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Extended Abstract
Motivation. The Ethereum blockchain and its digital assets have revolutionised the landscape
of digital assets and decentralised financial markets. Transaction graphs, representing the flow of
value between wallets within Ethereum, have played a crucial role in understanding the system’s
dynamics[1], such as digital asset transfers and the behaviour of traders. Analysing the transac-
tional graphs sheds light on underlying functional features, providing a better understanding of
how interactions affect the system. Complex systems process information at different length and
time scales using emergent functional organisations of its microscopic variables at these scales.
In this talk, we will demonstrate how these functions can be discovered using topological data
analysis[2] on blockchain transaction data from the Ethereum cryptocurrency.

Approach and Methodology. We perform the functional segmentation at various times and
length scales on a directed transactional graph. To perform temporal topological data analysis,
we vary the timescale and examine the M cryptocurrency transactions between N accounts within
a time window of width 𝜏. Within different window lengths 𝜏’s, the weighted directed graphs we
inferred are different, but the smaller window network is nested within the larger time window
(𝑊𝜏(𝑖, 𝑗) ≤ 𝑊𝜏′(𝑖, 𝑗) for all 1 ≤ 𝑖, 𝑗 ≤ 𝑁 ). So, we find the weight matrix 𝑊𝜏 that is averaged
over all sliding time windows of scale 𝜏, and the weight matrix 𝑊 ′

𝜏 averaged over all sliding
time windows of scale 𝜏′. To perform spatial topological data analysis, we obtain the shortest
distance matrix 𝐷𝜏(i,j) of the reciprocal values of the average weight matrix 𝑊𝜏(i,j) using the
Dijkstra algorithm, since the smaller distance between nodes represents frequent interactions.
We deduce an network G(𝜖) of data points that are D(i,j)<𝜖, starting from 𝜖=0, increasing the
length scale 𝜖 progressively until 𝜖 = max

(𝑖,𝑗)
𝐷(𝑖, 𝑗). For G(𝜖) at different 𝜖, we plot barcodes,

persistent diagrams, landscapes and compute the various Betti numbers. At scales of 𝜖, we find a
group of nodes which interact strongly with themselves, and we expect these groups to represent
functions. We track how these groups evolve as we vary 𝜖. The groups that remain the same
as we vary 𝜖 are said to be persistent and can be thought of as the functional architecture. We
compare the functional architecture for various 𝜏 ’s and are concerned with functions that are
equally frequent at different timescales and length scales. We would then try to organise these
into information pathways through comparative analysis, such as alluvial diagrams.

Results. Currently, we have been able to create a directed transaction graph for a particular day
and generate barcodes for window length 𝜏 = 2 minutes, 20 minutes and 200 minutes, Fig(1d).
We are currently working out the persistent spatio-temporal structures (the functions) at these
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three time scales, and how larger functions are obtained through the composition of smaller
functions.

Conclusions and Outlook. With this work, we aim to understand the functional architecture
of the Ethereum financial ecosystem, specifically how information propagates inside the system
through these functional groups across various time and length scales. By the time of the confer-
ence, we believe that we will be able to obtain functional groups for different lengths and time
scales and study how information propagates in the financial system for a particular period of
time.
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(a) Window Length 𝜏 = 2-minutes

(b) Window Length 𝜏 = 20-minutes

(c) Window Length 𝜏 = 200-minutes

(d) Figure1 : Barcodes in 0, 1, and 2 dimensions for different window lengths 𝜏. Each bar for the respective dimensions represents a generator of the homology group. i.e 𝐻
(𝑝,𝑞)
𝑛 , where p,q

marks a lifetime. The length of p,q signifies the persistence.
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