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We will explore the tax functionality of the Axioma Optimizer through the use of a fictional case study of a company
named Efficient Managed Investments (EMI) that is managing investments on behalf of the Henderson Family
Office. The case study will discuss how loss harvesting or tax liability can be included in the objective function as
well as how gross and net tax constraints can be used when constructing a portfolio. We will also discuss how
tax-sensitive optimizations can be backtested using the Axioma backtester or automated using the Axioma API.

Background

Efficient Managed Investments (EMI) is responsible for 1,000 tax-aware portfolios for high-net-worth individuals,
insurance companies, foundations, endowments and taxable trusts. EMI currently uses the Axioma Portfolio
Optimizer and API to automate the management and reporting of these portfolios with litle manual intervention.
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On Dec. 28, 2015, the Henderson Family Office instructed EMI to withdraw $20 mil. from its $46 mil. Russell
1000 Dividend Yield portfolio to fund an international non-US portfolio. The Henderson family would like both the
withdrawal and the investment in the non-US portfolio to occur on Dec. 31, 2015. The family wants to ensure that
the withdrawal realizes the least amount of gains as possible, but still adheres to its mandate. They also want to
keep costs low and don’t want to pay for non-US custodians, so they have instructed EMI to only purchase US
cross-listed foreign securities like ADRs to fund the international portfolio.

The portfolio was scheduled to be traded as part of an automated rebalancing process on Dec. 31, so EMI was
able to exclude the portfolio from the automated process and reschedule it for Feb. 1, 2017, which is the first
trading day after the wash-sale period.

EMI is now faced with three issues which it needs to address to properly perform the Henderson family’s request.

Three Issues

1. Minimize the tax impact of the withdrawal from the Russell 1000 Dividend Yield Portfolio and keep
the active risk within the Henderson family’s mandate

2. Fund the international strategy with US cross-listed securities

3. Evaluate the tax efficiency of the international strategy using cross-listed securities

Proposed Solutions

The Henderson Family’s Russell 1000 Dividend Yield portfolio is a traditionally managed tax-aware portfolio,
which minimizes the active risk of the portfolio and realizes no net gains while also targeting a dividend yield
roughly 2% greater than the Russell 1000. This portfolio has a unique feature in that it contains a 9.7% weight in
IBM at a low-cost basis that the family is not allowed to sell. IBM has an adverse effect on the active risk of the
portfolio, but thankfully it has a dividend yield that is much larger than that of the Russell 1000.

In table 1, which is a screenshot from the Axioma Portfolio Optimizer, we see that the Russell 1000 Dividend Yield
portfolio has an active risk of 2.38%, which is driven by stock-specific risk and two factors, Dividend Yield and
Size. Both of these factors are in line with the portfolio’s strategy to buy companies that issue dividends much
larger than the Russell 1000 while also taking advantage of stock-level tax losses.
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Table 1

The Portfolio Optimizer has an easy feature for bucketing securities by different classifications, such as GICS
sectors or security type, to get more analytics. For this example, we grouped by cash and securities to get a
weighted average dividend yield for the security type. Now we can see that the Dividend Yield in the Russell
1000 is 2.03% while the strategy has a dividend yield of 3.77%. In general, the strategy’s target is 2%, but there
is always some drift between rebalances.

Russell 1000 Dividend Yield 12/31/2015

Henderson Family Portfolio 12/31/2015
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The portfolio’s summary in table 2 details the current state of the Russell 1000 Dividend Yield Portfolio. It was
funded in 1989 with cash and IBM stock. More than $18 mil. of the portfolio’s $46 mil. is in unrealized net gains.

Currently, the high yield portfolio’s total risk is about one percentage point below that of the Russell 1000—a
smaller difference than average, but high yield is still below the Russell 1000, which suggests high yield is not
substantially riskier, at least in terms of predicted volatility, than the large-cap US market.

Table 2

IBM alone has $1.427 mil. in unrealized gains as seen in the holding lots summary.
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The family had asked to liquidate $20 mil. of its portfolio, but it still can’t sell IBM. The family wants to minimize
the gains realized by selling the other stocks during this liquidation while still minimizing active risk.

EMI can’t use the current optimization strategy constraints placed on the portfolio to withdraw the $20 mil. the
family requested, since IBM would then represent a 17.25% weight in the final portfolio. Because the portfolio
has a lot of gains and very few losses, simply putting it into an automated process will likely be disastrous and
not lead to results the Henderson family would want to see.

To perform a proper evaluation of the $20 mil. withdrawal, EMI decided to run an efficient frontier on the current
strategy by adjusting the trade-off between active risk and net gains.

The current active risk is 2.38% and as seen in Table 3, the final portfolio’s active risk after the withdrawal
ranges from 2.38% to 3.19%, resulting in a $903,000 to $2.18 mil. tax liability.

Table 3

EMI presented the Henderson family with three scenarios from the frontier above — one with the lowest active
risk, the lowest tax liability and a balance between active risk and tax liability. The Henderson Family selected
the balanced scenario because they felt it gave them the best trade-off between active risk and tax liability.
Although this scenario realizes $6.56 mil. in net gains for a tax liability of $1.24 mil., the portfolio’s active risk
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only increased 40 basis points (bps) and IBM was not sold.

Table 4

We will review many of the common tax constraints and objective terms used in section 2, where we discuss the
international portfolio funding. Appendix 1 list all of the constraints and objective terms available in the Axioma
Optimizer.

EMI is now ready to focus its attention on the funding of the international portfolio.

EMI found it challenging to fund the international portfolio because the securities all had to trade in the US and
needed to be tied to international non-US securities. The first thing EMI did was create a robust universe of
international names traded within the US.

EMI constructed this universe within the Axioma Portfolio Optimizer by creating a dynamic attribute, which is a
rule, filter, or scaling that you can set in the Axioma Portfolio, making it easy to store modified values in the system
based on your preferences. To do this, EMI needed to satisfy a few requirements to ensure the stocks traded in
the US, had local securities outside the US, were liquid and were not very small firms.

EMI used the following filters for the dynamic attribute (see table 3 for how to create this dynamic attribute within
the Axioma Portfolio Optimizer):

» Country of quotation equal to the US

» Country factor risk to be non-US

» Market Cap greater than $500 mil.
 Average daily volume of at least $500,000

This resulted in 616 stocks with enough liquidity to fund this portfolio with minimal market impact.
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Table 5: Dynamic Attribution Creation

Note: In practice, this universe of securities should be reviewed to ensure it has enough liquidity on a
daily basis and truly is tied to a foreign listing.

Now that EMI has the universe of securities to purchase, it wants to ensure that no security has a large active
weight versus the underlying local security in the benchmark. EMI wants to ensure that small securities in the
index don’t have a weight that is too disproportional to their weight in the benchmark. To do this, EMI will set
a limit that no security’s weight in the portfolio can exceed 2x the weight in the benchmark. In addition, the
Hendersons do not want to own any cross-listed security where the underlying isn’t a member of the index.

In Appendix 2, we show what this would look like within the Axioma Portfolio Optimizer.

Table 6
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EMI solved the problem of no security having a weight of 2x the local member by adding a constraint in the
optimizer that said a max issuer weight can be no more than 2x the FTSE Benchmark. This constraint also
addressed the issue of not owning a name that isn’t in the benchmark, since non-benchmark names can only

have a weight of 2x the benchmark weight of zero.
Table 7 also details all the constraints used to construct this portfolio.

1) The first constraint is a budget constraint that is used to ensure that the final portfolio’s value will be equal to
the $20 mil. invested.

2) The second constraint is the Max Issuer Weight of 2x the FTSE Benchmark.

3) The third constraint is to ensure that EMI isn’t funding this portfolio with more than 20% of the 20-day
average daily volume (ADV). On an ongoing basis, it will require all trades to be less than 5% ADV, but for
the initial funding it is comfortable with 20% ADV.

Table 7

4) The Min/Max Region Sector constraint ensures that for each region EMI defines, the GICS sectors are

within +/- 3% of the benchmark.

Table 8
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5) The unchecked constraint in table 8, which is max turnover, isn’'t used during the initial construction, but
allows for future optimizations to place a maximum 8% turnover on any rebalance.

6) EMI placed a maximum bet of +/-20 bps relative to the benchmark for any style factor. This allows for the
optimizer to minimize the amount of factor bets made during construction.

7) This constraint doesn’t allow for any net short-term gains. Since we are starting with cash, this will be used
in the next rebalance.

Table 9

8) During ongoing rebalances, EMI wants to avoid selling any gross short-term gains if they will become
long-term gains in 60 days. To prevent this, EMI applied an Almost Long Term constraint. This restricts the
selling of any gross short-term gains if they are 60 days from becoming long-term.

Table 10

9) This constraint ensures that only 10 bps to 25 bps of cash will be in the final portfolio.

Lastly, EMI added an objective function to minimize the active risk of the portfolio relative to the FTSE
Benchmark, as well as minimizing the transaction cost. The transaction cost model combined with the Goldman
Sachs Shortfall Model approximates the transaction and Shortfall Market Impact of a security.
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Table 11

Note: We didn’t import ADR custody and pass-through fees, as this was out of the scope of this paper.

EMI is now able to construct a portfolio that has 79 bps tracking error with 450 securities, and every security
in the portfolio has a local issue in the benchmark. Only a handful of the names have a weight less than 5
bps, and the largest active weight is Samsung (since it doesn’t have a cross-listed issue) at -1%, leading to an

underweight in Korea of 3.14%.

Table 12

Now that the international portfolio is ready to be funded, EMI will evaluate the tax efficiency of the international

portfolio.
3. Evaluating the Tax Efficiency of the International Portfolio

EMI will perform a backtest using the same strategy as the funding to better understand how to evaluate the tax
efficiency of the international portfolio. EMI just needs the average annual active after-tax return of the portfolio
to be able to show the Henderson family that the strategy it selected can be tax efficient over time.

After-Tax Case Study page 10



The Axioma Backtester will simulate trading the portfolio on the first trading day after 31 days due to the wash-
sale rule. This will save EMI a tremendous amount of work, since the Axioma Backtester will also keep track of
all the gains and losses in these trades over time.

EMI utilizing the Backtester

1) EMI created a CSV file with trading dates from Dec. 31, 2009, to Dec. 31, 2015, that are outside the
wash-sale period and not on holidays and imported it into the Axioma Backtester, as seen below in table 13.

Table 13

2) To define the strategy for the backtest, EMI used the same strategy as the initial funding, but used 5%
20-day ADV for period strategies as well as 8% max turnover and added the max net short-term gains and
almost longer-term gains constraints.

Based on the backtest, the international portfolio would have underperformed the FTSE index by 85 bps on
an annualized pre-tax basis from 2010 to 2015. Once EMI includes the tremendous value of the tax loss
harvesting, the backtest realized 75 bps in value-add on an annualized basis, resulting in only a 10 bps
underperformance on an after-tax basis, versus the FTSE Developed Market Index.
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Table 14

EMI used the Axioma Optimizer to efficiently perform the withdrawal and funding for the Henderson family, but

could it have just as easily been performed using EMI’s current automated process?

Automated Process as a Solution

1. Can the withdrawal of the US Large Cap Dividend Yield portfolio and the funding of the international portfolio

be included in EMI’s automated process?
EM/I’s Automated and scalable optimization process

The automated process EMI incorporates can be explained by looking at Chart 1 below.

1

EMI extracts tax
lots from custody

2

Clients provide
specific mandates

3

The holdings and
mandates flow into
EMI's internal
portfolio database

5

Accounts that will be

optimized today are
automated and sorted
in a batch process

6

Axioma Portfolio
Optimizer

7

Enters into
compliance and
trading
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EMI's automated process starts with extracting all 1,000 portfolio accounts at the tax-lot level from its custodian
on a daily basis. The reason all 1,000 portfolio accounts are extracted on a daily basis is because a client may

ask to perform a withdrawal or funding of their portfolio at any point, and EMI needs to be ready to perform this
task as quickly as possible with zero operational risk.

All these accounts are then stored within EMI’s internal portfolio investment database, which has all the
characteristic information each account requires to be managed properly, such as the:

+ Taxlots

+  Benchmark

+ Last trade date

* Next trade date (which is based on the first trading day after the wash-sale period)
« Compliance lists

» Realized gains/losses

The mandates include the relevant benchmark, compliance lists, and the Axioma Optimization Strategies
created for each unique account.

There are many strategies used, but most try to harvest as many losses as possible, while not exceeding
a specific tracking error. Others prefer to minimize tracking error and take no net gains while following a
compliance list.

Axioma API

EMI has created an internal application using Java as its selected software language to interact with the Axioma
API, Optimizer, EMI’s internal portfolio database, and trading system. Other available languages include R,
MatLab, C++, and Python. We also offer web services.

1) Each day, the API does the following things before the optimization batch is performed: calculates all the risk
details for each account, makes compliance checks on all accounts, checks if there are any unexpected
cash flows, and calculates the short- and long-term unrealized gains and losses.
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2) The API uses a predetermined schedule to identify the accounts that need to be traded.

3) For these identified accounts, an optimization is performed for each account, based on its specific mandate
and strategy.

4) Another layer of compliance checks is performed as a second check.

5) An aggregate report for the final portfolios is created.

a. This report contains essential items needed to review the individual accounts for a third check to ensure
no mistakes are made.

6) The trades for each account are aggregated and sent to the trading desk.

7) If any accounts had an unexpected cash flow and can still be traded today, the account is exported out of
the batch and traded manually using the export workspace functionality.

Each day, between 20 and 100 portfolios are traded within the automated process. Last trading day and
benchmark are the key drivers as to when an account is traded, ensuring the account is outside of the
wash-sale period and helping to manage the trade execution process.

For the accounts exported from the batch process and traded today, the Axioma Portfolio Optimizer is the
manual method to optimize accounts to stay within their mandates and targeted strategy. Once the final
portfolio has been constructed, the trade list is exported to a network drive, where the trading system captures
the trade list and sends it to the trading desk.

The aggregated trade list is then sent to the trading system. Once the trades have been executed, the individual
trade’s characteristics as well as the tax-related information are sent to the custodian.

For most typical trading, EMI would use the automated process outlined above. However, there are a few
limited exceptions where it would require manual intervention. In this use case, EMI needed to make some
adjustments to its optimization strategy that required manual intervention.
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Let us first investigate why the withdrawal wouldn’t be possible within the automated process:
1) $20 mil. cash flow needs to be added to the Axioma strategy
2) The constraints need to be adjusted for both net short-term and long-term gains

3) The tracking error of the portfolio will likely need to be increased to minimize realized gains

Adding the funding to the automated process has a couple issues:

1) The batch trades are based on the benchmark and this FTSE Benchmark isn’t scheduled to trade on
December 31

2) The $20 mil. funding of cross-listed securities will need special attention, since it may take hours to fully fund
this international portfolio of cross-listed assets.

Summary

EMI was able to use the Axioma Optimizer to efficiently withdraw $20 mil. from its Russell 1000 Dividend Yield
strategy while still maintaining its dividend yield target and active risk mandate. The international funding was
able to be performed using cross-listed securities while keeping active risk low and not owning any securities
that don’t have a local issuer in the benchmark. EMI was also able to present to the Henderson family how
efficient their international strategy has been over the past six years.

EMI’s automated process is very elaborate and uses the full functionality and integration between Axioma’s API
and Portfolio Optimizer. However, we also saw the full flexibility of the products because EMI was able to easily
make manual interventions to support changes in optimization strategy to serve its clients’ needs.

EMI has built a process that currently handles 1,000 accounts, but is scalable for a tremendous amount of
growth.

If you would like to discuss how Axioma can help you create and manage optimized tax portfolios, please
contact sales@axioma.com.
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Appendix

Appedix 1

There are three broad tax-related objective terms that can be specified within the objective function. The reason
to put tax-related terms into the objective function is to allow the optimizer to determine the best trade-offs for
you between taxes and active risk, for example.

The ideal place to have tax terms in the objective function is during a backtest, since it is very difficult to
determine the exact amount of gains you would want to realize if gains needed to be realized to meet certain
constraints.

There are three broad tax-related objective terms that can be specified within the objective function. The reason
to put tax-related terms into the objective function is to allow the optimizer to determine the best trade-offs for
you between taxes and active risk, for example.

The ideal place to have tax terms in the objective function is during a backtest, since it is very difficult to
determine the exact amount of gains you would want to realize if gains needed to be realized to meet certain
constraints.

1) Net Tax Gains

a. This term captures the Net Gains minus the Net Losses and is generally used to harvest losses

b. When the Weighted checkbox is ticked, the net short term gains are multiplied by the short-term tax rate and
the net long-term gains are multiplied by the long-term tax rate
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2) Custom Net Tax Gains

a. This is exactly like the net tax gains, but allows you to override the short- and long-term tax rates
assigned to the account

3) Tax Liability
a. The tax liability term measures the amount of tax liability realized in a rebalance trade

b. This term is generally used to minimize the portfolio’s tax liability when rebalancing and thus minimizes
the amount of taxes paid during a rebalance

c. The tax liability term doesn’t differentiate from zero tax liability and negative tax liability, so this term
should be used when looking to minimize or avoid paying taxes and not loss harvesting

For all taxable accounts, the following are all the tax-related constraints that can be applied to the optimization.

1) Limit Almost Long-Term Gains

a. Defers the realization of short-term gains if they will become long-term within a specific number of days
(60 in the example below).
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2) Limit Gross Tax Gains

a. This constraint sets minimum and maximum limits on the amount of gross gains realized for either short-

term, long-term, or a combination of the two.
b. By ticking the weighted box, you add the tax rate for each term into the calculation.

c. In the example below, we want to avoid gross short-term gains.

3) Limit Gross Tax Losses

a. This allows the user to set a minimum and maximum gross losses realized for either short-term, long-

term, or a combination of the two.
b. By ticking the weighted box, you add the tax rate for each term into the calculation.

c. The example below allows targets the optimizer to realize $50,000 to $75,000 in realized gross losses.

4) Limit Minimum Holding Periods

a. This constraint ensures that all or selected tax lots will be held for a minimum amount of days before

being sold.

b. The example below ensures that the tax lots of stocks that paid their dividend since last rebalance will not
be sold unless they have been owned for at least 61 days. This ensures the dividends are qualified.
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5) Limit Net Tax Gains
a. Allows you to set minimum and maximum net realized tax gains for short-term, long-term, or both.
b. By ticking the weighted box, you add the tax rate for each term into the calculation.

c. The example below avoids realizing any net short-term gains.

6) Limit Net Tax Losses
a. Allows you to set minimum and maximum net realized tax losses for short-term, long-term, or both.
b. By ticking the weighted box, you add the tax rate for each term into the calculation.

c. The example below targets realizing exactly $200,000 in net losses.

7) Limit Tax Liability

a. Allows you to target the maximum tax liability you want to realize based on the tax rates you
specify.

b. The example below targets realizing a maximum of $15,000 in taxes paid.

8) Limit Custom Net Tax Gains

a. Similar to the limit net tax gains, this constraint places minimum and maximum realized net max gains

using custom tax rates, which override the rates placed within the account.

b. The example below overrides the tax rates placed on the account to be the corporate ordinary income tax

rate of 15%, since we only want to realize a max of $50,000.
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Appendix 2
EMI had to do three things:

1) Create a composite asset that was 2x the weight of the FTSE index.

2) Create a benchmark with the composite as the only asset.

a. This is done to allow for the benchmark to have securities whose weight sum to 200%.

3) Add the max issuer weight of 2x the FTSE Benchmark.
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Contact us to learn more about how Axioma can bring more
information and insights to your investment process.

United States and Canada: +1-212-991-4500 Sales: sales@axioma.com
Europe: +44-207-856-2424 Client Support: support@axioma.com
Asia: +852-8203-2790 Careers: careers@axioma.com
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