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§ Always buy? How to make money when market goes down? 

I bet market will go 
down in the next 

month
I bet a bullish 

market in the next 
month

- 100 shares SPY @598.19
(short sell)

+ 100 shares SPY @598.19
(long)

On Tuesday: SPY -> $600. 

- Lost$819 + gain $819

On Monday: SPY -> $590. 

+ Gain $1000 - Lost $1000
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What is Leverage? 

Bank Buyer has $20k Price: $100k

Loan: $80k Loan: $80k

Cash: $20k

Real estate value Equity P/L

Bought a house $100k $20k 0

Price up $120k (20%) $40k $20k (100%)

Price down
$80k (-20%) 0 -$20k (-100%)

$50k (-50%) -30k -50k (-250%)

5X profit! 

wiped out! 

§ Margin Trading: Brokers act as banks and you can trade N times of your money

§ What if go wrong? Margin Call ! Forced liquidation  
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Deep Reinforcement Learning For 
Portfolio Management

Profit and risk with shaping
• Profit: equity difference between two 

consecutive time steps
• Risk: Sharpe ratio, a risk-adjusted return metrics

Market conditions
• prices of assets
• technical indicators

Equity conditions: 
• Long positions: available cash, 

loan, equity
• Short positions: available limit for 

short sale, credit balance, equity
• # holding shares

#shares 
(before)

action #shares 
(after)

AAPL 14 -3 9

MSFT 8 +2 10

Actor-Critic algorithm
• A2C
• SAC
• PPO
• DDPG



Margin Trader: a RL framework with margin accounts
A framework that incorporates margin with realistic constraints into portfolio management and 
build an RL framework for margin trading.

[1] Jingyi Gu, Wenlu Du, A M Muntasir Rahman, Guiling Wang. “Margin Trader: A Reinforcement Learning Framework for Portfolio Management 
with Margin and Constraints”. 4th ACM International Conference on AI in Finance (ICAIF23) 





The Allocation of Capital Value in Long/Short Matters

The allocation of capital value in long and short positions directly impacts both profit and risk under 
different market conditions

Desired setting: long-short position ratio is adaptive to 
market conditions and funds can be transferred 
between positions periodically.

Existing
works

Assume short positions always maintain 
equal equity with long positions

Simply allocate equity to both positions with fixed 
ratio at initialization, funds cannot be transferred 
between positions despite market changes

Funds in long positions may not be fully invested 
on assets during volatile market, vice versa

Long Short



Solution: integrate LLM to decide long-short ratio
Design a Plug-in LLM module for controlling the long-short ratio in RL trading system.
1. Market Trend Forecasting/Reasoning: Use LLMs to analyze various data sources and forecast market trends with reasoning.
2. Position Reallocation: Adjust the long-short ratio based on the forecast and input it into the RL algorithm.
3. RL Trading: Regularly interact with the RL agent to execute trades. (Fine-tuning is NOT required!)

[1] Jingyi Gu, JunyiYe, Guiling Wang, WenpengYin. “Adaptive and Explainable Margin Trading via Large Language Models in Portfolio Management. “ 
Accepted by the 5th International Conference on AI in Finance (ICAIF24)
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1. Explainable Pipeline on Firm-Specific News

Step 3: fine-grained market trend prediction 

Step 2: summarization to fit LLM context limits (4k tokens)
Monthly 

News
July

Aggregate all stock 
news summaries 
into the prompt.

DJIA 30 
stocks

…
July July

Market trend 
prediction 

Explanation

LLM Reasoning.
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2. Explainable Market Forecasting/Reasoning on Time Series

Macro 
indicators

…

Market trend 
prediction Explanation

LLM Reasoning.

GDP CPI Interest 
rate



Interaction with RL agent

RL formulation  (Margin Trader as backbone)

State: 
• Market conditions: close prices of assets, technical 

indicators
• Equity conditions on long and short positions 

separately: # holding shares
Action: # shares to trade for each stock 
Reward: Sharpe ratio, a risk-adjusted return metrics
Position allocation: implemented through margin 
adjustment module of margin trader 

LLM interacts with RL process every k steps

Increase 
long equity 

Proportional adjustment with ratio bound mitigate risks of 
overreacting to market  fluctuation and facilitates smoother 
transitions between positions



Portfolio Performance



Frequency Analysis.

• Frequent (quarterly) adjustment 
introduces higher volatility to 
portfolios

• Infrequent (annually) one misses out 
on opportunities to capitalize on 
timely market movements

Important to find a reasonable frequency for optimal portfolio performance


