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Multifractal formalism - MFCCA

Amplitude Scale

Detrending procedure

Covariance

Scaling exponent

slope

q<0 small fluctuations

q>0 large fluctuations

Cross-correlation function

Auto-correlation functions



Singularity spectrum

Generalized Hurst exponent

Conventional MFDFA procedure 

average of generalized Hurst exponents



Kraken
exchange









Triangular arbitrage on Kraken exchange

AEUR=r(BTC/EUR,t)+r(ETH/BTC,t)-r(ETH/EUR,t)

AEUR=r(BTC/USD,t)+r(ETH/BTC,t)-r(ETH/USD,t)





Conclusions
• Bitcoin market has recently and rapidly developed the statistical hallmarks which are empirically 

observed for all “mature” markets like stocks, commodities or Forex.

• It also appears that the maturity of the Bitcoin has cascaded onto other cryptocurrencies - ETH, 
leading to the emergence of a seemingly-independent world cryptocurrency market, akin to the 
foreign exchange.

• cryptocurrencies have already started developing multifractal cross-correlations, even when 
traded directly among themselves.

• Since high-frequency price data are available since the beginning of trading, cryptocurrencies
offers a unique window into the statistical characteristics of a market maturation trajectory.

• The analysis of the detrended cross-correlation coefficients reveals a dependence on the time 
scales which may be caused by large arbitrage opportunities that occurred in the past. By the end 
of 2018, these opportunities have decreased significantly, making the cryptocurrency market 
more synchronized.
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