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Introduction

This document sets forth the calculation methodology for the SMBC/TOSHIBA Quantum
Driven Diversified Japan Equity Index (hereinafter referred to as “the Index"), jointly
developed by Sumitomo Mitsui Banking Corporation and Toshiba Corporation (hereinafter
referred to as the "Co-developers"). In the event of circumstances not described in this
document, or if the Co-developers determine that calculation of the Index in accordance with
the methodology set forth herein is impracticable, the Index may be calculated using a

processing method deemed appropriate by the Co-developers.

This document is the copyrighted property of the Co-developers. It is prohibited to copy,
reproduce, or reprint all or part of this document in any form without the prior consent of the
Co-developers. This document has been prepared to facilitate understanding of the Index and
is not intended as a solicitation for the trading of securities. Furthermore, the Co-developers
assume no responsibility for any errors, delays, or interruptions in the calculation, distribution,
or publication of the Index; any changes to the methodology for the calculation, distribution,
or publication of the Index; the use of information contained in the Index or this document;

or any costs or damages arising from similar events.

Index Overview

® The Index is an equity index calculated utilizing the "Simulated Bifurcation Machine,"
an optimization computer derived from quantum technology developed by Toshiba, with

the constituents of the S&P Japan 500 serving as the universe.

® The constituents of the Index are selected based on the solution to a maximum weighted
independent set problem, which is a type of combinatorial optimization problem. By
solving the maximum weighted independent set problem using Toshiba's Simulated
Bifurcation Machine, a subset of stocks for which the sum of the selected stock weights
(node weights) is maximized is chosen from combinations consisting solely of stocks with
low correlation to each other. Among multiple candidate subsets generated by executing
the Simulated Bifurcation Machine under various settings, the subset that satisfies all

constraints specified by the methodology is adopted as the Index constituents. The
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weight of each constituent (allocation weight) is calculated based on the inverse of their

historical volatilities.

® Quarterly reviews are conducted four times a year (February, May, August, and

November).

® The base date is December 30, 2015, and the base value is 1,000 points.

Related Documents

The calculation formula for this Index shall be the definition of the Non-Market Capitalization
Weighted Indices stipulated in the S&P Dow Jones Indices’ Index Mathematics Methodology
(link below).

https://www.spglobal.com/spdji/en/documents/methodologies/methodology-index-

math.pdf

Index Construction

Quarterly Review (February, May, August, November)
(1) Overview
® Ateach Quarterly Review, the Index is rebalanced by revising the Index constituents and
their weights in accordance with Sections (2) and (3) below, based on data as of the
review reference date (hereinafter referred to as the "Review Reference Date"). The
Review Reference Date shall be the final business day of the month preceding the review

month.

® The Index is reconstituted quarterly through a five-day multi-day rebalancing process
that ends at the close of the final business day of the quarterly review. For further
information on the Multi-Day Rebalancing process, please refer to the Index

Mathematics Methodology linked above.

® The price reference date (the “Price Reference Date”) is the date used to determine the

index shares of each constituent based on the constituents’ closing prices. The Price
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Reference Date is defined as the date that is three business days prior to the first day of

the multi-day rebalancing process.

Because the index shares are determined using prices on the Price Reference Date, the

actual weight of each stock during the multi-day rebalancing period may differ from the

target weights due to market movements.

(2) Constituent Selection

(@ Selection of the Universe

The universe consists of the S&P Japan 500 constituents as of the Review Reference

Date. However, stocks meeting either of the following two conditions on the Review

Reference Date are excluded from the universe:

® Condition (1): Stocks whose market capitalization ranks in the bottom tier of the

universe as of the Review Reference Date.

® Condition (2): Stocks for which daily return data is unavailable for at least one

trading day within the most recent 250 trading days.

(2 Construction of the Market Graph

1.

il.

Construction Process

A market graph is constructed to capture the correlations among the stocks
selected for the universe in a graph structure. In the market graph, each stock
is represented as a node (vertex), and an edge (line) is drawn between nodes
if the correlation coefficient (see ii. below) between the stocks exceeds a
threshold. The threshold for determining whether an edge is drawn between
nodes is determined based on the distribution of correlation coefficients
among all stocks in the universe (see iii. below). Furthermore, a node weight
(see iv. below) is assigned to each stock for the purpose of reducing turnover
and improving liquidity during the quarterly review.

Calculation of Correlation Coefficients

Correlation coefficients are calculated using the logarithmic returns of
adjusted stock prices. Using return data from the most recent 250 business
days as of the Review Reference Date, Spearman's rank correlation

coefficient is used as the correlation coefficient between each stock pair.



iii.  Correlation Coefficient Threshold
The correlation coefficient threshold is determined based on the
predetermined percentile value in the distribution of correlation coefficients
among all stock pairs in the universe. Edges are drawn between nodes that
exhibit a correlation equal to or greater than the threshold.

iv.  Setting the Node Weight of Each Stock
To reduce turnover and improve liquidity during the quarterly review, the
node weight of each stock is set based on Condition (a) and Condition (b)

below:

® Condition (a): Adopted as the Index constituent in the most recent
quarterly review.
® Condition (b): Stocks whose market capitalization does not rank in the

bottom tier of the universe as of the Review Reference Date.

v If both Condition (a) and Condition (b) are met, the node weight is 1.

v If only one of Condition (a) or Condition (b) is met, the node weight is
0.5.

v If neither Condition (a) nor Condition (b) is met, the node weight is
0.125.

(3 Formulation of the Maximum Weighted Independent Set Problem
By solving the Maximum Weighted Independent Set problem, a type of
combinatorial optimization problem, a subset of stocks in which no edges are drawn
between any pair of stocks is selected that maximizes the sum of stock weights
(node weights). In order to solve the Maximum Weighted Independent Set problem
utilizing the Simulated Bifurcation Machine, a QUBO formulation is performed on
the constructed market graph. QUBO stands for Quadratic Unconstrained Binary

Optimization. The cost function used for the formulation is as follows:

N N i-1
HCOSt = —Z Wibi + ZZZ (Sl]blb]
i=1 i=1j=1



Here, N; is the number of nodes, W; is the node weight of each stock, and b; is a

binary variable of 0 or 1, expressed as follows:

b — {1(n0de i is an element of an independent set )

0 (node i is not an element of an independent set )

E is the edge group , and §;; is expressed as follows:

{1 (i,j €E)

%= 0(,j ¢E)

ij —

For the formulation of the maximum independent set problem, the following
literature can also be referenced. However, in the event of any discrepancy between
the following literature and this document, the provisions of this document shall
prevail.

R. Hidaka, Y. Hamakawa, ]J. Nakayama, and K. Tatsumura, “Correlation-diversified
portfolio construction by finding maximum independent set in large-scale market
graph,” IEEE Access 11, 142979 (2023).
https://doi.org/10.1109/ACCESS.2023.3341422

Simulated Bifurcation Machine for Solving the Maximum Weighted Independent Set
Problem

As described in the literature below, the Simulated Bifurcation Algorithm was
deduced from the theory of the "Quantum Bifurcation Machine" based on the
quantum adiabatic theorem. The computing device that processes the Simulated
Bifurcation Algorithm is referred to as the Simulated Bifurcation Machine. In this
context, the Simulated Bifurcation Machine is derived from quantum technology and
the Index using the Simulated Bifurcation Machine for selecting index constituents
is driven also from quantum technology

H. Goto, K. Tatsumura, A. R. Dixon, "Combinatorial optimization by simulating
adiabatic bifurcations in nonlinear Hamiltonian systems,” Science Advances 5,
eaav2372, (2019).

https://doi.org/10.1126/sciadv.aav2372
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The Simulated Bifurcation Machine utilized in the constituent selection for the
Index is based on the ballistic simulated bifurcation (ballistic SB) algorithm, as
described in the literature below.

H. Goto, K. Endo, M. Suzuki, Y. Sakai, T. Kanao, Y. Hamakawa, R. Hidaka, Masaya
Yamasaki, K. Tatsumura, "High-performance combinatorial optimization based on
classical mechanics," Science Advances 7, eabe7953, (2021).
https://doi.org//10.1126/sciadv.abe7953

(B Selection of the Constituents

The subset of stocks derived as the solution to the Maximum Weighted Independent
Set problem utilizing Toshiba's Simulated Bifurcation Machine, which satisfies the
minimum constituent number constraint detailed below, shall be designated as the
constituents of the Index.

Minimum Constituent Number Constraint: The number of constituents is 50 or
more on the Review Reference Date.

If the above constraint is not met, the correlation coefficient threshold indicated in
(@iii. above is relaxed in increments of predetermined percentiles until the constraint

1s met.

Note on the Number of Constituents:

The minimum number of constituents of the Index shall apply at the time of
constituent selection on the Review Reference Date, and shall not constitute a
guarantee that such number of constituents will be maintained at all times throughout
the daily calculation period of the Index. After the Review Reference Date, a
constituent may be removed from the Index due to a merger, delisting, or other
reasons. As a result, the number of constituents of the Index may temporarily fall
below 50 until the next Quarterly Review. In such case, as a general rule, the Co-
developers will not immediately add a replacement constituent. However, if the Co-
developers determines that it is necessary to maintain the continuity, investability, or
other characteristics of the Index, the Co-developers may take such measures as it
deems necessary, including the ad hoc addition, removal, or replacement of

constituents, or any other Nnecessary measures.


https://doi.org/10.1126/sciadv.abe7953

(3) Weight of Constituents
The weight of each constituent (allocation weight) is calculated based on the
reciprocal of its historical volatility. The maximum weight for each constituent on the
Review Reference Date is set at 2 percent. If the number of business days with the
same consecutive price exceeds a total of 20 business days during the historical
volatility calculation period, the weight of each constituent is calculated excluding that

period.

Additions and Deletions

® Addition of Constituents: With the exception of spin-offs (where a constituent allocates
shares of a company, etc., that was its subsidiary immediately prior, by way of dividend

of surplus), no constituents are added to the Index outside of the Quarterly Review.

® Spin-offs: A company that becomes independent due to a spin-off (hereinafter referred
to as the "Spun-off Company") is added to the Index at an evaluated price of JPY 0(zero)
on the ex-rights date. If the Spun-off Company remains in the S&P Japan 500, which is
the universe of the Index, both companies will remain in the Index until the next
Quarterly Review, provided that both the parent company and the Spun-off Company
indicate their intention to continue and/or initiate a consistent dividend policy. If either
the parent company or the Spun-off Company does not remain in the S&P Japan 500, or
if they do not indicate their intention to continue and/or initiate a consistent dividend
policy, the Spun-off Company will be removed on the first business day following the

commencement of regular trading.

® Deletion of Constituents: Constituents removed from the S&P Japan 500, the universe

of the Index, will be concurrently removed from the Index.

Corporate Actions

For information on corporate actions, please refer to the Market Capitalization Indices section

of S&P Dow Jones Indices’ Equity Indices Policies & Practices Methodology.



Index Data

Calculation Return Types

® A price return index (excluding dividends) and a total return index are calculated.
® The method for reflecting dividends in the Index value follows the Index Mathematics

Methodology, which is the document linked above.

Governance and Policies

Licensing

The Co-developers hold all rights related to the Index, including its calculation, distribution,
publication, and use. Therefore, a license agreement with the Co-developers is required when
creating or selling financial products such as funds or linked bonds using the Index (including
when making it the subject of derivative transactions such as OTC options, swaps, or

warrants).

Contact
Sumitomo Mitsui Banking Corporation, Global Markets Technology Department
E-mail : grp8202111716@dn.smbc.co.jp
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