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Abstract 

This study presents the performance of seven betting strategies in European roulette via Monte Carlo simulations across 

48 scenarios. Performance metrics included mean and median net profit, win and ruin probability, maximum drawdown, 

VaR and CVaR. Results confirmed that all strategies have negative expected value. Progressive strategies had higher 

short-term win rates but incurred much heavier loss tails. Fractional Kelly and Fixed-fractional showed moderate profiles 

with no long-term advantage. The fixed-stake strategy proved to be the safest, effectively limiting the risk of ruin. The 

study can be used to modify new betting strategies and serve as a warning to casino users. 
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1. Introduction 

Online gambling has become popular in recent years 

thanks to the development of web platforms and mobile 

applications [1]. Easy access to online casinos allows us-

ers to play gambling games at any time. Among many 

casino games, European roulette is one of the most rec-

ognizable. 

Many players are looking for betting strategies that 

could increase their chances of winning or limit their 

long-term losses. Popular systems such as Martingale or 

Fibonacci are often presented on websites or forums as 

effective methods for making money at roulette [2]. 

These strategies are usually based on changing the stake 

after previous wins or losses. 

From a mathematical point of view, roulette is a game 

with a negative expected value for the player because the 

casino has a built-in advantage in the form of an addi-

tional zero field [3]. 

Betting strategies cannot change the probability of 

roulette results. However, they can change the distribu-

tion of wins and losses during the game. Some strategies 

may generate many small profits in the short term, but at 

the same time, they may increase the risk of large losses 

or complete loss of bankroll. Because of this, roulette 

strategies are an interesting research problem related to 

probability theory, stochastic processes and risk manage-

ment. 

European roulette is often analysed in probability the-

ory [4], [5] because it has a simple and clearly defined 

mathematical structure. The roulette wheel contains 37 

fields numbered from 0 to 36. For even-money bets, the 

player wins on 18 fields and loses on 19 fields. The addi-

tional zero field creates the casino advantage and causes 

the expected value of the game to be negative for the 

player. 

A betting strategy can be understood as a rule that de-

termines the size of the next stake. The stake can depend 

on the current bankroll, previous results or a fixed pro-

gression system. In gambling research, betting strategies 

are usually divided into fixed betting systems, progres-

sive betting systems and proportional betting systems. 

Fixed betting systems are the simplest group. In this 

approach, the player uses the same stake in every round. 

Such systems do not try to recover losses by increasing 

the stake, so they are usually more stable and less risky 

than progressive systems. 

Progressive betting systems are based on changing 

the stake after wins or losses. Popular examples are Mar-

tingale, Fibonacci, D’Alembert and Labouchere. These 
systems are often attractive for players because they may 

generate frequent small wins. However, research shows 

that progressive systems cannot change the expected 

value of roulette. Croucher showed that betting systems 

modify the distribution of results, but they do not remove 

the mathematical advantage of the casino [4]. Pflaumer 

also analysed the Martingale sytem using simulations and 

showed that frequent small wins are balanced by rare but 

large losses [5]. 

Proportional betting systems are based on adjusting 

the stake to the current bankroll. In this group, the player 

usually risks a selected percentage of capital. One of the 

best-known proportional systems is the Kelly criterion. 

This approach is used in gambling and investment theory 

to maximize long-term capital growth [6], [7]. However, 

this method is useful mainly when the player has a posi-

tive mathematical advantage. In European roulette, that 

advantage does not exist, so Kelly-based strategies can-

not guarantee long-term profit. 

In the analysis of betting strategies, it is not enough 

to compare only average profit. Some systems may have 

a high probability of small profit, but at the same time 

they may create a high risk of ruin. Therefore, risk 

measures are very important in this type of research. 

Probability of ruin is one of the basic measures used 

in gambling analysis. It describes how often the player 

loses enough capital to continue playing. Another im-

portant measure is maximum drawdown, which shows 

the largest decrease in bankroll from a previous maxi-

mum value during a session. 
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Modern risk analysis also uses tail-risk measures such 

as Value at Risk (VaR) and Conditional Value at Risk 

(CVaR). VaR estimates the loss level that should not be 

exceeded with a selected probability. CVaR describes the 

average loss in the worst part of the distribution [8], [9]. 

These measures are especially useful for progressive sys-

tems, where large losses may appear rarely, but their con-

sequences are very serious. 

Monte Carlo simulation is commonly used to ana-lyse 

gambling systems because it allows researchers to gener-

ate many independent game sessions and observe the dis-

tribution of results. This method is useful when analytical 

calculations are difficult due to changing stakes, table 

limits and finite bankrolls [10], [11]. 

Monte Carlo simulation is also widely used in modern 

risk management because it allows researchers to approx-

imate the full distribution of possible outcomes, includ-

ing rare but severe losses. Recent studies on VaR and 

CVaR show that simulation-based methods are useful 

when analytical formulas are difficult or when the loss 

distribution is asymmetric and heavy-tailed. This is im-

portant for progressive betting systems, where there are 

frequent small gains and rare but significant losses [12], 

[13]. 

2. Research objective, scope and hypothesis 

The main objective of this study is to compare selected 

betting strategies used in European roulette and evaluate 

their effectiveness using Monte Carlo simulation. The 

analysis focuses on how different betting systems affect 

the final financial outcome, the probability of profit, and 

the risk of losing capital. 

The study includes seven betting strategies: 

• Flat betting, 

• Martingale, 

• Fibonacci, 

• D’Alembert, 
• Labouchere, 

• Fixed-fractional, 

• Fractional Kelly. 

The study does not include psychological factors, bo-

nuses, taxes, casino promotions or other additional rules. 

The simulations were performed for different bank-

rolls, table limits, and session lengths. This allows strat-

egies to be compared under different conditions. The 

study also included profitability measures and risk 

measures, because average profit alone is not enough to 

evaluate betting systems. 

The main research hypothesis was formulated as fol-

lows: 

• Betting strategies used in European roulette do not 

eliminate the negative expected value of the game, 

but they significantly influence the distribution of 

profits, losses, and financial risk. 

3. Materials and methods 

3.1. Research object and assumptions 

The research focused on betting strategies used in Euro-

pean roulette. The analysis was limited to even-money 

bets, specifically the red/black type of bet. 

The study assumes that every roulette spin is an inde-

pendent random event with an identical probability dis-

tribution. This assumption is consistent with the theoret-

ical model of European roulette and allows the gambling 

process to be treated as a stochastic process. 

3.2. Analysed betting strategies 

Seven betting strategies were analysed in the study: 

• Flat betting was used as a reference strategy. The 

player placed the same stake in every round, 

• Martingale doubled the stake after each loss and re-

turned to the initial stake after a win, 

• Fibonacci increased the stake according to the Fibo-

nacci sequence after losses. After a win, the strategy 

moved two positions back in the sequence, 

• D’Alembert increased the stake by one unit after a 
loss and decreased it by one unit after a win, 

• Labouchere used a numerical sequence. The next 

stake was calculated from the first and last element of 

the sequence. After a loss, the stake was added to the 

sequence, and after a win, selected elements were re-

moved, 

• Fixed-fractional used a constant percentage of the 

current bankroll as the stake, 

• Fractional Kelly was based on the Kelly criterion, but 

only a fraction of the calculated Kelly stake was used 

to reduce volatility. 

3.3. Simulation scenarios 

Monte Carlo simulation was used to compare the strate-

gies. For every strategy and scenario, 10,000 independent 

sessions were simulated. 

The following parameters were used: 

• Initial bankroll: {100, 200, 500, 1000} 

• Table limit: {32, 64, 128, 256} 

• Maximum number of spins: {200, 500, 2000} 

• Number of sessions per scenario: 10000 

The full experiment included 48 scenarios for each 

strategy. In total, 3,360,000 game sessions were simu-

lated. 

The selected parameter values allowed the analysis of 

short and longer game sessions, lower and higher bank-

rolls and different table limits. The number of simula-

tions was selected after observing that the main statistics, 

such as mean profit and probability of ruin, became sta-

ble. 

3.4. Evaluation metrics 

The analysed betting strategies were evaluated using a set 

of profitability and risk metrics. This approach was used 

because the average final result alone does not fully de-

scribe the behaviour of a betting system. Some strategies 

may generate a relatively high number of profitable ses-

sions, but at the same time they may expose the player to 
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rare and very large losses. For this reason, expected per-

formance and downside risk were included in the evalu-

ation. 

The basic measure used in the analysis was the final 

profit from a session. It was calculated as the difference 

between the final bankroll and the initial bankroll: 

Where 𝛱 is the final profit from a session, 𝐵𝑇  is the 

bankroll after 𝑇 spins, and 𝐵0 is the starting capital as-

signed to a given simulation scenario and T is the total 

number of spins in a session. Positive values of 𝛱 indi-

cate profitable sessions, while negative values indicate 

losses. 

For each strategy, the mean and median profit were 

calculated. The mean profit was used to estimate the av-

erage long-term result of the strategy. The median profit 

was included because the obtained distributions were of-

ten asymmetric and influenced by extreme values. In 

such cases, the median can better represent a typical ses-

sion result than the arithmetic mean. 

The probability of profit was defined as the percent-

age of sessions in which the final profit was greater than 

zero: 

Where 𝑃𝑝𝑟𝑜𝑓𝑖𝑡  is probability of profit, 𝑁𝑝𝑟𝑜𝑓𝑖𝑡 is the 

number of profitable sessions and 𝑁 is the total number 

of simulated sessions. This metric shows how often a 

given strategy ends with a positive result. It is especially 

important when analysing progressive systems, because 

they often increase the number of small winning sessions. 

The probability of ruin was used as one of the main 

risk measures. In this study, ruin was defined as a situa-

tion in which the player was no longer able to place the 

minimum required stake. The probability of ruin was cal-

culated as: 

Where 𝑃𝑟𝑢𝑖𝑛 is the probability of ruin, 𝑁𝑟𝑢𝑖𝑛 is the 

number of sessions that ended in ruin, and N is the total 

number of simulated sessions. This metric is important 

because a strategy may produce many profitable sessions 

but still be dangerous if it frequently leads to the loss of 

the bankroll. 

Another risk measure was maximum drawdown. It 

describes the largest decrease in bankroll value from a 

previous maximum during a session. It was used to eval-

uate how large temporary losses may occur before the 

session ends. This metric is important because even if the 

final result is not equal to ruin, a large drawdown means 

that the player had to accept a significant loss during 

gameplay. 

The maximum drawdown can be defined as: 

Where 𝑀𝐷𝐷 is the maximum drawdown, 𝑇 is the to-

tal number of spins in a session, 𝑛 is selected moment of 

the session, 𝑘 represents the previous moments up to mo-

ment 𝑛, 𝐵𝑘 is the bankroll value at moment 𝑘 and 𝐵𝑛 is 

the bankroll value at moment 𝑛, 𝑚𝑎𝑥0≤𝑘≤𝑛𝐵𝑘 represents the 

highest bankroll value observed from the beginning of 

session up to moment 𝑛. Higher drawdown values indi-

cate greater capital instability. 

The average stake was also calculated for each strat-

egy. This metric was used to compare the aggressiveness 

of betting systems. Progressive strategies usually require 

much higher stakes after losing streaks, while Flat betting 

keeps the stake constant. Therefore, the average stake 

helps to show how strongly a strategy increases risk dur-

ing the session. 

To analyse extreme losses, Value at Risk and Condi-

tional Value at Risk were used. Value at Risk (VaR) de-

scribes the loss threshold for the worst part of the distri-

bution. In this study, the 95% level was used, which 

means that VaR was calculated for the worst 5% of ses-

sion results. 

Conditional Value at Risk (CVaR) was used as an ex-

tension of VaR. CVaR was calculated for confidence lev-

els of 95% and 99%. For 95% confidence level, CVaR 

represents the average result among the worst 5% simu-

lated sessions, and at the 99% confidence level, it repre-

sents the average result among the worst 1% of simulated 

sessions. This metric is especially useful for progressive 

strategies because it shows how large the losses are when 

the strategy enters unfavourable scenarios. While VaR 

gives only a boundary value, CVaR provides more infor-

mation about the severity of extreme losses. 

3.5. Statistical analysis and implementation 

The distributions obtained from simulations were not 

normally distributed and contained extreme values. Be-

cause of this, non-parametric methods were used [14], 

[15]. 

The D’Agostino–Pearson test was used to check nor-

mality. The Mann–Whitney U test was used to compare 

selected strategies with the Flat betting strategy. Boot-

strap analysis was used to evaluate the stability of CVaR 

estimates. 

The simulations were implemented in Python. The 

Pandas and NumPy libraries were used for data pro-

cessing and numerical calculations. Matplotlib was used 

to prepare charts. The raw results were stored in CSV 

files. 

4. Results 

4.1. Overall comparison of strategies 

The aggregated results for all scenarios are shown in Ta-

ble 1. The results confirm that all analysed strategies gen-

erated negative mean profit. This means that none of the 

strategies was able to overcome the casino advantage. 

 
 

 

 

𝛱 = 𝐵𝑇 − 𝐵0 (1) 

𝑃𝑝𝑟𝑜𝑓𝑖𝑡 = 𝑁𝑝𝑟𝑜𝑓𝑖𝑡𝑁  (2) 

𝑃𝑟𝑢𝑖𝑛 = 𝑁𝑟𝑢𝑖𝑛𝑁  (3) 

MDD = 𝑚𝑎𝑥0≤𝑛≤𝑇 (𝑚𝑎𝑥0≤𝑘≤𝑛𝐵𝑘 − 𝐵𝑛) (4) 
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Table 1: Aggregated results of analysed strategies 

Strategy Mean 

profit 

[u.] 

Profit 

probabil-

ity 

Ruin proba-

bility 

Flat betting -24.11 23.04% 1.81% 

Martingale -67.33 39.20% 39.45% 

Fibonacci 

D’Alembert 
Labouchere 

Fixed-frac-

tional 

Fractional 

Kelly 

-57.98 

-161.84 

-153.79 

-150.07 

-150.07 

53.34% 

31.09% 

26.55% 

17.68% 

17.68% 

32.49% 

54.15% 

64.56% 

5.14% 

5.14% 

 

Flat betting achieved the lowest ruin probability, 

equal to 1.81%. It also had the smallest average loss. This 

means that the simplest strategy was the safest in terms 

of capital protection. 

Progressive systems had a higher probability of profit 

than Flat betting. The highest value was achieved by Fib-

onacci, where 53.34% of sessions ended with profit. 

However, this result was connected with a high ruin prob-

ability of 32.49%. Martingale also had a relatively high 

profit probability, but its ruin probability was 39.45%. 

The worst ruin probability was observed for La-

bouchere and D’Alembert. Labouchere ended in ruin in 
64.56% of sessions, while D’Alembert ended in ruin in 
54.15% of sessions. These results show that high short-

term attractiveness of progressive systems is connected 

with risk. 

4.2. Risk metrics 

Tables 2 and 3 present the risk measures for the analysed 

strategies. These results show not only average profit, but 

also the scale of losses in unfavourable scenarios. 

Table 2: Risk and volatility measures 

Strategy 95%-VaR 95%-
CVaR 

99%-VaR 99%-
CVaR 

Flat betting -100.0 -115.02 -132.0 -148.56 

Martingale -500.0 -635.67 -1000.0 -1000.0 

Fibonacci -500.0 -633.75 -1000.0 -1000.0 

D’Alembert -1000.0 -1000.0 -1000.0 -1000.0 

Labouchere -1000.0 -1000.0 -1000.0 -1000.0 
Fixed-fractional -727.52 -854.4 -919.57 -945.36 

Fractional Kelly -727.52 -854.4 -919.57 -945.36 

     

Table 3: Aggregated results of analysed strategies 

Strategy Avg. drawdown 

[u.] 

Avg. stake 

[u.] 

Flat betting 45.24 1.00 

Martingale 283.94 112.46 

Fibonacci 213.63 64.41 

D’Alembert 361.64 22.76 

Labouchere 479.21 84.43 

Fixed-fractional 307.09 4.99 

Fractional Kelly 307.09 4.99 
   

The results show that progressive strategies generated 

much higher drawdowns than Flat betting. The highest 

average drawdown was observed for Labouchere. This 

confirms that the strategy creates high capital fluctua-

tions and can quickly lead to large losses. 

Flat betting had the lowest average drawdown and the 

lowest average stake. This is expected because the strat-

egy does not increase the stake after losses. As a result, it 

does not create strong capital escalation. 

The CVaR results also show that progressive strate-

gies have higher tail risk. In the worst scenarios, Martin-

gale, Fibonacci, D’Alembert and Labouchere reached 
very large losses. This means that even if these strategies 

sometimes generate frequent small profits, they are very 

dangerous in the most cases. 

4.3. Distribution of simulation results 

The distribution of simulation results was examined to 

compare the variability, asymmetry and extreme out-

comes of the analysed strategies. 

 

Figure 1: Boxplot of profit distribution for analysed strategies 

Figure 1 shows that progressive systems have a strong 

concentration of results near the lower boundary, which 

means that many sessions ended with very large losses or 

ruin. Flat betting has a more stable distribution, with 

lower variability and smaller extreme losses. 

 

Figure 2: Probability of profitable session 

The profit probability chart shows that Fibonacci 

achieved the highest probability of profit. Martingale also 

had a higher profit probability than Flat betting. How-

ever, this does not mean that these strategies are better 

because their risk of ruin is also much higher. 
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Figure 3: Probability of ruin 

The ruin probability chart shows a clear difference 

between Flat betting and progressive systems. Flat bet-

ting had very low ruin probability, while Labouchere, 

D’Alembert, Martingale and Fibonacci had much higher 
values. This confirms that progression-based strategies 

increase the danger of losing the whole bankroll. 

 

Figure 4: Mean profit by strategy 

The mean profit chart confirms that all strategies gen-

erated negative average results. Flat betting had the 

smallest average loss, while D’Alembert and Labouchere 
had the largest losses. This result supports the main hy-

pothesis that betting systems do not remove the negative 

expected value of roulette. 

 

 

 
 

Figure 5: Profit distribution for Fibonacci 

 

Figure 6: Profit distribution for Flat betting 

 

Figure 7: Profit distribution for Martingale 

The histograms show that Flat betting has a more reg-

ular and stable distribution of results. In contrast, Martin-

gale and Fibonacci produce asymmetric distributions. 

Many results are small profits, but there are also large 

losses connected with ruin. This confirms that progres-

sive systems change the shape of the distribution instead 

of improving the expected value. 

4.4. Statistical results 

The D’Agostino–Pearson test rejected normality for all 

analysed strategies. This means that the obtained result 

distributions were not normal. 

Table 4: D’Agostino–Pearson normality test 

Strategy Skew-

ness 

Kurtosis p-value 

Flat betting -1.02 1.28 0 

Martingale -0.42 3.02 0 

Fibonacci -1.64 4.67 0 

D’Alembert -0.63 1.70 0 

Labouchere 0.49 3.38 0 

Fixed-frac-

tional 

0.21 14.80 0 

Fractional 

Kelly 

0.21 14.80 0 

The Mann–Whitney U test showed statistically sig-

nificant differences between Flat betting and selected 

progressive strategies. 
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Table 5: Statistical significance tests 

Comparison Test p-value 

Martingale vs Flat 

betting 

Mann-Whitney U < 0.001 

Fibonacci vs Flat 

betting 

Mann-Whitney U < 0.001 

Labouchere vs Flat 

betting 

Mann-Whitney U < 0.001 

   

This means that the differences were not only random 

effects of simulation, but were connected with the struc-

ture of the strategies. 

5. Discussion and conclusions 

The results confirmed the main research hypothesis. 

None of the analysed betting strategies was able to elim-

inate the negative expected value of European roulette. 

All strategies produced negative mean profit in the long 

term. This result is consistent with the mathematical 

structure of roulette and the casino advantage created by 

the zero field. 

This observation is also consistent with earlier anal-

yses of roulette betting systems [4], which indicate that 

betting strategies may change the distribution of short-

term outcomes, but they do not change the expected value 

of the game. The practical meaning of a betting strategy 

should not be interpreted as the ability to generate long-

term profit, but rather as the ability to control or increase 

specific types of risk. Because of that, the analysed sys-

tems should be compared mainly from the perspective of 

bankroll protection, probability of ruin and exposure to 

extreme losses. 

Progressive systems increased the probability of 

short-term profit in some scenarios. However, this effect 

was obtained at the cost of much higher ruin probability 

and higher tail risk. 

From the player’s perspective, this means that the per-

centage of profitable sessions may be misleading when 

used as the main criterion for strategy selection. A system 

such as Fibonacci or Martingale may appear attractive 

because it often produces small profits, but the same 

mechanism increases the size of the stake after losses and 

exposes the bankroll to rare but large losses. For this rea-

son, a strategy with a higher probability of profit should 

not automatically be considered safer or more effective. 

Fibonacci is a good example of this effect. It achieved 

the highest probability of profitable sessions in the aggre-

gated results, but it also produced a high probability of 

ruin. This means that the strategy may look effective in 

short sessions, but it is dangerous when analysed from 

the risk perspective. 

This result shows the importance of analysing not 

only how often a strategy wins, but also what happens in 

losing scenarios. In practical terms, Fibonacci may be ac-

ceptable only for a player who is aware that frequent 

small gains are balanced by the possibility of losing a 

large part of the bankroll. 

Martingale also shows the same problem. The strat-

egy is based on the idea of recovering previous losses by 

doubling the stake. In practice, this approach is limited 

by the player’s bankroll and the table limit. When a long 
losing sequence appears, the strategy may quickly lead to 

ruin. 

Labouchere and D’Alembert were among the riskiest 
strategies in the experiment. They generated high average 

drawdown and high ruin probability. This shows that 

slower progression does not necessarily mean safe pro-

gression. 

Flat betting achieved the most stable results. It had the 

lowest probability of ruin and the lowest average draw-

down. It did not generate the highest number of profitable 

sessions, but it protected the bankroll better than the other 

strategies. A player who aims to reduce the probability of 

ruin should prefer low fixed stakes instead of progres-

sion-based recovery systems. Flat betting does not re-

move the casino advantage, but it limits stake escalation 

and makes losses easier to control. If the objective is 

bankroll preservation rather than maximizing the number 

of short-term winning sessions, Flat betting is the most 

rational choice among the analysed strategies. 

The results for Fixed-fractional and Fractional Kelly 

were nearly identical. This outcome is a result of the 

Kelly parameters. In the simulations, the Fixed-fractional 

used a constant fraction of 2% bankroll. For the Frac-

tional Kelly assumed probability estimate was 0.52 and 

the Kelly fraction was set to 0.5. According to the Kelly 

formula for even-money bets, these parameters also re-

sulted in a stake to equal approximately 2% of bankroll. 

These results also illustrate an important limitation of 

Kelly-based staking in roulette. The Kelly criterion is de-

signed for situations where the player has a positive edge. 

In European roulette, this condition is not satisfied, so 

proportional staking can only influence volatility, but it 

cannot create a positive long-term expectation. This is 

why Fractional Kelly should be interpreted here as a risk-

control rule rather than as a profit-maximizing method. 

The results also show that average profit is not 

enough to evaluate betting systems. Some strategies may 

have relatively high profit probability, but their worst-

case results are very poor. Therefore, risk measures such 

as probability of ruin, maximum drawdown and CVaR 

should be used in the analysis of gambling systems. 

The study has several limitations. First, the model 

does not include any psychological behaviour of players. 

In real gambling, emotions, risk aversion and irrational 

decisions may strongly influence results. Second, the re-

search was limited to one type of bet, red/black. Third, 

the analysis did not include casino bonuses, taxes, trans-

action costs or different roulette rules. Finally, the study 

was based on simulation data, not on real casino data. 

The main conclusions from the research are: 

• Betting strategies do not overcome the casino ad-

vantage in European roulette. All analysed systems 

produced negative mean profit in the long term. 

• Progressive strategies increase the probability of 

short-term profit, but they also significantly increase 

probability of ruin, maximum drawdown and tail risk. 



Journal of Computer Sciences Institute 40 (2026) 232-238 

 

238 

 

• Flat betting was the safest strategy in the study be-

cause it generated the lowest ruin probability and the 

most stable bankroll changes. 

• Risk measures such as CVaR and maximum draw-

down are necessary for proper evaluation of betting 

systems, because average profit alone may be mis-

leading. 

Future research may include the analysis of other rou-

lette bets, different table rules and real gambling data. 

Another possible direction is the use of Markov models, 

dynamic programming or reinforcement learning to ana-

lyse adaptive betting systems. It may also be useful to in-

clude behavioural models of players, because real deci-

sions in gambling are often influenced by emotions and 

risk perception. 
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