statement (described below) 
• Any additional information required to reanalyze the data reported in this paper is 

available from the lead contact upon request.    

Data and Code Availability statements have three parts and each part must be present.  Each 
part should be listed as a bullet point, as indicated above.  

Instructions for section 1: Data. The statements below may be used in any number or combination, 
but at least one must be present. They can be edited to suit your circumstance. Please ensure that all 
datatypes reported in your paper are represented in section 1.  For more information, please 
consult this list of standardized datatypes and repositories recommended by Cell Press.  

• [Standardized datatype] data have been deposited at [datatype-specific repository] and are 
publicly available as of the date of publication. Accession numbers are listed in the key 
resources table.  

• [Adjective] data have been deposited at [general-purpose repository] and are publicly 
available as of the date of publication. DOIs are listed in the key resources table.  

• This paper analyzes existing, publicly available data. These accession numbers for the 
datasets are listed in the key resources table. 

• [Adjective or all] data reported in this paper will be shared by the lead contact upon request. 

Instructions for section 2: Code. The statements below may be used in any number or 
combination, but at least one must be present. They can be edited to suit your circumstance. If you 
are using GitHub, please follow the instructions here to archive a “version of record” of your 



 

 
 
 

GitHub repo at Zenodo, then report the resulting DOI.  Additionally, please note that the Cell 
Systems strongly recommends that you also include an explicit reference to any scripts you 
may have used throughout your analysis or to generate your figures within section 2. 

• All original code has been deposited at [repository] and is publicly available as of the date of 
publication. DOIs are listed in the key resources table.  

• All original code is available in this paper’s supplemental information. 

• This paper does not report original code.  

Instructions for section 3.  Section 3 consists of the following statement: Any additional information 
required to reanalyze the data reported in this paper is available from the lead contact upon request. 

In addition,  

STAR Methods follows a standardized structure. Please reorganize your experimental procedures to 
include these specific headings in the following order: LEAD CONTACT AND MATERIALS 
AVAILABILITY (including the three statements detailed above); EXPERIMENTAL MODEL AND 
SUBJECT DETAILS (when appropriate); METHOD DETAILS (required); QUANTIFICATION AND 
STATISTICAL ANALYSIS (when appropriate); ADDITIONAL RESOURCES (when appropriate). We’re 
happy to be flexible about how each section is organized and encourage useful subheadings, but the 
required sections need to be there, with their headings. They should also be in the order 
listed.  Please see the STAR Methods guide for more information or contact me for help.  

Please ensure that the standardized datasets  generated in this paper has been archived in at least 
one datatype-specific repository recommended by Cell Press (e.g. GEO, PRIDE, etc.).  If your data 
are not standardized, we recommend that you deposit them in a general purpose repository 
recommended by Cell Press.  Please provide your datasets' accession numbers/DOIs in Deposited 
Data section of the Key Resources Table.  Thank you! 

Please ensure that original code has been archived in a general purpose repository recommended by 
Cell Press and that its DOI is provided in the Software and Algorithms section of the Key Resources 
Table.  If you’ve chosen to use GitHub, please follow the instructions here to archive a “version of 
record” of your GitHub repo at Zenodo, complete with a DOI.  Thank you! 

Currently, you don't have a Key Resources Table (KRT).  Note that the key resources table is 
required for manuscripts with an experimental component, and if a purely computational manuscript 
links to any external datasets (previously published or new), code-containing websites (e.g. a GitHub 
repo, noting that DOIs are strongly preferred), or uses non-standard software, it needs to include a 
key resources table that details these aspects of the paper. Purely computational or theoretical papers 
that don’t contain any external links and use standard software don’t require a key resources table, 
although you’re welcome to include one if you like.  For details, please refer to the Table Template or 
feel free to ask me for help. 

Thank you! 



 

 
 
 

 
Reviewer comments: 
 
Reviewer #1: The addition of intestinal organoids (or enteroids) as a 2nd, independent data set 
significantly expands the scope of the manuscript, and also the interest of potential readers in the 
manuscript. At the same time, it does not unnecessarily expand the length of the manuscript and is 
therefore a very constructive addition (and addresses the reviewers comments/suggestions 
directlymore complex ). IN essence, it does not add any novel morphologies, or phenotypes, to the full 
picture, and researchers from the field of cancer research - often facing issues such as invasive 
phenotypes displayed by organoids - may find the software less appealing or useful for this reason 
alone. But I take it that the focus of the manuscript is not on this issue, and thats acceptable. The 
authors also address this issue in the text: more complex organoid cultures/systems will show a 
higher degree of dimensionality and non-linearity and will require more complex solutions. 
 
This probably also aplies to applications in high content drug screening. The scope of the manuscript 
concerning different types of drugs, and mechanisms of actions with different outcome (beyond 
proliferation of organoids increasing their size) is limited, but it is acceptable as it will be impossible to 
address everything under the sun, when it comes to different morphologies that can be observed with 
organoids. In this regard, it is very positive for the scope of the paper that drug treatments were added 
that essentially change the actin cytoskeleton functions, with direct consequences for cell- and 
therefore organoid shapes. I am pleased the authors have picked up this specific suggestion of the 
reviewer as this has been beneficial also for a number of other, older studies related to the phenotypic 
analysis of organoids. It is therfore to be considered (in my opinion) as a standard set of compounts 
that adds a certain level of different mechanisms impacting on organoid integrity, shape, size and 
textures... potentially all at once. The authors have then also brought this in context with the HGF 
signalling discussed in the 1st bversion of the manuscript, which again expands the necessary 
biological and physiological scope of the fetures addressed here. And again, I believe this will not only 
make readers more confident into the presented analytical methods, it will also increase how often 
this manuscript will be refered/cited by others. Which should be in the interest of both the authors and 
the journal. 
 
 
 
 

 



5HYLHZHU��

,�IXOO\�DJUHH�ZLWK�WKH�DXWKRUV�WKDW�WKH�TXHVWLRQ�RI�GLPHQVLRQDOLW\�LQ�RUJDQRLGV�PD\�QRW�KDYH�EHHQ�FRYHUHG�WR�IXOO
VDWLVIDFWLRQ�SUHYLRXVO\��DQG�WKXV�UHSUHVHQWV�D�UHVWULFWLRQ�RI�ERWK�RXU�NQRZOHGJH�DQG�SRVVLELOLWLHV�IRU
LQYHVWLJDWLQJ�WKHLU��IXQFWLRQDO�VSDFH���)RU�H[DPSOH��WKLV�ZRXOG�EH�FULWLFDO�WR�LPSOHPHQW�RUJDQRLGV�IRUPHG�E\
QRQ�WUDQVIRUPHG�FHOO�OLQHV�OLNH�0'&.�FHOOV�DV�D�YDOXDEOH�DVVD\V�IRUPDW�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�VPDOO
PROHFXOH�LQKLELWRUV�RQ�IXQGDPHQWDO�SURFHVVHV�OLNH�PRUSKRJHQHVLV��$VVXPLQJ��WKDW�IRUP�IROORZV�IXQFWLRQ�DQG
PRUSKRORJLHV�UHIOHFW�LQWULQVLF�GLIIHUHQWLDWLRQ�SURJUDPV�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKHLU�HQWKXVLDVP�IRU�RXU�ZRUN�

2QH�RI�WKH�REYLRXV�UHVWULFWLRQV�RI�WKLV�DUWLFOHV�UHODWHV�WR�WKH�OLNHO\�UHVWULFWHG�IXQFWLRQDO�GLIIHUHQWLDWLRQ�SRWHQWLDO�RI
0'&.�FHOOV��7KHVH�DUH�OLNHO\�WR�EH�YHU\�VSHFLILF�IRU�WKLV�FHOO�OLQH��5LJKW"�:H�GR�QRW�NQRZ�WKLV�IRU�VXUH������7KH
REVHUYHG��VWULNLQJ�KRPRJHQHLW\�RI�RUJDQRLGV�DFLQL�IRUPHG�SRVVLEO\�UHIOHFWV�WKH�ODFN�RI�KHWHURJHQHLW\�LQ�WKLV
VSHFLILF�FHOO�OLQH�KDV�FRQWULEXWHG�WR�WKH�UDWKHU�XQLIRUP�IHDWXUHV�IRUPHG�LQ��'�FXOWXUHV��7KLV��KRZHYHU��PD\�EH�D
VSHFLDO�IHDWXUH�RI�0'&.�FHOOV��DQG�PD\�QRW�QHFHVVDULO\�DSSO\�IRU�RWKHU�FHOO�OLQHV��7KXV��PDQ\�RI�WKH
FRQFOXVLRQV�PD\�EH�RI�OLPLWHG�YDOXH��DV�FHOOXODU�KHWHURJHQHLW\�DQG�FRPSRVLWLRQ�LV�DFWXDOO\�D�FRPPRQ�IHDWXUH
REVHUYHG�LQ�PDQ\�ZLGHO\�XVHG�FHOO�OLQHV���ZKLFK�DOVR�IRUP�FLUFXODU�KROORZ�RUJDQRLGV��7KLV�LV�QRW�HYHQ
FRQVLGHULQJ�WKH�FRPSOH[�PRUSKRORJLHV�IRUPHG�E\�JDVWURLQWHVWLQDO�FHOOV��EXW�HYHQ�SULPDU\�EUHDVW�RU�SURVWDWH
HSLWKHOLDO�FHOOV�VKRZ�PRUH�KHWHURJHQHLW\�LQ�WKH�RUJDQRLGV�WKH\�IRUP�

7KH�PRUSKRORJ\�RI�WKHVH�HTXDOO\�URXQGHG�RUJDQRLGV�PD\�WKXV�UHIOHFW�WKH�LQWULQVLF�ELRORJLFDO�GLIIHUHQFHV
EHWZHHQ�FHOO�SRSXODWLRQV�DQG�WKHLU�YDULDEOH�GLIIHUHQWLDWLRQ�SRWHQWLDO��W\SLFDOO\�D�VSHFWUXP�RI�IHDWXUHV�LV
REVHUYHG��7KH�VDPH�DSSOLHV�IRU�PDQ\�HSLWKHOLDO�WXPRXU�OLQHV���VKRZLQJ�PRUH�UHVWULFWHG�RUJDQRLG�IRUPDWLRQ
SURFHVVHV�WKDQ�SULPDU\�FHOOV�H�J��IURP�WKH�JXW�DQG�ZKLFK�PD\�\HW�EH�PRUH�FRPSOH[�WKDQ�0'&.�FHOOV��$V�D
FRQVHTXHQFH��WKH�PRUSKRORJLHV�IRUPHG�LQ�RWKHU�HSLWKHOLDO�OLQHDJH�FHOOV�RU�FHOO�OLQHV�PD\�YHU\�ZHOO�VKRZ�YHU\
GLIIHUHQW�GLPHQVLRQDOLW\��6R�,�DP�QRW�HQWLUHO\�FRQYLQFHG�WKDW��RXU�UHVXOWV�GHPRQVWUDWH�D�JHQHUDO�VWUDWHJ\�IRU
GHWHUPLQLQJ�WKH�ZD\V�LQ�ZKLFK�RUJDQRLG�PRUSKRORJLHV�DUH�HLWKHU�FRQVWUDLQHG�RU�IUHH�WR�YDU\��

7KH�UHYLHZHU�KDV�EURXJKW�XS�D�JUHDW�SRLQW�DERXW�WKH�SRWHQWLDO�OLPLWDWLRQV�RI�WKH�0'&.�PRGHO�DQG
FRQVHTXHQWO\�WKH�SRWHQWLDO�ODFN�RI�JHQHUDOLW\�RI�RXU�FRQFOXVLRQV��7R�DGGUHVV�WKLV�FRQFHUQ��ZH�REWDLQHG�D
YHU\�ODUJH�GDWDVHW�RQ�VPDOO�LQWHVWLQH�RUJDQRLGV��HQWHURLGV��IURP�3ULVFD�/LEHUDOL¶V�UHFHQW�ZRUN��/XNRQLQ
HW�DO��1DWXUH��������DQG�VXEMHFWHG�WKRVH�GDWD�WR�D�VLPLODU�DQDO\VLV�DV�ZH�KDG�GRQH�IRU�RXU�RZQ�0'&.
GDWD��(QWHURLGV�JURZ�IURP�FHOOV�ZLWK�YDULDEOH�GLIIHUHQWLDWLRQ�SRWHQWLDO�DQG�H[KLELW�FRQVLGHUDEOH
PRUSKRORJLFDO�YDULDELOLW\�LQ�ERWK�WKHLU�VKDSH�DQG�FHOO�W\SHV��ZKLFK�PDNHV�WKHP�DQ�LGHDO�V\VWHP�IRU
IXUWKHU�WHVWLQJ�RXU�IUDPHZRUN��:H�IRXQG�WKDW�WKH�QXPEHU�RI�FHOOV�LQFUHDVHV�OLQHDUO\�ZLWK�HQWHURLG�DUHD�
ZKLFK�ZH�DOVR�IRXQG�WR�EH�WUXH�IRU�0'&.�F\VWV��:H�DOVR�IRXQG�WKDW�VSHFLILF�FHOO�W\SHV�DOVR�LQFUHDVH
OLQHDUO\�ZLWK�HQWHURLG�DUHD��DQG�WKDW�YDULRXV�VPDOO�PROHFXOH�SHUWXUEDWLRQV�FRXOG�VKLIW�WKH�H[DFW�QDWXUH
�VORSH�RU�LQWHUFHSW��RI�WKLV�UHODWLRQVKLS��2YHUDOO��ZH�WKLQN�WKH�DGGLWLRQ�RI�WKHVH�GDWD�KDV�JUHDWO\
H[SDQGHG�WKH�VFRSH�RI�RXU�ZRUN�DQG�LWV�UDQJH�RI�DSSOLFDELOLW\��DQG�ZH�WKDQN�WKH�UHYLHZHU�IRU�WKH
VXJJHVWLRQ��,Q�DGGLWLRQ��ZH�KDYH�H[SDQGHG�RQ�WKH�SRVVLEOH�OLPLWDWLRQV�RI�RXU�DSSURDFK�LQ�WKH�'LVFXVVLRQ
�VHH�EHORZ��

:H�IRFXVHG�SULPDULO\�RQ�0'&.�F\VWV�IRU�RXU�SURRI�RI�FRQFHSW�EHFDXVH�RI�WKHLU�VLPSOLFLW\��ERWK
PRUSKRORJLFDOO\�DQG�LQ�WHUPV�RI�WKH�QXPEHU�RI�FHOO�W\SHV�LQYROYHG��LQ�WKLV�FDVH��MXVW�RQH�FHOO�W\SH���:H
DOVR�DSSOLHG�RXU�PHWKRGRORJ\�WR�WKH�PRUH�FRPSOH[�HQWHURLG�V\VWHP�WKDW�KDV�VHYHUDO�FHOO�W\SHV�WKDW
LQWHUDFW�LQ�YDULRXV�ZD\V��KRZHYHU��WKH�IHDWXUH�VHW�DYDLODEOH�IRU�HDFK�HQWHURLG�ZDV�UHODWLYHO\�OHVV�ULFK�GXH
WR�WKH�FRPSOH[LWLHV�RI�TXDQWLI\LQJ�WKRVH�IHDWXUHV�LQ�D�FRPSOH[�WKUHH�GLPHQVLRQDO�VHW�RI�FHOOV� :H�KDYH
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GHPRQVWUDWHG��LQ�SULQFLSOH��WKDW�RXU�DSSURDFK�FDQ�GHWHUPLQH�WKH�ZD\V�LQ�ZKLFK�RUJDQRLG
PRUSKRORJLHV�DUH�HLWKHU�FRQVWUDLQHG�RU�IUHH�WR�YDU\��+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�PRUH
FRPSOH[�RUJDQRLG�V\VWHPV�PD\�KDYH�KLJKHU�GHJUHHV�RI�GLPHQVLRQDOLW\�DQG�QRQ�OLQHDULWLHV�WKDW
PD\�UHTXLUH�PRUH�VRSKLVWLFDWHG�DSSURDFKHV�DQG�DQDO\VHV��,W�ZLOO�EH�LQWHUHVWLQJ�LQ�WKH�IXWXUH�WR
DSSO\�WKLV�IUDPHZRUN�WR�VXFK�RUJDQRLGV�WR�VHH�ZKDW�FRQVWUDLQWV�DUH�REH\HG��DV�ZHOO�DV�WR�PDS
WKH�UHODWLRQVKLS�EHWZHHQ�DQ�RUJDQRLG¶V�PRUSKRORJLFDO�FRQVWUDLQWV�WR�DQ�RUJDQRLG¶V�IXQFWLRQDO
FKDUDFWHULVWLFV�

,Q�DGGLWLRQ��E\�H[SDQGLQJ�WKH�VFRSH�WR�VLPLODU�EXW�VWLOO�GLIIHUHQW��DGGLWLRQDO�FHOO�OLQHV��RQH�GRHV�QRW�ULVN�WR
GHYHORS�D�VRPHZKDW�UHVWULFWHG�SUDFWLFDO�YDOXH�IRU�RWKHU�UHVHDUFKHUV��([SDQGLQJ�WKH�VFRSH�WR�DW�OHDVW�RQH�RU�D
IHZ�DGGLWLRQDO�FHOO�OLQHV�ZRXOG�JHQHUDWH�D��PRUH�FRQYLQFLQJ�GDWD�ZKDWHYHU�WKHVH�FRQFOXVLRQV�ZRXOG�EH��E��UDLVH
WKH�JHQHUDO�LQWHUHVW�IRU�UHDGHUV�LQ�WKLV�ILHOG�RI�VFLHQFH��DQG�F��LQFUHDVH�WKH�GHSWKV�RI�ELRORJLFDO�LQVLJKWV�WKDW�FDQ
EH�GUDZQ�IURP�WKHVH�REVHUYDWLRQV�

7KH�UHYLHZHU�KDV�PDGH�D�JUHDW�SRLQW�WKDW�WKH�XVH�RI�DGGLWLRQDO�V\VWHPV�FRXOG�KHOS�H[SDQG�WKH
JHQHUDOLW\�RI�RXU�ILQGLQJV��$V�KLJKOLJKWHG�DERYH��ZH�KDYH�QRZ�LQFOXGHG�DQ�HQWLUHO\�GLIIHUHQW�RUJDQRLG
V\VWHP�LQ�RXU�SDSHU��HQWHURLGV���ZKLFK�ZH�WKLQN�ZLOO�PDNH�RXU�ZRUN�PRUH�SUDFWLFDOO\�UHOHYDQW�IRU�D
EURDGHU�VHW�RI�UHVHDUFKHUV��,Q�WHUPV�RI�WKH�XVH�RI�DGGLWLRQDO�FHOO�OLQHV�VSHFLILFDOO\��WKHUH�DUH�QR�SDUWLFXODU
RWKHU�FHOO�OLQHV�ZLWK�DQ�RULJLQ�DQG�EHKDYLRU�VLPLODU�WR�0'&.�FHOOV��LQGHHG��WKHUH�DUH�RWKHU�0'&.�FHOO
OLQHV��EXW�WKH\�GR�QRW�IRUP�F\VWV���1HYHUWKHOHVV��ZH�KRSH�WKH�XVH�RI�HQWHURLGV�LQ�RXU�PDQXVFULSW
DOOHYLDWHV�WKH�UHYLHZHU¶V�FRQFHUQV�DERXW�JHQHUDOLW\�

7KH�DXWKRUV�FRPH�FORVHVW�WR�WKHVH�LPSRUWDQW�ELRORJLFDO�TXHVWLRQV�LQ�WKH�FRPSRXQG�VFUHHQV��DQG�VHOHFWHG
GUXJ�JURZWK�IDFWRU�WUHDWPHQWV��DOWKRXJK�HYHQ�WKHVH�VKRZ�WKDW�LQ�PRVW�FDVHV��0'&.�RUJDQRLGV�VKRZ�UDWKHU
XQLIRUP�PRUSKRORJLHV�DQG�UHVWULFWHG�PRUSKRPHWULF�GLPHQVLRQDOLW\��$JDLQ��PD\EH�WKLV�LV�VLPSO\�D�FKDUDFWHULVWLF
RI�0'&.�FHOOV�WKDW�PD\�RU�PD\�QRW�DSSO\�IRU�RWKHU�FHOO�W\SHV�DQG�RUJDQRLGV�

:H�DSSUHFLDWH�WKH�UHYLHZHU¶V�SRLQW�DERXW�WKH�UHODWLYH�VLPSOLFLW\�RI�0'&.�F\VWV��$V�PHQWLRQHG��ZH�KDYH
QRZ�LQFOXGHG�GDWD�IURP�DQ�HQWLUHO\�QHZ�DQG�FRQVLGHUDEO\�PRUH�FRPSOH[�RUJDQRLG�V\VWHP��HQWHURLGV
�VPDOO�LQWHVWLQH�RUJDQRLGV���:KLOH�HQWHURLGV�FHUWDLQO\�KDYH�PRUH�ZD\V�LQ�ZKLFK�WKHLU�PRUSKRORJ\�PD\
YDU\��ZH�QRQHWKHOHVV�IRXQG�WKDW�WKH\�REH\HG�VLPLODU�FRQVWUDLQWV�WR�0'&.�F\VWV��)RU�H[DPSOH��LQ�ERWK
V\VWHPV��WKH�QXPEHU�RI�FHOOV�VFDOHG�VWURQJO\�ZLWK�WKH�VL]H�RI�WKH�F\VW�RUJDQRLG��8VLQJ�WKH�/LEHUDOL�ODE¶V
VFUHHQ�GDWD��ZH�ZHUH�DOVR�DEOH�WR�VKRZ�WKDW�WKHVH�FRQVWUDLQWV�DUH�RIWHQ�FRQVHUYHG��HYHQ�XSRQ
SHUWXUEDWLRQ��:H�EHOLHYH�WKHVH�DGGLWLRQDO�GDWD�SURYLGH�IXUWKHU�VXSSRUW�IRU�WKH�JHQHUDOLW\�RI�RXU
DSSURDFK�

7KH�ILQGLQJV�VKRZQ�LQ�)LJ����DUH�LQWHUHVWLQJ��QHYHUWKHOHVV��+RZHYHU��P\�JXHVV�ZRXOG�EH�WKDW�PRVW�RI�WKH
HIIHFWV�REVHUYHG�PRUH�RU�OHVV�GLUHFWO\�UHODWHG�WR�DOWHUHG�FHOO�SUROLIHUDWLRQ��ZKLFK�QDWXUDOO\�DIIHFWV�RUJDQRLG�VL]H�
DQG�DOVR�PRUSKRORJLHV��7KHUH�VHHP�WR�EH�IHZ�FRPSRXQGV�WKDW�DIIHFW�PRUSKRJHQHVLV�LQGHSHQGHQW�RI�FHOO
SUROLIHUDWLRQ"��&DQ�WKH�DXWKRUV�GLVFXVV�WKLV�LVVXH"��

:H�WKDQN�WKH�UHYLHZHU�IRU�WKHLU�LQWHUHVW�LQ�RXU�ILQGLQJV��7KH\�DOVR�UDLVH�DQ�H[FHOOHQW�SRLQW�DERXW�ZKHWKHU
WKH�FHOO�SUROLIHUDWLRQ�LV�WKH�XQGHUO\LQJ�LQWHUPHGLDWH�EHWZHHQ�WKH�SHUWXUEDWLRQV�DQG�RUJDQRLG�VL]H��ZKLFK
ZH�QRZ�GLVFXVV�LQ�WKH�SDSHU��2I�WKH���SHUWXUEDWLRQV�ZH�FKRVH����KDG�VRPH�UHODWLRQVKLS�WR�SUROLIHUDWLRQ�
ZKHUHDV�WKH�RWKHU�WKUHH�WDUJHWHG�+'$&��D�VHURWRQLQ�UHFHSWRU�FODVV��DQG�QXFOHDU�H[SRUW��:KLOH�VRPH�RI
WKHVH�SHUWXUEDWLRQV�XQGRXEWHGO\�DIIHFW�SUROLIHUDWLRQ��DQG�WKDW�PD\�EH�WKH�PHFKDQLVP�E\�ZKLFK�RUJDQRLG
PRUSKRORJ\�ZDV�DIIHFWHG��LW�LV�DOVR�WKH�FDVH�WKDW�PDQ\�FRPSRXQGV�WKDW�SUREDEO\�DIIHFWHG�SUROLIHUDWLRQ
LQ�RXU�VFUHHQ�HOLFLWHG�QR�HIIHFW��VR�SUROLIHUDWLRQ�DORQH�FDQQRW�EH�WKH�VROH�GHWHUPLQDQW�RI�FKDQJHV�LQ

�



RUJDQRLG�VL]H�DQG�PRUSKRORJ\��:H�KDYH�QRZ�DGGHG�VRPH�GLVFXVVLRQ�RI�WKLV�SRLQW�WR�WKH�UHOHYDQW
VHFWLRQ�RI�WKH�UHVXOWV��VHH�EHORZ���:H�DOVR�VDZ�VLPLODU�REH\LQJ�RI�FRQVWUDLQWV�XSRQ�SHUWXUEDWLRQ�LQ�WKH
LQWHVWLQDO�RUJDQRLG�GDWD�WKDW�ZH�KDYH�QRZ�DQDO\]HG��)LJ������VXJJHVWLQJ�WKDW�VXFK�EHKDYLRU�LV�XQLYHUVDO�
$OVR��ZH�ZRXOG�OLNH�WR�KLJKOLJKW�WKDW�RXU�VWXG\�LV�SULPDULO\�IRFXVHG�RQ�LGHQWLILFDWLRQ�RI�WKH�FRQVWUDLQWV�DV
D�³JUDPPDU´�IRU�RUJDQRLG�PRUSKRORJLHV��7KH�PHFKDQLVPV�WKDW�PD\�XQGHUOLH�WKRVH�FRQVWUDLQWV�DUH
XQGRXEWHGO\�RI�PDMRU�LQWHUHVW��EXW�DW�WKLV�SRLQW��ZH�FDQ�RQO\�VSHFXODWH�RQ�WKHP�

:H�IXUWKHU�PDQXDOO\�JURXSHG�KLWV�IRU�VPDOOHU�DQG�ODUJHU�F\VWV�DFFRUGLQJ�WR�WKHLU�WDUJHWV��6XSS��7DEOH
������:H�VHOHFWHG�IRXU�GUXJV�IURP�RXU�OLVW�RI�KLWV�IURP�WKH�VFUHHQ�WKDW�LQFUHDVHG�F\VW�VL]H�IURP�JURXSV
WDUJHWLQJ�PDPPDOLDQ�WDUJHW�RI�UDSDP\FLQ��DXURUD�NLQDVH��SKRVSKRGLHVWHUDVH��DQG�VHURWRQLQ��6LPLODUO\�
ZH�VHOHFWHG�WKUHH�GUXJV�WKDW�PDGH�F\VWV�VPDOOHU�IURP�JURXSV�WDUJHWLQJ�HSLGHUPDO�JURZWK�IDFWRU
UHFHSWRU��KLVWRQH�GHDFHW\ODVHV��DQG�H[SRUWLQ����*LYHQ�WKH�UHODWLYHO\�VPDOO�QXPEHU�RI�IDFWRUV�ZH�ZHUH
DEOH�WR�ULJRURXVO\�WHVW��ZH�GLG�QRW�SHUIRUP�HQULFKPHQW�DQDO\VLV�RQ�WKH�FDWHJRULHV�RI�IDFWRUV�WKDW�FDPH
XS�DV�WDUJHWV�RI�RXU�GUXJ�VFUHHQ��:H�DGGLWLRQDOO\�XVHG�WKH�IROORZLQJ�SHUWXUEDWLRQV�ZH�WKRXJKW�OLNHO\�WR
FKDQJH�0'&.�F\VW�PRUSKRORJ\�EDVHG�RQ�WKH�OLWHUDWXUH��LGHODOLVLE��RUDWLQLE��<��������16&�������DQG
EOHEELVWDWLQ��:H�SODWHG�0'&.�FHOOV�WR�IRUP�F\VWV��LPPHGLDWHO\�DGGHG�WKHVH�GUXJV�DW�D�UDQJH�RI
FRQFHQWUDWLRQV��DQG�WKHQ�JUHZ�WKH�F\VWV�IRU���GD\V��7DEOH�����$GGLWLRQDOO\��ZH�WHVWHG�WZR�QRQ�GUXJ
SHUWXUEDWLRQV��FHOO�VHHGLQJ�GHQVLW\��E\�FXOWXULQJ�0'&.�F\VWV�ZLWK�D�KLJKHU�LQLWLDO�FHOO�GHQVLW\��DQG�GLOXWH
0DWULJHO��:H�WKHQ�IL[HG��VWDLQHG��DQG�LPDJHG�WKH�SHUWXUEHG�F\VWV�DV�GHVFULEHG�DERYH��DIWHU�ZKLFK�ZH
PHDVXUHG�WKH�VDPH�VHW�RI�PRUSKRORJLFDO�IHDWXUHV��)LJ���%�&���:H�IRXQG�WKDW�WKH�VFUHHQ�KLWV�WKDW�ZH
H[SHFWHG�WR�PDNH�F\VWV�VPDOOHU�GLG�LQGHHG�OHDG�WR�VPDOOHU�F\VWV��EXW�QRQH�RI�WKH�RQHV�SUHGLFWHG�WR
PDNH�WKHP�ODUJHU�GLG�VR��:H�IRXQG�WKDW�LQFUHDVHG�VHHGLQJ�GHQVLW\�QRU�GLOXWH�0DWULJHO�KDG�QR�HIIHFW�RQ
WKH�VL]H�RI�WKH�F\VWV� 1RWH�WKDW�PDQ\�RI�WKH�KLWV IURP�WKH�VFUHHQ�WDUJHWHG�SUROLIHUDWLRQ��VXJJHVWLQJ
WKDW�SHUKDSV�HIIHFWV�RQ�VL]H�ZHUH�D�QHFHVVDU\�FRQVHTXHQFH�RI�FKDQJHV�WR�SUROLIHUDWLYH�FDSDFLW\�
+RZHYHU��PDQ\�RWKHU�GUXJV�LQ�WKH�VFUHHQ�DOVR�WDUJHWHG�SUROLIHUDWLRQ�EXW�KDG�QR�HIIHFW�RQ�F\VW
VL]H��DUJXLQJ�DJDLQVW�WKLV�SRVVLELOLW\�

7KXV��LQ�P\�RSLQLRQ�WKH�ELRORJLFDO�RU�HYHQ�ELRFKHPLFDO�UHOHYDQFH�RI�WKH�ILQGLQJV�FRXOG�EH�LPSURYHG�E\�XVLQJ
HLWKHU�JHQHWLF�RU�ELRFKHPLFDO�SHUWXUEDWLRQV�WKDW�DUH�NQRZQ�WR�DIIHFW�DQG�GLVWXUE�RU�HYHQ�EORFN�DFLQDU
GLIIHUHQWLDWLRQ��IRU�H[DPSOH�52&.�LQKLELWRUV��5KR�5DF�LQKLELWRUV��RU�LQKLELWRUV�DIIHFWLQJ�WKH�FRUWLFDO�DFWLQ
F\WRVNHOHWRQ�IRUPDWLRQ��0RVW�RI�WKH�KLWV�DUH��XVXDO�VXVSHFWV��DIIHFWLQJ�SUROLIHUDWLRQ�SURPRWLQJ�DQG
GLIIHUHQWLDWLRQ�EORFNLQJ�SDWKZD\V�VXFK�DV�3,�.LQDVH��$.7�DQG�P725�VLJQDOOLQJ��DOPRVW�QRQH�RI�WKHP�DIIHFW
PRUSKRJHQHWLF�SURFHVVHV�RU�DFWLQ�F\WRVNHOHWRQ�ZKLFK�KDYH�GLUHFW�HIIHFWV�RQ�PRUSKRJHQHVLV���RIWHQ�ZLWKRXW
DIIHFWLQJ�SUROLIHUDWLRQ�DQG�JURZWK��7KXV��,�EHOLHYH�WKH�YDOXH�RI�WKHVH�ELRFKHPLFDO�SHUWXUEDWLRQV�FRXOG�EH
LPSURYHG�E\�LQFUHDVLQJ�QRW�WKH�VL]H�RI�WKH�VFUHHQ�OLEUDU\��EXW�E\�KDQG�SLFNLQJ�FRPSRXQGV�WKDW�DIIHFW�WKHVH
PRUSKRPHWULF�SURFHVVHV�PHQWLRQHG�DERYH�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKH�JUHDW�VXJJHVWLRQ�RI�ORRNLQJ�DW�WKHVH�RWKHU�SDWKZD\V�WR�SHUWXUE�WKDW�DUH
LQGHSHQGHQW�RI�SUROLIHUDWLRQ��)ROORZLQJ�WKHLU�VXJJHVWLRQ��ZH�SHUWXUEHG�0'&.�F\VWV�ZLWK�GUXJV�WKDW
LQKLELW�52&.��<���������5DF��16&���������DQG�P\RVLQ�,,��EOHEELVWDWLQ���:H�IRXQG�WKDW�<������
FKDQJHG�DOO�WKUHH�FRQVWUDLQWV�RQ�WKH�QXPEHU�RI�FHOOV��FHOO�VL]H��DQG�QXPEHU�RI�OXPHQV��ZKLOH�
EOHEELVWDWLQ�FKDQJHG�RQO\�WKH�FRQVWUDLQWV�RQ�QXPEHU�DQG�FHOO�VL]H��DQG�16&�������FKDQJHG�RQO\�WKH
FRQVWUDLQW�RQ�FHOO�VL]H��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKHVH�TXDOLWDWLYHO\�GLIIHUHQW�SHUWXUEDWLRQV�FDQ�KDYH
WKH�VDPH�HIIHFWV�RQ�FRQVWUDLQWV�DV�WKH�SHUWXUEDWLRQV�ZH�XVHG�SUHYLRXVO\��DQG�WKXV�VWUHQJWKHQV�RXU
FRQFOXVLRQV�

7KLV�LV�SDUWO\�DGGUHVVHG�LQ�)LJ����XVLQJ�NQRZQ�ELRORJLFDOO\�UHOHYDQW�GLVWXUEDQWV�VXFK�DV�+*)��EXW�LQ�P\�RSLQLRQ
VWLOO�ODFNV�D�IRFXV�RQ�PRUSKRPHWULF�SURFHVVHV��$JDLQ��+*)�PD\�EH�RQH�RI�WKH�PRVW�LQWHUHVWLQJ�REVHUYDWLRQV
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KHUH�%(&$86(�LW�VHHPV�WR�KDYH�D�GLUHFW�HIIHFW�RQ�HSLWKHOLDO�GLIIHUHQWLDWLRQ��IRUPDWLRQ�RI�WKH�DFWLQ
F\WRVNHOHWRQ���EXW�WKLV�PD\�EH�VHFRQGDU\�DV�WKH�FHOOV�PD\�XQGHUJR�D�SURPLQHQW�WUDQV�GLIIHUHQWLDWLRQ��DZD\�IURP
WKH�HSLWKHOLDO�OLQHDJH��7KH�UHVXOWV�DUH�WKHUHIRUH�DJDLQ�VRPHZKDW�GLIILFXOW�WR�LQWHUSUHW�DQG�UHODWH�WR�WKH�IRUPDWLRQ
RI�DFLQL�RUJDQRLGV��7KHUHIRUH��LW�PD\�DOVR�QRW�EH�VXUSULVLQJ�WKDW�+*)�WUHDWPHQW�LV�RQH�RI�WKH�IHZ�GHYLDWLRQV�RI
WKH�JHQHUDO�ORZ�GLPHQVLRQDOLW\�REVHUYHG�LQ�0'&.�RUJDQRLGV��)RU�WKH�VDPH�UHDVRQV��,�GRQ¶W�WKLQN�WKDW�WKH�GUXJ
FRPELQDWLRQV�WHVWHG�KHUH��WRJHWKHU�ZLWK�+*)�WUHDWPHQW��KDYH�D�YHU\�VWURQJ�ELRORJLFDO�UHOHYDQFH��7KH\�DUH
FRPELQLQJ�SUROLIHUDWLRQ�EORFNLQJ�GUXJV�ZLWK�DFWLYDWLRQ�RI�D�SDWKZD\�WKDW�IXQGDPHQWDOO\�FKDQJHV�HSLWKHOLDO
GLIIHUHQWLDWLRQ�SRWHQWLDO��,�WKLQN�WKLV�LV�VRPHKRZ�FUHDWLQJ�D��PL[HG�EDJ��VLWXDWLRQ�WKDW�FRQIXVHV�LQWHUSUHWDWLRQ�

7KH�UHYLHZHU�KDV�PDGH�D�JUHDW�SRLQW�DERXW�WKH�UHOHYDQFH�RI�FRPELQLQJ�SUROLIHUDWLRQ�EORFNLQJ�GUXJV�ZLWK
+*)��,Q�DGGLWLRQ�WR�WKH�SHUWXUEDWLRQ�FRPELQDWLRQV�ZLWK�+*)��ZH�KDYH�QRZ�WHVWHG�D�IHZ�RWKHU�GUXJV�WKDW
GR�QRW�DIIHFW�SUROLIHUDWLRQ�LQ�FRPELQDWLRQ�ZLWK�HDFK�RWKHU��:H�WHVWHG�VXPDWULSWDQ�VXFFLQDWH��D�VHURWRQLQ
UHFHSWRU�LQKLELWRU��LQ�FRPELQDWLRQ�ZLWK�<��������D�52&.�LQKLELWRU��DQG�16&��������D�5DF�LQKLELWRU��
QRQH�RI�WKHVH�GUXJV�ZRXOG�EH�H[SHFWHG�WR�GLUHFWO\�DIIHFW�SUROLIHUDWLRQ SHU�VH��:H�FKRVH�WR�FRPELQH
WKHVH�GUXJV�ZLWK�VXPDWULSWDQ�VXFFLQDWH�EHFDXVH�VXPDWULSWDQ�VXFFLQDWH�DOWHUHG�WKH�FRQVWUDLQWV�RI�0'&.
F\VWV�ZKHQ�XVHG�DORQH��0XFK�OLNH�WKH�SHUWXUEDWLRQ�FRPELQDWLRQV�ZH�WHVWHG�ZLWK�+*)��ZH�IRXQG�WKDW�WKH
HIIHFWV�RI�WKHVH�SHUWXUEDWLRQV�RQ�FRQVWUDLQWV�GR�QRW�DGG�RU�DYHUDJH�RXW�ZKHQ�FRPELQHG��)RU�H[DPSOH�
ZKLOH�ERWK�VXPDWULSWDQ�VXFFLQDWH�DQG�<�������DORQH�GLG�QRW�FKDQJH�WKH�FRQVWUDLQW�RQ�FHOO�YROXPH�
ZKHQ�XVHG�LQ�FRPELQDWLRQ�WKH�FRQVWUDLQW�RQ�FHOO�YROXPH�LQFUHDVHG�UHODWLYH�WR�XQSHUWXUEHG�FRQWUROV�
2YHUDOO��ZH�EHOLHYH�WKHVH�H[SHULPHQWV�SURYLGH�IXUWKHU�HYLGHQFH�WR�VXSSRUW�RXU�JHQHUDO�FODLP�WKDW
FRPELQDWLRQV�FDQ�KDYH�XQSUHGLFWDEOH�HIIHFWV��:H�KDYH�DOVR�LQFOXGHG�D�GLVFXVVLRQ�RI�WKLV�SRLQW��VD\LQJ�

:H�WKHQ�ZRQGHUHG�KRZ�WKH�FRQVWUDLQWV�RI�F\VWV�SHUWXUEHG�ZLWK�RQH�GUXJ�FKDQJHG�ZKHQ�WKH�F\VWV�ZHUH
H[SRVHG�WR�D�VHFRQG�GUXJ��2QH�SRVVLELOLW\�LV�WKDW�GRXEO\�SHUWXUEHG�F\VWV�REH\HG�D�VHW�RI�FRQVWUDLQWV
WKDW�DYHUDJHG�WKH�FRQVWUDLQWV�REH\HG�E\�VLQJO\�SHUWXUEHG�F\VWV��DVVXPSWLRQ�RI�OLQHDULW\���$QRWKHU
SRVVLELOLW\�LV�WKDW�GRXEO\�SHUWXUEHG�F\VWV�REH\HG�WKH�VDPH�VHW�RI�FRQVWUDLQWV�DV�RQO\�RQH�RI�WKH
SHUWXUEDWLRQV��VXJJHVWLQJ�WKDW�VRPH�GUXJV�PD\�EH�DEOH�WR�RYHUULGH�WKH�HIIHFWV�RI�RWKHUV��RU�VRPH�RWKHU
QRQ�OLQHDU�LQWHUDFWLRQ��2QH�PLJKW�H[SHFW�WKDW�OLQHDULW\�ZRXOG�KROG�IRU�VPDOO�GRVHV�RI�GUXJ��EXW�WKDW
QRQOLQHDU�DVSHFWV�RI�WKH�UHJXODWRU\�SURFHVVHV�PD\�DSSHDU�IRU�ODUJHU�GRVHV��:H�IRXQG�WKDW�VRPHWLPHV
RQH�SHUWXUEDWLRQ�RYHUURGH�WKH�HIIHFWV�RI�WKH�RWKHU�DQG�WKDW�VRPHWLPHV�GRXEO\�SHUWXUEHG�F\VWV�GLG�QRW
REH\�WKH�VDPH�FRQVWUDLQWV�WKDW�WKH�VLQJO\�SHUWXUEHG�F\VWV�GLG��)LJ���-�/���3HUWXUEDWLRQV�RYHUURGH�WKH
HIIHFWV�RI�RQH�DQRWKHU�LQ�PDQ\�FRPELQDWLRQV�DQG�IRU�ERWK�FRQVWUDLQWV��:H�REVHUYHG�WKDW�ZKLOH�+*)
DORQH�REH\HG�D�GLIIHUHQW�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��ZKHQ�XVHG�LQ�FRPELQDWLRQ�ZLWK�HLWKHU�ODSDWLQLE
RU�RUDWLQLE�WKH�F\VWV�REH\HG�WKH�VDPH�FRQVWUDLQW�DV�XQSHUWXUEHG�F\VWV��:H�OLNHZLVH�IRXQG�WKDW�WKH
HIIHFWV�RI�<�������RQ�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW�DQG�WKH�HIIHFWV�RI�16&������RQ�WKH�FRQVWDQW
FHOO�GHQVLW\�FRQVWUDLQW�ZHUH�ERWK�FDQFHOHG�RXW�E\�VXPDWULSWDQ�VXFFLQDWH��:H�DGGLWLRQDOO\�IRXQG�PDQ\
H[DPSOHV�ZKHUH�VLQJO\�SHUWXUEHG�0'&.�F\VWV�REH\HG�WKH�VDPH�FRQVWUDLQWV��EXW�ZKHQ�WKRVH
SHUWXUEDWLRQV�ZHUH�XVHG�LQ�FRPELQDWLRQ�WKH�F\VWV�GLG�QRW�REH\�WKH�VDPH�FRQVWUDLQWV��:H�IRXQG�WKDW
ZKLOH�QHLWKHU�+*)��ODSDWLQLE��QRU�RUDWLQLE�DORQH�FKDQJHG�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��F\VWV
SHUWXUEHG�ZLWK�ERWK�+*)�DQG�ODSDWLQLE�RU�RUDWLQLE�KDG�KLJKHU�OXPHQV�SHU�F\VW�YROXPH��)LJ���-�/���:H
DOVR�IRXQG�WKLV�WR�EH�WUXH�IRU�VXPDWULSWDQ�VXFFLQDWH�DQG�<�������IRU�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�
,Q�WRWDOLW\��WKH�PDQ\�GLIIHUHQFHV�EHWZHHQ�WKH�FRQVWUDLQWV�REH\HG�E\�GRXEOH�SHUWXUEHG�F\VWV�DQG
VLQJOH�SHUWXUEHG�F\VWV�VXJJHVWV�WKDW�WKH�HIIHFWV�RI�DQ\�JLYHQ�SHUWXUEDWLRQ�GR�QRW�DSSHDU�WR�VLPSO\�DGG
WRJHWKHU��EXW�UDWKHU�FDQ�FRPELQH�LQ�XQDQWLFLSDWHG�ZD\V� ,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PDQ\�RI�WKH
SHUWXUEDWLRQV�DIIHFWHG�SDUWLFXODU�FODVVHV�RI�ELRORJLFDO�SURFHVVHV��VXFK�DV�SUROLIHUDWLRQ��H�J�
ODSDWLQLE��RUDWLQLE��HWF��DQG�WKRVH�DIIHFWLQJ�PRUSKRORJLFDO�SURFHVVHV��H�J��+*)��<��������HWF���,W
LV�SRVVLEOH�WKDW�WKH�XVH�RI�GLIIHUHQW�FRPELQDWLRQV�ZLWK�GUXJV�SHUWXUELQJ�WKH�VDPH�SURFHVVHV
FRXOG�KDYH�PRUH�SUHGLFWDEOH�HIIHFWV�
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$�IHZ�RWKHU�DVSHFWV�FRXOG�EH�LPSOHPHQWHG��RU�DW�OHDVW�GLVFXVVHG�WKDW�UHIOHFW�DGGLWLRQDO�IDFWRUV�IRU�RUJDQRLG
GHYHORSPHQW�DQG�GLIIHUHQWLDWLRQ��)RU�H[DPSOH��LW�LV�UDWKHU�ZHOO�NQRZQ�WKDW�WKH�PLFURHQYLURQPHQW�DIIHFWV�WKH�ZD\
KRZ�WKH�OXPHQ�IRUPV��DSRSWRVLV"�DQRLNLV"���KRZ�ODUJH�WKH�OXPHQ�EHFRPHV��DQG�WKH�SRODUL]DWLRQ�RI�WKH�RXWHU
FHOO�OD\HU��$OO�RI�WKLV�PD\�EH�YHU\�VWURQJO\�GHSHQGHQW�RQ�WKH�QDWXUH�RI�WKH�H[WUDFHOOXODU�PDWUL[��(&0���LWV�GHQVLW\
DQG�ULJLGLW\��RU�HYHQ�VWULFWO\�GHSHQGHQW�VLPSO\�RQ�WKH�SUHVHQFH�DQG�FRQFHQWUDWLRQ�RI�ODPLQLQV��H�J��LQ
ODPLQLQ�ULFK�(&0�SUHSDUDWLRQV�OLNH�0DWULJHO��RYHU�FROODJHQV�RU�V\QWKHWLF�ILEHU�PDWHULDOV��'HSHQGLQJ�RQ�DOO�RI
WKHVH�H[WHUQDO�SDUDPHWHUV��RU�HQYLURQPHQWDO�IDFWRUV��WKH�GLPHQVLRQDOLW\�PD\�IXQGDPHQWDOO\�FKDQJH�HYHQ�IRU
0'&.�FHOOV��,QVWHDG��WKH�DXWKRUV�XVH�PXOWLSOH�SDUDOOHO�DSSURDFKHV�WR�VKRZ�WKDW�WKH�GLPHQVLRQDOLW\�LQ�0'&.
FHOOV�LV�,1'(('�UHVWULFWHG����ZKLFK�,�KDYH�QR�GRXEW��%XW�ZKDW�GRHV�WKDW�WHOO�XV�DERXW�WKH�ELRORJ\�JRLQJ�RQ�LQ
WKHVH�FXOWXUHV"�7KLV�LV�D�VWULFWO\�WHFKQLFDOO\�LQFOLQHG�PDQXVFULSW��QRWKLQJ�ZURQJ�ZLWK�WKDW���LW�ZRXOG�VWURQJO\
LQFUHDVH�WKH�VLJQLILFDQFH�RI�WKH�SDSHU�LI�620(�YDULDELOLW\�RI�(&0�PLFURHQYLURQPHQW�ZHUH�LPSOHPHQWHG��2U�WKH
RWKHU�DVSHFWV�RXWOLQHG�DERYH�

7KH�UHYLHZHU�KDV�EURXJKW�XS�D�JUHDW�SRLQW�DERXW�WKH�SRWHQWLDO�WKDW�(&0�FRXOG�KDYH�WR�LQIOXHQFH�WKH
FRQVWUDLQWV�ZH�LGHQWLILHG��,QGHHG��ZH�ZHUH�YHU\�LQWHUHVWHG�LQ�WKH�SRWHQWLDO�IRU�(&0�WR�DIIHFW�WKHVH
LGHQWLILHG�FRQVWUDLQWV��7KXV��LQ�DGGLWLRQ�WR�VWDQGDUG�0DWULJHO�FRQGLWLRQV��ZH�DOVR�WULHG�WR�FXOWXUH�0'&.V
F\VWV�LQ�GLOXWH�0DWULJHO��FROODJHQ��DQG�GLOXWH�FROODJHQ��:KLOH�ZH�ZHUH�XQDEOH�WR�JHW�0'&.�F\VWV�WR�JURZ
LQ�FROODJHQ�JHOV��ZH�GLG�REVHUYH�WKDW�0'&.�F\VWV�JURZ�LQ�GLOXWH�0DWULJHO�REH\HG�WKH�VDPH�VHW�RI
FRQVWUDLQWV��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�FRQVWUDLQWV�JRYHUQLQJ�0'&.�F\VW�IRUPDWLRQ�PD\�UHTXLUH�D
FHUWDLQ�EDVHOLQH�(&0�FRPSRVLWLRQ�EXW�FRXOG�EH�LQYDULDQW�WR�VRPH�DVSHFWV�RI�WKH�(&0��DOWKRXJK
FHUWDLQO\�PRUH�ZRUN�ZRXOG�EH�UHTXLUHG�WR�H[SORUH�WKHVH�FRQFHSWV�IXUWKHU��:H�WKLQN�WKHVH�SRLQWV�DUH�YHU\
LPSRUWDQW�DQG�WKDQN�WKH�UHYLHZHU�IRU�WKH�VXJJHVWLRQ�

%\�WKH�ZD\��WKHVH�DVSHFWV�DUH�DOVR�SDUWO\�GHSHQGHQW�RQ�WKH�LPDJLQJ�SDUDPHWHUV��,Q�FRQIRFDO�LPDJLQJ��LW�PD\
SD\�RII�WU\�UHGXFLQJ�WKH�W\SLFDO��PHQLVFXV�SUREOHP��E\�SODFLQJ�WKH�RUJDQRLGV�LQ�D�OD\HUHG�IRUPDWLRQ��ZLWK
VWDQGDUG�GLVWDQFH�WR�WKH�ERWWRP�RI�WKH�ZHOO���IRU�PRUH�XQLIRUP�GLVWULEXWLRQ�DQG�HDVLHU�VHJPHQWDWLRQ�

7KH�UHYLHZHU�KDV�JLYHQ�PDQ\�JUHDW�VXJJHVWLRQV�IRU�KRZ�WR�LPSURYH�WKH�LPDJLQJ��*LYHQ�WKDW�ZH�KDYH
DOUHDG\�FROOHFWHG�DQG�DQDO\]HG�D�ODUJH�DPRXQW�RI�RXU�GDWD��ZH�GHFLGHG�QRW�WR�UHFROOHFW�WKH�GDWD�LQ�WKLV
QHZ�PDQQHU��EXW�ZH�DJUHH�WKDW�IXWXUH�UHVHDUFKHUV�ORRNLQJ�WR�EXLOG�RQ�WKLV�ZRUN�FRXOG�EHQHILW�IURP�WKLV
LGHD��7R�WKDW�HQG��ZH�KDYH�DGGHG�WKHVH�SRWHQWLDO�LPSURYHPHQWV�WR�TXDOLW\�DQG�WKURXJKSXW�WR�WKH
GLVFXVVLRQ��VHH�EHORZ���:H�ZLOO�FHUWDLQO\�H[SORUH�WKHVH�SRVVLELOLWLHV�DV�ZH�IROORZ�XS�RQ�WKH�ZRUN�

2QH�SULQFLSDO�WHFKQLFDO�FKDOOHQJH�LQ�WKH�VFDOLQJ�RI�DSSURDFKHV�VXFK�DV�WKH�RQH�ZH�WRRN�KHUH�LV�WKH
H[WUDFWLRQ�RI�DQQRWDWLRQV�RI�0'&.�F\VW�VWUXFWXUHV�IURP�PLFURVFRS\�LPDJHV��2XU�DVVXPSWLRQ�ZDV�WKDW
ZH�ZRXOG�QHHG�KLJKO\�DFFXUDWH�DQQRWDWLRQV�WR�UHYHDO�VXEWOH�FRQVWUDLQWV�RQ�0'&.�F\VW�PRUSKRORJLHV�
DQG�WKRVH�DQQRWDWLRQV�SURYHG�GLIILFXOW�WR�IXOO\�DXWRPDWH��)RU�WKLV�UHDVRQ��ZH�FKRVH�WR�EXLOG�DQ�LQWHUIDFH
WKDW�HQDEOHG�XV�WR�PDQXDOO\�FRUUHFW�DQQRWDWLRQV�IURP�DQ\�DOJRULWKP��2XU�KRSH�LV�WKDW�WKLV�DSSURDFK�DQG
WKH�VRIWZDUH�LV�RI�XVH�WR�RWKHUV�ORRNLQJ�WR�DQQRWDWH�LPDJHV��VWUXFWXUHV��RU�WLVVXHV�IRU�ZKLFK�DXWRPDWHG
VROXWLRQV�KDYH�\HW�WR�EH�GHYHORSHG��'HHS�OHDUQLQJ�KDV�SURGXFHG�JUHDW�DGYDQFHV�LQ�DXWRPDWLF�LPDJH
VHJPHQWDWLRQ��0RHQ�HW�DO���������DQG�LW�LV�SRVVLEOH�WKDW�WKH�DSSOLFDWLRQ�RI�WKHVH�PHWKRGV��RQFH�IXOO\
DXWRPDWHG�DQG�RI�YHU\�KLJK�TXDOLW\��ZRXOG�DOORZ�XV�WR�REWDLQ�PXFK�ODUJHU�QXPEHUV�RI�DQQRWDWLRQV
FRPSDUHG�WR�RXU�FRPELQDWLRQ�RI�DXWRPDWHG�DOJRULWKPV�DQG�PDQXDO�DQQRWDWLRQ�UHYLHZ��,W�LV�DOVR�ZRUWK
FRQVLGHULQJ�ZKDW�OHYHO�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�WKH�TXHVWLRQ�DW�KDQG��)XWXUH�ZRUN�WKDW
TXDQWLILHV�ZKDW�GHJUHH�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�D�JLYHQ�TXHVWLRQ�PD\�JXLGH�HIIRUWV�WR
GHYHORS�VHJPHQWDWLRQ�DOJRULWKPV� ,Q�DGGLWLRQ��LW�LV SRVVLEOH�WKDW�DOWHUQDWLYH�VWUDWHJLHV�IRU�FXOWXULQJ
RU�LPDJLQJ�WKH�F\VWV�PLJKW�PDNH�WKH�LPDJHV�HDVLHU�WR�VHJPHQW��2QH�VXFK�H[DPSOH�ZRXOG�EH�WR
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SODWH�DOO�0'&.�F\VWV�DW�WKH�VDPH�GLVWDQFH�IURP�WKH�ERWWRP�RI�WKH�ZHOO��)XWXUH�ZRUN�FRXOG�DOVR
XVH�WKH�ODUJH�DQG�KLJKO\�DFFXUDWH�VHJPHQWDWLRQV�SURGXFHG�LQ�WKLV�ZRUN�WR�WUDLQ�GHHS�OHDUQLQJ
PRGHOV�VSHFLILF�WR�WKLV�WDVN�

7KH�DXWKRUV�PHQWLRQ�VHYHUDO�WLPHV�WKH�SRVVLELOLW\�WR��HQJLQHHU�RUJDQRLGV���EXW�WKH\�GRQW�H[SODLQ�KRZ�WKLV
VKRXOG�ZRUN��RU�ZKDW�ZRXOG�EH�WKH�SXUSRVH"�,VQ
W�DQ\�PRUSKRPHWULF�WUDQVIRUPDWLRQ�DOUHDG\�VRPH�NLQG�RI
�HQJLQHHULQJ��WKDW�UHIOHFWV�IXQGDPHQWDO�ELRORJLFDO�SURFHVVHV�

7KH�UHYLHZHU�ULJKWO\�SRLQWHG�RXW�WKDW�ZH�ZHUH�YHU\�YDJXH�ZLWK�WKH�WHUP�³HQJLQHHU�RUJDQRLGV´��2XU�JRDO
ZDV�WR�GHYHORS�D�VHW�RI�SKHQRPHQRORJLFDO�UXOHV�WKDW�RUJDQRLGV�FRXOG�REH\��ZLWK�WKH�LGHD�EHLQJ�WKDW
RQFH�WKRVH�UXOHV�DUH�NQRZQ��RQH�FRXOG�XVH�WKRVH�UXOHV�WR�PDQLSXODWH�RUJDQRLGV²IRU�LQVWDQFH��LI�\RX
ZDQW�D�ELJJHU�RUJDQRLG��ZKDW�UXOHV�DUH�IROORZHG��DQG�EDVHG�RQ�WKRVH�UXOHV��KRZ�PLJKW�\RX�EH�DEOH�WR
SHUWXUE�RUJDQRLGV�LQ�RUGHU�WR�DFKLHYH�WKH�LQWHQGHG�HIIHFW"�:H�KDYH�QRZ�FODULILHG�WKLV�SRLQW�LQ�RXU
UHYLVHG�GLVFXVVLRQ��VHH�EHORZ��

:H�DOVR�IRXQG�WKDW�ZKLOH�VRPH�SHUWXUEDWLRQV�DOWHUHG�F\VW�SDUDPHWHUV�ZLWKLQ�FRQVWUDLQWV��RWKHUV�FKDQJHG
WKH�QDWXUH�RI�WKH�FRQVWUDLQW� .QRZOHGJH�RI�ZKLFK�W\SHV RI�SHUWXUEDWLRQV�OHDG�WR�ZKLFK�W\SH�RI
HIIHFW�PLJKW�DLG�LQ�WKH�GHYHORSPHQW�RI�DQ�LQVWUXFWLRQ�PDQXDO�IRU�EXLOGLQJ�GHVLJQHU�RUJDQRLGV�
SRWHQWLDOO\�H[LVWLQJ�LQ�YHU\�GLIIHUHQW�SDUWV�RI�SDUDPHWHU�VSDFH�WKDQ�QRUPDO�RUJDQRLGV��2XU
IUDPHZRUN�PD\�UHYHDO�WKH�SDUDPHWHUV�RQH�PD\�EH�DEOH�WR�PDQLSXODWH�RUJDQRLGV�XVLQJ�WKH�UXOHV
OHDUQHG�E\�WKHVH�V\VWHPDWLF�SHUWXUEDWLRQV��6XFK�RUJDQRLGV�PD\�KDYH�SURSHUWLHV�WKDW�PDNH�WKHP
PRUH�XVHIXO�IRU�SDUWLFXODU�DSSOLFDWLRQV�LQ�UHJHQHUDWLYH�PHGLFLQH�RU�DV�GLVHDVH�PRGHOV� ,W�PD\
DOVR�EH�SRVVLEOH��LQ�SULQFLSOH�LI�QRW�LQ�SUDFWLFH��WR�GHVWUR\�D�FRQVWUDLQW�ZLWK�VXIILFLHQW�SHUWXUEDWLRQ��)RU
H[DPSOH��WKH�ULJKW�SHUWXUEDWLRQ�PLJKW�FRPSOHWHO\�GHFRXSOH�F\VW�YROXPH�IURP�WKH�QXPEHU�RI�FHOOV��)XWXUH
ZRUN�FRXOG�VHDUFK�IRU�SHUWXUEDWLRQV�ZLWK�VXFK�HIIHFWV�E\�FRPELQLQJ�KLJK�WKURXJKSXW�GUXJ�VFUHHQV�ZLWK
RXU�GHWDLOHG�TXDQWLILFDWLRQ�RI�RUJDQRLG�PRUSKRORJLHV��:LWK�WKH�DELOLW\�WR�GHFRXSOH�PRUSKRORJLFDO
FRQVWUDLQWV��ZH�PLJKW�EH�DEOH�WR�HQJLQHHU�RUJDQRLGV�WR�DGRSW�HQWLUHO\�QRYHO�FRQILJXUDWLRQV�

5HYLHZHU��

,Q�WKH�PDQXVFULSW�IURP�%HFN�HW�DO��WKH�DXWKRUV�GHVFULEH�D�PHWKRG�WR�TXDQWLI\�PRUSKRORJLFDO�IHDWXUHV�RI��'
0'&.�F\VWV�DQG�H[WUDFW�IHZ�PRUSKRORJLFDO�FRQVWUDLQWV��7KH�PDQXVFULSW�LV�LQWHUHVWLQJ�EXW�KDV�PDMRU�SRLQWV�WKDW
DW�WKLV�SRLQW�ZRXOG�SUHYHQW�XV�WR�DFFHSW�LW��0DMRU�UHYLVLRQ�ZRXOG�EH�UHTXLUHG�

���7KH�DXWKRUV�VSHDN�PRVW�RI�WKH�WLPH�DERXW�RUJDQRLGV�EXW�WKH\�RQO\�DQDO\]H�0'&.�F\VWV��7KHUHIRUH��WKH
DXWKRUV�VKRXOG�LQFOXGH�UHDO�RUJDQRLGV�GDWD�RU�FRPSOHWHO\�UHVWDWH�WKH�DLP�RI�WKH�PDQXVFULSW��0RUHRYHU��0'&.
F\VWV�KDYH�EHHQ�H[WHQVLYHO\�DQDO\VHG�VR�WKH�QRYHOW\�RI�WKH�PDQXVFULSW�ZRXOG�QHHG�WR�EH�HYDOXDWHG�LQ�WKH
UHVXOWV�H[WUDFWHG�IURP�WKH�PRUSKRVSDFH�

7KH�UHYLHZHU�KDV�EURXJKW�XS�D�JUHDW�SRLQW�DERXW�WKH�OLPLWDWLRQV�RI�XVLQJ�RQO\�0'&.�F\VWV�DV�D�PRGHO
IRU�RXU�DSSURDFK��7R�DGGUHVV�WKLV�FRQFHUQ��ZH�REWDLQ�D�ODUJH�GDWDVHW�RI�HQWHURLGV��ERWK�QRUPDO�DQG
SHUWXUEHG�ZLWK�a������GUXJV��IURP�3ULVFD�/LEHUDOL¶V�UHFHQW�ZRUN��/XNRQLQ�HW�DO��1DWXUH���������:H
DSSOLHG�RXU�DSSURDFK�WR�WKLV�GDWDVHW�DQG�IRXQG�WKDW��VLPLODU�WR�0'&.�F\VWV��WKH�QXPEHU�RI�FHOOV
LQFUHDVHV�OLQHDUO\�ZLWK�HQWHURLG�DUHD��:H�DOVR�IRXQG�WKLV�WR�EH�WUXH�IRU�VSHFLILF�FHOO�W\SHV��HQWHURF\WHV
DQG�3DQHWK�FHOOV���:H�WKLQN�H[WHQGLQJ�RXU�DSSURDFK�WR�DQ�DGGLWLRQDO�V\VWHP�KDV�JUHDWO\�H[SDQGHG�WKH
VFRSH�RI�RXU�ZRUN�DQG�LWV�UDQJH�RI�DSSOLFDELOLW\��DQG�ZH�WKDQN�WKH�UHYLHZHU�IRU�WKH�VXJJHVWLRQ�
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���7KH�DXWKRUV�XVH�D�VHPL�DXWRPDWHG�PHWKRG�IRU�VHJPHQWDWLRQ��KRZHYHU��LW�LV�QRW�FOHDU�ZKDW�LV�WKH�DFWXDO
LPSURYHPHQW�WR�RWKHU��'�PHWKRG��7KH�DXWKRUV�VKRXOG�FRPSDUH�LW�WR�RWKHU�DYDLODEOH�PHWKRGV�DQG�GDWDVHW�WR
WHVW�WKH�DSSOLFDELOLW\�WR�RWKHU�V\VWHPV�
7KLV�SRLQW�LV�QRW�FRPSDUHG�WR�RWKHU�VHJPHQWDWLRQ�LQ��'�XVLQJ�QHXURQDO�QHWZRUNV��,Q�WKH�GLVFXVVLRQ�WKH�DXWKRUV
VD\���EXW�ZH�IRXQG�WKDW�PRVW�PHWKRGV�DSSOLHG�WR�RXU�GDWD�ZRXOG�SURGXFH�YHU\�JRRG�UHVXOWV�����RI�WKH�WLPH�
DQG�SRRU�UHVXOWV�����RI�WKH�WLPH��ZKLFK�ZDV�DQ�LQVXIILFLHQW�OHYHO�RI�DFFXUDF\�IRU�WKH�FRQFOXVLRQV�ZH�ZDQWHG�WR
GUDZ���7KLV�LV�YHU\�VSHFXODWLYH��*LYHQ�WKH�DXWKRUV�SHUIRUPHG�ZKDW�WKH\�GHVFULEH�DV�D�KLJK�WKURXJKSXW�GUXJ
VFUHHQ��WKH\�VKRXOG�EH�PRUH�WKRURXJK�RQ�HYDOXDWLQJ�DQG�LQWHUSUHWLQJ�UHVXOWV�RI�WKHLU�VFUHHQ�

7KH�UHYLHZHU�KDV�EURXJKW�XS�D�JUHDW�SRLQW�DV�WR�KRZ�RXU�DSSURDFK�WR�VHJPHQWDWLRQ�FRPSDUHV�WR�RWKHU
PHWKRGV��)RU�WKH�ILHOG�RI�LPDJH�VHJPHQWDWLRQ�PDQXDOO\�UHYLHZHG�VHJPHQWDWLRQV�DUH�WKH�JROG�VWDQGDUG
E\�ZKLFK�VHJPHQWDWLRQ�DOJRULWKPV�FDQ�EH�FRPSDUHG��)RU�WKLV�UHDVRQ�ZH�WKRXJKW�LW�XQIDLU�WR�FRPSDUH
WKH�VHJPHQWDWLRQ�UHVXOWV�IURP�RWKHU�DOJRULWKPV�WR�RXU�VHJPHQWDWLRQ�UHVXOWV��DV�RXU�UHVXOWV�KDYH�DOO�EHHQ
PDQXDOO\�UHYLHZHG��)XUWKHU��ZKLOH�IXOO\�DXWRPDWHG�VHJPHQWDWLRQ�DOJRULWKPV�GR�H[LVW�IRU�VHJPHQWLQJ
QXFOHL�DQG�WKH�ZKROH�RUJDQRLG��ZH�DOVR�VHJPHQWHG�OXPHQV��DQG�WKHUH�DUH�QR�DOJRULWKPV�ZKLFK�VHJPHQW
OXPHQ�VWUXFWXUHV�

1RQHWKHOHVV��ZH�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�RXU�FODLPV�DERXW�WKH�SHUIRUPDQFH�RI�RWKHU�DOJRULWKPV�RQ
RXU�GDWD�ZDV�XQIDLUO\�VSHFXODWLYH��2XU�VROH�LQWHQWLRQ�ZDV�WR�FRQYH\�WKDW�WKH�FRPELQDWLRQ�RI�DXWRPDWHG
DOJRULWKPV�DQG�PDQXDO�UHYLHZ�ZRUNHG�EHVW�IRU�RXU�GDWD��QRW�WKDW�RXU�DSSURDFK�LV�DQ\�EHWWHU�RU�ZRUVH
WKDQ�RWKHU�DSSURDFKHV��:H�KDYH�UHYLVHG�WKLV�VHFWLRQ�RI�WKH�GLVFXVVLRQ�DFFRUGLQJO\��VHH�EHORZ��

2QH�SULQFLSDO�WHFKQLFDO�FKDOOHQJH�LQ�WKH�VFDOLQJ�RI�DSSURDFKHV�VXFK�DV�WKH�RQH�ZH�WRRN�KHUH�LV�WKH
H[WUDFWLRQ�RI�DQQRWDWLRQV�RI�0'&.�F\VW�VWUXFWXUHV�IURP�PLFURVFRS\�LPDJHV��2XU�DVVXPSWLRQ�ZDV�WKDW
ZH�ZRXOG�QHHG�KLJKO\�DFFXUDWH�DQQRWDWLRQV�WR�UHYHDO�VXEWOH�FRQVWUDLQWV�RQ�0'&.�F\VW�PRUSKRORJLHV�
DQG�WKRVH�DQQRWDWLRQV�SURYHG�GLIILFXOW�WR�IXOO\�DXWRPDWH��)RU�WKLV�UHDVRQ��ZH�FKRVH�WR�EXLOG�DQ�LQWHUIDFH
WKDW�HQDEOHG�XV�WR�PDQXDOO\�FRUUHFW�DQQRWDWLRQV�IURP�DQ\�DOJRULWKP��2XU�KRSH�LV�WKDW�WKLV�DSSURDFK�DQG
WKH�VRIWZDUH�LV�RI�XVH�WR�RWKHUV�ORRNLQJ�WR�DQQRWDWH�LPDJHV��VWUXFWXUHV��RU�WLVVXHV�IRU�ZKLFK�DXWRPDWHG
VROXWLRQV�KDYH�\HW�WR�EH�GHYHORSHG� 'HHS�OHDUQLQJ KDV�SURGXFHG�JUHDW�DGYDQFHV�LQ�DXWRPDWLF
LPDJH�VHJPHQWDWLRQ��0RHQ�HW�DO���������DQG�LW�LV�SRVVLEOH�WKDW�WKH�DSSOLFDWLRQ�RI�WKHVH�PHWKRGV�
RQFH�IXOO\�DXWRPDWHG�DQG�RI�YHU\�KLJK�TXDOLW\��ZRXOG�DOORZ�XV�WR�REWDLQ�PXFK�ODUJHU�QXPEHUV�RI
DQQRWDWLRQV�FRPSDUHG�WR�RXU�FRPELQDWLRQ�RI�DXWRPDWHG�DOJRULWKPV�DQG�PDQXDO�DQQRWDWLRQ
UHYLHZ��,W�LV�DOVR�ZRUWK�FRQVLGHULQJ�ZKDW�OHYHO�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�WKH
TXHVWLRQ�DW�KDQG� )XWXUH�ZRUN�WKDW�TXDQWLILHV�ZKDW GHJUHH�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�D
JLYHQ�TXHVWLRQ�PD\�JXLGH�HIIRUWV�WR�GHYHORS�VHJPHQWDWLRQ�DOJRULWKPV��,Q�DGGLWLRQ��LW�LV�SRVVLEOH�WKDW
DOWHUQDWLYH�VWUDWHJLHV�IRU�FXOWXULQJ�RU�LPDJLQJ�WKH�F\VWV�PLJKW�PDNH�WKH�LPDJHV�HDVLHU�WR�VHJPHQW��2QH
VXFK�H[DPSOH�ZRXOG�EH�WR�SODWH�DOO�0'&.�F\VWV�DW�WKH�VDPH�GLVWDQFH�IURP�WKH�ERWWRP�RI�WKH�ZHOO�
)XWXUH�ZRUN�FRXOG�DOVR�XVH�WKH�ODUJH�DQG�KLJKO\�DFFXUDWH�VHJPHQWDWLRQV�SURGXFHG�LQ�WKLV�ZRUN�WR�WUDLQ
GHHS�OHDUQLQJ�PRGHOV�VSHFLILF�WR�WKLV�WDVN�

���7KH�DXWKRUV�XVH�KDOI�RI�WKH�0'&.�F\VWV�WR�WKHQ�H[WUDSRODWH�WKH�UHVXOWV�WR�D�IXOO�F\VWV��:KHUHDV�LW�LV�FRUUHFW�WR
H[WUDSRODWH�WKH�F\VW�DQG�OXPHQ�VL]H�DQG�YROXPH�IURP�WKH�KDOI�RI�WKH�F\VW��LW�VHHPV�SUREOHPDWLF�WR�GR�WKDW�IRU�WKH
QXPEHU�RI�PLFUR�OXPHQV�LQ�SRO\�OXPHQ�SKHQRW\SHV��7KH�DXWKRUV�VKRXOG�SURYLGH�WKH�FRPSDULVRQ�IRU�WKH
H[WUDSRODWHG�DQG�UHDO�GDWD�LQ�WHUPV�RI�SUHFLVLRQ�IRU�WKH�F\VWV�WKDW�KDYH�EHHQ�DFTXLUHG�HQWLUHO\"

:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�RXW�D�SRWHQWLDO�SUREOHP�ZLWK�H[WUDSRODWLQJ�PRUSKRORJLFDO�IHDWXUHV�RI
D�IXOO�F\VW�IURP�DQQRWDWLRQV�RI�RQO\�KDOI�RI�D�F\VW��:H�DJUHH�FRPSOHWHO\��DQG�VKRXOG�KDYH�PRUH
DFFXUDWHO\�GHVFULEHG�RXU�DSSURDFK��:H�RQO\�DQQRWDWHG�KDOI�RI�HDFK�F\VW�DQG�PHDVXUHG�WKH
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PRUSKRORJLFDO�IHDWXUHV�RI�WKH�VWUXFWXUHV�FRQWDLQHG�LQ�WKDW�KDOI��)RU�H[DPSOH��LI�KDOI�RI�WKH�F\VW�FRQWDLQHG
��OXPHQV�WKHQ�ZH�FRQVLGHUHG�WKH�F\VW�WR�KDYH���OXPHQV��QRW����,W�LV�RI�FRXUVH�SRVVLEOH�WKDW�ZKHQ
FRQVLGHULQJ�WKH�IXOO�F\VW�WKHUH�DUH�PRUH��RU�OHVV��WKDQ���OXPHQV��$V�VXFK��RXU�DSSURDFK�PD\�EH�DGGLQJ
QRLVH�WR�RXU�GDWD��+RZHYHU��ZH�ZHUH�XQDEOH�WR�LPDJH�WKH�F\VWV�LQ�WKHLU�HQWLUHW\�DQG�WKXV�LW�LV�GLIILFXOW�WR
VSHFXODWH�DV�WR�KRZ�PXFK�QRLVH�ZH�DUH�DGGLQJ�

���7KH�DXWKRU�WKHQ�DVN�LI���WKH�QXPEHU�RI�FHOOV�VFDOH�ZLWK�WKH�VL]H�RI�WKH�F\VW"�2U��GLG�ODUJHU�F\VWV�KDYH�WKH
VDPH�QXPEHU�RI�FHOOV�DV�VPDOOHU�F\VWV��EXW�ZLWK�ODUJHU�FRPSRQHQW�FHOOV"���7KLV�ELRORJLFDO�TXHVWLRQ�LV�D
ZHOO�VWXGLHG�SUREOHP��DQG�WKH�DXWKRUV�VKRXOG�SURYLGH�VRPH�OLWHUDWXUH�UHIHUHQFHV�WKDW�PDNH�WKHP�GRXEW�WKDW�FHOO
VL]H�ZRXOG�EH�LQYDULDQW�DQG�WKDW�WKH�F\VW�JURZWK�LV�GULYHQ�E\�FHOO�GLYLVLRQ�

7KH�UHYLHZHU�LV�DEVROXWHO\�ULJKW�WKDW�WKHUH�LV�DQ�H[WHQVLYH�ERG\�RI�OLWHUDWXUH�RQ�WKHVH�SUREOHPV��DQG�ZH
UHJUHW�WKH�RPLVVLRQV��:H�KDYH�DGGHG�D�FRXSOH�UHIHUHQFHV�LQ�WKH�WH[W��:H�DJUHH�WKDW�WKH�H[SHFWDWLRQ
ZRXOG�EH�WKDW�WKH�QXPEHU�RI�FHOOV�ZRXOG�VFDOH�ZLWK�WKH�VL]H�RI�WKH�F\VW��DQG�KDYH�PRGLILHG�RXU�ODQJXDJH
WR�GHHPSKDVL]H�WKH�DOWHUQDWLYH�K\SRWKHVLV��VHH�EHORZ��

:H�WKHQ�ZDQWHG�WR�ILQG�UHODWLRQVKLSV�EHWZHHQ�IHDWXUHV�WKDW�FRXOG�SRWHQWLDOO\�UHIOHFW�ELRORJLFDO
FRQVWUDLQWV��)RU�H[DPSOH��GLG�WKH�QXPEHU�RI�FHOOV�VFDOH�ZLWK�WKH�VL]H�RI�WKH�F\VW��DV�LV�W\SLFDOO\
WKH�FDVH�LQ�PDPPDOLDQ�V\VWHPV��+DIHQ�DQG�6WRFNHU�������6DYDJH�HW�DO�������"�2U��GLG�ODUJHU
F\VWV�KDYH�WKH�VDPH�QXPEHU�RI�FHOOV�DV�VPDOOHU�F\VWV��EXW�ZLWK�ODUJHU�FRPSRQHQW�FHOOV" :H�XVHG
WKH�QXPEHU�RI�QXFOHL�DV�D�SUR[\�IRU�WKH�QXPEHU�RI�FHOOV�DQG�IRXQG�WKDW�ODUJHU�F\VWV�KDG�SURSRUWLRQDOO\
PRUH�QXFOHL��)LJ���%���%HFDXVH�FHOOV�SHULSKHUDO�WR�WKH�OXPHQ�V��KDG�GLIIHUHQW�PRUSKRORJ\�WKDQ�WKRVH
LQWHUQDO�WR�WKH�OXPHQV��ZH�ZRQGHUHG�ZKHWKHU�WKHLU�QXPEHU�VFDOHG�GLIIHUHQWO\�ZLWK�F\VW�YROXPH��:H
IRXQG�WKDW�WKH�QXPEHU�RI�SHULSKHUDO�QXFOHL�VFDOHG�VXEOLQHDUO\�ZLWK�F\VW�YROXPH��6XSS��)LJ��*��
6XUSULVLQJO\��WKH�QXPEHU�RI�LQWHUQDO�FHOOV�VFDOHG�VXSHUOLQHDUO\�ZLWK�F\VW�YROXPH��WKXV�HQVXULQJ�WKDW�WKH
WRWDO�QXPEHU�RI�FHOOV�VFDOHG�OLQHDUO\�ZLWK�F\VW�YROXPH���*LYHQ�WKDW�WKH�QXPEHU�RI�FHOOV�VFDOHG�ZLWK�WKH
F\VW�YROXPH��ZH�SUHGLFWHG�WKDW�FHOO�VL]H�VKRXOG�EH�LQGHSHQGHQW�RI�F\VW�VL]H��:H�IRXQG�WKDW�GHVSLWH
LQFUHDVHV�LQ�F\VW�YROXPH�WKH�SHULSKHUDO�FHOO�KHLJKW�DQG�ZLGWK�DUH�IDLUO\�FRQVWDQW�DW�a�����ȝP�DQG�a�����
ȝP��UHVSHFWLYHO\��)LJ���&�'���7RJHWKHU��ZH�FDOOHG�WKLV�VHW�RI�FRQVWUDLQWV�WKH�FRQVWDQW�FHOO�GHQVLW\
FRQVWUDLQW�

���7KH�DXWKRUV�FODLP�WKDW�SHULSKHUDO�FHOO�KHLJKW�DQG�ZLGWK�DUH�FRQVWDQW��7KLV�VHHPV�WR�QRW�EH�VXSSRUWHG�E\�WKH
GDWD�SUHVHQWHG�LQ�)LJ��-��DV�3&��VHHPV�WR�EH�SRVLWLYHO\�FRUUHODWHG�ZLWK�F\VW�YROXPH�DQG�DQWL�FRUUHODWHG�ZLWK
QXFOHDU�VL]H��&RXOG�DXWKRUV�SOHDVH�HODERUDWH�RQ�WKLV�GLVFUHSDQF\"

:H�WKDQN�WKH�UHYLHZHU�IRU�EULQJLQJ�WKLV�SRWHQWLDO�FRQIXVLRQ�WR�RXU�DWWHQWLRQ��:H�GLG�LQGHHG�LQWHUSUHW�FHOO
KHLJKW�DQG�FHOO�ZLGWK�WR�EH�FRQVWDQW�RYHU�D�UDQJH�RI�F\VW�VL]HV�DV�VHHQ�LQ�)LJXUH��&�'��7KH�UHYLHZHU�LV
ULJKW�WKDW�WKHUH�LV�D�VPDOO�DPRXQW�RI�YDULDWLRQ�LQ�FHOO�KHLJKW��a�����ȝP��DQG�FHOO�ZLGWK��������ȝP���ZKLFK
ZH�KDYH�QRZ�LQFOXGHG�LQ�WKH�PDLQ�WH[W��VHH�EHORZ��

,W�LV�GHILQLWHO\�WUXH�WKDW�3&��VKRZV�D�VWURQJ�DQWL�FRUUHODWLRQ�ZLWK�QXFOHDU�VL]H��1XFOHDU�VL]H�LV��LQ
SULQFLSOH��D�GLIIHUHQW�IHDWXUH�WKDQ�FHOO�VL]H��DQG VR�QHHG�QRW�EH�FRUUHODWHG�WR�FHOO�KHLJKW�RU�ZLGWK��,QGHHG�
ZH�ILQG�QXFOHDU�VL]H�DQG�FHOO�KHLJKW�DQG�ZLGWK�WR�QRW�EH�FRUUHODWHG��VHH�EHORZ���7KHUH�LV�LQGHHG�VRPH
SRVLWLYH�FRUUHODWLRQ�RI�3&��ZLWK�F\VW�YROXPH��EXW�WKH�PDJQLWXGH�RI�WKH�FRUUHODWLRQ�LV�UHODWLYHO\�ZHDN�DV
FRPSDUHG�WR�PDQ\�RI�WKH�RWKHU�IHDWXUHV�
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:H�WKHQ�ZDQWHG�WR�ILQG�UHODWLRQVKLSV�EHWZHHQ�IHDWXUHV�WKDW�FRXOG�SRWHQWLDOO\�UHIOHFW�ELRORJLFDO
FRQVWUDLQWV��)RU�H[DPSOH��GLG�WKH�QXPEHU�RI�FHOOV�VFDOH�ZLWK�WKH�VL]H�RI�WKH�F\VW��DV�LV�W\SLFDOO\�WKH�FDVH
LQ�PDPPDOLDQ�V\VWHPV��+DIHQ�DQG�6WRFNHU�������6DYDJH�HW�DO�������"�2U��GLG�ODUJHU�F\VWV�KDYH�WKH
VDPH�QXPEHU�RI�FHOOV�DV�VPDOOHU�F\VWV��EXW�ZLWK�ODUJHU�FRPSRQHQW�FHOOV"�:H�XVHG�WKH�QXPEHU�RI�QXFOHL
DV�D�SUR[\�IRU�WKH�QXPEHU�RI�FHOOV�DQG�IRXQG�WKDW�ODUJHU�F\VWV�KDG�SURSRUWLRQDOO\�PRUH�QXFOHL��)LJ���%��
%HFDXVH�FHOOV�SHULSKHUDO�WR�WKH�OXPHQ�V��KDG�GLIIHUHQW�PRUSKRORJ\�WKDQ�WKRVH�LQWHUQDO�WR�WKH�OXPHQV��ZH
ZRQGHUHG�ZKHWKHU�WKHLU�QXPEHU�VFDOHG�GLIIHUHQWO\�ZLWK�F\VW�YROXPH��:H�IRXQG�WKDW�WKH�QXPEHU�RI
SHULSKHUDO�QXFOHL�VFDOHG�VXEOLQHDUO\�ZLWK�F\VW�YROXPH��6XSS��)LJ��*���6XUSULVLQJO\��WKH�QXPEHU�RI�LQWHUQDO
FHOOV�VFDOHG�VXSHUOLQHDUO\�ZLWK�F\VW�YROXPH��WKXV�HQVXULQJ�WKDW�WKH�WRWDO�QXPEHU�RI�FHOOV�VFDOHG�OLQHDUO\
ZLWK�F\VW�YROXPH��*LYHQ�WKDW�WKH�QXPEHU�RI�FHOOV�VFDOHG�ZLWK�WKH�F\VW�YROXPH��ZH�SUHGLFWHG�WKDW�FHOO�VL]H
VKRXOG�EH�LQGHSHQGHQW�RI�F\VW�VL]H��:H�IRXQG�WKDW�GHVSLWH�LQFUHDVHV�LQ�F\VW�YROXPH�WKH�SHULSKHUDO�FHOO
KHLJKW�DQG�ZLGWK�DUH IDLUO\�FRQVWDQW�DW�a�����ȝP�DQG a������ȝP��UHVSHFWLYHO\��)LJ���&�'���7RJHWKHU�
ZH�FDOOHG�WKLV�VHW�RI�FRQVWUDLQWV�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�

���7KH�DXWKRUV�GHILQH�D�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��7KLV�SDUW�RI�WKH�VWXG\�ZRXOG�EHQHILW�IURP�D�TXDQWLWDWLYH
PRGHO�WKDW�XVHV�WKHVH�FRQVWUDLQWV�WR�PRGHO�WKH�F\VW�JURZWK�DQG�VKRZ�WKDW�ZLWK�WKH�IRXQG�FRQVWUDLQWV�WKH\�KDYH
LGHQWLILHG�D�SUHGLFWLYH�PRGHO�RI�WKLV�ELRORJLFDO�SURFHVV�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��:H�DJUHH�WKDW�D�PRGHO�ZRXOG�EH�KHOSIXO��EXW�ZH�EHOLHYH
FUHDWLQJ�DQG�YDOLGDWLQJ�D�TXDQWLWDWLYH�PRGHO�LQ�D�VDWLVI\LQJ�ZD\�ZRXOG�PHULW�LWV�RZQ�LQGHSHQGHQW�SDSHU�
JLYHQ�WKH�FRPSOH[LWLHV�RI�VXFK�DQ�XQGHUWDNLQJ��:H�GR�WKLQN�WKLV�LV�D�YHU\�H[FLWLQJ�DYHQXH�IRU�IXWXUH
UHVHDUFK��WKRXJK��DQG�KDYH�DGGHG�D�OLQH�DERXW�WKDW�LQ�WKH�GLVFXVVLRQ�

:KLOH�PDQ\�SRWHQWLDO�PHFKDQLVPV�PD\�EH�FRPSDWLEOH�ZLWK�RXU�H[SHULPHQWDO�GDWD��SHUWXUEDWLRQV�ZLOO�EH
UHTXLUHG�WR�H[FOXGH�FHUWDLQ�FODVVHV�RI�PRGHOV�DQG�HVWDEOLVK�FDXVDOLW\��6XFK�PROHFXODU�PHFKDQLVPV��LI
LGHQWLILHG��DUH�HQRUPRXVO\�SRZHUIXO�DQG�DUH�D�FULWLFDO�XOWLPDWH�JRDO�IRU�PROHFXODU�ELRORJ\��*LYHQ�WKH
UHODWLYHO\�VPDOO�QXPEHU�RI�SHUWXUEDWLRQV��LW�ZDV�GLIILFXOW�WR�FRQQHFW�SDWKZD\V�ZLWK�SKHQRW\SHV��,W�LV
SRVVLEOH�WKDW�PRUH�H[WHQVLYH�VHWV�RI�SHUWXUEDWLRQV�PD\�XOWLPDWHO\�UHYHDO�WKH�XQGHUO\LQJ�PROHFXODU
PHFKDQLVPV�UHVSRQVLEOH�IRU�SDUWLFXODU�FRQVWUDLQWV��+RZHYHU��LW�LV�DOVR�SRVVLEOH�WKDW�WKH�FRPSOH[LW\�RI
WKH�XQGHUO\LQJ�PROHFXODU�SDWKZD\V�LV�WRR�JUHDW�DQG�PXOWL�IDFHWHG�WR�HYHU�IXOO\�UHODWH�WR�WKHVH�FRQVWUDLQWV
LQ�DQ�HDVLO\�XQGHUVWRRG�PDQQHU��0HOOLV�DQG�5DM��������1HYHUWKHOHVV��WKHVH�FRQVWUDLQWV�DQG�RWKHUV�OLNH
WKHP�PD\�FRQVWLWXWH�DQ�HIIHFWLYH�³JUDPPDU´�RI�RUJDQRLG�PRUSKRORJ\�WKDW�RQH�PD\�EH�DEOH�WR�EXLOG�XSRQ
LUUHVSHFWLYH�RI�WKH�PROHFXODU�GHWDLOV� .QRZOHGJH�RI WKH�EXLOGLQJ�EORFNV�RI�RUJDQRLG�PRUSKRORJLHV

��



PD\�DOVR�LQIRUP�JHQHUDWLYH�TXDQWLWDWLYH�PRGHOV�RI�PRUSKRJHQHVLV�WKDW�FRXOG�EH�HYDOXDWHG�IRU
WKHLU�DELOLW\�WR�UHFDSLWXODWH�VXFK�FRQVWUDLQWV�

���&RXOG�DXWKRUV�HODERUDWH�ZKDW�WKH�PHFKDQLVPV�DUH�WKDW�ZRXOG�GLFWDWH�WKH�PLQLPXP�OXPHQ�YROXPH"�$W�ZKLFK
VWHS�LQ�WKH�F\VW�GHYHORSPHQW�GR�OXPHQV�DSSHDU��GRHV�WKLV�PLQLPXP�YROXPH�UHTXLUH�D�FHUWDLQ�QXPEHU�RI�FHOOV"
*LYHQ�WKDW�DXWKRUV�FODLP�WKH�FRQVWUDLQWV�WKH\�PHDVXUHG�JRYHUQ�WKH�0'&.�F\VW�PRUSKRJHQHVLV��WKH\�VKRXOG�EH
DEOH�WR�XVH�D�PRGHO�WR�SUHGLFW�ZKHQ�OXPHQV�ZRXOG�DSSHDU�DQG�KRZ�PDQ\�FHOOV�DUH�UHTXLUHG�WR�EXLOG�D�OXPHQ�

7KH�UHYLHZHU�KDV�UDLVHG�D�YHU\�LQWHUHVWLQJ�SRLQW�DERXW�EHLQJ�DEOH�WR�HVWLPDWH�WKH�PLQLPXP�QXPEHU�RI
FHOOV�UHTXLUHG�IRU�D�OXPHQ�WR�IRUP��2XU�GDWDVHW�DFWXDOO\�FRQWDLQHG�VHYHUDO�VPDOO�F\VWV�WKDW�KDG�QR
OXPHQ��VR�ZH�JUDSKHG�WKRVH�YV��ERWK�F\VW�VL]H�DQG�QXPEHU�RI�FHOOV��6XSS��)LJ�8���:KLOH�WKHUH�ZHUH
VRPH�RXWOLHUV��ZH�IRXQG�WKDW�WKHUH�ZDV�D�FOHDU�VKLIW�IURP���WR���OXPHQV�DW�DURXQG��������ȝP� DQG�DW��
FHOOV��7KXV��RXU�GDWD�VXJJHVW�WKDW�D�PLQLPXP�RI���FHOOV�LV�UHTXLUHG�WR�IRUP�D�OXPHQ��:H�KDYH�XSGDWHG
WKH�PDLQ�WH[W�DV�ZHOO�

:H�ZRQGHUHG�ZKHWKHU�RWKHU�FRQVWUDLQWV�ZHUH�VLPLODUO\�DIIHFWHG�E\�DJH��:H�ORRNHG�DW�WKH�DJH
GHSHQGHQFH�RI�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��)LJ���)��6XSS��)LJ��1���:H�DJDLQ�IRXQG�WKDW�F\VWV�RI
DOO�DJHV�REH\HG�D�FRQVWUDLQW�RQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�YROXPH��+RZHYHU��WKLV�FRQVWUDLQW
FKDQJHG�ZLWK�DJH��ZH�IRXQG�WKDW�\RXQJHU�F\VWV�FXOWXUHG�IRU���GD\V�KDG�D�KLJKHU�PD[LPXP�QXPEHU�RI
OXPHQV�SHU�F\VW�YROXPH��DQG�F\VWV�FXOWXUHG�IRU�������GD\V�KDG�D�ORZHU�PD[LPXP�QXPEHU�RI�OXPHQV
SHU�F\VW�YROXPH��7KH�GHFUHDVH�LQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�DV�F\VWV�DJH�EH\RQG���GD\V�VXJJHVWV
WKDW�PXOWLSOH�OXPHQV�LQ�D�F\VW�DUH�HLWKHU�PHUJLQJ�RU�GLVDSSHDULQJ�DV�F\VWV�JURZ�ROGHU��,W�LV�GLIILFXOW�WR
VSHFXODWH�ZKDW�PHFKDQLVPV�PLJKW�JRYHUQ�WKLV�DJH�GHSHQGHQW�TXDQWLWDWLYH�FKDQJH�LQ�FRQVWUDLQWV
ZLWKRXW�SHUWXUEDWLRQV��+RZHYHU��JLYHQ�WKDW�YHU\�\RXQJ�F\VWV�VHHP�WR�REH\�D�GLIIHUHQW�VHW�RI�FRQVWUDLQWV
WKDQ�ROGHU�F\VWV��LW�PD\�EH�WKDW�VRPH�RI�WKHVH�GLIIHUHQFHV�DUH�GXH�WR�WKH�HVWDEOLVKPHQW�RI�DSLFR�EDVDO
SRODULW\�DURXQG�WKH�OXPHQ�FRQVLGHULQJ�WKH�ZRUN�RI�9DVTXH]�HW�DO��9DVTXH]�HW�DO�������� $OVR��ZH
QRWLFHG�LQ�\RXQJ�F\VWV�WKDW�WKH�WKUHVKROG�RI�VL]H�DQG�QXPEHU�RI�QXFOHL�LQ�RUGHU�WR�IRUP�D�OXPHQ
ZDV��������ȝP� DQG���QXFOHL��UHVSHFWLYHO\��6XSS��)LJ� 8�� 7RJHWKHU��RXU�UHVXOWV�SRLQW�WR�FRQVWUDLQWV
DV�EHLQJ�G\QDPLF�HQWLWLHV�WKDW�FDQ�FKDQJH�DV�F\VWV�JURZ�DQG�GHYHORS�

���,Q�WKH�PDQXVFULSW�WKH�DXWKRUV�XVH�IRU�WKH�IHDWXUHV�GHVFULELQJ�OXPHQV��WKH�PHDQ�DFURVV�DOO�OXPHQV�LQ�WKH�F\VW�
H�J��PHDQ�OXPHQ�YROXPH��7KLV�VHHPV�SUREOHPDWLF�JLYHQ�WKH�SUHVHQFH�RI�F\VWV�ZLWK�HLWKHU�D�VLQJOH�RU�PXOWLSOH
OXPHQV��$XWKRUV�VKRXOG�VKRZ�ZKHWKHU�WKH�UHVXOWV�ZRXOG�EH�GLIIHUHQW�LI�WKH\�XVHG�FXPXODWLYH�OXPHQ�YROXPH
LQVWHDG�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�KHOSIXO�VXJJHVWLRQ��:H�DJUHH�WKDW�XVLQJ�PHDQ�OXPHQ�YROXPH�PD\�QRW
HQWLUHO\�UHIOHFW�DOO�RI�WKH�PRUSKRORJLFDO�YDULDWLRQ�LQ�OXPHQV��HVSHFLDOO\�IRU�RUJDQRLGV�ZLWK�RQH�YHUVXV
PDQ\�OXPHQV��)RU�WKLV�UHDVRQ��ZH�LQFOXGHG�FXPXODWLYH�OXPHQ�YROXPH��WKRXJK�ZH�UHIHUUHG�WR�LW�DV�WRWDO
OXPHQ�YROXPH��DV�RQH�RI�WKH�IHDWXUHV�ZH�PHDVXUHG��$V�DQ�H[DPSOH�RI�ZKDW�FXPXODWLYH�OXPHQ�YROXPH
FRUUHODWHV�ZLWK��ZH�REVHUYHG�DQ�LQFUHDVH�LQ�FXPXODWLYH�OXPHQ�YROXPH�ZLWK�F\VW�YROXPH��)LJXUH��(��

���7KH�DXWKRUV�VKRZ�WKDW�ZKHQ�OXPHQV�JHW�ODUJHU�QXFOHL�JHW�VPDOOHU��'RHVQ¶W�WKLV�FRQWUDGLFW�WKH�FHOO�VL]H
FRQVWUDLQW"�7KLV�PLJKW�EH�FRQIXVLQJ��*LYHQ�WKDW�DXWKRUV�XVH�QXPEHU�RI�QXFOHL�LQ�UHODWLRQ�WR�F\VW�VL]H�WR�FODLP
WKDW�F\VW�JURZWK�LV�PHGLDWHG�E\�LQFUHDVH�LQ�FHOO�QXPEHUV�UDWKHU�WKDQ�LQFUHDVHG�VL]H�RI�LQGLYLGXDO�FHOOV��WKLV
VHHPV�WR�EH�KDUG�WR�FRQVROLGDWH�

7KH�UHYLHZHU�EULQJV�XS�DQ�H[FHOOHQW�SRLQW�WKDW�WKH�WUHQG�EHWZHHQ�QXFOHDU�DQG�OXPHQ�VL]H�DQG�WKH�FHOO
VL]H�FRQVWUDLQW�VHHP�FRQWUDGLFWRU\��7KH�FHOO�VL]H�FRQVWUDLQW�VXJJHVWV�WKDW�WKH�QXPEHU��EXW�QRW�VL]H�RI

��



FHOOV��LQFUHDVHV�ZLWK�LQFUHDVLQJ�F\VW�VL]H��+RZHYHU��WKH�VL]H�RI�WKH�FHOO�DQG�WKH�VL]H�RI�WKH�QXFOHL�DUH�WZR
GLIIHUHQW�SURSHUWLHV�DQG�LW�QHHG�QRW�EH�WKDW�ODUJHU�FHOOV�KDYH�ODUJHU�QXFOHL��:H�ILQG�WKHVH�SURSHUWLHV�WR
QRW�EH�FRUUHODWHG��VHH�EHORZ���:H�KDYH�DGGHG�WKLV�FODULILFDWLRQ�WR�WKH�WH[W��VHH�EHORZ��

*LYHQ�WKDW�0'&.�F\VWV�REH\�D�QXPEHU�RI�FRQVWUDLQWV��ZH�WKHQ�ZRQGHUHG�ZKHWKHU�WKHVH�FRQVWUDLQWV�DUH
FRXSOHG��,Q�RWKHU�ZRUGV��PLJKW�WKHUH�EH�D�VLQJOH�GLPHQVLRQ��RU�D�IHZ�GLPHQVLRQV���HDFK�RI�ZKLFK�PD\
FRPSULVH�VHYHUDO�FRUUHODWHG�IHDWXUHV��DORQJ�ZKLFK�DOO�0'&.�F\VW�PRUSKRORJLHV�IDOO��)LJ���+�"�7R
LGHQWLI\�GLPHQVLRQV�LQ�WKH�VSDFH�RI�0'&.�F\VW�PRUSKRORJLHV�ZH�SHUIRUPHG�SULQFLSDO�FRPSRQHQW
DQDO\VLV��3&$��RQ�WKH�VHW�RI����F\VWV�DQG�WKHLU����PRUSKRORJLFDO�IHDWXUHV��,Q�RUGHU�WR�DSSO\�3&$�WR�RXU
GDWD��ZH�QHHGHG�WR�VXSSO\�D�VLQJOH�YDOXH�IRU�HDFK�IHDWXUH�IRU�HDFK�F\VW��)RU�DOO�IHDWXUHV�GHVFULELQJ
QXFOHL�ZH�XVHG�ERWK�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�DFURVV�DOO�QXFOHL�ZLWKLQ�WKH�F\VW��H�J��PHDQ
QXFOHDU�YROXPH�DQG�VWDQGDUG�GHYLDWLRQ�RI�QXFOHDU�YROXPH��)RU�IHDWXUHV�GHVFULELQJ�OXPHQV�ZH�XVHG�WKH
PHDQ�DFURVV�DOO�OXPHQV�LQ�WKH�F\VW��H�J��PHDQ�OXPHQ�YROXPH��:H�GLGQ¶W�LQFOXGH�RWKHU�KLJKHU�RUGHU
VWDWLVWLFV�OLNH�VWDQGDUG�GHYLDWLRQ�EHFDXVH�LW�ZDV�LPSRVVLEOH�WR�GR�VR�IRU�WKH�PDQ\�F\VWV�WKDW�KDG�RQO\
RQH�OXPHQ��:H�IRXQG�WKDW�WKH�ILUVW�WKUHH�SULQFLSDO�FRPSRQHQWV�UHVSHFWLYHO\�H[SODLQ�����������DQG����
RI�WKH�YDULDWLRQ�LQ�0'&.�F\VW�PRUSKRORJLHV��)LJ���,���:H�WKHQ�ZRQGHUHG�ZKHWKHU�WKH�SULQFLSDO
FRPSRQHQWV�UHIOHFWHG�DQ\�RI�WKH�FRQVWUDLQWV�ZH�KDG�SUHYLRXVO\�LGHQWLILHG��:H�IRXQG�WKDW�WKH�ILUVW
SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�OXPHQ�VL]H�DQG�LQYHUVHO\�QXFOHDU�VL]H��UHIOHFWLQJ�WKH�IDFW�WKDW�DV
OXPHQV�JHW�ODUJHU��QXFOHL�JHW�VPDOOHU��)LJ���-�/��6XSS��)LJ��+�� 1RWH�WKDW�WKLV�WUHQG�LV�FRQVLVWHQW ZLWK
RXU�HDUOLHU�ILQGLQJ�RI�UHODWLYHO\�FRQVWDQW�FHOO�VL]H�EHFDXVH�FHOO�VL]H�DQG�QXFOHDU�VL]H�DUH�GLIIHUHQW
SURSHUWLHV� 7KH�VHFRQG�SULQFLSDO�FRPSRQHQW�UHSUHVHQWV F\VW�VL]H�DQG�QXPEHU�RI�QXFOHL��UHIOHFWLQJ�WKDW
LQFUHDVHG�F\VW�VL]H�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�QXPEHU�RI�QXFOHL��D�UHODWLRQVKLS�ZH�SUHYLRXVO\
LGHQWLILHG�DV�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��7KH�WKLUG�SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�WKH
WUDGH�RII�EHWZHHQ�OXPHQ�VL]H�DQG�WKH�QXPEHU�RI�OXPHQV��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR
KDYH�PRUH�OXPHQV��WKH�LQGLYLGXDO�OXPHQV�PXVW�EH�VPDOOHU��UDWKHU�WKDQ�WKHUH�LV�D�PD[LPXP�OXPHQ�VL]H
ZKLFK�LV�LQGHSHQGHQW�RI�WKH�QXPEHU�RI�OXPHQV���7KH�WKLUG�SULQFLSDO�FRPSRQHQW�DOVR�UHSUHVHQWHG�D
WUDGH�RII�EHWZHHQ�QXFOHDU�VL]H�DQG�WKH�GHQVLW\�RI�QXFOHL��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR
KDYH�PRUH�QXFOHL�WKH�QXFOHL�PXVW�EH�VPDOOHU��6XSS��)LJ��,����&RQVLVWHQW�ZLWK�3&���ZH�DOVR�IRXQG�WKDW
QXFOHDU�VL]H�DQWL�FRUUHODWHG�ZLWK�OXPHQ�VL]H���%H\RQG�WKRVH�WKUHH�SULQFLSDO�FRPSRQHQWV��WKH�UHPDLQLQJ
FRPSRQHQWV�DFFRXQWHG�IRU�OHVV�YDULDWLRQ�WKDQ�FRPSRQHQWV�FDOFXODWHG�IURP�UDQGRPL]HG�GDWD�
VXJJHVWLQJ�WKDW�WKRVH�3&V�OLNHO\�GR�QRW�UHIOHFW�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�GDWD��,Q�DGGLWLRQ�WR�SHUIRUPLQJ
FRQYHQWLRQDO�3&$�RQ�RXU�GDWD��ZH�DOVR�XVHG�D�VSDUVH�3&$�PHWKRG��%HQMDPLQ�(ULFKVRQ�HW�DO��������
ZKLFK�FDQ�DLG�ZLWK�LQWHUSUHWDWLRQ�EHFDXVH�LW�WULHV�WR�UHGXFH�VPDOO�FRQWULEXWLRQV�WR�SULQFLSDO�FRPSRQHQWV
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WR�]HUR�ZKHQ�SRVVLEOH��:H�IRXQG�WKDW�WKH�SULQFLSDO�FRPSRQHQWV�IURP�VXFK�DQ�DQDO\VLV��DIWHU�GLVFDUGLQJ
WKH�ILUVW�SULQFLSDO�FRPSRQHQW��ZKLFK�LV�PRVW�OLNHO\�WHFKQLFDO�DQG�EDWFK�YDULDELOLW\��UHFDSLWXODWHG�VLPLODU
FRQWULEXWLRQV�WR�WKH�D[HV�RI�YDULDWLRQ�UHYHDOHG�E\�FRQYHQWLRQDO�3&$��7KLV�DQDO\VLV�DOVR�KDG�D�PRUH
VWUDLJKWIRUZDUG�LQWHUSUHWDWLRQ�RZLQJ�WR�WKH�SULQFLSDO�FRPSRQHQWV�KDYLQJ�MXVW�D�IHZ�SULPDU\�FRQWULEXWLQJ
IHDWXUHV��6XSS��)LJ��7���7KXV��GHVSLWH�TXDQWLI\LQJ�D�ODUJH�QXPEHU�RI�IHDWXUHV��0'&.�F\VW�PRUSKRORJLHV
FDQ�WKXV�EH�UHSUHVHQWHG�E\�D�OLPLWHG�QXPEHU�RI�GLPHQVLRQV�

���7KH�DXWKRUV�FRQFOXGH�WKDW�0'&.�F\VWV�FDQ�EH�UHSUHVHQWHG�E\�D�OLPLWHG�QXPEHU�RI�GLPHQVLRQV��:KLOH�WKLV
FRXOG�EH�SDUWLDOO\�WUXH��WKLV�LV�D�OLWWOH�ELW�D�WULYLDO�REVHUYDWLRQ��WKLV�SULQFLSOH�XQGHUOLHV�YLUWXDOO\�DQ\�GLPHQVLRQDOLW\
UHGXFWLRQ�PHWKRG��:KDW�LV�PLVOHDGLQJ�LQ�WKLV�VHQWHQFH�LV�WKH�ORJLFDO�MXPS�EHWZHHQ�YDULDQFH�EHLQJ�H[SODLQHG�E\
D�VHW�RI�SULQFLSOH�FRPSRQHQWV�DQG�PRUSKRORJLHV�EHLQJ�UHSUHVHQWHG�E\�D�OLPLWHG�QXPEHU�RI�GLPHQVLRQV��DV�DOO�RI
WKH�PHDVXUHG�IHDWXUHV�ZHUH�XVHG�WR�FDOFXODWH�WKH�SULQFLSOH�FRPSRQHQWV�PHQWLRQHG�DQG�WKHVH�GHVFULEH
FRYDULDQFH�RI�PXOWLSOH�PHDVXUHPHQWV�DV�VHHQ�LQ�)LJXUH��-�

7KH�UHYLHZHU�KDV�UDLVHG�VRPH�LQWHUHVWLQJ�LVVXHV�UHJDUGLQJ�RXU�LQWHUSUHWDWLRQ�RI�3&$�LQ�WHUPV�RI
PRUSKRORJLHV��:KLOH�3&$�LV�RIWHQ�XVHG�IRU�GLPHQVLRQDO�UHGXFWLRQ��LW�LV�E\�QR�PHDQV�DVVXUHG�WR�UHGXFH
GLPHQVLRQ��LI�WKH�YDULDQFH�ZHUH�HTXDOO\�VSUHDG�RXW�EHWZHHQ�D�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV��LW
ZRXOG�QRW�EH�SRVVLEOH�WR�UHGXFH�GLPHQVLRQ�YLD�3&$��,Q�RXU�FDVH��WKH�IDFW�WKDW�WKHUH�DUH�D�IHZ�GRPLQDQW
FRPSRQHQWV�VXJJHVWV�WKDW�YDULDQFH�FDQ�EH�FDSWXUHG�E\�D�IHZ�OLPLWHG�GLPHQVLRQV��DQG�WKDW�VXJJHVWV
WKDW�RQH�FDQ�FDSWXUH�DOO�WKH�PRUSKRORJLHV�ZLWK�MXVW�D�FRXSOH�YDULDEOHV��,W�LV�FHUWDLQO\�SRVVLEOH�WKDW�ZH
DUH�QRW�FDSWXULQJ�DOO�WKH�YDULDQFH�ZLWK�RXU�VHW�RI�IHDWXUHV��3HUKDSV�ZH�DUH�PLVXQGHUVWDQGLQJ�WKH
UHYLHZHU¶V�FRPPHQW��5HJDUGOHVV��KHUH�LV�ZKHUH�ZH�PDNH�WKLV�SRLQW�LQ�RXU�PDLQ�WH[W�

*LYHQ�WKDW�0'&.�F\VWV�REH\�D�QXPEHU�RI�FRQVWUDLQWV��ZH�WKHQ�ZRQGHUHG�ZKHWKHU�WKHVH�FRQVWUDLQWV�DUH
FRXSOHG��,Q�RWKHU�ZRUGV��PLJKW�WKHUH�EH�D�VLQJOH�GLPHQVLRQ��RU�D�IHZ�GLPHQVLRQV���HDFK�RI�ZKLFK�PD\
FRPSULVH�VHYHUDO�FRUUHODWHG�IHDWXUHV��DORQJ�ZKLFK�DOO�0'&.�F\VW�PRUSKRORJLHV�IDOO��)LJ���+�"�7R
LGHQWLI\�GLPHQVLRQV�LQ�WKH�VSDFH�RI�0'&.�F\VW�PRUSKRORJLHV�ZH�SHUIRUPHG�SULQFLSDO�FRPSRQHQW
DQDO\VLV��3&$��RQ�WKH�VHW�RI����F\VWV�DQG�WKHLU����PRUSKRORJLFDO�IHDWXUHV��,Q�RUGHU�WR�DSSO\�3&$�WR�RXU
GDWD��ZH�QHHGHG�WR�VXSSO\�D�VLQJOH�YDOXH�IRU�HDFK�IHDWXUH�IRU�HDFK�F\VW��)RU�DOO�IHDWXUHV�GHVFULELQJ
QXFOHL�ZH�XVHG�ERWK�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�DFURVV�DOO�QXFOHL�ZLWKLQ�WKH�F\VW��H�J��PHDQ
QXFOHDU�YROXPH�DQG�VWDQGDUG�GHYLDWLRQ�RI�QXFOHDU�YROXPH��)RU�IHDWXUHV�GHVFULELQJ�OXPHQV�ZH�XVHG�WKH
PHDQ�DFURVV�DOO�OXPHQV�LQ�WKH�F\VW��H�J��PHDQ�OXPHQ�YROXPH��:H�GLGQ¶W�LQFOXGH�RWKHU�KLJKHU�RUGHU
VWDWLVWLFV�OLNH�VWDQGDUG�GHYLDWLRQ�EHFDXVH�LW�ZDV�LPSRVVLEOH�WR�GR�VR�IRU�WKH�PDQ\�F\VWV�WKDW�KDG�RQO\
RQH�OXPHQ��:H�IRXQG�WKDW�WKH�ILUVW�WKUHH�SULQFLSDO�FRPSRQHQWV�UHVSHFWLYHO\�H[SODLQ�����������DQG����
RI�WKH�YDULDWLRQ�LQ�0'&.�F\VW�PRUSKRORJLHV��)LJ���,���:H�WKHQ�ZRQGHUHG�ZKHWKHU�WKH�SULQFLSDO
FRPSRQHQWV�UHIOHFWHG�DQ\�RI�WKH�FRQVWUDLQWV�ZH�KDG�SUHYLRXVO\�LGHQWLILHG��:H�IRXQG�WKDW�WKH�ILUVW
SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�OXPHQ�VL]H�DQG�LQYHUVHO\�QXFOHDU�VL]H��UHIOHFWLQJ�WKH�IDFW�WKDW�DV
OXPHQV�JHW�ODUJHU��QXFOHL�JHW�VPDOOHU��)LJ���-�/��6XSS��)LJ��+���7KH�VHFRQG�SULQFLSDO�FRPSRQHQW
UHSUHVHQWV�F\VW�VL]H�DQG�QXPEHU�RI�QXFOHL��UHIOHFWLQJ�WKDW�LQFUHDVHG�F\VW�VL]H�ZDV�DVVRFLDWHG�ZLWK
LQFUHDVHG�QXPEHU�RI�QXFOHL��D�UHODWLRQVKLS�ZH�SUHYLRXVO\�LGHQWLILHG�DV�WKH�FRQVWDQW�FHOO�GHQVLW\
FRQVWUDLQW��7KH�WKLUG�SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�WKH�WUDGH�RII�EHWZHHQ�OXPHQ�VL]H�DQG�WKH�QXPEHU
RI�OXPHQV��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR�KDYH�PRUH�OXPHQV��WKH�LQGLYLGXDO�OXPHQV
PXVW�EH�VPDOOHU��UDWKHU�WKDQ�WKHUH�LV�D�PD[LPXP�OXPHQ�VL]H�ZKLFK�LV�LQGHSHQGHQW�RI�WKH�QXPEHU�RI
OXPHQV���7KH�WKLUG�SULQFLSDO�FRPSRQHQW�DOVR�UHSUHVHQWHG�D�WUDGH�RII�EHWZHHQ�QXFOHDU�VL]H�DQG�WKH
GHQVLW\�RI�QXFOHL��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR�KDYH�PRUH�QXFOHL�WKH�QXFOHL�PXVW�EH
VPDOOHU��6XSS��)LJ��,����&RQVLVWHQW�ZLWK�3&���ZH�DOVR�IRXQG�WKDW�QXFOHDU�VL]H�DQWL�FRUUHODWHG�ZLWK�OXPHQ
VL]H���%H\RQG�WKRVH�WKUHH�SULQFLSDO�FRPSRQHQWV��WKH�UHPDLQLQJ�FRPSRQHQWV�DFFRXQWHG�IRU�OHVV
YDULDWLRQ�WKDQ�FRPSRQHQWV�FDOFXODWHG�IURP�UDQGRPL]HG�GDWD��VXJJHVWLQJ�WKDW�WKRVH�3&V�OLNHO\�GR�QRW

��



UHIOHFW�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�GDWD��,W�LV�SRVVLEOH�WKDW�LI�ZH�ZHUH�WR�PHDVXUH�DGGLWLRQDO
PRUSKRORJLFDO�IHDWXUHV�ZH�PLJKW�ILQG�DGGLWLRQDO�D[HV�RI�YDULDELOLW\��1RQHWKHOHVV��GHVSLWH�TXDQWLI\LQJ�D
ODUJH�QXPEHU�RI�IHDWXUHV��0'&.�F\VW�PRUSKRORJLHV�FDQ�WKXV�EH�UHSUHVHQWHG�E\�D�OLPLWHG�QXPEHU�RI
GLPHQVLRQV�

����7KH�IXOO�SDUDJUDSK�RQ�DJH�GHSHQGHQFLHV�LV�KDUG�WR�LQWHUSUHW�DQG�IROORZ��0RUHRYHU��WKHUH�LV�QR�ELRORJLFDO
LQWHUSUHWDWLRQ�RI�DQ\�NLQG�

:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�RXW�WKDW�WKH�VHFWLRQ�RQ�DJH�GHSHQGHQFLHV�LV�KDUG�WR�IROORZ��:H�KDYH
PDGH�VXEVWDQWLDO�FKDQJHV�WR�WKDW�VHFWLRQ�WR�LPSURYH�UHDGDELOLW\��)XUWKHU��ZH�KDYH�DGGHG�VRPH�SRWHQWLDO
ELRORJLFDO�LQWHUSUHWDWLRQV�WR�WKH�HQG�RI�WKH�VHFWLRQ��:H�WKLQN�WKDW�WKHVH�FKDQJHV�PDNH�WKH�VHFWLRQ�PXFK
HDVLHU�WR�IROORZ�DQG�WKDQN�WKH�UHYLHZHU�IRU�WKH�VXJJHVWLRQ�

:H�ZRQGHUHG�ZKHWKHU�RWKHU�FRQVWUDLQWV�ZHUH�VLPLODUO\�DIIHFWHG�E\�DJH��:H�ORRNHG�DW�WKH�DJH
GHSHQGHQFH�RI�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��)LJ���)��6XSS��)LJ��1���:H�DJDLQ�IRXQG�WKDW�F\VWV�RI
DOO�DJHV�REH\HG�D�FRQVWUDLQW�RQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�YROXPH��+RZHYHU��WKLV�FRQVWUDLQW
FKDQJHG�ZLWK�DJH��ZH�IRXQG�WKDW�\RXQJHU�F\VWV�FXOWXUHG�IRU���GD\V�KDG�D�KLJKHU�PD[LPXP�QXPEHU�RI
OXPHQV�SHU�F\VW�YROXPH��DQG�F\VWV�FXOWXUHG�IRU�������GD\V�KDG�D�ORZHU�PD[LPXP�QXPEHU�RI�OXPHQV
SHU�F\VW�YROXPH��7KH�GHFUHDVH�LQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�DV�F\VWV�DJH�EH\RQG���GD\V�VXJJHVWV
WKDW�PXOWLSOH�OXPHQV�LQ�D�F\VW�DUH�HLWKHU�PHUJLQJ�RU�GLVDSSHDULQJ�DV�F\VWV�JURZ�ROGHU��,W�LV�GLIILFXOW WR
VSHFXODWH�ZKDW�PHFKDQLVPV�PLJKW�JRYHUQ�WKLV�DJH�GHSHQGHQW�TXDQWLWDWLYH�FKDQJH�LQ
FRQVWUDLQWV�ZLWKRXW�SHUWXUEDWLRQV��+RZHYHU��JLYHQ�WKDW�YHU\�\RXQJ�F\VWV�VHHP�WR�REH\�DQ
HQWLUHO\�GLIIHUHQW�VHW�RI�FRQVWUDLQWV�WKDQ�ROGHU�F\VWV��LW�PD\�EH�WKDW�VRPH�RI�WKHVH�GLIIHUHQFHV�DUH
GXH�WR�WKH�HVWDEOLVKPHQW�RI�DSLFR�EDVDO�SRODULW\�DURXQG�WKH�OXPHQ�FRQVLGHULQJ�WKH�ZRUN�RI
9DVTXH]�HW�DO��9DVTXH]�HW�DO�������� 7RJHWKHU��RXU UHVXOWV�SRLQW�WR�FRQVWUDLQWV�DV�EHLQJ�G\QDPLF
HQWLWLHV�WKDW�FDQ�FKDQJH�DV�F\VWV�JURZ�DQG�GHYHORS�

����7KH�DXWKRUV�VD\�WKH\�XVH��XO�RI�WKH�GUXJV�7KH\�VKRXOG�VWDWH�WKH�FRQFHQWUDWLRQV�

:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�RXW�WKLV�RPLVVLRQ��ZH�KDYH�QRZ�DGGHG�DOO�GUXJ�FRQFHQWUDWLRQV�WR�WKH
0HWKRGV�VHFWLRQ��VHH�0HWKRGV���0'&.�&\VW�3HUWXUEDWLRQ�([SHULPHQWV�DQG�6XSS��7DEOH����

����7KH�IL[DWLRQ�WLPHSRLQW�IRU�WKH�VFUHHQ�ZDV���GD\V��WKDW�LV�QRW���RU���DV�LQ�DOO�WKH�SUHYLRXV�SDUW�RI�WKH
PDQXVFULSW��:K\�WKLV�WLPH�SRLQW"�LQ�WKH�SUHYLRXV�VHFWLRQ�FRPSDULVRQ�ZDV�WR�GD\���F\VWV��FRXOG�DXWKRUV�SOHDVH
H[SODLQ�ZK\�SDUWLFXODU�WLPH�SRLQWV�ZHUH�XVHG"�$QG�FDQ�LW�EH�WKHQ�FRPSDUDEOH�WR�WKH�SUHYLRXV�DQDO\VLV

7KH�UHYLHZHU�KDV�VSRWWHG�DQ�LPSRUWDQW�WHFKQLFDO�SRLQW��$W�WKH�RXWVHW�RI�WKH�SURMHFW�ZH�GHFLGHG�ZH�ZHUH
LQWHUHVWHG�LQ�TXDQWLI\LQJ�WKH�HIIHFWV�RI�F\VW�DJH�DQG�GUXJ�SHUWXUEDWLRQV�RQ�0'&.�F\VW�FRQVWUDLQWV��:H
FKRVH���GD\V�DV�D�UHIHUHQFH�SRLQW�EHFDXVH�WKDW�ZRXOG�JLYH�XV�SOHQW\�RI�WLPHSRLQWV�IRU�\RXQJHU�������
DQG���GD\V��DQG�ROGHU��������������DQG����GD\V��F\VWV��8QIRUWXQDWHO\��IRU�WKH�VFUHHQ��ZH�ZHUH�OLPLWHG�WR
��GD\V�EHFDXVH�WKH�VFUHHQLQJ�IDFLOLW\�ZDV�FRQFHUQHG�WKDW�HYDSRUDWLRQ�LQ�WKH�SODWH�IRUPDW�FRXOG�UXLQ�WKH
H[SHULPHQW��:H�GHFLGHG�WKDW�IRU�IROORZXS�H[SHULPHQWV�IRU�GUXJV�IURP�WKH�VFUHHQ�LW�ZRXOG�EH�PRUH
FRQYHQLHQW�WR�FRPSDUH�WKH�HIIHFWV�RI�DJH�DQG�GUXJ�SHUWXUEDWLRQV�LI�WKH\�KDG�WKH�VDPH�UHIHUHQFH�WLPH
SRLQW����GD\V���,Q�DGGLWLRQ��ZH�K\SRWKHVL]HG�WKDW�DQ\�GUXJV�ZKLFK�DIIHFWHG�0'&.�F\VW�PRUSKRORJ\�IRU��
GD\V�ZRXOG�FRQWLQXH�WR�GR�VR�IRU�DQRWKHU���GD\V��:H�KDYH�QRZ�KLJKOLJKWHG�WKLV�GLIIHUHQFH�LQ�WKH
0HWKRGV�VHFWLRQ��VHH�EHORZ��

0'&.�&\VW�3HUWXUEDWLRQ�([SHULPHQWV

��



0'&.�F\VWV�ZHUH�FXOWXUHG�XVLQJ�WKH�DERYH�WHFKQLTXH�ZLWK�WKH�IROORZLQJ�H[FHSWLRQV��)RU�GUXJ
SHUWXUEDWLRQV��F\VWV�ZHUH�FXOWXUHG�LQ�PHGLD�FRQWDLQLQJ�GUXJ�WKURXJKRXW�WKHLU�HQWLUH�JURZWK��6XSS��7DEOH
����0HGLD�ZDV�UHSODFHG�HYHU\�RWKHU�GD\��)RU�WKH�KLJK�FHOO�GHQVLW\�SHUWXUEDWLRQ��WKH�F\VWV�ZHUH�SODWHG
IURP�D�FHOO�0DWULJHO�VXVSHQVLRQ�FRQWDLQLQJ���������FHOOV�P/��&\VWV�ZHUH�IL[HG�DQG�LPDJHG�RQ�WKH��WK
GD\�XVLQJ�WKH�SURWRFROV�GHVFULEHG�DERYH� 1RWH�WKDW LQ�WKH�GUXJ�VFUHHQ�WKH�F\VWV�ZHUH�IL[HG�RQ�WKH
�WK�GD\��EHFDXVH�WKH�VFUHHQLQJ�IDFLOLW\�ZDV�FRQFHUQHG�WKDW�ORQJHU�WLPHSRLQWV�ZRXOG�ULVN�PHGLD
HYDSRUDWLRQ���+RZHYHU��WR�PRUH�HDVLO\�FRPSDUH�WKH�HIIHFWV�RI�GUXJ�SHUWXUEDWLRQV�ZLWK�DJH
SHUWXUEDWLRQV�ZH�GHFLGHG�WR�XVH�WKH�VDPH�UHIHUHQFH�DJH����GD\V��

����+RZ�ZDV�WKH�IXQFWLRQDO�DQQRWDWLRQ�HQULFKPHQW�SHUIRUPHG�RQ�WKH�KLWV"�:DV�LW�FRQWUROOHG�E\�WKH�OLEUDU\
FRPSRVLWLRQ"

7KH�UHYLHZHU�KDV�SRVHG�D�JRRG�TXHVWLRQ�DERXW�DQDO\VLV�RI�WKH�KLWV�IURP�RXU�GUXJ�FRPSRXQG�VFUHHQ�
:KLOH�IXQFWLRQDO�HQULFKPHQW�ZRXOG�LQ�SULQFLSOH�EH�YHU\�H[FLWLQJ��ZH�HOHFWHG�QRW�WR�SHUIRUP�VXFK�DQ
DQDO\VLV�EHFDXVH�WKH�VFUHHQ�LWVHOI�FRQVLVWHG�RI�DVVD\V�WKDW�ZHUH�UHODWLYHO\�SULPLWLYH��VR�LW�ZRXOG�EH�KDUG
WR�DVFULEH�IXQFWLRQ�LQ�D�ULJRURXV�ZD\�WR�WKH�FRQVWUDLQWV�ZH�LGHQWLILHG��0RUHRYHU��LW�ZRXOG�KDYH�EHHQ�YHU\
KDUG�WR�YDOLGDWH�WKH�ODUJH�QXPEHU�RI�KLWV�UHTXLUHG�WR�PDNH�D�VWURQJ�VWDWHPHQW�LQ�WKLV�UHJDUG��,Q�WKH�HQG�
ZH�PDQXDOO\�JURXSHG�KLWV�WRJHWKHU�EDVHG�RQ�FRPPRQ�WDUJHWV�DQG�WKHQ�SLFNHG�D�FDQGLGDWH�RU�WZR�IURP
HDFK�JURXS�IRU�IXUWKHU�DQDO\VLV��UHDVRQLQJ�WKDW�WKHVH�ZRXOG�EH�WKH�PRVW�SURPLVLQJ�IRU�GRZQVWUHDP
YDOLGDWLRQ��:H�KDYH�QRZ�PDGH�WKLV�SRLQW�PRUH�FOHDU�LQ�WKH�5HVXOWV�VHFWLRQ�

:H�IXUWKHU PDQXDOO\ JURXSHG�KLWV�IRU�VPDOOHU�DQG�ODUJHU F\VWV�DFFRUGLQJ�WR�WKHLU�WDUJHWV��6XSS��7DEOH
������:H�VHOHFWHG�IRXU�GUXJV�IURP�RXU�OLVW�RI�KLWV�IURP�WKH�VFUHHQ�WKDW�LQFUHDVHG�F\VW�VL]H�IURP�JURXSV
WDUJHWLQJ�PDPPDOLDQ�WDUJHW�RI�UDSDP\FLQ��DXURUD�NLQDVH��SKRVSKRGLHVWHUDVH��DQG�VHURWRQLQ��6LPLODUO\�
ZH�VHOHFWHG�WKUHH�GUXJV�WKDW�PDGH�F\VWV�VPDOOHU�IURP�JURXSV�WDUJHWLQJ�HSLGHUPDO�JURZWK�IDFWRU
UHFHSWRU��KLVWRQH�GHDFHW\ODVHV��DQG�H[SRUWLQ��� *LYHQ WKH�UHODWLYHO\�VPDOO�QXPEHU�RI�IDFWRUV�ZH
ZHUH�DEOH�WR�ULJRURXVO\�WHVW��ZH�GLG�QRW�SHUIRUP�HQULFKPHQW�DQDO\VLV�RQ�WKH�FDWHJRULHV�RI�IDFWRUV
WKDW�FDPH�XS�DV�WDUJHWV�RI�RXU�GUXJ�VFUHHQ� :H�DGGLWLRQDOO\ XVHG�WKH�IROORZLQJ�SHUWXUEDWLRQV�ZH
WKRXJKW�OLNHO\�WR�FKDQJH�0'&.�F\VW�PRUSKRORJ\�EDVHG�RQ�WKH�OLWHUDWXUH��LGHODOLVLE��RUDWLQLE��<�������
16&�������DQG�EOHEELVWDWLQ��:H�SODWHG�0'&.�FHOOV�WR�IRUP�F\VWV��LPPHGLDWHO\�DGGHG�WKHVH�GUXJV�DW�D
UDQJH�RI�FRQFHQWUDWLRQV��DQG�WKHQ�JUHZ�WKH�F\VWV�IRU���GD\V��7DEOH�����$GGLWLRQDOO\��ZH�WHVWHG�WZR
QRQ�GUXJ�SHUWXUEDWLRQV��FHOO�VHHGLQJ�GHQVLW\��E\�FXOWXULQJ�0'&.�F\VWV�ZLWK�D�KLJKHU�LQLWLDO�FHOO�GHQVLW\�
DQG�GLOXWH�0DWULJHO��:H�WKHQ�IL[HG��VWDLQHG��DQG�LPDJHG�WKH�SHUWXUEHG�F\VWV�DV�GHVFULEHG�DERYH��DIWHU
ZKLFK�ZH�PHDVXUHG�WKH�VDPH�VHW�RI�PRUSKRORJLFDO�IHDWXUHV��)LJ���%�&���:H�IRXQG�WKDW�WKH�VFUHHQ�KLWV
WKDW�ZH�H[SHFWHG�WR�PDNH�F\VWV�VPDOOHU�GLG�LQGHHG�OHDG�WR�VPDOOHU�F\VWV��EXW�QRQH�RI�WKH�RQHV�SUHGLFWHG
WR�PDNH�WKHP�ODUJHU�GLG�VR��:H�IRXQG�WKDW�LQFUHDVHG�VHHGLQJ�GHQVLW\�QRU�GLOXWH�0DWULJHO�KDG�QR�HIIHFW
RQ�WKH�VL]H�RI�WKH�F\VWV��1RWH�WKDW�PDQ\�RI�WKH�KLWV�IURP�WKH�VFUHHQ�WDUJHWHG�SUROLIHUDWLRQ��VXJJHVWLQJ
WKDW�SHUKDSV�HIIHFWV�RQ�VL]H�ZHUH�D�QHFHVVDU\�FRQVHTXHQFH�RI�FKDQJHV�WR�SUROLIHUDWLYH�FDSDFLW\�
+RZHYHU��PDQ\�RWKHU�GUXJV�LQ�WKH�VFUHHQ�DOVR�WDUJHWHG�SUROLIHUDWLRQ�EXW�KDG�QR�HIIHFW�RQ�F\VW�VL]H�
DUJXLQJ�DJDLQVW�WKLV�SRVVLELOLW\�

����$XWKRUV�VKRZ�WKDW�DOPRVW�QR�FRPSRXQG�SHUWXUEHG�WKH�FRQVWUDLQWV��+RZHYHU��DERYH�WKH�DXWKRUV�KDYH�VHHQ
D�FKDQJH�LQ�WKH�FRQVWUDLQWV�GHSHQGLQJ�RQ�WKH�F\VW�DJH��$VVXPLQJ�WKH�F\VWV�JURZ�LQ�VL]H�RYHU�WLPH�DQG�WKDW�DJH
FRUUHODWHV�ZLWK�JURZWK��GUXJV�LQKLELWLQJ�FHOO�SUROLIHUDWLRQ�VKRXOG�DOVR�DIIHFW�WKH�FHOO�GHQVLW\�FRQVWUDLQW��&RXOG
DXWKRUV�SOHDVH�HODERUDWH�RQ�WKLV"

��



:H�WKDQN�WKH�UHYLHZHU�IRU�EULQJLQJ�XS�WKLV�H[FHOOHQW�SRLQW��:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�F\VWV�JURZ�LQ
VL]H�RYHU�WLPH�DQG�WKDW�DJH�FRUUHODWHV�ZLWK�JURZWK��+RZHYHU��LW�QHHG�QRW�EH�WKDW�D�GUXJ�WKDW�PDGH�WKH
F\VWV�VPDOOHU��E\�LQKLELWLQJ�FHOO�SUROLIHUDWLRQ��ZRXOG�FKDQJH�WKH�FRQVWUDLQWV��,W¶V�TXLWH�SRVVLEOH��DQG
LQGHHG�ZKDW�ZH�IRXQG�IRU�PDQ\�SHUWXUEDWLRQV��WKDW�D�GUXJ�FDQ�PDNH�WKH�F\VWV�VPDOOHU�ZKLOH�VWLOO�REH\LQJ
WKH�VDPH�FRQVWUDLQWV�DV�WKH�XQSHUWXUEHG�F\VWV�RI�WKH�VDPH�DJH��7KLV�LV�ZK\��LQ�)LJXUH����ZH�FRPSDUHG
WKH�FRQVWUDLQWV�RI�SHUWXUEHG�F\VWV�WR�WKH�FRQVWUDLQWV�RI�F\VWV�RI�GLIIHUHQW�DJHV��:H�FRQFOXGHG�WKDW�D
SHUWXUEDWLRQ�FKDQJHV�WKH�FRQVWUDLQWV�RI�WKH�F\VW�RQO\�LI�WKDW�FRQVWUDLQW�ZDV�GLIIHUHQW�IURP�WKH�FRQVWUDLQWV
RI�F\VWV�RI DQ\ DJH�

����$OO�WKH�GUXJ�SHUWXUEDWLRQ�DQDO\VLV�LV�YHU\�GU\�DQG�FRQVLVW�RI�D�OLVW�RI�KLWV�ZLWK�QR�GHSWK�LQ�GHVFULSWLRQ�RU
DQDO\VLV�RI�WKH�XQGHUO\LQJ�ELRORJLFDO�TXHVWLRQ��:K\�VXFK�FRPSRXQG�DIIHFW�WKH�FRQVWUDLQW��:KDW�WKHVH�IHZ
FRPSRXQGV�GR�WR�FKDQJH�WKHVH�FRQVWUDLQV"

:H�WKDQN�WKH�UHYLHZHU�IRU�UDLVLQJ�WKLV�SRLQW��2Q�D�SKLORVRSKLFDO�OHYHO��RQH�DVSHFW�RI�RXU�ZRUN�ZDV�WR
SHUIRUP�SHUWXUEDWLRQV�LQ�D�UHODWLYHO\�PHFKDQLVP�DJQRVWLF�ZD\��,QGHHG��ZH�SHUIRUPHG�D�GUXJ�VFUHHQ�WR
ILQG�SHUWXUEDWLRQV�WKDW�ZRXOG�DIIHFW�PRUSKRORJ\�UHJDUGOHVV�RI�WKH�PROHFXODU�SDWKZD\V�LQYROYHG��2XU
JRDO�ZDV�WR�XQFRYHU�WKH�JHQHUDO�SULQFLSOHV�RI�KRZ�PRUSKRORJLHV�FRXOG�FKDQJH�LQ�UHVSRQVH�WR
SHUWXUEDWLRQV�RI�DQ\�NLQG��7KDW�VDLG��ZH�DJUHH�WKDW�WKH�PHFKDQLVPV�DUH�RI�JUHDW�SRWHQWLDO�LQWHUHVW��$V
ZH�SRLQW�RXW�LQ�RXU�UHVSRQVH�WR�SRLQW����EHORZ��ZH�DUH�XQIRUWXQDWHO\�XQGHUVDPSOHG�WR�PDNH�FRQFOXVLYH
FODLPV��EXW�ZH�KDYH�QRZ�LQFOXGHG�ODQJXDJH�WR�PDNH�FOHDU�WKDW�PHFKDQLVWLF�XQGHUSLQQLQJV�LV�D�YHU\
SURPLVLQJ�DYHQXH�IRU�IXWXUH�UHVHDUFK�

����,Q�WKH�+*)�VWLPXODWHG�F\VWV�WKH�DXWKRU�FODLP�WKDW�FHOOV�RUJDQL]H�LQ�PXOWLOD\HUV��+RZ�RIWHQ�LV�WKLV�REVHUYHG�
LV�WKLV�IHDWXUH�UHVWULFWHG�WR�+*)�WUHDWHG�F\VWV"�FRXOG�DXWKRUV�SOHDVH�SURYLGH�D�ILJXUH�UHIHUHQFH"�0RUHRYHU��WKH\
VD\�WKDW�WKH�FHOOV�DUH�WDOOHU"�,V�WKH�WKH�IXOO�HSLWKHOLXP�WKLFNHU�ZLWK�PRUH�OD\HUHG�FHOOV�RU�WKH�FHOOV�DUH�WDOOHU"�+RZ
ZRXOG�+*)�FKDQJH�WKHVH�EHKDYLRUV"

:H�WKDQN�WKH�UHYLHZHU�IRU�WKHVH�VXJJHVWLRQV��7R�FODULI\��ZH�KDYH�DGGHG�D�VXSSOHPHQWDO�ILJXUH��6XSS�
)LJ��4��WKDW�JLYHV�H[DPSOHV�RI�FHOOV�LQ�+*)�WUHDWHG�F\VWV�RUJDQL]LQJ�LQ�PXOWLOD\HUV��7R�EH�VSHFLILF��ZH
KDYH�XVHG�WKH�WHUP�PXOWLOD\HUV�WR�GHVFULEH�WKH�SUHVHQFH�RI�PRUH�WKDQ�RQH�FHOO�OD\HU�EHWZHHQ�WKH�OXPHQ
DQG�WKH�ERXQGDU\�RI�WKH�F\VW���:H�DUH�QRW�FRQVLGHULQJ�D�F\VW�WR�KDYH�PXOWLOD\HUV�ZKHQ�WKHUH�DUH�FHOOV�LQ
WKH�VSDFH�EHWZHHQ�OXPHQV��ZKLFK�LV�RIWHQ�WKH�FDVH�LQ�XQSHUWXUEHG�F\VWV���:KHQ�ZH�FRPSDUHG���
+*)�WUHDWHG�F\VWV�DQG����UDQGRPO\�FKRVHQ�XQSHUWXUEHG�F\VWV��ZH�REVHUYHG�PXOWLOD\HUV�LQ���RI�WKH���
+*)�WUHDWHG�F\VWV�DQG�QRW�DW�DOO�LQ�XQSHUWXUEHG�F\VWV��7KHVH�UHVXOWV�VXJJHVW�WKDW�PXOWLOD\HUV�DUH�XQLTXH
WR�+*)�WUHDWHG�F\VWV��7KH�PXOWLOD\HUV�WKHPVHOYHV�DUH�TXLWH�DSSDUHQW�WR�WKH�H\H��ZKLFK�ZH�KDYH�QRZ
H[SOLFLWO\�UHIHUHQFHG�E\�DGGLQJ�D�UHIHUHQFH�WR�6XSS��)LJ��4�LQ�WKH�UHVXOWV�

7KH�UHYLHZHU�KDV�UDLVHG�DQ�LPSRUWDQW�SRLQW�DERXW�PHDVXULQJ�WKH�PRUSKRORJLFDO�SURSHUWLHV�RI�FHOOV�LQ�WKH
+*)�FRQGLWLRQV��,W�LV�GLIILFXOW�WR�PDNH�KDUG�FRQFOXVLRQV�LQ�WKLV�FDVH�EHFDXVH�WKH�PRUSKRORJLHV�ZHUH�VR
UDGLFDOO\�GLIIHUHQW�DQG�KDUGHU�WR�DQDO\]H��:KDW�ZH�FRXOG�VD\�GHILQLWLYHO\�LV�WKDW�WKH�WRWDO�FHOO�YROXPH��L�H��
WKH�QRQ�OXPHQ�YROXPH�RFFXSLHG�E\�WKH�RUJDQRLG��ZDV�ODUJHU��ERWK�LQ�DEVROXWH�WHUPV�DQG�SHU�FHOO��LQ
F\VWV�WUHDWHG�ZLWK�+*)��7KXV��ZH�PDGH�WKH�FODLP�WKDW�FHOO�YROXPH�ZDV�ODUJHU��:H�WKHQ�VSHFXODWHG�DV�WR
SRWHQWLDO�FDXVHV�IRU�WKLV�LQFUHDVHG�YROXPH��,W�FRXOG�EH�WKDW�HDFK�FHOO�LV�WDOOHU��RU�WKDW�WKH�RUJDQL]DWLRQ�RI
WKH�FHOOV�LV�GLIIHUHQW�ZLWKLQ�WKH�PXOWL�OD\HU�VWUXFWXUH��*LYHQ�RXU�DQDO\VLV�FKDOOHQJHV��ZH�ZHUH�XQDEOH�WR
GHWHUPLQH�ZKLFK�RI�WKHVH�SRVVLELOLWLHV�ZDV�WKH�FDVH��VR�ZH�OHIW�WKH�SRLQW�VSHFXODWLYH�

����7KH\�WKHQ�VD\�WKDW�+*)�TXDOLWDWLYHO\�FKDQJHV�VRPH�IHDWXUHV�EXW�WKLV�VHHPV�LQ�FRQWUDVW�WR�WKH�IXOO
TXDQWLWDWLYH�ZRUNIORZ�DQG�WKH\�VKRXOG�VKRZ�KRZ�WKLV�LV�

��



:H�WKDQN�WKH�UHYLHZHU�IRU�FDWFKLQJ�WKLV�W\SR��:H�LQGHHG�GLG�LQWHQG�WR�VD\�WKDW�+*)�TXDQWLWDWLYHO\
FKDQJHV�VRPH�IHDWXUHV�RI�0'&.�F\VWV�DQG�KDYH�XSGDWHG�WKH�WH[W�DFFRUGLQJO\�

����:KDW�LV�D��VSLQGO\�F\VW���DXWKRUV�GR�QRW�LQWURGXFH�WKLV�WHUP�DQG�WKHQ�VWDUW�XVLQJ�LW�ZLWKRXW�PXFK�H[SODQDWLRQ�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��:H�XVHG�WKH�WHUP�³VSLQGOHV´�WR�UHIHU�WR�WKH�FHOOXODU
SURWUXVLRQV�WKDW�HPDQDWH�IURP�WKH�VSKHULFDO�SRUWLRQ�RI�0'&.�F\VWV�H[SRVHG�WR�+*)��VHH�DUURZV�LQ
)LJXUH��$���7KHUH�GRHV�QRW�DSSHDU�WR�EH�FRQVLVWHQW�WHUPLQRORJ\�LQ�WKH�OLWHUDWXUH�IRU�WKHVH�WXEXOH
SUHFXUVRUV��³F\WRSODVPLF�SURFHVVHV´�LQ�0RQWHVDQR�HW�DO��&HOO�������DQG�³H[WHQVLRQ´�LQ�2¶%ULHQ�HW�DO��1DW
5HY�0RO�&HOO�%LRO���������1RQHWKHOHVV��ZH�KDYH�FKDQJHG�RXU�WHUPLQRORJ\�IURP�³VSLQGOHV´�WR
³H[WHQVLRQV´�WR�EH�PRUH�FRQVLVWHQW�ZLWK�WKH�UHFHQW�OLWHUDWXUH��DQG�KDYH�GHILQHG�LW�PRUH�FOHDUO\�LQ�WKH
PDLQ�WH[W�

����7KH�DXWKRUV�VD\���7DNHQ�WRJHWKHU��WKH�PRUSKRORJLFDO�FKDQJHV�LQGXFHG�E\�+*)�DQG�DQRWKHU�SHUWXUEDWLRQ
VXJJHVW�WKDW�WKH�HIIHFWV�RI�LQGLYLGXDO�SHUWXUEDWLRQV�GR�QRW�QHFHVVDULO\�FRPELQH�DGGLWLYHO\�ZKHQ�DGPLQLVWHUHG
VLPXOWDQHRXVO\���+RZHYHU��LW�LV�QRW�FOHDU�ZK\�DXWKRUV�FKRVH�WR�FRPELQH�+*)�VWLPXODWLRQ�ZLWK�WKHVH�SDUWLFXODU
LQKLELWRUV��7R�EH�DEOH�WR�PDNH�WKH�DXWKRUV�FODLP�DW�WKLV�SRLQW��WKH\�VKRXOG�SURYLGH�HYLGHQFH�WKDW�FURVVWDON
EHWZHHQ�+*)�DQG�(UE%���(*)5�FDQ�EH�H[FOXGHG�RU�FKRRVH�DQRWKHU�GUXJ�WR�FRPELQH�ZLWK�WKDW�DFWV�RQ�DQ
+)*�XQUHODWHG�SDWKZD\�

7KH�UHYLHZHU�KDV�UDLVHG�DQ�H[FHOOHQW�SRLQW�DERXW�WKH�SRVVLELOLW\�RI�FURVVWDON�EHWZHHQ�+*)�DQG�ODSDWLQLE
�DQ�(*)5�LQKLELWRU���:H�KDYH�QRZ�GLVFXVVHG�WKLV�SRVVLELOLW\��VHH�EHORZ���DQG�ZH�KDYH�WHVWHG�WZR
DGGLWLRQDO�GUXJ�FRPELQDWLRQV��<��������D�52&.�LQKLELWRU��ZLWK�VXPDWULSWDQ�VXFFLQDWH��D�VHURWRQLQ
UHFHSWRU�LQKLELWRU��DQG�16&��������D�5DF�LQKLELWRU��ZLWK�VXPDWULSWDQ�VXFFLQDWH��:H�IRXQG�WKDW�WKH
HIIHFWV�RI�WKHVH�GUXJ�FRPELQDWLRQV�GLG�QRW�DGG�RU�DYHUDJH�RXW�ZKHQ�FRPELQHG��PXFK�OLNH�WKH�HIIHFWV�RI
GUXJ�FRPELQDWLRQV�ZH�WHVWHG�LQYROYLQJ�+*)��)RU�H[DPSOH��ZKLOH�VXPDWULSWDQ�VXFFLQDWH�DQG�<������
DORQH�GR�QRW�FKDQJH�WKH�FRQVWUDLQW�RQ�FHOO�YROXPH��ZKHQ�XVHG�LQ�FRPELQDWLRQ�WKH�FRQVWUDLQW�RQ�FHOO
YROXPH�LQFUHDVHV�UHODWLYH�WR�XQSHUWXUEHG�FRQWUROV��:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ�DV�ZH
EHOLHYH�LW�KDV�SURYLGHG�DGGLWLRQDO�HYLGHQFH�WR�VXSSRUW�RXU�FODLP�WKDW�FRPELQDWLRQV�FDQ�KDYH
XQSUHGLFWDEOH�HIIHFWV�

*LYHQ�WKDW�+*)�TXDOLWDWLYHO\�FKDQJHG�VRPH�IHDWXUHV�RI�0'&.�F\VWV��ZH�ZRQGHUHG�ZKDW�WKH
PRUSKRORJLFDO�HIIHFWV�ZRXOG�EH�XSRQ�FRPELQLQJ�+*)�ZLWK�WKH�SUHYLRXVO\�XVHG�SHUWXUEDWLRQV�WKDW
HQJHQGHUHG�PRUH�TXDQWLWDWLYH�FKDQJHV��)RU�H[DPSOH��ZRXOG�D�SHUWXUEDWLRQ�WKDW�SURGXFHV�VSLQGO\�F\VWV
�+*)��DQG�D�SHUWXUEDWLRQ�WKDW�SURGXFHV�VPDOOHU�F\VWV�\LHOG�VPDOO��VSLQGO\�F\VWV"�:H�SHUWXUEHG�0'&.
F\VWV�IRU�QLQH�GD\V�ZLWK�HLWKHU�+*)�DORQH�RU�+*)�LQ�FRPELQDWLRQ�ZLWK�ODSDWLQLE�RU�RUDQWLQLE��)LJ���*�� 7R
HQVXUH�WKDW�DQ\�GLIIHUHQFHV�ZH�QRWLFHG�FRXOG�QRW�EH�H[SODLQHG�E\�SRVVLEOH�FURVV�WDON�EHWZHHQ
+*)�DQG�(*)5��-R�HW�DO���������ZH�DGGLWLRQDOO\�SHUWXUEHG�0'&.�F\VWV�ZLWK�VXPDWULSWDQ
VXFFLQDWH�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�<�������RU�16&������ :H�IRXQG�WKDW�F\VWV�H[SRVHG�WR�+*)
DQG�ODSDWLQLE�RU�RUDWLQLE�KDG�ORZHU�VROLGLW\�WKDQ�F\VWV�H[SRVHG�WR�RQO\�RQH�RI�WKHVH�SHUWXUEDWLRQV��)LJ�
�+���:H�IRXQG�WKDW�F\VWV�H[SRVHG�WR�+*)��DORQH�RU�LQ�FRPELQDWLRQ��ZHUH�DOVR�ODUJHU��RQ�DYHUDJH��WKDQ
FRQWURO�F\VWV��)LJ���,���7DNHQ�WRJHWKHU��WKH�PRUSKRORJLFDO�FKDQJHV�LQGXFHG�E\�+*)�DQG�DQRWKHU
SHUWXUEDWLRQ�VXJJHVW�WKDW�WKH�HIIHFWV�RI�LQGLYLGXDO�SHUWXUEDWLRQV�GR�QRW�QHFHVVDULO\�FRPELQH�DGGLWLYHO\
ZKHQ�DGPLQLVWHUHG�VLPXOWDQHRXVO\�

��



����7KH�DXWKRU�VKRZ�WKDW�VRPH�GUXJV�DUH�DEOH�WR��FDQFHO�RXW��WKH�HIIHFW�RI�RWKHUV��8VLQJ�WHUPV�OLNH�UHVFXH
PLJKW�EH�PRUH�DSSURSULDWH��0RUHRYHU��WKH�DXWKRUV�VKRXOG�DEVROXWHO\�GLVFXVV�WKH�PROHFXODU�HYHQWV�WULJJHUHG�E\
+)*�VWLPXODWLRQ�DQG�KRZ�WKH�GUXJV�WKH\�FRPELQH�ZLWK�WKH�WUHDWPHQW�FDQ�LQIOXHQFH�WKHVH�

:H�WKDQN�WKH�UHYLHZHU�IRU�VXJJHVWLQJ�GLIIHUHQW�WHUPLQRORJ\��:H�KDYH�UHWDLQHG�WKH�³FDQFHO�RXW´
WHUPLQRORJ\�EHFDXVH�WKH�WHUP�UHVFXH�LPSOLHV�UHVFXH�IURP�D�GHILFLHQF\�RI�VRPH�NLQG��DV�ZLWK�D
GHOHWHULRXV�SKHQRW\SH�RI�D�JHQHWLF�PXWDWLRQ���:H�KDYH�QR�QRWLRQ�RI�ZKDW�³GHILFLHQF\´�RU�³QRUPDOLW\´�LV
IRU�0'&.�F\VWV��VR�ZH�SUHIHU�WKH�PRUH�QHXWUDO�ODQJXDJH��ZH�ZRXOG�EH�KDSS\�WR�UHYLVLW�WKLV�SRLQW�LI�WKH
UHYLHZHU�KDV�VWURQJ�IHHOLQJV�RQ�LW�

����7KH�DXWKRU�FRQFOXGH���:KLOH�PDQ\�SRWHQWLDO�PHFKDQLVPV�PD\�EH�FRPSDWLEOH�ZLWK�RXU�H[SHULPHQWDO�GDWD�
SHUWXUEDWLRQV�ZLOO�EH�UHTXLUHG�WR�H[FOXGH�FHUWDLQ�FODVVHV�RI�PRGHOV�DQG�HVWDEOLVK�FDXVDOLW\���7KH�FXUUHQW�VWXG\
UHVWULFWV�LWVHOI�WR�D�UDWKHU�SKHQRPHQRORJLFDO�REVHUYDWLRQ��+RZHYHU�WKH�SHUIRUPHG�H[SHULPHQWV�LQFOXGH�D�VFUHHQ�
ZRXOG�LW�EH�SRVVLEOH�IRU�DXWKRUV�WR�XVH�WKH�GDWD�WKH\�FROOHFWHG�WR�SURSRVH�PHFKDQLVPV�WKDW�FRQWULEXWH�WR�WKH
FRQVWUDLQWV�WKDW�WKH\�GHILQH"

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��$OWKRXJK�RXU�GDWD�ZHUH�UHODWLYHO\�LQ�VFRSH�VR�DV�WR�PDNH
FRPSUHKHQVLYH�VWDWHPHQWV�GLIILFXOW��RXU�VFUHHQ�RQO\�\LHOGHG�D�IHZ�VWURQJ�FDQGLGDWHV���ZH�GLG�WU\�WR
VSHFXODWH�RQ�KRZ�WKH�PHFKDQLVPV�PLJKW�DIIHFW�WKH�FRQVWUDLQWV��)RU�LQVWDQFH��+'$&��3,�.�DQG�$XURUD
$�NLQDVH�DSSHDUHG�WR�DIIHFW�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��:H�KDYH�DGGHG�D�GLVFXVVLRQ�RI�WKHVH
PHFKDQLVPV�WR�WKH�5HVXOWV�DQG�'LVFXVVLRQ�VHFWLRQV��VHH�EHORZ��

5HVXOWV

:H�WKHQ�ZRQGHUHG�KRZ�D�SHUWXUEDWLRQ�ZKLFK�GRHV�FKDQJH�D�FRQVWUDLQW�LQIOXHQFHV�RWKHU�FRQVWUDLQWV²LI
F\VWV�SHUWXUEHG�ZLWK�GUXJ�;�GR�QRW�REH\�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��PXVW�WKH\�DOVR�QRW�REH\
WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW"�:H�IRXQG�WKDW�F\VWV�SHUWXUEHG�ZLWK�JLYLQRVWDW��D�KLVWRQH�GHDFHW\ODVH
LQKLELWRU���LGHODOLVLE��D�SKRVSKRLQRVLWLGH���NLQDVH�GHOWD�LVRIRUP�LQKLELWRU���VXPDWULSWDQ�VXFFLQDWH��$XURUD
$�,QKLELWRU�,��<��������DQG�EOHEELVWDWLQ�KDG�PRUH�OXPHQV�LQ�D�JLYHQ�F\VW�YROXPH�WKDQ�XQSHUWXUEHG�F\VWV
RI�DQ\�DJH��)LJ���)����7KXV��F\VWV�SHUWXUEHG�ZLWK�WKHVH�GUXJV�GR�QRW�REH\�WKH�VDPH�OXPHQ�QXPEHU�FDS
FRQVWUDLQW�RI�XQSHUWXUEHG�F\VWV��LQVWHDG�WKH\�REH\�D�FRQVWUDLQW�ZLWK�D�ODUJHU�VORSH��:H�IRXQG�WKDW�VRPH
SHUWXUEDWLRQV��VHOLQH[RU��JLYLQRVWDW��LGHODOLVLE��$XURUD�$�,QKLELWRU�,��DQG�16&��������FKDQJHG�RQO\�RQH
FRQVWUDLQW��EXW�RWKHUV��VXPDWULSWDQ�VXFFLQDWH��<��������DQG�EOHEELVWDWLQ��FKDQJHG�ERWK� *LYHQ�WKH
WDUJHWV�RI�WKHVH�SHUWXUEDWLRQV��ZH�FDQ�K\SRWKHVL]H�DV�WR�ZKLFK�PHFKDQLVPV�PD\�UHJXODWH�WKHVH
FRQVWUDLQWV��:H�VDZ�WKDW�H[SRUWLQ���ZDV�LPSRUWDQW�IRU�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�
+'$&��3,�.��DQG�$XURUD�$�NLQDVH�IRU�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��DQG�VHURWRQLQ�UHFHSWRUV
ZHUH�LPSRUWDQW�WR�ERWK�FRQVWUDLQWV� :H�VLPLODUO\�IRXQG VRPH�PHFKDQLVPV�SHUWXUEHG�0'&.�F\VWV
DORQJ�D�VLQJOH�D[LV�LQ�SULQFLSDO�FRPSRQHQW�VSDFH��ZKLOH�RWKHUV�SHUWXUE�F\VWV�DORQJ�WZR�D[HV��6XSS��)LJ�
6���VXJJHVWLQJ�WKDW�WKH�D[HV�RI�0'&.�F\VW�YDULDWLRQ�PD\�QRW�EH�JRYHUQHG�E\�LQGHSHQGHQW�PHFKDQLVPV�
7KHVH�IDFWRUV�DOO�ZRUN�WKURXJK�TXLWH�GLIIHUHQW�SDWKZD\V��KRZHYHU��JLYHQ�WKH�UHODWLYHO\�VPDOO
QXPEHU�RI�SHUWXUEDWLRQV�ZH�DQDO\]HG��LW�ZDV�GLIILFXOW�WR�XQFRYHU�DQ\�JHQHUDO�UXOHV�RQ�ZKLFK
SDWKZD\V�DIIHFWHG�ZKLFK�FRQVWUDLQWV� ,Q�FRPELQDWLRQ� WKLV�VXJJHVWV�WKDW�WKH�VHW�RI�PRUSKRORJLHV
DYDLODEOH�WR�0'&.�F\VWV�LV�ULFKHU�WKDQ�XQSHUWXUEHG�F\VWV�ZRXOG�VXJJHVW�

'LVFXVVLRQ

:KLOH�PDQ\�SRWHQWLDO�PHFKDQLVPV�PD\�EH�FRPSDWLEOH�ZLWK�RXU�H[SHULPHQWDO�GDWD��SHUWXUEDWLRQV�ZLOO�EH
UHTXLUHG�WR�H[FOXGH�FHUWDLQ�FODVVHV�RI�PRGHOV�DQG�HVWDEOLVK�FDXVDOLW\��6XFK�PROHFXODU�PHFKDQLVPV��LI
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LGHQWLILHG��DUH�HQRUPRXVO\�SRZHUIXO�DQG�DUH�D�FULWLFDO�XOWLPDWH�JRDO�IRU�PROHFXODU�ELRORJ\� *LYHQ�WKH
UHODWLYHO\�VPDOO�QXPEHU�RI�SHUWXUEDWLRQV��LW�ZDV�GLIILFXOW�WR�FRQQHFW�SDWKZD\V�ZLWK�SKHQRW\SHV��,W
LV�SRVVLEOH�WKDW�PRUH�H[WHQVLYH�VHWV�RI�SHUWXUEDWLRQV�PD\�XOWLPDWHO\�UHYHDO�WKH�XQGHUO\LQJ
PROHFXODU�PHFKDQLVPV�UHVSRQVLEOH�IRU�SDUWLFXODU�FRQVWUDLQWV� +RZHYHU��LW�LV�DOVR�SRVVLEOH�WKDW�WKH
FRPSOH[LW\�RI�WKH�XQGHUO\LQJ�PROHFXODU�SDWKZD\V�LV�WRR�JUHDW�DQG�PXOWL�IDFHWHG�WR�HYHU�IXOO\�UHODWH�WR
WKHVH�FRQVWUDLQWV�LQ�DQ�HDVLO\�XQGHUVWRRG�PDQQHU��0HOOLV�DQG�5DM��������1HYHUWKHOHVV��WKHVH
FRQVWUDLQWV�DQG�RWKHUV�OLNH�WKHP�PD\�FRQVWLWXWH�DQ�HIIHFWLYH�³JUDPPDU´�RI�RUJDQRLG�PRUSKRORJ\�WKDW
RQH�PD\�EH�DEOH�WR�EXLOG�XSRQ�LUUHVSHFWLYH�RI�WKH�PROHFXODU�GHWDLOV��.QRZOHGJH�RI�WKH�EXLOGLQJ�EORFNV�RI
RUJDQRLG�PRUSKRORJLHV�PD\�DOVR�LQIRUP�JHQHUDWLYH�TXDQWLWDWLYH�PRGHOV�RI�PRUSKRJHQHVLV�WKDW�FRXOG�EH
HYDOXDWHG�IRU�WKHLU�DELOLW\�WR�UHFDSLWXODWH�VXFK�FRQVWUDLQWV�

����7KH�DXWKRUV�DOVR�VD\��+RZHYHU��LW�LV�DOVR�SRVVLEOH�WKDW�WKH�FRPSOH[LW\�RI�WKH�XQGHUO\LQJ�PROHFXODU�SDWKZD\V
LV�WRR�JUHDW�DQG�PXOWL�IDFHWHG�WR�HYHU�IXOO\�UHODWH�WR�WKHVH�FRQVWUDLQWV�LQ�DQ�HDVLO\�XQGHUVWRRG�PDQQHU���:H
GLVDJUHH�ZLWK�WKLV�YLHZ��:KLOH�RXU�XQGHUVWDQGLQJ�RI�ELRORJLFDO�V\VWHPV��DQG�PXOWLFHOOXODU�V\VWHPV�LQ�SDUWLFXODU�
LV�QRW�FRPSOHWH��LW�LV��LQ�RXU�RSLQLRQ��VWLOO�IHDVLEOH��DQG�SLYRWDO��WR�UHODWH�WKH�REVHUYDWLRQV�ZLWK�SRWHQWLDO
XQGHUO\LQJ�PHFKDQLVPV��7KLV�FDQ�EH�DFKLHYHG��IRU�H[DPSOH��XVLQJ�SDUDOOHO�SHUWXUEDWLRQV��DQ�DVVD\�WKDW�ZDV
SHUIRUPHG�E\�WKH�DXWKRUV�RI�WKLV�VWXG\�

:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�LW�LV�SRVVLEOH��DV�ZHOO�DV�LPSRUWDQW��WR�UHODWH�REVHUYDWLRQV�WR�WKH
XQGHUO\LQJ�PROHFXODU�PHFKDQLVPV��DQG�KDYH�DGGHG�D�VHQWHQFH�WR�RXU�GLVFXVVLRQ�DFFRUGLQJO\��7KDW
VDLG��ZH�DOVR�EHOLHYH�WKDW�WKH�IRUPDO�SRVVLELOLW\�UHPDLQV�WKDW�WKH�SRWHQWLDO�IRU�PXOWLSOH�PHFKDQLVPV
DFWLQJ�VLPXOWDQHRXVO\�FDQ�OHDG�WR�HPHUJHQW�SKHQRPHQD�WKDW�DUH�GLIILFXOW�WR�GHVFULEH�WR�PROHFXODU
GHWDLOV��DV�DQ�H[DPSOH��ZKLOH�RQH�FDQ�FRPSOHWHO\�VROYH�WKH�K\GURJHQ�DWRP�IURP�ILUVW�SULQFLSOHV�RI
TXDQWXP�PHFKDQLFV��LW�LV�QRW�FXUUHQWO\�SRVVLEOH�WR�VROYH�ODUJHU�DWRPV�LQ�WKDW�VDPH�ZD\���(LWKHU�ZD\��ZH
WKLQN�LW�LV�ODUJHO\�D�PDWWHU�RI�RSLQLRQ�DW�WKLV�SRLQW�

:KLOH�PDQ\�SRWHQWLDO�PHFKDQLVPV�PD\�EH�FRPSDWLEOH�ZLWK�RXU�H[SHULPHQWDO�GDWD��SHUWXUEDWLRQV�ZLOO�EH
UHTXLUHG�WR�H[FOXGH�FHUWDLQ�FODVVHV�RI�PRGHOV�DQG�HVWDEOLVK�FDXVDOLW\� 6XFK�PROHFXODU�PHFKDQLVPV��LI
LGHQWLILHG��DUH�HQRUPRXVO\�SRZHUIXO�DQG�DUH�D�FULWLFDO�XOWLPDWH�JRDO�IRU�PROHFXODU�ELRORJ\� *LYHQ
WKH�UHODWLYHO\�VPDOO�QXPEHU�RI�SHUWXUEDWLRQV��LW�ZDV�GLIILFXOW�WR�FRQQHFW�SDWKZD\V�ZLWK�SKHQRW\SHV��,W�LV
SRVVLEOH�WKDW�PRUH�H[WHQVLYH�VHWV�RI�SHUWXUEDWLRQV�PD\�XOWLPDWHO\�UHYHDO�WKH�XQGHUO\LQJ�PROHFXODU
PHFKDQLVPV�UHVSRQVLEOH�IRU�SDUWLFXODU�FRQVWUDLQWV��+RZHYHU��LW�LV�DOVR�SRVVLEOH�WKDW�WKH�FRPSOH[LW\�RI
WKH�XQGHUO\LQJ�PROHFXODU�SDWKZD\V�LV�WRR�JUHDW�DQG�PXOWL�IDFHWHG�WR�HYHU�IXOO\�UHODWH�WR�WKHVH�FRQVWUDLQWV
LQ�DQ�HDVLO\�XQGHUVWRRG�PDQQHU��0HOOLV�DQG�5DM��������1HYHUWKHOHVV��WKHVH�FRQVWUDLQWV�DQG�RWKHUV�OLNH
WKHP�PD\�FRQVWLWXWH�DQ�HIIHFWLYH�³JUDPPDU´�RI�RUJDQRLG�PRUSKRORJ\�WKDW�RQH�PD\�EH�DEOH�WR�EXLOG�XSRQ
LUUHVSHFWLYH�RI�WKH�PROHFXODU�GHWDLOV��.QRZOHGJH�RI�WKH�EXLOGLQJ�EORFNV�RI�RUJDQRLG�PRUSKRORJLHV�PD\
DOVR�LQIRUP�JHQHUDWLYH�TXDQWLWDWLYH�PRGHOV�RI�PRUSKRJHQHVLV�WKDW�FRXOG�EH�HYDOXDWHG�IRU�WKHLU�DELOLW\�WR
UHFDSLWXODWH�VXFK�FRQVWUDLQWV�

����7KH�DXWKRUV�VD\���,W�PD\�DOVR�EH�SRVVLEOH��ZLWK�VXIILFLHQW�SHUWXUEDWLRQ��WR�GHVWUR\�D�FRQVWUDLQW��IRU�H[DPSOH
WR�FRPSOHWHO\�GHFRXSOH�F\VW�YROXPH�IURP�WKH�QXPEHU�RI�FHOOV���7KLV�LV�YHU\�VSHFXODWLYH��*LYHQ�WKH�DXWKRUV
SHUIRUPHG�D�KLJK�WKURXJKSXW�GUXJ�VFUHHQ��WKH\�VKRXOG�EH�PRUH�WKRURXJK�RQ�HYDOXDWLQJ�DQG�LQWHUSUHWLQJ�UHVXOWV
RI�WKHLU�VFUHHQ�

:H�WKDQN�WKH�UHYLHZHU�IRU�PDNLQJ�WKLV�SRLQW��:H�KDYH�QRZ�KLJKOLJKWHG�WKDW�WKLV�SRLQW�ZH�DUH�PDNLQJ�LV
FRPSOHWHO\�VSHFXODWLYH�ZLWK�VRPH�WH[W�PRGLILFDWLRQ��VHH�EHORZ���:H�DJUHH�WKDW�D�KLJK�WKURXJKSXW�GUXJ
VFUHHQ�FRXOG�UHYHDO�SHUWXUEDWLRQV�WKDW�EUHDN�FRQVWUDLQWV��IRU�H[DPSOH�E\�GHFRXSOLQJ�WKH�QXPEHU�RI�FHOOV
DQG�F\VW�VL]H���8QIRUWXQDWHO\��LQ�RXU�KLJK�WKURXJKSXW�GUXJ�VFUHHQ�ZH�ZHUH�OLPLWHG�WR�XVLQJ�ORZ
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PDJQLILFDWLRQ��$W�WKLV�PDJQLILFDWLRQ�ZH�ZHUH�RQO\�DEOH�WR�TXDQWLWDWLYHO\�DVVHVV�F\VW�VL]H�DQG�QRW�WKH
QXPEHU�RI�QXFOHL��+RZHYHU��ZH�QRZ�GLVFXVV�KRZ�IXWXUH�KLJK�WKURXJKSXW�VFUHHQV�GRQH�DW�KLJKHU
UHVROXWLRQ�ZRXOG�HQDEOH�VXFK�DQ�DQDO\VLV�

:H�DOVR�IRXQG�WKDW�ZKLOH�VRPH�SHUWXUEDWLRQV�DOWHUHG�F\VW�SDUDPHWHUV�ZLWKLQ�FRQVWUDLQWV��RWKHUV�FKDQJHG
WKH�QDWXUH�RI�WKH�FRQVWUDLQW��.QRZOHGJH�RI�ZKLFK�W\SHV�RI�SHUWXUEDWLRQV�OHDG�WR�ZKLFK�W\SH�RI�HIIHFW
PLJKW�DLG�LQ�WKH�GHYHORSPHQW�RI�DQ�LQVWUXFWLRQ�PDQXDO�IRU�EXLOGLQJ�GHVLJQHU�RUJDQRLGV��SRWHQWLDOO\
H[LVWLQJ�LQ�YHU\�GLIIHUHQW�SDUWV�RI�SDUDPHWHU�VSDFH�WKDQ�QRUPDO�RUJDQRLGV��2XU�IUDPHZRUN�PD\�UHYHDO
WKH�SDUDPHWHUV�RQH�PD\�EH�DEOH�WR�PDQLSXODWH�RUJDQRLGV�XVLQJ�WKH�UXOHV�OHDUQHG�E\�WKHVH�V\VWHPDWLF
SHUWXUEDWLRQV��6XFK�RUJDQRLGV�PD\�KDYH�SURSHUWLHV�WKDW�PDNH�WKHP�PRUH�XVHIXO�IRU�SDUWLFXODU
DSSOLFDWLRQV�LQ�UHJHQHUDWLYH�PHGLFLQH�RU�DV�GLVHDVH�PRGHOV� ,W�PD\�DOVR�EH�SRVVLEOH��LQ�SULQFLSOH�LI
QRW�LQ�SUDFWLFH��WR�GHVWUR\�D�FRQVWUDLQW�ZLWK�VXIILFLHQW�SHUWXUEDWLRQ��)RU�H[DPSOH��WKH�ULJKW
SHUWXUEDWLRQ�PLJKW�FRPSOHWHO\�GHFRXSOH�F\VW�YROXPH�IURP�WKH�QXPEHU�RI�FHOOV��)XWXUH�ZRUN
FRXOG�VHDUFK�IRU�SHUWXUEDWLRQV�ZLWK�VXFK�HIIHFWV�E\�FRPELQLQJ�KLJK�WKURXJKSXW�GUXJ�VFUHHQV
ZLWK�RXU�GHWDLOHG�TXDQWLILFDWLRQ�RI�RUJDQRLG�PRUSKRORJLHV��:LWK�WKH�DELOLW\�WR�GHFRXSOH
PRUSKRORJLFDO�FRQVWUDLQWV��ZH�PLJKW�EH�DEOH�WR�HQJLQHHU�RUJDQRLGV�WR�DGRSW�HQWLUHO\�QRYHO
FRQILJXUDWLRQV�

����,Q�WKH�FRQFOXVLRQ�DXWKRUV�VD\���)XWXUH�ZRUN�WKDW�TXDQWLILHV�ZKDW�GHJUHH�RI�VHJPHQWDWLRQ�DFFXUDF\�LV
QHHGHG�IRU�D�JLYHQ�TXHVWLRQ�PD\�JXLGH�HIIRUWV�WR�GHYHORS�VHJPHQWDWLRQ�DOJRULWKPV���*LYHQ�WKDW�WKLV�VWXG\
UHVWULFWV�LWVHOI�WR�D�PRUH�WHFKQLFDO�DQJOH��DXWKRUV�FRXOG�DFWXDOO\�DQVZHU�WKH�TXHVWLRQ�WKDW�WKH\�UDLVH�LQ�WKLV�SRLQW
RI�GLVFXVVLRQ�DQG�HODERUDWH�PRUH�RQ�WKH�SHUIRUPDQFH�RI�WKHLU�VHJPHQWDWLRQ�DOJRULWKPV��&RQVLGHULQJ�WKH
DXWKRUV�DUH�SXEOLVKLQJ�WKH�FRGH�WKH\�XVHG��LQYHVWLQJ�PRUH�HIIRUW�LQWR�FKDUDFWHULVLQJ�WKHLU�LPDJH�SURFHVVLQJ
SDFNDJH�ZRXOG�EH�FUXFLDO�DQG�ZRXOG�EHQHILW�WKH�FRPPXQLW\�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��2XU�DSSURDFK�WR�VHJPHQWDWLRQ�LQYROYHG�PDQXDOO\�UHYLHZLQJ
WKH�FDQGLGDWH�VHJPHQWDWLRQV�IURP�YDULRXV�DOJRULWKPV��DQG�FRUUHFWLQJ�WKH�VHJPHQWDWLRQV�DV�QHHGHG��$V
VXFK��ZH�WKLQN�RXU�UHVXOWV�DUH�SHUKDSV�OHVV�DERXW�WKH�DOJRULWKP�ZH�FKRVH��EHFDXVH�WKH�GDWD�DUH
XOWLPDWHO\�PDQXDOO\�FXUDWHG�IRU�WKH�DQDO\VLV�DQ\ZD\���EXW�UDWKHU�PD\�EH�RI�XVH�DV�D�JROG�VWDQGDUG�IRU
IXWXUH�VWXGLHV��,Q�RXU�UHYLVLRQ��ZH�QRZ�HPSKDVL]H��VHH�EHORZ��WKDW�RXU�VRIWZDUH�KDV�DQ�LQWHUIDFH�IRU
PDQXDO�FRUUHFWLRQ�RI�VHJPHQWDWLRQV��ZKLFK�ZH�WKLQN�PD\�EH�WKH�PRVW�XVHIXO�SDUW�RI�RXU�SLSHOLQH�IRU
RWKHUV�WR�XVH�

2QH�SULQFLSDO�WHFKQLFDO�FKDOOHQJH�LQ�WKH�VFDOLQJ�RI�DSSURDFKHV�VXFK�DV�WKH�RQH�ZH�WRRN�KHUH�LV�WKH
H[WUDFWLRQ�RI�DQQRWDWLRQV�RI�0'&.�F\VW�VWUXFWXUHV�IURP�PLFURVFRS\�LPDJHV��2XU�DVVXPSWLRQ�ZDV�WKDW
ZH�ZRXOG�QHHG�KLJKO\�DFFXUDWH�DQQRWDWLRQV�WR�UHYHDO�VXEWOH�FRQVWUDLQWV�RQ�0'&.�F\VW�PRUSKRORJLHV�
DQG�WKRVH�DQQRWDWLRQV�SURYHG�GLIILFXOW�WR�IXOO\�DXWRPDWH� )RU�WKLV�UHDVRQ��ZH�FKRVH�WR�EXLOG�DQ
LQWHUIDFH�WKDW�HQDEOHG�XV�WR�PDQXDOO\�FRUUHFW�DQQRWDWLRQV�IURP�DQ\�DOJRULWKP��2XU�KRSH�LV�WKDW
WKLV�DSSURDFK�DQG�WKH�VRIWZDUH�LV�RI�XVH�WR�RWKHUV�ORRNLQJ�WR�DQQRWDWH�LPDJHV��VWUXFWXUHV��RU
WLVVXHV�IRU�ZKLFK�DXWRPDWHG�VROXWLRQV�KDYH�\HW�WR�EH�GHYHORSHG� 'HHS�OHDUQLQJ�KDV�SURGXFHG
JUHDW�DGYDQFHV�LQ�DXWRPDWLF�LPDJH�VHJPHQWDWLRQ��0RHQ�HW�DO���������DQG�LW�LV�SRVVLEOH�WKDW�WKH
DSSOLFDWLRQ�RI�WKHVH�PHWKRGV��RQFH�IXOO\�DXWRPDWHG�DQG�RI�YHU\�KLJK�TXDOLW\��ZRXOG�DOORZ�XV�WR�REWDLQ
PXFK�ODUJHU�QXPEHUV�RI�DQQRWDWLRQV�FRPSDUHG�WR�RXU�FRPELQDWLRQ�RI�DXWRPDWHG�DOJRULWKPV�DQG�PDQXDO
DQQRWDWLRQ�UHYLHZ��,W�LV�DOVR�ZRUWK�FRQVLGHULQJ�ZKDW�OHYHO�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�WKH
TXHVWLRQ�DW�KDQG��)XWXUH�ZRUN�WKDW�TXDQWLILHV�ZKDW�GHJUHH�RI�VHJPHQWDWLRQ�DFFXUDF\�LV�QHHGHG�IRU�D
JLYHQ�TXHVWLRQ�PD\�JXLGH�HIIRUWV�WR�GHYHORS�VHJPHQWDWLRQ�DOJRULWKPV��,Q�DGGLWLRQ��LW�LV�SRVVLEOH�WKDW
DOWHUQDWLYH�VWUDWHJLHV�IRU�FXOWXULQJ�RU�LPDJLQJ�WKH�F\VWV�PLJKW�PDNH�WKH�LPDJHV�HDVLHU�WR�VHJPHQW��2QH
VXFK�H[DPSOH�ZRXOG�EH�WR�SODWH�DOO�0'&.�F\VWV�DW�WKH�VDPH�GLVWDQFH�IURP�WKH�ERWWRP�RI�WKH�ZHOO�

��



)XWXUH�ZRUN�FRXOG�DOVR�XVH�WKH�ODUJH�DQG�KLJKO\�DFFXUDWH�VHJPHQWDWLRQV�SURGXFHG�LQ�WKLV�ZRUN�WR�WUDLQ
GHHS�OHDUQLQJ�PRGHOV�VSHFLILF�WR�WKLV�WDVN�

����7KH�ILQDO�VHQWHQFH�LV���,W�ZLOO�EH�LQWHUHVWLQJ�LQ�WKH�IXWXUH�WR�DSSO\�WKLV�IUDPHZRUN�WR�VXFK�PXOWL�FHOO�W\SH
RUJDQRLGV�WR�VHH�ZKDW�FRQVWUDLQWV�DUH�REH\HG�E\�WKH�PXFK�ULFKHU�IHDWXUH�VHWV�DVVRFLDWHG�ZLWK�PXOWL�FHOO�W\SH
LQWHUDFWLRQV���7KH�DXWKRUV�VKRXOG�VKRZ�ZKHWKHU�WKH�FRQVWUDLQWV�WKH\�LGHQWLI\�DQG�GHVFULEH�ZRXOG�EH�YDOLG�LQ�DW
OHDVW�RQH�RUJDQRLG�PRGHO�V\VWHP�WKDW�IHDWXUHV�FHOO�W\SH�KHWHURJHQHLW\��2WKHUZLVH�WKH�FODLP�WKH�DXWKRUV�PDNH�LQ
WKH�DEVWUDFW���7KLV�TXDQWLWDWLYH�IUDPHZRUN�IRU�LGHQWLI\LQJ�FRQVWUDLQWV�RQ�RUJDQRLG�PRUSKRORJLHV�PD\�LQIRUP
IXWXUH�HIIRUWV�WR�HQJLQHHU�RUJDQRLGV���UHPDLQV�SXUHO\�VSHFXODWLYH�DQG�XQVXEVWDQWLDWHG�

7KH�UHYLHZHU�KDV�EURXJKW�XS�D�JUHDW�SRLQW�DERXW�WKH�OLPLWDWLRQV�RI�DSSO\LQJ�RXU�DSSURDFK�RQO\�WR�0'&.
F\VWV��7R�DGGUHVV�WKLV�FRQFHUQ�ZH�REWDLQHG�D�ODUJH�GDWDVHW�RQ�VPDOO�LQWHVWLQH�RUJDQRLGV��HQWHURLGV�
IURP�3ULVFD�/LEHUDOL¶V�JURXS��/XNRQLQ�HW�DO��1DWXUH���������:H�VXEMHFWHG�WKH�HQWHURLGV�WR�VLPLODU
DQDO\VLV�DV�ZH�KDG�IRU�0'&.�F\VWV��:H�LGHQWLILHG�D�VHW�RI�FRQVWUDLQWV�WKDW�HQWHURLGV�REH\��LQFOXGLQJ�D
OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�FHOOV�DQG�HQWHURLG�DUHD��DV�ZHOO�DV�VPDOO�PROHFXOH�GUXJ
SHUWXUEDWLRQV�WKDW�FKDQJH�WKH�QDWXUH�RI�WKHVH�FRQVWUDLQWV��1RWDEO\��WKH�HQWHURLGV�KDYH�PXOWLSOH�FHOO
W\SHV�DQG�ZH�IRXQG�WKDW�DW�OHDVW�WZR�RI�WKRVH�W\SHV��HQWHURF\WHV�DQG�3DQHWK�FHOOV��DOVR�VFDOH�ZLWK
HQWHURLG�DUHD��:H�WKLQN�H[WHQGLQJ�RXU�DQDO\WLFDO�IUDPHZRUN�WR�DQ�DGGLWLRQDO�RUJDQRLG�V\VWHP�KDV
JUHDWO\�LPSURYHG�WKH�VFRSH�RI�RXU�SDSHU�DQG�ZH�WKDQN�WKH�UHYLHZHU�IRU�WKH�VXJJHVWLRQ�

5HYLHZHU��

)LJXUH��,��+RZ�GLG�\RX�UDQGRPL]H�GDWD"�,V�LW�PDUJLQDO�UHVDPSOLQJ�RU�VRPHWKLQJ�HOVH"

:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�RXW�WKLV�RPLVVLRQ��2XU�GDWD�ZDV�VWRUHG�LQ�D�WDEOH�ZKHUH�HDFK�URZ
UHSUHVHQWHG�RQH�0'&.�F\VW�DQG�HDFK�FROXPQ�UHSUHVHQWHG�RQH�PRUSKRORJLFDO�IHDWXUH��)RU�RXU
UDQGRPL]DWLRQ�DQDO\VHV��ZH�VKXIIOHG�HDFK�FROXPQ�RI�WKH�WDEOH��:H�KDYH�QRZ�FODULILHG�WKLV�LQ�WKH
0HWKRGV�VHFWLRQ��VHH�EHORZ��

3&$�DQG�/LQHDU�0RGHOV

,Q�RUGHU�WR�UXQ�3&$�ZH�ILUVW�VWDQGDUGL]HG�WKH�XQLWV�RI�RXU�IHDWXUHV��:H�WRRN�WKH�FXEH�URRW�RI�DOO�YROXPH
IHDWXUHV��WKH�VTXDUH�URRW�RI�DOO�VXUIDFH�DUHD�IHDWXUHV��DQG�WKH�LQYHUVH�RI�WKH�QXPEHU�RI�OXPHQV��:H�WKHQ
]�VFRUH�QRUPDOL]HG�HDFK�IHDWXUH��:H�UDQ�3&$�XVLQJ�WKH�SUFRPS�IXQFWLRQ�IURP�WKH�5¶V�VWDWV�SDFNDJH
�KWWSV���ZZZ�UGRFXPHQWDWLRQ�RUJ�SDFNDJHV�VWDWV�YHUVLRQV���������7R�HVWLPDWH�KRZ�PXFK�YDULDQFH�ZH
FRXOG�H[SHFW�WR�EH�H[SODLQHG�GXH�WR�FKDQFH��ZH�DOVR�UDQ�3&$�RQ�UDQGRPL]HG�GDWD� 7R�UDQGRPL]H�WKH
GDWD��ZH�VKXIIOHG�HDFK�FROXPQ�RI�D�WDEOH�ZKHUH�HDFK�URZ�UHSUHVHQWV�RQH�F\VW�HQWHURLG�DQG�HDFK
FROXPQ�UHSUHVHQWV�RQH�PRUSKRORJLFDO�IHDWXUH�

)LJXUH����,�DP�QRW�VXJJHVWLQJ�IXUWKHU�H[SHULPHQWV�EXW�SHUKDSV�MXVW�D�FRPPHQW�RQ�ZKHWKHU�\RX�EHOLHYH�WKH�3&V
DUH�LQGHSHQGHQWO\�UHJXODWHG�WKHPVHOYHV"�0HDQLQJ��GR�\RX�KDYH�D�VHQVH�RI�ZKHWKHU�PXWDWLRQV�ZRXOG
SUHIHUHQWLDOO\�LPSDFW�LQGLYLGXDOO\�3&V�RU�GR�\RX�H[SHFW�D�PXWDWLRQ�WR�LPSDFW�DOO�RI�WKH�IHDWXUHV�LQ�D�FRPSOH[
IDVKLRQ"�6DLG�DQRWKHU�ZD\��3&$��E\�FRQVWUXFWLRQ��PXVW�GHFRPSRVH�WKH�GDWD�LQWR�RUWKRJRQDO�FROOHFWLYH�IHDWXUHV
EXW�WKLV�GRHV�QRW�PHDQ�WKDW�WKH�V\VWHP�DELGHV�E\�WKLV�RUWKRJRQDOLW\��:KDW�HYLGHQFH��RU�WKRXJKWV��GR�\RX�KDYH
UHJDUGLQJ�WKLV"�,Q�WKH�DEVHQFH�RI�PXWDQW�GDWD�WR�DGGUHVV�WKLV�TXHVWLRQ�,�WKLQN�WKH�UHDGHU�ZRXOG�EH�LQWHUHVWHG�WR
KHDU�WKH�DXWKRUV�VSHDN�WR�WKLV�LVVXH��7RR�RIWHQ�WKH�QRQ�PDWKHPDWLFDOO\�RULHQWHG�UHDGHU�VHHV�WKH�RUWKRJRQDO
D[HV�RI�3&$�DQG�PDSV�WKDW�RQWR�DQ�RUWKRJRQDO�VHW�RI�UHJXODWRU\�PHFKDQLVPV��7KLV�FRQIXVLRQ�VKRXOG�EH
SUHHPSWHG�DQG�DGGUHVVHG�LQ�P\�YLHZ��)XUWKHUPRUH��LWV�LQWHUHVWLQJ�

��



7KH�UHYLHZHU�KDV�UDLVHG�DQ�H[FHOOHQW�SRLQW�DERXW�WKH�PDSSLQJ�EHWZHHQ�SULQFLSDO�FRPSRQHQWV�DQG
PHFKDQLVP��:H�FRPSOHWHO\�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�MXVW�EHFDXVH�3&$�GHFRPSRVHV�WKDW�GDWD�LQWR
DQ�RUWKRJRQDO�VHW�RI�IHDWXUHV��LW�QHHG�QRW�EH�WKH�FDVH�WKDW�WKRVH�IHDWXUHV�DUH�UHJXODWHG�RUWKRJRQDOO\�RU
FRUUHVSRQG�WR�GLVWLQFW�PHFKDQLVPV��7R�JHW�DW�WKLV�SRVVLELOLW\��ZH�ORRNHG�DW�KRZ�ZHOO�WKH�HIIHFWV�RI�GUXJV
FRUUHVSRQGHG�WR�WKH�SULQFLSDO�FRPSRQHQWV�WKHPVHOYHV��6XSS��)LJ��6���:H�IRXQG�WKDW�VRPH�GUXJV
DIIHFWHG�MXVW�RQH�SULQFLSDO�FRPSRQHQW�RU�WKH�RWKHU��ZKLOH�RWKHUV�DIIHFWHG�ERWK��7KH�UHVXOWV�DUH�FRQVLVWHQW
ZLWK�DW�OHDVW�WKH�SRVVLELOLW\�WKDW�WKH�HIIHFWV�RI�GUXJV�FRUUHVSRQG�WR�SULQFLSDO�FRPSRQHQWV��DOWKRXJK�ZH
KHVLWDWH�WR�GUDZ�D�ILUP�FRQFOXVLRQ�EDVHG�RQ�WKH�OLPLWHG�GDWD��,Q�DQ\�FDVH��ZH�DJUHH�WKDW�LW�LV�FULWLFDO�WR
PDNH�WKLV�FOHDU�WR�UHDGHUV�ZKR�PD\�PLVLQWHUSUHW�WKHVH�UHVXOWV�LQ�WKDW�ZD\��DQG�ZH�KDYH�XSGDWHG�WKH
PDLQ�WH[W�DFFRUGLQJO\�

5HVXOWV�

:H�WKHQ�ZRQGHUHG�KRZ�D�SHUWXUEDWLRQ�ZKLFK�GRHV�FKDQJH�D�FRQVWUDLQW�LQIOXHQFHV�RWKHU�FRQVWUDLQWV²LI
F\VWV�SHUWXUEHG�ZLWK�GUXJ�;�GR�QRW�REH\�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��PXVW�WKH\�DOVR�QRW�REH\
WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW"�:H�IRXQG�WKDW�F\VWV�SHUWXUEHG�ZLWK�JLYLQRVWDW��D�KLVWRQH�GHDFHW\ODVH
LQKLELWRU���LGHODOLVLE��D�SKRVSKRLQRVLWLGH���NLQDVH�GHOWD�LVRIRUP�LQKLELWRU���VXPDWULSWDQ�VXFFLQDWH��$XURUD
$�,QKLELWRU�,��<��������DQG�EOHEELVWDWLQ�KDG�PRUH�OXPHQV�LQ�D�JLYHQ�F\VW�YROXPH�WKDQ�XQSHUWXUEHG�F\VWV
RI�DQ\�DJH��)LJ���)����7KXV��F\VWV�SHUWXUEHG�ZLWK�WKHVH�GUXJV�GR�QRW�REH\�WKH�VDPH�OXPHQ�QXPEHU�FDS
FRQVWUDLQW�RI�XQSHUWXUEHG�F\VWV��LQVWHDG�WKH\�REH\�D�FRQVWUDLQW�ZLWK�D�ODUJHU�VORSH��:H�IRXQG�WKDW�VRPH
SHUWXUEDWLRQV��VHOLQH[RU��JLYLQRVWDW��LGHODOLVLE��$XURUD�$�,QKLELWRU�,��DQG�16&��������FKDQJHG�RQO\�RQH
FRQVWUDLQW��EXW�RWKHUV��VXPDWULSWDQ�VXFFLQDWH��<��������DQG�EOHEELVWDWLQ��FKDQJHG�ERWK��*LYHQ�WKH
WDUJHWV�RI�WKHVH�SHUWXUEDWLRQV��ZH�FDQ�K\SRWKHVL]H�DV�WR�ZKLFK�PHFKDQLVPV�PD\�UHJXODWH�WKHVH
FRQVWUDLQWV��:H�VDZ�WKDW�H[SRUWLQ���ZDV�LPSRUWDQW�IRU�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��+'$&��3,�.�
DQG�$XURUD�$�NLQDVH�IRU�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��DQG�VHURWRQLQ�UHFHSWRUV�ZHUH�LPSRUWDQW�WR
ERWK�FRQVWUDLQWV� :H�VLPLODUO\�IRXQG�VRPH�PHFKDQLVPV SHUWXUEHG�0'&.�F\VWV�DORQJ�D�VLQJOH
D[LV�LQ�SULQFLSDO�FRPSRQHQW�VSDFH��ZKLOH�RWKHUV�SHUWXUE�F\VWV�DORQJ�WZR�D[HV��6XSS��)LJ��6��
VXJJHVWLQJ�WKDW�WKH�D[HV�RI�0'&.�F\VW�YDULDWLRQ�PD\�QRW�EH�JRYHUQHG�E\�LQGHSHQGHQW
PHFKDQLVPV� 7KHVH�IDFWRUV�DOO�ZRUN�WKURXJK�TXLWH�GLIIHUHQW SDWKZD\V��KRZHYHU��JLYHQ�WKH�UHODWLYHO\
VPDOO�QXPEHU�RI�SHUWXUEDWLRQV�ZH�DQDO\]HG��LW�ZDV�GLIILFXOW�WR�XQFRYHU�DQ\�JHQHUDO�UXOHV�RQ�ZKLFK
SDWKZD\V�DIIHFWHG�ZKLFK�FRQVWUDLQWV��,Q�FRPELQDWLRQ��WKLV�VXJJHVWV�WKDW�WKH�VHW�RI�PRUSKRORJLHV
DYDLODEOH�WR�0'&.�F\VWV�LV�ULFKHU�WKDQ�XQSHUWXUEHG�F\VWV�ZRXOG�VXJJHVW�

'LVFXVVLRQ�

,W�UHPDLQV�XQFOHDU�ZKDW�XQGHUSLQV�WKH�FRQVWUDLQWV�RQ�F\VW��RU��PRUH�JHQHUDOO\��RUJDQRLG��PRUSKRORJLHV�
2QH�FRXOG�LPDJLQH�DQ\�QXPEHU�RI�SRWHQWLDO�PHFKDQLVPV��DQ\�RQH�RI�ZKLFK�PLJKW�EH�FULWLFDO�WR�D
FRQVWUDLQW�E\�LWVHOI�RU�LQ�FRPELQDWLRQ�ZLWK�PDQ\�RWKHUV��6XFK�PHFKDQLVPV�PD\�EH�EDVHG�XSRQ
FRQYHQWLRQDO�ELRFKHPLFDO�VLJQDOLQJ��VXFK�DV�VLJQDOLQJ�EHWZHHQ�FHOOV�WR�FRQWURO�SUROLIHUDWLRQ���RU�PD\
LQYROYH�PHFKDQLFDO�VHQVLQJ�RI�YDULDEOHV�VXFK�DV�PHPEUDQH�FXUYDWXUH��$�UHODWHG�TXHVWLRQ�LV�ZKHWKHU
WKHVH�PHFKDQLVPV�PDS�LQ�D�RQH�WR�RQH�PDQQHU�RQWR�HDFK�RI�WKH�SULQFLSDO�FRPSRQHQWV�RI�YDULDWLRQ�ZH
GHWHFWHG��,�H���LV�WKHUH�RQH�PHFKDQLVP�WKDW�JRYHUQV�FHOO�VL]H�DQG�UHODWHG�YDULDEOHV��DQG�DQRWKHU
PHFKDQLVP�WKDW�JRYHUQV�OXPHQ�QXPEHU"�,Q�SULQFLSOH��WKHUH�LV�QR�QHHG�IRU�DQ\�RQH�PHFKDQLVP�WR�PDS
LQ�VXFK�D�GLUHFW�ZD\�RQWR�D�SDUWLFXODU�D[LV�RI�YDULDWLRQ� 2XU�GDWD�ZLWK�YDULRXV�GUXJV�VXJJHVWV�WKDW�LW
LV�HQWLUHO\�SRVVLEOH�IRU�D�PHFKDQLVP�WR�DIIHFW�MXVW�RQH�RU�PXOWLSOH�SULQFLSDO�FRPSRQHQWV��VR
WKHUH�LV�QR�UHDVRQ�WR�SUHGLFW�WKDW�LQGLYLGXDO�PHFKDQLVPV�ZRXOG�EH�UHVWULFWHG�WR�DIIHFWLQJ�MXVW�D
VLQJOH�D[LV�

��



)LJXUH����*LYHQ�WKH�SDXFLW\�RI�GDWD�LW�PLJKW�VHHP�UHDVRQDEOH�WR�UHJXODUL]H�3&$��7KLV�PLJKW�LQGHHG�KHOS�WKH
DXWKRUV�LQ�PRUH�FDWHJRULFDOO\�LGHQWLI\LQJ�WKH�ORDGLQJ�YHFWRUV��$V�WKH�DXWKRUV�DUH�QR�GRXEW�DZDUH��XQUHJXODUL]HG
DOJRULWKPV�ZLOO�DVVLJQ�QRQ�]HUR�HQWULHV�WR�HYHU\�FRHIILHFLHQW�WR�VRDN�XS�DV�PXFK�YDULDQFH�DV�LW�FDQ��6LQFH�GDWD
LV�OLPLWHG�,�EHOLHYH�D�UHJXODUL]DWLRQ�EDVHG�DQDO\VLV�ZRXOG�EROVWHU�WKH�VWDWLVWLFDO�FODLPV�WKH�DXWKRUV�PDNH�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�H[FHOOHQW�VXJJHVWLRQ��:H�UDQ�D�VSDUVH�3&$�RQ�RXU�GDWDVHW�WR�VHH
ZKHWKHU�LW�ZRXOG�VWUHQJWKHQ�RXU�FODLPV��:H�IRXQG�WKDW�LW�LQGHHG�UHFDSLWXODWHG�WKH�FRUH�UHVXOWV�ZH�IRXQG�
DQG�LQGHHG�PDGH�WKRVH�UHVXOWV�HYHQ�PRUH�FOHDU��6XSS��)LJ��7���:H�KDYH�QRZ�LQFOXGHG�D�SDUDJUDSK�RQ
WKLV�UHVXOW�DV�LQFOXGHG�EHORZ��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�ILUVW�SULQFLSOH�FRPSRQHQW�LV�GHQVH��ZKLFK
RIWHQ�FDSWXUHV�WHFKQLFDO�DQG�EDWFK�YDULDELOLW\��DV�KDV�EHHQ�REVHUYHG��6XQ�HW�DO��$QQ��$SSO��6WDW�������
DQG�/HHN�HW�DO��31$6���������:H�WKDQN�WKH�UHYLHZHU�IRU�VXJJHVWLQJ�WKLV�DQDO\VLV�

*LYHQ�WKDW�0'&.�F\VWV�REH\�D�QXPEHU�RI�FRQVWUDLQWV��ZH�WKHQ�ZRQGHUHG�ZKHWKHU�WKHVH�FRQVWUDLQWV�DUH
FRXSOHG��,Q�RWKHU�ZRUGV��PLJKW�WKHUH�EH�D�VLQJOH�GLPHQVLRQ��RU�D�IHZ�GLPHQVLRQV���HDFK�RI�ZKLFK�PD\
FRPSULVH�VHYHUDO�FRUUHODWHG�IHDWXUHV��DORQJ�ZKLFK�DOO�0'&.�F\VW�PRUSKRORJLHV�IDOO��)LJ���+�"�7R
LGHQWLI\�GLPHQVLRQV�LQ�WKH�VSDFH�RI�0'&.�F\VW�PRUSKRORJLHV�ZH�SHUIRUPHG�SULQFLSDO�FRPSRQHQW
DQDO\VLV��3&$��RQ�WKH�VHW�RI����F\VWV�DQG�WKHLU����PRUSKRORJLFDO�IHDWXUHV��,Q�RUGHU�WR�DSSO\�3&$�WR�RXU
GDWD��ZH�QHHGHG�WR�VXSSO\�D�VLQJOH�YDOXH�IRU�HDFK�IHDWXUH�IRU�HDFK�F\VW��)RU�DOO�IHDWXUHV�GHVFULELQJ
QXFOHL�ZH�XVHG�ERWK�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�DFURVV�DOO�QXFOHL�ZLWKLQ�WKH�F\VW��H�J��PHDQ
QXFOHDU�YROXPH�DQG�VWDQGDUG�GHYLDWLRQ�RI�QXFOHDU�YROXPH��)RU�IHDWXUHV�GHVFULELQJ�OXPHQV�ZH�XVHG�WKH
PHDQ�DFURVV�DOO�OXPHQV�LQ�WKH�F\VW��H�J��PHDQ�OXPHQ�YROXPH��:H�GLGQ¶W�LQFOXGH�RWKHU�KLJKHU�RUGHU
VWDWLVWLFV�OLNH�VWDQGDUG�GHYLDWLRQ�EHFDXVH�LW�ZDV�LPSRVVLEOH�WR�GR�VR�IRU�WKH�PDQ\�F\VWV�WKDW�KDG�RQO\
RQH�OXPHQ��:H�IRXQG�WKDW�WKH�ILUVW�WKUHH�SULQFLSDO�FRPSRQHQWV�UHVSHFWLYHO\�H[SODLQ�����������DQG����
RI�WKH�YDULDWLRQ�LQ�0'&.�F\VW�PRUSKRORJLHV��)LJ���,���:H�WKHQ�ZRQGHUHG�ZKHWKHU�WKH�SULQFLSDO
FRPSRQHQWV�UHIOHFWHG�DQ\�RI�WKH�FRQVWUDLQWV�ZH�KDG�SUHYLRXVO\�LGHQWLILHG��:H�IRXQG�WKDW�WKH�ILUVW
SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�OXPHQ�VL]H�DQG�LQYHUVHO\�QXFOHDU�VL]H��UHIOHFWLQJ�WKH�IDFW�WKDW�DV
OXPHQV�JHW�ODUJHU��QXFOHL�JHW�VPDOOHU��)LJ���-�/��6XSS��)LJ��+���1RWH�WKDW�WKLV�WUHQG�LV�FRQVLVWHQW�ZLWK�RXU
HDUOLHU�ILQGLQJ�RI�UHODWLYHO\�FRQVWDQW�FHOO�VL]H�EHFDXVH�FHOO�VL]H�DQG�QXFOHDU�VL]H�DUH�GLIIHUHQW�SURSHUWLHV�
7KH�VHFRQG�SULQFLSDO�FRPSRQHQW�UHSUHVHQWV�F\VW�VL]H�DQG�QXPEHU�RI�QXFOHL��UHIOHFWLQJ�WKDW�LQFUHDVHG
F\VW�VL]H�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�QXPEHU�RI�QXFOHL��D�UHODWLRQVKLS�ZH�SUHYLRXVO\�LGHQWLILHG�DV�WKH
FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��7KH�WKLUG�SULQFLSDO�FRPSRQHQW�UHSUHVHQWHG�WKH�WUDGH�RII�EHWZHHQ�OXPHQ
VL]H�DQG�WKH�QXPEHU�RI�OXPHQV��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR�KDYH�PRUH�OXPHQV��WKH
LQGLYLGXDO�OXPHQV�PXVW�EH�VPDOOHU��UDWKHU�WKDQ�WKHUH�LV�D�PD[LPXP�OXPHQ�VL]H�ZKLFK�LV�LQGHSHQGHQW�RI
WKH�QXPEHU�RI�OXPHQV���7KH�WKLUG�SULQFLSDO�FRPSRQHQW�DOVR�UHSUHVHQWHG�D�WUDGH�RII�EHWZHHQ�QXFOHDU
VL]H�DQG�WKH�GHQVLW\�RI�QXFOHL��UHIOHFWLQJ�WKDW��IRU�D�JLYHQ�F\VW�VL]H��LQ�RUGHU�WR�KDYH�PRUH�QXFOHL�WKH
QXFOHL�PXVW�EH�VPDOOHU��6XSS��)LJ��,����&RQVLVWHQW�ZLWK�3&���ZH�DOVR�IRXQG�WKDW�QXFOHDU�VL]H
DQWL�FRUUHODWHG�ZLWK�OXPHQ�VL]H���%H\RQG�WKRVH�WKUHH�SULQFLSDO�FRPSRQHQWV��WKH�UHPDLQLQJ�FRPSRQHQWV
DFFRXQWHG�IRU�OHVV�YDULDWLRQ�WKDQ�FRPSRQHQWV�FDOFXODWHG�IURP�UDQGRPL]HG�GDWD��VXJJHVWLQJ�WKDW�WKRVH
3&V�OLNHO\�GR�QRW�UHIOHFW�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�GDWD� ,Q�DGGLWLRQ�WR�SHUIRUPLQJ�FRQYHQWLRQDO 3&$
RQ�RXU�GDWD��ZH�DOVR�XVHG�D�VSDUVH�3&$�PHWKRG��%HQMDPLQ�(ULFKVRQ�HW�DO���������ZKLFK�FDQ�DLG
ZLWK�LQWHUSUHWDWLRQ�EHFDXVH�LW�WULHV�WR�UHGXFH�VPDOO�FRQWULEXWLRQV�WR�SULQFLSDO�FRPSRQHQWV�WR
]HUR�ZKHQ�SRVVLEOH��:H�IRXQG�WKDW�WKH�SULQFLSDO�FRPSRQHQWV�IURP�VXFK�DQ�DQDO\VLV��DIWHU
GLVFDUGLQJ�WKH�ILUVW�SULQFLSDO�FRPSRQHQW��ZKLFK�LV�PRVW�OLNHO\�WHFKQLFDO�DQG�EDWFK�YDULDELOLW\�
UHFDSLWXODWHG�VLPLODU�FRQWULEXWLRQV�WR�WKH�D[HV�RI�YDULDWLRQ�UHYHDOHG�E\�FRQYHQWLRQDO�3&$��7KLV
DQDO\VLV�DOVR�KDG�D�PRUH�VWUDLJKWIRUZDUG�LQWHUSUHWDWLRQ�RZLQJ�WR�WKH�SULQFLSDO�FRPSRQHQWV
KDYLQJ�MXVW�D�IHZ�SULPDU\�FRQWULEXWLQJ�IHDWXUHV��6XSS��)LJ��7�� 7KXV��GHVSLWH�TXDQWLI\LQJ�D�ODUJH

��



QXPEHU�RI�IHDWXUHV��0'&.�F\VW�PRUSKRORJLHV�FDQ�WKXV�EH�UHSUHVHQWHG�E\�D�OLPLWHG�QXPEHU�RI
GLPHQVLRQV�

)LJXUH����$�VXJJHVWLRQ��SHUKDSV�EH\RQG�WKH�FRQWH[W�RI�WKLV�SDSHU��LV�WR�FRQVLGHU�D�PDQLIROG�OHDUQLQJ�DSSURDFK�
7KLV�ZRXOG�EH�D�QRQOLQHDU�DWWHPSW�DW�H[SODLQLQJ�WKH�YDULDQFH��7KLV�PLJKW�LQGHHG�UHYHDO�PRUH�GHFRPSRVDEOH
IHDWXUHV��,�FRXOG�UHFRPPHQG�HLWKHU�DQ�LVRPHU�DSSURDFK�RU�DQ�DXWR�HQFRGHU��$JDLQ��LI�WKH�DXWKRUV�GHFLGH�WKDW
WKLV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�WKHQ�SHUKDSV�WKLV�VXJJHVWLRQ�VKRXOG�EH�WDNHQ�DV�VRPHWKLQJ�IRU�D�IXWXUH
VWXG\��0\�UDWLRQDOH�IRU�WKLV�DJDLQ�EHLQJ�WKH�VWDQGDUG�OLQHDULW\�DVVXPSWLRQ�LQKHUHQW�WR�3&$��DQG�WKHLU
RUWKRJRQDOLW\��FDQ�UDLVH�PDQ\�LVVXHV��3HUKDSV�EHIRUH�JRLQJ�IXOO\�QRQOLQHDU�WKH�DXWKRUV��IRU�WKH�VDNH�RI�WKLV
SDSHU��FRXOG�DWWHPSW�1RQ�QHJDWLYH�PDWUL[�IDFWRUL]DWLRQ��10)��ZKHUH�\RX�NQRZ�WR�ORRN�IRU���IHDWXUHV��7KLV
DSSURDFK�ZRXOG�DW�OHDVW�UHVSHFW�WKH�SRVLWLYLW\�RI�WKH�GDWD�DQG�10)�JLYHV�IHDWXUHV�WKDW�DUHQ
W�RUWKRJRQDO��7KLV
PLJKW�KHOS�LQWHUSUHWDWLRQ�

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��:H�DJUHH�WKDW�QRQOLQHDU�DSSURDFKHV�PLJKW�UHYHDO�PRUH
GHFRPSRVDEOH�IHDWXUHV��7R�DFFRXQW�IRU�DW�OHDVW�VRPH�RI�WKH�REYLRXV�QRQ�OLQHDU�UHODWLRQVKLSV�WKDW�OLNHO\
H[LVW�EHWZHHQ�IHDWXUHV��ZH�VWDQGDUGL]HG�WKH�XQLWV�RI�RXU�IHDWXUHV�EHIRUH�DSSO\LQJ�3&$��)RU�H[DPSOH�
ZH�WRRN�WKH�FXEH�URRW�RI�DOO�IHDWXUHV�ZLWK�XQLWV��P� DQG�WKH�VTXDUH�URRW�RI�DOO�IHDWXUHV�ZLWK�XQLWV��P�� 2I
FRXUVH��LW�LV�SRVVLEOH�WKHUH�DUH�QRQ�REYLRXV�QRQ�OLQHDU�UHODWLRQVKLSV�WKDW�RXU�DSSURDFK�ZLOO�PLVV��:H
DOVR�WULHG�10)��VHH�EHORZ���DQG�IRXQG�WKDW�LW�JDYH�XV�UHVXOWV�WKDW�ZHUH�VLPLODU�WR�WKH�UHVXOWV�ZH
REWDLQHG�ZLWK�VWDQGDUG�3&$��EXW�ZHUH�VRPHZKDW�KDUGHU�WR�LQWHUSUHW��VR�ZH�HOHFWHG�QRW�WR�LQFOXGH�WKRVH
UHVXOWV��:H�DOVR�IHHO�DV�WKRXJK�ZH�GRQ¶W�KDYH�HQRXJK�GDWD�WR�SURSHUO\�UXQ�DXWRHQFRGHUV��:H�KRSH�WR
SXUVXH�WKHVH�SRVVLELOLWLHV�LQ�IXWXUH�ZRUN�RQFH�ZH�KDYH�ODUJHU�GDWDVHWV�LQ�KDQG�

��



)LJXUH����:K\�QRW�GR�D�VOLGLQJ�ZLQGRZ�IRU�GD\V�UDWKHU�WKDQ�EORFNV"�7KLV�ZD\�\RX�FDQ�OHYHUDJH�WKH�GDWD�WR�LWV
PD[

:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�VXJJHVWLRQ��:H�WHVWHG�VOLGLQJ�ZLQGRZV�IRU�)LJXUH����VHH�EHORZ��
8OWLPDWHO\��ZH�GHFLGHG�WR�NHHS�RXU�RULJLQDO�XVH�RI�EORFNV�EHFDXVH�ZH�IHOW�LW�ZDV�HDVLHU�WR�VHH�WKH
FKDQJH�LQ�FRQVWUDLQWV�RYHU�WLPH�EHFDXVH�WKH�VOLGLQJ�ZLQGRZV�³EOXUUHG´�VRPH�RI�WKH�HIIHFWV�WKDW�ZHUH
YLVLEOH�ZKHQ�ZH�ELQQHG�E\�LQGLYLGXDO�GD\V�

��



)LJXUH����,�WKLQN�WKH�DXWKRUV�VKRXOG�PDNH�D�VWURQJHU�FDVH�IRU�WKHPVHOYHV��$W�DOO�DJHV�WKH�FRQVWUDLQWV�DUH
SUHVHQW�EXW�WKHLU�TXDQWLWDWLYH�IHDWXUHV�HYROYH��7KLV�PLJKW�EH�ORVW�RQ�WKH�QRQ�WHFKQLFDO�UHDGHU�WKDW�PLJKW�LQWHUSUHW
WKH�ODQJXDJH�DV�VD\LQJ��VRPHWLPHV�WKHUH�DUH�FRQVWUDLQWV��VRPHWLPHV�WKHUH�DUHQ
W���7KH�UHVXOW�UHDOO\�LV�WKDW
WKHUH�DUH�DOZD\V�FRQVWUDLQWV��DW�DOO�DJHV��EXW�LWV�TXDQWLWDWLYH�IHDWXUHV�HYROYH��7KLV�VKRXOG�QRW�EH�ORVW�RQ�WKH
QRQ�PDWKHPDWLFDOO\�RULHQWHG�UHDGHU��3HUKDSV�WKH�DXWKRUV�DW�WKLV�SRLQW�FDQ�VXJJHVW�ZRXOG�PLJKW�EH�WKH�FDXVH�RI
WKLV�TXDQWLWDWLYH�YDULDWLRQ�LQ�FRQVWUDLQW�WUDLWV"

7KH�UHYLHZHU�PDNHV�DQ�H[FHOOHQW�SRLQW��HFKRHG�E\�UHYLHZHU����:H�KDYH�UH�ZULWWHQ�WKLV�VHFWLRQ�WR�FODULI\
WKDW�0'&.�F\VWV�RI�DOO�DJHV�GR�REH\�D�VHW�RI�FRQVWUDLQWV��EXW�WKDW�WKH�H[DFW�QDWXUH�RI�WKRVH�FRQVWUDLQWV
�WKHLU�LQWHUFHSW�DQG�RU�VORSH��YDULHV�ZLWK�0'&.�F\VW�DJH��:H�KDYH�DGGLWLRQDOO\�LQFOXGHG�D�GLVFXVVLRQ�RI
ZKDW�PHFKDQLVPV�PD\�XQGHUOLH�WKLV�TXDQWLWDWLYH�YDULDWLRQ��VHH�EHORZ��

:H�ZRQGHUHG�ZKHWKHU�RWKHU�FRQVWUDLQWV�ZHUH�VLPLODUO\�DIIHFWHG�E\�DJH��:H�ORRNHG�DW�WKH�DJH
GHSHQGHQFH�RI�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW��)LJ���)��6XSS��)LJ��1���:H�DJDLQ�IRXQG�WKDW�F\VWV�RI
DOO�DJHV�REH\HG�D�FRQVWUDLQW�RQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�YROXPH��+RZHYHU��WKLV�FRQVWUDLQW
FKDQJHG�ZLWK�DJH��ZH�IRXQG�WKDW�\RXQJHU�F\VWV�FXOWXUHG�IRU���GD\V�KDG�D�KLJKHU�PD[LPXP�QXPEHU�RI
OXPHQV�SHU�F\VW�YROXPH��DQG�F\VWV�FXOWXUHG�IRU�������GD\V�KDG�D�ORZHU�PD[LPXP�QXPEHU�RI�OXPHQV
SHU�F\VW�YROXPH��7KH�GHFUHDVH�LQ�WKH�QXPEHU�RI�OXPHQV�SHU�F\VW�DV�F\VWV�DJH�EH\RQG���GD\V�VXJJHVWV
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WKDW�PXOWLSOH�OXPHQV�LQ�D�F\VW�DUH�HLWKHU�PHUJLQJ�RU�GLVDSSHDULQJ�DV�F\VWV�JURZ�ROGHU� ,W�LV�GLIILFXOW�WR
VSHFXODWH�ZKDW�PHFKDQLVPV�PLJKW�JRYHUQ�WKLV�DJH�GHSHQGHQW�TXDQWLWDWLYH�FKDQJH�LQ
FRQVWUDLQWV�ZLWKRXW�SHUWXUEDWLRQV��+RZHYHU��JLYHQ�WKDW�YHU\�\RXQJ�F\VWV�VHHP�WR�REH\�DQ
HQWLUHO\�GLIIHUHQW�VHW�RI�FRQVWUDLQWV�WKDQ�ROGHU�F\VWV��LW�PD\�EH�WKDW�VRPH�RI�WKHVH�GLIIHUHQFHV�DUH
GXH�WR�WKH�HVWDEOLVKPHQW�RI�DSLFR�EDVDO�SRODULW\�DURXQG�WKH�OXPHQ�FRQVLGHULQJ�WKH�ZRUN�RI
9DVTXH]�HW�DO��9DVTXH]�HW�DO�������� $OVR��ZH�QRWLFHG LQ�\RXQJ�F\VWV�WKDW�WKH�WKUHVKROG�RI�VL]H�DQG
QXPEHU�RI�QXFOHL�LQ�RUGHU�WR�IRUP�D�OXPHQ�ZDV��������ȝP��DQG���QXFOHL��UHVSHFWLYHO\��6XSS��)LJ��8��
7RJHWKHU��RXU�UHVXOWV�SRLQW�WR�FRQVWUDLQWV�DV�EHLQJ�G\QDPLF�HQWLWLHV�WKDW�FDQ�FKDQJH�DV�F\VWV�JURZ�DQG
GHYHORS�

)LJXUH����,I�RQH�GLG�3&$�RQ�DOO�WKH������GD\�GDWD�GR�\RX�UHFRYHU�VLPLODU�3&V�ZLWK�RQH�RI�WKHP�QRZ�FRUUHODWLQJ
ZLWK�WLPH"�6DLG�DQRWKHU�ZD\��ZKHQ�\RX�GR�3&$�RQ�WKH�WHPSRUDO�HQVHPEOH�YV�D�IL[HG�GD\�HQVHPEOH�GR�\RX�VHH
TXDQWLWDWLYHO\�VLPLODU�IHDWXUHV�RU�UDWKHU�GLIIHUHQW"�6DLG�\HW�DQRWKHU�ZD\��GRHV�WKH�LQWUDGD\�YDULDQFH�OLQH�XS�ZLWK
WKH�LQWHUGD\�YDULDQFH"�7KHUH�LV�JRRG�UHDVRQ�WR�WKLQN�WKLV�VLQFH�F\VWV�OLYH�LQ�WKHLU�RZQ�ZRUOG��DQG�QHHG�QRW�DELGH
E\�RXU�FRXQWLQJ�RI�GD\V��+HQFH�WKH�YDULDQFH�DW�D�JLYHQ�GD\�VKRXOG�DFFRXQW�IRU�VRPH�RI�WKH�WHPSRUDO�YDULDQFH
\RX�VHH�

7KH�UHYLHZHU�KDV�SRVHG�DQ�H[FHOOHQW�TXHVWLRQ�DERXW�ZKDW�³WLPH´�FRUUHVSRQGV�WR�IRU�F\VWV��:H�UDQ�WKH
3&$�WKH\�VXJJHVWHG�IRU�DOO�WKH�WLPH�SRLQWV�SXW�WRJHWKHU��DQG�ZH�IRXQG�WKDW�WKH�3&V�ZHUH�YLUWXDOO\�WKH
VDPH��EXW�WKHLU�RUGHU�ZDV�VZLWFKHG�LQ�WKDW�WKH�3&�IRU�VL]H�QRZ�DFFRXQWHG�IRU�PRUH�RI�WKH�WRWDO�YDULDQFH
�6XSS��)LJ��3���7KLV�UHVXOW�LV�ZKDW�ZRXOG�EH�H[SHFWHG�LI�WKH�LQWUDGD\�YDULDQFH�OLQHG�XS�ZLWK�WKH�LQWHUGD\
YDULDQFH��7KDW�LV��WKHUH�LV�D�ODUJH�YDULDELOLW\�LQ�VL]H�IURP�\RXQJ�WR�DJHG�F\VWV��EXW�WKDW�YDULDELOLW\�LQ�VL]H
LV�WKH�VDPH�LQ�NLQG�DV�WKDW�EHWZHHQ�ODUJH�DQG�VPDOO�F\VWV�LQ�MXVW�RQH�DJH�FDWHJRU\��7KDW�VDLG��LW�LV
HQWLUHO\�SRVVLEOH�WKDW�WKHUH�ZHUH�PRUH�VXEWOH�GLIIHUHQFHV�EHWZHHQ�DJHV�WKDW�ZDV�GLIILFXOW�WR�SLFN�XS�LQ�DQ
HQ�PDVVH 3&$��7R�ORRN�IRU�VXFK�HIIHFWV��ZH�SORWWHG HDFK�FRQVWUDLQW�LWVHOI��L�H��QXPEHU�RI�QXFOHL�YV��F\VW
VL]H��IRU�HDFK�WLPH�SRLQW��:KLOH�WKH�JHQHUDO�WUHQG�ZDV�WKH�VDPH��WKHUH�ZHUH�VXEWOH�EXW�REVHUYDEOH
GLIIHUHQFHV�LQ�WKH�WUHQG�RYHU�WLPH��)LJ������*LYHQ�WKDW�WKLV�PRUH�GLUHFWHG�DQDO\VLV�UHYHDOHG�DJH
GLIIHUHQFHV��ZH�KDYH�NHSW�WKDW�DQDO\VLV�LQ�WKH�SDSHU��:H�KRSH�RXU�XSGDWHG�WH[W�LQ�WKH�VHFWLRQ�GHVFULELQJ
WKHVH�UHVXOWV�PDNHV�WKH�FRQQHFWLRQ�WR�WKH�UHYLHZHU¶V�H[FHOOHQW�TXHVWLRQ�PRUH�FOHDU�

:H�ILUVW�ZRQGHUHG�LI�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�YDULHG�IRU�F\VWV�RI�GLIIHUHQW�DJHV��)LJ���'�
6XSS��)LJ��/���:H�IRXQG�WKDW�F\VWV�RI�DOO�DJHV�REH\HG�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�RQ�WKH�QXPEHU
RI�QXFOHL�DQG�F\VW�YROXPH� 7KLV�UHODWLRQVKLS�ZDV�FRQILUPHG E\�3&$�UXQ�RQ�WKH�FRPSOHWH�GDWDVHW
LQFOXGLQJ�DOO�WLPH�SRLQWV��LQ�ZKLFK�WKH�SULQFLSDO�FRPSRQHQWV�UHPDLQHG�WKH�VDPH��EXW�WKH
SULQFLSDO�FRPSRQHQW�IRU�F\VW�VL]H�DFFRXQWHG�IRU�PRUH�WRWDO�YDULDQFH�GXH�WR�VL]H�GLIIHUHQFHV�ZLWK
DJH��6XSS��)LJ��3�� +RZHYHU��WKH�H[DFW�QDWXUH�RI�WKLV FRQVWUDLQW��VSHFLILFDOO\�WKH�VORSH�DQG�LQWHUFHSW�RI
WKH�OLQHDU�UHODWLRQVKLS��YDULHG�ZLWK�WKH�DJH�RI�WKH�F\VW��&\VWV�FXOWXUHG�IRU�����RU�������GD\V�REH\HG�D
FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�ZLWK�D�VPDOOHU�VORSH��L�H���WKH\�KDG�IHZHU�QXFOHL�SHU�F\VW�YROXPH��$V
F\VWV�DJH��WKH\�JHW�ODUJHU��VR�LQ�SULQFLSOH�LW�FRXOG�EH�WKDW�ROGHU�F\VWV�FRXOG�KDYH�D�ORZHU�FHOO�GHQVLW\
EHFDXVH�DOO�FHOOV�DUH�ODUJHU��RU�LW�FRXOG�EH�WKDW�WKHUH�LV�D�WKUHVKROG�YROXPH�EH\RQG�ZKLFK�FHOO�GHQVLW\
GHFUHDVHV��:H�IRXQG�WKDW�DPRQJVW�ROGHU�F\VWV�ZLWK�VPDOOHU�VL]HV��WKDW�PDWFKHG�WKRVH�RI�PLGGOH�DJHG
F\VWV���WKH�GHQVLWLHV�ZHUH�VLPLODU�WR�WKRVH�RI�PLGGOH�DJHG�F\VWV��VXJJHVWLQJ�WKH�ODWWHU�WKUHVKROG�VFHQDULR
�)LJ���(��6XSS��)LJ��0���<RXQJHU�F\VWV��KRZHYHU��KDG�D�XQLIRUPO\�ORZHU�FHOO�GHQVLW\�WKDQ�PLGGOH�DJHG
F\VWV�

)LJXUH����7KH�H[SHFWDWLRQ�RI�DGGLWLYLW\�LV�VRPHWKLQJ�WKDW�RQH�FDQ�RQO\�DQWLFLSDWH�WR�KROG�LQ�WKH�SHUWXUEDWLYH�OLPLW�
0RUH�WHFKQLFDOO\��VXSHUSRVLWLRQ�LV�D�FRQVHTXHQFH�RI�D�OLQHDU�WKHRU\��6DLG�PRUH�SODLQO\��RQH�VKRXOG�RQO\�H[SHFW
DSSUR[LPDWH�DGGLWLYLW\�LI�WKH�GUXJ�GRVH�LV�VPDOO��0HDQLQJ�VPDOO�DPRXQW�RI�RQH�GUXJ���VPDOO�DPRXQW�RI�RWKHU
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GUXJ�VKRXOG�HYHQ�EH�DQWLFLSDWHG�WR�JLYH�DQ�DGGLWLYH�SKHQRW\SLF�HIIHFW��/DUJH�GRVHV�SUREH�QRQOLQHDU�UHVSRQVH
DQG�DOO�EHWV�DUH�RII��6R�,�EHOLHYH�WKH�VWUDZ�PDQ�WKDW�LV�FRQVWUXFWHG�KHUH�LV�PDGH�RI�WRR�PXFK�VWUDZ�

7KH�UHYLHZHU�PDNHV�DQ�H[FHOOHQW�SRLQW�WKDW�RQH�PD\�QRW�H[SHFW�WKDW�WKH�HIIHFWV�RI�RXU�GUXJ
SHUWXUEDWLRQV�ZRXOG�FRPELQH�DGGLWLYHO\�H[FHSW�LQ�WKH�OLPLW�RI�³VPDOO´�SHUWXUEDWLRQV��DQG�WKDW�QRQOLQHDULW\
PD\�YHU\�ZHOO�EH�WKH�PRUH�QDWXUDO�H[SHFWDWLRQ��:H�KDYH�QRZ�PRGLILHG�WKH�WH[W�WR�UHGXFH�WKH�DPRXQW�RI
VWUDZ�

:H�WKHQ�ZRQGHUHG�KRZ�WKH�FRQVWUDLQWV�RI�F\VWV�SHUWXUEHG�ZLWK�RQH�GUXJ�FKDQJHG�ZKHQ�WKH�F\VWV�ZHUH
H[SRVHG�WR�D�VHFRQG�GUXJ� 2QH�SRVVLELOLW\�LV�WKDW GRXEO\�SHUWXUEHG�F\VWV�REH\HG�D�VHW�RI
FRQVWUDLQWV�WKDW�DYHUDJHG�WKH�FRQVWUDLQWV�REH\HG�E\�VLQJO\�SHUWXUEHG�F\VWV��DVVXPSWLRQ�RI
OLQHDULW\���$QRWKHU�SRVVLELOLW\�LV�WKDW�GRXEO\�SHUWXUEHG�F\VWV�REH\HG�WKH�VDPH�VHW�RI�FRQVWUDLQWV
DV�RQO\�RQH�RI�WKH�SHUWXUEDWLRQV��VXJJHVWLQJ�WKDW�VRPH�GUXJV�PD\�EH�DEOH�WR�RYHUULGH�WKH
HIIHFWV�RI�RWKHUV��RU�VRPH�RWKHU�QRQ�OLQHDU�LQWHUDFWLRQ��2QH�PLJKW�H[SHFW�WKDW�OLQHDULW\�ZRXOG
KROG�IRU�VPDOO�GRVHV�RI�GUXJ��EXW�WKDW�QRQOLQHDU�DVSHFWV�RI�WKH�UHJXODWRU\�SURFHVVHV�PD\�DSSHDU
IRU�ODUJHU�GRVHV� :H�IRXQG�WKDW�VRPHWLPHV�RQH�SHUWXUEDWLRQ RYHUURGH�WKH�HIIHFWV�RI�WKH�RWKHU�DQG�WKDW
VRPHWLPHV�GRXEO\�SHUWXUEHG�F\VWV�GLG�QRW�REH\�WKH�VDPH�FRQVWUDLQWV�WKDW�WKH�VLQJO\�SHUWXUEHG�F\VWV�GLG
�)LJ���-�/���3HUWXUEDWLRQV�RYHUURGH�WKH�HIIHFWV�RI�RQH�DQRWKHU�LQ�PDQ\�FRPELQDWLRQV�DQG�IRU�ERWK
FRQVWUDLQWV��:H�REVHUYHG�WKDW�ZKLOH�+*)�DORQH�REH\HG�D�GLIIHUHQW�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�
ZKHQ�XVHG�LQ�FRPELQDWLRQ�ZLWK�HLWKHU�ODSDWLQLE�RU�RUDWLQLE�WKH�F\VWV�REH\HG�WKH�VDPH�FRQVWUDLQW�DV
XQSHUWXUEHG�F\VWV��:H�OLNHZLVH�IRXQG�WKDW�WKH�HIIHFWV�RI�<�������RQ�WKH�OXPHQ�QXPEHU�FDS�FRQVWUDLQW
DQG�WKH�HIIHFWV�RI�16&������RQ�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW�ZHUH�ERWK�FDQFHOHG�RXW�E\
VXPDWULSWDQ�VXFFLQDWH��:H�DGGLWLRQDOO\�IRXQG�PDQ\�H[DPSOHV�ZKHUH�VLQJO\�SHUWXUEHG�0'&.�F\VWV
REH\HG�WKH�VDPH�FRQVWUDLQWV��EXW�ZKHQ�WKRVH�SHUWXUEDWLRQV�ZHUH�XVHG�LQ�FRPELQDWLRQ�WKH�F\VWV�GLG�QRW
REH\�WKH�VDPH�FRQVWUDLQWV��:H�IRXQG�WKDW�ZKLOH�QHLWKHU�+*)��ODSDWLQLE��QRU�RUDWLQLE�DORQH�FKDQJHG�WKH
OXPHQ�QXPEHU�FDS�FRQVWUDLQW��F\VWV�SHUWXUEHG�ZLWK�ERWK�+*)�DQG�ODSDWLQLE�RU�RUDWLQLE�KDG�KLJKHU
OXPHQV�SHU�F\VW�YROXPH��)LJ���-�/���:H�DOVR�IRXQG�WKLV�WR�EH�WUXH�IRU�VXPDWULSWDQ�VXFFLQDWH�DQG
<�������IRU�WKH�FRQVWDQW�FHOO�GHQVLW\�FRQVWUDLQW��,Q�WRWDOLW\��WKH�PDQ\�GLIIHUHQFHV�EHWZHHQ�WKH
FRQVWUDLQWV�REH\HG�E\�GRXEOH�SHUWXUEHG�F\VWV�DQG�VLQJOH�SHUWXUEHG�F\VWV�VXJJHVWV�WKDW�WKH�HIIHFWV�RI
DQ\�JLYHQ�SHUWXUEDWLRQ�GR�QRW�DSSHDU�WR�VLPSO\�DGG�WRJHWKHU��EXW�UDWKHU�FDQ�FRPELQH�LQ�XQDQWLFLSDWHG
ZD\V��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PDQ\�RI�WKH�SHUWXUEDWLRQV�DIIHFWHG�SDUWLFXODU�FODVVHV�RI�ELRORJLFDO
SURFHVVHV��VXFK�DV�SUROLIHUDWLRQ��H�J��ODSDWLQLE��RUDWLQLE��HWF��DQG�WKRVH�DIIHFWLQJ�PRUSKRORJLFDO
SURFHVVHV��H�J��+*)��<��������HWF���,W�LV�SRVVLEOH�WKDW�WKH�XVH�RI�GLIIHUHQW�FRPELQDWLRQV�ZLWK�GUXJV
SHUWXUELQJ�WKH�VDPH�SURFHVVHV�FRXOG�KDYH�PRUH�SUHGLFWDEOH�HIIHFWV�
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