
This report presents an empirical analysis of game balance in Saint Petersburg, identifying statistical outliers and dominant strategies to inform 
the design of a balanced "Edition 3." Rather than relying on subjective observation, we generated objective performance data through extensive 
Monte-Carlo simulations using two advanced AI players: AIDanFMCTrainerTimeManaged (a time-sensitive agent trained on FlatMC data with 
feature selection) and AIDanExpectiMiniMaxTimeManaged (a time-sensitive version of our tournament two player).

For the preliminary analysis, to ensure statistical significance, we simulated 1,200 games for the First Edition and 750 games for the Second 
Edition, with strict time limits of 3.0 to 3.5 minutes per game to replicate tournament pressure. Our analysis separates performance metrics into 
two distinct game phases: Early Game (Rounds 1 through 4) and Late Game (Round 5 onwards). This distinction allows us to isolate "snowball" 
cards (those that grant a disproportionate advantage when purchased early) from cards intended specifically for end-game scoring.

To identify unbalanced cards accurately, we categorized cards by type (Workers, Aristocrats, Buildings) and normalized their Win Rates and Pick 
Rates using the Modified Z-Score. Based on the logic implemented in SPCardAnalysisTwo.java, the Buy Rate (labeled as "Pick Rate" in the 
generated report) is calculated by dividing the total number of times a specific card was purchased (buysTotal) by the total number of unique 
times that card appeared in the market (appearancesTotal). The Win Rate is determined by dividing the number of games won by a player who 
purchased the card (winsTotal) by the total number of times the card was purchased (buysTotal), providing a percentage that indicates how often 
buying the card correlates with a victory. These metrics are calculated both globally and for specific game phases (Early vs. Late) to isolate 
temporal performance. Unlike a standard Z-score, which can be skewed by extreme outliers, this method uses the median and the 
Median Absolute Deviation (MAD) to provide a robust measure of how far a card's win rate deviates from its peers. The formula used 
is:

     
              

   
               

Where   represents the individual card's win rate,   is the median win rate for that specific card type, and    is the median of the 

absolute deviations from the median. A constant of 0.6745 is applied to align the scale with a standard normal distribution. This robust 
statistical approach allows us to detect true outliers while accounting for the small sample size of unique cards. Note that the Marijnski-Theater
has been excluded from the preliminary analysis due to a known mechanical bug in the current simulation environment.

Based on the performance data generated from the First and Second Edition simulations, we identified critical imbalances where specific cards 
either dominated the win condition or were statistically irrelevant to competitive play. We simulated 9 different variations of cards.csv to identify 
the best balance changes. Using these insights, we engineered Edition 3, implementing targeted cost and value adjustments to flatten the power 
curve.

SPCardAnal
ysisTwo

Java Program used for running card analysis
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Card Name Type Pick 
Rate

Win 
Rate

Late 
Pick 
Rate

Late 
Win 
Rate

Status mod z-score 
Pick Rate

mod z-score 
Win Rate

mod z-score 
Late Pick Rate

mod z-score 
Late Win 
Rate

Tax Man trading 
aristocrat

0.57 0.64 0.64 0.64 WIN CONDITION -2.47316666
7

1.68625 -1.854875 1.68625

Card Name Type Pick 
Rate

Win 
Rate

Early 
Pick 
Rate

Early 
Win 
Rate

Late 
Pick 
Rate

Late 
Win 
Rate

mod z-
score 
Pick 
Rate

mod z-score 
Win Rate

mod z-
score 
Early 
Pick 
Rate

mod z-
score Early 
Win Rate

mod z-
score 
Late 
Pick 
Rate

mod z-
score Late 
Win Rate

Weaving Mill trading 
worker

0.73 0.56 0.79 0.59 0.69 0.55 -0.4496
66667

1.349 -0.7419
5

5.396 -0.5246
11111

0.44966666
7

Wharf trading 
worker

0.74 0.55 0.73 0.58 0.7 0.54 -0.3747
22222

1.01175 -1.1466
5

4.7215 -0.4496
66667

0.22483333
3

Gold Smelter trading 
worker

0.64 0.43 0.46 0.37 0.64 0.45 -1.1241
66667

-3.03525 -2.9678 -9.443 -0.8993
33333

-1.7986666
67

Potjomkin's 
Village

building 0.73 0.47 0.52 0.45 0.89 0.49 0.0374
72222

-2.698 -0.2922
83333

-1.0599285
71

0.3065
90909

-1.349

Warehouse building 0.71 0.46 0.47 0.43 0.94 0.48 -0.1124
16667

-3.3725 -0.5171
16667

-1.4453571
43

0.9197
72727

-2.0235

Card Name Type Early Pick 
Rate

Early Win 
Rate

z-score Early Pick 
Rate

z-score Early Win 
Rate

Mistress of 
Ceremonies

aristocra
t

0.5 0.76 1.4333125 2.36075

Tax Man (trading): This card has the highest Win Rate (0.64) and Late Win Rate (0.64) in the report, with 
a high positive modified z-score (1.68625), indicating it is overpowered and needs a mechanical 
adjustment

Weaving Mill(worker): It has a high overall Pick Rate (0.73) and a strong Win Rate (0.56), suggesting it's a popular and effective card that may be 
contributing too much power to its archetype.
Gold Smelter (worker): With a very low Win Rate (0.43) and an even worse Early Win Rate (0.37), combined with negative modified z-scores 
(e.g., -9.443 for Early Win Rate), this card is highly ineffective and requires a significant buff.
Warehouse (building): Its low Win Rate (0.46) and negative modified z-score (-3.3725) indicate it's not contributing to wins and needs a power 
increase to justify its pick.
Potjomkin's Village (building): Despite a high Late Pick Rate (0.89), its Win Rate remains low (0.47) with a negative modified z-score (-2.698), 
suggesting it fails to effectively convert late picks into wins.
Wharf (trading worker): While it has a high Pick Rate (0.74), its Win Rate (0.55) is only slightly above average, so it should be monitored to ensure 
it doesn't become overpowered following other archetype changes

Mistress of Ceremonies (aristocrat): Its extremely high Early Win Rate (0.76) and very high positive 

As stated earlier, since pick rate and win rate are compared in different scales, we decided to normalize 
the values. We used adjusted Z-score, which uses Median and MAD. The result is a behavior similar to 
that of a Z-score.

Report on the Edition 1 Deck
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Mistress of Ceremonies (aristocrat): Its extremely high Early Win Rate (0.76) and very high positive 
modified z-score (2.36075) suggest it's too dominant when picked early and should be monitored for a 
potential nerf.
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The table above shows the changes made to the original deck. We can see that 
five cards were nerfed (Observatory, Judge, Mistress of Ceremonies, Patriarch, 
and Tax Man), all by increasing its price.

We can see that the nerf is definitely working on these cards, with pick rate and 
win rate on these cards decreasing from Edition 1 deck to the Edition 2 deck (early 
pick & win rate for Tax Man and Patriarch are deducted due to a small sample size 
of buys). However, based on our observations, Observatory, Judge, and Patriarch 
did not necessarily deserved their nerfs, as their win rates were all middle of the 
pack (check first edition analysis) in their respective card categories. Here are the 
full statistics for deck edition 2.

CardBalanceReport_Edition4

Report on the Edition 2 deck
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As you can see, the nerfs definitely works for Tax Man and Mistress of 
Ceremonies, reducing their abnormal win rates from edition 1. However, other 
cards are also affected, and some cards jumped out to be significantly better than 
in edition 1 (e.g. Pope (or Abbott), Harbor). We suspect this is the result of the 
nerfs to other cards that maybe shouldn't have been nerfed, or due to the small 
sample size. We're going to keep the nerfs on Tax Man and Mistress of 
Ceremonies and adjust other cards we identified in the analysis of the Edition 1 
deck in our Edition 3 deck.
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We ran 9 total Monte Carlo Simulation, each with 1500+ games, with different variants of 
balance changes, and came to the balance changes below.

Workers:
Changes:

Old Statistics:

With these changes, we were able to:
Nerf Weaving Mill and Wharf such that their early win rate is dropped significantly.-

Gold Smelter gets a deserving buff to its win rate.-

There's a significant reduction in the early win rate standard deviation-

We do notice the low pick rate for Carpenter Workshop & Gold Smelter. However, we 
believe this is due to our player not seeing through enough depth to identify the benefit 
of having these two cards.

-

Buildings:
No changes.

Changes were attempted to be made to the original deck. However, none of the statistics 
came out as balanced as how it was in the first edition deck.

Statistics:

Aristocrats:

Changes:

Old Statistics:

Effects:
The standard deviation in all of the early win rate, late win rate, and the overall win rate 
dropped by a margin.

-

There's no clear strong aristocrat that stands out either by overall win rate or early win 
rate.

-

New statistics

New Statistics:

Card Balance Suggestions
Saturday, December 6, 2025 10:14 PM
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