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Abstract:

The paper deals with the cryptocurrencies. First, a general introduction to crypto-currencies is given
from the programmer’s point of view. It describes some basic strategies for automated trading. Also
explained is the algorithm Floyd-Warshall and its modifications for automation arbitrage. An
illustrative example is given and a trading algorithm is listed
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Introduction

The paper deals with cryptocurrencies. Main goal of this article is to introduce strategy
for automated trading. For this purpose we will use algorithm based of Floyd-Warshall
algorithm. Article is introductory and can this method can be developed in the future.

Method of the Research

Article introduces new method or algorithm for automated trading with crypto-
currencies. Data used for testing are real data from bitcoin exchanges.

Introduction to cryptocurrencies

Cryptocurrency is a type of digital currency that uses cryptography for security and
anti-counterfeiting measures. Cryptocurrency transactions are anonymous, and un-
traceable. For cryptocurrency enthusiasts, this anonymity is a preferred technology, as
it empowers individuals rather than institutions. Cryptocurrencies typically feature de-
centralized control and a public ledger which records transactions. The first decentral-
ized cryptocurrency became Bitcoin in 2009.

Bitcoin is a best known, distributed peer-to-peer digital currency that can be trans-
ferred instantly and securely between any two people in the world. It's like electronic
cash that you can use to pay friends or merchants. Since its introduction in 2009, over
700 other artificial cryptocurrencies were invented, see (Antonopoulos, 2015). There
were more than 669 cryptocurrencies available for trade in online markets as of 24 Au-
gust 2015 (Farghaly, 2014) and more than 740 in total, but only 8 of them had market
capitalizations over $10 million (Farghaly, 2014).

Brief overview of top 15 cryptocurrencies with highest market capitalizations as of
October 10, 2015 follows in table Table 1.

Typical properties of cryptocurrency include:

+ decentralization - there is no central authority that could manage, control or in-
fluence cryptocurrencies. Processing of digital currency is based on the P2P networks,
which are completely independent of any central server as well as on some specific
hardware infrastructure. The con-sequence is that cryptocurrency cannot be controlled
by the government or other institutions.

« transparency - the currency is fully transparent through public database called
Blockchain that shows all transactions that were carried out on the network. Practically
cannot be faked.

* anonymity - money transactions are carried out as a chain of digital signatures
of individual trans-fers. This means that you can re-verify that means if a digital currency
is right, but you cannot identify the sender.

* resistance against inflation - the number of units is determined by mathemati-
cal cryptocurrency addictions and cannot be changed. Some cryptocurrency (Bitcoin)
therefore tend to have a deflationary character.

* non-refusing — one cannot refuse payment - sent the currency (e.g. Bitcoin)
cannot cancel after you send or withdraw. Therefore there can be neither a chargeback
by the bank or other institution.

For each of these characteristics, of course, one can lead a discussion, whether the
property is convenient or inconvenient or even dangerous.
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It is worth saying that, compared with fiat currencies, all cryptocurrencies have much
higher volatility and short-time volatility. On Figure 1 is a 15-minutes snapshot of trade
(Bitcoin, Exchange OKCoin, November 1, 2015 at 14 o’clock). We can see that price
varies from USD 332.3 to USD 307.48 and back, i. e. +3.9% around its mean value.

Itis therefore not uncommon (i.e. itis more the rule), that at the same time on different
exchanges trades the same currency pair (for example, BCT / USD) at very different
prices. From there it is very close to the idea, realized with cryptocurrency arbitrage.
Taking into account the specific characteristics cryptocurrency however need to respect
that arbitrage strategies will differ significantly from what we know of the standard ex-
changes, such as Ameritrade or Forex.

Figure 1. Vol coin exchange
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Source: Khaosan (2014)

Basic arbitrage strategies, as we know from traditional exchanges, are risk-free. It
constantly monitors the price range on the same stock, and whenever detects the busi-
ness opportunities to buy cheaper one exchange and at the same time to sell for a
higher price on other exchange. The difference between the sale and re-purchase price
is (gross) profit transaction.
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Source: Crypto-Currency Market Capitalizations (2015)
Naive strategy BTS

Uninformed investor may attempt to modify this basic strategy for cryptocurrency
and the two exchanges. He reaches strategy, which we call naive, and that is totally
bad. Numerical example of this strategy nicely describes article (Khaosan, 2014). Spe-
cifically, pure arbitrage in the Bitcoin exchange market is not viable because of the slow
transaction mechanism imposed by the blockchain.

Pure arbitrage works well between mismatched futures and spot contracts because
the same broker will accept immediate settlement of both sides of an arbitrage trade.
Applying the principle of arbitrage to two currency accounts held at different exchanges
is not only impractical — it is a catastrophic scenario.

Why cryptocurrency exchange may work well in arbitration scheme involves far
greater market volatility. At any change in prices other exchanges will adapt, but it's a
process that takes place relatively slowly. Therefore, it is possible to use local fluctua-
tions during fast changes in prices.

In naive approach we first buy the currency at a lower price (stage B), then this cur-
rency move (stage T for Transfer) to another exchange, and there sell it back (stage S)
at a higher price. The whole cycle includes all three stages BTS.

http://www.iises.net/proceedings/4th-business-management-conference-istanbul/front-page 104



12 October 2016, 4th Business & Management Conference, Istanbul ISBN 978-80-87927-30-4, IISES

While high volatility on the one hand allows the use of arbitration strategy, on the
other hand simultaneously is the limiting factor. While fiat currencies are forwarded
mostly by hand, which takes several days, forwarding crypto currency is significantly
faster and in theory can be done during milliseconds. Unfortunately, the transfer process
includes verifying the authenticity of money. This is done by a mechanism called Block-
chain and typically takes from tens of minutes to several hours. It is obvious that, given
the rate of price changes, BTS strategy is unusable.

Strategy BTS

Based on the analysis (Khaosan, 2014), | propose a new Buy-Sell-Transfer (BST)
strategy. It is based on the fact that with simultaneous buying and selling currency. Un-
der normal circumstances, this is not possible. Or, it would be only if we assume that on
all accounts there is sufficient balance, respectively. But this is not useable in practice.

BST strategy uses so-called short sales. It is a feature available on many exchanges.
Buying and selling short is, in fact, selling a commodity that we do not have yet. Does
this mean that under certain circum-stances we may borrow from the Exchange for a
short period of time. Later we must cover this borrow, including a small fee. Short time
borrows (“selling short” in exchange terminology) is meant for different usage; however
this can bring a substantial advantage.

The whole process begins by buying currency on one exchange for a small price. At
the same time the same amount of currency is sold for higher price on other exchange.
Later the currency, which we bought on the first exchange, is transferred onto second
exchange and used to cover the loan.

Because buying and selling currencies proceeds in exactly the same moment, prices
may not change between selling and buying. BST strategy is inherently safe. Its weak-
ness is, first, that the loan must be paid with a certain interest, but mainly the fact that
many exchanges do not allow to simply cover the loan by the funds transferred.

As the purchase and sale occur simultaneously, and because it is a risk-free opera-
tion, comes into con-sideration even the situation that the purchase/sale proceeds via
several exchanges. Thus, between the start and end Exchange is still one or several
other middle exchanges.

This situation leads to the task of finding the optimal transition from the start, through
one or more in-termediate exchanges to the destination exchange. Tasks like this are
dealt with in graph theory and can make a mathematically correct. There is a simple
and effective algorithm that solves this task in O(N3). It's well known as Floyd-Warshall
algorithm.

Algorithm Floyd-Warshall

Finding the optimal path can be solved using a modified algorithm Floyd-Warshall.

Original, unmodified algorithm is explained on Figure 2. It is closely related to
Kleene's algorithm (published in 1956) for converting a deterministic finite automaton
into a regular expression.

According to (Ciubatii, 2010), the algorithm can be divided into two steps:

1. Let A be a NxN matrix (N is the number of vertices), A(i,j) representing the
length (or cost) of the shortest path from i to j. For each element A(i,j) assign
a value equal to the cost of the edge going from i to j, or an infinity value if this
edge doesn't exist.
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2. At each step, for each pair of vertices i and j see if there's an intermediate
vertex k so that the path from i to j through k is shorter than the one already
found for i and j. If i, j and k are or-dered properly, only O(N?) operations are
needed to find the values of all elements of A. Such an order is obtained when
first k is considered and then i and |.

Figure 2. Example of graph and matrix for graph
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Source: Algoritmy.net (2015)

Table 2. Pseudocode for Floyd-Warshall Algorithm
# N - number of vertices

# weight(i,j) - weight of the edge from vertex i to j ; equal to infinity
if such an edge doesn't exist

Fori=1toN
Forj=1to N
A(i,j) = weight(i,j)

For k=1to N # k is the intermediate vertex
Fori=1to N
For j=1to N
# check if the path from i to j that passes through k
is shorter then the one already found
If A(i,k) + A(k,j) < A(i,j) Then A(,j) = A(,k) + Ak,))

Source: Ciubatii (2010)

Modification of Floyd-Warshall Algorithm

Described algorithm cannot be used in its original form. It needs to be modified, at
least for the follow-ing reasons:
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1. The original algorithm assumes that the prices of the trip are additive, i.e. when
passing through the multiple edges, the individual contributions are summed. In con-
trast, in the search for the optimum way through graph of exchanges are gains for the
individual edges multiplicative, i.e. profits of edges are multiplied.

2. Unlike classical algorithm, we do not seek to minimize prices, but rather to max-
imize profits. This is why comparison of profits must be held in more sophisticated way.

3. Algorithm Floyd-Warshall assumes a uniform scale for prices. This assumption
in practical use is not met, because there is no clearly defined reference point. Simply
put, when you buy or sell you cannot simply decide whether the trade is profitable or
not. It depends on against which the cur-rency and against which exchange the profita-
bility is compared.

4. There is a whole range of other restrictions that are enforced both by internal
regulations and the implementation of the API in exchanges. For example, you cannot
make trades between two fiat currencies (legislative restrictions: because exchanges
do not have a banking license for currency exchange) and the like. More detailed anal-
ysis would, however, be beyond the contribution.

Conclusion

The article provides a brief insight into cryptocurrencies. It deals with one interesting
aspect arbitrage and brings a new strategy BST for automated trading.

In the second part the article discusses the possible application of Floyd-Warshall
algorithm for finding the optimum path through the graph so that profit is maximized.
There are described some problems of implementation and outlined ways to solve them.
But there is still a lot of work to do. More testing on real data should be done.
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