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Abstract—This paper presents the usage of greedy algorithm 

by different factors to implement automation of turn in Library of 

Ruina. Library of Ruina is a deck builder game, where the main 

gameplay is assigning cards from our team against the enemies. 

Greedy algorithm is an algorithm that follows problem-solving 

heuristic of making the locally optimal choice, which most of the 

time results in suboptimal solution. The gameplay relies on 

throwing dice, so the greedy algorithm will use win rate and 

average damage as its base. 
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I.  INTRODUCTION 

The growth of technology brought a lot to the table in 
multiple aspects of human life. Entertainment is one of the most 
affected aspects. Video games are part of entertainment. Ever 
since the creation of the first ever video game until recent years, 
it has accompanied many adolescents to their adulthood. Video 
games are interactive digital media, a fusion of miraculous 
results between technology and imagination. 

Library of Ruina is a deck-building turn-based RPG game 
developed by South Korean indie video game studio, Project 
Moon and served as a direct sequel to their debut game 
Lobotomy Corporation. This game was officially released for 
PC and Xbox One in August of 2021 and later released for 
Nintendo Switch and PlayStation 5 in April of 2024. 

We enter the world known as “The City”. It depicts a vastly 
different world than ours where humanity has already exhausted 
all of earth’s natural resources and turns toward an alternative 
called “singularities” that advanced their technology. The rich 
stayed in the nest of a district, meanwhile the majority of the 
populus stayed in the backstreet where crime is rampant, and 
violence is a normality. 

Library of Ruina mainly took place in the library, a 
supernatural place where guests fight against librarians to get 
any book they wanted. The place itself is inspired by the library 
of babel, where all possible books with all possible letters are 
contained. The library holds a mythical power to turn anyone 
that died in the place into book with their whole life imprinted 
on the pages. 

 

Fig. I.1 Official Artwork for PS4/Switch Port 

(Source: https://www.arcsystemworks.jp/lor/en/gallery.php) 

The story mainly focuses on two of our main characters. 
Angela, the library’s director of her role namesake’s, which was 
first introduced as a side-character on Lobotomy Corporation. 
She is an AI that’s capable of human emotions. Now she wants 
to find the one true book which will solve all her problems. 
Through receptions, each defeated guest brings her closer to that 
book, serving as a compass. 

The other is Roland, a washed-up lowest grade fixer, which 
stumbled upon the library while trying to buy a meal. After 
hitting the bottom of the barrel, he didn’t know what else to do 
and so he kept waiting by Angela’s side and assisted her toward 
reaching her goal. He is knowledgeable of the city. Through him, 
both Angela and the player will learn more about the city and its 
inhabitants. 

The purpose of this paper is to try adapting Limbus 
Company’s (This game sequel) win rate and damage button and 
put it into Library of Ruina. Given how those buttons worked in 
Limbus Company, the algorithm should be of greedy algorithm. 
Assigning the most optimal for the fastest skill and followed by 
the rest 

II. THEORETICAL BASIS 

A. Greedy Algorithm 

The greedy algorithm is a popular algorithm to solve the 
problem for optimization. This algorithm follows the principle 
of taking what you can now. After taking the local solution, there 
is no turning back. So, it hopes to search for the optimal solution 
through locally optimal solution. 

Greedy algorithm consisted of multiple elements; those are: 

mailto:13522160@std.stei.itb.ac.id
https://www.arcsystemworks.jp/lor/en/gallery.php


Makalah IF2211 Strategi Algoritma, Semester II Tahun 2023/2024 

 

1. Candidates set, C: List of candidates that will be chosen 
in every step (e.g. node in graph, task, coins, things, etc.)  

2. Solutions set, S: List of chosen candidates 
3. Solution function: determine that list of candidates have 

already given solution 
4. Selection function: choose candidate based on specific 

greedy heuristic strategy 
5. Feasibility function: check if the candidate that has been 

chosen can be put into solutions set 
6. Objective function: maximize or minimize 

The global optimum from this algorithm may not be the 
actual optimal solution. This happens because it doesn’t 
exhaustively analyze all the possibilities. There is also a factor 
from the selection function, which can be the different maker. 
But because of their simplicity, greedy algorithms are frequently 
straightforward and efficient. 

 

Fig. II.1 General Schema for Greedy Algorithm 

(Source: https://informatika.stei.itb.ac.id/~rinaldi.munir/Stmik/2020-

2021/Algoritma-Greedy-(2021)-Bag1.pdf) 

In the case where the absolute optimal solution is not needed, 
this algorithm can serve well as approximation solution. Then to 
prove the optimality of solution given by greedy algorithm is 
another challenge. It is easier to serve counterexample proving 
the solution is not optimal.  

B. Discrete Uniform Distribution Probability 

Discrete means in a way analogous to discrete variables, 
having a bijection with the set of natural numbers. A uniform 
distribution is a type of symmetric probability distribution in 
which all the outcomes have an equal likelihood of occurrence. 
A discrete uniform distribution is one that has a finite (or 
countably finite) number of random variables that have an 
equally likely chance of occurring. 

Let x be a discrete random variable having n values over the 
interval [a, b]; x has a discrete uniform distribution if its 
probability mass function (pmf) is defined by: 

 𝑓(𝑥) =
1

𝑏−𝑎+1
, for 𝑥 = 𝑎, 𝑎 + 1, … , 𝑏 () 

This pmf will be used to later calculate the probability of an 
X discrete random variable within one range being higher than 
a Y discrete random variable within another range both 
completely unrelated to each other. To calculate that probability, 
combinatorics can be used. Let nx be the number of possible 
values for X within [ax,bx] and ny for Y between [ay,by]: 

 𝑛𝑥 = 𝑏𝑥 − 𝑎𝑥 + 1 () 

 𝑛𝑦 = 𝑏𝑦 − 𝑎𝑦 + 1 () 

After we got both size, we can calculate their pmf: 

 𝑃(𝑋 = 𝑥) =
1

𝑛𝑥
 () 

 𝑃(𝑌 = 𝑦) =
1

𝑛𝑦
 () 

Then we denote 𝐼(𝑥 > 𝑦) as the summation in the case of y 
being lower than x. The we put both pmf into a general formula: 

𝑃(X > Y) = ∑ 𝑃(𝑋 = 𝑥)
𝑏𝑥
𝑥=𝑎𝑥

∑ 𝑃(𝑌 = 𝑦). 𝐼(𝑋 > 𝑌)
𝑏𝑦

𝑦=𝑎𝑦
 () 

 𝑃(X > Y) =
1

𝑛𝑥𝑛𝑦
∑ ∑ 𝐼(𝑋 > 𝑌)

𝑏𝑦

𝑦=𝑎𝑦

𝑏𝑥
𝑥=𝑎𝑥

 () 

Finally, we simplify the inner sum of (7), creating the final 
formula: 

 𝑃(X > Y) =
1

𝑛𝑥𝑛𝑦

∑ max (0, min(𝑏𝑦, 𝑥 − 1) − 𝑎𝑦 + 1)
𝑏𝑥
𝑥=𝑎𝑥

 () 

C. Library of Ruina : Combat Pages (Cards) and Dice 

Combat pages are what the cards are called in the game.  
Each can be assigned to a speed die of a character. It can also 
interact with other combat pages if there is a pair of speed die 
targeting each other.  

 

Fig. II.2 Card Example (A: melee; B: ranged; C: mass-attack; D: card 

description) 

(Source: Personal Library) 

There are three types of combat page. Melee, ranged, and 
mass attack. Each has different interactions with the others. 
Every combat page contains a queue of dice that hold a range of 
values, used for clashing. Below are the properties of each card 
type.  

1. Melee pages can only target one speed die. Has the 
lowest priority in combat. 

2. Ranged pages can only target one speed die. Has higher 
priority than melee but lower than mass attack. 

3. Mass attack pages can target one main speed die and 
target every other character on a random speed die. This 
page can’t trigger passive effects. 

Normally the interaction between cards is each die in both 
queues clashing with each other. Both die roll within their range. 
Then if one die is higher, the losing die is removed, meanwhile 

A B C 
D 
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the winner attacks the target and removes itself. If it’s a draw, 
both dice are removed. 

Then there is also melee vs ranged. If a die from melee won 
against the ranged page, the winner die won’t attack and being 
moved to the back of the queue. The melee page can only attack 
after the queue for the ranged page is empty. 

Finally, there is mass attack vs other type. Mass attack can’t 
interact with other mass attack. Mass attack cannot be redirected, 
only the speed die targeted by the mass attack may answer, these 
dice don’t need to target the mass attack related speed die. There 
are two types of mass attack which are summation and 
individual. Combat pages directed by summation will add up all 
the rolled dice value and compare it meanwhile if targeted by 
individual, each die being compared to each die of the mass 
attack. It will destroy every dice that rolled lower and damage 
them.  

 

Fig. II.3 Dice Types 

(Source: Personal Library) 

Dice also has their own typing, offensive dice which consists 
of slash, pierce, and blunt and defensive dice which consists of 
block and evade. There is also counter type that can possess any 
type but only clashes against one-sided attacks. Below is the 
table for clashing interactions between dice. 

TABLE I.  “ON CLASH” TABLE GRID 

vs Offensive dice Block dice Evade dice 

Offensive 

dice 
Win: Deals 

damage equal to 

roll value, if 
melee vs ranged, 

recycled to the 

back of queue 
Draw: Negate 

both dice 

Lose: Negate dice 

Attack Win: Deal 

damage equal to 

the die roll 
subtract the roll 

of the Block die. 

Draw: Damage 
nullified 

Block Win: Deals 

stagger damage 
equal to roll value 

Win: Deals 

damage equal to 

roll value 
Draw: Damage 

nullified 

Evade Win: 
Damage nullified, 

recycle evade die, 

recover stagger 
equal to roll value 

Block 

dice 
Block Win: Deals 

stagger damage 
equal to roll value 

Draw: Damage 

nullified 
Attack Win: Deal 

damage equal to 

the die roll 
subtract the roll 

of the Block die. 

Win: Deal 

Stagger damage 
equal to the 

winner's roll. 

Draw: Both dice 
are negated. 

Lose: Take 

Stagger damage 
equal to the 

winner's roll. 

Block Win: Deal 

Stagger damage 
equal to the die 

roll. 

Draw: Both Dice 
are negated. 

Evade Win: 

Recover Stagger 
equal to the 

winner's roll. 

Evade 

dice 
Evade Win: 
Damage nullified, 

recycle evade die, 

recover stagger 
equal to roll value 

Draw: Damage 

nullified 
Win: Deals 

damage equal to 

roll value 

Evade Win: 
Recover Stagger 

equal to the 

winner's roll. 
Draw: Both Dice 

are negated. 

Block Win: Deal 
Stagger damage 

equal to the die 

roll. 

Both dice are 
always negated 

 

D. Library of Ruina : Stageplay Phase 

Reception in Library of Ruina consisted of three phases, not 
counting cutscenes. Consisted of preparation phase, stageplay 
phase, and post-reception phase. The combat took place in 
stageplay phase which also consisted of multiple scenes (turns). 
Every turn is divided into scene start, rolling speed dice, 
choosing combat pages, and finally combat stage. 

 

Fig. II.4 Example of The Start of a Scene 

(Source: Personal Library) 

Scene start is the first phase. Showing the result of previous 
scene such as status effects, light gained, and their emotion level. 
If a character staggers an enemy, they gain more light, and if a 
character is staggered, they won’t receive any light and won’t 
roll the speed dice in the next phase. 

Every character may have multiple speed dice, due to 
emotion level or passive status. Speed dice are independent of 
one another even with the same character. After the starting 
scene, every character will roll their speed dice. The value 
gained will be within the range of the character’s speed, which 
will be important when selecting combat pages. 

Selecting combat pages is the scene where the player took 
the most part in. When selecting combat pages, it is important to 
understand the combat mechanic of this game.  

Each speed die can be assigned a combat page from their 
deck and directed to other speed die. After rolling for speed, 
every enemy will direct attacks on our librarians with all their 
speed dice. Some speed dice might be empty due to combat 
pages cost or ran out of card in their active deck. After that, we 
can start assigning our own combat pages. 

The speed die that has more speed can redirect attack from 
other slower speed die. A speed die may be targeted by multiple 
speed dice, so it’s very important to redirect strong attack from 
struggling librarian. At a higher emotional level, our librarian 
may use powerful E.G.O pages that are shared among all 
librarians. 

After assigning our librarians combat pages, we can move on 
to combat stage which will test the player strategy and show the 
result. The stage will begin with mass attack pages, then ranged 
pages, and finally, melee pages each being played in descending 
order of their related speed dice. 

E. Limbus Company : Automation of Skill Assignment 

Limbus Company already has its own win rate and damage 
button to automate the process. Library of Ruina also has it byt 
pressing “P” on the keyboard, but the result suggests that it is 
randomized and not a strategical approach unlike Limbus 
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Company’s. This can be seen by clicking it multiple times, 
resulting in an entirely different set of combat pages. 

Limbus Company, as mentioned before, has two different 
buttons to automate the turn. In normal battles, it doesn’t differ 
much, so this paper won’t cover the normal battles algorithm. 
Instead, this paper will focus on the algorithm in focused 
encounter. It should be much more like combat mechanic in 
Library of Ruina while also having a clear distinct algorithm 
between both buttons. 

From what was observed of the win rate button, the target 
itself is not clear cut as one would have thought. But it remains 
consistent whenever we retry the process. So here is what was 
observed.  

One of the most promising hypotheses that can be pulled is 
the fastest slot will pick the clash among the selection which has 
the highest win rate. If the win rate is about the same, then pick 
the fastest slot. Then slower slots will also try to do the same 
until all enemy’s slots have been targeted, whether it was a clash 
or a one-sided attack. Once all of them are covered, the rest will 
follow the same algorithm as the damage button. 

Then the damage button is simpler. It will focus all attack 
into one slot, guaranteeing most of the slot will do a one-sided 
attack while the fastest one clashes with said slot. This is less 
optimal than the win rate button, as it will lead to overkilling one 
enemy, while other enemies can get free attacks on our team. 

But there is also a special case if the targeted enemy has 
multiple body parts, the fastest will target the leftmost slot of the 
limbs, then the leftmost slot of the next limb, until the main body 
get targeted, it will loop back. 

F. Differences in The Combat Mechanics 

Limbus Company mostly retained the mechanics from 
Library of Ruina, such as how the turn works. Beginning with 
selecting skills / cards against the enemies and clashing 
mechanics. But both games have different directions they are 
going for other than those base mechanics. Especially because 
Limbus Company must account for players that may not have all 
the resources since it’s a gacha game. Let’s abbreviate those 
name into LC (Limbus Company) and LoR (Library of Ruina) 

 

Fig. II.5 LC and LoR Character Comparison 

(Source: Personal Library) 

The main one is the difference between speed dice and skill 
slots. Speed dice from LoR works independently of each other, 
meanwhile in LC, skill slots of the same character are treated as 
the same slot. In the algorithm that was observed in LC, it was 
founded that, the targeting start by each character, so even if a 
skill slot might show up on the right or regarded as slower, if it 

is by the same character then it will first calculate the higher win 
rate with whichever skill slot. 

In both games, each character has health points represented 
in health bar. The difference lies in how stagger works. LoR has 
a separate bar for stagger. Meanwhile in LC, stagger is based on 
how much health point a character had left represented by the 
yellowish line in their health bar.  

 

Fig. II.6 LoR and LC Clash Comparison 

(Source: Personal Library) 

The other major difference lies in how clashing works. In 
LoR, each dice of opposing cards will clash only once then move 
on to the next. But in LC, a clash will happen until one side loses 
all their coins or reaches the maximum limit of clash. After 
randomizing the whole value of both skills  

 Finally, in Library of Ruina, it centers around the emotion 
level of characters, giving the character more light (currency to 
use card), more speed die and access to abnormality pages. 
Meanwhile Limbus Company has sanity which raises the chance 
of getting heads coin and sin resources that can be used for 
E.G.O skills. 

III. METHODOLOGY 

A. Constraint 

To make it easier, we will create an algorithm based on just 
the numbers within each die and not accounting for special 
conditional. Then, status effects will also be ignored. Then the 
deck used may not contain mass attack pages. Finally, it will 
assume that every die in a combat page will be used, so counter 
dice will not be present and any unused defensive dice will be 
used for stagger damage.  

B. Tools 

Used tools for the simulation: 
1. java 17.0.8 
2. IntelliJ IDEA 
3. Maven 

C. Simulation Process 

The simulation will start with the creation of characters. 
Then add a good amount of speed dice to those characters. Then, 
create some of the cards that will be used. Then add those cards 
to the active deck of each character. Then assign each character 
to team librarians (allies) and team guests (enemies). 
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To start the algorithm, we will first roll the speed dice of all 
the characters involved. Then we get a separate priority queue 
between both teams.  Before trying out the algorithm, each 
character from the guests team will start to set their speed die 
into the librarians. Finally, we can start using the algorithm. 

D. Implementation of Greedy Algortihm by Win Rate 

The greedy by win rate algorithm is mainly used to negate 
the most damage in Limbus Company. The reason is healing is 
very scarce and so we must try to negate every damage while 
also attacking the enemies. 

 

Fig. III.1 Proposed Win Rate Implementation 

(Source: Personal Library) 

First, we can think of the whole stage as a matrix. The rows 
represent the queue for librarians and the columns represent the 
queue for quests. Each box then contains a card already being 
set by guests on the right and librarians later will take the left. In 
the algorithm created, there is also a targeted queue with the 
same length as the queue for guests. 

We start iterating from the first row until the end. In the first 
row, we will start by searching for columns that are clash able. 
If not clash able, then set the points to 0. If it is clash able, try to 
calculate the win rate of every possible card from the associated 
librarian’s deck. After every column has been analyzed, it will 

pick the column which has the highest win rate that appeared 
first. Then the targeted queue will be set true for that column. 

Then starting the next row, it will ignore any column that has 
already clashed with previous rows. This process will be 
repeated until each librarian has used their speed dice or all the 
guests’ speed dice has been targeted. Then it will follow the 
same algorithm as greedy by health damage. Below is the 
implementation of win rate calculation of cards. 

 

Fig. III.2 Proposed Win Rate Calculation 

(Source: Personal Library) 

E. Implementation of Greedy Algortihm by Damage 

The greedy by health damage algorithm will be based on the 
average possible damage a card can do to an enemy. In Limbus 
Company, this algorithm is considered bad, since overkilling an 
enemy can happen often, especially since most stages have the 
same type of enemy.  

 

 Fig. III.3 Proposed Greedy by Damage Algorithm 

(Source: Personal Library) 
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Once again, we can imagine it as a matrix. This time the 
columns are representing the guests, since we only need their 
fastest skill die. After calculating the potential damage against 
all of the column, the next row doesn’t have to mind about which 
character has already been targeted. Since we would want our 
total damage to be as high as possible. 

There is also another variation of this algorithm being the 
greedy by stagger damage. The difference with the former is that 
greedy by damage prefer staggered enemy, since their resistance 
are switched to fatal. Meanwhile greedy by stagger damage will 
ignore the enemies that are already staggered. Block dice also 
contributes as flat value for stagger damage. 

IV. TESTING AND ANALYSIS 

 
Fig. IV.1 Win Rate Result 

(Source: Personal Library) 

The result for the win rate algorithm is suboptimal than what 
was hoped. Both of our librarians (Roland and Angela) clash 
against the weaker dice (Solemn Lament has 8 weak dice), 
meanwhile some powerful combat pages get a one-sided attack 
on the librarians. This suggests that using the summation of the 
win rate of each dice is not the correct approach in solving the 
problem. The problem arises from the clash against different 
types of combat page (melee vs ranged). 

 

Fig. IV.2 Greedy by Health Damage Result 

(Source: Personal Library) 

The result for greedy by health damage is about what was 
expected, all the librarians only target character based on the 
damage they can deal based on resistance. This time, the use of 
the card “Shyness”, a pure defensive combat page cannot be 
seen. The number of one-sided attacks also increases compared 
to greedy by win rate. 

 

Fig. IV.3 Greedy by Stagger Damage Result 

(Source: Personal Library) 

The result for greedy by stagger damage is about the same as 
greedy by health damage, all the librarians only target character 
based on the damage they can deal based on resistance. Pure 
defensive combat page did not get used again, since having a 
weakness again certain offensive type could lead to more stagger 
damage than just the value from block dice. 

The more optimal solution for win rate might lies in greedy 
by stagger damage. As previously mentioned, the main purpose 
of the win rate algorithm is to negate the most damage. 
Combining it with greedy by stagger damage ensure facorable 
clash may happen more. 

V. CONCLUSION 

The greedy algorithm is popular because of its efficient and 
straightforward nature. Leading towards a faster algorithm that 
can be used to solve a problem fast while being in the 
approximate region of the optimal solution. 

In video games where performance is needed for an 
enjoyable experience, this couldn’t be further from the truth. 
There are a lot of games with many variations, many strategies, 
and many playstyles so getting the most optimal solution in a 
blitz is an impossible goal. We don’t necessarily need the 
optimal solution to have fun.  

From this paper, what I have learned is to appreciate the 
video games alongside their developer. Maybe LoR is not the 
cup of tea for everyone, but it certainly is for me. There are many 
unnoticed details when you just play normally. But once you try 
to change your perspective, it enhances the fun you get from 
playing it. 

The algorithms found are unoptimized for the game. But they 
are very efficient. But to implement it into real gameplay is 
going to be hard without knowing the specification of the game 
engine. That’s why most of the interesting mechanics are being 
left by this paper. 

Below is link to the GitHub repository to understand more 
about the classes that were made. 
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