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Abstract

The proper selection and monitoring of fund managers is one of the most important tasks for Government
Pension Investment Fund (GPIF). Its current approach, which depends on the track records and qualitative
explanation of candidates and commissioned fund managers, can be significantly improved with the use of
Artificial Intelligence (AI). This would lead to better management of GPIF’s assets, which amount to over
150 trillion yen. GPIF expressed their interest in using Al technologies to improve overall business practices,
especially on their core competences. Thus, this commissioned study focused on the investigation of: (1) The
possibility and implications of applying AI technologies to the long-term management of pension assets, and
(2) The impact of Al technology on the business models of asset management companies, especially if GPIF
establishes its Al capability to select and monitor fund managers.

One of GPIF’s core activities is the development and maintenance of a “manager structure”. “Manager
structure” refers to the structure of managing organizations (managers), and the associated allocations and re-
allocations of assets to be managed. Within the process of developing and maintaining the manager structure,
it is necessary to make various decisions, such as defining the characteristics of each manager, defining their
management behavior with respect to various aspects of the economic background, and determining whether
their behavior is consistent with the policy declared to GPIF.

The fundamental questions for this study are, “Is there any chance AI could be used within manager
structure development and maintenance processes?”, and “In which part of the process can we use AI most
effectively?” A joint team formed between GPIF and Sony CSL have gone through GPIF’s manager structure
development and maintenance processes in-depth, and agreed to develop a proof-of-concept prototype system
to test the principle of using deep learning to detect the investment style of managers from trading behavior
data (trading items, timing, volume, unrealized gain and loss, etc) collected daily by GPIF. The system is
composed of a series of “detector arrays”, each reacting to the specific investment style of each manager. A
detector array is a set of neural networks that are trained beforehand with the data generated by virtual
fund managers, that each faithfully execute one of the typical investment styles. The system provides an
N-dimension vector representing a mixture of investment styles of the manager at given point in time. A
blind test of style detection using actual trading behavior data for 16 fund managers demonstrated that the
system can properly detect the styles and drifts of each fund manager. In addition, the system’s visualization
capabilities were proven to be effective in identifying the spontaneous convergence of trading behaviors where
most funding managers happen to trade similar items.

Results from the proof-of-concept pilot system indicate that, with the introduction of such a system,
GPIF should be able to conduct more prudent and data-driven selection and monitoring of fund managers.
In addition, this may foster more constructive and in-depth dialog between GPIF and fund managers, which
will improve the robustness and performance of investment practices at GPIF in the long run.



Chapter 1

Issues within GPIF’s Manager
Structure Development and
Maintenance Practices

GPIF, reflecting its high outsourcing ratio compared to pension funds in other countries, has a strong aware-
ness of issues regarding the outsourcing cost of active investment management, and the improvement of the
manager selection process, including the strengthening of knowledge and skills of personnel involved. GPIF’s
annual report for the 2016 fiscal year[1] argues that the active return, an excess earning of active funds, has
been disappointing in the last 10 years, with domestic bonds at -0.12%, domestic stocks at -0.29%, foreign
bonds at +0.64% and foreign stocks at -0.70%. Except for foreign bonds, it has not been possible to attain
alpha (active return). On the other hand, payments to asset management companies and asset managers
amounted to 9.9 billion yen for domestic bonds, 13.7 billion yen for domestic stocks, 12.8 billion yen for
foreign bonds, and 34.5 billion yen for foreign stocks (a cumulative total for three years). They are not
negligible and make no sense. This resulted in the recent contractual policy of GPIF linking management
fees with active return. However, it does not solve all the problems within the manager structure practices.

Given these circumstances, discussions concerning the selection of active managers took place in a series
of meetings of Board of Governors within GPIF. Some of the concerns raised in these meetings, held in
November and December of 2017[2, 3], are on the issues of, “There were comparisons of current funds and
past contracted funds, but it was not possible to make comparisons with other, potentially better funds,”
“The approach of selecting a better fund from the point of view of the whole universe is desirable,” and
“There is a concern that the qualitative evaluation might be criticized as having a degree of arbitrariness
and lack of objectivity.” Furthermore, interviews with the person in charge of GPIF’s management revealed
that the evaluation and selection of active managers is implemented under very strong constraints by a small
number of internal experts.

GPIF clearly recognized the need to fully modernize the process, possibly using data science and Al
to rectify the problems within the current process. In addition, GPIF wishes to investigate the possible
impact of new types of funds that utilize the latest AI technologies, such as Two Sigmal[4, 5], Renaissance
Technologies[6, 7], Investifai[8, 9, 10], and so on. The question here is whether those funds can be evaluated
by applying existing methods, or whether new methodologies are required.

The objective of this research is clearly defined; it agrees to provide a proof-of-concept Al system that,
with full deployment, enables GPIF to select and monitor fund managers based on data and stringent analysis
of trading behavior data, and to foster productive and insightful dialog with fund managers. The introduction
of such a system will contribute significantly to the improvement of its investment practice, while managing
risk properly.



Chapter 2

The Possible use of Al Technologies
within Manager Structure
Development and Maintenance

Characterizing the investment behavior of fund managers using trading behavior data is one of the most
critical technical challenges involved in the improvement of manager structure development and maintenance
practices. Data-driven characterization of fund managers enables GPIF to make well-informed decisions
regarding fund manager selection, and improve the quality of dialog with fund managers under an active con-
tract. The proof-of-concept system is based on a deep learning neural network designed to detect investment
styles from trading behavior data.

2.1 Visualizing the Diversity of Funds

Each fund has its own investment style that is founded on basic investment philosophy, strategy, and methods.
The differences in investment style, by which each fund is characterized, ultimately appear in the daily trading
behaviors. Visualization of trading behavior data covers some of the characteristics of investment style.

The trading behavior visualization for a number of funds that invest in domestic equities over the pe-
riod from April 1, 2014 to March 30, 2018 is presented in Figure 2.1. In each chart shown in the figure,
the individual stocks are arranged on the horizontal axis from left to right in descending order of market
capitalization at the end of March 2018. The time in days is represented on the vertical axis. The blue dots
indicate a “buy” trade for the corresponding stock on the horizontal axis and day on the vertical axis. The
red dots indicate a “sell” trade and the uncolored symbol indicates that no trade was made.

For example, the right side of the chart for fund “B” is empty, because the fund deals mainly in large-capital
stocks, whereas the chart for fund “P” is conversely empty on the left side because the fund deals mainly in
small capitalization stocks. The chart for fund “L” exhibits the characteristics of a quantitative style, in which
investment targets are bought and sold mechanically within a wide range based on mathematically determined
decisions. An opposite approach can be seen in the chart for fund “O”, which adopts a discretionary method
in which stocks are selected manually on the basis of careful investigation. From the chart, we can see that
trades are performed in a narrow range that includes only a small number of stocks.

As we see, the charts that visualize trading behaviors reflect each distinctive investment style. In some
charts, we can spot specific periods of relatively intensive trading activities, which are shown as dense patterns
of dots. It turned out that the fund had been conducting a huge amount of trading operations, due to
additional capital for investment or a large-scale re-allocation of assets.
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Figure 2.1: A visualization of fund manager trading behavior



2.2 Detecting “Style” using Deep Learning

To evaluate investment styles in more quantitative detail, we applied deep learning technology to devise an
investment style analyzer, which we named a “Style Detector Array” system, and used it to analyze a number
of domestic equity funds. Because our objective was to first test the operating principle, we restricted the
universe to 100 stocks that include mainly large market capital issues. The Python programming language
was used for implementation with the core libraries of deep learning such as tensorflow[11], Keras[12], and
complementary libraries such as SciPy package[13], numpy|[14], pandas[15], Scikit-learn[16], iPython[17].
In addition, matplotlib[18] and plotly[19] were used for visualization, and “R”[20] for data cleansing and
wrangling.

2.2.1 “Style Detector Array” system architecture
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Figure 2.2: Style Detector Array

The Style Detector Array is composed of a number of detectors, which are individual identifiers that
operate in parallel to evaluate the strengths of investment styles, which were determined as references. Each
detector is implemented as a deep learning neural network (Figure 2.2). In addition to external scenarios
such as the market environment and corporate performance trends, descriptions of the stocks that constitute
the fund (market capitalization at each point of time and unrealized loss or gain) and daily trading actions
are input as time-series, and an output is a vector representing the style of the fund manager. The vector
is composed of values from each style detector, each representing the degree of similarity of the respective
typical investment styles.

The generation of training data with virtual fund managers

To give the Style Detector Array the ability to classify investment behaviors into reference styles prepared in
advance, the neural networks that constitute the detectors must be trained with investment behavior data



paired with the reference styles. However, investment behavior data that “purely” reflects these reference
styles does not exist in reality. Therefore, virtual trading data was generated with a simulation, using virtual
fund managers implemented with investment style logic. The virtual trading data obtained in that way was
used to train the Style Detector Array.

For this prototype, the eight investment logic elements listed below were set as strategies for the reference
styles in the Style Detector Array. In setting the elements, consideration was given to variety, and what is
believed to be typical in asset management, including elements that make decisions based on stock price,
corporate performance and other factors that are considered to be fundamental, decisions that include window
size determined by past time series trends rather than simple numerical values at an arbitrary point in time,
those that involve only a particular small number of stocks, and those that involve stocks that extend across
analysis universes.

e High Dividend
A strategy of selecting and holding stocks that yield high dividends.

e Minimum Volatility
A strategy of selecting and holding stocks that have exhibited low volatility in the past 20 business
days.

e Momentum
A strategy of selecting and holding stocks that have had high price increases over the past 20 business
days.

e Value
A strategy of selecting and holding stocks that have a low PBR.

e Growth
A strategy of selecting and holding stocks that have a high PER.

e Quality
A strategy of selecting and holding stocks that have a high operating cash flow to capitalization ratio.

e Fixed Weight
A strategy of setting a target portfolio based on the equally weighted market capitalization of all stocks.

e Technical
A strategy of swapping stocks according to patterns of change in long-term and short-term moving
averages.

Virtual trading data was generated by simulating the trading behaviors of virtual managers that each
adopt one of the trading strategies described above, based on historical data on market trends and corporate
performance trends for the time period from November 1, 2005 to August 3, 2017.

Training style detectors with training data

Next, the detectors that constitute the Style Detector Array were trained using the virtual trading data
sets from the respective virtual fund managers. The input to the neural networks of the detectors were
factors related to the market and corporate performance (stock price, volume, dividends, PBR, PER, capital
investment, free cash flow, etc) and factors related to the fund (position, unrealized loss or gain for each
stock and trading actions, etc), provided for all of the stocks that constitute the universe, with a window
of a number of days extending into the past. The assumed universe here consists of 100 stocks. There are
19 factors associated with each stock, and the window is set to 40 days, so the neural network input layer
consists of 76,000 units (a rank-3 tensor of 40 x 19 x 100). Of the virtual training data for each virtual
manager, the data for the period from November 1, 2005 to February 24, 2015 is used in order to train the
Style Detector Array, so that only the respective detector responds. The rest of the data for the period from



February 25, 2015 to August 3, 2017 was reserved as a validation dataset for evaluating the generalization
ability of the trained detectors.

Incidentally, it is generally known that when neural networks are trained in complex problems, the output
is sensitive to the values of parameters that are initially set at random at the beginning of training[21, 22, 23].
For that reason, the ensemble average of the outputs from 20 individually trained neural networks was taken as
the output of the Style Detector Array. From the output of the trained Detector Array when the respective
virtual trading data was applied as an input (Figure 2.3), we can see that the system can be trained to
properly perform a rough discrimination of the eight reference styles, including for the time period of the
validation data that was not used in the training.
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Figure 2.3: Detector outputs after training

2.2.2 An analysis of domestic equity funds using the Style Detector Array

After the Style Detector Array was trained with the virtual trading data generated by the virtual fund
managers to sufficiently discriminate the reference styles, data from real, existing domestic equity funds was
used to evaluate the Style Detector Array. From the results of 10 domestic equity funds for which sufficient
data was available, distinct “styles”, varied from fund to fund, were evident, and temporal changes of style
even within a single fund was observed (Figure 2.4).

Below, the analysis for fund “V” and fund“D” are used as examples to dig deeper into the results.



P
s
o
2
2
2

(a
) fund
HJH

0.8

0.6

0.4
o

0.2
\
__ =
v
- %
s
J/g, =
T
e
\

0.0

10\‘&101
S
1‘&
1‘&
1“*6
@6
1“*60
¢
10‘1
0*1

(d
) fund “Q

0.8

0.6

0.4

02

00

1“\‘&»1
sk
28 ﬁe
v S
«,‘ﬁ
B
1“\‘6
1““6
0‘1
oﬂ

(g
) fund
((V”

o
2
2
2
2
o

(
)
’ Uﬂl(i N

Fi
igu
re
2
4:
: An a
nal

ysis

1“*&10%
10\‘&
Q*C’
Q*C’
0*(’
0*"
0*(’
0*(’
e*“
e*“

(b
) fund
({B”

m

06 ‘l'! H i
L 4(
HW [t %ﬁ”“t W
ﬂy“«
q} -"‘lmr

0.0
WAVl

1@&’01
2
1@’
1““"
x‘fx
2
1‘96%
N x

(e
) fund
((L »

2> e‘

(h
) fund
({D”

1“*6&&
o
e »
2O >
Q*"’
0\6
o <
2 o
B s

1.04

0.8

l— r‘::v

0.6 4

0,4; o

0.2

0.0

@h’“‘b
1&“‘0
1&6,@
1@6’“‘6
1&6‘0
10“”“&
1&6‘@
1&6’\}
2 5
5 *

(c
) fund
HO”

1.04

0.8

0.6

0.4

0.2

0.0 o

10\‘&101
@‘N\}
1“*6’@
10\‘6101
1“‘63}
1“*6‘“3
1“‘6'01
10\‘6»
1@ &
2

(f
) fund
({E”

2 »
2
1““6
«ﬁ S
o
1“*1
\J o
o St

(i
) fund
HX ”

1@6‘0&
(o

of
a
do
m
esti
ic
sto
ck
fu
nd
S
using t
he
St
yle
D
ete
cto
r A
rra;
y



Figure 2.5: The trajectory in manager behavior phase space for fund“V”

Case Study 1: Analysis for fund“V”

The fund analyzed here mostly handles small growth stocks with distinct management policy and style.

With a closer look at the time axis in Figure 2.4g, we first see that the attribute for the Momentum
style is strongest, followed by the Growth style. The order of the styles reverses around November 2016,
with Growth moving into the lead. At the same time, the Technical style appears as a strong component for
the first time. The strengths of the other attributes remained low for the entire time period. The fact that
the Growth style remained relatively strong throughout the time period is consistent with the fact that the
fund deals mainly with small-capital growth stocks. These trends in the output of the Style Detector Array
reveal a change in the investment style of the fund around November 2016. That fact was confirmed by the
fund “V” management, who explained that the composition of the managers was changed around that time.
The internal changes in the fund management were thus detected by the Style Detector Array as a style drift.

Mapping trajectories of vectors representing the “style” of the funds over the phase space is a useful
visualization technique for gaining an intuitive understanding of temporal changes in investment style. Since
the prototype Style Detector Array comprises eight detectors, the original phase space has eight dimensions.
For visualization, however, the three most dominant output styles are displayed as a three-dimensional phase
space. The trajectory for the investment styles of fund “V” in a three-dimensional phase space, with axes for
Momentum, Growth, and Technical styles, is shown from two different perspectives in Figure 2.5. Triples
that represent the output values of the Style Detector Array for the Momentum, Growth, and Technical style
dimensions are plotted as coordinates in the phase space. The change in the strengths of Momentum and
Growth that occurred around November is shown in the phase space as a movement of the trajectory from
the lower right to the upper left in Figure 2.5a. This corresponds to the member changes within fund “V”. In
Figure 2.4g, we see some fluctuation in the relationship between the Momentum and Growth styles in which
the strength of Growth decreases and the strength of Momentum increases around April 2017. In the phase
space representation in Figure 2.5, that behavior is observed as a bend in the trajectory that has a vertex at
a point near April 2017.

Case Study 2: Analysis for fund“D”

This fund adopts a low-risk investment style in which investment styles are analyzed by a certain method
according to market prices and the styles are nimbly rotated. This method emphasizes discretionary judgment
by the manager that may go beyond pre-established strategies and policies.

As we can see from Figure 2.4h, the Momentum, Fixed Weight, and High Dividend styles are generally



dominant. However, major drifts in the phase space are observed in May 2015, from January to April 2016,
and in November 2016, indicating changes in the strengths of the dominant styles.
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Figure 2.6: The trajectory in manager behavior phase space for fund“D”

The changes in investment style trajectories, in a phase space defined with the three dominant investment
styles described above, are shown in Figure 2.6 from two perspectives. The rotating strategy characteristic
of this fund is reflected exactly in the fact that particular combinations of strategy strengths do not remain
stationary in the phase space in the long-term, and the trajectory tends to wander around. In contrast to
the behavior of fund “D”, the trajectories in the phase spaces for fund “O” (Figure 2.7a) and fund “L” (Figure
2.7b) exhibit little to no change.
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Figure 2.7: The trajectories of funds with little change in investment style



2.3 Simultaneous visualization of multiple fund behaviors

Risk management is one of the most important aspects of GPIF. GPIF’s commission of diverse fund managers,
in anticipation of a diversity in investment strategy, leads to genuine robustness against unexpected market
changes. Simultaneous visualization of multiple funds on the phase space is an intuitive way to recognize
diversity and convergence of investment practices. Investment behaviors of all of funds analyzed in this
study were represented as trajectories within a single phase space by using the t-SNE dimension reduction
method[24].

Real Fund Manager Real Fund Manager

Figure 2.8: Actual fund management behavior: simultaneous displays with dimension reduction (2015/01 to
2017/04)

Virtual Fund Manager Virtual Fund Manager

Figure 2.9: Virtual fund management behavior: simultaneous displays with dimension reduction (2006/06 to
2017/04)

Behaviors of actual domestic equity funds are represented as trajectories in a phase space (Figure 2.8).
For this proof-of-concept prototype, only short-term data on actual domestic equity funds was used (from
January 2015 to April 2017). To see changes in the robustness of the manager structure with respect to
changing economic conditions, longer-term data extending over time periods that include important events
such as the Global Financial Crisis, triggered by the subprime mortgage crisis in 2008, are required.
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Figure 2.10: Virtual fund management behavior: reduced to two dimensions
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A series of analysis using virtual trading data for the period from June 2006 to April 2017, which was
generated by virtual fund managers as an alternative to the analysis of actual fund data, was performed to
identify the possible detection of convergence. The behavior of the virtual funds represented as trajectories
in a three-dimensional phase space is shown in Figure 2.9, and a representation of the same method in a
phase space reduced to two dimensions is shown in Figure 2.10. In Figure 2.8, which was obtained using
data from a limited time period, no notable change in structure is seen, but with the extended data, the
trajectory is seen to converge and diverge over time. For example, the trajectories for the six virtual funds
other than High Dividend and Growth begin to converge in April 2009 and nearly overlap until the Minimum
Volatility trajectory separates at around May 30, 2013. Even after that, the trajectories for the other five
virtual funds continue to be similar. Three virtual funds, Momentum, Fixed Weight, and Technical, are
nearly the same over nearly the entire period, with an exception after April 28, 2015. We can see that the
trajectories for Momentum and Technical, in particular, overlap until the end, even after April 28, 2015, and
that the trajectories for High Dividend and Minimum Volatility mostly overlap, although there are periods
of divergence from around April 30, 2009 to around May 16, 2013. On the other hand, the Growth virtual
fund alone follows an independent trajectory that does not overlap almost at all in any of the time periods
other than from April 1, 2009 to July 29, 20009.

The similarity of trajectories and phase space means that even the virtual fund managers that are designed
to operate on the basis of different indicators and logic tend to behave in similar patterns according to
background economic circumstances. This means that diversity of investment style is lost. These results
suggest that if maintaining diversity is important, it is not sufficient to simply have fund managers that
apply different investment styles. The fact that there is convergence of style with loss of diversity, even for
virtual fund managers that blindly execute simply designed logic, leads us to expect that the same trend will
be even stronger in the case of actual fund managers, where human factors such as optimism, fear and other
emotions and arbitrary factors affect decisions.

2.4 Risk-return analysis

Real Fund Manager Real Fund Manager

0.006

0.001

-0.001

-0.006

~0.008

(a) Absolute return and risk (b) Return and risk relative to benchmarks

Figure 2.11: Risk-return diagrams (2015/01/26 to 2017/04/06)

As a reference for comparison, we performed a traditional risk-return analysis on the domestic equity
funds that we have been analyzing here. Taking the return to be the 20-day moving average of the daily
return, and in the same way, taking the risk to be the standard deviation of the daily return for 20 days,

12
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Figure 2.12: Risk-return diagrams (2015/05/01 to 2015/10/01)

the relationship of the risk and return is represented as a graph, with the risk on the horizontal axis and
the return on the vertical axis (Figures 2.11 and 2.12, where plots (a) show the relationship for the absolute
return and risk and plots (b) show the relationship for the return, relative to a benchmark and risk).

Figure 2.11 covers all of the periods for which data is available from January 26, 2015 to April 6, 2017.
Figure 2.12 covers only the period from May 1, 2015 to October 1, 2015, a period in which there was a large
market movement. That period was selected because it includes the “China shock” of June and August 2015.
In that period, the Shanghai composite index rose and peeked out after the Global Financial Crisis on June
12, 2015, and then fell by 30% over the following three weeks. On August 11, 2015, the People’s Bank of
China implemented the first major devaluation of the RMB in 20 years, triggering turmoil not only in the
foreign exchange market, but in stock markets around the world. Then, the Shanghai stocks fell sharply
again on August 18, in a worldwide chain of stock price weakness that lasted until August 26.

The overall impression from examining the risk-return diagrams is that the differences among the individ-
ual funds are not revealed clearly by the absolute return data (the graph on the left in each figure). In Figure
2.12a, which covers only the time period in which there were particularly large movements in the market, we
can see clearly that the fund movements are synchronized. When looking at the data for returns relative to
a benchmark (on the right side of each figure), however, some differences are evident. While fund “K” and
fund “M” adopted a trading style that reduces risk relative to the benchmark, fund “D” and fund “A” adopted
a style that permits risk levels that extend into a relatively high range. When the data is viewed relative to
benchmarks in this way, we can see that there is some diversity in the fund investment styles.

2.5 Benefits provided by the Style Detector Array

The essential benefits provided by the Style Detector Array system are summarized below.

Direct analysis based on management behavior

Conventional tools, such as the Barra model or Aladdin, evaluate investment styles by examining changes in
return, in terms of multiple factors and the sensitivity to each factor. On the other hand, our system directly
analyzes the funds’ behavior itself, which makes it possible to detect style drift earlier and more directly.
Consistency checks between declarative descriptions and actual behavior, which have been done qualitatively,
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relying only on interviews so far, can be now conducted in an evidence-based manner. For GPIF, that can
lead to significant improvement of the quality of interaction between GPIF and fund managers.

Flexibility of analysis

The trading styles that are set to serve as references for training the Style Detector Array are not limited to
the eight used in developing the proof-of-concept prototype. The number of reference styles can be increased
or decreased. Even entirely different reference styles can be used. Data on actual fund manager behavior
can also be used for the references instead of the output of virtual fund managers that have simple trading
styles. As with conventional tools, it is not necessary to be bound by measures set in advance. The analysis
can be customized flexibly according to the purpose.

Separation of training phase and execution phase for data security

The training phase requires large amounts of computing resources and the use of cloud services and other
external resources is assumed. Training the Style Detector Array, however, does not necessarily involve the
use of highly confidential data, so information security concerns can be avoided. After training, on the other
hand, the use of the Style Detector Array for analysis requires only the types of desktop or notebook computer
that are readily available to individual users on the site. Thus, this analysis system can be operated with
consideration given to both dependence on advanced computing resources (external cloud services, etc.) and
data security.

Evaluation of Al-based funds

New kinds of funds utilizing the latest Al technology are emerging. Some Al-based funds may use deep
learning that is largely a black box, which means the funds themselves may not be able to explain the
behavior of the system in an understandable manner for humans. The Style Detector Array can be applied
also to such kind of funds, because it can determine specific mixes of styles that are delivered from deep
learning-based fund management. Therefore, the Style Detector Array might be well-adapted for analysis of
these new funds, rather than the traditional human-based ones.

14



Chapter 3

Effects on the Business Models of
Investment Companies

3.1 The impact of Al-based asset management systems on the
business model of asset management companies

There are a range of Al applications on asset management. Here, we focus on a typical approach in which
market data, as well as corporate performance and financial data, serves as the foundation for an Al-based
asset management system. When introducing such a system, machine learning is applied to market data to
predict stock prices and the direction and degree of change in stock prices. The alternative approach may
be to detect the deviation of investment assets of interest from their expected prices, automatically in real
time, which cannot be done manually.

What is important when using an Al system is that comprehensive prediction and detection will be
possible for a wide range of assets, if not for an entire asset universe. Let’s assume the case that such
systems is introduced into the market on a large-scale. In this case, price deviations anywhere in the asset
universe will be detected by multiple systems immediately, leading to the possibility of the deviations being
eliminated in a short time. At the same time, the characteristics of the Al systems are determined by the
data on which they were trained, so independently developed Al systems do not necessarily detect or predict
price deviations in exactly the same way. As a result, there may be cases that the behavior of some of the
AT systems will create such deviations. It is therefore difficult to determine whether temporarily detected
deviations have natural causes or result from the effects of other Al systems.

Al systems continue to learn from data reflecting market characteristics that may result in the convergence
of strategies over time. In this case, there is a possibility that a Nash equilibrium will be attained in an N-
player game via the market. That means there is a high possibility that AI trading systems, which are based
on deep learning or other statistical machine learning techniques and rely on market data or management
indexes, will asymptotically approach index trading behavior.

Of course, not all Al asset management systems take the same approach, and there are methods of
quickly predicting corporate performance from a wide range of data that extends beyond market information
to include satellite images, etc., as seen in Two Sigma. Those must be treated as alternatives with a different
framework. Nevertheless, the assumption is that most Al systems will be constructed on the basis of market
data, corporate data, and information that relates to it, and in that case the scenario described here is
probable. The business model will thus be determined by the balance between Al system investment that
generates excess returns, and the management fee structure. Some funds will fail to develop and maintain
systems that efficiently generate excess returns, and will be forced to either leave the market, or move towards
index trading.
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3.2 The effects of introducing Al systems within GPIF

Next, we consider the effects of GPIF introducing our prototype Al system. First, GPIF itself seems to have
made major changes in manager selection and monitoring. For manager selection, GPIF should be able to
obtain detailed analysis of investment styles, based on data from fund managers submitted in advance. We
believe that enables dialog in presentations to be more precise, and backed up by data, thus establishing
a highly effective manager selection process. Furthermore, the ability to analyze the investment styles of
fund managers that are already under contract makes it possible to select the required investment styles,
with understanding of the styles of all contractors. In monitoring, it is possible to analyze the actual
management conditions of each fund manager, which should make it possible to increase efficiency. Clarity
of communication in dialog is promptly responsive to changes in style.

The fund managers will be aware of the fact that GPIF has the ability to analyze investment styles in
real time. The style and drift of individual fund managers will also be detected, and that may encourage a
certain discipline among the fund managers. In addition, GPIF will be capable of analyzing the behavior of
multiple fund managers from a comprehensive perspective — a bird’s-eye view of fund manager investment
styles. In reality, achieving excess returns constantly over a period of years is difficult to achieve, and the
same is true for Al asset management systems. These circumstances create a need for fund managers to
provide appropriate explanation. When asset management companies recognize that GPIF has the ability to
independently analyze their investment styles and intends to continue development of even more advanced
technology, they will recognize that they cannot justify their results with only qualitative explanations. As
a result, asset management companies will take action to improve the efficiency of their investment process
by introducing more sophisticated technologies, including Al, to explain their behavior and be accountable
for their investment practices. We believe this will accelerate the use of Al-assisted asset management. At
the same time, this will eliminate the dependence on individual persons from management strategies, and
promote optimization. The transparency of the associated costs will also become high, as a result of reduced
dependence on individual persons whose fair value is ambiguous at best. This sequence of developments will
further promote the science and technology of asset management.

GPIF has access to data on a wide range of asset management companies that makes it possible to con-
struct a huge and highly accurate database, covering a variety of management strategies, and a sophisticated
management analysis system using the data. First, such a system benefits GPIF by contributing to the
construction of a more sophisticated manager selection system. Second, it benefits the asset management
industry as a whole if GPIF’s insights can be shared with fund managers to improve their performance and
risk management.
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Chapter 4

Future work

There are obvious next steps beyond the proof-of-concept work described in this report. A brief discussion
on some of options is described here.

Extension to the full universe of analysis

In developing the prototype described here, we performed various types of analysis on just 100 stocks that
cover a variety of industrial sectors, selected from among 3600 or so stocks listed on the domestic equity
market. We decided to limit the universe to a small size in order to ensure a large number of trial and error
runs could be carried out within a limited schedule, with a low computation time. The obvious next step is
to construct a Style Detector Array with the scope expanded to the full universe of analysis, which includes
all listed stocks. That would enable the inclusion of funds that handle mainly stocks of small and medium
capitalization, which were not well represented in the analysis presented here.

Elaborating the virtual fund managers

The logic of the eight investment styles that we defined for the virtual fund managers in the prototype were
extremely simple and unrefined. The main purpose of this research was to verify operation of the framework
and the results we obtained were sufficient for that purpose, but logic that is more precise and better fits the
sense of the workplace is probably required for practical operation.

Expansion to different asset classes

The proof-of-concept prototype described here was constructed on the basis of domestic equity funds because
the data was easy to obtain and shape. However, this work can also be extended to other asset classes
that comprise traditional assets other than domestic equities, including foreign equities, and foreign and
domestic bonds. When doing so, it is necessary to take into accounts factors that are particular to each asset
class. Considering foreign asset classes for example, the factors that must be considered in data shaping, in
other preparatory work, and in implementing fund manager logic, include regional differences such as social
stability, currency exchange rates, and so on. Bonds, the redemption term, interest rate, and issuer credibility
(rating information) of bonds must be considered. Although some specific refinements related to the target
are needed, the overall framework established by our prototype can be utilized with little modification when
asset classes are extended.

From past analysis to future simulation

One ambitious direction is to try to model the fund managers’ trading behavior, and to use the models
for prediction of behavior under various scenarios. The current prototype has been designed and used as
a learner for identifying investment styles based on past fund manager behavior, as shown in Figure 4.1a.
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Figure 4.1: From past analysis to future simulation

Going beyond such mere backward analysis of the past, we would like to move in the direction of using the
learner as a part of the prediction system that predicts fund manager’s behavior under external scenarios
(Figure 4.1b).

Up to now, the evaluation of the risk/return ratio of a fund has basically been a matter of back-testing
historical data, and stress testing also goes no further than the level of mechanically calculating the effects
of a given scenario on the current portfolio. However, once we obtain a predictive model of fund manager’s
behavior, it becomes possible to use simulation for predictive evaluation of a fund manager’s trading actions
under arbitrary scenarios, as well as the prediction of performance and risk characteristics. Doing so should
make it possible to carry out genuine forward-looking risk/return evaluation and stress testing, rather than
relying only on past records, which we believe would lead to the construction of a more robust manager
structure.

In pursuing this, we believe it is also useful to consider incorporating a methodology for generating
virtual scenarios for external factors, such as market environments, which are a prerequisite for predictive
simulations.
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Chapter 5

Conclusion

This study focused on “manager structure” development and maintenance, a core activity of GPIF, as a
target for the possible application of AI technologies. A proof-of-concept prototype Style Detector Array
system was shown to be effective in detecting differences of style among fund managers, and how they can
change over time. The Style Detector Array was developed using deep learning neural networks. The Style
Detector Array was trained with data generated by virtual managers and then it was evaluated using data on
the actual behavior of domestic equity funds. The results clarified the difference of investment styles among
the funds, and that styles varied over time, even within a single fund. Some style drifts detected by the Style
Detector Array were consistent with the timing of changes in manager composition in the management of
actual funds.

In a simultaneous visualization of the behaviors of multiple funds, as trajectories in a single phase space
using dimension reduction, the trajectories were seen to converge and diverge over time. The similarity
of trajectories in phase space means that investment behaviors became similar under certain background
economic circumstances, and the diversity of the manager structure was lost, even for virtual managers that
were designed for different investment behaviors. This result suggests that, if maintenance of diversity is a
top priority, it is not sufficient to compose a manager structure with funds that have different investment
styles and that other means and measures are needed.

In the work reported here, we used a prototype Style Detector Array to directly analyze fund management
behavior, enabling evidence-based, prompt analysis of investment styles. We believe the result is significant
for GPIF because this enables it to acquire an evaluation and selection method that is more accurate,
providing a path towards the composition of a more robust manager structure. In addition, this capability of
GPIF may impact the strategy of asset management companies, upon their recognition of GPIF’s capability
to detect and monitor investment behaviors of fund managers more precisely and quantitatively.

In addition, the widespread adoption of AI by asset management companies may lead to a Nash equilib-
rium in an N-player game via the market. Under such a situation, Al asset management systems built on the
foundation of deep learning and other forms of statistical learning will asymptotically degenerate to index
investments. We suggested that, in such a scenario, business models would be determined by the balance
between the cost for developing Al system and the management fee structure. Funds that fail to develop and
maintain effective systems will either leave the market or trend towards index trading. Combined with the
possible introduction of an analysis system based on the prototype that we produced in this research, GPIF
will have the ability to independently analyze the investment style of various asset management companies,
and will be able to monitor the status of alpha-generating activities, probably Al-based funds, and the ten-
dencies of inter-fund convergence and divergence of investment behaviors. Asset management companies will
soon notice the fact that GPIF is equipped with such capability, and intends to move forward with even more
advanced technology. The result would be increased transparency in the explanation of performance and fee
structure within asset management companies. That series of developments would promote the application
of science and technology in asset management that would contribute to the stable and robust performance
of GPIF.
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