MEMORANDUM

To: Liquidity Risk Management Programs Proposal File

From: Amanda Hollander Wagner
Senior Counsel, Division of Investment Management

Date: December 21, 2015
Re: Meeting with Representatives of Bloomberg

On December 17, 2015, Sarah ten Siethoff (Assistant Director, IM), Melissa Gainor
(Senior Special Counsel, IM), Kathleen Joaquin (Senior Financial Analyst, IM), Thoreau
Bartmann (Branch Chief, IM), and Amanda Wagner (Senior Counsel, IM) met with the
following representatives of Bloomberg:

e Ronnie Taylor, Regulatory & Evaluated Pricing Strategy, Enterprise Solutions;

e Stefano Pasquali, Global Head of Liquidity Research, Regulatory & Accounting
Products;

e Krishna Nadella, Americas Head of Regulatory Sales and Institutional Pricing
Services; and

e Chris Casey, Regulatory Product Manager.

Among other things, the participants discussed the Commission’s proposal on liquidity
risk management programs and swing pricing.
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PREMISE

MARKET NEEDS

Regulatory requirements

THE PROBLEM

There is no industry-standard
definition of liquidity

Bloomberg
THE SOLUTION

Risk management functions
and systemic risk

We developed a proxy that
addresses market demands
leveraging Bloomberg data,
analytics and pricing

Liquidity is difficult to
estimate due to lack of data
and transparency

Trading/investment support

Our methodology is based on
machine learning. We
approach the problem from a
systemic risk perspective
“melting” together relevant
factors that can influence
liquidity

THE PRODUCT

Bid-ask spread is an
inadequate approach relied
on by the market and
academia

* The tool also provides the level of uncertainty for each of these returns.

Uncertainty in the data is
factored into the calibration

* The Liquidity Assessment Tool (LQA) helps measure market depth and liquidity of securities for the
purposes of regulatory reporting, risk and pre/post trade analysis.

* |t provides information, based on a machine learning approach, such as the probability of selling a
specific volume at a specific price, the expected cost of liquidation and expected maximum volume and
expected days to liquidate a specific volume (given a maximum market impact).




LIQUIDITY MODEL OVERVIEW Bloomberg

The overall model is based on THREE components:

e

Volume (MM)

Market Impact model

e Market Impact model derived from literature
e \We estimate price shift from a fair value (equilibrium) given a specific volume
*In the proposed framework the calibration can be extended to every asset class

Machine Learning Engine

e Problem : A lack of trade data gives < 100% coverage
e Solution : Cluster Analysis is used to identify comparable assets
e We also leverage NON-traditional information

A

Market Normalization Factor

e \We want the model to react to market conditions
e We measure the quality of information in the market (Entropy)
* New concept of market indices

* Definition : “PROBABILITY OF LIQUIDATING A GIVEN VOLUME AT A FAIR VALUE PRICE OR BETTER”

* llliquidity (low probability of SELL) can be driven by Far value
« illiquidity of the bond (high cost of liquidation) oy
* high uncertainty in the estimation due to poor market observation or low .
cluster quality



MODEL INPUTS AND OUTPUTS

Bloomberg

INPUTS OUTPUTS

GENERAL INPUTS

* V=Trade Volume

e P =Reference (fair value) Price

*  S=Bid/Ask Spread

* 0 = Price Volatility over period AT (i.e. 2 months for Corp)
*  F2=Turn over in period AT (i.e. 2 months for Corp)

*  F3 = Average daily volume

* N =Average daily number of trades

* R =Participation Rate

ASSET CLASS SPECIFIC INPUTS

*  Fixed Income : Duration (D),. Coupon (C), AMT (M), etc.
*  Equity : Fundamentals

*  Otherassetclass ....

NOVEL INPUTS

*  News Sentiment Index

*  Accessibility Index (function of holder type)

*  Other specific features for different asset classes

LIQUIDITY ASSESSMENT (LQA)

* @& = Probability of Selling volume (V) at Price (P) or worse

* Iy = Market Impact selling custom volume (V)

*  Vyax = Given max Market Impact (1,,,4,), max Volume can be
sold

* T =Given max Market Impact (I,,,4,), days to liquidate custom
volume (V)

* L =Synthetic Liquidity Score (*)

* [ =Cluster Quality Index (*)

* O =Cluster Migration Rate (*)

PRUDENT VALUATION (PRUVAL)

*  Pypy= Market Prudent Price

* ACCyy4 = Close Out cost AVA

*  AMPU,y 4= Market Price Uncertainty AVA
*  ACP4y 4 = Concentrated position AVA

*  ACyp4 = Combined AVA

MARGIN PERIOD OF RISK (MPR)
* Under Test (Q2 2015, details in the appendix)

HQLA : Active and sizable market
. Under Test

Volker : RENTD
. Under Test

* (*) input overridable with client assumption
* (**) available in Q2 2015



IBM CORP -- IBM 1 7/8 2022 (standard Laa output)

Security features

Date 2014-12-22 OBvAL H.5 MM
Snapshot Time (2=NY4, 4=L04) 2 # of trades on cluster : 469
Duration 7.05 = o10mMm B5.0MM # of trades on target:31
Coupon 1.88 E

T 0O 10.0 MM O10.0 MM
Age 2.41 )
AMT Outstanding 1,000,000,000 E' 0O 20.0 MM O50.0 MM
Price 93.52 I;
Contrib Std 0.189652 —g
% of Market Data 100.00% a
BA Spread 0.29
Sum Trade Vol. of past 2 months 21,859,000 Price
Country of Risk us ; :
currency UsD, 922 924 927 929 932 935 937 94.0 942 945

Bloomberg

Price Distributions by Volume

All values in local currency

Volume Impact Uncertnt

500,000
1,000,000
5,000,000

10,000,000
20,000,000
50,000,000

93.65 -0.16
93.63 -0.18
93.56 -0.25
93.50 -0.31
93.42 -0.39
93.27 -0.54

0.11
0.12
0.17
0.21
0.26
0.37

88.20%
82.48%
59.68%
47.61%
36.50%
25.12%

Prob of selling TTL for

. at bid or higher Mi <0.31

0.06
0.11
0.57
1.15
2.30
5.74

Comparable: Top 5 Cluster Members

100% -
90% -+
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0%

Probability of liquidating at the BVAL bid (or better)

Millions
1

50

Distances in Cluster (# of member s5)
(BLUE are from the same issuer)

Sector Weight Yield BA Spread AMT Outstanding Duration Country 2mPstd  Score
COEJ2992190 IBEM CORP Technology  21.83%  2.78 0.29 1,000,000,000 7.05 1.BE8 AA- us 0.47 9
COEIT725454 IEM CORP Technology 20.23% 3.05 0.28 1,500,000,000 7.45 3.38 AA- us 0.52 9
COEIB592749 IEM CORP Technology 19.80% 249 0.59 500,000,000 6.24 290 AA- us 0.39 9
COEKO0635616 IBM CORP Technology 19.69%  3.09 0.13 2,000,000,000 7.78 3.63  AA- us 0.64 9
COEJBR26075 IBEM CORP Technology 18.46% 2.31 0.33 1,250,000,000 3.16 1.63 AA- uUs 0.27 9

* Price impact for selling 1% of AMT is -0.307 (USD) with uncertainty (st.dev.) of 0.210. The probability of execution at the bid is 47.61%.
* The max volume can be executed, with market impact not bigger than 0.31%, is 8.70 MM (USD).
* Given max volume and accepted market impact, the time to liquidation is 1.15 days (under linearity assumption in this release).
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REPORT EXPLANATION _Bloomber

Reference date ' BeasaniityBenaity
Date 5/9/2014 Function

(ST TR === """~ \ Other summary data - PDF around the 1

i Duration : % of fair value coming . equilibrium price I

| Coupon : : frtc))m direct marker B e I

I Age i ' observation : :

i i prices for different

| B i Standard deviation of y volumes ]

™ aaaar v observations _ / [ ——

Currency

Country of Risk

-----\

Fair value bid-ask spread

Sum of trades volume in

the last 2 months (if Price
available) : :

91.00 91.31 91.62 9183 92324 892.55

All value in local currenc

i Probability of liquidating at the BVAL bid (or worse) Distances in Cluster (# of member 5)
N of davs to 100% 4 (BLUE are from the same issuer)
Mew Price  Impact Uncertainty Prob(=BVAL) Ligdtn foran 90% T T
impact nf 0.3172 0% 1 ) A T77 ;
70% - y )
500,000 91.55 -0.17 0.12 95.68% 0.04 60% A \ / {
1,000,000 9153  -018 _Qi2—3p{92385% 0.07_ 5o | Ay -3\“"!///// —
000,000 o7 40 S= :
| \ i

/000,000 : 074  30% - =

,000,000 0.20 0.74 20% 1

,000,000 0.25 52.29% 1.48 123: I Millions \

000,000 0.34 36.39% 3.71 05 5 50
Compargple: Top 5 Clustgf Members
Securi y ssuer Sector Weight Yield BA Spread AMT Outstanding Duration ] County 2mPstd  Score
COEJ2992190 BM CORP Technology  100.00% 3.02 0.37 1,000,000,000 7.67 0.60 9
COEI7f25454 ULL NULL 92.23% 3.27 0.25 1,500,000,000 B8.02 0.65 10
COEI&] b2?49 L _§F _§ _§ _§ _F L & F§F F 8§ & §F §F & § U & § ] 6.83 0.52
COEK(p35616 { 4 New Price: PredicteULbHce. 89.16% 3.38 0.28 2,000,000,000 \
COEJ6§26075 Ay . Diffaranea KL oo oo BRI a0, 0.19 1,250,000,000

l. ncertainty : Standard Deviation of the distribution of the Impact.

—l * Y Probability ¢f selling at fair value bid or higher for different volumes
. N of days to liquidation: This is the number of days that it would take

an == =m =

l to sell a specific volume at simulated maximum accepted market
impact (S 0.31 in this case). In this version with linearity assumption
\_-------------------'




DEXIA CREDIT LOCAL -- DEXGRP 1 5/8 10/29/18

Security features

Bloomberg

Price Distributions by Volume

Date 2014-10-14 OsvaL H.5 MM
Snapshot Time (2=NY4, 4=L04) 2 # of trades on cluster : 56
Duration 3.88 = oiomm  BES0MM
Coupon 1.63 E
o 0 10.0 MM 020.0 MM
Age 1.04 )
AMT Outstanding 2,495,200,000 E' O 25.0 MM O50.0 MM
Price 105.08 B
Contrib Std 0.082544 '8
% of Market Data 100.00% &
BA Spread 0.05
Sum Trade Vol. of past 2 months 0 Price
Country of Risk FR r : T T T T
Currency EUR, 103.0 103.4 103.7 104.1 104.5 104.8 105.2 105.5 105.9 106.3
All value in local currency
Prob of selling N of dEl‘fS to 100% _Probability of liquidating at the BVAL bid (or better) Dls(tgfszsalrchlrl;sr;e:h(:Soafnr]r;eir:sl:;rr)lﬂ
New Price  Impact Uncertainty at fair value Ligdtn for an 90% - - -
bid or higher  impact of 0.0550 80% 1
500,000 105.10 -0.02 0.11 59.62% 0.45 ;g: ;
1,000,000 105.08 -0.05 0.12 50.00% 0.90 50% -
5,000,000 104.97 -0.16 0.20 29.42% 4.48 40% -
10,000,000 104.89 -0.24 0.26 23.09% 8.96 30%
20,000,000 104.77 -0.36 0.34 18.45% 17.91  20% -
24,952,000 10473 -0.40 0.37 17.27% 22.35 133’ ] Millions
50,000,000 10454  -0.59 0.50 14.35% 24.79, T s s w0
Comparable: Top 5 Cluster Members
Sector Weight Yield BA Spread AMT Outstanding Duration ] Country 2mPstd  Score
COEJ&959219 DEXIA CREDIT LOCAL Financial 8.75%  0.34 0.05 2,455,200,000 3.88 1.63 AA- FR 0.17 10
COEK1178764 DEXIA CREDIT LOCAL Financial 7.75% 0.45 0.07 2,183,300,000 4.80 1.38 AA- FR 0.25 10
COEK3639961 DEXIA CREDIT LOCAL Financial 7.39% 0.22 0.04 2,495,200,000 2.72 0.38 AA- FR 0.13 10
COEJ9113865 RAIFFEISEN BANK INTL Financial 7.10% 135 0.12 623,800,000 3.87 1.B8 A- AT 0.46 10
COEJ9351101 STANDARD CHARTERED PLC Financial 7.06% 0.66 0.08 1,559,500,000 3.94 1.63 A GB 0.25 10,

* Price impact for selling 1% of AMT is -0.403 (EUR) with uncertainty (st.dev.) of 0.374. The probability of execution at the bid is 17.27%.
* The max volume can be executed, with market impact not bigger than 0.05%, is 1.12 MM (EUR).
* Given max volume and accepted market impact, the time to liquidation is 22.35 days (under linearity assumption in this release).




DISCLAIMER Bloomberg

The BLOOMBERG PROFESSIONAL service, BLOOMBERG Data and BVAL (the “Services”) are owned and distributed by Bloomberg Finance L.P. (“BFLP”) in all
jurisdictions other than Argentina, Bermuda, China, India, Japan and Korea (the “BLP Countries”). BFLP is a wholly owned subsidiary of Bloomberg L.P. (“BLP”). BLP
provides BFLP with global marketing and operational support and service for the Services and distributes the Services either directly or through a non-BFLP subsidiary
in the BLP Countries. Certain functionalities distributed via the Services are available only to sophisticated institutional investors and only where the necessary legal
clearance has been obtained. BFLP, BLP and their affiliates do not guarantee the accuracy of prices or information in the Services. Nothing in the Services shall
constitute or be construed as an offering of financial instruments by BFLP, BLP or their affiliates, or as investment advice or recommendations by BFLP, BLP or their
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BLOOMBERG PROFESSIONAL, BLOOMBERG MARKETS, BLOOMBERG NEWS, BLOOMBERG ANYWHERE, BLOOMBERG TRADEBOOK, BLOOMBERG TELEVISION,
BLOOMBERG RADIO, BLOOMBERG PRESS and BLOOMBERG.COM are trademarks and service marks of BFLP, a Delaware limited partnership, or its subsidiaries.
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