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Outline

m Equivalent Keys/Good keys in MQ cryptography

m Recent Contributions
m Linearity in MQ cryptography
m Linear attacks
- measures for resistance to linear attacks
- two generic attacks for separation of linear spaces
- polynomial system modeling
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Linearity measures for (n, m)-functions

Linearity of (n,m) functions f : F; — F;":

L:(f): max I Z wT f(z) +uTa;|

welF \{0},uelFy eFn

Nonlinearity of (n,m) functions f:

N() = (g- D)@ éﬁ(f))
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Linearity measures for (n, m)-functions

Linearity of (n,m) functions f : F; — F;":

L _ ma; wT f(z)+uT-x
O ey ey 22 ) |

Nonlinearity of (n,m) functions f:

N() = (g- D)@ éﬁ(f))

w € Fy - linear structure of f if

Dy f(x) = f(z +w) — f(z) = f(w) = £(0)

for all z € ]FZ.
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Linearity measures for (n, m)-functions

Linearity of (n,m) functions f : F; — F;":

L _ ma; wT f(z)+uT-x
O ey ey 22 ) |

Nonlinearity of (n,m) functions f:

N() = (g- D)@ éﬁ(f))

w € Fy - linear structure of f if

Dy f(x) = f(z +w) — f(z) = f(w) = £(0)

for all z € ]FZ.

Linear space of f - generated by the linear structures of f.
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Linearity measures for (n, m)-functions

[Nyberg92] Quadratic form f:
m 27§z, Rank(§) = r.
m Ker(§) - linear space of f.
L(f)=q""2
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Linearity measures for (n, m)-functions

[Nyberg92] Quadratic form f:
m 27§z, Rank(§) = r.
m Ker(§) - linear space of f.

£(f) = 60

m Linearity - measured using the smallest rank 7 of any of the
components w7 - f.

Quadratic (n,m)-function

ntnu.no ﬁnki.uléi\m.mk



Linearity measures for (n, m)-functions

[Nyberg92] Quadratic form f:
m 27§z, Rank(§) = r.
m Ker(§) - linear space of f.

£(f) = 60

m Linearity - measured using the smallest rank 7 of any of the
components w7 - f.

Quadratic (n,m)-function

Maximum nonlinearity:
m Bent functions - Rank(§,) = n, even n, m < n/2,
m Almost bent (AB) functions - Rank(F,) = n — 1, odd n,

m =n.
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Example 1:

[ I
i = maza+a3 | = 11w+ a3
fo = xixs+ o+ 23 é = Z1T9+T9+ X3
f3 = XI2x3+ X1+ T+ X3 é = X9x3+ X1+ T2+ x3
fi = zx0 1 = T1To+ Tox3
L(f)=2° L(f)=2°
(1,0,0,1)T - f is linear (1,0,1,1)T - " is linear

(1,1,0,0)T - " is linear

® 10
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Example 1:

I I
i = maza+a3 | = 11w+ a3
fo = xixs+ o+ 23 é = Z1T9+T9+ X3
f3 = XI2x3+ X1+ T+ X3 é = X9x3+ X1+ T2+ x3
fi = zx0 1 = T1To+ Tox3
L(f) =2 L(f) =23
(1,0,0,1)T - f is linear (1,0,1,1)T - " is linear

(1,1,0,0)T - " is linear

® 10
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Example 1:

f I
i = maza+a3 | = 11w+ a3
fo = xixs+ o+ 23 é = Z1T9+T9+ X3
f3 = XI2x3+ X1+ T+ X3 é = X9x3+ X1+ T2+ x3
fi = zx0 1 = T1To+ Tox3
L(f) =2 L(f) =23
(1,0,0,1)T -|f is linear (1,0,1,1)T -f" is linear

(1,1,0,0)T - is linear

It is important to measure the size of! B [ O
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Example 2: Oil & Vinegar

f:
f1($17$27$3yx4) = I173 + ToT4 + 12 + T3
fo(z1, 2, T3, 4) = Tox3 + 124 + Taxg + T3
L(f) =22
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Example 2: Oil & Vinegar

fi(z1, 22, 23, 24) = T1203 + X224 + T 122 + X3

fa(x1, x2, 23, 04) = Tow3 + X124 + Towy + T3

L(f)=2?




Example 2: Oil & Vinegar

f:
fi(z1, 2, 23, 24) = 123 + Toxg + 122 + T3
fo(z1, 2, T3, 4) = Tox3 + 124 + Taxg + T3
L(f) =22

fi(c1, 00,3, 24) = crwg + coxg + 100 + X3

fa(ci, 2,23, 24) = cox3 + c1a4 + cowy + 23

f is linear on the oil subspace!
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(s,t)-linearity

Boura and Canteaut FSE13:

(n,m) function f is said to be (s,t)—linear
if there exist linear subspaces V' C Fy, W C F" with
Dim(V) = s, Dim(W) =t, s.t.

for all w € W, deg(wT - f) < 1

on all cosets of V.
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(s,t)-linearity

Boura and Canteaut FSE13:

f - quadratic (n,m) function,
V CFy, Dim(V) = s, and W C F*, Dim(W) =t - linear spaces.
f is (s,t)-linear with respect to V, W
m iff fyy corresponding to all wT - f, w € W can be written as
fw(z,y) = M(z) -y + G(z)

where Fy =U @V, G : U—>Ff1 and M (x) is a t X s matrix
whose rows are the components of linear functions over U.

m iff forwe W

Dg (w7 - f), for every a,b € V vanishes.
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Example:

fi(wy, 20,23, 84) = 2123 + 2024 + 1100 + T3

fQ(.I'l, T9,X3, :L'4) = 19X3 + L 1X4 + ToXg + X3

f is (2,2)-linear,
14 ( 31;0)7(03030,1»7 W= <(17O)?(Oﬂ]‘)>

=)
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Example:

fi(wy, 20,23, 84) = 2123 + 2024 + 1100 + T3
fQ(.I'l, T9,X3, ;L'4) = 19X3 + L 1X4 + ToXg + X3

f is (2,2)-linear,
V= <( ,0, 1ﬂ0)7 (03030, 1)>7 W= <(17O)a (Oﬂ 1)>

fl(.l‘l,.’lj'g, s, .CC4) = 211X3 + T1Tq + T2
fo(xi, e, x3,24) = 2129 + 1124 + 1123
f3(.’1?1, T9, X3, $4) = 11X3 + Tox3 + Toxyg

f is (3,2)-linear,

\% (0,1,0,0),(0,0,1,0),(0,0,0,1)), W = ((1,0,0),(0,1,0))

® 10
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Strong (s,t)-linearity

(n,m) function f is said to be strongly (s,t)—linear
if there exist two linear subspaces V' C Fy, W C F* with
Dim(V) = s, Dim(W) = t, s.t.

for all w e W,

V' is a subspace of the linear space of wT - f.
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Strong (s,t)-linearity

f - quadratic (n,m) function,
V CFy, Dim(V) = s, and W C F;*, Dim(W) = ¢ - linear spaces.

f is strongly (s,t)—linear with respect to V, W

m iff fi corresponding to all wT - f, w € W can be written as

Jw (@, y) = gw(2) + Lw (y)

where Fy =U @V, gw : U—>IF2 and Ly : V—>Ff1 is linear.
m iff forweW

D, (wT - ), for every a € V is constant.
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Example:

I I
fi = xmra+ a3 fi = Tiw2+ 23
fo = mw3+ 22+ 73 fo = mw2+ 22+ 73
fz = xax3+a1+22+ 23 fz = xowz+ a1 +a2+ 23
fa = 1220 fa = x112 + 2273
strongly (3,1)-linear strongly (3, 2)-linear
vV =T V =T}
W = ((1,0,0, 1)> W = <(1,1,0,0),(1,0,1,1))

® 10
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Simple but important properties

m Strong (s,t)-linearity
= Strong (s — 1,t) and (s,t — 1)-linearity

m Strong (s,t)-linearity = (s,t)-linearity

m ([5]+ s1,1)-linearity = strong (2s1, 1)-linearity.
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Multivariate (MQ) schemes
P.Fy —Fy

input x

l

T = (zlv'wya:n)

Pri"at@ linear

v public :

) P=ToFoS
privat quadratic

/

Y

privat .
linear

output y <




Multivariate (MQ) schemes

P.Fy —Fy
Attacks:
input x
z=(z1,...,8,) ——— .
m MinRank
i t 2 T .y .
e @lmea’ . » Reconciliation/Band
a public : separation
. P=ToFoS
privat quadratic m Equivalent keys/Good keys
y' m Differential attacks
privat@ .
linear

output y <
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Multivariate (MQ) schemes

P.Fy —Fy
Attacks:
input x
l Linear subspaces!
= (1,...,2p) ————— .
m MinRank
pmat@lmear ) m Reconciliation/Band
@ public : separation
_ P=ToFoS
privat quadratic m Equivalent keys/Good keys
y' m Differential attacks
privat@ .
linear

output y <
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MinRank and Strong (s,t)-linearity

f="(f1, fa,--, fm) - quadratic (n, m) function,
51,82, ...,8m - matrix representations of the coordinates of f.

The MinRank problem MR(n,r,m,§1,82,--,8m)
(Rank (Zle i &) < r) has a solution
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Equivalent Keys/Good Keys

P = ToFoS &

P = ToXx 'oXoFoNoN oS &
—_—
P = 7 o F o &

m Equivalent Keys - preserve all structure

m Good Keys - preserve some structure

no finki .ul\}i\m.mk



Equivalent Keys/Good Keys

MQQ i

0= 0 3= 0 =

Good Key for MQQ
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Baby example MQQ

fi(z, ..., m6) = wow3+ x4+ 25+ 26
fo(x1,...,m6) = @103+ T5 + 224 + To2xs5 + L2256
f3(x1,...,m6) = Xow3+ T5+ Te + TaTs + 526 + T3Ty + T3T5 + 376
0O 0 1 0 0 O 0O 0 0 0O 0 o
00 0 1 1 1 001 0 0 0
3(2)_ 1 0 0 0 0 O g(3)_ 0 1 0 1 1 1
- o 1 0 0 0 O - 0O 0 1 0 1 0
o 1 0 0 0 O o 0 1 1 0 1
o 1 0 0 0 O 0O 0 1 0o 1 o0
—/
St x4 — x4+ 26
After transforming:
g
f{(l‘l,...,iﬂg) = X2X3+ X4+ T5
fé(ll]l,...,.’ﬂg) = $1$3+1’5+£L’2$4+9’32(E5
fi(xr,. . 06) = xow3+ T5+ T + T4x5 + T3x4 + X375

® 10
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Baby example MQQ

fi(wy, ... 06) = wox3+ a4+ 15+ 76

fo(x1,...,m6) = @103+ T5 + 224 + To2xs5 + L2256

f3(x1,...,m6) = Xow3+ T5+ Te + TaTs + 526 + T3Ty + T3T5 + 376
0O 0 1 0 0 O 0O 0 0 0O 0 o
00 0 1 1 1 00 1 00 0

3(2) _ 1 0 0 0 0 O 3(3) _ o 1 0 1 1 1

o 1 0 0 0 O 0O 0 1 0 1 0
o 1 0 0 0 O o 0 1 1 0 1
o 1 0 0 0 O 0O 0 1 0o 1 o0

S x4y — 4t (0,0,0,1,0,1) € Ker(FV)NKer(F?)NKer(F*)

(3

After transforming;:
fi(@e, .o w6) = xaxz+astas
fa(x1,..., z6) T1T3 + T5 + X224 + T2T5
f3(x1,... w6) ToT3 + Ts + e + T4T5 + T3Tq + T35 B IO
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Good Keys and Strong (s,t)-linearity

Let
P=ToFoS=T oF oS

(F', S, T") is called a strong (s,t) separation key for P if
m P is strongly (s, ¢)-linear with respect to two spaces V' and
W, Dim(V) = s, Dim(W) = ¢, and
m S = 5‘1}, T = Tw,
Sy, Ty with rows - bases of V, W.

ntnu.no ﬁnki.uléi\m.mk
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Good Keys and Strong (s,t)-linearity

Let
P=ToFoS=ToF oS

(F', S, T") is called a strong (s,t) separation key for P if
m P is strongly (s, ¢)-linear with respect to two spaces V' and
W, Dim(V) = s, Dim(W) = ¢, and
m S = 5‘1}, T = Tw,
Sy, Ty with rows - bases of V, W.

Good key that exploits strong (s, t)-linearity

strong (s,t) separation key

ntnu.no ﬁnki.uléi\m.mk
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Strong (s,t)-separation keys for some MQ cryptosystems

ntnu.no

scheme |parameters strong (s, t) separation keys
Branch.C* | (n1,...,m) >inen =3, )
STS (riy,...,7L) (n—rk,m6), k=1,...,L—1
Rainbow (U1,01,02) (18,12,12) |(12,12)
MQQ-SIG | (¢,d,n,r) = (2,8,160,80) | (k,80 — k), k=1,...,79
MFE |(¢",n,m) = (2K, 10k), (4k,4k),
((22°%)*,12,15) (6K, 2k), (8k, k)
EnTTS |(n,m)=(32,24) (10,14),(14,10)

H A strong (s,t) separation key for C* = s <
UOV using Maiorana-McFarland bent function does not posses a

1,t< 1.

strong (s,t) separation key for any s > 0.

finki .uléi\m.mk




Generic separation key attack for MQ cryptosystems

Determine the existence of a strong (s, t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials
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Generic separation key attack for MQ cryptosystems

Determine the existence of a strong (s, t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials
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Generic separation key attack for MQ cryptosystems

Determine the existence of a strong (s,t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials

(2) & solving:

Poo-a? =0, ie{l,...,t}, je{l,...,s},

in the unknown: - basis vectors w(® of the space W,
- basis vectors al?) of the space V.
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Generic separation key attack for MQ cryptosystems

Determine the existence of a strong (s,t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials

Complexity:

o0 (t s <(n —s)s+ EZ;_ t)t-i-dreg)“’)

dreg = mln{(n —s)s,(m—t)t} + 1,
2 < w < 3 - linear algebra constant.
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Generic separation key attack for MQ cryptosystems
Improved Min-Max strategy

Determine the existence of a strong (s, t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials

(2) < solving:

Poo-a?) =0, ie{l,....t}, je{l,..., s},

in the unknown: - basis vectors w® of the space W,
- basis vectors al¥) of the space V.

® 10
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Generic separation key attack for MQ cryptosystems
Improved Min-Max strategy

Determine the existence of a strong (s, t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials

(2) < solving: The quadratic:

Poo-a?) =0, ie{l,....c1}, je{l,...,e2}},

in the unknown: - basis vectors w® of the space W,
- basis vectors al¥) of the space V.

® 10
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Generic separation key attack for MQ cryptosystems
Improved Min-Max strategy

Determine the existence of a strong (s, t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the
polynomials

(2) & solving' And then the linear:

B, =0, i€ {c1+1,...,t}, j€{1,...,ca},
S:B (1) - O (&S {1 Cl}v .] € {62+1a"'78}’

in the unknown: - basis vectors w(® of the space W,
- basis vectors a(¥) of the space V.

® 10
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Generic separation key attack for MQ cryptosystems
Improved Min-Max strategy

Determine the existence of a strong (s,t) separation key
Recover the linear space determined by the key

Repeat the procedure for the remaining part of the

polynomials
Complexity:
@) (t .s-m - <(n —s)ez + (m—t)er + dr69>w>
dreg

dreg = min{(n — s)cs, (m —t)e1 } + 1,
2 < w < 3 - linear algebra constant.

® 10

ntnu.no ﬁnki.uléi\m.mk S. Samardjiska, Linear attacks in MQ cry



Generic separation key attack for MQ cryptosystems

Improved Min-Max strategy

Determine the existence of a strong (s,t) separation key

Recover the

if n — s is small

ined bv the kev

Repeat the pj MinRank i if m —t is small
polynomials HighRank
Complexity:

(n—s)co+ (m—t)er + dmg>w>

(’)(t-s-n-( dre

dreg = min{(n — s)cs, (m —t)e1 } + 1,
2 < w < 3 - linear algebra constant.

10
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Equivalent Keys/Good Keys

Eal s Ly -ee Tp
T
i . » vinegar variables
uov S _ e
Rt = ; v
— (s) (s) L0 © % oil variables
fs(@)= >0 v mzy+ > v v : e
1€V, jeV 1€V,j€0




Equivalent Keys/Good Keys

kol s Ly -ee Tp
x|
i . » vinegar variables
UovV 5 _ N
— (s) (s) 0 : % oil variables
fs(@)= > Vij TiTj + > Vij Tilj. z Tn

i€V, jEV i€V,jEO

nu.no finki



Baby example UOV

filzy,...,m6) = x1%2 4+ X224 + T3%6 + Tae + U526 + T
fo(za,...,26) = 104+ T3Ta + T3T6 + TaTe + Tg
fa(x1,...,06) = o3+ X305 + Taxy + Toke + TaTs + T1T6 + Take + 526

S x4 — x4+ a6
To — T2 + T

After transforming;:

fi(zy,...;26) = X129+ 215 + Tokg + TaTs + T4X5 + T3Te + T4Zg
fg(xl,...,l‘ﬁ) X1X4 + T1Tg + 324 + T4Xg

fg(xl, . ,1‘6) = XoX3+ X2X4 + Ty4Tg + 1T + Tg




Baby example UOV

filzy,...,m6) = x1%2 4+ X224 + T3%6 + Tae + U526 + T
fo(za,...,26) = 104+ T3Ta + T3T6 + TaTe + Tg
fa(x1,...,06) = o3+ X305 + Taxy + Toke + TaTs + T1T6 + Take + 526

S x4 — 14+ 76 & Linear on every coset of
To — To + T5 Span({(0,0,0,1,0,1),(0,1,0,0,1,0)})

After transforming;:

filxy,...;26) = X129+ 2125 + XXy + TaTe + T4X5 + T3Te + T4Zg
fg(xl,...,l‘ﬁ) X1X4 + T1Tg + 324 + T4Xg

fg(xl, . ,1‘6) = XoX3 + X2X4 + T4Tg + 12T + Tg




Good Keys and (s,t)-linearity

Let
P=ToFoS=T oF oS
(F', S, T") is called a (s,t) separation key for P if
m P is (s,t)-linear with respect to two spaces V and W,
Dim(V) = s, Dim(W) = ¢, and
m S =5, T'="Tw,
Sy, Tw with rows - bases of V, W.

ntnu.no ﬁnki.uléi\m.mk
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Good Keys and (s,t)-linearity

Let
P=ToFoS=T oF oS
(F', S, T") is called a (s,t) separation key for P if
m P is (s,t)-linear with respect to two spaces V and W,
Dim(V) = s, Dim(W) = ¢, and
m S =5, T'="Tw,
Sy, Tw with rows - bases of V, W.

Good key that exploits (s,t)-linearity

(s,t) separation key

ntnu.no ﬁnki.uléi\m.mk
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(s,t)—separation keys for some MQ cryptosystems

scheme | parameters (s, t) separation keys
UOvV | (g,v,0) (0,0)

Rainbow | (g,v,01,02) = (2%,18,12,12) | (12,24), (24,12)

MQQ-SIG | (¢q,d,n,r) = (2,8, 160, 80) (8 + 8,80 — &i),4 € {0, ...,9}
MFE | (¢®,n,m) = ((22°®)%,12,15) | (2k, 2k), (3k,2k),(4k,4k)
Jare (¢", ) (2%,3) (2k, 2k),(k, 2k)

EnTTS |(n,m) = (32,24) (10,24),(14, 14),(24, 10)

ntnu.no ﬁnki.uléi\m.mk




Separation keys for C* and SFLASH

m (d,n) separation key for C* with secret map

F(z) = preans

where ged(2¢ +1,2" — 1) = 1 and ged(4,n) = d.
m The size of the space V is invariant under restrictions of the
public map (minus modifier).

m = (d, k) separation key for SFLASH, where k < n is the
number of coordinates of the public key.

ntnu.no ﬁnki.ulé'\m.mk S. Samardjiska, Linear attacks in M



Generic separation key attack for MQ cryptosystems

(n,m) function with coordinate functions p;: B; := By + ‘ILT

The task of finding an (s, m) separation key (S, T]Fgm) is equivalent to
solving

HORINO
a®T,q®)

0, ie{l,...m}, j,ke{l,..,s},j <k
0, i€{l,...,m}, ke{l,..,s},

in the unknown basis vectors a?) of the space V.
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Generic separation key attack for MQ cryptosystems

The key can equivalently be found by
1. First solving the quadratic

aVIPa® = 0, ie{l,..m}, jke{l,.. c},j<k
a®Ra® = 0, ie{l,..,m}, ke{l,..c}

in the unknown basis vectors a(®) of the space V, for some c.
2. And then solving the linear
a0 = 0,
ie{l,...mhje{l,..,ch,ke{c+1,..,s},j<k

in the unknown basis vectors a*) of the space V.

® 10
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Generic separation key attack for MQ cryptosystems

The key can equivalently be found by
1. First solving the quadratic
a(]);’pla(k) = 07 Z 6 {17 "'7m}’ j7k e {17 ""C}7j < k
a®Ra® = 0, ie{l,.,m}, ke{l,..c}
in the unknown basis vectors a(*) of the space V, for some c.

2. And then solf

R m(él) equations (n — s)c variables
al

1e{l,..m},je{l,...,chke{c+1,..,s},j <k

in the unknown basis vectors a®) of the space V.
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Generic separation key attack for MQ cryptosystems

The key can equivalently be found by

1. First solving the quadratic
a(])"pza(k) = 07 Z 6 {17 "'7m}’ j7k e {17 "')0}7-]. < k
a®Ra® = 0, ie{l,.,m}, ke{l,..c}

in the unknown basis vectors a(*) of the space V, for some c.
2. And then sol]

al We choose ¢ s.t. m(CH) > (n—s)c

i &
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Reconciliation Attack on UOV in terms of (s,t¢)-linearity

Input: UOV public key P : Fy — F".
Vo < the zero-dimensional vector space

for k:=1 tom do
Find o® = (0", ...,a", 0, ...,0,1,_141,0, ...,0) € F",

by solving
aD;a®) 0,ie{l,....,m},j <k
a®Pa® = 0, ie{l,....,m},

Construct a space Vi C Fy with Dim(V) = k, s.t.
m Vi =Vi_1® Span {a(k)}, and
m  Pis (k,m)-linear with respect to (V,F;").

end for
Output: An oil space V =V, of dimension m.

ntnu.no ﬁnki.uléi\m.mk



Reconciliation Attack on UOV in terms of (s,t¢)-linearity

Input: UOV public key P : Fy — F".

Vo < the zero-dimensional vector space

for k:=1tom do
Find o® = (0", ...,a", 0, ...,0,1,_141,0, ...,0) € F",
by solving

a(j)mia(k) O7 Z S {]-7 . ~am}7j < k
a®Pa® = 0, ie{l,...,m},

Construct a spac
The attack takes c =1
m V=V 1 d -

m  Pis (k,m)-linear with respect to (V,F;").
end for
Output: An oil space V =V, of dimension m.
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Reconciliation Attack on UOV in terms of (s,t¢)-linearity

Input: UOV public key P : Fy — F".
Vo < the zero-dimensional vector space
for k:=1tomdo

Find a(k) = (agk)7 ~-~7a1(1k)707 “‘707 1n7k+170’ ’0) € ]FZ’
by solving
a(j)mia(k) O7 Z S {]-7 . ~am}7j < k
dPFa® = 0, iefl,... m},

Construct a spag
s V=V ¢ =1 only good for n = 2m

u P is (k,m) IO WITIT TCSPECT WU (VE, Tg )

end for
Output: An oil space V =V, of dimension m.
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Combining strong (s,t)-linearity and (s,t¢)-linearity

Rainbow
F18+12-+124 F18-+-12-+124

00 and

F18+12+12+4 F18+12+124 F18+12+124 F18+12+124

F18) 524

i
0 i
i
0:0 |and ! and

0.0:0 0 !

1 I S —-— in|

E T T (5 W §e0 F12) FO, . g0y,

|
i

We can choose ¢c; = o =c=1




Conclusions and future work

m Turns out:

We need to use prudent design principles
similarly to the practice in
symmetric cryptography
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Conclusions and future work

m Turns out:

We need to use prudent design principles
similarly to the practice in
symmetric cryptography

Linearity measure — First generic measure
for resistance to linear attacks

m Future work: Link to differential cryptanalysis?

m Future work: Applications in symmetric crypto?
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Thank you for listening!
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