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Background (1): Economic Crisis
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• Economic downturns are an inevitable cyclical occurrence throughout history. The 
financial world has witnessed numerous crises over time, each providing invaluable 
data and lessons. 

• In fact, crises present opportunities for those able to identify and capitalize on 
inherent market inefficiencies. During every economic downturn when everyone 
else is crumbling, there are those who seize opportunities from within and rise 
up.

Goals:  “모두가 손해를 볼 때 이익을 얻거나 최소한 손해를 줄일 수 있는 전략이 필요하다!”
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Background (2):Related Works
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Literature review (1): Economic Networks
• Understanding and analyzing the complexity of 

financial systems has emerged as an important 
research topic.

• Moreover, if there are signs of systemic risk, it is 
necessary to have a macro-management system 
not only for the financial sector but also for the real 
sector. 

• Ultimately, since the financial system is difficult to 
predict or control and relies on highly 
interdependent connections, exploring and 
identifying approaches to understand the 
complexity of the network is a crucial research 
topic.
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Source: Schweitzer F, Fagiolo G, Sornette D, Vega-Redondo F, Vespignani A, White DR. 
Economic networks: the new challenges. Science. 2009 Jul 24;325(5939):422-5. doi: 
10.1126/science.1173644. PMID: 19628858.
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Literature review (2):
주식 네트워크를 통한 코로나19 충격의 금융산업 시스템 위험에 대한 영향: 경제 
충격과의 비교

• This study observes the impact of the COVID-19 
shock on the interconnection between stocks in 
the financial industry from a network 
perspective. 

• The market collapse caused by the COVID-19 
shock shows time series characteristics very 
similar to those of economic shocks. 

• In the stock network of the minimum spanning 
tree, while economic shocks weaken through 
market adjustments after the event and show 
connections between different stocks, the 
COVID-19 shock maintains the connection 
structure among similar stocks despite active 
market adjustments, due to continuous 
unexpected shocks. 
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Literature review (3): 
COVID-19 전후 금융시장 주요 섹터 네트워크 구조 및 동적 변화 분석

• This paper aims to analyze the impact of COVID-19 
on the interconnections between stocks in key 
sectors of the KRX300 index.

• Using methods such as Minimum Spanning Tree, 
node centrality, and community detection 
algorithms, the study identifies changes in network 
structures and key nodes before and after COVID-19. 

• The findings indicate that the financial sector 
maintains significant influence throughout, with a 
notable shift in importance from the consumer 
discretionary sector to the information technology 
sector post-COVID-19, highlighting the utility of 
GAT models in capturing these dynamic market 
changes.
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Literature review (4): BoK Report on Defining Crisis
• Bank of Korea made an index Composite Financial Pressure Index (CFPI), which 

reflects market instability in banking, bonds, stocks, and foreign exchange 
• It detected the 1997 foreign exchange crisis, the 2008 global financial crisis, and 

the 2020 COVID-19 pandemic.
• These events can be analyzed as representative cases of 1) internal economic 

factors, 2) external economic factors, and 3) non-economic factors. 
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Source: 김태완, 박정희, 이현창(2024), “데이터 기반 금융·외환 조기경보모형” BOK이슈노트, 2024(11).
이창훈, 홍지연, 이현창(2024), “빅데이터와 기계학습 알고리즘을 활용한 실시간 인플레이션 전망(real-time inflation forecasting)”, BOK이슈노트, 2024(5).
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Insight and Problem descriptions
• Insight

– Research on how these methodologies can be applied to actual investment strategies 
remain laking

– This study aims to develop an effective portfolio strategy for the Korean stock market 
based on these new methodologies and evaluate it empirically.

• Problem Description
– Through this research, we aim to contribute to understanding the complexity of 

financial networks and developing more efficient and stable investment strategies.
– By analyzing the periods before and after the major crises identified by the Bank of 

Korea's Composite Financial Pressure Index (CFPI). We analyze what investment 
strategies should be adopted for various situations. such as the 1997 foreign exchange 
crisis, the 2008 global financial crisis, and the 2020 COVID-19 pandemic.
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Data (1): Acquisition
• Our analysis focuses on the daily closing prices of stocks listed on the Korea 

Composite Stock Price Index (KOSPI). The data includes various attributes for 
each stock, such as the closing price, volume, and other financial indicators. 

• We have defined the data ranges for the IMF, Subprime, and COVID-19 periods
based on significant economic events and their impacts on the financial markets.
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Data (2): Preprocessing for Graph Structure of KOSPI Data
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Methodologies (1): MST
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Methodologies (2): Centrality and Community Detection

AI for Finance

12



IE471 Term Project

KAIST ISysE / GSDS

Methodologies (3): Centrality Analysis
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Methodologies (3): Community Detection
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Results (1): 1997 IMF Financial crisis 
• MST

• Interconnections among securities firms weakened and even severed after the 
crisis. Instead, the center shifted to prominent cement and raw material 
companies such as Dongkuk Holdings and Sungshin Cement. In addition, the 
distance between large corporations and their subcontractors increased, as the 
large corporations faltered, leading subcontractors to reduce their connections 
and potentially change their business models to focus on other revenue streams 
for survival. 
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Results (1): 1997 IMF Financial crisis 
• Centrality

• Degree Centrality
– Before the IMF crisis, security firms such as NH Investment Securities, SK Securities, had a high 

degree centrality, accounting for the high importance of the network. However, their importance 
dropped after the crisis, potentially due to significant restructuring and increased regulation in the 
financial and securities sectors

• Betweenness Centrality
– Overall betweenness centrality increased significantly after the IMF crisis, rising by approximately 

four times. This indicates that the market shares a similar response to the economic crisis. 
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Results (1): 1997 IMF Financial crisis 
• Community Detection

• (Increase in the number of communities) The number of communities has clearly 
increased from  3 to 7, almost twice.

• (Decrease in the soundness of corporate structure) Internally, it can be 
interpreted that the corporate structures have become more robust, with 
unnecessary connections reduced and only the valuable ones remaining.
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Results (2): 2008 Subprime Mortgage
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Results (3): 2020 Covid-19 Crisis
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Discussion & Conclusion (1): Graph Analysis
• Analysis used graph methodologies such as Minimum Spanning Tree (MST) 

analysis, centrality measures, and community detection.
• Findings revealed significant shifts in industry centrality and connectivity.

– Before the IMF crisis, securities firms had high centrality but were later replaced by raw 
materials and cement industries due to the crisis.

– During the subprime mortgage crisis, the centrality of financial firms decreased, with 
heavy industries and technology firms becoming more central.

– The COVID-19 pandemic highlighted the growing importance of technology and 
domestic market-oriented companies, with increased centrality for internet service 
companies and domestic distribution firms.

• During economic crises, overall centrality measures generally increase, and 
the number of distinct communities decreases, indicating a more unified 
market response to external shocks.

• These structural changes offer valuable insights for creating investment strategies 
resilient to economic disturbances.

• -Advanced network analysis techniques can enhance our ability to predict market 
changes and develop strategies for improved stability and performance during 
economic crises.
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Application (1)

• We found that degree centrality among other mythologies has the highest 
explanatory power in crisis situations. Based on this, we defined new sectors by 
dividing companies into top 33%, middle 33%, and bottom 33% according to their 
degree centrality scores.

• We aim to plot the efficient frontier by adjusting the weights of these newly 
defined sectors.

• 1. Sector Definition 
– Define new sectors based on communities discovered through network analysis
– Understand sector characteristics by reflecting theoretical backgrounds and expert 

opinions

• 2. Portfolio Optimization
– Set the newly defined sectors as asset classes
– Perform portfolio optimization using mean-variance or risk parity methods
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Newly Defined Sectors
• 1) Hub & Spoke Sector (High Degree Centrality)

– Companies playing a central hub role in the network

• 2) Chain Link Sector (Degree Centrality)
– Companies forming connecting links with the central firms

• 3) Fringe Player Sector (Low Centrality)
– Peripheral companies located at the fringe of the network

Application (2) 
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Application (3)
• We focused on the IMF crisis to determine what strategies should be adopted 

before and during the crisis based on the results.
• Using data from before and during the IMF crisis, we defined sectors. We will 

maintain the initially defined sectors.
• We 1) Plot the efficient frontier before and during the IMF crisis, and 2) Plot the 

efficient frontier until the end of the IMF crisis. 
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Application (3)
• We calculated the required weightings for each sector to achieve our target return. 

This provides insights into how we should construct our portfolio when investing. 
The target return is the average return across all stocks during the period. We 
can obtain information on how to construct our portfolio to at least achieve the 
average return.

• Before .6601 -> .6602
• Return: -0.6602, Weights: [0.73268891 0.21628933 0.05102176]
• After .3949 -> .3950
• Return: -0.3950, Weights: [0.45998449 0.46699919 0.07301632]
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Discussion & Conclusion (2):
Significance and Limitations
• Significance

– The significance of our work lies in defining a new sector, rather than using existing 
industry classifications.

– While it may be challenging to achieve substantial effects using this approach, defining 
sectors through network analysis and applying this to strategy is a novel attempt.

• Limitations
– graph composition.

• There were too many edges, which, if reflected, would greatly reduce interpretability.
• To prevent this, only edges with lower distances were selected, which could introduce bias.
• This issue arises because companies that disappeared after the IMF crisis do not have current 

data available.

– lack of a solid foundation for adequate explanations based on the graph analysis.
• Although there were sufficiently explanatory points, they were still lacking.
• An economic interpretation was needed.
• number of companies included in the defined sector was very small.

– strategy was not attempted for periods other than the IMF crisis.
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