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Abstract—Maimai DX is an arcade rhythm game that is famous
among young people, especially in Asia. There are various types of
songs and difficulty levels that make players addicted. One of the
most interesting things about maimai DX is its scoring system,
where each song chart can reach not 100% but 101% or All
Perfect Plus, making it even more challenging for players to
complete a chart perfectly. In this paper, we will analyze the
complexity of the algorithm for the scoring system in maimai DX
and determine the complexity of the algorithm using Big-O
Notation.
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​I. INTRODUCTION

Maimai, a captivating arcade rhythm game developed by
Sega, has gained popularity not only in its home country of
Japan but also in various other countries, including Indonesia.
This game is renowned for its international appeal, with
versions available in multiple languages, including Japanese,
English (International Version), and Simplified Chinese
(Chinese Version).

The gameplay in maimai revolves around rhythmically
pressing eight buttons surrounding the screen or interacting
directly with the screen itself. Players synchronize their actions
with the rhythm of the chosen song, responding to symbols in
the form of rings or slides that emanate from the center of the
screen. Whether you prefer to tackle the challenges solo or
enjoy the competitive spirit with friends, maimai
accommodates both single-player and multiplayer modes,
supporting up to four players.

Over the years, maimai has evolved, giving rise to several
series, such as maimai, maimai PLUS, maimai MiLK, maimai
Finale, and the focus of this paper, maimai DX. This
second-generation installment has further branched into
various subseries, such as maimai DX, maimai DX PLUS,
maimai DX Splash, maimai DX Festival, and the recently
released maimai DX Buddies in September. These iterations
offer a diverse array of songs, encompassing Niconico and
Vocaloid tunes, the iconic Touhou Project melodies, anime
tracks, and even original compositions.

While the scoring systems across the maimai series share
similarities, they also incorporate unique elements. In this
paper, our primary focus will be on maimai DX due to its

particularly intricate and compelling scoring system, providing
an ideal basis for a comprehensive analysis of algorithm
complexity.

​II. BASIC THEORY

Algorithm complexity is a fundamental concept in computer
science that helps us analyze and compare the efficiency of
different algorithms when solving a specific problem. There
are 2 types of algorithm complexity, namely time complexity
(based on the number of computational stages as a function of
the number of inputs n, denoted as T(n)) and space complexity
(based on the memory used by the data structure, denoted as
S(n)). The complexity of this algorithm is then expressed in
O(n), or known as Big-O notation. The Big-O notation is a key
tool used to describe the upper bound on the time or space
complexity of an algorithm in the worst-case scenario. It
provides a concise and abstract way to represent how the
performance of an algorithm scales as the size of the input data
increases. In the Big-O notation, we typically use the letter "O"
followed by a function that represents the upper bound,
denoting the order of growth. For example, O(n) signifies
linear time complexity, where the algorithm's execution time
grows proportionally to the input size.

Let's consider an example to illustrate how different
algorithms can be used to solve the same problem and how
their complexities can vary. Suppose we want to find the
maximum element in an unsorted list of numbers. Two
common algorithms for this task are the "linear search" and the
"divide and conquer" approach. In a linear search (2), the
algorithm examines each element one by one, making it O(n)
in terms of time complexity because the execution time
increases linearly with the input size.

(1)
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(2)
On the other hand, a divide and conquer algorithm, such as

binary search (3) when the list is sorted, has a time complexity
of O(log n), which is significantly more efficient as it divides
the problem into smaller subproblems and can find the
maximum element faster, especially for larger datasets. By
analyzing and comparing the Big-O notations of these two
algorithms, we can make an informed decision about which
one to use based on the problem's size and constraints,
ensuring we select the most efficient solution. This
fundamental understanding of algorithm complexity is crucial
for designing efficient and scalable software systems.

(3)

​III. MAIMAI DX SCORING SYSTEM

Before we start analyzing the algorithm, we will try to
look at the scoring system behind maimai itself [1]. It will be
divided into 2, for each song chart and the rating increase for
each player..

​A. The Song Chart
Maimai is a rhythm game where players have to press

buttons or screens according to the timing of the song which is
visualized in the form of a song chart containing various types
of notes. Notes on maimai are divided into 4, namely tap
(regular press, the note moves from the inside to the edge),
hold (long press, the note moves from the inside to the edge),
slide (press and drag, the note appears, usually from the edge
and has a route which also ends at the edge), touch (a silent tap
on the screen), touch hold (a silent hold on the screen), paired

(notes that come out at the same time), break (a special note
that has added value) and EX note (an auto perfect note). Each
note that is pressed will be assessed for timing, and the game
will issue a judgment called "Judgements", which is divided
into 5, namely Miss, Good, Great, Perfect, and Critical Perfect.
In addition, maimai will also tell you whether the note was
pressed too fast (Early) or too late (Late).

Maimai measures the score obtained by players on the chart
as "Achievement". What makes maimai unique is that the
achievement can be achieved from 0 to a maximum of 101%,
with 100% obtained by pressing all notes except the break with
Perfect or Critical Perfect, and 1% of the break bonus which is
different for each judgment. Player have to score 80% or
higher to successfully pass the chart.

The following are the points of each note with each
judgment,

Table 1 Points of each Note and Judgement

Note Good Great Perfect Criti
cal

Low Mid High Lo
w

High

Tap 250 400 400 400 500 500 500

Hold 500 800 800 1000 100
0

1000 1000

Slide 750 120
0

120
0

1500 150
0

1500 1500

Break
base

1000 125
0

150
0

2000 250
0

2500 2500

Break
bonus

30 40 40 40 50 75 100

In the table above, note tap has the same value as note touch
and note hold has the same value as note touch hold. Breaks
have a special assessment with break base for base
achievement and break bonus for maximum achievement.

Base achievement is obtained by adding up all points
obtained except break bonuses, then dividing it by the
maximum total base points and multiplying it by 100. For
achievement bonuses, adding up all break bonus points and
dividing it by the maximum total break bonus points, without
multiplying by 100. Total achievement obtained by adding up
the base achievement and bonus achievement.

For example, suppose in a chart play:
- Out of 50 tap notes, 1 miss and 49 perfect
- Of the 10 break tap notes, 1 great high, 1 perfect low, 2

perfect high, and 6 critical perfect
- Of the 4 slide notes, 4 are perfect
- Of the 2 break slide notes, 2 are critical perfect
- Of the 9 hold notes, 1 is great and 8 are perfect

The following is the base achievement calculation:
- Tap notes = 49 * 500 = 24500
- Break tap notes = 1 * 2000 + 1 * 2500 + 2 * 2500 + 6 *

2500 = 24500
- Slide notes = 4 * 1500 = 6000
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- Break slide notes = 2 * 2500 = 5000
- Hold notes = 1 * 800 + 8 * 1000 = 8800
- Total = 68800 points

The following is the achievement bonus calculation:
- Break tap notes = 1 * 40 + 1 * 50 + 2 * 75 + 6 * 100 =

840
- Break slide notes = 2 * 100 = 200
- Total = 1040 points

The following is the calculation of max base achievement:
- Tap notes = 50 * 500 = 25000
- Break tap notes = 10 * 2500 = 25000
- Slide notes = 4 * 1500 = 6000
- Break slide notes = 2 * 2500 = 5000
- Hold notes = 9 * 1000 = 9000
- Total = 70000 points

The following is the calculation of the max achievement bonus
- Break tap notes = 10 * 100 = 1000
- Break slide notes = 2 * 100 = 200
- Total = 1200 points

Based on the calculation above, the player's total
achievement is (68800/70000) * 100 + (1040/1200) = 99.1523
(in percent).

​B. The Rating System
Maimai DX has a rating feature as an approximation of how

high a player's abilities are based on the number of charts
played and the achievements obtained. The formula for
calculating the rating obtained from a song chart is

(4)
There are 5 types of song chart difficulty in maimai, from

easiest to hardest, Basic, Advanced, Expert, Master, and
Re:Master (not all song has Re:Master difficulty). Each
difficulty is accompanied by a value or level that indicates how
difficult the chart is in general compared to other charts. For
example, the Oshama Scramble Master difficulty in the
thumbnail shows the number 13, which means the chart is level
13. Chart constant is a hidden value that better describes the
level of difficulty of a chart. Oshama Scramble has a chart
constant of 13.6. Ordinary charts usually have a chart constant
between 0 and 0.6, but for charts with a plus (+) level such as
13+, they have a chart constant of more than equal to 0.7.

Score multipliers are multipliers based on the achievements
obtained. The maimai DX score multiplier is as follows

Table 2 Maimai DX Score Multiplier

Achievement Rank Score
multiplier

100.5% SSS+ 0.224

100.4999% SSS 0.222

100% SSS 0.216

99.9999% SS+ 0.214

99.5% SS+ 0.211

99% SS 0.208

98.9999% S+ 0.206

98% S+ 0.203

97% S 0.2

96.9999% AAA 0.176

94% AAA 0.168

90% AA 0.152

80% A 0.136

79.9999% BBB 0.128

75% BBB 0.120

70% BB 0.112

60% B 0.096

50% C 0.08

40% D 0.064

30% D 0.048

20% D 0.032

10% D 0.016

Ratings on maimai DX only consider the top plays of the 50
songs played charts, with 15 charts released in the latest
version and 35 from the old version. Each time a player sets a
new record for a chart, the game calculates the number of
points for his game, then performs the following check:
- If the chart being played is new, operate the calculation

on the list containing the new chart. If the chart is old,
operate on the old chart list.

- If the list already contains playing charts, change the old
rating.

- If the list is not full, add it to the list.
- Else find the lower score point chart ranking and replace

it with the new one.
A player's DX rating is simply the sum of all individual chart
game ratings on the old and new versions of the list.

For example, suppose a player gets 99.8056% on the
Yurushite Master chart, which has a chart constant of 14.4,
then the DX rating points are 14.4 * 99.8056 * 0.211 = 303.25
or 303 DX rating points.

​C. Other Type of Scoring
Apart from achievement, there are 3 other types of scoring

on each chart. The first is Full Combo Tiers, which consists of
- Full Combo: Each note gets at least a Good judgment
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- Full Combo Plus: Every note gets at least a Great
Judgment

- All Perfect: Every note gets at least a Perfect judgment
- All Perfect Plus: Every note gets at least a Perfect

judgment and every break note gets a Critical Perfect
judgment

Second, there is an achievement rank. Achievement rank is
an achievement symbolized in the form of letters. Achievement
rank can be seen in table 2.

Lastly, there is the DX score. DX score is a simple metric of
player accuracy that doesn't care about modifiers, just focuses
on judgment notes. The following are the points for each
judgment.

Table 3 DX Point for each Judgement

Judgement Points

Critical Perfect 3

Perfect 2

Great 1

Good & Miss 0

From the total DX score, the number of stars obtained by the
player will be calculated with the following percentage.

Table 4 Number of Stars

Percentage Number of stars

97% 5

95% 4

93% 3

90% 2

85% 1

< 85% 0

For example, if the maximum DX score is 350, then it is
required
- 298 DX score for 1 star
- 315 DX score for 2 stars
- 326 DX score for 3 stars
- 333 DX score for 4 stars
- 340 DX score for 5 stars

Especially for sync games, maimai will give awards based
on the performance of both players. The awards consist of Full
Sync (Full Combo), Full Sync Plus (Full Combo same
difficulty), Full Sync DX (Full Combo Plus same difficulty),
and Full Sync DX Plus (All Perfect same difficulty).

​IV. ALGORITHM COMPLEXITY

The calculation of the complexity of the maimai DX game
scoring algorithm will be divided into 3, providing boundaries
to reduce the scope of calculations, making a simple maimai
DX game scoring simulation, and calculating the complexity of

the algorithm itself based on the simulation created.

​A. Boundaries
Maimai DX is an arcade game that consists of several parts,

starting from player registration/login, character selection,
chart settings, song selection, the game chart itself, game chart
results, adding ratings, and many more. To simplify and
shorten the scope of algorithm complexity analysis, it is carried
out by only calculating the point score for each play in a song
chart.

​B. Simulation
Based on the data on how maimai score points are calculated

in the previous chapter, a simple program is created in Python
that will simulate a maimai DX song chart game. The program
created is not a one-to-one representation of the original
maimai DX, but only to show roughly what the scoring system
(according to boundaries) is like on maimai DX. The program
used in this can be accessed at
https://github.com/Julian-Caleb/maimaidx-scoring-system. The
program might be further developed in the future

Before decomposing the program, here is how the program
will look when run.

(4)

(5)
The program will be decomposed into 3 parts, main

function, the gameplay and scoring system itself, and
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additional functions which may affect the complexity of the
algorithm. First, the main function.

(6)

(7)

The main function starts by printing an ascii art followed by
asking for a username. Then, in one play of Maimai DX,
players can play 4 song charts. Therefore, it loops 4 times to
ask for song input and difficulty (assuming the player input is
valid). Next, the chart is taken based on the input and asks for
input once again whether the player wants to play this chart or
just skip it.

The following is the contents of the LoadNotes function and
dictionary of charts.

(8)

(9)
The LoadNotes function takes the input number of songs

and difficulty, converts them to strings, and matches them
against dictionary charts. The function returns an array of
strings representing the chart/note sequence of the song. The
charts used here (including their lengths) do not correspond to
the original maimai DX, but are just assumptions.

Next, here are the contents of the PlayChart function, which
is a function for playing charts and evaluating plays.

(10)

(11)
(12)

(13)
The PlayChart function starts with initializing the

achievements, both base and bonus. Then, looping is done for
each note on the chart. Notes will be displayed (with a specific
color according to the ColoredOutput function), and after a few
seconds, the player will enter input. At the same time, there
will be a timer that counts how long it takes the player to input.
Please note that all time durations used in this function are
examples only and do not correspond to the original maimai
DX.

(14)

(15)

(16)

Next, there is an if-else function which matches the duration
of time the player enters input with a certain period of time, to
produce score points corresponding to that duration. The same
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thing is also done for break bonuses. Once again, the time
duration used is just an assumption, what is in accordance with
the original maimai DX is only the score points and
calculations. The score points are then added to each
achievement, and the input and calculation are repeated until
all notes in the chart are processed.

Finally, total achievement is calculated using the formula
stated in the previous chapter. The achievement is then
displayed on the screen.

Below are some additional functions that do not have much
effect on the main function or point calculation.

(17)

(18)
(19)

The PrintArt function is used to print Ascii Art (in Ascii Art it
is written nainai DX and not maimai to avoid plagiarism). The
GenerateRandomList function creates a random chart, namely
an array of strings based on a certain number. This function is
only used temporarily to create random charts. The
ColoredOutput function is used to color notes to differentiate
the notes on the chart.

​C. Algorithm Complexity Calculations
For each function in the program, there will be time

complexity analysis in T(n) and asymptotic time complexity
analysis in Big-O notation (O(n)) will be analyzed where n is
the number of input or data processed.
1. The GenerateRandomList() function executes the

random.choice function 12 times (or whatever number is
in range()). The random.choice function has complexity
T(1) and O(1), so the total complexity is T(12) and O(12),
which can be simplified to O(1). Interestingly, if the
function is changed to accept n parameters which are the
number of elements in the list, the complexity becomes
T(n) and O(n).

2. The Coloredoutput(note) function changes notes to color
based on the note type, with the time complexity Tmin =
T(1) (note == 'T'), Tmax = T(5) (else option), and Tavg =
T(2.5 ). Based on time complexity, this function has a
complexity of O(1).

3. The LoadNotes(songChoice, diffChoice) function takes a
chart in the form of a list from the global dictionary based
on songChoice and diffChoice, so the time complexity is
T(2), which means it has a complexity of O(1).

4. The TotalBasePointChart(chart) function calculates the
maximum base point of a chart. Because there is
repetition for each element in the chart array and
comparisons occur between 1-4 times, for a chart of size
n, the time complexity is Tmin = T(n), Tavg = T(2n),

Tmax = T(4n), and the complexity is O(n). Note that
there are only 4 possible notes so the last 'else if' part can
be replaced with else, making Tmax = T(3n).

5. The TotalBonusPointChart(chart) function calculates the
maximum bonus points from a chart. There is repetition
for each element and a comparison occurs once, the time
complexity is T(n) and the algorithm complexity is O(n).

6. The PlayChart(noteSequence) function iterates for each
note in the chart/noteSequence and evaluates each
player's input. For time complexity, Tmin is obtained
from if all the notes are tapped (although it is possible
that the program will not run because the number of
breaks 0 divided by the total break score point 0 can fail
the program) and all of them are critical, namely T(n),
Tmax is obtained from if all the notes break and all fail (
or all good) namely T(14n), and Tavg namely T(7n).
Based on its time complexity, the complexity of this
function is O(n).

7. The PrintArt() function only prints Ascii Art, so it has a
time complexity of T(1) and a complexity of O(1).

8. Finally, the main function performs the maimai dx
(PlayChart) game 4 times, so it has a time complexity of
T(4) and algorithm complexity of O(1).

Based on the analysis above, we can take the algorithm
complexity of the scoring system for a play on maimai DX
from the greatest complexity, in this case it is O(n), or an
algorithm whose implementation is linear, proportional to the
number of inputs, in this case it is a lot of notes on the chart.

​V. CONCLUSION

Maimai DX is one of the arcade rhythm games that is
famous among young people. This game has various types of
songs with their respective difficulty levels, where players can
choose charts from Basic, Advanced, Expert, Master, and
Re:Master difficulties. However, each difficulty has the same
score point calculation. Base score points are calculated by
adding up all the scores for each note based on the type of note
(tap, hold, slide, break) and the accuracy of the player pressing
the note (Critical, Perfect, etc.), divided by the maximum base
score point from the chart, and multiplied by 100. Bonus score
points are calculated by adding up all break bonuses (bonus
points from note breaks) and dividing by the maximum break
bonus from the chart. The player's score points on the chart, or
achievement, are obtained by adding up the base score and
bonus score.

Algorithmic complexity is a measure of how long an
algorithm would take to complete given an input of size n, and
is usually expressed with Big-O Notation. Based on the simple
simulation created, the functions in a maimai DX game have
algorithm complexity ranging from O(1) to O(n). This means
that the algorithm complexity of maimai DX is O(n), where n
is the number of notes on the chart being played.
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