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Abstract: Traditionally risk arbitrage is the simultaneous purchase of stock in a company being acquired and the
sale of stock of the acquirer. Modern risk arbitrage focuses on capturing the spreads between the market value of
an announced takeover target and the eventual price at which the acquirer will buy the target’s shares. Here we
look at the concept of arbitrage, how market makers utilize ”true arbitrage,” and, finally, how retail investors can
take advantage of arbitrage opportunities.
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1 Concepts of Arbitrage

Arbitrage, in its purest form, is defined as the pur-
chase of securities on one market for immediate re-
sale on another market in order to profit from a price
discrepancy, see [2], [3], [4]. This results in immedi-
ate risk-free profit. For example, if a security’s price
on the NYSE, New York Stock Exchange, is trad-
ing out of sync with its corresponding futures contract
on Chicago’s exchange, a trader could simultaneously
sell (short) the more expensive of the two and buy the
other, thus profiting on the difference, see [5]. This
type of arbitrage requires the violation of at least one
of the following three conditions:

• The same security must trade at the same price
on all markets.

• Two securities with identical cash flows must
trade at the same price.

• A security with a known price in the future (via

a futures contract) must trade today at that price
discounted by the risk-free rate.

Arbitrage, however, can take other forms. Risk ar-
bitrage (or statistical arbitrage) is the second form of
arbitrage that we will discuss. Unlike pure arbitrage,
risk arbitrage entails–you guessed it–risk. Although
considered ”speculation,” risk arbitrage has become
one of the most popular (and retail-trader friendly)
forms of arbitrage.

Here’s how it works: let’s say Firm A may make
an offer to acquire Firm B by exchanging one share
of its own stock for two shares of Firm B’s stock. If
the stock of Firm A is trading at $50 and the stock of
Firm B is trading at $23, the risk arbitrager would buy
shares in Firm B and sell short one-half this number of
shares in Firm A. If the buyout offer is approved, the
two stocks will exchange on a one-for-two basis and
the arbitrage position will be profitable. The risk is
that the buyout will be unsuccessful and the exchange
of stock will not take place.
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2 Retail Traders: Risk Arbitrage

Despite the disadvantages in pure arbitrage, risk arbi-
trage is still accessible to most retail traders. Although
this type of arbitrage requires taking on some risk, it is
generally considered ”playing the odds.” Here we will
examine some of the most common forms of arbitrage
available to retail traders.

Market makers have several advantages over re-
tail traders:

• Far more trading capital

• Generally more skill

• Up-to-the-second news

• Faster computers

• More complex software

• Access to the dealing desk

Combined, these factors make it nearly impossi-
ble for a retail trader to take advantage of pure ar-
bitrage opportunities. Market makers use complex
software that is run on top-of-the-line computers to
locate such opportunities constantly. Once found,
the differential is typically negligible, and requires a
vast amount of capital in order to profit–retail traders
would likely get burned by commission costs. Need-
less to say, it is almost impossible for retail traders to
compete in the risk-free genre of arbitrage.

A merger arbitrageur looks at the risk that the
merger deal will not close on time, or at all. Be-
cause of this slight uncertainty, the target company’s
stock will typically sell at a discount to the price that
the combined company will have when the merger is
closed.

A regular portfolio manager may focus only on
the profitability of the merged entity. In contrast,
merger arbitrageurs care only about the probability of
the deal being approved and how long it will take the
deal to close.

The example of risk arbitrage we saw above
demonstrates takeover and merger arbitrage, and it is
probably the most common type of arbitrage. It typ-
ically involves locating an undervalued company that
has been targeted by another company for a takeover
bid. This bid would bring the company to its true, or
intrinsic, value. If the merger goes through success-
fully, all those who took advantage of the opportunity

will profit handsomely; however, if the merger falls
through, the price may drop.

The key to success in this type of arbitrage is
speed; traders who utilize this method usually trade
on Level II and have access to streaming market news.
The second something is announced, they try to get in
on the action before anyone else.

3 Risk Evaluation

Risk evaluation is concerned with assessing probabil-
ity and impact of individual risks, taking into account
any interdependencies or other factors outside the im-
mediate scope under investigation: Probability is the
evaluated likelihood of a particular outcome actually
happening (including a consideration of the frequency
with which the outcome may arise). For example,
major damage to a building is relatively unlikely to
happen, but would have enormous impact on business
continuity. Conversely, occasional personal computer
system failure is fairly likely to happen, but would not
usually have a major impact on the business. Impact
is the evaluated effect or result of a particular outcome
actually happening.

Impact should ideally be considered under the el-
ements of:

• time

• quality

• benefit

• people/resource

Some risks, such as financial risk, can be evaluated
in numerical terms. Others, such as adverse public-
ity, can only be evaluated in subjective ways. There
is a need for some framework for categorising risks,
for example, high, medium and low. When consider-
ing a risk’s probability, another aspect is when the risk
might occur. Some risks will be predicted to be fur-
ther away in time than others and so attention can be
focused on the more immediate ones. This prediction
is called the risk’s proximity. The proximity of each
risk should be included in the Risk Log.

Let’s say you aren’t among the first in, however.
How do you know if it is still a good deal? Well, one
way is to use Benjamin Graham’s risk-arbitrage for-
mula to determine optimal risk/reward. His equations
state the following:

AnnualReturn =
C ∗G− L ∗ (100%− C)

Y ∗ P
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Where:

• C is the expected chance of success (%).

• P is the current price of the security.

• L is the expected loss in the event of a failure
(usually original price).

• Y is the expected holding time in years (usually
the time until the merger takes place).

• G is the expected gain in the event of a success
(usually takeover price).

For example, if C = 70%, G = 0.15, L = 0.20,
P = 1 and Y = 6 months, then

AnnualReturn =

(0.70∗0.15−0.20∗(1−0.70))/(0.5∗1) = 0.09 = 9%

Granted, this is highly empirical, but it will give
you an idea of what to expect before you get into a
merger arbitrage situation.

Graham’s formula can be used to evaluate the po-
tential return on the risk arbitrage operation in the
Acme and Smith merger. The expected gain in the
event of success is $1.00 (the spread between the
$24.00 quoted price on the open market and the $25
Acme tender offer). If the merger fails to occur, the
Smith stock may fall to its pre-tender offer of $15 per
share (in many cases, history has proven otherwise;
once a company is “in play” as a takeover target, its
stock may remain inflated in anticipation of another
acquirer materializing. We shall disregard this possi-
bility for the sake of conservatism). Hence, the ex-
pected loss in points in the event of failure is $9. As-
sume there are no antitrust concerns, so the likelihood
of consummation is 95%. Also assume the investor
expects to hold his shares for one month (1/12 or
8.33% of a year) until the transaction is complete. The
current price of the security is $15 per share. Plugging
these into Graham’s formula, the investor gets the fol-
lowing:

Indicated annual return =

[1 ∗ .95–9(1.00− .95)]÷ .0833 ∗ 24 = 25%

In other words, had the investor been able to earn
the same return on his capital for the entire year as
he did during the holding period of this investment,
he would have earned twenty five percent. In a world
where the historic annual return on long-term equities
has hovered around twelve percent, this is mouth wa-
tering.

4 Liquidation Arbitrage

This is the type of arbitrage Gordon Gekko employed
when he bought and sold off companies. Liquidation
arbitrage involves estimating the value of the com-
pany’s liquidation assets. For example, say Company
A has a book (liquidation) value of $10/share and is
currently trading at $7/share. If the company decides
to liquidate, it presents an opportunity for arbitrage.
In Gekko’s case, he took over companies that he felt
would provide a profit if he broke them apart and sold
them–a practice employed in reality by larger institu-
tions.

A version of Benjamin Graham’s risk arbitrage
formula used for takeover and merger arbitrage can
be employed here. Simply replace the takeover price
with the liquidation price, and holding time with the
amount of time before liquidation.

Pairs trading (also known as relative-value arbi-
trage) is far less common than the two forms discussed
above. This form of arbitrage relies on a strong corre-
lation between two related or unrelated securities. It
is primarily used during sideways markets as a way to
profit.

Here’s how it works. First, you must find ”pairs.”
Typically, high-probability pairs are big stocks in the
same industry with similar long-term trading histories.
Look for a high percent correlation. Then, you wait
for a divergence in the pairs between 5-7% divergence
that lasts for an extended period of time (2-3 days).
Finally, you can go long and/or short on the two secu-
rities based on the comparison of their pricing. Then,
just wait until the prices come back together.

One example of securities that would be used in
a pairs trade is GM and Ford. These two companies
have a 94% correlation. You can simply plot these
two securities and wait for a significant divergence;
then chances are these two prices will eventually re-
turn to a higher correlation, offering opportunity in
which profit can be attained. (For more on this sub-
ject, see ”Finding Profit in Pairs.”)

5 Find Opportunity

Many of you may be wondering where you can find
these accessible arbitrage opportunities. The fact is
much of the information can be attained with tools
that are available to everyone. Brokers typically pro-
vide newswire services that allow you to view news
the second it comes out.
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Level II is essentially the order book for Nas-
daq stocks. When orders are placed, they are placed
through many different market makers and other mar-
ket participants. Level II will show you a ranked list of
the best bid and ask prices from each of these partici-
pants, giving you detailed insight into the price action.
Knowing exactly who has an interest in a stock can be
extremely useful, especially if you are day trading.

Level II trading is also an option for individual
traders and can give you an edge. Finally, screen-
ing software can help you locate undervalued securi-
ties (that have appropriate price/book ratio, PEG ratio,
etc.).

Arbitrage opportunities can be located also in the
following way.

Let us consider a weighted and directed graph G
with V = {v1, v2, ..., vN} being a set of vertices and
E a set of edges. In our case the vertices correspond
to the shares and the edges to the exchanging rates
between them in different currencies i.e. edges in a
graph are labelled with a weight (exchange rate). Such
a graph is referred to as a weighted graph. A weighted
graph is generally implemented using an adjacency
matrix: we use an N × N array of integers or reals,
where the number indicates the weight of an edge.

Here the adjacency matrix is the exchange table
of the shares, i.e. the value ai,j in the matrix is the ex-
change rate from share ui to the share uj . In the main
diagonal of the matrix we have the values ai,i = 1 for
all i = 1, 2, ..., N . So, to have profitable arbitrage we
need to find a cycle in the graph

ui0 , ui1 , ui2 , ..., uin = ui1 for some n ≤ N (1)

such that the value

P =

n−1∏
j=0

aij ,ij+1 = ai0,i1ai1,i2 ...ain−1,i0 > 1.

Then the value P − 1 will be our pure profit from the
arbitrage between the shares of the cycle 1. This prob-
lem falls in a general category of finding path between
two nodes in a graph with minimum (or due to duality
properties with maximum) weight.

Since in the graph we do not use negative weights,
the most efficient algorithm for this kind of problems
in Floyd-Warshall algorithm.

It compares all possible paths through the graph
between each pair of vertices. We consider a 3-
dimentional matrix [spki,j ] for i, j, k = 1, 2, ..., N ,
where spki,j is the shortest possible path from i to j

using only vertices 1 through k as intermediate points
along the way.

The idea of computing spki,j , as far as we know
the values spk−1

i,j is the following:
for the shortest path from i to j using only nodes

1 to k there are two candidates. Either the true shortest
path uses only the nodes from 1 to k−1 or there exists
some path that goes from i to k and then from k to j
that is better. Therefore, we can define spki,j in terms
of the follownig recursive formula:

spki,j := min(spk−1
i,j , spk−1

i,k + spk−1
k,j ) k = 1, ...n

with sp0i,j = ai,j .

This formula is the heart of the Floyd-Warshall
algorithm. It works by computing sp1i,j for all (i, j)
pairs, then using that to find sp2i,j etc. This contin-
ues until k = N . Floyd-Warshall algorithm is given
below.

Input: Graph adjustency matrix
Output: All-pairs shortest path
for k = 1 to N do

for i = 1 to N do
for j = 1 to N do

spki,j = min(spk−1
i,j , spk−1

i,k + spk−1
k,j )

end
end

end
Algorithm 1: Floyd-Warshall Algorithm

Using this algorithm we solve the shortest path
problem in time proportional to N3.

To solve arbitrage problems, we have to do ma-
jor modifications in the previous algorithm, because
of two reasons. First of all, we want the knowledge of
the profit of arbitrage to have also the way to achieve
this. So, we shall also need a second matrix to hold the
path we have to follow from the share ui to the share
uj in order to have profit. This is not a real computa-
tional problem, since we can do it in O(N3) time of
Floyd-Warshall algorithm.

The computational problem arrives from the na-
ture of our graph. As we already said if an arbitrage
opportunity exists, then market forces should elimi-
nate it very quickly. So we are more interested in short
paths than in the long ones. That means, we prefere
to do less exchanges with smaller profit than more ex-
changes with bigger profit, because of the risk that in
the mean time the arbitrage opportunity will be elimi-
nated.
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We need one more variable in the main matrix to
hold the length of the path, to pass from the share ui
to the share uj . We consider the 3-dimensional ma-
trix [rtsi,j ] for i, j, s = 1, 2, ..., N which will be the
best profit one can have, going from i to j in s steps.
Unfortunatelly, this option will increase the computa-
tional time, it means we can do it in time proportional
to N4. But, since we are interrested in values of N
smaller than 30, we need to add to the computational
time just a fraction of a second.

We will use also another 3-dimensional matrix
psi,j . Each element psi,j describes the last step (last in-
termediate vertice) from the path going from i to j in
s steps which corresponds to the rtsi,j . The initializa-
tions of the two matrices we are going to use are as
follows:

rtsi,j = 0, i, j, s = 1, 2, ..., N

rt1i,i = 1, i = 1, 2, ..., N

p1i,j = 0, i, j = 1, 2, ..., N

Input: Shares exchange table
Output: Profit between shares
for s = 2 to N do

for k = 1 to N do
for i = 1 to N do

for j = 1 to N do
hld = rts−1

i,k ∗ rt
1
k,j

if hld > rtsi,j then
rtsi,j := hld;
pathsi,j := k;

end
end

end
end

end
Algorithm 2: Arbitrage algorithm

When the algorithm finishes the matrix rate con-
sists of the values of profit one can get going from
i to j in s steps. It means that ratesi,i gives as the
maximal gain we can obtain starting and ending with
the share i. If ratesi,i > 1 for some s, then we
can do arbitrage. And the exchanges we have to do
to get the gain are given in the matrix path. If the
path from the vertice i to the vertice j in s steps is
i = i1, i2, i3, ..., is−1, is = j then the (i, j, s)-element
of the matrix path, this means pathsi,j is equal to is−1,
paths−1

i,is−1
= is−2, paths−2

i,is−2
= is−3 etc. In this way

we can obtain the path of all the exchanges we have
to do to gain from arbitrage. Using this algorithm we

can find all arbitrage possibilities in time proportional
to N4.

As an example, we used the above algorithm for
N = 20 on an Intel Centrino 1.8GHz processor. We
got the result in 0.7 seconds.

6 Conclusion

Arbitrage is a very broad form of trading that en-
compasses many strategies; however, they all seek to
take advantage of increased chances of success. Al-
though the risk-free forms of pure arbitrage are typ-
ically unavailable to retail traders, there are several
high-probability forms of risk arbitrage that offer re-
tail traders many opportunities to profit.
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