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Abstract: In this paper, we introduce a new class of sequences called the termed Hadamard-type
t-Jacobsthal Leonardo sequence which is generated by applying a Hadamard-type product to the
characteristic polynomials of the t-Jacobsthal and Leonardo sequences. We derive fundamental
algebraic properties of these sequences including determinant formulas, combinatorial identities,
and exponential representations, and building on these mathematical results, we construct a
novel blind signature scheme in which the public and secret keys are represented as companion
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matrices derived from the new sequences. The proposed scheme ensures correctness through
determinant-preserving transformations and achieves blindness and unforgeability under matrix-
based key assumptions.We provide security analysis within the standard cryptographic framework
and discuss efficiency aspects compared with existing blind signature constructions. Our results
demonstrate that Hadamard-type t-Jacobsthal–Leonardo matrices can serve as a new algebraic
foundation for cryptographic protocols, thereby linking structured number-theoretic sequences
with provably secure digital signature mechanisms.
Keywords: Jacobsthal sequence, Leonardo sequence, Blind signature.
2020 Mathematics Subject Classification: 11K31, 11C20, 68P25, 68R01, 68P30, 15A15.

1 Introduction

Blind signatures, introduced by Chaum [11], are a fundamental cryptographic primitive that
enables a signer to authenticate a message without learning its content. This property has made
blind signatures central to privacy-preserving applications such as electronic voting, anonymous
credentials, and untraceable digital cash and payments. Over the past decades, numerous
constructions have been proposed, ranging from RSA-based blind signatures [12, 26, 28] to
identity-based and lattice-based schemes [17–20, 25, 34]. In [12], an identity-based restrictive
partially blind signature scheme was proposed and shown to be provably secure in the random
oracle model. A direct construction of an identity-based blind signature scheme was presented
in [23], offering computational efficiency due to its short signature length. In [26], the authors
proposed a scheme that applies the Fibonacci, Lucas, and Fibonacci–Lucas matrix coding
to quantum digital signatures, leveraging a recently developed quantum key distribution
(QKD) system. The main research directions have focused on improving security guarantees,
computational efficiency, and resistance to quantum adversaries.

Beyond classical RSA-based constructions, researchers have explored stronger blind signature
schemes. For example, cascade blind factors were introduced in [33] to increase resistance against
forgery attacks. Studies on Lehmer–Pierce sequences [36] highlight how number-theoretic
recurrences may share algebraic vulnerabilities, which is relevant for designing secure
cryptographic primitives. On the other hand, provably secure blind signature schemes have
been developed within formal frameworks, such as the partially blind signatures of Abe and
Okamoto [1] and subsequent refinements [8], which emphasize rigorous security models. More
recently, Lysyanskaya [27] has provided modern security analyses of RSA-based blind signatures,
reinforcing the importance of precise unforgeability and blindness definitions.

Parallel to these developments, number-theoretic sequences have emerged as a source of
structured algebraic constructions for cryptographic primitives. For example, Fibonacci and
Lucas sequences have been applied to digital signatures and key distribution [29, 30]. Such
approaches exploit the algebraic properties of recurrence relations and companion matrices to
construct deterministic yet hard-to-invert transformations, which are attractive for cryptographic
use.
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In this work, we extend this line of research by introducing the Hadamard-type t-Jacobsthal–
Leonardo sequences, obtained through a Hadamard-type product of the characteristic polynomials
of t-Jacobsthal and Leonardo sequences. These sequences possess rich algebraic properties,
including closed-form determinants and exponential generating functions, which make them
suitable candidates for cryptographic constructions.

The Jacobsthal sequence {Jn} is

Jn = Jn−1 + 2Jn−2, n ≥ 0,

with J0 = 0 and J1 = 1 [22]. One of the generalizations of this sequence is For t ≥ 3, the
t-Jacobsthal sequence {Jn(t)}∞n=0 is

Jn(t) = Jn−1(t) + 2Jn−2(t) + · · ·+ Jn−t(t), n ≥ t,

with J0(t) = J1(t) = · · · = Jt−2(t) = 0 and Jt−1(t) = 1.
This sequence has been generalized in various directions, leading to structures with rich

algebraic properties. These generalized sequences have been extensively studied in the context
of matrix theory and group constructions [7, 13, 15]. The Gaussian Jacobsthal and Gaussian
Jacobsthal– Lucas polynomials are discussed in [6]. Further developments in [31] explored the
d-Gaussian Jacobsthal and d-Gaussian Jacobsthal–Lucas polynomials, along with their matrix
representations. A broader generalization, known as the k-Jacobsthal numbers, was presented
in [21]. Additionally, the Jacobsthal–Padovan p-sequences within group settings were discussed
in [2].

The Leonardo sequence (see [10, 16, 24]) has also been studied recently, and it is defined as
follows:

The Leonardo sequence is

Le(n) = Le(n− 1)− Le(n− 2) + 1, n ≥ 2,

with Le(0) = Le(1) = 1. Also, another recurrence relation for Leonardo sequences exists as
follows:

Le(n+ 1) = 2Le(n)− Le(n− 2), n ≥ 2,

(see [5, 35]). The characteristic polynomials of the t-Jacobsthal and Leonardo sequence are
xt − xt−1 − 2xt−2 − xt−3 − · · · − 1 and x3 − 2x2 + 1, respectively.

Leonardo numbers were studied in [9]. In [14], the Jacobsthal–Padovan p-sequences are
studied and some of their properties. In 2021, using the Binet formula for Leonardo numbers,
new identities involving these numbers were established in [4]. A generalization of the Leonardo
numbers was proposed in [5], where infinite lower triangular matrices with Leonardo number
entries were also defined. In [32], the Gaussian Leonardo numbers were investigated, leading
to the introduction of new families of these Gaussian forms. In this work, we introduce a new
sequence based on the Leonardo and t-Jacobsthal sequences.

The Hadamard-type product of polynomials f and g is defined as follows [3].
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Definition 1.1. The Hadamard-type product of polynomials f and g is f ∗ g =
∑∞

i=0(ai ∗ bi)xi

where

ai ∗ bi =

{
aibi, if aibi ̸= 0,

ai + bi, if aibi = 0,

and f(x) = amx
m + · · ·+ a1x+ a0 and g(x) = bnx

n + bn−1x
n−1 + · · ·+ b1x+ b0.

Our main contribution is a blind signature scheme built on these new sequences. Specifically:

• We define the Hadamard-type t-Jacobsthal–Leonardo sequences and establish their
companion matrices.

• We prove algebraic properties such as determinant preservation, which we exploit for
signature verification.

• We design a blind signature protocol in which keys are represented as structured matrices,
and correctness is guaranteed by determinant invariance.

• We analyze the scheme’s security in terms of blindness, unforgeability, and resistance to
forgery under matrix inversion assumptions.

• We discuss the computational aspects of the scheme and its relation to existing blind
signature constructions.

This paper thereby bridges mathematical sequence theory with practical cryptographic design,
contributing both to the development of generalized number sequences and to privacy-preserving
digital signature mechanisms. The remainder of this paper is organized as follows. In Section 2,
we introduce the Hadamard-type t-Jacobsthal–Leonardo sequences and establish several related
results. In Section 3, we present a new blind signature scheme based on these sequences and in
Section 4 we analyze its security. Finally the paper is concluded in Section 5.

2 The Hadamard-type t-Jacobsthal–Leonardo sequences

In this section, we define a new class of sequences by applying the Hadamard-type product to the
characteristic polynomials of the t-Jacobsthal and Leonardo sequences.

Let us consider the case where t = 3. Using the characteristic polynomials of the 3-Jacobsthal
and Leonardo sequences, along with Definition 1.1, we define the Hadamard-type product of these
polynomials as follows:

Definition 2.1. For integers t=3, the Hadamard-type 3-Jacobsthal–Leonardo sequences, denoted
by {JLn(3)}∞0 , are defined as

JLn(3) = −2JLn−1(3) + 2JLn−2(3) + JLn−3(3), n ≥ 0, (1)

with initial conditions JL0(3) = JL1(3) = 0 and JL2(3) = 1.

The Hadamard-type 3-Jacobsthal–Leonardo sequences have the following companion matrix

τ(3) =

−2 2 1

1 0 0

0 1 0

 , (2)

and is called the Hadamard-type 3-Jacobsthal–Leonardo matrix.
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Theorem 2.1. For n ≥ 3, we have

(τ(3))n =

JLn+2(3) JLn+1(3) + JLn(3) JLn+1(3)

JLn+1(3) JLn(3) + JLn−1(3) JLn(3)

JLn(3) JLn−1(3) + JLn−2(3) JLn−1(3)

 ,

Proof. We use induction on n. For n = 3 we have

(τ(3))3 =

13 7 5

5 3 2

2 1 1

 =

JL5(3) JL4(3) + JL3(3) JL4(3)

JL4(3) JL3(3) + JL2(3) JL3(3)

JL3(3) JL2(3) + JL1(3) JL2(3)

 ,

so the statement holds. Now, assume that the statement holds for n = t. Therefore, for n = t+ 1

we have

(τ(2))t+1 =

−2 2 1

1 0 0

0 1 0

×

JLt+2(3) JLt+1(3) + JLt(3) JLt+1(3)

JLt+1(3) JLt(3) + JLt−1(3) JLt(3)

JLt(3) JLt−1(3) + JLt−2(3) JLt−1(3)


=

JLt+3(3) JLt+2(3) + JLt+1(3) JLt+2(3)

JLt+2(3) JLt+1(3) + JLt(3) JLt+1(3)

JLt+1(3) JLt(3) + JLt−1(3) JLt(3)

 ,

which completes the proof.

Lemma 2.1. Let h(x) be the generating function of the Hadamard-type 3-Jacobsthal and Leonardo
sequences. Then

g(x) =
x2

1 + 2x− 2x2 − x3
. (3)

Proof. We have

h(x) =
∞∑
n=1

JLn(3)x
n

= JL1(3)x
1 + JL2(3)x

2 +
∞∑
n=3

JLn(3)x
n

= JL2(3)x
2 +

∞∑
n=3

−2JLn−1(3) + 2JLn−2(3) + JLn−3(3)x
n

= x2 − 2
∞∑
n=3

JLn−1(3)x
n + 2

∞∑
n=3

JLn−2(3)x
n +

∞∑
n=3

JLn−3(3)x
n

= x2 − 2x
∞∑
n=1

JLn(3)x
n + 2x2

∞∑
n=1

JLn(3)x
n + x3

∞∑
n=1

JLn(3)x
n

= x2 − 2xh(x) + 2x2h(x) + x3h(x).

Theorem 2.2. The Hadamard-type 3-Jacobsthal and Leonardo sequences {JLn(3)} have the
following exponential representation

g(x) = x2 exp
∞∑
i=1

(x)i

i
(−2 + 2x+ x2)i.
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Proof. Using (3), we have

lnh(x) = ln x2 − ln(1− 2x+ 2x2 + x3).

Since

− ln (1− 2x+ 2x2 + x3) = −
[
− x(2− 2x− x2)− 1

2
x2(2− 2x− x2)2

− · · · − 1

i
xi(2− 2x− x2)i − · · ·

]
=

∞∑
i=1

(x)i

i
(2− 2x− x2)i,

the result follows.

Corollary 2.1. For n ≥ 3, we have det τ(3)n = 1.

Proof. From (2), det τ(3) = 1, then det τ(3)n = 1.

Now, consider t = 4. By the characteristic polynomials of 4-Jacobsthal and Leonardo
sequences and Definition 1.1, we define the Hadamard-type product of the characteristic polynomials
of 4-Jacobsthal and Leonardo sequences as follows.

Definition 2.2. For integer t = 4, the Hadamard-type 4-Jacobsthal–Leonardo sequences, denoted
by {JLn(4)}∞0 , are defined as

JLn(4) = JLn−1(4)− 4JLn−2(4) + JLn−3(4) + JLn−4(4), n ≥ 0, (4)

with initial conditions JL0(4) = JL1(4) = JL2(4) = 0 and JL3(4) = 1.

The Hadamard-type 4-Jacobsthal–Leonardo sequences have the following companion matrix

τ(3) =


1 −4 1 1

1 0 0 0

0 1 0 0

0 0 1 0

 , (5)

which is called the Hadamard-type 4-Jacobsthal–Leonardo matrix.

Theorem 2.3. For n ≥ 4, we have

(τ(4))n =


JLn+3(4) JLn+4(4)− JLn+3(4) JLn+2(4) + JLn+1(4) JLn+2(4)

JLn+2(4) JLn+3(4)− JLn+2(4) JLn+1(4) + JLn(4) JLn+1(4)

JLn+1(4) JLn+2(4)− JLn+1(4) JLn(4) + JLn−1(4) JLn(4)

JLn(4) JLn+1(4)− JLn(4) JLn−1(4) + JLn−2(4) JLn−1(4)

 .

Proof. We use induction on n. For n = 4 we have

(τ(4))4 =


8 22 −9 −6

−6 14 −2 −3

−3 −3 2 1

1 −4 1 1

 =


JL7(4) JL8(4)− JL7(4) JL6(4) + JL5(4) JL6(4)

JL6(4) JL7(4)− JL6(4) JL5(4) + JL4(4) JL5(4)

JL5(4) JL6(4)− JL5(4) JL4(4) + JL3(4) JL4(4)

JL4(4) JL5(4)− JL4(4) JL3(4) + JL2(4) JL3(4)

 ,

so the statement holds. Now, assume that the statement holds for n = s. Therefore, for n = s+1

we have
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(τ(4))s+1 =


1 −4 1 1

1 0 0 0

0 1 0 0

0 0 1 0

×


JLs+3(4) JLs+4(4)− JLs+3(4) JLs+2(4) + JLs+1(4) JLs+2(4)

JLs+2(4) JLs+3(4)− JLs+2(4) JLs+1(4) + JLs(4) JLs+1(4)

JLs+1(4) JLs+2(4)− JLs+1(4) JLs(4) + JLs−1(4) JLs(4)

JLs(4) JLs+1(4)− JLs(4) JLs−1(4) + JLs−2(4) JLs−1(4)



=


JLs+4(4) JLs+5(4)− JLs+4(4) JLs+3(4) + JLs+2(4) JLs+3(4)

JLs+3(4) JLs+4(4)− JLs+3(4) JLs+2(4) + JLs+1(4) JLs+2(4)

JLs+2(4) JLs+3(4)− JLs+2(4) JLs+1(4) + JLs(4) JLs+1(4)

JLs+1(4) JLs+2(4)− JLs+1(4) JLs(4) + JLs−1(4) JLs(4)

 ,

which completes the proof.

Lemma 2.2. Let g(x) be the generating function of the Hadamard-type 4-Jacobsthal and Leonardo
sequences. Then

g(x) =
x3

1− x+ 4x2 − x3 − x4
. (6)

Proof. We have

g(x) =
∞∑
n=1

JLn(4)x
n

= JL1(4)x
1 + JL2(4)x

2 + JL3(4)x
3 +

∞∑
n=4

JLn(4)x
n

= JL3(4)x
3 +

∞∑
n=4

JLn−1(4)− 4JLn−2(4) + JLn−3(4) + JLn−4(4)x
n

= x3 +
∞∑
n=4

JLn−1(4)x
n − 4

∞∑
n=4

JLn−2(4)x
n +

∞∑
n=4

JLn−3(4)x
n +

∞∑
n=4

JLn−4(4)x
n

= x3 + x
∞∑
n=1

JLn(4)x
n − 4x2

∞∑
n=1

JLn(4)x
n + x3

∞∑
n=1

JLn(4)x
n + x4

∞∑
n=1

JLn(4)x
n

= x3 + xg(x)− 4x2g(x) + x3g(x) + x4g(x).

Theorem 2.4. The Hadamard-type 4-Jacobsthal and Leonardo sequences {JLn(4)} have the
following exponential representation

g(x) = x3 exp
∞∑
i=1

(x)i

i
(1− 4x+ x2 + x3)i.

Proof. Using (6), we have

ln g(x) = ln x3 − ln(1− x+ 4x2 − x3 − x4).

Since

− ln (1− x+ 4x2 − x3 − x4) = −
[
− x(1− 4x+ x2 + x3)− 1

2
x2(1− 4x+ x2 + x3)2

− · · · − 1

i
xi(1− 4x+ x2 + x3)i − · · ·

]
=

∞∑
i=1

(x)i

i
(1− 4x+ x2 + x3)i,

the result follows.

Corollary 2.2. For n ≥ 4, we have det τ(4)n = (−1)n.

Proof. From (5), det τ(4) = −1, then det τ(4)n = (−1)n.
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3 Blind signatures using the Hadamard-type
t-Jacobsthal–Leonardo matrix

In this section, we present a new blind signature using Hadamard-type t-Jacobsthal–Leonardo
matrix and the security is studied. We now introduce the new blind signature.

In the algorithm, Alice is requesting the signature, Bob is the blind signer, and Charlie verifies
the signature. Alice and Bob, Alice and Charlie, and Bob and Charlie establish the keys KAB,
KAC and KBC , respectively. These keys belong to the Hadamard-type 3-Jacobsthal–Leonardo
matrix. The algorithm is conducted over classical channels.

Alice takes a message M which is a matrix M = (mij)3×31 ≤ i, j ≤ 3, and obtains the blind
message M

′
= M × KAC . Alice encrypts the blind message M

′ with the key KAB and gets
M

′′
= M

′ × KAB. This is sent to Bob and the determinant of M is sent to Charlie. Then Bob
uses KAB to obtain M

′
= ×M

′′ ×K−1
AB. He gets signature S = M

′ ×KBC , and sends it Charlie.
Charlie calculates the determinant of S. If detS = detM , he accepts the signature, otherwise he
rejects it.

Algorithm

Alice requests the signature, Bob provides the blind signature, and Charlie verifies the signature.
Alice and Bob, Alice and Charlie, and Bob and Charlie establish the keys KAB, KAC and
KBC , respectively. These keys are elements of τ(3)n. The algorithm steps are given below
and illustrated in Fig. 1.

1. Alice takes a message M=(mij)3×31 ≤ i, j ≤ 3 and gets the blind message M
′
=M ×KAC .

Alice encrypts the blind message M
′ with the key KAB and obtains M ′′

= M
′ ×KAB.

This is sent to Bob and the determinant of M is sent to Charlie.

2. Using KAB, Bob obtains M ′
= M

′′ ×K−1
AB.

Then he gets the signature S = M
′ ×KBC , and sends it to Charlie.

3. Charlie calculates the determinant of S.
If detS = detM , he accepts the signature, otherwise he rejects it.

Figure 1. Scheme of the algorithim.
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From Corollary 2.1, we have det(τ(3)n) = 1. The verification is

detS = det(M
′
)× det(KBC) = det(M)× det(KAC) = detM.

For t = 4, the algorithm is similar, only is used τ(4)n instead of τ(3)n and message M which
is a matrix M = (mij)4×41 ≤ i, j ≤ 4. For the verification process, according to Corollary 2.2,
the signature is accepted if detS = ± detM ; otherwise, it is rejected.

Example 3.1. i. Consider the keys KAB, KAC , and KBC , and M as follows

τ(3)4 =

 40 −24 −15

−15 10 6

6 −3 −2

 := KAB,

τ(3)7 =

−714 442 273

273 −168 −104

−104 65 40

 := KAC

τ(3)8 =

1870 −1155 −714

−714 442 273

273 −168 −104

 := KBC

and

M =

1 5 8

9 1 4

4 3 2

 .

Alice computes M ′ as

M
′
= M ×KAC =

1 5 8

9 1 4

4 3 2

×

−714 442 273

273 −168 −104

−104 65 40

 =

 −181 122 73

−6569 4070 2513

−2245 1394 860

 .

and encrypts the blind message M
′ with the key KAB to obtain

M
′′
= M

′ ×KAB =

 −181 122 73

−6569 4070 2513

−2245 1394 860

×

 40 −24 −15

−15 10 6

6 −3 −2


=

 −8632 5345 3301

−308732 190817 117929

−105550 65240 40319

 .

She sends this to Bob and sends detM = 164 to Charlie. Using KAB, Bob obtains

M
′
= M

′′ ×K−1
AB =

 −8632 5345 3301

−308732 190817 117929

−105550 65240 40319

×

 −2 −3 6

6 10 −15

−15 −24 40


=

 −181 122 73

−6569 4070 2513

−2245 1394 860

 .
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Then he gets the signature

S = M
′ ×KBC =

 −181 122 73

−6569 4070 2513

−2245 1394 860

×

1870 −1155 −714

−714 442 273

273 −168 −104


=

 −405649 250715 154948

−14503961 8963951 5540024

−4958686 3064643 1894052

 ,

and sends it to Charlie. For verification, Charlie computes detS = 164. Since detM =

detS, he accepts a signature.

ii. Consider the keys KAB, KAC , and KBC , and M as follows

τ(4)4 =


8 22 −9 −6

−6 14 −2 −3

−3 −3 2 1

1 −4 1 1

 := KAB,

τ(4)6 =


−11 −118 38 30

30 −41 2 8

8 22 −9 −6

−6 14 −2 −3

 := KAC

τ(4)8 =


−47 535 −140 −129

−129 82 19 −11

−11 −118 38 30

30 −41 2 8

 := KBC

and

M =


4 5 2 1

7 9 8 1

9 3 1 0

0 1 4 5

 .

Alice computes M ′ as

M
′
= M ×KAC =


4 5 2 1

7 9 8 1

9 3 1 0

0 1 4 5

×


−11 −118 38 30

30 −41 2 8

8 22 −9 −6

−6 14 −2 −3



=


116 −619 142 145

245 −991 208 228

−1 −1163 339 288

32 117 −44 −31

 .
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and encrypts the blind message M
′ with the key KAB to obtain

M
′′
= M

′ ×KAB =


116 −619 142 145

245 −991 208 228

−1 −1163 339 288

32 117 −44 −31

×


8 22 −9 −6

−6 14 −2 −3

−3 −3 2 1

1 −4 1 1



=


4361 −7120 623 1448

7510 −10020 421 1939

6241 −18473 3301 4122

−345 2598 −641 −618

 .

She sends this to Bob and sends detM = 664 to Charlie. Using KAB, Bob obtains

M
′
= M

′′ ×K−1
AB =


4361 −7120 623 1448

7510 −10020 421 1939

6241 −18473 3301 4122

−345 2598 −641 −618

×


1 −1 4 −1

−1 2 −5 5

5 −6 22 −10

−10 15 −46 32



=


116 −619 142 145

245 −991 208 228

−1 −1163 339 288

32 117 −44 −31

 .

Then he gets the signature

S = M
′ ×KBC =


116 −619 142 145

245 −991 208 228

−1 −1163 339 288

32 117 −44 −31

×


−47 535 −140 −129

−129 82 19 −11

−11 −118 38 30

30 −41 2 8



=


−19580 16845 1602 −2759

−32129 19489 5000 −2510

−33895 59291 −5991 −12232

2992 −9975 1908 2253

 ,

and sends it to Charlie. For verification, Charlie computes detS = 664. Since detM =

detS, he accepts a signature.

4 Security analysis

In this section, we analyze the security of the proposed blind signature scheme according to the
standard notions of blindness and unforgeability introduced in [1, 8], and more recently revisited
in [27]. These properties are the cornerstone of blind signature protocols and are evaluated in both
classical and modern frameworks [27]. Our analysis also introduces a new hardness assumption,
the Determinant Invariance Problem, which underpins the security of our construction. For
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comparison, we note that cascade blind signatures [33] and RSA-based variants [27] follow
similar formalization patterns. While our analysis is algebraic and determinant-based, the design
goals parallel those in formal models of blind signature security. Furthermore, cascade-based
strengthening techniques [33] represent another line of defense against forgery, complementing
our determinant-preserving approach. At the same time, results such as [36] remind us that
number-theoretic sequences may have hidden structural weaknesses, and thus the robustness of
our Hadamard-type constructions deserves further scrutiny under more advanced attack models.

4.1 Security model

A blind signature scheme must satisfy two primary properties:

• Blindness: The signer should not be able to link a signature to the specific message for
which it was requested, even if later shown the message-signature pair.

• Unforgeability: No probabilistic polynomial time adversary should be able to generate a
valid signature on a new message without interacting with the legitimate signer.

Our scheme additionally benefits from determinant-preservation, which provides a simple algebraic
invariant for verification.

4.2 Determinant Invariance Problem (DIP)

We introduce the Determinant Invariance Problem (DIP) in which the foundation of our scheme
is based on its complex computational problem: Given a random invertible Hadamard-type
t-Jacobsthal Leonardo matrix τ(t)n and a message matrix M , it is computationally infeasible
to produce a forged matrix S such that

det(S) = det(M)

without knowledge of the secret key matrices KAB, KAC , KBC . This problem is analogous to
classical hardness assumptions such as integer factorization (RSA) or the Short Integer Solution
problem (SIS) in lattice-based schemes. The algebraic complexity of number-theoretic recurrences
has been studied in the context of Lehmer–Pierce sequences [36], where structural vulnerabilities
can emerge. In contrast, our construction relies on determinant invariance, which resists trivial
algebraic inversions.

Unforgeability. To forge a valid signature, an attacker must correctly guess both the key KBC

and the message M . Suppose an adversary attempts to forge a signature on a message M without
querying the signer. Verification requires that det(S) = det(M). The adversary must therefore
either:

1. guess the correct key KBC , or
2. construct a forged M ′ consistent with the hidden transformations while preserving the

determinant.

Both cases reduce to solving the DIP, which we assume infeasible. Compared to cascade blind
signatures [36], where multiple blinding factors increase robustness, our scheme achieves security
through structured determinant invariance.
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Blindness. The proposed scheme ensures that Bob (the signer) can sign a message without
learning its content. During the protocol, Bob observes only the blinded message M ′′ = M ′ ×KAB,
where M ′ = M × KAC . Since KAC is secret and independent, Bob cannot derive M from M ′′

without solving DIP. Thus, blindness holds by semantic independence of the masking transformations.
This definition aligns with the indistinguishability based blindness games introduced in [1, 8].

Repudiation Resistance. Charlie (the verifier) checks signatures using only determinant equality.
Charlie verifies the signature using the determinant condition det(S) = ± det(M). If the condition
holds, it confirms that Bob created the signature. Once a signature is validated, neither Alice
(the requester) nor Bob (the signer) can repudiate their role in the transaction. This property is
consistent with binding mechanisms analyzed in the RSA-based framework of [27].

Error Detection and Correction. Matrix-based encodings inherently support redundancy.
Similar to Fibonacci-based error correction techniques achieving 99.8% reliability [30], our
structured companion matrices provide error detection and correction capability. A similar
approach can be applied here, resulting in equivalent error detection and correction performance.

Comparison with Related Work. Our determinant-based approach complements cascade
blinding techniques [33] and highlights resilience against algebraic collapse, which has been
observed in sequence-based cryptography [36]. While formal models of blindness and
unforgeability [1, 8] serve as the benchmark for provable security, our construction provides a
new algebraic foundation. Moreover, modern analyses such as [27] stress the importance of
clearly defined hardness assumptions, which we provide via DIP.

5 Conclusions

In this work, we introduced the Hadamard-type t-Jacobsthal–Leonardo sequences and investigated
their algebraic properties, including determinant invariance, companion matrices, and exponential
generating functions. Building on these results, we proposed a blind signature scheme in which
signing and verification are expressed through structured matrix transformations derived from
these sequences. This construction demonstrates a novel connection between number-theoretic
recurrences and privacy-preserving digital signature protocols. Generalizing the construction to
Hadamard-type t-Jacobsthal–Leonardo sequences for t ≥ 5 may yield richer algebraic structures
and potentially stronger cryptographic primitives.
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[3] Aküzüm, Y., & Deveci, Ö. (2020). The Hadamard-type k-step Fibonacci sequences in
groups. Communications in Algebra, 48(7), 2844–2856.
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