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Abstract
The signature scheme Bliss proposed by Ducas, Durmus, Lepoint and Lyubashevsky at
Crypto’13, is currently the most compact and efficient lattice-based signature scheme that is
provably secure under lattice assumptions. It does compare favourably with the standardized
schemes RSA and ECDSA on both Software and Hardware.
In this work, we introduce a new technique that improves the above scheme, offering an
acceleration factor up to 2.8, depending on the set of parameters.
Namely, we improve the unnatural geometric bound used in Bliss to a tighter and much
more natural bound by using some extra degree of freedom: the ternary representations of
binary challenges. Precisely, we efficiently choose a ternary representation that makes the result
deterministically shorter than the expected length for a random challenges.
Our modified scheme Bliss-b is rather close to the original scheme, and both versions are
compatible. The patch has been implemented on the Open-Source Software implementation of
Bliss, and will be released under similar license.

1

Introduction

Lattice based cryptography [Ajt96, AD97], has received a lot of attention in the last decade, mostly
for theoretical interest. First for security: lattices enjoy worst-case hardness properties and seem
resistant to quantum attacks. Later, lattices have shown exceptional versatility, allowing new
constructions such as the breakthrough result of Gentry [Gen09] for Fully Homomorphic Encryption.
On the practical side, lattice-based cryptography has long been a promising alternative to RSA
and discrete-log cryptography. Indeed, the use of algebraic lattices [Mic02] can boost many latticebased constructions as already noticed in the late 90’s for the construction of the NTRU Encryption
scheme1 [HPS98]. While efficient lattice-based encryption has quickly found satisfactory solutions,
lattice-based signatures have been more problematic: the natural lattice trapdoor leaks some secret
information [NR06, DN12]. It is only in 2008 that provably secure solutions to prevent such leakage
have been found [GPV08, Lyu09].
Both solutions were originally not so practical, and could only be proved secure in the randomoracle model. Despite several efforts [SS11, DPL14] the hash-then-sign approach of [GPV08] is
indeed quite slow for signatures in practice. But the trapdoors of [GPV08, MP12] remain useful
for more advanced constructions such as attribute based encryption [CHKP12, GVW13, DPL14]
or to avoid relying on random oracles [Boy10, DM14] when building signatures.
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On the other hand, the Fiat-Shamir with aborts approach of Lyubashevsky [Lyu09, Lyu12,
GLP12, DDLL13, BG14, PDG14, MBDG14] has demonstrated very good performances. In particular, the recent scheme Bliss has proved to compete with the standardized signature schemes
RSA and ECDSA both on software and hardware [DDLL13, PDG14]. Nevertheless, Bliss seems
to have room for improvements, both at the implementation level2 and at the design level.
In particular, there is a geometric constant C used to bound the length of certain vectors during
the execution of Bliss. Because of the abort technique, this constant C has a direct impact on
the overall speed of the protocol. Experiments suggest that this bound should not be much larger
that 1: over 20000 random challenges, C = 1.1 is sufficient with some margin. Yet we need this
bound to hold for all keys and all challenges, for which Ducas et al. [DDLL13] could only prove, a
constant C ∈ [1.5, 1.9] depending on the parameter set.

1.1

This work

The problem. The speed of Bliss is related to the `2 norm of the product Sc where the matrix
S is the secret key and c the challenge vector. More precisely, one requires a bound kSck ≤ B,
independent of the secret key S ∈ S in order to avoid leaking information on the secret key S while
signing. This bound dictates the running time of the Bliss signing procedure: the main loop needs
2
2
to be repeated M = eB /2σ times on average3 , and M is called the repetition rate. Therefore any
improvement on this bound kSck ≤ B directly leads to an acceleration of Bliss without altering
the rest of the scheme.
The set of challenges Bnκ is the set of binary vector with exactly κ entries equal to 1, in particular
√
we have kck = κ. Quite naturally one could bound kSck by s1 (S) · kck where s1 (S) denotes the
singular norm (a.k.a. the spectral radius) of S. Unfortunately the singular norm of S is quite
larger in the ring setting than in √
the standard
setting: for ternary entries {0, ±1} with
√ density δ
√
of ±1 entries, we expect s1 (S) ≈ δn √
log n in the ring setting against s1 (S) = Θ( δn) without
ring structure (see Section 2.3). This log n factor may seem anecdotal in theory but is quite
relevant in practice: in the design of Bliss a lot of effort was done to cut such corners, pushing
the proof of concepts [Lyu09, Lyu12] to an actual, practical scheme, competing with standardized
cryptography [DDLL13, PDG14].
To improve on such a bound, Ducas et al. [DDLL13] exploit the binary structure of the challenge
vector c and discuss the Gram matrix of the secret matrix G = St S. In practice, rejecting a
reasonable (up to 90%) proportion of secret keys S during key generation depending on G they
√
obtain the provable guarantee that kSck ≤ Cδ nκ for any c ∈ Bnκ , where the value C varies
between 1.5 and 1.9 from Bliss-0 to Bliss-IV. While this is much better than the singular norm
bound (in practice measured to be around 5), this is still quite far from 1.
Our solution. The introduction of the bimodal trick in [DDLL13] had a small drawback compared to previous similar constructions [Lyu09, Lyu12, GLP12]: the challenge vector c inherently
became a modulo 2 object, and it was no longer possible to increase the entropy by using coefficients
in {0, ±1} rather than {0, 1}.
Nevertheless, it does not restrict us to using the canonical binary representation c0 ∈ Zn of
c ∈ Zn2 , in particular one may negate at will individual coordinates of c0 at the beginning of the
2
The open source software implementation [DL] does not use vectorized operations (MMX/SSE) for the Number
Theoretic Transform. Pseudo random number generation could also benefit from AES instructions.
3
the choice of σ is determined by security constraints, which we won’t discuss in this paper.
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response phase, as long as the bound on kSc0 k is preserved. And in fact, choosing an appropriate
representation c0 may give a smaller result. We propose a simple algorithm that efficiently compute
√
the product v = Sc0 for some c0 ≡ c mod 2 such that kSc0 k ≤ kSk · κ (where kSk denote the
largest norm among the columns of S). This result is optimal considering the case where S would
have perfectly orthogonal rows.
Results. Using the technique above, we are able to remove the unnatural constant C ∈ [1.5, 1.9]
and replace it by 1. We propose a variant Bliss-b of Bliss, with similar set of parameters but
for the rejection rate M , which is improved by a factor from 1.4 to 3.4. We have implemented our
modification on the open-source implementation [DL]. Due to additional algorithmic efforts, the
speed-up in practice is slightly less than what is predicted by the rejection rate. Our modification
also speeds-up the key generation by a factor 5 to 10. Our patch will be made available under the
terms of the original CeCILL license.
Organization. The rest of the paper is organized as follows. In Section 2 we give the necessary
preliminaries on the construction of Bliss. Then, in Section 3 we present the efficient sign choosing
algorithm and prove the associated bound on the product kSc0 k. We conclude with Section 4 by
detailing the modification to obtain the new scheme Bliss-b: the algorithmic modifications, the
new parameters, and the comparative benchmarks.
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Preliminaries

Notations Lower-case bold letters will denote column vectors over Z, and upper-case bold letters
will denote matrices. The norm k · k notation refers to the euclidean norm for vectors. For a
matrix M = [m1 . . . mk ] ∈ Z`×k , the norm kMk refers to the maximal norm among its columns:
kMk = maxi kmi k. We note B for the binary set {0, 1}, and Bnκ denotes the set of vectors of n
binary coordinates with exactly κ coordinates set to 1: Bnκ = {c ∈ Bn |kck1 = κ}. For such binary
vectors c ∈ Bnκ , we define the indicator set Ic = {i|ci 6= 0}.

2.1

The Cyclotomic Ring

As several prior constructions [LMPR08, LPR10], Bliss relies on a power of 2 cyclotomic ring: we
let n be a power of 2 defining the (2n)th cyclotomic polynomial Φ2n (X) = X n + 1 and associated
cyclotomic ring R = Z[X]/(X n + 1). Those rings have convenient geometric properties, and allows
very efficient Number Theoretic Transform for well chosen modulus q. We also write Rq = R/(qR)
for the residue ring of R modulo an integer q. Elements in R have a natural representation as
polynomials of degree n − 1 with coefficients in Z, and R can be identified (as an additive group)
with the integer lattice Zn , where each ring element a = a0 + a1 x + . . . + an−1 xn−1 ∈ R is associated
with the coefficient vector a = (a0 , . . . , an−1 ) ∈ Zn .
The ring R is also identified with the sub-ring of anti-circulant square matrices of dimension
n by regarding each ring element r ∈ R as a linear transformation x 7→ r · x over (the coefficient
embedding) of R.
More specifically, we will see the secret and public keys S, A as matrices with two anti-circulant
blocks of size n × n, while the polynomials u, c will be seen as column vectors of dimension n over
Z2q , and vectors of polynomials v, y, z will be seen as column vectors over Z2q of dimension 2n.
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Prover
Secret Key S ∈ R2×1 , short
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Verifier
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2q
n×2n
(A ∈ Z2q
)

A · S = q mod 2q
Commit

Dσ2n

Sample y ←
Compute u = A · y mod q

Compute z = y ± Sc
Abort except with proba
1 − Dσ2n (z)/M · Dσ2n (z ± Sc)

u

−−−−→
Challenge
c
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Response

Sample c ∈ Bnκ

z

−−−−→

Accept if kzk is small
and Az = u + qc, Accept

Figure 1: Bliss as a Σ-protocol

2.2

The original Bliss

The full description of Bliss is given in Appendix A, for our purpose we require only a simplified
description of the scheme. It is designed using the so-called Fiat-Shamir paradigm [FS86] with
an extra abort step as introduced in [Lyu09] to prevent leaks of secret information. The scheme
can be described as a Σ-protocol (a 3-round identification protocol). It is then transformed into a
signature scheme by replacing the challenge generation step by a call to a hash function (modelled
as a Random Oracle) to generate the challenge c. The Σ-protocol associated to Bliss is described
in Figure 1. In this description, Dσ2n denotes the discrete gaussian distribution of covariance σ 2 · Id
in dimension 2n.
2
The repetition rate is set to M = e1/(2α ) and the correctness of the rejection sampling (which
is required by the security proof) is ensured if for all challenges c ∈ Bnκ , σ ≥ α · kSck. This article
focuses on the improvement of the bound on kSck, hoping to increase the parameter α and therefore
accelerating the whole scheme with minimal modifications. Modifying other parameters (σ, δ, . . . )
one could trade this speed improvement for compactness or security, but that would be a more
substantial alteration of Bliss. Modifying only α and M does preserve the whole security claims
of [DDLL13], as well as the optimized CDT tables precomputed in [PDG14].
The original bound. Let us recall how such bound is established in [DDLL13]. Let G denotes
the Gram matrix associated to the secret key S ∈ S: G = St · S. The bound used in Bliss follows
from rewriting
kSck2 = ct Gc =

XX

Gi,j

i∈Ic j∈Ic

(we recall that Ic is the indicator set of c, defined by Ic = {i|ci = 1}). Such sum can be bounded
independently of c :
!
X
X
2
kSck ≤ Nκ (S) where Nκ (S) = max
max
Gi,j
I⊂{1,...,n}
#I=κ
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i∈I

J⊂{1,...,n}
#J=κ

j∈J

Name of the scheme
Security
Optimized for
Signature size
dimension n
α
κ
Secret key Nκ -Threshold C
Repetition rate M

Bliss-0
Toy
Fun
3.3kb
256
.5
12
1.5
7.39

Bliss-I
128 bits
Speed
5.6kb
512
1
23
1.62
1.65

Bliss-II
128 bits
Size
5kb
512
.5
23
1.62
7.39

Bliss-III
160 bits
Security
6kb
512
.7
30
1.75
2.77

Bliss-IV
192 bits
Security
6.5kb
512
.55
39
1.88
5.22

Table 1: Selected parameters of Bliss
Out of the set S0 of all sampleable secret keys (see Alg. 3 in Appendix A), some will be rejected,
restricting the set of keys to S = {S ∈ S0 |Nκ (S) ≤ B}. This ensures the bound kSck2 ≤ B
independently of both the choices S ∈ S and c ∈ Bnκ = Bnκ .
Original parameter. The (relevant) parameters of Bliss are given in Table 1 (a full table is
given in Appendix A). The p
Nκ -threshold C defines the ratio between the bound on kSck and its
expected value kSk · kck ≈ 5 · dδne · κ (δ denotes the density of ±1 among the ternary entries
{0, ±1} of the secret key S). That is, the set of acceptable secret keys in Bliss is defined as
S = {S ∈ S0 |Nκ (S) ≤ C 2 · 5dδne · κ}
for some set S0 implicitly defined in the Key Generation algorithm (Alg. 3).

2.3

Asymptotics of various geometric bounds

For the sake of this discussion we may drop the parameter δ and consider that the coefficients of
S are uniformly randomly chosen from {±1}. We here detail the argument behind the asymptotic
claims made during the introduction.
Singular norm, non-Ring setting. The spectral theory of random matrices [Ver10] ensures
√
that s1 (S) = Θ( n) with overwhelming probability. This would lead to a constant C = Θ(1).
Singular norm, ring setting. Let us drop, for the sake of this discussion the binary structure of
the secret and the challenge. Consider two polynomials s, c ∈ R = R[X]/Φ2n
P(X) where s is drawn
with spherical gaussian distribution in the coefficient representation (s =
fj Xj , fj ← χ). Now
consider the complex representation (a.k.a. the Fourier transform of s) ŝ of s (ŝj = s(eπ(2j+1)ı/n )),
√
we remind that the Fourier transform is a scaled orthogonal map: kx̂k = n · kxk. Because in
the complex embedding multiplication occurs component-wise, that
b = ŝ ĉ, we conclude that
√is sc
s1 (s) = kŝk∞ . We expect from order statistic theory kŝk∞ = O( n log n)
√ as the maximum of n
√
many Gaussian of variance n (see [Roy82]). This would lead to C = O( log n).
The Nκ -norm, Ring Setting. A small modification of the proof of [DDLL13, Prop. 4.1 of the
full version] can establish that
p
√
Nκ (S) ≤ (5dδne + 1)κ + κ2 nδ · ω( log n)
5

with overwhelming probability. Note that the only constraint on κ is that c ← Bnκ has at least Θ(n)
bits of entropy, requiring κ ≥ Θ(n/ log n). If the second term were negligible one would be able to
choose C = 1 + o(1). While it is not asymptotically negligible, this second term remains reasonably
small for the parameter of Bliss explaining why the constant C could be chosen as small as 1.5.
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The Sign Choices algorithm and its Geometry

As detailed in the introduction, we will exploit ternary representation in Zn of challenge vectors
modulo 2, by individually negating some coordinates of the binary vector c in order to greedily
minimize the norm of kSck. More specifically, we rely on the identity:
ka + bk2 = kak2 + kbk2 + 2 ha , bi

(1)

which implies that either ka + bk2 or ka − bk2 is less than kak2 + kbk2 . Precisely,
ka − ςbk2 ≤ kak2 + kbk2

where ς = sgn(ha , bi) ∈ {±1}

(2)

where the sign function takes (arbitrarily) the value 1 on input 0.
Algorithm 1: GreedySC(S, c), The Greedy Sign Choices Algorithm.
Input: a matrix S = [s1 . . . sn ] ∈ Zm×n and a binary vector c ∈ Bnκ
Output: v = Sc0 for some c0 ≡ c mod 2 such that kSc0 k2 ≤ kSk2 · kck2 = kSk2 · κ.
1: v ← 0 ∈ Zm
2: for i ∈ Ic do
3:
ςi ← sgn(hv , si i)
4:
v ← v − ςi · s i
5: end for
6: return v
Theorem 1 (Correctness of the Greedy Sign Choices Algorithm). On inputs S ∈ Zm×n and c ∈ Bnκ ,
the algorithm outputs v = GreedySC(S, c) such that v = Sc0 for some ternary vector c0 ≡ c mod 2
and
kSc0 k2 ≤ kSk2 · kck2 = kSk2 · κ.
Proof. We prove an invariant of the for-loop of GreedySC, assuming the set Ic is visited in some
fixed order. We consider the subset Jk ⊂ Ic of indexes i that have been visited after k steps and
set
X
c0k = −
ςi · ei
(ei ∈ Zn being the i-th canonical unit vector).
i∈Jk

We will prove the following invariant: c0k is a ternary vector such that Ic0k = Jk and vk = S · c0k
verifies kvk k2 ≤ kSk · k. It is trivially verified for k = 0. For the induction, first decompose
Jk+1 = Jk ∪ {i} where i ∈ Ic \ Jk . Following inequality (2) we derive:
kvk+1 k2 ≤ kvk k2 + ksi k2 ≤ kSk2 · k + kSk2 ≤ kSk2 · (k + 1).
We conclude that the output v = vκ = Sc0κ verifies kvk2 ≤ kSk2 · κ and that c0 = c0κ is a ternary
vector verifying Ic0 = Ic .
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Efficiency. One may note the algorithm is not technically running in quasilinear time: it requires
O(mκ) integer additions, where m = 2n and κ = Ω(n/ log n) to ensure that c ← Bnκ contains at
least Θ(n) bits of entropy. Yet in practice the parameter κ is quite small (at most κ = 39 against
n = 512 for Bliss-IV) making the sparse subset-sum algorithm to compute Sc faster than the
Number Theoretic Transform based algorithm, especially considering that the entries of S are quite
small. The implementation [DL] of Bliss indeed use a 64-bits vectorized subset-sum algorithm with
8-bits chunks.
Still, this new algorithm will be substantially slower: we need twice as many operations because
of the added inner product, and those require computing with larger numbers. We need to be careful
to avoid making this part of the algorithm way too costly in practice. The following vectorization
should be enough to keep the cost of GreedySC much smaller than the Gaussian sampling of y1 , y2
and the NTT product a1 · y1 .
Vectorized Implementation with 16-bits chunks. For the parameters of Bliss, we always
have kSk∞ ≤ 5 (see Algorithm 4 in Appendix A) which guarantees that kvk∞ ≤ 5κ ≤ 195
during the whole algorithm: the entries of v can definitely be stored as 16-bit signed integers.
Additionally, any partial sum during the computation of hv , si i must be less in absolute value
√
than m = kvk · kSk ≤ kSk2 · κ. For all parameter sets Bliss-0 to Bliss-IV one easily checks that
m is much less than 215 . The whole GreedySC can therefore benefit from vectorized instructions
with 16-bits signed chunks.

4

The modified scheme and instantiations

4.1

Modifications of the scheme

We define a modified version Bliss-b of the scheme Bliss from [DDLL13]. The modifications to
the original scheme are listed below:
• We remove the constant C and the ad-hoc norm Nκ from the definitions
• A constant


Pmax =

(5dδ1 ne + 5) · κ
(5dδ1 ne + 20dδ2 ne + 9) · κ

if δ2 = 0
otherwise

is defined (syntactic sugar). The output product Sc0 = GreedySC(S, c) verifies kSc0 k2 ≤ Pmax
since kSk2 = 5(dδ1 ne + 4dδ2 ne) + 4g0 + 1.
• Line 3 of Algorithm 3 is removed: keys are no longer rejected during Key Generation.
• The Signature algorithm (Algorithm 4) is replaced by Algorithm 2, described below.
One may note that leaking the sign choices made in c0 during the algorithm GreedySC would
reveal information on the secret key S. Fortunately, such information is only carried by v, and the
rejection step is exactly designed to perfectly hide v assuming kvk ≤ Pmax .
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Algorithm 2: Modified Bliss Signature Algorithm
1×2
Input: Message µ, public key A = (a1 , q − 2) ∈ R2q
, secret key S = (s1 , s2 )t ∈ R2×1
2q

Output: A signature (z1 , z†2 , c) of the message µ
1: y1 , y2 ← DZn ,σ
2: u = ζ · a1 · y1 + y2 mod 2q
3: c ← H(bued mod p, µ)
4: (v1 , v2 ) ← GreedySC(S, c)
5: Choose a random bit b
6: (z1 , z2 ) ← (y1 , y2 ) + (−1)b · (v
, v2 )
.1




kvk2
hz , vi
7: Continue with probability 1
M exp − 2σ2 cosh σ2
otherwise restart
z†2 ← (bued − bu − z2 ed ) mod p
†
9: Output (z1 , z2 , c)
8:

4.2

New parameters and benchmarks

We left all parameters related to security unmodified, so that the security claims of [DDLL13] are
preserved, our modifications only affect the efficiency of the scheme. we recall that the rejection
rate is defined as M = exp(1/(2α2 )). The new value of α is given by α = σ/Pmax . We obtain
a theoretical speed-up ranging from 1.4 to 3.4 as detailed in Table 2. The Key Generation is
also accelerated by a factor 5 to 10 since secret keys are not rejected according to Nκ anymore.
Our implementation conforms to those predictions considering a small slowdown related to the
added cost of the greedy algorithm: the actual speed-up factor varies from 1.2 (Bliss-bI) to 2.8
(Bliss-bII). Table 3 compares the running time of Bliss and Bliss-b.
Scheme
Security
Optimized for
Signature size
dimension n
α
Repetition rate M
Predicted Speed-up

Bliss-b0
Toy
Fun
3.3kb
256
.748
2.44
×3.0

Bliss-bI
128 bits
Speed
5.6kb
512
1.610
1.21
×1.4

Bliss-bII
128 bits
Size
5kb
512
.801
2.18
×3.4

Bliss-bIII
160 bits
Security
6kb
512
1.216
1.40
×2.0

Bliss-bIV
192 bits
Security
6.5kb
512
1.027
1.61
×3.3

Table 2: Parameters of the modified scheme Bliss-b
Scheme
Sign Run Time
Scheme
Sign Run Time
Speed-up

Bliss-0
256 µs
Bliss-b0
108 µs
×2.4

Bliss-I
154 µs
Bliss-bI
128 µs
×1.2

Bliss-II
520 µs
Bliss-bII
185 µs
×2.8

Bliss-III
240 µs
Bliss-bIII
146 µs
×1.6

Bliss-IV
419 µs
Bliss-bIV
167 µs
×2.5

Table 3: Running Time in microseconds averaged over 10 000 signatures. (Intel Core @ 3.40GHz).

8

Backward and Forward compatibility. Signatures are both backward and forward compatible, that is signature generated using Bliss-b will also be valid for Bliss and reciprocally, since
both schemes are corrects and have the same verification algorithm. Secret keys are only forward
compatible, that is secret keys generated by Bliss can be used in Bliss-b and do benefit from the
speed-up as well. Yet secret keys generated by Bliss-b should not be used in Bliss: the condition
σ ≥ α · kSck may not always hold leading to information leakage.
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A

Full Description of Original Bliss and parameters

Algorithm 3: Bliss Key Generation
Output: Key pair (A, S) such that AS = q mod 2q
1: Choose f , g as uniform polynomials with exactly d1 = dδ1 ne entries in {±1} and d2 = dδ2 ne entries in
{±2}
2: S = (s1 , s2 )t ← (f , 2g + 1)t
// Implicitly defining the set S0
3: if Nκ (S) ≥ C 2 · 5 · (dδ1 ne + 4dδ2 ne) · κ then restart
4: aq = (2g + 1)/f mod q (restart if f is not invertible)
5: Output(A, S) where A = (2aq , q − 2) mod 2q

Algorithm 4: Bliss Signature Algorithm
2×1
t
Input: Message µ, public key A = (a1 , q − 2) ∈ R1×2
2q , secret key S = (s1 , s2 ) ∈ R2q
†
Output: A signature (z1 , z2 , c) of the message µ
1: y1 , y2 ← DZn ,σ
2: u = ζ · a1 · y1 + y2 mod 2q
3: c ← H(bued mod p, µ)
4: Choose a random bit b
b
5: z1 ← y1 + (−1)b s1 c; z2 ← y
s2 c



.2 + (−1) 
2
cosh hz σ, Sci
otherwise restart
6: Continue with probability 1
M exp − kSck
2
2σ 2
†

7: z2 ← (bued − bu − z2 ed ) mod p
†
8: Output (z1 , z2 , c)

Algorithm 5: Bliss Verification Algorithm
†
Input: Message µ, public key A = (a1 , q − 2) ∈ R1×2
2q , signature (z1 , z2 , c)
Output: Accept or Reject the signature
†
1: if k(z1 |2d · z2 )k2 > B2 then Reject
†
2: if k(z1 |2d · z2 )k∞ > B∞ then Reject


†
3: Accept iff c = H ζ · a1 · z1 + ζ · q · c d + z2 mod p, µ)
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Name of the scheme
Security
Optimized for
n
Modulus q
Secret key densities δ1 , δ2
Gaussian standard deviation σ

α
κ
Secret key Nκ -Threshold C
Dropped bits d in z2
Verification thresholds B2 , B∞

Repetition rate
Entropy of challenge c ∈ Bnκ
Signature size
Secret key size
Public key size

BLISS-0
Toy (≤ 60 bits)
Fun
256
7681
.55 , .15
100
.5
12
1.5
5
2492, 530
7.4
66 bits
3.3kb
1.5kb
3.3kb

BLISS-I
128 bits
Speed
512
12289
.3 , 0
215
1
23
1.62
10
12872, 2100
1.6
132 bits
5.6kb
2kb
7kb
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BLISS-II
128 bits
Size
512
12289
.3 , 0
107
.5
23
1.62
10
11074, 1563
7.4
132 bits
5kb
2kb
7kb

BLISS-III
160 bits
Security
512
12289
.42 , .03
250
.7
30
1.75
9
10206,1760
2.8
161 bits
6kb
3kb
7kb

BLISS-IV
192 bits
Security
512
12289
.45, .06
271
.55
39
1.88
8
9901, 1613
5.2
195 bits
6.5kb
3kb
7kb

