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Relentless drive to provide
exceptional service.
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Resolving complex
challenges with world
class capabilities.

CLIENTS
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Consistently acting with the
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ASSET SERVICING

Delivering best in class asset servicing solutions to institutional clients globally.

CLIENT SEGMENTS

Pensions

Endowments & Foundations

Sovereign Entities $10.2 Trillion
Total assets under
Fiduciary Managers custody/administration’

Investment Managers
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INTRODUCTION

Forecasting engine to increase client profits and reduce manual effort

Complexity

- Offer competitive fees on >40,000 securities
*  Numerous geographic regions, 60+ highly rated borrower organizations
- Time consuming process for traders to analyze data per security

Objective
 Client Profitability
> Leveraging market data to forecast lending fees, maximize performance
> Quickly identify re-rate opportunities on existing loans
- Efficilency — Reduce manual effort, providing traders with recommendations

- Continuous improvement — First of many analytical capabilities that we
believe are unique in the industry.
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SECURITIES LENDING AND ANALYTICS

Value being forecasted...

New Yolume weighted market average} Entrinsic value}

[
Loans opened in the Mix of lenders / loans to Consistent measure
current time period control for outliers across loan types

Measurement

 Quoted in basis points (bps) or 1/100% of 1%
Intrinsic value standardizes two loan types:

« Rebate based / Cash collateralized
* Fee based / securities collateralized

Typically open ended (no set term)

Fees are collected by lenders and distributed to asset owners

Market data aggregators provide blended securities lending rates

Cumulative values available at EoD
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SECURITIES LENDING FEE
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FACTORS

Potential drivers were gathered from multiple data sources

Securities lending market Utilization
Fees

Other markets Equity
Derivatives
Fixed Income

Internal Data Lending Activity
Utilization
Fees

External Macroeconomic
News

Social Media
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MODEL OVERVIEW

Several modeling approaches were considered: regime switching, recurrent neural networks,
Bayesian structural time series and ARMA-GARCH
Bayesian Structural Time Series

Observation equation linking the response, y,, to the latent states, a,.
Ver1 = ZtTa, + B,/x, + & &~N(0, 025)

Structural equation describing the evolution of the latent states
a1 = T, + Ry n:~N (O, Eﬂ)

The two equations capture the following components:

— Local trend, seasonality, auto-regressive

— Linear predictor with fixed/time-varying coefficients
— @Gaussian and Non-Gaussian errors

Primary computational methods:

— Kalman filtering

— Kalman smoothing

— Bayesian data augmentation

— Markov chain Monte Carlo simulations
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MODEL OVERVIEW

Priors

+ The join distribution of 3 can be written as:
p(B,v,0:2) = p(Bylv, 0 )p(a1Y)p(y)
— v Is a vector of Bernoulli random variables
— v, = O indicates that 3, = 0
— The join distribution of y is given by:
K
Yy~ 1_[ 1, Ye(1 — 1)1 7Y
k=1
— The distribution of B, conditional on'y and o,
Byly,02~N (by, aj (Qy_l)_l )
— The distribution of ¢, conditional on y
%y ~ Ga (g,%)
— The prior parameters are:
T, b, 071, s,v

Posteriors

- Posterior distribution of B, and ¢,

— / 2 _1\—1
Byly, o2, 3~N (b 0" (V7))

_2 B v’ S,
O¢ I)/,y~ Ga 5'5

— ¥V, =y, — ZF a, excluding BT x

_yzyl:n
— V7t =X"X), + 0,0
— v =v+n

N\l o= _

—b, =) (Xyy +02;'by)

—s'=s+3"y +bT0; b, — b V71D,
« Posterior distribution of y:

N (>l 167
y[y~C®) Vfll—,

Markov Chain Monte Carlo

a~p(aly,0,B,02) 20~p(O|y, a,B,0Z) > p(B,oily a,6)
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COMPUTATIONAL METHODS

Posterior Distribution

+ Gibbs sampling algorithm that generates a Markov chain sequence with stationary distribution
p(8,B, 0%, aly.n)

« The algorithm alters between simulating model parameters 8, B, 62 and states space a

* Forecasting relies the posterior distribution of the model parameters and state space

Kalman Filtering plogsi|yael Durbin and Koopman (2001)
Hamilton (1994)

Kalman smoothing plas|yial Durbin and Koopman (2001)
Hamilton (1994)

Bayesian data augmentation plom Y1l Carter and Kohn (1994)

Frahwirth-Schnatter (1995)
de Jong and Shepard (1995)
Durbin and Koopman (2002)

Markov chain Monte Carlo p(6,B,02 aly,.,) Durbin and Koopman (2002)
Forecasting P Omaslyin) = fp(yn+1|¢>)p(¢>|y1:n)d¢ George and McCulloch (1997)

For further details see Scott and Varian (2014), BSTS R package documentation, and Brodersen,
Gallusser, Koeller, Remy, and Scott (2015) among other sources.
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MODEL DIAGNOSTICS
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BENCHMARKING

Compared 1-day ahead prediction with several challenger models for a sample of U.S. equities
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- Noteworthy improvement over model that uses current price as the 1-day ahead forecast

+ QOutperform challenger models, including recurrent neural network model
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PLATFORM

Deployment Architecture

doAzureParallel Java / Spring

Linux Linux

Small Instance Small Instance container
Linux Pl

X-Large Compute

M|crosoft Azure - Cloud Foundry

Pipeline
Ingest Model Model
Data search selection
» DataLend API » Python based » Massively parallel <+ Evaluate 1000’s * Use best model to
- Options market APl + Aggregation « Azure for short-  « Choose best calculate current
« NT proprietary DB« Feature lived large-scale based on many fit ~ rate and short
» Etc engineering statistics term projections
' - Store output for
display on GUI
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DASHBOARD (DUMMY DATA)

Security Detall - Tencent Music iazsi019)

Security Name Ticker MGT Published Rate MT Market Concentration NT shares on loan Shares available on industry
@ Tencent Music TCM 4.5% 16% 15% 1400
Fees (bps) Utilization
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IMPORTANT INFORMATION

Confidentiality Notice: This communication is confidential, may be privileged, and is meant only for the intended recipient. If you are not the
intended recipient, please notify the sender as soon as possible. All materials contained in this presentation, including the description of
Northern Trust, its systems, processes and pricing methodology, are proprietary information of Northern Trust. In consideration of
acceptance of these materials, the recipient agrees that it will keep all such materials strictly confidential and that it will not, without the prior
written consent of Northern Trust, distribute such materials or any part thereof to any person outside the recipient’s organization or to any
individual within the recipient’s organization who is not directly involved in reviewing this presentation, unless required to do so by applicable
law. If the recipient is a consultant acting on behalf of a third party client, the recipient may share such materials with its client if it includes a
copy of these restrictions with such materials. In such event, the client agrees to comply with these restrictions in consideration of its
accepting such materials.

© 2018 Northern Trust Corporation. Head Office: 50 South La Salle Street, Chicago, lllinois 60603 U.S.A. Incorporated with limited liability in
the U.S. Products and services provided by subsidiaries of Northern Trust Corporation may vary in different markets and are offered in
accordance with local regulation. This material is directed to professional clients only and is not intended for retail clients. For Asia-Pacific
markets, it is directed to expert, institutional, professional and wholesale investors only and should not be relied upon by retail clients or
investors. For legal and regulatory information about our offices and legal entities, visit northerntrust.com/disclosures. The
following information is provided to comply with local disclosure requirements: The Northern Trust Company, London Branch; Northern Trust
Global Services Limited; Northern Trust Global Investments Limited; Northern Trust Securities LLP. Northern Trust Global Services Ltd, Abu
Dhabi Branch, registration Number 000000519 licenced by ADGM under FSRA # 160018. The Northern Trust Company of Saudi Arabia - a
Saudi closed joint stock company - Capital SAR 52 million. Licensed by the Capital Market Authority - License No. 12163-26 - C.R:
1010366439. Northern Trust Global Services Limited Luxembourg Branch, 6 rue Lou Hemmer, L-1748 Senningerberg, Grand-Duché de
Luxembourg, Succursale d'une société de droit étranger RCS B129936. Northern Trust Luxembourg Management Company S.A., 6 rue Lou
Hemmer, L-1748 Senningerberg, Grand-Duché de Luxembourg, Société anonyme RCS B99167. Northern Trust (Guernsey) Limited
(2651)/Northern Trust Fiduciary Services (Guernsey) Limited (29806)/Northern Trust International Fund Administration Services (Guernsey)
Limited (15532) Registered Office: Trafalgar Court Les Banques, St Peter Port, Guernsey GY1 3DA.

September 2017
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