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SECTOR REVIEW

HFT 101 with Tradeworx
We had the pleasure of hosting Manoj Narang, CEO of Tradeworx for an in
depth discussion of high frequency trading and U.S. market structure. Enclosed
is a summary of the topics discussed.
■ Tradeworx, Inc. is a financial technology company based in Red Bank, New
Jersey that operates an equity market neutral hedge fund, a high frequency
trading business and a technology solutions business through Thesys
Technologies. Tradeworx today comprises ~5% of U.S. equity volume
■ Key Takeaways (details in the note). 1) Diminishing marginal returns to
squeezing an additional microsecond out of the equation 2) Latency has
been compressed to a point where speed advantages have become more
random rather than deterministic 3) Democratization of technology has
leveled the playing field 4) Size determines the conversion of an individual
trade winning percentage (52-53% for Tradeworx) to a daily winning
percentage (86%) to a weekly winning percentage (99.9%) 5) HFT liquidity is
valuable given the provision of immediacy, diffusion of price pressure and
transference of holding period risk 6) HFT firms do not trade in
microseconds, Tradeworx holds trades for 10 minutes on average 7) Need
to cancel orders reflects risk management 8) Poor fill rates are a function of
inadequate trading infrastructure 9) HFT firms needs to be passive and not
active to do large amounts of volume 10) Price-time priority and narrow
trading increments increase the important of speed 11) Tradeworx is
agnostic to the existence of the maker-taker model 12) Eliminating the
maker-taker model would reduce displayed size at each quote and increase
cancellation rates 13) SIP is unsuitable for trading as it doesn't show depth
of book 14) Using direct feeds is not just a speed game but also involves
skill in processing order messages 15) Market structure regulation will be
data-driven 16) Retail broker price improvement execution statistics need to
be improved.
■ Stock positioning–we like NDAQ. We view recent share price weakness
from concerns around regulation as a buying opportunity for a cash flow rich
franchise (9% FCF Yield). We believe the regulatory overhang on NDAQ will
gradually be lifted and investor focus will return to the 10%+ EPS growth
over the next two years from share buybacks (starting in 2Q), technology
solutions revenue growth and operating leverage from modestly higher
volumes. We view the ongoing $0.16-$0.20 investment in NLX (5-7% of
2013 EPS) and success of Nasdaq Private Market initiatives as free options.
More here in our note: Regulation Looks Manageable; Buyback and
Technology Opportunity Underappreciated.

DISCLOSURE APPENDIX AT THE BACK OF THIS REPORT CONTAINS IMPORTANT DISCLOSURES, ANALYST
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Key Takeaways
We had the pleasure of hosting Manoj Narang, Founder and CEO of Tradeworx for an in
depth discussion of high frequency trading and U.S. market structure. Here are the key
takeaways:

Tradeworx and Market Makers
■

Who is Tradeworx? Tradeworx is a financial technology company based in Red
Bank, New Jersey that operates an equity market-neutral hedge fund, a high
frequency trading business and a technology solutions business through Thesys
Technologies. Tradeworx today comprises ~5% of U.S. equity volume.

■

Who is Manoj Narang? Manoj Narang is the Founder and CEO of Tradeworx, Inc. An
internationally recognized expert on algorithmic trading and market structure, Mr.
Narang has taken a leading role in educating the public about these complex issues.
His response to the SEC's 2010 Concept Release is one of the most detailed and
highly cited primers available on high-frequency trading and market structure. In
December 2010, he provided expert testimony to a joint Senate Subcommittee hearing
on Market Structure and Stability. Mr. Narang was named one of the "Seven Most
Influential Players in High Frequency Trading" by CNBC.com, and in January 2014
was recognized by Institutional Investor magazine as one of the top financial
technology executives in the world. Please see his complete bio at the end of the note.

■

What does a market-maker do? In an effort to earn the bid-ask spread, large-scale
market makers tend to passively provide liquidity by constantly calculating the fair
price of a security on a real-time basis and then proceed to manage risk by hedging
exposure with correlated securities and indices and cancelling quotes as prices
become stale. While providing liquidity they take into consideration the size of the
rebate, size of the trading increment and liquidity of the security amongst other factors.
They utilize state of the art technology and market tools to minimize latency and
navigate markets efficiently.

Speed & Technology
■

Need for speed–"the arms race is dead". Tradeworx believes the outsized attention
that high frequency trading (HFT) and the low latency arms race has received
overstates the importance of speed in today's markets. It is undeniable that we have
witnessed an arms race over the past 5-10 years to compress latencies and
consequently market participants have far lower latency when it comes to prices
discovery and market access than they have ever had before. That brings us to today,
where we are very close to the natural lower bound for latency (as close to zero as
possible). As such, we have reached a point of diminishing marginal returns to
squeezing an additional microsecond out of the equation. It is now far more important
to intelligently employ a variety of market structure tools within the confines of current
rules while navigating current cash equity microstructure.

■

Can latency go lower? Yes, but it is extraordinarily expensive and harder to do so. It
is important to appreciate that as the differential between fast and slow players has
compressed from minutes (20 years ago) to milliseconds or microseconds today, the
benefit of latency becomes more random (uncertain) rather than deterministic
(certain)–said another way at a 1 minute speed differential, it is deterministic the faster
trader will "win" 100% of the time, at a 1 microsecond differential it is not guaranteed
that the faster trader will "win". Even if two fast traders send their orders at exactly the
same time it is not guaranteed that they will both arrive at the same time–in fact
Tradeworx only wins 52-53% of the time.
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■

Democratization of technology–"a great equalizer". One of the prevailing trends
over the past few years has been HFT firms monetizing their R&D investments by
selling their technology on a commercial basis thereby diffusing the advantages of
speed across a broader population. For example, all of Tradeworx' HFT infrastructure
is available on a commercial basis through their affiliate, Thesys Technologies LLC.
Solutions span the trading chain from algorithms to surveillance and data feeds to
colocation and back-office infrastructure. We note that even IEX, recently chose a
competitor, Redline Trading Solutions for their ultra-low latency ticker plant.

HFT Economics and Win Rates
■

HFT Economics–-slim margins, volume matters. Mr. Narang believes that an unfair
advantage would be reflected in the winning percentage of an individual trade–
Tradeworx wins 52-53% of the time. This translates into an 86% daily winning
percentage and 99.9% weekly winning percentage. Why do the percentages
increase with the size of the time frame being observed? The law of large
numbers states that if the sample gets sufficiently large, the individual trade winning
percentage (53%) becomes a more reliable indicator of the proportion of winning
trades at the end of a trading day.
For example, with a large sample of trades (100 shares per trade) and assuming a
standard losing and winning trade is around $0.01 which means that over 100 trades,
a firm would make $0.53 (assuming a win rate of 53%) and lose $0.47 (assuming a
loss rate of 1- the win rate), netting to $0.06. In fact, Tradeworx today makes about 6
mils per share which is in line with what the probabilities would suggest–$0.06/(100
trades x 100 shares).
The only difference between Tradeworx and other larger HFT firms is that that
Tradeworx is 4-5 times smaller–-therefore Tradeworx has an 86% daily winning
percentage vs. other larger firms at 99.9%. Said another way, the importance of size is
manifested in Tradeworx's weekly winning percentage of 99.9%--a number that is
based on 4-5 days of aggregated volume that is equivalent to a large HFT firm's daily
volume. Another way to observe the law of large numbers is to take 4-5 firms the size
of Tradeworx and aggregate their daily P&L without any integration–the result
theoretically would be a higher daily winning percentage.

Exhibit 1: Winning % and the Law of Large Numbers
As stated

52-53%
Per Trade
86%
Daily
99%
Weekly

Source: Company data, Credit Suisse estimates

■

Is $0.06 per 100 shares too high? Mr. Narang argues that if one believes that HFT
liquidity provision is valuable (more on this below), then it deserves to be
compensated. SEC makes $0.05 per 100 shares (Section 31 fees) and the broker is
paid ($0.015). Why are margins this low? Over time profit per share has declined,
despite providing more liquidity–this is because of technology and automation
benefiting real money investors.

■

53% win rate? Tradeworx's win rate per individual trade has declined from 54% to 5253%. For context, the pay-off win rates tends to be exponential–Mr. Narang believes
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that 56% is "astronomical" while 57-58% would catapult one to "billionaire status".
Why has profit per share declined? Principally because of increasing adoption of
technology by the buy-side via proprietary direct investments or via sell-side firms
offering their infrastructure as a gateway to the equity markets. Furthermore, volatility
has declined and given that volatility is a manifestation of the imbalance between
supply and demand, liquidity provision has become less profitable as demand for
liquidity has declined. We note that, several market-making and HFT firms have
shuttered their doors (Eladian Partners, Infinium), trimmed staff (Sun Trading, Getco)
or re-oriented their business strategy (Interactive Brokers) as volatility has declined.

Value of HFT Liquidity & Holding Periods
■

The value of HFT liquidity–how to judge whether valuable or superfluous?
Tradeworx defines liquidity as the immediate availability of transactable shares at a
fair price. Mr. Narang not surprisingly believes that HFT firms play a valuable role in
the market place as immediate liquidity providers. Objectively, he believes the value of
liquidity provision is determinable by the length of a HFT firm's holding period (more
on this in "How long do HFT firms hold positions for?")–holding a trade for a second is
not valuable (i.e. buying a stock and then selling the same stock a second later or
vice-versa)–the amount of immediacy provided by a HFT firm here is very limited,
arguably the buy-side would have been better off in waiting for a second or fraction of
second to find a natural counterparty. Similarly there is no need for intermediation
between a natural (willing) buyer and seller at the same time in a liquid market.
However, there is value in providing the buy-side the ability to immediately lock in a
price for a trade and also transfer the volatility of stock price movements and thereby
the task of risk management to a HFT firm. If this was not a valuable function then
markets would ensure that HFT profits per trade would be uneconomical.

■

How long do HFT firms hold positions for? Mr. Narang noted that many people
falsely believe that HFT trading firms hold trades for seconds or milliseconds or
microseconds. In reality, Tradeworx holds positions for 10-12 minutes on average and
this has gone up with time, although this in part can be explained by the inverse
relationship between holding periods and price volatility. How short can holding
periods get? Tradeworx believes they are "middle of the road" as far as holding
periods go but noted that profitability is positively correlated with the length of a
holding period. Why? By being exposed to volatility longer a HFT firm can extract
more alpha (explainable variance) but that means they don’t transact a lot of volume.

■

More thoughts on the value of HFT firms. HFT firms tend to be passive providers
of liquidity to natural/real-money buyers and sellers– in fact 95% of the orders in an
order book emanate from a HFT firm. Mr. Narang noted that they rarely trade with
other HFT firms as peers tend to use similar strategies that in turn create herd-like
trading behavior. In order to provide liquidity immediately, HFT firms have to hedge the
risk they choose to take with a correlated stock–that has value as it diffuses the price
impact of a buy-side order to a related stock while also exerting a counter-acting force
to dampen price volatility of the stock being traded by the buy-side. For example, if the
buy-side wants to sell shares of Apple, the HFT firm would buy Apple and then sell a
correlated stock in the technology sector to hedge their risk thereby limiting the
downward pressure on Apple's stock and then diffusing the downward pressure to a
correlated stock they sell.

■

Two time periods that matter–latency and holding period. Mr. Narang noted that
the media has conflated latency (times taken to discover the price for an order that
arrives at an exchange and process it) with the length of the holding period–as such
the assertion that HFT firms trade in microseconds is false. Latency has been
compressed to microseconds but holding periods have not. Mr. Narang believes that
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holding periods can never go to sub-seconds or even a couple of seconds–it is a "pipe
dream" to think that one can passively buy on the bid and sell on the offer.

Order Cancellations
■

The need to cancel orders reflects risk management. The market doesn't operate
in a vacuum and HFT firms are trying to make money by managing risk while providing
liquidity–in one popular strategy Tradeworx tends to be buyers of securities when
prices of SPDRs or E-mini futures are moving up and sellers when they are moving
down. HFT firms such as Tradeworx try to maintain bids and offers that reflect their
estimate of the fair price of every stock and do so with tight spreads in order to
maximize their chances of being the liquidity provider for a transaction (more on this in
"Price priority vs. time priority" below). This means, that if the S&P is trading up or
down they have to re-price (or cancel) all the stocks they have quoted prices for to
reflect the new price as implied by the beta of a stock (the statistically derived
movement of a stock due to the market). If they don't, their orders will be picked off by
other arbitrageurs who drive stocks to their fair price. In addition, HFT firms are usually
not designated market makers and do have the ability to select which stocks to make
markets for.

■

Poor fill rates–a function of trading infrastructure. Mr. Narang believes that media
attention around poor fill rates or the inability to trade on a displayed quote is not a
function of liquidity being "fake" but rather driven by the usage of delayed data,
unsophisticated algorithms, poorly designed smart order routers or an underlying
trading network that is not sufficiently low latency. He cited several proprietary and
sell-side algorithms that can be availed by the buy-side that have 99%+ fill rates on
active orders. In addition, Tradeworx has not had a problem within their hedge fund
where they run quantitative strategies with holding periods that run multiple days.

Need to be Passive
■

Need to be passive to do large amounts of volume–thereby the notion that
manipulative trading is widespread is false. Asset price returns or alpha
opportunities tend to have a normal or thin-tailed distribution (time of stress being the
exception)–fat middle and thin tails. This means that there are very few large alphas
(in the thin tails) and plenty of small alphas (in the fat middle).

Exhibit 2: Distribution of Short Term Return Opportunities
As stated

Source: Tradeworx

Couple this statistical reality with the 30 mil take fee for active traders or 5x
Tradeworx's net profit margin means there are very few alphas that have a 10 minute
duration or even a 1 hour or 1 day duration that are sufficiently large enough to offset
the magnitude of the take fee. If the alpha does somehow offset the take fee, there are
also SEC fees and brokerage fees to consider. In other words, large alphas are
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definitely present in the thin tails but there are not enough of them to trade "hundreds
or even tens of millions" of shares a day. Hence, Mr. Narang asserts that a HFT trader
has to be passive (provide liquidity) and not active (seek large alphas) if they intend to
do a lot of volume–this means that the assertion that manipulative HFT trading (which
implies an active disposition towards trades) is "widespread" is statistically provable to
be false.

Price vs. Time
■

Price priority vs. Time priority. Equity markets typically are governed by price-time
priority and also prioritize visible orders over hidden orders. In a nutshell, price-time
priority stipulates that higher prices move up the queue in an order book to trade
against an inbound order and if there is a tie in price, the bid or offer that came in first
gets prioritized for execution. What does this mean for HFT firms? A market maker
is only as successful as their ability to extract the bid-ask spread, therefore, being as
close to the current bid-ask spread in the order book is paramount to minimizing
losses. However, this is no easy task (Tradeworx earns 6% of the $0.01 spread on
average) as the market maker usually doesn't earn the bid-ask spread–they capture a
small portion of the spread because prices usually move against them (more on this in
the role of rebates below). Apart from competition from other market-makers, the
challenge to earn the spread is exacerbated by internalizers and wholesalers that
usually match balanced flow leaving unidirectional flow for the exchanges to display
(more on this in "payment for order flow" below).

■

Size of the trading increment dictates the trade-off between price and speed.
Tradeworx believes the size of the trading increment is a powerful lever that is
underappreciated by regulators. The finer the trading increment the more important
price priority becomes relative to time priority. In other words, if the market was
designed to trade at continuous (vs. discrete) non-penny increments you could always
win a trade by quoting the best price and the "speed game would be non-existent".
Moreover, cancellation rates would also increase as fair price estimates will now
fluctuate in a much smaller band. Conversely, the wider the trading increment, the
more size starts aggregating at each price level and the more ties you have in prices
as there are fewer prices to be at. This elevates the importance of time priority
becomes relative to price priority thereby making the role of speed more important. In
addition, wider trading increments also reduce cancellation rates as the fair price of a
security can now fluctuate in a wider band.

Maker-taker & Rebates
■

Maker-taker model and rebates. Tradeworx noted they are agnostic to the existence
of the maker-taker model. However, Mr. Narang does believe that rebates do
effectively widen bid-ask spreads from 1 cent to 1.6 cents, thereby allowing market
makers to display quotes for a longer period of time. It becomes more valuable to keep
an order in force and bear the consequences of adverse selection rather than cancel it
as the rebate offsets some of the adverse price movement. Consequently, if rebates
are abolished, displayed size at each quote would decline and average quote life
spans would also shorten (i.e. cancellation rates would increase).
With respect to market manipulation by passive market-makers (i.e. the assertion that
market makers move their quotes as an order comes in to create a fill at an inferior
price), Tradeworx believes that any unfair advantage would be reflected in the P&L of
a trade favoring the market maker. In 2010, Tradeworx analyzed all the trades in the
equity market over one year and found that on average regardless of when you
marked a trade (one minute, hour, end of day), prices on average moved against the
market maker. The magnitude of price movement against a market maker was
strongly correlated with the size of a rebate offered by an exchange. They found that
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prices on NDAQ move against the market-maker the most (given the relatively larger
rebate being offered at that time) while on Direct Edge market-makers refused to
experience any adverse price movement in light of the inverted pricing model (market
maker paid charged a fee to be passive).
Exhibit 3: Adverse Price Movement of Posted Orders–2010
As stated

Source: Tradeworx

SIP vs. Direct Data Feeds
■

Securities Information Processor (SIP)–needs to be abolished or upgraded. Mr.
Narang believes the SIP should be abolished and that it serves no purpose other than
providing a benchmark to observe whether one is locking the market. In addition, he
believes the SIP is unsuitable for trading and thereby should not be used by market
participants. He noted that the fact that the SIP shows the best bids-offers of multiple
exchanges has confused trading professionals who mistake the SIP for an order book
showing depth of market. If the SIP is not abolished, he believes it should be upgraded
and run by a non-exchange party. The cost of an upgrade is "not much"–Tradeworx is
one of the firms bidding for the contract to operate the SIP. Furthermore, he noted that
his firm does offer a commercially available SIP that can be used to trade as it
integrates the full depth of market at each exchange for those that chose to avail of
technology at a "relatively low cost".

■

Direct data feeds–not just a speed but also a game of skill. Tradeworx believes
that direct data feeds should not be banned or slowed down–they are the only way to
discern the depth of market at each exchange and it does not make sense to slow it
down to the speed of the SIP that is "not suitable for trading". He noted that the main
reason that people don't subscribe to direct feeds of an exchange is "not the cost".
Historically, even when direct data feeds were available for free, buy-side traders
didn't use it and instead were comfortable using third party aggregators such as
Thomson Reuters or Bloomberg despite the product being slower. Why? This is
because the direct data feed only gives you raw orders, you have to process all the
messages to build your own order book which is a "monumentally complex"
algorithmic and computational challenge that involves skill given the sheer volume of
data–-people also compute it differently (usage of software vs. hardware). In addition,
the speed game "doesn't end when the quotes hit the server, that's where it begins".
There is a speed and skill differential in how data (especially microbursts of data) is
processed as well to inform trading strategies. All in, Mr. Narang doesn’t believe the
premium charged for direct data feeds will be impacted.

■

Front-running using the SIP–not possible. Mr. Narang asserts that the notion of
HFT firms using direct data feeds to predict an order that would appear on a SIP 1-2
milliseconds later is analogous to using the SIP to predict what will appear on Yahoo
Finance or other delayed quote systems. Yes, you can do it but there is no economic
value created in "predicting the past". Specifically, a HFT firm cannot "jump in front of
an order" because the fact that the order is in the direct feed automatically means that
the quote is already in the order book of the exchange. With respect to predatory
algorithms and pinging, Mr. Narang referred the audience to his SEC Comment Letter
in which he demonstrates that such a claim made by Themis Trading is false on Slide
16.
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Thoughts on Regulation
■

Market structure regulation will be data-driven. Tradeworx believes that the SEC
has whole-heartedly embraced the idea of data-driven regulation and therefore will try
to thoroughly understand the impact of rules before they are enacted. As such, Mr.
Narang doesn't believe that the current prescriptions in the market such as market
maker obligations, slowing down direct data feeds and minimum time enforced for
orders will be enacted. He believes that the main rules we have seen so far such as
coordinated circuit breakers (believes will prevent a flash crash from occurring) and
market access rule (helps avoids fat finger errors and trading in excess of buying
power) are excellent rules.

■

Rule 611–promotes fragmentation. Mr. Narang believes the markets are too
fragmented which makes trading very expensive given the incredible investment
needed as far as connectivity to the variety of trading venues goes–-the number of
connections grows at the rate of n2! Specifically, Mr. Narang believes that the
fragmentation is a direct result of Reg NMS Rule 611 (which he believes should be
eliminated) or the order protection rule that prevents locked (zero bid-ask spread) or
crossed (trading at a price that is not the current national best bid or offer) markets
from existing. Back in 2007, one could trade on any exchange without the need to be
aware of the quotes on other markets. Specifically, Rule 611 encouraged
fragmentation (by necessitating trading at the NBBO thereby introducing competition
for best prices) and also amplified the role of speed in accessing quotes at other
exchanges. The need to know where other exchanges were trading became
increasingly important in order to minimize the possibility of exchanges rejecting or repricing orders that are not compliant with the NBBO. Rejections and re-pricing create
trading inefficiencies for HFT firms. It also encouraged the proliferation of order types
designed to circumvent the ban of locked parts as per Rule 611 such as Hide not Slide
(hides a quote that would lock the market and then releases it once the market has
moved).

■

Payment for order flow–measurement of price improvement needs to be
improved. Mr. Narang noted that retail order flow is valuable because it tends to be
balanced or uninformed flow and thereby profitable to make markets against—a firm is
able to more easily earn the bid-ask spread from an order stream with roughly the
same amount of buys and sells. In contrast, informed flow or news-driven flow tends to
be directional. He believes that if the statistics show that retail investors are getting
better prices, non-retail buy-side firms must be getting worst execution because this
order flow is taken out of the larger pool of orders–this is a "zero-sum game". With
respect to statistics that measure price improvements he believes that suggestions to
improve the calculation are valid. Specifically, he believes that the statistics probably
look better than they actually are because 1) they exclude large orders and 2) the time
stamp has a one second periodicity which gives firms the flexibility to select the
benchmark for price improvement within a one second interval. With that said, Mr.
Narang believes even after correcting for these shortcomings, there probably still is
some price improvement.

Biography
Manoj Narang is the Founder and CEO of Tradeworx, Inc. An internationally recognized
expert on algorithmic trading and market structure, Mr. Narang has taken a leading role in
educating the public about these complex issues. His response to the SEC's 2010
Concept Release is one of the most detailed and highly cited primers available on highfrequency trading and market structure. Mr. Narang has met with dozens of prominent
industry executives, journalists, and influential policy makers at the SEC, FINRA, and the
U.S. Senate, in order to provide educational background on algorithmic trading. In
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December 2010, he provided expert testimony to a joint Senate Subcommittee hearing on
Market Structure and Stability.
As part of his educational outreach on high-frequency trading, Mr. Narang and Tradeworx
have been profiled extensively on television and in the print media, including appearances
on CNBC, CNN, Bloomberg TV, 60 Minutes with Steve Kroft, PBS's Nightly Business
Report, the New York Times (front page), the Wall Street Journal, the Washington Post,
and Institutional Investor magazine (cover story). Mr. Narang has penned guest columns
for Institutional Investor, and has keynoted a number of international conferences on
market structure, regulation, and algorithmic trading. Mr. Narang was named one of the
"Seven Most Influential Players in High Frequency Trading" by CNBC.com, and in January
2014 was recognized by Institutional Investor magazine as one of the top financial
technology executives in the world.
Mr. Narang graduated from MIT in 1991 with a degree in Mathematics and Computer
Science. Prior to founding Tradeworx, he spent several years working in technology and
quantitative trading positions at major Wall Street firms including Citibank, Credit Suisse,
and Goldman Sachs.
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Companies Mentioned (Price as of 19-May-2014)
Interactive (IBKR.OQ, $22.3)
IntercontinentalExchange, Inc. (ICE.N, $191.56)
Investor Technolgy Group INC (ITG.N, $18.56)
KCG Holdings (KCG.N, $11.72)
NASDAQ OMX Group Inc. (NDAQ.OQ, $36.21)
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*An analyst’s coverage sector consists of all companies covered by the analyst within the relevant sector. An analyst may cov er multiple sectors.

Credit Suisse's distribution of stock ratings (and banking clients) is:
Global Ratings Distribution

Rating

Versus universe (%)

Of which banking clients (%)

Outperform/Buy*
44%
(54% banking clients)
Neutral/Hold*
40%
(50% banking clients)
Underperform/Sell*
13%
(46% banking clients)
Restricted
3%
*For purposes of the NYSE and NASD ratings distribution disclosure requirements, our stock ratings of Outperform, Neutral, an d Underperform most closely
correspond to Buy, Hold, and Sell, respectively; however, the meanings are not the same, as our stock ratings are determined on a relative basis. (Please refer to
definitions above.) An investor's decision to buy or sell a security should be based on investment objectives, current holdin gs, and other individual factors.
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Credit Suisse’s policy is to update research reports as it deems appropriate, based on developments with the subject company, the sector or the
market that may have a material impact on the research views or opinions stated herein.
Credit Suisse's policy is only to publish investment research that is impartial, independent, clear, fair and not misleading. For more detail please refer
to Credit Suisse's Policies for Managing Conflicts of Interest in connection with Investment Research: http://www.csfb.com/research and
analytics/disclaimer/managing_conflicts_disclaimer.html
Credit Suisse does not provide any tax advice. Any statement herein regarding any US federal tax is not intended or written to be used, and cannot
be used, by any taxpayer for the purposes of avoiding any penalties.

Important Regional Disclosures
Singapore recipients should contact Credit Suisse AG, Singapore Branch for any matters arising from this research report.
Restrictions on certain Canadian securities are indicated by the following abbreviations: NVS--Non-Voting shares; RVS--Restricted Voting Shares;
SVS--Subordinate Voting Shares.
Individuals receiving this report from a Canadian investment dealer that is not affiliated with Credit Suisse should be advised that this report may not
contain regulatory disclosures the non-affiliated Canadian investment dealer would be required to make if this were its own report.
For Credit Suisse Securities (Canada), Inc.'s policies and procedures regarding the dissemination of equity research, please visit
http://www.csfb.com/legal_terms/canada_research_policy.shtml.
As of the date of this report, Credit Suisse acts as a market maker or liquidity provider in the equities securities that are the subject of this report.
Principal is not guaranteed in the case of equities because equity prices are variable.
Commission is the commission rate or the amount agreed with a customer when setting up an account or at any time after that.
For Credit Suisse disclosure information on other companies mentioned in this report, please visit the website at https://rave.creditsuisse.com/disclosures or call +1 (877) 291-2683.
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References in this report to Credit Suisse include all of the subsidiaries and affiliates of Credit Suisse operating under its investment banking division. For more information on our structure, please use the
following link: https://www.credit-suisse.com/who_we_are/en/This report may contain material that is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or resident of
or located in any locality, state, country or other jurisdiction where such distribution, publication, availability or use would be contrary to law or regulation or which would subject Credit Suisse AG or its affiliates
("CS") to any registration or licensing requirement within such jurisdiction. All material presented in this report, unless specifically indicated otherwise, is under copyright to CS. None of the material, nor its
content, nor any copy of it, may be altered in any way, transmitted to, copied or distributed to any other party, without the prior express written permission of CS. All trademarks, service marks and logos used
in this report are trademarks or service marks or registered trademarks or service marks of CS or its affiliates. The information, tools and material presented in this report are provided to you for information
purposes only and are not to be used or considered as an offer or the solicitation of an offer to sell or to buy or subscribe for securities or other financial instruments. CS may not have taken any steps to
ensure that the securities referred to in this report are suitable for any particular investor. CS will not treat recipients of this report as its customers by virtue of their receiving this report. The investments and
services contained or referred to in this report may not be suitable for you and it is recommended that you consult an independent investment advisor if you are in doubt about such investments or investment
services. Nothing in this report constitutes investment, legal, accounting or tax advice, or a representation that any investment or strategy is suitable or appropriate to your individual circumstances, or
otherwise constitutes a personal recommendation to you. CS does not advise on the tax consequences of investments and you are advised to contact an independent tax adviser. Please note in particular
that the bases and levels of taxation may change. Information and opinions presented in this report have been obtained or derived from sources believed by CS to be reliable, but CS makes no representation
as to their accuracy or completeness. CS accepts no liability for loss arising from the use of the material presented in this report, except that this exclusion of liability does not apply to the extent that such
liability arises under specific statutes or regulations applicable to CS. This report is not to be relied upon in substitution for the exercise of independent judgment. CS may have issued, and may in the future
issue, other communications that are inconsistent with, and reach different conclusions from, the information presented in this report. Those communications reflect the different assumptions, views and
analytical methods of the analysts who prepared them and CS is under no obligation to ensure that such other communications are brought to the attention of any recipient of this report. CS may, to the extent
permitted by law, participate or invest in financing transactions with the issuer(s) of the securities referred to in this report, perform services for or solicit business from such issuers, and/or have a position or
holding, or other material interest, or effect transactions, in such securities or options thereon, or other investments related thereto. In addition, it may make markets in the securities mentioned in the material
presented in this report. CS may have, within the last three years, served as manager or co-manager of a public offering of securities for, or currently may make a primary market in issues of, any or all of the
entities mentioned in this report or may be providing, or have provided within the previous 12 months, significant advice or investment services in relation to the investment concerned or a related investment.
Additional information is, subject to duties of confidentiality, available on request. Some investments referred to in this report will be offered solely by a single entity and in the case of some investments solely
by CS, or an associate of CS or CS may be the only market maker in such investments. Past performance should not be taken as an indication or guarantee of future performance, and no representation or
warranty, express or implied, is made regarding future performance. Information, opinions and estimates contained in this report reflect a judgment at its original date of publication by CS and are subject to
change without notice. The price, value of and income from any of the securities or financial instruments mentioned in this report can fall as well as rise. The value of securities and financial instruments is
subject to exchange rate fluctuation that may have a positive or adverse effect on the price or income of such securities or financial instruments. Investors in securities such as ADR's, the values of which are
influenced by currency volatility, effectively assume this risk. Structured securities are complex instruments, typically involve a high degree of risk and are intended for sale only to sophisticated investors who
are capable of understanding and assuming the risks involved. The market value of any structured security may be affected by changes in economic, financial and political factors (including, but not limited to,
spot and forward interest and exchange rates), time to maturity, market conditions and volatility, and the credit quality of any issuer or reference issuer. Any investor interested in purchasing a structured
product should conduct their own investigation and analysis of the product and consult with their own professional advisers as to the risks involved in making such a purchase. Some investments discussed in
this report may have a high level of volatility. High volatility investments may experience sudden and large falls in their value causing losses when that investment is realised. Those losses may equal your
original investment. Indeed, in the case of some investments the potential losses may exceed the amount of initial investment and, in such circumstances, you may be required to pay more money to support
those losses. Income yields from investments may fluctuate and, in consequence, initial capital paid to make the investment may be used as part of that income yield. Some investments may not be readily
realisable and it may be difficult to sell or realise those investments, similarly it may prove difficult for you to obtain reliable information about the value, or risks, to which such an investment is exposed. This
report may provide the addresses of, or contain hyperlinks to, websites. Except to the extent to which the report refers to website material of CS, CS has not reviewed any such site and takes no responsibility
for the content contained therein. Such address or hyperlink (including addresses or hyperlinks to CS's own website material) is provided solely for your convenience and information and the content of any
such website does not in any way form part of this document. Accessing such website or following such link through this report or CS's website shall be at your own risk. This report is issued and distributed in
Europe (except Switzerland) by Credit Suisse Securities (Europe) Limited, One Cabot Square, London E14 4QJ, England, which is authorised by the Prudential Regulation Authority and regulated by the
Financial Conduct Authority and the Prudential Regulation Authority. This report is being distributed in Germany by Credit Suisse Securities (Europe) Limited Niederlassung Frankfurt am Main regulated by the
Bundesanstalt fuer Finanzdienstleistungsaufsicht ("BaFin"). This report is being distributed in the United States and Canada by Credit Suisse Securities (USA) LLC; in Switzerland by Credit Suisse AG; in
Brazil by Banco de Investimentos Credit Suisse (Brasil) S.A or its affiliates; in Mexico by Banco Credit Suisse (México), S.A. (transactions related to the securities mentioned in this report will only be effected
in compliance with applicable regulation); in Japan by Credit Suisse Securities (Japan) Limited, Financial Instruments Firm, Director-General of Kanto Local Finance Bureau (Kinsho) No. 66, a member of
Japan Securities Dealers Association, The Financial Futures Association of Japan, Japan Investment Advisers Association, Type II Financial Instruments Firms Association; elsewhere in Asia/ Pacific by
whichever of the following is the appropriately authorised entity in the relevant jurisdiction: Credit Suisse (Hong Kong) Limited, Credit Suisse Equities (Australia) Limited, Credit Suisse Securities (Thailand)
Limited, having registered address at 990 Abdulrahim Place, 27 Floor, Unit 2701, Rama IV Road, Silom, Bangrak, Bangkok 10500, Thailand, Tel. +66 2614 6000, Credit Suisse Securities (Malaysia) Sdn Bhd,
Credit Suisse AG, Singapore Branch, Credit Suisse Securities (India) Private Limited (CIN no. U67120MH1996PTC104392) regulated by the Securities and Exchange Board of India (registration Nos.
INB230970637; INF230970637; INB010970631; INF010970631), having registered address at 9th Floor, Ceejay House, Dr.A.B. Road, Worli, Mumbai - 18, India, T- +91-22 6777 3777, Credit Suisse
Securities (Europe) Limited, Seoul Branch, Credit Suisse AG, Taipei Securities Branch, PT Credit Suisse Securities Indonesia, Credit Suisse Securities (Philippines ) Inc., and elsewhere in the world by the
relevant authorised affiliate of the above. Research on Taiwanese securities produced by Credit Suisse AG, Taipei Securities Branch has been prepared by a registered Senior Business Person. Research
provided to residents of Malaysia is authorised by the Head of Research for Credit Suisse Securities (Malaysia) Sdn Bhd, to whom they should direct any queries on +603 2723 2020. This report has been
prepared and issued for distribution in Singapore to institutional investors, accredited investors and expert investors (each as defined under the Financial Advisers Regulations) only, and is also distributed by
Credit Suisse AG, Singapore branch to overseas investors (as defined under the Financial Advisers Regulations). By virtue of your status as an institutional investor, accredited investor, expert investor or
overseas investor, Credit Suisse AG, Singapore branch is exempted from complying with certain compliance requirements under the Financial Advisers Act, Chapter 110 of Singapore (the "FAA"), the
Financial Advisers Regulations and the relevant Notices and Guidelines issued thereunder, in respect of any financial advisory service which Credit Suisse AG, Singapore branch may provide to you. This
research may not conform to Canadian disclosure requirements. In jurisdictions where CS is not already registered or licensed to trade in securities, transactions will only be effected in accordance with
applicable securities legislation, which will vary from jurisdiction to jurisdiction and may require that the trade be made in accordance with applicable exemptions from registration or licensing requirements.
Non-U.S. customers wishing to effect a transaction should contact a CS entity in their local jurisdiction unless governing law permits otherwise. U.S. customers wishing to effect a transaction should do so only
by contacting a representative at Credit Suisse Securities (USA) LLC in the U.S. Please note that this research was originally prepared and issued by CS for distribution to their market professional and
institutional investor customers. Recipients who are not market professional or institutional investor customers of CS should seek the advice of their independent financial advisor prior to taking any investment
decision based on this report or for any necessary explanation of its contents. This research may relate to investments or services of a person outside of the UK or to other matters which are not authorised by
the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation Authority or in respect of which the protections of the Prudential Regulation Authority and
Financial Conduct Authority for private customers and/or the UK compensation scheme may not be available, and further details as to where this may be the case are available upon request in respect of this
report. CS may provide various services to US municipal entities or obligated persons ("municipalities"), including suggesting individual transactions or trades and entering into such transactions. Any services
CS provides to municipalities are not viewed as "advice" within the meaning of Section 975 of the Dodd-Frank Wall Street Reform and Consumer Protection Act. CS is providing any such services and related
information solely on an arm's length basis and not as an advisor or fiduciary to the municipality. In connection with the provision of the any such services, there is no agreement, direct or indirect, between any
municipality (including the officials, management, employees or agents thereof) and CS for CS to provide advice to the municipality. Municipalities should consult with their financial, accounting and legal
advisors regarding any such services provided by CS. In addition, CS is not acting for direct or indirect compensation to solicit the municipality on behalf of an unaffiliated broker, dealer, municipal securities
dealer, municipal advisor, or investment adviser for the purpose of obtaining or retaining an engagement by the municipality for or in connection with Municipal Financial Products, the issuance of municipal
securities, or of an investment adviser to provide investment advisory services to or on behalf of the municipality. If this report is being distributed by a financial institution other than Credit Suisse AG, or its
affiliates, that financial institution is solely responsible for distribution. Clients of that institution should contact that institution to effect a transaction in the securities mentioned in this report or require further
information. This report does not constitute investment advice by Credit Suisse to the clients of the distributing financial institution, and neither Credit Suisse AG, its affiliates, and their respective officers,
directors and employees accept any liability whatsoever for any direct or consequential loss arising from their use of this report or its content. Principal is not guaranteed. Commission is the commission rate or
the amount agreed with a customer when setting up an account or at any time after that.
Copyright © 2014 CREDIT SUISSE AG and/or its affiliates. All rights reserved.

Investment principal on bonds can be eroded depending on sale price or market price. In addition, there are bonds on which investment principal can
be eroded due to changes in redemption amounts. Care is required when investing in such instruments.
When you purchase non-listed Japanese fixed income securities (Japanese government bonds, Japanese municipal bonds, Japanese government guaranteed bonds, Japanese corporate bonds) from CS
as a seller, you will be requested to pay the purchase price only.
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