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INTRODUCTION

The modern capital markets era begins in the mid-1970’s with the emergence and then
convergence of three critical factors: derivatives, computers and data feeds. Together, these
factors symbolize the birth of the quantitative research revolution and beginnings of trade
workflow automation, and therefore, propel the conception of some of the most consequential
product developments, trading strategies and investment managers that the financial world has
ever known.

A subset of the most notable players were the pioneers in the emerging listed derivatives market.
In some ways, they were also the pioneers in quantitative research — the “first quant shops” -
developing advanced capabilities in the modeling of option pricing frameworks by way of
computers and mathematics. Of these, the primary leaders included Chicago’s O’Connor &
Associates (OCA), founded 1977; Chicago Research & Trading (CRT), founded 1977; and Hull
Trading, founded 1985. Philadelphia was strongly represented by Cooper Neff & Associates,
founded 1981; and, Susquehanna International Group (SIG), founded 1987. There were a few
others worth mentioning in this initial phase; John Stafford Jr’s, Stafford Trading and Lee Tenzer’s
LETCO among them.

With only one exception, all of these pioneers were eventually acquired by banks, starting with
NationsBank’s acquisition of CRT in 1992. OCA’s acquisition by Swiss Bank Corp. (SBC) followed
shortly thereafter (with that union later becoming part of UBS when it merged with SBC in 1997).
BNP acquired Cooper Neff in 1995. Goldman Sachs acquired Hull Trading in 1999. And, TD
Securities, a unit of Toronto Dominion Bank, simultaneously acquired Stafford Trading and LETCO
in 2002 following the dot.com options frenzy of 2001.

That exception - the only one of these firms to remain independent and privately held since
inception - is Susquehanna International Group, otherwise known as “SIG.” Today, SIG is one of the
most powerful players in the global options markets, specializing in market making and proprietary
trading across asset classes and regions along with units dedicated to private equity and venture
capital.

The story we are about to tell here - based on an assembly of publicly available data and modeling
of comparative companies to date - is one that has never been told quite like this before. Based on
an unprecedented deconstruction of their “holdings reports” (on Form 13F-HR) and broker-dealer
FOCUS reports (on Form X-17A-5), this story is Alphacution’s interpretation of the data that
illuminates SIG’s business and trading strategies.

Let’s begin by setting a stage and drawing a backdrop...
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STRUCTURAL OVERVIEW

SIG has been around for over 30 years. Our experience is that the longer firms are successfully in
operation the more complicated they tend become, both in terms of their roster of legal entities
and in terms of strategy mix. SIG is no exception. So, for starters, we need to establish a structural
outline of the company in order to demonstrate which components have the greatest impact on
the implementation of trading and investment strategies —and, which components can be set
aside, for now.

From the regulatory data to which we have access (which does not cover all activities of the
company) there are numerous legal entities. In Exhibit 1, below, Alphacution lists (in alphabetical
order) the nine broker-dealer affiliates of SIG that were in operation during some or all of the
reporting period 2001 thru 2018.

EXHIBIT 1: SIG BROKER-DEALER AFFILIATES WITH REPORTING PERIODS IN ALPHABETICAL ORDER, 2001 - 2018

G1 Execution Services, LP
Global Execution Brokers, LP

River Cross Securities, LLLP

SIG Brokerage, LP

SAL Equity Trading, GP

(formerly Susquehanna Capital Group)
Susquehanna Financial Group, LLLP

Susquehanna Fixed Income, LP

Susquehanna Investment Group Not Identified or Missing _
Susquehanna Securities Not Identified or Missing _

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Source: Alphacution, SEC

Here, two characteristics of this structure need to be highlighted: First, some entities are ramped
up or wound down within the full range of the 18 years since SIG’s Form X-17A-5 was first filed. For
complex trading firms, this is common. Plus, for this case study, we will not focus on the short-lived
entities because, to date, none of them appear to be consequential enough to the overall risk-
taking of the company’s trading operations to warrant further attention.

Second, we need to point out that several annual filings prior to 2014 for the broker-dealers,
Susquehanna Investment Group (not to be confused with the main entity, Susquehanna
International Group, LLP — or, SIG) and the main market making entity, Susquehanna Securities, are
believed to exist but either have not been filed or we could not find them. (They were not located
where the other reports from 2014 to 2018 were stored in the SEC database.) So, not only does this
impact and impede the most comprehensive analysis that Alphacution could perform, it potentially

deprives others of performing their own analysis. That said, the fact that they appear to be missing
after so long implies how rare it is for someone to perform an analysis like Alphacution’s.

Now, in the normal course of its research and modeling efforts, Alphacution has identified other
cases, with other trading firms, where reports are missing (usually involving Form X-17A-5) or
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position-level mistakes are made (usually involving Form 13F-HR; the holdings report). Such
apparent errors are relatively common. Even though the 13F reporting requirements are highly
standardized, it’s fascinating to note how different each firms’ filings can be. In one instance so far,
one trading firm (Jump Trading) has gone back to file an amended 13F-HR report (known as “Form
13F-HR/A”) - nearly five years after the original 13F filing — prompted exclusively by an Alphacution
analysis and posting to our Feed. Perhaps the mystery of the missing SIG data — which, as you will
see later, likely includes 13F data, as well — will be solved in similar fashion.

Speaking of 13F reports, the next part of the SIG structural overview involves showcasing all the
entities that have reported positions via Form 13F. In Exhibit 2, below, Alphacution identifies 16
distinct entities — five of which as the main holding reporting entities, officially known as “Reporting
Managers,” and 11 of which known as “Other Included Managers”* — that have submitted 13F
reports over the currently available? 43-quarter range to date, beginning Q3 2008 and ending Q1
2019.

EXHIBIT 2: 13F REPORTING ENTITIES WITH REPORTING PERIODS IN LISTING ORDER, Q3 2008 —Q1 2019

Susquehanna International Group, LLP (0)
P : 3 k <

Susquehanna Iﬁvestment Group (1)
Susquehanna Securities (2)
Susquehanna Capital Group (3)
Susquehanna Financial Group, LLLP (4)
Capital Ventures International {5)

SIG Index Specialists, LLC (6)
Susquehanna Advisers Group, Inc. (7)
Heights Capital Management, Inc. (8)
Susquehanna Fundamental Investments, LLC (9)
CVI Opportunities Fund |, LLLP (10)
G1 Execution Services, LLC(11)

Other Reporting Managers

VI Investments, Inc. (12)

Susquehanna Fundamental investments, LLC {0) Entities denoted by “(0)" represent “Reporting Managers” and entities denoted by “{#)” ——
Susguehanna international Securities (0)  represent “Other Included Managers.” NOTE: Susquehanna Fundamental Investments, LLC

Susquehanna Foundation (0)  Was an Other Included Manager under Susquehanna International Group, LLP from Q3-2008 i

r to Q4-2017, and became a stand-alone Reporting Manager as of Q1-2018.
Susquehanna International Group, Ltd (0) P £ 4 _
H B B D D D B D B D N D S S N D S S
S SIS T I TSI ITFSESFS S S
S S Y~ S A L gl L P L G S A~ P P G S

Source: Alphacution, SEC

Like the broker-dealer affiliate reports, Alphacution will not be focusing on all 13F reporting
entities for this case study. In fact, we will only be focusing on three position-reporting entities
here: the main reporting manager, Susquehanna International Group, LLP, and the two most
consequential “other included managers,” Susquehanna Securities and G1 Execution Services, LLC
(G1X). The reason for this focus can be found clearly illustrated in Exhibit 3, below. For the years
2014 — 2018 (and estimated for the years 2010 — 2013), Susquehanna Securities has represented,
on average, 92% of the gross fair market value® for a summation of all SIG broker-dealer entities

! For each position record within each holdings report there is a “manager ID” field attributable to reporting manager or other included
manager. The number after each manager in Exhibit 2 and others signify that manager ID.

2 Alphacution finds it curious that a firm founded in 1987; one that we can assume enjoyed significant financial success throughout its
history, would not have triggered the filing of its first 13F reports until Q3 2008, more than 20 years after inception.

3 Long side + short side
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over the period. And, for 2018, with the addition of G1X’s growing exposures, the duo represented
96.9% of gross fair market values.

EXHIBIT 3: BROKER-DEALER ALLOCATIONS BY PERCENTAGE OF GROSS FAIR MARKET VALUES, 2010 - 2018

Susquehanna Securities Estimated ™,

§ I

>98% 2015- 2018

W Susguehanna Securities
W G1 Execution Services

m Susquehanna Investment Group

1
|
i
i
i

Susquehanna Financial Group
H Global Execution Brokers
B SIG Brokerage, LP
W SAL Equity Trading / Susquehanna Capital Group
M River Cross Securities

m Susquehanna Fixed Income

\_2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Alphacution, SEC

In other words, wherever Susquehanna Securities goes, this evidence implies, so goes SIG.
Therefore, it is here among the details of Susquehanna Securities — along with some interesting
data accumulating at G1X — that we will focus our story...

CONTEXTUAL OVERVIEW

With our stage in place here is the backdrop: There are a few more concepts that we want you to
be thinking about before we get into the strategy details. This is the third in Alphacution’s series of
case studies where we are taking time to focus mainly on the business and trading strategies of
market makers, proprietary trading firms (or, “prop shops”), and quant-focused hedge funds. (The
subjects of the first two case studies were Spot Trading, the Chicago-based proprietary options
trading firm that closed in late 2017, and Citadel Securities, the Chicago-headquartered equity,
exchange-traded funds (ETFs) and options market making powerhouse — and, perhaps more
famously, an affiliate of the Citadel hedge fund operation.)

There is a reason that Alphacution is currently focusing its modeling efforts primarily — albeit, not
exclusively —on those firms that operate in closest proximity to the sources of listed liquidity. The
logic goes like this: Based on its unprecedented and unparalleled research on technology spending
patterns in trading and asset management and the subset of those firms that successfully wield
technology to the point of competitive advantage, Alphacution believes that the entire asset
management ecosystem — of which market making and proprietary trading are a unique part —is
being bifurcated between alpha investment vehicles and beta investment vehicles. Alphacution’s
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research has further highlighted the concept that alpha — or, “outperformance” — has finite
capacity. This means that there is a limited amount of capital upon which an excess rate of return
can be earned. Furthermore, beyond the capacity level of capital to capture alpha, rates of return
will decline until they reach the market rate of return — or, beta.

So, if the capacity of outperformance is finite and those who wield “industrialized” technical
capabilities are best positioned to harvest that capacity, then market participants should definitely
want to understand who these tech-wielding players are and try to quantify how much “alpha
capacity” they are capturing. Most importantly, our concern is that a vast majority of the capacity
of alpha is at risk of being “privatized” within leading market making, “prop” and hedge fund firms,
thereby leaving only beta, beta-surrogates, and alpha-imposters accessible by the rest of us.

Showcasing this hypothesis and related market ecosystem dynamics is the goal of Alphacution’s

current series of case studies. In Exhibit 4, below, Alphacution presents its initial list of the top 100
players in US listed markets (first published in February 2019). Note that we will draw the subjects
of upcoming case studies from this list —and those closely tied this list - for the foreseeable future.

EXHIBIT 4: TOP 100 PLAYERS IN US LISTED MARKET STRUCTURE (V1.0) — ALPHACUTION’S “STRUCTURAL ALPHA ZONE”

O Gednsame D>~

5 Deutsche Bank o Tump Trading

— ===

oldman Sachs

G_

Managamen; B

Tier 1 - Bulge Brackett Broker-Dealers (10)
{€z~) sway Buipes) Asejaridold / s1adeln 3B jueg-uop - T Jai)

Source: Alphacution, SEC, FINRA, company data

This community of market makers and prop shops populate what Alphacution calls the structural
alpha zone. These are the “performance maximizers” that deploy the most sophisticated technical
infrastructure on the least amount of capital to harvest the greatest risk-adjusted returns based on
complex nuances of market microstructures. These structural players operate on a segment of a
much broader continuum of trading and investment strategies that Alphacution has segmented into
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three zones that are segmented largely on the basis of average position holding duration (or,
average strategy turnover frequency — ToF).

In time, Alphacution will refine this structural list by ranking the players based on its modeling of
empirical evidence. That exercise is ongoing. However, in the interim, our structural alpha zone
target list is comprised entirely of trading firms that simultaneously disclose certain holdings via 13F
reports and are registered as broker-dealers. This unique level of transparency into risk-taking
operations helps us harvest greater insights from the available data. Moreover, the most fascinating
subset of this target list 1) represent components of broader multi-strategy / multi-ToF trading
platforms, like the affiliated duos Citadel Securities - Citadel Advisors, Two Sigma Securities - Two
Sigma Investments, or Latour Trading — Tower Research Capital; and/or 2) are making markets
across multiple product classes, like cash, derivatives and/or structured products (namely, ETFs).
Because it is here —among those who are proficient in options and other complex product trading —
that our experience tells us that both technical and computational leadership is most likely to occur.

Adjacent to the structural alpha zone is the active management zone where a vast majority of
hedge funds deploying various relative-value strategies and seeking a balance of assets under
management (AUM) and performance reside. As AUM increases beyond the capacities of relative-
value strategies, we arrive at the passive management zone where most traditional asset managers
and a few massive ETF issuers reside. Exhibit 5 is Alphacution’s visualization of the three zones that
make up its asset management ecosystem map with a (currently subjective) selection of top
managers for each zone.

EXHIBIT 5: ASSET MANAGEMENT ECOSYSTEM MAP WITH LIQUIDITY POOLS (Vl.l)
4 *
Performance Maximizers Asset [ Performance Optimizers Asset Maximizers

tructural Aipha Zone ‘Active Management Zone Passive Management Zone

seee

7
/AN
/ -
'y
Mwﬂ‘f‘_
| g 3 —
£ i v
! :,: o L ':_.,... Top Active Managers Top Passive Managers
— ¥ h:‘:____ Bridgewater Associates BlackRock
) . - Citadel Advisors Vanguard Asset Management
o ot -— D E Shaw State Street Global Advisors
- = "'-:":'- Millennium Management Fidelity Investments
e Point 72 BNY Mellon Investment Mgmt.
N : y Renaissance Technologies Capital Group
?\:‘ R f AQR Capital Management J. P. Morgan Asset Management
X 2 Two Sigma Investments . PIMCO
a A H Marshall Wace +  Amundi
: MAN Group ¢ Prudential Financial
: Worldquant . Legal & General Inv. Mgmt.
= Balyasny Asset Management . Goldman Sachs Asset Mgmt.
H Others... E Others...
4 ¢

Source: Alphacution, SEC, FINRA, company data
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Now, with all this painstaking setup serving as stage and backdrop, we are just about ready to head
into the details on SIG, Susquehanna Securities, and G1X. However, there’s one last contextual
exercise we need to perform before we go there:

COMPETITIVE INTELLIGENCE

Why is this research important?

For hardcore students of the game, the puzzle-solving aspect of research like this is a reward in and
of itself. For others, there is an entertainment value to the act of telling stories that demystify the
historically mysterious, particularly in cases where massive wealth accumulation has occurred. But,
for most of us, there needs to be a practical value to spending precious time with this content. In
other words, how do | accumulate (or save) money and attract talent with this information?

This research is designed to provide competitive intelligence to mature, leading and aspiring
participants and their stakeholders within the global asset management ecosystem to develop
better trading and business strategies. Alphacution’s Feed currently provides snippets, samples and
“teasers” from this research effort, while the case studies provide deeper and more comprehensive
analysis for premium content subscribers.

Within the case studies, there are two parallel objectives. The first objective is to leverage the
underlying data to frame the basic parameters of one or more firms’ trading strategies and
portfolio construction techniques as accurately and in as much detail as possible. The second
objective is focused on learning how to assemble, visualize and interpret the data in ever more
creative ways to expand our understanding of the subject of the study.

Since no one has ever assembled, visualized and interpreted the available data out in the open like
this before - and the underlying mechanics of highly automated, high speed and/or multi-product
trading strategies are complex and often unfamiliar to many in our network - there is a significant
amount of experimentation that goes into the development of this output. And, where
experimentation is ongoing, inevitably, mistakes and misinterpretations are going to occur. Ideally,
our interpretations improve with more data, modeling and analysis.

This is where you — our readers — bear some responsibility to harvest the most intelligence from
this work. Alphacution is committed to presenting the data in highly visual formats because that is
the most efficient way to translate and consume significant amounts of data. In the end, much of
this exercise comes down to interpreting “shapes,” — the wiggly lines, trajectories, spikes and other
anomalous shapes formed by the data — to best inform our readers. Though our interpretations
may not always be the most accurate for every circumstance, our attempts at interpretation are
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intended to educate as much as they are meant to explain. Consumers of this research are advised
to learn how to “read” the shapes presented herein for their own purposes.

Here’s an example of learning to interpret: Of all the firms Alphacution has modeled to date, SIG is
unique based on its reported 13F gross notional market values. With few points of exception, SIG is
greater on this analytic than any other trading firm we have analyzed to date. See Exhibit 6, below:

EXHIBIT 6: SELECT BUY-SIDE RANKING OF 13F GROSS NOTIONAL (LONG) MARKET VALUES, Q1 1998 — Q1 2019
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=D, E. Shaw & Co., Inc.
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91,334,659 Millennium Management
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Source: Alphacution,

This ranking is precisely due to the high concentration of (long) option positions in SIG’s portfolio
relative to most of the other players shown in this exhibit, particularly during its peak of nearly
$473 billion for Q1 2013. We point this out because readers of this and other Alphacution analyses
need to remember that this type of value divergence is an illusion caused by the 13F rules for
option reporting. Option positions are reported as if they had already been exercised and
converted into the underlying product. Another way to think of this is that option positions are
reported at their 100-delta notional value and not at their actual delta-adjusted fair market value.

Furthermore, all 13F positions —both cash and options —are reported based on notional values.
They do not necessarily reflect the capital required to hold those positions. As we will demonstrate
in parts of this case study and other research, portfolio construction and/or broker-dealer vs.
customer status will influence the amount of margin capital necessary to hold a set of positions or
a specific portfolio.

With this research, shapes come first. Keep this in mind as you review the material below. We will
continue to point other illusions and opportunities for misinterpretation, whenever relevant.
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DATA SAMPLE

The storyboards and select findings contained in this report represent Alphacution’s interpretation
of Susquehanna International Group’s and certain affiliated entities’ trading and, by implication,
business strategies. The supporting data sample is comprised of the following:

9 43 quarterly 13F* holdings reports (including 13F-HR/A amendment reports) for the nearly
11-year time range beginning September 30, 2008 (or, Q3 2008) and ending March 31,
2019 (or, Q1 2019) by the Susquehanna International Group, LLP (5IG) lineage of reporting
entities;

% 18 years of FOCUS reports (on Forms X-17A-5 and X-17A-5/A) for the years ending
December 31, 2001 thru December 31, 2018 filed by 9 entities with the SEC, FINRA and
SIPC. Of particular interest for this case study is the reporting by Susquehanna Securities
and G1 Execution Services, LLC.

9 6 full account reports disclosing financial and operational data for the years ending
December 31, 2010 thru December 31, 2011 and December 31, 2014 thru December 31,
2017 filed by Susquehanna International Securities Limited with the United Kingdom’s
registrar of companies, Companies House;

4 Contextual modeling, exhibits, case studies, Feed posts and/or any other pre-existing
content from Alphacution’s research library focusing on the evolutionary impacts of
technology on global financial markets and the trading, asset management, and banking
businesses they serve; and,

9 Any other peripheral data or content referenced in this report that was searchable on the
surface internet.

No representative of Alphacution has spoken to any representative of SIG or affiliated entities for
the preparation of this report. This report is solely based on the author’s interpretation of
Alphacution’s ongoing assembly of raw data, contextualized modeling, and internally developed
content.

4 Form 13F is a quarterly report filed, per United States Securities and Exchange Commission regulations, by “institutional investment
managers” to the SEC and containing all position-level equity assets under management of at least $100 million in value with relevant
long US holdings. All US-listed equity securities (including ETFs, equity options, and convertible bonds) in the manager’s portfolio are
included and detailed according to the issuer name, security description, the security identifier (i.e. — CUSIP number), position value,
number of shares, and other attributions.

As of March 31, 2019, Alphacution estimates that the full list of Form 13F securities count totals 17,707 securities. Short positions are
not required to be disclosed and are not reported. Form 13F covers institutional investment managers, which include registered
investment advisers (RIAs), banks, insurance companies, hedge funds, trust companies, pension funds, mutual funds, among other
natural persons or entities with investment discretion over its own account or another’s. Form 13F is required to be filed within 45 days
of the end of a calendar quarter. Find more about the 13F dataset on the Alphacution Feed.
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