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Abstract. Tagiron (also known as Break the Code) is a popular logic-based de-
duction game played with a deck of 20 cards. The rules of Tagiron vary depending
on the number of players. In a four-player game, each player is dealt four cards,
and the remaining four cards, called the target cards, are the goal for players to de-
duce. When a player makes a “challenge” to deduce the target cards, they secretly
look at the hidden cards directly. If a player makes an incorrect challenge, they
immediately lose and are eliminated from the game as they gain complete knowl-
edge of the target cards. For this reason, players are limited to a single challenge
throughout a game. In this paper, we propose a secure computation protocol using
card-based cryptography. This protocol can determine the success or failure of a
challenge without revealing the hidden target cards to any player. This innovation
opens up new variations of Tagiron that allow for multiple challenges (e.g., up to
two challenges), which could potentially enhance gameplay and strategic depth.

Keywords: Card-based cryptography · Secure computation · Playing cards · Tag-
iron

1 Introduction

This paper discusses Tagiron (also known as Break the Code3), a popular logic-based
deduction game invented by Ryohei Kurahashi. The game is played by two to four players
using a deck of 20 Tagiron cards and a deck of 21 question cards. Since it was first
published in 2014, several game versions have been released by various international
publishers; Fig. 1 shows one of the Japanese versions.

While the objective of the game varies depending on the number of players, this
paper focuses on the four-player version and begins by explaining its rules.

1.1 Rules of Tagiron

The game uses the 20 Tagiron cards (small tiles) shown in Fig. 2. These cards are marked
with numbers from 0 to 9 and have a color of red, blue, or green; we denote them by
★ This paper appears in Proceedings of ACG 2025. This version of the contribution has
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does not reflect post-acceptance improvements, or any corrections. The Version of Record
is available online at: The Version of Record will be available online soon. Use of
this Accepted Version is subject to the publisher ’s Accepted Manuscript terms of use:
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Fig. 1: Tagiron by JELLY JELLY GAMES (https://jelly2games.com/tagiron)

Fig. 2: Tagiron cards (tiles)

preceding the number with their color (R, B, or G), as in

R0 B0 R1 B1 R2 B2 R3 B3 R4 B4 G5 G5 R6 B6 R7 B7 R8 B8 R9 B9 .

Note that every card except for the two G5 cards is unique.
These 20 cards are shuffled and dealt to four players (denoted by 𝑃1, 𝑃2, 𝑃3, 𝑃4), as in

a usual card game, such that each player receives four cards; thus, four face-down cards
remain and become the target cards, which are the goal for the players to deduce. Each
player arranges their four cards in ascending order from left to right, without revealing
them, where the red card is smaller for any pair of red and blue cards with the same
number. The following is an example of a placement of cards:

𝑃1 : R1 B3 B6 R8 , 𝑃2 : R4 B4 G5 R7 , 𝑃3 : B0 B2 R6 B8 , 𝑃4 : R0 R3 B7 R9 ,

where these cards are placed in a hidden form (e.g., they are placed face down) and the
remaining four cards, namely the target cards, G5 B1 B9 R2 are placed with keeping their
faces down.

In addition to the 20 Tagiron cards, we use 19 question cards.4 After shuffling the
question cards, six of them are revealed and placed on the table, while the rest form a
deck.

Players take turns performing the following actions:

1. A player chooses one of the six revealed question cards and asks a question.
2. All players, including the questioner, answer the question honestly.
3. The used question card is discarded, and a new one is revealed from the deck.

4 Among the 21 question cards, only 19 are used, because the remaining two questions (which
assume an odd number of player’s cards) make no sense in the four-player version of Tagiron.
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Fig. 3: Numbered cards for protocols Fig. 4: Fixing two types of
cards by sleeves

In the above example, if 𝑃1 asks “Where is 9?”, then 𝑃1, 𝑃2, and 𝑃3 answer “None,”
and 𝑃4 responds, “It is the rightmost one.” From this, all players can deduce that there
is exactly one ‘9’ among the target cards. 𝑃4, knowing that their hand contains R9 , can
further deduce that B9 must be one of the target cards. Other question cards include
“How many blue numbers are there in total?”, “How many odd numbers are there?”,
“What is the total sum of the smallest three numbers?”, and so on.

Each player can make a challenge anytime, but only once during a game. The player
who challenges writes down their guess for the numbers and colors of the four target
cards. The player then looks at the four face-down target cards secretly. If their guess is
correct, the player declares “Success” and wins the game. If their guess is incorrect, the
player declares “Fail” and is eliminated. Eliminated players continue to answer questions
but can no longer make challenges or ask questions. If no player can make a challenge,
the game ends (although the termination condition can vary depending on the situation).

1.2 Tagiron’s Challenge

As explained, in Tagiron, a player making a challenge directly examines the face-down
target cards to see if their guess is correct; this process has a significant consequence:
if the player’s guess is wrong, they are eliminated from the game because they gain
complete knowledge of the target cards.

This paper explores an alternative challenge mechanism. By using a secure compu-
tation protocol, we can determine the success or failure of a challenge without revealing
the target cards to the player. Under this new challenge mechanism, a player who fails a
challenge would only learn that their guess was incorrect, without gaining any further
information. This allows the game to continue with all players still in play.

1.3 Contribution of This Paper

To provide a method for determining a challenge’s outcome without directly viewing
the target cards, this paper constructs card-based protocols that use a deck of cards to
perform cryptographic functionalities (for a survey of card-based cryptography, see [8]).

Since the 20 Tagiron cards are very small tiles as illustrated in Fig. 2, we use regular-
sized numbered cards, as shown in Fig. 3, to construct card-based protocols. That is, we
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use 20 cards 0 1 · · · 19 numbered from 0 to 19, where the back of every card is ? .
We correspond them to the Tagiron cards, as follows:

R0 B0 R1 B1 R2 B2 R3 B3 R4 B4 G5 G5 R6 B6 R7 B7 R8 B8 R9 B9
↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→ ↦→

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
. (1)

In our method, when the 20 Tagiron cards are dealt to players at the beginning of a game,
the 20 numbered cards are also dealt together, such that the correspondence (1) is kept.
To implement this, it suffices to place a Tagiron card and its corresponding numbered
card into a single sleeve, as shown in Fig. 4, and shuffle the 20 sleeves.

After the two types of cards are dealt, the numbered cards of the players are collected
together with the target numbered cards (while keeping their faces down):

𝑃1 : ? ? ? ? , 𝑃2 : ? ? ? ? , 𝑃3 : ? ? ? ? , 𝑃4 : ? ? ? ? ,

target cards : ? ? ? ? ,

whereas the Tagiron cards are used as in the normal game.
Using the numbered cards along with a set of black cards ♣ ♣ · · · and a set of

red cards r r · · · , we will propose a method for securely determining whether a
challenge succeeds or not without leaking any information (more than necessary). Our
proposed method consists of two card-based protocols: the “preprocessing protocol”
and the “challenge protocol.” After the preprocessing protocol is executed once at the
beginning, the challenge protocol is executed each time a player attempts a challenge.
When making a challenge, the player secretly enters their challenge by placing a sequence
of black and red cards face down. The protocol then secretly computes whether this input
corresponds to the target cards.

Our method would open the door to new game variations of Tagiron. For example,
a version could allow players up to two challenges, creating new strategic possibilities
where a failed first challenge does not mean elimination.

1.4 Related Work

The history of card-based cryptography began in 1989 [1], and its development is now
remarkable (e.g., [12–14]). To the best of our knowledge, the first ‘practical’ attempt to
apply card-based cryptography to card games was made by Shinagawa, Miyahara, and
Mizuki [21], who designed card-based protocols for creating virtual players in Old Maid.
Subsequently, Ruangwises and Shinagawa [20] extended this work by constructing card-
based protocols for UNO. In addition, card-based cryptography was used to create a
new game, Gakmoro [15], and to enhance the Hit and Blow game [5].

Many card-based zero-knowledge proof protocols have been developed for various
puzzles and games, such as the 15 puzzle [22], ABC end view [3], Dosun-Fuwari [7],
Kurodoko [18], Moon-or-Sun [4], pancake sorting [10], Sudoku [17,23], Topswops [9],
Usowan [11], and Zeiger [19].
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2 Preliminaries

In this section, we describe some notations and existing protocols on card-based cryp-
tography that are necessary to present our method.

2.1 Cards and Binary Encoding

The cards used in this paper are, as already seen in Section 1, black cards ♣ ♣ · · · ,
red cards r r · · · , and numbered cards 0 1 · · · 19 . Cards with the same face are
assumed to be indistinguishable from each other, and all cards share a common back
pattern ? .

We follow the standard convention to represent a Boolean value by the order of a
black card ♣ and a red card r :

♣ r = 0, r ♣ = 1. (2)

According to the encoding rule (2), when a bit 𝑥 ∈ {0, 1} is represented using two
face-down cards, they are called a commitment to 𝑥. We sometimes place two cards
constituting a commitment vertically, following the encoding:

♣
r

= 0,
r

♣
= 1.

In the sequel, we use the following representations for describing a commitment to 𝑥:

? ?︸︷︷︸
𝑥

?
?︸︷︷︸
𝑥

?
? ︸ ︷︷ ︸ 𝑥 𝑥 : ? ? .

2.2 Pile-Scramble Shuffle

The shuffling action used in this paper is the pile-scramble-shuffle [6], which randomly
permutes a sequence of piles, each consisting of the same number of cards, without
changing the order of the cards inside each pile.

For example, when applying a pile-scramble shuffle to four 3-card piles, denoted by
𝑝1, 𝑝2, 𝑝3, 𝑝4, we write the transition as:

? ? ? ?
? ? ? ?
? ? ? ?
𝑝1 𝑝2 𝑝3 𝑝4

→


? ? ? ?
? ? ? ?
? ? ? ?

 →

? ? ? ?
? ? ? ?
? ? ? ?
𝑝𝑖1 𝑝𝑖2 𝑝𝑖3 𝑝𝑖4

,

where the outcome is uniformly randomly chosen from the 4! possibilities (and nobody
knows which outcome occurs), i.e., 𝑖 𝑗 = 𝜋−1 ( 𝑗) for every 𝑗 , 1 ≤ 𝑗 ≤ 4, such that 𝜋 is a
uniformly distributed random permutation chosen from the symmetric group of degree
4.
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2.3 Copy Protocol

The existing copy protocol [16] takes a commitment 𝑥 ∈ {0, 1} as input and outputs
two identical commitments to 𝑥 using four free cards (without leaking any information
about 𝑥):

? ?︸︷︷︸
𝑥

♣ r ♣ r ⇒ ? ?︸︷︷︸
𝑥

? ?︸︷︷︸
𝑥

♣ r .

Specifically, the procedure is as follows.

1. Place the six cards as follows, turn over the face-up cards, and apply a pile-scramble
shuffle:

𝑥 : ? ?
♣ r
♣ r

→
? ?
? ?
? ?

→


? ?
? ?
? ?

 →
? ?
? ?
? ?

.

2. Turn over the two cards in the first row. If r ♣ appears, switch the left and right
columns. Then, we obtain two commitments to 𝑥:

♣ r
𝑥 : ? ?
𝑥 : ? ?

.

This is the copy protocol, which uses one pile-scramble shuffle. The revealed two
♣ r are now free cards.

2.4 AND-OR Protocol

The existing AND-OR Protocol [2] takes commitments to 𝑎, 𝑏 ∈ {0, 1} as input and
outputs two commitments to 𝑎 ∧ 𝑏 and 𝑎 ∨ 𝑏 simultaneously using two free cards:

? ?︸︷︷︸
𝑎

? ?︸︷︷︸
𝑏

♣ r ⇒ ? ?︸︷︷︸
𝑎∧𝑏

? ?︸︷︷︸
𝑎∨𝑏

♣ r .

This protocol uses two pile-scramble shuffles; due to the page limitation, the details are
omitted.

2.5 One-Input-Preserving AND Protocol

The existing one-input-preserving AND protocol [6] takes commitments to 𝑎, 𝑏 ∈ {0, 1}
as input and outputs a commitment to 𝑎∧ 𝑏 while preserving the commitment to 𝑎 using
four free cards:

? ?︸︷︷︸
𝑎

? ?︸︷︷︸
𝑏

♣ r ♣ r ⇒ ? ?︸︷︷︸
𝑎

? ?︸︷︷︸
𝑎∧𝑏

♣ r ? ?︸︷︷︸
𝑎∧𝑏

.
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This protocol uses one pile-scramble shuffle. The commitment to 𝑎∧ 𝑏 is also obtained,
but we do not use this commitment in our method and call the rightmost two cards
garbage ones.

3 Our Method

In this section, we provide a method for determining whether a challenge in Tagiron is a
success or a failure without leaking any information. As mentioned before, the proposed
method consists of the preprocessing protocol and the challenge protocol. We give an
overview in Section 3.1, and then Sections 3.2 and 3.3 give the preprocessing protocol
and the challenge protocol, respectively.

3.1 Outline

In our proposed method, the preprocessing protocol (Section 3.2) will first create a
commitment to 𝑐𝑖 ∈ {0, 1} above a numbered card 𝑖 for every 𝑖 ∈ {0, 1, . . . , 19}:

?
? ︸ ︷︷ ︸ 𝑐0

?
? ︸ ︷︷ ︸ 𝑐1

?
? ︸ ︷︷ ︸ 𝑐2

· · · ?
? ︸ ︷︷ ︸ 𝑐19

0 1 2 19

,

such that 𝑐𝑖 = 1 if and only if 𝑖 is a target card. (Note that, of these 20 commitments,
only the four have the value 1.)

Once such a sequence of commitments and numbered cards is obtained, any player
who makes a challenge will execute the challenge protocol (Section 3.3). It can secretly
extract the four commitments placed above the numbered cards corresponding to the
player’s guess and can perform a secure AND computation of those, i.e., obtain only
the AND value of the four commitments without leaking any information (more than
necessary). If the output of AND is 1, then all the guessed cards are target ones, and
hence, the challenge is successful. If the output of AND is 0, the challenge fails.

There is one issue that should be resolved: remember that both the numbered cards
10 and 11 correspond to the Tagiron card G5 . Therefore, if a player’s guess contains
exactly one G5 , they cannot decide whether 10 or 11 is chosen. Thus, we want to be
able to always choose 10 in such a case. To this end, we swap the two commitments
to 𝑐10 and 𝑐11 if 𝑐10 < 𝑐11; we leave as they are if 𝑐10 ≥ 𝑐11. The concrete procedure
is to create commitments to 𝑑10 = 𝑐10 ∨ 𝑐11 and 𝑑11 = 𝑐10 ∧ 𝑐11 in the preprocessing
protocol, and replace these new commitments with the commitments above 10 and 11 :

· · · ?
? ︸ ︷︷ ︸ 𝑐9

?
? ︸ ︷︷ ︸ 𝑑10 ?

? ︸ ︷︷ ︸ 𝑑11 ?
? ︸ ︷︷ ︸ 𝑐12

· · ·
9 10 11 12

. (3)

In the succeeding subsections, we present the preprocessing protocol and the chal-
lenge protocol.



8 T. Mizuki and K. Koizumi

3.2 Preprocessing Protocol

As seen in Section 1.3, at the beginning of a game, numbered cards are dealt as:

𝑃1 : ? ? ? ? , 𝑃2 : ? ? ? ? , 𝑃3 : ? ? ? ? , 𝑃4 : ? ? ? ? ,

target cards : ? ? ? ? .

Given such 20 face-down numbered cards along with 21 ♣ cards and 21 r cards
(where 20 pairs of ♣ and r will be used in Step 1 of the protocol and the remaining
one pair will be used in Step 4), the following preprocessing protocol produces the
sequence (3) in Section 3.1.

Preprocessing protocol

1. Place 20 ♣ cards and 20 r cards as follows, so that we have a commitment to 0
above each of players’ cards and a commitment to 1 above each target card:

♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣ ♣
r r r r r r r r r r r r r r r r

𝑃1 : ? ? ? ? 𝑃2 : ? ? ? ? 𝑃3 : ? ? ? ? 𝑃4 : ? ? ? ?

r r r r

♣ ♣ ♣ ♣
target cards : ? ? ? ?

.

2. After turning over all the face-up cards, regard each vertical 3-card sequence as a
pile, and apply a pile-scramble shuffle to the 20 piles:

? ? ? ? · · · ? ?
? ? ? ? · · · ? ?
? ? ? ? · · · ? ?

 .
3. Reveal all the cards in the third row, i.e., the numbered cards, and arrange them in

ascending order based on the revealed numbers while maintaining each pile of three
cards:

? ? ? ? ? · · · ? ? · · · ? ?
? ? ? ? ? · · · ? ? · · · ? ?
0 1 2 3 4 · · · 10 11 · · · 18 19

.

4. With the two commitments associated to 10 and 11 as inputs, apply the AND-OR
protocol introduced in Section 2.4; then, the output of OR is newly associated to 10
and the output of AND is newly associated to 11 .

The preprocessing protocol uses three shuffles in total.
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3.3 Challenge Protocol

In this subsection, we present the challenge protocol, by which all players can know
only the success or failure of a challenge. Suppose that the preprocessing protocol has
been completed; then, given the sequence (3) along with 16 ♣ cards and four r cards
(where the player’s guessed numbers will be identified by four r cards), the protocol
proceeds as follows, where 𝑃𝑖 is a player who guesses four cards and makes a challenge.

Challenge protocol

1. The player 𝑃𝑖 holds 16 ♣ cards and four r cards. Place the four r cards face
down under the guessed numbered cards and ♣ cards face down under the other
numbered cards:

? ? ? ? ? · · · ? ? · · · ? ?
? ? ? ? ? · · · ? ? · · · ? ?
0 1 2 3 4 · · · 10 11 · · · 18 19
? ? ? ? ? · · · ? ? · · · ? ?

.

2. Turn over all the numbered cards. Apply a pile-scramble shuffle to the 20 piles:
? ? ? ? · · · ? ?
? ? ? ? · · · ? ?
? ? ? ? · · · ? ?
? ? ? ? · · · ? ?


.

3. Turn over the 20 cards in the fourth row; then, four r cards appear at random
positions:

? ? ? ? ? · · · ? ? ? ? ?
? ? ? ? ? · · · ? ? ? ? ?
? ? ? ? ? · · · ? ? ? ? ?
♣ r ♣ ♣ r · · · ♣ r r ♣ ♣

.

4. Let 𝑐𝑖1 , 𝑐𝑖2 , 𝑐𝑖3 , 𝑐𝑖4 be the values of the four commitments associated to the four piles
with r ; remember that we want to know only the value of 𝑐𝑖1 ∧ 𝑐𝑖2 ∧ 𝑐𝑖3 ∧ 𝑐𝑖4 . By
the following procedure, we will obtain a commitment to 𝑐𝑖1 ∧ 𝑐𝑖2 ∧ 𝑐𝑖3 ∧ 𝑐𝑖4 using
eight free cards while keeping the original four commitments:

? ? ? ? ♣ ♣ ♣ ♣
?︸︷︷︸
𝑐𝑖1

?︸︷︷︸
𝑐𝑖2

?︸︷︷︸
𝑐𝑖3

?︸︷︷︸
𝑐𝑖4

r r r r

→
? ? ? ? ?
?︸︷︷︸
𝑐𝑖1

?︸︷︷︸
𝑐𝑖2

?︸︷︷︸
𝑐𝑖3

?︸︷︷︸
𝑐𝑖4

?︸︷︷︸
𝑐𝑖1∧𝑐𝑖2∧𝑐𝑖3∧𝑐𝑖4

. (4)
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(a) Apply the copy protocol described in Section 2.3 to 𝑐𝑖1 to obtain two commit-
ments to 𝑐𝑖1 . (Of the eight free cards, four are used, two are added, and the
remaining number of free cards is six. The increase or decrease of free cards is
described in the same way in the following steps.)

(b) With the commitments to 𝑐𝑖2 and 𝑐𝑖1 as input, apply the one-input-preserving
AND protocol described in Section 2.5 to obtain commitments to 𝑐𝑖1 ∧ 𝑐𝑖2 and
𝑐𝑖2 . (4 used, 2 added, 4 remaining, 2 garbage)

(c) With 𝑐𝑖3 and 𝑐𝑖1 ∧ 𝑐𝑖2 as input, apply the one-input-preserving AND protocol
to obtain 𝑐𝑖1 ∧ 𝑐𝑖2 ∧ 𝑐𝑖3 and 𝑐𝑖3 . (4 used, 2 added, 2 remaining, 4 garbage)

(d) Since there are not enough free cards, shuffle the four garbage cards generated
by the one-input-preserving AND protocol in steps (b) and (c) so far to make
them free. (4 added, 6 remaining)

(e) With 𝑐𝑖4 and 𝑐𝑖1∧𝑐𝑖2∧𝑐𝑖3 as input, apply the one-input-preserving AND protocol
to obtain 𝑐𝑖1 ∧ 𝑐𝑖2 ∧ 𝑐𝑖3 ∧ 𝑐𝑖4 and 𝑐𝑖4 . (4 used, 2 added, 4 remaining, 2 garbage)

(f) Shuffle the two garbage cards to set them free.
5. Step 4 yields the sequence (4) above. The commitments to 𝑐𝑖1 , 𝑐𝑖2 , 𝑐𝑖3 , 𝑐𝑖4 are re-

turned to their original positions. The commitment to 𝑐𝑖1 ∧ 𝑐𝑖2 ∧ 𝑐𝑖3 ∧ 𝑐𝑖4 is turned
over; the challenge succeeds if the value is 1 and fails if the value is 0.

6. Apply a pile-scramble shuffle to the 20 piles, turn over only the numbered cards,
and arrange the piles in ascending order according to the revealed numbers. The
sequence (3) is now reverted.

The number of shuffles required for one execution of the challenge protocol is eight.
This consists of one pile-scramble shuffle in Step 2, the copy protocol once in Step
4, the one-input-preserving AND protocol three times, two garbage shuffles, and one
pile-scramble shuffle in Step 5.

4 Generalization

Let 𝑈 be the set of (numbers of) numbered cards, 𝑌 be the set of target numbers, and 𝑋
be the set of guessed numbers, then the proposed method in Section 3 can be regarded as
a secure computation protocol for determining whether 𝑋 = 𝑌 for secret sets 𝑋,𝑌 ⊆ 𝑈
such that |𝑋 | = |𝑌 | = 4, where𝑈 = {0, 1, . . . , 19} is public (and the set 𝑋 can be chosen
many times).

In the case of the 3-player version of Tagiron, it suffices to set |𝑋 | = |𝑌 | = 5 since
there will be five target cards, and it is easy to modify the protocols as such.

More generally, for any sets𝑈,𝑌, 𝑋 such that𝑌, 𝑋 ⊆ 𝑈, it is easy to see that a secure
computation protocol for determining whether 𝑋 ⊆ 𝑌 can be obtained by a modification
of the proposed method.

5 Conclusion

In this paper, we proposed a novel method for applying card-based cryptography to the
game of Tagiron. That is, we proposed a method for securely determining whether a set
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of expected elements is included in a target set without leaking any information more
than necessary.

The proposed card-based protocols are simple and easy to understand for non-
experts. Thus, it is useful as a tool to promote intuitive understanding of secure com-
putations, and is expected to have educational value. More directly, this work could
introduce the concept of secure computation to the Tagiron user community.

The number of cards used in our method is not small, and we admit that it is not
practical. When we executed the protocols in a real-world setting (as shown in Figure 5),
we observed a runtime of over one hour. Therefore, further optimization to reduce the
number of cards is necessary and will be addressed in future work.

Fig. 5: Execution of the protocols in a real-world setting
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