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1. Alpha/Alternative Beta Generation Fixed Income Sales & Trading

Sharpe Ratio of Hypothetical Cross-Asset Class Port  folio

» Actively managed currencies, and their associated volatilities, (with increasing proportion allocated to FX)
are a potential source of alpha with very low correlation to other
assets. 0.25
» Thus, as a diversifier, FX as an asset class can be a valuable 02
part of any GAA/TAA mix. 015 B
0.1 -
0.05 -
O 1 1 1

o 0, 0, 0, 0,
Products & Services 0% 5% 10% 15%

Proportion of portfolio invested in FX
- Morgan Stanley's QSI Group runs a stable of models and “Source: Morgan Stanley QS|

processes designed to help investors exploit FX as an asset
class with full transparency. Investors can customize these

models and processes to meet the specific needs of their Style
mandate

FX Investment Process

*Source: Morgan Stanley QSI

Discretionary

- FXindex products, e.g. Morgan Stanley Multi-Strategy FX

Index, provides simple, cost effective access to FX alpha _
Technical

sources

- In addition, QSI can provide a variety of global risk o
indicators that are valuable in the general context of forming
strategic and tactical investment policies regarding asset Blend

Ll

class exposure and rebalancing.

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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1. Finding Alpha/Alternative Beta
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Multi Strategy FX Portfolio — Component Strategies

Fixed Income Sales & Trading

» Morgan Stanley Multi-Strategy FX Index is an investible excess return index that aims to capture returns by diversifying
across a broad universe of currencies and diverse strategies, Sharpe of 1.99 over last 10 years

Multi Strategy FX Index

Carry

Risk Adjusted Carry Strategy

Rationale:

Spot FX rates do not always
converge to their forwards
providing opportunity for FX
Carry trades

Carry is supported by a host of

factors:

* Investments in higher
yielding currencies versus
borrowing in lower yielding
currencies

* Interest rates are managed to
fight inflation. The impact of
inflation mitigation leads to
appreciation of currency

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Fundamental

Equity Signal Strategy

Rationale:

Equity indices provide a metric
for pricing in several country
specific factors:

* GDP, inflation, monetary &
fiscal policies, impact of
business cycles (and the
future expectation of all
these factors)

Performance of equity indices
can provide a benchmark for
attracting or withdrawing
investments

Please see additional important information and qua

Valuation

Purchasing Power Parity Valuation
Strategy

Rationale:

Relative inflation across
economies effect the currencies
in order to maintain parity for
purchasing goods and services
between countries

In the long run currencies that
trend away from their purchasing
power parity tend to mean revert

Market Positioning

IMM Signal Strategy

Rationale:

Speculators FX position might
provide indication of direction of
future FX movements

Source: Morgan Stanley Sales and Trading

lifications at the end of this material.



Multi Strategy FX Portfolio — Performance

Morgan' Stanley Multi FX Enhanced Index (USD)

ER Febalancin:  Monthly
FX derhying FX Forwards
Diversified
Enhanced Beta

MS Research

Morgan Stanley Global

MSQTFXEI

259.155

Charts™

Index Level Monthly Returns

30% —

T T T T T
2010 2011 2012 2013 2014 -33 -24 -15 -06 03
Retums(%)

12 21 3o

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Please see additional important information and qua
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Fixed Income Sales & Trading

Cumulative Performance (3¢)
24 —

20 —

16 —

2010 2011 2012 2013
Multi FX Enhanced Index { USD, ER )

Source: Morgan Stanley Sales and Trading

lifications at the end of this material.
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Multi Strategy FX Portfolio — Performance* Fixed Income Sales & Trading

Historical Performance®

Monthly Returns (%)*

Correlation Analysis*

Morga n Sta n ley * As of 2nd Sep 2014 Source: Morgan Stanley Sales and Trading

Please see additional important information and qua lifications at the end of this material.
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1. Finding Alpha/Alternative Beta MORGAN STANLEY
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Momentum — Reg|me Trad|ng Model Fixed Income Sales & Trading

. o Momentum Model Backtesting Results — G7 Portfolio
* Momentum trading framework utilising:

50

- Liquidity weighted prices T
2-state regime switching model ;1(5) 1 Fxrcostrcary | A.miW
. Model fitting to 20d EWMA of liquidity weighted o o WA A
prices o | Mvﬂj'.-"
- If probability of positive return state > 0.9 model 20 y
goes long 13 N
- If probability of negative return state > 0.9 model 5 ,’W
goes short (5) o ‘ ‘

- Otherwise, model is flat 7/17/06  7/17/07  7/17/08  7/17/09  7/17/10  7/17/11  7/17/12

» Applied to G7 portfolio, generating out of sample

Sharpe of 0.8 after costs Avg Ret 4.9 (5.8)%

« Average monthly correlation with FX Carry, Value Avg Std 6.5 (6.5)%
and Volatility investment stlyes of -4% Sharpe 0.8 (0.9)

Skewness 0.3(0.3)

* Post crisis (Jan 09 onwards) model generates 0.5 Max Drawdown -3.3(-3.3)%
Sharpe after costs vs 0.04 for simple momentum Peak to Trough 7.1 (-7.1)%
benchmark strategy After-Crisis Sharpe 0.5(0.6)

Hit Ratio 0.53 (0.53)

* Q2 13 performance: + 1.5%, Sharpe 1.3
Table 1: Portfolio performance statistics of the momentum strategy
including transaction costs and carry. The numbers in parenthesis are the
same measures excluding cost and carry. Source: Morgan Stanley QSI.

Morgan Stanley

o ) ) Please see additional important information and qua lifications at the end of this material.
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Momentum Model — Daily Email Available oo elsales iy

Morgan S‘tan ley Cumulative Percentage Return (Long, Short, Total):

40
QSI Momentum Trading Model as

FOR LIMITED DISTRIBUTION ONLY 30

25

This daily trading model uses intraday liquidity and spot retun information to fit a regime-switching model to liquidity weighted daily
returns, which estimates positive/negative trends. )

Current Signals: 15

Long: AUDUSD, NZDUSD, USDCHF

Short: EURUSD, GBPUSD, USDJPY

Avg . Probability Probability : : : i : i
Currency Signal Inception duration of p flg,;;ﬂ! UL PI;:.' Shar[[))e of Up Trend of Down 2 i i i i i i i i
longishort " (%) (6 (YTD) %)  Trend (%) Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14
Source: Morgan Stanley Q35|
EURUSD  Short 01 Jul 2014 (15, 12) 3.3% 1.6% 0.5 0.5% 99.5%
Portfolio (Equally-Weighted)
AUDUSD  Llong  13Aug2014 (20, 1) 0.0% 9.2% 17 0.0% 100.0%
Sharpe 0.5
GBPUSD  Short 01 Jul 2014 (15, 10) 3.3% 3.5% 12 0.0% 100.0%
Return 3.2%
NZDUSD  Long 16Jun2014 (13, 1) -3.4% 6.7% 4.5 95.6% 4.4%
Std Dev 6.1%
USDJPY  Short 01 Jul 2014 (15, 14) 2.9% 0.7% 28 99.8% 0.2%
Skew 0.3
USDCHF  Long 01 Jul 2014 (18, 13) 2.7% 0.2% 0.0 0.5% 99.5%
Max Drawdown -3.3%
USDCAD  Neutral 03 Sep2014 (21, 11) 0.0% 0.5% 0.1 B7.1% 12.9%
Peak to Trough -1 1%
Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material.
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FX Volatility as an Asset Class

Fixed Income Sales & Trading

Return generation from FX volatility in a diversified, systematic manner

Volatility Style Product/Model Implementation
" Sy el
Bloomberg: MSQTFXVN and MSQTFXV1 e v RS T G
Traded directly via model
Forward Rate Bias signals, suggested
(Forward Implied Carry) FVAIpha implementation via Forward
Volatility Agreements (FVAS)
Relative Value Traded directly via model
(Ccy Implied vs Ccy RVAlpha signals, suggested
Implied)

implementation via Forward
Volatility Agreements (FVAS)

Source: Morgan Stanley QSI

Morgan Stanley

o ] ) Please see additional important information and qua lifications at the end of this material.
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FXVO I N et - Ra‘tlo nale Fixed Income Sales & Trading

. . o Average difference between one-month implied and re  alised volatility *
FXVolNet serves a variety of investment objectives:

EURUSD USDJPY GBPUSD USDCHF AUDUSD
- A source of alternative risk premium pre-Crisis 0.39% 0.73% 0.32% 0.00% 0.21%
Jan-99 to Aug-08
- Simple access to FX volatility for alpha or diversification benefits —
. . . Peak Crisis 1.54% 1.26% 0.96% 0.04% -5.15%
- Basic strategy without signal enhancement acts as a benchmark of

Sep-08 to Mar-09
FX volatility bias

- Functions as an analogous implementation in FX of a well-known

. " Post-Crisis 1.38% 1.52% 1.39% 0.60% 0.69%
strategy in equities Apr-09 to Mar-13

FX Volatility Premium

1-month EURUSD realised and implied volatiities * Implied volatilities in FX as
! | | | | | i i well as equities have

| tended to trade at a
— realised 1M EURUSD vol premium to realised
——implied 1M EURUSD vol | | volatility . This volatility
bias can be attributed in

| «" 1 7 part to sellers of volatility
"\ J \ demanding compensation
2 A "“ A, e | for the higher risk of
1oL v ¥ ) volatility jumps when
‘~ k"‘ L“" markets are stressed

‘ ‘f"" "l «small or absent pre-crisis
e i
| _

Volatility (%)

B ‘ | ‘ ‘ | | | | | | ‘ * measurable during peak
Jan10 Apr-10 Jul10 Oct10  Jan-11  Apr11 Jul-11 Oct-11 Jan12 Apr12 Juk2 Oct12  Jan13 crisis in markets that
adjusted rapidly to the new
Source: Morgan Stanley QS| Conditions

« significant and tradable

Morga n Sta 1] ley post-crisis

o ) ) Please see additional important information and qua lifications at the end of this material. 4
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FXVOI N et - Perfo rmance Fixed Income Sales & Trading

FX VolNet Basket FX VolNet Basket — Diversified Index! (BBG: MSQTFXVN Index)
From 16-Jan-07 to 29-Aug-14
(1)
Basic Strategy Strategy Performance
180 From 16-Jan-07 to 25-Aug-14
Annual Return 7.19%
Wolatility 8.60% 170
Sharpe Ratio 0.84
160
Max Drawdown 22.78%
Enhanced Strategy 150
Annual Return 8.62% 140
Volatility 7.22%
- 130
Sharpe Ratio 1.19
Max Drawdown 10.94% 120
110

FX VolNet Basket Enhanced Strategy — Performance since Live Date (26-Jun-13)

» weighted basket of the EURUSD, 100 Annual Return 14.32%
USDJPY, GBPUSDFX VolNet Volatility 3.69%
strategies -

Q0 Sharpe Ratio 3.88
EURUSD 50%
80
USDJPY 25% Jan-2007  Jan-2008  Jan-2009 Jan-2010  Jan-2011  Jan-2012  Jan-2013  Jan-2014
GBPUSD 25% me VVoINet Risk Tngger FX VolNet Strategy (Basic) - MSQTFXV1 ——FX VolNet Strategy (Enhanced) - MSQTF XVN
Source  Morgan Stanley QSI
Source  Morgan Stanley QSI
Notes
1. Past performance (actual or simulated) is not indicative of future performance. No representation is made that any results/returns indicated would be achieved or that all assumptions in achieving
IVI O rg a n St a n ley these returns have been considered or stated. Data for the Morgan Stanley Rates Volatility Premium Index is based on simulated historical performance.

o ) ] Please see additional important information and qua lifications at the end of this material. 12
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FXVOINet — Correlatlons Fixed Income Sales & Trading

Correlations?!
- The chart shows the
correlation between the of o
. I 4%
the FX Volnet Strategies Euro Stoxx 50 24%

. 45%
(Basic and Enhanced) as ’
well as the Equity Volnet I 29%

! S&P 500 13%
Strategy (extraction of 47%
S&P500 volatility PR —
premium) to other main iBoxx EUR Sovereign Bond Index 2%
. . -7%
indices.
: 7y
- The FX VOlnet Strateg|es Barclays US Aggregate Bond Index -9% 0
have had lower %
correlations to equities P 15
. S&P GSCI 7%
and commodities than the ° 219
Equity Volnet Strategy.
I 7%
MS ECCO (FX Carry) 17%
24%
Correlations across Single
Currency Strategies (Capped Il FX Volnet Basic
Var swaps — Basic) )
FX Volnet Premium Cross Strategy Correlations:
EUR JPY GBP
Volnet Premium+ Il (Equity Volatility Premium)
EUR 100% 11% 13%
100% 73% 22%
JPY 100% 59%
Source  Bloomberg, Morgan Stanley 100% 21%
GBP 100%
100%
Notes
1. Past performance (actual or simulated) is not indicative of future performance. No representation is made that any results/returns indicated would be
achieved or that all assumptions in achieving these returns have been considered or stated. Data for the Morgan Stanley Rates Volatility Premium
M O rg a n St a n ley Index is based on simulated historical performance.
Please see additional important information and qua lifications at the end of this material. 13
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Forward Volatility Bias Model — FV Alpha Fixed Income Sales & Trading
. Con Cept: Difference between AA_;'I\I;/Iigglﬁi,:gﬁ\zollzgiﬁtl;iSnlecr)nrv(\)lstrs’;ntmie ed volatility and 2m
- In normal market Conditions, forward A positive difference corresponds to the forward implied volatility over-predicting
. . . the implied volatility in future. In this example, this is the case approximately 65% of
implied vol tends to over-estimate the time. s ‘ | |
subsequent implied volatility (“fwd vol bias”) g ’ H\ 1
_ Mode| ge.neraFeS. a|phaby exp|0iting.this % J”\WI\L “‘H“l e ‘.th\“““ ik 5t u.m\mﬂw '”“u“”'*‘MH‘N i ‘|‘ ’ il ‘\w‘ ‘ H | ‘ \HH‘
bias and identifying periods where bias il |
disappears (e.g. during stressed markets) Ve -
* Model 1
_ Uses 2 indicators (Volat”'ty momentum and 2003 2004 2005 2(.)06 2007 2008 .2009 2010 2011 2012
. . . . Forward Vol Bias Model - Cumulative Return
VO|at|||ty of VO|at|||ty) to determine if fwd vol (out of sample, incl transaction costs) IR after
. ts =
bias present | “033
) Basket - FVA (with Cost)
- If present, short fwd fwd vol via FVA, Basket - FVAlpha (with Cost)
otherwise stay flat 110 -
105 -
- After costs, EURUSD and AUDUSD most 100
profitable (in G10) with 12.8 and 13.2 volpts o5 -
of PnL over the backtest period 90 -
85 -
80 -
75
« Signals available via email 70 - cource
65 N Morgaﬁ
60 Stanley QSI
Morgan Stanley Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14
Please see additional important information and qua lifications at the end of this material.
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1. Finding Alpha/Alternative Beta

G10 RV Volatility Model - RVAIpha

* Concept:
- General market volatility factor drives majority of
moves in currency implied volatilities

- Specific ccy pair implied vols can lead/lag this
factor, exhibiting mean reversion over time

* Framework
- G10 currency pair volatilities, ATM 6m

- AUDUSD, USDJPY, USDCAD, NZDUSD,
EURUSD, GBPUSD, USDCHF, USDNOK,
USDSEK

- Apply PCA (Principal Component Analysis) to
identify key factors driving the changes in volatility

- Identify pairs where volatility appears out of line
with that inferred from factors to generate relative
value signals

Informatipn From Feb 2007 From Jan 2009
Ratio (trans. costs) (trans. costs)
FVAs: Long 0.8 (0.6) 0.3 (0.0)
FVAs: Short 0.3(0,0) 0.9 (0.5)
FVAs: Total 1.0 (0.5) 1.2 (0.6)

Source: Morgan Stanley QSI

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Please see additional important information and qua

MORGAN STANLEY
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Fixed Income Sales & Trading

RV Model Backtesting Results

—— Short —Long — Total

Dec-08 1-Jan-10 -12

1-Jan-11 o, 2-J
Y

o

Source: Morgan Stanley QS

« Signal is based on out of sample 5 yr rolling window

« Trade only initiated if market vol spread at least 1.5 vol point away from model’'s implied.

« Transaction costs based on multiple of vanilla option spreads, ranging from 0.33 — 0.63
vol points depending on the ccy pair

» New signals based on a 2" day confirmation

2012 performance: +5.4 vol points before costs (app  rox 1.1

after costs)

lifications at the end of this material.
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FX Derivatives Backtester available Fixed Income Sales & Trading

. Morgan Stanley’s FX Derivatives Backtester is a tool
to evaluate the historical mid-market performance of

an FX derivatives strategy, or portfolio of strategies. Available on QSI Page of Morgan Stanley’s Matrix

. The application uses Morgan Stanley’s proprietary platform
pricing analytics and historical market data to provide

a rigorous evaluation of trading performance. MorganStaniey Matrix P Fatan
. For each historical day in the life of a derivatives trade,
the application takes the end-of-day market data and & Load B NewBackest  AUDUSD Strangles Lseup 2 VertyOptions 3
calculates the risk-neutral mid-market MTM value. TRy Compere e,
. The application is intended to be used for a number of AUDUSD Strangles |
purposes, including: Prem. Cey USD
ket AUDUSD
1. analysis of FX hedging strategies, allowing a user to i
. . sh 10 Aug 2012
compare the hedging performance of different hedge )
ratios, products and tenors il o
. . i . . . @ GBPUSD RR Test
2. analysis of derivative trading ideas and strategies
3. testing of volatility trading strategies, including allowing

the user to import systematic trading signals

Source: Morgan Stanley QSI

. Products include vanillas, FVAs, Var/vol swaps

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.

Quantitative Solutions and Innovations (QSI) 15
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FX Derlva‘tlves BatheSter On Matrlx Quantitative Solutions and Innovations (QSI)

3 Sl m ple Ste pS Fixed Income Sales & Trading

14 Aug 12 13:49 1. Setup 2. Verify Options

1. Set up strategy to be backtested, select ccy pair , product and
Ganer over which historical period

GBPUSD

10,000,000 14 Aug 12 13:49 1. Setup 2. Verify Options

EL o

= 4 Upload [ Get template
Direction and Range

Long | 4 Short Use trading signals :
4 4 4

Straddle 10,000,000.00 02 May 2012 31 May 2012
Vanilla AUD Put 10,000,000.00 02 May 2012 31 May 2012
Risk Reversal & Load & New Backtest 14 Aug 12 13:49 1. Setup 2. Verify Options 3. Results

Vanilla AUD call

Shraddle = 14 Aug 12 13:49
usp

40D

400 Vanilla AUD Put

kst AUDUSD
Are you backtesting a strategy that is hedging an underlying exposure? Vanilla AUD call g
Siraddle i 02 May 2012

1G9 1 13 Aug 2012

Vanilla AUD Put
ELSE Vanilla AUD Call i LR
Straddle

Vanilla AUD Put

Vanilla AUD call

Source: Morgan Stanley QSI

2. Review the individual transactions that the
Backtester generates, or alternatively load T AD Tooo0cnm G2 5 Wy iz
transactions from Excel s S s el nel s o
3. Review results, overall and by individual o T W ReR e ahEE

transaction, export into Excel

Expand All  Collapse Al

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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COI'I'e|atIOn Reg | me MOdeI Fixed Income Sales & Trading
» Concept:
- Correlations have empirical evidence of memory
effects and structural breaks FXSALES T GMS - QS| Morgan S’[anley

- Timely identification of such breaks is difficult

- ldeais to apply regime switching models to short-
term correlation with the objective of identifying a
clearer picture of changes in structure by viewing QSI Correlation Regime Model
correlation in ‘state space’

- Different measures of correlation are explored FOR LIMITED DISTRIBUTION ONLY
based on daily realised estimates:

Correlation Probabi_li‘ty of Lf)w- Prohabi!ity of H!gh- Low-Correlation High-Correlation
. USDCAD'SEK\] PY, AU D\] PY'GOId, US Correlation Regime Correlation Regime Average Level Average Level
USDCAD-SEKJPY 100.0% 0.0% -0.063 -0.383
Treasury fUtureS - SPX 10 T-Mote Fut-3PX 96.6% 34% 0118 -0.527
- In addition, research into the regime behaviour of AUDJPY-Gold 99.8% 0.2% 0.011 0.285
the overall correlation structure of a multi-asset S e R s s
L i i FTSE-Gilt 4.7% 55.3% 0.096 0.378
portfolio is ongoing using factor models
» Potential applications Lo Comtation: 3
- Improved risk management, allowing re- - MNeulral: 2
. i . i i High Correlation: 0
hedging/tactical asset allocation in a more timely,
and hopefully cheaper, fashion As of 2 Sept 2014

- Conditional hedging for high yielding ccys, e.g.
identify risk-off periods for hedging, whilst allowing
yield pick-up during unhedged, risk-on periods

» Daily output available via email

M O rg a n Sta n ley Source: Morgan Stanley QSI

o ) ) Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI) 17
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Example RlSk Off tr|ggered’ 4th May 2011 Fixed Income Sales & Trading

* The model switched into a risk-averse state on
Wed 4th of May (using information up to 3rd of
May), ahead of the equity and commodities
drawdowns

* The major trigger for the model’'s regime shift on
4th of May was a pick-up in magnitude of the

Last Price

e Tl e :
B SPX Index (R2) 134020  +5.10 148 short-term correlations between AUDJPY-Gold
R 3 3 5 5 " and SEKJPY-USDCAD. E.g. gold, AUD, S&P
Copyright? 2011 Bloomberg Finance L.P. 04-Jul-2011 19:25:16 were all on a decline on May 2-3rd

* In the risk-seeking environment, the model signals
1400 that risky assets have a low probability of

Ny exhibiting heavy drawdowns.

1350

1300 W » This is related to the carry trade (or similarly a
1250 short volatility position) which may normally

1200 exhibit low stable gains in a low volatility

i MA environment and rapid significant drawdowns as

W | risks spike up.

1100 -

oo » The shift into risk-aversion can be used to signal,
for example, going long volatility

1000 T T T T T T T T T
01/01/2010 03/03/2010 03/05/2010 03/07/2010 02/09/2010 02/11/2010 02/01/2011 04/03/2011 04/05/2011 04/07/2011

Source: Bloomberg, Morgan Stanley QSI

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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Out of Sample State Probabilities Fixed Income Sales & Trading

» Fitted to daily realised correlation calculated using 5 min observations In sample period, Jan 05-Dec 07, out of sample Jan 08-Dec 11.:

« Blue line: Model Output: State probability for Risk aversion. Pink line: Model Input: Daily Realised Correlation

— USDCAD-SEKJPY

1.2 — Daily Realised Correlation 0.4
] | M) ) ) Y v T T v — + 0.2
0.8 4 iy i\“‘l\‘ w\f“n" W L h ) V | I L h W | ’\ T 0
’ I (R \| A || Ml 1
0.6 | U‘u"v A ! Nl H‘HVI’“J“ Y \I‘) i MA V ‘ N”\] - “ i l \“ - W "w Wy w“»‘ ‘\ T . 4 ‘ l(\” W‘HV"M | }N(L“I\‘\“ ‘n“,,‘” 1 l “ " “ 0.2
: [l \ W i / V" TIAALAT Wy Vi WV A me \ u\m UK M WY R WA W W W/ Dl WA { um LTER L +-0.4
0.4 - i ‘ LA (NI WY H (¥l N“\ It L“ W”\ W g | N‘M‘P Al M ‘\\ ! VV'/J,‘WFE‘\ MM +-06
0.2 I T -0.8
0.0 TSV ‘ ‘ ‘ ‘ ; ; ‘ ; 1
2-Jan-08 2-Jun-08 1-Nov-08 2-Apr-09 1-Sep-09 31-Jan-10 2-Jul-10 1-Dec-10 2-May-11 1-Oct-11
— UST-SPX
1.2 — Daily Realised Correlation 0.4
| | | | +
L0 e LA TN w u v NN o
] I\ ‘ | ‘W\t || r 0.0
0.8 h ‘j A I W W Al
0.6 1 ‘4 \ | “‘“ 1, ‘» If W‘ ! WN Mw | [ 92
. / | A
04 | \' I il J TITRTN I (il ol J‘ i N ! ARy MH"\ A d\\ Wl T2
' uW‘ Wy L W L‘w it ‘ il ”V A i ‘” 1§ ! \ N\”’ AJ\)\“ ’ ) A \\ ) “ \'“ J"u"“‘/ﬂ"w\ - -0.6
024l ‘ *‘ M r-0.8
0.0 T T T T N t u T -1.0
2-Jan-08 2-Jun-08 1-Nov-08 2-Apr-09 1-Sep-09 31-Jan-10 2-Jul-10 1-Dec-10 2-May-11 1-Oct-11
— AUDJPY-Gold
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Source: Morgan Stanley QSI
Morgan Stanley

o ) ) Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI)
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1. Finding Alpha/Alternative Beta

Quantitative Solutions and Innovations (QSI)

Applications: Overlay to Carry & Trading Interest Rates =~ Fed!neome Saes & Trading

. For the period Jan 08-Jun 11, a filter based on the  identification of risk averse
1. Overlay to FX Carry Portfolios environments using a combination of signals from th e regime model enhances the
. . T . . . erformance of the carry portfolio.

» Wide variety of risk indicators used as filters to help time strategies P P

such as carry, including risk appetite indices and implied volatility The Sharpe ratio is

150% 1  improved from0.1to 1.1

» Objective: test using the regime model as filter to better time the carry and the maximum

trade, and compare results to other filters typically employed inthe ;500 L - - - - _ drawdown reduced

market, considerably.

« Use the correlation regime probability as a signal to enter/exit carry: 50% f - Tt

- Correlation Regime 1 (lower correlation for S&P-UST and Gold-
AUDJPY) may correspond to a more risk seeking environment, ~ %%% 7
‘risk on’

- When higher correlation, Correlation Regime 2, may indicate a 0%
move to a more risk averse environment, ‘risk off’

-10.0%
e Example trading strategy:

- Exit carry trade when probability of correlation regime 2 > 90% -15.0%

8 8 8 8 8 8 3 g3 3 g 8 3 g2 8 g% g 8 =9 o o
- Only re-enter carry trade when probability < 90% 5 2§53 5558 §g 3§ :58 83538 58¢8¢
‘—Carry Model —— Composite Regime Filter —— Risk Appetite Index Filter (GRDI) Implied Volatility Filter‘
. Performance of Long UST 10yr Index, with/without th e regime overlay, Dec 07 — Sep 11
2. Trading Interest Rate Futures 9 yr Index, withiwithou gime overiay. P

215

e The underlying positions are the Morgan Stanley UST & bond
Indices. Strategy uses the risk-seeking/risk-averse signals from the

correlation regime model to time a long/short strategy in the long- 175
only index.

195

155

e The IR for the overlay strategy is 2.0 for the 10y UST note future 1as |
and 1.8 for the 30y UST bond future from end Dec07 to mid Sep11.

« Benchmark = long-only position in the 10y UST and 30y UST, 115 v e
producing an IR of 1.1 and 0.7, respectively.

95 T T T T T T T
Dec-07 Jun-08 Dec-08 Jun-09 Dec-09 Jun-10 Dec-10 Jun-11

Long Only Index (MSQTUT10 Index) Index with Correl Regime Overlay
Morga n Sta n ley Source: Morgan Stanley QSI, EBS, Reuters, Bloomberg

o ) ) Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI)
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2. Hedging/Portfolio Construction
Quantitative Solutions and Innovations (QSI)

Optlmal Delta Hedg|ng Fixed Income Sales & Trading

Backtesting results for 1W USDJPY DNS. This graph shows the P&L
» Methodology developed to determine optimal distributions for delta hedging a long DNS position.

spot levels and optimal frequencies for delta USDIPY 1W DNS (190811-180213)  — o.ucoorman
hedging 5 ptimalSpotThres

o= OptimalTimeThresh

» Optimal spot boundaries outperforms time- DailyHedging
based strategies / NoHedging
1

* For majors, optimal frequency approx 0.5-3
hrs

Probability Density

0.5 1

* Outperforms daily delta hedging in terms of
risk reduction:

- Avg risk reduction in P&L is 15% & 10% for
1w and 1m straddles respectively with no - : ‘ 0 : — -

-15 -1 -0.5 0 0.5 1

tradeoff in P&L mean PLin IPY

Source: Morgan Stanley QSI

Backtesting results for delta hedging 1W DNS
using optimal boundaries

20% Risk Reduction 18% 18% 17% e
- 15% Mean difference 15% 5%
5 % 3
£10% 8% 1% 3% @
< 29% &
S 5% 0.8% =
e 1% ©
c
X 0% 0% @
c so; USDIPY EURUSD AUDUSD GBPUSD USDCAD Average 1% 2
’ -0.9% -1.3% -0.3% -2%
-10% -2.1% 3%
Morgan Stanley Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material. 21
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2. Hedging/Portfolio Construction
Quantitative Solutions and Innovations (QSI)

Tall RlSk Hedglng Fixed Income Sales & Trading

* Analysis conducted investigating the effectiveness

of tail risk hedging using 10 delta FX strangles Performance of local equity indices during the May-2010 sovereign
crisis with and without a rolling 10A strangle hedge. The hedged
o Tail risk events of major equity indices hedged portfolio performance includes estimated transaction costs for the
period.

using rolling 1m 10 delta strangle strategies

105
100 =
35
30
85

Mid-market performance of a rolling 1-month strangle hedge
during the May-2010 sovereign crisis. All option PnL is in
percent of USD notional. The options are marked to market daily ::__I—Mscmmmlia
using the QSI FX Options back-tester and Morgan Stanley’s FX 1 [ ——MSCI Australia Hedged : ;
EOD pricing engine pr-10 May-10 Jun-10 Juk10 Aug-10

Index (USD)

106
100
85+
a0 -
85~

Rolling 1-month 104 strangle hedge

——GBPUSD
4-  |—AuUDUSD
——EURLSD

USDSGD

1
Index (USD)

75— EUROSTOXX50 Ly J
| — EUROSTOXX80 Hedged

| 1
— .KSHO May-10 Jun-10 Juk-10 Aug-10

‘USDCNY

——USDCAD
2 USDJPY

105

%USD PnL

100 ===

o : f\_ - = 8 e e
A T — ; 2
A e — b J SN e 7 = <3 /
o i~ T 85— FTSEI00 (YA i
o | | g -~ ——FTSE100 Hedged v .
Apr-10 May-10 Jun-10 Jul-10 Aug-10 .Egr—m May-10 Jun-10 Juk10 Aug-10
Source: Morgan Stanley QSI Source: Bloomberg, Morgan Stanley QSI

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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2. Hedging/Portfolio Construction

MORGAN STANLEY
Quantitative Solutions and Innovations (QSI)

Fixed Income Sales & Trading

Constructing Minimum Tail Risk Portfolios

. Analysis conducted investigating alternative

approaches to portfolio construction using copula

Performance of individual strategies and equally weighted portfolio

| — Momentum {liquidity weigthed trends) — DFLO (Camy) .
' 50 FxVolNet (Vol Risk Premia) — Equally Weighted Portfolio
. Addresses dependence across investment styles
beyond linear correlation and focuses on joint tail il =
rISk 30 L gl e =
WJ\‘N‘“’“’“
. Example based on Carry, Momentum and Volatility 20 | ]JIL.W,,”—- o i
and alternative construction methods investigated ) } _ /J ) q,mayf""ﬂ.f‘m
: 10 ) :
to outperform an equally-weighted benchmark = : f W oA
i I WS &
. . pn . . 0 —"“i'r T i T F T T T T
. Momentum appears to offer diversification benefits LT
to Carry and Volatility during periods of market -10
Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13

turbulence
% Portfolio Returns (based on Equal Weights, Min Vol, Min Drawdown for

Empirical bivariate histogram of Carry and Volatility strategies previous quarter)

35
— MinVol —— EqualWeight —— Min drawdown

30,

20, : : 25

Jul-09 Jul-10 Jul-12

Jul-11

Juk07 Jun-08

Morga n Sta n ley Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material.
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2. Hedging/Portfolio Construction

Quantitative Solutions and Innovations (QSI)

PO rtfol IO O ptl m Iser Fixed Income Sales & Trading

. Morgan Stanley’s FX Optimizer allows
clients to analyze currency exposures
and generate optimal portfolios, that can

Efficient frontier ~ Correlation matrix

be designed to meet different objectives, ' Portfolio Exp. BenefitCost  StdDev
. + T ¥ 9,376,625,
elg- 4 Current Spot .0 9,376,625,
- can be used to generate the optimal R / a, 1.72) 0.00

currency weights that generate the . Zt0 Co = SAGT AL
minimum portfolio risk, and allow : -
inspection of the portfolio to see how the risk
changes as portfolio weights are adjusted.

- alternatively, optimal portfolios can be
constructed that seek to generate the
maximum risk adjusted return from the
currency exposure

° Key features_ 0 1,000,000 2,000,000 3,000,000 4,000,000 :::C;,:Dn 6,000,000 7,000,000 8,000,000 9,000,000 10,000,000

- Simple and intuitive to use
- based on well-established portfolio theory

Base Foreign 20/11/2012 StdDev 4 Upload [ Template
(mean-variance)
- allows existing portfolio exposures to be Zero Cost Portfolio
|Oaded from Excel 75,000,000 0 75,000,000 0.00 (75,000,000.00) (100%)
- generates the efficient frontier of portfolio (30,000,000} (30,000,000 0 (30,000,000.00) 0.0 0%

SOlUtionS a.”OWing ClientS to Select the 60,000,000 60,000,000 46,940,284.73 (13,059,715.26) (21%)
' L. 30,000,000 30,000,000 30,000,000.00 0.00 0%

preferred risk/return characteristics for the Sacan o 300000000 [RREERET 4.0 o

portfolio, and comparing the existing

portfolio to the optimal solution

M O rg a n Sta n ley Source: Morgan Stanley QSI

Please see additional important information and qua lifications at the end of this material.
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3. Retaining Alpha
Quantitative Solutions and Innovations (QSI)

Transactlon COSt AnaIyS|S Fixed Income Sales & Trading

Intra-Day Liquidity Cycles in Developed Market Currencies

« All managers have a fiduciary responsibility to seek and deliver best 0z
execution to investors, where best execution is defined as "the trading 02]{— serusn
process Firms apply that seeks to maximize the value of a client's 0.18 — tenean

' ——NZDUSD

portfolio within the clients stated investment objectives and constraints...'
(source: CFA’s Trade Mgmt Guidelines)

e As such, every manager must have an appropriate systematic process in
place, to audit, analyze and evaluate the quality of execution being
received and attribute the costs being charged to investors in each asset
class and security managed.

% Total Order Flow

* Since FX is an OTC market, few holistic and robust solutions exist to audit
FX transactions to ensure best FX execution

L i b g i 4 p 4 f ot 4 1 B § 1 i1 Ll
%2 23 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

= . = London Time
Products & Servlces Source: Morgan Stanley QSI
e Morgan Stanley’'s QSI group has developed a sophisticated FX TCA EURUSD Liquidity Statistics
framework which provides investors with the ability to: | L | | B

Avergage Liquidity Curve

d) generate comprehensive TCA reports on every transaction done with Lw‘dﬁ ‘

a) calculate transaction costs and market impact ex-ante (pre-trade)

b) identify the fair-value benchmark price against which the effective price
received should be measured,

c) attribute transaction costs to key underlying market factors such as
order size, depth of market liquidity, order flows and volatility and;

°©
™

Percentage Daily Liquidity
o
S

o
s

Morgan Stanley and other counterparties w VR, |

Lokl N i, m‘n A8 . “MHW
| 4MWMM~M"‘- | g s Y
[ 2 4 6 8 10 12 14 16 18 20 2

London Time
Source: Morgan Stanley QS|
Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material.
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3. Retaining Alpha
Quantitative Solutions and Innovations (QSI)

Fixed Income Sales & Trading

QSI Transaction Cost Framework - Overview

Robust, analytical framework for FX TCA developed u  sing market microstructure and options theory

* Framework developed to

provide indications of = I_r.1tra-l[l)ay Luiqqidi.ty“Cycle‘s in Deyle.lopedll\‘llgrkgt ‘Currrgn‘c‘ies )
transaction costs: 02:;%:5;:%2 Lile
- Based on microstructure of D_1B_¥§§§§§§ 5

limit order books and order —wmuso|

priority rules

- Uses option theory to
estimate hidden elements of
costs

- Allows execution strategy to
be optimised pre-trade to
minimise costs

% Total Order Flow

* Flow-weighted average price

prOVIdeS representatlve’ %2 2|3 dO OI‘I 0i2 0‘3 Oil- O% Oiﬁ 0‘7 OIB 019 1|O 1‘1 1‘2 15 1!4 1!‘3 1‘6 1i7 1i5 119 20 2‘1 2i2

London Time

transparent benchmark for iy
currency execution (MS FIX )

Source: Morgan Stanley QSI

Morgan Stanley

o ) ] Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI) 26



FX Liquidity and Volumes

Daily Report available via emaill

MORGAN STANLEY

Quantitative Solutions and Innovations (QSI)

Fixed Income Sales & Trading

» Dalily report available providing summary
of previous day’s liquidity based on major
ECNSs

* Market share per ccy displayed
* Trends in relative volumes plotted

* Actual intraday volumes plotted vs average
liquidity profile

EURUSD

KAty Vo FrotTe Estimated Share of Market by ECN

x = =
I Yesterday's Liquidity HSP
——— Average Profil

% Daily Volume Relative to 20 Day Average
0

1

RTR 80

[
I
i I.ll III“I.I

% Difference From Average

> ‘ L
n

Percent Daily Liquidity (basis points)

-

E.OO 4:00 800 12:00 1600 20:00
London Time

Source: Morgan Stanley QSI

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

QUANTITATIVE SOLUTIONS AND INNOVATIONS

Daily Liquidity Report

Electronic Market Volumes Overview

% Daily Volume Relative to 20 Day Average

g 8

s
= —

_

-

% Difference From Average

USDMXN |

US DCHF

054 ul

1244l
Date

194ul 264l

Percentage of Market by Currency

Other

GBPUSD '

AUDUSD

EURUSD

uspJPY

Morgan Stanley

ComactUs | 2013 July28

% Daily Volume by Currency

EURUSD
usoJ Py
AUDUSD
GBPUSD
USDCHF
USDMXN
USDCAD
EURJPY
EURCHF
USDZAR
EURGBP
USDSGD
EURNOK
NZDUSD
EURSEK
EURPLN
EURHUF

USDHKD

EURCZK

USDILS

0

10 20 30
Percentage of Volume

Please see additional important information and qua

Source: Morgan Stanley QSI

lifications at the end of this material.
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FX |_|qu|d|ty and Costs MORGAN STANLEY

Quantitative Solutions and Innovations (QSI)

Fixed Income Sales & Trading

Monthly Report Available

* Monthly update produced that summarises estimated costs per ccy pair, highlighting times that correspond to the

cheapest and most expensive times of day, on average, to trade

» Liquidity, volatility and costs compared month on month

* Includes charts per ccy pair with updated liquidity and estimated cost curves (also available on-line via Pre-Trade
TCA Calculator on Matrix)

Summary of Estimated Costs, Sep 2014

Comparison of Costs, Sep vs Aug 14

Source: Morgan Stanley QSI

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Please see additional important information and qua

Average Daily Implied
Volume Volatility | Average Cost| Max Cost | Min Cost
Q, 0, 0, 0, 0,

Implied Average Cost Max Cost Corresponding Min Cost Corresponding (% Change) (% Change)} (% Change) | (% Change)}(% Change)}

Volatility (bps) (bps) London Time (bps) London Time AUDUSD 0.7% -1.6% -1.2% 0.1%
AUDUSD 6.07% 346 6.08 21:27:00 242 15:07:00) EURUSD 18.5% 8.3% 5.4% 0.0%
EURUSD 4.93% 1.88 2.81 21:43:00| 1.32 14:29:00 GBPUSD 7.8% 3.2%
GBPUSD 4.81% 253 339 21:32:00| 1.96 9:50:00) NZDUSD 35-?1 0.9%, EWLA
NZDUSD 7.05% 5.10] 7.41 20:54:00) 355 14:50:00
USDCAD 5.05% 3.84 5.36 22:27-00) 266 14:11:00) USDCAD i dbant = 6% 56% 02%
USDCHF 5£.28% 475 6.92 22:08:00| 314 15:18:00 USDCHF 17.7% 5.8% 4.8% 3.0% 3.1%
USDHKD 0.34% 0.18 0.20 17:42:00 0.17 8:26:00 USDHKD 0.8% 11.4% 0.2% 0.5% 2.5%
USDJPY 5.48% 251 4.31 21:42:00| 1.86 15:12:00 USDJPY 38.9% 11.7% -6.9% -1.4%
EURNOK 6.06% 19.83 35.97 20:46:00) 533 8:39:00 EURNOK 21.4% 1 6% B.4% 12.4% 1 8%
coRcHE | 11 Yo em otew toe reonog |FURSEK L __28% A [ [ )
EURGBP 5.01% 5.08 7.79 21:43:00) 337 15:3100) EURCHF 22.7% 12.0% 83.5% 81.6% 2.9%
EURJPY 5.36% 2.24 369 21:44:00 156 152100 |EURGBP 1.3% 5.8% 14.9% 12.5% 20%
USDZAR 9.77% 26.84 50.51 21:15:00) 9.98 14:53:00] EURJPY 38.2% 6.2% -10.0% -2 9% -0.4%
USDMXN 6.48% 10.73 20.60 22:01:00) 3.01 14:51:00 USDZAR 6.5% 0.0% 5.4% -2 8% 0.6%
USDTRY 9.33% 14.60 23.10 20:05:00| 7.20 14:33:00 USDMXN A8.3% 9.0% j
s [ e mawx o mmel e een usor e s ] oon | [oen
EURCZK 3.15% 3651 60.81 17-33:00, 12.03 11:33:00) USDILS 61.1% 20.1% 22.0% 23.0% 16.3%
EURHUF 6.62% 31.03) 45.47 19:05:00 18.16 14:32:000  |USDSGD 34.1% 15.8% 2.0% 4.2% 7% |
EURPLN 5.32% 17 51 27.10 19:09:00 9.87 14:02:00 EURCZK, 56.2% 60.0% B81.7% 88.3% 2.3%

EURHUF 22.6% 11.7% 13.1% 12.8% 8.3%
EURPLN 36.6% 5.2% 11.1% 13.1% 2.3%

Source: Morgan Stanley QSI

lifications at the end of this material.
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3. Retaining Alpha _ :

Quantitative Solutions and Innovations (QSI)

Quantlfylng COSt AVASS R|Sk Fixed Income Sales & Trading

Cost as a Functlon of Dealmg Threshold

I
(& ]
(=]

* Framework allows informed decisions to be made
with regards to optimal trading sizes, waiting
times etc

‘—Average Cost‘

[48]
(=
o

» Trade off between opportunity cost (arising from
waiting to execute, either to net transactions or to
access better liquidity pools) and cost

Cost (basis points)
g B

* Trading instantaneously may be beneficial to

minimise implementation shortfall, but may be 0
sub-optimal from cost perspective Dealing Threshold o {millions)

« TCA framework allows impact of cost vs risk to be I%Sk as a Funct|on of Dealing Threshold
guantified 127

‘—Average Variance ‘

» lllustrates that may be beneficial to aggregate
small trades over shorter horizons, that can
‘overpay’ transaction costs, but generally not
worthwhile to wait for several hours to net given
likely cost savings vs volatility

Total Variance (V)
[0}

Dealing Threshold 6 {millions)
Source: Morgan Stanley QS|

Morgan Stanley

o ) ) Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI)
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3. Retaining Alpha

Quantitative Solutions and Innovations (QSI)

Comparing costs for FX Futures with OTC Fixed Income Sales & Trading

» TCA framework also applied to FX Futures markets to compare costs — in general, transaction costs are
found to be approximately 2-3 times greater in futu res than spot OTC

Costto Trade 10M in USDJPY

6 ‘ | | | 03
Cost (LHS) - Futures | | I I I I
Cost (LHS) - Spot | | | | | |
Liquidity (RHS) - Futures : : : : : !
51 Liquidity (RHS) - Spot | N S LN .25
0.2
g
(]
£
n E
g s
:‘; 0.15 >
3 8
=
38
T
01 %
0.05
0 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
London Time
Source: Morgan Stanley QSI/EBS/Bloomberg
Please see additional important information and qua lifications at the end of this material.
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Execution Services & Products: Pre-Trade Quantitative Solutions and Innovations (QSI)

Executlon DaShboard Fixed Income Sales & Trading

to help execution e e o S

decision making: Contacts & Publications  Execution Dashboard =~ TCA Calculator  TCA Benchmarker  TCA Reporting  Backtester  Optimizer

Real-time analytics Morgan Stanley Matrix Aman Trind

*Volumes USDJIPY Natification Manager

London 1|:|2.41‘|:| -
*Orderbook Liquidity B Recent Liquidity [J] Estimated Liquidity
*Pressure Indicator
*Volatility

*Price Momentum

Notifications ‘: s A hJJ‘I\’J'h«*IIWJFLJhHHJ ok .nn.1_.rJa.:.sitJLL\JhJA.M.w-'WJMﬁ.LJaLUJL_IIJ#_-.J;-u.“}\;Fuﬁ_‘ ‘JMAM#

avallable 20:00 21.00 2200 2300 0000 0100 0200 ©O03.00 0400 0500 0600 O7O00 O8O0 0500 1000 1100 12:00 1300 1400 1500 1600 17:00 1800 71800
Time

Volume (millons LHS)

*Set levels per
indicator or
combination of
indicators

Orderbook Heatmap i i pips bps Orderbook Imbalance Indicator
1
0.6 -

0z

*User notified when | oz
levels are met - os -

*E.g. tell me when s reas : : s
the EURUSD market

moves into a low il Lookback [ 60 min [
volatility, high
volume regime

180 min Momentum History . 60 min . 180 min

8
+

40 -

M
&

30 |

M
a

-
LM

1 min Volatiity % (annuslized)
H

e

o & @

20:00 22:00 0000 02:00 0400 D600 0800 10:00 12:00 1400 1600 18:00 2000 22:00 00:00 02:00 04:00 0600 0800 10:00 12:00 14:00 1600 18:00
Time Time

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Please see additional important information and qua lifications at the end of this material.
Source: Morgan Stanley QSI




3. Retaining Alpha

Pre-Trade TCA available

to estimate total cost of execution,
including impact cost, on a pre-trade
basis

Application on Matrix provides updated
intra-day liquidity profiles and allows
users to input specific trade parameters
and perform ‘what-if’ analysis to
determine cost efficient execution
strategies

Pre-calculated intraday cost curves for a
given 50m size available, together with
ability to calculate curves for specific
sizes as required

Source: Morgan Stanley QSI

Morgan Stanley

o ) ) Please see additional important information and qua
Quantitative Solutions and Innovations (QSI)

Framework provides investors with ability

MORGAN STANLEY

Quantitative Solutions and Innovations (QSI)
Fixed Income Sales & Trading
Morgan Stanley Matri Pete Eggleston

Contacts & Publications  TCA Calculator

. AUDUSD Pre-calculated costs (50m) 25 Jan 2013 18:45
., 25 Jan 2013 18:30 ~ [ 3.09 (bps)
2.93 (bps) || /3.24 (pips)

| 25 Ja
9.47 (bps)

00:00 0100 0200 0300 0400 0500 0600 O7.00 OB00 08:00 1000 1100 1200 13:.00 1400 1500 1600 1700 1800 1500 2000 2100 2200 2300
London Time

Lo
Calculated costs

Liquidity Pre-calculated costs (50m)

4 Upload [EJ Template Calculate all

4 AUDUSD 70,000,000 /25/2013  12:00 16:00 6.60 Calculate 2.81-3.79
a 13 16:00 16:00

lifications at the end of this material.
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3. Retaining Alpha
Quantitative Solutions and Innovations (QSI)

Pre_Trade TCA avallable Fixed Income Sales & Trading

» Effect of changing time of execution during the day can be analysed, together with the relationship between
cost and size of trade

TCA Calculator
TCA Caloulaime

L
AuifiiiAh
ALOUSD

] ALDUSD

“ ALDUSD

Impact of trading
at different times
of the day on
total cost can
also be analysed

Impact of
increasing the
size of a trade on
total cost
analysed

Source: Morgan Stanley QSI

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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3. Retaining Alpha

MORGAN STANLEY

Quantitative Solutions and Innovations (QSI)

Pre-Trade TCA available for Algo execution Fixed Income Sales & Trading

Pre-trade application also provides
estimates of algo (TWAP/VWAP)
execution

Impact and opportunity costs available
for:

- Different notionals
- Different times of day
- Different durations

Helps choose algo trade parameters to
meet specific objectives

Allows comparison of estimated algo
costs with point in time execution
costs, thereby helping decision making
process

d  USDIPY TWAP 200,000,000

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

e.g. at midday London, approx
24mins is ‘optimal’ duration to
trade 200m USDJPY in order to
minimise total execution cost
when using TWAP

goo.00 0004 0008 00:12 0016 00:20 00.24 00:28 00.32 00.36 0040 0044 0048 00.52 00:56 01.00
Duration

Opporiunity Impact Total

IoyD2/zo014  12:00 01:00 i 1592 -4.35

Source: Morgan Stanley QSI

Please see additional important information and qua lifications at the end of this material.



3. Retaining Alpha

Algo Product Summary

MORGAN STANLEY

Quantitative Solutions and Innovations (QSI)

Fixed Income Sales & Trading

Fx Algo Ticket

EURUSD

128476

FxAlgo Ticket

EURUSD

128477

Fx Algo Ticket

EURUSD

128481

Product Strategy Objective When to use vailability
TWAP Execute trades evenly over a Orders that require equal quantity and MS Matrix
speqﬂegl t|.me pgnod. Ability to set time slices over the day. Bloomberg, FX Connect
a price limit, which can be used to
either pause/terminate an order or Trading Screen, FXall
as an order activate trigger Portware, FlexTrade
VWAP Executes trades according to an When seeking to access more liquid MS Matrix
estimate qf |nt.rac.|ay vglume. Ability pan; gf trading day, resulting |q Bloomberg, FX Connect
to set a price limit, which can be receiving a central tendency price
used to either pause/terminate an weighted by liquidity. Reduces Trading Screen, FXall
o.rder or as an order activate faxecuuon volatility, helps minimise Portware, FlexTrade
trigger impact
MS Radar Opportunistic algo with no fixed For trading over shorter horizons, MS Matrix
participation schedule. Executes where the trade objective is cost control
. o . . Bloomberg, FX Connect
within specified cost, price and as opposed to a price or benchmark
liquidity constraints target Trading Screen, FXall
Portware, FlexTrade
MS Seeker Algo that seeks liquidity across For orders where goal is to access MS Matrix
range of.venues, |pc|qd|ng MS and market I|qU|d.|ty efficiently. Qrgency Bloomberg, FX Connect
ECNs, via a combination of level determines length of time orders
passive and aggressive orders will wait passively. Trading Screen, FXall
FlexTrade
MS Arrival Algo that seeks to minimise For orders where the priority is to MS Matrix
) sll.ppage relgtlve to the markgt mid gchleye the rT.ud—market' price at order Bloomberg, FX Connect
Price price at the instant the order is inception, whilst balancing the trade off

received (implementation shortfall
benchmark)

between impact cost and risk
(opportunity cost)

FlexTrade, FXall

Now

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

Please see additional important information and qua

End time

PETEEBRK

128481

1,000,000

Your Ref

PETEEBRK

128482

1,000,000 No Limit

MSFIX @

Clip sizes and intervals will be optimised

Your Ref

PETEEBRK

K 128486

1,000,000 No Limit

00:00

Order duration is 00:00

per 00:01:00

Your Ref

Source: Morgan Stanley QSI

lifications at the end of this material.
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Stylised VWAP — “Flow-Weighted Average Price” Fixed Income Sales & Trading
- '"tff?‘fy Price Dispersion vs. F-WAP Price Dispersﬂi’?nwmW -
* Matching FX transactions with the intra-day liquidity

cycle results in a flow-weighted average price (F-
WAP).

[N)

Morgan Stanley Fix provides investors with the
ability to trade a F-WAP directly

3l
T

Incorporates ‘event day’ liquidity curves

Probabiliy of Occurrence (%)
T

The F-WAP is a fair value benchmark price:

- It represents a central tendency price over an
execution window, avoiding trades at extreme

o
o

prices 0 = 36 I 0 i &
- It represents the prlce a paSSIVe trader WOU'd Source: EBS/Reuters/Morgan Stanley QS| FEplr Foirits in e Madian
obtain by trading on every tick in the market y EURUSD Spread vs. Liquidity Cycle 0
- F-WAP exhibits less dispersion around the F — Loy Oycle
median price than point-in-time prices L3l - “o.1667
*  F-WAP helps minimize transaction costs by =
executing during the most liquid times of the day e o
z 3
* Using Morgan Stanley Fix investors can: g b1
8 =
1 Reduce average execution volatility < %
o . 0.8333 -0.0667 &
2 Avoid high/low prices of day &
3.  Ensure access to deepest liquidity during execution window i 00333
4 Minimise ‘regret’
| L I | L 1 | o

- i i 1
0"22 0 2 4 6 8 10 12 14 16 18 20
London Time
Source: EBS/Reuters/Morgan Stanley QS|

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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Algorlthm|c Tradlng — COSt Control Quantitative Solutions and Innovations (QSI)
M S Rad ar Fixed Income Sales & Trading

Fx Algo Ticket

* Simple algo that allows a client to specify: EURUSD P

- Trade time, ccy pair, notional size, max slice size (optional) e,

- Max spread

- A price limit (optional) _ 1,000000 o Limi
» Algo only executes within constraints, thereby providing client with control

over acceptable spread cost, although no longer guaranteed to return a Now

complete fill of the order Duration

* Prevents clients experiencing ‘spread decay’ as they execute successive
orders and consume rungs of the liquidity ladder, i.e. once spread widens e
through order placement, algo will pause and wait for spread to move
back within defined threshold

» E.g. client submits order to buy EURUSD 10m over next 10 minutes, and does not want pay spreads greater than 2 pips, and does not want
to participate in the market if EURUSD goes above 1.24

t=0 n . - i
’ - t=5 mins, t=7 mins, t=10mins,
Mii;t)(;p EUEOSESF’:relag;l;'S MS top of book spread = 1.8 MS top of book spread = 1.8 EURUSD remains >
' : pips, EURUSD = 1.2340 pips, EURUSD = 1.2410 1.24 until expiry,
nothing else done
1m @ 1.5 pips t=2mins 1m @ 1.8 pips 1m @ 1.5 pips
i MS top of book spread ~_TUUTCY N e . e
ALALIRE widens 16 2.1 pips, BURUSD i@ 1ops 3m @ 17pips Ataigo expiry. partal i
i = 1238 g 4 S LR N spread < 2pips
10m @ 2.1 pips / 10m @ 2.2 pips 10m @ 2.1 pips
Algo starts executing, and Algo wakes up and starts
will fill 5m (spread < 2) executing again, and will fill 3m time
M St 5m exle.zcuted 3m executed Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material.
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M S See ker Fixed Income Sales & Trading

Fx Algo Ticket
Opportunistic liquidity seeking algo EURUSD PETEEBRK

- Intelligently places orders to capture spread and
minimise signaling risk

132645 \SK 132651

- Uses real-time and historical trade data to
estimate optimal participation level, whilst
minimising market footprint

1,000,000 No Limit

e Trade parameters: Now SEEKER
- Ccy pair, start/end time (or duration), limit price s : "::n
(optional), notional, buy/sell, urgency Medium

Low

» Designed for shorter trading horizons, and may not

complete depending on urgency setting and order
duration

Your Ref

* Urgency: 4 levels (Low, Medium, High, Ultra High), Sample Seeker Execution
determine speed/aggressiveness of execution

Urgency Likelihood of Spread L : -
Completed Order Reduction ¥ | E
T'e
=
8 ' S
& S
=
'®
=
L E
3

Source: Morgan Stanley QS| Sour S Es! Seeker Bid Placed Seeker Bid Filled ® Seeker Market Order
Morgan Stan ley Source: Morgan Stanley QS|
Please see additional important information and qua lifications at the end of this material.
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MS Arrlval Prlce Fixed Income Sales & Trading

Fx Algo Ticket

Benchmark algo seeking to minimise RIS e

implementation shortfall:

- Optimises trade-off between market impact cost 135793 ASK 135801
and market risk (opportunity cost)

- Benchmark is the mid-market price at the time . SR " Swvend
the order is received (the “arrival price”)

* Trade parameters: Now ARRIVAL

High

- Ccy pair, start/end time (or duration), limit price PR
Order will end before 17:48
(optional), notional, buy/sell, urgency

* Will always aim to complete by order expiry (unless
constraints such as limit price preclude this)

e Urgency:
- 4 levels (Low, Medium, High, Ultra High),
determine speed/aggressiveness of execution 4 .
H Opportunity cost
- High indicates user is risk averse and is willing to : [ i
trade faster, incurring more impact cost but less cost ‘
risk ; .
- Low indicates user is happier to accept higher ‘:Zv:.‘,':
risk as algo will trade slower, thereby creating | T T
lessimpactcost | T e Impact cost
time
Morga n Sta n ley Source: Morgan Stanley QSI
Please see additional important information and qua lifications at the end of this material.
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TCA Benchmarker on Matrix Fired Income Scles & Trading

Morgan Stanley Matrix
asl

New application on Matrix
provides ability to
construct and analyse
custom benchmarks for _ e
FX a0

Contacts & Publications ~ TCA Reporting  TCA Calculator  TCA Benchmarker = Backtester — Optimizer

24 May 13 9:22 Rename New i 4 Import and Calculate '[EJ Template

EURUSD High

Higl LN 1.3242
Low 09:00 17.00 LN 1.3173

Includes:

- TWAP
VWAP
Arrival Price
High/Low

73 Apr 2013 30 Apr 2013 07 May 2013 14 May 2013 21 May 2013 3

WM Fix _ Date

£
3
g
2
g
-
i

6~
g4
4
.
ol
3
04
2 |
24

Date

Client can load historical
trade records and
compute specific, tailor- e I —
made benchmark values pre—— 1.2899 1.2953 12865

USDIPY 101.5311 101.5418 101.8775 100.8625
USDCAD 1.0344 1.0343 1.0380 1.0303
AUDUSD 0.9695 0.9694 0.9775 0.9629
GBPUSD 1.5075 1.5075 1.5124 1.5047
NZDUSD 0.8091 0.8090 0.8169 0.8028

23 Apr 2013 - 23 May 2013 23 May 2013

Low

Morgan Stanley

o ) ) Please see additional important information and qua lifications at the end of this material.
Quantitative Solutions and Innovations (QSI)
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MS FWAP- also available on Bloomberg as a benchmark ™ eneome sstes & Tradine

e Morgan Stanley Fix rates, computed over a 24hr oy tg";gﬁ”iﬂ“fsiﬁ“ﬁpad
window, are updated and published daily on U7 Settings - 99 OUtput - B 15" ConErBUEor Pricing

M i Contributor

Bloomberg: Morgainsaniy [
- type FXOM<GO> and select MSST -> MSFIX. et

* Calculated from 5pm — 5pm NY time and available on
t+1 at 7am London time

* Representative (computed using ECN trade data)

Currently available for G10 and crosses

MSQTEUUS 1.2955 09

At 1127 Op T
99 5ave As 94 Actions - NEdit - 90 Table
: )

I 30 IM 6M YTD 1Y 5Y Max [Dailly ¥

The MSFix Benchmark Fixings
Source: Morgan Stanley QSI/Bloomberg

History of the MSFix EURUSD fixing plotted against BGN Last Price
Source: Morgan Stanley QSI, Bloomberg

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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POSt'Trade TCA avallable Fixed Income Sales & Trading

* Framework provides investors with access to TCA framework, providing rigorous and detailed post-trade analysis

» Trade data can be loaded directly into Matrix via an intuitive, simple interface. N.B. no data is stored on the Morgan
Stanley web servers

» Rigorous trade by trade analysis based on price data aggregated from major ECN platforms, i.e. it is not based on
Morgan Stanley prices and provides a representative, unbiased analysis

Morgan Stanley Matri» Pete Eggleston

st e | A " ; d il el W Chatting Help & Feedback  Request Call

Contacts & Publications ~ TCA Reporting ~ TCA Calculator ~ TCA Benchmarker — Backiester ~ Optimizer
Post Trade TCA 4 Upload [ Template example trades.xls Rename  New i

Select... Add Column

156026
156028
156029

156590
e Quantitative Solutions and Innovations |Qs1]
5659

AUDUSD
iy

Vo s

TCA Report

15676
156763
156766

156770
157100
157510

157509

S bt W2

157508 23,538,455 241,916.29

Source: Morgan Stanley QSI

Morgan Stanley
Please see additional important information and qua lifications at the end of this material.

Quantitative Solutions and Innovations (QSI) 42



- MORGAN STANLEY
3. Retaining Alpha
Quantitative Solutions and Innovations (QSI)

A NeW ApprOaCh to TCA Reportlng Fixed Income Sales & Trading

as!

e Ex-Ante Transaction Cost Estimates: performance Summary Morgan Staniey

- Transaction cost estimates grounded in
Black-Scholes option pricing

* Uses a high-frequency tick database to
provide snapshot of the market at trade

inception and throughout the implementation
period: .
- Prevailing mid market, bid and offer :
prices
- Depth of market liquidity
_ Trading Opportunity set USDCAD Source: Morgan Stanley QSI
Daily Price Dispersion
50—~~~ —— =~~~ e TR
| | High/Low
. . | | o Effective Price-»l.7854 Average [_)eyiation
* Measures the execution quality of each 1 1 2 London Fix- -1.8902 Average Deviation
transaction: 100f - oo SRR = R Toommoo-
| | | |
- Effective vs. expected spread 1 1 1 l
. . | e | | |
- Effective vs. expected market impact R e AN TNV R A L
. = 1 g
- Value-added/Regret relative to the i, oL N o\
execution benchmark price over the st .ot A I
implementation period g 1T . . T e . e s . e -
. . . ° \. | | ° o .\ o b
- Percentile rank of effective price over all . I . . :
prices observed in the trading o= /N __ o AN AN RV N SN\ o/
opportunity set ! 1 1 1
| 1 1 |
'3%%2-10 Aug-‘25-10 Nov-(‘)l—lO Dec-(‘)g-lO Mar-Z‘LO-ll
Date
Source: EBS/Reuters/Morgan Stanley QS|
Please see additional important information and qua lifications at the end of this material.
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Transaction Costs for Fixed Income markets G [ Sl e

« Transaction Cost Analysis available in
pre- and post-trade formats for all listed
markets since the 1990’s due to
availability of trade data from exchanges

20d Gepigraion Algos

* Now also available for spot FX due to
electronification of the market, resulting
in rich data source of transaction data

« Combination of increasing
electronficiation of liquid parts of Fixed
Income markets, together with regulatory
developments, means TCA becoming
increasingly viable

 Initial step is to model and understand
intraday liquidity and market structure

- Develop pre-trade TCA tool for liquid
sovereign bond markets

- Investigate algorithmic execution
products

Morgan Stanley R

Please see additional important information and qua lifications at the gnd. of thi%matggal.
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Please see additional important information and qualifications at the end of this material.
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Appendix

This information was prepared by Morgan Stanley sales, trading, banking or other non-research personnel. This is not a research report and the views or
information contained herein should not be viewed as independent of the interest of Morgan Stanley trading desks. Such interest may conflict with your
interests and recipients should be mindful of such potential conflicts of interest when reviewing this information. The views of the trading desk may differ from
those of the Research Department or others at Morgan Stanley. Morgan Stanley may deal as principal in or own or act as market maker or liquidity provider
for the securities/instruments (or related derivatives) mentioned herein. The trading desks may engage in a variety of trading activities (which may conflict
with the position an investor may have) before or after providing this information, including accumulation of a position in the subject securities/instruments
based on the information contained herein or otherwise. Morgan Stanley may also perform or seek to perform investment banking services for the issuers of
the securities and instruments mentioned herein. Morgan Stanley is not a municipal advisor and the opinions or views contained herein are not intended to
be, and do not constitute, advice, including within the meaning of Section 975 of the Dodd-Frank Wall Street Reform and Consumer Protection Act. Please
see additional important information and qualifications at the end of this material.
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Quantitative Solutions and Innovations (QSI) Fixed Income Sales & Trading

Overview Topics currently under investigation
_ _ include:
» Client facing quant group:
- team of 5 professionals » Volatility trading signals for FX & Rates
- located in NY, London and HK « Optimal delta hedging
* Cross-product focus ¢ Enhanced momentum strategies
* QSI Mandate: « Implied vs realised covariance

- Provide tailor made quant solutions « Tail risk hedging

- Deliver products and services that can

help our customers effectively and » High frequency price regime identification
efficiently achieve specific investment, » High frequency correlations and basket algo
trading and performance objectives products

- Innovative and strategic analysis : . : T
d y * Dynamic execution rescheduling with limits

- Add value to our customers investment

processes « Govt bond intraday liquidity and algo
strategies
Morgan Stanley
Please see additional important information and qua lifications at the end of this material.
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Q u ant D | g eSt Fixed Income Sales & Trading

* Regular publication SALES AND TRADING
reviewing the academic
literature to highlight
relevant and interesting QSI Quant Digest No. 1 e

. hitp:Aimatrix.ms.com
articles

Morgan Stanley

e Journals included:

- Journal of Portfolio
Management

SALES AND TRADING

Morgan Stanley

Reviews:
- . e . . Quantitative Solutions and Innovations
- J O u rn aI Of De rlvatlves * Evidence On Dynamic Loss Aversion from Currency Portfolio: QSI Quant Dlgest No. 6 gsi@morganstaniey.com
The article explores how past performance affects current investmen hup:/imatrix.ms.com

- Journal Of Rlsk * Eveni-Driven Trading and the “New News™ MORGAN STANLEY MATRIX
The article explores the possibility of alpha generation in stock mark:

- Quantitative Finance
* Market Diversity and the Performance of Actively Managed P

metadata.
_ 1 Market diversity may explain a significant percentage of the variation
J O u rn aI Of T rad I n g actively-managed large-cap strategies.

. . . * Tactical Allocation by Credit Quality Reviews:
° Cl rC u I ated VI a e m al I The value in credit and market ratings is analysed based on subsequer ] . . .
markets. ® The Effectiveness of Asset Classes in Hedging Risk

A study of portfolio diversification. with a specific focus on the effect that the mclusion of different
asset classes have on overall portfolio returns. The hedging effect is analysed for both “normal”
market conditions, and during more extreme events. In addition, the hedging performance is studied
for both mflationary and non-inflationary periods. Particular attention is paid to the performance of
commodities as an alternative asset class.

¢ Risk On/Risk Off
This article injects more formality around the concept of risk on'risk off by analyzing this widely
accepted phrase describing investment behavior. By analyzing the extreme state of the market of
perfect correlation, a set of observations of how assets should behave are derived This can guide
the mvestment decision-making process given a forecast that we are moving toward or away from
the risk-on‘risk-off environment.

Source: Morgan Stanley QSI

Morgan Stanley

o ) ) Please see additional important information and qua lifications at the end of this material.
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QSI| on Matrix

Morgan Stanley M

Qsl

Contacts & Publications = Execution Dashboard

QS| Commentary

[..] Interprefing the Execution Dashboard Heatmap
Y 08:13

QS| Backtester Information

24 Jul 2014

QS| Execution Dashboard Information

24 Jul 2014

QS| Optimizer Information

24 Jut 2014

QS| TCA Benchmarker Information

24 Jul 2014

QS| TCA Calculator Information

24 Jul 2014

Relative Trend-Following USD and EUR Basket

10 Jul 2014

@S1: July Transaction Coslz

01 Jub 2014

QSi: June Transaction Costs

@51 Quant Digest No. 14

07 May 2014

Qsl: May Transaction Cosis

Optimised Carry Basket (DFLO), Monthly Performance Update

01 May 2014

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

TCA Calculator

TCA Benchmarker  TCA Reporting  Backtester  Optimizer

Please see additional important information and qua

MORGAN STANLEY
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= Share  nM Charting Contact Us  Request Call

QS| Contacts

FX Sales Pete Egzleston

FX Sales Ralf Donner

FX Sales Jian Chen

FX Sales Damla Gunes
QS| Analytics Documentation

ig] @51 Backtester Information

’g‘ @Sl Execution Dashboard Information

24 Jul 2014

%l QS| Optimizer Information

24 Jul 2014

%‘ QS| TCA Benchmarker Information

24 Jul 2014

i\g‘ @51 TCA Calculator Information

QS| Training Videos

> @S5I Execution Dashboard

7 Aug 2014

lifications at the end of this material.




Contact Details
(gsi@morganstanley.com)
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Pete Eggleston, Global Head QSI

+44 20 7677 1341

QSI, North America (NY)
v

| ]

Ralf Donner

+44 20 7425 0897

Morgan Stanley

Quantitative Solutions and Innovations (QSI)

-
P

| & QSI, Europe (London)

f}.

;1[‘“

Jian Chen

+44 20 7677 3665

Yoshiyuki Hamajima
+44 20 7425 6640

L 2

b 8 &

5

Please see additional important information and qua

'“x

A

! QSI, Asia (Hong Kong)

Serena Tiong

“ +852 2239 1935

lifications at the end of this material.
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The information in this material was prepared by satagjng, or other non-research personnel of Morgan Stémiégstitutional investors. This is not a research reportl unless otherwise indicated, the views hereiangf) are the author’'s
and may differ from those of our Research Department orsoihéhe Firm. This material is not independent of titerests of our trading and other activities, which mayliwbnfith your interests. We may deal in any of therkess, issuers,
or instruments mentioned herein before or after providirgyitifiormation, as principal, market maker, or liquidity pdeviand may also seek to advise issuers or other markeipzartic

Where you provide us with information relating to an ordeguiry, or potential transaction, we may use that inftiom to facilitate execution and in managing our markaking and hedging activities.
This material does not provide investment advice or offerregulatory, accounting, or legal advice. By submitting document to you, Morgan Stanley is not your fiduciamynicipal, or any other type of advisor.

This material is not based on a consideration of any inaiidlient circumstances and thus should not be considermbmmendation to any recipient or group of recipients. fairial is an invitation to consider entering into denixes
transactions under U.S. Commodity Exchange Act §§1.71 and 2@vB@®e applicable) but is not a binding offer to buy or sglliastrument or enter into any transaction.

Unless otherwise specifically indicated, all informatinrihese materials with respect to any third partytenivt affiliated with Morgan Stanley has been provided by, ia the sole responsibility of, such third party and leadeen
independently verified by Morgan Stanley, our affiliatesiy other independent third party. We make no express beimppresentation or warranty with respect to the rogyuor completeness of this material, nor will we uradertto
provide updated information or notify recipients when inforovatontained herein becomes stale.

Any prices contained herein are indicative only and shooide relied upon for valuation or for any use with thirdipart

All financial information is taken from company disclosusesl presentations (including 10Q, 10K and 8K filings andrgihblic announcements), unless otherwise noted. Anyitesweferred to in this material may not have been
registered under the U.S. Securities Act of 1933, as amett® if not, may not be offered or sold absent an exemtéyaftom. In relation to any member state of the Eumofigmnomic Area, a prospectus may not have been published
pursuant to measures implementing the Prospectus Deg@003/71/EC) and any securities referred to herein magenoffered in circumstances that would require such puisiicaRecipients are required to comply with any legal or
contractual restrictions on their purchase, holding, salercise of rights, or performance of obligations underi@styument or otherwise applicable to any transactioraddition, a secondary market may not exist for certatheof
instruments referenced herein.

The value of and income from investments may vary tsecatj among other things, changes in interest ratesgfoexchange rates, default rates, prepayment ratesitiesc prices of instruments or securities, market iasderperational, or
financial conditions of companies or other factors. Therg Ineatime limitations on the exercise of options or otfghts in instruments (or related derivatives) transastid®ast performance is not necessarily a guide tefperformance.
Estimates of future performance are based on assumptansidly not be realized. Actual events may differ frbose assumed, and changes to any assumptions may faterial impact on any projections or estimates. Othents not
taken into account may occur and may significantly affegt projections or estimates. Certain assumptions may been made for modeling purposes only to simplify the queggEn or calculation of any projections or estimatesl
Morgan Stanley does not represent that any such assomptith reflect actual future events or that allasptions have been considered or stated. Accordingly, thereecao assurance that any hypothetical estimated sebanprojections
will be realized or that actual returns or performanaselte will not materially differ. Some of the informai contained in this document may be aggregated datane&t@ons executed by Morgan Stanley that has been cdngpilas not to
identify the underlying transactions of any particulart@uer.

This information is not intended to be provided to and may naskd by any person or entity in any jurisdiction wheeegrovision or use thereof would be contrary to applicae,|rules, or regulations.

This communication is directed to and meant for sophistidatestors. Specifically, institutional investors retU.S and those persons who are eligible counterpartig®fessional clients in the U.K. It must not be re-disifélol to or relied
upon by retail clients.

This information is being disseminated in Hong Kong by Mar&tanley Asia Limited and is intended for professiomedstors (as defined in the Securities and Futures wifjiaand is not directed at the public of Hong Kong. This
information is being disseminated in Singapore by Mordanl&y Asia (Singapore) Pte. This information hasheen registered as a prospectus with the Monetary AuwthafrBingapore. Accordingly, this information and any other
document or material in connection with the offer or,salenvitation for subscription or purchase, of this sigunay not be circulated or distributed, nor may this scbe offered or sold, or be made the subject of an invitefo
subscription or purchase, whether directly or indirectiypdrsons in Singapore other than (i) to an institutionedstor under Section 274 of the Securities and FuturésChapter 289 of Singapore (the “SFA”"), (i) to a relevag@tson
pursuant to Section 275(1) of the SFA, or any person pursu&@#ction 275(1A) of the SFA, and in accordance with the donsljtspecified in Section 275 of the SFA or (iii) otherwisesuant to, and in accordance with the conditions of,
any other applicable provision of the SFA. Any offeringta$ security in Singapore would be through Morgan StaAkEg (Singapore) Pte, an entity regulated by the MogeAuthority of Singapore.

This information is being disseminated in Japan by Moffamley MUFG Securities Co., Ltd. Any securities mefé to herein may not have been and/or will not be registender the Financial Instruments Exchange Law of Jgsawm No.
25 of 1948, as amended, hereinafter referred to as the “Rihémstruments Exchange Law of Japan”). Such secsinitiay not be offered, sold, or transferred, directly orémdly, to or for the benefit of any resident of Japanamfsursuant
to an exemption from the registration requirements ofatherwise in compliance with the Financial Instrumefshange Law and other relevant laws and regulatiodsdn. As used in this paragraph, “resident of Japan”sv@anperson
resident in Japan, including any corporation or othetyeatganized or engaged in business under the laws of Japan reside in Japan, please contact Morgan StanlefF® Becurities for further details at +613-5424-5000.

This information is distributed in Australia by Morgataley Australia Limited A.B.N. 67 003 734 576, holder of Australiinancial services license No. 233742, which accepts reidy for its contents, and arranges for it to be provided
to potential clients. In Australia, this report, and angess to it, is intended only for "wholesale client¢hiwithe meaning of the Australian Corporations Act.

For additional information, research reports, and impordé&wosures see .“The trademarks and service marks contained hereihemrdaperty of their respective owners. Third-party dataigeeos’ make no
warranties or representations of any kind relating t@twairacy, completeness, or timeliness of the data tlwydprand shall not have liability for any damages of angt katating to such data.

This material may not be redistributed without the pridttem consent of Morgan Stanley.
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