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The probability of configuration (v, h) is given by Boltzmann (Gibbs) distribution:
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where the energy of a configuration (v, h) is given by expression:
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Stochastic activation units
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2 Hidden node j
firing probability
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3 Deciding whether node j
fires or not:
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1 Aggregated input for
the hidden node j
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Training algorithm for RBM
Marginal probability of visible state:
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Weight updates with stochastic gradient ascent
(maximisation of the likelihood of the observed data):

𝜕log(𝑃 𝑣 )
∆𝑤𝑖𝑗 = 𝜂
𝜕𝑤𝑖𝑗
The gradient has the form:

𝜕log(𝑃 𝑣 )
= 〈𝑣𝑖 ℎ𝑗 〉data − 〈𝑣𝑖 ℎ𝑗 〉model
𝜕𝑤𝑖𝑗
where 〈. . .〉 denotes expectations under the distribution specified by the subscript.
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Contrastive Divergence Algorithm
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Transformation of the real-valued datasets
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Generation of synthetic market data
QQ-plots of USDJPY spot FX daily log-returns (dataset: 1999-2019)
Dataset
vs.
Normal

RBM-generated samples
vs.
Normal

RBM-generated samples
vs.
Dataset

Alexei Kondratyev and
Christian Schwarz (2019)
The Market Generator
https://ssrn.com/abstract=3384948
7

Generation of synthetic market data (continued)
Reconstruction of
correlations

Reconstruction of tail
behaviour

Reconstruction of
annualised volatilities
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Generation of synthetic market data (continued)
RBM can be used to generate either fully independent or autocorrelated samples
with desired degree of autocorrelation.
RBM-generated daily log-returns (EURUSD)
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Generation of synthetic market data (continued)
RBM is able to handle non-stationarity through conditional sampling.
Conditional sampling
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General Disclaimer
This communication has been prepared by Standard Chartered Bank. Standard Chartered Bank is incorporated in England with limited liability by Royal Charter 1853 Reference Number ZC18. The
Principal Office of the Company is situated in England at 1 Basinghall Avenue, London, EC2V 5DD. Standard Chartered Bank is authorised by the Prudential Regulation Authority and regulated by the
Financial Conduct Authority and Prudential Regulation Authority.
Banking activities may be carried out internationally by different Standard Chartered Bank branches, subsidiaries and its affiliates (collectively “SCB”) according to local regulatory requirements. With
respect to any jurisdiction in which there is an SCB entity, this document is distributed in such jurisdiction by, and is attributable to, such local SCB entity. Recipients in any jurisdiction would contact
the local SCB entity in relation to any matters arising from, or in connection with, this document. Not all products and services are provided by all SCB entities.
This material is provided for general information purposes only and does not constitute either an offer to sell or the solicitation of an offer to buy any security or any financial instrument or enter into
any transaction or recommendation to acquire or dispose of any investment.
The information contained herein does not purport to identify or suggest all the risks (direct or indirect) that may be associated with conducting business.
This communication is prepared by personnel from SCB’s Sales and/or Trading Desks. It is not research material and is not a product of SCB’s Research.

Any views expressed may differ from those of SCB’s Research. This material has been produced for reference and is not independent research or a research recommendation and should therefore
not be relied upon as such. The material has not been prepared in accordance with legal requirements designed to promote the independence of investment research. This material is not subject to
any regulatory prohibition on dealing ahead of the dissemination of investment research.
This material is provided on a confidential basis and may not be reproduced, redistributed or transmitted, whole or in part, without the prior written consent of SCB.
This communication is not independent of SCB’s own trading strategies or positions. Therefore, it is possible, and you should assume, that SCB has a material interest in one or more of the financial
instruments mentioned herein. If specific companies are mentioned in this communication, please note that SCB may at times seek to do business with the companies covered in this communication;
hold a position in, or have economic exposure to, such companies; and/or invest in the financial products issued by these companies. This communication may be a marketing communication as
referenced in the Market in Financial Instruments Directive 2014/54/EU.
SCB may be involved in activities such as dealing in, holding, acting as market makers or performing financial or advisory services in relation to any of the products referred to in this communication.
The Sales and Trading personnel who prepared this material may be compensated in part based on trading activity. Accordingly, SCB may have a conflict of interest that could affect the objectivity of
this communication.
This communication should not be construed as a recommendation (except to the extent it is an “investment recommendation” under MAR (as defined below)) for the purchase or sales of any security
or financial instrument, or to enter into a transaction involving any instrument or trading strategy, or as an official confirmation or official valuation of any transaction mentioned herein.
The information provided is not intended to be used as a general guide to investing and does not constitute investment advice or as a source of any specific investment recommendations as it has not
been prepared with regard to the specific investment objectives or financial situation of any particular person.
SCB does not provide, and has not provided, any investment advice or personal recommendation to you in relation to the transaction and/or any related securities described herein and is not
responsible for providing or arranging for the provision of any general financial, strategic or specialist advice, including legal, regulatory, accounting, model auditing or taxation advice or services or
any other services in relation to the transaction and/or any related securities described herein. The particular tax treatment of a service or transaction depends on the individual circumstances of each
client and may be subject to change in the future. Accounting laws, rules, regulations, standards and other guidelines may differ in different countries and/or may change at any time without notice.
SCB may not have the necessary licenses to provide services or offer products in all countries or such provision of services or offering of products may be subject to the regulatory requirements of
each jurisdiction and you should check with your advisors before proceeding. Accordingly SCB is under no obligation to, and shall not determine the suitability for you of the transaction described
herein.
You must ensure that you have sufficient knowledge, experience, sophistication and/or professional advice to make your own evaluation of the merits and risks of entering into such transaction. You
are advised to make your own independent judgment (with the advice of your professional advisers as necessary) with respect to the risks and consequences of any matter contained herein.
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General Disclaimer (continued)
While reasonable care has been taken in preparing this document, SCB expressly disclaims any liability and responsibility for any damage or loss you may suffer from your use of or reliance of the
information contained herein. Any past or simulated past performance including back-testing, modelling or scenario analysis contained herein is not an indication of future performance or results.
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