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Abstract

The paper compares performance of CRSP Sector Indexes using FTSE Industry Classification
Benchmark (ICB®) to CRSP US Sector Indexes using enhanced FTSE Industry Classification
Benchmark (EICB) based on backtested data for the past 11 years. The paper further explores
impact of the new industry classification methodology, enhanced FTSE Industry Classification
Benchmark (EICB), on specific CRSP Sector Indexes — Real Estate, Telecommunications, Consumer
Discretionary and Consumer Staples.

Analysis by

Alex Poukchanski

Associate Director, Index Analytics
alex.poukchanski@crsp.org

CENTER FOR RESEARCH IN SECURITY PRICES, LLC
An Affiliate of the University of Chicago Booth School of Business

CRSP

105 West Adams Street, Suite 1700, Chicago, IL 60603 | Phone: 312.263.6400 | Fax: 312.263.6430 | www.crsp.org


http://www.crsp.org/
http://www.crsp.chicagobooth.edu

SUMMARY

CRSP developed the set of Sector Indexes in order to highlight industry segment-specific characteristics of all companies
included in the CRSP US Total Market Index. Prior to June 2020 ranking, CRSP Sector Indexes used FTSE Industry
Classification Benchmark (ICB®) to assign companies to the appropriate sector index.! After June 2020 ranking, CRSP
Sector Indexes will adopt the enhanced FTSE Industry Classification Benchmark (EICB).?

In this paper we examine the impact of the change in industry classification methodology on the CRSP Sector Indexes
using backtested results (refer to Appendix A for more details on data methodology).

The paper is divided into 5 sections:

= Section | gives an overview of the transition of ICB-based CRSP Sector Indexes to its EICB-based successors. The
section establishes the successor/counterparty pairing between ICB and EICB-based CRSP Sector Indexes.

= Section Il examines the weight reallocation between ICB and EICB-based sectors within the CRSP US Total Market
Index as of December 2019, and for the past 11 years.

= Section Ill compares ICB to EICB-based CRSP Sector Indexes using the 11-year backtest. We examine how closely
EICB-based CRSP Sector Indexes replicate their ICB-based predecessors using correlation, tracking and regression
analysis. The goal is to see if the industry classification changes cause CRSP Sector Indexes based on new
methodology to behave significantly different from sector indexes based on the previous industry classification
methodology.

= Section IV focuses on impact of EICB methodology on specific CRSP Sector Indexes: 1) differences between CRSP
Real Estate and Financials indexes; 2) impact of IRS 25/50 rule on CRSP Telecommunications index; 3) impact on
intra-industry correlations for CRSP Consumer Discretionary and Consumer Staples indexes

= Section V summarizes our findings

1 FTSE Industry Classification Benchmark (ICB®) is a product of FTSE International Limited and has been licensed for use

2 FTSE Russell Press Release, “FTSE Russell announces enhancements to its Industry Classification Benchmark (ICB) following Market Consultation,”
September 6, 2017, https://www.ftserussell.com/press/ftse-russell-announces-enhancements-its-industry-classification-benchmark-ich-following
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. BACKGROUND

CRSP developed the set of Sector Indexes in order to highlight industry segment-specific characteristics of all companies
included in the CRSP US Total Market Index.

Prior to June 2020 ranking, CRSP offered 10 sector indexes based on FTSE Industry Classification Benchmark (ICB®)
codes, 2 indexes based on ICB subsector code, CRSP US REIT and Small Cap ex-REIT indexes (see Table 1). For
each index there are two versions — Total Return and Price Return index versions.3

Table 1 - CRSP Sector Indexes prior to June 2020 Ranking

Category ICB Industry CRSP Ticker CRSP Index Name ICB Code Range |ﬂC§§tté0n
Tecwony SRS SRS S Tednaboynder (1)
Toron  SESCTET - SRS uS Taean e 79
oancar  STPICT - CRST Us e car (7
Francas  CESPENT GRS US Erareid e
Coner SRPCST SRPusCommmarseves (T s auaon
ConsmerGosgs CRTCOT G U5 corsuma oot de 79
NSt CRchD RSP US Industias ndex (PR 200299 22012
s SESPMTT - CSPUS rd (7
aces  CRSTENT CTSPUS Olard o e
ies  CESTUT S uS ik e
% % REITS CRSPRET CRSP US REIT Index (TR) mi?‘i?:l_-?ﬁ;z;’ss;?-rs -
Re) CRSPRE1 CRSP US REIT Index (PR)
2
g Smaliléf_?s e CRSPSXT CRSP US Small Cap ex-REIT Index (TR) ol but 86716677 2/1/2012
(% CRSPSX1 CRSP US Small Cap ex-REIT Index (PR) 9/10/2012

Note: CRSP Sector Indexes, prior to June 2020 rankings, use ICB methodology prior to 2017 announced enhancements#; TR in the index
name indicates total return index version; PR in the index name indicates price-only return index version

On September 6, 2017, FTSE announced the enhancements to FTSE Industry Classification Benchmark.*

3 For the methodology difference between Price and Total Return indexes, please refer to our CRSP US Equity Indexes Methodology Guide

4 FTSE Russell Press Release, “FTSE Russell announces enhancements to its Industry Classification Benchmark (ICB) following Market Consultation,”
September 6, 2017, https://www.ftserussell.com/press/ftse-russell-announces-enhancements-its-industry-classification-benchmark-ich-following
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The enhanced FTSE Industry Classification Benchmark (EICB) incorporates significant restructuring.® This is why
starting with June 5, 2020 ranking, CRSP Sector Indexes will adopt enhanced FTSE Industry Classification Benchmark
(EICB) methodology.

The Table 2 shows the pairing of new EICB-based CRSP Sector Indexes to their predecessors, ICB-based CRSP Sector
Indexes. For more details on the CRSP sector indexes changes, please see CRSP April 28, 2020 announcement.®

Table 2 — Transition from ICB-based to EICB-based CRSP Sector Indexes

CRSP Sector Indexes Prior June 2020 (follow ICB) CRSP Sector Indexes Post June 2020 (follow EICB)
CRSP EICB Code
Category Industry Ticker CRSP Index Name ICB Code Range Industry CRSP Ticker CRSP Index Name Range Category

CRSPITT CRSP US Technology Index (TR) u CRSPITT CRSP US Technology Index (TR) 10000000-

EEEIE CRSPITL  CRSP US Technology Index (PR) SIEEDLED Technology  "popiTi RSP US Technology Index (PR) 14999999

Telecom CRSPTET CRSP US Telecom Index (TR) 6000-6999 Telecommuni  CRSPTET CRSP US Telecommunications Index (TR) 15000000~

CRSPTE1 CRSP US Telecom Index (PR) cations CRSPTE1 CRSP US Telecommunications Index (PR) 19999999

CRSPHCT CRSP US Health Care Index (TR) 9 CRSPHCT CRSP US Health Care Index (TR) 20000000~

I @R CRSPHC1  CRSP US Health Care Index (PR) 4000-4999  Health Care  ~oqpiicy  CRSP US Health Care Index (PR) 29999999

B CRSPFNT CRSP US Financials Index (TR) 8000-8999 B CRSPFNT CRSP US Financials Index (TR) 30000000-

CRSPFN1 CRSP US Financials Index (PR) CRSPFN1 CRSP US Financials Index (PR) 34999999

Consumer CRSPCST CRSP US Consumer Services Index (TR) 5000-5999 Consumer CRSPCDT CRSP US Consumer Discretionary Index (TR) 40000000~

Services CRSPCS1 CRSP US Consumer Services Index (PR) Discretionary ~ CRSPCD1 CRSP US Consumer Discretionary Index (PR) 44999999

Consumer CRSPCGT  CRSP US Consumer Goods Index (TR) 3000-3999 Consumer CRSPCST CRSP US Consumer Staples Index (TR) 45000000~

Goods CRSPCG1 CRSP US Consumer Goods Index (PR) Staples CRSPCS1 CRSP US Consumer Staples Index (PR) 49999999

. CRSPIDT CRSP US Industrials Index (TR) \ q CRSPIDT CRSP US Industrials Index (TR) 50000000-

lilsitiets CRSPIDL  CRSP US Industrials Index (PR) ACTOAEY  WIENESS CRSPIDL  CRSP US Industrials Index (PR) 54999999

Materials CRSPMTT CRSP US Materials Index (TR) 1000-1999 Basic CRSPMTT CRSP US Basic Materials Index (TR) 55000000~

CRSPMTL1 CRSP US Materials Index (PR) Materials CRSPMT1 CRSP US Basic Materials (PR) 59999999

q CRSPENT CRSP US Oil and Gas Index (TR) v CRSPENT CRSP US Energy Index (TR) 60000000~

CleEs CRSPEN1  CRSP US Oil & Gas Index (PR) - TR Energy CRSPEN1  CRSP US Energy Index (PR) 64999999

o CRSPUTT CRSP US Utilities Index (TR) - TR CRSPUTT CRSP US Utilities Index (TR) 65000000-

iiEs CRSPUT1  CRSP US Utilities Index (PR) TWEBEED WS CRSPUT1  CRSP US Utilities Index (PR) 69999999

539 CRSPRET  CRSP US REIT Index (TR) 8671-8675,8677 CRSPRET  CRSP US Real Estate Index (TR) 35000000-

S a REITs minus Timber Real Estate

&3S CRSPREL  CRSP US REIT Index (PR) REITs CRSPRE1  CRSP US Real Estate Index (PR) 39999999
2 CRSPSXT CRSP US Small Cap ex-REIT Index (TR) CRSPSXT CRSP US Small Cap ex-Real Estate Index (TR) all but =
< Small Cap ex- Small Cap ex- K]
2 REITs all but 8671-8677 Real Estate 35000000- 2
& CRSPSX1  CRSP US Small Cap ex-REIT Index (PR) CRSPSX1 CRSP US Small Cap ex-Real Estate Index (PR) 39999999 3

Note: Red text indicates changes to the naming convention and tickers for the new EICB-based CRSP Sector Indexes; TR in the index name
indicates total return index version; PR in the index name indicates price-only return index version

5 For an overview of changes please refer to FTSE Russell website at https://www.ftserussell.com/data/industry-classification-benchmark-ich

6 The public notice can be found here on the CRSP website at http://www.crsp.org/files/Enhanced_ICB_Notice.pdf
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. CRSP US TOTAL MARKET INDEX SECTOR ALLOCATIONS
WEIGHT DIFFERENCES

It may be of interest to investors to assess how much risk and performance in the market can be attributed to a particular
sector. As such, it would helpful to understand how much weight each sector contributes to CRSP US Total Market
Index.

To compute sector weight within CRSP US Total Market Index we use security membership in CRSP Sector Indexes.
That is, we sum up the weights of all securities within CRSP US Total Market that belong to CRSP Technology Index to
determine the weight of Technology sector within Total Market Index.” This process can be repeated for each CRSP
sector index, and for both methodologies (EICB and ICB).

Table 3 displays the differences between sector weights based on EICB and ICB methodologies within CRSP US Total
Market Index as of December 31, 2019. The sectors are paired based on the Table 2 assignments to compare the
differences between the two methodologies. Table 3 shows that one of the major weight reallocations occurs for
Telecommunications sector. The weight of Telecommunications is doubled under the EICB methodology. Other
significant changes are the reduction of the combined weight of Financial and Real Estate sectors as compared to ICB-
based Financials sector,® and reduction of Consumer Staples sector weight compared to Consumer Goods sector.

Table 3 - CRSP US Total Market Index Sector Allocation (December 31, 2019)

ICB-based Sectors Delta EICB-based Sectors

Name Weight (EICB - ICB) Weight Name
Technology 21.8% -0.6% 21.2%  Technology
Telecom 1.9% 2.2% 4.1% Telecommunications
Health Care 13.0% 0.5% 13.6% Health Care

. : 13.2%  Financials
Financials 19.5% -2.1% 4.1% Real Estate
Consumer Services 13.3% 0.7% 13.9%  Consumer Discretionary
Consumer Goods 7.9% -1.9% 6.0%  Consumer Staples
Industrials 13.2% 0.9% 14.1% Industrials
Materials 2.2% 0.0% 2.2% Basic Materials
Oil & Gas 4.1% 0.0% 4.1%  Energy
Utilities 3.2% 0.3% 3.5%  Utilities

Note: Data is for backtested CRSP US Total Market Index as of December 31, 2019; sector weights are computed based on securities
membership in CRSP sector indexes; float-adjusted market capitalization is used to determine security weight in CRSP Total Market Index;
ICB-based Financials sector is compared to the sum of EICB-based Financials and Real Estate sectors

To better understand how the weight is redistributed between old and new sectors we look at Table 4 that shows weight
contribution of each ICB-based sector to EICB-based sector. For example, Table 4 makes it clear that most of the weight

" For an illustrative example, please refer to Appendix B. Note, float-adjusted market capitalization is used to determine security weight in CRSP Total Market
Index

8 Given that ICB-based Financial sector includes REITS, which represent majority of the EICB-based Real Estate sector, we compare the ICB-based Financials
sector weight to the sum of EICB-based Financials and Real Estate sectors weights
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increase for EICB-based Telecommunications sector comes from reassigning ~1.1% of Total Market weight from 1CB-
based Technology and Consumer Services sectors.

Table 4 also reveals that almost ~35% of the weight (2.8% out of 7.9%) of ICB-based Consumer Goods sector is
reassigned to EICB-based Consumer Discretionary sector. In addition, we can also see that the new EICB-based Real
Estate sector is primarily made-up of companies coming from ICB-based Financials (4.0% out of 4.1%).

Table 4 - ICB and EICB-based Sector Weights Allocations in CRSP US Total Market Index

ICB-based Sector Allocation

Consumer Consumer EICB-based

Technology Telecom Health Care  Financials Services Goods Industrials Materials Oil & Gas Utilities Sector Total
< |Technology 20.7% 0.1% 0.5% 21.2%
-‘,93 Telecommunications 1.1% 1.9% 1.1% 0.0% 4.1%
S |Health Care 0.0% 13.0% 0.0% 0.1% 0.0% 0.4% 0.0% 13.6%
< |Financials 0.0% 13.0% 0.0% 0.2% 13.2%
S |Real Estate 0.0% 4.0% 0.1% 0.0% 4.1%
(}3’ Consumer Discretionary 0.0% 0.0% 11.1% 2.8% 0.0% 13.9%
5 Consumer Staples 0.0% 0.9% 5.1% 6.0%
@ |industrials 2.4% 0.0% 0.0% 11.4% 0.2% 0.0% 14.1%
g Basic Materials 0.0% 0.2% 2.0% 0.0% 2.2%
% Energy 0.0% 0.0% 0.0% 0.0% 0.0% 4.1% 0.0% 4.1%
Utilities 0.3% 3.2% 3.5%
ICB-based Sector Total 21.8% 1.9% 13.0% 19.5% 13.3% 7.9% 13.2% 2.2% 4.1% 3.2% 100.0%

Note: Data is for backtested CRSP US Total Market Index as of December 31, 2019; sector weights are computed based on securities’
membership in CRSP sector indexes; float-adjusted market capitalization is used to determine security weight in CRSP Total Market Index

While Table 4 reveals many adjustments to companies’ assignments, we can see that most EICB-based sectors’ weights
originate from the corresponding ICB-based sectors. As such, we can expect that the behavior of the CRSP Sector
Indexes based on EICB methodology should resemble closely the behavior of their ICB-based predecessors, provided
these sector weight changes hold throughout the history of the backtest.

This is indeed what we discover when we analyze the weight differences historically. Figure 1 depicts the historical sector
weight differences within CRSP US Total Market Index for the past 11 years. For easier representation, Figure 1 uses
the EICB-based sector names. However, we maintain the same matching of EICB-based sectors with corresponding
ICB-based sectors as described in Table 3. Figure 1 also uses the same methodology for computing sector differences
as Table 3. Therefore, if a bar is below 0% it indicates that EICB-based sector weight in CRSP US Total Market Index
is lower than the corresponding ICB-based sector weight. If the bar is above 0%, then it is vice-versa.

In general, Figure 1 confirms that the trends identified in Table 3, based on point-in-time data, hold true from January
2009 through December 2019:

= A major increase in weight for EICB-based Telecommunications sector holds throughout the 11-year history

= A decline in combined weight of EICB-based Financials and Real Estate sectors, while smaller in 2009, is present
through the entire history

= A decline in EICB-based Consumer Staples sector weight relative to ICB-based Consumer Goods sector appears to
be almost unchanged from 2010 to 2019

Unlike Table 3, Figure 1 reveals that an increase in EICB-based Consumer Discretionary sector weight over ICB-based
Consumer Services sector is more of a recent phenomenon. However, we would not expect the difference to seriously
impact index behavior, given that the delta between the two is relatively small.
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Figure 1 — CRSP US Total Market Historical Sector Allocation Weight Differences

(January 2009 — December 2019)
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Note: Data is for backtested CRSP US Total Market Index; sector weights are computed based on securities’ membership in CRSP sector
indexes; float-adjusted market capitalization is used to determine security weight in CRSP Total Market Index; EICB-based sector names are

used for labels, maintaining the same matching of EICB-based sectors with corresponding ICB-based sectors as in Table 3; ICB-based
Financials sector is compared to the sum of EICB-based Financials and Real Estate sectors

The next sections analyzes how these differences contribute to the difference in performance of the CRSP Sector
indexes following ICB and EICB methodologies.
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lll. COMPARING ICB AND EICB-BASED CRSP SECTOR INDEXES

Our goal for comparing EICB-based CRSP Sector Indexes to their predecessors, ICB-based sector indexes, is to
ascertain if the reallocations we observed in Section Il cause divergence in sector index performances. To analyze if the
EICB-based CRSP Sector Indexes are similar or not to their ICB-based predecessors, as outlined in Table 2, we will
perform the following comparisons:

1. Performance and Risk
2. Correlation and Tracking
3. Factor Exposure

1. Performance and Risk

A simple comparison between the two sets of indexes would be to look at the differences in annualized returns based
on the available 11-year period, January 2009 through December 2019. If the indexes are similar, we would expect that
their annualized returns should be similar as well.

Figure 2 — Annualized Returns for Constrained CRSP Sector Indexes (1/1/2009 — 12/31/2019)

25% E EICB-based CRSP Sector Indexes
m ICB-based CRSP Sector Indexes
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Note: Annualized return computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; EICB-based CRSP Sector
Indexes names are used for the labels; pairings between EICB and ICB-based CRSP Sector Indexes are the same as in Table 2; the term
“constrained” implies that securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment Company rules
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Since some sector indexes may have to be constrained to comply with IRS Regulated Investment Company rules, we
focus our analysis on constrained sector indexes?, as these are the ones that would be used by an index fund available
to an investor.

Figure 2 highlights that, as can be expected based on our analysis in Section I, the greatest difference in annualized
returns between EICB and ICB-based CRSP Sector Indexes occurs for the Telecommunications Index. The chart also
highlights contribution of Real Estate companies to the ICB-based CRSP Financials Index performance — without Real
Estate companies, EICB-based Financials index underperforms ICB-based Financials index in the past 11 years.'? As
the next step, Figure 3 charts sector indexes annualized return against their risk, represented by standard deviation of
the returns, to better understand the index performance.

Figure 3 — Constrained CRSP Sector Indexes Annualized Returns and Standard Deviation

25%
Technology
Technology \
Consumer Discretionary \n
0, v\
20% Consumer Services ]
Industrials
Health Care A Industrials
- Health Carex
= &, (i Real Estate
2 15% Total Market —, Vo.- %/ REIT
12 Consumer Goods I /7 .
o — 1 1 \ =
@ Consumer Staples\/<g/ | i \
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\ N
g e ~—o- Materials
c
5: 10% Utilities K Financials
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5% ® EICB-based CRSP Sector Indexes Oil & Gas
\
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Energy
® CRSP US Total Market Index
0%
0% 5% 10% 15% 20% 25%

Annualized Standard Deviation

Note: Annualized returns and annualized standard deviation are computed for the period from 1/1/2009 through 12/31/2019, using monthly total
return series; the term “constrained” implies that securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment
Company rules

9 For more details on CRSP methodology of constraining CRSP Sector Indexes in order to comply with IRS Regulated Investment Company rules refer to CRSP
US Equity Indexes Methodology Guide

10 For more information about REITs performance, see our REITs analysis (http://crsp.org/files/CRSP-REITs_For_the Past 20 Years_and_Beyond.pdf)
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Figure 3 shows how close to each other are EICB and ICB-based CRSP Sector Indexes when evaluated on both
dimensions, the annualized return and annualized standard deviation. Again, we note that the major difference in risk-
return characteristics between CRSP Sector Indexes based on two methodologies occurs for Telecommunications
Index. Figure 3 further highlights the difference in risk-return profile between EICB-based CRSP Real Estate and
Financials indexes, bolstering the reason for the new Real Estate industry creation.

Figure 3 also highlights another change. Note that EICB-based CRSP Consumer Staples Index has lower annualized
standard deviation compared to its predecessor ICB-based CRSP Consumer Goods Index. At the same time, EICB-
based CRSP Consumer Discretionary Index has higher standard deviation compared to its predecessor ICB-based
CRSP Consumer Services Index. The result of these changes is that the gap in risk-return profile between Consumer
Staples and Discretionary indexes is wider under EICB methodology than under ICB methodology. This change is not
inconsistent with the enhanced ICB stated views that “Consumer Staples companies provide essential everyday products
and services, whose sales are typically not impacted by the economic environment. Their stocks offer defensive qualities
and tend to be less volatile, even when markets are risk averse ... By contrast, sales and profits of Consumer
Discretionary companies tend to ebb and flow with the economic cycle, and the stocks typically perform more in line with
market growth expectations and risk appetites.”1!

2. Correlation and Tracking

To further compare “similarity” of CRSP sector indexes based on EICB and ICB methodologies, we can use correlation
and tracking measures. There are several metrics that we can use for tracking, but neither metric alone is perfect. This
is why we will use all three metrics together to compare EICB and ICB counterparty CRSP Sector Indexes.

Tracking

A. Correlation B. Tracking Error C. Slope (B) Coefficient

Formula . _ Cov(Tgicp) Ticp) \/Var(rE,CB — TicB) Teice = @ + Bricg + €
TEICBTICB \/VClT(T'El(:B)VClT(TICB) B=p JVar(rgics)
TEICBTICB m

Definitions reics — EICB-based CRSP Sector Indexes monthly returns

rncs— ICB-bhased CRSP Sector Indexes monthly returns

Pros Helps ascertain whether the relationship Helps  ascertain ~ month-to-month  Helps ascertain if relationship is
is linear deviations one-to-one over time period

Cons Does not differentiate between different Does not account for the drift, a Does not account for how large are
slopes, i.e. if the relationship is 1-to-1 or  consistent under- or over-performance variations from the trend line
1-to-2 of one index relative to the other

“Good Metric”  Close to 1 Closeto 0 Close to 1

11 FTSE Russell Research, “Industry Classification Benchmark (ICB) reclassification, Expanded and improved,” December 2019,
https:/www.ftserussell.com/research/industry-classification-benchmark-ich-reclassification
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Putting the above measures all together, we would expect that a pair of EICB and ICB-based CRSP Sector Indexes are
“similar” if their correlation is close to 1, tracking error is close to 0, and the regression slope is close to 1.12

A. Correlation

Table 5 displays correlation between constrained EICB and ICB-based CRSP Sector Indexes. To help compare the
correlation coefficients, the table uses red font to indicate the strongest correlation between a particular EICB-based
sector index and all ICB-based sector indexes; the table uses light-green color to highlight the strongest correlation
between a particular ICB-based sector index and all EICB-based sector indexes.

As indicated by red font in the Table 5, the strongest correlations for EICB-based CRSP Sector Indexes are with ICB-
based predecessor sector indexes as defined in Table 2. At the same time, the strongest correlation for ICB-based
CRSP Sector Indexes is with EICB-based successor sector indexes as indicated with light-green color highlights. As an
example, looking across the row for EICB-based CRSP Health Care Index we see that it has the highest correlation with
ICB-based CRSP Health Care Index among all ICB-based sector indexes; and vice-versa, looking along the column for
ICB-based CRSP Health Care Index we see that it has the highest correlation with its successor, EICB-based CRSP
Health Care Index among all EICB-based sector indexes.

Looking across the diagonal of the table, we also note that Telecommunications/ Telecom indexes have the lowest
correlation out of all counterparty pairings, as could be anticipated given the major reallocation that EICB-based
Telecommunications sector undergone based on data from Table 4. The rest of the correlations, however, are very high
and close to ideal metric of 1.

Table 5 — Correlation between EICB and ICB-based Constrained CRSP Sector Indexes

ICB-based CRSP Sector Indexes
Consumer Consumer
Technology Telecom Health Care Financials REIT Services Goods Industrials Materials  Oil & Gas Utilities
§ Technology 1.00 0.57 0.63 0.73 0.53 0.82 0.73 0.81 0.77 0.61 0.29
3 |Telecommunications 0.77 0.89 0.64 0.78 0.67 0.86 0.83 0.84 0.78 0.67 0.44
f Health Care 0.63 0.55 1.00 0.68 0.49 0.74 0.70 0.73 0.64 0.53 0.40
% Financials 0.71 0.55 0.65 0.98 0.60 0.80 0.73 0.87 0.78 0.66 0.23
& |Real Estate 0.57 0.61 0.52 0.76 1.00 0.70 0.71 0.74 0.63 0.50 0.59
% |consumer Discretionary 0.84 0.65 0.70 0.85 0.66 0.99 0.84 0.90 0.82 0.65 0.30
E:) Consumer Staples 0.57 0.68 0.66 0.64 0.61 0.72 0.94 0.67 0.58 0.51 0.62
® [Industrials 0.82 0.67 0.71 0.91 0.71 0.90 0.83 1.00 0.88 0.75 0.36
§ Basic Materials 0.78 0.66 0.65 0.81 0.60 0.80 0.76 0.89 1.00 0.79 0.26
8 Energy 0.60 0.58 0.52 0.67 0.46 0.65 0.64 0.75 0.80 1.00 0.27
w |Utilities 0.32 0.51 0.43 0.37 0.61 0.37 0.58 0.41 0.29 0.31 1.00

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the term “constrained” implies that
securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment Company rules

B. Tracking Error

Tracking error helps ascertain the spread of the monthly returns deviations between the two sets of indexes. The larger
the deviation, the less likely that the two indexes would exhibit “similar” behavior in performance and risk metrics. Note,

12 \We would also expect that regression intercept (a) is close to 0 and not statistically significant, implying that 0% return for one index yields 0% for its
counterparty
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that tracking error measures deviations over monthly periods, whereas our performance and risk metrics looked over
the entire 11 year period. As such, tracking error gives us an additional information on the index “similarity.”

Tracking error is not a perfect metric as it would not indicate a presence of a drift, i.e. a systematic over- or under-
performance over long periods of time. That is a low tracking error could be a problem, if one index consistently under-
or over-performs the other, as the cumulative gap between the two indexes would grow over time. To address this issue,
we will examine regression coefficients, including intercept, in the next section in addition to the risk-return profile in
Figure 3.

Similarly to correlation, the Table 6 uses red font to indicate the lowest tracking error between a particular EICB-based
sector index and all ICB-based sector indexes; the table uses light-green color to highlight the lowest tracking error
between a particular ICB-based sector index and all EICB-based sector indexes.

As in the case of correlation, Table 6 shows that the lowest tracking error is between EICB-based CRSP Sector Indexes
and their ICB-based predecessor sector indexes, both from the perspective of EICB-based sector indexes (red font) and
from the perspective of ICB-based sector indexes (light-green highlight). Similar to correlation, EICB-based
Telecommunications and ICB-based Telecom indexes have the highest tracking error among all counterparty pairings
(i.e. diagonal values), while other values are very close to the ideal metric of 0.

Table 6 — Annualized Tracking Error between EICB and ICB-based Constrained CRSP Sector Indexes

ICB-based CRSP Sector Indexes
Consumer Consumer
Technology Telecom Health Care Financials REIT Services Goods Industrials Materials  Oil & Gas Utilities
g Technology 1% 14% 13% 13% 18% 9% 11% 11% 14% 17% 17%
3 |Telecommunications 11% 7% 12% 12% 15% 8% 8% 10% 13% 16% 14%
f Health Care 13% 13% 0% 13% 18% 10% 10% 12% 16% 18% 14%
g Financials 14% 17% 15% 4% 18% 12% 14% 10% 14% 17% 21%
& |Real Estate 17% 16% 17% 13% 2% 14% 14% 13% 18% 20% 16%
% |consumer Discretionary 9% 13% 11% 10% 15% 3% 9% 8% 12% 16% 17%
5 Consumer Staples 14% 11% 10% 14% 16% 10% 4% 13% 17% 18% 10%
§ Industrials 10% 13% 12% 8% 15% 8% 10% 1% 10% 14% 17%
& |Basic Materials 13% 16% 16% 12% 18% 13% 14% 9% 2% 13% 21%
g Energy 17% 17% 18% 16% 21% 16% 16% 14% 13% 1% 21%
i |Utilities 17% 13% 14% 18% 16% 15% 11% 17% 21% 21% 1%

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the term “constrained” implies that
securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment Company rules

C. Regression Coefficient

The goal of analyzing the slope coefficient from the regression below is to confirm that the relationship between the
counterparty sector indexes, i.e. EICB-based Telecommunications and ICB-based Telecom indexes, is close to 1-to-1:

Tgicg = @ + Bricg + €

The slope coefficient (B) that is close to 1 would indicate that 1% monthly change in ICB-based sector index on average
corresponds to 1% monthly change for EICB-based sector index. The 1-to-1 relationship between the two indexes would
imply that from the investment performance perspective, there is no difference between investing in EICB-based or ICB-
based sector, and therefore the two indexes could be called “similar.”
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It is important to note that, just like the other metrics, the regression slope coefficient is not a perfect metric of “similarity”
on a stand-alone basis. Specifically, regression slope on its own doesn’t account for potentially high dispersion around
the trend line, as seen from the examples below.

1-to-1 Relationship with low dispersion

1-to-1 relationship with wide dispersion

Feics P reice 4

—
> —»

»
lcs lce

To mitigate this, we can take a look at standard errors of the coefficients and R?, as well as, at correlation and tracking
error metrics from the earlier analyses.

Table 7 displays linear regression slope coefficients () for constrained EICB-based sector indexes monthly returns vs.
constrained ICB-based sector indexes monthly returns over the period from January 2009 through December 2019. To
help compare the slope coefficients, the table uses red font to indicate a slope that is closest to 1 between a particular
EICB-based sector index and all ICB-based sector indexes; the table uses light-green color to highlight a slope closest
to 1 between a particular ICB-based sector index and all EICB-based sector indexes pairings.

Most of the coefficients for the regression slopes between counterparty sector indexes are closest to 1, as indicated by
the alignment of red font and light-green background along the diagonal. However, there are exceptions such as
Telecommunications/Telecom, Financials, Consumer Staples/Consumer Goods and Basic Materials/Materials indexes.

Table 7 — Regression Slope Coefficients (f)

ICB-based CRSP Sector Indexes
Consumer Consumer

Technology Telecom Health Care Financials REIT Services Goods Industrials  Materials  Oil & Gas Utilities
§ Technology 1.00 0.66 0.76 0.67 0.44 0.94 1.01 0.76 0.60 0.48 0.40
3 |Telecommunications 0.67 0.89 0.67 0.61 0.48 0.84 0.99 0.68 0.53 0.46 0.52
% Health Care 0.52 0.52 1.00 0.50 0.33 0.69 0.80 0.56 0.41 0.34 0.45
g Financials 0.86 0.76 0.95 1.07 0.60 1.10 1.22 0.99 0.73 0.63 0.38
& |Real Estate 0.67 0.82 0.74 0.80 0.97 0.93 1.15 0.81 0.57 0.46 0.94
% |consumer Discretionary 0.79 0.71 0.80 0.72 0.51 1.06 1.10 0.80 0.60 0.49 0.39
5 Consumer Staples 0.38 0.52 0.54 0.39 0.34 0.55 0.87 0.42 0.30 0.27 0.57
§ Industrials 0.87 0.82 0.92 0.88 0.62 1.09 1.22 0.99 0.73 0.63 0.52
8 [Basic Materials 0.99 0.97 1.00 0.93 0.63 1.16 1.33 1.06 0.98 0.80 0.44
8 Energy 0.77 0.85 0.80 0.77 0.49 0.94 1.13 0.90 0.80 1.00 0.48
w |Utilities 0.22 0.42 0.37 0.23 0.36 0.30 0.57 0.27 0.16 0.17 0.97

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the return series for constrained sector
indexes is used; the term “constrained” implies that securities” weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules

It is worth noting that Telecommunications/Telecom and Financials indexes counterparty pairings also happen to align
with the major changes in EICB methodology as we have seen from Table 4, and, therefore, it is not surprising that the
EICB-based sector index and its predecessor ICB-based sector index may not have slope that is closest to 1. To further
explore regression results implications about similarity between EICB and ICB-based sector indexes, we investigate
standard errors of slope coefficients and regression intercepts (a). The analysis is described in Appendix C.

Page 12 of 30



3. Factor exposure

The exposure to the risk factors is the last comparison that we perform. While there are multiple factor definitions, we
chose the Fama-French 3-factor model plus the Momentum factor for this analysis. We chose these 4 factors because
they are well defined and studied, both, within academia and among practitioners.

Factors Simplified Interpretation3 Interpreting Coefficients Sign13

Market (MKT) Impact of broad market on the A positive coefficient indicates that broad market moves are
index returns positively correlated with the index moves

Size (SMB) Impact associated with A positive coefficient indicates exposure to “small-cap
capitalization size, i.e. “small stocks”; negative coefficient indicates exposure to “large-
cap” risk cap” stocks

Value (HML) Impact associated with “value A positive coefficient may indicate exposure to “value style”;
style” negative coefficient implies exposure to “growth style”

Momentum (Mom) Impact of the Momentum risk A positive coefficient indicates that index returns are

positively correlated with momentum; a negative coefficient
indicates that index returns are negatively correlated with
momentum

To determine factor exposure, we run a regression analysis over the longest time period, January 2009 through
December 2019, using monthly returns:

CRSP Sector Index Returns = a + BygrMKT + LspgSMB + By HML + ByomMom + €

Figure 4 shows the slopes (Bwvkt, Bsvs, BHmL, Bvom) associated with the factors for each of the CRSP sector indexes. If
the bar is above 0 then it indicates a positive slope, whereas if the bar is below it indicates a negative slope. The size of
the bar indicates the value of the slope.

As can be seen from Figure 4, the exposure to factors is almost identical between EICB-based CRSP Sector Indexes
and their ICB-based predecessors. The differences between factor exposures are not statistically significant for most of
the counterparty pairings, as analyzed in Appendix D.'# The statistically significant differences in factor exposure
between EICB and ICB-based CRSP Sector Indexes occur for Telecommunications/Telecom, Financials, and Consumer
Staples/Consumer Goods indexes. The factor exposure differences coincide with some of the major changes as
observed in the initial analysis in Table 4, and the subsequent analysis of tracking and correlation.

13 We use quotes for certain terms, such as “value style”, “small-cap stocks”, because those terms are not universally defined, and are dependent on factor
constructions

14 We use alpha of 10% and 2-sided hypothesis testing to ascertain whether the difference in factor exposure is statistically significant. More details, including
statistical significance of factor exposure, are available in Appendix D
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Figure 4 — Factor Exposure for EICB and ICB-based Constrained CRSP Sector Indexes
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Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; Factors series returns are taken from
Kenneth French website; the term “constrained” implies that securities’ weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules

While the differences between factor exposures align with some of the major changes, and therefore are not unexpected,
it is worth highlighting some of the potential implications:

= EICB-based Telecommunications index has greater exposure to the MKT factor and almost no exposure to the HML
factor when compared to ICB-based Telecom. This could be due to reduced weight of smaller companies within
constrained EICB-based Telecommunications index compared to its predecessor, ICB-based Telecom. Further
comparison of constrained Telecommunications/Telecom indexes is in Section V.

= EICB-based Financials and Real Estate indexes exhibit different factor loadings, which may help to explain the
different risk-return profiles we saw in Figure 3. This observation is another reason that bolsters the decision to create
a separate Real Estate industry.

= The factor exposure difference between EICB-based Consumer Discretionary and Consumer Staples indexes has
widened when compared to the difference in factor exposure between ICB-based Consumer Services and Consumer
Goods. This is consistent with the growing gap between EICB-based Consumer Discretionary and Consumer Staples
risk/return characteristics we observed earlier in Figure 3. Therefore, we can observe that EICB-based CRSP
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Consumer Discretionary and Consumer Staples indexes performance is not inconsistent with the stated intent
regarding these industries in ICB’s documentation.1®

Conclusion

When considering all three metrics together (performance, correlation/tracking and factor exposure), we can conclude
that while the changes that were implemented within EICB framework have impacted the CRSP Sector Indexes’ behavior
relative to their ICB-based predecessors, overall, the EICB and their ICB predecessor CRSP Sector Indexes, as defined
in Table 2, exhibit similar behavior based on the 11-year backtested history.

15 FTSE Russell Research, “Industry Classification Benchmark (ICB) reclassification, Expanded and improved,” December 2019,
https:/www.ftserussell.com/research/industry-classification-benchmark-ich-reclassification
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V. SPECIFIC CRSP SECTOR INDEXES CHANGES IMPACT

Section Il established that the EICB-based and their predecessor ICB-based CRSP Sector Indexes behave similar
based on the 11-year backtested history, with notable exceptions. Section Il also highlighted that Real Estate,
Telecommunications and Consumer Discretionary/Staples indexes have greater difference from their ICB-based
predecessors than other EICB-based CRSP Sector Indexes. As such, it would be useful to further understand how EICB
changes impacted the behavior of CRSP Sector Indexes. Section IV focuses further on the analysis on these 3 indexes.

1. Real Estate Index

As we have seen in Section lll, EICB-based CRSP Real Estate index was similar in its behavior to the ICB-based
predecessor, CRSP REIT Index. The two indexes had similar risk-return profile, close to 1 correlation, low tracking error,
and appeared to have on average 1-to-1 relationship between their monthly returns. However, because Real Estate
became a separate industry under EICB methodology, the companies that were assigned to Real Estate were excluded
from EICB-based CRSP Financials index.

Figure 5 - Annual Returns for EICB-based CRSP Financials and Real Estate Indexes
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Note: Computed using monthly total return series
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The change impacted EICB-based CRSP Financials Index, and, while it still resembled its ICB-based predecessor, we
observed that the performance, correlation and tracking metrics were further from the ideal values compared to other
counterparty indexes that did not undergo major changes.

As we examined the differences in risk-return profile and factors exposures between EICB-based CRSP Financials and
Real Estate indexes, we noted that creation of a new Real Estate industry appeared to be justified. Because many of
our analyses in Section Il relied on the entire backtested period data, it is worth looking into shorter periods to ascertain
whether the differences between EICB-based CRSP Financials and Real Estate indexes were caused by a specific time
period or the differences are consistently present throughout the entire 11-year backtest period.

As Figure 5 shows, EICB-based Financials and Real Estate indexes had different annual returns for the past 11 years.
Therefore, the return differences we saw in Figure 2 were not a result of one-off event, but consistent throughout 11
years. Figure 6, which shows 3-year rolling correlation between the two sectors, further highlights that differences
between Financials and Real Estate indexes are present through the entire 11-year history.

Figure 6 — Rolling 3-year vs. Entire Period Correlation for CRSP Financials and Real Estate Indexes
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Note: Computed using monthly total return series

Given the observed differences between EICB-based CRSP Financials and Real Estate indexes in risk-return profile,
factor exposures shown in Section Ill, and the additional data for shorter periods presented in this section, we can say
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that there is a strong rationale for the creation of a new Real Estate Industry, separate from Financials. With roughly 200
securities in EICB-based CRSP Real Estate Index, the new sector index would provide investors with the different
investment option from the CRSP Financials Index based on the historical data.

2. Telecommunications Index

The changes to EICB methodology have impacted CRSP Telecommunications Index in multiple ways:

1. The weight of Telecommunications sector has increased in Total Market by more than 100% (see Table 3)

2. The annualized return of EICB-based CRSP Telecommunications index relative to its ICB-based predecessor
increased by ~4% while maintaining the same annual standard deviation of returns (see Figures 2 and 3)

3. CRSP Telecommunications Index MKT-factor exposure had a statistically significant increase relative to ICB-
based CRSP Telecom index (see Figure 4)

However, there is another important adjustment that occurred in Telecommunications Index that is also useful to
investors and was not captured directly by the above listed changes. The change has to do with the impact on CRSP
Sector Indexes due to constraining of securities’ weights to comply with IRS Code 25/50.

A. Understanding Sector Indexes — Constrained vs. Unconstrained Indexes

IRS has established rules for a fund to qualify as a Regulated Investment Company (RIC).'® These rules state that at
the end of each quarter of a RIC’s tax year:

1. No more than 25 percent of the value of the RIC’s assets may be invested in a single issuer
2. The sum of the weights of all issuers representing more than 5 percent of the fund’s total assets should not
exceed 50 percent

These rules generally would not impact securities’ weight in a well-diversified float-adjusted market capitalization
weighted index. However, if an index contains very few securities, and/or some securities are significantly larger than
others, the rules 1 and/or 2 could be violated. If IRS RIC rules are violated, the weights of the securities of an index need
to be changed from the float-adjusted market capitalization (or unconstrained) weight to a constrained weight that
complies with IRS rules.

Table 8 - CRSP US Telecom Index using ICB methodology

Security's Weight in

CRSP US Delta
Total Unconstrained  Constrained Constrained -
Rank Ticker = Company Name Market Telecom Telecom Unconstrained
1 7T AT&T 0.9% 47.0% 22.6% -24.4%
2 Vz Verizon 0.8% 41.8% 22.2% -19.7%
3 TMUS  T-Mobile 0.1% 3.9% 4.8% 1.0%
4 CTL Centurylink 0.0% 2.4% 4.5% 2.1%
5 ZAYO Zayo Group 0.0% 1.4% 4.9% 3.5%
Remaining Index Members 0.1% 3.6% 41.1% 37.5%
Total Weight 1.9% 100.0% 100.0%

Note: Data is as of 12/31/2019; Constrained Telecom index uses CRSP Methodology to constrain float-adjusted market capitalization weights
within Unconstrained Telecom index to comply with IRS RIC rules (for more details see CRSP US Equity Indexes Methodology)

16 Detailed information on IRS Registered Investment Company rules can be found at https://www.law.cornell.edu/uscode/text/26/851
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Under ICB methodology, unconstrained CRSP Telecom Index violates IRS 25/50 rules. As can be seen from Table 8,
the weights for AT&T and Verizon in unconstrained Telecom index are over 25%, as such they violate the IRS RIC'’s first
rule. Furthermore, the unconstrained Telecom index also violates IRS RIC’s second rule since the two securities are
over 5% and the sum of the two is over 50%. To make the CRSP Telecom Index comply with IRS requirements for RIC,
the weights of AT&T and Verizon need to be reduced below 25% and the weights of other securities increased, while
enforcing rule 2 (for more details on constrained index methodology see CRSP US Equity Indexes Methodology
Guide). As a result of these changes constrained Telecom index, which would be used by funds available to investors,
has securities’ weights that are not proportional to the securities weights in the CRSP US Total Market Index. Note,
AT&T contributes ~10x more than T-Mobile in CRSP US Total Market and unconstrained Telecom indexes. However
AT&T contributes only ~5x more than T-Mobile in constrained Telecom index. Therefore constrained CRSP Telecom
Index returns do not exactly represent the contribution of Telecom sector within CRSP US Total Market Index. The
greater delta between constrained and unconstrained indexes, the greater deviation between the sector contribution
within Total Market Index and the returns of IRS RIC’s compliant sector index.

Table 9, shows the impact of constraining EICB-based CRSP Telecommunications Index. It is evident from Table 9 that
despite an expansion of Telecommunications industry under EICB’s methodology, the IRS RIC’s rules are still violated.
It is important to note that EICB-based unconstrained CRSP Telecommunications Index does not violate IRS RIC’s rule
1, as all securities’ weights are below the 25% threshold. However, securities with over 5% weight add up to more than
50% of the index, and, as a result, the index violates the second IRS RIC rule.

Table 9 — CRSP US Telecommunications Index using EICB methodology

Security's Weight in

CRSP US Delta
Total Unconstrained Constrained Constrained -
Rank Ticker Company Name Market Telecommunications Telecommunications Unconstrained
1 T AT&T 0.9% 22.1% 17.7% -4.3%
2 VZ Verizon 0.8% 19.6% 15.4% -4.3%
3 CMCSA Comcast 0.6% 15.8% 11.4% -4.3%
4 CSCO Cisco 0.6% 15.7% 5.2% -10.5%
5 CHTR Charter Communications 0.2% 5.6% 5.0% -0.7%
Remaining Index Members 0.9% 21.2% 45.3% 24.1%
Total Weight 4.1% 100.0% 100.0%

Note: Data is as of 12/31/2019; Constrained Telecommunications index uses CRSP Methodology to constrain float-adjusted market
capitalization weights within Unconstrained Telecommunications index to comply to IRS RIC rules (for more details see CRSP US Equity
Indexes Methodology)

While EICB-based CRSP Telecommunications index must be constrained to comply with IRS RIC’s rules, the difference
between Constrained and Unconstrained indexes is smaller for the EICB-based CRSP Telecommunications index than
for its ICB-based predecessor, as seen from column Delta in Tables 8 and 9.

Figure 7 illustrates the adjustments that the weights of the top 5 holdings undergo when an index is constrained. EICB-
based Constrained CRSP Telecommunication Index is clearly more similar to its unconstrained version than ICB-based
constrained counterparty. In fact, the weight for the remaining holdings in EICB-based constrained CRSP
Telecommunication Index is 45%, just double the 21% weight in its unconstrained version. At the same time, the weight
of remaining holdings in constrained ICB-based CRSP Telecom Index is 41%, which is ~10 times larger than the 4%
weight of remaining holdings in unconstrained ICB-based CRSP Telecom Index.
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The minimized difference between constrained and unconstrained weights under EICB methodology should result in the
improved tracking between constrained and unconstrained Telecommunications indexes. Therefore,
Telecommunications index compliant with IRS RIC rule would have exposure that is more similar to the
Telecommunications sector exposure within CRSP Total Market Index.

Figure 7 —-EICB and ICB-based Unconstrained and Constrained Telecom Indexes
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Note: Data is as of 12/31/2019; Constrained indexes use CRSP Methodology to constrain float-adjusted market capitalization weights within
Unconstrained indexes to comply to IRS RIC rules (for more details see CRSP US Equity Indexes Methodology)

B. Impact of EICB methodology on CRSP Telecommunications Constrained Index

Reducing the difference between the securities’ weights in constrained and unconstrained sector indexes is important
for an investor who wants to get exposure to the sector returns that are similar to the sector exposure in CRSP Total
Market Index.

The smaller the difference in securities’ weights between constrained and unconstrained indexes, the closer the
performance of the two indexes should be. Figure 8 compares the difference in annualized returns between constrained
and unconstrained sector indexes. As can be seen from Figure 8, Telecommunications is not the only CRSP Sector
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Index that has return differences between constrained and unconstrained versions. The difference in returns implies that
at some point over the 11-year backtest history, a sector index was not in compliance with IRS RIC rules, and, therefore,
the weights of securities had to be adjusted.

While other CRSP Sector Indexes, both under ICB and EICB methodologies, had to be constrained to comply with IRS
RIC rules, Telecom and Telecommunications indexes have one of the largest impacts on their performance due to
constraining. Figure 8 shows a difference of 0.5% in annualized returns for ICB-based Telecom index between
constrained and unconstrained versions. The performance discrepancy between constrained and unconstrained
Telecommunications indexes is reduced to 0.2% under EICB methodology.

Figure 8 — Absolute Difference in Annualized Returns between Constrained and Unconstrained Indexes
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Note: Annualized return computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the values represent
absolute value of Constrained less Unconstrained Index annualized returns; EICB-based CRSP Sector Indexes names are used for the labels;
pairings between EICB and ICB-based CRSP Sector indexes are the same as in Table 2; the term “constrained” implies that securities’ weights
within sector indexes are adjusted to comply with IRS Regulated Investment Company rules

To see if EICB methodology reduced the difference between constrained and unconstrained EICB-based CRSP
Telecommunications indexes we can compare correlations.
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As shown within Table 10, the correlation between constrained and unconstrained CRSP Telecommunications Indexes
improves to 0.99 under EICB-based methodology. The increase from 0.88 under ICB-based methodology is statistically
significant at alpha 10% based on Fisher's z-test.

Table 10 — Correlation Coefficient Between Constrained and Unconstrained Telecom Indexes

Correlation between Constrained and Fisher's z-test for

Unconstrained Telecom Indexes Correlation
EICB-based ICB-based Difference
0.99 0.88 11

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the term “constrained” implies that
securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment Company rules

Next we analyze tracking error between constrained and unconstrained indexes. The analysis should help us to further
confirm whether EICB methodology minimizes the difference between constrained and unconstrained versions of
Telecommunications indexes.

Figure 9 — Tracking Error between Constrained and Unconstrained Telecommunications Indexes
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Note: Computed for the 3-year periods from January to December, using monthly total return series; the term “constrained” implies that
securities’ weights within sector indexes are adjusted to comply with IRS Regulated Investment Company rules
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Figure 9 shows the 3-year rolling tracking error between EICB-based constrained and unconstrained CRSP
Telecommunications indexes vs. tracking error between ICB-based constrained and unconstrained CRSP Telecom
indexes. We can observe that the tracking error for EICB-based indexes is consistently lower than the tracking error for
ICB-based indexes. As such, we can conclude that under EICB-based methodology, CRSP Telecommunications Index
has a lower standard deviation of the difference in monthly returns between constrained and unconstrained versions
than under ICB-based methodology.

Lower tracking error taken together with improved correlation implies that under EICB methodology the CRSP
Telecommunications Index that complies with IRS RIC rules better reflects the contribution of Telecommunications sector
within CRSP Total Market Index than under the previous ICB methodology.

3. Consumer Discretionary/Staples Indexes

As we discussed previously, under EICB methodology “Consumer Staples companies provide essential everyday
products and services, whose sales are typically not impacted by the economic environment. Their stocks offer defensive
gualities and tend to be less volatile, even when markets are risk averse... By contrast, sales and profits of Consumer
Discretionary companies tend to ebb and flow with the economic cycle, and the stocks typically perform more in line with
market growth expectations and risk appetites.”!”

We have observed that the EICB-based CRSP Consumer Staples Index reduced MKT-factor exposure accompanied by
the increase in “large-cap” exposure relative to its ICB-based predecessor. At the same time, EICB-based CRSP
Consumer Discretionary Index increased its “small cap” exposure relative to its ICB-based predecessor. As a result of
these changes we have noticed that EICB-based CRSP Consumer Discretionary Index has increased its risk profile
relative to ICB-based CRSP Consumer Services as measured by standard deviation of returns, while EICB-based CRSP
Consumer Staples Index, on the other hand, reduced its risk relative to ICB-based CRSP Consumer Goods Index. Taken
together these changes would not be inconsistent with the above stated goals to reflect cyclical and counter-cyclical
companies.

To see if those changes resulted in other differences, we compare the intra-sector correlations.

In Table 11, the yellow cells indicate where the correlation between EICB-based sector indexes has significantly
increased relative to the correlation between corresponding ICB-based sector indexes. At the same time entries marked
in red font, indicate cases where correlation between EICB-based sector indexes has significantly decreased relative to
corresponding ICB-based sector indexes.

As seen, most of the correlations between EICB-based Consumer Staples index and other EICB-based sector indexes
are lower than between ICB-based Consumer Goods index and other corresponding indexes. Notably, correlation
between EICB-based CRSP Consumer Staples Index and CRSP US Total Market Index (0.75) is lower than between
its ICB-based predecessor, Consumer Goods, and Total Market (0.89). The difference is statistically significant at alpha
10%.

17 FTSE Russell Research, “Industry Classification Benchmark (ICB) reclassification, Expanded and improved,” December 2019,
https:/iwww.ftserussell.com/research/industry-classification-benchmark-ich-reclassification
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Given that the intent of Consumer Staples sector under EICB methodology is to represent companies “whose sales are
typically not impacted by the economic environment”, the decreased correlation of EICB-based CRSP Consumer Staples
Index with CRSP Total Market Index is not inconsistent with the stated goals and, therefore, CRSP Consumer Staples
Index appears to behave as intended based on the backtested data.

Table 11 — Comparison of Correlations between EICB and ICB sectors

EICB-based CRSP Sector Indexes
Telecommun Consumer  Consumer Basic
Technology ications Health Care  Financials Real Estate Discretionar Staples Industrials Materials Energy Utilities
§ Technology 1.00
3 [Telecommunications 0.76 1.00
E Health Care 0.63 0.65 1.00
£ [Financials 0.71 0.73 0.65 1.00
& |Real Estate 0.57 0.70 0.53 0.64 1.00
3‘, Consumer Discretionary} 0.84 0.83 0.71 0.81 0.70 1.00
% Consumer Staples 0.56 0.75 0.66 0.59 0.63 0.68 1.00
© [Industrials 0.82 0.84 0.72 0.88 0.75 0.91 0.67 1.00
§ Basic Materials 0.77 0.79 0.65 0.79 0.64 0.83 0.58 0.89 1.00
8 Energy 0.61 0.67 0.53 0.66 0.50 0.65 0.51 0.75 0.80 1.00
i |Utilities 0.32 0.47 0.43 0.27 0.61 0.34 0.65 0.40 0.29 0.30 1.00
Total Market 0.88 0.88 0.80 0.89 0.74 0.93 0.75 0.96 0.89 0.77 0.46
ICB-based CRSP Sector Indexes
Consumer  Consumer
Technology Telecom Health Care Financials REIT Services Goods Industrials Materials QOil & Gas Utilities
& [Technology 1.00
8 |Telecom 0.58 1.00
£ [Health care 0.63 0.55 1.00
8 [Financials 0.74 0.60 0.67 1.00
& [REIT 0.53 0.59 0.48 0.72 1.00
2. |Consumer Services 0.83 0.69 0.74 0.84 0.66 1.00
& |Consumer Goods 0.73 0.71 0.70 0.78 0.68 0.84 1.00
9 [Industrials 0.81 0.67 0.72 0.90 0.70 0.90 0.83 1.00
& [Materials 0.77 0.65 0.64 0.80 0.59 0.79 0.76 0.88 1.00
f"n Oil & Gas 0.60 0.58 0.52 0.67 0.46 0.65 0.64 0.75 0.80 1.00
Q [utilities 0.28 0.49 0.40 0.33 0.59 0.34 0.55 0.37 0.25 0.28 1.00
Total Market 0.88 0.71 0.79 0.92 0.69 0.94 0.89 0.96 0.89 0.78 0.42

Note: computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; to compute statistical significance at 10%
alpha, we used Fisher's z-scores for correlation
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V. CONCLUSION

Having examined the behavior of CRSP Sector Indexes based on ICB and EICB methodologies, we can conclude that
despite some major changes introduced in EICB methodology, the EICB-based CRSP Sector Indexes are relatively
similar to their ICB-based predecessors, as defined in Table 2, based on performance, risk, correlation, tracking and
factor exposure metrics.

At the same time, the changes introduced by EICB methodology improve the CRSP Sector Indexes in the following
ways:

1. A new Real Estate Index enables investors to get exposure to companies that are different from the companies
included in Financials Index, as illustrated by the differences in risk-return profiles, correlation and factor
exposures

2. EICB-based CRSP Telecommunications has higher correlation and lower tracking error between constrained
and unconstrained version than ICB-based predecessor; the implication of this improvement is that the EICB-
based Constrained CRSP Telecommunications index, which is the version available to investors, would more
accurately reflect the Telecommunications sector contribution within CRSP US Total Market Index than its ICB-
based predecessor

3. The reorganization of EICB-based CRSP Consumer Staples Index resulted in changes in risk-return profile and
factor exposures compared to ICB-based predecessor. As a result EICB-based CRSP Consumer Staples Index
decreased correlation with other EICB-based CRSP Sector Indexes and CRSP Total Market vs. its ICB-based
predecessor. This change is not inconsistent with the stated goal for Consumer Staples sector to reflect
companies “whose sales are typically not impacted by the economic environment.”
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APPENDIX A — DATA METHODOLOGY

CRSP US Sector Indexes based on ICB methodology have a live history starting from 2/1/2012. The earliest EICB
historical data starts in December 2008. Given that our quarterly rankings occur in December, and the transitional
reconstitution usually finishes by late December (see our index calendar on line), we chose to start the comparison
post-reconstitution on January 2009. We chose to use backtest simulated data for both CRSP Sector Indexes based on
ICB and EICB methodologies to enable us to compare the two classification methodologies with the most available data.
The backtest simulation uses the latest methodology as of January 2020. However, due to increased concentration of
ICB-based Telecom sector we increased maximum weight ratio from 10 to 15 starting December 2018 ranking to enable
optimization. Other differences due to data availability could occur.

APPENDIX B — SECTOR WEIGHTS WITHIN CRSP US TOTAL MARKET
INDEX

Below is an illustrative example of computing sector weight within CRSP US Total Market Index using security
membership in CRSP Sector Indexes. Please note that this is different than computing sector weights based on security
EICB and ICB codes due to potential timing differences between rankings and ICB updates. We chose to compute sector
weights based on membership in CRSP Sector Indexes because the goal of the analysis is to compare how CRSP
Sector Indexes behavior differ under the two methodologies.

Securities Security Weight in Security Membership in ICB-  Security Membership in EICB-

CRSP US Total based CRSP Sector Indexes based CRSP Sector Indexes
Market Index

Security 1 50% CRSP US Sector A CRSP US Sector A’
Security 2 25% CRSP US Sector A CRSP US Sector A’
Security 3 15% CRSP US Sector A CRSP US Sector B’
Security 4 10% CRSP US Sector B CRSP US Sector B’

ICB-based Sector ICB-based Sector Delta EICB-based Sector EICB-based Sector
Weight in (EICB-ICB) Weight in
CRSP Total Market CRSP Total Market

Sector A 90% -15% 75% Sector A’

Sector B 10% +15% 25% Sector B’
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APPENDIX C — COMPARING REGRESSION SLOPES

Analysis of standard error for regression slope coefficients reveals that the slope coefficients between EICB and ICB-
based CRSP Sector Indexes counterparties have the smallest standard errors.

Standard Error for Regression Slope Coefficients (f)

ICB-based CRSP Sector Indexes
Consumer Consumer
Technology Telecom Health Care Financials REIT Services Goods Industrials  Materials  Oil & Gas Utilities
§ Technology 0.01 0.08 0.08 0.05 0.06 0.06 0.08 0.05 0.04 0.06 0.12
3 |Telecommunications 0.05 0.04 0.07 0.04 0.05 0.04 0.06 0.04 0.04 0.04 0.09
% Health Care 0.06 0.07 0.00 0.05 0.05 0.06 0.07 0.05 0.04 0.05 0.09
g Financials 0.07 0.10 0.10 0.02 0.07 0.07 0.10 0.05 0.05 0.06 0.14
& |Real Estate 0.08 0.09 0.11 0.06 0.01 0.08 0.10 0.06 0.06 0.07 0.11
& |consumer Discretionary 0.04 0.07 0.07 0.04 0.05 0.02 0.06 0.03 0.04 0.05 0.11
5 Consumer Staples 0.05 0.05 0.05 0.04 0.04 0.05 0.03 0.04 0.04 0.04 0.06
§ Industrials 0.05 0.08 0.08 0.04 0.05 0.05 0.07 0.01 0.03 0.05 0.12
8 |Basic Materials 0.07 0.10 0.10 0.06 0.07 0.08 0.10 0.05 0.01 0.05 0.15
8 Energy 0.09 0.11 0.12 0.08 0.08 0.10 0.12 0.07 0.05 0.00 0.15
i |Utilities 0.06 0.06 0.07 0.05 0.04 0.07 0.07 0.05 0.05 0.05 0.01

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the return series for constrained sector
indexes is used; the term “constrained” implies that securities” weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules

We further examine the intercept for the counterparty indexes to confirm that it is not statistically significant, that is, the
regression line passes through the origin.

As evident from the table below, most of the intercepts are not statistically different from 0 at alpha 10%. The exceptions
are Telecommunications, Industrials, Basic Materials and Utilities Sector Indexes. In case of Basic Materials, Industrials
and Utilities, alpha is barely different than zero, even if it is statistically significant.

Intercept (Alpha)
CRSP Sector Index

EICB-based vs. ICB-based Alpha p-value
Technology Technology 0.0%
Telecommunications Telecom 0.4% 2.6%
Health Care Health Care 0.0%

Financials Financials -0.1%

Real Estate REIT 0.0%

Consumer Discretionary Consumer Services -0.1%

Consumer Staples Consumer Goods 0.1%

Industrials Industrials 0.1% 8.4%
Basic Materials Materials 0.1% 3.7%
Energy Oil & Gas 0.0%

Utilities Utilities 0.0% 6.5%

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; the return series for constrained sector
indexes is used; the term “constrained” implies that securities” weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules
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APPENDIX D — ANALYSIS OF STATISTICAL SIGNIFICANCE OF
FACTOR EXPOSURE FOR CRSP SECTOR INDEXES

The table below presents the factor exposure for CRSP Sector Indexes. We indicate the coefficients that are statistically
significant at alpha 10% with the red font.

Statistical Significance of Constrained CRSP Sector Indexes Factor Exposure

Factors Factors

Index Name MKT SMB HML  Mom Index Name MKT SMB HML Mom
= Technology 111 -0.05 -0.39 -0.06 Technology 1.12 -0.08 -0.38 -0.06
.8 Telecommunications 0.89 -0.06 0.01 -0.04 § Telecom 0.73 -0.05 0.06 0.03
& Health Care 0.88 0.01 -0.34 0.07 8 Health Care 0.88 0.01 -0.34 0.08
o Financials 1.11 -0.01 0.70 -0.03 g_) Financials 1.07 -0.02 0.54 -0.05
‘5.’:’ 3 |Real Estate 0.87 0.13 0.18 -0.12 (n,:) 3 |REIT 0.84 0.09 0.22 -0.12
O § |Consumer Discretionary 1.03 0.15 -0.09 0.02 G @ |consumer Services 1.00 0.06 -0.09 0.05
§ E Consumer Staples 0.71 -0.43 -0.03 0.03 5 E Consumer Goods 0.81 -0.23 -0.04 -0.02
g Industrials 1.13 0.18 0.08 -0.06 8 Industrials 1.12 0.22 0.09 -0.04
0 Basic Materials 1.21 0.12 0.01 -0.24 fg Materials 1.23 011 -0.01 -0.24
f—u’ Energy 0.99 0.25 0.17 -0.19 O Oil & Gas 099 025 0.17 -0.18

Utilities 0.47 -0.24 0.06 0.13 Utilities 045 -0.25 0.06 0.14

Total Market 1.00 0.00 0.00 0.00 Total Market 1.00 0.00 0.00 0.00

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; Factors series returns are taken from
Kenneth French website; the term “constrained” implies that securities’ weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules

We used t-test to assess whether the exposure is different between EICB and ICB-based Sector Indexes. Below is the
table displaying p-values for differences in factor exposure between corresponding Sector Indexes.

P-values for Factor Exposure Differences between EICB and ICB-based Constrained CRSP Sector Indexes

CRSP Sector Indexes p-values for Factor Difference
EICB-based less ICB-based MKT SMB HML Mom
Technology Technology - - - -
Telecommunications Telecom 9% - - -
Health Care Health Care - - - -
Financials Financials - - 8% -
Real Estate REIT - - - -
Consumer Discretionary Consumer Services - - - -
Consumer Staples Consumer Goods - 5% - -
Industrials Industrials - - - -
Basic Materials Materials - - - -
Energy Oil & Gas - - - -
Utilities Utilities - - - -

Note: Computed for the period from 1/1/2009 through 12/31/2019, using monthly total return series; Factors series returns are taken from
Kenneth French website; the term “constrained” implies that securities’ weights within sector indexes are adjusted to comply with IRS Regulated
Investment Company rules
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About CRSP

Since 1960, CRSP has provided research-quality data to scholarly researchers and advanced the body of knowledge in
finance, economics and related disciplines. Today, nearly 500 leading academic institutions in 35 countries rely on CRSP
data for academic research and to support classroom instructions

About CRSP Investment Products

The Center for Research in Security Prices (CRSP) is the recognized leading provider of research-quality, historical
market data and returns. The logical extension of our core products are CRSP’s investable capitalization-based, industry
sector and value and growth style indexes. These indexes blend advancements in academic research with industry
practice in a fundamentally sound manner under the premise that an index must reflect the way that money managers
actually invest. CRSP’s new series of transparent and investable indexes provide the necessary foundation for scholarly
researchers and serve as benchmarks for investment vehicles such as ETFs.

Citing CRSP

Any dissemination (including by electronic means or in any other form) of the graphs or information herein shall include
an attribution to CRSP as follows.

“This data and information is based on data from the Center for Research in Security Prices, LLC (CRSP), ©YYYY.”
YYYY being the year the database was published.
Disclaimers

CRSP, its affiliates, its parent company, and its third party suppliers do not make any representations or guarantees
regarding the accuracy of the data or information. Although the contents have been obtained from sources believed to
be reliable, they are provided to your institution on an "as is" basis without warranties of any kind. With respect to this
service and the contents, and to the fullest extent permitted by applicable law, CRSP, its affiliates, its parent company,
and its third party suppliers hereby disclaim all express, implied and statutory warranties of any kind to the Subscriber
or any third party, including, but not limited to, representations and warranties regarding accuracy, completeness,
correctness, merchantability, or fitness for any particular purpose, or any representations or warranties arising from
usage or custom or trade or by operation of law. CRSP, its affiliates, its parent company, and its third party suppliers,
assume no responsibility for the consequences of any errors or omissions. In no event shall CRSP, its affiliates, its
parent company, or its third party suppliers be liable to the Subscriber or to any third party for any loss or injury caused
in whole or in part by contingencies beyond their control or negligence in procuring, compiling, or delivering any data or
information. In no event shall CRSP, its affiliates, its parent company, or its third party suppliers be liable to the Subscriber
or any third party for any claim arising out of or relating to CRSP-provided data or information, including, but not limited
to, any decision made or action taken by your institution and any and all users affiliated with your institution based on
the use of the data or information or for any types of damages (such as, but not limited to, direct, consequential, special,
incidental, punitive or indirect damages), even if advised of the possibility of such damages.

All information is provided for informational purposes only. Every effort is made to ensure that all information given in
this publication is accurate, but no responsibility or liability can be accepted by CRSP® nor its licensors for any errors or
for any loss from use of this publication. Neither CRSP® nor any of its licensors make any claim, prediction, warranty or
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representation whatsoever, expressly or impliedly, either as to the results to be obtained from the use of the CRSP
Sector Indexes or the fitness or suitability of the Indexes for any particular purpose to which they might be put. CRSP®
does not provide investment advice and nothing in this document should be taken as constituting financial or investment
advice. CRSP® makes no representation regarding the advisability of investing in any asset. A decision to invest in any
such asset should not be made in reliance on any information herein. Indexes cannot be invested in directly. Inclusion
of an asset in an index is not a recommendation to buy, sell or hold that asset. The general information contained in this
publication should not be acted upon without obtaining specific legal, tax, and investment advice from a licensed
professional. No part of this information may be reproduced, stored in a retrieval system or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording or otherwise. Distribution of the CRSP® index values and
the use of their indexes to create financial products require a license with CRSP® and/or its licensors. The Industry
Classification Benchmark (“ICB”) is owned by FTSE International Limited (“FTSE”). Neither CRSP® nor FTSE accept
any liability to any person for any loss or damage arising out of any error or omission in the ICB. Past performance is no
guarantee of future results. Charts and graphs are provided for illustrative purposes only. Index returns shown may not
represent the results of the actual trading of investable assets. Certain returns shown may reflect back-tested
performance. All performance presented prior to the index inception date is back-tested performance. Back-tested
performance is not actual performance, but is hypothetical. The back-test calculations are based on the same
methodology that was in effect when the index was officially launched. However, back-tested data may reflect the
application of the index methodology with the benefit of hindsight, and the historic calculations of an index may change
from month to month based on revisions to the underlying economic data used in the calculation of the index.

CRSP uses various trademarks and trade names in the ordinary course of its business, including without limitation,
CRSP’s corporate name and logo. All other trademarks or trade names referred to in this paper are the property of their
respective owners. Solely for convenience, the trademarks and trade names in this paper may be referred to without
the ® and ™ symbols, but such references should not be construed as any indicator that their respective owners will not
assert, to the fullest extent under applicable law, their rights thereto.

The Industry Classification Benchmark (“ICB”) is a product of FTSE International Limited (“FTSE”) and is licensed for
use. FTSE is part of the London Stock Exchange Group plc and its applicable group undertakings (the “LSE Group”).
The LSE Group includes (1) FTSE International Limited (“FTSE”), (2) Frank Russell Company (“Russell”), (3) FTSE
Global Debt Capital Markets Inc. and FTSE Global Debt Capital Markets Limited (together, “FTSE Canada”), (4)
MTSNext Limited (“MTSNext"), (5) Mergent, Inc. (“Mergent”), (6) FTSE Fixed Income LLC (“FTSE FI”) and (7) The Yield
Book Inc (“YB”). FTSE Russell® is a trading name of FTSE, Russell, FTSE Canada, MTSNext, Mergent, FTSE FI, YB.
“FTSE® ", “Russell® ", “FTSE Russell® ", “MTS® ", “FTSE4Good® ", “ICB® ", “Mergent®” , “The Yield Book® " and all
other trademarks and service marks used herein (whether registered or unregistered) are trademarks and/or service
marks owned or licensed by the applicable member of the LSE Group or their respective licensors and are owned, or
used under license, by FTSE, Russell, MTSNext, FTSE Canada, Mergent, FTSE FI, YB. FTSE International Limited is
authorized and regulated by the Financial Conduct Authority as a benchmark administrator.
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