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Abstract

We present a practical system that supports in-depth analy-
sis of cryptocurrency markets through timeline-based event
detection and contextual summarization. Our framework pro-
cesses continuous news streams, identifies price-relevant
events, and organizes them into semantic timelines with
concise background summaries generated by large language
models (LLMs). This design allows traders and analysts to
retrospectively explore events alongside price charts, facil-
itating a deeper understanding of how news developments
relate to market fluctuations. By transforming unstructured
news data into structured insights, the system provides a valu-
able tool for market analysis, risk evaluation, and behavioral
studies in volatile trading environments. A live demonstration
of our system is available at: https://uptrace.duml.io

Introduction
Cryptocurrency markets are highly volatile, with prices fre-
quently influenced by breaking news, regulatory decisions,
economic trends, and influential statements from key fig-
ures (Sun, Liu, and Sima 2020; Alizadeh et al. 2024).
Traders and analysts, however, face difficulties in determin-
ing whether a new headline represents an isolated occur-
rence or a continuation of an ongoing trend (Garcia and
Schweitzer 2015). This lack of structured context hinders
systematic analysis and complicates the assessment of event
significance (Kim, Goetzmann, and Shiller 2023).

To address this challenge, we introduce a timeline-based
event extraction and summarization system that links market
volatility with structured event insights. The system identi-
fies cryptocurrency-related events from heterogeneous news
streams, generates concise phrases and summaries, and clus-
ters semantically related items into coherent timelines. Daily
market data is converted into return- and volatility-based
textual descriptions to establish causal links between price
changes and events. Events are scored for relevance, clus-
tered, and filtered by volatility impact using a majority-
voting strategy (Trad and Chehab 2025), with at most three
key events per day retained. Background summaries are con-
structed from full news bodies, enabling users to understand
not only what happened but also why it matters in historical
context.
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Figure 1: Overview of our event detection and summariza-
tion framework.

Unlike prior financial news visualization systems (Sax-
ena, Janzen, and Maass 2024; Qorib, Hu, and Ng 2024;
Faghihi et al. 2022), our approach directly integrates event
timelines with candlestick charts, ensuring that market par-
ticipants can trace asset movements back to concrete news
events. This design provides richer situational awareness by
combining numerical trends with contextual narratives, of-
fering both high-level overviews and fine-grained insights.
The user interface complements this workflow with an in-
teractive design. This design minimizes cognitive load and
helps users focus on the developments most relevant to their
analytical objectives.

System Architecture
User Interface Figure 2 shows an intuitive interface of
our system that connects price volatility with relevant events
through three main components. Our tool enables users to
quickly identify what happened on days with high price
volatility (Parkinson 1980) for each coin by displaying
markers directly on the price chart. When the user hovers
over a marker, a compressed summary of the corresponding
event is shown. If the user wants more details, clicking the
marker redirects them to the timeline at the corresponding
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Figure 2: A screenshot of the LLM-powered event detection and timeline-based summarization system. The interface displays
a BTC daily candlestick chart, where (1) milestone events are directly overlaid on the daily candlestick chart as interactive
markers. Hovering over a marker reveals key event phrases, allowing users to quickly grasp the nature of market-moving
news at specific time points. (2) Next to the chart, a scrollable event list presents detected events that can be sorted in reverse
chronological order or by volatility impact. (3) For each event, the system provides a curated list of related news clusters.

event. Each event in the timeline provides an event phrase,
an event summary, and background knowledge necessary to
understand the event (Duan et al. 2024; Zhang, Xu, and Qi
2023). To help users focus on the most important events, the
system allows filtering to display only the top N% of events
based on volatility. The timeline can also be sorted either by
volatility level or by chronological order.

Workflow Figure 1 illustrates the overall workflow of the
system. When news articles are ingested, the system first
performs automatic extraction of coin-specific mentions.
Based on the extracted content, the system generates an
event phrase and produces a corresponding event summary.

In parallel, daily market data is processed to generate tex-
tual descriptions from two perspectives: volatility-based and
return-based. The volatility description is derived from the
daily high and low prices, while the return-based description
is calculated from the open and close prices. Causal links be-
tween these textual market descriptions and detected events
are then established.

For each day, return-based movements are initially asso-
ciated with news articles by assigning a relevance score to
each news item. Articles that exceed a predefined thresh-
old are retained, and their event phrases and summaries are
clustered to form coherent event groups. Relevance scoring
is conducted through a chain-of-thought (CoT) (Wei et al.
2023) prompting strategy. To ensure stability and reduce
variance, the scoring process is repeated five times per ar-
ticle, and the final relevance score is computed as the aver-
age of these outputs. Our prompt design was informed by
methodologies presented in the following studies. (Pratapa,
Small, and Dreyer 2023; Romanou et al. 2023; Hu, Moon,
and Ng 2024)

Next, the volatility-based analysis is used to identify the

events with the strongest impact. A majority-voting strat-
egy (Trad and Chehab 2025) is applied to select the most
influential events. For these selected events, the system col-
lects the full body of all related news articles and generates
a detailed background summary to provide richer context.

If the selected event does not contain the top-scoring news
article from the initial return-based scoring step, that article
is added to the event cluster to preserve consistency. Finally,
the system retains at most three key events per day to ensure
conciseness and interpretability in the timeline.

Implementation All language components of our system
are implemented using OpenAI’s GPT-4o-08-06 (Ope-
nAI et al. 2024) as the backbone large language model with
the temperature parameter set to 0 to ensure determinis-
tic and consistent outputs across inference runs. For clus-
tering, we use OpenAI’s text-embedding-3-large
model to encode news title and employ hierarchical cluster-
ing (Cohen-Addad et al. 2017). Our news pool is constructed
from Upbit 1 contract news, covering major developments
relevant to the cryptocurrency market. All cryptocurrency
price data was retrieved via the Upbit API. 2

Social Impact

The system enhances transparency in cryptocurrency mar-
kets by linking volatility with contextualized event sum-
maries, enabling traders, researchers, and regulators to bet-
ter understand the drivers of sudden price movements while
reducing information asymmetry.

1https://upbit.com/
2https://docs.upbit.com/kr
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