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Abstract—In contemporary mobile gaming, strategic decision-
making with randomized constraints is getting increasingly
prevalent. Cookie Run: Kingdom, a popular role-playing game
developed by Devsisters, features a mining mini-game where
players assign a limited pool of unique in-game characters
commonly referred as Cookies to mine various types of ore veins.
Each ore vein comes with a randomized requirement based on
traits or combat roles. This assignment process presents a non-
trivial optimization problem in which players must select optimal
teams of up to four Cookies per vein, without reusing any single
Cookie across up to six concurrent veins. Additionally, certain
traits give performance bonuses when matched to specific vein
types. This assignment problem closely resembles the set packing
problem, a well-known combinatorial optimization problem
where the goalis to select the largest possible collection of disjoint
subsets from a universe such that each subset satisfies specific
criteria. Given its NP-complete nature, exploring the solution to
this problem requires the use of heuristic search.

Keywords—Cookie Run: Kingdom, resource allocation, set
packing, heuristic search

I. INTRODUCTION

In recent years, the proliferation of mobile games has
transformed not only entertainment consumption patterns but
also the computational structures embedded in game design.
One emerging trend is the incorporation of strategic team-
building with randomized constraints that mirror classic
combinatorial optimization challenges. Cookie Run: Kingdom
by Devsisters is one such example of this design ethos. Among
its multiple gameplay layers, the mining mini-game stands out
for its intricate character allocation system, which requires
players to match “Cookies” to ore veins under a variety of
randomized and categorical constraints such as personality traits
and combat roles.

This system of constrained optimization in mobile gaming
mirrors the set packing problem, a canonical NP-complete
problem in computational theory. In this context, players must
form mutually exclusive subsets (teams of up to four Cookies)
across multiple mining sites, ensuring that no Cookie is reused
while also maximizing effectiveness under the randomized vein
requirements. The inclusion of traits that enhance performance
introduces additional nonlinearities, making brute-force or

deterministic solutions computationally infeasible. Similar
challenges appear in scheduling, resource allocation, and task
assignment in operations research, where approximate solutions
are often pursued using heuristic or metaheuristic methods [1],

[2].

The need to balance performance bonuses from trait
matching with the exclusive allocation constraint introduces a
multi-objective optimization challenge. Players must not only
maximize mining yield but also navigate the probability
distribution of future vein requirements, leading to the
development of greedy heuristics, rule-based pruning, and
probabilistic modelling within the player community. This
mirrors real-world scenarios in logistics and scheduling, where
similar decision-making frameworks are employed to handle
conflicting resource constraints under uncertainty [3].

From a research perspective, the problem posed by Cookie
Run: Kingdom provides a sandbox for investigating heuristic
search strategies under bounded rationality. As more games
introduce Al-like complexity in decision-making under
randomized constraints, there is growing interest in how players
intuitively solve these problems, often approximating solutions
to NP-complete problems through domain-specific heuristics.
This gamified form of constrained optimization offers a practical
and engaging entry point for exploring algorithmic thinking and
the effectiveness of human-in-the-loop computation models [4].

II. THEORETICAL FRAMEWORK

A. Set Theory

A set is a collection of distinct, unordered objects called
elements or members. Elements within a set must be different
from each other and are notnecessarily related. If x is a member
of set A4, it is written as x € A; otherwise, x & A.
Specifying the members of a set can be done through either
listing each member one by one (also known as roster notation)
or using the set builder notation {x | ®(x)} where @ is a logical
formula that evaluates to true for x.

A collection of sets can be called disjoint if any two distinct
sets of the collection haveno member in common. Formally, sets
A and B are disjoint if 4 N B= Q.
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A set A is a subsetofset B if every elementof 4 is also an
elementof B. If there is at least one element presentin B but not
in 4, then 4 is a proper subset of B. Formally, the definition of a
subset can be expressed as

ACBo© Vx(xeA->x€EB)
(M

To differentiate between proper subset and subset, a proper
subset is denoted as A C B.

The power setof a set 4, denoted P(4) or alternatively 24
is the set containing all subsets of set 4 including the empty set
and set A4 itself [5].

B. Set Packing Problem

Set-packing problems arise in applications where there are
strong constraints on an allowable partition. The key feature of
packingproblems is that no elementsare permitted to be covered
by more than one selected subset [6]. As an example, consider
the following universe of elements U = {1,2,3,4,5} and subsets:

o S1={1,2}

o $={23}
e S3={4,5}
e Su={35}

The goal is to select a collection of subsets from S1, Sz, S, and
S4 such that no element in U is repeated across any of the
selected subsets. Some feasible solutions are selecting {S1, S3},
{S1, S4}, and {S2, S3} since these subsets are pairwise disjoint.
However, if given a constraint where the elements must be >1,
then the only valid solution would be {S2, S3}

C. Heuristic Search

Heuristic search is a class of algorithms designed to find
solutions in large or complex state spaces by using domain-
informed estimates (heuristics) to guide the search process.
Unlike exhaustive methods, heuristic approaches prioritize
exploration toward promising regions of the solution space,
thereby improving computational efficiency at the potential
cost of optimality.

A heuristic function /(n) estimates the cost from a node # to
the nearest goal. A heuristic function is said to be admissible if
it never overestimates the cost ofreaching the goal, i.e. the cost
it estimates to reach the goal is not higher than the lowest
possible cost from the current point in the path [7].

Heuristic search encompasses several algorithmic families,
classified by their operational constraints [8]:

e Best-First Search (BFS) prioritizes nodes with the
lowest heuristic value. Greedy variants ignore path

cost, relying on f(n) = h(n).
e A* combines path cost g(n) and heuristic /(n),
expanding nodes with the lowest f(n) = g(n)+h(n). It

is optimal if / is admissible.

e Iterative Deepening A* (IDA*) recursively applies
depth-limited A* with increasing thresholds, offering
memory efficiency.

e Real-Time Search Algorithms like LRTA* interleave
planning and acting, suitable for applications with
time constraints or limited memory.

e Anytime Heuristics produce suboptimal solutions
quickly and refine them given more time (e.g.,
Anytime Repairing A*)

D. Cookie Run: Kingdom

Cookie Run: Kingdomis the eighth game in the Cookie Run
series developed and published by South Korean studio
Devsisters, releasing worldwide on January 21st, 2021. A
departure from the runner gameplay of the original, it features
bothreal-time battle strategy and city-building, with a wide cast
of unique Cookies and a customizable kingdom [9].

Fig. 1. Cookie Run: Kingdom
(source: https://www.devsisters.com/en/games/Cookierun-kingdom)

The game’s gameplay loop revolves around collecting and
upgrading characters and their equipment to successfully battle
various enemies. Players may acquire new Cookies through the
gachasystemusingin-game currency known as Cookie Cutters.
Every Cookie belongs to one out of eight types (also
colloquially referred to as classes orroles) that determines their
function in battle, whether it be damage-dealing
buffing/debuffing, or healing [10]. Upgrading characters and
equipment requires specific resources, which can be obtained
by progressing through the main story, participating in time-
limited events, completing side quests, and more.

E. Into The Depths

Into the Depths is a Kingdom facility introduced in the The
Flame Awakensupdate (v6.3).1tis where players can access the
Mines and unlock variousrewards earned through venturing the
mines or mining ore veins. Mining ore veins rewards Crystals,
Choco Chalk, Coins,Kingdom EXP, Topping Tart components,
Fossils with various rewards, and Agar Cubes that contain
powerful Soulstones or Soulprisms [11]. Prior to mining ore
veins, the player must dispatch up to four Cookies to venture
the mines. Upon successful completion of this expedition, the
player is rewarded with ore vein cards, among other potential
items. A maximum of six ore vein cards may be processed
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simultaneously, with the time required for completion
increasing in accordance with the rarity of each ore vein.
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Fig. 2. Ore Vein Mining UI (image by author)
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Fig. 4. Sweet Power Gem Vein and Sleek Agar Vein (image by author)

There are six distinct types of ore veins (refer to Fig. 3 and
Fig. 4), each classified into one of threerarity levels: common,
rare, or epic. The rewards obtained from these ore veins vary
depending on their type, while the time required to mine them
increases with their rarity. In order to mine an ore vein, the
player must assign up to four Cookies that meet the specified
requirements; either a designated role for common ore veins or
a specific trait for rare and epic ore veins.

Ore Vein Mining @ @ a2 &

Fig. 5. An example of a yet to be mined ore vein (image by author)

F. Cookie Traits

Each Cookie possesses two predetermined traits, with the
exception of Adventurer Cookie and Agar-Agar Cookie.
Certain traits enhance effectiveness in the Mine Venture mode,
while others improve the ability to mine Ore Veins. Some traits
provide benefits to both modes simultaneously. Additionally,
specific traits may grant a buff in one mode while imposinga
debuffinthe other. Acomprehensive list of these traits grouped
by their buffs is provided below:

2> Agile €) Brave

Brave Cookies are not afraid

Agile Cookies can dodge any obstacle.
of deep, dark mines.

Mine Venture Skill: +5%

Mine Venture HP Price: -5% Mine Venture HP Price: -10%

9 Brawny T Venturous

Venturous Cookies can find their way

Brawny Cookies can move heavy
even in the most convoluted mine.

rocks and crush hard stone.

Mine Venture Skill: +15%

Mine Venture Skill: +10% ‘Mining Efficiency: ~5%

Fig. 6. Exclusive Mine Venture Traits (image by author)

&Y Intuitive

Intuitive Cookies use their ll‘tl’l“|"‘
sharp senses to avald any problem.

@ Mysterious

Mysterious Cookies stay enigmatic no matter
what and do not tremble before the unknown.

Mine Venture Skill: +5%
Mining Efficiency: +5%

O Viin WP Price: =1
Mine Venture HP Pr

&P Attentive 33 Tenacious

Tenacious Cookies can break

Attentive Cookies can complete
through come what may.

a task without mistakes.

Mining Efficiency: +15%

Friciency: +5%
Mining Effidency: +5 Mine Venture Skill: -5%

Ore Vein HP Price: -5%

Fig. 7. Mine Venture and Ore Vein Mining Traits (image by author)

ﬁ Musical

Musical Cookies fill the tunnels
with courage-instilling melodies.

20 Thorough

Thorough Cookies always keep track
of the most minute details.

Mining Efficiency: +10% Ore Vein HP Price: ~10%

2 No Trait

Some Cookies just don't have a specific trait.
And that's their greatest power!

Ignore Ore Vein requirements

Fig. 8. Exclusive Ore Vein Mining Traits (image by author)

@ Cold-proof (@ Sharp-eyed

Cold-proof Cookies are not bothered

Sharp-eyed Cookies don't let rthil
by cold at all. At all?! e e i ey e

go past their eyes.

Efficiency in Crispy Beascuit Vein: +10%

HP Price in Crispy Beascuit Vein: ~10% Efficiency in Crispy Beascuit Vein: +15%

Fig. 9. Crispy Beascuit Vein Traits
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@ Analytical ‘ @ Nature-loving

Nature-loving Cookies have a deep

Analytical Cookies use their strategic
connection with all things natural.

thinking to solve any crisis.

Efficiency in Curious Fossil Vein: +15% HP Price in Curious Fossil Vein: -15%

£8 Underwater

Underwater Cookies feel at home
in places covered in... water.

Efficiency
HP Price i

Fig. 10. Curious Fossil Vein Traits (image by author)

é Flying

Flying Cookies can be extremely
helpful in a dire situation.

G Handy

Handy Cookies can craft anything,
anywhere, anytime,

Efficiency in Salty Tart Vein: +15%

Fig. 11. Salty Tart Vein Traits (image by author)

e} Lucky

Friendly Cookies get along with others easily and Somehow, lucky Cookies always
try to make any situation enjoyable for everyone. ind a way ouf

QO Friendly

HP Price in Shiny Candy Vein: ~15% Efficiency in Shiny Candy Vein: +15%

Fig. 12. Shiny Candy Vein Traits (image by author)

@ Heat-proof 5 Independent

Heat-proof Cookies are not bothered
by heat at all. How?!

Independent Cookies stick to their creed
no matter what, Can't sway them easily!

Efficiency in Swe
e

m Vein: +10%
HP Price in Sweet Power Gem Vein: ~15% HP Price in Sw Vein: ~10%

Fig. 13. Sweet Power Gem Vein Traits (image by author)

@ Curious

Curious Cookies enjoy exploring
new places more than anything.

(@ Serene

Serene Cookies keep calm no matter what.

HP Price in Sleek Agar Vein: -15% Efficiency in Sleek Agar Vein: +15%

Fig. 14. Sleek Agar Vein Traits (image by author)
1. MATHEMATICAL MODEL

The cookie-vein assignment problem can be modeled as a
structured setpackingintegerlinear program (ILP). Let C denote
the set of cookies and V' the set of veins. For each veinv € V
define

Ty € 2€
()

as the collection of valid cookie subsets that meet vein v’s
requirement, each of size at most4. A valid subset 1 € Ty must
consist of cookies that satisfy either the required trait or role for
vein v. Each such subset is assigned a score sy, calculated by
summing a base score and bonuses derived from trait matches,
including vein-specific bonuses and universal bonuses.

The decision variable x,,, € {0, 1} indicates whether subset ¢
isselected for vein v. The objective function maximizes thetotal
score across all veins:

max
VEV teT,

Syt Xyt

3)

Subject to the constraints that each vein canreceive at most
one subset:

va,t31 Vv eV

teT,
C))

and that each cookie appears in at most one selected subset:

Xpe <1 Ve el

VEV tET,:cet

(&)

IV. HEURISTIC SEARCH ALGORITHM

Let the set of Cookies be represented as a dictionary, where
each key is a cookie’s name and the associated value contains
two fields: role (a string) and traits (a set of strings)

cookies

"ninj

"THO

"ATTENTIVE",

"SERENE"

Fig. 15. A snippet of the representation of the set of Cookies (image by author)
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The dictionary of veins in this model represents different
types of mining environments as opposed to the set of to-be
mined veins themselves, as those are stored in a separate array
after user input. Each vein is identified by a name and is
associated with a set of vein-specific bonus traits, which grant
additional scorewhenmatchedby a cookie'straits. Additionally,
there is a defined set of universal bonus traits that provide a
moderate scoring boost across all vein types.

"UNDERWATER"},

universal bonus = {"INTUITIVE",

Fig.16. Dictionary of Vein Types (image by author)

For simplicity, the score s, is calculated as follows: +2
points are awarded if a cookie matches the vein's required role
or trait, +2 points are given for each trait that matches the vein-
specific bonus traits (as outlined in Fig.9. through Fig. 14), and
+1 point for every other trait that is not among the exclusive
mine venture traits (refer to Fig.6) as these do not contribute to
the mining efficiency score. Although Venturous technically
imposes a -5% mining efficiency debuff, this is consistently
offset by the presence of a corresponding vein-specific trait in
all cookies that possess it, effectively neutralizing its penalty .

score(cookie, vein
role = cookie.get(
traits = cookie.get(
req =

if vein[”
if role != req:
ret @
score val = 2
elif vein
if req
urn @
score_val = 2

bonus traits = vein bonus data.get(vein|
for t in traits:
if t bonus_traits:
score_val 2

elif t universal bonus:
score_val += 1

return score val

Fig.17. Scoring function (image by author)

Beam search is chosen for this problem because it offers an
effective balance between solution quality and computational
efficiency. Unlike greedy algorithms that make irreversible local
decisions that can lead to suboptimal global outcomes, beam
search maintains multiple partial solutions at each step, thereby
enabling limited backtracking. This is particularly valuable in
this context where early assignments can constrain or enable
higher-value combinations in later veins. While exact methods
like integer linear programming (ILP) can guarantee optimality,

they become computationally expensive as the number of veins
and cookiesincreases. By limitingthe numberof candidate paths
explored ateach depth (viathe beam width), beam search scales
more gracefully while still capturing globally beneficial patterns
that greedy approaches often miss. This makes it especially
suitable for structured set packing problems where disjoint
assignments and multi-dimensional scoring need to be
reconciled efficiently.

nus_data, universal_bonus

team

used=new_u

Fig. 18. Beam Search Algorithm (image by author)

Enter number of veins: 3

Vein #1
Type (e.g., 'crispy beascuit'): Salty Tart
Regquirement type ('role' or 'trait'): Role

Requirement: Support

Vein #2
Type (e.g., 'crispy beascuit'): Sleek RAgar
Reguirement type ('role' or 'trait'): Trait

Requirement (trait name): Curious

Vein #3
Type (e.g., 'crispy beascuit'): Salty Tart
Requirement type ('role' or 'trait'): Trait

Requirement (trait name): Brave

--— optimal Assignments (Beam Search) —--—-
Vein #1: Salty Tart (role = support)
Assigned Cookies: onion, peach blossom, lilac, parfait
Vein #2: Sleek RAgar (trait = CURIOUS)
Assigned Cookies: cream puff, gumball, space doughnut, licorice
Vein #3: Salty Tart (trait = BRAVE)
Assigned Cookies: gingerbrave, madeleine, kouign-amann, black forest

Total Score: 39

Fig.19. Example Test Case (image by author)

V. CONCLUSION

The mining mini-game in Cookie Run: Kingdom presents a
compelling instance of a combinatorial optimization problem
analogous to the set packing problem. By modeling the cookie
assignment task using set theory and applying a heuristic search
algorithm, this paper demonstrates how computational
techniques can be effectively applied to game mechanics that
simulate real-world optimization challenges. The beam search
algorithm, with its balance between performance and
computational feasibility, proves to be a suitable approach.
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Beyond its immediate application, this paper highlights how
complex decision-making problems in entertainment platforms
can serve as engaging case studies for heuristic search and
constrained optimization strategies in discrete mathematics and
computer science education.

VI. APPENDIX

The source code ofthe program used in this paper can be found
at GitHub: https:/github.com/BillyOWasTaken/crk-veinminer
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